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Abstract

With the introduction of concept planning such as Industry 4.0 and Intelligent Manufacturing, at the
same time, the popularization of high and new technologies such as big data and artificial intelli-
gence, the manufacturing industry in the industrial field presents a high degree of informatization
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and automation trend; the production process and production mode are gradually intelligent and
integrated. Under the traditional production mode, the index measurement and decision making
method based on the data obtained from the actual production process can no longer meet the
current manufacturing enterprises’ control needs for the multi-unit complex production system;
therefore, digital twinning oriented to the whole life cycle of manufacturing enterprises has be-
come a new breakthrough point for the transformation and upgrading of manufacturing enterpris-
es and an emerging research hotspot in the field of intelligent manufacturing. This paper makes a
horizontal comparison with the traditional simulation technology, systematically analyzes the
connotation of digital twin technology based on big data, artificial intelligence and virtual reality, as
well as its correlation, similarities and differences with traditional simulation technology. The
analysis focuses on the whole life cycle of manufacturing enterprises, aims at the advantages and
specific application of digital twin for intelligent operation and maintenance of complex multi-unit
production system, expounds the feasibility of digital twinning to realize the whole life cycle man-
agement of manufacturing enterprises, and looks forward to its future development trend and di-
rection.

Keywords

Digital Twinning, Full Lifecycle, Intelligent Manufacturing, Virtual Reality, Big Data

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

HAET, TokAErP~IEmiGr=aeid®l. HFETE. A EAEEZ 8, FamrmRsrt. Er=hlid.
LRSS 78 E A7 O A AR S K PR 2% 5 5K o il i I R e SRR A 3% i A A A TE 2 4
SRR B G RBER A, RRIRE RRR N E 2, Bk, B2 Tl HlE S R AR YA
AL — A E PR 18 H AT, O EoR . N TR BEH AR T2 o Tolk i AT & R i 1 ZH AR,
BRELE AR CAH AT T A& 2R LRGP . i, @2 AR
i SYIELE R A SIER R, ARG T A P AT, & SBT3 b A Ml 2% 20465 R Ak 2 210 7
G4 B I 2 — o AL AE B EC AR AR RO R DK SR B £ O R B Al A AR s
HAF AT RO AR . IR, Br AR ARAMURE S ia T4 7238, TERENE A s N Al i 4 A i A
B, AN A= 5 B B R B AR i B R K A A AR A )3 ol A 4 2 R A R £
B, RCEERW B A IEAERARGEG0 BER B ZE R, S B a4k 4 A= o J& 0 #2845
BN FH ATV

2. RGHASHTFFE
2.1. RGEHARRETAR

% CAD FSEAE TSR & BUR UL B A ML, WURHSERLE TS . A T R 2
MR MR R, A R 7R A0HER) T RUETIE . TR Gl AR =4 A, I
FERAETS A 5 0 = AR 73K, 22 DL DL LB R RS o B, A= 4
VU IF 5 R0 5 A B o B 0 B AT b AR R B P ) 5 5

DOI: 10.12677/s€a.2021.103041 366 B TR R


https://doi.org/10.12677/sea.2021.103041
http://creativecommons.org/licenses/by/4.0/

FERME

FKHUR. VI se . AR B S5 A AT = 4E s, () I 42 IR B S R () AR R U B B R AT A0 =, e
8 BN LS S S IS ZE TR R 100 1] [2] o

T EALEOR PR A e AN 2 B AWt 2D, ] B 1) = 4 AR 2R AR M A2 3 Al i v it
i, FEIX 8 SATHE T I AU S B 2 255 1 R I SRR 5 =GR R R 1) i B AN
R AFEM IR0 BEHAR . SR —FEHTHRENUIT R FTISRam . S 2 HE B oRIE
1. &S B IR =438 7 s AN SAT A AR o 385 R U0 L S 8 A S L P R 0L 12 e 5 DA
FACTE 20 S bRl I FEREAT T 22 0SB, BN E R 45 R AR Dy SRR A 7= il it R Ge 4 AT S bR )
AR5 S, o Re I PRod Al 22 i3 15 0 AR 2RO | A A IR T RE R B LA AR 7 i R R R
P A P G BRI H 3],

BIM (Building Information Modeling) [FI#f & 7E =4 @B EORZEA B~ 4E 1) —Fh4R . Chuek Eastman
AR BIM JE SON: R i S AR I H AR 4R A 009 B =R . S5 A0M5 B D) Re SR A& 31— R0 i)
B 2 v [ P 12 8 5 AR, 5 9 PR R e L i R 145 2[4 - BIML A% O 80 2 57 R 40L = 4R,
HA B A UEAR BRI 5B S — 3. ShaAZIR R TR E, D& E %
FAAEFEAN PR TAE R . BEdE BIM {E LR HIE U 2 AT RN, 26 MeGraw-Hill 2 5] 36
BIM (18 SCGHAT 7 W R AN S AR . BIM @ @ 2 — AN R RIELAY, Sedl It H wit. @R AsE m
A E . FR e BIM AN R &8, w8, i =77 HRRHES].

