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EMEELAR, WA RSARTERER (MEHERRTHER) . WLFTEZ 88 ~, BTER KRS~ (Wak) .
HAERERRAIE, ARt LIRS, EAHRAERLD, ASHER (MAASF) .

=]

(RREREINER, WLRHERETS, XAARERE. SIREREE (V) . IRAG () 48 (X) . REF—ELAE, FRE... sBERE.

oE Bze IRHeRIe

Mk MW ERML, MLREME Fim ERENL; WLAMABEEMANRS

R THEE, SET, NEKEHR RING: EREHREE, BREEE. 48 EHER, SHRTESH
BBRAL B—SEBERIRRIA B—SHTHRR

ZEEE REBEZ.., UREEERMIKESD EIR LT AR

RE HE ... (REMT)  BSEHEFOHER, FEesHEnsd BRSFEUHOLIT, SEERREARL

THEREEN, 257407, REDE_EHBTRE SHEHIZER.
SEEERH—IE
XERERE—RTIET EHEEMEE R, (A . EEHBEERE BEANS  BIEE=#NEE, {ASEFNEE, BIrEmx—2.
BRI R AR
1. RIPEEsIERESR (638.3, F600) ;



2. 4% (e38.2, F300) ;
3.1BFF;
4. 18R (F20) : FEREXIRREIRE.

MR

E—MER, EFESM, < FHREN.... SMERNETHHE 3 mm FIM5FHA, BERREER 5 mm, FE BROEEARNEL TS RGEMN (FUHE 3
mm) . B EBE LESKENERAME; #8E XY MREHI— RS, SRR TR,

Jin

KERN—E. BME: £8E (X-) . Al (X+) . 8\ (Y-) ZEE (Y+) . A8 1=, 2= (BR%A)  BERRAEERETED,
#R: mXEEY, BalhEE B,
E3a::]

AR ER— M. BN BIE BiA. BE SRS M EE00MA, R 2EENA (BEEXY SHENMNE) . B Rl M EVESAESIT
(5mm) . 3\ (RRFERA) £ XERFR, EAHER,

SR AREX ARY, =AEE .

AMOE

FLil NFLESRIRIASMIEFLEE, CEfe MNERENE, ENCRIRE LA, S 4 K88 8. B BRNRY, B=NBEREANER. TRERE
HEEMIBE XY,

R b X, il Y 1 5.

TR
Z Rl EERNTE, ST BEXY &, RTRE—X.
ZER: \mZ

BN THER

FERRENARATH TR ERE ME. SR, DIRNSEOREREHA LN, ERETHIE, FEARERTESL, (RAILTE #R SERLENAER
BRE.

EIBARIRATHER:

1. RiRES...
2. AEEGHH. BERSUHAART AT z. £R: WEERTEERENF—T, FIa0 610 L2 P1 X-129.982 v95.011,
3. R iR7 G54 B (FELIERNITHALLR) .

TRPMRERIVEL: B A, POSER. SHERF SHERAHIIBILT. Bill—R HEISRE.

i58R
FABPHRIRPAEEIME, NEXETRINERE.

RIRRITENL
MAERIEIZ EEBE—RAME GHTR) , SNAEEF—H#, EMLTERSEERLR, WESNENLEEE.

1 ERAMETRE £, 1% RHURRE.

2 BERNRSIEIE BFRER.

3. (E: MR EIRERE EBIE (BEFHRA) | &R IEE S0,
4. R FHAITE... BR: BUIRERE. XY FRTE. =i 7 FRd.

5. R FAEREHRK, & FF.

IMERTXENRIIXNERE, IREVRIHFFEE. REH 2BTE. SMNERBEHEATH—XIRE. RITEMR, NLRER BIFE: SBARD
TR, DESEINE.

—EIRRFRIRE. B EBEIEATNEL (Fban&FLRaY 00.5 ) |, MLRER BIFE, FASBERIBRITERBS AR ESAAAHEME: 1B
BREFIIEIR R, AT EE s FRA—IR B R E AR —R.

BT RAS

BIMEATER, ERFBAFEHER, FHEethc—T, Bill—R HREREINRE. BRAER:



° —RMRIFERZFEERMTAEKRE: EAEERAITT. IR ALARM:S;
o SRR BIROEE ERIZI TP BRNZERMIT AR,
o BRMEREARE (L. O&. T .

REZE, BIAS LSRR S, AR B (WRENEAD) . BMETE, ULTREEHINE: RalZaicE=4HNE.

=
MEEBHERISIRIEI TR, 12 86, BERN. % BRE5 STaiasE.

s X—IRSRENEREETEHEFR.



tHiER (CAM)

Studio ECEJIEE. RAFHMEEASMH: Bz, 088, FL. ZF. Studio FAFEAMYIEEREIHISE, S G {18, ZAIkESERER—R.

CAM {4

o MREHURE. BRI ER. B, SiOff. SVG B DXF XHBMERER. X7, =#MMTAME (STL. 3MF, OBJ) ,
o JERREHEM. Studio REFSR. HiEXiE. EZRBIMELRE.

o UIMISHITER. HiE, HATIINRGEM A, BIEFEROEEE: FimIhx, IH0. Bk, JIRILT]. XEEREfbit.
o EFBRFENE. 28], Studio AILISSEZFAERN—RIER, BHNETHMITHA.

SEEIRRBKEE, HEFATEEN.
RRANERIR Al ByFHRATM, ten:

7 6061-T6 LM 6 mm FEHTIH—1 40 x 30 nm, F 3 mm KEPERER,

ENF2F program_generate TH, BRUHTHA. BESKAE. FESEITHA.

fEdk: 454E. IR
R Studio FANBAHE TRIIRE:

o BF, tUHMERFNEF, I bracket.nc;

o %}, EkaN 6061-T6 (BIRIFRERIRES, ELaN EN AW-6061, tHIAE) ;
o EiH ERITIFTIER;

o BB, ZIBIRREHE.

Studio SRIEMEREMER—MRA, ERHEFL—ERERFERE. BNMUREFASERA, |BRAEES.
Al BfF BB T — MRSk, B CAM T{FREMAIHRAT, Flan:

HHE bracket.nc HIEL, RFIBREMEEELRK 3 mm F ERFEZEHT,

B job_get TERIEHRI, SETRF—T3HE; A job_edit BUE. Mlix. M ESIEITR. BUFAUELEREMX MERINT—MRE, BIFTEZERGE.
AT HBHRAAEAS), BIFSRBRE. FEACHT/UR GEREURINTR) LG, SRINESE—RAEL, FEIRLRKHERNE.

I=

IF ta il

BEFE ERTRE hviz ]

Eislic —REEE—NRE: B, B SofEmik SI%:7]

L= BN M. fllERE b hviz )]

FHE B REF—EEEAIE hvis V8|

hFL EBREIL, R sk

i EETIRA9FL, ESRhE SIEETD

BIl EHFILREIRT BJ7]

24y PIIREL 1BEGET]

g FLEE FRO—EIME: RERE. O EIE. BYE T AESET]

= HMRARRSIA Vv JIsfEIRT]
bl RS V JJEINSZHET]
\8i7::1 XEFEAAR, RERREER V7

BIRK ELE—ME—MOESE, $haR BRI BB —HEEERISIEE T
ZHBEINT. =HEREINT R STERTIEERLBET]

CAM TEXRERESFE. BBE. REMER (ONZRSARK, EEEREALIEY. B. Si0F) . FHE. 7l E1l. BeeizFrRa. FlE
BRINIR (A ZFRHE. TR BT XETRRIFIVENRERE, MERIFREN. N8, HPIERE program_generate FIZFRFIHE(IAI
RE (KERMmm) , BHEM], 18 A BFRS, sESFlsH.

YEEmE. BUBSFNSCER
HESRE. RRRESREAE:
o ) (BOA) : MIA—BREEINERIE;

o E8: kEE;
o BB JDANZTIERFES, BEE—LAHEREE.



BIERNBISRE TR, R TREREEXNTIB TR,

RERRINE—E—EE), IREE. e T RESHRILIBRES.,

FrE

WSCHIIBARY), By BERE, LODBONETBIZA: AEMAE NG, TIsE—t,
7 7. BA. BANES

SFLREIREAOSTLRTR, TR LR = RIS,

BFAITITIARNE, MHHTIAMIL, BABITIEHTE,

BIEFNEESRRIERT], BEIFNFLREIRY. BT,
BRET I FRIEA BRI AT LS IBE, AN (M8) . Zi—i#l (1/4-20 UNC) . B84y (G1/4) FOHEEELL (1/4 NPT, Rc1/4) EZREZFIA,

fEifa. 2= v AZEER

EIfsR v TIESMEERNIAE, TIEURARIRE. AFDERENFHERERE, RERE, XFM X, LIXEPEE X L (EREN I . VIZEEZAE Vv I
TR REREFARBIEEE, FTLARERE.

SR T ST
Mt& (STL. 3MF B OBJ) SENEMENNT, BREINI. BINTRRIRETT. &5, BESER. Bk

DNEMIRE
JIESR: ML B2, BIIFENSE, th:
5i& L=l
flat 6 n3 L20 FEgET], 6 mm, =70, fRi 20 mm
ball 3 L12 BRLE%TD, 3 mm
drill 3.4 118 L20 ghsk, 34 mm, TRA 118°
v 6 90 L18 V7J, 6 mm, 90°
reamer 6 H7 n6 L32 HUFBRT), 6 mm, 8 H7 9L
thread 5 60 $REYEET], 5 mm, 60° FEY
flat 2 n2 s4 16 L10 FEEET], 2 mm, #4 mm, FATIREL 6 mm i
thread 2 60 d1.4 nl s4 16 L9 1845%7], 73k 2 mm, W 14mmE 6 mm iz, EERE 4 mm AR

BIETES LMY (L) . X Studio BEETIMSASMEIER, kB LR 7 3= thEgAixieT].

PEERRES/INZEETD, FAT TY0ROT) (MREERT). THABT). #EJ). HFET)) , BEEWE (s) MIMNIXELSEFSA (1) . WRIEEI)HRA9ERITT,
Studio AR 1. FHESETIRIINLAAREIAR THFIRE.

TERZTISHIHEET]. FAISERAEHET], Studio A1 (12 M6) .

TEERTHISE
Studio SERIHHERSIETIRIMISS, FRAARENT:

EHITHER: YIRS KL 80 %;

Bk PR R B AR EAREHEENA NS BT EEE,
kE: YIEINITETRERISE;

JEILT]: FINTRIERE.

FFTREGAT, Studio RTEFERMIXMER, MIHEMRIAEAK, Studio MMiERF, WINEETE—L, Bii—E. {8 MNMEAEEBEE, REEWRK T+
4. PAK.

XA RYPEERRMGTT. AR SN, BEE. A,

BRSHAE

RYTLUEER SRS, NS "av: 012 w77, W5 "fit": "ge", Studio BRIYBIESLEFHIFIE, EHRE—JIEINTL.
ERRSALAERESEF: sliding (H7/96) . locating (H7/h6) . transition (H7/k6) . press (H7/p6) .

SUNSCERIFL, RECBESF. Studio 2AREE; {RATLASESS, BRERKARIIR.

FELHITTIRNBE), BERAHIRT Studio RIBEHERZE,



BIXER

REHENTHFTHREERRESK, SREECHHE, AERSHEATR: XY #m. R—ME EMRIMER. Studio 8IRERH—MERF,
FHERIJUREESRE TR, EFERRME. BANER. EABE, REREEAEL,

et EHER
NASHETA— SRR EIisR, Studio IBEAIHESR. MiiineE, LR, LLS¢—EEER FERIRE.

EHRIMSE
R, RYTIUSHSE: ve. 112, 316, TDEEEERS], toin 1/4" TR, TESHISAL

EFEEREER
VIZE), SEERIE. SEICECHT, REHE 99, R EMREARNE. MEsEssh,

E=

TERIMATIRERERR. BRERERE—: FENER. X8, IENTHSA,
EP

ERBHFREPARMEWEASR: ER. KA. DR, IHTRM 28T, WERR,



EFiRIERR

EF TEX (Alt+3) BEEFRIERFNRGISY. — OSSR ERFIRERS, IR EVEFYTHE T HARIE. SRIMMFRER, SHEBHAIUR,
Studio BB T—MRAE, FTLUREEEN THA, BREREIE.

IFiER
THERS=5B%:

* MR ER (B EFEHEMRE) 1 mEISHE;
o hER4RIES
* RIARZHMIS. RAFEE EFEEAIAIE.

FITER:

Xt > STFHER... (Ctrl+0) 18— G UIBXMHHAIR; RIESRBEIRERAFNNIN, hEARER. Studio RIEFRHINM, NABE.
B G B3 (nc. .gcode, .ngc. tap, txt. .cnc) HEEIEOLEMMTT, MR, BESTIRTAEAIIR, EEHSRRNA.
Xt > RIRERER FIHREMSETH/\MERF, SHEL. S8 CEPESMEN, EMNIRESE, FE5% LEE=.
Xfk > $TEDRERE... (Ctrl+P) $TEDHURERGRER: 7175, ARERF, SN LESEFS. REMAH.

BE TNE—MERS—MRE: BRXAHNRER. R BANFHEE 281, ERSHAIUR.

RIERIINAREAILIEAERER. TAREE—MRLEREREITFIERN, WSTRWRE: Crl+KIBRERBEAFEFHAIR, Ctrl+Shift+R IBHREAIER
HERIERRE (IRAOSENSER—RA) .

HER

Studio 1.0 BTRIUANRAIEM:: SHEBHZEIR (NEMA 17) | (XERRIER. MIREREOAMSENEENER, ESTPBERRT. & TISH TNE—
A BEM X > TEISH... Bik.

BATISHEEESTRRE: EMRE. DEFRNEMH N, BE. ITHER. BF, THGEXERERE, EaX 2.

i58R
THISHIS(RERAER. TIEZRM G54 THER. R—1FIREMN THRERF RBNER, EIRRISEME.

fmiEsR
(RIBSRE G RISfmiEE:

o EFENTRMEER: AR MARE, M BT, HE %E DA R R/

o WERMTSIIANG: MERKRNEE (LS8R, RHeks. BelRr) | Wi, URIUREEETAIE—T;

* BTZE, BTERTRE—THAN, BURY: RPERNXRHE, AeFREHESE (REe, EmREH. iE k%) . m—F, &
X—TE DRETENS .

fRIERE THAMNSTE IS, XAGREEIURE. WA, BT, DURERERAIEX—THITERE: ESHAE. e, BE JENME.
BK BB TEXGHRES, EIR TEFFIRMIUEERR.

Bemiss

AEREEONIMNIE (XBHRE) . THRCEEFKT. HEEEETI8—TEETRREMN.

B

o Ctrl+F ITFFEHIE, Enter FTF—, Shift+Enter 3 E—1. BRADANE, FRESLEFTL.
e Ctrl+G BEBIE—1T.
o Ctrl+H EEIKIE FEFIFEIRE. Enter BHIETAIE—HBKEIT—4; Ctrl+Enter £EF&#HE, Ctrl+Z 1.

Esc KITIXLAE,
HiRFIE S
W RIEE TRBP—(TRNE A RORS B, HIRANEEIAEE. & FS BT,

e Ctrl+B, EfEIREZER—T, EX—ITR— M.

o FMHEE (Ctrl+Shift+B) EHIEMERIMEEEEE: DFHATIAGEL B, CLenEmpaiE. gk, RE. SHSMRESEK. 8D, i
REEIRERERSRIEAIRE, REESTN. FELHET, SREGESILSE, MURBRTE. MURIERNERES, Taa—0%k—=
B BERLEEY, FEHNIEIRGRE—RIS (tLNSsESNER) ATeek—mt. —BNNEIREERAHERN, BES itEH..."; gk
MNRNTEE—RECHER, FUERNHEI—EBINRE. BiTERMIHR SRS NE—HE.

o IX—(THIE (EHZERARE, sk Shift+F10) BEE IETEIE ... 17 7 iSRS FRE MR AN S e,

BRFHRANKRZE, MR,



e i =
RESERAAT (BFAZE) . BFRNNIETERERERRF. RESTHH:

* HNEE: S—THXNREFHERIIVREEZNNEFIGE. EAREa0%M
o FSHME: BRIHMENEFEEFE—E. E2ERKRC LR, EEE, REEFDET. BRAALKER, EREANET 20 000 THER; EKARER
EHIREERIGE, EXNERE=SNERRMAE, hI7E HR TE.,

EF > NEER 25 —MNE: CECHNEFRTEIEFRECHRERER, TR .
BESH2

B—RRURER. TEERET BERECH—TTE, FERNMRS. Fan:

o ES:] B4

S01 525 BFEEZANRERIAR: RIS LIRIIRTS

S02 g5 HRIRA M2 5 M3e

S04 HiR FMIBRBNZENRE F

S05 s FIEEHANEE s, B s BHEMISEE

so7 AR EHIBEASTFAD: FAR. o = FIEF. 641/642. Ge8
S10 s REETHREUT, HEFEBETITREER

S11 =S IR SRR

S12 s IKQEMTIBIRSRIFIRED (m8)

S14 b TKEMRTHERESBNTIRRE, MEREET]

TSI ERIN EEFSNTHMAA: REBTIEME, EMQEEn). FIREMEE. BHTEassh, REHmTEE.
PE—RIIE
BYERIIHEREY, fl BIEREM: M8,

1 fBSGHRAEIR—1T, SR Alt+L F Alt+1 ERRRILZ B0,
2. 1% Ctrl+. (BfEIX—{TRISCEREIR RAEY) .

LR XMEBUER—S5ER; Ctri+Z fitH. RAZAISGEEN: BEREMRXEZRT, FERVEE.

ik

ffidb (Ctrl+Shift+0) FH—MIE— NS, EFRIER: CESUHATIGE. e, BERT). SiBREFINENREFBIERNR N eRmEI A L,
EXiEE. TERCEEFER. itk EEWRR L.

LRTEITHNE, CHRISRIESEENIIR (Ctrl+Z R MRERA) |, FITF. BHEAHRIRNAEN. SAIEAOMEREE, URKTH4. % Sk 5
Ctrl+Shift+O BILUETE,

i3

(R EIXLEERT, Studio £1F—MERFIRAS:

o BRERE (Ctrl+S) ;
o BEHAIUR (BAFEE, =X > SIFHER...) |
e e, BEREMRRIER. NREIEFRISRINE (RESEEEEE) .

M E—MRAEERNRATBESRT. WRAKIE documents\Twinwright Studio\programs\<program>\ BB, —MRA—NE, FA2WEE. BF £8M2F ~H
FIHEN], SESMRANEFRAHARE.

LEEP AR

G (Ctrl+D) 7E4RiEES FHB~SRBENATRENEF— T EFRA: SIMTRIFIAG, MITREE, MITRLE, R¥T F & s NITRER. BiR
Ctrl+D BEERINRA, Alt+l Fl Alt+1 EEZLAREZ 8851, Esc X,

TR H AR ZARIEE, MMNMEAERRRIE RIS THINE, TR ENRNETRE.
ERTENEFARE, TR MRS EITH, B Crl+D,
IBEEI—{ hRES

1.7 B THEXMRE. ER: SRIXAHNRERS. RRIMFRIBSIEER—TRE; Ctri+Z R E R,
2 I HAFHET (Ctrl+K) {EERAYR.



FENSE

o fFERA (Ctrl+S) 7E Studio RO HREF—MRA.
e Ctrl+Shift+S {B4RIE=R BAERFFRIRERME ER— 3.
o —MRAFHE—NEZBEN nc X (RRILMNEFRXHERBEIBTEEHIHE.

X > Sihghge (CSV) ... REXRETHIME (WOWFIZHT)  ERBMINIGIRET #& 19 IRE <2 (W) .

s X—IRSRENEREETEHEFR.
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S
BT RS
BT TIEXIZfTEHNAER, FETVURETRBMA. BTETRE, Studio HIFHRT—2, EENE—TEHRTRETER.

BENTIREN
IBRRFRIUR, AT BRI

o X% > FIFER... (Ctrl+0) : & G X4, Studio RIFE, MASIREIXI,
o it > RIS E—RG). Studio FERTIHFER. JJEMTHSS,
o EERF TIEXE, SAFRE (Crl+K) HARERENER.

XEHAREEMEFNEF. [THMANERSKAE.,
EFHAIET, IBNURSE LR BREE (F5) . BFEHA. YIATSHECHEN, ERED 2EEN. BFOERITRRINE, EFFRIEHaSREE.
HEENLIETREFZE, SHET: BF > REEF COXIEHRaER. BEheREg—T, YRR,

&HiET
TERRE TRY:
o ZHENMERRIR. DREVIE, RMZEENTH. DRSS rIEIGI8;
* FREXNERF RENMEFFR: [EHETRTEING, BEERNTHRRR L, STERERRCHAEN. RESRTT LR TRESENEE;
o BREINN BFEE REFITREERS RETIISE, FHAHTIIRME,
° AREETREIUEH.

TERFEEERAY, HR TURIBET T S0MT, URIRIETERERA T Z1<HE,
HEFNFRASE
MARKEREEE TR S TENSE/T. ERfT8NEStt, Uk e f#H:

* EH ERIEIERAT, ZAENREE;
o F BRI TEORIMIT, BIEFRIHHATIIREHE.

REZR, NARZFETERSER—T.
=4
BfT ;A AERIT:

o (IE: SRMNITELTIITRLE, HEESHERS. FTEREST: BR800 6 R\, I8, BHE. THEEEM M . RER, EMSCHETIUR
SCITHPIRTS, FRRFERRIEERTE,;

o EMSHHME: FHRGE (NERIE, /MORERRIEE) . i (280 % 26, BT 100 % 2406) s,

o I (IRRMEBIRLAL) « ZRESSRID. Thek, EURMEMISATHAAMEIT

o (B miR. FNMTNESSR (BEREIRUL) .

RTRREATLABEER. FEEXT, (f A8x fFE: SAx—TESRmERES RS,

BEFRSS. FILER

o HHERIF (F6 T Space) ILFZIMRERET, Hihdrsest. fENEEN BEE.
o BIb (F7) SEfRF, YUKERLIEEMIETIE. BiR—R, LS.
* 8fu (F12) uZRMETER.

EEAERE s TRI SRR FROUHATI SR, BRI 10 % 2 200 %:

&% g RBRL

bri’o) Ctrl+1, Ctrl+l: £10% 5% JEhEHH, IRECrliE, B 1%
Fih Ctrl+—, Ctril+—: +10% &3 fEiEs

g M58 > {53 25%, 50%. 100 % f&==: 100, 50, 25

Ctrl+0, BeXEhed, EHELATAIEMIXEE] 100 %,

BE

HUARS LR B IERFAS—TZEET. & BWE, = BF > TR, BT 7. (FILEFRZAEREFE TS, BR—X, A EItEEE
17,

21



RENFFER
1 i54T 00 Fah TR (E—FHARITERM) | SRS (LEMENFRIR) .

$: HK—IR 001, 0.1, 1. 10850 mm, Bk d(EiEsE: 1wE8E, Wai—E5.

EEE: 100, 300. 1500 & 3000 mm/min,

X XFYER+TF, 27558, EIESE) (Esc) £5hiE.,

Fip: EX, YELZFHEE (x1. x10, x100: 40001, 0018 0.1 mm) , RAEHEEE, HEFE HERIRAR,

RENAREER, =R, MERE, MERBREFEETNAER. RERN, WHERRENLEER, [FHE.
I8 >ig8.. > ARSING > F8 REFRITH: BE EFL—SiEH, BE s 18HER.

IREMELTD
RER, YRR LRSS, HB5:

o REFITHER, 40 ALARM:17 EHIRENESIR SIS,
o T—: DA, LIRMISGEAIRE,
o 2EREW, FUE—HRAH.

R, A NS > BT—2, BT, 8ik—%, Studio BIRNRIRSESSEHE—E.
RENEMITS: VEAHFAEN, (V8 TEE TR EFSREEFE TR TR, ZHNERERNRLE—MRE.
BMRE. SNEREFIEETEER: RE.

RELE
RLRITARELR: KRRE, RERNFIIHES, S—SHECHRRIATAREE. IMEZMI—FBIRc. f—TRET—F.
fign, IaPEIRE (ALARM:17) ZJ5:

1. {Z2E, RIRENESHRE (F1) © IRIEMNIREECHB A S50,
2. WFRE (F1) .

3. kM (F2) : IXEIRSEFHBE.

4.8 (F12) : IRNBKRELIE, =HIESERISE ALARM:17,

5. @8 (F3) : BRdE, UBFRAE.

HIERM ST BIEANRNE, FRESXHS, E%ErE.
REIEFETHIE, SPNRE-INEEHFRB—T, FlleE AER—EFL.

NE—13EHFa
Studio BEMER—THAIEITIER. BE—RIBARR, EYRRMEFEIX—TRIIANRES, ARSTRAIEB.

1. & TERF. NIREC LR, BiREEREET.

2 HEREXMER NE, AfX—1T, EME ... TR, BRRE. ERESE, ARRX—TRINEE, 33 shift+F10, £55: Studio NS (M
n{7i8) . ERRFFRIEIT.

3. 1% 1B IREN.

HCHRER :

1.48 Z faR&Eat;

2 IRFERAEX TSR, FHE. (BRI AR,

3. AR —TZ RS TIRE, 187D

4 FTFRRHD, 1L EMIRTEFrROREEREEIESR, FE MR,

5. EReBERIRR LT, TRERALS 2 mm, BIREHETII;
6. NX—{TIEEEIETIER.

RiE, TSR ERT AR FAEERIVERD.

=
BAZEIELT, Studio TiXiRls: S8 RAK. FEF. 610, 628, G30 ] 692, IARAURESTIHEN]. & BFRBE 281, SaEHIRINAT.

SolERlA Eistisars
REERETZE, SPNREE MEERIRER.... ST RGRX T ErReE.
1. RERIF L. ER: BRRETRI—MEEEIA L, NITHEREFFFRET; Studio IRETHIMAN. BigaliE. KANEURBETERRT 200
#
2. EBEERXIANE, RIRESEM, AENX—TFHA.
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B{HREEIET
ILEIBSEIRATIENET. (HE > (8 LLERSEIRITIEG 0.5 B x50 7. HUARSR LAORIEhBRSEARTIE. (RsEh oA SRR B,

{FE > BMFE, SHRZLERDRE, ILZFERREEE: SENHMRTAEBAE. ERRE FEE. RESRENNAISMSEERFIFENREEE (Wi
FPANgmIEaS) .

HSBEARHEART: TRIIKSREREN, R,

23



SR

SR EERIET: FIEREIRE, FEHIMAREURIT, RGOSR A, S8 BRYARIBREIES, tiHMERERENG
B, ST

E—IREfT

BREMHIZE, S (Ats, TRIFRIIRLLE) FERE.

o ALK IETIER JIHRSENIRRIET: BF. BAGER. YIFITARMEFRR. DURESHIEERANETRAEH.

o iERML, MEATEEMRT: ZFTEr f1 RER.

* RIAK LIRETT BERERIET: ERITHME. ST, RAHNDIISRAEREELIREIIFRENT. BRI IRARET, LIRS,
HiZL. BMTANSEERRE—IRIETH.
BATEI FILAE T RIERYT, SISATHEERIE: ANFGEL. FEHETISSRAZRHEE, IRERNRE. IED. BiREE. ERERIISEMS. WE—T,
HfEX—{T % Enter, TiE R fRIBRREAIBR—T.
—(TIRARIFHERIRE:

o BHIEEEE;
HARENE, MMERZEINENER;
EEINEASES

EHIRRAIAK, AR RIERA B IR RO ATER A L
PHATSEIET 100 %, BRBHAIRS.

B3 it ROFNSERRAY

BfTZAl, Studio IREFRIHATIRBMATIA: VIRKERXME, AIEHE 8, FREXN BFEE RE—NETE. BrhilsitzE, MEEFEE
i, EESEINMETH=HERIONL: NRZERCRER TR, BFEE BREETA0E, TR 2RE—{Ta0MmN.

FBERIREED R EEAIAY, ARRATER EARTIE.
IHA. SiRFIBEE

HRZBRBORIZI TR 10, 30 8 120 s AOiEEs: #i4G. SERREE. EHAOEEMns. IR, BB, BEE. ERMEMREIRE. m—RIENS
F, BTERETE.

B RIIRR LA SRR MERIR:

HE BB
NFo08 E
0.8-1 fe3limul s
AF1 KER

REE EHREREEMERITRN, HORE—T) (BRI, $H3E XA 1 mm ROLERE) . & TEREE. IRRHSRE—T], KEREITR
HERISERVEEH,

WE > BE WHAEE. TN, DEEE. SRGEVRFATIANEES, BINSIR STHORENEFTATHES,
LRI RBSRANET (TEENER) |
FHRITBALL
BEDUROTHBERRI AR
1.7 A O SR ST B STL (ML) ..., M STLSCE (84 mm, FRAVERRFER)
2 BT,
33 U > BE > TH: STHIRE,
2R THEE—SETIESTES: 20 im INBAHE, SFERTEEREMTY. RENE e T, TISHRBASIESHTE,
PEBEFRIEST
A PRBERIET, B RSRRET:

o TETERF fmiBERE, XLk (Ctrl+D) BHAMRAANEITENE, LIRSITAIERLATIRN, AREM MEAERRSIERH RIS T (WA MRE) ;
o Al BIFALUBRRE THAmESE (WA BF) .

S

Silifhg (CsV) ... (£ LRiET 2, 2 X > Sl (Csv) ...) IEHZEIALY 160 s AIRBDER— CSV XX SE—FIRLIFNBMURIRTE), REEHREHL
—5, IFAEESECHNEN, HERERBAL.

24



HE B SHIM... (33X > SHTH...) BUNSHITHER STLXX (FERATR. EIRAMFEIARLTR) |, SiEREEE.

2B TIEX

2 (Alt+6, RIMRBIRLAL) B—KESTHRBIRE: BACREG, STAEE, FHNRER, ELRES. 8N, CRENRER, WMBINERE,
BLEENRRNG, RESHENRELE.

R, AL —EEETFE. BN TERITHRAEA. SEENEREERE.
HiRtE
MC-1 RYFBIREE, MHEBEIES:

SEE QF1 FNZAIEHIEEH 24 Vv iR,

=HEE: CHORSEHIRE;

2= SBO 1 KM1, tEFESUSRIFFAYER MEfbes;
45IRTNEERY 48 V B3I

X. Y. Z IRFNEEFOEIA04H;

TIREE. 4 0 SRR,

=HIZRRYSEA
BMEA—RIT: ROFER (X- BRL. X+ PREL Y- BREL. Y+ PREL. ZFR(Z) . }70MN. SF 70 EahiRE. MAIREMANITERE, MANRIRIAGHIE,
WYX= THBEHREANEN . WLHERARNEtha=.
IREhER
BORERET M TIRMEIRE, 2E KRG, IRE. Baih. Hl. FEAHIFRIER, DRESREMNRERENESEAE.
IR (E5A3R)
TR B REHRESRERIIRR, SENERE: oC (FR) . oL (%) ;LU (RE) . FEEHEMGENERINEE GEIVKR. EMgmeameEn
& RIIEEEERE, ASHTETSA.
EEERiHWE
HUSENHMRERE EI TR, WAERRIRIREARR, ~EE.
o R THURRYEM—IRE (PRAFR. 7MY, IRaNREAT ALM 5. SUSEe. KM [EIEE. RS485 Dk, IMARHUIRArFERR) 1Ak Bidk. JEER. [AIBRHR ¢ F
Bk (—R 50 ps A9RRLER) . IER EXIREIRE.
o ORENERIREE: EX. Y EZ, IEARMEAIREREIE. IREIRRIREECHEA ER: RIS ERORSLS T,
EANSMISEIIEESE, SHEHlE, hicHFETAT. BassREZR, RS ENREESE(RENRISEEIRTE.

RE: 5—1HERESE

BMRE. BNERHRE: RE, NAZSEHRBIINIMRENIKESE (WIKELE) :

R RESE

IRTISSA0HIE (ALARM:17, BIRENSEIEIRE) B2E, iR, ki, S, BF
S{EERT (ALARM:10) wWiafE, k8, S, BF
ALARM:17, BR#IESEME S, BT

FEEZF (ALARM:11) oE

BEPRAZ (ALARM:1) Sh, B, SAEFRCFX, BB
ALARM:3, 8. 9 £, BT

HithiRe S, @

s X—TReRNEREETBHERR,
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EZ=ERHER

His (B14R)  EXAS, FHEath. _

LERMA

BORAHKRE MC-1 RIEFEE: EERNERESHNZ, TR ERE—HRE; Bl Wshes, T, FRAIERYIBERAE. BRETEEEAN,
ENREEAR, TERRICECHIY. BHRHIXTRHRIS N EERR M.

2T

TR ERER, FUERBENAEFIRE:

o MR (X > 1RNES...)

* EMIEEAREK (#F TFX) ;
* JJB (FFiZf DR%) |

o IMER (> THBR) .

Xt > RIS RIBXLEERYF, HEA—ER.

E=

BBERNE ERiRAESE: BN HETER. XEB, DHIHETR, MARFRERETNI—E.

H—MERF

1. $TFER: X > S TFHER...
2. 508 B > NEER AERReERE—E, SHEE—T, R .
3.0517: fEEEN (F5) . #HARIG (F6) EiF, EIED IZEE, Bk (F7) 1. BR 77k, T—REBT—T.

FBHNEAYE, FERSOIRAEN: (FHE > (S JLN—FE] 200 &, 50 RIR—XEBRIRE LSRHMSIR, (FH > SEHE ILZERMESE (EE8
IRHRAPRAEAE) o RURFALARTS, MHAER KRR,

x100 2. MR FISEIERINEER &E 1 (RESIL5E) | ERCENZS TG —~IEEE, EEAE—RIET. JulHE. BRHE—Di=n
R R, KPR RE—R <1 #, BRMIRE—E. 28 > Bl > SEEHRSEE (218) ILEKI=EE.

IR ERY, AR AIRINESERESIR, BEMLEE, SRTENERICHREB—R (CLnmEF EARER) | BAER.

AE > 8% > BEIER (FEW) EENNERFR—OSEIER, b SRR LEEREEIMIL. EESA, 30 MESEFRN, Bkt ST
Ry DRiEfT REEYF. BFEOM & ILEEESRBE, EEEN (FFER) IREE x1: REREEYANTEE.

FEREFA
EIRR AR :

o EHIREECIREER, VAR EASHIRRAHAI—R: BORGL ROFR. RNES 7 ERREIARRA;
o JJHA. JESLIZETEMRIEIER. XEMAHE, UIRE—RRZE;

o RE (ce) RITIEIR, EMAEERIIZIN

YIERERRE. YIHRESEH;

SRTIEMINT]: SEHABIXIEIZE TR, TREHMM DB IZETH;

ZdE: ZERSLES, SIEMNSsE TR (I MC-1 5E(4)

FREETMANLE: S EETIORFIERTRIS (RE > 56 > TiH: 5SHkES) .

AIAOEIRERERT HIME SR BRI,

FEMGIHTA
YRR SRAD:

ORI, BEEROThEE, AR EMpGE: THZHNSMEN—HaE, RERRS TR,
TIRNARETIEIEFS D, RIMEIHETARE,;

iR IDIRENRE (RE > 56 > ull: BENE) | LRITERENTMEE (9 TFX: HHEEE) |
JIERkED: #EAFLEILYIE,

INTAE: #ZElasE CaOMIFNIRERENEE;

BRIz BETHRE (BRFR, TEREEEE) .

HIBERILHGIERE. THASBEEEE (ME > 58) , SHZH f% NE LS TR,
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i

FEARAOVUARSENZ A, XLfhiT AR HEISE
FHHNEER.

RFFRIIHIEGE. SERRERSST]. NRIORIHE. STIIERER. EIZRHRERRE, F1EZE1S

THRHERD

FEAISAEFNANEE

B, RS,

FEEEELHEIR S,

FHECHER;

TEER: JH—BERENNNE. TEHEASIENE—ABRNGITM—D OEMERRTE. ISAKE. & Taylor AXENEGREIE TS (SHR
RERMhiT) —FHRER (MCP machine_status B9 tool_wear) , {BARSESIE]; ERUSE—IEFTIHMLIC (setup_tool fil new) . YIEBHITIZHSEES
EREDO L. SHEERSREEEMIR;

o WITIZEEERE,;

o HWIEFREIETFAMINERT: FEZREFEERY 0.1 mm MIEFELH, BFEEERNT 2 mm WINEM: JIRN"+52—, &4 0.05 mm
(E|IEAT 100 x 100 mm FIEHE, RE—EHKE, BXENINTEE1E) , HXEENE RS, BIRRXAZHT], RETREAYH. BEEEFET
THBNER: ZERSHIHEIA 0.02 mm FHEF.

BRI
F30.1-0.5 mm B97J4]) PMMA (T5e0) , GUANGGRIERTRE, FEREE:

TIHIRGRE: PMMA BEAEEBIGRRE (£9105-115 °C) BYERR, MWK 70 °C BYIBSIBHET) LIER. SitaflERzT A REGHTEER,
WSEGSENIR, AR CXIAFITIBAER;

BN ERIERY;

EEE: PMMA BIEEAEIZ] 0.15 mm BUBRLTELIRIChE B, AEYIHRIZTIRIENLIDE TR, THER RN,

THIASEER: XA/NOTISHEREE T3, HREXRE, TJRETDEEECRE, STRaERE. TEREEX—, AAEHIXETIARIE
TRIBE(RIRT.

BMEEFISIAMRIR: TERIREL,

ZRMES
o ZHUBEENTHMETETHKN, EERDR, BRMNRIHERSCHRE.
o (EFREN EE TPIHREANNER,; Mk TEMTETMNA. REfeE. X4 > SIBllig (csv) .. BEiEFEE.
e Al ZFEE Studio 9 MCP TEISZIRMER: MSEEBEN MCP TE,

S X—TRERNEREET HEFR.
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L A T

TR, BUMRRIE. Studio IBRZIRVEFIFERNGIHFFHISHGINRE. 21, FRBRSRFMEIIARMEILELSR. WHEHBESIRE.

BULESH

THT. MWURERTRZAT, HittE. BH ~E #F TFXN SR LSRR, WL TE. S2TM4H CAM (RIASRIHE: S8MHIRY. BEHNE.
1.0 BEAH-RINELR—R, REFELR, FEREENN, 8BRS CRTHREE.

o MEAEME, BERAMMINEY. Wk,
o XMERFRI CAM {ElL: 7E CAM EMATER, = Al BIFHE.

i
BHAETWRE. BMRARRARERT, 5 H QUIR TS, 2 FREH.. SRETARA. MRINCRNRSEHIREEEETH.

= #ElHFTEt - generatedine - G54 @
FLO8HT x 2 EE. AIE EE. WmEEDE

B Rt EsIRT

—fRAE 150 2768-mK v
=4

K: WiEEHE (FEE. =5 BE) .
EHE16 1R
v SN, tREd (13119, TR ©20.000)
v F2 G54 FLENEE T EEER
J Imies, BEE. flE=ER

! AT EREENE. SR
(MEEIERESS)

25 %

72 538,

cnmes | (D

E=fCRES a3, TR SHA-256 &R

ENLER:

1S BN BR PR R RRhLESEEMA: BERFITEH BT AALR, il G54,

2 ERBAMHE. ARk, R SMHISEUMEE LEENA. BRATHHEERN, SHERE.

3.7 —BRAE BIAgSl, LIREACAENRTA. BEMUMMNH, KEL (BRE) . R RRAREM/UR. ADOEA.
4. BERIMGE: TRk, Tl THESMEX MBI, EwEs, TUAESEE. =M.

5. Soistaf L EMNAEENE. IR MEREE, SEBARTHE.

6. MENMMPE, < ESHEEMES. SR ZENEEERUEAIRRIAIE TEREL.

7. R FHREH.... BR: MRS MHE, RRh ESEEEEMA.

A B

MAETHIHCEHSERERS. BIRHE, FHNTEMEFFIR.

Efta:

IHIE e

BUfE. 0B BRRITNE, RARE

. & BEMUE

& AR

Rl RE

i)=] . RHAE

VA (R VEDRZF. VR B, R AE, ISTIRENRE
IR, B, M P

FMAMEEEROTBIITEE. E5E. REMEEE (WP .

kB, BHER RRTEMR. BB
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HARMREN. TSR, BINER,

JURERER. JUGEE. JUIRARE: FEBART (BEORFHUAEFNNSZ—E) | REQE, HERE;
BIEEN: ERRYE. BROLRETR. BHs;

FNEERE: KUBNREN T EAM.

1.0 BNSLENRTEERAMY, RIARERNFESERE, FAEACHERFNMR ChEE, MEEFXAYN: 2 cAM 2, ZNERAIEFZFEKIT
REFFEMNSAGER (RATEHHE, ABNLGAETTE, R EIRERsEERE) MERBPEEER TN, R ERENL, BER. FRARERE
W, TEiSHT.

BHEE 47 13:23 . B8T 1:21 - generated.ne  (7)
10 EAEA

] -

‘BRI st HIS, T R AR A
B R, AERETR LA FEtTLER
EEZE EiEt EEhEERITERER

K LRI

° BEBEN: CEEN/UBE R, tHNERRENLIIE.
o SHER: BREBINCT, JIZEBRERS, SRFREMA.
o AREINRE.... HiRE (WREIRES) .

BIRFAEFREXN BHER N, 8TR—RE: RitE. 2% B MNE RE =4 EHES: v, 3 X NEHED. BENTRAN, =ZEIEE
BERMETM L.

I &t Ax 25 = =&

fL1EE P8 H7 +0.015/0 8.801 +9.881 5.804
fL1EEX 5.000 +02 (m) B8.600 +0.000 &8.801
\ 32.000 +0.3 (m) 32.800 +0.908 32.800

fl. 1 EE o 0.015(K) ©.802 8.883
L1 EEEEEE L 04(K) ©.000 8.801
L2EE P8 H7 +0.015/0 8.881 +9.881 B.8084
fL2 i X 52.000 0.3 (m) S52.801 +0.801 52.801
\ 32.800 +0.3 (m) 32.801 +8.801 32.800

L2 EE o 0015 (K} e.e82 9.803 v
fl. 2 EEERIEEE 1 04(K) ©.088 8.801 v

EREHEEHR—RICR. BRE—XHAK, B SHA-256 HEHHER (ME—HEIANFITERE) .
Al BiFF inspect_part TH, BiE—#. IREWR, tiN: "FANSLE bracketnc BB,
1. IFSERERHA, URMAMEESHLT. SR,
2. MLEhZR, A, ER: BZRFHE—INeE: SRE. FEMNGHITTEL.
nE
BIMEHE—AEN. RTECHAERERARE CAM R, MEAERTERSH (Fil 8 H7) . BINRTER—RAE.
—RRAE (1SO 2768-1)

ISO 2768-1 BIUK: f (F%) . m (%) . ¢ (1K) . v (FRH) . REECAZENRY, KERTEREIX—RNAE. TRH —BRAZE BiER5);, RER
BIFREBW—2%, tban: #2150 2768-m &',

felu: FEE. EEE. EE. H&E (1SO 2768-2)
FERFIBEIM H, KB L, Al mK', MEBEmAL:

= B4E

FEE JEREHR 3 x 3 HONE Tl

EEHE AR S — NRE BRI —X
BB FLEOERE 8 N

BEE AR 3 B 8 e

W2/, RESEMFRRAICERSHILT.

i58R
RERLEATENULEEECH=RE. REASIEESNSHFERNSMERETERS K.
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& (1O 286)
STEANRT, il 08 H7, HEANAESH, NEAMAE,
IV NS
FIFRrE. R BE, 1VEBINE. R AE, REBECHAZERIR 150 2768-1 /9 f K,

T
TAEETEII T SRR, SHOMTIRRFETER RN T, BEIOENMETA A, BREEE: K. THER X8 NRER,

FERETRCAWIEREE RN, FRNRNERREE.

vy
BRGREFH—FIDR. Studio MBFHIRE

* CSV X4 (UTF-8) , {REBFERISH;
e PDF 3%, FTED. |3tEA.

REFIHIEL, k. TIE. WLFICRURE, DREMHMIN: SXRT. QEMCRKE. ZEMt. B2I0E. BE. S,

AT HAYTRE.

EHIRE, REIFR, N "HSEERRIEIRE". E—SRCREAIXHZEFTHER.
RS RTEmE

IR AN AR IR S SRR

* Windows: 3AZ\Twinwright Studio\Reports
® Linux: ~/Documents/Twinwright Studio/Reports

ERERENIREFERN, REMAEBTBRER.
E—HRIFHEITEE
Studio {BEBRICR. BMHMEMEKEF SHA-256 FICHFITHT, BRI —FHE—RE. JIARGRIRIE, RTLUXEHZY:

o ERENFN: "EWITATERIXNNY, FHEHMAEE.
* HEESHERAEEK EET:

mclsim --inspect-verify <Xf4>

EE2RASEEREXNMAI SHA-256, ERMHARMERSH. HEAMERETE. ST —ARIRERAZIR.

ke

IRBINHESHRR, EHZE

LR RS RETIRERIAR—TUR, SIBEERMA. ZHAIfFE. Studio SMEILE—%, FAIRMAIINES. MKE A4, HEEEMEXR Letter,

EgsE, BRAIBIF, bba0: i bracketnc B3R, BIF S setup_sheet TH,

588
FERBETIIRE,

ExRBIEHtA

BF: 8MEFNEF. RA. 178, 1T SHA-256 BIAT 8 fI+7\#tFlE. SEXFWKR EEERFE—T.
ERFRE: EMNORIME, URFEEARE, FOHESRE, KFed. ERaHiinsy,

7R SiENMS. ML BR. 7. (Al USEX, MRRIENIRF.

