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Chapter 1

Havano padotbl ¢ LinuxCNC

1.1 O LinuxCNC

1.1.1 The Software

¢ LinuxCNC (the Enhanced Machine Control) is a software system for computer control of machine
tools such as milling machines and lathes, robots such as puma and scara and other computer
controlled machines up to 9 axes.

e LinuxCNC is free software with open source code. Current versions of LinuxCNC are entirely li-
censed under the GNU General Public License and Lesser GNU General Public License (GPL and
LGPL).

¢ LinuxCNC provides:

- easy discovery and testing without installation with the Live Image,
- easy installation from the Live Image,

- easy to use graphical configuration wizards to rapidly create a configuration specific to the ma-
chine,

- directly available as regular packages of recent releases of Debian (since Bookworm) and Ubuntu
(since Kinetic Kudu),

- a graphical user interface (actually several interfaces to choose from),

- graphical interface creation tools (Glade, Qt),

- an interpreter for G-code (the RS-274 machine tool programming language),

- a realtime motion planning system with look-ahead,

- operation of low-level machine electronics such as sensors and motor drives,

- an easy to use breadboard layer for quickly creating a unique configuration for your machine,

a software PLC programmable with ladder diagrams.

* It does not provide drawing (CAD - Computer Aided Design) or G-code generation from the drawing
(CAM - Computer Automated Manufacturing) functions.

¢ It can make coordinated moves with up to 9 axes and up to 16 extra axes can be controlled individ-
ually.

It supports a variety of hardware interfaces.

* The control can operate true servos (analog or PWM) with the feedback loop closed by the LinuxCNC
software at the computer, or open loop with step-servos or stepper motors.
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* Motion control features include: cutter radius and length compensation, path deviation limited to
a specified tolerance, lathe threading, synchronized axis motion, adaptive feedrate, operator feed
override, and constant velocity control.

* Support for non-Cartesian motion systems is provided via custom kinematics modules. Available
architectures include hexapods (Stewart platforms and similar concepts) and systems with rotary
joints to provide motion such as PUMA or SCARA robots.

¢ LinuxCNC runs on Linux using real time extensions.

1.1.2 The Operating System

LinuxCNC is available as ready-to-use packages for Debian distributions.

1.1.3 MonyuyeHue noMoLuM

1.1.3.1 Web Forum

A web forum can be found at https://forum.linuxcnc.org or by following the link at the top of the
linuxcnc.org home page.

This is quite active but the demographic is more user-biased than the mailing list. If you want to be
sure that your message is seen by the developers then the mailing list is to be preferred.

1.1.3.2 IRC

IRC stands for Internet Relay Chat. It is a live connection to other LinuxCNC users. The LinuxCNC
IRC channel is #linuxcnc on libera.chat.

The simplest way to get on the IRC is to use the embedded web client client from libera.

Some IRC etiquette

* Ask specific questions... Avoid questions like “Can someone help me?”.

e If you're really new to all this, think a bit about your question before typing it. Make sure you
give enough information so someone can answer your question or solve your problem.

* Have some patience when waiting for an answer. Sometimes it takes a while to formulate an
answer, or everyone might be busy working or something.

* Set up your IRC account with your unique name so people will know who you are. If you use
the java client, use the same name every time you log in. This helps people remember who
you are. If you have been on before, many will remember past discussions with you which will
save time on both ends.

Sharing Files
The most common way to share files on the IRC is to upload the file to one of the following or a
similar service and paste the link:

* Fortext: https://pastebin.com/, https://gist.github.com/, https://Obin.net/, https://paste.debian.net/-

» For pictures: https://imagebin.org/, https://imgur.com/, https://bayimg.com/
» For files: https://filedropper.com/, https://filefactory.com/, https://1fichier.com/



https://forum.linuxcnc.org
https://web.libera.chat/#linuxcnc
https://pastebin.com/
https://gist.github.com/
https://0bin.net/
https://paste.debian.net/
https://imagebin.org/
https://imgur.com/
https://bayimg.com/
https://filedropper.com/
https://filefactory.com/
https://1fichier.com/

LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 4/1345

1.1.3.3 Mailing List

An Internet Mailing List is a way to put questions out for everyone on that list to see and answer at
their convenience. You get better exposure to your questions on a mailing list than on the IRC but
answers take longer. In a nutshell you e-mail a message to the list and either get daily digests or
individual replies back depending on how you set up your account.

You can subscribe to the emc-users mailing list at: https://lists.sourceforge.net/lists/listinfo/emc-users.

1.1.3.4 Web Forum

A web forum can be found at https://forum.linuxcnc.org/ or by following the link at the top of the
https://linuxcnc.org/ home page.

This is quite active but the demographic is more user-biased than the mailing list. If you want to be
sure that your message is seen by the developers then the mailing list is to be preferred.

1.1.3.5 LinuxCNC Wiki

A Wiki site is a user maintained web site that anyone can add to or edit.

The user maintained LinuxCNC Wiki site contains a wealth of information and tips at: http://wiki.linuxcnc.or

1.1.3.6 Bug Reports

Report bugs on the LinuxCNC Github github bug tracker.

1.2 CucrteMHble TpeboBaHus

1.2.1 MwuHuManbHblie TpeboBaHusA

The minimum system to run LinuxCNC and Debian / Ubuntu may vary depending on the exact usage.
Stepper systems in general require faster threads to generate step pulses than servo systems. You
can use the Live CD to test the software before committing to a permanent installation on a computer.
Keep in mind that the Latency Test numbers are more important than the processor speed for software
step generation. More information on the Latency Test is here. In addition, LinuxCNC needs to be run
on an operating system that uses a specially modified kernel, see Kernel and Version Requirements.

HomonmHuTenbHYI0 MHPOPMaUMo MoKHO HaiTu Ha Wiki LinuxCNC site: Hardware Requirements

LinuxCNC u Debian Linux mOKHBEI JOCTAaTOYHO XOPOIIIO paboTaTh Ha KOMITBIOTEPE CO CJIEAYIOIINMU
MUHUMAJILHBIMY CIIeU(UKAIUSIMU 000PYIOBaHUs. ITHU HUGPHI HE ABJISAIOTCS aOCOMIOTHEIM MUHUMYMOM,
HO 00eCIIeYnBal0T IIPUEMJIEMYI0 IPOU3BOOUTENbHOCTD 151 OOJILIIIMHCTBA IIArOBHEIX CUCTEM.

1.2 GHz 64-bit x86 processor or Raspberry Pi 4 or better.
* 512 MB of RAM, 4 GB with GUI to avoid surprises
* No hard disk for Live CD, 8 GB or more for permanent installation

¢ BupeokapTa c pa3pemrenueM He MeHee 1024x768, He uconb3ylomias COOCTBeHHBIE mpatiBepsl NVidia
unu ATI fglrx. CoBpeMeHHBIE BCTPOEHHBIE IpaduyuecKue YHUIICETH, IT0X0XKEe, B IeIoM paboTaroT
HOpPMAaJIbHO.

* UnuTepHeT-coequHeHMe (He 00513aTEJIFHO, HO OYEHbD I10JIE3HO [1J1sI OOHOBIEHUM U 0OIIIeHU S C COOOIIIeCTBOM
LinuxCNC)



https://lists.sourceforge.net/lists/listinfo/emc-users
https://forum.linuxcnc.org/
https://linuxcnc.org/
http://wiki.linuxcnc.org/
https:///github.com/LinuxCNC/linuxcnc/issues
http://wiki.linuxcnc.org/cgi-bin/wiki.pl?Hardware_Requirements
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Minimum hardware requirements change as Linux distributions evolve so check the Debian web site
for details on the Live CD you’re using. Older hardware may benefit from selecting an older version
of the Live CD when available.

If you plan not to rely on the distribution of readily executable programs (“binaries”) and/or aim at
contributing to the source tree of LinuxCNC, then there is a good chance you want a second computer
to perform the compilation. Even though LinuxCNC and your developments could likely be executed
at the same time with respect to disk space, RAM and even CPU speed, a machine that is busy will
have worse latencies, so you are unlikely to compile your source tree and produce chips at the same
time.

1.2.2 TpeboBaHuA K AApPY U BEpCUMn

LinuxCNC tpebyeT MOogudHUIITMPOBaHHOTO siApa OJIs UCIIOIb30BaHUS B PeajIbHOM BPEMEHH [JI yIIPaBIeHU T
peanbHBIM MalTUHHEIM 000pymoBanueM. OgHAKO OH MOXKeT paboTaTh Ha CTAaHOAPTHOM SIApPE B pexKuMe
MOIENMPOBaHUS /IS TaKUX Lejed, Kak nmpoBepka G-Koja, TecTupoBaHue (aiiioB KOHQUTYypaAIIUU U
n3ydeHue cCUCTeMbl. 1711 paboThl C STUMH BEPCUSMHU SIAPa PACIIPOCTPaHsIOTCS aBe Bepcuu LinuxCNC.
HmMmeHa nmakeToB: «linuxcnc» u «linuxcnc-uspace».

Onuuu sigpa peanbHOTO BpeMeHU — preempt-rt, RTAI 1 Xenomai.
Brl MOXeTe y3HaTh BEPCUIO SApa Balllell CUCTEMBI C ITIOMOIIbI0 KOMaHIbI:

uname -a

Ecnu BwI BUOuTe (KakK yKas3aHO BHIIIE) - rt- B UMeHU sAOpa, 3HAYUT, BH UCIOJIb3yeTe Iapo preempt-rt
U BaM cJiefgyeT ycTaHOBUTH Bepcuio LinuxCNC “uspace”. Bam TakXke cienyeT yCTaHOBUTH uspace Ois
KOHurypamnui “sim” Ha sigpax, He paboTalouX B pealbHOM BPeMeEHH.

Ecnu B BuauTe -rtai- B uMeHU spapa, 3Ha4uT, B ucnonb3dyere RTAI B peanbHOM BpeMeHu. CM.
HuXkKe Bepcuro LinuxCNC mis ycTaHOBKHY.

1.2.2.1 Preempt-RT c nakeTtom «linuxcnc-uspace»

Preempt-RT — HoOBe#Illas U3 CHUCTEM pealbHOr0 BpeMeHH, a TaKxXKe Bepcus, Hambojee OGnMu3Kas K
OCHOBHOMY Anpy. Anpa Preempt-RT moCTynHEL B BUAE IPEIBAPUTENILHO CKOMIINJIINPOBAHHBIX IAKETOB
13 OCHOBHBIX PEIIO3UTOPHEB. VX MOKHO HAaTU 110 HouCKOBOMY 3anpocy «PREEMPT RT», 1 ero MoXKHO
3arpy3uTh ¥ YCTAHOBUTH, KakK M JII0O0¥ Opyroi makeT. Preempt-RT, kak mpaBumo, obecriedynBaeT
JIy4UIyI0 NOOOEPKKY OIPavBepOB U SBISIETCS €OUHCTBEHHEIM BapUAHTOM [JISI CUCTEM, UCIIOIb3YIOIINX
alrapaTHBIEe KapTh ApaliBepoB Mesa, nogkitodeHHble K Ethernet. B ieom y preempt-rt camast Hu3Kas
3aflepXKKa CpeIy OOCTYIIHEIX CUCTEM, HO €CTh UCKIIIOYEHHUH.

1.2.2.2 RTAI c nakeTtoM «linuxcnc»

RTAI y2ke MHOTO JIET IBJIIETCS OCHOBOM AUCTPUOYyTHBOB LinuxCNC. O6BIYHO OH 06ecIieyrBaeT HaUITyYIIyIo
IPOM3BOOUTENILHOCTL B peajlbHOM BPEMEHHU C TOYKMU 3PEHUS HU3KOU 3aJepKKU, HO MOXKET UMeTh
MEHBIITYIO ITOIEePIKKY ITepudepUuHLIX YCTPONCTB U MeHbIIIee pa3peleHue skpaHa. Axnpo RTAI noctynHo

B peno3uTtopuu naketoB LinuxCNC. Ecnu BH ycTaHOBUIHM U3 o6pa3a Live/Install, To mepekiioueHnue
sapa 1 Bepcuu LinuxCNC omnrcano B [Installing-RTAI].

1.2.2.3 Xenomai ¢ nakeTtoMm «linuxcnc-uspace»

Xenomai TakXke IOOOEPKUBAETCS, HO BaM IIPUAETCS HAWTH MM COOpPaTh SAPO ¥ CKOMIIMJIMPOBATh
LinuxCNC u3 UCXOOHOI'0 KOIa, YTOOKI UCIIOJIF30BATh €ro.



https://www.debian.org/releases/devel/amd64/ch02.en.html
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1.2.2.4 RTAI c nakeToM «linuxcnc-uspace»
Takzxke B03M0kHO 3anycTuTh LinuxCNC ¢ RTAI B pexxuMe N0OIb30BaTEILCKOTO IPOCTPaHCTBa. Kak u

B ClIy4ae C Xenomai, a1 3TOr0 BaM IIpuaeTCcd CKOMIIMJIMPOBATh MCXOOHBIN KOII.

1.2.3 MpobnemHoe obopypmoBaHue

1.2.3.1 HoyTtbOykmu

HoyT6yku 00BIYHO He HOOXOOsT OJIS FTeHepalluy IITar0B IPOTrPaMMHLIM CIIOCOO0M B peaslbHOM BPEMEHH.
OmsTh Ke, 3allyCK TeCTa 3aiePKKHU B TeUYeHHUe INTEILHOTO BpeMeHHU ITPeIoCTaBUT BaM HH(POPMAIIHIO,
HeOoOXOMUMYI0 OJIsi OpefeneHus MTPUTOTHOCTH.

1.2.3.2 BupeokapThbl

Ecnu Ballla ycTaHOBKa oToOpazkaeTcsl ¢ pa3pelieHueM skpaHa 800 x 600, To, ckopee Bcero, Debian
He PacIO3HAaeT Ballly BUAEOKAPTY WIK MOHHUTODP. MHorma Ty mpo6iieMy MOXKHO OOOWTH, YCTAaHOBUB
OparBephl UJIM CO3[aB UJIN OTpenaKTHUpoBaB (aiinsl Xorg.conf.

1.3 MonyuyeHme LinuxCNC

B aToM pa3merie onucaH peKOMEHOYyeMBIH CII0co0 3arpy3Ku ¥ HOBOM ycTaHOBKY LinuxCNC. s mobuTesnen
IPUKIIIOYEeHUY TaK¥XKe CyIIeCTBYIOT AJIbTepPHATHUBHEIE METOOHI YCTAaHOBKM. EC/IN y Bac eCTh CyIIeCTBYIOIIas
YCTaHOBKA, KOTOPYIO BH XOTHUTE 0OHOBUTHL, BMECTO 3TOr0 IiepeliauTe B pa3gesn O6HoBneHue LinuxCNC.

Note

Ons ynpaesneHns obopypoBaHmem LinuxCNC TpebyeTcs cneumanbHoe S4p0 C paclUMpeHusiMu
peanbHOro BpeMeHW. 34ecb eCTb TPU BO3MOXXHOCTU: preempt-rt, RTAl nan Xenomai. Kpome Toro,
cywiecTBytoT ABe Bepcum LinuxCNC, paboTatowme ¢ atumn agpamu. MoopobHoCTu cmoTpuTe B
Tabnuue Huxe. OgHaKo Ans TeCTUPOBaHMA KOLa U MOAEIMPOBaHUSA MOXXHO 3aNyCTUTb NPUI0OKEHNE
linuxcnc-uspace Ha CTaHOapTHOM sAape anctpmbyTmBea.

Cgexue yctaHoBku LinuxCNC npotiie BceTro co3pmaTh ¢ rmoMotkio obpasa Live/Install. 9To rubpunssii
o6pas daiinoBoit cucteMsbl ISO, KOTOPHIM MOXKHO 3anucaTh Ha USB-HakonuTens unu DVD-OKUCK 1 UCTI0JTb30Ba’
IOJIS 3arPy3KKM KOMIbIOTEpa. Bo BpeMst 3arpy3ku BaM OymeT HmpemocTaBJIeH BEIOOp: 3arpy3uth “Live”
cucteMy (4To0nI 3anycTUTh LinuxCNC 6e3 BHECEHU ST KaKUX-TUO0 ITOCTOSTHHBIX U3MEHEHUH B Balll KOMITBIOTED
WUJIN 3aTrPy3UTh YCTAHOBIIUK (YTOOBI ycTaHOBUTE LinuxCNC 1 ero onepanuoHHYI0 CUCTEMY Ha JKEeCTKUHN

OMCK Balllero KOMIIbIOTEpPA).

CxeMma Imponecca BEITJIAOUT TakK:

1. 3arpysure Live/Install o6pas.
2. 3anummuTte 06pa3 Ha USB-HakonuTens umu DVD.
3. 3arpysure cucrteMy Live, uToOr mpoTecTupoBaTh LinuxCNC.

4. 3arpysurte yCTaHOBIIUK, YTOOHI yCTaHOBUTEL LinuxCNC.

1.3.1 3arpyska obpasa

B aToM pa3pesie onmucaHbl HEKOTOPHIE CIIOCOOH! 3arpy3ku obpas3a Live/Install.
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1.3.1.1 OObI4Han 3arpyska

Software for LinuxCNC to download is presented on the project’s Downloads page. Most users
will aim for the disk image for Intel/AMD PCs, the URL will resemble https://www.linuxcnc.org/iso/-
linuxcne 2.9.8-amd64.hybrid.iso.

IOnst Raspberry Pi mpemocTaBieHO HECKOJBKO 00Pa30B, MO3BOJSIIONINX YCTPAHUTD PA3NIUYUS MEKOY
RPi4 u RPi5.

Note

He ncnonb3ynte 0bbi4HbIN AncTpmMbyTnB Raspbian ans LinuxCNC, KOTOpbIA MOXKET NOCTaBNATLCA C
BalUMM CTapTOBbLIM KOMMNAeKTOM RPi — B HeM He ByaeT aapa peanbHOro BpeMEHMU, N Bbl HE CMOXETEe
nepenTtun c Raspbian Ha obpa3 aapa Debian.

1.3.1.2 3arpy3Ka C NOMOLLbIO ZSync

ZSYyNC — 3TO IIPUJIOKEHUE OJI 3arpy3Ku, KOTopoe 3GhGHEKTUBHO BO30OHOBISIET ITPEPBaHHbIe 3aTPy3KHU
1 3pDeKTUBHO mepeHocuT Oomnbinre danbl ¢ HeOOMbIIUMY U3MEHEHUSIMHU (€CIU y BaC eCTh cTapas
JoKanbHas Komusi). OOpaTuTe BHUMaHue: TpebyeTcss mpoToKoi http, a He https. McmomnbayiiTe zsync,
ecnu 3arpy3ka usobpaxkenus metomoM Normal Download 9acTo mpepriBaeTcs.

zsync B Linux

1. YcTaHOBUTE ZSync ¢ IOMOIILI0 Synaptic Uiy BHIIOTHUB CIEOYIONIyI0 KOMaHAy B terminal

sudo apt-get install zsync

2. 3aTeM 3amyCTuTe 3Ty KOMaHAOy, YTOOH 3arpy3uth ISO Ha CBOM KOMITBLIOTED
zsync https://www.linuxcnc.org/iso/linuxcnc_2.9.8-amd64.hybrid.iso

Please remember to confirm the checksum of the downloaded iso as described below, since the au-
thenticity of the server is not guaranteed with the http protocol.

zsync B Windows CytiectByeT mopT zsync aiasg Windows. OH pa6oTaeT KakK KOHCOJIBHOE ITPUI0KEHUE
U ero MOKHO 3arpy3uTh 1o agpecy https://'www.assembla.com/spaces/zsync-windows/documents.

1.3.1.3 MpoBepka obpasa

(9TOT 1Iar He HyKeH, eCJIH BBl UCIIOJIb30BaIU ZSYNC)
1. Tlocme 3arpy3Ku IIpPOBepPhTE KOHTPOJILHYIO CyMMYy o0pa3a, 4To0s yOequThCs B €T0 1eJI0OCTHOCTH.

md5sum linuxcnc-2.9.8-amd64.iso

or
sha256sum linuxcnc-2.9.8-amd64.iso

1. 3aTeMm cpaBHUTE C STUMU KOHTPOJIBHEIMU CyMMaMU

amde4 (PC)

md5sum: cf77d61fcba9641d7205ac33751e5138

sha256sum: 72eab92d7c34c238b0429054dc52d240df8dc5f083e769a39194cfac3e4984e8
arme4 (Pi)

md5sum: 4547e8a72433efb033f0a5cf166a5cd2

sha256sum: ff3ba9b8dfb93bafle2232746655f8521a606bcOfab91bffc04ba74cc3bebbfO

IIpoBepbTe md3sum Ha Windows uiau Mac Windows does not come with an md5sum program,
but there are alternatives. More information can be found at: How To MD5SUM



https://linuxcnc.org/downloads/
https://www.linuxcnc.org/iso/linuxcnc_2.9.8-amd64.hybrid.iso
https://www.linuxcnc.org/iso/linuxcnc_2.9.8-amd64.hybrid.iso
https://www.assembla.com/spaces/zsync-windows/documents
https://help.ubuntu.com/community/HowToMD5SUM
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1.3.2 3anuwuTte oOpas Ha 3arpy3o4Hoe YyCTPOMUCTBO

ISO-06pa3 LinuxCNC Live/Install — aTo rubpupnsiii ISO-06pa3, KOTOPHIH MOXKHO 3alIUCaTh HETIOCPENCTBEHH(
Ha USB-HakonuTesb (¢pam-HaKonuTenb) uiau DVD-OUCK U UCIIOIb30BaTh IJiS 3arpy3KU KOMITLIOTEDPA.
W3o6paxkeHre CIUIIKOM BEJIUKO OIS KOMIIaKT-IUCKa.

1.3.2.1 Raspberry Pi Obpas

The Raspbery Pi image is a complete SD card image and should be written to an SD card with the
[Raspberry Pi Imager Appl(https://www.raspberrypi.com/software/). Note that the imager app can
open the .zip file directly, no need to expand.

1.3.2.2 AMD-64 (x86-64, PC) Obpa3 ucnonb3yiowmum MHcTpyMmeHTsl FUMN
3arpy3ute u ycraHoBute Balena Etcher c https://etcher.balena.io/#download-etcher (Linux, Windows,
Mac) u 3anumuTe 3arpyKeHHbi o6pa3 Ha USB-HakKomuTE b,

Ecnu Bam obpa3 He 3arpyzxaetcsi, mompoOyiTe Takxke Rufus. OH BHITJISIOUT CIOXKHEE, HO KaxKeTCs
00Jiee COBMECTUMBIM C paznuunbiMu BIOS.

1.3.2.3 KomaHpgHaa cTpokKa - Linux

1. TMogkmrouuTe 3anoMuHalollee ycrtpoiictso USB (Hanmpumep, GIs1uI-HaKOIUTEb UIIH YCTPOMCTBO
Tuma QGIsII-HaKOIUTEST).

2. Determine the device file corresponding to the USB flash drive. This information can be found
in the output of sudo dmesg after connecting the device. cat /proc/partitions may also be
helpful.

3. UcnonpayiiTe koMmauay dd, yTobrl 3anucath o6pa3 Ha USB-Hakonutens. Hanpumep, eciu Baliie
YCTPOUCTBO XpaHeHUus oToOpaxaeTcs Kak /dev/sde, HCIIONB3yiTe CIeOyoITyo KOMaHIy:

dd if=linuxcnc 2.9.8-amd64.hybrid.iso of=/dev/sde bs=4k status=progress

1.3.2.4 KomaHpHasa cTpoka - MacOS

1. Open a terminal and type
diskutil list

2. BcraBbTe USB u 3anuinmTe UMsi HOBOTO OUCKaA, KOTOPOe MOsBUTCS, HanpuMep /dev/diskb.

3. PasmonTupyiite USB. HYucso, yka3zaHHOe BHIIIIE, CIeAyeT 3aMeHUTh Ha N.

diskutil unmountDisk /dev/diskN
4. Tlepenecute maHHbIe ¢ moMolsio dd, Kak mis Linux Beimre. O6paTuTe BHUMaHUE, YTO B Hadase

UMeHU Oucka mobasreHa OykBa “r”.

sudo dd if=linuxcnc 2.9.8-amd64.hybrid.iso of=/dev/rdiskN bs=1m status=progress

3anuck obpas3a Ha DVD B Linux



https://www.raspberrypi.com/software/
https://etcher.balena.io/#download-etcher
https://rufus.ie/
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1. BcraBeTe uucteii DVD B 3anmcheiBaromiee yCTpoucTBO. IlosgButca okHo CD/DVD Creator unu
Choose Disc Type. 3akpoiiTe 3T0, TaK KaK MBI He OyIeM ero HUCIIOIb30BaTh.

ITepetimuTe K 3arpykKeHHOMY u300paxkeHuIo B 6pay3epe ¢aiiios.
[ITenkHUTE IpaBoil KHOMKOM MbIM ¢atin o6pa3a ISO u Beibepute Write to Disc.
BriGepute ckopocTh 3anucu. PeKoMeHOyeTCs mucaTh Ha MUHUMAIbHO BO3MOXKHOM CKOPOCTH.

3amnycTuTe nIponecc 3alucu.

U T o

Ecnu mosiBuTCs OKHO choose a file name for the disc image, mpocto Beibepute OK.
3anuck obpas3a Ha DVD B Windows

1. 3arpysure u ycranosute Infra Recorder, 6ecraTHyio nporpaMmy 3anucu u300paxKeHuM C OTKPHITHIM
ucxogHeM KogoM: https://infrarecorder.org/.

2. BcTaBbTe IyCcTOM KOMIIAKT-OUCK B IIpUBOI U BeiGepuTe Do nothing unu Cancel, ecnu mossBUTCSA
IMaJioroBOe OKHO aBTO3alycCKa.

3. Otkpoiite Infra Recorder u BriOepute MeHIo Actions, 3aTeM Burn image.
3amnmce o6paza Ha DVD B Mac OSX

1. 3arpysure daiin .iso

2. IllenkHUTe TpaBOU KHOMKOW MHIIM ¢aiin B okHe Finder u BriGepute “Burn to disc”. (Onmus
3alKCU Ha OUCK IOSIBUTCS TOJIBKO B TOM CiIydae, €C/IM Ha MAalllMHe YCTaHOBJIEH WU MOOKITIOYEeH
ONTUYECKUM IPUBOLI.)

1.3.3 TectmpoBaHue LinuxCNC

IMopxntouus USB-makonutesnsb unu DVD-guck B ipuBoae DVD, BEIKTIOUMTE KOMIILIOTED, @ 3aTEM CHOBA
BKIIOYHTE ero. KommbioTep 3arpy3utcsa u3 obpasa Live/Install u OymeT BrIOpaH BapHaHT 3arpy3KH
Live.

Note
Ecnnm cnctema He 3arpyxaetca ¢ DVD-aucka wam USB-HakonmTens, BO3MOXXHO, Heobxogmmo
M3MeHUTb NopsaaoK 3arpyskum B BIOS MK.

ITocne 3arpy3ku KOMObioTepa Bl MozKeTe mompoboBaThk LinuxCNC, He ycTaHaBiuBas e€ro. BH He
MOZXKeTe CO30aBaTh coOCTBEHHEIE KOH(l)I/Il"ypa]_[I/II/I WJIU U3MEHSTH OOJILIIMHCTBO CUCTEMHEIX HaCTpPOEK B
ceaHce Live, HO BbI MOZKeTe (M OOJI?KHBI) 3allyCTUTh TECT 3alePKKU.

Y106k onpoboraTk LinuxCNC: B MeHio Applications/CNC Bei6epute LinuxCNC. OTKpoeTcs uaaoroBoe
OKHO, B KOTOPOM BHI CMOKETe BHIOPATh OHY U3 MHOXKECTBA IPUMEPOB KoHurypauuii. Ha aTom aTame

OeWCTBUTEILHO UMEET CMBICH BHIOpaTh KOHGUTrypalmio “sim”. HekoTophle U3 MpUMePOB KOHGUTYypaLui
BKJTIOYAIOT B ce0s TpexMepHOe MOAeINPOBaHNe MAIllUH Ha 9KpaHe. YTOOH YBUHETDh UX, Hauaurte “Vis-

mach”.

YTOoOB IPOBEPUTE, IOOXOAUT JIM BAIll KOMIIBIOTEP AJISI IPOTPaMMHOM IIOIIIarOBOM reHepalui UMITYJIbCOB,
3alyCTUTe TeCT 3aJePKKHU, KaK [I0Ka3aHo 30eCh.

Ha momeHT Hanucanusa Live Image gocTyleH TONBKO C AOpOM preempt-rt u coorBeTcTByOmUM Lin-
uxCNC. Ha HeKOTOpOM 000pYyLOBaHUU 3TO MOKeT He 00ecliednBaTh JOCTATOYHO XOPOIIVIO 3aIePKKY.
HocTylHa 3KCIlepuMeHTallbHas BEePCUsl, UCIIOJIb3YyIolllas sapo peanbHoro speMenu RTAI, koTopas 4acTo
obecrieuuBaeT JIydIIyVIO 3aePKKY.



https://infrarecorder.org/
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1.3.4 YctaHoBKa LinuxCNC

Yro6nl ycTanoBUTh LinuxCNC ¢ Live CD, nipu 3arpy3ke Bribepurte Install (Graphical).

1.3.5 OOHoBsAeHua LinuxCNC

ITpu o6rruHOM ycTaHoBKe Update Manager OyzmeT yBemoMsiTe Bac 06 ob6HoBiIeHuax LinuxCNC, korga
BEI IOOK/TI0YAETECH K CETH, ¥ IIO3BOJIUT BaM JIETKO BRIIIOJIHUTE O0HOBIEeHUE 663 He0OXOQUMOCTH 3HAHM S
Linux. ITo 3ampocy M0OXKHO 0OHOBUTE BCE, KPOME OIMEPAIMOHHOM CUCTEMHI.

Warning

He o6HOBnSINTE oMepaunoOHHYK CUCTEMY Ha HOBYK Bepcuio, ecan byaeT npepsioXeHo
3To coenaTtb. OpgHako BaM csiegyeT NpuHUMaTb obHoBsaeHmss OC, ocobeHHO obHOBNEHUSN
6e3onacHoCTW.

1.3.6 TMpobnembl C yCTAaHOBKOM

B penkux ciy4asx BaM MOXKeET ITOTpe6oBaThCs cCOpocuTh HacTporku BIOS mo 3Ha4YeHu 110 YMOJTYaHUIO,
ecyu BO BpeMs yCTaHOBKM Live CD 0H He MOXKeT pacno3HaTh XKeCTKUY OUCK BO BpeMs 3arpy3KH.

1.3.7 AnbTepHaTUBHblIE€ MeTOAbl YCTaHOBKHU

CaMbIii IPOCTOM U IPEAIIOUYTUTENbHEIN cIT0c00 ycTaHoBKY LinuxCNC — ucnons3oBaThk Live/Install Im-
age, Kak OIMCAHO BHIIIE. DTOT METOH HaCTOJIBKO IIPOCT W HaAeXXeH, HaCKOJIBKO 3TO BO3MOXKHO, U
MMOOXOOMUT KaK [OJI HaUuMHAIOIINX, TaK M [JIS OIILITHHIX ITOJIb30BaTesiel. OmHaKo OOBIYHO 9TO 3aMEHSIET
0010 CYIIECTBYIOITYIO OIIEPAIIMOHHYIO cCUCcTeMy. Eciiu Ha 1leJIeBOM KOMITBIOTEPE eCTh (paiiyIbl, KOTOPHIE
BBl XOTUTE COXPAaHUTh, BOCIIOJIL3YUTECh OMHUM U3 METOO0B, OIUCAHHBIX B 9TOM pPa3ferie.

Kpome TOTO, 07151 OMBITHBEIX IIOJIb30BATEIeM, 3HAKOMEBIX C CUCTEMHBLIM aIMUHUCTPHUPOBaHueM Debian
(TTorcK yCTaHOBOYHHIX 00pas30B, MaHUIY/IMPOBaHUE HCTOYHMKAMHU apt, U3MeHeHUe BepCud sgpa u
T. [.), HOBBIE YCTAHOBKM ITOAOEPKUBAIOTCS Ha cienylomux maTdopmax: (“amd64” o3HaudaeT "64-
pa3psAOHBIH” ¥ He CIen@UYHO AJIs HporeccopoB AMD, oH 6ymeT paboTaTh B J1t000M 64-0UTHOM cUCTEME
x86)

Debian Trixie amd64 & preempt-rt linuxcnc- yIIpaBJIeHHUEe
arm64 uspace CTaHKOM M
MoJe/IupOBaHHUe
Debian Troxie amd64 RTAI linuxcnc yIIpaBlieHUEe
CTaHKOM
OuctpubyTUB ApxuTeKkTypa Anpo HWwmsa nnakeTa Tunosoe
UCTI0JIb30BaHUE
Debian amd64 & arm64 | preempt-rt linuxcnc-uspace | ympaBieHUue
Bookworm CTAaHKOM H
MOOeTupPOBaHue
Debian amd64 RTAI linuxcnc yIIpaBJieHue
Bookworm CTaHKOM
Debian Bullseye | amd64 preempt-rt linuxcnc-uspace | ympaBieHue
CTAaHKOM H
MOOeTupOBaHue
JIrob6o1 JIroboi Opuruaan linuxcnc-uspace | TOJIBKO
MOOeTupPOBaHNe
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Note
LinuxCNC v2.9 He nopgepxuaeTtcsa B Debian 9 n bosee paHHUX BepCUsX.

Preempt-RT simpa fAngpa Preempt-rt moctynab mns Debian n3 o6srgyHoro apxusa debian.org. ITakeTt
Ha3bIBaeTCsA Linux-image-rt-*. IIpocTo yCTaHOBUTE MAKET Tak XKe, KakK M J000M OIpyTrou MmakeT, U3
gucreTdepa akeToB Synaptic unu ¢ noMoibio apt-get B KoMaHIHOU CTPOKE.

RTAI dapa Axgpa RTAI mocTymnHE A1 3arpy3Ku u3 apxuBa Debian linuxcnc.org. TTogxogsuiuii MCTOYHUK:

* Debian Trixie: deb http://linuxcnc.org trixie base

* Debian Bookworm: deb http://linuxcnc.org bookworm base
* Debian Bullseye: deb http://linuxcnc.org bullseye base

* Debian Buster: deb http://linuxcnc.org buster base

LinuxCNC u sapo RTAI Tenepb OOCTYIHBI TONBKO O 64-6uTHBIX OC, HO 0YeHb Majo COXPaHUBIIUXCS
cucTeM He MOTyT paboTaTs Ha 64-0utHoi OC.

1.3.7.1 Installing on Debian Trixie (with Preempt-RT kernel)

1. Install Debian Trixie (Debian 13), amd64 version. You can download the installer here: https://www.deb
distrib/

2. TTocne 3amucu ISO u 3arpy3KH, €cii¥ BaM He HyzKeH pabouwuii ctosr Gnome, BribepuTte Advanced
Options > Alternative desktop environments 1 BLIOEPHTE TOT, KOTOPLIM BaM HPABUTCSI. 3aTeM
BeiOepuTe Install or Graphical Install.

Warning
He BBoguTe naposb root, ecau Bbl 3To caenaeTte, sudo bygeT 3anpewieHo, N Bbl He
CMOXKeTe 3aBepluTb cjieayloume warwu.

3. 3amycTuTe clenyoilyo KoMaHay B terminal, 4To6 0OHOBUTH MAIIMHY A0 MOCJIEAHUX ITAKETOB.

sudo apt-get update
sudo apt-get dist-upgrade

Note
It is possible to download a version of LinuxCNC directly from Debian (currently version 2.9.4)
but a more up-to-date version (2.9.8) can be installed from the LinuxCNC repository.

4. Ycra"HoBute aapo u monynu Preempt-RT

sudo apt-get install linux-image-rt-amd64

5. Tlepe3arpy3utech u BeiOepuTe sapo Linux 6.1.0-10-rt-amd64. TouHas Bepcus sapa MOXKEeT OTIMYaThCH,
ob6patuTe BHHMaHue Ha cyhdukc "-rt”. 3To MoxKeT OBITH CKPBHITO B mogMeHio “Advanced options
for Debian Bookworm” B Grub. Ilpu BXome B cucTteMy yOemmTech, 4UTO CleAylollas KOMaH[a
cooO1raeT o PREEMPT RT.

uname -V



https://www.debian.org/distrib/
https://www.debian.org/distrib/
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6. OTkpoiiTe Applications Menu > System > Synaptic Package Manager, HaviguTte linux-image,
IeIKHUTE IIPaBOM KHOMIKOM MBI MCXOOHEIN (ain 6e3 rt u Beibepute Mark for Complete Re-
moval. Tlepe3arpy3uTtecb. 3T0 HEOOXOOUMO [JIsT IPUHYOUTETBHOM 3arpy3Ku CUCTEMHI C agpa RT.
Ecnu BBl IpegnoYnTaeTe COXpaHUTh 06a siipa, TO Apyrue siapa YOalniaTh He HY?KHO, HO MU3MEHEeHU
KoH(pUTrypanuu 3arpy3ku grub moTpebyioTcs, BEIXOOSIINE 3a PaMKU 9TOI'0 TOKYMeHTa.

7. OobGaBbTe K04 mopnucu apxuBa LinuxCNC B cBo#t Habop KiIto4el apt, 3arpy3uB [CKPUIIT YCTaHOBIITMKA
LinuxCNC] (https://www.linuxcnc.org/linuxcnc-install.sh). [Insa ero 3amycka Bam moTpebyeTcs
caesnaTh CKPUNT UCIOJTHSIEMBIM:

chmod +x linuxcnc-install.sh
bl’3bl'blIabllblITbIIbIIebIIbIIMbII b’IBbllbllblbll blIMbIIblIoblIbII)KbIIbIIebIIbIITbIIb (_)

lleb!l bl l3bl lbl Iabl Ibl Inb! lbl bel Ibl rcbl Ibl ITbI lbr IMbI Ibl ITbl Ibl ’bb” bl lyb! lbl —
rcbl Ibl ’Tb' rbr labr lbr IHbr Ibl robl Ibl erl Ibl 'LI.I,b' rbr ler lbr lerl:

sudo ./linuxcnc-install.sh

1.3.7.2 Installing on Debian Trixie (with experimental RTAI kernel)

1. This kernel and LinuxCNC version can be installed on top of the Live DVD install, or alternatively
on a fresh Install of Debian Trixie 64-bit as described above.

2. BriMoxkeTe mo6GaBuTh K04 noamucy apxuba LinuxCNC u nHGOpMaILnio 0 PEIO3UTOPHUH, 3aTPy3UB
¥ 3allyCTUB CIleHapU¥ YCTaHOBKY, KaK onucaHo Brime. Eciu o6HapykeHo ssapo RTAI, oHO ocTaHOBUTCS
nepen YCTaHOBKOM KaKUX-THUOO ITaKeTOoB.

3. O6HOBHUTE CIUCOK IIaKeTOoB c linuxcnc.org

sudo apt-get update

4. Remove the existing uspace version of LinuxCNC and install the new realtime kernel, RTAI and
the RTAI-version of LinuxCNC.

sudo apt-get purge linuxcnc-uspace
sudo apt-get purge linuxcnc-doc*
sudo apt-get install linuxcnc

Ilepe3arpy3uTe KOMIObIOTEDP, YOEOUBIINCH, YTO CUCTEMA 3aTrPyzKaeTCs C HOBHIM simpoM 5.4.258-rtai.

1.3.7.3 YctaHoBKa Ha Raspbian 12

He pgemaiiTe aToro. 3amepKKU CIUIITKOM BEJIUKY C IAPOM 110 YMOI4aHuio, a Anpo Debian PREEMPT RT
(RT BaxkHO) He 3arpykaeTcs Ha Pi (1o cocTossuuio Ha 1 ssuBaps 2024 r.). IToxkamnyiicTta, 06paTUTECE K
o6pazaM .iso, KOTOpEle MOXKHO HaWTh B HTepHeTe Ha o6piuHOM cTpanune LinuCNC download page.
Bl MOXKeTe co34aTh UX CAaMOCTOSTEILHO, CIIeQys IPEeNOoCTaBJIEHHBIM CKpunTam online.

1.4 Running LinuxCNC

1.4.1 Bbi3oB LinuxCNC

ITocne ycranoBku LinuxCNC 3anyckaeTcs Tak ke, Kak u jobdas apyras nporpamma Linux: 3amycture
ee u3 terminal, BBexmst KomaHny «linuxcnc», unu BeIOepuTe ee B MeHIo «Applications -> CNC».



https://www.linuxcnc.org/linuxcnc-install.sh
https://linuxcnc.org/downloads/
https://github.com/rodw-au/rpi-img-builder-lcnc
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1.4.2 KoH(puUrypauuoHHbIN 3arpy3yumk
ITpu 3amycke LinuxCNC (13 mento YITY unm u3 KoMaHOHOM CTPOKH 6e3 ykazaHus INI-¢aiina) oTKprIBaeTCA
ouanor Configuration Selector.

Iuamnorosoe okHO «Configuration Selector» mo3BosieT monbp30BaTEII0 BEIOPATH OOHY U3 CYILECTBYIOIINX
kKoHpuryparnui (My Configurations) unu BeI6paTh HOBYIO (M3 IPUMEPOB KOHPUTYpaLuii) A1 KOTUPOBaHUA
B CBOM moMamrHui Katanor. CKONMpPOBaHHEIE KOHGUTIypaluu MOSABATCSA B pasmenie «My Configura-
tions» mpu cnepyroiieM BEI30Be celeKTopa KOHpUTrypanuu.

Configuration Selector mpexnaraeTt BbIOOP KOHGUTYPAIUH, OPTaHM30BAHHBIX:

* «My Configurations» — nonb3oBaTenbCKUue KOHGUIypaluu, pacnojiokeHHEIe B linuxcnc/configs B
BallleM [oMalllHeM KaTajore.

¢ «Sample Configurations» — mpumeps! KOHGUTYPALIUHA, €CIIM OHHM BHIOpPaHBI, KOMUPYIOTCA B linuxc-
nc/configs. ITocme Toro kak obpaserr KoHGUrypaiuu OymeT CKOITMPOBAaH B Balll TOKaIbHBIN KaTallor,
mporpaMma 3amnycka npenjoXuT ero Kak «My Configurations». ViMeHa, 1ToQ1 KOTOPLIMU IPECTaBIEHEI
9TU JIOKAJIbHBEIE KOH(GUTYPAIIUK, COOTBETCTBYIOT MMEHAM KaTaJoT0B BHYTPHU Kartasora configs/:

- sim — KoHGUrypaluu, BKIIIOYalollre MoOenupyeMoe obopymoBaHue. KMxX MOXKHO HCIIOJIE30BaTh
IJIS TECTUPOBAHUS UMK U3ydeHus paboter LinuxCNC.

- by interface — KoHpUrypauuu, opraimu3loBaHHble Mo Ipu3Haky ['UII.
- by machine - Kondurypanuu oprainu3oBaHHbIe 10 IIPU3HAKy CTaHKa.

- apps — IPUJI0KEHUsI, KOTOPHIEe He TPeOYIOT 3amycKa linuxcnc, Ho MOTYT OBITE IOJIE3HEI 171 TECTUPOBAHU
UJIN UCIIOIb30BaHUS TaKux npunoxenuu, kak PyVCP unu GladeVCP.

- «attic» — ycTapeBiue uiu UCTOPUYECKUE KOHPUTYPALTUH.

Koudurypauuu Sim yacTo SBIAI0OTCSA HanboJiee M0JIe3HOM OTIIPaBHON TOYKOM [1J1s1 HOBBIX IOJIh30BaTeNeH
¥ OpraHu30BaHbl BOKPYT nogaepxuBaeMuix ['MI1oB:

* axis — I'NII xj1aBUaTypPEL ¥ MBIIINA

¢ «craftsman» — I'MIT1 ¢ ceHCOPHBIM 3KpaHOM (G0JIbIIe He IMOoaaepKuBaeTcsa ??7?)
e gmoccapy - T'NI1 CeHCOpHOTO 3KpaHa

* gscreen - TUII CerncopHOro sKpaHa

* pyvcp _demo - BupTyanbHasa naHenb yopasieHus Python

e gtaxis — I'MII ¢ ceHCOPHBIM 5KpaHOM, BRITJIAOUT KakK AXis

* gtdragon - TUIl CeHCOpHOTO 3KpaHa

* gtdragon hd - THUIl CeHCOpPHOT'0O 3KpaHa BEICOKOT'O pa3pelleHus

* gtplasmac - TUII CeHCOpHOTO 3KpaHa, OJI CTOJIOB IJTa3MEHHOM pe3Ku

» gttouchy - THUIl CeHCOpHOTO 3KpaHa

¢ tklinuxcnc — T'UII knnaBUaTypHl U MBIIIU (60/bIlle HE TOANEPKUBAETCS)

* touchy - TUII gnsi ceHCOPHOTO 3KpaHa

* woodpecker - TUII CeHCOpHOTO 3KpaHa

Karanor korduryparuu 'MIT MoxkeT comepxKaTh IOAKATAIOTU C KOHPUTYPAIIUIMU, UITIOCTPUPYIOMIUIMHI
ocobrle CUTyalluu WJIKW BCTPaAuBaHUE OPYTUX HPUTIOKEHUN.

Koudurypauuu by interface opraHu3oBaHBI BOKPYT 0OIUX IMOAAepKUBaeMBIX MHTEPGHENCOB, TaKUX
Kak:
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* 00IIlast MexaTpOHUKa
* mesa

¢ parport

* pico

e pluto

¢ servotogo

* vigilant

¢ vitalsystems

L7151 ©UCTIOJIb30BaHU S 3TUX KOH(I)I/Il"ypaLII/II;I B Ka4YeCTBe OTHpaBHOﬁ TOYKH CUCTEMEI MOZKET HOTpe6OBaTBCH
COOTBETCTBYIOIIIEE O60py,'E[OBaHI/Ie.

Koudurypamnuu by machine opraHN30BaHbLl BOKPYT IOJIHBEIX U3BECTHBIX CUCTEM, TAaKHUX KakK:

* boss

» cooltool

* scortbot erlll
* sherline

* smithy

e tormach

I71s1 ©CITOIb30BaHUS ITUX KOH(MUTYPAIIUN MOXKET ITOTPe60oBaThHCS IIOJTHAST CUCTEMA.

The apps items are typically either:

1. utilities that don’t require starting linuxcnc

2. demonstrations of applications that can be used with linuxcnc

¢ info — co3pmaet daiin c cucteMHoOl nHpOpPMaIei, KOTopas MOKeT OLITh IOJIe3Ha [IJIsI HUaTrHOCTUKH
npobieM.

¢ Gladevcp — npumep npunoxenuit GladeVCP.
* halrun — 3anyckaet halrun B terminal.
* latency — mpuioXeHus AT UCCIIEOBAHUS 3aJI€PKKU

latency-histogram-1 - ructorpamMmma ajs ogHoro servo thread
latency-histogram - rucrtorpamMmma

latency-test - cTranmapTHBIN TECT

latency-plot — neHTOYHas gUarpaMMa

» parport - [IpunoxeHue Oyt TeCTUPOBaHUSA parport.
e pyvcp — [IpuMepsl NpPUIOKEHUN PyvCep.
e xhc-hb04 — mpunoxkenwus ans TecTupoBaHus 6ecrnpoBomHoro USB-yctpoiictBa PI'M xhc-hb04

Note
B kaTanore «lpunoxeHusa» a5 KOMUPOBAHUA B KaTasior rnoJsib3oBaTens rnpeasaratoTcs TOJbKO Te
MPUJIOXKEHNS, KOTopble BbIIM U3MEHEHbLI MOJIb30BaTeNeM C MOJIb30M.
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LinuxCNC Configuration Selector
Welcome to LinuxCNC.

Select a machine configuration from the list on the left.
Details about the selected configuration will appear in the display on the right.
Click "OK' to run the selected configuration

My Configura_tions_ Sim configurations make it possible to run
=+ Sample Configurations

sim LinuxCNC without special hardware on a

axis simulated basis.
craftsman
gmoccapy

gscreen LinuxCNC supports multiple guis and there

pyvcp_demo are multiple examples for the most popular

gtaxis guis.
gtdragon

g%g[:g&gzhd The sim configurations are meant to run

gttouchy with no special hardware requirements

tklinuxcnc
touchy
woodpecker
+— by _interface
4— by_machine
— apps
F— afttic

[ Create Desktop Shortcut

Figure 1.1: Cenekrop KoHpurypauuu LinuxCNC

KnukHuTe Ha 110008 U3 IepevrCcIIeHHEIX KOHPUTYpaluii, 4To0 0TOOPa3uTh KOHKPETHYIO HHGOPMAITUIO
0 Hel. [IBaX[MHI IMeJIKHUTE KOHpUrypaumio uiu HaxMmute «OK», 4ToOb HavyaTh HACTPOUKY.

Bribepute Create Desktop Shortcut, a 3atreM HaxMmuTe «OK», 4TOOL JOOABUTH 3HAYOK Ha PabouMi
ctost Ubuntu myist mpssMoTo 3anmycKa 3TO¥ KOHGpUrypamnuu 6e3 oTo0paxKeHus 9KpaHa BeIOopa KOHQUTypaIuu.

Korpma Br BEIOUpaeTe KOHGUTrypaluio B pa3nene Sample Configurations, oHa aBToMaTU4eCcKu ITIOMelaeT
KOIIHIO 3TOM KOoH(pUTypauuu B KaTaor ~/linuxcnc/configs.

1.4.3 Cnepylowiume Liarv no HacTpomke

Haiips npumMep KOHGUTYypaLuu, UCIIOIb3YIOINY TO XKe MHTepdeiicHoe 060pynoBaHue, YTO U Balll CTAHOK
(mnu KoHUTypaluio CUMYJIISTOPa), U COXPAHMB KOIIMIO B CBOEM AOMAalTHEM KaTajlore, Bl MOXKETe
HaCTPOUThL ee B COOTBETCTBUU C OCOOEHHOCTSIMM Balllero ctaHka. CM. paszmen «PyKOBOLOCTBO Ojd
HHTEerpaTtopa», IIOCBSIIIEHHLIM HaCTPOUKE.

1.4.4 KoHdurypauum cumynartopa

Bce konburypaiuy, nepeudnucietHnnle B pasgeie Sample Configurations/sim, npegHa3Ha4YeHb A1 3allycKa
Ha JIIo00M KoMITbIoTepe. HUKakoro crienuaabHOro 000pymoBaHus He TPeOyeTCs U MOAAepKKa B PeKUMeE
peanbpHOI0 BpeMeHU He TpebyeTcs.

OTU KOH(UTypaIuu IOJIe3HEl OJIg U3YYEeHUSI OTOEIbHBIX BO3MOXKHOCTeN miu oniui. Kordburypamnuu
OJI CUMYJISIINU OpraHu30BaHE B co0TBeTCcTBUM ¢ ['MII, ncnonb30BaHHBIM B IeMOHCTpauuu. Karamor
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s Axis cogepsKuT 60IbIlle BCET0 BAPUAHTOB U ITOAKATaJIOT 0B, IIOCKOIbKY 9TO HanuboJiee MPOTECTUPOBAHHEIHM
I'MTI. Bo3MOXKHOCTH, IPOIEMOHCTPUPOBAHHEIE B TI000M KOHKpeTHOM I'MII, MOTYT OBITE HOCTYIIHH 1 B
npyrux I'MII.

1.4.5 Pecypchbl N0 HaACTpouke

CenekTop KOHpUTYypaumy KOnupyeT Bce dhaiibl, HEOOXOOUMBIE IJI KOH(PUTYpay, B HOBBIHM ITOJKATAJIOT
~/linuxcnc/configs (skBuBaneHTHO: /home/username/linuxcnc/configs). Kaxkaeiii co3gaHHBINM KaTaJior
OymeT BKIOYaTh Kak MUHUMYM omuH INI-¢aiin (iniflename.ini), KOTOP®I UCIIOIb3yeTCS AJIST OMMMCAHUS
KOHKPETHOU KOH(PUTypaIuu.

dalinoBhEIe PECYPCHI B CKOITMPOBAHHOM KaTajiore 0OBIYHO BKJTIOUAIOT OOUH WX HeCcKoIbKo INI-daiinos
(filename.ini) oiist cBsi3aHHBIX KOHGUTypanui u pain Tabauiel HCTPYyMeHTOB (toolfilename.tbl). Kpome
TOT0, PeCypCH MOTYT BKIo4UaTh (aitnel HAL (filename.hal, filename.tcl), paiin README nnsa onucauus
KaTajiora u uHdopMalirio, cneuupruyHyio st KOHGUrypalum, B TEKCTOBOM (atiie, HA3BaHHOM B YeCThb
KOHKpeTHOM KoHpurypaiuu (inifilename.txt). ITocnenuue nBa daiina oTo6paxkaiTCs IIPU UCTIOIb30BaHUUT
Cenekropa Kondurypamuu.

B mocraBnsieMbIx npuMepax KoHpurypanui Moxert ObITh YKa3aH napamerp HALFILE (umsa_¢aiina.hal)

B INI-datine kKoHpUTrypaluu, KOTOPOTO HET B CKOIWPOBAHHOM KaTajore, IMOCKOJIbKY OH HaXOOUTCS

B cucTeMHOU OubnuoTeke ¢aiinoB HAL. OTu daiiimel MOXKHO CKOMHMPOBATH B KaTalor KOHQUTypaluu
IIOIb30BATEJISI U U3MEHUTD IO TPeOOBAaHUIO II0JIF30BATENIS OJIT MOTU(GUKAIINY UITH TeCTUPOBaHUS. [I0CKOIBKY
mpu noucke ¢aitsioB HAL B mepByI0 ouepenb BHIIIOIHAETCS IIOUCK B KaTasore KOHGUTrypaluu I1ojib30BaTes,
JIOKaIbHbIe MOAUGUKaMU OYOyT UMETh IIPEeUMYIIEeCTBEHHYIO CUJTY.

CerneKkTop KOHOUIypallny CO30aeT CUMBOJIMYECKYIO CChUIKY B KaTayore KOHOUIypalluy [I0JIb30BaTEeIs
(c mmenewm hallib), yka3rBalomIyio Ha CUCTEMHYI0 6uOnOTEKY (aitimoB HAL. DTa cchiika ympoIiaeT
KonupoBaHue ¢atiya 6ubnumorexku. Hampumep, 9yToOB CKOnuMpoBaTh (ain 6mubnmoreku core sim.hal
OJ11 BHECEHUS JIOKATbHBIX U3MEHEHUN:

cd ~/linuxcnc/configs/name_of configuration
cp hallib/core sim.hal core sim.hal

1.5 OOHoBneHue LinuxCNC

Updating LinuxCNC to a new minor release (ie to a new version in the same stable series, for example
from 2.9.7 to 2.9.8) is an automatic process if your PC is connected to the internet. You will see an
update prompt after a minor release along with other software updates. If you don’t have an internet
connection to your PC see Updating without Network.

1.5.1 OOHoOBNEHMe A0 HOBOM BEepcum

B aTomM pazpgerne onuckiBaeTcs, Kak 00HOBUTE LinuxCNC c Bepcuu 2.8.x mo Bepcuu 2.9.y. [Ipenmnonaraercs,
YTO y BaC eCTh YCTAaHOBJIEHHASA BePCUS 2.8, KOTOPYIO BBl XOTUTE OOHOBUTS.

Yrobrr 06HOBUTH LinuxCNC c Bepcuu crapire 2.8, BaM HeoOXomuMO CHaudaja 0OHOBJIEHHWE CTapou
YCTaHOBKM [0 2.8, a 3aTeM CJieloBaTh 3TUM UHCTPYKIUAM. IJiT OOHOBJIEHUS IO HOBOU BEPCHUM.

Ecnu y Bac "HeT cTapoii Bepcuu LinuxCNC n1s 06HOBIEHU S, JIy4dIlle BCeTI'0 BEIIIOJIHUTH HOBYIO yCTAHOBKY
HOBOM BepCcHUH, KaK onucaHo B pa3gene Getting LinuxCNC.

Furthermore, if you are running Ubuntu Precise, Debian Wheezy or Debian Buster it is well worth
considering making a backup of the "linuxcnc” directory on removable media and performing a clean
install of a newer OS and LinuxCNC version as these releases were EOL in 2017, 2018 and 2022
respectively. If you are running on Ubuntu Lucid then you will have to do this, as Lucid is no longer
supported by LinuxCNC (it was EOL in 2013).



https://linuxcnc.org/docs/2.8/html/getting-started/updating-linuxcnc.html
https://linuxcnc.org/docs/2.8/html/getting-started/updating-linuxcnc.html
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YroOl 0OHOBUTH OCHOBHEBEIE BEPCHUH, TaKue Kak 2.8, mo 2.9, Korma y Bac eCTh CETEBOE COegUHeHNe
Ha KOMITbIOTEPE, BaM HEOOXOOMMO OTKIIOYUTh CTaphle HCTOUHUKHY apt linuxcnc.org B ¢atine /etc/apt/-
sources.list u mo6aBuTh HOBBIN UCTOYHUK apt linuxcnc.org os 2.9. , 3atem o6HOBUTE LinuxCNC.

Ietanu OymyT 3aBHCETH OT TOTO, Ha Kakoi mimaTdopmMme Bbl paboraete. OTKpo#Te terminal, 3aTeMm
BBenuTe Lsb release -ic, 4ToOBI HAUTHU 3Ty MHDOPMAIIUIO:

lsb release -ic
Distributor ID: Debian
Codename: Trixie

You should be running on Debian Bullseye, Bookworm or Trixie or Ubuntu 20.04 ”“Focal Fossa” or
newer. LinuxCNC 2.9.y will not run on older distributions than these.

Bam Takke HyKHO OymeT IPOBEePUTh, KaKOe HCIIOIL3YETCS SAOPO PearbHOTr0 BpeMeHH:

uname -r
6.1.0-10-rt-amd64

Ecnu B BUOUTE (Kak yKa3aHO BHIIIE) - r't- B UMEHU sOpa, 3HAa4YUT, BE UCIOJIb3yeTe aapo preempt-rt
U BaM cliefgyeT ycTaHOBUTH Bepcuio LinuxCNC “uspace”. BaMm TakxXe clenyeT YCTaAHOBUTH uspace s
KOHOurypamui “sim” Ha sigpax, He paboTaloluX B pealbHOM BpeMeHH.

Ecnu BeI BUOuUTE - rtai- B UMeHU Aapa, 3Ha4uT, Bl uctionb3lyere RTAI B peanbHOM BpeMeHU. CM. HUXKeE
Bepcuio LinuxCNC gns ycranoBku. [lakeTtsl RTAI goctynue gns Bookworm u Buster, Ho B HacTosee
BpeMs HemoCTymnHH st Bullseye.

1.5.1.1 KoHd¢wurypaumsa ncrouHmkon Apt

e OTKpoliTe oKHO Software Sources. 9TOT IIpoliecCc HEMHOTO OTJIMYAETCS Ha TPEeX IMOoAIepPKUBaeMBbIX
maTdhopMax:

- Debian:

* Haxxmwute Applications Menu, 3atem System, 3aTem Synaptic Package Manager.
* B Synaptic HaxxMuTe mMeHIio Settings, 3aTeM HaxMuTe Repositories, 4TOOBI OTKPHITH OKHO
Software Sources.
- Ubuntu Precise:

* HaxxXmMute Ha 3Ha4ok Dash Home B 1eBOM BepxHEM YTIIy.
* B mose Search BBemute "software”, 3aTem menkuHuTe 3Ha4ok Ubuntu Software Center.
* B okHe Ubuntu Software Center HaxxMute MeHio Edit, 3aTeMm Haxkxmute Software Sources...,
4yTOOBI OTKPHITE OKHO Software Sources.
- Ubuntu Lucid:

* OTKpoiiTe MeHio System, 3aTem Administration, 3atem Synaptic Package Manager.

* B Synaptic HaxxmuTte MeHio Settings, 3aTem Haxxmute Repositories, 4TOOB OTKPHITH OKHO
Software Sources.

* B okHe Software Sources Beibepute Bknanky Other Software.

e VmanuTte unu CHUMUTE QIaXKKK CO BCEX CTAPHIX 3amucel linuxcnc.org (ocTaBbTe BCE CTPOKY, OTIIUYHBIE
ot linuxcnc.org, KakK ecTb).

* Haxwmure kHonky Add 1 o6aBbTe HOBYIO CTPOKY apt. Ha pa3uwix nnaTdopmax cTpoka OyIeT HEMHOTO
OTJINYAThLCH:
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Table 1.2: Tabular overview on variants of the Operating
System and the corresponding configuration of the repos-
itory. The configuration can be performed in the GUI of
the package manager or in the file /etc/apt/sources.list.

OS / Realtime Version Repository

Debian Bullseye - preempt deb https://linuxcnc.org bullseye base 2.9-uspace
Debian Bookworm - preempt deb https://linuxcnc.org bookworm base 2.9-uspace
Debian Bookworm - RTAI deb https://linuxcnc.org bookworm base 2.9-rt
Debian Trixie - preempt deb https://linuxcnc.org trixie base 2.9-uspace
Debian Trixie - RTAI deb https://linuxcnc.org trixie base 2.9-rt

Synaptic Package Manager (as superuser)

File Edit Package S5Settings Help

Search Rebawes T

Reload MarkAllUpgrades Apply Properties
All S Package Installed Version Latest Version Descriptiot
Amaleue hadio Repositories (as superuser) x) \o) AX t?mes
Communication time ¢
Communication (f | Enabled Type URI time
Cross Platform 1] deb https://www.linuxcnc.org/ L distr
Databases ¥  deb-src https://www.linuxcnc.org/ &J _distr
Debug - deb cdrom:[Debian GNU/Linux 12.2.0 _Bookworm_ - Official am Free
Developme ¥ deb http://ftp.uk.debian.org/debian/ anda
Development p P , g , — |
Documentation ¥  deb-src http://ftp.uk.debian.org/debian/ —
Editors ¥ deb  http://security.debian.org/debian-security/

Education - '
Electronics | Binary (deb) h

| Sectiof URE: [https:f!www.linuxcnc.orgf l
I Statud  Distribution: | bookworm |
I Drigﬁ Section(s): |2.9-uspace base |

Custom Fi
I ustom 3 l MNew J l Delete ] Cancel ] l OK J

Architecture ‘

63426 packages listed, 1590 installed, O broken. O to install/upgrade, O to remove

Figure 1.2: Figure with a screenshot of the repository configuration of the synaptic package manager.
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e Haxxmute Add Source, 3ateM Close B okHe Software Sources. Eciii HOSIBUTCSI OKHO C COOOIIIeHUEM
0 TOM, 4YTO MHGpOPMALHUS O OOCTYIIHOM IIPOTPaMMHOM O0ecHedYeHWH yCTapesia, HaXMUTE KHOIKY
Reload.

1.5.1.2 OO6HOBJNIEeHMe 0,0 HOBOW Bepcum

Temeps Ball KOMOBIOTEP 3HAET, I'Ie B3sSITh HOBYIO BEPCHUIO MMPOrpaMMHOTO 0OeclieueHus, Telepb HaM
HYXKHO €€ YCTaHOBUTE.

[Tpomecc cHOBa pa3nnuYaeTCsa B 3aBUCUMOCTH OT Balllel IIaT(HOPMEL.

Debian ucnonb3yioT guciieTdyep makeToB Synaptic.

* OTkpouTe Synaptic, cnenyss HHCTPYKIUAM B pa3gesne HacTpolika HCTOYHUKOB apt BHIIIE.
* Haxmwute KHONKy Reload.

e UcnonblyhiTe QPyHKIIUIO ITOUCKA OIS ITOUCKa linuxcnc.

» TTakeT Ha3wBaeTcs «linuxcnc» onsg sgmep RTAI u «linuxcnc-uspace» gjist preempt-rt.

¢ VcranoBute (axKoK, YTOOE OTMETHTH HOBBEIE ITAKeTH linuxcnc u linuxcnc-doc-* mnss oGHOBIEHMUS.
MeHemkep MakKeTOB MOXKET BLHIOPATh HECKOIBKO OOIMOTHUTENbHBIX ITAKETOB IJIsI YCTAHOBKH, YTOOBI
YIOBIETBOPUTh 3aBUCUMOCTH, KOTOPhIe UMeeT HOBBIM makeT linuxcnc.

* Haxwmure kHonky Apply, ¥ Balll KOMIIBIOTEP YCTAaHOBUT HOBHIM nakeT. CTtapkhii makeT linuxcnc 6ymeT
aBTOMaTU4YEeCKM 00HOBJIEH [0 HOBOTO.

1.5.1.3 Ubuntu

¢ Haxmwute Ha 3Ha4oK Dash Home B ieBoM BepxXHEM YTIIy.
* B mone Search BBegute «update», 3aTem menkuute 3Ha4yok Update Manager.
¢ Haxmwute KkHOTKY Check, 4T00OBI TPOCMOTPETH CIIMCOK MOCTYIIHBEIX TAKETOB.

¢ Haxmute kHonky Install Updates, 4ToOBI yCTaHOBUTH HOBHIE BEPCUU BCEX ITAKETOB.

1.5.2 OOHoOBNneHue 6e3 cetTHn

st o6HOBNIeHUA 6€3 IOOKIII0UEeHNs K CeTH BaM HeoOX0quMo 3arpy3uTh .deb, a 3aTeM yCcTaHOBUTE €r0
c noMmoineio dpkg. ®@ainnl .debs MoKHO HalTu 1o agpecy https://linuxcnc.org/dists/.

BaM Hy>KHO IIepe#TH O CCHIJIKE BhIIIe, YTOOL HalTH IpaBUIbHEIN deb mist Balie# ycTaHOBKH. OTKpPOUTe
terminal u BBemuTe «Isb release -ic», 4T0OBI HalTH Ha3BaHME BHITyCKa Barei OC.

> lsb _release -ic
Distributor ID: Debian
Codename: trixie

Pick the OS from the list then pick the major version you want like 2.9-rt for RTAI or 2.9-uspace for
preempt-rt.

Next pick the type of computer you have: binary-amd64 for 64-bit PC or binary-arm64 (64bit) for
Raspberry Pi.

Next pick the version you want from the bottom of the list like linuxcnc-uspace 2.9.8 amdé64.deb
(choose the latest by date). Download the deb and copy it to your home directory. You can rename
the file to something a bit shorter with the file manager like linuxcnc_2.9.8.deb then open a terminal
and install it with the package manager with this command:

sudo dpkg -i linuxcnc 2.9.8.deb
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1.5.3 OOHoBneHue pannoB KoHpUrypauum gna sepcum 2.9

1.5.3.1 Bonee cTporoe obpalieHue c NOAKAIOYAaEMbIMU UHTEPNIpeTaTOpaMu

Ecnu BB TPOCTO 3amrycKaeTe OOBYHBIN G-KOI ¥ He 3HAeTe, YTO TaK0e IMOIK/II0YaeMbIi HHTEPIIPETATOP,
TO 9TOT pa3feJ BaCc He KacaeTcs.

Pepko ucnons3syeMas pyuknus LinuxCNC — 9To mopaaepzkKa IOOKII0YaeMbIX HHTEPIIPETaTOPOB, YIIPaBIIIeM
HegOKyMeHTHpPOBaHHOU HacTpolkol INI [ TASK] INTERPRETER.

Bepcuu LinuxCNC go 2.9.0 ucmonb30Baluch OJist 00padboTKu HempaBuiabHo HacTpouku [ TASK]INTERPRETER
IIyTeM aBTOMaTH4YeCKOT0 BO3BpaTa K UCII0Ib30BaHUIO HHTepnpeTaTopa G-Koma 1o yMOI4aHHUIO.

Hauunas c Bepcuu 2.9.0, HenpaBunbHoe 3HadeHue [ TASK]INTERPRETER npuBepeT K ToMy, 4TO Linux-
CNC oTkaxeTcs 3anyckKaTtbCcs. McnpaBbTe 3TO yCiaoBue, ymanub HacTpolkKy [TASK]INTERPRETER u3
Bartero INI-¢aiina, uTo6sl LinuxCNC ucmonb3oBan uuTepunperatop G-Kofa 110 yMOJIYaHUIO.

1.5.3.2 Canterp

Ecmu BEI IPOCTO 3ammyckaeTe 0OBIYHEIN G-KOJ ¥ He MCIIONIb3yeTe MOOKITIOYaeMbli HHTEPIIPETaTOP can-
terp, To 3TOT pa3mer Bac He KacaeTcCs.

B kpaiiHe MayIOBEPOSITHOM CJIy4dae HMCIIOJIb30BaHUs canterp 3HalTe, YTO MOLYJIb IIepeMelleH U3 /us-
r/lib/libcanterp.so B /usr/lib/linuxcnc/canterp.so, u HacTpoiiky [TASK]INTERPRETER cooTBETCTBEHHO,
HeoOxoguMo U3MeHUTh ¢ Libcanterp.so Ha canterp.so.

1.5.3.3 Spindle limits in the INI

It is now possible to add settings to the [SPINDLE] section of the INI file
MAX FORWARD VELOCITY = 20000 The maximum spindle speed (in rpm)
MIN FORWARD VELOCITY = 3000 The minimum spindle speed (in rpm)

MAX REVERSE VELOCITY = 20000 This setting will default to MAX FORWARD VELOCITY if omit-
ted.

MIN REVERSE VELOCITY = 3000 This setting is equivalent to MIN. FORWARD VELOCITY but for
reverse spindle rotation. It will default to the MIN FORWARD VELOCITY if omitted.

INCREMENT = 200 Sets the step size for spindle speed increment / decrement commands. This can
have a different value for each spindle. This setting is effective with AXIS and Touchy but note that
some control screens may handle things differently.

HOME SEARCH VELOCITY = 100 - Accepted but currently does nothing
HOME SEQUENCE = 0 - Accepted but currently does nothing

1.5.4 Updating Configuration Files for 2.10.y

Touchy: the Touchy MACRO entries should now be placed in a [MACROS] section of the INI rather
than in the [TOUCHY] section. This is part of a process of commonising the INI setting between GUIs.

1.5.5 New HAL components

1.5.5.1 Non-Realtime

mdro mqtt-publisher pi500 vfd pmx485-test gtplasmac-cfg2prefs gqtplasmac-materials gqtplasmac-plasmac?2c
gtplasmac-setup sim-torch svd-ps_vfd
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1.5.5.2 B peasnbHOM BpeMeHM

anglejog div2 enum filter kalman flipflop homecomp limit axis mesa uart millturn scaled s32 sums
tof ton

1.5.6 New Drivers

A framework for controlling ModBus devices using the serial ports on many Mesa cards has been
introduced. http://linuxcnc.org/docs/2.9/html/drivers/mesa modbus.html

A new GPIO driver for any GPIO which is supported by the gpiod library is now included: http://linuxcnc.org/-
docs/2.9/html/drivers/hal gpio.html

1.6 Linux FAQ

These are some basic Linux commands and techniques for new to Linux users. More complete infor-
mation can be found on the web or by using the man pages.

1.6.1 ABTOMaAaTM4YeCKUMU BXOp.,

1.6.1.1 Debian

Debian Stretch uses the Xfce desktop environment by default, with the lightDM display manager
lightDM. To get automatic login with Stretch:

In a terminal, use the command:

$ /usr/sbin/lightdm --show-config

Make a note of the absolute path to the configuration file lightdm.conf.

Edit that file with a pure text editor (gedit, nano, etc), as root.

Find and uncomment the lines:

#autologin-user=
#autologin-user-timeout=0

* Set autologin-user=your user name

¢ Save and reboot.

1.6.1.2 Ubuntu

When you install LinuxCNC with the Ubuntu LiveCD the default is to have to log in each time you turn
the computer on. To enable automatic login go to System > Administration > Login Window. If it is
a fresh install the Login Window might take a second or three to pop up. You will have to have your
password that you used for the install to gain access to the Login Window Preferences window. In the
Security tab check off Enable Automatic Login and pick a user name from the list (that would be you).
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1.6.2 Automatic Startup

To have LinuxCNC start automatically with your config after turning on the computer go to System >
Preferences > Sessions > Startup Applications, click Add. Browse to your config and select the .ini
file. When the file picker dialog closes, add linuxcnc and a space in front of the path to your .ini file.

Example:

linuxcnc /home/mill/linuxcnc/config/mill/mill.ini

B mokyMeHTaInuu COOTBETCTBYIOIINY (aiin .ini HaswBaeTcsa INI-datinom.

1.6.3 TepMmuHan

MHuoroe TpebyeTcs cOoenaTh U3 TepMUHaJa, HalpuMep, IPoBepUTh Oydep coobIeHu sapa ¢ TOMOIIIbIO
dmesg. B Ubuntu u Linux Mint ecTs coueTanue knasuii Ctrl

Alt + t. B Debian Stretch He omnpeneneHsl coueTaHus KIaBulll. Ero MOXKHO JIETKO CO3[IaTh C IIOMOIIIBIO0
«[IucneTyepa KOHQUTYypaluii». BOIbIIMHCTBO COBPEMEHHBIX (haliJIOBEIX MEHEIKEPOB NOAEePKUBAIOT
MIPaBYIO KJIABUIIY IJI OTKPHITUS TepMUHAJa, IPOCTO yOegUTeCh, UTO BHI IfeJIKaeTe MPaBOM KHOIKOMU
MBIIITH TI0 ITYCTOM 00J1acTU UK KaTajory, a He o uMeHu ¢daiina. bonbimmHcTBO OC MMEIOT TepMUHA
B KQUeCTBe IIyHKTa MeHI0, OOBIYHO B pa3mesie AKCeccyapshl.

1.6.4 CrtpaHuubl pyKOBOACTBa

CnpaBouHas cTpaHHlla “man page” (cokpaieHue oT manual page) — 3To popMa HOKyMeHTAIUHU 10
mporpaMMHoOMYy oOecrnedeHnio, 00b9HO BeTpedaromascs B UNIX unu UNIX -mogo6HBIX OTIepariiOHHEIX
cucrtemax, Takux Kak Linux.

YToOB IPOCMOTPETH CIIPABOYHYIO CTPAHUILY, OTKPOMTE TEPMUHAJI, YTOOH Y3HATH UYTO-HUOYOb 0 KOMaHOe
find B oxkHe TepMUHasna Hale4yaTaurTe:

man find

Hcnons3yliTe knasuinu Page Up u Page Down pmis mpocMoTpa CIpaBOYHOM CTPaHULEL U Kinasuury Q
IJI BEIXOOa M3 IIPOCMOTpa.

Note

Viewing the man page from the terminal may not get the expected man page. For example if you
type in man abs you will get the C abs not the LinuxCNC abs. It is best to view the LinuxCNC man
pages in the HTML documents.

1.6.5 List Modules

Sometimes when troubleshooting you need to get a list of modules that are loaded. In a terminal
window type:

1smod

If you want to send the output from lsmod to a text file in a terminal window type:

lsmod > mymod.txt

The resulting text file will be located in the home directory if you did not change directories when you
opened up the terminal window and it will be named mymod.txt or what ever you named it.
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1.6.6 Editing a Root File
When you open the file browser and you see the owner of the file is root you must do extra steps to edit

that file. Editing some root files can have bad results. Be careful when editing root files. Generally,
you can open and view most root files, but they will open in read only mode.

1.6.6.1 The Command Line Way

Open a terminal and type

sudo gedit

Open the file with File > Open > Edit

1.6.6.2 The GUI Way

1. HlenkHUTE TPaBOM KHOIKOM MBIIIHX 10 paboueMy CTOJy U BeIOepuTe Co3maTh ITaHe b 3alycKa.
2. Type a name in like sudo edit.
3. Type gksudo "gnome-open %u” as the command and save the launcher to your desktop.

4. Drag a file onto your launcher to open and edit.

1.6.6.3 Root Access

In Ubuntu you can become root by typing in “sudo -i” in a terminal window then typing in your pass-
word. Be careful, because you can really foul things up as root if you don’t know what you’re doing.

1.6.7 Terminal Commands
1.6.7.1 Working Directory

To find out the path to the present working directory in the terminal window, type:
pwd

1.6.7.2 WMN3MeHeHMe KaTasoros

To change the working directory to the one one level up, i.e., the parent directory, in the terminal
window type:

cd ..

To move up two levels in the terminal window type:
cd ../..

To move directly to your home directory, in the terrminal window use the cd command with no argu-
ments:

cd

To move down to the linuxcnc/configs subdirectory in the terminal window type:
cd linuxcnc/configs




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 24 /1345

1.6.7.3 Listing files in a directory

To view a list of all the files and subdirectories in the terminal window type:

dir

or
1s

1.6.7.4 Finding a File

The find command can be a bit confusing to a new Linux user. The basic syntax is:

find starting-directory parameters actions

For example to find all the .ini files in your linuxcnc directory you first need to use the pwd command
to find out the directory.

Open a new terminal window and type:

pwd

And pwd might return the following result:

/home/joe

With this information put the command together like this:

find /home/joe/linuxcnc -name \*.ini -print

The -name is the name of the file your looking for and the -print tells it to print out the result to the
terminal window. The \*.ini tells find to return all files that have the .ini extension. The backslash is
needed to escape the shell meta-characters. See the find man page for more information on find.

1.6.7.5 Searching for Text

grep -irl ’text to search for' *

This will find all the files that contain the text to search for in the current directory and all the subdi-
rectories below it, while ignoring the case. The -i is for ignore case and the -r is for recursive (include
all subdirectories in the search). The -1 option will return a list of the file names, if you leave the -1 off
you will also get the text where each occurrence of the "text to search for” is found. The * is a wild
card for search all files. See the grep man page for more information.

1.6.7.6 Diagnostic Messages
To view the diagnostic messages use "dmesg” from the command window. To save the diagnostic
messages to a file use the redirection operator >, like this:

dmesg > bootmsg.txt

The contents of this file can be copied and pasted on line to share with people trying to help you
diagnose your problem.

To clear the message buffer type this:
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sudo dmesg -c

9T0 MOoXKeT OBITh [T0JIE3HO CHeslaTh HeIIOCPeACTBEeHHO Iieper 3anyckoM LinuxCNC, uTo6n! Oblila TOIBKO
3anuchk “HPOpPMAaUNU, CBI3aHHOM C TeKymuM 3anyckoM LinuxCNC.

YT0oOB HAWTH aipeCc BCTPOEHHOTO ITapaljieIbHOTO II0PTa, UCIIONB3YHTe grep ois GuIbrpanuu nHGopMaIuu
u3 dmesg.

After boot up open a terminal and type:
dmesg|grep parport

1.6.8 Convenience Items

1.6.8.1 Terminal Launcher

If you want to add a terminal launcher to the panel bar on top of the screen you typically can right click
on the panel at the top of the screen and select "Add to Panel”. Select Custom Application Launcher
and Add. Give it a name and put gnome-terminal in the command box.

1.6.9 Hardware Problems

1.6.9.1 Hardware Info

To find out what hardware is connected to your motherboard in a terminal window type:
lspci -v

1.6.9.2 Pa3spelwueHune MOHUTOpA

Bo Bpems yctanoBku Ubuntu meiTaeTcs onmpenenuTh HACTPOUKH MOHUTOPA. Ecimu 9To He cpaboTaerT, y
BacC OCTaHeTCS OOBIYHEIM MOHHTOP C MaKCHUMalIbHBEIM pa3pemenuemM 800x600.

UHCTPYKIUY 0 YCTPAHEHUIO 3TOT0 HAaXOOSITCS 3[ECH:
https://help.ubuntu.com/community/FixVideoResolutionHowto

1.6.10 NMyTn

OTHOCHTeIbHbIe MyTH OTHOCUTEJIbHEBIE ITyTH 0a3UPYIOTCS Ha KaTallore 3allyCKa, KOTOPHIHA SIBISIETCS
KaTtamnoroMm, cogepzxarium INI-datin. Mcnonb3oBanre OTHOCUTENBHBIX ITYTEH MOXKET 00JIerYUTh ITepeMellleHY
KOHOurypamui, Ho TpedyeT XOPOoIIero NOHNMaHus cuenud@uKaTopoB myTu Linux.

./f0 b’’cb’’b’’ob’’'b’’'Bb’’b’'nb’’b’'ab’'b’'ob’'b’’ab’’b’’eb’'b’"Tb’’ b’'’cb’’ fO, b’'Hb’'b’
'ab’’b’’'nb’’b’'pb’'b’’'ub’’'b’'Mb’ b’ 'eb’'b’'pb’’, b’’¢b’’'b’’ab’’'b’'b’'b’'nb’’ b'’cb’’ b’ +
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Chapter 2

Oowas uHdopmMmauuna onsa nosib3oBaTeN:

2.1 User Foreword

LinuxCNC is modular and flexible. These attributes lead many to see it as a confusing jumble of little
things and wonder why it is the way it is. This page attempts to answer that question before you get
into the thick of things.

LinuxCNC started at the National Institute of Standards and Technology in the USA. It grew up using
UNIX as its operating system. UNIX made it different. Among early UNIX developers there grew a
set of code writing ideas that some call the UNIX way. These early LinuxCNC authors followed those
ways.

Eric S. Raymond, in his book The Art of UNIX Programming, summarizes the UNIX philosophy as
the widely-used engineering philosophy, “Keep it Simple, Stupid” (KISS Principle). He then describes
how he believes this overall philosophy is applied as a cultural UNIX norm, although unsurprisingly
it is not difficult to find severe violations of most of the following in actual UNIX practice:

* Rule of Modularity: Write simple parts connected by clean interfaces.
* Rule of Clarity: Clarity is better than cleverness.
* Rule of Composition: Design programs to be connected to other programs.

» Rule of Separation: Separate policy from mechanism; separate interfaces from engines.!

Mr. Raymond offered several more rules but these four describe essential characteristics of the Lin-
uxCNC motion control system.

The Modularity rule is critical. Throughout these handbooks you will find talk of the interpreter or
task planner or motion or HAL. Each of these is a module or collection of modules. It’s modularity
that allows you to connect together just the parts you need to run your machine.

The Clarity rule is essential. LinuxCNC is a work in progress — it is not finished nor will it ever be. It
is complete enough to run most of the machines we want it to run. Much of that progress is achieved
because many users and code developers are able to look at the work of others and build on what they
have done.

The Composition rule allows us to build a predictable control system from the many modules avail-
able by making them connectable. We achieve connectability by setting up standard interfaces to sets
of modules and following those standards.

The Separation rule requires that we make distinct parts that do little things. By separating functions
debugging is much easier and replacement modules can be dropped into the system and comparisons
easily made.

1Found at link:https://en.wikipedia.org/wiki/Separation_of mechanism_and_policy, 2022-11-13
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What does the UNIX way mean for you as a user of LinuxCNC. It means that you are able to make
choices about how you will use the system. Many of these choices are a part of machine integration,
but many also affect the way you will use your machine. As you read you will find many places where
you will need to make comparisons. Eventually you will make choices, "I’ll use this interface rather
than that” or, “I'll write part offsets this way rather than that way.”. Throughout these handbooks we
describe the range of abilities currently available.

As you begin your journey into using LinuxCNC we offer two cautionary notes:?

* Paraphrasing the words of Doug Gwyn on UNIX: “LinuxCNC was not designed to stop its users from
doing stupid things, as that would also stop them from doing clever things.”

» Likewise the words of Steven King: ”“LinuxCNC is user-friendly. It just isn’t promiscuous about
which users it’s friendly with.”

A series of videos on YouTube provide plenty of evidence a transition to LinuxCNC is possible no
matter what your regular computer operating system may be. That said, with the advent of additive
manufacturing like 3D printing there is an increasing interest by the broader IT community in CNC
machining and it should be possible to find someone with complementary skills/equipment near to
you to jointly overcome the initial hurdles.

2.2 TMonb3oBaTtenbckoe BBepeHue B LinuxCNC

2.2.1 BBepeHue

This document is focused on the use of LinuxCNC, it is intended for readers who have already installed
and configured it. Some information on installation is given in the following chapters. The complete
documentation on installation and configuration can be found in the integrator’s manual.

2.2.2 How LinuxCNC Works

LinuxCNC is a suite of highly-customisable applications for the control of a Computer Numerically
Controlled (CNC) mills and lathes, 3D printers, robots, laser cutters, plasma cutters and other auto-
mated devices. It is capable of providing coordinated control of up to 9 axes of movement.

At its heart, LinuxCNC consists of several key components that are integrated together to form one
complete system:

* a Graphical User Interface (GUI), which forms the basic interface between the operator, the software
and the CNC machine itself;

e the Hardware Abstraction Layer (HAL), which provides a method of linking all the various internal
virtual signals generated and received by LinuxCNC with the outside world, and

» the high level controllers that coordinate the generation and execution of motion control of the CNC
machine, namely the motion controller (EMCMOT), the discrete input/output controller (EMCIO)
and the task executor (EMCTASK).

The below illustration is a simple block diagram showing what a typical 3-axis CNC mill with stepper
motors might look like:

2Found at link:https://en.wikipedia.org/wiki/Unix_philosophy, 07/06/2008
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Figure 2.1: Simple LinuxCNC Controlled Machine

A computer running LinuxCNC sends a sequence of pulses via the parallel port to the stepper drives,
each of which has one stepper motor connected to it. Each drive receives two independent signals;
one signal to command the drive to move its associated stepper motor in a clockwise or anti-clockwise
direction, and a second signal that defines the speed at which that stepper motor rotates.

While a stepper motor system under parallel port control is illustrated, a LinuxCNC system can also
take advantage of a wide variety of dedicated hardware motion control interfaces for increased speed
and I/O capabilities. A full list of interfaces supported by LinuxCNC can be found on the Supported
Hardware page of the Wiki.

In most circumstances, users will create a configuration specific to their mill setup using either the
Stepper Configuration Wizard (for CNC systems operating using the computers’ parallel port) or the
Mesa Hardware Wizard (for more advanced systems utilising a Mesa Anything I/O PCI card). Running
either wizard will create several folders on the computers’ hard drive containing a number of config-
uration files specific to that CNC machine, and an icon placed on the desktop to allow easy launching
of LinuxCNC.

For example, if the Stepper Configuration Wizard was used to create a setup for the 3-axis CNC
mill illustrated above entitled My CNC, the folders created by the wizard would typically contain the
following files:

* Folder: My CNC

- My CNC.ini
The INI file contains all the basic hardware information regarding the operation of the CNC mill,
such as the number of steps each stepper motor must turn to complete one full revolution, the
maximum rate at which each stepper may operate at, the limits of travel of each axis or the
configuration and behaviour of limit switches on each axis.

- My_CNC.hal
This HAL file contains information that tells LinuxCNC how to link the internal virtual signals to



http://wiki.linuxcnc.org/cgi-bin/wiki.pl?LinuxCNC_Supported_Hardware
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physical connections beyond the computer. For example, specifying pin 4 on the parallel port to
send out the Z axis step direction signal, or directing LinuxCNC to cease driving the X axis motor
when a limit switch is triggered on parallel port pin 13.

- custom.hal
Customisations to the mill configuration beyond the scope of the wizard may be performed by
including further links to other virtual points within LinuxCNC in this HAL file. When starting a
LinuxCNC session, this file is read and processed before the GUI is loaded. An example may in-
clude initiating Modbus communications to the spindle motor so that it is confirmed as operational
before the GUI is displayed.

- custom_postgui.hal
The custom postgui HAL file allows further customisation of LinuxCNC, but differs from cus-
tom.HAL in that it is processed after the GUI is displayed. For example, after establishing Modbus
communications to the spindle motor in custom.hal, LinuxCNC can use the custom_postgui file to
link the spindle speed readout from the motor drive to a bargraph displayed on the GUI.

- postgui_backup.hal
This is provided as a backup copy of the custom postgui.hal file to allow the user to quickly re-
store a previously-working postgui HAL configuration. This is especially useful if the user wants
to run the Configuration Wizard again under the same My CNC name in order to modify some
parameters of the mill. Saving the mill configuration in the Wizard will overwrite the existing
custom_postgui file while leaving the postgui backup file untouched.

- tool.thl
A tool table file contains a parameterised list of any cutting tools used by the mill. These param-
eters can include cutter diameter and length, and is used to provide a catalogue of data that tells
LinuxCNC how to compensate its motion for different sized tools within a milling operation.

» Folder: nc_files
The nc files folder is provided as a default location to store the G-code programs used to drive the
mill. It also includes a number of subfolders with G-code examples.

2.2.3 T'padumuyeckume nHrtepdencol nonb3oBaTens

A graphical user interface is the part of the LinuxCNC that the machine tool operator interacts with.
LinuxCNC comes with several types of user interfaces which may be chosen from by editing certain
fields contained in the INI file:

AXIS
AXIS, the standard keyboard GUI interface. This is also the default GUI launched when a Con-
figuration Wizard is used to create a desktop icon launcher:
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Figure 2.2: AXIS, the standard keyboard GUI interface

Touchy
Touchy, a touch screens GUI:
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Figure 2.3: Touchy, a touch screen GUI

Gscreen
Gscreen, a user-configurable touch screen GUI:
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Figure 2.4: Gscreen, a configurable base touch screen GUI

GMOCCAPY
GMOCCAPY, a touch screen GUI based on Gscreen. GMOCCAPY is also designed to work equally

well in applications where a keyboard and mouse are the preferred methods of controlling the
GUI:
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Figure 2.5: GMOCCAPY, a touch screen GUI based on Gscreen

NGCGUI
NGCGUI, a subroutine GUI that provides wizard-style programming of G code. NGCGUI may be

run as a standalone program or embedded into another GUI as a series of tabs. The following
screenshot shows NGCGUI embedded into AXIS:
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Figure 2.6: NGCGUI, a graphical interface integrated into AXIS

TKkLinuxCNC
TkLinuxCNC, another interface based on Tcl/Tk. Once the most popular interface after AXIS.
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Figure 2.7: TkLinuxCNC graphical interface

QtDragon
QtDragon, a touch screen GUI based on QtVCP using the PyQt5 library. It comes in two versions

QtDragon and QtDragon hd. They are very similar in features but QtDragon hd is made for
larger monitors.
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Figure 2.8: QtDragon, a touch screen GUI based on QtVCP

QtPlasmaC

QtPlasmaC, a touch screen plasma cutting GUI based on QtVCP using the PyQtb library. It comes

in three aspect ratios, 16:9, 4:3, and 9:16.
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Figure 2.9: QtPlasmaC, a touch screen plasma cutting GUI based on QtVCP

2.2.4 WNuTtepdencol nonb3oBaTens

These User interfaces are a way to interact with LinuxCNC outside of the graphical user interfaces.

halui
A HAL based user interface allowing to control LinuxCNC using buttons and switches

linuxcncrsh
A telnet based user interface allowing to send commands from remote computers.

2.2.5 BupTyanbHble NaHeNnu ynpasJ/ieHUsA

As mentioned above, many of LinuxCNC’s GUIs may be customized by the user. This may be done to
add indicators, readouts, switches or sliders to the basic appearance of one of the GUIs for increased
flexibility or functionality. Two styles of Virtual Control Panel are offered in LinuxCNC:

PyVCP
PyVCP, a Python-based virtual control panel that can be added to the AXIS GUI. PyVCP only
utilises virtual signals contained within the Hardware Abstraction Layer, such as the spindle-at-
speed indicator or the Emergency Stop output signal, and has a simple no-frills appearance. This
makes it an excellent choice if the user wants to add a Virtual Control Panel with minimal fuss.
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Figure 2.10: PyVCP Example Embedded Into AXIS GUI

GladeVCP
GladeVCP, a Glade-based virtual control panel that can be added to the AXIS or Touchy GUIs.
GladeVCP has the advantage over PyVCP in that it is not limited to the display or control of HAL
virtual signals, but can include other external interfaces outside LinuxCNC such as window or

network events. GladeVCP is also more flexible in how it may be configured to appear on the
GUI:
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Figure 2.11: GladeVCP Example Embedded Into AXIS GUI

QtvCp
QtVCP, a PyQtb5-based virtual control panel that can be added to most GUIs or run as a standalone
panel. QtVCP has the advantage over PyVCP in that it is not limited to the display or control of
HAL virtual signals, but can include other external interfaces outside LinuxCNC such as window
or network events by extending with python code. QtVCP is also more flexible in how it may be
configured to appear on the GUI with many special widgets:
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Figure 2.12: QtVCP Example Embedded Into QtDragon GUI

2.2.6 S5A3bIKM

LinuxCNC uses translation files to translate LinuxCNC User Interfaces into many languages including
French, German, Italian, Finnish, Russian, Romanian, Portuguese and Chinese. Assuming a transla-
tion has been created, LinuxCNC will automatically use whatever native language you log in with when
starting the Linux operating system. If your language has not been translated, contact a developer
on IRC, the mailing list or the User Forum for assistance.

2.2.7 Think Like a CNC Operator

This manual does not pretend to teach you how to use a lathe or a milling machine. Becoming an
experienced operator takes a lot of time and requires a lot of work. An author once said, We learn
by experience, if one possesses it all. Broken tools, vices attacked and the scars are evidence of
the lessons learned. A beautiful finish, tight tolerances and caution during the work are evidence of
lessons learned. No machine nor program can replace human experience.

Now that you start working with the LinuxCNC software, you have to put yourself in the shoes of an
operator. You must be in the role of someone in charge of a machine. It’s a machine that will wait
for your commands and then execute the orders that you will give it. In these pages, we will give the
explanations which will help you to become a good CNC operator with LinuxCNC.
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2.2.8 Modes of Operation

When LinuxCNC is running, there are three different major modes used for inputting commands.
These are Manual, Auto, and Manual Data Input (MDI). Changing from one mode to another makes
a big difference in the way that the LinuxCNC control behaves. There are specific things that can be
done in one mode that cannot be done in another. An operator can home an axis in manual mode but
not in auto or MDI modes. An operator can cause the machine to execute a whole file full of G-codes
in the auto mode but not in manual or MDI.

In manual mode, each command is entered separately. In human terms a manual command might be
“turn on coolant” or “jog X at 25 inches per minute”. These are roughly equivalent to flipping a switch
or turning the hand wheel for an axis. These commands are normally handled on one of the graphical
interfaces by pressing a button with the mouse or holding down a key on the keyboard. In auto mode,
a similar button or key press might be used to load or start the running of a whole program of G-code
that is stored in a file. In the MDI mode the operator might type in a block of code and tell the machine
to execute it by pressing the <return> or <enter> key on the keyboard.

Some motion control commands are available concurrently and will cause the same changes in motion
in all modes. These include Abort, Emergency Stop, and Feed Rate Override. Commands like these
should be self explanatory.

The AXIS user interface hides some of the distinctions between Auto and the other modes by making
auto-commands available at most times. It also blurs the distinction between Manual and MDI, be-
cause some Manual commands like Touch Off are actually implemented by sending MDI commands. It
does this by automatically changing to the mode that is needed for the action the user has requested.

2.3 Ba)>XHble noJsib30oBaTesibCKUe KOHUenuum

This chapter covers important user concepts that should be understood before attempting to run a
CNC machine with G-code.

2.3.1 YnpaBneHue TpaeKTopuewu

2.3.1.1 TnNnaHUPOBLUUK TPaeKToOpuUmn

Trajectory planning, in general, is the means by which LinuxCNC follows the path specified by your
G-code program, while still operating within the limits of your machinery.

A G-code program can never be fully obeyed. For example, imagine you specify as a single-line pro-
gram the following move:

Gl X1 F10 (Gl is linear move, X1 is the destination, F10 is the speed)

In reality, the whole move can’t be made at F10, since the machine must accelerate from a stop, move
toward X=1, and then decelerate to stop again. Sometimes part of the move is done at F10, but for
many moves, especially short ones, the specified feed rate is never reached at all. Having short moves
in your G-code can cause your machine to slow down and speed up for the longer moves if the naive
cam detector is not employed with G64 Pn.

The basic acceleration and deceleration described above is not complex and there is no compromise
to be made. In the INI file the specified machine constraints, such as maximum axis velocity and axis
acceleration, must be obeyed by the trajectory planner.

For more information on the Trajectory Planner INI options see the Trajectory Section in the INI
chapter.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 42 /1345

2.3.1.2 Path Following

A less straightforward problem is that of path following. When you program a corner in G-code, the
trajectory planner can do several things, all of which are right in some cases:

» It can decelerate to a stop exactly at the coordinates of the corner, and then accelerate in the new
direction.

* It can also do what is called blending, which is to keep the feed rate up while going through the
corner, making it necessary to round the corner off in order to obey machine constraints.

You can see that there is a trade off here: you can slow down to get better path following, or keep the
speed up and have worse path following. Depending on the particular cut, the material, the tooling,
etc., the programmer may want to compromise differently.

Rapid moves also obey the current trajectory control. With moves long enough to reach maximum
velocity on a machine with low acceleration and no path tolerance specified, you can get a fairly
round corner.

2.3.1.3 TMMporpaMMupoBaHue NJIaHUPOBLUUKA

The trajectory control commands are as follows:

G61
(Exact Path Mode) G61 visits the programmed point exactly, even though that means it might
temporarily come to a complete stop in order to change direction to the next programmed point.

G61.1
(Exact Stop Mode) G61.1 tells the planner to come to an exact stop at every segment’s end. The
path will be followed exactly but complete feed stops can be destructive for the part or tool,
depending on the specifics of the machining.

G64

(Blend Without Tolerance Mode) G64 is the default setting when you start LinuxCNC. G64 is just
blending and the naive cam detector is not enabled. G64 and G64 PO tell the planner to sacrifice
path following accuracy in order to keep the feed rate up. This is necessary for some types of
material or tooling where exact stops are harmful, and can work great as long as the programmer
is careful to keep in mind that the tool’s path will be somewhat more curvy than the program
specifies. When using GO (rapid) moves with G64 use caution on clearance moves and allow
enough distance to clear obstacles based on the acceleration capabilities of your machine.

G64 P- Q-

(Blend With Tolerance Mode) This enables the naive cam detector and enables blending with a
tolerance. If you program G64 P0.05, you tell the planner that you want continuous feed, but at
programmed corners you want it to slow down enough so that the tool path can stay within 0.05
user units of the programmed path. The exact amount of slowdown depends on the geometry of
the programmed corner and the machine constraints, but the only thing the programmer needs to
worry about is the tolerance. This gives the programmer complete control over the path following
compromise. The blend tolerance can be changed throughout the program as necessary. Beware
that a specification of G64 PO has the same effect as G64 alone (above), which is necessary for
backward compatibility for old G-code programs. See the G64 section of the G-code chapter.

Blending without tolerance
The controlled point will touch each specified movement at at least one point. The machine
will never move at such a speed that it cannot come to an exact stop at the end of the current
movement (or next movement, if you pause when blending has already started). The distance
from the end point of the move is as large as it needs to be to keep up the best contouring feed.
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Naive CAM Detector

Successive G1 moves that involve only the XYZ axes that deviate less than Q- from a straight
line are merged into a single straight line. This merged movement replaces the individual G1
movements for the purposes of blending with tolerance. Between successive movements, the
controlled point will pass no more than P- from the actual endpoints of the movements. The
controlled point will touch at least one point on each movement. The machine will never move
at such a speed that it cannot come to an exact stop at the end of the current movement (or
next movement, if you pause when blending has already started). On G2/3 moves in the G17
(XY) plane, when the maximum deviation of an arc from a straight line is less than the G64 Q-
tolerance, the arc is broken into two lines (from start of arc to midpoint, and from midpoint
to end). Those lines are then subject to the naive cam algorithm for lines. Thus, line-arc, arc-
arc, and arc-line cases as well as line-line benefit from the naive cam detector. This improves
contouring performance by simplifying the path.

In the following figure the blue line represents the actual machine velocity. The red lines are the
acceleration capability of the machine. The horizontal lines below each plot is the planned move.
The upper plot shows how the trajectory planner will slow the machine down when short moves are
encountered, to stay within the limits of the machines acceleration setting to be able to come to an
exact stop at the end of the next move. The bottom plot shows the effect of the Naive Cam Detector
to combine the moves and do a better job of keeping the velocity as planned.

Figure 2.13: Naive CAM Detector

2.3.1.4 MnaHupoBaHUe nepeMeLueHUun

Make sure moves are long enough to suit your machine/material. Principally because of the rule that
the machine will never move at such a speed that it cannot come to a complete stop at the end of
the current movement, there is a minimum movement length that will allow the machine to keep up
a requested feed rate with a given acceleration setting.

The acceleration and deceleration phase each use half the INI file MAX ACCELERATION. In a blend
that is an exact reversal, this causes the total axis acceleration to equal the INI file MAX ACCELERATION.
In other cases, the actual machine acceleration is somewhat less than the INI file acceleration.

To keep up the feed rate, the move must be longer than the distance it takes to accelerate from 0 to
the desired feed rate and then stop again. Using A as 1/2 the INI file MAX ACCELERATION and F as
the feed rate in units per second, the acceleration time is t; = F/A and the acceleration distance is
d, = F*t,/2. The deceleration time and distance are the same, making the critical distance d = d, +
dg = 2 *d, = F?/A.

For example, for a feed rate of 1 inch per second and an acceleration of 10 inches/sec?, the critical
distance is 1%2/10 = 1/10 = 0.1 inches.

For a feed rate of 0.5 inch per second, the critical distance is 52/100 = 25/100 = 0.025 inches.
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2.3.2 G-code

2.3.2.1 Defaults

When LinuxCNC first starts up many G- and M-codes are loaded by default. The current active G- and
M-codes can be viewed on the MDI tab in the Active G-codes: window in the AXIS interface. These
G- and M-codes define the behavior of LinuxCNC and it is important that you understand what each
one does before running LinuxCNC. The defaults can be changed when running a G-code file and left
in a different state than when you started your LinuxCNC session. The best practice is to set the
defaults needed for the job in the preamble of your G-code file and not assume that the defaults have
not changed. Printing out the G-code Quick Reference page can help you remember what each one
is.

2.3.2.2 Feed Rate

How the feed rate is applied depends on if an axis involved with the move is a rotary axis. Read and
understand the Feed Rate section if you have a rotary axis or a lathe.

2.3.2.3 Tool Radius Offset

Tool Radius Offset (G41/42) requires that the tool be able to touch somewhere along each programmed
move without gouging the two adjacent moves. If that is not possible with the current tool diameter
you will get an error. A smaller diameter tool may run without an error on the same path. This means
you can program a cutter to pass down a path that is narrower than the cutter without any errors.
See the Cutter Compensation section for more information.

2.3.3 Homing

After starting LinuxCNC each axis must be homed prior to running a program or running a MDI
command. If your machine does not have home switches a match mark on each axis can aid in homing
the machine coordinates to the same place each time. Once homed your soft limits that are set in the
INI file will be used.

If you want to deviate from the default behavior, or want to use the Mini interface, you will need to set
the option NO FORCE_HOMING = 1 in the [TRAJ] section of your INI file. More information on homing
can be found in the Integrator Manual.

2.3.4 Tool Changes

There are several options when doing manual tool changes. See the [EMCIO] section for information
on configuration of these options. Also see the G28 and G30 section of the G-code chapter.

2.3.5 Coordinate Systems

The Coordinate Systems can be confusing at first. Before running a CNC machine you must under-
stand the basics of the coordinate systems used by LinuxCNC. In depth information on the LinuxCNC
Coordinate Systems is in the Coordinate System section of this manual.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 45 /1345

2.3.5.1 Gb53 Machine Coordinate

When you home LinuxCNC you set the G53 Machine Coordinate System to O for each axis homed.
No other coordinate systems or tool offsets are changed by homing.

The only time you move in the G53 machine coordinate system is when you program a G53 on the
same line as a move. Normally you are in the G54 coordinate system.

2.3.5.2 Gb54-59.3 User Coordinates

Normally you use the G54 Coordinate System. When an offset is applied to a current user coordinate
system, a small blue ball with lines will be at the machine origin when your DRO is displaying Posi-
tion: Relative Actual in AXIS. If your offsets are temporary use the Zero Coordinate System from the
Machine menu or program G10 L2 P1 X0 YO Z0 at the end of your G-code file. Change the P number
to suit the coordinate system you wish to clear the offset in.

¢ Offsets stored in a user coordinate system are retained when LinuxCNC is shut down.

¢ Using the Touch Off button in AXIS sets an offset for the chosen User Coordinate System.

2.3.5.3 When You Are Lost

If you're having trouble getting 0,0,0 on the DRO when you think you should, you may have some
offsets programmed in and need to remove them.

* Move to the Machine origin with G53 G0 X0 YO Z0
e Clear any G92 offset with G92.1

* Use the G54 coordinate system with G54

* Set the G54 coordinate system to be the same as the machine coordinate system with G10 L2 P1
X0 YO0 Z0 RO.

e Turn off tool offsets with G49

e Turn on the Relative Coordinate Display from the menu

Now you should be at the machine origin X0 YO Z0 and the relative coordinate system should be the
same as the machine coordinate system.

2.3.6 Machine Configurations

The following diagram shows a typical mill showing direction of travel of the tool and the mill table and
limit switches. Notice how the mill table moves in the opposite direction of the Cartesian coordinate
system arrows shown by the Tool Direction image. This makes the tool move in the correct direction
in relation to the material.

Note also the position of the limit switches and the direction of activation of their cams. Several
combinations are possible, for example it is possible (contrary to the drawing) to place a single fixed
limit switch in the middle of the table and two mobile cams to activate it. In this case the limits will
be reversed, +X will be on the right of the table and -X on the left. This inversion does not change
anything from the point of view of the direction of movement of the tool.
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Figure 2.14: Typical Mill Configuration

The following diagram shows a typical lathe showing direction of travel of the tool and limit switches.
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Figure 2.15: Typical Lathe Configuration

2.4 HauumHasna c LinuxCNC

2.4.1 Running LinuxCNC

LinuxCNC is started with the script file linuxcnc.

linuxcnc [options] [<INI-file>]

linuxcnc script options
linuxcnc: b’'3b’’b’’ab’’'b’’'nb’''b’’yb’"'b’’cb’'b’""kb’’" LinuxCNC
Usage:

$ linuxcnc -h
This help

$ linuxcnc [Options]
Choose the configuration INI file graphically

$ linuxcnc [Options] path/to/your ini file
Name the configuration INI file using its path

$ linuxcnc [Options] -1
Use the previously used configuration INI file
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Options:
-d: Turn on "debug” mode
-v: Turn on "verbose” mode
-r: Disable redirection of stdout and stderr to ~/linuxcnc_print.txt and
~/linuxcnc_debug.txt when stdin is not a tty.
Used when running linuxcnc tests non-interactively.
-1: Use the last-used INI file
-k: Continue in the presence of errors in HAL files
-t "tpmodulename [parameters]”
specify custom trajectory planning module
overrides optional INI setting [TRAJ]TPMOD
-m "homemodulename [parameters]”
specify custom homing module
overrides optional INI setting [EMCMOT]HOMEMOD
-H "dirname”: search dirname for HAL files before searching
INI directory and system library:
/home/git/linuxcnc-dev/1lib/hallib
Note:
The -H "dirname” option may be specified multiple times

If the linuxcnc script is passed an INI file it reads the INI file and starts LinuxCNC. The INI file [HAL]
section specifies the order of loading up HAL files if more than one is used. Once the HAL=xxx.hal
files are loaded then the GUI is loaded then the POSTGUI=.xxx.hal file is loaded. If you create PyVCP
or GladeVCP objects with HAL pins you must use the postgui HAL file to make any connections to
those pins. See the [HAL] section of the INI configuration for more information.

2.4.1.1 CenekTop KOHdUrypauum

If no INI file is passed to the linuxcnc script it loads the configuration selector so you can choose and
save a sample configuration. Once a sample configuration has been saved it can be modified to suit
your application. The configuration files are saved in linuxcnc/configs directory.
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LinuxCNC Configuration Selector
Welcome to LinuxCNC.
Select a machine configuration from the list on the left.

Details about the selected configuration will appear in the display on the right.
Click "OK' to run the selected configuration

My Configura_tions_ Sim configurations make it possible to run
=+ Sample Configurations

sim LinuxCNC without special hardware on a

axis simulated basis.
craftsman
gmoccapy

gscreen LinuxCNC supports multiple guis and there

pyvcp_demo are multiple examples for the most popular

gtaxis guis.
gtdragon

g%g[:g&gzhd The sim configurations are meant to run

gttouchy with no special hardware requirements

tklinuxcnc
touchy
woodpecker
+— by _interface
4— by_machine
— apps
F— afttic

[ Create Desktop Shortcut

2.5 CNC Machine Overview

This section gives a brief description of how a CNC machine is viewed from the input and output ends
of the Interpreter.

2.5.1 Mechanical Components

A CNC machine has many mechanical components that may be controlled or may affect the way in
which control is exercised. This section describes the subset of those components that interact with
the Interpreter. Mechanical components that do not interact directly with the Interpreter, such as the
jog buttons, are not described here, even if they affect control.

2.5.1.1 Axes

Any CNC machine has one or more Axes. Different types of CNC machines have different combina-
tions. For instance, a 4-axis milling machine may have XYZA or XYZB axes. A lathe typically has XZ
axes. A foam-cutting machine may have XYUV axes. In LinuxCNC, the case of a XYYZ gantry machine
with two motors for one axis is better handled by kinematics rather than by a second linear axis.

Note

If the motion of mechanical components is not independent, as with hexapod machines, the
RS274/NGC language and the canonical machining functions will still be usable, as long as the lower
levels of control know how to control the actual mechanisms to produce the same relative motion of
tool and workpiece as would be produced by independent axes. This is called kinematics.
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Note
With LinuxCNC, the case of the XYYZ gantry machine with two motors for one axis is better handled
by the kinematics than by an additional linear axis.

.Primary Linear Axes The X, Y, and Z axes produce linear motion in three mutually orthogonal direc-
tions.

.Secondary Linear Axes The U, V, and W axes produce linear motion in three mutually orthogonal
directions. Typically, X and U are parallel, Y and V are parallel, and Z and W are parallel.

.Rotational Axes The A, B and C axes produce angular motion (rotation). Typically, A rotates around
a line parallel to X, B rotates around a line parallel to Y, and C rotates around a line parallel to Z.

2.5.1.2 Spindle

A CNC machine typically has a spindle which holds one cutting tool, probe, or the material in the case
of a lathe. The spindle may or may not be controlled by the CNC software. LinuxCNC offers support
for up to 8 spindles, which can be individually controlled and can run simultaneously at different
speeds and in different directions.

2.5.1.3 Coolant

Flood coolant and mist coolant may each be turned on independently. The RS274/NGC language turns
them off together see section M7 M8 M9.

2.5.1.4 TMepeonpepeneHue Nogaym U CKOpocTHu

A CNC machine can have separate feed and speed override controls, which let the operator specify
that the actual feed rate or spindle speed used in machining at some percentage of the programmed
rate.

2.5.1.5 Block Delete Switch

A CNC machine can have a block delete switch. See the Block Delete section.

2.5.1.6 Optional Program Stop Switch

A CNC machine can have an optional program stop switch. See the Optional Program Stop section.

2.5.2 Control and Data Components

2.5.2.1 Linear Axes

The X, Y, and Z axes form a standard right-handed coordinate system of orthogonal linear axes. Posi-
tions of the three linear motion mechanisms are expressed using coordinates on these axes.

The U, V and W axes also form a standard right-handed coordinate system. X and U are parallel, Y
and V are parallel, and Z and W are parallel (when A, B, and C are rotated to zero).
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2.5.2.2 Rotational Axes

The rotational axes are measured in degrees as wrapped linear axes in which the direction of positive
rotation is counterclockwise when viewed from the positive end of the corresponding X, Y, or Z-axis.
By wrapped linear axis, we mean one on which the angular position increases without limit (goes
towards plus infinity) as the axis turns counterclockwise and deceases without limit (goes towards
minus infinity) as the axis turns clockwise. Wrapped linear axes are used regardless of whether or
not there is a mechanical limit on rotation.

Clockwise or counterclockwise is from the point of view of the workpiece. If the workpiece is fastened
to a turntable which turns on a rotational axis, a counterclockwise turn from the point of view of the
workpiece is accomplished by turning the turntable in a direction that (for most common machine
configurations) looks clockwise from the point of view of someone standing next to the machine. 3

2.5.2.3 KoOHTpoOJsibHas TO4YKa

The controlled point is the point whose position and rate of motion are controlled. When the tool
length offset is zero (the default value), this is a point on the spindle axis (often called the gauge
point) that is some fixed distance beyond the end of the spindle, usually near the end of a tool holder
that fits into the spindle. The location of the controlled point can be moved out along the spindle axis
by specifying some positive amount for the tool length offset. This amount is normally the length of
the cutting tool in use, so that the controlled point is at the end of the cutting tool. On a lathe, tool
length offsets can be specified for X and Z axes, and the controlled point is either at the tool tip or
slightly outside it (where the perpendicular, axis-aligned lines touched by the front and side of the
tool intersect).

2.5.2.4 Coordinated Linear Motion

To drive a tool along a specified path, a machining center must often coordinate the motion of several
axes. We use the term coordinated linear motion to describe the situation in which, nominally, each
axis moves at constant speed and all axes move from their starting positions to their end positions at
the same time. If only the X, Y, and Z axes (or any one or two of them) move, this produces motion in a
straight line, hence the word linear in the term. In actual motions, it is often not possible to maintain
constant speed because acceleration or deceleration is required at the beginning and/or end of the
motion. It is feasible, however, to control the axes so that, at all times, each axis has completed the
same fraction of its required motion as the other axes. This moves the tool along same path, and we
also call this kind of motion coordinated linear motion.

Coordinated linear motion can be performed either at the prevailing feed rate, or at traverse rate, or
it may be synchronized to the spindle rotation. If physical limits on axis speed make the desired rate
unobtainable, all axes are slowed to maintain the desired path.

2.5.2.5 Feed Rate

The rate at which the controlled point moves is nominally a steady rate which may be set by the
user. In the Interpreter, the feed rate is interpreted as follows (unless inverse time feed or feed per
revolution modes are being used, in which case see section G93-G94-G95-Mode).

1. If any of XYZ are moving, F is in units per minute in the XYZ cartesian system, and all other axes
(ABCUVW) move so as to start and stop in coordinated fashion.

2. Otherwise, if any of UVW are moving, F is in units per minute in the UVW cartesian system, and
all other axes (ABC) move so as to start and stop in coordinated fashion.

3If the parallelism requirement is violated, the system builder will have to say how to distinguish clockwise from counter-
clockwise.
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3. Otherwise, the move is pure rotary motion and the F word is in rotary units in the ABC pseudo-
cartesian system.

2.5.2.6 OxnaxpeHue

Flood or droplets cooling can be enabled separately. RS274/NGC language stops them together. See
section about cooling control.

2.5.2.7 Dwell

A machining center may be commanded to dwell (i.e., keep all axes unmoving) for a specific amount
of time. The most common use of dwell is to break and clear chips, so the spindle is usually turning
during a dwell. Regardless of the Path Control Mode (see section Path Control) the machine will stop
exactly at the end of the previous programmed move, as though it was in exact path mode.

2.5.2.8 Units

Units used for distances along the X, Y, and Z axes may be measured in millimeters or inches. Units for
all other quantities involved in machine control cannot be changed. Different quantities use different
specific units. Spindle speed is measured in revolutions per minute. The positions of rotational axes
are measured in degrees. Feed rates are expressed in current length units per minute, or degrees per
minute, or length units per spindle revolution, as described in section G93 G94 G95.

2.5.2.9 Current Position

The controlled point is always at some location called the current position, and the controller always
knows where that is. The numbers representing the current position must be adjusted in the absence
of any axis motion if any of several events take place:

1. Length units are changed.
2. Tool length offset is changed.
3. Coordinate system offsets are changed.

2.5.2.10 Selected Plane

There is always a selected plane, which must be the XY-plane, the YZ-plane, or the XZ-plane of the
machining center. The Z-axis is, of course, perpendicular to the XY-plane, the X-axis to the YZ-plane,
and the Y-axis to the XZ-plane.

2.5.2.11 Tool Carousel

Zero or one tool is assigned to each slot in the tool carousel.

2.5.2.12 Tool Change

A machining center may be commanded to change tools.
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2.5.2.13 Pallet Shuttle

The two pallets may be exchanged by command.

2.5.2.14 Speed Override

The speed override buttons can be activated (they function normally) or rendered inoperative (they no
longer have any effect). The RS274/NGC language has a command that activates all the buttons and
another that disables them. See inhibition and activation speed correctors. See also here for further
details.

2.5.2.15 Path Control Mode

The machining center may be put into any one of three path control modes:

exact stop mode
In exact stop mode, the machine stops briefly at the end of each programmed move.

exact path mode
In exact path mode, the machine follows the programmed path as exactly as possible, slowing or
stopping if necessary at sharp corners of the path.

continuous mode
In continuous mode, sharp corners of the path may be rounded slightly so that the feed rate may
be kept up (but by no more than the tolerance, if specified).

See sections G61 and G64.

2.5.3 Interpreter Interaction with Switches

The Interpreter interacts with several switches. This section describes the interactions in more detail.
In no case does the Interpreter know what the setting of any of these switches is.

2.5.3.1 Knasuwuu nepeonpepnesieHUsa NogavYm U CKOpocTu

The Interpreter will interpret RS274/NGC commands which enable M48 or disable M49 the feed and
speed override switches. For certain moves, such as the traverse out of the end of a thread during a
threading cycle, the switches are disabled automatically.

LinuxCNC reacts to the speed and feed override settings when these switches are enabled.
See the M48 M49 Override section for more information.

2.5.3.2 Block Delete Switch

If the block delete switch is on, lines of G-code which start with a slash (the block delete character)
are not interpreted. If the switch is off, such lines are interpreted. Normally the block delete switch
should be set before starting the NGC program.

2.5.3.3 Optional Program Stop Switch

If this switch is on and an M1 code is encountered, program execution is paused.
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2.5.4 Tool Table

A tool table is required to use the Interpreter. The file tells which tools are in which tool changer slots
and what the size and type of each tool is. The name of the tool table is defined in the INI file:

[EMCIO]
# tool table file
TOOL_TABLE = tooltable.tbl

The default filename probably looks something like the above, but you may prefer to give your machine
its own tool table, using the same name as your INI file, but with a tbl extension:

TOOL TABLE = acme 300.tbl

or:
TOOL TABLE = EMC-AXIS-SIM.tbl

For more information on the specifics of the tool table format, see the Tool Table Format section.

2.5.5 MapameTphl

In the RS274/NGC language view, a machining center maintains an array of numerical parameters
defined by a system definition (RS274NGC_MAX PARAMETERS). Many of them have specific uses
especially in defining coordinate systems. The number of numerical parameters can increase as de-
velopment adds support for new parameters. The parameter array persists over time, even if the
machining center is powered down. LinuxCNC uses a parameter file to ensure persistence and gives
the Interpreter the responsibility for maintaining the file. The Interpreter reads the file when it starts
up, and writes the file when it exits.

All parameters are available for use in G-code programs.

The format of a parameter file is shown in the following table. The file consists of any number of
header lines, followed by one blank line, followed by any number of lines of data. The Interpreter
skips over the header lines. It is important that there be exactly one blank line (with no spaces or
tabs, even) before the data. The header line shown in the following table describes the data columns,
so it is suggested (but not required) that that line always be included in the header.

The Interpreter reads only the first two columns of the table. The third column, Comment, is not read
by the Interpreter.

Each line of the file contains the index number of a parameter in the first column and the value to
which that parameter should be set in the second column. The value is represented as a double-
precision floating point number inside the Interpreter, but a decimal point is not required in the file.
All of the parameters shown in the following table are required parameters and must be included in
any parameter file, except that any parameter representing a rotational axis value for an unused axis
may be omitted. An error will be signaled if any required parameter is missing. A parameter file may
include any other parameter, as long as its number is in the range 1 to 5400. The parameter numbers
must be arranged in ascending order. An error will be signaled if not. Any parameter included in the
file read by the Interpreter will be included in the file it writes as it exits. The original file is saved as
a backup file when the new file is written. Comments are not preserved when the file is written.

Table 2.1: Parameter File Format

Parameter Number Parameter Value Comment
5161 0.0 G28 Home X
5162 0.0 G28 Home Y

See the Parameters section for more information.
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2.6 OOwas nHdpopmMmauusa AnA NONb30BaTesIA TOKAPHOIo CTaHKa

B artoi1 rnaBe GYI[GT IIpegoCcTaBJIEHaA I/IH(l)OpMaLII/IH, KacCawlasicsa TOKaPHBEIX CTAHKOB.

2.6.1 PeXuM TOKapHOro cTaHka

Ecnu Bam crtanok ¢ YUIIY — TokapHEIN, BaM, BEPOSTHO, IIPUAETCS BHECTU HEKOTOPBIE U3MEHEHUS B
INI-¢atin, 94TOOH MOMYYUTh HAUAYYIIHE pe3yabTaThl OT LinuxCNC.

