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FARO—ET STLI7AI (IREZEHAHD) ... BV, IT71VEEELET (BAIE mm) , Studio (3. FHROBEEVNSNT-IIVICHETBESCEE, hRICBEET, i
BAEEHEDSREVET, A-N-N\VTOTFTOMEHE, FEELTRDNET, I7 MV EEAAHBVEEE, VY- IVIZ0BHEIARTEINET,

FMOEE

BE ERVEY 57 - iR, 507 - . 7507 - W3, KMR,vI0vy (EEEoAE) (. @ET-7. BELL BUVEED) BEEE KRIUTHA) .

FMEBER T-I) (300 x 220 mm) OLEICIREY, EZROY-)ITYI- &R T TN ENBYET ., TOVILOEITH, YAV IYIHIEREABDRIFHELERLET ., /s
MNSWEEELET, EMINBRE. VIYRTEMDBD, ZOHEICTIEIENZE DB INEGBICRVET,

RA2ENSLIVTTOYY

O£hs0RML E. EHO LENFOELY EICHZETT, ZELEVEREY 5 mm T, Studio [d. 2N EORELICEZNILIILIOYIEERVET, N AOFEEEG 3.25 H'5
77 mm E£TT, AR BEMEDHLED 2 mm INTCLEARHYET,

9597

F-IWORLIR (M6, 25 mm BROIETFIR) (ICIZTRATYREES, ANy TI50TTY, Wil FEMORSAM. Bl (FiEAm. B2 ($Z0mA YA ET, 87507
[ClE. BMOBEHS 7~35 mm MUCHRABETT, "B BRWNSEEE, /SRS RERINSBWNI TV IARENET, MEBEBEOHEMCIE, VIOV I EEIZNI AEENET,



mET-7

T-T1} FMDT-OWIES 2EBE CRMERIFLES, BUYIBIPTERVEBRCEV., EBZOBEMCEENE A, —ERI'NEL, FMERFT2ORBERLITY ., BIELL
(BOWEED) B BSEEBELITRIFLET, BEEE RIUTME) FRULTEST ZTUTHETANATY,

=M EADES
CAM WMER T 3T0YILIE. EMO ESFDREERDLSICHENET :

o JOYUILI. Z AMO-V DR EETRKL. 8T L. TEEIELET,

e MITROM. TERLZLEITHRIIBELET, R253E. EMOLED 5 mm £, FEEEMEVEWNWITYTD 2 mm £TY,

o EBVOKR. ZENZNLYABMES (RVIE. W IIZ BOFEWEM) | Studio FREESE, BNZEHETTFET, AND-J0F EEBLY 0.3 mm LUET
T, ZO2LIF, TOIFLEEEITBRSNET, EMOLENS 0.5 mm KBCAEZIHEE, TOVILEEESHIT, Z20BHREFRRLET,

BEYY-bD ZIYTSVA DFRIE FEREIYIOWT, FyFTO-TEINTOTEAHRLET, Z VTV AESRL TN,

EMOEE
I X L Y [E EMOFOE IIVOT-INVEETIEELES T-INOF0IE X 100.Y75) . BE ° E. ENSRTREHEYICEMZELET,

o FMERE : ZIHLVWEMEESLY ., ZNETORME, ZORMICMRIBIBEDNET,

o ZINBE : RAUEME BHL. BEL. FERIOAETEELELEY, YIHILERB2 BIEYES .
o HYHAL : EMET-IINLIYBRELT,

* TICRY : ANE T-OWLEOREICRLET.

FaA' RS, WHABB R, FLET0IIL0RTHE, REYERHELET,
3DC1-TOEEERE
J-ORBEZRE 27UvI930 TIZIrIURIVEL) (&R > 3DE1- > U-JEBERE £ENKT, HHT:

o FHERSYILTEHL. ALY IONYFIVTEERL, EW\Y R THAREZEZEY (Shift THAVZIA, Ctrl THVZIA)
o FRF-ZEWVET, REIF-T 1 mm BEIL (Shift T0.1 mm, Ctrl T10mm) . Q& E T 15° [E#L (Shift T 1°) . Enter TEREL. Esc TRIIRLET,

il V-JAR-AZEBEND L REFHELRTLES,
FEMOREE

RE (3. EMEAREICRULITREE REAMERC 180° BRLEY ., LEETENAANEDY, BIEERIEANEDYET, UIHILEE D E—RICEYET, T-JEZEATEYH
BTTOFEEOT, T-VRERERELEL RSN (JO-EVIEE8R) ,

MENMSIMNT ISR TE CAM NERERYOMOREEELEY (BHROBRRYEROYITESR)

IELTET-IL

Fuo) TEF-I CE EROTEN—BEINET, TES, TE, JTOVILNTHIBERTT, EBCHITECE FHICESE LRRINET, T-IVE YV TEBR,
CAM OV3T, FE@F AIUFATYMIESTERENET , TV Y ETREETEE A,

IET-OVN'H5L. TOJSLIEBEBTIREIELET (M) , TEMEESN, BHAY-IVEYF-THELT HITLET, TET-IIARWEE. ve (. TEEZEETZ0
5559 (TR OATYT0 TARM) , Z065L Y1IIWAF-+ 28 LET,

FHMOTEZRETS

1. T8 OATYFICEHET,
2. TE O—BTIEX®RUET, §l : AVITFIVEI 06, 218 F (REHLES 15.5) .
3. IEXRMREIVVILET,

FHAUELETNT, BRDTAFIVRETHILENHYET, HLLWIEORIANFMOTELESHEE AETS (TERMBELRE) M\ 7-70 Z RRERELELET, —
BICREETENHY, A-FVRPEICETET (Studio M YFERTRLTVWBLER AVFRAE) . TEROTROMES (B flat 6 n2 L15.5) [ TELTET-JI%ES
BLTEE,

Y-Ity5-TITEZHETS
Y= EyF-3. T-OVOERICHVETS RN R KEREFHTTIRIVRETHY, FEMEIEL TV ENHYET,

1.9-70Z RRERELLCEOTEEZTHICKRELIRET, BETRZAE 27Uy ILET,
2. TEAXBIZEUIC. TERMELRE £7VvILET, R © Studio MHLLWIEZREL, ZOENSTERMIE (643.1) ZHELET,

RLF-(d 84 > Y-Ny5-£70-7 (CbHYET, HE( Studio ZBILSETRIFINET, BEBLES, 55— EMELTHESL,
RO
WROBEFAT-IHBNI VYL, DIBILEBRFREELEITREZNERTLET (TVIZTLARIMLE) o

1. BT VR RERELET, BRI FRAALLECTOIILORSICRESNET,



2. BRERY ORT YT D) EREDLLE T, FBRSTL (LLBF) ... £0YvIL, BRO STLIFANVERVEY (BIE mm. BRETOISLORR) o &R 7-I0 Ba&n
SORETESIENET (TR > BH > 7-7  BREORE) . 20 pm LARRFELTRDN, BAOEFHIVIELLEIVEBTERLET,

HBERT BEIMREMUBREXT. YVILEBRICE ZhENEAOMRIGHAAENET,

EEY ORTFLFRHAHD

o BRERVERTE... 3 A-FOREY (IR, & ME, BE, 1E) % JSON I/ IVICEEHLET,
o BRERVERK... F REFEVERIVEN-FICHRARELET . RMERE 27UV LTRELET, STL I7 MV ERMOFREL TR EETEXT,
o -U%IJAR-b... (& IEILEEEDD-T%, STL (TOYSLEERR, RAMEER, E3HEMER) | B 16EYhOBEVYT (PNG) ELTRTFELET,

DAY RUERILBEE, BEIME, BRIV EYIBILED V%, ZOMMOKE—RICRELET,

EHORIMYEROYIT

MENSINITZEHEP. 2BYOETETETZEBME. EHROEREYEED 120Y3TTT, CAM T-JAR-AT I... 7UvI93E, YaJICEBUNSEINENEY, 93
&L IITVY-(C BEYSE OREBATE, ZOTICZOERERYOMI TR ETOIS LN, 220EEYORMICIE REE OATYIHAVET,, BEUA 120V3T(CIE, 20K 4B
BlEHYEEA.

o FBEREWYIC[E IMBOMTIREIMBOTOISILRHYES, TOV5L%(F. YITLEBRVOESHEIENET, 4 plate-1.nc. plate-2.nc,

o BREWY(E. ZORIOBREYUA LI ERAORENSIAEYV XY, V1Y T, Studio A'ERENY 1 £R1TL. REE OATYTOIRELSYICHREEIRL, ZOMRICTTLTROE
BYOTOIILEERLETS, 3DEI-TlE HUEICEIRIL CRERTRICESTOWS AN AR THRINET,

o YU-TH. BRERGLEEHNS, BRERVEREEGERETFUET,

e MITROARIOTICHZ IOTIE [CIE. ZOBRIMYDAE. Ra. BROREAHE, TOIILHERRINET,

o RERR (L3 BERYILDITE. REOITABYET, &ft F. BHTORBELEL. BROUUVIERLSEADHYBEERLET, it REOBREVOHEDER LR
EME, BT LOMRELLERLET,

120IIT[HFTCREEYEERK 80T, RATAVIUEVITICE, FEEIMYERFEONE A BEOBREVIE Maker IT1Y3aV U ETHERET (IT1V3aVESR) .
EYERYY-MCIE, BRERUCE OEIN'HY, ZORICT 2L B BINET BEW Y-S BL TS,

EBRYORORB DR ER

I3V -T REE £RUET, 20/ R T, BRAROBEWICEDSS SESNINEIRELET, HEIE. ZOATYTOROBEEYICELEY,

RE  EBRE

REA | UBEDYIC180° : EEDKIETOMBOEILT, BILEANANEDY, LEFEANEDYET, VEIEDYIC 180° : FIRDKETOMBOILT, LEATANEDY, LETE
3 ANEDYEY, RERL (F5EX) : BLREBIMMNLILT RELINEDYET,

Bm | LEOEFHA ILE EAORD - T-VREAEBURDOISEM (T-VRS05| SHEESR)
BE | OBRBYLEOBROEERSE  FUBE. LERI0EE
U Bh(3HEOD X BHTAW. V BRI Y B0 T, BIORIY TENMN TWSIREDRREE ST,
ARV-I DS [, R TOEENMECENN TVET, FIORIRVOTOIILNEDZ0EES (8T, 7-5V87) (I5VT&4L, BReERL I5VTL. 7-7R
RERELVELT, ROTOVSLEGHAHET  VIVA [CE VA VIBGRICHLTUTI LN EDMNTVET,
R

EBROBMRIE. ATYTOEE LY ICREL LSV, ROTOIS LV Y TRESNZ O, ZORECRIELERBRICHLTET TS, BIOBMEDYICRELLEBR P, ok
CREBLBDARR TR, RESN TOVRWMBEI D IEISNET,

T-JRR05| EhE

MRERELLY, BIORETEELLY TS, BROBETOMELHVEEA. T-IRR (G54) ERITETLENBYET. Y3TVU-B, ZOLERBVOREICRRLE
9, BRYOTOIS LG BALRSNGHMEVET ¢

o FEOEFHA  BRNIBREBNMTVSRETO, LEOEFFOA, REILGAEVEEDOHEE, BIORREGESEVRVINARRCEYET,
o LEOHD : BROLEAOFR, FIZELVBRICENET,

FRR& FyFI0-JTROGET (JO-tVI%E8R) . RERYY-MIE BIUIEOTO-TOFIEN T HINET,

BEARESNT, BIOAETEEESNENVEAE, FTORRYOR RN ZOFERIFEN, ROTELE A, BNOTEEESEFD 208 ORIV, OHETEHELET, K&
RYY-bOZOEICE, T-IRREBUIELBEVI LN ENNET,

TLE1-: ZOR-IORE EDFERR. FERMTAIOREEZ I TVERA,



TO0-EVJET-IR =D&k

FHICHYFTIO-JEEETBLE, Studio BTV, A, SNPRAOH D, FRFLEZR DG, 2IN5T-VRAERELES . TO-TH-FE AUV ERATBHIIC, BREYEERSL
ADETHERLET, VIV BREMTIOLRCLSICHI IV ERTLET,

TO-Th-FE EfE 0 FR A7vTCHY, I30F-OTICHYET, 1.0 T TO-TA-FRYIITOABELE T, EHETE, BB FOHIEEE TTO-LY I LTSN,

B BHEIIC
BELGED :

o T-JWISRRELRHRM (BRERY 0ZTvT)
o FEHOHYFIO-J (TET-JILOTO-TE5R)
o {FIELEEH

BN R RERBEHTHIVDERHYE A BIRATI-LRE, FEARESERBLTVWENVRETH(VERBTZE, KUY TURRERLET, I-FILEZOIENRRS
n¥y,
R

MC-1 Tl AMR& 30 mm OFO-TOEAEDE TR FMOLACZENBYEEA (EM EHOZEESR)  JTO-LVII3LER EMEMBET-TERIVTTR
FLTEN,

I&F-Jo7o-J

1. 4% T. TE ATV ICEHET,
2. TH 7. 3070-7 @2 h-Jb (REHLRE 30, IVIVRHA) %&UET,
3. TEXRM®EIUYILET,

R JO-THh-FORMOT EHIC (L. TO-TORZFINRRINET, FHCEPOTEANMASTVRH AR, £ICTO-TEEET 3L5N-FIIRRSNET,

TEOZRTE. TO-T(E probe 2 130 LEEFT, 2 mm OR-ILT, FILFT-HE0OREHLA 30 mm TY,

M LEHORE 1 Z NIk

ZHANO-VOR EEICHBZEE, TO-T0&iE. BBRVOREE WA (EMoLE. NMMAOAZ., £EE3I507) E2HITVBLEARHYET, Studio ([F. REVEEETEA
ZH3EVIC. THMOTELTET-IVOEITEOVT, INEHELET, TENBERYEBZISNAVNEA . BEY OATYTIC, EhEFRYBVWIHERRIN, JVEWTE
. KUENEEY (NMAORDYICTIVT) HHREERESNET,

T0-TH-FRYAIMDWTERUI L 2HEELET, TO-T%, EMLAEO LEHOREFITHEICBIL, Z0BIEFIVIICRRLET,

70-Jh-F
ENSIELE :

o EEC: O-TJL MEFHNEIN (BRFED BIEFH. £2d RKIE) .

o HyFFO-THAII : 620Y1 V) E EIRLEEHI IO A HH,

o FIvJ,

e 3D TREERT & JO-LVJRA....
YLIWDOBHEF N-FLZOERNMRDYICERTINET (BOFRIBNST-VRSEETETEEBR)  TO-TH-FOTCIE BREBE H-F. ZOTIC LK—-k h-FAHYE
¥ (BEESR) .

BEODANBERREMTANLES 1VFTEAHBERET, HAHABNEVWANBEHRAGY, ZOBEARTINET FEEZEANTEIESR) ,
FIvy

D-REHAINERELTVER, AODECHENC, BAINEFIVILET, KFIVIE IR (V) (TVR= () | FEBFR (X) TRRSNES, FOFIvIH 10TEHBE. T0
—EVIRA... BIL-0FETT,

FIvo & PYN-FL(3H
Jo-7 FHICFYFIO-T. bUAH-BL TECTO-THRV, FR@TD-TOANDI TR A-TNhTVS
TR TS RRERES. TIR TYR=: TI-LIREFERRRER TMIUNEICRRERLEY) o 7 - EEAEES, Zk
et & e
YIhUZy | IRTOBEANYIRIIYEA BENVIRIIYRDSCHS
k
RE/E | REB/IZ.... BIUEMLBROLHENEGD EMO LA, BICBBHT RN
RS BE L EENS .. T MACRFLERM TR A0 LICENET | RV ORI TICAS, FEBREMOEICET S
HTWaH



YAYBEEITERLTNBEEE, RIMTT, ERTRERME FORIEERBTIO-LYIT2L5FRENET,
FICVIVTHIINERT

FIYIRBRIAIVDSBONET, YAV AEBDETICIM TN ETELEY . 3D TRIEERT £E5L. TM17IOBEN 3DEI-ICHEANET, TOISLORBEORDYIC ATY
TEEENZFTRNENET,

FiEME AUFIETTONET :

1. FIARIBE TORE(EBE) (638.3. F600)

2. EROER (638.2. F300)

3. B

4 AEERDERE (F20) : FERE. COEOEATHNELIETT,
TO-Ev T8940

P1INERERY, AHRERHT, TO-EVIRA... £7UvILET, BIAIVIE EFHZERATRHED 3 mm FEINSHESD, 5125 mm EETELET, TS B R-ILoF
DHEMOEEANSENLT T TEAMTZINTY (EELRWRY 3 mm) , FARAE | FMDS 3 BREVORMEEEICLEY. XY 2165 (. V-7 EERTEELRN5H
BULEY,

vy

EMO1OOEEROUEY. COE : E@ X-) HE X+) FH (Y-) (B (Y+) R\ 1 R FE2 1 (BES) . &L EMAENETREELTVSNERSD
ES:IN

ERIBEXIEEEY. 22054 BE €,

B

DOENSEERDIET, E0F : FHEL. Fiih. BE, BE, M BREM0A. BRI GRTYEOATY (ZOMEBER XY 218E T5XEY) . ANS B ANSENLHEE
NEMBETEAECEMIZNTT G mm) 3 < (EIEE) ([ X OEIC 2EIEAL. BEERHET,

BRI AXAY3R0EEE EE 6,

TRERA

FRAD ([F ROFRDSIMBCAD>TNICEALET . RARD (G RAQ LEEHR TOMUDS, RAICEALET, m¥ 1 4 K F:3 8 |, B FFUTETT, ZHOBE
[ ANRMOBEENEDNE T, BEAFRORM TR, BEE XY £18E IS ETT,

R D X Rl Y, EE

L@
FEZ B mMOFR FE XY ZEE TEALABET, LEIC 1EEMLET,
BR - EZ

ROUTAENST-IRRERET D

ERN-PICIE, BEMEMERE D-VERT, $&Eme, TO-TORENEOLS (CEASNEARREINET, FMAEELTVSHEE, ZOEERTINET, BRIV 0
ATYT T RV OB EEZOMECRETEET,

EREI-VR=ICTRICE

1. RRERE... €7UvILET,
2. REIBBMICFIVIEANET , YAUARELEDSLBMICETF IV IR ANLNE EA, AN Z HMEEoNERA, R : IMTOYVIC RIETBTNRRENET, ) © 610
L2 P1 X-129.982 Y95.011,

3. G54 OFRERICRTE 27UvILES Frel. ERTEI-VEZEATEIN)
RS ROUEMBLBIMMET, E. A, T, FEFEETY, T0J56%16- & SA7URELEITEIE-LET, B5—ERIE . ANWIIRYET,

e

VMY DEIER TEERNERIEDTY , COEHMORIEREE TRHYEEA,

U9 -J1c&3T0-TORIE
T0-Jl8, ERULESLBEICMA-SNET (TURSAI) o ZORESAICEOTREVES, UV -ITRIES BL. INSUESN, LUIEOT2VEZOETHIESNET,
1LUYIT-IEF-IVICES, UV IT-IKIE £EVET.

2. UVIR (L UYIDFEAEDEEANLET,
3.MIE  UVJERMELTRELLS AR RNS (BORE) | Z5THRMEERYYIOH.0E IBE THERET,



4 BIERE... 27UV LET, fER - BRIRERE. XY TURSAI, 3 0-T, YVT i,
5. ZOBWICREF B RELEW £7YYILET,

BRIER, B ZOR-VEICEL, BHORE—XOT-N1TCEENET, THHFTHORECRT ¢ REFEAET, SRBRCE EALRENTENET. RETEE
T N-RIER REE LRTRSNET, ZOLE, RIETYRSAI 205 KE RAM 209N SCUESNET

Y1OWH EEBEE

YLOUARET TERVBER, ERN-FIZOREFRTRRIN, IVY-MERBBEINET. 65—ENE TANMIRENET, SBIBAHEROLBYTT

o JO-EVIN, BREFRTRICBEMLAN O : @IV IIORAAEREBICHYEHA, IV M0-31E ALARM:S #H4AIEET,
o AESAANIERTTO-THEANTERMLUE © EMPH>TUIBRSBVEIBICAIDHYET,
o EMULANHECHESHY (R RA UV

TI-LOHEF, BHN-OFIBCHVES, ULy, 50T OV IR T (7I-LEWESR) , Y1 7P IEFofzeE, TO-TRECH>TEBH LLBYE LA, YITTEHT
[C 3DEI-ERERL TS,

ER

BRI FR— VR (CTO-TH R LB & E, VY BIRL T 85— ET0-EV I LTSN, YA1IIVAT-1 217 &, BEMULAIBEBR TZ0ETEATLENET,

Tt~ COR-IDRL EDERME. FERMTIOREEZ T TV E A,



J0J5 L0 (CAM)

Studio (3. TERBEBE N THELET, S&%E. RT YL, 8, 7N BREWI—-Fre LTERRLET, Studio (X, VA VOWEET I THIEIZMAEED, G I-F #2&HLE
¥, ZO5ZX T, YIBITBH1IC. 207075 LEV1 I TEITLET,

CAM DEE

o FBRET-FTT, -FrORIRE. KA. A, LA, SVG £i(d DXF I71)VO/A, XF. £(F 3D MMTADAYY1 (STL. 3MF, OB)) T,

o TEREEFEINKT, Studio [, FREAT LY L, HEHEHIVERY, BIESEOLEET,

o YIYNIRIRHEERVET, TMEERE, XY, RS, FTHENSREY, RIS THOE N, TIHEES. UO0Y, TEOEDHIOVWTOVIYOETIHSREYET, Ih
SIIHEEETY,

o YAUNTOIILERELET, Studio [, THITBRTICTOITLEYVA Y TEITL. RITOBERNOBREDNLEHEEECEHT,

FRTBEVOIVEI-F- L TEELE T, TOTSLDIERICA VT -RY MERIRBTETY,
FEFRWHER ATYRAT VMR ERATEIETT, B

Make a program for a pocket 40 x 30 mm, 3 mm deep, in 6061-T6, with a 6 mm flat end mill.

TYAI VM program_generate V—IVEEWET, 1EELIZED. FTERME. YAV THIBALLIEZRELE T,

vadJ: J4-Fv, TE . ME
Y3713, Studio MEPRICOVTRIFT Z1EIRTY -

o &1, TOYSLDLFICERYET (B : bracket.nc)

o HE (f:6061-T6) . [FNDRETOLIT (EN AW-6061 &) BREINET,
o FMOTELTET-J,

o J1—Fv, tIBITRIBICIHVET,

Studio AEEHLIETOIS L. ZNEERLEYITELEIC, TOITLTANY-[IN-J3VELTRTFEINE T, FYBLTEAERDNE A, HW-YVIVEVET,

MITHE
1 o 3 YHITZED I8
i1 MO EEETFSIC IV
wrybk HZFIETOREE : KA. M. £AK. FLEEEORIK IVRIN
W ERZBICIA0T ¢ SMAL AN XFERE8 L IVRIN
B #RITEST, BOHZE IVRIN
BT ROCEOIN, RMBEERYFYT UL
w=-UvyJ TELYKRERNRE, STARICEIYENS IVRIN
=YL B ERETEICHE LTS J-v
nat aYelH ALyRIL
HHY RO VEYhERGEEY NS~
% XF &SRR VEYRERGIEIVRIN
VEZZY XFEEERAR, FSHIEISEHRET S VEYR
3D FANTL. 3D £ £ Ay IVRIVERER-IVIVRIIL

EEIY, KTy, B®E8
RTyhE BIECHIVERSGNES, I ARD, EBOREERDET ¢
o UVY (BEE) @ HRHMSEECANST, YUV TIRICHIVETS,
o JJYY  FETBNA,
o 797747 : TEOREBE—ELR IR, SVELMRORVRTYMEITTY,
RTYRAOTAIVRE, FZENET, BYIMI TR ZNLYFIORESBRITENZ LA EIZHIVET,
RPN LTI, RSBIAST, 1B I D YUVAY R THIVET , S CHIVIRCEBRIS, F T TIRIFTEXT,
#
B3 BILIIIEORRTYIHIL, 206 EBORETLITEYT, TELYROEVEGL. bOITFRICUIEITELT, RITE>TNIBI-TEIEE, TEANOBFEHSLET,
7% R R-UYI U-YINI, AL

o RBIFE, IVPO-SORBITAIINEEVET, FUIED 3ESYRWRE RvF VI TINILES,



o R-UVJE IVRINKYRERNE, SEARCEIYEHNSEIHILES, /RRE. TERORK 2(5£TTY,

o U-VYMI[E. ZOROEHHWVCE>TY-VT, HIFERETECHELTET, LILREHITHEEXT,

o ALYRIVINTIE ALYRILTHRLE, ENS EICEA->TUIEILET, A=l (M8) . 12771l (1/4-20 UNC) . ERFTRAL (G1/4)  ERT-/MRL
(1/4 NPT, Rc1/4) (3. IR CRHAINET,

EERY. FZ%I. VRER

EEY (&, VEY M TEREBOIRICA-ST, IEELEBETHIVET, BZZL. IRP X FOIREZ, —EDRSTHEVET, VEEZIL. VEY R TRAREHIVE S, SBEIATFIROIBISER T S
DT, ALY ENVET,

3D T et EF

Xy (STL. 3MF, OBJ) (&, LAIZECTRATL NS, (£ EIFET, £ EFARE. £ER. E5R. 2M@EmCENAE. XVVITY,

IERLTET-IL

TER B BE. 5LU0Z0ENBEREOEFE>TRRLES, 41

i I8

flat 6 n3 L20 AIITIVRI, 6 mm, 3H, BEHLRSE 20 mm

ball 3 L12 R=)VIYFI. 3 mm

drill 3.4 118 L20 FUJL, 3.4 mm, Sinfa 118°

v 6 90 L18 VEYE. 6 mm, 90°

reamer 6 H7 n6 L32 NYYY=N. 6 mm, H7 DA

thread 5 60 ALYFI)L. 5 mm, 60° 0771 )L

flat 2 n2 s4 16 L1@ AJITPIVEI, 2 mm, DS 6 mm ETHEES 4 mm OVvII{HE

thread 2 60 d1.4 nl s4 16 L9 ALYRIV AYE 2 mm, BE 1.4 mm (GEiENS 6 mm £T)  ZOLIC4 mm OYvY)

INTOTEL, BEHLRS (L) BRELTEIN, 2593, Studio [E, MIVY-DHEMICHELSRVIEERRL, BEYY-D Z VUTSVAT, ZOTEZHETELT,

BAEIvIIONEIYRIVE, PYI-NYSROAYI— (ALYRIIL TAOYMAYS - TUEAYS - QURYTHYE-) LR Y9V 0% (s) & RmnoIvyInmEdms
(1) BEELTEEN, IvYINEIEILEECIINBERT TR, Studio (& 1 SYRKEIVEBAL YIVE, VvV 79y FTO-TRGRI-IPREICHISBWNERRLET,

TET-IE TEEFSILC—BILET, J1-FrIllE, E5TEZEEL. Studio N TEIKM (12 Ms) ZEBMLET,

PRI EIES S
Studio (&, ZOTEIHT M EDIMEANSMHHET, Z0IXT, VIVOETNEENES ©

o FEIOHAN : YIHINESHDE RATEZOH 80 % T,

o POV FEIEEHEEHKIL. VIVOREUET IR E LEDEIE RADEREICEEEVET,
o RE : YIHEERIL AEORIFNERECTRIZEHEICEEFYET,

o TENRDH : + EFRRFEURENET,

REEEAVICT L. Studio BTOVILEVAVTEITLES, RITTCUVYPBABEFHARDINSL, Studio 1§, BEZIZRELTIOIILEEEL, £5—ERLEY, ALEE
R=IJ3VBRFENET, BB, MEBEEBLATRHEINET,

NEEHEBETIVICEBHEBTY . EETORDOUIEIE, KR T FEEN TR,

BV nE

SRR EHHNEEECESHT, HIZIE, NICE d": g12 H7e L BAICIE "Fitt: vge" LEBEET, Studio [F. HEEAEHOHRRICEDETIEIL. BEEERO 1/{ATHEE
BESH

KLESFHHWNE, ZEITTIBETELY & sliding (H7/96) . locating (H7/h6) . transition (H7/k6) . press (H7/p6) °