2.2. ¥FTFE LR

BEE (5 BHARIARBIRE . B REHIE AT R R BB RE T, M T REAGE T
AR BT BAARTCIE MR HIE R 0 8 B 22 B R IE R AL 5t N IR

B2 e i e 5 L [ SR WK R BT g 2 o B R 5 A A [RD PR R 23 TRAT S B AR T K
NASA B JETERC7 25 AL CAT 2, Il A4 A SL S AT 2R EL SRS 5e A 2D, @ i 5 1
28] AT B ATIRES AT U 1 00T, Sl B 2 )N 53 50 B o . e e — PR 7E P 3 S ik 1) At
e R 2 Pl b AR B SRS RIRFAE 4T AR I R AT R R AR, [ A SR SR B
T . KA T SRR, TRl 2 [ Hh B T B = B iR, I H1E B 6 W36 R S LR 2
AL R —FPH AR . Grieves, Rosen, Vachalek 252435 [ EIR FI S BB Fo st $h e AR BRGS0 1b
MRS, AR SR B, LA R RE UL RS2 2 ) FAD S0 [ B ST B B 5 SR 52 B 4 S22 A K
HKFR. Fik, BR—MESTZEE. Z4E. ZNHATREMGTEEAR, BAERE. SRR, £
RGRG R 6] [7] [8].

7E Db EAUR, BN AN, WY R LRSS R A A B S S, (5B
FREREE T B, SLE B S5 BLae th 7 0 B0 44 4 & (5 B s R 5B 2 Rl i B ik, AR N T
RE MLAS 22 2] RORBAR b 55 71k, SISk SRR B A A8y, e 4R IR BN 4% N IAHE 4,
TFRA I8 E B
23. BGHERARERFEERNXILL

By 5 = SR BAR AR T JBOR, (HAT#F B E @B SR EE, ZORUMERR
DUV EENS SR EATIRAS, T e BARA R BRI, (HEE RS IR &R, Bk, %
TR R BRSO T R S5 BT R 2 BTN AT HEE

VR (REMUILSE) 5 AR (G5B SE) IIAN R 2 AAE T e ATI0) i O A BEAR A B e £, BV So e P DR
PRI Frh, (EASRE PR BE L6 7R A0 BT A A S R B 5 50 . T8y 2R AR AR PR RE S S . MR G122

DOI: 10.12677/s€a.2021.103041 367 B TR R


https://doi.org/10.12677/sea.2021.103041

SR SAREN I IR 4, S E B RN AR AT B AT, AW E SR S SHE AT R AR
W%, [FR RS iRa BE R e . Bk, B2 R DR R A P, B A 2R AR
S . 2R AR TR BRI, [ 2R AR AR R A A S E B IR R UM /£ VR AT AR
HFEAE b, Hor 2o R SRR . AR . IR DL S AT SRR SRR 7] (9]

BIM J2 AT E SR AT R FH R, R VG R AR 2 T H A e A, a2
PR PRI SRR AT W RNV K — Bl B R [10]. TIFE BIM 5 I8 728 A 1 T
“PlsZ. ESZ. RER” . ALY BIM T N% E . Bentley E B E Chris Barron [11]38~, #F2R4E
R T AR E AN AT AR iR, T DU 2 R s A G SR A X R %S . 4, EEH BIM
PRI T B IR AR I =43k, 2R AR B B A AN [ A A () BIM LAY . BT B A [ E s
TREE BT Tk

SR, BFZREAR—TTR—EOR, MRETHENEARANWIEE . &N T K e 75 20 Al
AR REEAR, ERKEE . N TG BRI B AR A1 H SR .