BREsk: THERASR (BE. B—KE)  THEaERE, ABOUERK. BERREFINSmR EA—.
1718 RFAETHAMREERR X Y. Z N&/IVEMRKXE.

Zg=: W2,

I 8NIFRSRIBIIT0A. TR, iR #E. RE, URECERRE.

fEE: ER. FOHEHED. THER, N8 MHIRE.

EEEI: CAM AU, BRNAT.

AIRRIRIERGEAT: RRRAHE, FNRRIRBEE. IR, ®AT. ARERRET—E, LSRR AN INREREIE.
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Z3%

FRBERRERIGE : WAMSICIRE TR, SIS IIEFNESAIRER. SERTE 7 MENE—E,
o= | ZgE
Mk Z (TR, SHEEkE&ELt 1 mm
s, #E EHERREL 0.5 mm, FBIEFNRER
=7, #TF EECH I IFHISRESR

B—115 %, FERLFEAB. E20=XK,

=

BAFHT, RIAXMERFEXAPESE AT, BREHBEATIEEENEL, SEtITHMR, thnmER.

ERASEHEFNRSRES, XIERBRETR: BFRAENERESEY. AFERRETREX—R.

FTENFNEF

1. FIRISSREF TSR,

2. 4760, R FRLVSHIEREESIENFEI— A,

3. ENUARRIERERITE : BIEA. BHEL. Bl (ARERTERS, UNREIRRIEERS) .
E—MElBH—HEkR, SERERIXH. B9 SHA-256 iICERITHEE.

S X—TReRNEREETHEFR.
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EEHN

His (B14R)  EXAS, FHEath. _

FEHROFTREE

o FIRBCHIAEZIG (bCNC, gSender B Universal G-code Sender) £ USB OFF MC-1, TAIEIR(A.
o IITEFEENEE AR FUR)  RIVAREREE Studio MIAENLER, Studio IBE—{THANR, ERERERMENT, HLEHIA.

A Studio HEBREFRRLEEN, 1.0 BIgH.
BFE (FRES)

L]
1.0 BRRFEKEIG, Nap<fTEs. ERASETAFEMENRUY, EREIEY. BEANREEKEMTEHRO. EE. BHHER, LUSARAIN.

BaRFER
BHEA: MC1FHE. F USB IEEIXGHNN; RFRATRERM.

1. FREWNFRAIRO. Windows £: iR ETEEE > i%0O (COM FILPT) , {40 COMS,
2. E IR RETEX MHEOBE Studio:

TwinwrightStudio.exe --shadow COM5

Z5R: Studio FTFRXNRO, FEIRENRE.
3. FEIRASRIEIMEE, & Studio AIRIXIRO localhost:2323, AR, 4R {RATRIENRMRAYTE Studio BINUR, ZFEMRIFFIIT.
Studio AYARIXIROI NI ANFI. EMBIAIEBMGE, BN --bind any.

T2

o R, BT BT ok EER, RIRERSLE.

o BRZ: TRIRAIMBEXNZERRE, FTEWEHEREZD.

o RE: NRELZE. RIAERIHE EZRILE—IR, FILAE Studio ZE EHUR, BHEREVRIERME.

o IHIRR: MRE—EIL—R. MARTER—MEY, WHERESHAZE, BICEHRATNARRT LG4 M. Mmidss. Fie. M. Wk, &
F. FESEEERTIVEEON SD +: NSFIHEN], ERERE.,

TERFEERATART.

iR

Bl Studio BIFIN --shadow-guard , FERFERIIRERH RIS —TEWURZAISENETE. FEMITSER, MIBX—TET, IHUREEARS. BO2E 28
TEHERTFFIRE.

HHAZIFRTINE
FFEAT, AETHIRNARABRNAERGRNNT, IFEECH. FRRHITFRENEE (REMRE) .
° BARMRMERIERETEL; SRS, EFERENRN—EES, ULmRINER.

o AEPHRENE SEEENRORS, AT,
o $E Studio HASMETHIERIESE L,

S
HTHEAT, BNROEISEERTIR. BENR, BEECHRE, SURIRRKANEL.
RIEERM
MRESFRZ—EMEORRR, UREAR: KK,

F—HERIEHR
HIRR, IR IR E R IR AR, MAEVR T HALSENE, SERE: LRSI RRAE R
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Al BhZF

AT —RN T EAEZE FHE: k. 5iEF. RERER, HEREBETEN. (R Studio BHBIFIE, tBaJLAERE Claude SEEARIXEERT Al
EFi%. NESYEEOEHREVRN, BESFER. A AETHEHEILLI6E.

7 Al

FEER Studio BB, Al 2XER. BTHE, B TIEEEI—FIE:

o STEZER Al FRES (Al %) |, % BO8Y AL FFX;
e TH>iIgHE..> Al5MCP: Al A%, RERHE;
s EBFEA—FKER: XSEFXITH.

Studio ICE(RESFRIFFRAMET, TRENMELL. AIKE (AIBIF.... AlESRD.... &% A BFiR...) MNEMEREBIERR.
FRXER, A ZRIRBATLEGEEREIN., (ERERIREDEAMAR.

Al [RSSHIERYESA
ENFFMRIEHI—ER Al IRSXHE, AIRECHIKS:

¢ Anthropic (Claude) . OpenAl, DeepSeek. BXTFH (ME=EIE) . Kimi (BZISHE) . it GLM;
* LM Studio (##1) 5 Ollama (F#l) : (RE RN EANEE, A,
o HfthFRZE OpenAl BN (E(EH OpenAl FREROMRS, HEHRIRE,

REBINE:

1. $J7F Al > Al Bp=E...

2. 3% $2i#t75. Studio £IE TR ik,

3. IBREVZRBFEIGE 2R B, = (REZIA. 4R BHENEEEXEBIKE. £ Windows £, RE{REY Windows IRFEEEE. 7E Linux EEFHEENER
IR (Secret Service: GNOME ZH5A3R, KWallet) ; &BZESHRAT, A—NREMRNAPKFEENSXAERNZIEND, ZH TEB TS,

4. R FUHAERY, % EE,

Studio MEZASHERNRE. EMFIHITEE. EMRCSHRENER, BEST, Bx FESHA.

i5ER

&G A RSHIRE, SRFIKS. EIRRSHFNAZEIE: FIOES; HWEBOMENER. RRMRELR T, T6ERF. ERINEER; L
R Al FRRTEMSER. E—tEEERARN L, AATIRE.,

FRERNTRBRESZE, BFRR—RSRHNA. A RE ZEER, S5~ MAFHIRE... 851 LM Studio, HEBEBNMER. TR>RE...> A5
MCP JIHRERBERKENZIRS: < EfigE, BFBE—R.

BhFmEiR
Al > Al BpF... ERB— NSO RIFEFE,

ETEAERHAN, Enter &%; Shift+Enter #8217, {ELE T EIZ.

I EEOMERER. FRMEELER (BEMAN) EEREEEIBMREORNNEE Al BARITF.
MEERR Al FANS8ANTER, BIhTiR v, 18R X.

AlBEIE (T#. 708, STHORE. JOtb) HIENER, NE—KERILIASRSE.

FAE EFTA. X3 Studio BY, MHEARSIRE.

KN BORZIBCRRE, YERERNRBEHILE.

Al BEMFNAEERES
FFHTFRS, Al BE:

EEENSEHORE, HES. B =6 &RXT 6 KS;

RFER. I, THESAIE RS, muFmee;

®wE, HE. it £, WIENENEF, FRSEFTTA—RET,

ERIETHENNER, LWREN], FABIWEE;

R B SRS

HREBOBBARE: IIEX. # 3D MENAH. BRMTEFER. 56, PREEENE—R. PRESERNE—S—REENSRN
IRPE;

o EXAFA, BFMEE;

o WIEE. X, Bf. DHINNE—ERATRIF (WTX) F%, IR > i8&.. . BEXTR—H.

BTUEEHUNTE (1R, RE. Heeh () RER—E8em.

Al ARBER Studio RUEMIRE: FREHRAN. Al FFX. Studio [ERASA. BaFA. BEFIMR; B AREMUZRAIRITE.
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PENHIER Z AR
Al EENEORINERZAT (FETZE Al R9s2iash, LRk TH > igE... > Al 5 MCP B) B MNER:

o EIREEDHE (BA)
o FlE (Al EIEREED) .

Al ENFEOREINRE FalR. LB, MFfE. BASIETRER. SEEkER) |, EENCERAIBIINRER, NIRZEASHIA—FE. =85
BRI AR, SR A, FEELTH.

1. BEXANERE,

2. A AR L 1B, Enter FEEE: FRAR, Sk Tab BEWREE L, BIR Space.
60 s WiRBEZ, ME B8, —XAE, WOHHAERSX I NEECHESIER.
AR, IEAUREEERE. SR, R2E, HERZBIZMES, Studio AARSE. SIHA Al FsRTERIISREEI A tARE.
EEHRIE
BOBMFERE—QBEN (FFEX, 1.0 22K, WERN) |, A REEEEMSHT. SRR, SWIRIGSRRE THR. EIRRETER, TER
S3KiE): Studio EEHEMIXEER, FINBEIE.
Al EE)
Al > Al iEE]... B7R Al EFIREX SN EHAE:
* BaHEE: A BRSIN, FEBOREFIE] (‘window 2IREAEAIBIEHE) |
e BT &k 16 RIBEMIMI;
o EEH A BRI EE. FAEN, UREN&REIRER.

EXEALUSIE—RIETT. EORETHE. Xie—aEa1eE URELESENFENEN. TENENEEESINNEEER. A ZFRR—EL, BHE
B, IRAF® 30 D8, BRtiEd.

SEEXR AlERD THIH Al MEOEBPEHREER: BHE. AR, Y8, ENER.

EIERIRY Al ZRIE (MCP)
345 MCP (Model Context Protocol) R Al ZFimal LA{ER Studio FITE.,

1. $TFF Al > & Al B, ..

2. FIRHIZFi%: Claude SREARR. ChatGPT S=HEAIR (Codex, Work ##z) . Cursor. VS Code (GitHub Copilot) Ef LM Studio (AHIEIFHEERL) , &
8 X Claude EEHMFN ChatGPT SMEAR, Studio R REEXNEFIHANSEMAVKE), RR@BE 2G4 XM, ERHFERNSGBEESE. HthE ik
STASENRER,

3. ERIBHXINEF, BEHITH.

4. 7 Studio EB4TFF BICIRY Al FFX.

BlREFIR, A EtEFRE: SHiE BRESH TR, #MURIEFRE. ZEPREGEE Twinurightstudio.exe --ncp; HSHIEE MG,
RiESMiRE PR

FUESMNRIE PG, B Al RREEITH SN (HTTP, SRIBSMULMERSR) | B SHANMMLE (HTTP) . XMMIEREXSEK LA, E&EH L
ME—ERSHE. R— S SILRSHE.

BNIE. BiINSHfER: MCP A,

iLFTHa
I8 > HtAE.. (Crl+l) R AHEIE, AREFEE i X—FIE. 180 /HEm Al sRE AIRNER, WERER, ICENMEEREE—EE.
EROAR R KRBT, BECT:

Al FFRRGFTFFIRA, AR Studio a7 AYES;

NI, ROEE, LR Al XNEOERIBETRBNE N EE;
SRTEARM, MEsHnEEr;

= PuniE AR

BFHEE: BERICH 180 1, IBREHS 2000 F,

B, PHEFIER—ESR .
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B HERiL
BREIRT, Studio IERAIES, BE. RUAST. OB, STMNSE, ML, RSN,

ES

%% TH > Language / i85, Bi%—FfMES: English, f&{K3Z (Chinese, Simplified) . Francais, Deutsch, HZ:E 8 Espafiol, XM EENEZFESINES.
B, FILMRENERmMESHtEEEREIE.

BOMZIERFNES, FHAERS Studio, EHAEEEBMITRIEFREINES.

I >igHE... > ¥l > 55 F5— AT IREE Windows: XY Studio SREFMEERSMIES., Studio REESEMES, BENE,
P ERAET
A LR > 840 0% IRREHDIR. %) (mm) SE3EHI (in) . BT IAER

1EZEEIRS, Studio B7R:

B 2% 5
KE mm in
#E mm/min in/min
TIRRE m/min ft/min
bl N Ibf
L35} N-m Ibfin
=S w hp
BE °C °F

FUEEIE(RF rpm, AEIEEEERY 0.0005, 0.005, 0.05. 0.5 %12 in, AEMEEEDAE4. 12. 60 1 120 in/min,

EAAAYR Studio BRFMSEENAYRAS, AEUREIXM. EFREECERIET, A 620 B 621, Studio EMANEFAEXRS (621) . AIRNTIEMBTAEXK.

HX: #F. BEAFISEH
B IR>IgE.. > &l > K ZEHFE. SHMANSE: IR Windows (125 > BIEMIES) . BEES, SEZREN— MK, B—RLEES:
o 1875 1SO 4217 43, {540 USD. EUR & CNY; =R IRMEMX ;
o BHFS: TRFARTECHFS,
o HBSZE: {R—/\EIHIATEORRAS, FAFAAEE; 0 RAAEE,
HXRIE Studio UEFEBRVNSDIRIFITAIOFRM, 1517, IRATIRSENEE, MRIRSHRKA/N CEEMINEAMA Letter, BILA A4) . BFHIARAIEL
F, U EREFENE, —#RNR, FARTASIE.
BMAEF
RS T OISR SO FERE, Studio PEISHERIRENGIE: CAM MFER. W& BNRIHIAIE. WSLAKE, LIRTiHER,

HEA—MMNORRR: INREES (13.3 8 13,3) &
FEETSIRR.

ALVEHEESIX N FRIVEAM: 13 nn, 0.5 in, 30°,
FRNERARNSET (2/B5F) BeeE.

{RESHEX /NS /NSRS, 1,000 BNEEIR): {RIBAIR 1, 1R 10007 Studio 795, BEIRSHRRISHIZRET. HXBESS/INMAS, 1,000 FHZ 1.

“EE B AER

{FENRSIER Studio SHFAIAHA—HA, FRAEET Studio IFEIRIE: WA 13,3, R IE(E 13.3. AREIREREA/NE: E(E 0.3750, HER2H],
B —T.

Studio IEREFMNNNEE, FREL, FTE—TREAREA, Fli0: 123 R2KE, Studio ARMAXME: ERBUEZHI, FRIMFE L—XRANE.
BIHH
FIRTR, KEFREZSE:

® 3/8, 5/4
e 11/2 B 1-1/2
* 23/8". 1/2 in (REIFFSHLLZ . ” B in)

FRETCIEINVNGASE: i 0.3750 (3/8") . Studio NEZHINMRHIDE (1.5/2) . BHEERBROE (1 5/4) , BREZRLROEES.
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Studio BRI RITBRMOE, AT 1/64in: JENERNKE. EMNIRT. NEEMRE, B 1/4" % 1 1/2", 2 1/64 BHENRT, Bmi
NER, B0 e.2010 din, AR, 4R, BEEAINEE RN

FERRRNEDE: "EROFRANSE: 5 47625 BHEMZEH".
TIERAER SR UH TERER T R, fIE0 flat 1/4in n2,

E SR

BT EIRIZ 1000 rpm —H43E, (RESATLABIEMA AR

1. 81T B, AN Fa.
2. Wi EHESE 15, NETC LR Enter,
3NEEIE, % Enter, 1R Esc BRERERINL, RERRAVEIE,

FWEFEED) (REEFEET) i, FREZIEAEH. FMEER, Studio itEX/MEE, BA TR EHIEY & MR, BFETH, HEHERF
E, FRITAH.

BHEHBEIEESII TR, FHERA. MC-1 BSEER 1000-24000 rpm,

MREEARIFIEX

* GEB, LK Studio SRLEAISH (R, k. Rl RS

* AIITER, LIRAE Al ZFHFIM Al BFIHERIINE;

o NEFARSEMIEOSEET: MCP TE, mSfTRINIRIEEE schema;

* SFHIHCREMEFERES (ASEESBFOESE—M) |

* 1.0 EREIE. JAE. BIENEYIAE: EHEsa0ERRERIE. EHnRENRE, LRSI RIES.

WIOIRER POF, EENFAEIRINESANFNRRINES, REMARE, BRI CSV XS 2RIRINES.

s X—INRSRNEREETEHEFER.
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REMEREIS

PR, 3EE. iR CRORARIEES, ERERREME. BB =4IE. fEmE— 1 x. FEERA)N, ERER

HERNIEEL,

#HE) > fREBHE (50 ?) S Studio BRYE—ME,

IRERRYHEE

] €M

F1 BE: BT, BERORRT

F2 L

F3 EE

F4 i}

F5 BIRE

F6 5% Space ARG

F7 L StalREs, VURNSREBEN, BiR—R, Sl

F8 REIK FFER

F9 EHIIESE

F10 FHREE

F11 EihE

F12 &} Ctrl+X b=1v4
REIIFR:

2 {EF

- maf X

I mREY

Page Down, Page Up R Z

Shift A EAE—NE bigE i = e

1-5 #1001, 0.1, 1. 108 50 mm

6 REES: SN SaRERREN—ERs)

Ctrl+1 F Ctrl+4 FAANIEREE 100, 300, 1500 & 3000 mm/min

Esc EIEmED

XY,z prisE== 2 bl

A IBFmTaE g (0 Shift: +4%)
B%:

] {EF

Ctrl+1, Ctrl+1 BHE +10%. -10%

Ctrl+—, Ctrl+— Fh +10%, -10%

Ctrl+0 BHEFNEMEEF 100 %
BR—TREE, Ba— 2K, RENRE, AIRAFRREOAEERIMEL, BRI, $K2 0.0005-2 in, HER 4-120 in/min,

FREUREEERREA. (RECAME. FUKEAmiBaR MR, EREONRENE(ER: BEZENE, BEiIrER.

LR . SReiERE FRMETE, FRLMHEREmEEER.

S

BF, RRENARRAHIIERE. AFEE, XSGR LANRE ISR IREISFEMIRaAEEIR, EHEER ALARM10, BIE—X F1RFF

B, REREREETE/ LM kB S @F.

A B

F1HT@RRAUIFEET, SIIFARENNSE. BENE, BRIKRECHSERE.
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BEEORYE

] i3]

Alt+1 E Alt+6 %3 @&, CAM, TER. 51T, D 5 iSkA
Ctrl+Tab, Ctrl+Shift+Tab T E—IEX

Ctrl+) TERRFEEX

Ctrl+Shift+M TIHRAN R

Ctrl+0 HIFER...

Ctrl+P $TENIER:. ..

Ctrl+, 8.

Ctrl+L HitAE...

Ctrl+Q B

78/ R

Alt R EEESENFE FIFRANRER,; B Alt, SRERITEREE

Tab, Shift+Tab EERNSEZ AR, Space I P s rtERIRE
Esc KRS FEO

;]

F1 2S5, 1288, ST, B #BE > 38, siEmiR a2 #.,

EF TFXErwiEREEChIE:

2 i3]

Ctrl+E HNGRIERS, BEZEHR
Ctrl+K HAHEE

Ctrl+S FREF

Ctrl+Shift+S R

Ctrl+D 5—FEHIRA 3tk
Ctrl+F, Ctrl+G, Ctrl+H =K. BEIE—T. 8%
Ctrl+B X—THY B
Ctrl+Shift+B FHERE

Ctrl+. RGBT —FTAIERIN
Alt+1, Alt+1 T8 E—NRIAERES AR &k
Shift+F10 BSEERSE X—{THISEER
Ctrl+Shift+0 itk

Ctrl+Shift+G 4R

Ctrl+Shift+R BRI

Esc KA

FMHIEO: Ctrl+FIEER, Alt+— 0 Alt+— [SIBMEIH, Esc XFE.

£ S BIZTAET: AEEBHE (00 Shift @580, 11 Crl 8258 X) , QFERIE, Enter ;IRNE, Esc BEIRL,

FRAIFIER
) > BB B LERTANENEKIIRE, PERLGORERE, ERTI0RE:

* BRI T—R (B RMRKRSR) |

o HEER;

o HEWMETNERIER (N2 > THER) |

o MTIGOULEIENE (M8 > WMRSRL) ;

* %1000 rpm — AR EMEGE, LIRRBHER (NH)
c BEHEMARZEHEE (BR) .

PRI

£ Windows E, Studio IBISRAAVHENIIREZOFNEFIRMECS. Studio RYE/NEIRE, EFRMEEEE:
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BMENET. CREB—XE. RS BFELETHR. SHRERIIEHET

MEFAROER: RS RS B #E. T35, i) | T W8S RS AL R #i) e (V& £ R8. &547)
3 Tab BaEEmBtaOE—IR %),

RE: FIECE. RER. BTAEAEREEAE, URRER—I L,

BANE—RENSEIR, FTEERER/L: RE (ERT—) |, LR AERSEMUR.
FHMNE I REA N FE RN IR AR .

£10E:

o HRIKSHEMZUASTIER: BERBENRE 803
o EFER. BHG. HE. RESTIERREFRGECHMNE, MEfE;
* TE Linux EARSTRASRIRM,

=HMEREGA

ZHMEASAREFRHEATAS. CETREFOEEEIARRE, SRRHEENERE. REETH EN—R, NETEBOE ERITTLE) 2SI
sk,

RFHMEER

Studio ERBE{RAE Windows BIRHIBRERN, SRERSESN. EACRBEFSIRE.

HE > 90 > FEER (KS) KRR SRR 28, XF. BERERINETA, HE BT X ESR—BTHEER (Wit RefFq
&) .

RRREERAN, ZHENEEERIFNE, FEeTE.
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A
HERAERIFMERBEENEAD. S—HRIFEIHA. BERHARR. =ENESREN—=. HUFLANE, WEZHERSREARI] (&E—) .

Studio JAF

* Studio Z 64 fifJ Windows 10 5 11; BIFIRALREERET. MRAER,
s BOHHFTY, ZHNEN—BHRETN, FREAAT: IR >I’E... > X, A% REER (BREREIRA; TXRHER) , BE1—RK Studo, B
B RIRNEERRREARE. W=4ENER R,
* Studio FEEHEIKIE THIE, TRBHMSIRUBMIRS (WStudio BIMKH) .
MEFERET

RERS, MBS LRORERLI. S EEERBMRE. +4ABR, T—¥: EEERNEZMASEIEHXAEIRE, FE—2n, SR JIHREZITENE. <
XA, 5 HEE > T8 SE—F, Studio BEHME—E.

o FRUBHTALIRAEE, BLLALARMS & RERM (B, &)  BEERARLUVEM N EERE.

o REZENVEREAEAE (B THRE—TRE) « HZAETEE.
BRERAPR: REMEAD. MERE. RENEARR: RE,

EFME—{TO 7 H#ER
error: MI—MNS, BMEEEHBEATI T BRENT, TKERENEH. HEEESHBISHER.

o 2R > REER IBMEFT RSN ERS, RS, FIIHEEBIAT: "85 517 errorn22 () . BUFXEST, BEBE.
c REINEREE: EHEAAINE, RYF (BINRBRUSFE, NHRNZENRE ) | B—TEEEEME—BAIR MG,

FEERTNRE: iR,

EFEERMEE

REREIRIFH. BNNNETZERERF. SRRNSECH—TME, HRNSH2E): HR. LEHER.
o $HIR REGIBRAIBGRT, SERRSA TR, ETZR5EH.
o BE Efti(T. BRORFEERMT ELHNELITRE, BalEMRE s, ROZEERERR ETHETE.
c MEENTSEHOENAC LR, BRZE. [REEFREET, ERZAIESSE.

MUFIEAK: EFEE, EFEREETERENA: TESHA.

FNEAFRT
Mk EE—THEERATN, WERTHA, FHARN... mEK, BRTER—TRRMA (G XY, AHAINER. SEAHTORRER) .

4 EigEilsk: £ HES KM Sk, <870,

EHTER: BfF (W F11) .

FBELEGRBEBIEE: B—T46AN Z ARTISLRIEE. ERNRENESD. BE—RIL, SEBERE—R: BERENERAEFOH.
TAERE—SEN: ZIEY ERTE SRR,

BT AGZREIRTLL ALARMS & (HARIEZT) .

DETME TR

RIS
BED > 8. BRIVERRONRAR. IEORSHNEIEAR A,
o TELRRNE: RWEIRIEFRNEIED, XGEA MiE TR, RESNOEEEETE. BEEENCEASHME. R, BEE. RIFSERNK
B, ¥TFHEIRRR SFIFEM AN EARERMEIK. S BT,

o REME: E—HEEREBALE. Studio FSHIERD; SR LENAVEKNLE, FRNNIUICEIRRCHUE, BEESA.
o ITEIRES LR, MEERRER 14 X (IRNET RBIRP) . 25, SEFNEENT, Studio BRIFINR; TEMEFAZM.

DUSIFIRAEHART

Al DFEREE

BNETEI—TRBFEEMA4 (SRSEE. EEENMTIE) .

= iRHA. il 71188, cRSEEERPRTIISE (RESH) .
AIERIETHIIRSEIEET (LM Studio AIARSSES. Ollama) , HEMIF TEE (FUIHIREL) .
EZEAREE—S/L; Bk TLERE.
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* BORBTRSKHEBEIREER: Studio FIHRERELENRA, FRABLEZR (BIMERSRE—R) . BAFTIEERL... gl —IEBAXSEBN
E. TEsFA.
o AIBMEEORASEN, BOKSBSE—FEER. 60 DRIRBEZ, HEES.

DAl BB,

Studio E4h<H]

TIRBERS, Studio EMREALEMER TESRHRE: ITFHEMENXGR, SRFAXY. FAattAigt. REEFSER. XHOINERNEF. 2R, 3
TEISFIAR, BT 30 RAVIREEEIRIMER. TWEEFA.

KEh

HE) > RS BHAOER, FOEEABSRERNRERENSSS. SHRIFMITHA. HEFA. TFREEHA; BILEShREIEREHIE EIRE.
B L. MEEREHN (F2X... BEEEN) © IRAMITES. IRAEML. ZRAMEINES. BR, TEHITETRRE 50 KARE—MT 4. S50
1, FHEREFAS, FBFPXEEER ~. H.EZHE 1 HESO&KE TSRS, TOHAK. R EE ZEWEEEETHRS (Hlal w-1042) . JRIEL
RBHR TR — M4 problem-<itt%l>.zip , FE"SAY SASRAY Twinuright Studio\Reports B: BELMMIFEMIEERBAR X, HEEBMSIFRLE. FRX
#... REARR.

Al ZFIRETLABRES (report_draft) : FIFFRIRE—EE, HECSNIE, TE—T5HERMESFIREREN. FEE, WEEHEN, RERELR, 24
BEELREIRES.

#BED > BAVTE FIENXEBIA LIRS TRS, 1S (BEWE. 4iEd. BREE. BHR) . REIXEHME, SRiEiRSREE— R, Eh—
BERERGE;, #R—0... TR TREBS (L. E2e—E L) . MSEEFPHPONRINTE BEhEFR. BIRBRIYRER, Studio &30
DEEREIREHNEE, BEXS ESEJIFHN; 88 > Bl > 830 WS REMNTEELEHESE TLikiE. R4, FEA LR,

HBE) > WERISHIER. .. IBSOFREAVRAME— ZIP XXM, 3 SR SIHRAT Twinwright studio\Reports B: WRAS, IRE (BHASHL *+*) . AR, &5
BREORE. R 7 RRUFRITAS. BERRETIEMEOAT. IERREFINER FTOMANHE. BE. XHSEMimraiEET.

RHEZEIRTAE—E, XN XHFASECARNE (REREFYT MLSHE HAHLEE) . SE0tbiE #E) > XF.
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o —
EHEF R

RRER

ZTRIE Studio RIFBMEMA, =4HNENEREM 4.

Windows

* 64 {ifY Windows 10 8 Windows 11 (x64) , EEfHIRA L, RERFELL,
* FRIBEBINAA: Studio 2—NMERE, RA Windows BRI,

Linux

* x86-64 LAY Linux, glibc 2.38 B{E#: Ubuntu 24.04, Debian 13, Fedora 39 RLAGHONRAS, LARETEAINEITIR,

* & X11 8¢ Wayland HIERH.

* Applmage F5E FUSE 2 (Ubuntu E2 1libfuse2tes B) . iRERYE, B .tar.gz.

o BXREEGEANA: ZA libcurl (Ubuntu B2 libcurlstes 8, RERFK—IRERE) . iIREMNE, Studio AELEGE.

o AlRSHIZSE: FESENERE (Secret Service: GNOME ZEFIRE,, KWallet) , iREZESHAT, Studio IBBBEFE— N RBIREGEAISUFE,
L S

=4EER Direct3D 11, {HIBEEME-REEMREREMT (JIRERE) 100 3ER) . IREMNE, Studio A Windows RIER{HESES (WARP) KE: BEFE, BHE
Big (BU&Z30M)  MAEREIERS.

#EE) > XF £ B TEER Studio FARSEB—FH.
=HHIEREA RS
RE=HIE, BONERTOEHEER. IRNE—BEESHN, SRREFRIM:

1. IR > 88... > Xi¥.
2. A% RER (B RHEOENA; TREBHER .
3. % Studio, BEHE.

EIE RN EEREHRRRE,

Linux

fE Linux £, =#EA OpenGL 4.1 SXEBIRA: IFTFHERA Mesa IREIERH. IRERRIREIAT, Mesa RURFERESHEEE, R2E—L,; EiliEsR, M
MNE&imER) Studio, 1EFEFFZRIEN LIBGL_ALWAYS_SOFTWARE=1,

RIfFf R

* AfF: 8GBHEZS.
o HR: ERFTHIFML 62 MB, B EARAIEHERIZE. RROSIESHANS : RItASEOARE 180 X, &£ 2GB (IR > igE... > BF) , 87
FRRAFIIREESRE (WIRRISIEIIED) .

R4

e Z/1 1280 x 720; Studio RORRMEIFZ 1600 x 1000 REXRIERIZIT.
o (HURREERELAIER T, Studio IRMEEHRFERGEMLLE), BEOBIS—HFREL, ELSEFREM.

EEN
108, EENEMSIEE, NaSfTE (WESEN) : A0 (USB) |, iRREE 115200, shEIEMLE ERETHIES.
Studio IXFE{FERERE :

* G HMARERMMERIXSEK EAYZRE, O 2323;
o NESRREFEIX SN EAYIRO 8765;
o FEMBIRZERRRY Al EPiRfERIX SN EATRO 8766, TEIRICEITIAT;
o TEERIEIISERERIRRSS AR,
Studio RYIRORFEX SR LIS BIAOEBIER L.

1£ Linux £, BAOBTF dialout H: BARAIMKFINHE—IX (sudo usermod -aG dialout $USER) , BENER.

42



EFNENS
BUEERE Studio, EABIUTERS QBN LN, (HATHHIERIL, LR EADE,

Linux I 7E Linux k£,

"R
1. Jé?f TwinwrightStudio-<version>-setup.exe,
2. FHEIFEIEY, B HRAES.
3 (FFEGARISTASE  (%LOCALAPPDATA%\Programs\Twinwright Studio) , BXFIE—1 .
4. ERE—R, EFEREB[E Studio, UREEEREHE EMR—MUES.

RREFAREAT AR, RERANES.

0

BiR%E, TREXEHEM EYEMAE

LEREF NS TERBNALRE Studio. EAREEERAMIR, FHAKRENIHSERESXETBMA. BN ESMEA Studio A, EERE—X.
BEBETEM, FET A BRENSINEFHEAE (WERSR) .

Studio NHECIMERER, A PaTH, AREBHINIEIRE, BAREIRS.

7

b

i
e TS
TwinwrightStudio-<version>-setup.exe /S [/DESKTOP] [/D=<folder>]

* /s RERLHERE, BAEE) Studio,
o /pEskToP fN_ERERES .
* /D= IEENIFE., ELRBRE—IEH, A58, BMEUFEBEETIK,

BERBRENE, Studio: TERRFRAISATZERIETT uninstall.exe /S,

+ATEmIL

fta TEMRIL

EF %LOCALAPPDATA%\Programs\Twinwright Studio

IROTIHE: B, WA, RE. FitAE Documents\Twinwright Studio

EFECHIRE: IRE. 1188, AIZH %LOCALAPPDATA%\Twinwright\Studio

B %ProgramData%\Twinwright\licence

EFRIE

BB TwinwrightStudio.exe. i} (manual\) . README.txt. THIRD-PARTY-NOTICES.txt ¥[] uninstall.exe, SEFANXNSAIEARZS, FFLMRIETRY Al 22 Fi%ER
HeeA.

1RASIHY

Documents\Twinwright Studio (Windows 5{RAY SRS S, MBIBISME—FRE) -

* programs\ : HMEFMSMEAR, 1 CAM (EUAIRMNRE;
® Reports\: IGIGIRE. FREBIMSUTEEMH;
* logs\: EHiTHE.

I8 >ig8... > X BE TLUBRFMASHERLE (FREIER) .
EFACHIAS

%LOCALAPPDATA%\Twinwright\Studio : 8. BOMME. SEM=S0"HR" (BNITH. 7R, REMEHERE) . Al RSHESR (R{FEY Windows KN
%) , LREIMNEHIRE (REB30X) .

BTk

%ProgramData%\Twinwright\licence FERIG (RIXA) , BN NS MNEFEEE. Studio AR REESRIXAREXINEE, Studio BAHENE, B8
RATLUES 4358, FHitRPeEEEs.

FREER, XESTERTLUREISk:

TE antta

TWINWRIGHT_STATE_DIR EFECHIRES
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TE antta

TWINWRIGHT WORKDIR FHE AR ARSI
TWINWRIGHT LOGDIR HitEHE
TWINWRIGHT LICENCE_DIR ROk

SEFEIFRAR A
KA Studio, FRBITHIRANTERF. BEHE—IHER; RAITE. RE. VISMENERERME, Studo BEMLEEH (MEH Studio) .
WRIEE—D Studio ARBIEIT (AJRER Al BFIREMN) | LREFICIRRRERXHIZI—0, E N XERSERE =,

D

£ Windows E2F3 &8 > KA > FIE Studio > 13, HETEEFAUGTEIZIT uninstall.exe,
HEEBETHA

HEMEER, SRESZIEE MA BNEE. TAXESET:

hd ?‘J-{EI‘JI{'F, E Documents\Twinwright Studio B,

o EEBECHMRZE, TE %LOCALAPPDATA%\Twinwright\Studio E2;
o K,

o RIELH Al BEFIRAYIZERM twinwright 5H.

ZeEER, FFEIEE). MsRRSEEEASCHARAR: BINRSHRAEaRREHRRRIXA.

{£ Linux k£
TR
Linux b Studio @—32fF, —4> Appimage, RHAEHAHEAE,

1. B3I sha256sum TwinwrightStudio-<version>-x86_64.AppImage FUZSSREF]TNETI LAY SHA-256 —&L,
2 BEREIRE—BERENIS, SFREAERAS, XEERLVSIRERN Al 2FREEAER; BN ETHTHIR:

mkdir -p ~/Applications

mv TwinwrightStudio-<version>-x86_64.AppImage ~/Applications/TwinwrightStudio.AppImage
chmod +x ~/Applications/TwinwrightStudio.AppImage

1.[880: ~/Applications/TwinwrightStudio.AppImage , BN&ESMIFEIREENHE.

Applmage EE FUSE 2, INRENHREBEIAT, #ZEL (Ubuntu 24.04 XLUS: sudo apt install libfuse2tes) , BREMIA .tar.gz: REEENHTHES, BEIX
{42 TwinwrightStudio,

Linux E+ASTHRITERIL

4 L

B, ERFM BB Appimage, {RECEERR) LBAFERR)L

RTHE: 'R, WA, IRE. #itES ~/Documents/Twinwright Studio

EFECIRE: ®E. TR ~/.local/state/twinwright/studio (87 $XDG_STATE_HOME RY7EE FE)
Al BRSSHIESR SEEER; REEHERE, RISXHRE—REIREEEA

Y /etc/twinwright/licence, &% ~/.local/share/Twinwright/licence

{REOME P RERRE B RESIEAOIE AT, ERTIXAEM, B 1MAFHEA. BN Studio BIZMIE ~/.1ocal/share/Twinwright/licence (IRT $XDG_DATA_HoME AJTEES
TH) : REFRA, MEMARTEXEBK EEM. BLXEBRNBRFERA—HIEN, F sudo install -d -m 1777 /etc/twinwright/licence EE—IRIXNI4
Linux LRSI AFEGE

WA, BUEFNEERRN Windows —HEBXRIEHT, FRERFECH libcurl, j&8 libcurl HEZEMAET, BE&EE (WER) .

£ Linux EEFAFOEDSE

T IR Studio, FBTAY Appimage BZIAN, FFAE (WLEESE25) . &8 BHsHBA Appimage, FIFMHIEERSER TRAISIRY. RS, B
k. ERMENER, URIREEIN Al ZRRZEEN twinright —IT; E2E0ERE, FaffiifixLe,
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BIN, BRIFEE
IBINET, Studio HFTHDES. MESUILETH— R, X ESATIEN. AEEEUIA, MEEERL,

WMERIREENX BRI EZRSTEE, EMONETR ESS8E, EIHZHT Studio IREINRET, BIEIR. TWARESATLARENXA 30 X (XAHER) ; g
ERVBERREEEER.

(=]

L BTHZ WAL

FIR  EENSEMGE. RIER. EEN. 0. AEE; CAMRIRNE. 10ER. 57l ZIFM=HFTRINT HAA, %2, BTEY. HFENNFEIIATR
CUEER = BIERFFHE. =SSN, FRINI. MEMNIMSRER — A, BEHEXNABCHEIRA

LUkkR | UEhRAOSER, INLHERL ERMeR. RIS (SiRtadth) MiakeiRE {RAGERGT, (AR, RFEA

MC-1 HlERNE—NEUITWLR, BRI ESEFFISHIBIE MC-1 £/, HasHiLAIREIRRAEaHLE.
ERENER L
o iTH): RASRE, BIHZAI—BL.
o ZHfi: KRR, BEWE (SBLEEH) & 12 MBRABIRERE.
* MC-1#1E: FISTHT—F, IRENRE.
EAEIL
—MIBEUE—EE— AR, SERE=G8BRLE; INARBN—GBERRE—A.
BHIER, ENHRAXSEREXITEIISEX SR, BNASAEITEK. EERNGE T IR, FTFFHEINEA twinwright.com/zh/licence, BINBIERD.

SR E
FMIBREILREAR 30 K, SABMSHK,

1. B—MIERINEE, tban CAM EiREREIERNFFHE. £5R: Studio WHEAXNEEER—Y.,
2. 1% FHia 30 KikH....
3. &ERAETHA. TR, Bik FRiRA. £R: Studio MRIENENRSSHERA, ERYBEEZE, X—HEA9ThREErEER.

EREXART, Studio RAEFMXARMRAR. XEREIELAISFIF Studio BIMRA. RSHREEEBREE—NNA: KBHRERT studio, BFEXRaZER
E—EIEIH. FHAE Studio BIEIFIINR, MBMREFAZHIN,

TRELMAYERIN L, Studio RECABR—MERD. 7ERE ERAIFBR_ EFTFHEINMIA twinwright.com/zh/licence, #E"FEARE LAIFBAN LIt BESIFIRA. #hlbis
K, TN, BRREARR L NAER B SN ERIBA K.

E&iE

TE: FERAUASRAIEREATENERD, AN Tw-x0000¢- 000 X000 5 BE_LERY,

1. 1% #3Eh > $8I%....

2. 1% TR .

3UBMNENEL. KN, SIEIEEESHIEER,

4. 3% i, ER: BERCUSHUH TR, SFIREE RSN,

BIERRHRIER. XERBREXAIEGIR Studio AR,
EERENCERH 7 REM, SERNNR LR —E (WCENREIS—aBN) .

2 b Sl
S, FREAFRNRMAR L BE: #ESG, S—AIRBN, —MEINIHART, Hiou .

1. FEABE L RIRYER AN _Eisk #EED > 1B

2. 1% BERMIE. .

3.1% S, £R: BEKIEEHETHEMIR. BRAXEEMENAIEGIF Studio FMRA, FEEEAMAEE.

4 3BIERIFMEH— A, R LAY L,

5. fTERREE K _EFTFF twinwright.com/zh/licence, TE'ARELRIAVEERN" FEFANGEGERDF ISR,

6. 15" THEIFROIE, R TE— A twinwright-TWL-...twlic AISZHE,

7. BRI, 7E Studio Bk #EED > IBN... 1 SNBEE..., TN, SR BROUGRE T IRIOUYE,

TEELMAERASECEH. TH/MMERERHM—E:

o ITIFAHAGERLAAD;
o SCHREORAY, BTk 30K (GBFED) LUEHBM—R, BEKANH;
o LTESFNEHLAGE.
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Bk
USRI AERINE, AETH— Windows Ik, BEAIEIRIFX ARG N ABEHL,

AR X4k
Windows %ProgramData%\Twinwright\licence
Linux /etc/twinwright/licence ; SARHE: ~/. local/share/Twinwright/licence

INFEEE TWINWRIGHT_LICENCE_DIR RILASBIE— N4, BFTFE, i #EED > 18IX... 71 $TFHSIOTE.

XHREERAM (*.wilic, SHXA) , A—MEE Studio DIREMERIN M. AILARRBULMERSIS, ELin—5 MC-1 MLERIN—D1T158; IFERIRYRIER
BN B ESI—E.

i58R
FERXLEM, BUIAIENAHAEH T BIRNIWR EEHTH, BSA.

Studio A TSI ANRES, HEERET, FitBFgES. 7 Linux LA root (sudo) SN, EiEIR TWINWRIGHT LICENCE DIR,

£EHRTN 14 KEEIR
$TFF SIS (REHIBRRS. RERRISRIEEIA Studio BIKRE) B, Studio BXRIFHE DEE:

o TR ARHBLERAD 5 RFTHALE;
o T BSEARETE R, SLTESFRIER, EEMEIHART 14 XITREL.

Studio FAEMENN—R, BRES R, IKELHAITHR. RENREXMERESHBRE.
TR LAY, FrATHRERRER 14 X, EINER BRP FIR TR, STERE, Studio MEIZF3IMR.

1EINEIRALARS
B, RESRETY, BRAEEFIN:

o INEREITH,
* DEERM G AIBIRERESH. BEREATIR,
o (IERANREE(REHALIS M.

Studio NAIIRETSZM, B ABHRETETE.

SEHRISIRYE SR
IR BRI (STBEEEH) /5 12 NARNKHBINRA. BRAHIRANREIMET, BNER BREEH. JLEEREESNRE—RE, HEE
AT EBS—F S, MR Studio,
BIERURE S —a B
1. FEREA N LN BIERD, I EERAYER,
2. EAEARBI S BN BRIX SRR,
3. TEHTER AN LR,
30 RERZEM=aBN, *ERFEN, 555 hello@twinwright.com,

BTBHSERETERR, BREE, Studio ik RIMBINHERRAIRBEM. SEMR ERMIBB—IN, BEME, XA Studio IRFIIRETT.

HiEBET

FEIN B0 iERIE T ? . AREE(RIEERTERT, EWSLATFRIERTE: ATIAENRNERSNE S HEnsIEORIERt. IREIEREER, AEIEIERRIER
MBESIEE] hello@twinwright.com, HAITZMIELIR— 8. MAUNET, IHREAEENE, BEMENHEMREER.

FEAEAY RSB

AT EPHAERIE TPRLA LR, Studio 2t REMMERMLL LXR, FRGINEE, SIFTIHEHRAIELS HRE. SEaEFIREER.

Studio IBEISHISRAIENCERL, HRBIE, LR A2 HRE.

IRAEPERIREIGR. BENGIXAEELSEREASER T, SEATIEEN, H5E2 hello@twinwright.com,
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R EXRESHRATEL. XMRALARS, TEMAX BRIk,

TwinwrightStudio.exe --licence-status [FOLDER] [--json]
TwinwrightStudio.exe --licence-request [FOLDER]
TwinwrightStudio.exe --licence-import FILE [FOLDER]

® --licence-status FUHEMENCUHFIAR: BRAMIZ. AHA; B0 --json LEHEEPFER,
® --licence-request FTHIXBEBINAER.
® --licence-import ZX—MEROU, BIEFHEHO4E,

1£ Linux EF2RENY twinwright-studio, Al ZFiumnLAFRIERN MCP TH 1licence_status iZRIEHAMRZ.

Studio KA. HIRIMRSZREMA: TWFRFAM Studio K HAIRA.
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(RROZIEFIER

Studio HREI TERAEIRAISEE, MESARNSHEECECHINHERE, X—EFIHHARERE. Z&MHMTA, UREAREIS GBI,

frafEmiL
AN T B TR

® Documents\Twinwright Studio : {REOTAE;
®  %LOCALAPPDATA%\Twinwright\Studio : T2RFE CAPIRES.

fEdk. EFHEIRERE

Documents\Twinwright Studio\programs\<program>\ BB, FEREHIEMRA—NMHE (veeei.nc) , BE— MR (veeel.json) , IBEECEMAME. HiE. B
HAGFN. MEXAMERR CAM (RlHBHRIRATFIEES (job-veeel.json) . Studio NAEEEA].