NETREQELWARIE, IFA AT EYY-VIITOESIAELTNET, Studio BZOILERSE LT, ZDHBEE. NEHTF DS ZOREFROY-V T EFBILNTER
ED

YAVIENYT-DIRNEHETE L. Studio [, [FHHLDHETETZOERNEERBLET,

BEHOEZEY

MENSINII BRI 220RIMINBETT, FEREVICE, ZNZNOT(-Fri'HY, BRI ZORIMVICESESNIDNEIRELET, X @ Y FDYOKREE. BIOEEH
EAOFEER, T-IREADROFELTY, Studio [&, BREYIEIC 1D0TOISLEEEH L. ZNENE, BIORIRYNZLCREICHLTIM Y TRELEYT . RERVDBINF &
CERROREEEICDONTS, BHEOREVERDYITESRUTKER,



WRICHKAT 1T U1 ER &

VRO, HOBREYH EES, Studio (&, BREASITEREL. RELHERL. RELTBEMRITESLICITHEMLET,

1VFTEERE

AVFHETH, THEESMTEBIET 1 174, 1 1/2, 3/16"c (VFROTER, TEFITSUHYET (B2 1/4" OAVITIVRIN) , EFHELEMESBLTESL,
VAU TIOISLERETD

IR BRI, TOTILEVAVTRITLUESW, YIVIEBE SOT-VEIHIL, FR, HIVBE U, THOEH, BREZRELET, YI1L-VavESBL RSN,

R
VAV TOTIL%, ERONEREVISHLTRELET, V1Y%, REERUREICREL TR, AUHM, AR, TR, -7RATT,
BEYY-t

BRERYY—bE ARL-F(C, YITOBRMYDEAZRAES . R JAE. TR, V-JRR. Z JUT5VATY, BIRU Y-S RLTKES,



T0I5LEIT 15
T0Y5L I-92AR=-Z (Alt+3) (&, TOISLEYVIIVEBGR. AALERSTOIS0E®RESZTT45, ZLTTDISLNI-JIC8LTRIES 30 % RS TLEI-N'HYET,
Studio [&. TOYSLERFT B0, FIERICTHAALTENC, ZON-VIVEREFELET, ZOH, ANED>LNERERTE, TILRIILETERT,
7095 6%
D= AR-R(E 3DDEF A THERSNTNET,
o & :T0YSL—E (FI0V5LLZ0N-I3Y) & YVTEBMm
o R ITF(H
e £ 13D JLt1- mHFRAATIRE, TOVSLREORHER
T0U3LERBKICE ROLSICLET,

o I7MIb > FOYSL%ERK... (Ctrl+0) ([ G I-F I7MIVEERICHHAHET, IT15ICRREOEBNBNMEEE IT15(CERAAHET, Studio [ET7 1V EFH
ERBEIT, EERAEILEHYE A,
o TOYSL—E OTOIILFRFN-VAVEITNIVVITEE. ZOTFAMITAHCAVET, RADATIRE 2RI X TE. BRICEFZAAENEEA,

IF15 MR, B4 OTOTILERIFCEXT, HMICHZTOIILETTI TRV TVEWNGE SR AT-YRAITICZDE N FRINET, Ctrl+K [(FIT19DT0I I LG
HAF, Ctrl+Shift+R [ZHEMDTOIFLEITAIICERAHES REARREIN-VaVELURESNET)

YYINTOI5 A

Studio 1.0 (& 4O Y Y AN ERMMIELTVET . NEMA 17 E-5-EfHR, FHAIRROI0Y MRV, VAVOREREF VI T4V FBREB AR TS, SHOTVIT-F
TEMENES, BV TAEBER OWThAEIINI YT 2D T71I > YU TEB&... hSRVET,

YUTNEFHALE, ZOY Y TVABICEBSENERIVINET, RMERE, TET-IWCEHOTE, BRRER. 7-7EK. T0J54, ZLTHYAVICLLB RO R1'H 515
ARZOMRTY,

e

YYINEFHALE, ZNETORM, TET-JI, G54 OU-VRREBBSHEISNET ., AL—EICHD TEI0IIL BTDJSLETEHRHAH FHMEZOFXICLET,

I719
I715(4 G I-F IT19T9Y,

o D-REFEEILICEAFINET 1 G I-F& M 1-F, &, AII07-F, &V, @i, TE, AV ®

o Y-IUVLRITESLN-INERRINET : REORHEEE GREIS-. BREE. FILFED)  IL-IRIV M AN ETHhOT

o ETEE 22BOV-IVICRITORENH BEAI TRRINET , EVISELBAETIRE, ANDRERT MHRAORXY, E#EIEhOYIY], B2, 77-L) KT
¥, JUvIF B, BIRIOEITTOZOITORERRRINET,

ITAIDTOAT-FAITICE, TEF) TRAMERICASTVNBHES A N-T3av REOHE. ZLTESVBITOROTOIILOKRE (E-FII-F, #*Y, B, T8, i
B) IRRENET,

K 2T E ITAIND-IAR-ZALHEFENET, TOPIX & gL, TOJ5L—BLIVEI-IRVET,
BLITES

BEIVRIONE GAMEERFY-Y) [LRVET, IV FO-IHS TILEIRVIAATNS, RITHOTLYEOTE, KETRREINET,

BRELER
o Ctrl+F TIRFMYIAZRELT, Enter CRO—ZEFA, Shift+Enter TRIO—BEMABEILET, RETEANFLINXFERFIE Y, KEZTHESLLBICRVE
ER

e Ctrl+G T, {TESZIEELBELET,
o Ctrl+H T RBERYIAD T [CEBIRMYIA%EFELT, Enter TEIRFO—HEFTEBIRL TRAKER, Ctrl+Enter TINTE#LE T, Ctrl+Z TRICREET,

Esc TRYIAZEALET,
TV-IRIUbe—HELE
TU=IRAV MR RITNZOITISELESICVAYORRE LD E T, ROBFEZEDYE A, F5 THRITLET.

o Ctrl+B, FBY-ION-IVDIUYIT, ZOTICTIL-IR1Y M BELT,
SHET—RHELL (Ctrl+Shift+B) (3. ROESBIENMRELLZCVAVEILHET : TENIHIEADHREE, BRUIMRIEH>REE ZT7IRELRBER, VU, 75~
L, AVPO-SOREOEL., PIEIES - THMER BREEMEE L LREBRALEE TINOEE, YAVURNUTIVIILATEHNTNBEE R, FYORERYIIL-Y
IVERFTUHESNET, 20718, VUIVICEZ—BHEIE P, E1-[CRRSNZVTVOMER. IRISY DA LENSIENBYET  BEFEREIVBTIN HLLIHISH
NE<EBZER FASYFERORIYMRE) T 1~2 BENZI(HHYET, TEOOVWTORER RN EZET. UUVIERIERE SHEH.. LRRSNET, 57T
B EIHOMIFEEVIH OFERER DO T, ZOYVHIOVVYIEFEERRLET, RITR TROUR-MIEE50BAERLTT,

o TOAZ1~ (N-IVEEITYYYI, EEE Shift+F10) [T, ... (THEXTRIT & INTOTV-IRIY bR £5HVET,



TU=IRAVME TOIS LD ERICTHHAFN T OB HICBYVET,

LN -
IFIEADT ADELDTHSHUE) | BHHDHE, ZLTRTRICEI—E, TOISLERELES. REE 200BHDSRYET,

o -IRE, IV O-SEEMPRZIHFHIEABRICESLT, INTOTEANET, ENLELEOEHYEEA.
o JLEI-REEF. BEOT-I(CHLTTDISLERTULTANES BHOBRNASTRAEREHTHZIE, TOISLNRTHR TRV LN BETT, AJIH(E 20,000
TUTOTOISLERELES . ZNEYRVWIOVSLGEMICTRHFAA LR R T2FEIREL, MR 3DE1-& XvE-J FTCHRVWVRTRREINET,

70954 > FOIFLERE (. BIORETY. HHAHFHOTOITLE, EiRE#NSTIC, IV FO-5BEOFIVIE-FT 1TIDELET,
RETREINGED

RHEBEEIS- BEOEROVITNH T ZETBTOT IO -INESELEILRRTINGT, §

W= &5l RHAR

S01 zE BYOBEORICEIARIOVIARN : TOJILH IV O-50REICESTNS
S02 & KEIC M2 £ M30 EHL

S04 I5- F RYRETICEIRIB BN HS

S05 & s BLTEMAMAENT 2. F(E s HEBHOFEN

s07 I5- IVAO-IHR G FEVNI-F : K. 0 T-F. YTTOYS4, 6a1/642. G68

S10 & I-90 EELYTF T, TOYSLAZETIIHILIZRES SV RMIBAD BEY
S11 I5- I bO-SMEZE S BN

s12 L KAEHNI-5VE (M) BLTHIHILTVS

S14 BE DI-VRREHRELELELEBIORIOITET, ZORIEHZEOAEL

TLEa-#ER, TOISL0T-I3LTUATE T 2HERBLET : MRADREY, TEE LR OLIE) SBELOEFR, AMD-V%BREB . 7-5Y ML TOEEER,
BREEHEOBIE
RHBIECE, REMICEONHYET . F : RE BFIICHEA) : M8,

1. D-YINEZDITICELA, Alt+l & Alt+1 TRIEFENGRHBEABELET,
2. Ctrl+. Z4RLET (FME. TOXZ1-T BEEER 220%9)

R ZEEF1ATYTTIThN, Ctrl+Z TRICREET, AT 3HICIREEFA TSN, RENETOIREEETHY, ERTRHYELA,

=ik

BE{L (Ctrl+Shift+0) (&, FUBREVIEITZEYENTOIILERLET  RY L RIEHEZEEL, EWVTEELD, BBOSIZTIFEY, TOIOJILLRBLEBOTOIIA
%, FICEREXY T, M0 200X RIE- L TETLET, EMPERYINTVZLENHYET, BB (& Pro IF1V3IVLL ETHEIET,

BRARINE ITAHOTXAMBEERISN (Ctrl+Z TROTOIILICREET) | LBAREET, IVV-IICIE. BB ORIEORE., SATEIER. CUVIEEL &
BARHRRINET, EHB(CIE RBLEELE £21E Ctrl+Shift+O ZIRLET,

N-J3y

RO‘BEET B, Studio FTOVFLON-YIVERELET,

o N=YaviRtE (Ctrl+S) %iFg
o HEMICEEMAD (RMAATRE. $2(E 7710 > TOJ5L%RK...)
o RT3, =L ERSNETOIILPEBOTOI I LEREARODRDYICEYAD REARIBEIREFINET)

BEION-YIavERIUABRODN-VIV [, ERTUREFEINEFA, N\-VIV[E FF2 4> F\Twinwright Studio\programs\<program>\ [ 1774V DRIFSN. HIRSNBZEEH
YEBA, TOVIL—E L3 KTOVILOTICN-VIVH, RELVEERERELEBREEBICRTINET,

220N-J3V DL

8 (Ctrl+D) 3. ITAYDTFANE REZRIOREEH/N-TVIVE, ITIIDOTICRRLET, EESNLITRE, BMINLATER. BIRSNEATER, F ¥R s £OA
EDATRETRRENKT, Ctrl+D &E5—ER T & E5LHWA-JIVARRENKT, Alt+L & Alt+T TEADSEDANBEIL, Esc TEALT,

HEORBLUCEESOBARRIN, BAON-JIVHTOTY VIV TRELFTETINTVSHEE, RITHBMELLESINET,
REBHD 22ON-VAVELLEKT B, FTHLWEIZITAY TS, Ctrl+D ZIRLET,
N=-Y3aVILRY

1. 0I5 L—8 T ZON-J3VedTNIVYILETS, fER : ZOTFAMITIIICAVET , KIRFOREARE., ELN-IaVELUREINET, Ctrl+Z TIOEEET
[CREET,
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2. mHAATIRE (Ctrl+K) ZILT BHICTHEHAHET,

REFLIIAR-b

o N=-YaVgeE (Ctrl+S) (&, Studio DFOISLITANT-ICN-VaVERELET,
o Ctrl+Shift+S (&, IT450T0II L% BALBRRICI7AIVELTRELET,
o N-JAVFEED .nc I7MITTE, TOIILITANT-H5IE-TEET,

74N > I5TEIIAR-b (CSV)... (&, RITOTIVEREFLET (HiTE2ESR)  REYUY-bORELR-MI, i 0 UR-F D-FICHYET (REESR)

TLE1-: ZOR-IORE EDFRRG. FERMTAIOREEZHITVERA,
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NN
T0J5L0ETEER

1T J-IAR-AE, FFHAENLTOISLEETL T ROEBOENZTERTRLET, EITALEFBLE, Studio (EROFIBEZEANL, 05025370V INSBURKRTEIE
TCEXT,

SEHAH LB

TOY5 LEERICHMADICE, ROVWTHEITVWET,

o I7A > FOY5L%EML... (Ctrl+0) : G I-F IPMIVEEVET, Studio EI71IVEFRHIBEIT, EEALILRBHYE A,
o I > BUTWEBG... : BUTNERVELT, Studio B, ZOYVIVAOREM, TE, T-VRSERIVYLET,
o JOYSL T-UAR-AT HmHAATIRE (Ctrl+K) T IT190TDII LN HHFAENET,

BIRA-ICIE, T0Y50%, TOVIH, 8BLZ0ERBIRRINET,

BISAT BIC(E, BN -0 BLINRT-F (F5) ZIRLET, YAUIWAT-b (& TOTS LD GHAEN AT 1 FIVRE TR R EREFHDLE(, BYDIALRRICEYET, TO
IS LRETHEN R ON>TWEB AR TOJSLOBMKBRCIY Y- ZOILEMSEET,

EHTTDISLERITIBRIC REL RSN, TOY5L > TOYSLERE (3. T0J5021b0-50F Ty E-FICBLET, IV MO-SEINTOTOY I E5ARY  HE(E
BEEHA,

RITERTS
TOIFLOETHE ROLSCRTSNET,

e 3DE1-(C. TE. TEEROBNIE YHIENTKT-INRTENET, TEOIEARTE TE. YIHFOTEZLALTRONET,

FyI0 FOY5 L ST CUAMKRENET , RITROTOVICEY-IMMFE BT LEIOVY [FE<RREN, N-TEITOvIORREADIVET, RITHOTOVISERE
EESE Z0TOVINEICRREBEICAVET,

UALOREILHZ TOTS L8 (X, T0Y50% (TOYSLFOIXYMIEIND €IYaveb1v-ICH 0, ZhZnokfeRnrlEd,

° ADFICE. RRMENLVET,

FOTFLHHEDB L Ayt -Y FII0 RITENLTOvTHE, YI1L-YaYNTRITICA DN RTENET,
EBLRYRR
BEA-CE 270v7hORTHOI0vI, BT LEIOVI0OEIE. B8 & 5BY iRTENET,
o BB 3. INFTOBMBRT, YI1L-YaVOBMTERINET,
o &Y 1 RYOBSORERET, TOTTLORYEREINSRKDET.
TI-LO%E N-CTOIS LM IELETOY IR RRENET,
RnfE
E1T 0OBEOFICE. ENSIBICROEENBYET.

o I : FHMOT-VEIEEMER, BN R SERFHTHNE EIMTEET, ZOTICE-IATABY, B5hA G I-F. TR, %Y, THMEEH M I-FIRRENE
Io PI-LHE, TEET-5Y MEROEBRORETRREN, TOJSLDMERY-VFITCRRENET,

o FEEEXY : TEREEYR (FEINEBROREGR, V-INESSNEEERE)  THEH (80 % T, 100 % £BABERK) | #EY,

TH) (IVIZTURIE) - IAVICEBHEEE, YIRS, XT-, FUVIEIR, 10 H VDY,

o A-N-SARRER. FEHRF. TRUES ARL-FLALLE)

TIYIVOIMETYYISBE FVEEENET, TIHE-FTE. IE L RBEE tRRSNET, INE FEIOVT BEOIOVIOKYDERETY.

J4-Fik=JVF, fBik. A-N=-51F

o Jq—=F=IVF (F6 £f=(4 Space) (&, EHERGEL U= LSS, EEISRIVEETET, Y1 AT-b THEITLET,
o Z1k (F7) (3. FFEYEFFL. BHAIEFoTHBIY MO-52UEYRLET, B5—ET L, ICCUEYNLET,
o Utyk (F12) [ TOUSLESCICIELELES,

A=N=31FE BITHROTOISL0%Y L TEEELZ, 10 % 15 200 % OHEFETEELET,

A-R-51F *- EE L DIRE

*®Y Ctrl+1, Ctrl+1 : 210 % A=N=F4K : JTEFSYY, Ctrl BARLEAST 1 % ZId
i Ctrl+—, Ctrl+— : 10 % A=N=34F : JTERSYT

BixY Bt > A—/X=F1F : 25 %. 50 %. 100 % A=I\=-34K : 100, 50. 25

Ctrl+0, F2(3/T0FTNI VI T %Y 8D 100 % ICRYET,
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oYYy

WR-0 YYINT0YY 319002 LTOIFLEFIELES , YAINAT- b, £t TOI5L > ROTOYY 2R L ROTOVIERITLES ., BT CERTHTEAY
[CTEET, BI—EIYYITHE. FIEIICRITLET,

JagENYERIL

I3718, FIT O FEIRE BUHFVEELENTOES) TN F-TIVES (BHOT-E21) .

o BEIE : 1[IIFTEIC0.01. 0.1, 1. 10, F=(F 50 mm, = FFLTWBMYIT : ¥R LTS/, #in'ghEEd,

o EEE : 100, 300, 1500, F7=(F 3000 mm/min,

o JNYR:XEYETFICZEZOMECEREL. FRICYIVEL (Eso) AHYET,

o NYERIL X Y. ZOWINhheZldH (x1. x10, x100 : 1TEEYH:Y 0.001, 0.01. 0.1 mm) EFF, 1VIERTYITEH. 20 LETYVARI-ILERILET,

J3JTEZDEG EHOERNAASTNC, TAFIREET, 75-LAHTESY, TOTSLPERTINTVWENEEETTY, LT VDYV F, F-&BELEE, GV VRN
TA-NAEROfEEICEFVET,

Y=l > B’IE... > KRIVETINAR > FRUNVARESR \IFIL) TNAVRIOBFERELET . EE . M-I EEBEMEIEXVET, IR 3. INTOBRYEBHL
9,

T5-LEFHAD

TI-LORET B BRN-DIRERTARICEY, N-CEROANBIRRENET,

o TI-LEZDERK, B : ALARM:17 T=F-FSANBPREERELTVET
o RDFIE: SINEILE, ZNERITTEF-
o 2F|IE (FIBNMEHKHZHE)

Z0X-27UIS BN Wi > ROFIRZRT £E58. ROFIEERTLET, ZFFIEOE, Studio BHEBMOIKENSFIEEHELELZY,
TI-LDZOMEORTR  MEMEECEBROLLEL B O T (CHRRENSIT. YUARTTOIILMEIELEERTOFR T, 3DEI-DRSA RIS,
75-LOERE, RE. BRTE 1 751

FEICRBFIE

2FIRE £ MFECRBFIENHEET, FRE, GOV UERCLALFIENBY, EFIBICE, 20F-& ZOFIEN B ERBHEMINVTIVET, SERITIZFIBICEV-I1MF
EEYL 1EOTYYITETENZOE ROFIELFTT,

fERE FSIRDOT5-L (ALARM:17) D& ROLSICHVET,

1. EEFBUAERLTRSINOERZYZ (F1) : FIIROTI-LE FIINOEFENMINEESCUMEBRSNE A,
2. EFELERE (F1) .

3. EBFERA (F2) : FSANCBUERFAAVES,

4.Utybk (F12) : FSANAMERLEES. IV M0-31E ALARM:17 ZRFLTVET,

5. RAER (F3) : BEMINTVELSD, UBEREBETEXEA,

HEEN B TEASNEEDTHEH AR REICZOIEN R ELBILRTENET,

TI-LTTOISLMFIE LB AR, FIRORRIC, ZIN5BRT3I0vINRENET, LB BLELELIV-DKHATT,

J0vIh50EH

Studio (§. TOJSLEERDIOYINSFATEET . 20T0YI O R TTOTILNEIRICREL VBB TOREICHMEEI 2FMI0VIEESHL, L TERVERTLE
ED

1. TOYSLEEIELET, #HOTREN A TN, TOJSLNETHRTHEVBRELNHYET,

2. Ryo@ FOYS5L 57T, 2070v0EEIYYILT IOYY ... hEREE %2V, OK #HLET, IT1I TR, (TON-IVEEIUYIT BN\ Shift+F10 #HFLET, R :
Studio A'Tname (JOYY n h'5) J&FHAHET, FAELEEA.

3. YMIWRF-b 21 LET,

FRIOVIE ROBEEITVET,

1.Z 2 EIRETLEIS

2. 20707 OB R TTOYSLNRELTWEE AL, Fil, EE-F. D-VEERERXET D
3.2070v7SVRNCTOIS LN TR W ESEE, TEEIRTS

4. -5V b E#ETOIS LOEEHRTAYICL, EEMAEERISET 2 THD

5. REBEITHARDENBEIL, 20 2 mm EXTTRELTHS, EYTTHETS

6. 2070y INST0Y5LERKETS

Z0%k, TUEI-RED BYOBAEREDT-IICHLTURELET,
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R

BRI B &LYBIOIOYI(CIE, Studio MBI TERVEDABYET : NTX-4, . HTTOJIL. cle. 628. G30. 692, FHMAHKFEDERLICZNSH—ERRINET,
1WA —-b R HIIC, EEMORREERERL TS,

KEICIE-CTRAESSERY
TI-LTTOYILMMEIE LR, FIBOSEIC BIREBAETLELI-.. I’RRENKT, INERT L, BRTOV L Z0ERNHEXT,
1. JE-TRHT 27UvILET, #EFR  FREBAN REOT-IEE>TERMOIERRIE- ETEITIN, Studio A FTEKR, HR (BN  BROUVVYIEE., BrE
BERELEY,
2. FRAEREZSTHNE (FEICRSFIRERITL TG, 2070V IhSRBLET,
Y323L-Y3aVEETOET

YA VSR TEELES, YIab-vaY > EE &fE5 L. RRERO 0.5E0'5 S0 ETEE CELXT, B\ -OREEHIE, Y32L-Yav ol BALEE, IV¥1-9-H'E
BXISEL TV EEARRENEKT,

Y31b-v3Y > YIab-YavE—BELE. FREEBEN-O T VIVOBRAEFVET, EFoTWBRIE. AEELERA. Y1 AT-k THEITLES, IT159071L
“JRAY b e—BHEIEEEE. RLESCY1VOBREEIEDFET (TOJILEIT19%558R) .

Y32L-Y3aVO—BHE L, T1-FR-)LFTREBYEEA. ERMOREFESNZLEI T, FILTEDITEBYEEA,
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peKiit e

A 3 RITERVBYET, BRADECTEDNEA . TEEREVCTYCET YAV OHEEE, ZLUTNTULMRERFEOLBEIDNVET, BHT 3. EHOBRRHLES
ERRL VMYVICHEEEZEALT ZORRZROIBMENTEBLIICLET,

RiTEIRYVIES

P (Alt+5, IVIZTFLAMIE) B, TOTS LN RITENZEARIRRENET,

o KO ERTEE (L3, ZOtyyav0RTI—BRRINET, TOJSL, T OMLH, BMEE, FBREZTY, 7I-AFERIS-THR T LERTRIKRTRRSNET,

o RRIIIITNHY, ZOTIC TOYIRTOT7AIN & RERFHRE © 2005 THHYET,

o A0 FEORET (L[, FIROERTOEMNNRTREINET, EETEALD ZEFROND1T0vT RATBIEREZAOVIVIER, BLUENZNOTOVY, bt
2. RYISELENSETOYI ARYRTT,

732, 702711 BN, BIEOETOEDTT,

J0yoRTazrAIb (L3, BREOAD-IOv IR, RVEBCIEVET, KL ZOE S, IEHINEYERBISELLRY ELED > REH, YRR, CUVIEE REE., 1
RNYMIRRENET, TOVIEYINIVVIT B\ Enter &R T &, TOIS5L IT150Z0TOVINBELET,

JOvINREVISELEDSTEBHE, ROEBYTT,

o BHOREERE

o I-F-EEMETET, ZORTIMELENEL

o MEMMKICLBHIR

o IVRO-30T5VZVY R#EVIEOEN, £EIYMO-505HEYDEN
* 100 % KRiHmDEYA-N-F1 K, £EET1-FR-ILF

B - HEEEEREEOME

EATHIIC, Studio [FTOYTLMEY & BEUNSHEMBFRIEHTE LF T, B/ \-[CIEZORERN 9 2RI TRRIN, FyI0 TOYSLEE (L3I YavleoBmrRRanE
9, RATRERTHROBME, MEELIVIO-50TIVZVTEEE, V1Y OEBIRTT, S8\ LSRR BRHEIZVREA, T0J5L8E (LERT2E0RMA, T0vs
MFOT7AI CIEEITDVIOBREN R RINET,

IRTORRA, YI1L-Y3Y ORI THY, ERORE O TESYEHA,
PIHlEG, TUY, SIUKT RS

J37121. B 10, 30, F:(F 120 s DEITHROMENRTINET, 3%V, BEE, THOREEHEER. SIHIET. ML, KO- PIUKTES, POV, Eit8ETY. J5
J2EIVIIBE RREFRRIIEDYET,

CUVIEIRE, ThAHFRSE, AT OTMEGH CRERRETELETT,

iR ek

0.8 Kifls RE
0.8-1 RS T8
1%E82% VURE

RERFRE (3. BERIOUAHICOVT (EETRIABWESE X AAOES 1 mm OIVAOYMNIOWT)  THMEEHKICTI2RELVIAHMRESEHEXT, RERAFERE
FE 27UvILES, RORREERBOVHIEGZE, ROBRERELERRGEERLET,

RR > B T TELRORNIE, FVRE, SIHIES, PIVKTES, POV, TOY5L0T0YITEATTEXY, T-73 MRIERS, BREORE. T0J50070Y
JTEAITEXT,

NGk MBEFIVICEIVIVOEERETT (VIVOETIESR) .

REHIARE DLEB

MIUEE R RE L ECCREINERRTZICIE. ROLSICLET,
1. %5 O BREY ATyT T BESTL GLBA) ... £7UyI0L. MR STL 7V EEVET (BALE mm. RRETOVSLOERER)
2. 70U 0 EITLES,
3.F/ER > BH > 79— BREDRE ©RVET,

BER L 0-713 ERIEEDSENETHN TOINILTEATENET, +20 um UARBRIFEHBEN, ZNUAOERFHIVEZLEEIVIBEZRLEY, LLEERT T e
RUBRINET, SV EBBRETHFATE. ZNENOFRDFHAENET,

2EIDEFTOLEER
S [CEAIEORTIEREINES, TOYSL0 2EIOEITELET B0, ROFEIBYET.

o JOJSL ITAHT L8 (Ctrl+D) ZESL mADN-YIVBRIOEYYIVTREFTEITINTVRHBAIL. MAON-YIVOETHEY, EEINLTOREHIHIY
9 Q20ON-YIVOLLEBEESR)
o AI7YATVML. 2RIDETEEATHETEET (AITYATIVMESER)
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IV AR-k

957%IJAR-b (CSV)... (BIEIORAT A, FlE T7MIV > I5TEIVAR-b (CSV)...) [ JSTOEMH 160 s & CSV IV ELTRFLET, BfEDF) (BAzE#) (2
BEWT I372L2 1500 BY, REUICEMNMTE, ERFRREMTT,

g O T-JFIIAR—b... (5. MILED-0% STLI71) (FOUSLERR, RMER, FEEBER) FEmIvyTELTRELET,

PEI-JAN-2

P (Alt+6, TIZIvYLAILLE) B BROEBRRFER TERRLES . BARENSEARNEY, EREEHEES BEHBHETY, BREES T, EWAE ER
BESFEATDEERIRE, EEOLERE, TI-LFLBHEDEEFHFRTRREINKT,

WMREIVYITRE, BOVHAARRINES, RO TICE, IVMO-5OAN, EEEA, FIINTI-LHHYET,
MC-1 OERR L. EAERNOEHET, ROLBYTT,

o EERAMYF QF1 L IVNO-5H0 24V ER

e JYhO-5 : ZOREXEETI-A

o JEE(ELE SBO &, ZNHBAMKT BiEALEE KM1

o RI1\ED 48V EF

* X Y.ZDRFANEEH
o AYN-5, X8 J-5VMRYT

IVkO0-50OAH

EANTVTBHYET YIYRRIYF (X= YIyb X+ USYh Y- USYh Y+ USYb ZUIYR) (V-IbEyS— FEEEIE FSAINTS-L TT, TV T3 AABATOEE
BB AVDEEERESLBRICBYET,

Y-ItyF- 057 F. IVFO-50T0-TAHTY, FyF FO-THERLEESCERTLET,

RSN

RSN, EFBRT LBREE, T B, 75-4, BBH, TEAT FRRESNET, FRACE RSIOERE., SHMOBREEN, BAEEEEIIRTINGT,
F#1YN-5 (VFD)

AVNR-5 (T3, BAREKE TR, FERBEENFRRINET, BFEEF 0C GBER) .OL GBEH) WU CRREE) TF, #MICE. THMEGEHREIESSNEEER, &
RV TIBRRENET, V-5V MEL TR LR T8, ZOBRIE L0, BEL—ERRSNET,

YA INDEFEDEA

WESEAEESE, V1Y ETHRIEZ RO TRET R BNTELT, ZESNZOEIY RN OB THY, EHTRBYEE A,

o FOR : HMOEEORR (UIYRRMYF Y-IbEvs- FSAROTI-LFI-V, IEEZ IR, KM1 ORI, RS485 NA, AVN\-YDOHEEUL-) %, Bk, &k, MR
Br#R. BRlT (50 us o@yIny 1@) oLWIhACLET, IEE Z&E5E. BN TIIRYET,

o FIANTI-L: X . Y. ZDOWINHERZE, ZORFIDNEEERELES, FIINDOT7I-LIE. FSINOEFENINEEECUNRRSNE A, #E/N\-0., FEICRS
FIECH TS,

EAUEBIEG BEOTIC—ERRIN, IVY-VCESAFN, BEEDJICRFINET, FSMROT75-L0O%E BHA-ORRE(C, EALLREEZOBNIRTINET,

734 B7S5-LEEIRFIR

IRTOT I ZOBKEFER : 75-1o WHNA-CE, FELTWBTI-ALBLL. (FRICRZFIENRRENET ((FELRZFIEEZSR) .