3. BEEIERLEEFEARNRFEE
3.1. GEHRRENAYER

AT HORPR, Tk A e T AR P AR AR MO T N2, @ Z AR N L Ae 2 KR
I TRV AHE BT AP i, PRI APk 12]. [, didpme s RIEEMN 2 TIRe” 1
HARFTRIFMELS R IBRMEI) “BiRZRULTE R MPrBOE I, MR, il ok 4 i
BRI U, MR 2 R e R AR . R, MR, e AR . N R RER
1% G507 FLAARAE )8 MY AR FE A RV RS PERR [ 13]0 FLIK, AR GeA P B —ACR B TV 2
R B R AT T A AN 5, AP AE 8 BB, (AR 5 SR 2R S A A 22, HL
BT R AL RSB R TE R & AR AR A P A, IR R T TR A e R B R Ok
ERT AT, BRSSO BERIR 2R (2] [14]. sIRE RGNV RS, A I AR L
(T, AT BUE P B M A L R SRS A AT IS R A S AR T RIS AT AL
TR )3 A BRAG B H B e 2B AR MR N JEE L B S MR AR S5 AR SEE L PRI DR U SR AN RE YT
FEEERLR, 25 Mg mslE s R T . SRk, BEEMEE “ Tl 4.07 o EE “ikmiEl
[ KA TR o EE Y 2050 K A5 E S VR RS S JE AR e, AN BT 0 R AR i A X
g I, WARERE. G, FEMERACPS). HrdAtg. Hih, B&SIAS I IRB N E TR
EBORBER S S ABAT A I R EAT R UEN . AEENAS TP ALK TR s & Y R, 315 Tk A
SRS L A A P A IS [12], S AR R 13 S i 5 4 T A3 oMb T R R 0 R R R RE AR
45 S B A S R f B BOR, IEAE OO 2 1) 24 25 SE A AL .

By N 245 AR S B BE & I AR L E G 77, e & B % 1 H 2. A48, B
PR ABLSE15], REMBMR O ARG HEBARAAAE RS SRR & AN L I EA R A7 RS
SRR, JEA R R A TSR RSB SN AT R RE RS D RO ISR B S BRI R
G Al SR 1Al S I BARHEZR, BRI S Tl A s R 1 SRR AR, 0 3 fE il ) Se R
FAAEFR FPE R

3.2. HlER PR FEE

FERMCT R T AP L REAAAERENLIE . SIS TEARE BV e i, SBUE IR 2 20 sh & TR
R [12]. BB, FFESEAHE K3 51 A 0 R A Sh A A P B WA iy o il i il il K7 2 e

DOI: 10.12677/s€a.2021.103041 368 B TR R


https://doi.org/10.12677/sea.2021.103041

P RGBT AR RS B S T S = i R

B ER A, g A RE S TEAS AT ANH PR S XU IR RS T, A8 R B B S A A =
RSB, B RE . DU S E g S s i) M a4 AT, FE HEEAS SR A Pl R A
BRTGERPRES T RAED) . fEAEFHIEST, B2 E ARSI 18 BRI S A4 BE & it
P TARIRGL, RIS R EIRE . AT RPP BN S 0GE, R R DR 23T IO, - B B R fOUs
R rp A PR ) BRI SR GORPE R A A P R R BRIR S RO, . TERRZ BES, .
FREFBIH R S5k, RI. AR SRR R ES WA, SRR RIS R AR R,
T PR AR M FE i 15 it 55 A2 7= B I PE S RS NIk, 28 B AN A = ik R 1 ARG B 5 5 (| T BE 6] [ 7]
[9],

T B AR A X ST A PR G AT AL DOE BB L], WESAERAG . w&. Pk
SHER MRS U RS SETHE. BRI Ee@ i A, K SeAR S AR
WEEZ R, AERGEHATIRBRA REMGS, 4k sl 4 id 2 20245 B 5 s A 5
NG T ARV 2 M B R AR SN, Jdd BB, SHERE . QOO EE T A A A
Rl B RIAAE TR E MR RS E TR SERER S AL S, DAIRS SR A AR AT B [R) Rt A T S
NS BT, e g S BN A AR A 58 RS DL 28 J2 %) 3 430 i 2 W B B 5 1) S s AR AR DL R B AR e, [R]i
FE T S AR PR AN T s A R e AR A B e A A e R AT IR . PR VPSRRI A e T
AR AT AN IE A PR, SR R AL T

33. mEEE S ARNETFEFEE

HER R RERIE IR, AUTE BEXAE P IR HAT e T ), T B = 2 R AL A R Al iy 4
o A AT A B, DR iR G S A i A U B B RE AL R R B BOR R R