Ecnu B mcnionb3yete guctien AXIS, 3actaBbTe AXIS mpaBuiibHO 0TOOpazKaTh Ballll TOKAPHBIE MHCTPYMEHTD
ITompo6uee cMm. B pa3mene INI Configuration.

Hactpoiika AXIS pgnsg pexkuma TOKapHOU 06pabOTKU.
[DISPLAY]

# Tell the AXIS GUI our machine is a lathe.
LATHE = TRUE

Lathe Mode B AXIS He ycTaHaBJIMBAaET Ballly IIJIOCKOCTb M0 yMondaHuio Ha G18 (XZ). Bbl OOIKHBI
3amporpaMMHpPOBATh 9TO B ITpeaMOyie Kaxkmoro ¢aiina G-koma uinu (Jiy4ire) mo6aBuTh 3TO B Barr INI-
¢daiin, HampuMep:

[RS274NGC]

# G-code modal codes (modes) that the interpreter is initialized with
# on startup
RS274NGC_STARTUP_CODE = G18 G20 G90

Ecnu BBl ucnons3yere GMOCCAPY, torga cmotpute pa3men the GMOCCAPY Lathe.

2.6.2 Tabinuua MHCTPYMEHTOB TOKApPHOro CTaHkKa

“Tabnuiia ”HCTPYMEHTOB” — 9TO TEKCTOBBIH (haiiyl, comepkaiiui nHGOpPMaIHio 0 KaXa0oM UHCTPYMEHTE.
®alin HaXOOUTCSI B TOM JKe KaTajlore, YTO ¥ Ballla KOHGUTypalusd, U IO YMOJTYaHUIO HA3bEIBAETCS
“tool.tbl”. HMHCTPpYMEHTH MOTYT HAaXOOWUTHCH B YCTPOMCTBE CMEHHI MHCTPYMEHTA HJIU IIPOCTO OBITh
“3MeHEeHH Bpy4YHy0. ®aijl MOXHO PefaKTUPOBATh C ITIOMOIIBIO0 TEKCTOBOTO PelakTOpa uiu 0OHOBISTH
cmowmortnpio G10L1,L10, L11. B gucnnee AXIS TakXkKe eCTh BCTPOEHHHIM PEaKTOP TabIUIl UHCTPYMEHTOB.
MaxkcuManbHOe KOJIMYECTBO 3alucel B Tabiulle UHCTPYMEHTOB — 56. MakcuManbHOe KOJIUYEeCTBO
MHCTPYMEHTOB M KapMaHOB — 99999,

B 6onee panuux Bepcusx LinuxCNC 65110 TBa pa3HBIX (hopMaTa TaGIUIEI MHCTPYMEHTOB OISt (hpe3ePHBIX

M TOKApPHBEIX CTAHKOB, HO C Bepcu® 2.4.X [OJIs BCEX CTAHKOB MCIIOJIb3YeTCs OoOuH (opmaTr TabmuIlbl
WHCTPYMEHTOB. [IpOCTO UTHOPHUPYUTE T€ YacTHU TAOIHILI MHCTPYMEHTOB, KOTOPBEIE HE OTHOCSITCS K
BaIlleMy CTaHKY UJIX KOTOPLIE BaM He HY>KHO UCIIOIb30BaTh. s MONydYeHus JOMOTHUTEIbHOM nH(popMaIuu
o cuenuduke popmaTta TabIUIIEI HHCTPYMEHTOB CM. pa3met Tool Table.

2.6.3 OpueHTauuAa TOKAPHOro MHCTPyMeHTa
Ha cnenytomeM pucyHKe IOKa3aHbl OpUEHTAUNU TOKapHOT0 HHCTPYMEHTA C YIJIOM LeHTPaJIbHOU TNHUU
Kaxmou opueHTanuu u uHpopmanus o [IEPEITHEM YI'JIE u 3AIJHEM VTJIE.

IMEPEOHUHN YT'OJI u 3ATHUM YT'OJI 0OTCUUTHIBAIOTCS IO YACOBOM CTpeJIKe, HaunHa4 C JIMHUMU, TlapallyIeJIbHC
Z+.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 56 /1345

= Position 8 270°

=3
g
P
q":‘"
Frontangle 210" + - Fd Frantangle -30*
. x 1
Pasition 5 180" = = Position 7 0"
hackangle 1507 — l l\“‘- — 4~ Backangle 30°
£+ —»

positien 7 is an exception
far the frontangle degrees it
must be a minus value

Position 6 90° =

Figure 2.16: OpueHTanusa TOKapHOTO UHCTPYMEHTA

Ha cnepyromux prucynkax B AXIS moka3aHO0, KaK BHITJISAST IOJI0XKEHUS UHCTPYMEHTOB, BBEIEHHEIE B
TaOIUIy UHCTPYMEHTOB.

Tool Positions 1, 2, 3 & 4

Z+

Z+ Z+

Tool

Tool Tool Tool
Orientation 1 Orientation 2 Orientation 3 Orie
Tool Tool Tool Toal

CL 135 deg

CL 45 deg

CL 315 deg

Y
X+ X+ X+ X+

Tool Positions 5, 6, 7 & 8
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Tool Tool Toaol Toal
Orientation 5 Orientation 6 Orientation 7 Orie
Tool Tool Tool Toal
Y CL 180 deg Y CL 90 deg CL 0 deg Y CL 2

2.6.4 MuctpymeHT Touch Off

ITpu paboTe B pexkmMe TOKapHOro craHka B AXIS Brl MokeTe 3agaTh X U Z B Tabulle UHCTPYMEHTOB
c nomomisio okHa Touch Off. Ecnu y Bac ecTh MHCTpPyMeHTa/IbHasl peBOJIbBEPHAs I'0JIOBKA, TO IIPHU
HaCTPOMKe PeBOJIbBEPHOU I'OJIOBKU 0OBIYHO BeiOupaeTcs Touch off to fixture . Tlpu ycTaHOBKe HYJIE€BOH
TOYKHM Z MaTepuajia Beioupaetcs Touch off to material. [ns momydyeHus OOTOTHUTEIFHON WHGOPMAIUU
o0 G-Kopax, UCIIOJIb3yEeMHBIX OJIS UHCTPYMEHTOB, cM. M6, Tn u G43. [ mony4eHUs OOIIOTHUTEIbHOU
nHpopMaumu o napametrpax touch off unctpymenrta B AXIS cm. Tool Touch Off.

2.6.4.1 X Touch Off

CmMetenue ocH X /s KaxKOoTo MHCTPYMEHTa 00BIYHO ITpeACTaBIsieT COO0M cMeIeHne OT IeHTPaIbHOM
JIMHUY MIITHHOEe.

OnuH U3 METONOB — B3SITh OOBIYHEBIN TOKAPHBIM MHCTPYMEHT ¥ 00TOYUTh YaCTh 3aTOTOBKY 10 U3BECTHOT'O
nuaMmetpa. Hcnonws3lys okHO Tool Touch Off, BBeguTe m3MepeHHBIM OuaMeTp (MU pPaguyC, €CIHU BBI
HaXOOWTEeCh B peXUMe pajuyca) OIS 3TOr0 UMHCTPYMeHTa. 3aTeM, HCHOIb3ys HEMHOI0 XKUOKOCTHU
OJIsT Pa3MEeTKU WM MapKepa OIS HOKPHITUS OeTald, HOOHUMUTE KaXKObI MHCTPYMEHT TakK, YTOOHI
OH TOJIBKO KOCHYVJICS KPacCHUTelsl, U YCTAaHOBUTE eT0 CMeIlleHue 110 ocu X Ha OUuaMeTp UCIOJIb3yeMOou
meTtanu, ucnonb3ys tool touch off. Y6emurech, 4TO BCe MHCTPYMEHTHI B YTJIOBBIX KBaApPaHTaX UMEIOT
MIPaBUJILHO YCTAHOBJIEHHEBIM pafinyC Hoca B TabJuile MHCTPYMEHTOB, YTOOB KOHTPOJIbHAs TO4Ka Oblia
npaBunibHOU. Tool touch off aBToMaTuyecku nobaBnseT G43, mIO3TOMY TEKYIIUN UHCTPYMEHT SIBJISIETCS
TEKyIIUM CMeIleHueM.

TunuyHasi CeCCUsI MOKeT OBITH TAKOM:

BepHuTe Kaxayio OCh B HCXOJHOE II0JI0KEHNE, eCJIM OHa He YCTaHOBJIEHaA.

YcraHoBUTE TEKYIMIUK UHCTPYMEHT C ITOMOIIBI0 Tn M6 G43, roe n — HOMEpP UHCTPYMEHTA.
Bribepute ock X B okHe Manual Control window.

ITepemecTuTe X B H3BECTHOE TOJIOXEHNE WU COealiTe MPOOHLINM Haape3 U U3MephbTe JuaMeTp.

Bribepute Touch Off u momGepuTte Tool Table, 3aTemM BBeOuTe MOJIOKEHUE UITH OUAMETP.

AL

BrimonuuTeE Ty 2Ke II0CJIeAO0BaTeJIbHOCTE OJId KOPPEeKIHU OCHU Z.

ITpuMeyaHme: eciu Bbl HaxoguTech B Radius Mode, Bam He00X0OUMO BBECTH PaAUyC, a He OTUAMETP.
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2.6.4.2 Z Touch Off

CMellleHHSI OCH Z MOTYT IOHA4ally HEMHOTr0 cOMBATh C TONKY, IIOCKONLKY B CMEIIeHWH Z eCTh OBa
37eMeHTa. IJTO cMelleHue TabIUILI MHCTPYMEHTOB M CMeIlleHue KOOpPOWHAT CTaHKa. CHadasia MEI
paccMoTpuM cMeIeHus TabIuIBl MTHCTPYMeHTOB. OOUH U3 METOI0B — HUCII0Ib30BaTh GUKCUPOBAHHYIO
TOYKYy Ha BallleM TOKapHOM CTaHKe M 3aJaTh CMelleHue Z OJIsT BCeX WHCTPYMEHTOB OT 9TOH TOYKH.
HekoTopbie UCIIONL3YIOT TOPeIl MIMUH e UK TOpell IaTPoHa. ITO JaeT BaM BO3MOXKHOCTh IIepetTu
Ha HOBBIM HHCTPYMEHT U 3aJlaTh €T0 cMelleHue Z 6e3 HeoO0X0OUMOCTH IePeHacTPOUKY BCeX HHCTPYMEHTOB.

TunuyHasi CeCCUs MO¥XKeT OBITH TAKOH:

BepruTe KaXkAyio OCh B NCXOOHOE IION0XKEHME, €CNIM OHA He YyCTaHOBJIEHA.

Y6enutech, 4TO OIS TEKYIEeH CUCTEMBI KOOPAUHAT He MeWCTBYIOT CMEIeHHS.
YcraHoBUTE TEKYIMIUKM UHCTPYMEHT C ITOMOIIbI0 Tn M6 G43, roe n — HOMep HHCTPYMEHTaA.
Bribepute ock Z B okHe Manual Control.

IMTogBemuTe MHCTPYMEHT OJIM3KO K KOHTPOJIBHOM MOBEPXHOCTH.

U

Hcnonb3yss HUIMHAD, OTBEOUTE Z OT KOHTPOIBLHOM IMOBEPXHOCTH OO TEX IIOP, ITOKa IWIUHAP He
IPOMAET MeXKAY MHCTPYMEHTOM ¥ KOHTPOJILHOM ITIOBEPXHOCTHIO.

N

Bri6epute Touch Off, nog6epute Tool Table u ycranoBuTe nmosoxenue Ha 0.0.

8. TToBTOpPUTE MPOIleAyPY OIS KaXKI0r0 MHCTPYMEHTA, UCIONIb3ySI TOT XKe MUIUHIP.
Temepb BCe MHCTPYMEHTHI CMEIeHH Ha OQUHAKOBOE PAaCCTOSHUE OT CTaHOAaPTHOTO MOoToXeHusd. Ecou
BBl MEHSE€TE NHCTPYMEHT, HalIpUMeP CBEPJIO, BEI IOBTOPSIETE BEILMIEOIIMCAaHHOE, U TeIlePb OH CUHXPOHU3UPOBC
C OCTaJIbHEIMU HHCTPYMEHTAMH [IJIs CMEIeHus 10 0CH Z. HeKoTopkEle MHCTPYMEHTEI MOTYT IIOTPe6oBaTh
HEeMHOT0o Iu(POBKH OJIS OIpedeleHHusT KOHTPOJILHOM TOYKKM OT TOYKH KacaHusa. Hampumep, eciu y

BacC eCTh OTPE3HOM MHCTPYMEHT mupuHoi 0,125” 1 BHI KacaeTech J1€BOM CTOPOHEBI, HO XOTHTE, YTOOH
mpaBas Onina Z0, BBegute 0,125” B OKHe KacaHHUS.

2.6.4.3 Z CMelleHMe CcTaHKa

ITocne ToOro, Kak cMellleHue 110 OCU Z [1j11 BCeX UHCTPYMEeHTOB OyneT BBeeHO B TaOINIy HHCTPYMEHTOB,
BEL MOK€ETe HCII0JIb30BaTh JII000 MHCTPYMEHT [Nl yCTaHOBKM CMeIIeHUs CTaHKa C UCII0JIb30BaHUEeM
CHCTEeMBI KOOPAUHAT CTaHKa.

TunuyHasi CeCCUs MOXKeT OBITh TAKOM:

1. BepHUTe KaX[ayl0 OCh B UCXOOHOE IIOJIOKEHNE, €CIIU OHA He YCTaHOBIEHaA.
2. YcTaHOBUTE TEKYyIINM MHCTPYMEHT C MOMOIIEI0 ITn M6, roe n — HOMep MHCTPYMEHTa.
3. Beegute KoMmaHAy G43, 4uTOOH MPUMEHUTH TEKYIIEE CMeIlleHHe HHCTPYMEeHTa.
4. TlogBeguTe MHCTPYMEHT K 3arOTOBKE U YCTAHOBUTE CMeIlleHNe CTaHKa II0 Ocu Z.
Ecnu BB 3a0b1u ycTaHOBUTH G43 O TEKYIEro MHCTPYMEHTa MPH YCTAHOBKE CMEIEHUSI CUCTEMEI

KOOPAWHAT CTaHKa, BB HE IOJTYUYUTE 0KUAAEeMOT0, ITIOCKOJILKY CMEIIeHue HHCTPyMeHTa 6ymeT mo6aBiieHo
K TEKyIleMy CMeIIleHUI0 IIPU UCII0JIb30BaHNM MHCTPYMEHTAa B Balllel IIporpaMMe.
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2.6.5 CUHXpPOHM3MpPOBaAHHOE ABU)XEeHUe LunuHpaens

I711 CHHXPOHU3UPOBAHHOTO IBUKEHUS IITHHA e s TpeOyeTcs KBaApaTyPHEIH 9HKOIEP, MOOKITIOYeHHEIH
K IITTUHOEII0 C OMHUM HHOEKCHBIM UMITYJIECOM Ha 000pOoT. 17151 ToIyYeHu s HOMOMHUTEeIbHOM nHpopMaluu
CM. CTPaHHUIy PYKOBOMCTBA IT0 MBUKEHHUIO U [IprMep yIIpaBleHus IIIHHIeIeM.

Threading L{ukn pe3rboHape3anuss G76 MUCHONB3YeTCs KaK OJI BHYTPEHHEM, Tak U [ BHEIIHeHU
pe3n0EL. [ moTy4eHus OOIOITHUTENbHON nHpopMaluu cM. pa3nen G76.

ITocTosimHas1i cKkopocTh moBepxHOCTH CSS unu Constant Surface Speed ucnonbs3yeT Hauaao KOOpAUHAT
X cTaHKa, U3MeHEeHHOe CMellleHueM MHCTPYMEHTa 110 OCHU X, [JI BEIUMCJIEHUS CKOPOCTHU IINUHAENS B
06/muH. CSS 6ymeT oTCIeXXMBaTh U3MEHEHUS B CMEIIIEHUSIX MHCTPYMeHTa. X machine origin momken
OBITH TOTIA, KOTHA 9TAJIOHHBIN MHCTPYMEHT (C HYJIEBBIM CMEIeHUEeM) HaXOIUTCS B IIEHTPe BpallleHUus.
7151 mony4YyeHUs1 OOMOJHUTENbHOM NHpopMauuu cM. pasmen G96.

IMomaua 3a o6opoTt [logaya 3a 060pOT MePeMECTUT OChb Z Ha BenuuuHy F 3a 000poT. ITO He mis
pe3bboHape3anus, ucrnonb3yite G76 mns pe3pboHape3anus. s MomydYeHus TOTOTHUTETbHON HH(bOpMaIIH!
cM. pasgen G95.

2.6.6 LOyrm

Pacuer oyr MOXKeT 6bITb OOCTATOYHO CJIOZKHBIM, OaXXe eCJIh HEe yT-II/ITIJIBaTb pexum pa:myca U JraMeTpa

Ha TOKApPHBIX CTAaHKAX, a TaKXKe OPHUEeHTAINI0 CUCTEMBI KOOPOMHAT cTaHKa. Cremympollee OTHOCUTCS K
oyram ¢opMmaTa lieHTpa. Ha ToKapHOM CTaHKe BB [OJIZKHBI BKITIOUNTL G18 B mpeamOyiy, Tak Kak II0
YMOTYaHHIO UCIonb3yeTcsa G17, maxe eciu Bbl HAXOOUTECH B PeKHMe TOKAapPHOT0 CTAHKa, B ITOJIb30BaTEIbCKC
untepdetice AXIS. [Iyru B mnockoctu G18 XZ ucnonb3ytoT cMmemnieHus I (ock X) u K (ocw Z).

2.6.6.1 Jyru v KOHCTPYKLUA TOKaApPHOro cTaHka

TUnUYHBIN TOKAPHBIM CTAaHOK UMEET IIMTUHIEIH CIeBa OT OllepaTopa ¥ MHCTPYMEHTH Ha CTOPOHE oIlepaTopa
OT IIeHTPaJIbHOU nuHUY mnuHaens. O6BIYHO 3TO HACTPauBaeTCs C BOOOpazkaeMol ochio Y (+), HapaBJIeHHO!
Ha IOJ.

II71s1 9TOr0 THUIIa HACTPOMKU OyHOeT CIIpaBedIuBO CJIEAyIoIlee:

* Ocb Z (+) HampaBiieHa BIIPaBO, B CTOPOHY OT IIMTHUH/ES.

* Ocp X (+) HaIlpaBJI€EHa Ha OIlepaTopa, U KOI'Ja HaXOOWUTCs Ha CTOPOHE IIIIINHAOEJIsI CO CTOPOHEI OITepaTopa,
3Ha4YeHU X MOJIOXKHUTEJTbHHI.

Y HEeKOTOPHIX TOKApHHIX CTAHKOB C MHCTPYMEHTaMHM Ha 3aJHeN CTOPOHe BooOpaxkaemas oCbhb Y (+)
HaIlpaBJieHa BBEpPX.

G2/G3 HanpasneHusi Oyr OCHOBAHEL Ha OCH, BOKPYT KOTOPOM OHU BpallaioTCsA. B ciaydae TOKapHBIX
CTaHKOB 3T0 BoobpaxkaeMas och Y. Ecinu ock Y (+) yKa3bsIBaeT Ha II0JI, BaM HYKHO IIOCMOTPETH BBEPX,
4TOORI yTa BRITJIAAEIA UAYIIEeN B IPAaBUILHOM HanlpaBiaeHuu. [1losTomy, IIsins CBePXY, BBl UHBEPTUDPYETE
G2/G3, uToO6H oyra BHIIISIAE A UAYIIEH B IIPaBUIbHOM HaIllPaBIeHUH.

2.6.6.2 PeXxum paguyca u auamertpa

[Tpu pacyeTe OyT B paguyCHOM peKKMMe BaM HYKHO IIOMHUTE TOJILKO HallpaBJIeHUE BpallleHu s, IPUMeHUMOoe
K BallleMy TOKapHOMY CTaHKY.

IIpu pacyeTte Oyr B pexkuMe OuaMeTpa X — 3TO guaMeTp, a cMenieHue X (I) — aTo paguyc, maxe ecnu
BBl HAXOOUTECH B pexkuMe guamerpa G7.
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2.6.7 TIlyTb MHCTPYMEHTa

2.6.7.1 KOHTpOJIbHaA TO4YKa

KoHTposibHas TOYKa [Jis UHCTPYMEHTa CIIeNyeT 3alporpaMMUPOBaHHOM TpaekKTopuu. KOHTpOnbHAasA
TOYKa SIBJIETCA [IepeceueHnueM JINHUY, ITapajljIeJIbHOM 0CcsIM X U Z ¥ KacaTeJIbHOU K fruaMeTpy PeXKyIlei
KPOMKU MHCTPYMEHTa, KaK OIpeleieHO IIpU KacaHuu oced X U Z IOjd 3TOrO0 MHCTpPyMeHTa. llpu
IIOBOPOTE UM TOPI€BaHUU NPSIMOJIMHEWHBIX JeTajlel TPaeKTOPUs pPe3aHus U KPpOMKa MHCTPYMEHTa
CIIeIyIOT OOHOU U TOU Ke TpaeKtopuu. [Ipm moBopoTe pagmyca U yriIOoB KPOMKa pexyllnell KPOMKU
WHCTPYMeHTa He OyIOeT clefoBaTh 3allpOrpaMMUPOBAHHON TPAaeKTOPHHU, €CJIM TOJIbKO He OelCTByeT
KoMIleHcanusa pe3na. Ha crnepyrmomux puCyHKax BBl MOXKETE YBUIOETH, KaK KOHTPOJIbHAsA TO4YKa He
crenyeT 3a KPOMKOM MHCTPYMEHTA, KaK BBl MOTJIM OBl IPENTIOJIOKUTE.

Control Point

Tool Tip Radius

Figure 2.17: KorTpOonbHAA TOYKa

2.6.7.2 Yrabl pe3ku 6e3 koMmneHcauum pesua

Temeps IpeaCTaBbTE, YTO MBI IPOTPAMMHUPYEM paMity 6€3 KOMIIEHCAIIUH pe3akKa. 3anporpaMMUPOBaHHBIN
IIyTh IOKa3aH Ha clieaylomeM pucyHke. Kak BE MOXKeTe BUIETh Ha PUCYHKE, 3alIpOrpaMMUPOBaHHBIN
MyTh U JKeJaeMbIM IyTh pe3a — 3TO OJHO U TO XKe, IT0Ka MbI ABUXKEMCS TOJIbKO B HalpaBJIeHUU X WU

Z.
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Control Point

Programmed Path \

Tool Tip Radius

Figure 2.18: HaknoHHEBIN 3aX0[

Temneps, KOrla KOHTPOJIbHAA TOYKa MPOMOBUTAETCS 10 3alIporpaMMUPOBAaHHOMY NyTH, haKTUUecKas
pexXxylllasg KpoMKa He cllefyeT 3allporpaMMUPOBaHHOMY IIyTH, KaK II0Ka3aHo Ha ClleyIoleM PUCYHKE.
EcTb mBa crmocoba pemuTs 9Ty IpobiieMy: KOMIIEHCALMS Pe31a ¥ KOPPEKTUPOBKA 3alIPOrPaMMUPOBAHHOTO
YT OJIs1 KOMIIEHCAMY paguyca pesIa.

Control Point

Programmed Path \

Actual Cut

Figure 2.19: HaknoHHas TpaeKToOpUs

B npuBemeHHOM BHIIIIE IPUMEPE MPOCTHIM yITpaXKHEeHNeM SIBASeTCS KOPPEKTUPOBKA 3alporpaMMHPOBaHHOM
TPAEeKTOPHUH IJIS TOTyYeHUS XKejlaeMor PaKTUYeCKOM TPaeKTOPHH IIyTEM IIEPEeMEIeHN s 3alIPpOTrPaMMHUPOBal
TPaeKTOPHUH OJIs HAaKJIOHA BJIEBO Ha paguyC KOHUYHMKA pes3Ia.
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2.6.7.3 PapuycHoe pe3aHue

B sToM mpuMepe MBI PACCMOTPHUM, YTO ITPOMCXOOUT BO BpPeMs PaJuyCHOM pe3Ku 6e3 KOMIIeHCAllUnu
pe3ia. Ha cnepgyroieM prCyHKe BBl BUOUTE, KaK pe3ell IPOXOOUT BHEITHUM AuaMeTp geTtanu. KoHTponbHast
TOYKa HHCTPYMEHTA CJIeIyeT 3alIpOrPaMMHUPOBAaHHOMN TPAEKTOPHUHY, @ MHCTPYMEHT KaCaeTCs BHEITHETO
oraMeTpa JeTall.

Control Point

>y

Programmed Path

Figure 2.20: TokapHasa pe3Ka

Ha cnenyiorieM prCyHKe BBl MOXKETE BUAETD, YTO 110 MepPe IPUOIUKEHN S HHCTPYMEHTA K KOHITY IeTalln
KOHTDPOJIbHAS TOYKa BCe ellle ClefyeT II0 TPaeKTOPUM, HO KOHUYUK pe3lla MOKUHYI AeTallb U pexXeT
BO3OyX. BHI TakxkKe MOXKeTe BUAETH, YTO, XOTS Paguyc ObLI 3alIpOrPaMMUPOBAaH, AeTalb (aKTUIECKHU
IIOJIYYUT KBagpaTHHIN YT Ol
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Control Point é}}

\J/?

Programmed Path

Figure 2.21: PaguycHEIY pe3

Temepsb BEI MOXKeTe BHUOETh, KAaK KOHTPOJIbHAS TOYKA ClIedyeT 3allporpaMMHPOBAHHOMY pPamuycy, a
KOHYHMK HHCTPYMEHTA IIOKUHYJI IeTallb U Tellepb PexkeT BO3OyX.

Control Point

Programmed Path

Figure 2.22: PaguycHEIY pe3

Ha mocrnemHeM pHUCyHKe MBI BUOWM, YTO KOHUYMK MHCTPYMEHTA 3aKOHYUT PE3KYy T'PAHM, HO OCTABUT
KBaJIpaTHBIA YTOJI BMECTO XOpOIIIero paguyca. O6paTuTe BHUMaHKE TaKKe, YTO ECJIA BH 3alTPOTPAaMMUDPYyETE
Pe3Ky Tak, YTOOBI OHA 3aKaHYMBaJIaCh B IEHTPe OeTalu, HeOoJIbIIoe KOMUYEeCTBO MaTepuasia OCTaHeTC s
OT paguyca HHCTpyMeHTa. YToOb 3aKOHUYHUTD PE3KY I'PAaHMU [0 [IeHTPa JeTalu, BaM HY2KHO 3alpOrpaMMHPOBa’
WHCTPYMEHT TakK, 4TOOBI OH IPOIITeJTI MUMO IIeHTPa, II0 KpaliHe# Mepe, Ha pafuyC HOCUKa WHCTPYMEHTA.
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Programmed Path

N

Control Point

Figure 2.23: TopueBoii pe3

2.6.7.4 MWcnonb3oBaHUe KOMMNeHcauuum pesua

¢ IIpu HCIIONB30BAaHUHU KOMIIEHCAIIMK Pe3Ila Ha TOKapHOM CTaHKe ITPeqCTaBbTe PAOUyC PEXKYIIel KPOMKHU
MHCTPYMEHTAa KaK pajuycC KPyrioi ¢Gpe3H.

* Korga ucrnonb3yeTcs KOMIIeHCAIKa pe3lia TPaeKTOPUS OOIKHA OBITh JOCTATOYHO OOJTBIIION /I KPYTJIOTO
MHCTPYMEHTA, KOTOPHIHM He Oy[eT Bpe3aThCs B CIIEAYIOIIYIO TUHUIO.

o IIpu pe3ke IPSIMBIX THHWY Ha TOKAPHOM CTaHKE BEI MOXKETe He 3aX0TeTh UCII0Ib30BaTh KOMIIEHCAIIUIO
pe3na. Hampumep, IIpu pacTOYKe OTBEPCTHSI C IIOMOIITLIO ITJIOTHO MPHUJIETaloIle PaCTOYHOM ONPaBKU
Yy Bac MOXKEeT He XBaTUTh MeCTa MJIS BEIIIOJTHEHUST BEIXOOHOTO OBUXKEHUS.

* BxomHOe OBUXKEHUE B Oyry KOMII€EHCalluu pe3lia BaXKHO OJId IIOJIYyYEeHHUA IIPaBUJIBHBIX PE3YJIbTAaTOB.

2.7 Plasma Cutting Primer for LinuxCNC Users

2.7.1 What Is Plasma?

Plasma is a fourth state of matter, an ionised gas which has been heated to an extremely high tem-
perature and ionised so that it becomes electrically conductive. The plasma arc cutting and gouging
processes use this plasma to transfer an electrical arc to the workpiece. The metal to be cut or re-
moved is melted by the heat of the arc and then blown away. While the goal of plasma arc cutting is
the separation of the material, plasma arc gouging is used to remove metals to a controlled depth and
width.

Plasma torches are similar in design to the automotive spark plug. They consist of negative and
positive sections separated by a center insulator. Inside the torch, the pilot arc starts in the gap
between the negatively charged electrode and the positively charged tip. Once the pilot arc has
ionised the plasma gas, the superheated column of gas flows through the small orifice in the torch tip,
which is focused on the metal to be cut.

In a Plasma Cutting Torch a cool gas enters Zone B, where a pilot arc between the electrode and the
torch tip heats and ionises the gas. The main cutting arc then transfers to the workpiece through the
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column of plasma gas in Zone C. By forcing the plasma gas and electric arc through a small orifice, the
torch delivers a high concentration of heat to a small area. The stiff, constricted plasma arc is shown
in Zone C. Direct current (DC) straight polarity is used for plasma cutting, as shown in the illustration.
Zone A channels a secondary gas that cools the torch. This gas also assists the high velocity plasma
gas in blowing the molten metal out of the cut allowing for a fast, slag - free cut.

®

WORKPIECE

TYPICAL TORCH HEAD DETAIL

2.7.2 Arc Initialisation

There are two main methods for arc initialisation for plasma cutters that are designed for CNC opera-
tion. Whilst other methods are used on some machines (such as scratch start where physical contact
with the material is required), they are unsuited for CNC applications..

2.7.2.1 High Frequency Start

This start type is widely employed, and has been around the longest. Although it is older technology, it
works well, and starts quickly. But, because of the high frequency high voltage power that is required
generated to ionise the air, it has some drawbacks. It often interferes with surrounding electronic
circuitry, and can even damage components. Also a special circuit is needed to create a Pilot arc.
Inexpensive models will not have a pilot arc, and require touching the consumable to the work to
start. Employing a HF circuit also can increase maintenance issues, as there are usually adjustable
points that must be cleaned and readjusted from time to time.
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2.7.2.2 Blowback Start

This start type uses air pressure supplied to the cutter to force a small piston or cartridge inside the
torch head back to create a small spark between the inside surface of the consumable, ionising the
air, and creating a small plasma flame. This also creates a ”pilot arc” that provides a plasma flame
that stays on, whether in contact with the metal or not. This is a very good start type that is now used
by several manufacturers. It's advantage is that it requires somewhat less circuitry, is a fairly reliable
and generates far less electrical noise.

For entry level air plasma CNC systems, the blowback style is much preferred to minimise electrical
interference with electronics and standard PCs, but the High frequency start still rules supreme in
larger machines from 200 A and up. These require industrial level PCs and electronics, and even com-
mercial manufacturers have had issues with faults because they have failed to account for electrical
noise in their designs.

2.7.3 CNC Plasma

Plasma operations on CNC machines is quite unique in comparison to milling or turning and is a bit of
an orphan process. Uneven heating of the material from the plasma arc will cause the sheet to bend
and buckle. Most sheets of metal do not come out of the mill or press in a very even or flat state.
Thick sheets (30 mm plus) can be out of plane as much as 50 mm to 100 mm. Most other CNC G-code
operations will start from a known reference or a piece of stock that has a known size and shape and
the G-code is written to rough the excess off and then finally cut the finished part. With plasma the
unknown state of the sheet makes it impossible to generate G-code that will cater for these variances
in the material.

A plasma Arc is oval in shape and the cutting height needs to be controlled to minimise bevelled edges.
If the torch is too high or too low then the edges can become excessively bevelled. It is also critical
that the torch is held perpendicular to the surface.

* Torch to work distance can impact edge bevel

ISSUE

NEGATIVE CUT ANGLE /

SQUARE CUT

POSITIVE CUT ANGLE \

* Negative cut angle: torch too low, increase torch to work distance.

* Positive cut angle: torch too high, decrease torch to work distance.
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Note
A slight variation in cut angles may be normal, as long as it is within tolerance.

The ability to precisely control the cutting height in such a hostile and ever changing environment is
a very difficult challenge. Fortunately there is a very linear relationship between Torch height (Arc
length) and arc voltage as this graph shows.

Plasma Cut Volts vs cut height

This graph was prepared from a sample of about 16,000 readings at varying cut height and the re-
gression analysis shows 7.53 V/mm with 99.4% confidence. In this particular instance this sample was
taken from an Everlast 50 A machine being controlled by LinuxCNC.

Torch voltage then becomes an ideal process control variable to use to adjust the cut height. Let’s
assume for simplicity that voltage changes by 10 V/mm. This can be restated to be 1 Volt per 0.1 mm
(0.004”). Major plasma machine manufacturers (eg Hypertherm, Thermal Dynamics and ESAB), pro-
duce cut charts that specify the recommended cut height and estimated arc voltage at this height as
well as some additional data. So if the arc voltage is 1V higher than the manufacturers specification,
the controller simply needs to lower the torch by 0.1 mm (0.004”) to move back to the desired cut
height. A torch height control unit (THC) is traditionally used to manage this process.

2.7.4 Choosing a Plasma Machine for CNC operations

There are a plethora of plasma machines available on the market today and not all of them are suited
for CNC use. CNC Plasma cutting is a complex operation and it is recommended that integrators
choose a suitable plasma machine. Failure to do this is likely to cause hours and hours of fruitless
trouble shooting trying to work around the lack of what many would consider to be mandatory features.

Whilst rules are made to be broken if you fully understand the reasons the rule apply, we consider a
new plasma table builder should select a machine with the following features:

* Blowback start to minimise electrical noise to simplify construction
* A Machine torch is preferred but many have used hand torches.

» A fully shielded torch tip to allow ohmic sensing
If you have the budget, a higher end machines will supply:

e Manufacturer provided cut charts which will save many hours and material waste calibrating cut
parameters
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Dry Contacts for ArcOK
¢ Terminals for Arc On switch

* Raw arc voltage or divided arc voltage output

Optionally a RS485 interface if using a Hypertherm plasma cutter and want to control it from the
LinuxCNC console.

Higher duty cycles

In recent times, another class of machine which includes some of these features has become available
at around USD $550. One example is the Herocut55i available on Amazon but there is yet no feedback
from users. This Machine features a blowback torch, ArcOK output, torch start contacts and raw arc
voltage.

2.7.5 Types Of Torch Height Control

Most THC units are external devices and many have a fairly crude “bit bang” adjustment method.
They provide two signals back to the LinuxCNC controller. One turns on if the Z axis should move
up and the other turns on if the Z axis should move down. Neither signal is true if the torch is at
the correct height. The popular Proma 150 THC is one example of this type of THC. The LinuxCNC
THCUD component is designed to work with this type of THC.

With the release of the Mesa THCAD voltage to frequency interface, LinuxCNC was able to decode the
actual torch voltage via an encoder input. This allowed LinuxCNC to control the Z axis and eliminate
external hardware. Early implementations utilising the THCAD replicated the “bit bang” approach.
The LinuxCNC THC component is an example of this approach.

Jim Colt of Hypertherm is on record saying that the best THC controllers were fully integrated into the
CNC controller itself. Of course he was referring to high end systems manufactured by Hypertherm,
Esab, Thermal Dynamics and others such as Advanced Robotic Technology in Australia, little dreaming
that open source could produce systems using this approach that rival high end systems.

The inclusion of external offsets in LinuxCNC V2.8 allowed plasma control in LinuxCNC to rise to a
whole new level. External Offsets refers to the ability to apply an offset to the axis commanded position
external to the motion controller. This is perfect for plasma THC control as a method to adjust the
torch height in real time based on our chosen process control methodology. Following a number
of experimental builds, the Plasmac configuration was incorporated into LinuxCNC 2.8. QtPlasmaC
has superceded Plasmac in LinuxCNC 2.9. This has been an extremely ambitious project and many
people around the globe have been involved in testing and improving the feature set. QtPlasmaC is
unique in that its design goal was to support all THCs including the simple bit bang ones through
to sophisticated torch voltage control, if the voltage is made available to LinuxCNC via a THCAD or
some other voltage sensor. What’s more, QtPlasmaC is designed to be a stand alone system that does
not need any additional G-code subroutines and allows the user to define their own cut charts that
are stored in the system and accessible by a drop-down.

2.7.6 Arc OK Signal

Plasma machines that have a CNC interface contain a set of dry contacts (eg a relay) that close when a
valid arc is established and each side of these contacts are bought out onto pins on the CNC interface.
A plasma table builder should connect one side of these pins to field power and the other to an input
pin. This then allows the CNC controller to know when a valid arc is established and also when an
arc is lost unexpectedly. There is a potential trap here when the input is a high impedance circuit
such as a Mesa card. If the dry contacts are a simple relay, there is a high probability that the current
passing through the relay is less than the minimum current specification. Under these conditions, the
relay contacts can suffer from a buildup of oxide which over time can result in intermittent contact
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operation. To prevent this from happening, a pull down resistor should be installed on the controller
input pin. Care should be taken to ensure that this resistor is selected to ensure the minimum current
passes through the relay and is of sufficient wattage to handle the power in the circuit. Finally, the
resistor should be mounted in such a way that the generated heat does not damage anything whilst
in operation.

If you have an ArcOK signal, it is recommended it is used over and above any synthesised signal to
eliminate potential build issues. A synthesised signal available from an external THC or QtPlasmaC’s
Mode 0 can’t fully replace the ArcOK circuitry in a plasma inverter. Some build issues have been
observed where misconfiguration or incompatibility with the plasma inverter has occurred from a
synthesised ArcOK signal. By and large however, a correctly configured synthesised ArcOK signal is
fine.

A simple and effective ArcOK signal can be achieved with a simple reed relay. Wrap 3 turns of one of
the plasma cutter’s thick cables, e.g. the material clamp cable, around it. Place the relay in an old
pen tube for protection and connect one side of the relay to field power and the other end to your
ArcOK input pin.

2.7.7 Initial Height Sensing

Because the cutting height is such a critical system parameter and the material surface is inherently
uneven, a Z axis mechanism needs a method to sense the material surface. There are three methods
this can be achieved:

1. Current sensing to detect increased motor torque,
2. a “float” switch and an electrical or

3. an “ohmic” sensing circuit that is closed when the torch shield contacts the material.

Current sensing is not a viable technique for DIY tables but float switches and ohmic sensing are
discussed below:

2.7.7.1 Float Switches

The torch is mounted on a sliding stage that can move up when the torch tip contacts the material
surface and trigger a switch or sensor. Often this is achieved under G-code control using the G38
commands. If this is the case, then after initial probing, it is recommended to probe away from the
surface until the probe signal is lost at a slower speed. Also, ensure the switch hysteresis is accounted
for.

Regardless of the probing method used, it is strongly recommended that float switch is implemented
so that there is a fallback or secondary signal to avoid damage to the torch from a crash.

2.7.7.2 Ohmic Sensing

Ohmic sensing relies on contact between the torch and the material acting as a switch to activate an
electrical signal that is sensed by the CNC controller. Provided the material is clean, this can be a
much more accurate method of sensing the material than a float switch which can cause deflection
of the material surface. This ohmic sensing circuit is operating in an extremely hostile environment
so a number of failsafes need to be implemented to ensure safety of both the CNC electronics and
the operator. In plasma cutting, the earth clamp attached to the material is positive and the torch is
negative. It is recommended that:

1. Ohmic sensing only be implemented where the torch has a shield that is isolated from the torch
tip that conveys the cutting arc.
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2. The ohmic circuit uses a totally separate isolated power supply that activates an opto-isolated
relay to enable the probing signal to be transmitted to the CNC controller.

3. The positive side of the circuit should be at the torch

4. Both sides of the circuit needs to be isolated by opto-isolated relays until probing is being under-
taken

5. Blocking diodes be used to prevent arc voltage entering the ohmic sensing circuit.

The following is an example circuit that has been proven to work and is compatible with the LinuxCNC
QtPlasmaC configuration.

2.7.7.3 Hypersensing with a MESA THCAD-5

A more sophisticated method of material sensing that eliminates the relays and diodes is to use another
THCAD-5 to monitor the material sensing circuit voltage from an isolated power supply. The advantage
this has is the THCAD is designed for the hostile plasma electrical environment and totally and safely
isolates the logic side from the high voltage side.

To implement this method, a second encoder input is required.

If using a mesa card, different firmware is available to provide 2 additional Encoder A inputs on the
Encoder B and Encoder Index pins. This firmware is available for download for the 7I176E and 7196
boards from the Mesa web site on the product pages.

The THCAD is sensitive enough to see the ramp up in circuit voltage as contact pressure increases.
The ohmic.comp component included in LinuxCNC can monitor the sensing voltage and set a voltage
threshold above which it is deemed contact is made and an output is enabled. By monitoring the volt-
age, a lower “break circuit” threshold can be set to build in strong switch hysteresis. This minimises
false triggering. In our testing, we found the material sensing using this method was more sensitive
and robust as well as being simpler to implement the wiring. One further advantage is using software
outputs instead of physical I/O pins is that it frees up pins to use for other purposes. This advantage
is helpful to get the most out of the Mesa 7196 which has limited I/O pins.

The following circuit diagram shows how to implement a hypersensing circuit.
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We used a 15W Mean Well HDR-15 Ultra Slim DIN Rail Supply 24 V DIN rail based isolated power
supply. This is a double insulated Isolation Class II device that will withstand any arc voltage that
might be applied to the terminals.

2.7.7.4 Example HAL Code for Hypersensing

The following HAL code can be pasted into your QtPlasmaC’s custom.hal to enable Ohmic sensing on
Encoder 2 of a 7I76E. Install the correct bit file and connect the THCAD to IDX+ and IDX-. Be sure

to change the calibration settings to agree with your THCAD-5.

# --- Load the Component ---
loadrt ohmic names=ohmicsense

addf ohmicsense

servo-thread

# --- 7I76E ENCODER 2 SETUP FOR OHMIC SENSING- - -
setp hm2 7i76e.0.encoder.02.scale -1
setp hm2_7i76e.0.encoder.02.counter-mode 1

# --- Configure
setp ohmicsense
setp ohmicsense
setp ohmicsense
setp ohmicsense

the component ---
.thcad-0-volt-freq
.thcad-max-volt-freq
.thcad-divide
.thcad-fullscale

140200
988300
32

5
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setp ohmicsense.volt-divider 4.9
setp ohmicsense.ohmic-threshold 22.0
setp ohmicsense.ohmic-low 1.0

net ohmic-vel ohmicsense.velocity-in <= hm2 7i76e.0.encoder.02.velocity

# --- Replace QtPlasmaC’s Ohmic sensing signal ---
unlinkp db_ohmic.in

net ohmic-true ohmicsense.ohmic-on => db ohmic.in

net plasmac:ohmic-enable => ohmicsense.is-probing

2.7.8 THC Delay

When an arc is established, arc voltage peaks significantly and then settles back to a stable voltage
at cut height. As shown by the green line in the image below.
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It is important for the plasma controller to “wait it out” before auto sampling the torch voltage and
commencing THC control. If enabled too early, the voltage will be above the desired cut Volts and the
torch will be driven down in an attempt to address a perceived over-height condition.

In our testing this varies between machines and material from 0.5 to 1.5 seconds. Therefore a delay
of 1.5 s after a valid ArcOK signal is received before enabling THC control is a safe initial setting. If
you want to shorten this for a given material, LinuxCNC’s Halscope will allow you to plot the torch
voltage and make informed decisions about the shortest safe delay is used.

Note
If the cut velocity is not near the desired cut speed at the end of this delay, the controller should wait
until this is achieved before enabling the THC.

2.7.9 Torch Voltage Sampling

Rather than relying on the manufacturer’s cut charts to set the desired torch voltage, many people
(the writer included) prefer to sample the voltage as the THC is enabled and use that as a set point.

2.7.10 Torch Breakaway

It is recommended that a mechanism is provided to allow the torch to “break away” or fall off in the
case of impact with the material or a cut part that has tipped up. A sensor should be installed to allow
the CNC controller to detect if this has occurred and pause the running program. Usually a break
away is implemented using magnets to secure the torch to the Z axis stage.
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2.7.11 Corner Lock / Velocity Anti-Dive

The LinuxCNC trajectory planner is responsible for translating velocity and acceleration commands
into motion that obey the laws of physics. For example, motion will slow when negotiating a corner.
Whilst this is not a problem with milling machines or routers, this poses a particular problem for
plasma cutting as the arc voltage increases as motion slows. This will cause the THC to drive the
torch down. One of the enormous advantages of a THC control embedded within the LinuxCNC motion
controller is that it knows what is going on at all times. So it becomes a trivial matter to monitor the
current velocity (motion.current-velocity) and to hold THC operation if it falls below a set threshold
(e.g., 10% below the desired feedrate).

2.7.12 Void / Kerf Crossing

If the plasma torch passes over a void while cutting, arc voltage rapidly rises and the THC responds by
violent downward motion which can smash the torch into the material possibly damaging it. This is a
situation that is difficult to detect and handle. To a certain extent it can be mitigated by good nesting
techniques but can still occur on thicker material when a slug falls away. This is the one problem that
has yet to be solved within the LinuxCNC open source movement.

One suggested technique is to monitor the rate of change in torch Volts over time (dv/dt) because
this parameter is orders of magnitude higher when crossing a void than what occurs due to normal
warpage of the material. The following graph shows a low resolution plot of dv/dt (in blue) while
crossing a void. The red curve is a moving average of torch Volts.

So it should be possible to compare the moving average with the dv/dt and halt THC operation once
the dv/dt exceeds the normal range expected due to warpage. More work needs to be done in this
area to come up with a working solution in LinuxCNC.

2.7.13 Hole And Small Shape Cutting

It is recommended that you slow down cutting when cutting holes and small shapes.

John Moore says: “If you want details on cutting accurate small holes look up the sales sheets on
Hypertherm’s True Hole Technology also look on PlasmaSpider, user seanp has posted extensively on
his work using simple air plasma.

The generally accepted method to get good holes from 37mm dia. and down to material thickness
with minimal taper using an air plasma is:

1. Use recommended cutting current for consumables.

2. Use fixed (no THC) recommended cutting height for consumables.
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Cut from 60% to 70% of the recommended feed rate of consumables and materials.

3.
4. Start lead in at or near center of hole.
5. Use perpendicular lead in.

6.

No lead out, either a slight over burn or early torch off depending on what works best for you.

You will need to experiment to get exact hole size because the kerf with this method will be wider
than your usual straight cut.”

This slow down can be achieved by manipulating the feed rate directly in your post processor or by
using adaptive feed and an analog pin as input. This lets you use M67/M68 to set the percentage of
desired feed to cut at.

* Knowing The Feedrate

From the preceding discussion it is evident that the plasma controller needs to know the feed rate
set by the user. This poses a problem with LinuxCNC because the Feedrate is not saved by LinuxCNC
after the G-code is buffered and parsed. There are two approaches to work around this:

1. Remap the F command and save the commanded feedrate set in G-code via an M67/M68 com-
mand.

2. Storing the cut charts in the plasma controller and allow the current feedrate be queried by the
G-code program (as QtPlasmaC does).

A feature newly added to LinuxCNC 2.9 that is useful for plasma cutting are the state tags. This adds
a “tag” that is available to motion containing the current feed and speed rates for all active motion
commands.

2.7.14 1/0 Pins For Plasma Controllers

Plasma cutters require several additional pins. In LinuxCNC, there are no hard and fast rules about
which pin does what. In this discussion we will assume the plasma inverter has a CNC interface and
the controller card has active high inputs are in use (e.g., Mesa 7176E).

Plasma tables can be large machines and we recommend that you take the time to install separate
max/min limit switches and homing switches for each joint. The exception might be the Z axis lower
limit. When a homing switch is triggered the joint decelerates fairly slowly for maximum accuracy.
This means that if you wish to use homing velocities that are commensurate with table size, you can
overshoot the initial trigger point by 50-100 mm. If you use a shared home/limit switch, you have to
move the sensor off the trigger point with the final HOME OFFSET or you will trigger a limit switch
fault as the machine comes out of homing. This means you could lose 50 mm or more of axis travel
with shared home/limit switches. This does not happen if separate home and limit switches are used.

The following pins are usually required (note that suggested connections may not be appropriate for
a QtPlasmaC configuration):

2.7.14.1 Arc OK (input)

* Inverter closes dry contacts when a valid arc is established

Connect Field power to one Inverter ArcOK terminal.

Connect other Inverter Ok Terminal to input pin.

L]

Usually connected to one of the “motion.digital-" <nn> pins for use from G-code with M66
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2.7.14.2 Torch On (output)

Triggers a relay to close the torch on switch in the inverter.

Connect the torch on terminals on the inverter to the relay output terminals.
Connect one side of the coil to the output pin.

Connect the other side of the coil to Field Power ground.

If a mechanical relay is used, connect a flyback diode (e.g., IN400x series) across the coil terminals
with the band on the diode pointing towards the output pin.

If a Solid State Relay is used, polarity may need to be observed on the outputs.

In some circumstances, the onboard spindle relay on a Mesa card can be used instead of an external
relay.

Usually connected to spindle.0.on.

Warning
It is strongly recommended that the torch cannot be enabled while this pin is false otherwise
the torch will not be extinguished when estop is pressed.

2.7.14.3 Float switch (input)

Used for surface probing. A sensor or switch that is activated if the torch slides up when it hits the
material.

Connect proximity sensor output to chosen input pin. If mechanical switches are used. Connect
one side of the switch to field power and the other side of the switch to input.

Usually connected to motion.probe-input.

2.7.14.4 Ohmic Sensor enable (output)

L]

See the ohmic sensing schematic.
Connect output pin to one side of the isolation relays and the other side to field power ground.

In a non-QtPlasmaC configuration, usually triggered by a = motion.digital-out-~ <nn> so it can be
controlled in G-code by M62/M63/M64/M65.

2.7.14.5 Ohmic Sensing (input)

Take care to follow the ohmic sensing schematic shown previously.

An isolated power supply triggers a relay when the torch shield contacts the material.
Connect field power to one output terminal and the other to the input.

Take care to observe relay polarity if opto-coupled solid State relays are used.

Usually connected to motion.probe-input and may be or’d with the float switch.
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As can be seen, plasma tables are pin intensive and we have already consumed about 15 inputs before
the normal estops are added. Others have other views but it is the writer’s opinion that the Mesa
7176E is preferred over the cheaper 7196 to allow for MPG'’s, scale and axis selection switch and other
features you may wish to add over time. If your table uses servos, there are a number of alternatives.
Whilst there are other suppliers, designing your machine around the Mesa ecosystem will simplify
use of their THCAD board to read arc voltage.

2.7.14.6 Torch Breakaway Sensor

* As mentioned earlier, a breakaway sensor should be installed that is triggered if the torch crashes
and falls off.

¢ Usually, this would be connected to halui.program-pause so the fault can be rectified and the
program resumed.

2.7.15 G-code For Plasma Controllers

Most plasma controllers offer a method to change settings from G-code. LinuxCNC support this via
M67/M68 for analog commands and M62-M65 for digital (on/off commands). How this is implemented is
totally arbitrary. Lets look at how the LinuxCNC QtPlasmaC configuration does this:

Select Material Settings in QtPlasmaC and Use the Feedrate for that Material.

M190 Pn

M66 P3 L3 Q1

F#< hal[plasmac.cut-feed-rate]>
M3 S1

Note
Users with a very large number of entries in the QtPlasmaC Materials Table may need to increase the
Q parameter (e.g., from Q1 to Q2).

2.7.15.1 Enable/Disable THC Operation:

M62 P2 will disable THC (synchronised with motion)
M63 P2 will enable THC (synchronised with motion)
M64 P2 will disable THC (immediately)
M65 P2 will enable THC (immediately)

Reduce Cutting Speeds: (e.g., for hole cutting)

M67 E3 Q0 would set the velocity to 100% of requested~speed
M67 E3 Q40 would set the velocity to 40% of requested~speed
M67 E3 Q60 would set the velocity to 60% of requested~speed
M67 E3 Q100 would set the velocity to 100% of requested~speed

Cutter Compensation:

G41.1 D#< hal[plasmac_run.kerf-width-f]> ; for left of programmed path
G42.1 D#< hal[plasmac_run.kerf-width-f]> for right of programmed path
G40 to turn compensation off

Note
Integrators should familiarise themselves with the LinuxCNC documentation for the various LinuxCNC
G-code commands mentioned above.
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2.7.16 External Offsets and Plasma Cutting

External Offsets were introduced to LinuxCNC with version 2.8. By external, it means that we can
apply an offset external to the G-code that the trajectory planner knows nothing about. It easiest
to explain with an example. Picture a lathe with an external offset being applied by a mathematical
formula to machine a lobe on a cam. So the lathe is blindly spinning around with the cut diameter set
to a fixed diameter and the external offset moves the tool in and out to machine the cam lobe via an
applied external offset. To configure our lathe to machine this cam, we need to allocate some portion
of the axis velocity and acceleration to external offsets or the tool can’t move. This is where the INI
variable OFFSET AV RATIO comes in. Say we decide we need to allocate 20% of the velocity and
acceleration to the external offset to the Z axis. We set this equal to 0.2. The consequence of this is
that your maximum velocity and acceleration for the Lathe’s Z axis is only 80% of what it could be.

External offsets are a very powerful method to make torch height adjustments to the Z axis via a
THC. But plasma is all about high velocities and rapid acceleration so it makes no sense to limit these
parameters. Fortunately in a plasma machine, the Z axis is either 100% controlled by the THC or it
isn’t. During the development of LinuxCNC’s external offsets it was recognised that Z axis motion
by G-code and by THC were mutually exclusive. This allows us to trick external offsets into giving
100 % of velocity and acceleration all of the time. We can do this by doubling the machine’s Z axis
velocity and acceleration settings in the INI file and set OFFSET AV _RATIO = 0.5. That way 100% of
the maximum velocity and acceleration will be available for both probing and THC.

Example: On a metric machine with a NEMA23 motor with a direct drive to a 5 mm ball screw, 60 mm/s
maximum velocity and 700 mm/s? acceleration were determined to be safe values without loss of steps.
For this machine, set the Z axis in the INI file as follows:

[AXIS_Z]
OFFSET AV _RATIO = 0.5
MAX_VELOCITY = 120
MAX_ACCELERATION = 1400

The joint associated with this axis would have the velocity and acceleration variables set as follows:

[JOINT n]
MAX VELOCITY = 60
MAX_ACCELERATION = 700

For further information about external offsets (for version 2.8 or later) please read the [AXIS <letter>]
Section of the INI file document and External Axis Offsets in the LinuxCNC documentation.

2.7.17 Reading Arc Voltage With The Mesa THCAD

The Mesa THCAD board is a remarkably well priced and accurate voltage to frequency converter that
is designed for the hostile noisy electrical environment associated with plasma cutting. Internally it
has a 0-10 V range. This range can be simply extended by the addition of some resistors as described
in the documentation. This board is available in three versions, the newer THCAD-5 with a 0-5V
range, the THCAD-10 with a 0-10 Volt range and the THCAD-300 which is pre-calibrated for a 300 Volt
extended range. Each board is individually calibrated and a sticker is applied to the board that states
the frequency at 0 Volts and full scale. For use with LinuxCNC, it is recommended that the 1/32
divisor be selected by the appropriate link on the board. In this case, be sure to also divide the stated
frequencies by 32. This is more appropriate for the 1 kHz servo thread and also allows more time for
the THCAD to average and smooth the output.

There is a lot of confusion around how to decode the THCAD output. So let’s consider the Mesa 7176E
and the THCAD-10 for a moment with the following hypothetical calibration data:

» Full scale [] 928 kHz (928 kHz/32 = 29 kHz)
* 0V[121.6kHz (121.6kHz/32 = 3.8 kHz)
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Because the full scale is 10 Volts, then the frequency per Volt is:

(29000 Hz - 3800 Hz) / 10V = 2520 Hz per Volt

So assuming we have a 5 Volt input, the calculated frequency would be:

(2520 Hz/V *5V) + 3800 Hz = 16400 Hz

So now it should be fairly clear how to convert the frequency to its voltage equivalent:
Voltage = (frequency [Hz] - 3800 Hz) / (2520 Hz/V)

2.7.17.1 THCAD Connections
On the high voltage side:

¢ Connect the divided or raw arc voltage to Iy+ and Iy-
¢ Connect the interconnect cable shield to the Shield connection.

* Connect the other Shield terminal to frame ground.

Assuming it is connected to a Mesa 7176E, connect the output to the spindle encoder input:

THCAD +5V to TB3 Pin 6 (+5 VP)
THCAD -5V to TB3 Pin 1 (GND)
THCAD FOUT+ to TB3 Pin 7 (ENC A+)
THCAD FOUT- to TB3 Pin 8 (ENC A-)

2.7.17.2 THCAD Initial Testing

Make sure you have the following lines in your INI file (assuming a Mesa 7176E):

setp hm2 _7i76e.0.encoder.00.scale -1
setp hm2 7i76e.0.encoder.00.counter-mode 1

Power up your controller and open Halshow (AXIS: Show Homing Configuration), drill down to find
the hm2 7i76e.0.encoder.00.velocity pin. With 0 Volts applied, it should be hovering around the
0 Volt frequency (3,800 in our example). Grab a 9 Volt battery and connect it to Ix+ and Iy-. For a
THCAD-10 you can now calculate the expected velocity (26,480 in our hypothetical example). If you
pass this test, then you are ready to configure your LinuxCNC plasma controller.

2.7.17.3 Which Model THCAD To Use?

The THCAD-5 is useful if you intend to use it for ohmic sensing. There is no doubt the THCAD-
10 is the more flexible device and it is easy to alter the scaling. However, there is one caveat that
can come into play with some cheaper plasma cutters with an inbuilt voltage divider. That is, the
internal resistors may be sensed by the THCAD as being part of its own external resistance and return
erroneous results. For example, the 16:1 divider on the Everlast plasma cutters needs to be treated
as 24:1 (and 50:1 becomes 75:1). This is not a problem with more reputable brands (e.g., Thermal
Dynamics, Hypertherm, ESAB etc). So if you are seeing lower than expected cutting voltages, it might
be preferable to reconfigure the THCAD to read raw arc voltage.

Remembering that plasma arc voltages are potentially lethal, here are some suggested criteria.

Pilot Arc Start Because there is not likely to be any significant EMI, you should be able to safely
install the THCAD in your control panel if you have followed our construction guidelines.
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e If you do not have a voltage divider, either install scaling resistors inside the plasma cutter and
install the THCAD in the control panel or follow the suggestions for HF start machines.

» If you have a voltage divider, install a THCAD-10 in your control panel. We’ve had no problems with
this configuration with a 120 A Thermal Dynamics plasma cutter.

HF Start Install the THCAD at the inverter as the frequency signal is far more immune to EMI noise.

» Ifyou do not have a voltage divider and you have room inside the plasma cutter, install a THCAD-300
inside the plasma cutter.

* If you do not have a voltage divider and you do not have room inside the plasma cutter, install a
THCAD-10 in a metal case outside the plasma cutter and install 50% of the scaling resistance on
each of the Iy+ and Iy- inside the plasma cutter case so no lethal voltages come out of the case.

» If you have a voltage divider, install a THCAD-10 in a metal case outside the plasma cutter

Raw Arc voltage presented on a connector In this case, regardless of the arc starting method,
there are probably already resistors included in the circuitry to avoid lethal shocks so a THCAD-10 is
advised so this resistance (typically 200 kQ) can be accounted for when choosing a scaling resistor as
these resistors will distort the voltage reported by the THCAD-300.

2.7.18 Post Processors And Nesting
Plasma is no different to other CNC operations in that it is:

1. Designed in CAD (where it is output as a DXF or sometimes SVG format).
2. Processed in CAM to generate final G-code that is loaded to the machine

3. Cutting the parts via CNC G-code commands.

Some people achieve good results with Inkscape and G-code tools but SheetCam is a very well priced
solution and there are a number of post processors available for LinuxCNC. SheetCam has a number
of advanced features designed for plasma cutting and for the price, is a no brainer for anybody doing
regular plasma cutting.

2.7.19 Designing For Noisy Electrical Environments

Plasma cutting is inherently an extremely hostile and noisy electrical environment. If you have EMI
problems things won’t work correctly. You might fire the torch and the computer will reboot in a more
obvious example, but you can have any number of other odd symptoms. They will pretty much all
happen only when the torch is cutting - often when it is first fired.

Therefore, system builders should select components carefully and design from the ground up to cope
with this hostile environment to avoid the impact of Electro-Magnetic Interference (EMI). Failure to
do this could result in countless hours of fruitless troubleshooting.

Choosing ethernet boards such as the Mesa 7176E or the cheaper 7196 helps by allowing the PC to be
located away from the electronics and the plasma machine. This hardware also allows the use of 24
Volt logic systems which are much more noise tolerant. Components should be mounted in a metal
enclosure connected to the mains earth. It is strongly recommended that an EMI filter is installed on
the mains power connection. The simplest way is to use a EMI filtered mains power IEC connector
commonly used on PC’s and electric appliances which allows this to be achieved with no extra work.
Plan the layout of components in the enclosure so that mains power, high voltage motor wires and
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logic signals are kept as separate as possible from each other. If they do have to cross, keep them at
90 degrees.

Peter Wallace from Mesa Electronics suggests: “If you have a CNC compatible plasma source with a
voltage divider, I would mount the THCAD inside your electronics enclosure with all the other motion
hardware. If you have a manual plasma source and you are reading raw plasma voltage, I would mount
the THCAD as close to the plasma source as possible (even inside the plasma source case if it fits). In
this case, make sure that all low side THCAD connections are fully isolated from the plasma source. If
you use a shielded box for the THCAD, the shield should connect to your electronic enclosure ground,
not the plasma source ground.”

It is recommended to run a separate earth wire from motor cases and the torch back to a central star
grounding point on the machine. Connect the plasma ground lead to this point and optionally an earth
rod driven into the ground as close as possible to the machine (particularly if its a HF start plasma
machine).

External wiring to motors should be shielded and appropriately sized to handle the current passing
through the circuit. The shield should be left unconnected at the motor end and earthed at the control
box end. Consider using an additional pin on any connectors into the control box so the earth can be
extended through into the control box and earthed to the chassis right at the stepper/servo motor
controller itself.

We are aware of at least one commercial system builder who has had problems with induced electrical
noise on the ohmic sensing circuit. Whilst this can be mitigated by using ferrite beads and coiling the
cable, adding a feed through power line filter is also recommended where the ohmic sensing signal
enters the electronics enclosure.

Tommy Berisha, the master of building plasma machines on a budget says: “If on a budget, consider
using old laptop power bricks. They are very good, filtering is good, completely isolated, current
limited (this becomes very important when something goes wrong), and fitting 2 or 3 of them in series
is easy as they are isolated. Be aware that some do have the grounding wired to the negative output
terminal, so it has to be disconnected, simply done by using a power cable with no ground contacts.”

2.7.20 Water Tables

The minimum water level under the cut level of the torch should be around 40 mm, having space under
slats is nice so the water can level and escape during cutting, having a bit of water above the metal
plate being cut is really nice as it gets rid of the little bit of dust, running it submerged is the best way
but not preferable for systems with part time use as it will corrode the torch. Adding baking soda to
the water will keep the table in a nice condition for many years as it does not allow corrosion while
the slats are under water and it also reduces the smell of water vapour. Some people use a water
reservoir with a compressed air inlet so they can push the water from the reservoir up to the water
table on demand and thus allow changes in water levels.

2.7.21 Downdraft Tables

Many commercial tables utilise a down draft design so fans are used to suck air down through the
slats to capture fumes and sparks. Often tables are zoned so only a section below the torch is opened
to the outgoing vent, often using air rams and air solenoids to open shutters. Triggering these zones
is relatively straightforward if you use the axis or joint position from one of the motion pins and the
lincurve component to map downdraft zones to the correct output pin.

2.7.22 Designing For Speed And Acceleration

In plasma cutting, speed and acceleration are king. The higher the acceleration, the less the machine
needs to slow down when negotiating corners. This implies that the gantry should be as light as
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possible without sacrificing torsional stiffness. A 100 mm x 100 mm x 2 mm aluminium box section
has equivalent torsional stiffness to an 80 mm x 80 mm T slot extrusion yet is 62% lighter. So does the
convenience of T slots outweigh the additional construction?

2.7.23 Distance Travelled Per Motor Revolution

Stepper motors suffer from resonance and a direct drive pinion is likely to mean that the motor is
operating under unfavourable conditions. Ideally, for plasma machines a distance of around 15-25 mm
per motor revolution is considered ideal but even around 30 mm per revolutions is still acceptable. A
5 mm pitch ball screw with a 3:1 or 5:1 reduction drive is ideal for the Z axis.

2.7.24 QtPlasmaC LinuxCNC Plasma Configuration

The QtPlasmaC which is comprised of a HAL component (plasmac.hal) plus a complete configurations
for the QtPlasmaC GUI has received considerable input from many in the LinuxCNC Open Source
movement that have advanced the understanding of plasma controllers since about 2015. There has
been much testing and development work in getting QtPlasmaC to its current working state. Ev-
erything from circuit design to G-code control and configuration has been included. Additionally,
QtPlasmaC supports external THC'’s such as the Proma 150 but really comes into its own when paired
with a Mesa controller as this allows the integrator to include the Mesa THCAD voltage to frequency
converter which is purpose built to deal with the hostile plasma environment.

QtPlasmaC is designed to stand alone and includes the ability to include your cutting charts yet also
includes features to be used with a post processor like SheetCam.

The QtPlasmaC system is now included in Version 2.9 and above of LinuxCNC. It is now quite mature
and has been significantly enhanced since the first version of this guide was written. QtPlasmaC
will define LinuxCNC’s plasma support for many years to come as it includes all of the features a
proprietary high end plasma control system at an open source price.

2.7.25 Hypertherm RS485 Control

Some Hypertherm plasma cutters have a RS485 interface to allow the controller (e.g., LinuxCNC) to
set amps.pressure and mode. A number of people have used a non-realtime component written in
Python to achieve this. More recently, QtPlasmaC now supports this interface natively. Refer to the
QtPlasmaC documentation for how to use it.

The combination of a slow baud rate used by Hypertherm and the non-realtime component, make this
fairly slow to alter machine states so it generally not viable to change settings on the fly while cutting.

When selecting a RS485 interface to use at the PC end, users have reported that USB to RS485
interfaces are not reliable. Good reliable results have been achieved using a hardware based RS232
interface (e.g., PCI/PCle or motherboard port) and an appropriate RS485 converter. Some users have
reported success with a Sunix P/N: SER5037A PCI RS2322 card a generic XC4136 RS232 to RS485
converter (which may sometimes include a USB cable as well).

2.7.26 Post Processors For Plasma Cutting

CAM programs (Computer Aided Manufacture) are the bridge between CAD (Computer Aided Design)
and the final CNC (Computer Numerical Control) operation. They often include a user configurable
post processor to define the code that is generated for a specific machine or dialect of G-code.

Many LinuxCNC users are perfectly happy with using Inkscape to convert SVG vector based files to
G-code. If you are using a plasma cutter for hobby or home use, consider this option.
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However, if your needs are more complex, probably the best and most reasonably priced solution
is SheetCam. SheetCam supports both Windows and Linux and post processors are available for it
including the QtPlasmaC configuration. SheetCam allows you to nest parts over a full sheet of material
and allows you to configure toolsets and code snippets to suit your needs. SheetCam post processors
are text files written in the Lua programming language and are generally easy to modify to suit your
exact requirements. For further information, consult the SheetCam web site and their support forum.

Another popular post-processor is included with the popular Fusion360 package but the included
post-processors will need some customisation.

LinuxCNC is a CNC application and discussions of CAM techniques other than this introductory dis-
cussion are out of scope of LinuxCNC.



https://sheetcam.com
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Chapter 3

MacTepa HaCTPOUKM

3.1 MacTep HaCTPOMKM LUAroBoro ABuratens

3.1.1 BBepeHue

LinuxCNC is capable of controlling a wide range of machinery using many different hardware inter-
faces.

StepConf is a program that generates configuration files for LinuxCNC for a specific class of CNC
machine: those that are controlled via a standard parallel port, and controlled by signals of type step
& direction.

StepConf is installed when you install LinuxCNC and is in the CNC menu.

StepConf places a file in the linuxcnc/config directory to store the choices for each configuration you
create. When you change something, you need to pick the file that matches your configuration name.
The file extension is .stepconf.

The StepConf Wizard works best with at least 800 x 600 screen resolution.
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3.1.2 Start Page

cancer | () Start Back | Forward |

Do you wish to:
(@ Create a new configuration

() Modify a configuration already created with this program
(O Import a Mach file

If you have made modifications to this
) configuration outside this program, they will
' be lost when you select "Modify a
configuration”

[ ] Create a desktop shortcut (symlink) to configuration files.
[ ] Create a desktop launcher to start LinuxCNC with this configuration.

[ ] Create simulated hardware configuration.

Figure 3.1: StepConf Entry Page

The three first radio buttons are self-explanatory:

* Create New - Creates a fresh configuration.

* Modify - Modify an existing configuration. After selecting this a file picker pops up so you can select
the .stepconf file for modification. If you made any modifications to the main HAL or the INI file
these will be lost. Modifications to custom.hal and custom postgui.hal will not be changed by the
StepConf Wizard. StepConf will highlight the lastconf that was built.

* Import - Import a Mach configuration file and attempt to convert it to a LinuxCNC config file. After
the import, you will go though the pages of StepConf to confirm/modify the entries. The original
mach XML file will not be changed.

These next options will be recorded in a preference file for the next run of StepConf.

* Create Desktop Shortcut - This will place a link on your desktop to the files.
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* Create Desktop Launcher - This will place a launcher on your desktop to start your application.

* Create Simulated Hardware - This allows you to build a config for testing, even if you don’t have
the actual hardware.

3.1.3 Basic Information

- Stepconf -Stepper Configuration Wizard + - O X
Cancel Q Base Information Back | Forward

Machine Name: | -rmill

Configuration directory: ~flinuxcnc/configs/my-mill

Axis configuration: XYZ |1Ir

Reset Default machine units: Inch |v

Driver characteristics: (Multiply by 1000 for times specified in ps or microseconds)

Driver type: Other |v |

= Driver Timing Settings

Step Time: 5000 ﬂﬂ ns
Step Space: 5000 ﬂﬂ ns
Direction Hold: |20000 =|dF|ns
Direction Setup:| 20000 ﬂﬂ ns

(@ One Parport () Two Parports

Base Period Maximum litter: 15000 ﬂﬂ ns
Test Base Min Base Period: 30000 ns
Period Jitter Max step rate: 33333 Hz

Figure 3.2: Basic Information Page

* Create Simulated Hardware - This allows you to build a config for testing, even if you don’t have
the actual hardware.

* Machine Name - Choose a name for your machine. Use only uppercase letters, lowercase letters,
digits, - and .

» Axis Configuration - Choose XYZ (Mill), XYZA (4-axis mill) or XZ (Lathe).

* Machine Units - Choose Inch or mm. All subsequent entries will be in the chosen units. Changing
this also changes the default values in the Axes section. If you change this after selecting values in
any of the axes sections, they will be over-written by the default values of the selected units.
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* Driver Type - If you have one of the stepper drivers listed in the pull down box, choose it. Otherwise,
select Other and find the timing values in your driver’s data sheet and enter them as nano seconds
in the Driver Timing Settings. If the data sheet gives a value in microseconds, multiply by 1000.
For example, enter 4.5 ps as 4500 ns.

A list of some popular drives, along with their timing values, is on the LinuxCNC.org Wiki under
Stepper Drive Timing.

Additional signal conditioning or isolation such as optocouplers and RC filters on break out boards
can impose timing constraints of their own, in addition to those of the driver. You may find it
necessary to add some time to the drive requirements to allow for this.

The LinuxCNC Configuration Selector has configs for Sherline already configured. * Step Time -
How long the step pulse is on in nano seconds. If your not sure about this setting a value of 20,000
will work with most drives. * Step Space - Minimum time between step pulses in nano seconds.
If your not sure about this setting a value of 20,000 will work with most drives. * Direction Hold
- How long the direction pin is held after a change of direction in nanoseconds. If your not sure
about this setting a value of 20,000 will work with most drives. * Direction Setup - How long before
a direction change after the last step pulse in nanoseconds. If your not sure about this setting a
value of 20,000 will work with most drives. * One / Two Parport - Select how many parallel port are
to be configured. * Base Period Maximum Jitter - Enter the result of the Latency Test here. To run a
latency test press the Test Base Period Jitter button. See the Latency Test section for more details.

| LinuxCNC / HAL Latency Test 4+ -0 X

Let this test run for a few minutes, then note the maximum Jitter. You will use
it while configuring LinuxCNC.

While the test is running, you should "abuse" the computer. Move windows
around on the screen. surf the web. Copy some large files around on the disk.
Play some music. Run an OpenGL program such as glxgears. The idea is to put
the PC through its paces while the latency test checks to see what the worst
case numbers are.

Max Interval (ns) Max Jitter (ns) Last interval (ns)
Servo thread (1ms): 1001058 4578 996764

Base thread (25us): 31605 6693 25001

Reset Statistics

Figure 3.3: Latency Test

* Max Step Rate -StepConf automatically calculates the Max Step Rate based on the driver charac-
teristics entered and the latency test result.

e Min Base Period - StepConf automatically determines the Min Base Period based on the driver
characteristics entered and latency test result.

The important number from the result of the Latency Test is the max jitter. In the example above,
9075 nanoseconds (ns), or 9.075 microseconds (11s), is the highest jitter. Enter the max jitter it in the
Base Period Maximum Jitter box.
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3.1.4 Parallel Port Setup

- Stepconf -Stepper Configuration Wizard + - 0O X
Cancel @ Parallel Port 1 Back Forward

Cutputs (PC to Mill): Invert Inputs (Mill to PC): Invert

Pin1: ESTOP Out I~ 1O Pin 10: Unused I~ O

Pin2: X Step > O Pin 11: Unused A4lm

Pin 3: X Direction I~ 1O Pin 12: Unused I~ O

Pind: Y Step I~ O Pin 13: Unused Adlm

Pin5: Y Direction I~ O Pin 15: Unused I~ O

Pin6: Z Step I~ O

PinZ: Z Direction I~ O

Pin 8: A Step |v [] Parport Base Address:

Pin 9: A Direction I~ O 0

Pin 14: Spindle CW |v [] Output pinout presets:

Pin 16: Spindle PWM |+ | . Sherline 4

Pin 17: Amplifier Enable |v [] Preset

Figure 3.4: Parallel Port Setup Page

You may specify the address as a hexadecimal (often 0x378) or as linux’s default port number (probably
0)

For each pin, choose the signal which matches your parallel port pinout. Turn on the invert check box
if the signal is inverted (0V for true/active, 5V for false/inactive).

e Output pinout presets - Automatically set pins 2 through 9 according to the Sherline standard (Di-
rection on pins 2, 4, 6, 8) or the Xylotex standard (Direction on pins 3, 5, 7, 9).

* Inputs and Outputs - If the input or output is not used set the option to Unused.

» External E-Stop - This can be selected from an input pin drop down box. A typical E-Stop chain uses
all normally closed contacts.

* Homing & Limit Switches - These can be selected from an input pin drop down box for most config-
urations.
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* Charge Pump - If your driver board requires a charge pump signal select Charge Pump from the
drop down list for the output pin you wish to connect to your charge pump input. The charge pump
output is connected to the base thread by StepConf. The charge pump output will be about 1/2 of
the maximum step rate shown on the Basic Machine Configuration page.

* Plasma Arc Voltage - If you require a Mesa THCAD to input a plasma arc voltage then select Plasma
Arc Voltage from the list of output pins. This will enable a THCAD page during the setup procedure
for the entry of the card parameters.

3.1.5 Parallel Port 2 Setup

- Stepconf -Stepper Configuration Wizard + - 0O X
Cancel @ Parallel Port 2 Back Forward

Outputs (PC to Mill): Invert Inputs (Mill to PC): Invert
Pin 1: Unused |‘lr []

Pin10: Unused v
Pin2: Unused |' [] n 22 AUsE L
Pin3: Unused |v []
Pind:  Unused |" [] Pin11: Unused « | []
Pin5:  Unused |' []
Fin b: Unused |‘lr [

Pin12: Unused - | []
Pin 7: Unused |v []
Fin 8: Unused |‘lr ]
Pin9:  Unused |,.F [] Pin13: Unused - | []
Pin 14: Unused |‘lr |:|
: . |1
EinLE [HRlsEd |v L Pin15: Unused - |[]

Out

Pin17: Unused |‘lr |:| . |v

Figure 3.5: Parallel Port 2 Setup Page

The second Parallel port (if selected) can be configured and It’s pins assigned on this page. No step and
direction signals can be selected. You may select in or out to maximizes the number of input/output
pins that are available. You may specify the address as a hexadecimal (often 0x378) or as linux’s
default port number (probably 1).
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3.1.6 Axis Configuration

- Stepconf -S5tepper Configuration Wizard + - 0O X

Cancel @ Axis X Back ‘ Forward

Motor steps per revolution: IEIE 5% Test this axis
Driver Microstepping:

Bulley teeth (Motor:Leadscrew): : |1
Leadscrew Pitch: 20 rev /in
Maximum Velocity: 1 in/s
Maximum Acceleration: 30 in/fs?
Home location: 0

Table travel: ] thE
Home Switch location:

Home Search velocity:

Home Latch direction: Same |'r

Time to accelerate to max speed: 0.0333 s
Distance to accelerate to max speed: 0.0167 in

Fulse rate at max speed: B0O00.0 Hz

Axis Scale: 200 x 2 x (1.0 + 1.0) x 20.000 = 8000.0 Steps/in

Figure 3.6: Axis Configuration Screen

* Motor Steps Per Revolution - The number of full steps per motor revolution. If you know how many
degrees per step the motor is (e.g., 1.8 degree), then divide 360 by the degrees per step to find the
number of steps per motor revolution.

» Driver Microstepping - The amount of microstepping performed by the driver. Enter 2 for half-
stepping.

* Pulley Ratio - If your machine has pulleys between the motor and leadscrew, enter the ratio here.
If not, enter 1:1.

* Leadscrew Pitch - Enter the pitch of the leadscrew here. If you chose Inch units, enter the number
of threads per inch. If you chose mm units, enter the number of millimeters per revolution (e.g.,
enter 2 for 2mm/rev). If the machine travels in the wrong direction, enter a negative number here
instead of a positive number, or invert the direction pin for the axis.

e MakcumanvHas CKOpPOCMb — BBEOUTE MAKCHUMAJIBHYIO CKOPOCTE OJId OCH B €eIUHHNIIaX B CEKYHOY.
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e Maximum Acceleration - The correct values for these items can only be determined through exper-
imentation. See Finding Maximum Velocity to set the speed and Finding Maximum Acceleration to
set the acceleration.

* Home Location - The position the machine moves to after completing the homing procedure for this
axis. For machines without home switches, this is the location the operator manually moves the
machine to before pressing the Home button. If you combine the home and limit switches you must
move off of the switch to the home position or you will get a joint limit error.

» Table Travel - The range of travel for that axis based on the machine origin. The home location must
be inside the Table Travel and not equal to one of the Table Travel values.

e Home Switch Location - The location at which the home switch trips or releases relative to the
machine origin. This item and the two below only appear when Home Switches were chosen in the
Parallel Port Pinout. If you combine home and limit switches the home switch location can not be
the same as the home position or you will get a joint limit error.

* Home Search Velocity - The velocity to use when searching for the home switch. If the switch is
near the end of travel, this velocity must be chosen so that the axis can decelerate to a stop before
hitting the end of travel. If the switch is only closed for a short range of travel (instead of being
closed from its trip point to one end of travel), this velocity must be chosen so that the axis can
decelerate to a stop before the switch opens again, and homing must always be started from the
same side of the switch. If the machine moves the wrong direction at the beginning of the homing
procedure, negate the value of Home Search Velocity.

* Home Latch Direction - Choose Same to have the axis back off the switch, then approach it again
at a very low speed. The second time the switch closes, the home position is set. Choose Opposite
to have the axis back off the switch and when the switch opens, the home position is set.

e Time to accelerate to max speed - Time to reach maximum speed calculated from Max Acceleration
and Max Velocity.

e Distance to accelerate to max speed - Distance to reach maximum speed from a standstill.

* Pulse rate at max speed - Information computed based on the values entered above. The greatest
Pulse rate at max speed determines the BASE PERIOD. Values above 20000Hz may lead to slow
response time or even lockups (the fastest usable pulse rate varies from computer to computer)

* Axis SCALE - The number that will be used in the INI file [SCALE] setting. This is how many steps
per user unit.

» Test this axis - This will open a window to allow testing for each axis. This can be used after filling
out all the information for this axis.
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| X Axis Test + X
Velaocity: i =|4r|in/s

Acceleration: 30.0 = |gp|in /52

w @]

Test Area: + |' |15.U =|dk|in 2% Run

Figure 3.7: Axis Test

Test this axis is a basic tester that only outputs step and direction signals to try different values for
acceleration and velocity.

Important

In order to use test this axis you have to manually enable the axis if this is required. If your
driver has a charge pump you will have to bypass it. Test this axis does not react to limit switch
inputs. Use with caution.

3.1.6.1 Haxo>xpeHue MaKCMMaJIbHOM CKOPOCTH

Begin with a low Acceleration (for example, 2 inches/s? or 50 mm/s?) and the velocity you hope to
attain. Using the buttons provided, jog the axis to near the center of travel. Take care because with
a low acceleration value, it can take a surprising distance for the axis to decelerate to a stop.

After gauging the amount of travel available, enter a safe distance in Test Area, keeping in mind that
after a stall the motor may next start to move in an unexpected direction. Then click Run. The machine
will begin to move back and forth along this axis. In this test, it is important that the combination of
Acceleration and Test Area allow the machine to reach the selected Velocity and cruise for at least
a short distance — the more distance, the better this test is. The formulad = 0.5 * v * v/a gives
the minimum distance required to reach the specified velocity with the given acceleration. If it is
convenient and safe to do so, push the table against the direction of motion to simulate cutting forces.
If the machine stalls, reduce the speed and start the test again.

If the machine did not obviously stall, click the Run button off. The axis now returns to the position
where it started. If the position is incorrect, then the axis stalled or lost steps during the test. Reduce
Velocity and start the test again.

If the machine doesn’t move, stalls, or loses steps, no matter how low you turn Velocity, verify the
following:

* Correct step waveform timings
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* Correct pinout, including Invert on step pins
* Correct, well-shielded cabling

* Physical problems with the motor, motor coupling, leadscrew, etc.

Once you have found a speed at which the axis does not stall or lose steps during this testing procedure,
reduce it by 10% and use that as the axis Maximum Velocity.

3.1.6.2 Finding Maximum Acceleration

With the Maximum Velocity you found in the previous step, enter the acceleration value to test. Using
the same procedure as above, adjust the Acceleration value up or down as necessary. In this test, it is
important that the combination of Acceleration and Test Area allow the machine to reach the selected
Velocity. Once you have found a value at which the axis does not stall or lose steps during this testing
procedure, reduce it by 10% and use that as the axis Maximum Acceleration.

3.1.7 Spindle Configuration

Cancel Q Spindle Back Forward
PWM Rate: Ilﬂﬂ.ﬂ Hz Enter 0 Hz for "PDM" mode
Calibration:
Speed 1: 100.0 PWM 1:10.2
Speed 2: 800.0 PWM 2:/0.8

Figure 3.8: Spindle Configuration Page
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This page only appears when Spindle PWM is chosen in the Parallel Port Pinout page for one of the
outputs.

3.1.7.1 KOHTpPOJ2ib CKOPOCTM LUNUHAENsA

If Spindle PWM appears on the pinout, the following information should be entered:

e PWM Rate - The carrier frequency of the PWM signal to the spindle. Enter 0 for PDM mode, which
is useful for generating an analog control voltage. Refer to the documentation for your spindle
controller for the appropriate value.

e Speed 1 and 2, PWM 1 and 2 - The generated configuration file uses a simple linear relationship
to determine the PWM value for a given RPM value. If the values are not known, they can be
determined. For more information see Determining Spindle Calibration.

3.1.7.2 Spindle-synchronized motion

When the appropriate signals from a spindle encoder are connected to LinuxCNC via HAL, LinuxCNC
supports lathe threading. These signals are:

e Spindle Index - Is a pulse that occurs once per revolution of the spindle.

* Spindle Phase A - This is a pulse that occurs in multiple equally-spaced locations as the spindle
turns.

e Spindle Phase B (optional) - This is a second pulse that occurs, but with an offset from Spindle
Phase A. The advantages to using both A and B are direction sensing, increased noise immunity,
and increased resolution.

If Spindle Phase A and Spindle Index appear on the pinout, the following information should be en-
tered:

e Use Spindle-At-Speed - With encoder feedback one can choose to have LinuxCNC wait for the spindle
to reach the commanded speed before feed moves. Select this option and set the close enough scale.

* Speed Display Filter Gain - Setting for adjusting the stability of the visual spindle speed display.

* Cycles per revolution - The number of cycles of the Spindle A signal during one revolution of the
spindle. This option is only enabled when an input has been set to Spindle Phase A

* Maximum speed in thread - The maximum spindle speed used in threading. For a high spindle RPM
or a spindle encoder with high resolution, a low value of BASE PERIOD is required.

3.1.7.3 Determining Spindle Calibration

Enter the following values in the Spindle Configuration page:

Speed 1: 0 PWM 1: 0
Speed 2: 1000 PWM 2: 1

Finish the remaining steps of the configuration process, then launch LinuxCNC with your configura-
tion. Turn the machine on and select the MDI tab. Start the spindle turning by entering: M3 S100.
Change the spindle speed by entering a different S-number: S800. Valid numbers (at this point) range
from 1 to 1000.

For two different S-numbers, measure the actual spindle speed in RPM. Record the S-numbers and
actual spindle speeds. Run StepConf again. For Speed enter the measured speed, and for PWM enter
the S-number divided by 1000.

Because most spindle drivers are somewhat nonlinear in their response curves, it is best to:
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* Make sure the two calibration speeds are not too close together in RPM.

* Make sure the two calibration speeds are in the range of speeds you will typically use while milling.

For instance, if your spindle will go from 0 RPM to 8000 RPM, but you generally use speeds from 400
RPM (10%) to 4000 RPM (100%), then find the PWM values that give 1600 RPM (40%) and 2800 RPM

(70%).

3.1.8 BapwuaHThI

Stepconf -Stepper Configuration Wizard

W s x

@ Use AXIS Screen () Use Gmoccapy Screen
# Onscreen prompt for manual tool change
|| Include Halui user interface component
|| Include custom PyVCP GUI panel
<~ Set pyVCP options
Blank program
Spindle speed display _Display
e smsample
Existing custom program panel
nclude connections to HAL
|| Include Classicladder PLC

» Set Ladder Options

‘ Cancel ¥ Optiuns Back ‘l Forward |

-

Figure 3.9: Advanced Options Configuration
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e Include Halui - This will add the Halui user interface component. See the HALUI Chapter for more
information on.

e Include PyVCP - This option adds the PyVCP panel base file or a sample file to work on. See the
PyVCP Chapter for more information.

e Include ClassicLadder PLC - This option will add the ClassicLadder PLC (Programmable Logic Con-
troller). See the ClassicLadder Chapter for more information.

* Onscreen Prompt For Tool Change - If this box is checked, LinuxCNC will pause and prompt you to
change the tool when M6 is encountered. This feature is usually only useful if you have presettable
tools.

3.1.9 MNonHasa KoHdUrypaums cTaHka

Click Apply to write the configuration files. Later, you can re-run this program and tweak the settings
you entered before.

3.1.10 Axis Travels and Homes

. >+

@b

|||||I||| |||||I|||||||||I|||||||||I|||||||||I||||||||| |||||||||I ||||||||I|||||||||I|||||||||I|||||
-1 0 1

! A !

(d {

Figure 3.10: Axis Travel and Home

For each axis, there is a limited range of travel. The physical end of travel is called the hard stop.

Warning
If @ mechanical hard stop were to be exceeded, the screw or the machine frame would be
damaged!

Before the hard stop there is a limit switch. If the limit switch is encountered during normal operation,
LinuxCNC shuts down the motor amplifier. The distance between the hard stop and limit switch must
be long enough to allow an unpowered motor to coast to a stop.

Before the limit switch there is a soft limit. This is a limit enforced in software after homing. If a MDI
command or G-code program would pass the soft limit, it is not executed. If a jog would pass the soft
limit, it is terminated at the soft limit.
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The home switch can be placed anywhere within the travel (between hard stops). As long as external
hardware does not deactivate the motor amplifiers when the limit switch is reached, one of the limit
switches can be used as a home switch.

The zero position is the location on the axis that is 0 in the machine coordinate system. Usually the
zero position will be within the soft limits. On lathes, constant surface speed mode requires that
machine X=0 correspond to the center of spindle rotation when no tool offset is in effect.

The home position is the location within travel that the axis will be moved to at the end of the homing
sequence. This value must be within the soft limits. In particular, the home position should never be
exactly equal to a soft limit.

3.1.10.1 Operating without Limit Switches

A machine can be operated without limit switches. In this case, only the soft limits stop the machine
from reaching the hard stop. Soft limits only operate after the machine has been homed.

3.1.10.2 PaboTa 6e3 KOHL,eBUKOB UCXOAOHOIro NOJIOXKEHUA

A machine can be operated without home switches. If the machine has limit switches, but no home
switches, it is best to use a limit switch as the home switch (e.g., choose Minimum Limit + Home X
in the pinout). If the machine has no switches at all, or the limit switches cannot be used as home
switches for another reason, then the machine must be homed by eye or by using match marks.
Homing by eye is not as repeatable as homing to switches, but it still allows the soft limits to be
useful.

3.1.10.3 Home and Limit Switch wiring options

The ideal wiring for external switches would be one input per switch. However, the PC parallel port
only offers a total of 5 inputs, while there are as many as 9 switches on a 3-axis machine. Instead,
multiple switches are wired together in various ways so that a smaller number of inputs are required.

The figures below show the general idea of wiring multiple switches to a single input pin. In each
case, when one switch is actuated, the value seen on INPUT goes from logic HIGH to LOW. However,
LinuxCNC expects a TRUE value when a switch is closed, so the corresponding Invert box must be
checked on the pinout configuration page. The pull up resistor show in the diagrams pulls the input
high until the connection to ground is made and then the input goes low. Otherwise the input might
float between on and off when the circuit is open. Typically for a parallel port you might use 47 kQ;.

olo

Pull-Up
Resistor

>

| INPUT .

olo

1

Figure 3.11: Normally Closed Switches (N/C) wiring in series (simplified diagram)
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Pull-Up
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Figure 3.12: Normally Open Switches (N/O) wiring in parallel (simplified diagram)

The following combinations of switches are permitted in StepConf:

* Combine home switches for all axes

* Combine limit switches for all axes

* Combine both limit switches for one axis

* Combine both limit switches and the home switch for one axis

¢ Combine one limit switch and the home switch for one axis

The last two combinations are also appropriate when the type contact + home is used.

3.2 Mesa Configuration Wizard

PnCconf is made to help build configurations that utilize specific Mesa Anything I/O products.

It can configure closed loop servo systems or hardware stepper systems. It uses a similar wizard
approach as StepConf (used for software stepping, parallel port driven systems).

PnCconf is still in a development stage (Beta) so there are some bugs and lacking features. Please
report bugs and suggestions to the LinuxCNC forum page or mailing list.

There are two trains of thought when using PnCconf:

One is to use PnCconf to always configure your system - if you decide to change options, reload
PnCconf and allow it to configure the new options. This will work well if your machine is fairly standard
and you can use custom files to add non standard features. PnCconf tries to work with you in this
regard.

The other is to use PnCconf to build a config that is close to what you want and then hand edit every-
thing to tailor it to your needs. This would be the choice if you need extensive modifications beyond
PnCconf’s scope or just want to tinker with / learn about LinuxCNC.

You navigate the wizard pages with the forward, back, and cancel buttons there is also a help button
that gives some help information about the pages, diagrams and an output page.

Tip
PnCconf’s help page should have the most up to date info and has additional details.
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3.2.1 Step by Step Instructions

EMC2 Configuration Wizard Beta 1 Version

This program creates configuration
files for "Closed Loop Servo"
and hardware stepper
machines

Cancel l[ Back ] [ Forward

Figure 3.13: PnCconf Splash

3.2.2 Create or Edit

This allows you to select a previously saved configuration or create a new one. If you pick Modify a
configuration and then press Next a file selection box will show. PnCconf preselects your last saved
file. Choose the config you wish to edit. If you made any changes to the main HAL or INI files PnCconf
will overwrite those files and those changes will be lost. Some files will not be over written and
PnCconf places a note in those files. It also allows you to select desktop shortcut / launcher options.
A desktop shortcut will place a folder icon on the desktop that points to your new configuration files.
Otherwise you would have to look in your home folder under linuxcnc/configs.

A Desktop launcher will add an icon to the desktop for starting your config directly. You can also
launch it from the main menu by using the Configuration Selector LinuxCNC found in CNC menu and
selecting your config name.
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3.2.3 Basic Machine Information

Machine Basics
Machine Name: [my_EMC_machine ]
Configuration directory: ~femc2/configs/my_EMC_machine

Axis configuration: | xXYZ < |

Machine units: | Inch = ‘

Computer Response Time

Actual Servo Period: 1000000 (2| ns

Recommend servo period: 1000000
1/O Control Ports/ Boards
Mesa0 PCI / Parport Card: | 5i20 S |

Test Base
Period Jitter

[[] Mesal PCl / Parport Card:

First Parport Address: | 0x0278 |lout ¢ | Add-on PCI

[] Second Parport Address: Parport
Address
[ Third Parport Address: Search

GUI frontend list
@ Axis
) TKemc
 Mini
r Touchy

Help | Cancel || Back || Forward |

Figure 3.14: PnCconf Basic

Machine Basics
If you use a name with spaces PnCconf will replace the spaces with underscores (as a loose rule
Linux doesn’t like spaces in names). Picking an axis configuration selects what type of machine
you are building and what axes are available. The "Machine units” selector allows data entry of
metric or imperial units in later steps in the configuration process.

Tip
Defaults are not converted when using metric so make sure they are sane values!

Computer Response Time
The servo period sets the heart beat of the system. Latency describes the difference between
the time that the system is scheduled to perform and action and the time that it actually does
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perform the action. Just like a railroad, LinuxCNC requires everything on a very tight and consis-
tent timeline or bad things happen. LinuxCNC requires and uses a real-time operating system,
which just means it has a low-latency (lateness) response time. When LinuxCNC requires and is
performing calculations, it cannot be interrupted by lower priority requests (such as user input
to screen buttons or drawing etc).

Testing the latency is crucial and a key thing to check before proceeding further. Please follow the
directions on the Latency Test page before proceeding further.

Now we are happy with the latency and must pick a servo period. In most cases a servo period of
1000000 ns is fine (that gives a 1 kHz servo calculation rate - 1000 calculations a second). If you
are building a closed loop servo system that controls torque (current) rather than velocity (voltage)
a faster rate would be better - something like 200000 (5 kHz calculation rate). The problem with
lowering the servo rate is that it leaves less time available for the computer to do other things besides
LinuxCNC'’s calculations. Typically the display (GUI) becomes less responsive. You must decide on a
balance. Keep in mind that if you tune your closed loop servo system then change the servo period
you probably will need to tune them again.

I/0 Control Ports/Boards
PnCconf is capable of configuring machines that have up to two Mesa boards and three parallel
ports. Parallel ports can only be used for simple low speed (servo rate) I/0O.

Mesa

You must choose at least one Mesa board as PnCconf will not configure the parallel ports to count
encoders or output step or PWM signals. The mesa cards available in the selection box are based
on what PnCconf finds for firmware on the systems. There are options to add custom firmware
and/or blacklist (ignore) some firmware or boards using a preference file. If no firmware is found
PnCconf will show a warning and use internal sample firmware - no testing will be possible. One
point to note is that if you choose two PCI Mesa cards there currently is no way to predict which
card is 0 and which is 1 - you must test - moving the cards could change their order. If you
configure with two cards both cards must be installed for tests to function.

Parallel Port
B kauecTBe MIpOCTOr0 BBOAA-BEIBOIA MOXKHO UCIIOIb30BaTh OO TPEX ITapaljie/IbHEIX IOPTOB (Ha3bIBaeMEbIX
parports). HeobGxoguMo yka3aThk afgpec parport. Brl MmoxkeTe nmub0 BBECTU CUCTEMY HyMepalluu
napainenbHbx mopToB Linux (0,1 unmu 2), nn6o BBeCTH GhaKTHUECKNI agpec. AIpec BCTPOEHHOT 0O
mopTa Ha IaTe 4acTo paBeH 0x0278 unu 0x0378 (3anucaH B lecTHaAIlaTePUYHOM dopmMmare), HO
€ro MOKHO HauTu Ha cTpaHuile BIOS. Ctpanuiia BIOS HaxoguTcs npu NepBOM 3allyCKe KOMIIBIOTEpPA.
[ BXOa Ha Hee HeOOXOOUMO HaxKaTh Kynasuity (Hanpumep, F2). Ha ctpanuite BIOS BrI MoKeTe
HaAWTH ampec MapajijiebHOr0 MOpTa W YyCTaHOBUTH pexkuM, HanpuMmep SPP, EPP u t. . Ha
HEKOTOPHIX KOMIIbIOTEPAxX 3Ta mHpopManus oTobpakaeTcs B TEUEHHWE HECKOJIbKHX CEKYHH BO
BpeMs 3amnmycka. [ kapT napannenbHoro nopra PCI agpec MOKHO HaliTi, HaXkKaB KHOIIKY «IIOMCK
agpeca moprta». OTKpPOeTCs CTpaHWIla BHIBOMA CIPABKU CO CIMCKOM BcexX obHapyxkeHHBIX PCI-
ycTpoucTB. TaM momkHa ObITh CCHIJIKA Ha YCTPOMCTRBO ITapajlyiIeIbHOTI'0 TOPTa CO CITMCKOM apeCOB.
OnuH U3 3TUX aapecoB OojikeH paboTaTh. He Bce napaienbHble TOpTH PCI paboTaioT JOJIKHEIM
o6pa3zoM. JIr060¥ THI MOXKHO BEIOPATh KaK «BXOd» (MaKCHMaIbHOE KOJIMYECTBO BXOJTHBEIX KOHTAKTOB)
WU «BBIXOHO» (MaKCHMallbHOE KOJIMYEeCTBO BBIXOOHEIX KOHTAKTOB).

GUI Front-end list
This specifies the graphical display screens LinuxCNC will use. Each one has different option.

AXIS

e fully supports lathes.
¢ is the most developed and used front-end

* is designed to be used with mouse and keyboard
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* is tkinter based so integrates PyVCP (Python based virtual control panels) naturally.
* has a 3D graphical window.

* allows VCP integrated on the side or in center tab
TkLinuxCNC

* hi contrast bright blue screen
* separate graphics window

* no VCP integration
Touchy

* Touchy was designed to be used with a touchscreen, some minimal physical switches and a MPG
wheel.

* requires cycle-start, abort, and single-step signals and buttons

It also requires shared axis MPG jogging to be selected.

* is GTK based so integrates GladeVCP (virtual control panels) naturally.
* allows VCP panels integrated in the center Tab

* has no graphical window

* look can be changed with custom themes
QtPlasmaC

* fully featured plasmac configuration based on the QtVCP infrastructure.
* mouse/keyboard operation or touchscreen operation

* no VCP integration

3.2.4 External Configuration

This page allows you to select external controls such as for jogging or overrides.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 102 /1345

[] USB Joystick Jogging

> Details

[ External Button Jogging

[* Details

External MPG Jogging

= Details
@ Shared MPG / selectable axis
() Mpg per axis
selectable MPG increments
= increments

default 0.0000 |[*in d) in Mux options
a) |0.0001 |[Z]in ad) “lin

-~

b) [0.0005 [S]in bd)
ab) [0.0010 [J/in abc)
o [000s0 [Slin cd)
ac) :|in acd)
bc) [0.0500 [Zlin bed)
abc) [0.1000 [Z]in abed)

[ External Feed Override

[* Details

[ Max Velocity Override

[> Details

[ External Spindle Override
[> Details

in ¥ use debounce :|Sec

|
|
|

“|in W |use gray code
|in [] ignore all inputs false
|
|
|

=

=

=

| Help | | cancel || Back || Ec-nruard:

Figure 3.15: External Controls

If you select a Joystick for jogging, You will need it always connected for LinuxCNC to load. To use
the analog sticks for useful jogging you probably need to add some custom HAL code. MPG jogging
requires a pulse generator connected to a MESA encoder counter. Override controls can either use
a pulse generator (MPG) or switches (such as a rotary dial). External buttons might be used with a
switch based OEM joystick.

Joystick jogging
Requires a custom device rule to be installed in the system. This is a file that LinuxCNC uses to
connect to Linux’s device list. PnCconf will help to prepare this file.

e Search for device rule will search the system for rules, you can use this to find the name of
devices you have already built with PnCconf.

* Add a device rule will allow you to configure a new device by following the prompts. You will
need your device available.
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* test device allows you to load a device, see its pin names and check its functions with halmeter.

joystick jogging uses HALUI and hal input components.

External buttons
allows jogging the axis with simple buttons at a specified jog rate. Probably best for rapid jogging.

MPG Jogging
Allows you to use a Manual Pulse Generator to jog the machine’s axis.

MPG'’s are often found on commercial grade machines. They output quadrature pulses that can be
counted with a MESA encoder counter. PnCconf allows for an MPG per axis or one MPG shared with
all axis. It allows for selection of jog speeds using switches or a single speed.

The selectable increments option uses the mux16 component. This component has options such as
debounce and gray code to help filter the raw switch input.

Overrides
PnCconf allows overrides of feed rates and/or spindle speed using a pulse generator (MPG) or
switches (eg. rotary).

3.2.5 GUI Configuration

Here you can set defaults for the display screens, add virtual control panels (VCP), and set some
LinuxCNC options..
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Frontend
GUI Options
~ General GUI Defaults

Position_offset Relative v Max Spindle Override v| %

Position feedback | Actual

<>

Min Spindle Override | %

Max Feed Override | %

[ AXIS defaults
> Touchy
Virtual Control Panel
[ Include custom PyVCP GUI panel

> Pyvcp Details
[ Include custom GladeVCP GUI panel
> Gladevcp Details
= Defaults and Options

Require homing before MDI / Running [ 1 Move spindle up before tool change
Popup Toolchange Prompt [ ] Restore joint position after shutdown
[] Leave spindle on during tool change [ Random position toolchanger

[ Force individual manual homing

Help

Figure 3.16: GUI Configuration

Front-end GUI Options

Cancel Back

The default options allows general defaults to be chosen for any display screen.

AXIS defaults are options specific to AXIS. If you choose size, position or force maximize options then
PnCconf will ask if it is alright to overwrite a preference file (.axisrc). Unless you have manually added
commands to this file it is fine to allow it. Position and force max can be used to move AXIS to a second

monitor if the system is capable.

Touchy defaults are options specific to Touchy. Most of Touchy’s options can be changed while Touchy
is running using the preference page. Touchy uses GTK to draw its screen, and GTK supports themes.
Themes controls the basic look and feel of a program. You can download themes from the net or edit
them yourself. There are a list of the current themes on the computer that you can pick from. To help
some of the text to stand out PnCconf allows you to override the Themes’s defaults. The position and
force max options can be used to move Touchy to a second monitor if the system is capable.
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QtPlasmaC options are specific to QtPlasmac, any common options that are not required will be dis-
abled. If QtPlasmac is selected then the following screen will be a user button setup screen that is
specific to QtPlasmaC and VCP options will not be available.

VCP options
Virtual Control Panels allow one to add custom controls and displays to the screen. AXIS and
Touchy can integrate these controls inside the screen in designated positions. There are two
kinds of VCPs - PyVCP which uses Tkinter to draw the screen and GladeVCP that uses GTK to
draw the screen.

PyvCP
PyVCPs screen XML file can only be hand built. PyVCPs fit naturally in with AXIS as they both
use TKinter.

KonatkTet HAL co3matoTcs i TOT0, YTOORI II0JTh30BATEIIh MOT IOOKJITIOUHUTHCSI K CBOEMY COOCTBEHHOMY
damnny HAL. imeeTcs oOpa3ell maHeIu 0TOOpaXKeHus MNUHEIIS, KOTOPYIO IT0Ib30BaTe b MOXKET UCTI0JIH30B:
KaK eCTh WJIU JOIOJIHUTL. BBl MOXKeTe BEIOpaTh MYyCTOM (aii, B KOTOPHIY IT033Ke MOKHO 6ymeT o6aBUTh
«widgets» ayemMeHTOB ympaByieHus, WiIK BEIOpaTh o0pa3er 0TOOpakeHus IIUHAENS, KOTOPHIH OyaeT
oTo0OpaxkaThk CKOPOCTD HIMMHIEIS 1 YKa3bIBaTh, HAXOOUTCS I MIIIUHAEIb Ha 3alIPOIIEeHHON CKOPOCTH.

PnCconf nogkio4yuT 3a BaC COOTBETCTBYIOIINE KOHTAKTH HAL mucnnes mnuHaesns. Eciiu BB UCIIONb3yeTe
AXIS, nmanesnp OymeT HTETPHUPOBaHa C IIpaBo# CTOpoHbl. Eciu B He ucnonb3yete AXIS, manesns 6ymeT
ABTOHOMHOM OT OCHOBHOTO 3KpaHa.

You can use the geometry options to size and move the panel, for instance to move it to a second
screen if the system is capable. If you press the Display sample panel button the size and placement
options will be honored.

GladeVCP
GladeVCPs fit naturally inside of Touchy screen as they both use GTK to draw them, but by
changing GladeVCP’s theme it can be made to blend pretty well in AXIS (try Redmond).

s co3ganusa XML-¢alinos oH uCnonb3lyeT rpadpudeckuit pegakrtop. Kontaktel HAL co3pmatoTcsa Oms
MMOOKITIOYEHHUS ITOIb30BaTENSA BHYTPU €r0 I10JIb30BaTeIbcKoro daiima HAL.

GladeVCP also allows much more sophisticated (and complicated) programming interaction, which
PnCconf currently doesn’t leverage (see GladeVCP in the manual).

PnCconf has sample panels for the user to use as-is or build on. With GladeVCP PnCconf will allow
you to select different options on your sample display.

Under sample options select which ones you would like. The zero buttons use HALUI commands which
you could edit later in the HALUI section.

Auto Z touch-off also requires the classic ladder touch-off program and a probe input selected. It
requires a conductive touch-off plate and a grounded conductive tool. For an idea on how it works
see:

https://wiki.linuxcnc.org/cgi-bin/wiki.pl?ClassicLadderExamples#Single button probe touchoff

Under Display Options, size, position, and force max can be used on a stand-alone panel for such
things as placing the screen on a second monitor if the system is capable.

You can select a GTK theme which sets the basic look and feel of the panel. You Usually want this to
match the front-end screen. These options will be used if you press the Display sample button. With
GladeVCP depending on the front-end screen, you can select where the panel will display.

You can force it to be stand-alone or with AXIS it can be in the center or on the right side, with Touchy
it can be in the center.

Defaults and Options



https://wiki.linuxcnc.org/cgi-bin/wiki.pl?ClassicLadderExamples#Single_button_probe_touchoff
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* Require homing before MDI / Running
- If you want to be able to move the machine before homing uncheck this checkbox.
* Popup Tool Prompt

- Choose between an on screen prompt for tool changes or export standard signal names for
a User supplied custom tool changer HAL file

¢ Leave spindle on during tool change:
- Used for lathes
» Force individual manual homing
* Move spindle up before tool change
* Restore joint position after shutdown
- Used for non-trivial kinematics machines
* Random position tool changers

- Used for tool changers that do not return the tool to the same pocket. You will need to add
custom HAL code to support tool changers.

3.2.6 Mesa Configuration

The Mesa configuration pages allow one to utilize different firmwares. On the basic page you selected
a Mesa card here you pick the available firmware and select what and how many components are
available.
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Configuration 1/0 Ijo 1/O
P

age Connector 2 | Connector 3 = Connector 4

Click on each page tab to configure signal names for each connector port.

The spin buttons below on this page allow you to select the amounts of
different types of components. Press the button to make the tabbed pages
accept the changes.

Board name 5i20

Firmware: | SVST8_4 s |

Mesa parport address:

PWM base frequency: [20000 @Hz

PDM base frequency: [6000 E|Hz

Watchdog timeout: 10000000 %lns

Num of encoders: [4 ?

Num of pwm generators:[ + :|

Num of step generators:| 3 E| Sanity Checks

Num of GPIO: ) [ 7i29 daughter board
Total number of pins: 72 [] 7i30 daughter board

[ 7i33 daughter board

Accept components
[] 7i40 daughter board

Changes

Help | Cancel || Back ||Ec-nnuard

Figure 3.17: Mesa Board Configuration

Parport address is used only with Mesa parport card, the 7i43. An on board parallel port usually uses
0x278 or 0x378 though you should be able to find the address from the BIOS page. The 7i43 requires
the parallel port to use the EPP mode, again set in the BIOS page. If using a PCI parallel port the
address can be searched for by using the search button on the basic page.

Note
Many PCI cards do not support the EPP protocol properly.

PDM PWM and 3PWM base frequency sets the balance between ripple and linearity. If using Mesa
daughter boards the docs for the board should give recommendations.

Important
It's important to follow these to avoid damage and get the best performance.
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The 7i33 requires PDM and a PDM base frequency of 6 MHz
The 7i29 requires PWM and a PWM base frequency of 20 kHz
The 7i30 requires PWM and a PWM base frequency of 20 kHz
The 7140 requires PWM and a PWM base frequency of 50 kHz
The 7148 requires UDM and a PWM base frequency of 24 kHz

Watchdog time out
is used to set how long the MESA board will wait before killing outputs if communication is
interrupted from the computer. Please remember Mesa uses active low outputs meaning that
when the output pin is on, it is low (approx 0 volts) and if it is off the output in high (approx 5
volts) make sure your equipment is safe when in the off (watchdog bitten) state.

Number of coders/PWM generators/STEP generators
You may choose the number of available components by deselecting unused ones. Not all com-
ponent types are available with all firmware.

BrI60p MEHBIIIET0 MAaKCHMAJIBHOT'O KOJIMYEeCTBAa KOMIIOHEHTOB IT03BOJISIET IIONYYHUTE O0JIbIIIE KOHTAKTOB
GPIO. Ilpu ucrnonb30BaHUYM AOYEPHUX IIJIaT UMENTE B BUY, UTO HEJIE35T OTMEHSTH BEHIOOP KOHTAKTOB,
KOTOPHIE UCTIOJIL3YeT KapTa. Hanpumep, HEKOTOPLIE TPOIIUBKY MTOANEPXKUBAIOT ABe KapThl 7i33. Ecnu
y Bac eCTh TOJIbKO OfIHA, BBl MOJKETEe OTMEHUTH BEIOOD IOCTATOYHOI'O KOJINYeCTBa KOMIIOHEHTOB, YTOORI
KCIIONTb30BaTh Pa3beM, MOAAepPzKHUBAIOIINK BTOPYI0 KapTy 7i33. BriOOp KOMIIOHEHTOB OTMEHSIETCS
YMCJIEHHO CHavasa no HauOoIbIleMy HOMEDPY, a 3aTeM BHU3, 0e3 IIpomycKa HoMepa. Ecnu mpu 3ToM
KOMITOHEHTHl HaXO[SATCA HE TaM, I'Ie Bbl XOTHUTE, BaM NIPUAETCS MCIOJIb30BaTh APYI'YIO IPOIIUBKY.
[TpommBKa onpenensieT, rae, Kakue U MaKCUMaIbHOE KOJIMYeCTBO KOMIIOHEHTOB. BO3M0OKHa KaCTOMHAas
MIPOIINBKA, CIpalruBaiiTe npu obpalrieHuu K paspaborynkaM LinuxCNC um Mesa. Hcmonb3oBaHue
KacToMHOU mpomuBKu B PnCconf TpebGyeT creluaabHBIX IPOIEAyP U HE BCerma BO3MOXKHO — XOTS
s cTaparock coenaTh PnCconf MakCcHManbHO THOKYM.

After choosing all these options press the Accept Component Changes button and PnCconf will update
the I/O setup pages. Only I/O tabs will be shown for available connectors, depending on the Mesa
board.

3.2.7 Mesa l/O Setup

The tabs are used to configure the input and output pins of the Mesa boards. PnCconf allows one to
create custom signal names for use in custom HAL files.
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Mesa0 Configuration-Board: 5i20 firmware: SVST8 4

Configuration /0 Ijo /o
Page Connector 2 | Connector 3 Connector 4

Num function Pin Type Inv Num function Pin Type Inv
[)( Encoder l Quad Encoder-B > l (] lMuIti Hand Wheel l Quad Encoder-B = ] O

1: l X Encoder

l Quad EncoderA = l O 3:

l Multi Hand Wheel

l Quad Encoder-A = ] O

[Spindle Encoder

l Quad Encoder-B - l (] l Quad Encoder-B - ] O

[Unused Encoder

0: l Spindle Encoder

l Quad EncoderA = l [l 2 l Quad Encoder-A = ] O

l Unused Encoder

[)( Encoder

l Quad Encoder-| - l (]

[Multi Hand Wheel

l Quad Encoder-| - ] (|

[Spindle Encoder

l Quad Encoderl - l [ l Quad Encoder-I 5 ] (|

[Unused Encoder

| X Axis PWM | v | Puise width Gen-p | ¢ |1
[Spindle PWM [ Pulse Width Gen-P | & ] O
| X Axis PwM | v || puise width Gen-p |2 |O0
[Spindle PWM [ Pulse Width Gen-D | ¢ l O
| X axis Pwm | v )| pulse width Gen-e |¢|O0
[Spindle PWM [ Pulse Width Gen-E | & ] O

[ Launch test panel l

[Unused PWM Gen

| | puise width Gen-p < |

[Unused PWM Gen

| v | puise width Gen-p < |

[Unused PWM Gen

l Pulse Width Gen-D |2 ] [

[Unused PWM Gen

[ Pulse Width Gen-D | & ] [

[Unused PWM Gen

[ Pulse Width Gen-E | & ] [

[Unused PWM Gen

[ Pulse Width Gen-E |2 ] ]

Cancel ] [ Back ] [ Forward

Figure 3.18: Mesa I/O C2 Setup

On this tab with this firmware the components are setup for a 7i33 daughter board, usually used with
closed loop servos. Note the component numbers of the encoder counters and PWM drivers are not
in numerical order. This follows the daughter board requirements.
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Configuration 1jO 1o} /o
Page Connector 2 | Connector 3 | Connector 4
Num function Pin Type Inv Num function Pin Type Inv
024: [ X Minimum Limit + Hm[ GPIOInput | & ] O 036 [Jog incr A [ GPIO Input ] 0
025: [ X Maximum Limit [ GPIO Input | & ] O 037 [Jog incr B [ GPIO Input ] 0
026: [ Unused Input [ GPIO Input | 2 ] I [ Jog incr C [ GPIO Input ] 0
027: Unused Input GPIOInput |2 |01 039 [ Joint select A [ GPIO Input ] O
o2g;| Limits >lcPioiput |2 |01 o40: [ Joint select B [ GPIO Input ] 0
Home
029: >Ieriomput 2|01 04w [ Spindle ON [ GPIO Output ] 0
Limts/Home Shared >
030: GPIOInput | |1 04z: [ Spindle CW [ GPIO Output ] 0
Digital >
031 , . celection y|GPOMput (o0 043: [ Spindle CCW [ GPIO Output ] 0
032 overrides »[GPIoInput S| 044 unused Output | v | GPio output |2 |0
033: Spindle ylePomput ¢ |00 o4s: [ Coolant Flood [ GPIO Output l 0
034: Operation >lePioimput ¢ |00 o46: [ Unused Output [ GPIO Output l 0
035: Extemal Control >lpioimput ¢ |00 oar: [ Unused Output [ GPIO Output ] O
Axis rapid >
X BLDC Control > | Launch test panel
Y BLDC Control >
Z BLDC Control >
A BLDC Control >
S BLDC Control >
Custom Signals
Help Cancel ] [ Back ] [ Forward

Figure 3.19: Mesa I/O C3 Setup

On this tab all the pins are GPIO. Note the 3 digit numbers - they will match the HAL pin number.
GPIO pins can be selected as input or output and can be inverted.
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Configuration 1jO Ijo 1[0]
Page Connecter 2 | Connector 3 | Connector 4
Num function Pin Type Inv Num function Pin Type Inv
0: l‘rAxis StepGen Step Gen-A s | O 2: [AAxis StepGen | Step Gen-A s | O
[Y Axis StepGen v || Dir Gen-B - | O [F\ Axis StepGen ~ || Dir Gen-B - | O
050: [ Unused Input [ GPIOInput |2 ] O o62: [ Unused Input [ GPIOInput | & ] 0
051:|Unused Input |v|ePomput ¢ |0 | o063: Unused input GPIOInput ¢ | O]
052: [ Unused Input [ GPIOInput |2 ] ] 064: Umits ?>| GPio output | ¢ ] 0
Home
053: | Unused Input |v|cPomput e |0 oes: > [GPiooutput | ¢ |o
Limts/Home Shared >
I [ZAxis StepGen stepGen-A |2 |0 | o066y GPIO Output | & ]D
. ) Digital >
[Z Axis StepGen = || Dir Gen-B < | O 067: Axis Selection 3 GPIO Output | C l |
056: | Unused Input | v|ePomput ¢ |0 | o068: overrides » |GPIo output | ¢ |0
057: [ Unused Input [ GPIOInput | & ] O | o069: B LeL
058: [ Unused Input [ GPIO Input | & ] ) | o070: Operation >| Manual spindle CW
059: [ Unused Input [ GPIOInput | & ] O | o71: Extemal Control ?| Manual Spindle CCW
Axis rapid > Manual Spindle Stop
Launch test panel X BLDC Control ?| spindle Up-To-Speed
Y BLDC Control >
Z BLDC Control >
A BLDC Control >
S BLDC Control >
Custom Signals
l Cancel ] [ Back ] [ Forward

Figure 3.20: Mesa I/O C4 Setup

On this tab there are a mix of step generators and GPIO. Step generators output and direction pins
can be inverted. Note that inverting a Step Gen-A pin (the step output pin) changes the step timing.
It should match what your controller expects.
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3.2.8 Parallel port configuration

First Parallel Port set for OUTPUT

Outputs (PC to Machine):

Pin 1: lDigitaI out 0

Pin 2: lMachine Is Enabled

Pin 3: l X Amplifier Enable

Pin 4: lZ Amplifier Enable

Pin 5: lUnused Output

Pin &: lUnused Output

Pin 7: lUnused Output

Pin 8: lUnused Output

Pin 9: lUnused Output

Pin 14:[ Unused Output

Pin lﬁ:l Unused Output

Pin 17:[ Unused Output

[ Launch Test Panel

Inputs (Machine to PC):

Pin 2: lUnused Input

Pin 3: lUnused Input

Pin 4: lUnused Input

Pin 5: lUnused Input

Pin 6: lUnused Input

Pin 7: lUnused Input

Pin 8: lUnused Input

Pin 2: lUnused Input

Pin 1g:[ Digital in 0

Pin 11:[ Unused Input

Pin lg:l Unused Input

Pin 13:[ Unused Input

Pin 1§:l Unused Input

Cancel ] [ Back ] [ Forward

The parallel port can be used for simple I/O similar to Mesa’s GPIO pins.
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3.2.9 Axis Configuration

Servo Info

Bias

Deadband  0.0000 || Servo
Test

["] Use Brushless Motor Control
[ Details
Calculate

Rapid Speed Following Error: | 0.0050 |Zjinch ~ encoder Scale: 4000.000 -

— . Scale
Feed Speed Following Error: | 0.0005 v|ir|.ch Stepper Scale:
Invert Motor Direction Maximum Velocity: 'hnch {min

[ Invert Encoder Direction Maximum Acceleration: C|inch [ sec?

< Test [ Tune Axis|

Help | | Cancel || Back || Forward

Figure 3.21: Axis Drive Configuration

This page allows configuring and testing of the motor and/or encoder combination. If using a servo
motor an open loop test is available, if using a stepper a tuning test is available.

