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Abstract: Digital twin is a new state—of—the—art technology to realize the interconnection and integration of
physical and information world for complex equipment. It has a broad prospect in simulation, monitoring, diagnosis,
and optimization control of a series of complex products. This paper focuses on investigating the digital twin kinemat-

ics and modeling analysis, data transmission and bidirectional mirroring of complex equipment, taking the driving
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and bolting integration equipment as the objective. In the field of behavior consistency of digital twin, the fast kine-
matics simulation analysis of driving and bolting integration equipment is realized based on historical simulation data-
base and physical simulation model. In addition, in the field of real-time state mapping, the virtual real-time map-
ping technology is proposed, and through collecting and transferring twin data online, the information transmission
from real to virtual is realized based on asynchronous transmission. In the process of lifting, feeding, digging and cin-
der recovery of the driving and bolting integration equipment, the program processing delay is limited to 107 sec-
onds. The error of kinematics interpolation processing is less than 3% and the frequency of digital twin platform for
the developed driving and bolting integration equipment is over 74.3 frames per second. Finally, the remote real-
time state mapping and online monitoring of work procedure are accomplished for the driving and bolting integration
equipment in the environment of integrated service.

Key words: digital twin ; real-time state mirror-mapping; driving and bolting integration equipment ; data drive
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Fig.1 Modeling for digital twin of driving and bolting integration equipment
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Algorithm : State mode change

Input: the State of goods(mentioned above )
Output: void function

1 enum State() {

2 State_wailt;

3 State_find; **+and other state

4

5 Void Update : : robot (Input input) |

6 case State_wait :

7 do the wait motion

8 if (State of good changes) State = find; //or other states

9 case State_find:

10 do the find motion

11 if (State of good changes) State = find; //or other states

12 end function
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Fig.7 Construction of virtual entity for driving
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Fig.14 Driving angle-relative error diagram of cutting boom
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Fig.15 Driving angle-relative error diagram of shield
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Fig.16 Driving angle-relative error diagram of cinder loader

BRI Bl 27 b BRI (AR IE T 48 T30 75 24
AR HCF AR S M B R AR . BT 17
I H BYs TR R X TR S A HLTE unity B0
o, HUs 17 A9 $4 38R AE 74.3 11/s (Frames Per Sec-
ond, FPS) /Ay . A SR A — IR ML & IRAR A5
49 S I RS WS, VR 3 A S8 IR PR I, DR IR
AR SENPIRZS S L] AT O OS2 S — Sk

e

B17 #FFEFSEATMER
Fig.17 Frame per second of digital twin platform

4 & ik

AHIFFE AT T ARG 5 A 7= bR F i A, D
B B — PR AL T FEXT B, FEAT 4 B — PR 7 22
PR WGT BB, ST

1) JFR T Dy se 4y R BRI 5 2 T D sy B
7 FLECHE P15 S UK Sl RO, S0 T il — TR AL
AL IR DR 115 B 5

2) 4RI T T TR A LB R R R
A BRARS AL PRIEE AT Rz A S8 T T T AR
e A PR S BRI SY , 12 Shad A b IR
BE Sy B, 6 T B — AL AL AR T A 12



12 PN QR 2]

2022 4F

P PSR Sz B 72 | 38 32 BN Ak PR AE SR 3K 3]
107 ms, FH{EHEHE R 2Z /N T 3%;

3) $ i T HRAS— R R TELCR AR
b 2R R R, SR T T R AR R A5 B i S R
JE AL, I & 0 4l — R ML 25 A 7 B i e ik 3]
74.3 Wi/s.

A SR TR T AR A R A — R DL SRS
WS SR AR LR W R G, A7 ) T 45 5 B e e & it
Tl R AT SC A W AR LR M EE . B RTASHFSE AU
BF 2R A J U — B 5 AT o — A e s — 1AL
BT AR A RIS T . AR P A M 1 S I i iy 5%
SRR O AR T T X i — A LR - 2 A A T
558 .

£ Lk

(1] KUK, 2Rak, B, 45 ARG T3 )2 T 4k A -5tk

SPUNRGIHT ], W A2 (A RBHEARD , 2021, 48
(7):99-110.
ZHANG P R, YANG G L, LU T, et al. Boreability of strata by
shield construction and case analysis of its application in machine—
geotechnical state recognition [J]. Journal of Hunan University
(Natural Sciences) ,2021,48(7):99-110. (In Chinese)

[2]  FEKE., BFEI, 550 A — L Bt ot ()], SO
fiz: TAREOR, 2015(18):236.