734 EXICRZFIE

FIMROEE (F51/D'75-LIRAED ALARM:17) FEBIFIEEIRLTERL, BIRIRA. Vb RRiER
FEBE NN (ALARM:10) FBIFLEERL, BREA VEYE RAER
RSARDEIRLIZELD ALARM:17 Veyh RRBR

BRRERNSHE (ALARM:11) RRER

N=FUZybk (ALARM:1) Utyh, OvI8@ER. YaJTUIYPRIvF ot BRRER
ALARM:3, 8.9 Veyvh RRER

Z0M0T 514 Utyk, OvIER

TUE1-: ZOR-IDR L EDERR FERITITORBEEZITVE A,
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YMITOTOIILET
EE BUIVE)  AXEHERT, BAMASTRMNBIET,

VEM2dre

91 BRI (L. MC-1 OFIFIIA YT, Z0H T Twinwright B D—RIVBBIEL TEY, 48 £ L RLI-RTF, T-F—-. RS540, Tdh, X1 vF. P44, BREFI
PBOES, TOYSAEYA YA THER EERLES CRITEN. YAVIRE SOT-IENEILET, V1YW # ROV THTHIER, IRTHEEETT,

EITOHIIC

YAV, ERSNEEIYICHLTIOYSLERELET, 20k, EHEALICEESCBIRVL TR,

o i O71I > BHMEYIVEZ...)

o ZMEZOEESE (g 7-7AR-R)
e TE (Fyyn TEF-I)

o D-UR= (W > 7-JFRR)

T7A > YYTWE&R... (& INSITRNTEREL, TNYILE—ELHHFAHET,

R

BREOMMER, RIRYOIELSTREVEY, EBOFRM, JBE, TR J-7RRMNEXE ZNEVAVNMRELLEOTRHYE EA.

T095L%ET3

1. T0TSLEREEY : I7MIb > TOI5L%ERK...

2. BMIRELET : TOY54L > TOJSLERE (3, T0Y546%2IV M 0-50F Ty I E-FISBLET, IV MO-5EIRTOTOVIEHZHERY, EIREBEEEA,

3. BITLEY : YAIWARI-F (F5) o T4—Fik—JbF (F6) T—BHEIEL. BAUIWAI—F THATL. BIE (F7) TIRLELETS, YYINTOYY (3 170v79DETL. RO
J0v7 FROIOYIEETLET,

YAV FCEELRINEEBEMTHELET, YI1b-vaY > BE TERBO¥HDS SOEXTEETE, ¥31b-v3Y > Y31b-YavE—RHELE TY1YORMA LS
YEY (EFoTWBM, BHORERZELLEEA) .

VIITMRETZE0
T0I5LEBERYORARDSHINGEO :

e IVNO-ZEEOT7I-LEIT- HEMOIVIO-IHAHTEDLRL) : YIRIIYR UIYRRIYF, AICHERMLEVTO-TBE
o Y-bikVF—. JLybFyb, E8hE, FHBE. T-ILEDER, BLUZTIR

o B3XY (o) TOYIHI, FEEAHNIEFL>TNSIREETOLIH]

o EMOEmERERITT GAEPT-IIET S

o TEHNMEAHADIMTIBETZINN | TEICHLTETEZ 10U EYD%EY, TEORTOMIFIEHDN I EOHFAREBRZHE

o ZVUTIVA  KETEEIYFIO-TN, Z % LimICLIRRETEREYEBZI 5NN (MC-1 \-FVITE8]R)

o EXERVICEBROFEFTAMRNGZI5E | SRR MBI RTERTEI (FRR > BHT > -7 BREOFEE)

MBI, FETIEVC, FYI0 Xvt-I FTCRRSNET,

VAU HEETBED
WEREFIHEHET S0 :

o EIHIEGL, ML KO- ZEETR  FEMERYLRAKRCETINDZEEENES, BFIRETEZLEMOIVN-IP NV TLET

o YIHIRICTELMBATOOREF A, MHISN R CRNET

o UV : BEICHOKIER (RT > &2 > Bl : CUVIER) & ORINRET3TMEEE (917 D-7AR-2 : RERPHREEE)
o TEORN : A0DYhERE ZODRBELEEAVES

o HWERT : IYPO-5BB0TIVVIERIANOBENSRHEFT

o R-VIVFINDNAOMICFRTHAT (ZORIRTHY, REESTREBHYEEA)

BRI, YR, PIHIERL, PIUCKTESTRAITRILETE (RiR > &2  FvI0 J57 571C@ RITOREIKEICHLTIOYNENET,
R

HEMER, BEVOBBANIEINSETIE, —MOR/S5A-5 (RSN TVSIHIT-5, SIFGBEIE, RORE) CEINVTVET, TOJTLESLOLED, 1)
BRI ORREDF RICEI TSN, BRRDBIEMEELTESEDOTREBYEEA,
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I IBETIMELBEVED

REIDTIAFvEHES

BRI T, I, BLUZOHEH

YR (SEVER DD

ERem B RO R

TEE# 1.0 T IRNTOIENFRTT (FIIZULEYEITEZ IR, 7IIZULNALCTEL, BMRICNUAHEVE ERUABLEEYT B0, FEALDS
& FICKBEINET)

IEMINERICERIZIL

TOISLRBEOTYY RFEVAN NS - RTORNC, FOJILRERT-I%%59 0.1 mm O THANEZT (100 x 100 mm ##BR3HEM Tl>BEoL AL &A 100 At

) o Z0FH. ZNEYBVEZBZREY P, BEEZNLWNSNTHEI TR RETRMANMNBVIEAHYES, BRI I, TOTILEVA Y TETLTUESW, YAV
B E0YI4IE 0.02 mm QLI TEHELET,

Bigev1/0IE

0.1~05mm OTETPMMA (F7VUI) %#TIEIT25E (RERENITORER)  YIVEIBICROEDER WVEE Ao

YIERE : PMMA IHSREB S (1 105~115 °C) [EIKEERILL. # 70 °C ZBRBEVUCTH TEPRBICAB L TUTELET, 1 IHLYDEY L EIEHKE, T
BX-H-HRYEBE LIRS TLES L

I770-%7-5Vbe, ZNEHRPTUTICRFTHE

FREPRTY b ORITH 1N

SEVEE | PMMA TlE, ESH9 0.15 mm RiEOEESEIBITEOONMANE S, VA VA BIZ0 R TEDREEZOEHANEITET, BEBEROEDHIFTELEEA
THIBARORE | INEENSBTEEE+ kHz Thhd, hoKUETRILEY, TEORFEMIEIEEZITZ L TRBMBEELEIA, VAV EInERDEN D, I50
EIEOUUVIRZRR2SMICEYEYT

ETNEZOFIR : VIVDET )V,

ERELR-F

3DEI-0T-7 YA VBIHILIEEDTY . 5 FEEIRIOREERL., MROZATRKDISZHEE. ZheDREERLET,
FuID Ay t-9 FTCREORBERED F57 FTCEIHIEGT. AfF. EEORMEMIRTINET., I7M1I > I5TEIIAR-b (CSV)... TRETEET,

o AIJS1TYHE. Studio ® MCP Y-)LEEBL T, RILIEREZRHENET : MCP V=)L OUI7LYAESRBL TS,

TLE1-: ZOR-IORELDFRRG. FERMTAIOREEZHITVERA,
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*ﬁﬁ\ bﬂ-\o_ I~\ EﬁﬂyUy_ |N

BREHVIEZHE, FyFTIO-THREFERBOLADE THRRERELET, Studio ([F. BIELLIER, VIYOHEBEENTRELR-MIESHLET, BRAEHIZATCE, B&
BYY-rh Y3ITOEREIYDILEFEARL-FEZRET, £55E Pro IT(Y3IVILEFNET,

FyFIO-JTRRRERET D

BRI, HIoRZDIH T, MMASEYA S AIICHIEL TESW, BMREME H-FE, i 0 FR ATvTCHY, TO-TON-FOFILHYET, ZON-FE. BaEE. Z0 CAM I
ITDEREFEBOLADEET, MR, ET-FrOTE FHHL, RETT, 1.0 TR ZON-FRTO-TOA-FERUCYAY LTRELET, VI VD EEISBHL TS B A,
EHAIT, ZOME S ORIEEE>TREL I,

BERED :

o HIVRALZOZEETEINTVEE G, T-VRSEBNSHNTEIN, IEF. T-VRAFEECHTEINET,
o EHCERYAIE UV IT-ITRELEIYFIO-T, TO-LVI%EBRBLTKESW,
e CAM XF[F AIPYRIYNCERLEESOYT LD CAM Y37,

e

BER Pro IT1YaVCEENES, GHNDIT1YIV TR H-FIC Pro OINARREN., BIERE... A0S EERLET MATICIERLERSFEVR-FME EOTIT1
YAV TERIES,

Measure the part @
against the job's design - generated.nc - G54
@ Hole @8 H7 x 2

diameter, position, circularity, the axis'

perpendicularity

for the

sizes the
General tolerances I1SO 2768-mK w | drawing

gives no

tolerance

K: the form checks as well (flatness,
perpendicularity, circularity), 16 more
touches

+ The spindle holds the probe, calibrated
(13:33, ring @20.000)
v G54 is the one the part was cut with

v The spindle stands, the machine is homed and
idle

Clear the chips and the cooclant from the holes
and pockets first
(a chip under the probe is measured as the part)

25 touches, about 2 minutes.

: Show the touches in 3D ]

Start measuring...

The record of what was measured is written once and

never changed; its SHA-256 goes into the audit log.

BIETBICE

1. % TR B ATVTEIUYILET, #ER - h-RIC, BREMEBSLADEZNMEBRINET, 2N, BREBIEEEOTOYILET-VEEZATEY L (FERIE
G54) TY,

2 HETZI-FraRIRLET, RUIE. TRTEIRSNTVET, R : KT1-FvIl, TO-IHBIE T 3EENFRINET, TO-TTHETELRVT—Fr IR B TRRS
h. Z0EANIRINET,

3. EBENE T ERNOAZEORVNTRCEAT2EREBIRLET, BAXEDREEITICL. H K LOWTNAETET (RAEESR) BR - A-FC. ERoEEK
L. BB&ZOFERMNRRINET,

4 HEREREZRHET ¢ FMICEYUMIEIYFIO-TPREZEHTHEI L, T-VREANSRRELEEEOEDTHZI L, TEHMEIELTVNBI L, BN R S EREHTT
IR THBIL,

5. RERTY IS, TIUKTEI -5V MEERYBREE T, TO-TOTICHZTYT L, BRELTHEINET,

6. TO-JNET(CEmMT 2% R3IC1. Eils% 3D TRR 27UvJLET, B2 @ 3DC1-(C, fIENS0EmE FThEOEmMiRRINES,
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7. AIERA... £V UvILET R  TO-IHET—Fr (ML A-FIC WEAZHZEL VSN RRINET,

ANEE

T0-T 13, BROELEEYRE CEEET, AEF S, EWHMHSF P T EERL TS,

BESBZER :
J4-F¥ RERE
KTy, 836 BOFELIE, EEORS
NG v ERIE
B TRE RS
IEmEHY RE
HEHY 1B RS BE
Vig (VHYI-TITIRRIER(E VRZZI) 18, SRS BE. ZOBRN50TH
IVRIVIKZREZ. L. 3D EhiE BELEEA

HANEORETE, RETZHEC FHE. EAE, BEFAE. EEEMEMINET (BIXESR)
TO-TORENMEDDEAEON-FCRDO>TRIERR N-FIRTRENET ., ON-FICE RORBIRINET,

o WREAELLB K, FIERRE. 054

o NEAN AEN FRHEZNZNOREEE O FRHELCE VIVTEERHE ZOBMOUINRED 4901 KUV ( AZBL, KBE HHVET
o RENOEREEBRD, MEME. RFE BBELLITEE

o RICAENELOLT-FrD, ZREAEMEOSVERE L, RICTBIL

1.0 T TO-TEVA VDS RERES 316 BRIV VETMSHMILET, YAV B SOMRERUEM S TAZEATHNE TOISLNZOLSCHHTNET, CAM T
BIELTESV, Z25THRIFNE BEBE VA Y OHEEDEWN G, YIVAETIMEL TV TO-T0RE GROBRFEEL. —ROETO-TTRETYRSAIL, TURSRIVEYYIT
~JTORIECIRVKRIEET) & TO-TNEMT 2B COVIYOTIOARESLEITT, YV IT-ITTO-TEREL, £5—BRIE L TIZEWN, RENZFER MR THY., 228
TRHYFEA

Measurement results @

today 13:39 - took 2:26 - generated.nc

10 within tolerance

Measure those out again

' co py the results -

“Measured” is what the probe measured on this
machine. “Twin" is the twin's estimate from the same
touches on the part the twin cut - not a measuring
uncertainty; nothing here says how precisely the
machine measures or positions. The whole table is in

the dock's “Inspection results”.

H-FORFY :

o NENEBAE  AENOREEREEI—EHELET, LEXE TO-TEREVELESHLIENET,
o WEREIV-: K% FIEITTRYLLTFALCIE-LET, RETEYIMATY,
o REVK-FEIER...  UIR-PEBSHLET (RELR-FESE) .

REMEE FyI0 MERER T CHVET, ZITH 1DOREFE T, REHE, DE, PEME. RE. V1Y OHERE. PENLUET, HER, v D\ ENEFANTVENER
Al X TY . REHNDITRRTRREN, 3DLI-TREIBWRO LEICHERNMRENET,

Check Desi.. Tolerance Measu... Deviation Twin

Hole 1 diameter 88 H7 +0.015/0 8.001 +0.001 8.004
Hole 1 position X 8.000 +0.2 (m}) 8.000 +0.000 B.001
Y 32.000 +0.3 (m}) 32.000 +0.000 32.000

Hole 1 circularity [s] 0.015 (K) 0.002 0.003 v«
Hole 1 axis' perpendicularity 1 0.4 (K} 0.000 0.001 v«
Hole 2 diameter 08 H7 +0.015/0 8.001 +0.001 B.004
Hole 2 position X 52.6000 *0.3 (m} 52.001 +0.001 52.001 -
Y 32.000 +0.3 (m}) 32.001 +0.001 32.000

Hole 2 circularity [s] 0.015 (K} 0.002 0.003 v
Hole 2 axis' perpendicularity 1 0.4 (K} 0.000 0.001
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EREG, BRELTREFINET, BRI 1EEFESAEN, BEINDILEHYEEA. 20 SHA-256 [F. BEDVICRFINFT QL-2EEDJELRBETE5R) .
AI7YATYBE, inspect_part Y=)VEEST, RLAETHELEY, L X [Ebracket.nc OEBHEETO-TTRELTULBEHET,

1. PYRIV I AERES 31 BLUEMAZEDRE CEMSNZERMOEREMHEEZFT,

2. TO-TH'ERIICHERRLET, R 1 BB BREEEN AEME, VIV OHEE, FIELEEL—BEINET,
N

EREBEEE, AECBSLTHEINET, TEOERIOAZEPEHHNE. CAM JaTTHEOMICAALREBYIEDNES (REXIE 8 HT)  ZNUADTEICE, H&E
REMEAINET,

L@NZE (1ISO 2768-1)

ISO 2768-1 [CIE. f (#&8%) «m (k) .c (FEfR) v (TR 0 4O0FB/HIHYET, EROAZEDBVTEICE. ZOTEOX LT FEMOAENBAINET,
LWL N-FO ZEBLE TRIRLET, TYATYMNIAEETRIEETEET, L XEN1S0 2768-m TIRELTILEHEHET,

ok - FEE. BEAE, EME, EEE (1SO 2768-2)

FROHAICH, K. L OWINAEAFTET, LR ETMKI T, Z0EE, TO-TEROES CRRERELET,

REER BIERE

FEE EE%E 3 x 3 OEFRICTO-EYT

BEfAE BEFLRRO#RE 220B0RITEI—EIO-LYY)
HAE RNERQRRZE 88 TTO-LVY

HEE RUVEEE 3~8RT/O-tVY

TO-THELETIC, BANEDRE TBINSNSEMOEHEN-FEZRT VATV MMERET

e

EABETRESNTWEWIYFIO-JICE BEOOEYINBYET, Lik-HMIE YAYOTO-TETINZORESEENEFERBLTVSAD BREMEOKICEEINE
ED

[ZHHL (1SO 286)
BBV EECEMETE (REXE 08 HT) [E. Z0RHHVOAERICBSLTHESNET, FoHdHLENEESBLTKREEN,
mEYE Vig

EIRYOIE, RS, BEL, VIEOIE, RS, AEICE, EROAZEERELEVBRY, 1SO 2768-1 O f#k (HE#R) MEAINET,

IMIBHEETZED

YAV Y2ab-Y3V EOT-ICHLT RUTO-EVIEITVES . VIV OEEER. VAV L TTOISLNEISIRERTY, AEE L E BN REDIHE (S, BRIV ERE
RLTEEWN HERT20EF. TEORS, 7-7R = AR, ERLETETY,

YAV DHEEMER. MEBETIVCEZHETY, BROREDTHRNSTRHYEEA,

RELIK-F
RER, INTRBLLURFESNET. Studio 1, ZORHNSROLK-MEBSHLET,

o REFEYIMAD CSV I7MIL (UTF-8)
o ENRILZRER®D PDF 7711

UIR=bZE, Y300 BRERY, T8, TO-JEZORENZEIN, T1-FrIE(C, BUTE AEEZORI, V1V OHEFEE, BIEME, FE. PENBHINET . BIELEDILT
1=FrIDVWTRZOBHENTLEHEIN, VIV0OT-7% NS RERERENET,

BEHICE TYRIVM REAETRIOREOLR-MEAERL T EEAET, RURHENSE N MEUETRLITNINABONET,
LiR-FORFIZ R
RELVR-FEERIRY V=M, UIR-FIANT-CHVET,

e Windows : FF1XY M Twinwright Studio\Reports
e Linux : ~/Documents/Twinwright Studio/Reports

RETTIOIILIANS - BB LB E. LIR-bIAIY-EZ0FRCHVET,
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JE-2EENJLRETS

Studio &, SNTORER, LIR-b BREYY~0 SHA-256 =, HEEDVICRFLET . BIVI-E BERIOIYM-ICEHELTVET, EADGESNTERIE-E ROVTNAD
TR THERR TEET,

o TYRIYMI, I7ANDIRERZTUIOITANEEEDTEBELTULEHET,
o XL ZOTPAIAESHEINEIVEI-5-T, REEITLET,

mclsim --inspect-verify <file>

ISEICE, OB Z0T71ID SHA-256 RIEFLTNED, WOEBSHINEA DT OE#EIRYIN TOVRVWIDRENET, 1EY M TEERESNEIE-FRONMVERA,

15:3: U2

EERY Y- NI, BHOZEICWBARL-FEFD 1R-ITT, %, EOIERF TEIVTZMNENNTVET, Studio [d. YATIIC 1%, ERATOSETEMLET, AKIE A4
T, KEENTF T Letter TY,

ERRTBI(E. AIP VATV RC, f=& Z[ETbracket.nc MEXERY Y —bEERR LTI LEEHET, TY ATV M setup_sheet Y-ILEFENET,

e

EXERY Y—KE Pro ITYavIC&ENET,

BERYY-FOARR

o JOU5L : £TOT5L0%H N-TJav, {THE, Z0 SHA-256 DFEIE 16ERK 817, EIRICTEAAFNTNZTOIILLRELEDE TSN,

o RMURE | EMOTEIME, BLPVAYTORMOIIFI . MADBEE. (5L, KhRK EMDYI-0 LICHTVEEE,

o IE:&{IBOES. EH ER. I REHLRS, A 8LU0Z0TE£EMI IR,

o BRI : BRAZORIMYICESEZN (BRI FIOAETEETS)  T-IRKROME. BLUZNERDFZTO-THAI), Y1702 L, TO-TNRITORE]
LELTY,

o BEEE : JOUILNEETE X Y. Z OR/IMEERKAE (T-VEE) .

o ZIJUTSVR 1 ZIUTSVAESRLTIES,

e MITIR: ZMITROAXEHMBNOAYF, TE, BIEH. &Y, RS ERH,

o LFEM : FHSMADYI- T-TRR. EI1-FrO#B,

o X : CAM DR, RETHRTRINET,

FTERRE, TOJIL0EVEREL, BROBRVEESIOIMEENSHEEINET, TEZEEFNE A, VIV TREERT 5. MEEEEHEENMEONET,
Z9U73V2R

BERYZE(C, 9yFTO-TEETENRIYO LEBAONBI L%, Y- MHERLET, & ETENTOVSLORB RERKERICECLEHBLET. &S V1Y0 Z N1y
MI&BEDT, T-II LENMSRIVES,

HH BLENHBME

FyFF0-7 Z WA B EIHELCHZEEC BREYOES R0 1 mm £
EIE, EiffLE BHYORS RO 0.5 mm £, BLU0T0JSLORER

#IE, THreE ZOIERSONMIIRORES

BT +9 ERRENET, BYBWSEE. A mm BUYBWAHRTRRESNET,

R

FRUMTIE CORIY TIETOYS 02 EITTERNILEBKRLET, REHLRIOBVWIEMEVNWSO-JEEIN. £ERIFIITVTEET BRESVIECEEL TS,

I5VTH TOISLOBRBREYBHETNBIENBYET ., Z0IBE, Y- MIZOIENRBEINET, TOISLR. IS5V TOBEHT>TEWIE A, V1Y TORHEET, Zh%
R TELY,

EIRIEEH

1. RERY Y~ & Web 50U TRHEET,
2 ENRILEY. R : RYIOKRIVYSVEOZRIRY E, HLWA-IDSREVET,
3. BROZIET, REOMICERALET, ARL-5, Bt DIRRE (AEHIREED BLUOZORELR-FOES) TY,
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o XI1-:REEHOXE. Ya-Myb ERTRAINFIVIEHD. BECOERCVSD

TA-NAMEZHTE RD 22 BELLK R TBHINET, 75-L (ROFIEEZED) &\ Al [LLBEBOEEDEKRTT,
NZaT7WDV4Y I TR R-IOTHFAM RELEYVIEEHTAIY-VU-F-ICEENET,
1.0 TEROEBYTY,

o HEMOKREDZOMOZE(LIE. BAINE A, BKICE, TA-HDRAEEBN-CBLET,
o FOUSLUAN, IVY=b, Xvt=J, IT745, TET-IF. A7V-VU-F-B BORATHRALFONET, siREFHA LTFoNETA,
e Linux Tl A7U-YU=F-FHR-rShTOE A,

3DE1-THALIFENZED

3DPI-BEE, RTU-YU-F—IfAEELER A 3IDPI-ICRTRENZEUEIL. BOFILHERMN-CHY ., ZE5ERTY-V-F-I5H L FET, 1-I0RE7)vIT3E, P1-0
TOX (FOISLOITERE) s EFsnET,

REBNFETIHE-F

Studio (&, Windows TEEZEICERELERRAT-ICHWET, Studio JHE DX FHAARERHYEL A,

RR > N8 > TIHBE-F (K) EIE BRN- Z0RIY, FERBELE X TOJSLVAN IBRRAIAEEY, T T-IAR-AICE, Bz EULEMDISHTRD
OULITIMMBRAINET Gk 9-0. THE-F23R)

YATLOTZA-IVBATITBTNBH A, 3DEI-(3, BONCBEHTERDYIC, HLWEI-ABEEFICEIVEDYET,
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cSIWVYa-T140Y
BWEBYCHNENEEORLETT, RETTE. AHFRIZD. BERAEERT 2N, FELVEINEHENEHBELET, CNICEL TUIESB MBS (E. DRTERZINEL
T YHOEELTESY (REBOE) .

Studio F#EEILELY

e Studio [C[E. 64 RO Windows 10 F7z(3 11 ABHETE, ZNLUADN-VIV T AVAM-F-MEIELET, YATLAEHESRBL TSI,

o I1YRIEBEKEDD, 3DEI-HROFEEN. FIBTERNERRINGSE 1 Y=-Ib > B’E... > TP T YIRITTLIAVYY (9537499 ZNn-FICRIEN HB5R.
RERCENIFCRIR) ([CFIVIEAN, Studio #E5—ERELES, VIT1VIAN-FORIINEEFH T 2L REANRE TN LLHYET, 3DLI-HEREBLAENSE
#SBLTESL,

o 2EIH(C Studio AEALTEISA. REIDEEKCLA-MYZRINET (Studio A FHIE TR TLEESR) .

