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Abstract

Abstract: In order to solve the problem of low intelligence and digitization of the current mine hoisting
system, a method based on DT for digital modeling, 3D visualization, and virtual real interaction of shaft
hoisting machines is proposed. Aiming at the rockshaft hoist system, based on the digital twin five
dimensional model framework, we analyze the operating mechanism of the equipment, and model the
fully physical digital system of the rockshaft hoist. By constructing multidimensional multi-scale models
and multidimensional heterogeneous data models, twin digital scenes are constructed, and virtual real
mapping technology is combined to achieve dynamic mapping and virtual real interaction between virtual
and physical scenes. Unity3D virtual engine has been used to build the platform and integrate the above
functions to achieve the digital reality mapping and 3D visualization of the system. A digital twin system
for a certain rockshaft hoist is designed and developed, providing an effective reference for the
implementation of the digital twin model construction method for the rockshaft hoist.
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Fig. 1 Five dimensional model of digital twin system for
rockshaft hoist
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Fig. 2 Digital twin system for rockshaft hoist
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i SO 2R 55 4 3 STk S S B A i R E )
KepSeverEX % = %ify 5 [7] 15 £ B (1) 55 1N 2 25 $ic 4
[Fi] 22 A 31 i P A A AR LN g 2 22 Y A
Hdfs, I A5 %2 MySQL U E . Unity 3D B {44t
T MySQL Connector/ODBC ¥k 5)j, LLCHEF WS
PRI A A SQLEA], SRSEHL “38” “M” “oi”
AR R T RR, AT S SRH 2 AR
A HHE o Xchart 7 £ 7 A ik T Unity 3D Y, DA%
TR SR AR A K R B R, MBSO R
K. PR AR, SEE BRIk, BB =
YT IR . 38 I TS AR T (B 4 BT i
HRs, CARTRAGOARERE, BRI & I 1T IRAS A
WS R AR Sl RS B R A P,
i Unity 3D ) CHIMIA R 'S d1I SCASR T8 1 1 2% i FEL
HUB G K ThER, SR ER Sz vk B PHER 12 1

4 REGNFHRIE

ARSI RTINS 5, AT B E
TARRIIEUE R E, LA Unity 3SDAE AT L
RGN 6, 454 MySQL $4i 2 . KepSeverEx.
Visual studio 2019 A1 Xchart 3.2.0 25 3 [7] 48 & H- 14
RANBTREG, REFEQFEWNARTH: T
Ko 2R R G0 RE S SR A fR 4 TH AL AT AR AL
FRAE I T $E AL ZR GE ) T 203 R 0 5 S i 40 B
. K H SolidWorks. 3D Max I Unity i [7] F &
7730, XHRTHL R G B AT R vE B, A
OPC UA % S J)L 4 22 7% [6] 55 )i 40, 2% 18] 1) i < i
W, A SE I R BOR SR R TN R SR =
RS E . HERIV RGBS & 9 By
Ne FRWIEAS ], AR . B PR AR AR R
Gt 2 (8] Kz S SR LA 10 s

http: // www.china-simulation.com

* 2060

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 9, Art. 7

2536 B 9 W Vol. 36 No. 9
2024 %9 A BME S, S5 HEIRANE A R T Sept. 2024

FETHHL 28 G 1) R S I S R g B TN T E
K11 O3 TR R A R R AR AN R G =4

wag |l § SR . B T U 2 T B R 4 B
% P Xchart 7 £F . UGUI 4 £ £ 1 7 ¥4 1 52 1 %
L  L‘ : ‘;“ UGUI 1 DA text SCAS JE I 14 32 T WL BE 1 4% 3

