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Chapter 1

Havano padotbl ¢ LinuxCNC

1.1 About 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.

* 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 LiveCD,
- easy installation from the Live CD,

- 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),

- a graphical interface creation tool (Glade),

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

- arealtime 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 simultaneously move up to 9 axes and supports a variety of 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.

* 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.
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e 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.

e LinuxCNC runs on Linux using real time extensions.

1.1.2 The Operating System

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

1.1.3 Getting Help

1.1.3.1 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?”.

» 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 and if you have been on before many will remember the past discussions which saves 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/-

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

1.1.3.2 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.

1.1.3.3 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.



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/
https://lists.sourceforge.net/lists/listinfo/emc-users
https://forum.linuxcnc.org/
https://linuxcnc.org/
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1.1.3.4 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 https://wiki.linuxcnc.or¢

1.1.3.5 Bug Reports

Report bugs to the LinuxCNC github bug tracker.

1.2 System Requirements

1.2.1 MwuHMManbHbie TpeboBaHUA

MwuHuManbHas cucteMa miis 3anycka LinuxCNC u Debian/Ubuntu MmoxkeT BapbUpPOBaThCS B 3aBUCUMOCTH

OT KOHKPETHOTO HCIIONIb30BaHusA. IllaroBeie cuCTEMEI OOBIYHO TPeOyI0T 60ee OBICTPHIX ITOTOKOB MJIs
reHepaluy IaroBeIX UMIIYJILCOB, YEM CEPBOCUCTEMEBI. Bl MOXKeTe ucnonb3oBats Live CD gnia TecTupoBaHUsA
IIPOrpaMMHOTO OOecIedeHus Iepeq ero MOCTOSHHOW YCTaHOBKOM Ha KOMITbIOTEDP. HMmeiiTe B BHUIY,

YTO [OJIS1 TeHepaluu UMITYJILCOB IIIaroB IIPOTPAaMMHBIM CIIOCOOOM 3HAYeHUsI TeCcTa 3aJepKKu OoJiee
BaXXHEI, YeM CKOPOCTh IIpolleccopa. [JomoJTHUTENIbHYI0 HH(POPMAaILNIo O TeCTe 3aiePKKU MOKHO HAalTH
3peck. Kpome Toro, LinuxCNC HeoOx0AmMMO 3allycKaThb B OIEpPaAllMOHHOM CHUCTEME, HCIOJIb3YIollei
cIenuajbHO MOOU(PUITMPOBAHHOE SIOpPo, CM. TpeOGoBaHUS K SIAPY U BEPCUH.

[ononHuTENbHYIO HHGOpManmio MoxkHO HauTu Ha Wiki LinuxCNC site: Hardware Requirements

LinuxCNC u Debian Linux moiKHBI DOCTAaTOYHO XOPOIII0 paboTaTh Ha KOMIIBIOTEPE CO CIEeOyIOIINMU
MUHUMAaJIbHBIMU CIIeITUPUKATIMIMY 000pyIOBaHUsI. ITU HMGPHI HE SIBJISAIOTCS aOCOMIOTHBIM MUHUMYMOM,
HO 00ecnedYnBaloT IIPUEMIIEMYIO ITPOU3BOAUTEIbHOCTD OJIsT OOJIBIITMHCTRA IITarOBLIX CUCTEM.

 TIpoiueccop x86 700 MTI'1 (pekoMeHayeTcs npoiieccop x86 1,2 I'T'n) unu Raspberry Pi 4 unu mydiie.
¢ LinuxCNC 2.8 unu HoBee ¢ Live CD npenmonaraeT Hanuune 64-0UTHOM CHCTEMEI.

¢ 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 pa3pemnrenueM He MeHee 1024x768, He uConb3yloiias COOCTBeHHBIE mpatiBepsl NVidia
unu ATI fglrx. CoBpeMeHHBIE BCTPOEHHBIE IpaduyuecKue YHUIICETH, IT0X0XKEe, B IeIoM paboTaroT
HOpPMaJIbHO.

e UuTepHeT-coeguHeHMe (He 00513aTEJIbHO, HO OYEHb I10JIE3HO [1JIs OOHOBIEHUN 1 OOIIIEHUSI C COOOIIIEeCTBOM
LinuxCNC)

MuHuManbHble TPeOOBaHUSI K 000PYIOBAHUIO MEHSIOTCS IO Mepe Pa3BUTUS OUCTPUOYyTHMBOB Linux,
IMO9TOMY IToceTuTe Beb-caiT Debian ajis monydeHust moapoOHoM nHdopManuu 00 UCI0Ib3yeMOM BaMU
Live CD. I 605ee cTaporo o60pynoBaHus MOXKHO BEIOpaTh 60iee cTapyio Bepcuio Live CD, eciu oHa
OOCTYIIHA.

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.



https://wiki.linuxcnc.org/
https:///github.com/LinuxCNC/linuxcnc/issues
https://wiki.linuxcnc.org/cgi-bin/wiki.pl?Hardware_Requirements
https://www.debian.org/releases/stable/amd64/ch02.en.html
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1.2.2 TpeboBaHuA K Aapy U Bepcum

LinuxCNC tpebyeT MOogudpHUIIMPOBaHHOTO sipa OJIs UCIIOIb30BaHUS B PeajIbHOM BPEMEHH [IJIS YITPaBIEeHUS
peanbHBIM MalIMHHBIM 060pymoBaHreM. OmHAKO OH MOXKeT paboTaTh Ha CTAHOAPTHOM SiIpe B PeKUMe
MOIENUPOBaHUS [JIS TAaKUX Lejed, Kak mpoBepka G-Koja, TecTupoBaHue (aiinoB KOHQUTYypAITUU U
U3ydeHue CUCTEMEI. [1J1s1 paboTH C 3TUMHU BEPCUSIMHU SIIpa PacopocTpaHsaoTcs aBe Bepcuu LinuxCNC.
HmMmeHa nmakeToB: «linuxcnc» u «linuxcnc-uspace».

Onuuu sigpa peanbHOTO BpeMeHU — preempt-rt, RTAI u Xenomai.
Brl MOKeTe y3HaATh BEPCHUIO AOpa Ballledl CUCTEMEI C IIOMOIILI0 KOMaHIb:

uname -a

Ecnu BBl BUOMTE (KakK yKa3aHO BHIIIE) - rt- B UMEHM sgapa, 3Ha4YUT, Bbl UCIOIb3YyETe AP0 preempt-rt
U BaM cJiegyeT ycTaHOBUTH Bepcuio LinuxCNC “uspace”. Bam TakXe clenyeT yCTaAHOBUTH uspace Ois
KOHOurypaiui “sim” Ha sigpax, He paGoTaloluX B pealbHOM BpeMeHH.

Ecnu BwI Bupmute -rtai- B uMeHU simpa, 3HA4YuUT, BH ucnonb3dyete RTAI B peanbHOM BpeMeHu. Cw.
HuxkKe Bepcuro LinuxCNC mis ycTaHOBKHY.

1.2.2.1 Preempt-RT c nakeTtomMm «linuxcnc-uspace»

Preempt-RT — HoBeililllass U3 cUCTEM peajbHOr0 BPEeMEHM, a TaKxXKe Bepcus, Haubojiee Gym3Kas K
OCHOBHOMY sAApy. Anpa Preempt-RT mocTynHE B BUuIe NpeaBapUTEIbHO CKOMIUINPOBAHHEIX IAKETOB
K3 OCHOBHEIX PENIO3UTOPHEB. VX MOKHO HalTU 110 HOUCKOBOMY 3anpocy «PREEMPT RT», u ero MOXKHO
3arpy3uTh U YCTAHOBUTbH, KakK M JII000¥M mpyroi maketr. Preempt-RT, kak mpaBuio, obecmedyuBaeT
JIy4HIyIo MOOOEPKKY OPaviBEPOB U ABISIETCS €OUHCTBEHHBEIM BapHUAaHTOM [JIsI CUCTEM, UCIIOIb3YIOMIMNX
amnmnapaTHbIe KapThl ApaiBepoB Mesa, mogkiioueHHbie K Ethernet. B nienom y preempt-rt camas Hu3Kas
3adepKKa Cpefy OOCTYIHBIX CUCTEM, HO €CTh UCKJIIOUEHUS.

1.2.2.2 RTAI c nakeTtoM «linuxcnc»

RTAI y3ke MHOTO JIET IBJIT€TCSA OCHOBOM AUCTPUOYTHBOB LinuxCNC. O6BI4HO OH 06ecrieurBaeT HauIydIIyio
MIPOW3BOOUTENILHOCTh B peajlbHOM BPEMEHHU C TOYKU 3PEHUS HU3KOU 3aJepXKKU, HO MOXKET UMETh
MEHBIITYIO ITOAOEePKKY meprudepUMHBIX YCTPOMCTB U MeHblIIlee pa3peleHue skpaHa. Aapo RTAI gocTtymnHo

B pemno3uTtopuu nmaketoB LinuxCNC. Eciu Br ycTaHOBUIN M3 00pa3a Live/Install, To mepekmoyeHue
saapa u Bepcuu LinuxCNC onrcano B [Installing-RTAI].

1.2.2.3 Xenomai c nakeTtomMm «linuxcnc-uspace»

Xenomai Takxe MOONepPKUBAETCS, HO BaM MHPHUOETCS HaAWTH MM cOOpaTh SOPO M CKOMIIHJIMPOBATH
LinuxCNC 13 UCXOOHOT'0 KOfa, YTOOHBI MCII0JIb30BaTh €ro.

1.2.2.4 RTAI c nakeTtoMm «linuxcnc-uspace»

Takke B03MOkHO 3anycTuTh LinuxCNC ¢ RTAI B pexkuMe II0Ib30BaTEIBCKOTO IIPOCTPaHCTBa. Kak u
B ClIy4ae ¢ Xenomai, ojig 9TOr0 BaM IIPUOETCSA CKOMIIMJIUPOBATh UCXOOHHEIU KOJI.

1.2.3 TMpobnemHoe obopypmoBaHue

1.2.3.1 HoyTtbykmu

HoyTOyku 00BIYHO He HOOXOAST OJIS TeHepalluy IIaTr0B TPOTrPaMMHBIM CITIOCOO0M B peasibHOM BPEMEHHU.
OmnsaTh 2Ke, 3allyCK TeCcTa 3aJIePKKHU B TeUeHUe OJINTEJIbHOTO0 BPeMEeHH ITPEeI0CTaBUT BaM UHGOPMAIIHIO,
HeoOX0OUMYIO OJIs onpeneeHus IPUTOOHOCTH.
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1.2.3.2 BupeokapTthbl

Ecnu Bamra ycTaHOBKa oToOpaxaeTcsi ¢ pa3pelienuem 3kpatHa 800 x 600, To, ckopee Bcero, Debian
He pacho3HaeT Ballly BUAEOKAPTY WM MOHHUTOP. MHoOrma 3Ty mpobiieMy MOXXHO OOOMTH, YCTaHOBUB
OparBephl UJIM CO3HaB UIHU OTPenaKTUpoBaB daiinsl Xorg.conf.

1.3 MonyuyeHue LinuxCNC

B aTomM pa3zpmerie onucaH peKOMEHAYEeMBIH CII0Cc00 3arpy3Ku ¥ HOBOM ycTaHoBKH LinuxCNC. s mrobuTesnei
IPUKII0YEHUY TaK¥XKe CYIIeCTBYIOT AJIbTepPHATUBHEIE METOOHl YCTAaHOBKU. EC/IN y Bac eCTh CyIIeCTBYIOIIas
yCTaHOBKA, KOTOPYIO BH XOTUTE 0OHOBUTHL, BMECTO 3TOr0 IiepeliauTe B pa3gesn O6HoBneHue LinuxCNC.

Note

Onsa ynpasneHus obopynoBaHnem LinuxCNC TpebyeTca cneumanbHoe S4pO0 C pPacLUMPEHUSMU
peanbHOro BpeMeHW. 3[4ecCb eCTb TP BO3MOXXHOCTU: preempt-rt, RTAl nan Xenomai. Kpome Toro,
cywecTBytoT ABe Bepcum LinuxCNC, paboTatowme ¢ atumn agpamu. MoopobHocTu cmoTpuTe B
Tabnuue Huxe. OgHaKo Ana TeCTUPOBaHUSA KOLa U MOAEIMPOBaHUSA MOXXHO 3aNyCTUTb NPUI0KEHNEe
linuxcnc-uspace Ha CTaHOapPTHOM siape AucTpubyTumBea.

CBexmue ycranoBkHU LinuxCNC mpoiiie Bcero co3maTh C IIOMOIIbio o6pa3a Live/Install. 3To ruGpupmHbiit
o6pas3 ¢aitnoBoii cucteMbl ISO, KOTOPEIM MOXKHO 3anucaTh Ha USB-HakonuTenns uitk DVD-OKUCK 1 MCI0IE30Ba’
IS 3arPYy3KH KOMIbIOTEPa. Bo BpeMsi 3arpy3ku BaM OyOeT HmpemocTaBJieH BEIOOp: 3arpy3uth “Live”
cuctemy (4To0nI 3anycTUTh LinuxCNC 6e3 BHECEHM ST KAKUX-TUO0 ITOCTOSHHBIX U3MEHEHMH B Balll KOMITBIOTED
WJIN 3aTrPy3UTh YCTAaHOBMIUK (UT0OOHI ycTaHOBUTE LinuxCNC 1 ero onepanoHHYI0 CUCTEMY Ha JKEeCTKUHN

OMCK Balllero KOMIIbIOTEpPA).

CxeMa mpoliecca BBITTISIOUT TakK:
1. 3arpyswure Live/Install o6pas.
2. 3anummute o6pa3 Ha USB-HakonuTtens unu DVD.
3. 3arpy3uTte cucremy Live, uTo6b mpoTecTupoBaTh LinuxCNC.

4. 3arpysurte yCTaHOBIIUK, YTOOH YCTaHOBUTEL LinuxCNC.

1.3.1 3arpyska obpasa

B aToM paspmersie onucaHbl HEKOTOPRIE CIOCOOR 3arpy3ku oOpa3a Live/Install.

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/-
linuxcnc 2.9.4-amd64.hybrid.iso.

IOns Raspberry Pi nmpegocTaBieHO HeCKOJIBKO 00pa30B, MO3BOJIAIONINX YCTPAHUTh Pa3IU4dUsa MeXKOY
RPi4 u RPi5.

Note

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



https://linuxcnc.org/downloads/
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1.3.1.2 3arpys3ka c nOMOLLbIO ZSYyNnC

ZSyNnc — 3TO IIPUJIOKEHME [JIS 3aTrPY3KHU, KOTOpPoe 3(pHeKTUBHO BO30OHOBIISIET TPEPBAHHYIO 3arPy3Ky U
3 deKTUBHO nepemaeT Gonbirre Gaiiabl ¢ HeOOIbITUMY U3MEeHEHUSIMHU (€CIU y Bac eCTh 0ojiee cTapas
JIoKajbHas Komnus). Mcnonbs3yiiTe ZSync, ecjiv y BaC BO3HUKIIU IPoHIeME C 3arpy3Kou o6pasa MeETOIOM
Normal Download.

zsync B Linux

1. YcraHoBUTE ZSync ¢ IOMOIIbI0 Synaptic MM BHIIIOTHUB ClIeAyIOIIyI0 KoMaHAy B terminal

sudo apt-get install zsync

2. 3aTeM 3allyCTUTE 9Ty KOMaHAy, 4TOOH 3arpy3uTh [ISO Ha CBOM KOMITBIOTED

zsync https://www.linuxcnc.org/iso/linuxcnc_2.9.4-amd64.hybrid.iso

zsync B Windows Cyi1riectByeT nopT zsync aisa Windows. OH pa6oTaeT KaK KOHCOJILHOE ITPUI0XKEHUE
U ero MOXKHO 3arpy3uTh 1o agpecy https:// www.assembla.com/spaces/zsync-windows/documents.

1.3.1.3 MNpoBepka obpasa

(DTOT 1Iar He HyXK€EH, €CJI Bbl UCIIOJIb30BaJIA ZSyNc)
1. TTocie 3arpy3Ku IPOBEPhTE KOHTPOJIBHYIO CyMMYy oOpa3a, YTOOH YOeOUuThCSA B €T0 IEJIOCTHOCTH.

md5sum linuxcnc-2.9.4-amd64.iso

or

sha256sum linuxcnc-2.9.4-amd64.iso

1. 3aTtem CpPpaBHUTE C 3TUMHU KOHTPOJIBHBIMHX CYMMaMH

amd64 (PC)

md5sum: 1815aceaac0e7861747aa34d61846e79

sha256sum: 08b3159233e47c91cf1lc9a85c41df48542c97b134efefa7446d3060c9a3e644b
arme4 (Pi)

md5sum: 4547e8a72433efb033f0a5cfl66a5cd2

sha256sum: ff3ba9b8dfb93bafle2232746655f8521a606bcOfab91bffcO04ba74cc3bebbfO

IIpoBepbTe md5sum Ha Windows uiau Mac Windows u Mac OS X He IOCTaBJIAIOTCS C IPOrpaMMOUt

md5sum, HO eCThb allbTePHATUBHL. [[OTTOMHUTEILHYIO MH(MOPMAIINI0 MOKHO HAalUTH 110 afgpecy: https://help.ubt
community/HowToMD5SUM [How To MD5SUM]

1.3.2 3anuwuTte oOpas Ha 3arpy3o4Hoe YyCTPOMUCTBO
ISO-06pa3 LinuxCNC Live/Install — aTo rubpupmusiii [ISO-06pa3, KOTOPHINA MOXKHO 3aIlIMCaTh HEIIOCPEICTBEHH(

Ha USB-makonwutens (Qrasin-HakonuTesnb) unu DVD-OUCK ¥ MCI0Ib30BaTh OIS 3arpy3KU KOMITbIOTEpA.
H306paxkeHue CIUIIKOM BEJIUKO IOJISI KOMIIAKT-OHCKa.

1.3.2.1 Raspberry Pi Obpas

O6pa3 Raspberry Pi npepncraBnsieT co00# monHbIM o6pa3 SD-KapThl, ¥ €ro cienyeT 3amucath Ha SD-
KapTy ¢ nnomoisio Raspberry Pi Imager App.



https://www.assembla.com/spaces/zsync-windows/documents
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1.3.2.2 AMD-64 (x86-64, PC) Obpa3 ucnonb3yiowmum MHcTpyMmeHTsl FUM

3arpy3ute u yctraHoBute Balena Etcher c https://etcher.balena.io/#download-etcher (Linux, Windows,
Mac) u 3anuiuTe 3arpyKeHHbd 06pa3 Ha USB-HaKOIUTEb.

Ecnu Bam o6pa3 He 3arpyzxkaetcs, noupobyiite Takke Rufus. OH BRIIIAOUT ClIOoXHee, HO KaxXkeTCs
00Jiee COBMECTUMBIM C pa3nuuHbiMu BIOS.

1.3.2.3 KomaHpgHaa cTpokKa - Linux

1.

IMogkmniounTe 3anoMuHalolee yctpoiictBo USB (HanmpuMep, GIsmI-HaKOIUTENb UJIH YCTPOMCTBO
Tuma GIaII-HaKOIUTEs).

. Onpepenute daiin yCcTporcTBa, COOTBeTCTByOINM USB-HakonuTesno. Ty nHGoOpMaIiuoo MOKHO

HaUTHU B BEIBOIE dmes( ITociie MOAKJII0UeHUs YCTPOUCTBa. /proc/partitions Takxke MoxkeT OGBITH
TI0JIe3€eH.

Hcnonb3yiiTe kKomaHoy dd, uToOn 3amnucath o0pa3 Ha USB-nHakonuTtens. Hampumep, eciu Baime
YCTPOMCTBO XpaHeHUs oToOpaxkaeTcs Kak /dev/sde, uCrionb3yiiTe clienylouIyio KOMaHAOy:

dd if=linuxcnc_2.9.4-amd64.hybrid.iso of=/dev/sde

1.3.2.4 KomaHpHas cTpoka - MacOS

1.

Open a terminal and type
diskutil list

. BcraBbTe USB u 3anuimTe uMsi HOBOT'O AKXCKa, KOTOPOe MOSIBUTCS, HanpumMep /dev/diskb.

. PasmonTHpyliTe USB. Yucno, ykazaHHOE BHIIIE, CIeOyeT 3aMeHUTh Ha N.

diskutil unmountDisk /dev/diskN

. HepeHeCHTe OaHHBIE€ C IIOMOIIIBLIO dd, xkak ons Linux BhIIIIE. OGpaTI/ITe BHHMMaHHKE, 4TO B Ha4aJle

non

UMeHU OAucka mobaBreHa OykBa “r”.
sudo dd if=linuxcnc_2.9.4-amd64.hybrid.iso of=/dev/rdiskN bs=1m

. OGpaTuTe BHUMaHUE, YTO 9TO MOXKET 3aHITh MHOTO BpEMEHMU, U B XOle 3TOTO IIpoIiiecca 00paTHOM

CBsI3U He OymerT.

3anuck obpasa Ha DVD B Linux

1.

o ok w b

BcTaBbTe uucteiii DVD B 3anuchiBawiiee yCcTpoucTBo. IloaButcsa okHo CD/DVD Creator unu
Choose Disc Type. 3akpoiiTe 9T0, TaK KaK MBI He OyJIeM ero HUCIIOIb30BaTh.

INepelimuTe K 3arpyKeHHOMY U300paKeHuI0 B Opay3epe ¢Gaijios.

IlTenkHUTE IIPaBOM KHOMKOU MbIIH (aiin obpasa ISO u Beibepute Write to Disc.

BriGepuTe CKOPOCTD 3amucu. PEKOMEHOyeTC s MUCcaTh Ha MUHUMAIbHO BO3MOXKHOM CKOPOCTH.
3anmycTuTe IIpoIecc 3alucH.

Ecnu mosiBuTCs OKHO choose a file name for the disc image, mpocto Beibepute OK.

3anuck obpas3a Ha DVD B Windows



https://etcher.balena.io/#download-etcher
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1. 3arpysurte u ycranosurte Infra Recorder, 6ecniaTHyio mporpaMMmy 3anucy M300paxKeHUH C OTKPBITHIM
ucxopgHbIM KomoM: https://infrarecorder.org/.

2. BcTaBbTe IyCcTOM KOMIIAKT-OUCK B IIpUBOI U BeiGepuTe Do nothing unu Cancel, ecnu mosBuTCSA
INaIoroBOe OKHO aBTO3aIlyCKa.

3. Otkpoiite Infra Recorder u BriOepute MeHIo Actions, 3aTeM Burn image.
3amnmce o6pas3a Ha DVD B Mac OSX

1. 3arpysure daiin .iso

2. IllenkHUTe TpaBOM KHOMKOW MHIIM (aiim B okHe Finder m BriGepute “Burn to disc”. (Ommus
3aIMuCH Ha OUCK IIOSBUTCS TOJIBKO B TOM CjIydae, €CJIM Ha MallllHe YCTAHOBJIEH UJIN IIOOKIIIOYEeH
ONTUYECKUU IPUBOL.)

1.3.3 TectupoBaHue LinuxCNC

IMopkniounB USB-Hakonutesnb unu DVD-guck B ipuBoae DVD, BEIKTIOUMTE KOMIILIOTED, @ 3aTEM CHOBA
BKITIouuTe ero. KommberoTep 3arpy3utcs u3 obpasa Live/Install u 6ymeT BriOpaH BapHaHT 3aTrpy3KHu
Live.

Note
Ecnn cuctema He 3arpyxaetca ¢ DVD-gmcka wmnu USB-HakonuTens, BO3MOXHO, Heobxoammo
M3MEeHUTb NopsaaoK 3arpyskum B BIOS MK,

IMocne 3arpy3ku KOMObioTepa BBl MozKeTe mompoboBaThk LinuxCNC, He ycTaHaBimBas ero. BH He
MOZXKeTe CO30aBaTh CcoOCTBEHHELIE KOH(i)I/Il"ypa]_[I/II/I HUJIU U3MEHSTEH OOJILIIMHCTBO CUCTEMHEIX HaCTpPOEK B
ceaHce Live, HO BbI MOzKeTe (M OOJI?KHBI) 3allyCTUTh TECT 3alePKKU.

Yrtobrst onpoboBaTh LinuxCNC: B meHIo Applications/CNC Bei6epute LinuxCNC. OTKpoeTcsa IUaroroBoe
OKHO, B KOTOPOM BEI CMOJKeTe BHIOpATh OOHY M3 MHOXKECTBa IPUMepPOB KoHurypauuii. Ha sToMm sTamne

OeWCTBUTEILHO UMEET CMBICH BEIOpPaTh KOHGUrypauio “sim”. HekoTopble U3 MpUMeEPOB KOHGUTYPALTHH
BKJTIOYAIOT B ce0s TpexXxMepHOe MOAeIMPOBaHNe MAIllMH Ha 9KpaHe. YTOOH yBUAETDh UX, HauguTte “Vis-

mach”.

YT0o0OBI IIPDOBEPHUTD, ITIOOXOOUT JIX BAalll KOMIIBIOTED OJIA HpOl"paMMHOfI IOIIIarOBOM TeHepallnuu UMITYJIbCOB,
3aIlyCTHUTE TEeCT 3adEeP2KKH, KaK ITOKa3aHO 30€eChb.

Ha momeHT Hanucanusa Live Image gOCTyleH TOJNBKO C AOPOM preempt-rt u coorBeTcTByOmuM Lin-
uxCNC. Ha HeK0oTOpOM 000pYyOOBaHUU 3TO MOXKeT He obeclieunBaTh JOCTATOYHO XOPOIIVIO 3aIePKKY.
HocCTylHa 3KCIlepuMeHTalbHas BEPCUsl, UCIIOJIb3YyIolllas Aapo peanbHoro speMenu RTAI, koTopas 4yacTo
obecneumnBaeT JIy4YUIyIO 3aIePKKY.

1.3.4 YctaHoBKa LinuxCNC

Yrto6nl ycTanoBUuTh LinuxCNC ¢ Live CD, nipu 3arpy3ke Bribepure Install (Graphical).

1.3.5 Updates to LinuxCNC

ITpu o6rruHOM ycTanoBKe Update Manager 6yzmeT yBemoMmsAiTe Bac 06 ob6HoBimeHusax LinuxCNC, korga
BBI IOOK/TI0YAETECH K CETH, ¥ ITO3BOJIUT BaM JIETKO BRIIIOJIHUTE O0HOBIEeHUE 663 He0OXOQUMOCTH 3HAHU S
Linux. ITo 3ampocy M0OXKHO 0GHOBUTE BCE, KPOME OIMEPAIlMOHHON CUCTEMHI.
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Warning

He ob6bHOBnANTE oOMepauMoHHYID CUCTEMY Ha HOBYI Bepcuto, ecnm byneT npeasioxXeHo
3To caenatb. OpgHako BaM cinepyeT NpuHUMaTb o0bHoBieHns OC, ocobeHHO obHOBNEHUS
6e3omnacHoCTW.

1.3.6 TMpobnembl C yCTAaHOBKOM

B penkux ciiydasx BaM MOZKeT ITOTpebGoBaThCs cCOpocuTh HacTporky BIOS mo 3Ha4YeHuM 110 YMOJTYaHUIO,
€eCJId BO BpeMs yCTaHOBKM Live CD 0oH He MOXKeT paclo3HaTh XKeCTKUY OUCK BO BpeMs 3arpy3KH.

1.3.7 AnbTepHaTUBHbIe MEeTOAbl YCTAHOBKHU

CaMbIii IPOCTOM U IPEAIOUYTUTENbHEIN cIT0c00 ycTaHoBKY LinuxCNC — ucnons3oBaThk Live/Install Im-
age, Kak OIMCAHO BHIIIE. DTOT METOH HaCTOJIbKO IIPOCT W HaAeXXeH, HAaCKOJIBKO 3TO BO3MOXKHO, U
MMOOXOOUT KaK IJI HAUWHAOIINX, TaK U IOJIsS OMBITHBHIX MOJIb30BaTesied. OmHaKOo OOBIYHO 3TO 3aMEeHsIeT
0010 CYIIECTBYIOIIYIO OIIEPAIIMOHHYIO cCUCTeMY. Eciiu Ha 11eJIeBOM KOMITBIOTEPE eCTh (paiiibl, KOTOPHIE
BBI XOTUTE COXPaHUTh, BOCIIOJIL3YUTECh OOHUM M3 METOOB, OIUCAHHEIX B 9TOM pa3ferie.

Kpome TOTO, OJIs1 OMBITHBEIX IIOJIb30BaTE/IeM, 3HAKOMBIX C CUCTEMHBLIM aIMHUHUCTPHUPOBaHueM Debian
(TTorcK yCTaHOBOYHEIX 00pa30B, MaHUITYIMPOBaHUE HCTOYHMKAMHU apt, U3MeHeHUe BepCud sgpa u
T. [.), HOBBIE YCTAHOBKM ITOAOEPKUBAIOTCS Ha ciemylomux maTtdopmax: (“amd64” o3HauvaeT "64-
pa3psAOHBIHN” ¥ He CTIen@UYHO AJIs HpoiieccopoB AMD, oH 6ymeT paboTaTh B J1I000M 64-0UTHOM cUCTEME
x86)

ducTpudyTHB ApxuTeKTypa Anpo HNmMsa makeTa Tumosoe
HCIO/Ib30BaHHUEe
Debian amd64 & arm64 | preempt-rt linuxcnc-uspace yIIpaBlieHHe
Bookworm CTaHKOM U
MOIeIUpPOBaHUE
Debian amd64 RTAI linuxcnc yIIpaBlieHUEe
Bookworm CTaHKOM
Debian Bullseye amdo64 preempt-rt linuxcnc-uspace yIIpaBlieHUEe
CTaHKOM U
MOOeupoBaHue
Debian Buster amd64 & arm64 | preempt-rt linuxcnc-uspace yIIpaBJIeHHE
CTaHKOM U
MOOeTupPOBaHue
Debian Buster amdo64 RTAI linuxcnc yIIpaBlieHHe
CTaHKOM
JIro6o1 JTIiob6oi Opurunan linuxcnc-uspace | TOJIBKO
MOJeIUpOBaHUE
Note

LinuxCNC v2.9 He nogaepxusaeTtcs B Debian 9 n 6onee paHHUX Bepcusx.

Preempt-RT simpa fAnpa Preempt-rt moctynas mns Debian n3 o6rigyHoro apxusa debian.org. ITakeT
Ha3bBaeTcsA Linux-image-rt-*. IIpocTo yCTaHOBUTE MAKeT Tak XKe, KakK M JI000M OIpYyrou MmakeT, U3
OucIieTyepa MmakeToB Synaptic uau ¢ moMobio apt-get B KOMaHOHOM CTPOKE.

RTAI dapa Anpa RTAI mocTymnHe Ajis 3arpy3Ku u3 apxusa Debian linuxcnc.org. ITogxonsuiuii MCTOYHUK:

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

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

LinuxCNC u simpo RTAI Temepb MOCTYIHBI TOJIBKO i1 64-0uTHBEIX OC, HO OYeHb MaJI0 COXPaHUBIIUXCS
cucTeM He MOTyT paboTaTs Ha 64-0utHoi OC.

1.3.7.1 YcrtaHoBkKa Ha Debian Bookworm (c sgppomMm Preempt-RT)

1.

YcranoBute Debian Bookworm (Debian 12), Bepcusi amd64. Bbl MozKeTe CKadaTh YCTaHOBIIUK
3mechk: https://www.debian.org/distrib/

. ITocne 3anucu ISO u 3arpy3Ku, ecjiu BaM He HyKeH pabounii cton Gnome, BeiOepute Advanced

Options > Alternative desktop environments u BrIOepHUTe TOT, KOTOPLI BaM HPABUTCS. 3aTeM
BeIOepuTe Install or Graphical Install.

Warning
He BBoguTe naposb root, ecau Bbl 3To caenaeTte, sudo bygeT 3anpeLieHo, N Bbl He
CMO>KeTe 3aBepLUnNTb cregytoume waru.

. 3amycTHuTe CJIeayollyio KoMaHay B terminal, yTo6s1 00HOBUTE MAIIUHY OO MOCHIEOHUX ITaKETOB.

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

Note

Mo>xHO 3arpy3unTb Bepcuto LinuxCNC HenocpeacTtBeHHO u3 Debian, HO npu sTom 6ynet
yCTaHOBJ/IEHa CTapas npeaBapuTenbHas BepcCcusA, MO3TOMY B HacTosdllee BpeMs 3TO He
pekoMeHayeTcH.

. Ycra"oBure aapo u monynu Preempt-RT

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

. Ilepezarpy3uTtecs u BeiGepute sapo Linux 6.1.0-10-rt-amd64. ToyHast BepCHUS sSapa MOXKET OTIUYaThCSH,

ob6patuTe BHMMaHue Ha cyhdukc "-rt”. 3To MoxKeT OBITH CKPHITO B mogMeHio “Advanced options
for Debian Bookworm” B Grub. Ilpu BxXome B cucTteMy yOemmTech, UTO Cledylollas KOMaH[a
coobiaeT o PREEMPT RT.

uname -V

. Otkpotite Applications Menu > System > Synaptic Package Manager, Haiimute linux-image,

LMIEJTKHUTE TIPaBOi KHOIKOM MEIIIN UCXOOHBIN (atin 6e3 rt u Bribepute Mark for Complete Re-
moval. Tlepe3arpy3urtecb. 9To HeOOXOOUMO M1 IPUHYOUTEIbHOM 3arpy3Ku CUCTeMHI ¢ agpa RT.
Ecnu BH mpeAmoyuTaeTe COXpaHuTh 00a simpa, TO OPyTHUe Aapa yOansaTh He HY2KHO, HO U3MEHEHU S
KOHGUTYypaIuy 3arpy3Ku grub morpebyioTcs, BEIXOOSIINE 38 PaMKU 9TOI'0 JOKYMeHTa.

. Hob6aspTe K104 moamnucy apxuba LinuxCNC B cBoit Habop Kiro4ue apt, 3arpy3uB [CKPUNT YCTaHOBIUKA

LinuxCNC] (https://www.linuxcnc.org/linuxcnc-install.sh). [Ins ero 3amycka BamM moTpebyeTcs
caesiaTh CKPUNT UCIOJTHSIEMBIM:

chmod +x linuxcnc-install.sh
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bl'3bl'bllabllbllTbllbllebllbllell bllellbllbIbll bllellblIoblIbll)KbllbllebllbllTblIb —
lleb!l bll3bllblrabllbllnbllbllybllbl!CblIblITbIlbrlellbllTbllbllbbll bllyb!lbl —
'Cb"b”Tb”b”ab”b”Hb”b"Ob"b"Bb"b”LI.l.b”b"Vlb”b”Kb”:

sudo ./linuxcnc-install.sh

1.3.7.2 YctaHoBKa Ha Debian Bookworm (c akcnepumeHTanbHbiM agpom RTAI)

1. 910 agpo u Bepcuro LinuxCNC MO2KHO yCTaHOBUTE IOBEPX YCTAaHOBKY Live DVD unu, anbTepHaTUBHO,
B HOBOU yCTaHOBKe 64-pa3psgHoi Bepcuu Debian Bookworm, Kak onucaHoO BHIIIIE.

2. BriMoxkeTe mo6GaBuTh K04 nogmnucy apxuba LinuxCNC u nHbopMalunio 0 pEIO3UTOPHUH, 3aTPy3UB
U 3allyCTHUB CIleHapu¥ YCTaHOBKH, KaK onucaHo Brilte. Ecimu o6HapykeHo ssapo RTAI, oHO ocTaHOBUTCS
nepen YCTaHOBKOM KaKWUX-ITUOO ITaKeTOB.

3. OGHOBUTE CIHCOK IMaKeToB c linuxcnc.org

sudo apt-get update

4. YcraHoBute HOBOe aapo peanbHOro BpeMeHu, RTAI u RTAI-Bepcuio LinuxCNC.

sudo apt-get install linuxcnc

Ilepe3arpy3uTe KOMObIOTEDP, YOEOUBIINCEH, YTO CUCTEMA 3aTrPyzKaeTCs C HOBHIM simpoM 5.4.258-rtai.

1.3.7.3 YctaHoBKa Ha Raspbian 12

He penaiiTe sTOT0. 3amepKKHU CIUIIKOM BEJIUKY C AOPOM 110 yMoI4daHuio, a agpo Debian PREEMPT RT
(RT BaxkHO) He 3arpykaeTcs Ha Pi (1o cocTossuuio Ha 1 ssuBaps 2024 r.). IToxkamyiicta, 00paTUTECE K
oOpasaM .iso, KOTopele MOKHO HaliTu B MHTepHeTe Ha 00byHOM cTpaHuile LinuCNC download page.
BrI MOXKeTe co30aTh UX CAaMOCTOSITENILHO, CIIeNys IPefoCTaBIeHHBIM CKpunrTam online.

1.4 Running LinuxCNC

1.4.1 Bbi3zoB LinuxCNC

ITocne ycranoBku LinuxCNC 3anmyckaeTcs Tak ke, Kak u 1obas apyras mporpaMmma Linux: 3amycTure
ee u3 terminal, BBeqmst KomaHay «linuxcnc», unm BeiOepute ee B MeHI0 «Applications -> CNC».

1.4.2 Configuration Launcher

ITpu 3amycke LinuxCNC (13 mento YITY unu u3 KoMaHOHOM CTPOKH 0e3 ykazaHus INI-¢aiina) oTKpEIBaeTCsA
ouanor Configuration Selector.

HOuamnorosoe okHO «Configuration Selector» mo3BonsieT monb30BaTEIII0 BEIOPATH OOHY U3 CYIIECTBYIOMINX
KoHurypanwuii (My Configurations) vy BEIOpaTh HOBYIO (M3 IIPUMEPOB KOHGUTYPaIIuii) OIS KOTUPOBAHU S
B CBOM [moMaIllHUM KaTayior. CKONUpoBaHHBIE KOH(pUIrypaluu HOSABATCS B pa3pgesie «My Configura-
tions» mpu cienyioeM BEI30BE CeJIeKTopa KOHPUTypaIuu.

Configuration Selector npepgnaraeT Bei6op KoHPUTYpalui, OpraHU30BaHHBIX:



https://linuxcnc.org/downloads/
https://github.com/rodw-au/rpi-img-builder-lcnc
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* «My Configurations» — monp30BaTeNECKHE KOHPUTYpALMK, PACIOJIoXKeHHbIe B linuxcnc/configs B
BallleM JOMallHeM KaTaJore.

* «Sample Configurations» — nmpumeps! KOHGUTYPALIUMA, €CIIM OHU BHIOpPaHBI, KOMUPYIOTCA B linuxc-
nc/configs. ITocne Toro kak o6pasen KoHPuUrypauuu OyoeT CKOIKMPOBAH B Balll TOKaIbHBIN KaTasor,
ImporpaMma 3amnycka IpenjoXuT ero Kak «My Configurations». ViMeHa, 1oz KOTOPLIMY IPEICTaBIEHEI
9TU JIOKAJIbHEIE KOH(GUTYPAIlUy, COOTBETCTBYIOT MMEHAM KaTaJoroB BHYTPU Kartajora configs/:

- sim — KoH(uUTypauuu, BKIIIOYAIOIIUE MomenupyeMoe obopymoBanue. HMX MOXKHO HCIIOIB30BaTh
IUIS TECTUPOBAHUSA UK U3ydeHus paboter LinuxCNC.

- by interface — xoHUrypauuu, opraimu3oBaHHble 10 Ipu3Haky ['UII.
- by machine - Kondurypanuu oprainu3oBaHHbIe 110 IPU3HAKy CTaHKa.

- apps — IPUJIOXKEHUs, KOTOPEIe He TPeOyIOT 3arycKka linuxcnc, Ho MOryT OBITE II0JIE3HEI /11 TECTUPOBAHHT
UJIN UCIIOJIb30BaHUS TaKuxX npuioxkenui, kak PyVCP unu GladeVCP.

- «attic» — ycrapesBiine unm ucropudeckre KOHQUTypalluu.

Koudurypaumu Sim yacTo SBIAIOTCS HanboJjiee M0JIe3HOM OTIIPaBHON TOYKOM [1JIs1 HOBBIX IOJIh30BaTeNeH
U OpraHu30BaHbl BOKPYT nogaepxuBaeMulx ['MI1oB:

* axis — 'NII xnaBUaTypEL ¥ MBIIITNU

¢ «craftsman» — I'MII1 ¢ ceHCOPHBIM 3KpaHOM (GOJIbINe He MOaaepKuBaeTcsa ??7?)
* gmoccapy - TUI1 CeHCOpHOTO 3KpaHa

* gscreen - TUII CeHncopHOro sKpaHa

* pyvcp demo - BupTyasnbHas IaHesNb yopasieHus Python

* gtaxis — I'MIII c CEHCOPHBIM 3KPaHOM, BHEIITIAOUT KakK AXis

* gtdragon - TYII CeHCOpHOTO 9KpaHa

* gtdragon hd - THUII CeHCOpPHOT0O 3KpaHa BEICOKOT'O pa3pelleHus

e gtplasmac - TUI1 CeHCOPHOTO 3KpaHa, OJis CTOJIOB MJIa3MEHHON Pe3KU
e gttouchy - THUII CeHcOopHOTO 3KpaHa

¢ tklinuxcnc — T'YII kymaBuaTypH U MBIIH (00JIbIEe HE TOAEPKUBAETCS)
* touchy - THUII gmst ceHCOPHOTO 9KpaHa

* woodpecker - TUII CeHCOpHOTO 3KpaHa

KaTamnor konduryparuu I'IIT MoKeT comepkaTh IOOKATAIOTH C KOHQUTYPALUSIMU, HITIOCTPUPYIOIIU MU
ocobrle CUTyallud UK BCTPAWBaHUE APYTUX HPUIIOKEHUH.

Kondurypauuu by interface opraHu3oBaHB BOKPYT OOIINX MOANEPKUBAEMBIX MHTEP(ENCOB, TaKUX
KakK:

¢ o0mIas MexaTpoHUKa
* mesa

¢ parport

* pico

e pluto

¢ servotogo
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* vigilant

 vitalsystems

I71sT KCTIOIBb30BaAHUS THX KOHGMUTYPALUI B KaYeCTBe OTIIPaBHOM TOYKY CHCTEMEI MOXKET ITOTPeb0oBaThCs
COOTBETCTBYIOLIee 000PyIOBaHHUE.

Koudurypamnuu by machine opraHM30BaHbLl BOKPYT IOJIHBEIX MU3BECTHBIX CUCTEM, TAKUX KakK:

¢ boss

e cooltool

¢ scortbot erlIll

¢ sherline

* smithy

e tormach

[71s1 ©CIIOIb30BaHUS TUX KOHGUTYPAIIUP MOXKET ITOTPe6oBaThCS 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 — co3maet daiin ¢c cucteMHo# nHpoOpMaIei, KoTopas MOKeT ObITh IOJIe3Ha [IJIsI HUaTrHOCTUKH
npobieM.

Gladevcp — npumep npunoxenuit GladeVCP.

halrun — 3amyckaert halrun B terminal.

latency — mpumoxkKeHUs OJI UCCIIeA0BaHUS 3a[ePKKHU

- latency-histogram-1 - rucrorpamMmma s ogHoro servo thread

- latency-histogram - ructorpamma

- latency-test - cTaHmapTHEIN TECT

- latency-plot — nerTouHas guarpaMma

parport - IIpunoxeHue OjIsi TECTUPOBAHUS parport.

pyvcp — [Ipumepsl NPUIOKEHUN PyvCep.

xhc-hb04 — mpunoxkeHus gnst TecTupoBanus 6ecrnpoBoguoro USB-yctpoiictBa PI'U xhc-hb04

Note
B kaTanore «lMpunoxxeHus» 078 KONMMPOBAHUSA B KaTasior NMosib30BaTeNs npeasaratloTcs TOJbKO Te
MPUNOXXEHNS, KOTOpPble OblIN U3MEHEHbI N0JIb30BaTEesIEM C NOJIb30N.
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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 Pecypcbl N0 HacCTpouke

CernekTop KOHpUTypanuu KonupyeT Bee dhaiiibl, HeoOX0OMMEIe IJI KOHPUTypanuy, B HOBEIM ITIOJKaTaIoT
~/linuxcnc/configs (skBuBaneHTHO: /home/username/linuxcnc/configs). Kaxkaeiii co3gaHHBINM KaTaior
OyneT BKIOYaTh Kak MUHUMYM onuH INI-daiin (iniflename.ini), KOTOpHI UCIIOIBb3yeTCA OIS ONMMCAHUS
KOHKPETHOU KOH(pUTYpaluu.

dalinoBhIe PECYPCHI B CKOITMPOBAHHOM KaTajiore 0OBIYHO BKJTIOUAIOT OOUH WX HeCKobKo INI-daiinos
(filename.ini) gyist cBsi3aHHBIX KOHGUTypanui u dain Tabauiel THCTPYMeHTOoB (toolfilename.tbl). Kpome
TOT0, PeCypCH MOTYT BKIo4UaTh (aitnel HAL (filename.hal, filename.tcl), paiin README nnsa onucanus
KaTajiora u uHdopMaliirio, cneuupuyHyto st KOHGUTrypalum, B TEKCTOBOM (atizie, HA3BaHHOM B YeCTh
KOHKpeTHOM KoHpurypaiuu (inifilename.txt). ITocnenuue nBa daiina oTo6paxkaiTCs IIPU UCIIOIb30BaHUYT
CenekTopa Konduryparuu.