Open Loop Test
An open loop test is important as it confirms the direction of the motor and encoder. The motor

should move the axis in the positive direction when the positive button is pushed and also the
encoder should count in the positive direction. The axis movement should follow the Machinery’s
Handbook ! standards or AXIS graphical display will not make much sense. Hopefully the help
page and diagrams can help figure this out. Note that axis directions are based on TOOL move-
ment not table movement. There is no acceleration ramping with the open loop test so start with
lower DAC numbers. By moving the axis a known distance one can confirm the encoder scaling.
The encoder should count even without the amp enabled depending on how power is supplied to

the encoder.
17axis nomenclature” in the chapter “Numerical Control” in the "Machinery’s Handbook” published by Industrial Press.
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Warning
If the motor and encoder do not agree on counting direction then the servo will run away when
using PID control.

Since at the moment PID settings can not be tested in PnCconf the settings are really for when you
re-edit a config - enter your tested PID settings.

DAC scale
DAC scaling, max output and offset are used to tailor the DAC output.

Compute DAC
These two values are the scale and offset factors for the axis output to the motor amplifiers. The
second value (offset) is subtracted from the computed output (in volts), and divided by the first
value (scale factor), before being written to the D/A converters. The units on the scale value are
in true volts per DAC output volts. The units on the offset value are in volts. These can be used
to linearize a DAC.

Specifically, when writing outputs, the LinuxCNC first converts the desired output in quasi-SI units to
raw actuator values, e.g., volts for an amplifier DAC. This scaling looks like: The value for scale can
be obtained analytically by doing a unit analysis, i.e., units are [output SI units]/[actuator units]. For
example, on a machine with a velocity mode amplifier such that 1 volt results in 250 mm/sec velocity.
Note that the units of the offset are in machine units, e.g., mm/sec, and they are pre-subtracted from
the sensor readings. The value for this offset is obtained by finding the value of your output which
yields 0.0 for the actuator output. If the DAC is linearized, this offset is normally 0.0.

The scale and offset can be used to linearize the DAC as well, resulting in values that reflect the
combined effects of amplifier gain, DAC non-linearity, DAC units, etc. To do this, follow this procedure:

e Build a calibration table for the output, driving the DAC with a desired voltage and measuring the
result:

Table 3.2: Vi3MepeHUs BLIXOOHOTO HAIIPSIXKEHUS

HeoOpaboABMBpeHHBIE
-10 -9.93
-9 -8.83
0 -0.96
1 -0.03
9 9.87
10 10.07

* Do a least-squares linear fit to get coefficients a, b such that meas=a*raw+b

¢ OOpaTuTe BHUMaHKe: HaM Hy>KeH Heo0paOoTaHHBIM BEIXOMHOM CUTHAJ, YTOOB Pe3yJIbTaT U3MEPEHU ST
OBLT UOEHTUYEH 3aJaHHOMY BEIXOOHOMY CHUTHAJIy. DTO O3Ha4daeT

- cmd=a*raw+b
- raw=(cmd-b)/a

* B pesymnbTaTte KO3hGuMeHTH a U b 13 THHENHOU aIIPOKCUMAalU MOXKHO UCIIOIb30BaTh HETIOCPEACTBEHH(
B KauecTBe MacliTaba U cCMelleHUs OjIs KOHTpoJuiepa.
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MAX OUTPUT
The maximum value for the output of the PID compensation that is written to the motor ampli-
fier, in volts. The computed output value is clamped to this limit. The limit is applied before
scaling to raw output units. The value is applied symmetrically to both the plus and the minus
side.

Tuning Test
The tuning test unfortunately only works with stepper based systems. Again confirm the di-
rections on the axis is correct. Then test the system by running the axis back and forth, If the
acceleration or max speed is too high you will lose steps. While jogging, Keep in mind it can
take a while for an axis with low acceleration to stop. Limit switches are not functional during
this test. You can set a pause time so each end of the test movement. This would allow you to
set up and read a dial indicator to see if you are losing steps.

Stepper Timing
Stepper timing needs to be tailored to the step controller’s requirements. PnCconf supplies
some default controller timing or allows custom timing settings. See https://wiki.linuxcnc.org/-
cgi-bin/wiki.pl?Stepper Drive Timing for some more known timing numbers (feel free to add
ones you have figured out). If in doubt use large numbers such as 5000 this will only limit max
speed.

Brushless Motor Control
These options are used to allow low level control of brushless motors using special firmware and
daughter boards. It also allows conversion of HALL sensors from one manufacturer to another.
It is only partially supported and will require one to finish the HAL connections. Contact the
mail-list or forum for more help.



https://wiki.linuxcnc.org/cgi-bin/wiki.pl?Stepper_Drive_Timing
https://wiki.linuxcnc.org/cgi-bin/wiki.pl?Stepper_Drive_Timing
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Step Motor Scale _ _
Pulley teeth (motor:Leadscrew): |1 ELIE E|

] Worm tum ratio (Input:Outputl)

Microstep Multiplication Factor: | 5 E|

[] Leadscrew Metric Pitch mm J rev

Leadscrew TPl | 5.0000 <JTe
Motor steps per revolution: | 200 E|

Calculated Scale

motor steps per unit: 10000.0000
encoder pulses per unit:

Motion Data
Calculated Axis SCALE: 10000.0 Steps / inch
Resolution: 0.0001000 inch / Step
Time to accelerate to max speed: 0.8335 sec
Distance to acheave max speed: 0.6947 inch
Pulse rate at max speed: 16.7 Khz
Motor RPM at max speed: 1000 RPM

Cancel || Apply

Figure 3.22: Axis Scale Calculation

The scale settings can be directly entered or one can use the calculate scale button to assist. Use the
check boxes to select appropriate calculations. Note that pulley teeth requires the number of teeth
not the gear ratio. Worm turn ratio is just the opposite it requires the gear ratio. If your happy with

the scale press apply otherwise push cancel and enter the scale directly.
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X Axis Configuration

Positive Travel Distance (Machine zero Origin to end of + travel): [B.O ]
Negative Travel Distance (Machine zero Origin to end of - travel): [0.0 ]
Home Position location (offset from machine zero Origin): [0.0 ]
Home Switch location (Offset from machine zero Origin): [0.0 ]
Home Search Velocity: [3 l inch / min
Home Search Direction: lTowards Negative limit o ]
Home latch Velocity: [1 l inch / min
Home Latch Direction: l Same - ]
Home Final Velocity: [0 l inch f min
Use Encoder Index For Home: l NO < ]
[] Use Compensation File: | Type 1 - filename: [ xcompensation
[] Use Backlash Compensation: | E|

Cancel ] [ Back ] [ Forward

Figure 3.23: Axis Configuration

Also refer to the diagram tab for two examples of home and limit switches. These are two examples
of many different ways to set homing and limits.

@ Important
It is very important to start with the axis moving in the right direction or else getting homing

right is very difficult!

Remember positive and negative directions refer to the TOOL not the table as per the Machinists

handbook.

On a typical knee or bed mill

* when the TABLE moves out that is the positive Y direction

* when the TABLE moves left that is the positive X direction

¢ when the TABLE moves down that is the positive Z direction
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¢ when the HEAD moves up that is the positive Z direction
On a typical lathe

* when the TOOL moves right, away from the chuck
e that is the positive Z direction
¢ when the TOOL moves toward the operator

 that is the positive X direction. Some lathes have X opposite (e.g., tool on back side), that will
work fine but AXIS graphical display can not be made to reflect this.

When using homing and / or limit switches LinuxCNC expects the HAL signals to be true when the
switch is being pressed / tripped. If the signal is wrong for a limit switch then LinuxCNC will think
the machine is on end of limit all the time. If the home switch search logic is wrong LinuxCNC will
seem to home in the wrong direction. What it actually is doing is trying to BACK off the home switch.

Decide on limit switch location

Limit switches are the back up for software limits in case something electrical goes wrong, e.g.,
in case of a servo runaway. Limit switches should be placed so that the machine does not hit
the physical end of the axis movement. Remember the axis will coast past the contact point if
moving fast. Limit switches should be active low on the machine, i.e., power runs through the
switches all the time - a loss of power (open switch) trips. While one could wire them the other
way, this is fail safe. This may need to be inverted so that the HAL signal in LinuxCNC in active
high - a TRUE means the switch was tripped. When starting LinuxCNC if you get an on-limit
warning, and axis is NOT tripping the switch, inverting the signal is probably the solution. (use
HALMETER to check the corresponding HAL signal eg. joint.0.pos-lim-sw-in X axis positive limit
switch)

Decide on the home switch location
If you are using limit switches You may as well use one as a home switch. A separate home switch
is useful if you have a long axis that in use is usually a long way from the limit switches or moving
the axis to the ends presents problems of interference with material. Note, a long shaft in a lathe
makes it hard to home to limits with out the tool hitting the shaft, so a separate home switch
closer to the middle may be better. If you have an encoder with index then the home switch acts
as a course home and the index will be the actual home location.

Decide on the MACHINE ORIGIN position
MACHINE ORIGIN is what LinuxCNC uses to reference all user coordinate systems from. I can
think of little reason it would need to be in any particular spot. There are only a few G-codes
that can access the MACHINE COORDINATE system.( G53, G30 and G28 ) If using tool-change-
at-G30 option having the origin at the tool change position may be convenient. By convention, it
may be easiest to have the ORIGIN at the home switch.

Decide on the (final) HOME POSITION
this just places the carriage at a consistent and convenient position after LinuxCNC figures out
where the ORIGIN is.

Measure / calculate the positive / negative axis travel distances
Move the axis to the origin. Mark a reference on the movable slide and the non-movable support
(so they are in line) move the machine to the end of limits. Measure between the marks that is
one of the travel distances. Move the table to the other end of travel. Measure the marks again.
That is the other travel distance. If the ORIGIN is at one of the limits then that travel distance
will be zero.

(machine) ORIGIN
The Origin is the MACHINE zero point. (not the zero point you set your cutter / material at).
LinuxCNC uses this point to reference everything else from. It should be inside the software
limits. LinuxCNC uses the home switch location to calculate the origin position (when using
home switches or must be manually set if not using home switches.
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Travel distance
This is the maximum distance the axis can travel in each direction. This may or may not be able
to be measured directly from origin to limit switch. The positive and negative travel distances
should add up to the total travel distance.

POSITIVE TRAVEL DISTANCE
This is the distance the Axis travels from the Origin to the positive travel distance or the total
travel minus the negative travel distance. You would set this to zero if the origin is positioned at
the positive limit. The will always be zero or a positive number.

NEGATIVE TRAVEL DISTANCE
This is the distance the Axis travels from the Origin to the negative travel distance. or the total
travel minus the positive travel distance. You would set this to zero if the origin is positioned
at the negative limit. This will always be zero or a negative number. If you forget to make this
negative PnCconf will do it internally.

(Final) HOME POSITION
This is the position the home sequence will finish at. It is referenced from the Origin so can be
negative or positive depending on what side of the Origin it is located. When at the (final) home
position if you must move in the Positive direction to get to the Origin, then the number will be
negative.

HOME SWITCH LOCATION
This is the distance from the home switch to the Origin. It could be negative or positive depending
on what side of the Origin it is located. When at the home switch location if you must move in the
Positive direction to get to the Origin, then the number will be negative. If you set this to zero
then the Origin will be at the location of the limit switch (plus distance to find index if used).

Home Search Velocity
Course home search velocity in units per minute.

Home Search Direction
Sets the home switch search direction either negative (i.e., towards negative limit switch) or
positive (i.e., towards positive limit switch).

Home Latch Velocity
Fine Home search velocity in units per minute.

Home Final Velocity
Velocity used from latch position to (final) home position in units per minute. Set to 0 for max
rapid speed.

Home latch Direction
Allows setting of the latch direction to the same or opposite of the search direction.

Use Encoder Index For Home
LinuxCNC will search for an encoder index pulse while in the latch stage of homing.

Use Compensation File
Allows specifying a Comp filename and type. Allows sophisticated compensation. See AXIS
Section of the INI chapter.

Use Backlash Compensation
Allows setting of simple backlash compensation. Can not be used with Compensation File. See
AXIS Section of the INI chapter.
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Help Page | Diagram | Qutput
Mill
Lathe]

Total Travel =4 4+ 6 =10

Z Home Offset = Origin to Home Switch distance = 10

Z Meg Travel Distance = Origin to neg limit distance = 0

Z Pos Travel Distance = Total Travel - neg travel distance = 10
Z Home Position = Origin to Home Position distance = 4

X axis would be similar but not shown fully for clarity.
This is just a sample reference other switch combinations are
possible.

Figure 3.24: AXIS Help Diagram

The diagram should help to demonstrate an example of limit switches and standard axis movement
directions. In this example the Z axis was two limit switches, the positive switch is shared as a home
switch. The MACHINE ORIGIN (zero point) is located at the negative limit. The left edge of the car-
riage is the negative trip pin and the right the positive trip pin. We wish the FINAL HOME POSITION
to be 4 inches away from the ORIGIN on the positive side. If the carriage was moved to the positive
limit we would measure 10 inches between the negative limit and the negative trip pin.

3.2.10 Spindle Configuration

If you select spindle signals then this page is available to configure spindle control.
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Tip
Many of the option on this page will not show unless the proper option was selected on previous
pages!

Servo Info

P °

| 2]

D f| Dac Output Scale:

FFO f| Dac Max Output:

FF1 f| Dac Output Offset:

FF2 j| Quad Pulses /Rev: 4000

Bias 0.0000 |2 Open
8 Loop

Deadband  0.0000 || servo
Test

[ Use Brushless Motor Control
[> Details
[] Use Spindle-At-Speed

Scale: = %

Rapid Speed Following Error: rev  encoder Scale: 4000.000 2| calculate
Feed Speed Following Error: rev Stepper Scale: Scale
[] Invert Motor Direction Maximum Velocity: rev / min
[ Invert Encoder Direction Maximum Acceleration: rev [ sec?
Test / Tune Axis
Help | Cancel | | Back | | Forward

Figure 3.25: Spindle Motor/Encoder Configuration

This page is similar to the axis motor configuration page.

There are some differences:

* Unless one has chosen a stepper driven spindle there is no acceleration or velocity limiting.
* There is no support for gear changes or ranges.

* If you picked a VCP spindle display option then spindle-at-speed scale and filter settings may be
shown.

* Spindle-at-speed allows LinuxCNC to wait till the spindle is at the requested speed before moving
the axis. This is particularly handy on lathes with constant surface feed and large speed diameter
changes. It requires either encoder feedback or a digital spindle-at-speed signal typically connected
to a VFD drive.
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» If using encoder feedback, you may select a spindle-at-speed scale setting that specifies how close
the actual speed must be to the requested speed to be considered at-speed.

» If using encoder feedback, the VCP speed display can be erratic - the filter setting can be used to
smooth out the display. The encoder scale must be set for the encoder count / gearing used.

» Ifyou are using a single input for a spindle encoder you must add the line: setp hm2 7i43.0.encoder.00.cou
mode 1 (changing the board name and encoder number to your requirements) into a custom HAL
file. See the Encoders Section in Hostmot2 for more info about counter mode.

3.2.11 Advanced Options

9To0 no3BoysgeT HacTpauBaTh KoMaHasl HALUI u 3arpy=xats ClassicLadder u mpumepsl IporpaMm pejleiHon
noruku. Ecnu Be BeIOpanu napamMeTphl GladeVCP, Takue Kak oOHynIeHUe ocu, OyOyT oToOpaxKaThCs
koMaHael. Cm. HALUI Chapter pgnst momydyeHUs OOIOMHUTENbHOM MHOpMaIuu 00 MCIIOIb30BaHUU
IMoJib30BaTesIbCKUX KoMaHA halcmds. CyiiecTByeT HECKOIBKO ITapaMeTPOB IIPOrpaMM pPejiefHOM JTOTUKH.
ITporpamma Estop no3sonsieT BHemHeMy nepekmodaTento ESTOP unu I'MII nopmaBats curHan Estop.
OHa TaKxXe UMeeT CUHXPOHU3UPOBAHHBEIM CUTHAI Hacoca CMa3Ku. ABTOMaATHYeCKOe KacaHue 110 OCHU
Z OCYIIIECTBIISIETCSI C IIOMOIIIbI0O KOHTAKTHOM IIIAaCTHUHBI, KHOMKY Kacauus GladeVCP u creiuanabHBIX
koMmaHg HALUI gns ycTaHOBKM TEKYIIETO IT0JTh30BaTEIbCKOr0 Havajla KOOPAWHAT B HOJIb U OLICTPOM
ouncTkKu. [IporpaMma nocnengoBaTeabHOM MHE Modbus 1o cyTu mpepncTtasisieT co00M ITyCTOH 11abIoH
IIporpaMMEl, KOTOPLIN HacTpauBaeT ClassiclLadder nnst mocnenoBaTenbHoM muHb Modbus. Cm. Clas-
sicLadder Chapter B pyKoBOfCTBeE.
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- Include Halui user interface component / commands

cmd 1/G10 120 PO X0 |cmds | [emd 11 |
cmd 2| |cmd 7| [cmd 12| |
cmd 3| |cmds | [cmd 13| |
cmd 4| |cmd9 | [cmd 14| |
cmd 5 lcmd 10| [cmd 15| |

- Include Classicladder PLC
= Setup number of external pins

Mumber of digital (bit) in pins:
Number of digital (bit) out pins:
Number of analog (s32) in pins:
Number of analog (s32) out pins:
Number of analog (float) in pins:
Number of analog (float) out pins:

[ Include modbus master support

) Blank ladder program
@ |[Estop ladder program
© Z Auta Touch off program . Edit ladder
) Serial modbus program =““program
O Existing custom program
Include connections to HAL

Cancel ] [ Back ] [ Forward

Figure 3.26: PnCconf, advanced options

3.2.12 HAL Components

On this page you can add additional HAL components you might need for custom HAL files. In this
way one should not have to hand edit the main HAL file, while still allowing user needed components.
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Add HAL components with this page.
Componentnumber of components

Absolute 1 [
PID CE
scale |Jl_?|
mux16 E?

=7 Custom Components Commands
Load Command Thread Command B Thread Speed
loadrt example_comp |~ laddf example_comp_calcs ||~

3 3 Servo Thread

Help Cancel Back Forward

Figure 3.27: HAL Components

The first selection is components that pncconf uses internally. You may configure pncconf to load
extra instances of the components for your custom HAL file.

Select the number of instances your custom file will need, PnCconf will add what it needs after them.

Meaning if you need 2 and PnCconf needs 1 PnCconf will load 3 instances and use the last one.

Custom Component Commands
This selection will allow you to load HAL components that PnCconf does not use. Add the loadrt
or loadusr command, under the heading loading command Add the addf command under the
heading Thread command. The components will be added to the thread between reading of
inputs and writing of outputs, in the order you write them in the thread command.

3.2.13 Advanced Usage Of PnCconf

PnCconf does its best to allow flexible customization by the user. PnCconf has support for custom
signal names, custom loading of components, custom HAL files and custom firmware.
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There are also signal names that PnCconf always provides regardless of options selected, for user’s
custom HAL files With some thought most customizations should work regardless if you later select
different options in PnCconf.

Eventually if the customizations are beyond the scope of PnCconf’s frame work you can use PnCconf
to build a base config or use one of LinuxCNC’s sample configurations and just hand edit it to what
ever you want.

Custom Signal Names
If you wish to connect a component to something in a custom HAL file write a unique signal name
in the combo entry box. Certain components will add endings to your custom signal name:

Encoders will add < customname > +:

* position

e count

* velocity

* index-enable

* reset

Steppers add:

enable

counts
¢ position-cmd

¢ position-fb

velocity-fb
PWM add:

¢ enable

¢ value

GPIO pins will just have the entered signal name connected to it

In this way one can connect to these signals in the custom HAL files and still have the option to move
them around later.

Custom Signal Names
The HAL Components page can be used to load components needed by a user for customization.

Loading Custom Firmware
PnCconf searches for firmware on the system and then looks for the XML file that it can convert
to what it understands. These XML files are only supplied for officially released firmware from
the LinuxCNC team. To utilize custom firmware one must convert it to an array that PnCconf
understands and add its file path to PnCconf’s preference file. By default this path searches the
desktop for a folder named custom firmware and a file named firmware.py.
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The hidden preference file is in the user’s home file, is named .pncconf-preferences and require one
to select show hidden files in your file manager to see and edit it or on the command line you use Is
with the -a option. The contents of this file can be seen when you first load PnCconf - press the help
button and look at the output page.

Ask on the LinuxCNC mail-list or forum for info about converting custom firmware. Not all firmware
can be utilized with PnCconf.

Custom HAL Files
There are four custom files that you can use to add HAL commands to:

e custom.hal is for HAL commands that don’t have to be run after the GUI frontend loads. It is
run after the configuration-named HAL file.

* custom_postgui.hal is for commands that must be run after AXIS loads or a standalone PyVCP
display loads.

* custom_gvcp.hal is for commands that must be run after GladeVCP is loaded.
¢ shutdown.hal is for commands to run when LinuxCNC shuts down in a controlled manner.
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Chapter 4

KoHdurypauuna

4.1 KoHuenuum CUCTEeMHOro pa3spaboryuka

4.1.1 PacnnonoxxeHue cannos

LinuxCNC umiet ¢daiine KoHpurypanuu u G-Kozia B oIIpeeJieHHOM MecTe. MeCTOI0I0KeHUE 3aBUCUT
OT TOTrO, Kak BH ucnonb3yere LinuxCNC.

4.1.1.1 Ha ycTaHOBJIEHHOM NnakeTe

Ecnu BeI ucnonb3yete LinuxCNC c Live CD unu yctaHoBUIu ero yepes3 .deb u ucnonb3yeTe CPeacTBO
BeIOopa KoHurypamnuu LinuxCNC u3 menio, LinuxCNC nipocMaTpuBaeT ClIeAyIoliue KaTaloTu:

» Karamnor LinuxCNC "Haxomutcs 1o agpecy /home/user-name/linuxcnc.

» Kartamoru KoH(}HUTrypaliuu paclojioKeHHl 110 aapecy /home/user-name/linuxcnc/configs.
- Qaiinel KOHGUTYPAILMU PacIoIOXKEHH 10 aapecy /home/user-name/linuxcnc/configs/name-of-config.

» datinbl G-KOOa pacroyiokeHH 1o angpecy /home/user-name/linuxcnc/nc_files.

Hanpuwmep, o koHGUrypanuu nopg HadsanueM Mill u umenu nonb3oBaTens Fred cTpyKTypa KaTajaoros
1 (ainoB OyIOeT BRITISIOETD CIEOVIOIINM 00pa3oM.

e /home/fred/linuxcnc

* /home/fred/linuxcnc/nc files

* /home/fred/linuxcnc/configs/mill

- /home/fred/linuxcnc/configs/mill/mill.ini
- /home/fred/linuxcnc/configs/mill/mill.hal
- /home/fred/linuxcnc/configs/mill/mill.var
- /home/fred/linuxcnc/configs/mill/tool.tbl
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4.1.1.2 KoMaHpHaf CTpOKa

Ecnu Bel 3anyctuTre LinuxCNC 1“3 KOMaHOHOM CTPOKHU M YKaxKeTe UMs U pacnojioxxeHnue INI-daiina,
pacnornoxeHne GaiioB MOXKeT HaXOOUTHCS B APYTOM MecTe. UYToOB IPOCMOTPETH IapaMeTPHI 3aIycKa
LinuxCNC 13 KoMaHOHOM CTPOKH, BHITIOJIHUTE linuxcnc -h.

Note
LJonosHNnTeNbHbIE MecTa OJ1I9 HEKOTOpbIX hannoB MOXXHO HacTpouTb B INI-panne. Cm. pasgen
<<sub:ini:sec:display, [DISPLAY]>> n pa3pen <<sub:ini:sec:rs274ngc, [RS274NGC]>>.

4.1.2 dDaunsbl
II7151 KazKOoro KaTalora KOHQUrypaiuu TpeOyioTCs KaKk MUHUMYM ClIeOyIolnue Ghaubl:

e INI-¢aiin .ini
e Qaiin HAL .hal unu darin HALTCL .tcl, ykasauusbiil B pa3mene HAL INI-datina.

Note
Ona HekoTopbix TNTM MoryT noTpeboBaTbCa Apyrue dansibl.

HpI/I 2KeJIaHHUHU BEI TaK2XK€ MOXKeTe UMETh:

* Qaun nepeMeHHHIX .var

- Ecnu BB He BKIIOUMTE (paiis .var B KaTajore, HO BKIIIoUuTe <<sub:ini:sec:rs274ngc, [RS274NGC]>>
PARAMETER FILE=somefilename.var, ¢atin OymeT co3naH ajs Bac nipu 3amnycke LinuxCNC.

- Ecnu BB He BKitodaeTe (Qatin .var u aneMeHT [RS274NGC] PARAMETER FILE, npu 3anycke Lin-
uxCNC 6yneT co3pas ¢aiin var ¢ umeHeM rs274ngc.var. Ecinu [RS274NGCJPARAMETER FILE e
BKJIIOYEH, MOT'YT IIOSIBUTHCS HEKOTOPLIe COMBAOIINeE C TOJIKY COOOIIEeHUs.

e daiin Tabnume MHCTPYMEHTOB .tbl, eciiu B INI-¢atine ykazano <<sub:ini:sec:emcmot, [EMCMOT]>>
TOOL TABLE. [I7151 HEKOTOPHIX KOHQUTypalui Tabulla MHCTPYMEHTOB He TpebOyeTcs.

4.1.3 Cucrembl LLAroBbiX ABUraTesien

4.1.3.1 Base Period

BASE PERIOD — ato nysbc Bamero kommnbioTepa ¢ LinuxCNC. footnote: [B aToMm pa3pgerne pedb upueT

00 ucnonb3loBanuu stepgen, sctpoeHHoro B LinuxCNC reHepaTopa I1aroBeIX UMIYJILCOB. HeKoTophie
amnnapaTHBIE YCTPOUCTBA UMEIOT COOCTBEHHEIN reHepaTop MIarOBEIX UMITYJIECOB ¥ HE MCII0JIb3YIOT BCTPOEHHEI
B LinuxCNC. B aTom citydae o6paTUTECh K PYKOBOACTBY I10 060pyaoBaHuIo. ] KazKoplii mepro IporpaMMHBIHN
reHepaTop WHIarOBHIX UMITYJILCOB peIlaeT, HPHUILIO JIU BPeMs [OJI CIeOVIOLIeTro IIaroBOro MMITyJIbCa.
Borsee KopoTKuii mepuoy I03BOJIUT BaM r'eHepUpPOBaTh OOJIbIle UMITY/IbCOB B CEKYHY B OIIPeleJIEHHBIX
npepgenax. Ho ecnu BB cOeslaeTe CIUIINKOM KOPOTKUM MUMIYJIBC, BaIll KOMIbIOTED OyAeT TPaTUTh TaK
MHOTO BpeM€eHU Ha IeHepalluio MMIIYJILCOB IIaroB, YTO BCE OCTAIbHOE 3aMENNINTCS WM, BO3MOXKHO,
make 3abyokupyercsa. TpeboBaHUS K 3amepsKKe W IPUBOLY IITArOBOI'0 ABUTATENIS BIUSIOT HA CaMEIN
KOPOTKUY IIePUOM, KOTOPHIM BBl MOXKETE HCIIOJIb30BaTh.

B XyOuieM Ciiydae 3aepP2KKH MOT'YT BOSHUMKATh BCEro HEeCKOJIBKO Pa3 B MUHYTY, U BEPOATHOCTE TOIO,
YTO I1JI0Xad 3aepPxKKa np01/1301'31;:[eT, KOI'ola OIBUTI'aTeJIb MEHSET HallpaBJIEHW e, HEBEJIMKA. Takum o6pa30M,
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BEI MO2K€E€Te IIOJIYYUTh OYEHb PeKne OmInOKH, KOTOpPBIE BPEMSA OT BPEMEHH IIOPTAT OeTaJlIb U KOTOPhIE
HEBO3MOXKHO YCTPAHHUTE.

CawmbIii TpocToM cioco6 n30exkaTh 9ToM mpobiembl — BeIOpaTh BASE PERIOD, KOTOPEHIH IpEACTaBIIsAET
coboli cyMMy HauOomblero TpeboBaHusl K BpeMeHHU Balllero OUCKa W Hauxypnlleidl 3afepKK{ Balllero
KOMIIbIOTEpA. DTO He Bcerga JIy4dmul Beioop. Hanpumep, eciiu BB UCIIOJIb3yeTe IIPUBOT C TpeOoBaHUEM
BPEeMEHU yAepKaHus CUTHasla HanpasieHus 20 MKC, ¥ Balll TECT Ha 3aAeP2KKY [I0Ka3aJl, YT0 MaKCHUMaJlbHas
3agepxkkKa coctaBnsgeT 11 mkc, To ecnnu Bel ycTaHOBUTE BASE PERIOD Ha 20+11 = 31 MKC, BEI IOJIy4UTE
He-Oo4eHb-Xopowmue 32 258 maros B CEKyHAY B OOHOM pexuMe U 16 129 miaros B CeKyHAy B APYTIOM
pexume.

ITpoGnema 3akiI04YaeTcs B TpeOOBaHUAX K BpeMeHU yaepxkKaHus 20 MKC. IJTo IJIioC 3afepxkka B 11
MKC 3aCTaBJIsIeT HaC UCIIOJIb30BaTh MeJIeHHEIH nepuor B 31 Mkc. Ho mporpaMMHLBIN reHepaTop 1IIaros
LinuxCNC uMeeT HEKOTOPEIE TapaMeTpPhI, KOTOPHIE IO3BOJISAIOT YBEINYNBATL PA3JIMYHbBIE BpEMEHA C
OIHOTO IepHrona J0 HeCKoNnbKuxX. Hanpumep, ecnu steplen footnote: [steplen oTHOCUTCS K TapaMeTpy,
KOTOPBIY PETYIUPYET IPOU3BOAUTENILHOCTE BCTPOEHHOTO0 B LinuxCNC resepaTopa I1aroBbIX UMIYJIHCOB
«stepgen», KOTOPHIH ABJsTeTCA KOMIIOHEeHTOM HAL. DTOT mapaMeTp peryaupyeT OJIMHY CaMOT0 IIIar0BOT0
uMnymnabca. IIpomonkaliTe YuTaTh, CO BpeMeHeM Bce 6ymeT oO0bsacHeHO.] udMeHsercsa ¢ 1 Ha 2, Torga
MeKOy HavaJioM M KOHIIOM IITarOBOT'0 MMITyJIbca OymeT maBa mepuoma. AHajoruuHo, ecnu dirhold foot-
note: [dirhold oTHOCUTCS K ITapaMeTpy, KOTOPHIHM PEryIUPYyeT IPOLOIXKUTETbHOCTh BpEMEHH yoepKaH!A
HaHpaBHeHI/IH.] u3MeHeHac 1 Ha 3, MeXIy HIarOBbIM UMITYJIbCOM M U3SMEHEHUEM KOHTAKTa HallpaBJIEHUA
OynmeT Kak MUHUMYM TpHU liepuona. .

Ecnmu MBI CMOKeM HMCIIONb30BaTh dirhold, 94ToOBl YOOBIETBOPUTL TPeOOBAHUSIM BPEeMEHHU YIOEepPKaHUSI
20 MKC, TO CIeOyIOIINM II0 ITPOIOJIKUTEIbHOCTH BpeMeHeM OymeT BpeMsi BRICOKOTO YPOBHS 4,5 MKC.
IToGaBbTe 3amepkKy 11 MKC K BLICOKOMY BpeMEHH 4,5 MKC, ¥ BHl IOJTYYUTEe MUHUMAaIbHEIN mepuon 15,5
Mkc. Korpma B monmpobyeTte 15,5 MKC, Bl 00HaApPYyXKHUTE, YTO KOMIOBIOTEP paboTaeT MeaJIeHHO, II03TOMY
BBl OCTAaHOBUTECH Ha 16 MKc. Ecnu Mbl octaBuM dirhold paBHEIM 1 (110 yMOT4YaHUIO), TO MUHUMAJIbHOE
BpeMs MeXKOy IIaroM M HallpaBI€HHWEM COCTaBHUT Iepuon 16 MKc MmHYC 3agepXkka 11 MKC = 5 MKC,
yero HegoctatouHo. Ham HyxkHO eme 15 Mkc. [lockonbKy nmepuopn paBeH 16 MKC, HaM HyXKeEH ellle
onuH nepuopn. [lostomy Mel MeHsieM dirhold ¢ 1 Ha 2. Temepbs MUHUMAaIbHOE BPEMS OT OKOHUAHUA
[Iar0BOT'0 UMITYJIbCa A0 BhIBOA M3MEHEHU S HallpaBJIeHUs COCTaBsAaeT 5+16=21 MKC, 1 HaM He HyKHO
0ECIIOKOUTBLCS O TOM, UTO IIPUBOJ CHEJIAeT IIar B HEIPaBUJIbHOM HAITPaBJIEHUU U3-3a 3aJePKKH.

HomonauTensHy0 nHGOPManuio o Stepgen cM. B pa3gene stepgen.

4.1.3.2 TMapaMeTpbl LLAroBoro MMnyJsbca

Bpems nmMmIyneca U Iay3bl Ha HEKOTOPHIX IIPUBOAAX pasnuyanTcsa. B 9ToM ciydae TouKa Step (mara)
CTaHOBUTCA BaxkHOU. Ecnm nmpuBopn mernaeT “mar” mo cpesdy, TOrZa BEHIXOOHOM KOHTAKT OOJIKEH OBITH
WHBEPTUPOBAH.

4.1.4 CepBO CUCTEMBDI

4.1.4.1 MNpuHuun paboTsbl

CepBocucteMbl 06/1aqaioT 60IbIIEe CKOPOCTHIO U TOYHOCTHIO, YEM 3KBUBAJIEHTHBIE IIIaTOBLIE CUCTEMEI,
HO oHM 60JIee JOPOTHU U CIIOKHEI. B OT/IMYMeE OT IIIaTrOBEIX CUCTEM, CEPBOCUCTEMaM TpebyeTCst KaKOU-TO
THII YCTPOHCTBa 0OPATHOM CBSI3HU 10 MOJIOKEHUIO, M UX HE0OXOMMO OTPETYIIMPOBATD UITH HACMPOUMD,
IMOCKOJILKY OHUM He COBCEM pPaboTaloT cpaly IIOCJie YCTAaHOBKM, KaK 3TO MOTJia Obl cHenaTh IIaroBas
cucrteMa. OTHU PA3IUYUS CYIIECTBYIOT IIOTOMY, YTO CEPBOIIPUBOALI ITPEACTABISIIOT CO00M CUCTEMY C
06pamHol €8513bt0, B OTIIMUME OT IIATOBHIX ABUTATENEHN, KOTOPhIe OOBIYHO paboTaioT 6€3 ob6pamHol
cesa3u. UTo o3HauaeT c 06pamHoli ces3vt0? [laBaliTe PaCCMOTPUM YIIPOIIEHHYIO CXeMY MOOKITIOUEeHU
CEPBOMOTOPHOM CHUCTEMEI.
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Summing amp Power amp
input signal + Z
[ command signal ] SUMMer amp
- drives power amp

input fcammand) signal
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Power amp
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|
i ! 1]

motor drives load
and feadback device

Figure 4.1: Servo Loop

Ha aTo#t puarpaMMe nokKasaHO, YTO BXOMHOM CUTHAaI (M CUTHaI 00paTHOM CBSI3U) yIIPaBJIgeT CYMMUPYIOIIUM
YCUJIUTEIEeM, CYMMUDYIOINY YCUJINTEIb yIIPaBlIsgeT YCUIUTEIeM MOIITHOCTH, YCUJIUTEIb MOIIHOCTHU
yIIpaBsieT ABUTATEIeM, IBUTATENb YIIPaBIsgeT HarPy3Ko#H (1 yCTPOUCTBOM 00paTHOM CBSI3H) U YCTPOMCTBO
0o06paTHOM CBsI3U ( ¥ BXOJHOM CUTHAJ) YIPABJISIOT ABUTaTEIeM. JTO OYEeHb II0X0XKe Ha KPyT (0OpaTHYIO
CBs3b), rae A koHTponupyeT B, B kouTponupyet C, C kouTponupyeT D, a D koHTponupyeT A.

Ecnu BHI paHbllie He paboTanu C CEpBOCUCTEMAaMM, Ha IIEPBHIN B3TJISAA 9TO, 063 COMHEHMS, TOKaXXeTCs
O4YeHb CTPaAHHOM Haeel, ocOOEHHO 110 CpaBHEHMIO ¢ 6ojiee OOBIYHBIMU 3IEKTPOHHBIMU CXEMaMHU, The
BXO[IBI IIJIABHO MIEPEeXOAsaT K BEIXOJaM M HHKOTa He BO3BpallaloTcs Ha3af. | Eciu 8ce KOHTpOIupyeT
8ce ocmaJsibHOe, KaK 3TO BOOOIIIe MOKeT paboTaTh, KTO rimaBHEIH? OTBeT B ToM, uTO LinuxCNC moowcem
YIOPaBIIATHb 3TOMU CPICTGMOIZ, HO OH O0JI2K€H [OeJiaTh 3TO, 313161/1pa5{ OOV H U3 HECKOJILKUX METOIOB YIIDABJIEHUA.
MerTop yripaBneHus, KOTOphi# ucmnonb3yeT LinuxCNC, oauH U3 caMBIX ITPOCTHIX U Ty4YIINX, Ha3bIBA€TCH
NI,

TN ]l o3HavaeT «IPOMOPIIMOHAIBHLIN», KHHTETPAJIbHBIN» U «ITPOU3BOOHBIN». [IpOmOpIiMOHaIbHOE 3HAUEHUE
oIpepessieT peakIuio Ha TEKYIIYIO OIINOKY, MHTETPalbHOE 3HaYEeHNeE ONPEIessieT PeaKIlnio Ha OCHOBE
CYMMEHI HE[TaBHUX OIIMOO0K, a TPOM3BOIHOE 3HAYEHME OIIPEIEeNIeT PeaKIIUIo Ha OCHOBE CKOPOCTH U3MEHEHUST
ommbKU. DTO TPHU PACIIPOCTPAHEHHBIX MaTeMaTUYECKUX METOIa, KOTOPHIE MPUMEHSIIOTCS ST HOCTUXKEHUS
3alaHHOT0 3HauYeHus pabodero mpoliecca. B cmydae LinuxCNC, mpoiieccoM, KOTOPBIM MBI XOTUM
YIOPaBIATh, ABJIsIeTCS PaKTHUeCKOe II0I0XKEeHHUEe OCH, a 3alaHHOM TOUKOM SIBJISIETCS 3alaHHOe IT0I0XKeHue
oCH.

1ECJ'II/I 9TO IIOMOXKET, OJMUKAUIIUM SKBUBAJIEHTOM 3TOTO B HI/I(prBOM MHPpe FABIAITCA KOHEeYHble asmomambvl, MadwUuHbl
nocsedosamenvHocmeu U T. [., TOe TO, YTO BEIXOOHBIE TAHHBIE JIEJIAIOT Cceliudc, 3aBUCUT OT TOT'0, YTO BXOMHEI (M BEIXOMBI) IeJIaan
paHvuwie. Ecmu 5TO He TOMOXKeET, TOTga HeBaXHO.
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Figure 4.2: [TU]]-KOHTYyD

Hacmpaueas Tpu KOHCTaHTH B anroputMe [TUI-perynsaTopa, KOHTPOIIEP MOKET 00€CTIEUNTH YITPaBIISTIOIIE!
mericTBue, pa3paboTaHHOE OJIg KOHKPETHHEIX TpeGoBaHWM mpollecca. Peakinio KOHTPOJIEPA MOXKHO
OIHCATh C TOYKM 3PEHUS PeakIuyu KOHTPOJIJIepa Ha OmMOKY, CTEIIEHU IIPEBHIIIEHUsS KOHTPOJIEPOM
3alaHHOT'0 3HAYEHUS U CTelleHU KomeOaHull CUCTEMEL.

4.1.4.2 TponpouuoHasibHbIA YNeH

[TponopumoHanbHEIN 4ieH (MHOTOa Hal3blBaeMHBIU KO3(DUIIMEHTOM yCUJIEeHHNS) BHOCUT M3MEHEHUS B
BBIXOIHOM CHUTHAJI, IPOIOPIINOHAJILHEIE TEKYIIEMY 3HaYeHUI0 OIITOKY. BEICOKMH IPOMOPIIMOHATILHEIN
K03pGUIMEHT YCUTIEHUS IPUBOOUT K 3HAUYUTEILHOMY U3MEHEHHUIO BEIXOMHOTO CUTHAJIa IPY 3aJaHHOM
M3MeHEeHUH OmMOKH. ECiu mpomopluoHaabHOE YCUJIEHWEe CITHUIIKOM BEJIMKO, CHCTeMa MOXKEeT CTaTh
HecTabumpHOM. HampoTus, HeBOJIBINION KO3(DDUITMEHT yCUIEHNUSI HPUBOAUT K HEOOIBIIIOMY BEIXOTHOMY
OTKJIMKY Ha OOIBIIYIO BXOOHYI0 OIuOKY. Eciu mponopruoHanbHOe yCUJIeHHE CIIUIIIKOM HU3KO0€e, YIIPaBJISION]
BO3EUCTBUE MOXKET OBITH CJIMIIKOM MaJIbIM IIPU pearupoBaHUM Ha BO3MYIIEHUS B CUCTEME.

ITpu OTCYyTCTBUY IIOMEX YUCTO IIPOTIOPLUMOHAJIFHOE YIIPABIEHNE HE YCTAHOBUTCS HAa 3aJaHHOM 3HAYEHUH,
HO COXPAHUT YCTaHOBUBIITYIOCS OIKUOKY, KOTOPAs SBIIeTCS QYHKIMEN IPOIOPINOHAIBHOI0 YCUJIEHU ST

¥ ko3 duirnenTa ycuneHns npoiecca. HecMoTps Ha ycTaHOBUBIIEECS CMellleHNe, KaK TEOPUSI HaCTPOUKHY,
TaK ¥ ITPOMEIIIITIEHHAs TPaKTUKa IMTOKa3kIBAIOT, YTO UMEHHO IPOMOPIIMOHATBHEIN YIeH MOJIXKeH BHOCUTD
OCHOBHO¥U BKJIaf] B U3MEHEHME BHIXOMA.

4.1.4.3 MWMHTerpasibHblA 4neH

Bknag MHTeTrpalbHOTO YIeHa (MHOTOa Ha3kiBaeMEIH COPOCOM) MPONOPIIHOHAIeH KaK BeTMYnHe OIITUOKH,
TakK U ee MPOOoIKUTENbHOCTH. CyMMHpPOBaHNEe MITHOBEHHOM OIIMOKY II0 BpeMeHU (MHTEerpupoOBaHUE
ommnOKY) faeT HaKOIIJIEHHOE CMEIIeHre, KOTOPOe IOJIZKHO OBbII0 OBITh HCIIPaBJIeHo paHee. HakomnnexnHas
omnOKa 3aTeM YMHOXKAaeTCs Ha MHTETPaJIbHEIN KO3(PDULMEHT YCUIeHUS U 000aBISIETCS K BEIXOOHOMY
CUTHaJIy KOHTpOJIJIepa.

HUHTerpanbHBIH YieH (mpu fo6aBIeHUHY K TPOTOPLHMOHATFHOMY) YCKOPSIET OBUKEHME ITPOIecca K 3aJaHHOMY
3HAYEHUIO U YCTPAHSIET OCTAaTOYHYIO YCTAHOBUBIIYIOCS OIMINOKY, KOTOPasi BO3HUKAET IIPU UCIIOIb30BaHUU
TOJIBKO IIPOIIOPLIMOHATIBHOI0 peryisaTopa. OgHaKo, IOCKONIBKY MHTerpajibHasi COCTaBIS0NIas pearupyer

Ha HaAKOIIJIEHHBIE B ITPOIIIJIOM OIMTHOKM, 9TO MOXKET IPUBECTH K TOMY, UTO TEKylllee 3HaYeHUe BRIUOET

3a mpemenbl 3aJaHHOTO0 3HAYEHUs (mepecedeT 3aJaHHOE 3HAYEHHWE W 3aTEM CO3[acT OTKJIOHEHWE B
OpPYyrOM HalpaBJIEeHUH).
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4.1.4.4 TMNpou3BOAOHbIN YNeH

CKOpOCTb U3MEHEHUS OMMOKY MpPoIlecca PaCCUYUTHIBAETCS IIyTEM OIIpefeeHUs HaKJIoHa OMINOKYU BO
BpeMeHH (T. €. ee MepBOM IIPOU3BOMHOMN 110 BPEMEHU) U YMHOXKEHHUSA 3TOM CKOPOCTU M3MEHEHUS Ha
KO3 PUIMEHT YCUJIEHUSA ITPONU3BOTHOM.

TTpon3BOOHEBIN YIeH 3aMeIieT CKOPOCTh U3MEeHEeH! A BEIXOMHOT0 CUTHAJIa KOHTPOJIIepa, U 3TOT 3G GeKT
Haubonee 3amMeTeH BOMM3W yCTaBKM KOHTposuiepa. CliemoBaTenbHO, YIPaBIEHWE MO TPOU3BOTHOM
KCIIONIb3YEeTCS OISl YMEeHBIIIeHUS BeTHYHNHEL IIepeperyInpoBaHus, CO3JaBaeMOT0 HHTerPaIbHEIM KOMIIOHEH T
U yIydIneHus obiiel cTabuIbHOCTH IpoIecca KOHTPoJIIepa.

4.1.4.5 HacTtpoika obpaTHOM CBA3M

Ecnu napametpsl [T ]I-perynsaTopa (K03ppUIlmeHTH IPOIOPIIMOHAIbHOT0, HHTErPaIbHOT0 U TPOMU3BOAHOIO
YJI€HOB) BEHIOpAHHBI HETPABUIILHO, BXO YIIPABIIIEMOT0 IIpoIlecca MOXKeT ObITh HECTAOUIILHEIM, T. €. €T0
BBIXOIHOM CUTHAJI BAPUPYETCS C OCUMIIIAIIUAMY Uy 6e3 HUX U OTPAaHUYUBAETCS TOJILKO HaCHIIIeHUEM
WJIM MeXaHW4eCKUM IIpephiBaHreM. HacTpoiika KOHTypa yIIpaBiIeHus IIPpeACcTaBasgeT CoO60 HaCTPOUKY
ero rmapaMeTpoB yIIpaBJieHus (yCHUIeHNEe/30Ha IPOIOPIMOHATBHOCTH, HHTErPAJIbHOE YCuilieHue/copoc,
IPOKU3BOOHOE YCUIEHNE/CKOPOCTh) OO ONITUMAalIbHEIX 3HAUYEHUN IS XKeJlaeMOW peaKIU yIIpaBlIeHUs.

4.1.4.6 Py4yHas HacTpoMKa

IIpocToit MeTOod HACTPOWKM 3aKJII0OYaeTCs B TOM, YTOOBI CHadajla yCTAaHOBUThH 3HadeHusd I m D Ha
HOJIb. YBenuuuBaiTe P o Tex mop, IMOKa BLHIXOOHOM CUTHAN KOHTypa He HayHeT KojebaThCs, 3aTeM
P cnegyeT yCTaHOBUTH PAaBHBIM IIPUMEPHO ITOJIOBHMHE 3TOT'0 3HAUEHUS [JIST OTKJIMKA THUIIA 3amyxXdHue
Ha Yemeepmb amMniumyosl. 3aTeM yBenuduBauTe | Mo Tex mop, moka mob6oe cMelleHue He CTaHeT
ITPaBUJIBHBIM 3a AOCTATOYHOE AJIs IIpoilecca BpeMs. OmHAKO CIIUIITKOM MHOTO | BEI30BET HECTaOMITEHOCTD.
Haxkowner, npu Heo6X0auMOCTH yBemnuuBanTe D 1o TeX mop, MoKa KOHTYP He Oy[IeT OCTaTOYHO OBICTPO
OOCTUTATh 3aMaHHOI0 3HAYEeHUS OCJie HapylIleHus Harpy3ku. OgHAKO CIUIITKOM O0JIbIIoe 3HaYeHUe
D mpuBefeT K 4Ype3MepHOMY OTKJIHUKY U IlepeperyaupoBanHuio. BbricTpast HacTporika KoHTypa ITH]I-
perynstopa oOBIYHO CJIeTKa BRIXOOUT 3a MpeIesibl mualta30oHa, YToOBl OLICTpee HOCTUYh 3aHaHHOTO
3HAYEHUS; OHAKO HEKOTOPHIE CUCTEMEI HE IONYCKAIOT IIepeperyInpoBaHus, U B 3TOM ciiydyae TpebyeTcs
CUCTeMa Upe3MepHOo20 demnguposaHus ¢ oOPATHOM CBI3BI0 IJIT KOTOPOH moTpebyeTcst HacTpoiika P,
3HAYUTENIbHO MEHBIIAasA, YeM II0JIOBUHA HAaCTPOMKY P, BEI3LIBAIOIIEl KoneOaHusI.

4.1.5 S-Curve Trajectory Planning

S-curve trajectory planning limits jerk (the rate of change of acceleration) to provide smoother mo-
tion. This can reduce machine vibration and improve surface finish, but requires tuning additional
parameters.

4.1.5.1 Enabling

Set in the INI file:

[TRAJ]

PLANNER TYPE = 1 # O=trapezoidal (default), 1=S-curve
MAX LINEAR JERK = 1000.0 # Machine units/s”3

[JOINT n]

MAX_JERK = 1000.0

S-curve planning is only active when PLANNER TYPE = 1 and MAX LINEAR JERK > 0.
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4.1.5.2 Tuning

Start with a conservative jerk value and increase gradually:
MAX JERK b’’=b’’ 10 to 100 x MAX ACCELERATION

Typical values: 100-100,000 units/s® depending on machine rigidity and units (mm values are typically
1000x larger than inch values).

Increase MAX_LINEAR JERK until motion becomes sluggish or following errors increase, then reduce
slightly. Test with coordinated moves and arcs.

4.1.6 RTAI

HNutepderic npunoxkenu peanvHoro speMmenu (RTAI) ucnons3yercs gjsi o0ecriedueHUs Hauaydlen
IIPOU3BOOUTENBHOCTH B peanbHOM BpeMeHHU (RT). UcnpaBnernHoe sapo RTAI mo3BosnsieT nucaTh IPUIOKEHUSA
CO CTPOTHMMH OTPaHMYEeHUsIMHU 10 BpeMeHU. RTAI maeT BaM BO3MOXKHOCTE MCIIOJIb30BaTh TaKHe BEIIH,

KaK reHepalnus IIaroBbIX UMIIY/IECOB, KOTOPEIEe TPEOYIOT TOYHBIX BpEMEHHEIX IIapaMeTpOB.

4.1.6.1 ACPI

Pacmupennbl uHTEpdeElic KoHpurypanuu u nutanusa (ACPI) uMmeeT MHO2KeCTBO pa3/TUYHEIX (QYHKITUH,
OOJIBITMHCTBO U3 KOTOPHIX BIUAIOT Ha Npou3BoOuTeNibHOCTL RT (HampuMep: ympaBiieHUe NUTaHUEM,
oTkmodyeHue nutanus L1, macmrabupoBanue yactoTsl LIIT u T. A.). B ssgpe LinuxCNC (1, BO3MOXKHO,
BO Bcex saAmpax c ucnpaBnenuaMu RTAI) ACPI otkmioueH. ACPI Takxke 3a60TUTCS 00 OTKIIIOUEHUHU
CHUCTEeMEI II0CJIe Haualla BEIKJIIOUEeHUS, II09TOMY BaM MOKeT IIoTpeboBaThC HaXKaTh KHOIIKY ITUTaHUs,
4TOOBI IIOJIHOCTHIO BEIKNIOUUTHL KoMIbioTep. ['pymna RTAI ymyumina 3TO B IIOCNIENHUX BEHIIYCKAaX,
nmoatomMy Balla cucteMa LinuxCNC B KOHITe KOHIIOB MOXET OTKJIIOYHUTHCS caMa I1o cele.

4.1.7 BapuaHTbl 060opynoBaHua uHTepcgenca KoMmnbloTepa/cCTaHka

4.1.7.1 litehm2/rv901t

Litehm2 — 3T0 He3aBucuMEBIY OT IaTH nopT npomuBkyu HostMot2 FPGA. TlepBoli nogmepKuBaeMou
IIaToM siByisteTcs linsn rv901t, koTopast n3HavabHO ObIJIa ITOCTPOEHA KakK IIJlaTa KOHTPOJIIepa CBETOOUOIOB,
HO OJraromapsi HaJIW4YUIO BBOIOA-BLIBOA OHA XOPOIIO ITOAXOOUT ST paboThl B KaueCcTBe KOHTpPOJIIepa
MammuHbL. OHa ITpemiiaraeT 0KoJio 80 mopToOB BBOOA-BhIBOMa ¢ Oydepusaruei 5 B 1 MoKeT mepeKIIIod4aThCs
MeKOy BCEMHU BXOOAaMH{ M BCEMH BBIXOIAMM. €ro TaKzKe JIETKO MOau(UIIMPOBaTh, YTOOH Pa3meinThb
IIOPTHI II0OII0JIaM MeXAy BxomoM u BeixomoM. RvO01t mogkniodaeTcsa K KOMIIbIOTePY depe3 Gigabit unu
100Mbit Ethernet.

Litehm?2 ocHoBan Ha nnatdopMme LiteX, koTopas nogmepkuBaet mupokuii ciekTp miat FPGA. B HacTosIiee
BpeMs nopaepkKuBaeTcs TonbKo rv901t, Ho mogmepkKa 60IbIIEr0 KOJIMYeCTBa IIJIaT HAXOOUTCS B CTafuU
pa3paboTKu.

HomonmHuTeNbHYI0 NH(pOPMALINI0O MOKHO HaliTH 1o agpecy https://github.com/sensille/litehm?2.

4.2 TecTupoBaHMe 3a4epPXKu

4.2.1 4YT0 TakKkoe 3apepxka (latency)?

3agepXxKKa — 39TO BpeMsi, KoTopoe TpebyeTcs I1K, 4TOOE OCTAHOBUTHL TO, UTO OH [EJIaeT, U OTBETHUTH
Ha BHEIIHWH 3allpoc, HaAlpUMep, 3alyCTUTh OOWH M3 IIEePHOIHUUYECKHX IIOTOKOB pealbHOr0 BpeMeHH
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LinuxCNC. YeM MeHbIlIe 3afepKKa, TEM OBICTPEE Bbl MOXKETE 3allyCTUTD IIOTOKU PEaIbHOTO BPpEMEHH,
u TeM OoJiee IJIaBHBIM OyHmeT ABUXKeHHe (M MOTEHIIMabHO 00Jjiee GLHICTPBEIM B CIydyae IPOTrPaMMHOTO
I1aroBOTO IIepeEMEIeHUS).

3azmepxkka ropasno BaxHee ckopoctu LIIT. CkpomuEii Pentium I, KOTOpEIY pearupyeT Ha IpephIBaHUS
B TeueHUe 10 MUKPOCEKYHA KaXKObIM pa3, MOXKET AaTh JIy4YIlIne pe3yIbTaThl, YeM HOBEUIIUU U CaMbIU
OuICTPBIM MOHCTP P4 Hyperthreading.

IIpomeccop — He eMUHCTBEHHLIN (PaKTOpP, ONpeneaonui 3afepKKy. MaTepruHCKUeE IIJIaTH, BUAE0KaPTHI,
nopTel USB u pap opyrux Beleyd MOTYT IOBJIUATH Ha 3a0epKKy. Jlydmmi criocob y3HaTh, C YeM BEI
nMeeTe Oesio, — 3allyCTUTh TeCT Ha 3aepPkKKY.

Generating step pulses in software has one very big advantage - it's free. Just about every PC that
has a parallel port is capable of outputting step pulses that are generated by the software.

However, software step pulses also have some disadvantages:

¢* OrpaHMYE€HHad MaKCHMaJlbHasd CKOPOCTE IIara
¢ NXKUTTEP B reHEePUPYEeMbIX UMITYyJIbCaX

* HaArpyzxaeT IIPOIeccop

4.2.2 TecTbl 3apepXXKu

LinuxCNC BKII0YaeT HECKOJILKO TECTOB Ha 3aJiepKKy. Bce oHU BHIAIOT 9KBHBAJIEHTHYIO HH(GOPMAIIIIO.
3amnyCK 3TUX TECTOB IIOMOZKET ONIPENEIUTh, IOOAXOOUT JIM KOMIIBIOTED AJIA YIIpaBIieHua CTaHKoM C UITY.

Note
He 3anyckanTe LinuxCNC nnun StepConf BoO BpeMs BbINOJIHEHNSA TECTa 3a4EPXKKMU.

4.2.2.1 Latency Test

The latency test can be run a few different ways.

If you are using PnCconf to configure your machine, you can launch the Latency Test by clicking the
"Test Base Period Jitter button’ during the 2nd step of the process.

If you are using StepConf to configure your machine, you can launch the Latency Test by clicking the
”Test Base Period Jitter button’ during the 2nd step of the process.

If you want to run the test from the command line, open a terminal window (in Ubuntu, from Applica-
tions — Accessories — Terminal) and run the following command:

latency-test

OTO 3aIyCTUT TECT 3a[epPKKMU C ImepuoaoM 6a30BOT0 MOTOKa 25MKC M MEPUOAOM CEPBOIOTOKA 1MmcC.
[OMuTensHOCTh IepUoa MOXKHO yKa3aTh B KOMaHOHOU CTPOKeE:

latency-test 50000 1000000

310 3allyCTHUT TeCT 3ad€P2KKHU C ITIepuogomM 6a30Boro moToka 50MKC 1 IIEPHOOOM CEPBOIIOTOKA 1mc.
s IIOJIY4YE€HUsA OOCTYIIHBIX IIapaMeTPOB BBEOIUTE B KOMaHIHOM! CTpPOKE:

latency-test -h
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ITocne 3allyCKa TeCTa 3a4eP2KKH BBl JOJI2ZKHBI YBUOETH 9TO-TO BPOO€E 3TOI'O:

| LinuxCNC / HAL Latency Test + -0 X

Let this test run for a few minutes, then note the maximum |itter. You will use
it while configuring LinuxCNC.

While the test is running, you should "abuse" the computer. Move windows
around on the screen. surf the web. Copy some large files around on the disk.
Play some music. Run an OpenGL program such as glxgears. The idea is to put
the PC through its paces while the latency test checks to see what the worst
case numbers are.

Max Interval (ns) Max Jitter (ns) Last interval (ns)
Servo thread (1ms): 1001058 4578 996764

Base thread (25ps): 31605 6693 25001

Reset Statistics

Figure 4.3: Tect 3agepxkku HAL

Bo BpeMs BHIIIOJTHEHHUSI TeCTa BaM CllefyeT u3desambvCsAa Hand KOMIbIOTEPOM. [lepemelniaTh OKHA IIO
9KkpaHy. ITona3uTk 1o BeO-cTpanuiiaMm. CKOIMMPOBaTh HECKOIBbKO O0IbIUX (haiiioB Ha AuCK. Bocmpou3BecTtu
MY3BIKY. 3anycTuTh nporpamMmmy OpenGL, Hanpumep glxgears. Migest COCTOUT B TOM, YTOOBI ITOABEPTHYTH
[IK ucnrlTaHUSAM, IOKaA TECT Ha 3aepPKKY IPOBePseT, KAKOBE HauUXyAlINe II0Ka3aTelu.

BaxkHBIM Y1 CJIOM [OJIS ITPOTPAaMMHOI0 CTEIIIIMHTA SIBISETCS MAKCUMAAbHbLIU dcummep 6a30BOT0 IOTOKA.
B npuBeieHHOM BHIIIIE ITpUMepPe 3T0 6693 HaHOCEKYHAOH (HC) uinu 6,693 MUKPOCEKYHAH (MKC). 3alUIInTe
9TO 4yuCJyio u BBeguTe ero B StepConf, korma oHo GymeT 3alIpoIIeHo.

In the example above, latency-test only ran for a few seconds. You should run the test for at least
several minutes; sometimes the worst case latency doesn’t happen very often, or only happens when
you do some particular action. For instance, one Intel motherboard worked pretty well most of the
time, but every 64 seconds it had a very bad 300 ps latency. Fortunately that was fixable, see [?].

So, what do the results mean?

If your Max Jitter number is less than about 20,000 nanoseconds, the computer should give very nice
results with software stepping or a dedicated hardware card such as a Mesa Anything I/O card.

If the Max Jitter number is between 20,000 and 50,000 nanoseconds, you can still get good results
with software stepping, but your maximum step rate might be a little disappointing, especially if you
use microstepping or have very fine pitch leadscrews. You can, however, achieve excellent results
using a hardware card.

If the Max Jitter number is between 50,000 and 500,000 nanoseconds, you cannot use software step-
ping. You can, however, achieve acceptable results using a hardware card.

If the Max Jitter number is above 500,000 nanoseconds, you cannot use software stepping or a hard-
ware card with LinuxCNC and achieve acceptable results.

Note

If you get high numbers, there may be ways to improve them. Another PC had very bad latency
(several million nanoseconds) when using the onboard video. But a $5 used video card solved the
problem. LinuxCNC does not require bleeding-edge hardware.
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s mony4eHusa OOTOMHUTEIbHOM NH(pOpMaIlui 0 HaCTPOMKeE I1aroBOT0 ABUTATEJIA CM. TJIaBy Stepper
Tuning.

Tip
LOCTYyMHbI AOMONHUTENbHbIE UHCTPYMEHTbI KOMaHAHOW CTPOKW AOJ19 MPOBEPKM 3a4EPXKKK, Korga
LinuxCNC He 3anyLieH.

4.2.2.2 TpacduK 3apepXxXKu

latency-plot co3maeT MeHTOYHYIO AuarpaMMy [jis 6a30BOTO W CEPBOMOTOKA. MOXeT OBITH MOIEe3HO
VBUIETh IUKU 3aJePKKHU IIPHU 3allyCKe HJIM MCIO0JIb30BAHUN OPYTHUX IIPUI0XKEHHH. M CIIoIb30BaHHUe:

latency-plot --help
Usage:

latency-plot --help | -7
latency-plot --hal [Options]

Options:
--base ns (base thread interval in nanoseconds, default: 25000)
--servo ns (servo thread interval in nanoseconds, default: 1000000)
--time ms (report interval in milliseconds, default: 1000)
--relative (relative clock time (default))
--actual (actual clock time)

R(Pts:| 240 -|+ Latency (uSeconds) vs Time (seconds) Wall:

Figure 4.4: latency-plot Window

4.2.2.3 TI'mctorpaMmMma 3aaep>XxKu

I'ucTorpaMma 3afiepKKU MIPUIOKEHUS oToOpaXaeT TUCTOTrpaMMy 3alepikku (jitter) mns 6a3oBoro u
CEPBOIIOTOKA.
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Usage:
latency-histogram --help | -7
latency-histogram [Options]

25000, min:

5000)

Options:
- -base ns (base thread interval in nanoseconds, default:
--servo ns (servo thread interval in nanoseconds, default: 1000000, min: 25000)

(base bin size in nanoseconds, default: 100
(servo bin size in nanoseconds, default: 100

--bbinsize ns
--sbinsize ns

--bbins n (base bins, default: 200

--sbins n (servo bins, default: 200

--logscale 0|1 (y axis log scale, default: 1)

--text note (additional note, default: "” )

--show (show count of undisplayed bins)

--nobase (servo thread only)

--verbose (progress and debug)

- -NoX (no gui, display elapsed,min,max,sdev for each thread)
Note

When determining the latency, LinuxCNC and HAL should not be running, stop with halrun -U. Large
number of bins and/or small binsizes will slow updates. For single thread, specify --nobase (and
options for servo thread). Measured latencies outside the +/- bin range are reported with special end

bars. Use --show to show count for the off-chart [pos|neg] bin.

- Tusr/binflatency-histogram

Date Hostname User CommandiineNote

Machine OSversion LinuxCMCversion Xdisplay
Ncores Isolcpus Vendor_id Model

Latency (uS) base thread (25.0 uSec period , binsize=0.1 uS)

Latency (uS) servo thread (1000.0 uSec period , binsize=0.1 uS)

1E7

1E6

1E4

1E5

Display +/-bins: — 2 T 4 710 7 20 T 40 © 100 ~ 200

Reset| ¥ ylogscale Sereenshot| Glxgears| 0

1E3
1E3
1E2
1E2
1E1
1E1
1ED 1E0
l T T T T T 1 T ] r T T
20 -10 4 2 0 2 4 10 20 20 -10 4 -
min (us) -14.3 sdev (us): 0.3 max{us) 14.3 | min (us) -14.1 sdev (us):
0 =—off-chart neg bin ct off-chart pos bin ct—=> 0 0 =-off-chart neg bin ct

|Display +/-bins: ~ 2 4 10 ©

T 1
02 4 1m0 20

0.3 max(us) 14.8
off-chart pos bin ct—> 1]

20 40 100 = 200 |
Elapsed ﬁmec[ 764 Exit

Figure 4.5: Okuo latency-histogram
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4.2.3 HacTtpouka 3apep>XKu

LinuxCNC moxkeT paboTaTh Ha MHOTHUX Pa3/IMYHLIX allllapPaTHBIX IIaTGOpPMax 1 C PAa3/IMYHLEIMU SOpaMu
peaJlbHOI'O BpEMEHHU, U BC€ OHU MOT'YT BBIUT'DATh OT HaCTpOﬁKH Ha OIITHMAJIBHYIO 3aJEPZXKKY.

OCHOBHOU 11e7IbI0 HaCTPOouKHU cucTteMsl O LinuxCNC aBnsgeTcs pe3epBupoBanue LI 01 HCKITIOUYUTETHHOTO
HCIIOTh30BaHUs 3afiad peasibHOTr0 BpeMeHu LinuxCNC, uTo6bI Apyrue 3agaqy (Kak I0JIb30BaTEIbCKUE
IporpaMMEl, TakK U IIOTOKHU gapa) He Memanu gocTyry LinuxCNC k stomy LIIT.

Korpga onpeneneHHble mapaMeTPEl HACTPOUKH CUUTAIOTCS YHUBEPCanbHO 1one3HBIMH, LinuxCNC BEIIIONHAET
9Ty HaCTPOMKY aBTOMAaTUUYECKH IIPHU 3allyCKe, HO MHOTUE IlapaMeTpPhl HaCTPOMKU 3aBUCAT OT CTaHKa U

He MOT'yT OLITh BHIIIOJIHEHEI aBTOMaTHudecKu. YennoBeKy, ycTaHasnuBatmemy LinuxCNC, Heo6xonuMo
9KCIEPUMEHTAJIbHO OIIPENEJINTh ONITUMAaNIbHYI0 HACTPOUKY [JII CBOEU CUCTEMHI.

4.2.3.1 Hactpouka BIOS Ha 3apepXKy

BIOS TIK cy1mieCTBEHHO pa3nuyarTCcs 10 CBOUM II0Ka3aTeNlaM 3adepKKN.

HacTtpotika BIOS yToMuTtenbHa, NOCKOJBKY BaM HYXKHO Iepe3arpy3uThb KOMIILIOTED, CHOejlaTh OOHY
HeOOJIbIYI0 HacTPouKy B BIOS, 3arpy3uTs Linux u 3anyCTUTh TECT 3a0ePKKH (IOTEHITUATIBHO B TEYEHUE
OJIUTENBLHOT0 BpEMEHU), YTOOH YBUETh, KaK MOBNUAN0 uamMenenue BIOS. 3aTeM noBTopuTe A1 BCEX
oCcTanbHBEIX HacTpoekK BIOS, KoTopkle BBl XOTUTE ITOIIPOOOBATE.

IMockonwsky Bce BIOS pa3Hble U HeCTaHOapPTHEIE, TPENOCTaBJIEHNE TOOPOOHOT0 PYKOBOICTBA 110 HACTPOMKE
BIOS nenenecoo6pa3Ho. B o6uiem, BOT HEKOTOPHIE BEII, KOTOPLIE MOKHO ITOTPOO0OBAaTh HACTPOUTH B
BIOS:

e Otkmounte ACPI, APM u moGrie gpyrue QyHKIHUH 3HeprocOepexeHus. Croma BXOOUT BCe, YTO
CBSI3AHO C 9HeprocbepexkeHueM, IPUOCTaHOBKOM, cocTosTHUsIMU cHa LIT1, MmaciiTabupoBaHreM YaCTOTEI
OiluT. O

e OTKIIOYUTDL pexkuM “Typ60o” mpoiieccopa.
¢ OTKIIIOYUTDH TUIEPIOTOYHOCTD LIIT.
e OTKIIOYHUTE (MIU UHBIM 00pa30M KOHTPOJIMPOBATh) IPEPHIBAHME YIIPABIeHUsST cucTeMou (SMI).

* OTKIIIOYKUTE BCe 000PYOOBaHUE, KOTOPOE BH He COOMPAETECh UCIIOIb30BaTh.

4.2.3.2 Hactpounka Preempt-RT onsa 3apep>xkKu

Anpo Preempt-RT MoKeT BHIMTpaTh OT HAaCTPOMKH, UTOOH 00€CHeYuTh HAUIYUIIyI0 3aJepKKy O
LinuxCNC. HacTpoiika MozKeT OBITh BRITIOJTHEHA Yepe3 KOMaHOHYIO CTPOKY sapa, sysctl u uepes daint
B /proc u /sys.

HeKOTOpBIe IIapaMeTpPHI HaCTpOfIKH, Ha KOTOpEIE ClIeayeT O6paTI/ITI> BHHMaHHUeE:

KoMmangHast cTpOKa simpa
IMTompobHoCcTH 3Oeck: https://www.kernel.org/doc/Documentation/admin-guide/kernel-parameters.txt

* isolcpus: 3ampermaeT 60ILIIMHCTBY IIPOIECCOB, He oTHOCcAIUXCA K LinuxCNC, ncrnonb30BaTh
3TH IIPOLIECCOPHI, OCTABsAS OOJIBIIE ITPOIECCOPHOTO BPpEMEHHU JOCTYIHHIM 1yisi LinuxCNC.

e irgaffinity: BriGepure, kakue LIIT o6cnykuBaloT ipepriBanus, 4ToOw! LIT1, 3ape3epBupoBaHHEBIE
o LinuxCNC realtime, He IPpUXOOUIOCH BHIIIONIHATE 3Ty 3a7ady.

* rcu_nocbs: 3ampeTuTh 3anyck o6patHbX BEI30BoB RCU Ha 3Tux mpoueccopax.
* rcu_nocb poll: Onpoc o6paTHEIX BEI30BOB RCU BMECTO UCTIOJIF30BAHUS PeKUMa CHa/IPOOyKAeHM .
* nohz_full: OTK/IIOYUTH TaKTOBYIO YaCTOTY Ha 9TUX IIPOIIECCOpax.



https://www.kernel.org/doc/Documentation/admin-guide/kernel-parameters.txt
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Sysctl
IMogpo6HoCcTH 3meck: https://www.kernel.org/doc/html/latest/scheduler/sched-rt-group.html

e sysctl.kernel.sched rt runtime us: ycTaHOBuUTe 3Ha4eHue -1, 4TOOBI CHSITH OTPAaHUYEHUE
Ha BpeMd, KOTOPO€e MOTI'yT MCIIOJIb30BaTh 3aJa4X PeaJIbHOI'O BpEeMEHH.

4.3 Stepper Tuning

4.3.1 Getting the most out of Software Stepping

Generating step pulses in software has one very big advantage - it’s free. Just about every PC has a
parallel port that is capable of outputting step pulses that are generated by the software. However,
software step pulses also have some disadvantages:

¢ OrpaHn4YeHHass MaKCHMaJIbHAasd CKOPOCTH IIIara
¢ I2KUTTEP B rEHEPUPYEMEIX UMITYJIECaX

* HarpyzaeT IIPOIeCccopP

This chapter has some steps that can help you get the best results from software generated steps.

4.3.1.1 Run a Latency Test

The CPU is not the only factor determining latency. Motherboards, graphics cards, USB ports and
many other things can degrade it. The best way to know what to expect from a PC is to run the RT
latency tests.

Run the latency test as described in the Latency Test chapter.

While the test is running, you should abuse the computer. Move windows around on the screen. Surf
the web. Copy some large files around on the disk. Play some music. Run an OpenGL program such
as glxgears. The idea is to put the PC through its paces while the latency test checks to see what the
worst case numbers are.

The last number in the column labeled Max Jitter is the most important. Write it down - you will need
it later. It contains the worst latency measurement during the entire run of the test. In the example
above, that is 6693 nano-seconds, or 6,69 micro-seconds, which is excellent. However the example
only ran for a few seconds (it prints one line every second). You should run the test for at least several
minutes; sometimes the worst case latency doesn’t happen very often, or only happens when you do
some particular action. I had one Intel motherboard that worked pretty well most of the time, but
every 64 seconds it had a very bad 300 ps latency. Fortunately that is fixable, see Fixing SMI issues
on the LinuxCNC Wiki

So, what do the results mean? If your Max Jitter number is less than about 15-20 microseconds
(15000-20000 nanoseconds), the computer should give very nice results with software stepping. If
the max latency is more like 30-50 microseconds, you can still get good results, but your maximum
step rate might be a little disappointing, especially if you use microstepping or have very fine pitch
leadscrews. If the numbers are 100 ps or more (100,000 nanoseconds), then the PC is not a good
candidate for software stepping. Numbers over 1 millisecond (1,000,000 nanoseconds) mean the PC
is not a good candidate for LinuxCNC, regardless of whether you use software stepping or not.

Note that if you get high numbers, there may be ways to improve them. For example, one PC had very
bad latency (several milliseconds) when using the onboard video. But a $5 used video card solved the
problem - LinuxCNC does not require bleeding edge hardware.



https://www.kernel.org/doc/html/latest/scheduler/sched-rt-group.html
https://wiki.linuxcnc.org/cgi-bin/wiki.pl?FixingSMIIssues
https://wiki.linuxcnc.org/cgi-bin/wiki.pl?FixingSMIIssues
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4.3.1.2 Figure out what your drives expect

Different brands of stepper drives have different timing requirements on their step and direction
inputs. So you need to dig out (or Google for) the data sheet that has your drive’s specs.

From the Gecko G202 manual:

Step Frequency: 0 to 200 kHz

Step Pulse "0” Time: 0.5 ps min (Step on falling edge)

Step Pulse "1” Time: 4.5 pus min

Direction Setup: 1 ps min (20 ps min hold time after Step edge)

From the Gecko G203V manual:

Step Frequency: 0 to 333 kHz
Step Pulse "0"” Time: 2.0 ps min (Step on rising edge)
Step Pulse "1” Time: 1.0 ps min

Direction Setup:
200 ns (0.2 ps) before step pulse rising edge
200 ns (0.2 ps) hold after step pulse rising edge

From the Xylotex datasheet:

Minimum DIR setup time before rising edge of STEP Pulse 200 ns Minimum
DIR hold time after rising edge of STEP pulse 200 ns

Minimum STEP pulse high time 2.0 us

Minimum STEP pulse low time 1.0 us

Step happens on rising edge

Once you find the numbers, write them down too - you need them in the next step.

4.3.1.3 Choose your BASE_PERIOD

BASE PERIOD is the heartbeat of your LinuxCNC computer. Every period, the software step genera-
tor decides if it is time for another step pulse. A shorter period will allow you to generate more pulses
per second, within limits. But if you go too short, your computer will spend so much time generating
step pulses that everything else will slow to a crawl, or maybe even lock up. Latency and stepper
drive requirements affect the shortest period you can use, as we will see in a minute.

Let’s look at the Gecko example first. The G202 can handle step pulses that go low for 0.5 ps and
high for 4.5 ps, it needs the direction pin to be stable 1 ps before the falling edge, and remain stable
for 20 ps after the falling edge. The longest timing requirement is the 20 ps hold time. A simple
approach would be to set the period at 20 ps. That means that all changes on the STEP and DIR lines
are separated by 20 ps. All is good, right?

Wrong! If there was ZERO latency, then all edges would be separated by 20 us, and everything would
be fine. But all computers have some latency. Latency means lateness. If the computer has 11 ps of
latency, that means sometimes the software runs as much as 11 ps later than it was supposed to. If
one run of the software is 11 ps late, and the next one is on time, the delay from the first to the second
is only 9 ps. If the first one generated a step pulse, and the second one changed the direction bit, you
just violated the 20 pus G202 hold time requirement. That means your drive might have taken a step
in the wrong direction, and your part will be the wrong size.

The really nasty part about this problem is that it can be very very rare. Worst case latencies might
only happen a few times a minute, and the odds of bad latency happening just as the motor is changing
direction are low. So you get very rare errors that ruin a part every once in a while and are impossible
to troubleshoot.
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The simplest way to avoid this problem is to choose a BASE PERIOD that is the sum of the longest
timing requirement of your drive, and the worst case latency of your computer. If you are running a
Gecko with a 20 ps hold time requirement, and your latency test said you have a maximum latency of
11 ps, then if you set the BASE PERIOD to 20+11 = 31 ps (31000 nano-seconds in the ini file), you
are guaranteed to meet the drive’s timing requirements.

But there is a tradeoff. Making a step pulse requires at least two periods. One to start the pulse, and
one to end it. Since the period is 31 ps, it takes 2x31 = 62 ps to create a step pulse. That means the
maximum step rate is only 16,129 steps per second. Not so good. (But don’t give up yet, we still have
some tweaking to do in the next section.)

For the Xylotex, the setup and hold times are very short, 200 ns each (0.2 ps). The longest time is
the 2 ps high time. If you have 11 ps latency, then you can set the BASE PERIOD as low as 11+2=13
ps. Getting rid of the long 20 ps hold time really helps! With a period of 13 ps, a complete step takes
2x13 = 26 ps, and the maximum step rate is 38,461 steps per second!

But you can’t start celebrating yet. Note that 13 ps is a very short period. If you try to run the step
generator every 13 us, there might not be enough time left to run anything else, and your computer
will lock up. If you are aiming for periods of less than 25 ps, you should start at 25 ps or more, run
LinuxCNC, and see how things respond. If all is well, you can gradually decrease the period. If the
mouse pointer starts getting sluggish, and everything else on the PC slows down, your period is a
little too short. Go back to the previous value that let the computer run smoothly.

In this case, suppose you started at 25 ps, trying to get to 13 ps, but you find that around 16 ps is the
limit - any less and the computer doesn’t respond very well. So you use 16 ps. With a 16 ps period and
11 ps latency, the shortest output time will be 16-11 = 5 ps. The drive only needs 2 s, so you have
some margin. Margin is good - you don’t want to lose steps because you cut the timing too close.

What is the maximum step rate? Remember, two periods to make a step. You settled on 16 ps for the
period, so a step takes 32 pus. That works out to a not bad 31,250 steps per second.

4.3.1.4 Use steplen, stepspace, dirsetup, and/or dirhold

In the last section, we got the Xylotex drive to a 16 ps period and a 31,250 step per second maximum
speed. But the Gecko was stuck at 31 ps and a not-so-nice 16,129 steps per second. The Xylotex
example is as good as we can make it. But the Gecko can be improved.

The problem with the G202 is the 20 ps hold time requirement. That plus the 11 us latency is what
forces us to use a slow 31 ps period. But the LinuxCNC software step generator has some parameters
that let you increase the various time from one period to several. For example, if steplen is changed
from 1 to 2, then it there will be two periods between the beginning and end of the step pulse. Likewise,
if dirhold is changed from 1 to 3, there will be at least three periods between the step pulse and a
change of the direction pin.

If we can use dirhold to meet the 20 ps hold time requirement, then the next longest time is the 4.5
ps high time. Add the 11 ps latency to the 4.5 ps high time, and you get a minimum period of 15.5
ps. When you try 15.5 ps, you find that the computer is sluggish, so you settle on 16 ps. If we leave
dirhold at 1 (the default), then the minimum time between step and direction is the 16 ps period minus
the 11 ps latency = 5 ps, which is not enough. We need another 15 ps. Since the period is 16 us, we
need one more period. So we change dirhold from 1 to 2. Now the minimum time from the end of the
step pulse to the changing direction pin is 5+16=21 ps, and we don’t have to worry about the Gecko
stepping the wrong direction because of latency.

If the computer has a latency of 11 ps, then a combination of a 16 ps base period, and a dirhold value
of 2 ensures that we will always meet the timing requirements of the Gecko. For normal stepping (no
direction change), the increased dirhold value has no effect. It takes two periods totalling 32 us to
make each step, and we have the same 31,250 step per second rate that we got with the Xylotex.

The 11 ps latency number used in this example is very good. If you work through these examples with
larger latency, like 20 or 25 ps, the top step rate for both the Xylotex and the Gecko will be lower.
But the same formulas apply for calculating the optimum BASE PERIOD, and for tweaking dirhold or
other step generator parameters.
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4.3.1.5 No Guessing!

For a fast AND reliable software based stepper system, you cannot just guess at periods and other
configuration parameters. You need to make measurements on your computer, and do the math to
ensure that your drives get the signals they need.

To make the math easier, I've created an Open Office spreadsheet Step Timing Calculator. You enter
your latency test result and your stepper drive timing requirements and the spreadsheet calculates
the optimum BASE PERIOD. Next, you test the period to make sure it won’t slow down or lock up
your PC. Finally, you enter the actual period, and the spreadsheet will tell you the stepgen parameter
settings that are needed to meet your drive’s timing requirements. It also calculates the maximum
step rate that you will be able to generate.

I've added a few things to the spreadsheet to calculate max speed and stepper electrical calculations.

4.4 INI Configuration

4.4.1 KomMmnoHeHThl INI-pbanna
Tunuunb INI-dain uMeeT TOBOJIBHO IIPOCTYIO CTPYKTYPY, KOTOpasi BKITIOYaeT B cebs:

* KOMMEHTapuu
¢ pa3pgeiibl

¢ IIEpEMEHHEIE

Kaxpaniii 13 9THUX 3JIEMEHTOB pa3felleH Ha OTAelbHbIe CTPOKU. KaxKOblli KOHEIl CTPOKU WIN CHUMBOJII
HOBOM CTPOKM CO3[IaeT HOBHIM 3JIEMEHT.

4.4.1.1 Comments

CTpoKa KOMMEHTapHs HaUYMHAETCH C ; uiu cuMmBona #. Korpa nporpamma urtenus INI Bumut mo0yro u3
3THUX METOK B Hauajie CTPOKH, OCTajIbHas 4YaCTh CTPOKU UTHOPUPYETCS IPOTrPaMMHBLIM 00eCIiedYeHUuEM.
KoMMeHTapuu MOKHO MCIIOIb30BaTh [Jid ONKMCaHUSA TOTO, YTO OyOeT menaTh ajneMeHT INI.

; This is my mill configuration file.
# I set it up on January 12, 2012

KoMMeHTapuu Tak»ke MOXKHO MCIOIb30BaTh [/ OMK/AIOYEHUs TIepeMeHHON. IJTo obieryaeT BHIGOD
MeXKOy Pa3InYHLEIMU [IePEeMEeHHEIMH.

DISPLAY = axis
# DISPLAY = touchy

B aTtom criucke nnepemenHoi DISPLAY 6ymeT IprCBOEHO 3HaUEHUE axis, IOCKOIbKY Apyras 3aKOMMEHTHPOBA!
Ecnmu KTO-TO HEOCTOPOXKHO OTPEHAKTHUPYET TAaKOW CIIMCOK M OCTAaBUT ABE CTPOKU 0e3 KOMMEHTapPHEB,
OymeT ucIoib30BaHa IepBasi BCTPeYeHHas.

OO6paTuTe BHUMaHUE, YTO BHYTPHU ITIEPEMEHHOM CUMBOJIHL «#» 1 «;» CUMBOJIEI HE 0003HAaYal0T KOMMEHTapUU:
INCORRECT = value # and a comment

# Correct Comment
CORRECT = value



https://wiki.linuxcnc.org/uploads/StepTimingCalculator.ods
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4.4.1.2 Paspensol

CssizaHHBIe YacTu ¢aiina INI pa3geneHns! Ha pa3gesnbl. IMs pa3gena 3aK/II04eH0 B CKOOKY, HallpUMeD:
[THIS SECTION].ITopsmok pa3mesioB HeBaxKeH. Pa3fmenbl HAUMHAIOTCS C UMEHU pa3fiesa U 3aKaHUYHUBaIOTCS
HMeHeM CJIefyIoIllero pa3gena.

Crnepyroliye pasfnesibl ucojb3yloTca LinuxCNC:

* [EMC] oburrie cBeneHUs

* [DISPLAY] HacTpoiky, CBsI3aHHLIE C TpadruuecKuM HHTEeP(EUCcoM I0Ib30BaTeNa

* [FILTER] HacTporku nporpaMm BXOOQHOTO QUIbTpa

¢ [RS274NGC] HacTpOMKH, UCIIOJIb3yEMBIE UHTEPIPeTaTOpoM G-Koma

* [EMCMOT] HacTpoOuKH, UCIOJIE3yeMble KOHTPOJIJIEPOM OBUIKEHUS B pealbHOM BPEMEHU
e [TASK] HacTpoOMKM, UCIIONIb3yeMbEIe KOHTPOJIIIEPOM 3afia4

e [HAL] ykaswiBaeT ¢atinsl .hal

* [HALUI] Komaugst MDI, ucnonssyemeie HALUI

* [APPLICATIONS] Opyrue npunoxeHusd, 3anyckaeMbie LinuxCNC

* [TRAJ] mononHUTEIbHBIE HACTPOUKY, UCIIOIb3YEeMEIEe KOHTPOJIJIEPOM OBUKEHM A B peaIbHOM BpeMeHU
* [JOINT n] nmepeMeHHEIE OTOEILHOTO COYJIEHEHU S

* [AXIS 1] nepeMeHHBIE OTOEILHOM OCH

¢ [KINS] kmHeMaTHU4YeCKHEe IIepeMeHHbIe

* [EMCIO] HacTpOUKHU, UCIIOIb3yeMEIe KOHTPOJIJIEPOM BBOJa-BEIBOAA

4.4.1.3 TlepeMeHHble

CTpoKa ImepeMeHHOM COCTOUT U3 UMEHM IIepeMEHHON, 3HaKa paBeHCTBa (=) U 3HaueHuA. Bce, HaunHasa
C IIePBOTO CUMBOJIA, OTJIMYHOT'O OT IIpoberia, mocje = U [0 KOHIa CTPOKH, IIepeJaeTcs KaK 3HaueHue,
IT0O9TOMY BBl MOXKETE BCTABIISATE IIPOOEIIHI B CTPOKOBBIE CUMBOJIBI, ECJIU XOTUTE UJIH HYKIaeTeCh B 9TOM.
WM nepeMeHHOU 9acTO Ha3bIBalOT KIIIOUYEBBIM CJIOBOM.

I[IpumMmep mepeMeHHOH

MACHINE = My Machine

CTpoka mepeMeHHOM MOXKeT OBITh pacllimpeHa OO0 HECKOJILKUX CTPOK C IIOMOIIbI0 KOHEYHOTO CUMBOJIA
obpatHOU Kocou 4epTH (\). Paspemaerca makcumyM MAX EXTEND LINES (==20). Ilocne cumBoia
00OpaTHOM KOCO¥ YePTHI He OOJIZKHO OBITH IIPOOEIIOB.

HNpeHnTr(UKaTOPH pa3gesioB He MOTYT OBITh PaCIIMPEHH Ha HECKOJIBKO CTPOK.

I[IpuMep mepeMeHHOH C PacCIIHPEeHHOH CTPOKOH

APP = sim pin \
ini.0.max_acceleration \
ini.l.max acceleration \
ini.2.max_acceleration \
ini.0.max_velocity \
ini.l.max velocity \
ini.2.max_velocity
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JIorudyeckue nepeMeHHbIe Jlormyeckue 3HaueHus MoryT ObTb omHuM u3 TRUE, YES unu 1 gnsa
true/enabled u oguuM u3 FALSE, NO unu 0 gns false/disabled. Peructp uriopupyercs.

B cnemyromux pa3gernax IogpoOHO OMKMCcaH KaxkAbIN pa3aen ¢daiina KOHQUTypaluu C UCIIOIb30BaHUEM
MIPUMEPOB 3HAYEHUM [OJIT CTPOK KOH(MUTypallun.

HepeMeHHbIe, HUCIIONIb3yEeMEIE LinuxCNC, Bcerpma moJIzKHBI HMCIIOIb30BaTh UMEHa pa3nesloB 1 UMEeHa
IIepeMEeHHEIX, KaK IIOKa3aHO.

4.4.1.4 TMonb3oBaTesbCKUe paspesibl U NepeMeHHble

B GoBIIMHCTBE MPUMEPOB KOH(PUTYpalMii MCIIOIb3YIOTCS HaCTpanBaeMble pa3deibl U IIepeMEeHHEIE,
TTO3BOJISIONINE M1 yIOOCTBa Pa3MeCTUTh BCE HAaCTPOMKHU B OMHOM MecCTe.

Y10o06nI m0O6aBUTD ITOIB30BATENBCKYIO IIEPEMEHHYIO B CylllecTBYIomu# pa3nesn LinuxCNC, TpoCcTo BKIIIOYUTE
IIepeMeHHYIO B 9TOT pas3me.

IIpuMep M0JIL30BaTEILCKOU NepeMeHHon: npucsoenue 3HadeHusi LINEAR nepemennou TYPE
¥ 3HaueHHus1 16000 nepemennou SCALE.

[JOINT 0]
TYPE = LINEAR

SCALE = 16000

Y100k BBECTH IT0TTh30BATEJILCKUYM Pa3aesl C COOCTBEHHEIMU IIePEMEHHBIMH, T00aBbTe PA3Oel 1 IIePEeMeHHbIe
B INI-daiin.

IIpuMep mO/IL30BaTE/ILCKOro pa3aesia

[PROBE]

Z FEEDRATE = 50

Z OFFSET = 12

Z SAFE_DISTANCE = -10

YToOHBI HCIIOJTE30BATh IT0JIb30BaTEILCKHE ITepeMeHHEbIe B (haiine HAL, moMecTuTe pa3fesn ¥ uMs IepPeMeHHON
BMECTO 3HAYEHUS.

HAL IIpumep

setp offset.l.offset [PROBE]Z OFFSET
setp stepgen.0.position-scale [JOINT O]SCALE

Note
3HayYeHne, XpaHsLieeca B NEPEMEHHON, AO/IKHO COOTBETCTBOBATb TUMY, YKa3aHHOMY KOHTAKTOM
KOMMOHEHTa.

Y100k UCITOJIF30BATH IT0JIb30BATEJILCKUE IepeMeHHbIe B G-KOfle, MCITONb3YUTE CUHTAKCUC TIT00aIbHBIX
IepeMeHHHIX #< ini[section]variable>. B cnempyiomem nmpuMepe IIoKa3aHa IIpocTasi Ipolenypa
KacaHMs ocu Z Ojisi Gpe3epHoro CTaHKa C UCII0Ib30BaHUEM 30HIOBOM IIJIACTHUHHI.

IIpumep G-code

G91

G38.2 Z#< ini[probe]z safe distance> F#< ini[probe]z feedrate>
G90

Gl Z#5063

G10 L20 PO Z#< ini[probelz offset>




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 145 /1345

4.4.1.5 BknwunTtb pannbl

®aiin INI MoKeT BKITIOUATh COepKUMOe Apyroro daiina ¢ nmoMmoltso nupeKTuBsl #INCLUDE.
#INCLUDE ®opmMart
#INCLUDE filename

HNms daiina MoxkeT OBITH YKa3aHO KakK:

* (aiin B TOM Ke KaTasnore, 4To u ¢an INI
¢ (aiiy, PacIoIoKEeHHBIN OTHOCUTEIBHO paboyero Karaaora
¢ (aiiy, PacIoIoKEeHHBIN OTHOCUTEILHO paboyero Karaaora

* uMs ¢aiiyza OTHOCUTEILHO-IOMAIIHET0-KaTasIora -I10JIb30BaTess (Ha4YMHAeTCs C ~)

INonpmepxxuBaeTcsa HeCKONbKO nupeKTus #INCLUDE.
#INCLUDE IIpumepsl

#INCLUDE joint 0.inc

#INCLUDE ../parallel/joint 1.inc

#INCLUDE below/joint 2.inc

#INCLUDE /home/myusername/myincludes/display.inc
#INCLUDE ~/1linuxcnc/myincludes/rs274ngc.inc

OupekTusbl #INCLUDE nongmepzXKuBalOTCS TOJIBKO IJIS OOHOTO YPOBHS pPacCIIMpPeHus — BKIIIOYEHHBIN
¢aiin He MOXKeT BKJII0OYaTh OOIIOJIHUTENbHBIE Daiiibl. PeKoMeHOyeMoe paciiupenue ¢gatina — .inc. He
HCIIONIb3yUTEe paclIupeHue .ini Oy BKIIIOYEHHHIX (Pamnios.

4.4.2 Paspensol INI-banna
4.4.2.1 [EMC] paspen

e VERSION = 1.1 - Homep Bepcuu KoHpurypainuu. Jlio6oe 3HadeHUe, oTaudHoe oT 1,1, mpuBemet
K 3aIlyCKy CPeICTBa IPOBEPKU KOH(PUTypauuy M MONBITKE 00OHOBIEHUS KOHGUTYPAIUU OO HOBOTO
CTUJIS TUIIOB KOHQUTYpalliU COYJIeHEeHUN OCcel .

¢ MACHINE = My Controller - 9To uMs KOHTPOJIIepa, KOTOPoe 0TOOpaxkaeTcs B BepXHel YacTH OOIbIITHHCT]
rpadudeckux uHTepderco. BEl MoKeTe TOMECTUTD CIOfa BCe, YTO 3aXOTHUTE, TIaBHOE, YTOOBI 3TO
OBIJIO B OJHY CTPOKY.

* DEBUG = 0 - YpoBeHnb oTiafgku 0 o3Ha4aeT, YTo coobeHus He OyAyT BEIBOOUTHCS IIPU 3amycke Lin-
uxCNC u3 terminal. ®maru ornagku 06LIYHO MTOJIE3HEI TONLKO pa3dpaboTuukaM. [Ipyrue HaCTPOUKU
cM. B src/emc/nml intf/debugflags.h.

* RCS DEBUG = 1 RCS debug messages to show. Print only errors (1) by default if EMC DEBUG RCS
and EMC DEBUG RCS bits in DEBUG are unset, otherwise print all (-1). Use this to select RCS debug
messages. See src/libnml/rcs/rcs print.hh for all MODE flags.

e RCS DEBUG DEST = STDOUT - how to output RCS DEBUG messages (NULL, STDOUT, STDERR, FILE,
LOGGER, MSGBOX).

* RCS_MAX ERR = -1 - Number after which RCS errors are not reported anymore (-1 = infinite).

* NML_FILE = /usr/share/linuxcnc/linuxcnc.nml - YcTaHOBUTe 3TO 3HAYEHME, €CJIM BEl XOTUTE
KCIIONIb30BaTh Gain kondurypauur NML, oTIMYHBIN OT UCIIOIb3YyEMOTI0 II0 YMOIYaHHIO.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 146 /1345

4.4.2.2 [DISPLAY] Section

PaznuuHEBle MPOrpaMMEL IOJIE30BaTEJIbCKOT0 HHTepdelica MCIOMb3yIOT pa3Hble IapaMeTphl, U He KazKIbIi
rapaMeTp IOOaePKUBAETCS KazKObIM II0JIb30BaTENbCKUM HHTEPdeiicoM. CyIlecTByeT HECKOILKO HHTEP(hEH!
takux Kak AXIS, GMOCCAPY, Touchy, QtVCP’s QtDragon u Gscreen. AXIS — sT0 mHTepdelic Onda
HUCIIOJIB30BAHHUA C OﬁBIT-IHbIM KOMIIBIOTEPOM 1 MOHHUTOPOM, Touchy — OJId UCITOJIb30BaHUA C CEHCOPHBIMHU
skpanamu. GMOCCAPY MOXKHO MCIIONIb30BaTh 000MMHU criocofaMM, a TakK¥Ke IIpeaiaraeT MHOXKECTBO
coegUHEHUM OJ1s ynpaBneHus obopynoBanueM. Onucanust nHTepGecoB HaxonsaTcs B pa3gene MuTepdeichl
PykoBO{CTBa mOJIb30BATEIS.

e DISPLAY = axis - The file name of the executable providing the user interface to use. Prominent
valid options are (all in lower case): axis, touchy, gmoccapy, gscreen, tklinuxcnc, qtvcp, qtvcp
gtdragon or qtvcp gtplasmac.

e POSITION OFFSET = RELATIVE - Cuctema koopguHatT (RELATIVE or MACHINE), koTopasi 6ymeT oToOpaXkaThC
Ha YIIU npu 3amycke mojib3oBaTennbckoro nurepdetica. RELATIVE cuctema KoopauHaT oTpaXKaer
OEeHCTBYIOIIME B HaCTOsIlee BpeMs cMeleHus KoopauHaT G92 u Gbx.

e POSITION FEEDBACK = COMMANDED - 3nauenue kooppuaaTsl (COMMANDED unu ACTUAL), koTopoe OymeT
otobpaxkaThcsa Ha YL mpu 3amycke I0Ib30BaTEILCKOT0 HHTepdetica. B AXIS 3To MOKHO H3MEHUTD
B MeHI0 View. COMMANDED no3uiiusg — ato nmo3unus, 3anpoineHHas LinuxCNC. ACTUAL nonoxeHue
— 9TO IIOJIOKeHHue 00paTHOM CBSA3U OBUTaTeNel, eClIi OHM UMeIOT 00paTHYIO CBS3b, KaK U O0JIBIINHCTBO
cepBocucteM. OOBIYHO HMcHONMb3yeTcst 3HaueHue COMMANDED.

e DRO_FORMAT MM = %+08.6f - [lepeonpenenuts ¢popMaTrpoBarue Y1 110 yMOIT4aHUIO B METPUYECKOM
pexuMe (06LIYHO 3 mECATUYHBIX 3HAKA, IOMOJIHEHHBIX ITpobeaMu o 6 nudp cieBa). B npuBemenHoM
BBIIIIE TIPUMEPE OOIIOIHAIOTCS HYISIMH, 0TOOpaxKaloTCs 6 HeCSITUYHBIX UMD U TPUHYOIUTEIbHO OTOOpaXxKae'
3HaK + [JIs IOI0XKUTENbHBIX uncesl. ®opMaTupoBaHUEe COOTBETCTBYET ITpakTuke Python: https://docs.pyth
2/library/string.html#format-specification-mini-language. Ecnu ¢opmaT He MOXKeT IPUHATL 3HaUYEeHUE
C IIJIaBAOIIEH 3ansiTON, TO BOSHUKHET OIIMOKa.

e DRO_FORMAT IN = % 4.1f - [lepeonpenenuts ¢opMaTrpoBanue YIIU 1o ymMoI4aHUIO B UMIIEPCKOM
pexumMe (00BIYHO 4 MEeCATUYHBIX 3HAKA, IOMOJTHEHHBIX TpobeaMu o 6 nudp ciea). B npuBemenHoM
BhIIIIe IpUMepe 6ymeT oTo6paxkaThCs TOJILKO OfHa JecaTudHas nudpa. PopmaTupoBaHue COOTBETCTBYET
npakTuke Python: https://docs.python.org/2/library/string.html#format-specification-mini-language.
Ecnu ¢popMaT He MOXKeT MPUHSITL 3HAUEeHHEe C IIJIaBaloIIel 3alsaTOM, TO BO3HUKHET OIMNOKA.

* CONE_BASESIZE = .25 - Override the default cone/tool base size of .5 in the graphics display. Valid
values are between 0.025 and 2.0.

* DISABLE CONE_SCALING = TRUE - Any non-empty value (including "0”) will override the default be-
havior of scaling the cone/tool size using the extents of the currently loaded G-code program in the
graphics display.

* MAX FEED OVERRIDE = 1.2 - MakcumanbHOe IlepeolpefeeHne Iogadyu, KOTOpoe MOXKeT BrIOpaTh
nosnb3o0BaTesnib. 1.2 o3HavaeT 120% oT 3anporpaMMUPOBaHHOU CKOPOCTU NOTAYH.

* MIN SPINDLE OVERRIDE = 0.5- MuauManbHOE IIepeolIpefeNe e MINUHAeNsI, KOTOPoe MOXKeT BHIOpaTh
nonb3oBaTenb. 0,5 o3HavaeT 50% 0T 3aIporpaMMHUPOBAHHOU CKOPOCTH MINMUHAENA. (DTO UCIIOIb3yeTCs
IJI YCTAHOBKY MMHUMAJIbHON CKOPOCTH IINUHAEJISA.)

e MIN SPINDLE O OVERRIDE = 0.5 - MuHuUManbHOE IEpEONpeneieHue IINNHAENA, KOTOPOE MOXKET
BeIOpaTh monb3oBaTenb. 0,5 o3HauaeT 50% OT 3amporpaMMHUPOBAHHOM CKOPOCTH IMIMHHAENS. (ITO
UCIIOJIB3YyEeTCA OJid YCTaHOBKH MHUHHUMAaJIbHOM CKOpOCTH IHHI/IHJIGJ'IH.) Ha MHOTI'OIIITUHOEJIBHOM CTaHKe
OymyT 3alucu Oj1g KaXKaoro HoMepa MnuHaens. Ycrnonb3yeTcs TOIbKO I0JIb30BaTEILCKUMU UHTepdelicaM
Ha ocHoBe QtVCP.

e MAX SPINDLE OVERRIDE = 1.0-MaxkcuManabHOe lIepeollpefeieHre MINHIeIsI, KOTOPoe MOXKeT BRIOpaTh
nonb3oBaTtenb. 1,0 o3HavaeT 100% 3anporpaMMHUPOBAaHHONW CKOPOCTH IIMHUHOEI.



https://docs.python.org/2/library/string.html#format-specification-mini-language
https://docs.python.org/2/library/string.html#format-specification-mini-language
https://docs.python.org/2/library/string.html#format-specification-mini-language
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e MAX SPINDLE O OVERRIDE = 1.0-MaxkcuManbHOE IIepeolipefesieHre I0aqyl, KOTOpOe MOXKeT BEIOpaTh
nonb3oBaTenb. 1.2 o3HagaeT 120% oT 3anporpaMMHPOBaHHOM CKOPOCTHU Mofgaur. Ha MHOTOMIINHAEIHEHOM
cTaHKe OyayT 3allyMCH i KaXKOoro HoMepa mnuHaesns. Ucmonb3yeTcs TOIBKO MOIb30BaTEeIbCKUMHU
uHTepdelicamu Ha ocHoBe QtVCP.

* DEFAULT SPINDLE SPEED = 100 - Yucno o60OpOTOB IINUHAENS 10 YMOIYaHMIO, KOTfa WIMHUHAENIb
3allyCKaeTCs B pyYHOM pexxume. Ecnu 5TOT napaMeTp OTCYTCTBYeT, 10 yMOJIYaHUIo OH paBeH 1 06/MuH
s AXIS u 300 o6/mun gas GMOCCAPY.

- deprecated - BMecTO 3TOr0 HCnonb3yirte pa3gen [SPINDLE n]

e DEFAULT SPINDLE O SPEED = 100 - Yucno o60pOTOB IIMIMHAENS IO YMOJTYaHUIO, KOT{la IIIUH/EIb
3aIlyCKaA€eTCs B PYYHOM PEXKHNME. Ha MHOT'OIIIIUHOEJIBHOM CTaHKe 6y,’[[y'T 3all¥MCH OJId KaKOO0Iro HOMepa
mnuHgesnsa. Mcronb3yeTcs TONbKO II0JIb30BaTeIbCKUMU HHTepdeticamu Ha ocHoBe QtVCP.

- deprecated - BMecTO 3TOTr0 HMCIOabL3yiTe pa3men [SPINDLE nl].

 SPINDLE INCREMENT = 200 - IIpupalieHue, HCIIOIb3yeMoe [IPU HaXKaTUX KHOIIOK YBENIUYEeHUI/yMEHbIIIEHL
Hcnonb3yeTcs TONBKO MOJIb30BaTENILCKUMU HHTepdeticamu Ha ocHoBe QtVCP.

- deprecated - BMecTo 3TOTO Hcnonb3yuTe pa3men [SPINDLE n].

e MIN SPINDLE O SPEED = 1000 - MmHMMaJIbHas 4aCTOTa BPallleH!S, KOTOPYIO MOXKHO BEIOpPaTh BPYYHYIO.
Ha MHoOrommnuHAenbHOM CTaHKe OyAyT 3alWCU [JjIg KaXKOOoro HoMepa wmmnuHpens. HWcmomb3lyeTcs
TOJILKO II0JIb30BaTENbLCKUMU UHTepdelicamu Ha ocHoBe QtVCP.

- deprecated - BMecTO 3TOr0 UCnoab3yuTe pa3gen [SPINDLE n].

¢ MAX SPINDLE O SPEED = 20000 - MakcuManIbHOE YHCJI0 0O0POTOB B MHHYTY, KOTOPOE MOXKHO BHIOPATh
Bpy4Hy0. Ha MHOrOIINIMHEIFHOM CTaHKe OyAyT 3allMCH OJIsI KaXK0Tro HoMepa MnuHaens. Mcnonb3yercs
TOJIBKO II0JIb30BaTEeIbCKUMU UHTep(dericamu Ha ocHOBe QtVCP.

- deprecated - BMecTO 3TOr0 HCIOab3yiTe pa3men [SPINDLE nl].

* PROGRAM PREFIX = ~/linuxcnc/nc_files - Katanor nmo ymondanuio a4 ¢anoB G-Koma, UMeHOBaHHBIX
IOJIIporpaMM U oIIpenesisieMbIxX monb3oBaTeneM M-konos. Katanor PROGRAM PREFIX umercs nepeg
KaTanoraMu, nepeuncieHHEIMU B [RS274]SUBROUTINE PATH u [RS274]USER M PATH.

¢ INTRO GRAPHIC = emc2.gif - M306paxkeHue, IOKa3aHHOE Ha 3aCTaBKe.

* INTRO TIME

5 - MakcuManbHOE BpeMs 0TOOpazkeHUsT 3aCTaBKU B CEKYHIaX.

 CYCLE TIME 100 - Bpemst nmkna ['MII. B 3aBUCHMOCTH OT 9KpaHa 3TO MOXKET OBITh B CEKYHOaX
Uiy McC (ITPeAnoYTUTEIBbHO MC). 3a4acTyIO 9TO YacTOTa OOHOBIEHUS, a HEe BPEMS OXHUIOAHUSA MEXKIY
obHOBNeHUsIMH. Ecnu BpeMss 0OHOBJIEHHS YCTAHOBIEHO HEIIPaBUIIBHO, 9KpPaH MOXKET IepecTaTh
OTBeYaThb Ha 3alPOCHl UK CUJIBHO AepraThcsa. 3HaueHue 100 mc (0,1 c) gBmsieTCs: OOIIEITPUHSTON
HaCTPOUKOM, XOTSI MOKHO HCII0NTb30BaTh auarna3oH 50-200 mc (0,05-0,2 c). [Tpoiieccop c HEAOCTaTOUYHOM
MOIITHOCTBIO MOKeT paboTaTh JIydille mpu 60jiee OIUTeIbHOM HacTporke. OOBIYHO MOAXOOUT 3HAUEHNE
10 YMOJITYaHUIO.

* PREVIEW TIMEOUT = 5 - TaiimMayT (B CeKyHIax) mjs 3arpy3Kud rpadrueckKoro ImpeaBapUTEILHOTO
npocMmoTpa G-kKopa. Ha maHHBIN MOMEHT TONBKO B AXIS.

* HOMING PROMPT = TRUE - Any non-empty value (including “0”) will enable showing a prompt mes-
sage with homing request, when the Power On button is pressed in AXIS GUI. Pressing the "Ok”
button in prompt message is equivalent to pressing the "Home All” button(or the Ctrl-HOME key).

« FOAM W
« FOAM Z

1.5 sets the foam W height.

0 sets the foam Z height.
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e GRAPHICAL MAX FILE SIZE = 20 largest size (in mega bytes) that will be displayed graphically. If
the program is bigger than this setting, a bounding box will be displayed. By default, this setting
is at 20 MB or 1/4 of the system memory, which ever is smaller. A negative value is interpreted as
unlimited.

Note
Cnepywouwme »3nemenTbl [DISPLAY] wucnonb3dytotca GladeVCP wu  PyVCP, [OMONHUTENLHYIO
nHdopMayuio cM. B pa3zgesie embedding a tab rnasbl GladeVCP nnum B rnase PyVCP.

* EMBED TAB NAME = GladeVCP demo

* EMBED TAB COMMAND = halcmd loadusr -Wn gladevcp gladevcp -c gladevcp -x {XID\} -u ./glad
./gladevcp/manual-example.ui

Note

Pa3nn4yHble NnporpaMMbl MNosb30BaTEIbCKOro MHTepdenca NCNosb3yT pasHble NapamMeTpsbl, N He
Ka>kabll NapaMeTp NoAfepXMBaeTCA KakAbIM MOJb30BaTeNbCKUM uHTepdencom. MNoapobHyto
nHpopmaumio 06 AXIS cm. B gokymeHTe AXIS GUI. MogpobHocTn 0 GMOCCAPY cM. B AOKYMEHTe
GMOCCAPY.

e DEFAULT LINEAR VELOCITY = .25 - CKOpPOCTH II0 YMOJIYaAHUIO OJI JTUHEWHOU MeOJIeHHOU II0OOa4Yy B
machine unit B cekyHny.

e MIN VELOCITY = .01 - [IpuMepHOE MUHUMAJILHOE 3HAaYEHNeE IIara II0JI3YHKa MeOJIEeHHOU ITI0Oay4u.

e MAX_LINEAR VELOCITY
CTaHKa B CEKyHY.

* MIN LINEAR VELOCITY
IOoJayYHu.

1.0 - MakcuMarnbHass CKOPOCTbD OJIisI TMHEWMHON MeIJIEHHOM ITI0aul, B €MUHUIaX

.01 - [IpuMepHOE MUHUMAJILHOE 3HaUeHUe Illara IoJI3yHKa MeOJieHHOU

e DEFAULT ANGULAR VELOCITY = .25 - CKOpPOCTH 10 YMOJUAHUIO OJIS YTJIOBOM MeOJjIeHHOU IIofadu B
eIVHUNIlaX CTaHKa B CEKYHTY.

e MIN ANGULAR VELOCITY
HOoJayYHu.

* MAX ANGULAR VELOCITY
CTaHKa B CEKYHIY.

.01 - TIpumepHOE MUHUMATbHOE 3HAYEHWE YTIIOBOTO IIaTa MOJI3YHKA MEIJIEHH(

1.0 - MakcuMasbHas CKOPOCTH YITIOBOM MeOJIEHHOM MogayH, B eMUHUIIaX

e INCREMENTS = 1 mm, .5 in, ... -OmnpepessieT IpupalleHns, JOCTYIIHbIE AJI OUCKPETHOM MeIJIeHHOM!
nogmauyu. INCREMENTS MOXKHO HCIONIB30BaTh OJIA IIE€PEOIPENEsICHNs 3Ha4YE€HU 10 YMOJIYaHUIO.
3HayeHUs MOTYT OBITh lecaTUYHBIMU (HanrpuMep, 0,1000) unu HaTypanbHEIMU OPOOSIMYU (HanpuMep,
1/16), 3a KoTOPEIMU HeOOS3aTENbHO CIIEAYEeT eQUHUIIA U3MepPeHus (cm, mm, um, inch, in unau mil).
Ecnu egmanla m3MepeHUs He yKa3aHa, Iogpa3yMeBaeTCsa eONHNIa U3MePEeHUsI CTaHKa. MeTpudecKue
M UMIIEPCKHE PacCTOSTHUS MOTYT ObITh cMemaHHBIMH: INCREMENTS = 1inch, 1 mil, 1 cm, 1 mm,

1 ym — gomycTUMBIe 3HAYEHUS.

e GRIDS = 10 mm, 1 in, ... -OmnpegenseT IpenycTaHOBIEHHbIE 3HAYEHHUS OJI TUHUN CEeTKHU. 3HaUeHue
UHTepupeTupyeTrcsa Tak ke, Kak INCREMENTS.

e OPEN FILE = /full/path/to/file.ngc - ®aiin, KOTOPHIH OymeT oToOpPaXkaThCA HA 3acTaBKe IIPHU
3amycke AXIS. ITpu uCIIonb30BaHUHU ITYCTOM CTPOKH ”” TIpu 3amycke ¢daiin He Oymet 3arpyxes. GMOC-
CAPY He OyzmeT UCIIOJIL30BATh 3TOT IapaMeTp, ITOCKOJIBKY IIpejiaraeT COOTBETCTBYIOIIYIO 3aIIUCh Ha
CBOEeM CTpaHUIle HaCTPOeK.
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e EDITOR = gedit - PemakTop, ucnoib3yeMbiti ipu BeiGope File > Edit gns pemakTtupoBanus G-kKoma
u3 MeHio AXIS. 9ToT mapaMeTp HE0OXOOUMO HAaCTPOUTH, YTOOB paboTajl 3TOT IyHKT MeHIo. [Ipyras
mommycTuMad 3anuch — gnome-terminal -e vim. Ota 3anuce He oTHOCUTCA K GMOCCAPY, TOCKOIBKY
GMOCCAPY uMeeT BCTPOEHHBIN pegaKTop.

e TOOL EDITOR = tooledit - PemakTop, UCIIONB3yEMEIH ITPU PEOAKTUPOBAHUY TaOTUIIEI HHCTPYMEHTOB
(manpumep, BeibpaB "File > Edit tool table...” B AXIS). [Ipyrue monycTuMbie 3amnucu: gedit, gnome-termin:
-e vim, and gvim. 9Ta 3anuck He oTHOCUTCI K GMOCCAPY, nockonbky GMOCCAPY uMmeeT BCTPOEHHEIH
pemakTop.

e PYVCP = /filename.xml - ®aiin onucanus nanenu PyVCP. [lonomHuTenbHYI0 HHPOPMAIIUIO CM. B
paspgene PyVCP.

* PYVCP_POSITION = BOTTOM - Pa3meirnenue nanenu PyVCP B nmonb3oBaTenbCKOM MHTEPdeiice AXIS.
Ecnu aTa mepeMeHHas OIyIeHa, ITaHe b 110 YMOJT9aHM0 OyAeT pacuojiaraTbCs ClipaBa. EqUHCTBEHHAs
momycTuMasi anbTepHaTuBa — BOTTOM. [JomomHuTENbHYIO MHpOPMaluio cM. B riaBe PyVCP.

e LATHE = 1-JIio60e HenycToe 3HaueHue (BKitouas “0”) 3actaBnset AXIS ncnonb3oBath “lathe mode”
C BUOM CBEpPXy ¥ pafuyCcoM U nuameTpoM Ha YIIUN.

* BACK TOOL_LATHE = 1 - JIro60€e HellycTOe 3HaueHNe (BKno4Yas «0») 3actasnseT AXIS ucnons3oBaTh
“back tool lathe mode” ¢ uHBepPTUPOBAHHOM OCHIO X.

* FOAM = 1 - JI1o60e HemycToe 3HaueHUe (Bkiodas “0”) mpuBomuT K ToMy, uTo AXIS mepekiiodaeT
oTo0OpakeHNe Ha PeXUM pe3aKa BCIIEHHEHBIX MaTepua’sos.

e GEOMETRY = XYZABCUVW - YmpaBnsieT preview u backplot nBuxkeHusi. 3TOT 3JIeMEHT COCTOUT U3
MMOCJIEMOBATENbHOCTH OYKB OCH ¥ YIPABJISIOIINX CHMBOJIOB, KOTOPBIM MOXKET IIPEAIIeCTBOBATh 3HAK

Byksrl X, Y, Z 0603HavaioT mepeMeIeHne BOoIb Ha3BaHHON KOOPOUHATHI.

Byksrr A, B, C 0603Ha4aloT BpallleHue BOKPYTI COOTBETCTBYIomuX ocewt X, Y, Z.

Byksw U, V, W 0603Ha4aloT repeMeIieHue 1o COOTBETCTBYIOIINM 0ocsiM X, Y, Z.

Kaxkpast yka3anHas OykBa goiixkHa BctpedaTbcsi B [ TRAJ]COORDINATES, uToOs uMeTh 3¢ ¢EKT.

I

CumMBon ”-”, mpenIIecTByOIN 110001 OYKBe, MHBEPTUPYET HaApPaBJIEHHUE OIepPaIlui.

A

Onepanuu mepeMelleHus 1 BpaleHus oreHuBaioTcsa right-to-left. TakuM o6pa3omM, HCIIOIbL30BaHUE
GEOMETRY=XYZBC 3apaeTt BpaiueHue C, 3a KOTOPEIM CJIE€OyeT BpalleHue B, 3a KOTOPEIM CIIEOYIOT
nepemetnierus Z, Y, X. Ilopsanok mocienoBaTelbHO CIeNyIomuxX OYKB He UMeeT 3HaUYeHU .

7. TlpaBunbHas ctpoka GEOMETRY 3aBUCUT OT KOHGUTYpaLMU CTaHKa U KHHEMATUKM, UCIIOJIb3yeMOH
O ero ympaBneHusi. Ilopssgok OykKB BaxkeH. Hampumep, BpaimieHue Bokpyr C, a 3atem B
OTJINYaeTCs OT BpallleHus BOKPYT B, a 3aTtem C.

8. IToBOPOTHI IO YMOTYAHUIO NPUMEHSIIOTCS OTHOCHUTEJIBHO HMCXOOHOM TOYKHU CTaHKa. IIpumep:
GEOMETRY=CXYZ cHa4ana nepeBOOUT KOHTPOJIBHYIO TOYKY B X, Y, Z, a 3aTe€M BHIIIOJIHAET BpallleHUE
C BOKpPYyT ocHu Z C IEHTPOM B HaydaJjie KOOPAUHAT CTaHKa.

9. INpumep nepemeimenuss UVW: GEOMETRY=XYZUVW 3acTtaBnsier UVW nepeMemiaThbCsi B CUCTEME
KOOpAOUHAT UHCTPYMEHTA, a XYZ nepeMeniaTbCs B CHCTEME KOOPAWHAT MaTepuarna.

10. Inst cTaHKa pe3Ku BCIeHeHHBIX MaTepuasnoB (FOAM = 1) meobxomumo ykaszaTthk "XY;UV” unu
OCTaBUTh 3Ha4YeHME IIyCTBHIM, AaXKe eCIHU 3TO 3HaYeHHe B HACTOSAIlee BpeMs UTHOPUPYETCS B
pexuMe pPe3KH BCIIEHEHHBIX MaTepuasioB. B Oymylei BepcHM MOXKET OBITH OIPEIeieH0, YTO

o3HavaeT ”;” HO ecyu 9TO0 Tak, «XY;UV» OymeT o3Ha4YaTh TO K€ CaMOe, YTO U TEKYIINe BCIIEHEHHBIE
MaTepuaskbl II0 yMOJI4aHHUIO.

11. 9kcnepuMmeHTanbHO: ecnu B cTpoKy GEOMETRY BkIi04eH CHMBOJI BOCKJIMIIQTEIBHOTO 3HaKa
(1), Touku oToOpaXKeHus Aysi TOBOPOTOB A, B, C yuuTrsiBaioT cmeltienus X, Y, Z, yCTaHOBIIEHHEIE
komamu G5x, G92. INpumep: ucnonb3oBanue GEOMETRY = !CXZ nnst ctanka ¢ [TRAJ] COORDINATES=XZ(
OTO MOJI0KEHNE IPUMEHUMO TOJIBKO K JKUBBIM IpadukaM — IpegBapuTeIbHBIN IPOoCcMOTpP G-
KOJIa IOJIZKEH BHITTOJIHSATHCS C HyIeBbIMU cMetieHusIMu G5x, G92. DToOMy MOKHO CITOCOOCTBOBATS,
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yCTaHaB/IMBas CMeIleHUd B IporpaMMax TOJIbKO TOTla, KOTla 3aJada BEIIIOIHAETCS, KaK yKa3aHo
#< task> == 1. Ecnu mpu 3amycKe CyILIeCTBYIOT HEHYJI€Bble CMeEIlleHUs M3-3a IIOCTOSHCTBA,
CMellleHUsI crenyeT OOHYJIUTh U IIepe3arpy3uTh IPeIBapUTEeIbHEINA ITPOCMOTP.

