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Chapter 1

Havano padotbl ¢ LinuxCNC

1.1 O LinuxCNC

1.1.1 The Software

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

* 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 MonyuyeHue noMoLum

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. If you have been on before, many will remember past discussions with you which will
save time on both ends.

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

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

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 http://wiki.linuxcnc.org;

1.1.3.5 Bug Reports

Report bugs to the LinuxCNC github bug tracker.

1.2 CucrteMHble TpeboBaHus

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.



http://wiki.linuxcnc.org/
https:///github.com/LinuxCNC/linuxcnc/issues
http://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).

CxeMma ImponeccCa BEITJIAOUT 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

IIporpammHOe o6ecnedenue nis LinuxCNC mis 3arpy3Ku IpeacTaBlIeHo Ha CTpaHuIle mpoekTa Down-
loads page. BonbIIMHCTBY IIOJIb30BaTelield OyOeT HyKeH o0pa3 AucKa OJist KOMIbIoTepoB Intel/AMD,
URL-agpec 6ymeT HamoMuHaTh 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/
https://linuxcnc.org/downloads/
https://www.linuxcnc.org/iso/linuxcnc_2.9.4-amd64.hybrid.iso
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1.3.1.2 3arpys3ka c nOMOLLbIO ZSYyNnC

ZSyNC — 3TO IPHUJIOKEHHe OIS 3arpy3Ku, KoTopoe 3¢p(GeKTUBHO BO30OHOBISET IPpepPBaHHEIe 3aTPY3KHU
1 3¢ GEeKTUBHO ITepeHOoCUT Gosbinne (aiiasl ¢ HeGONbIINMY N3MEHEeHUsIMU (€C/IH Yy Bac eCTh cTapas
JIoKanbHas Komwust). OOpaTuTe BHUMaHue: TpebdyeTcs IpoToKoi http, a He https. McnomneayiiTe zsync,
ecnu 3arpy3ka usobpaxkenus metogoM Normal Download yacTo mpepriBaeTcs.

zsync B Linux

1. YcTaHOBUTE ZSync c IOMOIILI0 Synaptic Ui BHIIIOJIHUB CJIENYIONIYI0 KOMaHAy B terminal

sudo apt-get install zsync

2. 3aTeM 3amyCTUTE 3Ty KOMaHAy, YTOOH 3arpy3uTh [SO Ha CBOM KOMITBIOTED

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

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

zsync B Windows CytiectByeT mopT zsync ais Windows. OH pa6oTaeT KaK KOHCOJIBHOE ITPUJI0KEHUE
U ero MOKHO 3arpy3uTh 1o agpecy https://www.assembla.com/spaces/zsync-windows/documents.

1.3.1.3 MpoBepka obpasa
(DTOT 1Iar He HYXKEH, €CJIN Bhbl UCIIOJIb30BaII ZSyNnc)
1. Tlocme 3arpy3Ku IIPOBepPhTE KOHTPOIILHYIO CyMMY o0pa3a, Y4TOOH yOequThCs B €T0 IIeJI0CTHOCTH.

md5sum linuxcnc-2.9.4-amd64.iso

or

sha256sum linuxcnc-2.9.4-amd64.iso

1. 3aTeMm cpaBHUTE C 3TUMU KOHTPOJIBHEIMU CyMMaMu

amd64 (PC)

md5sum: 1815aceaac0e7861747aa34d61846e79

sha256sum: 08b3159233e47c91cf1c9a85c41df48542c97b134efefa7446d3060c9a3e644b
arme4 (Pi)

md5sum: 4547e8a72433efb033f0a5cfl66a5cd2

sha256sum: ff3ba9b8dfb93bafle2232746655f8521a606bcOfab91bffcO4ba74cc3bebbfd

IIpoBepbTe md5sum Ha Windows uiru Mac Windows u Mac OS X He ITOCTaBJISIIOTCS C IPOTPaMMOM
md5sum, HO eCTb albTEPHATUBEL. [[OTTONMHUTEIbHYIO MHGOPMAlINI0O MOXKHO HalTH 10 agpecy: https://help.ubt
community/HowToMD5SUM [How To MD5SUM]

1.3.2 3anuwuTte oO6pas Ha 3arpy3o4Hoe yCTPOUCTBO

ISO-06pa3 LinuxCNC Live/Install — aTo rubpumubii ISO-06pa3, KOTOPHIH MOXKHO 3alIMNCAaTh HETIOCPENCTBEHH(
Ha USB-#Hakonutes (¢pram-HakKonuTenb) uin DVD-OUCK U UCIIOIb30BaTh OJiS 3arpy3KH KOMIILIOTEpPA.
HN3006paxeHue CIUIIKOM BEJIUKO OIS KOMIIaKT-THCKa.



https://www.assembla.com/spaces/zsync-windows/documents
https://help.ubuntu.com/community/HowToMD5SUM
https://help.ubuntu.com/community/HowToMD5SUM
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1.3.2.1 Raspberry Pi Obpas

O6pa3 Raspberry Pi npepncraBnsieT co00i monHbIM 06pa3 SD-KapThl, ¥ €ro cliefyeT 3anucatb Ha SD-
KapTy c moMmoibio Raspberry Pi Imager App.

1.3.2.2 AMD-64 (x86-64, PC) Obpa3 ncnonb3yowmn MHCTpyMmeHTbl TN

3arpys3ute u yctanoBute Balena Etcher c https://etcher.balena.io/#download-etcher (Linux, Windows,
Mac) u 3anummuTe 3arpyKeHHbN 06pa3 Ha USB-HaKomIUTE b,

Ecnu Bam ob6pa3 He 3arpyxkaetcsi, nonpobyiTe Takxke Rufus. OH BHITJISSOUT CHO0XKHEE, HO KaXXeTCs
0oJiee COBMECTHUMEIM C pa3nuuHbeiMu BIOS.

1.3.2.3 KomaHpgHaa cTpoka - Linux

1. TopgkmnouuTe 3anoMuHalolee ycrpoiictso USB (HanpuMep, GIsmI-HaKOIUTENb UJIH YCTPOMCTBO
THna GIISII-HaKOIIUTE).

2. Omnpepenurte ¢aiin yCTpoKUCcTBa, COOTBeTCTByMOImNY USB-HakonuTesmo. 3Ty nHPOpMaIuo MOKHO
HaUTHU B BEIBOZe dmes( ITociie MOAKJII0UeHUs YCTPOUCcTBa. /proc/partitions Takxke MoxkeT OBIT
TIOJIEe3€EH.

3. Ucnonb3yiiTe KoMaHay dd, 4ToOw! 3amucaTth 00pa3 Ha USB-HakonuTenbk. Hampumep, eciiu Balie
YCTPOMCTBO XpaHeHus oToOpaxkaeTcs Kak /dev/sde, HCIIONL3yiTe CIEOyIOTyI0 KOMaHIy:

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

1.3.2.4 KomaHpHasa cTpoka - MacOS

1. Open a terminal and type

diskutil list

2. BcraBbTe USB u 3anuiimTe UMs HOBOTO OUCKaA, KOTOPOe IMOsBUTCS, HanpuMep /dev/diskb.

3. PasmonTupyiite USB. Uncrno, yka3zaHHOE BhHIIIE, CIIeAyeT 3aMeHUTh Ha N.

diskutil unmountDisk /dev/diskN

4. HepeHeCI/ITe OaHHBIE€ C IIOMOIIIBIO dd, xak o Linux BrImie. OﬁpaTI/ITe BHHMMaHHKE, 9TO B Ha4YaJle

”non

UMEeHU OucKa moOaBieHa OGykBa "r”.

sudo dd if=/linuxcnc_2.9.4-amd64.hybrid.iso of=/dev/rdiskN bs=1m

5. O6GpaTuTe BHUMaHUE, YTO 9TO MOXKET 3aHSITh MHOTO BDEMEHH, U B XOZle 3TOTO IIpoliecca 06paTHOMN
CBsi3U He Oymer.

3anuck obpas3a Ha DVD B Linux

1. BcraBeTe uucteii DVD B 3anmcheiBaomiee yCcTpoucTBO. IlosgButca okHo CD/DVD Creator unu
Choose Disc Type. 3akpoiiTe 3T0, TaK KaK MbI He OyIeM ero UCIIOIb30BaTh.

2. TlepeiiguTe K 3arpyKeHHOMY n300pakeHHuI0 B Opay3epe dainos.

3. IllenkHUTe MPaBO¥ KHOIIKOM MEIIH (aiin o6pa3a ISO u BribepuTe Write to Disc.



https://www.raspberrypi.com/software/
https://etcher.balena.io/#download-etcher
https://rufus.ie/
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4. BribepuTe CKOPOCTh 3alucCU. PeKoMeHOyeTCs MUCaTh Ha MUHUMAIbHO BO3MOXKHOU CKOPOCTH.
5. 3amycTuTe Ipolecc 3alucHu.

6. Ecnu nosiBUTCS OKHO choose a file name for the disc image, npocto BeiGepute OK.
3amnuck obpasa Ha DVD B Windows

1. 3arpysure u ycranosurte Infra Recorder, 6ecniaTHyio nporpamMMmy 3anucy 1300paxKeHnH C OTKPBITHIM
ucxopgHbeIM KopoM: https://infrarecorder.org/.

2. BcraBbTe IMycTOM KOMIIAKT-OUCK B IIPUBOI U BeibepuTe Do nothing unu Cancel, ecmu mosBuTcs
IUAaoroBOE OKHO aBTO3aIlyCKa.

3. Otkpoiite Infra Recorder u BriOepuTe MeHIo Actions, 3aTeMm Burn image.
3amnmck o6paza Ha DVD B Mac OSX

1. 3arpysure daiin .iso

2. IllenkHUTE TpaBOM KHOMKOW MHIIM (aiil B okHe Finder m BriGepute “Burn to disc”. (Omrmus
3aIMuCy Ha OUCK IIOSIBUTCS TOJBKO B TOM Cjlydae, €ClIM Ha MallliHe YCTAHOBJIEH UJIN IIOOKIIIOYEeH
ONTUYECKUU IPHUBOL.)

1.3.3 TectupoBaHue LinuxCNC

IMopxniouuB USB-Hakonutesnb unm DVD-guck B ipuBoae DVD, BEIKTIOUNTE KOMIILIOTED, @ 3aTEM CHOBA
BKIIOYHTE ero. KoMmmbioTep 3arpy3uTcsa u3 obpasa Live/Install u OymeT BrIOpaH BapHaHT 3arpy3KH
Live.

Note
Ecnn cuctema He 3arpyxaetca ¢ DVD-gucka wnum USB-HakonuTens, BO3MOXHO, Heobxoanmmo
M3MeHUTb NopsaaokK 3arpyskm B BIOS MK,

ITocne 3arpy3ku KoMmbioTepa Bl MoxkeTe mompoboBaThk LinuxCNC, He ycTaHaBimBas ero. Bh He
MOZXKeTe CO340aBaTh CcOoOCTBEHHELIE KOH(i)I/Ipra]_[I/II/I HUJIA U3MEHSITh OOJIBIINHCTBO CUCTEMHEIX HaCTPOEK B
ceaHce Live, HO BbI MOZXKeTe (M [JOJI?KHBI) 3allyCTUTh TECT 3alePKKU.

Yrto6wl onpoboBaTk LinuxCNC: B MeHio Applications/CNC Bei6epuTe LinuxCNC. OTKpoeTcs OuaaoroBoe
OKHO, B KOTOPOM BEI CMOZKeTe BHIOpaTh OOHY M3 MHOXKECTBa IpUMepoB KoHurypauuii. Ha sToMm sTamne

OEeWCTBUTEILHO UMEET CMEICH BHIOpPaTh KOHGuUrypaiuio “sim”. HekoTopbie U3 MpuMePOB KOHGUT P
BKJTIOYAIOT B ce0s TpexMepHOe MOAeIMPOBaHNe MAIllUH Ha 9KpaHe. YTOOH YBUAETDh UX, Haugurte “Vis-

mach”.

YT06H IIPOBEPUTH, IIOOXOOUT JIX BAIll KOMIIBIOTED OJIsA HpOFpaMMHOﬁ IOIIIarOBOM TreHepallruy UMITYJIbCOB,
3aIlyCTUTE TEeCT 3adEeP2KKH, KaK ITOKa3aHO 30€eChb.

Ha momeHT Hanucazusa Live Image JOCTyIleH TOJIBKO C AOpPOM preempt-rt u coorBeTcTByOMMM Lin-
uxCNC. Ha HeKoTOpOM 000pYyLOBaHUU 3TO MOXKeT He 0b6eclieunBaTh JOCTATOYHO XOPOIUIVIO 3aIePKKY.
HoCTylIHa 3KCIlepuMeHTallbHasl BEPCUsl, UCIIOJIb3YyIolllas Aapo peanbHoro speMenu RTAI, koTopas yacTo
obecrieunBaeT JTy4IIyIO 3aePKKY.

1.3.4 YctaHoBKa LinuxCNC

Yrtobrt ycTaHoBuTh LinuxCNC ¢ Live CD, nipu 3arpy3ke Buibepute Install (Graphical).



https://infrarecorder.org/
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1.3.5 OOHoBsNeHua LinuxCNC

IIpu obrruHOM ycTanoBke Update Manager OymeT yBemoMIsaTh Bac 00 o0HoBneHUusx LinuxCNC, korma
BEL IOOK/TI0YAETECH K CETH, ¥ IIO3BOJIUT BaM JIETKO BHIIIOJIHUTE O0HOBIEeHNE 663 He00XOQUMOCTH 3HAHU S
Linux. ITo 3ampocy M0XKHO 0OHOBUTE BCE, KPOME OIIEPAIMOHHOM CUCTEMHI.

Warning

He o6HOBnSINTE oMepauMoOHHYK CUCTEMY Ha HOBYK Bepcuio, ecnn byaeT npepsioXkeHo
3To cpenaTtb. OpgHako BaM csiefyeT NpuHUMaTb obHoBseHnss OC, ocobeHHO obHOBNEHUSN
6e3onacHoCTW.

1.3.6 TMpobnembl C yCTAaHOBKOM

B penkux ciydasx BaM MOXKeET ITOTpe6oBaThCst cOpocuTh HacTporku BIOS mo 3HavyeHu 110 YMOJTYaHUIO,
ecyId BO BpeMs yCcTaHOBKM Live CD 0oH He MOXeT pacno3HaTh XKeCTKUY OUCK BO BpeMs 3arpy3KH.

1.3.7 AnbTepHaTUBHblI€ MEeTOAbl YCTAaHOBKHU

CaMbIli IPOCTOM U IPEAIOUYTUTENbHEIN cIT0c00 ycTaHoBKU LinuxCNC — ucnons3oBaTh Live/Install Im-
age, Kak OIMCAHO BHIIIE. DTOT METOH HaCTOJIBKO IIPOCT W HaAeXXeH, HAaCKOJIIBKO 3TO BO3MOXKHO, U
MMOOXOOUT KaK IJI HAUWHAOIINX, TaK U IOJIsS OMBITHHIX MOJIb30BaTesied. OmHaKo OOBIYHO 3TO 3aMeHsIeT
0010 CYIIECTBYIOITYIO OIIEPAIIMOHHYIO CUCTeMY. Eciiu Ha 11eJIeBOM KOMITBIOTEPE CTh (paliIbl, KOTOPHIE
BBl XOTUTE COXPaHUTh, BOCIOJIL3YUTECh OOHUM U3 METOO0B, OIUCAHHEIX B 9TOM pa3ferie.

Kpome TOTrO, OJIs1 OMBITHBEIX IIOJIb30BaTeIeM, 3HAKOMBIX C CUCTEMHBLIM aIMUHUCTPHUPOBaHueM Debian
(TTorcK yCTaHOBOYHHIX 00pas30B, MaHUIYIMPOBaHUE HMCTOYHMKAMMU apt, U3MeHeHUe BepcCcudl sgpa u
T. [.), HOBBIE YCTAHOBKM IIOAOEPKUBAIOTCS Ha cieaylomux mnaTdopmax: (“amd64” o3HaudaeT "64-
pa3psAOHBIH” 1 He CIeu@UYHO AjIsi mporeccopoB AMD, oH 6ymeT paboTaTs B J1I000# 64-0UTHOM cUCTEME
x86)

ducTpudyTHUB ApxuTekTypa Anpo HNms nakera Tunosoe
HCIO/Ib30BaHUe
Debian amd64 & arm64 | preempt-rt linuxcnc-uspace yIIpaBlieHUEe
Bookworm CTaHKOM U
MOOeTuPOBaHue
Debian amdo64 RTAI linuxcnc yIIpaBJIeHUE
Bookworm CTQHKOM
Debian Bullseye | amd64 preempt-rt linuxcnc-uspace | ympaBneHue
CTaHKOM U
MOOeIupoBaHue
Debian Buster amd64 & arm64 | preempt-rt linuxcnc-uspace yIIpaBlieHUE
CTQHKOM U
MOOeIupOoBaHue
Debian Buster amd64 RTAI linuxcnc yIIpaBlieHUEe
CTaHKOM
JTio6oi JTroGoi Opurunan linuxcnc-uspace | TOJIBKO
MOOeIupPOBaHUe
Note

LinuxCNC v2.9 He noagepxuaeTtcsa B Debian 9 n 6osee paHHUX BepCUsx.
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Preempt-RT sinpa fAnpa Preempt-rt goctynusl gnst Debian u3 o6rruHoro apxuBa debian.org. Ilaket
Ha3bIBaeTCsA Linux-image-rt-*. ITpocTo yCTaHOBHUTE MMAKeT TakK XKe, KakK u 000 OPyroi MmakeT, u3
OucleTdyepa IakeToB Synaptic unu ¢ moMoIreio apt-get B KOMaHOHOU CTPOKeE.

RTAI dapa Aopa RTAI mocTymHE Aj1s 3arpy3Ku u3 apxuBa Debian linuxcnc.org. TTogxonsiiiuii MCTOYHUK:

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

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

LinuxCNC u ssgpo RTAI Temnepb HOCTYIHBI TOJIBKO AJisA 64-6uTHEIX OC, HO 0OYeHb MaJI0 COXPAaHUBIIUXCS
cucteM He MoTyT paboTtaTs Ha 64-6utHoi OC.

1.3.7.1 YctaHoBKa Ha Debian Bookworm (c asppom Preempt-RT)

1. YcranoBute Debian Bookworm (Debian 12), Bepcus amd64. Brl MoXeTe cKadaTh YyCTaHOBIIUK
3pech: https://www.debian.org/distrib/

2. Tlocne 3anucu ISO u 3arpy3kKu, eciu BaM He HYy>KeH pabouuit cton Gnome, BeiOepute Advanced
Options > Alternative desktop environments 1 BLIOEPHTE TOT, KOTOPLIM BaM HPAaBUTCS. 3aTeM
BeiOepuTe Install or Graphical Install.

Warning

He BBOAMTE Maposib root, ecnv Bbl 3TO chaenaeTe, sudo ByaeT 3anpelwieHo, U Bbl He
CMOXKeTe 3aBepLUnTh Cc/iefyloLime Wwarwu.

3. 3amycTuTe CledymoIlyi KoMaHay B terminal, 4To6b1 06HOBUTH MAIIMHY [0 ITIOCIEOHUX ITaKEeTOB.

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

Note
Mo>xHO 3arpy3unTb Bepcuto LinuxCNC HemnocpeacTtBeHHO u3 Debian, HO npu sTom 6ypet

yCTaHOBJIEHa CTapas npeABapuTesibHasi BEpPCUsi, MO3TOMY B HacCTosllllee BPEMS 3TO He
pekoMeHayeTCs.

4. YctanoBute Anpo u mogynu Preempt-RT

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

5. Ilepesarpy3uTtech u BeibepuTe sapo Linux 6.1.0-10-rt-amd64. TouHas BepcHs sapa MOXKeT OTJINYaThCS,

oOpatuTe BHHMaHue Ha cyhoukc "-rt”. ITo MoxKeT OBITH CKPBHITO B mogMeHio “Advanced options

for Debian Bookworm” B Grub. IIpu Bxome B cucTteMy yOemuTech, 4UTO CHedyloilas KOMaH[a
coobimaeT o PREEMPT RT.

uname -v

6. OTkpoiiTe Applications Menu > System > Synaptic Package Manager, HatiguTte linux-image,
IeIKHUTE IIPaBOM KHOMKOM MBI UCXOOHEIN ¢aiin 6e3 rt u Beibepute Mark for Complete Re-
moval. Tlepe3arpy3uTtecb. 3T0 HEOOXOOUMO [AJIsI TPUHYOUTEIbHOM 3arpy3Ku CUCTEMHI ¢ aapa RT.
Ecnu BB TpefnoYmTaeTe COXpaHUTh 06a siipa, TO Ipyrue siapa YaalniaTh He Hy?KHO, HO MU3MEHEeHU
KoHpUTrypanuu 3arpy3ku grub moTpebyioTcs, BEIXOOAIINE 3a PaMKU 9TOI'0 TOKyMeHTa.



https://www.debian.org/distrib/
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7. Hob6aBbTe K04 nmoanucu apxuba LinuxCNC B cBo¥t Habop Kitouel apt, 3arpy3us [CKPUIIT YCTaHOBIIUKA

LinuxCNC] (https://www.linuxcnc.org/linuxcnc-install.sh). [Iyis1 ero 3amycka BaMm moTpebyeTcs
cOesaTh CKPUNT UCHOTHSIEMEIM:

chmod +x linuxcnc-install.sh

bll3bllbl’abl’bI’TbIIb’IebIIbIIMbII b"Bb"b”bIb” bl’Mbl’b’IoblIb’I)KbllbllebllbI’TblIb (_:’
Ilebll blI3blIblIablIb’InblIblbellbllcblIblITbIIb’IMbIIbIITbIIbIIbeI b’lybllbl H
chl Ibl 'Tbl ’b! Iabl Ib’ IHb’ Ibl Iobl Ibl 'Bbl ’b! ’I.u.b’ ’b’ ’Vlb’ Ibl IKbll:

sudo ./linuxcnc-install.sh

1.3.7.2 YcrtaHoBkKa Ha Debian Bookworm (c akcnepumeHTanbHbiM agpom RTAI)

1. 910 aapo u Bepcuro LinuxCNC M0O2KHO yCTaHOBUTE HOBEPX YCTaHOBKM Live DVD unu, anbTepHaTUBHO,

B HOBOM yCTaHOBKe 64-pa3psigHoi Bepcuu Debian Bookworm, Kak onucaHo BHIIIIE.

2. BriMoxkeTe mo6GaBuTh K04 noamnucy apxuba LinuxCNC u nHGOpMaIlnio 0 PEIO3UTOPHUH, 3aTPy3UB

¥ 3allyCTUB CIleHapU¥ YCTaHOBKY, KaK onucaHo Brime. Eciu o6HapykeHo ssapo RTAI, oHO ocTaHOBUTCS

mnepeq yCTaHOBKOM KaKUX-THOO ITaKeToB.

3. O6HOBHUTE CIIUCOK I1aKeTOoB c linuxcnc.org

sudo apt-get update

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

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

Ilepe3arpy3ute KOMObIOTEP, YOEAUBIINCH, UYTO CUCTEMA 3arpyzKaeTCs C HOBHIM sigpoM 5.4.258-rtai.

1.3.7.3 YcrtaHoBkKa Ha Raspbian 12

He pmenaiiTe aToro. 3amepKKH CIUIIKOM BEJIMKU C AOPOM 110 yMon4daHuio, a agpo Debian PREEMPT RT
(RT BaxkHO0) He 3arpyx)aetcs Ha Pi (1mo cocrosinmio Ha 1 ssaBaps 2024 r.). IToxkanyiicta, o6paTUTECh K
ob6pa3am .iso, KOTOpele MOKHO HaliTu B MHTepHeTe Ha 00buHOM cTpaHuile LinuCNC download page.
Brl MOXKeTe co30aTh UX CAaMOCTOSATENILHO, CIIeNys NpefoCcTaBIeHHBIM cKpunTam online.

1.4 Running LinuxCNC

1.4.1 Bbi3oB LinuxCNC

ITocne ycranoBku LinuxCNC 3amyckaeTcs Tak »Xe, Kak 1 jmobas gpyras nporpaMmma Linux: 3anycTure
ee u3 terminal, BBeqst KomaHay «linuxcnc», unmu BeiOepuTe ee B MeHIo «Applications -> CNC».



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

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

Configuration Selector mpexnaraeTt BbIOOP KOHGUTYPAIUH, OPTaHM30BAHHBIX:

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

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

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

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

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

- «attic» — ycTapeBiue uiu UCTOPUYECKUE KOHPUTYPALTUH.

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

* axis — I'NII xj1aBUaTypPEL ¥ MBIIINA

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

* gscreen - TUII CerncopHOro sKpaHa

* pyvcp _demo - BupTyanbHasa naHenb yopasieHus Python

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

* gtdragon - TUIl CeHCOpHOTO 3KpaHa

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

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

» gttouchy - THUIl CeHCOpHOTO 3KpaHa

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

* touchy - TUII gnsi ceHCOPHOTO 3KpaHa

* woodpecker - TUII CeHCOpHOTO 3KpaHa

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

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

¢ parport

* pico

e pluto

¢ servotogo

* vigilant

¢ vitalsystems

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

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

* boss

» cooltool

* scortbot erlll
* sherline

* smithy

e tormach

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

The apps items are typically either:

1. utilities that don’t require starting linuxcnc

2. demonstrations of applications that can be used with linuxcnc

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

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

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

latency-test - cTranmapTHBIN TECT

latency-plot — neHTOYHas gUarpaMMa

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

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




LinuxCNC V2.10.0-pre0-5330-ge4692db02e 15/1344

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 OOHoBneHue 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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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 OOHoBneHue cpannoB KoHdurypauum (ansa 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 ABTOMaAaTM4YeCKUMU BXOpL,

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

CnpaBouHas cTpaHHlla “man page” (cokpaileHue oT manual page) — 3To popmMa JOKyMeHTAIIUHU 10
ImporpaMMHOMY oOecnedeHuio, 00br9HO BeTpedaromiascs B UNIX unu UNIX -mogo6HBIX OTIepariioOHHbIX
cucrtemax, Takmx Kak Linux.

YToOB IPOCMOTPETH CIIPABOYHYIO CTPAHUILY, OTKPOMTE TePMUHAJ, YTOOH y3HATH UTO-HUOYOL 0 KOMaHOe
find B oKHe TepMUHaJsia 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. ITenkHWTE IPAaBOM KHOMKOM MBIIH 110 pabodyeMy cTomy ¥ BeiOepute Co30aTh TaHEb 3aIlycKa.
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 WMN3MeHeHMe KaTaJioros

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




LinuxCNC V2.10.0-pre0-5330-ge4692db02e 25/1344

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.

./TO b’ ’cb’’b’"’ob’'b’'Bb’'b’’'nb’’b’"ab’ b’ 'nob’'b’"ab’’'b’’eb’'b"’1b"" b'’'cb’’ fO, b''Hb’'’'b’ «
"ab’'b’’'nb’'b’’'pb’’b"'ub’'b’ 'Mb’ b’ ’eb’’b"'pb’’, b'’¢b’'b’"ab’'b’'nb’'b’'nb’"’ b’’'cb’’ b’
‘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-pre0-5330-ge4692db02e 26 /1344

Chapter 2

Oowas uHdopmMmauuna onsa nosib3oBaTeN:

2.1 User Foreword

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

2.2 TMonb3oBaTtenbckoe BBepeHue B LinuxCNC

2.2.1 BBepeHue

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

2.2.2 How LinuxCNC Works

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

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

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

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

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

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

2Found at link:https://en.wikipedia.org/wiki/Unix_philosophy, 07/06/2008
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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



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

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

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

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

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

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

2.2.3 T'padumuyeckume nHrtepdencol nonb3oBaTens

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

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

Qe o b im =z NXIY[ P&

Manual Control [F3] | MDI [F51] Preview | DRO

Axis: Y Z 1 LOQoo -a-
- | +||Continuous - : L0000
Home All Touch Off : .0000 ¢

.Qoo0

Spindle: Stop %

Feed Override: 100 %
Rapid Override: 100 %
Spindle Override: 100 %
Jog Speed: 12 in/min

Max Velocity: 300 in/min

[ AXIS "splash g-code" Not intended for actual milling )

[ To run this code anyway you might have to Touch Off the Z axis)

[ depending on your setup. As if you had some material in your mill... )

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

[ Also press the Toggle Skip Lines with "/" to see that part )

[ If the program is too big or small for your machine, change the scale below )
[ LinuxCNC 19/1/2812 2:13:51 PM )

#adepth==2.0

#<scale>==1.0

oM Mo tool Position: Relative Actual

Figure 2.2: AXIS, the standard keyboard GUI interface

Touchy
Touchy, a touch screens GUI:




LinuxCNC V2.10.0-pre0-5330-ge4692db02e

31/1344

Relative Absolute DTG
X: 0.0000 X: 0.0000 X: 0.0000
= 0.0000 Wil 0.0000 X: 0.0000
Z: 1.2063 Z: 0.0000 Z: 0.0000
Power
Estop Reset Machine On Override Limits
Estop Machine Off
Homing
Home All Home Selected
Unhome All Unhome Selected

Startup MDI Manual Auto Status Preferences

Figure 2.3: Touchy, a touch screen GUI

Gscreen
Gscreen, a user-configurable touch screen GUI:

Handwheel

FO: 100%

SQO: 100%

MV: 100

Jogging

X
Y
Z
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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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Eile Machine View Help
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2: { To run this code anyway you might have to Touch Off the Z axis)
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4: [ Hint jog the Z axis down a bit then touch off )
S: ( Also press the Toggle Skip Lines with "/" to see that part )
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ESTOP |Nu tool Position: Relative Actual

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 Ba)>XHble noJsib30oBaTesibCKUe KOHUenuum

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

2.3.1 YnpaBneHue TpaeKTopuewu

2.3.1.1 TnNnaHUPOBLUUK TPaeKToOpuUmn

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

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

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

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

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

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

The trajectory control commands are as follows:

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

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

G64

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

G64 P- Q-

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

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




LinuxCNC V2.10.0-pre0-5330-ge4692db02e 43 /1344

Naive CAM Detector

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

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

Figure 2.13: Naive CAM Detector

2.3.1.4 MnaHupoBaHUe nepeMeLueHUun

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

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

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

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

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

2.3.2.1 Defaults

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

2.3.2.2 Feed Rate

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

2.3.2.3 Tool Radius Offset

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

2.3.3 Homing

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

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

2.3.4 Tool Changes

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

2.3.5 Coordinate Systems

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

2.4.1 Running LinuxCNC

LinuxCNC is started with the script file linuxcnc.

linuxcnc [options] [<INI-file>]

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

$ linuxcnc -h
This help

$ linuxcnc [Options]
Choose the configuration INI file graphically

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

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

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

2.4.1.1 CenekTop KOHdUrypauum

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

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

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

sim LinuxCNC without special hardware on a

axis simulated basis.
craftsman
gmoccapy

gscreen LinuxCNC supports multiple guis and there

pyvcp_demo are multiple examples for the most popular

gtaxis guis.
gtdragon

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

gttouchy with no special hardware requirements

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

[ Create Desktop Shortcut

2.5 CNC Machine Overview

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

2.5.1 Mechanical Components

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

2.5.1.1 Axes

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

Note

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

Primary Linear 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 TlNepeonpepesieHue NOJAYU U CKOPOCTH

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

2.5.1.5 Block Delete Switch

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

2.5.1.6 Optional Program Stop Switch

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

2.5.2 Control and Data Components
2.5.2.1 Linear Axes

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

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

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

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

2.5.2.3 KoOHTpoOJsibHas TO4YKa

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

2.5.2.4 Coordinated Linear Motion

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

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

2.5.2.5 Feed Rate

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

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

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

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

2.5.2.6 OxnaxpeHue

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

2.5.2.7 Dwell

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

2.5.2.8 Units

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

2.5.2.9 Current Position

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

1. Length units are changed.

2. Tool length offset is changed.

3. Coordinate system offsets are changed.
2.5.2.10 Selected Plane

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

2.5.2.11 Tool Carousel

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

2.5.2.12 Tool Change

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

The two pallets may be exchanged by command.

2.5.2.14 Speed Override

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

2.5.2.15 Path Control Mode

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

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

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

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

See sections G61 and G64.

2.5.3 Interpreter Interaction with Switches

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

2.5.3.1 Knasuwuu nepeonpepnesieHUsa NogavYm U CKOpocTu

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

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

2.5.3.2 Block Delete Switch

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

2.5.3.3 Optional Program Stop Switch

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

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

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

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

TOOL TABLE = acme 300.tbl

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

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

2.5.5 MapameTphl

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

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

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

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

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

Table 2.1: Parameter File Format

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

See the Parameters section for more information.




LinuxCNC V2.10.0-pre0-5330-ge4692db02e 55/1344

2.6 OOwas nHdpopmMmauusa AnA NONb30BaTesIA TOKAPHOIo CTaHKa

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

2.6.1 PeXuM TOKapHOro cTaHka

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

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

Hactpoiika AXIS pgnsg pexkuma TOKapHOU 06pabOTKU.
[DISPLAY]

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

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

[RS274NGC]

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

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

2.6.2 Tabinuua MHCTPYMEHTOB TOKApPHOro CTaHkKa

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

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

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

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

IMEPEOHUHN YT'OJI u 3ATHUM YT'OJI 0OTCUUTHIBAIOTCS IO YACOBOM CTpeJIKe, HaunHa4 C JIMHUMU, TlapallyIeJIbHC
Z+.
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Figure 2.16: OpueHTanusa TOKapHOTO UHCTPYMEHTA

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

ITo3unuu uHcrpymeHnra 1, 2, 3 & 4Tool Positions 123 & 423 &4 3 &4

Z+ Z+ Z+

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

CL 135 deg CL 45 deg

Y Y Y
X+ X+ X+ X+

Tool

CL 315 deg Y CL2

ITo3uuuu uncrpymeHnra 5, 6, 7 & 8Tool Positions 567 & 867 & 87 & 8
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~Z+ ~Z+ ~Z+
Tool Tool Toaol Toal
Orientation 5 Orientation 6 Orientation 7 Orie
Tool Tool Tool Toal
Y CL 180 deg Y CL 90 deg CL 0 deg Y CL 2

2.6.4 MuctpymeHT Touch Off

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

2.6.4.1 X Touch Off

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

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

TunuyHasi CeCCUsI MOKeT OBITH TAKOM:

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

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

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

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

AL

BrimonuuTeE Ty 2Ke II0CJIeAO0BaTeJIbHOCTE OJId KOPPEeKIHU OCHU Z.

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

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

TunuyHasi CeCCUs MO¥XKeT OBITH TAKOH:

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

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

IMTogBemuTe MHCTPYMEHT OJIM3KO K KOHTPOJIBHOM MOBEPXHOCTH.

U

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

N

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

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

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

2.6.4.3 Z CMelleHMe CcTaHKa

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

TunuyHasi CeCCUs MOXKeT OBITh TAKOM:

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

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

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

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

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

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

2.6.6 LOyrm

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

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

2.6.6.1 Jyru v KOHCTPYKLUA TOKaApPHOro cTaHka

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

II71s1 9TOr0 THUIIa HACTPOMKU OyHOeT CIIpaBedIuBO CJIEAyIoIlee:

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

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

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

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

2.6.6.2 PeXxum paguyca u auamertpa

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

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

2.6.7.1 KOHTpOJIbHaA TO4YKa

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

Control Point

Tool Tip Radius

Figure 2.17: KorTpOonbHAA TOYKa

2.6.7.2 Yrabl pe3ku 6e3 koMmneHcauum pesua

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

Z.
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Control Point

Programmed Path \

Tool Tip Radius

Figure 2.18: HaknoHHEBIN 3aX0[

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

Control Point

Programmed Path \

Actual Cut

Figure 2.19: HaknoHHas TpaeKToOpUs

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

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

Control Point

>y

Programmed Path

Figure 2.20: TokapHasa pe3Ka

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

\J/?

Programmed Path

Figure 2.21: PaguycHEIY pe3

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

Control Point

Programmed Path

Figure 2.22: PaguycHEIY pe3

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

N

Control Point

Figure 2.23: TopueBoii pe3

2.6.7.4 MWcnonb3oBaHUe KOMMNeHcauuum pesua

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

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

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

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

2.7 Plasma Cutting Primer for LinuxCNC Users

2.7.1 What Is Plasma?

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

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

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

®

WORKPIECE

TYPICAL TORCH HEAD DETAIL

2.7.2 Arc Initialisation

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

2.7.2.1 High Frequency Start

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

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

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

2.7.3 CNC Plasma

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

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

* Torch to work distance can impact edge bevel

ISSUE

NEGATIVE CUT ANGLE /

SQUARE CUT

POSITIVE CUT ANGLE \

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

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

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

Plasma Cut Volts vs cut height

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

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

2.7.4 Choosing a Plasma Machine for CNC operations

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

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

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

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

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

* Raw arc voltage or divided arc voltage output

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

Higher duty cycles

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

2.7.5 Types Of Torch Height Control

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

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

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

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

2.7.6 Arc OK Signal

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

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

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

2.7.7 Initial Height Sensing

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

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

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

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

2.7.7.1 Float Switches

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

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

2.7.7.2 Ohmic Sensing

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

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

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

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

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

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

2.7.7.3 Hypersensing with a MESA THCAD-5

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

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

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

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

The following circuit diagram shows how to implement a hypersensing circuit.




LinuxCNC V2.10.0-pre0-5330-ge4692db02e

71/1344

i}

Field Power
Ground

Ohmic Enable
Output Pin

Isolated 24V Power
Supaly

THCAD-5
FOUT to Encoder B
+5V and GND to Stepgen power
Plasma Bit File Required

Torch

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.




LinuxCNC V2.10.0-pre0-5330-ge4692db02e 74 /1344

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 MacTep HaCTPOMKM LUAroBoro ABuratens

3.1.1 BBepeHue

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

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

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

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

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

cancer | () Start Back | Forward |

Do you wish to:
(@ Create a new configuration

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

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

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

[ ] Create simulated hardware configuration.

Figure 3.1: StepConf Entry Page

The three first radio buttons are self-explanatory:

* Create New - Creates a fresh configuration.

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

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

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

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

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

3.1.3 Basic Information

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

Machine Name: | -rmill

Configuration directory: ~flinuxcnc/configs/my-mill

Axis configuration: XYZ |1Ir

Reset Default machine units: Inch |v

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

Driver type: Other |v |

= Driver Timing Settings

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

(@ One Parport () Two Parports

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

Figure 3.2: Basic Information Page

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

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

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

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

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

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

The LinuxCNC Configuration Selector has configs for Sherline already configured. * Step Time -
How long the step pulse is on in nano seconds. If your not sure about this setting a value of 20,000
will work with most drives. * Step Space - Minimum time between step pulses in nano seconds. If
your not sure about this setting a value of 20,000 will work with most drives. * Direction Hold - How
long the direction pin is held after a change of direction in nanoseconds. If your not sure about this
setting a value of 20,000 will work with most drives. * Direction Setup - How long before a direction
change after the last step pulse in nanoseconds. If your not sure about this setting a value of 20,000
will work with most drives. * One / Two Parport - Select how many parallel port are to be configured.
* Base Period Maximum Jitter - Enter the result of the Latency Test here. To run a latency test press
the Test Base Period Jitter button. See the Latency Test section for more details. * 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 V2.10.0-pre0-5330-ge4692db02e 87 /1344

| 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

3azmepxkka (Latency )— 3To BpeMsi, KoTopoe TpebyeTrcs: I1K, 4TOOB OCTaHOBUTH TO, YTO OH AEJIAET,
¥ OTBETHUTHh Ha BHEIIHUU 3aIlpoc. B HalmeM ciy4ae 3alIpoC — 3TO IEePUOOUYECKUIH NYy/bC, KOTOPBIH
CIIyXWUT BPEMEHHON IIPUBSI3KOM [JIsT MMITYJIbCOB IIara. YeM MeHbIe 3afepzKKa, TeM OBICTpPee BHI
MOZKeTe 3allyCTHUTh IIYJIbC, U TEM GBICTpee U IIJIaBHEee 6YJIYT UMITYJIBCEI IIIara.

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 v
Pin 17: Amplifier Enable |v [] Preset
y

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

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

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

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

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

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

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

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

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

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

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

Acceleration: 30.0 = |gp|in /52

w @]

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

Figure 3.7: Axis Test

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

Important

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

3.1.7.1 HaxoXxpeHue MaKCMMaJIbHOM CKOPOCTH

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

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

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

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

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

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

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

3.1.7.2 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 KOHTpPOJ2ib CKOPOCTM LUNUHAENsA

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

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

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

3.1.8.2 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 oo |gmsample
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 MonHasa KoH(Urypauma cTaHKa

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 PaboTa 6e3 KOHL,EeBUKOB UCXOOHOIro NOJIOXKEHUA

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

3.1.11.3 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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}_4

o
Q

Pull-Up
Resistor

}_4

O
o

| INPUT .