TH>ig8... > X aLUERERXHEIRIL (TREER) .

RE

Documents\Twinwright Studio\Reports\ : 1RIGIRES (PDF 1 CSV) . Z&EkE (HTML) FligkHER (ZIP) .
=Bt R

BENBMERSREE—MER: TG, TEDRNIME. DEMNER. THWR. EHR0RE. BE. ST/ \EEFNLARE. RIER, HIRER
BRUEHLLHERY, Studio HEAE—X, XABONBEE—X. $—ESHIHRE wrld\ B, B89 nachines\<id>\world\ B,

B8

IRASSHZERY settings. json HEE TH > i8E... BRISEIAZE,; window.json BEORIRIBFIA/N,

®HitAE

Documents\Twinwright Studio\logs\ EBER—XM (audit-vyyy-mM-pD.jsonl) , ICREWAE—HEH, AMLRIGHEE (TR > i8E... > BHE > RIGE) |
BN OBLSE LR, KABTRE 180 K. &£ 2GB; IH >i8&... > AL A%, EiHEHRSTE, MERNEIN UL,

&itta
SeX17) Studio, BEHIXFNSUESZ: Documents\Twinwright Studio F[] %LOCALAPPDATA%\Twinwright\Studio,
BRI RESH—RERE:
o Al RSHIESE: BAIRRIXERMN EIRAY Windows IFINZERY, ZIFTEBN EEHMA;
o BN EETHMN. FFEMNEETSE (WEN) .
RES—aHEE

1. fE|BEBAN KA Studio, SHIXFNIIME.

2. TERTERIN £ %23 Studio, Ba—R, BXH.

3. BN EHIZIF RN ERIFFAINE.

4 (FMERBERINIERF AR S RANE, MEXEHRESFE.
5. J55f Studio, BUEEN, EFEA Al EA.

6. EFTERIFHI Al ZFIH (Al > & Al BFR...) .

it—atBEMLTF G
PR EEORAOTRRE RN . BOHRIRT (T#. DB, TH4ME. SHIsS0RE. WAIRE) | Studio EHT/SN.

1.1% X > IREW ... IPRBIRIAL) .
2.5 RO —IREHIA.

REEX—ARE. fI0ERF. RE. FiHAS. REMEMNEHRE. EESICHFITES.
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¥ Studio

Studio FECEHMIRA, tEMAECEH. (HARHREHHIRE.

ERRBHIRES

1. £ Studio BBk #8H) > XF. £R: BFS TEIB—T2IRAMRA, Al hR7 1.0.0 - 2026-10-10 1452 - $23Z 4f1c2ab”,
2. FTFFREI twinwright.com/zh/download, £55%: TUE ESEMEAIRAFIZIREAI SHA-256 KRIE{E.,

PRARIRAR—FE, TER AR,

LS
TE: FOREE. TRESERUR: Studio FHERE Windows IKFT.

1. NFERRR T HRES.

2.\ IZXWER SHA-256 RIGEFIRE LSS —HF. 1 PowerShell BXIXNAHIEIT Get-FileHash,
3. IE51TR%EE. ER Windows RRAERIM, FBIEiT, 552 hello@twinwright.com,

4. Studio FFERNE, REQIBIRRATHKIR,

5. BREOIRTHGE. R MIRAEE— R EEIE TER.

RAGIRE. AIESH. BFRA. St ASHENEBAERERRE, BB, BF A SFRREER, HHEFNEERE.
FERERY, TRBATLABERTEE: setup.exe /s, MIZR Studio,

(RGN B S ML R A

2R HEFMTZRINEERIRR A

ST FrahRA

1715 1T IERIEIRIRT AR A

SR, MC-1HE TS (SHfIZRERER) f5 12 MR RART ANRE

BRNREFIY T LUGARMENRE, REIRET, RNE EMCHM. EHoal, SoF #E) > 8. BEE-THH, EENEENRE—MIRFNRESS
¥,

EREEN, ERNNREBS—FEN. RN FEARE.

A RE L RIRgEE A
1. 7E8E ERIAFBIN E R,
2. F U B3I EIRAE ERAE .
3 R EERS R,

WA SUUEAC M, SHARRIA: WAIEEE EMAYEN,

BEIHRRZ

1. BRI RISER DRI,
2. {E0#k Studio: 7E Windows i &Y M H"E,
3. 1517 |BRA RS,

L]
|BhRAF—EREF TR A B SIRE. WERARCE, BEED.

s XR—INRSRNEREETEHEFER.
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ISFAFD Studio ZHAYERTE

Studio FERAYEBAN_ETAF. Studio BERHEER, REFHARA. AN EENERNGA: REEN, FTECENRE, FEmMLEFRER. (R A B
FEIRRSH, FRHSHK ENABRSREIRRS, WA BFNIRSS. X—27IHAHERN. BERKRERN, LIREARR. IEMNAIRFABER
twinwright.com/zh/privacy J9/.,

Studio EH{t4

HARHR RiGifE 2ta

{RFFERAE— M 2 RIEAHENIRSSES, & HTTPS FridFRARRAR, XEEBIEXAYELS. Studio AIMRA
{RBIEIT BRI RIEAHEIIRSES, & HTTPS HIED. XEBMESRIEG!. Studio BIMRA

Studio LEHAfTZHFAN (WWEEHA) RIEAHEINARSSEE, & HTTPS BRRS. A—E5). Studio BIRRA

Studio H2RARIENFIXL, IBRASREFER, BEFNRECHEG). BLiEnIBRA8RE.
TE=HREMRECRTUUGTaRHE:
o EAIRIRSSAY A BF: IBRAGESFIN LIRS REIIRRS, I THE.
* {R£2 MCP 3Z#Y Al ERER, Lba0 Claude, ChatGPT: ZFIHIBENEAEEINAALALATCHCHNIRS, RENEMAE,
o Studio ¥JFFRIMITT, LLAMSANMTT: HMRAGNIEESFTFF, Studio AEENHMEAIRA.
Al BIFN=RS
Al B FFAEEmERIRMS: =IRS (ki Anthropic, OpenAl, DeepSeek) , FB{RECHIMKFFO APl 258, SiEAHIIER,
RERIRS AHERT, Studio MIRAYEBRN. FRAVESH, IEXLREIPRIRS:

o RAGHE, EREZEIXATIILEAIRSE;

* 4E M LEONENER. BRMEEER (BRAE) i BOEOTUR. k. HTSHERMEERTINRER, X——FHaMEa%ER. Studio ki
FHKEEWLEEN, LEREENIZ THEH;

o BYFE Studio BT EERINGER, tIEFRIGERTE. TIRIORES. ASENCR; WEZERIRS, TEERNE.

E—REERRERRSZA, Studio RIEFR—RBRMTA.
XUEREBER RS B CAIRE, BERAREPEEIERA. BOR: REREREY, HER HE EHr8.
FAAHEEL (LM Studio, Ollama) RY, XLEBERTEFRAN L.

EXEHEME, EitATCTEAEERR 180 FH (WEHITEE) , AP EHEMERT (WStudio RN EEHA) .

Studio 7EFEHE LEHA

fta4 TEBJL (Windows) HREEE

RE. TFERRES. AlBH %LOCALAPPDATA%\Twinwright\Studio {REY Windows T
TEFFhRA SR\ Twinwright Studio {89 Windows ik
HitAE XH\Twinwright Studio\logs , REEFBIE T ARSI /9 Windows T
TRIARE. RE. ZEREESY XS\ Twinwright Studio\Reports {RE9 Windows Tt
EINBHAIRES %LOCALAPPDATA%\Twinwright\Studio\crash, 30 XSl {REY Windows i
ot (&) %ProgramData%\Twinwright\licence XEBKENEMA

Al ZZRIRIRET Windows BFINEELRTF (Windows DPAPI) , [El—&HEAN_ ERIBIRIMKFIEEARE.

HitAE
BT AESR Y audit-vyyy-mu-pp.jsonl, FEHEXHEE, BB T:

o Al FURLEH SIS,
* Al EHRESSEEIIRT 180 F75;
o L BIURS. BFIER, FMoHEANE=,

. SR BR—RCHK . B8, BEAEREEE. ATREMAVER L, Studio MR LIE.

Studio E/h<RY
HEA9ER—%I, Studio B—HTRNIIRE: 7EHB)LERYE. HERIRERINR. EFIERRE, FEREFEENRE.
TREENEY, Studio N EARAMEEHBEHIERSS 200 17, SEiEk—iE:

o BRIERISCFEIERL L
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o BFHEETFHREERE;
o A GURD. Al XA, EISFIEEAKISL.

RIBIEWF—IR: AILETFHREMERIN k. BIREFH, SEXaRR. HABAkH. BHERNERE, HECHEXHAZ hello@twinwright.com,

iZHER

HEAVBICH, HTUREBRE—MIZIER. 7E B RRBERWERIZIMER". Studio IBIRAIERITLIIFR— ZIP S04, BusHRESHE:
IRE Bkt
WA, R BE. EEMESG £
98, A Al =
MURRERISHIEN § 188 =

B 7 RNEFIRSNEHMIRE, & EENEES 2
ISR RATAEIEE, T ERAORIFRHES =
TERORRRFAIETE: (REOB R &

RHEZE, FSHAXME—B. HABF2EmAH.

RLE iETEIR
Studio £5 Al ZFi% (MCP) FIRIERMFFAIRS RAEX S EN (127.0.0.1) , BIAIFERER L.
WBLITEE --bind any SIEFERINKIRO (HAALRIEIREAIAR) FHAIRAIMLE,; MCP IRSSARERL.

A

FFERAT, RERHNIRASIBHSHEEN. AT --bind any, {RRNEE_HHTREERIX NRORAZR RELLSahEk, REFE L. JRERECSERNM
4REBF --bind any,

E2AIN:N) e )
SSHITRIEN, BIVRSSEET:

* BNENRZ=GHIIESI, UREEEIRMREIREIMOBE, FHRERME EFR—E;
o BIERREEG, EHIECHIEALE;
o XA, ENE. SHERFRAEEEIRIAR, B 90 K: EBRAJELS. Studio RORRA. BEIMERET IP b,

BRHA, RSFBETXEBMAEG. RAIIANELERE, XFEERMEREETIE—R.
FHRR TIFERAVRA, —HEEA T RS,

fili= Studio BB TFRYZREG

1. RN ERAUX SN, ItEABERM (MBENEEIS—a8K) .
2. EN# Studio,
3. M EERBIRABREANMR, HBR: BKERBEE Studio FHEARA.

EHAMER, AHURRISH: TE. BFhA. BEMNREEEE, SrRacH.
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LI, HETHEARYER

X—ESHRTE L AR E £ Studio A : SLIRE, FEEHE.

— BN ER AR
BRI SRR ARG, FETH— Windows IF (THERUIIEE) . BN EMEINIEN, MESXABMOENABEH.
—MIBRRR—AEIE— AR, BSAE=ARNE; INALBI—ARRRE—E, FL:

o HAROEEEN, LLAHARSIOEG, BRETE—NEAL
* BAEECHEKEthERCZEIE, BLEKBERAL

HENEMREME X, AEXSBERIANKS.

SMABSHER
Studio ZFEFZEHRY Windows Ik T, BMNABECH:

o IRE AIZEH: BERIXMNKFINE, BIRIMKFIEARE,
o FEFFRRA. IREMFITEE, 2B X\ Twinwright Studio B,

— MG X SEBRNAE R, BN ENARA: RURSHEEaRREMRERLA.
HREWF. REBMEZIE, W Studio,

H=E

SIMEEARN LEREE, ATEIMESE, TABRTENE: £ Studo, TFENSEMPE. RIBESFIHETHY CAM HEREER.,
BEROIE, BEBANFE—BCH Windows Ik, FARIRE. EFIESHIF T,

ERNBIRERS, FRAE)INMAT ST EAARERL, SIEE hello@twinwright.com,

FIRFHIVERE FRAY B b
BT AR IS KT SRR, R iESS, KRR

1. EBERIE—R (WIS EMATRENK) | ORI,
2 B HEHRERAIRACER, SESRFHSA:

TwinwrightStudio.exe --licence-import D:\licences\lab-pc-3.twlic

— R RY—ERREN. TEEEEERNEEEHCHERIEE S Y.

A 8E L RIRgER i
BLEE, BTG THAMBERIA, DRSNS T3k 30 RIUESM—R. TUSIETREE ERAe.

B RERiHEA
7 Windows &, {EfARKFEBAEEE %progranbatak\Twinuright\licence , EEEMMKFHENEEMINS, BINIFEEE. BRMBT: —PASNEN, AR,
BT AP0

o HMEEREFXANNGE, HiLAFES; 8E
* FRGINEITE TWINWRIGHT_LICENCE_DIR 3E—MAREBREIEAISHE,

1£ Linux £, {REOMKFEERELEBES /etc/twinwright/licence B, AEFEE,; BN Studio FI{RESHI ~/.local/share/Twinwright/licence (87T
$XDG_DATA_HOME AJTEE TFE) , RAIRA. BILXASHEMAIFFERFHEE—mDIEMN, B sudo install -d -m 1777 /etc/twinwright/licence EE—IRIX/NIIHE,

R ERY Al
SONEETH ARSE Al B, FECHER. SKFIETERIETRNAM A LTSI, TSR Studio & HEVRT,
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BAFH
THERRB TG

FAESHAEFI MC-1: REBARZERER, =HRRERESRS BYEEEE, TEQHIKRTTY, BEWMERNMGIT. SRISERETUR
BORH. EHOFMOLQFFER, 86 MC-1 TR, FHEDRECHNTE. TESTREEEXR—THNSHKEFA.

HiB (B14R)  EXAES, SRR, _

=R

FHBNERSEMERERHRRZ, HR ENEENE—nIREmLk. SEUNECRERNRT: ERERNSHEKT, HESEA, RNz R0 (USB &
FfICH9EF) | Ehlssate RrIRE.

iR AZECHRE, AISBERF ENEZRT2MAi.

izahFNIRE)
SIRMEIDT SIS RIRI TR, SESTURATBHEN), RARSREHA.

IRENERAINIEIN: BN MEMNIAVHRE, MR TIE, REAKILE, REREAKNIREASRE;
SHh. IRETHRAIER, Z8ED;

B, AT TFEZEEHNRE, BENREER, X iH T mASE;

IRENRRAOMEE: SYSEEE. 1Rdes. Wahss FRRESA.

&g ®it (RE. RE, NEREFENERTON) | KasstiefasFn, EEmikassmii sl Za2RiRE.

TLAFNFEEIRE

FIFFRY, TERNRAVMRERSIR: SRENSERENCHERNS, MIELEN=MEAIRE (FRUEER) , BTANEEE, BENREEE,
LATREMZAEYER, REFFRBNORZBE, MIGENNELERIRTIR, FNRE—R, XMEREOAX: |NFEREEM.

&g REMEREN—SHEERFIONRITR. EREVRIONE, EXIAIXEYIARE 15O 230-2 WEk= (i) .

!
FTHINRRLIAERTR. FERR K, TEAMARSEZEICECIINRE, FHERERNTIR, HLIINSE.
&g —NPVEEL, SETEEHURETAZ BIRRIR(E.

EHFIIEINER

FHIFESRERRRHUAR LA FFIR8EE RS-485 FIMERE CAUMMANEEN, BRRENRFE—FI— I FIiE, TMBRENFMNE, SFERECHF
IHIARLL LY. [RHER: RAEEEAIENAEE, BRI, B8, REHkR, BRI IsnEREs, KR,

iR TIMERAOEEIARN, B&RE. BRI EFERENE ZRI2RIRE.

Al
ERR—KSER, FEAMSTAILUNA. TESE—S, MEEERINZEEIERS, USHIAREEREFAS.

TIEIREMHEIIRIRS (EIBEEFIERERY) |, ZIEELIYMNE (FIK. Bk, £8. V7)) ZFEE. FEHTEDMETEmIOREF0nE. I8~
TRATMTIRIE: TRETEHANXER S SARE.

&R SMRLFFROTIEISEE (SMPHELHGSENRERE) | #FI87], BETIRME.

Bl

BRITH, ZERDEMNRIRMES,. X—00/UE, BHELSEEGE FTFHAEURITER, Fk—MIERENRER. SRRREaRnGHERSE
FEREE,

TRBATFEIEZMES: HIRAIEE, FEISHNEMENTIR. JJESEH. SHESISIREIRMRE—I88. . WRFEHKE: 6 mm 3257
20 mm £ 14 kHz, 0.2 mm B7JEIS 100 kHz, 1 mm LAFEITJMNREMR, SH+EECHCHEHMLE, IIRNVFAREERS, XMIRTES—IEERE LS.

&R VIZRRMESSEEBIRTTONT, TIREESERIRE, DHSHRZDMKBRESHE, = MESIEREHREIRE (3 %) . XEMTKBELN: BHEE
FRINUAR EMEERRIEN, WA ERBEMAiHE. TEIFSMERREEER: V], BERRT.
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Bz

TRV RS iR, RINERIIEED: K. OETN (RI187) . ZRERXAMESEY]; CAM EERSEMEE. TNEMEETIUSXIETIECSaba—
BAEEICLER, BERSDN (tirs: BRI TIR, BAIHEK) | FASHATRE.

f&iE: Wi ZRIRRIRAIBEED.

DRER

1.0 EEHEIEREMY: FENTSA, SUHBRRINZNNMLENNNE. AESCDICEFRENES, HIELVEIRAREM. TB7ISFER BT
DAL, BHHERESFRETENR, MARRNGEDHER.

sk

MLB—FIR: CROSREEIFME, MM, TEREROIATIIEREE (SENE) SRENEIR0E—2. BRMEE: RNk, HR—imiEneg;
HANNEL, TMTIERETAAR, B, 8f, HEEATNESHT.

iR AaRTUUkRISEYE, RENEZR, SERILETRE.

Z 3%

MTEELAER, TEREHESINGESR, UREM ERTIMNEREEIEE Z KRR NEE. MATERNT], SEeska/JBREmikitisk (&0
188) .

AR HURANRLT, FLAERITIR.

fifsEFNAER

FEWETIR. TIRNEMRSEY. KEMWURZERIGHE, REMECAIHRE. Bk (R, R, VIR K. BE) A—ORERY IEEEEX
R, EHATE.

R MUARAIERAUTRER ERHRMHT.
2S[O
HAE B R E SRR

R’ TEMHE;
FEEETELEI TR

T T LARRYE.
BEFIARA BEMAETIEN (RENRFIASHONE. IEIAD. R, A MRS, FFRUZEN) SEFERRITIEE (docs/06 57 19) .«
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RIEBRP%
BEEEHHNZERER SIStz E . 7E Studio B, BiSHIZRERIRK; BE—HRIBtHImREL MC-1 EHIRAIE,
Bt Grbl 1.1 FUEBOMNY, G AIBREREREREE. RE. RE. HRNORSHBEREREAEI—E.

B4
o iEEN: BUBEALG 100 MR, IBREENE s11, EBIEEE, SR 1 ms —HHVT. SIREHTEECOSEEE (s110-5112) FINEE (3120-9122)
* HLERAYTDEE:

o [EF, WRAFNGFRAL. ZRUAIRS T,
o £ Modbus BFEHEIREN (ZHAES) | LARISHD;
o 1% $341 HUFHTHRTT;
o HWIEEMRR];
o fEE  EIFR.
o {SHIBE ERIER: BRI XHRARMEFTUME O ZFEFME (WO0F) .
o Gf{F3: HBRS274/NGC #LinuxCNC, BIETIER. TJE¥EIME. BERE. TAXMSEH (W 6 KiEf M AmB) .

BOMNY. SERIESH ¢ SN, £FRENIRE, REWREM, HRIEIRD,

FELh Grbl i5=HIZEELL

7 Grbl SHIRSERIHABREE NS, IR T B Grbl EHISMA SRS FTEXLAR.
EHIER S

TEDRLEER, B Grbl HIsIRRE T E, RESHRZEE TRIRE.

o EHIEFIECET (BhR. 3F, SBEARTEmREAELE) @ 0.2 s REHE, IR ALarM:14,
o EMEEIARE: MTRRET, UEAFE, Bk ARM:1o,
* ¥87]:

o IR EIN—EE.

o MRTISEMIAREEER, L RSRIETIRINET .,
HARISERLIIZEIRE: TicmEsE, 5.
EEEEMELEXFI: TUKET, SHRIIEENEE, FFRERSH.
RIERHEEFAT (k7T USB. X7TiwM) : /FIMET. H s1030 &, ZKIAFF.
MSLFEIEFFR: 2 ERIFERIARLARREZ),

EFER UTF-8F (P, "0". ") HNFE, FoHEMIHNGS.,
R EXWEIIEFEEIREZAT (ba0 601 62 xe z1 R5) & error:33,

EEH 6 K3
TEHXLE, B Grbl EHIERESAMY, RESMHRZERITER:

JJEZR (643 Hn, G43.2. Gle L1/L10/L11) ;

TIEHEAME (6o, 6a2) ;

RIS (o4 P) FOREHHIZLE (G61.1) ;

O FTEFFEEE, + S8FIRAN;

G52, tRAHR (@. ) Fdmeo;

685, Gs6. G89 EMIEL. ERIE, BRI Grbl =HIZSK FAIASN;

CAM BMEESH: H8FM % 1T. 649 He. Fanuc FUFEFS1T (o1ee0) . Centroid A mM2s,

2R

o BN EEE. BH Grbl FHISHETIINZ, BERS 4 ¢ $12,

RESE (e93) THIERM ZRIRIZAIRTIEIE. B Grbl FEHISSHRETILAEE.

S8 (c4) REKHESK., BRI Grbl IHISR 50 ms —RYEEE,

g SMLRENZENIE. FLRETFERESRENZEEN, B8 Grbl BHEANBIEEBRSH—%T].

ERBRGIBHERIAERT NRIRZE,

M72 RS Mo BF 73 FRRIIKAME. FFIE 0. REA (643.1) APIE—HERT, B Grbl IBHIREAIRE, BEGRIRNE, FLR—MEFE
M72 2[5, TERBRERUIRSRS EATBER B —NIHKAME,

o DMiEEE: SRMEDTE s120-s122, NEGN EtB—HE, FRLUVNEBTUSBISHIER, LUIEER Grbl 125158 FREIBA 2 %, —RAERFIRE 0.1 %,

Y _ERIARTS

o SRS
o PHAREFFI IR, rFs: BRIBHAR 0: S,
o FRIEH—BEIRTIMET.
o MEEIRER sf: IRMNIELS,
o $10 FIFFREITESIRSATY, [oc:] BE—RRE—1T.
° HANGE:
o EIRHNIRES (Hbal $45x) & error:3,
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o EHNGEER $1-25.0 17 25; BAY Grbl 55I887F 250,

o ve FHEENBEER—ITZ error:4e,

o Ge5 T Ge6 FIBINASSIER—ITE error:21,
o IREFFL:

o IREEAF 100 ms,

o FEIRFH. REFHEEZHRT, TR error:7,
o REENFHIRE:

o igHE. RE BRNRBEEEECSEM.

o IFIEE/NECHIRE: s1030 (RIEREGMTFHIE) | s1000 EMAER (BUAX) .
o $39=0 (KIFENXILMFER) : 2. |, ~ & ¢ TIIRERENF, EINBRERGS. EHEHRKEINF AT, FRLAFF IS ARSI tRg »; 81

Grbl ZHIZERBRI BRI AE.

i

* Ge5 P7 (ModbusE&) .
* Fanuc IRFER, #4120 XEHEBSHIE, 5H 0,
o SRETIMRROSSATHUIELY (633, 676, 633.1) , MC-1;88%RIEE, XJLME error:20,
o ZFHIRGIBZEEIR (3U89 Grbl IH=HIBEHIRH) .
o L&, Trinamic 3XzN. BUAIREFRIFEIHIRED (BRI Grbl I=HISSLURMHER)
BiER

EHRAXREFIEIIRNRER ¢ KBRS, EERMERZTENL, BEME 7R,
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G fXE3F0 M X553

BEBRRZHIIT FEIXL G {3, ($ABER RS274/NGC F LinuxCNC, 5S8R STHEAOKIEE error:i20, IX—ITHAHARIM,

SCRFERS (2. 1.

G X183

(%] =R

Go. Gl . Bt

G2, G3 MRS, EFEHEER (1) KER) |, $EHE

G4 P =B P

G5, G5.1 SRS, TRBER

G7. G8 ERIERSR. FEHAH

Glo L2, Glo L20 RTHMR

Gle L1, G1o L1, Gle L1l PIAISES

G17. G18. GI19 prig ST

G20, G21 o AF

G28. G3@ ZhEREFENNE

G28.1, G30.1 FTERE

G33. 633.1. G76 FhEE. RIMELL, S2EHER

G38.2-G38.5 B

G40 KTJEHEME

G4l, G42, G4Ll.1, G42.1 TIEHEME: D BUIERBHER, 1 BEEA
B

G43 Hn, G43.2 Hn RIDEROTIEAME, I EAGRME

G43.1 FRETIAME

G49 KTHHME

G50, G51 KB, FHEE

G52 [EEBARER

53 X—4T LR

G54-G59., G59.1-G59.3 THAFRR

G61 FERRERER

G61.1 FEHAELE

G64 P Q RS

G65 P1-P6 SEH:NPN

G65 P100 #Z. G66. G66.1.
G67

G73, G81, G82., G83

G84, G85. G86. G89

MR, BSEER

ERFLIEER, IKEh
ez, EILER

8o EEEIR

G98. G91 #ayg, 1EE

G91.1 BEOmEE

G92. G92.1, G92.2. G92.3 WinRE: R, Bk, SEH. RE

G93, G94. G95

RESEL. S0t SEEHE

G96. G97 BEIR. (BfE
G98. G99 BEEZRFCAEE. 1EREE R @

THEIXL G RIBASZIEF (error:20) :

e G5.2, G5.3 (NURBS) ;
e G17.1-619.1 (UVW @) ;
e G7e-672 (ZFHIEIR) ;

® G99.1,

~ IXEEREANTFTS) WY, FOEME Grol =528 G LR, TREEBSHNZ.

L

JIEEE. RERNENVEFEEZEXRE error:33,

WEKHES K.

T I 65 INE L —ERESRETRIS R .
REFRAR ($32=2) T

32{E87]. EHRERRETNEREE.

EFimmIgEs. MC-1i8%8, XJLNE error:2e,
EREMLfRARA—, B [PRB: ], FRIRIX—mIE, NZHE RIS,

REEG17 FE. #HA. BHAIFER LinuxCNC, RIIYIRIEMEREESE.

#0 692 HFA—H{RE, B& LinuxCNC,

$486 BEHME G59.1-G59.3,

BMRIEN AR RIHERET.
BEERTERTIETS, MRELZBMAATR—REHATET P IEM. Q KT™ERA.

HEERE. JJERE. S8 TIRRES, EUL. FMAERHE. P7 (Modbus iEE)
ESZEA
P BEH, X—{TAREERIRIEGS (error:21)

BRI,

A A NI EE R AR Bl E,
REFFRHRT.
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M 153
(%]
Mo . M1
M2 . M30
M3, M4, M5
M6
M7, M8, M9
M25
M48 . M49

M50 —M53

M56
M60
M6l
M62 —M65
M66
M70-M73

MO8 P L.
M99

B2

EFEE, EEELE
TERFEER

FHIER. RE. &
#7]

A RE RE X
Z M EEEREE
FhORfEER

BHAMRE, TMER. BERHE. HSRS:
x

F. XfEE

BEREE

TN@T), BERERIIS
HrmbFagk, B —RafFaSE
E251UN

7T, REES

BFER. &R

TEXLE M XIBASHF (error:20)

o w9 (EHiEM) ;
* M7, Mes (HEHMEIL, MC-1i28) ;
e miee—M199 (FAF M{RE3) .

F. iBEMSH

EFT

e ALSERE (.) ;.

o (MsG,..) IBXFENBERRARIEDR L,

e (PRINT,.) K—5EE, EESHNSEIEMTIINIE.

® (DEBUG,..) tHIX#¥, RTE #5599 FTFATA.

o TTLUABBKER /. 175 N, LR % 17 (BARHRFHET) .

* KINERE,

SHmMEER

FrhERSEAEL.

o RESH x1-#se00 |FEFH, EFZIRIIAIEHERE 0.
o #5001 EEMISHFIHAFNRFSERBEE,

o HERFHSH #name> | F—MNRIBITHNEFTE error:39,

o [ ] BRFRAR, EEFFIREER LinuxCNC, RERE.
o —1TEIRRYE, X—TEIERE

o WEHIRRRNHRARBER, FTLBFRER. if.

o —ITATERMFIERAEIRSTGT, Ko T B,

o FIEFRRTLABRIMAE— NS <&F>.ngc BY <&F>.macro,

RAHR
@ B¥R, ~ B, EXY TEESTHES,
—iTERYER

o F—ESENFRMBEE—1T, & error:21,
o —ITEERINMNERMFIISS, & error:24,
o SRR IEIRS.

L]

SCHYES ox88 FTFFE IR M1 RYELE,

$341 3E M6 ff+A. M6 FIIEEIEER—1TE error:4e,

£ MC-1 £, M8 FFRRFiiSE0K,

Centroid RIS, BRI CAM FRERTS,

IRFEHIEmHREAE.
BIERIAEESS T A FHAS.

FENEIRR R R R AER A,

x.

EXISTS[#<name>] HIF{REIZTIZHE.

elseif, else, while.
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e
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CAM SREEFISE
BMEREHTA. SHEFAER. TEEATETEISH, FHAHISEEChYEERAY G,
TENSHEMEWERENSL (program_generate TEY features) , KEBREXK, RERE.

R ). ERHREN
BRORGECHMRAEDS, BENRE—TIEEE. —B—RE, SERBIIR (ap) . K (strategy) RE—RBEAE:

RS EE ES

rings (EAIA) KRB, MERLEINERNE, SEIER ae REHENE

zigzag 1% angle KISAREIEE, 1R ae T RO
adaptive SESMETIEMETIEARIFTE ae Bt B, ROk

BEEHELE, BRE—TNEIRY. RNEE.

BIERFHERZ/NOEREZTIE. BRI ap. SRZBNERSIIEFE, XIEAEEATR, BREIRT,

BINT—BEENREL, DHEANAEIVEER EXES. OABIIERAY 1.2 (E0F, BB—REEESEY] (corner_steps, BRUIAFF, $HIEB AT finish_ap B
A%, BRIEEIRT4S corner_steps: true; corner_steps: false XiH) ,

T

B rest: true B, EURERIEAILTIE THOR: BEAMNDBEARZEINAENREL. RTEL, Studio HRA—MEFERIENERE, THEEETHRHERIENTH
=

SCERFNHE

40BB (side: outside, inside B on) JEIMEE—E—EM], I8, outside 1 inside BINEAIR—NTDEFR, on BUAINEEERSE.

B (tabs: N 2. B) ERIBBTEENESE, I TRNSHBERLE. FESENFS 1 mm; IFEAEE 1 mm B9i7, FaBlRN—F.

FiE: oEfHEE
& (xe. yo. xi. yl. width) FZEREE]:
* layers (EKIA) @ SEETERENIESET, BARILY BES,;
* trochoidal : JEIBE/NE, SERIE step. JJRE—NEEMLEIZT], FILA—TIRILUIEER. EETIE.
T71: 125k, §&%. EEH
SRR EE MR, B EIXEFE:
o XIZERMUSTIRERT, FIRiE (BERNAESEDEN entry B) ;
* AR, BTIERIELTTI;
o REEAERERINEAET ],

EEELEHENTIFFEREEATIN.

f,

HFLIETR

TE points BRIt depth FATFL, FRIEHIRAOMERR. FLRBILHSLEEMN=EHEN, SR 1.5 EBER, BRIF peck B4R, BRI FEERE LS 1 mm.
SEHERAMETR

EESISETIARER o B9FL, EREEIL, FIRBIIEIRY. EXEDENME; BEAAIFLAEEEY] (shape: circle) .

&7l

FRFOFLASBECERIRATERT] (reamer 6 H7) , IRERISHAHE, BIREFAHAIRE, FRIBRHIL. R— MRV EFEESLLX ML, FL20 005-06 mm; &
IR predrilled, $RJJAVEEREBIXMIMRIGTINNSZ—, SHEFHAEEESLA 2.5 &,

IRUEH, SHEERY

BEPTATERIRALE, BNTELERNE, SE—MRIE: AIEYedE (IN%) , ZiEREt. 188082 FE4E (thread: M8, Msxl. 1/4-20 UNC. G1/4) , BN&
28 d # pitch, HEEMRSL (1/4 NPT, Rcl/4) SGERVEEY], SBH AL 48 EREGN.
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FLEBRYIFIE

groove F T FAEHET] (MM ERI—RER) EFLE LH—EME (RE/B. O EIE, iEXE) . THRFLMPOTENERIMIE, HEEILE 0.1 mm, BERIEEE
Bt step 5B (%) , &EEBPO. B, FIEER d. FUZ bore, TBIITIE depth FIIER width (FAMEERE, ErENTELSLE
8t) . TE/VMERSIEME: M EARR TREST), BRIFVNAT 02 mm, A, HEHRESEBHMEHBOIER, EBEALTIE.

Eifa. MV REREZ

o fEIF: VIDBINERSAE, REIRER width B, RESZTIHEAIRE.
o AT TIBLSR, BRETR. BREFRNNTE, REZR— depth.
o VIEREZ: V IDERAREIPIEE. S-RRREAHIRENEE, MAREIRRERE. nax_depth ILEAMTEX MRE LT,

EAEHELEZF, 45 surface: geometry_import SARIMIEE., B—2£& 02 mm Bl—m, JIREIMIEL, EEMEINSETY depth; EREL V TI5EHIE] B
—, RTLMEEESEBARRLE depth PIBEIR. EHEIEHMISHIEL,

IR (#RE—NE—HIEDE) F perlage : FIEBE—HERISIHEIE—MOEREAIMIER EEANTE] depth (]R% 02 mm) |, F dwell # (BAIA02) |, $5
EELE 03 mm BET—1. BITEFEA pitch (BIATIERN065) , BMBEE E—MI—EB5. margin LEBHOEREBEDMX AR,

=4#ERMTFEMT
MBS EHEINT (roughsd) , BERBERLS. BEIIT (finishad) , RIEH:
g EE
parallel B— AN AR EAREE
waterline SRR, EEEE
steep_shallow (ERIA) FEROME S S, BB EFRT
pencil RiaiENAE

rest_from RSN TRIMEAMEIE THIHET.

FRRHENINT: 45 rest_from (ZEHENITAIBMEEXRIFREGET], SHIEHIIRENS) | roughsd RITEMEIB TR, HINEHAENAHBZ;
rest_allowance R ECBHRE (FEMAIX—IBCH) .

THERIDHIS &

Studio ST RIFPEBUXFIMARIAVEURE: LLEESTEFIEWNIHA. RE cutting BB4AA9E (rpm. feed. ap. ae, finish_ap) FR{REGAYIAE. ELRAIEBZEAAVIER
E.

TREMFER

FENSREEE D EEAETRBRISEEHRE: S EMER MRIFSER. HEOMERIA. TRAMEE—FHE, AL Studio FEEH R
: BMEEINE £10 % SEEASXIMER, EMRHLI0HEEAT 0.7-1.8 (B2 RIEEEHE, IRESEUXNFRER 80 %.

LI, {NEIBMADRILD

o I {IHISS B EMEXMNEE FIIEAIAL 80 %.

o UIEIA: (BT REMAERISED—E.

e 7] BINTRYTIERGR, ISR EILTIRERN.

o FEMELN: EMERIHHAZHIARINEEARS, REEHRERILLITRINATE. BINTEZETARITEE, EHFBEIMZTIEETA.

FIER: 4 RiiuiER

FTHREGRT, Studio FE—EFIIFE LR MER. HHEWR. REAKSIRILTIRE, Studio HMEiERFEI:
o BENL—L;
o iE—MEGE (FEEN 07-18EZA) | MR ERERECRERE,
* (EECARIEINET].

RIS MEASE TR, KEFDRARZEREL, REWETE (runstatus) . MEBSWHTHA. HHTAK.

ZIREFEHEH
© BREK: Sudio SHERERIES, BEFERRINFRE, SIEHMEAE/ RS MOTH LN, I THIBAT—H#, MEEESRREEN
2.
o Heeh TUHRONUHHERNL L, GULBHNE. SISHTESCIRE, REC—R%. —BB.
B

o =Hh, &HEEM, TIFERL.
o AIEE STEP 3Xf4; i57E CAD 4B SHH STL 5% 3MF,
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o UIHISEFIZARINE, IR, RN G, DESMEFIEHERRI—R, IHktbar—H,
o 1 EENFFE. parallel LISMI=HHEITHRIE. RAINIMZRESE, IZIRES; HEEFIRERRUAETIRE.

—MELEERS X
BETEXL ER, Studio REERF, FiRBBREMZSA.

ft4 BB

—MELIETORE 8

Hert 16 FZM4, & 200 44

W& (STL. 3MF. OBJ. gITF) 500 BN=F; &K 1GB

SVG. DXF X=X 64 MB; DXF El&25 200 HER

BIERFFE TFETIMAEL 150 F18, 1 MC-1 {TR2—HERRVELR, FB 3 mm SZ8ETI6EFF, FB 1 mm B9, BBUARIIEES, sSEINALIE.

—MEAEZ 32000 MFHIE;, FRRAFSH—MHE, FIHSRIME. THFFIR. ERMARGHMNIRERSR 64 MHLE, EHAMHIEURN RIRE, THML. %=
FERFIAET 64 BLR, HEREX—M.

RFREEKBREZIE 200 H/MEEIR, EEUEERIESZERIT: 3438 3 mm B9EEELT 50 BR, 50 mm A9£Y 220 BR, #BdEY, ©ISHHERIMENLE. KRBMES
HEAMEFAEE, (R TS LRI EMSBINEERS. TEENNIETaEREMER.

Studio E—MERFEZA (AXNBEMINAMZEERN, FEBNZTRE) -

fEdk A W=
180 x 130 mm #x k= 20 N BAIELRS AF1s 18 MB
FHTRE—RERRVELRE, BI&ERI, 6 mm 3Z8%T] 12s 47 MB
L, 3 mm 3z8E7] 37s 70 MB
Z 1000 N 12s 25 MB
FEMRA} EHE 200 MERE 5s 30 MB
SHFFE, ITRE—EARIZR (50 BN=AF) |, 6 mm IHET] 8 ¢ 240 MB
FE—HERE, Mg 300 BN=MA 20 53¢ 1GB
CRIZHEFTHEE, 2mm BKT], 7% 0.01 mm (50 BN=AF) 4958 270 MB
[L, 300 BN=//F 18 o 1GB
=R

° WIBRBMATMHERENT. AR, BIEHIE, RaASRIIEL.
o EARTERAEVHAE, #EIEF parallel BY steep_shallow, FEM waterline, FREXIME LSEHRS/NE: LEABRZMATH, SEHIRS, BFE
280 517,
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Boa. BEnFNtInssix

Studio BABRIEIES, BAEBIENNE, BARNLERM, XBEFELHIOHERCIOMIRERMIT, Studio AIIRRIEAKEEIFETIE.

Ee& (1SO 286)

RIAUFES: FLBIER ("d": "¢12 H7") . HER WMEEELS "fit": "ge") . 1E%, BRI X. Y RY. Studio IERTM 1SO 286-2 HIEREEESH
ETRE, HALURIRER ETRE ("tol": "+e.015/0" , BAUEX) .,

PIEIVA S

ESCERREMNNT, BRME—TIFBMT, PRAESIFE. 1Te REMNESIN—TI): SMIN—BERT LHE—R, IR NEHE TR —R.
FEMTHNLDTEN, ARSI,

EEEREHEMIENAET. TENEEMRE.

FEHERS
g% mexd g
sliding H7/96 BEREEN. BEIBEN, AR/
locating H7/h6 ERSEC SR ERY: FHE%CR
transition H7/k6 HRE—RERE IR B BE
press H7/p6 R EE

BRI FLERRI—, HWEE—.

ALt iz )

BEERTIHATLEEIAS K, FEBDREDRENERER—ME. BERSIRT, Studio IBEINTIRRXAMEEM: FIER. WE, IEFREHTIOR
FREAETRFE., RIS AMERIORT.

XN BRRFERCHIEMIWREGHGT. F—HEE—T.

Rk E
—RREREFI BRI ME
SRAGLE— SRR (G38)

1. (RIFSENRIRENNE, BN —ARAR =,
2. RIEIREIRE;

3. REIESAATF, BER—R;
4 BEREIRE: REXRARAR;

5. REIH AR,
A ARG, Studio BRRRITT NN EIROEHHE. BRHFEMNAN=MRE, kECECMERIAN LATE.
. O&. 1EHE
o FFOE: T NRE LIAERINSAE/\M. Studio RN TSRIBEROIESRKE, BN LEEHEHEE.
o i EETHER, BEBULMR.
o JREFIRE: SEE T,
o (UEFRERATR, NIHZRE.
—REZE (1SO 2768-1)
REBRCAENRY, RERHES (f. m. ¢ v) M ISO2768-1 IRE, RENRIRIRAE: &MURT, MEBNSE. BE.
FERRENENRERGARER, X—T0REMATTSITERHE. TH); 2RIRYEREA.

S8BT (1SO 2768-2, E—%)
7E 150 2768-1 IRBISEAN H. Kk L (FLan'mK”) , BANLFAHEE, 1% 150 2768-2 (IR

wE B4 =
FEE [REZ 3 x 3 BT, BRBECIETFERIETh 1
B&E KIBEEHE 3 2 8 M, SRBECIHIEGELIEE 1
EHE EESNRESR, RIESITERNS, BRI Z 2
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rE B4t =
EE Flanatt 8 m; BRI 4 (BERRNE)

& PR RIERIRS ST A H15i5. BARE (LN Eingfis) | HIIHERR, aE.
RIRETBRHENNL, SEECHSHRE, SHMERER: RESHEENSMERHTEESK.

{EIFRF v A
o B AMEM CETRFDR, HENERINZL 03 7107 NEEANTS. FANBROERISAMNETT, MEGSHERNE. FOMAE.
o VIV (R ) SMEESHAR. MALAHEERRIORE. TEM0RE. XA, UREERANRRLNHEE.
© BERE. ENFIRHEENRT, FEONLRESEISTHRE, EBERR5H.

FENHITRTZER

FERAR—MEFTECELIN TN, SRARFRNUSMREUSEENMEL. CREREXFEHRNER, RIMEFASTEIRTIIEN, BFEEEREEEN
1E: JIRA9ET]. Bah. tDEID.

XAMETARRAINERRERE. REXRUESEMAFSEEEM L.

B
o WARETAHSEIN. WA, RTEEENRINED, T8 EEESHREE.

* TENTHEME. SRMTTREEREIXAME, MIEXNERGEARMYT, FRERIETTAHL.
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MCP tool reference

Twinwright Studio offers its twin to Al clients (Claude, ChatGPT, Cursor and others) over the Model Context Protocol. A client starts the program in the background
as TwinwrightStudio.exe --mcp (the command is shown under Al > Connect Al clients..., The command and configuration) and calls these 47 tools. Each acts on
one machine: the one the user sees in the window ("machine": "window", while the window's Al switch is on) or an invisible practice machine (“sandbox" ).
Parameters marked * are required.

Contents

® Machines: machine_status, machine_control, machine_library, machine_mdi

® Set-ups: setup_workpiece, setup_tool, setup_work_zero, inspect_part, inspect_report, setup_sheet, probe_cycle, setup_part, setup_copy, setup_example

® Programs: program_check, program_simulate, program_run, program_load, program_debug, program_restart, program_optimize, geometry_import,
geometry_nest, program_generate, program_edit, program_versions, job_get, job_edit

® Runs and results: run_status, run_profile, result_compare, result_image, result_export, part_save, part_export, part_load, log_query

® The licence: licence_status

e The part Iibrary: part_list, part_get, part_update, part_delete

® Reports to support: report_draft, report_list

® The user's window: window_show, settings

® The manual: manual_search

Machines

machine_status - Machine status
read-only - the same call twice does no more than once

The state of a machine: controller state and alarm (with its meaning), homed or not, machine and work positions, G54, the tool in the spindle, the spindle, the
workpiece on the table and the program'’s progress - and the other machines, a line each. detail "full* adds the controller's modes, offsets and planner queue; detail
"program" gives the loaded program's text in pages. Changes nothing. Tell the user which machine you looked at: only the window's is the one they see.