B mocraBnisieMBIX mpuMepax KoHpurypanuii Moxert ObITh yKa3aH mapamerp HALFILE (umsa_¢atina.hal)

B INI-datine KoHPUTypaluu, KOTOPOTO HET B CKONWPOBAHHOM KaTajioTe, ITOCKOJIBKY OH HaXOOMUTCS

B cucTeMHOM 6ubnuoreke ¢arinoB HAL. OTu daityiibl MOXKHO CKONMMPOBATh B KaTajor KOHQUTypaiuu
[0JIb30BaTEJIS U U3MEHUTH 10 TPeOOBAaHUIO II0JIH30BaTENS OJI1 MOOU(GUKAIINY UJIU TeCTUPOBaHUA. [I0CKOIBK]
ipu noucke ¢ainos HAL B mepBy1o ouepens BEIIOIHSETCS IOUCK B KaTajlore KOH(PUTypanuy I10J1b30BaTeNs,
JIOKaJbHEIEe MOomudUKanuy OyayT UMeTh IPEeNMYyIIeCTBeHHYIO CHUITY.

CesnekTop KOHGUTYPALIMU CO3[aeT CUMBOJINYECKYIO CCHIJIKY B KaTaJiore KOHGUTYPaALMU II0JIb30BaTES
(c umenewm hallib), yka3niBalomyo Ha cucTeMHyio 6ubnuoreky ¢aimoB HAL. DTa ccrlKa yIIpoIIaeT
KonupoBaHue datina 6mubnuorexku. Hampumep, 4TobH cKonupoBaTh ¢daiin 6mubnuorexku core sim.hal
OJIs1 BHECEHUS JTOKATbHBIX U3MEHEHUN:

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

1.5 Updating LinuxCNC

Oo6HoBneHKe LinuxCNC mo HOBO BTOPOCTENEeHHOI Bepcu (T. €. M0 HOBOI BEPCUH TOH 3Ke CTabUIbHOI
cepuu, HanpumMmep, ¢ 2.9.1 1o 2.9.2) — 3To aBTOMaTUYEeCKUH IPOIECC, ECIIX Balll KOMITLIOTED MOAKITIOUEH
K UuTepHeTy. BBl yBUOUTE NpUTallleHWe Ha OOHOBJIEHHUE ITOCJIE HE3HAYMUTEJILHOTO BHIITyCKAa BMECTE
C opyruMu OOHOBIIEHUSIMHU IPOrpaMMHOT0 obecriedenusi. Eciu y Bac HET mOOKIIIOYeHUsT K UHTepHeTy
Ha BallleM KoMObioTepe, cM. pa3men Updating without Network.

1.5.1 OOHOBNEeHMe [0 HOBOM Bepcum

B aTomMm pa3zpgerne onuckiBaeTcs, Kak 00HOBUTE LinuxCNC c Bepcuu 2.8.x mo Bepcuu 2.9.y. [Ipennonaraercs,
YTO y BaC €CTh YCTAaHOBJIEHHAsA BeEPCUS 2.8, KOTOPYIO BBl XOTUTE OOHOBUTS.

Yro6el 06HOBUTE LinuxCNC c Bepcuu crapiie 2.8, BaM HeoOXOOuMO CHaudajga OOHOBIIEHHE CTapou
YCTQHOBKM [0 2.8, a 3aTeM CJIeIoBaTh 9TUM UHCTPYKIUSAM. IJIT OOHOBJIEHUS 0 HOBOU BEPCHM.

Ecnu y Bac HeT cTapoii Bepcuu LinuxCNC st 06HOBJIEHU A, JIy4YIlle BCETO BHITIOTHUTH HOBYIO YCTAHOBKY
HOBOU BepCuUH, Kak onucaHo B pa3smene Getting LinuxCNC.

Kpowme Toro, ecnu Be ucnonb3yeTe Ubuntu Precision unu Debian Wheezy, cTouT paccMOTpeTh BO3MOXKHOCTD
CO3MaHUs pe3epPBHOM KOIIMM KaTalora «linuxcnc» Ha CbeMHOM HOCHUTEIEe U BHIIONIHEeHU clean install
of anewer OS and LinuxCNC version II0CKOJIBKY 9TU BEIIIYCKU ObUIN IIpeKkpalensl B 2017 1 2018 rogax
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LinuxCNC V2.10.0-pre0-4703-gc2eea07766 17 /1343

cooTBeTCTBeHHO. Ecnu BH ucmonblyete Ubuntu Lucid, Bam npupgeTcs 3To caenaThb, TOCKONbKY Lucid
6ombirre He ogmepxkuBaeTcs LinuxCNC (B 2013 roay ato 6su10 EOL).

Yrob6rl 00HOBUTH OCHOBHEIE BEPCHUH, TaKue Kak 2.8, mo 2.9, Korfma y Bac eCTb CETEBOE COegUHEHUE
Ha KOMIIBIOTEPE, BaM He0OX0OMMO OTKIIOUUTL CTaphle KCTOYHUKHU apt linuxcnc.org B daiine /etc/apt/-
sources.list 1 mo6aBUTH HOBBEIM UCTOYHUK apt linuxcnc.org ans 2.9. , 3arem o6HoBUTE LinuxCNC.

Ietanu 6yoyT 3aBHCETh OT TOTO, Ha KakKou mnaTdopme Bhl paboraeTe. OTKpoiiTe terminal, 3aTem
BBemuTe Lsb release -ic, 4ToOBI HANTH 3Ty MHDOPMAIIUIO:

> lsb_release -ic
Distributor ID: Debian
Codename: buster

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

BaMm Takke HYyKHO OyIeT IPOBEPUTH, KaK0Oe HUCIIOIh3yeTCs SAP0 PeasbHOr0 BPeMEeHH:

uname -r
6.1.0-10-rt-amd64

Ecnu BwI BUOuTe (KakK yKas3aHO BHIIIE) - rt- B UMeHU sAOpa, 3HAYUT, BH UCIIONIb3yeTe IApo preempt-rt
U BaM cJiegyeT ycTaHOBUTH Bepcuro LinuxCNC “uspace”. Bam TakXke cienyeT yCTaAHOBUTH uspace Oisd
KOoHurypamnui “sim” Ha sigpax, He paboTalomuX B pealbHOM BpeMeHH.

Ecnu BeI BUpinTe - rtai- B UMeHU sipa, 3Ha4uT, Bul ucronb3lyeTe RTAI B peanbHOM BpeMeHu. CM. HUXKE
Bepcuio LinuxCNC pgnst ycranoBku. I[TakeTsl RTAI moctynub aiss Bookworm u Buster, Ho B HacTos1Iee
BpeMs HefoCTYIHH s Bullseye.

1.5.1.1 KoHdwurypauusa nctouHmkos Apt

* OTKpoiiTe okHO Software Sources. 9TOT mpoliecCc HEMHOTO OTJINYAaETCS Ha TPeX MOoANepKUBaeMBbIX
nnaTtdopmax:

- Debian:

*+ Haxxmute Applications Menu, 3aTem System, 3atem Synaptic Package Manager.
* B Synaptic maxxmute MeHnio Settings, 3aTem HaxmuTte Repositories, 4TOOGB OTKPHITH OKHO
Software Sources.
- Ubuntu Precise:

* HaxxmMmuTe Ha 3Ha4oK Dash Home B 1eBoM BepxHEM YTIIy.
* B momne Search BBemute "software”, 3atem menkuauTe 3Ha4ok Ubuntu Software Center.
* B okHe Ubuntu Software Center HaxxMmute MeHio Edit, 3aTem Haxkxmute Software Sources.. .,
4yTOOBI OTKPHITH OKHO Software Sources.
- Ubuntu Lucid:

* OTKpoiTe MeHIo System, 3atem Administration, 3atem Synaptic Package Manager.

* B Synaptic HaxxMuTe mMeHIo Settings, 3aTeM HaxMmuTe Repositories, 4ToOBI OTKPHITH OKHO
Software Sources.

* B okne Software Sources BrGepute BKiagky Other Software.

* Vpanute unu cHUMUTE (IJIaXKKU CO BCEX CTaPHIX 3anucel linuxcnc.org (ocTaBbTe BCe CTPOKHU, OTJIMYHEIE
ot linuxcnc.org, KaK ecThb).

¢ Haxmwute kHonky Add u mo6aBbTe HOBYIO CTPOKY apt. Ha pa3ubix minaTdopmax cTpoka 6ymeT HEMHOTO
OT/IUYaThCH:
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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 Buster - preempt deb https://linuxcnc.org buster base 2.9-uspace
Debian Buster - RTAI deb https://linuxcnc.org buster base 2.9-rt
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

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 OOGHOBNEeHMe 0,0 HOBOW Bepcum

Temepb Ball KOMIBIOTEDP 3HAET, TAE B3STh HOBYIO BEPCHUIO MPOTPAaMMHOTO O0eClieYeHus, Tenepb HaM
HY2KHO €€ YCTAHOBUTE.

IIporecc CHOBa pa3/JIMYaeTCs B 3aBUCUMOCTH OT Balllel maaThOpPMEI.

Debian ucnonbs3yioT gucneTyep nmaketoB Synaptic.

* OTkpouTe Synaptic, cnenys HHCTPYKIIUSIM B pa3gesie HacTpoiika HICTOYHUKOB apt BEHIIIIE.
¢ Haxmwute KHONKy Reload.

e Hcmonb3yiiTe QyHKIIMIO IIOMCKA IJIS ITOMCKa linuxcnc.

e TTakeT Ha3wBaeTcs «linuxcnc» mns ssmep RTAI u «linuxcnc-uspace» njist preempt-rt.

¢ VYcranoBute (praxKoK, YTOOBI OTMETHUTDL HOBBIE ITaKeTH linuxcnc u linuxcnc-doc-* mnnss oGHOBIIEHMUS.
MeHeKep MakKeToB MOXKET BhIOpPaTh HECKOIBKO AOIMOJTHUTENbHBIX ITAaKETOB IJIsI YCTAaHOBKH, YTOOBI
YIOBJIETBOPUTDL 3aBUCUMOCTH, KOTOPEIe KMEEeT HOBHIM MMakeT linuxcnc.

¢ Haxmwute kHOTIKY Apply, ¥ Balll KOMIIBIOTEP YCTAHOBUT HOBHIM nakeT. CTapkhiii maket linuxcnc 6ymeT
aBTOMaTU4YeCKM 0OHOBJIEH [0 HOBOTO.

1.5.1.3 Ubuntu

* Haxxmute Ha 3Ha4oK Dash Home B ieBOM BepxXHEM yTIIy.
* B mone Search BBegute «update», 3aTem menkuute 3Ha4yok Update Manager.
* Haxwmure kHOnKy Check, 4T06BI IPOCMOTPETH CIIMCOK NOCTYITHBEIX ITAKETOB.

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

1.5.2 OOHoOBneHue 6e3 cetTHn

151 o6HOBEeHUs 63 MOOKII0YEHUS K CETH BaM He00XomuMo 3arpy3uTh .deb, a 3aTeM yCTaHOBUTD €T0
c nomoineio dpkg. ®atinsl .debs MoxkHO HauTH 110 agpecy https://linuxcnc.org/dists/.

BaM Hy>KHO IIepeUTH O CCHIJIKE BHIIIEe, YTOOB HAaN TV IpaBUIbHEIN deb aist Balie# yctaHoBKH. OTKpPOUTE
terminal u BBepgute «Isb release -ic», 4T0OH HaliTy Ha3BaHUe BhITycKa Batiei OC.

> lsb release -ic
Distributor ID: Debian
Codename: bullseye

Bribepute OC u3 cuMcKa, 3aTeM BLHIOEPHUTE HYy2KHYIO BAaM OCHOBHYIO BepcHio, HampuMep 2.9-rt mst RTAI
u 2.9-rtpreempt unu 2.9-uspace gnst preempt-rt.

3aTeM BEIOEPUTE THI Balllero KOMIbIOTepa: OMHapHEIH-amd64 Oy mo6oro 64-6uTHOT0 X86, O1MHAPHBIH-
i386 mnsa 32-6uTHOTO, OMHApHEIH-armhf (32-OMTHEIN) UMM OMHapHEIH-arm64 (64-0uTHEIN) miass Rasp-
berry Pi.

3aTeM BeIOEPUTE HYKHYIO BEPCHUIO B HUXKHEH YaCTH CIHUCKA, HanpuMep linuxcnc-uspace 2.9.2 amd64.deb
(BEIOEPUTE CaMyIO MOCIEOHIO0 110 faTe). 3arpy3uTe deb u cKkonupyTe ero B CBOM HOMAIIHUYM KaTallor.
Brl MOkeTe mepemMeHOBaTh (aijl BO 4TO-TO 00jlee KOPOTKOEe C IOMOIIBI0 (aiiIoBOTO MEHemKepa,
HanpuwMmep linuxcnc _2.9.2.deb, 3aTeM OTKPBHITH TEPMUHAJ ¥ YCTAHOBUTEH €TI0 C IMOMOIILI0 MeHeaxKepa
[IaKeTOB C IIOMOIIIBIO 3TOM KOMaHIHI:
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sudo dpkg -i linuxcnc 2.9.2.deb

1.5.3 OOHoBneHue channoB KoHpUrypauum gna sepcum 2.9

1.5.3.1 Bonee cTporoe obpawieHue c NOAKNIOYAaEMbIMU UHTEPNIpPEeTaTOpPaMMu

Ecmu BeI TpOCTO 3amryckaeTe oObIYHEIN G-KO[ ¥ He 3HaeTe, YTO TaKoe MOOKJII0YaeMbIi HHTEePIIPEeTaTop,
TO 9TOT pa3fesI BaCc He KacaeTcsl.

Pepko ucnonb3yeMas pyuknus LinuxCNC — aTo moffepzkKa IOAKII0YaeMbIX HHTEPIIPETaTOPOB, YIIPaBIIIeM
HegOKyMeHTHpPOoBaHHOM HacTpolkol INI [ TASK] INTERPRETER.

Bepcuu LinuxCNC go 2.9.0 ucnonb3oBanuchk ajia o6paboTku HempaBuabHoM HacTporky [ TASK]INTERPRETER
IIyTeM aBTOMaTHUYEeCKOI'0 BO3BpaTa K MCII0JIb30BaHUIO NHTeplipeTaTopa G-Koja 10 yMOTYaHUIo.

Hauunas ¢ Bepcuu 2.9.0, HenpaBunbHoe 3HaueHue [ TASK]INTERPRETER nmpuBepeT K ToMy, 4TO Linux-
CNC oTkaxeTcs 3anyckKaTtbcs. McnpaBbTe 3TO yciaoBue, ymanub HacTpolKy [TASK]INTERPRETER u3
Bamero INI-¢atina, uTo6s LinuxCNC mcnonb3oBaj nHTEpIpeTaTop G-Koga Mo yMOITYaHUIO.

1.5.3.2 Canterp

Ecmu BEI IPOCTO 3ammyckaeTe oOBIYHEIM G-KOJ ¥ He MCIIONIb3yeTe IMOOKITIOYaeMbli HHTEPIIPEeTaTOp can-
terp, To 3TOT pa3men Bac He KacaeTcCs.

B kpariHe MasloBEpPOSATHOM CiIy4dae MCIOJIb30BaHUA canterp 3HauTe, 4YTO MOOYJIb 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.

1.5.4 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.

1.6 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 Automatic Login

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
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* 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).

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 mokyMeHTaIMu COOTBETCTBYIOIINM (aiin .ini Ha3rBaeTca INI-daiinom.

1.6.3 TepmMmuHan

MHoroe TpebyeTcs coenaTh U3 TEpMUHATIA, HAIIPUMeED, TPOBEPUTE Oydep coobIIeHn SApa C IOMOIIIHI0
dmesg. B Ubuntu u Linux Mint ecTs codyeTanue Knasum Ctrl

Alt + t. B Debian Stretch #He onpeneneHbl coueTaHUs KaBUII. ETo MOXKHO JIETKO CO37aTh C IIOMOIILI0
«J[IucneTdyepa KoHUTrypaluii». BOTbIIMHCTBO COBPEMEHHBIX (haliIOBEIX MEHEIXKEPOB MOAIEPKUBAIOT
MIPaByIO KJIaBUIIY IJI OTKPHITHUS TepMUHAaJla, IPOCTO yOeOUTeCh, UTO BHI IfeJIKaeTe IPaBOM KHOIIKOMU
MBIIIY 10 ITyCTOM 00JIaCTH MM KaTaJiory, a He 10 uMeHH (daiina. BonpmuacTBO OC UMEIOT TEPMUHAT
B Ka4eCTBe IIYHKTa MeHI0, 00EIYHO B pa3neiie AKcecCcyapshl.

1.6.4 CrtpaHuubl pyKOoBOACTBa

A man page (short for manual page) is a form of software documentation usually found on a UNIX or
UNIX-like operating system like Linux.

YToOB IPOCMOTPETH CIIPABOYHYIO CTPAHUILY, OTKPOMTE TePMUHAJI, YTOOH y3HATh UTO-HUOYOb 0 KOMaHOe
find B okHe TepMUHala HalleyaTauTe:

man find
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HUcnons3yiite knapuiim Page Up u Page Down g mpocMoTpa CIPaBOYHOU CTpPaHULELI U KiIaBuiry Q
IJI BBEIXOIa 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.

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. Right click on the desktop and select Create Launcher.
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.
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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 Changing Directories

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

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:
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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:

sudo dmesg -c

9To MoXKeT OLITH [T0JIE3HO CHeslaTh HeIlOoCPeACcTBEeHHO Iiepel 3anyckoM LinuxCNC, uTo6n! Oblila TOIBKO
3anuch HHpOpPMaUUU, CBI3aHHOM C TeKymuM 3anyckoM LinuxCNC.

YToOBI HAWTH afpeC BCTPOEHHOTO TapaijieIbHOT0 IT0PTA, UCIIOIL3YHTe grep Ajst GuIbTpanuu nHGopMauuu
n3 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
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1.6.9.2 PaspeweHue MOHMTOpA

Bo BpeMms ycTtaHoBku Ubuntu neiTaeTcs onpenenuTh HaCTPOUKYU MoHUTOpa. Ecnu aTo He cpaboTaerT, y
BacC OCTaHeTCS OOBIYHLIM MOHHUTOP C MaKCHUMaJIbHBEIM pa3pemienueM 800x600.

I/IHCTPYKLII/II/I I10 YCTPAHEHHUIO 3TOI'0 HaXoOoATCsA 30€eCh:

https://help.ubuntu.com/community/FixVideoResolutionHowto

1.6.10 MNMyTn

OTHOcHuTeIbHbIEe MyTH OTHOCUTEJILHEIE ITyTH 6a3UPYIOTCSA Ha KaTaJlore 3alycka, KOTOPHIH SIBIIEeTCS
KaTtanorowMm, cogepxkammum INI-¢patin. Mcnonb3oBaHue OTHOCUTENBHEIX TYTEM MOXKET 007IerYUTh ITepeMellleHY
KoHUrypamui, Ho TpebyeT XOpoIIero NoHNMaHus cnelnduKkaTopoB Iyt Linux.
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‘b’ ’'b’'Mb’'b’'eb’'b’"'Hb’'b’’eb’ b’ 'Mb’’" fO b’’Bb’’ b’'’'kb’’b’’ab’’b’’'Ttb’’'b"’ab’’'b’'nb’"’'b +
"’ob’’b’’'rb’’'b"’eb’’ b’'’'3b’’'b"’ab’’b’'nb’’'b’'yb’'b’’cb’’b’ kb’ b’ "ab’’

../fl b"’cb’’b"'cb’'b"'bib’’b’'nb’'b’"ab’'b’"eb’ b’ "thb’''b’"cb’’'b""ab’’" b’’'Hb’’'b’’ab’’ b’ «
"¢b’'b’’ab’’b’’'wb’’'b"'nb’’ f1l b’’Bb’’ b’’pb’’b’’ob’’b’'Ab’'b’'ub’’b"'Th’'b’'eb’ b’ 'nb"’b «+
"'bb’’b’'cb’’b" kb’ 'b"'0ob’’b’"'Mb’" b’’Kb’’b’"ab’'b’’Tb’'b’"ab’ b’ 'nb’ b’ ’ob’'b"'rb’’'b’ «+
Iebll

o/ /T2 D" 'chb’’'b"'cb’’b" bbb’ 'b’ 'nb’ 'b’ "ab’'b’ "eb’ b’ "Tth’' b’ "cb’'b""ab’’ b’’'Hb’’'b'’ab’’ b’ «
"¢b’'b’"ab’’b’’'b’ b’ 'nb’’ f2 b’’Bb’’ b’’pb’’b’’ob’’b’'Ab’ b’ 'ub’’b’'Th’'b’'eb’ b’ 'nb’’'b «+
"'bb’’'b"'cb’'b"'kb"'b"'0ob’'b’'Mb’" b’'kKb’’'b’"ab’'b’’Tb’'b’"ab’’'b’'nb’ b’ ’ob’'b"'rb’'b’ +
’ebll

o/ /. /T3 b 'ub"" b''Tb"".b""pb" .



https://help.ubuntu.com/community/FixVideoResolutionHowto

LinuxCNC V2.10.0-pre0-4703-gc2eea07766 26 /1343

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 LinuxCNC User Introduction

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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Power supply

Linux PC

Stepper Stepper
drives motors

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



https://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 Graphical User Interfaces

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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[ Hint jog the Z axis down a bit then touch off )
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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

Spindle [rpm]
Tool no. Diameter offset z

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: QtPlasmacC, a touch screen plasma cutting GUI based on QtVCP

2.2.4 WNHTepdencol nonb3oBartens

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 BwupTyasnbHble NaHeNnu ynpasJyieHUsA

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:

PyvVCP
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 Important User Concepts

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

2.3.1 Trajectory Control

2.3.1.1 Trajectory Planning

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.
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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 Programming the Planner

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 Planning Moves

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.
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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 Starting 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 Configuration Selector

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.
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gscreen LinuxCNC supports multiple guis and there
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gttouchy with no special hardware requirements

tklinuxcnc
touchy
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— apps
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[ 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 Axesaxesprimary linear primary linear The X, Y, and Z axes produce linear motion
in three mutually orthogonal directions.

Secondary Linear Axesaxessecondary linear secondary linear 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 Axesaxesrotational rotational 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 Feed and Speed Override

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 Controlled Point

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 Cooling

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 Feed and Speed Override Switches

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 Lathe User Information

This chapter will provide information specific to lathes.

2.6.1 Lathe Mode

If your CNC machine is a lathe, there are some specific changes you will probably want to make to
your INI file in order to get the best results from LinuxCNC.

If you are using the AXIS display, have AXIS display your lathe tools properly. See the INI Configuration
section for more details.

To set up AXIS for Lathe Mode.
[DISPLAY]

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

Lathe Mode in AXIS does not set your default plane to G18 (XZ). You must program that in the preamble
of each G-code file or (better) add it to your INI file, like this:

[RS274NGC]

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

If your using GMOCCAPY then see the the GMOCCAPY Lathe section.

2.6.2 Lathe Tool Table

The "Tool Table” is a text file that contains information about each tool. The file is located in the
same directory as your configuration and is called “tool.tbl” by default. The tools might be in a tool
changer or just changed manually. The file can be edited with a text editor or be updated using G10
L1,L10,L11. There is also a built-in tool table editor in the AXIS display. The maximum number of
entries in the tool table is 56. The maximum tool and pocket number is 99999.

Earlier versions of LinuxCNC had two different tool table formats for mills and lathes, but since the
2.4.x release, one tool table format is used for all machines. Just ignore the parts of the tool table that
don’t pertain to your machine, or which you don’t need to use. For more information on the specifics
of the tool table format, see the Tool Table Section.

2.6.3 Lathe Tool Orientation

The following figure shows the lathe tool orientations with the center line angle of each orientation
and info on FRONTANGLE and BACKANGLE.

The FRONTANGLE and BACKANGLE are clockwise starting at a line parallel to Z+.
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Figure 2.16: Lathe Tool Orientations

In AXIS the following figures show what the Tool Positions look like, as entered in the tool table.
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2.6.4 WMuctpymeHT Touch Off

When running in lathe mode in AXIS you can set the X and Z in the tool table using the Touch Off
window. If you have a tool turret you normally have Touch off to fixture selected when setting up your
turret. When setting the material Z zero you have Touch off to material selected. For more information
on the G-codes used for tools see M6, Tn, and G43. For more information on tool touch off options in
AXIS see Tool Touch Off.

2.6.4.1 X Touch Off

The X axis offset for each tool is normally an offset from the center line of the spindle.

One method is to take your normal turning tool and turn down some stock to a known diameter. Using
the Tool Touch Off window enter the measured diameter (or radius if in radius mode) for that tool.
Then using some layout fluid or a marker to coat the part bring each tool up till it just touches the dye
and set its X offset to the diameter of the part used using the tool touch off. Make sure any tools in
the corner quadrants have the nose radius set properly in the tool table so the control point is correct.
Tool touch off automatically adds a G43 so the current tool is the current offset.

A typical session might be:

Home each axis if not homed.

Set the current tool with Tn M6 G43 where n is the tool number.

Select the X axis in the Manual Control window.

Move the X to a known position or take a test cut and measure the diameter.

Select Touch Off and pick Tool Table then enter the position or the diameter.

ok Wb oe

Follow the same sequence to correct the Z axis.

Note: if you are in Radius Mode you must enter the radius, not the diameter.

2.6.4.2 Z Touch Off

The Z axis offsets can be a bit confusing at first because there are two elements to the Z offset. There
is the tool table offset, and the machine coordinate offset. First we will look at the tool table offsets.
One method is to use a fixed point on your lathe and set the Z offset for all tools from this point. Some
use the spindle nose or chuck face. This gives you the ability to change to a new tool and set its Z
offset without having to reset all the tools.

A typical session might be:

Home each axis if not homed.

Make sure no offsets are in effect for the current coordinate system.
Set the current tool with Tn M6 G43 where n is the tool number.
Select the Z axis in the Manual Control window.

Bring the tool close to the control surface.

o 9k W e

Using a cylinder move the Z away from the control surface until the cylinder just passes between
the tool and the control surface.

7. Select Touch Off and pick Tool Table and set the position to 0.0.
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8. Repeat for each tool using the same cylinder.

Now all the tools are offset the same distance from a standard position. If you change a tool like a
drill bit you repeat the above and it is now in sync with the rest of the tools for Z offset. Some tools
might require a bit of cyphering to determine the control point from the touch off point. For example,
if you have a 0.125” wide parting tool and you touch the left side off but want the right to be Z0, then
enter 0.125” in the touch off window.

2.6.4.3 The Z Machine Offset

Once all the tools have the Z offset entered into the tool table, you can use any tool to set the machine
offset using the machine coordinate system.

A typical session might be:

1. Home each axis if not homed.
2. Set the current tool with Tn M6 where n is the tool number.
3. Issue a G43 so the current tool offset is in effect.

4. Bring the tool to the work piece and set the machine Z offset.

If you forget to set the G43 for the current tool when you set the machine coordinate system offset,
you will not get what you expect, as the tool offset will be added to the current offset when the tool is
used in your program.

2.6.5 Spindle Synchronized Motion

Spindle synchronized motion requires a quadrature encoder connected to the spindle with one index
pulse per revolution. See the motion man page and the Spindle Control Example for more information.

Threading The G76 threading cycle is used for both internal and external threads. For more infor-
mation see the G76 Section.

Constant Surface Speed CSS or Constant Surface Speed uses the machine X origin modified by
the tool X offset to compute the spindle speed in RPM. CSS will track changes in tool offsets. The X
machine origin should be when the reference tool (the one with zero offset) is at the center of rotation.
For more information see the G96 Section.

Feed per Revolution Feed per revolution will move the Z axis by the F amount per revolution. This
is not for threading, use G76 for threading. For more information see the G95 Section.

2.6.6 Arcs

Calculating arcs can be mind challenging enough without considering radius and diameter mode on
lathes as well as machine coordinate system orientation. The following applies to center format arcs.
On a lathe you should include G18 in your preamble as the default is G17 even if you're in lathe mode,
in the user interface AXIS. Arcs in G18 XZ plane use I (X axis) and K (Z axis) offsets.
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2.6.6.1 Arcs and Lathe Design

The typical lathe has the spindle on the left of the operator and the tools on the operator side of the
spindle center line. This is typically set up with the imaginary Y axis (+) pointing at the floor.

The following will be true on this type of setup:

* The Z axis (+) points to the right, away from the spindle.

* The X axis (+) points toward the operator, and when on the operator side of the spindle the X values
are positive.

Some lathes with tools on the back side have the imaginary Y axis (+) pointing up.

G2/G3 Arc directions are based on the axis they rotate around. In the case of lathes, it is the imaginary
Y axis. If the Y axis (+) points toward the floor, you have to look up for the arc to appear to go in the
correct direction. So looking from above you reverse the G2/G3 for the arc to appear to go in the
correct direction.

2.6.6.2 Radius & Diameter Mode

When calculating arcs in radius mode you only have to remember the direction of rotation as it applies
to your lathe.

When calculating arcs in diameter mode X is diameter and the X offset (I) is radius even if you're in
G7 diameter mode.

2.6.7 Tool Path

2.6.7.1 Control point

The control point for the tool follows the programmed path. The control point is the intersection of a
line parallel to the X and Z axis and tangent to the tool tip diameter, as defined when you touch off the
X and Z axes for that tool. When turning or facing straight sided parts the cutting path and the tool
edge follow the same path. When turning radius and angles the edge of the tool tip will not follow the
programmed path unless cutter comp is in effect. In the following figures you can see how the control
point does not follow the tool edge as you might assume.
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Control Point

Tool Tip Radius

Figure 2.17: Control point

2.6.7.2 Cutting Angles without Cutter Comp

Now imagine we program a ramp without cutter comp. The programmed path is shown in the following
figure. As you can see in the figure the programmed path and the desired cut path are one and the
same as long as we are moving in an X or Z direction only.

Control Point

Programmed Path \

Tool Tip Radius

Figure 2.18: Ramp Entry

Now as the control point progresses along the programmed path the actual cutter edge does not follow
the programmed path as shown in the following figure. There are two ways to solve this, cutter comp
and adjusting your programmed path to compensate for tip radius.
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Control Point

Programmed Path \

Actual Cut

Figure 2.19: Ramp Path

In the above example it is a simple exercise to adjust the programmed path to give the desired actual
path by moving the programmed path for the ramp to the left the radius of the tool tip.

2.6.7.3 Cutting a Radius

In this example we will examine what happens during a radius cut without cutter comp. In the next
figure you see the tool turning the OD of the part. The control point of the tool is following the
programmed path and the tool is touching the OD of the part.

Control Point

I

Programmed Path

Figure 2.20: Turning Cut
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In this next figure you can see as the tool approaches the end of the part the control point still follows
the path but the tool tip has left the part and is cutting air. You can also see that even though a radius
has been programmed the part will actually end up with a square corner.

Control Point {}‘}

Programmed Path

Figure 2.21: Radius Cut

Now you can see as the control point follows the radius programmed the tool tip has left the part and
is now cutting air.

Control Point

Programmed Path

Figure 2.22: Radius Cut

In the final figure we can see the tool tip will finish cutting the face but leave a square corner instead
of a nice radius. Notice also that if you program the cut to end at the center of the part a small amount
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of material will be left from the radius of the tool. To finish a face cut to the center of a part you have
to program the tool to go past center at least the nose radius of the tool.

Programmed Path

.

Control Point

Figure 2.23: Face Cut

2.6.7.4 Using Cutter Comp

L]

When using cutter comp on a lathe think of the tool tip radius as the radius of a round cutter.

L]

When using cutter comp the path must be large enough for a round tool that will not gouge into the
next line.

When cutting straight lines on the lathe you might not want to use cutter comp. For example boring
a hole with a tight fitting boring bar you may not have enough room to do the exit move.

The entry move into a cutter comp arc is important to get the correct results.

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.
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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
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.

OWE
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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.




LinuxCNC V2.10.0-pre0-4703-gc2eea07766 66 /1343

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




LinuxCNC V2.10.0-pre0-4703-gc2eea07766 67 /1343

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.
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Chapter 3

MacTepa HaCTPOUKM

3.1 Stepper Configuration Wizard

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.




LinuxCNC V2.10.0-pre0-4703-gc2eea07766 84 /1343

* 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. * Max Step Rate
-StepConf automatically calculates the Max Step Rate based on the driver characteristics entered
and the latency test result. * Min Base Period - StepConf automatically determines the Min Base
Period based on the driver characteristics entered and latency test result.

3.1.4 Latency Test

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. Run the test at least a few minutes. The longer you run the test the better it
will be at catching events that might occur at less frequent intervals. This is a test for your computer
only, so no hardware needs to be connected to run the test.

Warning
Do not attempt run LinuxCNC while the latency test is running.
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| 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 (25us): 31605 6693 25001

Reset Statistics

Figure 3.3: Latency Test

Latency is how long it takes the PC to stop what it is doing and respond to an external request. In our
case, the request is the periodic heartbeat that serves as a timing reference for the step pulses. The
lower the latency, the faster you can run the heartbeat, and the faster and smoother the step pulses
will be.

Latency is far more important than CPU speed. The CPU isn’t the only factor in determining latency.
Motherboards, video cards, USB ports, SMI issues, and a number of other things can hurt the latency.

Troubleshooting SMI Issues (LinuxCNC.org Wiki)
Fixing Realtime problems caused by SMI on Ubuntu

https://wiki.linuxcnc.org/cgi-bin/wiki.pl?FixingSMIIssues

The important numbers are the max jitter. In the example above 9075 nanoseconds (ns), or 9.075
microseconds (us), is the highest jitter. Record this number, and enter it in the Base Period Maximum
Jitter box.

If your Max Jitter number is less than about 15-20 us (15000-20000 ns), the computer should give very
nice results with software stepping. If the max latency is more like 30-50 ps, 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 ns), then the PC is not
a good candidate for software stepping. Numbers over 1 millisecond (1,000,000 ns) mean the PC is
not a good candidate for LinuxCNC, regardless of whether you use software stepping or not.
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3.1.5 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.

3.1.6 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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3.1.7 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 Maximum Velocity - Enter the maximum velocity for the axis in units per second.
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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.

3.1.7.1 Finding Maximum Velocity

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.

3.1.7.2 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.

3.1.8 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.

3.1.8.1 Spindle Speed Control

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.

3.1.8.2 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.

3.1.8.3 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%).

3.1.9 BapwuaHThl

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.

3.1.10 Complete Machine Configuration

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

3.1.11 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.

3.1.11.1 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.

3.1.11.2 Operating without Home Switches

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.

3.1.11.3 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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| INPUT .
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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.




LinuxCNC V2.10.0-pre0-4703-gc2eea07766 99 /1343

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 underscore (as a loose rule
Linux doesn’t like spaces in names) Pick an axis configuration - this 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 the following pages.

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 refers to the amount of time the
computer can be longer then that period. Just like a railroad, LinuxCNC requires everything
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on a very tight and consistent time line 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 its calculations and when doing LinuxCNCs calculations it cannot be
interrupted by lower priority requests (such as user input to screen buttons or drawing etc).

Testing the latency is very important and a key thing to check early. Luckily by using the Mesa card
to do the work that requires the fastest response time (encoder counting and PWM generation) we
can endure a lot more latency then if we used the parallel port for these things. The standard test
in LinuxCNC is checking the BASE period latency (even though we are not using a base period). If
you press the test base period jitter button, this launches the latency test window ( you can also load
this directly from the applications/cnc panel ). The test mentions to run it for a few minutes but the
longer the better. Consider 15 minutes a bare minimum and overnight even better. At this time use
the computer to load things, use the net, use USB etc we want to know the worst case latency and
to find out if any particular activity hurts our latency. We need to look at base period jitter. Anything
under 20000 is excellent - you could even do fast software stepping with the machine 20000 - 50000 is
still good for software stepping and fine for us. 50000 - 100000 is really not that great but could still
be used with hardware cards doing the fast response stuff. So anything under 100000 is usable to us.
If the latency is disappointing or you get a bad hiccup periodically you may still be able to improve it.

Tip

There is a user compiled list of equipment and the latency obtained on the LinuxCNC wiki:
https://wiki.linuxcnc.org/cgi-bin/wiki.pl?Latency-Test Please consider adding your info to the list. Also
on that page are links to info about fixing some latency problems.

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 then 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 kadecTBe MIPOCTOr0 BBOAA-BEIBOJA MOXKHO UCIIOIb30BaTh 0O TPEX ITapaljIe/IbHEIX IOPTOB (Ha3bIBaeMEbIX
parports). HeobGxoguMo ykKa3aTh agpec parport. Brl MmoxkeTe b0 BBECTU CUCTEMY HyMepalluu
napannenbHbx mopToB Linux (0,1 unu 2), mn6o BBeCTH GhaKTHUECKUI agpec. ATpec BCTPOEHHOT0O
IopTa Ha IaTe 4acTo paBeH 0x0278 unu 0x0378 (3anucaH B iecTHaAIlaTepUuYHOM dopmMmare), HO

ero MOxKHO HaMTu Ha cTpanuilie BIOS. Ctpauuiia BIOS HaxoauTCs ITpu ITIePBOM 3allyCKe KOMITbIOTePa.
s BXOma Ha Hee HeOOXOOUMO HaxKaTh Kyasuilty (Hanpumep, F2). Ha ctpanuiie BIOS B MoxkeTe
HaAWTH ampec IapajjiebHOro MOpTa W YyCTaHOBUTH pexkuM, HanpuMmep SPP, EPP u 1. . Ha
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HEKOTOPBIX KOMITbIOTEPAX 3Ta MH@opMalus oToOpaxKaeTcs B TeUeHHEe HECKONIbKUX CEKYH[ BO
BpeMs 3ammycka. [ KkapT napannenbHoro nopra PCI agpec MO2KHO HaliTH, HaXkKaB KHOIIKY «IIOMUCK
agpeca moprta». OTKpPOeTCs CTpaHWIla BHIBOMA CIPABKU CO CIMCKOM Bcex obHapyxkeHHBIX PCI-
ycTpo¥cTB. TaM momKHa ObITh CCHIJIKA Ha YCTPOMCTRBO ITapasljieIbHOI'0 ITOPTa CO CITMCKOM afpeCcoB.
OpnuH U3 3TUX aapecoB AojiKeH paboraTh. He Bce napasienbHble TOpTH PCI paboTaoT JOJIKHEIM
obpaszoM. JI1060M THI MOXKHO BEIOPATh KaK «BX0OO» (MaKCHMalIbHOE KOJIMYECTBO BXOJHEIX KOHTAKTOB)
UJIN «BBIXOM» (MaKCHMaJlbHOE KOJIMYEeCTBO BHIXOIHBIX 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

* 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.

e 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
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3.2.4 External Configuration

This page allows you to select external controls such as for jogging or overrides.

[] 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 i ) i Mux options
a) 0.0001 i ) i
b) |0.0005 i 1 i use debounce 0.20 ||sec
ab) |0.0010 i . i use gray code
c) |0.0050 i . in [ ignore all inputs false
ac) 0.0100 i i
bc) 0.0500
abc) |0.1000

[ External Feed Override

[> Details

[ Max Velocity Override

[> Details

[ External Spindle Override
> Details

| Help | Cancel || Back || Forward |

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.

* 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.
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e Add a device rule will allow you to configure a new device by following the prompts. You will
need your device available.

* 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

LinuxCNC V2.10.0-pre0-4703-gc2eea07766 106 /1343

* 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 [ Pulse Width Gen-P 2 ] o | 3 [Unused PWM Gen [ Pulse Width Gen-P | 2 ] O
[Spindle PWM [ Pulse Width Gen-P | & ] o | 2 [Unused PWM Gen [ Pulse Width Gen-P | & ] O
[x Axis PWM [ pulse Width Gen-D | & ] O [Unused PWM Gen [ pulse Width Gen-D | & ] O
[Spindle PWM l Pulse Width Gen-D | & l O [Unused PWM Gen [ Pulse Width Gen-D. | ] O
[x Axis PWM [ Pulse Width Gen-E | & l O [Unused PWM Gen [ Pulse Width Gen-E | & ] O
[Spindle PWM [ Pulse Width Gen-E | 2 ] O [Unused PWM Gen [ Pulse Width Gen-E | 2 ] O

[ Launch test panel l

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.




LinuxCNC V2.10.0-pre0-4703-gc2eea07766

112 /1343

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

This allows setting of HALUI commands and loading of ClassicLadder and sample ladder programs.
If you selected GladeVCP options such as for zeroing axis, there will be commands showing. See the
HALUI Chapter for more info on using custom halcmds. There are several ladder program options.
The Estop program allows an external ESTOP switch or the GUI frontend to throw an Estop. It also
has a timed lube pump signal. The Z auto touch-off is with a touch-off plate, the GladeVCP touch-off
button and special HALUI commands to set the current user origin to zero and rapid clear. The serial
modbus program is basically a blank template program that sets up ClassicLadder for serial modbus.
See the ClassicLadder Chapter in the manual.
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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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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

ITpocToit MeTOonm HACTPOMKM 3aK/II0YaeTCss B TOM, 4YTOOBI CHayajla YCTAaHOBUTH 3HadeHus 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 MEHBIIAsA, YeM MOJIOBUHA HAaCTPOUKY P, BEI3LIBAIOIEH KoneOaHUs.

4.1.5 RTAI

HNutepderic npunoxenui peansHoro BpeMenu (RTAI) ucnosnb3yercss ajisi o0ecriedyeHUs HauaydInen
IPOU3BOOUTENILHOCTH B peanbHOM BpeMeHU (RT). Mcnipasnernoe ssagpo RTAI mo3BonsgeT nucaTh IPUIOKEHU
CO CTPOTUMMU OrpaHUuYeHUsMU 110 BpeMeHU. RTAI maeT BaM BO3MOXKHOCTD UCIIOJIE30BaTh TaKUe BeIllH,

KaK reHeparnus IaroBbIX UMIYJIbCOB, KOTOPHIE TPEOYIOT TOYHBIX BDEMEHHEIX IIapaMeTPOB.

4.1.5.1 ACPI

Pacmupennbit uHTEpdetic KoHpurypanuu u nutauusa (ACPI) uMeeT MHOXKeCTBO pa3TUYHEIX (GYHKITHAH,
OOJIBPITMHCTBO U3 KOTOPBIX BIUSIOT HAa NPOU3BOOUTENILHOCTL RT (HampuMep: yIpaBjieHHE MUTAHUEM,
otkmouyeHue nutanus L1, macmrabupoBanue yacTtoTel LIIT u T. .). B ssgpe LinuxCNC (1, BO3MOXKHO,
BO Bcex simpax ¢ ucnpaBnenusiMu RTAI) ACPI otkmioueH. ACPI Takxke 3a60TUTCS 00 OTKIIIOYEHUU
CHCTEMEHI ITOCJIe Havyasia BEIK/IIOUEeHH S, II03TOMY BaM MOXKET ITOTPeO0oBaThCS HaxKaTh KHOIIKY ITHUTAHUSI,
4TOOHBI IMOTHOCTBHIO BBHIKIIOYUUTH KOMIbIOTEP. [pymma RTAI ynydmmiaa 3TO B IIOCIEOHHX BHIITYCKAaX,
rnoasToMy Barra cucreMa LinuxCNC B KOHIle KOHIIOB MOXKeT OTKJIIOYUTLCS caMa IIo cebe.
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4.1.6 BapwuaHTbl 060opynoBaHusa nHTepcgenca KoMmnbloTepa/cCTaHka
4.1.6.1 litehm2/rv901t

Litehm2 — 3To He3aBUCUMEBIM OT IIATH MOPT IpoiuBKY HostMot2 FPGA. IlepBoii nmoagepkuBaeMoi
IIaToM siBiIsieTcs linsn rv901t, KkoTopas n3HavaabHO OLIJIAa ITIOCTPOEHA KakK IIjIaTa KOHTPOJIIepa CBETOOUOIOB,
HO Garomaps HaJIMYWIO BBOJA-BHIBOMA OHA XOPOIIIO IMOAXOOUT AJIsl paboTH B KayeCTBe KOHTPOJLIEpa
MmamuHbl. OHa IpefiaraeT 0kojio 80 mOpTOB BBOAa-BEIBoma ¢ Oydepusanueii 5 B 1 MoXKeT mepeKodaThbCs
MeKOy BCeMHU BXOOaMH{ M BCEMH BBIXOJAMM. €ro TaKzxKe JIeTKO MOOu(UIIMPOBATh, YTOOBl pPa3menuThb
IIOPTHI II0II0JIaM MeXAy BXomoM U BeixomoM. Rv901t mogkniodaeTcs K KOMIIbIOTepy depe3 Gigabit unu
100Mbit Ethernet.

Litehm?2 ocuHoBan Ha nnatdopMme LiteX, koTopas nogmepxkuBaet mupokuii ciekTp miat FPGA. B HacTosIiee
BpeMs nopaepKuBaeTcs TonbKo rv901t, Ho mogmepxkKa 60/IbIIero KOJIMYeCcTBa IIJIaT HAXOOUTCS B CTafuU
pa3paboTKH.

[ononmHuTeNbHYIO0 NH(GOPMAaIMIO MOXKHO HalTU 10 agpecy https://github.com/sensille/litehm?2.

4.2 Latency Testing

4.2.1 What is latency?

Latency is how long it takes the PC to stop what it is doing and respond to an external request, such
as running one of LinuxCNC'’s periodic realtime threads. The lower the latency, the faster you can run
the realtime threads, and the smoother motion will be (and potentially faster, in the case of software
stepping).