P

O
Q

Figure 3.12: Normally Open Switches (N/O) wiring in parallel (simplified diagram)

The following combinations of switches are permitted in StepConf:

* Combine home switches for all axes

* Combine limit switches for all axes

* Combine both limit switches for one axis

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

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

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

3.2 Mesa Configuration Wizard

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

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

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

There are two trains of thought when using PnCconf:

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

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

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

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

EMC2 Configuration Wizard Beta 1 Version

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

Cancel l[ Back ] [ Forward

Figure 3.13: PnCconf Splash

3.2.2 Create or Edit

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

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

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

Axis configuration: | xXYZ < |

Machine units: | Inch = ‘

Computer Response Time

Actual Servo Period: 1000000 (2| ns

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

Test Base
Period Jitter

[[] Mesal PCl / Parport Card:

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

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

GUI frontend list
@ Axis
) TKemc
 Mini
r Touchy

Help | Cancel || Back || Forward |

Figure 3.14: PnCconf Basic

Machine Basics
If you use a name with spaces PnCconf will replace the spaces with 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
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* Require homing before MDI / Running
- If you want to be able to move the machine before homing uncheck this checkbox.
* Popup Tool Prompt

- Choose between an on screen prompt for tool changes or export standard signal names for
a User supplied custom tool changer HAL file

¢ Leave spindle on during tool change:
- Used for lathes
» Force individual manual homing
* Move spindle up before tool change
* Restore joint position after shutdown
- Used for non-trivial kinematics machines
* Random position tool changers

- Used for tool changers that do not return the tool to the same pocket. You will need to add
custom HAL code to support tool changers.

3.2.6 Mesa Configuration

The Mesa configuration pages allow one to utilize different firmwares. On the basic page you selected
a Mesa card here you pick the available firmware and select what and how many components are
available.
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Configuration 1/0 Ijo 1/O
P

age Connector 2 | Connector 3 = Connector 4

Click on each page tab to configure signal names for each connector port.

The spin buttons below on this page allow you to select the amounts of
different types of components. Press the button to make the tabbed pages
accept the changes.

Board name 5i20

Firmware: | SVST8_4 s |

Mesa parport address:

PWM base frequency: [20000 @Hz

PDM base frequency: [6000 E|Hz

Watchdog timeout: 10000000 %lns

Num of encoders: [4 ?

Num of pwm generators:[ + :|

Num of step generators:| 3 E| Sanity Checks

Num of GPIO: ) [ 7i29 daughter board
Total number of pins: 72 [] 7i30 daughter board

[ 7i33 daughter board

Accept components
[] 7i40 daughter board

Changes

Help | Cancel || Back ||Ec-nnuard

Figure 3.17: Mesa Board Configuration

Parport address is used only with Mesa parport card, the 7i43. An on board parallel port usually uses
0x278 or 0x378 though you should be able to find the address from the BIOS page. The 7i43 requires
the parallel port to use the EPP mode, again set in the BIOS page. If using a PCI parallel port the
address can be searched for by using the search button on the basic page.

Note
Many PCI cards do not support the EPP protocol properly.

PDM PWM and 3PWM base frequency sets the balance between ripple and linearity. If using Mesa
daughter boards the docs for the board should give recommendations.

Important
It's important to follow these to avoid damage and get the best performance.
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The 7i33 requires PDM and a PDM base frequency of 6 MHz
The 7i29 requires PWM and a PWM base frequency of 20 kHz
The 7i30 requires PWM and a PWM base frequency of 20 kHz
The 7140 requires PWM and a PWM base frequency of 50 kHz
The 7148 requires UDM and a PWM base frequency of 24 kHz

Watchdog time out
is used to set how long the MESA board will wait before killing outputs if communication is
interrupted from the computer. Please remember Mesa uses active low outputs meaning that
when the output pin is on, it is low (approx 0 volts) and if it is off the output in high (approx 5
volts) make sure your equipment is safe when in the off (watchdog bitten) state.

Number of coders/PWM generators/STEP generators
You may choose the number of available components by deselecting unused ones. Not all com-
ponent types are available with all firmware.

BrI60p MEHBIIIET0 MAaKCHMAJIBHOT'O KOJIMYEeCTBAa KOMIIOHEHTOB IT03BOJISIET IIONYYHUTE O0JIbIIIE KOHTAKTOB
GPIO. Ilpu ucrnonb30BaHUYM AOYEPHUX IIJIaT UMENTE B BUY, UTO HEJIE35T OTMEHSTH BEHIOOP KOHTAKTOB,
KOTOPHIE UCTIOJIL3YeT KapTa. Hanpumep, HEKOTOPLIE TPOIIUBKY MTOANEPXKUBAIOT ABe KapThl 7i33. Ecnu
y Bac eCTh TOJIbKO OfIHA, BBl MOJKETEe OTMEHUTH BEIOOD IOCTATOYHOI'O KOJINYeCTBa KOMIIOHEHTOB, YTOORI
KCIIONTb30BaTh Pa3beM, MOAAepPzKHUBAIOIINK BTOPYI0 KapTy 7i33. BriOOp KOMIIOHEHTOB OTMEHSIETCS
YMCJIEHHO CHavasa no HauOoIbIleMy HOMEDPY, a 3aTeM BHU3, 0e3 IIpomycKa HoMepa. Ecnu mpu 3ToM
KOMITOHEHTHl HaXO[SATCA HE TaM, I'Ie Bbl XOTHUTE, BaM NIPUAETCS MCIOJIb30BaTh APYI'YIO IPOIIUBKY.
[TpommBKa onpenensieT, rae, Kakue U MaKCUMaIbHOE KOJIMYeCTBO KOMIIOHEHTOB. BO3M0OKHa KaCTOMHAas
MIPOIINBKA, CIpalruBaiiTe npu obpalrieHuu K paspaborynkaM LinuxCNC um Mesa. Hcmonb3oBaHue
KacToMHOU mpomuBKu B PnCconf TpebGyeT creluaabHBIX IPOIEAyP U HE BCerma BO3MOXKHO — XOTS
s cTaparock coenaTh PnCconf MakCcHManbHO THOKYM.

After choosing all these options press the Accept Component Changes button and PnCconf will update
the I/O setup pages. Only I/O tabs will be shown for available connectors, depending on the Mesa
board.

3.2.7 Mesa l/O Setup

The tabs are used to configure the input and output pins of the Mesa boards. PnCconf allows one to
create custom signal names for use in custom HAL files.
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Mesa0 Configuration-Board: 5i20 firmware: SVST8 4

Configuration /0 Ijo /o
Page Connector 2 | Connector 3 Connector 4

Num function Pin Type Inv Num function Pin Type Inv
[)( Encoder l Quad Encoder-B > l (] lMuIti Hand Wheel l Quad Encoder-B = ] O

1: l X Encoder

l Quad EncoderA = l O 3:

l Multi Hand Wheel

l Quad Encoder-A = ] O

[Spindle Encoder

l Quad Encoder-B - l (] l Quad Encoder-B - ] O

[Unused Encoder

0: l Spindle Encoder

l Quad EncoderA = l [l 2 l Quad Encoder-A = ] O

l Unused Encoder

[)( Encoder

l Quad Encoder-| - l (]

[Multi Hand Wheel

l Quad Encoder-| - ] (|

[Spindle Encoder

l Quad Encoderl - l [ l Quad Encoder-I 5 ] (|

[Unused Encoder

[x Axis PWM [ 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.




LinuxCNC V2.10.0-pre0-5330-ge4692db02e

Mesa0 Configuration-Board: 5i20 firmware: SVST8 4

112 /1344

Configuration 1jO Ijo 1[0]
Page Connecter 2 | Connector 3 | Connector 4
Num function Pin Type Inv Num function Pin Type Inv
0: l‘rAxis StepGen Step Gen-A s | O 2: [AAxis StepGen | Step Gen-A s | O
[Y Axis StepGen v || Dir Gen-B - | O [F\ Axis StepGen ~ || Dir Gen-B - | O
050: [ Unused Input [ GPIOInput |2 ] O o62: [ Unused Input [ GPIOInput | & ] 0
051:|Unused Input |v|ePomput ¢ |0 | o063: Unused input GPIOInput ¢ | O]
052: [ Unused Input [ GPIOInput |2 ] ] 064: Umits ?>| GPio output | ¢ ] 0
Home
053: | Unused Input |v|cPomput e |0 oes: > [GPiooutput | ¢ |o
Limts/Home Shared >
I [ZAxis StepGen stepGen-A |2 |0 | o066y GPIO Output | & ]D
. ) Digital >
[Z Axis StepGen = || Dir Gen-B < | O 067: Axis Selection 3 GPIO Output | C l |
056: | Unused Input | v|ePomput ¢ |0 | o068: overrides » |GPIo output | ¢ |0
057: [ Unused Input [ GPIOInput | & ] O | o069: B LeL
058: [ Unused Input [ GPIO Input | & ] ) | o070: Operation >| Manual spindle CW
059: [ Unused Input [ GPIOInput | & ] O | o71: Extemal Control ?| Manual Spindle CCW
Axis rapid > Manual Spindle Stop
Launch test panel X BLDC Control ?| spindle Up-To-Speed
Y BLDC Control >
Z BLDC Control >
A BLDC Control >
S BLDC Control >
Custom Signals
l Cancel ] [ Back ] [ Forward

Figure 3.20: Mesa I/O C4 Setup

On this tab there are a mix of step generators and GPIO. Step generators output and direction pins
can be inverted. Note that inverting a Step Gen-A pin (the step output pin) changes the step timing.
It should match what your controller expects.
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3.2.8 Parallel port configuration

First Parallel Port set for OUTPUT

Outputs (PC to Machine):

Pin 1: lDigitaI out 0

Pin 2: lMachine Is Enabled

Pin 3: l X Amplifier Enable

Pin 4: lZ Amplifier Enable

Pin 5: lUnused Output

Pin &: lUnused Output

Pin 7: lUnused Output

Pin 8: lUnused Output

Pin 9: lUnused Output

Pin 14:[ Unused Output

Pin lﬁ:l Unused Output

Pin 17:[ Unused Output

[ Launch Test Panel

Inputs (Machine to PC):

Pin 2: lUnused Input

Pin 3: lUnused Input

Pin 4: lUnused Input

Pin 5: lUnused Input

Pin 6: lUnused Input

Pin 7: lUnused Input

Pin 8: lUnused Input

Pin 2: lUnused Input

Pin 1g:[ Digital in 0

Pin 11:[ Unused Input

Pin lg:l Unused Input

Pin 13:[ Unused Input

Pin 1§:l Unused Input

Cancel ] [ Back ] [ Forward

The parallel port can be used for simple I/O similar to Mesa’s GPIO pins.
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3.2.9 Axis Configuration

Servo Info

Bias

Deadband  0.0000 || Servo
Test

["] Use Brushless Motor Control
[ Details
Calculate

Rapid Speed Following Error: | 0.0050 |Zjinch ~ encoder Scale: 4000.000 -

— . Scale
Feed Speed Following Error: | 0.0005 v|ir|.ch Stepper Scale:
Invert Motor Direction Maximum Velocity: 'hnch {min

[ Invert Encoder Direction Maximum Acceleration: C|inch [ sec?

< Test [ Tune Axis|

Help | | Cancel || Back || Forward

Figure 3.21: Axis Drive Configuration

This page allows configuring and testing of the motor and/or encoder combination. If using a servo
motor an open loop test is available, if using a stepper a tuning test is available.

Open Loop Test
An open loop test is important as it confirms the direction of the motor and encoder. The motor

should move the axis in the positive direction when the positive button is pushed and also the
encoder should count in the positive direction. The axis movement should follow the Machinery’s
Handbook ! standards or AXIS graphical display will not make much sense. Hopefully the help
page and diagrams can help figure this out. Note that axis directions are based on TOOL move-
ment not table movement. There is no acceleration ramping with the open loop test so start with
lower DAC numbers. By moving the axis a known distance one can confirm the encoder scaling.
The encoder should count even without the amp enabled depending on how power is supplied to

the encoder.
17axis nomenclature” in the chapter “Numerical Control” in the "Machinery’s Handbook” published by Industrial Press.




LinuxCNC V2.10.0-pre0-5330-ge4692db02e 115/1344

Warning
If the motor and encoder do not agree on counting direction then the servo will run away when
using PID control.

Since at the moment PID settings can not be tested in PnCconf the settings are really for when you
re-edit a config - enter your tested PID settings.

DAC scale
DAC scaling, max output and offset are used to tailor the DAC output.

Compute DAC
These two values are the scale and offset factors for the axis output to the motor amplifiers. The
second value (offset) is subtracted from the computed output (in volts), and divided by the first
value (scale factor), before being written to the D/A converters. The units on the scale value are
in true volts per DAC output volts. The units on the offset value are in volts. These can be used
to linearize a DAC.

Specifically, when writing outputs, the LinuxCNC first converts the desired output in quasi-SI units to
raw actuator values, e.g., volts for an amplifier DAC. This scaling looks like: The value for scale can
be obtained analytically by doing a unit analysis, i.e., units are [output SI units]/[actuator units]. For
example, on a machine with a velocity mode amplifier such that 1 volt results in 250 mm/sec velocity.
Note that the units of the offset are in machine units, e.g., mm/sec, and they are pre-subtracted from
the sensor readings. The value for this offset is obtained by finding the value of your output which
yields 0.0 for the actuator output. If the DAC is linearized, this offset is normally 0.0.

The scale and offset can be used to linearize the DAC as well, resulting in values that reflect the
combined effects of amplifier gain, DAC non-linearity, DAC units, etc. To do this, follow this procedure:

e Build a calibration table for the output, driving the DAC with a desired voltage and measuring the
result:

Table 3.2: Vi3MepeHUs BLIXOOHOTO HAIIPSIXKEHUS

HeoOpaboABMBpeHHBIE
-10 -9.93
-9 -8.83
0 -0.96
1 -0.03
9 9.87
10 10.07

* Do a least-squares linear fit to get coefficients a, b such that meas=a*raw+b

¢ OOpaTuTe BHUMaHKe: HaM Hy>KeH Heo0paOoTaHHBIM BEIXOMHOM CUTHAJ, YTOOB Pe3yJIbTaT U3MEPEHU ST
OBLT UOEHTUYEH 3aJaHHOMY BEIXOOHOMY CHUTHAJIy. DTO O3Ha4daeT

- cmd=a*raw+b
- raw=(cmd-b)/a

* B pesymnbTaTte KO3hGuMeHTH a U b 13 THHENHOU aIIPOKCUMAalU MOXKHO UCIIOIb30BaTh HETIOCPEACTBEHH(
B KauecTBe MacliTaba U cCMelleHUs OjIs KOHTpoJuiepa.
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MAX OUTPUT
The maximum value for the output of the PID compensation that is written to the motor ampli-
fier, in volts. The computed output value is clamped to this limit. The limit is applied before
scaling to raw output units. The value is applied symmetrically to both the plus and the minus
side.

Tuning Test
The tuning test unfortunately only works with stepper based systems. Again confirm the di-
rections on the axis is correct. Then test the system by running the axis back and forth, If the
acceleration or max speed is too high you will lose steps. While jogging, Keep in mind it can
take a while for an axis with low acceleration to stop. Limit switches are not functional during
this test. You can set a pause time so each end of the test movement. This would allow you to
set up and read a dial indicator to see if you are losing steps.

Stepper Timing
Stepper timing needs to be tailored to the step controller’s requirements. PnCconf supplies
some default controller timing or allows custom timing settings. See https://wiki.linuxcnc.org/-
cgi-bin/wiki.pl?Stepper Drive Timing for some more known timing numbers (feel free to add
ones you have figured out). If in doubt use large numbers such as 5000 this will only limit max
speed.

Brushless Motor Control
These options are used to allow low level control of brushless motors using special firmware and
daughter boards. It also allows conversion of HALL sensors from one manufacturer to another.
It is only partially supported and will require one to finish the HAL connections. Contact the
mail-list or forum for more help.



https://wiki.linuxcnc.org/cgi-bin/wiki.pl?Stepper_Drive_Timing
https://wiki.linuxcnc.org/cgi-bin/wiki.pl?Stepper_Drive_Timing
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Step Motor Scale _ _
Pulley teeth (motor:Leadscrew): |1 ELIE E|

] Worm tum ratio (Input:Outputl)

Microstep Multiplication Factor: | 5 E|

[] Leadscrew Metric Pitch mm J rev

Leadscrew TPl | 5.0000 <JTe
Motor steps per revolution: | 200 E|

Calculated Scale

motor steps per unit: 10000.0000
encoder pulses per unit:

Motion Data
Calculated Axis SCALE: 10000.0 Steps / inch
Resolution: 0.0001000 inch / Step
Time to accelerate to max speed: 0.8335 sec
Distance to acheave max speed: 0.6947 inch
Pulse rate at max speed: 16.7 Khz
Motor RPM at max speed: 1000 RPM

Cancel || Apply

Figure 3.22: Axis Scale Calculation

The scale settings can be directly entered or one can use the calculate scale button to assist. Use the
check boxes to select appropriate calculations. Note that pulley teeth requires the number of teeth
not the gear ratio. Worm turn ratio is just the opposite it requires the gear ratio. If your happy with

the scale press apply otherwise push cancel and enter the scale directly.
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X Axis Configuration

Positive Travel Distance (Machine zero Origin to end of + travel): [B.O ]
Negative Travel Distance (Machine zero Origin to end of - travel): [0.0 ]
Home Position location (offset from machine zero Origin): [0.0 ]
Home Switch location (Offset from machine zero Origin): [0.0 ]
Home Search Velocity: [3 l inch / min
Home Search Direction: lTowards Negative limit o ]
Home latch Velocity: [1 l inch / min
Home Latch Direction: l Same - ]
Home Final Velocity: [0 l inch f min
Use Encoder Index For Home: l NO < ]
[] Use Compensation File: | Type 1 - filename: [ xcompensation
[] Use Backlash Compensation: | E|

Cancel ] [ Back ] [ Forward

Figure 3.23: Axis Configuration

Also refer to the diagram tab for two examples of home and limit switches. These are two examples
of many different ways to set homing and limits.

@ Important
It is very important to start with the axis moving in the right direction or else getting homing

right is very difficult!

Remember positive and negative directions refer to the TOOL not the table as per the Machinists

handbook.

On a typical knee or bed mill

* when the TABLE moves out that is the positive Y direction

* when the TABLE moves left that is the positive X direction

¢ when the TABLE moves down that is the positive Z direction
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¢ when the HEAD moves up that is the positive Z direction
On a typical lathe

* when the TOOL moves right, away from the chuck
e that is the positive Z direction
¢ when the TOOL moves toward the operator

 that is the positive X direction. Some lathes have X opposite (e.g., tool on back side), that will
work fine but AXIS graphical display can not be made to reflect this.

When using homing and / or limit switches LinuxCNC expects the HAL signals to be true when the
switch is being pressed / tripped. If the signal is wrong for a limit switch then LinuxCNC will think
the machine is on end of limit all the time. If the home switch search logic is wrong LinuxCNC will
seem to home in the wrong direction. What it actually is doing is trying to BACK off the home switch.

Decide on limit switch location

Limit switches are the back up for software limits in case something electrical goes wrong, e.g.,
in case of a servo runaway. Limit switches should be placed so that the machine does not hit
the physical end of the axis movement. Remember the axis will coast past the contact point if
moving fast. Limit switches should be active low on the machine, i.e., power runs through the
switches all the time - a loss of power (open switch) trips. While one could wire them the other
way, this is fail safe. This may need to be inverted so that the HAL signal in LinuxCNC in active
high - a TRUE means the switch was tripped. When starting LinuxCNC if you get an on-limit
warning, and axis is NOT tripping the switch, inverting the signal is probably the solution. (use
HALMETER to check the corresponding HAL signal eg. joint.0.pos-lim-sw-in X axis positive limit
switch)

Decide on the home switch location
If you are using limit switches You may as well use one as a home switch. A separate home switch
is useful if you have a long axis that in use is usually a long way from the limit switches or moving
the axis to the ends presents problems of interference with material. Note, a long shaft in a lathe
makes it hard to home to limits with out the tool hitting the shaft, so a separate home switch
closer to the middle may be better. If you have an encoder with index then the home switch acts
as a course home and the index will be the actual home location.

Decide on the MACHINE ORIGIN position
MACHINE ORIGIN is what LinuxCNC uses to reference all user coordinate systems from. I can
think of little reason it would need to be in any particular spot. There are only a few G-codes
that can access the MACHINE COORDINATE system.( G53, G30 and G28 ) If using tool-change-
at-G30 option having the origin at the tool change position may be convenient. By convention, it
may be easiest to have the ORIGIN at the home switch.

Decide on the (final) HOME POSITION
this just places the carriage at a consistent and convenient position after LinuxCNC figures out
where the ORIGIN is.

Measure / calculate the positive / negative axis travel distances
Move the axis to the origin. Mark a reference on the movable slide and the non-movable support
(so they are in line) move the machine to the end of limits. Measure between the marks that is
one of the travel distances. Move the table to the other end of travel. Measure the marks again.
That is the other travel distance. If the ORIGIN is at one of the limits then that travel distance
will be zero.

(machine) ORIGIN
The Origin is the MACHINE zero point. (not the zero point you set your cutter / material at).
LinuxCNC uses this point to reference everything else from. It should be inside the software
limits. LinuxCNC uses the home switch location to calculate the origin position (when using
home switches or must be manually set if not using home switches.
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Travel distance
This is the maximum distance the axis can travel in each direction. This may or may not be able
to be measured directly from origin to limit switch. The positive and negative travel distances
should add up to the total travel distance.

POSITIVE TRAVEL DISTANCE
This is the distance the Axis travels from the Origin to the positive travel distance or the total
travel minus the negative travel distance. You would set this to zero if the origin is positioned at
the positive limit. The will always be zero or a positive number.

NEGATIVE TRAVEL DISTANCE
This is the distance the Axis travels from the Origin to the negative travel distance. or the total
travel minus the positive travel distance. You would set this to zero if the origin is positioned
at the negative limit. This will always be zero or a negative number. If you forget to make this
negative PnCconf will do it internally.

(Final) HOME POSITION
This is the position the home sequence will finish at. It is referenced from the Origin so can be
negative or positive depending on what side of the Origin it is located. When at the (final) home
position if you must move in the Positive direction to get to the Origin, then the number will be
negative.

HOME SWITCH LOCATION
This is the distance from the home switch to the Origin. It could be negative or positive depending
on what side of the Origin it is located. When at the home switch location if you must move in the
Positive direction to get to the Origin, then the number will be negative. If you set this to zero
then the Origin will be at the location of the limit switch (plus distance to find index if used).

Home Search Velocity
Course home search velocity in units per minute.

Home Search Direction
Sets the home switch search direction either negative (i.e., towards negative limit switch) or
positive (i.e., towards positive limit switch).

Home Latch Velocity
Fine Home search velocity in units per minute.

Home Final Velocity
Velocity used from latch position to (final) home position in units per minute. Set to 0 for max
rapid speed.

Home latch Direction
Allows setting of the latch direction to the same or opposite of the search direction.

Use Encoder Index For Home
LinuxCNC will search for an encoder index pulse while in the latch stage of homing.

Use Compensation File
Allows specifying a Comp filename and type. Allows sophisticated compensation. See AXIS
Section of the INI chapter.

Use Backlash Compensation
Allows setting of simple backlash compensation. Can not be used with Compensation File. See
AXIS Section of the INI chapter.
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Help Page | Diagram | Qutput
Mill
Lathe]

Total Travel =4 4+ 6 =10

Z Home Offset = Origin to Home Switch distance = 10

Z Meg Travel Distance = Origin to neg limit distance = 0

Z Pos Travel Distance = Total Travel - neg travel distance = 10
Z Home Position = Origin to Home Position distance = 4

X axis would be similar but not shown fully for clarity.
This is just a sample reference other switch combinations are
possible.

Figure 3.24: AXIS Help Diagram

The diagram should help to demonstrate an example of limit switches and standard axis movement
directions. In this example the Z axis was two limit switches, the positive switch is shared as a home
switch. The MACHINE ORIGIN (zero point) is located at the negative limit. The left edge of the car-
riage is the negative trip pin and the right the positive trip pin. We wish the FINAL HOME POSITION
to be 4 inches away from the ORIGIN on the positive side. If the carriage was moved to the positive
limit we would measure 10 inches between the negative limit and the negative trip pin.

3.2.10 Spindle Configuration

If you select spindle signals then this page is available to configure spindle control.
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Tip
Many of the option on this page will not show unless the proper option was selected on previous
pages!

Servo Info

P °

| 2]

D f| Dac Output Scale:

FFO f| Dac Max Output:

FF1 f| Dac Output Offset:

FF2 j| Quad Pulses /Rev: 4000

Bias 0.0000 |2 Open
8 Loop

Deadband  0.0000 || servo
Test

[ Use Brushless Motor Control
[> Details
[] Use Spindle-At-Speed

Scale: = %

Rapid Speed Following Error: rev  encoder Scale: 4000.000 2| calculate
Feed Speed Following Error: rev Stepper Scale: Scale
[] Invert Motor Direction Maximum Velocity: rev / min
[ Invert Encoder Direction Maximum Acceleration: rev [ sec?
Test / Tune Axis
Help | Cancel | | Back | | Forward

Figure 3.25: Spindle Motor/Encoder Configuration

This page is similar to the axis motor configuration page.

There are some differences:

* Unless one has chosen a stepper driven spindle there is no acceleration or velocity limiting.
* There is no support for gear changes or ranges.

* If you picked a VCP spindle display option then spindle-at-speed scale and filter settings may be
shown.

* Spindle-at-speed allows LinuxCNC to wait till the spindle is at the requested speed before moving
the axis. This is particularly handy on lathes with constant surface feed and large speed diameter
changes. It requires either encoder feedback or a digital spindle-at-speed signal typically connected
to a VFD drive.
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» If using encoder feedback, you may select a spindle-at-speed scale setting that specifies how close
the actual speed must be to the requested speed to be considered at-speed.

» If using encoder feedback, the VCP speed display can be erratic - the filter setting can be used to
smooth out the display. The encoder scale must be set for the encoder count / gearing used.

» Ifyou are using a single input for a spindle encoder you must add the line: setp hm2 7i43.0.encoder.00.cou
mode 1 (changing the board name and encoder number to your requirements) into a custom HAL
file. See the Encoders Section in Hostmot2 for more info about counter mode.

3.2.11 Advanced Options

9To0 no3BoysgeT HacTpauBaTh KoMaHasl HALUI u 3arpy=xats ClassicLadder u mpumepsl IporpaMm pejleiHon
noruku. Ecnu Be BeIOpanu napamMeTphl GladeVCP, Takue Kak oOHynIeHUe ocu, OyOyT oToOpaxKaThCs
koMaHael. Cm. HALUI Chapter pgnst momydyeHUs OOIOMHUTENbHOM MHOpMaIuu 00 MCIIOIb30BaHUU
IMoJib30BaTesIbCKUX KoMaHA halcmds. CyiiecTByeT HECKOIBKO ITapaMeTPOB IIPOrpaMM pPejiefHOM JTOTUKH.
ITporpamma Estop no3sonsieT BHemHeMy nepekmodaTento ESTOP unu I'MII nopmaBats curHan Estop.
OHa TaKxXe UMeeT CUHXPOHU3UPOBAHHBEIM CUTHAI Hacoca CMa3Ku. ABTOMaATHYeCKOe KacaHue 110 OCHU
Z OCYIIIECTBIISIETCSI C IIOMOIIIbI0O KOHTAKTHOM IIIAaCTHUHBI, KHOMKY Kacauus GladeVCP u creiuanabHBIX
koMmaHg HALUI gns ycTaHOBKM TEKYIIETO IT0JTh30BaTEIbCKOr0 Havajla KOOPAWHAT B HOJIb U OLICTPOM
ouncTkKu. [IporpaMma nocnengoBaTeabHOM MHE Modbus 1o cyTu mpepncTtasisieT co00M ITyCTOH 11abIoH
IIporpaMMEl, KOTOPLIN HacTpauBaeT ClassiclLadder nnst mocnenoBaTenbHoM muHb Modbus. Cm. Clas-
sicLadder Chapter B pyKoBOfCTBeE.
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- Include Halui user interface component / commands

cmd 1/G10 120 PO X0 |cmds | [emd 11 |
cmd 2| |cmd 7| [cmd 12| |
cmd 3| |cmds | [cmd 13| |
cmd 4| |cmd9 | [cmd 14| |
cmd 5 lcmd 10| [cmd 15| |

- Include Classicladder PLC
= Setup number of external pins

Mumber of digital (bit) in pins:
Number of digital (bit) out pins:
Number of analog (s32) in pins:
Number of analog (s32) out pins:
Number of analog (float) in pins:
Number of analog (float) out pins:

[ Include modbus master support

) Blank ladder program
@ |[Estop ladder program
© Z Auta Touch off program . Edit ladder
) Serial modbus program =““program
O Existing custom program
Include connections to HAL

Cancel ] [ Back ] [ Forward

Figure 3.26: PnCconf, advanced options

3.2.12 HAL Components

On this page you can add additional HAL components you might need for custom HAL files. In this
way one should not have to hand edit the main HAL file, while still allowing user needed components.
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Add HAL components with this page.
Componentnumber of components

Absolute 1 [
PID CE
scale |Jl_?|
mux16 E?

=7 Custom Components Commands
Load Command Thread Command B Thread Speed
loadrt example_comp |~ laddf example_comp_calcs ||~

3 3 Servo Thread

Help Cancel Back Forward

Figure 3.27: HAL Components

The first selection is components that pncconf uses internally. You may configure pncconf to load
extra instances of the components for your custom HAL file.

Select the number of instances your custom file will need, PnCconf will add what it needs after them.

Meaning if you need 2 and PnCconf needs 1 PnCconf will load 3 instances and use the last one.

Custom Component Commands
This selection will allow you to load HAL components that PnCconf does not use. Add the loadrt
or loadusr command, under the heading loading command Add the addf command under the
heading Thread command. The components will be added to the thread between reading of
inputs and writing of outputs, in the order you write them in the thread command.

3.2.13 Advanced Usage Of PnCconf

PnCconf does its best to allow flexible customization by the user. PnCconf has support for custom
signal names, custom loading of components, custom HAL files and custom firmware.
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There are also signal names that PnCconf always provides regardless of options selected, for user’s
custom HAL files With some thought most customizations should work regardless if you later select
different options in PnCconf.

Eventually if the customizations are beyond the scope of PnCconf’s frame work you can use PnCconf
to build a base config or use one of LinuxCNC’s sample configurations and just hand edit it to what
ever you want.

Custom Signal Names
If you wish to connect a component to something in a custom HAL file write a unique signal name
in the combo entry box. Certain components will add endings to your custom signal name:

Encoders will add < customname > +:

* position

e count

* velocity

* index-enable

* reset

Steppers add:

enable

counts
¢ position-cmd

¢ position-fb

velocity-fb
PWM add:

¢ enable

¢ value

GPIO pins will just have the entered signal name connected to it

In this way one can connect to these signals in the custom HAL files and still have the option to move
them around later.

Custom Signal Names
The HAL Components page can be used to load components needed by a user for customization.

Loading Custom Firmware
PnCconf searches for firmware on the system and then looks for the XML file that it can convert
to what it understands. These XML files are only supplied for officially released firmware from
the LinuxCNC team. To utilize custom firmware one must convert it to an array that PnCconf
understands and add its file path to PnCconf’s preference file. By default this path searches the
desktop for a folder named custom firmware and a file named firmware.py.
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The hidden preference file is in the user’s home file, is named .pncconf-preferences and require one
to select show hidden files in your file manager to see and edit it or on the command line you use Is
with the -a option. The contents of this file can be seen when you first load PnCconf - press the help
button and look at the output page.

Ask on the LinuxCNC mail-list or forum for info about converting custom firmware. Not all firmware
can be utilized with PnCconf.

Custom HAL Files
There are four custom files that you can use to add HAL commands to:

e custom.hal is for HAL commands that don’t have to be run after the GUI frontend loads. It is
run after the configuration-named HAL file.

* custom_postgui.hal is for commands that must be run after AXIS loads or a standalone PyVCP
display loads.

* custom_gvcp.hal is for commands that must be run after GladeVCP is loaded.
¢ shutdown.hal is for commands to run when LinuxCNC shuts down in a controlled manner.
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Chapter 4

KoHdurypauuna

4.1 KoHuenuum CUCTEeMHOro pa3spaboryuka

4.1.1 PacnnonoxxeHue cannos

LinuxCNC umiet ¢daiine KoHpurypanuu u G-Kozia B oIIpeeJieHHOM MecTe. MeCTOI0I0KeHUE 3aBUCUT
OT TOTrO, Kak BH ucnonb3yere LinuxCNC.

4.1.1.1 Ha ycTaHOBJIEHHOM NnakeTe

Ecnu BeI ucnonb3yete LinuxCNC c Live CD unu yctaHoBUIu ero yepes3 .deb u ucnonb3yeTe CPeacTBO
BeIOopa KoHurypamnuu LinuxCNC u3 menio, LinuxCNC nipocMaTpuBaeT ClIeAyIoliue KaTaloTu:

» Karamnor LinuxCNC "Haxomutcs 1o agpecy /home/user-name/linuxcnc.

» Kartamoru KoH(}HUTrypaliuu paclojioKeHHl 110 aapecy /home/user-name/linuxcnc/configs.
- Qaiinel KOHGUTYPAILMU PacIoIOXKEHH 10 aapecy /home/user-name/linuxcnc/configs/name-of-config.

» datinbl G-KOOa pacroyiokeHH 1o angpecy /home/user-name/linuxcnc/nc_files.

Hanpuwmep, o koHGUrypanuu nopg HadsanueM Mill u umenu nonb3oBaTens Fred cTpyKTypa KaTajaoros
1 (ainoB OyIOeT BRITISIOETD CIEOVIOIINM 00pa3oM.

e /home/fred/linuxcnc

* /home/fred/linuxcnc/nc files

* /home/fred/linuxcnc/configs/mill

- /home/fred/linuxcnc/configs/mill/mill.ini
- /home/fred/linuxcnc/configs/mill/mill.hal
- /home/fred/linuxcnc/configs/mill/mill.var
- /home/fred/linuxcnc/configs/mill/tool.tbl
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4.1.1.2 KoMaHpHaf CTpOKa

Ecnu Bel 3anyctuTre LinuxCNC 1“3 KOMaHOHOM CTPOKHU M YKaxKeTe UMs U pacnojioxxeHnue INI-daiina,
pacnornoxeHne GaiioB MOXKeT HaXOOUTHCS B APYTOM MecTe. UYToOB IPOCMOTPETH IapaMeTPHI 3aIycKa
LinuxCNC 13 KoMaHOHOM CTPOKH, BHITIOJIHUTE linuxcnc -h.

Note
LJonosHNnTeNbHbIE MecTa OJ1I9 HEKOTOpbIX hannoB MOXXHO HacTpouTb B INI-panne. Cm. pasgen
<<sub:ini:sec:display, [DISPLAY]>> n pa3pen <<sub:ini:sec:rs274ngc, [RS274NGC]>>.

4.1.2 dDaunsbl
II7151 KazKOoro KaTalora KOHQUrypaiuu TpeOyioTCs KaKk MUHUMYM ClIeOyIolnue Ghaubl:

e INI-¢aiin .ini
e Qaiin HAL .hal unu darin HALTCL .tcl, ykasauusbiil B pa3mene HAL INI-datina.

Note
Ona HekoTopbix TNTM MoryT noTpeboBaTbCa Apyrue dansibl.

HpI/I 2KeJIaHHUHU BEI TaK2XK€ MOXKeTe UMETh:

* Qaun nepeMeHHHIX .var

- Ecnu BB He BKIIOUMTE (paiis .var B KaTajore, HO BKIIIoUuTe <<sub:ini:sec:rs274ngc, [RS274NGC]>>
PARAMETER FILE=somefilename.var, ¢atin OymeT co3naH ajs Bac nipu 3amnycke LinuxCNC.

- Ecnu BB He BKitodaeTe (Qatin .var u aneMeHT [RS274NGC] PARAMETER FILE, npu 3anycke Lin-
uxCNC 6yneT co3pas ¢aiin var ¢ umeHeM rs274ngc.var. Ecinu [RS274NGCJPARAMETER FILE e
BKJIIOYEH, MOT'YT IIOSIBUTHCS HEKOTOPLIe COMBAOIINeE C TOJIKY COOOIIEeHUs.

e daiin Tabnume MHCTPYMEHTOB .tbl, eciiu B INI-¢atine ykazano <<sub:ini:sec:emcmot, [EMCMOT]>>
TOOL TABLE. [I7151 HEKOTOPHIX KOHQUTypalui Tabulla MHCTPYMEHTOB He TpebOyeTcs.

4.1.3 Cucrembl LLAroBbiX ABUraTesien

4.1.3.1 Base Period

BASE PERIOD — ato nysbc Bamero kommnbioTepa ¢ LinuxCNC. footnote: [B aToMm pa3pgerne pedb upueT

00 ucnonb3loBanuu stepgen, sctpoeHHoro B LinuxCNC reHepaTopa I1aroBeIX UMIYJILCOB. HeKoTophie
amnnapaTHBIE YCTPOUCTBA UMEIOT COOCTBEHHEIN reHepaTop MIarOBEIX UMITYJIECOB ¥ HE MCII0JIb3YIOT BCTPOEHHEI
B LinuxCNC. B aTom citydae o6paTUTECh K PYKOBOACTBY I10 060pyaoBaHuIo. ] KazKoplii mepro IporpaMMHBIHN
reHepaTop WHIarOBHIX UMITYJILCOB peIlaeT, HPHUILIO JIU BPeMs [OJI CIeOVIOLIeTro IIaroBOro MMITyJIbCa.
Borsee KopoTKuii mepuoy I03BOJIUT BaM r'eHepUpPOBaTh OOJIbIle UMITY/IbCOB B CEKYHY B OIIPeleJIEHHBIX
npepgenax. Ho ecnu BB cOeslaeTe CIUIINKOM KOPOTKUM MUMIYJIBC, BaIll KOMIbIOTED OyAeT TPaTUTh TaK
MHOTO BpeM€eHU Ha IeHepalluio MMIIYJILCOB IIaroB, YTO BCE OCTAIbHOE 3aMENNINTCS WM, BO3MOXKHO,
make 3abyokupyercsa. TpeboBaHUS K 3amepsKKe W IPUBOLY IITArOBOI'0 ABUTATENIS BIUSIOT HA CaMEIN
KOPOTKUY IIePUOM, KOTOPHIM BBl MOXKETE HCIIOJIb30BaTh.

B XyOuieM Ciiydae 3aepP2KKH MOT'YT BOSHUMKATh BCEro HEeCKOJIBKO Pa3 B MUHYTY, U BEPOATHOCTE TOIO,
YTO I1JI0Xad 3aepPxKKa np01/1301'31;:[eT, KOI'ola OIBUTI'aTeJIb MEHSET HallpaBJIEHW e, HEBEJIMKA. Takum o6pa30M,
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BEI MO2K€E€Te IIOJIYYUTh OYEHb PeKne OmInOKH, KOTOpPBIE BPEMSA OT BPEMEHH IIOPTAT OeTaJlIb U KOTOPhIE
HEBO3MOXKHO YCTPAHHUTE.

CawmbIii TpocToM cioco6 n30exkaTh 9ToM mpobiembl — BeIOpaTh BASE PERIOD, KOTOPEHIH IpEACTaBIIsAET
coboli cyMMy HauOomblero TpeboBaHusl K BpeMeHHU Balllero OUCKa W Hauxypnlleidl 3afepKK{ Balllero
KOMIIbIOTEpA. DTO He Bcerga JIy4dmul Beioop. Hanpumep, eciiu BB UCIIOJIb3yeTe IIPUBOT C TpeOoBaHUEM
BPEeMEHU yAepKaHus CUTHasla HanpasieHus 20 MKC, ¥ Balll TECT Ha 3aAeP2KKY [I0Ka3aJl, YT0 MaKCHUMaJlbHas
3agepxkkKa coctaBnsgeT 11 mkc, To ecnnu Bel ycTaHOBUTE BASE PERIOD Ha 20+11 = 31 MKC, BEI IOJIy4UTE
He-Oo4eHb-Xopowmue 32 258 maros B CEKyHAY B OOHOM pexuMe U 16 129 miaros B CeKyHAy B APYTIOM
pexume.