BN 75— LIRBEICEOTWS

TI-LIREETE BRN-DIRERTARBYET . N-CRTF-LDORZBIEZORBHEINRTEIN. ZNEEITI BRIV ELEL ROFIE HRENET, FIBNMERHZIHEE. T
RTOFIE (FEECRZETOFRNI—EEINET, RIVEIUYIT RN\ EH > ROFIEEEIT £E>TE, Studio [{, 12OFIEERZ LU, FIEZHELELET,

o AICEMNEN ST TO-TOBEIL. ALARMS TELELET, FIE (VEyh OvIER) 2RTLTHS. M INMIEEELICBEL WD ERERL TS,
o HMOFENEFEEBZIEER, YINIIYNTELELET, TOYSLYANTROREINEATE ZOEEE>TVET-IRAERRL TSN,
o T5-LO%E IBMEE TSRO TNBILNHBYET (B OTOTICZOENRTEINET) , PIHITBHEIC, H5—ERSERL TSN,

ZNZNOJBEOFIEL, 7I-LETLIIHYET, INTOTS-L ZORE. BRI ER> 7I-LICHVET,

0I5 LOFTHIS-%RY

error: LESANRTINGZE, IV IO-SNZOTEETULILERHELET, ZOTRETING BHEBZOTORDICBHEEIEATU, AV E-IJCR BFSEZORKIRS
nxy,

o JOU5L > TOUSLEIRE (. BWEESHNITIC, TOJIL2EEIVMI-50F Iy E-FISBL, EESNERMOTE—BLET @ [5178 ! error22 ()], ZNH0IT
EEELT 85—EREL TSN,
o KHBRAG IVPO-SHZFHFIHENI-F I-FOXE (POFEFFROBENBVAINL F SYRTOUIRIBE) | XLE 1TICRBCEGRY 2201-RFTF,

FRTOIS-EZDRERAR I5-[CHYET,

7075 L0ORE THER R Oholk
IF451E AR, FAAHE, RITRITOIFLERELET, SRHBEL 20TOTL RAOBSLER (I5-. B E0) LLELRRSNET,

o I5- (& IVPO-SMMEDT 21T, FREREVTERITTEHEVNEETT, RITIBRIBEL TSN,

o EE [ RTEINZE00, BRELLEBYICENBWRIRMEASHZITTT, £EXE T-JVOLESY T TORREY, s 2EELTICARBLLTE, TEBORIC, TEN
FAMIE D EICRBRICTOY I LN FRT2EFTT,

o BREOTVEI-FHCE BHOERN A>TV TURRERNEATEY, TOIILNRTINTVENIEN BETT, ZNETIEFELET,

RACREEEOBER KR, TOJILREICHYET, ZNUINIVI Y TORTTRESNIARIL, VI VNMRETZEDILHYET,

TO-TH1 7B RFS L

TO-Th-FOREEEARVE, FLEAAFRYBVE, TO-EVIREA... BIL-0FETT, Z0HBEE RIVOTOTIC, ARRYBVWATNRREINET (X &Y EIEET
3, UVIOBEREIEET S RITHOFTHLERSD)

o FHCHYVFIO-THBYEEA @ #fF 0 TR 27vT T, JyFTO-J2EV, TERME 20YvILET,

o FWMAEEELTWNS @ FIELEY (F#ELE.F11)

o RMOLEEVZRBABYEEA  ZOTICE, Z £ EIKICLELZOTO-THHOBE, RIYOLE, TRLTWSENRINET, RUWTO-TEEEIN NMADRNHYIC
I3V TPEET - TelE>THEMELVECEE LTSN,

o YMYNEBICBREL TS : TO-JI3. B 5 ORIHEEE TITo<rEEW,

o AICEMNENSTTMIVE ALARMS TIEIELES (BN T5-LIREICESTVSESER)

FAONDILFZEEEBRLTKES N,

FAEIAETITAN=-23Y
AT > F1EVA L3 BRROITIVAY. S EYAORE. BEHERIFRINET,

o AVSAUTEMEL : ROBOLI-FEZOXEANLET, I-FELTHRANDLSICAZE, B MERBESCHBVET, Y- N-DIEER ZOTICRRENET, BE
M FMEVAMEDNTNEIVEI-I-H'E TEB, T LTS, —BHEIER, KLV REFHOVINATHIHAE FTIEIADK-IERK THLO Web H1 D3
1EVAOR-INHEXT, 2I T, IVE1-FI-OBFERIRLULY, $TRTV TV Ve EHEFBEELLYTEET,

o AV-FYMEL : RUYTITOTIC ATIAVDOFIERHYVET, Studio ANERI-FEFITLET, 1VF-RYMEER TEBIVE1-5-T SAEYAOR-INBZOI-FIC
RGBTV ATTANEIIEL. ZOTFAINEIIAYR-FLET,

o BHINEASEYTRIUTYIVE, S5IC 14BRBEREY GV MFHPEF ERRINET)  20%. FRESIEZYANRT LIIHE, Studio [FBU Learning
IF1Y3VICRYET, TOVIIMeTOIS LB EEZ TEEA,
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FAEIRETA VAN T LI S B RUTKES N,

AI7IRFY M RRELEW

o ANWMOTOITICE. TYRIYMMAZLTWIADERREINES (V-LADISERFS, YA UPY-ILENEF)

o JONAHF =  R=A URL, EF)V 28 RLET, VITFY-LATHE, F-PMRESNTNEZIE F-%R7TF) BHERLET,

o O-NILVETIOHBEE. ZOY-/{- (LM Studio ®Y—/{-, Ollama) HEELTVT, ETINBIRSNTVZHERHYET (EFI—E) .

o BEICEHBAINZIERHYET, FIE TIHEER T TEET,

o JITRY-LANORIDAYT-I (L, RBEFLET, Studio (I, ANZOY-LRICELENINE—ERRL. AELESELCEDEELES (B-LATLIC 1E#ERELE
¥) o, O-NIVEFIVEES... B, TRTAZOIVEI-5-LICEEFYET, TIMNY-EBBLTEEL,

o AIBIIYRIOEBEEELLSETRE, VAV RTTEHRON-THERNIROSNET, 60 LUAILEINRNMEE, ZOERFIEEFINEEOELTRONET,

AITYAT Y b ES LTS,

Studio A FHAE TR T L

REIOEREIEF(C, Studio (&, ANRELADLIR-PEESTINEBNET, 20T -ZEBH TPV ELTURET 2N ERVET, AEEEINE A, LIR-MIE FOI5L. 7
TANRETANI -2, = I-F. ABIREENE A 308 LYHWLR-MME, RBIEFCHIBRINET, T3 NV-EBBL TS,

YR-r2%133

AT > BDEREROUNE... (L. YIR-MCHELIERE, FF2 4> F\Twinwright Studio\Reports [C$2 120 ZIP J7MIVICEEHFT, RAEF. N-V3aV, "E F-[F =+ &
LTER) BW7-H170 IV PO-50KE. EEDJOER 789, 73vVibik-b SAEYADRETT, REDTOITLALEREY (3, FIv/E ANEVRYEFNETA, I
A, 771 04&, AVE1-9-01-Y-&FHIBRahEd,

EBATC, TV ERWTHBEREZRL TS, Studio B B RAEREELEEA EREOT LA ANT > N-JaVER CHYET,
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Operations manual

VAT LEH

Twinwright Studio ZBIN\ T 18 (CIVEI-T-[CHBREDE, 3DEI-PIFT1vIAIKkHZEDEFHALETS

Windows

* 64 P RER®D Windows 10 F72(3 Windows 11 (x64) , ZNIUAADN-TI3VTlE AV AR-F-ME L LET,

o [FNCAVAM-ITZEDIEHYERA, Studio [& 1DDEITI7AIV T, Windows [IFETZI1TIUEFEFENET,
Linux

* x86-64 O Linux. glibc 2.38 LUF% : Ubuntu 24.04, Debian 13. Fedora 39 LUf&, $&UZN5EEL(CLET1ANIEI-YAY,

e X11 £zl Wayland OFTAT by,

e Applmage [C[& FUSE 2 (Ubuntu Tl libfuse2tes /SwT—Y)  BWHEE .tar.gz ZEWVET,

o AVSIYTOHEMILLEM : libcurl (Ubuntu TlE libeurlates /SvT—J, TAT MY FICBBEASTVWEY) , BWEE. Studio [FATS1VTHEMELET,

o Al Y-ELAOF-(CIE TATMYTDF-UVY (Secret Service : GNOME Keyring £7z(d KWallet) , &W\54&. Studio [EF-2HEEEINFHHZI7IIVICRELES,
93714992

3DF1-(d Direct3D 11 #fEL\X 9, Direct3D 11 [IHELTWNIE, IFT149IAN-RTEREITT19IATEHEEIET EEELAIL 100 U E) o HETREONBNSA.
Studio (& Windows OV +J17L V45— (WARP) THBILEY, BIfEELETA. C1-1NE<RY (BATEM 30 IL-L4)  TEQOIO-AT7Yv T EHYERA,.

AWVT > N=93V1ER O F1ATUA (. Studio BEELEFL>TVENNERTRINET,
3DE1-AEERLBEVES
3DEI-NELTE VY RIDZNUADE D EBIELE T, E1-N"ROFEEOEE, FREFERTERNERRINDIEEE ROKICLET,
1.9=b > ’&E... > T #5AEZ%9,
2.YINIITLIFVYY (957199 AN-FICRIEN$H 256, REREFFICRB) [CFIvizAnEd,
3. Studio ZBALT, £5—E#CELET,
J37497AN-FORSANEEFHFI 2L RRNEETEIENLLHYVET,
Linux
Linux Tl&. 3D E1-(3 OpenGL 4.1 A L&EWVET, 8% 10 FOJFT1VIAES Mesa FIAN-ICHVET , 5719 I ARFAN-HEWVEE L, Mesa DYITRITTLYFF-H
CE<KBYETH) Ca-##EFd, AT LI, RIS TOIILROBIIC LIBGL_ALWAYS_SOFTWARE=1 %{(3T Studio Zi2B8ILET,
AEYETIRY
o AEY :8GBLL,
o TARY @ Studio AMKENVZATIVIZK) 62 MB, ZNICINRTT-YADEEBTENBLETYT, T-YI$EIFEHERET, BEEDJ S, BEET 1808 /M. &K 2 GB FTRERSN
(Y=l > /E... > 0Y) | TOIFLOEN-VIVELR-MITRURFINET TN\ TV TEBR) .
EmEEAT-UvJ

® 1280 x 720 H{ k. Studio OLAT7VE 1600 x 1000 U LZEBELTNET,
o RIRAT-IFEETY, Studio FEIEIEDAT-IVIZHEWL, 1Y FUERIOEEICE T L. ZOBEEDAT-IVICEHEESNET,

S
1.0 Tl ERAOERRETLUEI-EET, INYRIMUDBITVET (E#ESR) . R TE20M, 115 200 R-OYUT )R-k (USB) A\ ®vhJ-Y LOIYH+O-5TY,
Studio A"RY FI-JEEIDE ROBETT,

o G I-FEEVINME ZOIVEI-F-EDYAVITR-F 2323 TEHLET,

o JIUHPI-[E, ZOIVEI-Y-EDR- 8765 Z{ENET,

o PRLAEZIFF1FZ AIUIATYME AVICLEEE, 2OV E1-5 - EOR-b 8766 2fEVET,
o AVIAYDTITAR-bEBFH S, TV AY-N-ITERELET,

Studio MR-k E, ZOIVEI-F-EITHEERITET, FNDIVEI-F-DEEERTEE A,

Linux Tl&, YU7IR-bE dialout IIN-TDOEDTY, —ERFTHIYMEEIL (sudo usermod -a6 dialout $USER) OV YLELTLEEL,
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AIVAN=IWETIAI AR
Twinwright Studio D1YAM-IAE (ZEOIVEI-F-ICRERBLT—EIMVANNTEIHEEEHET)  KITIOBEHM. TVAVANIOAEEHBLET,

Linux [22WTIE Linux O5& 28 BLTESW,

1Y)

1. TwinwrightStudio-<version>-setup.exe EEITLET,

2. VAN EERH. | Agree ZTUVILET,

3. AYAR-IAEDT AT~ (%LOCALAPPDATA%\Programs\Twinwright Studio) #ZDEXESN. BIOTAINF-2RVET,
4. BHEOR-I T, Studio ZEENT ZNEINE, TAY MLV I- MY MEBNEINERVET,

1VA-5-OFRREFBLHEENPEET, YATLAOSHEICRVET.
B4 AN, IVE1-5-0& 8RN

VAR RITLEADEDIC Studio Z1VAM-IVLEY, EBEERFTET, A9-MZ1-OEBHETAI M TOY3I-MYMME ZOAOEDICBYVES, ZOIVEI-5-%
E5AFzhzh. B9 AIC Studio Z21YAM-ILLET,

FAEVAFATEBECIVEI-F-IEL. ZOIVEI-T-OINTOI-Y-IHBFLES GAEYRATANI-EBR) ,
Studio & 7T IVOBIE I, PaTH, T7A T IA-IVDRELEEE LS. Y-LAEIVAM-ILEEA,

YAV M YA

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

o /s [F R-VEFREFICTIVAM-ILET, Studio [FFEILEEA.
e /DESKTOP (&, TRV MY TOYa-thybEEMLET,
o /b= [F AVAMINEDIANST-ZIBELET, BT REDSIHICL. 5| BRFEFTERA, TANI-RICEZAFEENTVWTERILTY,

HRELTT VA YAMIVT BICIE. Studio AEDT ALY —T uninstall.exe /s #EITLET,

BESGM
AR PR
Studio A&k %LOCALAPPDATA%\Programs\Twinwright Studio
EERR : T0Y30, N\-Y3ay, Lik-b, E&EDY R 2 %4 > M\Twinwright Studio
Studio B HDIREE : BRE. MR, Al Y-E2DF- %LOCALAPPDATA%\Twinwright\Studio
IMEVA %ProgramData%\Twinwright\licence
Studio A{FEDT ALY -

TwinwrightStudio.exe YZ17Jl (manual\) . README.txt. THIRD-PARTY-NOTICES.txt. uninstall.exe BMADTWET, ZOTANY-FTYTT-bLTEEDSHEVDT,
L= AIVSATY MEZOFEFENMELETITET,

FFaxv bk
K321 4> F\Twinwright Studio (Windows A"&IY HTRRFIXY RIANA-T, UFILITRENTVBIBAERUTY) O F(E, ROEBYTT,

® programs\ : IRTOTOYSLON-Y3IvE, CAM J3TON-Y3Y,
® Reports\ : RELR—~, EREYY—, BZH/VT-Y,
* logs\ : EE&EDY,

Y=l > BE... > IT7AI & 0Y T, TOISLE0TORESHENOBABEET (RERBEFCRIR) .
Studio B & DA

%LOCALAPPDATA%\Twinwright\Studio : . DAY FUDME. WHIED[T-VF] (D=, TR, ATty IVPO-30F%RE) | Al Y—EADF— (HBfELOD Windows 7HTY
FRICESLINET) . IFvvalbii-b GOEMREINET) ,

F1EIRTAINS -

%ProgramData%\Twinwright\licence [[Z. FAEYAT7MI (BEHAZED) MREEIN. ZOIVEI-F-OIRTOI-Y-THBEINET, Studio [F. RIIDTITAR-bEF(FEH
FAOLEIL, Z0TANI-EERLET, Studio NTIICESAD BB EE, BEENIANY-ZEERL. I-Y-[(BSAHEREERZILNTELT,

FHBBE T, ROBRBERTIANT-EBHEET,

RIEEH BEXR

TWINWRIGHT_STATE_DIR Studio B HMDIREE
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RIEEH BER

TWINWRIGHT_WORKDIR T095L07ANT -
TWINWRIGHT_LOGDIR Ba0)
TWINWRIGHT_LICENCE_DIR S1EIATAINS -

HFLWN-Y3ayADTyTF-+

Studio ZEALTA'S. HLWA-IIVDIVAR-5-.ERITLET, RILTANY-[CAVA-ILEN FFERR. BRE. M. STEYAEZOXEERVET, Studio F. 7vIT-M'%3
NEINEB D THRRBLEEA (TYIT-Fe3sR)

Studio BNV IIFVY RTERBIELTVRI5E (AITSITYMYMEBLEEDDHENHYET) | 1VA-IF-EHEVRTIF IV ERESE, REOTYIT- ERET VAV AN~
WOEECHIBRLET

TIAIAR=

Windows 0 &% > 77V > Twinwright Studio > 7YY AR=)b 257\ Studio AN TAIY~IZ85HS uninstall.exe ZRITLET,

TIAYAR-WEICTZZED

TIAYAR=IVE 3L, Studio ik, Z0Va-tavh, U OBEBNEIBRINES, ROEOIEEVET,

®  RXa 4y k\Twinwright Studio [CHBFEANR,

®  %LOCALAPPDATA%\Twinwright\Studio [Z#% Studio B HDIKEE,
o SMEYATANA -,

o EHLE AIUSMT7VRDREICHD twinwright DIEH,

FRTEHIBRT B(CIE. INSEFENTHIBRL TSN, FTEYATANY-EHIBRLTE, RAEEVET L ETEL A FITYAY - FIVE1-9-CEIT1VaVORAE
1 EdD25X3:HTT,

Linux D&
1A=
Linux i Studio (& 1 2DI771)L, Applmage T, YATAICRAEAVAMILENE A,

1. I71IVERERLET  sha256sum TwinwrightStudio-<version>-x86_64.AppImage DFEENYIYO-KR-ID SHA-256 ¢ —ET BT,
2. BWERRICTERHATC. N\-YVavEEFRVREICEEEXT (EHHRBERLL Al VM7V MZOFEERZLSID) . ZLTETAIREICLET ¢

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

1. #28LET : ~/Applications/TwinwrightStudio.AppImage . £/=(ET7 1IN RK-Iv—THINIUYILET,

Applmage (& FUSE 2 PHRETT, Z0EHICRE LRV E LIV AR-ILTED (Ubuntu 24.04 LU  sudo apt install libfuse2té4) . FXDOVYIC .tar.gz ZEVET :
WFERIGARICERL. 20745 -0 Twinwrightstudio #REENLET,

Linux CORTESR
i il
J095L (RZaTIATE) Applmage (BW\:57T)
HREOEE : T0Y50. N-V3ay, Lik-k, &E&EDY ~/Documents/Twinwright Studio
TOUS LB EDIREE : RE. ~/.local/state/twinwright/studio ($XDG_STATE_HOME HEEINTLNIEZDT)
Al Y—E20F~ TAIMYTDF-UVT, BMSEZRET AT -RO., HRELINGEHZ T
PARPS /etc/twinwright/licence. F%z(§ ~/.local/share/Twinwright/licence

CEADTNVYNTCIA Y ATANI - SR FEFESAHTERHE. JAY-EZ0IVE1I--0EDT, IRTOI-F-RAEELET, TERWEA. Studio 51V R%E
~/.local/share/Twinwright/licence ($XDG_DATA HOME M EEESINTLWNIEZOT) ICRTELET, HHEEFOEDT, 3|EHEIOIVEI-F-TOHFEMTT, JVE1-5-01
—H-2B8T 12031 YAEHETBICIE. sudo install -d -m 1777 /etc/twinwright/licence CTIAA-2—EERL TSN,

Linux CORALH ML

A, Bt BEH(E Windows ERILKAYITAYTITV, YATAD libcurl #EVET, libcurl BHRWSEPIVT-RYMIER TERWMEA R ATIIVTEMLLES G1t
VAESR)
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Linux COEHEHIBR

EH TSN, Studio £ T L. HLL\ Appimage ZHWEDE LA TESRIET (LOFIE2) . BT 3ICI, Appimage £BIBLET, PE50HAE, FEIAVE,
BETANS—. SAEYATANT . F-UVTROF—, BELE Al 751FY RO twinuright BEEEVET, SRTHT M INSEETHRLTGEA,
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SV BWEE, Studio (& Learning IT71Y3aVELTEIELETS . BRISAEVAEEI L. ZOIT1YaVOERENMINDYET ., COER, SIEVAEEA. PITAR-H BET
3L EMITY, MEEVITVA MIBHLTVET,

COEEBHAHOR R THRSMEYANEZRFEINTVWRMEE R, JITHA hOMER-JICZ0 E£HBEL TVET, IRFEEIAE T, Studio [ Learning IT1Y3VELTEIE
U« Maker %3 Pro % 30 HREERICHATEXT (BRIT1Y3VERIESR)  7ITAR-VaVICEI 38 Hild STV ADRTHRABZRICBAINET,

IF4Y3Y
IF1Yay  Ib3HkE fEXBZA
Learning = YAYDINT, IF15. £ YT, Al . CAM R b, 838, R&lF. L. 3D EEHAE L) ENTEERL, 28 5. PAEHELEMEAOTOVIVME
Maker THTTF4TMI, $RTO 3D A EFAIT, AYIMTI, MEIM IR TR 1 Ao ZOABMESTEDDERFTEED
Pro Maker DFARTITHNZ T, RATAVI. TOVILATFAVAY, TO-JI&2E GEREHEDL®) LZoLi-+ 1. How2EAR A, Y- AL

MC-1 A=F=341YR(& 1 Y= Pro T, FTEVAICEHINEVUTINESD MC-1 E—#ICEVET, WHERET L. F1YABROA-F-ICBYET,
BRSIEVALIEROEENHIET,

e $I2UVTYaY : BEMELIBERMT, BT THREET,
o BLY : XALBEROEDTT, BAR (FERT7YIT-FOBREHH) 15 12 DA UAICARINEIRTON-IIVHIEERTT,
* MC-1A-F-: BWIVEAUT, BRICEMIEET,

Y-h&aVE1-5-

BROY-ME FFIC 1 ADRKA 3 AOIVEI-I-THEIFT, BROANEATZ 1 BOIVEI-F-3 1 BLHRFT,

TOTAR=FORTC, SEVARIVEI-T-OEMONYY1TZOIVE1-F- [ DEET, IEMZOEON IVEI-T-OACH I L EHYER A, FMEY AN EDIV -5 -TE
HNTVENE, FTEYADR-Y twinwright.com/ja/licence TP IT4N-Y3Y 1-FE AN T 3LHERTEET,

BRIF1vavERT

BRIT YaVIEZNZN 30 B, IVE1-5-1 BI20& 1 BFOENTHATEEXY,

1. BRIOBEBEEEVET, XL CAM NRIVDTITFATIILTT, R © ZOMEECHRBERITVIvIRRENET,

2.30 BREEA... #EUET,

3. A THER BHALLIBRERBL THS, LRI £2U%Y, 8 © Studio #f Twinwright D51 YA -/{-ICRAZEREL, RRINEBHET, Z0IT1V3IVOH
BENMER £,

HAOEE Studio MEIETROE. ITF1YaV. IVEI-F-DIEHD/\w¥ 1, Studio DN-VIVEFTE, Y-N-1F. FEIVEI-F-CEIT1VaV0ORMAE 1 @TO5XET, AFA
HARIARIC Studio ZAYAMIVLELESE. 85— ERAZMATZE. ALK T HILRYEY, SAMEDSL Studio [£ Learning IT1YaVICRY, FOVIIMETOIFLIEZD
FEHEYET,

AVH-2y MIERLTWARWIYEI-5-Tld, Studio [FRDYICERI-FERRLES, 15 -V MIBERTEZIVE1-Y-T. FTEYAOR-Y twinwright.com/ja/licence %
& [MY9-2vb0BVWIVEI-F-THAIOMTIT(VavERY, BXRI-FERUMATT BAT7MVEIIYO-FLET, 206, TOIVEI-F-TIF IV ERHAHET,
FIBEAYF -y MIEFHELTWVEWIVEI-I -5 T I TAN-FF 3L RILTT,

AVSLAITTITAN-FF3

FAEIAE—HEICBWEANDT ITAR=YAYT=E (TW-XXXXX-XXXXX-XXXXX-XXxxX DFER) & A VT-Ry MEGALETT,

1L.AWVT > SMEVA.. BRVET,

2. AVIMITEME... RUET,

3. 7ITAR=-Y3YI-FE AN LET, AXLFENIF AR-Z, M IVIERBILE A,

4. B3L BRVES, BER : SAEYRTFAWDIAEYATANG—ICAY, F1T7OY (L ITF1vavhERRESnEd,

TOTAR-FTEIETBD(E, PITAR-Y3VI-F, ZOIVEI-F-DIEMO/\YY 1, Studio DN-V3IVEIFTY,
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EBOEUICTICRZIVE1-5-
REOLVIRELEA-JICRETROIVE1-9-Tlt. STEYATANI-ERIRYES, Z0&5BIVP1-F-Tlh. ROLSICLET,

1. IVE1-9-% 1 B{ATIAVTTITAN-ML (V-1 MIERELTWEWIYVEI-9-2TITAN- 228 8) ( 201V AT7MIVERELET,
2. T7ANEAR=IDIAEIATANT (L ANZH B OPIFHHAAHET

TwinwrightStudio.exe --licence-import D:\licences\lab-pc-3.twlic
FMEVATFAOIE 1 BOIVEI-F-FATT, HEDIVE1-9-CLIL. ZFNZNOERI-FEITFIINBETT,

1V5-2yMIEELTWEWIYEL-5-

ATIAITTITAN=-bL. FETEHLET, YIAVVTVav 0N EHZE1E. BWTIYORTIO 30 BANBELHLIC 1 BITY, 1V7-FyMMIERLTWAWIYEI-5-%T
JT4R-Fg 258 BLTLES,

FLEIRATANI-[CEZAHENEE

Windows Tld. EOTHTY R TE %programbata%\Twinwright\licence Z1ERCEXYT, fERLETHTY MIITAIVEZETE, EHOTHVY MEROIENTEES, INTHHT
9,1 ATV AZEGHASE 2ENMERET,

HEBORY Y- THRAINTOEWNE AR ROVWThDCLET,

o FEWENTANI-HERL. I-V-[CEEZAHEREE5ZS
o YRATLDIREZH TWINWRIGHT LICENCE DIR C. £ENHHBIAINI-EIETEITS

Linux Tld, TEDDTHIYET Jetc/twinuright/licence Z{ERRELFETAHRTEZHERFZNATAINI-ICHYET, TERLMEA. Studio [FTEHHD
~/.local/share/Twinwright/licence ($XDG_DATA_HOME HEREINTWNIEZOT) ZEV. HEEEFOBDICAEYET, IVE1-9-01-F-2BT 1 20I1VAEHETS
[C[F. sudo install -d -m 1777 /etc/twinwright/licence CI#)Y—-%&—E/ERL TS,

HEAIVE1-9-T0 Al

B BHOF-TELO Al Y-ERFER AT MEEGLES . ETAVYMOEEDVICE ZOAL Al MERICITHO R IRIEN R HINET, T51/\Y-¢ Studio A5
EI3E0EBBLTKESN,
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Technical manual

V1IDETIVEZDRRTE

YAV VIRIITELTES T2 MC-1 T, YA YO TIE Twinwright B A-RIVAEIEL. IV FO-50EDYICHIEMOE D E WEETINTRINET, VI UIYEBER
[OVWTRSHIER. INTHBETIICEBIEEBETT, ETIONITA-FE BHOFRE BROT-I V-~ RRINTVBENSEBTNET, ZNENO MC-1 [, IIyy3aZy)
KISAEL. 2OV VEAEBILADEERT GHEFH) . UTOEEHOREL, ZO/NSA-TORMERLETS,

B (GUYR14)  AXEHEHT, HMERBILNBYET, _

arro-3

YAV OIY ~O-3( Twinwright 3B H-RIL T, O T 7-LADITERILY-ANBEI RSN TVET, ETIMESNTVZDM. ZOEDYOERTYT, 1Y, ATYTIIVA, TATY
AHEQOAA, IVEI-F-L DR (USB YUTIR-REZONYRYIAY) ( DVMO-50TAT IV B CHN RN S ENET,

BRI : - BEBOI-F, TATI57Y RO (E, ERTRET2ETEHEEETT,

E-vavERIIN
&%, 70-ZRI-TOATYEVTRIARER-VRUTERBENES, YA VEINSE ABEOZMETEFILLTHY, BT 3B REFINTT,

o FIMNDMEBEIN-T : HERMIBEOEHYDE-I-OHRIENR. EELEEETIEMNY BRNARESTEZLESOMA. BRBENKEBYTELLZORSINDT S~
o HAR Fub MZOERE, Z BICHDNBES,

o E-9- AL, T-IVOROEEROIVIIATIA FYFONRYITYY X O TDOIL-L,

o FIANOER : FFREEERE, IVFI5, FIANDILE LA 2ETORR,

RUL - BREH (BE.BUT- AV FHECARERBNICLZAME) | FIANEE-F-0T-5 Y-, BREFSINONENTA-T S BIETBETRIRE TS,

BATHRETTIV

AV BE VYR TEEIREEBOKABEDNLIBNLET, FRIE SHOU-FRELZORERA 220EBEEREL, TYRNT-LENLUUERAT S 300 ERE,
HEOEAE., FYPONYIIYY ZLTERICLZRLEEMOMHUTY, UIYPAMYFIERIMRE, Y- Eys-t 9y F TO-TE T EEHERILET . TNIEEBRERLTT, 20
ETNEEEE TIIATTY , RFOVAVISEBIRETT,

R : BROFMNSE N, HHL TEHOZHENLEMOER, INSREBOERTEHYEA, ITY VATV TR, ZOEMO 1SO 230-2 [CLZRIEBECEERIET (Gt
)

FEER-IALE FESEREY ARIETEEAZET, VIV EYYIVEFRWTZNODRELZRIEL. ZOREGLTIELRKENRLOY-FEBINLET,

R © VROBET I, NIA-F S EHOVA-LT Y TEHE T Z2ETRIRETT,

Fihe1YN-5 (VFD)

FHOMVN-FE EWROEDERULSCETIMLENTVET, IV PO-5(% RS-485 T, AVN-FEEOTOINEEN RESNEBEEET 1 FFOBELES, 1VN-F
[F ZOVZITWCENMNTONBEBYIISELET, INICE BEEZIFIENEINERDBNTA-TEEEINET, ZOBERICE IAUASKEZE-I-OMLT. BR. AVN-5
OBE-BER - TREEON YT BRNA—BESAATENVN-IEBESEHEIS DC NA, IA-9- Ky THHUET,

BRI AVN-5EE-5-0T -5, \AOHBRE. BROBBMS . BERE AETE2ETRIRETT,

EIHl

EMEEST4-IVRTIRELEBAICIE, SN VBB BANET, TENEENI. TEOFRMESILEBHNRESNZOT, BROFRIETOITLZOEONSREY
9,

IEEEIE, M RIOTIHIRENORHET . TIKIFREE, TIUCTOESEIHIRE LS TEDY, TEOERBOBR OFvh R-Jb, /- V) (LT HIECFHEESNE
o COVIEIEHAG, V1V ETBMOATEE N TEOLHH, TEMTNBERIEEHTELZT. TNIRRIE>. DEOFHROMIITHEBEESOBE L LLATROE
ED

R : HFRIEOARSNTVBEIEIT S (EHHOEABGEBTIOIFIVCHYED) INkOFHVITE, —RHETERIRK,

vy

PIBIZEIC, YAV, ERROTHMEGERTORIMEZIMAHREE, TELERMORDT-FELUHIOB RN STHEL, VHINRET 2T MEGEREEVLT, &7z, YIH
ORFIRENG, EEALOMEBIML AN EHELET,

TERRFICER. FHFRICZD20T-FIHYET, EHOMEE, Ly b EEMCEYSIEY-IVRILTI - ZLTTEBBOEHHTY, FhAHAE-FOREFREKE. TEORIR (.
B, YvY) BREHLRY) HBRFVET, ZEHL 20 mm @ 6 mm IYRIILTH 14 kHz, 0.2 mm O TETIE 100 kHz 28R ET. ¥ 1 mm KBOILEL, 03T nIE8
BOEDHFTUNY, ZOFSEESHRERICIFTLACKRELE A VIV RIDFRSE, TIHICECHRIEETETELET,
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R © BRERBNCEZIL-LOE-F ARELERNI-0T-F. TEORRISRIYBHTHE L DA, ZDEERRIREME 3 %) TT, FLENERELTVERA,
AL TEBTOTYTTANTRETZFET. ZNETRRERFRESFBHEEMETY . HIBFORRRIETIMELTVEEA, NESBTETR, VOVIERRR2/ICBVET,
it ()

HMAEEHNSITNETEE. REMIOHTUIHILET, 20T, FRIEAEL RAGNSKEEPNVES (FIR 187) o VAVIEZOBHETIIHIL. CAM FEHHVOFETINER
ABET, TEIEL ZOMRICRNERLERILETELT BRIV MOFER, FRGUEME, tirs : TIREYIVOA-MLT)  BENBINEEMOBRNEE VLT,

RUL B TRIEY 3E TR ARELLIRN.