Latency is far more important than CPU speed. A lowly Pentium II that responds to interrupts within
10 microseconds each and every time can give better results than the latest and fastest P4 Hyper-
threading beast.

The CPU isn’t the only factor in determining latency. Motherboards, video cards, USB ports, and a
number of other things can hurt the latency. The best way to find out what you are dealing with is to
run the latency test.

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:

¢ limited maximum step rate
e jitter in the generated pulses

¢ loads the CPU

4.2.2 Latency Tests

LinuxCNC includes several latency tests. They all produce equivalent information. Running these
tests will help determine if a computers is suitable for driving a CNC machine.

Note
Do not run LinuxCNC or StepConf while the latency test is running.



https://github.com/sensille/litehm2
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4.2.2.1 Latency Test
To run the test, open a terminal window (in Ubuntu, from Applications — Accessories — Terminal) and
run the following command:

latency-test

This will start the latency test with a base-thread period of 25 ps and a servo-thread period of 1 ms.
The period times may be specified on the command line:

latency-test 50000 1000000

This will start the latency test with a base-thread period of 50 us and a servo-thread period of 1 ms.
For available options, on the command line enter:

latency-test -h

After starting a latency test you should see something like this:

- LinuxCNC / HAL Latency Test 4 0O 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 4.3: HAL Latency Test

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 important number for software stepping is the max jitter of the base thread. In the example
above, that is 6693 nanoseconds (ns), or 6.693 microseconds (11s). Record this number, and enter it
in StepConf when it is requested.

In the example above, latency-test only ran for a few seconds. You should run the test for at least sev-
eral 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
https://wiki.linuxcnc.org/cgi-bin/wiki.pl?FixingSMIIssues .



https://wiki.linuxcnc.org/cgi-bin/wiki.pl?FixingSMIIssues
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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 us or more, i.e. >= 100,000 nanoseconds (ns), then the PC is not
a good candidate for software stepping. Numbers over 1 millisecond (1,000,000 ns) mean the PC is
not a good candidate for LinuxCNC, regardless of whether you use software stepping or not.

Note

If you get high numbers, there may be ways to improve them. Another 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.

For more information on stepper tuning see the Stepper Tuning Chapter.

Tip
Additional command line tools are available for examining latency when LinuxCNC is not running.

4.2.2.2 Latency Plot

latency-plot makes a strip chart recording for a base and a servo thread. It may be useful to see spikes
in latency when other applications are started or used. Usage:

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)
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R|Pts:| 240 -|+ Latency (uSeconds) vs Time (seconds) Wall:

Figure 4.4: latency-plot Window

4.2.2.3 Latency Histogram

T'ucTorpaMma 3afiepKKH IIPUI0XKEeHHUST oToOpaxKaeT THCTOrpaMMy 3amepkku (jitter) mms 6a3oBoro u
CEepBOIOTOKA.

Usage:
latency-histogram --help | -7
latency-histogram [Options]

Options:
--base ns
--servo ns
--bbinsize ns
--sbinsize ns

base thread interval in nanoseconds, default: 25000, min: 5000)
servo thread interval in nanoseconds, default: 1000000, min: 25000)
base bin size in nanoseconds, default: 100
servo bin size in nanoseconds, default: 100

--bbins n base bins, default: 200
--sbins n servo bins, default: 200

--text note (additional note, default: "” )
--show show count of undisplayed bins)
--nobase servo thread only)

--verbose progress and debug)

(
(
(
(
(
(
--logscale 0|1 (y axis log scale, default: 1)
(
(
(
(
(

--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 of the +/- bin range are reported with special
end bars. Use --show to show count for the off-chart [pos|neg] bin.
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i Tusr/binflatency-histogram =
Date Hostname User CommandiineNote
Machine OSversion LinuxCNCversion Xdisplay
Ncores Isclcpus 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
1E5
1E6
1E5 1E4
1E4 1E3
1E3
1E2
1E2
1E1
1E1
1ED 1E0
T T T T T 1 T ] T T T T T T 1 T 1
20 -10 4 20 2 4 10 20 20 -10 4 20 2 4 10 20
min (us) 4.3 sdev (us): 0.3 max{us) 14.3 || min {us) | 141 sdev (us):| 0.3 max{us) | 14.8
0 =—off-chart neg bin ct offchart pos bin ct—> 0 0 =-off-chart neg bin ct off-chart pos bin ct—= 1]
Display +/-bins: — 2 — 4 10 7 20 40 © 100 ~ 200 _Display-t-f—hins: 2 4 10 20 40 100 = 200 |
Reset| ¥ ylogscale Screenshot| Glegears| 0 Elapsed Time:| 764 Exit]

Figure 4.5: latency-histogram Window

4.2.3 Latency tuning

LinuxCNC can run on many different hardware platforms and with many different realtime kernels,
and they all may benefit from tuning for optimal latency.

A primary goal in tuning the system for LinuxCNC is to reserve a CPU for the exclusive use of Lin-
uxCNC'’s realtime tasks, so that other tasks (both user programs and kernel threads) do not interfere
with LinuxCNC'’s access to that CPU.

When specific tuning options are believed to be universally helpful LinuxCNC does this tuning auto-
matically at startup, but many tuning options are machine-specific and cannot be done automatically.
The person installing LinuxCNC will need to experimentally determine the optimal tuning for their
system.

4.2.3.1 Tuning the BIOS for latency

PC BIOSes vary wildly in their latency behavior.

Tuning the BIOS is tedious because you have to reboot the computer, make one small tweak in the
BIOS, boot Linux, and run the latency test (potentially for a long time) to see what effects your BIOS
change had. Then repeat for all the other BIOS settings you want to try.

Because BIOSes are all different and non-standard, providing a detailed BIOS tuning guide is not
practical. In general, some things to try tuning in the BIOS are:

e Disable ACPI, APM, and any other power-saving features. This includes anything related to power
saving, suspending, CPU sleep states, CPU frequency scaling, etc.
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Disable CPU “turbo” mode.
Disable CPU hyperthreading.

Disable (or otherwise control) System Management Interrupt (SMI).

Disable any hardware you do not intend to use.

4.2.3.2 Tuning Preempt-RT for latency

The Preempt-RT kernel may benefit from tuning in order to provide the best latency for LinuxCNC.
Tuning may be done via the kernel command line, sysctl, and via files in /proc and /sys.

Some tuning parameters to look into:

Kernel command line
Details here: https://www.kernel.org/doc/Documentation/admin-guide/kernel-parameters.txt

e isolcpus: Prevent most non-LinuxCNC processes from using these CPUs, leaving more CPU
time available for LinuxCNC.

e irgaffinity: Select which CPUs service interrupts, so that the CPUs reserved for LinuxCNC
realtime don’t have to perform this task.

* rcu_nochs: Prevent RCU callbacks from running on these CPUs.
* rcu_nocb poll: Poll for RCU callbacks instead of using sleep/wake.
* nohz_full: Disable clock tick on these CPUs.

Sysctl
Details here: https://www.kernel.org/doc/html/latest/scheduler/sched-rt-group.html

» sysctl.kernel.sched rt runtime us: Set to -1 to remove the limit on how much time real-
time tasks may use.

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:

e limited maximum step rate
e jitter in the generated pulses

¢ loads the CPU

This chapter has some steps that can help you get the best results from software generated steps.



https://www.kernel.org/doc/Documentation/admin-guide/kernel-parameters.txt
https://www.kernel.org/doc/html/latest/scheduler/sched-rt-group.html
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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.

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 us min (Step on falling edge)

Step Pulse "1” Time: 4.5 us 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 us 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:
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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 us 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 ps 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.

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 us is a very short period. If you try to run the step
generator every 13 ps, 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
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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 ps. 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.

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 The INI File Components

Tunwmunsiii INI-daiin uMeeT TOBOIBHO IIPOCTYIO CTPYKTYPY, KOTOpPasi BKIOUaeT B cebs:
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* KOMMEHTapUH
* pasme’bl

* IIepeMeHHEIe

Kaxkapiii 13 9TUX 9JI€eMEHTOB pa3fesieH Ha OTHeJIbHbIe CTPOKM. KaXOblii KOHEI CTPOKU MU CUMBOJI
HOBOHM CTPOKHU CO3aeT HOBHIM 3JIEMEHT.

4.4.1.1 Comments

CTpoka KOMMEHTapus HauyuHaeTCs C ; UIu cuMBona #. Korga nporpamma utenus INI BuguT nrob6yro u3
9THUX METOK B Hauaje CTPOKH, OCTaJIbHAs YaCThb CTPOKK UTHOPUPYETCS IPOrPaMMHBLIM O00ecIiedeHueM.
KoMMeHTapuu MOKHO HCIIOIb30BaTh [JII ONHUCAHUS TOTO, YTO OymeT menaTh aneMeHT INI.

; This is my mill configuration file.
# I set it up on January 12, 2012

KoMMeHTapuu Tak»Xe MOXKHO MCIOIb30BaTh [T OMK/AIOYEHUs TIEpeEMeHHON. IDTo oberdaeT BHIGOD
MeXOy Pa3IUuYHLEIMU [IePEeMeHHBEIMH.

DISPLAY = axis
# DISPLAY = touchy

B aTtom criucke nepemenHoi DISPLAY 6ymeT IprCBOEHO 3HaUEHUE axis, MOCKOIbKY Apyrasi 3aKOMMEHTHPOBA!
Ecnmu KTO-TO HEOCTOPOXKHO OTPEHAaKTHUPYET TAaKOW CIIMCOK M OCTAaBUT ABE CTPOKU 0e3 KOMMEHTapHEB,
OymeT MCIoIb30BaHa IepBasi BCTPeYeHHas.

OOpaTuTe BHUMaHUE, YTO BHYTPH II€PEMEHHON CUMBOJIEL «#» U «;» CUMBOJIBI HE 0003HAYal0T KOMMEHTAPUH:
INCORRECT = value # and a comment

# Correct Comment
CORRECT = value

4.4.1.2 Sections

Cssi3aHHEIe YyacTu ¢aiina INI pa3geneHns Ha pa3gesnsl. UMs pa3gerna 3aK/II0YeHO B CKOOKM, HallPpUMeD:
[THIS SECTION].ITopsimok pa3mesioB HeBaXKeH. Pa3fmentl HAUMHAIOTCS C UMEHU pa3feria U 3aKaHUYHUBaIOTCS
UMeHeM CJIeQyIoIIero pa3gena.

Cnenyromue pa3gesibl Ucnoib3yioTcsa LinuxCNC:

* [EMC] ob1ve cBemeHus

» [DISPLAY] HacTpoiiku, CBSI3aHHHIE C IpadudecKuM UHTepdeCcoM II0JIb30BaTeA

* [FILTER] HacTpoliku nporpaMm BXOOQHOTO QUIbTpa

¢ [RS274NGC] HacTpOMKHU, UCIIONb3yEMEIE UHTEpIIpeTaTopoM G-Koma

e [EMCMOT] HacTpoOuKH, UCIOJIb3yeMble KOHTPOJIJIEPOM OBUIKEHUS B pealbHOM BPEMEHU
* [TASK] HacTpoO#KH, UCIIOIb3yeMble KOHTPOJLIIEPOM 3afiayd

e [HAL] yka3riBaeT ¢aiisnk .hal

* [HALUI] Komaugst MDI, ucnonssyemeie HALUI

e [APPLICATIONS] Opyrue npunoxeHus, 3anyckaeMmble LinuxCNC
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[TRAJ] mommonHuTENbHLIE HACTPOMKY, UCIIOIb3yeMble KOHTPOJIJIEPOM OBUXKEHUS B peajlbHOM BpeMeHH

[JOINT n] nepeMeHHEIE OTOEIBHOTO COUJIEHEHUS

[AXIS 1] mepeMeHHEIE OTOENIBHON OCHU

[KINS] kuHeMaTHYeCcKue nepeMeHHbIe

[EMCIO] HacTpOWKY, UCHOIb3yEMbIE KOHTPOJIJIEPOM BBOZa-BHIBOAA

4.4.1.3 TllepeMeHHble

CTpoKa mepeMeHHOM COCTOUT U3 UMEHHU IIepeMEeHHOM, 3HaKa paBeHCTBRa (=) U 3HaueHusA. Bce, HaunHas
C IIEPBOT0 CUMBOJIa, OTIIMYHOTO OT ITpofeJia, IIoCjie = U [0 KOHIIa CTPOKHU, IepeqaeTcs KaK 3HaYeHue,
IIO3TOMY BEI MO2KET€E€ BCTABJIATH HpOGGJ’[bI B CTPOKOBEIE€ CUMBOJIBI, €CJIM XOTUTE UJIU Hy2KOaeTeChb B 3TOM.
HMs mepeMeHHOM 9acTO Hal3bkIBalOT KITI0YEBLIM CJIOBOM.

IIpuMep mepeMeHHOH

MACHINE = My Machine

CTpoka mepeMeHHOH MOXKeT OBITh pacIlIipeHa OO0 HeCKOJILKUX CTPOK C IOMOIILI0 KOHEYHOTO0 CHMBOJIA
ob6patHo# Kocou 4uepTHl (\). Paspemaercs makcumym MAX EXTEND LINES (==20). Ilocne cumBoia
00paTHOM KOCO¥ YEePTHI He OOJI?KHO OBITH ITPOOEIIOB.

UpeHTHOUKATOPH Pa3mesioB HE MOTYT OBITh PACIIMPEHE! HA HECKOIBKO CTPOK.

IIpuMep nepeMeHHOH C PAaCIIHPEHHOM 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

JIoruuyeckKkue mepeMeHHbIe Jlornyeckue 3HadyeHus MoryT OviThb ogHuM u3 TRUE, YES wumm 1 gns
true/enabled u omuum u3 FALSE, NO unu 0 gna false/disabled. Peructp ursopupyetrcs.

B crenyromux pasgenax mogpoOHO OMMCcaH KaXabli pa3mert daiina KOHQUrypaluy ¢ KCII0JIb30BaHUEM
IIPHMEPOB 3HAYEHUH OJIsI CTPOK KOHPUTYpaIIMH.

ITepemennrle, ucnonbs3lyeMmele LinuxCNC, Bcerga mOIKHBEI MCIIOJIB30BaTh UMEHA pa3fesioB M UMeEHa
IIepeMEeHHEIX, KaK IIOKa3aHO.

4.4.1.4 Custom Sections and Variables

B GoJBIIMHCTBE MPUMEPOB KOH(PUTYpALM MCIIOIb3YIOTCS HaCTpanuBaeMble pa3esibl U IIepeMeHHEIE,
II03BOJISIOIINE A1 yIoOCTBa pa3MeCTUTh BCe HACTPOMKY B OMHOM MeECTe.

YTo6s! m0OGABUTH ITOJIL30BATENLCKYIO IIEPEMEHHYIO B CyIIeCTBYIOIMY pa3nes LinuxCNC, mpocTo BKIIOYHUTE
IIepeMeHHYIO B 9TOT pa3fel.

IIpuMep MOIHL30BaTE/ILCKOM epeMeHHou: npucBoeHue 3HaueHusi LINEAR nepemennoi TYPE
H 3HaueHHusi 16000 nepemennou SCALE.

[JOINT 0]
TYPE = LINEAR

SCALE = 16000
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YToOBI BBECTH I0JIH30BATEILCKUH pa3mgesl C COOCTBEHHBIMHY IIEPEMEHHLIMH, T0OaBbhTe pa3ferl v epeMeHHbIe
B INI-daiin.

Hpnmep IIOJIB30BaATEJIBCKOIo pa3aeiia

[PROBE]

Z FEEDRATE = 50

Z OFFSET = 12

Z SAFE_DISTANCE = -10

Y1006k MCIIONIB30BATh IOJIL30BATEILCKHE IepeMeHHEIe B ¢daiine HAL, moMecTuTe pa3men 1 uMs IIepeMeHHOH
BMECTO 3HAYEHUAI.

HAL IIpumep

setp offset.1l.offset [PROBE]Z OFFSET
setp stepgen.0.position-scale [JOINT O]SCALE

Note
3Ha4vyeHmne, XpaHsaLlLeecs B NePEMEHHON, OO/KHO COOTBETCTBOBATb TUMY, YKa3aHHOMY KOHTaKTOM
KOMIOHEHTa.

YToOBI HCIIOIb30BATh ITOIL30BAaTENbCKHE TepeMeHHbIe B G-Kofe, UCIIOIb3yHTe CUHTAaKCHUC IT100aIbHBIX
ImepeMeHHBIX #< ini[section]variable>. B cnepgymolleM npuMepe IIOKa3aHa IIpocTas IIpolenypa
KacaHus ocu Z nmis ppe3epHOTro cCTaHKa C UCIIOJIb30BaHUEM 30HIOBOM MIIaCTHUHHI.

IIpumep G-code

G91

G38.2 Z#< ini[probe]z safe distance> F#< ini[probelz feedrate>
G90

Gl Z#5063

G1l0 L20 PO Z#< ini[probe]z offset>

4.4.1.5 Include Files

®aiin INI MoKeT BKJIIOYaTh COIepKMUMOe Apyroro daiina ¢ nmoMmolsio nupeKTuBsl #INCLUDE.
#INCLUDE ®opmMmar
#INCLUDE filename

HNms daiina MoxkeT OBITH YKa3aHO KakK:

e ¢aiinm B TOM ke KaTanore, uto u ¢aiin INI
* (aiis, pacrosIoKeHHBIN OTHOCUTEIBHO paboyero Karasaora
¢ (aii, pPacIoIoKEeHHBIN OTHOCUTEIBHO paboyero Karaaora

e uMs ¢aiiyia OTHOCUTEIbHO-TOMAIIIHeT 0-KaTajora -IojIb30BaTess (HaYMHaeTCs C ~)

ITogmepxkuBaeTcs HeCcKonbKO nupeKTuB #INCLUDE.
#INCLUDE IIpuMmepsI

#INCLUDE joint 0.inc

#INCLUDE ../parallel/joint 1.inc

#INCLUDE below/joint 2.inc

#INCLUDE /home/myusername/myincludes/display.inc
#INCLUDE ~/linuxcnc/myincludes/rs274ngc.inc
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HupekTtuel #INCLUDE nogmep>KuBalOTCS TOJIBKO AJIS OGHOTO YPOBHS paCIIMPEHUSA — BKITIIOYEHHBIN
(daiin He MOKeT BKJIIOYATh OOIOIHUTEJIbHEIE (patinbl. PekoMeHayeMoe paciuupenue ¢atina — .inc. He
HCIIONIb3yUTE pacIIupeHue .ini O BKIIOYEeHHEIX (aisioB.

4.4.2 INI File Sections
4.4.2.1 [EMC] Section

e VERSION = 1.1 - HoMmep Bepcuu KoHpurypaiuu. JIro60oe 3HaueHue, oTauydHoe oT 1,1, mpuBeneT
K 3aIlyCKy CpPeACTBa IIPOBEPKU KOHGUTYpaIlUU U MOMBITKE O0OHOBJIEHUS KOHPUTYpAIlMU OO0 HOBOTO
CTUJIS TUIIOB KOHUTYypaIUU COUJIeHEHUN OCeH .

e MACHINE = My Controller - 3To uMsi KOHTPOJIJIepa, KOTOpoe 0ToOpakaeTcsi B BepxXHel YacTu OObIINHCT]
rpadugeckux naTEP(dEICOB. BBl MOXKETEe IOMECTUTD CIOA BCE, YTO 3aXOTHUTE, I'JIaBHOE, YTOOLI 3TO
OBIJIO B OJHY CTPOKY.

¢ DEBUG = 0 - YpoBeHb oTiagku 0 03Ha4YaeT, YTO coobmeHus He OyayT BEIBOOUTHCS IIPHU 3ammycke Lin-
uxCNC u3 terminal. ®maru otnagku 0OLIYHO MTOJIE3HHI TONBKO pa3dpaboTuukaM. [Ipyrue HaCTPOUKHU
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/res/res print.hh for all MODE flags.

* RCS_DEBUG _DEST = STDOUT - how to output RCS DEBUG messages (NULL, STDOUT, STDERR, FILE,
LOGGER, MSGBOX).

e RCS MAX ERR = -1 - Number after which RCS errors are not reported anymore (-1 = infinite).

e NML FILE = /usr/share/linuxcnc/linuxcnc.nml - YcTaHOBUTE 3TO 3HAUYE€HHE, €CJIU Bhl XOTHUTE
HCIIONIb30BaTh ¢aiin KoHpurypamuu NML, OTITHYHEIN OT UCIIOIB3yEMOI'0 II0 YMOJT4YaHHUIO.

4.4.2.2 [DISPLAY] Section

Pasnuynrble IporpaMMbI IT0JIH30BaTEIBCKOI0 MHTePdeica HCIIOIL3YIOT Pa3Hble TIapaMeTPH], ¥ He KaXKIbIN
rapaMeTp IOoAepPKUBaeTCs KaKAbIM II0JIb30BaTEILCKUM MHTepdeiicoM. CyIecTByeT HECKOJILKO UHTEPG et
takux Kak AXIS, GMOCCAPY, Touchy, QtVCP’s QtDragon u Gscreen. AXIS — sT0 unTepdeiic Ons
KCIIOJIb30BaHUS C OOBIYHBIM KOMIIBIOTEPOM U MOHUTOPOM, Touchy — i UCITOTb30BaHUA C CEHCOPHBIMU
skpanamu. GMOCCAPY MOXKHO MCIIOIbB30BaTh 000MMI CIIocoOaMH, a TaK¥Ke IIpeaiaraeT MHOXKEeCTBO
CoenMHEHUM AJ1s yIpaBjieHus o0opynoBanueM. Onucanus nHTePGhENcoB HaxonsaTcs B pa3aese MuTepdeiich
PykoBozcTBa moiab30BaTens.

e DISPLAY = axis - Vw4 datina ucnonuseMoro ¢arina, TpemoCcTaBIsSIOUIero UCI0Ib3yeMbI IT0Ib30BaTEIbCE
unTepdeiic. Haubonee pacupoCcTpaHeHHLIMH TONYyCTUMEIMU ITapaMeTpaMu SIBJISIOTCS (BCe B HUKHEM
perucTpe): axis, touchy, gmoccapy, gscreen, tklinuxcnc, gtvcep, gtvcp-qtdragonunu qtvcp-qgtplasmac

e POSITION OFFSET = RELATIVE - Cucrema kooppuHat (RELATIVE or MACHINE), koTopas 6ymeT 0ToOpakaTh(
Ha YLIU npwu 3anycke nonb3oBaTenbckKoro untepderica. RELATIVE cucteMa KoopamHAT OTpaxkKaeT
OelCTBYIOIIME B HaCcTOsllee BpeMs cMeneHusa KoopauHat G92 u Gbx.

e POSITION FEEDBACK = COMMANDED - 3nauenne koopauHaTsl (COMMANDED umu ACTUAL), KoTopoe OymeT
otoOpazxkaTthcs Ha YIIU npu 3anycKe moIb30BaTeNbCKOT0 uHTepdetica. B AXIS 3T0 MOXKHO U3MEHUTh
BMeHI0 View. COMMANDED no3unusa — 3to no3unus, 3anpoiuerHas LinuxCNC. ACTUAL nonoxkeHue
— 9TO HOJIOXKEeHUe 00PaTHOM CBsI3U ABUTATEIeH, eCITH OHU UMeIOT 0OPaTHYIO CBsA3b, KaK 1 OOIBITNHCTBO
cepBocucTteM. OOGHIYHO HCIONML3yeTCcst 3HaveHne COMMANDED.
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* DRO_FORMAT MM = %+08.6f - Ilepeonpenenuts popMaTrpoBanre Y1V no yMoI4aHUIO B METPUYECKOM
pexuMe (00BIYHO 3 IEeCITUYHBIX 3HAKA, IOMOJTHEHHHIX ITpo0enaMu mo 6 mudp ciieBa). B mpuBemeHHOM
BBIIIIE IIPUMEPE [OIIOTHSAIOTCS HYJIIMH, 0TOOPazkaioTcs 6 MeCITUYHBIX TU(P ¥ IPUHYIUTEIbHO 0TOOpaXkae’
3HAaK + [JIs IOI0XKUTENbHLIX uncesl. PopMaTupoBaHKUE COOTBETCTBYET IIpakTuKe Python: https://docs.pyth
2/library/string.html#format-specification-mini-language. Ecnu dopmaT He MOKeT IPUHATEL 3HaUEHUE
C IJTaBaloIled 3alsaToM, TO BOSHUKHET OolubKa.

* DRO FORMAT IN = % 4.1f - Ilepeonpenenuts ¢popMaTtupoBanre Y1V o yMoI4aHUIO B UMIIEPCKOM
pexumMe (00BIYHO 4 meCATUYHBIX 3HAKA, JOMOTHEHHEIX Tpobenamu no 6 uudp ciesa). B npuBegeHHOM
BEIIIIE ITpMepe OymeT 0ToOpakaThCs TOJIBKO OfHa fecaTudHasd udpa. PopMaTupoBaHUE COOTBETCTBYET
npakTuke Python: https://docs.python.org/2/library/string.html#format-specification-mini-language.
Ecnu ¢popMaT He MOKET MMPUHSITHL 3HAUEHHUE C IIJIaBalolel 3amsiToM, TO BO3HUKHET OIMn0Ka.

e CONE_BASESIZE = .25-TlepeonpenenuTte pa3Mep 10 YMOJTYaHUI0 KOHYCca/6a30BOT0 pa3Mepa MHCTPYMEHT:
.5 Ha rpadudecKoM JUCILIee.

* MAX FEED OVERRIDE = 1.2 - MakcumanbHOeE IlepeolpefeeHne Iogadyu, KOTOpoe MOXKeT BrIOpaTh
nonb3oBaTenb. 1.2 o3HadaeT 120% oT 3anmporpaMMHpPOBaAaHHON CKOPOCTH MOOa4H.

e MIN SPINDLE OVERRIDE = 0.5-MuHuUManbHOE IIepeonpeneieHne MIMUHIEN, KOTOPOe MOXKeT BEIOpaTh
nonb3oBaTenb. 0,5 o3HavaeT 50% 0T 3aIporpaMMUPOBAHHOU CKOPOCTH MINUHAEN. (DTO UCIIOIb3yEeTCS
O7IS1 yCTAHOBKYU MUHUMAILHON CKOPOCTH IMNMUHAEIA.)

e MIN SPINDLE O OVERRIDE = 0.5 - MuHuUManbHOE IEpeONpeneieHue INNHOENA, KOTOPOE MOXKET
BeIOpaTh monb3oBaTenb. 0,5 o3HauaeT 50% OT 3amporpaMMUPOBAHHON CKOPOCTH IMIHHAENA. (ITO
HUCTOJIb3yeTCs /I YCTaHOBKM MUHUMAIbHOM CKOPOCTH IINUHENA.) Ha MHOTOIINTUHIETLHOM CTaHKe
OyZmyT 3alucu Oj1d KaXKaoro HoMepa MnuHaens. Ycrnonb3yeTcs TOIBKO II0JIb30BaTEIECKUMU UHTepdelicaM
Ha ocHoBe QtVCP.

e MAX SPINDLE OVERRIDE = 1.0-MakcuMaibHOE IIEPEOIPEAeIeHNE IIIITUHEIS, KOTOPOE MOXKET BEHIOPaTh
nonb3oBaTtenb. 1,0 o3HadaeT 100% 3anporpaMMHAPOBaHHONW CKOPOCTH IIIMHUHOEI.

¢ MAX SPINDLE 0 OVERRIDE = 1.0-MaxkcuManbHOe IIepeolpeaesieHre Iogail, KOTOpoe MOXeT BHIOpaTh
nonb3oBaTenb. 1.2 o3HavaeT 120% oT 3anmporpaMMHUPOBaHHOM CKOPOCTH ITofiayui. Ha MHOTONIMTUHAETHHOM
cTaHKe OyOyT 3allycH [Jig KaXKOoro HoMepa mnuHaens. Ucrnonb3yeTcs TOJIbKO M0Ib30BaTeIbCKUMU
untepdericamu Ha ocHoBe QtVCP.

* DEFAULT SPINDLE SPEED = 100 - Yucno o00OpOTOB IINMHAENS 10 YMOI4YaHMIO, KOTfa WINUHAEeNb
3allyCKaeTCs B pyYHOM pexkuMe. Eciu aToT mapamMeTp OTCYTCTBYET, I10 YMOIYaHUIo OH paBeH 1 00/MUH
nnsa AXIS u 300 o6/mun gngs GMOCCAPY.

- deprecated - BMecTO 3TOTO HcHoNbL3yiTe pasmen [SPINDLE n]

* DEFAULT SPINDLE 0 SPEED = 100 - Yucno 060pOTOB LMINUHAENS 10 YMOIYaHU0, KOTha MIIHHAeNb
3amnyCcKaeTCs B Py4YHOM pexuMe. Ha MHOTOIINIUHAETLHOM CTaHKe OyyT 3aluCcH OJI1s KaXKI0To HoMepa
mmuHAens. VCcnoib3yeTcs: TONLKO IT0Th30BaTeIbCKUMU HHTepdeticaMu Ha ocHoBe QtVCP.

- deprecated - BMecTO 3TOr0 UCnoab3yuTe pa3gen [SPINDLE n].

* SPINDLE INCREMENT = 200 - [Ipupaimiesue, KCIIOJIb3yeMOe IIPU HaKaTUX KHOIIOK YBEJINYEHU S1/yMEHbIIIEH]
Hcnons3yeTcs TONBKO MOJIb30BaTEILCKUMU HHTepdeticamu Ha ocHOBe QtVCP.

- deprecated - BMecTO 3TOTO Hcnonb3yute pa3men [SPINDLE n].

e MIN SPINDLE O SPEED = 1000 - MuHMMaJibHas YacTOTa BpallleH!sI, KOTOPYI0 MOXKHO BEIOpaTh BPYYHYIO.
Ha MHOrOmmMHOeTbHOM CTaHKe OyOyT 3amucu OJIs KaXKOoTro HoMepa InuHpgens. Hcnomb3yeTcs
TOJILKO MOIh30BaTENbCKUMU HHTEePdericaMu Ha ocHoBe QtVCP.

- deprecated - BMecTo 3TOTO Mcnonb3yiTe pa3men [SPINDLE n].



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 SPEED = 20000 - MakcuMajlbHOE 41CJI0 0O0OPOTOB B MUHYTY, KOTOPOE MOXKHO BEIOpaTh
BpyuHy10. Ha MHOTOIINUHOEeIEHOM CTaHKe OyAyT 3alluCcH A1 KaXk0r 0 HoMepa MnuHgensd. Mcnone3yercs
TOJILKO IOTb30BaTENbCKUMHU MHTEepdericaMu Ha ocHoBe QtVCP.

- deprecated - BMecTO 3TOTO Hcnonb3yute pa3men [SPINDLE n].

* PROGRAM PREFIX = ~/linuxcnc/nc_files - Karanor mo ymondanuio ais ¢aiinoB G-Koa, UMeHOBaHHBIX
IOANpOTrpaMM U OIIpenesieMbIX onb3oBaTteneM M-kogos. Katanor PROGRAM PREFIX umetcs nepen
KaTtajoramu, rnepeducieHHbeIMU B [RS274]SUBROUTINE PATH u [RS274]USER M PATH.

e INTRO GRAPHIC = emc2.gif - 300paxkeHue, IOKa3aHHOE Ha 3aCTaBKe.

 INTRO TIME 5 - MakcuManbHOe BpeMsi 0TOOpakeHusI 3aCTaBKU B CEKYHIOaX.

e CYCLE TIME = 100 - Bpems nukmia 'III. B 3aBUCHMOCTH OT 3KpaHa 3TO MOXKET ObITb B CEKYHAAX
Uiy MC (ITPeAIOYTHUTETBHO MC). 3a4acTyIO 9TO YacTOTa OOHOBIIEHUS, a HEe BPEMSI OXKHUIOAHUST MEKIY
oOHOBNEeHUAMHU. Ecim BpeMs OOHOBJIEHMS yCTAHOBJIEHO HENPABUIIbHO, 3KPaH MOXKET IIepecTaTh
OTBEYaTh Ha 3aIPOCHl MIIH CUJIBHO AepraThcsa. 3HaueHue 100 mc (0,1 c) gBIsieTCs OOIIEITPUHSITON
HaCTPOUKOU, XOTS MOKHO UCII0JIb30BaTh nuana3oH 50-200 mc (0,05-0,2 c¢). IIponeccop ¢c HemoCcTaTOYHOU
MOIITHOCTBIO MOXKET paboTaThb JIydllle mpu 601ee OIUTENbHOM HacTpolike. OOBIYHO ITOAXOOUT 3HAUEHUE
10 YMOJITYaHMUIO.

e PREVIEW TIMEOUT = 5 - TatimayT (B CeKyHOax) N 3arpy3kKu rpadmdecKoro IpenBapuUTeIbHOIO
npocMmoTpa G-kopa. Ha maHHBIM MOMEHT TONbKO B AXIS.

¢ HOMING PROMPT = TRUE - IToka3bsIBaTh COOOIIIEHHE C 3aIPOCOM Ha IIPUBEIEHHE B UCXOTHOE OJIOKEHNE
IpYU HaXKaTUW KHOIIKY BKJIIOUYEHUS NUTaHUA B rpaduyueckoM uHTepderice AXIS. HaxxaTtre KHOIIKU
"OK” B moaCcKa3Ke 3KBUBAJIEHTHO HaxkaTuio KHonkKu "Home All” (mnu knasuiu Ctrl-HOME).

« FOAM W
« FOAM Z

* 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.

1.5 sets the foam W height.

0 sets the foam Z height.

Note
Cnepytowme 3nemeHTbl [DISPLAY] wucnonb3sytotca GladeVCP u  PyVCP, [OMOJMHUTENLHYIO
nHpopmaumo cM. B pasgene embedding a tab rnasel GladeVCP unun 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

Pa3nunyHble NporpaMmbl NOJSIb30BaTE/IbCKOrO MHTepdenca UCMOMb3YIOT pa3Hble NapaMeTpbl, U He
Ka)KObl NapaMeTp MOALAEPXUBAETCS Ka)KOblM MOJIb30BaTe/IbCKMUM MHTepdencom. lMoapobHyto
nHdopmauyuio 06 AXIS cm. B mokymeHTe AXIS GUI. MogpobHocTtnn o GMOCCAPY cM. B AOKYyMeHTe
GMOCCAPY.

e DEFAULT LINEAR VELOCITY = .25 - CKOpPOCTH IO YMOJIUYAHUIO OJI51 INHEWHOU MeOJIeHHOU IToga4yu B
machine unit B cekyHuny.

e MIN VELOCITY = .01 - IIpuMepHOe MUHUMAIbHOE 3HaUYEHUE 11ara I0JI3yHKa MeOJIeHHOU [Togaydu.
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e MAX LINEAR VELOCITY
CTaHKa B CEKYHIY.

* MIN LINEAR VELOCITY
MOJayYu.

1.0 - MakcuMarnbHasi CKOPOCTb OJIsI TMHEWMHON MeIJIEHHOM II0aul, B eMUHUIIaX

.01 - IIpumMepHOE MUHHUMAJIbLHOE 3HAUEHHWE ITara II0JI3yHKa MeOJIEeHHOU

e DEFAULT ANGULAR VELOCITY = .25 - CKOpPOCTH 10 YMOJIHUAHHIO AJIS YTJIOBOM MefJjieHHOU IIofadu B
eOVHUIlaX CTaHKa B CEKYHAOY.

e MIN ANGULAR VELOCITY = .01-IIpuMmepHOe MUHUMAJIbHOE 3HaY€HIE YTJIOBOTO IIara I10JI3yHKa MeIJI€HH(
nomadydu.

e MAX_ ANGULAR VELOCITY = 1.0 -MaxkcumasnbHas CKOPOCTb YIJIOBOM MEAJIEHHOU ITOfa4Yy, B eIUHHUIAX
CTaHKa B CEKYHIY.

¢ INCREMENTS = 1 mm, .5 in, ... -Omnpepgenser npupalleHus, OCTYIHLIE OIS QUCKPETHON MeIJIeHHOM
nogmauu. INCREMENTS M0KHO MCIONIB30BaTh AJIA IIepeonpemesieHns 3Ha4eHUsI 10 YMOIYaHUIO.
3HaYeHUsI MOTYT OBITh fecaTUYHBIMHY (HarrpuMmep, 0,1000) unmu HaTypaabHBIMU OPO0SIMY (HampuMep,
1/16), 3a KoTOPEIMU HEOOS3ATENBHO CIIEAYET eQUHHIIA U3MepeHus (cm, mm, um, inch, in uau mil).
Ecnu eguHUIla U3MEePEHUS He YKa3aHa, Iogpa3yMeBaeTCsa eQUHNIIa U3MePEHU CTaHKa. MeTpudeckue
U MMIIepCKUe paccTossHusg MOTyT ObTh cMemaHHBIMU: INCREMENTS = 1inch, 1 mil, 1 cm, 1 mm,
1 ym — gomycTUMBIe 3HAYEHUS.

* GRIDS = 10 mm, 1 in, ... -OmnpegenseT IpenyCcTaHOBIEHHbIE 3HAUEHUS I IMHUM CeTKU. 3HaYeHUe
UHTepIpeTupyeTcsa Tak ke, Kak INCREMENTS.

e OPEN FILE = /full/path/to/file.ngc - ®aiin, KOTOpEI OymeT oToOpaXxKaThCsl Ha 3acTaBKe IIPU
3amycke AXIS. ITpu ucoyIb30BaHuHU ITYCTOM CTPOKY ”” IIpH 3amycke ¢aiin He OyneT 3arpyxker. GMOC-
CAPY He OymeT UCIIOJIL30BaTh 3TOT apaMeTp, ITOCKOJIBKY IpefjiaraeT COOTBETCTBYIOIIYIO 3aIIMCh Ha
CBO€U CTpaHulle HaCTPOEK.

e EDITOR = gedit - PemakTop, ucnons3yemsuiit ipu Bribope File > Edit gnst pemakTupoBanus G-koma
u3 MeHo AXIS. 9ToT napaMeTp He0OXOOUMO HACTPOUTh, UTOOLI paboTan 3TOT OYHKT MeHIo. [Ipyras
OOmyCTUMasi 3aIuch — gnome-terminal -e vim. Ota 3amnuch He oTHOCUTCSI K GMOCCAPY, mOCKOIBKY
GMOCCAPY umMeeT BCTPOEHHBIU PegaKTop.

e TOOL EDITOR = tooledit - PemakTop, UCIIONb3yEMBIH ITPH PEOAKTUPOBAHUY TaOIHUIIEI HHCTPYMEHTOB
(mamrpumMmep, BriOpaB “File > Edit tool table...” B AXIS). [Ipyrue momycTuMbie 3anucu: gedit, gnome-termin:
-e vim, and gvim. 9ta 3anuck He oTHOCUTCI K GMOCCAPY, nockoneky GMOCCAPY uMeeT BCTPOEHHEIN
penmakTop.

e PYVCP = /filename.xml - ®aiin onucanus nanenu PyVCP. [lonomHuTenbHYI0 HHpOPMAIIUIO CM. B
paspgene PyVCP.

e PYVCP_POSITION = BOTTOM - Pa3merenue nanenu PyVCP B monb3oBaTenbckoM untepdetice AXIS.
Ecnm 9Ta mepeMeHHas onyIeHa, IaHesb 110 YMOJTYaHUIo OyOeT pacojiaraThCs ciipaBa. EquHCcTBEHHAS
momycTtuMas anbTepHaTuBa — BOTTOM. [TononmHuTenbHYI0 HHGOPMaIuio cM. B riaBe PyVCP.

e LATHE = 1-JIro60e HemycToe 3HaueHue (BKito4das “0”) 3actaBnseTt AXIS ucrnonb3oBaTts “lathe mode”
C BU[IOM CBEPXY ¥ PafguycoM U auamMeTpoM Ha YIIU.

* BACK TOOL _LATHE = 1-JIo60e HemmycToe 3HaueHue (BKo4das «0») 3acrasnser AXIS ucnonb3oBaTh
“back tool lathe mode” ¢ uHBepTHUPOBaAHHOM OCHIO X.

* FOAM = 1 - Jlio6oe HemycTOe 3HaueHue (Bkiodas “0”) mpuBomuT K ToMy, uTo AXIS mepekiiodaeT
oTo0OpakeHHUe Ha peXUM pe3aKa BCIIEHHEHBIX MaTepHuasos.

e GEOMETRY = XYZABCUVW - Ympasnser preview u backplot nBuskeHus. 3TOT 3JIEeMEHT COCTOUT U3
IOCJIenoBaTeIbHOCTU OYKB OCU U YIPABJIAIOUINX CUMBOJIOB, KOTOPHIM MOXKET IIPeAIleCTBOBATh 3HAK

ARV

1. Bykswl X, Y, Z 06003HaualoT riepeMelieHre BOOJIb Ha3BaHHOM KOOPAUHATHI.
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Byxksrt A, B, C 0603Ha4aloT BpallleHrue BOKPYTI COOTBETCTBYIomuX ocet X, Y, Z.
Byksrl U, V, W 0603HaualoT repeMelreHue 1o COOTBETCTBYIOIIUM ocsiM X, Y, Z.
Kaxkpas ykasanHas 6ykBa moizkHa BecTpedaThcss B [TRAJ]COORDINATES, uTo6Gs uMeTh 3¢ deKT.

» o

CumMBoin ”-”, IpenIeCcTBYIOMINK 11000 OYKBe, HHBEPTUPYET HalpaBJIeHUe OIepPallui.

o0 e LN

Onepanuu epeMelneHus 1 BpaleHus oreHuBaioTcsa right-to-left. TakuMm o6pa3om, uCIIOIL30BaHUE
GEOMETRY=XYZBC 3apmaeT BpaiieHue C, 3a KOTOPHIM CJIemyeT BpallleHue B, 3a KOTOPEIM CJIemyioT
nepeMmetenus Z, Y, X. ITopAook mocaeqoBaTesIbHO CIIeAyomnX OYKB He UMeeT 3HaYeHUS.

7. IlpaBunbHas ctpoka GEOMETRY 3aBUCHUT 0T KOHGUTYpalHu CTaHKa U KHHEMAaTUKM, HCIIOJIb3yeMOH
Ui ero ympaBneHus. I[lopssgok OykB BaxkeH. Hampumep, BpamieHue Bokpyr C, a 3atem B
oTJIMYaeTCs OT BpallleHUus BOKPYT B, a 3atem C.

8. IIoBOPOTH IO YMOJTYaHUIO IIPUMEHSIOTCSA OTHOCHUTEJIBPHO UCXOOHOM TOYKHU CTaHKa. lIpumep:
GEOMETRY=CXYZ cra4ana nepeBOOUT KOHTPOJIBHYIO TOUYKY B X, Y, Z, a 3aT€M BHIIIOJIHAET BpallleHUEe
C BOKpYyT ocHu Z C IeHTPOM B Hadajie KOOpAMHAT CTaHKa.

9. Ilpumep nepememenuss UVW: GEOMETRY=XYZUVW 3acTtaBnsier UVW mnepemMelaTbCs B CHCTEME
KOOpOUHAT UHCTPYMEHTAa, a XYZ nepeMenaTbCs B CHCTEME KOOPAWHAT MaTepuara.

10. Ins cTaHKa pe3KU BClleHeHHBIX MaTepualnoB (FOAM = 1) Heobxommmo ykasaThk "XY;UV” unu
OCTaBUTh 3HAUEHME IIYCTHIM, [axKe eCJId 9TO 3HaueHUe B HaCTOSIlee BpeMs UTHOPUPYETCS B
pexmMe PEe3KH BCIIEHEHHBIX MaTepuasioB. B OyayIel Bepcuy MOXKET OBITH ONPEIEJIEHO, YTO

o3HaydaeT ”;” HO ecyu 3T0 Tak, «XY;UV» OymeT o3Ha4aTh TO 3Ke caMoe, YTO U TeKYIIle BCIleHeHHEIe
MaTepuaskl 10 YMOJI4YaHUIo.

11. 9kcnepumMmeHTanpHO: ecnu B cTpoKy GEOMETRY BkII0OYWeH CMMBOJI BOCKJIMIIQTEIFHOIO 3HaKa
(1), Touku oToOpaxkeHUs AyIs1 MOBOPOTOB A, B, C yuuTrsiBaioT cmertienus X, Y, Z, yCTaHOBIIEHHEBIE
komamu G5x, G92. INpumep: ucnonb3oBanue GEOMETRY = !CXZ ons ctarnka ¢ [TRAJ]COORDINATES=XZ(
OTO IONI0XKEHNE IIPUMEHUMO TOJILKO K JKUBHIM IpadukaM — IIpeOBapuTeIbHBIN ITpocMoTp G-
KOfla [O/I2KeH BBIMOJIHSITHCS C HYJIeBEIMU cMellleHusIMHU G5x, G92. DToMy MOKHO CIIOCOOCTBOBATS,
yCTaHaBJIMBas CMEIIEHNU B IporpaMMax TOJIBKO TOTa, KOra 3aZiada BEIIIOJIHAETCS, KaK yKa3aHo
#< task> == 1. Ecnu mpu 3anyckKe CyILIeCTBYIOT HEHYJIEBhIE CMeEIleHUs M3-3a IIOCTOSHCTBA,
CMeIIeHUs ciefyeT OOHYIUTh U Iepe3arpy3uTh IPeaBapUuTEIbHbIN IIPOCMOTP.