ITpoGnema 3akiI04YaeTcs B TpeOOBaHUAX K BpeMeHU yaepxkKaHus 20 MKC. IJTo IJIioC 3afepxkka B 11
MKC 3aCTaBJIsIeT HaC UCIIOJIb30BaTh MeJIeHHEIH nepuor B 31 Mkc. Ho mporpaMMHLBIN reHepaTop 1IIaros
LinuxCNC uMeeT HEKOTOPEIE TapaMeTpPhI, KOTOPHIE IO3BOJISAIOT YBEINYNBATL PA3JIMYHbBIE BpEMEHA C
OIHOTO IepHrona J0 HeCKoNnbKuxX. Hanpumep, ecnu steplen footnote: [steplen oTHOCUTCS K TapaMeTpy,
KOTOPBIY PETYIUPYET IPOU3BOAUTENILHOCTE BCTPOEHHOTO0 B LinuxCNC resepaTopa I1aroBbIX UMIYJIHCOB
«stepgen», KOTOPHIH ABJsTeTCA KOMIIOHEeHTOM HAL. DTOT mapaMeTp peryaupyeT OJIMHY CaMOT0 IIIar0BOT0
uMnymnabca. IIpomonkaliTe YuTaTh, CO BpeMeHeM Bce 6ymeT oO0bsacHeHO.] udMeHsercsa ¢ 1 Ha 2, Torga
MeKOy HavaJioM M KOHIIOM IITarOBOT'0 MMITyJIbca OymeT maBa mepuoma. AHajoruuHo, ecnu dirhold foot-
note: [dirhold oTHOCUTCS K ITapaMeTpy, KOTOPHIHM PEryIUPYyeT IPOLOIXKUTETbHOCTh BpEMEHH yoepKaH!A
HaHpaBHeHI/IH.] u3MeHeHac 1 Ha 3, MeXIy HIarOBbIM UMITYJIbCOM M U3SMEHEHUEM KOHTAKTa HallpaBJIEHUA
OynmeT Kak MUHUMYM TpHU liepuona. .

Ecnmu MBI CMOKeM HMCIIONb30BaTh dirhold, 94ToOBl YOOBIETBOPUTL TPeOOBAHUSIM BPEeMEHHU YIOEepPKaHUSI
20 MKC, TO CIeOyIOIINM II0 ITPOIOJIKUTEIbHOCTH BpeMeHeM OymeT BpeMsi BRICOKOTO YPOBHS 4,5 MKC.
IToGaBbTe 3amepkKy 11 MKC K BLICOKOMY BpeMEHH 4,5 MKC, ¥ BHl IOJTYYUTEe MUHUMAaIbHEIN mepuon 15,5
Mkc. Korpma B monmpobyeTte 15,5 MKC, Bl 00HaApPYyXKHUTE, YTO KOMIOBIOTEP paboTaeT MeaJIeHHO, II03TOMY
BBl OCTAaHOBUTECH Ha 16 MKc. Ecnu Mbl octaBuM dirhold paBHEIM 1 (110 yMOT4YaHUIO), TO MUHUMAJIbHOE
BpeMs MeXKOy IIaroM M HallpaBI€HHWEM COCTaBHUT Iepuon 16 MKc MmHYC 3agepXkka 11 MKC = 5 MKC,
yero HegoctatouHo. Ham HyxkHO eme 15 Mkc. [lockonbKy nmepuopn paBeH 16 MKC, HaM HyXKeEH ellle
onuH nepuopn. [lostomy Mel MeHsieM dirhold ¢ 1 Ha 2. Temepbs MUHUMAaIbHOE BPEMS OT OKOHUAHUA
[Iar0BOT'0 UMITYJIbCa A0 BhIBOA M3MEHEHU S HallpaBJIeHUs COCTaBsAaeT 5+16=21 MKC, 1 HaM He HyKHO
0ECIIOKOUTBLCS O TOM, UTO IIPUBOJ CHEJIAeT IIar B HEIPaBUJIbHOM HAITPaBJIEHUU U3-3a 3aJePKKH.

HomonauTensHy0 nHGOPManuio o Stepgen cM. B pa3gene stepgen.

4.1.3.2 TMapaMeTpbl LLAroBoro MMnyJsbca

Bpems nmMmIyneca U Iay3bl Ha HEKOTOPHIX IIPUBOAAX pasnuyanTcsa. B 9ToM ciydae TouKa Step (mara)
CTaHOBUTCA BaxkHOU. Ecnm nmpuBopn mernaeT “mar” mo cpesdy, TOrZa BEHIXOOHOM KOHTAKT OOJIKEH OBITH
WHBEPTUPOBAH.

4.1.4 CepBO CUCTEMBDI

4.1.4.1 MNpuHuun paboTsbl

CepBocucteMbl 06/1aqaioT 60IbIIEe CKOPOCTHIO U TOYHOCTHIO, YEM 3KBUBAJIEHTHBIE IIIaTOBLIE CUCTEMEI,
HO oHM 60JIee JOPOTHU U CIIOKHEI. B OT/IMYMeE OT IIIaTrOBEIX CUCTEM, CEPBOCUCTEMaM TpebyeTCst KaKOU-TO
THII YCTPOHCTBa 0OPATHOM CBSI3HU 10 MOJIOKEHUIO, M UX HE0OXOMMO OTPETYIIMPOBATD UITH HACMPOUMD,
IMOCKOJILKY OHUM He COBCEM pPaboTaloT cpaly IIOCJie YCTAaHOBKM, KaK 3TO MOTJia Obl cHenaTh IIaroBas
cucrteMa. OTHU PA3IUYUS CYIIECTBYIOT IIOTOMY, YTO CEPBOIIPUBOALI ITPEACTABISIIOT CO00M CUCTEMY C
06pamHol €8513bt0, B OTIIMUME OT IIATOBHIX ABUTATENEHN, KOTOPhIe OOBIYHO paboTaioT 6€3 ob6pamHol
cesa3u. UTo o3HauaeT c 06pamHoli ces3vt0? [laBaliTe PaCCMOTPUM YIIPOIIEHHYIO CXeMY MOOKITIOUEeHU
CEPBOMOTOPHOM CHUCTEMEI.
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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 TecTupoBaHMe 3a4epPXKu

4.2.1 4T0 Takoe 3apepxka (latency)?

3agepXkKKa — 3TO BpeMs, KoTopoe TpebyeTcs 1K, 4TOOB OCTAaHOBUTH TO, YTO OH [I€JIaeT, ¥ OTBETUTh
Ha BHEIHWN 3aIIpoC, HAallpUMe]P, 3aIllyCTHUTh OOWH M3 NEePUOAUYECKHUX IOTOKOB PEaTbHOTO BPEMEHU
LinuxCNC. YeM MeHbIlIe 3agepKKa, TEM OBICTPEE Bhl MOXKETE 3alyCTUTD IIOTOKU PEAIbHOTO BPpEMEHH,
u TeM OoJjiee IJIaBHBIM OyHmeT ABUXKeHUe (M MOTEHIMalbHO 00Jjiee GLHICTPBEIM B CIydyae IPOTPaMMHOTO
I1aroBOTO IIepeEMEIeHUS).

3azmepxkka ropasno BaxHee ckopoctu LITT. CkpomuE#i Pentium I, KOTOpEIN pearupyeT Ha IPephIBaHUS
B TeueHUe 10 MUKPOCEKYHA KaXKObIM pa3, MOXKET JaTh JIy4YIlIne pe3y/ibTaThl, YeM HOBEUIIUU U CaMbId
OnIicTpHI MOHCTP P4 Hyperthreading.

IIpo1ueccop — He eMUHCTBEHHEIN (paKTOpP, OIpeneaonuil 3afepKKy. MaTepruHCKUe IIJIaTh, BUJE0KaPTHI,
nnopthl USB u psip Opyrux Belleldl MOT'YT HMOBIUATH Ha 3aJepxkKy. Jlyummuii criocob y3HaTh, C 4eM BEH
“MeeTe [eJI0, — 3allyCTUTh TeCT Ha 3aJlePXKKy.

I'eHepalus MIarOBLIX UMIIYJILCOB B IIPOrPaMMHOM 00eCIieYeHUN UMEET OTHO OYeHb O0JILIIIOE ITPEUMYILIECTBO
- 970 OecrmaTHO. ITouTH Kax bk [TK MMeeT mapasiiesIbHEIH IIOPT, KOTOPHIHM CIIOCOOEH BEIBOJHUTE IITaTrOBLIE
WMOYJIbCH, TeHEPUPYEMEIE TPOrPpaMMHBIM obecrieueHrueM. OOHAKO IPOTPaMMHBIE IITarOBbIE UMITYIbChHI
TaKzKe MMeIOT HEKOTOpPhIe HeOCTaTKN:

¢* OrpaHMYE€HHad MaKCHMaJlbHasd CKOPOCTHE IIara
¢ NXKUTTEP B reHEePpUPYEeMbIX UMITyJIbCaX

* HarpyzxaeT IIPOIeccop

4.2.2 TecTbl 3apepXXKHu

LinuxCNC BKII0YaeT HECKOJILKO TECTOB Ha 3aJiepKKy. Bce OHU BHIIAIOT 9KBHBAJIEHTHYIO HH(MOPMAIIHIIO.
3anyCK 3TUX TECTOB IIOMOZKET ONIPENEIUTh, IOOAXOOUT JIM KOMIIBIOTED AJIS YIIpaBieHusa CTaHKoOM C UITY.

Note
He 3anyckanTe LinuxCNC nnn StepConf Bo BpeMs BbINOJIHEHNSA TECTa 3a4EPXKKMU.
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4.2.2.1 Latency Test

YToOHI 3aIlyCTUTh TECT, OTKPOMTE OKHO TepMuHana (B Ubuntu — Applications — Accessories — Termi-
nal) ¥ BRITIOJTHUTE CIIEOYIOIIYI0O KOMaHAOY:

latency-test

9TO 3amyCTUT TECT 3a[ePzKKH C ImepuoaoM 0a30BOT0 MOTOKA 25MKC M MEPHOAOM CEPBOIOTOKA 1McC.
,]:[J'II/ITeJ'IBHOCTb Imepuoga MOXKHO YKa3adThb B KOMaHJIHOfI CTPOKE:

latency-test 50000 1000000

9TO 3allyCTUT TeCT 3ad€PZKKHU C ITepuogomM 6a3o0Boro moToka 5OMKC u IIepruoagoM CepPBOIIOTOKA 1mc.
s IIOJIY4YEeHHUsA OOCTYIIHBIX ITapaMeTPOB BBEOIUTE B KOMAaHOHOU CTpPOKE:

latency-test -h

ITocne 3allyCKa TeCTa 3adeP2KKH BbI OOJI2KHBI YBUOETEL YTO-TO BPOOE 3TOI0:

- 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: Tect 3amepxku HAL

Bo Bpems BBHIIIOJIHEHHUS TeCTa BaM CJIeAyeT u3desambvCAa Han KOMIbIOTEPOM. [lepemelnaTh OKHA IIO
9Kkpany. IToma3uTh mo Be6-cTpanuilaM. CKOIHUPOBATh HECKOIBKO O0IbINKUX QaiiIoB Ha IUCK. Bocmpou3secTu
MY3BIKY. 3anycTuTh nporpamMmmy OpenGL, Hanpumep glxgears. Migest COCTOUT B TOM, YTOOBI ITOABEPTHYTH
IIK ucnblTaHUSM, IOKA TECT Ha 3aepPKKY IIPOBEPSET, KAaKOBHl HaUXYAIINE IT0OKa3aTelu.

BasKHEIM YHCIJIOM IJIsI IPOIPAMMHOI'0 CTEIIIMHT A SIBIISIETCS MAKCUMAAbHbLU Oocummep 6a30BOT0 IIOTOKA.
B nnpuBenmeHHOM BHIIIE TpUMepe 3T0 6693 HaHOCEKYHAH! (HC) Wiu 6,693 MUKPOCEKYHAOH (MKC). 3aluIInTe
9TO YuCJyo 1 BBegutTe ero B StepConf, korma oHo O6ymeT 3amIpoIeHo.

B npuBenerHOM BhIIe IpuMepe latency-test paboTasn Bcero HeCKOJIbKO CEKyHI. BaM crnenyeT 3allyCTUTh
TeCT KaKk MUHUMYM Ha HECKOJIbKO MUHYT; MHOTHa HauXyOllas 3ajepikKKa ClIy4daeTcs He O4eHb 9acTo

WJIU CIIy49aeTCs TOJBKO IIPU BEIIIOJTHEHNU KaKOT0-TO OIIPEeNeNIeHHOT 0 IelicTBuA. HanpuMep, ogHa MaTEePUHCK:
maTa Intel paGoTasna mOBOJIBFHO XOPOIIIO OONBIIYIO YaCTh BPEMEHH, HO KaxXKble 64 CEKYHIH Y Hee Oblia
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oueHb mJioxas 3agepzkka B 300Mkc. K cuacThio, 3T0 MOXKHO OBIIIO MCITPaBUTh, cM. https://wiki.linuxcnc.org/-
cgi-bin/wiki.pl?FixingSMIIssues .

Hrak, 4TO 03Ha4UaloT pe3ynbTaTh? Ecnu 3HadeHue Max Jitter mensmie 15-20 murpocekyHz (15 000-
20 000 HaHOCEKYH[), KOMIILIOTED OOJI?KEH IOKA3bBaTh OYEHb XOPOIINEe PEe3yIbTaThl C IPOrPaMMHBIM
HIaroBBIM yIIpaBlieHueM. Ecnu MakcuManbHas 3afgepkKKa cocTaBiaseT 0Kono 30-50 MUKPOCEKYHI, BbI
BCE paBHO MOZKeTe MOJIYUYUTh XOPOIINe pe3yabTaThl, HO MaKCUMaJbHas CKOPOCTh IlIara MOXKeT HEMHOT'O
pa3odapoBaTth, 0COOEHHO €CJIU BB KCIIONIb3yeTe MUKPOIIAT WX XOL0BEIE BUHTHL C 04€Hb MaJIBIM IITaroM.
Ecnu 3Hauenus cocrasnsaior 100 mkc unu 6oree, To ecth >= 100 000 HaHocekyHL (HC), TO [IK He
MMOAXOAUT AJISE IPOrPaMMHOTO ITOIIIAroBOT'0 yIipaBieHus. 3HaueHus Oosnee 1 muiiucekyHawl (1 000
000 uc) o3zHauatot, uTo [IK He momxomut mns LinuxCNC, He3aBUCHMO OT TOTO, UCIOIb3yeTe JIN BEI
IIporpaMMHOE IIOIIaroBOoe yIIpaBjeHue Ui HeT.

Note

Ecnuv Bbl NONy4YnAn BbICOKME LUEDPLI, BO3MOXHO, €CTb CNocobbl nx ynydwnTb. Y apyroro MK 6bina
O4YeHb Moxas 3a4ep>XKa (HeECKONIbKO MUJSITINCEKYHA) NPU NCMOb30BaHUN BCTPOEHHOro sngeo. Ho
BuAeoKapTa 3a 5 gonnapos pewnna npobnemy. LinuxCNC He TpebyeT HoBenwero obopynoBaHus.

[71 moJTy4eHus OOIOJIHUTEJIbHON MH(pOpMAINK 0 HaCTPOMKe IaroBOT0 ABUraTellsa CM. T'jIaBy Stepper
Tuning.

Tip
LOOoCTynHbl OONOJHUTESNIbHbIE NHCTPYMEHTbI KOMaHAHOW CTPOKWU O/ NPOBEPKUN 3adep)XKW, Korna
LinuxCNC He 3anyuieH.

4.2.2.2 Tpaduk 3apep>xkKu

latency-plot CO30aeT JIEHTOYHYIO OuarpaMMy IOJisd 0a30BOTO U CEPBOIIOTOKaA. MoxeT OBITHL IIOJIe3HO
YBUOETH IINKU 3aEP2KKHU IMPU 3allyCKe UJIN WCIIOJIb30BaHUU OPYT'UX HpHHO}KeHHﬂ. Hcnonbp3oBaHue:

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)



https://wiki.linuxcnc.org/cgi-bin/wiki.pl?FixingSMIIssues
https://wiki.linuxcnc.org/cgi-bin/wiki.pl?FixingSMIIssues
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R|Pts:| 240 -|+ Latency (uSeconds) vs Time (seconds) Wall:

Figure 4.4: latency-plot Window

4.2.2.3 I'ncTorpaMma 3apepxkKu

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

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

Options:
--base ns (base thread interval in nanoseconds, default: 25000, min: 5000)
--servo ns (servo thread interval in nanoseconds, default: 1000000, min: 25000)
--bbinsize ns (base bin size in nanoseconds, default: 100
--sbinsize ns (servo bin size in nanoseconds, default: 100
--bbins n (base bins, default: 200
--sbins n (servo bins, default: 200
--logscale 0|1 (y axis log scale, default: 1)
--text note (additional note, default: "” )
--show (show count of undisplayed bins)
--nobase (servo thread only)
--verbose (progress and debug)
--nox (no gui, display elapsed,min,max,sdev for each thread)
Note

Mpn onpepenennn 3agepxku LiINUXCNC n HAL He Oo/XHbI ObiTb 3anyuleHbl, OCTaHOBUTE UX
¢ nomouwbio halrun -U. Bonblioe KONMYECTBO CTONOLOB rMcTOrpaMmMmbl U/MAN Masible pa3Mepbl
cTonbuos 3amepnAT obHOBMeHMA. [Nd OLHOro MOTOKa ykKaXkute --nobase (M napameTpbl Ans
CEpBOMOTOKA). l3MepeHHble 3adepXKW 3a npefenaMmu Avanai3oHa cTonbuoB +/- BbIBOAATCSH
CO crneunanbHbiMU KOHEYHbIMU nonocamu. Wcnonb3symte --show, 4T0bbl MoKa3aTb KOAUYECTBO
cTonbuos BHe gnarpammel [pos|negl.
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i Tusr/binflatency-histogram - O X
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 ?
168 B4 o
1E4 = _;'
1E3 ]
162 o
1E2 1
1E1
1E1 E
1ED 1E0 -
T 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
miin (us) | 143 sdev (us):| 03 max(us) | 14.3 | min (us) | 141 sdew (us):| 03 max(us) | 148
0 =—off-chart neg bin ct off-chart pos bin ct—=> 0 0 =-off-chart neg bin ct off-chart pos bin ct—= 0
Display +/-bins: — 2 — 4 10 7 20 40 © 100 ~ 200 _Display +-bins: T2 4 10 T 20 40 100 = 200 |
Reset| ¥ ylogscale Screenshot| Glegears| 0 Elapsed Time:| 764 Exit]

Figure 4.5: Okuo latency-histogram

4.2.3 HacTpouka 3apep>XKu

LinuxCNC moxeT paboTaTh Ha MHOTUX PA3JTMYHLIX allllapaTHHIX TIaTGOopMax U C Pa3/IMYHLIMU SIOPaMU
peanpHOr0 BpEMEHHU, ¥ BCE OHU MOTYT BHIUTPATh OT HACTPOUKHU HA ONTHUMAILHYIO 3aJ€PXKKY.

OCHOBHOU 1IeJIbI0 HaCcTPOMKHU cucteMsl Iy LinuxCNC saBrnseTcs pe3epBupoBanue LI 01 HCKITIOUYATETHHOTO
KCIIOTh30BaHUs 3afiad peasibHOT0 BpeMeHHu LinuxCNC, uTo6hI Apyrue 3agayqyy (Kak I0JIb30BaTEIIbCKUE
IporpaMMEl, TakK U IIOTOKHU saapa) He Memanu gocTyry LinuxCNC k stomy LIIT.

Korpa onpeneneHHble TapaMeTPE HACTPOUKY CUUTAITCSA YyHUBEPCcanbHO Toe3HbIMY, LinuxCNC BrITONTHSET
9Ty HaCTPOMKY aBTOMaTU4YeCKU IIPU 3allyCKe, HO MHOTHE ITapaMeTpPhl HACTPOUKU 3aBUCAT OT CTaHKa U

He MOTYT OBIThH BBHITIOJTHEHHI aBTOMaTH4YeCKH. YesioBeKy, ycTaHaBnmuBammeMy LinuxCNC, Heo6xoguMo
9KCIIEPUMEHTAJIbHO OIIpeNe/InTh OIITUMAJIbHYIO H&CTpOfIKy OJIsd CBOEM CUCTEMHI.

4.2.3.1 HacTtpouka BIOS Ha 3apepXxKy

BIOS TIK cy1mieCcTBEHHO pa3nuyarTCcsa 10 CBOUM II0Ka3aTeNIaM 3adepPKKN.

HacTtpotika BIOS yToMuTenbHa, MOCKOJIBKY BaM HYXKHO Mepe3arpy3uTb KOMIILIOTED, CHelaThb OOHY
HeOOoMNbIIyI0 HacTPouKy B BIOS, 3arpy3uTs Linux u 3anyCTUTh TECT 3aePKKH (IOTEHIIMAIbHO B TEYeHHUE
OJINTENBHOT0 BPEMEHHU), YTOOB YBUIETDH, KaK MOBNUAI0 uaMeHenue BIOS. 3aTemM noBTopuTe OjIst BCeX
ocTasbHBEIX HacTpoek BIOS, KOTophie BBl XOTUTE ITOTIPOOOBATE.

ITockombKy Bce BIOS pa3Hbie U HECTaHAAPTHRIE, TPEOOCTaBIEHNE MOAPOOHOTO PYKOBOACTBA IO HACTPOMKE
BIOS Heuenecoo6pa3Ho. B o611eM, BOT HEKOTOPHIE BEIM, KOTOPHIE MOXKHO ITOMIPO60BaTh HACTPOUTE B
BIOS:
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e Otkmouute ACPI, APM u mobrie apyrue GyHKIIUK 3Heprocbepexenus. Croopa BXOOUT BCe, YTO
CBSI3AHO C 9HeprocbepexkeHueM, IPUOCTaHOBKOM, COCTOsTHUSIMU cHa LIT1, MaciTabupoBaHHEeM YaCTOTEI
OIluT. O

e OTKIIOYHUTE pexkuM "Typ60o” mpoieccopa.
¢ OTKIIIOYUTH TUIIEPIOTOYHOCTD LIIT.
e OTKIIOYHATE (MIM UHBIM 00pa30M KOHTPOJIMPOBATh) IPEPHIBAHUE YIIPABIeHUsT cucTeMou (SMI).

* OTKIIOYKMTE BCe 000PyIOBaHKeE, KOTOPOE BEl HE COOMPAeTeCh UCIOIh30BaTh.

4.2.3.2 HacTtpouka Preempt-RT onsa sapep>xku

Anpo Preempt-RT MozKeT BHIMTpPaTh OT HACTPOMUKH, YTOOHE 00ECHEYNTh HAUIYUIIYIO 3aepPKKy OIS
LinuxCNC. HacTtpoiika MozKeT OBITh BRITIOJTHEHA Yepe3 KOMaHOHYIO CTPOKY sapa, sysctl u uepe3 daiiner
B /proc u /sys.

HexkoTopbie mapaMeTphl HACTPOMKY, Ha KOTOPHIE CcliedyeT o0paTUTh BHUMAaHUE:

KoMmangHasi cTpOKa simpa
IMompobHOoCcTH 3Oeck: https://www.kernel.org/doc/Documentation/admin-guide/kernel-parameters.txt

e isolcpus: 3ampemaeT GOIBIIMHCTBY IPOIECCOB, He oTHOCAIMXCA K LinuxCNC, ucmonb30BaTh
9THU IIPOIIECCOPHI, OCTABIISIS OOIbIIe TPOIIECCOPHOTO BpeMeHU OOCTYIHEIM mist LinuxCNC.

e irgaffinity: BeiGepure, kakue LIIT o6cyKkuBaioT IpepriBanusi, 4ToOwI LIT1, 3ape3epBupoBaHHBIE
misa LinuxCNC realtime, He IpUXOOWIOCEH BEIIIOIHATE 3Ty 3a7ady.

* rcu_nocbs: 3ampeTuTh 3amycK o6paTHHIX BEI30BOB RCU Ha 3THX mpoIijeccopax.
e rcu_nocb poll: Onpoc o6paTHbIX BEI30BOB RCU BMECTO UCTIOJIF30BAHUS PEXKUMa CHA/IPOOYKAeHM .
* nohz full: OTKIIOYUTH TAKTOBYIO YaCTOTY Ha 3THUX IIPOIleCCOpPax.

Sysctl
IMogpo6uocTH 3meck: https://www.kernel.org/doc/html/latest/scheduler/sched-rt-group.html

e sysctl.kernel.sched rt runtime us: ycTraHOBuUTe 3Ha4eHUe -1, 4TOOBI CHSATH OrPaHUYEHUE
Ha BpeMd, KOTOPpO€e MOT'yT MCIIOJIb30BATh 3ada4YX PeaJIbHOI'O BPpEMEHH.

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:

* OrpaHHM4YE€HHasda MaKCHMaJlbHas CKOPOCTH IIara
* ONXKUTTEP B reHePpUPYyEeMEBIX UMITYJIbCaX

* HArpyzxaeT IIPOIeCccop

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:



https://wiki.linuxcnc.org/cgi-bin/wiki.pl?FixingSMIIssues
https://wiki.linuxcnc.org/cgi-bin/wiki.pl?FixingSMIIssues
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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 KomnoHeHTh! INI-chbanna

Tunwmunsiii INI-daiin uMeeT TOBOIBHO IIPOCTYIO CTPYKTYPY, KOTOpPasi BKIOUaeT B cebs:



https://wiki.linuxcnc.org/uploads/StepTimingCalculator.ods
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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 Paspensbl

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 TMNonb3oBaTesbCKUe pa3pesibl U NepeMeHHble

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 BknwouuTb pannbl

®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 Paspensol INI-panna
4.4.2.1 [EMC] paspen

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
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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] paspen

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 o6pa3omM, 1060 ckpullT Python MoxkeT OBITH OTKPHIT, @ €T0 BLIXOOHEIE TaHHBIE 00pabaThIBalOTCS
Kak G-xkop. OOuMH U3 TaKUX IPUMEPOB ckpunTa moctymneH B nc_files/holecircle.py. 3Tot ckpunt co3gaeTt
G-KO[ o151 CBEPJIEHUS CEPUU OTBEPCTUM 10 OKPYKHOCTU. MHOTHe Opyrue reiepaTopsl G-Koga HaXoOgsaTCs
Ha BuKH-caniTe LinuxCNC https://wiki.linuxcnc.org/.

®uneTpel Python monmXkHel McoIb30BaTh PYHKIIMIO IIeYaTH OJI1s BeIBoAa pe3ynbTraTa B AXIS.

9ToT npuMep nporpaMMsel GunbTpyeT dain u mobasnseT ock W, cooTBeTcTByIouyo ocu Z. PaboTa
3aBUCHUT OT HaIM4us mpobea MexKOy KakKObIM CJIOBOM 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)

”n ”

if name == " main ":
main(sys.argv([1l:])

* FILTER PROGRESS=%d
Ecnu ycranoBneHa nepeMenHast cpensl AXIS PROGRESS BAR, To cTpoku, 3anmucaHHbIe B stderr
¢opMHI BRIIIIE, YCTAHABIMBAIOT UHOUKATOP BhITONHEeHUST AXIS B 3agaHHBIN TPOLEHT. DTy QYHKIIUIO
crenyeT MCIIONIb30BaTh JIIo6oMy GuIbTpy, padoTaroiieMy B TeYeHHe OIUTEIbHOTO BpeMeHH.

4.4.2.4 [RS274NGC] paspen

* PARAMETER FILE = myfile.var - ®aiin, paclojIOKeHHEIH B TOM Ke Kartajore, 4to u dain INI,
conepXKalui IapaMeTphl, UCIIOJIb3yeMEle HHTEPIPETATOPOM (COXpaHseMble MeXKIYy 3allyCKaMHu).

* ORIENT OFFSET = 0-3HaueHwue C IIJIaBaloIel 3aIaTol, fo0aBIeHHOe K TapaMeTpy cjioBa R onepaiuu

M19 Orient Spindle. Mcnionb3yeTcs A1 ONIpeaeeHu s IPOU3BOIBHOI0 HYJIEBOT O TTOJIOKEHU S HE3aBUCUMO

OT OPHEHTAIlUU KPEeIIJIEHUsA S9HKOoOepPa.



https://wiki.linuxcnc.org/

LinuxCNC V2.10.0-pre0-5330-ge4692db02e 153 /1344

e RS274NGC_STARTUP CODE = G17 G20 G40 G49 G64 P0.001 G8O G990 G92.1 G94 G97 G98- Crtpoka
kopos YIIY, ¢ mOMOIIbI0 KOTOPOY WHULIMAIU3UPYETCSI HHTEPIPETATOP. ITO HE 3aMeHsIeT yKa3aHue
MozmanbHBEIX G-KOOOB B BepxHeU YacTu Kaxmoro datina NGC, mOoCKOIbKYy MOOaabHble KOOLI CTAHKOB
pa3IuYarTCsa U MOT'YT OBITh U3MeHEeHH G-KOIOM, MHTEPIIPETUPOBAHHEIM pPaHee B CeaHCe.

e SUBROUTINE PATH = ncsubroutines:/tmp/testsubs:lathesubs:millsubs - Yka3riBaeT cCrimcok oo
10 KaTanoros, pa3gesIeHHEIX OBOETOYMSIMHU (:), B KOTOPBIX OCYIIIECTBIISIETCS ITOUCK, ecnu B G-Kome
yKa3aHHbl oHOo(panIoBLle MognporpaMmel. [TIOMCK B 3TUX KaTajorax OCYIIEeCTBJISIETCS IIOCie ITOUCKa
[DISPLAY]PROGRAM PREFIX (ecnm oH ykKa3aH) u nepepn nouckom [WIZARD]WIZARD ROOT (ecrmu oH
yka3aH). [lyTu uIIyTCsS B TOM IOpPSAOKe, B KOTOPOM OHH II€peduCJieHBl. VICIonb3yeTcs IEepPBHIHN
COOTBETCTBYIOIINY (paiiyl HOAIIPOrpaMMbl, HalileHHEIN ITpU TouCcKe. KaTaloru yKa3slBal0TCS OTHOCUTETIBH(
Tekyiero karamora mans INI-gatina unm Kak abcomoTHee TyTh. CHOMCOK He MOJXKEH comepzKaTh
ITPOMEXKYTOYHKIX ITPOOEIOB.

e G64 DEFAULT TOLERANCE = n (Default: 0) Default P value for G64 if P is not called out.

e G64 DEFAULT NAIVETOLERANCE = n (Default: 0) Default Q value for G64 if Q is not called out.
* CENTER _ARC RADIUS TOLERANCE INCH = n (mo ymomuanut: 0.00005)

* CENTER ARC RADIUS TOLERANCE MM = n (mo ymomuanuro: 0.00127)

* USER M PATH = myfuncs:/tmp/mcodes:experimentalmcodes - Yka3bBaeT CIMCOK KaTaJ0T0B, pa3feJIeHE
OBOoeTOouueM (:), OJIs T0Ib30BaTeMbCKUX PyHKIUI. KaTanoru ykasrslBaloTCS OTHOCUTEIBHO TEKYIIIET0
kKatamnora as INI-datina unu kak abcomoTHbIe TyTH. CIIHCOK He OOJIZKEH COAepKaTh IPOMEKYTOUHBIX
mpoOeos.

[TorcK TIpPOMU3BOAUTCS IOJIsI KaXXKIOOM BO3MOXKHOM OITPefensieMol mojib3oBaTeieM QYHKINYU, OOBLIYHO
(M100-M199). TopsimOK IOMCKa CIEeOYIOLINM:

1. [DISPLAY]PROGRAM PREFIX (ecnm yKa3aH)

2. Ecnu [DISPLAY]PROGRAM PREFIX He yKa3aH, BEHIIOJIHUTE IIOKCK B ITAllKe I10 yMoI4aHuio: nc files

3. 3aTeM BHIIIOJIHUTE IIOMCK B KaXKAoM KaTasnore B ciucke [RS274NGCJUSER M PATH.
IlepBrii ucnionHsAeMbli M1xx, HalileHHBIU IPU IIOUCKE, UCIIONIb3yeTCA OJI Kaxkaoro M1xx.

Note
MakcnmanbHoe Konm4decTBo kaTasnoroB USER M PATH onpefenseTcsa BO BpeMs KoMOunaumum (Tmn:
USER DEFINED FUNCTION MAX DIRS == 5).

e INI VARS = 1 (Default: 1)
[To3Bonset nporpamMmam G-Kofma CYUTHIBAaTh 3HaYeHU u3 ¢paiina INI B popmarte #<_ini[section]name>.
Cwm. [NapameTtpsr G-koza.

* HAL PIN VARS = 1 (mo ymonyanwuio: 1)
[To3Bongetr nporpaMMam G-Kofa CUUTHIBATh 3HaueHUs KOHTAKTOB HAL B dopmate #<_hal[anmemeHT
HAL]>. [ocTyn K mepeMeHHBIM BO3MOXKEH TOJBKO [ias uTeHusi. CM. G-KOoOel ImapaMeTphl OJis
nony4denus 6osee nogpo6HOM HHGOPMALIMKU U BazKHOTO IIPEI0CTEPEKEHU .

¢ RETAIN G43 = 0 (Default: 0)
Korpma ycTaHOBIIEH, B MOXKeTe BKIIOUUTh G43 1mocie 3arpy3Ku IIepBOro MHCTPYMEHTA U IIOTOM He
0ECIIOKOUTLCSI 0 HEM B ITporpamMme. Korma Bl HaKOHEI] BHITPY3UTE MOCIEeOHUN HHCTPYMEHT, PEXKUM
G43 oTMeHseTCs.

* OWORD NARGS = 0 (o ymonuanwuio: 0)
Ecnu ata pyHKIMS BKIIIOYEHa, TO BEI3BIBaeMas IIOAIIporpaMMa MOXKeT OIIPefeIuTh KOJINYeCTBO IlepelaHHE
dbakTHUeCKUX NTO3UIMOHHBIX ITapaMeTPOB, IIPOBEPUB ITapaMeTp #<n_args>.
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* NO_DOWNCASE _OWORD = 0 (mmo ymomn4auuio: 0)
CoxpaHATh peructp B uMeHax O-CJI0B B KOMMEHTapHAX, €CJIM 3TOT IIapaMeTp YCTaHOBJIEH, pa3pellaeT
4yuTaTh 31eMeHTH HAL co cMeIllaHHBIM PETUCTPOM B CTPYKTYPHUPOBAHHBIX KOMMEHTAPUSIX, HAITPUMEP
(debug, #< hal[MixedCaseItem]).

* OWORD WARNONLY = 0 (mmo ymonyanwuio: 0)
Ckopee npepynpexneHre, yeM omubka, B ciydae omuboOK B noanporpaMmax O-CioB.

e DISABLE G92 PERSISTENCE = 0 (mo ymomnuanwuio: 0) Pa3pemuTs aBTOMaTHYE€CKYI0 OYUCTKY CMEIIeHU
G92 npu 3anycke KOHGUTYypalun.

e DISABLE FANUC STYLE SUB = 0 (o ymondaruio: 0) Eciu ecTs IprYnHa 3aIPETUTH HOAIPOTrPaMMBI
Fanuc, yctanoBute 3HaueHue 1.

e PARAMETER G73 PECK CLEARANCE = .020 (110 yMOT4aHUIO: METPHUYECKas cucTeMa: 1 MM, UMIIepCKas
cuctema: 0,050 mroiima) PaccTossHME OTCTyIIa IIPU CTPYXKKOOPOOIeHNY B eMUHUIIAX CTaHKa

* PARAMETER G83 PECK CLEARANCE = .020 (rmo ymon4yaHu1: MeTpryeckas cucremMa: 1 MM, UMIIEePCKas
cuctema: 0,050 mrotima) PaccTosgHue OT mociiemHed ryOUHE ITofayy, KOrga CTAHOK BO3BpalllaeTcs
K OHY OTBEPCTHS, B eIUHUIIaX CTaHKa.

Note

BbllleynoMsaHyTble WeCTb ONUUA KOHTPOMpoBanuck 6utoson mackonm FEATURES B Bepcusax Linux-
CNC po 2.8. 271oT1 Ter INI 6onblie He ByneT paboTaTb.

Ona cnpasku:

FEATURES & 0x1 -> RETAIN G43
FEATURES & 0x2 -> OWORD NARGS
FEATURES & 0x4 -> INI VARS

FEATURES & 0x8 -> HAL PIN VARS
FEATURES & 0x10 -> NO DOWNCASE OWORD
FEATURES & 0x20 -> OWORD WARNONLY

Note
[WIZARD]WIZARD ROOT sgBnseTca p[onycTuMbiIM nyTeM noucka, Ho Wizard He peannsoBaH
MOMHOCTbLIO, N pe3yNbTaTbl €ro NCNOJIb30BaHNA HeNpeACcKasyeMsbl.

* LOG_LEVEL = 0 Ykaxure log level (mo ymonuanuio: 0)

* LOG FILE = file-name.log
[Insa ykasaHusa ¢daiina, UCIOIb3yeMOT0 IJIsl 3allMCHU AaHHBIX.

¢ REMAP=M400 modalgroup=10 argspec=Pq ngc=myprocedure ITogpo6HocTu cM. B rinaBe Remap Ex-
tending G-code.

e ON_ABORT COMMAND=0 <on abort> call ITogpoGuocTu cm. B rinaBe Remap Extending G-code.

4.4.2.5 [EMCMOT] pasaen

OTOT pa3merst ABNISETCS HacTpauBaeMbIM M He ucronb3dyeTcs LinuxCNC Hampsimyio. B GoJbIIMHCTBE
KOH(pUTypalui 3HaYeHUs U3 9TOTO pal3felia UCIOIb3YVIOTCA OIS 3arpy3KU KOHTPOJUIepa OBUKEHUM.
[omonmHUTEeNbHYI0 UH(POPMAIINIO 0 KOHTPOJIJIEPE ABUXKEHUSA CM. B pa3fesie Motion.

¢ EMCMOT = motmod - 3mech 0OBIYHO HCIIONB3YETCS UMSI KOHTPOJIIepa OBUKEHU .

» BASE PERIOD = 50000 - mepuon BHIIOJHEHUS 3afa4yu Base B HaHOCEKyHOaX.
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 SERVO PERIOD = 1000000 - OTo nepuopn 3agadu “Servo” B HAHOCEKYHaX.
e TRAJ PERIOD = 100000 - Oto nnepuop 3amauu Trajectory Planner B HaHOCEKyHIaX.

e COMM TIMEOUT = 1.0-KonmuecTBO CEKyHI OKUAaHHUs, II0Ka Motion (4acTb KOHTPOJLIepa ABUKEHUS,
paboTaroiias B pexKuMe pPeaabHOr0 BPEMEHM) IMOATBEPAUT IojrydyeHue coobirenuit or Task (gacTb
KOHTpOJIJIepa ABUXKeHUs, paboTaroias He B peajlbHOM BPEMEHH).

* HOMEMOD =alternate homing module [home parms=value] [Tlepemernnas HOMEMOD saBnseTcs He00s3aT
Ecnu ykazaHa, UCHOJNB3YyUTe yKa3aHHBLIN (CO3TAaHHBIN MOJIb30BaTeIeM) MOAY/Ib BMECTO MOMOYJIS 110
ymomngaHuio (homemod). ITapameTrpsr momynst (home parms) MoOryT OBITH BKJIIOYEHEI, €CJIM OHU
NoAAepKUBAIOTCS YKa3aHHBIM MOAYJIEM. OTYy HaCTPOUKY MOXKHO IEePEONIpPeNeNuTh U3 KOMaHOHOU
CTPOKHU C IMOMOIIBI0 omImu -m ($ linuxcnc -h).

4.4.2.6 [TASK] paspen

¢ TASK = milltask - Yka3nwiBaeT uMs ucnonusieMoi task. icnomusieMblit paiin task BEITTONMHSIET Pa3JInYHEIE
OEelCTBUS, HalpUMeED:

- 00IIaThCS C MOJIb30BATEeNILCKUMHU nHTepdeiicamu yuepe3 NML,

- B3aUMOJEUCTBOBaThH C IJIAaHWUPOBIIUKOM [OBUXKEHUU B peaJbHOM BpeMeHHU 4Yepe3 OOy maMAaTh,
orimuHylo oT HAL, u

- uHTepnpeTtupoBaTh G-Kofd. B HacTosIlee BpeMs CYIIECTBYET TONMbKO OOWH MCIIOJIHSEMBIN ¢aii
3agay¥, KOTOPBIM uMeeT CMBICT aiist 99,9% monb3oBaTenei — milltask.

* CYCLE TIME = 0.010 - Ilepropn B ceKyHOaX, B TedeHHe KOTOporo 6ymet BeIIONHATHCSI TASK. 9TOT
napaMeTp BIUsIeT Ha UHTePBas OIIpoca IIPY OXUOaHUU 3aBepIIeHUs OBUKEHUs, IPU BHIIOIHEHUU
WHCTPYKUUY TIay3bl U [IPU NPUHATHN KOMaHOH U3 II0Ib30BaTelIbCKOro uHTepdeiica. OOBYHO HET
He00XOAMMOCTH MEHSATh 3TO YUCIIO.