TEHEH

1.0 Tl IRTOLEPH A TY . ENEIFREIBILTE, UIBIT BFARETBUER S, INBROFHVTEOEDTY, TOYILN T EILIES HReBR MR, %0/N-V3
YTEEINTWEY, 7IIZULAEHIZ TR G ATEAEELEDSTREL PIIZULN DI ELT, BRINUNERYVE EAUABRSRY B0, EWTWEEICEK R
SNEY,

FyFrO-7

FyFTO-TI3, R-AERRICAINZETO-TANEVEZRZLETY, Y1V E FMOBRETBISNEE (EREEED) Ho. ERMERZTICROET. ET7IVE 2BEHYE
9, M=V BN ZBRRAICEIVEDZBREBNETO-T & BEICESTENZTUNINIL, 3000-0, [F5DE, HULIAHT ELLEORI1IADBIEEHR - —RHNETO-T T,

R © FuFIA-TO-TO—RREVRAE. BIECESFIC, UV IT-ITHyFIO-TEREL TSN,

ZIUT35VA

T-IWEDBRERVCOWT, YAV MAZLENHIREBVRERDET, i, THMOTELTET-JIOZRIEONT, Z MO LFTOTEAHOBIZRHET, BRIV
EBASNEVNT B, BREVERRTEAED LS LR ESNES (FIR 188)

R - EHMORETE, FEESNWETRORS,

EREV-VREF

YAYE TE, 2OV - 8 SR AR BRICHESRVWAERAN HRLZIIEZMICEELES. 7-7/FF (UYL IMA v IOvY, T- EESNEER&R) (3.
—EDHTERERFFTEOT, ZNIVBIRTYIHITE, BRNBIILDIHYET,

R« BREHICE IR BORR, RIFDISHEMBTT,

EFMELTOWENED

o EEOMEUAND, REDTIAFrEMES,
o BRI, TIUCE TIUCKTOHER,

o LIHIRISEVERTHTIL,

o HmBEOFEH,

o TEMINEHLICEIBIL,

A EASTERPN B ELZIANGER (FSINEEORE, THHEI, RE. 2, TU-L0OT-F. RELOVYF-E-F) F Y1VOFKET/-F (docs/06. EB7HI) (LHYUE
ED
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Twinwright 3 B H-=)U

Twinwright 38 B A-JVIE. Twinwright BB TBIFLE CNC IV bO-5077-LVITTE, Studio Tl V1Y OMEMEBINLET . ELI-FH MC-1 01V FO-SERAICE
EILRSnEd,

Grbl 1.1 YUTNTFORINTEIE I B8, G I-FEEVIMZOEEERET RE. 7I-L I5-R EEFYIMHLTNBZESDEETT,

HEE

e E-vay: 10070v7(Chiz35%5mAETEL $11 NSREZI-F—RE. EMICA>EMI. E-YaViE 1 ms DASIATEHET, SHhlE. BARE ($110-$112) &N
HE ($120-$122) E5FUET,
o HEMOREEE
o RAER. \-FUIyrEYIRUIYL, FO-EVI Y-l ty5—
o Modbus EEOEEHIVN-5, J-FV+
o $341 DERECHITERM:
o N-FVIFEOREEE
A-N=S4F, I3% NI (FEVAFESR)
o IYMO-5EOTOY5L 0 IVPO-5OTFANVYATLAEDTOIS LI, O T-RFOY I -FUeXI0%E>TRITINET (0 7-FE3R) .
e G IJ-F: RS274/NGC & LinuxCNC [CRELTWET, TET-JIb. TERFE. N\ATLYT1VI R K5A-5%E5HFT (G I-Fe M I-FEBR) .

o

JUTNTORIV UTIFALIRYE, ¢ ANV R TORIVCHYET, IRTORERBKREIC, SANTOTI-ARTI-LT-FI, IRTOIF-EIF-I-FIHYET,

(FH®D Grbl IV FO-FEDEN

Grbl BB ICAESNISREY I MR, COIY FO-5TEERET, COEITE, FHD Grbl IV FO-3ICBN VBB EICR ICRERIFES,
IV hO-5HM81E S 335E

RO‘\A. —EO Grbl IV bO-SIEEEEFIFEI N, Twinwright B H-RIVFE TN, PI-LEHLET,

o EHIYN-IHERTELLEZE (MyT BB, FREAVN-FEEOEEF-) EYIE 02 s LIRNICEEY, IV MO-3(F Atarm:14 #HUET,
o EHHAYN-IHNLBELRWMES | FTHARELTUSLETZOT, UBREREENET, Z06HE, IV MO-3(F atarm:19 ZHLET,
o THXI:
o TEXRBOLEL, EHEHTFIELET,
o HRLLTIERBIRITINGSE. THEI-TYMITOREICRYVES,
o J4-Fh-IVFEERFEOHLOBR : FHMAEEGREL TS, TENSHEHLET,
o BWAN-FVINORZEHPT, EAESI—ERVERE @ HBEELEL B5—EN-FVJ0ESETENVES, ROVIIIN AT - aRFEET,
o REVILLDEGENINEZE (USB BRI, R-IBELBNTE) : Y3TMMSIELETS, Ihid s103e THIEISN, BEETIEAYTY,
o JO-JRMYFLRBRERAIVF : BREOJUVFIEL, EfELTRDNE A,
o FOUSLH0 UTF-8 TR+ (FEZE. @), [-]) . TFAMELTEEN. UTIVII1LIVY RELTRERENZZLIEHYE A,
o EEAISFESEL R RO, ¢ XS 601 62 xe z1 Rs (4, error:33 ZRLET,

&Y%<0 G I-F
—EBO Grbl IV FO-31E ROEOEEET BNMERLET, Twinwright B A-RILE, BBOERLBYCETLET,

e TET-J)l (643 Hn. 643.2. G1o L1/L16/L11)

o TEEMIE (641, 642)

o KATLYT1YY (cea p) LIEHEZLE (G61.1)

o O J-FOYINM-FULEIEIO-, # XA, &

o G52, MREELE (@. ~) . M99

* 685, G86. G89 MYNHIFER-UYY (—EBMD Grbl IV FO-FEINBEZ(FFITETH, BIFEEA)

o CAM ORANTOEYYHEKH N TEE0M : ZRITED % 1T, 649 He. Fanuc DFOJILEFSIT (o1ee0) . Centroid M M25

TOUSLICEY BREENE

o M (3. EMEREEVES, —E80 Grbl IV MO-JEMAMIEKICHEIL. ANSOTNIFRK 4 x $12 (CRVET,

o WEREZEVOMM (6o3) (. TOYILSNI-BERENMNITENEET, —EBOD Grbl IV PO-3(E, INEIEDEHSTEITLES,

o Rl (6a) [, TOUILSNERIEBYICHREXT, —EBO Grbl IV bO-3(d, 50 ms ZHCAHET,

o AFYTREYRBI 1 RIEIC BEBDOATYTRFETVET  BINATYTEDELI EBHEDEE, —E8 D Grbl IV bO-3(E, UESTMEENSES 1ATvTHENT
ERBIFLET,

o YIMUIYMTEOKRELRAIM T, 207 I-ARRHEEA.

o w72 (§, w78 Ffzld W73 TREFELEIERBIELTICRLETS, RELLEN 0 T HET-F (643.1) HRALHBE. —5O Grbl IV FO-JETTICRIY, B TRELLE
EHRELET, 2070 w72 0%, BALTOYILTEZOLSARIVNO-STRIERBENBRLEZIEHHYET,

o NEREE : IATOEAL, NSBAINTE $120-$122 EFYVET, NSHAMIAEECZWTOII LG, —ED Grbl IV MI-FEUBRTH 2 % RKHDBIEHBYET, &
HOTOIIALE, 0.1 % BBYET,

ORIV O

o AF-YALiK-h:
o J4=FR=)V s, FLEEMENTWBEEE, Fs: OEYEEL 0 T, #FEFOTVET,
o FRUDEEBE. WA LEZETHRESINKT,
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o EARTI-LOM. Bf: ETIVINETHZILERLET,

o 10 TN-POREEEAVICLTWSIHBA. [6c:]1 REILIC 1RIHEAINET,
ARFIYVY !

o $45x D&IBARIELRFREESIL, error:3 TIRLET,

o $1=25.0 D&ICERORELEL, 25 MRESNET, —#B0 Grbl IV FO-3 T, 250 AMRESNET,

o Me &#ENE 11TICELL, error:40 ZIRLET,

o Ge5 Izl Ges %, (FADIVYRE 11TICELL, error:21 ZRLET,
TI-LhEREED :

o 73-LO&HEIC 100 ms DFFLEIEHYFEA.

o HRTEDREEHFEORETORIIOREN T, error:7 ERLERA,
THAMEERTE ¢

o F/E.TI-Lh. IF-DOFHAXIE. Twinwright JHEDENDTT,

o IVMO-SICEMBDERENDYET, s1030 GEIEVIMEDERENINELECELTS) &L ANVI-EVTAD s1000 LUIE (BRETEAT) TY,
$39=0 (FEEOUTINIALXFEAT) 2. 1.~ [F ¢ TEIAVIOFRTRTEANT, ZNLUAOBAATRIVYFTYE, IV MO-3(. N MELETICZOHTHIRTLE
9, ZORH. AN TVREEPTA—FR=)LFRTE » (IGELET, —ZB0 Grbl IV FO- Tl BELEVWIEAHYET,

FEX I

Ges p7 (Modbus Xyt—-3)

Fanuc OYATLZE R, #4120 BELBED/TA-FELTRDN, fEIL 0 T,

FEIVI-FORVRALYIY (633, 676. 633.1) o MC-1 [CRIVI-INEVNH, INSE error:20 BELET,
BEBOFEIVYAI) (FAD Grbl IV FO-JICEHYERA) -

Ry DI, Trinamic RS/, EADA-N-OEEAYN-5 (—EBO Grbl IV FO-SH T304V ELTHRHLTVET) o

EfEVIH

BFERERLICREYINEZORE R, G I-FEEVIMIHYET , EEEZOVIVELET BICE, B Vv F-E-FESBL A,
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G J-F& M I-F

Twinwright B =RV LUTFO G I-FEERFTLET, I-Fld RS274/NGC & LinuxCNC [ZREWET, IV bO-FH3IELTWARWI-FICE error:20 #iRL, ZDITTIIAHEE

ZYFEEA,

UTZWIALINVE (20t ~ BE T FTRERRENZED) (OVWTE, TORINESBLTLEEN, EAO Grbl 1V FO-FEDENIDWTIE, Twinwright B -V ES L

TS,

G I-F
1-k
Go. G1

G2, G3

G4 P

G5, G5.1

G7. G8

Glo L2, Glo L20

G10 L1, Gl1e Lle. Gle L11
G17. G18. G19

G20, G21

G28. G30

G28.1. G30.1

G33, G33.1. G76

G38.2-G38.5

G40

G41., G42. G41.1. G42.1

G43 Hn, G43.2 Hn
G43.1

G49

G50, G51

G52

G53

G54-G59, G59.1-G59.3
G61

G61.1

G64 P Q
G65 P1-P6

G65 P10 LAFE, Ge6 .
G66.1. G67

G73., G81. G82. G83

G84 ., G85. G86. G89

G80

G99, G91

G91.1

G92, G92.1. G92.2, G92.3
G93., G9%4. G95

G96. G97

G98. G99

B
&Y, B

M (B EtEY. REFEHEIY, 1) K FE R 1§
E) AUAL

FITL P #

3RATIAY 2RATFAY

MEROERE-F, #ET-F

D=V EIEATEYORE

IET-JIVOHRE

FEOZER

AVFEAL, SUA-MVEAL

PR RERALT RIEBLLLEANED
REMBOZE

FEREABE. UIYRIVEYI UV EM I
Jo-7

T EZMIEOMRER

TERMHIE D FIET-JINS, .1 TRER
1BE

ot

TIET-JINSOITERMIE, BMOHIE
BWIERMIE

TERMIEORER

AT=UvIOAT AY

O-NIVEERR R

ZOFTCIIMIREIRE(ES

D-UEERR S

ER#IR

IEfEfZIE

JADTLVE

#HAAHYI0O

TPV, E-IINIOFVHEL

RHEFVAI) ATV TEYRBIS
FYEVIEA DN ER-UI TSI

YA DRk

HExtES, BAES
RELGNOR-Fak =k

BERATEYE  REJUT REET
BEEEY, B9RY, SREEY
AR—E. THEEL—E
YAIWOURII M AES R FE

RO G I-FICEHIELTWERA (error:20) o

EE

TEREACR->THEET, ZOFEAISENEN R IBEOMNCE error:33 £RLET,

FOTVETOIILLEREOLBYICHEEEXT,
1 &) 0BV 65 (&, BERIOBEBNEDEARICKEEET,

EBRT-FOH ($32=2) o

TE 3274, IVh0-50EBREI>TE, T-IVRRIFINET,

FWMIVI-INHETT, MC-1 [CEEWES, error:20 ZELET,

HERE TO-THMEBLERT. [PRB:] ELTHRESNET, POORE L, WAL ESIAIB TIEA
L ZORERESTLE,

G17 FENDH. HIEDFALILT DBEL LinuxCNC EFILTT, HIVBECH2BBISETINET,

AT7tybE 692 EHAFLEY (LinuxCNC LFEIL) »

$486 T G59.1-G59.3 ZO0YJTEFT,

TOISLUEBEIORDYZEIC, BMELELET,

BHEEMR T35 A 220ERBBHOMOAN, A5 P LINOMNIEVET, Q BRHFIET
. EbNERA.

BRIE. TEATEYR KTA-5, BHOIRE, TO-TOEIR, T8OFHE, P7 (Modbus Xy t—Y)
[CEHIELTWE A,
P BEHCTRINEBEYEEA, RUTICMBOIVY FEBLZLETEEEA (error:21) o

ERNT REBEBORTYTEVETVNET,

SRRV ORI, TOTILLERBEN I TEEET,

ERE-FOH,

60



® 5.2, 65.3 (NURBS)
* 617.1-619.1 (UVW Fm@)
e Gre-G72 (WEYAII)

* G90.1
M I-F

1-F =S %

MO . M1 TOIILD—BHELE, ATV IFIARYT UTWIALINVE ox88 (&, M1 [C&Z—BHELEDAVEATEYIVEZ T,

M2, M30 TOISLKT

M3. M4, M5 | E@h: FFEHEY. REFETEY, Sk

M6 TERHR $341 T M6 OBEERELET, M6 EBBIZRIUITICECL error:4e HRLET,

M7, M8, M9 | U=FVbk IR TIYR AT MC-1 Tl M8 B EBDKAEEDLET,

M25 Z xR EBERLESIETLITS Centroid ®J-RT, —#® CAM KA SOy YA A LES,

M48 . M49 A=-N=FARDAV AT

M50-M53 EYA-N=F1 R, ZBA-N-F1F 7ITT1TEY, 71
—FIR=JVR : AVEERAD

M56 N=FVJOAVEREAT

M6@ AN s v e R SN

M61 TERMEESICREOIELHRE

M62 —M65 TIIWENOAVERBAT CROBEBICEDES. & | MENENOHZR-FTEIET,
[$ENEF)

M66 AHOFEHE L. ZNLYRTOB BN DB RN bIAFYET,

M70-M73 E-YIREEDRIFEETT

M98 P L. YI-FYOFVHL. )R AVRO-50T71IVYATLNSEITIZTOIILTERET, 1179 D% M98 (C[E error:39 ZRLET, A1V
M99 TOISLRO M99 (d. Z0TOISLEKRTIEHET,

RO M I-FICEFFBLTWERA (error:20) o
o M9 (EEHOAVIVT-Y3IY)
o M7, Me8 (FFOJH A MC-1 CIEHYFEA)
e miee-M199 (I-H-M I-F)

J—F. B3, A5

TOBE

o IAVE (. ) & ; MEXET,

® (MSG,..) [d. ZOTFAMEAYE-JELTEIEYIMIEYVET,

® (PRINT,..) [F. FEELENIA-IDEEETAVE-IEEVET,

® (DEBUG,..) (. #5599 AAVDME., RLILEITVET,

o JOVIAXYT /. 1TES N, % 01T (REIOEEEMDT) HMEXXT,
o ANFLIXFREREING, T-FROAR-RELEEINET,

NIRA-5ER

o BESMENTA-Y #1-#seee (&, TOJVILBHDEDTYT, TOUILNMERRTE T BT, smAHEOEEIL 0 T,

o #5001 LUIEDNIA-F ., ZRIFEDVATLNITA-IE, ZTHHEYEFNTEET,

o ZEITENTA-Y #<name> | —EBRENTVWEVWZAIETHIBL. error:39 BRLET, FREFHDNEINE EXISTS[#<name>] THRAANGNET,
e [ ] AORTH, LinuxCNC DFEEFEBEBNMERET ., AEOELIIETT,

o TCHRELLEZ. RUITOFRTHRAMBILFTELEA,

0 J-F
o IVO-SOIF7ANYATLNSRITTZTOIILTIE, YI—F . if, elseif. else. while. do. repeat PMEXET,

o 1TIOESNEY I -F UL -TIE WolzAESHSN, SERELTHSRITINET,
o YIN-FUE, IMIZLEET7M1)V (<name>.ngec FF(3 <name>.macro) [CFBRIEETEET,

FEEEIR
@ [FHE, ~ FAET XY FEROI-JRREFLICLEY,
T0I5-

o RLE-IWIN-TOI-F% 11712 2DEL L. error:21 BRLET,
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o PELEEHT-REES 220IVY RE 11T(CELE, error:24 BIRLET,
e I5-1-FO2—B@ I5-1-FCHYET,
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kY 1O m—
CAM DIIITHHENTRA-F
EMTHRAET 30, ZO/SA-FHAEBHRT 30, ZLTHIBIBIRAEESRDSNERIILET , VIVIRI ML, WREFICLBHEIETT,

LT, Y3aTOFTT1-F v ERBITIA-FTT (program_generate Y-ILDI1—Fv) , REDELLEIUA-F BEOBERIFIETT,

iy FOBIVERY © UV, IIGY, 7747

ATy b OEEE E. ZORARNSTATY FERE, TEQEEOSEFREIICATEYRLEEDTT, $BIEE L ICHIVESN, EBOEIFTIAKFES (ap) UTTT, BOFT
OREBL T AR (strategy) TRFVET,

MIAR e A&

rings (BE7E) EHOATEY M, ZREARINSEELT ae MRTERLED FeaLORTY

zigzag angle DAE(CEETIER/ A, BRI ae B0

adaptive TEOWMAHELITE ae (TIEICERIRHE VR, O RE
[EHBVDOHZRTY ML, BEEFERO/ATHEEBYICHE EFET, [EndHL\ESBLTES,

THTFATINLIIE, NSEEFEOMEHIAH T, LUEW ap THIEILET, UVIREMRIDSEENEAIB THEEIL, BEIRTECTITT I TREINGEVER ., UV IICVERE
EB

EYinT

rest: true #IEETEE. RTYME, BIOTEANBIVE LA EFEEIVERYES, KSR T EABHENFEBYIRNEEH T, BIYIELIE. Studio ARILFOYILRORIORYT
YIBROET, YA VICT-IHHBEEE VIVDT-IHEKRDET,

[-H )

838 (side © outside. inside. on) (&, A EE 1BTDEY. VYAV TYIHILET, outside & inside [IAFETEDEZRODEFATEYIL, on FAFEZDZXRY
YFE,

#7 (tabs : # 1B. &) [F ECEVWOLEPEZL. VIWIRWVERPZOHBICEEZLSICLET, YT0ESE. FEELEVNRY 1 mm T, tIHIOESA 1 mm UT0HE
[FREDFENOESICHEYET,
A0vk : BZEotNElE bOa15)
A0k (xe. yo. x1. y1. width) OMIARE ROLEYTT,
e layers (BIE) :ZAOVhOFRETEOLIFEBTEBILICHIY., Z0HEBAIANZDY MOIBETLIFET,
® trochoidal : AOYMTAS/NSHI-T%, step IDEANEHLNGHEEET, TENMAATOEIEVFIOEELFEOT, 1RO/ ATEYFEHEINES, A0V HOIEE
TELYELRIFNEREYVERA,
TEAMRHCAZHE  AVAI, TV T50Y
TIYRIVIE, RN EF L DOAEITCRAL L FLERA, BB ROVTNATHREVET,

o FERICRHAHBEEE AUAN (BREBER ISED entry [RENEY)
o RIABNEEE, BEISASEIVS
o FoIKBTIVIE ROFH ZMOALE

BB EMIITROVNT BIICEDLICEALEDMRENET,
7%

NBIYF1II

points DAIEILH B, RS depth OINUE, IV PO-SOTA VI TRBIFLET, FUILED 3ELVRVNNIG ATYTEVTREFLET, 1EIORTYTEYIE, peck TRIDEEIEE
LBRWBRY, ED 1.5ETT, YA7VOYRSTMFER, EEO 1 mm £TY,

AYNIVERBICEBR-UVT

IVRIVEURZFVER d ORIEAUVDVRETIHIL, ETHEESYICHLIET, ROREG TERORK 2BEETTT, ZNEYREVNRIG, KTy ELTMILES

(shape: circle) o
Y-¥inT

NOEBHBHWMIAEY-Y (reamer 6 H7) ($. ZOEYEETRICAY, AUEVEETHET, NHSREXYTHRZLBLERA, NE BLYITOHTY-YLYH]IC, 0.05-0.6
mm NESRBIFLTELN predrilled EIRELTEBDENBYET, U-VOYIHIEEL, ZOMRTOIY FIVOYIRIEE®D 49301, 1EESHEVOEYERYILD 2.5ETT,
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ALYRIVICEBZRLYY (BRT-INRBLEEE)

ALY RIVEROFEEZTTAY, HEVTENS EABNT, 1RT 1IEYFESAUAVEE TRLEYIVEYS, GRCEKREEEY (FUVhvh) | ERUREETEYTY, AL,
BEF (thread @ M8, M8x1. 1/4-20 UNC. G1/4) F12(E d & pitch TIEELET, EAT-/MAL (174 NeT. Re1/4) [ ATWTATYIEIL, 1/ 48O TR LE
EB

Y, FEZ. VREZ

o EHWY : VEYMATEOIYIISAST, width [CBZFSTEIZET, 1B(E. ATVEBTHIRINET,

%)« TEE R FEEYVIWANO-ITAY T INSAVITAV MO FITAST —ED depth TEHEET,

o VI VEY MR, FROFE (ATATIVE) (DR THERT, B R CORINZOBAOBEARDHZH. FRIROBRYv-T(CELEPYET, max_depth (&, LVEEEZ
MRS TELICHIVET,

3D OEMIT &M EFINT

Ayyald, URAIVCEISTEMTILET (roughsd) o ELAIRTYTTATCHIVERY S, Z20HE ., ROMIARTHEFES (finishd) o

MmIA= 3

parallel e EE—HRICES/NA
waterline FEUNVOE R, BEERT
steep_shallow (BEE) BEERRESR, BEVEBEEER
pencil REIDORBISAS, ENDNADHETIT

rest_from ($. BIO TENBIVIELLEALUZEL LITET,

I IBRDHBUIHIS

Studio &, TEQEHEICHTEMBOT-INSHELET, UIEIREQEE L, 10HYDEYTY, cutting (rpm. feed. ap. ae. finish_ap) [CHEELEMER. FEELEE
BYLCRFINET 2NN DEEL. YVIVDOETINTHRHET,

REM/ELVTTY

YAYQUVTVETIVE, MIVF-[CIRUF I TEORERFBRHEHELET, THMOEEHRTCRELR (BVAHRETT, I-TRTELEMOET NI RIMLBILHIICTE
B, Studio (FO-TOTEREEVFEA. FEEHKICDOVNT, ZOFIHE 10 % QHETHEEEXVRENAHFRIZIY, MRDRY EEHO 0.7~1.8 HOEEE CEERHERE
U ZOIRED 80 % U T THIHILET,

WA, YIHEER. TROLDH

o WA YIHIAMESOR, ZORIERHTOEHHE D, ZBATHLZ 80 % TT,

o YIHIEH : UIBIRIRIL, SREN A MICRIFTEZNOEDRBICHIZONET,

o fhd  EEFRRE VAUBHETZTEDEDHINSNED LS BUNZIGNET,

o BN : FEITORYRE L, HHMOIF OMEE THIRINES, INid, IV 0=, TIEIETBEILREYRELY FETRERT 2P BVKSICTEEHTT, LT/
Al TEOMHEMHAHNIEZ BRIy ORBIORE TRERLES

J0-ARI-T : 91 TOTOI 5 LOHEER

BEEEAVICTBL, Studio FHLWAYTIOISLERITLET, RITTUVY BABER, TEQORSIEZRDHN R ONBL, Studio FTOISLEEELT, £5—EHLE
ED

o JUERWE
o HRELEEIERO 0.7~1.8 {ZOEEH T, O-IN'E D INTVTEUEINR ET 250 E #hEIERLL
o [IHHLDBHZEANDATUVIINA

ALEEN-VIVRRESNES, RWIDIILE. FUELOETHIN, ZOREFENSEEET (run_status) o BB, AEEELED ZOBANREINET,

EHORBRYERATIVT

o EREXY : Studio FEFEREVOTOIILEEEHL, ZOHEREVEIBICYMY THRELET, FEREWVE. ZNURIORIUNELET-IO L TRRELET, Z0T-I1 KM
LRBBZBEE. Z07-J(ENET BBYOTOIS L2 EEELEY,
o RATAVY : EBRIG AMELLL, RAZZITURMOLCREBELEY, BERET—FrERE, J-FridfRe—#(CRE BHLET,

BRI

o 3EHTY, 48EHE. TEDEREHYEEA.

o STEP J71IVIFEEdAHEE A, CAD YIS STL E2(3 3MF 2TV AR-FLTLEEL,

o PIHIERHEYIYDFIVI R, . TE. MHOMBETICLZHEBTT, TTINEELEZTEPHRITE. IhANEDYET,

o I74Y3Y : PHTT4TMI. parallel UAO 3D EFA R, EYIMTI., EHOEREY(E, Maker ITA Y3V LICEFNET, RATAV I TOITLATTANAHIE,
Pro IT1YaVIc&ENET,
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JaTOKRESO LR
IO LREBRBL, Studio BTOIILEREHLE A, BHlIL, AEZEEINELNERLET,

1EH LR
J3TANDEREY 8
RATAVY EBam 167248, KAB5 20018

Ayy1 (STL. 3MF, OBJ, = =% 500418, J71)VIE 1 GB £T
glTF)

SVG. DXF, 7¥AbJ71)l | 64 MB, DXF RIElE 2005 LIAY KT
TH9TT4T NI RERROTVYRIIAZOE., 9 1505 IVETTT, MC-1 OBBFHE LV EVOREZORTYME, 3 mm OIVFIVESHIVEINES, 1 mm OIVFILTE. Y
IINIIFDEAEID ATYTA-N-EREL TSN,

120Y3T (L, T1-FrvEimmA 32000 BFTANSNET, REDINIL, EBEZFEHT 1D0T(-FreLTHRVWET, MIITRO—E. ZOEH, 70-AF-TILLBBEDITE
[ BHD 64EDT-F¥TT, ZNUUEDT—Fr TPV H TE, MESNBLT T AEERINE A, BRIV YN SAD 64EOMTIEAEY, ZOIEEENNET,

TOISLDF YT LYY~ bR B DL, BE) 2007 [E 5 FTTY, FllE, BUVKICHOFTERIET, 2 3 mm 02T 50A, #£F 50 mm QLM TH 220K T
¥, EREBREHER. ECTIEFEMDRENET, BRI Y-MIE Z20BAETETOIILLAORKMEEHYETA, ZOTEIVEROMIIRICORKME. TEOEIEHYE
Bho VIV TOREEL, OV L26EFIvILET,

Studio A" T0YILEEEHIOICANBER%E, TAVMYT PC O D7 TRELLERTT (VMY TOREEF. Z0%LHEVED) .

vad F *EY
180 x 130 mm ORI, PA5Y MFEQRT Y b 2018 IRES | 18 MB
BBEE V- EVNOREFSORTY S, PITT47. 6 mm DIV 12 47 MB
RELED%E 3 mm OIVRILT 37s 70 MB
100032 F OREZ) 125 25 MB
Tyv— 200 EARM (CRAT 1V 5s 30 MB
BHEEN-ENOXEIOLY-T (ZAF 5051E) 0 3D FMI. 6 mm OIVFIL 9 min 240 MB
ALLU-JE=AT 3005 EH5 20 min 1GB
ZOLY-J0 3D EERL LS 2 mm OR-IVIVFIL, ARTES 0.01 mm (ZAH 507 18) 6 min 270 MB
RALE0E=AR 30055 18 min 1GB

3D IITICDOWT :

o Xyvald, BRICHELAHSCEEH TSV, £ EFICHD BRI, AvY10=AFAEIEEIALEFEERILED, RGBYET,
o EPMNISMSLME(L. waterline T4 parallel h' steep_shallow T EIFTLEEN, ZOLIBETE. ESRENSRIN-TEHZHEVET, LOLY-TTIE. %
DFEYEEFTOBEDEINZHY, Z0T0YT A 280 1TICRYELE,
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(F&HHL, RN, REFE

Studio AHEEIHBNCADE THIMIT 5%, TEDRNERAL AR, 997 T0-TTCHRENETEHEEHBLET, ZITOVYORIEL . METFICLBHEET
7, Studio [, OB RDIEEE T RLEG A,

FHdHwn (1SO 286)

LI EHHVEIRETEXS, ROER ("d": "p12 H7") | BOER OMAOHEBICTZ "fit": "ge") . ADVIOIE. RAFED X & Y OHETT, Studio 4. 20
SEICXFTB IS0 286-2 DENS, EHHN\DTEHFREEIYET, . EMNFEBYOTEFBEZFENET ("tol": "+e.015/0"  HAILIUX-F) .