Note
Echm B INI-cpaine HeT [DISPLAY]GEOMETRY, 3HayeHMe Mo YyMOJYaHUIO MpenocTaBiaseTcs
[DISPLAY]DISPLAY nporpammon MM (o6bi4HO "XYZABCUVW").

* ARCDIVISION = 64 -YcTaHOBUTE KQ4€CTBO IPEOBAPUTEIBHOIO ITPOCMOTpa Aayr. [lyru mpegBapuTeIbHO
IIPOCMAaTPUBAIOTCS IIyTEM pa3fesieHus MX Ha HEeCKOJIbKO MPSIMBIX JIMHUW; IIONYyKPYyT pa3fesieH Ha
yactu ARCDIVISION. Bornbine 3HaUueHus 00eCcrieynBaloT 60Jiee TOUHBIHM TPpeaBapuTeJIbHEIN ITPOCMOTP,
HO 3arpy3Ka 3aHuMaeT OO0JIbIlle BpeMeHU U IPUBOIUT K 60jiee MejIeHHOMY 0ToOpakeHuio. MeHbIne
3Ha4YeHUs OaloT MeHee TOYHHIU IpeaBapUTEeIbHEIU IPOCMOTD, HO 3arpy3Ka 3aHUMaeT MeHbIIIe BpeMeHU
M MOXKEeT IIPUBECTHU K 6ojiee OLICTPOMY OTOOpakeHu0. 3HaYeHue 0 YMOTYaHuoo 64 o3HavaeT, 4YTo
KPYT pa3sMepoM [0 3 mioiMoB OymeT oToOpaxkaThCsa ¢ TOUHOCTHIO A0 1 mui (0,03%).

e MDI HISTORY FILE =-HWms nokanbHOro ¢atina uctropuu MDI. Ecnu 3To He yKa3aHo, AXIS coxpaHut
ucropuro MDI B .axis_mdi_history B fomanizem KaTanore nonb3oBaTensa. ITO IOJE3HO, €CIU ¥ Bac
€CTh HECKOJIbKO KOH(pUTypallui Ha OOHOM KOMIILIOTEPE.

e JOG_AXES =-TlopsimoK, B KOTOPOM KJIaBUIIIM MeAJIEHHOM mogayu Ha3HavarTcsa 6ykBaM oceli. CTpenku
BJIEBO ¥ BIIPABO COOTBETCTBYIOT IIePBOM OyKBe OCH, BBEPX U BHU3 — BTOPOMU, page up/page down —
TpeThel, a JieBad U IIpaBas CKOOKM — 4eTBepTOM. Ecnu He yKasaHO, 3Ha4YeHUHE II0 YMOJIYaHUIO
onpepensercsa 3HaueHuaMu [ TRAJ]COORDINATES, [DISPLAY]LATHE u [DISPLAY]FOAM.

e JOG_INVERT =-Insa kaxkpgo¥ OYKBEI OCH HAIIpaBIeHUE IIePEMEIIeHU I HHBePTUpyeTcs. [1o yMorganuio
IJIs1 TOKapHEIX CTAHKOB YCTAHOBJIEHO 3HaueHUe “X”, B IPOTUBHOM CiIy4ae II0Jie IIyCTOeE.
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Note

HacTtporkn gna JOG AXES un JOG INVERT nmpuMeHsIlOTCA K MeAsieHHOW nodaye B rnobasibHOM
pexnme rno 6ykBe KoopAMHaTbl OCM U OENCTBYIOT B r106anbHOM peXxnMe Mnocse yCnewHoro
npueBeneHns B UCXo4HOe nosioxxeHue. [lpn paboTe B pexmme CoYneHeHUs A0 NMpUBeneHUs B
NCXOLHOE MONOXKEHNE KaBULLIN NMepeMeLLeHna Ha KiaBnaType Ha3HavaloTCsa B (PUKCUPOBAHHON
rnocsiefoBaTe/IbHOCTU: CTPEJIKN BNIEBO/BMpPaBo: covneHeHue 0, CTpesiku BBEPX/BHU3: COYIEHEHMe
1, page up/page down: couyneHeHune 2, neBasi/npaBas cKkobka: coysieHeHune 3

e USER COMMAND FILE = mycommands.py - UMs gonmonHuTenbHOro ¢daiina Python, 3aBucsmiero ot KOHQUryp
IIOJIY4EeHHOT 0 13 rpadudeckoro uatepderica AXIS BMeCTO II0Ib30BaTENBCKOr0 daiina ~/ .axisrc.

Note
Cnepytowmn anemeHT [DISPLAY] ncnonb3syetcs Tonbko nHtepgencom TKLinuxCNC.

* HELP FILE = tklinucnc.txt - ITyTs K ¢dailny cupaBKu.

4.4.2.3 [FILTER] Section

AXIS u GMOCCAPY uMer0T BO3MOXKHOCTE OTIIPABIATh 3aTrpyzKeHHEIE (pailjibl Yepes IporpaMMy-puibTp.
OTOT GUIBTP MOXKET BHINIOIHATH T00YI0 XKelaeMyl0 3ajady: 4YTO-TO IIPOCTOe, HAllpUMep, IIpoBepKa
ToTO, uTO (paiiyn 3aKkaHYUBaeTCsA Ha M2, unu 4Tto-To 60jlee CJIOKHOe, HallpUMep, OIpenesieHre TOoro,
SIBJISIFOTCSI JTX BXOOHEIE faHHEIE 00pa30M I'TyOUHEL, U TeHepupyioT G-Kop a1t Gpe3epoBaHus ONPeNesIieMOn
uM ¢opmel. Pazgenm [FILTER] INI-gaiima ympaBmsier pabGotoi ¢punbTpoB. CHadvana mjas KaxXOgoro
tumna ¢daina Hanumute cTpoky PROGRAM EXTENSION. 3aTeM yKaxXKuTe IporpaMmy, KoTopas 0ymeT
BBITIOJIHATHCS OJIS KaXXOOTro Tuma ¢aina. IDTOU IporpaMMe IIPUCBamMBaeTCs MMS BXOOHOTO (daiiyia

B KadeCTBe MIePBOTO apryMeHTa, U OHa OoJXKHa 3anucaTth Kog RS274NGC B cTaHZApTHBEIMA BEIBOL.
9T1oT BEBOLT OyAneT 0TOOpaXkaThbCs B TEKCTOBOM 00/1aCTH, TPOCMATPUBATECS B 00JIaCTH OTOOPAKEeHUS U
BEINONHATHECA LinuxCNC npu 3amycke.

* PROGRAM EXTENSION = .extension Description

Ecnu Bam mocTIpoLeccop BLIBOAUT (aiiiibl 3arIaBHEIMU OYKBaMHU, BB MOXKETE H0OaBUTH CIIEOYIOIIYIO
CTPOKY:

PROGRAM EXTENSION = .NGC XYZ Post Processor

Cnenmyoliye CTPOKU O00aBIISIOT ITOAOEPKKY KOHBEpPTEepPa n3o0paxkeHre-B-G-Kofi, BKITIOYEHHOT0 B Lin-
uxCNC.

PROGRAM EXTENSION = .png,.gif,.jpg # Greyscale Depth Image
png = image-to-gcode
gif = image-to-gcode
jpg = image-to-gcode

[Tpumep nonb30BaTENBCKOr0 KOHBEPTEepPa G-KOAa, pPacIolioKeHHOTo B KaTasore linuxcnc.

PROGRAM EXTENSION = .gcode 3D Printer
gcode = /home/mill/linuxcnc/convert.py

Note
MporpaMMHbIN halis, CBA3aHHbIA C paCLUMPEHMNEM, OO/HKEH MMETb MO0 NOMHBLIA NYTh K NporpaMmme,
nnbo HaxoOonTbCA B KaTaslore, pacnoslo)KeHHOM Ha CUCTEMHOM My THU.
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Takzke BO3MOXKHO YKa3aTb UHTEPIIPEeTaTop:

PROGRAM EXTENSION = .py Python Script
py = python

Takum o6paszom, mr060# CKpuIT Python MoxeT OBITh OTKPHIT, @ €T0 BEIXOAHEBIE TaHHBIE 00pabaTHIBalOTCSA
Kak G-kon. OguH 13 TaKUX IPUMePOB ckpurTa foctyneH B nc_files/holecircle.py. 9ToT ckpunrt co3naeTt
G-Kop O715 CBePJIEHUSI CEPUU OTBEPCTUM 110 OKPYKHOCTU. MHOTHE Ipyrue reHepaTopsl G-Koma HaXx0gaTCs
Ha BuUKH-carTe LinuxCNC https://wiki.linuxcnc.org/.

®unsTpe Python monmkHEL HCcoIb30BaTh PYHKIMIO IIeYaTH OJI1A BEIBOoAa pel3yyibraTa B AXIS.

9TOT mpuMep nporpaMMsel GunbTpyeT dain u mobasnseT ock W, cooTBeTCcTByIoy0 ocu Z. PaboTa
3aBHUCUT OT HaIU4usg npobejia MexXnay KaKIObEIM CJI0BOM 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’")
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)
if name == " main_ ":
main(sys.argv[l:])

* FILTER PROGRESS=%d
Ecnu ycranoBneHa nepeMenHast cpenbsl AXIS PROGRESS BAR, To cTpoku, 3anucaHHbIe B stderr
¢opMHI BRIIIE, YCTAHABIMBAIOT UHAUKATOP BhITONHEeHUS AXIS B 3agaHHBIN OPOLEHT. DTy QYHKIIUIO
crenyeT MCIIOIb30BaTh JIIo6oMy GumbTpy, paboTaroiieMy B TeYeHUe AIUTEIFPHOTO BpEMEHH.

4.4.2.4 [RS274NGC] Section
* PARAMETER FILE = myfile.var-The filelocated in the same directory as the INI file which contains
the parameters used by the interpreter (saved between runs).

* ORIENT OFFSET = 0 - A float value added to the R word parameter of an M19 Orient Spindle oper-
ation. Used to define an arbitrary zero position regardless of encoder mount orientation.
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e RS274NGC_STARTUP CODE = G17 G20 G40 G49 G64 P0.001 G80 G90 G92.1 G94 G97 G98- A string
of NC codes that the interpreter is initialized with. This is not a substitute for specifying modal G-
codes at the top of each NGC file, because the modal codes of machines differ, and may be changed
by G-code interpreted earlier in the session.

e SUBROUTINE PATH = ncsubroutines:/tmp/testsubs:lathesubs:millsubs - Specifies a colon (:)
separated list of up to 10 directories to be searched when single-file subroutines are specified in G-
code. These directories are searched after searching [DISPLAY]PROGRAM PREFIX (if it is specified)
and before searching [WIZARD]WIZARD ROOT (if specified). The paths are searched in the order
that they are listed. The first matching subroutine file found in the search is used. Directories are
specified relative to the current directory for the INI file or as absolute paths. The list must contain
no intervening whitespace.

« CENTER_ARC_RADIUS TOLERANCE INCH = n (mo ymosmuasuio: 0.00005)
« CENTER_ARC_RADIUS TOLERANCE MM = n (mo ymomganuio: 0.00127)

e USER M PATH = myfuncs:/tmp/mcodes:experimentalmcodes - Specifies a list of colon (:) separated
directories for user defined functions. Directories are specified relative to the current directory for
the INI file or as absolute paths. The list must contain no intervening whitespace.

[Touck MPOM3BOOUTCS AJIS Ka*KAOW BO3MOXKHOM OIpenesieMon Iojib3oBaTesieM ¢GyHKIINKU, OOBIYHO
(M100-M199). ITopsamok mmoxucKa CIemyIoInii:

1. [DISPLAY]PROGRAM PREFIX (ecnu yKa3aH)

2. Ecnmu [DISPLAY]PROGRAM PREFIX He yKa3aH, BHIIOJIHUTE IIOKCK B ITalIKe 110 yMoj4aHuio: nc files

3. 3aTeM BHIIIOJIHUTE IIOKMCK B KaXKAoM Kartanore B cnucke [RS274NGCJUSER M PATH.
[Mepsriil ucnonHaeMbll M 1xx, HalileHHBIN IIPU IIOMCKe, UCIIOIb3yeTCsa O Kaxxmoro M1xx.

Note
MakcuManbHoe konn4ecTBo kaTtanoros USER M PATH onpepensieTcs BO BpeMs KOMNUAALUN (TUM:
USER DEFINED FUNCTION MAX DIRS == 5).

e INI VARS = 1 (Default: 1)
[To3Bonsget nporpamMMmaM G-Kofa CYUTHIBaTh 3HaueHUA u3 ¢patina INI B popmaTe # < ini[section]name>.
Cwm. INapameTtpst G-kKoza.

* HAL PIN VARS = 1 (mo ymon4anwuio: 1)
[To3Bonset nporpamMMaM G-Kofa CUMTHIBATh 3HaueHUs KOHTaKTOB HAL B popmaTe #<_ hal[anemeHT
HAL]>. HOocTyn K mepeMeHHBIM BO3MOXKEH TOJIbKO Ay 4yTeHus. CM. G-KoObl ImapaMeTphl O
nonygeHust 6oiee mogpoOHOM nHGOPMALWK M BaXKHOTO IIPEIOCTEPEKEHUS.

* RETAIN G43 = 0 (Default: 0)
Korpa ycTtanoBneH, BEL MOXKeTe BKIHOYUTE G43 nocse 3arpy3Ku IIEepBOr0 HHCTPYMEHTA U IIOTOM He
0ecIoKOuTHECS 0 HeM B mporpaMmMe. Korga BeI HaKOHEI! BHITPY3UTE IIOCTIEOHUN WHCTPYMEHT, PEXKUM
G43 otmeHseTcH.

* OWORD NARGS = 0 (o ymonuanwuio: 0)
Ecnu sTa QyHKIINA BKIIOYEHa, TO BEI3BIBaeMas II04IIporpaMMa MoKeT OIIpeleIUTh KOINUeCTBO IlepefaHHE
dbaxkTUUecKUX MO3UIMOHHLIX ITapaMeTPOB, IPOBEPUB ITapaMeTp #<n args>.

* NO_DOWNCASE OWORD = 0 (mmo ymomnuauwuio: 0)
CoxpaHATh peructp B uMeHax O-CJI0B B KOMMEHTapPHAX, €CJIM 3TOT IIapaMeTp YCTaHOBJIEH, pa3pellaeT
4yuTaTh 3JiIeMeHTH HAL co cMelllaHHBEIM PETUCTPOM B CTPYKTYPHUPOBAaHHBIX KOMMEHTAPHUAX, HalpuMepP
(debug, #< hal[MixedCaseItem]).

* OWORD WARNONLY = 0 (o ymonuanwuio: 0)
Ckopee npepynpexaeHue, 4yeM omubKa, B cilydae olKUOOK B moanporpaMmax O-Cios.
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DISABLE G92 PERSISTENCE = 0 (o ymomuanuio: 0) Pa3pennTs aBToMaTH4e€CKYI0 OYUCTKY CMEIleHU S
G92 npu 3amnycke KOHGUTYpalnu.

DISABLE FANUC STYLE SUB = 0 (mo ymomuanuro: 0) Ecnu ecTh DpudKHa 3alIPETUTh IOOIPOTPaMMEL
Fanuc, ycranoBuTe 3HaueHue 1.

PARAMETER G73 PECK CLEARANCE = .020 (10 yMOT4aHUIO: MEeTpUYeCcKas cucreMa: 1 MM, UMIIePCKas
cucteMa: 0,050 mioiima) PaccTosiHMe OTCTyHa OPU CTPYKKOAPOOIEeHNH B eIUHUIIAX CTaHKa

PARAMETER G83 PECK CLEARANCE = .020 (mo ymonuaHuio: MeTpudeckas cucTeMa: 1 MM, UMIIEPCKas
cuctema: 0,050 mrotima) PaccTossHUe OT mmociiemHed rinyOuHE ITogayu, KOTrga CTaHOK BO3BpalllaeTcs
K OHY OTBEPCTHUA, B €OUHUIIAX CTaHKa.

Note

BbileynoMsAHYyTble WeCTb ONUUN KOHTPOMpoBanuce butoson mackonm FEATURES B Bepcusax Linux-
CNC po 2.8. 371ot1 Ter INI 6onblie He byneT paboTaTb.

Ona cnpaBku:

FEATURES & Ox1 -> RETAIN G43
FEATURES & 0x2 -> OWORD NARGS
FEATURES & 0x4 -> INI VARS

FEATURES & 0x8 -> HAL PIN VARS
FEATURES & 0x10 -> NO_DOWNCASE OWORD
FEATURES & 0x20 -> OWORD WARNONLY

Note
[WIZARD]WIZARD ROOT saBnsetca p[JonycTuUMbIM MyTeM noucka, Ho Wizard He peanu3oBaH
MOMHOCTbLIO, N pe3yNbTaTbl €ro NCNOJIb30BaHNA HENpeaCcKasyeMsbl.

LOG LEVEL = 0 Ykaxwure log level (mo ymongauuio: 0)

LOG FILE = file-name.log
I[Insa ykasaHusa ¢aiina, UCIONIB3yeMOT0 IOJIs 3allMCU AaHHbIX.

REMAP=M400 modalgroup=10 argspec=Pg ngc=myprocedure ITompo6HoCcTHu cM. B riaBe Remap Ex-
tending G-code.

ON ABORT COMMAND=0 <on abort> call Ilogpo6HocTu cMm. B rinaBe Remap Extending G-code.

4.4.2.5 [EMCMOT] Section

ITOT pa3men ABJSETCS HacTpauBaeMBbIM U He ucrnonb3yeTrcsa LinuxCNC HanpsiMmyo. B GONbHIMHCTBE
KOHOUTrypalui 3Ha4eHus U3 9TOr'0 pa3felia MCIIOIb3YIOTCSA OIS 3arpy3KU KOHTPOJIJIepa OBUXKEHUM.
[JononHuTeNbHYIO0 HHGOPMAIMIO 0 KOHTPOJIIEpe ABHUKEHUS CM. B pa3mese Motion.

¢ EMCMOT = motmod - 3mechk OGBIYHO MCIIOIb3YETCSA UMSI KOHTPOJIJIEpa OBUKEHUS.

* BASE PERIOD = 50000 - mepuon BHIIONIHEHUS 3afa4yu Base B HAaHOCEKyHax.

* SERVO PERIOD = 1000000 - 9To nepuog 3agayu “Servo” B HaHOCEKYHOaX.

e TRAJ PERIOD = 100000 - 3to nepuop 3amauu Trajectory Planner B HaHOCEKYHIIax.

e COMM TIMEOUT = 1.0 - Konm4ecTBO CEeKyHI OKUOaHUs, II0Ka Motion (4acTh KOHTPOJUIEpa ABUKEHNS,
paboTaloiasi B pexKuMe peaabHOT0 BPEeMEHU) IMMOOTBEPOUT ITOydYeHue coobiieHui oT Task (4acTh
KOHTpOJIJIepa ABUXKeHUs, paboTaromias He B peajlbHOM BpEMEHH).
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* HOMEMOD =alternate homing module [home parms=value] [lepemernnas HOMEMOD saBnseTcs Heo0sa3aT
Ecnu ykazaHa, MCHOJIb3YHTe YKa3aHHBIN (CO3TaHHLIM I0JIb30BaTEIEM) MOOYTh BMECTO MOZYJIS II0
ymomuauuio (homemod). ITapamerpn momynst (home parms) MOTyT OBITH BKJIFOUEHHI, €CJIM OHU
MoAAepPKUBaIOTCSA YKAa3aHHBIM MOOYJIEM. IJTY HAaCTPOUKY MOXKHO IEePeOoNpeNesiuTh U3 KOMaHIHON
CTPOKHM C MOMOIILI0 onnuu -m ($ linuxcnc -h).

4.4.2.6 [TASK] Section

e TASK = milltask - Yka3nwBaeT uMs UCONIHsIeMoM task. VicnonmHsieMbItt paiin task BEITTONMHSIET Pa3jInYHbIE
OeMCTBUS, HaIpUMep:

- 00IIaThCS C MOJIb30BATEeNILCKUMHU HHTepdeiicamu uepe3 NML,

- B3aMMOJEWCTBOBATH C IJIAHWUPOBIINKOM [OBHUXKEHUU B PealbHOM BPEeMEHM udepe3 OOMIyi0 IaMsTh,
ormunylo oT HAL, u

- uHTepnpetupoBaTh G-Kof. B HacTosIlee BpeMs CYHIeCTBYET TOJIbKO OOWH HMCIIOJIHSEMBIN (haiis
3a7a4y¥, KOTOPHIM uMeeT CMBICT i 99,9% monb3oBaTenel — milltask.

e CYCLE TIME = 0.010 - ITepuon B CeKyHIax, B TedeHUE KOTOPOro O6ymeT BEIMONMHATHECA TASK. IToT
ImapaMeTp BAMSET Ha MHTEPBaJl OIpoca IIPY OXKUIAaHUU 3aBepIIeHUS OBUKEHUS, IIPU BHIIOTHEHUU
WHCTPYKIIUU Iay3bl ¥ IPU NPUHATUY KOMAHOH U3 IOJIb30BaTENNLCKOTO UHTepdelica. OOBYHO HET
HeoOXOOMMOCTH MEHSATH 3TO YUCJIO.

4.4.2.7 [HAL] section

* HALFILE = example.hal - 3anycTture daitn example.hal ipu 3amycke.

Ecnu HALFILE yka3aH HECKOJIbKO pa3, dhaliabl UHTEPIPETUPYIOTCS B TOM IIOPSAKE, B KOTOPOM OHU
nosiBnstoTcs B INI-datine. ®@aiinel HAL sIBISIOTCS OnHCATEILHBIMU, BHIIIOJITHEHHE TOTO, YTO OIHCAHO

B ¢haiimax HAL, HUITUKUPYETCS TOTOKaMU, B KOTOpPhle BCTPOeHHl PYyHKIINY, a He yTeHueM darina HAL.
[Tout; Bce KOHGpUTypanuu 6ymyT uMeTh 1o KpariHei mepe onud HALFILE, a B maroBeix cucTeMax
00BIYHO €CTh ABa TaKuX (aiiya, To eCTh OOQUH, KOTOPHIN onIpenesieT 00IIy0 KOHGUTYpaIHUio 1aroBoro
npusopa (core _stepper.hal), u gpyroi#, KOTOPLIM ONpefesisieT pacuojiokeHre KOHTAKTOB CTaHKa (Xxx_pinot

@aninel HAL, yka3aHHbIe B tepeMeHHOM HALFILES, HaxoOsTCs ¢ TOMOIIbIO IToucKa. Eciu yKa3aHHBIN
daiin HalimeH B KaTasore, cogepzxkaitem dain INI, on ucmonblyercsi. Ecnu ykasaHHBIM ¢dain He
HalgeH B 9TOM KaTasiore ¢aiinio INI, ITOMCK BLITIOIHSIETCS C KCIIOIb30BaHHEeM CUCTEMHOM OMOIHOTeKH
dainoB HAL.

Ecnu LinuxCNC 3amyckaeTcsl co clieHapueM linuxcnc ¢ ucnoib3oBaHueM omuumu ”-H dirname”,
yKa3aHHOe UMs KaTajora 0o0asisieTcs K OIMCaHHOMY BBIIIE ITIOUCKY, TAK YTO CHAaYaJlla BEIIIOJIHIETCS
nmouck dirname. Omiuio ”-H dirname” M0XKHO yKa3aTh HECKOJIBKO Pa3, KaTajoru Ao0aBIsSIOTCS 110
MIOPSAOKY.

HALFILE Takzke Mo0XKeT ObITh YKa3aH KakK aGCOIIOTHHIN IIyTh (KOTHa MM HAaYMHAETCS C CHUMBOJIA
/). AOCOIIOTHBIE IIYTH MCIIOJIb30BAaTh HE PEKOMEHMAYEeTCs, ITIOCKOJIBKY WX MCIIOIb30BaHUE MOXKET
OTPaHUYUTE IepeMellleHrne KOHpUrypamui.

’.

* HALFILE = texample.tcl [argl [arg2] ...] - BemmonuuTe ¢aiin tcl texample.tcl npu 3amycke c argl,
arg2 u T. 0. B KadecTBe cmucka argv. ®ainel ¢ cydpdurcom .tcl obpabaThiBalOTCsI, Kak yKa3aHO
BEIIIE, HO AjIs 00paboTKU MCIIOJIb3yeTCsI OCTAHOBKA. [[OMOIHUTENBHYI0 UHGOPMAIUI0 CMOTPUTE B
HALTCL Chapter.

* HALFILE = LIB:sys example.hal - 3anycTture ¢aiin cucreMHon 6ubnmuoreku sys example.hal npu
3amycke. f{BHOe HCIIOJIb30BaHue nmpedukrca LIB: IPUBOOUT K UCIIOTF30BAHUIO CUCTEMHOM OUGTMOTEKH
HALFILE 6e3 moucka B KaTajnore ¢ainos INI.

e HALFILE = LIB:sys texample.tcll[argl [arg2 ...]]- 3anyctuTe paiin cucTeMHOM OUOTUOTEKH SYS texam]
IIpu 3altycke. fABHOE UCIonb30BaHue pedukca LIB: mMpuBOOUT K UCTI0JIb30BAHUIO CUCTEMHOM OUOTUOTEKHT
HALFILE 6e3 noucka B KaTasnore ¢atinos INI.
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9nemenTsl HALFILE ompenensitoT ¢aiibl, KOTOPhIEe 3arpyzKaloT KoMIoHeHTH HAL 1 ycTaHaBJIMBAIOT
CUTHAJIbHBIE COEUHEHU T MeK Iy KOHTaKTaMi KOMIIOHEHTOB. PacopoCcTpaHeHHBIMHU OIIMOKaMU SBIISIOTCS

1. oTcyTrcTBue onepaTopa addf, Heo6xogumoro myst gobaBneHus GyHKIIUK(I) KOMIIOHEHTA B MOTOK,

2. HemomnHble cuenuduKaTopsl CUTHama (net).

ITponryck Heob6xoguMEIX oniepaTopoB addf mouTy Bcerga siBsieTcs omuOKoi. CUrHaibl OORYHO BKIIIOYAIOT
OIHO UJTH HECKOIbKO BXOOHBIX COeIUHEHUN U OMUH BEIX0M (HO 00a He SIBISIOTCS CTPOT0 00sI3aTEIbHEIMHU).
[I711 IpOBEPKYU 3TUX YCIIOBUM ITpegocTaBiseTcs dail cucTeMHoM 6ubnroTeku 1 oTuyeT Ha stdout u Bo
BcuneiBatomuu I'UIT:

HALFILE = LIB:halcheck.tcl [nopopup]

Note

Ctpoka LIB:halcheck.tcl momxHa 6biTb nocneaHen [HALJHALFILE. Ykakute onuuio nopopup,
4yTo6bLI NOAABMTL BCM/bIBalOLLEE COOBLEHNE 1N pa3pelnTb HEMeaANeHHbI 3anyck. CoeanHeHus,
BbIMOJIHEHHbIE C Ucrnosb3oBaHnem POSTGUI_HALFILE, He npoBepstoTCA.

e TWOPASS = ON - Ucmonb3yiTe OBYXHOPOXOOHYI0 00paboTKy AJis 3arpy3ku KommnoHeHToB HAL. Ilpu
ob6pabotke TWOPASS cTpoku ¢aiinos, ykazauubie B [HALJHALFILE, o6pabGaThIBatOTCs 3a IBa IIPOX0Maa.
Ha nepBom npoxoge (pass0) cuutsiBatoTcsd Bce HALFILES 1 HakaninBarTCa MHOXKECTBEHHEBIE TTOSIBJIEHUS
kKoMaHp loadrt u loadusr. 9TH HaKOmJIeHHBIE KOMaHOLl 3arpy3KM BHIMIOJIHSIOTCA B KOHIE passO.
Takoe HakOIJIeHHe ITO3BOJISIET YKa3bkIBaTh CTPOKHM HAarpy3Ku 00jiee OMHOT0 pa3a OJIsi JaHHOTO KOMIIOHEHTa
(mpemocTaBnsgeT names= KHMeHa YHUKAJIbHBI IIPK KaXAOM HCIOJIb30BaHWU). Ha BTOpoM mpoxopme
(passl) HALFILES cuuThsIBalOTCS 3@HOBO U BEIIOJIHAIOTCS BCE KOMaHOH, KDOMeE paHee BhIIIOJIHEHHBIX
KOMaH[ 3arpy3KHu.

¢ TWOPASS = nodelete verbose - Oyakiuo TWOPASS MOKHO aKTUBUPOBATH C IOMOIIIBLIO JTI000M HEHYIIEBOH
CTPOKH, BKITIOUas KiIo4YeBkle cjioBa verbose u nodelete. KmoueBoe ci1oBoO verbose BEI3BIBAET BEIBO
ceemenui Ha stdout. KmtoueBoe ciioBo nodelete coxpaHsieT BpeMeHHEIe daiikl B /tmp.

I monmy4YeHust OOMOMHUTENbHOM nHpopMmaluu cM. rinaBy HAL TWOPASS.

¢ HALCMD =command - Beimonuute command Kak ogay KomaHay HAL. Ecyiu HALCMD yka3aH HECKOJIBKO
pa3, KoMaHObl BHITIOIHSIOTCS B TOM MHOPSiAKe, B KOTOPOM oHHU mosBisaioTcsa B INI-daiine. CTpoku
HALCMD BeITTOTHSAIOTCS ITOCe Bcex CTpoK HALFILE.

e SHUTDOWN = shutdown.hal - 3anycTture ¢aiin shutdown.hal npu Beixoge LinuxCNC. B 3aBucuMocTu
OT UCIIO/Ib3YEMEIX APaiiBEPOB 000PYAOBAHUS 9TO MOXKET IT03BOJIUTh YCTAHOBUTD BHIXOTHEIE 3HAYEHU S
Ha oIpefdesieHHbIe 3Ha4YeHUs npu o6wryHOoM BeIxome LinuxCNC. OpgHako, MOCKOIbKY HET HUKaKOU
rapaHTuH, 4To 3TOT ¢aiin OyoeT BEHIIOJHEH (HallpuMep, B ciiydae c60g KOMIIbIOTEpPA), OH He 3aMeHseT
NPaBWILHYIO GU3NYECKYIO I[EIIOYKY aBapUMHOTO OCTAHOBA WM OPYTHEe CPEICTBAa 3alUTHL 0T cO0s
IIPOTPaMMHOT0 00eCIIeYeHus.

e ‘POSTGUI HALFILE = example2.hal — BeimonmHuTh example2.hal’ mocne Toro, kak I'MII co3macT
cBou KoHTakTel HAL. Hekotoprle I'MII co3matoT KoHTakTE HAL 1 mogmepzXuBaloT UCIIOJIb30BaHUE
postgui halfile gng ux ucnonszosaunus. K ', nogmepxuBatomum ¢aitnet HAL postgui, oTHOCATCSA
Touchy, AXIS, Gscreen u GMOCCAPY.

[omonHuTeNbHYIO HHGOPMalLuio cM. B pa3uene PyVCP with AXIS.

¢ HALUI = halui — mo6aBisieT KOHTAKThHI ITOJIb30BAaTEILCKOT0 HHTEepdeiica HAL.
715 mony4deHus OONONHUTEeNbHOM nHpopMaluu cM. rinaBy HAL User Interface.
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4.4.2.8 [HALUI] section

* MDI COMMAND = G53 GO X0 YO Z0-Komaupmy MDI MOKHO BEIIIOJIHUTS C ToMomtbio halui.mdi- command-0¢
VBenuubTe YMCIIO OJI KaXXO0o¥ KoMaHabl, yKa3zaHHOU B pa3pgesie [HALUI]. TakxKe MOKHO 3aIlycKaTh
nmoanporpammel. MDI COMMAND = o<yoursub> CALL [#<yourvariable>]

4.4.2.9 [APPLICATIONS] Section

LinuxCNC MozeT 3alycKaTh Opyryue NIpUIoXeHusda 00 3anycka ykasanHoro ['UII. ITpunoxeHus MOXKHO
3amyckKaTh IOCJie 3alaHHON 3aJep’KKH, YTOOB 00eCIeYUTh BO3MOKHOCTE [ENCTBUM, 3aBUCSIIUX OT
'UI1 (manpumMmep, co3ganre KoHTaKTOB HAL nnsa koukpeTHOro I'MIT).

e DELAY = value - ceKyHObl OXUOAHUSA Iepe[l 3allyCKOM OPYTUX IIPUIOKEeHWH. 3amepzkKa MOXKET
moTpebOBaThLCS, eciu mpuaoxkeHue 3aBucuT oT gericTBuii [HAL]POSTGUI HALFILE mmu KOHTAKTOB
HAL, cospauusix I'MII (1o ymondanuio DELAY=0).

e ‘APP =" appname [arg] [arg?2 ...]]’ - [IpunoxeHue, KOTOPOe HYKHO 3allyCTUTh. ITY CIENUPUKAIINIO
MOJKHO BKJIIOUaTh HECKOJIBKO pa3. MMs mpumokeHUs MOXKeT OBITh SBHO yKa3aHO KakK abCoJIloTHOe
uMs daiina unm uM parina, yKkasaHHOe C ITOMOIIIbIO TUIbAH (I€PBLI CUMBOJI / UTU ~), OTHOCUTEJILHOE
uMs ¢datina (rmepBble CUMBOJIBEI UMeHU (aiina — ./) unm Kak ¢aiin B katanore ¢aiinos INI. Ecnu o
9TUM UMeHaM UCHOJIHIeMbIN dhaiil He HalileH, TO OIS T0MCKa IPUI0XKEHU UCII0Ib3yeTCs II0JIb30BaTEIbCK
nouck PATH.
[Tpumepsr:

- UMuTupyiTe BXOOHBIE OaHHBIE OJIT KOHTAaKTOB HAL mnmsa TecTupoBaHus (MCIOMB3ys Sim_pin —
mpocTtoi I'MII ast yCTaHOBKY BBOMA IJIS TapaMeTPOB, HEIIOOK/TI0YEHHEIX KOHTAKTOB HJIM CUTHAJIOB
0e3 3amuChIBAIOIINX YCTPOUCTB):

APP = sim pin motion.probe-input halui.abort motion.analog-in-00

- BrizoBute halshow c panee coxpanenHwslM watchlist. ITockonbky LinuxCNC ycTaHaBnIuWBaeT B
KaudecTBe pabouero kKartasnora kKartasnor s ¢atina INI, Bel MoXkeTe cchuiaTbCsa Ha (aiabl B 3TOM
KaTanore (mpumep: my.halshow):

APP = halshow my.halshow

- B xadecTBe arbTEepPHATUBE MOXKHO yKa3aTh ¢aiin watchlist, mmeHTUGUIIMPOBAHHEIN 10 ITOJTHOMY
Iy THU:

APP = halshow ~/saved shows/spindle.halshow

- Otkpoiite halscope, ucmonb3ys paHee COXpaHEHHYI0 KOHOUTYPALIHIO:

APP = halscope -i my.halscope

4.4.2.10 [TRAJ] Section

Warning

HoBbIli NNaHUPOBLUMK TpaekTopun (TP) BKAKOYEH MO yMonYaHuto. Ecnm y BaCc HET HacTpoek
TP B pa3zgene [TRAJ] — LinuxCNC no ymon4aHuio NCnosb3yeT:

ARC BLEND ENABLE =1

ARC_BLEND_ FALLBACK ENABLE =0

ARC_BLEND_OPTIMIZATION_DEPTH = 50

ARC _BLEND_GAP CYCLES =4

ARC_BLEND_RAMP_FREQ = 100
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Paspmen [TRAJ] comepkut o011re TapaMeTphl MOAYJIs IIJTaHUPOBaHUS TPAeKTOPUU B pexxuMe motion.

e ARC BLEND ENABLE = 1 - Bknrouute HOBHIM TP. Ecnu ycraHoBneHo 3HadyeHue 0, TP ucnomnb3yert
napabonuyeckoe cMmemuBaHue (1 cerMeHT Briepen) (1o yMoirdaHuio: 1).

¢ ARC BLEND FALLBACK ENABLE = 0 - Ilpum HeoOGXOOUMOCTH BEPHUTECHh K HMapabOoIMYeCKUM CMECSIM,
ecIy pacyeTHas CKOPOCTh Bhimie. OmHAKO 3Ta OlleHKa NMPUOIU3UTEsIbHA, W KaXKeTCs, YTO IPOCTOe
ee OTKIIIOYeHNte JaeT JIYYIIyio IPOUu3BOOUTENBLHOCTS (110 yMomdauuio: 0).

* ARC_BLEND OPTIMIZATION DEPTH = 50 - IlocMoTpuTe Bliepe[n Ha I'TyOMHY B KOIU4YeCTBe CETMEHTOB.

YTo6EI HEMHOTO IoapoOHee paccKa3aTh 00 3TOM, BEI MOXKeTe BEIOpPATh 3TO 3HAYEHHE HECKOJIbKO
Ipou3BOIbHO. BoT dopmyna, mo3BoJAOIIas OIeHUTh, KakKasd depth BaM HyxKHa [OJI1 KOHKPETHOU
KOH(pUTrypaumu:

#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)

WTaK, CTaHKY C MaKCHMaJIbHOM CKOPOCTHI0 ocu 10IPS, makcuMasibHBEIM ycKopeHueM 100IPS? u
nepuopoM cepsomnpusoga 0,001 s norpebyeTcs:

10 /(2,0 100 * 0,001) = 50 cerMeHTOB, YTOOHI BCErya MOCTUTATh MAaKCHUMAaJIbLHOM CKOPOCTH BOOJIb
caMoii OBICTPOM OoCcH.

Ha mpakTrke 3TO 9WCJIO He TaK BaXKHO [JIS HACTPOUKH, IIOCKOJIBKY AJIsI IPOCMOTPA BIiepen PenKo
TpebyeTcs MoTHas TIy0KrHa, €CIU TONBKO Yy Bac HET OOIIBIITOT0 KOJTMYeCTBa 0YeHb KOPOTKUX CEeTMEHTOB.
Ecnu Bo BpeMsi TECTUPOBAHUS BBl 3aMETUIY CTPAHHBIE MOATOPMAa’KMBaHUSA U HE MOXKETE TOHSTH,
OTKyHa oHU 0epyTcs, CHadasia MonpoOyiTe YBETUUUTE 3Ty TITyOMHY 110 (popMyJie BEHIIIE.

Ecnu BE mo-mipekHeMy HaOmogaeTe CTpaHHbIE 3aMeIJIEHNsI, BO3MOXKHO, 3TO CBSI3aHO C KOPOTKUMH
cerMeHTaMu nIporpaMMel. B aToM cinydae momnpo0byiiTe 0o6aBUTh HEOOIIBINOM JOTYCK OISt OOHAPYKEHUS
Naive CAM. Xopolilee npakKTU4YeCKOe IpaBUI0 TaKOBO:

# min length ~= v req * t c

# where:

# v _req = desired velocity in UU / sec
# t c = servo period (seconds)

Ecnu BB XOTUTE IyTEMIECTBOBATE 110 IYTHU CO CKOPOCTHIO 1 IPS = 60 IPM, a nepuop Baliero cepBonpuBsoaa
cocraBnseT 0,001s, To mobBle cerMeHTH Kopoue min length 6ynyT 3amennarte nyTe. Ecnum Bh
ycTaHoBuTe fonyck Naive CAM npuMepHO Ha 3Ty MEUHUMAaIbHYIO OJIUHY, CIIUIIKOM KOPOTKUE CETMEHTEI
OynyT oObeOUHEHBEl BMeCTe, YTOOBl yCTPaAHUTh 9TO Y3KOoe MecTo. KoHeuHO, yCTaHOBKAa CIIUIIKOM
BBICOKOTO [IOTTyCKa O3Ha4YaeT O0JIbIINE OTKJIIOHEHUS OT TPAEKTOPUH, II09TOMY BaM ITPUAETCS HEMHOTO
MMOUTPATh C HUM, YTOOH HAUTH XOpoIlee 3HaveHue. ¢ Ov1 Hadas ¢ 1/2 min length, a 3aTem yBenmmuuBan
6n1 110 Mepe HeobOxopmumocTu. * ARC_BLEND GAP_CYCLES = 4 HackoJbKO KOPOTKHUM [OJI3KEH OHIThH
MIPenEIOYIINE CeTMEHT, IpexXae YeM IJIaHUPOBIIHUK TPAeKTOPUKU nompebum ero.

YacTo mpu Iiepexofe 0 Oyre OKPYKHOCTH MeXKIy IIepexofaMy OCTal0TCS KOPOTKHUE CETMEHTH TMHUH.
[ToCKOJIbKY TEOMETPHUS OOJI2KHAa OBITh KPYTJIOH, MBI HE MOKEM PaCTyIIeBaTh BCIO JIMHUIO, ECJIU CIIEOYIOIIA st
HeMHOro Kopode. [IOCKONBKY IIaHUPOBIIMK TPAaeKTOPUHU HOJIZKEH KOCHYTHCH KaxKIOOTO0 CerMeHTa
XOTs1 OBl OIMH pa3, 3TO O3HAUaeT, YTO OUEeHb MajJleHbKUe CEeTMEHTHI OyAyT 3HAaYUTEJILHO 3aMeJIATh
oBuXkeHUe. Moe ucmpaBieHUe 3TOTO cliocoba - "IOTJIOTUTL” KOPOTKUY CEerMeHT, CHeJiaB ero 4aCThIo
OyTH crilaXkuBaHus. [I0CKONIBKY IMHUS+IepeXo IPefcTaBisieT Co00M OOUH CETMEHT, HAaM He HY2KHO
3aMe[JIsIThCs, YTOORI IIONTacTh Ha OUeHb KOPOTKUM cerMeHT. CKOpee BCero, BaM He IPUIEeTCS TPOraTh

9Ty HacTpouKy. * ARC_ BLEND RAMP FREQ = 20-3T0 2paHuUyYHasA 9acTOTa OJI UCIIOJIb30BaHUS INHENHOU
CKOPOCTH.

Hapacmawuwaa ckopocmbv B DaHHOM CiIydae IIPOCTO O3HA4YaeT IIOCTOSHHOE yCKOPEHHE Ha BCEM
y4acTKe. DTO MeHee OIITUMaJIbHO, YeM TpalleleBUAHLIN TPOGUIIbL CKOPOCTH, IIOCKOJILKY YCKOPEHUE
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He MakcuMaspHOoe. OOHAKO, €C/IM CEerMeHT JOCTAaTOYHO KOPOTKHM, y HAac He OymeT HOCTAaTOYHO
BpeMeHH, YTOOHI CUIIBHO YCKOPUTHCS, IIPEKEe YeM MBI IOCTUTHEM CIIEQYIOMIEero ceTMeHTa. BcnoMHaNTE
KOPOTKHE OTPE3KH IMHUM U3 IPEOLIAYIero mpuMepa. IT0CKOIBKY 9TO TUHUK, YCKOPEHUS Ha ITOBOPOTaX
HeT, IO3TOMY MBI MOKEM Pa30THATLCA M0 Tpebyemoit ckopocTu. OMHAKO eCIY 9Ta IMHUS HaXOOUTCS
MeXK[y ABYMSI OyraMu, TO €l MPUAETCS CHOBa OBICTPO 3aMEIJIUTHCS, YTOOR 0KA3aThCs B TIpemesiax
MaKCHMaJIbHOM CKOPOCTH CJIEOYIOUIET0 CEeTMEHTa. JTO O3HAYaeT, YTO V HAC €CTh PE3KUU CKadOoK
YCKOPEHUS, a 3aTeM PE3KUY CKaYOK 3aMe[JIeHN I, BEI3BIBAIOIIHUY CUJIbHEIN PEIBOK, ITPYU OYE€Hb HEOO0IBIIIOM
[IPUPOCTE IIPOU3BOOUTEILHOCTH. JTa HACTPOMKA II03BOJISET YCTPAHUTH 3TOT PHIBOK HAa KOPOTKUX
CerMeHTax.

ITo cyTu, ecnu cerMeHT OyIeT 3aBepllleH 3a MeHbInee BpeMs, ueM 1 / ARC BLEND RAMP FREQ,

MBI He 3aMOpadYuBaeMCs C TpalellleBUOHLIM IPoGuIeM CKOPOCTU Ha 3TOM CETMEeHTe U UCIIONb3yeM
noctosiHHOe yckopeHue. (YcranoBka ARC_ BLEND RAMP FREQ = 1000 skBuBajJIeHTHa BCerha MCII0JIb30BaHU
TpanenyueBUIHOTO YCKOPEHUs, €CJIN YacTOTa CepPBO IOTOKa cocTasngeT 1 kI'm).

BEI MOKeTe 0XapaKTepu30BaTh IOTEPI0 IPOU3BOOUTEIFHOCTH B XyOIIIeM CIydyae, CPDaBHUB CKOPOCTED,
KOTOPYIO JOCTUTAET TPalellneBUOHLIN IPOQGUIIb, CO CKOPOCTHIO HApAaCTaAHUS:

# 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

171 BRIIEYIIOMSHYTOTO CTaHKa Hynabcalms AJis 4acToTH cpe3a 20 I'ir cocrasnser 100 / (4 * 20)

= 1,25 IPS. 9Ta nudpa KaxkeTCs BEICOKOM, HO UMEUTe B BUOY, UTO 3TO JIUIIL OLleHKA HauxXyQUIero
ciny4dasi. B gelicTBUTeNnbHOCTU IPOGUIE TPAleINeBUIHOI0 IBUXKEeHUS OrpaHudYeH IpyruMu pakTopaMy,
TaKUMU KaK HOpMaJlbHOe YCKOpeHue Uy TpebyeMas CKOPOCTh, IO3TOMY hakTUudecKas II0Teps IPOU3BOOU’
OoJKHA OBITH HAMHOTO MEHbITIEe. YBeIUYeHNe YaCTOThI CPe3a MOXKET ITIOBLICUTh IPOU3BOOUTEIFHOCTD,

HO cHelaTh OBUXKeHHe Oojiee IrpyOBIM M3-3a CKQ4YKOB yCKopeHuUs. s Hadana OymeT pa3yMHEIM
3HadeHUe B auanas3osHe oT 20 go 200 I.