Parameters

Name Type Default = Description

machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window"; needs the window
open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far faster moving,
a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say so when you report.
No other names. Left out while the window's Al switch is off: "sandbox"

detail string "brief" = (one of brief, full, program)
offset integer | @ detail program: the first line (0-based)
limit integer | 400

Returns (structured content): machine, notice, status, machines, program.

machine_control - Operate a machine
changes the machine (destructive)

An operator's action on a machine, then its state. home: homes (resets and unlocks first if it is in an alarm; does nothing when already homed - force: true homes
again). unlock: $X, when the position is still known. reset: Ctrl-X. hold / resume: feed hold / cycle start. stop: stops the running program. move: to x, y and/or z (mm)
in the work (G54) or machine frame, rapid or at feed; moving X/Y it first goes up to the top of Z, where homing left it (safe_z). power_on / power_off: the main
switch (and START). estop / estop_release. restart: a practice machine starts afresh (never the window's). The window's clock, as its Simulation > Speed menu sets it:
speed (factor 0.5 .. 1000 times real time - from x100 lite: what only the views see is thinned, the results the same - or 0 for the fastest the computer goes); to_end
(on: the program computed to its end, not shown frame by frame, started if only loaded; on false stops it there, as stop); pause_sim / resume_sim (the simulation's
own pause: virtual time stands). A practice machine runs as fast as it can already. override: the feed (10 .. 200 %), spindle (10 .. 200 %) and rapid (25, 50, 100 %)
overrides, as the window's knobs set them (the status says them: overrides). On the user's machine the user allows each change in the window; when the window's
twin follows a real machine (shadow mode) it takes none of these, stops included - the real machine is stopped at its own controls or in its sender.

Parameters

Name Type Default Description

action string (one of home, unlock, reset, hold, resume, stop, move, power_on, power_off, estop, estop_release, restart, speed, to_end,
* pause_sim, resume_sim, override)
feed number mm/min (G1); omitted: rapid (G0)
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Name Type Default Description

spindle = number override: the spindle speed, % (10 .. 200)

rapid number override: the rapids, % (one of 25, 50, 100)

factor number speed: times real time (0.5 .. 1000; 0 the fastest)

on boolean = true to_end: start (true) or stop (false)

machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window"; needs the window

open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far faster moving,
a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say so when you report.
No other names. Left out while the window's Al switch is off: "sandbox"

X number

y number

z number

frame string "work" | (one of work, machine)

safe_z boolean = true

force boolean = false

drive string restart: the drive model (LO ideal motion, fastest; L1 closed-loop drives, the default; L2 flexible transmission with backlash; L3 electrical) (one of

Lo, L1, L2, L3)
Returns (structured content): machine, notice, status, action, did, next.

machine_library - The window's machine library
changes the machine

The user's machines in the Studio window's library (several machines of a model, each with its own world - where it stands, its workpiece, tools, controller - and its
own interface): list them (which one the window runs); new (name: from the factory state), copy (id, name: its world copied - it starts where that one stands), rename
(id, name) - written at once, the window's library page follows; switch (id): the window saves its machine and starts again with that one, with the user's yes in the
window (without a window open: the machine it starts with next).

Parameters
Name Type Default Description
action string "list" (one of 1ist, new, copy, rename, switch)
id string copy, rename, switch: the machine (list gives the ids)
name string new, copy, rename: what the user will call it

Returns (structured content): machine, notice, action, entry, machines.

machine_mdi - Send MDI lines
changes the machine (destructive)

Send G-code or $ lines to a machine as an operator types them: one at a time, each with the controller's answer - ok, or the error and what it means. After a refused
line the rest are not sent (the controller would refuse them too) and the result says so. Waits until the machine is idle again and gives its state. For homing,
unlocking, stopping or moving, machine_control is simpler.

Parameters
Name Type Default Description
lines * array of
string

machine string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the
window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far
faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say
so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

timeout_s = number 120 simulated seconds a line may take

Returns (structured content): machine, notice, status, lines.

Set-ups
setup_workpiece - Place a blank

changes the machine (destructive)
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Put a blank on a machine's table (replacing the one there), take it off (op "remove") or turn it over where it stands (op "flip": the other side up, what was machined
stays - for a part's second side; refused while a program runs). Table coordinates in mm: X 0..200 left to right, Y 0..150 front to back, centre [100, 75]. Homes first if
needed. The twin refuses setups that do not fit and says why. A part cut through: fixture tape (a thin sheet) or clamps on a sacrificial plate (sacrificial) - the blank
that much higher, the cuts through it go into the plate, not the table. Clamps hold the blank's two ends unless sides says otherwise. The window's setup file: op
"save" writes the setup on the machine to path (json, not over a file unless overwrite), op "open" sets it up from one.

Parameters
Name Type Default Description
op string "place"” (one of place, remove, flip, save, open)
path string op save / open: the setup file (json, one line - the window's Setup > Save setup... / Open setup...)
overwrite boolean false
turn string "u" op flip: u about the blank's u axis (its length as placed, X at angle 0): front and back change places; v about its v axis: left
and right change places (the blank also turns 180 degrees about Z) (one of u, v)
shape string "block" (one of block, cylinder, tube, hex, rod, stl)
size array of block: [x, y, zZ] mm; cylinder/rod: [diameter, length]; tube: [outer, inner, length]; hex: [across flats, length]
number
material String "6061-T6" (one of 6061-T6, 7075-T6, ADC12, HPb59-1, H59, T2, Q235, 45, 304, HT200, POM, PMMA, PA6, HDPE, MDF,
hardwood, wax)
fixture string "vise" (one of vise, clamps, tape, fixed, vblock, none)
sides string "u" fixture clamps: the edges the strap clamps hold - u at the blank’s two ends along its u axis (its length as placed, X at
angle 0), v on its two sides along it, all on all four (one of u, v, all)
vise string "precision" | fixture vise: which - precision (75 mm jaws on a 10 mm subplate, their tops 66 mm over the table) or low (the low-
profile vise bolted to the table's grid, jaw tops 20 mm over it: more of the Z travel left for a long tool or a probe, a little
less hold) (one of precision, low)
protrude number fixture vise: how far the blank's top stands over the jaws, mm (5 if left out; the twin puts it on the jaws' step or on
parallels for that, 2 mm gripped at least) - less for a thin plate, e.g. 3 for 6 mm in the low vise
at array of [100, 75] blank centre on the table [x, y] mm
number
angle number 0 rotation about Z, degrees
res number simulation cell size in mm (0.01..0.2; smaller is finer and slower)
file string shape stl: the blank's STL on this computer
keep_zero string set G54 on the new blank at once, at this corner (as setup_work_zero does); left out, G54 stays where it was (one of
front-left-top, center-top)
sacrificial object fixture tape or clamps: the blank on a sacrificial plate, so that what is cut through goes into the plate, not the table. The
blank sits higher by the plate (and the tape); the tool may cut into the plate (the summary's setup.sacrificial_cut_mm
says how deep), the collet and the spindle may not; the tape holds as on the table, the clamps hold the blank and the
plate down together (their tapped holes clear of the plate)
sacrificial.material string "MDF" a material of the list above (for the drawing and the set-up sheet)
sacrificial.thickness = number 10 mm, 3 to 25
sacrificial.size array of [length, width] mm along the blank's own axes; left out: the blank's footprint and 10 mm each side
number
machine string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window

("window"; needs the window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice
machine of yours, faster than real time (far faster moving, a few times while cutting), shared by the user's Al clients: the
user does not see it - use it only to try something out, and say so when you report. No other names. Left out while the
window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, placed, flipped, refused, reason, setup.

setup_tool - Tool and tool table
changes the machine - the same call twice does no more than once

The tool in a machine's spindle (spec) and/or its tool table for programs that change tools with M6 (tools: {"1": spec, ...}; the change and the length measurement
then happen by themselves). new: true - a new tool of that spec: its wear book (an estimate, machine_status's tool_wear) starts again. Tool spec: kind and diameter
in mm, then options. Kinds: ‘flat D', 'ball D, 'bull D RC' (corner radius), 'v D ANGLE' (V-bit), ‘drill D ANGLE', ‘tslot D THICKNESS dNECK’, ‘dovetail D ANGLE dNECK",
‘thread D PITCH', 'probe D' (a touch probe with a ball of D; ' typical' a kinematic one: it triggers its pretravel past the touch, scattered with a seed; ' ideal' at the
touch, the default). Options: 'nN' flutes (default 2), 'LMM' stick-out from the collet (the length reference tool sticks out 15.5 mm), ' sD IR" a shank of diameter D and
the reach R below it, ' tirU' the cutter's runout in the collet, TIR in um (a precision collet's class, or as measured; default: the machine's). Examples: ‘flat 6 n3 L20", 'ball
3n2L16' 'v6 60 L18, ‘flat 1.5 n2 s4 15 L14', 'flat 0.2 n2 s4 |1 L15 tir3', 'probe 2 L30 typical'.

Parameters
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Name Type Default Description

spec string e.g. 'flat 6 n3 L20"
new boolean false a new tool: its wear book from 0
tools object of the tool table for M6: {"1": "flat 6 n3 L20", ...}
string
machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window"; needs the

window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far faster
moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say so when
you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, tool, tool_table.

setup_work_zero - Set G54 on the blank
changes the machine - the same call twice does no more than once

Set a machine's G54 work zero on its blank - the front-left top corner (default: the corner at the machine's front left, X and Y least, when the blank lies square -

turned over "v" too) or the top centre, with the tool now in the spindle as the length reference; an optional offset [x, y, z mm. Homes first if needed.

Parameters
Name Type Default Description
corner string "front- (one of front-left-top, center-top)
left-top"
offset array of [0, o, @]
number
machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the

window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far
faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say
so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, g54_mpos .

inspect_part - Inspect the part with the probe
changes the machine

Check the finished part on the machine with the touch probe in the spindle against its design: from the features of a program program_generate made (program;
or features as it takes them) the checks - a pocket's sizes, centre and depth, a hole's diameter and position, a slot's width and depth, a faced step, a rectangle's or a
circle's contour - each measured by a probe cycle (as probe_cycle runs them: results from the trigger points) and judged against the design (the tolerance given,
else ISO 2768-1 - class f unless tol.class says) and against the twin's prediction (the same touches on the workpiece the twin cut: the twin's estimate, not a
measuring uncertainty). Depths from a touch on the top where no feature reaches. A chamfer: two touches down onto its face - its angle, its width from the outline
and its depth there (its V-bit: the feature's tool, else the job's; the material's side from the job's pocket or contour with that outline). V-carving, engraving, threads
and 3D surfaces are said not measured. ISO 2768-2's class after part 1's as a drawing writes it (tol.class "mK") adds form checks and touches: a floor's flatness (a grid
of 9 instead of 1), the walls' perpendicularity to Z (4 more at a second depth), a long wall's straightness (5 along it, 20 mm and longer), a circle's circularity (8 round
instead of 4) and its axis' perpendicularity (4 more) - the answer's form_cost and the window's question say how many and how long before; only: [..] does part of
them; one letter adds none. Least-squares estimates from a few touches, not ISO 1101's minimum zone nor a CMM's form measurement (summary.form_method).
The work offset must be the one the part was cut with. Each inspection is kept as a record (written once, its SHA-256 in the audit log): inspect_report makes its CSV
and PDF. plan: true only says what it would do. On the window's machine the touches take their machine time at the simulation speed the user set; longer than one
call may wait, the call says how to measure it in calls that fit (only: [..] each) and the speed that fits one; continue: "last" makes each batch after the first go on from
the one before - one record, one report. Professional edition.

Parameters

Name Type Default Description

program string a program program_generate made: the features of the job kept with it

version integer that job's version (0: the last)

features array of instead of program: the features as program_generate takes them
object

tool string with features: the tool they were cut with (a drilling's holes are its size)

only array of only these features (1, 2 ... in the job)
integer

continue string a batch: the inspection it goes on from ("last", or its record) - the same program, set-up and work offset; the record and its report then

hold all the batches (a feature measured again: this batch's)
tol object +/- mm (an angle: degrees) instead of ISO 2768-1
tol.size number
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Name Type Default Description
tol.depth number

tol.position | number

tol.angle number a chamfer's, degrees

tol.class string " ISO 2768-1's class where no tolerance is given (a drawing's ISO 2768-mK: m) - with ISO 2768-2's after it (mK: H, K or L) its form checks
too, more touches (one of f, m, ¢, v, fH, fK, fL, mH, mK, mL, cH, cK, cL, vH, vK, vL)

probe object the probe's compensation instead of this machine's calibration: r_eff, lobing, phase_deg, pretravel_z

plan boolean false only plan it, nothing moves and nothing is recorded: each feature, what it measures there or why not, the touches and about how long,
the form checks' share, the classes, the program zero it would measure in (zero_mpos), each touch's point and way (points) - with the
spindle's probe, else the tool table's first, else probe 2 L30 (planned_with)

machine string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the
window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far
faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and
say so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, plan, features, summary, reference, cycles, twin_cell_mm, inspection, record, sha256, record_error, error,

form_cost.

inspect_report - Inspection report
changes the machine - the same call twice does no more than once

The report of an inspection inspect_part recorded, written by the program itself: a CSV (UTF-8, for a spreadsheet) and a PDF - the job, setup, tools, the probe and its
ring-gauge calibration, each feature's nominal, tolerance and its basis (ISO 2768-1's class and table, or given), the twin's estimate, the measured value, the deviation
and the verdict, why a feature was not measured, and the twin's workpiece from above. Into the reports folder (Documents/Twinwright Studio/Reports); their SHA-
256 into the audit log. The same record gives the same bytes again. The twin's estimate is the twin's own calculation for the same touches on its simulated
workpiece, not the machine's measuring uncertainty; the report says nothing about how precisely the machine measures or positions. The PDF is in English where
the language in use needs letters its fonts lack (the CSV is in it). verify: a file checked instead - its SHA-256 searched for in the audit log and the log's chain checked.
It moves nothing. Professional edition.

Parameters
Name Type Default Description
inspection string "last" the record's name as inspect_part gave it (last: the one recorded last)
format string "both" (one of csv, pdf, both)
unit string lengths (default: the units in use) (one of mm, in)
paper string the PDF's (default: the region's) (one of a4, letter)
verify string a file's path: check it against the audit log instead of writing a report

Returns (structured content): machine, notice, inspection, record, record_sha256, csv, pdf, found, chain_whole, sha256.

setup_sheet - Setup sheet
changes the machine - the same call twice does no more than once

The setup sheet of a job program_generate made, for the operator at the machine: one HTML page to print (A4 or Letter: the region's) in the language in use - each
program's name, lines and SHA-256 (to match it with the one loaded), the blank and its fixture as the twin sets it up (the vise's parallels, the grip), the tools, each
setup's way there (turned over, held another way), its work zero and the probe panel's cycles that find it, the program's travel, its Z clearance (the probe and each
tool over the set-up and to the program's highest and lowest points - the twin's Z budget: enough, or how much short), the operations (strategy, tool, speed, feed,
depth, the twin's estimate of each one's time), a top view, the notes, a box to sign. The blank as the machine has it set up (the call's machine), else the job's. Into the
reports folder (Documents/Twinwright Studio/Reports) as <job>-setup-sheet.html; its SHA-256 into the audit log. The times are the twin's estimates from the
program, not measured. It moves nothing. Professional edition.

Parameters
Name Type Default Description
program | string the name program_generate was given (its job is kept with it; a job in setups: each setup's program)
*
version | integer the job's version (left out: the last)
paper string left out: the region's (one of a4, letter)
machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window"; needs the window

open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far faster moving, a
few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say so when you report.
No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, file, sha256, bytes, paper, programs, z_clearance.
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probe_cycle - Touch-probe cycle
changes the machine

Measure with the touch probe in the spindle (setup_tool "probe 2 L30") and, if asked, set the work zero from what it finds: cycle edge (a face of the blank: side x-,
X+, y-, y+), corner (front-left, front-right, back-left, back-right; inside: a pocket's corner), bore (its centre and diameter, 4 or 8 points), boss (the same from outside),
surface (its Z) or calibrate (a ring gauge of known d: the probe's effective ball radius, its lobes and pretravel - this machine's later cycles here use them). Each touch:
a protected move to its start (G38.3), a fast touch, the release (G38.4), a slow touch (F25 at most); the results come from the slow touches' trigger points ([PRB:]), not
from where the axes stopped. Left out, at comes from the blank the twin knows. Refused: no probe in the spindle, its input already triggered, the spindle turning, a
move outside the soft limits. set {x, y, z}: the active work offset moved so the feature gets these work coordinates (G10 L2); the result's set_parts give each axis
found as its G10 L2 word (the feature at work 0, or at set's value). Uncalibrated, the results are off by the probe's pretravel. dry: the plan only - checks (probe,
machine, soft limits, safe height, depth: ok, warn or bad), each touch's path (machine coordinates), the program and its time; nothing moves. calibrate keep false: its
numbers and a cal_id, kept later with save (this session's measurement only).

Parameters
Name Type Default Description
cycle * string (one of edge, corner, bore, boss, surface, calibrate)
side string edge: the face (x- the blank's least X, touched from outside moving +X; y- its front) (one of x-, x+, y-, y+)
corner string “front- (one of front-left, front-right, back-left, back-right)
left"
inside boolean false corner: a pocket's corner, its walls touched from inside (at needed)
at array of [x, y] in the active work coordinates: a point on the face (edge), the corner, the centre (bore, boss, calibrate), where to touch (surface) - left
number out: from the blank
d number bore, boss: the nominal diameter; calibrate: the ring gauge's known diameter, mm (left out: a tube's or cylinder blank's)
depth number 3 how far below the top the ball's centre touches, mm
top number the work Z the depth is from (left out: the blank's top)
points integer edge 1, or 2 (span apart: the face's turn too), 3, 4 or 8 over span (its straightness too: about their least-squares line); corner 2, or 3 (two on
its X face: the blank's turn and where its faces meet); bore, boss 4 (default) or 8 (its roundness too) (one of 1, 2, 3, 4, 8)
span number mm between the first and the last touch on one face (left out: 0.6 of the face)
grid array of surface: [nx, ny] touches over size (25 at most): the plane through them - its tilt and flatness
integer
size array of surface grid: [w, h] mm about at (left out: 0.6 of the blank)
number
inset number 5 corner: mm from the corner along each face
clear number 3 mm between the probe and where the face should be when a touch starts
search number 5 mm past where it should be a touch looks
fast number 300
slow number 20 (at most 25)
set object move the active work offset so the feature found gets these work coordinates (the axes the cycle finds)
set.x number
set.y number
set.z number
probe object the probe's compensation instead of this machine's last calibration here: r_eff, lobing, phase_deg, pretravel_z (mm, degrees)
dry boolean false the plan only: the checks, the path, the program and its time - nothing moves, nobody is asked
keep boolean true calibrate: keep the calibration on the machine (false: its numbers and a cal_id only)
save string calibrate: keep the calibration this session measured with keep false (its cal_id) - nothing measured
machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window"; needs the

window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far
faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say
so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (Structured content): machine, notice, cycle, touches, result, work, set, comp, archive, notes, program, sent, error, dry, checks, plan, seconds,

set_parts, cal_id.

setup_part - Set the design part
changes the machine - the same call twice does no more than once

The design part (an STL of the finished part, mm) to compare a machine's workpiece with. origin: machine mm of the part's origin; omitted: the program zero (as
CAM wrrites it). An empty stl takes it away.
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Parameters

Name Type Default Description
stl * string
origin array of
number
machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the

window open with its Al switch on). "sandbox” (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far faster
moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say so when
you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, part.

setup_copy - Copy a setup
changes the machine (destructive) - the same call twice does no more than once

Copy one machine's setup - blank and fixture, the tool in the spindle, the tool table, G54, the design part - onto an invisible practice machine, to try programs there
at full speed (default: from the user's window to "sandbox"). The workpiece comes as it is there, cuts and all (stock: “fresh" for a new blank).

Parameters

Name Type Default Description

stock | string | "current" | current: the machine's workpiece as it is, cuts and all (carry on with a part already cut); fresh: a new blank (a whole program from the start) (one
of current, fresh)

from string the machine to copy (default: the user's window)

to string | "sandbox" | a practice machine: sandbox or sandbox-<name>
Returns (structured content): machine, notice, copied_from, workpiece, tool.

setup_example - Example parts
changes the machine (destructive)

Without id: the example parts that come with the twin (id, title, material, blank, summary). With id: a machine set up as the example's operator would - blank, tool
table, homing, G54 on the blank, the design part - with the example's program loaded, not started. To verify an example without setting anything up:
program_simulate {example: id}.

Parameters

Name Type Default Description
id string

machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window"; needs the window
open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far faster moving, a
few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say so when you report. No
other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, examples, example, ready.

Programs

program_check - Check a program
read-only - the same call twice does no more than once

Check a program without running it: the controller's own check mode ($C) - every line it refuses, with the error explained - the preview of its path against a
machine's setup (estimated time, collisions, rapids into the stock, travel) and the static rules SO1-S22 (start block, end, F and S missing or out of range, dense short
lines, plunges, rapids below Z0, the water-cooled spindle without M8, arcs in inverse time, G33 without a spindle encoder, characters the controller takes for real-
time commands, drilling cycles' holes a single-precision controller plunges once more, Z down after a tool change before X and Y, a work coordinate system turned
about Z - the twin does not turn it yet, the Z surface map ($HM) on - the twin does not follow its offsets yet, ...) with a suggested line for each. Runs on a hidden
copy of the machine's setup, its workpiece as it is (stock): the machine does not change.

Parameters
Name Type Default Description
gcode string the program's text - or leave it out and give name (and version) of a program in the working folder (program_versions)
name string "program.nc"
version | integer with name, no gcode: that saved version's text (0: the last)
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Name Type Default Description

file string instead of gcode: the program's path on this computer (a .nc .ngc .gcode .tap ... file, up to 32 MB) - read and kept in the working folder as
a version under its name

stock string "current" current: the machine's workpiece as it is, cuts and all (carry on with a part already cut); fresh: a new blank (a whole program from the start)
(one of current, fresh)

example | string an example's setup (and program, when gcode is omitted) instead of the machine's: see setup_example
setup object an explicit setup instead of the machine's: {spec: the workpiece's setup as machine_status shows it (status.workpiece), tool, tools: {T: spec},
g54: [x,y,z] MPos, part: STL path}

machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the
window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far
faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say
so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, ok, refused, preview, static_rules.

program_simulate - Simulate a program
read-only - the same call twice does no more than once

Run a program to its end on a hidden copy of a machine's setup - the machine itself does not change; the copy starts from the machine's workpiece as it is, cuts
and all (stock: "fresh" for a new blank) - as fast as the computer goes: moves hundreds of times faster than real time, cutting a few times faster (a heavy cut can be
slower than real time). The report: completed or not, machine time, alarms, collisions, near misses, rapids into material, cuts with the spindle stopped, workpiece
slip, chatter margin, force and power peaks, removed volume, deviation from the design part, the slowest lines - and a run id for run_profile, result_compare and
result_image. Programs with M6 need tools. Longer than budget_s: the answer is the run id (run_status waits).

Parameters

Name Type Default Description

gcode string the program's text - or leave it out and give name (and version) of a program in the working folder (program_versions)

name string "program.nc"

version integer with name, no gcode: that saved version's text (0: the last)

file string instead of gcode: the program's path on this computer (a .nc .ngc .gcode .tap ... file, up to 32 MB) - read and kept in the working
folder as a version under its name

tools object of the tool table for M6: {"1": "flat 6 n3 L20", ...}

string

stock string "current" current: the machine's workpiece as it is, cuts and all (carry on with a part already cut); fresh: a new blank (a whole program from
the start) (one of current, fresh)

example string an example's setup (and program, when gcode is omitted) instead of the machine's: see setup_example

setup object an explicit setup instead of the machine's: {spec: the workpiece's setup as machine_status shows it (status.workpiece), tool, tools:
{T: spec}, g54: [x,y,z] MPos, part: STL path}

check_first = boolean true

timeout_s number 3600 simulated seconds allowed

budget_s number 40 wall-clock seconds this call waits before it answers with a run id (at most 45: clients give up after 60 s; run_status waits for the rest)

machine string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window";

needs the window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster
than real time (far faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to
try something out, and say so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, run, completed, simulated_time_s, issues, status.

program_run - Run a program on the machine
changes the machine (destructive)

Run a program on the machine itself - the one loaded, or gcode (it replaces the loaded one): on the user's machine in real time, after the user allows it in the
window; on a practice machine (sandbox) at full speed, cutting its workpiece. Checked first, the loaded program too (check_first): not run when the controller
refuses a line or the check ends in an alarm - and on the user's machine not when the check’s preview finds a collision, a rapid move into material, a cut with the
spindle stopped or a move out of travel. Same report as program_simulate. To find out first what a program would do, use program_simulate.

Parameters
Name Type Default Description
gcode string the program'’s text - or leave it out and give name (and version) of a program in the working folder (program_versions)
name string "program.nc"
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Name
version

file

tools

check_first

fits_only

timeout_s
budget_s

machine

Type Default
integer

string

object of

string

boolean true
boolean false
number 3600
number 40
string

Description
with name, no gcode: that saved version's text (0: the last)

instead of gcode: the program'’s path on this computer (a .nc .ngc .gcode .tap ... file, up to 32 MB) - read and kept in the working
folder as a version under its name

the tool table for M6: {"1": "flat 6 n3 L20", ..}

nothing run, nothing moved: only the twin's grid made finer where the touch probe will measure the fits of the saved program
name (its CAM job), as a run does before it starts - for a program started some other way (the window's own start); the answer's
fit_regions says how many regions, where (program mm) and their cells, or why none (no job, no fits, several setups). Before the
cut, never after: what is cut already stays as coarse as it was

simulated seconds allowed
wall-clock seconds this call waits before it answers with a run id (at most 45: clients give up after 60 s; run_status waits for the rest)

which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window";
needs the window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster
than real time (far faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to
try something out, and say so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, run, completed, simulated_time_s, issues, status.

program_load

- Load a program

changes the machine - the same call twice does no more than once

Load a program into a machine without starting it. On the user's machine the window shows how it differs from the program loaded there and the user allows it;

they may then start it themselves.

Description

the program's text - or leave it out and give name (and version) of a program in the working folder (program_versions)

with name, no gcode: that saved version's text (0: the last)

instead of gcode: the program's path on this computer (a .nc .ngc .gcode .tap ... file, up to 32 MB) - read and kept in the working folder as

a version under its name

Parameters
Name Type Default
gcode string
name string "program.nc"
version | integer
file string
machine | string

which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the

window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far

faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say

so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, lines.

program_debug - Debug a program

read-only

Debug a program on a hidden copy of a machine's setup. run_to: runs gcode from its start until a file line (line) or a condition (when: force_n, load_pct, ferr_mm,

margin, near_mm as limits; cut, rapid_cut, collision, alarm, state true; modal ["units","wcs",

tool","spindle”,...]) and stops virtual time there - mid-motion, exactly as

the program has it, at the same instant every time. Then inspect (the line, modes, positions, speed, the cut, the planner's queue), step (until: time with ms, block, or

pause), continue (to the next pause or the end), end.

Parameters

Name
action *
gcode

name

file

line
when

tools

until

Type Default
string
string

string "program.nc”

string

integer
object

object of
string

string "time"

Description
(one of run_to, inspect, step, continue, end)

the program's text

instead of gcode: the program's path on this computer (a .nc .ngc .gcode .tap ... file, up to 32 MB) - read and kept in the working
folder as a version under its name

file line (1-based)
conditions, e.g. {"force_n": 60, "cut": true}

the tool table for M6: {"1": "flat 6 n3 L20", ...}

(one of time, block, pause)
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Name Type Default Description

ms number 10

stock string "current” current: the machine's workpiece as it is, cuts and all (carry on with a part already cut); fresh: a new blank (a whole program from the
start) (one of current, fresh)

example string an example's setup (and program, when gcode is omitted) instead of the machine's: see setup_example

setup object an explicit setup instead of the machine's: {spec: the workpiece's setup as machine_status shows it (status.workpiece), tool, tools: {T:
spec}, g54: [x,y,z] MPos, part: STL path}

timeout_s = number 3600 simulated seconds allowed

budget_s number 40 wall-clock seconds this call waits before it answers with a run id (at most 45: clients give up after 60 s; run_status waits for the rest)

machine string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs

the window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real
time (far faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try
something out, and say so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, reached, pause, where.

program_restart - Restart from a line
changes the machine (destructive)

The program loaded on a machine from a file line on, as an operator restarts after a broken tool: a start block from the program's own state before that line (units,
plane, work offset, tool, spindle speed and direction with its spin-up, coolant, over the start point at the safe height, down to it, feed, distance mode), then the rest.
start: true loads and runs it (on the user's machine after the user allows it).

Parameters
Name Type Default Description
line * integer
start boolean | false
safe_z number machine Z to go up to first (default 2 mm below home)
machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window"; needs the window

open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far faster moving,
a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say so when you report.
No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, line, started, program.

program_optimize - Optimize a program
changes the machine - the same call twice does no more than once

Make a program faster without asking more of any tool than the program already does: it runs on a hidden copy of the setup; lighter cuts get feeds up to the
heaviest cut the same tool already makes (or the limits in goals), moves in air go at the axes' top speed, finishing passes and plunges keep theirs, a chattering tool
gets the steadiest speed near its own (0.7 to 1.8 times it, the depth within 10 % of it the deepest) where that takes the cut half as deep again, collinear lines are
merged, rapid retracts come down to just over the blank and the fixture, arcs are fitted where the sender could not keep up. The result runs again on a second copy
(lines over a limit are lowered and it runs once more). Answers with the program, its changes and the comparison; saved as a version (author optimizer) when it is
better in every respect. Takes two or three runs of the program: a run id comes back after budget_s.

Parameters

Name Type Default Description

gcode string the program's text

name string "program.nc"

file string instead of gcode: the program's path on this computer (a .nc .ngc .gcode .tap ... file, up to 32 MB) - read and kept in the
working folder as a version under its name

stock string "current" current: the machine's workpiece as it is, cuts and all (carry on with a part already cut); fresh: a new blank (a whole program
from the start) (one of current, fresh)

example string an example's setup (and program, when gcode is omitted) instead of the machine's: see setup_example

setup object an explicit setup instead of the machine's: {spec: the workpiece's setup as machine_status shows it (status.workpiece), tool,
tools: {T: spec}, g54: [x,y,z] MPos, part: STL path}

goals object

goals.feeds boolean | true

goals.speeds boolean | true

goals.merge boolean | true
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Name Type Default Description

goals.retracts boolean | true

goals.arcs boolean default: when the sender could not keep up
goals.chip_mm number

goals.force_n number

goals.load_pct number

goals.load_cap number = 80

goals.feed_max number

goals.arc_acc number mm/s2 towards an arc's centre: its feed no more than 60 sqrt(arc_acc r) - the controller's (the MC-1's kernel: sqrt(3)/2 of the
axes' 300 = 260); default 0, no bound

goals.air_feed number

goals.finish_ae number & ©.15

timeout_s number = 3600 simulated seconds allowed

budget_s number = 40 wall-clock seconds this call waits before it answers with a run id (at most 45: clients give up after 60 s; run_status waits for the
rest)

machine string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window";

needs the window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours,
faster than real time (far faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use
it only to try something out, and say so when you report. No other names. Left out while the window's Al switch is off:
"sandbox"

Returns (structured content): machine, notice, optimized, verdict, gcode, status, run.

geometry_import - Import a shape
changes the machine - the same call twice does no more than once

Make a shape the programs can cut, from what you write - SVG path data (svg_path, its numbers in mm: e.g. a heart "M 10,30 A 20,20 0,0,1 50,30 A 20,20 0,0,1
90,30 Q 90,60 50,90 Q 10,60 10,30 z"), an SVG or DXF drawing (svg, dxf: the text) or file (an .svg or .dxf path; a DXF's layers: [names] reads only those), formulas in t
(curve: {x: "16*sin(t)"3", y: "13*cos(t)-5*cos(2*t)-2*cos(3*t)-cos(4*t)", t: [0, "2*pi"]}), basic shapes added or cut in order (shapes: rect, circle, ellipse, slot, polygon, star,
path), single-stroke text (text, font, text_height, align) or points - instead of working out its points yourself. Then where it goes: width_mm or height_mm (scaled to
fit), scale, rotate, mirror, and center [x, y] (its box's middle) or at [x, y] (its lower left corner) in the program's mm (Z0 on the blank's top). SVG's y points down: it is
turned the right way up. Saved under name as a version (the same shape again: not saved again); the answer says its size and box, outlines and islands, area, the
sharp inner corners a pocket's tool cannot get into, the largest tool that fits and the narrowest place, its symmetry - with a picture: look at it before cutting. Then
program_generate {features: [{op: "pocket”, geometry: name, depth}]} (or contour, engrave). A mesh (file: .stl, .obj, .3mf, .glb, .gltf; units, up, width_mm or scale,
depth_mm, rotate, mirror, center or at, top) is saved the same way for 3D: rough3d and finish3d take it. With only name: a saved shape again (version: an older
one); with nothing: the shapes there are. Units are mm; a shape is data - it does not touch a machine.

Parameters
Name Type Default Description
name string the shape's name: saved under it, used by it (geometry: name)
version integer with only name: that saved version (default the last)
svg_path string SVG path data: M LHV CSQTAZ lower case relative
svg string an SVG document's text
dxf string a DXF drawing's text (ASCII): lines, arcs, circles, polylines, splines, ellipses, blocks
file string an .svg or .dxf file's path - or a mesh for 3D: .stl, .obj, .3mf, .glb, .gltf
layers array or string DXF: only these layers (default: all that are on)
join number 0.01 DXF: mm within which ends are joined into closed outlines
curve object formulas in t (radians; sin cos tan sqrt abs exp In pow pi ...)
curve.x * string
curve.y * string
curve.t array of ['number’,
'string']
curve.closed = boolean true

shapes array of object rect {x,y,w,h[,r1}, circle {cx,cy,d}, ellipse {cx,cy,rx,ry}, slot {x0,y0,x1,y1,w}, polygon {points} or {cx,cy,n,d}, star {cx,cy,n,d,d_inner},
path {svg}; op: add, cut, intersect
text string text: single strokes to engrave (font simplex, duplex, script: Latin letters, digits, signs) or the letters' outlines to pocket or V-

carve (an outline font)
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Name

font

text_height

align
points
units

up
depth_mm
top
bottom
px_per_in
flip_y
scale
width_mm
height_mm
mirror
rotate
center

at
tolerance

fill_rule

Type

string

number

string

array of array
string

string

number
number
number
number
boolean
number
number
number

string

number

array of number
array of number
number

string

Default Description

simplex (default), duplex, script: single strokes; sans (Noto Sans, comes with Studio) or a font of the computer's by its name
- "TIRGESR", "SRYK", "Arial" ... (Chinese: a computer's font): outlines

the capitals' height, mm (10)

(one of left, center, right)

a polygon: [[x, y], ...]
mm svg_path's numbers; a DXF's that does not say its own; an STL's or OBJ's (mm, cm, m, in) (one of mm, cm, m, in, pt, px)
z a mesh: which of its file's axes points up (most OBJ: y) (one of z, -z, y, -y, x, -x)

a mesh: its Z size (Z alone: a relief made shallower)
0 a mesh: the Z its highest point goes to

a mesh: the Z its lowest point goes to (instead of top)

96

(one of x, y)

degrees, counter-clockwise
0.005 mm: curves that are not circles become lines this close
"evenodd" | (one of evenodd, nonzero)

Returns (structured content): machine, notice, name, version, size_mm, bbox, shapes.

geometry_nest - Lay parts out on the blank

read-only - the same call twice does no more than once

Lay several parts out on the machine's blank (or a plate given) and cut them out - nesting. Each part a shape: geometry (a name from geometry_import) or one
given as geometry_import takes it (svg_path, dxf with layers, shapes ...); count copies of it, each turned by quarter turns where that fits them better (turns: 0, 90, 180,
270; default all), its own features (holes, pockets ...) written in its shape's coordinates. They go in the largest first, each where it fits lowest, then leftmost - the
shapes, not their boxes: a small part in a larger one's notch or its hole (in_holes) - gap apart (default the tool's diameter + 1 mm) and margin (1) inside the plate
(default the blank's top). Nothing is machined: the answer says where each copy went, how much of the plate the parts use, the copies that did not fit (placed less
than asked), with a picture; and features - each copy's own where it went, then every copy cut out, those in holes first (a contour outside its shape, depth deep -
default through the blank and 0.2 - with tabs, 3 unless given) - for program_generate as they are, with nest (kept with the job).

Parameters

Name

parts *

plate

depth
gap
margin

tabs

tool

setup

in_holes

outlines

Type Default

array of
object

array of
number

number
number
number 1

integer or
object

string

object

boolean true

boolean false

Description

the parts, 1to 16, e.g. [{geometry: "bracket", count: 4}, {shapes: [{type: "circle", cx: 0, cy: 0, d: 20}], count: 3}]

[0, yO, x1, y1] where the parts go, the program's mm (default the blank's top)

how deep each part is cut out (mm; default the blank's thickness + 0.2)
mm between two parts (default the tool's diameter + 1)
mm from the plate's edge to the parts' outlines

the cut-outs' tabs: a count or {count, width, height, holes: false - none round the parts' holes} (default 3)

the tool the gap is for (default the one in the spindle)

the setup to measure the blank and the tool on instead of the machine's, as program_generate takes it (spec, tool, tools, g54): a hidden copy
set up so

a small part may go into a larger one's hole (cut out before it); false: the holes taken as filled

each placed copy's outline where it went and each part's own: {outer: [[x, y], ...], holes: [..]}; each copy's tabs where the program will leave
them: [[x, y, nx, ny], ..] on its outline, the normal away from its material - for drawing the layout
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Name

machine

Type

string

Default

Description

which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the

window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far

faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say
so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, placed, parts, used_pct, features, nest.

program_generate - Generate a program from features

changes the machine - the same call twice does no more than once

Write a program from machining features instead of line by line: face, pocket, slot, contour (outside, inside or on an outline; tabs hold a part cut through), drill, bore

(helix), ream (a reamer widening holes drilled before to its size and class: drill, then ream), engrave (single-stroke text, or a shape's lines), chamfer (a V-bit along
edges), thread (a thread mill in a bored hole), vcarve (a V-bit's tip along an outline's middle lines, each point as deep as the V reaches: lettering in an outline font,
any closed shape). A pocket or a contour takes any outline, islands and all: a shape made with geometry_import (geometry: its name), SVG path data right in the
feature (svg_path with geometry_import's width_mm, center ...), a rectangle with corner radius, a circle, polygon points, or the closed outline another program cuts
(from_program). E.g. {op: "pocket”, geometry: "heart", depth: 4}; {op: "pocket", svg_path: "M 10,30 A 20,20 0,0,1 50,30 A 20,20 0,0,1 90,30 Q 90,60 50,90 Q 10,60
10,30 z", width_mm: 40, center: [30, 30], depth: 4}; {op: "pocket", from_program: "heart.nc", offset: 3, depth: 13} (a hollow where heart.nc cut the heart's outline;
offset: grown by the tool's radius). A pocket is cleared in rings from its deepest spot out - or, strategy "adaptive", by a walk that cuts a set width (ae, 10 % of the
tool) all the way: deeper layers, a faster feed for the thinner chips, no slotting but the entry; or “zigzag", straight passes to and fro - its walls, round the outside and

every island, finished to size (a slot: strategy "trochoidal”, loops along it); the answer says where the tool cannot reach (corners narrower than its radius stay round).
Speeds, feeds and depths come from the blank's material and the tool, within the spindle's range: with verify, the twin's stability model picks the speed and keeps
each depth (roughing steps, the walls' finishing passes) to 80 % of the stable one before the program is written. Ramps and helices into material, climb milling. The
clearance height stays within what the setup leaves above the blank. With verify (default) it runs on a hidden copy of the setup, its workpiece as it is (stock), and
where the tool would still chatter it is written again shallower there - a program too long to try within the call likewise behind it (verification.check_run: run_status

gives the last version's report, closed_loop what it changed). Saved as a version (author generator; each one the loop tried too). operations says each feature's lines,
layers and values - the first 64; past them (a nest's) feature_spans gives every feature's [first line, last line, layers, tool]. A hole's or a shaft's diameter (a circle's pocket
or contour, a bore, a reaming) may carry its fit (ISO 286): d "@8 H7", or d 8 with fit "H7", a pair "H7/g6" (the hole takes H7, the shaft g6) or a common fit (sliding,
locating, transition, press), or tol "+0.015/0" - cut to the middle of its zone, a spring pass where the twin's estimate of the tool's give asks for one (operations[].fit
says what and why: the twin's estimate). So may a slot's width (width "6 N9", or width 6 with fit "N9": a keyway's N9, P9, JS9 - cut with a cutter narrower than it, its
walls to size) and a rectangle's pocket or contour, both its sizes (fit "H7"; outside: a shaft's class, a key's h9). The program's zero: the machine's G54
(setup_work_zero). A part machined from two sides or more: setups instead of features - a program each, setup 1 on the machine as it is, each later one turned over
(turn) or held another way (fixture) from the one before, G54 set again on the blank (zero); the job and every program saved together.

Parameters

Name

stock

features

setups

nest

tool

material

cutting
setup
safe_z
name
title

description

Type Default

string “current”

array of
object

array of
object

object

string

string

object
object
number | 5

string “generated.nc"
string

string

Description

current: the machine's workpiece as it is, cuts and all (carry on with a part already cut); fresh: a new blank (a whole program from
the start) (one of current, fresh)

each {op, ...}: face {x0,y0,x1,y1,depth}; pocket {geometry name \| svg_path (+ width_mm, center) \| shape rect x0,y0,x1,y1[rT\|
shape circle cx,cy,d \| shape polygon points [[x,y],..] \| from_program namel,version]; [offset]; [strategy adaptive[, ae] \| zigzag|,
angle]]; [rest true]; depth}; slot {x0,y0,x1,y1[,width],depth[,strategy trochoidal[,step]]}; contour {the same outlines, side
outside\|inside\|on, depth}; drill {points [[x,y]..],depth[,peck]}; bore {points,d,depth}; engrave {text,xy,height,depth[font] \|
geometry name, depth[, surface: a mesh's name - on a curved top, depth under it]}; chamfer {an outline, width} (a V-bit); thread
{points,d,pitch,depth[,hand]} (a thread mill); groove {points,d,bore,depth[,width,step]} (a T-slot cutter: a ring cut into a round
hole's wall); perlage {an outline, depthl, pitch, stagger, margin, dwell]} (a flat tool: overlapping spots over a face); vcarve {an
outline, or text with font sans or a computer's font, text_height, center[, max_depth]} (a V-bit); rough3d {geometry: a mesh's
namel, allowance, stepdown, ae, area, rest_from, rest_allowance, rest_stepdown]} (a flat end mill); finish3d {geometry|, strategy,
scallop or stepover, angle, steep_angle, area, rest_from]} (a ball end mill; strategy pencil: along the creases); contour tabs: n or
{count,width,height,holes}

instead of features: a part machined from two sides or more, a program each, in order. Setup 1 is the machine's setup as it is;
each later one turned over (turn) or held another way (fixture) from the one before, G54 set again on the blank (zero). Within the
call each later program is written for the blank as it was (what the setups before cut is not known yet). name, tool, material,
cutting and safe_z here are every setup's defaults. E.g. setups: [{features: [{op: "pocket", shape: "rect”, x0: 8, y0: 8, x1: 24, y1: 22,
depth: 3}]}, {turn: "u", features: [{op: "face", x0: 0, y0: 0, x1: 40, y1: 30, depth: 1}1}]

geometry_nest's nest (its parts laid out on a plate): kept with the job beside the features it made; given without features, the parts
are laid out here (plate, depth and the parts needed) - not with setups

default: the machine's tool in the spindle

default: the machine's blank's; a code of the machine's table (6061-T6, 45, 304 ...) or another standard's name for one (EN AW-
6061, C45, SUS304 ...: read as that code, the nearest grade - for its cutting data)

rpm, feed, ap (depth of cut), ae (stepover), finish_ap to use instead
the setup to generate for and verify on instead of the machine's (as program_optimize takes it)

the clearance height over Z0; kept within what the setup leaves above the blank

the job's name to show (one line, 80 characters at most; kept with the job, not in the program)

a line about the job (200 characters at most; kept with the job)

79



Name Type Default Description
verify boolean | true

machine string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window";
needs the window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster
than real time (far faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to
try something out, and say so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, gcode, verification, operations, setups, total.

program_edit - Change a program by intent
changes the machine - the same call twice does no more than once

Change a program without sending it again line by line: edits applied in order - set_s value (every S), set_f value or scale (every F), shift_z by and scale_z factor (the
cuts: Z at or below the program's zero; all: every Z), split into (from..to: one pass cut in that many layers, a ramp kept a ramp - back up and over to its start in
between), safe_z z (the clearance height: every Z above zero); from/to: file lines (default all). G53, G28, G30, G10 and G92 lines are left alone; programs in absolute
mm (G90 G21). The program: gcode, or name (and version: default the last) from the working folder. The result is saved as a new version (save false: not) with the
difference; check it with program_check {name, version}.

Parameters

Name Type Default Description

gcode string the program's text (or name and version)

name string

version | integer with name, no gcode: that saved version (0: the last)

edits * | array of each {op, ..}: set_s {value}; set_f {value \| scale}; shift_z {byl[, all]}; scale_z {factor], all]}; split {from, to, into}; safe_z {z}; any of them with from,
object to (file lines)

save boolean true

Returns (structured content): machine, notice, gcode, version, changed_lines, diff.

program_versions - Program versions
changes the machine - the same call twice does no more than once

Program versions in the working folder (Documents/Twinwright Studio/programs/<name>/vNNNN.nc with who, when and why). action list: the versions (without
name: every program, the last changed first); get: a version's text (default the last); save: gcode as a new version (reason: what changed and why; the same text is
not saved twice); diff: how b differs from a - texts, or name with a_version and b_version - with their simulation results side by side when both ran on this host. The
user's own files are never written.