DNEFOHRICEDERYIA

BE(F AL EFREERLTRMIL. Z0HLEAD/AT, EHHVOAEHDOFRETE EIFET, AEFMR IT6 LZNSIUBBEREROEHHWVICE ATV I AN AVES, Ih
3 A EFOARETEEBYICES—ETV TEORDH THEESEBYMRKENTY, 70-ARI T3, V1Y OEhHDHEE BN KD BB ATV INAZEMLET,

ISECIE BRHHNOVT, AEE, TIEILEER. ZOBHENRINET,

KLESEHH L
E1n) Haabht &
sliding H7/96 EERET[AHEEL. TEXENEN
locating H7/h6 FEEEHOFTHRESOVED : FTHAIL OGNS
transition H7/k6 DINBIER, FREDIDELHLS : fIBRD. BLVEA
press H7/p6 Ll - EA

HAEDEG MHOBRERELET, HIORSH ROTSHETT,

IERnikEN

RNOHZTER, BHORIVRERNEHVET, VYR RIVF-ICRVFHETEOIRNE, IYROD-FELTETIMELET, BHHLDHZTETE, Studio [F. Z0IYAO-
TORE RTERBIA ETEAMUA AL EFREBZBNLET, LT VAVIHRETSTEE, SISHEAEBOPRIBYET, Y-VMIULEREEELE A, ROTiE
FU-VOFELNSTY

IYRO-T@E VAV O T BRI -OETIVICH S 2 HEBE TS, RUOBREBEL TS,
FyFIO-T(C&BHE
EfE ZDFIE
BiEMIL, —E0TO-7BE (G38) T,
1. EOELET, REBEB TEHET, mPTTO-THEENT 5L, F1ELET,
2. mE T, ®ERTTO-JTLET,
3. JO-THEIRS BETRY., SEICHLEHRVET,
4 EETEERTTO-TLES, E30E. COEEDEE R LT T,
5. FBUEAIBEXETRYET,

TEBN A RO TT, Studio [£, BROHE TOR-LOENLEEMIET, BihEELTO-TOO-L VL. BEFEMOUYIT-ITCORENSEET,
7 RA, B, EE

o RERR D 1DOEST, BEOEYE 4EES(E SEEmMLET, Studio (£, R-LOFLACENZTETHEYL LD, Z0HLEWLEEMIET,

o B BECEALHEME, EISAEEROSTTVET,

o EMEELEE : ETLAMEMTT,

o B, V-VESEEECLE TOYVILOEZRTREINET,
L@EAE (1SO 2768-1)

ERORENBNTECE, FEESNEER L micov) OEBAENMEASNET, B Z0OTERSTHTS IS0 2768-1 DERNSERVE T, HKR(E, REDTiEL, EEY
NESEAHETT,

YAYOITVY IR ZECHLTHRNEE R, ZORETOVAVOHEMEL, HISTHETESHEVEDEENEKT, BIEMEER, ZNTEHESNET,

FARFIvY (1SO 2768-2, FE—ERRE)

ISO 2768-1 OEMHMOBHE(C4HIZ H. K. L DFRR (FERIETmK]) ($. FRFIyIEEBMULET, $ITEIC(E, 1SO 2768-2 DEEENET,

FIvy i ES
FEE JEED 3 x 3 0JUYE, B0, ZOFEICHTZE60F 1
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F1yJ i E

HEE RWEETAST 3~88, R0, ZOERICXTZESDE 1
EAE B 2D E MRS, BOSICH2EE (MO Z (49 3) 2
BAE RERIGRAD 85, FEDESDE 4 (EROQE)

BEAD 2B O, EWCHABENTWBE SR, RRITEET, ZNATERVNEERVE (LIS BOEERYO T TREESEE) (F BORDY(CBELLEIC—BILHY
9,

EIHFELITRIELETO-TICE. BHOO-EVINBYET, ZNREMEICRNET, LR-MIE VIY0T0-TETNAZNEEOREDAESL RELTWSA I RENET,

HERWE ViE
o ERYE. HEICAOT 2EEMLET SN SORER. EIRYVIED 03 & 07 TF, 200R-I A 0EBZ EREMEL FITICRY, ZINSERYOIE. R BENE
BNET,

o Vil (BRFEEVEZD) B mAORECZNZN 2EIEMLET, 2ROERNS. BOLIHORS, LiHOIE REH, ZLTEEY RN L0ATEY MEENET,
o RUEAIELEEA. RUILOTBRESTCHRROEICEY, YA YOTO-IH N30 LIV OIBELITY, BEICEZOENRINET,

1Y DHEEBOER

YAV, ¥21L-23ay LOT-0%RLTDISLTEIY, Z07-7(C, ALTO-JETNCRILTO-LVIERTLET, HEMEE. ZOEORERTY, #EMEICF, FTEICHTS
T0I5 LB EOFED VA VBPETIMELTVWBEE TRNE T, TEORDA, RN TIEIERTY,

HEMEE, BROAEOTRINSTEBYE A, LM ERD ENEIRB B CHE P ERHETIMNOONT, AERRTONE A,
HIPREIR
o JO-THNAIETZ0E, MNEEDREITT, R-IVEUENI-Fr P, R-VEESICL TENEVER, AESNZ A, BECBANMIRENET,

o YIYDT-IRIVYRTY, HEBORNEE, 20Ty FOMDEHIRETY . REICHLTIVYFHIETERHE, V1Y OHEBRFIESNE LA,
o RFIVIIL1S0 2768-2 DE—KRPET. FTEHE. BEE. BEAE, EAEEZRVNET, SHECFTER FEFIYILTVEEA,
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B 7O0771)0

B (GUUR14)  AXEHEHT, HMERBILNBYET, _

BWHI077 el

BB TOI7 VG VAV EIBERRH T TETTICBZI7II T ROETINILC 1D0T71VD'B Y, FR(E JSON TY . BmMORAR L8R, FIANER-ILal, Z#ez0 N
=5, TP 2O, T-IREE MRZEOEIHIT -5, V- ey S¢Sy FT0-J & IV MO-SOLVERBEENET, IV FD-S0KREG REIFIVELUTELET.

TOI7PAVICE, BEDHETS (HR) NEHFESNKT, Rat T-IV-b DRENEER RE BEOVTNAHTT,

HETH
MC-1 OFOT71IVIE, D INSA NI 9T REDSERINET, MEE BRFEFEZDERC/NGA-INSTOI7MINEESNZ S, VAV EMBORRHBVES L EHYEE
Ao FOTT7AIIE, TR TPANDF IV IV LERIELET  AF-YHZORRERELET, YITLYAOEE IO D71V OAF—Y (L, TRTOF-HEH TV ET,
BEVOEROE
FNENO MC-1 (3, IZyYa—VIBSHEL, 20V VERNEECADEET GHET, FIBXZOYV-IVIERFEHR T VIV ETTFARSNTVET) o

o UIYRRAYF : EBNTBE. LATUYA, #BYRULIBE,

o KD I1SO 230-2 [CLBBITE : NwITyy, U-RBEDE. 1 mm HEVOATY T,

o SAERAOEMIICLBUIEIREL,

o I-AMIUVICLZEEHDBEMHE- XY MER,

o UVIN-IIL&ZIyFIO-TORIE,
BIEME, B BECHE Y-, BIE AR EBICRFINET, TOI7MVIEZOETEYVEIN., SEICTBEBETHEIENTIN, HETOBELEEICTRYET, BIEMEICE
STENZIVII-SOFEL. BISELNET,
BB O
Studio [F, FILETF I OMBEER S RIBTEET, ZNTNOEWIL, TyYavEFEVTELOT-IVE BOME,. 7-7. T8, IVMO-50XEY) & BHOI1YRILAT
DERELES, BETETINOTAI71IVE, ZOMEMASBIESNZETIE, INTOMEM THIBTT,
UI7LY A
TOIFANDIRTOF-¢, ZOR, B, MC-1 TOMER. M TOI71ILOAF-VICHYET,

Tt~ ZOR-IDR L EDERME. FERMTIOREEZ I TN E A,
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MC-1 D/\-FJ17

R3Ok (GUUR14)  AXFHERT, HiEIIIEHHYES, _

ZOETE FKEHEBYD MC-1 2HWVWET, EAOBUELZEHETT, AL TEME. ZNZNII5 EFRSAEL. ZOVIVENELLEILADEEYT (B IO0I71)%25
B) .

ok

MC-1 [, ZIVIZUA, Bk IVIZTIVITIAFYIEMIS %, £ L0 38 TFAABETT, AVM-EFEET. T-IWA Y HE. AV M-0FvUyIN X HE. 80 Z AE
[CBhEXT,

BEEEX/Y/Z 200/ 150 /80 mm
7= 300 x 220 x 35 mm, 25 mm EvFOIUYFEIC M6 DFYT7R
ik (18 x BITE x &) #) 508 x 490 x 564 mm (E-%-. T-INFI-V, LRUVI Ty EEH, HIEEEEFEN)
g8 #9157 kg (RIHEIHEERC
pIVIN 6061-T6 7)LIZULAR. IV MiEsH
YZTHAR HIWIN HGR15 L—=)l (64%) \ HGW15CC 752970v7 (121&)
-l SFU1204 (12 mm. Y=F 4 mm) | C7. BK10/BF10 #ik-t
-5~ NEMA 23 70-AF-TFTHATVEYTE-5- 12-13 N-m B&) | I3-hvTUVI &
s 800 W, 7K. @65 x 195 mm, ER11 ILwh
Elfeilke:d B EBIORYI AT, MO ERICEL
BERSAN

E#E V0-ZARN-TRORATVEVIE-F -1 J3-HvTUVIEN L UR- VL EERELET, FIMNOR B ARDRTRESNET, 32O FANOT5-LHE A, TV
FO-SOE-F-BEANCEICERBINTNSRD, BEERILEFSIN FEEBRERSEFSA /D HEE. BRETI-LEHLUFIELET,

e EOBRABENERE(}, X & Y A 3000 mm/min, Z A* 1500 mm/min TF,
UIY R Ay F LR EIER

BEEE ORI M8 DFEIAEATYF SETRLET, X £ Y (3. ZNZNAEIGKIC 189D (FNZNEROAN) (Z[EZA51RHZ ET Z OfiHERLET, A1YF I
J=I0-ZTY, Wir T IIOEH (&, FBILIERMYFELTHRAIMONET, Z07HIY FO-3(d, BHOASY/-AAN>TELKDTREL, TI-LEHLURSABREESLE
ED

BREERE. ZERIIC Z0HE X &Y E ZNFNEDE X+, Y+, Z+) ABENOTTVET, BREANESHE L. EEOR SERFLETT,

ZEEED

Z AFMREEEHEFRHETVET (1 6.35kg) o FITNCERNMATVBRE. RN Z #FFLET, BREAATWENEE GEBELE. FSIN0ER, FEOHY) K £
EEH T Z A THRIERBYET,

A

g

-3
=

FBIFLEFERFSANOEZEOHE S, (FEEREITZRIC. £5—EERBORSERET> W, FSAAOERAMINTNZMIE, ZEOTICFEANBNTIZEN,

Y5 EFCE FIANOERE KB TORARNEINET, Z A THBHBAE IL-FHE0 2 T-5-\ HUV5-011 MEEBICIRYFIET,

X8

FE8HL, AOBD 800 W E-F—-FEBHT, @65 x 195 mm, ER11 Ly MFE, 218, &S 24 000 min™" TF, Huanyang HY01D523B M1 V/\—5 (VFD, B8 220 V A1) H'ER
BiLEY, IV PO-I(3, $EBEI1-IVEN LIz RS-485 T, EEMERTEL. REEZHEVET, ARV T TEEHESILET,

o AYN-FOREIL-E, E-Y-BEORICERINTVNET, 1YN-FA My TI 2L, AV MO-3E EF>ETEEZT-VISRYETEZRDYC, 7I-LEHLTTOYILEE
1ELET,
o FBEILTRE AVN-FRIFIANERABFCEREZRV, THMEEETLEIVET TL-FEADMVEEA) .

1V hO-SEEeiR

Jvb0-314, T4TUSXBB ¥vUTR—F ED Teensy 4.1 T. AAFTA M TITTHEIGIN TVET, Grbl 1.1 OYUTITORIE EHRENDHSZ Twinwright # B I-RIEEFTL.
USB TIVK1-4-(CHERLET,

A% EHESNTVEED

DESZS X=X+ Y= Y+.ZD 5AH
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AR ERSNTW3E0

J0-7 Y- ys-5yFI0-7

FERBELE FEBEIERTVO 2D2BDESR

-5-82% 3IDORSANOTI-LHEHE FBAVN-IOREYL-%, B ICEH
YAIIWAT~b, T1—Fik=JL K HIEARDORS > SB2 & SB3

FAERE. JL-1-%28Y%T, 24V OBREERKAY T, IVb0-3, LY SIEERIEKICHEELES., 20D, IV MO-3@IVE1-Y-[CEREINEEET, EBELERELE
g, AVFT5 (KM1) 1, FIAN, EBRAVN-5, RV TD 48 V EBREAVEIYLET,

HEEORTY

HEBORELHZ 022 ORTY 4ETY (EENLREEE) o

v A
etz SB1 EBRAY (%) SBO FFHEEFLE ()
TB SB2 Y1) A5-+ (1) SB3 J1—-Ri-JLR (&)

e SB1EFAY [ KM1 ZBIL. KM1 3Z0%., BEREELET, FFEELLEEDHE, BIREBEBH TREB LI LA, FFBELEREMRLT £5—FE SB1 £IPL TS,

* SB3 J—Fik—JLR (3, BEVWDREEYIFOT -FR-ILF (1) CRUBIFELEY, BEHIEISNEASEEL, FHMEEVETES . CORIVIIIEBFIEOETICHBR
. FEEELEERUBREFANLLZ0E, FAINAT-FTEET-FR-ILFTY,

e SB2 Y4UIAF-b (3. EEVILOYAIINAT- (~) LRUESIC, BEERATLET,

R

J4-Fh-IV PR EEEETRHYE EA. REDLDICHEME EHBEEF, FEBEILEFESTLEL,

Y- eyy-5yFI0-7

Y=y -l T-IVOERICHY, TUYRORIC M6 AL 2R TEESNET, MFEBEOAZ, HB&Z X 0-57, Y 130-150 mm OFETEHET, V-l Zy5F-L5yFT0-
& IV A0-50T0-T AN EHBLET.

Z R EEICHBEE, LY IDEOREHLA 15.5 mm OTEDEIRE. T-IIH'5 80 mm OFI(CHY., EEOD./-X(L 130 mm DEITT, BEHLIZNLYVRVWITEEL, &
WHRABRIODEHECEYET, ER ALY MIREFLEIYFIO-JE, BE. FYMSRATIIALHEETORSA 60-90 mm TY, Z AR EZICHZEE, Z0L55T0-THE
BTEZOREVERERYEFT, 70 mm OFO-7B57-TILOK 20 mm LXTTT,

Studio [FTNERERBLET, T-VERIYLIEE, TEERMULEE, TET-JINERELLLEC BRRVOREB\RE, Z MR EMICHIEEOETEOKIHLLLBLET, 2
LT EOTEANENETRYSICFHITENERLET,

D-JDEE

T=I® 25 mm EYyFO M6 RIZE. 75V HITTL-b KA AEEWFFONET, YIUARZZDE. 10 mm OF)VIZUARY T FL-MIHEE 75 mm oI5 IN1A N
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Reference
ZOVUIFLYRETOISANSERLEED T, EERDHTY,

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 31 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_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

® Runs and results: run_status, run_profile, result_compare, result_image, log_query

® The licence: licence_status

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). 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)

*

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

72



Name Type Default Description

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

feed number mm/min (G1); omitted: rapid (G0)

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_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)

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 thin sheet cut through: fixture tape on a sacrificial plate (sacrificial) - the blank that much higher, the
cuts through it go into the plate, not the table.

Parameters
Name Type Default Description
op string "place" | (one of place, remove, flip)
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: [, y, zZ] mm; cylinder/rod: [diameter, length]; tube: [outer, inner, length]; hex: [across flats, length]
number
material string "6061- (one of 6061-T6, 7075-T6, ADC12, HPb59-1, H59, T2, Q235, 45, 304, HT200, POM, PMMA, PA6, HDPE, MDF, hardwood,
T6" wax )
fixture string "vise" (one of vise, clamps, tape, fixed, vblock, none)
at array of [1e0, blank centre on the table [x, y] mm
number 75]
angle number (] 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 only: the blank taped 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
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Name Type Default Description

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). 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 3 n2 L16", 'v 6 60 L18", 'flat 1.5 n2 s4 15 L14', 'flat 0.2 n2 s4 11 L15 tir3', ‘probe 2 L30 typical'.

Parameters
Name Type Default Description
spec string e.g. 'flat 6 n3 L20'
tools object the tool table for M6: {"1": "flat 6 n3 L20", ...}
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"

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, zl 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 [e, o, 0]
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
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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. 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

tol object +/- mm (an angle: degrees) instead of ISO 2768-1

tol.size number

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 £, m, c, v, fH, K, 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,
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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.

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
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Name Type Default Description

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 writes it). An empty stl takes it away.

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.

77



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-S20 (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, ...) 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)

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)

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)
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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
gcode
name
version

tools

check_first

fits_only

timeout_s
budget_s

machine

Type
string
string
integer

object of
string

boolean

boolean

number
number

string

Default

Description

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

"program.nc"

true

false

3600

40

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

the tool table for Mé6: {"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.

Parameters
Name Type
gcode string
name string

version | integer

machine | string

Default

"program.nc"

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)

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

line

when

Type
string
string
string
integer

object

Default

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

the program's text

"program.nc"

file line (1-based)

conditions, e.g. {"force_n": 60, "cut": true}
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Name Type Default Description

tools object of the tool table for M6: {"1": "flat 6 n3 L20", ...}
string
until string "time" (one of time, block, pause)
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"

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
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Name Type Default Description

goals.merge boolean | true

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 pathdata: MLHV 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
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Name

text

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

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

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)

simplex (default), duplex, script: single strokes; sans (Noto Sans, comes with Studio) or a font of the computer's by its name
- HRERFER, "SRR, "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

verify

Type Default

string “current”

array of
object

array of
object

object

string

string

object
object

number 5

string "generated.nc"
string

string

boolean | true

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[r1\|
shape circle cx,cy,d \| shape polygon points [[xy],..] \| from_program name[,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}; chamfer {an outline, width} (a V-bit); thread {points,d,pitch,depth[,hand]} (a thread mill); 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, areal} (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}1}, {turn: "u", features: [{op: "face", x0: 0, y0: 0, x1: 40, y1: 30, depth: 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)
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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"

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 {by[, 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 1list, 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.

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

84



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

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 = ©.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)
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Name Type Default Description

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.

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 3}

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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Command line: mc1sim

The options of the twin's program mc1sim, as its usage text gives them (85 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

--set PATH=VALUE

--mpg N

--mpg-port PORT

--panel SPEC

--fault WIRE=MODE

--seed N

--nvs FILE

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)

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)

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
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option

--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

--stock x@,x1,y@,yl,ztop,zbot[,res]

--setup JSON\|@FILE

what it does

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)

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)
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option
--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

ZOVITLYRRTOIILNSERLIEED T, REROHTY,

what it does
the cutter: flat\|ball\|bull\v\|drill D [Rc\|angle] [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"...., "args"{...}}: a tool called from the window's own interface (its own channel, the Al switch off or
on), printed as "own-call N {..}" (tests; up to 12)

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 "6528e49911ce4825f7555ab9e42991051ee85046b9ed9511f960cfbb...

generated.wiring_sha256 string "4f378185683bcbd33fb0a42e8fa2b79e93474c861a%a2f76dale7eel...

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 "2026-10-07718:16:05"
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”

98



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.motor_end

direction.screw_hand

direction.dir_low_turns

direction.

direction.dir_low_moves

switch

switch.

switch.

switch.

switch.

switch.

switch

switch.

switch.

switch

switch.

switch.

switch

switch.

switch.

switch

switch.

switch.

switch.

switch.

switch.

switch.

max
contact
inputs

type

.sn_mm

gap_design_mm

gap_mm

.spot_r_cad_mm

anchor

target

.unit_sr

lambda_mm

w_mm

.hyst_mm

response_ms
jitter_ms
repeat_sigma_mm
temp_c
temp_coeff_per_k

ready_ms

hard_stop

machine_per_model

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 what it is

[0.0, 200.0] the axis' travel [min, max], machine mm

4t the direction homing seeks its switch

800.0 steps per mm (the controller's $100-$102)

-1 +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
e

"right"

w (seen
from the
shaft end;
assumed)"

1
-1
the axis' limit / home switches: position, contact, sensor physics
-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 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": "model" uses the model's switch point outright (about
1.9 mm later: the design review's sensitivity case). All values unverified until measured (F 7).

0.25
0.003
20.0
0.0

30.0 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)

[-8.0, 208.0] 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 | 13.83

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
.Xx_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"
"EE, BRE

728.0

"X_LIMIT_MAX"
"W10"
BIE, BREN

488.0

"y_LimiT
"W12"
"EE, ERTA

167.0

"Y_LIMIT_MAX"
"W11"
"EE, ERTA"

212.0

"Z_LIMIT"
"W08"
"Z BEBIAIR + X HE4E,
1493.0

XZ"

"PROBE"

SEmMEHFFHIL
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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 HagE"

wires.setter.length_mm number | mm = 1274.0

wires.setter.flex string "y

wires.alm object

wires.alm.input string "MOTOR_FAULT"

wires.alm.cable string

wires.alm.route string "EAEFEA ¢ S B IRFHEE ALM SR SMEE AR 4k eB 35 SR BX "

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 "ERERE &S SBO S5 EM (SB0O-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 "EBYERE  BfE SBO BE—HEM (SBO-1) , TEKM1%
8 B B EEK e

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 "EPEFEA - FEHIMR RS485 A/B — SRR RS+/RS-, R
BREL"

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 "ERIEREM ¢ IR AEK IR MALS TB-TC, BE

ALM £8 (K 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.