Note
Ecin B INI-cbavine Het [DISPLAY]GEOMETRY, 3HayeHme no yMOJI4aHWIO NpenocTaBisdeTcs
[DISPLAY]DISPLAY nporpammon MMM (obbiyHO "XYZABCUVW").

e ARCDIVISION = 64-YcTaHOBUTE Ka4eCTBO IIPeOBapPUTENBHOIO0 ITPOCMOTPa AyT. [Iyru IpegBapuTEIbHO
IIPOCMAaTPUBAIOTCS IIyTEeM pa3fdefieHus MX Ha HEeCKOJIbKO NIPSIMBIX JTUHUW; IOIyKPYyT pa3fesieH Ha
yacti ARCDIVISION. Bornbiine 3HaYeHust 06ecrIednBaioT 00jiee TOYHBIN IpeqBapuTeIbHBIN IPOCMOT),
HO 3arpy3Ka 3aHuMaeT O0JIbIlle BpeMeHH U IIPUBOIUT K Oojiee MedjIeHHOMY 0TOOpakeHno. MeHbIne
3HA4YeHU JaloT MeHee TOYHBIM IpefBapuTeIbHBIN IPOCMOTP, HO 3arpy3Ka 3aHUMaeT MeHbllle BpeMeHHU
U MOKET IIPUBECTHU K 6oJiee OLICTPOMY OTOOpaXkeHu0. 3Ha4YeHue 0 YMOoTYaHuio 64 o3HavaeT, YTo
KpPYT pa3MepoM [0 3 a1oiiMoB O6ymeT oTob6paxkaThcsa ¢ TouHOCTRIO A0 1 mui (0,03%).

e MDI HISTORY FILE =-HWwms nokamnbHOro daiina ucropuu MDI. Ecnu aTo He ykazano, AXIS coxpaHuTt
uctopuio MDI B .axis_mdi_history B fomamseM KaTajore oib3oBaTens. ITO II0JIE3HO, €CIIH Y Bac
€CTh HEeCKOJIbKO KOHGUTypalnii Ha OOHOM KOMITBIOTEDE.

* JOG_AXES =-TlopsimoK, B KOTOPOM KJIaBUIIIN Me[AJIEHHOU Mofayy Ha3HadarTcsa OykBaM oceli. CTpenku
BJIEBO ¥ BIIPABO COOTBETCTBYIOT IIePBOM OYKBEe OCH, BBEPX U BHHU3 — BTOPOMH, page up/page down —
TpeTheH, a JjieBas U IIpaBas CKOOKM — YeTBepTOM. Ecim He yKa3aHO, 3HAa4YEeHHE 110 YMOIYaHUIO
onpepnensercs 3HaueHussMu [ TRAJ]COORDINATES, [DISPLAY]LATHE u [DISPLAY]FOAM.

e JOG_INVERT =-[nsakaxpmo¥ OYKBHI OCH HAlTpaBIEHUE IePEMEIeHNs MHBEPTUPYETCs. 10 yMoT4aHuIo
IOJIS TOKapHBIX CTAaHKOB YCTAHOBJIIEHO 3HaUeHue “"X”, B IPOTUBHOM CJly4dae mojie IIyCToe.

Note

Hactponkn gna JOG _AXES u JOG_INVERT npuMeHSOTCA K MeANeHHOW nojaye B rnobasibHOM
pexunme rno 6ykBe KoopAMHATbl OCUM U AEWCTBYIOT B r1obanbHOM pexxume nocse ycrnewHoro
npueefeHns B UCxofHoe nosioxeHue. [lpu paboTe B pexunme coyneHeHUs A0 NpuBedeHUs B
NCXOLHOE MOJIOXKEHNE KNaBULLIN NMepeMeLLeHNa Ha KlaBnaType Ha3HavaloTCa B (PUKCMpPOBaHHOM
rnocsiefoBaTeNbHOCTU: CTPesiIKN BNEBO/BMNPaBO: covneHeHue 0, CTpesikKu BBEPX/BHN3: COYIeHEeHMe
1, page up/page down: couyneHeHune 2, neBas/npaBasa ckobka: coyseHeHne 3

e USER COMMAND FILE = mycommands.py - iMsa mononHuTenbpHOTO (atina Python, 3aBucsinero or KOHGUryp
ojTydeHHoro u3 rpadudeckoro nuurepderica AXIS BMecTo IIOIb30BaTENLCKOrO Gaiina ~/ .axisrc.

Note
Cnepytowmn anemeHT [DISPLAY] ncnonb3lyetcs Tonbko nHtepdencom TKLinuxCNC.

e HELP_FILE = tklinucnc.txt - I[IyTs K daiiny clipaBKH.

4.4.2.3 [FILTER] paspen

AXIS u GMOCCAPY nMeroT BO3MOXKHOCTDb OTIIPABISTh 3arpyKeHHbIe (aiisibl yepes mporpaMmy-QpuibTp.
9TOT GUIBTP MOXKET BBHIIIOIHATH JI00YI0 KelaeMyl 3aJady: YTO-TO IIPOCTOe, HalpuMep, IIpoBepKa
TOTO, 4TO (haiy 3aKaHUMBaAETCSI Ha M2, uimu 4To-TO 60Jiee CI0XKHOe, HallpuMep, oIpenesieHue Toro,
SIBJISTIOTCSI JIU BXOOHBIE JaHHBIE 00pa30M I'JIyOUHEI, U TeHepupyloT G-kKom ajist Gpe3epoBaHUs ONIpeesieMon
uM ¢opmrel. Pasgenm [FILTER] INI-daiima ympasnsier pab6otoi ¢unbTpoB. CHadana Ajas KaxXXOooro
tuna ¢atina Hanummute cTpoky PROGRAM EXTENSION. 3aTeM yKaxKuTe nIporpaMmy, KoTopas 6yneT
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BBITIOTTHSITBCSL OJI KaXXOoro Tuma ¢aiina. DTOM IporpaMMe IIpUCBaMBaeTCs MUMS BXOOHOTO ¢aiina
B Ka4YeCTBe IIEPBOr0 apryMeHTa, M OHa HOoyikHa 3anucaTh Kog RS274NGC B cTaHODApPTHEIM BBHIBOA.
9TO0T BHIBOA OymeT oToOpazkaThbCsi B TEKCTOBOM 06/1aCTH, IIPOCMATPUBATHCS B 00J1aCTH 0TOOPaXKeHUS U
BeINONHATHCSA LinuxCNC npu 3amycke.

* PROGRAM_EXTENSION = .extension Description

Ecnu Bam nmoctuponeccop BEIBOOUT (aliiibl 3arIaBHBIMU OyKBaMU, BBl MOXKeTe 000aBUThL CIIeOyIOIIyIo
CTPOKY:

PROGRAM EXTENSION = .NGC XYZ Post Processor

Cnenmymolye CTPOKU H00OaBIISIOT ITOAOEPKKY KOHBEpPTEepa n3o0pakeHre-B-G-KofI, BKITIOYEHHOT'0 B Lin-
uxCNC.

PROGRAM _EXTENSION = .png,.gif,.jpg # Greyscale Depth Image

png = image-to-gcode
gif = image-to-gcode
jpg = image-to-gcode

[TpuMep MOIb30BaTEILCKOTO KOHBepTepa G-Kofa, PaciolokKeHHOro B KaTajore linuxcnc.

PROGRAM EXTENSION = .gcode 3D Printer
gcode = /home/mill/linuxcnc/convert.py

Note
MporpaMMHbI alis, CBA3aHHbIA C pacLUMPEHMNEM, OOSHKEH MMeTb MO0 NOMHbLIA NYTh K NporpaMme,
nmbo HaxoaAnTbCA B KaTaJsiore, pacrnojlioxXeHHOM Ha CUCTEMHOM MNYTW.

Takxke BO3MOXKHO yKa3aThb HHTEPIIPETATOP:

PROGRAM EXTENSION = .py Python Script
py = python

TaxkuM o6pas3om, mr000# CKpUIIT Python MoxKeT OBITh OTKPHIT, @ €T0 BEIXOIHBIE TaHHBIe 00pabaThIBAlOTCS
Kak G-Kon. OOuH U3 TaKUX IPUMEpPOB CKpulita foctyieH B nc files/holecircle.py. 9ToT cKpunT co3gaet
G-Kop {15 CBEPJIEHUSI CEPUU OTBEPCTUM 110 OKPYKHOCTU. MHOTHe Apyrue reiepaTtopsl G-Kofga Hax0ogsaTCsI
Ha Buku-cauTe LinuxCNC https://wiki.linuxcnc.org/.

®unesTpe Python monmKkHEL HCOIb30BaTh PYHKIIMIO IIeYaTH AJI1A BeIBOoAa pel3ybTraTa B AXIS.

9ToT mpuMep mporpaMMbl GunbTpyeT daiin u mobasnseT ock W, cooTBeTCTByIoIIy0 ocu Z. PaboTa
3aBHUCUT OT HaIU4us npodesia MexKmy KaXKIObIM CII0BOM OCH.

#!/usr/bin/env python3
import sys
def main(argv):

openfile = open(argv[0], 'r")
file in = openfile.readlines()
openfile.close()

file out = []
for line in file in:
# print(line)
if line.find(’'Z") !'= -1:
words = line.rstrip(’\n’")
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if name ==

words = words.split(’ ")
newword = '’
for i in words:
if i[0] == 'Z":
newword = "W'+ i[1:]
if len(newword) > 0:
words.append(newword)
newline = ' ’'.join(words)
file out.append(newline)
else:
file out.append(line)
for item in file out:
print(”%s” % item)

”n ”

__main_":
main(sys.argv([1l:])

FILTER PROGRESS=%d

Ecnu ycranoBneHa nepeMenHast cpensl AXIS PROGRESS BAR, To cTpoku, 3anucaHHbIe B stderr
¢opMHI BRIIIE, YCTAHABIMBAIOT UHOUKATOP BhITONHEeHUST AXIS B 3agaHHBIN TPOLEHT. DTy QYHKIIUIO
clefyeT UCIOJIb30BaTh JI000My (QUIBTPY, paboTalomeMy B TeYeHUE OIUTEIbHOTO BPpEMEHH.

4.4.2.4 [RS274NGC] paspen

PARAMETER FILE = myfile.var - ®aiin, pacmojioKeHHEIM B TOM JKe KaTasnore, uto u ¢ain INI,
copepaKallui mapaMeTpPHl, MCIIOJIb3YEMEBIE UHTEPIIPETATOPOM (COXpaHsAeMble MEeXKY 3alyCKaMu).

ORIENT OFFSET = 0-3HaueHwue C IIyIaBaloIel 3asaTol, fobaBIeHHOe K TapaMeTpy ciioBa R omepaiuu
M19 Orient Spindle. Mcnons3yeTcs A1 onIpeneleHNs IPOU3BOJILHOT0 HYJIEBOTO IT0JIOKEHU S HEe3aBUCUMO
OT OpUEHTAlNU KpeIlJIeHus 3HKoJmepa.

RS274NGC_STARTUP_CODE = G17 G20 G40 G49 G64 P0.001 G8O G90 G92.1 G94 G97 G98-Ctpoxka
KomoB YIIY, ¢ mOMOIIBI0 KOTOPOUM MHUIIMANIN3UPYETCS UHTEPIIPETATOP. DTO He 3aMeHseT yKa3aHue
MozmanbHEIX G-KOOOB B BepXHEU YacTu Kaxnoro ¢arina NGC, mOCKOIbKY MOOanbHble KOOLI CTAHKOB
pa3IuYarTCcs U MOT'YT OBITh U3MeHeHH G-KOOM, MHTEPIIPETUPOBAHHEIM paHee B CeaHCe.

SUBROUTINE PATH = ncsubroutines:/tmp/testsubs:lathesubs:millsubs - Yka3riBaeT cCinCOK 0O

10 KaTanoros, pa3geleHHBIX OBOETOUYNSAMHU (:), B KOTOPBIX OCYIIECTBISIETCH IIOUCK, ecnu B G-Kofe
yKa3aHbl ofHOo(alI0BEle IoAIporpaMMEL. [TOMCK B 3TUX KaTajorax OCYUIeCTBIIIETCS IIOCJie ITOUCKa
[DISPLAY]PROGRAM PREFIX (ecnu oH ykKa3aH) u nepepn nouckom [WIZARD]WIZARD ROOT (ecrmu oH
ykas3aH). [lyTu mimyTcs B TOM HOPSAAKE, B KOTOPOM OHU II€PEYHUCIIeHH. MCOonb3yeTcs MepBBIU
COOTBETCTBYIOIINM (paiiy mOAIIporpaMMbl, HalileHHBIN ITpU IToKMCcKe. KaTanoru yKa3slBalOTCS OTHOCUTETTBH(
Tekymero karasjgora st INI-gatina unm kak abcomoTHbe nyTH. CIHMCOK He AOJIXKEH COmepzKaThb
MIPOMEKYTOYHKIX TPOOEJIOB.

G64 DEFAULT TOLERANCE = n (Default: 0) Default P value for G64 if P is not called out.

G64 DEFAULT NAIVETOLERANCE = n (Default: 0) Default Q value for G64 if Q is not called out.
CENTER ARC_RADIUS TOLERANCE INCH = n (mo ymomuanuio: 0.00005)

CENTER _ARC_RADIUS TOLERANCE MM = n (mo ymomuanwuio: 0.00127)

USER M PATH = myfuncs:/tmp/mcodes:experimentalmcodes - Yka3biBaeT CIIMCOK KaTaJ0T0B, pa3feJIeHE
OBoeTOouYueM (:), OJIis T0Ib30BaTeNbCKUX PyHKINIM. KaTanoru ykasrslBaloTCS OTHOCUTEIBHO TEKYIIIET0o
kararsora g INI-datina unu kak abcomtoTHele TyTH. CIIUCOK HE TOJIKEH COTEepKAaTh IPOMEKYTOUHBIX
mpoOeros.

ITouck MpPOM3BOOUTCS AJIST Ka*KAOW BO3MOXKHOM OIpenesieMo Iojib3oBaTesieM ¢GYHKIIUKU, OOBIYHO
(M100-M199). ITopsamok moxucKa CIeOyIoIInii:
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1. [DISPLAY]PROGRAM PREFIX (ecnmu yKa3aH)
2. Ecnu [DISPLAY]PROGRAM PREFIX He yKa3aH, BEIIIOJIHUTE IIOUCK B ITaNlKe 110 yMoidaHuto: nc_files
3. 3aTeM BHIIIOJIHUTE IIOUCK B KaxKIoM KaTasnore B criucke [RS274NGCJUSER M PATH.

[Mepsriil ucnonHaeMbI M 1xx, HalileHHBIN IIPU IIOKMCKe, UCIOIb3yeTCsa OIS Kaxkmoro M1xx.

Note
MakcumManbHoe konmn4ecTBo kaTanoros USER M PATH onpepenseTcsa BO BpeMs KOMNUAALUN (TUM:
USER DEFINED FUNCTION MAX DIRS == 5).

e INI VARS = 1 (Default: 1)
[To3Bonser nporpamMMmaM G-KOJla CUMTHIBATL 3HaueHus u3 ¢aiina INI B popmaTe #<_ini[section]name>.
CwMm. ITapameTtprl G-Koma.

e HAL PIN VARS = 1 (mo ymomnudaHwuio: 1)
[To3Bonset nporpamMMaM G-Kofa CUMTHIBATh 3HaueHUs KOHTaKTOB HAL B popmaTte #<_ hal[anemeHT
HAL]>. [ocTyn K mepeMeHHBIM BO3MOXKEH TOJbKO mias uTeHusi. CM. G-KOObl ImapaMeTphl Os
nmony4yeHus 6omee noapoOHOM MHOOPMAIIUY 1 BaXKHOTO IPEedoCTEPEKEHUS.

¢ RETAIN G43 = 0 (Default: 0)
Korpa ycraHOBJieH, BBl MOXKeTe BKIIOUYUTh G43 1ociie 3arpy3Ku IIepBOr0 UHCTPYMEHTAa U IIOTOM He
0ecroKouThLCS 0 HeM B mporpaMMe. Korga Bel HaKOHEIl BHITPY3UTE MTOCTEOHUN WHCTPYMEHT, PEXKUM
G43 oTMeHseTCcs.

* OWORD NARGS = 0 (o ymomganuio: 0)
Ecnu aTa QyHKIMSA BKIIOYEHA, TO BEI3BIBaeMas MOAIIPorpaMMa MOXKET OIIPeIeTUTh KOJTUYECTBO ITepeJaHHE
(akTMUeCKUX MO3UIMOHHLIX ITapaMeTPOB, ITPOBEPUB ITapaMeTp #<n_args>.

* NO DOWNCASE OWORD = 0 (o ymomnuanwuio: 0)
CoxpaHsTh peTucTp B uMeHax O-CJI0B B KOMMEHTAPH X, CJIM 9TOT ITapaMeTp YCTaHOBIEH, pa3pellaeT
4yuTaTh 371eMeHTH HAL cO CMeImaHHEIM PETUCTPOM B CTPYKTYPUPOBAHHBEIX KOMMEHTAPUAX, HaIIPUMED
(debug, #< hal[MixedCaseItem]).

e OWORD WARNONLY = 0 (mo ymomnuanwuio: 0)
Ckopee mpegynpexnoeHue, 4eM OInOKa, B ciaydae omuboK B mopnporpaMMax O-CioB.

e DISABLE G92 PERSISTENCE = 0 (moymonuanwuio: 0) Pa3pemnTts aBTOMaTUYE€CKYI0 OYUCTKY CMEIIEeHN T
G92 mpu 3amycke KOHpUTYpaIuu.

e DISABLE FANUC STYLE SUB = 0 (o ymonuanwutio: 0) Eciu ecTh IpHYMHA 3alIPETUTH IOAIIPOrPaMMbI
Fanuc, ycrtanoBute 3HaueHue 1.

* PARAMETER G73 PECK CLEARANCE = .020 (1o yMONI4aHHI0: MeTpuieckas cucrteMa: 1 MM, UMIIepckas
cucteMa: 0,050 grotima) PaccTossHHMe OTCTyIIa TP CTPYXKKOOPOOJIeHUY B eIMHUIIAX CTaHKa

* PARAMETER G83 PECK CLEARANCE = .020 (1o ymon4yaHui0: MeTprueckas cucteMa: 1 MM, UMIIEPCKas
cuctema: 0,050 mrotima) PaccTosgHue OT mmociiemHed riryOuHLI IToa4yu, KOTrga CTaHOK BO3BpalllaeTcs
K IHY OTBEDPCTHUS, B eIMHUIIaX CTaHKa.

Note

BbileynoMsAHYyTble WeCTb ONUU KOHTPOoAMpoBanuce butoson mackonm FEATURES B Bepcusax Linux-
CNC po 2.8. 371oT1 Ter INI 6onblie He byneT paboTaTb.

Ona cnpaBku:

FEATURES & 0x1 -> RETAIN G43
FEATURES & 0x2 -> OWORD NARGS
FEATURES & 0x4 -> INI VARS

FEATURES & 0x8 -> HAL PIN VARS
FEATURES & 0x10 -> NO_DOWNCASE OWORD
FEATURES & 0x20 -> OWORD WARNONLY
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Note
[WIZARD]WIZARD ROOT sgBnseTca p[onycTuMbIM nyTeM noucka, HOo Wizard He peann3oBaH
MOMHOCTbLIO, N pe3yNbTaTbl €ro NCNOJIb30BaHNA HeNpeACcKasyeMbl.

* LOG LEVEL = 0 Ykaxkure log level (mo ymonuauuio: 0)

e LOG FILE = file-name.log
[1a ykasaHusa daiiia, UCIOIb3YEeMOT0 OIS 3alIUCHU TaHHBIX.

¢ REMAP=M400 modalgroup=10 argspec=Pq ngc=myprocedure ITogpo6HocTu cM. B rinaBe Remap Ex-
tending G-code.

* ON_ABORT_COMMAND=0 <on_abort> call ITogpoGHocTu cm. B riaBe Remap Extending G-code.

4.4.2.5 [EMCMOT] pasaen

OTOT pa3fen ABJIAETCS HacTpauBaeMEIM M He ucnonb3lyeTcss LinuxCNC Hanpsimyio. B GONBIIUHCTBE
KOHOUTrypalui 3Ha4eHus U3 9TOr0 pa3fesia MCIOIb3YIOTCSA OJIS9 3arpy3KU KOHTPOJIJIepa OBUXKEHUM.
IonmonmHuTeNbHYIO0 HHGOPMALMIO 0 KOHTPOJIIIepe ABUXKEHUS CM. B pa3mere Motion.

¢ EMCMOT = motmod - 3mechk OGBIYHO MCIIOIb3YETCS UMSI KOHTPOJIJIepa OBUKEHUS.

* BASE PERIOD = 50000 - nepuof BBHIIIOTHEHUS 3ajadu Base B HAHOCEKYHOaX.

e SERVO PERIOD = 1000000 - 9To mepuog 3agayu “Servo” B HaHOCEKyHOaX.

e TRAJ PERIOD = 100000 - Oto nnepuopn 3amauu Trajectory Planner B HaHOCEKyHIax.

e COMM TIMEOUT = 1.0 -KonmuecTBO CEKyH[ OKHUOaHUs, ITIoKa Motion (4acTh KOHTpPOJUIepa OBUKEHUS,
paboTaroiias B peKUMe pPeajbHOr0 BPEMEHM) IMOATBEPHAUT IoIydeHue coobirenuit or Task (gacThb
KOHTpOJIJIepa ABUXKeHUs, paboTaroias He B peajlbHOM BPEMEHH).

¢ HOMEMOD = alternate homing module [home parms=value] I[lepemernas HOMEMOD sBnseTcs Heo6s3aT
Ecnu ykazaHa, MCHONIb3yUTe YKa3aHHBIN (CO3maHHBIN ITOJIb30BaTEIeM) MOAYJIb BMECTO MOLY/IS II0
ymonuauuio (homemod). ITapamerpwsl Mopyns (home parms) MOTyT OBITH BKJIIOUEHHI, €CJIM OHU
oaaepKUBalOTCSA YKa3aHHBIM MOAYJIeM. JTY HaCTPOUKY MOXKHO IepPeONpeNesuTh U3 KOMaHOHOU
CTPOKHU C IMOMOIIBI0 oIy -m ($ linuxcnc -h).

4.4.2.6 [TASK] paspen

e TASK = milltask - Yka3nwiBaeT ums uctosnHseMmo task. UcronusieMbid hatin task BHITIOIHSET pa3IUYHbIE
OelCTBUS, HAIIpUMeED:

- 00IIaThCS C MOJIb30BATEeNILCKUMHU HHTepdeiicamu yuepe3 NML,

- B3aUMOJIEUCTBOBaThH C IJIAaHWUPOBIIUKOM [IBUXKEHUU B peaJbHOM BpeMeHHU 4Yepe3 OOIyI0 maMATh,
ornmuHyo oT HAL, u

- uHTepupetupoBaTh G-kKof. B HacTosIlee BpeMs CyHIeCTBYeT TOJIBKO OOWH HCIOJIHSEMBIU (hauls
3aavy, KOTOPHIM uMeeT cMbIch anst 99,9% nonb3oBaTeneit — milltask.

* CYCLE TIME = 0.010 - ITepropn B ceKyHOaX, B TedeHHe KOToporo O6ymet BeIIONHATHCSI TASK. 9TOT
napaMeTp BIUsIeT Ha UHTePBas OIIpoca IIPU OXUOaHUU 3aBepIIeHUs OBUKEHUs, IPU BHIIOIHEHUU
WHCTPYKUUY TIay3bl U IIPU NPUHATHNA KOMaHOB U3 IIOIb30BaTelIbCKOro uHTepdetica. OOBYHO HET
He00XOAMMOCTH MEHSTh 9TO YUCIIO.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 155 /1345

4.4.2.7 [HAL] paspen

* HALFILE = example.hal - 3anycture daitn example.hal ipu 3amycke.

Ecnu HALFILE yka3aH HECKOJIBKO pa3, ¢halibl UHTEPIPETUPYIOTCS B TOM MOPSAAKE, B KOTOPOM OHU
nosBnsioTcsa B INI-datine. @aitnel HAL 9BNSAI0TCSA onucaTeIbHBIMY, BEIIIOJTHEHNE TOT'0, YTO ONMCAHO
B patinax HAL, mHUITUMPYeETCSA TIOTOKAaMU, B KOTOPBIEe BCTPOEHH! GYHKIINY, a He YyTeHueM datina HAL.
[TouTu BCce KOHGUTypaluu OyoyT UMeTh 10 KpaiiHeir Mepe onuH HALFILE, a B mmaroBelx cucTeMax
0OBIYHO eCTh IBa TaKuX ¢aiia, To eCTb OOWH, KOTOPHIH OIrpeneiseT 00Iy0 KOHGUTypalluio MIaroBOT0
npusopa (core stepper.hal), u opyTroi, KOTOPHIU onpenesnseT PacloloXeHe KOHTaKTOB CTaHKa (XxX_pinou

@annel HAL, yrka3sauHble B iepeMeHHOU HALFILES, HaxogsaTCs ¢ TOMOIIBIO ToucKa. Ecinu yKa3aHHBIN
¢daiin HalimeH B KaTasore, cogepxaieMm dain INI, o ucnonblyercsa. Ecnu ykasaHHBIN ¢aiil He
HaWgeH B 9TOM KaTasore ¢aiinos INI, ToMCcK BHIIOTHSIETCS C UCIIOIb30BaHUEM CUCTEMHOM OUOIHOTeKH]
dainoB HAL.

Ecnu LinuxCNC 3amyckaeTcsl co clleHapueM linuxcnc ¢ ucnosb3oBaHueM omnumu “-H dirname”,
YKa3aHHO€ UM KaTaJlora HOG&BJ’IHGTCH K OIITMCaHHOMY BEIIIIE€ ITOMCKY, TaK YTO CHa4daJlla BEIIIOJIHAETCSA
nouck dirname. Omiuio ”-H dirname” M0XKHO yKa3aTh HECKOJIBKO Pa3, KaTajaoru Ao0aBisioTCs 110
IOPSAOKY.

HALFILE Takze Mo0XKeT ObITh YKa3aH KakK aGCOIOTHHIN IIyTh (KOTHa MM HAaYMHAETCS C CHUMBOJIA
/). AOCOIIOTHEIE IIYTH KCIIONIL30BaTh He PEKOMEHOYeTCs, IIOCKOJIbKY KX HCIIONIb30BaHUE MOXKET
OTPaHUYUThH IIepeMelleHre KOHPUTrypaum.

’.

e HALFILE = texample.tcl [argl [argZ2]...] - BemmonnauTte ¢atin tcl texample.tcl npu 3anmycke c argl,
arg2 u T. O. B KadecTBe cmucka argv. ®ainel ¢ cybhdurcom .tcl obpabaThiBaroTCsI, KakK YKa3aHO
BBIIIIE, HO OJIsT 00PabOTKH MCIIOIB3YETCS OCTAHOBKA. [[OMOIHUTENIbHYI0 HH(POPMAIIMIO CMOTPUTE B
HALTCL Chapter.

e HALFILE = LIB:sys example.hal - 3amycTtute ¢aiin cucteMHoM 6ubnuoreku sys example.hal npu
3anycke. fBHOe ncmonb30oBanue nmpedukrca LIB: mpuBOAUT K MCITOIb30BAaHUIO CUCTEMHOM OMOIMOTEKH
HALFILE 6e3 nmoucka B KaTasnore ¢atinos INI.

e HALFILE = LIB:sys texample.tcll[argl [arg2 ...]]-3anyctuTe paiin cucTeMHOM OUOTUOTEKH SYS_texam]
Mpu 3amycke. SIBHOe MCIoib30BaHue npedukca LIB: MPUBOOUT K UCITOTE30BAHUIO CUCTEMHOM OUOTNOTEKH
HALFILE 6e3 noucka B KaTasnore ¢atinos INI.

OnemenTsl HALFILE onmpepensioT daiiibl, KOTOpEIe 3arpykaioT KoMnoHeHTH HAL u ycTaHaBIMBaIOT
CUTHaJIbHBIE COeUHEHU A MeXK 1y KOHTaKTaMMi KOMIIOHEHTOB. PacnpocTpaHeHHBIMHU OIINOKaMU SIBISI0TCSI

1. otcyTcTBue onepaTtopa addf, Heo6xogumoro Ayst godaBneHus GyHKUIMM (M) KOMIIOHEHTA B IIOTOK,

2. HemoJIHbIe cIlenDUKATOPH CUTrHasa (net).
IMpomyck Heo6XomuMEIX ortepaTopoB addf mouTu Bcerma sABasieTcst omuOKo. CUrHambl 0OOBIYHO BKITIOUAIOT
OIHO UJTH HECKOJIbKO BXOOHEIX COeOUHEHUH 1 OOUH BEIX0[ (HO 00a He SIBISIOTCS CTPOT0 00sI3aTeIbHEIMHE).

[711 TPOBEPKYM 3TUX YCIIOBUM ITPEeOoCTaBIsIeTCs (aiil CuCTeMHOM OubnroTeku 1 oTuyeT Ha stdout u Bo
BcrabiBatomuy ['UIT:

HALFILE = LIB:halcheck.tcl [nopopup]

Note

Ctpoka LIB:halcheck.tcl pmonxxHa 6biTb nocnegHewn [HALJHALFILE. YkaxkuTe onuuto nopopup,
4TO6bLI MOAABMTL BCMJbIBalOLLEE COOOLEHNE 1N pa3pelnTb HEMeANEHHbIA 3anyck. CoeanHeHus,
BbIMOJ/IHEHHbIE C ucrnosb3osaHuem POSTGUI_HALFILE, He npoBepstoTCA.
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TWOPASS = ON - Mcmonb3yiiTe OABYXIIPOXOOHYIO 00paboTKy mysl 3arpy3ku KoMmroHeHToB HAL. ITpu
ob6paborke TWOPASS ctpoku ¢aiinos, ykazanusie B [HAL]HALFILE, o6pabaTriBaroTCs 3a iBa IIPOX0Aa.

Ha nepBom npoxoje (pass0) cuutrsiBatoTcs Bce HALFILES 1 HakannBaloTCsI MHOXKECTBEHHEBIE TTOSIBJIEHU ST
KoMmaH[ loadrt u loadusr. 3Tu HakKOIJIeHHBEIE KOMaHOLI 3arpPy3KM BHIIIOJIHAIOTCA B KOHIIEe passO.
Takoe HakoIJIeHNUe IT03BOJISIET YKa3kIBaTh CTPOKM HArpy3Ku 60jiee OOHOT0 pa3a AJisi [aHHOTO KOMIIOHEHTa
(mpemocTaBnseT names= HMeHa yHHUKallbHBI IIPU KaXXAOM MHCIIOJIb30BaHUU). Ha BTOpOM mpoxogme
(pass1) HALFILES cuuTBIBalOTCS 3aHOBO 1 BRHITIOJTHSIOTCSI BCE KOMaHIBI, KDOME PaHee BHIIIOITHEHHEIX
KOMAaH[ 3arpy3KHu.

TWOPASS = nodelete verbose - dyukiuio TWOPASS MOXKHO aKTUBUPOBATH C ITIOMOIIIBIO JTI000M HEHYJIEBOM
CTPOKH, BKJII04Yas KJII0YeBBIe ciioBa verbose u nodelete. KitoueBoe c10Bo verbose BuI3bIBA€T BHIBOT,
cBenmenui Ha stdout. KimroueBoe cimoBo nodelete coxpaHseT BpeMeHHEBIe ¢Gaitisl B /tmp.

7151 mony4YyeHus: OOMOJIHUTENbHOM nHpopMauuu cM. rimaBy HAL TWOPASS.

HALCMD =command - Bemmonuute command Kak ogry KomaHay HAL. Eciu HALCMD yka3aH HECKOJIBKO
pa3, KOMaHOBl BEIIOIHSAIOTCS B TOM NOPSAKe, B KOTOPOM OHM mnosaBnA0TcsA B INI-datine. Ctpoku
HALCMD BrITIONTHSAIOTCS TOCciie Bcex cTpoK HALFILE.

SHUTDOWN = shutdown.hal - 3anyctuTte daitn shutdown.hal npu Berxoge LinuxCNC. B 3aBucumMocTu
OT HUCITOIb3YEMEIX APalBEPOB 000PYAOBAHUS 9TO MOXKET IT03BOIUTh YCTAHOBUTD BHIXOTHBIE 3HAYEHUS
Ha ompedesieHHBIe 3Ha4YeHus npu o6eryHOM BeIxome LinuxCNC. OpgHako, MOCKOIbKY HET HUKAKOH!
rapaHTHuH, YTO 3TOT ¢haiin OyOeT BEIIOJIHEH (HalrpuMep, B ciiydae c00s KOMITbIOTEPA), OH HE 3aMeHSIeT
MPaBUJIbHYIO (PU3NYECKYIO IIeII0OYKY aBapHUIHOT0 OCTaHOBAa MU APYTUe CPencTBa 3alUuTH OT cO0s
IIPOTrpaMMHOro o0ecIrieueHus.

‘POSTGUI _HALFILE = example2.hal — BrimonauTh example2.hal’ mocne toro, kak I'MII co3gact
cBou KoHTAKTel HAL. HekoTtopeie I'MUIT co3maioT KoHTakKTel HAL u mmogmepKuBaiOT MCIIOJIbL30BaHUE
postgui halfile mns ux ucnonslosaunus. K ', nogmepxuBatomum ¢aiinet HAL postgui, oTHOCsATCSA
Touchy, AXIS, Gscreen u GMOCCAPY.

[omonHuTeNbHYI0 HHPOPMaUuio cM. B pa3nene PyVCP with AXIS.

HALUI = halui — mo6GaBniseT KOHTAKTHI OJIL30BAaTEILCKOTO HHTepderica HAL.
71 monydeHus OONONHUTEeNbHOM nHpopMaluu cM. rinaBy HAL User Interface.

4.4.2.8 [HALUI] paspen

MDI COMMAND = G53 GO X0 YO Z0-Komaupmy MDI M0KHO BEIIIOJIHUTE C IToMoIIIbi0 halui.mdi- command - O¢
VBenuubTe 4MCIIO OJIs KaXKO0o¥ KOMaH[bl, yKa3aHHoU B pa3gesie [HALUI]. Takxke MOXXHO 3amycKaTh
nopnporpamMmel. MDI COMMAND = o<yoursub> CALL [#<yourvariable>]

4.4.2.9 [APPLICATIONS] paspnen

LinuxCNC MoxKeT 3alycKaTh OIpyTryue NIPUIoXKeHua 00 3anycka ykasanHoro ['UI. [TpunoxeHus MOXKHO
3amycKaTh IIOCJie 3aJlaHHON 3aJepKKH, YTOOB 00eCIedYUTh BO3MOKHOCTE [ENUCTBUM, 3aBUCSIIUX OT
'UIl (manpumep, co3ganue KoHTakKTOB HAL nnsa koukpeTtHoro I'MIT).

DELAY = value - ceKyHObl OXKHOaHHUS Ilepel 3alyCKOM [OPYTuUX NPUIIOXKEHUMN. 3afepzKKa MOXKET
nmoTpe®OBaTHLCS, eciu ImpunoxkeHue 3aBucuT oT gerctBuii [HAL]POSTGUI HALFILE mnu KOHTAKTOB
HAL, cosgannbix I'UIT (1o ymomgaruio DELAY=0).

‘APP =" appname [arg]l [arg2 ...]]’ - [IpunoxkeHne, KOTOPOE HYXKHO 3aMyCTUTh. ITY CIEeIUPUKAIIAIO
MOJKHO BKJIIOUaTh HECKOJIBKO pa3. MMs mpumoxkeHUS MOXKeT OBITh SBHO yKa3aHO KakK abCcoJoTHOoe

uMs ¢aiina unu uMs ¢aiisia, yKkazaHHOE C IIOMOIIBIO TUIILIHI (IIEPBBIY CUMBOJI / UJIN ~ ), OTHOCUTEJILHOE

uMs ¢aiina (mepBble CUMBOJEL UMeHU (datina — ./) unu Kak ¢dain B katanore ¢arnos INI. Ecnu o
9TUM UMeHaM HCIIOJIHSAeMbIH (haliyl He HalileH, TO OJIS IOUCKa IPUJI0KEHU S UCII0Ib3YEeTCS II0JIb30BATEIILCE
nouck PATH.

[Tpumepsr:
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4.4.

UmutupyiiTe BXOOHBEIE HaHHBEIE OJi1 KOHTAKTOB HAL nnsa TecTtupoBaHus (UCHONMb3yd Sim pin —
npoctou I'NI1 giia ycTaHOBKY BBOZA OJI IapaMeTPOB, HEIIOOKTIOYEHHBIX KOHTAKTOB UJIM CUTHAJIOB
0€e3 3amuChIBAIOIINX YCTPOUCTB):

APP = sim pin motion.probe-input halui.abort motion.analog-in-00

BrizoButre halshow ¢ panee coxpanenHwbiM watchlist. Tlockonbky LinuxCNC ycTaHaBIuBaeT B
KaudecTBe pabouero kartasnora kKartasnor s ¢aiina INI, Bel MoXxkeTe cchuiaTbCs Ha (aiabl B 3TOM
KaTanore (mpumep: my.halshow):

APP = halshow my.halshow

B kayecTBe ambTEpPHATUBHE MOXKHO yKa3aTh (ainm watchlist, umeHTUOUUMPOBAHHEIN IO TTOTHOMY
My TH:

APP = halshow ~/saved shows/spindle.halshow

OTtkpotiTe halscope, ucnonb3ys paHee coxpaHeHHYIO KOHGUTYPaLUIO:

APP = halscope -i my.halscope

2.10 [TRAJ}] paspen

Warning
HoBbIn NnaHMpoBLUMK TpaekTopuu (TP) BkoYeH no ymonyaHuio. Ecnm y Bac HeT HacTpoek

® TP B pa3gene [TRAJ] — LinuxCNC no ymon4aHU0 NCNOJIb3yeT:

ARC_BLEND_ENABLE = 1
ARC_BLEND_FALLBACK_ENABLE = 0
ARC_BLEND_OPTIMIZATION_DEPTH = 50
ARC_BLEND_GAP_CYCLES = 4
ARC_BLEND_RAMP_FREQ = 100

Pazmen [TRAJ] comepxuT o01Ire napaMeTpPhl MOOYIs MJIAHUPOBAHUS TPAEKTOPUHU B pexkuMe motion.

* ARC BLEND ENABLE = 1 - Bxmwoumte HOBHUN TP. Ecnu ycranoBneHo 3HadeHme 0, TP mcmnomb3yet
napabonuyeckoe cMeuBaHue (1 cerMeHT Briepen) (1o ymoiiyanuio: 1).

* ARC_BLEND FALLBACK ENABLE = 0 - [Ipu HeoOXOOMMOCTH BEPHUTECH K ITapaboNuyeCKUM CMECHM,
ecJid pacdeTHas CKOPOCTh Bhille. OQHAKO 3Ta OLleHKa NPUOIM3UTeIbHA, U KaXkeTCs, YTO IIPOCTOoe
ee OTKJIIOYeHNe JaeT JIy4IIyio IPOU3BOAUTEIILHOCTSD (110 yModaHuto: 0).

e ARC BLEND OPTIMIZATION DEPTH = 50 - [TocmoTpuTe Bliepeq Ha I1yOMHY B KOJTUYeCTBE CETMEHTOB.

Yrob6B HEMHOT'O ITOAPOOHEE paccKal3aTh 00 3TOM, BhI MOXKETe BHIOPATh 3TO 3HAUEHHE HECKOJIBKO
MTPOU3BOIbHO. BOT dopmyna, mo3BonsioIIas OLEHUTh, Kakas depth BaM HyXKHa OJIT KOHKPETHOH

KOHUrypauu:

#n=vmax / (2.0 * a max * t c)

# where:

# n = optimization depth

# v_max = max axis velocity (UU / sec)

# a max = max axis acceleration (UU / sec)
# t c = servo period (seconds)

HTak, CTaHKy C MakKCHMaJbHOM CKOpoCThIO ocu 10 IPS, makcuManbHEIM yckKopeHueMm 100 IPS? u
nepuopoM cepBompusBoma 0,001 s moTpebyeTcsi:
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10/ (2,0 *100 * 0,001) = 50 cerMmeHTOB, YTOOHLI BCETOa HOCTUTaTh MAaKCUMAIbHOM CKOPOCTH BOOJIb
caMoii OLICTPOIL OCH.

Ha mpakTuke 3TO YMCJIO HEe TaK BaXKHO [JI HACTPOUKH, MMOCKOIBKY AJIsI MPOCMOTPA BIEPEN PENKO
TpebyeTcs MmonHas ri1yOuHa, eCIU TOJIBKO V Bac HeT OOIBIIOT0 KOJIMUYeCTBa OYeHb KOPOTKHX CEeTMEHTOB.
Ecnu Bo BpeMsi TECTHPOBAHUS BBl 3aMETU/IM CTPAHHBIE ITOATOPMAaXKMBAaHUS W HE MOXKETE IIOHSTH,
OTKy[a OHU OepyTCsi, CHadajla HoIpo0yiTe YBEIUYIUTh 3Ty IJIyOUHY 110 (DOPMYJIE BHIIIE.

Ecnu BB mo-nipexkHeMy HabmiogaeTe CTpaHHbBIE 3aMedJIeHusI, BO3MOXKHO, 3TO CBI3aHO C KOPOTKUMU
CerMeHTaMu IIPOrpaMMbl. B 9ToM cimydae mompo0OyiiTe mo6aBUTh HeOOIBIIION AOITYCK it OOHAPyKeHU
Naive CAM. Xopo1iiee NpakKTAUYECKOe IIPaBUIO TaKOBO:

# min_length ~= v req * t ¢

# where:

# v _req = desired velocity in UU / sec
# t c = servo period (seconds)

Ecnu BB XOTUTE DyTEIIEeCTBOBATH 10 IYTU €O CKOPOCThIO 1 IPS = 60 IPM, a nepuop Bamiero cepBonpuBoga
cocraBnseT 0,001s, To moOvle cerMeHTH Kopode min length 6ymyTr 3amennsATek nmyTs. Ecnu BH
yctaHoBuTe goiryck Naive CAM npuMepHO Ha 3Ty MUHUMAJIbHYIO AJINHY, CIIUIIKOM KOPOTKNE CETMEHTHI
OynyT o0beqUHEHEl BMeCTe, YTOOB YCTPAHUThL 3TO Y3Koe MecTo. KoHeuHO, yCTaHOBKA CIIUIITKOM
BEICOKOTO JOIIyCKa 03HadaeT O0JIbIlINe OTKJIIOHEHU OT TPaeKTOPUY, II09TOMY BaM IIPHUIETCS HEMHOTO
IIourpaTh C HUM, YTOOHI HallTU Xopollee 3HaueHue. f Ovl Havan ¢ 1/2 min length, a 3aTem yBenuuusan
6n1 110 Mepe HeoOxopmuMmocTu. * ARC_BLEND GAP_CYCLES = 4 HackKoOJIbKO KOPOTKHUM [O/KEH OBITh
NPEemBIOYIINY CETMEHT, IPesKae YeM IIJIAaHNPOBIUK TPAaeKTOPUU nompebum ero.

YacTo pu riepexofe o Ayre OKPyKHOCTU MeXKAy IIepexogaMu OCTal0TCsI KOPOTKHUE CETMEHTHI TMHUN.
[TockonbKy reOMeTpHS JOIKHA ObITh KPYTJIOH, MEL HE MOXK€EM pacTyllIeBaTh BCIO IWHUIO, €CIIU CIIeAylolas
HeMHOro Kopoue. IIOCKONBKY NIJIaHUPOBIIWK TPaeKTOPUHU AOJIXKEH KOCHYTBCS KaxKAoro CerMeHTa
X0Ts1 OBl OIUH pa3, 3TO O3Ha4YaeT, YTO OUYEeHb MaJIeHbKHEe CerMEeHTH OyAyT 3HAUUTEJIbHO 3aMeIsATh
OBUXKeHKe. Moe uCIIpaBJIeHre 3TOr0 CItoco0a - "IIOrIOTUTL” KOPOTKUM CeIrMEHT, COeJIaB ero YaCThI0
OyTH criaxkuBaHus. [T0CKONIBKY NTMHUS +1IepeXo IIpecTaBisieT co00l OqUH CETMEHT, HaM He Hy3KHO
3aMenNsAThCs, YTOOHI IIONIacTh Ha OUeHb KOPOTKUM cerMeHT. CKOopee BCeTo, BaM He IPUOETCS TporaTh

9Ty HacTpouKy. * ARC BLEND RAMP_FREQ = 20-3T0 epaHuUyHasA 4acTOTa OJISI UCIIOIb30BaHUS TNHEUHOU
CKODOCTH.

Hapacmawuwaa ckopocmb B DaHHOM Cjydae IIPOCTO O3HA4YaeT IIOCTOSTHHOE YCKOPEHME Ha BCEM
y4acTKe. DTO MEHee ONTUMAJIFHO, YEM TPANEeIMeBUIHEIN TPODUITE CKOPOCTH, ITOCKOJIBKY YCKOPEHUE
He MakcuMalbHOe. OQHAKO, eClM CEerMeHT JOCTAaTOYHO KOPOTKHM, y Hac He OygeT HOCTATOYHO
BpeMeHH, YTOOHI CUIIBEHO YCKOPUTHCS, IIPEKe YeM MEL IOCTUTHEM CIIEeNYIOIIero cerMeHTa. BecnoMuNTE
KOPOTKME OTPE3KH TMHUM U3 TPEeObIAYyIIero mpuMepa. IT0CKOIBKY 9TO TUHUU, YCKOPEHUS Ha ITOBOPOTaX
HET, TO3TOMY MBI MOKEM Pa30THATKLCS OO Tpebyemolt ckopocTu. OmHAKO €CTU 9Ta IMHUS HAaXOOUTCS
MeXK[y OBYMSI OyraMu, TO e MPUOEeTCS CHOBa OBICTPO 3aMEIJIUTHCS, YTOOBI 0KA3aThCs B Ipemesiax
MaKCHMaJIbHOM CKOPOCTH CJIEOYIOWIET0 CEeTMEHTa. JTO O3HAYaeT, YTO V HAC €CTh PE3KUU CKadOK
YCKOPEHUS, a 3aTeM Pe3KUY CKa40K 3aMe[JIEHN s, BEI3EIBAIOIIHY CUJIbHEIN PEIBOK, TP OY€Hb HEO0IBIIIOM
MIPHUPOCTE MPOU3IBOOUTEILHOCTH. IJTa HACTPOUMKA MO3BOJNSAET YCTPAHUTH 3TOT PHIBOK HAa KOPOTKHUX
cerMeHTax.

ITo cyTH, ecnmu ceTMeHT OyIeT 3aBepilieH 3a MeHbInee BpeMsi, ueM 1 / ARC BLEND RAMP FREQ,

MBI HE 3aMOpavuBaeMCs C TpalelleBUAHBIM IPOoGUIeM CKOPOCTH Ha 3TOM CETMEHTE U UCIIONb3yeM
ocTossHHOEe yCcKopeHue. (YcrarnoBka ARC_BLEND RAMP_FREQ = 1000 skBuBaJeHTHa BCerha UCIOIb30BaHU
TpanenueBUOHOIO0 YCKOPEHHUs, €CJIM 4acTOoTa CepBO MOTOKa cocTasiser 1 kI'm).

BBl MOXXeTe oxapaKTepu30BaTh MOTEPI0 IPOU3BOAUTEIBHOCTH B XYIIIIEM ClIy4Yae, CPaBHUB CKOPOCTb,
KOTOPYIO JOCTUTAET TpalelueBUIHEIN TPOQUITh, CO CKOPOCThIO HapaCTaHUsI:

# v _ripple = a max / (4.0 * f)

# where:

# v_ripple = average velocity "loss” due to ramping
# a _max = max axis acceleration

# f = cutoff frequency from INI
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I BBIIIEYIIOMSHYTOT'O CTaHKa ITyabcalus Ajs 4acTOoThl cpe3a 20 I'm coctaBnser 100 / (4 * 20)

= 1,25 IPS. 9Ta nudpa KaxkeTCs BEICOKOM, HO UMeNTe B BUAY, UTO 3TO JIUIIL OlleHKa HauxyQlIero
ciay4das. B melicTBUTEIbHOCTH IPOGUIIL TPAaellMeBUAHOI O ABUKEHNA OTPaHNYeH IPyruMu pakTopamMu,
TaKUMH KaK HOpMaJIbHOe YCKOPEeHue uiru TpedyeMasi CKOPOCTh, IT03TOMY (paKTUdYecKas IOTePs ITPOU3BOIH’
OoJzKHa OBITh HAMHOT'O MEHbIIIe. YBeJIM4YeH1e YaCTOTHI Cpe3a MOXKET ITOBLICUTD ITPOU3BOOUTETBHOCTD,

HO crenaThb OBUXKeHUe 6osiee rpyOLIM M3-3a CKAYKOB yCKOpeHUs. s Hadasa OymeT pa3yMHBIM
3HauyeHUe B nuana3oHe oT 20 mo 200 I'1.

HaxkoHell, HUKaKWe HACTPOUKH HE YCKOPST TPAeKTOPHIO MHCTPYMEHTA C MHOXKECTBOM MaJIeHbKUX,
KPYTHIX YTJIOB, TIOCKOJIBKY BEI OTPAaHUYEHH YCKOPEHUEeM Ha ITOBOPOTAaX.

e SPINDLES = 3 - KonmuecTBO mOOmep’KUBaeMbIX ImmuHmened. KpaliHe BaxXHO, 4TOOBI 3TO YHCJIIO
COOTBETCTBOBAJIO ITapaMeTpy “num_spindles”, mepegaBaeMoMy MOIYJIIO OBUKEHUS.

* COORDINATES = X Y Z - UmeHa ymnpaBnseMbix oceir. [omyctumsl Tonmbko X, Y, Z, A, B, C, U, V, W,
B G-kope mpuHMMAalOTCS TONBKO ocH, yKa3aHHble B KOOPIIMHATAX. Pa3pelieHo nucaTh UMS OCH
fomnee omHoro pas3a (Hanpumep, XYY Z ni1s mopTaJbHOTO CTaHKa). 1 oObsIuHOM trivkins kinematics
HOMepa CoefUHeHUM Ha3Ha4yaloTCs IIOCIefoBaTEeJIbHO B COOTBETCTBUU C MapaMeTpoM trivkins coor-
dinates=. Wrtak, onsa trivkins coordinates=xz, joint0 cooTBeTcTByeT X, a jointl cooTBeTCcTByeT Z.
CM. cnpaBOYHYIO CTPAHUILY II0 KWHeEMaTHKe ($ man kins) ans nmonydeHus nHbopMmalmu o trivkins n
OPYTUX MOOYISAX KUHEMaTUKHU.

e LINEAR UNITS = <units> -Yxka3slBaeT eOUHUUblI CMAHKA OJ1s1 TUHEWHBIX 0celi. BO3MOXKHEBIE BapUaHTHI:
MM WJIH OI0MM. OTO He BIMSET Ha JIUHENHbIe eOUHUIIH B Koge YII (3To mematoT cimoBa G20 u G21).

e ANGULAR UNITS = <units> - YKa3rBaeT eOUHUlbl CMAHKA 0I5 OCcel BpallleHus. Bo3MoXKHbIe BapUaHTHL:
deg, degree (360 ua Kpyr), rad, radian (2*u Ha Kpyr), grad, unu gon (400 Ha Kpyr). DTO He BIUSIET
Ha yrnoBrle eguHuUIEl Kofga YII. B RS274NGC cnosa A, B u C Bcerga BeIpazkKarTCs B Ipafgycax.

e DEFAULT LINEAR VELOCITY = 0.0167 - HaganbpHas CKOPOCTh CTyII€HUYATOI'0 IEPEMEINEHUS INHEUHEIX
ocell, B MAllMHHBIX €OUHUIIAX B CEKyHAYy. 3HaueHme, oToOpaxkaemoe B AXIS, paBHO MallIMHHBIM
eOuHUIlaM B MUHYTY.

* DEFAULT LINEAR ACCELERATION = 2.0 -Ha cTtankax c nontrivial kinematics yckopeHue, HCIoib3yeMoe
ons "teleop” (mekapTOBO IIPOCTPAHCTBO) MeOJIEHHHIX ITOHadY, BhIPAxKaeTcs B eOUHUUAX CMAHKA B
CEeKyHAY.

e MAX LINEAR VELOCITY = 5.0 - MakcuMaabHas CKOPOCTS I 110001 OCH M CKOOPOUHUPOBAHHOTO
nmepeMeIieHust B eQUHUUAx cmaHkax B cekyHay. OTtobpaxkaemoe 3HadeHue paBHO 300 emuHUIIAM B
MUHYTY.

¢ MAX LINEAR ACCELERATION = 20.0 - MakcuMaJIbHOE YCKOPEHUeE [JIst 11000 OCH MJTH IIepeMelleHre
COTJIaCOBaHHOMU OCH, B €0UHUUAX CMAaHKA B CEKyHTY.

* PLANNER TYPE = 0 - Selects the trajectory planner type: 0 = trapezoidal (default), 1 = S-curve with
jerk limiting. S-curve planning is only active when PLANNER TYPE = 1 AND MAX LINEAR JERK > 0.

e MAX LINEAR JERK = 0.0-The maximum jerk (rate of change of acceleration) for coordinated moves,
in machine units per second cubed. When set to 0 (default), jerk limiting is disabled. When greater
than 0 and PLANNER TYPE = 1, enables S-curve trajectory planning.

e DEFAULT LINEAR JERK = 0.0 - The default jerk value for coordinated moves, in machine units per
second cubed. When set to 0, MAX LINEAR JERK is used.

e POSITION FILE = position.txt- Ecnu ycTaHOBIIEHO HEIIYCTOE 3HaYeHNe, TO3UIIUY COYJIeHEHUU COXPaHSAIOT!
MeX[Oy 3allyCKaMU B 3TOM ¢daiine. IDTO IIO3BOJISIET CTAHKY CTapTOBaTh C TEMU XK€ KOOpPOUHATaMHU,
KOTOpPEIE ObLIIN Y Hero IIpu BBIKJIIIOYEHUH. 10 IIpefrojiaraeT, 4YTO IIPH BHIKJIIOYEHHOM IIMTaHUUN
CTaHOK He ABUTaJcs. Ec/iu He yCTaHOBJIEHO, TIO3ULINU COYJIEHEHU He COXPaHAI0TCA U OyAyT HaUMHATHCS
¢ 0 mpu Kaxpom 3anycke LinuxCNC. 3To MoxkeT ToMo4b Ha He60IbIINX CTaHKaX 6e3 IepeksiodaTesiei
KMCXOmHOU nmo3unuu. Ilpu mcnonb3oBaHuu uHTEpPdeEiica mpeobpa3oBaTens Mesa 3ToT daiim MOXKHO
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KMCIOb30BaTh OJIS SMYIISIIIMKM aOCOMIOTHBIX SHKOOEPOB M YCTPaHEeHUs HeoOXOOMMOCTH BO3BpaTa B
HCXOOHOE ToJIoKeHue (6e3 moTepu TOYHOCTH). [OIMOIHUTENbHYI0 HHGOPMAIIUIO CM. Ha CTPaHUIEe
pykoBozxcTsa hostmot?2.

* NO_FORCE_HOMING = 1 - ITo ymonuanuto LinuxCNC 3acTaBnsieT II0JIb30BaTeNlsI IPUBECTU CTAHOK B
HMCXOOHOE ITONI0XKEeHHNEe MIepeq 3allyCKOM KakKoH-mn0o KoMaHAbl MDI unu nmporpaMMbl. OOBIYHO [0
IPUBELEHNS B UCXOOHOE II0JIOKEHNE Pa3pellaeTcs TOJIbKO MeAJIeHHasd rtogayda. 171 KoHQurypaiuu,
ucnonb3yromux identity kinematics, ycraroBka NO FORCE HOMING = 1 n103B0IsI€T IOJIL30BATEIIIO
BBIIIOJIHATH NepeMetienus MDI u 3amyckaTh IporpaMmbl 6e3 IpeaBapUTEILHOT0 BO3BpaTa CTaHKa
B MCXOOHOeE TIoNloKeHue. B mHTepdeiicax, ncnomb3ylomux identity kinematics 6e3 Bo3MOXKHOCTHU
BO3BpaTa B UCXOOHOE IIOJIOKEHME, IJIST 3TOU ONIUKU HeOOXOOMMO YCTAaHOBUTEL 3HAYEeHME 1.

Warning
LinuxCNC He 6ygmeT 3HaTb BalUXM OrpaHUYEHUS TMepeMeLleHnss COoYJIeHeHUs npu
ncrnons3osaHum NO_FORCE_HOMING = 1.

* HOME = 0 0 0 0 0 0 0 0 0-T'nmobGanbHas UCXOOHAS ITO3UIUA HeoOXoaAuMa OJI1 MOy lel KUHEMaTUKY,
KOTOPHIE BRIYUCIIAIOT r100anbHble KOOPAUHATH ¢ moMoIrbio kinematicsForward() mpu nepekitoyeHun
U3 pexXuMa couJieHeHUs B teleop pexuM. MoXKHO yKa3aTh [0 [IeBsATH 3HaUueHUul koopauHat (XY Z A
B C UV W), Heucnonb3yeMble KOHEYHEIE 9JIEMEHTHI MOXKHO OIIYCTUTh. DTO 3HaYEeHUE UCIOJIb3yeTCs
TOJIBKO [JI51 CTAHKOB C nontrivial kinematics. Ha cTtarkax c trivial kinematics (¢ppe3epHrie, TOKapHbIe,
opTaabHbIE) 3TO 3HaUeHUe urHopupyetcs. [Ipumeuanne. [ koHpurypaimu sim hexapod tpebyeTcs
HeHyJIeBOoe 3HaueHNe KOOPOUHATH Z.

* TPMOD = alternate trajectory planning module [tp parms=value]
ITepemenHas TPMOD siBnsieTcst HeoOs3aTeNbHOM. EC/TU yKa3aHo, UCTIONb3yHUTe YKa3aHHBIN (CO3TaHHBIN
IM0JIb30BaTeIeM) MOLYJIE BMECTO MOZIYJIA o yMojidaHuio (tpmod). ITapameTrpsl Monyns (tp parms)
MOTYT OBITh BKJIIOUEHBI, €CJIU OHU MOANEPKUBAIOTCSA YKa3aHHBIM MOZYJIEM. DTy HaCTPOUKY MOXKHO
repeonpenenuTh U3 KOMaHIHOM CTPOKHU C ITOMOIIbIo omium -t ($ linuxcnc -h).

* NO PROBE JOG ERROR = 0-Pa3spemuTs 06X01 IpoBepKY cpabaThIBaHUA HaTuyuKa KOrga BEl UCIIOJIb3yeTe
Me[JeHHYIO TI0avYy B PpyYHOM pPeKUMe.

* NO PROBE _HOME ERROR = 0-Ilo3BossieT 06XOOUTH IIPOBEPKY cpabaTHBaHUs HaTUYMKa BO BpeMs BO3BpaTa
B UCXOOHOE II0JIOKEHHUE.

4.4.2.11 [KINS] paspen

¢ JOINTS = 3 - VKasniBaeT KOJIMYECTBO COUJIeHEeHHUM (mBurartesieit) B cucrtemMe. Hampumep, CTaHOK
trivkins XYZ ¢ omHuUM pgBUraTeneM Ha KaXAyl OChb UMeeT 3 couJieHeHus. [lopTanbHBIM CTaHOK
C OOHUM [OBUTaATeJieM Ha KaXAou M3 OBYyX OCEM U OBYMS OBUTATEISIMHM Ha TpeThed ocu umeet 4
cousieHeHUd. (JTa mepeMeHHas KOHGUTypaIuy MoXKeT ucnonb3oBaTbca I'UIT nig yCTaHOBKY KOTUYECTBa
counieHeHU# (num joints), yKa3aHHBIX OjI9 MOZyJss motion (motmod).)

e KINEMATICS = trivkins-Ykaxwute monyins kinematics gns mogysns motion. 'MIIel MOTYT HCIOJIB30BaTh
9Ty IepeMeHHYIO0 [Jid yKa3aHus cTpoku Loadrt B ¢paitnax HAL mna momysnsg motmod. [1OIOTHUTEIBHYIO
nHpOpMauurio 0 MOOYJIAX KNHEMAaTUKU CMOTPUTE Ha CTpaHuUIle pyKoBoAcTBa: $ man kins.

4.4.2.12 [AXIS_<letter>] Section

<letter> yka3eiBaeT ofHy u3: XYZABCUVW

* TYPE = LINEAR - The type of this axis, either LINEAR or ANGULAR. Required if this axis is not a default
axis type. The default axis types are X,Y,Z,U,VW = LINEAR and A,B,C = ANGULAR. This setting is
effective with the AXIS GUI but note that other GUI’s may handle things differently.
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e MAX VELOCITY = 1.2 - MakcuManbHas CKOPOCTSH [Jid 9TOM ocu B machine unit B cekyHmy.

e MAX ACCELERATION = 20.0- MakcuManbHOe YCKOPEeHUe AJI1 9TOM OCU B eIVHUIIaX CTaHKAa B CEKYHOY
B KBajgpare.

e MAX JERK = 0.0 - Maximum jerk for this axis in machine units per second cubed. Used when S-
curve trajectory planning is enabled. When set to 0 (default), no per-axis jerk limiting is applied.

e MIN LIMIT = -1000 - MuHuManbHEY Ipenes (IporpaMMHBIN IIpefesl) OBUXKEHUS OCU B eqUHUIaX
U3MepeHusI CTaHKa. [IpyM MpeBHIILIEHNWM 3TOTO Ipefeiia KOHTPOJIIEP HpephiBaeT OBUXKEHHE OCH.
Ochb pmomkHa OBITH BO3BpallleHa B MCXOOHOE IIOJIOKEeHHWe o Toro, Kak cpaboraetr MIN LIMIT. Onsa
noBopoTHOU ocu (tum A,B,C) c HeorpaHMUYeHHEIM BpalmleHueM, He uMemwomieir MIN LIMIT gnsa aTou
ocu B pa3gene [AXIS <letter>], ucnons3yercsa 3HadeHue -1e99.

e MAX LIMIT = 1000 - MakcuMasbHBIN IIpefen (IporpaMMHLIN IIpenesl) OBUKEHUS OCH B eqUHUIaX
W3MepEeHus CTaHKa. [Ipm NIPEBHIIIEHWU 3TOT0 Ipefesia KOHTPOJUJIEP IPEepHBaAeT OBUXKEHHE OCH.
Ocp pmomkHa OBITH IpUBedeHa B UCXOOHOEe II0JI0KEeHWe [0 Toro, Kak cpaboraer MAX LIMIT. s
noBopoTHOU ocu (tun A,B,C) ¢ HeorpaHU4YeHHEIM BpamieHueM, He uMetomied MAX LIMIT gns aTtou
ocu B pa3genie [AXIS <letter>], ucnons3yercsa 3HaueHue 1€99.

¢ WRAPPED ROTARY = 1-Ecnumns ANGULAR ocu ycTaHOBIEHO 3HaYeHue 1, ock OyOeT mepeMemaThbCst
Ha 0-359,999 rpanycos. IlonoxXuTenpHEIE YHCIla IEPEMELIAOT OCh B IIOJIOKUTEJILHOM HallpaBJI€HUH,
a oTpullaTelIbHEIE YUCJIa IepeMeIaloT OCh B OTPUIIaTEIbHOM HallpaBI€HUN.

e LOCKING INDEXER JOINT = 4 — 3T0 3HaueHUe BLHIOMpPAET COYJIeHeHMEe, YTOOHI UCIIOIBb30BTh KaK PUKCUPYIC
WHOEeKCaTop [JIs yKa3aHHOU ocu <letter>. B sToM mpuMepe couleHeHUe MMeeT HoMep 4, 4To
COOTBETCTByeT ocu B mnst cucteMbl XYZAB ¢ kuHeMaTukoi (identity) trivkins. Korpma ycrtaHoBieHoO,
nepeMertienne GO Ost 3TOM OCHM MHUIMHUPYET Pa30IOKMPOBKY C momomrkio joint.4.unlock pin,
3aTeM XKpeT KoHTakKT joint.4.is-unlocked, a 3aTeM mepemellaeT COYIeHEHUHE C BBICOKOM [JIs
9TOT'0 COYJIEHEHUS CKOPOCThIO. [Toce nmepemernienus 3uadenue joint.4.unlock 6yger false u mnsa
PONOJIKEeHUs ABUXKeHUs OymeT oXupmaHue MOMeHTa, Korma joint.4.is-unlocked cranmert false.
[TepemellieHre APYTrUX COUIEHEHUN HE IOIIYCKAeTCs IIPU IlepeMellleHnY 3a610KMPOBAaHHOT'0 ITIOBOPOTHOI'O
couneHeHus: . YToOB CO3aTh KOHTAKTH Pa30I0KUPOBKHY, UCIIONIb3yHTe MapaMeTp motmod:

unlock joints mask=jointmask

butel macku coeguHeHus: (LSB)0:joint0, 1:jointl, 2:joint2, ...
[Tpumep: loadrt motmod ... unlock joints mask=0x38 co3maeT pa30I0KUPYOIIKE KOHTAKTHI OJIS
couneHeHuu 3,4,5.

* OFFSET AV RATIO = 0.1 — ecnu HeHyJIeBOe 3HaudeHHe, 3TOT 3IJEMEHT II03BOJIIET HCIIOIb30BaTh
BXOOHBIe KOHTAKTH HAL 0151 cMeleHusI BHEIITHUX OCEN:

axis.<letter>.eoffset-enable
axis.<letter>.eoffset-count
axis.<letter>.eoffset-scale

HNudbopmanuio 06 UCIIONb30BaHUM CMOTPUTE B r'maBe: External Axis Offsets.

4.4.2.13 [JOINT_<num>] paspensl

<num> yKa3blBaeT HoMep cousieHeHUd O ... (num_joints-1). 3HayeHne num joints ycTaHaBIUBaEeTCS C
nomoInpio [KINSJJOINTS=.

Pazgener [JOINT O], [JOINT 1] u T. O. comepzaT o0ine mapaMeTpHl A1 OTOeIbHEIX KOMIIOHEHTOB B
MopayJie yIpaBJieHus coujieHeHueM. VIMeHa CeKIul CO4YJIeHEeHUU HaunHalTCcA ¢ 0 ¥ 3aKaH4YMBAIOTCA
KOJIMYEeCTBOM COYJIeHeHUM, YKa3aHHLIM B 3anucu [KINS]JJOINTS munyc 1.

OOBIYHO (OJIT CUCTEM, UCTIOJIL3YIOMIUX trivkins kinematics, cymiecTByeT cooTBeTCTBHE 1:1 Mexkmy 6YKBOM
KOODPAVHAT COYJIeHEHUS U OCH):




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 162 /1345

« JOINT 0 =X
« JOINT 1 =Y
« JOINT 2 =27
« JOINT 3=A
« JOINT 4 =B
« JOINT 5=C
« JOINT 6 = U
« JOINT 7 =V

« JOINT 8 =W

Ipyrue kuHeMaTudeckue monynu c identity kinematics mocTynHbl Oist mogmepKKU KOHQUTYpaLU C
YaCTUYHBEIMH HabopaMu oceii. HampuMep, Ipu HCIoIb30BauuHu trivkins ¢ coordinates=XZ cooTHoIIeH1sA
COYJIEHEHUEe-0Chb OyyT TaKUMU:

* JOINT 0 =X
* JOINT 1 =72

,]:[J'ISI II0JIy4YeHusda HOHOHHHTGHBHOﬁ HH(bOpMaLII/IH 0O MOAOyIdaX KHHEMATUKKU CM. CIIPABOYHYIO CTPAHULY
kins (B Tepmunane UNIX BBenute man kins).

e TYPE = LINEAR - Tun counenenusi: LINEAR i ANGULAR.

e UNITS = INCH - Ecnu aTOT mapaMeTp yKa3aH, 9TOT IapaMeTp IIepeonpenensieT COOTBETCTBYIOIUN
napameTtp [TRAJ] UNITS, manpumep, [TRAJ]JLINEAR UNITS, ecnu TYPE aToro codsieHeHUsS paBeH
LINEAR, [TRAJ]JANGULAR UNITS, ecnu TYPE atoro couneHenuss ANGULAR.

e MAX VELOCITY = 1.2 - MakcuManbHas CKOPOCTh OJISl 3TOTO CouNieHeHus B machine unit B cexkyHny.

e MAX ACCELERATION = 20.0 - MakcuMasnbpHOEe YCKOPEHUE [OJIs1 9TOT0 COUYJIeHEeHU B eJUHNIaX CTaHKa
B CEKYHAOY B KBayiparTe.

e MAX JERK = 0.0 - Maximum jerk for this joint in machine units per second cubed. Used when S-
curve trajectory planning is enabled. When set to 0 (default), no per-joint jerk limiting is applied.

e BACKLASH = 0.0000 - JTrodTH B egUHUIIAX CTaHKA. 3HaUYeHNWe KOMIIeHcalliH odTa MOXKHO UCII0Th30BaTh
IJIST KOMITEHCAaIuM HeOOJIbIITNX HeJOCTAaTKOB 000PyAOBaHUS, MCIIOIb3YEMOTI0 [iJIsI IPUBOMia COYJIEHEHUS.
Ecnu K counenenuio nobasnsgeTrcs MO(PT ¥ BB UCIOJIL3YEeTe LIAaroBhle ABUTaTenu, 3HaueHue STEP-

GEN MAXACCEL Heo6xonumo yBeTu4uTh B 1,5-2 pa3a 1o cpaBHeHUIo ¢ 3HaueHueM MAX ACCELERATIO?
OISl cousieHeHUsA. Upe3MepHas KoMIeHcalusa aodTa MOXKET IPUBECTU K PHIBKAM COYJIEHEHUS IIPU
u3MeHeHUU HanpaBneHusa. Ecnu ans counenernusa ykasan COMP FILE, BACKLASH He ucnonb3yeTcs.

* COMP_FILE =file.extension - KomeHCcalMOHHEIM (aliji COCTOUT M3 KapThl UH(GOPMALIMHU O TIOJI0KEHUHU
courleHeHUs. 3HaueHUs (aiiyia KOMIIeHCAllUU YKa3aHbl B efUHUIAX cCTaHKa. Kaxarii Habop 3HaYeHul
HaXOOUTCS B OOHOM CTPOKe, pa3meNieHHoi 1pobesioM. ITlepBoe 3HaUueHN e — 3TO HOMUHAIbHOE 3HaUeHle
(3apmaHHOE nosI0XKeHUe). BTopoe U TpeThe 3HaUYEHUS 3aBUCAT OT HacTpouku COMP_FILE TYPE. Touku
MeKOy HOMUHAaJIbHEIMY 3HaUYeHUIMYU UHTEPIIONUPYIOTCS MEeXAYy ABYMs HoOMUHanaMu. Painel KOMIeHcalll
OOJI2KHBI HAUWHATHCS C HaMMEeHBIIIeTo HOMUHAasIa ¥ pacrojiaraThCs B IOPsIIKe BO3pacTaHUs K HauOoJIbIIeM:
3HaYeHUIO0 HOMHHaJIOB. MMeHa ¢aiiioB 4yBCTBUTENIBHBEI K PETUCTPY U MOTYT COfepxkKaTh OyKBBHI
u/unm 1udpel. B HacTosAlee BpeMs orpaHmdenue BHyTpU LinuxCNC cocrtaBnseT 256 TpUIITIETOB
Ha COefuHEeHUe.

Ecnu ona coegmuaenus ykasan COMP_FILE, BACKLASH e ucnonb3yeTcs.
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e COMP_FILE TYPE = 0Qorl-YkasrsBaeT Tul (paliyia KOMIeHcauu. [lepBoe 3HaUeHNEe — 5TO HOMUHAJIbHOE
(3amaHHOe) MOJIOKEeHMe IJIT 000UX TUIIOB.
COMP_FILE TYPE momxkeH OBITH yKa3aH ajisa Kaxkmgoro COMP_FILE.

- Type 0: BTopoe 3HaYeHUe oIpenessaeT pakKTUYeCKoe MMOJIOXKEeHNE TIPU ABUXKEHUU COYJIEHEHUS B
TIOJIOZKUTEJILHOM HallpaBIeHUU (Bo3pacTamlllee 3HaueHue). TpeThe 3HaYeHUEe onpenesseT GaKTUIeCKO«
TI0JIOKEHHMe, KOoTa Co4JiIeHeHUe NBUXKETCS B OTPULIATEILHOM HallpaBieHuu (yObIBalolllee 3HaUEeHUeE).
Type O IIpumep
-1.000 -1.005 -0.995

0.000 0.002 -0.003
1.000 1.003 0.998

- Type 1: Bropoe 3Ha4YeHUE OIpPENENSeT II0JIOKUTEILHOE CMEIleHe OT HOMUHAJa IIPU OBUXKEHUU
B MOJIOKUTENIPHOM HallpaBlIeHUU. TpeThe 3HadYeHUe ONpelenseT OTpUllaTelIbHOEe CMeIleHue OT
HOMUHAaJIa OIpU OBUKEHUU B OTPUIATEIbHOM HallpaBI€eHUN.

Type 1 IIpumep
-1.000 0.005 -0.005

0.000 0.002 -0.003
1.000 0.003 -0.004

e MIN LIMIT = -1000 - MuHMMaIbHEIM Ipener O lIepeMellleHns COYJIeHeHN s, B eUHHUIIaX CTaHKa.
ITpu mocTHKEHUU 3TOTO ITpefesia KOHTPOJIJIep MpeKpalllaeT ABUXKEeHU e CoujieHeHus. [71s Bpallalnerocs
COUYJIEHEHUA C HEOTPaHWYEHHEIM BpalleHueM, He uMmeromero MIN LIMIT gis aToro coegvHeHus B
pa3gene [JOINT N], ucnons3yetcs 3HadeHue -1€99.

e MAX LIMIT = 1000 - MakcuManbHEY IIpefesl OBUXKEHUS CO4YJIeHeHUs, B e€OIMHUIlaX CTaHKa. [lpu
OOCTHUKEHUHU 3TOTO IIpefesia KOHTPOJIJIEP ITpeKpalllaeT ABUXKEeHN e CoujieHeHus. [I1d Bpalllalerocs
COUYJIEHEHUSA C HEOIPaHUWYEHHEIM BpallleHueM, He umerouiero MAX LIMIT gjist 3TOro codsieHeHus B
pa3gene [JOINT N], ucnonb3yetcs 3HadeHue 1€99.

Note
Onsa identity kinematics HacTpoku [JOINT N]JMIN LIMIT/MAX LIMIT [OJ1>KHblI PaBHATbCA WU
npesbilaTe cooTBeTcTBYyOWMe npegenbl [AXIS L] (MAEGHTUMYHOCTb OAMH K OJHOMY). 2Tn

HaCTPOWKKN NPOBEPAIOTCA NpM 3anycKe, Korga ykasaHbl moaynu trivkins kinematics.

Note

Hactporky [JOINT N]MIN LIMIT/MAX LIMIT npuMeHSAIOTCA Npyv MensIeHHOW nojaydn B pexumme
COYJIeHeHMs nepepj BO3BPaTOM B MCXOAHOeE rosioxkeHune. locsie Bo3BpaTa B UCXOLHOE MON0XKeHNe
npegesnbl koopanHaT [AXIS LIMIN LIMIT/MAX LIMIT ncnosb3ylOTCA B KaYyecTBe OorpaHnYeHuin ans
nepemMelleHnsa ocm (bykBbl KOOPAWHAT) U NpU MJAHUPOBAHUN TPAEKTOPUWU, UCMOJSIb3yeMon ONs
nepemelteHnn G-koga (nporpamMmmbl U KomaHAabl MDI). MnaHupoBWNK TpaekTopun paboTaeT B
nekapToBoM npocTpaHcTBe (XYZABCUVW) u He uMeeT uMHGOPMaUUnM O ABUXKEHUN COYJIEHEHUN,
peann3yemMoM KakKuM-sMbo KnHeMaTuyecknm mMonyfiemM. BO3MOXXHO BO3HMKHOBEHMWE HapyLUeHWUN
npenena covneHeHna Anga G-koda, KOTOPbIA MOAYMHAETCHA npedeny no3vumu MNaaHMpoBaHUS
TpaekTopun, Korga mncnonbsyetcs identity kinematics. Moaynb asmxeHus scerna obHapyxmsaeT
HapyLweHNa U HEeUCNpPaBHOCTU MpenfefibHbiX MOJSIOXKEHUN COYSIeHEHUs, €C/IN OHWU BO3HUKAalT BO
BpeMs BbIMoJIHEHNS KOMaHA G-koga. CM. Takxke cooTBeTcTBYyOWYto https://github.com/LinuxCNC/-
linuxcnc/issues/97 [GitHub issue #97].

e MIN FERROR = 0.010 - 9To 3HaYeHNe B MAIIUHHBIX €OUHUIIAX, IPU KOTOPOM LIaPHUPY pa3pelieHo
OTKJIOHATBCS OT 3aaHHOI'O [I0JIOXKEHUS Ha oueHb Hu3Kux ckopoctax. Ecnu MIN FERROR wmeHeIne,
yeMm FERROR, oHu co3maioT MHHEHHOe n3MeHeHHue ToueK cpabaThiBaHUS IO ommubKe. Bl Moxere
oyMaTth 00 9TOM Kak o rpaduke, roe ogHO U3MepeHHe — 3TO CKOPOCTh, a Apyroe — OOIyCcTHMast
norpemrHocTh. 1o Mepe yBenudeHMsI CKOPOCTH BeIMYKHAa OIIMOKY PacCcorIacoBaHus TaKXKe yBeJINUYUBaeTC
B CTOpOHY 3HaueHus FERROR.
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e FERROR = 1.0 - FERROR — 3T0O MaKCHMMaJIbHO AOIIyCTHMas OlInOKa paccorjlacoBaHUS B eOUHUIIAX
cTtaHka. Ecnu pa3Hulla MeXOy 3afaHHBIM UM U3MEePEHHBIM MI0JIOKEeHHUEM ITPEBLIIIAET 3Ty BEJIMUUHY,
KOHTPOJIJIED 3alpelllaeT CEPBO BEIYUCIIEHHUSI, yCTaHaBIUBaeT BCe BrIXoawl Ha 0,0 1 OTK/II0YaeT YCUTTUTEIIH.
Ecnu B INI-daiine mpucytctByer MIN FERROR, ncronb3yloTcs OMMOKHY PacCoTIaCoOBaHU A, ITPOIIOPLIMOHAbE
CKOPOCTH. 3IeCh MaKCHMaJIbHO AOIyCTUMas olnbKa paccorjlacoBaHus IIPOIIOPLMOHAaIbHAa CKOPOCTH,
npudeM FERROR mpuMeHsIeTCS K BLICOKOM CKOPOCTH, ycTaHoBiaeHHO# [ TRAJJMAX VELOCITY, u mpomoOpLUMoOH
MeHbIIKNE OMIMOKY PaccorjlacoBaHus AJjisi 0ojee MeIJIEeHHBIX CKOpocTeld. MaKCHUMaJlIbHO OOIIyCTUMAsT
ommbKa paccorjiacoBaHus Bcerma OymeT 6osbire, yeMm MIN FERROR. 9To mpemoTBpalaet HelrpeqHaMepPeHH
IpephIBaHue OBUKEHUS TPU HEOOIBITNX OIIMOKaX PAaCCOTIaCOBaHMS AJIsI HEIMOABUXKHEIX oceli. HeboJTbIme
OoIIMOKY paccorjacoBaHus Bcerfga OyOyT NPHUCYTCTBOBATh U3-3a BUOpAuu U T. 1.

e LOCKING INDEXER = 1 - YKa3mBaeT, UTO COUYJIEHEHHE HCIIOJIb3yeTCs B KadeCTBe (PUKCUPYIOIIETo
HHOeKcaTopa.

9Tu napaMeTpHI CBSI3aHE C BO3BpallleHUeM B ICXOIHOe ITonoxeHue. s 6onee 1ogpoOHOTo 00bsICHEHU S
npoutute riaBy Homing Configuration.

* HOME = 0.0 -IlomoxeHwue, B KOTOpoe nepefmeT CO4YJIEHEeHHE II0CJI€ 3aBePIIeHNn A ITIOCIIeJ0BaTEeJIbHOCTHU
BO3BpPaTa B HCXOOHOE II0JI0OZKEHHe.

e HOME_OFFSET = 0.0 - [TonoxkeHue KOHIIeBUKa UCXOOHOI'O [TOJIOKEHUS COYJIEHEeHUSI UIU UHIEKCHOT O
UMIIy/IbCa B eWHUIIaX CTaHKa. ECIM BO BpeMs IIpoliecca IPUBEOEHHS B HMCXOOHOE IIOJIOKEeHHEe
HalleHO MCXOOHOE IIOJIOKEHUWE, 3TO II0JIOXKEHHe ITPHMCBauBaeTCs 3TOM Todke. [Ipu coBMecTHOM
HUCIIOJIb30BaHUU KOHIIEBUKA MCXOIHOTO ITOJIOKEHU S ¥ KOHIIEBUKA ITpeelia ¥ UCII0Ib30BaHUM IIOCIEI0BATE]
IpUBEOEHUS B UCXOOHOE TTOJI0KEHUE, KOTOPas OCTaBJIIET KOHLIEBUK UCXOOHOTO MTOIOKEHU/Ipegerna
B MEPEKII0UYEHHOM COCTOSIHUM, MOIKHO KCIIOIb30BaTh CMeEIlleHWE MCXOOHOT'O TOJIOXKEHUS, YTOOBI
OmpenmenuTh NOJI0XKEeHNe KOHIIeBUKa UCXOIHOT 0 II0JI0XKEeHUsI, oTIIu4YHoe oT 0, ecJIx Ballle II0JIOXKeHue
HOME ponxuo OBITE 0.

e HOME SEARCH VEL = 0.0 - HayanbHasg CKOPOCTh IIPUBEIEHMUS B UCXOOHOE MOJIOKEHVE B €QUHUIIaX
CTaHKa B CEeKyHOY. 3HaK YKa3bIBA€T HAIIPpABJIEHUE OBUXKEHUA. HyneBoe 3Ha4YeHUue O3Ha4daeT, 4TO
TeKylllee MeCTOIIOJIOKEeHYE SABISeTCSI UCXOOHEIM II0JI0OKeHeM cTaHKa. Eciu Ha BallleM CTaHKeE HET
KOHIIeBUKOB MCXOOHOTO [IOJIOKEHUS, OCTaBbTe 9TO 3HAUEHNE PaBHBIM HYIIHO.

e HOME_LATCH VEL = 0.0 - CKOpOCTE BO3BpaTa B UCXOOHOE MIOJIOKEeHMEe B eIUHUIIaX CTaHKa B CEKYHOY
IO IOJIoXKeHUs prUKcalmu KOHIIEBHKA UCXOTHOTO IIOJIOKEeHU. 3HaK YKa3blBaeT HallpaBJleHNe IBUKEHU .

* HOME_FINAL VEL = 0.0 - CKOpPOCTHL B eQUHHIIAX CTaHKa B CEKYHAY OT GUKCAIIMU UCXOTHOTO IIOJIOKEHUS
IO UCXOOHOT 0 TojTokKeHus1. Eciu ocTaBuTh 3HaueHue 0 MJIM He BKIIOYUTH B 00beUHEHNE, UCIIOIb3yeTCs
OBICTPAsi CKOPOCTD. [TOJIKHO OBITH ITOJOKUTEIILHEIM YHCIIOM.

* HOME USE INDEX = NO - Ecnm sHKOOEep, UCIIOIb3YEMEIN [JI 3TOT0 COYJIEeHEHUs, UMeeT UHAEKCHEIN
UMIIYJILC, & KapTa yIpaBJjleHUs OBUXKEHUEM IIOOOepKUBaeT 3TOT CUTHAJl, BBl MOXKeTe YCTaHOBUTH
s Hero 3HaueHue YES. Ecnu ycraHoBneHO YES, 9T0 moBnuseT Ha THII UCIOJIB3YEMOTO 1abjioHa
HCXOOHOTO ONIOXKeHUsA. B HacTosmee BpeMs Bbl He MOXKeTe IIPUBOOUTE B UCXOOHOE IIOJI0KEHNE [0
WHAEeKCa C IIOMOIIBIO IaroBLIX ABUTaTeJIel, eCNIU BBl He UCHOoNb3yeTe StepGen B pexkyuMe CKOPOCTHU
u PID.

* HOME INDEX NO ENCODER RESET = NO - HUcmons3yute YES, ecnu sHKOOEp, HCIOIB3YEMBIN OIS 3TOTO
COuYJIEHEeHM s, He cOpachiBaeT CBOM CYETYUK TPU 00HAPYKEHUU UHIEKCHOT'0 UMIYJIbCa IOCJIe aKTUBAIUN
koHTakTa HAL index enable counenenus. Ilpumernumo Tonsko gisgs HOME USE INDEX = YES.

* HOME_IGNORE_LIMITS = NO - Korpa BEI HCHIOJIB3y€eTe KOHIIEBUK IIPEETia B Ka4yeCTBe KOHIIeBUKa UCXOIHOI 0
IIOJIOKEHU S ¥ KOHIIeBUKa IIpefiesia, AJIs Hero JOIKHO OBITh yCTaHOBIeHOo 3HaueHue YES. Ecnu ycTaHOBIEH!
3HadyeHue YES, KOHLIEBUK Ipefeia AJjIs 9TOr0 COYJIeHEeHUsI HTHOPUPYETCS IPU BO3BPAaIlleHUM B UCXOTHOE
IIOJIOKEeHUe. Bl HONMKHBI HAaCTPOUTH IIPUBENEHHE B MCXOMHOE IIOJIOKEHWE TaK, YTOOBl B KOHIIE
IpUBEIEHNS B UCXOOHOE IOJIOKEHNEe KOHIEBHUK MCXOOHOTO IIONIOKEHUs/Ipenena He HaXOOUIICS B
MepeKIJIIOYEHHOM COCTOSIHUU. B NPOTUBHOM Ciydae MOCJe NepeMelleHNsl B UCXOOHOe II0JI0OXKeHNe
BEI IIOJIy4YUTe OMINOKY KOHIIeBUKaA IIpefena.
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* HOME_IS SHARED = <n> - Ecnu BxoO UCXOOHOTO ITOJIOKEHM S UCIIONIb3yeTCs 60Jiee 4eM OTHUM COYJIEHEHUE]
YCTaHOBUTE <n> B 1, YTOOBI MPEeOOTBPATUTh 3allyCK BO3BpaTa B MCXOOHOE IMOI0XKEHUE, eCIIU OOUH
13 00X KOHIIEBUKOB y2Ke 3aMKHYT. YcTaHoBUTe <n> B 0, 4TOOGH pa3pemmnTh BO3BPAT B UCXOOHOE
I0oNI0XKeH1e, eClIi IepeKIYaTeNlb 3aMKHYT.

e HOME ABSOLUTE ENCODER = 0| 1] 2-Hcmons3yeTcs ojisi 0003HAYEHUS TOTO, UTO COUTIeHEHNE UCITOIb3yeT
abcoimoTHEIM 9HKOmep. IIpum 3ampoce Ha IpUBEAEeHHE B MCXOOHOE ITOJIOKEHUE TEKyIlee 3Ha4YeHue
COYJIEHEeHU s yCTaHaBIUBaeTCs paBHEIM 3HadueHuo HOME OFFSET. Ecnu mapameTrp HOME ABSOLUTE_ENCODEF
paBeH 1, cTaHOK fAejlaeT OOBIYHBIN OKOHYATEIbHHIM mepexon K 3HaueHuio HOME. Ecnu mapameTp
HOME ABSOLUTE_ENCODER paBeH 2, niociiegHee IepeMellleHue He BEIIOIHSIETC.

e HOME_SEQUENCE = <n> - HUcmonb3yeTcs Ojisd onpeneneHus nocienosartenbHocTu “"Home All”. <n>
OOJIZKHO HauuHATHCA € 0, 1 unu - 1. [JonmonHUTEeNbHEIE IT0CIIENOBATEILHOCTU MOTYT OBITh YKa3aHBI C
HOMepaM¥, yBeJInuuBamIumucs Ha 1 (1o abcorroTHOMY 3HaYeHMI0). [IPOMyCK MOPSAKOBEIX HOMEPOB
He gomyckaetcsi. Ecimu HOME SEQUENCE omyimeH, couneHneHue He OyoeT IpuBs3aHo K GpyHKuuu “"Home
All”. OmHOBPEMEHHO MOXKHO Pa3MeCTHUTh 00JIee OJHOI'0 COYJIEHEeHHU ST, YKa3aB OIMH U TOT K€ ITOPSITKOBHIHI
HOMeED [J151 HECKOJIPKUX COYJiIeHeHnU. OTpuIlaTeIbHbIN IOPSIAKOBLIM HOMED UCIIOIb3YETCS OIS OTCPOYKH
(rHAaNBEHOTO IEpEMelIeHU IJIT BCEX COYJIEHEHUN, UMEIOIINX 3TOT (OTPULIaTEeIbHBIN UITU TTOJIOKUTETbHBIN
MMOPSIOKOBBIM HOMeDP. [omomHUTENbHYIO nHopMaluio cM. B pa3geiie HOME SEQUENCE.

e VOLATILE HOME = 0 - Ecnu 3TOT mapaMeTp BKJIIOUeH (YCTaHOBJIEH B 1), 9TO coulieHeHUe OyeT He B
HCXOOHOM IIOJIOKEHNHU, €C/IM MUTaHWe CTaHKa BHIKJIIOUEHO UJIM BKJIIOYEH aBapUUHBIM OCTAHOB. JTO
MOJIE3HO, €CJIA Balll CTAHOK MMEET KOHIIEBUKY MCXOTHOTO TIOJIOXKEHUS U He UMeeT 00paTHON CBA3U
I10 IIOJIOKEHMI0, HAllpUMeD, CTAHOK C IIPUBOAOM, yIIpaBiIsgeMbIM step/dir.

Chy1 IIapaMeTpPBI OTHOCATCA K COYJIEHEHUAM, YIIPaBJIA€MBIMU CEPBOIIPHUBOOAMH.

Warning

Huxe npuBeneHbl nosib3oBaTenbckue 3anmcu INI-panna, kKoTopble Bbl MOXeTe HalTu B
obpasue INI-cbanna nnm anne, cosgaHHOM MacTepoM. OHM HE UCMOJIb3YHTCA NPOrPaMMHbLIM
obecneyveHnem LinuxCNC. OHUM HY>XXHbl TOJIbKO AN Toro, 4Tobbl cobpaTbh BCe HACTPOWMKMU B
0AQHOM MecTe. [loMoSIHUTENbHYIO MHOPMaLMIO 0 MoJsib30BaTeNbCKUX 3anmcax INI-panna cm.
B nogpas3aene Custom Sections and Variables.

Crnepymomye 3JIeMEHTE MOTYT UCIIOJIB30BaThCa KOMIIOHeHTOM [THU]I-perynsaTopa, Ipu 3TOM IIpenIiojiaraeTcs,
qTo BbIXOJ:[HOfI CHUTHAJI - YPOBEHb HAIIPAXKEHU.

* DEADBAND = 0.000015 - HackoIbKO PSITOM SIBIIETCS TOCTATOUYHO PANOM, YTOOBI CHUTATh, YTO IBUTATEID
B IIOJIOKeHUH, B machine unit.

YacTo 0OHO yCTaHABIMBAETCS Ha PACCTOsTHUE, 9KBUBaneHTHoe 1, 1,5, 2 unu 3 oTcyeTaM 3HKOAEPA, HO
CTPOTHUX IIPaBUI He cyllecTByeT. bomee cBoGoauke (00MbIINE) HACTPOUKY TTO3BOJISIOT YMEHBIIUTD
hunting cepBompuBoma 3a cueT 0ojee HU3KOM TOYHOCTU. boinee xkecTKue (MEHbIINE) HAaCTPOUKH
obecmeunBaioT 60j1ee BEICOKYIO TOYHOCTD 3a CYeT Oosblied hunting cepBompuBofa. [1efiCTBUTEIHFHO
71 3TO 60JIee TOYHO, ECJIM OHO TaKXKe U 0oJiee HeonpeneneHHo? Kak mpaBuio, mydine udberaTsb UM,
o KpalHeu Mepe, orpaHuyYuBaTh hunting cepBOIPUBOOOB, ECITM 3TO BO3MOIKHO.

ByobpTe OCTOPOXKHBI IPU YMEHBLIIEHUU OTCUETOB SHKOAEpa HUuxXKe 1, Tak Kak BBl MOXKeTe CO3[aTh
YCJIOBUE, IIPKX KOTOPOM Balll CEPBONIPUBOL He 6ymeT paboTaTh. ITO MOXKET BapbUPOBaAThCA OT hunting
(MenmeHHOTO) OO nervous (BBEICTPOro) U JaXxe [0 squealing, KOTOPOe JIETKO CHyTaTh C KOJIeOaHUIMH,
BEI3BAHHBLIMU HEIIPABUJIBHOW HACTPOUKOU. JlydIle moHadaly IIPOIYCTUTh OTCYET APYIOH, II0Ka BEHI
He mpoufmeTe X0Ts OBl gross tuning.

I[TpuMmep pacueTa eOVHUII CTAHKA Ha WMIIYJILC SHKOOEPA [JIs KUCIIOJb30BaHUSA IIPU ONpeneIeHuUu
3HaueHust DEADBAND:

1 revolution 1line 0.2units _ 0.200units _ 0.00005 units
1000lines = 4 pulse/line = 1revolution 4000 pulses 1 pulse
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e BIAS = 0.000 - OTOT mapaMeTp HUCIONIb3yeTCcsI hm2-servo u HEKOTOPHIMU OpyruMu. CMmelleHue —
9TO MOCTOSTHHAS BeJIMYMHA, KOTopas mo0aBiIsieTCs K BHIXOOMHBIM JaHHBIM. B OOJBIMHCTBE CIIy4aeB
ero cjemyeT OCTaBUTh PaBHBIM HYMo0. OpOHAKO, MHOTA MOXKET OBITH ITOJIE3HO KOMIIEHCHPOBATH
CMeIleHUs B CePBOYCUIUTENSIX UK cOalaHCHUPOBATh BEC 00BEKTa, KOTOPBIN IBUKETCSI BEPTUKAIBHO.
CwMmellleHe BEIK/IIOYaeTCs IIpu oTKItoueHuM KoHTypa [TIM ], Kak 1 BCce ocTabHble KOMIIOHEHTHI BEIXOa.

« P = 50 - IIponopiuoHanbHOe YCUJIeHHE [JIs CepBOIPUBOLa COUJIeHeHUsI. DTO 3HaueHHe YMHOXKaeT
OLHI/I6KY MeXKOy 3adaHHBIM 1 (l)aKTI/I‘{eCKI/IM IIOJIOZKEHHEM B €eINHHUIIaX CTaHKA, YTO IIPDUBOOUT K YBEIINYEHUK
PAaCYeTHOTI O HalIPsA2KEHU A [JI5d YCUIIUTEIIA IBUTaTeIIsA. EI[I/IHI/IHBI yCuiienus P — 9TO BOJILTHI HA €IUHUIY

volts

CTaHKa, HampuMep UNit

e I = 0-HHTerpanbHbi KO3QOUIUEHT YCUIEHUS CEPBONPUBOIA COUJIEHEHUSI. ITO 3HaYEHNEe YMHOXKaeT
COBOKYHHYIO OH.II/I6Ky Me}KI[y 3aJaHHBEIM H (l)aKTI/I‘-IeCKI/IM IIOJIOZKEHHUEM B €OIUHHIIaX CTAaHKa, 4YTO
IIPUBOOUT K YBeHI/I‘-IeHI/IIO PacC4YeTHOI' O HallIPpAXKEeHUWA OJIA YCI/IHI/ITGHH OBUTATEJIA. EI[I/IHI/ILI]:I y'CI/IJ'IeHI/IH

volts

I - BOJIBTH HA €OUHUITY CTaHKa B CEKYHMy, HampuMep: Unit second

* D = 0-IIpousBogHOE yCUIIEHHE OJII CEPBOIPUBOLA COUJIEHEHUS. JTO 3HaYEeHNE YMHOXKAaEeT Pa3HUILy
MeXOy TEKYIeH U IpeabIayInel omuOKaMy, YTO HIPUBOAUT K YBEJIMUEHUIO PACYETHOTO HAIPSIXKEHU S
OJid YCUNIUTEJIA OBUT'aTeJId. E,'E[I/IHI/ILI]:I ycuneHnus D — 3TO BOJIBTHI Ha €OUHHUIy CTaHKa B CEeKYHNY,

volts

HampumMmep unit second
* FFO = 0-Ycunenue npsamoi cesa3u 0™ mopsapaka. ITo YMCIIO0 YMHOXKaeTCA Ha 3aJaHHOE ITOJI0KEHNe,

qTo HpI/IBOJII/IT K YBeJ'II/I‘-IeHI/IIO paC‘-IeTHOl"O HaHpH}KeHI/IH OJIs1 YCI/IJ'II/ITGJ'IH OBUT'ATEJIA. EI[I/IHI/II_IBI YCI/IJ'[eHI/IH
volts

FF0O — 3TO BOJIbTHI HA €IUHUITY CTAaHKa, HallpuMep UMil

* FF1 = 0-YcuneHue npsMoi cBa3u 1 7" ro nopsagka. ITO YHMCJI0 YMHOXKAETCS Ha U3MeHeHMe 3aaHHOT0
IIOJIOZKEeHUd B CEKyHOYy, YTO IIPDUBOOUT K YBEJIMYEHHUIO PACYHETHOI'O HAIIPAXKEHUSA OJId YCUJIUTEeIId
oBuraTtensa. EgmHunb ycuneHusa FF1 — 3To BONBTH Ha €OWHUIIY CTaHKa B CEKyHOy, HallpuMep

volts

unit second

* FF2 = 0-YcuneHue npaMou cBSA3U 2° mopsagka. ITO YUCJIO YMHOXKAaeTCs Ha U3MeHeHUe 3aJaHHOr0
[IOJIOKEHUS B CEKYHOY 3a CEKYyHIY, YTO NMPUBOOUT K YBEJIMYEHUIO PACYETHOTO HANPSAKEHUS OJId
ycunutens gsuratens. Epmnaunel ycuneHus FF2 — 5To BOIBTH Ha eQUHUITy CTaHKa B CEKYHOY B

volts

CeKyHAy, HarpuMep unit second”
« OUTPUT SCALE = 1.000

« OUTPUT OFFSET = 0.000

9Tu ABa 3HaUYEHUS ABIIAIOTCSA KOabPuLeHTaMU MaclITaOupOBaHus U CMEIeHU IS BRIXOa COYJIeHeHUS
Ha YCUJIUTENM ABUTATEIIEN.

Bropoe 3HaueHUe (CMelleHNe) BEIUUTAETCS U3 BEIYKUCIIEHHOTO BHIXOOHOTO CUTHAala (B BONbTAx) U
OeJIUTCs Ha IIepBoe 3HaueHHue (MacIITaOHLIH KO3(GUIIMEHT) IIepel 3amliuchbio B IIN(Po-aHAIOTOBLIE
npeobpa3oBatenu. EQUHUIE Ha 3HAYEHUSIX IIIKAJIBl BEIPaKaloTCS B MCTUHHBIX BOJIbTaX Ha BEIXOOHOE
Hanpsaxenuve LIAIL. EquHUnEl U3MepeHUs 3HAUYEeHUs CMEILIeHUsI yKa3aHBl B BOIbTaX. MX MOXKHO
HUCIIOIb30BaTh Mg nuHeapusauuu LIAIL. B wacTHOCTH, IPU 3alIMCH BBEIXOOHBEIX HaHHBEIX LinuxCNC
CHadvaJsa mpeobpa3yeT KeJaeMbIi BRLIXOOQHOM CUTHAJ B equHUIaX KBa3u CHU-equHULEl B HEOOpaboTaHHEIE
3HAYEeHUS UCIIOJTHUTEIBHOTO MeXaHu3Ma, HalpuMep, BOJIbTH ais LIATT ycunutensi. 9To MaciiTabupoBaHU
— e offset
BRITJIAOUT TakK: scale
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3HaueHue MacliTaba MOXKHO IIOIYyYUTh aHATUTUYECKH, BEIIIOTHUB aHaJIN3 eQUHUI] U3MEPEHUS, T. €.
eIUHUIIAaMH U3MepPeHUs SBNSIoTCs [BrIxomHble emuHuIel CH]/[enuuuiiel puBonal. Hampumep, Ha
CTaHKe C YCUJIUTEJIEM B PeXUME CKOPOCTH, T'Ie HanpsaxeHue 1B npusBonut K ckopoctu 250 MmmMm/cC.

amplifier|volts |=( output | m_—ﬂffSEﬂ 17250 22

sec sec secvolt
O6paTuTe BHUMaHWe, YTO €OUHUIILI CMEIlleH!Us yKa3aHbl B eIUHUIIAX CTaHKa, HapuMep: MM/C, u
OHU IIpeBapUTEIbHO BEIYUTAIOTCS U3 IIOKa3aHUM JaTUMKa. 3HaYeHHe 3TOT0 CMeIleHU s IT0Ty4aeTCs
IIyTeM HaxXOXKOEeHUS 3HaYeHUs Ballero Beixoga, Kotopoe maeT 0,0 mnsa Beixoma npuBopa. Ecmu LIATL
NUHeapu30BaH, 3TO cMeleHre 00b9HO paBHo 0,0.

MacmrTab u cMellleHre TaKXKe MOXKHO MCHOJIb30BaTh [/s MuHeapu3anuu LIATI, B pe3ynbsTaTe 4ero
[IOJIy4aloTCA 3HaYeHUs, OTpaXKalolue COBOKYIIHOE BIUAHME KO3(pPHUIlMeHTa YCUIeHNA YCUIUTEN,

HenuHelnnoctu 1IAII, 6;1okoB LIAIT u T. 1.

[I7151 3TOTO BHIIOJIHUTE CJIEAYIOLIVIO IIPOLERYPY.

1.

2.

IMocTpoiiTe KanuOPOBOYHYIO TaGJIMIy OJIsT BEIXOHa, momaBasi Ha LIAIl HyXHOe HampsXKeHUe U
u3Mepssa pe3ysbTar.
BrImONMHUTE MTUHENHYIO alIpPOKCHUMAIIUI0 METOOOM HaWMEHBITHX KBAagpaTOB, YTOOBLI MOJIYYUTH

K03 pULIMeHTH a, b Takue, 4TO measured = a*raw +b‘

. ObpaTuTe BHUMaHNE: HaM Hy2KeH HeoOpaboTaHHBIN BEIXOOHOM CUTHAII, YTOOH Pe3yIbTaT U3MEPEHUs

ORI UOEHTUYEH 3aJaHHOMY BBEIXOOHOMY CHUT'HAJLY. 9TO 0O3Ha4YaeT
a. command =a*raw+b
b. raw=(command—b)/a

B pesynbTaTte KO3hpPUIMeHTH a ¥ b 13 TMHENHOM allIpOKCUMAaIlN MOXKHO MCII0Ih30BaTh HEIIOCPENCTB
B KauecTBe MacliTaba U cMellleHUs OJIs KOHTPoJIepa.

B cnenytore#t Tabnulie mpuBeeH MpuMep U3MEPEHUST HATTPSIKEeHU.

Table 4.1: MiaMepeHUs BEIXOOMHOTO HAIIPSIKEHUS

HeoOpaOoTaHHBIE HN3MepeHHBbIE
-10 -9.93
-9 -8.83
0 -0.03
1 0.96
9 9.87
10 10.87

* MAX OUTPUT = 10-MakcumMmasnbHOe 3Ha4eHNe BEIXOOHOT 0 curHana [TU]I-KkoMIeHcaluy, 3alluCeiBaeMOoro
B YCUJIUTEJb IBUTATEISA, B BOJIbTaX. BEIYMCII€eHHOE BRIXOOHOE 3HaYeHNe OTPaHUYUBAETCS 3TUM IIPENETIOM.
OrpaHuYeHue MPUMEHSIETCS mepen MacHTabupoBaHMEM MO0 HeoOpaOOTAHHEIX BBIXOMHBIX €OHHUII.
3HayeHMe IIPUMEHSAETCSI CUMMETPHUYHO KakK K IIJII0OCOBOM, TaK M K MUHYCOBOU CTOPOHE.

e INPUT SCALE = 20000 - B npuMepax KOHpUTypalluu

* ENCODER SCALE = 20000 - Bo BcTpoeHHBIX KOHpUTrax PnCconf

YKa3brIBaeT KOJIUYECTBO UMITY/IbLCOB, COOTBETCTBYIOIIEE IIepeMEIIeHNI0 OMHOT0 Y3/I1a CTaHKa, KaK YCTaHOBJIEH
B pasmene [TRAJ]. [Iy1s mUHENHOTO COYJIEHEHUS OfHA eIMHUIIA CTaHKa OyneT paBHa HacTporike LINEAR UNIT!
I71 yTI0BOTO COYJIEeHEeHUs OfHa eOuHMIa paBHa HacTpolike B ANGULAR UNITS. Bropoe wucmio, eciu

OHO yKa3aHo, urHopupyetcs. Hanpumep, mis sHKogepa ¢ yactoToi 2000 oTcueToB Ha 000POT, mepegauen
10 o6/mro¥iM ¥ XKenaeMbIMU €IUHUIIaMU U3MEPEHUS B JI0MMax MBI UMEeM:
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input scale=2000 S 1 102 = 20000 S
rev inch inch

dTH IIapaMeTpPhI aKTyaJIbHBI OJ1d4 COYJIeHEHUH, YIpPaBIsA€MBIX IIAarOBEIMU OBUT'aTEJISIMHU.

Warning

Huxe npuBeneHbl nonb3oBaTenbckue 3anmcu INI-cbanna, KoTopble Bbl MOXXeTe HaWTu B
obpasue INI-cbanna nnm anne, cosgaHHOM MacTepoM. OHM HE UCMOJIb3YHTCA NPOrPaMMHbLIM
obecnevyeHmem LinuxCNC 1 npegHa3Ha4YeHbl TONbLKO 4151 pa3MeLLeHNs BCEX HACTPOEK B OAHOM
mMecTe. [ononHUTENbHYl WMHGOPMaUMio 0 nosb3oBaTenbCckux 3anmcax INI-panna cm. B
noapa3aene Custom Sections and Variables.

Crnepymomye 3JIeMEHTB MOTYT HCIIOJIb30BaAThCS KOMIIOHEHTOM StepGen.

e SCALE = 4000 - B npuMepax KOHPUTypaluu
e STEP_SCALE = 4000 - Bo BcTpoeHHEIX KOH(purax PnCconf

YKa3weIiBaeT KOJIMNUYECTBO UMITY/IbCOB, COOTBETCTBYIOIIEE IePEMEIIeHNI0 OOHOTO y3JIa CTaHKa, KaK YCTaHOBJIEH
B pa3mene [TRAJ]. 1715 m1aroBbIX CUCTEM 9TO KOJIMYECTBO 1IarOBLIX UMITYIILCOB, BEIIaBaeMbIX Ha €IUHUILY
cTaHka. [Jis MUHEWHOTro COYJIeHeHUs OfHAa eOUHUIA CTaHKa OymeT paBHa HacTtpoiike LINEAR UNITS.

Il1s1 yrIIoBOTO COeqUHEHUS OfHa enuHuIa paBHa HacTpouke B ANGULAR UNITS. I cepBOCHUCTEM 3TO
KOJIMYECTBO MMITYJIbCOB O0paTHOM CBSI3M Ha €OWHUIYy CTaHKa. BTOpoe 4YHCjIo, eCIM OHO yKa3aHo,
UTHOPUPYETCH.

Hampuwmep, oins marosoro geuraTens 1,8 rpagyca ¢ momymiarom, nepemauei 10 o6/00iM U KelaeMbIM
machine unit B groiiMax MBI UMeeM:

2steps 360 degree +107Y__ 4000 steps

input scale = .
mputscate 1.8 degrees rev inch inch

Note
B cTapbix channax INI u HAL onsa sToro 3HadeHus ucnonb3osasnocb INPUT _SCALE.

* ENCODER SCALE = 20000 ([JomoIHUTEILHO UCIIOIB3YEeTCS BO BCTPOEHHBIX KOHuUrypamnusax PnCconf)
— YKa3bIBaeT KOJIMYECTBO UMITYJIbCOB, COOTBETCTBYIOIIEE IIepeMeIleHUI0 OQHON eqUHUILI CTaHKa,
KaK yCcTaHOBIeHO B pa3gene [TRAJ]. [y muHEeNHOTO COYJIEHEHWS OfHA egUWHUIla CTaHKa Oymer
paBHa HacTpouke LINEAR UNITS. [Iyns yriIoBOrO COeOIUWHEHUS OOHA eOUWHHIa pPaBHa HACTPOUKEe B
ANGULAR UNITS. BTopoe uucio, eciu OHO yKa3aHO, urHopupyercsa. Hampuwmep, gns sHKomepa C
yacTtoToi 2000 oTcueToB Ha 000pOT, mepenadeii 10 06/mI0NM 1 XKelaeMEIMUA eTUHUIIAMH H3MEePEeHHU
B [IOMMax MEI IMeeM:

input scale=2000 O <10 Z —20000 m?u_nts
rev inch inch

e STEPGEN MAXACCEL = 21.0 - IIpemen ycKopeHUs AJjis reHepaTopa maroB. OHO AOMXKHO OBITh Ha 1-
10 % 6ombire, ueM MAX ACCELERATION couneHeHHs. DTO 3HaUeHUe yIydlllaeT HaCTPOUKY “position
loop” StepGen. Ecnu BBl HoOaBMIM KOMIIEHCAIHIO JI0(pTa B COUJIEHEeHHe, TO OHO HOJIKHO OBITH B
1,5-2 pasa 6ombme, uvem MAX ACCELERATION.

e STEPGEN MAXVEL = 1.4-FBomnee ctapsie ¢paiibl KOHGUTypaluu TaKxkKe UMeIOT OTpaHUuYeHue CKOPOCTH
IJisi reHepaTopa maroB. Ecimu yka3aHo, OHO Takke HoJIKHO 66Tk Ha 1-10% 6onbire, wem MAX VELOCITY
couneHeHus. [locnenyollee TeCTUPOBaHUeE IToKa3ano, 4To ucnonb3oBanue STEPGEN MAXVEL He
ylIydllaeT HaCTPOUKY LIMKJIa NO3UIIMOHUpOoBaHusa StepGen.
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4.4.2.14 [SPINDLE_<num>] pa3zpen(bi))
<num> yka3bslBaeT HoMep mnuagensd 0... (num_spindles-1)
3HaueHue num spindles yctanaBnuBaeTcs [TRAJ]SPINDLES= .

[To yMoTYaHUI0 MaKCHMaJlbHast CKOPOCTD IIMUHAES B IPSIMOM U 00paTHOM HallpaBIeHUM COCTABIISIET
npumepHo 2147483000 o6/MuH.

ITo yMONMYaHHUI0O MUHUMAaNIbHAs CKOPOCTDH IIMUHMAENS B IPSIMOM M 0OpaTHOM HaIlpaBlieHWHW paBHa 0
00/MUH.

ITo ymonyanuio npupatienue cocrasnseT 100 o6/MuH.

Byl MOKeTe U3MEHUTHh 5TU 3HAYEHUS 10 YMOJIYaHUI0, yCTAHOBUB Clenyrolnue nepeMeHHble INI:

Note
OTK HaCTPOWKN NpefHa3Ha4vYeHbl 019 KOMMNOHEHTa KOHTposiepa ABUXXEHUS. JKpaHbl yrpaB/ieHns
MOTYT AOMNONHUTESIbHO OFrPaHUYUTb 3TU HAaCTPONKN.

* MAX_FORWARD VELOCITY = 20000 MakcuMasbHas CKOPOCTb IIMIHUHIENS (B 00/MUH) OJIs YKa3aHHOTO
mmuHpens. Heobsi3aTenbHbIN. 310 Takke ycTaHoBUT it MAX REVERSE VELOCITY oTputiatenbHoe
3HauYeHue, eCNu OHO He OyHeT IepeolpeneneHo.

* MIN_FORWARD VELOCITY = 3000 MuHuManbHas CKOPOCTb IINUHAENS (B 00/MUH) OJI yKa3aHHOTO
mnuHaens. HeobsizaTenbHbl. MHOTHe MIIWHAEIN UMEIOT MUHUMAaIbHYIO0 CKOPOCTh, HUKe KOTOPOH
VX HeJb35 UCIIOJNIb30BaTh. JIobass KoMaHa CKOPOCTH IINUHAENS HUXKe 9TOTo ITpefiesia OyneT /yBenudyeHa/
[0 3TOrO Ipefena.

e MAX REVERSE VELOCITY = 20000 Ecmiu 3TOT ImapaMeTp OIYIIeH, 10 YMOJTYaHui0 OyIeT YCTaHOBIEHO
3HaueHue MAX FORWARD VELOCITY. Ero MOKHO HCIIOJIb30BaTh B CIIy4YasaX, KOTda CKOPOCTE IIIUHAESA
orpaHudYeHa B 06paTHOM HalpaBJIeHWU. YCTAHOBUTE HOJb [Jid WIMUHAENEN, KOTOPhle He OJIKHEI
BpalllaThCs B 00paTHOM HalpaBjieHUU. B 9TOM KOHTEKCTe “max” 0OTHOCUTCS K aOCOJIIOTHOM BeJIUYNHE
CKOPOCTH HMINUHOES.

e MIN REVERSE VELOCITY = 3000 '3ta HacTpoiika skBuBajeHTHa MIN FORWARD VELOCITY, HO ms
oOGpaTHOTO BpaleHus mnuHaens. I1o ymomyanuio OyneT ycTaHoBiIeHO 3HadueHrne MIN FORWARD VELOC
€CII¥ OHO ONIYIIIEHO.

* INCREMENT = 200 YcramaBnuBaeT pa3Mep LIara O KOMaHI yBeJIMYEeHUs/YMEHBIIEHNUSI CKOPOCTHU
MIIHHOEJSI. 9TO MOXKET UMETh pa3Hoe 3HaUeHUe I KaXK0T o IINUHOEeIsA. JTa HacTpolikKa 3¢ heKTUBHa
st AXIS u Touchy, HO yuTHTe, 4YTO Ha HEKOTOPBIX 3KpaHaX yIIpaBJIeHUs CUTyallus MoxkeT 06pabaTrBaThCA
O-APyroMy.

e HOME SEARCH VELOCITY = 100 - FIXME: Bo3BpaT mmuHpens ellle He paboTaeT. YcTaHaBlIMBaeT
CKOPOCTh BO3BpaTa B MCXOAHOe mojioxkeHue (06/MuH) mmuHpaensd. lInuamgens OygeT BpallaThCs C
9TOM CKOPOCTBIO BO BPEMSs IIPOIleCCa BO3BpaTa B MCXOOHOE IIOJIOZKEHUE OO0 TeX MOop, MOKa He OymeT
omnpenesieH MHAEKC WIMUWHMENS, IOC/ie Yero I0JIOKeHWe INuHAenss OyaeT yCTaHOBJIEHO Ha HOJIb.
OOpaTuTe BHUMaHMNE, YTO HET CMEICJIa YCTaHABIMBATh UCXOMHOE IIOIOXKEHUe INUHAEeNs Ha Tboe
3Ha4YeHMe, OTIIMNYHOE OT HYJIS, U IO3TOMY HET BO3MOXKHOCTH CHAeJIaTh 3TO.

* HOME SEQUENCE = 0 - FIXME: McxopnHoe IIOJI0KeHMe HMITUHIENS ellle He paboTaeT. YIIpaBisieT TeM,
rae B OOBIYHOM ITOCJIENOBATEILHOCTY BO3BPATAa B HCXOOHOE MOJIOKEHUE TPOUCXOISIT BPAIIEHU ST IITITUHIEJIS.
YVcranoBute HOME SEARCH VELOCITY Ha HoOmb, 4uTOOHI u30exKaTh BpAllleHWS MINUHOENS BO BpeMs
[IOCNIENOBATENBHOCTH BO3BpaTa B UCXOOHOE MOJIOXKEHUE.
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4.4.2.15 [EMCIO] pa3snen

e TOOL TABLE = tool.tbl - ®aiin, cogepkamui nHGoOpManio 06 THCTPYMEHTE, OIINCAaHHYI0 B PyKOBOLICTBE
ITonp30BaTen.

* DB _PROGRAM = db program-ITyTs K HCIIONTHSIEMOU IIpOrpaMMe, KOTOpas yIpasisaeT JaHHBIMU HHCTPYMEH
Ecnu ykazadx DB PROGRAM, 3anucs Tool TABLE uraopupyercs.

e TOOL CHANGE POSITION = 0 0 2-Yka3wBaeT MecTomonoxeHue XYZ, K KOTOPOMY He0OXOIHUMO ITIEPEUTH
IIpU CMeHe MHCTPYMEHTa, €CJIN MCIIOJIb3YIOTCS TPU UUGPEL. YKa3bBaeT MecToosiokeHue XYZABC
Ipu uUCHob30BaHUU 6 mudp. YKaswBaeT MecTononoxenune XYZABCUVW mnpu ucnosnb3oBaHuu 9
undp. 3aMeHHE HHCTPyMeHTa MOKHO KOMOMHUPOBaTh. Hanmpumep, eciiu BEl KOMOUMHUPYETE IIOOHEM
[IVHOJIA C U3MEHEeHUEeM II0JI0KEeHUsI, BBl MOXKeTe CHadala IepeMeCcTUTh Z, 3ateM X U Y.

e TOOL CHANGE WITH SPINDLE ON = 1 - HInwupmens 6yOeT 0CTaBaThCS BKIIOYEHHBIM BO BPEMSI CMEHEI
WHCTPYMEHTAa, eC/IU 3HadeHue paBHO 1. ITone3HOo A1 TOKapHBIX CTaHKOB UJIU CTAHKOB, I'Tle MaTepHua
HaXOOUTCS B NINUHAENE, a8 He B UHCTPYMEHTE.

e TOOL CHANGE QUILL UP = 1-OcsZ0yneT nepeMellieHa B HOJIb CTaHKA ITepef] CMEHOM HHCTPYMEHTA,
ecJii 3HaYeHre paBHO 1. 3To ToO ke caMoe, 4TO BeigaTh GO G53 Z0.

e TOOL CHANGE AT G30 = 1-CTaHOK IepeMeIlaeTcs B ICXOOHYIO TOUKY, OIIPEIEeIeHHYIO TapaMeTpaMu
5181-5186 mnsa G30, ecnu 3HaYeHue paBHO 1. 71 MOTy4YeHUS OOIOJIHUTENLHON MHGOPMALUU CM.
G-code Settings u G-kom G30-G30.1.

* RANDOM TOOLCHANGER = 1-39T1oT napameTp Ojis1 CTAHKOB, KOTOPBIE HE MOT'YT IIOMECTUTh UHCTPYMEHT
o6paTHO B KapMaH, U3 KOTOPOTO OH OBII B34T. Hanmpumep, cTaHKH, KOTOPHIE 3aMEHSAIOT HHCTPYMEHT
B aKTMBHOM KapMaHe UHCTPYMEHTOM B HIIUHJEIIE.

4.5 KoHdurypauma ncxooHoro nosio>XxeHus

4.5.1 OOGs3o0p

ITpuBemeHMEe K HCXOMHOMY II0JI0OKEHUIO YCTaHaBIUBAET HyJIEBOoe Havyasio KoopauHaT cTaHka G53. IIporpaMmm
TIPEeeIkl OPeAensIioTCSI OTHOCUTETFHO UCXOMHOM TOUKY CTaHKa. [IporpaMMHBIE TPEeOebl aBTOMaTUYEeCKHU
3aMe[JISIOT ¥ OCTAaHABIMBAIOT OCH [0 TOTO, KaK OHU JOCTUTHYT KOHIIEBBLIX BHIKITIOYaTe e, [IpaBUITbHO
CKOHGUTYPUPOBAHHBIN 1 QYHKIIHOHUPYIOIIHUH CTAHOK He BEIMIET 3a IPeIelIbl IPOTrPaMMHEBIX IPEIEsIOB,

M UCXOOHAas TOUKa CTaHKa OyoeT yCTaHOBI€HA C TAKOH Ke ITOBTOPSIEMOCTHIO, KaK U MEXaHNU3M MCXOTHOT O
KOHIIeBMKA/METKH. Linuxcnc MOXKHO yCTaHOBUTH Ha I'Jla3 (METKHM COBMEIIeHUsI), C ITOMOIITLI0 KOHIIEBUKOB,
KOHIIEBUKOB ¥ METKH 9HKOePa UJTH C ITOMOIITLI0 aOCOMIOTHREIX 9HKOIEPOB. BO3BpaT B MCXOTHOE TT0JIOKEHHE
KaXXeTCsI MOCTATOYHO MPOCTHIM — MPOCTO TMMEPEMECTUTE KaXKAoe COUJeHEeHWe B M3BECTHOE MECTO U
COOTBETCTBYIOIINM 00pa30M YCTaHOBUTE BHyTpeHHUe mepeMenHble LinuxCNC. OgHako y pa3HEIX CTAHKOB
pa3Hbie TpeGoBaHMS, U IPUBEAEeHNE B HICXOOHOE IT0JI0OKEeHHe Ha CaMOM [eJjie MOBOJIBHO CIIOKHOE.