Parameters
Name Type Default Description
action string "list" (one of 1ist, get, save, diff)
name string
version integer
gcode string
reason string
a string
b string
a_version integer
b_version integer

Returns (structured content): machine, notice, name, version, versions, gcode, programs.
job_get - A program's CAM job
read-only - the same call twice does no more than once

The CAM job a program was generated from - by program_generate or in the window's CAM page, the user's or an Al's - as it was kept with a version (default the
last): its operations (features, or setups), tool, tool table, material, cutting values, safe_z, title; a line on each operation (job_edit numbers them so), who made it and
when, its versions. An example loaded as shipped: the example's own job. Changes nothing.

Parameters
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Name Type Default Description

*

name string the program's name (program_versions lists them)

version integer the job's version (0: the last)
Returns (structured content): machine, notice, name, version, program_version, author, versions, job, operations.
job_edit - Change a program's CAM job
changes the machine - the same call twice does no more than once

Change the CAM job a program was generated from (job_get shows it) and generate it again - as program_generate does, with its answer: the program'’s next
version, the job's beside it. Each edit in turn: {feature: k, set: {depth: 3, tool: 2}} changes operation k's values (null removes one); {feature: k, remove: true}; {feature: k,
move: j} moves it to place j, the others in their order (with set: changed too); {insert: k, op: {op: \"face\", ...}} a new operation before k (k one past the last: at the
end); {set: {safe_z: 8, material: \"7075-T6\"}} the job's own values (tool, tools, material, cutting, safe_z, title, description - not its operations or name). A job in setups:
setup: s in each edit. Nothing is changed or generated when an edit cannot be made.

Parameters
Name Type Default Description
name * string the program's name
version | integer the job's version to start from (0: the last)
edits * | array of
object
verify boolean true
stock string "current" | current: the machine's workpiece as it is, cuts and all (carry on with a part already cut); fresh: a new blank (a whole program from the start)
(one of current, fresh)
machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the

window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far
faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say
so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, gcode, verification, operations, setups, total.

Runs and results

run_status - Runs
changes the machine

Without run: the runs kept on this host (the last 16) - program, machine, who started it, running or done, a summary. With run: waits up to wait_s for it (at most 45
s: clients give up after 60 s) and gives its full report - how it ended first (done, stopped by whom, an alarm, out of time) and at which line; stop: true ends it early. A
call that is cancelled or times out never stops a run.

Parameters
Name Type Default Description
run string arun id (program_simulate's, program_run's), or “latest": your newest run
wait_s number 40 at most 45
stop boolean false

Returns (structured content): machine, notice, run, completed, simulated_time_s, issues, status, runs.

run_profile - Where a run's time went
read-only - the same call twice does no more than once

A run line by line (a run id from program_simulate or program_run; default the latest): the time each line took (they add up to the run), the feed asked for and
reached and why it fell short (the axes' top speed, corners, arcs, the planner's look-ahead, a sender that could not keep up, the override, a hold), the cutting force,
chip, chatter margin, spindle load, material removed, cutting air, events. sort: time (slowest first), risk (events first) or line; from/to: a range of file lines; paged (offset,
limit).

Parameters

Name Type Default Description

run string arun id (program_simulate's, program_run's), or “latest": your newest run
sort string "time" | (one of time, risk, line)
limit integer | 20
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Name Type Default Description

offset integer | @

from integer
to integer
machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the window

open with its Al switch on). "sandbox” (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far faster moving, a
few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say so when you report.
No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, run, total_s, lines.

result_compare - Compare with the design part
read-only - the same call twice does no more than once

How a machined workpiece deviates from its design part: cells within tolerance, material left above the part, cut into it. run: the workpiece a run left; else the
machine's workpiece now.

Parameters

Name Type Default Description

run string arun id (program_simulate's, program_run's), or “latest": your newest run
tol number = 0.02
machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window (“window"; needs the window

open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far faster moving, a
few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say so when you report.
No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, comparison, in_tolerance_pct.

result_image - Picture of a result
read-only - the same call twice does no more than once

A picture (PNG) and its key numbers in words - kind: workpiece = the workpiece in 3D (view iso, top, front, right; color material, height, line = the program line that
cut there last, deviation; path: a run's toolpath over it); toolpath = the path coloured by feed, force, chip, margin, line, z or limit (why the programmed feed was not
reached), rapids dashed, the highest value marked with its line (view top or iso); deviation = the design part's deviation map from above, the worst places marked
with their program lines (needs a part); profile = the slowest lines, coloured by what limited them; timeline = cutting force, spindle load, feed, chatter margin and
the program line over time; comparison = two runs side by side (runs). run: a run of program_simulate - its end state; without it, workpiece and deviation show the
machine now and the others its latest simulation (a simulation runs on a copy: to see its result, name its run). A picture larger than about 100 KB is drawn smaller
(clients limit a result's size). The key numbers come in the text too.

Parameters
Name Type Default Description
kind string "workpiece" = (one of workpiece, toolpath, deviation, profile, timeline, comparison)
run string arun id (program_simulate's, program_run's), or “latest": your newest run
runs array of comparison: two run ids, A then B
string
view string (one of iso, top, front, right)
color string workpiece: material, height, line, deviation; toolpath: feed, force, chip, margin, line, z, limit
path boolean false
top integer 15 profile: lines shown, at most 40
tol number 0.02 deviation: the tolerance band, mm
width integer 960

height integer 640

machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the
window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far
faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and
say so when you report. No other names. Left out while the window's Al switch is off: "sandbox"
Returns (structured content): machine, notice, image, kind, of.

result_export - Export the machined part

changes the machine
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The workpiece as the machine has cut it, into a file the user can open in other programs (CAD, slicers, viewers) or send on: format stl = a closed binary STL mesh of
the material left, in frame program (the program's zero, as CAM draws the part), blank (the blank's front left corner at its lowest point) or machine (machine
coordinates); format png = a 16-bit height map seen from above. res: the cells' size, mm (left out: the finest of 0.02 .. 0.5 mm within about a million cells, never finer
than the workpiece's own cells). Written to path - a .stl / .png file, or a folder (made if missing) for a name of its own - else into the exports folder
(Documents/Twinwright Studio/Exports); an existing file is kept unless overwrite. The same cells as inspect_part and result_compare read. Answers the file's path,
size and triangles; after program_run or program_simulate on that machine it is the machined part.

Parameters
Name Type Default Description
format string "stl" (one of stl, png)
frame string "program" | (one of program, blank, machine)
res number cell size, mm (left out: chosen as said)
path string a .stl / .png file, or a folder; left out: the exports folder

overwrite  boolean @ false

machine string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the
window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far
faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say
so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, path, bytes, format, frame, res_mm, triangles, removed_mm3.

part_save - Part library: save the workpiece
changes the machine

The machine's workpiece as cut into the user's part library (the same library as the Studio window's File > Part library..., the same record as its "Save to part
library..."): a folder in Documents/Twinwright Studio/Parts with workpiece.stl (the machined part, the program's frame), top.png (it from above) and part.json - the
program's name, version and SHA-256 (the program itself stays in the programs' folder), the blank, fixture and tool table, the machine, the last run's time, alarms
and collisions, and what you add: name (left out: the program's), tags, notes, and the inspection (inspect_part's summary) or comparison (result_compare's) to keep
with it. Saved as by you ("made_by": "ai:<your name>"). part_list lists the records.

Parameters
Name Type Default Description
name string
tags array of
string
notes string

inspection @ object
comparison = object

machine string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the
window open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far
faster moving, a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say
so when you report. No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, id, folder, files, record.
part_export - Part library: export a record’s part
changes the machine

A part library record's machined part (format stl: workpiece.stl, a closed mesh in the program's frame) or its picture from above (png: top.png) copied to path - a .stl
/ .png file, or a folder (made if missing) - else into the exports folder (Documents/Twinwright Studio/Exports), named after the record; an existing file is kept unless
overwrite. For the workpiece on a machine now: result_export.

Parameters
Name Type Default Description
id * string
format string "stl" (one of stl, png)
path string
overwrite boolean false

Returns (structured content): id, path, bytes, format.
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part_load - Part library: make another the same
changes the machine

A part library record set up again on a machine as it was cut, as the Studio window's "Make another the same..." does and as an example loads: its blank and fixture,
T1 in the spindle, the tool table, homing, the work zero as recorded, and the program - the version it was cut with, its SHA-256 checked - loaded, not started
(program_run starts it). The window's machine only with the user's yes there. Refused when that version is not in the programs' folder any more or its text changed;
when it would not be as it was cut - another machine, a tool the program calls missing from the recorded table - refused saying what differs, nothing changed: tell
the user, and only if they still want it call again with force: true.

Parameters
Name Type Default Description
id * string
force boolean | false
machine | string which machine. Leave it out for the machine the user sees and means - the one in their Twinwright Studio window ("window"; needs the window

open with its Al switch on). "sandbox" (or "sandbox-<name>") is an invisible practice machine of yours, faster than real time (far faster moving,
a few times while cutting), shared by the user's Al clients: the user does not see it - use it only to try something out, and say so when you report.
No other names. Left out while the window's Al switch is off: "sandbox"

Returns (structured content): machine, notice, id, name, loaded, program, version, zero, started, differs.

log_query - Audit log
read-only - the same call twice does no more than once

The audit log: who did what, when, to which machine - the user in the window, the Al clients, the machines themselves (alarms, homing, programs started and
ended, collisions), the twin host. Newest first; filters: since / until (a time's start, e.g. "2026-09-29T17:5"), category (machine, operator, program, setup, ai, system),

action (a prefix: "machine.alarm", "ai.tool"), who (user, ai, system, or a name), machine, text, severity (warn, error); paged. Useful to see what the user did in the
window, or what became of a machine.

Parameters
Name Type Default Description
since string
until string
category string (one of machine, operator, program, setup, ai, system)
action string
who string
machine string
text string
severity string (one of warn, error)
limit integer 30
offset integer 0

Returns (structured content): machine, notice, records, matching.

The licence

licence_status - Licence and edition
read-only - the same call twice does no more than once

This copy's edition and licence: the edition in force (in_force: learning, maker, pro, shop; classroom, trial), the licence files in the computer's licence folder - each
one's kind, holder, seats, dates (valid_until, renew_after, updates_until), days left (a subscription past its period: its days of grace) and whether it holds, and why not
- the local trials used, whether a bought licence's updates cover this release, every paid feature with the edition it needs, why it is closed and whether this release
has it at all (shipped false: not built yet - never offer it), and the site's pages for the next step (pricing: buy or upgrade; licence: a year more of updates, managing a
subscription, offline activation). Changes nothing; gives no activation code and no computer fingerprint. Use it to explain a refusal ("edition: ... comes with the pro
edition") and what the user can do.

No parameters.

Returns (structured content): edition, in_force, files, trials_used, features, links.
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The part library

part_list - Part library: the records
read-only - the same call twice does no more than once

The user's part library: machined parts kept with what made them (Documents/Twinwright Studio/Parts/<id>/), the newest first - each record's id, name, created,
made_by (user or ai:<client>), the machine, the program (name, version, SHA-256), the setup, material, tools, results (removed volume, machine time, chatter,
collisions, alarms), the inspection and the comparison with the design, files (the machined workpiece as an STL in the program's coordinates, a picture), tags and
notes. Filters: query (in the name, notes or program), material, program, tag, since (an ISO time's start, e.g. "2026-10-12"); limit (default 50). deleted: the trash
instead (kept 30 days). Changes nothing.

Parameters
Name Type Default Description
query string
material string
program string
tag string
since string
limit integer 50
deleted boolean false

Returns (structured content): parts, matched, total, folder.
part_get - Part library: one record
read-only - the same call twice does no more than once

One record of the part library (part_list gives the ids): all it keeps, and the paths of its files on this computer (the workpiece's STL, its picture, the program as it was
cut). Changes nothing.

Parameters
Name Type Default Description
id * string

Returns (structured content): id, record, paths.
part_update - Part library: name, tags, notes
changes the machine - the same call twice does no more than once

A record's name, tags (a list of words: replaces them) or notes ("* clears them). Nothing else of a record changes: it says what was made, and how.

Parameters
Name Type Default Description
id * string
name string
tags array of string
notes string

Returns (structured content): id.
part_delete - Part library: delete or restore
changes the machine (destructive)

A record into the part library's trash - only with the user's yes in the Studio window, asked whatever the settings say (the window not open: refused - the user
deletes it there, File > Part library...). It stays in the trash 30 days; restore: true brings it back (no question). part_list {deleted: true} lists the trash.

Parameters
Name Type Default Description
id * string
restore boolean false
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Returns (structured content): id, deleted, restored.

Reports to support

report_draft - Report a problem: draft it for the user
changes the machine

Drafts a report to Twinwright Studio's support (a problem, how to use something, an idea) and opens it in the user's Studio window (Help > Report a problem...,
marked as drafted by you). Only the user sends it - you cannot - and only the user attaches the diagnostics package or a picture of the window. Write what
happened as the user would: what was done, expected, seen (the version, the system and the audit log's last records go with it anyway). No Studio window open:
nothing is shown - tell the user to report it there.

Parameters
Name Type Default Description
kind string "problem" (one of problem, howto, idea)
text * string what happened (at most 4000 bytes)

Returns (structured content): shown.

report_list - My reports: their state and replies
read-only - the same call twice does no more than once

The reports sent from Studio on this computer (Help > My reports) as the window last saw them: each ticket's id ("TW-1042"), title, kind, status (new, in_progress,
answered, solved), when it last changed, the replies not read yet, and its conversation as the window last fetched it (messages: from you or support, at, text,
attachments). id: that one only. Read-only: nothing is asked of the support service.

Parameters
Name Type Default Description
id string

Returns (structured content): reports, count.

The user's window

window_show - Show the user something in the Studio window
changes the machine - the same call twice does no more than once

As you guide the user, show them in their own Studio window what you mean: a workspace (setup, cam, program, run, analysis, diagnostics), the 3D view's side (iso,
front, right, top), the tool tip's trail, the program's path and the tool's close-up on or off, the trail's colouring (plain, feed, force, chip, margin, line) and the
workpiece's (material, deviation, line), the dock's page (program, curves, console, messages, tools, ai; in the CAM workspace checks, versions, preview; in Setup
inspect), a step of the Setup panel (power, homing, workpiece, tools, zero, program, cut). The window does it as the user's own clicks would: only what it shows
changes - nothing on the machine, no yes asked. Give one or more; they are done in that order (the workspace first).

Parameters
Name Type Default Description
workspace string (one of setup, cam, program, run, analysis, diagnostics)
view string (one of iso, front, right, top)
trail boolean
path boolean
close_up boolean
trail_colour string (one of plain, feed, force, chip, margin, line)
stock_colour string (one of material, deviation, line)
dock string (one of program, curves, console, messages, tools, ai, checks, versions, preview, inspect)
setup_step string (one of power, homing, workpiece, tools, zero, program, cut)

Returns (structured content): shown, what.

settings - The window's settings: read, or change with the user's yes

changes the machine - the same call twice does no more than once
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The settings of the user's Studio an Al may read and change: language ("auto" or a language pack's tag such as "zh-CN"), region (how numbers, money and dates

look: "auto”, "lang" or such as "de-DE"), units ("auto", "metric", "imperial" ...), currency (ISO 4217, "": the region's), currency_symbol and machine_rate (the machine-

hour rate for cost estimates, in that currency; 0: none). Without arguments: their values and the choices. With some: the user says yes in the window, then it applies
them as its own Settings' Apply. The others (your own access, privacy, the log, the look) only the user, in Tools > Settings.

Parameters

Name Type Default Description
language string

region string

units string

currency string

currency_symbol string

machine_rate number

(at least 0)

Returns (structured content): settings, choices, set, what.

The manual

manual_search - Search Studio's manual
read-only - the same call twice does no more than once

The manual Studio has on this computer (the user manual, the operations manual, the technical manual, the interface reference - what Help > Documentation
shows), searched as the window searches it: every section with all of g's words (any case). Each hit: its chapter, where it is (the breadcrumb), its page (what Help >

Documentation opens) and a snippet with the word found between **. lang: the manual's language (left out: the interface's; one it has not: English). Read-only;
answer the user from it rather than from memory.

Parameters
Name Type Default Description
q* string the words to find
lang string such as zh-CN, de, ja
max integer 8 (at least 1; at most 30)

Returns (structured content): lang, places, pages, hits.
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Command line: mc1sim

The options of the twin's program mc1sim, as its usage text gives them (86 options).

usage: mclsim [options] scenario.nc ... (batch, deterministic)
mclsim [--tcp PORT] [--ws PORT] [options] (real time: TCP sender, browser UI)
mclsim --replay FILE [options] (replay a recorded real-time session)
mclsim --play FILE.mcap [--ws PORT | --gui] (play a --mcap recording in the UI, with a timeline)
mclsim (single-file build: the machine in its own window,

a sender port on 2323 and the web view on 8765)

option
--machine FILE
--max-time S
--fg-quantum US

--link KIND

--baud N

--link-param K=V

--fg-cost off\|L,P,S

--pos X,Y,Z
--sw-delay US
--tool-offset MM

--drive L@O\|L1\|L2\|L3 feed drives: L@ ideal steps, L1

closed-loop steppers moving rigid axes,

--13-dyno [V]

--lobes SPEC

--chatter-sim SPEC

--geom on\|off

--fidelity batch\|live

--threads N

--chatter-async on\|off

--chatter-cache FILE\|off

--set PATH=VALUE

--mpg N

--mpg-port PORT

--panel SPEC

--fault WIRE=MODE

what it does

machine archive (default: built in, or twin/machine/mc1.machine.json)

stop after S seconds of virtual time (default 3600 in batch, none in real time)
longest foreground wait between resumes (default 50)

the sender's line: usb_cdc (the Teensy's native USB), uart (through a USB-serial adapter) or telnet
(Ethernet); default the board's (machine archive controller.board)

a UART at N baud (implies --link uart)

change a number of the link, e.g. adapter_timer_ms=1 or host_in_latency_us=0; host_dtr=0: the twin itself
does not hold DTR (the native USB answers only once a host raises it), connect_dtr=0: a TCP sender does
not raise it either

the foreground's CPU time in us: a line parsed, a block planned, a step segment prepared (default the
board's; off: none)

power-on position, machine mm (default from the archive)
limit sensors' response time (default from the archive)
tool tip below the reference tool (default 0)

L2 rotor, screw and table apart (coupling, torsion, Hertzian nut, play, ringing), L3 the motors' two phases
and the drives' current loops on rigid axes

the L3 motor on a dynamometer: torque against speed, as JSON (V: another supply)

a side-milling cut's stability lobes by three methods (zero-order, linear time domain, semi-discretisation),
JSON: "tool=flat 6 n3 L20;mat=6061-T6;ae=1;ap="1;dir=x;
rpm=6000:24000:500;m="100;methods=zoa,td,sdm"

the cut in time, nonlinear (each tooth out of the cut where its chip is gone): the vibration and whether it
chatters, JSON: "..;ap=2;rpm=15000;fz=0.02;t=0.5" (default: the machine archive's drives.model)

the G- and T-layer: geometric errors, lead error, backlash, thermal offsets (machine archive "accuracy”;
default off)

what feeds back into the simulation (docs/06 section 8.3): batch - the full resolution, as tests and the Al's
practice machines have it; live - what a virtual machine at 1x keeps up with (the cut's path merged to an
eighth of a cell). Default live with the window, --ws or --tcp and no --lockstep, else batch; a replay or a
branch takes its recording's

threads for the cut's sweep (the results are the same with any number): 1 this one alone; default the
processors less one, at most 8 (or TWINWRIGHT_THREADS)

the chatter check on a thread of its own, below the simulation's: its answers taken in the order the cuts
came - the same as at once, later (the summary waits for them; the views show the tool's last one
meanwhile). Default on where the machine keeps the wall clock's pace (the window, --ws, --tcp; not --
lockstep)

the chatter check's time-domain depths kept in FILE - the same results, the second run faster. Default: the
state folder's chatter-depths.bin for the window and the MCP's practice machines; off elsewhere
(TWINWRIGHT_CHATTER_CACHE too)

change a machine archive entry as it is read, e.g. drives.motor.detent_nm=0.01 or drives.alm.wired=false
(repeatable)

the handwheel UART as if the firmware were built with MPG_ENABLE N (2: the handwheel's own 0x8B
takes control; 0: none) - default as the archive's firmware options say (a replay: as its log says)

an external handwheel on the handwheel UART's cable, over TCP (with --mpg 2): its bytes reach the
controller at the handwheel's baud rate (logged), the controller's come back

how the operator's buttons are wired: cycle_start=pin\|sender\|mpg, feed_hold=... (pin: the board's input,
Pn: and its debounce; sender: '~' 'I' from the sender; mpg: on the handwheel's stream) - default as the
archive's controller.panel, else the sender's (a replay: as its log says)

wiring fault from power-on: x_min x_max ... z_switch setter alm estop estop_km1 rs485 (the VFD's bus)
vfd_relay (its fault relay in the ALM chain) = open\|short\|intermittent (wire names follow the machine
archive)
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option

--seed N

--nvs FILE

--world DIR

--world-reset
--world-off S

--predict FILE

--nvs-through FILE

--params-trace FILE the machine archive's values the run

used (JSON): where each sits, its
--steps FILE

--spindle-trace FILE

--hil-log FILE

--hil-replay FILE

--wav FILE

--sound-player FILE,FACTOR

--sound-analyse FILE[,DBFS_AT_94[,T0,T1]]

--sound-listener X,Y,Z

--sound-room off\|small\|workshop
--events FILE

--echo

--factor F

--www DIR

--bind local\|any

--open
--gui

--lang TAG

--lang-dir DIR

--units U
--lang-list
--warp

--selftest DIR

--selftest-setup DIR
--record FILE

--mcap FILE

--vcd FILE

--rec-period MS

what it does

sensors with their scatter (repeatability, response jitter) drawn from seed N; without: nominal sensors.
Intermittent wires use it too

load EEPROM image; --save-nvs FILE writes it at exit. Batch runs start blank; real-time and replay runs from
the MC-1 settings image (built in, or build/mc1.nvs made by make) unless --nvs FILE or --nvs blank

the persistent world (docs/06 8.5): the machine as the last session left it - where the axes stood, the
workpiece clamped and cut, the tool, the EEPROM (written through to DIR/eeprom.bin), the temperatures
and the board's clock moved on by the time it was off, the odometers; saved there at the end. The window
keeps one in its state folder; batch runs and replays only with this

start the world from the factory state (its files removed first)
as if the machine had been off S seconds (else the wall clock's time since)

with --shadow: the program the operator streams; each run of it the real machine starts is predicted by a
background twin set up like the machine (homed, the workpiece, tool and offsets), flat out - its own run
time against the machine's

the controller's EEPROM kept in FILE, as the board's flash keeps it: loaded from FILE if it exists (else from
the image above, and FILE made), every write landing in FILE at once - settings, offsets and tools carry over
to the next session. Not in replays (a recording has its start image beside it: LOG.nvs)

provenance (source, uncertainty), what it feeds, whether --set changed it

write every step pulse (tick step_bits dir_pins)

each millisecond the spindle turns: seconds, its angle (revolutions) and where the steps put the axes
(machine mm) - a thread's pitch and phase (src/spenc.h)

write what crosses between the controller and the machine as the HIL emulator's frames (src/hil.h): step
groups, enables, coolant, RS-485, the machine's answers

the machine driven by such a log, the controller off (HIL's follower)

the run's sound as the machine makes it (src/sound.h): 48 kHz stereo, 32-bit float; the same run gives the
same file

the window's player of the sound at speed FACTOR, without a device: the live frames played in this thread
into a WAV (tests: the pitch at any factor)

a WAV measured as a sound level meter reads it: LZeq, LAeq, 1/3-octave bands, the strongest lines (JSON;
default -20: 94 dB SPL is -20 dBFS rms)

where --wav and --sound-player listen: model mm at the GLB pose (the machine archive's "sound"), facing
the tool; default the archive's operator in front

the room --wav and --sound-player hear it in (RT60 0.35 s, 0.7 s; default off: the dry sound)
write inputs, output lines and markers with ticks

print controller output with virtual time

real-time factor (default 1)

serve the Ul from DIR (default: built in, or micro_cnc/)

listen on localhost only (the default) or on every interface (in shadow mode the sender port passes to the
real machine: any lets the network move it; a twin in WSL reached from Windows needs any)

open the web Ul in the default browser
the native window (Windows; the default when started without arguments)

the language (en, zh-CN, a pack's tag; default: the settings, else the system's; qps-ploc: the pseudo-
language that shows untranslated texts and tight layouts)

one more folder with language packs (.po); see twin/lang/README.md
metric \| imperial \| a units.json system; --region auto\|lang\|de-DE; --currency EUR

the languages found; --lang-check FILE.po checks a pack; --lang-template FILE.pot writes the texts to
translate

draw the 3D view in software (WARP) even with a graphics card

window self-test: off-screen, homes and runs the demo program at --factor 5, pictures and selftest.json
into DIR, exit status 1 on failure

the same for setting up workpieces (panel, dragging, keys, clamps, vise)
log real-time input for --replay

record signals, events, serial lines and Ul frames (PlotJuggler, Foxglove)
record the controller's pins and the machine's lines (GTKWave, PulseView)

sampling period of the recordings (default 1)
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option
--stock x@,x1,y@,y1,ztop,zbot[,res]

--setup JSON\|@FILE

--tool 'flat 6 n2'
--part FILE.stl[@X,Y,Z]

--stock-stl FILE[,RES[,FRAME]]

--stock-png FILE[,RES]
--branch S
--mtconnect PORT

--lockstep PORT

--api-token T
--exit-with-client

--control PORT

--control-file F

--workdir DIR

--control-token T
--control-confirm yes\|no\|ask

--own-call JSON

--mcp

--mcp-http PORT
--ai
--mtconnect-devices FILE

--fmi-model-description FILE

--shadow HOST[:PORT]\|COMn\ |/dev/ttyACMo

--shadow-guard

--version

--licence-status [DIR] [--json] \| --licence-request
[DIR] \| --licence-import FILE [DIR] \| --licence-canon
FILE \| --licence-keys

--licence-activate CODE [DIR] [--json] \| --licence-trial
maker\|pro [DIR] [--json] \| --licence-renew [DIR] [--
json] \| --licence-renew-due [DIR] \| --licence-code CODE

\| --licence-server

X—NRMNEFERMENSE, REEXR.

what it does
a block held as if bolted down (machine mm; cells default 0.02 mm)

the workpiece set up as on the machine: shape, size, material, fixture (clamps, vise, vblock, tape, none,
fixed), position; e.g. {"shape":"block","size":[60,40,20], "material":"6061-T6","fixture":"vise","at":[100,75]}'
(see twin/core/README)

the cutter: flat\|ball\|bull\[v\|drill D [Rc\|Jangle] [nN] (default from the archive)
the part the program should make, its origin at X,Y,Z machine mm (default 0,0,0)

write the workpiece as a binary STL at the end (cells RES, default 0.1; FRAME machine (default), program:
the program's zero, blank: its own corner)

write its height map, or the deviation from --part, as a PNG
with --replay and a real-time option: replay the log to S seconds, then carry on live
MTConnect adapter (SHDR) for an agent on PORT (7878 is usual)

a script drives the twin over localhost PORT (twin/py/mc1twin): virtual time moves only when it says, as
fast as the host allows (api.h has the requests); 0: any free port, printed on standard output as lockstep-
port N

the lockstep client's first request must be hello with token T
the session ends when its lockstep client goes (or none came within 30 s)

the control port (Al access, as the window's Al switch opens it): the lockstep API's requests from several
local clients while time runs as usual; 0 any port

write its port and token to F as JSON (the MCP server reads it)
programs' versions here (default Documents/Twinwright Studio/programs; TWINWRIGHT_WORKDIR)
its token (default: a random one)

how its confirmations are answered (default yes: no window to ask)

{"tool":..
on), printed as "own-call N {..}" (tests; up to 12)

args™{..}}: a tool called from the window's own interface (its own channel, the Al switch off or

the MCP server for Al clients on standard input and output (they start it; see twin/docs/05 section 9):
background twins, and the window when its Al switch is on

the same over Streamable HTTP at http://127.0.0.1:PORT/mcp
(Windows) the window with its Al switch on (it remembers the switch anyway)
write the matching MTConnect device model (Devices.xml; - for stdout)

write the FMI 2.0 modelDescription.xml of the lockstep API's FMI-shaped interface (fmi_* requests;
twin/py/mc1twin/fmi.py; - for stdout)

shadow mode: the sender port relays to the real machine's controller (Telnet, port 23, or its USB serial
port); the twin runs the same lines alongside and compares answers, path, settings and run times (use --
factor 1, the default)

with --shadow: each line of the sender's is looked at before it reaches the machine; a predicted crash
holds it back and feed-holds the machine (the views release it)

the program's version and the kind of build (public, internal; a public build with the test key says so)

the licence files (docs/14): their state; this computer's request code for offline activation; a licence file into
the folder (DIR: the machine's licence folder unless given); a file's signed bytes; the keys this build takes

online (product/23, product/30): activate this computer with an activation code; ask the licence server for
this computer's 30-day trial of an edition; renew the licence that is due, now; whether the window's start
would renew (a day since the last try); a typed code in its canonical form; the server this build talks to (the
last two send nothing)
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Machine profile schema: MC-1

Every key of the machine archive the twin is built from (24 sections), with the value the MC-1's archive gives - for the twin's internal error model (accuracy, the
coupling's play, and where their values come from) the keys only. The values are the model's parameters - typical values until a machine is measured - not
specifications of the machine and not its accuracy; every number the twin gives about the physical world is an estimate.

schema

the archive format and its version

key type unit value what it is
schema string "mc1-machine/0.1"
generated

what made this archive, from which inputs (hashes of params.py and wiring.py)

key type unit  value what it is

generated.by string "twin/gen/gen_machine.py"

generated.params_sha256 string "ac86b6d281b81f5ca58fa7acf69c2237beedalal43490b3b555ad911...

generated.wiring_sha256 string "b4a817153a66f8458fe8ef3bd563b7ac0f6174733b8757570188bcf9...

generated.report_json object the design checks' report the archive was made

from: its path and when it was written

generated.report_json.path string "out/report.json”
generated.report_json.modified | string "2026-10-13705:04:23"
units

the base units

key type unit value what it is
units.length string "mm"
units.mass string "kg"
units.time string g
name
key type unit value what it is
name string "MC-1"
coordinates

the machine coordinate frame in words (MPos = machine - home offset)

key type unit value what it is

coordinates string "machine X 0..200 left to right, Y 0..150 tool relative t...

power_on_pos

where the axes stand at power-on, machine mm (X, Y, Z)

axes

the three linear axes, in the order X, Y, Z

key type unit  value what it is
axes[].id string "X"
axes[].moves string "X carriage

with the Z

axis and

spindle”
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key

axes[].

axes[].

axes[].

axes[].

axes[].

axes[].
axes[].

axes[].

axes[].
axes[].
axes[].
axes[].
axes[].
axes[].
axes[].

axes[].

axes[].
axes[].

axes[].

axes[].
axes[].

axes[].

axes[].

axes[].

axes[].
axes[].
axes[].
axes[].
axes[].
axes[].
axes[].

axes[].

axes[].

travel

home_dir

steps_per_mm

dir_sign

direction

direction.

direction

direction

direction.

direction.

switch

switch.

switch.

switch.

switch.

switch.

switch

switch.

switch.

switch

switch.

switch.

switch

switch.

max

.sn_|

motor_end

.screw_hand

.dir_low_turns

machine_per_model

dir_low_moves

contact
inputs

type

mm

gap_design_mm

gap_mm

.spot_r_cad_mm
anchor

target

.unit_sr

lambda_mm

switch.w_mm

switch
switch.
switch.
switch.
switch.
switch.

switch.

hard_stop

.hyst_mm
response_ms
jitter_ms
repeat_sigma_mm
temp_c
temp_coeff_per_k

ready_ms

type

array

)
string

number

number

object

string
string

string

number
number
object
number
number
string
string

string

number
number

array
()

number
string

array
()

array
()

number

number
number
number
number
number
number
number

number

array

)

unit

per

mm

mm

ms
mm
°C

1/K

ms

value

[0.0, 200.0]

+

800.0

¥
"right"

w (seen
from the
shaft end;
assumed)"

1

-1

-2.0

202.0
“NC"
"separate”

"M8
inductive
NPN NC, Sn
2.0 mm"

20
1.0

[1.0,1.0]

3.0
“cad"

["steel",
"steel"]

[1.0,1.0]

0.7

0.25
0.003
20.0
0.0

30.0

[-8.02,
209.02]

what it is

the axis' travel [min, max], machine mm

the direction homing seeks its switch

steps per mm (the controller's $100-$102)

+1: the motor's positive direction is the axis' positive direction

which way the motor turns the screw and the axis moves: for the drive model and the wiring's
polarity

the axis' limit / home switches: position, contact, sensor physics

limit sensors and wiring The inductive
sensors' switching model follows research note F (1.3, 1.4, 7): the flag sweeps across the sensing
face at gap g; the damping of the oscillator is D(g, e) = exp(-g / lambda) * F(e / w) with a logistic
coverage F, and the sensor switches when it reaches the damping of a target at distance Sr straight
in front: F(e_on / w) = exp(-(Sr - g) / lambda). e_on is the flag edge's position relative to the sensor
axis. Sr = Sn * material factor * unit spread * (1 + tc * (T - 20 C)). The CAD places the sensors for an
idealised sensing spot of radius SENSE_R (e_on = -SENSE_R): "anchor": "cad" keeps the designed
switch points for the nominal sensor and moves them by what the model predicts for other gaps,
materials, units and temperatures; "anchor": "
1.9 mm later: the design review's sensitivity case). All values unverified until measured (F 7).

model" uses the model's switch point outright (about

IEC 60947-5-2 "time delay before availability": after its supply comes up the output stays off (F 5: 30
ms); the controller boots later (controller.ooot_ms), so it never sees it (unverified)

where the moving part hits the frame [min, max], machine mm
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key

axes[].moving_mass_kg

sensor_materials

type

number

unit  value

kg | 139

what it is

inductive sensors: switching distance reduction factor by target material

key

sensor_materials.
sensor_materials.
sensor_materials.
sensor_materials.

sensor_materials.

steel

stainless

brass

aluminium

copper

wires

type
number
number
number
number

number

the field wiring by signal: the controller input, cable, route and length

key

wires

wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires
wires

wires

X_min

Xx_min.input
.x_min.cable
.x_min.route
.x_min.length_mm
.Xx_min.flex

. X_max
.X_max.input
.X_max.cable
.X_max.route
.x_max.length_mm
.x_max.flex
Ly_min
.y_min.input
.y_min.cable
.y_min.route
.y_min.length_mm
.y_min.flex
.y_max
.y_max.input
.y_max.cable
.y_max.route
.y_max.length_mm
.y_max.flex
.z_switch
.z_switch.input
.z_switch.cable
.z_switch.route
.z_switch.length_mm
.z_switch.flex
.setter

.setter.input

type unit

object

string
string
string
number | mm
string
object
string
string
string
number | mm
string
object
string
string
string
number | mm
string
object
string
string
string
number | mm
string
object
string
string
string
number | mm
string
object

string

value

"X_LIMIT®
"W09"
BEE, EREN

728.0

"X_LIMIT_MAX"
"W10"
‘B, EREN

488.0

"Y_LIMIT"
w12
"B, ERTIS

167.0

"Y_LIMIT_MAX"
W11
"B, ERTIS

212.0

"Z_LIMIT"
"Wo8"
"Z WEEHEGER + X ik,
1493.0

XZ"

"PROBE"

SEMED T
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unit value what it is
0.7

0.45

04

0.35

what it is

one signal's wire: the controller input, the cable, its route and length,
and the cable chains it bends in (flex)



key type unit  value what it is

wires.setter.cable string "W13"

wires.setter.route string "Y HEgE"

wires.setter.length_mm number | mm = 1267.0

wires.setter.flex string "y

wires.alm object

wires.alm.input string "MOTOR_FAULT"

wires.alm.cable string

wires.alm.route string "EISAEA . = ARG ALM S SRES MRk EE 28 HREX"

wires.alm.length_mm number | mm | 0.0

wires.alm.flex string

wires.estop object

wires.estop.input string "E-STOP"

wires.estop.cable string

wires.estop.route string "EBISAE: BME SBO EHEIA (SBO-2) "

wires.estop.length_mm number | mm | 0.0

wires.estop.flex string

wires.estop_kml object

wires.estop_kml.input string "

wires.estop_kml.cable string

wires.estop_kmil.route string "EIERE: AYE SBO F—HEIF (SBO-1) , FTEKM1 &
BREsEEE"

wires.estop_kml.length_mm | number mm | 0.0

wires.estop_kmil.flex string

wires.rs485 object

wires.rs485.input string "RS485"

wires.rs485.cable string

wires.rs485.route string "ERISFEI . $REIRR RS485 A/B — ZTSMBE RS+/RS-, BB
wires.rs485.length_mm number | mm | 0.0

wires.rs485.flex string

wires.vfd_relay object

wires.vfd_relay.input string "MOTOR_FAULT"

wires.vfd_relay.cable string

wires.vfd_relay.route string "EBISRAIY . ARSMESERARFR R E AR TB-TC, &7E

ALM 58 (&3 107) *
wires.vfd_relay.length_mm = number mm 0.0

wires.vfd_relay.flex string

faults
wiring fault models (glitches, intermittent contacts)

key type unit | value what it is

faults.glitch_us number | ps 50.0 injected faults: a glitch opens the contact this long; an intermittent wire drops out while its cable flexes (per metre
of travel of the axes it follows), for a random time

faults.intermittent object an intermittent wire: it drops out while its cable flexes, so often per metre of travel of the axes it follows, each time
for a random time in the range (ms)

faults.intermittent.per_m  number | per 5.0
m

faults.intermittent.ms array [0.2,
(2 3.0]
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drives

the feed drives: ball screws, closed-loop steppers, their power (KM1), the L1/L2 models

key

drives.

drives.

drives.

drives.

drives

drives.

drives.

drives.

drives.

drives.

drives

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives

drives.

drives.

drives.

drives

model

note

lead_mm

motor

.motor.type

motor.holding_nm
motor.rotor_inertia_kgm2

motor.full_steps_per_rev

motor.detent_nm

motor.power_up_jump

.motor.phase_resistance_ohm

motor.phase_inductance_mh
motor.torque_constant_nm_a
motor.rated_current_a

motor.iron_loss_nm_per_krpm

coupling_inertia_kgm2

pullout_48v_rpm_nm

drive

drive.type

drive.loop

drive.encoder_counts_per_rev

drive.holding_current
drive.damping_ratio
drive.smoothing_ms
drive.following_error_limit_counts

drive.alarm_reset

.drive.open_loop_below_rpm

drive.current_loop_hz

drive.bus_capacitance_uf

drive.overvoltage_v

.drive.13_sub_steps

type

string

string

number

object

string

number
number

number

number

boolean

number

number
number
number

number

number

array

©)

object

string

string

number

number
number
number
number
string

number

number

number
number

number

unit

mm

N:m
2

kg'm

per
revolution

N:m

mH
N-m/A
A

N'm per
1000 rpm

2

kg-m

rpm/(N-m)

per
revolution

ms

rpm

Hz

uF

value
RL.

"rigid axis driven by a
closed-loop stepper:
magnetic spr...

4.0

"NEMA23 closed-loop
hybrid stepper, 23HS22-
2804D-E1000 cl...

1.26
3e-05

200

0.05

true

0.9

29
0.286
2.8

0.0377

2.6e-06

"CL57T class closed-loop
drive, 48 V"

"closed"

4000

0.5
0.5
0.0
400

"power"

2000.0

470.0
60.0

20
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what it is

the stepper motor: holding torque, rotor inertia, steps, detent torque,
phase resistance and inductance, torque constant, rated current, iron
loss

the drive's first current after a power-up (its phase reset): the rotor
snaps to the nearest stable position of that state, up to two full steps
either way (architecture 4.4; unverified on the drive)

L3 (research note D, L3): the phases - R and L of the 2.8 A class (typical
catalogue values, unverified), the torque constant fitted to the 48 V
pull-out plateau (0.8 N m at 2.8 A; the 1.26 N m holding torque is both
phases at rated current), the detent's amplitude as above

the laminations' hysteresis and eddy losses as a drag growing with
speed: fitted so that L3 on its dynamometer gives the 48 V pull-out
curve above (9 W at 1500 rpm; to be measured, architecture 7.3 step
8)

the closed-loop drive: encoder counts, holding current, damping, the
following error it alarms at and how that alarm is reset, current loop,
DC bus, the L3 sub-steps

then only the holding current at standstill (0: always closed) L3: its
current loop's bandwidth, its bus capacitance and overvoltage alarm
(assumed), 5 us steps



key

drives.

drives.

drives.

drives.

drives.

drives

drives.

drives.

drives.

drives.

drives

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives.

drives

drive.max_phase_advance_deg

alm

alm.wired

alm.vfd_relay

alm.chain

. power

power.source

power . kml

power.kml_latched

power.kml_drop_ms

.power.kml_pickup_ms

power.psu_holdup_ms

power.psu_rise_ms

power.drive_boot_ms

step_s

12

12.

1

N

1

N

1

N

1

N

1

N

1

N

12.

1

N

1

N

1

N

1

N

1

N

1

N

1

N

zeta_axial

.sub_steps
.current_lag_ms
.servo_damping_ratio
.smoothing_ms
.contact_restitution

.impact_speed_mm_s

masses

.sub_steps_3
.zeta_coupling
.friction
.stribeck_ratio
.stribeck_v_mm_s
.viscous_n_s_mm

.lugre_sigma®@_n_um

axes

axes[].id

.axes[].screw_length_mm

type

number

object

boolean
boolean

string

object

string

string

boolean
number
number
number
number
number
number

object

number
number
number
number
number
number
number

number

number
number
string

number
number
number
number

array

®3)
string

number

unit

°

ms

ms

ms

mm/s

mm/s
N-s/mm

N/pum

value

0.0

true
true

"the three ALM outputs
and the VFD's fault relay
(its mul...

"PSU1 48 V behind KM1
(drives, VFD); the 24 V
supply befo...

"24 V DC coil, latched by
the START button SB1
through it...

true
15
25
40
150
800

0.0001

0.0

5.0

20

0.05
"karnopp"
1.25

2.0

0.02

e

319.0

104

what it is

the alarm chain: the drives' ALM outputs and the spindle drive's fault
relay in series to the controller's motor-fault input

the drives' supply: the 48 V supply behind the contactor KM1, its
timing, the supply's hold-up and rise, the drives' boot

L2 (--drive L2): the axial chain between the motor side and the table -
stiffness by the nut's distance from its BK bearing (the design's hand
calculation at 100 N), the nut's play (the accuracy section's backlash),
modal damping assumed; integrated in sub-steps of step_s. The
drive's current loop (lag) and velocity loop (damping of the motor side
on its magnetic spring) are assumed: a closed-loop drive is tuned not
to overshoot - fit both to encoder logs (architecture 7.3 step 1) The
nut's play closes with an impact: the grease film makes it strongly
damped at a few mm/s (Hunt-Crossley damping, growing with the
penetration; restitution assumed)

three masses (note D, L2): the coupling's mode sits near 1.75 kHz - 20
sub-steps of 5 us; its damping assumed; the friction model of guides
and nut: "karnopp" (Stribeck + viscous with a stick band) or "lugre”
(pre-sliding, friction lag at reversals)

per axis (X, Y, Z): screw, inertias, masses, friction, the L2 elastic model



key

drives.

drives.

drives.

drives

drives

drives.

drives.

drives.

drives

drives.

drives.

drives

drives.

drives.

drives

drives.

drives

drives.

drives.

drives

drives.

drives.

drives

.axes[]

.axes[]

.axes[]

axes[].
axes[].

axes[].

.axes[].