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

drive.max_phase_advance_deg

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

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

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

20

0.0

102

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

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

1

N

.zeta_axial
12.sub_steps

1

N

.current_lag_ms
12.servo_damping_ratio

1

N

.smoothing_ms

1

N

.contact_restitution

1

N

.impact_speed_mm_s

12.masses

1

N

.sub_steps_3

1

N

.zeta_coupling

1

N

.friction

1

N

.stribeck_ratio

1

N

.stribeck_v_mm_s

1

N

.viscous_n_s_mm

1

N

.lugre_sigma@_n_um

axes

axes[].id

axes[].screw_length_mm

.axes[].screw_inertia_kgm2

type unit

object

boolean
boolean

string

object

string

string

boolean
number | ms
number | ms
number | ms
number | ms
number | ms
number | s

object

number
number
number | ms
number
number | ms
number
number | mm/s

number

number

number

string

number

number | mm/s
number = N-s/mm

number = N/pum

array

®3)
string
number = mm

number | kg-m

value

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

10.0

NG
327.0

3.347015168018846e-06
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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.axes[]
drives.axes[]
drives.axes[]
drives.axes[]
drives.axes[]

drives.axes[]

drives.axes[]
drives.axes[]

drives.axes[]

drives.axes[]
drives.axes[]

drives.axes[]

drives.axes[]
drives.axes[]

drives.axes[]

drives.axes[]

drives.axes[].

drives.axes[].

drives.axes[]

drives.axes[]

drives.axes[].

drives.axes[]

drives.axes[].12.coupling_play_um

.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

oll

N

.12.torsion_extra_mm

12.k_rest_n_um

.12.frame

.12.frame.k_n_um
12.frame.m_kg

.12.frame.zeta

.torsion_gj_nmm2

12.nut_hertz_n_uml5

type

number
number
number
number
number

object

number
number

array

e
number
number

number

number
number

number

number

array

)
number

object

number
number

number

unit value what it is

kg-m? 3.594701516801885e-05

kg 13.83

kg 102.52570477707619

N 0.0

N 57.06657900384689
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

kg 88.69570477707619

kg 13.83

N/pum

N 47.12388980384689

N 9.9426892

kg 77.22965443852422 three masses: the rotor with half the coupling, the screw with the other
half, the table

kg 11.46605033855195

N/pm 1189.2873303312676

N-mm? 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

mm 61.593853491210936

N/pum the axial chain without the nut (shaft, BK, mount), by the nut's distance

from the BK

N/umA1.5  31.87940238298543

the frame under the axis' fixed bearing as one mode along the axis:

stiffness, mass, damping

N/um 33.15
kg 17.64
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

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.enabled

accuracy.note

accuracy.units

accuracy.sign

accuracy.axes

accuracy.axes.

accuracy.axes

accuracy.axes

accuracy.axes

X

.X.lead_um

.X.periodic_um

.X.periodic_mm

type unit what it is
boolean

string

string

string

object

object

array pm
(45)

number | pym

number = mm

104

what it is



key
accuracy.axes.X.periodic_phase
accuracy.axes.X.straight_um

accuracy.axes.X.straight_um.Y

accuracy.axes.X.straight_um.zZ

accuracy.axes.X.angle_urad

accuracy.axes.X.angle_urad.A

accuracy.axes.X.angle_urad.B

accuracy.axes.X.angle_urad.C

accuracy.axes.X.backlash_um
accuracy.axes.X.gravity_loaded
accuracy.axes.Y

accuracy.axes.Y.lead_um

accuracy.axes.Y.periodic_um
accuracy.axes.Y.periodic_mm
accuracy.axes.Y.periodic_phase
accuracy.axes.Y.straight_um

accuracy.axes.Y.straight_um.X

accuracy.axes.Y.straight_um.zZ

accuracy.axes.Y.angle_urad

accuracy.axes.Y.angle_urad.A

accuracy.axes.Y.angle_urad.B

accuracy.axes.Y.angle_urad.C

accuracy.axes.Y.backlash_um
accuracy.axes.Y.gravity_loaded
accuracy.axes.Z

accuracy.axes.Z.lead_um

accuracy.axes.Z.periodic_um
accuracy.axes.Z.periodic_mm
accuracy.axes.Z.periodic_phase
accuracy.axes.Z.straight_um

accuracy.axes.Z.straight_um.X

accuracy.axes.Z.straight_um.Y

accuracy.axes.Z.angle_urad

accuracy.axes.Z.angle_urad.A

accuracy.axes.Z.angle_urad.B

accuracy.axes.Z.angle_urad.C

accuracy.axes.Z.backlash_um

type unit what it is
number
object um

array
(45)

array
(45)

object prad

array
(45)

array
(45)

array
(45)

number | pm
boolean
object

array pm
(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 pm
(C3)]

number | pm
number = mm
number

object pum

array
(C3)]

array
()]

object prad

array
@1

array
@1

array
@1

number = pm
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key

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.
accuracy.
accuracy.

accuracy.

accuracy.

accuracy.

axes.Z.gravity loaded
square_urad
square_urad.xy
square_urad.xz
square_urad.yz

abbe

abbe.tip_ze@
abbe.X
abbe.X.y
abbe.X.z

abbe.zZ

.abbe.Z.y

abbe.Z.dz

abbe.Y

abbe.Y.x

abbe.Y.y

abbe.Y.z

thermal
thermal.alpha_um_m_k
thermal.screw_dt_k
thermal.bk_at
thermal.spindle_growth_um

thermal.dynamic

thermal.dynamic.enabled
thermal.dynamic.screw_k_per_w
thermal.dynamic.screw_tau_s
thermal.dynamic.spindle_um_per_w
thermal.dynamic.spindle_tau_s
thermal.dynamic.spindle_bearing_w_at_24000
thermal.dynamic.spindle_copper_w_rated
thermal.frame
thermal.frame.alpha_um_m_k
thermal.frame.dt_k
thermal.frame.tool_to_table_um_k
thermal.frame.capacity_j_k
thermal.frame.g_w_k
thermal.frame.motors_w
thermal.frame.spindle_share
thermal.ambient_dt_k

thermal.part

thermal.part.heat_share

thermal.part.g_good_w_k

type
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

number

unit

prad

pm/(m-K)

um

K/W

um/W

pm/(m-K)

pm/K

J/K

W/K

W/K

what it is

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)

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)

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_poor_w_k

accuracy.source

spindle

type unit
number = W/K
string

what it is

the spindle drive: the Huanyang VFD (HY protocol, PD parameters), the motor, the pump

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.

vfd

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vf

a

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

vfd.

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.PD00O
factory.PDo0O1
factory.PD002
factory.PDo04
factory.PD00O5
factory.PD00O6
factory.PDOO7
factory.PDo08
factory.PDO@9
factory.PDo16
factory.PDO11
factory.PDo14
factory.PDO15
factory.PD026

factory.PD119

unit

type

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

number

value

"Huanyang
HY01D523B (HY
series)"

1500
7.0

"1x 220 V through
KM1 (build.py
ELECTRICAL)"

"RS-485 to
RS+/RS-/DCM
(wiring.py PIN_MAP
EH)"

"HY: address,
function, length,
data, CRC-16
(Huanyang v1)"

5.0
50
15
680.0

200.0

100.0
15.0

2.0

50.0
25
0.5

220.0

8.0
0.0
10.0

10.0

150

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.factory.
vfd.factory.
vfd.factory.
vfd.factory.
vfd.factory.
vfd.factory.
vfd.factory.

vfd.factory.

vfd.factory.
vfd.factory.
vfd.factory.
vfd.factory.
vfd.factory.
vfd.factory.

vfd.factory.

vfd.params

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

vfd.params.

motor

motor.

motor.

motor.

motor

motor.

motor

model

rated_power_w

rated_voltage_v

rated_freq_hz

.poles

PD141

PD142

PD143

PD144

PD163

PD164

PD165

PD118

PD120

PD121

PD123

PD124

PD125

PD147

PDO41

PDOO1

PD002

PD004

PDOO5

PD0O6

PDoQ7

PD0O8

PDO09

PDO10

PDO11

PDO14

PDO15

PD141

PD142

PD143

PD144

PD163

PD164

PD165

.rated_current_a

type

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

number

unit

Hz

value

220.0

7.0

4

1440

150

5.0

150

0.1

400.0

400.0

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

50

400.0

what it is

the protection and compensation group as the twin reads it (nhumbers 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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key

spindle.motor.rated_rpm
spindle.motor.rated_slip
spindle.motor.
spindle.motor.
spindle.motor.inertia_kgm2
spindle.motor.friction_nm

spindle.motor.viscous_nms

spindle.coolant_pump

spindle.encoder

spindle.encoder.ppr

supply

breakdown_torque_ratio

no_load_current_a

type unit
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
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.top_z

tool_setter.overtravel

tool_setter.contact
tool_setter.diameter
tool_setter.pretravel_mm
tool_setter.repeat_sigma_mm
tool_setter.reset_hyst_mm
tool_setter.bounces

tool_setter.bounce_ms

touch_probe

type
number
number

number

number
string

number
number
number
number
number

number

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

unit  value
25.0
150.0
-42.0
3.0
“NC”
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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key

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.typical

touch_probe.typical.
touch_probe.typical.
touch_probe.typical.
touch_probe.typical.
touch_probe.typical.
touch_probe.typical.

touch_probe.typical.

sound

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

object

number
number
number
number
number
number

number

unit

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 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.

sound.

sound.
sound.

sound.

sound.

type
frame string
sources object
sources.x_motor object
sources.x_motor.at array
)
sources.x_motor.moves string
sources.y_motor object
sources.y_motor.at array
)
sources.y_motor.moves string
sources.z_motor object
sources.z_motor.at array
)
sources.z_motor.moves string
sources.spindle object
sources.spindle.at array
3)
sources.spindle.moves string
sources.tool_tip object
sources.tool_tip.at array
3)
sources.tool_tip.moves = string
sources.box object
sources.box.at array
3)
sources.box.moves string

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, 256.0, 22.0]

“frame"

[0.0, 91.0, 465.0]

oy

[0.0, 0.0, 206.5]

wgn

[0.0, 0.0, 59.0]

wgn

[430.0, 50.0, 140.0]

“frame"

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

110



key

sound.

sound.

sound.

sound.

sound.

sound.

sound.

sound.

sound.

sound.

sound.

sound.

sound.

sound.

sources.setter

sources.setter.at

sources.setter.mov
sources.pump

sources.pump.at

sources.pump.moves
listener

listener.at

listener.looks_at

radiation

radiation.pa_per_n

radiation.structur
radiation.structur

radiation.tool

collision

es

e_x

ey

type
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

[-75.0, 75.0, 97.0]

e

[-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

0.35

03

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[].

collision.table_items[].

collision.table_items[].

collision.table_items[].

collision.groups

collision.groups[].id

collision.groups[].moves

collision.groups[].min

collision.groups[].max

collision.near_miss_mm

cutting

id
shape
min

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)

number

unit

mm

value what it is

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, 0.0]

[-43.0, 84.0, 5.0]

"z_slide"

N

[-73.5,45.0, 95.0]
[73.5, 65.0, 255.0]

1.0 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
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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

tool_geometry

tool_geometry.helix_deg
tool_geometry.rake_deg

tool_strength

tool_strength.trs_mpa
tool_strength.allowable
tool_strength.core_d

force_model

type

string

number
number
number
number
number
number
number
string

number

number

number
string

number
boolean
boolean

boolean

object

number
number

object

number
number
number

string

unit

N/mm?
N/mm?
N/mm?
N/mm
N/mm
N/mm

J/mm?

mm

mm

um

MPa

112

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 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)

30.0

10.5
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)

4000.0

0.35

0.7

"tooth" 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)



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.

cutting.

cutting.

cutting.

cutting.

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

materials[].oblique

materials[].oblique.tau_s_mpa

materials[].oblique.phi_n_deg

materials[].oblique.beta_a_deg

materials[].oblique.h_ref_mm
materials[].oblique.vc_ref_m_min

materials[].oblique.source

compliance

compliance.note

compliance.tool_e_n_mm2

compliance.flute_core

type

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

object

array (4)

array (4)

array (4)

number
number

string

object

string

number

number

unit

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)

MPa

m/min

N/mm?

113

value

10.0
null

true

20

03

"6061-T6"

"Aluminum alloy 6061-
T6"

"VDI 22 /ISO N"
2.7

750.0
250.0
150.0

5.0

5.0

20

24

[152, 335]
236

896
"#b9bdc3"

"aluminium sharp-tool
set (note C 1.5)"

"measured sharp-
carbide set (note C 1.5);
Kienzle 800/0.2...

[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...

"static compliance at
the tool tip, force on
the tool: to...

600000.0

0.8

what it is

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

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

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



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.

compliance.flute_length_d
compliance.tool_density_kg m3
compliance.flute_area
compliance.joint_um_per_100n
compliance.frame_um_per_100n
compliance.frame_portal_um_per_100n
compliance.drive_um_per_100n
compliance.drive_um_per_100n.X
compliance.drive_um_per_100n.Y
compliance.drive_um_per_100n.Z
compliance.source

dynamics

dynamics.note

dynamics.structure_fn_hz
dynamics.tool_fn_hz

dynamics.zeta

dynamics.rpm_range

dynamics.source

dynamics.input_shaping
dynamics.input_shaping.note
dynamics.input_shaping.commissioned
dynamics.input_shaping.commissioned.$1000
dynamics.input_shaping.commissioned.$1001
dynamics.input_shaping.commissioned.$1002
dynamics.input_shaping.raised_acceleration
dynamics.input_shaping.raised_acceleration
dynamics.input_shaping.raised_acceleration
dynamics.input_shaping.raised_acceleration
dynamics.input_shaping.raised_acceleration
dynamics.input_shaping.raised_acceleration
dynamics.input_shaping.raised_acceleration
dynamics.input_shaping.source

.$1000
.$1010
.$1020
.$1001
.$1011

.$1021

type unit

number

number

number

number | pm per
100 N

array (3) = pm per
100 N

array (3) = pm per
100 N

object pm per
100 N

array (2)

array (2)

array (2)

string

object

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
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value
2.5

14500.0

0.65

[2.3492, 0.0, 0.0]

"research note C 3.1-

3.3; frame:

out/fea/fea_result,json

"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...

"not needed at the
commissioned
accelerations
($120-$122 ...

161.0

0.05

"kernel line K1.10
(Obd7ffe):
tests/shaper_test.py
residu...

what it is

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

the kernel's input shaping (K1.10, kernel/docs/08-input-
shaping.md): what the structure modes ask of it

the input shaping settings as commissioned

the input shaping settings for raised accelerations: the
modes they suppress



workholding

the fixtures: the tapped grid, vise, parallels, strap clamps, tape, V-blocks, friction

key

workholding.

workholding.

workholding.

workholding.

workholding.

workholding.

workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.

workholding.

workholding.
workholding.
workholding.
workholding.
workholding.

workholding.

workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.
workholding.

workholding.

grid

grid.thread

grid.x

grid.y

vise

vise.name

vise.self_centring
vise.jaw_width
vise.jaw_height
vise.jaw_thickness
vise.step_height
vise.min_opening
vise.max_opening
vise.base_height
vise.body_width
vise.body_length
vise.plate_thickness
vise.plate_length
vise.plate_width
vise.clamp_force_n

parallels

parallels.thickness
parallels.min_height
parallels.step
parallels.max_height
parallels.length

clamp

clamp.strap_length
clamp.strap_width
clamp.strap_thickness
clamp.nose_on_part
clamp.heel_length
clamp.reach_min
clamp.reach_max
clamp.stud_diameter
clamp.washer_diameter
clamp.nut_height

clamp.bolt_preload_n

type

object

string

array
®)

array
9

object

string

boolean
number
number
number
number
number
number
number
number
number
number
number
number
number

object

number
number
number
number
number

object

number
number
number
number
number
number
number
number
number
number

number

unit

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
12.0
2.5
3.25

77.0

100.0
10.0

130.0
110.0

7400.0

127
3.175
413

152.4

64.0
25.0
13.0
8.0

14.0
7.0

35.0

6.0

7.0

4450.0
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what it is

the table's tapped grid (model.py: M6 x 12 in columns GRID_XS either side, 9 rows
fromy -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)

a standard parallel set (note H 2.6 [R45]): 1/8" thick, 1/2"..1-5/8" high in 1/8" steps,
6" long

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; 54 N m gives 4.45 kN in the stud (Carr Lane,
note H 2.3 [R37][R39])



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 0.35
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 type
controller.firmware string
controller.board_profile string
controller.board object
controller.board.id string
controller.board.text string
controller.board.my_machine_board string
controller.board.f_step_timer_hz number
controller.board.timer_period_extra number
controller.board.timer_max_cycles number
controller.board.wake_up_ms number
controller.board.step_pulse_latency_us number
controller.board.step_toff_min_us number
controller.board.pulse_timer_hz number
controller.board.signals array (4)
controller.board.debounce_ms number

unit

Hz

s

us

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 65.75
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 "&i
BFERER"): 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.cycle_start

.panel.cycle_start.via

panel.cycle_start.input
panel.cycle_start.teensy_pin

panel.cycle_start.button

panel.cycle_start.contact

panel.feed_hold

.panel.feed_hold.via

panel.feed_hold.input
panel.feed_hold.teensy_pin

panel.feed_hold.button

panel.feed_hold.contact

input_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

s
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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

"oin®

"CYCLE_START"
17

"B EBhRE SB2 (FE, 1%
F) , EEfEr

"NO"
the feed hold button (SB3): how it reaches the
controller, its input and pin, its contact

"oin®

"FEED_HOLD"

16

"HARIFIRE SB3 (FE, 18
F) , EEfEr

"NO"

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



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

50

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

122



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
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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.

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

129



key

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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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[].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

132



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
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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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source

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
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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.

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

136



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.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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key

provenance.

provenance.

provenance.

provenance.

provenance

provenance

provenance

spindle.

spindle.

spindle.

spindle.

.spindle.

.spindle.

.spindle.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance

provenance

spindle.
spindle.
spindle.
spindle.

spindle.

spindle.

spindle.

spindle.

.spindle.

provenance.

provenance

provenance

provenance.

provenance.

provenance

provenance

provenance.

provenance

provenance

provenance

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.

spindle.encoder.

spindle.encoder.

spindle.encoder.

spindle.encoder.

spindle.encoder.

spindle.encoder.

spindle.encoder.

tool_setter

source

note

uncertainty

refs

values

history

history[].date

history[].change

.tool_setter.source

provenance.

provenance

provenance

provenance.

provenance.

provenance

provenance

provenance

tool_setter.note

tool_setter.uncertainty

tool_setter.refs

tool_setter.values

tool_setter.history

tool_setter.history[].date

tool_setter.history[].change

.tool_setter.overtravel/contact

provenance.

provenance

provenance.

provenance.

tool_setter.overtravel/contact.source

tool_setter.overtravel/contact.note

tool_setter.overtravel/contact.uncertainty

tool_setter.overtravel/contact.refs

tool_setter.overtravel/contact.values

note

uncertainty

refs

values

history

history[].date

history[].change
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key

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.

typical
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source

note

uncertainty

refs

values

history

history[].date

history[].change



key
provenance.touch_probe.typical.source

provenance.touch_probe.typical.note

provenance.touch_probe.typical.uncertainty

provenance.touch_probe.typical.refs

provenance.touch_probe.typical.values

provenance.touch_probe.typical.history

provenance.touch_probe.typical.history[].date
provenance.touch_probe.typical.history[].change
provenance.sound.sources
provenance.sound.sources.source

provenance. sound.sources.note

provenance.sound.sources.uncertainty

provenance.sound.sources.refs

provenance. sound.sources.values

provenance.sound.sources.history

provenance.sound.sources.history[].date
provenance.sound.sources.history[].change
provenance.sound.sources.pump
provenance.sound.sources.pump.source

provenance. sound.sources. pump.note

provenance.sound.sources.pump.uncertainty

provenance.sound.sources.pump.refs

provenance.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

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
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key

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
provenance.collision.near_miss_mm.history[].change
provenance.cutting.materials
provenance.cutting.materials.source

provenance.cutting.materials.note

provenance.cutting.materials.uncertainty

provenance.cutting.materials.refs

provenance.cutting.materials.values

provenance.cutting.materials.history

provenance.cutting.materials.history[].date
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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.

cutting.materials.history[].change

cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3
cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

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
cutting.tool_strength.history[].change
cutting.force_model
cutting.force_model.source

cutting.force_model.note

cutting.force_model.uncertainty

cutting.force_model.refs

cutting.force_model.values

cutting.force_model.history

cutting.force_model.history[].date
cutting.force_model.history[].change
cutting.runout

cutting.runout.source

cutting.runout.note

.cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.

.cutting.material/ktc_n_mm2/krc_n_mm2/kac_n_mm2/kte_n_mm/kre_n_mm/kae_n_mm/kc_plunge_j_mm3.
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source

note

uncertainty

refs

values

history

history[].date

history[].change



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.

cutting.runout.uncertainty

cutting.runout.refs

cutting.runout.values

.cutting.runout.history

.cutting.runout.history[].date

.cutting.runout.history[].change

cutting.edge
cutting.edge.source

cutting.edge.note

cutting.edge.uncertainty

cutting.edge.refs

cutting.edge.values

cutting.edge.history

cutting.edge.history[].date

cutting.edge.history[].change

.cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach
cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.

cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.

cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.

cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.

cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.

cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.

cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.

cutting.stock_res_mm/chunk_mm/chunk_ms/force_step/merge_tol_um/pyramid/sweep_reach.

cutting.variation
cutting.variation.source

cutting.variation.note

cutting.variation.uncertainty

cutting.variation.refs

cutting.variation.values

cutting.variation.history

cutting.variation.history[].date
cutting.variation.history[].change
cutting.compliance
cutting.compliance.source

cutting.compliance.note

cutting.compliance.uncertainty

cutting.compliance.refs

cutting.compliance.values

143

source

note

uncertainty

refs

values

history

history[].date

history[].change



key

provenance.cutting.compliance.history

provenance.cutting.compliance.history[].date

provenance.cutting.compliance.history[].change

provenance.cutting.dynamics
provenance.cutting.dynamics.source

provenance.cutting.dynamics.note

provenance.cutting.dynamics.uncertainty

provenance.cutting.dynamics.refs

provenance.cutting.dynamics.values

provenance.cutting.dynamics.history

provenance.cutting.dynamics.history[].date

provenance.cutting.dynamics.history[].change

provenance.workholding
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.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
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key

provenance.

provenance.

provenance.

provenance.

provenance

provenance

provenance

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance

viewer.note

viewer.uncertainty

viewer.refs

viewer.values

.viewer.history

.viewer.history[].

.viewer.history[].

date

change

schema/generated/units/name/coordinates

schema/generated/units/name/coordinates.
schema/generated/units/name/coordinates.
schema/generated/units/name/coordinates.

schema/generated/units/name/coordinates.

schema/generated/units/name/coordinates.

schema/generated/units/name/coordinates.

schema/generated/units/name/coordinates.

provenance.accuracy

.schema/generated/units/name/coordinates.

source
note
uncertainty

refs

values

history

history[].date

history[].change

Where the twin's internal error-model parameters come from (the error model is off by default); the records' values are not published.

key

provenance.

provenance.

provenance

provenance

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

provenance

provenance

provenance

provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

accuracy

accuracy.source

.accuracy.note

accuracy.refs

accuracy.values

accuracy.history

accuracy.history[
accuracy.history[
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.uncertainty

].date

].change

frame
frame.source
frame.note
frame.uncertainty

frame.refs

frame.values

frame.history

frame.history[].date
frame.history[].change
ambient_dt_k
ambient_dt_k.source

ambient_dt_k.note

type
object

string

string
string

array

©)]
string

array

m

string
string
object
string
string
string

array

@
string

array

(1

string
string
object
string

string

unit

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)
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key
provenance.

provenance.

provenance.accuracy

provenance.accuracy

provenance.
provenance.
provenance.
provenance.
provenance.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.accuracy.

provenance.accuracy.

provenance.accuracy.

provenance.accuracy.

provenance.accuracy.

provenance.accuracy.

provenance.accuracy

provenance.accuracy.

provenance.accuracy.

provenance.accuracy.

accuracy.

accuracy.

.thermal.

.thermal.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

accuracy.

.thermal.

thermal.

thermal.

thermal
thermal.
thermal.part
thermal.part.
thermal.part.
thermal.part.

thermal.part.

thermal.part.

thermal.part.

thermal.part.
thermal.
thermal.dynamic
thermal.
thermal.

thermal.

thermal.

thermal.

thermal.

thermal.dynamic.

ambient_

ambient_

ambient_

ambient_

.ambient_¢

ambient_

dynamic.
dynamic.
dynamic.

dynamic.

dynamic.

dynamic.

dynamic.

dt_k.uncertainty

dt_k.refs

dt_k.values

dt_k.history

dt_k.history[].date

dt_k.history[].change

source
note
uncertainty

refs

values

history

history[].date

part.history[].change

source
note
uncertainty

refs

values

history

history[].date

history[].change

provenance.drives.axes[].12.coupling_play_um

type unit

string

array

©)
string

array

m

string
string
object
string
string
string

array

m
string

array

m

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.
provenance.

provenance.

provenance.

provenance.

provenance.

provenance.

1759 keys.

drives.axes[].12

drives.axes[].12.

drives.axes[].12.

drives.axes[].12.

drives.axes[].12.

drives.axes[].12.

drives.axes[].12.

.coupling_play_um.

coupling_play_um.

coupling_play_um.

coupling_play_um.

coupling_play_um.

coupling_play_um.

coupling_play_um.

type
object
string
note string
uncertainty string
refs array
0)
values string
history array
(M
history[].date string
history[].change  string

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)
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oxA0 7-5V (939F) TIYRT-SV DAY /A TENIVERET
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OxA3 TERMRET FHOTEMERELET,

IV O3l SNAOFIENA be, IV RAEIY L TENTOEL oxse—oxaF D\ MEREZELET,
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=

17
[VER:Twinwright 1.1f.<date>:<text>]
[OPT:..]

[NEWOPT:...]

[FIRMWARE : Twinwright]
[SIGNALS:..]
[NVS STORAGE:..]

[DRIVER:..] . [DRIVER VERSION:..]. [DRIVER OPTIONS:..].
[BOARD:..]

[KERNEL:<version>+<build>]
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[PLUGIN:...]
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71V R

B GUYR14)  AXERERT, HMEZBREMENBYET . _

70954
709344, Twinwright 3B A-RIVHHES Grbl 1.1 S0 G I-FTFARIFAITY, Studio &, ZO&IEIFANTHNEENTEZHADHET, Studio D CAM HEEHT IO
IILE ROLSBFELTVNET,

(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; T1 is the length reference)

G21 G90 G17 G94 G54

G53 GO Zo

T1 M6

G53 GO Zo

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 Z0

M30

ER AE

NS IXVE 2 IITOIM b, RO TE - ME - EREVHIRM. TOJILORSAOMUE

K G21 G9@ G17 G94 G54 : IUX-RJL. #EXIFE D XY FH. BHEY, D-TEEATEYE G54

G53 GO Z.. EREZTO Z 0 LHAOBE : B, TEKBROLY, BT H, 20833 RRERERILEETO Z 0BT,

T.. M6 TERM, IVMO-IHHLWIEZY-)LEyy-TRAELEY .,

M3 S... G4 P.. EHEAVICL, ZOHEEEHISETZETRIIILES, KAEHORYT (M8) HEICAVET,

T4=FYDIAVk BIM-Fr(d, AEHIZNEENLIAYFTHREVET

2] Go. Gl BEU I & I #ESMIM 62/63, RHIFICIF 681, FLFIAYIERES 683 £ 20 R FEE LEELY 1 mm LILHYET,
®T M5, M9, LIRADEE, M3

IAVMRFEMDOFCEELT, ITLESIHFEEEA.