HakoHel], HUKakKue HaCTpOI;'IKI/I He YCKOPSAT TPA€KTOPHUIO MHCTPYMEHTa C MHO2KECTBOM MaJIEHbKHX,
KPYTHIX YI'JIOB, IIOCKOJIBKY BEI OTPAaHUY€HEI YCKOPEHUEM Ha IIOBOPOTAX.

e SPINDLES = 3 - KonmuecTBO moOmep’KUBaeMbIX ImuHmened. KpailiHe BaxKHO, 4TOOBI 3TO YHCJIIO
COOTBETCTBOBAJIO ITapaMeTpy “num_spindles”, mepegqaBaeMoMy MOIYJIIO OBUKEHUS.

* COORDINATES = X Y Z - Umena ynpaBnseMsbix oceid. Honyctumsl Toneko X, Y, Z, A, B, C, U, V W,
B G-kopme mpuHMMaIOTCSA TONMBKO ocu, yKaldaHHEle B KOOPIIMHATAX. Pa3pelieHo nucath UMSA OCHU
Oornee omHoTo pas3a (Hampumep, XYY Z ois mopTaabHOT0 cTaHka). st o6pIuHOM trivkins kinematics
HOMepa CoelMHeHUU Ha3Ha4yaloTCs I0CIefoBaTeIbHO B COOTBETCTBUU C ITapaMeTpoM trivkins coor-
dinates=. Wrtak, ona trivkins coordinates=xz, joint0 cooTBeTcTByeT X, a jointl cooTBeTcTByeT Z.
CM. CcripaBOYHYIO CTPaHUIY II0 KuUHeMaTuke ($ man kins) onsa nonydeHus naopMaiuu o trivkins u
OPYTUX MOAYSIX KHHEMAaTUKMH.

e LINEAR UNITS = <units> - Specifies the machine units for linear axes. Possible choices are mm or
inch. This does not affect the linear units in NC code (the G20 and G21 words do this).

* ANGULAR UNITS = <units> - Specifies the machine units for rotational axes. Possible choices are
deg, degree (360 per circle), rad, radian (2*nu per circle), grad, or gon (400 per circle). This does
not affect the angular units of NC code. In RS274NGC, A-, B- and C- words are always expressed in
degrees.

e DEFAULT LINEAR VELOCITY = 0.0167 - HaganbHas CKOPOCTb CTyIIEHYaTOr 0O IIepeMellleHUs TUHEeNHBIX
ocell, B MalllMHHBIX €OUHUIIAX B CEKYHAY. 3HaueHue, oToOpaxkaemoe B AXIS, paBHO MalllMHHBIM
eIVHUIIaM B MUHYTY.

* DEFAULT LINEAR ACCELERATION = 2.0 -Ha crarkax c nontrivial kinematics yckopeHue, ucrnonblyemoe
ons “teleop” (mekapTOBO IIPOCTPAHCTBO) MEMOJIEHHBIX ITOAay, BhIpaxkaeTCsd B eQUHUUAX CMAHKA B
CEeKyHIY.
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e MAX LINEAR VELOCITY = 5.0 - The maximum velocity for any axis or coordinated move, in machine
units per second. The value shown equals 300 units per minute.

* MAX LINEAR ACCELERATION = 20.0 - The maximum acceleration for any axis or coordinated axis
move, in machine units per second per second.

e POSITION FILE = position.txt- Ecnu ycTaHOBIEHO HEIIYCTOE 3HaYeHUe, IIO3UIINU COUJIEeHEHNHN COXPaHSIIOT!
MeXKOy 3alycKaMU B 3TOM (paiijie. ITO MO3BOJIIET CTAHKY CTApPTOBaTh C TeMU Ke KOOpOMHATaMMU,
KOTOpHIe OLUIM Yy HETro IPU BHIKIIOYEHWU. ITO IpefnojiaraeT, YTO NMPU BHIKIIOYEHHOM IUTAHUU
CTaHOK He ABUTascs. Ec/iu He yCTaHOBJIEHO, IO3ULINU COYJIEHEeHU He COXPaHAI0TCA U OyAyT HaUMHATHCSA
¢ 0 mpu Kaxxmom 3amycke LinuxCNC. 3To M0oXKeT IToOMOYb Ha HeOOIBITNX CTaHKaxX 0e3 MepeKksodaTesien
MCXOmHOU mo3uruu. [Ipu ncoonb30BaHuM nHTepdeiica mpeodbpasoBaTessa Mesa 3TOT ¢Gaiil MOKHO
KUCIOJIh30BaTh OJIA 9MYJIAIMKU aOCOIIOTHBIX 3HKOOEPOB M YCTPaAHEHUS HeoOXOOMMOCTH BO3BpaTa B
KCXOMHOE ToIoXkKeHue (6e3 moTepu TOYHOCTH). [[OMOTHUTENbHYI0 HHOOPMAITUIO CM. Ha CTPaHUIE
pykoBozxcTBa hostmot?2.

* NO_FORCE _HOMING = 1 - [To ymomuanuio LinuxCNC 3acTaBnseT I0JIb30BaTeIsI IPUBECTU CTAHOK B
HCXOOHOE IOJIOXKEeHMEe Iepel 3allyCKOM KaKoW-mu6o KoMaHAsl MDI unu nporpaMMbl. OOBIYHO TO
IpUBEIEHUS B UCXOOHOE IOJIOKEHNE Pa3pelllaeTcs TOJIbKO MeAJIeHHas rtogayda. 11 KoHQurypaiuu,
ucnonb3lyromux identity kinematics, ycranoska NO FORCE _HOMING = 1 103BOI€T IIOTE30BaTEIIO
BBITIOJTHATH NepeMerienuss MDI u 3amyckaTh mporpaMmmbl 6€3 IpeaBapuTEILHOTO BO3BpaTa CTaHKa
B UCXOOHOE TojioXkeHUe. B mHTepdeiicax, ucnomnplyromnux identity kinematics 6e3 Bo3MOKHOCTHU
BO3BpaTa B UCXOIHOE I0JI0KEeHMe, IS 3TOM OnNUuU HeoOXOOUMO YCTaHOBUTL 3HaYeHue 1.

Warning
LinuxCNC He 6ygeT 3HaTb BaluM OrpaHUYEHUS TMepeMeLleHnss COYJIeHeHUs npu
ncrnonb3osaHnm NO_FORCE_HOMING = 1.

*« HOME = 0 0 0 0 0 0 0 0 0-I';mobGambHas UCXOOHAS ITO3UIIKUS He00X0auMa OJI1 MOy el KUHeMaTUKH,
KOTOPEIE BEIYHCIISIOT TJI00aIbHbBIe KOOPOUHATEI ¢ moMoIbsio kinematicsForward() mpu nmepekmoyeHuN
U3 pexxuMa couJieHeHUd B teleop pexuM. MOXKHO yKa3aTh J0 OeBATH 3HaYeHUM koopouHat (XY Z A
B C U VW), HeucCrosib3yeMble KOHEYHHBIE 3]IEMEHTHI MOXKHO ONMYCTUTh. ITO 3HAUEHUE UCIIOJIb3yeTCs
TOJIBKO [IJ151 CTAHKOB C nontrivial kinematics. Ha ctaukax c trivial kinematics (¢ppe3epHrie, TOKapHEIE,
IMopTalibHLIE) 9TO 3HaUEeHNe urHopupyeTcs. [Ipumedanue. [71g Koupurypauuu sim hexapod TpebyeTcs
HEeHyJIeBO€e 3Ha4YeHUe KOOPOUHATH Z.

* TPMOD = alternate trajectory planning module [tp parms=value]
[TepemenHas TPMOD siBisieTcst HeoOs13aTENbHOM. ECIM yKa3aHo, UCTIONb3yHUTe YKa3aHHBIHN (CO3TaHHBIN
[I0JIb30BaTEJIEM) MOLYJIb BMECTO MOAYJIA II0 yMondaHuio (tpmod). ITapameTpsl Momyns (tp parms)
MOTYT OBITh BKJIFOUEHHI, €CJIM OHU HOONEPKUBAIOTCSA YKAa3aHHBEIM MOAYJIEM. OTY HaCTPOUKY MOIKHO
repeonpenenuTh U3 KOMaHOHOM CTPOKHU C IIOMOIIbIo onuuu -t ($ linuxcnc -h).

* NO PROBE JOG ERROR = 0-PaspemuTs 06X01 IpoBepKY cpabaThIBaHUSA aTuyuKa KOrqa BBl UCIIOJIb3yeTe
Me[JeHHYIO [10fa4Yy B PpyYHOM peXUMe.

* NO PROBE HOME ERROR = 0-Ilo3BomnsieT 0OXOOUTH IIPOBEPKY cpabaThHBaHUS JaTUyMKa BO BpeMs BO3BpaTa
B UCXOMHOE II0JI0KEHUE.

4.4.2.11 [KINS] Section

e JOINTS = 3 - YKa3blBaeT KOJIMUYECTBO COYJIeHEeHUM (OBUTaTesiel) B cucteMe. Hampumep, CTaHOK
trivkins XYZ ¢ omgHUM OBUTaTeleM Ha KaXAyl0 OChb uMeeT 3 coudjeHeHUsa. [lopTanbHEIM CTaHOK
C OOHUM JOBUTaTeJieM Ha KaXAou M3 OBYyX OCeM U OBYyMS OBUTATEISIMH Ha TpeThed ocu umeet 4
counieHeHud. (OTa mepeMeHHasa KOHGUTypaIly MOXKeT ucnonb3oBaTbca I'UI nig yCcTaHOBKY KOITHYECTBa
couleHeHuM (num joints), yKazaHHBIX AJ11 MOOyJisg motion (motmod).)
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e KINEMATICS = trivkins-¥Ykaxwute monyns kinematics gnst Mmogysisgt motion. I'MIIel MOTYT UCTIOJIB30BATh
9Ty IepeMeHHYIO Ui YKa3aHus cTpoku Loadrt B daiinax HAL gmns Momysig motmod. [JoIomTHUTENBHYIO
uHpOpMaLNio 0 MOOYJIAX KMHEMaATUKU CMOTPUTE Ha CTpaHuUIle pyKoBofacTBa: $ man kins.

4.4.2.12 [AXIS_<letter>] Section
<letter> yka3miBaeT ogHy 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.

e MAX VELOCITY = 1.2 - MakcuManbHas CKOPOCTSH [Jjid 9TOM ocu B machine unit B cekyHmy.

e MAX ACCELERATION = 20.0- MakcuManbHOE YCKOPEeHUE AJIsl 9TOM OCU B eIVHUIIaX CTaHKAa B CEKYHOY
B KBagpare.

e MIN LIMIT = -1000 - The minimum limit (soft limit) for axis motion, in machine units. When this
limit is exceeded, the controller aborts axis motion. The axis must be homed before MIN LIMIT is
in force. For a rotary axis (A,B,C typ) with unlimited rotation having no MIN LIMIT for that axis in
the [AXIS <letter>] section a value of -1€99 is used.

* MAX LIMIT = 1000 - The maximum limit (soft limit) for axis motion, in machine units. When this
limit is exceeded, the controller aborts axis motion. The axis must be homed before MAX LIMIT is
in force. For a rotary axis (A,B,C typ) with unlimited rotation having no MAX LIMIT for that axis in
the [AXIS <letter>] section a value of 1e99 is used.

¢ WRAPPED ROTARY = 1-Ecnumns ANGULAR ocu ycTaHOBIEHO 3Ha4YeHue 1, ock OymeT mepeMeniaTbCst
Ha 0-359,999 rpanycos. IlonoxXuTenpHEIE YKCIla IEPEMELIAOT OCh B IIOJIOKUTEJILHOM HallpaBJIeHUH,
a OTpHUIlaTeNIbHBIE YHCIla IIepeMelaoT OCh B OTPULIATENIbHOM HallpaBIeHUH.

¢ LOCKING INDEXER JOINT = 4 — 3To 3HaueHUe BLHIOMpAET COYJIeHeHMEe, YTOOHI UCIIOIb30BTh KaK PUKCUPYI
WHOEeKCaTOp [JIs yKa3laHHOU ocu <letter>. B sToM mpuMepe couleHeHue uMeeT HoMep 4, 4To
cooTBeTCTByeT ocu B gmnst cucteMmbl XYZAB ¢ kuHeMaTukoi (identity) trivkins. Korpma ycrtaHoBieHoO,
nepeMertienne GO Ost 3TOM OCHM MHUIMHUPYET Pa30IOKUPOBKY C momomrkio joint.4.unlock pin,
3aTeM XKneT KoHTakKT joint.4.is-unlocked, a 3aTeM mepemeliaeT COUYIeHEHUHE C BBICOKOM [JIs
9TOT'0 COYJIEHEHUS CKOPOCThIO. [Tocme nmepemernienns 3Hadenue joint.4.unlock 6yzmer false u mnsa
NPONOJIKEeHUs ABMXKeHUs OymeT oXupmaHue MOMeHTa, Korma joint.4.is-unlocked craumet false.
[TepemellieHre APYTrUX COUIEHEHUN HE IOIIYCKAeTCs IIPU IlepeMellleHnuY 3a67T0KMPOBAaHHOT'O ITIOBOPOTHOI'O
couneHeHus: . YToOB CO3aTh KOHTAKTHI 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 cosmaeT pa30I0KUPYIOIINE KOHTAKTHI OIS
counieHenu# 3,4,5.

* OFFSET AV RATIO = 0.1 — ecnu HeHyJIeBOE€ 3Ha4YE€HUE, ITOT IJIEMEHT II03BOJISIET KCIIOJIb30BaTh
BXOOHBIe KOHTAKTH HAL O cMelleHus BHEITHUX OCe:

axis.<letter>.eoffset-enable
axis.<letter>.eoffset-count
axis.<letter>.eoffset-scale

HHbopmMaliio 006 MCIONIL30BAaHUN CMOTPUTE B r'y1aBe: External Axis Offsets.
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4.4.2.13 [JOINT_<num>] Sections

<num> yKa3hBaeT HoMep cousieHeHUd O ... (num_joints-1). 3HayeHne num joints ycTaHaBIUBaeTCs C
nomoInpio [KINSJJOINTS=.

Pazgesner [JOINT O], [JOINT 1] u T. m. comepzkaT o0Iue ImapaMeTpHl [Jid OTAeIbHBIX KOMIIOHEHTOB B
MO[yJie YIIpaBJIeHUs coujieHeHrneM. MMeHa CeKIIUM COoYleHeHuN HaunHaloTcA ¢ 0 1 3aKaH4YMBAIOTCA
KOJIMUEeCTBOM COYJIeHeHUM, yKa3aHHbIM B 3anucu [KINS]JOINTS munyc 1.

OO6BI4HO (7151 CHCTEM, UCIIONIL3YIomuX trivkins kinematics, cymecTByeT cooTBeTCcTBHE 1:1 Mexk Iy OyKBOU
KOODPAVHAT COYJIeHEHUS U OCH):

« 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

[pyrue kuHeMaTudeckue mMonynu c identity kinematics mocTynHBI Oy nogmepKKU KOHQUTypaILUi C
YacTUYHBIMH Habopamu oceli. Hampumep, mpu ucnonb3oBauui trivkins ¢ coordinates=XZ cooTHoIeHus
COuYJIeHEeHUe-0Chb OyayT TaKUMU:

« JOINT 0 =X
« JOINT 1 =2

71 mony4eHus OOIONIHUTENbHOU MHDOPMAIUY 0 MOOYIIX KUHEMaTUKHU CM. CIIPaBOYHYIO CTPaAHUIY
kins (8 Tepmunane UNIX BBenute man kins).

e TYPE = LINEAR - Tun counenenusi: LINEAR mau ANGULAR.

* UNITS = INCH -Ifspecified, this setting overrides the related [TRAJ] UNITS setting, e.g., [TRAJ]JLINEAR U
if the TYPE of this joint is LINEAR, [TRAJ]JANGULAR UNITS if the TYPE of this joint is ANGULAR.

e MAX VELOCITY = 1.2 - MarcuManbHas CKOPOCTh OJISl 3TOT0 couNeHeHUs B machine unit B cexyHnny.

e MAX ACCELERATION = 20.0 - MakcuMasbHOE YCKOPEHHUE IS 9TOTO COYJIEHEHNUS B efUHUIaX CTaHKa
B CEKyHIy B KBampare.

e BACKLASH = 0.0000 - Backlash in machine units. Backlash compensation value can be used to
make up for small deficiencies in the hardware used to drive an joint. If backlash is added to an
joint and you are using steppers the STEPGEN MAXACCEL must be increased to 1.5 to 2 times the
MAX ACCELERATION for the joint. Excessive backlash compensation can cause an joint to jerk as it
changes direction. If a COMP_FILE is specified for a joint BACKLASH is not used.

* COMP_FILE = file.extension - The compensation file consists of map of position information for the
joint. Compensation file values are in machine units. Each set of values are are on one line separated
by a space. The first value is the nominal value (the commanded position). The second and third
values depend on the setting of COMP_FILE TYPE. Points in between nominal values are interpolated
between the two nominals. Compensation files must start with the smallest nominal and be in
ascending order to the largest value of nominals. File names are case sensitive and can contain
letters and/or numbers. Currently the limit inside LinuxCNC is for 256 triplets per joint.

Ecnu pns coegunenus ykasaH COMP_FILE, BACKLASH He ucnomnb3yeTcs.
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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 3HauYeHUe omnpemenseT (pakKTHUECKOe MMONOXKeHNe IIPH OBUKEHUN COYIeHEeHUS B
IIOJIOZKUTEIILHOM HallpaBIeHNH (Bo3pacTamwllee 3HaUueHne). TpeThe 3HaYeHUE ONpeaennsieT (aKTHIeCKO!
TTOI0KEeHUe, KOTTa COYIeHeHne IBUKETCS B OTPHUIIATEIbHOM HallpaBleHuH (yORIBaiolllee 3HaYeHKE).

Type O IIpumep

-1.000 -1.005 -0.995
0.000 0.002 -0.003
1.000 1.003 0.998

- Type 1: BTropoe 3HauYeHUe OMpenessieT TMOJI0XKUTEeTbHOe CMeIeHre 0T HOMUHAJIa IPY OBUXKEHUU
B IIOJIOKUTEILHOM HaIpaBJIeHHH. TpeThbe 3HaUYEHUEe OIpefesisieT OTPULlAaTeJIbHOE CMeIleHue OT
HOMMWHAJIA TPU ABUKEHUU B OTPUIIATEILHOM HATIPABIEHUH.

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 - The minimum limit for joint motion, in machine units. When this limit is
reached, the controller aborts joint motion. For a rotary joint with unlimited rotation having no
MIN LIMIT for that joint in the [JOINT N] section a the value -1e€99 is used.

e MAX LIMIT = 1000 - The maximum limit for joint motion, in machine units. When this limit is
reached, the controller aborts joint motion. For a rotary joint with unlimited rotation having no
MAX LIMIT for that joint in the [JOINT N] section a the value 1e€99 is used.

Note
Ona identity kinematics HacTponku [JOINT NJMIN LIMIT/MAX LIMIT [OSIXKHbI PaBHATbLCA UK
npesBbilaTh cooTBeTCTByOWMe npegensl [AXIS L] (MAEHTUYHOCTbL OOAWH K OOHOMY). 3TN

HaCTPOWKKM NMPOBEPAKTCA NMPU 3anycKe, Korga ykasaHbl mogynm trivkins kinematics.

Note

Hactporku [JOINT N]MIN LIMIT/MAX LIMIT npuMeHSAIOTCA NpyY MenJIeHHOW nojayvn B pexxmnme
COYJIeHeHMs nepej BO3BPaTOM B MCXOAHOeE rosioxkeHune. locsie Bo3BpaTa B UCXOLHOE MOJI0XKeHNe
npenens koopanHat [AXIS LIMIN LIMIT/MAX LIMIT ncnosnb3yloTCA B Ka4eCTBe orpaHn4yeHnn ans
nepemeleHna ocn (BykBbl KOOpAMHAT) WU MpPU MJIaHUPOBAHUN TPAEKTOPUKU, UCMOJSIb3yeMOoWn ANs
nepemeuieHnn G-kopa (nporpamMmbl U KomaHAbl MDI). MnaHupoBWNK TpaekTopun paboTaeT B
neKapToBoM npocTpaHcTBe (XYZABCUVW) u He uMeeT UHGOPMaUUnM O LBUXKEHUUN COYJIEHEHUN,
peann3yemMoM KakKuM-Mbo KnHeMaTuyecknum mMonyfieM. BO3MO)XXHO BO3HMKHOBEHMWE HapyLUeHWUN
npenena covneHeHna Anga G-koda, KOTOPbIA MOAYMHAETCHA npedeny Mno3vumu MNaaHUpoBaHUS
TpaekTopuu, Korga ncrnosb3yeTcs identity kinematics. Mogynb aBm>xxeHuns Bcerga obHapy>xnaeTt
HapyLweHNa U HeUCnpaBHOCTU MpefefibHbiX MOJSIOXKEHUN COYSIeHEeHUs, eC/IN OHWU BO3HUKAalT BO
BpeMs BbIMOJIHEHNS KOMaHA G-koga. CM. Takxke cooTBeTcTBYyoWYyto https://github.com/LinuxCNC/-
linuxcnc/issues/97 [GitHub issue #97].

* MIN FERROR = 0.010 - This is the value in machine units by which the joint is permitted to deviate
from commanded position at very low speeds. If MIN FERROR is smaller than FERROR, the two
produce a ramp of error trip points. You could think of this as a graph where one dimension is speed
and the other is permitted following error. As speed increases the amount of following error also
increases toward the FERROR value.



https://github.com/LinuxCNC/linuxcnc/issues/97
https://github.com/LinuxCNC/linuxcnc/issues/97
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* FERROR = 1.0 - FERROR is the maximum allowable following error, in machine units. If the difference
between commanded and sensed position exceeds this amount, the controller disables servo calcu-
lations, sets all the outputs to 0.0, and disables the amplifiers. If MIN FERROR is present in the INI
file, velocity-proportional following errors are used. Here, the maximum allowable following error
is proportional to the speed, with FERROR applying to the rapid rate set by [TRAJ]IMAX VELOCITY, and
proportionally smaller following errors for slower speeds. The maximum allowable following error
will always be greater than MIN FERROR. This prevents small following errors for stationary axes
from inadvertently aborting motion. Small following errors will always be present due to vibration,
etc.

* LOCKING INDEXER = 1 - YKa3mBaeT, UTO CO4YJIeHEHHE HCIIOJIb3YeTCs B KadeCTBe (PUKCUPYIOIIEro
WHOeKcaTopa.

9T napaMeTpHI CBSI3aHE C BO3BpallleHUeM B UCXOIHOe ITonoxeHue. 11 6onee nogpoO6HOTo 00bsICHEHU S
npoutuTte riaBy Homing Configuration.

e HOME = 0.0 -IlomoxeHue, B KOTOpoe nepefmeT CO4YJIEHEHHME II0CJI€ 3aBePIIEeHN A ITOCJIEed0BaTEeJIbHOCTHU
BO3BpPATa B UCXOOHOE IIOJIO2ZKEHHUE.

* HOME_OFFSET = 0.0 - [TonoxkeHue KOHIIeBUKa NCXOOHOI'O [TOJIOKEHUS COYJIEHEHU S UIU UHIEKCHOTO
UMOyjabCca B eOUHUIIAX CTaHKa. Eciau Bo BpeMs IIpollecca NMPUBEIEHUS B MCXOOHOE IIOJI0XKeHUe
HaWJeHO HMCXOOHOE IIOJIOKEHWe, 3TO II0JIOXKEeHHue [IpucBamBaeTcs 3TOU Todke. [Ipu coBMecTHOM
HCIIOIb30BaHMM KOHIIEBHKA UCXOOHOT 0 II0JIOKEHU I U KOHIIEBHKA ITpefieia ¥ UCII0JIb30BaHUM II0CIIe0BaTe]
IpuBEOeHUs B UCXOOHOE II0JI0KEeHNe, KOTOpas OCTaB/IsgeT KOHIIEBUK HCXOOHOTO II0JIOKEeHUA/IIpenesa
B IIEPEKTI0YEeHHOM COCTOSIHUY, MOXKHO HCIIOJIb30BaTh CMEIeHUEe UCXOOHOTO II0JI0XKEHUS, YTOOHI
oIlpeneuTh OJI0XKeHKe KOHIIeBUKa UCXOOHOT0 IIOJIOKEeHU, OTIUYHoe oT 0, eciu Ballle IT0JI0KeHMe
HOME pomnxk#o 681Th 0.

* HOME_SEARCH VEL = 0.0 - Initial homing velocity in machine units per second. Sign denotes direc-
tion of travel. A value of zero means assume that the current location is the home position for the
machine. If your machine has no home switches you will want to leave this value at zero.

* HOME_LATCH VEL = 0.0 - CKOpOCThL BO3BpaTa B UCXOOHOE IIOJI0KEHNE B eMUHUIIaX CTaHKa B CEKYHIY
IO IOJIOKeHUs PUKcanmy KOHIIEBUKA UCXOOHOTO II0OJIOKEHUsI. 3HaK YyKa3blBaeT HallpaBJIeHNe IBUKEHU .

* HOME_FINAL VEL = 0.0-CKOpPOCTh B €eIMHHUIIaX CTaHKa B CEKYHY OT (PUKCAIINU UCXOTHOTO II0JIOKEHU T
IO UCXOOHOT 0 oyioxkeHust. Ecimu octaBuTh 3HaueHue 0 UM He BKIIIOYUTH B 00beJUHEHNE, UCIIOIb3yeTCsI
OBICTPast CKOPOCTh. [[OIKHO OBITH IOJIOKUTEIBHBEIM YHUCIIOM.

 HOME_USE INDEX = NO - Ecnu sHKOOEp, UCIOIb3YEMEIU OJI1 9TOT0 COUYNIEeHEeHUsI, UMeeT UHAEKCHEIU
UMIIY/IbC, @ KapTa YIpaBlIleHUs OBUXKEHUEM MONAepzKMBaeT 3TOT CUTHAJI, BBl MOXKETe YCTaHOBUTh
ot Hero 3Hadyenue YES. Ecnu ycranoBimeno YES, 9To moBnusieT Ha TUN HUCIIONb3yeMOro mabioHa
MCXOMOHOTO ITOJIOKEeHUS. B HacTosIee BpeMs Bbl HE MOXKeTe MPUBOOUTL B UCXOOHOE II0JIOKEHUE [0
MHOEKCa C IOMOIIBIO IITarOBLIX ABUTATEJIEN, €CITH BH He UCIIoNb3yeTe StepGen B pekuMe CKOPOCTH
u PID.

* HOME_INDEX NO ENCODER RESET = NO - HMcnomnb3yuTe YES, ecnu 3HKOAED, UCIIOJIb3YEMBIU AJISA 3TOT0
COuJIeHeHUs, He cOpachiBaeT CBOM CUYEeTUUK IIpU 0OHapyKeHUH NHIEKCHOT 0 UMITYyJIbCa II0CJIe aKTUBaluU
koHTakTa HAL index enable counenenus. Ilpumenumo Tonbko s HOME USE INDEX = YES.

* HOME IGNORE LIMITS = NO - Korpa BEI UCIIOJIB3YETE KOHIIEBUK IIpEOEsia B KaueCTBE KOHIIEBUKA UCXOOHOT 0
[IOJIOKEeHU S ¥ KOHIIeBUKa IIpefiesia, OJIs Hero JOoJIXKHO ObITh yecTaHoBIeHOo 3HadeHue YES. Ecnu ycTaHOBIEH!
3HaveHre YES, KOHIIEBUK IIpefieria OIS 3TOT0 COYJIeHEHU I UTHOPUPYETCS ITPY BO3BPallleHU Y B UCXOOHOE
MoJIoKeHUe. BBl MOMXKHBI HAaCTPOUTH NpPUBENeHUE B MCXOOHOE IOJIOKEHUEe TakK, YToObl B KOHIIE
NIpUBEIEHUSI B UCXOOHOE IOJIOXKEeHUe KOHIEBHK MCXOOHOTO IOJIOKEeHUd/Ipeneia He HaXOOUJICS B
[IePEeKII0UeHHOM COCTOSHUY. B IPOTHBHOM cliydae IIOCJIe IIepeMeIeHus B HUCXOOHOe IOJIOXKeHUe
BEI IIOJIYYUTE omHGKy KOHIIeBUKA IIpenena.
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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:




LinuxCNC V2.10.0-pre0-4703-gc2eea07766 167 /1343

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>] Section(s))
<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] Section

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.

> >+

14

=

(G

|||||||| || i ||||||1||||||I||||‘|| |||||||||||I |||‘||||I|||||||||I|| ||||||||||:|||1|||||||||||||||||.|||1|||| :|||I||||||||'I|||||
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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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SEARCH_WEL = POSITWE  HOME__OFFSET = 3000
LATCH _VEL = MEGATIVE HOME = 1000
USE__INDEX = FALSE
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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

Hcnonb3lyeTcs O onpenesieHus I0Ceq0oBaTeIbHOCTH IIPUBEIeHNSI MHOKECTBa COUJIEHEHUH B UCXOOHOE
nonoxkenue HOME ALL 1 o6ecrieyeHms TOpsAOKa BO3BpallleHUs B UCXOIHOE IT0I0KeHUe (HanpuMmep, Z
He MOXeT OBITh BO3BpAllleH B MCXOIHOE ITOJI0XKeHMe, ecliu X ellle He YCTaHOBJIEH B UCXOOHOE IT0JI0KEeHUE).
CouneHeHre MOXKeT OBITH IPUBEIEHO B MCXOOHOE IIOJIOKEHWE IOCJIe TOTO, KaK BCE COYJIEHEHUS C
MeHbIuM (abcomoTHeIM 3HaUYeHneM) HOME SEQUENCE yxke mpuBeOeHbl M HaXOASTCS B IIOJIOKEHUHN
HOME OFFSET. Ecnu gBa couneHeHus uMmeioT opnmHakoByilo HOME SEQUENCE, oy MOryT OBITH
IpUBEOEHE OONHOBPEMEHHO.

Note

Ecnm HOME_SEQUENCE He yka3saH, co4yNleHeHue He byneT npuBeLEeHO B UCXOOHOE MOJIOXKEHMue
nocnepnosaTenbHocTeto HOME ALL (HO MoxeT ObiTb NpuMBEOEHO OTAEJIbHbIMKA KOMaHOaMu
npmBeneHnsa KOHKPETHOro CoYJIEHEHMNS).

Hauansuoe yncio HOME SEQUENCE moxeT 651Th 0, 1 (11 -1). AGCOII0THOE 3HaYeHNe IOPSAAKOBBIX
HOMEPOB OOJI?KHO YBETUYMBATLCS Ha eUHUIy — IIPOIIYCK IIOPSAKOBLIX HOMEPOB He IOoANepPKUBaeTCs.
Ecnu nopssgKoBBIM HOMED OIIyIleH, Bo3BpaT B ucxopHoe nonoxenrne HOME ALL npekpaTtuTcs nocse
3aBepIleHNs I0CIeqHEeTr0 JOIIYCTUMOT0 IOPSAIKOBOT0 HOMEpa.

Negative HOME SEQUENCE values indicate that joints in the sequence should synchronize the
final move to [JOINT n]JHOME by waiting until all joints in the sequence are ready. If any joint has a
negative HOME SEQUENCE value, then all joints with the same absolute value (positive or negative)
of the HOME SEQUENCE item value will synchronize the final move.

OrpunarennsHoe 3HaueHe HOME SEQUENCE Takke npuMeHseTCs K KOMaHOaM IPUBEIEHUS OGHOT' O
couneHeHud B ucxonHoe nonoxenue. Ecnu 3sauenue HOME SEQUENCE orpunareibHOe, BCe COUIEHEHY
nMeIne oguHakoBoe abcontoTHOoe 3HadeHre aToro HOME SEQUENCE, OynyT npuBegeHbI B HCXOTHOE
II0/I02KeHHEe BMeCTe C CHHXPOHH3HUPOBAHHBIM OKOHUYATEILHBIM NIepeMelrneHueM. Eciu 3HaueHre
HOME SEQUENCE paBHO HYJIIO UJIY IIOJIOKUTEJILHOMY 3HaYEHUI0, KOMaHIa OJIsi UCXOOHOI'0 CO4YJIEHEHU S
OyneT IpMBOAUTH B MCXOHOE TIOJIOKEHUE TOJIPKO YKa3aHHOe COeTMHEHNE.

PexxuM MenneHHON ogavyu couleHeHn ¢ oTpuniateabHelM 3HaueHueM HOME SEQUENCE 3amnpemieH.
B 0OOBIYHBIX TOPTAIBHBIX TPUIOKEHUAX TaKOe MepPeMelleHre MOKET MPUBECTHU K IePEKOCy (COBUTY).
O6paTtuTe BHUMaHUe, 9YTO 0OBIYHOE IIepeMeIeHe 10 rI00aTbHEIM KOOPAMHATaM BCeraa JOCTYITHO 110
IpUBEOEHNIO CTaHKa B MCXOOHOE TIOJIOKEHUE.

[Tpumeps! OIS0 CUCTEMEL C TPEMS COUI€HEHUSIMU

IIBe nmocnemoBaTenbHOoCcTH (0,1), 663 CUHXPOHU3AIIUU

[JOINT O]HOME SEQUENCE = 0
[JOINT 1]HOME SEQUENCE = 1
[JOINT 2]HOME SEQUENCE = 1

I[IBe moCIemoBaTEeNbHOCTH, COUYNIeHeHUs 1 U 2 CUHXPOHU3UPOBAHEI

[JOINT O]HOME_SEQUENCE = 0
[JOINT 1]HOME SEQUENCE = -1
[JOINT 2]HOME SEQUENCE = -1

HpI/I CMEIIaHHBIX ITOJIOZKUTEJIBHBIX U OTPULIATEJIbHEIX SHAYEHUAX COYJIEHEHU A lu?2 CUHXPOHU3UPOBAHEI
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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 Immediate Homing

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 Lathe Configuration

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 Stepper Configuration

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.




LinuxCNC V2.10.0-pre0-4703-gc2eea07766 184 /1343

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.
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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 Stepper Diagnostics

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

Here is a very basic example of the filtering mechanics: When run through a Linucnc screen that
offers program filtering, it will produce and write a line of G-code every 100 of a second to standard
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output. It also sends a progress message out to the UNIX standard error stream. If there was an error
it would post an error message and exit with an exitcode of 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 mporpaMMa, HO OHa OeNCTBUTENIbHO yMeeT GuiabTpoBaTk. OHa OTKPHIBAET OUAIOTOBOE
okHO PyQt5 c KHOIKOM OTMEHHBI. 3aTeM OHa CUYUTHIBAET IIPOrpaMMy IIOCTPOYHO U TepefaeT ee Ha
CTaHOAPTHHIHA BEIBOM. [10 X0y mena oHa 00HOBIISIET 000 ITPOIIEeCC, IPOCITYIINBAIOIINYN CTaHIaPTHEIN
BBLIBO[, OIITHOOK.

#!/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(CustombDialog, 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.setLayout(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()




LinuxCNC V2.10.0-pre0-4703-gc2eea07766 192 /1343

# 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 Introduction

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 Overview

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 TPAaAHIIMOHHLIX MeTOdaX MPOoeKTHPOBaHusi cucteM. HAL is based on the same
principles that are used to design hardware circuits and systems, so it is useful to examine those
principles first. Any system, including a CNC machine, consists of interconnected components. For
the CNC machine, those components might be the main controller, servo amps or stepper drives,
motors, encoders, limit switches, pushbutton pendants, perhaps a VFD for the spindle drive, a PLC to
run a toolchanger, etc. The machine builder must aselect, mount and wire these pieces together to
make a complete system.
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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 Part Selection

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 Interconnection Design

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 Implementation

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 Summary

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 Concepts

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 (KOMIIOHEHT )

When we talked about hardware design, we referred to the individual pieces as parts, building
blocks, black boxes, etc. The HAL equivalent is a component or HAL component. This document
uses HAL component when there is likely to be confusion with other kinds of components, but
normally just uses component. A HAL component is a piece of software with well-defined inputs,
outputs, and behavior, that can be installed and interconnected as needed. + + Many HAL
Components model the behaviour of a tangible part of a machine, and a pin may indeed be
meant to be connected to a physical pin on the device to communicate with it, hence the names.
But most often this is not the case. Imagine a retrofit of a manual lathe/mill. What LinuxCNC
implements is how the machine presents itself to the outside world, and it is secondary if the
implementation how to draw a circle is implemented on the machine already or provided from
LinuxCNC. And it is common to add buttons to the imaginary retrofit that signal an action, like
an emergency stop. LinuxCNC and the machine become one. And that is through the HAL.

Parameter (ITapameTp)

Many hardware components have adjustments that are not connected to any other components
but still need to be accessed. For example, servo amps often have trim pots to allow for tuning
adjustments, and test points where a meter or scope can be attached to view the tuning results.
HAL components also can have such items, which are referred to as parameters. There are two
types of parameters: Input parameters are equivalent to trim pots - they are values that can be
adjusted by the user, and remain fixed once they are set. Output parameters cannot be adjusted
by the user - they are equivalent to test points that allow internal signals to be monitored.

KonTtakT
Hardware components have terminals which are used to interconnect them. The HAL equivalent
is a pin or HAL pin. HAL pin is used when needed to avoid confusion. All HAL pins are named,
and the pin names are used when interconnecting them. HAL pins are software entities that exist
only inside the computer.

Physical_Pin (Pu3n4eCKHH KOHTAKT)
Many I/O devices have real physical pins or terminals that connect to external hardware, for
example the pins of a parallel port connector. To avoid confusion, these are referred to as physical
pins. These are the things that stick out into the real world.

Note

Bam Mo)XeT 6bITb MHTEPECHO, Kakas CBA3b cyliecTByeT Mexay HAL pins, Physical_pins n BHewHnMn
3N1eMeHTaMu, TaKUMU KaK 3HKoZepbl nnn Kapta STG: 3.ecb Mbl UMeeM lesio C UHTepdencamMmm Tuna
TpaHchauum/npeobpasoBaHNA AAHHbIX.

Signal (Curnain)
In a physical machine, the terminals of real hardware components are interconnected by wires.
The HAL equivalent of a wire is a signal or HAL signal. HAL signals connect HAL pins together
as required by the machine builder. HAL signals can be disconnected and reconnected at will
(even while the machine is running).

Type
When using real hardware, you would not connect a 24 Volt relay output to the +/-10V analog
input of a servo amp. HAL pins have the same restrictions, which are based upon their type.
Both pins and signals have types, and signals can only be connected to pins of ffvthe same type.
Currently there are 4 types, as follows:

¢ bit - equanuyHoOe 3Hauenue TRUE/FALSE unu ON/OFF

¢ float — 64-6uTHOE 3HAUEHUE C IJIaBaIOIIel 3alsITOM, pa3pelleHueM IPUMePHO 53 6uTa U UHAMHYECK
ouanaszonoM 6omee 1000 6uT.

¢ u32 — 32-6uTHOe 1enoe unciao 6e3 3HakKa, gonycTuMble 3HaveHus oT 0 mo 4,294,967,295
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¢ 532 — 32-0UTHOE 1IeJI0e YMCJIO CO 3HAaKOM, IOIIYCTUMEIE 3HaUueHus: oT-2,147,483,648 no +2,147,483,
* u64 — 64-6uTHOe Llenoe yucio 6e3 3HaKa, JOnycTuMbie 3HaueHus ot 0 0o 18,446,744,073,709,551,61

* s64— 64-0UTHOE 11eJI0€ YMCJIO CO 3HAKOM, MONYyCTUMEIE 3HaYeHus : oT -9,223,372,036,854,775,808
mo +9,223,372,036,854,775,807

Function

Real hardware components tend to act immediately on their inputs. For example, if the input
voltage to a servo amp changes, the output also changes automatically. However software com-
ponents cannot act automatically. Each component has specific code that must be executed to
do whatever that component is supposed to do. In some cases, that code simply runs as part
of the component. However in most cases, especially in realtime components, the code must
run in a specific sequence and at specific intervals. For example, inputs should be read before
calculations are performed on the input data, and outputs should not be written until the cal-
culations are done. In these cases, the code is made available to the system in the form of one
or more functions. Each function is a block of code that performs a specific action. The system
integrator can use threads to schedule a series of functions to be executed in a particular order
and at specific time intervals.

Thread (IIoToK)
A thread is a list of functions that runs at specific intervals as part of a realtime task. When a
thread is first created, it has a specific time interval (period), but no functions. Functions can be
added to the thread, and will be executed in order every time the thread runs.

B KauecTBe mpuMepa NPEINoJIoKUM, UTO Y Hac eCTh KOMIIOHEHT parport ¢ umeneM hal parport. 3toT
KOMIIOHEHT OITpeensieT OOUH WU HECKONIBKO KOHTAaKTOB HAL misa Kaxkpmoro pu3ndecKoro KOHTaKTa.
KoHTaKTHl OIMCaHbl B pa3fesie JOKYMEHTAllud 3TOT0 KOMIIOHEHTAa: MX MMeHa, KaK KaXKOblii KOHTaKT
CBsi3aH C pU3UYECKUM BHIBOJIOM, MHBEPTUPOBAHLI JI1 OHU, MOXKHO JIM U3MEHUTH IIONSAPHOCTh U T. II.
Ho 310 camo mo cebe He mepenaeT maHHBIE C KOHTAaKTOB HAL Ha ¢u3udeckue BHIBOOBL. [IJI 3TOTO
TpebyeTcs KOO, 1 UMEHHO 3[0eCh Ha CIIeHYy BHIXOOsT ¢yHKIUK. KoMIIOHEeHTy parport HeoO6XoouMbl KaK
MUHUMYM OBe QYHKIIMU: OOHA OIS YTeHUS PU3nUYeCKUX BXOOHBIX KOHTAKTOB 1 OOHOBJIEHUSI KOHTAKTOB
HAL, opyras ojis nojiydeHus JaHHBIX ¢ KOHTaKToB HAL 1 3anucu ux Ha Gu3ndeCcKue BEIXOOHEIE KOHTAKTHL.
O06e T QYHKIIUY SBJISIOTCS 4acThIO ApalBepa parport.

5.1.5 HAL components

Kaxmerit kommnoueHT HAL npepcTaBisieT co60i 4aCTh IPOTPaMMHOT0 00eCIIeYeHH ST C YeTKO OIIPeaeIeHHBIMY
BXOOaMH, BEIXOOaMU U ITIOBeJE€HKUEM, KOTOPYIO MO2KHO YCTAHOBUTH U ITIOOK/TIOYUTE I10 MEepe HeOGXOHI/IMOCTI/I.

B pasgene HAL Components List mepeuncsieHsl BCe HOCTYIHBIE KOMIIOHEHTHI ¥ KpaTKOe OITHCaHUe

TOTO, YTO KaXObIM U3 HUX [AeJiaerT.

5.1.6 Timing Issues In HAL

B oTnuuune oT Momenel GU3NYECKOTO COEOUHEHUS MEXKOy YEPHBIMU SIITUKaMU, Ha KOTOPHIX, KaK MBI
rosopunu, ocHoBaH HAL, mpocToe coegrHeHMe ABYX KOHTAKTOB ¢ curHanoM HAL maneko He COOTBETCTBYET
meicTBUI0 PU3UUECKOT0 CITydasi.

Hacrosiias peneitHas 10T¥Ka COCTOUT U3 pejie, COeANHEHHBIX BMECTE, ¥ KOT'[1a KOHTaKT pa3MbIKaeTCs
UM 3aMbIKAeTCsI, TOK TedeT (MU ITpeKpallaeTcs) HeMeajleHHo. [Ipyrue KaTyLIKA MOTYT U3MEHUTh
COCTOSTHHE U T. ., ¥ BCe 3TO IIPOCTO npoucxodum. Ho B sa3bIKe penetiHbx cxeM [1JIK aTo He paboTaer.
OOBIYHO 3a OOMH IIPOXO[ I10 HellsAM KazKOasd IIeIIb OII€HUBAETCA B TOM IIOPSAOKE, B KOTOPOM OHa ITOABIIAETCHA,
U TOJILKO OAWH pa3 3a ONpoxopn. IIpekpacHBIM IIPUMEPOM SBJIIETCS IIenb C ogHUM H3 KOHTakKTOM,
BKJIIOUEHHBIM IIOC/IE€0BaTEIbHO C KaTylIKoi. KOHTaKT 1 KaTylllKa IpruHaajiexaT OOHOMY peJle.