.axes[].

axes[].

axes[].

axes[]

axes[]

axes[]

axes[]

axes[]

axes[]

.axes[].

axes[]

axes[]

.axes[].

axes[].

axes[]

.axes[].

screw_inertia_kgm2

rotating_inertia_kgm2

moving_mass_kg
equivalent_mass_kg
gravity_n
friction_n

12

.12.rotating_mass_kg
.12.table_mass_kg

.12.k_axial_n_um

.12.friction_motor_n
.12.friction_table_n

.12.motor_mass_kg

.12.screw_mass_kg
.12.coupling_n_um

.12.torsion_gj_nmm2

12.torsion_extra_mm

.12.k_rest_n_um

.12.nut_hertz_n_umi5

12.frame

12.frame.k_n_um

.12.frame.m_kg

12.frame.zeta

drives.axes[].12.coupling_play_um

type

number
number
number
number
number
number

object

number
number

array

)
number
number

number

number
number

number

number

array

)
number

object

number
number

number

unit
kg-m
kg'm
kg

kg

kg
kg

N/pum

kg

kg
N/pum

N-mm

mm

N/pm

N/pm~1.5

N/pm

kg

value what it is
3.2918581767123845e-06
3.589185817671239e-05

13.9

102.45961035603891

0.0

91.62684499333461

the axis in the L2 drive model (--drive L2): the masses, the axial and
torsional stiffness by the nut's distance from the fixed bearing, friction,
the coupling, the frame under the bearing

88.5596103560389

13.9

81.68140899333461
9.945436

77.22965443852422 three masses: the rotor with half the coupling, the screw with the other
half, the table

11.329955917514674
3817.0695021213087

64770810.92360646 the screw's torsion from the coupling to the nut: its root section's G J
over the BK journal, the drive journal (as lengths of root section) and
the distance BK -> nut

53.184712792968746

the axial chain without the nut (shaft, BK, mount), by the nut's distance

from the BK

79.28988773038022
the frame under the axis' fixed bearing as one mode along the axis:
stiffness, mass, damping

332

17.65

0.02

The coupling's play, part of the twin's internal error model like the backlash: its value is not published.

key

drives.axes[].12.coupling_play_um

accuracy

type unit what it is

number um

geometric and thermal errors of the tool relative to the work (Phase 4)

The twin's internal error-model parameters, off by default; their values are not published.

key

accuracy.enabl

accuracy.note

accuracy.units

accuracy.sign

accuracy.axes

accuracy.axes.

accuracy.axes.

accuracy.axes.

ed

X

X.lead_um

X.periodic_um

type
boolean
string
string
string
object
object

array
(45)

number

unit what it is

pm

pm
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accuracy.
accuracy.
accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.
accuracy.
accuracy.

accuracy.

accuracy.
accuracy.
accuracy.
accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.
accuracy.
accuracy.

accuracy.

accuracy.
accuracy.
accuracy.
accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

axes.X.

axes.X.

axes.X.

axes.X.

axes.X.

axes.X.

axes.X.

axes.X.

axes.X.

axes.X.

axes.X.

axes.Y

axes.Y.

axes.Y.

axes.Y.

axes.Y.

axes.Y.

axes.Y.

axes.Y.

axes.Y.

axes.Y.

axes.Y.

axes.Y.

axes.Y.

axes.Y.

axes.Z

axes.Z.

axes.Z.

axes.Z.

axes.Z.

axes.Z.

axes.Z.

axes.Z.

axes.Z.

axes.Z.

axes.Z.

axes.Z.

periodic_mm
periodic_phase
straight_um

straight_um.Y

straight_um.z

angle_urad

angle_urad.A

angle_urad.B

angle_urad.C

backlash_um

gravity_loaded

lead_um

periodic_um
periodic_mm
periodic_phase
straight_um

straight_um.X

straight_um.zZ

angle_urad

angle_urad.A

angle_urad.B

angle_urad.C

backlash_um

gravity_loaded

lead_um

periodic_um
periodic_mm
periodic_phase
straight_um

straight_um.X

straight_um.Y

angle_urad

angle_urad.A

angle_urad.B

angle_urad.C

type unit what it is
number = mm
number

object pum

array
(45)

array
(45)

object prad

array
(45)

array
(45)

array
(45)

number | pm
boolean
object

array pum
(35)

number | pm
number = mm
number

object pum

array
(35)

array
(35)

object prad

array
(35

array
(35

array
(35

number | pm
boolean
object

array pum
()]

number = pm
number = mm
number

object pum

array
@1

array
@1

object urad

array
()]

array
()]

array
()]
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accuracy.axes.Z.backlash_um
accuracy.axes.Z.gravity_loaded
accuracy.square_urad
accuracy.square_urad.xy
accuracy.square_urad.xz
accuracy.square_urad.yz

accuracy.abbe

accuracy.abbe.tip_z0
accuracy.abbe.X
accuracy.abbe.X.y
accuracy.abbe.X.z
accuracy.abbe.zZ
accuracy.abbe.Z.y
accuracy.abbe.Z.dz
accuracy.abbe.Y
accuracy.abbe.Y.x
accuracy.abbe.Y.y
accuracy.abbe.Y.z
accuracy.thermal
accuracy.thermal.alpha_um_m_k
accuracy.thermal.screw_dt_k

accuracy.thermal.bk_at

accuracy.thermal.spindle_growth_um

accuracy.thermal.dynamic

accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.
accuracy.thermal.

accuracy.thermal.

dynamic.enabled
dynamic.screw_k_per_w
dynamic.screw_tau_s
dynamic.spindle_um_per_w

dynamic.spindle_tau_s

dynamic.spindle_bearing_w_at_24000

dynamic.spindle_copper_w_rated
frame

frame.alpha_um_m_k

frame.dt_k
frame.tool_to_table_um_k
frame.capacity_j_k
frame.g_w_k

frame.motors_w

frame.spindle_share

accuracy.thermal.ambient_dt_k

accuracy.thermal.part

accuracy.thermal.part.heat_share

type
number
boolean
object
number
number
number

object

number
object

number
number
object

number
number
object

number
number
number
object

number
array (3)
array (3)
number

object

boolean
number
number
number
number
number
number
object

number
number
number
number
number
number
number
number

object

number

unit what it is

pum

prad

Abbe arms: where each axis' angular errors are referred to (params.py geometry, model
frame: y towards the beam, z up from the base top; the reference tool tip is at z = tip_z0 +
7)

um/(m-K)

pum

first-order dynamics (research note D 8 T-layer, "second version"): each screw warmed by
its nut and BK drag times its speed through a thermal resistance, the spindle grown by its
bearings (by speed) and its motor's copper (by current) - time constants and gains
assumed, to be fitted to a 2 h warm-up log (architecture 7.3 step 14); off unless asked for
(the static offsets above, and %thermal, stay as set)

K/wW

um/W

pm/(m-K)
K

pm/K
J/K

W/K

K the room above the reference (20 C): the frame follows it (at once without the dynamics)

the workpiece (research note L 8): 10-25 % of the cutting power goes into it (0.15 taken),
out through the fixture - 0.2 K/W with good contact (vise, clamps), 1 K/W on tape or lying
loose
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key

accuracy.thermal.part.g_good_w_k

accuracy.thermal.part.g_poor_w_k

accuracy.source

spindle

type unit
number = W/K
number = W/K
string

what it is

the spindle drive: the Huanyang VFD (HY protocol, PD parameters), the motor, the pump

key

spindle.vfd

spindle.vfd.

spindle.vfd.
spindle.vfd.

spindle.vfd.

spindle.vfd.

spindle.vfd.

spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.

spindle.vfd.

spindle.vfd.
spindle.vfd.
spindle.vfd.

spindle.vfd.

a

spindle.vf

spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.
spindle.vfd.

spindle.vfd.

model

rated_power_w

rated_current_a

supply

port

protocol

reply latency_ms
min_gap_ms

boot_s
bus_capacitance_uf

lu_v

control_off_v
control_w
oc_factor

overload_factor

.overload_s

dc_bus_v
factory
factory.PDo0O
factory.PDOO1
factory.PD002
factory.PD0O04
factory.PD00O5
factory.PD006
factory.PDo0O7
factory.PD00O8
factory.PD009
factory.PDo10
factory.PDo11
factory.PD0O14
factory.PDO15

factory.PD026

type unit

object

string

number = W
number | A

string

string

string

number | ms
number | ms
number | s

number | pF

number |V

number |V
number | W
number
number
number | s
number |V
object
number
number
number
number
number
number
number
number
number
number
number
number
number

number

value

"Huanyang
HY01D523B (HY
series)"

1500
7.0

"1 x 220 V through
KM1 (build.py
ELECTRICAL)"

"RS-485 to
RS+/RS-/DCM
(wiring.py PIN_MAP
Fi)”

"HY: address,
function, length,
data, CRC-16
(Huanyang v1)"

5.0
5.0
1.5
680.0

200.0

100.0
15.0

2.0

50.0
50.0
2.5
0.5

220.0

8.0
0.0
10.0

10.0

what it is

the spindle drive (Huanyang HY series): rating, supply, the RS-485 port and the HY
protocol, timing, the DC bus and its protection levels, its parameters

DC bus: without mains it feeds the control and the motor until undervoltage (LU: output
off), then the control's own supply stops below control_off_v

the drive's PD parameters as they leave the factory (its manual)
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key

spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.

spindle.

spindle.
spindle.
spindle.
spindle.
spindle.
spindle.

spindle.

spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.

spindle.

spindle.
spindle.
spindle.
spindle.

spindle.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd

params

params.

params

params.

params.

params.

params.

params.

params

params.

params.

params.

params.

params.

params

params

params.

params.

params.

.params.

motor

motor.model

motor.

motor

motor.

motor.

factory.
factory.
factory.
factory.
factory.
factory.
factory.
factory.

factory.

factory.
factory.
factory.
factory.
factory.
factory.

factory.

PD119

PD141

PD142

PD143

PD144

PD163

PD164

PD165

PD118

PD120

PD121

PD123

PD124

PD125

PD147

PDo41

PDo01

.PDo02

PDoo4

PDOO5

PDo06

PDOO7

PDo08

.PDoQ9

PDo10o

PDO11

PDo14

PDO15

PD141

.PD142

.PD143

PD144

PD163

PD164

PD165

rated_power_w
.rated_voltage_v
rated_current_a

rated_freq_hz

type

number
number
number
number
number
number
number
number

number

number
number
number
number
number
number

number

object

number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number

object

string

number
number
number

number

unit

Hz

value

150

220.0

7.0

1440

150

5.0

150

0.1

400.0

400.0

20.0

0.5

220.0

16.0

4.0

100.0

6.0

6.0

220.0

5.0

3000

"GDZ65-800"

800.0

220.0

5.0

400.0

what it is

the protection and compensation group as the twin reads it (numbers and meanings
from the manual's list, unverified on the unit): PD118 overvoltage stall prevention (1 on:
the decel ramp waits while the DC bus is high), PD120 stall prevention level at constant
speed (% of PD142), PD121 its deceleration time (s), PD123 over-torque detection (0 off,
1 warn at constant speed, 2 trip), PD124 its level (% of PD142), PD125 its time (s), PD147
slip compensation (% of the rated slip made up at rated current; 0 off)

PD041 the PWM carrier: 0-15 for 0.7, 1, 1.5, 2, 3,4, 5,7, 8,9, 10, 11, 13, 15, 17, 20 kHz,
the manual's factory value for the AO1D523B (the HY01D523B) is 8 = 8 kHz (research
note N 2.3). Only the sound uses it

the PD parameters commissioning sets (the design's table wiring.VFD_PARAMS)

the spindle motor, an induction motor: rating, poles, slip, breakdown torque, no-load
current, inertia, friction
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spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.
spindle.

spindle.

spindle.

spindle.

supply

motor.poles

motor.rated_rpm
motor.rated_slip
motor.breakdown_torque_ratio
motor.no_load_current_a
motor.inertia_kgm2
motor.friction_nm
motor.viscous_nms

coolant_pump

encoder

encoder.ppr

type unit
number
number | rpm
number
number
number = A
number | kg:m?
number = N-m
number | N-m-s
string

object
number

the 24 V supply of controller, sensors and relays

key type unit
supply.psu24 string
supply.psu24_holdup_ms = number ms
supply.psu24_rise_ms number = ms

tool_setter

value

value what it is
2

24000.0

0.04

2.0

2.0

8e-05

0.005

1e-05

"on relay K2
(COOLANT flood),
supplied through
KM1 (wirin...

an incremental encoder on the spindle (G33, G76): lines a revolution and an index pulse

once a revolution

0 lines a revolution (0: none); the controller's $38 is this (the other firmware: one channel's
pulses) or 4 times it (the kernel: quadrature counts)

"PSU2 24 V 60 W, before KM1: controller, sensors,

the coi...
80.0

100.0

the tool length sensor: where it stands (machine X, Y), its top (machine Z)

key

tool_setter.x
tool_setter.y

tool_setter.

tool_setter.
tool_setter.
tool_setter.
tool_setter.
tool_setter.
tool_setter.
tool_setter.

tool_setter.

type

number

number
top_z number
overtravel number
contact string
diameter number
pretravel_mm number
repeat_sigma_mm = number
reset_hyst_mm number
bounces number
bounce_ms number

touch_probe

what it is

what it is

QF1 (the utility) feeds PSU2 directly and, through KM1, PSU1 and the VFD
(wiring.py)

the contact (research note F 7, all unverified): it opens after the plunger has gone down pretravel_mm, the point

scatters by repeat_sigma_mm (with --seed), it closes again reset_hyst_mm higher, and it bounces (closes for a
moment) bounces times within bounce_ms as it opens (mech-r22: it sits SETTER_RECESS deep in a pocket in the
table top - its top SETTER_TOP over the table)

unit  value
25.0
150.0
-53.0
3.0
N
30.0
mm | 0.2
mm | 0.001
mm | 0.01
2
ms 0.5

a touch probe tool (ball stylus on the PROBE input): ideal - it switches as the ball touches - or typical: a kinematic seat that opens once the stylus has given way by
its pretravel (by the approach, scattered with a seed), closes again less deflected; its stylus breaks past its travel (docs/06 12.31)

key

touch_probe.model

type

string

unit  value whatitis

"ideal"
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touch_probe.stylus_travel_mm

touch_probe.geometry

touch_probe.geometry.stylus_d_mm

touch_probe.geometry.body_d_mm

touch_probe.geometry.body_from_mm

touch_probe.styli

touch_probe.styli[].
touch_probe.styli[].

touch_probe.styli[].

touch_probe.typical

touch_probe.typical.
touch_probe.typical.
touch_probe.typical.
touch_probe.typical.
touch_probe.typical.
touch_probe.typical.

touch_probe.typical.

sound

ball_d_mm

stylus_d_mm

body_from_mm

pretravel_z_mm
pretravel_xy_mm
lobing_xy_mm
lobing_count

lobing_phase_deg

repeatability_sigma_mm

release_hysteresis_mm

type

number

object

number
number
number

array

A3)

number
number
number

object

number
number
number
number
number
number

number

unit

mm

mm

value

2.0

0.005

0.015

0.005

0.0

0.001

0.003

what it is

A touch probe is a tool (“probe 2 L30": a ball stylus on the PROBE input with the setter). "ideal": it
switches as the ball touches; "typical": a kinematic touch-trigger probe's seat opens once the
stylus has given way by its pretravel - along Z, in XY with three lobes round the stylus (three
seats), each touch's scattered by repeatability_sigma_mm with --seed - and closes again
release_hysteresis_mm less deflected (docs/06 12.31). The MC-1's probe is an option not chosen
yet: the typical values are orders of magnitude for a hobby-class probe, an assumption (research
O: such probes claim 1-5 um repeatability, unverified), no specification of any probe.

the probe's shape in the collision zone (the jaws, the clamps, the workpiece): its stylus over the
ball, its body from body_from_mm above the ball's lowest point up to the collet; 0: not given

the stylus' diameter over the ball (thinner than the ball: the ball stands for it)
the body's diameter (0: no body)
where the body starts, above the ball's lowest point (the stylus' length below it)

the styli by ball size (1.1, e09's @2 H7 features: a @2 ball does not fit) - each its own stem and
where the body starts above the ball's lowest point; a probe tool takes the nearest ball's (within
25 %), else geometry's. Typical M2 ruby styli, an assumption until the user's are entered

the typical probe's model: pretravel along Z and sideways, the three-lobed pattern, repeatability,
release hysteresis - typical of touch-trigger probes, until a probe is calibrated

where the sounds come from (model mm at the GLB pose, the motion group each rides on) and the default listener, for the sound engine's panning

key

sound.

sound.

sound.

sound.

sound.
sound.

sound.

sound.
sound.

sound.

sound.
sound.

sound.

sound.

sound.

frame

sources

sources

sources

sources

sources.

sources.

sources

sources.

sources

sources

sources.

sources.

sources

sources.

.X_motor

.x_motor.

.x_motor.
y_motor

y_motor.

.y_motor.
z_motor

.z_motor.

.z_motor.
spindle

spindle.

.spindle.

tool_tip

moves

moves

moves

at

moves

type

string

object

object

array

®3)
string
object

array

®3)
string
object

array

®3)
string
object

array

®3)
string

object

unit

value

what it is

"model mm, Z up, at the GLB

pose (viewer.glb_pose);

moves...

[254.0, 160.0, 250.0]

“frame"

[0.0, 245.0, 22.0]

“frame"

[0.0, 91.0, 467.0]

oy

[0.0, 0.0, 206.5]

wgn

the machine's sources of sound, by name

one source of sound: where it is (model mm at the GLB pose) and the motion group it
rides on
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key

sound.

sound

sound.

sound.

sound.

sound.

sound.

sound.

sound.

sound.

sound

sound.

sound.

sound

sound.

sound.

sound.

sound.

sound.

sources.tool_tip.at

.sources.tool_tip.moves

sources.box

sources.box.at

sources.box.moves
sources.setter

sources.setter.at

sources.setter.moves
sources.pump

sources.pump.at

.sources.pump.moves

listener

listener.at

.listener.looks_at

radiation

radiation.pa_per_n

radiation.structure_x
radiation.structure_y

radiation.tool

collision

type

array

®3)
string
object

array

®3)
string
object

array

®3)
string
object

array

®3)
string
object

array

®3)

array

®3)

object

number

number
number

number

unit

Pa/N

value what it is

[0.0, 0.0, 59.0]

wgn

[430.0, 50.0, 140.0]

“frame"

[-75.0, 75.0, 86.0]

wyn

[-335.0, 0.0, 40.0]

“frame"
where the listener stands and what it faces (model mm)

[0.0, -695.0, 559.0]

[0.0, 0.0, 99.0]
the cut's sound through the machine's modes (cutting.dynamics): Pa/N well above them,
each mode's share of it (the rest radiates flat)

0.005 the cut's sound: the force's harmonics through the machine's modes (cutting.dynamics:
the structure's X and Y modes, the tool's) as their accelerations radiate (research note N
2.4) - pa_per_n well above the modes, each mode's share of it (a peak of share / (2 zeta) at
its frequency), the shares' rest flat

0.35

035

0.3

collision proxies: the table, the spindle stack above the tool tip (coaxial cylinders), what stands on the table (table-local mm, origin at its centre)

key

collision.table

collision.table.size

collision.

collision.

collision.spindle

collision.spindle[].id

collision.spindle[].r

collision.spindle[].h

collision.table_items

collision.table_items[].id

collision.table_items[].shape

collision.table_items[].min

collision.table_items[].max

collision.groups

collision.groups[].id

collision.groups[].moves

collision.groups[].min

collision.groups[].max

table.origin_machine_xy

table.ref_tip_on_table_z

type
object
array (2)
array (2)
number
array (6)
string
number
array (2)
array (7)
string
string
array (3)
array (3)
array (3)
string
string
array (3)

array (3)

unit  value what itis
the table's proxy: its size, its origin in machine XY, the reference tool tip's machine Z on it
[300.0, 220.0]
[100.0, 75.0]

-80.0

"tool"
3.0

[0.0, 15.5]

"setter_flange”
"box"
[-107.0, 66.0, -11.0]

[-43.0, 84.0, -6.0]

"z_slide"
7"
[-73.5,45.0, 95.0]

[73.5, 65.0, 255.0]
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key

collision.near_miss_mm

cutting

type unit = value

number | mm | 1.0

what it is

a gap this small without contact is a near miss (0: none)

cutting-force coefficients (Altintas' linear edge-force model), materials, tool compliance and structural dynamics for the stock model

key

cutting.

cutting.
cutting.
cutting.
cutting.
cutting.
cutting.
cutting.
cutting.
cutting.

cutting.

cutting.
cutting.
cutting.
cutting.
cutting.

cutting.

cutting.

cutting.

cutting.
cutting.
cutting.
cutting.
cutting.

cutting.

material

ktc_n_mm2
krc_n_mm2
kac_n_mm2
kte_n_mm
kre_n_mm
kae_n_mm
kc_plunge_j_mm3
tool_default
stock_res_mm

chunk_mm

chunk_ms
force_step
merge_tol_um
pyramid
sweep_reach

variation

wear

wear.track

wear.alpha_deg
wear.run_in
wear.late_slope
wear.vb_c_d
wear.vb_c_min_mm

tool_geometry

type

string

number
number
number
number
number
number
number
string

number

number

number
string

number
boolean
boolean

boolean

object

boolean

number
array (2)
number
number
number

object

unit

N/mm?
N/mm?
N/mm?
N/mm
N/mm
N/mm

J/mm?3

mm

mm

ms

um

mm
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value what it is

"6061-T6 (assumed,
research note C 1.5)"

750.0

250.0

150.0

5.0

5.0

2.0

24

“flat 6 n2"

0.02

0.5 the cut's time resolution (A10): chunks of 0.5 mm / 20
ms, or "tooth": a tooth period (at most 0.05 mm) at a
time; polyline points within merge_tol_um of a segment's
chord merged into it (the drives' tiny deviations at L1/L2
stay in the swept surface); the height pyramid skips the
blocks the tool passes over; the sweep looks only at the
cells each segment can reach below the blank's top (its
profile's inverse: a V-bit engraving shallow reaches a
tenth of a millimetre - round 16; false: as before, the
same cut)

20.0

"chunk”

0.1

true

true

true the shear coefficients follow chip thickness and cutting
speed where a material has orthogonal cutting data
("oblique"); false: constant coefficients everywhere (--set
cutting.variation=0)
the tools' wear book: kept and reported only (the cut
stays a sharp tool's); the wear band's curve, the edge's
clearance angle, a small tool's criterion

true the tools' wear book (1.1, twin/core/src/wear.h;
handover/virtual-cnc-tools/wear_design.md): track - kept
and reported only, the cut a sharp tool's; the wear band's
curve (run in to run_in[1] VB_c by u = run_in[0], late_slope
times as steep past its life), the edge's clearance angle
(VB tan alpha: how far it goes back); a small tool's
criterion at most vb_c_d x D, not under vb_c_min_mm
(micro-milling studies: VB 12 um ends a 0.5 mm tool's
life, 37.5 um a 1 mm one's - about 3 % of D;
wear_life_data.md section 2)

10.0

[0.05, 0.3]

3.0

0.03

0.01

the end mills' geometry for that transformation: a two-
flute aluminium cutter (the values Ozsoy used); the helix
also spreads the force's harmonics (stock.c
force_harmonics, docs/06 M3)



key
cutting.
cutting.

cutting.

cutting.
cutting.
cutting.

cutting.

cutting.

cutting.
cutting.
cutting.

cutting.

cutting.
cutting.

cutting.

cutting.

cutting.

cutting.
cutting.
cutting.
cutting.
cutting.
cutting.
cutting.
cutting.
cutting.
cutting.
cutting.
cutting.
cutting.

cutting.

cutting.

tool_geometry.helix_deg
tool_geometry.rake_deg

tool_strength

tool_strength.trs_mpa
tool_strength.allowable
tool_strength.core_d

force_model

runout
runout.tir_um
runout.phase_deg
runout.envelope
edge
edge.radius_um
edge.h_min_ratio
materials
materials[].key

materials[].name

materials[].group
materials[].density_g_cm3
materials[].ktc_n_mm2
materials[].krc_n_mm2
materials[].kac_n_mm2
materials[].kte_n_mm
materials[].kre_n_mm
materials[].kae_n_mm
materials[].kc_plunge_j_mm3
materials[].vc_m_min
materials[].alpha_um_m_k
materials[].c_j_kg_k
materials[].color

materials[].source

materials[].note

type

number
number

object

number
number
number

string

object

number
null
boolean

object

number
number

array
a7

string

string

string

number
number
number
number
number
number
number
number
array (2)
number
number
string

string

string

unit

MPa

um

um

g/cm?
N/mm?
N/mm?
N/mm?
N/mm
N/mm
N/mm
J/mm?
m/min
um/(m-K)

J/(kgK)
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value
30.0

10.5

4000.0
0.35
0.7

"tooth"

10.0
null

true

2.0

0.3

"6061-T6"

"Aluminum alloy 6061-
T6"

"VDI 22 /1SO N"
2.7

750.0
250.0
150.0

5.0

5.0

2.0

24

[152, 335]
23.6

896
"#b9bdc3"

"aluminium sharp-tool
set (note C 1.5)"

"measured sharp-
carbide set (note C 1.5);
Kienzle 800/0.2...

what it is

the end mill's strength (research note L 4.4; the twin's
M4): carbide rod's transverse rupture strength, the share
of it a tool takes at once, the flute core's diameter for
strength (x D)

the cutting forces (VO P1, stock.c and tooth.c): "tooth" -
the tooth-level kernel, disc by disc and tooth by tooth
(engagement from the cells cut, the tool's profile, the
helix, runout, the minimum chip, Kienzle's law where a
material has it); "chunk” - one engagement arc per chunk
and the flat end mill's closed forms, as before. The runout
at the tool's tip (TIR; research note L 3.3: ER11 collet and
spindle 5-15 um), the offset's direction drawn per cutter
from the seed unless phase_deg gives it; envelope: the
outermost tooth cuts the part, the cutter reaching R +
rho max cos(lambda - j 2 pi / N) - holes larger, bosses
smaller (finding 187; false: the nominal radius, as before);
the edge of a new carbide tool (radius; the minimum chip
as a share of it, aluminium 0.2-0.4: note L 3.2)

the cutter's runout in the collet (TIR), its direction (null:
drawn for each tool from the session's seed), and
whether the cut takes its envelope (finding 187)

the cutting edge: its radius, and the minimum chip as a
share of it - a thinner chip only ploughs

the workpiece materials the setup offers, with their
cutting data



key

cutting.

cutting.

cutting.

cutting.

cutting.
cutting.

cutting.

cutting.

cutting.
cutting.
cutting.
cutting.
cutting.

cutting.

cutting.

cutting.

cutting.
cutting.
cutting.

cutting.

cutting.

cutting.

cutting.

cutting.

cutting.

cutting.
cutting.
cutting.

cutting.

cutting.

materials[]

materials[]

materials[]

materials[]

materials[]
materials[]

materials[]

materials[]

materials[]
materials|[]
materials[]
materials|[]
materials[]

materials[]

compliance

compliance.

compliance.
compliance.
compliance.

compliance.

compliance.

compliance.

compliance.

compliance.

compliance.

compliance.
compliance.
compliance.

compliance.

dynamics

.oblique

.oblique.tau_s_mpa

.oblique.phi_n_deg

.oblique.beta_a_de

.oblique.h_ref_mm

.oblique.vc_ref_m_min

.oblique.source

.life

.life.taylor_n
.life.vc_ref_m_min
.life.t_ref_min
.life.vb_c_mm
.life.basis

.life.source

note

tool_e_n_mm2
flute_core
flute_length_d

tool_density_kg_m3

flute_area

joint_um_per_100n

frame_um_per_100n

frame_portal_um_per_100n

drive_um_per_100n

g

drive_um_per_100n.X

drive_um_per_100n.Y

drive_um_per_10@n.

source

z

type

object

array (4)

array (4)

array (4)

number
number

string

object

number
number
number
number
string

string

object

string

number
number
number

number

number

number

array (3)

array (3)

object

array (2)
array (2)
array (2)

string

object

unit

MPa

m/min

m/min

mm

N/mm?

um per
100 N

um per
100 N

um per
100 N

um per
100 N
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value

[205.928, 204.038,
0.016, -0.056]

[13.866, 62.929, 0.005,
0.259]

[20.835, -4.901, -0.007,
0.291]

0.02
4524

"M. Ozsoy, MATECA
6(3) 263-271 (2025),
Table 1 (orthogona...

04
300.0
60.0

03
"length"

"est: carbide start
speeds 244-366 m/min,
life set by BUE...

"static compliance at
the tool tip, force on
the tool: to...

600000.0
0.8
2.5

14500.0

0.65

10.0

[2.3495, 0.0, 0.0]

"research note C 3.1-
3.3; frame:
out/fea/fea_resultjson

what it is

orthogonal cutting data: shear stress, shear and friction
angles as functions of the chip, the speed and the rake;
the reference chip and speed; the source

a carbide end mill's life in it for the wear book (wear.h):
Taylor's pair and exponent, the flank wear criterion,
judged by length or by VB; estimates where the source
says est

the static give at the tool tip: the tool (modulus, core,
flute length), the holder's joint, the frame, the drives by
the nut's position

the tool's mass for its own bending mode
(cutting.dynamics): cemented carbide, the fluted section
a share of the full circle's area (two to four flutes: about
0.6-0.75; assumed)

each axis' drive, axially, by the nut's distance from the
fixed bearing

the tool point's frequency response for chatter: the
structure's and the tool's natural frequencies and
damping, the spindle's speed range, input shaping



key

cutting.dynamics.

cutting.dynamics.
cutting.dynamics.
cutting.dynamics.
cutting.dynamics.

cutting.dynamics.

cutting.dynamics.

cutting.dynamics.

cutting.dynamics.
cutting.dynamics.
cutting.dynamics.
cutting.dynamics.

cutting.dynamics.

cutting.dynamics.
cutting.dynamics.
cutting.dynamics.
cutting.dynamics.
cutting.dynamics.
cutting.dynamics.

cutting.dynamics.

workholding

note

structure_fn_hz
tool_fn_hz

zeta

rpm_range

source

input_shaping

input_shaping.note

input_shaping.commissioned

input_shaping.commissioned.$1000
input_shaping.commissioned.$1001
input_shaping.commissioned.$1002

input_shaping.raised_acceleration

input_shaping.
input_shaping.
input_shaping.
input_shaping.
input_shaping.
input_shaping.

input_shaping.source

raised_acceleration.$1000
raised_acceleration.$1010
raised_acceleration.$1020
raised_acceleration.$1001
raised_acceleration.$1011

raised_acceleration.$1021

unit

type

string

array (2)  Hz

number | Hz
array (3)
array (2) = rpm

string

object

string

object

number
number
number

object

number
number
number
number
number
number

string

the fixtures: the tapped grid, vise, parallels, strap clamps, tape, V-blocks, friction

key

workholding.grid

workholding.

workholding.

workholding.

workholding.vise

workholding.

workholding.
workholding.
workholding.vise
workholding.vise

workholding.

grid.

grid.

grid.

vise.

vise.

vise.

vise.

type unit
object
thread string
X array
®)
y array
9)
object
name string
self_centring boolean
jaw_width number
.jaw_height number
.jaw_thickness number
step_height number

value

"M6"

[-125.0, -100.0, -75.0, -50.0,
50.0, 75.0, 100.0, 125.0]

[-100.0, -75.0, -50.0, -25.0,
0.0, 25.0, 50.0, 75.0, 100.0]

"75 mm self-centering
precision vise (V75100X
class) + 10...

true
75.0

21.15

2.5
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value what it is

"tool-point FRF, per
direction x (feed axes X,
Y): struct...

[161.0, 196.0]
1500.0

[0.03, 0.03, 0.03]
[6000.0, 24000.0]

"research note C 4.1, 4.4
(ZOA,; the holder
mode's frequen...

the kernel's input shaping (K1.10, kernel/docs/08-input-
shaping.md): what the structure modes ask of it

"not needed at the
commissioned
accelerations
($120-$122 ...

the input shaping settings as commissioned

the input shaping settings for raised accelerations: the
modes they suppress

196.0
0.05

"kernel line K1.10
(Obd7ffe):
tests/shaper_test.py
residu...

what it is

the table's tapped grid (model.py: M6 x 12 in columns GRID_XS either side, 9
rows from y -100)

a 75 mm self-centring vise (5th Axis V75100X class, note H 2.2 [R30]) on a 10 mm
aluminium subplate bolted into the grid: the only low vise that leaves room
under MC-1's 80 mm of Z (jaws 66 mm up)



key type unit  value what it is

workholding.vise.min_opening number 3.25

workholding.vise.max_opening number 770

workholding.vise.base_height number 35.0

workholding.vise.body_width number 75.0

workholding.vise.body_length number 100.0

workholding.vise.plate_thickness number 10.0

workholding.vise.plate_length number 130.0

workholding.vise.plate_width number 110.0

workholding.vise.clamp_force_n number | N 7400.0

workholding.vise_low object the low-profile vise on the grid (a set-up's "vise": "low"): jaw tops low enough for
a short probe to get over the blank with Z at its top

workholding.vise_low.name string "Low-profile vise, 75 mm

jaws, 128 mm opening
(Inception ...

workholding.vise_low.self_centring boolean false

workholding.vise_low.jaw_width number 75.0

workholding.vise_low.jaw_height number 15.0

workholding.vise_low.jaw_thickness number 15.0

workholding.vise_low.step_height number 3.0

workholding.vise_low.min_opening number 0.0

workholding.vise_low.max_opening number 128.0

workholding.vise_low.base_height number 5.0

workholding.vise_low.body_width number 75.0

workholding.vise_low.body_length number 210.0

workholding.vise_low.plate_thickness | number 0.0

workholding.vise_low.plate_length number 0.0

workholding.vise_low.plate_width number 0.0

workholding.vise_low.clamp_force_n number | N 5000.0

workholding.parallels object a standard parallel set (note H 2.6 [R45]): 1/8" thick, 1/2"..1-5/8" high in 1/8"
steps, 6" long

workholding.parallels.thickness number 3.18

workholding.parallels.min_height number 12.7

workholding.parallels.step number 3.175

workholding.parallels.max_height number 413

workholding.parallels.length number 152.4

workholding.clamp object M6 serrated step clamp (Te-Co 30501M, 64 x 25 x 13) with a step block behind
the stud; the stud screws into the grid; 5.4 N m gives 4.45 kN in the stud (Carr
Lane, note H 2.3 [R37][R39])

workholding.clamp.strap_length number 64.0

workholding.clamp.strap_width number 25.0

workholding.clamp.strap_thickness number 13.0

workholding.clamp.nose_on_part number 8.0

workholding.clamp.heel_length number 14.0

workholding.clamp.reach_min number 7.0

workholding.clamp.reach_max number 35.0

workholding.clamp.stud_diameter number 6.0

workholding.clamp.washer_diameter number 12.0

workholding.clamp.nut_height number 7.0

workholding.clamp.bolt_preload_n number | N 4450.0
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key type unit  value
workholding.tape object
workholding.tape.thickness number 1.0
workholding.tape.shear_mpa number | MPa = 0.48
workholding.tape.effective_share number 0.5
workholding.vblock object
workholding.vblock.length number 38.1
workholding.vblock.width number 50.8
workholding.vblock.height number 38.1
workholding.vblock.v_width number 28.0
workholding.vblock.clamp_force_n number | N 2000.0
workholding.friction object
workholding.friction.part_on_table number 03
workholding.friction.jaw_on_part number 0.35
workholding.friction.strap_on_part number 035
workholding.friction.safety_factor number 3.0
total_mass_kg
key type
total_mass_kg number

controller

the controller: firmware, input filtering, boot time, the $-settings, the pin map

key

controller.firmware

controller.board_profile

controller.board

controller.board.id

controller.board.text

controller.board.my_machine_board

controller.board.f_step_timer_hz

controller.board.timer_period_extra

controller.board.timer_max_cycles

controller.board.wake_up_ms

controller.board.step_pulse_latency_us

controller.board.step_toff_min_us

controller.board.pulse_timer_hz

controller.board.signals

controller.board.debounce_ms

type

string

string

object

string

string

string

number

number
number
number
number
number
number

array (4)

number

unit

Hz

s
s

Hz

ms
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what it is

3M VHB 4910, 1.0 mm acrylic foam (note H 2.4 [R41]): 480 kPa overlap shear after
72 h; half of it counted (peel from the moment of a lateral force above the bond
line, imperfect contact) [assumed]

a large V-block pair (Fowler X-Blox, 50.8 x 38.1 x 38.1, 38 mm capacity, 90 deg
[R43]) with its strap clamp (force assumed)

friction coefficients - the part on the table, in the jaws, under a strap - and the
safety factor of the slip check

physics, not design values (note H 2.7): the part slips when the cut beats these

unit value what it is
kg 66.2
value what it is

"Twinwright controller firmware
(the kernel, 1.0) with it...

"Teensy 4.1 + T41U5XBB: 24 MHz
step timer, USB-CDC"

the controller board as the MCU side is
modelled: step timer, step pulses and the $29
delay, input debounce, the sender's link
(architecture 4.2)

"teensy41_t41u5xbb"

"Teensy 4.1 (i.MX RT1062, Cortex-
M7 600 MHz) on a Brookwo...

"BOARD_T41U5XBB"

24000000 the step timer's clock (hal.f_step_timer); the

twin's virtual clock runs at it
1
1048575
2.0
0.2
2.0
150000000

["estop", "feed_hold",

"cycle_start", "motor_fault"]

40 control inputs are acted on this long after their
edge, if still on (0: at once)



key

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

board.

board

board.

board.

board.

board.

board.

board

board.

board.

board.

board.

board.

board

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

board.

debounced

.link_default

links

links.usb_cdc

links.usb_cdc.
links.usb_cdc.
links.usb_cdc.
.links.usb_cdc.
links.usb_cdc.
links.usb_cdc.
links.usb_cdc.
links.usb_cdc.
links.usb_cdc.

.links.usb_cdc

links.uart

links.uart.ba
links.uart.ad
links.uart.ad

links.uart.ad

links.uart.ho
links.uart.ho
links.uart.ji

links.telnet

links.telnet.
links.telnet.
links.telnet.
links.telnet.
links.telnet
links.telnet
links.telnet.
links.telnet.
links.telnet
links.telnet

fg_cost_us

frame_us

packet

rx_capacity

poll_us

poll_bytes
tx_buffer
tx_flush_us
host_out_latency_us
host_in_latency_us

.jitter_us

ud
apter
apter_packet

apter_timer_ms

st_out_latency_us
st_in_latency_us

tter_us

frame_us
packet
rx_capacity

poll_us

.poll_bytes

.tx_buffer

tx_flush_us

host_out_latency_us

.host_in_latency_us

.jitter_us

type

array (4)

string

object

object

number
number
number
number
number
number
number
number
number
number

object

number
string
number

number

number
number
number

object

number
number
number
number
number
number
number
number
number
number

object

unit

s

s

s
us
s

s

ms

ys
ys

s

ys

s

s
s
s
s

s
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value

["reset”, "feed_hold", "cycle_start",
"safety_door"]

"usb_cdc"

125.0
512

4096

20
6124
75.0
250.0
500.0

250.0

115200.0
"FT232R-class USB-serial adapter"
62

16.0

1000.0
1000.0

500.0

0.0
1460
2920
1000.0
1460
1024
1000.0
200.0
200.0

300.0

what it is

the sender's line as the firmware is configured
(my_machine.h USB_SERIAL_CDC): native USB, a
UART, or Telnet

the lines the board offers the sender: usb_cdc
and telnet are packets the foreground polls, uart
a byte per slot with a receive interrupt and the
host's USB-serial adapter

the USB CDC link: frames, packets, buffers,
polling, the host's latencies and jitter

the UART link through a USB-serial adapter:
baud rate, the adapter's packets and timer, the
host's latencies and jitter

the adapter's latency timer: a part-filled packet
waits this long

the network (Telnet) link: packets, buffers,
polling, latencies and jitter

the foreground's CPU time per unit of work (a
line parsed, a block planned, a step segment
prepared), us



key

controller.board.fg_cost_us.line

controller.board.fg_cost_us.plan_block
controller.board.fg_cost_us.segment

controller.board.identity

controller.board.identity.driver
controller.board.identity.mcu_mhz
controller.board.identity.driver_version
controller.board.identity.driver_options
controller.board.identity.board
controller.board.identity.twin_marker

controller.firmware_options

controller.firmware_options.my_machine_h

controller.firmware_options.my_machine_h.BOARD_T41U5XBB
controller.firmware_options.my_machine_h.USB_SERIAL_CDC
controller.firmware_options.my_machine_h.SPINDLE@_ENABLE
controller.firmware_options.my_machine_h.MODBUS_ENABLE
controller.firmware_options.my_machine_h.ESTOP_ENABLE
controller.firmware_options.my_machine_h.MOTOR_FAULT_ENABLE
controller.firmware_options.my_machine_h.MPG_ENABLE

controller.firmware_options.signals

controller.firmware_options.probe
controller.firmware_options.toolsetter
controller.firmware_options.plugins
controller.firmware_options.nvs
controller.firmware_options.axes

controller.firmware_options.driver

controller.firmware_options.driver.software_debounce

controller.firmware_options.driver.reboot

controller.firmware_options.driver.rtc

type unit

number

number
number

object

string
number | MHz
string

string

string

string

object

object

number
number
string

number
number
number
number

array (4)

boolean
boolean
array (2)
string

number

object

boolean

boolean

boolean
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value what it is

The foreground's CPU time (architecture 4.2 "Bi
BFEATHEEL"): charged per unit of work - a line
parsed and executed, a block planned (with the
planner's recalculation), a step segment
prepared - so a slow foreground starves the step
segment buffer as on a real MCU. Estimates for
the 600 MHz Cortex-M7 with its FPU (assumed):
measure on the board with a GPIO toggled
around each (03-commissioning).

15.0

5.0
3.0

What the controller says about itself in $I
(research note | 1.2, docs/06 G3): the driver's
own lines as the iIMXRT1062 driver sets them
(driver.c: hal.info, f_mcu, driver_version;
USB_SERIAL_CDC 2: the options) and the board
map's name - read the board's $I at
commissioning and put its lines here (FREE
MEMORY then too). twin_marker: one more line,
[PLUGIN:<marker>], tells the twin apart; "" gives
the board's $I exactly (a sender cannot tell them
apart - docs/06 8.6: by choice only)

"IMXRT1062"
600
"260616"
"USB.2"
"T41U5XBB"
"MC-1 twin"

what the controller's firmware is built with: its
build options, signals, probe, plugins, storage,
axes, the driver's options

the build options as the firmware's
my_machine.h names them

1
2
"SPINDLE_HUANYANG1"
1
1
1
0

["estop", "feed_hold",
motor_fault"]

"cycle_start",
true
false

["MODBUS", "HUANYANG VFD"]

“flash"

3
the board driver's options: debounce, reboot,
clock, planner blocks, receive buffer

true the iIMXRT1062 driver's own (assumed from its
source; the twin's driver the same): the control
inputs are debounced in software (OPT S),
$REBOOT restarts the MCU (NEWOPT REBOOT),
the RT1062's RTC (NEWOPT RTC - though that
driver never sets hal.driver_cap.rtc, so a real
board answers $RTC with error:3: finding 94)

true

true



key

controller.

controller.

controller.

controller.

controller

controller.

controller.

controller.

controller.

controller.

controller

controller.

controller.

controller.

controller.

controller.

controller

controller.

controller.

controller

controller.

controller.

controller.

controller.

controller.

controller

controller.

controller.

controller.

controller.

controller

controller.

controller.

controller.

controller.

controller

controller

controller

controller.

controller.

controller.

controller

firmware_options.driver.planner_blocks

firmware_options.driver.rx_buffer

panel

panel.

.panel.
panel.
panel.

panel.

panel.

panel.