4.4.2.7 [HAL] paspen

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

Ecnu HALFILE yka3aH HECKOJIbKO pa3, dhalbl HHTEPIPETUPYIOTCS B TOM IIOPSAAKE, B KOTOPOM OHU
nosaBinsaoTcs B INI-daiine. @ainel HAL SBISI0TCS ONMcaTeIbHBIMY, BEIIIOJTHEHUE TOTO, YTO OIIMCAHO
B (paitmax HAL, uHUITUUPYETCSA TOTOKaMU, B KOTOPhIe BCTPOEHH PyHKIINY, a He uTeHueM (dariia HAL.
ITouT; Bce KoHGpUrypanuu 6ynyT uMeTh 1o KpatiHel Mmepe onud HALFILE, a B maroBeix cucTeMax
0OBIYHO €CTh IBa TaKuX (paiiya, TO eCTh OOUH, KOTOPHIH ONpenessieT 001I1y0 KOHGUTYPAIHIO IIIar0BOTO
npuBopa (core stepper.hal), u gpyToii, KOTOPHIH opefesseT pacloloXeHe KOHTAaKTOB CTaHKa (XxX_pinou

®atvine HAL, yka3auuble B nepeMeHHON HALFILES, HaxogsaTCs ¢ TOMOIIBI0 IOKMCKa. ECcnu yKa3aHHEBIN
daiin HalieH B KaTanore, cogepxkaieM ¢atin INI, oH ucnonb3lyetrcsa. Ecnum yka3aHHBIM (aiin He
HalifeH B 9ToM KaTtasore ¢arnos INI, I0oKCK BEHIIOIHAETCS C UCIIOIb30BaHUEM CUCTeMHOM OUOIU0TEeKN
daiimoB HAL.

Ecnu LinuxCNC 3amyckaeTcsl co clleHapueM Linuxcnc ¢ ucnojib3oBaHueM omnuuu ”-H dirname”,
yKa3aHHOe UM KaTajora fo0asisieTcs K OIIMCaHHOMY BBIIIE IIOUCKY, TAK YTO CHa4aJlla BEIIIOJIHIETCS
nouck dirname. Onmuo ”-H dirname” MO03KHO yKa3aTh HECKOJIBKO pa3, KaTaJlloru fo6aBiIsioTCs 110
IOPSAOKY.

HALFILE Takxke MOXeT ObITh YKa3aH KaK abCOMIOTHHIN IIyTh (KOTOa MM HauYMHAETCS C CHUMBOJIA
/). AOCONIOTHBIE IYTH UCIONIL30BaTh HE PEKOMEHOYeTCSs, IIOCKOJIbKY WX UCIOJIb30BAHUE MOXKET
OTPaHUYUTH lIepeMeleHne KOHQUTrypanuu.

’.

* HALFILE = texample.tcl [argl [argZ2] ...] - BeimonuuTe ¢aiin tcl texample.tcl npu 3amycke c argl,
arg2 m T. O. B KadecTBe cmucka argv. ®ainel ¢ cydpdurcom .tcl obpabaThiBaroTCs, KakK yKa3aHO
BBIIIIE, HO AJ1s1 06pabOTKM UCIOJIL3YETCSI OCTAaHOBKA. [[OMOJTHUTENbHYI0 MH(POPMAIIUI0O CMOTPUTE B
HALTCL Chapter.
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* HALFILE = LIB:sys example.hal - 3anycTture daiin cucreMHol 6ubnuoreku sys example.hal npu
3alrycke. fBHOe HUCIIOnb30BaHue mpedukca LIB: MpUBOOUT K UCII0JIb30BAHUIO CUCTEMHOM OUOTMOTEKHN
HALFILE 6e3 nmoucka B KaTasnore ¢atinos INI.

e HALFILE = LIB:sys texample.tcll[argl [arg2...]]-3anycTtute dain cucteMHOMN OUOINOTEKU SYS_texam|
ITpHU 3allycKe. fFBHOe uCIonb30BaHUe peduKca LIB: MpuBOOUT K UCII0JIb30BAHUIO CHCTEMHOM OUOIHNOTEKH
HALFILE 6e3 nmoucka B KaTasnore ¢atinos INI.

9nemeHTsl HALFILE omnpepensior ¢aiibl, KOTOPEIE 3arpyzKaloT KOMIOHeHTH HAL 1 yCcTaHaBIMBAIOT
CUTHaJIbHBIE COeUHEHU A MeX 1y KOHTaKTaMMi KOMIIOHEHTOB. PacnpocTpaHeHHBIMU OIINOKaMU SIBISIOTCS

1. orcytcTBue onepaTtopa addf, Heo6xoguMmoro Oyst modaBneHus GyHKIMM (M) KOMIOHEHTA B IIOTOK,

2. HeIomHble cuenuduKaToOpsl cCuTrHamna (net).
IIponyck HeoOxomuMEIX ornepaTopoB addf mouTu Bcerma siBnsieTcs omnOKoi. CUTHAJIBI OOBIYHO BKITIOYAOT
OIIHO MJTM HECKOIbKO BXOOHBIX COeIUHEHUN U OOUH BEIX0 (HO 06a He SIBISIIOTCS CTPOTO0 00s13aTETbHBIMMU).

II711 IpOBEPKM 3TUX YCJIOBUM ITpemocTaBisieTcs dhain cucteMHol 6ubIuoTeKu U oT4eT Ha stdout u Bo
BcIibiBarommu ['UIT:

HALFILE = LIB:halcheck.tcl [nopopup]

Note

Ctpoka LIB:halcheck.tcl momxHa 6biTb nocneaHen [HALJHALFILE. Ykakute onumio nopopup,
4yTo6bLI NOAABMTL BCM/bIBalOLLee COOBLEHNE 1 pa3pelnTbs HEMeANeHHbI 3anyck. CoeanHeHus,
BbIMOJ/IHEHHbIE C Ucrnonb3oBaHnem POSTGUI_HALFILE, He npoBepstoTCA.

e TWOPASS = ON - Ucmonb3yiTe OBYXIPOXOOHYI0 00pabOTKy A 3arpy3ku komnoHeHToB HAL. Ilpu
ob6pabotke TWOPASS ctpoku ¢atinos, ykazanusie B [HALJHALFILE, o6pabaTriBaroTCs 3a Ba IPOX0MAa.
Ha nepBom npoxoje (pass0) cuutrsiBatoTcst Bce HALFILES 1 HakannnBaoTCsSI MHOXKECTBEHHEBIE TTOSIBJIEHHU S
kKoMaHp loadrt u loadusr. 9Tu HakKomneHHBIE KOMaHOL 3arpy3KM BEIIIOJHSAIOTCSA B KOHIE passO.
Takoe HakOIJIeHNE T03BOJISIET YKA3kIBATh CTPOKM HAarpy3Ku 00Jiee OMHOr0 pa3a IOJis JaHHOT0 KOMIIOHEeHTa
(mpemocTaBnsieT names= HMeHa yHHUKallbHbI IIPU KaXXAOM HCIIOJIb3oBaHUU). Ha BTOpOM mpoxope
(pass1) HALFILES cuuTBEIBalOTCS 3aHOBO 1 BRHITIOJITHSIOTCSI BCE KOMAHIBI, KDOME PaHee BHIIOJITHEHHEIX
KOMaH[ 3arpy3KH.

¢ TWOPASS = nodelete verbose - Oyrkiuo TWOPASS MOKHO aKTUBUPOBATH C IOMOIIILIO JTI000M HEHYIIEBOH
CTPOKH, BK/IIOYas KIII0YEBHIe ClIoBa verbose u nodelete. KmroueBoe cmoBo verbose BLI3EIBAET BHIBO[I
cBemenuit Ha stdout. KmtoueBoe ciioBo nodelete coxpaHsieT BpeMeHHEIe daiiiikl B /tmp.

71 mony4deHUus OOMOJHUTENbHON nHpopMmaruu cM. rinasy HAL TWOPASS.

* HALCMD =command - Beinonaute command Kak ogHy komanny HAL. Ecinu HALCMD yka3aH HECKOJIBKO
pa3, KOMaHOBl BEIIOIHSAIOTCS B TOM NOPsSAKe, B KOTOPOM OHU mnosABnA0TCA B INI-datine. Ctpoxru
HALCMD BrimmoniHSAIOTCA mociie Bcex cTpokK HALFILE.

e SHUTDOWN = shutdown.hal - 3anycTtuTe daiin shutdown.hal mpu Beixoge LinuxCNC. B 3aBucumoctu
OT UCIIO/Ib3YEMEIX APaiiBepoOB 060PyA0BaHUS 3TO MOXKET ITI03BOJIUTh YCTAHOBUTD BEIXOTHEIE 3HAYEHU T
Ha oIpefesieHHbIe 3Ha4YeHUs npu o6pryHOM BeIxome LinuxCNC. OpgHako, MOCKOJIBKY HEeT HUKaKOU
rapaHTHH, 9YTO 9TOT ¢aiiy OymeT BLIIOTHEH (HaIpUMeD, B ciry4dae c60s1 KOMIIBIOTEDPA), OH HE 3aMEHSET
PaBWILHYI0 GU3NYECKYIO I[eIIOYKY aBapUMHOr0 OCTAHOBA WX OPYTHEe CPEeLCTBa 3alUTHL 0T cO0s
IIPOTPaMMHOT0 00eCIIeuyeHus.

* ‘POSTGUI HALFILE = example2.hal — BrimonHuTh example2.hal’ mocne Toro, kak I'MII co3macT
cBou KoHTAKTEl HAL. HekoTtoprie I'MUIT co3maioT KoHTakKTel HAL u mmogmepzKuBaiOT MCIIOJIb30BaHUE
postgui halfile mng ux ucnonslosaunus. K ', nogmepxuBatomum ¢aiinet HAL postgui, oTHOCATCA
Touchy, AXIS, Gscreen u GMOCCAPY.

[omonHuTeNbHYI0 HHPOPMaLuio cM. B padnene PyVCP with AXIS.
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e HALUI = halui — gofaBnsieT KOHTAKThI IOJIb30BaTEILCKOTO HHTEepderica HAL.
71 mony4deHus OONONHUTEeNbHOM nHpopMaluu cM. rinaBy HAL User Interface.

4.4.2.8 [HALUI] paspen

* MDI COMMAND = G53 GO X0 YO Z0-Komaunmy MDI MOKHO BEITOITHHUTS C ToMomibo halui.mdi- command-0¢
YBenuubTe YHUCIO OJIT KaXKO0o¥ KOMaH[Obl, yKa3aHHoU B pa3mene [HALUI]. Takke MOKHO 3allycKaThb
nopmporpamMmel. MDI COMMAND = o<yoursub> CALL [#<yourvariable>]

4.4.2.9 [APPLICATIONS] paspnen

LinuxCNC Mo2eT 3allycKaTh Opyryue NPUIoKeHua 0 3anycka ykasanHoro ['UI1. [TpunoxeHuss MOXKHO
3allycKaTh II0C/Ie 3aJaHHOW 3aepP:KKM, YTOOH 00eCHedYuTh BO3MOXKHOCTh OEHUCTBUM, 3aBUCSIIUX OT
T'UIl (HanpumMep, co3manre KOHTaKTOB HAL mnst KoukpeTHoro ['MII).

e DELAY = value - ceKyHOB OXKUOAQHUA IIepel 3allyCKOM OPYTUX IPHIOXKeHWH. 3amepikKKa MOKET
noTpeboBaThLCS, ecnu mpunoxkenue 3aBucutT ot gevictBuit [HAL]POSTGUI HALFILE mnu KOHTaAKTOB
HAL, cosgannbix I'MUII (1o ymomgaruio DELAY=0).

e ‘APP = appname [arg] [arg?2 ...]]’ - [IpunoxkeHue, KOTOPOE HYKHO 3aMMyCTUTh. ITY CIeUUPUKALINIO
MOJKHO BKJII0UaTh HECKOJIBKO pa3. MMs mpumoxkeHUs MOXKeT OBITh SBHO yKa3aHO KakK abCoJoTHOoe
uMs ¢aiina unu uM4 ¢aiisia, yKkazaHHOE C IIOMOIIBIO TUJILIHI (IIEPBBIX CUMBOJI / UJIN ~ ), OTHOCUTEJILHOE
uMs (atina (mepBble CUMBOJIEI UMeHU (aiina — ./) unm Kak ¢aiin B Katanore ¢ainos INI. Eciau no
9TUM UMeHaM UCIIOJIHSAeMbIl palijl He HaWoeH, TO AJIs IoMCKa ITPUI0XKEeHU S UCTIOIb3YEeTCS ITI0JTb30BaTEJILCK
nouck PATH.
[Tpumepsr:

- UMmuTupyiite BXOOHBEIE OaHHBIE OjI KOHTAaKTOB HAL fOmns TecTupoBaHUSA (MCHONB3ysA Sim pin —
npoctou I'MI1 gjia ycTaHOBKY BBOJA [AJIS IapaMeTPOB, HEMTOOKJTIOYEHHBIX KOHTAKTOB UJITA CUTHAJIOB
0e3 3amuChIBaIONIUX YCTPONCTB):

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

- BrizoBuTe halshow ¢ panee coxpanenHbIM watchlist. ITockonbky LinuxCNC ycTaHaBIuBaeT B
KauyecTBe pabouero kartasnora kKatajor gjs ¢datina INI, BbI MokeTe cChITaThCs Ha (GaMiibl B 9TOM
KaTanore (mpumep: my.halshow):

APP = halshow my.halshow
- B kayecTBe anbTepHAaTUBLI MOKHO yKa3aTh (aiin watchlist, mmeHTHOUITMPOBAaHHELIN 110 IIOJTHOMY
OyTH:

APP = halshow ~/saved shows/spindle.halshow

- Otkpotiite halscope, uconb3ysi paHee COXpPaHEHHYIO0 KOHQUTYPaIInIo:

APP = halscope -i my.halscope
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4.4.2.10 [TRAJ] pasaen

Warning

HoBbIn MaaHNPOBLUMK TpaekTopun (TP) BKAOYEH NO yMoOYaHUO. Ecnn y Bac 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

Pazmen [TRAJ] comepxuT ob11re napaMeTphl MOOY/IsS MJIaHUPOBAHUS TPAaeKTOPUU B pekume motion.

* ARC_BLEND ENABLE = 1 - Bxmwouute HOBHIM TP. Ecnu ycraHoBneHo 3HadeHue 0, TP mcnomnb3yer
nmapabonuyeckoe cMmerruBanue (1 cerMeHT Bepen) (110 yMor4aHuio: 1).

e ARC BLEND FALLBACK ENABLE = 0 - IIpu He0oO0XOOWMOCTH BEpPHUTECH K apaboIndeCKUM CMECHM,
€CJIM pacyeTHas CKOPOCTh BhIle. OgHAKO 3Ta OlleHKa IpUOIU3UTEeNIbHa, U KaXkeTCsl, YTO IIPOCTOoe
ee OTKJIIOYEHHe fJaeT JIYYIIyI0 IIPOU3BOAUTENIBHOCTS (10 yMondaHuio: 0).

¢ ARC BLEND OPTIMIZATION DEPTH = 50 - [TocmoTpuTe BIiepeq Ha rTyOHMHY B KOITUYECTBE CETMEHTOB.

Yto6Bl HEMHOTO ITOApPOOHEEe paccKazaThb 00 3TOM, BEl MOXKeTe BHIOpaTh 3TO 3HAYEHUE HECKOIbKO
ITPOM3BOIbHO. BoOT (hopMyrna, mMO3BOJAIONIAS OIEHUTH, KakKasi depth BaM HyXXHa OJIT KOHKPETHOM
KOHGpUrypauuu:

#n =v_max / (2.0 * a_max * t_c)

# where:

# n = optimization depth

# v_max = max axis velocity (UU / sec)

# a max = max axis acceleration (UU / sec)
# t c = servo period (seconds)

HTak, CTaHKy C MAaKCHMAaJbHOM CKOPOCThIO ocu 10 IPS, makcuManbHBIM yckoperueMm 100 IPS? u
nepuomoM cepBompuBona 0,001 s moTpebyeTcs:

10 /(2,0 100 * 0,001) = 50 cerMeHTOB, YTOOHI BCEr{a HJOCTUTATh MAaKCHUMAaJILHOM CKOPOCTH BOOJIb
caMoi OBICTPOM OCH.

Ha mpakTrke 3TO 4YHCJIO He TaK BaXKHO [JI HACTPOWKY, IIOCKOJIBKY [JIS IIPOCMOTpPA BIEpen penKo
TpebyeTcs IoJIHas riyOrHa, eCJIU TOJILKO y Bac HeT O0JIBIIIOro KOJINYeCcTBa OYeHb KOPOTKUX CETMEHTOB.
Ecnu BO BpeMs TeCTHPOBAHUSA BHL 3aMETHUJIM CTPaHHBIE ITOATOPMAaXkKMBaHUSA U He MOXKETe IIOHSTH,
OTKy[a OHM OepyTcsi, CHadasla nonpo0yiTe YBEIUYUTh 3Ty TJIyOUHY 110 (OpMYJie BHILIE.

Ecnm B mo-npekHeMy HabiofgaeTe CTpaHHBIE 3aMeJIEHNS, BO3MOXKHO, 3TO CBI3aHO C KOPOTKUMU
cerMeHTaMH ITporpaMmul. B aToM ciiydae monpo0yiiTe mob6aBuTh HEOOIIBIION JOMYCK AjIst 00HAPYXKEHUSI
Naive CAM. Xopouiee IpakKTUUYECKOE IPABUIIO TAKOBO:

# min length ~= v req * t c

# where:

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

Ecnu BB XOTHUTE IyTEMIECTBOBATE 11O ITyTH CO CKOPOCThIO 1 IPS = 60 IPM, a nepuop Balliero cepBonpuBoaa
coctaBnsieT 0,001 s, To mobOrie cerMeHTH Kopode min length OymyT 3amemnats myTb. Ecmu B
ycTtaHoBuTe gonyck Naive CAM npuMepHO Ha 3Ty MUHUMAJILHYIO [JINHY, CIIAIIKOM KOPOTKHE CETMEHTHI
OyoyT o0BbeOuHEHBl BMECTe, YTOOBl YCTPAHUTh 3TO yY3K0e MecTo. KOHeYHO, yCTaHOBKa CJIMIIKOM
BBICOKOTO JOITyYCKa O3HauvaeT OOJIbINe OTKJIOHEHUS OT TPAeKTOPUH, II09TOMY BaM IPUAETCSI HEMHOTO
IIOUTpaTh C HUM, YTOOH HAWTHU XOpoIllee 3HaueHue. 4 661 Havan ¢ 1/2 min length, a 3aTeM yBenuumBan
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05l o Mepe HeoOxomumocTu. * ARC BLEND GAP CYCLES = 4 HackoJIbKO KOPOTKHUM HOJIKEH OBITh
NpeObIAYIINE CETMEHT, IIpeXAe YeM IJIaHUPOBIIUK TPaeKTOPUU nompebum ero.

YacTo pu nnepexofie o Ayre OKPyKHOCTU MeXK/Ay IIepexofaMu OCTal0TCsI KOPOTKHUE CETMEHTH IMHUN.
[TockonbKy reOMeTpHS AOIKHA ObITh KPYTJION, MBI He MOXK€EM pacTyllIeBaTh BCIO IWHUIO, €CIIU CIIeAylolas
HeMHOro kKopode. IIOCKONIBKY NJIaHUPOBIIUK TPaeKTOPHUHU AOIXKEH KOCHYTBCS KaxKAOro CerMeHTa
X0Ts1 OBl OIUH pa3, 3TO O3Ha4YaeT, YTO OUYEeHb MaJIeHbKHEe CerMEeHTH OyAyT 3HAUUTEJIbHO 3aMeIsATh
oBuxkeHue. Moe ucrpaBieHue 3TOT0 cItocoba - "MOTJIOTUTh” KOPOTKHUM CErMEHT, CHieJiaB €ro YacCThIO
OyTH criiaxkuBaHUs. [TI0CKONIBKY NTMHUS +1IepeXo IpefcTaBisieT co00l OOUH CETMEHT, HaM He Hy3KHO
3aMenNAThCs, YTOOHI IIONIacTh Ha OUeHb KOPOTKUM cerMeHT. CKOopee BCeTo, BaM He IPUAETCS TPoraTh

9Ty HacTpouKy. * ARC BLEND RAMP_FREQ = 20-3T0 epaHuUYHasA 4acTOTa OJII UCIIOIb30BaHUS INHEUHOU
CKOPOCTH.

Hapacmawuwaa ckopocmb B HaHHOM CJIydae IPOCTO O3HadYaeT IIOCTOSHHOE yCKOpeHHWe Ha BCeM
y4acTKe. DTO MeHee OIITUMAaJIbHO, YeM TpallelMeBUAHBIN ITPOGUIIE CKOPOCTH, IIOCKOJILKY YCKOPEeHUEe
He MakcuManbHoe. OmHAKO, €C/IM CerMeHT AOCTAaTOYHO KOPOTKHWH, y Hac He OymeT HOCTAaTOYHO
BPEMEHH, T-ITO6bI CUJIBHO yCKOpI/ITbCH, IIpexne 4yeM MBI JOCTUT'HEM CJIeJIy'IOI_LIel"O cerMeHTa. BcrioMHUTE
KOPOTKUE OTPEe3KU IMHUYU U3 IpefbIaAyiero npuMepa. [I0CKOIbKY 9TO IMHUY, YCKOPEHU S Ha IIOBOPOTax
HET, IO03TOMY MBI MOXK€EM Pa30THaThCs A0 Tpebyemoi ckopocTu. OgHAKO €C/Iu 3Ta TUHUS HaXOOUTCS
MeXK[y OBYMS OyraMH, TO el IPUAeTCs CHOBa OBICTPO 3aMEIUThCS, YTOOBI OKa3aThCs B IIpemeiax
MaKCHUMaJIbHOU CKOPOCTH CIIEOYIOIIEero CerMeHTa. JTO O3HadaeT, YTO Y HaC eCTh PEe3KHUH CKa4d0K
YCKOPEHUS, a 3aTEM PE3KUM CKaUOK 3aMeqJIEeHNS, BEI3BIBAIOIINM CUIILHBIN PHIBOK, ITPU OYEHDb HEOO0JIBIIIOM
IIPUPOCTE IPOUIBOOUTEIBHOCTH. IJTa HACTPOMKA IO3BOJISET YCTPAHUTH 3TOT PHIBOK Ha KOPOTKUX
CerMeHTax.

ITo cyTH, ecnmu cerMeHT OymeT 3aBepilieH 3a MeHbInee BpeMsi, ueM 1 / ARC BLEND RAMP FREQ,

MBI He 3aMOpavuBaeMCs C TpanellleBUOHEIM IPoGUIeM CKOPOCTH Ha 3TOM CETMEHTE U UCIIONb3yeM
nocTossHHOe ycKopeHue. (YcranoBka ARC_BLEND RAMP_FREQ = 1000 skBuBasJeHTHa BCerfa UCIOIb30BaHU
TpalenueBUOHOIO0 YCKOPEHHUsI, €CJIU 4acTOoTa CepBO MOTOKa cocTasiseT 1 kI'm).

BhI MOXXeTe oxapaKTepu30BaTh MOTEPI0 TPOU3BOAUTEIBHOCTH B XYIIIIEeM ClIy4dae, CPaBHUB CKOPOCTh,
KOTOPYIO JOCTUTAET TparelueBUIHEIN TPOQHUITh, CO CKOPOCTHIO HapaCTaHUsI:

# v _ripple = a max / (4.0 * f)

# where:

# v_ripple = average velocity ”"loss” due to ramping
# a max = max axis acceleration

# f = cutoff frequency from INI

[I71 BRIIIEYIIOMSHYTOTO CTaHKa Hynbcalms Ajis 4acToThl cpe3a 20 I'ip cocrasnser 100 / (4 * 20)

= 1,25 IPS. 9Ta nudpa KaxkeTCs BEICOKOM, HO UMEUTe B BUOY, UTO 3TO JIUIIL OLleHKA HauxXyQUIero
crny4dasi. B gelicTBUTeNnbHOCTU IPOGUIL TPAleINeBUIHOI0 IBUXKEHU S OrpaHuYeH IPYyruMu pakTopaMy,
TaKMMU KaK HOPMaJIbHOE YCKOPEeHUeEe Uin TpebyeMast CKOPOCTh, TO3TOMY haKTHUecKas MoTePs TPOU3BOOU’
moJzKHA OBITH HAMHOTO MeHbIIIe. YBeIndeHNe YaCTOThI CPe3a MOXKeT IIOBEICUTh IIPOU3BOOUTENIFHOCTD,

HO cHefaTth OBUXKeHHe Oojlee IrpyOBIM M3-3a CKQ4YKOB yCKopeHUs. s Hadana OymeT pa3yMHBIM
3HadeHUe B auanas3osHe oT 20 go 200 I.

Hakonel], HUKakKue HaCTpOfIKI/I He YCKOPSAT TPAa€KTOPHWIO MHCTPYMEHTa C MHO2XKECTBOM MaJIEHBKHX,
KPYTHIX YI'JIOB, IIOCKOJIBKY BEI OTPAaHUYE€HEI YCKOPEHHUEM Ha IIOBOPOTAX.

e SPINDLES = 3 - Konu4yecTBO IOAAepXUBAaeMbIX IIMUHAene. KpaliHe BaXXHO, YTOOBI 3TO UHUCIIO
COOTBETCTBOBAJIO ITapaMeTpy “num _spindles”, mepegaBaeMoOMy MOIYIIIO OBUXKEHUS.

* COORDINATES = X Y Z - Umena ynpaBnsgeMbix oceid. Honyctumsl Toneko X, Y, Z, A, B, C, U, V W,
B G-xope nmpumHEMAalOTCA TONBKO OocH, yKa3aHHEe B KOOPIIWHATAX. Pa3pemeHo nucats UM OCH
6ornee omHoro pas3a (Hampumep, XYY Z os mopTaabHOTO cTaHKka). st oOsIgHOM trivkins kinematics
HOMepa CoeqUHEeHUU Ha3HavalTCHa IIOCIeIoBaTEeIbHO B COOTBETCTBUU C TapaMeTpoM trivkins coor-
dinates=. Wrak, ona trivkins coordinates=xz, joint0 cooTBeTcTByeT X, a jointl cooTBeTcTByeT Z.
CM. cIIpaBOYHYIO CTPaHUIY II0 KMHEeMaTuke ($ man kins) Ons nonydeHus nH@opmauuu o trivkins u
OPYTUX MOAYISIX KHHEMaTUKH.




LinuxCNC V2.10.0-pre0-5330-ge4692db02e 160/1344

LINEAR UNITS =<units> -VYkKa3wrBaeT eOuHUUbl CMAHKA OJIS1 TUHENHEIX 0celi. Bo3MOXKHBIE BApUAHTHI:
MM HJIM OJIOMM. OTO He BIHSET Ha JIUHeHHbIe eguHHUIL B Kone YII (aTto memnaroT cinoBa G20 u G21).

ANGULAR UNITS =<units> - Yka3briBaeT e0uHUUbl CMAaHKA OJ1s1 Ocel BpallleHus1. BO3MOXKHEIE BapUaHTHI:
deg, degree (360 ua kpyr), rad, radian (2*u Ha Kpyr), grad, unu gon (400 Ha Kpyr). DTO He BIUSIET
Ha yrnoBele eguHUIE Kofga YII. B RS274NGC cnosa A, B u C Bcerga BeIpakKarTCs B Ipagycax.

DEFAULT LINEAR VELOCITY = 0.0167 - HaganbHas CKOPOCTh CTYIIEHUYATOI O IepeMEIeHUS TUHEUHBIX
ocel, B MalllMHHLIX eOUHUIIAX B CEKYHAY. 3HadeHUe, oToOpaxkaemoe B AXIS, paBHO MalllMHHBIM
eqUHHUIIaM B MUHYTY.

DEFAULT LINEAR ACCELERATION = 2.0 -Ha craukax c nontrivial kinematics yckopeHue, ucrnonablyemMoe
ons “teleop” (mekapTOBO IIPOCTPAHCTBO) MeAJIEHHHIX ITOfady, BhIpaXKaeTcs B eOUHUUAX CMAHKA B
CEeKyHAY.

MAX_LINEAR VELOCITY = 5.0 - MakcuManbHasi CKOPOCTb IJisl TI000H OCH MJIU CKOOPAVUHUPOBAHHOTO
nepeMeleHusI B eJUHUUAX CMaHKax B ceKyHOy. OToOpazkaeMoe 3HaueHue paBHO 300 eguHHUIIaM B
MUHYTY.

MAX LINEAR ACCELERATION = 20.0 - MakcuMaibHOE YCKOPEeHUe O TI000M 0CU MJIN ITepeMellleH1e
COTJIaCOBaHHOM OCH, B eQUHUUAX CMAHKA B CEKYHTY.

POSITION FILE = position.txt-Eciu yCTaHOBIEHO HEIIYCTOE 3HaAUYEHNE, IO3UIUU COYJIEHEHUN COXPaHSIOT
MeXAy 3alyckaMu B 3ToM ¢aiie. DTO MMO3BOJISIET CTAHKY CTAapTOBaTh C TEMU XKe KOOPAUHATaMHU,
KOTOpBIe OBIJIM V HEro IPUW BBIKIIIOYEHUU. OJTO IIPEAIojiaraeT, YTO IPH BHIKIIOUEHHOM MUTAHUU
CTAHOK He OBUTAaJICs. EC/TM He yCTaHOBJIEHO, ITO3UIINY COUJIEHEeHUH He COXPAHSIOTCS ¥ OyOyT HaUNHATHCS

¢ 0 mpu Kaxmom 3amycke LinuxCNC. 3To M0ozXKeT IToM0o4Yb Ha HEOOIBITNX CTaHKaxX 6e3 MepeKksodaTesiein
ucxomHo¥ mos3uruu. [Ipu mcoonb3oBaHuM uHTEepdeiica mpeodpasoBaTenis Mesa 3TOT ¢Gaiil MOKHO
KUCMOJIb30BaTh OJIA IMYJIAIIMKU aOCOMIOTHBIX 3HKOOEPOB M YCTPaHEeHUsT HeoOXOOMMOCTHU BOo3BpaTa B
HCXOOHOE ToJioXkeHUe (6e3 moTepu TOUHOCTH). [[OMOJTHUTENbHYI0 UHGOPMAILUIO CM. Ha CTpaHUlle
pykoBoacTBa hostmot2.

* NO_FORCE HOMING = 1 - [To ymomuanuio LinuxCNC 3acTaBnseT I0JIb30BaTeIs IPUBECTU CTAHOK B
HCXOOHOE TIOJIOXKEeHME Iepel 3allyCKOM KakKoW-mu6o KoMaHAsl MDI unu nporpaMMbl. OOBIYHO [0
IpUBEIEeHUS B UCXOOHOE IIOJIOKEHNEe Pa3pelllaeTcs TOJIbKO MeAJIeHHas rnogayda. 71 KoHQUurypauu,
ucnonb3yromux identity kinematics, ycranoBka NO FORCE HOMING = 1 n103B0oIsIET II0JIb30BaTEIIIO
BBITIOJTHATH NepeMerienuss MDI u 3amyckaTh IporpaMMbl 6e3 IpeaBapuTEILHOT0 BO3BpaTa CTaHKa
B MCXOOHOE IOJI0KeHue. B mHTepdeiicax, ucnomb3ylomux identity kinematics 6e3 BO3MOXKHOCTHU
BO3BpaTa B UCXOIHOE I0JI0KEeHMUe, /IS 3TOM OnNUuU HeoOXOOQUMO YCTaHOBUTL 3HaYeHue 1.

Warning
LinuxCNC He 6ypneT 3HaTb BalM OrpaHWYeHUs TEePEMELLEHUS COYNEHEHUS Mpu
ncnoss3osaHnn NO_FORCE_HOMING = 1.

*HOME = 0 0 0 0 0 0 0 O 0-T'nobanbHas HCXOOHAS IIO3UIKS He0OX0IUMa [JI1 MOLYJIel KHHEMAaTUKH,
KOTOPHIE BRIYUCIIAIOT ri1o0anbHble KOOPAUHATH ¢ moMOoIIbio kinematicsForward() mpu nepekioyeHun
U3 pexuMa CouJieHeHus B teleop pexuM. MoOXKHO yKa3aThb [0 [IeBsATH 3HaueHU koopauHaT (XY Z A
B C UV W), Heucronb3yeMble KOHEYHBIE 97IEMEHTHI MO2KHO OIIYCTUTh. DTO 3HAYEHUE UCIOJIb3YEeTCs
TOJILKO JIJISI CTAHKOB Cc nontrivial kinematics. Ha crankax c trivial kinematics (dbpe3epHrbie, TOKapHEIE,
MMopTaabHLIE) 3TO 3HAUEHUe urHopupyeTcs. [Ipumeuanne. [ koHburypaimu sim hexapod tpebyeTcs
HEeHYJIeBOe 3HaUeHUWe KOOPAMHATH Z.

* TPMOD = alternate trajectory planning module [tp parms=value]
[TepemenHnas TPMOD siBisieTcst HeoOs13aTENbHOM. EC/IM yKa3aHo, UCIIOIb3yHTe YKa3aHHBIN (CO3TaHHBIN
[I0JIb30BaTEJIEM) MOIYJIE BMECTO MOAYJISA II0 yMondaHuio (tpmod). ITapameTpsl Momyns (tp parms)
MOTYT OBITh BKJIFOUEHHI, €CJIM OHU NOONEPKUBAIOTCSA YKAa3aHHBEIM MOAYJIEM. OTY HaCTPOUKY MOIKHO
repeonpenenuTh U3 KOMaHOHOMN CTPOKHU C IIOMOIIbIo onuuu -t ($ linuxcnc -h).
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* NO PROBE JOG ERROR = 0-Pa3spemuTs 06X01 IpoBepKY cpabaThIBaHUA HaTuyWKa KOTna BBl UCIIOJIb3yeTe
MeJIEHHVIO IIoflayy B PyYHOM pPeXUME.

* NO_PROBE HOME ERROR = 0 -Tlo3BossieT 06XO0OUTh IPOBEPKY CpabaTHBAHUS HAaTYUKaA BO BpeMs BO3BpaTa
B UCXOMHOE II0JI0KEHUE.

4.4.2.11 [KINS] paspen

e JOINTS = 3 - YKa3rlBaeT KOJIMUYECTBO COYJIEHEHUM (OBUTaTesiel) B cucteMe. Hamnpumep, CTaHOK
trivkins XYZ ¢ omHuM pgBUTraTeneM Ha KaX[ayi0 OCh UMeeT 3 couJjieHeHUus. I[lopTanmbHBIM CTAaHOK
C OOHUM JBUTaTeJjieM Ha KaXAou M3 OByX OCeM U OByMS OBUTATEISIMH Ha TpeThed ocu umeet 4
couneHeHud. (OTa nepeMeHHasa KOHGUTypaIly MOXKeT ucnonb3oBaTbca 'UIT ang yCTaHOBKY KOIUYECTBa
couleHeHuU (num joints), yKazaHHBIX OJ11 MOnyJig motion (motmod).)

e KINEMATICS = trivkins-¥Ykaxwute monyns kinematics gist Mmogysisg motion. I'MIIsl MOTYT UCIIONIB30BaTh
9Ty IepeMeHHYIO i YKa3aHus cTpoku Loadrt B dpaiinax HAL g momyinig motmod. [JoImomTHUTENBHYIO
nHpOpMaLUio 0 MOOYJIAX KMHEMaATUKU CMOTPUTE Ha CTpaHUIle pyKoBoacTBa: $ man kins.

4.4.2.12 [AXIS_<letter>] Section
<letter> ykasriBaeT omHy 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.

* MAX VELOCITY = 1.2 - MakcuManbHasi CKOPOCTb OJI 9TOM ocu B machine unit B cekyHAy.

e MAX ACCELERATION = 20.0- MakcuMabHOE YCKOPEHUE AJIS 9TOM OCU B eIUHUIIaX CTaHKa B CEKYHOY
B KBajpare.

e MIN LIMIT = -1000 - MuHuUMaNbHEN IIpefesn (IporpaMMHBIN IIpefes) OBUXKEHUSI OCU B eqUHUIaX
U3MepeHusa CTaHKa. [Ipu IpeBHIIIEHUU STOTO Ipedeiia KOHTPOJUJIEDP IIpPephBaeT OBUIKEHHE OCH.
Ocp ponxkHa OBITH BO3BpallleHa B MCXOOHOE IIOJIOKEeHWe [0 Toro, kak cpaboraer MIN LIMIT. [Ins
noBopoTHOU ocu (tun A,B,C) ¢ HeorpaHU4YeHHEIM BpamieHueM, He uMetomied MIN LIMIT gns aTtou
ocu B pa3genie [AXIS <letter>], ucnone3yercs 3HadeHue -1€99.

e MAX LIMIT = 1000 - MakcuMasnbpHBIY Ipefen (IporpaMMHBIY IIpefesl) OBUKEHUS OCH B eqUHUIAX
U3MepeHusA CTaHKa. [Ipu MpeBHIIIEHUM 3TOTO Ipefesla KOHTPOJIJIEP IIpephiBaeT OBUXKEHHE OCH.
Ocp momkHa OBITH HPHBEEHA B MCXOMHOE IIOJIOKEHHE 0 TOro, Kak cpaboraetr MAX LIMIT. Hns
noBopoTHOU ocu (tun A,B,C) c HeorpaHUYeHHEIM BpamieHueM, He umetomied MAX LIMIT gns sTou
ocu B pa3gene [AXIS <letter>], ucnons3lyercs 3HaueHue 1€99.

* WRAPPED ROTARY = 1-Ecnu nns ANGULAR ocu ycTaHOBIEHO 3HaueHUe 1, ock OyIeT nepeMellaThCs
Ha 0-359,999 rpapgycoB. [TomoxKuTenbHEIE YKCIia IEPEMENIAlOT OCh B ITOJIOXKUTENHHOM HallpaBIeHNH,
a OTpULATeJIbHbIE YUCIIa IIepeMenaioT OCh B OTPULIATEIbHOM HallpaBIeHUH.

e LOCKING INDEXER JOINT = 4 — 3To 3HaueHUe BLIOMpPAET COYJIeHeHMEe, YTOOHI UCIIOIb30BTh KaK PUKCUPYI
WHOEeKCcaTop [JIs yKa3aHHOU ocu <letter>. B sToM mpuMepe coudleHeHUe UMeeT HoMep 4, 4To
CoOTBeTCTBYyeT ocu B amns cucteMmbl XYZAB ¢ kuHeMaTukoi (identity) trivkins. Korpga ycrtaHoBieHoO,
nepeMmerienne GO myst 9TOM OCH MHUIMHUPYET Pa30IOKUPOBKY C momomkio joint.4.unlock pin,
3aTeM XKAeT KOHTakT joint.4.is-unlocked, a 3aTeM mepeMelllaeT CO4YJI€HEHNE C BBEICOKOHU [OJId
9TOT'0 COYJIEHEHUS CKOPOCThIO. [Toce nmepemenienus 3Hadenue joint.4.unlock 6yzmer false u gnsa
IPONOJIKeHUs ABUXKeHUs OymeT oXupaHue MOMeHTa, Korma joint.4.is-unlocked crauert false.
[TepeMeleHne OPYTUX COYJIEHEHUN He MOMyCKaeTCs IIPH IlepeMeIleHny 3a0JI0KUPOBAaHHOTO IIOBOPOTHOTO
counieHeHus: . YTOOH CO3aTh KOHTAKTH Pa30I0KUPOBKHY, UCIIONb3yHTe TapaMeTp motmod:

unlock joints mask=jointmask
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Bbuthl macku coeguHenus: (LSB)0:joint0, 1:jointl, 2:joint2, ...
ITpumep: loadrt motmod ... unlock joints mask=0x38 co3maeT pa3boKUpPYyIOIINe KOHTAKTHI OIS
couneHeHuu 3,4,5.

e OFFSET AV RATIO = 0.1 — ecnu HeHyJIeBOe 3HaYeHUE, 9TOT 3JIEMEHT II03BOJISIET KUCIOIb30BaTh
BXOOHEIe KOHTAKTH HAL fyis cMmellleHUsI BHEIITHUX OCeu:

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

Nudopmanmio 06 UCTIOJIL30BAHUU CMOTPUTE B ryiaBe: External Axis Offsets.

4.4.2.13 [JOINT_<num>] paspensl

<num> yKa3blBaeT HoMeDp couneHeHus 0 ... (num_joints-1). 3HaveHne num _joints ycTaHaBIUBAETCS C
nomMoInbio [KINS]JOINTS=.