Ecnu Obl 3TO OBUIO OOBIYHOE pejie, TO KaK TOJIBKO Ha KAaTYUIKy IIOoJaeTCs HalpsXKeHNe, KOHTaKTHI
HAQ4YMHAIOT Pa3MBIKaThCA M 00€CTOUYMBATH €e. JTO 03HAYaeT, YTO KOHTAKTH CHOBA 3aMbIKAIOTCS U T. [I.
U T. . Pesle HaunMHaeT U3maBaTh 3BYKOBOW CHUTHAII.
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B ITJIK, ecnu KaTyIlIKa BEHIKJIIOYEHA M KOHTAKT 3aMKHYT, Korza [1JIK HaunHaeT OlleHuBaTh LIellb, TO 110
3aBepIleHUH 3TOT0 IIPOoXoJa KaTylIKa BKIo4YaeTcsa. ToT GakKT, YTO BKJIIOYEeHHEe KaTYIIKU pPa3MbIKaeT
KOHTAKT, IUTAIOIUN ee, UTHOPUPYETCSA OO Cliedylollero mpoxoma. Ha cmepytomieM mpoxome ITJIK
BUOUT, YTO KOHTAKT PAa30MKHYT, M o0ecTouMBaeT KaTyIIKy. Takum oOpa3oM, pele Io-IpexkHeMY
OBICTPO ITEPEKITIOYAETCSI MEKIY BKITIOUEHNEM 1 BEIKITIOUEHUEM, HO CO CKOPOCTBIO, OITPEENsieMOM TEM,
Kak 4dacto [1JIK oileHuBaeT IIelb.

B HAL dyHKIIMS — 9TO KO, KOTOPHIM olleHUBaeT 1enb(u). ®akTudecku, Bepcus ClassicLadder peanbHOT0
BpeMeHU c nonpmepxkkou HAL skcnopTupyeT GQYHKIIMIO, KOTOpas JejlaeT UMEeHHO 9TO. MeXOy TeM,
IIOTOK — 3TO TO, YTO 3amycKaeT PyHKIMNIO depe3 ONpelesieHHble IPOMEeXYTKU BpeMeHU. TOYHO Tak
XKe, Kak Bhl MoxXkeTe BeIOpaTh, uToOH [1JIK olleHMBas BCe CBOU IeNOYKU Kaxkable 10 MC uau KaxKayio
CEeKyHAY, BBl MOXKeTe OIpeensaTs MoToku HAL ¢ pa3HbIMU IIepUOTaMHU.

YTO OTNHMYaeT OOWH IIOTOK OT APyroro, Tak 3TO He TO, 4YTO IIOTOK [OeJjla€T — 3TO OIIPEeHAesIsaeTCsa TeM,
KaKue (I)YHK]_[I/II/I K HEMY IIOOKJIIOYEHHI. Hacrosmiee pa3inunydyue 3aKJII4YaeTCd JIUIb B TOM, KaK 49acCTO
3allyCKaeTCs IIOTOK.

B LinuxCNC y Bac MokeT ObITh TOTOK 50 MKC ¥ TOTOK 1 Mc. OHu 6ynyT co3mansl Ha ocHoBe BASE PERIOD
u SERVO PERIOD, dakTudeckoe BpeMs 3aBUCUT OT 3Ha4ueHu B BameM INI-daiine.

Cnenymolui mar — PeIIuTh, YTO JOJIXKEH [elaTh KaxKOBIM NOTOK. HeKoTophle M3 3TUX pelleHui
OOWHAKOBHI (mouTH) B J1I000M cucteme LinuxCNC. Hanpumep, 06paboTyuK KOMaHAH ABUKEHUS BCeraa
nob6aBiisieTcss B CEPBOIIOTOK.

Ipyrue coemmHeHusi OYOyT BHIIIOTHEHH HHTETpaTopoM. OHM MOTYT BKIIIOYATh B ce0s MOOKIIOYEHUE
dyukumi urenus u 3anucu LIAII gpaiiBepa STG K cepBOIOTOKY UJIM NOOKII0UeHNe GyHKIUU StepGen
K 6a30BOMY IIOTOKY BMeCTe C (PYHKIUSIMHU parport [js 3amucu UMITYJIbCOB IIIara B IOPT.

5.2 HAL Basics

ITOT DOKYMEHT JaeT OCHOBHL HAL.

5.2.1 HAL Commands

Bonee moapo6Hyio nHGpOPMaLNI0 MOXKHO HalTH Ha CTPaHUIle PyKOBoACcTBa o halcmd: 3amycTtuTte man
halcmd B oKHe TepMHUHaa.

YtoO6bI mpocMOTPETh KOHpuUryparuo HAL 1 MpoBEPUTh COCTOSTHUE KOHTAKTOB U lTapaMeTPOB, UCIIOIb3yUTe
okHO «Koupurypanus HAL» B MmeH0 «CTaHOK» B AXIS. YTOOB IPOCMOTPETH CTATyC KOHTAKTa, OTKPOUTE
BKJIagKy Watch u menkHuTEe KaXXObIi KOHTAKT, KOTOPBIN 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




LinuxCNC V2.10.0-pre0-4703-gc2eea07766 205/1343

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

The linksp command has been superseded by the net command.

Komanpa linkps co3maeT coeOuHeHue MeXay OOHUM KOHTaKTOM U OOHUM CUTHANIOM. JTO TO XK€e CaMoeE,
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

The linkps command has been superseded by the net command.

KOMaH[a newsig co3pmaeT 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 IIpUMepbI 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
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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 Files

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 Parameter

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 Basic Logic Components

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 Logic Examples

IIpuMmep ucnonb30BaHus1 and2

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 Conversion Components

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 Tutorial

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
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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”.
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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 Example

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.




LinuxCNC V2.10.0-pre0-4703-gc2eea07766 229 /1343

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.
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”

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

This dialog is where you set the sampling rate for the oscilloscope. For now we want to sample once
per millisecond, so click on the 1.00 ms thread slow and leave the multiplier at 1. We will also leave
the record length at 4000 samples, so that we can use up to four channels at one time. When you

select a thread and then click OK, the dialog disappears, and the scope window looks something like
the following figure.
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L HAL Oscilloscope A _ O X

File Help
Run Mode— Trigger

MNormal 0 MNormal
Single Auto

Horizontal
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Pos per div at 1.00 kHz
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1
|EE| IDLE (o] Stop Level Pos

Vertical
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Level
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Rising

Selected Channel
Offset Source

""" None

Figure 5.8: HauanbHOe OKHO ociuiinorpada

5.4.6.1 TMoakniwuyeHue LLYMNOB

Ha sTom arame Halscope roToB K HCIIONIB30BaHUIO. MEI yXKe BBIOpaM 4aCTOTY OUCKPETH3alluu U
OJIMHY 3allMCH, I09TOMY CIIEOYIOIINM IITaTr — PENIUTh, Ha YTO 00paTUTh BHUMaHKE. DTO 3KBUBAJIEHTHO
MMOOKIIIOUEHUI0 8UPMYA1bHbIX Wynoes ocuuinozpaga K HAL. Halscope nmeeT 16 KaHanoB, HO KOJTMYECTBO,
KOTOPOE BhI MOZKETE MUCIO0JIh30BaTh OHHOBPEMEHHO, 3aBUCUT OT OJIMHBI 3aITHUCH: OOJIbIIIe KaHAIOB O3HAYaeT
0o0Jiee KOPOTKHE 3aIIUCH, TIOCKOJIBKY JOCTYITHAS [JIsI 3allMCH IaMsATh (UKCHUPOBaHA M COCTaABISIET IIPUMEPHO
16 000 BBIOOPOK.

KHONKM KaHallOB pacHoOIOXKEeHBl B HUJKHEW YacTU 3KpaHa rajockomna. HaxXxmuTe KHONKY I, U BH
VBUOUTE OHanoroBoe okHO Select Channel Source, Kak moKa3aHO Ha CIeOyIOlleM PUCYHKe. ITOT
OUaor O4YeHb IT0OX0XK Ha TOT, KOTOPHIN ucronb3yeT Halmeter. Ham xoTenock 661 IPOCMOTPETH CUTHAJIHI,
KOTOpBLIe MBI OIIPENENIUIN pPaHee, IIO3TOMY MBI HaXHMMaeM BKJIagKy Signals, m B gUajoroBOM OKHE
otoOpazkarTcs Bce curHasbl B HAL (TOnbKO OBa AJIst 9TOTO HpUMeEpa).
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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
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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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Click 'Quit' to exit HALSCOPE
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OK Quit

Figure 5.16: [Tnanor 4acTOTH BEIOOPKH

5.4.6.6 bonbLue KaHaNoOB

Now let’s look at the step pulses. Halscope has 16 channels, but for this example we are using only 4
at a time. Before we select any more channels, we need to turn off a couple. Clicking on a selected
channel button (black border) will turn the channel off. So click on the channel 2 button, then click
again on this button and the channel will turn off. Then click twice on channel 3 and do the same
for channel 4. Even though the channels are turned off, they still remember what they are connected
to, and in fact we will continue to use channel 3 as the trigger source. To add new channels, select
channel 5, and choose pin stepgen.0.dir, then channel 6, and select stepgen.0.step. Then click run
mode Normal to start the scope, and adjust the horizontal zoom to 5 ms per division. You should see
the step pulses slow down as the velocity command (channel 1) approaches zero, then the direction
pin changes state and the step pulses speed up again. You might want toincrease the gain on channel
1 to about 20 milli per division to better see the change in the velocity command. The result should
look like the following figure.
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Figure 5.17: Ilarosele UMIIyIbCEI

5.4.6.7 bBonbLwe BbIGOPOK

Ecnu BB XOTHTE 3a0KUCaTh OOJIbIIIe BI:I60pOK OOHOBPEMEHHO, [TIePe3allyCTUTEe Pe2KNM PeaJIbHOI'O BpEMEeHU
U 3arpy3urte halscope C 9YHUCJIOBBIM apPTryMEHTOM, KOTOpI:»IfI YKa3bIBa€T KOJIU49EeCTBO BI:I60pOK, KOTOpPEIE
BEI XOTUTE 3aXBaTUTh.

halcmd loadusr halscope 80000

Ecnmu KOMIOHEHT scope rt elnie He OB 3arpyxkeH, halscope 3arpy3uTt ero u 3amnpocut 80 000 ob1ux
BBIOOPOK, TakK 4YTO IPHU BEIOOPKe 4 KaHasioB ogHoBpeMeHHO OymeT 20 000 BEIOGOpOK Ha KaHamn. (Ecnu
Sscope_rt yxKe 3arpyzKeH, 4MCJIOBOM apryMeHT halscope He OymeT uMeTh HUKaKOro sadderTa).

5.5 HAL Examples

Bo Bcex 3TuX npuMepax IIpefnojiaraeTcs, YTo Bbl HauMHaeTe ¢ KoHGurypauuu Ha ocHoBe StepConf u
uMeeTe IOBa I0ToKa base-thread u servo-thread. Mactep StepConf co3gacT nycTeie ¢aiinel custom.hal
u custom postgui.hal. ®aiin custom.hal 6ymeT 3arpykeH nocine ¢atina koudpurypauuu HAL, a daiin
custom_postgui.hal 3arpykaeTcsa nocne 3arpy3ku ['MII.

5.5.1 MNMoapkniouyeHue ABYX BbIXOA 0B

YT0oOBI COEOUHUTH OBa BBEIXOMIAa CO BXOIOM, BBl MOKETE HCIIOJIb30BaTh KOMIIOHEHT Oor2. or2 paboTaet
crenyiomuM o6pa3oM: eciu KakKou-nubo BXomd or2 BKITIOYEH, TO M BBIXOJ Or2 BKIOUeH. Eciu HU oguH
M3 BXOOOB Or2 He BKJIIOYEH, BLIXOJ OI'2 BHIKJIIOUEH.

Hampumep, uto6n ABe KHONKH PyVCP ObBIyIM MOOKITIOUEHB! K OQHOMY CBETOOUOMY.

®aiin .xml, naromui ykazanue PyVCP noarotoBuTh rpadudeckuis HHTEpdenc ¢ AByMsi KHOIMKAMH
(c umenamu “"button-1” u “button-2”) u ceeroguogmom (c umenem “led-1").
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<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, cuursiBaeTcst mociie HacTpouku I'MII ¥ rOTOBHOCTH MOPTOB MIPUHSATH JIOTHKY,
onucannyl B HAL.

loadrt or2

addf or2.0 servo-thread

net button-1 or2.0.in0@ <= pyvcp.button-1
net button-2 or2.0.inl <= pyvcp.button-2
net led-1 pyvcp.led-1 <= or2.0.out

Korpa BBI 3aIllyCTUTE 3TOT HIPUMEP B CUMYJISITOPE OCHU, CO3TaHHOM C momoiibio Mactepa StepConf, Be
MOKETe OTKPHITh TEPMHUHAI U IPOCMOTPETh BHIBOALI, CO3MaHHEIE C TOMOIIbI0 Loadrt or2, HabpaB B
tepmuHane halcmd show pin or2.

3anyck halcmd B komanmHo# ctpoke UNIX, 4TOOBI OTOOpPa3HTh KOHTAKThI, CO3TIaHHBIE C
IIOMOUIILIO MOJYJISI Or2.

$ halcmd show pin or2
Component Pins:

Owner Type Dir Value Name
22 bit IN FALSE 0r2.0.in0 <== button-1
22 bit IN FALSE o0r2.0.inl <== button-2
22 bit ouT FALSE o0r2.0.out ==> led-1

W3 komaugsl HAL show pin or2 Bel MOzKeTe BUOETH, YTO BEIBOA button-1 moaKkiiodyeH K BEIBOOY or2.0.1in0.
ITo cTpenKe HaOpaBIeHUA BEI MOXKETE BUIETh, YTO KHOIIKA SIBJISETCS BEIXOOOM, a 0r2.0.in0 — Bxomom.
Brixop ¢ or2 mocrtymnaeTt Ha BXOJ CBETOOUOA.

5.5.2 Py4yHas cMeHa MHCTPyMeHTa

B sToM mpumMepe MpeAmojiaraeTcsi, YTO BhI pa3gepmbigdeme c80 COOCMBEHHY KOHPUTYpALU0 U
XO0TUTe mM0OaBUTh OKHO PYYHOM CMeHHB UHCTPpyMeHTOB HAL. PyuyHas cMmeHa uHcTpyMeHTa HAL B nepByio
odepend MIOJIE3HA, €CJIU ¥ BaC €CTh IPeNyCTaHOBIEeHHEIEe UHCTPYMEHTH U BE COXpaHseTe CMeIleHus
B Tabjulle MHCTPYMEHTOB. EcCiM BaM HYXKHO NPUCTYIHUTh K KaXOOW CMeHEe WHCTPYMEHTA, JIydIle
BCero mpocto paspenuTtbh G-kom. YToOwl ncnonbp3oBaTh o0KHO HAL Manual Toolchange, Bam, 1o cyTH,
Heo6X0IUMO

1. 3arpy3uTh koMnoHeHT hal manualtoolchange,

2. 3aTeM otnpaBuTthk tool change iocontrol Ha hal manualtoolchange change u




LinuxCNC V2.10.0-pre0-4703-gc2eea07766 244 /1343

3. orupaButk 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 MHCTPYMEHTa ¢ ImoMoIlbio 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 PYUYHOM CMEHH 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 BbIYUCAUTb CKOPOCTDb

B aToMm npumMepe ucnonb3yoTca ddt, mult2 v abs o1 BLIYUCIEHUS CKOPOCTH OJHOM OCU. [[OIOTHUTEIBHYIO
vHpOpPMaLHMi0 0 KOMIOHEHTaX PeajbHOr0 BPEMEHU CM. Ha CTPAHUIAX PYKOBOJACTBA WU B CIIHCKE
koMmmioHeHTOB HAL (Section 5.1.5).

ITpexkme Bcero, MpoBepbTE CBOIO KOH(UTYpAIHIo, YTOOH YOeOUTHCS, YTO Bbl HE UCIIOIb3yEeTe TOTOBRIE
KOMIIOHEHTHI PeaibHOTO BpeMeHHu. BBl MoXKeTe cHmenaTh 3TO, OTKPHIB OKHO KoHpurypaumu HAL u
Hal[s KOMIIOHEHTHI B pa3fesie KOHTaKToB. Ecnu na, To HaiguTe ¢atin HAL, B KOTOPBIM OHU 3aTpyKaloTCH,
yBeIUYbTEe KOMUYECTBO U HACTPONTE 3K3eMIJIIP 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 (GYHKLIMU B ITIOTOK, YTOOBI OH OOHOBJISIJICS.

addf ddt.0 servo-thread
addf mult2.0 servo-thread
addf abs.0 servo-thread

YcTaHoOBUTE 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 pa3zfesie MBL YCTaHaBIMBaeM fAjs nmapamerpa mult2.0.inl 3nauenue 60, 4TOGH
npeobpa3oBaTh OIOWMELI B CEKYHIY B Oi0MMBL B MUHYTY (IPM), KoTOphle MBI nTontydaeM u3 ddt.0.out.

Xpos-cmd oTmpaBnseT 3amaHHyio mo3unuio B ddt.0.in. ddt BelumMcIsieT IPOU3BOOHYIO M3MEHEHUS
BXOOHBIX OJAHHBIX.

ddt2.0.out ymHOXkaetcs Ha 60, 4TOOH mONTy4YUTH IPM.

mult2.0.out oTpaBmnsieTcs B abs Oyst mony4yeHus aOCOMIOTHOTO 3HAYEHUS.
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Ha crnenyoIeM prCyHKe ITOKa3aH pe3yabTaT, Korma oCch X IIepeMeInaeTcsi CO CKOPOCThIO 15 M0iMOB B
MHHYTY B OTPHUIIAaTEIbHOM HamnpaBneHuu. OOpaTuTe BHUMAHKe, YTO MBI MOXKEM II0JIYYUTh aOCOTI0THOE
3HaueHue nubo OoT KOHTakKTa abs.0.out, mubdo oT curuana X-IPM.

‘m BRI Configuration BE]EE)

Tree Views

Components SHOW WATCH
Fins
ahs -0.2a dot.0.out

0 -15 multz.0.out
13 ahs.0.out
sign -15 H-ABS
axis 15 H-IPM
-0.25 X-IPS

out
hal_manualtoolchange
iocontrol
motion
multZ
1]

in0

inl

out
parport
pwmygen
stepgen
F—  Parameters
E Signals
x
X-ABS
*-1PM
*-IPS

Figure 5.18: HAL: npumMep CKOpoCTHA

5.5.4 MoppoOGHOCTM NNaBHOro 3anycka

B sTom npuMepe nmokasaHo, Kak KoMnoHeHTH HAL lowpass, limit2 unu limit3 MOTyT UCIIOJIb30BaThCSA
OJI OTPaHUYEeHUS CKOPOCTU U3MEHEHUS CUTHaa.

B aToM nipuMepe y Hac eCTb CEPBOABUTATEND, IIPUBOASIINY B OBUXKEHNE MITUHAEIb TOKAPHOT 0 CTaHKa.
Ecnu MBI TPOCTO MCTIOIb30BaIN 3aJaHHble CKOPOCTH MIMTUHAEIISI CEPBOIIPHUBOAA, OH ITOIILITAETCS IEPEUTH
OT TeKyllel CKOPOCTH K 3alaHHOM CKOPOCTHU KaK MOXKHO OBICTpee. 3TO MOXKET BhI3BATh ITPOOIEMHEI UIH
MMOBPEOUTE IPHUBO. YTOOLI 3aMeIJINTLE CKOPOCTh N3MEHEeHsI, MBI MOKeM OTIIpaBuTh spindle.N.speed-out
yepe3 orpaHuuutTend nepen PID, uyToOwl 3HaueHHe KOMaHOH PID m3MeHsI0Ch Ha HOBBIE HACTPOUKHU
Me[JieHHee.

TpI/I BCTPOEHHEIX KOMIIOHEHTA, OTPaHUYKMBAIOIIIUX CUT'HAII:

e limit2 orpaHUYMBaET OUAIa30H M IIePBYIO IIPOU3BOOHYIO CUTHAJA.

e limit3 orpaHUYMBAET OUAIA30H, IIEPBYIO ¥ BTOPYIO ITPOU3BONHLIE CUTHAIA.
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* moving average to track an input signal.

YToOBI HAUTH OOIOHUTEIIBPHYI0O HMHGOPMaInio 00 3TuxX KoMImoHeHTax HAL, o6paTuTech K CIIpaBOYHBIM
CTpaHUIaM.

I[TomecTuTe crenyiomiee B TEKCTOBHIY (aiin ¢ umeHeM softstart.hal. Ecmu BH He 3HakOMEHI C Linux,
rnoMecTtute ¢daiy 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

OTKpOITEe OKHO TeEPMUHAA U 3allyCTUTe aii C IOMOIIbLIO CIeAyIoel KOMaH k.

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
BKiamke Signals. I[ToBTopuTe TO ke camoe mjst channels 2-4 u mo6aBbTe lowpass, limit2 u limit3.

Ilamee, 4yTOOBI HACTPOUTH TPUITEPHBIM CUTHAJI, HAXKMHUTE KHONKY Source None u BEIOepuTe square.
Knonka uaMmeHuTcs Ha Source Chan 1.

3aTeMm HaxxMmuTe Single B mojie mepekmoyaTesiei Run Mode. 3To 3anyCcTUT IIPOTOH, ¥ KOTAA OH 3aKOHYUTCH,
BBl YBUOUTE CBOU CHUTHAJIHI.

YT0OBI pa3fgenuTh CUTHAJBL U JIydllle UX BUMEThH, IIEJIKHUTE KaHall, a 3aTeM UCIOJIb3yiTe IOI3yHOK
Pos B none Vertical, 9TOObE 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
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'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 Core Components

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 Pins)
OTH KOHTAKTHI, TapaMeTPsl U GYHKIIMK CO3HAI0TCS MOOYJIeM PeajIbHOTO 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) The current program line while executing. Zero if not running or
between lines while single stepping.

* motion.requested-vel - (float, out) The current requested velocity in user units per second. This
value is the F-word setting from the G-code file, possibly reduced to accommodate machine veloc-
ity and acceleration limits. The value on this pin does not reflect the feed override or any other
adjustments.

* 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) 9T0 ucnonb3lyeTcs B LEeJIAX OTIIAIKH.
* motion.debug-float-2 - (float, RO) 9To ucnonb3yeTcs B LeIAX OTIagKH.
* motion.debug-float-3 - (float, RO) 3To ucnonb3yeTcs B LEJAX OTIagKHU.
* motion.debug-s32-0 - (s32, RO) 9To ucnonb3yeTcs B IeIX OTJIafKU.
* motion.debug-s32-1 - (s32, RO) 9To UCIONIb3yeTCA B LIEIIX OTJIaOKU.

* motion.servo.last-period - (u32, RO) KonuuectBo nuknoB LII1 Mexay BEI30BaMu CEPBOIOTOKA. OOBIYHO
9TO YMCJIO, Pa3fieIeHHOe Ha CKOPOCTD IIPOIIeCCopPa, AaeT BPeEMS B CEKYHIaX U MOKET UCII0JIb30BaThCS
OISl OompenesieHus TOT0, COOTBETCTBYET JIM KOHTPOJIEP OBUXKEHHH B pealbHOM BPEMEHHU CBOUM
BPEMEHHBIM OTPaHUYEHUSIM

* motion.servo.last-period-ns - (float, RO)

5.6.1.4 ®DYHKUUM
OO6BI4HO 00€e 3TH QYHKIIUU 000aBIAIOTCA B CEPBONOTOK B YKa3aHHOM MOPSOKE.

* motion-command-handler - Tlony4aeT u o6pabaThiBaeT KOMaHOLl ABUXKEHUS

* motion-controller - 3anmyckaeT KOHTposiep aBuxkeHus LinuxCNC

5.6.2 Spindle

LinuxCNC MOXKeT OCyIIeCTBIATh yIIpaBjIeHWEe OO0 BOCHBMU IINUHAENEU. MOOynb OBUXKEHUS CO30acT
crenyoomye KOHTakKTe: N (uenoe uucio ot 0 4o 7) 3aMeHsIeT HOMED IINUHOEI.

5.6.2.1 Pins)

e spindle.N.at-speed - (bit, in) [IBuxkeHue OymeT IPHOCTAHOBIEHO [0 TeX IIOP, IOKA 3TOT KOHTAKT He
craneT TRUE, nipu crnenyromux yCIOBUSX:
- Iepeq IePBBEIM XOAOM ITOa4U MIOCJie KaXKOOTo 3allycKa MIMUHEeNS UJIN U3MEeHEeHUI CKOPOCTH;
- mepeq HadyajioM KaxKOoH IIeIIOYKH CHHXPOHU3HUPOBAHHEBIX CO IIMHUHIOEIEM XOMOOB;

- u ecnu B pexkuMe CSS, To mpu KaxkmaoM OBICTPOM IIEPEXOIE Ha IToavYy. DTOT BBOI MOXKHO MCIIOJTh30BaTh,
4TOOH YOEOQUTHCS, UTO MIMUHEIb Ha0paJsl Hy2KHYIO0 CKOPOCTD IIepe[] HauaJIoM PEe3KH UJIN YTO MITTUHIEIb
TOKapHOTO CTaHKa B pexume CSS 3aMennuics mocjie Impoxopa CHATUS OT GOJBIIOTO K MaJioMy
mnepeq HadaJjioM CJIeNyIolero mpoxoma Ha OomnblieM muameTpe. Muorue VFD mMmeloT BwIXOH at
Speed. B IpPOTHBHOM CJIydae 3TOT CUTHAJ JIETKO CreHepupoBaTh C IIOMOIIBI0 KOMIOHeHTa HAL
near, cpaBHUBAas 3anpalInBaeMyio ¥ GaKTHYeCKyI0 CKOPOCTh IIIUHAETIS.

* spindle.N.brake - (bit, out) TRUE, Korza cnegyet 3afelicTBOBaTh TOPMO3 IIITUHAEJIS.
e spindle.N.forward - (bit, out) TRUE, Korpma mmuHAesb HOIXKeH BpalllaThCs BIEpem.

* spindle.N.index-enable - (bit, I/O) [Ins mpaBunbHOM PabOThl CHHXPOHU3WUPOBAHHEIX ITEPEMEIIeHUN
MINWHEJS 9TOT KOHTAKT OOJI?KeH OBITh IIOOKJII0YEeH K KOHTaKTy index-enable sHkKopepa mnuHens.

e spindle.N.inhibit - (bit, in) Korma atoT 6ut paBer TRUE, ckopocTs mmuHpaens ycTaHoBiIeHa Ha 0.
¢ spindle.N.on - (bit, out) TRUE, Korga mmnuHOesnb OOIXKeH BpallaThCs.

e spindle.N.reverse - (bit, out) TRUE, korga mnuHaenb JOIXKEH BpalllaThbCs Ha3am
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¢ spindle.N.revs - (float, in) 17151 mpaBUILHOM PabOTH CHHXPOHU3UPOBAHHELIX IePeMelleHUH MU H eI
9TOT CHUTHAJI JOIKeH OhITh HOOKITIOYEH K KOHTAKTY ITOJIOKEHHsI 9HKOoIepa InuHaesnsa. [lonoxeHue
9HKOJepa IIMUHAEIS AOIKHO OBITh MacIITaOMPOBaHO TAaKUM 00Pa30M, YTOOBI YMCII0 0O0POTOB IITTHUHAE IS
yBenuuyuBanock Ha 1,0 mpu KaxkgoM o00poTe IIMTUHIENISA 110 YacoBOM cTpenke (M3).

¢ spindle.N.speed-in - (float, in) O6paTHas CBs3b 0 (paKTUUYECKOU CKOPOCTU MIMTHUHIENsS B 000poTax
B CEKYHOy. JTO MCIOJIL3YEeTCS MpU OBUKEHUU C nopadedl Ha obopor (G95). Ecnum Bam mpariBep
9HKOJepa LINUHIENS He UMeeT BhIXOJa CKOPOCTH, BhI MOXKETe CTeHepPUPOBaTh MOAXOISAIINN BEIXOL,
OTIIPABUB IIOJIOKEHHE MINMUHIENI Yepe3 KOMIOHeHT ddt . Eciu y Bac HeT SHKoOepa IIMUHOEe s, Bh
MOIKeTe CcHejlaTb 00paTHYIO CBA3b C spindle.N.speed-out-rps.

¢ spindle.N.speed-out - (float, out) 3agmaHHas CKOPOCTH IIMUHAES B 000pOTax B MUHYTY. [10710KUTETBHBIN
II7Is1 BpallleHus IMnuHAesns Buepern (M3), oTpullaTe IbHBIM [JI BpallleHus INUHOens Ha3an (M4).

e spindle.N.speed-out-abs - (float, out) 3agaHHasi CKOPOCTh IIMHUHAEIS B 000pOTax B MUHYTY. OJTO
Bcerpa 6ymeT MO0XKUTEILHOE YUCIIO.

¢ spindle.N.speed-out-rps - (float, out) 3agaHHass CKOPOCTE IIMUHAEIS B 000pOTax B CEKYHIY. [100XKUTEITHH:
IJig BpallleHus MNuHOeNs Buepen (M3), oTpuniaTenbHas OJid BpallleHUs MINUHOEeNIs Ha3an (M4).

e spindle.N.speed-out-rps-abs - (float, out) 3amanHast CKOpOCTh MINIUHAEJIS B 000pOTaxX B CEKYHOY. ITO
Bcerga OymeT II0JI0XKUTeIbHOe YKCIIO.

» spindle.N.orient-angle - (float,out) 2Kemaemast opueHTauusa mmnuHpend aiagd M19. 3Hauenue mapaMmeTpa
M19 R word nnioc 3Hauenue napamerpa [RS274NGCJORIENT OFFSET INI.

» spindle.N.orient-mode - (s32,out) 2KeyaeMbili peKUM BpallleHus mnuHgens M19. ITo ymomyaHuio
0.

e spindle.N.orient - (out,bit) Yka3riBaeT Ha Hauyaio IUKJIa OPHEHTAIINY INIIHHAEesIsI. YCTaHaBJINBaeTCs
M19. OuwumiaeTcs mo6beiM u3 M3, M4 unu M5. Ecnu spindle-orient-fault He paBHa HyJ1I0 TTPU Spindle-
orient true, komauma M19 3aBepiaercs c6oeM ¢ coobieHrueM 06 ommnoKe.

» spindle.N.is-oriented - (in, bit) KouTakT nogrBepxnenus o4 spindle-orient. 3aBepiaeT ITUKII OpUEHTAIIUL
Ecnu spindle-orient Grinio true, korga cran akTUBHEIM spindle-is-oriented, konTakT spindle-orient
cOpacrIBaeTCs M yCTAaHABIMBAETCS B aKTUBHBIN YPOBEHBb KOHTAKT spindle-locked. Takke ycTaHaBIUBaETCS
KOHTAaKT spindle-brake.

¢ spindle.N.orient-fault - (s32, in) BBoq Koia HeHCIPAaBHOCTH [JIS ITMKJIa OpHeHTanun. JIroboe 3HaYeHu1e,
OTIHUYHOE OT HYJISA, IPUBEIET K IPEPHIBAHUIO ITUKJIa OPUEHTAIINH.

¢ spindle.N.lock - (bit, out) KoHTaKT opueHTallus MITHHIEe s BEIIOIHeHa. OuuiiaeTcs mio0eM u3 M3,
M4 unu Mb5.

Hcnons3oBanne KoHTakTa HAL nisa opuenTranun minuHaeinasa M19 KornentyanbHO MIIWHAEH
HaXOOUTCSA B OOHOM K3 CJIeOYIOIIUX PEeXKKUMOB:

* peXUM BpallleHus (110 YMOJTYaHUIO)

¢ IIOHCK HYZXKHOI'O peXXHNMa OPHUEHTaluu

* PEeXUM 3aBepIIeHUS OPUEeHTAlIUH.

Korpa BEITOTHSETCSA M19, IMMAHOEb IIEPEKIII0YAaeTCAd Ha NoOUCK oicennaemoltl opueHmauuu, 1 IIOOKJIIIOYAaeTCA
KoHTakT HAL spindle. N .orient. 2KemaeMas 1ieieBas IO3UNUSA 3aaeTcd KOHTaKTaMu spindle. N
u spindle. N .orient-fwd u ynpaBnsercsa napamerpamu M19 Ru P.

OzxxupaeTcs, 4To JioTuka nogaepkku HAL 6ynet pearupoBath Ha spindle. N .orient, mepememnias
HINWHAENIb B XKejlaeMoe mnonoxenue. Korpma sTo OymeT 3aBeplleHO, OXKupaeTcs, 4To joruka HAL
MIOATBEPIAUT 9TO, YCTAHOBUB aKTUBHEIM BEIBOA spindle. N .is-opueHTMpOBaHHLIN.
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3aTeM Motion nogTBepKAaeT 9TO, fejlasi HeaKTUBHEIM KOHTakKT spindle. N .orientu menas akTUBHBEIM
KoHTakKT spindle. N .locked, uToOHI mOKa3aTh pexkuM orientation complete. OH TakxXke menaeT
aKTUBHBIM KOHTakKT spindle. N .brake. [llnuapgens Tenepb HAXOOUTCS B pexKUMe orientation com-
plete.

Ecnu, noka spindle. N .orient aBnsercstrue,aspindle. N .is-oriented emie He ycTaHOBJIEH
aKTUBHBIM, KOHTaKT spindle. N .orient-fault umeer 3HaueHue, OTIMYHOE OT HYJISI, KOMaHIa
M19 npepriBaeTcs, oTobpaxkaeTcs coobleHue, BKII0Uatollee KO HeMCIIPaBHOCTH, ¥ 0OUepenb OBUKEeHUN
ouummaeTtcs. lInuHAens Bo3BpalllaeTCss B PeKUM BpallleHUs.

Kpome Toro, mobas u3 komano M3, M4 unu M5 0oTMeHSIET PEKUM NOUCKA HYHCHOU opueHmauuu uiu
opueHmauus 3asepuieHa. Ha aTo yKa3bIBaeT OTKJIIOUEeHUEe KOHTAKTOB spindle-orient u spindle-locked.

KonTakT spindle-orient-mode oTpaxkaet cioBo M19 P 1 nuHTepupeTupyeTCs ClIegyooIuM oOpa3oM:

¢ 0: BpallleHHE 110 YaCOBOM CTPEJIKE UITH IPOTUB YaCOBOU CTPEJIKY [JIsI HAUMEHBIIIETO YTJIOBOTO IIEPEMEIIEHT
* 1: Bcerma BpallaTh II0 Y4aCOBOU CTPEJIKE

e 2: BCcerma BpalllaTh IIPOTHUB YaCOBOM CTPEIKHU

ETo MO2KHO HCITIOIb30BaTh C KOMIIOHEeHTOM HAL orient, KOTOpPHIN OIpeaoCcTaBiIsieT 3HaUeHne KOMaHIb

PID Ha oCHOBe ITOJI0KEHUS SHKOOEepa MINNHIEN, YI/la OpUeHTAalluH IIIIUHAENIS U peXrMa OpueHTalluu
HITHHOEeIs.

5.6.3 KOHTaKTbl OCEX U COYJIEHEHUHX U NapaMeTpbl

OTU KOHTAKTHI U ITapaMeTphl CO30al0TCSA MOOYJIeM peajbHOro BpeMeHu motmod. [B cTaukax c trivial
kinematics MexXnay CO4YJIEHEHUSIMU U OCSIMU CYIIECTBYET COOTBETCTBUE OOUH-K-0MHOMY.] OHUM CYUTHIBAIOTCS
1 00HOBISIIOTCS QYHKIIMENW motion-controller.

IMompoO6Hyro uHpOpPMAITUIO 0 KOHTAKTaX U ITapaMeTpax CM. Ha CTPaHHUIle PYKOBOMACTBA IT0 OABUXKEHUIO
«motion(9)».

5.6.4 iocontrol

iocontrol - npuHUMaeT KOMaHIH BBOJAa-BLIBOMla HE B peajibHOM BpeMeHU yepe3 NML, B3auMomencTByeT
c HAL.

KonTakTel HAL iocontrol BKio4aloTCs U BBRIKJIIOYAIOTCSI He B peXXHUMe peasibHOTO BpeMeHHU. Ecnm y

Bac cTporue TpeboBaHUSA K CUHXPOHU3AIIUYM WU BaM IIPOCTO HYXKHO 0O0JIbIIIe OIlepaliiii BBOa-BEIBOMA,
PaCcCMOTPUTE BOSMO2KHOCTE MCIIOJIb3OBAHUA BMECTO 3TOI'O CHHXPDOHHU3UPOBAHHOI'O BBOIAa-BEIBO4A B P€aJIbHOM
BpPEMEHU, IpenoCcTaBisieMoro motion.

5.6.4.1 Pins)

e jocontrol.0.coolant-flood (bit, out) TRUE korga 3ampalinBaeTcs oXIaxKaaionas XKHUIKOCTh.

e jocontrol.0.coolant-mist (bit, out) TRUE Korma 3ampallimBaeTcsl oXJlaxKalomlasi X KUIKOCTh B BUIE
TyMaHa.

* iocontrol.0.emc-enable-in (bit, in) [TomkHOo OBITH YcTaHOBIEeHO 3HaYeHue FALSE, Korpa cyliecTByeT
BHeIIIHee yCJIOBHE aBapuiHOTO OCTaHOBaA.

 iocontrol.0.tool-change (bit, out) TRUE Korpma TpebyeTcsi CMeHa MHCTPYMEHTA.

e jocontrol.0.tool-changed (bit, in) Jonxken ObITb ycTaHoBneH B TRUE, Korga cMeHa MHCTPYMEHTa
3aBeplleHa.
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iocontrol.0.tool-number (s32, out) Tekyuiuit HOMep UHCTPYMEHTA.
iocontrol.0.tool-prep-number (s32, out) Homep cnenyiomiero nacrpyMmenTa u3 T-ciioBa RS274NGC.
iocontrol.0.tool-prepare (bit, out) TRUE, Korga 3ampali“BaeTcs IOATOTOBKA UHCTPYMEHTA.

iocontrol.0.tool-prepared (bit, in) [lomxken 6bITh ycTaHoBIeH B TRUE, korja moAroToBKa HHCTPyMEHTa
3aBeplIeHa.

iocontrol.0.user-enable-out (bit, out) FALSE , xorga cyIecTByeT BHyTPEHHEE yCI0BHEe aBapUUHOIO
OCTaHOBa.

iocontrol.0.user-request-enable (bit, out) TRUE, Korga rnonb3oBaTenb 3alIPOCUII OYUCTKY aBapUIHOT 0
OCTaHOBA.

5.6.5 HacTpoukwu INI

Pap sractpoek INI mocTyrneH Kak BXOOHBIe KOHTAKTE HAL.

5.6.5.1 Pins)

N o6o3HavaeT HOMep cousyieHeHus, L o6o3HavyaeT GYKBY OCH.

ini.N.ferror - (float, in) [JOINT N]JFERROR

ini.N.min_ferror - (float, in) [JOINT N]JMIN FERROR
ini.N.backlash - (float, in) [JOINT N]BACKLASH

ini.N.min_limit - (float, in) [JOINT NIMIN LIMIT

ini.N.max_limit - (float, in) [JOINT N]MAX LIMIT

ini.N.max velocity - (float, in) [JOINT N]JMAX VELOCITY
ini.N.max_acceleration - (float, in) [JOINT N]JMAX ACCELERATION
ini.N.home - (float, in) [JOINT N]JHOME

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 Kaaom ocu y4YuTbIBAOTCA MOCTOAHHO MOC/e BO3BpaTa B
ncxonHoe nonoxkeHue. BoiBoAbl ferror 1 min_ferror No Ka>kAon oCU yYUTbIBAOTCSA, KOrga CTaHOK
BKJIIOYEH M HE HaxoOuTCs B HY>XXHOM MojioXeHun. KoHTakTbl max_velocity n max_acceleration
018 KaXK4on OCUM COMMAMPYIOTCA, KOrga CTaHOK Bka4YeH M motion state csobopeH (Bo3spaT B
NCXOAHOE MOJIoXKEHNE UK MeAJieHHas nojada), Ho He BbibupatoTcsa BO BpeMsa paboTbl NporpaMmel
(aBTOMATUYECKU peXxmnM) nnun B pexmnme MDI. CnefosaTesibHO, USMEHEHNE 3HaYeHNN KOHTaKTOB
BO BpeMs paboTbl nporpaMmbl He byaeT nMmeTb 3dpekTa A0 Tex nop, Noka nporpamma He byaet
ocTaHoBJIeHa u motion_state cHoBa He cTaHeT cBO6OAHbLIM.
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* ini.traj arc blend enable - (bit, in) [TRAJJARC BLEND ENABLE

e ini.traj arc blend fallback enable - (bit, in) [TRAJJARC BLEND FALLBACK ENABLE

e ini.traj arc blend gap cycles - (float, in) [TRAJJARC BLEND GAP CYCLES

* ini.traj arc _blend optimization depth - (float, in) [TRAJJARC BLEND OPTIMIZATION DEPTH
* ini.traj arc blend ramp freq - (float, in) [TRAJJARC BLEND RAMP FREQ

Note
Boibopka KOHTaKTOB traj arc_blend nponcxoonT HENPEPBLIBHO, HO N3MEHEHWE 3HAYEHNIN KOHTAKTOB
BO BpeMsi paboThbl MPOrpaMMbl MOXKET HE UMeTb HeMeaJIeHHOr o0 3cheKTa N3-3a odepean KomaHm,.

* ini.traj default acceleration - (float, in) [TRAJIDEFAULT ACCELERATION
e ini.traj default velocity - (float, in) [TRAJIDEFAULT VELOCITY
* ini.traj max acceleration - (float, in) [TRAJIMAX ACCELERATION

5.7 HAL Component List

5.7.1 KOMNOHEHTOB

BoNBIIMHCTBO KOMaH[ B CJIEAYIOIIEM CIIMCKE MMEIOT CBOM COOCTBEHHHIE CIIPAaBOYHBLIE CTPAHUIIBL. Y
HEKOTOPBIX OYOYyT pacIiupeHHBIE OMMMCAaHUsI, Y HEKOTOPHIX — OrpPaHUYeHHBIe. K3 3TOro CImckKa BBl
y3HaeTe, KaKie KOMIOHEHTH CYIIECTBYIOT, U MOXKETe MCIIOJIb30BaTh Man name B KOMaHOHOU CTPOKe
UNIX g monydeHus OOIOTHUTEIbHOM nHpopManuu. YTo6H MTPOCMOTPETh HHGOPMAIIHUIO Ha CTPAHUIE
PYKOBOICTBA, B OKHe TepMHHaJjla BBEOUTE:

man axis

Ta nnu nHas ycranoBka cucteMbl UNIX MozkeT moTpeboBaTh IBHOT'0 YKa3aHUs pa3fesia man-CTPaHHUIIH.
Ecnu BB He HAIUTU CIIPABOYHYIO CTPAHUILY UJIH UMS CIIPABOYHOM CTPaHUIIEL YK€ 3aHSATO OPYTUM UHCTPYMEHT!
UNIX, a cupaBouyHas ctpanulla LinuxCNC HaxoguTcsa B IPyTroM pa3siesie, IOonpo0ylTe ABHO yKa3aThb
pa3mern, kak B man _sectionno  axis, ¢ moMoursio sectionno = 1 Oy KOMIIOHEHTOB He B peaJlbHOM
BpeMeHU U 9 [J11 KOMIIOHEHTOB PEalbHOI'O BpEMEHU.

Note
CM. Takxe pasgen «CTpaHuubl pykoBoacTBa» no docs main page wnu directory listing. Anga noncka
Mo CTpaHuuaM pyKOBOACTBa Ucnosb3ynte nHcTpymeHT UNIX apropos.

