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Fig.1 Digital twin system for micro-milling technique

ARG ZHN T L e | shib
aetk.

TEGRBE I ) 77 24 R T 36 1 56
VR A B AR AR BRI i T 3R
T 2 S5 R 2 T T3 T ST 3% J2 1) FOUR
SERAR SR B T T N A
Siang %5 " | FH & B0 45 3h 1) 2 4l
ST SV I EE il ) AR 5
T 5T A A AR DL R 5 V)N A
AL, Shiari %5 U 8 i S A A
) D~ 0 A A % B R AR )
Frad R AN i B A R UEA TR,
BrUIB I e B v i v e i AR e
BT B 2 T 1k it RUBE () L
FAR N 2o A LR 5
JIELFN T A 0] B AR B 3l B 3 iE
TN TR A RO AT TR T
RIZHOREE AR . R, R4
AR AR g T, TR B R T HL -
A AR AL
2 MINERE

TEEAnSE M n T, 1R — Y)JE
22 [) ) B0 g B 458 R 7 B 1) 28 435 3 17
KA A A BRI T 7 B AR

) XA, KB 4 IR I L P A
o BNPE FR U R T RE
() A7 55 A0 AR DT i o T
DX 3k frg v B TR T, 5 A T L
BRI BT o TR S ARG D)
HI T, 254k Ve 30 530 v 8 P ik
S4B I .5 T2 35t s R/ s
JIH — D) S 4 i AN EE 8 ki
FEA TT L A, $ m TSR T e A
£, Silva %5 "8 T AE T4 BT
Fidse/INEICRE I M A BN A1 T
ZH Ti-6Al-4V & 4B BB,
PRIGE TN T F vp J) EL B 6t Ay 3 22
M, Zhou % W B ST ML LE A 5 N
KA GE T VT Be AR 2500
7R T IS K0 -5 AR SRR A A
(I HLER, Chen 45 PO JF & T M ik
FIREEEH] T2, @57 T UVHM 1)
YIHI BB A i 58 T UVHM [ 44
BLEBRPLE, 25 T Ti-6A14V 54
(0 T &, Sawant 5 PUBFSE T
DU T Z5%F T 5L i 71 T 1 s AR A
BEEEM AR . Li 55 P R T L
H bR b 35 L8 1) 22 GO 25 5 VR4

D7 A A in Tad R ] B )
HIVERELEA TREAN , A kA i mT
I TR T B A4k YE . Shokrani
5 BRI T VR AR V2 E R R i
T. Ti-6A1-4V £k G 4 T3 1 5 4%
PERY R, (H 2B MARAR I i ek
B A TN BE ) Y T EL R A )
e ZER AT ) ELR T A ] fg S T
1Mo BRIE, S BE s m T rp ] 2 A
A ) g v A A A
H, AN B AR A TR Y
KA

e 1 S T0 = s e DA = o
BB 2 s ] H - T4
FHEEHMLH AR TH, B2 R
TR I T AR A T BT AR A
AL R BT 2R A S ) A
RUES, Tk B v AR HRCSE B T
ZRORDT IR S B i 3k Lk
TYE B PR AR5 B R 4R LB
T &S, 3 5 ) H g SO 7Y D 52
A 2 [ 0 T2 80 SE s B Ay A
iz B R R B L W T HR
A, EAL i T 3% i . Szydowski

20214655648 552000] - Bt hEHEAR 59



- . .
—— Ix oru

G BU SR T — R T AL AL A T
BTSRRI Oy . FEEME RGN
T v 1) FH A Sl s R A 0 S S AR A
[Fi] 4 DX S, 3 2o T LA A R RS e
VPAl T BB, 910 T SEBRAs i
Wojciechowski %5 ™! Fi] F — Fl % &
Y g I8 B B AR I G 8 1k T £k
BeH B UIE D7, DR R 2R
BRG] LA Y i T B e e ik 72
WD) B R AR, EE ST AN B I
TN R A T B AR A AR, by
JIHE - TS a] ) BE R AR A
XWF TR A 4 At BEHI 7] HLEE L
PR AR ASAM A, B3 7T H i fife
FH 54 U0 T2 18 B AT TR i
B,
3 mMIK=E

FEMTZS LR 3 b, A 4
AN TR AR E BRI
(MR, Rk B N AR XK A 2%
Hn T T2 TR S A2 K.
YIIH i T3 A v 5 e sl 445 B 1l
I T ARG AR N, 2546
TR B 2R J2 7 A SOUL I B , il
Hor ZspsE, B, a4 nin T
% 18 JOT ik S 3R I 05 R DG R 55
PEC R i CTE R FE R

TENN T2 TRRS B2 1 B 5 T
Zhao % B LA BRI T R 491 4
TR TR AR AR I TSR A S
o7 RV R PR IO T T AFDRE B s il 7
T o ST R AE Y PSR (JTH T
FIIN T 55 ) BRI FISEL, fa A
B0 T 3 T REL A R 00 A5 A v
o T 3% T AFLR B 38 o B 7 X AR
BT AN WAk, 38 2 52 B ohn T
TR S A8 R 5t S B 7] B AR
B ) 2 T 1) S P A R AT B
TN TR ALK B Y R AR, I
P TN AR, AniE 3 FR B
Yao %5 U7 Xt s Ak A 4 1 2
SERENE I ST AT T RIS, A
R TR I A R e e R T T A T
FH KK, Novovic 2 P58 T %
TFT 117 THT SOW 45 8 X0 KA 4 9 55

60 WizshEEEA - 202145 645 55 2010]

HEFLTI R

IS4

ESARINZEEN

R wi
R
HELRIAE

DIHITR

JIELEAS, TT RIS \

A J

JIE AT, MI%”%%V

& 2

HeRptHI I TR I AR FEERE

Fig.2 Digital twin modeling for cutting tool in micro-milling
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Fig.3 Machined surface roughness (R,) control flow based on digital twin
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Fig.4 Digital twin model of micro-milling machine tool
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Research Progress on Digital Twin Modeling for Micro Milling

WANG Xuchu, BAI Qingshun, WANG Peng, CHENG Kai, ZHAO Liang
(Harbin Institute of Technology, Harbin 150001, China)

[ABSTRACT]

With the characteristics of real-time synchronization, loyal mapping and high-fidelity, digital twin is

considered as an important means to realize the interconnection between the physical and information world. In the present

work, the state of art and applications of digital twin theory are discussed in detail. Additionally, the paper analyses the

progress on digital twin modelling and application in the micro milling of titanium alloy parts, in terms of micro milling

technique process, cutting tool status, milling quality and microscale machining equipment. Finally, the essential issues

that should be solved in the study of micro milling digital twin modeling, are presented according to the analysis of digital

twin application. The establishment of a digital twin simulation model integrating machine, cutting tool and workpiece has

important theoretical significance and practical value, which is able to expand application scope of digital twin, improve the

efficiency of micro milling, and promote the development of intelligent manufacturing technology.

Keywords: Digital twin; Micro milling; Intelligent manufacturing; Modelling technology; Machining equipment
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