Pazmesner [JOINT O], [JOINT 1] u T. m. comepzkaT o0Iue mapaMeTpPH! [JIs OTHAeIbHBIX KOMIIOHEHTOB B
MOIYyJie YIIpaBleHus codjieHeHueM. VMeHa CeKIuil CodieHeHUN HauuHaloTCa ¢ 0 ¥ 3aKaHYMBAIOTCA
KOJINYEeCTBOM COYJIeHeHU!, yKa3aHHEIM B 3anucu [KINS]JJOINTS munyc 1.

OOBIYHO (OJI CUCTEM, UCIIOJNIB3YIoMuX trivkins kinematics, cyiiecTByeT cooTBeTcTBUE 1:1 Mexkay OYKBOM
KOOPOUWHAT COYJIEHEHUS U OCH):

* JOINT 0 =X
* JOINT 1 =Y
e JOINT 2 =7
e JOINT 3=A
* JOINT 4 =B
e JOINT 5 =C
e JOINT 6 =U
e JOINT 7=V

* JOINT 8 =W

IIpyrue kuHeMaTudeckue monynu c identity kinematics mocTynHbI Oys mogmepKKU KOHQUTYpaILUi C
YaCTUYHBIMH HabopaMu oceii. HampuMep, mpu uCcIoiIb30BauuH trivkins ¢ coordinates=XZ cooTHoIeHus
cou4jleHeHMe-0Ch OynyT TaKUMU:

« JOINT 0 =X
« JOINT 1 =27

[71s1 moyy4yeHus: OOTOTHUTEIbHOM MHDOPMAIUU 0 MOOY/IIX KUHEMaTUKU CM. CIIPABOYHYIO CTPAHUIY
kins (B Tepmunane UNIX BBemute man kins).

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

e UNITS = INCH - Ecnu aTOT mapaMeTp yKa3aH, 3TOT IapaMeTp IIepeonpenensieT COOTBETCTBYIOIUN
napameTtp [TRAJ] UNITS, manpumep, [TRAJ]LINEAR UNITS, ecnu TYPE 3Toro codseHeHUsS paBeH
LINEAR, [TRAJ]JANGULAR UNITS, ecnu TYPE aToro counenenusi ANGULAR.
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MAX VELOCITY = 1.2 - MakcuManbHas CKOPOCTbH IJII 9TOr'0 COUJIeHeHUs B machine unit B cekyHay.

MAX ACCELERATION = 20.0 - MakcuManpHOe YCKOPEHUeE [OJIsI 9TOT0 COUYJIeHEHUs B eJUHNIaX CTaHKa
B CEKyHAYy B KBapiparTe.

BACKLASH = 0.0000 - JItodTE B eIMHUIIAX CTAaHKa. JHaYeHNEe KOMIIeHCAITUHU JIIoTa MOXKHO UCIIOJIb30BaTh
IJISI KOMITEHCAIuM HeOOJIbIIINX HEJOCTAaTKOB 000PyHOBaHUS, MCIIOIb3YEMOI'0 [iJIs IPUBO/IA COYJIEHEHUS.
Ecnu K counenenuio nobasnseTrcs MIO(PT ¥ BB UCIOJIL3YEeTe LIAaroBhle ABUTaTenu, 3HaueHue STEP-

GEN MAXACCEL nHeo6xonumo yBenTu4uTh B 1,5-2 pa3a 1o cpaBHeHUIo ¢ 3HaueHueM MAX ACCELERATIO?
O7sl cousieHeHUs. UYpe3MepHas KoMIeHcalusa JodTa MOXKET IPUBECTU K PEIBKAM COYJIEHEHUS IIPU
u3MeHeHUU HanpaBneHusa. Ecnu ans counenenusa ykazan COMP FILE, BACKLASH He ucnonb3yeTcs.

COMP_FILE =file.extension - KoMmmeHCcallMOHHLIN (aiisl COCTOUT U3 KapPThl MHPOPMAaIIUU O IOJIOKEHUHN
courleHeHUs. 3HaueHUs (aiiyia KOMIIeHCAllUU YKa3aHbl B efUHUIAX cCTaHKa. Kaxarii Habop 3HaYeHul
HaXOOUTCS B OOHOM CTPOKe, pa3meNieHHoi 1pobesioM. [TlepBoe 3HaUueHNe — 9TO HOMUHAIbHOE 3HaUeHle
(3apmaHHOE noJsI0XKeHUe). BTopoe U TpeThe 3Ha4YeHUS 3aBUCAT OT HacTpouku COMP_FILE TYPE. Touku
MeXKOy HOMUHAJIbHEIMY 3HaUYeHUSIMYU UHTEPIIONUPYIOTCS MEeXAYy ABYMS HoMUHanaMu. Painel KOMIeHcall
OOJI2KHBI HAUWHATHCS C HaMMEeHBIIIeTo HOMUHAasIa U pacrojiaraThCs B IOPsIIKe BO3pacTaHUs K HauOoJIbIIeM:
3HaYeHUI0 HOMHHaJIOB. MMeHa ¢aiioB 4YyBCTBUTENIBHBEl K PETHUCTPY U MOTYT COfepxkKaTh OyKBBHI
u/unm 1udpel. B HacTosAlee BpeMs orpaHmdeHue BHyTpU LinuxCNC cocraBnseT 256 TpUIIIIETOB

Ha COefuHeHUe.

Ecnu gns coepuHenus yka3aH COMP_FILE, BACKLASH He ucnions3yeTcs.

COMP_FILE TYPE = 0orl-VYka3mBaerT Tul daiina kKoMmneHcanuu. [Ilepsoe 3HaueHNEe — 3TO HOMUHAIbHOE
(3amaHHOE) IIOJIOKEHUe A1 060UX TUIIOB.
COMP_FILE TYPE momzkeH OBITH YKa3aH st Kaxkgoro COMP_FILE.

- Type 0: Bropoe 3HaudeHUe onpenesnseT GakKTUUECKOe IOJ0XKeHNe IIPYU OBUKEHUN COYJIEHEHHUS B
TIOJIOKUTEILHOM HallpaBJIeHUH (Bo3pacTalollee 3HadeHue). TpeThe 3HaUeHMeE onpenensaeT GakKTUIeCKO
TI0JIOXKEeHH1e, KOTIa CoYJIeHeHue IBUXKETCS B OTPULIATEILHOM HallpaBiieHuu (yObIBatolllee 3HaUEHUE).
Type 0 IIpumep
-1.000 -1.005 -0.995

0.000 0.002 -0.003
1.000 1.003 0.998

- Type 1: BTropoe 3HaYeHUE OIpEeNeNsaeT IOJIOKUTEIbHOE CMelleHe 0T HOMUHAJIa IPU OBUKEHUU
B NIOJIOKUTEIBHOM HalpaBieHUM. TpeThe 3HauYeHUe ONpefeseT OTpUIlaTeIbHOE CMENleHUe OT
HOMMHAaJIa IIPU OBUKEHUU B OTPULIATEIbHOM HaIlpaBI€HUH.

Type 1 IIpumep
-1.000 0.005 -0.005

0.000 0.002 -0.003
1.000 0.003 -0.004

MIN LIMIT = -1000 - MuHUMAaIbHEIN IPEHeI OJid IepeMeleHus COUJIeHEeHNs, B eQUHUIIaX CTaHKa.
[Tpu DoCTHKEHUM 3TOTO IIpefesia KOHTPOJUIEP IIPeKpalllaeT ABUXKEeHUe COuJleHeHus. [[J1g Bpalamlerocs
COYJIEHEeHUsI C HeOrpaHW4YeHHEIM BpalneHueM, He uMeromero MIN LIMIT mnst 3TOro coequHEHUs B
pa3gene [JOINT N], ucnons3yetcs 3HadeHue -1€99.

MAX LIMIT = 1000 - MakcuManbHEU IIpedesl OBUXKEHUS CO4YJIEHEeHUs, B e€OUHUIlaX CTaHKa. llpu
OOCTH2KEHHUH 9TOTO IIpefesia KOHTPOJUIEP IpeKpallaeT OBUXKEHHE COYJieHeHud. [1J1 Bpalllaollerocs
COYJIEHEHUS C HEOTPAaHWYEHHEIM BpaluneHueM, He uMermero MAX LIMIT mgis 3TOro CO4YIeHEHUS B
pa3zgene [JOINT N], ucnonbs3yercs 3HadeHue 1€99.

Note
Onsa identity kinematics HacTpoku [JOINT N]JMIN LIMIT/MAX LIMIT OO >KHblI PaBHATbCA UK
npesBbilaTb cooTBeTCTByOWMe npegensl [AXIS L] (MOEHTUYHOCTbL OOAWH K OOHOMY). 2Tn

HaCTPOWKKN NPOBEPAIOTCA NPM 3anycKe, Korga ykasaHbl moaynu trivkins kinematics.
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Note

Hactporku [JOINT NJMIN LIMIT/MAX LIMIT npuMeHSAIOTCA Npu MedJIeHHOW Mnodaydn B pexunme
COYJIeHeHMs nepepn BO3BPATOM B UCXOAHOE rnosioxkeHue. MNocse Bo3BpaTa B UCXO4HOE MONOXKeHNe
npepensl koopamHat [AXIS L]IMIN LIMIT/MAX LIMIT ucnosib3yrlTCSA B KaYyeCcTBe OrpaHndyeHuin ons
nepemelieHns ocn (bykBbl KOOPAWHAT) M NPU MAAHMPOBAHUN TPAEKTOPWUWN, WUCMOSb3yeMon Os
nepemelteHnn G-kopa (nMporpammbl U KomaHAabl MDI). MnaHupoBWNK TpaekTopun paboTaeT B
0eKapToBoM npocTpaHcTBe (XYZABCUVW) u He uMeeT MHMOPMauUUnM O OBUXKEHUUN COYJIEHEHUN,
peann3yemMoM KakKuMM-nmbo KMHeMaTuyeckum mopynemM. BO3MOXKHO BO3HMKHOBEHME HapyLUEHWUN
npegena coyneHeHus ana G-kopa, KOTOPbLIA MOAYMHAETCA MNpefesny no3vuuum MaaHMpPOBaHMS
TpaekTopumn, Koraa ucnonbsyetcs identity kinematics. Mogynb ABMxeHns Bcerga obHapyxuBaeTt
HapyLlweHNa U HENCNPaBHOCTU MpenefibHbiX MOJIOXKEHUIN COYNIeHEHUA, eC/IN OHWU BO3HUKAT BO
BpeMs BbINMoNHeHUs kKoMaHa G-kona. CM. Takxe cooTBeTCTBYloLWYyto https://github.com/LinuxCNC/-
linuxcnc/issues/97 [GitHub issue #97].

e MIN FERROR = 0.010 - 9To 3HaYeHNe B MAIIUHHBIX €OUHUIIAX, IPU KOTOPOM LIaPHUPY pPa3penieHo
OTKJIOHSITBCS OT 3aJaHHOIO IIOJIOKEeHUs Ha o4eHb HU3KuX ckopocTsax. Ecnu MIN FERROR wmeHeIne,
yeMm FERROR, oHu co3maioT MHHENHOe n3MeHeHHe ToueK cpabaThIBaHUS IO ommbKe. Bl Moxere
oyMaThk 00 9TOM Kak O rpaduke, e OOHO M3MEPEHHE — ITO CKOPOCTh, a OPYroe — MOIIyCTUMas
MOTPENIHOCTh. I10 Mepe yBemudeHNss CKOPOCTU BeTUYMHA OITMOKYM PacCoTjlacOBaHUS TaK¥Ke YBEJITUYHUBAETC
B CTOpOHY 3HaueHus FERROR.

* FERROR = 1.0 - FERROR — 3TO MakcuMajabHO JONyCTUMas OMIMOKa paccorjlacoBaHUSA B eIUHUIAX
cTaHKa. Ecnu pa3Hulila MeXIy 3afaHHEIM U U3MEePEHHEIM I0JIOKEeHNUEeM IIPEBHIIAET 9Ty BEJIUYUHY,
KOHTPOJINIED 3alIpelllaeT CEPBO BEIYMCIIEHN S, yCTaHaBNMBaeT Bce BEIXonsl Ha 0,0 ¥ OTKII0YaeT yCUTIUTEIIH.
Ecnu B INI-daiine npucyrctByetr MIN FERROR, mconb3yioTcs omubKM paccoriiacoBaHus, IIPOIIOPIIMOHAIEE
CKOPOCTH. 34ech MaKCHMalIbHO JOIyCcTHMas oln0Ka paccorjlacoBaHus IPOIOPLIOHaNbHa CKOPOCTH,
npuyeM FERROR mpuMeHsIeTCS K BLICOKOM CKOpOCTH, ycTaHoBiaeHHOM [ TRAJIMAX VELOCITY, u mpomopuuoH
MeHbIITNe OINOKY paccorjlacoBaHusd Ojid 60jiee MeIJIeHHBIX CKOpoCcTel. MaKcuManbHO OOIIycTUMas
ommbKa paccorjiacoBaHus Bcerma OymeT 6osbire, yeM MIN FERROR. 9To mpemoTBpalaet HelrpeqHaMepPeHH
npephIBaHUe OBUKEHUS IIPU HeOOJIBIKX OIITNOKAaX PaccorIacoBaHUs OISl HEeIIOOBUKHEIX oceli. HebombIne
oImIOKM paccorijlacoBaHus Bcerga OyOyT IPUCYTCTBOBAThH U3-3a BUOpalyu U T. .

e LOCKING INDEXER = 1 - YKa3mBaeT, UTO COUYJIEHEHHEe HCIIOJIb3YeTCS B KadeCTBe (PUKCUPYIOIIETo
HHOeKcaTopa.

9Tu napaMeTphl CBSI3aHbI C BO3BpallleHNueM B MCXOHOE IToJIokKeHue. [ 6oyee mogpo6HOro o0bsiCHEHUS
npoutuTte rnasy Homing Configuration.

e HOME = 0.0 -IlooxkeHue, B KOTOPOE IEPEUIET COUIEHEHUE TTOCIIe 3aBEPIIEHN IOCIIeI0BaTETbHOCTHI
BO3BpaTa B UCXOIHOE IOJI0KEHUE.

* HOME_OFFSET = 0.0 - [TonoxkeHue KOHIIeBUKA NCXOOHOI'O ITOJIOKEHUS COYJIEHEHUS UIU UHIEKCHOTO
UMOyjabca B eQUHUIIAX CTaHKa. Eciau Bo BpeMs IIpollecca NMPUBEIEHUS B MCXOOHOE IIOJIOXKeHUe
HaWJeHO HMCXOOHOe IIOJIOKEHWe, 3TO IIOJIOXKEeHHe IIpucBauBaeTcs 3TOU Todke. [Ipu coBMecTHOM
HCIOIb30BaHUHN KOHITEeBUKA NCXOIHOI'O II0JIOKEHUS ¥ KOHIIEBUKA IIpeferia ¥ UCIIOIb30BaHNUM IOCIe0BaTeE]
IpUBEOEeHUs B UCXOOHOE IT0JI0KEeHNe, KOTOpas OCTaB/IsgeT KOHIIEBUK HCXOOHOTO II0JIOKEeHUA/IIpenesa
B IIEPEKTI0YEHHOM COCTOSIHUYM, MOXKHO HCIIOJIb30BaTh CMEIeHUE UCXOMHOTO II0JI0XKEHUS, YTOOHI
OIpeneuTh II0JI0KEeHN e KOHIIeBUKAa UCXOOHOT 0 ITOJI0KEeHNs, OTINYHOe 0T 0, eCc/iu Ballle IIOJIOXKEeHUEe
HOME ponzkHO OBITE O.

e HOME_SEARCH VEL = 0.0 - HavanbHas CKOPOCTb IPUBENEHNUSI B UCXOOHOE II0JIOKEHNe B eqUHUIaX
CTaHKa B CeKyHOy. 3HaK yKa3blBaeT HallpaBlieHWe IOBUXKeHus. HyseBoe 3HadeHHe O3HA4aeT, 4TO
TeKyIllee MeCTOIIOJIOKEHNE ABISIETCS UCXOOHBIM [I0JI0KEHUEM CTaHKa. Ecnu Ha BallleM CTaHKe HET
KOHIIEBUKOB MCXOOHOI'O IIOJIOKEHUSI, OCTaBbTe 3TO 3HaUYEeHUEe PaBHBIM HYJIIO.

e HOME_LATCH VEL = 0.0 - CKOpOCTh BO3BpaTa B UCXOOHOE IIOJIOKEHME B eIUHUIIaX CTaHKa B CEKYHOY
IO oJIoXKeHUs prKcalu KOHIIEBUKA UCXOTHOTO IIOJIOKEeHUs. 3HaK YKa3blBaeT HallpaBJlieHNe IBUKEHU .
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HOME FINAL VEL = 0.0-CKOpOCTh B egUHUIIAX CTAHKA B CEKYHAY OT (GUKCAIIUU NCXOTHOI'O IOJIOKEHUST
IO UCXOOHOT 0 TojtoKeHus1. Eciu ocTaBuTh 3HaueHue 0 MJIM He BKIIOYUTH B 00beUHEHNE, UCIIOIb3yeTCs
OBICTPAsi CKOPOCTD. JTOJIKHO OBITH ITOJOKUTEIILHEIM YK CIIOM.

HOME USE_INDEX = NO - Ecimu 3HKOmep, UCIIOIb3yEeMBIN [JIsl 9TOT0 COYJIEHEeHUSsI, UMeeT NHIEeKCHBIN
UMIIYJIBC, & KapTa yIpaBJieHUs OBUXKEHUEM I[IOOOepKUBaeT 3TOT CUTHAJI, BBl MOXKeTe YCTaHOBUTH
Ooiis Hero 3HadeHue YES. Ecnu ycraHoBneHO YES, 3T0 moBnuseT Ha TUII UCIIOJIbB3yeMOTO IabjioHa
HUCXOOHOTO IIOJIOKEHUs. B HacTosdAlllee BpeMsI BEL He MOXKeTe IIPUBOOUTEL B UCXOOHOE II0JIOKEHUE N0
WHOEeKCa C IIOMOIIBIO IaroBLIX ABUTaTeJIel, eCNIU BEl He UCHOoNb3yeTe StepGen B pexkrMe CKOPOCTHU
u PID.

HOME INDEX NO ENCODER RESET = NO - Mcnonws3yute YES, ecnu 3HKOAED, UCIIOIB3YEMEIU OJII 3TOTO
COuYJIEHEeHUs, He cOpachiBaeT CBOM CYETYUK TPU 00HAPYKEHUU NHIEKCHOT'0 UMIYJIbCa ITOCJIe aKTUBAIU1
koHTakTa HAL index enable counenenus. Ilpumernumo Tonbko gisgs HOME USE INDEX = YES.

HOME_IGNORE_LIMITS = NO - Korpga B HCHIOJIB3yeTe KOHIIEBUK IIPEefia B KayeCTBe KOHIIeBUKa UCXOIHOI0
IIOJIOKEHU S ¥ KOHIIeBUKa IIpefiesia, AJIs Hero JOMIKHO OBITh yCcTaHOBIeHOo 3HaueHue YES. Ecnu ycTaHOBIEH!
3HadyeHue YES, KOHLIEBUK Ipefeia AJjIs 9TOr0 COYJIeHEeHUsI UTHOPUPYETCS IPU BO3BPaIlleHUH B UCXOTHOE
IIOJIOKEeHUe. BBl HONMKHBI HAaCTPOUTH IIPUBEMEHHE B MCXOMHOE IIOJIOKEHWE TaK, YTOOBI B KOHIIE
IPUBEIEHNS B UCXOOHOE IOJIOKEHNEe KOHIEBHUK MCXOOHOTO IIONIOKEHUs/Ipenena He HaXOOUIICS B
NEepPeKIJIIOYEHHOM COCTOSIHUU. B NPOTUBHOM Ciydae MOCJe NepeMelleHnusl B HCXOOHOe II0JI0OXKeHNe

BEI IOJIy4YUTe OMINOKY KOHIIeBUKaA IIpefena.

HOME_ IS SHARED = <n> - Eciu BXOJ UCXOOHOTO II0JI02KEHUS UCII0NIb3yeTCs 60jiee UeM OOHUM COUJIeHeHUe]
yCTaHOBUTE <n> B 1, 4TOOHI IPEeNOTBPATUTh 3aIlyCK BO3BpaTa B UCXOOHOE IIOJIOXKEHUE, €CIIU OOUH

13 00X KOHIIEBUKOB YK€ 3aMKHYT. YCTaHOBUTE <n> B 0, 4TOOBI pa3pelnTh BO3BPAT B UCXOTHOE
[IOJIOZKEHMeE, eCJIU IIePeKIIIodaTeslb 3aMKHYT.

HOME ABSOLUTE ENCODER = 0| 1] 2-Hcnonb3yeTcs ajst 0003HAYEHUS TOTO, YTO COUIEHEHNE UCIIOIb3YyeT
abcomoTHEIM 9HKOMep. IIpu 3ampoce Ha IpUBeAeHHE B MCXOOHOE ITOJIOKEHUE TEKyIlee 3HaYeHue
COYJIEHEeHU s yCTaHaBINBaeTCs paBHBIM 3HadueHuo HOME OFFSET. Ecnu mapameTrp HOME ABSOLUTE_ENCODEF
paBeH 1, cTaHOK fAejlaeT OOBIYHBIM OKOHYATEIbHHIM mepexon K 3HaueHuio HOME. Ecnu mapameTp
HOME ABSOLUTE_ENCODER paBeH 2, niocefgHee IepeMelleHue He BEIIOIHSETC.

HOME_SEQUENCE = <n> - Hcnomnb3yeTcsa O onpeneieHus mociaenosaTtentbHocty “"Home All”. <n>
OOJIZKHO HAaYMHATHCA € 0, 1 uyu - 1. [[omoMHUTENbHLIE TOCIeIOBATENbHOCTH MOTYT OBITh YKa3aHHBI C
HOMEepaMH, YBeJIMYuBaIOmMMucs Ha 1 (110 abCcomoTHOMY 3HaYeHUI0). [IponyCcK mopsaKOBEIX HOMEPOB

He gomyckaetcs. Ecym HOME SEQUENCE omyimeH, couieHeHue He OyaeT IpuBsa3aHo K Gpyakumu “"Home

All”. OgHOBPEMEHHO MOXKHO Pa3MeCTUTh 60Jiee OTHOTO COYIeHEeHU S, YKa3aB OUH U TOT K€ IMOPSITKOBBIH
HOMeED [JI11 HECKOBKUX couieHeHu. OTpULlaTeTbHBIN HOPSAKOBLIA HOMED UCIIOIL3YETCS OJII OTCPOYKH
¢UHANBHOTO IIEpEMEIeHUS IJIsi BCeX COUTIeHEeHUHM, UMEeIOINX 3TOT (OTPUIIATETbHEIM UITH IT0JIOKUTEIbHBIHN)
IIOPSIOKOBEIN HOMeP. [HomonmHUTENbHYI0O nHpopManuio cM. B pa3genie HOME SEQUENCE.

VOLATILE HOME = 0 - Ecnu 3TOT mapaMeTp BKIIIO4YeH (YCTaHOBIEH B 1), 3To couneHeHue OyneT He B
HCXOOHOM IIOJIO2KEHHWH, €CJIU IINTaHNe CTaHKa BBHIKJIIOYEHO UJIN BKIIIOYEH aBapHﬁHbeI OCTAHOB. JTO
TOJIE3HO, €CJIM Balll CTAHOK UMeeT KOHIUEBUKU MCXOOHOTO TIOJIOXKEHUS U He UMeeT 0O0paTHO! CBI3HU
T10 TIOJIOKEHUI0, HAallpUMep, CTAHOK C IIPUBOAOM, yIIpaBasgeMbIM step/dir.

OTH IIapaMeTpPhl OTHOCATCA K COYJIEHEHUAM, YIIPAaBJIII€MBIMHU CEPBOIIPUBOOAMU.

Warning

Huxe npuBeneHbl nonb3oBaTenbckue 3anucu INI-parna, KoTopble Bbl MOXeTe HalTu B
obpasue INI-charina nnn panne, cosgaHHoM MacTepoM. OHM HE NCNOJIb3YIOTCHA NPOrPaMMHbIM
obecneyveHmemM LinuxCNC. OHU HY>XHbl TONIbKO AJig Toro, 4Tobbl cobpaTbh BCe HACTPOWKU B
OooHOM MecTe. [OoMoNHUTENbHYI0 MHOPMaLMIO 0 NOoAb30oBaTeNbCkuX 3anncax INI-panna cm.
B noapasgene Custom Sections and Variables.
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CJ'IeJIYIO].T.[I/Ie 3JIEMEHTHI MOT'YT UCITOJIb30BAThCA KOMIIOHEHTOM HI/IH—perHﬂTopa, IIPX 3TOM IIPEAIIojIaraeTcsd,
YTO BBIXOOHOU CUTHAI - YPOBEHB HAlIPAXKEHU.

e DEADBAND = 0.000015 - HacKOILKO PAOOM SBISIETCS HOCTATOYHO PSIIOM, YTOOLI CYNUTATh, YTO IBUTATEITD
B IoJI02KeHuH, B machine unit.

YacTo 0HO yCTaHaBIMBaAETCs Ha PacCTOsHUE, 3KBUBajleHTHoe 1, 1,5, 2 unu 3 oTcyeTtam 3HKOZEPA, HO
CTPOTHUX HPaBUI He cyIllecTByeT. bomee cBobomublie (6OnbIIre) HaCTPOUKH MO3BOJISIOT YMEHBIITUTD
hunting cepBompuBoma 3a cueT 0ojee HU3KOM TOYHOCTU. bonee xxecTKue (MEHbBIINE) HAaCTPOUKH
obecmeunBaloT 60j1ee BEICOKYIO TOYHOCTD 3a cueT Oosblieit hunting cepBonpuBofaa. [1efiCTBUTEIBFHO
71 9TO OoJiee TOYHO, eCJIM OHO TakxKe 1 6oJjiee HeonpeneseHHo? Kak mpaBuio, nydiie u3beraTs UM,
10 KpaiiHel Mepe, orpaHuyuBaTh hunting cepBOIPUBOIOB, ECIIM 9TO BO3MOXKHO.

ByobTe OCTOPOXKHBI IPU YMEHBLIIEHUU OTCUETOB SHKOAEepa HUXKe 1, Tak Kak BBl MOXKeTe CO3OaTh
YCJIOBUE, TP KOTOPOM Balll CEPBONIPUBOL He 6ymeT paboTaTh. ITO MOXKET BaphbUPOBATLCA OT hunting
(MennenHOT0) IO nervous (GLICTPOTO) U maxke A0 Squealing, KOTOpPOe JIETKO CIyTaTh C KojlebaHusIMu,
BBI3BAaHHBIMM HeNPaBUILHON HACTPOUKOU. Jlydmie moHa4asly IPOIYCTUTH OTCYET OPYTOH, IIOKa BEI
He mpoumeTe X0Ts OBl gross tuning.

[IpuMep pacudeTa edguWHMI] CTAHKA Ha MMIIYJIbC SHKOAEpPa OIS HCIIOIb30BaHUSA IIPU ONpemeleHun
3HaueHusst DEADBAND:

1 revolution 1line 0.2units _ 0.200units _ 0.00005 units
1000 lines ~ 4 pulse/line ~ 1revolution 4000 pulses 1 pulse

e BIAS = 0.000 - OToT mapaMeTp UCHOJIL3yeTCcs hm?2-servo 1 HeKOTOpHIMU Opyrumu. CMmelleHue —
9TO OCTOSIHHASA BeJIMUMHA, KOTopas mo6aBisieTCs K BEIXOOHBEIM HaHHBIM. B GOJBIIUHCTBE CIIydaeB
€ero CJIefyeT OCTaBUTh PaBHEIM HyJ0. OQOHAKO, WHOTHA MOXKET OBITH IIOJIE3HO KOMIIEHCHUPOBATH
CMeIIeHNs B CEPBOYCUTIUTENISAX UIu cOaaHCupoBaTh BeC 00beKTa, KOTOPHIN IBUKETCSI BEPTUKAIBLHO.
CwmellleHYE BHIKITIOYAETCS ITPU OTKII0YeHM KoHTypa [TU]], Kak 1 BCce 0CTaJIbHBIE KOMIIOHEHTHI BEIXOAA.

e P = 50 - [IponopiuoHaabHOE YCUIEHNE OJI CEPBOIPUBOHAA COUIeHEHUA. JTO 3HaYeHNe YMHOXKaeT
OI_[II/IGKY MeXKIYy 3adaHHBIM 1 (baKTI/I‘-IeCKI/IM IIOJIOZKEHHEM B €eINHUIIaX CTaHKaA, YTO IIPDUBOOUT K YBEJIMYEHUK
pacyeTHOTO HANIPSAXKEHUA 0I5 yCUIUTENIA ABUTaTesd. EOWHUIE YCUIeHUsI P — 3TO BOIbTH Ha €MUHUILY

volts

CTaHKa, Hampumep Unit

e I = 0-HUaTerpanbHbii KO9hOUIUEHT YCUIEHUS CEPBOIPUBOA COYIEHEHUI. JTO 3HaUYeHUEe YMHOXKaeT
COBOKYIHYIO OIIMOKY MeXKIy 3afJaHHLBIM U (HaKTUYeCKUM IIOJIOKeHHEeM B eNUHUIlaX CTaHKa, 4YTO
IIPUBOINT K YBEJIMUEHUIO PACUEeTHOT0 HAIPSAKEHU 0I5 YCUIUTEN OBUTraTensd. ENUHUIE YCUIeHU T

volts

I - BO/IBTH HA €OUHUIY CTaHKa B CEKYHAy, HampuMep: Unit second
* D = 0-IIpousBogHOe yCUJIEHNE M1 CEPBOIIPHBOMA COUIeHEeHNSI. DTO 3HaUeHNe YMHOXKaeT Pa3HUILy
MeXKy TeKYIIel U MPenbIayIlei ommnOKaMy, YTO IPUBOOUT K YBEJIMYEHUIO PACUETHOTO HATIPSIKEHUS

OJIs1 YCI/IJ'II/ITGJ'H{ OBUI'aTeJIdA. EI[I/IHI/ILIBI YCI/IJ'IGHI/IFI D — 3TO BOJIBTHI Ha eI[I/IHI/ILIy CTAHKA B CeKYHI[y,
volts

HampuMep unit second

* FFO = 0-Ycunenue npsamoi cBsa3u 0™ nmopsapka. ITO YMCIIO YMHOXKAaeTCAd Ha 3afaHHOe II0JIOKEHUE,
YTO IIPUBOAUT K YBETIMUEHUIO PACYETHOT 0 HAaIPSI2KEHUS IS YCUJIUTENISA OBUTraTessa. EMUHULEL yCUIeHU
volts

FF0O — 3TO BOJIbTHI Ha €IWHUIYY CTAaHKa, HallpuMep Unit

* FF1 = 0-Ycunenue npsamoiu cBsA3u 1 "To mopsagka. I9TO YKUCIIO YMHOXKAETCA Ha U3MEHEeHUe 3aJaHHOT O
IIOJIOKEHUSI B CEKyHAOy, YTO IIPUBOOUT K YBEJIMUYEHHIO PAaCUeTHOTIO HaNpsXKEeHUS IS YCUJIUTENA
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OoBuUraTtens. EOVUHUITH YCUJIIEHUudA FF1 — 3TO BOIBTHI Ha €IMHUIy CTAaHKa B CEKYHOYy, HalIpuMep

volts

unit second

* FF2 = 0-Ycunenue npsamMou cBsI3U 27° mopsAagka. ITO YUCJIO YMHOXKAaeETCS Ha U3MeHeHUe 3aJaHHOr0
MIOJIOKEHUS B CEKYHAY 3a CEeKyHOy, YTO IPUBOOUT K YBEJIMUEHUIO PACUETHOTO HaNPSAXEHUS 09
ycunurtensa guratens. Epuauibl ycuneHus FF2 — 3To BOILTH Ha eOUHUIY CTaHKaA B CEKYHOY B

volts

CeKyH/y, HampuMep unit second”
e OUTPUT SCALE = 1.000
e OUTPUT OFFSET = 0.000

Chyi O0Ba 3HaA4YEHUA ABIIAIOTCSA KOS(i)(l)I/I]_[I/IeHTaMI/I MaCIlITaﬁl/IpOBaHI/IH 1 CMelleHUs OJisd BeIXOOa COYJIeHeHU A
Ha YCUJIUTENIN OBUTATEeIeH.

BTopoe 3HaueHue (cMeIlleHNEe) BEHIYUTAETCS M3 BHIYMCIIEHHOT'O BBIXOJHOTO CHUTHala (B BOIbTax) U
OeJUTCS Ha ImepBoe 3HauYeHMe (MaciuTaOHBIM KO3GGUIIMEHT) Nepel 3anuchio B UG PO-aHaI0TOBhIe
nmpeobpa3oBaTeny. ENMHUIIE Ha 3HAUEHU X IITKAJIBl BRIPAXKAIOTCS B UICTUHHEIX BOJIbTAX Ha BHIXOIHOE
HanpsaxeHue LIATL. EguHULOLI U3MepeHUs 3HaUeHUsS CMeNleHUs yKa3aHBl B BOIbTaxXx. MX MOXKHO
UCHOONIb30BaTh O nuHeapu3lanuu LIAIL. B 4acTHOCTH, IpM 3alMCHU BHIXOOHBIX OaHHBIX LinuxCNC
CHauajia mpeobpa3yeT XKeJjlaeMbIi BEIXOMHOM CUTHA B efuHUIIaX KBa3u CH-emuHUIE B HeoOpaboTaHHEIE
3HAYEHUS UCTIOJITHUTEJIFHOTO0 MEXaHU3Ma, Hanpumep, BoIbThI Ajist LTATT ycunuTesnsi. 3To MacmiTabupoBaHu

output— offset
raw = P ﬁfS

BBITJISIOUT TaK: scale

3HayeHue MaciTaba MOXKHO IIOJIyYUTh aHAJIUTUUECKHY, BLITIOTHUB aHAJIN3 €IUHUI] U3MEPEHHUS, T. €.
eIVHUIIaMMN U3MepeHUs SIBNSIOTCS [BrixomHble emuHuIlbl CU]/[emuuuilel mpuBomal. Hampumep, Ha
CTaHKe C yCUIIUTEJIEM B pexXuMe CKOPOCTH, THOe HamnpsaxeHue 1B nmpuBoguT K ckopocTtu 250 MmmMm/c.

Imim

: mm , mm ,
amplifier| volts |={output | — |— offset| —| /250
plif | ' P | sec ffs | SeC ) secvolt

O6paTuTe BHUMAaHWE, YTO €OUHULEI CMEIleHUs yKa3aHbl B €eIUHUIIAX CTaHKA, HaIpUMep: MM/C, U
OHU IIpeIBapUTEIbHO BEIYUTAIOTCS U3 IIOKa3aHUM JaTUYMKa. 3HaYeHHe 9TOT0 CMeIleHU IT0Ty4aeTCs
IIyTeM HaXOXKOeHUS 3HaYeHUs Ballero Beixoga, KoTopoe maeT 0,0 mnsa BeIxoma npuBopa. Ecmu LIATL
NMHeapu30BaH, 9TO cMeleHue oObYHO paBHO 0,0.

MacmTab u cMellleHre TaKKe MOXKHO MCIOJIh30BaTh [/ MuHeapu3anuu LIATI, B pe3ybTaTe 4ero
[IOJIy4aloTCA 3HaYeHUs, OTpaXalolue COBOKYIIHOE BIUSAHME KO3(pPUIleHTa YCUJIeHUA YCUIUTEN,
HenuHelnHnoctu 1IAII, 6;1okoB ITAIT u T. 1.

[I7151 3TOTO BBIIOJIHUTE CJIEAYIOIVIO IPOLEnypY.

1.

2.

IToctpoiiTe KanuOPOBOYHYIO TaGJIMIy OJIsT BEIXOAa, momaBasi Ha LIAIl HyXKHOe HampsXkeHUe U

u3Mepssa pe3ysbTar.

BrimonHMTE TUHEWHYIO allPOKCUMALNWI0 METOIOM HAaMMEHBIINX KBAAPAaTOB, YTOOHI MOIYyYUTH
measured=azraw + b

KoadduiimeHTH a, b Takue, 4TO

. ObpaTuTe BHUMaHUE: HaM HyKeH HeoOpaboTaHHBIN BEIXOOHOM CUTHAJI, YTOOH pe3yIbTaT U3MEPEHUS

OBLI UIEHTUYEH 3aJaHHOMY BEIXOOHOMY CUT'HAIIy. OJTO 03Ha4daeT

a. command =a*raw +b
b. raw=(command—b)/a

. BpesynbTaTe Ko3pPuiineHTH a 1 b 113 TMHEWHOM alllIPOKCUMAaIlNU MOXKHO MCII0JIh30BaTh HETIOCPENCTB

B KauecTBe MaciiuTaba u CMeIllleHud OJisi KOHTPOJIJIiepa.

B cnenytorett Tabnulie mpuBeeH MpuMep U3MEPEHUST HaTIPIKEeHU.
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Table 4.1: Mi3mMepeHUs BEIXOOHOTO HANIPSIXKEHU

HeoOpaboTanHbIE HN3MmepeHHBIE
-10 -9.93
-9 -8.83
0 -0.03
1 0.96
9 9.87
10 10.87

* MAX OUTPUT = 10 - MakcumMmanbHOe 3HaYeHUe BEIXOOHOTo curtana [IM]-koMieHcannuy, 3alI1CEIBAEMOI0
B yCI/IJ'II/ITeJ'IB OBUT'ATeEJIsA, B BOJIBTAX. Briuunciennoe BEIXOOHOE 3HA4YE€HNE Or'PaHUYNBAETCA 3TUM IIPpEeOEeJIOM.
OrpaHuYeHue IMPUMEHSIETCS mepen MacHTabupoBaHMEM MO0 HeoOpaOOTAaHHBIX BBIXOMHBIX €OUHUII.
3HayeHMe IIPUMEHSAETCSI CUMMETPHUYHO KakK K IIJII0OCOBOM, TaK M K MUHYCOBOU CTOPOHE.

e INPUT SCALE = 20000 - B npuMepax KOHGUTrypanui
* ENCODER SCALE = 20000 - Bo BcTpoeHHEIX KOHpHrax PnCconf

YKa3weiBaeT KOJIMYECTBO UMITY/IbCOB, COOTBETCTBYIOIIEe IepeMeIeHNI0 OOHOT0 y3jIa CTaHKa, KaK YCTaHOBJIEH
B pa3pesne [TRAJ]. [I71s1 nMHEMHOTO COYJIEHEHUS OOHA eQUHUIIA CTaHKa OymeT paBHa HacTporike LINEAR UNIT!
I1s1 yrIioBOTrO CO4YJIEHEHUs OOHa enuHUIla paBHa HacTpouke B ANGULAR UNITS. Bropoe uucmio, ecnu

OHO YKa3aHo, UTHopupyeTcs. Hanpumep, miis sHKomepa ¢ yactotoi 2000 oTcueToB Ha 060POT, IIepenayei
10 06/mr0iiM U KeTaeMbIMU eQUHUILIAMU U3MEPEHUS B [I0MMaxX MBI UMEEM:

input scale =2000 S5 4 10 v = 20000 S0
rev inch inch

OTH IIapaMeTPhI aKTYAJIbHEI OJIA COYJIEHEHUH, YIIPABJIAE€MBIX IIAQrOBEIMU OBUT'ATEJIAMU.

Warning

Huxe npusepeHbl nonb3oBaTenbckue 3anucu INI-cparna, KoTopble Bbl MOXeTe HalTu B
obpasue INI-dbanna nnm danne, cozagaHHoM mactepoM. OHU HE NCMOJIb3YIOTCA MPOrPaMMHbIM
obecneyeHmeM LinuxCNC v npeaHa3Ha4Y€eHbl TONLKO AJ151 pa3MeLleHNs BCEX HACTPOEK B OIHOM
MecTe. [OMoONHUTENbHYIO WHGOPMaUUo O nosib3oBaTenbCKux 3anucax INI-panna cm. B
noapasgene Custom Sections and Variables.

Crnepyrolliyie 3JIEMEHTH MOTYT MCIIOJIb30BaThCSI KOMIIOHEHTOM StepGen.

e SCALE = 4000 - B npuMepax KOHGUrypamui
e STEP SCALE = 4000 - Bo BcTpoeHHBIX KoHpurax PnCconf

YKa3weIiBaeT KOJIMUYECTBO UMITY/ILCOB, COOTBETCTBYIOIIEE IepPEMEIeHNI0 OTHOTO y3jIa CTaHKa, KaK YCTaHOBJIEH
Bpasmene [TRAJ]. [I7151 MIaTrOBBIX CUCTEM 3TO KOJIMUECTBO IaTOBEIX UMIIYJILCOB, BEIJaBaeMbIX Ha eIUHUITY
cTaHKa. [ TMHEWHOTO COYJIeHeHUs OJHa elMHHUIla CTaHKa OymeT paBHa HacTpoiike LINEAR UNITS.