WANG Y C, CHEN W L, QI Z B. Research of driving and bolting
Integration equipment design [T]. (Literature) Engineer Technol-
ogy, 2015(18):236.(In Chinese)

(3] ZRi0ut. SR — AL P A2 g DL e B 23 A S A 2 (). g
WH AR S5E L, 2019,44(3): 128-129.

LI Z Z. Analysis and treatment of common faults in the use of driv-
ing and bolting integration equipment [J]. Energy Technology and
Management, 2019,44(3) : 128-129.(In Chinese)

[4] F7%, BEE, BRVLNGE, 55 HO7AR A AR MR BRI RG FE S
ARLIL. RN & R 48, 2017,23(8) : 1603-1611.
TAO F,CHENG Y,CHENG J F,et al. Theories and technologies
for cyber—physical fusion in digital twin shop—floor[J].
Integrated Manufacturing Systems, 2017,23(8) : 1603-1611. (In
Chinese)

[5] TAO F,CHENG J F,QI Q L,et al. Digital twin—driven product

Computer

design, manufacturing and service with big data[J]. The Interna-
tional Journal of Advanced Manufacturing Technology ,2018,94(9/
10/11/12) :3563-3576.

[6] MORI M, FUJISHIMA M, KOMATSU M, et al.

Development of

remote monitoring and maintenance system for machine tools [J] .

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

CIRP Annals,2008,57(1) :433-436.

NEE A Y C,ONG S K, CHRYSSOLOURIS G, et al. Augmented
reality applications in design and manufacturing[J]. CIRP An-
nals,2012,61(2):657-679.

BI Z M, WANG L H. Advances in 3D data acquisition and pro-
cessing for industrial applications[J]. Robotics and Computer—
Integrated Manufacturing,2010,26(5) :403-413.

WROT, e . BT RIS AT ERZH IR RS-0
My ()], ARm R4 CH B2 ) |, 2003, 33(S1) -
194-199.

CHEN Y,DAI X Z. Construction of mobile—robot—oriented recon-
figurable MAS platform [J] .
(Natural Science Edition),2003,33(S1):194-199. (In Chinese )
gk R AL, B4 . DAL NMIs R IR 512 R4k
LI, B, 2010,37(10) :45-47.

ZHANG A M,KONG D P, WANG Q. The remote monitor and di-
Machinery, 2010, 37 (10) :

Journal of Southeast University

agnosis system of industry robot [I7.
45-47.(In Chinese)

PARDO N. Digital and physical come together at PTC live global
[EB/OL]. (2015-06—-08) [2018-11-17]. hitp://blogs. ptc. com/
2015/06/08/digital-and—physcia—come—together— at—ptc-live—gl—
bal/.

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

VACHALEK J, BARTALSKY L, ROVNY O, et al. The digital
twin of an industrial production line within the industry 4.0 concept
[C]/2017 21st International Conference on Process Control
(PC) . June 6-9, 2017, Strbske Pleso, Slovakia. IEEE, 2017:
258-262.

ZHENG Y, YANG S,CHENG H C. An application framework of
digital twin and its case study [J]. Journal of Ambient Intelli-
gence and Humanized Computing,2019,10(3):1141-1153.
PR, R OR L ok lT, A BT AR L AERRL K - R4S
). IR R 4E,2019,25(1) : 1-18.

TAO F,LIU W R,ZHANG M, et al. Five—dimension digital twin
model and its ten applications[J].
turing Systems,2019,25(1): 1-18. (In Chinese )

GAMMA E. Design patterns: elements of reusable object—oriented

Computer Integrated Manufac-

software [ M ]. Indis: Pearson Education India, 1995.

Praa 5, B . AR EL WA R SR REUT IR [C s+
ol 4 E R BB AR U063  hE ER I %52
J7H, 2010:447-450.

RUAN M G, ZHANG Y J. A fast algorithm for Boolean operations
on arbitrary polygons [ C]// Proceeding of National Conference on
Image and Graphics. Guangzhou: CSIG, 2010: 447-450. (In Chi-

IIBSB)



