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Fig.1 Overall architecture of digital twin monitoring platform
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Fig.8 Interface for the digital twin platform
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Table 2 Machining parameters of milling experiment
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Fig.11 The first set of milling chatter detection and suppression experiments
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Fig.12 The second set of milling chatter detection and suppression experiments
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Fig.13 Measurement and simulation results of surface 3D morphology

64 Wiz REEEA - 202445 678 55 1110]

2 &
. &
4577 18] /mm
(d) SE141TF)a BRAm il TS5 L2
0.2 o
0.1
&
0.4 0 ,@&\
PE45 7 10 /mm
() 5220 RT3 Bl A I 50 0 104
0.2 o
0.1
&
0.4 0 @é\

#4575 18 /mm

(h) S22 778 WA i i A 0 025



Digital Twin Manufacturing ﬁ?@é‘;ﬁﬁ

0571

HHRE FE So/um

EAEIESIE 4TS
S BRI i AR il

0.2380.236

= =R
[ ) SR e

0.2870.28

0.217

2 AT 24T A
Ji BRI 1 BRI il

B 14 FREMEENESHESRI

Fig.14 Comparison of surface roughness measurement and simulation results

3 4ig

(1) ASSCH T 3 TR AR
MRS TR e T & il 2 1%
I VA TS AL AR
B 2SR A (B R 5 |, 52
BT WS i) 5 S i) ) L) 3
BT AR A s P T LRI A
BRI AT A I HEAT S B

(2) #7711 B 12 4 11
BRI AR AR i 1 30 125
BN T8 RE S e R A S B T R T
TSR B B4 R ) £
IRk, LI T 2 IR R 2 AR
R

(3) HEAT T Hi7 2 A R 2l 3
PEBEIIN T3R5, SR AR A Wi
A LGB AT RO I TIRIE , 25 53
B 12%F 4 0T LSS T R
7, HHA BRI 9 RrE

& £ x ot

[1] GHOBAKHLOO M. Industry 4.0,
digitization, and opportunities for sustainability[J].
Journal of Cleaner Production, 2020, 252: 119869.

[2] SISINNI E, SAIFULLAH A, HAN
S, et al. Industrial internet of things: Challenges,
opportunities, and directions[J]. IEEE Transactions
on Industrial Informatics, 2018, 14(11): 4724—
4734.

[3] TAOF, QI QL. New IT driven service-
oriented smart manufacturing: Framework and
characteristics[J]. IEEE Transactions on Systems,
Man, and Cybernetics: Systems, 2019, 49(1):

81-91.

[4] DAMJANOVIC-BEHRENDT V,
BEHRENDT W. An open source approach to the
design and implementation of digital twins for
smart manufacturing[J]. International Journal
of Computer Integrated Manufacturing, 2019,
32(4-5): 366-384.

[5] KRITZINGER W, KARNER M,
TRAAR G, et al. Digital twin in manufacturing: A
categorical literature review and classification[J].
IFAC-PapersOnLine, 2018, 51(11): 1016-1022.

[6] AHELEROFF S, XU X, ZHONG
RY, et al. Digital twin as a service (DTaaS) in
industry 4.0: An architecture reference model[J].
Advanced Engineering Informatics, 2021, 47:
101225.

[7] ZHANG M, TAO F, NEE AY
C. Digital twin enhanced dynamic job-shop
scheduling[J]. Journal of Manufacturing Systems,
2021, 58: 146-156.

[8] TAOF, QI Q L, WANG L H, et
al. Digital twins and cyber—physical systems
toward smart manufacturing and industry 4.0:
Correlation and comparison[J]. Engineering,
2019, 5(4): 653-661.

[9] Wi=e, Bk, #5855 AR A
Pl A 1 B [M/OLY. [2022-03-12]. http://
www.dijitalelite.cn/h-—nd-4325.

CHEN Ying, CHENG Chen, DU Ziyao.
Digital twin industry technology white paper[M/
OL]. [2022-03—12]. http://www.djijitalelite.cn/h—
nd—4325.

[10] SCHLEICH B, ANWER N,
MATHIEU L, et al. Shaping the digital twin
for design and production engineering[J]. CIRP
Annals, 2017, 66(1): 141-144.

[11] SODERBERG R, WARMEFJORD
K, CARLSON J S, et al. Toward a digital twin for

real-time geometry assurance in individualized
production[J]. CIRP Annals, 2017, 66(1): 137-140.

[12] ABRAMOVICI M, GOBEL J C,
SAVARINO P. Reconfiguration of smart products
during their use phase based on virtual product
twins[J]. CIRP Annals, 2017, 66(1): 165-168.

[13] MAGARGLE R, JOHNSON L,
MANDLOI P, et al. A simulation-based digital
twin for model-driven health monitoring and
predictive maintenance of an automotive braking
system[C]//The 12th International Modelica
Conference. Prague, 2017.

[14] DINGK,CHANF TS,ZHANG X D,
et al. Defining a digital twin-based cyber-physical
production system for autonomous manufacturing
in smart shop floors[J]. International Journal of
Production Research, 2019, 57(20): 6315-6334.