Il1s1 yrIIoBOTO COeqUHEHUS OfHa enguHuIa paBHa HacTpouke B ANGULAR UNITS. [Inss cepBOCHUCTEM 3TO
KOJIMYECTBO MMITYJIbCOB O0OpaTHOM CBSI3M Ha €OWHUIYy CTaHKa. BTOpoe 4YHCjIo, eCM OHO yKa3aHo,
UTHOPUPYETCH.

Hampumep, as maroBoro geurartens 1,8 rpagyca c monyiiaroM, nepegaueti 10 06/010iM 1 xKelaeMbIM
machine unit B groiMax MBI UMe€EM:
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2steps 360 degree +107¢Y__ 4000 steps

input scale= :
nputscate 1.8 degrees rev inch inch

Note
B cTapbix cannax INI u HAL onsa sToro 3HadeHus ncnonb3osasnocb INPUT_SCALE.

* ENCODER SCALE = 20000 ([JomoIHUTEILHO UCIIOIB3YEeTCS BO BCTPOEHHBIX KOHUrypamnusax PnCconf)
— yKa3bIBaeT KOJIMYECTBO UMITYJIbCOB, COOTBETCTBYIOIIEE IIepeMeIleHUI0 OQHON eqUHUIILI CTaHKa,
KaK yCTaHOBIeHO B pa3gene [TRAJ]. Iy muHEeNHOTO COYJIEHEHMS OfHA eOUHUIlAa CTaHKa Oymer
paBHa HacTpouke LINEAR UNITS. [Ina yriioBOrO COeOIUWHEHUS OOHA eOUWHHIa pPaBHaA HACTPOWKE B
ANGULAR UNITS. BTopoe uucio, eciv OHO yKa3aHO, urHopupyercs. Hampuwmep, gns sHKogepa C
yacTtoToi 2000 oTcueToB Ha 000poT, mepenaueii 10 06/mI0NM 1 XKelaeMEIMUA eTUHUIIAMH H3MEePEeHHU
B JIOMMax MBI UMEeeM:

input scale=2000 2425 4 10 L&Y~ 20000 S241E
rev inch inch

e STEPGEN MAXACCEL = 21.0 - I[Ipemen ycKopeHHs AJjisi reHeparopa maroB. OHO OoIXKHO OBITH Ha 1-
10 % Gomnbite, ueM MAX ACCELERATION couneHeHHus. JTO 3HaUeHUe ylydllaeT HaCTPOUKY “position
loop” StepGen. Ecnu BH mo0GaBuiIu KoMIeHcaluio JiodTa B COUNeHEeHNe, TO OHO OOJIKHO OBITH B
1,5-2 pasa Gonbimie, uem MAX ACCELERATION.

e STEPGEN MAXVEL = 1.4 -Bonee cTapsle ¢paliibl KOHQUTypaluy TakxkKe UMeloT OrpaHuYeHre CKOPOCTHU
OJIsl TeHepaTopa maros. Eciu yka3aHo, OHO TaKKe OOIKHO ObITh Ha 1-10% 6ombire, wem MAX VELOCITY
counieHeHusa. [locnenyoiiee TecTupoBaHue IToka3asno, 4To ucnons3oBanue STEPGEN MAXVEL rve
yIIydilaeT HaCTPOUKY LMKJIa NO3UIIMOHUpoBaHusa StepGen.

4.4.2.14 [SPINDLE_<num>] pasgen(bl))

<num> yka3elBaeT HoOMep mnuHgens 0... (num_spindles-1)
3HaueHue num_spindles ycranaBnuBaeTcs [TRAJ]SPINDLES=.

[To yMOT4aHHWI0O MaKCHMaJIbHAs CKOPOCTD IIIMTUHIES B IPSIMOM ¥ 00paTHOM HAIPaBI€HUHW COCTABIISIET
npuMepHo 2147483000 o6/MuH.

Ilo yMONMYaHHWI0O MHHUMAaJIbHAS CKOPOCTD IIMUHMOENS B IPSIMOM MW 00paTHOM HaIlpaBlieHHH paBHa 0
00/MUH.

ITo ymon4yanuio npupartienue cocraniseT 100 o6/MuH.

Bbl MOXKeTe U3MEHUTDh 3TU 3HAYEHUS 110 YMOJIYaHHUIO, YCTAHOBHUB CJIIEOYIOIINE IIepEMEHHEIEe INT:

Note
3TN HaCTPOWKW NMpeaHa3Ha4vYeHbl 4719 KOMMNOHEHTa KOHTPOJI/Iepa ABVMXKEHUSA. DKpaHbl ynpaBaeHus
MOTyT AOMOJIHUTESIbHO OFPaHUYUTb 3TU HAaCTPOMKN.

e MAX_ FORWARD VELOCITY = 20000 MakcumasnbHasi CKOPOCTh IMIIUHAENS (B 00/MUH) OJIsT YKa3aHHOTO
mmuHpgens. Heobsi3aTenbHbIN. 310 TakkKe yctaHoBuT 0t MAX REVERSE VELOCITY oTpuiiatenbHOe
3HaA4YeHUe, eC/IU OHO He OyIeT IepeonpeneneHo.
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* MIN FORWARD VELOCITY = 3000 MurHuManbHas CKOPOCTh IINUHAeNS (B 00/MUH) OJI yKa3aHHOTO
mmuHpgens. HeoOsa3aTenbHbIM. MHOTHE MIMTAHAESTH UMEIOT MUHHUMaIbHYI0 CKOPOCTD, HUKEe KOTOPOH
WX HEJIb35 UCII0Ib30BaTh. JIto6ast KoOMaHOa CKOPOCTH IINMUHESI HUKe 3TOT0 ITpeneria OyaeT /yBenundeHa/
IO 3TOTO IIpefera.

e MAX REVERSE VELOCITY = 20000 Ecniu 3TOT mapaMeTp OIYIeH, 10 YMOJI4aHuio OyIeT YCTaHOBIEHO
3HauyeHue MAX FORWARD VELOCITY. Ero MoxHO UCIIOJIb30BaTh B CIIy4asiX, KOrga CKOPOCTh MINUHIENIS
orpaHvdYeHa B 0OpaTHOM HaIpaBJIEHWH. YCTAHOBUTE HOMb [Jis IINWHAENelH, KOTOPhle He MOJIXKHEI
BpaIaThCS B 00paTHOM HapaBlIeHHUH. B 9TOM KOHTEKCTe “max”’ OTHOCUTCS K a0COTIOTHOM BeTUYNHEe
CKOPOCTH WINUHOEIS.

* MIN REVERSE VELOCITY = 3000 "JTa HacTpoiika skBuBameHTHa MIN FORWARD VELOCITY, o mis
oOpaTHOTO BpalleHus mnuuaens. I1o ymonuyauuio 6yneT ycTtaHoBneHo 3HaueHue MIN FORWARD VELOC
€CIIX OHO OMYIIEHO.

* INCREMENT = 200 YcraHaBnmBaeT pa3Mep WIara O KOMaHI yBeJINYEHUS/YMEHBIIEHUS CKOPOCTHU
MINUHAENA. OTO MOXKET UMeTh pa3Hoe 3HaYeHue OJId KaxKOoro IMUHAENA. JTa HacTpolika 9 heKTUBHA
miist AXIS u Touchy, HO yuTuTe, 4YTO Ha HEKOTOPBIX 9KpaHaX yIIpPaBJIEHUs CUTyallus MOXKeT 06pabaTHBaThHC
Io-ApyroMy.

e HOME_SEARCH VELOCITY = 100 - FIXME: Bo3BpaT mmuHpens ellle He paboTaeT. YcTaHaBIMBaeT
CKOPOCTH BO3BpaTa B UCXOOHOe IojiokKeHUe (00/MuH) mnuHnensa. llInuHpens 6ymeT BpallaThCS C
9TOM CKOPOCTHIO BO BPEeMs IIPOIlecca BO3BpaTa B UCXOTHOE IIOJIOKEHWE OO0 TeX II0p, IToKa He Oymer
oInpeneNieH MHOEKC WMIMIUHAENs, [IOCJe 4ero II0JI0KeHWe IMNUHAeNs OyneT YCTaHOBJIEHO Ha HOJb.
OOpaTuTe BHMMaHME, YTO HET CMEBICJIa YCTaHABIMBATh UCXOOHOE IOJI0XKEHME IIMMHAENS Ha JIIo6oe
3Ha4YeHUe, OTJINYHOE OT HYJIS, U I09TOMY HET BO3MOXKHOCTHU CHENaTh 3TO.

* HOME SEQUENCE = 0 - FIXME: McxomHoe IIOJI0KeHMe HMIMTUHIENS ellle He paboTaeT. YIIpaBiseT TeM,
rae B OOBIYHOM IIOCJIENOBATEILHOCTY BO3BPATa B HCXOOHOE MOJIOKEHUE TPOUCXOISIT BPAIEHU ST IITITUHIEIS.
YVcranosute HOME SEARCH VELOCITY Ha HOmb, 4uTOOH u30exKaTh BpAIlleHWUS IINUHOENS BO BpeMs
[IOCNIENOBaTENBHOCTH BO3BPaTa B UCXOOHOE MOIOXKEHUE.

4.4.2.15 [EMCIO] paspen

e TOOL TABLE = tool.tbl - ®aiin, cogepxkamuii vHGOpMaInio 060 UHCTPYMEHTE, ONIMCaHHYI0 B PyKOBO[ICTBE
ITonp30oBartend.

* DB PROGRAM = db program-ITyTs K UCTIONIHSIEMOM IIpOTrpaMMe, KOTOpas yIpasisieT JaHHBIMU HHCTPYMEH
Ecnu ykazar DB PROGRAM, 3anucek Tool TABLE uraopupyercs.

e TOOL CHANGE POSITION = 0 0 2-YkaswBaeT MecTomonoxkenue XYZ, K KOTOPOMY He0OXOIHUMO ITIEPEUTH
IIpU CMeHe MHCTPYMEHTa, €CJIN MCIIOJIb3YIOTCSA TPU UMGPHL. YKa3biBaeT MecTolosiokeHue XYZABC
IpU UCHONb30BaHUU 6 mudp. YkKaswBaeT MecTononoxenne XYZABCUVW mnpu ucnosnb3oBaHuu 9
undp. 3aMeHH UHCTPYMeHTa MOKHO KOMOMHUPOBaTh. Hanmpumep, ecyiu Bbl KOMOMHUPYETE MTOOHEM
[IVHOJIU C U3MEHEeHUEeM II0JI0KEeHHUsI, BBl MOXKeTe CHadala IepeMeCcTUuTh Z, 3ateM X U Y.

e TOOL CHANGE WITH SPINDLE ON = 1 - HInmupmens 6ymeT 0CTaBaThHCS BKJIIOYEHHBIM BO BPEMSI CMEHEL
WHCTPYMEHTAa, eC/IU 3HadeHue paBHO 1. [1ome3HOo 11 TOKapHBIX CTAaHKOB UJIM CTAHKOB, I'le MaTepuas
HaAaXOOUTCs B ILIIIMHAOETIE, d HE B HHCTPYMEHTEe.

e TOOL CHANGE QUILL UP = 1-OcsZ0yneT nepeMellieHa B HOJIbL CTaHKa llepef] CMEHOM MHCTPYMEHTA,
ecJii 3HadeHue paBHO 1. 3To ToO XKe caMmoe, 4TO BeigaTh GO G53 Z0.

e TOOL CHANGE_ AT G30 = 1-CtaHOK IepeMellaeTCs B HICXOOHYIO TOUKY, OIIPEeIEeIeHHYIO TapaMeTpaMu
5181-5186 mns G30, ecnu 3HaueHue paBHO 1. 71 monydYeHUs JOIIOIHUTENbHOM MHpOPMaIUU CM.
G-code Settings u G-kom G30-G30.1.

* RANDOM TOOLCHANGER = 1-3ToT mapameTp O/ CTAHKOB, KOTOPBIE HE MOTYT IIOMECTUTH UHCTPYMEHT
o0paTHO B KapMaH, U3 KOTOPOTO OH Ol B35T. HanpuMep, CTaHKM, KOTOPHIE 3aMEHSI0T UHCTPYMEHT
B aKTUBHOM KapMaHe MHCTPYMEHTOM B HINIUHIEIE.
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4.5 KoHdurypauma ncxooHoro nosio>xeHus

4.5.1 OOG3o0p

ITpuBemeHMEe K HCXOMHOMY II0JI0OKEHUIO YCTaHaBIUBAET HyJIeBoe Havyasio KoopauHaT cTaHka G53. IIporpaMm
TIPeeIkl OMPeAensIioTCS OTHOCUTETFHO UCXOMHOM TOUKY CTaHKa. [IporpaMMHBIE TPEeOeTbl aBTOMaTUYEeCKHU
3aMe[JISIOT ¥ OCTAaHABIUBAIOT OCH [0 TOTO, KaK OHU JOCTUTHYT KOHIIEBLIX BHIKITIOYaTe e, [IpaBUITbHO
CKOHGMUTYPUPOBAHHEIN 1 QYHKIIHOHUPYIOIIHUH CTAHOK He BEIMIET 3a IPeIelIbl IPOTrPaMMHBIX IPEIEsIOB,

M UCXOOHAasl TOUYKa CTaHKa OyoeT YCTaHOBIE€HA C TAKOH Ke ITOBTOPSIEMOCTHIO, KaK U MEXaHNU3M MCXOIHOTO
KOHIIeBMKa/METKH. Linuxcnc MOXKHO yCTaHOBUTH Ha I'Jla3 (METKHM COBMEIIEHUsI), C ITOMOIITHI0 KOHIIEBUKOB,
KOHIIEBUKOB ¥ METKH 9HKOIEePa UJIH C TTOMOIITLI0 aOCOMIOTHREIX 9HKOIEPOB. BO3BpaT B MCXOTHOE TT0JIOKEHHE
KaXXeTCsI MOCTATOYHO MPOCTHIM — MPOCTO TMEPEMECTUTE KaXKAoe COUJIeHEeHWe B M3BECTHOE MECTO U
COOTBETCTBYIOIINM 00pa30M YCTaHOBUTE BHyTpeHHUe mepeMeHHble LinuxCNC. OgHako y pa3HEIX CTAHKOB
pa3Hbie TpeGoBaHMS, U IIPUBEAEeHNE B HICXOOHOE IT0JIOKEeHNe Ha CaMOM [eJjie MOBOJIBHO CIIOKHOE.

Note

XoTa MOXHO ucnonb3oBaTb LiNUXCNC 6e3 KoOHUeBMKOB/Mpoueayp nNpuBedeHns B UCXOOHOe
MOJIOXKEHNE NN KOHLIEBMKOB MNpenesioB, 3TO HapyllaeT [AonoJiHUTesnbHylo ©6e3omacHoOCTb
MpPOrpaMMHbIX Npeaenos.

4.5.2 TMpepBapuTesibHble YCJ/I0OBUA

Bo3BpaT B MCXOOHOE IONOXKEHWE OMHPAEeTCs Ha HEKOTOphle (pyHOaMeHTaIbHEIE ITPEHIION0XKEHUS O
CTaHKe.

e OTpuIllaTebHOE U TONOXKUTENFHOEe HalpaBlIeHWs OCHOBaHHI Ha Tool Movement, KOTOphIE MOTYT
OTJIMYATHLCSA OT PAaKTUIECKOTO OBUKEHUS CTaHKaA. 10 eCTh Ha (PE3EePHOM CTAaHKE OOBIYHO ABUKETCS
CTOJI, @ HE UHCTPYMEHT.

* Bce IIPOUCXOOUT OT HyneBOﬁ TOYKHU cTaHKa G53, Hayano KOOPpOWHAT MOZXKeT OBITH roe yrogHo (maxe
3a IIpegejlaMi MeCTa, Kydad Bbl MOXKeTe HepeMe].T.[aTbCﬂ)

* Hauano xKoopguHaT cTaHKa G53 OOLIYHO HAXOOUTCS BHYTPH 00JIaCTH MPOrPaMMHBIX IIPEeeioB, HO
He 00s13aTeIbHO.

¢ CMelieHNe KOHIIEBUKA UCXOOHOTO MMOJIOXKEHU T YCTaHaBJINBA€T Ha4daJlI0O KOOPOWHAT, HO JazKe Ha HEero
CCHIJIQAIOTCA U3 Ha4daJla KOOpOWHAaT.

° HpI/I HCIIOJIb30BaAaHUWHU [OJI4 BO3BPaATa B UCXOOHOE IIOJIOZKEHH e NHOEKCa 9HKOJepPa, CMellleHe KOHIIEBUKa
HUCXOOHOT'O IIOJIOZKEHHUSA PACCUHUTEIBAE€TCsSA Ha OCHOBE pe(I)epeHTHOFO IIOJIOZKEeHUsd 3HKOOEepa IIoCJie
CpaGaTBIBaHI/IH KOHII€BHKa UCXOOHOTO IIOJIOZ2KEeHUA.

° OTpI/IHaTeJ'[I:HbIe IIpenesibl IPOTPaMMHEBIX ITPEOEeJIOB — 3TO MaKCUMYM, KOTOpBIfI BEI MOZKETE USMEHUTD
B OTPHUILIQATEJIbBHOM HAIIPABJIEHHWHU IIOCJIE€ BO3BPATA B UCXOOHOE€ IIOJIOZKEHHE. (HO oHU MOT'YT HEe OBITh
OTpHULIaTEJIbHEIMHU B a6CoTIIOTHOM CM]:ICJ'IG)

e [NonoxuTeJbHBEIE TPOTPAMMHBIE IIPEeeIbl — 3TO MaKCHMYM, Ha KOTOPBIM BBl MOXKETEe IBUTAThCS B
MMOJIOKUTEIIbHOM HaITPaBJIEHUHU IIOCJIE BO3BpaTa B MCXOOHOE IIOJIOKEeHWe. (HO OHM MOTYT He OBIThH
ITOJIOKUTEILHEIMY B a0COTIOTHOM CMEBICIIE, XOTSI OOBIYHO X ONPEeNeIaIOT KaK MOJI0XKUTEIbHOE YHCIIO)

e [IporpaMMHBIE TIPEENB HAXOOSATCS BHYTPU 00J1aCTH KOHIIEBOT'O BRIKJTFOUATEJIS.

¢ (OkonuatenbHOe) McxomHOe ITOI0KEeHUE HaXOAUTCS BHYTPHU 00/1acTH IIPOTrPaMMHOTO IIpeaea
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e (ITpu HUCHIOJIL30BAHUK NPHUBEOEHUS B MCXOOHOE IIOJIOXKEHHE C IIOMOINBI0 KOHIIEBHKA) KOHIIEBUK (M)
BO3BpaTa B MCXOOHOE ITONOXKEeHHe JTUOO0 HCIIONb3YIOT KOHIIeBHIE BBIKIIOYATENN HPEmesioB (0OImui
KOHIIEBHK IIpeesia/uCX0IHOr0 MOJIOKEeHUsI), JT0O0 IIPHU UCII0Ib30BAHNY OTAEILHOT'0 KOHIIEBUKA MCXOOHOTO
TIOJIOKEHUST HaXOOsITCS BHYTPH 00JIaCTH KOHIIEBHKA Ipenena.

 [Ipu MCMOTE30BAHWY OTHEJIFHOT0 KOHI[EBUKA BO3BPAaTa B UCXOJHOE TIOJI0KEHNE MOXKHO HaYaTh BO3BPAIIIEH]
K UCXOTHOMY COCTOSTHUIO HE C TOM CTOPOHBI TEPEKITI0YaTEe IS HCXOTHOTO MTOJI0KEHUST, YTO B COYETAaHUHU
c omuesr HOME IGNORE LIMITS mpuBemeT K cephe3HoMy c6010. Bil MoxkeTe m30exkaTh 3TOTO,
3aCTaBMB KOHIIEBHK HMCXOOHOI'O IIOJIOZKEHHSA IIEePEKJII0YaTh CBO€ COCTOdHHE, KOI'mla OIPaHMYUTEIIb
HaXOOUTCS Ha OTpPeNeIeHHON CTOPOHE, TT0Ka OH CHOBA He MPOUOeT TOUKy cpabaThiBaHusd. [IpyrumMu
CJIIOBaMM, COCTOSTHHE KOHIIEBUKA UCXOHOTO MTOJIOKEHMS MOJI?KHO OTPaXkKaTh MOJI0KEHNE OTPAHUYNTEITS
OTHOCHUTEJIbHO KOHIIeBUKA(T.€. 00 UIIU NOC/e TIePEeKITIoYaTe ) U HOJI2KHO OCTaBaThCS TAaKUM, AaxkKe
€CJIM OTPAHUYUTEITh IIPOe3KaeT MUMO IIePEKITI0YaTe s B TOM K€ HallpaBJIEHUH.

Note

XoTa MOXHO ucnonb3oBaTb LinuxCNC ¢ Ha4danoMm koopamHaT cTaHKa G53 3a npenenamu
MpOorpaMMHbIX NpeaenoB CTaHKa, ecau Bbl ncrnonblyete G28 nam G30 6e3 ycTaHOBKKM MapaMeTpoB,
OH MO YMOJIHaHMIO MepexoanT B Ha4vano KoOpAMHAT. IOTO NMpuBeAeT K OTKJIOYEHUI0 KOHLEBNKOB
npeanesioB elle A0 OOCTUXXEHNA MOJTIOXKEHNA.

4.5.3 TlpuMmep cxeMbl OTAEJIbHOIO KOHUEeBUKA UCXOAHOro NnoJIOXKeHun

B sTtom IIpuMepe IT0Ka3aHbl MUHUMAaJIEHBIE 1 MaKCHUMaJIbHBIE KOHIIEBU KU IIPEOEJIOB C OTOEJIBHBIM KOHITIEBUKON
HNCXOOHOTI'O ITOJIOZKEeHHA.

> >+

Figure 4.6: [leMoHCTpallMOHHAs CxeMa OTHAEJIbHOIO0 KOHIIeBUKa

e A — oTpullaTeIbHBIM IPOTPAMMHELIN IIPEAen

B — aTo G53 Havamo KoopauHaT CTaHKa
¢ C — TouyKa cpabaThIiBaHUS KOHIIEBUKA MCXOOHOTO ITOJIOKEHU S
* D — mOMOXUTEIbHLIN IPOTrPaMMHEIN ITpenerl

¢ H — xoHeuHoe ucxogHoe nonoxenne (HOME) = 0 eguHuII

L]

-Lu +L — ToYKkm Cpa6aTBIBaHI/IH KOHIIEBHKOB
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* A<->B — oTpunaresnbHble nporpaMMuble npenensl (MIN LIMITS) = -3 eqguaUIE
* B<->C — cmemenue home offset (HOME OFFSET) = -2,3 equHUIIb

* B<->D — monoxuTtenbHble IporpaMMusle penentsl (MAX LIMITS) = 7 equruit
e A<->D — o6mui xon = 10 emguHMUIL

* PaccTosiHME MeKAy KOHIIeBUKaMU U TPOTPaMMHEIMU TIpefenamiu (-L<->A u D<-+L) B 3TOM mpuMepe
YBEJINYEHO

° OGpaTI/ITe BHHUMAdHHE, 9TO MEXOYy KOHIOEBUKAMHU U PEAJIbHBIM (1)I/I3I/I‘{eCKI/IM KEeCTKHM KOHTAKTOM
CylmieCTByeT paCCTOAHUE OJId BeIOEra Iociie OTKITIOYeHMST YCUIIUTEJIA.

Note

Mpwn npneegeHUN B NCXOAHOE MNOJIOXKEHUe 3afaeTcs cucteMa koopamHaT G53, Torga Kak Havano
KoOpOMHAaT CTaHKa (HyJleBaa TOYKa) MOXXET HaxoAUTbCA rAe yrogHo, a yCTaHOBKa HYJIEBOW TOYKN
B OTpULATEeNbHOM MPOrpaMMHOM MNpeaesie AefnaeT BCce KoopAuHaTbl G53 NONOXKUTENbHbIMU, YTO,
BEpOATHO, Jlerye Bcero 3anomMHuTb. CaenanTe 370, ycTaHosuB MIN_LIMIT = 0 n ybepoutechb, 4T0
MAX_LIMIT nonoxxuteneH.

4.5.4 MpumMmep cxeMbl 0O Ero KOHUEBUKa npenesia/MCXonHOro noJsioXXeHus

B astom IIpuMepe II0Ka3aH KOHIIEBUK MAKCHUMAJIBHOT' O IIpeejia u KOM6HHHpOBaHHLIfI KOHII€BHMK MHUHKNMAJIbHOI
npenena/ncxonﬁoro IIOJIOZKEHMU .

i
®

|||||||| || i ||||||1|I||||I||||‘|| |||||||||||I |||‘||||I[||||||||I|| ||||||||||||||1|||||||||||||||||:|||]|||| :|||I||||||||:I|||||

0 1 12
H. - +L
L Y »D

Figure 4.7: [leMoHCTpallOHHAas cxeMa 00IIero KoHIIeBUKa

A — oTpulaTeIbHBLIA IPOTrPaMMHEIN IIpede.

B — sTto G53 Hagyamo KoOpauHAT CTaHKa.

* C — Touka cpabaTheIBaHHUs KOHIIEBUKA HCXOIHOTO IMOJIOXKEHUsT, 00mui ¢ (-L.) cpabaTeiBaHHEM MUHHUMAJIbHOT
mpemena.

* D — mOM0OXUTETbHBIM IPOTPaAaMMHLIN ITPEdeN.

e H — xoHeuHOe ucxoguoe nonoxenne (HOME) = 3 eguHUIILL.
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e -L u +L — 9T0 TOYKMU cpabaThIiBaHUS KOHIIEBUKA IIpenea.

* A<->B — oTpunarenbHble nporpaMMuble npenensl (MIN LIMITS) = 0 egunu,.
* B<->C — 3To home offset (HOME OFFSET) = -0,7 eIUHUIIHL.

* B<->D — nonoxutenvHble nporpaMMusie npenesnel (MAX LIMITS) 10 egunwn.
¢ A<->D — o6uiu# xong = 10 eguHuMII.

e PaccTossHME MeXOy KOHIEBUKAaMH MPEIesioB U IPOorpaMMHEIMU Ipemenamu (-L<->A u D<->+L) B
9TOM IIPUMEPE YBEJIUUEHO.

° OGpaTI/ITe BHHUMdAHHE, 9TO MEXOYy KOHIEBUKAMHKU U PEAJIbHBIM (l)I/I3I/IquKI/IM KEeCTKHM KOHTAKTOM
CymieCTByeT paCCTOAHUE OJId BeIOEra Iociie OTKITIOYeHMST YCUIIUTEJIA.

4.5.5 TlocnepoBaTesIbHOCTb NPUBEAEHUA K UCXOAHOMY MOJZIOXKEHUIO

CylecTByeT 4eThIpe BO3MOXKHBIX II0C/IeI0BaTEJIbHOCTY BO3BPaTa B HCXOOHOE IIOJI0KEHNUE, ONIpefesieMble
3HakoM HOME SEARCH VELu HOME LATCH VEL, a Tak:Ke COOTBETCTBYIOIIUMU ITapaMeTpaMu KOHPUTYD
KaK II0Ka3aHo B cienymolnel Tabnune. CyllecTBYIOT IBa OCHOBHEIX ycnoBusi: HOME SEARCH VEL u
HOME LATCH VEL — 3T0 OfuH ¥ TOT e 3HaK HJIU IPOTUBOIIOJIOXKHLIE 3HaKU. Boyee mompobOHoe
OIIMCaHMe TOTO, YTO JeNaeT KaXKAbli TapaMeTp KOHQUIypaluuu, CM. B CIeOyIOLIeM pa3merle.




LinuxCNC V2.10.0-pre0-5330-ge4692db02e

175/1344

SEARCH_WEL = POSITWE  HOME__OFFSET = 3000
LATCH _VEL = MEGATIVE HOME = 1000
USE__INDEX = FALSE

/=

HOME SWITCH RELEASES
HOME SWITCH TRIFS

/—D'I.-’ERSHDEIT

== &ELRCH FOR HOME SWITCH [HOME_ SEARCH_ WEL)

1006 3000

FIMAL CETECTION OF SWITCH [HOME__LATCH  WEL}

G0 TO HOME POSITION [HOME __FINAL _ WEL)

SEARCH_WEL = POSITWE HOME__OFFSET = 3000
LATCH__VEL = POZITIVE  HOME = 1.000
USE__INDEX = FALSE

S

HOME SWITCH RELEASES
HOME SWITCH TRIPS

SEARCH FOR HOME SWITCH [HOME_ SERRCH_ WEL)

BaCk OFF OF HOME SWITCH [HOME__SEARCH_WEL]

-

FIMAL CETECTION DF SWITCH [HOME__LATCH _ WEL}
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3000

G0 TO HOME POSITION [HOME __FINAL _ WEL)

SEARCH__VEL = POSITIVE HOME_ OFFSET = 2000
LATCH__WEL = MEGATIVE HOME = 1400
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HOME %WITCH RELEASES
HOME SWITCH TRIPS

[

SEARCH FOR HOME SWITCH [HOME_ SEARCH_WEL)
FINAL DETECTION OF SWITCH AMD

"

N
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GO TO HOME POSITION [HOME_ FIMAL_ WEL)

SEARCH_VEL = POSITIVE HOME__QOFFSET = 2000
LATCH__YEL = PORITWE  HOME = 1000
USE__INDEX = TRUE

'

HOME SWITCH RELEASES
HOME SWITCH TRIPS
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SEARCH FOR HOME SWITCH [HOME__SEARCH__WEL)
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Figure 4.8: TTocnegoBaTenbHOCT

U IIPpUBEOEHUSA B UCXOOHOE IIOJIOZKEHUEe
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4.5.6 KoHdwurypauusa

Cnepyioliiee TOYHO ONpeIenseT, KaK BefgeT ceOs MoCIeqoBaTeIbHOCTh IIPUBEOEeHUS B MCXOIHOe ITI0JI0KEeHHUe.
Onu omnpepenentl B pa3gene [JOINT n] INI-¢atina.

Tun HOME_SEARCH VWOME_ILATCH_VEHOME_USE_INDEX
mocJjiegoBaTe/IbHOCTH
HemenneHnHo 0 0 HET
TonpKO MeTKa 0 nonzero oA
Tonbko Nnonzero nonzero HET
KOHIIEBUK
KoHI1IeBUK 1 nonzero nonzero OA
MeTKa

Note
Jiobble ppyrmne KombnHaunm MoryT NpuBecTun K owwmnbke.

4.5.6.1 HOME_SEARCH_VEL

JTa IIepeMeHHas1 UMeeT €IUHUIIbI U3MEPEHUA — €OUHUIIbI-CTaHKa B CEKYHOY.

3Ha4YeHHe 10 yMOJIYaHWIO paBHO HyJ10. 3HaveHue 0 3actaBinsaeT LinuxCNC nipenmionaraTtk, 4TO KOHIIEBHUKA
HWCXOOHOTIO ITOJIOZKEHHN S HET; 3TAll IIOMCKA UCXOOHOI'O ITOJIOZKEHHUA IIPOITYyCKaeTCsd.

Ecmu HOME SEARCH VEL He paBHO Hymnio, LinuxCNC npepmnonaraeT, 4TO CyIIeCTBYyeT KOHIIEBUK
HMCXOOHOTO moJioxkeHusi. OH HaUMHAET C TPOBEPKH, He cpaboTali U y2Ke KOHIIEBUK MCXOOHOTO TIOJIOKEHUS.

B ciyuae cpabaTtbiBanus oH oTkaThiBaeT Ha HOME SEARCH VEL. HampaBieHue OTKaTa IPOTUBOIIOJIOXKHO
3saky HOME SEARCH VEL. 3aTeM OH UITleT KOHIIEBUK UCXOOHOT0 IOJIOKEHNUS, IePeEMeINasiCh B HallpaBlIeHL
ykazanHoM 3HakoM HOME SEARCH VEL, co CKOpPOCTEIO, OIIpenesisieMoi ero abCcomOTHEIM 3HaUYeHUEM,
ITpu oOHapyXeHUU KOHIIeBUKa NCXOOHOTO II0JI0KEHU S COUJIEHEeHEe OCTaHOBUTCS KakK MOXKHO OBICTpEE,

HO Bcerpga OymeT HEKOTOPHIM BHIKAT. BenuumHa BEIKaTa 3aBUCHUT OT CKOPOCTH. ECHIH OH CIHIIKOM
BBICOK, COYJIEHEHUE MOXKET IIPOCKOYUTH HACTOJIBKO, YTO yOAapUTCS O KOHIIEBOU BHIKJIIOYATENIb WU
BpexkeTcs B KoHell xofa. C apyroii ctopoHsl, ecii HOME SEARCH VEL ciuiikoM HU3KUH, IIpUBEeHNE

K UCXOOHOMY IIOJIOKEHUIO MOXKET 3aHATh MHOTO BPEMEHHU.

4.5.6.2 HOME_LATCH_VEL

JTa IIepeMeHHas1 UMeeT €IUHUIbI U3MEPEeHNA — €IUHUIBI-CTaHKAa B CEKYHIOY.

YKa3rlBaeT CKOPOCTh U HamlpaBieHue, KoTopele LinuxCNC uCIoab3yeT Ipu OKOHYaTEIbHOM TOYHOM
onpeneneHNY KOHIIeBUKA MCXOOHOI0 IT0JI02KEeHUsI (€CJTH OH IIPUCYTCTBYET) X MECTOIIOJIOKEHU ST UHAEKCHOT 0
uMIynibca (ecnu oH mpucyTcTByeT). OOBIYHO OHa OyIeT MeIJieHHee, YeM CKOPOCTbH IIOMCKa, YTOOE
MakcuMusnposaTtb TOUHOCTE. Ecnu HOME SEARCH VEL u HOME LATCH VEL uMenT Of¥HaKOBBIU
3HaK, TO ¢a3a pUKCALUYU BLITIOIHSIETCS IIPU OBUXKEHHUU B TOM XK€ HalTpaBJIEHWU, 4YTO U ¢da3a IToucCKa.
(B atom cnygae LinuxCNC cHadasa OTKaThIBaeT OT KOHIIEBHMKA, a 3aTEM CHOBa OBUXKETCS K HEMY CO
ckopocTtbio pukcaumu.) Ecnu HOME SEARCH VEL 1 HOME LATCH VEL uMelOT IpOTHUBOIIOJIOKHBIE
3HaKH, (pa3a puKcalmu BEIIONHSAETCS IPU IBUXKEHUHY B HAlTpaBIeHUHU, IIPOTUBOMIOI0XKHOM (a3e IToHCcKa.
910 o3HavaeT, 4To LinuxCNC 3adukcupyeT nepBLY UMIYIILC IIOCJIEe TOTO, KaK OH YUIEeT C KOHIIeBUKa.
Ecmu HOME SEARCH VEL paBeH HyJIIO (9TO O3Ha4YaeT, YTO KOHIIEBUK UCXOOHOM ITIO3ULIU OTCYTCTBYET),
U 3TOT HapaMeTp He paBeH HyHO, LinuxCNC mepexomuT K MOWCKY MHOEKCHOTO HMITylbca. Ecnu
HOME SEARCH VEL He paBHO HYJIIO ¥ 3TOT ITapaMeTpP PaBeH HYJIIO, 3TO omKOKa U ollepalys Bo3Bpara
B HCXOJHOE II0JI0KEeHNEe 3aBePIINTCS Heyaadell. 3HaueHNUe 110 YMOJIUYaHUI0 paBHO HYIIIO.
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4.5.6.3 HOME_FINAL_VEL

dta IIepeMeHHas1 UMeeT €IUHUIbEI U3MEPEeHNA — €IUHUIBI-CTaHKAa B CEKYHIY.

OTOT IMapaMeTp omnpenenseT CKOpocTh, KOTopyio LinuxCNC ucmonb3yeT IpHU MIepexone U3 MO3ULUU
HOME OFFSET B nosunuio HOME. Ectu HOME FINAL VEL otcytcTByeT B INI-datine, To 015 BEIIOTHEHUS
9TOr0 ABUKEHUS UCIIOIb3YETCSA MaKCUMaIbHasi CKOPOCTh COYJIEHEHUSI. 3HaYEHME JOJIKHO OBITH ITOJIOKUTET]
YHMCJIOM.

4.5.6.4 HOME_IGNORE_LIMITS

OTOT mapaMeTp MoXeT uMeTh 3HaueHusd YES / NO. 3HadeHure II0 yMOJTYaHHUIO [JIg 9TOTO ITapaMeTpa —
NO. 3toT ¢dmar onpepensieT, OymeT nu LinuxCNC urHopupoBaTh BXOO KOHIIEBUKA IIpemesia Ojsi 9TOTo
COUJIEHeHHUSI BO BpeMs BO3BpaTa B MCXOOHOE IOJIOKEeHWe. IDTa HacCTpolKa He OyHoeT UTHOPHPOBATH
BXO[BI ITPENEIOB OJI APYTUX COuJeHeHu. ECcu y Bac HeT OTOEIbHOT0 KOHIIEBUKA UCXOOHOTO ITI0JIOKEHM S,
yCTaHOBUTE 3TOT NapamMeTp B YES u mopgkiouyuTe CUTHaAJI KOHIIEBUKA IIpefesia K BXOOYy KOHIIEBUKA
HUCXOOHOTO TonoxkeHus couneHeHus B HAL. LinuxCNC 6ymeTr urHOPUpPOBATh BXO[ KOHIIEBUKA [
9TOTO COYJIEHEHMS BO BPEMS BO3BpaTa B MCXOOHOE ITOJIoXKeHue. UTOoOB MCIOJIb30BaTh TOJIBKO OOUH
BXO[I MIJIST BCEX MCXOOHEIX MOJIOXKEHUI U IMpenesioB, BaM NpuaeTcs 3a0JI0KHPOBAaTh CUTHAEI IIPEIeIoB
COYJIEHEHHUH, HEe BO3BPAIIAIOIIUXCS B UCXOTHOeE ITooKeHne B HAL, ¥ TpUBOOUTE B UCXOOHOE ITOJI0OKEHNE
OHO COYJIeHEeHMe 3a pas.

4.5.6.5 HOME_USE_INDEX

YKa3wiBaeT, eCTh TN UHAEeKCHBIN uMnyiabc. Ecnu ¢nar pasel true (HOME USE INDEX = YES), Linux-
CNC 6yneTt ¢pukcupoBaTh GPOHT UHAEKCHOT0 UMNyJibca. Ecnu 3HayeHue paBHO false, LinuxCNC 6yneT
¢burcupoBaTh M1u60 GPOHT, MHOO Cpe3 KOHIIEBHKA MCXOMHOTO ITOJIOKEHUsI (B 3aBUCUMOCTH OT 3HAKOB
HOME SEARCH VEL mu HOME LATCH VEL). 3nauenune no ymondanuio — NO.

Note
HOME_USE_INDEX TpebyeT coeanHeHuns B Bawem canne HAL K «joint.n.index-enable» w3
«encoder.n.index-enable».

4.5.6.6 HOME_INDEX_NO_ENCODER_RESET

ITo ymomuasuio NO. HMcnons3dyute YES, ecnu sHKOZEpP, UCIOJIB3yEMEIN OIS 3TOTO COYJIEHEHUS, HeE
cOpaceIBaeT CBOM CYETUYMK IpU 00HAPYKEHUN MHOEKCHOTO UMITyJIbCa II0CTIe aKTUBAIlUU KOHTAKTa in-
dex enable counenenus HAL. [Tpumerumo tonsko anss HOME USE INDEX = YES.

4.5.6.7 HOME_OFFSET

OTOT apaMeTp oIIpefesieT I0JI0XKeHe HadalbHOU HYJIeBOM TOYKU CUCTEMEI KOOPAUHAT cTaHKka G53.

9T10 paccTosaHMe (CMeIeHre) B eIUHUIIAX COUJIEHEHNS OT Havajla KOOPAWHAT CTaHKA A0 TOUYKM CpabaThIBaHUS
KOHIIeBUKA MCXOOHOT0 IIOJIOXKEHUS NN HHIEKCHOI' 0 uMItyibca. Ilociie o6HapyKeHus TOUKY cpabaTEBaHUS
KOHIeBUKa/UHAeKCHOro umnysibca LinuxCNC ycTaHaBiuBaeT IOJIOXKEeHNe KOOPAVHAT COYJIEeHeHUsA Ha
HOME OFFSET, Tem caMBIM oIIpefesas Hadajlo KOOPOUHAT, OT KOTOPOI'O IPOUCXOOUT IPOTrPaMMHEIN
npepes. 3Ha4eHMUE 10 YMOIYaHUIO PaBHO HYJIIO.