A58, PABottom $HIE 2 i o S fid A AR 18
Dhfg. Xchart 4 {3 H LA )y x i, 4RE01E 5N
y T2 K Line Chart, A LLSEI HE I B HLRS)1E
T, —EARSIRR, RGRVAVER. fHHEEE
B0 BT b i b T Gauge Chart ‘iz 7~ HUHLSE B 2 A AL XUPLFIER
Fig. 9 Mapping of hoist physical entity and virtual model BWRE, RAERRM LIRS WA L7EAIRE Bar
Chart 2R, fERGUSITHS, st Bottom 24 il
KA, R EES, T A MR, S
Unity3D X SEIN Edfdt AT B2 W 24 R Gosi 21
B KRN, AT AT DU ST, AR LA
Wb it S s ST o W 12 R, R R G
FI APT AT DA SE I P B Se AR i) fL AL 42 ), s ins
T N R e g, W
SRR AL B R R AE S, W LSl AR A
RGN =4ER A, WLLESEH . H=AMK
A (B 13) XM i % s A7 IREs, bR N R
SN B B LSS, IEABI AN TR E A A

B 10 rh BB AT R S ] D K BT
LSO LAt E O i s sh & T H . REWH B &+
IRENfEIRES . FdLRBEEYS, hEE8EE
IR ORAT o 0 B A T R UL A R 1) B 2 4 DA
BT, wEEFFERG T AKIZITTE
A R AR I LR R, B
] h 2R AR RIS AT« R R G = ZE VT AL
T T AT DU B AN R AR T I TR B IREh
MR HULR S R (AL, HLRT LU S e
MW, AT RS W, KB T R AR A

HE SRS
v v
)R 7 ] 2R MU IR

MR REERE RGEZHKE B R
:-:“. o — 1 . i LR | SRR j:ZEElﬂ‘H:J‘ I‘E—JE&

BTl 0-60Iz  0~12m/s  0-80°C 02~1.0KIkz| 20 18

15

v MR

B0 A AR
Fig. 10 Virtual mapping process

http: // www.china-simulation.com

* 2061

https://dc-china-simulation.researchcommons.org/journal/vol36/iss9/7
DOI: 10.16182/j.issn1004731x.joss.23-0556



Zhao et al.: Research on Digital Twin System of Rockshaft Hoist

%36 B 9 M
2024 49 H

RN EL — g
N o
RS
/
BHEIZITRE / )
EATO AL B 3 it

AT

P T £ >
== - T S5 ale ==

K11 AR R G =4 m AL
Fig. 11 3D visualization of digital twin system
for rockshaft hoist

K12 iR BoR
Fig. 12 Equipment status fault display

B 14 508 HAR TN Bh A K0 dfs s i) 4%, 7E#EAS
HRRANBFEE RS, Fi% O b2 12
FHRLE R i 5 e W, fERT T 2462
REEsAG, DAY A TR R R s |
ST BB R . B S XULIRIE T 2540 fee
AR RN B A . Horr, ik B R 0%
JRANE RN, RE A T iS5 R - e B
B KA TR B SEAT P RRAL, R AT A
RO IGE 5 A IR T B A4) 2 ) ik A R R OR A 7
BAORA, JFid MRS X AR E XL
A R R R0 45 B B AT AL, B

RGN AR

Journal of System Simulation

Vol. 36 No. 9
Sept. 2024

PS8 MBS R 7509 IR (B R 2t SR 1IR3,
TR Bt AT W2 A B N AT 42

A

(o) B AT

(a) 5 — AFRHLA

K13 RGUSHA
Fig. 13 System roaming perspective

5

NTPRET HRTT R G L v 5, mETh
B AR, PR R HeE R A R SR TR AL
RGBTk, B, DRHRERTHINN R,
KR E SR S AT &, B
By st M2 g2 RIERA, IR0
Pl SR BOR, SEIHERTIHLN =
AERTAAL B TR, 456 R SEMUN BOR e el 3
D7 FHE A5 W B2 8] ) R S A HL, Al BN X
BEATIRALSZ . ARG T H R RTIHLECAL
BRI, RO 2R AR EOR B 4 4R
TERGHRM S, INPRAL GO L B v A 5 L
DAk

AR H R THHLR Gt AT B AR BTV
TR e R G SEERIAE, (2 — e B AR T
WIHC 728 2R G B SR BLIE 75 3547 5 22 1) SE BRI 7T
flhn, XA RI P AT I RE P AT 52 170 M Al