5.7.1.1 MNonb3oBaTtenbcKue nHtepcencol (He B peasibHOM BPpEMEHMU)

axis I'MUIT AXIS LinuxCNC (pacmupeHHBIN KOHTPOJUIEP CTaHKa)
axis-remote Ypaneuuwil uaTepderic AXIS
gmoccapy Touchy LinuxCNC I'MII

gscreen Touchy LinuxCNC I'MII
halui Ha6mromatiTe 3a koutaktamu HAL u ynpasnsiite LinuxCNC uepe3s NML
mdro TOJIBKO py4YHOU YHuBepcanbHbl Lludposoit MagukaTop (DRO)

ngcgui [TnaTtdopma Onsa remepamnuu guanoroporo G-Kkoga Ha KOHTPOJUIEPE



../index.html
../man/man1/axis.1.html
../man/man1/axis-remote.1.html
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../man/man1/gscreen.1.html
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panelui

pyngcgui
touchy

gladevcp

Peanusamus NGCGUI #Ha Python
AXIS — TOUCHY I'MII LinuxCNC

BuptyanbHasg naHens ynpasiaeHus aiasg LinuxCNC Ha 6a3e BumxkeToB Glade,
Gtk u HAL

gladevcp_deméladeVCP — ucnonb3lyeTcs B IpuMepax KOHQUTypaluil Ajisi IeMOHCTpaluu

gremlin_view
moveoff_gui
pyui

pyvcp
pyvcp_demo
qtvcp

S5axisgui
hbmgui
hexagui
lineardelta
maho600gui
max5gui
melfagui
puma560gui
pumagui
rotarydelta
scaragui
xyzac-trt-
gui
xyzbc-trt-
gui
xyzab-tdr-
gui

io
iocontrol
mdi

milltask

Glade Virtual demo

'padudeckui npegBapuTEIbHLIN IPOCMOTP G-KOoma

T'UTI gns komnoHeHTa moveoff

Ytunurta gns panelui

Bupryanbaasa narens ynpasneHusa gjiaa LinuxCNC

[eMOHCTpaIlMOHHEIM KOMIIOHEHT BUPTYallbHOU IaHEeNu ynpasnerus Python
BupTtyanbHas naHenb ynopaBjeHus Ha 6aze Qt

Vismach I'MII BupTyanbHOro cTaHka

Vismach I'MII BupTyanpHOTO CTaHKa

Vismach I'MII BupTyanbsHOro cTaHKa

Vismach I'IT1 BupTyanbHOTO CTaHKa

hexagui - Vismach I'III BupTyanbHOTO CTaHKa
hexagui - Vismach I'MI1 BupTyanbHOTro CTaHKa
Vismach I'MII BupTyanbHOro cTaHka
pumab60agui - Vismach I'MI1 BupTyanbHOTO CTaHKa
Vismach I'MII BupTyansHOro cTaHKa

Vismach I'MII1 BupTyanbHOTO CTaHKa

Vismach I'MII BupTyanbHOro cTaHka

Vismach I'MII BupTyanbHOro cTaHka

Vismach I'MII BupTyansHOTo cTaHKa

Vismach I'MII BupTyanbHOro cTaHKa

5.7.1.2 [BuXeHue (He B peasibHOM BpeMeHH)

iocontrol — B3aumoperictByeT ¢ HAL unu G-KogoM He B pealbHOM BpeMeHU
BzaumopeiictByet ¢ HAL unu G-KomoM He B peajlbHOM BpeMeHU
OtnpaBnsaiiTe KoMaHOb G-Kofa C TepMUHAJla Ha PaboTaIul 3K3eMIIAP
LinuxCNC

KouTpomnnep 3agad He B peanbHOM BpeMeHH Ond LinuxCNC

5.7.1.3 [ pauBepbl obopypoBaHus

elbpcom
gs2_vid

hy gt vid

hy vid
mb2hal

KommyHnukamnus ¢ Mesa ethernet kapramu

Komnounent HAL, paGoratomuii He B pealbHOM BpeMeHH, st VED
Automation Direct GS2

KommnoueuT HAL, paGoTaloiiuil He B peaJbHOM BPpeMeHH, OJIs
4aCTOTHO-perynupyemerx npusogos Huanyang cepuu GT

KomnorenT HAL He B peansHOM BpeMmeHU 0y VED Huanyang

MB2HAL — ato yHuBepcanbHbili KoMnoHeHT HAL, paGoratomuii He B
peanbHOM BPEMEHHU, OJiS CBA3U C OOHUM WUJIU HECKOJIBKUMU YCTPOUCTBAMU
Modbus. INoggepxkuBatorcss Modbus RTU u Modbus TCP.
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../man/man1/scaragui.1.html
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../man/man1/xyzab-tdr-gui.1.html
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../man/man1/io.1.html
../man/man1/iocontrol.1.html
../man/man1/mdi.1.html
../man/man1/milltask.1.html
../man/man1/elbpcom.1.html
../man/man1/gs2_vfd.1.html
../man/man1/hy_gt_vfd.1.html
../man/man1/hy_vfd.1.html
../man/man1/mb2hal.1.html
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mitsub_vfd KomnounenTt HAL He B peanbHOM BpeMmenu Oy VED Mitsubishi A500 F500
E500 A500 D700 E700 F700 (mpyrue Takzxke MOTyT paboTaThb)

monitor- Koutpomupyet nynst XHC-HB04 u npepynpexmaeT 00 OTKIIOYEHUN

xhc-hb04

pi500_vfd Powtran PI500 modbus mpaBetip

pmx485 CBs3p Modbus ¢ mnasMeHHBIM pe3akoM Powermax

pmx485- TecTuporaHue cBsizu Modbus ¢ ITOMOIITBIO IIJITAa3MEHHOT0 pe3aka Powermax

test

shuttle ynpasiieHue KoHTakTaMu HAL ¢ momoirbio ycTpoiicTB ShuttleXpress,
ShuttlePRO u ShuttlePRO2, coenaunueix Contour Design

svd-ps_vid KommnionenT HAL, paGoTaloliuii He B peXXuMe peanabHOTr0 BpeMeHHU, s
4YaCTOTHO-PETryIupPyeMbIX TpuBogoB SVD-P(S)

vidb_vfd KomMmmnoneunT HAL, pabGoTaoIiiuii He B peXXuMe pPeaabHOTr0 BpeMeHHU, s
npeobpa3oBaTenei yacToTsl Delta VFD-B

visl1l vid Komnouent HAL He B peajibHOM BpeMeHU [Jis mpeoOpa30oBaTesieil 4acTOTH

Toshiba-Schneider VF-S11
wj200_vid IpariBep Modbus Hitachi wj200

xhc-hb04 KommnionenT HAL He B peaslbHOM BpeMeHH AJid nyjbTa xhc-hb04
xhc-hb04- YcTapeBIinui CKPUIIT OJIS MaXOBHYKa MeOJIeHHOU Moavu

accels

xhc- Komnouent HAL He B peaJibHOM BpeMeHU M1 6€CIIPOBOIHOTO IIYJIbTa

whb04b-6 USB-yctpouictea XHC WHB04B-6

5.7.1.4 Mesa v gpyrue KapTthbl BBoga-BbiBoaa (B peaJibHOM BPE€MeHHM)

hal ppmc Pico Systems driver gmns aHasmoroBoro cepsonpuBona, IIIMM u marosoro
KOHTpOJIEpa

hal bb _gpio [paiiBep gnsa koutakToB GPIO beaglebone

hal parport KomnorerT HAL peanbHOrO BpeMeHU OJIs CBSI3U C OOHUM MJIM HECKOJIBKUMU
napasnnenbHbIMU noptaMmu [1K

hm?2 7i43 IpariBep Mesa Electronics mns nnatel Anything 10 7143 EPP ¢ HostMot2.
(Ons mony4YyeHUs MOIOJIHUTENILHOU NHPOPMAIUU CM. CIIPAaBOYHYIO
CTpaHUIy)

hm?2_7i90 IpaiiBep LinuxCNC HAL gnsa nmatet Mesa Electronics 7190 EPP Anything
IO ¢ nmpommBkrou HostMot2

hm?2 _eth LinuxCNC HAL ppaiiBep pgns nnaT Mesa Electronics Ethernet Anything 10 ¢
npommmuBkou HostMot2
hm?2_ pci Mesa Electronics gpaiiBep misa miat 5120, 5122, 5123, 4165 u 4168 Anything

I/O, c mpommuBkoi HostMot2. (CMmoTpuTte cTpaHuily man mjis
OOMOJIHUTEIPHON NHGOPMAaIINK)

hm?2 rpspi LinuxCNC HAL ppatiBep gins nnaT Mesa Electronics SPI Anything IO ¢
npommuBkou HostMot2

hm?2_spi LinuxCNC HAL ppatiBep s nnaT Mesa Electronics SPI Anything IO ¢
npomuskoy HostMot?2
hostmot2 Mesa Electronics driver gns npomusku HostMot2.

max31855 IMompmepzkka mpeobpa3oBaTesisa TepMoImaphl B nuppy MAX31855 ¢
HCIIOJIb30BaHUEM o6uToBOro SPI

mesa_7i65 IOpaiiBep Mesa Electronics misi BOCBMHOCHOM cepBoKapThl 7165. ([ns
TOJIy4YeHUs OOIIOJTHUTENbHOU HH(pOpMaIUy CM. CIPAaBOYHYIO CTPaHUILY)

mesa_pktgyro HgstcToit Tect PktUART c rupockonom Microstrain 3DM-GX3-15

mesa_uart An example component demonstrating how to access the Hostmot2 UART

opto_ach IpaiiBep peanbHOT0 BpeMeHu Oisa KapT opto22 PCI-ACS5
pluto_servo Pluto-P driver u npommBKa Ay napaininensHoro nopta I[IJIMC, ons
CEepBOIIPUBOIOB

pluto_step Pluto-P driver gns napannenbHoro nmopta FPGA, Ojis miaroBbuIX OBUTaTeen
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serport AnnapaTHEBIHA OpaliBep Oy OUTOB HM(PPOBOT0 BBOOA-BEIBOLA
nociepgoBaTebHOro mopTta 8250 m 16550

setsserial An utility for setting Smart Serial NVRAM parameters

sserial hostmot2 — gpatiBep Smart Serial LinuxCNC HAL mnsa yomajleHHBIX KapT

Mesa Electronics HostMot2 Smart-Serial

5.7.1.5 YTunurtol (He B peasibHOM BpeMeHH)

hal- OTob6paxkaeT 3HaYeHKne KoHTakTa HAL B BuOe THCTOTPAaMMEI
histogram

halcompile C6opka, KOMOUISIUA ¥ YCTaHOBKa KoMITOHeHTOB LinuxCNC HAL
halmeter Hab6nromaliTe 3a KOHTaKTaMu, CUTHaJjlaMu U ITapaMmeTpamMu HAL
halcmd Yupasnaite LinuxCNC HAL 13 koMaHOHOM CTPOKU

halcmd_twopas#ility script used when parsing HAL files. It allows to have multiple
load-commands for multiple instances of the same component.

halreport Co3maeT oT4YeT 0 cocTosinuu HAL

halrmt Remote-control interface for LinuxCNC

halrun Yupasnaute LinuxCNC HAL 13 koMaHOHOM CTPOKU

halsampler IIpumeps ganabx u3 HAL B peabHOM BpeMeHU

halscope ITporpamMmHBIH ocruorpad Ojs mpocMoTpa ¢GopM CUTHAJIOB 1 KOHTAKTOB
HAL B peanbHOM BpeMeHU

halshow IToka3aTh mapaMeTphl, KOHTAKTH 1 curdHansl HAL

halstreamer IloTokoBas nepenada gaHHBIX (arisa B HAL B pexxumMme pealbHOT0 BpeMEHN

haltcl YupasnsgeT LinuxCNC HAL u3 KoMaHOHON CTPOKH C rmoMotkio Tcl

image-to- ITpeobGpa3yeTt pacTpoBeie n306paxkeHus B G-Kox

gcode

inivar Query an INI file

latency- [TocTpoeHue rucTorpaMMH 3af€pKKM CTaHKa

histogram

latency-plot [pyroii cnocob npocMoTpeTh HUPPH 3aAePKKU
latency-test TecTupyer 3aepXkKKy CUCTEMEI B peaJlbHOM BpeMeHH
linuxcncmkde<kmhe a desktop icon for LinuxCNC

modcompile Utility for compiling Modbus drivers

motion- Log motion commands sent from LinuxCNC

logger

pncconf MacTep HacTpoUKHu KapT Mesa

sim_pin I'MIT gns oToOpazKeHusT ¥ HaCTPOMKK OJHOTO MM HeCKOJILKUX BxomoB HAL

stepconf MacTtep HaCTpPOUKHU [JIsl CTAaHKOB C UHTep(delricoM Yyepes mapasjieIbHbIN
mopT

update_ini Converts 2.7 format INI files to 2.8 format

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_modulenhellpenot access for system hardware

linuxcnc_var Retrieves LinuxCNC variables

linuxcnc LinuxCNC (The Enhanced Machine Controller)

linuxcncled LinuxCNC Graphical User Interface for LCD character display
linuxcncrsh Text-mode interface for commanding LinuxCNC over the network
linuxcncsvr  Allows network access to LinuxCNC internals via NML
linuxcnctop Live LinuxCNC status description

rs274 Standalone G-code interpreter

schedrmt Telnet based scheduler for LinuxCNC

setup_designen script to configure the system for use of QTdesigner

teach-in Jog the machine to a position, and record the state
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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)

Tool table editor

5.7.1.6 OOGpaboTka curHanos (B peasibHOM BpeMeHHU)

and?2
bitwise

dbounce
debounce
demux

edge
estop_latch
flipflop
logic

lutb
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
constant
counter

ddt
deadzone

[ByxBxomoBoi BeHTub M. YTOOH BHIBOM OBIII HCTUHHBIM, 00a BXOIHBIX
mapaMeTpa OOJIXKHEI OBITh UCTUHHBIMH. (and2)

BreruucrsieT pa3nuyHbIe TOOUTOBREIE OTIEPAIUY Haf OBYMS BXOIHBIMU
3HAYEeHUSIMU

Cchrinka Ha QUALTP 3alTyMJIeHHBIX u¢poBhiXx Details

Filter noisy digital inputs Details description

BriGepuTte oovH U3 HECKOJBKHUX BHIXOJHEIX KOHTAKTOB II€JIBIM YHCJIOM H/UJTH
OTHEeJIbHLEIMY OUTaMH

IeTeKxTop UMITyJibCa

3alenkKa aBapuiHOTO OCTaHOBa

Tpurrep tuna D

KoMmoHeHT 00111eli TorudecKo GpyHKITUHN

5-input logic function based on a look-up table description

8-OUTHHINM MEeTEeKTOP OBOMYHEIX COBIIAAEeHUN

JeTeKTop OOMHOYHOTO, IBOMHOTO, TPOUHOTO M YETBEPHOT O KJIMKa
INepekmioyaeT MeXOY YKa3aHHLEIM KOJTMYECTBOM BBIXOOHBIX OUTOB
HuBepTep

OpzoBUOPATOP

[ ByxBxomoBoil BeHTUNbL MJIN

Resets an IO signal

8-OUTHBIN TBOUYHBIN IETEKTOP COBIIAHEeHUM.

Tanimep IEC TOF — 3amep2kKa cpe3a cUrHaila

BxiioueHre HaXKaTUeM M BHIKJIIOUEHME OTIyCKaHHEM C IIOMOIIIbI0 KHOIIOK
MT'HOBEHHOTO OEeUCTBUS

KHomka nepexkimo4yeHusa Ha nist 10ruky

Taiimep IEC TON - 3agepzkKa (GpoHTaA CUTHANA

OKBUBAJIEHT peJie 3aJePKKN BpEMEHMU.

Taimep IEC TP — reHepupyeT UMIIYJIbC BEICOKOTO YPOBHS OIIpPENEeIEHHOU
OJIUTEJIBHOCTU 110 GPOHTY

IMomaeT curHan Ha KOHTAKT BBOOa-BhIBOIA TOJILKO KOT[la Pa3pelieHo,
nomo6Ho Oydepy ¢ TpeMsi COCTOSTHUSIMHU B 31IeKTPOHUKE

I[TomaeT curHan Ha KOHTAKT BBOAa-BhIBOOA TOJIBKO KOT[la pa3peIleHo,
mogo6HO Oydepy ¢ TPeMsI COCTOSTHUSIMH B 3JIEKTPOHUKE
IByxBxomoBoi BeHTUNIb XOR (uckmiouaromiee UJIN)

Computes the absolute value and sign of a integer input signal
Computes the absolute value and sign of a 64 bit integer input signal
Computes the absolute value and sign of a float input signal
BukBanpatHbiii BUX-Qunstp

BEITOTHAET MTUHEWHYI0O UHTEPIIOJISAIIAI0 MEXKIY ABYyMS 3HAaUEeHUSIMU
[IByXBXOMIOBOM KOMIIapaToOp C TMCTEPE3UCOM

Hcnonb3yeT mapaMeTp OJig YyCTAHOBKYU 3HAYEHUS KOHTAKTa
I[TopgcuuTEIBaeT BXOOHEIE UMIIYIBCH (yCTapesno). Mcnonb3yuTe KOMIOHEHT
encoder.

BrrunucnsieT IpOU3BOOHYIO BXOOHOU (PyHKITMN.

BosBpaimaeT 11eHTp, eCiIM HaXOAUTCS B IIpefiesiax nopora.
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div2 Quotient of two floating point inputs.

hypot KanpKynaTop TUIIOTEHY3H (€BKJIMIOOBA PACCTOSHUSA) C TPEMS BXOOaMHU.
ilowpass OuIbTP HUKHUX YACTOT C [IEIOYNCIIEHHBIMI BXOOaMH1 M BHIXOIaMH
integ HuTerpartop

invert BrluncrsieT oO6paTHYIO BeJIMYMHY BXOOHOT'O CUTHAJIA.

filter_kalman OpguoMepHEIHM GpunbTp KanmaHa, TakKe U3BECTHHIM KakK
NUHEeNWHOo-KBampaTtudeckas omeHka (LQE)

knob2float ITpeobpa3yeT 3HaUeHUs (BEPOSITHO, IIONyYEHHEIE OT 9HKOAEPa) B YUCIIO C
nJiaBarollel 3ansTou.

led_dim HAL component for dimming LEDs
lowpass OUIbTP HUKHUX YACTOT
limit1 OrpaHuM4YMBaeT BEIXOOHON CUTHAJ MEXOY MUHUMAJIbHEIM M MaKCUMaJTbHBEIM

3HaueHusaMu. footnote: [Korma BXxomHbBIE HaHHEIE IPEICTABISIOT COOOM
TIO3UIMI0, 3TO O3HAYaeT, YTO NO3UUUA OrpaHudeHa. ]

limit2 OrpaHWYMBaET BBIXOOHOU CUTHAJ MeXAy MUHUMAJIbHEIM U MaKCUMalbHbIM
3HaueHUuAMHU. OrpaHUYbTe CKOPOCTh HapaCTaHUS HUXKE MaxXv B CEKyHIY.
footnote: [Korga BXOOHBEIMU OJaHHBIMHU SIBASIETCS MOJIOKEHUE, 9TO O3HAYAET,
YTO NO/10JCeHUe U CKOPOCMb OTPAHUYEHHL. |

limit3 Limit the output signal to fall between min and max. Limit its slew rate to
less than maxv per second. Limit its second derivative to less than MaxA
per second squared !.

lincurve OnHoMepHas cupaBoYHasa Tabiuia

maj3 BreruuciuTs Haubosblilliee U3 3 BXOIOB

minmax OTcnexuBaeT MUHUMAalIbHEIE U MaKCUMalIbHEIE 3HaUEHUS BXOJa U BEIXOMA.
mult2 ITpooyKT OBYX BXOIOB.

mux16 BribupaeT ogHO 13 16 BXOOHBIX 3HAYEHUM (MYyIbTUIIJIEKCOD).

mux2 BriOupaeT o4HO U3 ABYX BXOOHEIX 3HAQUEHUM (MYJIbTUILIIEKCOD).

mux4 BriGupaeT omHO U3 YETHIPEX BXOOHBIX 3HAYEHUH (MYIbTUILIIEKCOD).
mux8 BriGupaeT OOHO M3 BOCbMHU BXOOHHBIX 3HAYEHUM (MYJIbTUIIIIEKCOP).
mux_generic BriGupaeT ogHO U3 HECKOJIBKUX BXOOHEIX 3HAUEHUN (MyJIbTUIIIIEKCOD).
near OnpepensieT, paBHEL JIU IPUMEPHO OBa 3HAUEHUS.

offset [obGaBnseT cMellleHNe K BXOOHBIM JaHHBIM U BEIYUTAET €70 U3 3HAaUEeHUS

o0paTHOM CBS3U.
safety latch latch for error signals
sample_hold BriGopka 1 xpaHeHue.
scaled_s32_suifsm of four inputs (each with a scale)

scale ITpumeHsieT MacIiiTab U cMellleHre K BXOTHBIM JaHHBIM.

sum?2 CyMMa OByX BXOHOB (KaKOBbIA C YCUJIEHHEM) U CMEIeHU.

time HaxkomnneHHbIN TaiMeP BPeEMEHU BBLIIONHEHUS OTCUUTEIBaeT Y4:MM:CC
BXOfa active.

timedelta KoMIIOHEHT, KOTOPHIU U3MepseT IOBeOeHNe BpeMeHHU IIJIaHUPOBaHUSI
TIOTOKOB.

updown CuuTaeT B 60IBUIYIO UJIM MEHBIITYI0 CTOPOHY, C OOIIOJIHUTEIbHEIMU
OTPaHUYEHUSIMU U HUKINYECKUM IIOBEIEHUEM.

wcomp OKOHHEBIM KOMIIapaTop.

watchdog KoHTponupy#iTe OT OOHOTO OO0 TPUALIATH ABYX BXOOOB Ha npenMeT heartbeat
(mymneca).

weighted_sumIIpeoGpa3yiiTe rpynity 6UTOB B I1eJI0€ YUCJIO.
xhc_hb04_util Yno6uas yrunura xhc-hb04

5.7.1.7 Signal generation (Realtime)

1When the input is a position, this means that position, velocity, and acceleration are limited.
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charge_pump Creates a square-wave for the charge pump input of some controller

boards.
pwmgen Software PWM/PDM generation, see description.
siggen Signal generator, see description.
sim_encoder Simulated quadrature encoder, see description.
stepgen Software step pulse generation, see description.
bin2gray IIpeobpa3yeT Yucsuo B IpencTaBileHue Kopa I'pes
bitmerge Converts individual input bits into an unsigned-32
bitslice IIpeob6pa3yeT BxOmHOM curHas 6e3 3HakKa-32 B OTHEJIbHbLIE OUTHI

conv_bit_float IIpeo6pa3yeT OUT B YUCIIO C IIaBalollel 3ansaTON
conv_bit s32 Koupeptupyet u3 6ura B $32
conv_bit u32 Koupeptupyet u3 6urta B u32
conv_float_s32Kouseptupyet u3 float B s32
conv_float_u32[Ipeobpasyet u3 float B u32
conv_s32_bit Kouseptupyet u3 s32 B 6uUT
conv_s32 floatKouepTupyet us s32 B float
conv_s32 u32 KouseptupyeT u3 s32 B u32
conv_u32_bit Koupeptupyet u3 u32 B 6uUT
conv_u32_floatllpeo6pasyeT u3 u3?2 B float
conv_u32_s32 Korseptupyet u3 u32 B s32
conv_bit s64 Convert a value from bit to s64
conv_bit u64 Convert a value from bit to u64
conv_float_s64Convert a value from float to s64
conv_float_u64Convert a value from float to u64
conv_s32_s64 Convert a value from s32 to s64
conv_s32_u64 Convert a value from s32 to u64
conv_s64 _bit Convert a value from s64 to bit
conv_s64_floatConvert a value from s64 to float
conv_s64_s32 Convert a value from s64 to s32
conv_s64 u32 Convert a value from s64 to u32
conv_s64_u64 Convert a value from s64 to u64
conv_u32 s64 Convert a value from u32 to s64
conv_u32_u64 Convert a value from u32 to u64
conv_u64_bit Convert a value from u64 to bit
conv_u64_floatConvert a value from u64 to float
conv_ub64_s32 Convert a value from u64 to s32
conv_u64_s64 Convert a value from u64 to s64
conv_u64_u32 Convert a value from u64 to u32
gray2bin ITpeobpa3yeT BBOA Kofa ['pest B IBOMYHEBIHN

5.7.1.8 KuHemMmaTuka (B peasibHOM BpeMeHHU)

corexy_by hal KuunemaTtruka CoreXY

differential Kwunematuka nnsa nuddepeHIInaIbHON IIepegayn

gantry KomnorenT LinuxCNC HAL gns ynpaBieHHUS HECKOJIBKUMU COYJI€EHEHUSIMU
C OOHOU oCH

gantrykins Mopyns KUHeMaTHKM, KOTOPHIM 0ToOpaxaeT OHY OCh Ha HECKOJILKO
COYJIEHEHUH.

genhexkins [laer mecTts cTeneHeld cBOOOIOL B IOJIOXKEeHUU U opreHTanum (XYZABC).
PacnonoxeHre gBUraTenel onpenensaeTcs BO BpeMs KOMIWISAIUHN.

genserkins KwunemaTuKa, I03BOJISAIONIAs MOAEIUPOBATH OOBIYHEIN MaHUITYIITOD C
II0CJIef0BaTENbHEIM COEINHEHUEM, UMEIINUY 10 6 YTTIOBEIX COUIEHEHUH.
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gentrivkins CootBercTtBuE 1:1 MeXOy COUIEHEHUSIMHU U OCSIMHU. BOIBITUHCTBO
CTaHIOAPTHHIX (PEe3epHBIX U TOKAPHBEIX CTAHKOB MCIIOIb3YIOT TPUBUAJILHBIN
MOMOYJIb KHUHEMaTUKH.

kins Onpepnenenus kKuHeMaTuku aias LinuxCNC.

lineardeltakin&KuHeMmaTuka TUHEWHOTO AenbTa-poboTa

matrixkins Calibrated kinematics for 3-axis machines

maxkins Kinematics for a tabletop 5 axis mill named max with tilting head (B axis)
and horizontal rotary mounted to the table (C axis). Provides UVW motion
in the rotated coordinate system.

millturn [MepekmnioyaemMass KHHeMaTHKa TOKapHO-QPe3epHOTo CTaHKa

pentakins

pumakins KnnemaTnka po6oToB Tuna PUMA.

rosekins KuHeMaTuKa mBUTATENS rose

rotatekins Ocu X 1 Y IOBEpHYTH Ha 45 IpafycoB II0 CPpaBHEHUIO C couieHeHuAMU 0 u
1.

scarakins KunemaTuka po6otoB Tuna SCARA.

tripodkins CouneHeHUs MIPEACTaBISIOT CO00M pacCTOsIHUE OT KOHTPOIUPYEMOM TOUYKU

IO TPeX 3apaHee 3aJaHHBEIX MECT (OBUTraTeJIel), YTO DAaeT TPU CTEIIeHU
cBoG6oOmnI monoxkeHus (XYZ).
userkins [[Ta6si0H A1 TOTH30BATEIECKON KMHEMATUKHU
xyzab_tdr_kinsSwitchable kinematics for 5 axis machine with rotary table A and B
xyzacbh_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 YnpasBneHue gBuxeHueM (B peasbHOM BpeMeHM)

feedcomp YMHOXKaeT BXOHOEe 3HaUeHNe Ha OTHOIIEHNE TEKYIIeH CKOPOCTH K
CKOPOCTH MOOayYH.
homecomp Homing module template

limit_axis Dynamic range based axis limits

motion [MpuruMmaeT koMaHAH aBuXkKeHUI NML, B3aumogetictsyeT ¢ HAL B
peanbHOM BPpEMEHU

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 YnpaBneHue aBurartesieM (B peasibHOM BPpEMEHHU)

at_pid [TponopumoHaNbHEIN/UHTETPAILHBIN/TIPOU3BOOHEIN PETYIISATOP C
aBTOMaTU4YECKOU HaCTPOUKOU.

bldc KomniounenT ynpasnenusi BLDC u AC-cepBOIIPUBOOOM

clarke2 Bepcus npeobpazoBanus Kimapka ¢ IByMs BXOgaM#

clarke3 IIpeob6pa3oBanue Knapka (3-pa3Hoe B meKapTOBO)

clarkeinv O6bpatHoe nmpeobpa3oBaHue Kimapka

encoder Software counting of quadrature encoder signals, see description.

pid Proportional/integral/derivative controller, description.

pwmgen Software PWM/PDM generation, see description.

stepgen Software step pulse generation, see description.

5.7.1.11 Simulation/Testing
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../man/man9/pentakins.9.html
../man/man9/pumakins.9.html
../man/man9/rosekins.9.html
../man/man9/rotatekins.9.html
../man/man9/scarakins.9.html
../man/man9/tripodkins.9.html
../man/man9/userkins.9.html
../man/man9/xyzab_tdr_kins.9.html
../man/man9/xyzacb_trsrn.9.html
../man/man9/xyzbca_trsrn.9.html
../man/man9/feedcomp.9.html
../man/man9/homecomp.9.html
../man/man9/limit_axis.9.html
../man/man9/motion.9.html
../man/man9/simple_tp.9.html
../man/man9/tpcomp.9.html
../man/man9/at_pid.9.html
../man/man9/bldc.9.html
../man/man9/clarke2.9.html
../man/man9/clarke3.9.html
../man/man9/clarkeinv.9.html
../man/man9/encoder.9.html
../man/man9/pid.9.html
../man/man9/pwmgen.9.html
../man/man9/stepgen.9.html

LinuxCNC V2.10.0-pre0-4703-gc2eea07766 264 /1343

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_switébime switch simulator

sim_matrix_kbconvert HAL pin inputs to keycodes

sim_parport A component to simulate the pins of the hal parport component
sim_spindle Simulated spindle with index pulse

simulate_probeimulate a probe input

5.7.1.12 [ppyroe (B peaJibHOM BPeMeHHM)

anglejog Jog two axes (or joints) at an angle

classicladder IIporpammusiii [1JIK peanbHOTO BpeMEHH Ha OCHOBE PEeJIeMHOM JIOTHUKH.
ononuuTeNnbHYIO HHGOPMaIMio cMoTpuTe B riaBe ClassicLadder.

charge pump Creates a square-wave for the charge pump input of some controller

boards.
encoder_ratio OneKTpOHHLIN PEOyKTOP O/ CUHXPOHU3AIUU OBYX OCEU.
enum Enumerate integer values into bits
eoffset_per an@hmmpute External Offset Per Angle
gladevcp oTtoOpakaeT BUPTYaJIbHBIE ITAHEJIN YITPaBIEeHUsI, CO3JaHHbIEe C IIOMOIIIBIO
(Realtime) GTK/GLADE
histobins Histogram bins utility for scripts/hal-histogram
joyhandle YcTraHaBnuBaeT HeIUHENHLIE OBUXKEHHUS I>KONCTHUKA, 30HBI

HEYYBCTBUTEJIPHOCTH ¥ MacIITaOHI.
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 Bribopka maHHBIX 13 HAL B pealbHOM BpeMEHH.

siggen Signal generator, see description.

sphereprobe lccnemoBaTh BooOpakaeMoe MOJIyLIapue.

threads Co3zpmaeT noToku HAL 3KeCTKOTr'0 peabHOTO BPEMEHH.

threadtest KOMIOHEHT [Jjis1 TECTUPOBAHUS [IOBEOEHUS II0TOKA.

steptest Ucnonbayetrcsa StepConf ni1g npoBepKHu 3HaYeHUN YCKOPEHUS U CKOPOCTH
OCH.

streamer IToTokoBas nepengayda gaHHBIX datina B HAL B pexxuMe peaabHOr0 BpEMEHHU.

supply YcTaHOBUTE BEIXOOHEBEIE KOHTAKTEI CO SHAYEHUAMMU U3 [TapPpaMeTPOB
(ycrapemno).

laserpower Scales laser power output based upon velocity input power and distance to

go
lcd Stream HAL data to an LCD screen
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



../man/man9/axistest.9.html
../man/man1/rtapi_app.1.html
../man/man1/sim-torch.1.html
../man/man9/sim_axis_hardware.9.html
../man/man9/sim_home_switch.9.html
../man/man9/sim_matrix_kb.9.html
../man/man9/sim_parport.9.html
../man/man9/sim_spindle.9.html
../man/man1/simulate_probe.1.html
../man/man9/anglejog.9.html
../man/man9/classicladder.9.html
../man/man9/charge_pump.9.html
../man/man9/encoder_ratio.9.html
../man/man9/enum.9.html
../man/man9/eoffset_per_angle.9.html
../man/man9/gladevcp.9.html
../man/man9/gladevcp.9.html
../man/man9/histobins.9.html
../man/man9/joyhandle.9.html
../man/man9/latencybins.9.html
../man/man9/message.9.html
../man/man9/moveoff.9.html
../man/man9/raster.9.html
../man/man9/sampler.9.html
../man/man9/siggen.9.html
../man/man9/sphereprobe.9.html
../man/man9/threads.9.html
../man/man9/threadtest.9.html
../man/man9/steptest.9.html
../man/man9/streamer.9.html
../man/man9/supply.9.html
../man/man9/laserpower.9.html
../man/man9/lcd.9.html
../man/man9/matrix_kb.9.html
../man/man9/gearchange.9.html
../man/man9/orient.9.html
../man/man9/spindle.9.html
../man/man9/spindle_monitor.9.html
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carousel Orient a toolchanger carousel using various encoding schemes
hal manualtodidtiange realtime component to enable manual tool changesé&.

thc YupaBrneHre BHICOTOM (pakerna ¢ momomisio KapTel Mesa THC unu no6oro
BXOJla aHaJIOT-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

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



../man/man9/carousel.9.html
../man/man1/hal_manualtoolchange.1.html
../man/man9/thc.9.html
../man/man9/thcud.9.html
../man/man9/ohmic.9.html
../man/man9/plasmac.9.html
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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

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
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5.8 HAL Component Descriptions

B aTo#i rmaBe mpencTaBiieHa mogpoOHas uHdopMauus 06 0CHOBHBIX GyHKIUAX LinuxCNC, KoTophie
TpeOyIOT TOYHOTO BPEMEHU IJIS

* TeHepalliy CUTHAJIOB, KOTOPBIE HHTEPIIPETHUPYIOTCS 000pyaoBaHueM (HalpuMep, ABUTaTENsIMU) UIIH

* OJIST UHTEPIIPETAllMY CUTHAJIOB, OTIIPABIIIeMbIX 000pyHOBaHUEM (HAIIPUMED, S9HKOIEepaMH).

5.8.1 StepGen

9TOT KOMIOHEHT 00eCleYnBaeT IPOTPAMMHYI0 I'eHePalluio MIaTOBBIX UMITYJIECOB B OTBET HA KOMAH[IH
IIOJIOKEHUS UMM CKOPOCTU. B pexXuMe NO3MIMOHWPOBAHUS OH MMeeT BCTPOEHHEIU IIpefBapUTEIbHO
HACTPOEHHHIM KOHTYP ITO3UIMOHUPOBAHMS, M03TOMY HacTporka [TU]I-perynsitopa He TpebyeTcs. B
pexXuMe CKOPOCTH OH ITPUBOMAUT ABUTATENh B IBUXKEHUE C 3a[JaHHOM CKOPOCTHIO, COBJIIOast IIPU 3TOM
OrpaHUYeHUsT CKOPOCTHU U YCKOPEeHUsSI. IDTO KOMIIOHEHT, paboTaloluil TOIbKO B PeXXUMe PeaabHOro
BPEMEHHU, U B 3aBUCUMOCTH OT CKOPOCTH IIPOIleccopa U T. I. OH criocobeH paboTaTh C MAaKCUMaJIbHOMH
yactoTou maroB oT 10kl mo, Bo3aMoxkHO, SOKIT. Bnok-cxeMa reHeparopa IIaroBEIX HMIIYJIbCOB
IMOKA3bIBaeT TPU OJIOK-CXEMEI, KaXKfas U3 KOTOPBIX IIPeACcTaBisgeT CoO0M OOWH reHepaTop IIIarOoBBIX
uMIynbcoB. [lepBas quarpaMMa nnpefHa3HadeHa o1 Tulia mara 0 (step u direction). Bropoli npegHa3sHadyeH
ons tuna mara 1 (up/down unu pseudo-PWM), a TpeTu#t — [Ojis TUIIOB MaroB co 2 Mo 14 (pa3nuyHbie
11abJioHE m1aroB). IIepBEle IBe fUarpaMMEL ITIOKa3bIBalOT YIIPaBIeHNEe PEXKUMOM IIOJIOKEHU, a TPEThI
- PeKUM CKOPOCTHU. PeXyM yIpaBJIeHUs W THII I1ara 3aJaioTcsd He3aBUCUMO, MOKHO BHIOPATH JIIO0YIO
KOMOMHANMIO.
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Figure 5.19: CtpykTypHas cxeMa reHepaTropa IIaroBEIX UMIIYJIbCOB B peXXUMe II0JI0KEHUS
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3arpy3ka KOMOOHeHTa stepgen

halcmd: loadrt stepgen step type=<type-array> [ctrl type=<ctrl array>]

<type-array>
IIpencTaBisieT COO0M CePUI0 HeCATUYIHEIX IIeJIbIX YKCell, pa3fesleHHbIX 3anaThiMu. Kaxpmoe gncio
BEI3BIBAET 3arpy3Ky OQUHOYHOI'O IeHepaTopa IIaroBEIX UMITYJILCOB, 3HAYEHME YU CJla OIIpeesisieT
THII IIIara.

<ctrl_array>
nIpencTaBiseT co00M CEpUI0 CUMBOJIOB p UM V, pa3felleHHBIX 3allATEIMY, OJIs YKa3aHUs pexuMa
TIOJI0KEHUS UNTU CKOPOCTH.

<ctrl_type>
SIBIISIETCS He00sI3aTeILHEIM, €CJIH €T0 OIYCTUTh, BCE T'eHEePaTOPH! mIaros 0yayT paboTaTh B peKuUMe
TIOJIOKEHU .

Hanpumep:

halcmd: loadrt stepgen step type=0,0,2 ctrl type=p,p,v

YcTaHOBUT TpU reHepaTopa UIaroBLIX UMIYJILCOB. [lepBrle mBa mCnonb3yioT Tul mara 0 (step u direc-
tion) ¥ BEINOTHSIOTCS B PEXXKUME MO3UITMOHUPOBaHuA. [locmegHul UCTIONb3yeT TUII IIara 2 (KBagpaTypa)
1 paboTaeT B pexkHMMe CKOPOCTH. 3HadeHHEeM M0 yMOJT4YaHUIO Oy <config-array> sBnsetcs 0,0,0,
IIpU KOTOpOM OyAyT yCTAHOBJIEHH TP reHeparopa Tuma 0 (step/dir). MakcumanbHOE KOJIHYECTBO
reHepaTopPOB IIar0BLIX UMIYJILCOB — 8 (Kak onpepeneHo B MAX CHAN B daiine Stepgen.c). Kaxparrit
TeHepaTop He3aBUCHUM, HO BCE OHU OOHOBJISAIOTCS C IIOMOIITLI0 OOHOM U TOM XKe QYHKIMYU OQHOBPEMEHHO.
B cnepylomux onucanusx <chan> — 3T0 HoOMep KOHKPETHOTO reHepatopa. [1epBuIiii reHepaTop UMeeT
HoMmep 0.

Beirpy3ka KoMmoHeHTa stepgen

halcmd: unloadrt stepgen

5.8.1.1 KoOHTaKThI
Ot BEIOpAHHBIX THUIIA IIATOBBEIX UMIYJIECOB U THUIIA YIIPaBJIEHUS.

* (float) stepgen. = <chan> .position-cmd - TpeGyeMoe moI0KeHUE MBUTATENISA, B eIUHUIIAX IT0JT0KEHUST
(TOMBKO PEXRUM ITOJIOKEHUS).

* (float) stepgen. ~ <chan>_.velocity-cmd - TpeGyemas CKOPOCTh ABUTATEJIS, B EMUHUIIAX TOTOKEHUS
B CEKYHAY (TOJIBKO PEXUM CKOPOCTH).

N

* (s32)stepgen. = <chan> .counts -Ilo3utms 06paTHOM CBSI3U B 0OTCYETAX, OOHOBJIEHHAS C TTOMOIIIHIO
capture_position().

* (float) stepgen. ~ <chan> .position-fb - ITomoxkeHure 06pPaTHOM CBSI3W B €OIMHUIIAX ITOJIOXKEHMUSI,
00HOBJIEHHOE C IIOMOIIIBIO capture position().

* (bit) stepgen. = <chan> .enable - BKyroyaeT BEIXOOHEIE IIIarOBBIE UMITYJILCH — Korfa false, UMITy IbCEI
HEe TeHEepPUPYIOTCH..

* (bit) stepgen. = <chan> .step - IlIaroBBIi UMITYJILCHEIN BHIXOM (TOJIBKO UMITYJIEC THIA 0).
* (bit) stepgen. = <chan> .dir - Beixopn direction (Tonpko Tui uMmmyibca 0).

N

e (bit) stepgen. = <chan> .up - IlceBmo-IITMM-Brixon UP (TOIBKO UMIIYJIbC THIIA 1).
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L]

(bit) stepgen. = <chan>_ .down - Brixom ncesmo-IIIMM DOWN (TONMBKO UMITYJIbC THMIA 1).
(bit) stepgen. = <chan>_ .phase-A" - Brixon ¢a3sr A (TOTBPKO TUITH UMITYJIECOB 2-14).

(bit) stepgen. = <chan>_ .phase-B - Brixopm ¢a3wr B (TOIBKO THIIEI UMITyIECOB 2-14).

(bit) stepgen. = <chan>_ .phase-C - Berxon ¢a3sl C (TOTBKO TUIE UMITYIIECOB 3-14).

(bit) stepgen. = <chan>_ .phase-D - Brixop ¢a3el D (TOTBKO THUITEI UMITYIbCOB 5-14).
(bit) stepgen. = <chan>_ .phase-E - Bweixop ¢a3zwr E (Tompko Tumb uMnyibcoB 11-14).

5.8.1.2 MapamMeTphbl

(float) stepgen. ~ <chan> .position-scale - IllaroB Ha eUHUILY TO3UIUUA. DTOT ITAPAMETP UCIIOJIH3YETCS]
KakK [IJIsL BEIXOMa, TakK U OJjis 00paTHOM CBA3HU.

N

(float) stepgen. ° <chan> .maxvel - MakcuMasbHas CKOPOCTh B €IMHUIIAX IIOJI0KEHUS B CEKyHIY.
Ecnu 0.0, He uMeeT addeKkTa.

(float) stepgen. ~ <chan> .maxaccel - MakcuManbHas CKOPOCTb YCKOPEHHUsI/3aMeIIeHNsI, B eMUHHUIIaX
MIO3ULIMM B CEKYHOY B KBagpaTe. Ecnu 0.0, He umeeT addeKTa.

(float) stepgen. ~ <chan>_ .frequency - TekyImas 4acTOTa IIIaroB B IIaTaX B CEKYHAY.

(float) stepgen. *~ <chan>_ .steplen - [I;muHa I1aroBOTO MMIMyJbca (TUIHI UMIYyNTECOB 0 u 1) unm
MUHUMAaJIbHOE BpeMs B JaHHOM COCTOSHUHU (TUIIHI UMIIYIbCOB 2-14) B HAaHOCEKYHOaX.

(float) stepgen. ~ <chan>_ .stepspace - MuHUMaIbHBIN HHTEPBAJI MEXAY ABYMS IIIAaTOBEIMU UMITYTECaM]
(Tonmpko Tunbl uMIynabcoB O u 1), B HaHOCEKyHOaX. YcTaHOBUTe 3HaueHue 0, 4TOOBI BKIIIOUUTH
dyukimio doublefreq reHepaTopa MIaroBEIX UMIYJIECOB. YTOOH UCIIOJIE30BaTh doublefreq, HeoOXooUMO
BKIIOUUTH parport reset function.

AN

(float) stepgen. ~ <chan> .dirsetup - MuHuManIbHOE BpeMs OT CMEHEHI HallpaBJIEeHUS MO Hadajla
ClIefyIolero UMIyJsbca mara (TOJIBKO TUII UMITy/ILCOB 0), B HAaHOCEKYyHIax.

(float) stepgen. ~ <chan> .dirhold - MuHHManbHOE BpeMs OT OKOHYAHUS IIIaTr0BOI'0 UMITYJIbCa OO
U3MEeHEeHHUs HallpaBleHus (TOMbKO THUII UMITyJIbCOB 0), B HAHOCEKYHIaX.

(float) stepgen. ~ <chan> .dirdelay - MuruMManbHOE BpEMS OT JIFOOOTO UMITyJIbCa A0 UMITyIbCca B
IPOTHBOIIOJIOKHOM HallpaBIeHUHU (TOIBKO TUIH UMITYyIbCOB 1-14), B HaHOCEKyHOaX.

(s32) stepgen. = <chan>_ .rawcounts - Heo6pabGoTaHHbIEe OTCUETH 0OPATHOM CBSI3U, OOHOBJIEHHEIE
c moMmo1sio make pulses().

B pexuMe no3uMLIMOHUPOBaHUSA 3HaYeHUA maxvel U maxaccel UCIIONb3YIOTCA BHYTPEHHUM KOHTYPOM
MOJIOXKEeHU S, 4YTOOH u30eKaTh reHepaliy I0CJIefoBaTeIbHOCTEH IITaTr 0BLIX UMITYJILCOB, KOTOPHLIM IBUTaTEIhb
He MOJKEeT cJiefoBaTh. [Ipy ycTaHOBKe 3HAYEHUH, COOTBETCTBYIOIINX ABUTATEII0, faXxKe O0JIbIII0e MITHOBEHHOE
“3MeHeHNe 3aJaHHOT 0 I0JIOKEHU IPUBeAeT K IIIaBHOMY TpallellenaalbHOMY IIepeMellleHHUI0 B HOBOe
MOJI0KeHue. ANropuTM paboTaeT IMyTeM U3MEPEHUS KaK OIUOKHY ITOJI0KEHMS, TaK U OIINOKM CKOPOCTH,

a TakzKe pacueTa YCKOPEHUs, KOTOPOe IEITAaeTCS OOHOBPEMEHHO CBECTH UX K HYJII0. [1JIg IOIydYeHus
Oosiee mompo6HOM MHOPMAaINY, BKJII0Uasi COOepKUMoe MOoJIs ypaeHeHue ynpassieHus, oopaTuTech K
KOTy.