Note

XoTa MOXHO ucnonb3oBaTb LiNnuXCNC 6e3 KoHUeBMKOB/Mpoueayp npuBeneHns B UCXOoOHOe
MOJIOXKEHNE WNJN KOHLIEBMKOB MNpenesioB, 3TO HapyllaeT [AonoJiHUTesNbHylo ©6e3omacHoOCTb
MpPOrpaMMHbIX Npeaenos.

4.5.2 TlpepBapuTesibHble YCJ/IOBUA

Bo3BpaT B MCXOAHOE ITONOXKEHHWE OMMMPAEeTCs Ha HEKOTOphle (pyHOaMeHTaIbHEIE ITPEAIION0XKEHUS O
CTaHKe.
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e OTpuIllaTelbHOE U MOJIOKHUTEIbHOe HalpaBJIeHWS OCHOBaHH Ha Tool Movement, KOTophle MOTYT
OTIHUYATHECS OT (PAKTUYIECKOT0 OBUKEHUS CTaHKa. TO eCTh Ha (pe3ePHOM CTaHKe OOBIYHO IBUIKETCS
CTOJI, @ HE UHCTPYMEHT.

¢ Bce mpoucxomut OT HyneBo¥M TOYKM cTaHKa G53, Hauajmo KOOPAMHAT MOXKET OBITh Ifie YTOOHO (Jaxe
3a IIpefenaMmy MeCTa, Kyfha BBl MOXKETe IIepeMellaThCs)

e Hawgamo koopauHat ctanka G53 00BIYHO HAXOOUTCS BHYTPU 006aCTH IPOTPAMMHEIX IIPEIEeIoB, HO
He 00s13aTeNbHO.

* CMelleHNEe KOHIIEBUKA NCXOTHOI'O TOT0XKEHUST YCTaHaBJ/IMBAE€T Ha4aJIO KOOPAWHAT, HO OHaKe Ha HETrOo
CCHIJIQIOTCA M3 Ha4dadJla KOOPpOWHAT.

° HpI/I HUCIIOJIb30BAHUHU OJI4d BO3BPaATa B UCXOOHOE IIOJIOZKEHUE MHOEKCa 9HKOOepPa, CMellleH e KOHIIEBUKa
HCXOOHOTI'O IIOJIOZKEHHA PACCUHHUTBIBAETCA Ha OCHOBE pe(bepeHTHoro IIOJIOZKEHHNsA I3HKOOepa IIoCIie
Cpa6aTBIBaHI/IH KOHII€BHKa MCXOOHOTI'O IIOJIOZKEHMUA.

* OTpuIaTeNbHEIE IIPENEITE IPOrPaMMHBIX IIPEIEeIOB — 3T0 MaKCUMYM, KOTOPHIN BB MOXKETE U3MEHUTD
B OTPUIIATEIbHOM HAITPABJIEHUHU II0CJIEe BO3BpaTa B MCXOOHOE IIOJIOKEeHUWe. (HO OHU MOT'YT He OBIThH
OTPHUIIATEJILHLIMU B a0COJTIIOTHOM CMBICTIE)

e [TomoxuTenbHEIE IIPpOrpaMMHEIE IIPpEOesIbl — 3TO MaKCHUMYM, Ha KOTOp]:IfI BBl MO2K€T€ OBUI'AaTbCA B
IIOJIOZKHUTEJIbHOM HaIIPABJIEHUHN IIOCJIE€ BO3BPATA B MCXOOHOE IIOJI0OZKEHHUE. (HO oHU MOT'YT HE OBITh
TIOJIOXKUTEIbHLIMU B aOCOTIOTHOM CMBIC/IE, XOTSI OOBIYHO X OIIpenesIaoT KAaK IIOJIOZKUTEJIbHOE YUCIIO0)

 IIporpamMMHuEIe IIpeesibl HaXOOsaTCs BHYTPH 006JIaCTH KOHIIEBOTO BEIKITIOYATENIA.
* (OkonuaTtenbHOE) ICXOOHOE TTOI0KEHNEe HaXOOUTCS BHYTPH 00/1aCTH IIPOrPaMMHOT0 IIpeferia

e ([Ipu MCIIOIb30BAaHWU IIPUBEOEHHUS B MCXOOHOE ITOJIOKEHHEe C MOMOIIbI0 KOHIIeBUKA) KOHIIEBUK (1)
BO3BpaTa B MCXOOHOE ITONOXKEeHHe JTUOO0 HCIIONb3YIOT KOHIIeBEIE BBIKIIOYATENN HpemesioB (0OImui
KOHIIEBHK ITPeieia/uCX0qHOI0 IOJI0KeHUsI), TH00 IPH UCIOIL30BAHUY OTHEILHOTO KOHIIeBUKa HCXOTHOT0
TIOJIOKEHUST HaXOOsaTCS BHYTpH 00JIaCTH KOHIIEBHKA penena.

° HpI/I HCIIOJIb30BaHUM OTHEJIBHOI'O KOHIIEBMKa BO3BPaTa B MCXOOHOE II0JIOZKEHNE MO2KHO Ha4daTh BO3BPAIllEH]
K HCXOTHOMY COCTOSTHUIO He C TOM CTOPOHEI IIePEKIIIoYaTe s UCXOOHOT 0 II0JI0ZKEHU S, YTO B COUETaHUHU
c onuueyr HOME IGNORE LIMITS npuseneT K cepbe3HoMy cOoo. Brl MoxkeTe usbexkaThb 3TOTO,
3aCTaBUB KOHIIEBUK HMCXOOHOTO IIOJIOKEHHUS IePeKIodaTh CBOe COCTOsIHME, KOTha OTrPaHUYUTENhb
HaXOIUTCS Ha OIpeeIeHHOM CTOPOHe, II0Ka OH CHOBa He NPOoHAeT TOUKy cpabaTeiBaHus. [IpyruMu
CJI0BaMH, COCTOSTHHE KOHIIEBHKAa HCXOMHOI0 ITOJIOZKEHU S NOJI2KHO OTPazxkKaThk IT0JIOKEHUE OTPaHUYUTENIS
OTHOCHUTEJIBHO KOHIIeBUKAa(T.e. 00 UM Nnoc.ie NepekIodaTels) U JOIXKHO OCTaBaThbCsA TakKUM, HaxKe
€eClI¥ OTPaHUYUTENh IPoe3KaeT MUMO [IePeKIIIoYaTesis B TOM XKe HallpaBlIeHu!.

Note

XoTa MOXHO wucnonb3oBaTb LinuxCNC ¢ Ha4anom koopAuHaT cTaHka G53 3a npegenamu
MporpaMMHbIX NpeaenioB CTaHKa, ecnn Bbl ucnosib3yete G28 nam G30 6e3 ycTaHOBKW NapaMeTpoB,
OH MO yMOJIHaHWNIO nNepexoanT B Ha4daJio KOOpAUHAaT. 270 npmeeneT K OTKJZIOYEHUNIO KOHLIEBUKOB
npenesos ewe 00 JOCTUXKEHUS NOJIOKEHUS.

4.5.3 TlpuMmep cxeMbl OTAEJIbHOIO KOHUEeBUKA UCXOAHOro NoJIOXKeHUNA

BaTom IIpuMepe ITIOKa3aHbl MUHUMAJIBHBIE U MAKCUMAJIBHBIE KOHIIEBUKU IIPEOEJIOB C OTOEJIbBHBIM KOHIIEBUKON
HCXOOHOTI O IIOJIOZKEHMU .
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Figure 4.6: JleMoHCTpallMoOHHAas cXeMa OTHEeIbHOT0 KOHIIEBUKA

A — oTpuIlaTeIbHBIN IPOrPaMMHEIN IIPEefert

B — sto G53 Hayanmo KoOOpauHAT CTaHKa

C — TouKa CpaﬁaTBIBaHI/IH KOHIIEBUKA UCXOOHOT O IIOJIOZKEeHUu A

D — nonoxXuTenbHBLINM IPOrPpaMMHBIN IIpeert

H — xoueuHOe ucxoguoe nonoxenune (HOME) = 0 eguHuHII

-L u +L — Touku cpabaTEIBaHUS KOHIIEBUKOB

A<->B — oTpunarenbHbie IporpaMMHubie npemgensl (MIN LIMITS) = -3 equHUITH
B<->C — cmemienue home offset (HOME OFFSET) = -2,3 equHHUIIEI

B<->D — monoxurenbHble IIporpaMMHubie mpenensl (MAX LIMITS) = 7 eguHuIl
A<->D — o6muit xom = 10 eguHUII

PaccrosHue MexXay KOHIIeBUKaMHU U IporpaMMHEIMHU pefeiaMu (-L<->A u D<-+L) B aTOM IIpuMepe
YBEJIN4YEHO

O6paTI/ITe BHUMaHHE, 4TO MEXIYy KOHIE€BUKaMH U PEaJIbHBIM (I)I/I3I/I‘-IeCKI/IM KEeCTKHM KOHTAKTOM
CymeCTByeT paCCTOsAHUuEe OJId BeIOEra Iociie OTKITIOYEeHUST YCUIIUTEJIA.

Note

lMpy NpueBefeHNN B NCXOOHOE MOJIOXKEHNE 3aflaeTCca cucteMma koopamHat G53, Torga Kak Havano
KOOpAWHAT CTaHKa (HyneBas To4Yka) MOXeT HaxoOAUTbCA rae yrogHo, a yCTaHOBKa HYJ1IeBOW TOYKU
B OTpULAaTENbHOM MPOrpaMMHOM Npeaesie aenaeT Bce KoopAuHaTbl G53 NONOXKUTENIbHbIMU, YTO,
BEpPOATHO, Jlerye Bcero 3anomMHuTb. CaenanTe 370, ycTaHosuB MIN_LIMIT = 0 n ybegoutechb, 4T0
MAX_LIMIT nosnioxxuTesieH.
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4.5.4 lMpumMmep cxeMbl OOLLEro KOHUEeBUKaA nNpeaesia/McCXoaHOro NoJioXkeHus

BaTtom IIpuMepe IT0Ka3aH KOHIIEBUK MaKCHUMAJIBHOTI'O IIpegeyia 1 KOM6I/IHHPOB&HHBII>1 KOHII€EBUK MUHUMAJIBHOI
npenesnna/uCcX0mqHOTO MOMOXKEHHU.
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Figure 4.7: [leMoHCTpallOHHAas cxeMa 00IIero KoHIIeBUKa

e A — oTpullaTeJIbHLIM IPOTrPaMMHEIN IIPeme.
* B — sTo G53 Hauvano KOOpOuWHAT CTaHKa.

e C—ToukKa CpaGaTLIBaHI/IH KOHII€BHKa UCXOOHOTI O IIOJIOZKEeHHU I, OGH.II/IfI c(-L) CpaﬁaTBIBaHI/IeM MHHHUMAJIBHOT
IIpepgeia.

e D — IIOJIOXKUTEJILHBIN ITPOTrPaMMHBIN IpemIen.

* H — xoHeuHOe ucxonuoe nonoxenue (HOME) = 3 equHUIEL.

e -L m +L — aT0 TOuKM cpabaThIBaHUs KOHIIEBUKA IIpEeIera.

* A<->B — orpunarensHble nporpaMMubie nipegensl (MIN LIMITS) = 0 eguHutl.
* B<->C — 3To home offset (HOME OFFSET) = -0,7 eIUHUIIHL.

* B<->D — momnoxuTresbHble TporpaMMHbIe npenesibl (MAX LIMITS) 10 egunuUIl.
¢ A<->D — ob6uiui xon = 10 emguHuAIl.

e PaccTossHMe MeXOy KOHIEBUKAMH MPEIesioB U IPOorpaMMHEIMU IpemenaMu (-L<->A u D<->+L) B
9TOM IIPUMEPE YBEJIUUEHO.

* O6paTI/ITe BHUMaHHE, 4YTO MeXIOYy KOHIE€BUKaMH U PEaJIbHBIM (1)I/I3I/I‘-IeCKI/IM 2KeCTKHM KOHTaAKTOM
CyILlIeCTBYEeT paCCTOdHUE OJId BrIOEra Imocie OTKJIIOYeHUST YCUIIUTEIIA.

4.5.5 TlMocnepoBaTesibHOCTb NPUBEAEHUSA K UCXOOHOMY MOJIOXKEHUIO

CyliecTByeT 4eThIpe BO3MOXKHEBIX ITOCTIe0BaTENIbHOCTH BO3BpaTa B UCXOOHOE IIOTI0XKEeHNe, OIIpefesisieMble
3HakoM HOME SEARCH VELu HOME LATCH VEL, a Tak:Ke COOTBETCTBYIOIINMU ITapaMeTpaMu KOHPUTYP
KakK II0Ka3aHo B cienymolnel Tabnune. CyllecTBYIOT IBa OCHOBHEIX ycnoBusi: HOME SEARCH VEL u
HOME LATCH VEL — 3T0 OfuH ¥ TOT e 3HaK MM IPOTUBOIIOJIOXKHLEIE 3HaKU. Bojee mompobHoOe
OIIMCaHMe TOTO, YTO fAeNlaeT KaXKAblil TapaMeTp KOHQUIypaluuu, CM. B CIeOyIOlleM pa3ferle.
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Figure 4.8: TTocnegoBaTenbHOCT

U IIPpUBEOEHUSA B UCXOOHOE IIOJIOZKEHUEe
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4.5.6 KoHdwurypauusa

Cnepyioliiee TOYHO ONpeIenseT, KaK BefgeT ceOs MoCIeqoBaTeIbHOCTh IIPUBEOEeHUS B MCXOIHOe ITI0JI0KEeHHUe.
Onu omnpepenentl B pa3gene [JOINT n] INI-¢atina.

Tun HOME_SEARCH VWOME_ILATCH_VEHOME_USE_INDEX
mocJjiegoBaTe/IbHOCTH
HemenneHnHo 0 0 HET
TonpKO MeTKa 0 nonzero oA
Tonbko Nnonzero nonzero HET
KOHIIEBUK
KoHI1IeBUK 1 nonzero nonzero OA
MeTKa

Note
Jiobble ppyrmne KombnHaunm MoryT NpuBecTun K owwmnbke.

4.5.6.1 HOME_SEARCH_VEL

JTa IIepeMeHHas1 UMeeT €IUHUIIbI U3MEPEHUA — €OUHUIIbI-CTaHKa B CEKYHOY.

3Ha4YeHHe 10 yMOJIYaHWIO paBHO HyJ10. 3HaveHue 0 3actaBinsaeT LinuxCNC nipenmionaraTtk, 4TO KOHIIEBHUKA
HWCXOOHOTIO ITOJIOZKEHHN S HET; 3TAll IIOMCKA UCXOOHOI'O ITOJIOZKEHHUA IIPOITYyCKaeTCsd.

Ecmu HOME SEARCH VEL He paBHO Hymnio, LinuxCNC npepmnonaraeT, 4TO CyIIeCTBYyeT KOHIIEBUK
HMCXOOHOTO moJioxkeHusi. OH HaUMHAET C TPOBEPKH, He cpaboTali U y2Ke KOHIIEBUK MCXOOHOTO TIOJIOKEHUS.

B ciyuae cpabaTtbiBanus oH oTkaThiBaeT Ha HOME SEARCH VEL. HampaBieHue OTKaTa IPOTUBOIIOJIOXKHO
3saky HOME SEARCH VEL. 3aTeM OH UITleT KOHIIEBUK UCXOOHOT0 IOJIOKEHNUS, IePeEMeINasiCh B HallpaBlIeHL
ykazanHoM 3HakoM HOME SEARCH VEL, co CKOpPOCTEIO, OIIpenesisieMoi ero abCcomOTHEIM 3HaUYeHUEM,
ITpu oOHapyXeHUU KOHIIeBUKa NCXOOHOTO II0JI0KEHU S COUJIEHEeHEe OCTaHOBUTCS KakK MOXKHO OBICTpEE,

HO Bcerpga OymeT HEKOTOPHIM BHIKAT. BenuumHa BEIKaTa 3aBUCHUT OT CKOPOCTH. ECHIH OH CIHIIKOM
BBICOK, COYJIEHEHUE MOXKET IIPOCKOYUTH HACTOJIBKO, YTO yOAapUTCS O KOHIIEBOU BHIKJIIOYATENIb WU
BpexkeTcs B KoHell xofa. C apyroii ctopoHsl, ecii HOME SEARCH VEL ciuiikoM HU3KUH, IIpUBEeHNE

K UCXOOHOMY IIOJIOKEHUIO MOXKET 3aHATh MHOTO BPEMEHHU.

4.5.6.2 HOME_LATCH_VEL

JTa IIepeMeHHas1 UMeeT €IUHUIbI U3MEPEeHNA — €IUHUIBI-CTaHKAa B CEKYHIOY.

YKa3rlBaeT CKOPOCTh U HamlpaBieHue, KoTopele LinuxCNC uCIoab3yeT Ipu OKOHYaTEIbHOM TOYHOM
onpeneneHNY KOHIIeBUKA MCXOOHOI0 IT0JI02KEeHUsI (€CJTH OH IIPUCYTCTBYET) X MECTOIIOJIOKEHU ST UHAEKCHOT 0
uMIynibca (ecnu oH mpucyTcTByeT). OOBIYHO OHa OyIeT MeIJieHHee, YeM CKOPOCTbH IIOMCKa, YTOOE
MakcuMusnposaTtb TOUHOCTE. Ecnu HOME SEARCH VEL u HOME LATCH VEL uMenT Of¥HaKOBBIU
3HaK, TO ¢a3a pUKCALUYU BLITIOIHSIETCS IIPU OBUXKEHHUU B TOM XK€ HalTpaBJIEHWU, 4YTO U ¢da3a IToucCKa.
(B atom cnygae LinuxCNC cHadasa OTKaThIBaeT OT KOHIIEBHMKA, a 3aTEM CHOBa OBUXKETCS K HEMY CO
ckopocTtbio pukcaumu.) Ecnu HOME SEARCH VEL 1 HOME LATCH VEL uMelOT IpOTHUBOIIOJIOKHBIE
3HaKH, (pa3a puKcalmu BEIIONHSAETCS IPU IBUXKEHUHY B HAlTpaBIeHUHU, IIPOTUBOMIOI0XKHOM (a3e IToHCcKa.
910 o3HavaeT, 4To LinuxCNC 3adukcupyeT nepBLY UMIYIILC IIOCJIEe TOTO, KaK OH YUIEeT C KOHIIeBUKa.
Ecmu HOME SEARCH VEL paBeH HyJIIO (9TO O3Ha4YaeT, YTO KOHIIEBUK UCXOOHOM ITIO3ULIU OTCYTCTBYET),
U 3TOT HapaMeTp He paBeH HyHO, LinuxCNC mepexomuT K MOWCKY MHOEKCHOTO HMITylbca. Ecnu
HOME SEARCH VEL He paBHO HYJIIO ¥ 3TOT ITapaMeTpP PaBeH HYJIIO, 3TO omKOKa U ollepalys Bo3Bpara
B HCXOJHOE II0JI0KEeHNEe 3aBePIINTCS Heyaadell. 3HaueHNUe 110 YMOJIUYaHUI0 paBHO HYIIIO.
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4.5.6.3 HOME_FINAL_VEL

dta IIepeMeHHas1 UMeeT €IUHUIbEI U3MEPEeHNA — €IUHUIBI-CTaHKAa B CEKYHIY.

OTOT IMapaMeTp omnpenenseT CKOpocTh, KOTopyio LinuxCNC ucmonb3yeT IpHU MIepexone U3 MO3ULUU
HOME OFFSET B nosunuio HOME. Ectu HOME FINAL VEL otcytcTByeT B INI-datine, To 015 BEIIOTHEHUS
9TOr0 ABUKEHUS UCIIOIb3YETCSA MaKCUMaIbHasi CKOPOCTh COYJIEHEHUSI. 3HaYEHME JOJIKHO OBITH ITOJIOKUTET]
YHMCJIOM.

4.5.6.4 HOME_IGNORE_LIMITS

OTOT mapaMeTp MoXeT uMeTh 3HaueHusd YES / NO. 3HadeHure II0 yMOJTYaHHUIO [JIg 9TOTO ITapaMeTpa —
NO. 3toT ¢dmar onpepensieT, OymeT nu LinuxCNC urHopupoBaTh BXOO KOHIIEBUKA IIpemesia Ojsi 9TOTo
COUJIEHeHHUSI BO BpeMs BO3BpaTa B MCXOOHOE IOJIOKEeHWe. IDTa HacCTpolKa He OyHoeT UTHOPHPOBATH
BXO[BI ITPENEIOB OJI APYTUX COuJeHeHu. ECcu y Bac HeT OTOEIbHOT0 KOHIIEBUKA UCXOOHOTO ITI0JIOKEHM S,
yCTaHOBUTE 3TOT NapamMeTp B YES u mopgkiouyuTe CUTHaAJI KOHIIEBUKA IIpefesia K BXOOYy KOHIIEBUKA
HUCXOOHOTO TonoxkeHus couneHeHus B HAL. LinuxCNC 6ymeTr urHOPUpPOBATh BXO[ KOHIIEBUKA [
9TOTO COYJIEHEHMS BO BPEMS BO3BpaTa B MCXOOHOE ITOJIoXKeHue. UTOoOB MCIOJIb30BaTh TOJIBKO OOUH
BXO[I MIJIST BCEX MCXOOHEIX MOJIOXKEHUI U IMpenesioB, BaM NpuaeTcs 3a0JI0KHPOBAaTh CUTHAEI IIPEIeIoB
COYJIEHEHHUH, HEe BO3BPAIIAIOIIUXCS B UCXOTHOeE ITooKeHne B HAL, ¥ TpUBOOUTE B UCXOOHOE ITOJI0OKEHNE
OHO COYJIeHEeHMe 3a pas.

4.5.6.5 HOME_USE_INDEX

YKa3wiBaeT, eCTh TN UHAEeKCHBIN uMnyiabc. Ecnu ¢nar pasel true (HOME USE INDEX = YES), Linux-
CNC 6yneTt ¢pukcupoBaTh GPOHT UHAEKCHOT0 UMNyJibca. Ecnu 3HayeHue paBHO false, LinuxCNC 6yneT
¢burcupoBaTh M1u60 GPOHT, MHOO Cpe3 KOHIIEBHKA MCXOMHOTO ITOJIOKEHUsI (B 3aBUCUMOCTH OT 3HAKOB
HOME SEARCH VEL mu HOME LATCH VEL). 3nauenune no ymondanuio — NO.

Note
HOME_USE_INDEX TpebyeT coeanHeHuns B Bawem canne HAL K «joint.n.index-enable» w3
«encoder.n.index-enable».

4.5.6.6 HOME_INDEX_NO_ENCODER_RESET

ITo ymomuasuio NO. HMcnons3dyute YES, ecnu sHKOZEpP, UCIOJIB3yEMEIN OIS 3TOTO COYJIEHEHUS, HeE
cOpaceIBaeT CBOM CYETUYMK IpU 00HAPYKEHUN MHOEKCHOTO UMITyJIbCa II0CTIe aKTUBAIlUU KOHTAKTa in-
dex enable counenenus HAL. [Tpumerumo tonsko anss HOME USE INDEX = YES.

4.5.6.7 HOME_OFFSET

OTOT apaMeTp oIIpefesieT I0JI0XKeHe HadalbHOU HYJIeBOM TOYKU CUCTEMEI KOOPAUHAT cTaHKka G53.

9T10 paccTosaHMe (CMeIeHre) B eIUHUIIAX COUJIEHEHNS OT Havajla KOOPAWHAT CTaHKA A0 TOUYKM CpabaThIBaHUS
KOHIIeBUKA MCXOOHOT0 IIOJIOXKEHUS NN HHIEKCHOI' 0 uMItyibca. Ilociie o6HapyKeHus TOUKY cpabaTEBaHUS
KOHIeBUKa/UHAeKCHOro umnysibca LinuxCNC ycTaHaBiuBaeT IOJIOXKEeHNe KOOPAVHAT COYJIEeHeHUsA Ha
HOME OFFSET, Tem caMBIM oIIpefesas Hadajlo KOOPOUHAT, OT KOTOPOI'O IPOUCXOOUT IPOTrPaMMHEIN
npepes. 3Ha4eHMUE 10 YMOIYaHUIO PaBHO HYJIIO.

Note
MecTonoNo)XeHne KOHLUEeBUKa WCXOLHOrO MOJIOXKEHUSs, yka3aHHoe nepemeHHon HOME_OFFSET,
MOXXEeT HaxoOUTbCA BHYTPU WM 3a nMpepgenaMmu MNporpaMMHbIX Mpenesos. OHun bynyT

NCcrnonb3oBaTbCA COBMECTHO UJIM BHYTPW anmnapaTHbIX KOHLUEBMKOB MNMpeaesos.
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4.5.6.8 HOME

[TonoxkeHUe, B KOTOPOE IlepeliieT couieHeHNe 10 3aBEPIIEHUIO [1I0CJIeN0BaTEeIbHOCTY IPUBENEHUS B
“CXOonHOoe moyiokeHwue. Ilocrne o6HapyzkKeHUs cpabaTHBAaHUSA KOHIIEBUKA MCXOOHOTO IMOJIOKEHUS WU
KOHIIEBUKAa UCXOOHOTO IIOJIOKEHNS, a 3aTeM UHIEKCHOT0 UMITyIbCca (B 3aBUCUMOCTH OT KOHDUTypaIum)
U ycTaHOBKM KoopauHaThel 9Tou Touku Ha HOME OFFSET, LinuxCNC BrinmonHseT nepexonq Ha HOME
B Ka4yeCTBe IIOCJIefHero 1Iara polecca Bo3BpaTa B HCXOOHOE II0JIOKeHue. 3HadyeHue 10 YMOJIYaHUI0
paBHo Hy1I0. O6paTUTe BHUMaHUeE, YTO JaXKe ecJI 3TOT HapaMeTp Takol ke, Kak HOME OFFSET, npu
OCTaHOBKEe COYJIeHEeHNEe HEMHOTO BEHIUTET 3a Ipefesibl 3adhuKCUPOBAHHOTO TOJIOXKeHUA. [109TOMYy B 3TO
BpeMs Bcerma OymeT Hebosbinoe nepemernienne (ecnu Tonbko HOME SEARCH VEL He paBeH HYITIO
M BEChb 3Tall MMOHCKa/PpuKcanuu He OB IPOMYIIEH). IJTO IOCIegHee ABUXKeHUE OymeT BBHIIIOJIIHEHO C
MaKCHMalbHOU CKOPOCTBIO COUJIEHEHUsI, €CIIU He ycTaHOBeHOo 3HaueHne HOME FINAL VEL.

Note

PasHuua mexpny HOME OFFSET w HOME 3aknwovaetca B ToM, 4TO0 HOME OFFSET cHa4vana
yCTaHaB/IMBaeT WCXOAHOE MECTOMOJIOKEHNE U LWKaJly Ha CTaHKe, T[pUMeHsas 3HadyeHue
HOME_OFFSET k mecTy, rgoe 6bil1 HangeHo ucxogHoe rnoJsioxeHwe, a 3ateM HOME yka3biBaeT,
Kyha OOJ/DKHO NepeMecTUTbLCSA COYNEeHEHNe Ha 3TON LWKaJe.

4.5.6.9 HOME_IS_SHARED

Ecnu gy 9TOoro coueHeHUsT HeT OTOEIbHOI0 BXO/la KOHIIEBUKA MCXOMHOTO ITOJIOKEHMSI, HO K OMHOMY
KOHTAKTYy MOJAKJIIOYEHO HECKOJIPKO KOHIIEBUKOB MI'HOBEHHOTO [EHWCTBHS, YCTAHOBUTE 3TO 3HAUYEHUE
paBHBIM 1, 4TOOBI IIPEOOTBPATHUTh 3aIlyCK BO3BpaTa B MCXOOHOE COCTOSIHHME, €CJIM OOWH U3 OOIIUX
mepekKsodaTene yke 3aMKHYT. YCTaHOBUTE 3TO 3HaueHue Ha 0, YTOOH pa3pelnTh BO3BPAT B UCXOTHOE
IIOJIOKEHUe, faXKe eCJIU IePEeKTI0YaTesNlb YKe 3aMKHYT.

4.5.6.10 HOME_ABSOLUTE_ENCODER

Ucnone3yetcst oy abCoMIOTHEIX 9HKOmepoB. Korma memaeTcst 3ampoc Ha IpUBEIEHNE B UCXOTHOE
IIOJIOKEeHHUEe COYJIeHeHU s, TeKYIas MO3ULKS COUJIeHeHU s yCTaHaBIuBaeTcsa Ha 3HadeHue «[JOINT nJHOME

OxonuaTenbHBIN epexor B no3unuio «[JOINT n]JHOME» He sBnsieTcs 0013aTEIbHEIM B COOTBETCTBUH
c Hactpoukou «<HOME ABSOLUTE ENCODER»:

HOME_ABSOLUTE ENCODER = 0 (b’’'Mb’'b’’ob’’ b’’yb’'b’’Mb’’b’’ob’’b’'nb’’'b’"’ub’’b’"ab’'b’"ub’’ «+
b’ 'ub’’'b’’'wb’") b’’cb’’b’’ob’'b’"uyb’’b’'nb’’'b’"’eb’’b’'Hb’'b’"eb’'b’"'Hb’'b’'ub’ 'b’"eb’’ b +
""Hb’’'b’'’eb’’ b'’'ub’’b’'’cb’’b''nb"'b’"'ob’'b’'nb’'b’’'bb’'b’'3b’ b’ 'yb''b"'eb’'b"'Tb"’" b’ «
"ab’’'b’’6b’'’b’’'cb’’b"’ob’ b’ 'Ab’ b’ b’ b’ "Tb’ b’ "Hb’ b’ 'bib’ 'b’ Wb’ " b’’'3b’’b''Hb’ b’ +
"kKb'’'b"’ob’’b’'pb’'b’'eb’ b’ 'pb’’

HOME_ABSOLUTE ENCODER = 1 b’’Ab’’b’'’6b’'’'b’’cb’'’b’'ob’'b’'nb’'b’"tob’'b’’"Th’ b’ "Hb’'b"'bib"'b’ +
"mb’’ b’’3b’’b’'Hb’’'b’'kb’’b"’0b’ b’ 'gb’'b’"eb’ b’ 'pb’’, b’'ob’'b’'kb’’b’'0ob’ b’ "Hb’ b’ «+
"yb’’'b’"ab’’b’'Tb’’b"’eb’ b’ 'Ab’ b’ 'bb’ b’ 'Hb’ 'b’ 'bib’ 'b’ "b’’ b’ 'nb’’b’’eb’’b’'pb’'b’ +
'eb’’b"'xb"'b’"'ob’'b’"'pb’" b’’'Bb’" [JOINT n]HOME

HOME_ABSOLUTE ENCODER = 2 b’’Ab’’b’'’6b’'’b’’cb’’b’"'ob’'b’'nb’'b’"tob’ "b’"Th’'b’"Hb’'b"'bib’'b" «+
'nb’’ b’ ’'3b’’b’"Hb’ b’ 'kb’’b"’0b’ b’ 'ab’'b’’eb’ b’ 'pb’’, NO (b’’ub’’'b’’eb’’'b’’'Tb"") b’ «
'ob'’'b’"'kKb’'b’'ob’'b’"'Hb’ b’ "uyb’ b’ "ab’ b’ 'Tb’'b"'eb’'b’'nb’'b’ 'bb’'b’'Hb’ b’ '0b’' 'b’ +
‘'rb’’b"’ob’’ b''nb’'’b’"’eb’’b’'pb’'b’’eb’ b’ 'xb’'b’"ob’ b’ 'gb’’'b""ab’’ b’’sb’’ [JOINT n] «
HOME

Note
Mapametp HOME_IS SHARED Mon4a urHopupyeTcs.
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Note
3anpoc npmeedeHnsa CoYeHEeHU B UCXO4HOE MNOJIOXKEHNE MOJ1Ha UTHOPUpPYeTCS.

4.5.6.11 HOME_SEQUENCE

HcnonblyeTcs Ois onpeneneHus I0CIeq0BaTeIbHOCTH IIPUBEIEeHNSI MHOKECTBa COUJIEHEHNUH B UCXOOHOEe
nonoxenue HOME ALL 1 o6ecrieyeHus TOpsAOKa BO3BpallleHUs B UCXOIHOE IT0JI0KeHUe (HanpuMep, Z
He MOXeT OBITh BO3BpAllleH B MCXOOHOE ITOJI0XKeHKe, ecliu X ellle He YCTaHOBJIEH B UCXOOHOE II0JI0KEeHUE).
CouneHeHne MOXKeT OBITH IPUBEIEHO B MCXOOHOE IIOJIOKEHWE IIOCJIe TOTO, KaK BCE COYJIEHEHUS C
MeHbImuM (abcomoTHeM 3HaYeHrneM) HOME SEQUENCE yxke nmpuBeOeHb U HaXOOSITCS B IIOJIOKEHUHN
HOME OFFSET. Ecnu gBa couneHeHus uMeioT opmmHakoByio HOME SEQUENCE, onu MOryT OBITH
[IpUBENEHEl OOHOBPEMEHHO.

Note

Ecnm HOME_SEQUENCE He yka3saH, co4fieHeHue He b6yneT npuBeLEeHO B UCXOOHOE MOJIOXKEHMe
nocnepnosaTenbHocTeto HOME ALL (HO ™MoxeT ObiTb NpMBEOEHO OTAEJIbHbIMKA KOMaHOaMu
npmBeneHnsa KOHKPETHOIro COYJIEHEHMNS).

Hauansuoe yncio HOME SEQUENCE moxkeT 651Th 0, 1 (111 -1). AGCOIIOTHOE 3HaYeHUEe TOPSAOKOBBIX
HOMEPOB OOJIZKHO YBEJINYUBATLCS Ha eQUHUITY — IIPOIYCK IOPSOKOBLIX HOMEPOB He MOONEePKUBAETC.
Ecnu nopssgKoBBIM HOMED OIyIleH, Bo3BpaT B ucxogHoe nojoxenrne HOME ALL npekpaTuTcs ocse
3aBepIleHus I0CIeqHEer0 JOIIYCTUMOT0 IOPSAIKOBOT0 HOMeEpa.

Orpuuartenbabie 3HaueHUas HOME SEQUENCE yka3reIBaroT, YTO COEIWHEHUS B IOCIIEA0BATEIbHOCTH
OOJIXKHEI CHHXPOHH3HMPOBaTh OKOH4YaTeIbHOe nepememienue c [JOINT n]HOME, oxugas, moka

BCe COYJIEHEHMSI B IOCJIeIOBATEILHOCTY He OymyT roToBEL. Eciu Kakoe-nmu0o coueHeHe UMeeT OTPHIIATEe T
3nauenue HOME SEQUENCE, To Bce couNIeHEHUS C OOUHAKOBEIM a0COMIOTHLIM 3HaY€HMEM (II0JI0KUTEITbHE:
M oTpunaTensbHeIM) 3HaYeHus anemeHTa HOME SEQUENCE 6ynyT CHHXpOHU3UPOBATh OKOHYATEILHOE
rnepeMelieHue.

OrpunarensHoe 3HaueHe HOME SEQUENCE TakKe npuMeHsieTCsI K KOMaHOaM IPUBEIEHUS OOHOI' O
coudJieHeHus B ucxogHoe nonoxenve. Ecnu 3Hauerne HOME SEQUENCE orpunareibHO€, BCE COYJIEHEHY
“Melolye onuHakoBoe abcomoTHOe 3HadeHue 3Toro HOME SEQUENCE, 6ynyT npuBeJeHbI B HCXOTHOE
MOJIOZKEeHHE BMeCTe C CHHXPOHH3UPOBaHHBIM OKOHUYATEJ/IbHBIM HepeMenieHueM. Eciu 3HaueHue
HOME SEQUENCE paBHO HYIIIO UJIX ITIOJIOKUTEIPHOMY 3HaYE€HUI0, KOMaHOa OJId UCXOOHOT0 COUYJIEHEeHUST
OymeT IPUBOOUTE B MCXOOHOE TIOJIOKEHWE TOIBKO YKa3aHHOE COeqUHEHHE.

PexxuMm MenneHHOU Iogavyu couleHeHUN ¢ oTpuniatenbHeIM 3HaueHueM HOME SEQUENCE 3anpemieH.
B 0OBIYHBIX TOPTANbHLIX TPUI0KEHUSAX TaKOe IepeMelleHre MOXKeT IIPUBECTH K MepPeKocy (COBUTY).
OO6paTtuTe BHUMaHUE, YTO OOBIYHOE IIepeMeIlleHue 110 T100aIbHBIM KOOPAWHATAM BCerja JOCTYIHO 110
MMPUBENEHUIO CTAHKA B UCXOMHOE IT0JIOXKEHUE.

[Tpumeps! OJI CUCTEMEL C TPEMS COUI€HEHUSAMU

IIBe mocnemoBaTtenbHOCTH (0,1), 663 CHHXPOHU3AIINU

[JOINT O]HOME SEQUENCE = 0
[JOINT 1]HOME SEQUENCE = 1
[JOINT 2]HOME SEQUENCE = 1

IIBe mociemoBaTeIbHOCTH, cOujieHeHusa 1 u 2 CHUHXPOHHU3XUPOBAHEBI

[JOINT O]HOME_ SEQUENCE = 0
[JOINT 1]HOME SEQUENCE = -1
[JOINT 2]HOME SEQUENCE = -1

HpI/I CMEIIAaHHBIX ITOJIOZKUTEJIBHBIX U OTPULIATEJIbHEIX SHAYEHUAX COUYJIEHEHU A lu?2 CUHXPOHHU3UPOBAHEI
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[JOINT O]HOME SEQUENCE = 0
[JOINT 1]HOME SEQUENCE = -1
[JOINT 2]HOME SEQUENCE = 1

OpnHa mocJieqoBaTeIbHOCTD, 6€3 CUHXPOHU3AIIUHN

[JOINT O]HOME SEQUENCE = 0
[JOINT 1]HOME_SEQUENCE = 0
[JOINT 2]HOME_SEQUENCE =

OpHa 1mocnenoBaTENbHOCTh, BCE COYIeHEHU CHUHXPOHHU3KWPOBAHEI

[JOINT O]HOME SEQUENCE
[JOINT 1]HOME SEQUENCE
[JOINT 2]HOME SEQUENCE

I n
1 1 1
(R

4.5.6.12 VOLATILE_HOME

Ecnu HacTpolika B true, 3TO COUJIeHeHNEe CTaHOBUTCS He B MCXOOHOM ITOJIOXKEHUU BCIKUM pa3, Korma
CTAHOK IIepexonmuT B cocTosiHre BBIKJI. 9To mogxomuT OJis 1i000T0 COUIeHeHsI, KOTOPOe He COXPaHsIeT
IIOJIOZKEHHE IIPU BEIKJIIOYEHHOM IIPUBOJE COYJIEHEHU . 9TO MOXKET HOTpe6OBaTBCH HEeKOTODPEIM IIIal OBEIM
IIPUBOOAM, 0COOEHHO MUKPOIIAT OBLIM.

4.5.6.13 LOCKING_INDEXER

Ecnu sTO counteHeHUue ImpencraBiisieT coboit OEeJINTEJIbHYIO T'OJIOBKY C 6HOKHpOBKOfI, OHO p836HOKI/IpyeTCH
Imepen BO3BpPAaTOM B MCXOOHOE IIOJIOZKEeHHuE U 3a(1)I/IKCI/IpyeTC$I II0CJIe 3TOrO.

4.5.6.14 HemepneHHO UCXOZHaA NO3ULMUA

Ecnu couneHeHre He UMeeT KOHIIEBUKOB UCXOHOT0 IIOJIOKEHNS UJIU HE UMeeT JIOTUYECKOI 0 UCXOTHOT O
TTOJI0KEHU I, KaK, HallpuMep, IIOBOPOTHOE COUJIeHEHNE, ¥ BEI XOTUTE, YTOOBI 3TO COUJIeHEHNE BO3BPAIIaJIoCh
B UCXOOHOE IIOJIOKEHUE B TEKYIeM IIOJIOXKEeHUU Ipu HaxaTuu KHOnNKU "Home All” B rpadudeckoMm
unrepdetice AXIS, To HeoOxoguUME! crenyoiine 3anucu INI g aToro cousieHeHus.

HOME_SEARCH_VEL = 0
HOME_LATCH VEL = 0
HOME_USE_INDEX = NO

HOME_OFFSET = @ (b’’Mb’’b’"nb’’b’’ub’’ b’’cb’ b’ 'Mb’’b’’eb’ b’ wb’'b’"eb’ b’ "Hb’'b’ 'ub’'b’ «
’ebll b"Mbllbllcbl'bl’xbllbllob"bllnbllb"Hb"bllobllb"ﬁbll bl'nbllbllobllbll3bllb’ (_’
IMbIIbIIubllbIIMbllbIIMbll (HOME))

HOMEisEQUENCE = 0 (bI’MbIIbI’J.IbI’b'IMb" b"ub"b,,pb,,b”yb"b’,rb’,b"Ob’,b,’ﬁb” b’lnbll <_)
bl Iebl Ibl ’ﬁbl ’b' ’Cbl ’b’ ITb’ Ib’ 'Bb’ Ibl ’Mbl Ib' ’Tbl ’b’ Iebl ’b’ Inb’ Ibl Ibbl Ibl ’Hbl ’b' ’blbl ’b’ (_’
Iﬁbl' b"l'lb"b"ob"b"pb"b"ﬂb"b"nb"b"Kb"b"Ob"b"Bb"b"bIb"b"Vlb" b’IHb’IbI >
’Obl ’b’ IMbI Ib’ Ieb’ Ibl Ipbll)

Note

3HaYeHMa MO  yMOJNYaHWIO  Ansg  HeyKasaHHbix  HOME_SEARCH_VEL, HOME_LATCH_VEL,
HOME_USE_INDEX, HOME n HOME_OFFSET paBHbI HYJ110, MO3TOMY MX MOXXHO ONYCTUTb Mpu 3anpoce
HeMe[sIeHHOro Bo3BpaTa B UcxogHoe nosioxkeHue. O6bIYHO cnefyeT BKAOYaTbh AENCTBUTENbHbIN
Homep HOME_SEQUENCE, nockonbky nponyck HOME_SEQUENCE wcknto4YaeT co4YiieHeHue U3
nosegeHns HOME ALL, Kak oTMe4YeHO BbliLLe.
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4.5.6.15 Inhibiting Homing

KonTakT HAL (motion.homing-inhibit) npegHa3nauen Ajis 3anpeTa MHUIIMUPOBaHUS BO3BpaTa B UCXOIHOE
nonoxeHune Kak misa "Home All”, Tak u gJjist OTOeILHOIO COYJIEHEeHUS.

HekoTophbie CCTEMBI HCIIOJIL3YIOT IPEUMYIIIeCTBa CHHXPOHM3AalluU OKOHYaTEe IbHBIX ITIepeMeIlleHUN COYJIeHe!
B ICXOJHOeE IIOJI0OXKeHUe, KOHTponupyeMuix oTpullateabHEIMU [JOINT NJHOME SEQUENCE= snemMeHTaMu
INI ¢arina. 1o ymom4aHMIO YCIOBUSA CUHXPOHU3AIUY 3allpellaloT MeAJIEHHYIO I0avyy COYJIEHEHUs
repeq repeMenieHueM B UCXOIHOE I0JI0KEeHMe, YTOOBI IIPegOTBPaTUTh IIepeMEIIeHIE COYIEeHEHH S,
KOTOpPO€e MOXKEeT IPUBECTU K CMEIeHUIO CTaHKa (HalmpuMep, IopTajdbHasa CTOMKa).

CucrteMHEI! pa3paboTurKe MOXKET Pa3pelluTh MeIeHHYIO [Tofady COYJIeHeHHsI Iiepel] BO3BpaToM B
HCXOOHOE II0JI0KEeHUe C IOMOIIbIo Toruku HAL, koTopas nnepeknodaet sneMeHTH [JOINT NJHOME SEQUE
OTa JIoTHKa TaK¥Ke [Oo/IXKHa aKTUBUPOBaTh BhIBOA motion.homing-inhibit, uTo6s rapanTupoBars,

YTO BO3BPAT B UCXOOHOE T0OJIOXKEeHNE He OyHeT ciIydYaiHO MHUIIMUPOBAH, KOT{a pa3peuieHa MeajieHHas
Iofavya COWIEHEHHUSI.

I[Mpumep: CuHXpoHM3UpPOBaHHbIe couieHeHUs 0,1 ¢ UCITOMTb30BaHUEM OTPUIATEIILHOM ITOCIEeI0BaTETFHOCTH
(-1) mnsa cCHHXPOHHOTO BO3BpPaTa B UCXOOHOE TI0JI0KeHUe C KOHIeBUKOM (allow jjog), KOTOpHI BEIOUpPaeT
MIOJIOZKUTENBHYIO IIOCIeN0BaTeIbHOCTE (1) OJ1 UHOMBUOYaIbHOTO IIepeMeEIIeHN I COUYJIEeHEHHUS TTepe
BO3BPATOM B MCXOOHOE IT0JIOXKeHue (YacTuuHbIM Kom HAL):

loadrt mux2 names=home sequence mux
loadrt conv_float s32 names=home sequence s32
setp home sequence mux.in@ -1

setp home_sequence mux.inl 1

addf home sequence mux servo-thread

addf home sequence s32 servo-thread

net home seq float <= home sequence mux.out
net home seq float => home sequence s32.in
net home seq s32 <= home_ sequence s32.out
net home seq s32 => ini.0.home_sequence
net home seq s32 => ini.l.home sequence

# allow jjog: pin created by a virtual panel or hardware switch
net hsequence select <= allow jjog

net hsequence select => home sequence mux.sel

net hsequence select => motion.homing-inhibit

Note

KoHTakThbl INI HAL (nogo6bHele ini.N.home_sequence) HefOCTYMHbI 40 TeX Mop, Noka He 3anycTuTcs
milltask, no3Tomy BbIMo/IHEHUE BhilLeyKa3aHHbIX KOMaHa HAL cnefyeT oT/1I0)KUTb C NOMoLbio hanna
HAL postgui nnu otnoxxeHHoro cueHapusa [APPLICATION]APP=.

Note

CvHXpOHU3aUUSA MeOSIeHHOW MnoJaydn COYJSIEHEHUA ONA HECKONbKUX COYJIeHEHUA B peasibHOM
BpeMeHun TpebyeT AOMONHNTENbHbIX coegnHeHnin HAL Ana KOHTaKToOB MeAneHHOoW nodayv Tuna Pri
(MPG) (joint.N.enable, joint.N.scale, joint.N.counts). .

I[Tpumep kKoHpUTypaluu MomenupoBaHusa (gantry jjog.ini), meMoHCTpupYyOIINN MeOJIEHHYIO IToAady
COuYJIeHEeHU S IIPU UCIIOJIb30BaHUU OTPUIATEJILHBIX I0C/IeN0BaTEIbHOCTEM MPUBENEHUS B UCXOTHOE II0JI0XKEH]
HaxXoOuTCs B KaTanore: configs/sim/axis/gantry/.
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4.6 KoHdurypauuma TOKapHOro ctaHka

4.6.1 Default Plane

When LinuxCNC'’s interpreter was first written, it was designed for mills. That is why the default
plane is XY (G17). A normal lathe only uses the XZ plane (G18). To change the default plane place the
following line in the INI file in the RS274NGC section.

RS274NGC_STARTUP_CODE = G18

The above can be overwritten in a G-code program so always set important things in the preamble of
the G-code file.

4.6.2 INI Settings

The following INI settings are needed for lathe mode in Axis in addition to or replacing normal settings
in the INI file. These historical settings use identity kinematics (trivkins) and three joints (0,1,2)
corresponding to coordinates x, y, z. The joint 1 for the unused y axis is required but not used in these
historical configurations. Simulated lathe configs may use these historical settings. GMOCCAPY also
uses the mentioned settings, but does offer additional settings, check the GMOCCAPY section for
details.

[DISPLAY]
DISPLAY = axis
LATHE = 1

[KINS]
KINEMATICS = trivkins
JOINTS = 3

[TRAJ]
COORDINATES = X Z
[JOINT 0]
[JOINT 2]

[AXIS X]

[AXIS 7]

With joints axes incorporation, a simpler configuration can be made with just the two required joints
by specifying trivkins with the coordinates= parameter:

[DISPLAY]
DISPLAY = axis
LATHE = 1

[KINS]
KINEMATICS = trivkins coordinates=xz
JOINTS = 2

[TRAJ]
COORDINATES = X Z
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[JOINT 0]
[JOINT 1]
[AXIS_X]

[AXTS_Z]

4.7 Stepper Quickstart

This section assumes you have done a standard install from the Live CD. After installation it is rec-
ommended that you connect the computer to the Internet and wait for the update manager to pop up
and get the latest updates for LinuxCNC and Ubuntu before continuing.

4.7.1 Latency Test

The Latency Test determines how late your computer processor is in responding to a request. Some
hardware can interrupt the processing which could cause missed steps when running a CNC machine.
This is the first thing you need to do. Follow the instructions here to run the latency test.

4.7.2 Sherline

If you have a Sherline several predefined configurations are provided. This is on the main menu
CNC/EMC then pick the Sherline configuration that matches yours and save a copy.

4.7.3 Xylotex

If you have a Xylotex you can skip the following sections and go straight to the Stepper Config Wizard.
LinuxCNC has provided quick setup for the Xylotex machines.

4.7.4 Machine Information

Gather the information about each axis of your machine.

Drive timing is in nano seconds. If you're unsure about the timing many popular drives are included
in the stepper configuration wizard. Note some newer Gecko drives have different timing than the
original one. A list is also on the user maintained LinuxCNC wiki site of more drives.

Axis

Drive Type

Step Time
(ns)

Step Space
(ns)

Dir. Hold
(ns)

Dir. Setup
(ns)

N =< <



https://wiki.linuxcnc.org/
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4.7.5 Pinout Information

Gather the information about the connections from your machine to the PC parallel port.

Output Pin

Typ.
Function

If Different

Input Pin

Typ.
Function

If Different

E-Stop Out

10

X Limit/Home

X Step

11

Y Limit/Home

X Direction

12

Z Limit/Home

Y Step

13

A Limit/Home

Y Direction

15

Probe In

Z Step

Z Direction

O] 00| J| Oy UT| ¥ W N[ =

A Step

A Direction

Spindle CW

Spindle PWM

Amplifier
Enable

Note any pins not used should be set to Unused in the drop down box. These can always be changed

later by running StepConf again.

4.7.6 Mechanical Information

Gather information on steps and gearing. The result of this is steps per user unit which is used for
SCALE in the INI file.

Axis

Steps/Rev.

Micro Steps

Motor Teeth

Leadscrew
Teeth

Leadscrew
Pitch

N = 4

» Steps per revolution - is how many stepper-motor-steps it takes to turn the stepper motor one rev-
olution. Typical is 200.

* Micro Steps - is how many steps the drive needs to move the stepper motor one full step. If mi-
crostepping is not used, this number will be 1. If microstepping is used the value will depend on
the stepper drive hardware.

e Motor Teeth and Leadscrew Teeth - is if you have some reduction (gears, chain, timing belt, etc.)
between the motor and the leadscrew. If not, then set these both to 1.

e Leadscrew Pitch - is how much movement occurs (in user units) in one leadscrew turn. If you're
setting up in inches then it is inches per turn. If you’'re setting up in millimeters then it is millimeters

per turn.

The net result you're looking for is how many CNC-output-steps it takes to move one user unit (inches

or mm).
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Example 4.1 Units inches

Stepper = 200 steps per revolution
Drive = 10 micro steps per step
Motor Teeth = 20
Leadscrew Teeth = 40

Leadscrew Pitch 0.2000 inches per turn

From the above information, the leadscrew moves 0.200 inches per turn. - The motor turns 2.000
times per 1 leadscrew turn. - The drive takes 10 microstep inputs to make the stepper step once. -
The drive needs 2000 steps to turn the stepper one revolution.

So the scale needed is:

200motor steps 1micrasteps dmatorrevs licadscrewrevs _ 20.000microsteps
lmotorrev lmotorstep licadscrewrev 0.2000inch T iriech

Example 4.2 Units mm

Stepper = 200 steps per revolution
Drive = 8 micro steps per step
Motor Teeth = 30
Leadscrew Teeth = 90

Leadscrew Pitch 5.00 mm per turn

From the above information: - The leadscrew moves 5.00 mm per turn. - The motor turns 3.000 times
per 1 leadscrew turn. - The drive takes 8 microstep inputs to make the stepper step once. - The drive
needs 1600 steps to turn the stepper one revolution.

So the scale needed is:

200 full steps . 8 microsteps X 3revs . lleadscrew rev 960 steps
Lrev 1step 1 leadscrew rev 500mm  1mm

4.8 KoHdurypauua LLaroBoro asurartens

4.8.1 BBepeHue

The preferred way to set up a standard stepper machine is with the Step Configuration Wizard. See
the Stepper Configuration Wizard Chapter.

This chapter describes some of the more common settings for manually setting up a stepper based
system. These systems are using stepper motors with drives that accept step & direction signals.

It is one of the simpler setups, because the motors run open-loop (no feedback comes back from the
motors), yet the system needs to be configured properly so the motors don’t stall or lose steps.

Most of this chapter is based on a sample config released along with LinuxCNC. The config is called
stepper inch, and can be found by running the Configuration Picker.
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4.8.2 Maximum step rate

With software step generation, the maximum step rate is one step per two BASE PERIODs for step-
and-direction output. The maximum requested step rate is the product of an axis’ MAX VELOCITY and
its INPUT SCALE. If the requested step rate is not attainable, following errors will occur, particularly
during fast jogs and GO moves.

If your stepper driver can accept quadrature input, use this mode. With a quadrature signal, one step
is possible for each BASE PERIOD, doubling the maximum step rate.

The other remedies are to decrease one or more of: the BASE PERIOD (setting this too low will cause
the machine to become unresponsive or even lock up), the INPUT SCALE (if you can select different
step sizes on your stepper driver, change pulley ratios, or leadscrew pitch), or the MAX VELOCITY
and STEPGEN MAXVEL.

If no valid combination of BASE PERIOD, INPUT SCALE, and MAX VELOCITY is acceptable, then
consider using hardware step generation (such as with the LinuxCNC-supported Universal Stepper
Controller, Mesa cards, and others).

4.8.3 Pinout

One of the major flaws in EMC was that you couldn’t specify the pinout without recompiling the source
code. EMC2 was far more flexible, and thus now in LinuxCNC (thanks to the Hardware Abstraction
Layer) you can easily specify which signal goes where. See the HAL Basics for more information on
HAL.

Kak omucano BO BBefmeHuu u pykoBoacTBe o HAL, sBayTpu HAL y Hac eCcTp CUTrHajbl, KOHTAKTH U
rnapaMeTpsl.

Note
We are presenting one axis to keep it short, all others are similar.

The ones relevant for our pinout are:

signals: Xstep, Xdir & Xen
pins: parport.0.pin-XX-out & parport.0.pin-XX-in

Depending on what you have chosen in your INI file you are using either standard pinout.hal or xy-
lotex pinout.hal. These are two files that instruct the HAL how to link the various signals & pins.
Further on we’ll investigate the standard pinout.hal.

4.8.3.1 Standard Pinout HAL

This file contains several HAL commands, and usually looks like this:

# standard pinout config file for 3-axis steppers
# using a parport for I/0

#

# first load the parport driver

loadrt hal parport cfg="0x0378"

#

# next connect the parport functions to threads
# read inputs first

addf parport.0.read base-thread 1

# write outputs last

addf parport.0.write base-thread -1

#
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# finally connect physical pins to the signals
net Xstep => parport.0.pin-03-out
net Xdir => parport.0.pin-02-out
net Ystep => parport.0.pin-05-out
net Ydir => parport.0.pin-04-out
net Zstep => parport.0.pin-07-out
net Zdir => parport.0.pin-06-out

# create a signal for the estop loopback
net estop-loop iocontrol.0.user-enable-out iocontrol.0.emc-enable-in

# create signals for tool loading loopback
net tool-prep-loop iocontrol.0.tool-prepare iocontrol.0.tool-prepared
net tool-change-loop iocontrol.0.tool-change iocontrol.0.tool-changed

# connect "spindle on” motion controller pin to a physical pin
net spindle-on spindle.0.on => parport.0.pin-09-out

#it#

### You might use something like this to enable chopper drives when machine ON
### the Xen signal is defined in core stepper.hal

#it#

# net Xen => parport.0.pin-01-out

#it#
### If you want active low for this pin, invert it like this:
#Hit#

# setp parport.0.pin-01l-out-invert 1

#t#

### A sample home switch on the X axis (axis 0). make a signal,

### 1ink the incoming parport pin to the signal, then link the signal
### to LinuxCNC’'s axis O home switch input pin.

#it#

# net Xhome parport.0.pin-10-in => joint.0.home-sw-in

#it#

### Shared home switches all on one parallel port pin?

### that's ok, hook the same signal to all the axes, but be sure to
### set HOME IS SHARED and HOME SEQUENCE in the INI file.

Ht#

# net homeswitches <= parport.0.pin-10-in
# net homeswitches => joint.0.home-sw-in
# net homeswitches => joint.l.home-sw-in
# net homeswitches => joint.2.home-sw-in

i
### Sample separate limit switches on the X axis (axis 0)
H#it#

# net X-neg-limit parport.0.pin-11-in => joint.0.neg-lim-sw-in
# net X-pos-limit parport.0.pin-12-in => joint.0.pos-lim-sw-in

#it#

### Just like the shared home switches example, you can wire together

### 1imit switches. Beware if you hit one, LinuxCNC will stop but can’t tell
### you which switch/axis has faulted. Use caution when recovering from this
### extreme position to avoid a hard stop.
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#H##

# net Xlimits parport.0.pin-13-in => joint.0.neg-lim-sw-in joint.0.pos-lim-sw-in

The lines starting with # are comments, and their only purpose is to guide the reader through the file.

4.8.3.2 0630p

There are a couple of operations that get executed when the standard pinout.hal gets executed/inter-
preted:

The Parport driver gets loaded (see the Parport Chapter for details).

The read & write functions of the parport driver get assigned to the base thread 2.

The step & direction signals for axes X, Y, Z get linked to pins on the parport.

Further I/O signals get connected (estop loopback, toolchanger loopback).

A spindle-on signal gets defined and linked to a parport pin.

4.8.3.3 Changing the standard_pinout.hal

If you want to change the standard pinout.hal file, all you need is a text editor. Open the file and
locate the parts you want to change.

If you want for example to change the pin for the X-axis Step & Directions signals, all you need to do
is to change the number in the parport.0.pin-XX-out name:

net Xstep parport.0.pin-03-out

net Xdir parport.0.pin-02-out

can be changed to:

net Xstep parport.0.pin-02-out

net Xdir parport.0.pin-03-out

or basically any other out pin you like.

Hint: make sure you don’t have more than one signal connected to the same pin.

4.8.3.4 Changing polarity of a signal

If external hardware expects an “active low” signal, set the corresponding -invert parameter. For
instance, to invert the spindle control signal:

setp parport.0.pin-09-out-invert TRUE

2The fastest thread in the LinuxCNC setup, usually the code gets executed every few tens of microseconds.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 188 /1345

4.8.3.5 Adding PWM Spindle Speed Control

If your spindle can be controlled by a PWM signal, use the pwmgen component to create the signal:

loadrt pwmgen output type=0

addf pwmgen.update servo-thread

addf pwmgen.make-pulses base-thread

net spindle-speed-cmd spindle.0.speed-out => pwmgen.0.value

net spindle-on spindle.0.on => pwmgen.0.enable

net spindle-pwm pwmgen.0Q.pwm => parport.0.pin-09-out

setp pwmgen.0.scale 1800 # Change to your spindle’s top speed in RPM

This assumes that the spindle controller’s response to PWM is simple: 0% PWM gives 0 RPM, 10%
PWM gives 180 RPM, etc. If there is a minimum PWM required to get the spindle to turn, follow the
example in the nist-lathe sample configuration to use a scale component.

4.8.3.6 Adding an enable signal

Some amplifiers (drives) require an enable signal before they accept and command movement of the
motors. For this reason there are already defined signals called Xen, Yen, Zen.

To connect them use the following example:
net Xen parport.0.pin-08-out

You can either have one single pin that enables all drives; or several, depending on the setup you

have. Note, however, that usually when one axis faults, all the other drives will be disabled as well,
so having only one enable signal / pin for all drives is a common practice.

4.8.3.7 External ESTOP button

The standard pinout.hal file assumes no external ESTOP button. For more information on an external
E-Stop see the estop latch man page.

4.9 [uvarHocCTvMKa LUarosoro asurartens

If what you get is not what you expect many times you just got some experience. Learning from the
experience increases your understanding of the whole. Diagnosing problems is best done by divide
and conquer. By this I mean if you can remove 1/2 of the variables from the equation each time you
will find the problem the fastest. In the real world this is not always the case, but it’s usually a good
place to start.

4.9.1 Common Problems

4.9.1.1 Stepper Moves One Step

The most common reason in a new installation for a stepper motor not to move is that the step and
direction signals are exchanged. If you press the jog forward and jog backward keys, alternately , and
the stepper moves one step each time, and in the same direction, there is your clue.

4.9.1.2 No Steppers Move

Many drives have an enable pin or need a charge pump to enable the output.
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4.9.1.3 Distance Not Correct

If you command the axis to move a specific distance and it does not move that distance, then your
scale setting is wrong.

4.9.2 Error Messages

4.9.2.1 Following Error

The concept of a following error is strange when talking about stepper motors. Since they are an open
loop system, there is no position feedback to let you know if you actually are out of range. LinuxCNC
calculates if it can keep up with the motion called for, and if not, then it gives a following error.
Following errors usually are the result of one of the following on stepper systems.

* FERROR too small

MIN FERROR too small

MAX VELOCITY too fast

* MAX ACCELERATION too fast
BASE PERIOD set too long

¢ Backlash added to an axis

Any of the above can cause the real-time pulsing to not be able to keep up the requested step rate.
This can happen if you didn’t run the latency test long enough to get a good number to plug into the
StepConf Wizard, or if you set the Maximum Velocity or Maximum Acceleration too high.

If you added backlash you need to increase the STEPGEN MAXACCEL up to double the MAX ACCELERATIO
in the AXIS section of the INI file for each axis you added backlash to. LinuxCNC uses “extra acceler-
ation” at a reversal to take up the backlash. Without backlash correction, step generator acceleration

can be just a few percent above the motion planner acceleration.

4.9.2.2 RTAPI Error

When you get this error:

RTAPI: ERROR: Unexpected realtime delay on task n

This error is generated by rtapi based on an indication from RTAI that a deadline was missed. It is
usually an indication that the BASE PERIOD in the [EMCMOT] section of the ini file is set too low. You
should run the Latency Test for an extended period of time to see if you have any delays that would
cause this problem. If you used the StepConf Wizard, run it again, and test the Base Period Jitter
again, and adjust the Base Period Maximum Jitter on the Basic Machine Information page. You might
have to leave the test running for an extended period of time to find out if some hardware causes
intermittent problems.

LinuxCNC tracks the number of CPU cycles between invocations of the real-time thread. If some
element of your hardware is causing delays or your realtime threads are set too fast you will get this
error.

Note
This error is only displayed once per session. If you had your BASE_PERIOD too low you could get
hundreds of thousands of error messages per second if more than one was displayed.
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4.9.3 Testing

4.9.3.1 NapamMeTpsbl LLAroBoro MMnNyJsibca

If you are seeing an axis ending up in the wrong location over multiple moves, it is likely that you
do not have the correct direction hold times or step timing for your stepper drivers. Each direction
change may be losing a step or more. If the motors are stalling, it is also possible you have either the
MAX ACCELERATION or MAX VELOCITY set too high for that axis.

The following program will test the Z axis configuration for proper setup. Copy the program to your
\~/emc2/nc files directory and name it TestZ.ngc or similar. Zero your machine with Z = 0.000 at the
table top. Load and run the program. It will make 200 moves back and forth from 0.5 to 1”. If you
have a configuration issue, you will find that the final position will not end up 0.500” that the axis
window is showing. To test another axis just replace the Z with your axis in the GO lines.

( test program to see if Z axis loses position )
( msg, test 1 of Z axis configuration )
G20 #1000=100 ( loop 100 times )
( this loop has delays after moves )
( tests acc and velocity settings )
0100 while [#1000]
GO Z1.000
G4 P0O.250
GO Z0.500
G4 P0O.250
#1000 = [#1000 - 1]
0100 endwhile
( msg, test 2 of Z axis configuration S to continue)
M1 (stop here)
#1000=100 ( loop 100 times )
( the next loop has no delays after moves )
( tests direction hold times on driver config and also max accel setting )
0101 while [#1000]
GO Z1.000
GO Z0.500
#1000 = [#1000 - 1]
0101 endwhile
( msg, Done...Z should be exactly .5” above table )
M2

4.10 dunbTpyloWiMEe NPOrpamMmbl

4.10.1 BBepeHue

BonpbmuHCcTBO 3KpaHoB LinuxCNC mMeT BO3MOKHOCTh OTIIPABISATh 3arpyKeHHbIe dainnsl yepes fil-

ter program unmM KUCIONIB30BATh IIPOrpaMMy-GUILTP Ol co3maHus G-koma. Takou QUIBTP MOXKET
BBITIOJTHSITH JTIO0YIO 2KeJlaeMylo 3aflady: YTO-TO IIPOCTOe, HAaIIPpUMep IIPOBEPKa TOTO, YTO (aiil 3aKaHYHNBaAETCS]
Ha «M2», uIu 4TO-TO OoJiee CI0XKHOe, HampuMep co3maHue G-Koma 13 u300paKeHusl.

4.10.2 Hactpouka INI pna nporpaMMHbIX ¢hMNbLTPOB

Pazpmern [FILTER] INI-¢aiina yirpaBnseT padoToi ¢punbTpoB. CHavaia O KaXkaoro THIla dakiiia HalluIIuTe
ctpoky PROGRAM EXTENSION. 3aTeM yKaxKHTe IIporpaMMy, KoTopasi OyIOeT BBIIOJIHATHCS OIS KaXKI0T0
Tuna ¢aina. ITou IporpaMMe IIpHCBauBaeTCsI UM BXOOHOTO (palisa B KaueCTBe IIEPBOTO apryMeHTa,

U OHa JOJIKHA 3amucaTh Kof rs274ngc B CTaHOAPTHBIM BHIBOH. OJTOT BHIBOX OyImeT oToOpaxXKaTbCs
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B TEKCTOBOM 00JIacTH, IPOCMATPUBATHCS B 00JIacTH OTOOpazkKeHus M BBHIMOMHATHCS LinuxCNC mnpu
HaXkaTUX KHOOKH Run. Crenymolre CTPOKY H00aBIIsIOT ITOANEePKKY KOHBepTepa image-to-gcode, BKITIOUEHH!
B LinuxCNC:

[FILTER]

PROGRAM EXTENSION = .png,.gif Greyscale Depth Image
png = image-to-gcode

gif = image-to-gcode

Takzke BO3MOXKHO YKa3aTb HHTEePIIPEeTaTop:

PROGRAM EXTENSION = .py Python Script
py = python

TakuMm o6pas3om, 0060 CKpUIIT Python MozKeT OBITh OTKDHIT, @ €T0 BEIXOHBIE TaHHBIE 00pabaTEIBAIOTCS
Kak G-koxm. OpmuH M3 TaKuX NIPUMEPOB CKPHUIITA AOCTYyIeH IIo agpecy nc files/holecircle.py. 39ToT
CKpHUMNT co3maeT G-KOf /I CBEPJIEHUs] CEPUU OTBEPCTHMH 10 OKPYXKHOCTH.

Circular Holes
Units GE0 {in) Al
* 0, Center X 1.0
® ® Center 0.0
Start &ngle 3
Increment &ngle  (17.0
Radius 1.0
Hole Count a
Feed Rate 5.0
Haole Depth -0.1
Cvell {0=no dwell) 1.0
Retract Height 0.1
‘ 014 Cancel

Figure 4.9: OTtBepcTUs IO KPYTY

Ecnu nporpamma ¢unbTpa oTnpasisieT B stderr cTpoku Bupga:
FILTER PROGRESS=10

OH yCTQHOBUT WHAWKATOP BHIIOJTHEHMUS 9KpaHa Ha 3aJaHHBLIN (B JaHHOM ciaydae 10) mpoueHT. ITy
dbyHKIMIO ciemyeT UCHOIb30BaTh JII000MYy GuIETPY, paboTamIieMy B TeYeHNe OJIUTEJIBHOTO BpEMEHH.

4.10.3 Co3paHue nporpamMm pmnbTpoB Ha ocHoBe Python

BoT oueHb IPOCTOY IpUMeED MeXaHUKU pUIbTpaluu: Ipu 3anycke skpaHa LinuxCNC, npepnararoIiero
nporpaMMHyio punbTpauuioo, oH O6ymeT reHepupoBaTh U 3alUCHIBAaTh CTPOKY G-Koma Kaxknayio 100%
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OO0 CeKYHOHl B CTAHOAPTHEIA BhIBOL. OH TakxXKe OTIPaBIIseT COOOIeHHEe O XOme BBIIIOJIHEeHUS B
CTaHOapTHEIM moTOK omubok UNIX. Ecnu mpowu3olnia omnrirbka, OH BEIBeOeT CoolIneHne o0 oImmbke
1 3aBepIIUT PaboTy Cc KomoM Berxoma 1.

import time
import sys

for i in range(0,100):
try:
# simulate calculation time
time.sleep(.1)

# output a line of G-code
print('Go X1', file=sys.stdout)

# update progress

print(’FILTER PROGRESS={}’'.format(i), file=sys.stderr)
except:

# This causes an error message

print('Error; But this was only a test’, file=sys.stderr)

raise SystemExit(1)

BoT moxoxasi mporpaMMma, HO OHa JeNCTBUTENbHO yMeeT GunabTpoBaTk. OHa OTKPHIBAET AUAIOTOBOE
okHO PyQtb ¢ KHOIKOM OTMeEHBI. 3aTeM OHa CYHUTHIBAET IIPOrpaMMy IOCTPOYHO M IepelaeT ee Ha
CTaHOAPTHHIM BEIBOA. [10 x0my mena oHa 00HOBIIsIET TI000M ITPOIIECC, TPOCITYIIINBAIONINY CTaHIaPTHEIN
BBIBOJI OIITHNOOK.

#!/usr/bin/env python3

import sys
import os
import time

from PyQt5.QtWidgets import (QApplication, QDialog, QDialogButtonBox,
QVBoxLayout,QDialogButtonBox)
from PyQt5.QtCore import QTimer, Qt

class CustomDialog(QDialog):

def init (self, path):
super(Custombialog, self). init (None)
self.setWindowFlags(self.windowFlags() | Qt.WindowStaysOnTopHint)
self.setWindowTitle(”Filter-with-GUI Test”)

QBtn = QDialogButtonBox.Cancel

self.buttonBox = QDialogButtonBox(QBtn)
self.buttonBox.rejected.connect(self.reject)

self.layout = QVBoxLayout()
self.layout.addWidget(self.buttonBox)
self.setlLayout(self.layout)

self.line = 0
self. percentDone = 0

if not os.path.exists(path):
print(”Path: '{}' doesn’t exist:”.format(path), file=sys.stderr)
raise SystemExit(1)

self.infile = open(path, "r")

self.temp = self.infile.readlines()
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# calculate percent update interval
self.bump = 100/float(len(self.temp))

self. timer = QTimer()
self. timer.timeout.connect(self.process)
self. timer.start(100)

def reject(self):
# This provides an error message
print('You asked to cancel before finished.’, file=sys.stderr)
raise SystemExit(1)

def process(self):
try:
# get next line of code
codeLine = self.temp[self.line]

# process the line somehow

# push out processed code
print(codeLine, file=sys.stdout)
self.line +=1

# update progress
self. percentDone += self.bump
print(’FILTER PROGRESS={}’'.format(int(self. percentDone)), file=sys.stderr)

# if done end with no error/error message

if self. percentDone >= 99:
print('FILTER PROGRESS=-1', file=sys.stderr)
self.infile.close()
raise SystemExit(0)

except Exception as e:
# This provides an error message
print(('Something bad happened:’,e), file=sys.stderr)
# this signals the error message should be shown
raise SystemExit(1)

if name == " main ":
if (len(sys.argv)>1):
path = sys.argv[1]
else:
path = None
app = QApplication(sys.argv)
w = CustomDialog(path=path)
w.show()
sys.exit( app.exec () )
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Chapter 5

HAL (YpoBeHb annapaTHOM abcTpakuum

5.1 HAL BBepeHue

LinuxCNC — aTo B3aumopelicTeue ¢ o6opynosanueM. Ho HeMHOTMe T0Ib30BaTeIM UMEIOT ONUHAKOBEIE
XapaKTepUCTUKU 000pYyZOBaHUS — II0XO0XKMe, HO He OguHaKoBhle. U maxe Ojid OOHOTO M TOTO XKe
000PyIOBaHUS MOTYT CYILIIECTBOBAThL Pa3HEIe CIIOCOORI €T0 MCIIOIB30BAHMSI, CKaXKeM, [JIs Pa3HEIX MaTEPHUaJIO!
WM C pa3HBIMU dpe3epamMu, 9TO nI0TpedyeT amanTaluy K YIIPaBIIeHUIO yKe paboTaomiell CHCTEMO.
AbcTpaknus Oblia Heo6xXoaumMa, YTOOk YIPOCTUTE HacTPouKy LinuxCNC mjis MupoKOoTo CIIeKTPa anapaTHEI
ycTpoiicTB. Ha caMOM BBICOKOM YPOBHE 3TO MOKET OBITH IIPOCTO CIIOCO0 3arpy3UTh U COEOIUHUTD P
cmpoumebHbiX 610K08 A1t COOPKYU CII0KHOM CUCTEMEL.

B aTo#1 rmaBe paccMaTpHBAETCsS YPOBEHBb allllapaTHON abCTpakuuu. Brl yBUOuWTe, YTO MHOTHE W3
CTPOUTENBHBIX GJIOKOB MEMCTBUTENBHO SBASIOTCS OpadiBepaMM OIS alllapaTHHIX YCTPOUCTB. OmHaAKO
HAL moxeT menaTth 00bIlle, YeM IIPOCTO HACTPauBaTh ApalBepsl 000PYyIOBaHUS.

5.1.1 HAL O6G3o0p

YpoBeHb annapaTHOM abcTpakiuy (MM CO CCHITKOM Ha dunbM KocMmudyeckas ommcces 2001 mpocto
"HAL’) — 3TO mporpaMMHOe obGecIieueHne, ITO3BOJISIOIEe

¢ 00eCIeYuTh I/IH(bpaCTp}IKTypy OJIsd CBSA3KWM C U MeXNOy MHOTMMHU IIPOTPAMMHBIMU W aAllllaPATHBIMHA
KOMIIOHEHTaMH CHCTEMEI.

e IIpu HEOOXOOUMOCTH 00pabaTHIBaTh U/UJIHM MEePEOIIpPenesiaiTh 9Ty HHGOPMAITHUIO IIPU ee Iepenade OT
KOMIIOHEHTa K KOMITOHEHTY.

Cama mo cebe aTo link: Cas3ymlee mporpaMMHoe obecrneueHre He COOepKUT MHPOpPMAIUU O ee
npuMeHeHuu Ha YITY. [Touck B MHTepHeTe, HalIpUMep, HaIlleJl aCTPOHOMUYECKOoe IPHUIOKeHNe O
yIpaBJieHus TeneckonaMu ¢ moMombio LinuxCNC. [IBuratenu mepeMeniaiT TEJIECKOI B IIPaBUJIBHOE
IIOJI0KEHUE, M OH [OJI2KEH 3HaTh, KaK COIIOCTABUTh ABUTIATENBbHYI0O aKTUBHOCTH C 3¢ {eKToOM 3TOro
IIO3UIIMOHNPOBAHKSA B PeaJIbHOM MHUDE. Takas CUHXPOHU3aluAgd TIOJIOZKEHU! OBUTaTeJid C PeaJIbHEIMU
MIOJI0XKEHUSIMH HAIlOMUHAET TO, YTO MOJI2KHEI leflaTh cTaHKu ¢ YITY uimn KocMuYecKue Kopabiiu.

JI1060i KOHTPOJIep CTaHKa [O/IKeH 3HaTh:

* 0 eT0 BHYTPEHHEM COCTOSHUHU U O TOM, KaK OHO COOTHOCHUTCS C OKPYyzKamlllel cpenoil (KOOpamuHAaTEI
CTaHKa, COCTOsSIHUE IIepeKIoYaTenell/peryasiTopos),

¢ KakK HCIIOJIHUTEJIBHBIE€ ME€XaHHU3MBbI JOJIZKHBI KU3MEHUTH 3TO COCTOSAHHUE,

¢ KaK PA3pPelInThb 0OHOBJIEHHE BHYTPEHHET 0 COCTOAHUA OATYUKOB (SHKOJIepOB, 30HOOB).



https://en.wikipedia.org/wiki/2001:_A_Space_Odyssey_(film)
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D1%8F%D0%B7%D1%83%D1%8E%D1%89%D0%B5%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
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Yposeub HAL cocTtouT 13 4acTel (Ha3bIBAeMbBIX «KOMIIOHEHTaMK»), KOTOPhIE

¢ CBS3aHEI OPYT C OPYTOM, HAIIpUMeD, OJId OOGHOBJIEHHUST OAHHBIX O MECTOIIOJIOZ2KEeHHUHN HUJIN OJId TOTrO,
YTOOBI AJITOPUTM IIJIaHUPOBAHUA coo61.uan OBUTATEeJIsAM O CIIEAYIOIIeM Ilare.

* MOXKET 3HaTh, KaK B3aUMOOENCTBOBATH C OGOpy,E[OBaHI/IeM,

* MOZKET IIPOCTO 06pa6aTbIBaTb BXOOsAlIMe NaHHbIEe U IIPEOOCTAaBJIATE BRIXOOHEIE NaHHBIE IPYTI'MM KOMITIOHEHT«

¢ BCerga IepuoanuvdeCKH BBIIIOJIHAKTCSA 6o
- C OYeHb BEICOKOH YaCTOTOU B HECKOJILKO MHUKPOCEKYH[ (MKC) BPEMEHMU BEITIOJIHEHUNS, Ha3bkIBAaEMOM
06a30BEIM IIOTOKOM, HAIIpHUMep, OJId

1. maTh MIarOBOMY ABUTATEJII0O TPUTTED, YTOOH CAEsaTh Iar BIepeqn Uuiu
2. CUUTATh MO3UITHIO, TPENCTAaBIIeHHYIO 9HKOIEPOM.

- c 6o1ee HU3KOU YaCTOTOM KaxKAyI0 MUJUIUCEKYHOY (MC), HanipuMep, YTOOLI
1. CKOPPEKTUPOBATh IJIaHUPOBaHKE CIeAyIOIINX X0I0B, YTOOL 3aBEPIINTh NHCTPYKIHIO G-Koza.

= KaK KOMIIOHEHTEI «uSer-space», KOTOPHEIE 3allyCKalT «OCHOBHOM ITMK/I», TaK e KakK #u moboe
Opyroe mporpaMMHOE€ obecmeueHnue, 1 MOT'YT IIPEPHIBATHCA UJIN 3a0€P2KUBATHCA, KOI'Da OCTAJIbHAA
Y9aCThb CUCTEMEI 3aHATA UJIU IIeperpyzxKeHa.

B coBokynrHocTu HAL mo3BonseT

1. mporpaMMupOBaTh OJI CTaHKAa, KOTOPHIM IPOTPaMMUCT He 3HaeT HallPAMYI0, HO MOXKeT [10JIaraThCsa
Ha IporpaMMHEIN UHTepP@delic c 4eTKO onpenesieHHEIM BO3eCTBHEM Ha CTAHOK. JTOT UHTepdelc
MOZKeT OBITH MCIIOJIb30BaH OIS

¢ CKa3aThb CTAaHKYy, 4YTO AOejlaThb
¢ IIOCIyLIaTh, YTO CTAHOK XO04YE€T CKa3dTh O CBOEM COCTOAHUU.

2. BeprukanbHbie abCTpPaKLUMKU: CUCTEMHBIN HHTETPATOP TAKOT'0 CTaHKa ucnoab3yeT HAL

* yTOOHI ONKCATh, KaK BHITJISIOUT CTAHOK M KakK KaKoW Kabejb ympaBiisieT KaKUM OBUTATEJIEM,
KOTOPLIN IIPUBOOUT B ABUXKEHME OIIPENeJIeHHYIO OCh.

e OmucaHue cCTaHKa, HTEPEHNCH MPOTPaMMHUCTa U UHTEPQEHC TOTh30BaTENST KAKUM-TO 00pa3oM
«BCTPEYAIOTCS» Ha 3TOM abCTPaKTHOM ypPOBHE.

3. T'opusoHTaNbHbBIE a6CTPAKIMU:

* He Bce cTaHKH UMEIOT BCE BUAH QYHKITUN
e (pe3epnl, TOKapHLIE CTAHKK U POOOTHEI UMEIOT MHOTO OOIIero

- 0cOOeHHOCTeH (OABUTATEeH, COUJIeHeHusd, ...),
= QJITOPUTMEI IIJIaHUPOBAHUA CBOUX JIBI/I)KGHI/IIZ.

HAL He mMeeT IpPSIMOTO B3aUMOMAENCTBUSA C ITOIb30oBaTeseM. Ho OBIIO IIpemoCcTaBIeHO HECKOJIBKO
UHTEep(dENCOB, IO3BOILIONINX MaHuyIuposats HAL

* 13 KOMaHOHOM CTPOKHU C ITOMOIIbI0 KoMaHAH “halcmd”.
* u3 ckpuntos Python u

e u3 nporpamm C/C++,
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HO HUY OOMH U3 3TUX UHTepdencoB He sBaseTcsa “camum HAILY.

HAL cam nio ce6e He SBISIETCS IIPOTPAaMMOM, OH COCTOUT U3 OOHOT'0 UJIU HECKOJIBKUX CITUCKOB 3aTrPyKEeHHBIX
nporpaMm (KOMIIOHEHTOB), KOTOPhIE IEPUOONYECKU BEIIOTHSIOTCS (B CTPOTOM IIOCTIEeN0BaTEIbHOCTH),

u obnacTtu ob1Iel MaMsTH, KOTOPYIO 9T KOMIIOHEHTHI MCIIONb3YIOT Ojis oOMeHa maHHBIMU. OCHOBHOM
ckpunt HAL 3anmyckaeTcs TOJIBKO OOUH pa3 IIPHM 3allyCKe CTaHKa, HacTpauBas IIOTOKM PeajbHOIo
BpPEeMEHU U MECTa B 00IIel ITaMsITH, 3arpyzKasi KOMIIOHEHTH ¥ HacTpauBasi KaHaJIbl Iepefayvyy JaHHBIX
MeXKOy HUMHU («KCUTHAJIbI» U «KOHTaKTEI»).

B npuHIIMIIE, HECKOJIPKO CTAHKOB MOTYT MCII0JIb30BaTh 001t HAL, 4TOGB 06€eCIIeYnTh UX B3aUMOIEHCTBUE,
opHako Tekymasa peanu3anusa LinuxCNC orpanmdyeHa OOHUM HHTEPIPETATOPOM U OOHUM MOZOYJIEM
3apad. B HacTosmee BpeMs 3TO HOYTH Bcerga uHTepuperatop G-koma u “3azjada (pelepoBaHus”
(koTOpas Tak¥ke XOpoIIo paboTaeT A1 TOKAPHBIX CTAHKOB U aJleKBaTHO IJist pOOOTOB), HO 3THU MOIYJIN
MOJKHO BHIOpaTh BO BpeMs 3arpy3KHW. YUYUTHIBasg PacTyILIUN HUHTepeC K YIpaBJIEHWIO HECKOJILKUMU
B3aMMOIENCTBYIOIIMMU CTaHKaMM, IIPEOAOJieHNe 3TOT'0 OrpPaHMYeHHsI, BEPOSITHO, CTaHET OOHUM U3
OCHOBHBIX IIIATOB [IJIs perleHus npobieMsl Oyayiero pa3sutus LinuxCNC. OgHaKo 3T0 HEMHOTO CII02KHO,

1 co0OIIeCTBO BCe ele GopMUPyeT CBOU MBIC/IH II0 3TOMY IIOBOMY.

HAL nexwut B ocHOBe LinuxCNC u ucnonb3yeTcs W/UNIK pacmupsgeTrcsa BceMHu dacTtamm LinuxCNC,
Bkitouasi T UTI. UaTepripetaTop G-Koma (MM albTEPHATHUBHOTO SI3bIKa) 3HAET, KaK HHTEPIIPEeTUPOBATh
G-kopm, ¥ IIePeBOOUT €r0 B OIlepalluy CTaHKa, 3anyckas curHansl B HAL. [Tonb30BaTelb MOXKET 3allpallliBaTh
HAL pa3nuyHBIME crtoco6aMu, YTOOHI TOJTYYUTh UH(POPMAIINIO O €70 COCTOSTHUHM, KOTOPas 3aTeM TaKXkKe
MIpefCcTaB/IseT COCTOSTHUE CTaHKa. Bo Bpems pa3paboTku Bepcuu 2.9, Ikl mo-npexkHeMy ABISIOTCS
HCKJIIOUEHHEM M3 9TOTO IIpaBujia ¥ MOTYT 3HaTh 4TO-TO, 4yero HAL He 3HaeT (HO JOJIKEH).

5.1.2 KoMMyHuKaums
HAL YHUKaJIEH TeéM, YTO MOXKET KOMMYHUIIMPDOBATE O4YE€Hb GLICTpO

¢ C OIPpyruMHu IIporpaMmamMy, HO B 4aCTHOCTHU

¢® C eTr0 KOMIIOHEHTaMH, KOTOPkhIE OOLIYHO BEITIOJIHSIIOTCS B OJTHOM K3 IIOTOKOB PeasibHOI'O BpeM€EHH.

U nipu ob61miennu Ta 9acTh LinuxCNC, ¢ KOTOPO# MPOUCXOOUT OOMEH HaHHBIMHU, He HY2KIaeTCs B IOATOTOBKE
K O6MeHy: BCe 3Tu ,'E[GIZCTBPISI BEITIOJIHAOTCA aCHMHXPOHHO, T. €. HHW OOWH KOMIIOHEHT He€ IIPEpPhIBaeT
CcBOoe OOBLIYHOE BHIIIOJIHEHUE OJId IIOJIYy4YeHHWs CUIrHalla, U CUIHaJIbl MOTI'yT OBLITH OTIIPaBJIEHEI CPa3y,

T. €. OPUIOXKeHWe MOXKET XKIOaTh, ITI0OKa He ITOCTYIIUT KOHKPETHOe Coo0IleHue (HampuMep, CUTHal
pa3pellieHus), HO eMy He HY>KHO TOTOBUTBCS K ITOJTYYEHUIO 3TOT0 COOOIIIEHUS.

Cucrema oOMeHa HaHHBIMUA

* IIPENCTaBJIsIeT U KOHTPOJIUPYET Bce 000pynoBaHUe, IOOKIIIOYEHHOE K CUCTEME,

¢ 3aIlyCKaeT U OCTaHaBJIMBaeT APyrume KOMMYHUKAIITMOHHBIE IIDOTrPAMMEI.

CBs13b C anmmapaTHbeIM 06ecIiedyeHreM CaMOT'0 CTaHKa OCYIIECTBIISIETCS COOTBETCTBYIOIIUMU BhIeJIEHHBIMU
KoMnoHeHTaMu HAL.

YpoBens HAL — aT0 00111€€ TPOCTPAHCTBO, B KOTOPOM BCe YacTH, cocTaBistiomnire LinuxCNC, oOMeHUBaIOTCsI
vHpopmMalrei. B 3ToM MPOCTPaHCTBE €CTh KOHTAKThI, KOTOPhIEe UAeHTUPUIINPYIOTCS 10 UMEHU, XOTS
nHXKeHep LinuxCNC MoXKeT IpeArno4YecTh aCCOUAINI0 C KOHTAKTOM 3JIEKTPOHHOU CXeMbl. JTU KOHTAKTHI
MOTYT HECTH YHMCJIOBBLIE U JIOTUYECKHE 3HAaYeHUs, OyJIeBbl 3HAUEHHUSI, YHCJIa C MJIaBalomiel 3amsaTo, a
TaKXKe IleJIble YHClia co 3HaKoM 1 6e3 3Haka. CyllecTByeT TaKxke (0OTHOCUTEJIbHO HOBHIN) TUII BEIBOZA C
nuMeHeM hal port, mpegHa3HaYeHHEIH OJ151 TOTOKOB 0aMTOB, U I1aTdopMa fjid oOMeHa 6ojiee CIIOKHBIMU
maHHBIMU, Ha3biBaeMad hal stream (KoTopas MCIIONIb3yeT YaCcTHYIO 001IyI0 00J1aCTh TaMATH, @ He KOHTaKT
HAL). ITocnepHue aBa TUIA UCIIONb3YIOTCS CPAaBHUTEJILHO PeOKo.

C nmomomrbio HAL BBl MOXKeTe OTHPaBUTh CUTHaJl Ha 3TOT Ha3BaHHBIM KOHTAKT. Kaxmas wacte HAL
MOZKEeT IIPOYMTATh 3TOT KOHTAKT, KOTOPBIM COAEPKUT 3HAYEeHME CUTHala. 10 eCTh A0 TeX IIOop, IToKa
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HOBBIM CUTHAJI He OTIIPAaBJIAETCS OJI1 3aMeHEl IIPEeIbIAYIIEero 3HaueHusI Ha KOHTAKT C TEM XK€ UMEHEM.
BaszoBas cuctema oomeHa coobmenusMu HAL He 3aBucut ot YITY, Ho HAL mocTaBmnsieTcs ¢ 60IbIIUM
KOJINYeCTBOM KOMIIOHEHTOB, KOTOPble MHOTroe 3HatoT 0 UIIY 1 mpencTaBiasaioT 9Ty HHGOPMAaLMIO Yyepes
KOHTAKTH. ECTh KOHTAKTHI, 0003HaAYAIOIIINEe

* CTaTUYECKYIO0 MH(POpPMalusI O CTaHKe

¢ TeKylllee COCTOdHHuEe CTaHKa

- KOHIIEBHKOB
= IIO3UIUH, IIOOCYHUTAHHBIE IIIAI'OBEIMU OBUTATEJIAMU UJIN U3MEPEHHBIE 3HKOOEePaMU

* IIOoJIy4YaTeu UHCTPYKUUHU

- Py4HOe yIpBaJieHHte II0I0XKeHUeM CcTaHKa ("MeIieHHas rnmogada”)
- TOJI02KEHHS, KOTOphIe IIaroBble OBUTATENM OOJIKHBI 3aHATh B CIIEAYIOIIUN pa3

ITo aHaymoruu C 3JIEKTPOHHLIMU KaOeasiMU KOHTAKTHl MOTYT OBITH COEIUHEHH! “TTPOBOOAMU”’, TIO9TOMY
3HaYeHHUe, U3MEHSIOIIeecs Ha OQHOM KOHTAKTe, CJIY2KUT BXOJIOM IJIsl APYTOro KOHTAKTa. KOMIIOHEHTEI
HAL moproraBnmBalOT TaKue BXOOHBIE M BHIXOOHBEIE KOHTAKTHI M, TaKUM 00pa3oM, aBTOMATHUYECKHU
3amycKaroTcs Ay paboTHL.

HAL Components MHorue «3kcrepTHbe» nporpaMmubie 9acT LinuxCNC 06bI19HO peanmu3yioTcs Kak
KomnoHeHmut HAL, KOHUIENITyaJIbHO TakKe Ha3kIBaeMble MOOY/AAMU. IDTH KOMIIBIOTEPU3UPOBAHHEIE
SKCIIEPTHI IOCTOSTHHO YnuTaroT u3 HAL 0 COCTOSTHUY, K KOTOPOMY AOJI2KEH CTPEMUTHCS CTaHOK, U CPaBHUBAIOT
39TO 2KeJjlaeMO€e COCTOsIHHWEe C COCTOsIHMEM, B KOTOPOM CTaHOK HaXOOUTCHA B TEKyIIui MoMeHT. Korpma
CYIIECTBYET Pa3HUIIA MEXKIY TeM, YTO JOIXKHO OBITh, M T€M, KaKUM SIBJIIETCS TEKYIlee COCTOSHUE,
BBITIOJTHSIIOTCSI HEKOTOPHIE IeMCTBUS, YTOOB YMEHBIITUTD 3Ty Pa3HUILY, IIPU 9TOM ITOCTOSTHHO 3alMChIBas
00OHOBJIEHUS TEKYIIIUX COCTOSIHUM 00paTHO B IPOCTPAHCTBO AaHHBIX HAL.

EcTh KOMIIOHEHTHI, CIIENNAIU3UPYIONINECT Ha B3aUMOOEUCTBUY C IIarOBEIMU OABUTATEISIMU, a OPyTrue
KOMITOHEHTHI YMEIOT YIIPaBASITh cepBonpuBogaMu. Ha 60jiee BHICOKOM YPOBHE HEKOTOPHIE KOMITOHEHTHI
3HAIOT, KaK PacloJIOKEeHHl OCU cTaHKa B 3D, a gpyrue 3HaIOT, Kak IIJIaBHO IIepeMeIlaThbCsa U3 OOHOU
TOYKHM IIPOCTPAHCTBA B APYyrylo. TokapHble CTaHKM, (pe3epHble CTAHKU U POOOTH OyAyT pa3inudaTbCs
aKTUBHBIM KoMnoHeHTOM LinuxCNC, T.e. KOTOpHI¥ 3arpyzxkaetcs dainoMm koHburypamuu HAL pns
39TOT0 CTaHKa. TeM He MeHee, IBa CTaHKa MOTYT BHITJISIAETh OY€Hb I10-Pa3HOMY, IOCKOJIBKY OHU CO30aHbl
IJISI COBEPIIEHHO Pa3HBIX IIeJIel, HO Korjia OHU 00a UCIIONIb3YyI0T CEPBOABUTATEIHN, OHU BCE PABHO MOTYT
KCIIOJIb30BaTh OOUWH U TOT K€ CepBO-KOMIIOHEeHT HAL.

IIpoucxoxkmeHue CTHUMYy/Ia K mepeMelneHuio Ha camom HuxHeM (OnmxKaiiieM K alllapaTHOMY)
YPOBHE, HAalIpUMeD, IOJId IIarOBEIX IBUTaTEJIer, OIIMCaHe COCTOSHUS STOT0 ABUTaTElId BEChbMa OHSATHO
WHTYUTUBHO: 3TO KOJIMUYECTBO IIIarOB B ONpeAesIeHHOM HalpaBlieHWM. Pa3HUIla MeXOy >KeJlaeMbIM
MMOI0KeHUEM M (paKTHUYECKHM IMOJIOKEeHHeM IpeoOpa3yeTcs B ABuzKeHue. CKOPOCTh, YCKOPEHHE U
upyrHe IIapaMeTpPHI MOTYT GBITB OIrPaHNYEeHEI BHy'TpI/I CaMOI'0O KOMIIOHEHTa UJIn MOFYT 6bITb OIr'PaHUYEHEI
BEIIMIECTOAILIIUMU KOMIIOHEHTaAMU. (Hanpnmep, B 6OJ'IBH_II/IHCTBe CJIy4aeB 3Ha4Y€HUd IIOJIO2KEHUA OCH II0
KaXJJoMy MOMEHTY, OTIIPaBJIieMble KOMIIOHEHTaM reHepaTopa IIarOBLIX UMIYJIbCOB , YK€ OTPaHNdYeHbI
1 cOPMHUPOBAHLI B COOTBETCTBUY C HACTPOEHHBIMU OTPAaHUYEHUSIMHU CTaHKa UK TEKYIIel CKOPOCThIO
IoJayvu.)

JTio6asi ctpoka G-Koma MHTEPIPETUPYETCs U 3alycKaeT Habop MpoIeayp, KOTOphe, B CBOIO 0O4Yepe[b,
3HAIOT, KaK B3aUMOI€CTBOBATh C KOMIIOHEHTAaMH, PACIIOI0KEeHHLIMU Ha CpeIHeM YPOBHE, HallpuMep,
OJIs CO3TaHUs KpyTa.

KonTakThl u Curaanbl HAL 3arnMaeT 0co60e MeCTO B Cepllax CBOUX ITPOrPaMMHUCTOB M3-3a CItocoba
IpenCcTaBIeHus II0TOKa OaHHBIX MeXOy Monyiaamu. Korga TpaguliMOHHBIE IIPOTPAMMUCTEL IyMAaoT O
IepeMeHHEIX, afpecax Uiu noprax BBoga-BeiBoAa, HAL oTHOCUTCSA K "KOHTakKTaM”. M 9TM KOHTAKThHI
MMOOK/IIOYEHB! UIX UM IIPUCBOEHEI 3HAUEHUS Yepe3 curHansl. I1omo6HO TOMY, KaK MHXKEHepP-9IeKTPUK
CoegUHSIET MPOBOA MeXOy KOHTaKTaMM KOMIIOHEHTOB dppe3epa, uHxkeHep HAL ycTaHaBIMBaeT ITOTOK
OaHHBIX MeXOy KOHTaKTaMM 3K3eMILIIPOB MOOYJIA.
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T'UlTer LinuxCNC (AXIS, GMOCCAPY, Touchy u 1. m.) OymyT oTroGpazkaTb COCTOSHUS HEKOTOPBIX
KOHTAKTOB (HalTpuMep, KOHIEBHIX BEIK/IIOYATEEH), HO CYIIIEeCTBYIOT U APYyTHe rpadudecKue MHCTPYMEHTH
U1 yCTpaHeHus HelloJlamokK 1 HacTpouku: Halshow, Halmeter, Halscope u Halreport.

OcTasgimasics 4acThb 9TOT'0 BBENEHUM IMPencCTaBiIsdeT

¢ CHUHTAKCHC TOrOo, KaK KOHTAKTEI PA3JIMYHBEIX KOMIIOHEHTOB COEOINHAIOTCA B (baﬂnax KOH(bI/Il"ypaI_II/II/I
HAL, u

* TporpamMMHOe obecredueHue AJisg MTPOBEPKU 3HAYEHUN KOHTAKTOB

- B 11000 DaHHLBIM MOMEHT,

- Pa3BUBAKIIUICS C TEYEHHUEM BPEMEHH.

5.1.3 HAL System Design

.HAL ocHoBaH Ha TPaAOUIIMOHHBIX ME€TOOaX ITPOEKTHUPOBAHHKNA CHUCTEM.

HAL ocHOBaH Ha TeX Ke IPUHININAaX, KOTOPhIe UCIIOIb3YIOTCA OIS IPOEeKTUPOBaHMA allllapaTHEIX CXeM
U CHCTEM, II03TOMY I10JI€3HO CHa4aJjla U3yYUTh 3TU NPUHUUNIEL. JIfo0asi cucTeMa, B TOM YUCJIEe ¥ CTaHOK
c YUITY cocTouT M3 B3aMMOCBSI3aHHBIX KOMIIOHEHTOB. [Ins ctaHkKa ¢ YIIY TakuMM KOMIOHEHTaMH
MOT'YT OBITH TJIaBHBLIM KOHTPOJIIIEP, CEPBOYCUIUTENN UIIY IIIarOBble MPUBOMLI, OBUTATEIIN, SHKOIEPHI,
KOHIIEBBEIE BBIKJIIOUATEJIM, BEIHOCHEBIE ITyJIbTH, BO3MOXKHO, UYPII gna npuBoma mnuspens, [1JIK gna
yIIPaBIEeHUST YCTPOMCTBOM CMEHBI MHCTPYMEHTA M T. H. IIpOM3BOOMTENb CTaHKA HOJIZKEH BHIOpPATh,
CMOHTHUPOBATh U COEIMHUTD 3T YaCTU BMECTE, YTOOBI CO3AaTh LIEJIOCTHYIO CUCTEMY.
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component.0.pinl-in .,

pmponent. l.pinl-out

signal-red
component.l.pin3-in

component.l.pind-in

component.0

component.l

Figure 5.1: Konnenmusa HAL - CoequHeHNe KaK 3JIeKTPUYECKUE IIEU.

Pucynok 1 6ymet 3anucaH B Koge HAL cnenmyiomumM o6pa3oM:

net signal-blue component.0.pinl-in component.l.pinl-out
net signal-red component.0.pin3-out component.l.pin3-in component.l.pin4-in

5.1.3.1 Bbibop petanmu

CTaHKOCTPOUTENIO HEe HYXKHO OECIIOKOUTBCS O TOM, Kak paboTaeT Kaxpmas oTHesjibHasA meTanb. OH
obparaeTcss C HUMHU KaK C YePHBEIMU SiTuKaMu. Ha 9Tame mpoeKTUPOBAaHUS OH pelllaeT, KakKue AeTanu
OH coOupaeTcs UCIOJIb30BaTh — IIaroOBble ABUTATEINU UJIM CEPBOIPUBOLLI, CEPBOYCUIIMTENb KaKOMU
MapKH, KaKie KOHIIEeBhIe BRIK/IIOYATEIN ¥ B KAKOM KOJIMUECTBe U T. [. PellleHKHe MHTerpaTopa KakKue
KOHKPETHO KOMIIOHEHTHI HCIIOIb30BaThb, OCHOBBIBAETCS Ha TOM, UTO MMEHHO AejlaeT KOMIOHEHT U
XapaKTepPUCTHUKAX, IIPed0oCTaBlIeHHLIM ITPOU3BOAUTEIIEM YCTPOMCTBA. Pa3Mep gBUraTesns ¥ Harpy3kKa,
KOTOPYIO OH [OJI2KEH pa3BUBaTh, OyAyT BIUSITH Ha BHIOOD YCUIUTEJIS, HEOOXOOUMOTO OJI €r0 paboTHI.
BEIOOD yCUNUTENST MOXKET MOBIUSTEH HA TUM 0OPATHOM CBSI3U, HEOOXOMMMOM YCUIMTENIO, a TaKXkKe Ha
CUTHAJTBI CKOPOCTH WJIH TI0JIOZKEHUSI, KOTOPHIE JOJIZKHEI OBITH OTHPABIEHHI HA YCUIUTENb OT 3JIEMEHTA
yIIpaBIeHUS.
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B mupe HAL nHTErpaTop OOJI3KEH PEeNIUTh, KakKue KoMIOoHeHTH HAL Heob6xoguMbl. OOBIYHO OJIsT KaxK IO
nHTepdelicHON KapThl TpebyeTcs gpaiBep. [1OMoIHUTEIbHEIE KOMIIOHEHTH MOTYT HOTPe00BaThCS OJIs
IPOTrPaMMHOI'0 TeHEPUPOBAHUS MIArOBHIX UMITY/ILCOB, pyHKIHUOoHanbHOCTHU I1JIK 1 MHOXKeCcTBa OPyTrux
3a7ad4.

5.1.3.2 TlpoekTupoBaHUEe MeXcoeaUuHEeHUNn

Pa3zpaboTymk anmnapaTHOMW CUCTEMEI He TOJILKO BRIOMpAET JeTanau, HO U pelllaeT, KaK 3TU 4acTu OynyT
CBsI3aHBI MeXOy coboii. KaxXOpiii YepHBIN SIIUK UMEET KJIeMMBbI, BO3MOXKHO, BCETO [IBE AJIS IIPOCTOTO
MIePeKIIoYaTe s UITH OeCsITKU O cepBonpuBoma uiu [1JIK. X Heo6X0guMo COeIUHUTEL BMecTe. [IBUTaTenun
IIOOKJII0YAaIOTCS K CEPBOYCUJIMTEJIAM, KOHIIEBEIE BEIKIIOUYATENIN IOOKIIOYAIOTCSI K KOHTPOJIJIEPY U TaK
nanee. PaboTas Hag IPOeKTOM, MallIHHOCTPOKUTEIb CO3aeT OOIBIIYIO CXeMy COeIMHEeHNH, Ha KOTOPOH
IMOKa3aHo, KakK BCe MeTaslu JOIXKHBI ObITh COEMUHEHBI MEXKIy COOOM.

IIpu ucnonb3loBanuu HAL KOMIIOHEHTH COEOUHSIOTCSI MeXAy co00l cCHUTHasjlaMHu. I[IpOeKTHUPOBILUK
OOJIXKEeH PeIluTh, KaKue CUTHAJIB He0OXOOUMEI ¥ UTO OHHU HOJIZKHEI COeOUHSITh.

5.1.3.3 Peanusauus

Korpga cxema momKIIIOYeHHMST TOTOBA, IIPUIIJIO BpeMs coOpaTh CTAHOK. [leTaii Hy>KHO MPUOOPECTH U
CMOHTHUPOBATH, @ 3aTEM COEOUHUTH UX MEKOYy CO00M COrIacHO cxeMe MOAOKIYeHus. B dusunueckon
CUCTeMe KaXKJoe MeXKCoeUHeHe TPeCcTaBsieT CO60M KyCOK IIPOBOa, KOTOPLIM HE00X0IMMO 0Tpe3aTh
U IIOOK/IIOYHUTE K COOTBETCTBYIOIIUM KJIeMMaM.

HAL nipepmocTaBiseT psAL MHCTPYMEHTOB, IIOMoraromux nocmpoums cuctemy HAL. HeKoTOpBlE HHCTPYMEHTE
IIO3BOJITIOT NOOKA0UUMb (MIIH OTKIIIOYUTH) OOUH Npoeod. [Ipyrue HHCTPYMEHTHI II0O3BOJISIOT COXPAHUTh
TIOJTHBIM CIIMCOK BCEX [eTajied, TPOBOAOB U OPYTyIo MH(POPMALIMIO O CUCTEME, YTOOBl ee MOXKHO OBIJIO
nepecmpoumsg C IIOMOIIIbI0 OOHOX KOMaHLHI.

5.1.3.4 Testing

OuyeHb HEMHOTHE CTaHKKA paboTaloT IPaBUJIBHO C IIEPBOTO pa3a. Bo BpeMs TECTHUPOBAHUS CO3HATelb
MOXKET HCIIOIb30BaTh U3MEPUTEINb, YTOOH ITPOBEPUTh, paboTaeT M KOHIIEBOM BHIKITIOYATEIh, HIIH
M3MEPUTh HallpsKeHMe IIOCTOSHHOT O TOKa, IIOCTyIawlilee Ha cepBoaBUraTrenb. OH MOXKeT IOOK/IIOUUTh
ocuminorpad, 4ToOBl IPOBEPUTL HACTPOMKY HPHUBOMA UM IIOMCKATh dIeKTpudeckue moMmexu. OH
MOXKeT 00HapyKUTL IIPo0ieMy, TPeOYIOUIyI0 U3MEHEHUSI CXeMbl IOOKITI0UEeHUT; BO3MOXKHO, KaKyIO-TO
meTaslb Hy2KHO MOAKJIIOYUTh IIO-IPYTOMY MU 3aMEHUTDb Ha YTO-TO COBCEM APYTOe.

HAL npepocTaBisieT mporpaMMHBIE 9KBUBAJIEHTH BOJIbTMETPA, OCIIUIorpada, reHepaTopa CUTHAIOB
¥ OPYTUX UHCTPYMEHTOB, HEOOXOMUMEBIX [JII TECTUPOBAHUS ¥ HACTPOWKU CUCTEMHL. Te ke KOMaH[IH,
KOTOPEIE HUCIIOIb30BAJIUCh [IJIs IIOCTPOEHMS CUCTEMBI, MOXKHO MCIIOIb30BATh /i BHECEHU A U3MEeHEeHUH
0 Mepe HeOOXOIUMOCTH.

5.1.3.5 KpaTtkoe copep>xXaHue

OTOT MOKYMEHT IIpegHa3HadYeH [JIs JII0fIel, KOTOPhIE Y2Ke 3HaI0T, KaK BBIIOJIHSITh HOOO0HYI0O HHTEerpalluio
cucTteMbl 000pyoOBaHUsS, HO He 3HAIOT, KaK HMOOKIIOYUTh obopymoBaHue K LinuxCNC. Cm. pa3gen
[TpumMmep ymaneHHoro 3anycka B gokyMmeHTaruu HAL Ul Examples.
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Femote
Hun Btn

| halui.made, auta

and?.0.ind

halui.mode.is-auta andZ.0.in

andz.0ouf hialui.program.run

Figure 5.2: TlpumMep ymajieHHOT O 3allycka (cxema)

TpaguinnoHHasa anmnapaTHass KOHCTPYKLMS, ONMCAHHAas BHIIIE, 3aKaHUYMBAETCS Ha Kpakl OCHOBHOTO
3JleMeHTa yIIpaBeHus. 3aIpefenaMy 3JIeMeHTa YIIpaBIeHN I HaX0OUTCSA Kyda OTHOCUTENBHO TPOCTHIX
KOPOOOK, COeqUHEHHBIX BMeCTe, YTOOH! efiaTh Bce HeoOxonquMoe. BHyTpu yIpaBlieHue IPenCcTaBisieT
co6o¥1 GOJTBIIYIO 3arafiKy: OJNH OrPOMHBIN YEPHHBIN SIINK, KOTOPBIN, KaK MBI HajileeMcsi, paboTaer.

HAL pacmpocTpaHseT 3TOT TPAaAUIIMOHHBEIM METOJ MPOEKTUPOBAHUS aNllapaTHOr0 obecredYeHust Ha
BHYTPEHHIOIO YaCTh OOJIBIIIOr0 YePHOTO simuKa. OH MpeBpallaeT ApaiBepPhl YCTPOMCTB U AaXKe HEKOTOPHIEe
BHYTPEHHME YacTM KOHTPOJUIEpAa B MEHBIINE YEePHBIE SIMUKW, KOTOPBIE MOJKHO COEOUHSITH MEXIY
coboli U make 3aMeHSTh, KaK U BHellHee 000pymoBaHWe. ITO IIO3BOJISIET Ha Cxeme NOOK/AYeHUs
cucmemMbl 0TOOpaXkaTh YaCTh BHYTPEHHETO KOHTPOJIJIEpa, a He MPOCTO OOJBINON YepHBIH smuk. U
camoe TTIaBHOE, 3TO TTO3BOISIET MHTETPATOPY TECTUPOBATH ¥ MOOUGUITMPOBATE KOHTPOJJIED, UCIIOJIb3Y s
Te JXe MeTOMBl, KOTOphle OH MCII0JIb30BaJl OBl IJII OCTaJIbHOT0 000PYOOBaHUSI.

Takue TepMUHBI, KaK OBUTATENH, YCUJIUTEIN U SHKOOEPHI, 3HAKOMBI OOJIBIIMHCTBY Pa3pabOTIMKOB
cTtaHKoB. Korma Mel TOBOPHM 00 MCIIOIB30BAHHM CBEPXTHMOKOT0 BOCHEMUKUIBHOTO SKPAaHHUPOBAHHOTO
KabeJsis Oj1s TMOOK/II0OYEHUST 9HKOIepa K IJlaTe BBOJla CEPBOIIPUBOMIA B KOMIIBIOTEPE, YUTATEIh CPa3y
IMIOHMMAaeT, YTO 3TO TaKoe, ¥ BO3HMKAET BOIPOC: Kakue pa3wseMbl MHe noHadobsamcs, umobbl e2o
OKOHUesamb TOT XKe TUIT MBIIIJIEHUsST HeoOxomuMm u st HAL, HO KOHKPETHBIM XOI MBICTIEM MOXKET
3aHSITb HEKOTOPOe BpeMs, YTOOBI BOMTH B Hy2KHOe pyciio. HMcrnonb3oBaHue ciioB HAL Ha mTepBbI# B3TIISAM
MOKET II0Ka3aThCsI HEMHOTO CTPAHHBIM, HO KOHIIETIINS PA0OTEI OT OOHOI'0 COeAUHEHUS K IPYTOMY OTHa
U Ta XKe.

Hpes pacCuinpennsi CXeMEI ITIOOKITIOYEeHW A BHYTPb KOHTPOJIJIEPA U €CTh CYTh HAL. Ecnu Bac yCTpauBaeT
upes CoequHEeHUd allllapaTHBIX YePHBIX AIIINKOB, Y BaC, BEPOATHO, HE BOSHUKHET HpOGJ’IeM C UCIIOJIb30OBaHHUEN
HAL pgnsa coeguHeHUS IIPOTPaAMMHBIX YE€PHBIX AIITHUKOB.

5.1.4 HAL KoHuenuuu

DTOT pasmen mpencTaBiasgeT coboi Tioccapuii, B KOTOPOM OIIpefesieHbl KII0UeBbie TepMHHEI HAL,
HO OH HEMHOTO OTJIMYaeTCs OT TPagULIMOHHOIO IJIOCCApMs, MOCKOJIbKY 3TU TEPMUHBI PACIIOJIOKEHBI
He B ajipaBUTHOM nopsgke. OHU yHIOPSAOOYEHHl 110 CBOMM OTHOIIEHUSM UJIM IIOCJIeIOBATEILHOCTHU B
nopsgke Bemier HAL.
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Component (KoMmmoHeHT ):: Korga MBI TOBOPUIN O IIPOEKTUPOBAHUHU allapaTHOTO o0eclieueHusi, Mbl
Ha3bIBa/IXd OTHAENbHBIE KYCOYKH YACMSAMU, CMpoumebHbiMu 6/410KaAMU, YePHbIMU AWUKAMU U T. @.
OkBuBaneHTOM HAIL gBnsieTCsT KOMNOHEeHM Uy KoMnoHeHm HAL. B 3TOM ODOKyMEHTE UCIOJIb3yeTCS
kKomnoHeHm HAL, Korfa CylleCTBYET BEPOSTHOCTD IIyTAHHUIIBl C APYTUMHU TUIIAaMU KOMIIOHEHTOB, HO
0OBIYHO UCIIONb3YETCS MTPOCTO KoMnoHeHmM. KomnoHeHT HAL — 3TO YacTh mporpaMMHOT0 06ecliedYeHu st

C 4eTKO OIIpefeJIeHHBIMUA BXOJaMHt, BEIXOOaMM U IT0OBeAEeHUEM, KOTOPYIO MOXKHO YCTAHOBUTD M ITOOKITIOYUTH
10 Mepe HeoOXOOuMOCTH. + + MHorue KOMIoHeHTs HAL MOOenupyoT ITOBeOeHNe 0CsI3aeMOM 4acTu
CTaHKa, U KOHTAKT OEeWCTBUTENIbHO MOXKET IIpefHa3HadyaThCs OIS IMOOKIIIOYEeHUS K (PU3UIEeCKOMY
KOHTAKTY Ha YCTPOMCTBE [JI CBA3M C HUM, OTCIOa U Ha3BaHUA. Ho gaie Bcero 5To He Tak. [IpencraseTe
cebe MoOfepHM3aIMI0 PYUYHOTO TOKapHO-ppe3epHoro cranka. LinuxCNC peanusyeT To, KaK CTaHOK
IIpefcTaBiseT ce0s BHEUTHEMY MUPY, ¥ 9TO BTOPUYHO, €C/IU Peaan3allis PUCOBaHUSI Kpyra yKe pealnu30BaHa
Ha MaluHe uiau npepocrtasBieHa LinuxCNC. M K BooOpazkaeMoll MOAepPHH3AIMH YacTO J00aBISIOT
KHOIIKY, KOTOPHE CHTHAJIM3UPYIOT O [eHCTBUM, HampuMmep, 00 aBapuiiHo# ocTaHoBKe. LinuxCNC u
CTaQHOK CTaHOBATCSA OOHUM LenbiM. Y 3T0 npoucxonut yepe3 HAL.

Parameter (ITapamMeTp):: MHoOrue arniapaTHbe KOMIIOHEHTH UMEIOT HAaCTPONKH, KOTOPhIe He CBSI3aHbI

HY C KaKUMU APYTUMU KOMIIOHEHTaMHM, HO K KOTOPHIM BCe ke TpebyeTcs gocTyn. HanpuMmep, CepBOYyCUIIUTETT
YaCcTo UMEIOT IMOACTPOEYHBIE IIOTEHIIMOMETPHI, ITO3BONISIOININE BEIIIOMHATh HACTPOUKY, U KOHTPOJILHEIE
TOYKHU, K KOTOPBIM MOKHO ITOOKJTIOUUTL U3MEPUTEJIb NI ocUuiIorpad AJisg IPOCMOTPa Pe3ynIbTaToB
HacTtporiku. KomnoneHnTs HAL TakXKe MOTYT UMETh TaKKe 9JIEMEHTHI, KOTOPhIe Ha3kIBAIOTCS napamempamu.
Cy1iecTByeT ABa THIIa IapaMeTpPoB: BxonaHble mapaMeTphl 9KBUBaJI€HTHHI PETryJIaTOpaM IIOTEHIIMoOMeTpa

— 9TO 3HAYEHMS, KOTOPEIE MOXKET PEeryanupoBaTh IIOJIb30BATEJIb U OHU OCTAIOTCA (bI/IKCI/IpOBaHHbIMI/I
I1oCJjie YCTaHOBKH. BI:IXOJIHBIG IIapaMeTpPEl HE MOT'YT OBLITH HACTPOEHEI ITI0JIE30BATEJIEM — OHU 3KBUBAJIEHTHEI
KOHTPOJIbHBIM TOYKaM, IO3BOJISIONIUM KOHTPOIUPOBATh BHYTPEHHUE CUTHAIIHI.

KoHTakT:: AnmnapaTHble KOMIIOHEHTH UMEIOT KJIEMMEI, KOTOPHLIE UCIIOJIL3YIOTCS OJIs1 UX COEOUHEHUs.
OkBuBaneHToM HAL sBnsercsa koHmakm unu koHmakm HAL. KoHmakm HAL wcnonb3yeTcs, Korga
HeoOxomuMo, YyToOB M30exkaTh NyTaHUIE. Bce KoHTakTHl HAL mMeOT mMeHa, ¥ MMeHa KOHTAKTOB
HUCIIOIBb3YIOTCS P UX coemmHeHur. KoHTakThl HAL — 3TO mporpamMMHBIE 0OBEKTHI, CYIIECTBYIOIIHE
TOJIBKO BHYTPHY KOMIIBIOTEPA.

Physical Pin (®du3udeckuii KOHTAKT):: MHOTrMe YyCTPOMCTBA BBOLA-BEIBOIa UMEIOT peasibHble pu3ndeckKre
KOHTAKTHI UJIX KJIEMMBI, KOTOPEIE€ ITOOKJIIIOYAIOTCA K BHEIITHEMY 060py110BaHI/IIO, HallpyuMepP KOHTaKThHI
pa3beMa apaiselbHoro nopra. Bo u3bexaHue IyTaHUIIBI UX HA3BIBAIOT PU3UYECKUMU KOHMAKMAamu.
9TO Bely, KOTOPEIE CMOMPAM B PeanbHBIN MUP.

Note

Bam Mo)XeT 6bITb MHTEPECHO, Kakas CBA3b cyliecTByeT Mexay HAL pins, Physical_pins n BHewHnMn
3/1eMeHTaMu, TaKUMUN KaK 3HKoZepbl nnn Kapta STG: 34ecb Mbl UMeeM [ilesio C UHTepdencamMmm Tuna
TpaHchauun/npeobpasoBaHNA AAaHHbIX.

Signal (Curnamn):: B ¢pu3m4yecKoM CTaHKe BLIBOOLI peaibHBIX alllapaTHHX KOMIIOHEHTOB COEIUHEHH
MezkOy co0oi mpoBomaMu. DKBUBaIeHTOM mIpoBomaa HAL sBnseTcst cueHaa unu cueHaa HAL. CurHambl
HAL coepuusioT koHTakTel HAL BMecTe, Kak TOTo TpeOyeT Ipou3BOOUTENb 000pynoBaHus. CUTHAIIHI
HAL MOXKHO OTK/IIOYATh M HOBTOPHO HMOAKIIIOYATE IO KeJTaHWI0 (Jaxe BO BpeMs PaboThl CTaHKa).