SRTFHLENA Bl s e

K14 $RTIHLBIA S Se s

Fig. 14 Real time monitoring of dynamic data of rockshaft hoist

http: // www.china-simulation.com

* 2062

Published by Journal of System Simulation, 2024



Journal of System Simulation, Vol. 36 [2024], Iss. 9, Art. 7

236 455 9
2024 %9 H

B, S5 RIS R E R G T

Vol. 36 No. 9
Sept. 2024

PRBN R, TE R T8 B A BE AR Y S A 1 N TR e
SEEAT IO o FL U dn A i o K B R AL
A0k, X B TU AR R A0 BE B 58 BE N B RO A 2 4%
M. R, FEEETIERE—DRERgRA,
Bt MBI 25 5 e S, SRR BE R
XA H- 1 BT TR S 58 B R T o

S5 3R -

(1] T, @7, 48, 55 8 T RRIR T AT AL
M S0 R[], BEaR 224k, 2020, 45(382): 1069-1078.

Li Tengyu, Kou Ziming, Wu Juan, et al. Monitoring
System of the Hoist in the Over Kilometer Deep Shaft[J].
Journal of China Coal Society, 2020, 45(S2): 1069-1078.

(2] KA, B, 250, BT LB T R ROR B 4R
[0]. BERBLERA, 2020, 48(7): 168-176.

Zhang Fan, Ge Shirong, Li Chuang. Research Summary
on Digital Twin Technology for Smart Mines[J]. Coal
Science and Technology, 2020, 48(7): 168-176.

[3] Budlsk, 7, T2, & 0 IR R G H 2R

B R T VA B AT (0], MR R AL R 2023, 51(9):
219-230.
Ruan Kaiyi, Kou Ziming, Wang Yandong, et al. Digital
Twin Rapid Construction Method of a Mining Hoisting
System[J]. Coal Science and Technology, 2023, 51(9):
219-230.

[4] Grieves M W. Product Lifecycle Management: the New
Paradigm for Enterprises[J]. International Journal of
Product Development, 2005, 2(1/2): 71-84.

[5] Xie Yang, Lian Kunlei, Liu Qiong, et al. Digital Twin for
Cutting Tool: Modeling, Application and Service Strategy
[J]. Journal of Manufacturing Systems, 2021, 58, Part B:
305-312.

[6] XUBIVE, FR 0, 2, 5. Je T8 2R B DR S8

I A28 (0] B HLAE B i &R 4, 2023, 29(6): 2118-
2129.
Liu Minghao, Yue Caixu, Xia Wei, et al. Real-time
Monitoring of Milling Tool State Based on Digital Twin
[J]. Computer Integrated Manufacturing Systems, 2023, 29
(6):2118-2129.

(7] MbkaE, kA, EROT, &5 A SRS TR R
Skt g e N [T vHEALAE B S R 4, 2019, 25(6):
1536-1545.
Liu Linyan, Du Hongxiang, Wang Huifen, et al.
Construction and Application of Digital Twin System for
Production Process in Workshop[J]. Computer Integrated
Manufacturing Systems, 2019, 25(6): 1536-1545.

[8] EXE, BHFIR, " LH, 5. H TR P 2R AR AR 2 2

3 — ORI R G VAL LSS K o4,
2021, 55(312): 37-41.

Wang Xingzhi, Zhai Haibao, Yan Yaqin, et al. Pre-
dispatching Method of New Generation Dispatching and
Control System Based on Digital Twin and Deep
Learning[J]. Journal of Shanghai Jiao Tong University,
2021, 55(S2): 37-41.

[9] Ehab Shahat, Chang T Hyun, Chunho Yeom. City Digital
Twin Potentials: A Review and Research Agenda[J].
Sustainability, 2021, 13(6): 3386.

[10] B HE2R, SRif, EHE 1, & B2 A BR TR HoR 42

FAmIE 5T )], BiEak 2441, 2020, 45(6): 1925-1936.
Ge Shirong, Zhang Fan, Wang Shibo, et al. Digital Twin
for Smart Coal Mining Workface: Technological Frame
and Construction[J]. Journal of China Coal Society,
2020, 45(6): 1925-1936.