Note
MecTonoNo)XeHne KOHLUEeBUKa WCXOLHOrO MOJIOXKEHUSs, yka3aHHoe nepemeHHon HOME_OFFSET,
MOXXEeT HaxoOUTbCA BHYTPU WM 3a nMpepgenaMmu MNporpaMMHbIX Mpenesos. OHun bynyT

NCcrnonb3oBaTbCA COBMECTHO UJIM BHYTPW anmnapaTHbIX KOHLUEBMKOB MNMpeaesos.
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4.5.6.8 HOME

[TonoxkeHUe, B KOTOPOE IlepeliieT couieHeHNe 10 3aBEPIIEHUIO [1I0CJIeN0BaTEeIbHOCTY IPUBENEHUS B
“CXOonHOoe moyiokeHwue. Ilocrne o6HapyzkKeHUs cpabaTHBAaHUSA KOHIIEBUKA MCXOOHOTO IMOJIOKEHUS WU
KOHIIEBUKAa UCXOOHOTO IIOJIOKEHNS, a 3aTeM UHIEKCHOT0 UMITyIbCca (B 3aBUCUMOCTH OT KOHDUTypaIum)
U ycTaHOBKM KoopauHaThel 9Tou Touku Ha HOME OFFSET, LinuxCNC BrinmonHseT nepexonq Ha HOME
B Ka4yeCTBe IIOCJIefHero 1Iara polecca Bo3BpaTa B HCXOOHOE II0JIOKeHue. 3HadyeHue 10 YMOJIYaHUI0
paBHo Hy1I0. O6paTUTe BHUMaHUeE, YTO JaXKe ecJI 3TOT HapaMeTp Takol ke, Kak HOME OFFSET, npu
OCTaHOBKEe COYJIeHEeHNEe HEMHOTO BEHIUTET 3a Ipefesibl 3adhuKCUPOBAHHOTO TOJIOXKeHUA. [109TOMYy B 3TO
BpeMs Bcerma OymeT Hebosbinoe nepemernienne (ecnu Tonbko HOME SEARCH VEL He paBeH HYITIO
M BEChb 3Tall MMOHCKa/PpuKcanuu He OB IPOMYIIEH). IJTO IOCIegHee ABUXKeHUE OymeT BBHIIIOJIIHEHO C
MaKCHMalbHOU CKOPOCTBIO COUJIEHEHUsI, €CIIU He ycTaHOBeHOo 3HaueHne HOME FINAL VEL.

Note

PasHuua mexpny HOME OFFSET w HOME 3aknwovaetca B ToM, 4TO0 HOME OFFSET cHa4vana
yCTaHaB/IMBaeT WCXOAHOE MECTOMOJIOKEHNE U LWKaJly Ha CTaHKe, T[pUMeHsas 3HadyeHue
HOME_OFFSET k mecTy, rgoe 6bil1 HangeHo ucxogHoe rnoJsioxeHwe, a 3ateM HOME yka3biBaeT,
Kyha OOJ/DKHO NepeMecTUTbLCSA COYNEeHEHNe Ha 3TON LWKaJe.

4.5.6.9 HOME_IS_SHARED

Ecnu gy 9TOoro coueHeHUsT HeT OTOEIbHOI0 BXO/la KOHIIEBUKA MCXOMHOTO ITOJIOKEHMSI, HO K OMHOMY
KOHTAKTYy MOJAKJIIOYEHO HECKOJIPKO KOHIIEBUKOB MI'HOBEHHOTO [EHWCTBHS, YCTAHOBUTE 3TO 3HAUYEHUE
paBHBIM 1, 4TOOBI IIPEOOTBPATHUTh 3aIlyCK BO3BpaTa B MCXOOHOE COCTOSIHHME, €CJIM OOWH U3 OOIIUX
mepekKsodaTene yke 3aMKHYT. YCTaHOBUTE 3TO 3HaueHue Ha 0, YTOOH pa3pelnTh BO3BPAT B UCXOTHOE
IIOJIOKEHUe, faXKe eCJIU IePEeKTI0YaTesNlb YKe 3aMKHYT.

4.5.6.10 HOME_ABSOLUTE_ENCODER

Ucnone3yetcst oy abCoMIOTHEIX 9HKOmepoB. Korma memaeTcst 3ampoc Ha IpUBEIEHNE B UCXOTHOE
IIOJIOKEeHHUEe COYJIeHeHU s, TeKYIas MO3ULKS COUJIeHeHU s yCTaHaBIuBaeTcsa Ha 3HadeHue «[JOINT nJHOME

OxonuaTenbHBIN epexor B no3unuio «[JOINT n]JHOME» He sBnsieTcs 0013aTEIbHEIM B COOTBETCTBUH
c Hactpoukou «<HOME ABSOLUTE ENCODER»:

HOME_ABSOLUTE ENCODER = 0 (b’’'Mb’'b’’ob’’ b’’yb’'b’’Mb’’b’’ob’’b’'nb’’'b’"’ub’’b’"ab’'b’"ub’’ «+
b’ 'ub’’'b’’'wb’") b’’cb’’b’’ob’'b’"uyb’’b’'nb’’'b’"’eb’’b’'Hb’'b’"eb’'b’"'Hb’'b’'ub’ 'b’"eb’’ b +
""Hb’’'b’'’eb’’ b'’'ub’’b’'’cb’’b''nb"'b’"'ob’'b’'nb’'b’’'bb’'b’'3b’ b’ 'yb''b"'eb’'b"'Tb"’" b’ «
"ab’’'b’’6b’'’b’’'cb’’b"’ob’ b’ 'Ab’ b’ b’ b’ "Tb’ b’ "Hb’ b’ 'bib’ 'b’ Wb’ " b’’'3b’’b''Hb’ b’ +
"kKb'’'b"’ob’’b’'pb’'b’'eb’ b’ 'pb’’

HOME_ABSOLUTE ENCODER = 1 b’’Ab’’b’'’6b’'’'b’’cb’'’b’'ob’'b’'nb’'b’"tob’'b’’"Th’ b’ "Hb’'b"'bib"'b’ +
"mb’’ b’’3b’’b’'Hb’’'b’'kb’’b"’0b’ b’ 'gb’'b’"eb’ b’ 'pb’’, b’'ob’'b’'kb’’b’'0ob’ b’ "Hb’ b’ «+
"yb’’'b’"ab’’b’'Tb’’b"’eb’ b’ 'Ab’ b’ 'bb’ b’ 'Hb’ 'b’ 'bib’ 'b’ "b’’ b’ 'nb’’b’’eb’’b’'pb’'b’ +
'eb’’b"'xb"'b’"'ob’'b’"'pb’" b’’'Bb’" [JOINT n]HOME

HOME_ABSOLUTE ENCODER = 2 b’’Ab’’b’'’6b’'’b’’cb’’b’"'ob’'b’'nb’'b’"tob’ "b’"Th’'b’"Hb’'b"'bib’'b" «+
'nb’’ b’ ’'3b’’b’"Hb’ b’ 'kb’’b"’0b’ b’ 'ab’'b’’eb’ b’ 'pb’’, NO (b’’ub’’'b’’eb’’'b’’'Tb"") b’ «
'ob'’'b’"'kKb’'b’'ob’'b’"'Hb’ b’ "uyb’ b’ "ab’ b’ 'Tb’'b"'eb’'b’'nb’'b’ 'bb’'b’'Hb’ b’ '0b’' 'b’ +
‘'rb’’b"’ob’’ b''nb’'’b’"’eb’’b’'pb’'b’’eb’ b’ 'xb’'b’"ob’ b’ 'gb’’'b""ab’’ b’’sb’’ [JOINT n] «
HOME

Note
Mapametp HOME_IS SHARED Mon4a urHopupyeTcs.
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Note
3anpoc npmeedeHnsa CoYeHEeHU B UCXO4HOE MNOJIOXKEHNE MOJ1Ha UTHOPUpPYeTCS.

4.5.6.11 HOME_SEQUENCE

HcnonblyeTcs Ois onpeneneHus I0CIeq0BaTeIbHOCTH IIPUBEIEeHNSI MHOKECTBa COUJIEHEHNUH B UCXOOHOEe
nonoxenue HOME ALL 1 o6ecrieyeHus TOpsAOKa BO3BpallleHUs B UCXOIHOE IT0JI0KeHUe (HanpuMep, Z
He MOXeT OBITh BO3BpAllleH B MCXOOHOE ITOJI0XKeHKe, ecliu X ellle He YCTaHOBJIEH B UCXOOHOE II0JI0KEeHUE).
CouneHeHne MOXKeT OBITH IPUBEIEHO B MCXOOHOE IIOJIOKEHWE IIOCJIe TOTO, KaK BCE COYJIEHEHUS C
MeHbImuM (abcomoTHeM 3HaYeHrneM) HOME SEQUENCE yxke nmpuBeOeHb U HaXOOSITCS B IIOJIOKEHUHN
HOME OFFSET. Ecnu gBa couneHeHus uMeioT opmmHakoByio HOME SEQUENCE, onu MOryT OBITH
[IpUBENEHEl OOHOBPEMEHHO.

Note

Ecnm HOME_SEQUENCE He yka3saH, co4fieHeHue He b6yneT npuBeLEeHO B UCXOOHOE MOJIOXKEHMe
nocnepnosaTenbHocTeto HOME ALL (HO ™MoxeT ObiTb NpMBEOEHO OTAEJIbHbIMKA KOMaHOaMu
npmBeneHnsa KOHKPETHOIro COYJIEHEHMNS).

Hauansuoe yncio HOME SEQUENCE moxkeT 651Th 0, 1 (111 -1). AGCOIIOTHOE 3HaYeHUEe TOPSAOKOBBIX
HOMEPOB OOJIZKHO YBEJINYUBATLCS Ha eQUHUITY — IIPOIYCK IOPSOKOBLIX HOMEPOB He MOONEePKUBAETC.
Ecnu nopssgKoBBIM HOMED OIyIleH, Bo3BpaT B ucxogHoe nojoxenrne HOME ALL npekpaTuTcs ocse
3aBepIleHus I0CIeqHEer0 JOIIYCTUMOT0 IOPSAIKOBOT0 HOMeEpa.

Orpuuartenbabie 3HaueHUas HOME SEQUENCE yka3reIBaroT, YTO COEIWHEHUS B IOCIIEA0BATEIbHOCTH
OOJIXKHEI CHHXPOHH3HMPOBaTh OKOH4YaTeIbHOe nepememienue c [JOINT n]HOME, oxugas, moka

BCe COYJIEHEHMSI B IOCJIeIOBATEILHOCTY He OymyT roToBEL. Eciu Kakoe-nmu0o coueHeHe UMeeT OTPHIIATEe T
3nauenue HOME SEQUENCE, To Bce couNIeHEHUS C OOUHAKOBEIM a0COMIOTHLIM 3HaY€HMEM (II0JI0KUTEITbHE:
M oTpunaTensbHeIM) 3HaYeHus anemeHTa HOME SEQUENCE 6ynyT CHHXpOHU3UPOBATh OKOHYATEILHOE
rnepeMelieHue.

OrpunarensHoe 3HaueHe HOME SEQUENCE TakKe npuMeHsieTCsI K KOMaHOaM IPUBEIEHUS OOHOI' O
coudJieHeHus B ucxogHoe nonoxenve. Ecnu 3Hauerne HOME SEQUENCE orpunareibHO€, BCE COYJIEHEHY
“Melolye onuHakoBoe abcomoTHOe 3HadeHue 3Toro HOME SEQUENCE, 6ynyT npuBeJeHbI B HCXOTHOE
MOJIOZKEeHHE BMeCTe C CHHXPOHH3UPOBaHHBIM OKOHUYATEJ/IbHBIM HepeMenieHueM. Eciu 3HaueHue
HOME SEQUENCE paBHO HYIIIO UJIX ITIOJIOKUTEIPHOMY 3HaYE€HUI0, KOMaHOa OJId UCXOOHOT0 COUYJIEHEeHUST
OymeT IPUBOOUTE B MCXOOHOE TIOJIOKEHWE TOIBKO YKa3aHHOE COeqUHEHHE.

PexxuMm MenneHHOU Iogavyu couleHeHUN ¢ oTpuniatenbHeIM 3HaueHueM HOME SEQUENCE 3anpemieH.
B 0OBIYHBIX TOPTANbHLIX TPUI0KEHUSAX TaKOe IepeMelleHre MOXKeT IIPUBECTH K MepPeKocy (COBUTY).
OO6paTtuTe BHUMaHUE, YTO OOBIYHOE IIepeMeIlleHue 110 T100aIbHBIM KOOPAWHATAM BCerja JOCTYIHO 110
MMPUBENEHUIO CTAHKA B UCXOMHOE IT0JIOXKEHUE.

[Tpumeps! OJI CUCTEMEL C TPEMS COUI€HEHUSAMU

IIBe mocnemoBaTtenbHOCTH (0,1), 663 CHHXPOHU3AIINU

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

IIBe mociemoBaTeIbHOCTH, cOujieHeHusa 1 u 2 CHUHXPOHHU3XUPOBAHEBI

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

HpI/I CMEIIAaHHBIX ITOJIOZKUTEJIBHBIX U OTPULIATEJIbHEIX SHAYEHUAX COUYJIEHEHU A lu?2 CUHXPOHHU3UPOBAHEI
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[JOINT O]HOME SEQUENCE = 0
[JOINT 1]HOME SEQUENCE = -1
[JOINT 2]HOME SEQUENCE = 1

OpnHa mocJieqoBaTeIbHOCTD, 6€3 CUHXPOHU3AIIUHN

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

OpHa 1mocnenoBaTENbHOCTh, BCE COYIeHEHU CHUHXPOHHU3KWPOBAHEI

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

I n
1 1 1
(R

4.5.6.12 VOLATILE_HOME

Ecnu HacTpolika B true, 3TO COUJIeHeHNEe CTaHOBUTCS He B MCXOOHOM ITOJIOXKEHUU BCIKUM pa3, Korma
CTAHOK IIepexonmuT B cocTosiHre BBIKJI. 9To mogxomuT OJis 1i000T0 COUIeHeHsI, KOTOPOe He COXPaHsIeT
IIOJIOZKEHHE IIPU BEIKJIIOYEHHOM IIPUBOJE COYJIEHEHU . 9TO MOXKET HOTpe6OBaTBCH HEeKOTODPEIM IIIal OBEIM
IIPUBOOAM, 0COOEHHO MUKPOIIAT OBLIM.

4.5.6.13 LOCKING_INDEXER

Ecnu sTO counteHeHUue ImpencraBiisieT coboit OEeJINTEJIbHYIO T'OJIOBKY C 6HOKHpOBKOfI, OHO p836HOKI/IpyeTCH
Imepen BO3BpPAaTOM B MCXOOHOE IIOJIOZKEeHHuE U 3a(1)I/IKCI/IpyeTC$I II0CJIe 3TOrO.

4.5.6.14 HemepneHHO UCXOZHaA NO3ULMUA

Ecnu couneHeHre He UMeeT KOHIIEBUKOB UCXOHOT0 IIOJIOKEHNS UJIU HE UMeeT JIOTUYECKOI 0 UCXOTHOT O
TTOJI0KEHU I, KaK, HallpuMep, IIOBOPOTHOE COUJIeHEHNE, ¥ BEI XOTUTE, YTOOBI 3TO COUJIeHEHNE BO3BPAIIaJIoCh
B UCXOOHOE IIOJIOKEHUE B TEKYIeM IIOJIOXKEeHUU Ipu HaxaTuu KHOnNKU "Home All” B rpadudeckoMm
unrepdetice AXIS, To HeoOxoguUME! crenyoiine 3anucu INI g aToro cousieHeHus.

HOME_SEARCH_VEL = 0
HOME_LATCH VEL = 0
HOME_USE_INDEX = NO

HOME_OFFSET = @ (b’’Mb’’b’"nb’’b’’ub’’ b’’cb’ b’ 'Mb’’b’’eb’ b’ wb’'b’"eb’ b’ "Hb’'b’ 'ub’'b’ «
’ebll b"Mbllbllcbl'bl’xbllbllob"bllnbllb"Hb"bllobllb"ﬁbll bl'nbllbllobllbll3bllb’ (_’
IMbIIbIIubllbIIMbllbIIMbll (HOME))

HOMEisEQUENCE = 0 (bI’MbIIbI’J.IbI’b'IMb" b"ub"b,,pb,,b”yb"b’,rb’,b"Ob’,b,’ﬁb” b’lnbll <_)
bl Iebl Ibl ’ﬁbl ’b' ’Cbl ’b’ ITb’ Ib’ 'Bb’ Ibl ’Mbl Ib' ’Tbl ’b’ Iebl ’b’ Inb’ Ibl Ibbl Ibl ’Hbl ’b' ’blbl ’b’ (_’
Iﬁbl' b"l'lb"b"ob"b"pb"b"ﬂb"b"nb"b"Kb"b"Ob"b"Bb"b"bIb"b"Vlb" b’IHb’IbI >
’Obl ’b’ IMbI Ib’ Ieb’ Ibl Ipbll)

Note

3HaYeHMa MO  yMOJNYaHWIO  Ansg  HeyKasaHHbix  HOME_SEARCH_VEL, HOME_LATCH_VEL,
HOME_USE_INDEX, HOME n HOME_OFFSET paBHbI HYJ110, MO3TOMY MX MOXXHO ONYCTUTb Mpu 3anpoce
HeMe[sIeHHOro Bo3BpaTa B UcxogHoe nosioxkeHue. O6bIYHO cnefyeT BKAOYaTbh AENCTBUTENbHbIN
Homep HOME_SEQUENCE, nockonbky nponyck HOME_SEQUENCE wcknto4YaeT co4YiieHeHue U3
nosegeHns HOME ALL, Kak oTMe4YeHO BbliLLe.
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4.5.6.15 Inhibiting Homing

KonTakT HAL (motion.homing-inhibit) npegHa3nauen Ajis 3anpeTa MHUIIMUPOBaHUS BO3BpaTa B UCXOIHOE
nonoxeHune Kak misa "Home All”, Tak u gJjist OTOeILHOIO COYJIEHEeHUS.

HekoTophbie CCTEMBI HCIIOJIL3YIOT IPEUMYIIIeCTBa CHHXPOHM3AalluU OKOHYaTEe IbHBIX ITIepeMeIlleHUN COYJIeHe!
B ICXOJHOeE IIOJI0OXKeHUe, KOHTponupyeMuix oTpullateabHEIMU [JOINT NJHOME SEQUENCE= snemMeHTaMu
INI ¢arina. 1o ymom4aHMIO YCIOBUSA CUHXPOHU3AIUY 3allpellaloT MeAJIEHHYIO I0avyy COYJIEHEHUs
repeq repeMenieHueM B UCXOIHOE I0JI0KEeHMe, YTOOBI IIPegOTBPaTUTh IIepeMEIIeHIE COYIEeHEHH S,
KOTOpPO€e MOXKEeT IPUBECTU K CMEIeHUIO CTaHKa (HalmpuMep, IopTajdbHasa CTOMKa).

CucrteMHEI! pa3paboTurKe MOXKET Pa3pelluTh MeIeHHYIO [Tofady COYJIeHeHHsI Iiepel] BO3BpaToM B
HCXOOHOE II0JI0KEeHUe C IOMOIIbIo Toruku HAL, koTopas nnepeknodaet sneMeHTH [JOINT NJHOME SEQUE
OTa JIoTHKa TaK¥Ke [Oo/IXKHa aKTUBUPOBaTh BhIBOA motion.homing-inhibit, uTo6s rapanTupoBars,

YTO BO3BPAT B UCXOOHOE T0OJIOXKEeHNE He OyHeT ciIydYaiHO MHUIIMUPOBAH, KOT{a pa3peuieHa MeajieHHas
Iofavya COWIEHEHHUSI.

I[Mpumep: CuHXpoHM3UpPOBaHHbIe couieHeHUs 0,1 ¢ UCITOMTb30BaHUEM OTPUIATEIILHOM ITOCIEeI0BaTETFHOCTH
(-1) mnsa cCHHXPOHHOTO BO3BpPaTa B UCXOOHOE TI0JI0KeHUe C KOHIeBUKOM (allow jjog), KOTOpHI BEIOUpPaeT
MIOJIOZKUTENBHYIO IIOCIeN0BaTeIbHOCTE (1) OJ1 UHOMBUOYaIbHOTO IIepeMeEIIeHN I COUYJIEeHEHHUS TTepe
BO3BPATOM B MCXOOHOE IT0JIOXKeHue (YacTuuHbIM Kom HAL):

loadrt mux2 names=home sequence mux
loadrt conv_float s32 names=home sequence s32
setp home sequence mux.in@ -1

setp home_sequence mux.inl 1

addf home sequence mux servo-thread

addf home sequence s32 servo-thread

net home seq float <= home sequence mux.out
net home seq float => home sequence s32.in
net home seq s32 <= home_ sequence s32.out
net home seq s32 => ini.0.home_sequence
net home seq s32 => ini.l.home sequence

# allow jjog: pin created by a virtual panel or hardware switch
net hsequence select <= allow jjog

net hsequence select => home sequence mux.sel

net hsequence select => motion.homing-inhibit

Note

KoHTakThbl INI HAL (nogo6bHele ini.N.home_sequence) HefOCTYMHbI 40 TeX Mop, Noka He 3anycTuTcs
milltask, no3Tomy BbIMo/IHEHUE BhilLeyKa3aHHbIX KOMaHa HAL cnefyeT oT/1I0)KUTb C NOMoLbio hanna
HAL postgui nnu otnoxxeHHoro cueHapusa [APPLICATION]APP=.

Note

CvHXpOHU3aUUSA MeOSIeHHOW MnoJaydn COYJSIEHEHUA ONA HECKONbKUX COYJIeHEHUA B peasibHOM
BpeMeHun TpebyeT AOMONHNTENbHbIX coegnHeHnin HAL Ana KOHTaKToOB MeAneHHOoW nodayv Tuna Pri
(MPG) (joint.N.enable, joint.N.scale, joint.N.counts). .

I[Tpumep kKoHpUTypaluu MomenupoBaHusa (gantry jjog.ini), meMoHCTpupYyOIINN MeOJIEHHYIO IToAady
COuYJIeHEeHU S IIPU UCIIOJIb30BaHUU OTPUIATEJILHBIX I0C/IeN0BaTEIbHOCTEM MPUBENEHUS B UCXOTHOE II0JI0XKEH]
HaxXoOuTCs B KaTanore: configs/sim/axis/gantry/.
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4.6 KoHdurypauuma TOKapHOro ctaHka

4.6.1 Default Plane

When LinuxCNC'’s interpreter was first written, it was designed for mills. That is why the default
plane is XY (G17). A normal lathe only uses the XZ plane (G18). To change the default plane place the
following line in the INI file in the RS274NGC section.

RS274NGC_STARTUP_CODE = G18

The above can be overwritten in a G-code program so always set important things in the preamble of
the G-code file.

4.6.2 INI Settings

The following INI settings are needed for lathe mode in Axis in addition to or replacing normal settings
in the INI file. These historical settings use identity kinematics (trivkins) and three joints (0,1,2)
corresponding to coordinates x, y, z. The joint 1 for the unused y axis is required but not used in these
historical configurations. Simulated lathe configs may use these historical settings. GMOCCAPY also
uses the mentioned settings, but does offer additional settings, check the GMOCCAPY section for
details.

[DISPLAY]
DISPLAY = axis
LATHE = 1

[KINS]
KINEMATICS = trivkins
JOINTS = 3

[TRAJ]
COORDINATES = X Z
[JOINT 0]
[JOINT 2]

[AXIS X]

[AXIS 7]

With joints axes incorporation, a simpler configuration can be made with just the two required joints
by specifying trivkins with the coordinates= parameter:

[DISPLAY]
DISPLAY = axis
LATHE = 1

[KINS]
KINEMATICS = trivkins coordinates=xz
JOINTS = 2

[TRAJ]
COORDINATES = X Z
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[JOINT 0]
[JOINT 1]
[AXIS_X]

[AXTS_Z]

4.7 Stepper Quickstart

This section assumes you have done a standard install from the Live CD. After installation it is rec-
ommended that you connect the computer to the Internet and wait for the update manager to pop up
and get the latest updates for LinuxCNC and Ubuntu before continuing.

4.7.1 Latency Test

The Latency Test determines how late your computer processor is in responding to a request. Some
hardware can interrupt the processing which could cause missed steps when running a CNC machine.
This is the first thing you need to do. Follow the instructions here to run the latency test.

4.7.2 Sherline

If you have a Sherline several predefined configurations are provided. This is on the main menu
CNC/EMC then pick the Sherline configuration that matches yours and save a copy.

4.7.3 Xylotex

If you have a Xylotex you can skip the following sections and go straight to the Stepper Config Wizard.
LinuxCNC has provided quick setup for the Xylotex machines.

4.7.4 Machine Information

Gather the information about each axis of your machine.

Drive timing is in nano seconds. If you're unsure about the timing many popular drives are included
in the stepper configuration wizard. Note some newer Gecko drives have different timing than the
original one. A list is also on the user maintained LinuxCNC wiki site of more drives.

Axis

Drive Type

Step Time
(ns)

Step Space
(ns)

Dir. Hold
(ns)

Dir. Setup
(ns)

N =< <



https://wiki.linuxcnc.org/
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4.7.5 Pinout Information

Gather the information about the connections from your machine to the PC parallel port.

Output Pin

Typ.
Function

If Different

Input Pin

Typ.
Function

If Different

E-Stop Out

10

X Limit/Home

X Step

11

Y Limit/Home

X Direction

12

Z Limit/Home

Y Step

13

A Limit/Home

Y Direction

15

Probe In

Z Step

Z Direction

O] 00| J| Oy UT| ¥ W N[ =

A Step

A Direction

Spindle CW

Spindle PWM

Amplifier
Enable

Note any pins not used should be set to Unused in the drop down box. These can always be changed

later by running StepConf again.

4.7.6 Mechanical Information

Gather information on steps and gearing. The result of this is steps per user unit which is used for
SCALE in the INI file.

Axis

Steps/Rev.

Micro Steps

Motor Teeth

Leadscrew
Teeth

Leadscrew
Pitch

N = 4

» Steps per revolution - is how many stepper-motor-steps it takes to turn the stepper motor one rev-
olution. Typical is 200.

* Micro Steps - is how many steps the drive needs to move the stepper motor one full step. If mi-
crostepping is not used, this number will be 1. If microstepping is used the value will depend on
the stepper drive hardware.

e Motor Teeth and Leadscrew Teeth - is if you have some reduction (gears, chain, timing belt, etc.)
between the motor and the leadscrew. If not, then set these both to 1.

e Leadscrew Pitch - is how much movement occurs (in user units) in one leadscrew turn. If you're
setting up in inches then it is inches per turn. If you’'re setting up in millimeters then it is millimeters

per turn.

The net result you're looking for is how many CNC-output-steps it takes to move one user unit (inches

or mm).
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Example 4.1 Units inches

Stepper = 200 steps per revolution
Drive = 10 micro steps per step
Motor Teeth = 20
Leadscrew Teeth = 40

Leadscrew Pitch 0.2000 inches per turn

From the above information, the leadscrew moves 0.200 inches per turn. - The motor turns 2.000
times per 1 leadscrew turn. - The drive takes 10 microstep inputs to make the stepper step once. -
The drive needs 2000 steps to turn the stepper one revolution.

So the scale needed is:

200motor steps 1micrasteps dmatorrevs licadscrewrevs _ 20.000microsteps
lmotorrev lmotorstep licadscrewrev 0.2000inch T iriech

Example 4.2 Units mm

Stepper = 200 steps per revolution
Drive = 8 micro steps per step
Motor Teeth = 30
Leadscrew Teeth = 90

Leadscrew Pitch 5.00 mm per turn

From the above information: - The leadscrew moves 5.00 mm per turn. - The motor turns 3.000 times
per 1 leadscrew turn. - The drive takes 8 microstep inputs to make the stepper step once. - The drive
needs 1600 steps to turn the stepper one revolution.

So the scale needed is:

200 full steps . 8 microsteps X 3revs . lleadscrew rev 960 steps
Lrev 1step 1 leadscrew rev 500mm  1mm

4.8 KoHdurypauua LLaroBoro asurartens

4.8.1 BBepeHue

The preferred way to set up a standard stepper machine is with the Step Configuration Wizard. See
the Stepper Configuration Wizard Chapter.

This chapter describes some of the more common settings for manually setting up a stepper based
system. These systems are using stepper motors with drives that accept step & direction signals.

It is one of the simpler setups, because the motors run open-loop (no feedback comes back from the
motors), yet the system needs to be configured properly so the motors don’t stall or lose steps.

Most of this chapter is based on a sample config released along with LinuxCNC. The config is called
stepper inch, and can be found by running the Configuration Picker.
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4.8.2 Maximum step rate

With software step generation, the maximum step rate is one step per two BASE PERIODs for step-
and-direction output. The maximum requested step rate is the product of an axis’ MAX VELOCITY and
its INPUT SCALE. If the requested step rate is not attainable, following errors will occur, particularly
during fast jogs and GO moves.

If your stepper driver can accept quadrature input, use this mode. With a quadrature signal, one step
is possible for each BASE PERIOD, doubling the maximum step rate.

The other remedies are to decrease one or more of: the BASE PERIOD (setting this too low will cause
the machine to become unresponsive or even lock up), the INPUT SCALE (if you can select different
step sizes on your stepper driver, change pulley ratios, or leadscrew pitch), or the MAX VELOCITY
and STEPGEN MAXVEL.

If no valid combination of BASE PERIOD, INPUT SCALE, and MAX VELOCITY is acceptable, then
consider using hardware step generation (such as with the LinuxCNC-supported Universal Stepper
Controller, Mesa cards, and others).

4.8.3 Pinout

One of the major flaws in EMC was that you couldn’t specify the pinout without recompiling the source
code. EMC2 was far more flexible, and thus now in LinuxCNC (thanks to the Hardware Abstraction
Layer) you can easily specify which signal goes where. See the HAL Basics for more information on
HAL.

Kak omucano BO BBefmeHuu u pykoBoacTBe o HAL, sBayTpu HAL y Hac eCcTp CUTrHajbl, KOHTAKTH U
rnapaMeTpsl.

Note
We are presenting one axis to keep it short, all others are similar.

The ones relevant for our pinout are:

signals: Xstep, Xdir & Xen
pins: parport.0.pin-XX-out & parport.0.pin-XX-in

Depending on what you have chosen in your INI file you are using either standard pinout.hal or xy-
lotex pinout.hal. These are two files that instruct the HAL how to link the various signals & pins.
Further on we’ll investigate the standard pinout.hal.

4.8.3.1 Standard Pinout HAL

This file contains several HAL commands, and usually looks like this:

# standard pinout config file for 3-axis steppers
# using a parport for I/0

#

# first load the parport driver

loadrt hal parport cfg="0x0378"

#

# next connect the parport functions to threads
# read inputs first

addf parport.0.read base-thread 1

# write outputs last

addf parport.0.write base-thread -1

#
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# finally connect physical pins to the signals
net Xstep => parport.0.pin-03-out
net Xdir => parport.0.pin-02-out
net Ystep => parport.0.pin-05-out
net Ydir => parport.0.pin-04-out
net Zstep => parport.0.pin-07-out
net Zdir => parport.0.pin-06-out

# create a signal for the estop loopback
net estop-loop iocontrol.0.user-enable-out iocontrol.0.emc-enable-in

# create signals for tool loading loopback
net tool-prep-loop iocontrol.0.tool-prepare iocontrol.0.tool-prepared
net tool-change-loop iocontrol.0.tool-change iocontrol.0.tool-changed

# connect "spindle on” motion controller pin to a physical pin
net spindle-on spindle.0.on => parport.0.pin-09-out

#it#

### You might use something like this to enable chopper drives when machine ON
### the Xen signal is defined in core stepper.hal

#it#

# net Xen => parport.0.pin-01-out

#it#
### If you want active low for this pin, invert it like this:
#Hit#

# setp parport.0.pin-01l-out-invert 1

#t#

### A sample home switch on the X axis (axis 0). make a signal,

### 1ink the incoming parport pin to the signal, then link the signal
### to LinuxCNC’'s axis O home switch input pin.

#it#

# net Xhome parport.0.pin-10-in => joint.0.home-sw-in

#it#

### Shared home switches all on one parallel port pin?

### that's ok, hook the same signal to all the axes, but be sure to
### set HOME IS SHARED and HOME SEQUENCE in the INI file.

Ht#

# net homeswitches <= parport.0.pin-10-in
# net homeswitches => joint.0.home-sw-in
# net homeswitches => joint.l.home-sw-in
# net homeswitches => joint.2.home-sw-in

i
### Sample separate limit switches on the X axis (axis 0)
H#it#

# net X-neg-limit parport.0.pin-11-in => joint.0.neg-lim-sw-in
# net X-pos-limit parport.0.pin-12-in => joint.0.pos-lim-sw-in

#it#

### Just like the shared home switches example, you can wire together

### 1imit switches. Beware if you hit one, LinuxCNC will stop but can’t tell
### you which switch/axis has faulted. Use caution when recovering from this
### extreme position to avoid a hard stop.




LinuxCNC V2.10.0-pre0-5330-ge4692db02e 188 /1344

#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 [uvarHocCTvMKa LUarosoro asurartens

If what you get is not what you expect many times you just got some experience. Learning from the
experience increases your understanding of the whole. Diagnosing problems is best done by divide
and conquer. By this I mean if you can remove 1/2 of the variables from the equation each time you
will find the problem the fastest. In the real world this is not always the case, but it’s usually a good
place to start.

4.9.1 Common Problems

4.9.1.1 Stepper Moves One Step

The most common reason in a new installation for a stepper motor not to move is that the step and
direction signals are exchanged. If you press the jog forward and jog backward keys, alternately , and
the stepper moves one step each time, and in the same direction, there is your clue.

4.9.1.2 No Steppers Move

Many drives have an enable pin or need a charge pump to enable the output.
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4.9.1.3 Distance Not Correct

If you command the axis to move a specific distance and it does not move that distance, then your
scale setting is wrong.

4.9.2 Error Messages

4.9.2.1 Following Error

The concept of a following error is strange when talking about stepper motors. Since they are an open
loop system, there is no position feedback to let you know if you actually are out of range. LinuxCNC
calculates if it can keep up with the motion called for, and if not, then it gives a following error.
Following errors usually are the result of one of the following on stepper systems.

* FERROR too small

MIN FERROR too small

MAX VELOCITY too fast

* MAX ACCELERATION too fast
BASE PERIOD set too long

¢ Backlash added to an axis

Any of the above can cause the real-time pulsing to not be able to keep up the requested step rate.
This can happen if you didn’t run the latency test long enough to get a good number to plug into the
StepConf Wizard, or if you set the Maximum Velocity or Maximum Acceleration too high.

If you added backlash you need to increase the STEPGEN MAXACCEL up to double the MAX ACCELERATIO
in the AXIS section of the INI file for each axis you added backlash to. LinuxCNC uses “extra acceler-
ation” at a reversal to take up the backlash. Without backlash correction, step generator acceleration

can be just a few percent above the motion planner acceleration.

4.9.2.2 RTAPI Error

When you get this error:

RTAPI: ERROR: Unexpected realtime delay on task n

This error is generated by rtapi based on an indication from RTAI that a deadline was missed. It is
usually an indication that the BASE PERIOD in the [EMCMOT] section of the ini file is set too low. You
should run the Latency Test for an extended period of time to see if you have any delays that would
cause this problem. If you used the StepConf Wizard, run it again, and test the Base Period Jitter
again, and adjust the Base Period Maximum Jitter on the Basic Machine Information page. You might
have to leave the test running for an extended period of time to find out if some hardware causes
intermittent problems.

LinuxCNC tracks the number of CPU cycles between invocations of the real-time thread. If some
element of your hardware is causing delays or your realtime threads are set too fast you will get this
error.

Note
This error is only displayed once per session. If you had your BASE_PERIOD too low you could get
hundreds of thousands of error messages per second if more than one was displayed.
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4.9.3 Testing

4.9.3.1 NapamMeTpsbl LLAroBoro MMnNyJsibca

If you are seeing an axis ending up in the wrong location over multiple moves, it is likely that you
do not have the correct direction hold times or step timing for your stepper drivers. Each direction
change may be losing a step or more. If the motors are stalling, it is also possible you have either the
MAX ACCELERATION or MAX VELOCITY set too high for that axis.

The following program will test the Z axis configuration for proper setup. Copy the program to your
\~/emc2/nc files directory and name it TestZ.ngc or similar. Zero your machine with Z = 0.000 at the
table top. Load and run the program. It will make 200 moves back and forth from 0.5 to 1”. If you
have a configuration issue, you will find that the final position will not end up 0.500” that the axis
window is showing. To test another axis just replace the Z with your axis in the GO lines.

( test program to see if Z axis loses position )
( msg, test 1 of Z axis configuration )
G20 #1000=100 ( loop 100 times )
( this loop has delays after moves )
( tests acc and velocity settings )
0100 while [#1000]
GO Z1.000
G4 P0O.250
GO Z0.500
G4 P0O.250
#1000 = [#1000 - 1]
0100 endwhile
( msg, test 2 of Z axis configuration S to continue)
M1 (stop here)
#1000=100 ( loop 100 times )
( the next loop has no delays after moves )
( tests direction hold times on driver config and also max accel setting )
0101 while [#1000]
GO Z1.000
GO Z0.500
#1000 = [#1000 - 1]
0101 endwhile
( msg, Done...Z should be exactly .5” above table )
M2

4.10 dunbTpyloWiMEe NPOrpamMmbl

4.10.1 BBepeHue

BonpbmuHCcTBO 3KpaHoB LinuxCNC mMeT BO3MOKHOCTh OTIIPABISATh 3arpyKeHHbIe dainnsl yepes fil-

ter program unmM KUCIONIB30BATh IIPOrpaMMy-GUILTP Ol co3maHus G-koma. Takou QUIBTP MOXKET
BBITIOJTHSITH JTIO0YIO 2KeJlaeMylo 3aflady: YTO-TO IIPOCTOe, HAaIIPpUMep IIPOBEPKa TOTO, YTO (aiil 3aKaHYHNBaAETCS]
Ha «M2», uIu 4TO-TO OoJiee CI0XKHOe, HampuMep co3maHue G-Koma 13 u300paKeHusl.

4.10.2 Hactpouka INI pna nporpaMMHbIX ¢hMNbLTPOB

Pazpmern [FILTER] INI-¢aiina yirpaBnseT padoToi ¢punbTpoB. CHavaia O KaXkaoro THIla dakiiia HalluIIuTe
ctpoky PROGRAM EXTENSION. 3aTeM yKaxKHTe IIporpaMMy, KoTopasi OyIOeT BBIIOJIHATHCS OIS KaXKI0T0
Tuna ¢aina. ITou IporpaMMe IIpHCBauBaeTCsI UM BXOOHOTO (palisa B KaueCTBe IIEPBOTO apryMeHTa,

U OHa JOJIKHA 3amucaTh Kof rs274ngc B CTaHOAPTHBIM BHIBOH. OJTOT BHIBOX OyImeT oToOpaxXKaTbCs




LinuxCNC V2.10.0-pre0-5330-ge4692db02e 192 /1344

B TEKCTOBOM 00JIacTH, IPOCMATPUBATHCS B 00JIacTH OTOOpazkKeHus M BBHIMOMHATHCS LinuxCNC mnpu
HaXkaTUX KHOOKH Run. Crenymolre CTPOKY H00aBIIsIOT ITOANEePKKY KOHBepTepa image-to-gcode, BKITIOUEHH!
B LinuxCNC:

[FILTER]

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

gif = image-to-gcode

Takzke BO3MOXKHO YKa3aTb HHTEePIIPEeTaTop:

PROGRAM EXTENSION = .py Python Script
py = python

TakuMm o6pas3om, 0060 CKpUIIT Python MozKeT OBITh OTKDHIT, @ €T0 BEIXOHBIE TaHHBIE 00pabaTEIBAIOTCS
Kak G-koxm. OpmuH M3 TaKuX NIPUMEPOB CKPHUIITA AOCTYyIeH IIo agpecy nc files/holecircle.py. 39ToT
CKpHUMNT co3maeT G-KOf /I CBEPJIEHUs] CEPUU OTBEPCTHMH 10 OKPYXKHOCTH.