Type:: Ilpu ucnosnp30BaHUU pPeasbHOTr0 000PyHOBaHUS Bl He OyoeTe HMOOKITIOYATh PEJIEHMHBIN BBIXOI
24 B K ananorosoMy Bxony +/-10 B cepBoycunutens. KorntakTel HAL uMelOoT Te Ke OrpaHUYEHUS,
KOTOPHIE 3aBUCAT OT UX TUNa. Yl KOHTAKTHI, U CUTHAJIBI UMEIOT TUIILI, U CUTHAJIBI MOT'YT OBITh ITOK/TI0YEHBI
TOJIBKO K KOHTAKTaM OJHOTO0 U TOrO XKe Tuna. Ha maHHBIM MOMEHT CyllecTByeT 4 Tuma:

+ - bit - equruynoe 3Hauenre TRUE/FALSE unu ON/OFF - float — 64-6uTHOe 3HaYeHUeE C IJIaBalolein
3amnsaToM, paspelleHrueM NpuMepHo 53 6uTa M OUHAMHUYECKUM amana3loHoM OGonee 1000 6uT. - u32
— 32-06uTHOe 1enoe 4Yucio 6e3 3HaKa, OOMyCTuMBIe 3HaueHus ot 0 mo 4,294,967,295 - s32 — 32-
OUTHOE IIeJI0e YHUCJIO CO 3HAKOM, [IOIYCTUMbIE 3HaYeHus: ot -2,147,483,648 mo +2,147,483,647 - ub4d
— 64-6utHoe nenoe uuciuo 6e3 3HaKa, JOIycTUMEIe 3HaueHus oT 0 mo 18,446,744,073,709,551,615 -
s64— 64-6uTHOE 1IeI0e YKUCI0 CO 3HAaKOM, IOIIyCTUMEBIe 3HaueHus: oT -9,223,372,036,854,775,808 mo
+9,223,372,036,854,775,807
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Function:: PeanbHbIe anllapaTHLIE KOMIIOHEHTH HMEIOT TEHIEHIINIO HeEMeOJIEHHO pearupoBaTh Ha CBOU
BXOObl. HampuMep, eciiyu BXOOHOE HaNpPsIKeHWe CEePBOYCUIHUTEIST U3MEHUTCS, BLIXOHOE HallpsKeHue
Tak’kKe U3MEHUTCS aBToMaTu4YecKu. OHAKO IPOrpaMMHEIe KOMIIOHEHTH He MOTYT IENCTBOBATb ABMOMAMUY
KaxkOnifi KOMIIOHEHT UMeeT OIIpedeIeHHBIH KO, KOTOPHIH HOJXKeH OLITh BBHIIIOJIHEH, YTOOBI COejaTh

BCe, UTO 9TOT KOMIIOHEHT HOJI)KEH JienaTh. B HEKOTOPHIX CIIy4YasiX 9TOT KO HPOCTO BHITIOJITHSIETCS KaK
YacTh KoMIIoOHeHTa. OgHakKo B GOILIIMHCTBE CIydYaeB, 0COOEHHO B KOMIIOHEHTaX pealbHOr0 BpeMeHH,

KOJI TOI2K€eH BBITIOJTHSTHCS B OIIpefeIeHHOM [TOCIeI0BaTENbHOCTH 1 Yepe3 onpeaeIeHHbIe TPOMEXKYTKH
BpeMeHu. HanmpumMep, BXOOHBIE JaHHBIE CIeAyeT CIUTHIBATH N0 BLIIIOTHEHUS BEIYUCIIEHUH Hall BXOTHBIMHU
OAHHBIMM, @ BBEIXOHLIE [aHHBIE He CIeAyeT 3alKChIBAaTh A0 TeX IOP, MoKa BHIYUCIIEHUS He OyOyT
BBITIOJTHEHHBI. B 3THX clydasix KO IPeIoCTaBIsIeTCs CUCTeMe B BUIe OOHOM UJIN HECKOJIBKUX (YHKUU.
Kaxpas ¢yHKIUS IpeacTaBiasieT co6oi 610K KOIa, BEITIOTHSIIOUINY oipeaesieHHoe neticTBue. CUCTEMHBIHR
WHTEeTPaTop MOXKeT UCIIOIb30BaTh NOMOKU OJIs IJIaHUPOBaHUs psAga QYHKIINM, KOTOPLIe OyOYT BHIITOMHSATHCS
B OIIpeieIEHHOM IIOPSIIKe U Yepe3 OpeaesieHHbBIe IPOMEXKYTKHA BPEMEHHU.

Thread (IToTOK):: NOMOK — 9TO CIUCOK (PYHKIIMI, KOTOPBIE BHIIIOIHAIOTCSA YePe3 OIPeIeIeHHbIE ITPOMEXKY TKI
BpeMeHU KaK 4acCTh 3afjlau¥ peajbHOro BpeMeHu. Korma noTok co3faeTcs BIIEPBEIE, OH UMEET ONIPeeJIEHHBI
BpeMeHHON WHTepBasl (mepuon), Ho He uMeeT GyHKIUN. OYHKIUU MOXKHO 000aBIAThH B IOTOK, U OHU
OyIyT BEIIIOJIHSTHCS II0 MOPSIOKY IIPK KaXKIOM 3aIlyCKe ITI0TOKa.

B kadecTBe npuMepa IPefnosioKUM, YTO ¥ HaC eCTh KOMIIOHEHT parport ¢ umeHem hal parport. 9Tot
KOMIIOHEHT OIIpefesieT OOUH WU HEeCKOJIBKO KOHTaKTOB HAL fsa Kaxkpmoro ¢pu3n4ecKoro KOHTaKTa.
KoHTakTHI OnIMCaHHl B pa3fgesie JOKyMeHTalluu 3TOI0 KOMIIOHEHTa: UX MMeHa, KaK KaXXObU KOHTaKT
CBS13aH C (pU3NYECKUM BHIBOJIOM, MHBEPTUPOBAHEL JIU OHU, MOXKHO JI1 U3MEHUTDH HOJIIPHOCTL U T. .
Ho ato camo mo cebe He mepemaeT HJaHHLIE C KOHTaKTOB HAL Ha ¢u3muyecKue BHIBOOBI. [IJIsT 9TOTO
TpebyeTcs KO, ¥ UMEHHO 3[IeCh Ha CIIeHY BBIXOOAT GyHKINM. KOMIOHEHTY parport Heo0XOOUMEL KaK
MUHUMYM ABe QYHKIIUM: OIHA AJIs YTeHUS (PU3NYECKUX BXOTHBIX KOHTAKTOB M OOHOBJIEHUS KOHTAKTOB
HAL, gpyras oyisg noily4eHUs DaHHBIX C KOHTaKTOB HAL 1 3anucu ux Ha Gpu3ndeCcKue BEIXOOHBIE KOHTaKTHL.
O06e T QYHKIIUY ABJISIOTCS YacThIO ApaiiBepa parport.

5.1.5 HAL KOMNOHEHTbI

Kaxperit kommnoneHT HAL npepcTaBisieT OO0 4aCTh IPOrpPaMMHOT0 00eCIIeYEeHHSI C YETKO OTIPeaeIeHHBIMY
BXO[aMH, BEIXOOaMU U ITOBeJeHUEM, KOTOPYIO MOXKHO YCTAaHOBUTH U IOOKIIOUUTD IT0 Mepe He0OXOIMMOCTH.

B paspgene HAL Components List mepeuncieHsl BCe HOCTYIHBEIE KOMIIOHEHTHI ¥ KpaTKO€e OMHMCaHUE

TOT0, YTO KaXKIOBIM M3 HUX AejlaeT.

5.1.6 MpoGnembl c cuHXpoHu3auuen B HAL

B ornuuune oT Momenel GU3NYECKOTO COEOUHEHUS MeXOYy YePHBIMU SAIUKaMH, Ha KOTOPHIX, KaK MEI
rosopuiy, ocHoBaH HAL, mnpocToe coengvHeHMe IBYX KOHTAKTOB ¢ curHajoM HAL naneko He COOTBETCTBYET
OeuCTBUI0 (PU3UUECKOT 0 CiIydas.

Hacrosiias peneitHas 10T¥Ka COCTOUT U3 pejie, COeANHEHHBIX BMECTe, ¥ KOT[1a KOHTAKT pa3MbIKaeTCs
WU 3aMbIKAeTCsI, TOK TedeT (MU IIpeKpallaeTcs) HeMeajleHHo. [Ipyrue KaTyIIKA MOTYT U3MEHUTh
COCTOSTHHE U T. [O., ¥ BCe 3TO IIPOCTO npoucxodum. Ho B s3bIKe peneniHbx cxeM [1JIK aTo He paboTaer.
OOBIYHO 3a OOMH IIPOXO[ I10 HellsAM KazXKOasd I1eIlb OII€HUBAETCA B TOM IIOPSAOKE, B KOTOPOM OHa ITOABIIAETCA,
U TOJILKO OOWH pa3 3a Opoxopn. IIpekpacHBIM IIPUMEPOM SBJISETCS IIenb C ogHUM H3 KOHTakKTOM,
BKJIIOUEHHBIM IIOC/I€0BaTEIbHO C KaTylIKoi. KOHTaKT ¥ KaTylllKa NpruHagjiexkaT OOHOMY peJle.

Ecnu 6B1 3TO OBIIIO OOBIYHOE pejie, TO KaK TONBKO Ha KAaTYIIKY IIOJaeTCs HaIpsKeHue, KOHTAKTHI
HAYMHAIOT Pa3MBIKATLCSI ¥ 00€CTOYMBAThL €e. DTO 03HAUAeT, YTO KOHTAKTHI CHOBA 3aMBIKAIOTCS U T. II.
u T. . Pesle HauuHaeT U3naBaTh 3BYKOBOU CUTHaII.

B ITJIK, ecnu KaTylllKa BEIKJIIOUEHa U KOHTAKT 3aMKHYT, Korga [1JIK HauynHaeT OlleHUBaTh 1IeIlb, TO 0
3aBepIIIeHUH 3TOT0 ITPOX0a KaTyIIKa BKodyaeTcsi. ToT GakKT, YTO BKJIIOYEHHE KaTYIIKU Pa3MbIKaeT
KOHTAKT, IIMTAIOIIUU ee, UTHOPUPYETCS OO0 Clenylmero npoxoma. Ha cnepyrpomem npoxome ITJIK
BUIOMUT, YTO KOHTAKT PaA30MKHYT, U 00ecToYMBaeT KaTymKy. Takum oGpa3oM, peje IO-IIPexKHEeMY
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OBICTPO IIEPEKIIIOYAEeTCI MEXKY BKIIOUEHNEM U BEIKITIOUEHUEM, HO CO CKOPOCThBIO, OITPEIENsIEMOM TEM,
Kak dacTto I1JIK ommeHuBaeT 1ienb.

B HAL dyHKIIMS — 9TO KO, KOTOPBIM olleHUBaeT 1enb(u). ®aktudecku, Bepcus ClassicLadder peanbHOT0
BpeMeHU c nonpmepxkkou HAL skcnopTupyeT QyHKIINIO, KOTOpas JejlaeT UMEHHO 9TO. MexXOy TeM,
IIOTOK — 3TO TO, YTO 3allyckKaeT (YHKIUIO Yepe3 oIpeneieHHbe IPOMeXYTKY BpeMeHU. To4YHO Tak
Ke, KaK BhI MOXKeTe BriOpaTh, uTo0®! [1JIK o1leHMBasn Bce CBOM LEMOYKM Kaxkpnble 10 MC uiau KaXKOyio
CEeKyHOy, Bbl MOXKeTe OolnpenensaTs noToku HAL ¢ pa3HeIMU nepuogaMu.

YTOo OTNIHMYaeT OOWH IOTOK OT APyroro, Tak 3TO He TO, 4YTO IIOTOK [OeJjilaeT — 3TO OIIPEeHAesIsieTCsa TeM,
KaKue (bYHK]_II/II/I K HEMY IIOOKJIFOYEHBI. Hacrosiiee pa3inuydue 3aKJIII4YaeTCd JIUIIb B TOM, KaK 49aCTO
3allyCKaeTCs IIOTOK.

B LinuxCNC y Bac MoxkeT ObITh HOTOK 50 MKC ¥ ITOTOK 1 Mc. OHu OyOyT co3manbl Ha ocHoBe BASE PERIOD
u SERVO PERIOD, dakTtrueckoe BpeMs 3aBUCUT OT 3Ha4YeHUH B BameM INI-daiine.

Crnepmymolliuii IIar — PEMIUThb, YTO HOOJI?KEH [ejlaTh KaXKAbIi IMOTOK. HeKOTophle U3 3TUX pelleHuM
OOMHAKOBHI (1mouTu) B 110601 cucteMe LinuxCNC. HampumMep, 06paboTYnK KOMaH/Ibl OBUKEHUS BCETa
mo0OaBIIsIeTCsI B CEPBOIIOTOK.

[pyrue coenuHeHMs: OyOyT BEIIIONHEHE MHTerpaTtopoM. OHK MOTYT BKJIIOUATh B Cebs MOOKIIOYEeHNE
¢dyukuui urenusa u 3anucu LIAIT npaiiBepa STG K cCepBOIOTOKY UM NOOKIIOUeHUe GyHKIIUN StepGen
K 6a30BOMY IIOTOKY BMecCTe ¢ GYHKUMSIMU parport [js 3amucu UMITYJIbCOB I1ara B IOPT.

5.2 HAL OcHOBbI

OTOT HOKYMEHT maeT oCHOBHI HAL.

5.2.1 HAL KoMmaHAbI

Bornee nmoapo6Hyio nHpopMalnio MOXKHO HaliTH Ha CTpaHuIle pyKoBoAcTBa no halcmd: 3anmyctute man
halcmd B oKHe TepMuHaJa.

YToOBI IPOCMOTPETH KOHGUTryparuio HAL 1 mpoBepuTh COCTOSHNE KOHTAKTOB U ITapaMeTPOB, UCIIOJIL3YHUTE
okHO «Koupurypanus HAL» B MmeH0 «CTaHOK» B AXIS. YTOOB IPOCMOTPETH CTATyC KOHTAKTa, OTKPOUTE
BKJIagKy Watch u mienkHuTE KaXX OBl KOHTAKT, KOTOPBIM BE XOTUTE IIPOCMOTPETH, ¥ OH OymeT nobaBieH

B OKHO IIPOCMOTpa.
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- HAL Configuration BiEE
Tree View
Components SHOW | waATCH
Fins
axis Component Pins:
axisui Owner  Type Dirc Value Name
hal_manualtoolchange 6 hit IN FALSE parport. 0. pin-0l-out <{==
incontrol estop-out
. 6 hit IN FALSE parport. 0. pin-02-out <{== xstep
motion 6 hit IN FALSE parport. 0. pin-03-out <{== =xdir
parport 6 hit IN FALSE parport. 0. pin-04-out <{== ystep
0 6 hit IN FALSE parport. 0. pin-05-out <{== wdir
pywrmgen & bit 1IN FALSE parport. 0 pin-06-out <== =zstep
stepgen & bit 1IN FALSE parport. 0. pin-07-out <== =zdir
E— Parameters 6 hit IN FALSE parport. 0. pin-08-out <{== astep
- 6 hit IN FALSE parport. 0. pin-09-out <{== adir
b= Slg"a!s 6 hit OUT TRUE parport. 0. pin-10-in
&—  Functions & hit OUT FALSE parport. 0. pin-10-in-not
E—  Threads & bit OUT TRUE parport. 0. pin-11-in
6 hit OUT FALSE parport. 0. pin-11-in-not
6 hit OUT TRUE parport. 0. pin-12-in
6 hit OUT FALSE parport. 0. pin-12-in-not
6 hit OUT TRUE parport. 0. pin-13-in
6 hit OUT FALSE parport. 0. pin-13-in-not
6 hit IN FALSE parport. 0. pin-14-out <{==
spindle-cw
6 hit OUT TRUE parport. 0. pin-15-in
6 hit OUT FALSE parport. 0. pin-15-in-not
6 hit IN FALSE parport. 0. pin-16-out <{==
spindle-puwm
Test HAL command : Execute
Commands may be tested here but they will NOT be sawed

Figure 5.3: OkHo KoHurypauuu HAL

5.2.1.1 loadrt

Komanma loadrt 3arpyxaet komnoneHT HAL B peansHOM BpeMeHH. OYHKIIMY KOMIIOHEHTOB PeaibHOTO
BpeMeHMH HeoOXOOuMO HOoOaBIISATL B IIOTOK, YTOOLI OHM OOHOBJISIZIMCH CO CKOPOCTHIO IIOTOKA. BEI He
MOXKeTe 3arpy3uTh KOMIIOHEHT, He paboTaromuii B pealbHOM BpPEeMEHH, B IMTPOCTPAHCTBO PeabHOTO
BpPEeMeHH.

loadrt Cunrakcuc u Ilpumep

loadrt <component> <options>
loadrt mux4 count=1

5.2.1.2 addf
Komanma addf mo6aBinsieT QyHKIIHIO B IIOTOK peayibHOTO BpeMeHu. Ecnu o co3pganust KOHQUrypamuu
ucmoib3oBascs mactep StepConf, 6vmH co3manbl mBa moToka (base-thread u servo-thread).

addf goGaBnser ¢pyHKUMIO functname B moTok threadname. Ilo ymonmuanuio GyHKIUYU 0OOaBISIOTCS B
TOM IIOPSIIKEe, B KOTOPOM OHHU HaXomsTcs B ¢aiiye. Eciu position ykasaHo, GyHKIMS H0OABISIETCS B
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9TO MecCTO B ImoToKe. OTpHUllaTeJIbHOEe 3HaUeHUEe position YKa3bIBaeT II0I0XKEeHNEe OTHOCUTEIIPHO KOHIIA
notoka. Hanpumep, I — Hadaso MOTOKa, -1 — KOHEeIl II0TOKa, -3 — TPeTUH OT KOHIIA.

I7151 HEKOTOPHIX PYHKIIMY BazKHO 3arpPyXKaTh UX B OITPeAeJIEHHOM OPsIAKe, HalrpuMep, QyHKIIUY YTEHUS
u 3anucu parport. Mms ¢pyHKIMKU OOBIYHO IpencTaBiigeT coO0M MMs KOMIIOHEHTa IMJIIoC HoMep. B
CcIenyiolleM IpuMepe 3arpyxkaeTcs KOMIIOHEHT or2, a show function nmoka3rniBaeT uMst GyHKIINY Or2.

$ halrun

halcmd: loadrt or2

halcmd: show function

Exported Functions:

Owner  CodeAddr Arg FP  Users Name
00004 f8bc5000 f8f950c8 NO 0 or2.0

BaMm Heo6xoquMo mo6aBUTh QYHKITHIO M3 KOMIIOHEHTAa peanbHOT0 BpemeHu HAL B MOTOK, YTOOH PyHKIIM S
0OHOBIISAIACh CO CKOPOCTHIO TOoTOKa. OOGBIYHO CYIECTBYET ABA MOTOKA, KaK MMOKAa3aHO B 3TOM IPUMEDE.
HekoTophle KOMIIOHEHTHI UCIIOIL3YIOT MaTeMaTUYeCKHUe BBIYHCIIEHUS C IJIaBAIOINEl 3aIlsiTON, W UX
Heo0X0onuMOo H00aBIATh B IOTOK, IOAAEePKUBAIOIINY MaTeEMaTUYeCKYe OIlePAally C IIJIaBaloIel 3aIsToN.
FP yka3bIiBaeT, TOOOepKUBAETCS JIX B 9TOM IIOTOKE MaTeMaTHKa C IIJIaBalollei 3amsaToH.

$ halrun

halcmd: loadrt motmod base period nsec=55555 servo period nsec=1000000 num_joints=3
halcmd: show thread

Realtime Threads:

Period FP Name ( Time, Max-Time )
995976 YES servo-thread ( 0, 0)
55332 NO base-thread ( 0, 0 )

¢ base-thread (BEICOKOCKOPOCTHOM IIOTOK): 9TOT IIOTOK 0OpabaThIBaeT 371IeMEHTHI, TpeOyIoiIrue GBICTPOTO
OTBETa, HAIIpUMeP CO3MIaHue ITar0BBIX UMITYJIbCOB, a TaKXkKe YTeHHWe U 3aIlUCh Yepe3 ImapaslielTbHbIH
nopt. He mogmepkuBaeT MaTeMaTUKy C IJlaBalollel 3alIsaTou.

* servo-thread (MemJieHHBIN ITOTOK): 3TOT MOTOK OOpabaThIBaeT 3JIEMEHTHI, KOTOPhIE MOTYT paboTaTh
c Ooyee MeOIeHHBIM OTKJIMKOM, HanmpuMmep KoHTpomnep mBuxenwus, ClassicLadder u o6paboTyuk
KOMaH[I IBUXKEHUS, a TaKXKe IToAfaepK1BaeT MaTeMaTUdeCKye BEIUMCIIEHUS C IIJIaBalollle 3alaTon.

addf Cunrakcuc u Ilpumep

addf <function> <thread>
addf mux4.0 servo-thread

Note
Ecnn koMmnoHeHTy TpebyeTca MOTOK C MiaBatowen 3anaTton, obbldHO 3To Honee MensieHHbLIN
CepBONOTOK.

5.2.1.3 loadusr

Kowmanpa loadusr 3arpyskaet komnorneHT HAL He B peanbHOM BpemeHu. [Iporpammel, He paboraromivue

B pPeXXMMe PealbHOT0 BpeMeHY, IIPEICTaBIISIOT COO0M OTAEeIbHEIE ITPOIIECCH], KOTOPHIE TPK He00XOQUMOCTH
B3aMMOIENCTBYIOT C OpyruMu KomrnoHeHTaMu HAL depe3 KOHTaKTH U ITapaMeTphl. BEHL He MoXKeTe
3arpyzaTh KOMIIOHEHTEL PeaJIbHOI'O BpEMEHU B IPOCTPaHCTBO HE B PeaJIbHOM BPEMEHU.

®raru MOTYyT OBITh OOHUM UJIK HECKOJIBKMMMU M3 CJIIEOYIOIIUX:
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-W TOXKOAaThLCsI TOTOBHOCTH KOMIOHeHTa. IIpenmonaraeTcs, 4YTO KOMIIOHEHT MMeeT
TO XK€ UMS, YTO U IEePBHIM apTyMEHT KOMaHIHI.

-Wn <name>  [oXmaThCs KOMIIOHEHTa, KOTOPLIM OymeT UMeTh 3afJjaHHoe <name>. ITO
IIPUMEHUMO TOJIPKO B TOM CJIydae, €CJId ¥ KOMIIOHEHTAa €CTh OIIHSI UMEHH.

-w OOKOAThCSI BEIXOHA MTPOTPAaMMBbI
-i WTHOPUPOBATH BO3BpAIlaeMOE 3HAUYEHUE MPOrPAMMEL (C -W)
-n Ha3BaTh KOMIIOHEHT, €CJIY 9TO OOIIYCTUMAs OMIIIUS AJIsl 9TOTO KOMIIOHEHTA.

Cunrakcuc u Ilpumeps! loadusr

loadusr <component> <options>
loadusr halui
loadusr -Wn spindle gs2 vfd -n spindle

IMo-aHrnu#icKu 3TO 03Ha4daeT loadusr scdem umaA wnuHoeaa komnoHeHma gs2 vfd uma wnuHOenA.

5.2.1.4 net

Komanpma net co3maeTt coefjMHeHWe MeX[Oy CUTHAJIOM U OOHUM MJIM HECKOJIbBKUMM KOHTaKTaMu. Ecnu
CUTHAJl He CyIecTByeT, net co3maeT HOBHIUM CHUTHAI. JTO 3aMeHseT HeoOXOOUMOCTE MCIIOJIb30BaHMU S
KoMaHpb newsig. Heobs3aTenbHEle CTPEIKY HAIPABIEHUS <=, => U <=> 00JIer4aioT OTCIeXKUBaHNue
JIOTUKHU IPU YTEHUU KOMaHIHOM CTPOKHU net u He UCTIONb3yI0TCSA KoMaHaou net. CTpesyiky HallpaBlIeHU
OOJIXKHEL OBITH OTAEJIEHE IPOOEIOM OT Ha3BaHUM KOHTAKTOB.

Cunrakcuc u IlpuMmepsl net
net signal-name pin-name <optional arrow> <optional second pin-name>
net home-x joint.0.home-sw-in <= parport.0.pin-11-in

B npuBeneHHOM BEIIIe IIpuMepe home-X — 3To uMsa curHana, joint.0.home-sw-in — 3TO KOHTAKT
Direction IN, <= — HeoOs13aTesbHAS CTPENIKA HanpaBieHus, a parport.0.pin.-11-in — 3To KOHTAKT
«Direction OUT». 3To MOXKeT IOKa3aThCHA 3allyTaHHBIM, HO METKM BXOHa M BBIXOHA [Jid KOHTAKTa
rapajijieIbHOTO IMOPTa YKa3hIBalOT Ha (puanmueckuii crmocob paboThl KOHTAKTa, a He Ha TO, KakK OH
ob6pabaTreiBaeTcsa B HAL.

KOHTaKT MOKeT OBITh IIOOKJIIOYEH K CUTHAJly, €CJIX OH IIOAYMHAETCA CIIeAYIOIIINM IIPDaBUJIaM:

e KontakT IN Bcerga MOXKHO HOOK/IIOYUTH K CUTHAIY.
e KonakT IO MOKHO ITOOKIIOYUTD, €CJIM Ha CUTHa/le HeT KoHTakTa OUT.

. KOHTaKT OUT MO2KHO IIOOKJIIOUUTHL TOJILKO B TOM cnyqae, €eCJIU B CUTHAJIe HEeT prrI/IX KOHTAKTOB
OUT unu IO.

OpgHo u TO XK€ signal-name MOZKHO HCIIOJIB30BATh B HECKOJIBKHUX CETEBBIX KOMaHOaX OJId IIOOKJIIOYEHHUA
OOIIOJIHUTEJIBHBIX KOHTAKTOB, €CIIN CO6J'IIO)IaIOTC$I IIPUBEJEHHHBIE BHIIIIE IIPABHUJIA.
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Figure 5.4: Hanpasnerue cursana

B sToMm mpuMepe moka3aH cursHaa xStep ¢ UCTOYHUMKOM Sstepgen.0.out u OByMs CUUTHIBATEISIMU:
parport.0.pin-02-outu parport.0.pin-08-out. IlTo cyTu, 3HaueHue stepgen.0.out oTopaBnseTcs
B cuTrHai xStep, a 3aTeM 3TO 3HaUeHUe oTHparnsaeTcsa Bparport.0.pin-02-outuparport.0.pin-08-out.

# bllcbllbl!MblIbllrblrbrIHbIlbllabrlbllnbll bllellblrcblIbIlTblrbrlobllbllqb!lbl —
IHbI lbl IMbI Ibl IKbII bi Inbi Ibl lobl Ibl Inbl lbl bel Ibl 'l‘lb’ Ibl Iabl Ibl ITbI lbl Iebl Ib —
Ilnbllbllbbll bllnbllblIobllblInblIblbelIblILIbIIbllabllbll.rbllbllebllbllnbllbl o
lbbll

net xStep stepgen.0.out => parport.0.pin-02-out parport.0.pin-08-out

IMockonbKy curHan xStep comepKuT 3HadeHue stepgen.0.out (MCTOYHUK), BB MOXKETE UCIOIb30BATh

TOT K€ CUTHaJI CHOBa, UTOOLI OTIIPaBUTL 3HAUEHWEe OPYroMy IojydaTeto. [JIg 3TOT0 HOCTaTOYHO

KCIIOJIb30BaTh CUTHAJ C IIOJIy4daTeNIasMU Ha OPYyrou JIVHUU.

# b’’cb’'b'’'ub'’b’’'rb’’'b’’ub’’b’"'ab’'b’''nb""’ b’'nb’'b’’ob’’b’"'nb’"'b'’yb’ b’ 'ub’"'b’ <+
‘ab’’b’’'Tb’'b'’eb’ b’ 'nb’'b’'bb’’2

net xStep => parport.0.pin-06-out

I/O KkoHnTaKThI KOHTAaKT BBOOA-BLHIBOMA, TaKo# Kak encoder.N.index-enable, MoxkeT OBITh CUUTAH UIIU
YCTAHOBJIEH B COOTBETCTBUU C pa3pelleHrneM KOMIOHEHTa.

5.2.1.5 setp

Komanupa setp ycranaBnuBaeT 3HaueHHe KOHTAKTa WU IlapaMeTpa. HOIycTHMEBIE 3HaYeHUs OyOyT
3aBUCETH OT THUIIA KOHTAKTa WU mapaMerpa. Eciu TUMIH MaHHBIX HE COBIIAAIOT, 9TO OIMOKa.
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HekoTopbie KOMIIOHEHTH UMEIOT ITapaMeTphl, KOTOPhIe He0OX0OMMO HACTPOUTh Ileped UCIIOTb30BaHUEeM.
ITpu He0O6XOOMMOCTH ITapaMeTPhl MOXKHO YCTAaHOBUTD IIE€PEe UCIOIb30BaHUEM HUIIHU BO BpeMs pabOTHI.
BhI HEe MOXKeTe KCITONTh30BaTh setp Ha KOHTAKTe, MOIK/II0YeHHOM K CUTHAMY.

CHHTaAKCHC U IpuMepsl setp

setp <pin/parameter-name> <value>
setp parport.0.pin-08-out TRUE

5.2.1.6 sets

KomaHpa sets ycTaHaBiuBaeT 3Ha4YeHUeE CUTHAla.
CuHTaAKCHUC U npuMepsI sets

sets <signal-name> <value>
net mysignal and2.0.in0 pyvcp.my-led
sets mysignal 1

It is an error if:

* VM cur=asia He CyLIeCTByeT
e Ecnu y currasna yxe eCTb UICTOYHUK

e Ecnu 3HaYeHUe He SBIISIEeTCS IIPaBUJIBHBIM THUIIOM [JId CUT'Halla

5.2.1.7 unlinkp

Komanpga unlinkp oTKIO4YaeT KOHTAKT OT HOOKIIOUYEHHOTO CUTHAja. ECIM [0 BHIITOTHEHUS KOMaHIbI
K KOHTaAKTy He OBLI IOOKITIOUEH CUTrHaj, Hu4Yero He mpou3lovger. Komawmpma unlinkp mose3na mpu
yCTpaHeHUHU HeIoJIagokK.

CuHTakcuc u npumeps! unlinkp

unlinkp <pin-name>
unlinkp parport.0.pin-02-out

5.2.1.8 YcTapesBLwive KOMaHAbI

Crnenyioie KOMaHABl yCTAPEJIN U MOTYT OBITE YOaJIeHbl U3 Oyayimux Bepcuti. JIrob6ast HoBast KOHGUTypalus
OOJIXKHa HCII0JIb30BaTh KOMaHOy net. 3T KOMaHObLI BKJIIOUEHEH], [I03TOMY CTaphble KOHPUTYypaluu Io-
mpexHeMy OyoyT paboTaTh.

KomaHnpga linksp co3pmaeT coefUHeHUe MeXKay CUTHAJIOM U OTHUM KOHTaKTOM.
CuHTaKkcuc 1 npumepsl linksp

linksp <signal-name> <pin-name>

linksp X-step parport.0.pin-02-out

Komasnaa linksp 3ameHena KomaHaou net.

Komanpa linkps co3maeT coeOuHeHue MeXay OOHUM KOHTaKTOM U OOHUM CUTHAJIOM. JTO TO XKe CaMOoeE,
yTo ¥ linksp, HO apryMeHTHI oOpaTHEHIE.

Cunrakcuc u npumepsl linkps
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linkps <pin-name> <signal-name>
linkps parport.0.pin-02-out X-Step

Komanaa linkps 3amMeHeHna KomaHaou net.

KOMaH[a newsig co3maeT HOBHIM curHain HAL ¢ uMeHeM <signname> U TUIIOM JaHHBIX <type>. Tun
momnkeH OvITh 6um, s32, u32, s64, u64 unu float. OmmbKa, eciu <signame> yKe CYIIEeCTBYET.

CHHTAKCHC H IIpUMephI newsig

newsig <signame> <type>
newsig Xstep bit

[omonmHUTeNbHYI0 MHDOPMAIINI0O MOXKHO HaliTu B pyKoBoacTBe HAL unu Ha cTpaHHUIIaX PYKOBOACTBA
halrun.

5.2.2 HAL Data

5.2.2.1 Bit
3uauenue 6uta BKJI niu BBIKIJI.

e 3HavyeHwue bit = true unu 1 u false unur 0 (True, TRUE, true Bce meiiCTBUTEIbHEI)

5.2.2.2 Float

«Float» — 9T0 YuCIIO C IIJIaBaoIIe 3anaToN. [IPyTruMU CJIOBaMU, HECATUYHAS TOYKA MOXKET ITepeMeIaThCs
0 Mepe HeoOXOOUMOCTH.

e 3naueHus float = 64-6uTHOE 3HAUEHUE C MJIaBaloOIIel 3aMsiTOM, C pa3pelleHrneM IpuMepHo 53 6uta
u 6oee 2 10 (~ 1000) 6UT OUHAMHYECKOTO AUala3oHa.

[ononmHUTeNIbHYI0 HHGOPMAaLMIO 0 YKCJIaX C MJjlaBalollel 3ansTOd CM.:
https://en.wikipedia.org/wiki/Floating point

5.2.2.3 s32

Yucno «s32» — 3TO LIeJI0e YHUCIJI0, KOTOPOEe MOKET UMETh OTPUIlaTEJIbHOE UJIH TIOJIOKUTEIbHOE 3HAUEHUE.

e 3HaueHHud S32 = 1eyble Yucia oT -2147483648 go 2147483647

5.2.2.4 u32
Yucmo «u32» — 9TO 1IeJI0e YUCII0, KOTOPOe MOXKET OBbITh TOJTBKO ITOJI0XKUTETbHBIM.

¢ 3HaueHus u32 = nensle yucnaa ot 0 mo 4294967295

5.2.2.5 s64
Yucio s64 — 3TO 11e10e YUCIJI0, KOTOPOe MOXKeT UMeTh OTPULIATeJIbHOE UIIX II0JI0OKUTEJIbHOe 3HaYeHue.

e 3HaueHus s64 = 1esnble 4ucia ot -9,223,372,036,854,775,808 no +9,223,372,036,854,775,807



https://en.wikipedia.org/wiki/Floating_point
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5.2.2.6 u64
Yucno u64 — 310 1enoe YKUCiIo, KOTOPoe MOXKeT OBITh TOJIBKO IIOJIOKUTEIbHBIM.

e 3HaueHus ub64 = nenwle gucnaa ot 0 mo 18,446,744,073,709,551,615

5.2.3 HAL cdaunnbl

Ecnu BBl mcmonb3oBanu Stepper Config Wizard gns cosmanus KOH(HUTypallMy, B BallleM KaTajore
KoHOurypamuu 6ymeT mo Tpex daiinos HAL.

* «my-mill.hal» (ecnu Ballla KOHQUTYpalsg Ha3kIiBaeTcsa «my-mill»). 3ToT ¢paiin 3arpyKaeTcs IIePBLIM,
U ero He ClIeQyeT U3MeHSTh, €CJIU B UCIIonIb30Banu Stepper Config Wizard.

e custom.hal dToT ¢aiin 3arpyxaercs ciaenyiomuM, go 3arpy3ku ['UII. 3gech BEI IToMeIllaeTe CBOU
cobcTBeHHBIE KOMaHOH HAL, KOTOpHIe XOTUTE 3arpy3uUTh [0 3arpy3ku ['UII.

e custom_postgui.hal 3ToT ¢aiin 3arpyxkaetcs mocmie 3arpy3ku I'UI1. 3geck Br moMeIiaeTe CBOU COOCTBEHHE
kKoMmaHpas HAL, KOoTOphle XOTUTE 3arpy3uTh nocje 3arpy3ku 'UII. B HeM Heo6X0OqUMO pa3MeCcTUTh
mmo0rle KoMaHAsl HAL, ncnonb3yiomue BupkeTsl PyVCP.

5.2.4 HAL NMapameTp

IOBa IIapaMeTpa aBTOMATU4YECKHU JIOG&BJ'IHIOTCH K KaXKIJOMYy KOMIIOHEHTY HAL IIpu ero CoO3JaHuu. Chyf
IIapaMEeTPHI IIO3BOJIAIOT BaM OI'PAHUYUTE BPEMSA BBIIIOJTHEHHSA KOMIIOHEHTA.

.time Bpems — 310 KonmmuecTBO 1IUKIIOB LII1, Heo6xoguMoe [Jj1s BHEITIOJTHEHUS
pyHrIIUN.
. tmax Tmax — MakcuMayibHOE KonudecTBo nukiioB LII1, Heo6xomumoe mis

BEITIOJIHEHU A (bYHKLII/II/I

tmax — 3TO mapameTp YTEeHMS/3aluCH, IO03TOMY II0JIb30BaTe/Ib MOXKET YCTAaHOBUTH ero paBHBIM 0,
4yTOOHBI U36aBUTHCS OT IIEPBOM MHUIMAIN3AIUY BO BPEMS BHITIOTHEHUS (PYHKIIUU.

5.2.5 OCHOBHbIE NOrM4YecKue KOMMNOHEeHTbI

HAL copepUT HECKOJIbKO KOMIIOHEHTOB JIOTUKU pPeajibHOTO BpeMeHHu. JlorudecCKrue KOMIIOHEHTHI
cnenyioT Truth Table, B KOTOPOM yKa3kIBaeTCS, KAKOU BEIXOMHOM CUTHAJI COOTBETCTBYET JTI000MY 3aJaHHOMY
BXOOHOMY curHamy. OOBIYHO 3TO OMTOBBIE MAHUITYIISITOPHI, KOTOPHIE CIEeAyIOT TabmuilaM UCTUHHOCTHU
9JIEKTPUYECKUX JIOTUYECKUX 3JIEMEHTOB.

HomomHuTEeNbHEIE KOMIIOHEHTH CM. B <<sec:hal-comComponents,HAL. Components List> unu Ha
CTpaHHuIlaX PYKOBOACTBA.

5.2.5.1 and2

KomMmoueHT «and2» mpexcTaBasieT coO0 morudeckuii amemMeHnT "M” ¢ gByMs BxomaMu. B mpuBemeHHOM
HUXKe Tabnulle MCTUHHOCTY IT0OKa3aHbl BEIXOHBIE JaHHbIE, OCHOBAHHbBIE Ha KaXKI0M KOMOUHAIINY BXOOHBIX
OaHHBIX.

Syntax

and2 [count=N] | [names=namel[,name2...]]
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DOyHKIUHN

and2.n

KoOHTaKTBI

and2.N.in0O (bit, in)
and2.N.inl (bit, in)
and2.N.out (bit, out)

Table 5.3: Tabnuiia UCTUHHOCTHU OJIsI and2

in0 inl out

False False False

True False False

False True False

True True True
5.2.5.2 not

KoMnoneHT not saBisieTcss GUTOBLIM MHBEPTEPOM.
Syntax

not [count=n] | [names=namel[,name2...]]

DOyHKIIUHA

not.all
not.n

KOHTaKTBI

not.n.in (bit, in)
not.n.out (bit, out)

Table 5.4: Tab6aulia UCTUHHOCTH I not

in out

True False

False True
5.2.5.3 or2

KoMmoHeHT 0r2 aBasgeTcs ToTud4ecKuM aneMeHToMm "WUJIN” ¢ oByMsa BXOOaMHU.

Syntax

or2[count=n] | [names=namel[,name2...]]
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DOyHKIUHN

or2.n

KoOHTaKTBI

or2.n.in®@ (bit, in)
or2.n.inl (bit, in)
or2.n.out (bit, out)

Table 5.5: or2 Tabnulia HCTUHHOCTHA

in0 inl out
True False True
True True True
False True True
False False False

5.2.5.4 xor2

KoMmoHEeHT X0r2 aBisgeTCs JIoTu4eCcKuM snemMeHToM “Hcknoudaoniee UJTM” ¢ oBymMsa BXOOaMHu.

Syntax

xor2[count=n] | [names=namell[,name2...]]

DOyHKIIUHA

xor2.n

KOHTaKThBI

xor2.n.
Xxor2.n.
xor2.n.

in0® (bit, in)
inl (bit, in)
out (bit, out)

Table 5.6: xor2 Tabnuiia UCTUHHOCTHA

in0 inl out

True False True
True True False
False True True
False False False
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5.2.6 [lMpumMmepbl NOrukun

JIlpumep ucnonbp3oBaHus and?2

loadrt and2 count=1

addf and2.0 servo-thread

net my-siginl and2.0.in@ <= parport.0.pin-11-in
net my-sigin2 and2.0.inl <= parport.0.pin-12-in
net both-on parport.0.pin-14-out <= and2.0.out

B nipuBeieHHOM BEHIIIE ITPUMeEpPe OOHa KOIusa and2 3arpyzKaeTcs B IPOCTPAHCTBO PeabHOTO BpEMEHHU
1 mo0GaBIIsIETCS B CEPBOIOTOK. CIIeayoIIui KOHTAKT pin-11 mapasienbHOr o IIOPTa IMOAKII0YEH K OUTY
in0 BenTunsa”MN”. Cnemyromuii KOHTAKT pin-12 nogkiiodeH K 6uty inl BenTuns “"M”. HakoHell, MBI
TOOKJII0UYaeM BBIXOHOM OUT and2 K mapaiieyibHOMY TOpPTy pin-14, UTak, cnenys Tabiuie UCTUHHOCTH
ons and2, ecnu KOHTAKT 11 1 KOHTAKT 12 BKITIOYEHHI, TO BEIXOOHOM KOHTAKT 14 OyHeT BKIIIOYEH.

5.2.7 KoMnoHeHTbl npeobpa3oBaHusn

5.2.7.1 weighted_sum

B3BemenHass cymMMma Iipeobpas3yeT rpynmy 6uToB B Leynoe uucio. I[IpeobGpa3oBaHUe IpefcTaBiisieT
cobo¥l CyMMy 8eco8 MPHUCYTCTBYIOIINX OHUTOB IIIIOC JTI000e cMelleHue. ITO moxoxke Ha BCD, HO C
60mBIIIM KONTHYecTBOM omniuii. But hold mpepriBaeT 06pabOTKy BBOAA, TaK YTO 3HAYEHHUE SUM OOJIbIIIe
He U3MEHSIeTCH.

CHHTaKCHC 3arpy3Ku KoMnoHeHTa weighted_sum

loadrt weighted sum wsum sizes=size[,size,...]

Cosmaer rpynmsl - weighted sum™, KaXxgasi ¢ 3aJaHHBIM KOTMYECTBOM BXOIHBIX OUTOB (pa3MepoM).
Yrobrr 06HOBUTL Wweighted sum, process wsums mojiKeH OBITH HPUKPEIJIEH K IIOTOKY.
dobGaBbTE process_wsums B IOTOK CEPBONPHUBOIA

addf process wsums servo-thread

ITpu aTOM OOHOBIISIETCA KOMIIOHEHT weighted sum.

B cnenyromem npuMepe, Konus okHa KoHpurypamnuu AXIS HAL, 6uTtsl 0 u 2 uMmeloT 3Hauenue TRUE,
OHU He UMeIloT cMmelnenusi. Bec (weight) 6uta 0 paseH 1, 6uta 2 — 4, MO3TOMY CyMMa paBHa 5.

Table 5.7: KoHTaKkTH KOMIIOHEeHTa weighted sum

Braapeneir Type Dir Value NMmsa

10 out In TRUE wsum.0.bit.0.1n

10 s32 I/0 1 wsum.0.bit.0.weight
10 out In FALSE wsum.0.bit.1.1in

10 s32 1/0 2 wsum.0.bit.1.weight
10 out In TRUE wsum.0.bit.2.1n

10 s32 1/0 4 wsum.0.bit.2.weight
10 our In FALSE wsum.0.bit.3.1n

10 s32 1/0 8 wsum.0.bit.3.weight
10 out In FALSE wsum.0.hold

10 s32 I/0 0 wsum.0.offset

10 s32 Out 5 wsum.0.sum
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5.3 HAL [lBoMHOM npoxopn,

5.3.1 [1BOoWHOM nNpoxon

B aTOM pa3gee onuCchBaeTCSI BO3SMOXKHOCTh UCIIOJIb30BaHUA HECKOJIBKUX KOMaHI 3aTPy3KH AJI1 HECKOJIBKUX
9K3€eMIIJISPOB OOHOTO U TOTO K€ KOMIIOHEHTAa B Pa3HEBIX MO3UIUAX (alijia UM Cpefu pa3HbIX (halsios.
BryTpeHHe A1 3TOr0 TpebyeTcs OBaX b mpouuTaTh paiin HAL, oTcioma u Ha3Banue TWOPASS. ITonnmepxkus
HaumnHasa ¢ Bepcuu LinuxCNC 2.5 o6pabotka TWOPASS ¢aiinoB koHpurypaimu LinuxCNC momoraeTt
obecneunTs UX MOOYIbHOCTD U ymobouuTaeMocTb. HamoMHuM, 4TO ¢ainel Koupurypauuu LinuxCNC
yka3weBaoTcsa B INI-datine LinuxCNC xak [HAL]JHALFILE=filename.

OO6BIYHO HAOOP M3 OOHOTO MJIM HECKOJIbKUX ¢aiiyioB KoHpurypanuu LinuxCNC moskeH MCIoiIb30BaTh
OOHY YHUKAJIbHYIO CTPOKY loadrt ois 3arpy3ku KOMIIOHEHTa peajlbHOI 0 BpeMEHH, YTO MOXKET CO37aTh
HECKOJIbKO 3K3eMIINIIPOB KOMIIOHeHTa. Hampumep, ecnu BB MCIIOJIb3yeTe KOMIIOHEHT BeHTunsa U c
nByMs BxopmaMmu (and2) B TpexX pa3HEIX MeCTax Balledl YCTAHOBKM, BaM HYXKHO OyIeT rime-TO yKa3aThb
OOHY CTPOKY:

IIpuMep, B pe3yjIbTaTe KOTOPOIr'0 CO3TAal0TCs KOMIOHEHTHI PeajIbHOT0 BpeMeHH C HMeHaMH
nmo ymoadaHuio and2.0, and2.1, and2.2.

loadrt and2 count=3

Koudurypauuu ctanyT 60jiee YuTabeTbHBIMU, €CIIH BBl YKazKeTe C IIOMOIIIBIO OIIIUKA NAMeS= T€ KOMIIOHEHTHI,
T7ie OHa HMOOIepPKUBAETCS, HallpuMep:

IIpuMep KOMaHObI 3arPpy3KH, B pe3yjibTaTe KOTOPOH ObUIH SIBHO Ha3BaHbI KOMIIOHEHTHI aa,
ab, ac.

loadrt and2 names=aa,ab,ac

OTcnexxmBaHUe KOMIIOHEHTOB ¥ X UMEH MOXKET CTaTh IP06IeMoH Tpu 00CTyKMBAHWY, TTIOCKOJIBEKY TIPU
nobaBiieHNY (MK ymajeHU) KOMIIOHEHTa HeOOX0OMMO HaWTH U OOHOBUTH €OUHCTBEHHYIO OIUPEKTUBY
loadrt, npuMeHUMYIO K 3TOMYy KOMIIOHEHTY.

O6paboTka TWOPASS BK/II0YaeTCsi MyTeM BKIIO4YeHus mapaMmerpa INI-daiiia B pasgen [HAL],
rae “anystring” MozkeT ObITH II000H CTPOKOHM, OTIHYHOM OT HYJIS.

[HAL]

TWOPASS = anystring

IMpu BkntoueHHOM TWOPASS BBl MO2KeTe MCII0JIb30BaTh HECKOIBKO CIelndUKalii, HallpuMep:

loadrt and2 names=aa
loadrt and2 names=ab,ac

loadrt and2 names=ad

OTH KOMaHIH MOT'YT IOSIBIISATECS B pa3HbIX ¢aiinax HAL. ®aitner HAL 06pabaThIiBalOTCS B MOPSIAKE UX
nosisnenus B ¢atine INI, B HeckonbKkuxX HasHaueHusax HALFILE.

Omuio TWOPASS M02kKHO yKa3aTh C ONIUSAMHU 11 HoOaBJIeHUS BLIBOJA IS OTJIadKu (verbose) u mns
IIpegoTBpallleHus yaaleHus BpeMeHHEIX daiinoB (nodelete). Onuuu pa3mensioTCs 3alATHIMU.

IIpumep

[HAL]
TWOPASS = on,verbose,nodelete
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IIpu o6paboTke TWOPASS cHauamna cuuTeiBaioTcs Bce [HALJHALFILES u HakanIMBaOTCS MHOTOYHCII€HHEIE
MMOSIBIIEHUS MUPEKTUB loadrt miist Kaxkmoro moayiisi. KoMmoHeHTH, He paboTaloliie B pealbHOM BpeMeHH!
(loadusr), 3arpyxainTcs 10 TOPSAOKY, HO Ha HayaJbHOM 3Talle HUKaKue Opyrue KomaHOwl LinuxCNC

He BBITIOJIHSIOTCH.

Note
KOMMOHEHTLI, He paboTalolne B peXxnmMme peasibHOro BPEMEHU, AO/KHbI UCMOJIb30BaTh NapamMeTp
oxnaaHusa (-W), 4tobbl rapaHTUpPOBaTb FOTOBHOCTb KOMMOHEHTa A0 BbINOJIHEHNA APYrUX KOMaHA,.

ITocne mepBOro MPOX0Aa MOAYJIM PealbHOTO BpeMeHU 3arpyxatoTcs (loadrt) aBTomaTuyecku

¢ C YHUCJIOM, PaBHEIM o61.uemy YUCIy, IIPU UCIIOJIb30BAHUU OIIITUHU count= unu

¢ CO BCeMH OTHEJIbHEIMU MMEHaMH, YKa3aHHBIMU IIPU KUCIIOJIb30BaHUHU OIIIIUU Ndmes=.

3aTeM BBIIIOJIHAETCS BTOPOU IIPOXOT, AJIS BEIIIOJIHEHUS BCEX OCTANIbHEIX MHCTPYKIUY LinuxCNC, yKa3aHHBIX
B HALFILES. Komanpgs! addf, koTopble CBA3BIBAIOT QYHKIIMM KOMIIOHEHTa C BBHIIIOJIHEHUEM IIOTOKA,
BBITIOJIHSIIOTCS B IOPSIAKE IIOSIBJIEHUS OPYTUX KOMaH[ BO BpeMs STOTr0 BTOPOI'O IIPOXOMa.

XO0Ts1 BBI MOXKETe HCIIONIb30BaTh OIIIUU COUNt= WM Names=, OHU SABISIOTCS B3aMMOUCKITIOYAIOUIUMU
— OJId OJAHHOT'O MOAOYJIsd MO2KHO YKa3adTh TOJIBKO OOWH THII.

O6pabotka TWOPASS naubomnee a¢pdeKkTrBHA IIPU UCIOTL30BAHUY OMNIINHU Names=. JTa OILus ITI03BOJISIET
BaM IIPEeOOCTaBIsTh YVHUKAIbHEIE UMeHA, KOTOPhIe SIBISIOTCSI MHEMOHHUYECKHUMHU HJIM UHEIM 00pa3oMm
CBsI3aHHBI C KOHurypamuei. HampuMmep, eciiu BB UCIOJIb3YeTe IPOU3BOIHLIN KOMIIOHEHT OJIST OIeHKHU
CKOPOCTeH 1 YCKOPEeHUH 110 KaXKI0H KooOpauHaTe (X,y,Z), HCIIOIb30BaHue MeTOofla count= MacT 3arajlouHbIe
VUMeHa KOMIIOHEHTOB, Takue Kak ddt.O, ddt.1, ddt.2. , u T. m.

B kayecTBe anbTepHATHUBEL MOXKHO UCIIOJIb30BaTh OIIINI0 Ndmes=, HallpuMep:
loadrt ddt names=xvel,yvel, zvel

loadrt ddt names=xaccel,yaccel, zaccel

B pe3yjbTaTe MOJy4aloTCs KOMIIOHEHTHI C pa3yMHBIMU Hal3BaHUsMU xvel, yvel, zvel, xaccel, yaccel,
zaccel.

MHorre KOMIIOHEHTHI, ITIOCTaBJIIEMEBIE C OQUCTPUOYTHUBOM, CO3MAHBI C TTOMOIIBI0 YTUAUTH halcompile
U TIOONEepKUBAIOT OMINUI0 hames=. K HUM OTHOCATCA OOIIMe JIOTUYEeCKUe KOMIIOHEHTHI, KOTOPhIE
SIBJITIOTCSI CBSI3YIOMIMM 3BEHOM MHOTUX KoHburypamnui LinuxCNC.

Co3paHHbIe [T0Ib30BaTeIeM KOMIIOHEHTH, KOTOPBIE UCITONb3YIOT yTuauTy halcompile, Takke aBTOMaTUY€ECKI
MOAIepKUBAIOT ONIKI0 names=. [IoMUMO KOMIIO3UIUM, CO3TAaHHLIX C IIOMOIIbI0 YTUIUTH halcompile,
MHOTHE APyTrue KOMIIO3UIINY IOAAePKUBAIOT OMNIINI0 name=. KoMOUIAIINY, TOOOePKUBAIOIINE OITIINI0
name=, BKJIfoualoT: at pid, encoder, encoder ratio, pid, siggen u sim_encoder.

IIByxaTamHas 06paboTKa IPOUCXOOUT A0 3arpy3Ku rpaduueckoro uHtepdetica. [1pu “CIOIb30BaHUU
[HAL]JPOSTGUI HALFILE ymo6uHo moMmecTtuTh Bce o0bsaBneHus loadrt [HALJPOSTGUI HALFILE mmns
HeoOXOOMMBIX KOMIIOHEHTOB B IPEIBAPUTEINILHO 3arpyKeHHbIi dain HAL.

ITpumep pasgena HAL npu ucnonb3oBanuu POSTGUI_HALFILE
[HAL]

TWOPASS = on

HALFILE = core sim.hal

HALFILE = sim_spindle_encoder.hal

HALFILE = axis manualtoolchange.hal

HALFILE = simulated home.hal

HALFILE = load for postgui.hal <- loadrt lines for components in postgui.hal

POSTGUI HALFILE = postgui.hal
HALUI = halui
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5.3.2 Post GUI

HexkoToprie 'MIIsl mompepzkuBaioT ¢aiinsl HAL, KoTophie 00pabaThIBaOTCS ITOCIE 3allyCcKa rpadruecKkoro
uHTepdelica o nonkindyeHnss KOHTakKToB LinuxCNC, co3manubix 'MII. ITpu ucmnonb3oBanuu datina

HAL postgui c o6pa6otkoit TWOPASS BKJII0OuUnTE BCE 311€MEeHTHI loadrt oj1st KOMIIOHEHTOB, T0OaBJIEHHEBIX
dannamu HAL postgui, B orgenbHbi paiin HAL, koTopriii o6pabaThiBaeTcs nepep rpadpudeckuM UHTePdece
Komanpgbr addf Tak:ke MOTyT OBITH BK/IIOUEHE! B (haii.

IIpumep

[HAL]

TWOPASS = on

HALFILE = file 1.hal
HALFILE = file n.hal

HALFILE

file with all loads for postgui.hal

POSTGUI HALFILE = the postgui file.hal

5.3.3 WcknioueHue cpannos .hal

Ob6pabotka TWOPASS nipeobpasyeT daiinel .hal B 9KkBUBaneHTHEIE ¢daitnsl .tcl m ucnonbadyet haltcl onsa
norucka KomaHp loadrt u addf ¢ 11enpio HaKONJIEHUS M KOHCONUOAIIMY UX UCIIONb30BaHusA. OXUAal0TCA
napamMeTptl loadrt, cooTBeTCTBYIOIIME MIPOCTHIM IapaMeTpaM hames= (Mau count=), TpuHUMaeMbIM
resepatopom komnoueHToB HAL (halcompile). Bornee cnokHEIE 37IEMEHTHI ITaPaMeTPOB, BKITIOYEHHBIE
B CIIeITManu3upoBanHbie KOMIOHEHTH LinuxCNC, MmoryT o6pabaThiBaThCsI HEITPAaBUIBHO.

®aiin .hal MoxxkHO UCKTIOYUTHL U3 00paboTku TWOPASS, BKIIIOUMB CTPOKY Maru4ecKoro KOMMeHTapus
B m000M MecTe ¢aiina .hal. CTpokKa MarudyecKoro KOMMEHTApHs OOJIXKHa HAaYMHATLCS CO CTPOKH:
#NOTWOPASS. ®aiinel, yka3aHHBIE C 9TUM Marn4eCKUM KOMMEHTapueM, UCII0JIb3YeTCs B Ka4eCTBe UCTOYHUKA
halcmd c ncrions3oBaHMEM OMIUH - K (TpomoikaThk paboTy B citydae c00st) U -V (IogpoOHEBIM BapUaHT).

9To mosyioxKeHHWe 00 UCKIIOYEHUM MOXKHO MCIIOJIb30BaTh [JId M30JIS0UMU OpobjieM WU OJIS 3arpy3Ku
mo6oro cuenuanbHOro KommnoHeHTa LinuxCNC, KoTophii He TpebyeT oO6paborku TWOPASS unu He
IoJiy4aeT IIPEeuMyIlecTB OT Hee.

OG6BIYHO TTOPSAOOK loadrt KOMIOHEHTOB pPealbHOT0 BPEeMEHHU He SIBIISeTCS KPUTUYECKUM, HO MMOPSIOOK
loadrt mmst cmermanbHBIX KOMIIOHEHTOB MOXKHO 00€CIIEYNTh, TIOMECTUB TaKue TUPEKTUBH loadrt B dhaiin
UCKJIIOUYEeHUH.

Note
XoTa nopsanok ampekTtus loadrt 06bI4HO HE MMeeT pellatowero 3Ha4YeHns, NOPALOK AnpekTuB addf
4aCTO OYeHb BaXkKeH 4J11 nNpaBuJibHON paboTbl KOMNOHEHTOB CEPBOKOHTYpa.

IIpumep ¢aitia uckaouyennn HAL

$ cat twopass_excluded.hal

# The following magic comment causes this file to
# be excluded from twopass processing:

# NOTWOPASS

# debugging component with complex options:
loadrt mycomponent parml="abc def” parm2=ghi
show pin mycomponent

# ordering special components
loadrt component 1
loadrt component 2
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Note

Pernctp n npobenbl B Marn4eckOM KOMMEHTapPUW WUrHOPUPYIOTCA.  3arpy3ka KOMIOHEHTOB,
NCNOJb3YOLWKWX NapaMeTpbl names= nan count= (0bbl4HO co3paBaeMble C NoMollbio halcompile),
He 00JIKHA UCMNOJIb30BaThbCA B hallax UCKIKYEHUN, TakK KaK 3TO IUWNT npeumyects obpaboTku
TWOPASS. KomaHgabl LinuxCNC, cosgatowme curHanbl (net), m KomaHAbl, yCTaHaBAMBawLlMe
nopsaok BbiNosHeHUs (addf), He cnepyeT nomewaTb B ansibl UCKIHOYEHUNA. ITO ocobeHHOo
aKTyanbHO A5 KoMmaH4 addf, NOCKOJSIbKY MX MOPSAOOK MOXKET MMETb Ba)XHOE 3Ha4YeHue.

5.3.4 Examples

IMpumeps! ucnonb3oBanuss TWOPASS gist cumynsiTopa BKITIOYEHE! B KaTaJIOTH:

configs/sim/axis/twopass/
configs/sim/axis/simtcl/

5.4 HAL Y4yeOHOe nocobue

5.4.1 BBepeHue

KoHdurypaiusa nepexoguT OT TEOPUHU K YCTPOUCTBY — TO €CThb K ycTpoucTBy HAL. 17151 TeX, KTO XOTh
HEeMHOTO pa3bupajicsi B KOMIObIOTEPHOM IIPOTPaMMUPOBAHUM, 3TOT pa3men HasweiBaeTcs Hello World
HAL.

halrun MOXHO KCIIONIBE30BaTh [OJjIS CO3TaHUS paboTaiomieidl CUCTEMBI. IJTO WHCTPYMEHT KOMaHOHOM
CTPOKHY WU TEKCTOBOTO (paiina OJid HaCTPOUKHU U HacTpouku. Clenyoniie IPUMEPHl UITIOCTPUPYIOT
ero HaCTPOUKy u paborty.

5.4.2 Halcmd

«halcmd» — 5TO MHCTPYMEHT KOMaHOHOU cTpoku Oy ynpabiaeHus HAL. [Ina halcmd cymectByert
Oosee moHas CIpaBOYHAas CTPaHHIlA, KOTOpas ycTaHaBauBaeTcss BMecTe ¢ LinuxCNC u3 uCXOmHOTO
Koma unu u3 naketa. Ecnu LinuxCNC 6v171 CKOMIIMIUPOBAH Kak run-in-place, cTpaHulla pyKOBOJCTBa
He yCTaHaBJIMBaeTCs, HO OOCTyIHA B r1aBHOM KaTanore LinuxCNC ¢ moMOIIIbIO CIeayolnell KOMaHObl:

$ man -M docs/man halcmd

5.4.2.1 O6o3HauyeHus

B 3TOM pyKOBOACTBE KOMAaHMIHI [IJISI OII€PALIMOHHOM CUCTEMBI OOBIYHO 0TOOParkaroTCs 63 IpUrIalIeHus
o6omouku UNIX, T. e. 00bIYHO CO 3HAKOM pAosuiapa ($) uau perreTKou/OBoMHLIM KpecToM (#). Ilpu
npsimoM obmienun ¢ HAL yepes halcmd or halrun mopmckasku rmoka3aHsel B mpuMepax. OKHO TepMUHaa
HaxomuTcs B pasgene Applications/Accessories B rmaBHOM cTpoke MeHI0 Ubuntu.

Hpnmep KOMAHIBbI B TEPDMHHAJIE - IIPDHATIaIIEHUA KOMaHI[HOﬁ CTPOKH

me@computer:~linuxcnc$ halrun
(will be shown like the following line)
halrun

(the halcmd: prompt will be shown when running HAL)
halcmd: loadrt counter
halcmd: show pin




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 219/1345

5.4.2.2 Tabynauus-zaBeplLueHue

Bamra Bepcusi halcmd mozkeT BKiTIouaTk B ce0s1 3aBepiieHue Tabysanuu. BmecTo 3aBepIilleHUsT UMEH
daitnos, kak 3TO menaeT 0607I04YKa, OHA [IOMOJIHSIET KOMaHOH upeHTuuKatopamu HAL. BaM HyKHO
OymeT BBECTU JOCTATOYHO OYKB, YTOOHI IIOJIYyYUTh YHUKAJIbHOE coBIazeHue. [TonpobyiiTe HaxkaTh Tab
nocJse 3ammycka komaHgsl HAL:

TaOynsinusi-3aBepiIeHue

halcmd: loa<TAB>
halcmd: load

halcmd: loadrt

halcmd: loadrt cou<TAB>
halcmd: loadrt counter

5.4.2.3 Cpepa RTAPI

RTAPI o3nauaeT Real Time Application Programming Interface. Muorue komnoneuTsl HAL pa6oTatoT

B peajibHOM BpeMeHHU, U Bce KOMITIOHEeHTH HAL XpaHAT faHHbIE B 00IIe TaMATH, I09TOMY KOMIIOHEHTHI
peanbpHOr0 BpEMEHU MOTYT IOJIyYUTh K HUM goctyn. OOBIYHEIM Linux He mogmepKuBaeT IpOrpaMMUpPOBaHNE
B peasIbHOM BPeMeHHU UJIX THII 0011el maMsity, HeobxoguMerii HAL. K c4acTbio, CyIIeCTBYIOT OIlepalliOHHBIE
cucTteMbl peanbHOro Bpemenu (RTOS), KoTophle IpefoCcTaBisa0T HeobxoauMele pacmmpenus Linux. K
coxarneHnio, Kaxpgasa RTOS gelicTByeT mo-cBoeMy.

YToOB!l yCTPaHUTh 3TH paz3nuuus, KomaHaa LinuxCNC paspabortanma RTAPI, koTopsiii o6ecrieunBaeT
CoTIacoBaHHEIM criocob BlaumopencTBusa nporpamMMm ¢ RTOS. Eciu BEI IPOrpaMMUCT, KOTOPHIM XO4eT
paboTtaTh Hapg BHYTpeHHUMU KoMnoHeHTaMu LinuxCNC, BO3MOXKHO, BaM 3axXo4eTcs U3y4uTh linuxc-
nc/src/rtapi/rtapi.h, aTo6s moHSATHL API. Ho eciu BbI OOBIYHBIM Y€JIOBEK, BCE, YTO BaM HYZKHO 3HATh O
RTAPI, ato To, uTo ero (u RTOS) Heo6Xx0guMO 3arpy3uTh B ITaMsITh BAIller0 KOMITLIOTEPA, ITPEXAe YeM
BRI 4TO-TN0O0 cOenmaete ¢ HAL.

5.4.3 IMpocTton npumep
5.4.3.1 3arpy3Ka KOMMOHEeHTa

B aToM pykKoBOfCTBE MHEI OyaeM IIpeAIoiaraTh, YTO BH yCIIeIHO ycTaHnoBumu Live CD u, eciu uconb3lyeTe
RIP footnote: [Run In Place, korga ucxopHsie Gaiiibl 3arpy2KeHI B II0JIb30BaTEILCKUM KaTaaor, KOMININPYK
1 BEITIOJTHSIOTCS HEIIOCPENICTBEHHO OTTYIA. ], BRI3OBUTE ClieHapuii rip-environment, 4TOOH TOATOTOBUTH
shell. B aToMm ciy4dae Bce, YTO BaM HYXKHO CHeJjlaTh, 9TO 3arpy3UTh B IaMATh HEOOXOOUMBIE MOIYJIN
RTOS u RTAPI. IIpocTo 3anmycTuTe CIeOyIOIyI0 KOMaHOy U3 OKHa TepMHUHAaa:

3arpy3ka HAL

cd linuxcnc
halrun
halcmd:

3arpy3uB OC peamnbHoro BpeMmenu u RTAPI, MBI MOKeM mepeiiTu K mepBomMy npumepy. OOpaTtute
BHUMaHUe, YTO IIpUTJiallieHne Tenepb oToOpaxkaeTcsa Kak halemd:. 9To cB3aHO C TeEM, UTO IOCIEAYIOIIue
KOMaHAbI OyIyT MHTEPIPETUPOBATHCS KakK KoMaHasl HAL, a He KoMaHAbl 060I0YKH.

B nepBoM nipuMepe ML OyIeM UCIIOTb30BaTh KoMIoHeHT HAL mop Ha3BaHUEM Siggen, KOTOPHIN IIpeCTaBIIsge’
co601i IPOCTOM reHepaTop CUrHanoB. I1oTHOe onmucaHue KOMIIOHEHTA Siggen MOXKHO HallTH B pa3gene
SigGen maHHOTO PYKOBOOCTBA. DTO KOMIIOHEHT peajbHOro BpeMeHHu. YTOOBI 3arpy3uUTb KOMIIOHEHT
”siggen”, ucnonblyiiTe Komanny HAL loadrt.

3arpys3ka siggen
halcmd: loadrt siggen
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5.4.3.2 WM3yyeHnme HAL

Temneps, Korga MOAOynb 3aTrpyzKeH, IIPUIIIO BpeMs IpelcTaBUTh halcmd — MHCTPYMEHT KOMaHOHOU
CTPOKH, UCITOIb3yeMEBIH i1t HacTporku HAL. B aToM pykoBoAcTBe OyayT ITpeaCcTaBIeHk TOJIFKO HEKOTOPEIE
dyukuum halcmd. g 6osiee momHOTO OmMcaHUs MOMPoOyiTe man halcmd MM TOCMOTPUTE CCBIIKY

B pa3smenie HAL Commands sToro mokyMeHTa. IlepBas ¢yukius halemd — sto komanpma show. Jta
KoMaHpAa oToOpaxkaeT nHGopMaumio o TeKyem coctositauu HAL. YToOs1 0TOOPA3UTh BCE YCTAHOBIIEHHEIE
KOMITOHEHTHI:

IToka3aTh KOMIIOHEHTHI ¢ moMoInLi0 halrun/halcmd

halcmd: show comp

Loaded HAL Components:

ID Type Name PID State
3 RT siggen ready
2 User halcmd2177 2177 ready

IMockonwsky halcmd cam 1o cebe TakXkKe sBNseTCsI KoMmoHeHTOM HAL, oH Bcerga 6ymeT oToOpakaThCs B
cnucke. Yucmo nocne “halcmd” B ciucke komnoneHTOB — 3T0 ID UNIX nporiecca. MoHO 3allyCTUTh
6omee omHO¥M Kommu halcmd ogHOBpeMeHHO (HampuMep, B PA3HBIX OKHAX TePMHUHAana), moaromy PID
mob6aBisieTcs: B KOHEI] UMeHHU, YTOOH CHeJlaTh eT0 YHUKAbHEIM. B ClIiCKe TakiKe MoKa3aH KOMIIOHEHT
Siggen, KOTOPBIY MBI YCTAHOBUJIM Ha IIpenbigyineM mare. RT B pa3gene Type ykaswslBaeT, 4ToO Siggen
— 3TO KOMIIOHEHT peajibHOTO BpeMeHu. User B pa3pgene Type yKa3bIBaeT, YTO 3TO KOMIIOHEHT, He
paboTaromuii B peabHOM BPEMEHH.

Ilanee, maBaiiTe MOCMOTPUM, KaKHe KOHTAKTHI ejlaeT HOCTYIIHBIMU Siggen:
IToka3aTh KOHTAKTHI

halcmd: show pin

Component Pins:

Owner Type Dir Value Name
3 float 1IN 1 siggen.0.amplitude
3 bit ouT FALSE siggen.0.clock
3 float OUT 0 siggen.0.cosine
3 float 1IN 1 siggen.0.frequency
3 float 1IN 0 siggen.0.offset
3 float OUT 0 siggen.0.sawtooth
3 float OUT 0 siggen.0.sine
3 float OUT 0 siggen.0.square
3 float OUT 0 siggen.0.triangle

9Ta KoMaHfa oTobpaxaeT BCe KOHTaKTHl TeKyllero HAL. CnoxkHasi cucTeMa MOXKET UMEThb IEeCSATKHU
M COTHH KOHTAKTOB. HoO celiyac KOHTAKTOB BCEro MeBATh. K3 3THX KOHTAKTOB BOCEMb SIBIISIIOTCS
IJTaBaIOIIEey 3amsiTO M, a OOUH — OUTOBEIM (JTormuyeckuM). IllecTh mepeHOCAT JaHHBIE U3 KOMIIOHEHTA
siggen, a TPU UCIIOIb3YIOTCA OJIs Iepefady HaCTPOEK B KOMIIOHEHT. [T0CKOIBKY MEI €l1le He BBEITIOJITHUIIN
KO, comepKalllniics B KOMIIOHEHTEe, HEKOTOPhIE KOHTAKTH UMEIOT HyJIeBOe 3Ha4YeHHUeE.

Crnepymomuy mar — IpoCcMOTP IIapaMeTpPOB:
ITloxa3ars mapaMeTphbl

halcmd: show param

Parameters:

Owner  Type Dir Value Name
3 s32 RO © siggen.0.update.time
3 s32 RwW 0 siggen.0.update.tmax

KomaHupa show param noka3bsiBaeT Bce mapaMeTphl B HAL. Celiuac KaXObIl TapaMeTp UMeeT 3HadeHue
[0 YMOJIYaHMI0, KOTOPOe eMy OBLJIO IIPHUCBOEHO IIPU 3arpy3kKe KoMIoHeHTa. OOpaTuTe BHUMaHUe Ha
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ctonbe1; c Haanuckio Dir. [TapaMeTpsl ¢ moMeTKOM -W OOCTYIHEI OJIs 3aNIUCH ¥ HUKOTIa He U3MEHSIIOTCS
caMHUM KOMIIOHEHTOM, BMECTO 3TOI'0 OHU IIpeJHA3HA4YeHHl OJIT M3MEHEHUS I10JIb30BaTesleM, YTOOEHI
yIIPaBIsTh KOMIIOHEHTOM. MBI YBUOUM, KaK 3TO CHENaTh Mo3xe. IlapaMeTphl, ToMeYeHHbe KakK R-

, DOCTYIIHEI TOJIBKO OJIST YTeHUSA. VX MOXKHO M3MEHUTH TOJIBKO KOMIIOHEHTOM. HakoHell, mapaMeTp C
Haamuckio RW npegHa3HaveH OJ1s YTEHUS ¥ 3alTUCH. DTO 03HAYAET, YTO OHU U3MEHSIOTCS KOMIIOHEHTOM,
HO TAaKXXe MOTYT OBITh U3MEHEHHl Mojb30BaTeneM. I[IpuMmeuanue: mapamMeTps siggen.0.update.time
u siggen.0.update.tmax npegHa3sHa4YeHHl O Ileied OTJIagKU U He OyOyT pacCMaTpUBATHCSI B 3TOM
pasperne.

BONBIIMHCTBO KOMIIOHEHTOB PEATLHOTO BPEMEHHU SKCIIOPTUPYIOT OOHY WM HECKOIBbKO QYHKUIMH I
(axTrYEeCKOro 3amycKa cogepKaIerocs B HUX KoJla peajlbHOr 0 BpeMeHU. [laBaiiTe HOCMOTPUM, KaKue
(pyHKUIMM 3KCIIOPTUPYET Siggen:

IMoka3arh QyHKIHH ¢ moMoIbi0 halcmd
halcmd: show funct
Exported Functions:

Owner  CodeAddr Arg FP  Users Name
00003  f801b00O fae820b8 YES 0 siggen.0.update

KoMnoHeHT siggen akcropTupoBas ogHy Gyukmnuio. Eil TpebGyeTcs miaBatomias 3ansras. B HacTosee
BpPEMS OHA He CBsI3aHa HU C KaKUMU ITOTOKaMU, II09TOMY users paBHBI Hy 10, footnote: [ITonst CodeAddr
¥ Arg MCII0JIb30BaINCh BO BpeMs Pa3pabOTKU U, BEPOSITHO, OOJIXKHBI MCYE3HYTh.].

5.4.3.3 3anyck Kopa B peaJibHOM BpeMeHHU

Yro0Or! haKTUYECKHU 3allyCTUTh KOfI, cofepkamuiica B pyHkiuu siggen.0.update, HaMm HyKeH ITOTOK
peanpHOTO BpeMeHu. KoMMmoOHEHT mopn Ha3BaHWeM threads, KOTODPBIM HCIONB3YETCH OJIS CO3TAHUS
HOBOT'O IOTOKA. [laBaliTe co3maguM IIOTOK o Ha3BaHueM “test-thread” ¢ mepuomom 1 mc (1,000 MKC
unu 1,000,000 HC):

halcmd: loadrt threads namel=test-thread period1=1000000

ITocmoTpuM, cpaboTaso au 3TO:
ITloxa3ars MOTOKH

halcmd: show thread

Realtime Threads:
Period FP Name ( Time, Max-Time )
999855 YES test-thread ( 0, 0)

[Tonyuumnocs. 3ToT nnepuop He paBeH ToyHO 1,000,000 HC M3-3a annapaTHLIX OTPaHUYEHUM, HO V HaC
€CTb IIOTOK, KOTOPHIHM paboTaeT IIPUMEPHO C ITPABUJIBHON CKOPOCTBHIO 1 MOZKeT oOpabaTHBaTh QYyHKIIUH
C IJIaBaloIled 3anaTol. Caenyomul ar — NOOKIIOYUTh (PYHKITNIO K IIOTOKY:

do06aBUTH GYHKIITHIO

halcmd: addf siggen.0.update test-thread

o cux rop MeI ucniosb3oBanu halcmd Tonbko anns npocMoTpa HAL. OgHako Ha 3TOT pa3 MBI HCIIOJIb30BaIl
kKoMaHay addf (mo6aBuTh QyHKIINIO), YTOOR (paKTUUYECKHU U3MEHUTh 4YTO-TO B HAL. M1 cka3asnu halcmd
mob6aBuTh GyHKIIMIO siggen.0.update BmoTok test-thread, u ecnu MbI elrie pa3 TOCMOTPUM Ha CITHCOK
ITOTOKOB, TO YBUAUM, YTO 9TO YHAJIOCh:

halcmd: show thread

Realtime Threads:
Period FP Name ( Time, Max-Time )
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999855 YES test-thread ( 0, 0 )
1 siggen.0.update

[pexme ueM KOMIIOHEHT Siggen HaYHET TeHepupPOBaTh CUTHAJIL, HEOOXOOUM ellle OOWH Imar. Ilpu
nepBoM 3amnycke HAL moTok (1) pakTrueCcKH He BEIIOJIHAIOTCS. ITO II03BOJIUT BaM IIOJIHOCTHIO HAaCTPOUTH
CHCTEMY [I0 3aITyCKa KOfa peasibHOTr0 BpeMeHu. Kak TONbKO B OyfieTe JOBOJILHE KOH(GUTYypaluei, BE
MOKEeTe 3aIllyCTUTh KOJ pPeabHOT0 BPpEMEHU CJIEAYIOIINM 00pa3oM:

halcmd: start

Temepb reHepaTop CUTHAIOB paboTaeT. [laBaliTe IOCMOTPUM Ha €r0 BHIXOTHEIE KOHTAKTHI:

halcmd: show pin

Component Pins:

Owner Type Dir Value Name
3 float IN 1 siggen.0.amplitude
3 bit OUT FALSE siggen.0.clock
3 float OUT -0.1640929 siggen.0.cosine
3 float IN 1 siggen.0.frequency
3 float IN 0 siggen.0.offset
3 float OUT -0.4475303 siggen.0.sawtooth
3 float OUT 0.9864449 siggen.0.sine
3 float OUT -1 siggen.0.square
3 float OUT -0.1049393 siggen.0.triangle
W maBaliTe MOCMOTPUM ellle pa3:
halcmd: show pin
Component Pins:
Owner  Type Dir Value Name
3 float IN 1 siggen.0.amplitude
3 bit OUT FALSE siggen.0.clock
3 float OUT 0.0507619 siggen.0.cosine
3 float IN 1 siggen.0.frequency
3 float IN 0 siggen.0.offset
3 float OUT -0.516165 siggen.0.sawtooth
3 float OUT 0.9987108 siggen.0.sine
3 float OUT -1 siggen.0.square
3 float OUT 0.03232994 siggen.0.triangle

M1 GEICTPO BHIIIOJTHUIIM IBE KOMAaHIEL Show pin, u BEI MOXKeTe BUIETH, YTO BEIXOTHEIE TaHHEIE O0JIbIIIe
He PaBHHI HY/T10. BEIXOHEIE CUTHAJILI CHHYCA, KOCUHYCA, IIUJIH U TPEYTOJIbHUKA IIOCTOSTHHO U3MEHSIFOTCS.
IMTpsiMOyTONILHBIN BHIXOM TakKe paboTaeT, OOHAKO OH IPOCTO nepekiodaercs ¢ +1,0 Ha -1,0 KaxkabIi
LUKII.

5.4.3.4 MN3MeHeHue napaMeTpoB

Hacrosiast cuima HAL B ToM, YTO BEH MOXKETe H3MEHUTh CUTyalluio. HampuMep, MBI MO2KEeM UCIIOIb30BaTh
KOMaH[y setp s yCTaHOBKM 3HAYEHUs ITapaMeTpa. [aBaliTe U3MEHUM aMIIJINTYQy TeHepaTopa CUTHAI0B
c 1,0 Ha 5,0:

HaCTPOHTL KOHTaKT

halcmd: setp siggen.0Q.amplitude 5

l'IpOBepre IIapaMeTpPbl H KOHTAKTBHI ellle pa3
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halcmd: show param

Parameters:

Owner  Type Dir Value Name
3 s32 RO 1754 siggen.0.update.time
3 s32 RW 16997 siggen.0.update.tmax

halcmd: show pin

Component Pins:

Owner  Type Dir Value Name
3 float IN 5 siggen.0.amplitude
3 bit OUT FALSE siggen.0.clock
3 float OUT 0.8515425 siggen.0.cosine
3 float IN 1 siggen.0.frequency
3 float IN 0 siggen.0.offset
3 float OUT 2.772382 siggen.0.sawtooth
3 float OUT -4.926954 siggen.0.sine
3 float OUT 5 siggen.0.square
3 float OUT 0.544764 siggen.0.triangle

OO6paTuTe BHUMaHMe, YTO 3HAYEHUe ITapaMeTpa siggen.0.amplitude uaMeHun0Ch Ha 5, ¥ YTO BEIBOIHI
Tenepb UMeOT OOJIbIINe 3HAYEHUS.

5.4.3.5 CoxpaHeHue KoHdurypauum HAL

Bosbliyio 9acThk TOrO, YTO MBI OO cUX mOp menanu ¢ halcmd, GbIJIO TPOCTO MPOCMOTPOM YEro-Inbo C
IIOMOIIIBI0 KOMaHOE show. OmHaAKO mIBe KOMaHOH (paKTHUYECKH HU3MEHWIH CUTyaluio. I[Io Mepe Toro,
KaK MBI IIPOEKTHPYeM 60Jjiee CII0KHEIe CUCTEMEI C TOMOIIbio HAL, MBI OyieM HCIIOIb30BaTh MHOKECTBO
KOMaHJ OJIsT HACTPOHKHY TaK, KaK MBI XOTUM. HAL MMeeT maMATh CJIOHA ¥ COXPAHUT 3TY KOHGUTYPaIINIo,
IIOKa MBI er'0 He BEIKITI0YMM. Ho YTo HacueT cemqyromiero pa3a? MBI He XOTUM BPYYHYIO BBOIUTH Ky4y
KOMaH[ KaX[IbIH pa3, KOrga XOTUM UCIIOJIb30BaTh CUCTEMY.

Coxpanenue KoHpurypauuu scero HAL ogHOM KOMaHIOH.

halcmd: save

# components

loadrt threads namel=test-thread periodl1=1000000
loadrt siggen

# pin aliases

# signals

# nets

# parameter values

setp siggen.0.update.tmax 14687

# realtime thread/function links

addf siggen.0.update test-thread

BrIBog KOMaHAOBI Save MpencTaBiseT cobolt mocnenoBaTenbHOCTh Komana HAL. Ecnu BBl HauHeTe C
empty HAL u 3amycTuTe BCe 9TU KOMaH[HI, B ITOJIyYUTEe KOHGUTYpAIHio, KOTopas CyllecTBoBaja Ha
MOMEHT BHITIOJTHEHUSI KOMaHIH save . YTOOBI COXPaHUTh 9TU KOMAaHIHI /I JaTbHEHNIIEr 0 UCIIOTb30BaHUS,
MBI IIPDOCTO IIepeHanpasisieM BEIBOM B daiin:

CoxpaHnute KOHPHUTrypanuo B (paia c nomomso halcmd

halcmd: save all saved.hal
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5.4.3.6 Bbixopa u3 halrun

Korpma BbI 3akoHuMTe ceaHC HAL, BBemute exit B KoMaHpmHOM cTpoke halcmd:. 3To BepHeT Bac K
CHCTEMHOMY IIPUTJIAIIeHNIO ¥ 3aKpoeT ceanc HAL. He 3akpriBaliTe IPOCTO OKHO TEPMHUHAJIa, HE 3aBEPIIIUB
ceanc HAL.

Boeixon n3 HAL

halcmd: exit

5.4.3.7 BoccTtaHoBneHue KoHdurypauuu HAL

YTtoOBI BOCCTaHOBUTHL KOHGuUrypanuio HAL, xpausmntyiocs B ¢patine “saved.hal”, HaM Hy>KHO BHEIIIOJTHUTD
Bce 9Tu KoMaHawl HAL. [I51s1 9TOro MH Kcrnonb3lyeM kiatoun ”-f  <file name> ”, KOTOpPEHI CYUTHIBAET
KOoMaHOH u3 (aiina, u «-I» (3armaBHast OyKBa i), KOTOPBIM IIOKa3bIBaeT npuriamenue halcmd mocre
BBITIOJTHEHUST KOMaH[I;:

3anmyck coxpaHeHHOro daiiza

halrun -I -f saved.hal

O6paTtute BHUMaHue, 4To B aiine saved.hal HeT komaHme! “start”. Heo6xoguMo BBECTH ee CHOBA (MU
oTpefakTupoBaTh ¢aiin saved.hal, 4To6Gsl HOOABUTE €€ TyHa).

5.4.3.8 Ypaneuune HAL u3 namsatm

Ecnu npou3sougeTr HeOXKUOaHHOE 3aBeplleHue ceanca HAL, BO3MOXKHO, BaM IPUAETCS BEITPy3uTh HAL
Iepeq HadajioM CJIedyIoliero ceanca. [ 9TOTO BBeJUTE CJIeOyIOIIyl0 KOMaHay B OKHe TepMHUHaja.

Ynaneaune HAL
halrun -U

5.4.4 Halmeter

Brl MokeTe co30aBaTh OUeHb CI0XKHEBIe cucTeMEl HAL, maxe He UCIIONb3ys rpadudeckuii UHTepderc.
OmHaKO eCTb YTO-TO IPUSTHOE B TOM, YTOOBI BHUIOETh Pe3yIbTaT CBoel paboThl. I[lepBhift U caMblit
npoctort uHctpyMeHT ¢ 'UII gnss HAL — aTto halmeter. 3To odeHb mpocTas mporpamMma, KOTopas
saBisieTcss HAL-skBuBaneHTOM yOOOHOTO MynIbTUMETpPa (MIX aHAIOTOBOTO U3MEPUTEJIS OJIsT OJIMOB).

910 mo3BonseT HabGMIOAaTh 3a KOHTAaKTaMH, CUTHaJIaMH MJIK IapaMeTpaMu, oTo0pazKas TeKYIIIue 3HaYeHU s
3THX 00BEKTOB. DTO OYEHB ITPOCTOE B HCIIOJIb30BAHUY ITPUJIOKEHYUE OJ1s rpadruueckux cpen. B KoHcomu
BBEOUTE:

halmeter

IMTosaBsiTcss mBa okHa. OKHO BbI60pa caMoe OOJIBIIIoe 1 BKIII0UAeT B ceds TPU BKJIQOKH:

* B ogHOM IIepeYdYuCJIEeHbl BCE€ KOHTAKTHI, OIIPpedeJIeHHbBI€ B HAaCTOMIIIee BpeMsd B HAL,
¢ B OIPYI'OM II€PEeYHUCIIEHEI BC€ CUTHAJIHI,

¢* B TPEThEM II€PEYUCJIEHEI BCE IIapaMeETPEI.
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HaxxmMuTe Ha BKIAIKy, 3aTe€M HaXMUTe Ha OOUH U3 3JIEMEHTOB, 4TOOH BEIOpaTh ero. B HebombiioM
OKHe OymeT IToKa3aHO UM U 3HaUeHWe BHIOPaHHOTO 31eMeHTa. [ucmineit oOHOBIsieTCs mpuMepHo 10
pa3 B cekyHOy. YToOGH OCBOOOOUTH MECTO Ha 9KpPaHe, OKHO BHIOOPA MOXKHO 3aKPHITh KHONKOM Close.
B ManeHbKOM OKHE, CKPBITOM I10[] OKHOM BRIOOpa MPU 3aIlyCKe MporpaMMEl, KHOIIKa Select TOBTOPHO
OTKpBLIBAET OKHO BLIOOpA, a KHOMKA EXit oCTaHaABIMBAET IIPOrpaMMy U 3aKphiBaeT o6a OKHa.

Bo3MozxkeH 3allycK HeCKOJIbKHX halmeter’'oB omHOBpeMEHHO, YTO JaeT BO3MOXKHOCTb BU3YaIUu3UPOBATh
HECKOJIbKO 3JIEMEHTOB OOHOBPeMeHHO. UTOoOH OTKPHITh halmeter u BEICBOOOOUTH KOHCOJIb, 3alyCTUB
ero B (OHOBOM peXKHMe, BHIIOTHUTE CIIEOYIONIYI0 KOMaHOy:

halmeter &

MozxHo 3anycTuTh halmeter u 3acTaBUTh €r0 Cpa3y oTobpaxkaThb 37IeMeHT. [17151 3TOro [o6aBbTe apryMEeHThI
pin|sig|par[am] name B KoMaHOHY10 CTPOKY. OH 0TOOpa3uUT CUTHaJI, KOHTAKT UJIX TapaMeTp name, Kak
TOJIBKO 3anycTuTCsA. ECu yKa3aHHBIN 3JIEMEHT HE CYIIECTBYET, TO OH 3alyCTUTCS HOPMAJIBHO.

Haxkowner, ecnu 271eMeHT yKa3aH [AJjIsT 0OTOOpaKeHusi, MOKHO A00aBUTh -S mepeq pin|sig|param, 4To6H
yKa3aTh halmeter ucmonb30BaTh ele MeHbIllee OKHO. MM ameMeHTa OymeT oTOOpaXkaThbCsd B CTPOKE
3ar0JIOBKA, a He IO 3HAa4YeHWeM, W KHOTKM He OygeT. ITO IMOJIe3HO Ans oToOpaxkeHus GOJbIIOTO
KonudyectBa halmeter’'os B HeGOIBIIIOM IPOCTPAHCTBE.

Mt&I cHOBa OyImeM MCHOJIb30BaTh KOMIIOHEHT Siggen, 4ToOH npoBepuTh halmeter. Eciu BBl TOJIBKO YTO
3aKOHYMIIN NPEOLIAYIINHN IIPUMeED, TO BBl MOXKeTe 3arpy3uUTh Siggen, UCIIONIb3ysl COXPaHEeHHBIN (aii.
Ecnu HeT, MBI MOKEM 3arpy3UTh €r0 TakK XKe, Kak Jejlajii 3TO paHblIe:

halrun

halcmd: loadrt siggen

halcmd: loadrt threads namel=test-thread periodl=1000000
halcmd: addf siggen.0.update test-thread

halcmd: start

halcmd: setp siggen.0@.amplitude 5

Ha maHHBI MOMEHT y HaC 3arpyKeH U 3allylleH KOMIOHEHT siggen. IIpuniino BpeMs 3anycTuTth hal-
meter.

3anyck Halmeter

halcmd: loadusr halmeter

IlepBOoe OKHO, KOTOPOE BH YBUOUTE, — 3TO OKHO “Select Item to Probe”.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 226 /1345

Pins Signals | Parameters

siggen.0.amplitude
siggen.0.frequency
siggen.0.offset
siggen.0.sawtooth
siggen.0.sine
siggen.0.square
siggen.0.triangle

Close |

Figure 5.5: Halmeter OkHO BRIOOPa

DTOT Amasior UMeeT TPU BKiIanku. Ha mepBoi BKJlagke oToOpazxkaloTcs Bce KOHTaKThl HAL B cucTeMme.
Ha BTOpOM O0TOOpaxXaroTcs BCe CUTHAJILL, @ Ha TPeTheM — BCe IapaMeTphl. Ml xoTenu Obl CHadasa
TIOCMOTPETh Ha KOHTAKT siggen.0.cosine, mo3TOMYy IeJIKHUTE €T0, a 3aTeM HaXXMUTe KHOIKy “Close”.
[uanoroBoe OKHO BEIOOpa 00BEKTA OIS U3MEPEHUS 3aKPOETCS, U OKHO U3MepeHus OyIeT BEITIIANETD
IIPUMEPHO TaK, KaK II0Ka3aHo Ha CJIeQYIOIleM PUCYHKeE.
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O HallMeter =G
-0.6874131

siggen.0.cosine

Select Exit

Figure 5.6: Halmeter OxHO

YT0oOB M3MEHUTDH TO, YTO OTOOpPaXKaeT U3MEPUTEITh, HaXKMUTE KHOIIKY “Select”, KkoTopast BO3BpalaeTt
okHO ”Select Item to Probe”.

BBI MOMXKHEI YBUAETh, KaK 3HaYEeHHE MEHSIeTCS II0 Mepe TOr0, KaK Siggen reHepupyeT KOCUHYCOUOAILHYIO
BosiHYy. Halmeter oOHOBINsIET AMCIIIEH IPUMEPHO 5 pa3 B CEKYHAY.

Yrtobr! BHIKITIOUUTh Halmeter, IpocTo Ha’kMUTE KHOIIKY BHIXOMA.

Ecnu BB XOTHUTE IPOCMOTPETH 60Jjiee OOHOT0 KOHTAKTa, CUTHAaja HUIIH lTapaMeTpa OQHOBPEMEHHO, BEHI
MOIKEeTe IPOCTO 3amycTuTh Oonbine halmeter'oB. OkHo halmeter 6v110 HaMEPEHHO CHOEJIaHO OYEHbBb
MaJIeHbKUM, YTOOBI Ha 9KpaHe MOTJIO OLITH OQHOBPEMEHHO MHOT'O M300paKeHUH.

5.4.5 Stepgen lNpumep

ITo cux mop MHI 3aTPy3uIu TONbKO oguH KomnoHeHT HAL. Ho Bcst ugest HAL 3akimioyaeTcss B TOM, YTOOBI
IIO3BOJINTh BaM 3arpyzKaTh U COEOUHATH PSAL IPOCTHIX KOMIIOHEHTOB AJIS CO3AaHUA CII02KHOWU CUCTEMEIL.
B cnenymomieM nmpuMepe OyOyT UCIOJIF30BaThHCS ABa KOMIIOHEHTA.

IIpexme YeM MBI CMOKEM IIPUCTYIIUTh K CO30AHMUIO 9TOI'0 HOBOT'O IIPHUMepa, Ml XOTUM HaYaTh C YHCTOI'O
nmucTa. ECiu BH TOJIBKO YTO 3aKOHYHUIIM OOWH M3 MPeObIAyIIuX IPUMEpPOB, HaM HYXKHO yOalluTh BCe
KOMITOHEHTHI U Tepe3arpy3uth 0ubnuoreku RTAPI u HAL.

halcmd: exit

5.4.5.1 YcTaHOBKA KOMMNOHEHTOB

Temnepnb MBI cOOMpaeMcs 3arpy3uUTh KOMIIOHEHT T'eHepaTopa I1aroBeIX UMITYJILCOB. [logpobOHOoe onucanmne
3TOr0 KOMIIOHEHTa CM. B pa3felie «Stepgen» PykoBomcTBa mHTerpatopa. B aToM npumepe MbL Oymem
KCIIOJIb30BaTh TUII yIpaBneHus StepGen velocity. Ha maHHBIN MOMEHT MBI MOK€EM IIPOITYCTUTh [AeTalu
U IIPOCTO BEBEIIIOJIHUTE CIIEOYIOIINEe KOMAaHOHI.

B sToM mpumepe MbI OymeM HCIIOIb30BaTh TUI yIpaBieHus velocity 3 KommnoHeHTa stepgen.

halrun

halcmd: loadrt stepgen step type=0,0 ctrl type=v,v

halcmd: loadrt siggen

halcmd: loadrt threads namel=fast fpl=0 periodl=50000 name2=slow period2=1000000

INepBas KoMaH[a 3arpyzKaeT OBa reHepaTopa Iaros, 06a HaCTPOEHHI Ha I'eHePaIUIo IIIarOBEIX UMITYJIECOB
Tuna 0. Bropas KomMaHpa 3arpyzaeT Halllero CTaporo Apyra siggen, a TpeThsa CO3[AaeT ABa IIOTOKa:
OBICTPHIM C TepuomoM 50 MUKPOCEKYHI (MKC) ¥ MEMIJIEHHBIHN C TeprogoM 1 MunnucekyHma (Mc). BeicTphii
IIOTOK He MoAmepXKuBaeT GYHKINU C IJIaBalollell 3amsaTou.

Kak u mpezkme, MBI MOKeM ucnob3oBaTh halcmd show, uTo6wr mpocMoTpetrs HAL. Ha aTOT pa3s y Hac
ropa3go 60bIlle KOHTAKTOB U apaMeTPOB, UYeM PaHbIIIE:
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halcmd: show pin

Component Pins:

Owner  Type
float
bit
float
float
float
float
float
float
float
s32
bit
bit
float
bit
float
s32
bit
bit
float
bit
float

WWwwwwuwwuwwwwwbrbrphr,rphrphrbrbhbbhrbhp

halcmd: show param

Parameters:
Owner  Type
s32
s32
u32
u32
float
float
float
float
s32
u32
u32
u32
u32
float
float
float
float
s32
u32
u32
s32
s32
s32
s32
s32
s32

WWWWwwwuwwwuwwuwuwwuwuwwuwuwwwuwwwbspd

Dir
IN
ouT
ouT
IN
IN
ouT
ouT
ouT
ouT
ouT
ouT
IN
ouT
ouT
IN
ouT
ouT
IN
ouT
ouT
IN

Dir
RO
Rw
Rw
RW
RO
Rw
RwW
Rw
RO
RW
Rw
Rw
RW
RO
Rw
RW
Rw
RO
RwW
Rw
RO
RwW
RO
Rw
RO
Rw

Value

FALSE

[cNoNoNoNoNoN  No]

FALSE
FALSE

FALSE

FALSE
FALSE

FALSE

Value

0

0
0x00000001
0x00000001
0

0

0

1

0
0x00000001
0x00000001
0x00000001
0x00000001
0

0

0

1

0
0x00000001
0x00000001

[cNoNoNoNoNo]

Name
siggen.0.amplitude
siggen.0.clock
siggen.0.cosine
siggen.0.frequency
siggen.0.offset
siggen.0.sawtooth
siggen.0.sine
siggen.0.square
siggen.0.triangle
stepgen.0.counts
stepgen.0.dir
stepgen.0.enable
stepgen.0.position-fb
stepgen.0.step
stepgen.0.velocity-cmd
stepgen.1l.counts
stepgen.l.dir
stepgen.l.enable
stepgen.l.position-fb
stepgen.l.step
stepgen.l.velocity-cmd
Name

siggen.0.update.time
siggen.0.update. tmax

stepgen.0.dirhold
stepgen.0.dirsetup
stepgen.0.frequency
stepgen.0.maxaccel
stepgen.0.maxvel
stepgen.0.position-scale
stepgen.0.rawcounts
stepgen.0.steplen
stepgen.0.stepspace
stepgen.l.dirhold
stepgen.l.dirsetup
stepgen.l.frequency
stepgen.l.maxaccel
stepgen.1l.maxvel
stepgen.l.position-scale
stepgen.l.rawcounts
stepgen.l.steplen
stepgen.l.stepspace

stepgen.capture-position.time
stepgen.capture-position.tmax
stepgen.make-pulses.time
stepgen.make-pulses.tmax
stepgen.update-freq.time
stepgen.update-freq.tmax
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5.4.5.2 CoepuMHeHue KOHTAKTOB C CUTHaJlaMu

Y Hac ecTh ABa reHepaTopa IIaroBHEIX UMITYJIbCOB U T'€HEepaTOp CUTHAJIOB. Telepb IPHUIIIO BpeMs
Co3maTh HECKOIBLKO curHanoB HAL niis coefnHEeHUs IBYX KOMIIOHEHTOB. MBI coOmpaeMcs MPenCTaBUTh,
4TO [JBa reHepaTopa IIaroBbIX UMIIYJIbCOB IIPUBOOSAT B ABHUIKEHNE OCU X U Y CTaHKa. MBI XOTUM IIepeMeIrnaTh
CTOJI IO KPyTy. [I7I 3TOr0 MBI OTIIPaBMM KOCUHYCHBIM CUTHAJ Ha OCh X, a CHHYCOUAaIbHbIM CUTHAJ Ha
ochk Y. Monynb siggen co3maeT CHHYC U KOCUHYC, HO HaM HYZKHEI «IIPOBOJa» OJIsi COEQUHEHUSI MOOyJien
BMecTe. B HAL «mmpoBopa» Ha3BIBAIOTCA CUTHalaMu. HaM Hy>KHO co3maTh OBa U3 HUX. MEI MOXeEM
Ha3bIBaTbh UX KaK YTOOHO, B 3TOM IIpuMepe 3T0 OyayT «X-vel» u «Y-vel». Curuan «X-vel» mpegHasHadyeH
IJI1s Iepefady OT KOCUHYCHOTO BEIXO[a reHepaTopa CUTHAJIOB Ha BXO[ CKOPOCTH IIEePBOTO reHepaTopa
[1arOBBIX UMITYJIECOB. [IepBHIM IIaTOM SBASETCS NOOKIIIOUEeHEe CUTHalla K BEIXO[y TeHepaTopa CUTHalIOB.
Y100 MOOKITIOYNUTh CUTHAN K BBIBOY, MBI MCIIOJIb3YEM KOMaHAOY net.

net command

halcmd: net X-vel <= siggen.0.cosine

YT0O6H YBUOETH 3(1)(1)GKT OT KOMaH[OHkI net, MBI CHOBa IMOKaxkeM CUTHAaJIbL.

halcmd: show sig

Signals:
Type Value Name (linked to)
float 0 X-vel <== siggen.0.cosine

Korpa curaan nogxmoodyeH K OOHOMY MJIM HECKOJIBKMM KOHTAkKTaM, KOMaHAa Show BBIBOOUT CIHCOK
KOHTaKTOB Cpa3y IOCJle UMeHH curHana. Cmpeska IOKa3blBaeT HallpaBJIeHHe IIOTOKa JaHHBIX —
B JaHHOM CJlydae OaHHEBEIE IIepefaloTCs OT KOHTaKTa «siggen.0.cosine» K curHany «X-vel». Temeps
maBaliTe IopgkiouuM X-vel KO BXOLYy CKOPOCTH I'eHepaTopa IIaroBhIX UMITYIIbCOB.

halcmd: net X-vel => stepgen.0.velocity-cmd

ME&I TaKKe MOXKeM IOAKII0YNTE curHasocu Y Y-vel. OH npefHa3HaveH i paboTh 0T CHHYCOUAAIbHOTO
BBIXO[ja TeHepaTopa CUTHAJIOB IO BX0Oa BTOPOT0 reHepaTopa IIaroBeIX UMIYJIbCOB. Cienyoolnas KoMaHaa
B OIHOM CTPOKE BHIIIOIHSIET TO, YTO ABe KoMaH[bl net Beimomuumu Oist X-vel.

halcmd: net Y-vel siggen.0.sine => stepgen.l.velocity-cmd

Tenepb uaBaﬁTe €l1e Pa3 B3rJIdHEM Ha CUTHAJIBI U IIOOKJIIOYEHHBIE K HUM KOHTAKTHI.

halcmd: show sig

Signals:
Type Value Name (linked to)
float 0 X-vel <== siggen.0.cosine
==> stepgen.0.velocity-cmd
float 0 Y-vel <== siggen.0.sine

==> stepgen.l.velocity-cmd

KoMmanma show sig mosicHAeT, KaK UMEeHHO HIaHHBIe nTpoxonaT dyepe3 HAL. Hanpuwmep, curaan X-vel
IIOCTYyIIaeT C KOHTaKTa siggen.0.cosine u umeT Ha KOHTaKT stepgen.0.velocity-cmd.

5.4.5.3 HacTtpoukKa BbiNoOJIHEHUA B peasibHOM BPEMEeHU — NOTOKU U DYHKL UM

ITpencraBneHue gaHHBIX, IIPOXOOSINNX II0 “IIPOBOAaM”, IIO3BOISIET JOCTATOYHO JIETKO ITOHATH KOHTAKTHI
u curHanel . C moToKaMu U QYHKIUSIMH HEMHOTO ciloXHee. OYHKIIMU comepXKaT KOMIIBIOTEPHBIE
WHCTPYKIIUHU, KOTOPHIE NEUCTBUTENIBHO ITO3BOISIOT JOOUTHCS enu. [I0TOK — 9TO METO[, UCTI0JIh3YEeMBbIH
IJISI 3aIlyCKa 9TUX MHCTPYKIIUM, KOTIa OHM HeoOXxoauMEel. [I71s1 Havyasia JaBaiTe IIOCMOTPUM Ha IOCTYITHEIE
HaM GYHKINU.
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halcmd: show funct

Exported Functions:

Owner  CodeAddr Arg FP  Users Name
00004 9992000 fc731278 YES 0 siggen.0.update
00003 f998b20f fc73106b8 YES 0 stepgen.capture-position
00003 f998b00O fc7316b8 NO 0 stepgen.make-pulses
00003 f998b307 fc7310b8 YES 0 stepgen.update-freq

B o6mieM, BaM IpupgeTcss 00paTUTHCA K JOKYMEHTAIIUU KaKAoTr0 KOMIIOHEeHTa, YTOOH y3HaTh, KaKue
byHKIIMYM OH BHITONMHSAET. B 9TOM ciyuae pyHkIiusa siggen.0.update ucnons3yercs oyigs 06HOBIEHUS
BBIXO[JOB F'eHepaTopa CUTHaJIOB. KaxkXawiii pa3, KOrga OH BBEIIIOJIHAETCS, OH BEIYUC/IIET 3HaUY€HU I BEIXOIHBIX
CUTHAJIOB CUHYyCAa, KOCUHYCAa, TPEeyTOoIbHUKA U IPSIMOYTOJIbHUKA. YTOOBI CUTHAIHI OBININ I1JTaBHBIMU, €T0
HeoOXOOMMO 3aIIyCKaTh Yepe3 OIpefeIeHHEe IIPOMEXKYTKY BPEMEHH.

OcTanpHBIE TPpHu ¢)YHKL[PIH OTHOCSATCA K TeHepaTopaM IIarOBEIX UMITYJIECOB.

ITepsriit, stepgen. capture position, ucmons3yercs giist o6paTHOM CBA3U IO MONOXKEHNUI0. OH GUKCUPYET
3HA4YeHWe BHYTPEHHEr0 CYeTUYMKA, KOTOPHIM CUNTAET IIaroBble UMITYJIBCH 110 Mepe uX reHepanuu. [Ipu
OTCYTCTBUY IPOIYIIEHHEIX UMITYJIBCOB 3TOT CUETYUK ITOKA3BIBAET [IOJIOKEHUE IBUTATEIIS.

OcHoBHas QyHKIMS reHepaTopa IIaroBEIX UMNOYJILCOB — stepgen.make pulses. Kaxnmreiii pas, Korga
3anyckaeTcsi make pulses, oH pelmlaeT, IIopa Ix CHesiaTh II1ar, ¥ eCJIU Aa, TO COOTBETCTBYIOMIMM 00pa3oM
YCTaHaBJIMBa€T BEIXOOHBIE NaHHEIE. ,]:[J'IH IIJIaBHBIX UMIIYJIECOB Illar'a OH OOJI2ZKE€H paﬁOTaTb KaK MOXHO
yamie. [TockonbKy nmporpamma make pulses monkHa paboTaTh O4eHb OBICTPO, OHA BEHICOKO OIITUMM3MPOBaHa
1 BBITIOJTHSIET JIMIIbF HECKOIbKO BEIYMCIIEHUI. B OTIMYMe OT OPyTrux, OH He TpeOyeT MaTeMaTUIeCKUX
BHIYUCJIEHUN C IIJIaBaloIley 3alsaTou.

IMocnemusis dyukmus, stepgen.update-freq, oTBeyaeT 3a MacmTabUpoOBaHue U HEKOTOPHIE OPYyTHe
BBIYUCIIEHUS, KOTOPBIE HEOOXOOUMO BBHITIONMHSATh TOJIBKO IIPU U3MEHEHWH KOMaHIbl YaCTOTHI.

B HamreMm npuMepe 3TO 03Ha4YaeT, YTO MBI XOTUM 3allycKaTh siggen.0.update c yMepeHHOM CKOPOCThHIO
IJIs BRIYMCIIEHUS 3HAYEeHUM CHHyca U KocuHyca. Cpa3sy mocjse 3amycka siggen.0.update MbI XoTUM
3anycTuTh stepgen.update freq, 4ToGH 3arpy3UTh HOBEIE 3HAYEHUS B TEHEPATOP IarOBHIX UMITYTbCOB.
Haxkonerl, HaM Hy>KHO 3amnyckaTthb stepgen.make pulses Kak MOKHO OLICTPEE [IJI OJIYUEHUS TIJITaBHBIX
UMOyabCOB. [TOCKOJILKY MBI HEe MCIIO/Ib3yeM 0OpaTHYIO CBS3b IO IIOJIOKEHUI0, HaM Bo0oOIIe He HYKHO
3anyckaTh stepgen.capture position.

Mzl 3anyckaeM GyHKIUM, 00OaBIIAsa UX B IOTOKHU. KaxX bl TOTOK paboTaeT ¢ onpeneleHHOM CKOPOCThIO.
IaBaiTe IOCMOTPUM, KaKHe IIOTOKH Y HaC €CThb.

halcmd: show thread

Realtime Threads:

Period FP Name ( Time, Max-Time )
996980 YES slow ( 0, 0)
49849 NO fast ( 0, 0)

IIBa moToKa OBUIM CO3TAHBI, KOTIA MBI 3aTrPY3UIU NOTOKWU. TTepBEIi, MEANIEHHbIN, BRITTOTTHSIETCSA KaXKOyIO
MUJUTMCEKYHIY ¥ CII0COOEH BBIIOIHATH GYHKIIUY C IJIaBaloed 3anaToi. Mur 6ymeM UCIIOIb30BaTh €T0
mist siggen.0.update u stepgen.update freq. Bropoit moToK sBiasieTcst ObICTPLIM, OH BHITIOTHSETCS
Kaxpaele 50 MUKPOCEKYH[ (MKC) ¥ He MOOOEepIKMBAET ONepaluy C IJIaBaloIllel 3aniaToi. Mel 6ymem
HCII0Nb30BaTh ero s stepgen.make pulses. YToObl MOOKIIOUUTE GYHKINU K HYKHOMY IIOTOKY, MBI
ucmnonb3lyeM KomaHay addf. CHagana MBI yKa3biBaeM GYHKIIHIO, a 3aTEM ITOTOK.

halcmd: addf siggen.0.update slow
halcmd: addf stepgen.update-freqg slow
halcmd: addf stepgen.make-pulses fast

ITocme TOrO, KaK MHE JamguM 3TH KOMaHObI, MBI MO2KEM CHOBa 3alyCTUTL KoMaHay show thread, uToOnr
YBUIETH, YTO IIPOUIOIINIO.
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halcmd: show thread

Realtime Threads:
Period FP Name ( Time, Max-Time )
996980 YES slow ( 0, 0 )
1 siggen.0.update
2 stepgen.update-freq
49849 NO fast ( 0, 0 )
1 stepgen.make-pulses

Tenepb 3ad KaXKIObIM IIOTOKOM CJIEAYIOT UMEHa (bYHKLII/Iﬁ B TOM IIOpAdKe, B KOTOPOM OHH GYI[YT BBITIOJIHATBCA.

5.4.5.4 HacTtpomnka napaMeTpoOB

ME1 mo4TH TOTOBH 3anlyCcTUuTh Hanty cuctemy HAL. OmHako HaM BCe eIlle Hy?KHO HaCTPOUTh HECKOJIBKO
napaMmeTpoB. [To ymMom4yaHUI0O KOMIIOHEHT Siggen TeHepUpyeT CUTHAJIbl, KOTOphie KoJebmoTcs oT +1

mo -1. [nsg Hallero mpuMepa 9TO HOPMAaJIbHO: MBI XOTHM, YTOOBEI CKOPOCTH CTOJIa MeHsJach oT +1
mo -1 mioiima B cekyHOmy. OmHaKO MacIITabMpoBaHHe IeHepaTopa IIaroBBIX MMITYJIbCOB HE COBCEM
mpaBuiibHOE. 10 YMOJTYaHUIO OH T€HEPUPYET BHIXOAHYIO YaCTOTy 1 MMIYJIEC B CEKYHOY HIPHU BXOTHOM
3”Hauenuu 1,0. Bpsig nu oguH UMITyIbC B CEKYHAY OacCT HaM JIBUXKEHME CTOJIa Ha OMH JIOWM B CEKYHIY.
BwmecTo 3TOrO TpEennoyioxKuM, uTo y Hac ecThb IIIBII co ckopocThio 5 060pOTOB Ha AI0NM, COeTuHEeHHasa

C IIAaTOBHIM OBUTATeJIeM cO CKopocThio 200 1maroB Ha o60poT u 10-KpaTHBIM MHKpOIIAroM. Takum
o6pa3oM, mist omHOro ob6opoTta BuHTa Tpebdyetcst 2000 1m1aroB, a Ojis MepeMeIeHust Ha OOUH JIOUM —

5 060poTOB. ITO O3HAYAET, YTO 00I1Iee MacmTabupoBanue coctapnsgeT 10 000 raros Ha miouM. Ham
HY2KHO YMHOXKUTH BXOOHYIO CKOPOCTH, ITIOfJaBaEMYIO0 Ha I'eHepaTop MIaroBEIX MMIIyNIbCOB, Ha 10000,
4TOOHI ITOTyYUTh TPABUILHBIN BEIXOOHOM cUTrHasl. UMeHHO [IJid 9TOT0o HYy2KeH ImapaMeTp stepgen.n.position
B aTtomMm ciiydae ocu X 1 Y MMeIOT OHMHAKOBOE MacIITabUpoOBaHue, I09TOMY MBI yCTaHaBIMBaeM ITapaMeTphH
MaciiTabupoBaHus mias obenx Ha 10000.

halcmd: setp stepgen.0.position-scale 10000
halcmd: setp stepgen.l.position-scale 10000
halcmd: setp stepgen.0.enable 1
halcmd: setp stepgen.l.enable 1

9To MacmTabupoBaHKEe CKOPOCTH O3HAYaeT, YTO Korga KOHTAkKT stepgen.0.velocity-cmd pasen 1,0,
reHepartop maroB 6ymeT reHepupoBaTh 10000 ummnynscoB B cekyHAy (10 kI't). ITpu mcmomb3oBaHUU
meuratens u IIIBII, onrcaHHBIX BHIIIIE, OCh OyIeT mepeMellaThCs CO CKOPOCThIO poBHO 1,0 Aroiim B
CEeKyHOy. IDTO UITIOCTPUPYET KII0UeBYI0 KOHIlennio HAL — Takue onepanuy, Kak MacinTabupoBaHue,
BBITIOTHSIIOTCSI HA MUHMMAaJIbHO BO3MOXKHOM YPOBHE, B JaHHOM CJIy4dae B reHepaTope IIaroBhIX UMIIYJIECOB.
BayTtpenHui curtan X-vel — 3TO CKOPOCTH CTOJIa B [l0MiMax B CEKYH[Y, a Apyrue KOMIIOHEHTHI, TaKHe
Kak siggen, BooOIe He 3HAWOT (MK 3a00TATCS) 0 MaciTabupoBaHuu. Ecmu O6v1 MBI oMeHsnu [1IBI1
WJIU OBUTATENb, Mbl ObI U3MEHUIU TOJILKO ITapaMeTp MacliTabupoBaHus reHepaTopa 1aroBLIX UMITYIbCOB.

5.4.5.5 3anycTtuTtb ero!

Temnieps y HaC BCe HACTPOEHO U MHI T'OTOBH K 3anycKy. Kak U B IepBOM IIpUMeEpPE, MBI UCIIOJIb3yeM
KoMaHpOy start.

halcmd: start

XoTsL KaXkeTcs, YTO HUYEero He IMIPOUCXOOUT, BHYTPU KOMIIbIOTEPA I'e€HEepaTop IIaroBBIX WMITYJIBCOB

KaXAylo CEKyHAY BEIAeT IIaroBble UMITYJILCEL ¢ 4acToToi oT 10 kKI'1 Biepern mo 10 kI'11 Hasam u o6paTHO.
[To3xke B 3TOM ypOKe MBI YBUAUM, KaK UCIIOIb30BaTh 3TN BHYTPEHHME CUTHATIE /I 3allyCKa OBUTaTesIel
B peasibHOM MHUDe, HO CHadajla MBI XOTUM B3TJITHYTH HA HUX U IIOCMOTPETH, YTO IIPOUCXOTHUT.
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5.4.6 Halscope

[Mpembioylnuii IpUMep TeHepUupPyeT HeCKOIbKO 0UYeHb HHTePECHBIX CUTHAJIOB. Ho MHOTOE B3 TOTr0, YTO
ITPOMCXOOUT, TPOUCXOOUT CIIUIIKOM OBICTPO, YTOOB YBUIAETDH C mOMOIIbio halmeter. YToOw mobnuxe
B3TJITHYTBh Ha TO, YTO IIpoucxomut BHyTpu HAL, HaMm noHamo6uTtcs ocumminorpad. K cuacrteio, y HAL
€CTh TAaKOU UHCTPYMEHT, KOTOPHIU Ha3kIiBaeTcsa halscope.

Halscope cocTOMT U3 ABYX YacTel: YaCTH PeaTbHOTO BPEMEHU, KOTOpas CYUTHIBAaeT curHassl HAL, u
YacTH He peajbHOTO BpeMeHHU, KoTopas obecneunBaeT I'MII u oTroOpaxkenue. OgHAKO BaM He HYKHO
006 3TOM OECIIOKOHUTHCSI, ITIOCKOJIBKY YacTh, He paboTalomiasi B pealbHOM BPEMEHH, aBTOMAaTUYEeCKH
3arPy3uUT YacCTh PeabHOTO BpeMeHH, KOTfla 9TO He0OX0IuMO.

Korpma LinuxCNC paboTaeT B TepMuHaJjle, BBl MOXKeTe 3aIlyCTUTh halscope ¢ IMOMOIIBIO Clemylomie
KOMaH[IHI.

3anyck Halscope

halcmd loadusr halscope

Ecnu LinuxCNC He 3anyiueH unu ¢aiin autosave.halscope He cOOTBETCTByeT KOHTaKTaM, JOCTYIIHLIM B
tekymieM paboTamiieMm LinuxCNC, orkpoetcs okHo I'MIT ocumnorpada, 3a KOTOPHM Cpa3y HocieayeT
muanoroBoe okHO Realtime function not linked, KoTopoe BHITJIAAUT KaK NMOKa3aHO Ha CJIeylolieM
pucyHke. YToOb U3MEHUTH YaCTOTy QUCKPETU3aluH, eIKHUTE JIEBOM KHOIIKOM MBIIITY Ha I10JIe CEMIIJIOB.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 233 /1345

” !

L Realtime function not linked A X

The HALSCOPE realtime sampling function
must be called from a HAL thread in to
determine the sampling rate.

Please do one of the following:
Select athread name and multiplier then click 'OK'

ar
Click 'Quit’ to exit HALSCOPE

Thread: slow
Sample Period: 1.00 ms
Sample Rate: 1.00 kHz

Thread | Period

slow 1.00 ms .

fast 50.0 pus
Multiplier: 1 -+
Record Length
16000 samples (1 channel)
8000 samples (2 channels)
'ﬂ' 4000 samples (4 channels)

2000 samples (8 channels)
1000 samples (16 channels)

OK Quit

Figure 5.7: [InanoroBoe oKHO He CBsI3aHHOE C QYHKIIMEN peanbHOT0 BpEMEHU

B sTOM muanmoroBoM OKHe BBl yCTaHaBJIMBaeTe YaCTOTy OUCKpeTH3aluu ocumiorpada. Ha mamubIN
MOMEHT MBI XOTUM ITPOM3BOOUTE BEIOOPKY OOMH pa3 B MUJIJIMCEKYHY, IIO3TOMY HaXXMUTE Ha MeO1eHHblll
noTOK 989 MKC U OCTaBbT€ MHOXKUTEIb PaBHBIM 1. MHI TakKe OCTaBUM OJIMHY 3anucu paBHoi 4000
BBIOOPOK, YTOORI MBI MOTJIM MCIIOJIL30BaTh A0 YETHIPEX KaHaloB ogHOBpeMeHHO. Koraa Brl BEIOUpaeTe
noTOoK M HaxkuMaeTe OK, ouanoroBoe OKHO McYe3aeT, a OKHO 00J1acTU OeUCTBUS BHITIAOUT IIPUMEPHO




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 234 /1345

TakK, KaK IIOKA3dHO Ha ClieOyllleM PUCYHKE.

— HAL Oscilloscope A _ O X
File Help
Horizontal Run Mode— Trigger
Zoom Normal G Normal
500 ms 4000 samples .
) Single Auto
Pos per div at 1.00 kHz
, Roll Force
l I —— 0 Stop Level Pos
: g\ crtical
Gain Pos | |
Level
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Scale -
Rising
Selected Channel
Offset Source
""" MNone

Figure 5.8: HauanrHOe OKHO ociuiiorpada

5.4.6.1 TlNMoakniouyeHue LLYNOB

Ha sTom stame Halscope roToB K HCIIOJIb30BaHUIO. MBI yXKe BBEIOpai 4aCTOTY OUCKPETH3alluu U
OJIMHY 3allMCH, II09TOMY CHIeOYIOIINH IITaT — PEeIIuThb, Ha YTO 00paTUTh BHUMaHUEe. ITO 3KBUBAJIEHTHO
MMOOKJIIOYEHUI0 8UPMYA1bHbIX Wynos ocyuinozpaga Kk HAL. Halscope nmeeT 16 KaHanoB, HO KOJIMYECTBO,
KOTOPOE BhI MOZKETE UCI0JIh30BaTh OHHOBPEMEHHO, 3aBUCUT OT OJIMHLI 3aITUCU: OOJIbIIe KaHAJIOB O3HAYAET
0o0Jiee KOPOTKME 3alIUCH, TTOCKOJIBKY OOCTYITHAS I 3allMCU NTaMATh (PUKCUPOBaHA M COCTaB/ISIET IIPUMEPHO
16 000 BBIOOPOK.