.panel.
panel.
panel.

panel.

panel.

input_-

cycle_start

cycle_start.
cycle_start.
cycle_start.

cycle_start.

cycle_start.

feed_hold

via
input
teensy_pin

button

contact

feed_hold.via

feed_hold.input

feed_hold.teensy_pin

feed_hold.button

feed_hold.contact

filter_us

.boot_ms

settings

settings.$3

.settings.$100

settings.$101

settings.$102

settings.$110

settings.$111

settings.$112

.settings.$120

settings.$121

settings.$122

settings.$130

settings.$131

.settings.$132

settings.$10

settings.$11

settings.$12

settings.$0

.settings.$29
.settings.$1

.settings.$37

settings.$5

settings.$6

settings.$22

.settings.$20

type
number
number

object

object

string
string
number

string

string

object

string
string
number

string

string

number

number

object

number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number

number

unit  value what it is
100
1024

the control box's buttons and the controller
inputs they are on

the cycle start button (SB2): how it reaches the
controller, its input and pin, its contact

pin
"CYCLE_START"

17

"TEINEEIRE SB2 (B, 18
FF) . EBIEAED"

"NO"
the feed hold button (SB3): how it reaches the
controller, its input and pin, its contact

"oin®

"FEED_HOLD"

16

"BHAIRIFRE SB3 (EE, 1§
FF) |, EBEAA)

"NO"

Hs 20.0 the board's isolated inputs: shorter pulses do
not reach the pin (optocoupler; an RC filter
would add to it). Limit inputs are not debounced
in software (research F 2, 6)

the $-settings (setting number -> value), also in
mc1_settings.nc

800
800
800
3000.0
3000.0
1500.0
300.0
300.0
200.0
202.0
152.0
82.0
15871
0.002
0.002
5.0

5.0

255

541

121



key

controller.

controller.

controller.

controller

controller

controller.

controller.

controller.

controller.

controller

controller

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller.

controller

controller.

controller.

controller.

controller.

controller.

controller

controller.

controller.

controller

viewer

the 3D views:

key

viewer.glb

settings.
settings.
settings.
.settings.
.settings.
settings.
settings.
settings.
settings.
.settings.
.settings.
settings.
settings.
settings.
settings.
settings.
settings.
settings.
settings.
settings.
.settings.
settings.
settings.
settings.
settings.
settings.
.settings.

settings_

pin_map

$341
$342
$343
$344
$346
$30

$31

$340
$374
$375
$394
$460

file

.design_settings_table

type
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
number
string

array
(16)

array
(28)

unit

the GLB model and its node groups, pose conventions, cable chains

viewer.groups

viewer.groups.frame

viewer.groups.Y

viewer.groups.X

viewer.groups.Z

viewer.groups.dyn

viewer.glb_|

pose

viewer.table_top_z

type unit = value

string "out/web/mc1.glb"

object

string "fixed_frame"

string "Y_table"

string "X_carriage”

string "Z_slide"

string "cable_chains"

string "model mm, Z up; exported at x_c =

y_t =2z up = 0 where x...

number 59.0
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value
1

0

50

50

50

1200

1200

600

250

2.0

32

70

25

200

24000

6000

what it is

"twin/machine/mc1_settings.nc"

what it is

Everything twin/web needs to draw the machine: the GLB (moving
groups) plus the drag chains, cable routes and Z service loop, which the
viewer rebuilds per pose.

the 3D model's motion groups: which part moves with which axis



key

viewer.

viewer.

viewer.

viewer.

viewer.

viewer.

viewer.

viewer.

viewer.

viewer

tool_tip

chains

chains.x

chains.x.h
chains.x.w
chains.x.pitch
chains.x.R
chains.x.L

chains.x.fixed

.chains.x.y

viewer.

viewer.

viewer.

viewer.

viewer.

viewer

viewer

viewer

viewer

chains.x.z
chains.x.move_dx
chains.x.lift
chains.x.fill
chains.x.loop_sign

chains.y

chains.y.h

.chains.y.w

viewer.

viewer

viewer.

viewer

viewer

viewer

chains.y.pitch
chains.y.R
chains.y.L
chains.y.fixed

chains.y.x

.chains.y.z

viewer.

viewer

viewer.

viewer

viewer

chains.y.move_dy
chains.y.lift
chains.y.fill
chains.y.loop_sign

routes

.routes.x_motor

viewer.

viewer.

viewer.

viewer

routes.y_motor

routes.y_sensor_1

routes.y_sensor_2

.routes.x_sensor_L

viewer.

viewer.

viewer

routes.x_sensor_R

routes.x_chain_in_zmotor

.routes.x_chain_out

viewer.

viewer.

viewer

routes.y_chain_in_setter

routes.y_chain_out

.route_groups

type unit

string

object

object

number
number
number
number
number
number
number
number
number
number
number
number

object

number
number
number
number
number
number
number
number
number
number
number
number
object

array

©)

array
(6)

array
)

array
)

array
@)

array

@

array
)

array

@

array

®)

array

(6)

object

value

"spindle axis at model y = 0; tool tip
= (x_c 0, table_t...

38.0

400.0

150.0

204.5

340.0

20.0

360.0

150.0

-169.0

0.0

0.0
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what it is

the cable chains' geometry for the 3D view

the X cable chain: link size, pitch, bend radius, length, where it is fixed,
how it moves

the Y cable chain: link size, pitch, bend radius, length, where it is fixed,
how it moves

the cables' routes for the 3D view, as points (model mm)

the routes that ride on a cable chain, and which



key

viewer.

viewer.

viewer.

viewer

viewer

viewer.

viewer.

viewer.

viewer.

viewer

viewer

viewer.

viewer.

viewer.

viewer.

viewer.

viewer.

route_groups.x_chain_in_zmotor
route_groups.y_chain_in_setter

cable_dia

.cable_dia.x_motor

.cable_dia.y_motor

cable_dia.y_sensor_1
cable_dia.y_sensor_2
cable_dia.x_sensor_L

cable_dia.x_sensor_R

.cable_dia.x_chain_in_zmotor

.cable_dia.x_chain_out

cable_dia.y_chain_in_setter
cable_dia.y_chain_out
service_loop

service_loop.0.0

service_loop.40.0

service_loop.80.0

provenance

type unit = value
string X"
string "yt
object

number 9.0
number 9.0
number 4.0
number 4.0
number 4.0
number 4.0
number 9.0
number 18.0
number 4.0
number 4.0
object

array

@)

array

@)

array

@

what it is

each route's cable diameter (mm)

the Z cables' service loop at three heights of Z, as points (model mm)

where the values come from: a path pattern ("a[]" every item of a, "x/y_*" these keys, * a prefix; it covers what is under it; the most specific pattern wins) -> its
record (B1)

key

provenance.axes[].travel

provenance.axes[].travel.source

provenance.axes[].travel.note

provenance.axes[].travel.uncertainty

124



key

provenance.axes[].travel.refs

provenance.axes[].travel.values

provenance.axes[].travel.history

provenance.axes[].travel.history[].date
provenance.axes[].travel.history[].change
provenance.axes[].steps_per_mm
provenance.axes[].steps_per_mm.source

provenance.axes[].steps_per_mm.note

provenance.axes[].steps_per_mm.uncertainty

provenance.axes[].steps_per_mm.refs

provenance.axes[].steps_per_mm.values

provenance.axes[].steps_per_mm.history

provenance.axes[].steps_per_mm.history[].date
provenance.axes[].steps_per_mm.history[].change
provenance.axes[].switch.min/max
provenance.axes[].switch.min/max.source

provenance.axes[].switch.min/max.note

provenance.axes[].switch.min/max.uncertainty

provenance.axes[].switch.min/max.refs

provenance.axes[].switch.min/max.values

provenance.axes[].switch.min/max.history

provenance.axes[].switch.min/max.history[].date
provenance.axes[].switch.min/max.history[].change
provenance.axes[].switch.sn_mm/gap_mm/gap_design_mm/spot_r_cad_mm
provenance.axes[].switch.sn_mm/gap_mm/gap_design_mm/spot_r_cad_mm.source
provenance.axes[].switch.sn_mm/gap_mm/gap_design_mm/spot_r_cad_mm.note
provenance.axes[].switch.sn_mm/gap_mm/gap_design_mm/spot_r_cad_mm.uncertainty

provenance.axes[].switch.sn_mm/gap_mm/gap_design_mm/spot_r_cad_mm.refs

provenance.axes[].switch.sn_mm/gap_mm/gap_design_mm/spot_r_cad_mm.values

provenance.axes[].switch.sn_mm/gap_mm/gap_design_mm/spot_r_cad_mm.history

provenance.axes[].switch.sn_mm/gap_mm/gap_design_mm/spot_r_cad_mm.history[].date

provenance.axes[].switch.sn_mm/gap_mm/gap_design_mm/spot_r_cad_mm.history[].change
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key

provenance.

provenance.

provenance

provenance

provenance

provenance

axes[].switch.lambda_mm/w_mm

axes[].switch.lambda_mm/w_mm.source

.axes[].switch.lambda_mm/w_mm.note

.axes[].switch.lambda_mm/w_mm.uncertainty

.axes[].switch.lambda_mm/w_mm.refs

.axes[].switch.lambda_mm/w_mm.values

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance

provenance

provenance

axes[].switch.lambda_mm/w_mm.history

axes[].switch.lambda_mm/w_mm.history[].date
axes[].switch.lambda_mm/w_mm.history[].change
axes[].switch.hyst_mm/response_ms/jitter_ms/repeat_sigma_mm
axes[].switch.hyst_mm/response_ms/jitter_ms/repeat_sigma_mm.source

axes[].switch.hyst_mm/response_ms/jitter_ms/repeat_sigma_mm.note

axes[].switch.hyst_mm/response_ms/jitter_ms/repeat_sigma_mm.uncertainty

axes[].switch.hyst_mm/response_ms/jitter_ms/repeat_sigma_mm.refs

axes[].switch.hyst_mm/response_ms/jitter_ms/repeat_sigma_mm.values

.axes[].switch.hyst_mm/response_ms/jitter_ms/repeat_sigma_mm.history

.axes[].switch.hyst_mm/response_ms/jitter_ms/repeat_sigma_mm.history[].date

provenance.

provenance

provenance.

provenance.

provenance

provenance

provenance.

provenance.

provenance

provenance

provenance

axes[].switch.hyst_mm/response_ms/jitter_ms/repeat_sigma_mm.history[].change

axes[].switch.temp_c/temp_coeff_per_k
axes[].switch.temp_c/temp_coeff_per_k.source

axes[].switch.temp_c/temp_coeff_per_k.note

axes[].switch.temp_c/temp_coeff_per_k.uncertainty

axes[].switch.temp_c/temp_coeff_per_k.refs

axes[].switch.temp_c/temp_coeff_per_k.values

axes[].switch.temp_c/temp_coeff_per_k.history

axes[].switch.temp_c/temp_coeff_per_k.history[].date

axes[].switch.temp_c/temp_coeff_per_k.history[].change

.axes[].switch.ready_ms

provenance.

provenance.

provenance

provenance

provenance.

provenance.

provenance

provenance

provenance

axes[].switch.ready_ms.source

axes[].switch.ready_ms.note

axes[].switch.ready_ms.uncertainty

axes[].switch.ready_ms.refs

axes[].switch.ready_ms.values

axes[].switch.ready_ms.history

axes[].switch.ready_ms.history[].date

axes[].switch.ready_ms.history[].change

.axes[].switch.contact/inputs/type/anchor/target/unit_sr

provenance.

provenance.

axes[].switch.contact/inputs/type/anchor/target/unit_sr.source

axes[].switch.contact/inputs/type/anchor/target/unit_sr.note

axes[].switch.contact/inputs/type/anchor/target/unit_sr.uncertainty
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key

provenance.

provenance.

provenance.

provenance.

provenance

provenance

axes[].switch.

axes[].switch.

axes[].switch.

axes[].switch.

.axes[].switch.

contact/inputs/type/anchor/target/unit_sr

contact/inputs/type/anchor/target/unit_sr

contact/inputs/type/anchor/target/unit_sr

contact/inputs/type/anchor/target/unit_sr

contact/inputs/type/anchor/target/unit_sr

.axes[].hard_stop

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance

provenance

axes[].hard_stop.source

axes[].hard_stop.note

axes[].hard_stop.uncertainty

axes[].hard_stop.refs

axes[].hard_stop.values

axes[].hard_stop.history

axes[].hard_stop.history[].date
axes[].hard_stop.history[].change

axes[].moving_mass_kg

.axes[].moving_mass_kg.source

provenance.

provenance

provenance

provenance.

provenance.

provenance

provenance.

provenance

provenance

provenance

provenance

provenance

axes[].moving_mass_kg.note
axes[].moving_mass_kg.uncertainty

axes[].moving_mass_kg.refs

axes[].moving_mass_kg.values

axes[].moving_mass_kg.history

axes[].moving_mass_kg.history[].date
axes[].moving_mass_kg.history[].change
axes[].id/moves/home_dir

axes[].id/moves/home_dir.source

.axes[].id/moves/home_dir.note

.axes[].id/moves/home_dir.uncertainty

provenance.

provenance.

provenance

provenance.

provenance

provenance

provenance

provenance

provenance

axes[].id/moves/home_dir.refs

axes[].id/moves/home_dir.values

axes[].id/moves/home_dir.history

axes[].id/moves/home_dir.history[].date
axes[].id/moves/home_dir.history[].change
axes[].dir_sign/direction

axes[].dir_sign/direction.source

.axes[].dir_sign/direction.note

.axes[].dir_sign/direction.uncertainty

provenance.

provenance.

axes[].dir_sign/direction.refs

axes[].dir_sign/direction.values

axes[].dir_sign/direction.history

axes[].dir_sign/direction.history[].date

.refs

.values

.history

.history[].date

.history[].change
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key

provenance.axes[].dir_sign/direction.history[].change

provenance.sensor_materials
provenance.sensor_materials.source

provenance.sensor_materials.note

provenance.sensor_materials.uncertainty

provenance.sensor_materials.refs

provenance.sensor_materials.values

provenance.sensor_materials.history

provenance.sensor_materials.history[].date
provenance.sensor_materials.history[].change
provenance.wires

provenance.wires.source

provenance.wires.note

provenance.wires.uncertainty

provenance.wires.refs

provenance.wires.values

provenance.wires.history

provenance.wires.history[].date
provenance.wires.history[].change

provenance.faults

provenance.faults.source

provenance.faults.note

provenance.faults.uncertainty

provenance.faults.refs

provenance.faults.values

provenance.faults.history

provenance.faults.history[].date
provenance.faults.history[].change
provenance.controller.input_filter_us
provenance.controller.input_filter_us.source

provenance.controller.input_filter_us.note
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key
provenance.

provenance.

provenance.

provenance

provenance
provenance
provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.
provenance
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

controller.input_filter_us.uncertainty

controller.input_filter_us.refs

controller.input_filter_us.values

.controller.input_filter_us.history

.controller.input_filter_us.history[].date

.controller.input_filter_us.history[].change

controller.boot_ms

controller.boot_ms.source

controller.boot_ms.note

controller.boot_ms.uncertainty

controller.boot_ms.refs

controller.boot_ms.values

controller.boot_ms.history

controller.boot_ms.history[].date

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

controller.board

.controller.boot_ms.history[].change

.source

.note

.uncertainty

.refs

.values

.history

.history[].date
.history[].change
.links
.links.source

.links.note

.links.uncertainty

.links.refs

.links.values

.links.history

.links.history[].date
.links.history[].change
.identity
.identity.source

.identity.note

.identity.uncertainty

.identity.refs

.identity.values

provenance.controller.board.identity.history

129



key
provenance.
provenance.
provenance
provenance

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.
provenance
provenance

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

controller.board.identity.history[].date

controller.board.identity.history[].change

.controller.board.fg_cost_us

.controller.board.fg_cost_us.source

controller.board.fg_cost_us.note

controller.board.fg_cost_us.uncertainty

controller.board.fg_cost_us.refs

controller.board.fg_cost_us.values

controller.board.fg_cost_us.history

controller.board.fg_cost_us.history[].date
controller.board.fg_cost_us.history[].change
controller.settings

controller.settings.source

.controller.settings.note

.controller.settings.uncertainty

controller.settings.refs

controller.settings.values

controller.settings.history

controller.settings.history[].date

controller.settings.history[].change
controller.firmware/board_profile/pin_map/design_settings_table/settings_file
controller.firmware/board_profile/pin_map/design_settings_table/settings_file.source
controller.firmware/board_profile/pin_map/design_settings_table/settings_file.note
controller.firmware/board_profile/pin_map/design_settings_table/settings_file.uncertainty

controller.firmware/board_profile/pin_map/design_settings_table/settings_file.refs

controller.firmware/board_profile/pin_map/design_settings_table/settings_file.values

controller.firmware/board_profile/pin_map/design_settings_table/settings_file.history

controller.firmware/board_profile/pin_map/design_settings_table/settings_file.history[].date
controller.firmware/board_profile/pin_map/design_settings_table/settings_file.history[].change
controller.firmware_options

controller.firmware_options.source

controller.firmware_options.note

controller.firmware_options.uncertainty

controller.firmware_options.refs

controller.firmware_options.values

controller.firmware_options.history

controller.firmware_options.history[].date
controller.firmware_options.history[].change
controller.firmware_options.driver
controller.firmware_options.driver.source

controller.firmware_options.driver.note
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key
provenance.

provenance.

provenance.

provenance

provenance
provenance
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

controller.firmware_options.driver.uncertainty

controller.firmware_options.driver.refs

controller.firmware_options.driver.values

controller.board.

controller.board.

controller.board.

controller.board.

controller.board.

controller.board.

controller.board.

controller.board

controller.board.
.controller.panel
controller.panel.

controller.panel.

controller.panel.

controller.panel.

controller.panel.

controller.panel.

controller.panel.

controller.panel.

supply
supply.source

supply.note

signals

signals.

signals.

signals.

signals.

signals.

signals.

.signals.

signals.

source

note

.controller.firmware_options.driver.history

.controller.firmware_options.driver.history[].date

.controller.firmware_options.driver.history[].change

source

note

uncertainty

refs

values

history

history[].date

history[].change

uncertainty

refs

values

history

history[].date

history[].change

supply.uncertainty

supply.refs

supply.values

supply.history

supply.history[].

date

provenance.supply.history[].change

provenance.

power_on_pos

provenance.power_on_pos.source

provenance.power_on_pos.note

provenance.power_on_pos.uncertainty

provenance.power_on_pos.refs

provenance.power_on_pos.values
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provenance.power_on_pos.history

provenance.power_on_pos.history[].date
provenance.power_on_pos.history[].change
provenance.drives.motor
provenance.drives.motor.source

provenance.drives.motor.note

provenance.drives.motor.uncertainty

provenance.drives.motor.refs

provenance.drives.motor.values

provenance.drives.motor.history

provenance.drives.motor.history[].date
provenance.drives.motor.history[].change
provenance.drives.motor.detent_nm
provenance.drives.motor.detent_nm.source

provenance.drives.motor.detent_nm.note

provenance.drives.motor.detent_nm.uncertainty

provenance.drives.motor.detent_nm.refs

provenance.drives.motor.detent_nm.values

provenance.drives.motor.detent_nm.history

provenance.drives.motor.detent_nm.history[].date
provenance.drives.motor.detent_nm.history[].change
provenance.drives.motor.torque_constant_nm_a
provenance.drives.motor.torque_constant_nm_a.source
provenance.drives.motor.torque_constant_nm_a.note
provenance.drives.motor.torque_constant_nm_a.uncertainty

provenance.drives.motor.torque_constant_nm_a.refs

provenance.drives.motor.torque_constant_nm_a.values

provenance.drives.motor.torque_constant_nm_a.history

provenance.drives.motor.torque_constant_nm_a.history[].date
provenance.drives.motor.torque_constant_nm_a.history[].change
provenance.drives.motor.iron_loss_nm_per_krpm
provenance.drives.motor.iron_loss_nm_per_krpm.source

provenance.drives.motor.iron_loss_nm_per_krpm.note

provenance.drives.motor.iron_loss_nm_per_krpm.uncertainty

provenance.drives.motor.iron_loss_nm_per_krpm.refs

provenance.drives.motor.iron_loss_nm_per_krpm.values

provenance.drives.motor.iron_loss_nm_per_krpm.history

provenance.drives.motor.iron_loss_nm_per_krpm.history[].date
provenance.drives.motor.iron_loss_nm_per_krpm.history[].change

provenance.drives.motor.power_up_jump
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key

provenance.

provenance.

provenance.

provenance

provenance

provenance

provenance

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

drives.motor.power_up_jump.

drives.motor.power_up_jump.

drives.motor.power_up_jump.

.drives.motor.power_up_jump.

.drives.motor.power_up_jump.

.drives.motor.power_up_jump.

.drives.motor.power_up_jump.

drives.motor.power_up_jump.

drives.pullout_48v_rpm_nm
drives.pullout_48v_rpm_nm.

drives.pullout_48v_rpm_nm.

drives.pullout_48v_rpm_nm.

drives.pullout_48v_rpm_nm.

drives.pullout_48v_rpm_nm.

drives.pullout_48v_rpm_nm.

source

note

uncertainty

refs

values

history

history[].date

history[].change

source

note

uncertainty

refs

values

history

provenance.drives.pullout_48v_rpm_nm.history[].date

provenance.drives.pullout_48v_rpm_nm.history[].change

provenance.drives.lead_mm/coupling_inertia_kgm2

provenance.drives.lead_mm/coupling_inertia_kgm2.source

provenance.drives.lead_mm/coupling_inertia_kgm2.note

provenance.drives.lead_mm/coupling_inertia_kgm2.uncertainty

provenance.drives.lead_mm/coupling_inertia_kgm2.refs

provenance.drives.lead_mm/coupling_inertia_kgm2.values

provenance.drives.lead_mm/coupling_inertia_kgm2.history

provenance.drives.lead_mm/coupling_inertia_kgm2.history[].date

provenance.drives.lead_mm/coupling_inertia_kgm2.history[].change

provenance.

provenance.

provenance.

provenance.

provenance.

drives.model/note/step_s

drives.model/note/step_s.s
drives.model/note/step_s.n
drives.model/note/step_s.u

drives.model/note/step_s.r

ource
ote
ncertainty

efs

provenance.drives.model/note/step_s.values

provenance.drives.model/note/step_s.history

provenance.drives.model/note/step_s.history[].date

provenance.drives.model/note/step_s.history[].change

provenance.

provenance.

provenance.

provenance.

provenance.

drives.axes[].id/screw_length_mm/screw_inertia_kgm2/rotating_inertia_kgm2/moving_mass_kg/gravity_n
drives.axes[].id/screw_length_mm/screw_inertia_kgm2/rotating_inertia_kgm2/moving_mass_kg/gravity_n.source

drives.axes[].id/screw_length_mm/screw_inertia_kgm2/rotating_inertia_kgm2/moving_mass_kg/gravity_n.note

drives.axes[].id/screw_length_mm/screw_inertia_kgm2/rotating_inertia_kgm2/moving_mass_kg/gravity_n.uncertainty

drives.axes[].id/screw_length_mm/screw_inertia_kgm2/rotating_inertia_kgm2/moving_mass_kg/gravity_n.refs
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provenance.

provenance.

provenance.

provenance

provenance

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

provenance

drives.axes[].id/screw_length_mm/screw_inertia_kgm2/rotating_inertia_kgm2/moving_mass_kg/gravity_n.values

drives.axes[].id/screw_length_mm/screw_inertia_kgm2/rotating_inertia_kgm2/moving_mass_kg/gravity_n.history

drives.axes[].id/screw_length_mm/screw_inertia_kgm2/rotating_inertia_kgm2/moving_mass_kg/gravity_n.history[].date
.drives.axes[].id/screw_length_mm/screw_inertia_kgm2/rotating_inertia_kgm2/moving_mass_kg/gravity_n.history[].change
.drives.axes[].equivalent_mass_kg

drives.axes[].equivalent_mass_kg.source

drives.axes[].equivalent_mass_kg.note

drives.axes[].equivalent_mass_kg.uncertainty

drives.axes[].equivalent_mass_kg.refs

drives.axes[].equivalent_mass_kg.values

drives.axes[].equivalent_mass_kg.history

drives.axes[].equivalent_mass_kg.history[].date
drives.axes[].equivalent_mass_kg.history[].change
drives.axes[].friction_n
.drives.axes[].friction_n.source

.drives.axes[].friction_n.note

.drives.axes[].friction_n.uncertainty

.drives.axes[].friction_n.refs

.drives.axes[].friction_n.values

.drives.axes[].friction_n.history

.drives.axes[].friction_n.history[].date

.drives.axes[].friction_n.history[].change

.drives.axes[].12.rotating mass_kg/table_mass_kg/motor_mass_kg/screw_mass_kg
.drives.axes[].12.rotating_mass_kg/table_mass_kg/motor_mass_kg/screw_mass_kg.source

.drives.axes[].12.rotating_mass_kg/table_mass_kg/motor_mass_kg/screw_mass_kg.note

.drives.axes[].12.rotating_mass_kg/table_mass_kg/motor_mass_kg/screw_mass_kg.uncertainty

.drives.axes[].12.rotating_mass_kg/table_mass_kg/motor_mass_kg/screw_mass_kg.refs

.drives.axes[].12.rotating_mass_kg/table_mass_kg/motor_mass_kg/screw_mass_kg.values

.drives.axes[].12.rotating_mass_kg/table_mass_kg/motor_mass_kg/screw_mass_kg.history

.drives.axes[].12.rotating_mass_kg/table_mass_kg/motor_mass_kg/screw_mass_kg.history[].date
.drives.axes[].12.rotating_mass_kg/table_mass_kg/motor_mass_kg/screw_mass_kg.history[].change
.drives.axes[].12.k_axial_n_um/torsion_gj_nmm2/torsion_extra_mm/k_rest_n_um
.drives.axes[].12.k_axial_n_um/torsion_gj_nmm2/torsion_extra_mm/k_rest_n_um.source

.drives.axes[].12.k_axial_n_um/torsion_gj_nmm2/torsion_extra_mm/k_rest_n_um.note

.drives.axes[].12.k_axial_n_um/torsion_gj_nmm2/torsion_extra_mm/k_rest_n_um.uncertainty

.drives.axes[].12.k_axial_n_um/torsion_gj_nmm2/torsion_extra_mm/k_rest_n_um.refs

.drives.axes[].12.k_axial_n_um/torsion_gj_nmm2/torsion_extra_mm/k_rest_n_um.values

.drives.axes[].12.k_axial_n_um/torsion_gj_nmm2/torsion_extra_mm/k_rest_n_um.history

.drives.axes[].12.k_axial_n_um/torsion_gj_nmm2/torsion_extra_mm/k_rest_n_um.history[].date

.drives.axes[].12.k_axial_n_um/torsion_gj_nmm2/torsion_extra_mm/k_rest_n_um.history[].change
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key
provenance
provenance

provenance

provenance

provenance

provenance

provenance

provenance
provenance
provenance
provenance

provenance

provenance

provenance

provenance

provenance

provenance
provenance
provenance
provenance

provenance

provenance

provenance

provenance

provenance

provenance
provenance
provenance
provenance

provenance

provenance

provenance

provenance

provenance

provenance
provenance
provenance
provenance

provenance

provenance

.drives.axes[].12.
.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.
.drives.axes[].12.
.drives.axes[].12.
.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.
.drives.axes[].12.
.drives.axes[].12.
.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.
.drives.axes[].12.
.drives.axes[].12.
.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.

.drives.axes[].12.
.drives.axes[].12.

.drives.drive

coupling_n_um
coupling_n_um.source

coupling_n_um.note

coupling_n_um.uncertainty

coupling n_um.refs

coupling_n_um.values

coupling_n_um.history

coupling_n_um.history[].date
coupling_n_um.history[].change
nut_hertz_n_uml5
nut_hertz_n_uml5.source

nut_hertz_n_uml5.note

nut_hertz_n_uml5.uncertainty

nut_hertz_n_umil5.refs

nut_hertz_n_uml5.values

nut_hertz_n_uml5.history

nut_hertz_n_uml5.history[].date
nut_hertz_n_uml5.history[].change
frame

frame.source

frame.note

frame.uncertainty

frame.refs

frame.values

frame.history

frame.history[].date
frame.history[].change
friction_motor_n/friction_table_n
friction_motor_n/friction_table_n.source

friction_motor_n/friction_table_n.note

friction_motor_n/friction_table_n.uncertainty

friction_motor_n/friction_table_n.refs

friction_motor_n/friction_table_n.values

friction_motor_n/friction_table_n.history

friction_motor_n/friction_table_n.history[].date

friction_motor_n/friction_table_n.history[].change

.drives.drive.source

.drives.drive.note

.drives.drive.uncertainty

135



key

provenance.

provenance.

provenance.

provenance.

provenance.

provenance

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance

drives.drive

drives.drive

.drives.drive.

drives.drive

drives.drive

drives.drive

.drives.drive.

drives.drive.

drives.drive.

drives.drive.

drives.drive.

drives.drive.

drives.drive.

drives.drive.

drives.drive.

drives.drive.

refs

values

history

.history[].date

.history[].change

open_loop_below_rpm/current_loop_hz/bus_capacitance_uf/overvoltage_v/max_phase_advance_deg

open_loop_below_rpm/current_loop_hz/bus_capacitance_uf/overvoltage_v/max_phase_advance_deg.

open_loop_below_rpm/current_loop_hz/bus_capacitance_uf/overvoltage_v/max_phase_advance_deg.

open_loop_below_rpm/current_loop_hz/bus_capacitance_uf/overvoltage_v/max_phase_advance_deg.

open_loop_below_rpm/current_loop_hz/bus_capacitance_uf/overvoltage_v/max_phase_advance_deg.

.open_loop_below_rpm/current_loop_hz/bus_capacitance_uf/overvoltage_v/max_phase_advance_deg.

open_loop_below_rpm/current_loop_hz/bus_capacitance_uf/overvoltage_v/max_phase_advance_deg.

.open_loop_below_rpm/current_loop_hz/bus_capacitance_uf/overvoltage_v/max_phase_advance_deg.

.open_loop_below_rpm/current_loop_hz/bus_capacitance_uf/overvoltage_v/max_phase_advance_deg.

13_sub_steps

13_sub_steps.source

provenance.drives.drive.
provenance.drives.drive.

provenance.drives.drive.

provenance.drives.drive.

provenance.drives.drive.

provenance.drives.drive.

provenance.drives.drive.

provenance.drives.alm

13_sub_steps.note
13_sub_steps.uncertainty

13_sub_steps.refs

13_sub_steps.values

13_sub_steps.history

13_sub_steps.history[].date

13_sub_steps.history[].change

provenance.drives.alm.source

provenance.drives.alm.note

provenance.drives.alm.uncertainty

provenance.drives.alm.refs

provenance.drives.alm.values

provenance.drives.alm.history

provenance.drives.alm.history[].date

provenance.drives.alm.history[].change

provenance.drives.power

provenance.drives.power.

provenance.drives.power.

provenance.drives.power.

provenance.drives.power.

provenance.drives.power.

provenance.drives.power.

provenance.drives.power.

source

note

uncertainty

refs

values

history

history[].date
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note

uncertainty

refs

values

history

history[].date

history[].change



key
provenance.drives.power.history[].change
provenance.drives.12
provenance.drives.12.source

provenance.drives.12.note

provenance.drives.12.uncertainty

provenance.drives.12.refs

provenance.drives.12.values

provenance.drives.12.history

provenance.drives.12.history[].date

provenance.drives.12.history[].change

provenance.drives.12.zeta_axial/zeta_coupling/servo_damping_ratio/current_lag_ms/smoothing_ms/contact_restitution/impact_speed_mm_s
provenance.drives.12.zeta_axial/zeta_coupling/servo_damping_ratio/current_lag_ms/smoothing_ms/contact_restitution/impact_speed_mm_s.

provenance.drives.12.zeta_axial/zeta_coupling/servo_damping_ratio/current_lag_ms/smoothing_ms/contact_restitution/impact_speed_mm_s.

provenance.drives.12.zeta_axial/zeta_coupling/servo_damping_ratio/current_lag_ms/smoothing_ms/contact_restitution/impact_speed_mm_s.

provenance.drives.12.zeta_axial/zeta_coupling/servo_damping_ratio/current_lag_ms/smoothing_ms/contact_restitution/impact_speed_mm_s.

source

note

uncertainty

refs

provenance.drives.12.zeta_axial/zeta_coupling/servo_damping_ratio/current_lag_ms/smoothing_ms/contact_restitution/impact_speed_mm_s.values

provenance.drives.12.zeta_axial/zeta_coupling/servo_damping_ratio/current_lag_ms/smoothing_ms/contact_restitution/impact_speed_mm_s.history

provenance.drives.12.zeta_axial/zeta_coupling/servo_damping_ratio/current_lag_ms/smoothing_ms/contact_restitution/impact_speed_mm_s.history[].date

provenance.drives.12.zeta_axial/zeta_coupling/servo_damping_ratio/current_lag_ms/smoothing_ms/contact_restitution/impact_speed_mm_s.history[].change

provenance.drives.12.stribeck_ratio/stribeck_v_mm_s/viscous_n_s_mm/lugre_sigma®_n_um

provenance.drives.12.stribeck_ratio/stribeck_v_mm_s/viscous_n_s_mm/lugre_sigma®_n_um.source

provenance.drives.12.stribeck_ratio/stribeck_v_mm_s/viscous_n_s_mm/lugre_sigma@_n_um.note

provenance.drives.12.stribeck_ratio/stribeck_v_mm_s/viscous_n_s_mm/lugre_sigma@_n_um.uncertainty

provenance.drives.12.stribeck_ratio/stribeck_v_mm_s/viscous_n_s_mm/lugre_sigma®_n_um.refs

provenance.drives.12.stribeck_ratio/stribeck_v_mm_s/viscous_n_s_mm/lugre_sigma®_n_um.values

provenance.drives.12.stribeck_ratio/stribeck_v_mm_s/viscous_n_s_mm/lugre_sigma®_n_um.history

provenance.drives.12.stribeck_ratio/stribeck_v_mm_s/viscous_n_s_mm/lugre_sigma®_n_um.history[].date

provenance.drives.12.stribeck_ratio/stribeck_v_mm_s/viscous_n_s_mm/lugre_sigma@_n_um.history[].change

provenance.cutting.materials.alpha_um_m_k/c_j_kg_k
provenance.cutting.materials.alpha_um_m_k/c_j_kg_k.source

provenance.cutting.materials.alpha_um_m_k/c_j_kg_k.note

provenance.cutting.materials.alpha_um_m_k/c_j_kg_k.uncertainty

provenance.cutting.materials.alpha_um_m_k/c_j_kg_k.refs

provenance.cutting.materials.alpha_um_m_k/c_j_kg_k.values

provenance.cutting.materials.alpha_um_m_k/c_j_kg_k.history

provenance.cutting.materials.alpha_um_m_k/c_j_kg_k.history[].date
provenance.cutting.materials.alpha_um_m_k/c_j_kg_k.history[].change
provenance.spindle.vfd.params

provenance.spindle.vfd.params.source

provenance.spindle.vfd.params.note

137



key
provenance.

provenance.

provenance

provenance

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance
provenance
provenance
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

spindle.

spindle.

.spindle.

.spindle.

spindle.

spindle.

spindle.

spindle.

spindle.

spindle.

spindle.

spindle.

spindle.

spindle

.spindle.
.spindle.

.spindle.

spindle.

spindle.

spindle

spindle

spindle.

spindle.

spindle

spindle.

spindle

spindle.

spindle.

spindle

spindle

spindle.

spindle.

vfd.

vfd.

vfd.

vfd.

vfd.

.params.uncertainty

params.refs

params.values

.params.history

.params.history[].date
.params.history[].change
.factory

.factory.source

.factory.note

.factory.uncertainty

factory.refs

factory.values

.factory.history

.factory.history[].date
.factory.history[].change
.protocol
.protocol.source

.protocol.note

.protocol.uncertainty

.protocol.refs

.protocol.values

.protocol.history

.protocol.history[].date
.protocol.history[].change
.reply_latency_ms/min_gap_ms
.reply_latency_ms/min_gap_ms.source

.reply_latency_ms/min_gap_ms.note

.reply_latency_ms/min_gap_ms.uncertainty

.reply_latency_ms/min_gap_ms.refs

.reply_latency_ms/min_gap_ms.values

.reply_latency_ms/min_gap_ms.history

reply_latency_ms/min_gap_ms.history[].date

provenance.spindle.vfd.reply_latency_ms/min_gap_ms.history[].change

provenance.spindle.vfd.boot_s/oc_factor/overload_*

provenance.spindle.vfd.boot_s/oc_factor/overload_*.source

provenance.spindle.vfd.boot_s/oc_factor/overload_*.note

provenance.spindle.vfd.boot_s/oc_factor/overload_*.uncertainty

provenance.spindle.vfd.boot_s/oc_factor/overload_*.refs

provenance.spindle.vfd.boot_s/oc_factor/overload_*.values

provenance.spindle.vfd.boot_s/oc_factor/overload_*.history
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provenance.
provenance.
provenance.
provenance.

provenance.

provenance

provenance

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.
provenance.

provenance.

provenance.spindle.

spindle.
spindle.
spindle.
spindle.

spindle.

.spindle.

.spindle.

spindle.

spindle.

spindle.
spindle.
spindle.
spindle.
spindle.
spindle.

spindle.

spindle.

spindle.

spindle.
spindle.
spindle.
spindle.

spindle.

spindle.

spindle.

spindle.

spindle.

spindle.
spindle.

spindle.

vfd.

vfd.

vfd.

vfd

.boot_s/oc_factor/overload_*.history[].date

.boot_s/oc_factor/overload_*.history[].change

.bus_capacitance_uf/lu_v/control_off_v/control_w/dc_bus_v

.bus_capacitance_uf/lu_v/control_off_v/control_w/dc_bus_v.source

.bus_capacitance_uf/lu_v/control_off_v/control_w/dc_bus_v.note

.bus_capacitance_uf/lu_v/control_off_v/control_w/dc_bus_v.uncertainty

bus_capacitance_uf/lu_v/control_off_v/control_w/dc_bus_v.refs

bus_capacitance_uf/lu_v/control_off_v/control_w/dc_bus_v.values

.bus_capacitance_uf/lu_v/control_off_v/control_w/dc_bus_v.history

.bus_capacitance_uf/lu_v/control_off_v/control_w/dc_bus_v.history[].date

.bus_capacitance_uf/lu_v/control_off_v/control_w/dc_bus_v.history[].change

.model/rated_power_w/rated_current_a/supply/port

.model/rated_power_w/rated_current_a/supply/port.
.model/rated_power_w/rated_current_a/supply/port.
.model/rated_power_w/rated_current_a/supply/port.

.model/rated_power_w/rated_current_a/supply/port.

.model/rated_power_w/rated_current_a/supply/port.

.model/rated_power_w/rated_current_a/supply/port.

.model/rated_power_w/rated_current_a/supply/port.

motor.model/rated_*/poles

motor.model/rated_*/poles.source

motor.model/rated_*/poles.note

motor.model/rated_*/poles.uncertainty

motor.model/rated_*/poles.refs

motor.model/rated_*/poles.values

motor.model/rated_*/poles.history

motor.model/rated_*/poles.history[].date

motor.model/rated_*/poles.history[].change

model/rated_power_w/rated_current_a/supply/port.

source
note
uncertainty

refs

values

history

history[].date

history[].change

motor.rated_slip/breakdown_torque_ratio/no_load_current_a

motor.rated_slip/breakdown_torque_ratio/no_load_current_a.source

provenance.spindle.motor.rated_slip/breakdown_torque_ratio/no_load_current_a.note

provenance.spindle.motor.rated_slip/breakdown_torque_ratio/no_load_current_a.uncertainty

provenance.spindle.motor.rated_slip/breakdown_torque_ratio/no_load_current_a.refs

provenance.spindle.motor.rated_slip/breakdown_torque_ratio/no_load_current_a.values

provenance.spindle.motor.rated_slip/breakdown_torque_ratio/no_load_current_a.history

provenance.spindle.motor.rated_slip/breakdown_torque_ratio/no_load_current_a.history[].date

provenance.spindle.motor.rated_slip/breakdown_torque_ratio/no_load_current_a.history[].change

provenance.spindle.motor.inertia_kgm2/friction_nm/viscous_nms

provenance.spindle.motor.inertia_kgm2/friction_nm/viscous_nms.source
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provenance.

provenance.

provenance.

provenance.

provenance

provenance
provenance
provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.
provenance
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

spindle.

spindle.

spindle.

spindle.

.spindle.

.spindle.

.spindle.

spindle.
spindle.
spindle.
spindle.

spindle.

spindle.

spindle.

spindle.

.spindle.

motor.

motor

motor.

motor

motor

motor.

motor

inertia_kgm2/friction_nm/viscous_nms.

.inertia_kgm2/friction_nm/viscous_nms.

inertia_kgm2/friction_nm/viscous_nms.

.inertia_kgm2/friction_nm/viscous_nms.

.inertia_kgm2/friction_nm/viscous_nms.

inertia_kgm2/friction_nm/viscous_nms.

.inertia_kgm2/friction_nm/viscous_nms.

coolant_pump

coolant_pump.source

coolant_pump.note

coolant_pump.uncertainty

coolant_pump.refs

coolant_pump.values

coolant_pump.history

coolant_pump.history[].date

coolant_pump.history[].change

spindle.encoder

spindle.encoder.source

spindle.encoder.note

spindle.encoder.uncertainty

spindle.encoder.refs

spindle.encoder.values

spindle.encoder.history

spindle.encoder.history[].date

spindle.encoder.history[].change

tool_setter

tool_setter.

tool_setter.

tool_setter.

tool_setter.

source

note

uncertainty

refs

tool_setter.values

provenance.tool_setter.history

provenance.tool_setter.history[].date

provenance.tool_setter.history[].change

provenance.tool_setter.overtravel/contact

provenance.tool_setter.overtravel/contact.source

provenance.tool_setter.overtravel/contact.note

provenance.tool_setter.overtravel/contact.uncertainty

provenance.tool_setter.overtravel/contact.refs

provenance.tool_setter.overtravel/contact.values

note

uncertainty

refs

values

history

history[].d

history[].change

ate
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provenance.tool_setter.

provenance.tool_setter.
provenance.tool_setter.
provenance.tool_setter.
provenance.tool_setter.

provenance.tool_setter.

provenance.tool_setter.

provenance.tool_setter.

provenance.tool_setter.

provenance.tool_setter.

provenance.tool_setter.
provenance.tool_setter.
provenance.touch_probe.
provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.
provenance.touch_probe.
provenance.touch_probe.
provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.
provenance.touch_probe.
provenance.touch_probe.
provenance.touch_probe.

provenance.touch_probe.

overtravel/contact.history

overtravel/contact.history[].date
overtravel/contact.history[].change

pretravel_mm/repeat_sigma_mm/reset_hyst_mm/bounces/bounce_ms

pretravel_mm/repeat_sigma_mm/reset_hyst_mm/bounces/bounce_ms.

pretravel_mm/repeat_sigma_mm/reset_hyst_mm/bounces/bounce_ms.

pretravel_mm/repeat_sigma_mm/reset_hyst_mm/bounces/bounce_ms.

pretravel_mm/repeat_sigma_mm/reset_hyst_mm/bounces/bounce_ms.

pretravel_mm/repeat_sigma_mm/reset_hyst_mm/bounces/bounce_ms.

pretravel_mm/repeat_sigma_mm/reset_hyst_mm/bounces/bounce_ms.

pretravel_mm/repeat_sigma_mm/reset_hyst_mm/bounces/bounce_ms.

pretravel_mm/repeat_sigma_mm/reset_hyst_mm/bounces/bounce_ms.

model
model.source

model.note

model.uncertainty

model.refs

model.values

model.history

model.history[].date
model.history[].change

stylus_travel_mm

stylus_travel_mm.

stylus_travel_mm.

stylus_travel_mm.

stylus_travel_mm.

stylus_travel_mm.

stylus_travel_mm.

stylus_travel_mm.

stylus_travel_mm.

geometry
geometry.source

geometry.note

source

note

uncertainty

refs

values

history

history[].date

history[].change

provenance.touch_probe.geometry.uncertainty

provenance.touch_probe.

provenance.touch_probe.

provenance.touch_probe.

geometry.refs

geometry.values

geometry.history

provenance.touch_probe.geometry.history[].date

provenance.touch_probe.geometry.history[].change

provenance.touch_probe.

styli
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key
provenance

provenance

provenance

provenance

provenance

provenance

provenance
provenance
provenance
provenance

provenance

provenance

provenance

provenance

provenance

provenance
provenance
provenance
provenance

provenance

provenance

provenance

provenance

provenance

provenance
provenance
provenance
provenance

provenance

provenance

provenance

provenance

.touch_probe.styli.source

.touch_probe.styli.note

.touch_probe.styli.uncertainty

.touch_probe.styli.refs

.touch_probe.styli.values

.touch_probe.styli.history

.touch_probe.styli.history[].date

.touch_probe.styli.history[].change

.touch_probe.typical

.touch_probe.typical.

.touch_probe.typical.

.touch_probe.typical.

.touch_probe.typical.

.touch_probe.typical.

.touch_probe.typical.

.touch_probe.typical.

.touch_probe.typical.

.sound.sources

.sound.sources.source

.sound.sources.note

source

note

uncertainty

refs

values

history

history[].date

history[].change

.sound.sources.uncertainty

.sound.sources.refs

.sound.sources.values

.sound.sources.history

.sound.sources.history[].date

.sound.sources.history[].change

.sound. sources.pump

.sound.sources. pump.source

.sound.sources.pump.note

.sound.sources.pump.uncertainty

.sound.sources.pump.refs

.sound.sources.pump.values

provenance.sound.sources.pump.history

provenance.sound.sources.pump.history[].date

provenance.sound.sources.pump.history[].change

provenance

.sound.listener

provenance.sound.listener.source

provenance

.sound.listener.note

provenance.sound.listener.uncertainty
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provenance.sound.listener.refs

provenance.sound.listener.values

provenance.sound.listener.history

provenance.sound.listener.history[].date
provenance.sound.listener.history[].change
provenance.sound.radiation
provenance.sound.radiation.source

provenance.sound.radiation.note

provenance.sound.radiation.uncertainty

provenance.sound.radiation.refs

provenance.sound.radiation.values

provenance.sound.radiation.history

provenance.sound.radiation.history[].date
provenance.sound.radiation.history[].change
provenance.collision
provenance.collision.source

provenance.collision.note

provenance.collision.uncertainty

provenance.collision.refs

provenance.collision.values

provenance.collision.history

provenance.collision.history[].date
provenance.collision.history[].change
provenance.collision.groups
provenance.collision.groups.source

provenance.collision.groups.note

provenance.collision.groups.uncertainty

provenance.collision.groups.refs

provenance.collision.groups.values

provenance.collision.groups.history

provenance.collision.groups.history[].date
provenance.collision.groups.history[].change
provenance.collision.near_miss_mm
provenance.collision.near_miss_mm.source
provenance.collision.near_miss_mm.note
provenance.collision.near_miss_mm.uncertainty

provenance.collision.near_miss_mm.refs

provenance.collision.near_miss_mm.values

provenance.collision.near_miss_mm.history

provenance.collision.near_miss_mm.history[].date
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provenance.
provenance.
provenance.

provenance.

provenance

provenance

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.cutting.tool_strength.history[].change

collision.near_miss_mm.history[].change

cutting.
cutting.

cutting.

.cutting.