[11] IBMeds, 28, R, 55, BT 87 2A A B Ref TAR i

=Y I EARBT T[] BER BHEBOR, 2021, 49(10):

153-161.

Chi Huanlei, Yuan Zhi, Cao Yan, et al. Study on Digital

Twin-based Smart Fully-mechanized Coal Mining

Workface Monitoring Technology[J]. Coal Science and

Technology, 2021, 49(10): 153-161.

ZEIGERE, F AT ML, RIS, 45 B AR AR IR AN i 4 0 AR

T HE XD RGRE Y B A% R GE[T]. Jm 224k, 2021, 46(4):

1331-1340.

Gong Xiaoyan, Lei Kefan, Wu Qunying, et al. Digital

[12

—_—

Twin Driven Airflow Intelligent Control System for the
Air Outlet of Heading Face[J]. Journal of China Coal
Society, 2021, 46(4): 1331-1340.

[13] X 5% 3T ZigBee B R MR 22 4> Ws | | 4 ¥ 11 [D].
ZR SN ML R, 2014,

Liu Haifen. Design of Safety Monitoring System of Coal
Mine Based on ZigBee Technology[D]. Qinhuangdao:
Yanshan University, 2014.

[14] 55, TRABRE, H LRI, &5, Sk TR T Her 22 A R i

5P A7 B Re 4% 1 U7 VR (0. R A4, 2022, 47(39 1)
384-394.
Wang Yan, Zhang Xuhui, Cao Xiangang, et al.
Construction of Digital Twin and Parallel Intelligent
Control Method for Excavation Face[J]. Journal of China
Coal Society, 2022, 47(S1): 384-394.

[15] W&, RURFER, Sk, 55 o2 A LRy J R ik
B[], THENUEE RliE R4, 2019, 25(1): 1-18.
Tao Fei, Liu Weiran, Zhang Meng, et al. Five-dimension
Digital Twin Model and Its Ten Applications[J].
Computer Integrated Manufacturing Systems, 2019, 25
(1): 1-18.

[16] 1Rf, Ra%, XIF5F, 5. K TR 22 A iR L as N2

http: // www.china-simulation.com

* 2063

https://dc-china-simulation.researchcommons.org/journal/vol36/iss9/7
DOI: 10.16182/j.issn1004731x.joss.23-0556

10



Zhao et al.: Research on Digital Twin System of Rockshaft Hoist

%36 B 9 M
2024 49 H

RGN AR

Journal of System Simulation Sept. 2024

1 R S IL[I]. &R S I )k, 2023, 35(7): 1497-

1507.

Xu Jian, Song Xin, Liu Xiuping, et al. Modeling and

System Realization of Assembly Robot Based on Digital

Twin[J]. Journal of System Simulation, 2023, 35(7):

1497-1507.

[17] 23, XU, S, 45, T R AN B U7 R4 R 4t
Tk 2 Az R R 5 R EOR ], THE LA ] iE 4,

2021, 27(02): 374-389.

Li Hao, Liu Gen, Wen Xiaoyu, et al. Industrial Security

Control System and Key Technologies of Digital Twin

Published by Journal of System Simulation, 2024

Vol. 36 No. 9

Systems for Human Computer Interaction [J]. Computer
Integrated Manufacturing Systems, 2021, 27 (02):
374-389.

[18] Wi, FEufh, £7E, 2. 5T OPC UAKI3DEH Wiix &

Gt 5] RGH AR, 2017, 29(11): 2767-
2773.

Gu Yan, Cheng Huanchong, Wang Zhen, et al. Design
and Implementation of 3D Monitoring System Based on
OPC UA[J]. Journal of System Simulation, 2017, 29(11):
2767-2773.

http: // www.china-simulation.com

* 2064

1



	Research on Digital Twin System of Rockshaft Hoist
	Research on Digital Twin System of Rockshaft Hoist
	Abstract
	Keywords
	Recommended Citation

	tmp.1731049923.pdf.hhfmH