KHONKY KaHaJIOB pacHoOIOKEHHEl B HUJKHEU YacTU 3KpaHa rajockona. HaxmuTe KHONKY I, U BH
YBUOUTE OuajoroBoe okHO Select Channel Source, Kak mOKa3aHO Ha CIeOyIOIleM PUCYHKe. ITOT
OUaor O4YeHb IT0X0XK Ha TOT, KOTOPHIY ucnonb3yeT Halmeter. Ham xoTenock 661 IPOCMOTPETH CUTHAJIHL,
KOTOpBLIe MBI OIIPEeHOeNuIn paHee, IMO3TOMY MBI HaXXMMaeM BKIIaOgKy Signals, m B OUaroroBOM OKHE
otoOpaxkaroTcs Bce curHasnbl B HAL (TonbKO [Ba AJIsE 9TOTO IpUMeEpa).
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Pins

fast.time

scope.sample.time

siggen.D.clock
siggen.D.cosine
siggen.0.frequency
siggen.0.offset
siggen.0.reset
siggen.0.sawtooth
siggen.0.sine
siggen.0.square
siggen.0.triangle

siggen.0.update.time

Select Channel 1 Source A

Signals Parameters

siggen.0.amplitude

OK Cancel

Figure 5.9: Bribop KaHaia UCTOYHUKA

YT0o0OBI BBIﬁpaTI: CUT'HaJI, IIPOCTO HaXXMHUTE Ha HEero. B marHOM Clly4yae MBI XOTHM, yTOoOBI KaHam 1
OT06pa}KaH curan X-vel. Haxmure BKJIIaOKYy «CurHanbel», 3aTEM HaXXMUTE X—vel, OKUaJjioroBoe OKHO

3aKpoeTcs:, ¥ KaHan O6ymeT BEIOpaH.
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L Select Channel 1 Source F 4
Pins Signals Parameters
Y-vel
OK Cancel

Figure 5.10: BribpaTh cursain

Kuxomnka KaHana 1 HaxaTa, ¥ IO PSIOOM KHOIOK IIOABIISIOTCS HOMep KaHasa 1 u Ha3BaHue X-vel. Ha
3TOM [HCII/Iee Bcerga oTo0pakaeTcs BLIOpaHHBIM KaHall — Ha 9KpaHe MOXKeT OBITh MHOTO KaHaJjloB, HO
BBIOpPAHHEIN OyHeT BhIAeJIeH, a pa3/InuYHbIe 3JIeMeHTH yIIPaBlIeHNsI, TaKhe KaK BepPTUKaIbHOe ITI0I0XKeHHe
u MacirTab, Bcerga OyayT paboTaTh ¢ BLIOpaHHBEIM KaHAJIOM.
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L] HAL Oscilloscope A _ O X
File Help
Horizontal Run Mode—Trigger
Za0m Normal G Normal
500 ms 4000 samples .
. Single Auto
Pos per div at 1.00 kHz
. Roll Force
St
I ! —— O op Level Paos
Vertical
Gain Pos | |
Level
Scale Risi
: 1 /div sing
Selected Channel
Offset Source
1 X-vel 0.000 None

Figure 5.11: Halscope

YroOsl mo6aBUTH CUTHA Ha KaHall 2, HaXKMUTe KHONKY 2. Korpa mosiBUTCS I1aioT0OBOE OKHO, IIepelinuTe
Ha BKJaIKy Signals, 3aTeM Haxxmute Y-vel. MEI TakKe XOTUM IIOCMOTPETH Ha BHIXOOHBIE CUTHAIIHI
IPSMOYTONIBHBIX ¥ TPEYTOIbHEIX BOTH. K 9TUM KOHTaKTaM He IOOKITI0OYeHEl HUKaKue CUTHAE, II09TOMY
BMECTO 3TOT0 MBI MCIIOJIb3yeM BKnagky Pins. [Ins kaHana 3 BeiGepurte siggen.0.triangle, a oyist KaHana
4 — siggen.0.square.

5.4.6.2 3axBaT HalUUX NEPBbIX CUTHAJNOB

Teneps, korga K HAL nogxmi04eHO0 HECKOJIBKO IITyII0B, IPUIILIO BpeMS IOCMOTPETh HECKOJIBKO CUTHAJIOB.
Yrto6nl 3anycTuTh halscope, HaxxmMute KHOKy Normal B pa3pgesie skpaHa Run Mode (BBepXxy cipasa).
IMockonbKy y Hac ecTh anuHa 3anucu 4000 Be160pok u Mel monmydaeM 1000 BEIGOPOK B cEKyHAY, halscope
moTpebdyeTcst 0KOJIO 2 CEKYH, YTOOBI 3aII0THUTD IOJIOBUHY Oydepa. B 3T0 BpeMsi MHOUKATOP BHIIIOTHEHU S
HaJ TJIaBHBIM 9KpaHOM Oy[eT IoKa3hkIBaTh 3amojiHeHue 6ydepa. Kak Tonbko 6ydep 3anoTHUTCS HATlOJIOBUHY
halscope oxkupaeT Tpurrepa. [IoCKOJILKY MBI €T0 €llle He HaCTPOUJIM, OH OyneT KAaTh BeYHO. YTOOH
3alyCTUTh €ro BPYYHYIO, HaXXMUTe KHOIKY Force B pa3mene Trigger B IpaBoM BepxHeM yriy. Bm
OOJKHEI YBUAETH 3all0JITHEHNE OCTaBIIelcst 4acTy Oydepa, rmocye 4ero Ha 3KpaHe 0TOOPA3sITCSI 3aXBaYeHHEBIE
curHainel. Pe3ynbraT OyAeT BRITIAAETh IPUMEPHO TaK, Kak II0Ka3aHO Ha CIIeOyolneM PUCYHKe.
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- HAL Oscilloscope A _ O X
File Help
Horizontal Run Mode— Trigger
Zoom O Normal | © Normal
500 ms 4000 samples ,
: Single Auto
Pos per div at 1.00 kHz
. Roll Farce
] TRIGGER? S0P || el Pos
R R R Vertical
....... RN Gain  Pos | |
........ Level
Scale o
1 /div rIsing
Selected Channel
Offset Source
4 siggen.0.square f(-1.99800) = -1.00000 (ddt @.90000) 0.000 None

Figure 5.12: 3axBadyeHHbIE CUTHAJIHI

B mosne Selected Channel BHU3y yKa3aHO, 4TO (puoeToBas KpuBas — 3TO BHIOPAHHBIA B MaHHBIN
MOMEHT KaHal 4, KOTOpHY oToOparkaeT 3Ha4YeHHe BHIBOJa Siggen.0.square. ITompobyiiTe HaXkaThb
KHOMKM KaHauoB ¢ 1 1o 3, 4TOOR! BEIIEUTDL TPU OPYTHUE KPUBHIE.

5.4.6.3 BepTukanbHas peryimpoBKu

CurHanbl JOBOJILHO CIIOXKHO Pa3/IMYUTh, IIOCKONIBKY BCE YETHIPE HAXOOSTCS OPYT Ha Apyre. YToOwI 9TO
KUCIIPaBUTDb, MBI UCIIOIb3YEM 9JIEMEHTHI yIIpaBieHus Vertical B moje ciipaBa OT 3KpaHa. JOTHU 3JIEMEHTHI
yIIpaBIeHUS AeHCTBYIOT Ha TEKYIINH BEIOPaHHbIN KaHan. [Ipyu HacTpPoHKe yCuiIeHus: 00paTuTe BHUMaHUE,
YTO OH OXBaThEIBAeT OTPOMHEBIM [uMarna30H — B OTJIMYME OT HACTOSIIEro ocluuianorpada, OH MOXKET
oToOpazkaTh CUTHAIBEI B MUAMla30HE OT OYEeHDb MAJIeHbKHUX (ITMKO-€IUHUIIEI) N0 OUYeHb OONbIINX (Tepa-
eOUHUITE). JJIEMEHT YIIPaBJIEHUS IIOJIOKEHUEM IIepeMelllaeT oToOpaxkaeMblii CUTHAJl BBEPX U BHU3
TOJIBKO II10 BEICOTE 9KpaHa. 15 60Jiee KPYIIHBIX PETYIUPOBOK CIIEAYET UCIIONb30BaTh KHOIIKY CMEIIeHU .
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- HAL Oscilloscope A - O X
File Help
Harizontal Run Mode— Trigger
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Figure 5.13: BepTukansHasa peryiupoBKa

Bonbirasi kHonka Selected Channel BHM3Y ykKa3blBaeT, YTO KaHai 1 B JaHHBIM MOMEHT BHIOpaH U
cooTBeTCcTByeT curtany X-vel. Ilonpo0Oy¥iTe HaXkaTh Ha OPYTrue KaHasbl, YTOOH YBUETh UX CUTHAJILI U
MMeTh BO3MOXKHOCTD IlepeMelllaTh UX C IIOMOIIIbI0 Kypcopa Pos.

5.4.6.4 3anyck pa3BepTKu

Ucnons3o0Banre KHOIKYU Force — oBOJIBHO HEYIOBIETBOPUTEIIBHEIN CITOCO0 aKTUBUPOBATE ocuuyIiorpad.
YToOB HACTPOUTH PEANTLHLIN TPUTTEP, HAZKMUTE KHOIIKY Source ciipaBa BHU3Y. [10sIBUTCS OHUaIOTOBOE
okHO Trigger Source, KOTOpPOe MPeACTaBIsieT CO00M MPOCTO CIKUCOK BCEX IIYIIOB, KOTOPHIE B MaHHBIN
MOMEHT IIOJK/II0YeHbl. BribepuTe 11y, KOTOPHIM OyIeT HMCIIONb30BaThCS [JIS 3aIlycKa, IeJKHYB II0
HeMy. B aToMm mpuMepe MBI OyIeM HCIIONIb30BaTh KaHall 3, TPEYIOJIbLHYIO BOJIHY, KakK ITOKa3aHO Ha
CclenyoleM PUCYHKE.
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Trigger Source A X
Select a channel to use for triggering.

Chan | Source

1 X-vel
2 ¥-vel
3 siggen.0.triangle I

4 siggen.0.square
5
6 —_
7
8

9 —
10 —
11 —
12 ---

Cancel

Figure 5.14: [Muanor uCTO4YHKKA 3aIlyCcKa

Ilocne YCTAaHOBKHU HCTOYHHKa TPUITE€PAa BEI MOZXKEeT€ HaCTPOMUTL YPOBEHBb U IIOJIOZKEHMNE TPpUrrepa C
IIOMOIIIBIO ITOJI3YHKOB B 11osie Trigger BOOJIb IPaBOro Kpasi. YPOBEHb MOXKHO PEryJINPOBaTh CBEPXY BHU3
II0 3KpaHy, OH oToOpaXKaeTcs IOf MOoJI3yHKaMu. [Io3UINs — 9TO pacHojokeHUe TPUTTEPHON TOYKU
B o0miei 3anucu. Ecnu IOnI3yHOK IOJIHOCTHIO OIyIIEeH, TOYKa 3allyCKa HaXOAUTCS B KOHIIE 3allUCH,
a halscope oToOpazkaeT TO, YTO IIPOM3OIIJIO J0 TOYKH 3anyckKa. Korma non3yHOK IOJTHOCTBIO IOAHAT,
TOYKa 3allyCKa HaXOOUTCs B HadaJle 3alluCH, 0oToOpazKas TO, YTO IPOU3OIIUIO IIOCIIe ee 3alycKa. Todka
3alycka oTobpazkaeTcs B BUe BePTUKaIbHON IMHUY B OKHE BHIIIOTHEHUS Haf 9KpaHoM. ITonspHOCTH
TPUITEpa MOXKHO MU3MEHUTH, HaXKaB KHOIIKY UyTh HUXKe OUCIIes YPOBHS Tpurrepa. Torga oH cTaHeT
descendant. O6paTuTe BHUMaHNe, YTO U3MEHEHUE I10JI0KEeHUsI TPUITepa OCTaHaBIWBaeT ocuusiorpad,
KaK TOJIBKO IIOJIOJKEeHUe OBIJIO OTperyiIupoBaHO. Bl mepesamnyckaeTe ocuuyuiorpad, HaxaB KHOIKY
Normal B rpynnie Run mode .

Tenepb, KOr'ia MBI HaCTPOMJIX BEPTUKAJIbHEIE 3JIEMEHTHI YIIPABJIEHUA U TPDUTITED, OT06pa}KeHI/Ie 0CHHHHOTP&¢
BEITJIAOUT IIDUMEPHO TaK, KaK IIOKA3aHO Ha ClIeOyrlleM PHUCYHKE.
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Figure 5.15: Cursarisl ¢ 3allyCKOM

5.4.6.5 Topu3oHTaNbHble PEerysimpoBKu

YToOB BHUMATENBHO PACCMOTPETH YaCTh CUTHAJIA, BBl MOXKETE UCIIOJTh30BaTh ITOJI3YHOK MacIITaOMPOBaHUSI
B BEpXHEH YaCTU 9KpaHa, YTOOH pa3BEPHYTH CUTHAJIHI IT0 TOPU30HTAJIH, @ TaKXKe TI0JI3YHOK ITOJI0KEHUS,
4TOOHI OITPENeNINTh, KaKasd 4YacTh YBeIMYEeHHOT0 CUTHasla BUungHa. OmHaKo, MHOTIa IIPOCTOT0 PACIINPEHUS
¢opmEI curHasa HeOOCTaTOYHO, ¥ He0OXOOMMO YBEIUYUTh YaCTOTy OUCKpeTu3anuu. Hanpumep, M
xoTenu OBl B3TTITHYTh Ha (pakTUYeCKue IaroBble UMITYJIbCH, KOTOPhIE TEHEPUPYIOTCS B HAIIEM IPUMEDE.
IToCKOMBKY OJIMTENBHOCTD IIarOBEIX UMITYJIECOB MOKET COCTaBIIATh Bcero 50 MKC, BEIOOpPKa Ha 4acToTe

1 k['mHepmocTaTOYHA. [J19 U3MEHEHUS YaCTOTH IMCKPETHU3AIINY, HAXKMUTE KHOTIKY, KOTOpas oTo6paxkaeT
KOJIMYECTBO BHIOOPOK ¥ YACTOTy OMCKpPETHU3alluu, YTOOBI OTKPHITH AUAJIOr0OBoe OKHO Select Sample
Rate. B aTom npumepe MHI BEIGepeM nOTOK 50 MKC, 6b/cmpblll, 9YTO JACT HaM YaCTOTY OUCKPETU3aluu
okoso 20 kI'u. Temephs BMecTO oTOOpaxKeHUs OMaHHBIX 3a 4 CEKyHOH oOHa 3amuch comepzkuT 4000
BEIOOPOK ¢ wacTtoTow 20 KI'11, wimu okoio 0,20 ceKyHHI.
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” .1

L] Select Sample Rate P

Select athread name and multiplier then click 'OK'

or
Click 'Quit' to exit HALSCOPE
Thread: fast
Sample Period: 50.0 ps
Sample Rate: 20.0 kHz

Thread | Period

slow 1.00 ms

fast 50.0 us

Multiplier: 1 4+
Record Length
16000 samples (1 channel)
8000 samples (2 channels)
'ﬂ' 4000 samples (4 channels)
2000 samples (8 channels)
1000 samples (16 channels)

OK Quit

Figure 5.16: [Tnanor 4acTOTH BEIOOPKH

5.4.6.6 bonbLue KaHaNoOB

Tenepb maBaiiTe MOCMOTPUM Ha MUMITYAbCH I1ara. Y Halscope 16 KaHaioB, HO B 3TOM HpPUMEPE MHEI
HCIIOb3yeM TOJIBKO 4 3a pa3. [Ipexme ueM BEIOMPATE OPYTHE KaHaJlbl, HaM HY?KHO OTKJTIOYUTh HECKOJIBKO
13 HuX. HaxkaTue Ha KHOIIKY BEIOPAaHHOTO KaHasa (YepHas paMKa) BHIKJTIOYHUT KaHai. [Io3ToMy HazxkKMHUTe
KHOIIKY KaHaJjia 2, 3aTeM CHOBa HaXXMHUTE Ha 3Ty KHOIIKY, M KaHaj BBIKJIIOYHUTCS. 3aTeM IBaXKIbI
IIEeNKHUTE Ha KaHalle 3 M chaelaiTe TO XKe camoe [js KaHama 4. HecMoTpss Ha TO, YTO KaHAaIIbI
BBLIKJTIOUEHEI, OHU BCE €llle IIOMHST, K YeMY OHU MOOKII0UEHb, U (aKTUUYECKU MBI ITPOIOIKUM HCIIOTb30BaTh
KaHal 3 B KaYeCcTBe HMCTOYHHKA 3alycka. YToOH m00aBUTh HOBBLIE KaHAallbl, BHIOEpUTE KaHal 5 u
BeIOepuTe BEIBOO Stepgen.0.dir, 3aTem KaHan 6 u BhIOepuTe Sstepgen.0.step. 3atem BhIOepuTE
pexum pabothi Normal, 4To6®I 3aITyCTUTE OCHUMIIIIOTPad, ¥ HACTPOUTE TOPHUIOHTAJIPHOE MacCIITabupPOBaHME
oo 5 MC Ha fmeneHue. BHl OOJIKHBEI YBUAETh, KaK UMIIYJILCHL IIara 3aMeJIgI0TCS 10 Mepe TOro, Kak
KOMaH[a CKOpoCcTH (KaHamn 1) mpubnuzkKaeTcs K HYJIIIO, 3aTEM BBIBOM HAIlTPaBJIEHUSI MEHSIET COCTOSTHUE,

¥ UMIIYJIbCHI IlIara CHOBa YCKOPSIIOTCS. B0O3MOXKHO, BaM CTOUT YBEIWYUTL YCUIIEHHE Ha KaHaie 1
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IIPUMEPHO O0 20 MUJIJINCEKYH Ha OEeJIeHue, YTOOBI JIy4qylie YBUOETh USMEeHEeHHe KOMAHIObEI CKOPOCTH.
PGSYJ'H:TEIT OOJIZKE€H BEITTIAOETH, KaK ITOKa3aHO Ha ClieaylllleM PUCYHKE.

- HAL Oscilloscope A - O X
File Help
Horizontal Run Mode— Trigger
700/  e— O Normal | © Normal
5.00ms 4000 samples !
i . Single Auto
Pos per div at 20.0 kHz
. Roll Force
f— TRIGGER? Stop level] Mes
Gain Pos | |
Level
0.000
Scale -
20m/div || RSing
Selected Channel
Offset Source
1 X-vel f(-0.00690) = -8.04397 (ddt ©.00000) 0.000 Chan 3

Figure 5.17: lllaroBble UMIIYIIbCEI

5.4.6.7 bBonbLwe BbIGOPOK

Ecnu BB XOTHTE 3a0KucaTh OOJIbIIIe BI:IﬁOpOK OOHOBPEMEHHO, [TIePe3allyCTUTE Pe2KNM PeaJIbHOI'O BpEMEeHU
U 3arpy3urte halscope C YHUCJIOBBEIM apPTryYyMEHTOM, KOTOpI:»IfI YKa3bIBa€T KOJIU4EeCTBO BI:I60pOK, KOTOpPkIE
BEI XOTUTE 3aXBaTUTh.

halcmd loadusr halscope 80000

Ecnmu KOMIOHEHT scope rt elnie He ObLI 3arpyzxkeH, halscope 3arpy3uTt ero u 3ampocut 80 000 ob61ux
BBIOOPOK, TakK 4YTO IIPU BHIOOPKe 4 KaHayioB ogHoBpeMeHHO OymeT 20 000 BEIOOpPOK Ha KaHan. (Eciu
scope rt yxKe 3arpyzKeH, 4MCJIOBOM apryMeHT halscope He 6ymeT uMeTh HUKaKOro adderTa).

5.5 HAL lNMpumepsbl

Bo Bcex 3TuX npuMepax IIpefrnosiaraeTcs, YTo Bbl HaunMHaeTe ¢ KoHGurypauuu Ha ocHoBe StepConf u
nMeeTe IOBa I0ToKa base-thread u servo-thread. Mactep StepConf co3gact nycTeie ¢aiinel custom.hal
u custom postgui.hal. ®aiin custom.hal 6ymeT 3arpykeH nocine ¢aiina koupurypauuu HAL, a daiin
custom_postgui.hal 3arpyzkaeTcs nocne 3arpy3ku ['MII.

5.5.1 MNMoapkniouyeHue ABYX BbIXOAO0B

YToOBI COEOUHUTH ABa BBEIXOMla CO BXOIOOM, BBl MOXKETe MCII0JIb30BaTh KOMIIOHEHT Oor2. or2 paboTaetr
crenyromuM o0pa3oM: ecjiu KakKou-mubo BXOI Oor2 BKIIOYEH, TO M BEIXOM Or2 BKIOYEeH. Eciu HU OOuH
M3 BXOJIOB Or2 He BKJIIOYEH, BBIXO[ Or'2 BBHIKJIIOUEH.

Hanpuwmep, uTo6n ABe KHONKHU PyVCP OBy MOOKITIOYeHEl K OOHOMY CBETOOUONY .
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®aii .xml, maromui ykasauue PyVCP moaroroBuTh rpadudecKuii HHTep@denc ¢ IByMsi KHOIIKaMH
(c mmeHaMu “button-1” u “button-2”) u ceeroguogomMm (c umeHeM “led-1").

<pyvcp>
<button>
<halpin>"button-1"</halpin>
<text>"Button 1"</text>
</button>

<button>
<halpin>"button-2"</halpin>
<text>"Button 2"</text>
</button>

<led>
<halpin>"1led-1"</halpin>
<size>50</size>
<on_color>"green”</on_color>
<off _color>"red”</off color>
</led>
</pyvcp>

®aiin postgui.hal, cuursiBaeTcs nmocize HacTpoiku ATl ¥ TOTOBHOCTH MOPTOB MPHHATH JIOTHKY,
onucannyl B HAL.

loadrt or2

addf or2.0 servo-thread

net button-1 0r2.0.in0 <= pyvcp.button-1
net button-2 o0r2.0.inl <= pyvcp.button-2
net led-1 pyvcp.led-1 <= or2.0.out

Korpa BBl 3aIlyCTUTE 3TOT HIPUMEP B CUMYJISITOPE OCU, CO3TaHHOM C momoIbio Mactepa StepConf, Be
MOZKeE€Te OTKPBIThH TEPMHHAII U IIPOCMOTPETH BBIBOOHBI, CO30aHHEIE C IIOMOIIIBIO loadrt or2, Ha6paB B
TepMmuHane halcmd show pin or2.

3anyck halcmd B komanguou crpoke UNIX, 4TOOBI OTOOPA3HTh KOHTAKTHI, CO3MaHHBIE C
IIOMOIIHI0O MOOYJ/IsI Or2.

$ halcmd show pin or2
Component Pins:

Owner  Type Dir Value Name
22 bit IN FALSE 0r2.0.in@ <== button-1
22 bit IN FALSE o0r2.0.inl <== button-2
22 bit OUT FALSE o0r2.0.out ==> led-1

W3 komaugel HAL show pin or2 Bel MOXKeTe BUOETH, YTO BEIBOA button-1 mogkiiodeH K BLIBOAY 0r2.0.1in0.
Ilo cTpenke HanmpaBlIeHUS Bl MOXKETE BUIETh, YTO KHOIIKA SIBJISIETCS BEIXOOOM, a 0r2.0.in0 — BXxomoMm.
Brixoq c or2 mocTymaeT Ha BXOJ CBETOOUOMA.

5.5.2 Pyu4Has cMeHa MHCTpYyMeHTa

B sToM mpumepe IpennosiaraeTcsi, YTO Bbl pa3geepmbleaeme 800 cOOCMBEHHY KOHPUTypaluoo U
XOTUTE N0O6aBUTH OKHO PYYHOM cMeHH UHCTPyMeHTOB HAL. PyuHnas cMeHa uanctpyMmenta HAL B nepByio
oudepensd MOJIE3HA, €CIIU y BaC eCTh IPEenyCTaHOBIIEHHbBIe UHCTPYMEHTE U Bhl COXPaHsIeTe CMeIleHus
B Tabnuie WHCTPYMEHTOB. Ecim BaM HYXKHO HPUCTYIHUTL K KaXXOOW CMeHe MHCTPYMEHTA, JIy4Ille
BCero mpocto pasmenuTtbh G-kom. YToOvl ncnonb3oBaTh 0KHO HAL Manual Toolchange, Bam, mo cyTH,
Heo0X0IuMOo

1. 3arpy3uthk KoMnoHeHT hal manualtoolchange,
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2. 3aTeM otupaBuTtk tool change iocontrol Ha hal manualtoolchange change u

3. orunpaButk changed hal manualtoolchange o6paTHO B tool changed iocontrol.

A pin is provided for an external input to indicate the tool change is complete.
9TO IpuMep PYyYHOU CMeHBLl HHCTPYMEHTa ¢ ImoMoIibio KomnoHeHTa HAL Manual Toolchange:

loadusr -W hal manualtoolchange

net tool-change iocontrol.0.tool-change => hal manualtoolchange.change

net tool-changed iocontrol.0.tool-changed <= hal manualtoolchange.changed

net external-tool-changed hal manualtoolchange.change button <= parport.0.pin-12-in
net tool-number iocontrol.0.tool-prep-number => hal manualtoolchange.number

net tool-prepare-loopback iocontrol.0.tool-prepare => iocontrol.0.tool-prepared

9To mpuMep PYYHOM CMEeHH HHCTPyMeHTa 6e3 KomnoHeHTa HAL «Manual Toolchange»:

net tool-number <= iocontrol.0.tool-prep-number
net tool-change-loopback iocontrol.0.tool-change => iocontrol.0.tool-changed
net tool-prepare-loopback iocontrol.0.tool-prepare => iocontrol.0.tool-prepared

5.5.3 BbIYUCAUTbL CKOPOCTDb

B aToMm npumMepe ucnonb3yoTca ddt, mult2 v abs njis BLIYUCIEHUS CKOPOCTH OIHOM OCU. [[OTIOTHUTEIBHYIO
nHpOpMalUMio 0 KOMIIOHEHTaX peajbHOr0 BPpEeMEeHU CM. Ha CTpaHUIlaX PYKOBOACTBAa WJIM B CIIUCKE
koMmmioHeHTOB HAL (Section 5.1.5).

ITpexme Bcero, MpoBepbTe CBOIO KOH(PUTYPAIHIO, YTOOH YOEOUTHCS, YTO Bbl HE UCIIOIb3yEeTe TOTOBRIE
KOMIIOHEHTHI PeaibHOTO BpeMeHHu. BBl MoOXKeTe cHmenaTh 3TO, OTKPHIB OKHO KoHurypauuu HAL u
Hals KOMIIOHEHTHI B pa3fese KOHTaKToB. Ecnu na, To HaiiguTe ¢atin HAL, B KOTOPBIM OHU 3aTPyKaloTCH,
yBeIUYbTe KOMUYECTBO M HACTPONUTE 3K3eMIJIAP Ha NIpaBUIbHOEe 3HaueHUe. [{o6aBbTe clenmyiollee B
daiin custom.hal.

3arpy3uTe KOMIIOHEHTHI peajbHOTO BPEMEHU.

loadrt ddt count=1
loadrt mult2 count=1
loadrt abs count=1

[ToGaBbTe GYHKUIMU B ITIOTOK, YTOOBI OH OOHOBJISIJICS.

addf ddt.0 servo-thread
addf mult2.0 servo-thread
addf abs.0 servo-thread

YcTaHoBUTE CBSI3HU.

setp mult2.inl 60

net xpos-cmd ddt.0.in

net X-IPS mult2.0.in0® <= ddt.0.out
net X-ABS abs.0.in <= mult2.0.out
net X-IPM abs.0.out

B aToMm mocnegHeM pa3sfesie MBI YCTaHaBIMBaeM [y nmapamerpa mult2.0.inl 3Hauenue 60, 4TOGH
npeobpa3oBaTh OIOWMELI B CEKYHIY B Oi0MMbI B MUHYTY (IPM), KoTOphle MBI nTontydaeM u3 ddt.0.out.

Xpos-cmd oTmpaBnseT 3amaHHyio mo3unuio B ddt.0.in. ddt BeIumMCIsieT IPOM3BOOHYIO MU3MEHEHUS
BXOOHBIX OJAHHBIX.

ddt2.0.out ymHoxkaetcs Ha 60, 4TOOH ONMy4YUTH IPM.
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mult2.0.out ormpaBmnsieTcs B abs msa momydeHuss abGCOMIOTHOTO 3HAUEHMUS.

Ha cnenyoreM prCyHKe ITOKa3aH pe3yabTaT, Korma och X IepeMeInaeTcss CO CKOPOCThIO 15 M0iMOB B
MHHYTY B OTPHUIIAaTEIbHOM HamnpaBneHuu. OOpaTuTe BHUMAHKe, YTO MBI MOXKEM II0JIYyYUTh aOCOTI0THOE
3HaueHue nubo oT KOHTakKTa abs.0.out, mubo oT curuana X-IPM.

‘m HAL Configuration @)

Tree Views

Components SHOW WATCH
Fins
ahs -0.2a dot.0.out

0 -15 multz.0.out
15 abs.0.out
sign -15 H-ABS
axis 15 - 1Ph
adt -0.25 W-IPS

out
hal_manualtoolchange
iocontrol
motion
mult2
1]

in0

inl

out
parport
pwmygen
stepgen
H—  Parameters
Signals

x
X-ABS
*-1PM
*-IPS

Tz

Figure 5.18: HAL: npumMep CKOpoCTHA

5.5.4 MopapoOHOCTM NJIABHOro 3anycka

B sToMm npuMepe mokasaHo, Kak KoMnoHeHTH HAL lowpass, limit2 unu limit3 MOTyT UCIIOJIb30BaThCA
IOJI OTPaHUYEeHUS CKOPOCTHU U3MEHEHUS CUTHaa.

B aToMm npuMepe y Hac eCTb CEPBOABUTATEND, IIPUBOAAIINY B OBUXKEHNE MITUHAEIb TOKAPHOT0 CTaHKa.
Ecnu MBI TPOCTO MCIIOIB30BaIN 3aJaHHble CKOPOCTH MIMUHAEIISI CEPBOIIPUBOAA, OH ITOIILITAETCS IEPEUTH
OT TEKYyIIel CKOPOCTH K 3aIaHHOM CKOPOCTH KaK MOXKHO ObICTpee. DTO MOXKET BhI3BATh NPOOIEMEI UITH
MMOBPEOUTE IPUBOA. YTOOLI 3aMeIINTLE CKOPOCTh N3MEHEHsI, MBI MOKeM OTIIpaBuThk spindle.N.speed-out
yepe3 orpaHuuutensd nepen PID, uToOrl 3HaueHHe KOMaHOE PID m3MeHsI0Ch Ha HOBBIE HACTPOUKHU
Me[JieHHee.

TpI/I BCTPOEHHBIX KOMIIOHEHTA, OTPaHUYUBAIOIIINX CUTHAII:

e limit2 orpaHUYMBaET OUAIa30H U IIEPBYIO IPOU3BOOHYIO CUTHAJIA.
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e limit3 orpaHMYMBaeT AUaNa30H, IePBYIO ¥ BTOPYIO IPOMU3BOOHEIE CUTHAJIA.

* moving average to track an input signal.

YToOBI HAUTH JOIOJHUTEIPHYI0O HHGOPMaInio 00 3TuxX KoMImoHeHTax HAL, 06paTuTech K CIIpaBOYHBIM
CTpaHUIaM.

I[TomecTuTe cnenyiomiee B TEKCTOBHIYM (aiin ¢ umeHeM softstart.hal. Ecmu BH He 3HakOMEHI C Linux,
rnoMecTtute ¢Gai B CBOM JoMalllHUM KaTaJsior.

loadrt threads periodl=1000000 namel=thread
loadrt siggen

loadrt lowpass

loadrt limit2

loadrt limit3

net square siggen.0.square => lowpass.0.in 1imit2.0.in 1imit3.0.in
net lowpass <= lowpass.0.out

net limit2 <= 1imit2.0.out

net limit3 <= 1imit3.0.out

setp siggen.0.frequency .1

setp lowpass.0.gain .01

setp limit2.0.maxv 2

setp limit3.0.maxv 2

setp limit3.0.maxa 10

addf siggen.0.update thread

addf lowpass.0@ thread

addf 1imit2.0 thread

addf 1imit3.0 thread

start

loadusr halscope

OTKpOITe OKHO TeEPMUHAIA U 3allyCTUTe Qaii C IOMOIIbLIO CIIeAyIonel KOMaHIkb.

halrun -I softstart.hal

ITpu mepBom 3amycke ociunorpada HAL Haxkmute OK, 94TOOB IPUHSATH OTOK II0 YMOJTYaHUIO.

ITanee BaM HY>KHO m0o0aBUTh CUTHANH B KaHanbl. HaxxmuTe Ha channel 1, 3aTem BHIOEpUTE Square Ha
BKJIagKe Signals. [ToBTopuTe TO ke camoe nins channels 2-4 u go6aBbTe lowpass, limit2 u limit3.

Ianee, 4TOOB HACTPOUTH TPUITEPHBIM CUTHAJI, HAXKMHUTE KHONKY Source None u BEHIOepuTe square.
Knonka uaMmeHuTtcs Ha Source Chan 1.

3aTeMm HaxxMuTe Single B mojie mepekmoyaTesie Run Mode. 3To 3amyCTUT TPOTOH, ¥ KOTAA OH 3aKOHYUTCS,
BBl YBUOUTE CBOU CHUTHAJIHI.

YT0OBI pa3fgenuTh CUTHAIBL U JIydllle X BUMAETh, IIEeJIKHUTE KaHall, a 3aTeM UCIOJIb3yiTe IONI3yHOK
Pos B none Vertical, 9TOGbE yCTaHOBUTDH IIO3UIUMN.
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YtoOhl yBUOAETh 3P PeKT OT U3MEHEHUs 3a[aHHBIX 3Ha4YeHUH TI000T0 M3 KOMIOHEHTOB, BBl MOXKETe
U3MEHUTh UX B OKHE TepMUHana. YToOH YBUIOETDH, YTO OEeNal0T Pa3/InuyHble HaCTPOUKYU YCUTIEHUS OIS
HUKHHUX YaCTOT, IIPOCTO BBEAUTE CJIEeAyIOlllee B OKHEe TeEPMUHAJa U IMONpo0yiiTe pa3Hble HaCTPOUKH.

setp lowpass.0.gain *.01

ITocne n3MeHEeHUsT HaCTPOHUKHM CHOBA 3alyCTUTE OCIUIIIOTpad, YToOH YBUOETh N3MEHEHUe.

Korpma BB 3aKOHYHTE, BBEUTE exit B OKHe TepMHUHAaa, YTOOB 3aBepIIuTh padoTy halrun u 3akphHITH
halscope. He 3akpriBaiiTe OKHO TeEpMHHAaIa ITpu padoTaiomem halrun, Tak Kak B TaMsiTH MOTYT OCTaTbCS
HEKOTOphBIe BeIlly, KOTOPEIE MOTYT IToMeniaTh 3arpy3ke LinuxCNC.

I71s1 momyYeHust DOMOJTHUTE IbHOM nH(popMaruu o Halscope cMm. pykoBomcTBo HAL u yuebHOe mocobue.

5.5.5 ABTOHOMHbLIN HAL

B HEKOTOPBIX CIy4dassx BaM MOXKeT IMoTpeboBaThCst 3anyCcTUTh 3KpaH GladeVCP tonbko ¢ HAL. Hanmpumep,
IIPEAIOI0KUM, YTO ¥ BaC €CTh YCTPOKUCTBO C IIIarOBEIM IIPUBOIOM, ¥ BCE, YTO BaM HY2KHO, 9TO 3aIllyCTUTh
[IaroBBI¥ ABUTATENb. [IpocToit mHTepdeiic [Tyck/Cmon — 3TO BCe, UTO BaM HYKHO [JIS BaIllero IIPUJIOKEeHU,
IIO9TOMY HET HeOOXOOMMOCTH 3arpyaTh U HaCTPauBaTh NOTHOPYHKIIMOHAIBHOE ITpuiioxeHue YITY.

B cnemytomieM mpuMepe MBI CO3aAuM IPOCTYIO MaHemb GladeVCP ¢ ogHMM HMIaroBBEIM ITPUBOMIOM.

OCHOBHOM CHHTAKCHC
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# load the winder.glade GUI and name it winder
loadusr -Wn winder gladevcp -c winder -u handler.py winder.glade

# load realtime components

loadrt threads namel=fast periodl=50000 fpl=0 name2=slow period2=1000000
loadrt stepgen step type=0 ctrl type=v

loadrt hal parport cfg="0x378 out”

# add functions to threads

addf stepgen.make-pulses fast

addf stepgen.update-freq slow

addf stepgen.capture-position slow
addf parport.0.read fast

addf parport.0.write fast

# make HAL connections

net winder-step parport.0.pin-02-out <= stepgen.0.step
net winder-dir parport.0.pin-03-out <= stepgen.0.dir
net run-stepgen stepgen.0.enable <= winder.start button

#b"3b"b"ab"b"ﬂb"b”yb”b"cb"b"Kb" blll_lbllbllobllblITbIIbl'obllbllellbllobllbl <_>
IBbII
start

#b’’3b’’b’’ab’’'b’’Kb’ b’ "ob’'b’’Mb’ 'b’ 'Mb’ b’ "eb’ b’ "Hb’ b’ "Tb’ b’ 'ub’ b’ "pb’ b’ "yb' b’
"ib’ b’ ’Th’ b’ ’eb’’ b’’cb’’b’'nb’'b’’eb’’b’ b’ ’b’"yb’’b’ kb’ "b’ 'wb’ 'b’'ub’ 'b’ "eb’ " b’ ¢
"cb’’b’’Tb’ b’ ’pb’ b’ "ob’'b’ Kb’ b’ "ub’’ b’’Bb’’b’’0b’’ b’’Bb’’b’’pb’’b’’eb’'b’ 'Mb’'b’ ¢
"ab’’ b’’Tb’’b’’eb’’b’’cb’’b’’Tb’ b’ 'ub’ b’ 'pb’’b’’ob’ b’ "Bb’ b’ "ab’ b’ "Hb’ b’ 'mb’ b’
"ab’’ b’’ub’’ b’’mb’’b’’cb’’b’'nb’’b’ ob’"b’'nb’"b’ 'bb’ "b’'3b’"b’ 'yb’'b’ "itb’'b’ 'Th’'b’ ¢
"eb’’ b’’ub’’b’’Hb’’b’’Tb’’b’'eb’ b’ "pb’’b’’ab’ b’ "kb’’b’"Tb’'b’'ub’’b’'Bb’ b’ "Hb' b’
'yb’ b’ "iob"’

#b’"ob’’b’’mb’’b’’ub’ b’ "ub’ 'b’"lb’ ’ halrun -I -f start.hal, b’’ub’’b’’Tb’’b’’ob’'b’'6b’'b ¢
"’wib’’ b’ 'ub’’b’'Mb’ b’ ’eb’’b’"Tb’’b’'kb’’ b’’Bb’’b’’0b’’b’'3b’'b’'Mb’'b’"0b’'b’ "Kb’'b’ ¢
"Hb’’b’’0b’’b’’cb’’b’’Tb’ b’ ’bb’’ b’’ob’’b’’Tb’ b’ ’ob’ b’ ’6b’ b’ 'pb’’b’"ab’ b’ kb’ 'b’
"ab’’b’’Th’’b’’bb’’ b’’Kb’’b’’0b’ b’ "Hb’ b’ "Tb’ b’ ’ab’ b’ "kb’ b’ "Tb’’b’'bb’’ b’’Mb’’ b’ ¢
'Tb’’. b''mb’’..

# b'"'ob’’'b’’ob’'b’'xb’'b’’pb’'b’"'ub’'b’"Ttb’'b’''eb’’'b’'cb’’'b’'bb’’ b’'3b’’'b’’ab’’'b’’'Bb''b’
‘eb’’b’'pb’’'b’'wb’ b’ 'eb’ b’ "Hb’ 'b''ub’ b’ "ab’’ b’'’'pb’’b’'’ab’’'b’’'6b’’'b’''ob’ b’ "Tb’ b’
'bib’’ b’"'Tb’’'b"'Ub’’'b’"'Mb’" GladeVCP b’’'cb’’ b’’'ub’''b’’'Mb’’'b’’eb’’b’"'Hb’'b’'eb’’'b’''Mb’’ <«
winder

waitusr winder

# b'’ob’’'b’"'cb’’'b"'Tb’' b’ "ab’'b’'Hb’'b’'ob’'b’'Bb’'b"'ub’'b’"Tb’'b''bb’’ b'’'nb’’'b’'’ob’'’'b’ +
"Tb’'b’'ob’'b’'kb’ b’ "ub’’ HAL

stop

# b''Bb’"'b"'bb’'b"'rb’"'b"'pb"'b’'yb’'b’’3b’’b’'ub’ b’ "7Tb’ b’ 'bb’’" b’’'Bb’'b’'cb’’'b’’eb’’ b’ «+
"kb''b’"'ob’'b’'Mb’'b’'nb’ b’ "ob’ b’ 'Hb' b’ "eb’ b’ 'Hb’' 'b’'Tb’'b’'bib’’ HAL b’''nb’’'b’’'eb’’'b «+
"'pb’’'b’’eb’’'b’'gb’" b’'’'Bb’'b’'bb’'b’'xb’'b’"’0ob’'b’'gb’ b’ "ob’'b’ 'Mb""’

unloadrt all

5.6 OCHOBHbIe KOMMNOHEHTHbI

CM. TakxKe cIpaBOYHEIE CTpaHUIEI motion(9).
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5.6.1 Motion

OTU KOHTAKTH ¥ ITapaMeTphl CO3[Al0TCs MOAYJIEM PeajibHOro0 BpeMeHU motmod.
9TOT MOnynb npenocTasnseT untepderic HAL gms nmaHupoBUirKa aBuxkeHus LinuxCNC.

ITo cyTtu, motmod nmpuHUMAaeT CIIMCOK IIyTEBHIX TOUEK U TeHEPUPYET XOPOIIO CMEIIaHHBIN U OTPaHUYEeHHBIN
IIOTOK TOJIOKEHUM COYJIEeHEeHUU OJId IOJa4Yu Ha IPUBOILI ABUTATEIEH.

[loTIOTHUTETEHO KOTMYECTBO (M POBLIX BXOOOB/BEIXOIOB yCTAHABINBAETCS C IOMOIIEI0 num_dio. KomndecTs
aQHAaJIOTOBBIX BXOOOB/BEIXOIOB YCTAHABIMBAETCS C IIOMOIIBIO NUM_aio, IO YMOJTYAHUIO 4 OjIs KaXKIOoro.
KonmuecTBO mMINMHOENEN 3aaeTCcs C IIOMOIIIbI0 num_spindles, 1o ymMomdaHuio 1.

HMMeHa KOHTAKTOB ¥ MapaMeTpPOB, HayuWHamwIuecs ¢ axis.L u joint.N, c4uTHBalOTCA U OOHOBISIIOTCS
dyHKIIMEN KOHTPOJIJIEpa OBUKEHUS.

IIBHUKEeHUE 3arpyzx)aeTtcsa KoMaHmo# motmod. KuHeMaTUKU OOIKHBI OBITH 3arpyzeHubl riepen IBU2KeHUueM.

loadrt motmod base period nsec=[’period’] servo period nsec=['period’]
traj period nsec=['period’] num joints=['0-9']
num dio=["1-64"'] num aio=['1-16"] unlock joints mask=['OXNN']
num_spindles=['1-8"]

* base period nsec = 50000 - nepuop noToka Base B HaHOCEKyHOaX. DTO CaMbIY OBICTPHIN MOTOK B
CTaHKEe.

Note

B cuctemax Ha OCHOBe CepBONPUBOLOB 0OLIYHO HET NPUYUH ANA TOro, 4Tobbl «base period_nsec»
Obl1 MeHblle, 4YeMm «servo_period nsec». Ha CTaHKax C NpPOrpaMMHON reHepauuen UMMyJsbCOoB
«base_period_nsec» onpepenseT MakKCUMasbHOE KOJMYECTBO MWMMY/NbLCOB B CEKYHAY. Mpw
oTCcyTCcTBMM TpeboBaHUN K OJIMHE ANNTENbHOCTU MMMYAbCa U ASNTENbHOCTM Nay3bl abcosoTHan
MakKCcMMasibHas CKOPOCTb MMMyJsbCa COCTaBndAeT OoAMH MMNYSbC 3a base period nsec. Takum
obpa3oM, «base period nsec», nMokKasaHHbLIN Bbile, AAeT abCONMOTHYIO MaKCUMalbHY CKOPOCTb
uMmnynobcos 20 000 umnynbcoB B cekyHay. 50 000 Hc (50 MKC) — [OBOJIBHO KOHCepBaTUBHOE
3Ha4deHue. HanmeHbllee wncnosiblyemMoe 3HayeHue cBA3aHO C pe3ynbTaToM Latency Test,
HeobxoonMonm OJVHOM MMMyAbCa U CKOPOCTbIO Mpoueccopa. Bbibop caMwkom Masnoro 3HayYeHus
«base_period _nsec» MOXeT MpuBeCcTU K MosBreHUt0 coobueHna «HeoxmfaHHaa 3afepxka B
peanbHOM BPEMEHU», 3aBUCAHNAM UM CaMOMPON3BOJIbHbLIM Nepe3arpy3kam.

e servo period nsec = 1000000 — 3To mepuof 3amadyu Servo B HAHOCEKYHIOaxX. DTO 3HaYeHue OymeT
OKDYTJIEHO [0 IIeJIOTO 4HCla, KpaTHOro base period nsec. 3TOT mepuopn HUCHONB3YETCS Oaxe B
CHUCTeMaX Ha OCHOBE IIarOBBIX I[BHFaTeHefI.

DTO CKOPOCThH, C KOTOPOU BEIUHCIISIOTCSA HOBBIE IIOJIOKEHUSI OBUTATES, IPOBEPSIeTCS ONINOKA PACCOTTIaCOE
00HOBIISAIOTCS BEIXOOHEIE 3HaUeHusd [IU]I-perynsaTopa u T. o. B 60IbIIMHCTBE CUCTEM HET HEOOXOOUMOCTH
W3MEHSTh 9TO 3HaUeHue. DTO YacTOoTa OOHOBIEHUS HU3KOYPOBHEBOT'O IIIAHUPOBIIINKA OBUKEHUS.

* traj period nsec = 100000 - 3to nepuop 3amayu [11aHUPOBW UK MpdeKkmopuu B HaHOCEKyHOaX.
9To 3HaueHUe OyIeT OKPYTJIEHO IO I1eJIoT0 YHCia, KpaTHOTO servo _period nsec. 3a UCKIIOYEHUEM
CTAHKOB C HEOOLIYHOM KMHEMATHKOM (HampuMmep, reKCallofbl), HeT IPUYHUH AejlaTh 3TO 3HaYeHHue
fonbiie, weM servo_period nsec.

5.6.1.1 BapmaHThI

Ecnu konmuecTBo He06X0OUMEIX ITU(POBEIX BXOA0B/BEIX00B IIPEBHIIIAET YCTAHOBIEHHOE 110 YMOJTYaHUIO
4, BbI MOXKeTe 000aBUTh [0 64 1MOPOBEIX BXOAOB/BEIXOIOB, UCIIOIb3YS OMIIUI0 num_dio IIpU 3arpy3kKe
motmod.
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Ecnu KonmuecTBO HeOOXOOUMMEIX aHAJIOTOBEIX BXOIOB/BEIXOOB O0JIbIIIe, YeM 4 110 YMOJTYaHHII0, BEI MOXKETe
mo6GaBuUTh M0 16 aHAJIOTOBEIX BXOIOB/BBIXOMIOB, MCIIOIL3YS OIITUIO NUM_dio IIpu 3arpy3kKe motmod.

ITapameTp unlock joints mask ucrons3yeTcst Ojist CO30aHMsI KOHTAKTOB [IJI COYJIEHEHU ST, UCTI0JIb3YEMOT O
B Ka4deCTBe UHAeKcaTopa 67T0KUPOBKY (0OBIYHO ITOBOPOTHOI'0). BUTH MacKy BEIOUPAIOT couieHeHue(s).
Mnapgmmii 6UT MacKu BEIOMpaeT couneHeHue 0. [Tpumep:

unlock_joints_mask=0x38 b’'’sb’’'b’’'bib’’b’’6b’’b’'’ub’'b’'pb’’'b’"ab’’b’’eb’'b’"’1tb’’ b'’'cb’’'b’ «+
IobllblIqb’IbllnbllbllebllbI’Hbl’b’Iebllb’IHb’IbIIMbllblIﬂbI’ 3,4,5

5.6.1.2 KoOHTaKThbI
OTU KOHTAKTHI, ITapaMeTpHl U GYHKIIUK CO3Tal0TCs MOAYJIEM pealbHOT0 BpeMeHu motmod .

* motion.adaptive-feed - (float, in) Korga aganTuBHas rogayda BKJII0oYeHa C ITOMOIIbI0 M52 P1, 3agaHHas
CKOPOCTh YMHOKa€eTCs Ha 9TO 3HaueHue. IToT 3G GEeKT MYJIbTUIIIMKAaTHBEH CO 3HaYeHUEM IIepeonpenesien
nomayu Ha ypoBHe NML u motion.feed-hold. Hauunas c Bepcuu 2.9 LinuxCNC, MOXKHO UCIIOJIb30BaTh
OTpHUIlaTEeJIbHOE 3HAYEHWE afjallTUBHOM ITOa4y AJis 3ammycka myTu G-Koza B 00paTHOM HalpaBJIEHUH.

e motion.analog-in-00 - (float, in) 3Tu KouTakTs (00, 01, 02, 03 unu Gosnee, eciu HACTPOEHO) YIPABIISIOTCS
M66.

* motion.analog-out-00 — (float, out) 3tu KouTakTh (00, 01, 02, 03 wnu Goyee, eCliu HACTPOEHO)
yupasisaTca M67 nnu M68.

* motion.coord-error - (bit, out) TRUE, Korpa nBu>KeHMEe CTOJIKHYJIOCH C OIITMOKOM, TaKOM KaK IIPeBHIIIEHNE
IpOrpaMMHOTO IIpenesa

* motion.coord-mode - (bit, out) TRUE, Korga nBuzkKeHue B KOOPOUHUPOBAHHOM pedicuMe, a He B pedscume
meeonepauuu

* motion.current-vel - (float, out) Tekyllasgs CKOpOCTh UHCTPYMEHTA B IIOJIb30BaTEJILCKUX eIUHUIIaX B
CeKyHOY.

e motion.digital-in-00 - (bit, in) 9Tu KouTakTh (00, 01, 02, 03 unmu 6osee, ecjiu HAaCTPOEHHKI) YIIPABIISIIOTCS
M62-65.

e motion.digital-out-00 - (bit, out) 9Tt KorTakTh (00, 01, 02, 03 wK 6oslee, eCiIM HACTPOEHHBI) YIPABIISTIOTCS
M62-65.

* motion.distance-to-go - (float,out) PaccTtossuue, ocTaBilieecs B TEKYIIeM IEePEMENIEHUN.

e motion.enable - (bit, in) Ecnu aToT 6uT ycTranoBneH B FALSE, mBuxXeHne oCTaHABIUBAETCSI, CTAHOK
MIepexonuT B cocTosTHUE machine off, u oins onepaTopa oTo6paxkaeTcs coobirernue. 1S HOpMaabHOTO
OBUKEHUS YCTaHOBUTE 3TOT OuT B 3HaueHue TRUE.

* motion.feed-hold - (bit, in) Korzga ynpaBieHne 0CTaHOBKOM ITOAaYX BKJIIOYEHO C IOMOIIbI0 M53 P1,
u atoT 6uT B TRUE, ckopocCTh nTofayu ycTaHaBauBaeTcs Ha 0.

* motion.feed-inhibit - (bit, in) Korga sToT 6uTt umeeT 3Hauenue TRUE, cKOpOCTh TOa4yu ycTaHaBINBAETCH
Ha 0. 910 OymeT OTJI0KEHO BO BPEMS CUHXPOHHU3AIUY IIMUHAEIS A0 KOHIIA TePEeMeIIeHNUs.

e motion.in-position - (bit, out) TRUE, ecnu cTaHOK HaXOOUTCS B IOJIOXKEHUH.
e motion.motion-enabled - (bit, out) TRUE, Korma B COCTIHUU CMAHOK BK/AMOYEH.

e motion.motion-type - (s32, out) 9Tu 3HaUueHus B3ATH u3 src/emc/nml intf/motion types.h

- 0: xomocToit Xon (HeT OBUXKEHUS)
- 1: Traverse
- 2: Linear feed
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3: Arc feed
4: Tool change

5: Probing

6: Rotary axis indexing
e motion.on-soft-limit - (bit, out) TRUE, Kkorma cTaHOK HaXOOUTCS Ha IIPOTPaMMHOM IIpefere.

* motion.probe-input - (bit, in) G38.n ucnonb3yeT 3HaYeHNE Ha 3TOM KOHTAKTE, YTOOHI OMIPENEITUTE,
Korga miyn ycraHoBunl KoHTakT. TRUE pgns 3aMKHYTOrO KOHTakTa miyna (kacaetcs), FALSE pnsa
Pa30MKHYTOIO KOHTaKTa IIyIa.

* motion.program-line - (s32, out) Tekylllasi CTpoKa IIporpaMMbI BO BpeMs BrimojiHeHus. Hynw, ecnu
He paboTaeT WiId MeXAy CTPOKaMU IIPU OOUHOYHEBIX IIarax.

* motion.requested-vel - (float, out) TekyIllas 3anmpoIreHHass CKOPOCTh B ITI0JIb30BaTEIbCKUX eIUHUIIAaX
B CeKyHAOy. ODTO 3HadYeHWe MpefcTaBisieT coO0M HACTPOUMKy F-cioBa u3 ¢aiina G-Koma, BO3MOXKHO,
YMEHBIIIEHHYIO [OJI COOTBETCTBHUA IIpefiellaM CKODPOCTH M YCKODEHHs CTaHKa. 3JHadeHHe Ha 5TOM
KOHTAKTe He OTpPakaeT IepeonpeesieHre Ioiayy UK KaKue-Tu00 Opyrue HaCTPOUKH.

* motion.teleop-mode - (bit, out) TRUE when motion is in teleop mode, as opposed to coordinated
mode

* motion.tooloffset.x ... motion.tooloffset.w - (float, out, one per axis) shows the tool offset in effect;
it could come from the tool table (G43 active), or it could come from the G-code (G43.1 active)

e motion.on-soft-limit - (bit, out) TRUE, Korga cTaHOK HaXOOWTCS Ha IPOrpaMMHOM IIpenerie.

* motion.probe-input - (bit, in) G38.n uses the value on this pin to determine when the probe has made
contact. TRUE for probe contact closed (touching), FALSE for probe contact open.

* motion.program-line - (s32, out) Tekylllas cCTpoKa IIporpaMMEl BO BpeMs BrimonHeHusa. Hynw, ecnu
He paboTaeTt UM MeXAy CTPOKaMU IPU OOMHOYHEIX Iarax.

* motion.requested-vel - (float, out) TekyIlas 3anpoIreHHass CKOPOCTE B ITI0JIb30BaTEIbCKUX eIUHUIIAaX
B CEeKyHAOy. ODTO 3Ha4YeHWe MPEe[CTaBjsieT coO0M HAacTPOUKy F-cioBa u3 ¢aiina G-Koma, BO3MOXKHO,
YMEHBIIIEHHYIO OJI COOTBETCTBUA IIpefejiaM CKOPOCTU M YCKOPEHUsS CTaHKa. 3HadeHUe Ha 3TOM
KOHTAKTe He OTpPakaeT IepeonpeesieHre oayy Ui Kakue-Tu0o Opyrue HaCTPOUKH.

* motion.teleop-mode - (bit, out) TRUE when motion is in teleop mode, as opposed to coordinated
mode

* motion.tooloffset.x ... motion.tooloffset.w - (float, out, one per axis) shows the tool offset in effect;
it could come from the tool table (G43 active), or it could come from the G-code (G43.1 active)

5.6.1.3 TMapamMeTphbl

MHorue u3 3Tux IIapaMeTpPOB CJIy2KaT B Ka4e€CTB€ BCIIOMOT'ATEJIBHBIX CPEOCTB OTJIAaOKHW M IIoajiezxKarT
N3MEHEHUIO UJIX YOAJIEHUIO B moboe BpeMs.

¢ motion-command-handler.time - (s32, RO)

¢ motion-command-handler.tmax - (s32, RW)

e motion-controller.time - (s32, RO)

e motion-controller.tmax - (s32, RW)

* motion.debug-bit-0 - (bit, RO) 9To ucnomnb3yeTcs B IeNsIX OTJIagKH.

* motion.debug-bit-1 - (bit, RO) 9To ucnomnb3yeTcs B LIeJsIX OTJIagKH.
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* motion.debug-float-0 - (float, RO) 3To ucnonb3yeTcs B LEJIAX OTIagKHU.
* motion.debug-float-1 - (float, RO) 3To ucnonb3yeTcs B LeIIX OTIaaKHU.
* motion.debug-float-2 - (float, RO) 3To ucnonb3yeTcs B LEeIAX OTIaOKHU.
* motion.debug-float-3 - (float, RO) 3To ucnonb3yeTcs B LEeIAX OTIaOKHU.
* motion.debug-s32-0 - (s32, RO) 9To ucnonb3yeTcs B IeIIX OTJIafgKU.
* motion.debug-s32-1 - (s32, RO) 9To ucnonb3yeTcs B eIX OTJIafgKU.

* motion.servo.last-period - (u32, RO) KonuuecTBo 11uknoB LITT Mexkay BeI30BaMM cepBOnoTOKa. OOBEIYHO
9TO YHCJIO, pa3fielIeHHOe Ha CKOPOCTD IPOIIeCcCcopa, aeT BPeMs B CEKyHIaxX U MOXKEeT UCII0JIb30BaThC
OJIsE OIpPedesIeHUs TOTO, COOTBETCTBYET JIM KOHTPOJIIED OBUKEHHWW B pPeajbHOM BPEMEHU CBOUM
BPEMEHHBIM OI'DaHUYEHUAM

* motion.servo.last-period-ns - (float, RO)

5.6.1.4 ®YHKUUM
OO6BI4HO 00€e 3TH QYyHKIIUU N00aBIAIOTCA B CEPBONOTOK B YKa3aHHOM MOPSOKE.

* motion-command-handler - Tlony4aeT u o6pabaTkiBaeT KOMaHIbl TBUKEHUS

* motion-controller - 3anmyckaeT KOHTponnep aABuxkeHus LinuxCNC

5.6.2 Spindle

LinuxCNC MOzKeT OCYIIEeCTBIATL yIIpaBIeHWE OO BOCbMHU HIMUHAeNeNW. Monaysb OBUXKEHUS CO3[acT
crenymoomyue KOHTakKTe: N (uenoe uucio ot 0 go 7) 3aMeHsIeT HOMeD IIUHOEIS.

5.6.2.1 KoOHTaKThbI

* spindle.N.at-speed - (bit, in) [IBuxkeHue OymeT MPUOCTAHOBIIEHO OO TEX IIOP, II0OKa 3TOT KOHTAKT

He ctaHeT TRUE, npu cnemyromux yClIOBHSAX: Mepen mepBbIM XO0OOM MOJAa4YH IIOCJIe KazXKaoro
3allyCKa IIIMHHIe 151 HJIH H3MEeHEHHUsI CKOPOCTH; IIepe HadaJlOM Ka}KI[OfI IJEeIMO4YKM CUHXPOHNU3NPOBAaHHE
CO IIMUHAEeJIEeM XOmoB; ** m ecnu B pexume CSS, To mpu KaxmoM OBICTPOM Hepexofe Ha Iomadvy.
DTOT BBOA MOXKHO UCIOJI30BaTh, UTOOH YOEOUTHCS, UTO MINUHAEIb Habpaa HyKHYI0 CKOPOCTh Ieper
HayaJjioM pe3KU WU YTO WINUWHEeNIb TOKAPHOI'O CTaHKa B pexume CSS 3aMennuics mocje mpoxona
CHSITHS OT OOJIBIIIOr0 K MaJIoOMy Iiepef HavaJioM CJIeYIOIIEero IIpoxoaa Ha 6onbineM fuamMeTrpe. MHoOTHE
VFD umeroT BeIX0n at speed. B mpOTHUBHOM Ciiydae 3TOT CUTHAJI JIETKO CTeHEPUPOBATh C IIOMOIILIO
KoMnoHeHTa HAL near, cpaBHUBas 3alpallnBaeMyl0 U (aKTHUECKyI0 CKOPOCTh MINMHOENd. * spin-
dle.N.brake - (bit, out) TRUE, korga cnenyeTt 3ageicTBOBaTh TOPMO3 mmnuHpgens. * spindle.N.forward

- (bit, out) TRUE, Korma mmuHAesNb OOJIKEH BpallaThbCcs Biepen. * spindle.N.index-enable - (bit, 1/0)
[I7151 TpaBUIIPHOM PabOTH CUHXPOHHU3UPOBAHHBIX IePEMeIeHNH IIIMUHIE IS 9TOT KOHTAKT HOJI2KeH OBITh
MMOOKJII0OYeH K KOHTaKTy index-enable sHKopmepa mnuHpgens. * spindle.N.inhibit - (bit, in) Korga aTot
6ut paBeH TRUE, ckopocts mmuHaens ycranoBiaeHa Ha 0. * spindle.N.on - (bit, out) TRUE, korma
MIIUHAENb JOJIXKeH BpamaTtscs. * spindle.N.reverse - (bit, out) TRUE, Kkorga mmuHOeNs 0OIXKEH BpalllaThCa
Hazap * spindle.N.revs - (float, in) s npaBuiabHONM pPabOTH CUHXPOHM3UMPOBAHHEIX IlepeMelleHUun
IIITUHAEJIS 9TOT CUTHAJI A0JI2KeH ObITh MOOKII0UEH K KOHTAKTY OJIOXKEHUS 9HKOepa INuHAeNs. [1omoxkKeHu!
SHKOOepa IMNUHAEIS TOIXKHO OBITh MacIITaA0MPOBAHO TAKUM 00Pa30M, YTOOBI YMCJI0 0O0POTOB IIITHHAEIIS
yBenuuuBanock Ha 1,0 mpu KaxkpoM 060poTe IMIMUHAES 110 YacoBou cTpenke (M3). * spindle.N.speed-

in - (float, in) O6paTHast cBsA3b 0 (HPAKTUYECKOU CKOPOCTU INMHMHAENS B 000pOoTax B CEKYHOY. ITO
HCIIONIb3yeTCs IPU OBUXKEHUU C nopadeit Ha obopoT (G95). Ecmu Baml gpaiiBep sHKomepa IIMUHAES

He UMeeT BhIXOJa CKOPOCTH, BEl MOXKETe CTeHepHpPOoBaTh MOAXONSAIINN BEIXOH, OTIIPABUB IIOJIOXKEHUE
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IITUHAENIS Yepe3 KOMIOHeHT ddt . Ecnu y Bac HeT 9HKOAepa IINUHAEIS, BBl MOXKETe clieaTb 06paTHYIO
cBs3b C spindle.N.speed-out-rps. * spindle.N.speed-out - (float, out) 3amaHHasi CKOPOCTD IIIIUHIOENS

B 000poTax B MUHYTY. I[IOJIOKMTENbHBIN [JIs BpallleHus IMnuHAens Bruepen (M3), oTpuUIlaTeIbHBIN

OISl BpallleHus MIMUHAeNs Has3am (M4). * spindle.N.speed-out-abs - (float, out) 3amanHast CKOpPOCTb

IIMUHAEJIT B 000pOoTax B MUHYTY. DTO Bcerpaa OyOeT IMoJIOKUTENNbHOe Yucio. * spindle.N.speed-out-rps

- (float, out) 3amanHHasi CKOPOCTh INMUHAEIS B 000poTax B ceKyHay. [lomoxkuTesbHAs OIS BpallleHus

IMmnuHAesns Bruepen (M3), oTpullaTenbHasl OIS BpallleHUs IMOUHOens Haslan (M4). * spindle.N.speed-

out-rps-abs - (float, out) 3apganHass CKOPOCTh IIMUHOENS B 000POTax B CEKYHAYy. OTO Bcerma OymeT

MIOJIOKUTENIbHOEe Yncio. * spindle.N.orient-angle - (float,out) XKenaemas oprueHTauusa MWNUHAES 011

M19. 3uauenue napamerpa M19 R word nntoc 3Hauenue napamerpa [RS274NGCJORIENT OFFSET

INI. *spindle.N.orient-mode - (s32,out) 2ZKenaeMuIi pexkuM BpalleHus mnuugens M19. Ilo ymonyanuio
0. *spindle.N.orient - (out,bit) Yka3riBaeT Ha Havyao IIMKJIa OPHUEeHTAIINY HITUHAE . Y CTaHaBJINBaeTCs
M19. Ouumaetcs m00sM u3 M3, M4 unu M5. Ecnu spindle-orient-fault He paBHa Hysio npu spindle-

orient true, komarga M19 3aBepiraercst c6oeMm ¢ coobmenueM o6 ommbKe. * spindle.N.is-oriented -

(in, bit) KonTakT nmoaTBepxkaeHus ajsa spindle-orient. 3aBepiiaeT nukn opueHTauuu. Ecnu spindle-

orient 6w110 true, Korga ctan akTUBHEIM spindle-is-oriented, kouTakT spindle-orient c6pacriBaeTcsa u

yCTaHaBIMBAETCS B aKTUBHHIM ypoBeHb KOHTAKT spindle-locked. Tak»ke ycTaHaBIMBaeTCs KOHTAKT

spindle-brake. * spindle.N.orient-fault - (s32, in) BBox Koga HeMCIIPaBHOCTHU [JIsI ITUKJIa OPUEHTAITUH.

Jlro6oe 3HaYeHHUe, OTIIMYHOE OT HYJIS, IPUBEAET K ITPEePHIBaHUIO IIUKJIa opueHTauu. * spindle.N.lock

- (bit, out) KoHTaKT opueHTAaIUs MITTHHOES BEIIOMHeHa. OuunIaercs moosM 13 M3, M4 unu Mb5.

Hcnons3oBanne KoHTakTta HAL nis opuenTranun minuHaeinasa M19 KornentyanbHO MINWHAEH
HaAaXOOUTCSA B OOHOM K3 CJIeOYIOIIUX PEeXKKUMOB:

* pexXUM BpallleHus (110 YMOJIYaHUIO)
* MIOMCK HYXXHOI'O PeXNMa OpUeHTaIIUuU

* PeXHM 3aBepIIeHUS OPUEeHTAlIUH.

Korpa BemmonuseTcs M19, mmuHmens nepekIodaeTcs Ha NOUCK JHce1aemMol opueHmayuu, ¥ HogKIII049aeTcs
kKoHTakT HAL spindle. N .orient. ZKenaeMmas 1jesieBasi Io3ULIMS 3aiaeTcsd KOHTakTamMu spindle. N
u spindle. N .orient-fwd u yopasnsercsa napamerpamMu M19 Ru P.

OxupaeTcs, 4TO JIoTuKa nogaepkku HAL OymeT pearupoBath Ha spindle. N .orient, mepemerias
MIIUHOEbF B KejgaeMoe mojiokeHne. Korga 9To OymeT 3aBepIeHO, OXKHOAeTCs, 4To Jioruka HAL
IIOATBEPIUT 3TO, YCTAHOBUB aKTUBHEIM BEIBOA spindle. N .is-opueHTMpOBaHHLIN.

3ateM Motion monTBepKOaeT 9TO, Hejlasi HEaKTUBHBIM KOHTAKT spindle. N .orient umemas akTHUBHBEIM
KOHTakKT spindle. N .locked, 4uToGHl ITOKa3aTh pexuM orientation complete. OH TakXke [esaeT
aKTUBHBIM KOHTakKT spindle. N .brake. HInuHpens Telepb HaXOOUTCS B peXXuMe orientation com-
plete.

Ecnu, nmoka spindle. N .orient sBnsieTcsatrue,aspindle. N .is-oriented ele He yCTaHOBIIEH
aKTUBHBIM, KOHTaKT spindle. N .orient-fault umeer 3HaueHue, OTIMYHOE OT HYJIS, KOMaHOa
M19 npepsiBaeTcsi, oToOpaxkaeTcs coob1IeHne, BKITIoYaloliee KO HEUCIIPaBHOCTH, ¥ OUepenb IBUKEeHUN
ouniaeTcs. lInuHAENb BO3BpAIaeTCs B PeKUM BpallleHUs.

Kpome Toro, nmobas u3 komann M3, M4 unu M5 0oTMeHSIET PEKUM NOUCKA HYHCHOU opueHmauuu uiu
opueHmauus 3asepuweHa. Ha aTo yka3bIBaeT OTKJIIOUeHNEe KOHTAKTOB spindle-orient u spindle-locked.

KonTakT spindle-orient-mode oTpaxkaet cioBo M19 P u nuHTepupeTupyeTCs ClIegyoonuM o0pa3oM:

* 0: BpallleHUE [10 YaCOBOU CTPEJIKE UJIU IIPOTUB YaCOBOM CTPEIIKHU [JIsI HAUMEHBIIIET 0 YIJIOBOT'O IIepeMeIeHY
* 1: Bcerma BpalllaTh II0 YaCOBOU CTPETIKE

e 2: BCerfa BpalllaTh IPOTUB YaCOBOU CTPEJIKU

Ero Mo3HO UCIIO/Ib30BaTh C KOMIIOHeHTOM HAL orient, KoTOphIl IpeqoCcTaBisieT 3HaueHue KOMaH bl

PID Ha 0CHOBE ITOMOXKEHUS 9HKOOEpPa LIIIUHAOEJIA, YI'Jla OPDUEeHTAllUU IIIIUHOEJIA U Pe2KMMa OPUEeHTallnuu
MIIIMHOEeIId.
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5.6.3 KOHTaKTbl OCe#A U COYJIEHEeHUMN U NnapaMeTpbl

9TH KOHTAKTH ¥ ITapaMeTPHl CO3Jal0TCS MOAYJIEM peanbHOro BpeMeHu motmod. [B crankax c trivial
kinematics MeXky CO4I€HEHUSIMHU U OCSIMU CYIIIECTBYET COOTBETCTBUE OOUH-K-0OHOMY.] OHU CYUTHIBAIOTCS
1 00HOBJISAIOTCS PyHKIIMEN motion-controller.

ITompoOHyro uHGOPMAITUIO 0 KOHTAKTaX U ITapaMeTpax CM. Ha CTPaHHUIle PYKOBOMACTBA IT0 IBUXKEHUIO
«motion(9)».

5.6.4 iocontrol

iocontrol - npyHUMaeT KOMaHIH BBOJAa-BLIBO/la HE B peajibHOM BpeMeHU yepe3 NML, B3auMonencTByeT
c HAL.

KontakTelt HAL iocontrol BKito4aloTCsSd M BHIKITIOYAIOTCS HE B PEXXUME PealbHOTO BpeMeHHu. Ecmm y

Bac cTporue TpeboBaHMS K CUHXPOHU3AIIUN UIIHX BaM IPOCTO HYKHO 00JIbIlle oIlepalinii BBOAa-BLEIBOIA,
pPaccMOTpuUTE BO3MOXKHOCTD MCIIOIb30BaHM S BMECTO 3TOI0 CHHXPOHU3UPOBAHHOI' O BBOa-BhIBOAA B PEAIFHOM
BPEMEHH, IPEIOCTaBIsIeMoro motion.

5.6.4.1 KOHTaKThbI

*iocontrol.0.coolant-flood (bit, out) TRUE Korpa 3anpaliinBaeTCs oxXJlazxKaalomnias 2KUAKOCTh. * iocontrol.0.coc
mist (bit, out) TRUE Korpga 3amnpainnBaeTcs oxJiaXKkaalolas XKUAKOCTh B BUfie TyMaHa. * iocontrol.0.emc-
enable-in (bit, in) JomxkHO O6BITH YCTaHOBIEHO 3HaYeHne FALSE, Korpa CcyIecTByeT BHEIIIHEE YCIIOBUE
aBapUUHOTO OCcTaHoBa. *iocontrol.0.tool-change (bit, out) TRUE korpa TpebyeTcs cCMeHa MHCTPYMEHTA.

* jocontrol.0.tool-changed (bit, in) ITomxken OwviTh ycTaHoBieH B TRUE, Korga cMeHa MHCTPYMEHTa
3aBepuieHa. * iocontrol.0.tool-number (s32, out) Tekymuii HoOMep UHCTpyMeHTa. * iocontrol.0.tool-
prep-number (s32, out) Homep cnenyiomiero nuactpyMenTa u3 T-cnmoBa RS274NGC. * iocontrol.0.tool-
prepare (bit, out) TRUE, Korga 3anparinBaeTcs IIOATOTOBKA HHCTPyMeHTa. * iocontrol.0.tool-prepared

(bit, in) Jomxken 651Th ycTanosneH B TRUE, korga moAroToBKa MHCTPYMEHTa 3aBepliineHa. * iocontrol.0.user-
enable-out (bit, out) FALSE , korfa cyiiecTByeT BHYTPEHHEE YCIIOBHE aBapUUHOT0 OCTaHOBa. *iocontrol.0.us
request-enable (bit, out) TRUE, Korga nmoib30BaTeslb 3alIPOCUIT OYKUCTKY aBapUMHOT0 OCTaHOBA.

5.6.5 HacTtpoukwu INI

Pap sactpoek INI mocTyneH Kak BXOOHBIE KOHTAKTE HAL.

5.6.5.1 KoHTaKThbI

N o6o3HayaeT HOMep counieHeHus1, L o6o3HaYaeT OYKBY OCH.

* ini.N.ferror - (float, in) [JOINT N]FERROR

* ini.N.min_ferror - (float, in) [JOINT N]JMIN FERROR

* ini.N.backlash - (float, in) [JOINT N]BACKLASH

e ini.N.min_limit - (float, in) [JOINT N]MIN LIMIT

e ini.N.max limit - (float, in) [JOINT NIJMAX LIMIT

* ini.N.max velocity - (float, in) [JOINT N]MAX VELOCITY

* ini.N.max_acceleration - (float, in) [JOINT NJMAX ACCELERATION
* ini.N.home - (float, in) [JOINT NJHOME
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ini.N.home offset - (float, in) [JOINT NJHOME OFFSET
ini.N.home offset - (s32, in) [JOINT NJHOME SEQUENCE
ini.L.min_limit - (float, in) [AXIS LIMIN LIMIT

ini.L.max_limit - (float, in) [AXIS LIMAX LIMIT

ini.L.max velocity - (float, in) [AXIS L]MAX VELOCITY
ini.L.max_acceleration - (float, in) [AXIS L]MAX ACCELERATION

Note

KoHTakTbl min_limit 1 max_limit gna Ka>Xpom ocu y4YuTbIBAlOTCA MOCTOAHHO MOC/e BO3BpaTa B
ncxonHoe nonoxkeHue. BoiBoAbl ferror 1 min_ferror No Ka>kAon oCU yYUTbIBAOTCSA, KOrga CTaHOK
BKJIIOMEH M He HaxoguTCa B HY>XHOM nosoxeHun. KoHTakTbl max_velocity n max_acceleration
0N Ka)XKAOW OCKM COIMMJIMPYIOTCA, Korha CTaHOK BKJOYeH M motion state cBoboneH (Bo3BpaT B
ncxogHoe NosioXKeHne nam MegJsieHHas nogada), Ho He BbibrpaloTca Bo BpeMs paboTbl NporpaMmbl
(aBTOMaTMYeCKNn pexum) nau B pexume MDI. ChenoBaTesibHO, U3MEHEeHMe 3HaYeHUN KOHTaKTOoB
BO BpeMs paboTbl nporpaMmel He byaeT nmeTb 3dekTa A0 Tex nop, Noka nporpamma He byaet
ocTaHoBJIeHa n motion_state cHoBa He cTaHeT cBO6OAHbLIM.

ini.traj arc blend enable - (bit, in) [TRAJJARC BLEND ENABLE

ini.traj arc blend fallback enable - (bit, in) [TRAJJARC BLEND FALLBACK ENABLE

ini.traj arc blend gap cycles - (float, in) [TRAJJARC BLEND GAP CYCLES

ini.traj arc blend optimization depth - (float, in) [TRAJIARC BLEND OPTIMIZATION DEPTH
ini.traj arc blend ramp freq - (float, in) [TRAJJARC BLEND RAMP FREQ

Note
Boibopka KOHTaKTOB traj arc_blend nponcxoanT HeNpepbIBHO, HO U3MEHEHUE 3Ha4YeHWNA KOHTaKTOB
BO BpeMs paboTbl MporpamMMbl MOXKET HE UMeTb HeMeJIeHHOr 0 3cheKkTa n3-3a o4epean KomaHg,.

ini.traj default acceleration - (float, in) [TRAJIDEFAULT ACCELERATION
ini.traj default velocity - (float, in) [TRAJIDEFAULT VELOCITY
ini.traj_ max_acceleration - (float, in) [TRAJIMAX ACCELERATION

S-curve trajectory planning pins (sampled continuously, can be changed at runtime):

ini.traj planner type - (s32, in) [TRAJIPLANNER TYPE
ini.traj max_jerk - (float, in) [TRAJIMAX LINEAR JERK
ini.traj default jerk - (float, in) [TRAJ]IDEFAULT LINEAR JERK

Per-axis jerk limit pins (where L is X, vV, 7, a, b, ¢, u, v, or w):

ini.L jerk - (float, in) [AXIS L ]JMAX JERK

Per-joint jerk limit pins (where N is the joint number 0-8):

L]

ini.N jerk - (float, in) [JOINT N ]JMAX JERK
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5.7 HAL CnMCcOK KOMNOHEHTOB

5.7.1 KOMNOHEHTOB

BONBIIMHCTBO KOMaH[ B CJIEAYIOLIEM CIIMCKE MMEIOT CBOM COOCTBEHHHIE CIIPAaBOYHBLIE CTPAHUIIHL. Y
HEKOTOPBIX OYIOYyT pacIlupeHHBIE OMMCAaHUsI, Y HEKOTOPHIX — OrpPaHUYeHHBIe. K3 3TOro CImcka BBl
y3HaeTe, KaKie KOMIIOHEHTHI CYIIECTBYIOT, 1 MOXKETe UCIIOJIb30BaTh Man name B KOMaHOHOU CTPOKe
UNIX mns monydeHus DOIOTHUTEIbHON nHpopManuu. YToOH TPOCMOTPETh HHGOPMAIIHUIO Ha CTPAaHUIe
PYKOBOICTBA, B OKHEe TepMHHaJjla BBEIUTE:

man axis

Ta nnu nHas yctanoBka cucteMbl UNIX MozkeT moTpeboBaTh IBHOT'0 YKa3aHUs pa3fesia man-CTPaHHUIIH.
Ecnu BB He HAaIIU CIIPABOYHYIO CTPAHUILY UJIK UMS CIIPABOYHOM CTPaHUIIBI YK€ 3aHSATO OPYTUM UHCTPYMEHT!
UNIX, a cupaBouHas ctpanulla LinuxCNC HaxoguTcsa B IPyroM pa3siesie, IOonpo0ylTe ABHO yKa3aThb
pa3mern, Kak Bman _section-no_ axis, ¢ moMoIlbio section-no = 1 [0 KOMIIOHEHTOB He B pealbHOM
BpeMeHU U 9 [J11 KOMIIOHEHTOB PEalbHOI'O BpEMEeHU.

Note
CM. Takxe pa3gen «CTpaHuubl pykoBoacTBa» no docs main page wnu directory listing. Insa noncka
Mo CTpaHuuaM pPyKOBOACTBa Ucnosb3ynte nHcTpymeHT UNIX apropos.

5.7.1.1 Nonb3oBaTtenbCcKue nHtepcencol (He B peasibHOM BPpEMEHMU)

axis I'UIT AXIS LinuxCNC (pacmupeHHBIN KOHTPOJUIEP CTaHKa)
axis-remote VYmanenHwii untepderic AXIS
gmoccapy Touchy LinuxCNC I'MII

gscreen Touchy LinuxCNC I'MII

halui Ha6mromatiTe 3a koutakTamu HAL u ynpasnsiite LinuxCNC uepe3z NML

mdro TOJIBKO py4YHOU YHuBepcanbHbl Lludposoit MagukaTop (DRO)

ngcgui ITnatdopma ang reHepanuu quanoroBoro G-koma Ha KOHTPOJIJIEpe

panelui

pyngcgui Peanusamnus NGCGUI #Ha Python

touchy AXIS — TOUCHY I'"MII LinuxCNC

gladevcp BuptyanbHasa naHens ynpaBiaenus s LinuxCNC Ha 6a3e BumxkeToB Glade,
Gtk u HAL

gladevcp _deméladeVCP — ucmnonb3lyeTcs B IpuMepax KOHQUTypaluil Ojisi 0eMOHCTpaluu
Glade Virtual demo

gremlin view I'padurueckuil npenBapuTenIbHEIN IpocMoTp G-Koma

moveoff gui TI'MII gna komnoreHTa moveoff

pyui YTunuta gns panelui

Pyvcp BuprtyanbHasa nanens ynpasiaeHusa oiaa LinuxCNC

pyvcp_demo [leMOHCTpallMOHHBINM KOMIIOHEHT BUPTYaJIbHOM aHenu ynpasieHus Python
qtvcp BupTtyanbHasi maHenb yopaBieHus Ha 6aze Qt

S5axisgui Vismach I'MII BupTyanbHOro cTaHKa

hbmgui Vismach I'MII BupTyanbHOro cTaHka

hexagui Vismach I'MII BupTyansHOro cTaHKa

lineardelta  Vismach I'MII BupTyanbHOTO CTaHKa
maho600gui hexagui - Vismach I'IIT BupTyanbHOTO CTaHKa



../index.html
../man/man1/axis.1.html
../man/man1/axis-remote.1.html
../man/man1/gmoccapy.1.html
../man/man1/gscreen.1.html
../man/man1/halui.1.html
../man/man1/mdro.1.html
../man/man1/ngcgui.1.html
../man/man1/panelui.1.html
../man/man1/pyngcgui.1.html
../man/man1/touchy.1.html
../man/man1/gladevcp.1.html
../man/man1/gladevcp_demo.1.html
../man/man1/gremlin_view.1.html
../man/man1/moveoff_gui.1.html
../man/man1/pyui.1.html
../man/man1/pyvcp.1.html
../man/man1/pyvcp_demo.1.html
../man/man1/qtvcp.1.html
../man/man1/5axisgui.1.html
../man/man1/hbmgui.1.html
../man/man1/hexagui.1.html
../man/man1/lineardelta.1.html
../man/man1/maho600gui.1.html
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max5gui
melfagui

puma560gui

pumagui
rotarydelta
scaragui
xyzac-trt-
gui
xyzbc-trt-
gui
xyzab-tdr-
gui

io
iocontrol
mdi

milltask

hexagui - Vismach T'MI1 BupTyanbHOTo CTaHKa
Vismach I'MII BupTyanbHOro cTaHKa

pumab560agui - Vismach I'MI1 BupTyanbHOTO CTaHKa
Vismach I'MII BupTyansHOTO cTaHKa

Vismach I'ITT BupTyanbHOTO CTaHKa

Vismach I'MII BupTyanbHOro cTaHKa

Vismach I'MII BupTyanbHOro cTaHka

Vismach I'MII BupTyanpHOTo CTaHKa

Vismach I'MIIT BupTyanbHOTO CTaHKa

5.7.1.2 LBuXeHue (He B peasibHOM BpeMeHHU)

iocontrol — B3aumoperictByeT ¢ HAL unu G-KooM He B pealbHOM BpeMeHU
BzaumopeiictByeT ¢ HAL unu G-KomoM He B peajlbHOM BpeMeHU
OtnpaBnsaiiTe KomaHOsl G-Kofla C TEpMUHAJIa Ha PabOTaIINN 3K3EeMIIAP
LinuxCNC

KouTpomnnep 3agad He B peanbHOM BpeMeHU Oasd LinuxCNC

5.7.1.3 [ pauBepbl obopynoBaHus

elbpcom
gs2_vid

hy gt_vid

hy vfd
mb2hal

mitsub_vfd

monitor-
xhc-hb04
pi5>00_vfd
pmx485
pmx485-
test
shuttle

svd-ps_vid
vidb_vfd
visl1 vid

wj200_vfd
xhc-hb04
xhc-hb04-
accels
xhc-
whb04b-6

KoMmmyHnukamus ¢ Mesa Ethernet kapramu

Komnounent HAL, paGoraromuii He B peanbHOM BpeMeHH, niist VED
Automation Direct GS2

KommnonenT HAL, paGoTaroliuii He B pealbHOM BpeMeHU, OJIs
4aCTOTHO-perynupyemerx npuBogoB Huanyang cepuu GT

KomnornenTt HAL He B peansHOM BpeMeHH 0y VED Huanyang

MB2HAL — sT0 yHuUBepcanbHbIl KoMnoHeHT HAL, paGoTaromuii He B
peanbHOM BPEMEHH, OJIS CBSA3K C OOHUM WMJIU HECKOJIBKUMU YCTPOUCTBAMU
Modbus. IMogmepzxkupatoTcss Modbus RTU u Modbus TCP.

KommnionenT HAL He B peanbHOM BpeMmenu aiiss VFD Mitsubishi A500 F500
E500 A500 D700 E700 F700 (mpyrue Takxke MOTyT paboTaTh)
Koutponupyet nynst XHC-HB04 u npenynpexmaeT 00 OTKIIOYEHUHN

Powtran PI500 modbus gpaBeiip
CBa3p Modbus c nna3meHHBIM pe3akoM Powermax
TectupoBaHue cBs3u Modbus ¢ TOMOIIBIO TIJTAa3MEHHOT0 Pe3aka Powermax

ynpasiieHue KoHTakTaMu HAL ¢ momoirbio ycTpoiicTB ShuttleXpress,
ShuttlePRO u ShuttlePRO2, coenauueix Contour Design

Komnouent HAL, paGoTaromuii He B peKUMe pealbHOT0 BpeMeHH, i
YaCTOTHO-PETryIupPyeMbIX ITpuBogoB SVD-P(S)

KommnoneunT HAL, pabGoTaoIuii He B peXXuMe pPeaabHOTr0 BpeMeHHU, s
npeobpa3oBaTenei vacToTsl Delta VFD-B

Komnouent HAL He B peajibHOM BpeMeHU i mpeoOpa3oBaTesieil 4acTOTH
Toshiba-Schneider VF-S11

Hitachi wj200 Modbus driver

KommnionenT HAL He B peaslbHOM BpeMeHH AJid nyjbTa xhc-hb04
YcTapeBUIui CKPUIIT OJII MaxXOBUYKa MeOJIEHHOU IToa4yn

Komnouent HAL He B peaJibHOM BpeMeHU [jisi 6€CIIPOBOIHOTO IIYJIbTa
USB-yctporictea XHC WHBO04B-6
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../man/man1/max5gui.1.html
../man/man1/melfagui.1.html
../man/man1/puma560gui.1.html
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../man/man1/rotarydelta.1.html
../man/man1/scaragui.1.html
../man/man1/xyzac-trt-gui.1.html
../man/man1/xyzac-trt-gui.1.html
../man/man1/xyzbc-trt-gui.1.html
../man/man1/xyzbc-trt-gui.1.html
../man/man1/xyzab-tdr-gui.1.html
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hal ppmc

hal bb_gpio
hal parport

hm2_7i43

hm?2_7i90
hm2 _eth

hm2 pci

hm2 rpspi
hm?2_spi

hostmot2
max31855

mesa_7i65

5.7.1.4 Mesa v apyrue KapTthbl BBoga-BbiBoaa (B peaJicHOM BPe€MeHHM)

Pico Systems driver gmnst aHanmoroBsoro cepsonpuBona, IIIMM u marosoro
KOHTpOJIJIepa

IpariBep g KoHTakTOB BeagleBone GPIO

KomnionenT HAL peanbHOTr0 BpEMEHU [Ji CBSA3U C OOHUM UJIM HECKOJIBKUMU
napajuienbHeIMu nopramu I1K

IpariBep Mesa Electronics mnst mnatel Anything 10 7143 EPP ¢ HostMot2.
(s monmy4YeHUs HOIIOTHUTENIbHOM UHPOPMAIIUU CM. CIIPaBOYHYIO
CTpaHUIy)

IOpanBep LinuxCNC HAL gnsa nnater Mesa Electronics 7190 EPP Anything
IO ¢ nmpommBkou HostMot2

LinuxCNC HAL ppaiiBep gng nnat Mesa Electronics Ethernet Anything IO ¢
npommuBkou HostMot2

Mesa Electronics gpaiiBep mis mat 5120, 5122, 5123, 4165 u 4168 Anything
I/O, c mpommuBkoi HostMot2. (CMoTpuTe cTpaHuily man mjis
OOIOJIHUTEIbHOU NH(pOPMAaIInu)

LinuxCNC HAL gpatiBep mns mwiat Mesa Electronics SPI Anything IO ¢
npommuBkou HostMot2

LinuxCNC HAL ppatiBep gmns nnaT Mesa Electronics SPI Anything IO ¢
npoinuBkoy HostMot?2

Mesa Electronics driver gmns npomusku HostMot2.

IMommepzxka mpeobpa3oBaTess TepMomapsl B mudppy MAX31855 ¢
UCIIONb30BaHKuEM IT0O6UTOBOTO SPI

IOpaiiBep Mesa Electronics mist BOCBMHUOCHOM cepBoKapThl 7165. ([ns
TIOJIyYeHUs OOIIOTHUTENbHON NH(pOPMaIUy CM. CIIPAaBOYHYIO CTPAHUILY)

mesa_pktgyro lgsictoit Tect PktUART ¢ rupockonom Microstrain 3DM-GX3-15

mesa_uart
opto_acd
pluto_servo

pluto_step
serport

setsserial
sserial

hal-
histogram
halcompile
halmeter
halcmd

An example component demonstrating how to access the Hostmot2 UART
I[IpariBep peanbHOTO BpeMeHHU s KapT opto22 PCI-ACS

Pluto-P driver u mpomuBKa ains mapannenbHoro noprta ITJIMC, gis
CEPBOIIPUBOLOB

Pluto-P driver gnsa napannenbHoro nopta FPGA, Ois maroBeIX ABUTATeNeN
AnnapaTtHbIi gpaiiBep ajig 6UTOB HM(PPOBOT0 BBOIA-BEIBOOA
nocnemoBaTenbHOro moprta 8250 u 16550

An utility for setting Smart Serial NVRAM parameters

hostmot2 — gpatiBep Smart Serial LinuxCNC HAL mnsa ymaleHHBIX KapT
Mesa Electronics HostMot2 Smart-Serial

5.7.1.5 YTunutobl (He B peasibHOM BPEMeHHU)

OtobpaxkaeT 3HaYeHUe KOHTakKTa HAL B BUlle THCTOTPaMMEL

C6opKa, KOMOUISIUA ¥ YCTaHOBKa KOMIIOHeHTOB LinuxCNC HAL
Hab6miomatiTe 3a KOHTAaKTaMM, CUTHAJIaMH B mapaMmeTpaMmu HAL
Yupasnaite LinuxCNC HAL 13 KkoMaHOHON CTPOKU

halcmd_twopas&ility script used when parsing HAL files. It allows to have multiple

halreport
halrmt
halrun
halsampler
halscope

halshow

load-commands for multiple instances of the same component.

Co3pgaet oTtueT o cocTostHuU HAL

HNuTepdetic ynameHHoro ynpasneHus miasg LinuxCNC

Yupasnaite LinuxCNC HAL 13 KoMaHOHOM CTPOKU

[Tpumeps! nanueix u3 HAL B peajlbHOM BpeMeHU

ITporpamMmHLIT ocuusiorpad oy mpocMoTpa GopM CUTHAJIOB U KOHTAKTOB
HAL B peanbHOM BpeMeHU

I[Toka3aTh mapamMeTphl, KOHTAKTHI U curHansl HAL
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halstreamer IloTokoBas nepemaya maHHBIX daiia B HAL B pexxume peaabHOT0 BpeMeH!U

haltcl YrupasnseT LinuxCNC HAL 13 KoMaHOHOM CTPOKH C ImoMoIrbio Tcl
image-to- ITpeobpa3yeT pacTpoBeie u306paxkeHus B G-KO

gcode

inivar 3ampocuts INI-datine

latency- IMTocTpoeHHe TUCTOTPAMMEI 3a0ePKKH CTaHKa

histogram

latency-plot
latency-test

Ipyro# crioco® TpoCMOTPETD ITUGPPHL 3aT€PKKHU
TecTupyert 3amepkKKy CUCTEMEI B peaJIbHOM BpeMeHU

linuxcncmkdegldmgmiiTe 3Ha4uok LinuxCNC Ha paboueM cTojie

modcompile Utility for compiling Modbus drivers

motion- Log motion commands sent from LinuxCNC

logger

pncconf Mactep HacTpoiiku KapT Mesa

sim_pin T'UTI gnst oTo6paXkeHus: M HaCTPOUKM OIHOT'0 UJIM HECKOIBLKUX BxomoB HAL
stepconf MacTtep HaCTPOWKY [JIsI CTAHKOB ¢ UHTepdhelicoM uepe3 napasielbHbII

update_ini

opT
Kouseptupyert INI-daiinel popmara 2.7 B popmar 2.8

debuglevel Sets the debug level for the non-realtime part of LinuxCNC
emccalib Adjust ini tuning variables on the fly with save option
hal_input Control HAL pins with any Linux input device, including USB HID devices

linuxcnc_info Collects information about the LinuxCNC version and the host
linuxcnc_modulenhellpevot access for system hardware

linuxcnc_var

Retrieves LinuxCNC variables

linuxcnc LinuxCNC (Yny4llleHHEIN KOHTPOJIJIEP CTAHKA)

linuxcncled TI'paduuecknii nonv3oBaTenbcku nHTepderic LinuxCNC gna XKK-gucnnes
linuxcncrsh Text-mode interface for commanding LinuxCNC over the network
linuxcncsvr  Allows network access to LinuxCNC internals via NML

linuxcnctop Omnucanue cratyca Live LinuxCNC

rs274 ABTOHOMHEIN UHTEepHpeTaTop G-Koma

schedrmt IMTnauupoBmuk Ha 6a3e Telnet myng LinuxCNC

setup_designen script to configure the system for use of Qt Designer

teach-in

Jog the machine to a position, and record the state

tool_mmap readcomponent of the tool database system (an alternative to the classic

tool_watch

tooledit

tooltable)

A component of the tool database system (an alternative to the classic
tooltable)

PemakTop Tabnul MHCTPYMEHTOB

5.7.1.6 OOGpaboTka curHanos (B peasibHOM BpeMeHU)

and2 [IByxBxomoBoi BeHTuIb M. YTOOGH BHIBOM OBIII HCTUHHBIM, 00a BXOIHBIX
mapaMeTpa OOJIXKHEI OBITh UCTUHHBEIMH. (and2)

bitwise BrruucnsieT pa3nuyHble TOOUTOBLIE OIepalluy Hag IBYMS BXOTHBIMU
3HAYEHUSIMU

dbounce Ccrinka Ha QUAbTP 3alllyMJIeHHBIX IuGpoBhiX Details

debounce QunbTpanusa HIyMHBIX IUPPOBEIX BXxoHoB Details description

demux BriGepuTte oovH U3 HECKOJIBKHUX BBIXOJHEIX KOHTAKTOB II€JIBIM YHCJIOM W/UJTA
OTHEeJIbHLEIMY OUTaMu

edge [eTeKTop UMITyJIbCa

estop_latch 3amenka aBapuitHOTO OCTaHOBA

flipflop Tpurrep tumna D

logic KoMmnoHeHT 00111e#i ToruYecKoi GpyHKIUHN

lutb Jlornyeckas GyHKIMSA C 5 BXOHaMM Ha OCHOBE CIIPABOYHOM TaOIUITHI

description
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match8
multiclick
multiswitch
not

oneshot

or2

reset
select8

tof

toggle

toggle2nist
ton
timedelay

tp
tristate_bit
tristate_float

xor2

abs_s32
abs_s64
abs

biquad
blend
comp
counter

ddt

deadzone
div2

hypot
ilowpass
integ

invert
filter_kalman

knob2float
led_dim

lowpass
limitl

limit2

8-OMTHLIN IEeTEKTOP OBOWYHBIX COBIAEHUN

[eTeKTop OOUHOYHOI0, OBOMHOI0, TPOMHOTO ¥ YEeTBEPHOT O KIINKa
ITepekoyaeT MeXAY YKa3aHHLIM KOJTMYECTBOM BBIXOOHBIX OUTOB
HuBepTep

OpzoBUOpPATOP

IIByxBx0moBou BeHTHUIb MJIN

COpacheiBaeT CUTHA BBOIa-BEIBOOA

8-OUTHEIM TBOMYHEBIN METEKTOP COBIIAEHUH.

Tatimep IEC TOF — 3amepxKKa cpe3a CUTHala

BkrioyeHre HaXXaTHEM U BBHIKJTIOUEHHNE OTIIyCKaHMEM C IIOMOIIbI0 KHOIIOK
MTHOBEHHOTO OENCTBUS

KHomKka nepekmouYeHus Ha nist 1oruky

Tatimep IEC TON - 3amepzxkka ppoHTa CUTHalla

OKBUBAJIEHT pejle 3afiePKKN BpeMeHH.

Taiimep IEC TP — reHepupyeT UMIIYJIbC BEICOKOTO YPOBHS OIIpEeNeIeHHOU
OJITUTEJILHOCTH 10 (GPOHTY

ITomaeT curHan Ha KOHTAKT BBOJla-BbIBOAA TOJILKO KOT[a pa3pelleHo,
mogo6HO Oydepy C TPEMSI COCTOSTHUSIMU B 3JIEKTPOHUKE

IMomaeT curHan Ha KOHTAKT BBOOa-BhIBOIA TOJILKO KOT[la pa3peleHo,
mogo6HO Oydepy C TPeMSI COCTOSTHUSAMU B 3JIEKTPOHUKE
IByxBxopmoBou BeHTU/Ib XOR (uckmiouaromiee UJIN)

BriumcnsieT abCOIIOTHOE 3HAUEeHKEe U 3HaK IeJIOYHCIeHHOT0 BXOOHOT 0O
cUTrHajsa

BrrumcnsieT abCcoI0THOE 3HAUEHKNEe U 3HAaK 64-0MTHOTO II€JI0YHCIIEHHOT O
BXOHOT'O CHUTHaa.

BriuncnsieT aGCOMIOTHOE 3HAUYEeHKe U 3HaK BXOOHOI'O CUTHAJIa C MJIaBalollein
TOYKOM

BukBagpatubiii BUX-GunbTp

BrintoTHAET MTUHEWHYI0 UHTEPIIOIAINIO MeXAy ABYMS 3HaYeHUSIMU
IIBYyXBX0OOBOM KOMIIapaTOp C TMCTEPE3UCOM

I[TopgcumTHIBaeT BXOOHEIE UMITYIBCH (yCcTapeno). Mcnonb3yuTe KOMIOHEHT
encoder.

BrrunucnsieT IPpOU3BOOHYIO BXOOHOU (PYHKITHN.

BosBpalilaeT 11eHTP, €CJIM HaXOOUTCS B IIpeaesax rmopora.

Quotient of two floating point inputs.

KanbkynaTop runoTeHy35 (€BKJIMAOBA PACCTOSHUS) C TPEMSA BXOOAaMHU.
OUIBTP HUKHUX YaCTOT C IIeJIOYNCIIEHHLIMU BXOaM1 ¥ BEIXOIAMU
HuTerpartop

Breruucrsier o6paTHYIO BEeJIMYMHY BXOQHOT'O CUTHAJIA.

OpHoMepHBIN GUNIbTP KanMaHa, TakKKe U3BECTHBIM Kak
JNTMHEeWHO-KBagpaTtudeckas oneHka (LQE)

ITpeobpa3yeT 3HaUeHUs (BEPOSITHO, IIONyYEHHBIE OT 9HKOOepa) B YHCIIO C
TIJIaBaIOINEN 3amsTOM.

KomnorernTt HAL gt fmMMUPOBaHUSA CBETOOUONOB

OUIBTP HUKHUX YaCTOT

OrpaHW4YMBa€eT BEIXOOHOM CUTHAJ MeXOy MUHUMalIbHbIM U MaKCHUMaJIbHBIM
3HauyeHusMu. footnote: [Korma BxomHble JaHHBIE ITPEACTABISIOT CO00M
MO3UIIHIO, 3TO 0O3HAYaeT, YTO NO3UlUs OTpaHUYeHa.]

OrpaHUYMBaET BBIXOOHON CUTHAJI MeXAy MUHUMAaJIbHEIM U MaKCUMalbHbIM
3HaYeHUAMHU. OrpaHUYbTE CKOPOCTh HapacTaHUA HUKEe Maxv B CEKyHTY.
footnote: [Korma BXOOHLIMU JaHHLIMHU SIBISIETCS MOJIOXKEHHE, 9TO 03HAYAEeT,
YTO NO/I0JHCEeHUe U CKOPOCMb OTPaHNYEHHI. ]
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limit3

lincurve
maj3
minmax
mult2
mux16
mux2
mux4
mux8
mux_generic
near
offset

safety _latch
sample_hold

OrpaHUYUTDH BEIXOJHOM CUTHAJI MEXOY MUHUMAIbHBIM U MaKCHUMaIbHBIM
3HaYeHUAMHU. OTPaHUYUTh CKOPOCTh HapaCTaHUs HUXKe maxv B CEKYHIY.
OrpaHu4YuTh €r0 BTOPYIO IPOU3BOOHYIO 3HAYEHUEM MeHee MaxA Ha
ceKyHOy B kBamparte, footnote: [Korma BxomHbIE MaHHBIE — 3TO ITO3UIIMA,
9TO O3HA4YaeT, YTO N0/10X4CeHUe, CKOPOCMb U YCKOpeHUe OrpaHuYdeHHl.].
OpHOMepHas cIIpaBoYHas Tabiuila

BreruuciuTh Haubosblillee U3 3 BXOIOB

OTcnexuBaeT MUHUMAJIbHBIE U MaKCUMaJlbHbIe 3HaYEeHHUS BXOAa U BHIXOIA.
ITpomyKT ABYX BXOMOB.

BribupaeT ogHO U3 16 BXOOHBIX 3HAUEHUM (MYIILTHUIIIIEKCOD).

BribupaeT omHO M3 OBYX BXOOHBIX 3HAUEHUHN (MYJIbTUIIIIEKCOD).
BriGupaeT ogHO U3 YeThIPEX BXOOHBIX 3HAYEHUH (MYJIbTUIIIIEKCOD).
BriGupaeT ogHO M3 BOCbMHU BXOOHBIX 3HAYEHUM (MYJIbTUIIIIEKCOP).
BriGupaeT 0gHO U3 HECKOJIBKUX BXOOHBIX 3HAYEHUH (MYJIbTUIIJIEKCOD).
OmnpepensieT, paBHB IU IPUMEPHO OBa 3HAYEHU .

[IobGaBnsieT cMellleHre K BXOOHBIM JaHHBIM M BEHIYUTAET €T0 U3 3HAUYEHU S
o0OpaTHOM CBSI3MH.

latch for error signals

BriGopka 1 XpaHeHUe.

scaled_s32_sumigmmMa deThIpEX BXOOOB (KaXKIOBM C MaciiTabupoBaHUEM)

scale
sum?2
time
timedelta

updown

wcomp
watchdog

ITpumeHsieT MaciiTab U cMellleHre K BXOTHBIM JaHHBIM.

CyMMa OByX BXOHOB (KaKOBbIA C YCUJIEHHEM) U CMEIeHUs.
HaxkomnneHHbIN TaiMep BPpeMEHU BLIIONHEHUS OTCUUTEIBaeT Y4:MM:CC
BXOfa active.

KoMmoHeHT, KOTOPHIM U3MepSeT IIOBeIeHNe BpeEMEHU IIJTaHUPOBaHUS
TIOTOKOB.

CuwuTaeT B OOJIBIIYIO UM MEHBIIIYIO CTOPOHY, C AOMOTHUTETbHBIMU
OTPaHUYEHUSIMHU U TUKJIUUYECKUM II0OBEIEHUEM.

OKOHHEBIM KOMIIapaTop.

KoHTponupyliTe OT OOHOTO OO0 TPUALIATH ABYX BXOOOB Ha npenMeT heartbeat
(mymeca).

weighted_sumIIpeoGpa3syiiTe rpynity 6UTOB B I1eJI0€ YUCJIO.
xhc_hb04_util Yno6uas yrunura xhc-hb04

5.7.1.7 TeHepauuna curHana (B peasibHOM BPE€MEHM)

charge pump Creates a square-wave for the charge pump input of some controller

pwmgen
siggen
sim_encoder
stepgen

bin2gray
bitmerge
bitslice

boards.

[Mporpammuas reHepanusa PWM/PDM, cuMm. description.
I'enepaTop curHanos, cM. description.

HMMuTupoBaHHBINM KBaOpaTypPHBIN 9HKOOep, cM. description.
I[TporpaMMHas reHepalys MIaroBEIX UMITYIbCOB, cM. description.

ITpeob6pa3yeT uucio B IpencTaBiaenue kona ['pes
Converts individual input bits into an unsigned-32
[Tpeobpa3yeT BXOOHOM curHai 6e3 3HaKa-32 B OTOeIbHbIE OUTHI

conv_bit_float [Ipeo6pa3yeT OGUT B YKCJIO C IIJIaBalOMIEN 3aIISATON

conv_bit_s32

KouBeptupyeT u3 6urta B 32

conv_bit u32 Koupeptupyet u3 6ura B u32
conv_float_s32Kouseptupyert us float B s32
conv_float_u32[IpeobpasyeTt u3a float B u32
conv_s32 bit Koupeptupyet u3 s32 B 6UT
conv_s32_floatKorseptupyet u3 s32 B float
conv_s32 u32 Kouseptupyet u3 s32 B u32
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conv_u32 bit Kouseptupyet u3 u32 B OUT
conv_u32_floatllpeobpasyeT u3 u32 B float
conv_u32_s32 KouseptupyeT u3 u32 B s32
conv_bit_s64 Kouseptupyet u3 bit B s64

conv_bit u64 IIpeo6pasoBaTh 3HaueHue u3 bit B u64
conv_float_s64IIpeo6bpa3oBaTh 3HaueHue u3s float B s64
conv_float u64lIpeobpazoBaTh 3HaueHue u3 float B u64
conv_s32_s64 IIpeoO6pa3oBaTh 3HaUYeHHUEe u3 S32 B s64
conv_s32 u64 I[Ipeobpa3oBaTh 3HauUeHUEe U3 s32 B u64
conv_s64_bit IIpeo6pa3oBaTh 3HaueHUe U3 s64 B OUT
conv_s64 floatlIlpeo6pa3oBats 3HaueHue u3 s64 B float
conv_s64 s32 TIpeobpa3oBaTh 3HaUeHHEe U3 s64 B $32
conv_s64 u32 [Ipeobpa3oBaTh 3HaUYeHHE U3 S64 B u32
conv_s64 _u64 I[Ipeobpa3oBaTh 3HaUeHHE U3 S64 B u64
conv_u32_s64 [Ipeobpa3oBaTh 3HaueHUe U3 u32 B s64
conv_u32 ub64 IIpeobpa3oBaTh 3HaYeHUe u3 u32 B ub64
conv_u64_bit IIpeo6pa3oBaTh 3HaueHUe U3 U64 B OUT
conv_u64_floatllpeo6pa3oBaTh 3HaueHue u3 ub4 B float
conv_u64_s32 [Ipeobpa3oBaTh 3HaUYeHHE U3 U64 B S32
conv_u64_s64 [Ipeobpa3oBaTh 3HaUeHUE U3 U64 B s64
conv_u64_u32 IIpeobpa3oBaTh 3HaueHUe U3 u64 B u3?2
gray2bin ITpeob6pa3yeT BBOX Kofa ['pes B IBOMYHBIN

5.7.1.8 KuHemaTuka (B peasibHOM BpeMeHHU)

corexy by hal KunemaTtuka CoreXY

differential KwunHemaTuka nns nuddepeHIIMalbHON IIepegadyu

gantry KomnorenT LinuxCNC HAL gns ynpaBiieHUuS HECKOJIBKUMU COYJI€eHEHUSIMU
C OOHOU OCcH

gantrykins Mopynb KUHEMATUKHU, KOTOPHIM 0oToOOpaxKaeT OOHY OCh Ha HECKOIBKO
COYJIEHEHUMN.

genhexkins [laeT mecTs cTeneHed cBOOOME B mOJIoKeHUU U opueHTaruu (XYZABC).
PacmonoxxeHnue gBuraresel onpenensaeTcs BO BpeMs KOMIUJIAIINH.

genserkins KwHeMaTuKa, M03BOISIONIAS MOIEIUPOBATH OOBIYHBIN MaHUTIYJIISITOP C
OoCJieqOBaTENbHLIM COEIUHEHUEM, UMEIOIINM 00 6 YTJIOBLIX COYJIEHEHUMN.

gentrivkins CootBercTBuEe 1:1 MeXOy COUIEHEHUSIMHU U OCSIMHU. BOIBIIMHCTBO
CTaHIAPTHHIX (PEe3epHBIX U TOKAPHBEIX CTAHKOB MCIIOIb3YIOT TPHUBUAILHEIN
MOMYJIb KNHEMaTUKU.

kins Onpepenenus kuHeMaTuku ais LinuxCNC.

lineardeltakinKunemaTuka TUHENHOTO AenbTa-poboTa

matrixkins KannbpoBaHHass KHHEMAaTHKA OJIsT 3-0CEBOTO CTAHKAas

maxkins KrHeMaTHKa HaCTOJBHOTO 5-0ceBOTro Gpe3epHOro CTaHKa Ha3BaHHOTO Max
C HaKJIOHHOM rojIoBKOH (0Ch B) ¥ roprU30HTAIbHO-IIOBOPOTHLIM y3JI0M,
CMOHTHPOBaHHEIM Ha CToJI (ock C). ObecneunBaet geuxkenune UVW Bo
BpallaroIeuics CucTeMe KOOpIuHar.

millturn INepekmiouaeMass KUHeEMaTUKa TOKapHO-GPe3epHOTro CTaHKa

pentakins

pumakins KunemaTtuka po6oToB Tuma PUMA.

rosekins KuneMmaTuka gBurartess rose

rotatekins Ocu X u Y noBepHYTH Ha 45 IpaZlyCcoB 10 CPaBHEHUIO C couieHeHUusAMU 0 U
1.

scarakins KunemaTtnka po6oToB Tuna SCARA.

tripodkins CousieHeHUS IIPEACTaBIISIIOT COO0M PaCCTOSHUE OT KOHTPOIIUPYEMOM TOYKHU

IO TpeX 3apaHee 3aJJaHHBIX MECT (OBUTaTelel), YTO JaeT TPU CTEeIleHHU
cBOOOIHI OJIOXKeHUs (XYZ).
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userkins [ITabsoH O1g H0Ib30BATENIECKON KMHEMATUKU
xyzab tdr _kinsllepekmiouaeMas KMHeMaTHKa IOJIS 5-0CEBOT'0 CTaHKa C IIOBOPOTHBIM CTOJIOM
AuB

xyzacb_trsrn Switchable kinematics for 6 axis machine with a rotary table C, rotary
spindle B and nutating spindle A

xyzbca_trsrn Switchable kinematics for 6 axis machine with a rotary table B, rotary
spindle C and nutating spindle A

5.7.1.9 YnpasneHue aBu)XeHUeM (B peasibHOM BpeMeHU)

feedcomp YMHOXaeT BXOOHOE 3HaYEHNE Ha OTHOLIEHNE TEKYIIEN CKOPOCTH K
CKOPOCTH IIOJauM.
homecomp [[Ta6710H MOOYIST UCXOOHOM MO3UIIUU

limit_axis Dynamic range based axis limits

motion [TpurmMaeT KoMaHAH ABuxKeHUsA NML, B3aumoperictsyeT ¢ HAL B
pearbHOM BpeMeHU

simple_tp This component is a single axis simple trajectory planner, same as used for
jogging in LinuxCNC.

tpcomp Trajectory Planning (tp) module skeleton

5.7.1.10 YnpasneHue pBuraTenem (B peasibHOM BpeMeHHU)

at_pid [TponopLMOHaNbLHBIN/UHTETPAIbHBIN/TIPOU3BOOHEIN PETYIISATOP C
aBTOMAaTU4YECKOMN HaCTPOUKOMU.

bldc KomniouenT ynpasnexnus BLDC u AC-cepBOIpUBOAOM

clarke2 Bepcus nmpeobpa3oBanus Kmapka ¢ gByMst BXogaMu

clarke3 IIpeo6pazoBanue Knapka (3-dasHoe B [leKapTOBO)

clarkeinv O6partHoe nmpeobpa3oBaHue Kimapka

encoder ITporpaMMHEBIN ITIOACYET CUTHAJIOB KBaAPaTyPHOTO S9HKOJEPA, CM.
Bescription.

pid [TponopunoHanbHEIN/UHTET PAIbHEIN/IPOU3BOOHEIN perynsaTop, description.

pwmgen ITporpammHuas resepauuss PWM/PDM, cMm. description.

stepgen [TporpaMmMHas reHepalus IIaroBLIX UMITYIILCOB, cM. description.

5.7.1.11 MopenupoBaHue/TecTupoBaHue

axistest Used to allow testing of an axis. Used In PnCConf.
rtapi_app creates a simulated real time environment
sim-torch A simulated plasma torch

sim_axis_hardwaremponent to simulate home and limit switches

sim_home_ switdébime switch simulator

sim_matrix_kbconvert HAL pin inputs to key codes

sim_parport KoMOoHeHT Ajis UMUTalM KOHTAaKTOB KOMIIOHeHTa hal parport
sim_spindle Simulated spindle with index pulse
simulate_probeMurtupoBaTh BXOGHOU CUTHa 30HAA

5.7.1.12 [Apyroe (B peaJibHOM BPeMeHH)

anglejog Jog two axes (or joints) at an angle
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classicladder IIporpammusiii [1JIK peanbHOTO BpeMEHH Ha OCHOBE PEeJIeMHOM JIOTHUKH.
ononmuuTeNnbHYIO HHGOPMaIMio cMoTpuTe B rjiaBe ClassicLadder.
charge pump Creates a square-wave for the charge pump input of some controller

boards.
encoder_ratio OneKTpOHHBIN PEeOyKTOP O/ CUHXPOHU3AIUU OBYX OCEU.
enum Enumerate integer values into bits
eoffset_per an@bmmpute External Offset Per Angle
gladevcp oTtoOpaxkaeT BUPTYaJIbHBIE ITAHEJIN YITPaBIEeHUsI, CO3MaHHbIEe C ITOMOIIIBIO
(Realtime) GTK/GLADE
histobins Histogram bins utility for scripts/hal-histogram
joyhandle YcTraHaBnuBaeT HeIUHENHLIE IBUXKEHHUS I>KONCTHUKA, 30HBI

HEYYBCTBUTEJIPHOCTH M MacIITa0HI.
latencybins Comp utility for scripts/latency-histogram

message Display a message

moveoff Component for HAL-only offsets

raster Outputs laser power based upon pre programmed rastering data

sampler BriGopka manHbIX 13 HAL B pealbHOM BpeMeHHU.

siggen I'enepaTop curHamnos, cMm. description.

sphereprobe UlccnegoBaTh BooGpakaeMoe MOJIyLIapue.

threads Co3spaeT noToku HAL 3KeCTKOTr0 peabHOTO BPEMEHH.

threadtest KOMIOHEHT [t TECTUPOBAHUS [IOBEOEHUS II0TOKA.

steptest Ucnonbayetrca StepConf ni1g npoBepKHu 3HaYeHUN YCKOPEHUS U CKOPOCTH
ocH.

streamer IToTokoBas nepemayda gaHHBIX Qatina B HAL B pexxuMe peanbHOr0 BpeEMEHH.

supply YcTaHOBUTE BEIXOOHEBEIE KOHTAKTEI CO S3HAYEHUIMMU U3 ITapaMeTPOB
(ycrapemno).

laserpower Scales laser power output based upon velocity input power and distance to

go
lcd INepemaya gauubix HAL Ha 2XKK-3kpaH
matrix_kb Convert integers to HAL pins. Optionally scan a matrix of I/O ports to

create those integers.

gearchange BriGepuTe oguH U3 OBYX AHUANIa30HOB CKOPOCTH.

orient Provide a PID command input for orientation mode based on current
spindle position, target angle and orient mode
spindle Control a spindle with different acceleration and deceleration and optional

gear change scaling
spindle_monitépindle at-speed and underspeed detection

carousel Orient a toolchanger carousel using various encoding schemes
hal_manualtocfiohamgenT HAL, pabGoTaroIuii He B peaJIbHOM BPeMEHH, IT03BOISIONTHH
BPYYHYIO MEHSITh HHCTPYMEHTHI&.

thc YnpaBneHue BrICOTOM daKkena ¢ momoluibio Kaptel Mesa THC unu mo6oro
BXO[a aHaJor-B-CKOPOCTh

thcud Torch Height Control Up/Down Input

ohmic LinuxCNC HAL component that uses a Mesa THCAD (A/D card) for ohmic
sensing

plasmac A plasma cutter controller
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5.7.2 BbizoBbl HAL API

hal add funct to thread.3
hal bit t.3

hal create thread.3
hal del funct from thread.3
hal exit.3

hal export funct.3
hal export functf.3
hal float t.3

hal get lock.3

hal init.3

hal link.3

hal malloc.3

hal param bit new.3
hal param bit newf.3
hal param float new.3
hal param float newf.3
hal param new.3

hal param s32 new.3
hal param s32 newf.3
hal param u32 new.3
hal param u32 newf.3
hal parport.3

hal pin bit new.3

hal pin bit newf.3
hal pin_ float new.3
hal pin float newf.3
hal pin new.3

hal pin s32 new.3

hal pin s32 newf.3
hal pin u32 new.3

hal pin u32 newf.3
hal ready.3

hal s32 t.3

hal set constructor.3
hal set lock.3

hal signal delete.3
hal signal new.3

hal start threads.3
hal type t.3

hal u32 t.3

hal unlink.3

hal.3

5.7.3 RTAPI-BbI3OBbI

EXPORT FUNCTION.3
MODULE_AUTHOR. 3
MODULE_DESCRIPTION.3
MODULE_LICENSE.3
RTAPI_MP_ARRAY INT.3
RTAPI_MP_ARRAY LONG.3
RTAPI_MP_ARRAY STRING.3
RTAPI_MP_INT.3
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RTAPI MP LONG.3

RTAPI MP_STRING.3
rtapi.3
rtapi app exit.3
rtapi app main.3

rtapi clock set period.3
rtapi delay.3

rtapi delay max.3
rtapi exit.3
rtapi _get clocks.3
rtapi_get msg level.3
rtapi get time.3

rtapi inb.3

rtapi init.3

rtapi module param.3
RTAPI MP_ARRAY INT.3
RTAPI MP_ ARRAY LONG.3
RTAPI MP_ARRAY STRING.3
RTAPI MP INT.3
RTAPI_MP_LONG.3
RTAPI_MP_STRING.3
rtapi_mutex.3

rtapi outb.3

rtapi print.3

rtapi prio.3
rtapi prio highest.3
rtapi_prio lowest.3
rtapi prio next higher.3
rtapi prio next lower.3
rtapi region.3

rtapi release region.3
rtapi request region.3
rtapi set msg level.3
rtapi shmem.3
rtapi shmem delete.3
rtapi_shmem getptr.3
rtapi_shmem new.3
rtapi snprintf.3
rtapi task delete.3
rtapi task new.3
rtapi task pause.3
rtapi task resume.3
rtapi task start.3
rtapi task wait.3

5.8 HAL Component Descriptions

B aToill rimaBe mpepncTaBieHa nmoupobHas uHpopMauus 06 ocHOBHBEIX ¢yHKIMSX LinuxCNC, KoTOphie

Tpe6y10T TOYHOT'O BpEMEHHU [JIA

* TeHepalluy CUTHAJIOB, KOTOPhIE HHTEPIIPETUPYIOTCS 000pyaoBaHueM (HalpuMep, ABUTaTENsIMU) UITH

* OJIST UHTEPIIPETAlluY CUTHAJIOB, OTIIPABIIeMbIX 000PyHOBaHNUEM (HAIIPpUMep, SHKOJEepaMH).
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5.8.1 StepGen

9TOT KOMIIOHEHT o6eclieyrBaeT IPOrpaMMHYI0 TeHepaluio 1aroBbIX UMITYJILCOB B OTBET Ha KOMaHIBI
TIOJIOKEHUS UIU CKOPOCTU. B pexkuMe IMO3ULMOHUPOBAHUS OH UMEET BCTPOEHHBIN IIpedBapuUTEJIbHO
HACTPOEHHHIM KOHTYP ITO3UIMOHUPOBAHMS, MO3TOMY HacTporka [IWU]I-perynsitopa He TpebyeTcs. B
pexuMe CKOPOCTH OH IPUBOOUT OBUTATEJIb B IBUXKEHHE C 3adaHHONM CKOPOCTbHIO, COOTI0mast Ipu 9TOM
OTPaHUYEHUSI CKOPOCTH U YCKOPEHUs. DTO KOMIIOHEHT, paboTalomiuii TOIBKO B PeKUME PeabHOTro
BpPEMEHU, U B 3aBUCUMOCTH OT CKOPOCTHU MpPOIleccopa U T. O. OH criocoOeH paboTaTh C MaKCUMaJIbHOM
yactoTou maroB oT 10kI'1 mo, Bo3aMoxkHO, SOKIH. Brnok-cxeMa reHepaTopa IIaroBBEIX MMIIYJIbCOB
IMOKAa3kIBaeT TPU OJIOK-CXEMEI, KaXfas U3 KOTOPBIX IIPeAcTaBisgeT coO0M OOWH reHepaTop IIarOoBBIX
uMIynbCcoB. [lepBas quarpaMMa IIpefHa3HadeHa a4 Tulia mara 0 (step u direction). Bropoli npegHa3HadyeH
o tuna mara 1 (up/down unu pseudo-PWM), a TpeTuilt — Ojisgt TUIIOB IIaroB €O 2 110 14 (pa3nudHble
1raGIoHEI 111aroB). IlepBhie ABe gUarpaMMbl IOKA3LIBAIOT YIIPABJIEHUE PEXKMMOM ITOI0XKEHUS, a TPEThS
- PEXKUM CKOPOCTH. PeXXHuM yIIpaBlIeHHs W THUI IIara 3aJaloTCs He3aBUCHUMO, MOXKHO BEIOpATh JTI00YI0
KOMOMHAIIHIO.