.cutting.

cutting.

cutting.

cutting.
cutting.
cutting.
cutting.

cutting.

cutting.

cutting.

materials

materials.

materials.

materials.

materials.

materials.

materials.

materials.

materials

material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3
material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

source

note

uncertainty

refs

values

history

history[].date

.history[].change

source

note

uncertainty

refs

cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.values

cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.history

cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.history[].date

cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.history[].change

cutting.tool_default/tool_geometry

cutting.tool_default/tool_geometry.source
cutting.tool_default/tool_geometry.note
cutting.tool_default/tool_geometry.uncertainty

cutting.tool_default/tool_geometry.refs

cutting.tool_default/tool_geometry.values

cutting.tool_default/tool_geometry.history

cutting.tool_default/tool_geometry.history[].date

cutting.tool_default/tool_geometry.history[].change

cutting.tool_strength

cutting.tool_strength.source

cutting.tool_strength.note

cutting.tool_strength.uncertainty

cutting.tool_strength.refs

cutting.tool_strength.values

cutting.tool_strength.history

cutting.tool_strength.history[].date

provenance.cutting.force_model

provenance.cutting.force_model.source

provenance.cutting.force_model.note
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provenance.
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provenance
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provenance.

provenance.

provenance.

provenance.

provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

cutting.

cutting.

cutting.

.cutting.

.cutting.

.cutting.

cutting.
cutting.

cutting.

cutting.

cutting.

cutting.

cutting.

cutting.

cutting.

.cutting.

cutting.

cutting.

cutting.

cutting.

cutting.

cutting.

cutting.
cutting.
cutting.
cutting.

cutting.

cutting.

cutting.

cutting.

cutting.

cutting.

force_model.uncertainty

force_model.refs

force_model.values

force_model.history

force_model.history[].date
force_model.history[].change
runout

runout.source

runout.note

runout.uncertainty

runout.refs

runout.values

runout.history

runout.history[].date
runout.history[].change
edge

edge.source

edge.note

edge.uncertainty

edge.refs

edge.values

edge.history

edge.history[].date
edge.history[].change
wear

wear.source

wear.note

wear.uncertainty

wear.refs

wear.values

wear.history

wear.history[].date

provenance.cutting.wear.history[].change

provenance.cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach

provenance.cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.source

provenance.cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.note

provenance.cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.uncertainty

provenance.cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.refs

provenance.cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.values
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provenance

provenance
provenance
provenance
provenance

provenance

provenance

provenance

provenance

provenance

provenance
provenance
provenance
provenance

provenance

.cutting.

.cutting.
.cutting.
.cutting.
.cutting.

.cutting.

.cutting.

.cutting.

.cutting.

.cutting.

.cutting.
.cutting.
.cutting.
.cutting.

.cutting.

stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.history

stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.history[].date

stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.history[].change

variation

variation.

variation.

variation.

variation.

variation.

variation.

variation
variation
complianc
complianc

complianc

source

note

uncertainty

refs

values

history

.history[].date
.history[].change
e

e.source

e.note

provenance.cutting.compliance.uncertainty

provenance.cutting.compliance.refs

provenance.cutting.compliance.values

provenance.cutting.compliance.history

provenance.cutting.compliance.history[].date

provenance.cutting.compliance.history[].change

provenance.cutting.dynamics

provenance.cutting.dynamics.

provenance.cutting.dynamics.

provenance.cutting.dynamics.

provenance.cutting.dynamics.

provenance.cutting.dynamics.

provenance.cutting.dynamics.

provenance.cutting.dynamics.

provenance.cutting.dynamics.

provenance.workholding

source

note

uncertainty

refs

values

history

history[].date

history[].change

provenance.workholding.source

provenance.workholding.note

provenance.workholding.uncertainty

provenance.workholding.refs

provenance.workholding.values

provenance.workholding.history

provenance.workholding.history[].date

provenance.workholding.history[].change

provenance.workholding.vise_low
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key
provenance.workholding.vise_low.source

provenance.workholding.vise_low.note

provenance.workholding.vise_low.uncertainty

provenance.workholding.vise_low.refs

provenance.workholding.vise_low.values

provenance.workholding.vise_low.history

provenance.workholding.vise_low.history[].date
provenance.workholding.vise_low.history[].change
provenance.total_mass_kg
provenance.total_mass_kg.source
provenance.total_mass_kg.note
provenance.total_mass_kg.uncertainty

provenance.total_mass_kg.refs

provenance.total_mass_kg.values

provenance.total_mass_kg.history

provenance.total_mass_kg.history[].date
provenance.total_mass_kg.history[].change

provenance.viewer

provenance.viewer,source

provenance.viewer.note

provenance.viewer.uncertainty

provenance.viewer.refs

provenance.viewer.values

provenance.viewer.history

provenance.viewer.history[].date
provenance.viewer.history[].change
provenance.schema/generated/units/name/coordinates
provenance.schema/generated/units/name/coordinates.source
provenance.schema/generated/units/name/coordinates.note
provenance.schema/generated/units/name/coordinates.uncertainty

provenance.schema/generated/units/name/coordinates.refs

provenance.schema/generated/units/name/coordinates.values
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key

provenance.schema/generated/units/name/coordinates.history

provenance.schema/generated/units/name/coordinates.history[].date

provenance.schema/generated/units/name/coordinates.history[].change

provenance.accuracy

Where the twin's internal error-model parameters come from (the error model is off by default); the records' values are not published.

key type unit  whatitis
provenance.accuracy object
provenance.accuracy.source string the category: design, cad (off the CAD model), datasheet, literature (research notes,

catalogues), calc (from other values), assumption, measured (on this machine), model (a
simulation setting)

provenance.accuracy.note string where exactly, and what to measure
provenance.accuracy.uncertainty string how far off the values may be, in words ("+-20 %", "exact")
provenance.accuracy.refs array references: research notes, datasheets, source files
®)
provenance.accuracy.values string a digest of the values the pattern covers: when they change, the history gets an item
provenance.accuracy.history array the entry's changes, dated (source, note, uncertainty, values)
®3)
provenance.accuracy.history[].date string
provenance.accuracy.history[].change string
provenance.accuracy.thermal.frame object
provenance.accuracy.thermal.frame.source string
provenance.accuracy.thermal.frame.note string
provenance.accuracy.thermal.frame.uncertainty string
provenance.accuracy.thermal.frame.refs array
@)
provenance.accuracy.thermal.frame.values string
provenance.accuracy.thermal.frame.history array
(M
provenance.accuracy.thermal.frame.history[].date string
provenance.accuracy.thermal.frame.history[].change string
provenance.accuracy.thermal.ambient_dt_k object
provenance.accuracy.thermal.ambient_dt_k.source string
provenance.accuracy.thermal.ambient_dt_k.note string
provenance.accuracy.thermal.ambient_dt_k.uncertainty string
provenance.accuracy.thermal.ambient_dt_k.refs array
©)
provenance.accuracy.thermal.ambient_dt_k.values string
provenance.accuracy.thermal.ambient_dt_k.history array
(1
provenance.accuracy.thermal.ambient_dt_k.history[].date string

provenance.accuracy.thermal.ambient_dt_k.history[].change  string

provenance.accuracy.thermal.part object
provenance.accuracy.thermal.part.source string
provenance.accuracy.thermal.part.note string
provenance.accuracy.thermal.part.uncertainty string
provenance.accuracy.thermal.part.refs array
(1
provenance.accuracy.thermal.part.values string
provenance.accuracy.thermal.part.history array

m
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key
provenance.accuracy.thermal.part.history[].date
provenance.accuracy.thermal.part.history[].change
provenance.accuracy.thermal.dynamic
provenance.accuracy.thermal.dynamic.source
provenance.accuracy.thermal.dynamic.note
provenance.accuracy.thermal.dynamic.uncertainty

provenance.accuracy.thermal.dynamic.refs

provenance.accuracy.thermal.dynamic.values

provenance.accuracy.thermal.dynamic.history

provenance.accuracy.thermal.dynamic.history[].date

provenance.accuracy.thermal.dynamic.history[].change

provenance.drives.axes[].12.coupling_play_um

type unit
string
string
object
string
string
string

array

m
string

array

m
string

string

Where the coupling's play comes from; the record's values are not published.

key
provenance.drives.axes[].12.coupling play_um

provenance.drives.axes[].12.coupling_play_um.source

provenance.drives.axes[].12.coupling_play_um.note
provenance.drives.axes[].12.coupling_play_um.uncertainty

provenance.drives.axes[].12.coupling_play_um.refs

provenance.drives.axes[].12.coupling_play_um.values

provenance.drives.axes[].12.coupling_play_um.history

provenance.drives.axes[].12.coupling_play_um.history[].date

type
object

string

string
string

array

(1
string

array

)

string

provenance.drives.axes[].12.coupling_play_um.history[].change | string

1820 keys.

what it is

unit
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what it is

the category: design, cad (off the CAD model), datasheet, literature (research notes,
catalogues), calc (from other values), assumption, measured (on this machine), model
(a simulation setting)

where exactly, and what to measure
how far off the values may be, in words ("+-20 %", "exact")

references: research notes, datasheets, source files

a digest of the values the pattern covers: when they change, the history gets an item

the entry's changes, dated (source, note, uncertainty, values)



7134

EESHAZSE Grbl 1.1 FIEBROMY, HIFER Grol RIERAFRBILY R, 7 Grol BRYAERMAEIESE, WTRIRIFIREFIENRENL G R RENRAT,

i

HETRER B&iE

Studio EBRYZEAE | ASHIAY TCP 0 2323, —IR—NREIRIE,

MC-1 THIRE USB O, — 180 (Windows E2 COM*n*) , RIS, AR EIERIE 115200, KX DTR LUSEHIEEA B,
THME

e {TR: LFEf CREFR—1T. CRLFE LF CREERE—NMIE; B LF 2/1T.

o ME: B {TEHIEEEE ok BL error:N, HEATRAIIF. B N ISR,

o K &Z 256 NER. BRANTE error:11,

o FRATE: BKETKX 1024 75, RERERSTLUERXASFHERH. BREEINE. KSREEN sf: HHRTHIZE,

o HIRIZE: 100 MR, Bf: thEAHZEAIHREL,

o FEMT: HARSEIFIIN, TEETXESE, BNBENEAEEINE. S ex19 (fFLL) . exes 5f exss (BUEMEI) SHEIEREERNIT.
o WEZRE: T—176 RBERNT, BEE—MER BER—% s 9. — T EAL

SERGS
T SRENFD. EHE—WEBHT, PMAEAE—TAFE. BRBTEHT—T, thikE ok,
FH we Bita
ox18 (Ctrl-X) =L1v} VHIEEMET, BiRHEERRA, MEEREMRIR ALARM:3 | BEFET. SSRENNES,
oxe3 (Ctrl-C) S (FERERBT) A Ctrl-X, SfHRERBESE,
ex19 (Ctrl-Y) =1k MRS, PREHEERT. UBRE, TRE.
ESC 73 ox14 SIS BEEHIRE, RERBCERIRT L.
? RSRE —IRERE.
ox80 (Bl exes) SRS —RSIRE BEREFENAE.
ox87 TERRSIRS —HEEEFRIGRSIRS.
~. ox8l [N =] MBHARRE, 200, Me/m SRTIZEREE.
1. ex82 BHARYE RS T HHRR, Rl NEERED.
ox83 FETRRIATS RS, B s6.
ox84 Z2] HER2IHTH: (15, BT EEHRELE,
ox85 EGHmREN SRR, THREHEENRT.
ox88 wEELE FIFFERIRE M pYfELE.
ox89 BAER FAB ST
ox8B FHN BT FRMIIRENSN; RIENE,
ox8C BaRE $481 RTAMREY, FIASKIEEMINSIRE: BUAE,
ox98 BHAREE 100 %
ox91, 0x92 PHARER +10 %, -10% SBE 10-200 %,
ox93., 0x94 PHARRE +1%., -1% SBE 10-200 %,
0x95, Ox96. Ox97. Ox98 RIS 100 %, 50 %. 25%. 5 %.
x99 FHEZ 100 %
OX9A. ©x9B FHIER +10 %, -10% SBE 10-200 %,
@x9C. 0x9D FIEE +1%, -1% SBE 10-200 %,
Ox9E Fif RIEBHARISES: F3i, REFHER.
Ox9F Bt TINET, IRSFHIRE,
oxA0 R FAB ST e
oxA1 R B FIFF KRR,
oxA3 BTI5ERL WAFRIHEET .

BIRIEHIFTS, LA exse—oxer BiQHaSMNFT, 1BHIBEERTIR,
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o ERIEEEN UTF-8 XF HXFIE. BTIXMFHI oxse-exer F17, MAZMSERIHS.

e $39=0 (KIEEXLMFF) : ». | ~ & s TAERERNF, HILRERDS.

WiLTFISHD
FHUNG. SREMINE, IR

Grbl 1.1f ['$"' or "$HELP' for help]

RIEAHELL "Grbl” FLAT AR FISER T .
$1 B TEXL T, &ERE ok:

T
[VER: Twinwright 1.1f.<BH#I>:<XF>]
[OPT:..]

[NEWOPT:...]

[FIRMWARE : Twinwright]
[SIGNALS:..]
[NVS STORAGE:..]

[DRIVER:..] .
[BOARD:...]

[DRIVER VERSION:..].

[KERNEL : <RRAN>+<HI%> ]
[KNCAP:..]

[PLUGIN:...]

RFBHA: KNCAP

[DRIVER OPTIONS:..] .

itz
MRGRATICHEER. «<XF> 2 $1=<XF> 7,
R, HIKIRRAIRE (100) FHEMERX (1024) .

1EIN4E: ENUMS . RT+ BY RT- ($39) . HOME. ES.

SED, RTC. SD. FS. YM,
EHHEF.
wFEEEAN, BFEETR.
REFERE,

wF.

EHIRRRORATIERE: RIMERRS, FFRIRE dev.,
wFEHA (BTF) .
RRERIEAMEIZFIRAITIRE

$39=1 (FKIA) BB

MPG |

B
AEALN o

LATHE |

F4HEREIE MODBUS F1 HUANYANG VFD,

[kNcAP:] B—T =i, FIESHF. RREEM, BRXEAE. RERE, FTERUERE. RTEMERT THE'.

2 =1

port teensy4l, stm32h7. stm32f4. twin,
pv —N

view — N

spindle vfd, pwm. none
encoder 0. 1

sd 0. 1

mpg e, 2

aux di/do/ai/ao

axes 8

probe 0. 1

link usb, uart., tcp. none

host |

BB
XRIEHIRRAIB—FPaE.
EHIRRR O CAR A,
EHIEPRSNE AR A

sim. unknown

FHERE: Modbus, —i& PWM B, EiERAE.

T EHIRIDER.
®FH SD FHE,
FieH, RepRs.

BN A . R S,

i, tegd xvz,

SN, MC-1 BIRETE AT,
RIEIRMBRSRGERR. usb 2 USB 82, DR filmfa4NE.

HAEXZENAEZEER [KERNEL: ], [KNCAP:] XL (TMEAFIZ FERX) .

REES
Wz 2.

<Idle|MPos:0.000,0.000,0.000 |Bf:100,1023|FS:0,0|Pn:XYZ>

RAIEERE:

oxso T, oxs7 RIA—IDINSIRSG. ENREFFER (s481. exsc) BESKR. BERE—IT:

* Idle (@A) . Run (B1T) . Jog (FEMN) . Home (EIF) . check (HEHEI() . Sleep (fREE) . Tool (HET]) ;

® Hold:e (BfS{F) # Hold:1 (IEFERNE) ;

* poor:e ([JX7T, AILMEEE) . poor:1 (BT, ITEFE) . poor:2 (ITHT: RIFHEZEF) . poor:3 (IIX7T, EEKRE) ;

o Alarm ({RE) .

EEMFRE $10 FIXATHIER:
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REBOOT, TC.

ss (EEE) .



FER

MPos: BY WPos:

Bf:

Ln:

FS:

Pn:

WCO:

Ov:

A:

S1:

DTG:

H:

T:

TLR:

MPG:

In:

WCS: |

AR

AR:

FW:

SD:

B

HURAAREL TR ($10 S8 0)
TERHIR, EREPRFTHFS.
IEETHIAR—RREY TS,

BHARE., EREMEE. RaRESRATEE.

THARRE: FR/LDIRE—R, TSR,

REGFFRIEMIR F: . BHARISIIHER 0,
BIESHEA: RAHNTE, P UL 0 2],

H BHAERIF. S 1BIREEN. E S5,

R S

A, REB. EHREE (%) @ RIUORE—R, BTLUE—R.

i s 3¢ ¢ HAMIERERREE, FORIE, MBS,
FHIREITRE.

FIRIEE, —ERIMET ($10 5 1341)

B FRE.

ETIRTIS.

RTYEETK ($TR) .

FrERS (1) ER%E (0) .

E— me6 RIER.

THAMRR, . EREEAN (GBIREEAR) .
BaREXE, SFENENER (REREESR) .
EMHEF (CEREEA) .
NSRS R AR ER T .

EHIRR R RIBIRYTT

=

7
ALARM:N
[MSG:...]

[GC:..]

[PRB:x,y,z:1]

[TLO:..]

[PARAM: n=1{# ]

ARz
RE, 1N UREM,
HE: EHEECH, REREFER (MS6,.) . (PRINT,.) .

B, £ $6 5 ox83 ZJ5. $1e 5B 9 fUfTFRY, BE—RK—IT.

MsLARAEB—mR, LURRIEIT (1) REIERE (0) .
TIRAME,
£ $#=n Zf5.

[G54:.] ... [659.3:..]. [G28:..]. [G30:.]. [G92:.]. [T:.] s Za: SRE. FNE. JJEX.
>{T:ok, >fT:error:N FHBET —5FFAT ($No. $N1) .
s S
$HELP Commands TEFSHIRE EFIHEA].

we Bita

$. $HELP. $HELP <4l> e, <, —AREMCIIANFMERE.

$8. <>, g<n>=<fi> | $$=<n>. $+ £FRE; —MRE, ®E, —MRENIFMERE; BY—BLITiRE.
$SED=<n> WIE—MRE.

$#. $=cn>. $#=cBF> ERE. RUER. FOME — 8.

$G S,

$I. $I+. $I=<XF> EHIRRRMtA (L) ; 28 Me—EBF—RF.
$N. $NB=<AT> . $NL=<fT> BEHEFFIUT.

$C ERN: RieE G R\, tatfal. e,
$X REEREU.

$H. $HX. $HY. $HZ SEHET, H—REHEE.

$3=<G 7> Rl

$8. $5. $0 BRER. BRER. MEFELL: FEK.

$sLp TRER.

152
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we

$TLR. $TPW
$RST=$ . $RST=#.( $RST=*

$EA. $EAG. $EE. $EEG. $EG. $ES. $ESG. $ESH. $E*
$SPINDLES ., $SPINDLESH

$PINS. $PINSTATE. $PORTS

$LIM, $HSS. $LEV

$RTC. $RTC=< B HIFOMT i) >

$REBOOT

$F=<3TH> |

$F. $F+. $F<=<X{H> . $FR

$FD=. $FMD=. $FRD=. $FF=yes. $FI. $FM. $FU.

LMRENKE.

$CWD=,

$PWD

4
BE—RRUNHFSETIR, FEXNTIREEHTI.

RER MC-1 R E (EEFIRERT. SrTR) ;| BieRE, WS, FHsiEruT.

FIHIRE, iR, RESEMRE, BITHHRCSV.,

Fi.

RFEISIHD; JHEDEMAGEIL, &0,

PRGN, BEIEFFX. SRREINSEM.

FEHIRRAORTER (1SO 8601)

BRI,

FIHERRHRRENER, B, &R, ALBEk.
b, @ik, &=L, (B8, E3, 808, TIEXHEk.
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MBI

Eis (B14R)  EXAES, SR, _

EF

TR G B AN, A Grbl 1.1 5L, REAHSHIRRAXMEE. XEFRISXH Studio #BREE. BRI CAM SHAMEFRIXER:

(Sensor bracket)

(tool T1 flat 6 n3 L20, 6061-T6: S13263, F836, plunge F279, depth of cut 1.20 mm, stepover 2.40 mm)
(program zero: on the blank's top; the machine's top first; Tl is the length reference)

G21 G990 G17 G94 G54
G53 GO Ze

T1 M6

G53 GO Ze

M3 S13263

G4 P3 (up to speed)

(face X-2..62 Y-2..42, 0.3 mm deep: 1 layer of 12 passes)

M5
M9
G53 GO Ze
M30

B

(EES

==

G53 GO Z..

T.. M6

M3 S... G4 P..
FHERERE
®af

#R

2tz

R AR, $—IET). MRIEETESY BREaEE

G21 G9@ G17 G94 G54 : ZEK, YENJMMR. XY FE. BHEHEE. TR G54
RHRAMIEE Z ISmsh: k. BRIRDMNER. X1 SEERT/E Z Sh9t75.
187, EHIRSE Y LT,

FEH, BEE—/SERISR, KETMITTERKRE (M8) .
BMHEF A —TER, RHA

Go. G1, [EBN 62/63 # 1 0 1. $AFLAE 681, IAKELAE 683, R FEEFEIRE LA 1 mm,

M5, Mo, FBEIRELL. M3e

EREEESE. TARS.
Studio IERRFREMRAFEREFER (SC/Twinwright Studio/programs) B, LIFERR&AERISEEF:

X

veeol.nc
Vv0eoo1l.json

veo01.0ps.json

(3 EIE=DS

Fta

TERFRISR, FRFAORHERERAE

CHIMRAS, BfE (UTC) . HEHAY. FftA. MR MRASR. IE7F0ITE
BSR4 (TR, I8 DR, 75, B&E #5) | TRPEe

{RAlE CAM HIEFFTKIERRMHEA, 2—1 JSON M&:

]

name
title. description
material
tool
tools
cutting
safe_z
zero
features
setups

nest

=R

TERFR9R S, EEAN bracket.nc

SRR ISR BRI F

#Ft, Hn eee1-Te ; BIRMIRERIESHIAE

FHERYTD, BAURS (flat 6 n3 L20)

JJEZE: {"1": "flat 6 n3 L20", "2": "drill 3.4 118 L20"}, ASAIEHKMN.
BEEMEEENSE: rpm. feed, ap. ae. finish_ap; corner_steps (true B false: BERIRFRSEHHY])
HEBEE, NIHERELE, BU=X

THTSTEWE: front-left-top (ZKIA) B center-top

BNFHE, RIDOIRRE. WHER.

K& features : BIREL—ITR

& features : FEHRFEHERIAOSH

BIREKBECH features, FEETMM E—REIEATR:
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2 B2

turn u: RXBIE (RIEXE) ; v: Y BE (EAXE)

fixture MIXoREEICH—FhIEE (vise. clamps. tape ..)

zero EFHRIIMHER: front-left-top B center-top, BEIEIRTRENIRSRT, B front-left-top; BUGAEIREXRNT
name. tool. tools. cutting. XREXESH, BRI

safe_z

{"name": "bracket.nc", "title": "Sensor bracket", "material": "6061-T6",

“tools": {"1": "flat 6 n3 L20", "2": "drill 3.4 118 n2 L20"},

"features": [

{"op": "face", "x0": -2, "yo": -2, "x1": 62, "yl": 42, "depth": @.3, "tool": 1},

{"op": "pocket", "shape": "rect", "x0": 6, "yo0": 6, "x1": 28, "yl": 34, "r": 3, "depth": 4, "tool": 1},
{"op": "pocket", "shape": "circle", "cx": 44, "cy": 20, "d": "@¢12 H7", "depth": 6, "tool": 1},

{"op": "drill", "points": [[44, 6], [44, 34]], "depth": 8, "tool": 2}]}

R MRAEFECHAERFSIA, I job-vesel. json : MRAS. BHE (UTC) . EHAY (operator BK ai:<®rii>) . Eit. CHAEFIRA, LUIRIFLA
5. DIURERARINES I HERESRAERF. HASRAFIERIGS.
Fil (MCAP)

--mcap X HB—IRIGITRE MCAP 3 (mcap.dev, 1ETUARA 0) : BREUE—MEE, HERE JSON, B/MBIETER JSON Schema, RO, RE4E, XK
BEASIHH0 CRC AGHE, Studio AUMRIR MCAP FEIESHHERSIZHT ; PlotJuggler, Foxglove iX3&iE MCAP (T BN M$TEFF, EBFELfmiT.

® --rec-period E# EFHFBEZAE—X (REHE 1ms) .
o RHEAKEET REN—RINIERNE—XEAHEE.
* --play Xff.mcap £ Studio EBRI—ERRHI, wASE: AL, EiE. HEAIERL 0.25-10 {FE. MARHRABAGE,
521
BHRERNCRNERTERNEIRNE, N\ EBEENNY, SHBEERT t, ER—NE, B, REEERENTE THRESE—%.
ik
—&RE ncisim PITTHIRICR, WXE—IRHARRIET:

i ] =2
machine HREIEF
drive_model BORSITHEREIERS: Lo, L1, L2. L2/3 (=/&E8) = L3
f_cpu JEHIRRAORTER, Hz
nvs IBATFHARHEHIRERTFIR EATEG], 16 fu+7itH)
sample_period_ms SKAEEER
time virtual, ns from power-on
BiE
iwBiE HARHRS FBR £S5t L=livd B2
/machine KEF pos number(3] mm BHEPE: AT, TRITHEE0
mpos number(3] & null | mm FEHIRRAUIRIZE (MPos) ; 1=HIRSRFFASA null
lost number(3] BWETELOE
feed number mm/min | IR AR
tip number(3] mm TIXAES T FAERREREFEMTERNRERIY, XERT pos
—HE
/drives KEE, WaE | ferr_um number[3] Hm FIRNRAIRIEIRE
BIM LT 2
state string[3] FZIRENEAIRES
kml boolean i8S KM IRE
bus48 boolean IRzNESHY 48 V EBIREHE
/spindle REE, BTSN f out number Hz T4MBR AV HTER
Eing
rpm number rpm T
amps number A TRERAVRHER T
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EE ABHRS FER ES:] Bfu ot

load_pct number % TMERIRAI S

torque_nm number N-m FRATEERE

bus_v number Vv MBI LRRE

cmd_rpm number rpm IR HIEE AR

run. pump boolean TIREEIEIST; KRFE

power string TYRRRE CHIMER: ready. boot B off

fault string THMERAVEIE, FREER LR
/controller R24:0) state string EHIRRAPRTS (RFFEST off)

alarm integer LEIAGRE (0: 18H)

homed integer EEISH, Si—: X1, Y2, Z4

limits integer BHHPRAIAN, BEE—

probe. estop. boolean wEt, 2fF. BAUEEE. J9MA (MC-13RE)

motor_fault, door

on boolean EHEES
/power Riedin) mains. v24. mcu. boolean mES; 24V EBIE; ZHIEEEET, KM1; 48V EBIR

kml. bus48

vfd_mains . vfd. pump boolean, string, TYRERAITHER; BAPKRZ (none. ready. boot. off) ; KR

boolean
/serial/in SRAVETR text string EHRIRBRKEINFTS, EHFAER \u X
/serial/out SRAYRIR line string EHIESHIE—T
/events REARHR text string HHETHE—5%: trc. 8. Rahes. TUNER. AiHE. Wik
/cut Xi¥, BEE | cutting boolean IEEI TR, AR TEAIEER rpm F removed_mm3 SMERE O
A

mrr_mm3_s number mm¥/s | MEERER

ap_mm. ae_mm number mm A IRAHR AR

fz_mm number mm [=Eanis]

rpm number rpm T

fx_n. fy_n. fz_n number N IEHURERILIE A

torque_nm. power_w number N-m, W | {IHIgEEREFIThER

ke_j_mm3 number J/mm? LeEIEIsE

removed_mm3 number mm? B —HE R maobrt
/input SRASRTER line string KAFMEN, —17—47, B --record B (WLIEA)
/shadow SREORHRE, 22 host_s number s EB YR E)

FELT

dir string t RIEENL, r NEIE

data string BT, BNFH—FHRF U+0000-U+00FF, —RiHEHRE 1KB
/ui/state. /sound & &¥BHNFE FREARSI (RIS 30 8) FIFESHIM (ZEUATE 10 ms 2L

BHE—R) . & Studio B FRIBIRAFTERE.

SIRNigERz (vCD)

--ved Xt 1BIEHIZSAIS IS AL VCD 344 (IEEE 1364) , GTKWave, PulseView 57 : {EFIE ncu RIEHISSHISIN, S/ THICECKERN—A (SHBIER
$o (RVESRIRKT) ; VEFRIE machine EIRHISSINEIIL: SRR, KM1, RS, KR, SERH. W ARFX. HEZE 1 ns,

2AREET
--record X# {ERRNERIANERSERIELIIEE TR KERERR. LS. REAIGS. --replay Xt BRXSEBHE—E, ZER, AHRER—

hRANHY Studio, EEEATHUARIIMS, --replay X#f --branch # BEHEIBF—F), BMIBESLAHEEE, I --record IO XEBECHHEE, MRXBEFA (# branch <
REL> <HA%>) . AERNA; BEYTRE Studio BSHN, FEIRATTRERE.

R

FEARRREZ ABENERA, REENXTHEF: SHMEERE. BAINSRIT. £ bR, SHRsa0EHEIR Eat, BER—XUXERATAEIEE
IR, EHRRCEs: RESHMEE.
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BIEESSYIRIHRRERSSUEIEE (Windows 2 %LOCALAPPDATA%\Twinwright\Studio) : SE—&HITE world , EMHAITE machines\<4iE>\world, --world B
% FABURISIESE; --world-reset NI IRESFIR. HEIET. MWK, FM. HMEH. A NEETSEHABHR, RIFLT --world, A—MERERRE—ER
BEFTFF, BT ANETIREH R, AT,

X4 FHRfta

world.json RAEERIAIETF (WTF) |, 5555L world.json.tmp BHH

stock.snap ERROIET, IIHIFNRIIA (Z#l, TwsTockl )

eeprom.bin EHIREEE: BAORE. REMDESE, —TH5HE

world.json :

2 =R

world FETCRIRRAS: 1

saved_at. FHARHEFZRT: UTC, LAK 1970 SFLARRIRDEL

saved_epoch

version R Studio RIRRA

pos FHISTEWE, mm (X, Y. Z)

tool F#ERYT), SRJIEME (flat 6 n3 L20)

tool_table fEAVRTIESR: {"1": "flat 6 n3 L20", ...}

tool_auto RIS ZEERIRERM: RDERE LT, RIERSH

setup FERFIER, BN HRFEEESH—H (null: 3RE)

cells stock.snap BEFEEMAIEF

thermal He screws (BLATSTHIZR) . frame (FF 20°C) . ambient (ERETF 20°C) . part_heat # part_offset (THFETHZ: LIRITHZER,
LIREERIRE)  BUEBR K, spindle_um REMAYERK, BRI um

rtc R ERSEhAGIEE, s

probe_cal MLERIA—RIFERIER: BRER. BRHE. SINErEM. THNER. BARE. AR, 5 (FEI48)

odometer FHHEY travel_mm I reversals, spindle_h (FEHFEITHVNEE) 1 on_h (BFFENINE) . BRIERT

TORFHIAT, SHAERLY; RA—RERATETHIEFER, 7JFIEXREH; SRXUIREIRTR, SHORSENRBEHEZERERT,; R ERsEDST
IXERRTE], --world-off # IEEXRTSA (MWidA; NATEFELSERATE) . BEIAI4ET --pos. --tool. --stock. --setup. --part, BLAAEA], FEFH
B9,

B

RIS (.twlic) 2—4N UTF-8 A JSON X452, FH Ed25519 &4, Studio FEANEES, AFEEER. SUARITEMR)L. B4R TS, BRALYE.
TEXMIFREERIINEE, BIXZHEE (kid 2 test) , IEXNRBHREARAE:

{"v": 1, "kid": "test", "id": "TWL-TEST@@0001", "edition": "pro", "kind": "subscription", "seats": 1,
"holder": "Weber Lab, TU Example", "issued": "2026-11-02T10:00:00Z", "valid_until": "2027-11-02T10:00:00Z",
"renew_after": "2027-10-28T10:00:00Z", "updates_until": null, "fp": ["0123456789abcdef0123456789abcdef"],
"mcl_serial": null,

"sig": "h3FTqZnDYtq8Q7_OZuELLeDrTfyZnkTPgvDWSywTy17BCIIxGIyhrBQUjYHIiE1l_WOWaFargbveFiMLrEfUyCA"}

FER

FR £S5 =t}

v =5 HEIRAE, 2 1. BURSRRAHISM, Studio IRFSHALIE,

kid FRER FBRER—B=REN

id FRE BRURS: TWL- 010 (IFBIENT. SHIRRIHEE.

edition FFE maker B pro

kind R subscription (ITi) . perpetual (3EHF) B owner (MC-1#13E)
seats B JEA1vE

holder XS] BRI NASRBRUNET, WAERTHRE

issued BEpEdE) ZKAHE), UTC, YYYY-MM-DDTHH:MM:SSZ

valid_until B HARSEISE null 17 SMUZRER—HAAEER. ST S—NHEREFEIER, KAMHER null,
renew_after B EAREIEL null Studio M ARHEFHGIHELUH

updates_until BEpEk null STHT. MC-1HLE: X—RUABTRBAIRAEERIZETAE
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FER £S5 BB

p FRFERE SRERIRRRG: EAESED, BYRURS=D
mcl_serial FRFEREY null MC-1 #lZE: HIBHFFIS. Studio IB{TRIREEE.
sig SIFER HARFERAY Ed25519 &4, base64durl, F4h =

Studio MARRIFRIBALEE, Studio FEBHIER.

EENFD
BEBEEEE sig LUK, RICENEEASHXR:
o 4% Unicode RB R
* RETH;
o =F{FERFE JSON BRAERIEEN, ;
o BYRNHIIR, NFERINE, BRFE—MEHIFR.

Studio ZIRERZH, SEXHEXANEES—iB. FIUAHENTIE. BTIRNINFSAER, N7EI—ME, e,

HEBRYER

PRI LTI E SHA-256 FRENAT 32 fi+7S8tE: twinwright-fp-vi, —NEFT5, EBIKAY ID.

RE EE%AY ID
Windows HKEY_LOCAL_MACHINE\SOFTWARE \Microsoft\Cryptography THJ MachineGuid
Linux /etc/machine-id

PIREERIRERT, Studio AER—NBEWL ID, FEBBSUEEERE (machine.id) ; MTEREFTIRT —SHBIK. 1D AENAEFFEIK,
{540 1D 8bic3aee-5f2d-4c7a-9e61-2dofab7alcss HIBIHIE 0a2d31bb82176516415efa7b3a340562 ,
B

BLHERNEKE, EMEEIAR UTF-8 JSON {"fp": <#5l>, "version": <Studio MIKRA>} fifl base64url, A4k =, FIIEG!
0123456789abcdef0123456789abcdef . FRZN 1.0.0 53:

eyImcCI6IjAXMJMONTY30D1hYmNKkZWYWMTIZNDU2Nzg5YWI jZGVmIiwidmVyc21vbiI6IjEUMC4A4WIn®

TwinwrightStudio.exe --licence-request ﬂ'ﬁgﬁﬂﬂﬁﬂ'ﬂlﬁ*ﬁﬂn

it

MAME— IR, RIREECU—HHRIEREIIRS SR "kind": "trial", fp BRIXAHIKAEGI, valid_until EFFAILARE 30 X, XA
MAEHE, FRSRHANHABERL.

RIS
IPRRSSEAOE—IR, # MC-1 BO(E: HLARRISHAER.
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RBRERERIE BRI

X—TUS4AERECHAERE (bCNC, gSender B Universal G-code Sender, TFR UGS) . MiAZH Studio EFF MC-1 BIA. MC-1 BUizHIsE 2 RIEBRHRZ
(&% Grbl 1.1 BOMNY, WIERNRERGERERLY B) | FRLARIINREREERER, REEIE TE/UhREFIRE.

XESRYEE MC-1 RS2 PSS, ZREMRRAINURRI—O IR, B EATRSER M. MZASRE: bCNC 0.9.16. gSender 1.6.4, UGS Platform

2.1.27,

EIRRER BXiE

Studio BME | Studio 7£ localhost:2323 FRIEHM, —RRE—, RWAHFM (Bah Studio BN --bind any , FIHNEAES L) . bCNC: HOE
fOZEAE socket://localhost:2323, gSender: JELAKR, it 127.0.0.1, #%[0 2323, UGS: tcp://localhost:2323,

MC-1 55 R4 USB: FZE=HIBSERRIN ER— RO (Windows £2 COM*n*) |, BT, RE USB RERAFE, BRIRERHEIFEIE—, 1 115200 BIAJ,

EHREARBC:

WRIDITRE Grbl 1.1F ['$' or '$HELP' for help], FNZREAMY Grbl IHIBE—HE, RIEIMHEFELL "Grbl” FFLAIMITARIZHISEEST (WFE3 )
BFIE $1 BIEEE: [VER:Twinwright 1.1f..]. [FIRMWARE:Twinwright], SBREWFEIIRERMHRRIGE "Twinwright”,

AIER (B E
BiEE B8 RE
bCNC $21H88i% GRBL1 bCNC NEEHEF. MAE GRBL1,
0.9.16
gSender ZRAENHE Grbl LASMY | gSender & $1 BRIZFINES. HIIAEHIEBBNEECHETF, gSender FIRIRIRAIBHARS TIE, WAIEAF—IT.
164 BB—IR
UGS 2.1.27 | [Ef4i% GRBL Wi 88, BEF. RENSUERSEHESE, SMUEFHSIZ Soft Reset (B3 15) . UGS ME—MEHHEINBEER, ESUEE
ZIE—IR Soft Reset; BIRIEA—IT UL,
BFENSGLIE

afE. MC-1 NRESITFSNEMSE. WTFSE, BYARLNERE, BEKAERGESN. [T, NRES, RE (ALARM:10) B,

ALARM:11 (BEIE) . BIF (sH) . F sx BIUHSHIESE (errord6) .

ALARM:2 (SRBR{SI) . TEFERMBHBHTITE. OFELG Z BETENRSA KSR Z0) |, LhEBSEEN, thil 63 e z5, #HAIR
ALARM:2, £f1, BRIZEHMEH.

bCNC {FHASRILUGEREEIRE . TIAHLL "Grbl” FRLAIRRINTT, FaSManAE EAIARST, L v RIBHE.

bCNC ##"EIE" ZI5. bCNC RYSIERAEHHAIRS. BEM. SMILUS bCNC IBELLRIRNES (MIRR. B, JIKiME) B—miTAEEHSE, B/LMER
SRS, FNBIGY Grbl 25588 —8F: JHEAME c43.1 43T, BB—4TIR error24 (bCNC SL—RELLISETSMNE—T 643.12., FTLANE RELLE
FRHBE]) ; 7£ ese T, 643.1z. IR error:31; 4EAY 651 AERMAT, es1:x $R error1, HTH, BFEM G KBTHREE—E, BE—1=T. —Ks @
SHESNL. FLUETELLUE, %R s6 71 s# BUIRER. BAAIIKAMEGIARYY, BasisiEsem. MR LMEMSE. EFfEJIK (2026-10-06 7254
i) .

UGS ES3—MEItET, SRINEARE UGS BEAN—LtHaNM Studio MBOSN, sHERHBECES— DT ZRIEM UGS EEIE—IR Soft Reset,
A% Home [§BRRL, JREZ UGS SEAPMEHRT, RIES—FRNIT4IEER. B UGS B Soft Reset ENFLZHEX NI, MC-1 AZIFEEMIAA.
RE— USB EM, HREBRBEIXFMERL, UGS BIEHHSE "GRBL #iigBEXMAiR: XMEMILUS UGS B CONNECTING, EEEERHZ Home HigE

F (2026-10-06 fEZE4 HT) .

87 (Me6)
ENREFREERNRET, &AL MC-1ETIFEHT]:
RiFWR BOUARYGE B4R
14
bCNC B Es— M6 17 T—IETA%EREM LREBRHETI. BT RAFIHET) (RAME) | 7 MC-1 OTMERT] (555
™) .
gSender | #2775V “Ignore”: M6 HEFRAME, BFAME, 1T)75RAKEIERI T (Fixed Tool Sensor) , fER MC-1 fI%47)
R (ESDH) .
UGS BCAIE M6: $57]. fFEEH. IHMRET], ENERET]. ®ERIK—E, MAER —EFRREED, 8MEFIRIFIKSETHER, S&E iR
*, BN EATReEHT ¢, FFH Studio 3k,

UGS 1 M6 FBJ LR

FRER "Me” BZRIET], tban FreeCAD SHY (M6 T1 ),

Nligse—RT], BIRENT— M6 TESREIRE, EEAAIEHEE. BHSRTREEERINRES (Tool) , &1 UGS KITFASKMIMIA, UGS BOBRANHR
FHMIEREA 7. MC-1 EREBRRERIA: &, FF. #RE50, BIE UGS B Soft Reset, [EIFE,

UGS BRERFIgT. IRRE M6 BHEHISSEER, UGS aTREBIEICH Bk, AIEINRTIMEIERESMISR, BEiks, BMEFIRNLER—&E. /F
WeRRERILAE, S51E UGS B e BT M.
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£ MC-1 BT EETIK
STMETIERERR, 659.3 FHRETE HANEE,

bCNC, FaR7] (TIEMME) . BRIDMBEENTIN LTS, RUE 659.3; EFRUEEE 50 mm, IR 200 mm/min, 18R 25 mm/min (MC-1 #J $342—
$344) , RS G38.2, MEFZAIR IOE BE—IET], Z/GEHR—IBT], bCNC #HRIZ 643.1.
gSender, BIEXTMY. XITIMUAIE c59.3, ERASELEVIRT]. ZESIR—IET], gSender REJHKAME, T2 cle L20 FTHHY Z, BIIREILUSSH

ETIRMEEDK, MUSHRRIOMAR, SR IRTIETEE—R, EFERIETIIA 1 f5%: gSender B—REERENEA XD MIE, TE
HISLESERR, BERINAREERE T ZRIAY.
BTFHER, Z EOELLERLE 0.1 mm HURMRZ -0.1 HER) . XMMEREREESTIHERIXNSE. IRHNESLTFR, B —R=8Th

ATRELEMEMNBRSHERG, (FELKFFIRISHE ALARM:2,

Ak ETHER

UGS (BHIRIIRIR) IRIEHIBRRAMMAR ([rre:]1) BER, XEXWAIME.

gSender (3D JUSk) F1bCNC (IRMTT, AR Z=0. X. Yi%fH) EFRRERIILVSHE TR, TURSERSMARE—NRTHE, Sa—THREE
R, HgBHs, BE—TEE, &M Studio MILERESS, BIRMERE.

UGS B9FLAR (FRIURERAT Hole Center) @ MRECTIUSKAIHETSHE, 1A -X. +X. -Y. +Y SHREFEA—F", BRRERIOMAREIFR, FLhOsig
AR, CRERSIEEURTIEAE: BaBPURE = (EIFE - TRAR) /2 + IR, RSUBEFEN, ERERABEPORE—MUBRFEE
(22 BOEKHR 1 mm) ; BFREATLER (FL 20 24 B 26) |, BUAFHEHTRE.

UGS B9FLHRCEARZIFLEERT (&I 192, UGS BHEHITA) : BB— TR ALARM:5, UGS (&, BEAEFHRZAITEIN G54 Y X0 YO iRETES, BINSE
58, G54 FBTEEs. B —EAEMHESS, BINL. SIRUERMEREEE, WABELAEER. 55, EHIERARMRFHRNS

([PRB:..;0]) , EHRRRELfEEKT.
SEARENEL (Studio AUUSLIEIR: RH) . IZIREATIELEFSRA. EOaa), R RITE.

FIVEHIERT

bCNC EMIEE, Windows £ bCNC 3£ TCP EEANE 2 WA —IR, BEERITHER 2 EIAES. bCNC B R'ER'AETHARELZET . & USB IRBEXD
FER.

gSender K MO, 2R 10 {7 MO RARE(E (gSender IBEXL TiHRE) . M1 BSH=.

gSender REEERR], IRIERAHREATE MC-1 ERHIEE (error:15) , [H7 gSender BENR—ERBHITIEMIKSS). A——2S0=5. sse-1 (FREI=EN
<) TN Grbl 125188 ESIHKSMEERIRAL L. B, MC-1 FHEHISSERAXMEE, BBFEEM (2026-10-06 72284 HH gSender —iBiIXIT) .

UGS RIIR1T. #Bid 127 NFRINIT UGS KiEARE, (RUmiFTREiE T, TEE—L (UGS 2ARIEIREEKE) .

UGS 1 M30, UGS £%&38 M30, § M30 REFFNQHAVER, MaEil. RHERE: BFERE M30 fi5. L M5 §1 M9,

UGS fliTRE. —1TEEMERTEM, UGS ECIhEsintb—iEmis,

{EMLrRERFFERE. 1EFIEESIBBAKEIRNITIRIEMSS. gSender F UGS BiFFRTHAELLEIA R, HIREEE, TiitbEEl. MAFZaiE FMEL, bCNC

WrFFRIRTHHARRE. BEAL

FERREBRYE ASCH (P, "0, "' E) | ENRRRERERHSNIE TR, XEFRAR TR, BHBECEEREN (vs6,...) BRYUTF-8F
LBXFEE, WRHLHHS.
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