[15] LIU Z F, CHEN W, ZHANG C
X, et al. Data super-network fault prediction
model and maintenance strategy for mechanical
product based on digital twin[J]. IEEE Access,
2019, 7: 177284-177296.

[16] LUOW C,HU T L, ZHANG CR, et
al. Digital twin for CNC machine tool: Modeling
and using strategy[J]. Journal of Ambient
Intelligence and Humanized Computing, 2019,
10(3): 1129-1140.

[177 GUOMY, FANG X F, HU Z T, et
al. Design and research of digital twin machine
tool simulation and monitoring system[J]. The
International Journal of Advanced Manufacturing
Technology, 2023, 124(11): 4253-4268.

[18] GHOSH A K, ULLAH A S, TETI
R, et al. Developing sensor signal-based digital
twins for intelligent machine tools[J]. Journal
of Industrial Information Integration, 2021, 24:
100242.

[19] JEON B, YOON J S, UM J, et al.
The architecture development of Industry 4.0
compliant smart machine tool system (SMTS)[J].
Journal of Intelligent Manufacturing, 2020, 31(8):
1837-1859.

[20] ZHANG J, DENG C Y, ZHENG P,
et al. Development of an edge computing-based
cyber-physical machine tool[J]. Robotics and
Computer-Integrated Manufacturing, 2021, 67:
102042.

[21] LUOWC HUTL,YEY X, etal. A
hybrid predictive maintenance approach for CNC
machine tool driven by Digital Twin[J]. Robotics
and Computer-Integrated Manufacturing, 2020,
65:101974.

[22] ZHU Z X, XI X L, XU X, et al.

Digital twin-driven machining process for

20244655678 M 1110] « B RERAR 65



- . .
—— Ix oru

thin-walled part manufacturing[J]. Journal of
Manufacturing Systems, 2021, 59: 453-466.

[23] YUHY, YU D, WANG C T, et al.
Edge intelligence-driven digital twin of CNC
system: Architecture and deployment[J]. Robotics
and Computer-Integrated Manufacturing, 2023,
79: 102418.

[24] TONG X, LIU Q, P S W, et al. Real-
time machining data application and service based
on IMT digital twin[J]. Journal of Intelligent
Manufacturing, 2020, 31(5): 1113-1132.

[25] GHOSH A K, ULLAH A S, KUBO
A, et al. Machining phenomenon twin construction
for industry 4.0: A case of surface roughness[J].

Journal of Manufacturing and Materials

Processing, 2020, 4(1): 11.

[26] QI QL, TAOF, HU T L, et al.
Enabling technologies and tools for digital twin[J].
Journal of Manufacturing Systems, 2021, 58: 3-21.

[27] ZHUO Y, HAN Z Y, AN D, et al.
Surface topography prediction in peripheral milling
of thin-walled parts considering cutting vibration
and material removal effect[J]. International
Journal of Mechanical Sciences, 2021, 211:
106797.

[28] HAN ZY, ZHUO Y, YAN Y Z, et al.
Chatter detection in milling of thin-walled parts
using multichannel feature fusion and temporal
attention-based network[J]. Mechanical Systems
and Signal Processing, 2022, 179: 109367.

[29] LIANG M, YEAP T, HERMANSYAH
A. A fuzzy system for chatter suppression in
end milling[J]. Proceedings of the Institution
of Mechanical Engineers, Part B: Journal of
Engineering Manufacture, 2004, 218(4): 403-417.

[30] LIN CY, YEH S S. Integration of
cutting force control and chatter suppression
control into automatic cutting feed adjustment
system design[J]. Machining Science and
Technology, 2020, 24(1): 65-95.

BIRAES : B, TR TR, WEFE 7 1)
ok OB A o

Intelligent Monitoring Platform for Milling Machining Based on Digital Twin

TONG Shouwei', HUANG Shuhai', SHU Qian', SONG Jianxin®, JIN Hongyu®, ZHUO Yue’
(1. Southwest Institute of Technique and Engineering, Chongqing 400039, China;
2. State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150001, China)

[ABSTRACT]

machine tools achieve autonomous monitoring, evaluation and reasoning in an intelligent manufacturing environment and

Combination of digital twin and manufacturing field is increasingly close. Digital twin can help

significantly improve intelligence. In this paper, we develop a digital twin intelligent monitoring platform for the milling
process of machine tools, which can realize real-time interaction between the physical manufacturing process and its virtual
data model. In order to realize the bidirectional connection between different modules and between the physical machine
and the virtual model, the data acquisition module and the digital twin monitoring platform are built based on the idea of
hardware abstraction layer development and integrated with the open CNC system. The digital twin monitoring platform
has the features of loose coupling, modularity and easy expansion, which integrates the data analysis twin model built by
dynamics analysis model and artificial intelligence algorithm. It can realize the functions of milling chatter identification
and suppression, surface topography prediction, etc. The machining experiments have been verified to demonstrate the
good performance of the monitoring platform in the actual manufacturing environment.

Keywords: Intelligent manufacturing; Digital twin; Intelligent human-machine interface; Milling machining;

Chatter monitoring
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