S i RIS B — P i e U BN IR 5% A o R UV B S R A R RN YR A
i SR A 2 A 55 A e R B S AN BRI o I EEORAEBOR B b ol T B0 faG Al D22 KR i £ 1% ¢
AR, G MR P A RN A P A R IEAE R AR A MR AR A e R T LR A R, — A
A A At 36 e L AN W i B0 IR 55 B A s il e A, e i o 0 B A DR 5 5 1 s ol 1 i 55 224
R A T AL RIRER[16] [17] (18] — R, Al Al 1 4= 2E i JA 10Tl 70 9 Beat 384T L A3y
ANHR ST AT o ANFIPATS (08 B H At HARAN ], H AN A RGN RAR Bt RAF[19]. i
A b IS B ] AR P 7 A P R P2 A AR S T PR K R RS B AT B A B ey
AR TSR B IS A A 7P R R AL ARAS B 1 24T )3 ol e A i Jo) 0 L) S B e

ERPBE T SE ST MG 2RI EOR B R QAR — M AT I ANEL6]. BT AR
A Al 3 AR (R BTF TEAN L Z AL AR PR 13 A 31T, T AR N 20 4 R RB AR, FE 7™ i AR B B LA 7 il
R RERAT AL BRI, T e i e i 2B T i b A S AR AR AT e A A B,
PR TR, BA R S R T2 5ER RS ROE . REEEEA
AT, RN R SRR ST IS E I, LR R Al R R 2R AR BOR SR
LB HE ML B E T RGN e R, RBAMARR . SR AENLE, REE XA L RITR
AP RGEHHAT RS . . T, DO B SEEL Al A A i B SV PR A R SR H A

T 17 i) 36 ol e A i o (R R0 2 A AR BRI AR 3 7 T Al (R 2R 7 5 B B SR A S AT 4%
FE SRR S 75 T A g il ) e 2 i A A5 B B S BLAR I i 2R A ) My Uik, AN ket ia %%
L EHEE0ARBOR. PSS REGE . WIS S BOR S SR, 3 o elk ™ ot
RV AR ARG R T Rt B IR IR

DOI: 10.12677/s€a.2021.103041 369 B TR R


https://doi.org/10.12677/sea.2021.103041

R AL AR R T 1), il E A BT AT AR B — AR SR 4 il
PAK[20]0 BUAE Al A A iy o HAE B R A BIML, T 2S4mfd sl e HiR, ST 8w ae At ilis ol 4
A i AT B O R B B N . (HAE R SRR, RGN m 2R e mliE. 2R
T AR R MNE ZOR T, LA BESR N 5 AOnHE 1 5 T2, Bk 5 e R BEAT W, AR 2t sk
o A 7 W T A A R FUA B BEAT D RESEIUAN AR S8 AIE,  RENS PR AG Al RO 287 U L 3878 A, AR
WEHE, RFETTHR, IERAWANEE, SRR SIS Al 4 A i J 08 B A B 7 2R AR R A R 1
AT

SEAA AL B N T S AT FE T By 2R R B EANE . RS ZIRECBA AT PR R T [ 4
[TAE = SRt R R G MR N R 8, SEBILKE SRR A Bl R o 2 B M SO 817 o 5 A5 P 42
i JA S B R SR, RIESR M A S B BT, N TRIEIAD, SEBLIE E BRI 20%,
AP G RS R 31.58%, 7 BT AR T 30%, 7 g R ARG E PE R EE R, AN R R
ik 10%. B4k, Gartner CLESEPUGRFALT 2R E ST RS R EOR e #2211, A WAy 22 2E Rt
HZXK.

AE TV AT P 25022 A 0 136 iolb A 7 2R 1 B — P HEAT B B AR (K RO A BOR T TR, A
W C 2GR —E R &, AH I A i b 2 A i A B P R A R AR A R s I . B
M5, T REL R T B & R EH T IOE R e, By 22 2R Wk Z KMBIE I 2. Bksh, Al
11 3 A T X B AR T 8 P AN Bk s A T 0 PRI 0 H B, A 0 A 5% i ) 2 0 2R A KA G
PrifE, BARRERICPEARE . REEBORIRE . bRt R AT N AR HESE 7] PRIL, RS RECT AR
BRI TN LAl L2 58 4%, AE AN 1) AR PR JE 208 I 20 - 2 2 SR 3 Al 4 2 o o 90 B

By EW R EREEAR, RS EEOR. Bar SRS, B 5ILNHFEmE, K
RTFAERIAR R RS ] I, — 30X G VBT R R T, — I BB W FE AT IR A 22, —3x
BORMEZRGHAT AN TE 3, N2 21 i o) 32 A b A S T ) 2 i o S R B 2R A AR R AR 9%