CTI)YKTypHaH CXeéMa retfHeparopa 1naroBbiX HMIIYJIBCOB B Pe2KHMeE IOJI02KEeHH s1
:images/stepgen-block-diag.png
3arpy3ka KOMIIOHeHTa stepgen

halcmd: loadrt stepgen step type=<type-array> [ctrl type=<ctrl array>]

<type-array>
IIpencTaBisieT CoO0M CepHUIo HeCATUYHEIX IIeJIbIX YK Cell, pa3feslIeHHbIX 3anaThiMu. Kaxoe gncio
BEI3BIBAET 3arpy3Ky OQUHOYHOI'O reHepaTopa IIaroBEIX UMITYJILCOB, 3HaAYEHMeE YU CJla OIIpenesisieT
THUII [Iara.

<ctrl_array>
nIpencTaBiseT co00M CEPUI0 CUMBOJIOB p UM V, pa3felleHHBIX 3allATEIMY, OJIs YKa3aHUs pexuMa
IIOJI0KEHUS UNTU CKOPOCTH.

<ctrl_type>
SBIISIETCS He005I3aTeIbHBIM, €CIIU €T0 OIIyCTUTh, BCe TeHepaToPH! IIaros OyAyT paboTaTk B pexKuMe
NIOJIOKEHUS.

Hanpuwmep:

halcmd: loadrt stepgen step type=0,0,2 ctrl type=p,p,v

YcTaHOBUT TpU reHepaTopa MIaroBLIX UMIYIILCOB. [lepBrle mBa MCnonb3yioT Tul mara 0 (step u direc-

tion) ¥ BEINOTHSIOTCS B PEXXKUME MO3UITMOHUPOBaHuA. [locmemHuli KCTIONb3yeT TUII IIara 2 (KBagpaTypa)
1 paboTaeT B pexXuMe CKOPOCTH. 3Ha4YeHHeM MO0 YMOJIYaHHIo Ois <config-array> sisnsietcs 0,0,0,

IIpH KOTOpoM OyAyT yCTAHOBJIEHH TP reHeparopa Tuma 0 (step/dir). MakcumanbHOE KOJHMYECTBO

reHepaTopPOB IIar0BLIX MMNYJILCOB — 8 (Kak onpepeneHo B MAX CHAN B ¢aiine Stepgen.c). Kaxpgriin

TeHepaTop He3aBUCHUM, HO BCe OHU OOHOBJISAIOTCS C IIOMOIITLI0 OOHOM U TOM Ke QYHKIMYU OQHOBPEMEHHO.

B cnepylomux onucanusx <chan> — 3To HOMep KOHKPETHOTO reHepatopa. [lepBrIiii reHepaTop UMeeT

HOMep 0.

Beirpy3ka KOMmoHeHTa stepgen

halcmd: unloadrt stepgen

5.8.1.1 KOHTaKThI

OT BBIGpaHHbIX THUIIA IIAarOBBIX UMITYJIBCOB U TUIIA YIIPDABJIEHUSA.
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* (float) stepgen. ~ <chan>_ .position-cmd - TpeGyeMoe OJIOKEHNE OBUTATENIS, B EIUHUIIAX TTOJI0KEHUST
(TONMBKO PEKUM ITOJIOKEHUS).

* (float) stepgen. = <chan>_.velocity-cmd - TpeGyemas CKOPOCTh ABUTATEJIS, B EMUHUIIAX TTOTOKEHUST
B CEKYHAY (TOJIBKO PEXUM CKOPOCTH).

e (s32)stepgen. = <chan> .counts -Ilo3uius o6paTHOM CBSI3K B 0TCYETAX, OOHOBJIEHHAS C IIOMOIIIHIO
capture position().

* (float) stepgen. ~ <chan> .position-fb - ITomoxkeHre 06pPaTHOM CBSI3UW B €AMHUIIAX ITOJIOXKEHUSI,
00HOBJIEHHOE C IIOMOIILI0 capture position().

* (bit) stepgen. = <chan> .enable - BrirogaeT BEIXOOHEIE IIarOBEIE UMITYJILCH — Korfa false, UMy IbCEL
He TeHEePUPYIOTCH..

* (bit) stepgen. = <chan> .step - IllaroBHI{ UMITYJIbCHBIH BBIXO[ (TOJIBKO UMITYJIbC Tua 0).

* (bit) stepgen. = <chan> .dir - Berxop direction (Tombko Tum uMmmyibca 0).

* (bit) stepgen. = <chan>_ .up - IlceBmo-IIMM-Brixon UP (TOmbKO UMIyIbC THIA 1).

e (bit) stepgen. = <chan> .down - Brixom ncesmo-IIIMM DOWN (TOJIBKO UMITYJIEC THIIA 1).
* (bit) stepgen. = <chan>_ .phase-A - Beixop ¢a3sl A (TOTBKO THITE UMITYIECOB 2-14).

* (bit) stepgen. = <chan> .phase-B - Brixom ¢a3nl B (TOIBKO THIIEI UMITyILCOB 2-14).

* (bit) stepgen. = <chan>_ .phase-C - Berxopn ¢a3bl C (TOTBKO THIE UMITYIECOB 3-14).
* (bit) stepgen. = <chan> .phase-D' - Brixon ¢a3sl D (TOJIBKO THIIBI UMIY/IECOB 5-14).
* (bit) stepgen. = <chan> .phase-E - Bwuixon ¢a3si E (TOTBKO TUIIEI UMITYITECOB 11-14).

5.8.1.2 NMapameTpsl

* (float) stepgen. = <chan> .position-scale - IllaroB Ha eQUHUITY TO3ULIMH. DTOT IAapaMeTP UCIIOIE3YETCS
KakK IJIs BRIXOHA, Tak U Ojisi o6paTHOH cBsi3u. * (float) stepgen. = <chan> .maxvel - MakcumasnbHas
CKOPOCTh B eIUHUIAX MOI0XKeHus B ceKyHny. Ecnu 0.0, He uMeeT apdekra. * (float) stepgen. ~ <chan> .n
- MakcumanbHasi CKOPOCTh YCKOPEHUsI/3aMelJIeHs, B eUHUIIaX MO3UIINY B CEKYHAY B KBagpaTte. Eciu

0.0, He umeeT adpdekTa. * (float) stepgen. = <chan> .frequency - Tekyliast 4acTOTa IIIaroB B IIIarax

B cekyHpay. * (float) stepgen. = <chan> .steplen - [InuHa IIarOBOTO UMIYJIbCa (TUIIHI UMITYyTHCOB O

u 1) unu MUHMMAaIbHOE BpeMS B JTaHHOM COCTOSIHUHU (TUIILI MMIYJIHCOB 2-14) B HaHOoceKyHmax. * (float)
stepgen. = <chan> .stepspace - MuHMMAaIbHLINE HHTEPBAI MEXOYy OBYMs IIAarOBLIMH UMITYIbCAMHU
(Tompko THIH UMITYJTECOB O 1 1), B HAHOCEKYHOaX. YCTaHOBUTE 3Ha4YeHue 0, YTOOH BKIIIOUUTD (QYHKIIHIO
doublefreq rerepaTopa MIaroBEIX UMIYIbCOB. YTOOH NCTIONB30BaTh doublefreq, HE06XOOMMO BKITIOYUTH
parport reset function. * (float) stepgen. = <chan> .dirsetup - MuHUManmbHOE BPEMS OT CMEHHI
HaIlpaBJIEHUs OO Haudajla CJIedyIollero UMITyabca mara (TOnbKo TN UMIybcoB 0), B HAHOCEKYHaX.

* (float) stepgen. = <chan> .dirhold - MuHHManbHOE BPEMS OT OKOHYAHUS IIIAarOBOTO UMITYJIbCa OO
“3MeHeHUs HallpaBieHus (TOIbKO THII UMITyIbcoB 0), B HaHocekyHmax. * (float) stepgen. = <chan> .dirde
- MuauManbHOE BpeMsi OT J1I000T0 UMITyJIbCa 0 UMITYy/IbCa B IPOTUBOIIOJIOKHOM HallpPaBIeHUHU (TOJIBKO

THUIIBI UMY THCOB 1-14), B HaHOCeKyHpOax. * (s32) stepgen. = <chan> .rawcounts - Heo6paGoTaHHbIE
OTCcUeTH 00paTHOM CBA3U, OOHOBJIEHHEIE C ITIOMOIILI0 make pulses().

B pexuMe nmo3uIMOHUPOBaHUSA 3HaYeHU maxvel u maxaccel uCIonbp3yi0TCA BHYTPEHHUM KOHTYPOM
MIOJI0KEeHU S, YTOOR 30exKaTh TeHepalliy II0CIef0BaTeILHOCTEH IIIarOBLIX HMITYJIECOB, KOTOPHIM IBUTaTEIb
He MOXKeT C/iefloBaTh. IIpu yCTaHOBKE 3HAYEHMI, COOTBETCTBYIOIIUX ABUTATEIII0, HaXe O0JIbIII0e MTHOBEHHOE
“3MeHeHNe 3aJaHHOoT0 MTOJI0KEeHU TPUBEeNeT K IIJIaBHOMY TpallellenalbHOMYy IIepeMeIeHnio B HOBoe
MIOJI0KeHue. ANTOPUTM paboTaeT IIyTeM U3MepPeHH s KaK OIMOKY MOT0XKEeHNsI, TaK U OITMOKH CKOPOCTH,

a TaKXKe pac4dyeTa YCKOPEeHHS, KOTOPO€e IMBITaeTCAd OOHOBPEMEHHO CBECTHU UX K HYIJIIO. ,]:[J'IH IIOJIY4YEeHUsA
Oonee mompoOHOM mHpOPMAIIKM, BKIIOYAsI COOePKUMOE II0JISI YPAB8HEHUe ynpdaesaeHus, o0paTUTeCh K
Komy.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 270 /1345

B pexmumMe CKOpPOCTH, maxvel — 3To MPOCTOoM mpemen, KOTOPHYM IPUMEHSIeTCs K 3aJlaHHOM CKOPOCTH, a
maxaccel UCIIonb3yeTCs OIS IMHENHOT0 U3MeHeHUsT GaKTUYeCKOM YaCTOTHI, eCJIN 3ajJaHHas CKOPOCTh
pe3ko MeHsiercsi. Kak M B pexuMe IO3UIIMOHHPOBAHUS, IIPABUIbHEIE 3HAYEHHS 3THUX IIapaMeTpPOB
TapaHTHUPYIOT, YTO IBUTATEJIb CMOXKET CJIeIOBATh CTeHEePHUPOBAHHOH II0CIeJ0BATEIbHOCTH UMITYJILCOB.

5.8.1.3 Twunbl WaroBbiXx UMNYJiIbCOB

T'eHepaTop IIAaroBLIX UMIIYJIBCOB IOAAEPKUBAET 15 pa3IuuHEIX Noc1edo8ameibHocmell Wazo8blX UMNYAbCO

IITarossie uMnyiabcebl Tun 0 Tun mara 0 — 3T0 CTaHZAPTHHIM TUII UMIYJIbCA IIara W HallpaBJIEHHUS.
IIpu HacTpolKe [Ais MMOyJibca Imara Tuna 0 ecTh YeThlpe OOMIOJIHUTEJIBbHBIX ITapaMeTpa, KOTOphie
OIIpenesioT TOUYHOE BPeMs HMIyJibCa Illara U CUTHAJIOB HallpaBjeHUs. Ha crenymolmeM pPUCYHKe
IMOKa3aHO 3HAYeHue 9TUX ImapaMeTpoB. [lapaMeTprl yKa3aHH B HAHOCEKYHOAX, HO OyOyT OKPYTJI€HBI
IO IIeJIOTO YHCJla KPaTHOTO IMEePUONY ITOTOKa AJIS IIOTOKA, BHI3EIBatoIero make pulses(). Hanpuwmep,
ecnu make pulses() BrI3bIBaeTCs Kaxable 16 MKc, a 3HadeHue Steplen pasHo 20000, To 4IUTENHLHOCTD
IIIaTOBLIX UMITYJIECOB OymeT 2 X 16 = 32 MKC. 3Ha4YeHue 10 YMOIYaHUIO OJIST BCEX YeThIpeX TapaMeTpPoOB
— 1 HC, HO aBTOMaTU4YECKOE OKPYIJIeHHe BCTYIIaeT B CHJIy IIPU IIEePBOM 3allycke Koma. I[IOCKONBKY
IOJIS OOHOTO MMITyJIbCca Itara TpebyeTcs BHICOKUM YPOBEHb steplen ns m HU3KUU YPOBBEHb stepspace
ns , MakcuManbHasa vyactora paBHa 1,000,000,000, pa3smenennomMmy Ha (steplen + stepspace)’. Ecnu
maxfreq yCcTaHOBJIIEHO BHIIIE 3TOTO IIpedesia, OHO OymeT MOHUIKEHO aBTOMaTudecKu. Ecmu maxfreq
PaBHO HYJIIO, OHO OCTAHETCS HYJIEBHIM, HO BEIXOQHAS YaCTOTa HO-IpexXHeMy OymeT orpaHuvdeHa.

ITpu ucnonb30BaHUU OpaiiBepa Mapasjie/IbHOTO IOpTa YacTOTYy IIarOBBIX UMITYJIbCOB MOXKHO YOBOUTh
C IOMOIIBI0 PyHKIMU parport reset BMecTe ¢ HacTpoukou doublefreq StepGen.

/)

step \
. ?steplen}f-(— Stﬁﬁfﬂa}ce—}q— stepIEHh-i-q— St?;‘;ia}ce —b%{-steplerih%
| dirsetup _ | {  dirhold _._ dirsetup _ |
! &= (min) +i : = (min) ;‘ (min) ™

direction :

X I

Figure 5.19: BpeMeHHas quarpaMMa UMITYJIbCOB IlIara U HallpaBlIeHU

IllaroBeie uMnyabCchl T 1 IllaroBelil UMIyJIbC TUIIA 1 MeeT OBa BEIXOOa: BBEPX U BHU3. IMIyIbCHI
MMOSIBMISIFOTCSI TO HA OMHOM, TO Ha OPYTOM, B 3aBUCHUMOCTH OT HAlIPaBJIeHUS OBUXKEeHUA. KaxKObIi HUMITYIIbC
uMeeT OJIUHY Steplen HC, ¥ UMIYJILCH pa3fejieHbl 110 KpaliHel Mepe stepspace HC. MakcuManbHas
JacTOTa Takasd JKe, KaK U [IJI4 ITaroBoro uMmmynabca tuna 0. Eciu maxfreq ycTaHOBIIEHO BHIIIE IIPEOEILHOTO
3Ha4YeHUs:, oHa OymeT mOHUXKXeHa. Ecinu maxfreq paBHO HYIIO, OHO OCTAHETCS HYIEeBBIM, HO BEIXOIHAS
YacToTa Mo-IpexHeMy OyIoeT orpaHUYeHa.

Warning
He wncnonb3synTte ¢yHKUUIO parport reset ¢ Tunamu LwaroBbiX MMNysnbcoB 2-14. MoryT
BO3HWKHYTb HeOXXUAaHHble pe3ysibTaThbl.




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 271/1345

IITarosbie UMIyIbCHI Tun 2 - 14 TUIH IIarOBEIX UMITYJIBCOB C 2 10 14 OCHOBaHEI Ha COCTOSHUHU U
MMeIOT OT IBYX [0 IISATU BEIXOZOB. Ha KakooM ITare CUeTUMK COCTOSTHUS YBEIUYUBAETCS UITU YMEHbBIIaeTCH.
[IByx- u Tpexhas3HbN, YeThpexda3Hbli 1 NITU(GA3HBIM PEeKUMBI TOKA3BIBAIOT BHIXOOHBIE IIA0IOHEI B
3aBHCUMOCTH OT CYeTYMKa COCTOSTHUIM. MaKcuManbHas 4acTtoTa pasHa 1,000,000,000, pa3meneHHOMY

Ha steplen, 1, Kak U B IPYTUX pexkuMax, maxfreq 6yneT NOHUXKeEHa, €CIIU OHA IIPEeBHIIIAET IIpeaesl.

THUNBI ABYX- M TPeX(a3HBIX IarOBbIX HMMIY/IbCOB THUITHI IITAaTOBLIX HMITYJIECOB: OBYX- ¥ Tpexda3HbIe
Tunsl 9eTbipex(da3HbIX IAaroBbIX HMITY/IBCOB THUITH IITAaTOBLIX UMITYIbCOB: YeThpexda3Hbie

Tunsl NATU@PA3HBIX HIAarOBBIX HMITY/IBCOB THUIIH IIaTOBLIX UMITYIbCOB: [IsaTudha3HbIe

5.8.1.4 ®YHKUUM

KomMmmoHeHT 3KCIIOPTUPYET TPHU (I)YHKLII/II/I Kaxnoas (I)YHKU;I/IH I[efICTByeT Ha BCE€ IreHepaTOpPHI IIarOBBIX
HUMIIYJIbCOB — 3alIlyCK PA3HBIX T€HEPATOPOB B PA3HLBIX IIOTOKAX HE IIOOOEP2KUBAETCA.

e (funct) stepgen.make-pulses - BEICOKOCKOPOCTHAS (PYHKIMS TeHepaluu U IIoACcYeTa UMIIYILCOB
(6e3 mIaBarmllel TOUYKH).

¢ (funct) stepgen.update- freq - OyHKIHUS HU3KOM CKOPOCTH BHIIIOTHSIET Ipeodpa30BaHue MOI0KEHU A
B CKOPOCTh, MacCIITaOMPOBaHWE U OTPaHUYEHHE.

* (funct) stepgen.capture-position - ®yHKIMS HU3KOM CKOPOCTH AJIsT 00paTHOM CBSI3U, OOHOBIEHUS
3aleoK U MacTabupoBaHUs MOJIOXKEHUS.

BricokockopocTHas QyHKIus stepgen.make-pulses mojKHA BBITIOTHATHCS B OYEHBb OBICTPOM ITOTOKE,
oT 10 go 50 MKC B 3aBUCHUMOCTH OT BO3MOXKHOCTEH KoMIIbIoTepa. Ilepuon aToro moToKa onpepnenseT
MaKCHUMaJbHYIO YaCTOTY IIaroB, IIOCKOJBKY Steplen, stepspace, dirsetup, dirhold u dirdelay oKpyTsitoTCsI
IO I1eJIOT0 YHMCJIa, KPaTHOTO IIeprUOody ITI0TOKAa B HAHOCEKYHIaX. [IBe Apyrue GyHKITUY MOTYT BEI3LIBATLCSA

C Topa3go MeHblIel CKOPOCTHIO.

5.8.2 PWMgen

OTOT KOMIIOHEHT 00ecIieurBaeT IIPOTrPaMMHYI0 reHepanuio curtasnoB MM (IupoTHO-MMITYIbCHOM
mopynsnun) u [TUM (10 THO-UMITY TbCHOM MOZYIISAIINM). ITO KOMIIOHEHT, Pab0TaoIIUN TOJIFKO B PEXKUME
peanbHOTO BpEMEHM, U B 3aBUCHUMOCTHU OT CKOPOCTH IIpolleccopa U T. I. OH cnocobeH paboTaTh C
vactotou IIIMM 0T HECKONIBKUX COTEH IepIl IIPKU DOBOJIBHO XOPOIIEM pa3pelleHuu A0, BO3MOXKHO, 10
KI'II Ipu orpaHUYeHHOM pa3pelIeHn!.

3arpy3ka PWMgen

loadrt pwmgen output type=<config-array>

<config-array> npefcTaBiisieT COO0M CEPUI0 AeCATUYHHIX IIeJIBIX YU CEeJI, Pa3fie/IeHHbIX 3ansaTeiMu. Kaxmoe
YHCIIO BBI3BIBAET 3arpy3Ky ogHoro reHepartopa IIIWMM, 3HayeHUe 4YuClia OnpenenseT THUMO BbIxoda. B
crenyiolieM nmpuMepe OyOyT yCTaHOBJIEHBI Tpu reHepartopa IIMM. 3HayeHUsS [0 YMOJYaHUIO HET.
Ecnu He yka3aH <config-array>, reaepatopsl [IIKMM He 6yoyT ycTaHOBIEHB. MaKCHMabHOE KOITUYECTBO
reHepaTopoB 4acTOTH — 8 (Kak onpeneneHo napamerpoM MAX CHAN B pwmgen.c). Kaxkariii reHepaTop
HEe3aBUCHUM, HO BCE OHU OOHOBJISIIOTCS C IIOMOIIBIO OMHOM U TOM Ke GYHKIIMK OMHOBPEMEHHO. B crnemyiommx
onucaHusx <chan> — 3To HOMep KOHKPETHOT 0 reHepaTopa. [1epBeili reHepaTop uMmeeT HoMep 0.

3arpy3ka npuMmepa PWMgen
loadrt pwmgen output type=0,1,2
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YcranoBut tpu IIIMM-renepaTtopa. [lepBriii 6ygeT UCIONIb30BaTh BeIxoH Tua 0 (Tonbko PWM ), cnenyromimit
OymeT uCHosIb30BaTh BhIxomd Tumia 1 (PWM u HamrpaBieHue), a TpeTud OyoeT UCI0Ib30BaTh BHIXO THUIIA

2 (BBEPX u BHU3). 3HayeHus 10 YMOIUaHHUIO HET, €CNU <config-array> He yka3aH, [[IMM-reHepaTtop
yCTaHOBIIEeH He OyneT. MaKcuMaJlbHOE KOIUYEeCTBO TeHepaTOPOB YaCcTOTH — 8 (KaK oIlpeeeHo mapaMeTPON
MAX CHAN B pwmgen.c). Kaxpariii reHepaTop He3aBUCUM, HO BCE OHU OOHOBJIAIOTCS C IIOMOIIbIO
OOHOM M TOM Xke QYHKIIMU OOHOBPEMEHHO. B mocremyloux omucaHusx <chan> — 3T0 KOITUYECTBO
KOHKPETHHIX reHepaTtopoB. Hymepanusa ITUM-rerepaTopoB HayuHaeTcs ¢ 0.

Beirpy3ska PWMgen

unloadrt pwmgen

5.8.2.1 Twunbl BbIXOAO0B
I'enepatop IIVM nogmepzKuBaeT TPU Pas3fuvyHBIX output types.

e Output type 0 - TObKO BEIXOOHOM KOHTAKT [IIMM. I[TpyHUMaIOTCS TOJIBKO MOIOXKUTETbHBIE KOMAaH/HI,
OTpHUIlaTeJIbHbIE 3HAYEHUST pacCMaTPUBAIOTCS KaK HOJIb (Ha HUX BAIUSET apaMeTp min-dc, eciu OH
He paBeH HYIIO).

e Output type 1 - PWM/PDM u KOHTaKTH HamnpaBileHUA. [10I0XUTENIbHEIE U OTPULIATEIbHBIE BXOOHI
OymyT BEIBOOUTHCS KaK IIOJIOXKUTEJIbHEIE U oTpuliaTenbHble IITVM. KoHTakT HanpaBieHUs SABISETCS
JIOZKHBIM [JIs1 [IOJIOKWUTEJILHBIX KOMaH[ U MCTUHHBIM I OTPULIATENIbHEIX KoMaHpA. Ecnu Bamemy
9JIeMEHTY ynpaBjieHus Tpebyercs monoxurtenbubri [IIUM kak gnss CW, tak u giist CCW, ucnonbp3ynTe
KOMIIOHEHT abs mis nmpeoOpa3oBanus Bamero curtana I[IIMM B moJjiokuTenbHOE 3HaUeHUe, Koraa
Ha BXO[ OZaeTCs OTPULIATENbHEIN BXOL.

* Output type 2 - kouTakTel UP 1 DOWN. 1519 monoxkuTenbHBIX KOMaHA curHan LIMM mosaBnsgeTcs Ha
Beixome UP, a Beixog DOWN ocrtaeTcs false. [I71s1 oTpuilaTenbHBIX KOMaH curHain [IIMM mosBiseTcs
Ha Berxoge DOWN, a Ha Beixon UP ocTaetcs false. Brixoq Trma 2 MOAXOOUT AJIST YIPaBIEHUS OOJTBIITMHCTBOM
H-MmocToB.

5.8.2.2 KoOHTaKThI
Kaxpwit renepaTop IIIMM OymeT uMeTh ClIeQyIolue KOHTAKThI:

* (float) pwmgen. = <chan> .value - 3HaueHMe KOMaH[B! B IPOM3BOJILHEIX eqUHUIIAX. ByneT Macmtabrupos
rmapamMeTpoM scale (CM. HUXKE).

e (bit) pwmgen. = <chan> .enable - BriiouaeT unm OTKIIOYAET BHIXOAB reHepaTopa [IIVM.

Kaxprii resepaTop IIIUM Takxke 6yJ:[eT HUMEeTb HEKOTOPhIE M3 3TUX KOHTAKTOB, B 3aBHCHMOCTH OT
BbIGpaHHOl"O THIIa BBIXOOa:

e (bit) pwmgen. = <chan> .pwm - Beixonm IIIMM (unu ITMUM) (TonbKO TUIIEI BEIXOmoB 0 1 1).

N

e (bit) pwmgen. = <chan> .dir - Beixoqm HallpaBlieHUs (TONLKO THUII BEIXoma 1).

e (bit) pwmgen. = <chan> .up - Brixom IITMUM/ITUM st m0JI0KUTEILHOTO0 BXOMHOT0 3HaYEeHUS (TOIBLKO
THUII BEIXOHOA 2).

N

* (bit) pwmgen. = <chan> .down - Brixom IIMM/IIVMM pnmnsti OTPUIIATEIFPHOIO BXOOHOI'O 3HAYEHWUS
(TONMBKO THUII BEIXOHA 2).
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5.8.2.3 MapamMeTpsbl

* (float) pwmgen. = <chan> .scale - Koadduument macmrabupoBanus oisi npeobpa3oBanus value
M3 IIPOU3BOJILHBIX €OUWHUIl B paboumii mukn. Hampumep, ecnu macmrad ycraHoBneH Ha 4000, a
BXOOHOE 3HaueHWe, mepemaHHoe B pwmgen. -~ <chan> .value, paBuo 4000, To 3To GymeT 100%
CBazXKHOCTH (Bcerma BKItoueH). Ecnu 3Hauenme paBHo 2000, To 310 OymeT Meannap ¢ 4acTotoim 50%
u gactotou 25 I'1.

* (float) pwmgen. = <chan> .pwm-freq - xemaemas dactoTta I[IVM, B I'u. Ecnu 0,0, reHepupyeT
PDM Bmecto PWM. Ecnu ycTaHOBJIEHO 3HAUEHUE BEHIIIIE BHYTPEHHETO IIpefera, CIeOYIOMUK BEI30B
update freq() yctaHOBUT BHyTpPeHHUH npenes. Eciu HeHyJieBoe 3HaUYeHNe U 3HaYeHUe apaMeTpa
dither paBHo false, cimemyromnuii BeI30B update freq() yCTaHOBUT ero B GimxKaiilliee 1e0e 4ucjo,
KpaTHoe nepuony GyHKIuu make pulses().

* (bit) pwmgen. = <chan> .dither-pwm’ - Ecnu 9TO mpaBma, BKIOYAET OU3IEPHUHT OJISI JOCTUKEHUS
cpeguux 4acTtoT IITWM unu CKBaxKHOCTHU, KOTOPHIE HEBO3MOXKHO IIOJIyYUTH C IIOMOIIBIO YUCTOI'O
I[ITMM. Ecnu 3HayeHue paBHo false, u wactoTra [I[IMM, 1 CKBaxXHOCTh OyIyT OKPYTJIEHHI O 3HAaYEHUH,
KOTOPEBIE MOTYT OBITH TOYHO HOCTUTHYTHI.

* (float) pwmgen. ° <chan> .min-dc - MuHHManbHass CKBaxXHOCTb OT 0,0 mo 1,0 (Ipu OTKIIOYEHUHU
CKBaXXHOCTb OyIleT paBHA HYJIIO, HE3aBUCHMO OT 3TOM HACTPOUKH).

N

* (float) pwmgen. = <chan> .max-dc - MakcumamnbHas ckBaxkHOCTE OT 0,0 mo 1,0.

* (float) pwmgen. = <chan> .curr-dc - TekyIasi CKBaXKHOCTB - IIOCJIE BCEX OTPAHUYEHUH U OKPYTJIEHUH
(TOIBKO UTEHUE).

5.8.2.4 ®yHKUUM

KoMmoHeHT akcnopTupyeT OBe dyHKIMU. Kaxpas GyHKIUS OelcTBYeT Ha Bce reHepartops [IINMM —
3aIyCK pa3HBIX T€HEPaTOPOB B Pa3HEBIX IIOTOKAX He MOOOePKUBAETCS.

¢ (funct) pwmgen.make-pulses - BICOKOCKOPOCTHAas PyHKIM reHepanuu curianos IIIMM (6e3 nitaBaroiiei

3ansTor). BricOKOoCcKOpocTHas GyHKUMS pwmgen.make-pulses monKHa BBEIIOJIHATHLCA B 6Ga30BOM
(camom GrIcTpOM) ITOTOKe, oT 10 mo 50 MKC B 3aBHCUMOCTH OT BO3MOXKHOCTE! KOMIIbIoTepa. Ilepuon
9TOr0 IOTOKAa OIIpeneseT MaKCUMalbHYyI0 HecyIyto 4acToTy [IIVM, a TakKe pa3pelieHne CUrHanos
[TUM wmnu ITUM. Ecnu 6a30BeIi 1oTOK cocTaBiasieT 50 000 Mkc, To Kaxkabie 50 MKC MOMIYJIb pellaeT,
Iopa I U3MEHUTH COCTOssHME BEIXOna. IIpu ckBaxHOCTH 50% u yactoTte ITMM 25 I's 3170 03HAUaeT,
YTO BBHIXOO MEHSEeT cocTosHue Kaxpable (1/25)mMkc / 50mMKc * 50% = 400 uTtepanuii. I3TO TaKkKe
O3HauaeT, 4To ¥ Bac ecTb 800 BO3MOKHEIX 3HaUEHUN CKBAXKHOCTHU (6e3 qu3epuHra).

* (funct) pwmgen . update - ®yHKIIMS HU3KOM CKOPOCTH [JI MaCIITaOMPOBAHUS ¥ OTPAHUYEHU ST 3HAUYEHUS,
a Takxke 06paboTKY OPYTUX TapaMeTPOB. ITO QYHKIMS MOAYJISI, KOTOPHIM BEIIOTIHSIET O0JIe€e CIIOXKHYIO
MaTeMaTUu4eCcKyio paboTy, YTOOH ONIPEeNeNuTh, OJIs1 CKOIbKUX Oa3MCHEIX IIEPHUOIOB BEIXOTHEIE TaHHEIE
IOOJIZKHEL OBITH BEICOKMMY, @ [JISI CKOJIBKUX — HU3KUMU.

5.8.3 3JHKopep

OTOT KOMIIOHEHT 00eceYnBaeT MPOTPAaMMHBIHN IIOCYET CUTHAJIOB OT KBaIPATYPHHBIX (MJIH OMHOUMITYJTECHBIX)
9HKOOEPOB. ITO KOMIIOHEHT, PaboTalonuii TOJIHFKO B PeXKUMEe PeabHOTO0 BPEMEHH, U B 3aBUCUMOCTHU

OT CKOPOCTH MHPOIIECCOPa, 3aAePKKU U T. 1. OH CHOCO0eH MOoOmepzKMBaTh MaKCHUMAJIbHYIO CKOPOCTh
cueTa ot 10 KI'11 mo, BO3MoOxkHO, mo 50 kI'11.

Ba30BEIH TTOTOK MOJIZKEH OBITH 1/2 CKOPOCTH cueTa , YTOOBl YUUTHIBATD IIYM ¥ U3MEHEHUS BPEMEHH.
Hampuwmep, ecnu y Bac ects sHKOAEp co 100 uMnynbcaMy Ha 000POT Ha IINWHENE U MaKCUMaabHas
yacToTa BpaleHus cocraniseT 3000, MakcuMasbHBIM ITepuox 6a30BOr0 ITOTOKA AOJIXKEH COCTaBIISTh
25 Mkc. JHKomep ¢ 100 umnynbcamu Ha obopot OymeT umeTb 400 oTcueToB. CKOPOCTH HMITTMHOENS
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3000 RPM = 50 RPS (0o6opoToB B cekyHay). 400 * 50 = 20,000 oTcueToB B ceKyHay unu 50 MKC Mexkay
OTCYETaMH.

Brok-cxema cueT4yuKa SHKOMepa IIpefcTaBisgeT coboi 6JI0K-CXeMy OOHOT0 KaHajla cieTdnKa 3HKoAepa.
Bi1oK-cxeMa cyeT4YHKa 3HKOAepa

:images/encoder-block-diag.png

3arpy3ka 3HKoaepa

halcmd: loadrt encoder [num_chan=<counters>]

<counters> — KOJIN4YECTBO CUETYMKOB DHKOJIEpPa, KOTOPOE BHI XOTUTE YCTAaHOBUTb. Ecim num chan
He yKa3zaH, OydyT yCTQHOBJIEHHI TPU CYeTYMKa. MaKCUMaJIbHOE KOJIMYEeCTBO CUETYMKOB — 8 (Kak
onpeneneno B MAX CHAN B encoder.c). Kakpawl¥i cyeTduMK He3aBUCUM, HO BCe OHU OOHOBIISIIOTCS
OOHOM U TOU Xe QyHKIMEel OMHOBPEMEeHHO. B cienyIomux onrucanusax <chan> — 3To HoMep KOHKPETHOI' O
cueTtynuka. [TepBeii cueTyuk uMmeeT HOMep O.

BruIirpy3ka 3HKogepa
halcmd: unloadrt encoder

5.8.3.1 KOHTaKThI

e encoder. <chan> .counter-mode (bit, I/O) (mo ymonuanuto: FALSE) — BKJII0YaeT pekUM CUeTUYHuKa.
Ecnu 3HaYeHNUe UCTUHHO, CYETUYHK ITOOCYUTHIBAeT KAk Akl (GPOHT BXOJHOTO CUTHAJIa a3kl A, UTHOPUPYS
3HauyeHUe Ha da3e B. ITo moie3HO A1 TOACYEeTa BEIXOJHOTO CUTHAJIa OMHOKAHAIBHOT0 (HEKBAIPATYPHOTO
maTuuka. Ecimu 3HadyeHwue false, OHO cunTaeTCs B KBapaTypPHOM pekuMe.

e encoder. <chan> .missing-teeth (s32, In) (mo ymomuanuto: 0) — BKJIIOYaeT UCIIOIb30BaHue NHIEKCA
OTCYTCTBYIOIIUX 3y00B. DTO IO3BOJIIET OHNHOMY KOHTAKTy BBOLa-BEIBOMIa IIPEN0CTaABIATE UHGOPMaLIi0
KaK O MOJIOXKEeHWH, Tak U 00 mHmekce. Ecmu Komeco sHKomepa uMeeT 58 3y0II0B, U3 KOTOPHIX ABa
OTCYTCTBYIOT, ¥ PACIIOJIOKEHEI TaK, KakK ecyiy Ol uX 06110 60 (0OBIYHO AJ15T aBTOMOOUIILHBIX HAaTYUKOB
KOJIEHBaJIa), TOTfIa IIKajia MOJIOXKEeHUS [OoIXKHa OBITh YyCTaHOBIeHa Ha 60, a OTCyTCTByWOIINE 3yOBs
- Ha 2. 514 ucmnonb30BaHUSA 3TOT0 pexuMa counter-mode monkeH OBITH YCTAHOBJIEH B true. DTOT
pexuM OyneT paboTaTh Ojid Hape3aHus pe3bObl Ha TOKAPHOM CTaHKe, HO He [Jid XKeCTKOT0 Hape3aHus
PEe3LOHI.

* encoder. <chan> .counts (s32, Out) - [To3unusa B oTCcueTax 3HKOHIepPa.
* encoder. <chan> .counts-latched (s32, Out) - B HacTosiIIlee BpeMsI He UCIIOIb3yeTCH.

e encoder. <chan> .index-enable (bit, I/O) - Korga True, counts u position cOpacrBaiOTCs B HOMIb
Ipu ciaenyoieM GppoHTe ¢as3wl Z.
B To ke BpeMms index-enable copacriBaeTCs B HOJIb, YKa3bIBas Ha TO, YTO IIPou30Ies GpoHT. BriBOx
index-enable saBnsieTcst mByHaIpaBiieHHHIM. Ecnu mapameTp index-enable- False, kanan ¢a3b
Z sHKomepa OymeT MTHOPHPOBATHCS, W CUETUYHUK OyOeT CUuTaTh HOpMalbHO. [IpaiiBep 3HKOIepa
HUKOI'Tla He yCTaHOBUT IlapaMeTp index-enable B 3mayenme True. OQmHAKO 3TO MOXKET CHEJATh
KaKOM-TO IPYTro¥ KOMIIOHEHT.

e encoder. <chan> .latch-falling (bit, In) (default: TRUE) - B HacToOs111€€ BpEMS HE UCTIOJIHL3YETCH.
e encoder. <chan> .latch-input (bit, In) (default: TRUE) - B HacTosIIee BpeMs He UCIOJIb3yeTCs.
* encoder. <chan> .latch-rising (bit, In) - B HacTosIee BpeMsl He UCIIOIb3YETCS.

* encoder. <chan> .min-speed-estimate (float, in) - Onpenenute MUHUMATBHYIO UCTUHHYIO BEIUYNHY
CKOPOCTH, IPH KOTOPOM CKOPOCTH OymeT OlleHeHa KaK HeHyJeBas, a position-interpolated 6ymer
MHTEePIOIUpPoBaHa. EquHUITEI min-speed-estimate Takue xke, Kak ¥ eguHUIEI velocity. MaciTaGHEINH
KO3 pULIMEHT, B OTCUeTaX Ha €OWHUIY OJIMHBL. YCTaHOBKAa CJIMIIKOM HU3KOI'O 3HAUEHUS STOTr0
IIapaMeTpa IIpUuBeneT K TOMY, YTO CKOPOCTE JOCTUTHET O mocne IIPpEeKpalleHud IIOCTYIIJIEHU A UMITYJIBCOB
SHKOAepa.
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encoder. <chan> .phase-A (bit, In) - ®a3a A curtzasa KBagpaTypHOTO HKOHePa.

encoder. <chan> .phase-B (bit, In) - ®a3a B curzana KBagpaTypHOTro SHKOAepa.

encoder. <chan> .phase-Z (bit, In) - ®a3a Z (MHOEeKCHBIN UMITYJIbC) CUTHAJIa KBaIpPaTypPHOI'0o SHKOAepa.
encoder. <chan> .position (float, Out) - [To3uius B MaciiTabupoOBaHHBIX eAUHHUIAX (CM. position-scal

encoder. <chan> .position-interpolated (float, Out) -ITo3uus B MacIITabMpOBaHHBIX EQUHUIIAX,
WHTEePIIOJINPOBaHHAasd MeXIOy OTcueTaMU 3HKOIepa.

position-interpolated nbiTaeTcs HHTEPIONIUPOBATh MEXKY OTCYETaMH 9HKO/Iepa Ha OCHOBE ITOCIeHeN
M3MEPEHHOM CKOPOCTH. [|eMCTBUTENBHO TONBKO TOTTIA, KOT{Ia CKOPOCTDh IPUOIM3UTEIbHO ITOCTOSTHHA

U IIpeBHIIIaeT Min-speed-estimate. He mcnomne3yiiTe Ojid yOpaBleHUS MIOJIOKEHUEM, ITOCKOJILKY

ero 3Ha4YeHue HeBEPHO Ha HU3KUX CKOPOCTSX, IIPK PeBepce HallpaB/IeHUs U IPU U3MEeHEHUM CKOPOCTH.
TeM He MeHee, OH IIO3BOJIIET KCIIOJIb30BAaTh 9HKOJAEP C HU3KUM Ppr (BKiiodas encoder ¢ OOHUM
MMITYJIbCOM Ha 000pOT) Oy Hape3aHUs Pe3b0bl Ha TOKAPHOM CTAHKe, a TakKKe MOXKET UMEThb U
OpyTHEe IPUMEHEHUS.

encoder. <chan> .position-latched (float, Out) - B HacTosiIIe€ BpeMs He UCIIOJIb3YETCH.

encoder. <chan> .position-scale (float, I/O) - Macmtabab K03bGUITMEHRT, B OTCYETaX Ha e QUHUITY
onmabl. Hanpumep, ecnu macitab mosunun paBeH 500, To 1000 oTcyeToB sHKOAEepa OyAyT BHIAAHEI
Kak no3ulud B 2.0 equHUITHL.

encoder. <chan> .rawcounts (s32, In) - Heo6paboTaHHEIE OTCUETHI, ONIpPemeieHHbe update-counters.
ITo 3HaUeHHe OOHOBIISETCS Yallle, YeM OTCUYEeTHl 1 IMo3ullna. Ha Hero Takxke He BIHsAET COPOC UK
WHOEKCHBIN UMIIYJIILC.

encoder. <chan> .reset (bit, In) - Korga True, IpUHYOUTEILHO HEMEIJIEHHO O0HYISIIOTCS counts
u 'position.

encoder. <chan> .velocity (float, Out) - CkopocThs B MacImITaOUPOBAHHLIX €IMHUIIAX B CEKYHOY.
encoder UCIONIb3yeT aJITOPUTM, KOTOPBIM 3HAUYUTEJILHO CHUIKAET IIIyM KBaHTOBaHUS 110 CPAaBHEHUIO C
npocTheM quddepeHIpoBaHNEM BRIXOIHOTO CUTHAa position. Korga BemuyuHa MCTUHHOM CKOPOCTH
HMXKe min-speed-estimate, BeIxom ckopocTu paseH 0.

encoder. <chan>_ .x4-mode (bit, I/O) (default: TRUE) - BkntouaeT pexxum X4. Korpa B true, caeT4duk
CUMTaeT KaXKIbl PPOHT KBaZIpaTypPHOI 0 CUTHAJIa (YeThipe OTCUeTa 3a IMOJIHHIM IUKJIT). Eciiu 3HaYeHue
false, oHO yYmuTHIBAa€TCS TOJIPKO OOUWH Pa3 3a IOJHBIM UK. B pexxuMme cyeTduKa 3TOT IIapaMeTp
urHopupyeTcs. Pexum 1x mone3eH OJist HEKOTOPHIX OKOUCTUKOB.

5.8.3.2 NMapameTpsl

encoder. <chan> .capture-position.time (s32, RO)
encoder. <chan>_ .capture-position.tmax (s32, RW)
encoder. <chan> .update-counters.time (s32, RO)

encoder. <chan> .update-counter.tmax (s32, RW)

5.8.3.3 ®yHKUUM

KoMmmnoHeHT skcniopTupyet ABe pyHkuunu. Kaxkmas QyHKIMS OelcTByeT Ha BCe CUEeTUHNKU SHKoOepa —
3aIyCK Pa3HBIX CYETYNKOB B PA3HEIX IIOTOKAX He IOOOEePKUBAETCS.

(funct) encoder.update-counters - BEICOKOCKOpPOCTHAsI GYHKIIMS IOOCYeTa UMITYIbCOB (0e3 IIaBalolei
TOYKH).

(funct) encoder.capture-position - OyHKIIMSI HU3KOM CKOPOCTH IOJIsI OOHOBIIEHUS 3aIIeJIOK U MaCIITabup
MTO3UITHH.
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5.8.4 nup

OTOT KOMIIOHEHT 00ecneunBaeT KOHTYPHI IPONOPLINOHATILHOI O/MHTETPalIbHOT 0/IIPOU3BOIHOTO YIIPABIEHUS.
9TO KOMIIOHEHT TOJIBKO PEajbHOTO BpeMeHH. [IJIsT MPOCTOTH], B 3TOM OOCYKOEHWU MPEenIIojiaraeTcs,

YTO MBI TOBOPUM O KOHTYPaXx II0JI0KEHU S, OOHAKO 3TOT KOMIIOHEHT MOXKHO HCIIOIH30BaTh A1 peann3aluu
OPYTUX KOHTYPOB 00paTHOM CBSI3M, TAKUX KaK CKOPOCTb, BEICOTA TOPEJIKM, TeMreparypa u T. 1. biok-
cxeMa KoHTypa [TH]I-perynsiTopa npeacrasisieT co6oi 610K-cxeMy omHoro KoHTypa [TU]I-perynsatopa.

Bbnok-cxema ITU]I-KoHTYpa
:images/pid-block-diag.png

3arpy3ka ITU]T

halcmd: loadrt pid [num_chan=<loops>] [debug=1]

<loops> — xKonu4yecTBO KOHTYpoB ITH]I, KOTOpPOE BEI XOTUTE YCTaHOBUThL. Eciiu num_chan He yKa3aH,
OymeT yCTAaHOBJIEH OOWH KOHTYpP. MakcuMallbHOE KOJIMYEeCTBO KOHTYPOB — 16 (CoriiacHO 3HA4YEHUIO
MAX CHAN B pid.c). Kaxapiii UK IIOJIHOCTHIO HE3aBUCUM. B cremyoluumx onucaHusx <loopnum>
peacTaBisieT coO60M HOMEP KOHKPETHOTO IMKJIa. [1epBriil ki umeet Homep 0.

Ecnu debug=1, KOMITIOHEHT 3KCIIOPTHUPYET HECKOJIbKO HOOIIOJTHUTEJIbBHBIX KOHTAKTOB, KOTOPBEIE MOI'YT
OBITh IOJI€3HEI BO BpeMsd OTJIIadKHU U HaCTpOfIKI/I. ITo YMOJI9aHHUIO OOIIOTHUTEJIbHBIE KOHTAKTEI HE 3KCIIOPTUDYE
4TOOLI COKOHOMHUTL MECTO B O6I.LI€IZ IIaMsATH U HEe 3arpOMO2KIOaTh CIIMCOK KOHTAKTOB.

Beirpy3ska ITHU]I
halcmd: unloadrt pid

5.8.4.1 KOHTaKThbI
Tpu Hambosiee BaXKHBIX KOHTaAKTa:

* (float) pid. = <loopnum> .command - 2Kejnaemoe mojoxkeHue, 3afaHHOE OPYTUM KOMIIOHEHTOM
CHUCTEMBHI.

e (float) pid. = <loopnum>_ .feedback - Tekyimee moioxkeHue, U3MEPEHHOE YCTPOUCTBOM 00paTHOM
CBSI3M, HAIIPUMeEP SHKOIEPOM.

* (float) pid. = <loopnum> .output - KomMaHma CKOpPOCTH, KOTOpAas ILITAETCS NEPEMECTUTLCS M3
TEKYIIEro MOJIOKEHUS B XKeJlaeMOoe.

I KoHTypa nonoxkeHus .command u . feedback ykasaHel B efuHUIIaX U3MEPEHUS ION0XKeHUs. 114
JIMHEWHOW OCH 3TO MOTYT OBITH MIOMMBI, MM, METPBI UJIM YTO-TO ellle. AHAJIOTUYHO, [JIs YTJIOBOM OCH
9TO MOTYT OBITH T'PAAyChl, PamguaHbl ¥ T. O. EOWHUIE M3MepeHus BeIBOma .output mpemcTaBasioT
co6oii n3MeHeHre, HeoOX0OUMOoe [IJIsT TOT0, YTOOBI oOpaTHas CBsI3b COOTBETCTBOBAIa KoMaHae. TakuMm
o6pa3oM, OjIs IUKA IOJIOXKEHHs .output — 3TO CKOPOCTh B AloMMax/c, MM/c, rpagycax/c ¥ T. @.
EpmHuIlaMu BpeMeHU BCerha SBISIOTCS CEeKYH[Bl, a €TUHUIIBI CKOPOCTH COOTBETCTBYIOT €OUHHIIAM
nonoxkeHusi. Ecimu KoMaHAa u obpaTHas CBI3b YKa3aHBl B MEeTPaX, TO BEIXOMHOW CUTHAJI U3MEPSETCS
B MeTpax B CEKYHY.

Kaxkawiii KOHTYp MMeeT ABa KOHTaKTa, KOTOPhIe MCIOIL3YIOTCS OJI MOHUTOPUHIA WU YIPaBIeHUS
o011eii paboToi KOMIIOHEHTA.
* (float) pid.<loopnum=>.error - PaBHo .command Munyc .feedback.

* (bit) pid.<loopnum>.enable - BuT, KOTOPHIY BKJIIo4aeT KOHTyp. Ecnu .enable - false, Bce nHTEerpaToph
cOpackIBalOTCS, a BEIXOOHOM cUTHaI 00HymseTcsa. Eciu .enable - true, KOHTYp paboTaeT HOPMaJbHO.
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KoOHTaKTHI, UCIOJIb3yeMble AT COOOIIEHMST O HacCHIIeHUM. HackhIlleHre MPOUCXOAUT, KOTHa BBIXO[
6moka ITH ]I mocTHUraeT MakKCHUMAJILHOTO UIM MUHHUMAJILHOTO IIpeena.

e (bit) pid.<loopnum=>.saturated - True , Korga BbIXO[ HaCHIIIIEH.
* (float) pid.<loopnum>.saturated s - BpeMs HacCHIII[eHNS BEIXOAA.

* (532) pid.<loopnum>.saturated count - BpeMs HacCHIIIIeHHS BEIXOAa.

KoadbdumuenTs ycunenus, npenensl [IM]I-perynsaropa U gpyrue Hacmpausaembvle PyHKINU KOHTypa
IOOCTYIIHBI B BUOE KOHTAKTOB, IIO3TOMY UX MO2KHO ITMHAMUYECKHU PETYIIUPOBATD OJIA OoJsee PaCIInPEeHHEBIX
BO3MOZKHOCTEY HACTPOUKHU.

¢ (float) pid.<loopnum=>.Pgain - [IponopIiioHaIbHOE YCUIEHUE

* (float) pid.<loopnum>.Igain - UaTerpanbHblil KO3POULIMEHT YCUTEHUS
* (float) pid.<loopnum>.Dgain - [Ipon3BOOHOE yCUTIEHUE

* (float) pid.<loopnum>.bias - [IocTOsTHHOE CMellleHNEe Ha BEIXOHE

* (float) pid.<loopnum>.FF( - YupeXaeHue HYJI€BOT0 ITIOPSAAKa - BEIXOOHOW CUTHAJ IPOIIOPIUOHAIEH
KOMaHe (II0JI0XKEeHUI).

* (float) pid.<loopnum>.FF] - YupexpgaoIllas CBA3b IIEPBOTO ITOPAOKA — BEIXOAHOM CUTHAJI IPOIIOPIINOHAJIEH
IPOM3BOOHON KOMaHObI (CKOPOCTH).

* (float) pid.<loopnum>.FF2 - [IpsiMasi CBs13b BTOPOT'0 IOPSIAKA - BEIXOJHON CUI'HAJI IPOIOPLUUOHATIEH
2" TpOU3BOAHOMN KOMaHOH (YCKOPEHUS).

¢ (float) pid.<loopnum>.deadband - Konu4ecTBo omnb0K, KOTOPEIE OyOYT UTHOPUPOBATHLCSI
* (float) pid.<loopnum>.maxerror - OrpaHU4YeHUE Ha OLMINOKY

¢ (float) pid.<loopnum>.maxerrorl - OrpaHndYeHne Ha UHTETPATOP OIIIO0K

¢ (float) pid.<loopnum>.maxerrorD - OrpaHudeHne Ha IPOU3BOIHYIO OIINOKHU

* (float) pid.<loopnum>.maxcmdD - OrpaHUYeHUEe Ha IPOU3BOOHYIO KOMaH/IbI

* (float) pid.<loopnum=>.maxcmdDD - OrpanuudeHue Ha 2° TPON3BOOHYI0 KOMaHIbI

¢ (float) pid.<loopnum>.maxoutput - OrpaHUYeHNe BEIXOJHOTO0 3HAYEHUS

Bce max* OIrpaHN4YEeHHNd peaJIn30BdaHbI TAKUM o6pa30M, YTO €CJIM 3Ha4YeHHe 3TOro IIapaMeTpa paBHO
HYJIIO, OTPaHUYE€HUd HeT.

Ecnu npu ycTaHOBKE KOMITOHEHTa OBIJIO yKa3aHo debug=1, 6yayT 9KCIOPTUPOBAHHI YETHIPE MOTIOJTHUTEITEHBL
KOHTaKTa:

* (float) pid.<loopnum>.errorl - UnTerpasn omubKu.
* (float) pid.<loopnum>.errorD - TIpou3BogHas OMMNOKHU.
* (float) pid.<loopnum>.commandD - TIpou3BogHast KOMaH[HI.

* (float) pid.<loopnum>.commandDD - 2% mpou3BogHas KOMaHAHI.
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5.8.4.2 ®yHKUUM

KOMITIOHEHT 3KCTIOPTUPYET OOHY QYHKIINIO A KaXXaoro Koutypa ITU]. 3Ta QyHKUMS BEHIIOTHSIET BCE
BBEIYMCJIEHUSI, HEOOXOOMMEIE AJIsT KOHTypa. IIOCKOBKY KaXKOBli KOHTYP MMEET CBOI0 COOCTBEHHYIO
byHKIMIO, OTOEebHBIE KOHTYPE MOT'YT OBITH BKJIIOUEHHI B PA3HBIE IIOTOKW U BBIIOJIHATHCS C PA3HOU
CKOPOCTBIO.

* (funct) pid.<loopnum>.do pid calcs - BEIIOJIHSIET BCe BRIYUCIIEHUS [Jid OfHOro KoHTypa [TU]I.

Ecnu BB XOTUTE MOHSATH TOYHHIN aJITOPUTM, UCIIONb3YEMBIH [JIs BEIYKCJIEHUS BhIXOoma KoHTypa I[THU]I-
perymnsitopa, CM.

» figure PID Loop Block Diagram,
* KOMMeHTapuu B Hauane emc2/src/hal/comComponents/pid.c u, KOHEYHO XKe,

¢ CaM Ko[h.

Brruncnenus mukia HaxogaTcsa B dyHKnuu C calc pid().

5.8.5 WMmMuTMpOBaHHLIA SHKOAEP

HNmMmutupyeMsuiii Kogep UMeHHO Tako. OH IPOU3BOAUT KBaApPaTyYPHEIE UMITYIbChI C UHOEKCHBIM UMIYJIHCOM
CO CKOPOCTEIO, KOHTpoupyemou BeiBogoM HAL. B 0CHOBHOM IIOJIE3HO OJId TECTUPOBAHUS.

3arpy3ka sim-encoder

halcmd: loadrt sim-encoder num_chan=<number>

<number> — KOIUYECTBO DHKOOEPOB, KOTOPHIE BHl XOTHUTE MMUTHUPOBaTh. Eciu He yKalaHo, OymeTt
yCTaHOBJIEH OOMH 9HKOHIep. MakcumanbHOe yuciio — 8 (kak onpeneneHo MAX CHAN B sim _encoder.c).

Brirpy3ka sim-encoder
halcmd: unloadrt sim-encoder

5.8.5.1 KoOHTaKThbI

(float) sim-encoder. = <chan-num>_ .speed - KomaH{a CKOpPOCTH [JiT MOJEINPyEeMOT0 Basa.

* (bit) sim-encoder. ~ <chan-num>_ .phase-A - KBampaTypHEIH# BHIXOL.
e (bit) sim-encoder. ° <chan-num> .phase-B - KBampaTypHBI# BEIXO]I.
e (bit) sim-encoder. ~ <chan-num>_.phase-Z - Brixog MHOEKCHOTO UMITYJIbCA.

Korma .speed monoxurtenkHa, . phase-A onepexaet .phase-B.

5.8.5.2 MapamMeTpsbl

* (u32) sim-encoder. ~ <chan-num>_ .ppr - UmmynecoB Ha 000POT.

* (float) sim-encoder. = <chan-num>_.scale - MacmtabHubiit KoadpuimeHT ais . speed. I[To yMom4aHUIO
ycTaHOBNIEeHO 3HadYeHue 1.0, 4To 03HaYaeT, 4To . speed u3MepsieTcsa B 000poTax B CEKyHOy. Mi3MeHUTe
3HaveHue Ha 60 mist gucia o60poToB B MUHYTY, Ha 360 mjisi rpagycoB B CeKyHay, Ha 6,283185 (=
2*1) Onsg paguaH B CEKYHOY U T.0.

OOpaTtuTe BHUMaHUE, YTO KOJTUYECTBO UMITYIbCOB Ha 0O0POT — 3TO HE TO K€ CaMOe, YTO KOJIMYECTBO
oTcueToB Ha obopoT. MmMnynbc mpencTaBiasieT cOOOM IMONHBLINM KBaApaTyPHBIM IIUKJI. BOJIBIIMHCTBO
CUYETUYUKOB 9HKOLEPOB CUUTAIOT YEeThIPE pa3a 3a OOUH ITOJTHBIN ITUKIL.
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5.8.5.3 ®yHKUUM
KoMmnoueHT akcnopTupyeT aBe GyHKIuK. Kaxkgas GQyHKIIUS BIUSIET Ha BCe MOOEeNTUPyeMble 3HKOIEPHI.

e (funct) sim-encoder.make-pulses - BbicokocKopocTHast QyHKIIMS Ir'eHepallii KBagpaTyPHBIX UMITYyThCOB
(6e3 mIaBarmleil TOUYKH).

¢ (funct) sim-encoder.update-speed - OyHKIHUS HU3KOM CKOPOCTH [JIsI YTEHUS . Speed, MacmTabupoBaHU
U HacTpouku .make-pulses.

5.8.6 Debounce

Debounce — 3T0 KOMIIOHEHT peaIbHOI 0 BDEMEHU, KOTOPLIN MOXKET (PUITbTPOBATh IIOMEXH, CO3laBaeMbIe
KOHTaKTaMHU MEXaHUYEeCKUX IIePEKII0YaTenel. ITo TaKKe MOXKET ObITE IT0JI€3HO B APYTHUX IIPUIIOKEHUSX,
raoe HeoOXOOUMO MOOaBIISAThL KOPOTKUE MUMIYJILCHI.

3arpy3ka debounce

halcmd: loadrt debounce cfg=<config-string>

<config-string>
IIpencraBnsieT co60¥ CepHI0 HeCATUYHEBIX IEJIBIX YUCEel, Pa3fe/IeHHEIX 3anaThiMu. Kaxnoe uucio
yCTaHaBIXUBAET I'PYIITY OOMHAKOBHIX (UIBTPOB yCTPaHEHUsI Apebe3ra, YMCII0 OIIPeaesisieT KOJITU9IeCTBO
(punbpTPOB B rpynne.

3arpy3ka npuMmepa debounce
halcmd: loadrt debounce cfg=1,4,2

YCTaHOBUT TpU rpynnsl GunsTpoB. I'pynmna 0 cogepXKuUT oguH GUILTP, rpynna 1 — deTwIpe, a rpynmna 2
— mBa ¢punbTpa. 3HaYEeHHe 110 YMOMYaHUIO Iyt <config-string> — ”1”, nmpu aToM OymeT yCTaHOBIIEHA
OIHa Tpyllia, comepXKaliasg oouH GUILTP. MaKcHMaJbHOE KOJINYECTBO Ipynml 8 (Kak oIpefeeHo B
MAX GROUPS B debounce.c). MakcuManbHOE KOJINYECTBO (PUIBTPOB B IPYIIle OTPAHUUYEHO TOJILKO
o6bemoM 001el mamMsaTU. KaxXpas rpymnra IOJIHOCThIO He3aBUCUMa. Bce GUIBTPHL B OJHOU T'pPYIIIe
UOEHTUYHLI, ¥ BCe OHM OOHOBIISIOTCS OOHOM M TOM ke (YHKIIMENW OOHOBpPeMEHHO. B crmepmyrommx
onucaHusx <G> mpencTaBisgeT co00¥M HOMep I'PYHIIb, a <F> mpeacTaBiseT coboil HoMep pumbTpa
BHYTpU Ipynnbl. IlepBriti punbTp — rpynmna 0, punstp 0.

Beirpy3ka debounce

halcmd: unloadrt debounce

5.8.6.1 KoHTaKThI
Kaxkaeiii oTOenbHBIN QUILTP UMEeT IBa KOHTAKTa.

e (bit) debounce. ~ <G> . <F> .in - BBopm ¢unsrpa <F> B rpynne <G>.

* (bit) debounce. ~ <G> . <F> .out - BeiBog ¢punbrpa <F> B rpynmne <G>.
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5.8.6.2 MapamMeTphbl

Kaxpast rpynma GunbTpoB mMeeT oguH mapameTtp, footnote: [Kaxkpawrii OTHENbHBIN (PUIIBTD TakKe
“MeeT BHYTPEHHIOIO ITIePEeMEHHYI0 COCTOssHUS. CyIIeCcTBYET NepPeKIodYaTe/Ib BpeMEHN KOMIUISIINY,
KOTOPEI! MOXKEeT 3KCIIOPTHPOBATh 3Ty IIePEeMeHHYVIO B KadeCTBe [lapaMeTpa. ITo IpefHa3HauyeHo s
TECTUPOBAHUS U IIPU OOBIYHEIX 00CTOSITEIECTBAX ITPOCTO 6ECITOIE3HO PACXOAYET PA3AeIsieMyIo ITaMsTh.].

AN

* (s32) debounce. = <G> .delay - 3agepkka punbTpa s Bcex GUILTPOB B rpymne <G>.

3amepxkKa (UIbTPA BEIPAXKaeTCs B eNUHHUIIAX IIEPUOOOB IIOTOKA. MUHHMAaIbHAs 3agepXkKKa paBHa
HYT10. BeIXoOgHOM cUTrHam GUIbTPa C HYJIeBOHM 3aIePKKOM TOUHO COOTBETCTBYET €0 BXOOTHOMY CUTHAITY
— OH HUUero He punbTpyeT. [To Mepe yBenuuenus . delay Bce 6oiee u 60yee OIuHHBIE COOM OTKIIOHSIFOTCSI.
Ecnu .delay paBeH 4, Bce cO0U, MEHBIIINE UIA PABHBLIE YETHIPEM MEPUOAAM IIOTOKA, OYOYT OTKIIOHEHHI.

5.8.6.3 ®DyHKuUUM

Kaxkpas rpynna ¢uasTpoB uMeeT ogHy GYHKIIMIO, KOTOpPas OOHOB/ISIET BCe (PUABTPHI B 9TOU TI'PYIIIE
00OHoBpemMeHHO. Pa3nmuyHble TPYNIBE PUIBTPOB MOTYT OOHOBJISITHCS U3 PA3HBIX IIOTOKOB B pa3HBIE
IIepUOIEl BpEMEHHU.

¢ (funct) debounce. <G> - O6HOBMNsAET BCe GUNLTPHI B rpymne <G>.

5.8.7 SigGen

SigGen — 3TO KOMIIOHEHT PEATbHOTO BPEMEHU, KOTOPHIN TEHEPUPYET MPSIMOYTOIbHEIE, TPEYTOJIbHEIE
¥ CUHYCOUOAJIbHBEIE CUTHAIE. B OCHOBHOM OH MCIIOTB3YETCS OJIsl TECTUPOBAHUS.

3arpy3ka siggen

halcmd: loadrt siggen [num_chan=<chans>]

<chans>
— 9TO KOJINYEeCTBO TeHEepPaTOPOB CUTHAJIOB, KOTOPEIE BEL XOTUTE YCTaHOBUTHL. Ecniu numchan He
yKasaH, OyIoeT yCTaHOBJIEH OOVH reHepaTop CUTHaJIoB. MakcuMasibHOe KOINYeCTBO 'eHepaTopoB
— 16 (xak onpepenerno B MAX CHAN B siggen.c). Kaxkaeiii reHepaTop MOTHOCTHIO HE3aBUCUM.
B crenymomux onucaHusaxX ecThb

<chan>
HOMEP KOHKPETHOT0 reHepaTopa CUTHaJIoB (HymMepanus HauuHaeTcs ¢ 0).

BeIrpy3ka siggen

halcmd: unloadrt siggen

5.8.7.1 KOHTaKThbI
Kaxnmpili rTeHepaTop UMEET MATH BEIXOOHBIX KOHTAKTOB.

* (float) siggen. = <chan> .sine - BrIXOQ CHHYCOMOAJIBHOT'O CHUTHAJIA.
* (float) siggen. = <chan> .cosine - BrIxom KOCMHYCOUOAJIBHOT'O CUTHAJIA.

AN

* (float) siggen. = <chan> .sawtooth - Beixom muioo6pa3HOro cUrHana.
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* (float) siggen. = <chan>_ .triangle - BeIxom TpeyroabHOTO CUTHAA.

* (float) siggen. = <chan>_ .square - Berxom mpsiMOyTOJIBLHOTO CHUTHAJA.

Bce Tk BEIXOOOB UMEIOT OOWHAKOBYIO 9YaCTOTy, aMIIJTINTyOy U CMEIIEeHUeE.

IToMuMO BEIXOOHBIX KOHTAKTOB, UMEETCS TPHU YIIPABIAOIIUX KOHTAKTA:

N

* (float) siggen. = <chan> .frequency - YcTaHaBIHBaeT 4aCTOTY B repliax, 3HaYEeHHE 10 YMOJTYaHHUIO
— 1T

* (float) siggen. ~ <chan> .amplitude - YcTaHaBnMBaeT MUKOBYIO aMIIJIUTYy BEIXOTHBIX CUTHAJIOB,
o ymonmgasuo — 1.

* (float) siggen. = <chan> .offset - YcTaHaBnuBaeT CMeIlleHWE O TTOCTOSHHOMY TOKY BBEIXOMHBIX
CUTHAJIOB, IO yMoI4aHuoo — 0.

Hampumep, ecnu siggen.0.amplitude paBen 1,0, a siggen.0.offset paBen 0,0, BEIXOOHBIE JaHHBIE
O6ynyT KomebaTthes ot -1,0 go +1,0. Ecniu siggen.0.amplitude paBen 2,5, a siggen.0.offset paBen
10,0, To BEIXOOHBIE 3HaYeHUs OymyT KonebaTbes oT 7,5 mo 12,5.

5.8.7.2 NMapameTpsl

Hwuuero. footnote: [[1o Bepcuu 2.1 yacToTa, aMIaIuTyna U cMellleHue ObIM mapaMeTpaMu. OHU OBIIH
3aMeHeHH Ha KOHTAKTHI, YTOOK 06eCleYuTh BO3MOKHOCTE YIIPaABIEHUS OPYTrUMU KOMIIOHEHTaMU. |

5.8.7.3 ®yHKUUM

* (funct) siggen. ~ <chan> .update - BerumcinsieT HOBblE 3HAUEHUS [OJISI BCEX IISITU BHIXOOOB.

5.8.8 1lut5

KoMmnonent lut5 mpencTaBiseT coO0 TOTMYECKUI KOMIIOHEHT C IISAThI0 BXOOaMHM, OCHOBAaHHBIM Ha
CIIPABOYHOI TabIuIle.

¢ lut5 He TpebyeT MOTOKA C MJIaBaAIOMIEH 3aIATOMH.

3arpy3ka lutb

loadrt lut5 [count=N|names=namel[,name2...]]
addf lut5.N servo-thread | base-thread
setp lut5.N.function OxN

lut5 BoeruucaurenbHasts PyHKIHSA YTOOL BEHIYKCIIUTH ITECTHAAIIATEPUYHOE YHCIIO NI QYHKIIUH,
HauyuHasA cBepxy, moctaBbTe 1 mmm 0, 4TOOH yKa3aTh, OyHeT Iu 3Ta CTpoKa true mnu false. 3arem
3aMlUIINTe BCE YUCJIa B BEIXOOMHOM CTOJIOLlE, HAYWHASA CBEPXY M 3alMCHIBas WX CIpaBa HajleBO. ITO
OymeT mBOMYHOE YKUCIO0. MCIomb3ys: KalabKyIsaTOP C IPOrpaMMHEBEIM BHUIOM Kak, Hanpumep, B Ubuntu,
BBEIUTE OBOMYHOE YMCJIO, a 3aTeM IIpeodpa3yiTe ero B IIeCTHAAIIaTEPUYHOe, U 3TO OyHeT 3HaYeHUe
byHKUIMN.
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Table 5.28: lut5 CuopaBouHas Tabmuiia
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lut5 IIpuMep ABYX BXOOOB B cienyioieii TabGuile MBI BEIOpAiu BHIXOMHOE COCTOSHUE IS KaXKIOH
CTPOKU, KOTOPOE MBI XOTUM, YTOOBI OBIIO true.

|

Table 5.29: 1lut5 Ilpumep TabGnUIIBI IIOMCKa C OBYyMS
BXOJaMHu
bur bur bur bur bur | BeIixo;
4 3 2 1 0
0 0 0 0 0 0
0 0 0 0 1 1
0 0 0 1 0 0
0 0 0 1 1 1
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I'msapgs Ha BBIXOOHOM cTOMOeIl Halllero IMpuMepa, Mbl XOTHM, YTOOBI BBIBO[, OBLINT BKIIOYEH, Korma 6ut 0
unu 6uT 0 u 6uT 1 BKIIOUEHE, M HUYero Oosbine. [IBondyHOe Yucio — b1010 (moBopoT BeIxoma Ha 90
TPaAyCoOB 110 YaCOBOM CTPEJIKe). BBemmTe 3TO YHC/IO B KaJbKYyISTOD, 3aTeM U3MEHUTE 0TOOpazkeHue
Ha LIeCcTHaAllaTEepPU4YHOe, M YMuCiI0, HeoOxommumoe Ons pyurimu, 6ymeT Oxa. lllecTHaplaTepUYHBIN
npedurc — Ox.

5.9 HAL lNeHepaTOp KOMMNOHEHTOB

5.9.1 BBepeHue

OTOT pa3fesl 3HAaKOMUT C KoMIumndanued komnoHeHToB HAL, T. e. po6aBnsieT HEKOTOpPhLle 3HAHUSI
CTAaHOYHWKOB O TOM, KaK oOpamarthsCs C CTaHKOM. CliegyeT OTMETUTh, YTO TaKue KOMIIOHEHTHl He
00513aTeNIbHO CBSI3aHEL C alllapaTHHIM obecliedeHHeM HanpsaMylo. YacTo Tak ¥ IPOUCXOOUT, HO He
00s13aTeJIbHO, HAIIPUMED, MOXKET OBITH KOMIIOHEHT [JIsI HpeoOpa30BaHus MeXKOy OpUTaHCKUMU U METPUYECKY
IIKajlaMM, II09TOMY B 9TOM pa3pelie He TpebyeTcs yriyOnsaThCcs BO B3auMoaelicTBUe ¢ 060pyIoBaHUEM.

Hamnucanue komnoHeHTa HAL MoKeT 0Ka3aThCs YTOMUTENBHBIM ITPOlieccoM, 60JIbilIast 4aCcTh KOTOPOTO
CBsi3aHa C BBI30BaMU (PYHKIMYU rtapi u hal w CBI3aHHOU C HUMH IIPOBEPKOM OIMOOK. halcompile
aBTOMATHU4YECKHU HAIIUIIET 3a BaC BeChb 3TOT KofA. KomnunupoBaTh KOMIOHEHT HAL Takxke HaMHOTO
ITpoIIie IIPY UCTI0Ib30BaHuu halcompile, He3aBUCUMO OT TOT'O, IBIISETCS JIM KOMIIOHEHT YaCThIO UCXOTHOT O
mepeBa LinuxCNC unu BHe ero.

Hanpumep, npu KkogupoBaHuu Ha C IIPOCTON KOMIIOHEHT, TakKou Kak "ddt”, 3aHuMaeT okojyo 80 cTpok
Kofla. DKBHUBAJIEHTHHIM KOMIIOHEHT OYeHb KOPOTKUM, €CJIM HallkCaH C UCII0Ib30BaHKUEM IIPEIIpoIleccopa
halcompile:

IIpuMep HPOCTOTr0 KOMIOHEHTA

component ddt "Compute the derivative of the input function”;
pin in float in;

pin out float out;

variable double old;

option period no;

function ;

license "GPL"”; // indicates GPL v2 or later
float tmp = in;

out = (tmp - old) / fperiod;

old = tmp;

5.9.2 Installing

YToOB CKOMIUIUPOBATh KOMIIOHEHT, €CJIM MCIIONIb3yeTCs ynakoBaHHas Bepcus LinuxCNC, nakeTs
pa3paboTkyu HeoOXOOUMO yCTaHOBUTH MU0 C MOMOIINBI0 Synaptic u3 riaBHOro MeH0 System -> Ad-
ministration -> Synaptic package manager, mu00 BBIIOJHUB OOHY U3 CIEOYIOIINX KOMaH[ B OKHE
TepMHHAaIa. :

YcTraHOBKa nMakeToB pa3padorku ajass LinuxCNC

sudo apt install linuxcnc-dev
# or
sudo apt install linuxcnc-uspace-dev

I pyroii MeTon — UCIIOIH30BaTh MEHEOKEDP TaKeToB Synaptic u3 MeH:0 «IIpunoxeHUs» OJjig YyCTaHOBKU
makeToB linuxcnc-dev unu linuxcnc-uspace-dev.
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5.9.3 KoMnunsauusna

5.9.3.1 BHYyTpM pepeBa UCXOOHUKOB

ITomecTuTe datin . comp B UCXOOHBIM KaTanor Linuxcnc/src/hal/components 1 IOBTOPHO 3allyCTUTE
make. ®ainel Comp aBTOMATHYECKM 00HAPY2KUBAIOTCS CUCTEMOM COOPKM.

Ecnu ¢aiin . comp ssBiIsieTCs ApaiiBepoM Ojist 000pyoOBaHMUs, eT0 MOXKHO ITIOMEeCTUTh B Linuxcnc/src/hal/dri
U OH OymeT co3pgaH, eciu TonbKo LinuxCNC He HaCTpOeH KaK CUMYJISITOP He B peaJlbHOM BpeMEeHHU.

5.9.3.2 KOMMNOHEeHTHb! peaJibHOro BpeMeHU BHe AepeBa UCXOAHOro Koaa

halcompile moxeT 06pabaThBaTh, KOMIOUINPOBATh M YCTaHABINBATH KOMIIOHEHT PealbHOT0 BpeMeHH!
3a OOMH Iar, noMmelnas rtexample. ko B KaTajor Monyiiel peanbHoro BpemMenu LinuxCNC:

[sudo] halcompile --install rtexample.comp

Note
sudo (ans npas root) Heobxoaoum Npu ncnonb3osaHum LinuxCNC 13 ycTaHOBKK NakeTa deb. MMpwn
ncnonb3oBaHMm cbopkm Run-In-Place (RIP) npaBa root He TpebytoTcs.

Wnu oH MoxkeT o6paboTaTh U CKOMIIMIIMPOBAThL 3a OOWH IIar, octaBuB example. ko (unu example.so
OISl CUMYJISITOPa) B TEKYIIIEM KaTajore:

halcompile --compile rtexample.comp

Wnu oH MoxeT mpocTo 06paboTaTh, OCTaBUB example. C B TEKYIIIEM KaTajore:

halcompile rtexample.comp

halcompile TakXke MOXKeT CKOMINJINPOBATh U YCTAHOBUTE KOMIIOHEHT, HalluCaHHBIN Ha C, HCIIONIB3YS
napaMeTpsl - -install u --compile, moka3aHHEIE BHIIIE:

[sudo] halcompile --install rtexample2.c

[okyMeHTa1us B popMaTe man TakkKe MOXKeT ObITh CO3JaHa Ha OCHOBe MHMOPMAaLWH B pa3mesie 00 bIBIEHUN:

halcompile --document -o example.9 rtexample.comp

ITony4YeHHYIO CITPAaBOYHYIO CTPAHUIy example.9 MOXKHO IPOCMOTPETDH C TIOMOIITHI0

man ./example.9

HJIX CKOIIMPOBATh B CTaAHOAPTHOE MECTO OJIsd CTPAHMUI]I PYKOBOOCTBA.

5.9.3.3 KOMNOHEeHTbl He peaJsibHOro BpeMeHU BHe AepeBa UCXOAHOro Kopa

halcompile moxeT o6pabaTEBaTh, KOMIUJIUPOBATh, YCTAaHABIUBAThL M JOKYMEHTHUPOBATb KOMIIOHEHTHI,
He paborTarolrue B peajlbHOM BpeMEHU:

halcompile non-rt-example.comp

halcompile --compile non-rt-example.comp

[sudo] halcompile --install non-rt-example.comp
halcompile --document non-rt-example.comp
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Onst HeKOoTOPRIX OMOIHMOoTEeK (HanpuMep, modbus) MoxkeT moTpeboBaThCs TOOABUTH OOIIOTHUTELHEBIE
apTryMeHTH KOMITHJIITOPA ¥ KOMIIOHOBIITMKA, YTOOB KOMITHISTOP MOT HAWTH U CBSI3aTh OMOIMOTEKH.

B cnygae ¢aiisioB .comp 9TO MOXKHO CHeJlaTh C IOMOIILI0 ollepaTopoB “option” B datine .comp. [Ina
(aitoB . C 9TO HEBO3MOXKHO, IO3TOMY BMECTO 9TOT'0 MOZKHO MCIIOIh30BaTh IapaMeTpHI - -extra-compile-ar
u --extra-link-args. Hampumep, 3Ty KOMaHOHYIO CTPOKY MOXKHO HCIIOJIb30BATh OJISI KOMIIUISIINU
kommnoHeHTa vfdb vfd.c BHe gepesa.

halcompile --userspace --install --extra-compile-args="-I/usr/include/modbus” --extra-link- «
args="-lm -lmodbus -1linuxcncini” vfdb vfd.c

Note
AddeKT 0T NCNO0SIb30BaAHMSA AOMOJHUTENbHLIX aPryMEHTOB KakK B KOMaHAHOW CTPOKe, Tak 1 B hanne
He onpeneneH.

5.9.4 WMNcnonb3oBaHUe KOMIMNOHEHTa

KoMmoHeHTHI HeO6XO)II/IMO 3arpy3uTb U 1106aBI/ITb BIIOTOK, IMIpeXKe 9€M €ro MO2KHO 6YJZ[GT HCIIOJIb30BATh.
HpeHOCTaBHeHHaH (IJYHKHI/IOHEU'IBHOCTB MOZKET 3aTeM HalIPAMYIO U HEOOHOKPATHO BEI3BIBATECSA OOHUM
M3 IIOTOKOB UJIM OIPYI'MMKU KOMIIOHEHTaMu, UMEIOIIIKMMU CBOU COOGCTBEHHLIE TPUTTEPHI.

IIpumep cuenapuss HAL n1s1 ycTaHOBKH KoMnoHeHTa (ddt) u ero BINOTHEHHU ST KazK/IYI0 MHJITHCEK)

loadrt threads namel=servo-thread periodl1=1000000
loadrt ddt
addf ddt.0 servo-thread

HomonmuuTenpHyIO nHGopMaluio o loadrt u addf moxuo HatiTu B HAL OCHOBEI.

YToOBI IPOTECTUPOBATL CBOM KOMIIOHEHT, BEI MOXKeETe cjiefloBaTh puMepaM B HAL YuebHUK.

5.9.5 OnpepeneHusn

e component — KOMIIOHEHT IIPeICTaBIsIeT CO00M OOMH MOIYJIb PeaTbHOIO BpEMEHH, KOTOPBIN 3arpyKaeTCs
c momoinpio halcmd loadrt. Ogun daiin . comp onpenenseT OOUH KOMIIOHEHT. MMsI KOMIIOHEHTa U
uMs ¢aliia JOJIKHEI COBIIANATE.

¢ instance — KOMIOHEHT MOXKeT UMeThb HOJIb UK 6oJiee 9K3EeMILJIIAPOB. Kaxmsrit 9K3EMILJIAP KOMIIOHEHTa
CO31a€eTCsA PaBHBIM (BCe OHHU MMEIT OOJHMHAKOBEIE BEIBOOEBI, ITapaMETpPHI, (1)YHKLII/II/I nu I[aHHbIe), HO
BeOyT cebs He3aBHUCHUMO, KOIrHa UX KOHTAKTHI, TapaMeTpPhl U JaHHBIE€ UMEIOT Pa3HbI€ 3HAYEeHUA.

* singleton - KoMIIOHEHT MOKeT OLITE “singleton”, u B 3ToM cirydae co3maeTCsi POBHO OJIUH 9K3€MILJISP.
Penko mMeeT CMBICI ITHCATh Singleton KOMIIOHEHT, €CJTH TOJILKO B CUCTEME He MOXKeT OLITh OYKBAIbHO
TOJIPKO OOUH OOBEKT TAKOI'0 THUIA (HallpuMep, KOMIIOHEHT, IIeJIb KOTOPOT'0 — IIPEeA0CTaBUTh KOHTAKT
¢ TekymuM BpemereM UNIX unu gpaiiBep o60pymoBaHus O BHyTpPeHHero nuHamuka I1K).

5.9.6 Co3paHue 3K3eMnaspa

st singleton oguH 9K3eMIJISIP CO3TAETCS MPU 3arPy3Ke KOMITIOHEHTA.

s He-singleton mapameTp MoOmyJisi count ompemessieT, CKOJIbKO MPOHYMEPOBAHHBIX 3K3EMIIISIPOB
OymeT co3maHo. Ecnu count He yKa3aHoO, TapaMeTp MOOYJIsS nhames onpenenseT, CKOJIbKO UMEeHOBAaHHBIX
9K3eMILISIPOB OyfeT co3mano. Eciu He yKa3aHo HU KO/UYecmaeo, Hu UMeHd, CO30AeTCsT OMUH TPOHYMEPOBaHH
9K3EMIIISP.
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5.9.7 HesBHble napaMeTpbl

OyHKIIUAM HESIBHO IlepefaeTcs IapaMeTp period, KOTOPHY ITpeACcTaBisgeT co00i BpeMs B HaHOCEKYHIax
MIOCTIETHET0 IepUOoa BEIIOITHEHN I KOMITIOHeHTa. OyHKINY, HCIIONIL3YIOIINeE YHCIIa C IIJIaBalollel 3aaToH,
TakkKe MOTYT CCHIJIaThbCSA Ha f period, KOTOPHIM HpE[CTaBiIsieT cO00M BpeMs C IIJIaBAIOIEl 3amlsToH

B CekKyHpOax, unu (mepumon*le-9). OTO MOzKeT OBITH II0JIE3HO B KOMIIOHEHTAX, KOTOPHIM TpebyeTrcs
nHpopManusa o BpeMeHu. CM. TaK¥kKe «IIepPUOof ONIUN» HUXKE.

5.9.8 Syntax

datin .comp COCTOUT U3 HEKOET0 KOJWYeCcTBa HeKJiapaluii, 3a KOTOPHIMU CJIEAYET ;; B OTHEJIbHOM
CTPOKe, 3a KOTOpou crnenyeT Kox C, peanu3yomni GyHKIUY MOIYIIS.

JIeKnapauHH BKJIIOYAIOT B Ce0s:

* component HALNAME (DOC);

» pin PINDIRECTION TYPE HALNAME ([SIZE]|[MAXSIZE: CONDSIZE]) (if CONDITION) (= START-
VALUE) (DOC) ;

* param PARAMDIRECTION TYPE HALNAME ([SIZE]|[MAXSIZE: CONDSIZE]) (if CONDITION) (=
STARTVALUE) (DOC) ;

* function HALNAME (fp | nofp) (DOC);

e option OPT (VALUE);

e variable CTYPE STARREDNAME ([SIZE]);
e description DOC;

e examples DOC;

* notes DOC;

* see also DOC;

* license LICENSE;

* author AUTHOR;

include HEADERFILE;

Kpyrnbie ckoOKY yKa3bIBalOT Ha HeoOsi3aTeIbHEIE 971eMeHThH. BepTuKanbHas yepra o003HadaeT albTepHaTH
CnoBa, Hanucauuble 3AI JIABHBIMH 6ykBaMu, 0003HAYAIOT U3MEHSIEMBIN TEKCT CJIEAYIOIINM 00pa3om:

e NAME - CtaHmapTHBEIA ugeHTuduratop C

e STARREDNAME - Upentudurarop C c HyneMm unu 06ojiee * mepen HUM. ITOT CHUHTAKCUC MOIKHO
KCIOJIb30BaTh /151 00bIBIEHUS IEPEMEHHEBIX 9K3eMILIIPa, KOTOPHIE SIBJIAI0TCA yKa3aTtenamu. Obpature
BHUMaHUE, YTO U3-3a TPAMMAaTHUKHU MEXIY * 1 UMEeHEeM ITepeMeHHON MOKEeT OTCYyTCTBOBATh MPOOETI.

* HALNAME - PacmupeHHBIN uneHTUGUKaTOp. [IpH MCIOIb30BaHUY IJI CO30aHMUS UOeHTUDUKaTOpa
HAL Bce moguepKuBaHUS 3aMeHSIOTCS gedrcaMi, a TI0Oble KOHEYHBIE e Chl MITU TOYKY YOASIIOTCS,
Tak 4To “this name ” 6ymet mpeobGpa3oBano B “this-name”, a ecnmu uMs ” ", TO 3aBeplIaIas TOYKa
TakxXe ymanseTcs, Tak 4To “function ” pmaer umsa ¢pyakuum HAL, HanpuMmep “component.<num>"

BMeCTO “component.<num>.”

Ecnu o npucyrcTByeT, npebukc hal ypansgercs U3 Hadala UMeHU KOMIIOHEHTAa IIPU CO3OaHUU
KOHTAKTOB, TapaMeTpPOB U QYHKIINHU.
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B ugpentTudukatrope HAL mmst KoHTaKTa MM ITapaMeTpa # o003HaudaeT 3JIeMeHT MaCCHBA U HOIXKEeH
HUCIIOIb30BaThCS BMecTe C 00bsaBieHueM [SIZE]. Xam-MeTKHA 3aMEeHSII0TCH YHCJIOM, HOIOJIHEHHBIM O,
TOM K€ IJIMHEBI, UYTO ¥ KOJIMYECTBO CUMBOJIOB #.

ITpu ucrionb3oBaHuY A1t co3manus unenTudukatopa C Kk HALNAME npuMeHSI0TCS CIeOYIONIe U3MeHEeH U

wonoonon »on

1. JIro6rle CUMBOIIHL «#», a TaKzKe JII00ble CUMBOJIHL “.”, ” " unu
YOaNSIOTCS.

HeIIoCpeOCTBEeHHO IIepen HUMHU

2 » o » o

2. Bce ocTraBmuecst ”.” ¥ CUMBOMH “-” 3aMeHSIOTCS Ha ” ",

” o

3. IToBTOpSAIOIINECS CUMBOJIBI 3aMEeHSI0TCSA OOHUM CUMBOJIOM "\ ”.

» on

3aBepIIaronyii CHMBOJ ”_” cOXpaHsAeTCs, II03TOMY MOXKHO UCII0Nb30BaTh ngeHTudrkatopsl HAL, KoTOpEIE
B IPOTUBHOM CJIy4ae MOTIY OBl KOH(PJIUKTOBATh C 3ape3ePBUPOBAHHEIMU MMeHaMM WUJIU KITI0YEBBIMU
cloBaMu (HampuMep, min).

HALNAME C ugpenrTudpukarop HAL UpentuduxkaTop
Xy z Xy 2z X-y-Z

X-y.Z Xy z X-y.Z

Xy Z Xy Z X-y-Z

X.H##Y x y(MM) x.MM.z

X.H# x(MM) x.MM

if CONDITION — BrIpaxeHMe, BKJIIOYalolllee IIepeMeHHYyI0 personality, KoTopass He paBHa HYIJIIO,
Korfia HeoOXOOUMO CO3[aTh BEIBOM WJIM ITapaMeTp.

SIZE - Hucno, yKa3bIBalolllee pa3Mep MaccuBa. JJIeMeHTH MacCuBa MpoHyMepoBaHkl oT 0 o SIZE-1.

MAXSIZE : CONDSIZE - Yucinio, KOTOpOoe JaeT MaKCHMaJIbHEIM pa3Mep MaCCHuBa, 3a KOTOPHIM CJIefyeT
BRIpazXKeHUe, BKIIIOYalollee IIepeMeHHYI0 personality, 3HauyeHHe KOTOPOro Bcerma MeHbine MAX-
SIZE. Korpma maccuB OymeT co3mal, ero pasmep 6ynetr CONDSIZE.

DOC - Ctpoka, mOKyMeHTHpYoIlIas 3jieMeHT. CTpoKa Mo¥KeT OLITh CTPOKOH B cTune C ¢ “"IBOUHBIMH

KaBbEIYKaMHu~’, HallpuMeD:

I’b’IBb’IbI ,blb"b"6b"b"Mb"b”pb"b"ab”b’ Iebl Ibl’Tbll bll)Kbllbllebl ’bl’nbllbllabllbl (_)
IeblIbIIMbIIbIIbIbIIbIIebII bllnbllbl IablIblIpbllbllablIbIIMbIIbIIebIIbIITbI Ibllpbllbl H
Iblbll bI’MbI’b!IMbI’bllnbllbllybllbl !nbl Ibl'bbllbllcbllbllabll: TRUE b’lobllbl !3bl !bl <_)
IHbIIbIIabIIbI 'l‘lb”b"ab,’b”eb”b’,Tb” b"Cb"b"pb”b”eb”b”3b”, FALSE bllobllbl (_)
I3bIIbIIHbIIblIabllbllqblIb’labllbllebllbll.rbll blI¢b’lbllpblIbl’obllbllel IbIITbII"

UJIU CTPOKY B “TPOMHBIX KaBhIuKax” B cTujie Python, KoTopas MoKeT BK/II04UaTh BCTPOEHHBIE CUMBOJIEL

HOBOM CTPOKM U KaBBIUKU, TaKUe KakK:

"""The effect of this parameter, also known as "the orb of zot”,

will require at least two paragraphs to explain.

Hopefully these paragraphs have allowed you to understand "zot”
better.”””

Wy cTpoKe MOKET IIPeIecTBOBaTh OYKBaIbHEIM CUMBOJI I', U B 3TOM CJIy4ae CTPOKa MHTEPIIPETUPYETCS
Kak HeoOpaboTanHas cTpoka Python.

Ctpoka mokyMeHTaluu uMeeT popmart “groff -man”. JonmomHUTENIRHYIO HHGOPMauio 00 3ToM popmaTe
pa3MeTku cM. B groff man(7). ITlomuute, uTo halcompile MHTEPIPETUPYET CUMBOJIEI OOpaTHOMU
KOCOM YepTHI B CTPOKAX, I09TOMY, HAallpUMeP, YTOOH YCTaHOBUTHL KYPCUB [IJId CJIOBa example, HaluIuTe:

"\\fIexample\\fB"”

B aTom cnydyae ocoGeHHO TOJIE3HHI I-CTPOKH, TOCKOIBKY OOpaTHBEIE KOCHIE YEePTH B r-CTPOKE He
HYKHO yIBauWBaTh:
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r"\fIexample\fB"”

e TYPE - Opgun u3 tunoB HAL: bit, s32, u32, s64, u64, unu float. UmeHa signed u unsigned Takxe
MOTYT UCIIOJIb30BaThCA Oy1d s32 and u32, HO s32 U u32 aBAAIOTCS IPEOIOUYTUTEIbHBIMU.

e PINDIRECTION - OpHO u3 cienyiomux: in, out, unu io. KOMIIOHEHT yCTaHaBIMBaeT 3HAYEHUE I
KOHTaKTa Out, OH CUMTHIBAET 3HAUEHHE C KOHTAKTa in ¥ MOXKET CUWUTHIBATh UM yCTaHaBIUBATh
3Ha4YeHVe KOHTaKTa io.

e PARAMDIRECTION - OpgHO u3 ciaegymomux: r unm rw. KOMIIOHEHT yCTaHaBIWBaeT 3HAUYEHUE O/
ImapaMeTpa " ¥ MOXKeT YMTaTh UJIM YCTaHaBIMBaTh 3HaUeHHUe IlapaMeTpa r'w.

e STARTVALUE - YKa3bIBaeT HadaJlbHOE 3HaYeHWe KOHTaKTa UJIU lTapaMeTpa. Eciu oH He yKa3aH, TO
110 YMOJTYaHMIO UCIIONb3yeTcs 3HaueHue 0 unu FALSE, B 3aBUCUMOCTH OT THUIIA 3JIEMEHTA..

e HEADERFILE - Msi 3arosoBo4YHOro ¢atiza B OIBOMHLIX KaBbluKax (include "myfile.h”;) unu B
yrinoBeIX CKoOKax (include <systemfile.h>;). ®aiin 3aronoBka 6ymeT BKIIIOYEH (C UCIIOIb30BaHUEM
#include s3pika C) B Hauano ¢atina, nepern oObABIEHUSIMU KOHTAKTOB U ITapaMeTpPOB.

5.9.8.1 HAL c¢dpyHKuum

* fp — yKa3bIBaeT, YTO (DYHKIIUS BBHITIOIHSIET BHIYUCIIEHUS C IJIaBAIOIIel 3allsTOMH.

e «nofp» — yKa3sIBaeT, UTO OH BHITIOJIHSIET TOJIBKO IIEJIOYKUCIIEHHbIE BRIYMCIIEHUsI. ECIU HU OOWH U3
HUX He yKa3aH, npepmnoinaraetcs fp. Hu halcompile, Hu gcc He MOTYT 060HaAPYKUTh UCTIOTIb30BaHUE
BEIYMCJIEHUH C IIaBAIOWIEN 3amsATON B QYHKIMAX, IOMEYEHHHIX TETOM NOfp, HO HCIOIb30BaHUE
TaKMX olepaluil IpUBOOUT K HeollpeneleHHOMY II0BeIeHHUIO.

5.9.8.2 BapmaHThI
B HacTos11ee BpeMs oIlpefeieHl Cleayollue napaMeTpsl:

* option singleton yes - (110 yMOJT4aH1IO: HET)
He co3paBatiTe mapaMeTp MOAYJIs count ¥ Bcerfa co3fgaBaliTe OOuH 9K3eMIIAp. [Ipy ucnonb3oBaHUu
singleton sneMeHTH Ha3bIBalOTCSI component-name.item-name, a 6e3 singleton s1eMeHTHI [AJ1 IPOHYMEPO]
9K3EeMIUIIPOB HA3kIBAIOTCA component-name.<num>.item-name.

* option default_count number - (o ymon4asu:o: 1)
OOBIYHO TapaMeTp MOy count 1o ymosidaHuio paBeH 1. Eciu oH yKa3saH, Torfa count 1o yMOJT4aHUIO
IpUHUMAaET YKa3aHHOe 3HaYeHue.

* option count function yes - (110 yMOJI4aHHUIO: NO)
OOBIYHO KOIMYECTBO CO3OaBaeMbIX 3K3eMIINIIPOB yKa3blBaeTCs B IIapaMeTpe MOV count; eciu
yKasaHa count_function, BMeCTO Hee UCII0/Ib3yeTCs 3HaueHNe, Bo3BpaliaeMoe byHKIUel int get count(voi
a mapaMeTp MOMYJIS count He OMpemesieH.

* option rtapi_app no - (110 yMOJI4aHHUIO: yes)
O6bruHO ¢dyHkIMu rtapi app main() u rtapi app exit() ompepmensiioTcss aBTOMaTudecku. Ilpu
option rtapi_app no oHU OTCYTCTBYIOT U IOJI?KHEI OBITh YKa3aHH B Kofie C. Mcmonk3yiiTe cnenyoye
IIPOTOTHUIIHL:

‘int rtapi_app main(void);
‘void rtapi app exit(void);"

ITpu peanu3auuu cobCcTBEeHHOTO rtapi app main() Bei3oBuTe GyHKUMI0 int export(char *prefix,
long extra arg), 4ToOBl 3aperuCcTpUpPOBaTh KOHTAKTHI, TapaMeTpsl 1 ¢GyHKIUU A prefix.
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* option data TYPE - (110 yMOIT4aHH1IO: none) ycrapejiio
Ecnu yka3aHO, KaXK[bIH 9K3eMILISIP KOMIIOHEHTa OyoeT uMeTh CBsI3aHHBIN O0K maHHBIX Tuna TYPE
(KOTOPEBIM MOZKET OBITH IPOCTHIM TUIIOM, HarrpuMep float, nim UMeHeM THIIa, CO3TaHHBIM C IIOMOIIILIO0
typedef). B HOBBIX KOMIIOHEHTaX BMECTO 3TOT'0 CJIeqyeT UCII0Ib30BaTh variable.

* option extra_setup yes - (10 yMOI4YaHHUIO: NO)
Ecnu ykasaHo, BI30BUTe PyHKIHIO, onipeneneHny0 EXTRA SETUP, nis KaXXAoro sk3eMIuisapa. [1pu
HCIIOJIb30BaHUM aBTOMAaTUYECKU OIIPENEeIeHHOr 0 rtapi_app_main extra_arg — 3TO HOMEP 3TOT0 SK3eMIIIISP

* option extra_cleanup yes - (10 yMOT4aHUIO: NO)
Ecnu ykasaHo, BEI30BUTe QyHKINIO, onipeneneHHyI0 EXTRA CLEANUP, u3 aBTOMaTU4€eCKY OIpeneIeHHOT
rtapi_app exit unm, B cimydae oOHapyXKeHUs OMIMOKY, M3 aBTOMAaTUYECKH OIIPEeNeIeHHOr o rtapi_app main.

* option userspace yes - (110 yMOJTYaHUIO: NO)
Ecnu ykasaHo, 9TOT ¢ailyl OMMCHBAaeT KOMIIOHEHT He pPeajIbHOTO BPeMeHHU (paHee M3BECTHBINM KakK
"userspace”), a He 0O6bIYHBIY (T. €. realtime). KommoHeHT, He paboTalomuii B pexkuMe peajbHOTro
BpeMeHU, MOXKeT He uMeTh QYHKIMH, OIpeNesieHHEIX QUPEKTUBOMN function. BMecTo 3Toro, mocre
CO30aHMs BCeX 9K3eMIUISIPOB, BhI3EIBaeTca ¢yHKuusa C void user mainloop(void);. Korma sTta
(byHKIMS BO3BpalllaeT 3HaYeHNUe, KOMIIOHEHT 3aBepinaeT paboty. OGYHO user mainloop() ucuonb3yeT
FOR ALL INSTS() s BBIIOJIHEHUS OeNCTBUS 0OHOBIIEHUS OIS KaXKIOT0 9K3eMILIIpa, a 3aTeM Ha
KOPOTKOE BpeMs IePEXOIUT B peKUM CHa. [IpyruM paciupoCTpaHeHHBIM Ie¥CTBUEM B user mainloop()
MOKeT OBIThH BHI30B IKJIa 00paboTurKa coOrITUM Habopa nHCTpyMeHTOB I'UII.

* option userinit yes - (10 yMOI4YaHUIO: NO)
OTa ONUusg UTHOPUPYETCS, €CIIH AJI OIILIMKU NPOCMPAHCMB0 No/ab308ameis (CM. BhIIIE) yCTAHOBIEHO
3HadeHue Hem. Ecnu ykazaH userinit, QyHKIIUA userinit(argc,argv) BEI3BIBaeTCs eper rtapi_app_main()
(u, crmemoBaTenbHO, mepen BeI30BOM hal init()). ITa GyHKIUS MOoxKeT 00pabaThBaTh apryMeHTHI
KOMaHOHOM CTPOKM WJIU BHIIIOJIHATL OPyrue OeMCcTBUs. TUII BO3BpalllaeMoOro 3Ha4YeHUsI — void; OH
MOJKET BBI3BaTh exit(), ecu Xo4eT 3aBepIIuTh paboTy, a He co3maTh KommouneHT HAL (Hampumep,
MU3-3a HEIOMMyCTUMbBIX apr'YMEHTOB KOMaHOHOU CTPOKH).

* option extra link_args ”...” - (mo ymon4aHuto: ””)
OTa OmIUs UTHOPUPYETCS, €CJIH OIS OMIIUYU userspace (CM. BHIIIE) YCTAHOBIEHO no. I1pu TMHKOBAaHUH
KOMITIOHEHTa, He paboTalomero B pealbHOM BpeMeHHU, YKa3aHHbIe apTyMEHTHI BCTABJISTIOTCS B CTPOKY
cceiku. OOpaTuTe BHUMAHHWE: MMOCKOIBbKY KOMITHIISIIMS IIPOHMCXOOUT BO BPEMEHHOM KaTajiore -
I’. oTHOCHUTCSI K BpeMEHHOMY KaTaJIoTy, a He K KaTaJIoTy, B KOTOPOM HaXOOUTCS MCXOOHBIN (hai
.comp. 3Ty OIIHIO MOXKHO YCTaHOBUTh B KOMaHIOHOUW cTpoke halcompile ¢ momoimbio -extra-link-
args="-L.....”. OTa aJbTepHaTHBa MIO3BOJISET YCTAHOBUTH JOIOHUTENbHEIE (JIaTH B TEX CIIydasx,

KOTHa BXOOHOM (aiy mpeacTaBisgeT cobo ¢ain .c, a He ¢aiia .comp.

* option extra_compile args ”...” - (1o ymon4daHuio: ””)
OTa OIIus UTHOPUPYETCS, €CIU OJI ONLIUM userspace (CM. BEHIIIE) YCTAHOBJIEHO 3HaUYeHHUE No.
[Tpr KOMOUISIMHU KOMIIOHEHTa, He paboTalolero B peajbHOM BPEMEHM, YKa3aHHBIE apTyMEHTH
BCTaBJIAIOTCSA B KOMaHAHYIO CTPOKY KoMnunsTopa. Ecimu BxomHoM (aiin npencraBisieT cobou daiin
.C, 3TOT ITapaMeTp MOXKHO YCTaHOBUThH B KOMaHOHOM cTpoke halcompile ¢ momortibio --extra-compile-
args="-1.....”. OTa anbTepHaTHBa MO3BOJSET YCTAHOBUTDL [OIOJHUTENbHEIE QIaTu B TEX CIydasX,

KOTHa BXOOHOM (aiy mpeacTaBisgeT coboi ¢ain .c, a He ¢aiia .comp.

* option homemod yes - (110 yMOT4aHH1IO: NO)
Mopynbs — 3TO ITOIb30BaTeNbCKUM Moayb Homing, 3arpyzkaemsiii ¢ momoinbio [ EMCMOT JHOMEMOD=moduler

* option tpmod yes - (110 yMOJI4aHUIO: NO)
Mopnyibs — 3TO I0JIb30BaTENLCKUM Moy b Trajectory Planning (tp), 3arpyxkaemsrii ¢ momoriibio [ TRAJ ] TPMC

e option period no - (default: yes)
Control the implicit period parameter of the function(s) defined in the component. A standard
function has an implicit parameter period. Many components do no use the period parameter and
would cause a “unused parameter” compiler warning. Setting option period no creates a function
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declaration omitting the period parameter preventing the warning. Setting this option will also
prevent fperiod from being defined, as it depends on period.

Ecnu VALUE onuuu He yKa3aHO, 3TO 3KBUBAJIEHTHO YKa3aHUIo option ... yes.
Pe3ynbTaT NIpUCBOEHUS OIIIUU HEIIOOXONSAIero 3HaUYeHus He OllpefesieH.
Pe3ynpTaT uCIoab30BaHUS JTI000M OPYTOH ONIIUU He OIIpefereH.

5.9.8.3 JinueH3ua u aBTOPCTBO

¢ LICENSE — yKaXKuTe JTUIeH3UI0 MOIYJIS [AJIsI HOKyMeHTaIuu u oyt o0bsaBierus monaynss MODULE LICENS
Hanpumep, uTo6® YKa3aTh, 4YTO nulleH3us Moayns — GPL v2 unu HoBee:

‘license "GPL"; // indicates GPL v2 or later’

[ononuuTenbHy0 HHPopManuio o 3HaueHu MODULE LICENSE() u moIoMHUTEIbHEIX HAeHTU(GUKATOPaX
JIUIIEH3UH cM. B pa3fgerie «<linux/module.h>» unu Ha cTpaHuIle pyKoBOnCcTBa «rtapi module param(3)».

9TOo 3asiBJIeHNe 005sA3aTeTbHO.

* AUTHOR - YkaxuTe aBTOpa MOZYJIA OJIs DOKYMEHTAIWU.

5.9.8.4 TMMo3kK3eMnasipHoe XpaHUAULLEe AaHHbIX

* variable CTYPE STARREDNAME; + variable CTYPE STARREDNAME[SIZE]; + variable CTYPE STARRED
= DEFAULT; + variable CTYPE STARREDNAME[SIZE] = DEFAULT;

O0mbsiBuTe nepeMennyo STARREDNAME pns kaxkaoro sk3emiuisipa tuna CTYPE, ipyu He00X0OUMOCTH
Kak Maccus 35ieMeHTOB SIZF u npu HeoOGX0OUMOCTH CO 3HaueHueM 110 ymondauuio DEFAULT. 3yeMeHTh
6e3 DEFAULT wHULIMANU3UPYIOTCSA HyneBbIMU OutaMu. CTYPE — aTo mpocTtoi Tum C, COCTOSIIUN

U3 OgHOTO cjioBa, Takou kak float, u32, s32, int u T. §. [nsg mocTyna K IepeMeHHBLIM MacCHBa
KCIIOJIL3YIOTCSI KBagpaTHEIE CKOOKU.

Ecnu mepeMeHHas OOJKHA UMETh THUII yKas3aTellsd, MeXOy 3HakKoM “*” um mMeHeM [IepeMeHHOU He
MoxkeT OrITh Tpobena. [T09ToMy HOIIyCTUMO CIefyloliee:

variable int *example;

A 3TO He mOIyCTUMO:

variable int* badexample;
variable int * badexample;

5.9.8.5 Comments

B pa3pgerne 00bsIBIEHUY IOOOEPAKUBAIOTCS OOHOCTPOYHEIEe KOMMeHTapuu B ctusie C++ (//...) ¥ MHOTOCTPOY
KOMMeHTapuu B ctune C (/* ... */).

5.9.9 OrpaHuuyeHus

Xots HAL mo3BonsgeT KOHTAKTY, TapaMeTpy ¥ QyHKLUKY UMEThH OMHO U TO XKe uMs, «halcompile» aToro
He JeJlaerT.

HUmMmenHa IIepEMEHHEIX 1 (bYHKLIHﬂ, KOTOPHI€ HEJIb35 UCIIOJIb30BATh UJIM KOTOPEIE MOT'YT BEI3BATh HpOGJ’IeMbI,
BKJIIO4YaAlOT:




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 291 /1345

* Bce, 4TO HAYUHaAETCSA C _comp.
e comp id

* fperiod

e rtapi_app_main

* rtapi_app_exit

e extra_setup

* extra cleanup

5.9.10 YpoOHble MaKpoOChI

Ha ocHoBe 351eMeHTOB pa3nena o0bsaBneHut halcompile co3gaet ctpykTypy C c umenem struct  comp sta
OmHako BMeCTO oOpallleHHus K 4JjieHaM 3TOM CTPYKTYpHl (Hampumep, * (inst->name)), K HUM OOBLIYHO
OynyT oOpalaThCs C ITIOMOIIBIO IPUBEIeHHBIX HUKe MaKpocoB. Hetanmu struct  comp state m aTux
MaKpOCOB MOTYT MEHSAThLCS OT ofgHOM Bepcuu "halcompile’x gpyroi.

e FUNCTION( *~ name ) — HCIONB3yi#Te 9TOT MaKpocC, YTOOK Ha4YaTh onpeneneHne GyHKITUH PeaTbHOTO
BpeMeHHU, KoTopas paHee Oblyia 00bsABIIEHA C ToMOIIEI0 function NAME. OyHKIMS BKIIOYaeT ITapaMeTp
period, KOTOPHIY IIPENCTaBSeT COOO0M 11eJIoe UMCI0 HAaHOCEKYH[ MeXIy BelI3oBaMu (GyHKUMU. CM.
TakIKe «IIepHo[ OMIIUM» BHIIIE.

e EXTRA SETUP() — ucnonb3ylTe 3TOT MaKpoc, YTOOL HayaTh onpeAeneHre GyHKINY, BEI3EIBAEMOU
IJIsl BBIIIOJIHEHUWSI OOMOJIHUTEJIPHOM HaCTPOUKM 3TOT0 3K3eMissipa. Bo3BpalaeT oTpuiiaTebHOE
3navenne UNIX errno, uTo6n yKa3aThk Ha OmuOKy (Hampumep, return -EBUSY, ecnu He ymamoch
3ape3epBUPOBaATh IOPT BBOMA-BEIBOAA), uiu 0, 4TOOH yKa3aTh Ha YCIIEX.

e EXTRA CLEANUP() — ucmomnb3yiTe 3TOT MaKpoc, YTOOBI HauaTh olipenefieHre GyHKINY, BEI3EIBAE MO
OJIs1 HOTIOJIHUTENIbHON OYKNCTKY KOMIIOHeHTa. O0paTUuTe BEUMaHMe, YTO 9Ta QYHKIINUSA OOIXKHA OUYUIIaTh
BCe 9K3eMIUISIPBEl KOMIIOHEHTa, a He TOJIbKO OfAuMH. MakpocCH «pin name», «parameter name» u
«data» 3mech UCIIOIb30BaTh HEJIb3S.

* pin_name unu parameter name — O KaXao0To KOHTaKTa UMA_ KOHMAKMA UK IapaMeTpa UMA_napamem
CYIIIEeCTBYeT MaKpOC, KOTOPBIM II03BOJIIET MCIIOIb30BaTh UMS OTHEJNILHO IJIS CCBUIKM Ha KOHTAaKT
unu napameTp. Ecnm pin_name unm parameter name npencTaBisieT co00i MacCHUB, MaKpPOC UMEET
dopmy pin_name(idx) unu param_name(idx), roe idx — 3TO UHOEKC B MacCHBe KOHTAKTOB. Korma
MaCCHUB IIpeCcTaBIseT coO0¥ MacCUB IePEMEHHOT0 Pa3Mepa, pa3peIeHo CChIaThCS TOIBKO Ha 911€MEHTHI
oo ero condsize.

Ecnu sneMeHT ABISAETCS YCIIOBHBEIM 3JIEMEHTOM, CCBHIJIATBCA HA HETrO MOXKHO TOJIBKO B TOM Cily4dae,
€CJIN ero ycszioeue OLI€HEeHO KaK HEeHYJIEBO€ 3Ha4YeHHue.

* variable name — pms KaXkaou nepeMeHHoM variable name cyiecTByeT MaKpocC, KOTOPHIM IT03BOJISAET
HCIOIb30BaTh UMSI OTOEJIBHO AJIS1 CCHUIKK Ha nepeMeHHYIo. Korma variable name mpepncTaBiser
co6oil MaccuB, UCIIOIb3YyeTCs OOBIYHEIN MHOEKC B ctunie C: variable namelidx].

e data — ecnu yKa3aHH “option data”, 3ToT MakpocC paspelllaeT OOCTYII K JaHHBIM 9K3eMILIspa.

* fperiod — 9KCII0 CEKYH] C IIJIaBaoIel 3alITON MeK Iy BLI30BAMU 3TOH QYHKIIMY pealbHOr0 BDEMEHH.
CM. TakKXKe «IIE€PHUO OIIINHU» BHIIIIE.

e FOR ALL INSTS() {...} — oms KOMIIOHEHTOB, He pPabOTaIIINX B PEXKUME PeaIbHOTO0 BpEMEHHU. ITOT
MakKpoc repebupaeT BCe OIpeneeHHbIe 9K3eMIIIphl. BHYTpu Tea uKia MakKpOoCH pin_name, pa-
rameter name u data paboTamT TakK ¥Xke, KakK ¥ B QyHKIUAX PeaslbHOTO BPpEMEHHU.
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5.9.11 KOMMNOHEeHTbl C 0oaHOMU (PbyHKLUUEN

Ecny KOMIIOHEHT UMEET TOJILKO ofgHYy GyHKIMIO 1 cTpoka "FUNCTION” He mosBisieTCsI HUTIE TIOCTIE ; ;,
TO YacThb IIOCJIE ;; BCE 3TO CUUTAETCS TEJIOM eJUHCTBEHHOU (QYHKIMM KOMIIOHEHTa. [IpuMep 3TOro
cM. B Simple Comp.

5.9.12 NHaMBMAYaJIbHOCTb KOMMOHEHTA

Ecnmu KOMOOHEHT UMeeT KaKue-Tru00 KOHTAKTH UIX TapaMeTpHI ¢ yciaoBueM “if” unu “[maxsize : cond-
size]”, OH Ha3EIBAE€TCS KOMIIOHEHTOM C "MHAUBHUAYANbHOCTHIO”. HHOUBUOYANbHOCMb Ka2KA0T 0 9K3EeMILISIpa
onpenenseTcs IpU 3arpy3ke Mmonyns. HHOusudyas1bHOCMb MOXKHO UCIIOIH30BaTh OIS CO3MaHUsI KOHTAKTOB
TOJILKO IIpU HeoOxonumocTu. Hanpumep, B 102u4eCcKOM KOMIIOHEHTE UCTIOIL3YETCS MHOUBUAYATbHOCTb,
4yTOOBI 00ECIIEYUTD IEPEMEHHOE KOJIMYECTBO BXOOHBIX KOHTAKTOB AJIS KaXKA0T0 JIOTUYECKOT0 3JIeMeHTa

1 00ecredYuTh BHIOOD JTI000M M3 OCHOBHBIX JIOTUYECKUX (GYHKIIMH U, UAU U XOT.

Yucrio pa3pelreHHbX 3JIEMEHTOB UHOUBUOYA/IbHOCMU 10 YMOJTYaHUIO YCTAaHABIIMBAETCS BO BPEMST KOMITHJISIL
(64). 3HauyeHMEe MO YMOJTYaHHWIO IIPUMEHSETCA K MHOTOYUCJIEHHBIM KOMIIOHEHTaM, BKJIIOUEHHBIM B
OUCTpuOYTUB, CO3MAHHEIM C UCIIOJIb30BaHUeM halcompile.

YToOB M3MEHUTH Pa3peIneHHOe KOMUYEeCTBO 31eMEHTOB MHOUBUOYaIbHOCTH OJIS ITOIb30BAaTEIbCKUX
KOMITOHEHTOB, UCIIOJIb3YHTE onimio --personality ¢ halcompile. Hanmpumep, 4To0n1 paspemuTts 0o 128
WHIOWUBUOYAJIBHBIX Pa3:

[sudo] halcompile --personalities=128 --install

HpI/I UCIIOJIb30BaHWM KOMIIOHEHTOB C MHOIUBUOYAJIBHOCTBIO OOBLIYHO YKa3bIBa€TCs 3JIEMEHT HHOIUBUOYAJIBHOCT
OJIA Ka2KIOO0TI'0 YKa3aHHOT' O 3K3€eMIIJIsAPpa KOMIIOHEHTaA. HpHMep ons 3 SK3EeMIIJIAPOB JIOTUYECKOI'O KOMIIOHEHT

loadrt logic names=and4,or3,nand5, personality=0x104,0x203,0x805

Note

Ecnn B cTpoke loadrt yka3zaHo 6onblue 3K3eMMIsSpoB, YeM MHAOUBUAYAJSIbHOCTEN, 3K3eMnaspaMm C
HeyKa3aHHbIMN UHAUBUAOYANIbHOCTAMU NpUcBanBaeTCcs nHanBuayanbHocTb 0. Ecnm 3anpolueHHoe
KOJINYECTBO 3K3eMMIAPOB MNpPEBbIWAET KOJNYECTBO pPa3peLleHHbIX MHOMBUAYASIbHOCTEN,
VHOMBUOYANbHOCTb Ha3Ha4daloTCa NyTeM MHAEeKcauunm no MoOyJlo KOJMYeCcTBa pa3peLleHHbIX
MHOnBUAYyanbHOCTeN. NevyaTaeTcs coobuleHne, obo3HavaoLee TakKme Ha3HavYeHN .

5.9.13 Examples

5.9.13.1 constant

Ob6patuTe BHMMaHMUe, 4TOo 0O0baBiIeHue “function ” cosmaeT ¢pyHKUMU c mMeHeM “constant.0” u T. .
HNms daiina gomKHO cOBOagaTh C UMeHeM KOMIIOHEHTa.

component constant;

pin out float out;

param r float value = 1.0;

option period no;

function ;

license "GPL"”; // indicates GPL v2 or later

FUNCTION( ) { out = value; }




LinuxCNC V2.10.0-pre0-5447-g5d3711d33e 293 /1345

5.9.13.2 sincos

OTOT KOMIIOHEHT BEIYUCISET CUHYC ¥ KOCUHYC BXOOHOT0 yIJIa B paguaHax. OH UMeeT Apyrue BO3MOXKHOCTH,
yeM BHIXOOHI “sine” u ”cosine” siggen, MOTOMy 4UTO BXO[ IIpefcTaBisgeT coboi yroy, a He pabotaeT
cBOOOIHO Ha OCHOBe mapaMeTpa “frequency”.

B ncxomHOM KOme BBIBOOEI OOBSBIEHHEI C UMEHAMH Sin_ ¥ cOS_, 4YTOOBI OHU He Melllanu GYHKIUAM Sin()
u cos(). Koutaktel HAL mo-nipezkHeMy Ha3bIBalOTCS SiNCoOS.<num>.sin.

component sincos;
pin out float sin_;
pin out float cos ;
pin in float theta;
option period no;
function ;

license "GPL”; // indicates GPL v2 or later
#include <rtapi math.h>
FUNCTION( ) { sin_ = sin(theta); cos_ = cos(theta); }

5.9.13.3 out8

OTOT KOMIOHEHT SB/IIETCS OPavBepOM B8blMblU/A€HHOU KapThl IO Ha3BaHUEM out8, KoTopas uMeeT

8 KOHTaAKTOB IIM(PPOBOTO BHIXOMA, KOTOPhie 00pabaThIiBalOTCS KaK OOHO 8-6MTHOe 3HaueHUe. Takux
KapT B CUCTeMe MOXKeT OBITb pa3HOe KOIUYEeCTBO U OHM MOTYT HaXOOWUTHCS II0 pa3HBIM ajpecaM.
BriBop Ha3wBaeTCs out , TOCKOIBKY Oout — 3TO UAeHTUGMUKATOP, UCIONb3yeMEId B <asm/io.h>. OH
unmocTpupyet ucnonb3oBanue EXTR