Circular Holes
Units GE0 {in) Al
* 0, Center X 1.0
® ® Center 0.0
Start &ngle 3
Increment &ngle  (17.0
Radius 1.0
Hole Count a
Feed Rate 5.0
Haole Depth -0.1
Cvell {0=no dwell) 1.0
Retract Height 0.1
‘ 014 Cancel

Figure 4.9: OTtBepcTUs IO KPYTY

Ecnu nporpamma ¢unbTpa oTnpasisieT B stderr cTpoku Bupga:
FILTER PROGRESS=10

OH yCTQHOBUT WHAWKATOP BHIIOJTHEHMUS 9KpaHa Ha 3aJaHHBLIN (B JaHHOM ciaydae 10) mpoueHT. ITy
dbyHKIMIO ciemyeT UCHOIb30BaTh JII000MYy GuIETPY, paboTamIieMy B TeYeHNe OJIUTEJIBHOTO BpEMEHH.

4.10.3 Co3paHue nporpamMm pmnbTpoB Ha ocHoBe Python

BoT oueHb IPOCTOY IpUMeED MeXaHUKU pUIbTpaluu: Ipu 3anycke skpaHa LinuxCNC, npepnararoIiero
nporpaMMHyio punbTpauuioo, oH O6ymeT reHepupoBaTh U 3alUCHIBAaTh CTPOKY G-Koma Kaxknayio 100%
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OO0 CeKYHOHl B CTAHOAPTHEIA BhIBOL. OH TakxXKe OTIPaBIIseT COOOIeHHEe O XOme BBIIIOJIHEeHUS B
CTaHOapTHEIM moTOK omubok UNIX. Ecnu mpowu3olnia omnrirbka, OH BEIBeOeT CoolIneHne o0 oImmbke
1 3aBepIIUT PaboTy Cc KomoM Berxoma 1.

import time
import sys

for i in range(0,100):
try:
# simulate calculation time
time.sleep(.1)

# output a line of G-code
print('Go X1', file=sys.stdout)

# update progress

print(’FILTER PROGRESS={}’'.format(i), file=sys.stderr)
except:

# This causes an error message

print('Error; But this was only a test’, file=sys.stderr)

raise SystemExit(1)

BoT moxoxasi mporpaMMma, HO OHa JeNCTBUTENbHO yMeeT GunabTpoBaTk. OHa OTKPHIBAET AUAIOTOBOE
okHO PyQtb ¢ KHOIKOM OTMeEHBI. 3aTeM OHa CYHUTHIBAET IIPOrpaMMy IOCTPOYHO M IepelaeT ee Ha
CTaHOAPTHHIM BEIBOA. [10 x0my mena oHa 00HOBIIsIET TI000M ITPOIIECC, TPOCITYIIINBAIONINY CTaHIaPTHEIN
BBIBOJI OIITHNOOK.

#!/usr/bin/env python3

import sys
import os
import time

from PyQt5.QtWidgets import (QApplication, QDialog, QDialogButtonBox,
QVBoxLayout,QDialogButtonBox)
from PyQt5.QtCore import QTimer, Qt

class CustomDialog(QDialog):

def init (self, path):
super(Custombialog, self). init (None)
self.setWindowFlags(self.windowFlags() | Qt.WindowStaysOnTopHint)
self.setWindowTitle(”Filter-with-GUI Test”)

QBtn = QDialogButtonBox.Cancel

self.buttonBox = QDialogButtonBox(QBtn)
self.buttonBox.rejected.connect(self.reject)

self.layout = QVBoxLayout()
self.layout.addWidget(self.buttonBox)
self.setlLayout(self.layout)

self.line = 0
self. percentDone = 0

if not os.path.exists(path):
print(”Path: '{}' doesn’t exist:”.format(path), file=sys.stderr)
raise SystemExit(1)

self.infile = open(path, "r")

self.temp = self.infile.readlines()
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# calculate percent update interval
self.bump = 100/float(len(self.temp))

self. timer = QTimer()
self. timer.timeout.connect(self.process)
self. timer.start(100)

def reject(self):
# This provides an error message
print('You asked to cancel before finished.’, file=sys.stderr)
raise SystemExit(1)

def process(self):
try:
# get next line of code
codeLine = self.temp[self.line]

# process the line somehow

# push out processed code
print(codeLine, file=sys.stdout)
self.line +=1

# update progress
self. percentDone += self.bump
print(’FILTER PROGRESS={}’'.format(int(self. percentDone)), file=sys.stderr)

# if done end with no error/error message

if self. percentDone >= 99:
print('FILTER PROGRESS=-1', file=sys.stderr)
self.infile.close()
raise SystemExit(0)

except Exception as e:
# This provides an error message
print(('Something bad happened:’,e), file=sys.stderr)
# this signals the error message should be shown
raise SystemExit(1)

if name == " main ":
if (len(sys.argv)>1):
path = sys.argv[1]
else:
path = None
app = QApplication(sys.argv)
w = CustomDialog(path=path)
w.show()
sys.exit( app.exec () )
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Chapter 5

HAL (YpoBeHb annapaTHOM abcTpakuum

5.1 HAL BBepeHue

LinuxCNC — aTo B3aumopelicTeue ¢ o6opynosanueM. Ho HeMHOTMe T0Ib30BaTeIM UMEIOT ONUHAKOBEIE
XapaKTepUCTUKU 000pYyZOBaHUS — II0XO0XKMe, HO He OguHaKoBhle. U maxe Ojid OOHOTO M TOTO XKe
000PyIOBaHUS MOTYT CYILIIECTBOBAThL Pa3HEIe CIIOCOORI €T0 MCIIOIB30BAHMSI, CKaXKeM, [JIs Pa3HEIX MaTEPHUaJIO!
WM C pa3HBIMU dpe3epamMu, 9TO nI0TpedyeT amanTaluy K YIIPaBIIeHUIO yKe paboTaomiell CHCTEMO.
AbcTpaknus Oblia Heo6xXoaumMa, YTOOk YIPOCTUTE HacTPouKy LinuxCNC mjis MupoKOoTo CIIeKTPa anapaTHEI
ycTpoiicTB. Ha caMOM BBICOKOM YPOBHE 3TO MOKET OBITH IIPOCTO CIIOCO0 3arpy3UTh U COEOIUHUTD P
cmpoumebHbiX 610K08 A1t COOPKYU CII0KHOM CUCTEMEL.

B aTo#1 rmaBe paccMaTpHBAETCsS YPOBEHBb allllapaTHON abCTpakuuu. Brl yBUOuWTe, YTO MHOTHE W3
CTPOUTENBHBIX GJIOKOB MEMCTBUTENBHO SBASIOTCS OpadiBepaMM OIS alllapaTHHIX YCTPOUCTB. OmHaAKO
HAL moxeT menaTth 00bIlle, YeM IIPOCTO HACTPauBaTh ApalBepsl 000PYyIOBaHUS.

5.1.1 HAL O6G3o0p

YpoBeHb annapaTHOM abcTpakiuy (MM CO CCHITKOM Ha dunbM KocMmudyeckas ommcces 2001 mpocto
"HAL’) — 3TO mporpaMMHOe obGecIieueHne, ITO3BOJISIOIEe

¢ 00eCIeYuTh I/IH(bpaCTp}IKTypy OJIsd CBSA3KWM C U MeXNOy MHOTMMHU IIPOTPAMMHBIMU W aAllllaPATHBIMHA
KOMIIOHEHTaMH CHCTEMEI.

e IIpu HEOOXOOUMOCTH 00pabaTHIBaTh U/UJIHM MEePEOIIpPenesiaiTh 9Ty HHGOPMAITHUIO IIPU ee Iepenade OT
KOMIIOHEHTa K KOMITOHEHTY.

Cama mo cebe aTo link: Cas3ymlee mporpaMMHoe obecrneueHre He COOepKUT MHPOpPMAIUU O ee
npuMeHeHuu Ha YITY. [Touck B MHTepHeTe, HalIpUMep, HaIlleJl aCTPOHOMUYECKOoe IPHUIOKeHNe O
yIpaBJieHus TeneckonaMu ¢ moMombio LinuxCNC. [IBuratenu mepeMeniaiT TEJIECKOI B IIPaBUJIBHOE
IIOJI0KEHUE, M OH [OJI2KEH 3HaTh, KaK COIIOCTABUTh ABUTIATENBbHYI0O aKTUBHOCTH C 3¢ {eKToOM 3TOro
IIO3UIIMOHNPOBAHKSA B PeaJIbHOM MHUDE. Takas CUHXPOHU3aluAgd TIOJIOZKEHU! OBUTaTeJid C PeaJIbHEIMU
MIOJI0XKEHUSIMH HAIlOMUHAET TO, YTO MOJI2KHEI leflaTh cTaHKu ¢ YITY uimn KocMuYecKue Kopabiiu.

JI1060i KOHTPOJIep CTaHKa [O/IKeH 3HaTh:

* 0 eT0 BHYTPEHHEM COCTOSHUHU U O TOM, KaK OHO COOTHOCHUTCS C OKPYyzKamlllel cpenoil (KOOpamuHAaTEI
CTaHKa, COCTOsSIHUE IIepeKIoYaTenell/peryasiTopos),

¢ KakK HCIIOJIHUTEJIBHBIE€ ME€XaHHU3MBbI JOJIZKHBI KU3MEHUTH 3TO COCTOSAHHUE,

¢ KaK PA3pPelInThb 0OHOBJIEHHE BHYTPEHHET 0 COCTOAHUA OATYUKOB (SHKOJIepOB, 30HOOB).



https://en.wikipedia.org/wiki/2001:_A_Space_Odyssey_(film)
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D1%8F%D0%B7%D1%83%D1%8E%D1%89%D0%B5%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
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Yposeub HAL cocTtouT 13 4acTel (Ha3bIBAeMbBIX «KOMIIOHEHTaMK»), KOTOPhIE

¢ CBS3aHEI OPYT C OPYTOM, HAIIpUMeD, OJId OOGHOBJIEHHUST OAHHBIX O MECTOIIOJIOZ2KEeHHUHN HUJIN OJId TOTrO,
YTOOBI AJITOPUTM IIJIaHUPOBAHUA coo61.uan OBUTATEeJIsAM O CIIEAYIOIIeM Ilare.

* MOXKET 3HaTh, KaK B3aUMOOENCTBOBATH C OGOpy,E[OBaHI/IeM,

* MOZKET IIPOCTO 06pa6aTbIBaTb BXOOsAlIMe NaHHbIEe U IIPEOOCTAaBJIATE BRIXOOHEIE NaHHBIE IPYTI'MM KOMITIOHEHT«

¢ BCerga IepuoanuvdeCKH BBIIIOJIHAKTCSA 6o
- C OYeHb BEICOKOH YaCTOTOU B HECKOJILKO MHUKPOCEKYH[ (MKC) BPEMEHMU BEITIOJIHEHUNS, Ha3bkIBAaEMOM
06a30BEIM IIOTOKOM, HAIIpHUMep, OJId

1. maTh MIarOBOMY ABUTATEJII0O TPUTTED, YTOOH CAEsaTh Iar BIepeqn Uuiu
2. CUUTATh MO3UITHIO, TPENCTAaBIIeHHYIO 9HKOIEPOM.

- c 6o1ee HU3KOU YaCTOTOM KaxKAyI0 MUJUIUCEKYHOY (MC), HanipuMep, YTOOLI
1. CKOPPEKTUPOBATh IJIaHUPOBaHKE CIeAyIOIINX X0I0B, YTOOL 3aBEPIINTh NHCTPYKIHIO G-Koza.

= KaK KOMIIOHEHTEI «uSer-space», KOTOPHEIE 3allyCKalT «OCHOBHOM ITMK/I», TaK e KakK #u moboe
Opyroe mporpaMMHOE€ obecmeueHnue, 1 MOT'YT IIPEPHIBATHCA UJIN 3a0€P2KUBATHCA, KOI'Da OCTAJIbHAA
Y9aCThb CUCTEMEI 3aHATA UJIU IIeperpyzxKeHa.

B coBokynrHocTu HAL mo3BonseT

1. mporpaMMupOBaTh OJI CTaHKAa, KOTOPHIM IPOTPaMMUCT He 3HaeT HallPAMYI0, HO MOXKeT [10JIaraThCsa
Ha IporpaMMHEIN UHTepP@delic c 4eTKO onpenesieHHEIM BO3eCTBHEM Ha CTAHOK. JTOT UHTepdelc
MOZKeT OBITH MCIIOJIb30BaH OIS

¢ CKa3aThb CTAaHKYy, 4YTO AOejlaThb
¢ IIOCIyLIaTh, YTO CTAHOK XO04YE€T CKa3dTh O CBOEM COCTOAHUU.

2. BeprukanbHbie abCTpPaKLUMKU: CUCTEMHBIN HHTETPATOP TAKOT'0 CTaHKa ucnoab3yeT HAL

* yTOOHI ONKCATh, KaK BHITJISIOUT CTAHOK M KakK KaKoW Kabejb ympaBiisieT KaKUM OBUTATEJIEM,
KOTOPLIN IIPUBOOUT B ABUXKEHME OIIPENeJIeHHYIO OCh.

e OmucaHue cCTaHKa, HTEPEHNCH MPOTPaMMHUCTa U UHTEPQEHC TOTh30BaTENST KAKUM-TO 00pa3oM
«BCTPEYAIOTCS» Ha 3TOM abCTPaKTHOM ypPOBHE.

3. T'opusoHTaNbHbBIE a6CTPAKIMU:

* He Bce cTaHKH UMEIOT BCE BUAH QYHKITUN
e (pe3epnl, TOKapHLIE CTAHKK U POOOTHEI UMEIOT MHOTO OOIIero

- 0cOOeHHOCTeH (OABUTATEeH, COUJIeHeHusd, ...),
= QJITOPUTMEI IIJIaHUPOBAHUA CBOUX JIBI/I)KGHI/IIZ.

HAL He mMeeT IpPSIMOTO B3aUMOMAENCTBUSA C ITOIb30oBaTeseM. Ho OBIIO IIpemoCcTaBIeHO HECKOJIBKO
UHTEep(dENCOB, IO3BOILIONINX MaHuyIuposats HAL

* 13 KOMaHOHOM CTPOKHU C ITOMOIIbI0 KoMaHAH “halcmd”.
* u3 ckpuntos Python u

e u3 nporpamm C/C++,
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HO HUY OOMH U3 3TUX UHTepdencoB He sBaseTcsa “camum HAILY.

HAL cam nio ce6e He SBISIETCS IIPOTPAaMMOM, OH COCTOUT U3 OOHOT'0 UJIU HECKOJIBKUX CITUCKOB 3aTrPyKEeHHBIX
nporpaMm (KOMIIOHEHTOB), KOTOPhIE IEPUOONYECKU BEIIOTHSIOTCS (B CTPOTOM IIOCTIEeN0BaTEIbHOCTH),

u obnacTtu ob1Iel MaMsTH, KOTOPYIO 9T KOMIIOHEHTHI MCIIONb3YIOT Ojis oOMeHa maHHBIMU. OCHOBHOM
ckpunt HAL 3anmyckaeTcs TOJIBKO OOUH pa3 IIPHM 3allyCKe CTaHKa, HacTpauBas IIOTOKM PeajbHOIo
BpPEeMEHU U MECTa B 00IIel ITaMsITH, 3arpyzKasi KOMIIOHEHTH ¥ HacTpauBasi KaHaJIbl Iepefayvyy JaHHBIX
MeXKOy HUMHU («KCUTHAJIbI» U «KOHTaKTEI»).

B npuHIIMIIE, HECKOJIPKO CTAHKOB MOTYT MCII0JIb30BaTh 001t HAL, 4TOGB 06€eCIIeYnTh UX B3aUMOIEHCTBUE,
opHako Tekymasa peanu3anusa LinuxCNC orpanmdyeHa OOHUM HHTEPIPETATOPOM U OOHUM MOZOYJIEM
3apad. B HacTosmee BpeMs 3TO HOYTH Bcerga uHTepuperatop G-koma u “3azjada (pelepoBaHus”
(koTOpas Tak¥ke XOpoIIo paboTaeT A1 TOKAPHBIX CTAHKOB U aJleKBaTHO IJist pOOOTOB), HO 3THU MOIYJIN
MOJKHO BHIOpaTh BO BpeMs 3arpy3KHW. YUYUTHIBasg PacTyILIUN HUHTepeC K YIpaBJIEHWIO HECKOJILKUMU
B3aMMOIENCTBYIOIIMMU CTaHKaMM, IIPEOAOJieHNe 3TOT'0 OrpPaHMYeHHsI, BEPOSITHO, CTaHET OOHUM U3
OCHOBHBIX IIIATOB [IJIs perleHus npobieMsl Oyayiero pa3sutus LinuxCNC. OgHaKo 3T0 HEMHOTO CII02KHO,

1 co0OIIeCTBO BCe ele GopMUPyeT CBOU MBIC/IH II0 3TOMY IIOBOMY.

HAL nexwut B ocHOBe LinuxCNC u ucnonb3yeTcs W/UNIK pacmupsgeTrcsa BceMHu dacTtamm LinuxCNC,
Bkitouasi T UTI. UaTepripetaTop G-Koma (MM albTEPHATHUBHOTO SI3bIKa) 3HAET, KaK HHTEPIIPEeTUPOBATh
G-kopm, ¥ IIePeBOOUT €r0 B OIlepalluy CTaHKa, 3anyckas curHansl B HAL. [Tonb30BaTelb MOXKET 3allpallliBaTh
HAL pa3nuyHBIME crtoco6aMu, YTOOHI TOJTYYUTh UH(POPMAIINIO O €70 COCTOSTHUHM, KOTOPas 3aTeM TaKXkKe
MIpefCcTaB/IseT COCTOSTHUE CTaHKa. Bo Bpems pa3paboTku Bepcuu 2.9, Ikl mo-npexkHeMy ABISIOTCS
HCKJIIOUEHHEM M3 9TOTO IIpaBujia ¥ MOTYT 3HaTh 4TO-TO, 4yero HAL He 3HaeT (HO JOJIKEH).

5.1.2 KoMMyHuKaums
HAL YHUKaJIEH TeéM, YTO MOXKET KOMMYHUIIMPDOBATE O4YE€Hb GLICTpO

¢ C OIPpyruMHu IIporpaMmamMy, HO B 4aCTHOCTHU

¢® C eTr0 KOMIIOHEHTaMH, KOTOPkhIE OOLIYHO BEITIOJIHSIIOTCS B OJTHOM K3 IIOTOKOB PeasibHOI'O BpeM€EHH.

U nipu ob61miennu Ta 9acTh LinuxCNC, ¢ KOTOPO# MPOUCXOOUT OOMEH HaHHBIMHU, He HY2KIaeTCs B IOATOTOBKE
K O6MeHy: BCe 3Tu ,'E[GIZCTBPISI BEITIOJIHAOTCA aCHMHXPOHHO, T. €. HHW OOWH KOMIIOHEHT He€ IIPEpPhIBaeT
CcBOoe OOBLIYHOE BHIIIOJIHEHUE OJId IIOJIYy4YeHHWs CUIrHalla, U CUIHaJIbl MOTI'yT OBLITH OTIIPaBJIEHEI CPa3y,

T. €. OPUIOXKeHWe MOXKET XKIOaTh, ITI0OKa He ITOCTYIIUT KOHKPETHOe Coo0IleHue (HampuMep, CUTHal
pa3pellieHus), HO eMy He HY>KHO TOTOBUTBCS K ITOJTYYEHUIO 3TOT0 COOOIIIEHUS.

Cucrema oOMeHa HaHHBIMUA

* IIPENCTaBJIsIeT U KOHTPOJIUPYET Bce 000pynoBaHUe, IOOKIIIOYEHHOE K CUCTEME,

¢ 3aIlyCKaeT U OCTaHaBJIMBaeT APyrume KOMMYHUKAIITMOHHBIE IIDOTrPAMMEI.

CBs13b C anmmapaTHbeIM 06ecIiedyeHreM CaMOT'0 CTaHKa OCYIIECTBIISIETCS COOTBETCTBYIOIIUMU BhIeJIEHHBIMU
KoMnoHeHTaMu HAL.

YpoBens HAL — aT0 00111€€ TPOCTPAHCTBO, B KOTOPOM BCe YacTH, cocTaBistiomnire LinuxCNC, oOMeHUBaIOTCsI
vHpopmMalrei. B 3ToM MPOCTPaHCTBE €CTh KOHTAKThI, KOTOPhIEe UAeHTUPUIINPYIOTCS 10 UMEHU, XOTS
nHXKeHep LinuxCNC MoXKeT IpeArno4YecTh aCCOUAINI0 C KOHTAKTOM 3JIEKTPOHHOU CXeMbl. JTU KOHTAKTHI
MOTYT HECTH YHMCJIOBBLIE U JIOTUYECKHE 3HAaYeHUs, OyJIeBbl 3HAUEHHUSI, YHCJIa C MJIaBalomiel 3amsaTo, a
TaKXKe IleJIble YHClia co 3HaKoM 1 6e3 3Haka. CyllecTByeT TaKxke (0OTHOCUTEJIbHO HOBHIN) TUII BEIBOZA C
nuMeHeM hal port, mpegHa3HaYeHHEIH OJ151 TOTOKOB 0aMTOB, U I1aTdopMa fjid oOMeHa 6ojiee CIIOKHBIMU
maHHBIMU, Ha3biBaeMad hal stream (KoTopas MCIIONIb3yeT YaCcTHYIO 001IyI0 00J1aCTh TaMATH, @ He KOHTaKT
HAL). ITocnepHue aBa TUIA UCIIONb3YIOTCS CPAaBHUTEJILHO PeOKo.

C nmomomrbio HAL BBl MOXKeTe OTHPaBUTh CUTHaJl Ha 3TOT Ha3BaHHBIM KOHTAKT. Kaxmas wacte HAL
MOZKEeT IIPOYMTATh 3TOT KOHTAKT, KOTOPBIM COAEPKUT 3HAYEeHME CUTHala. 10 eCTh A0 TeX IIOop, IToKa
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HOBBIM CUTHAJI He OTIIPAaBJIAETCS OJI1 3aMeHEl IIPEeIbIAYIIEero 3HaueHusI Ha KOHTAKT C TEM XK€ UMEHEM.
BaszoBas cuctema oomeHa coobmenusMu HAL He 3aBucut ot YITY, Ho HAL mocTaBmnsieTcs ¢ 60IbIIUM
KOJINYeCTBOM KOMIIOHEHTOB, KOTOPble MHOTroe 3HatoT 0 UIIY 1 mpencTaBiasaioT 9Ty HHGOPMAaLMIO Yyepes
KOHTAKTH. ECTh KOHTAKTHI, 0003HaAYAIOIIINEe

* CTaTUYECKYIO0 MH(POpPMalusI O CTaHKe

¢ TeKylllee COCTOdHHuEe CTaHKa

- KOHIIEBHKOB
= IIO3UIUH, IIOOCYHUTAHHBIE IIIAI'OBEIMU OBUTATEJIAMU UJIN U3MEPEHHBIE 3HKOOEePaMU

* IIOoJIy4YaTeu UHCTPYKUUHU

- Py4HOe yIpBaJieHHte II0I0XKeHUeM CcTaHKa ("MeIieHHas rnmogada”)
- TOJI02KEHHS, KOTOphIe IIaroBble OBUTATENM OOJIKHBI 3aHATh B CIIEAYIOIIUN pa3

ITo aHaymoruu C 3JIEKTPOHHLIMU KaOeasiMU KOHTAKTHl MOTYT OBITH COEIUHEHH! “TTPOBOOAMU”’, TIO9TOMY
3HaYeHHUe, U3MEHSIOIIeecs Ha OQHOM KOHTAKTe, CJIY2KUT BXOJIOM IJIsl APYTOro KOHTAKTa. KOMIIOHEHTEI
HAL moproraBnmBalOT TaKue BXOOHBIE M BHIXOOHBEIE KOHTAKTHI M, TaKUM 00pa3oM, aBTOMATHUYECKHU
3amycKaroTcs Ay paboTHL.

HAL Components MHorue «3kcrepTHbe» nporpaMmubie 9acT LinuxCNC 06bI19HO peanmu3yioTcs Kak
KomnoHeHmut HAL, KOHUIENITyaJIbHO TakKe Ha3kIBaeMble MOOY/AAMU. IDTH KOMIIBIOTEPU3UPOBAHHEIE
SKCIIEPTHI IOCTOSTHHO YnuTaroT u3 HAL 0 COCTOSTHUY, K KOTOPOMY AOJI2KEH CTPEMUTHCS CTaHOK, U CPaBHUBAIOT
39TO 2KeJjlaeMO€e COCTOsIHHWEe C COCTOsIHMEM, B KOTOPOM CTaHOK HaXOOUTCHA B TEKyIIui MoMeHT. Korpma
CYIIECTBYET Pa3HUIIA MEXKIY TeM, YTO JOIXKHO OBITh, M T€M, KaKUM SIBJIIETCS TEKYIlee COCTOSHUE,
BBITIOJTHSIIOTCSI HEKOTOPHIE IeMCTBUS, YTOOB YMEHBIITUTD 3Ty Pa3HUILY, IIPU 9TOM ITOCTOSTHHO 3alMChIBas
00OHOBJIEHUS TEKYIIIUX COCTOSIHUM 00paTHO B IPOCTPAHCTBO AaHHBIX HAL.

EcTh KOMIIOHEHTHI, CIIENNAIU3UPYIONINECT Ha B3aUMOOEUCTBUY C IIarOBEIMU OABUTATEISIMU, a OPyTrue
KOMITOHEHTHI YMEIOT YIIPaBASITh cepBonpuBogaMu. Ha 60jiee BHICOKOM YPOBHE HEKOTOPHIE KOMITOHEHTHI
3HAIOT, KaK PacloJIOKEeHHl OCU cTaHKa B 3D, a gpyrue 3HaIOT, Kak IIJIaBHO IIepeMeIlaThbCsa U3 OOHOU
TOYKHM IIPOCTPAHCTBA B APYyrylo. TokapHble CTaHKM, (pe3epHble CTAHKU U POOOTH OyAyT pa3inudaTbCs
aKTUBHBIM KoMnoHeHTOM LinuxCNC, T.e. KOTOpHI¥ 3arpyzxkaetcs dainoMm koHburypamuu HAL pns
39TOT0 CTaHKa. TeM He MeHee, IBa CTaHKa MOTYT BHITJISIAETh OY€Hb I10-Pa3HOMY, IOCKOJIBKY OHU CO30aHbl
IJISI COBEPIIEHHO Pa3HBIX IIeJIel, HO Korjia OHU 00a UCIIONIb3YyI0T CEPBOABUTATEIHN, OHU BCE PABHO MOTYT
KCIIOJIb30BaTh OOUWH U TOT K€ CepBO-KOMIIOHEeHT HAL.

IIpoucxoxkmeHue CTHUMYy/Ia K mepeMelneHuio Ha camom HuxHeM (OnmxKaiiieM K alllapaTHOMY)
YPOBHE, HAalIpUMeD, IOJId IIarOBEIX IBUTaTEJIer, OIIMCaHe COCTOSHUS STOT0 ABUTaTElId BEChbMa OHSATHO
WHTYUTUBHO: 3TO KOJIMUYECTBO IIIarOB B ONpeAesIeHHOM HalpaBlieHWM. Pa3HUIla MeXOy >KeJlaeMbIM
MMOI0KeHUEM M (paKTHUYECKHM IMOJIOKEeHHeM IpeoOpa3yeTcs B ABuzKeHue. CKOPOCTh, YCKOPEHHE U
upyrHe IIapaMeTpPHI MOTYT GBITB OIrPaHNYEeHEI BHy'TpI/I CaMOI'0O KOMIIOHEHTa UJIn MOFYT 6bITb OIr'PaHUYEHEI
BEIIMIECTOAILIIUMU KOMIIOHEHTaAMU. (Hanpnmep, B 6OJ'IBH_II/IHCTBe CJIy4aeB 3Ha4Y€HUd IIOJIO2KEHUA OCH II0
KaXJJoMy MOMEHTY, OTIIPaBJIieMble KOMIIOHEHTaM reHepaTopa IIarOBLIX UMIYJIbCOB , YK€ OTPaHNdYeHbI
1 cOPMHUPOBAHLI B COOTBETCTBUY C HACTPOEHHBIMU OTPAaHUYEHUSIMHU CTaHKa UK TEKYIIel CKOPOCThIO
IoJayvu.)

JTio6asi ctpoka G-Koma MHTEPIPETUPYETCs U 3alycKaeT Habop MpoIeayp, KOTOphe, B CBOIO 0O4Yepe[b,
3HAIOT, KaK B3aUMOI€CTBOBATh C KOMIIOHEHTAaMH, PACIIOI0KEeHHLIMU Ha CpeIHeM YPOBHE, HallpuMep,
OJIs CO3TaHUs KpyTa.

KonTakThl u Curaanbl HAL 3arnMaeT 0co60e MeCTO B Cepllax CBOUX ITPOrPaMMHUCTOB M3-3a CItocoba
IpenCcTaBIeHus II0TOKa OaHHBIX MeXOy Monyiaamu. Korga TpaguliMOHHBIE IIPOTPAMMUCTEL IyMAaoT O
IepeMeHHEIX, afpecax Uiu noprax BBoga-BeiBoAa, HAL oTHOCUTCSA K "KOHTakKTaM”. M 9TM KOHTAKThHI
MMOOK/IIOYEHB! UIX UM IIPUCBOEHEI 3HAUEHUS Yepe3 curHansl. I1omo6HO TOMY, KaK MHXKEHepP-9IeKTPUK
CoegUHSIET MPOBOA MeXOy KOHTaKTaMM KOMIIOHEHTOB dppe3epa, uHxkeHep HAL ycTaHaBIMBaeT ITOTOK
OaHHBIX MeXOy KOHTaKTaMM 3K3eMILIIPOB MOOYJIA.
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T'UlTer LinuxCNC (AXIS, GMOCCAPY, Touchy u 1. m.) OymyT oTroGpazkaTb COCTOSHUS HEKOTOPBIX
KOHTAKTOB (HalTpuMep, KOHIEBHIX BEIK/IIOYATEEH), HO CYIIIEeCTBYIOT U APYyTHe rpadudecKue MHCTPYMEHTH
U1 yCTpaHeHus HelloJlamokK 1 HacTpouku: Halshow, Halmeter, Halscope u Halreport.

OcTasgimasics 4acThb 9TOT'0 BBENEHUM IMPencCTaBiIsdeT

¢ CHUHTAKCHC TOrOo, KaK KOHTAKTEI PA3JIMYHBEIX KOMIIOHEHTOB COEOINHAIOTCA B (baﬂnax KOH(bI/Il"ypaI_II/II/I
HAL, u

* TporpamMMHOe obecredueHue AJisg MTPOBEPKU 3HAYEHUN KOHTAKTOB

- B 11000 DaHHLBIM MOMEHT,

- Pa3BUBAKIIUICS C TEYEHHUEM BPEMEHH.

5.1.3 HAL System Design

.HAL ocHoBaH Ha TPaAOUIIMOHHBIX ME€TOOaX ITPOEKTHUPOBAHHKNA CHUCTEM.

HAL ocHOBaH Ha TeX Ke IPUHININAaX, KOTOPhIe UCIIOIb3YIOTCA OIS IPOEeKTUPOBaHMA allllapaTHEIX CXeM
U CHCTEM, II03TOMY I10JI€3HO CHa4aJjla U3yYUTh 3TU NPUHUUNIEL. JIfo0asi cucTeMa, B TOM YUCJIEe ¥ CTaHOK
c YUITY cocTouT M3 B3aMMOCBSI3aHHBIX KOMIIOHEHTOB. [Ins ctaHkKa ¢ YIIY TakuMM KOMIOHEHTaMH
MOT'YT OBITH TJIaBHBLIM KOHTPOJIIIEP, CEPBOYCUIUTENN UIIY IIIarOBble MPUBOMLI, OBUTATEIIN, SHKOIEPHI,
KOHIIEBBEIE BBIKJIIOUATEJIM, BEIHOCHEBIE ITyJIbTH, BO3MOXKHO, UYPII gna npuBoma mnuspens, [1JIK gna
yIIPaBIEeHUST YCTPOMCTBOM CMEHBI MHCTPYMEHTA M T. H. IIpOM3BOOMTENb CTaHKA HOJIZKEH BHIOpPATh,
CMOHTHUPOBATh U COEIMHUTD 3T YaCTU BMECTE, YTOOBI CO3AaTh LIEJIOCTHYIO CUCTEMY.
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component.0.pinl-in .,

pmponent. l.pinl-out

signal-red
component.l.pin3-in

component.l.pind-in

component.0

component.l

Figure 5.1: Konnenmusa HAL - CoequHeHNe KaK 3JIeKTPUYECKUE IIEU.

Pucynok 1 6ymet 3anucaH B Koge HAL cnenmyiomumM o6pa3oM:

net signal-blue component.0.pinl-in component.l.pinl-out
net signal-red component.0.pin3-out component.l.pin3-in component.l.pin4-in

5.1.3.1 Bbibop petanmu

CTaHKOCTPOUTENIO HEe HYXKHO OECIIOKOUTBCS O TOM, Kak paboTaeT Kaxpmas oTHesjibHasA meTanb. OH
obparaeTcss C HUMHU KaK C YePHBEIMU SiTuKaMu. Ha 9Tame mpoeKTUPOBAaHUS OH pelllaeT, KakKue AeTanu
OH coOupaeTcs UCIOJIb30BaTh — IIaroOBble ABUTATEINU UJIM CEPBOIPUBOLLI, CEPBOYCUIIMTENb KaKOMU
MapKH, KaKie KOHIIEeBhIe BRIK/IIOYATEIN ¥ B KAKOM KOJIMUECTBe U T. [. PellleHKHe MHTerpaTopa KakKue
KOHKPETHO KOMIIOHEHTHI HCIIOIb30BaThb, OCHOBBIBAETCS Ha TOM, UTO MMEHHO AejlaeT KOMIOHEHT U
XapaKTepPUCTHUKAX, IIPed0oCTaBlIeHHLIM ITPOU3BOAUTEIIEM YCTPOMCTBA. Pa3Mep gBUraTesns ¥ Harpy3kKa,
KOTOPYIO OH [OJI2KEH pa3BUBaTh, OyAyT BIUSITH Ha BHIOOD YCUIUTEJIS, HEOOXOOUMOTO OJI €r0 paboTHI.
BEIOOD yCUNUTENST MOXKET MOBIUSTEH HA TUM 0OPATHOM CBSI3U, HEOOXOMMMOM YCUIMTENIO, a TaKXkKe Ha
CUTHAJTBI CKOPOCTH WJIH TI0JIOZKEHUSI, KOTOPHIE JOJIZKHEI OBITH OTHPABIEHHI HA YCUIUTENb OT 3JIEMEHTA
yIIpaBIeHUS.
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B mupe HAL nHTErpaTop OOJI3KEH PEeNIUTh, KakKue KoMIOoHeHTH HAL Heob6xoguMbl. OOBIYHO OJIsT KaxK IO
nHTepdelicHON KapThl TpebyeTcs gpaiBep. [1OMoIHUTEIbHEIE KOMIIOHEHTH MOTYT HOTPe00BaThCS OJIs
IPOTrPaMMHOI'0 TeHEPUPOBAHUS MIArOBHIX UMITY/ILCOB, pyHKIHUOoHanbHOCTHU I1JIK 1 MHOXKeCcTBa OPyTrux
3a7ad4.

5.1.3.2 TlpoekTupoBaHUEe MeXcoeaUuHEeHUNn

Pa3zpaboTymk anmnapaTHOMW CUCTEMEI He TOJILKO BRIOMpAET JeTanau, HO U pelllaeT, KaK 3TU 4acTu OynyT
CBsI3aHBI MeXOy coboii. KaxXOpiii YepHBIN SIIUK UMEET KJIeMMBbI, BO3MOXKHO, BCETO [IBE AJIS IIPOCTOTO
MIePeKIIoYaTe s UITH OeCsITKU O cepBonpuBoma uiu [1JIK. X Heo6X0guMo COeIUHUTEL BMecTe. [IBUTaTenun
IIOOKJII0YAaIOTCS K CEPBOYCUJIMTEJIAM, KOHIIEBEIE BEIKIIOUYATENIN IOOKIIOYAIOTCSI K KOHTPOJIJIEPY U TaK
nanee. PaboTas Hag IPOeKTOM, MallIHHOCTPOKUTEIb CO3aeT OOIBIIYIO CXeMy COeIMHEeHNH, Ha KOTOPOH
IMOKa3aHo, KakK BCe MeTaslu JOIXKHBI ObITh COEMUHEHBI MEXKIy COOOM.

IIpu ucnonb3loBanuu HAL KOMIIOHEHTH COEOUHSIOTCSI MeXAy co00l cCHUTHasjlaMHu. I[IpOeKTHUPOBILUK
OOJIXKEeH PeIluTh, KaKue CUTHAJIB He0OXOOUMEI ¥ UTO OHHU HOJIZKHEI COeOUHSITh.

5.1.3.3 Peanusauus

Korpga cxema momKIIIOYeHHMST TOTOBA, IIPUIIJIO BpeMs coOpaTh CTAHOK. [leTaii Hy>KHO MPUOOPECTH U
CMOHTHUPOBATH, @ 3aTEM COEOUHUTH UX MEKOYy CO00M COrIacHO cxeMe MOAOKIYeHus. B dusunueckon
CUCTeMe KaXKJoe MeXKCoeUHeHe TPeCcTaBsieT CO60M KyCOK IIPOBOa, KOTOPLIM HE00X0IMMO 0Tpe3aTh
U IIOOK/IIOYHUTE K COOTBETCTBYIOIIUM KJIeMMaM.

HAL nipepmocTaBiseT psAL MHCTPYMEHTOB, IIOMoraromux nocmpoums cuctemy HAL. HeKoTOpBlE HHCTPYMEHTE
IIO3BOJITIOT NOOKA0UUMb (MIIH OTKIIIOYUTH) OOUH Npoeod. [Ipyrue HHCTPYMEHTHI II0O3BOJISIOT COXPAHUTh
TIOJTHBIM CIIMCOK BCEX [eTajied, TPOBOAOB U OPYTyIo MH(POPMALIMIO O CUCTEME, YTOOBl ee MOXKHO OBIJIO
nepecmpoumsg C IIOMOIIIbI0 OOHOX KOMaHLHI.

5.1.3.4 Testing

OuyeHb HEMHOTHE CTaHKKA paboTaloT IPaBUJIBHO C IIEPBOTO pa3a. Bo BpeMs TECTHUPOBAHUS CO3HATelb
MOXKET HCIIOIb30BaTh U3MEPUTEINb, YTOOH ITPOBEPUTh, paboTaeT M KOHIIEBOM BHIKITIOYATEIh, HIIH
M3MEPUTh HallpsKeHMe IIOCTOSHHOT O TOKa, IIOCTyIawlilee Ha cepBoaBUraTrenb. OH MOXKeT IOOK/IIOUUTh
ocuminorpad, 4ToOBl IPOBEPUTL HACTPOMKY HPHUBOMA UM IIOMCKATh dIeKTpudeckue moMmexu. OH
MOXKeT 00HapyKUTL IIPo0ieMy, TPeOYIOUIyI0 U3MEHEHUSI CXeMbl IOOKITI0UEeHUT; BO3MOXKHO, KaKyIO-TO
meTaslb Hy2KHO MOAKJIIOYUTh IIO-IPYTOMY MU 3aMEHUTDb Ha YTO-TO COBCEM APYTOe.

HAL npepocTaBisieT mporpaMMHBIE 9KBUBAJIEHTH BOJIbTMETPA, OCIIUIorpada, reHepaTopa CUTHAIOB
¥ OPYTUX UHCTPYMEHTOB, HEOOXOMUMEBIX [JII TECTUPOBAHUS ¥ HACTPOWKU CUCTEMHL. Te ke KOMaH[IH,
KOTOPEIE HUCIIOIb30BAJIUCh [IJIs IIOCTPOEHMS CUCTEMBI, MOXKHO MCIIOIb30BATh /i BHECEHU A U3MEeHEeHUH
0 Mepe HeOOXOIUMOCTH.

5.1.3.5 KpaTtkoe copep>xXaHue

OTOT MOKYMEHT IIpegHa3HadYeH [JIs JII0fIel, KOTOPhIE Y2Ke 3HaI0T, KaK BBIIOJIHSITh HOOO0HYI0O HHTEerpalluio
cucTteMbl 000pyoOBaHUsS, HO He 3HAIOT, KaK HMOOKIIOYUTh obopymoBaHue K LinuxCNC. Cm. pa3gen
[TpumMmep ymaneHHoro 3anycka B gokyMmeHTaruu HAL Ul Examples.
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Femote
Hun Btn

| halui.made, auta

and?.0.ind

halui.mode.is-auta andZ.0.in

andz.0ouf hialui.program.run

Figure 5.2: TlpumMep ymajieHHOT O 3allycka (cxema)

TpaguinnoHHasa anmnapaTHass KOHCTPYKLMS, ONMCAHHAas BHIIIE, 3aKaHUYMBAETCS Ha Kpakl OCHOBHOTO
3JleMeHTa yIIpaBeHus. 3aIpefenaMy 3JIeM