B oW

BB NS CS R RE T W L I — 2T H o, BRREZRPNERNIETE
Ui, FEIEEUT AT TIRZIW R, HT T HOCIRI AT PSS LR SRR B AT . I
bb, EIMERCTRE L MBS U I RIR &+ 5, IR R O BIT R B, ik T RIRZ
FERSCEIETTIH, SEMMIRREG, EIMANAERRNSCE, Rl 7 RAERIRD HE, 2D IR
X ECT AR AN A A i R BB . AR R E TR R T, A RELE BRI e B OSTHR A B A4
BT HIK, BEHE SRR TR IR ZAAT, AR 7R SR, AR A AT
(D

SE

1] RER. 4@ EEARNB TS A D] (L0080, v P2 @R RCR A, 2004,

(1]

[2] RUFER. T =4E M0 BB A ZE R AR AT FU[D]: (Wl 22 A 5], B0 R R, 2017,

(3] k. MBS IE RGP RS BT A D] (22 A0S0, TN SRR TORAE, 2016.

[4] Edward Goldberg, H. (2004) The Building Information Model: Is BIM the Future for AEC Design? CADalyst, 21,

56-58.
(5] FEH. FT BIM B TARIH 42 0 oAV E BRI JE[D]: [l 2608 5C]. Rt KRR, 2015,

DOI: 10.12677/s€a.2021.103041 370 B TR R


https://doi.org/10.12677/sea.2021.103041

1 ARG, TR R ARG B AR A T M TR S B D] (AR S0]. K RIERE T K2, 2020.

1Ak BreEdRE: TR BRI L IRSN[T]. TR, 2020(10): 32-34.

1 FFER. EFHA SR =4 T AL (B RGRF 7U[D]: (L2208 3] BB PR, 2019.
9] KB, BT FFERA RN ER S AIRT]. mE A, 2020(11): 56-58.

] Committee NNBSP (2006) Overview Building Information Models. National Institute of Building Sciences.

1 RAhR. BIM ZJ5, #7254 [EB/OLY]. https:/www.cnbim.com/2019/0729/5413.html, 2019-07-29.

]

JEE N By AR RSN (9 Tl el X 7= 18- BR B th SETTVAID]: (B 22008 5] T TR MR,
2019.

[13] Section, I. (2017) Decomposition-Assisted Computational Technique Based on Surrogate Modeling for Real-Time Si-
mulations. Complexity, 2017, Article ID: 1686230. https://doi.org/10.1155/2017/1686230

1 o, ST Hrran B IS ZE M B A A BE R 78 [D]: (A 25 0018 3], Bl WL Tolk K2, 2019.
1 Wk, ZERKSR, BGRE. THIA PS4 AR A B I Sp s SRes (1], A E AR R, 2016(9): 58-64.

[16] FERFEE. i EAURS B HEQIH R R[], & &R, 2020(10): 42-44.
]
]

SR, RS BTG R BT A——42 B IR BN, R E 25 #, 2020-09-18(04).

gk, FHHE, 2Rk, BE. FETRIM- sl R dr AR flid. R — ] Bk, 2016,

34(4): 45-49.

(191 Beoh¥e. 4x/bdm i WA B——MIERIUH /1 [D]: (Wit frie 5], s s ERER 2, 2017

[20] Li,J., Tao, F., Cheng, Y. and Zhao, L. (2015) Big Data in Product Lifecycle Management. The International Journal of
Advanced Manufacturing Technology, 81, 667-684. https://doi.org/10.1007/s00170-015-7151-x

[21] Bk, WREMS, ZE07T, ShOLE, sKEARY. BT AR R BORFER et AR 5 N B S ERIR [T]. SR

WERELERR), 2020, 37(5): 1-8.

DOI: 10.12677/s€a.2021.103041 371 B TR R


https://doi.org/10.12677/sea.2021.103041
https://www.cnbim.com/2019/0729/5413.html
https://doi.org/10.1155/2017/1686230
https://doi.org/10.1007/s00170-015-7151-x

	面向制造企业全生命周期的数字孪生研究综述
	摘  要
	关键词
	A Review of Digital Twinning for the Whole Life Cycle of Manufacturing Enterprises
	Abstract
	Keywords
	1. 引言
	2. 传统仿真与数字孪生
	2.1. 传统仿真技术概述
	2.2. 数字孪生概述
	2.3. 传统仿真技术与数字孪生的对比

	3. 面向制造企业全生命周期的数字孪生
	3.1. 领域现状与应用背景
	3.2. 制造企业中的数字孪生
	3.3. 面向全生命周期的数字孪生

	4. 结语
	致  谢
	参考文献