Studio (&, OV LDEN-TavE, TOJILTA T - (FFIAY M/ Twinwright Studio/programs) OF D, FOJSLZOTAINT-ICRELET,

I714) RE

veeo1.nc RIFINEEEOEFOTOISLOTFA

veeo1.json ZON-Yav B (UTO) | fERE. B/, TIChokN-Yav, \ya, T8

v00o1.ops.Jjson FEI-FyNEBRINAER (MITIR MIARN. TE, 17, B, #Y) - REVY-MIThERHAHET
J3T LEREY
I371. CAM D25 T0I5 L% S, BBROFERTT, JSON ATIIIRTY,

*- =LY

name T0U5 6045, LRI bracket.nc

title. description TOISLDOAYY-E B Y-MIANZXE

material B, LA (E 6061-T6 , DRIETORIERBEINET

tool FHIAFVWTIVWEIE, AHROEXTEEXT (flat 6 n3 L20)

tools TEF-JIb: {"1": "flat 6 n3 L20", "2": "drill 3.4 118 120"}, BT 3L, WHOEDEFE VXS,

cutting BEENEEZ LEEZTSME : rpm. feed. ap. ae. finish_ap

safe_z RO LEFEYS>TBBHT 2L E0ES, T-VRAN50EmIZIUA-MITERLET

zero JD-JREDAIE © front-left-top (FIAIE) EfzlE center-top

features T14=F ¥, BIBIBICENRETS, TOTTLOMERESRBL TS,

setups features ORDYICENKT @ BRERUILIZ 120ATITI b

nest features DAHYICENEY : WMICRAT1V I LIEB&R

BERYICIEME D features H'HY, BIORIRUNSE RN EDLS [CEESNIDEIEELET .
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*- fo 3

turn u X BREDYICEIRYT (RIEHEANANEDS) . v i Y #EDY (ELEFANEDD)
fixture COERERY LR, BB ERIDAETRRFFLET (vise. clamps. tape ...)
zero J-UREERYELEY : front-left-top £f21E center-top., AMELIEHE, BRLEEPVBEEZEZ 4L front-left-top. ZNIAAEET

DEBYDRRICRVET,

name. tool. tools. cutting. BEYEBDOEN, VaT0E0LVERINET
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}]}

I3TOEN-I3VE, ZFNAMET-TOYSLDEEIC job-veee1.json ELTIRTFSINET, RAIE. ZON-T3v, BZ (UTC) . ERE (operator Ef[E ai:<client>) | X,
ZFNHMESTOISLON-Y3Y, ZLTIITZDEDTT, setups #fF2>1-IV3T (I FEREVWOTOYI A, fESNEN-VIY, ZON\YyY1ERHFINET,
ik (MCAP)

--mcap FILE [&. 1T% MCAP J71)L (mcap.dev, 7A=Yy bDN-I3V 0) [CRELET, T-IDBEEL(LFvIRINHY, Ayt—-J(d ISON T, EFvY*IVIC JSON AF—
NAMFEET, FrY UL EEMESNTES S REICHFTE CRC ZETYYU-NMFEXT, Studio DTAME. EBELEITT)VE MCAP Lk REEDE TGRARLET,
PlotJuggler ¥ Foxglove M&3% MCAP £5HMAL Y-V TRIT2ZLEMELTVWET A, FEAL TV EEA,

® --rec-period Ms [F. YV TUVIHROFrIRINEESACHERERELES GRELROINE 1 ms)

o REERTIAEHELEEA, RELLERITE. BREFLBVRELUETE, EYSEATR—TT,

® --play FILE.mcap 3. Studio CRHFEBELET, FM1LITUNHY, BE. —FE 1L V-7, 0.25-10FORECELET, BERRMTEYIAL-FENEEA,
Bl

EXvE-IOOIKZE, V1 YOREFEHE T, BRERADSOT/HTT, FLALOFrYRIVICE, RUBZIEMTELE t EATVWET, Y TUVITRKOFrIRIVE, Z0F
OENDEDSLEEETAY -V EEEAHRET,

Ay5-

mcisim EWSBZBIOAIT-FLI-FII, ZOEITHMATHENPENNTVET,

F- =R
machine RO Z BT
drive_model FITIES>ZRFANETIV - Lo, L1, L2, L2/3 (3ONDEE) . L3
f_cpu 1vh0-504097 (Hz)
nvs EITRBROIVFO-S0RFRED/N\yY1 (163K 1617)
sample_period_ms Y TUVIEHA
time virtual, ns from power-on
FoURI
FroRI EEAH J4-Ibk B B Bk
/machine LUV pos number(3] mm BEHOEROUE : BEZOEOOMIET, IV -IHEELTWRARIEBE TR
HYFEA
mpos number3] £ | mm AV RO-50EWAIE (MPos) o IV bO-3AATORE I null
[& null
lost number(3] BN KOTAT YT
feed number mm/min | 1Y FO-5OREDREYHE
tip number(3] mm J-J(C3 3T ELHBOLE : VAYVDRETTIHAVDBEE. ZORED
AEITNEALE, ATDHBER pos ERU
/drives BTV Y (L1 UL ferr_um number(3] um BRIMNDBRERE
ORSMNETIAHSD
5R)
state string[3] BRI\ DIRAE
km1 boolean AV597% KM1 HELTWS
bus48 boolean FIANRD 48 vV BIRAAY
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https://mcap.dev/

FeIRI

/spindle

/controller

/power

/serial/in
/serial/out
/events

/cut

/input

/shadow

/ui/state. /sound

EYkL-2Z (VCD)

BEAH

YTV (E#1Y
N-91H254E)

ZAeks

Ay

BWeE
AVl
FERF

YYTIvY (&M
H35HE)

BWkeE

BureE (yvh-%
-B

T-v-F

J1-Vk

f_out

rpm

amps
load_pct
torque_nm
bus_v
cmd_rpm
run. pump
power
fault
state
alarm
homed
limits

probe. estop.

motor_fault. door
on

mains. v24. mcu.
kml. bus48

vfd_mains . vfd.

pump
text
line
text

cutting

mrr_mm3_s

ap_mm. ae_mm

fz_mm

rpm

fx_n. fy_n. fz_n
torque_nm. power_w
kc_j_mm3
removed_mm3

line

host_s

data

i) L 1i7)

number Hz

number min~
number A
number %
number N-m
number \Y
number min~
boolean

string

string

string

integer

integer

integer

boolean

boolean

boolean

boolean,
string. boolean

string

string

string

boolean

number mm?®/s
number mm
number mm
number min™'
number N
number N-m. W
number J/mm?
number mm?
string

number s
string

string

o3
[NPRPNOL:Pa)abs €24

EHOEEE

31 NOHE A ETR

RS\ RETBER

T-5-0MVY

RS540 DC NABE

IV hO-5h4E4 9 BEEHR

RS DEER, R THAY
RFSANEBDOER : ready. boot. off
FIARDTAI L, FSANOFRRESY
IVRO-504K8E (ATOM(E off)
FEFROTS-L (0: #L)
RRERBEAOH, 1EYRgD XA Y 2. 214
TITATRYIYM AT, 1 EVRTD

T0-70 kBEL B-9-BE REFOEAS (MC-1 LREFEHVEE
)

1V hO-JICEBRAASTNS

FAEIR., 24V ER. 1V bO-50E, KM1, 48 V BiR

EIYN-FOEAEIR. ZOIRAE (none. ready. boot. off) \HVT

AV O-FHZAELENT b GRS \u IRAT-TTERLEY
IVhO-FHEESHUEELT
ARYROTDRIVEY @ X-0, BB, R\, E81VN\-5, HR, B

TR BREINTNS, BESNTWAELREE, rpm & removed_mm3 UADT
OfEl 0

MERER

WMAMDOTLAKREE, FEFEOYLAHIE
1HHRYDEY

FEOEEE

RO & ETT EOYIHIHEST

CIEIN L 1IN 7

FEATHITRILE -
ZIETICHREENEMHOE

tYYIVDAAN, --record NESHIEBYIC, 179D (Eyy3avDizs
)

IVE1-5-08Z

t IR r FRENS

N1 b5, &\ b U+0000-U+00FF O 1XXFTRLET, IXAvE-IHEUER
K 1KB

E1-0ORAETL-L (ELTWSREIGE 30E) & YIVF0IL-L (Zit
Li¢ & ARABRFREIT 10 ms J¥) . Studio B DEND T, J1-JLREN-Y3IVIC
SO TEDBILIHBYET,

--ved FILE (&, JYPO-50OEY% VCD 771)1 (IEEE 1364) &L TEEHLET, VCD [F GTKWave P PulseView THiAAHET, A1-T mcu [CEIVRO-SOEVAAY, &
ZALRIZNAREEIOVI T4V I LR FINET (ATVTEVE so X170 D/VAELTERE) « AT—7 machine (C[E, IV RO-SOACHBZESHAVET : BIR, KM1, £
AYN-5, KRR FEFEILRI VY Y-t YT~ 520RTYF, FALAT-IVIE 1 ns T,
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yyaynyd

--record FILE (¥, TYYIVDAN%E ZNZNOREERLEBICEEHLET, EEVIMEEED, UTINIALIVYE, E1-OIVY FIHRTY, --replay FILE [, EL/N
=93V Studio L RILKEWI MV EE>T, Z0YY3avELY METRI—([CBETLET, --replay FILE --branch s (3. S WETHLEL. ZIN6ERFI1TTHEITES, --
record ¢T3 E, DIKFIME OOV %S, ZO07FHBOOIH5EFYET (# branch <parent> <ticks>) o OJFTFFANT, ZD1T(E Studio B DEDTHY., N-Y3Y
L&D TEDBIENHYET,

T=IVET7-h17

YYDy IVOEERIFT L0, EROBREV>TANEBELLESLELTY : MO E, YHIFAOBAEETHRM, TBMOTE, IV FO-5OXEY ER-FOKEH ZLT
# (BROERERMINTVIEICOSHET) . IVbO-3(, -V FRI-FTRBLET, B, H5H TR RERLET,

D4V RIS BT DTV REIRBET ALY — (Windows Tl %LOCALAPPDATA%\Twinwright\Studio) [CIRTELET ., BRYIOEMOEDE world . ZNUADMEHOBD(
machines\<id>\world T, --world DIR [FBIDTAINAF-ZENET, --world-reset [FTIBHTEDIRENSELHET, NVFET. TAN UT1, BESNDZEH. Al ONY
D957V FOBERIL. --world #IEELBWERY, T-)LFERFEELEEA. T-ILFERRTZ0E. —EIC 120T0CAEGFTE, 22 B0 O AGTIHHERFORENSIHREY, @E
RELFEA.

774 AR

world.json TYYIVIRTEORE (TR) . £3° world.json.tmp [CEZHAH, ZORTLATELELET

stock.snap FMOEI HEaE6E88)  (WFYU, TWsTockL)

eeprom.bin IVPO-S0BREXEY : BE. ATV, TET-Y, ZEOEGICEEICESAFNET
world.json :

*- =U3

world TA-YYAON-Y3Y 1 1

saved_at . REFSNEFZ  UTC, BEU 1970FE D50 E

saved_epoch

version &#F L1 Studio ONN-Y3Y

pos #WMOME, mm (X, Y.2)

tool EHCHZTE ((HHROEXT, flat 6 n3 L20)

tool_table JIJOIET-JIL : {"1": "flat 6 n3 L20", ...}

tool_auto IAIBLESBOEEARL-IOZREHHET : T-IWHSTEZIRYAF S, SMIINAT-+ifLEY

setup T-IDRFFFHEERM, TV FIOIERIVEREFINEEHIER (hull : L)

cells stock.snap NEMOTIEREFLTVS

thermal HORIE ¢ screws (BRLOIL-LEBZZS) | frame (20 °C £#BZ%%) . ambient (ZIR(D 20 °C £#8X%4%)) . part_heat & part_offset (7-707

L-L%EBZ25  PIEITIDoffE 5ZoNEATEYE) EWSNE K. spindle_um [(FEEHODEHUT um

it R-FOBEOZHME (B)

probe_cal RECKRESNEEOYYFIO-T : R-)LOER, BohEE. DLV EZOMAR, UV IT-VDER, BARE KEOBRKLEEE REFHDBEDHR)
odometer EBHO travel_mm & reversals. spindle_h (FHOEEIMH) & on_h (FOVSLOBMBER) %, tyYavaEEEWTRELLE

ROZEIFCIE, BEFIEOMBICHYET, ALEMMNEIIERY, TELIET-JIIVERYEY, it HBOERMINTOEEBEOD LTS, SEHIEZNZNOEEEEK
TFEREECANVNET , R-FOBFEHIEMR T TVET, --world-off s (&, EEBHERA I LBMERELET (FANE, BELREVEEE. RENSOZBEM) . &2
EIBF(CHEELT- --pos. --tool. --stock. --setup. --part [F. P—H1IKVELINET,

S1EIRT7AI

F1tYAT7A) (twlic) [ UTF-8 M JSON ATYTV R T, Ed25519 TERINTWET, Studio (&, RYMT-V%EDTIC, IVE1-5- ETINERIILETS, T7MILDEES
FrEEWA  STEVA Y=h TITAR=-Y3Y,

ZOBE EBEOTAMII-DE0EDTT, TANHOHE (kid 7' test) TERINTHY, YU-REIFEINEZ T TEEA,

{"v": 1, "kid": "test", "id": "TWL-TEST@@@@01", "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": ["@123456789abcdef@123456789abcdef"],
"mcl_serial": null,

"sig": "h3FTqZnDYtq8Q7_OZuELLeDrTfyZnkTPgvDWSywTy17BCIIXGIyhrBQUjYHIiE1l_WOWaFargbveFiMLrEfUyCA"}

J4-IVE
J4=ILE B B
v B IA=-NYEDON=T3Y 1, Studio [F, EPON-JIVOIF I EEHELTRVET,
kid XT3 TPAIVICBL LT Twinwright DSEDS5ENH
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J4=IVk il Bk

id XF5 FMEIYADES @ TWL- [CEETF 10XFHEHREET, BEFROLELEEINET,

edition X5 maker Efz1E pro

kind XF5 subscription. perpetual (EWWIY) | owner (MC-1#A-7-)

seats B Pl

holder XF5 FAEVADEFEN T BAFEEER AT FLARGRLTAYVEEA,

issued =]:5] D74 WHBLENTRZ, UTC, YYYY-MM-DDTHH:MM:SSZ

valid_until BFF F(E null HYIZAIUTYay : THWEHRROKRDY, BWEIY @ REOI71)L CHEEBORDY BEANLI 7L TE null,
renew_after B F72(E null Studio A" 771 VO EF & AR ZEFZ

updates_until B, £2(E null BU\WIY, MC-1 A=F=: ZOBXTICYY-ASNEN-TV3V T, BEIERENERFT

p XF5IDEF FAEYAMRIFONTWSIVEL-F~ 1 ZOT4VH-TUV DNV Y1, 1Y-MIDERK 3R
mcl_serial XFH, (S null MC-1 A=F - #MOVUT)LES, Studio (&, EITRICHEMERERLEEA.

sig X5 FDDT4=IVRD Ed25519 B, NT12 1L base6durl

Studio AFISHNI1-IVFEBETIRONT MICEFNET., Studio (3. ZOEKEERLET,

ERIN3N\1H5
BAONRME, sig ZBRVEITIVE, ROERF TCHEEHLLEDTT,

e ¥—( Unicode J-FHR1 Y MIE,

o ZAHL,

o XFF(L JSON ODREDIRT-T,

o BEHIIHELL, ZNUAOKELEDYS, BLF-% 2E#EDAL,

Studio ([, BRAZMRALTBHIC, T7MNEIOFATEEHLET, ZOkH. I7MIVROAR-Z, BT, F-OIEF ZBEHRHYE LA, BAEEINZE REFRBLET,
T4VA-FVI DNV Y2

N\YYalE, twinwright-fp-vi EWSAA R, €ONA b, IVE1-5-0 ID ZZDIBICERTZEDD SHA-256 O, SeIBD 163 32H7 T,

YAT L JIVE1-5-0 ID
Windows HKEY_LOCAL_MACHINE\SOFTWARE\Microsoft\Cryptography M T D& MachineGuid
Linux /etc/machine-id

EE5EBWVEA. Studio [FIVFLE ID ZYEY. FAEVRTANI-(LRTFLET (machine.id) . INZEHIBRT 2L, Z0IVE1I-F-[FRIOIVEI-5-ICHYET, ID BAEAIVED
—I-ONCHBILEHYFEA.

fzEZIE, ID 8blc3a@e-5f2d-4c7a-9e61-2d0fab7alcss M5IE. /\WY1 0a2d31bb82176516415efa7b3a340562 MEFSNET,
BRa-F

ATFAVTITAN-Y3IVBOERI-RE, ERFO UTF-8 JSON {"fp": <the hash>, "version": <Studio's versions} %, = N\TAYJHLOD basebdurl [CLIEEDTT, =&
ZIE \Y1 0123456789abcdef@123456789abedef &/\-J3Y 1.0.0 H5(E, ROI-FA'ELNET,

eyImcCI6IjAXMJMONTY30D1hYmNkZWYWMTIZNDU2NZg5YWIFZGVmIiwidmVyc21vbiI6IjEUMC4wIn®

TwinwrightStudio.exe --licence-request (3. CDIVE1-9-OBRI-FEHHLET,

HAI7

HARSMEIATFAINO—TET, ENOEDLRIUL Twinwright DI/ ZYAY-N-AELLET © "kind": "trial". fp [CZOIVEI-F-O/\YV1, valid_until [FEAOFEA
H'5 30 HETY, EHINZILEHYE A, FCESTMAONEHAI7TMIIE, BMTIGIRYET,

Hwr-n1J

BROT-D1TDIRTOF~&, MC-1 OFE : ERTOT7AIVDAF-Y,
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Twinwright 3 B H—-RIVTEESEEF YT

ZOR-IJIE, Studio T}, BHTHELRE G I-F&EYTIL (bCNC. gSender. Universal G-code Sender) h'5 MC-1 #BiH\LIEWADRHOEDTT, MC-1 OV FO-5
[& Twinwright #RE A=)V T, Grbl 1.1 YUPITOR NS LUREDREE YT MMES TR BN HYET, 2078, INEORXEYITMIZOIV FO-FTEELET . 7L
UTFCERRZOINERELEFEANHYET,

ZILEDMNTVWBZLRFINT MC-1 OTIINYAYTTARLEL, TITNIAVIG, ERERALIVFO-50I-FEERITLET, RETORRIE. IhA5TT, TAMEN-Y3
> ¢ bCNC 0.9.16. gSender 1.6.4, UGS Platform 2.1.27,

2
sk Fik
Studio ®J1YF | Studio (& localhost:2323 T\ EfEYIME—E[ 1DEFRIFFET (ZOIVEI-I-HEDH, Ky hI-IH5HER S (T[4, Studio & --bind any TEBLEY) .
TROVAY bCNC @ 1K= socket://localhost:2323, gSender : 1=# b, PFLA 127.0.0.1, R—b 2323, UGS : tcp://localhost:2323,
MC-1 A4k 4747 USB : IV FO-SEVUTIR-bELTRHINES (Windows Tld COM*n*) , ZOR—FEEA TSV, R1747 USB TIIR-L - MIBIRBYEEAD EEE

KHBEIEVI M HYETS, 115200 TEMELET,
IVbO-SBBMERBIL -
o EEENAYT-I(F Grbl 1.1f ['$' or '$HELP' for help] T. FEE®D Grbl IV rO-FERUTT, FEEVI L, [Grbll TAFEZEENAYT-IZIEL T, IV O-INEBEE)

LrZexmyEd GEizsi) .
o ZHIE $1 OINEICEENET ¢ [VER:Twinwright 1.1f...] & [FIRMWARE:Twinwright] o, J7—AVITERRT ZEEY T ML, [Twinwright /¢ R RSNET,

EEVINTOI7-LIIT DER

XEEYIL | RE e
bCNC Controller : GRBL1 bCNC ($77-LVI1T7 D2 FiEZAEYE A, GRBLT TTANLELE,
0.9.16

gSender Default firmware : Grbl gSender (d, $1 OFOEZFICIP-LVITERHLET, ZOIVFO-33IHB QL RIEIRT 28, gSender [FBEEMEL L TRE LI 7-LVIT%fE
164 LIS DEIREL WET, ZOBEREETTANELE,

UGS 2.1.27 | Firmware : GRBL FANLERS : BE. J0YT4, T5-L VY MEORREIRHPEEL, BINO Soft Reset FRETT (3Hi) . UGS DEI—HDI7-LIIT
RIRBBENMELET A, ULV RDRICEI—E Soft Reset ’HETT, VIV [EZDEIRETOHTANELS,

T5-LEERBVEYO®

o JEFEEL, MC-1 OIEBEIEL, BRIVIVIEREET, FEHEIEEMRIRL. WO Start RIVEIRLTHS, EEVIRTUEY L. BRAEIRBLTESL, Start #179
T, 75-L (ALARM:10) [FBRRENF A,

e ALARM:11 (REERAFABE) . RAER (s0) LTKESV, $x [CEBOVIRBRIEIETFINET (error46) .

e ALARM:2 (YTRYIybh) , TOUFLN BBEEOANOBEEIERLELE, RREREKEIZE Z 3BHHEED Lix EREIZ Z0) [CHEEH. ZNLY EADE
# (653 Go z5 &) ([ ALARM2 #HASEET, ULyl TS, BRAERFEROVIBBRET KRS,

¢ bCNC (3. YOV Y MDBTEEIRLET, [Grbl | THAEZEIXYT-IE R T EIERFIEoITEENZESH. $h BEEINET,

* bCNC O Stop #. bCNC @ Stop &, T4=FR-JLFZEITL\, £ TUEYLET, Z0%. bCNC (3. ZNETOE-F (FEEX%R, B, TERMIE) % 1470 247¢Ivh0
=J(OEYRLETH, WD DIHFEITIE, EDD Grbl IV RO-FERLELSC, IV MO-IHZNEEBLET : TERMBIE (643.1) HESHRLER. ZOFTIC error24 HhiR
YFY (bCNC [FBRHID Stop DHICEH T 6a3.12... &3XZ78. 2B B0 Stop LUIEELTIIBYET) , cse NMEMNLLEL, 643.12... [Cerror31 HiRVES, AT
-UvJ (es1) NESHHREER, 651:x [ error1 PHRYET, TT-0# (. 21T, ¢ IVYE, FEEUEYMIEZET, HKTARTO G I-FOTTICRAILIT-MMRYET, Z0
fzth. Stop ML, VAT UEVIEEESTEYTZHIC, ¢6 & ¢ CEER, B, TERBEFHERLTEIN, E2HTVEEAR. T-VEA%2%ELEL. TERZAY
BLWESW (Y1YTTA, 2026-10-06) ,

¢ UGS DE5—ADT7-LAVITERBEOHA, UGS BENMEEBOTRENWEYO%E (FEXIE, Studio T4V FINSOULY M, IV M O-IN B 5 THEE L5
&) [E. Home MFEIIC. UGS T Soft Reset 65— E L TEE, ZNETIE. Home [FABLERA, ZOBIRECEEE L UGS [, BIDEREIAYE-IEIEBEREIEL
TRWET, UGS B B Soft Reset WIVIZKBUTYMIMBEHYFEAo MC-1 EETIE, ZOLIBUEYMEIENTT @ UEYMAHHNHL USB IKAME 1DEFEASTY,
J7-LD17%[GRBLJICERELTONIE, IhFRRIVERA, ZOLIBUEY RO, UGS (& CONNECTING ¢ &KL, Home [FICICBITELET (V1Y TT AR, 2026-10-
06)

TEX#E (M6)

3IDOREEYIMIENE, TIANPDREDEHTIE, MC-1 TTEEMMLTGHLWIEZAE T ZILN TEE A,

#EEYI  FIAIE pog s

S

bCNC INTO M6 DITERIELET : ROTECLZTIEIAN, FEEHCHNTVWEZITETITHONET, T E2#% Manual tool change (TLO) [CFEEL. MC-1 Y=L EZY5-T
BELEY (585 .

gSender = TEZHMTIgnore] : M6 [EIAY ML TESN, TOYTLGIEZYERA, T ERH%E, MC-1 OY-)LEY5-T0 Fixed Tool Sensor (LR ELET (5
) .

UGS M6 £EH TRELET : BB#L, T#ZEHT. TEORREROEFIN, BEE—TVEEA,  TOYIL 1D(CDELE 1KRTRHRITL. TNZNORIICTERFLED-VES%E

ZOrH. ROWITETHHYBECHY, EETHERICERTZLHNHYET, HETIN. TEZBESTTOYILICIE Studio #ENET,

UGS & M6 [CDWTOR R -
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o IXVFOFDOIM6EITEIEEYET, FreeCAD @ ( M6 T1 ) H'ZDHBITT,

o TEBOERIC2DEO M6 '%3L, UGS DAEXTYIRIFTIVII-IICELIENHYET, T5&. IV MO-3(3 Tool REEDEE, UGS HHRL GESRVHEREF 55
[F. UGS DIV FUDRI Y [FENTIINELEYET MC-1 Tl FEBE I EINTOIRAEEARIRTELT : FEFEFUEEIRL. B, Start £ TH'S. UGS T Soft Reset
¢ Home Z1TWEXT,

e UGS T/OY3L%EITLTVAMIC, UGS #¥ M6 (DETZEIICIY PO-IA Uy rENEE, UGS HZDETET T LR ETZIEABYETH. ZNTEIERIOF170Y
EERTREINET, INERALZE. TOUILLHEABRINSESI—EREZIENAHYET, ETORFTUEY LR, EIEDHIIC. UGS TIZMIVEBRL TR,

MC-1 OY-Iy5-TOIERDEIE
Y-ty I-ETF-INDERICHYES, ZOELORIEBEN 659.3 [LRESNTVET,

¢ bCNC. Manual tool change (TLO), TEXBMEEY-ITvF-0 L, TO-TEL 659.3, TO-LVJEEHEE 50 mm, ¥~7( 200 mm/min, A0-(& 25
mm/min (MC-1 @ $342-$344) . NV NI G38.2, 0T L%EEFTI3HIIC, [Calibrate] TRAID TEZRIE LTS, %UJ& bCNC [FFLWITEZ¢IC 643.1 %
FRELES,

* gSender, Fixed Tool Sensor, VY DHIER 659.3, V¥ FTHERAOITELYELTLEN, ZOK, gSender FTERMIEEESIRDYIC HLLWIEILIZT-Y
Z%35LET (G1e L20) , gSender (&, IV FO-FHRET B MU A- R TIIEL, FEREOKICEN IEFSRAIBNSRIZRH B0, HROEVICHLITNZIENHYET,
YAITE TERMEE 1x OERETRITLTESN ¢ gSender [FRF>BVWFERROE TZOMBERHAID LS. SYERBVWTNSYAY TR, FLERIORIBERLT
LESZERHBYET,

o TERMGERDDILER. Z DLIHLY 0.1 mm LLETASIAH TSN BEMER Z B -0.1 UTF) , EE60KEVINE, BIEDHR TZORIIIRYET, LikbsIE
NoEaHZEBIEDDINRIEEIECEST ZORVEIBNY I Iy B TLEL. tIHIZIAHZRIC ALARM:2 TEITALEFVET,

FYFTO-TTOT-IRRDEE

e UGS (Z0/0-JEVa-)) (F. IV hO-SARETEMA-= ([pre:]) MBRAERDET, INAELVWAIETT,

e gSender (3D FO-7J) & bCNC (FO-JTOR-V&, Z0 Z=0/X /Y RFY) (. EROBICEA L FoIUBLRRERZELET, B, FUA-0%, LFZXTICH
FHULITEBEET, REOEMSRNELE, TEBEIAEARYET, REOEMEECT N, MH-E%ES Studio DTO-THI I TR EEFZELTESL,

e UGS ORFDy (FO-JEJ1-)® Hole Center) : FO-JEBVEAIENS, -X. +X. -Y. +Y DIEIC, ZNZNASLENRFOXELDOBELFTTO-EY I, EETDE
O A-S0OFECPOERELET, ECEXTHEDNMEZORIKELET  FRMERL. FONMSRAT (ANUER - ZBEONE) /2 + R-LOFEEETTT, RO
EROREAALLSGE. %nf.‘m' WOEREFTT 2 mm OR-ILES 1 mm) , TO-J2EHETELILERRAAT,  mm REAHALTLESL (20 mm DR
524 H'5 26)

* UGS ORFDHEECENEVNEE (FFR 192, UGS BE0EIE) : Z0F0-EVJ(d ALARM:S THDY, UGS [JMEIELET, 72720, UGS [FT0-EVJ 0iIc, BItA=IC
G54 M X0 YO X ELTHY. YA1UIAT T LEW D, G54 ($ZZICHERVET, OvI#EBRO%., TIEIOFIC. 7-VRAEHRELELWESN, TO-J0oY1 7%t nxx
310, B3—ESO-LV IS 2R1IC, YIBTLTHSBERL TSV, o, IV MO-IH AL TOWEVNE R ELES ([PRB:...:0]) ©. EMELTRVLET,

o E[CTO-TERELTES (Studio FO-THAI) 1 UVIH-Y)  RELTWEWTO-T . IRTOREAEL TRTORAENSK, FURIRILD 2S5 HERYF
EB

ZOEIDERR

o RYhI-U#HED bCNC, Windows Tld. bCNC (4 TCP 51 2B L ICLA A ISR o, TR 22BN TNRI LA HYET, bCNC Dl Idle] (. #EMA IEF o7
JeEERLE A, USB EERECIE. COBNEBHYEEA,

¢ gSender, MO, FOV5LDTHAD 104TLUAICHS MO §. —BHZIELEEA (gSender AIXVMIEXTLEVEY) . M1 [Fh 3 —K5E1ELET,

e gSender, E#V3Y, JIVRIVERLELTBE MC-1 TIHEBINET (error:15) : gSender (3. BEIFHFHEBIZRVIIVEBRT3EHTT, ATV SHEAITY3
JUTLESWN, —EBD Grbl IV RO-3 T4, $40=1 (YIJIVVFOHFIR) ICFEL. RLWIIVRIEBINTICYIMIYRTRTLES, MC-1 0TIV MO-3, ZOFRECE
EXISLTHEST, BlEHEEBLEST (V1T gSender ZE>THLELE. 2026-10-06) .

* UGS, RW\T, UGS [ 127X FELYRWMTEZES T, RITEAVE-IBRLTIEFVET, 1TEELTESW (UGS [FFEICIAVMEEYBREXT) .

e UGS, M30, UGS (¢ M30 ZERYBREXT, M30 TEEEV-FV MEIEHBIEICEEI TWBTOYIALTIE, ZNEABIWEEECHEYVES © TOYI A M30 OBIIC M5 & M9
TR,

e UGS, IXYVb, 1TIC 220XV M HZE. UGS (E. ZOMICHZI-FEEYBREET,

o JOYSLOERITHOLIM, IVF0-3E, STICRIEOTNBITERITURITET . gSender & UGS (&, YIKTI T BL EICEILZXESR N6, HaIS 8 E R L XXBN St
[F£9, UIlTd BEIIC, EITZIEHTESW, bCNC (&, #EHEFLZHEIIC, R-ILREVEY MEITVET,

o ASCH LAOXFEZSTIAVE (FEZE. (D). [-]RE) : 3DMEEVIMITAT EERICIAY FEEYER S, INEOXXFEATY MO-IICELZ L EHYE A, TV
FO-FBRE IAYMP (MSG,...) DFO UTF-8 T¥AME, THEAMELTEAEY., UTINFALAINY FELTRI L dHYEE A,
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