B pexkumMe cKopocTH, maxvel — 3To IIpoCcToM npenes, KOTOPLIM ITPUMEHSIETCS K 3aJJaHHOM CKOPOCTH, a
maxaccel UCIONIb3yeTCs OIS IMHEUHOT0 U3MEeHEeHN T PaKTUYeCKOM 4aCTOTHI, €C/IU 3alaHHasi CKOPOCTh
pe3ko MeHsieTca. Kak ¥ B pexXuMe ITO3UIMOHMPOBaHUS, NPaBUIbHLIE 3HAUEHUS 3TUX IapaMeTpPOB
rapaHTUPYIOT, YTO OBUTATEb CMOXKET CJIefOBaTh CTeHEPUPOBAaHHOU II0CJIEN0BaTEILHOCTU UMITYJIHCOB.
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5.8.1.3 Step Types

FeHepaTop IarOBBIX UMIIYJIBCOB IIOOOEP2XKHUBAET 15 PA3IUYHBIX nocsiedosameibHocmell Wa208bix UumMnynoCo

IITarossie uMnyiabcebl Tun 0 Tun mara 0 — 3T0 CTaHZAPTHEIYM TUII UMIIYJIbCa IIara W HallpaBJIEHUS.
ITpu HacTpolKe [ MMOyJbca Iara Tuna 0 ecTh YeThlpe OONOJIHUTEJIbHBIX IIapaMeTpa, KOTOphie
OIIpenmesioT TOYHOE BpPeMs HMIyJbCa Ilara U CUTHAJIOB HamnpaBjleHUus. Ha cremymolineM pUCYHKeE
IOKa3aHO 3Ha4YeHMe 3TUX ITapaMeTpoB. [TlapaMeTphl yKa3aHbl B HAHOCEKYHAAX, HO OyOyT OKpPYTJIeHH
IO IIeJIOTO YHCJla KPaTHOTO IIEPHONY II0TOKa AJIS IIOTOKA, BEI3EIBatoIero make pulses(). Hanpuwmep,
ecnu make pulses() BEI3bIBaeTCs Kaxkpable 16 MKc, a 3HadeHue Steplen paBuo 20000, TO ANIMTEIHLHOCTD
IIAaTOBHIX UMITYJIECOB OymeT 2 X 16 = 32 MKC. 3Ha4YeHUe 110 YMOTYaHUIO OJISI BCEX YETHhIPEX ITapaMeTpPOB
— 1 BHC, HO aBTOMaTU4YECKOE OKPYIJIEHHEe BCTYIIaeT B CHJIy IIPU IIepPBOM 3allycke Koma. [IO0CKONBKY
OJI OOHOTO MMITyJIbca Ilara TpebyeTcs BHICOKUM YPOBEHb steplen ns m HU3KUU YPOBBEHb stepspace
ns , MakcuMasbHas dacrtora paBHa 1,000,000,000, pa3spmenenHoMmy Ha (steplen + stepspace)’. Ecnu
maxfreq yCTaHOBIIEHO BEHIIIIE 3TOT0 IIpefesia, OHO OymeT IMOHUXKEHO aBToMatudecku. Ecnmm maxfreq
PaBHO HYJIIO, OHO OCTAHETCS HYJIEBEIM, HO BEIXOIHAS YacTOTa IIO-IIpeXHeMy OyaeT orpaHudYeHa.

[Tpu ucnonb30BaHUU OpaiiBepa NMapasjie/IbHOTO IOpTa YacTOTYy IIarOBBIX UMITYJIHCOB MOXKHO YOBOUTH
¢ momo1kio GyHKIMU parport reset BMecTe ¢ HacTpoiikoit doublefreq StepGen.

/o

step \
. %-(-steplen}i-(— Stﬁﬁ:‘sﬂa}ce—}q— stepIEHh-i-q— Stﬁﬁiie;ce —b%{-steplerih%
i _ dirsetup i \ dithold _ . _ dirsetup |
! {min) +i : © (min) > ;‘ (min) >

direction !

X I

Figure 5.20: BpeMmeHnHas gfuarpaMMa UMIyIbCOB LIara ¥ HAMTPaBJIEHUS

IIMTarossie nMnyiabcehl Tun 1 [Maroseii UMITyJIEC TUIIA 1 ©UMeeT OBa BEIXOOA: BBEPX U BHU3. UMIOynbCH
MIOSIBIISAIOTCS TO HA OOHOM, TO Ha APYTOM, B 3aBUCUMOCTHU OT HallpaBJIeHU ABUXKEeHUA. KaXXObIi NMITYIILC
uMeeT AMuHy steplen HC, U UMIIyIbCH pa3fdesleHHl II0 KpalHeld Mepe stepspace HC. MakcuManbHas
JacToTa TaKasd Xe, KaK U [OJI4 I1aroBoro uMmmnynabca tuna 0. Eciu maxfreq ycTaHOBIEHO BHIIIE IIPEOEILHOTO
3HaueHUs, oHa OyIeT nmoHuxkeHa. Eciu maxfreq paBHO HYJII0, OHO OCTAHETCS HYJIEBHIM, HO BRIXOOHA
YacToTa HOo-IpekHeMy OyOeT orpaHuYeHa.

Warning
He wucnonb3ynte ¢yHkKuuio parport reset ¢ TMnamu LWaroBbiX MMNynbcos 2-14. MoryT
BO3HUKHYTb HEOXUOaHHbIEe pe3y/bTaThl.

IITaroBbie UMNIy/JIbCHI Tun 2 - 14 TUIIHI IIaTOBBEIX UMITYJILCOB C 2 110 14 OCHOBaHBI Ha COCTOSSHUU U
MMeEIOT OT ABYX OO IISATH BEIX0HOB. Ha KaxXkKoMm I11are C4eTYMK COCTOSTHUS YBEIMUYNBAETCA UJIM YMEHbIIIaeTCH.
[IByx- u Tpexdas3HHN, YeThpexda3Hbld 1 OITU(GA3HEHN PEeXKUMBI IOKA3BIBAlOT BHIXOOHEIE ITA0IOHEI B
3aBUCHMOCTH OT CYETYHKa COCTOSTHUY. MakcumManbHasg 4yactora pasHa 1,000,000,000, pa3gmenesHOMYy

Ha steplen, ¥, Kak U B OPYTUX pexkuMax, maxfreq 0yneT NOHMUXKEHa, €CIIU OHA IIPEBHIIIAET IIPeael.
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Figure 5.21: Tunsl AByx- ¥ Tpex(da3HbIX IarOBbIX UMIYJIECOB
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Figure 5.22: Tunsl yeThipex¢ha3HbIX IIIarOBEIX UMITYTHCOB
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STEP TYPE 11 o, 1, 2 3 4 0 1 2 .3 4 0
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STEPTYPE14 . o , 1 , 2 , 3 4 ., 5 ., 6 , 7 .8 .9 , 0

Figure 5.23: Tunsl natudasHbIX MIaroBLIX UMITY/IECOB
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5.8.1.4 ®YyHKUUM

KommnoneHT 3kcniopTupyet Tpu ¢yHKnuu. Kaxkpas QyHKIMS OedcTByeT Ha BCe T€HEPATOPHI IIaroBhIX
MMITYJILCOB — 3aIlyCK PA3HBIX FT€HEPATOPOB B PA3HBIX IOTOKAaX He IMOAIEPKUBAETCS.

e (funct) stepgen.make-pulses - BEICOKOCKOpPOCTHasA GYHKIIUS IeHepallud M IIoAcYeTa HMIIYJILCOB
(6e3 mIaBaroIleil TOYKH).

¢ (funct) stepgen.update- freq- ®yHKIUSI HU3KOM CKOPOCTH BHIIIOTHAET IIPeoOpa30BaHue ITOI0KEHU S
B CKOPOCTb, MaciiTabupoBaHue ¥ OTpaHUYEHUE.

* (funct) stepgen.capture-position - ®yHKIMS HU3KOM CKOPOCTH AJIsT 00paTHOM CBSI3U, OOHOBIEHU S
3allleJIOK U MacmTablpoBaHUs IIOI0KEHNU .

BricokockopocTHas GyHKUIUSA stepgen.make-pulses 0osKHa BHIIOIHATHECS B OUYeHb OBLICTPOM MOTOKE,
oT 10 go 50 MKC B 3aBHUCHMOCTH OT BO3MOXKHOCTEM KOMIIbIOTEPA. [Ilepuom 3TOro mOoTOKa OompenenseT
MaKCHUMaJbHYIO YaCTOTY IIaroB, IIOCKOJBKY Steplen, stepspace, dirsetup, dirhold u dirdelay oKpyTisiloTCS
IO IIeJIOT0 YK CJla, KPaTHOTO IIepHUOoAy IOTOKa B HaHOCeKyHAax. [IBe apyrue ¢GyHKIIUU MOTYT BEI3EIBATHCS

C ropa3fio MeHbIIIEeH CKOPOCTHIO.

5.8.2 PWMgen

OTOT KOMIIOHEHT 00GecIieyrBaeT IIPOrPaMMHYI0 reHepanuio curtasnoB IIIMM (IIUpOoTHO-MMITYIECHOM
mopynsuun) u [TUM (710 THO-UMITYIbCHOM MOIVIISIINK). ITO KOMIIOHEHT, pab0TaoIIUM TOJIFKO B PEXKUME
peanbHOTO BpeMeHU, U B 3aBUCHUMOCTH OT CKOPOCTU IIpolleccopa U T. I. OH cnocobeH paboTaTh C
gacTtoTou IITMM OT HECKOJILKUX COTEH Tepll IIPHU JTOBOJIBHO XOPOIIEM Pa3pelleHuU 00, BO3MOXKHO, 10
K['II Ipu orpaHUYEeHHOM pa3pelleHnuH.

3arpy3ka PWMgen

loadrt pwmgen output type=<config-array>

<config-array> npefcTaBiisieT COO0M CEpUI0 OeCATUYHHIX IIeJIBIX YU CeJI, Pa3fieIeHHbIX 3ansaTeiMu. Kaxmoe
YHUCJIO BBI3EIBAET 3arpy3Ky OomHOro reHepatopa IIIMM, 3HadeHue 4ucia onpenenseT TUI BExoma. B
crnenpyomeM npuMmepe OyoyT ycTaHOBNIeHB Tpu reHepartopa IIIMM. 3HadeHus O YMOJTYaHUIO HET.
Ecnu He yka3aH <config-array>, reaepatopsl [IIMM He 6yoyT ycTaHOBIEHB. MaKCUMabHOE KOITUYECTBO
reHepaTopoB YacTOTH — 8 (Kak onpeneneHo napameTpoM MAX CHAN B pwmgen.c). Kaxkaeiii reHepaTop
HEe3aBUCHUM, HO BCe OHU OOHOBIISIOTCS C IIOMOIITBbIO OOHOM 1 TOM XKe PyHKIIMU OMHOBPEeMEeHHOo. B ciemyomniux
onucaHmugax <chan> — 3To HOMep KOHKPETHOI'0o reHepaTopa. I1epBhIit reHepaTop uMeeT HoMmep 0.

3arpy3ka npuMmepa PWMgen
loadrt pwmgen output type=0,1,2

Ycranosut tpu lIIMM-renepatopa. [lepBeiii 6ymeT uCmonb30BaTh Bexo Tuiia 0 (Tonbko PWM ), cnemyommii
OymeT ucnosyib30BaTh Bexox Tuma 1 (PWM u HampaBieHue), a TpeTud OyAeT UCI0Tb30BaTh BHIXO[ THUIIA

2 (BBEPX u BHU3). 3HaueHus 10 YMOT4YaHUIO HET, €CJIU <config-array> He yKa3aH, [IlIKM-renepaTop
yCTaHOBJIEH He OyneT. MakcuMaabHOE KOJIMYeCTBO I'eHepaTOPOB YaCTOTH — 8 (KaK OlpeesieHo TapaMeTPO)
MAX CHAN B pwmgen.c). Kaxpgbeii reHepaTop HE3aBUCHUM, HO BC€ OHM OOHOBJISIOTCSI C IIOMOIITBIO
OOHOU U TOH ke QYHKIIMU OOHOBPEMEHHO. B mocrenmyiomux ommcaHusX <chan> — 3T0O KOIUYECTBO
KOHKpEeTHEHIX reHepaTtopoB. Hymepanusa IITMM-resepaTtopoB HayuHaeTcs ¢ 0.

Brirpyska PWMgen

unloadrt pwmgen
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5.8.2.1 Tunbl BbIXOO,0B
Tl'erepatop IIVM nioppmepzKuBaeT TPU Pa3jIMUHEIX output types.

* Output type 0 - TonbKO BeIXxogHOM KOHTAKT LIIMM. [TpuHUMAIOTCSA TOJIBKO OJIOKUTEIbHEIE KOMaHOHI,
oTpullaTeNIbHEIE 3HAUEHUS pacCMaTpUBalOTCs KaK HOMIb (Ha HHUX BIHSAET ITapaMeTp min-dc, eClii OH
He paBeH HYIIIO).

* QOutput type 1 - PWM/PDM u KOHTaKTH HanpaBleHusA. [10JI0XKUTENIbHEIE U OTPULlATEIbHBIE BXOOEL
OyayT BBIBOAUTHLCS KakK IIOJI0XKUTEJIbHBIE U oTpuniatesybHbie [IIMM. KoHTaKT HanpaBjieHUS SBISIETCS
JIOKHBIM [JI51 IIOJIOKUTEJILHEIX KOMaH[ U MCTUHHBIM [JIs OTpULATENbHEIX KoMaHn. Ecnu Bamemy
97IeMEeHTY yIpaBneHus TpebyeTcs monoxutenbubil [ITUM Kak nns CW, Tak u giig CCW, UCTIONb3yUTe
KOMIIOHEHT abs pysi mpeobpa3oBaHus Bamero curnana II[IMMM B monoXuTeNnsHOe 3Ha4YEeHUE, KOTOa
Ha BXO[ IOJaeTCs OTpULlaTeIbHEIU BXO.

* Output type 2 - korTakTel UP 1 DOWN. [I51g9 nonoxuTtenpHEIX KOMaHA curHai WM nosasnsaeTcs Ha
Beixomie UP, a Beixog DOWN ocTtaeTcs false. [171s oTpuilaTenbHBIX KOMaH[ curHain [IIMM mosBiseTcs
Ha Beixoge DOWN, a Ha Beixon UP ocTaetcs false. Brixop Tuma 2 OOXOOuUT OIS YIIPaBIeHUS O0JbIITHHCTBOM
H-MmocToB.

5.8.2.2 KOHTaKThI
Kaxprrit renepaTtop IIIMM 6ymeT uMeTh CIeOyIolie KOHTAKThI:

* (float) pwmgen. °~ <chan> .value - 3HauyeHHe KOMaHMHI B IPOU3BOJILHEIX eIUHHUIIAX. ByIeT MacITaGupoB
rmapaMeTpoM scale (CM. HUXKe).

* (bit) pwmgen. = <chan> .enable - BxaiouaeT UM OTK/IOYAET BEIXOMEI reHepaTopa [ITMM.

Kaxpwiir rerepatop IIIMM Takxke OymeT MMeETh HEKOTOPHIE M3 3TUX KOHTAKTOB, B 3aBUCHMOCTH OT
BHIOPAHHOT'O THUIIA BHIXOMA:

e (bit) pwmgen. = <chan> .pwm - Berxom HIUM (unu TTUM) (TonbKo TuIkl Beixomos 0 u 1).

N

e (bit) pwmgen. = <chan> .dir - Beixoqm HampaBieHus (TOMLKO THUI BEIxoma 1).

e (bit) pwmgen. ~ <chan>_ .up - Beixom IITUM/ITUM naist OJI0KUTETBHOTO BXOMHOT0 3HaYEeHUS (TOTBKO
THUII BEIXOda 2).

N

e (bit) pwmgen. = <chan>_ .down - Brerxom IIIWMM/TIUM pmmnst oTPULATETEHOTO BXOOHOTO 3HAYEHUS
(TOoNMBKO THUII BHIXOHA 2).

5.8.2.3 MapamMeTphbl

 (float) pwmgen. °~ <chan> .scale - KoadduimeHT MaciTabupoBaHus O Ipeobpa3oBanusd value
M3 IIPOU3BOJILHBIX €OUWHUIl B paboumii mukn. Hampumep, ecnu macmrad ycraHoBneH Ha 4000, a
BXOOHOE 3HaueHWe, mepemaHHoe B pwmgen. ~ <chan> .value, paBuo 4000, To aTo GymeT 100%
CBaXKHOCTH (Bcerma BKItoueH). Ecnu 3Hauenue paBHo 2000, To aTo OymeT MeaHnap ¢ 4actotor 50%
u gactotou 25 I'1.

* (float) pwmgen. = <chan> .pwm-freq - xemaemas gactorta I[IVMM, B I'u. Ecnu 0,0, reHepupyeT
PDM Bmecto PWM. Ecnu ycTaHOBJIEHO 3HAUYEHUE BEHIIIIE BHYTPEHHETO IIpefera, CIeOYIOMUK BEI30B
update freq() yctaHOBUT BHyTpPeHHUH npenes. Ecnu HeHyJieBoe 3HaUYeHNe U 3HaYeHUe IapaMeTpa
dither paBHo false, crmenyromuii BeI30B update freq() yCcTaHOBUT ero B OGimxKaiilliee 1e10e 4YHuCJIo,
KpaTHoe nepuony GyHKiuu make pulses().
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* (bit) pwmgen. = <chan> .dither-pwm - Ecnu 3T0O mpaBma, BK/IIOYAET OAU3IEPUHT AJISI JOCTUKEHUS
cpepuux 4dacTtoT IIIMM umu CKBazKHOCTH, KOTOPble HEBO3MOXKHO IIOJIYyYUTb C IIOMOIIBI0 YUCTOTO
IIT1M. Ecnu 3HaveHue paBHO false, m wactota IIIVUM, 1 CKBazKHOCTE OYOYT OKPYTJIEHHI 0O 3HAYEHUH,
KOTOPBIE MOTYT OBITh TOYHO JOCTUTHYTHI.

AN

* (float) pwmgen. ~ <chan> .min-dc - MuHuManbkHass CKkBaXXHOCTb OT 0,0 mo 1,0 (Ipu OTKIIOYEHUHU
CKBaXXKHOCTH Oy[eT paBHA HY/II0, HE3aBUCUMO OT ITOU HACTPOUKM).

* (float) pwmgen. = <chan> .max-dc - MakcumanbHas ckBaxHOCTh OT 0,0 mo 1,0.

N

* (float) pwmgen. *~ <chan> .curr-dc - Tekyiasi CKBaXKHOCTE - ITOCJIE€ BCEX OTPAHUUYEHUHN U OKPYTIEHUH
(TOIBKO UTEHUeE).

5.8.2.4 ®yHKUUM

KoMmoHeHT akcnopTupyeT OBe hyHKIMU. Kaxkpas GyHKIUSA OelcTBYyeT Ha Bce reHepartops [IINMM —
3aIyCK pa3HBIX T€eHepaTOpPOB B Pa3HEIX IIOTOKAX He IMOOAepKHUBAETCS.

¢ (funct) pwmgen.make-pulses - BLICOKOCKOPOCTHAas PpyHKIM reHepanuy curianos IIIMM (6e3 nitaBaroiiei

3ansiTor). BrIicOKOCKOpocTHasi (yHKLMS pwmgen.make-pulses momKHa BBEIIOJHATHLCI B 6Ga30BOM
(camomM 6rIicTpOoM) 1TOTOKE, OT 10 mo 50 MKC B 3aBUCUMOCTH OT BO3MOXKHOCTelM KoMnbioTepa. [lepuon
9TOro IIOTOKAa oIpefesnseT MaKCUMaIbHYI0 HecyIlyio yacToTy IIIMM, a TakKe pa3pelleHre CUTHAIOB
I[ITUM wunu ITUM. Ecnu 6a30BeIi 0TOK cocTaBiasseT 50 000 Mkc, To Kaxkable 50 MKC MOMYJIb pellaeT,
opa 1M U3MEeHUTh COCTOssHME BhIxoma. [Ipu ckBaxkuHoCcTH 50% 1 yactoTte IIIWM 25 I't1 5TO 03Ha4aer,
YTO BBHIXOI MEHSEeT cocTossHue Kaxpable (1/25)mMkc / 50 Mkc * 50% = 400 uTepanuii. ITO TaKke
O3HauaeT, 4To ¥ Bac ecTb 800 BO3MOXKHHIX 3HaUEHUN CKBAXKHOCTHU (6€3 qu3epuHra).

* (funct) pwmgen.update - ®yHKIMS HU3KOM CKOPOCTH [JI51 MacCIITabMPOBaHUA U OTPAaHUYEHUS 3HAYEHU S,
a Takke 06pabOoTKY IPYyrUX HapaMeTpoB. ITo QYHKIUA MOy, KOTOPLIM BHITIOIHAET O0Jiee CIIOKHYIO
MaTeMaTU4YeCKyio paboTy, 4TOOH ONIPENENUTh, OJIS1 CKOMTbKUX Oa3MCHBIX IEPHUOIOB BEIXOTHEIE JaHHEIE
OOJIZKHEI OBITH BEICOKMMHU, @ OJIS CKOJIBKUX — HU3KUMU.

5.8.3 3HKoAaep

OTOT KOMIOHEHT 00ecIeyYnBaeT MPOTPAaMMHBIHN IIOCYET CUTHAJIOB OT KBaIPATYPHHIX (MIH OMHOUMITYJTECHEIX)
9HKOOEPOB. ITO KOMIIOHEHT, PaboTalonuii TOJIHFKO B PeXKUMEe PealbHOTO BPeMEeHH, ¥ B 3aBUCUMOCTHU

OT CKOPOCTH IIPOIlEeCCOpa, 3aePKKU U T. f. OH CIOCOOEH MoAamepzKUBaTh MaKCUMAJIbHYI0 CKOPOCTh
cueta oT 10 kI'11 mo, Bo3MozxKHO, mo 50 KI'1I.

Ba3oBhIl TTOTOK AOJIKEeH ObITh 1/2 CKOPOCTH cueTa , YTOOBl YYUTHIBATD IIYM ¥ MU3MEHEHUS BPEMEHMU.
Hampuwmep, ecnu y Bac ecTs sHKOAep co 100 umnynbcaMu Ha 000POT Ha IINWHIENEe ¥ MaKCUMaabHas
yacToTa BpaieHus coctapiseT 3000, MaKCHUMaIbHLIH Hepuond 6a30BOr0 MOTOKA MOJIXKEH COCTABISATh
25MKc. JHKOmep ¢ 100 umnynecamu Ha o6opoT OymeT umeTh 400 oTrcyeToB. CKOPOCTH WINUHMEIS
3000 RPM = 50 RPS (o6opoToB B cekyHay). 400 * 50 = 20,000 oTrcueToB B ceKyHOy unu 50 MKC MeXAy
OTCYeTaMHU.

Brok-cxemMa cueTYHnKa 9HKOepa IIpeacTaBisieT coboi 6JI0K-CXeMy OMHOT0 KaHajla CYeTYrKa SHKOAepa.
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Figure 5.24: Bnok-cxeMa cueT4YuKa 3HKOOepa

3arpy3ka 3HKOgepa

halcmd: loadrt encoder [num chan=<counters>]

<counters> — KONINYECTBO CUETUYMKOB SHKOJEpPa, KOTOPOE BBl XOTUTE YCTaHOBUTL. Eciu num_chan
He yKazaH, OydyT yCTQHOBJIEHHI TPU CYeTYMKa. MaKCUMaJIbHOE KOJIMYEeCTBO CUETYMKOB — 8 (Kak
onpeneneno B MAX CHAN B encoder.c). KaXpawI¥i cyeTdMK HE3aBUCUM, HO BCe OHU OOHOBIISIIOTCS
OIOHOM U TOM Ke QyHKIMEe OMHOBPEMEHHO. B cienylomux onrucanusax <chan> — 3To HoMep KOHKPETHOI' O
cueTtyuka. [lepBeii cueTyuk uMmeeT HOMep O.

BrIrpy3ka 3sxkogepa

halcmd: unloadrt encoder

5.8.3.1 KoOHTaKThbI

* encoder. <chan> .counter-mode (bit, I/O) (mo ymonuanuio: FALSE) — BKJIlo4aeT pekUM CUeTUHrKa.
Ecnu 3HaYeHUe UCTUHHO, CUETYUK IOACUYUTEIBAET KaK A (PPOHT BXOOHOI'O CUTHasa pas3el A, MTHOPUPYS
3HadYeHUe Ha (pase B. 310 1oJIe3HO OJig IOACYeTa BRIXOOHOTO CUTHAJIa O0HOKaHAaIbHOI'O (HeKBagpaTypHOTO
OaT4YHuKa. Ecnu 3HaueHue false, OHO CHHUTAETCAd B KBAOPATYPHOM pPeXKHnMe.
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* encoder. <chan> .missing-teeth (s32, In) (mo ymonmuanuro: 0) — BKIOYaeT UCIIOIb30BaHUe NHIEKCA
OTCYTCTBYIOIIUX 3y00B. ITO II0O3BOJISIET OJHOMY KOHTAKTy BBOIa-BhIBOMIA ITPENOCTABISITE HH(MOPMAIIHUIO
KaK O MOJIOXKEeHWH, Tak u 00 mHOekce. Ecnm Komeco sHKomepa uMeeT 58 3y0II0B, U3 KOTOPHIX ABa
OTCYTCTBYIOT, ¥ PACIIOJIOKEHBI TaK, KaK eCju Obl X ObI710 60 (0OBIYHO OIS aBTOMOOUITEHEIX TaTYNKOB
KOJIeHBaa), TOTIa IIKaja II0JIOKEeHUS OoJI2KHa OBITh YCTaHOBNIeHa Ha 60, a OTCyTCTBYIOIINE 3y0bs
- Ha 2. i UCIIOIb30BaHUS 3TOT0 pexuMa counter-mode monkKeH OBITH YCTAHOBIIEH B true. IDTOT
pexuM 6ymeT paboTaTh i Hape3aHus pe3b0bl Ha TOKapHOM CTaHKe, HO He [JIs 2KeCTKOT0 Hape3aHu s
PE3LOHI.

* encoder. <chan> .counts (s32, Out) - [To3unus B oTCcueTax 3HKOHepPa.
e encoder. <chan> .counts-latched (s32, Out) - B HacTosIlee BpeMs He UCIIOIb3yETCH.

e encoder. <chan> .index-enable (bit, I/O) - Korga True, counts u position cOpackBaiOTCs B HOMb
Ipu ciaenyoieM ¢poHTe ¢a3wl Z.
B To ke BpeMms index-enable copacriBaeTCs B HOJIb, YKa3bIBas Ha TO, YTO IIPOuU30Ies GpPoHT. BrIBOA
index-enable saBnsieTcst mByHaIpaBjieHHEIM. Ecnu mapameTp index-enable- False, kanan ¢a3b
Z sHKomepa OymeT UTHOPUPOBATHCS, U CUETUYMK OyHeT cuuTaTh HOpPMasabHO. [IpaiiBep SHKOOEpa
HUKOI'7la He yCTaHOBUT IlapaMeTp index-enable B 3madenue True. OQmHAKO 3TO MOXKET CHEJATh
KaKOM-TO IPYTro¥ KOMIIOHEHT.

e encoder. <chan> .latch-falling (bit, In) (default: TRUE) - B HacTosIIlee BpeMs He UCIIOIb3yETCH.
e encoder. <chan> .latch-input (bit, In) (default: TRUE) - B HacToslee BpeMs He UCIOJIb3yeTCs.
e encoder. <chan> .latch-rising (bit, In) - B HacTosIllee BpeMs He HUCIIOJIb3YETCS.

e encoder. <chan> .min-speed-estimate (float, in) - OnpemenuTe MUHUMAaIbHYIO UCTUHHYIO BETUUNHY
CKOPOCTH, IPH KOTOPOM CKOPOCTh OymeT OlleHeHa KaK HeHyJeBas, a position-interpolated Oymer
WHTEPIIONUPOBaHa. EquHuIel min-speed-estimate Takue xke, Kak v eguHUIIEI velocity. MacimTaOGHbIN
Ko3(dUuLMeHT, B OTCYeTaX Ha €OUHUIY [OJIUHBL. YCTaHOBKA CJIIMIIKOM HHU3KOTO 3HAUEHUS ITOTO
ImapaMeTpa IpuBeneT K TOMY, YTO CKOPOCTh focTurHet 0 Iocsie IpekpalleHu IOCTYIJIeHNU I UMy TbCOB
9HKOZepa.

* encoder. <chan> .phase-A (bit, In) - ®aza A curxsana KBafipaTypHOT0 3HKOLEpa.

* encoder. <chan> .phase-B (bit, In) - ®aza B curuama kBagpaTypHOT0 SHKOIepa.

e encoder. <chan> .phase-Z(bit, In) - ®a3a Z (MHOEKCHBINM UMITYJIbC) CUTHAaJIa KBapaTypPHOT 0 9HKOLepa.

* encoder. <chan> .position (float, Out) - ITo3unus B MacmrTabupoBaHHEIX eguHUNAX (CM. position-scal

* encoder. <chan> .position-interpolated (float, Out) -ITo3unus B MacIITabupPOBAHHLIX EQUHUTIAX,
WHTEPIIOIUPOBaHHAsA MEXKIY OTCYeTaMU 3HKOIepa.
position-interpolated melTaeTcsa MHTEPIIOIUPOBATh MEXKY OTCYETaMM 9HKO/Iepa Ha OCHOBE II0CTIeqHEeN
M3MEPEeHHOM CKOPOCTH. [[elfCTBUTEILHO TOJIBKO TOT/HA, KOTa CKOPOCTh MTPUOIN3UTEILHO IIOCTOSTHHA
U IIpeBHIIaeT min-speed-estimate. He ucnomnb3yiiTe O yopaBleHUS MIOJIOKEHUEM, TTOCKOJILKY
ero 3HaueHNe HeBePHO Ha HU3KUX CKOPOCTSX, IIPU PeBepce HallpaBIeHUsI U ITPU U3MEeHEHHU U CKOPOCTH.
TeMm He MeHee, OH IIO3BOJISIET HCIIOIb30BaTh YHKOMAEP C HU3KHM PpPr (BKIodas encoder ¢ OOHUM
MMIYJIECOM Ha O0OOPOT) IJig Hape3aHUs Pe3bObl Ha TOKAPHOM CTaHKE, a TaKXKe MOXKET MMETh U
Opyrue MpuMeHeHUsI.

e encoder. <chan> .position-latched (float, Out) - B HacTosI1IIEE BpEMS HE UCIIOJIL3YETCH.

e encoder. <chan> .position-scale (float, I/O) - MacmTabHbIN KO3GGUITMEHT, B OTCUETAX Ha €IUHUILY
onuubsl. Hanpumep, ecnu macita6 nmosunuu paBeH 500, To 1000 oTcueToB sHKOAepa OyAyT BhIAAHEL
KakK 1mo3unus B 2.0 equHUIILL.

e encoder. <chan> .rawcounts (s32, In) - Heo6paboTaHHEIe OTCUYETH, onipeneneHHble update-counters.
9TO 3HAUeHHe OOHOBJISIETCS qalie, 94eM OTCYEeTHhI U ITIO3UIIHA. Ha Hero Takxe He BIUSET C6pOC HIIn
I/IHJIeKCHBIfI UMIIYJIBC.
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* encoder. <chan> .reset (bit, In) - Korga True, IpUHYOUTEILHO HEMEIJIEHHO O0HYISIIOTCS counts
u ‘position.

e encoder. <chan> .velocity (float, Out) - CkopocThs B MacIITaOMPOBAHHLIX €IUHUIIAX B CEKYHIY.
encoder UCIIOIL3YET alirOPUTM, KOTOPEIN 3HAUUTEJIFHO CHUIKAET IITyM KBAaHTOBAHUSI 10 CPABHEHUIO C
OpoCTHIM UG dHepeHITNPOBaHNEM BEIXOTHOT'O CUTHAJa position. Korma BennYnHa UCTUHHOU CKOPOCTU
HUXKe min-speed-estimate, Beixoqm ckopocTu paseH 0.

e encoder. <chan>_ .x4-mode (bit, I/O) (default: TRUE) - Bkimtouaet pexxuMm X4. Korpma B true, cueTuuk
CUMTaeT KaXKIb GPOHT KBaZIpaTypPHOI'O CUTHAJIa (YeThIpe OTCUeTa 3a IOJIHBIM TUKIT). Eciiu 3HaueHue
false, oHO y4YMUTHEIBAa€TCS TOJIBKO OOWH Pa3 3a IIOJHBLIM LIMKI. B pexXuMe cueTdMKa 3TOT MapaMeTp
ursopupyetrcsa. Pexxum 1x none3eH Ojid HEKOTOPHIX OIKOUCTHUKOB.

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

KomMmmnioHeHT skcniopTupyet ABe pyHkuun. Kaxxgas QyHKINS OeUCTByeT Ha BCe CUEeTUMKU SHKoOepa —
3aIlyCK Pa3HBIX CYETYUKOB B PA3HEIX IIOTOKAX HE IOOOepXKUBaETCS.

e (funct) encoder.update-counters - BeicokockopocTHast QyHKIIUS ITOICYeTa UMITYILCOB (0€3 I1aBaloIlei
TOYKH).

¢ (funct) encoder.capture-position - ®yHKIIHUSI HU3KOIM CKOPOCTH [IJIsT OOHOBIEHUS 3allleJIOK X MaCIITabup(
TIO3UIINH.

5.8.4 nup

9TOT KOMIIOHEHT 00ecleYyrnBaeT KOHTYPHI IPOIOPLUMOHAIFHOI O/UHTET PAILHOTO/IIPONU3BONHOTO YIIPABJIEHUS.
9TO KOMIIOHEHT TOJIBKO pPeajyibHOrO BpeMeHH. [IJisi IPOCTOTH], B 3TOM OOCYKIOEeHUU IIpenIiojiaraeTcs,

YTO MBI TOBOPHUM O KOHTYPax II0JIOKEHU S, OODHAKO 3TOT KOMIIOHEHT MO2KHO MCIIOJIb30BaTh OJI peajln3anuu
OPYTUX KOHTYPOB 00paTHOM CBS3U, TAKUX KaK CKOPOCTh, BEICOTA TOPEJIKM, TeMneparypa u T. 1. biok-
cxeMa KoHTypa [TH]I-perynsaTopa npenacrasisieT coboi 610K-cxeMy omHoro KoHTypa [TU]I-perynaropa.
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Figure 5.25: Bnok-cxema [T ]I-KoHTypa

3arpy3ka ITU]I
halcmd: loadrt pid [num_chan=<loops>] [debug=1]

<loops> — Konu4decTBO KOHTYpOoB ITH]I, KOTOpPOE BEI XOTUTE YCTaHOBUTEL. Eciiu num_chan He yKa3saH,
OymeT yCTAaHOBJIEH OOWH KOHTYP. MakcuMalibHOE KOJIMYeCTBO KOHTYPOB — 16 (corimacHO 3Ha4YeHUIO
MAX CHAN B pid.c). Kaxpapeiii UK IIOJIHOCTHIO HE3aBUCUM. B cremymolnmx onucaHusx <loopnum>
npeacTaBiasieT cob0i HOMep KOHKPETHOTO IuKJia. [1epBriil nuki umeet Homep 0.

Ecnu debug=1, KOMITOHEHT 3KCIIOPTHUPYET HECKOJIBKO HOOIIOJTHUTEJIbBHBIX KOHTAKTOB, KOTOPbEIE MOI'YT
OBITh IOJI€3HEI BO BpeMsd OTJIIadKU U HaCTpOﬁKH. ITo YMOJI9aHHUIO OOIIOTHUTEJIbHBIE KOHTAKTEI HE 3KCIIOPDTUDPYE
4TOOLI COKOHOMHUTL MECTO B O6I.LIGIZ IIaMsATH U He 3arPOMO2KIOAaTh CIIMCOK KOHTAKTOB.

Broirpy3ska ITA]T
halcmd: unloadrt pid

5.8.4.1 KoOHTaKThbI

TpI/I Hambojiee BaXXHBIX KOHTAKTA:
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* (float) pid. = <loopnum> .command - XKejmaeMoe moJjioxKeHUe, 3aJJaHHOE OPYTUM KOMIIOHEHTOM
CHUCTEMBHI.

e (float) pid. = <loopnum> .feedback - Tekyimee IojiokeHue, U3MEPEHHOe YCTPOMCTBOM 00paTHOH
CBsI3U, HAIIPUMED 3HKOIEPOM.

N

* (float) pid. = <loopnum> .output - KoMaHma CKOPOCTH, KOTOpas MILITAETCS IepPeMEeCTUTLCS U3
TEKYIIETO0 ITOJI0KEHUS B JKelaeMoe.

711 KOHTypa nonoxkeHus .command u . feedback ykasaHel B efuHUIIaX U3MEePEHUS IOJI0XKeHUd. [114
JINHENHOU OCH 3TO MOTYT OBITH OIOMMBI, MM, METPHI UJIU YTO-TO ellle. AHAJIOTUYHO, [JII YTJIOBOM OCHU
9TO MOTYT OBITh I'PAAYCHI, PaguaHbl ¥ T. 0. EOWHUIIEI U3MePeHUus BhHIBOma .output mpencTaBiisioOT
co00i n3MeHeHne, HeoOX0mauMoe MJIs TOT0, YTOOBI oOpaTHas CBA3b COOTBETCTBOBAIa KOMaHae. TakuM
o6pazoM, Oy UKIA IOJIOXKEHUs .output — 3TO CKOpPOCTh B AroMMax/c, MM/c, Tpagycax/c ¥ T. 0.
EpmHunaMu BpeMeHU BCerha SBISIOTCS CEKYH[Bl, a €IUHHUIIBI CKOPOCTH COOTBETCTBYIOT €OUHUIIAM
nonoxkeHus. Ecmu KoMaHAa U ob6paTHas CBA3b YKa3aHbl B MeTpPaX, TO BEIXOQHOU CUTHAJI U3MEPSETCS
B MeTpax B CEKyHIY.

KaxX[pli KOHTYP HMeeT OBa KOHTaKTa, KOTOPHe HCIIONL3YIOTCS [JIs MOHUTOPHUHTA WU YIIPABIEHUS
o611ei paboTol KOMIIOHEHTA.

* (float) pid.<loopnum>.error - PaBHo .command Munyc .feedback.

* (bit) pid.<loopnum>.enable - BuT, KOTOPHIU BKJIlo4aeT KOHTYp. Ecnu .enable - false, Bce nHTEerpaToph
cHbpacrIBalOTCs, a BEIXOOHOM curHan oouynsercsa. Ecnu .enable - true, KoHTYp paboTaeT HOPMaJbHO.

KOHT&KTBI, UCIIOJIb3yEMBEBIE [OJIdA COOGH_IeHI/IH O HACHIIIIEHUUN. Hacmme}me IIPOMCXOOUT, KOTroa BBEIXOO
6roka ITM]I mocTuUraeT MakKCHUMAaJIbHOTO UM MUHUMAJILHOTO IIpeIena.

e (bit) pid.<loopnum>.saturated - True , Korga BbIXOH HaCHIIIEH.
* (float) pid.<loopnum>.saturated s - BpeMs HacCHILIEHUS BLIXOZA.

* (s32) pid.<loopnum>.saturated count - BpeMs HacCHIIIIeHUS BEIXOMA.

KoaddummenTtrr ycunenus, npenentl [INI-perynsaTopa u Opyrue Hacmpauesaemvle QyHKIINHT KOHTypa
OOCTYITHBI B BUI€ KOHTAKTOB, II03TOMY X MOXKHO IMHAMHUYECKH PETYIINPOBATH I 60Jiee pacIIupPeHHBIX
BO3MOXKHOCTEHN HAaCTPOUKHU.

* (float) pid.<loopnum>.Pgain - [IponnopiinoHanIbHOE YCUIEHNE

* (float) pid.<loopnum>.Igain - UHTerpanbHbI# KO3GGULNEHT YCUIEHUS
* (float) pid.<loopnum>.Dgain - I[Ipon3BOOHOE YCUTIEHUE

* (float) pid.<loopnum>.bias - [TocTosSTHHOE CMeIlleHNe Ha BLIXOle

* (float) pid.<loopnum>.FF( - YupeXaeHue HyJIeBOT0 IIOPSAAKa - BELIXOOHOW CUTHAJI IIPOIIOPIMOHAIEH
KoMaHJIe (TT0JI0KEeHUI0).

* (float) pid.<loopnum>.FF] - Yopezpaarolias CBI3b IIEPBOTO TOPSAAKA — BLIXOOHOM CUTHAJI IPOIOPIINOHATIEH
IIPOM3BOOHON KOMaHOH (CKOPOCTH).

* (float) pid.<loopnum>.FF2 - [IpsiMast CBsi3b BTOPOTO [TOPsIAKA - BEIXOAHON CUTHAJI IPONOPLUKXOHAIEH
2" TpOU3BOOHOU KOMaHObl (YCKOPEHUS).

* (float) pid.<loopnum>.deadband - Konu4uecTBo OIINO0OK, KOTOPLIe OYAYT UTHOPUPOBATHLCS
* (float) pid.<loopnum>.maxerror - OrpaHU4YeHUEe Ha OMUOKY

* (float) pid.<loopnum>.maxerrorl - OrpaHudYeHne Ha UHTETPATOP OMMNOOK
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(float) pid.<loopnum>.maxerrorD - OrpaHn4yeHue Ha MPOU3BOOHYIO OIINOKYU

(float) pid.<loopnum>.maxcmdD - OrpaHn4yeHue Ha TPONU3BOOHYIO KOMaHIbI

(float) pid.<loopnum>.maxcmdDD - OrpaHudeHue Ha 2*° IIPOU3BOOHYI0 KOMaHOHI

(float) pid.<loopnum>.maxoutput - OrpaHUYeHNEe BLIXOOHOTO 3HAYEHU S

Bce max* OIrpaHNYEHHNsd peaJIn30BaHbI TAKUM O6p&30M, YTO €CJIM 3Ha4Y€HHe I3TOro IIapaMeTpa paBHO
HYJIIO, OTPaHUY€EHUd HeT.

Ecnu mpu ycTaHOBKe KOMITOHEHTAa OBIJIO yKa3aHo debug=1, 6yayT 9KCIOPTUPOBAHHI YETHIPE MOIIOJTHUTEITEHBL
KOHTaKTa:

(float) pid.<loopnum>.errorl - UHTerpan omuoKu.

(float) pid.<loopnum>.errorD - IIpou3BogHast OITUOKH.

(float) pid.<loopnum>.commandD - [Ipou3BogHass KOMaHHI.

(float) pid.<loopnum>.commandDD - 2* nmpou3BogHas KOMaHIHI.

5.8.4.2 ®yYyHKUUM

KOMITOHEHT 3KCIIOPTUPYET OOHY GQYHKIINIO A KaXXaoro Koutypa ITU]. 3Ta QyHKUMS BEIIOTHSIET BCE
BEIYMCJIEHUSI, HEOOXOOMMEIE AJIsT KOHTypa. IIOCKOJIBKY KaXKOBlM KOHTYP MMEEeT CBOI0 COOCTBEHHYIO
byHKIMIO, OTOEeNbHBIE KOHTYPEL MOT'YT OBITH BKJIIOYEHEI B PA3HBIE IIOTOKW ¥ BBIIOJIHATHCS C PA3HOU
CKOPOCTBIO.

* (funct) pid.<loopnum>.do pid calcs - BeinionHsIeT BCe BRIYUCIIEHUS OJI OOHOTO KoHTypa ITU]I.

Ecnu BB XOTHTE TMOHSATH TOUHLIN aNTOPUTM, UCTIONb3YEMBIHM [JIS BRIYKMCIIEHUS BHIXOMa KOHTypa [TU]I-
perynsitopa, CM.

» figure PID Loop Block Diagram,

* KOMMeHTapuu B Hauane emc2/src/hal/comComponents/pid.c u, KOHEYHO XKe,

¢ CaM Ko[h.

Brluncnenus nukia Haxogatcsa B dyukuuu C calc pid().

5.8.5 Simulated Encoder

WMmuTtupyeMeiii Kogep UMeHHO TaKoli. OH IIPOU3BOOUT KBagpaTypPHEIE UMITYIbCH C UHIEKCHBIM UMITYJIECOM
CO CKOPOCTEIO, KOHTpoupyemou BeiIBogoM HAL. B 0CHOBHOM IIOJIE3HO OJId TECTUPOBAHUS.

3arpy3ka sim-encoder

halcmd: loadrt sim-encoder num_chan=<number>

<number> — KOIUYECTBO HKOAEPOB, KOTOPHIE Bhl XOTUTE UMUTHUPOBaThb. EcCnu He yKazaHo, Oymer
YCTaHOBJIEH OOUH 3HKOoAep. MakcuManbpHOe uucio — 8 (kak onpeneneno MAX CHAN Bsim encoder.c).

Brirpy3ska sim-encoder

halcmd: unloadrt sim-encoder
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5.8.5.1 KoHTaKThbI

(float) sim-encoder. = <chan-num>_ .speed - KomaHpa CKOpPOCTH [JiI MOZENIUPYyEMOTO Baja.

e (bit) sim-encoder. ~ <chan-num>_.phase-A - KBagpaTypHBIH BEIXOM.
e (bit) sim-encoder. ~ <chan-num>_ .phase-B - KBagpaTypHEI# BEIXO[.
e (bit) sim-encoder. ~ <chan-num>_.phase-Z - Brixog MHOEKCHOTO UMITYJIbCA.

Korpga .speed monoxurenkHa, . phase-A onepexaet .phase-B.

5.8.5.2 MNMapameTpsl

* (u32) sim-encoder. = <chan-num>_ .ppr - UmMnynbscoB Ha 000POT.

* (float) sim-encoder. ~ <chan-num> .scale - Scale Factor for .speed. The default is 1.0, which
means that .speed is in revolutions per second. Change to 60 for RPM, to 360 for degrees per
second, 6.283185 (= 2*m) for radians per second, etc.

O6paTuTe BHUMaHKUE, YTO KOJTUYECTBO UMITYIbCOB Ha 060POT — 3TO HE TO K€ CaMOe, YTO KOJIMYECTBO
oTcueToB Ha 06opoT. HMmysnbc mpencTaBisieT cOOOM ITONHBLINM KBaApPaTYPHBI