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Abstract: With the rapid development of industry and manufacturing in China, the traditional maintenance methods
of mechanical equipment gradually can’t meet the requirements of high-efficiency production, and the demand for real -
time monitoring of mechanical equipment operation status is constantly rising. In recent years, the development and appli-
cation of digital twin technology provide a new idea for the monitoring of mechanical equipment operation status. This pa-
per describes the importance of mechanical equipment operation status monitoring and the basic concept of digital twins,
focuses on the analysis of the relevant theory of information fusion in the field of digital twins, combs the multi-informa-
tion fusion status monitoring technology, summarizes the advantages and disadvantages of each theory, and makes a com-
parative analysis. Finally, according to the research status of information fusion theory, the prospect is made from the ap-
plication goal-oriented construction of digital twin model, the exploration of intelligent model real-time update technology,
and the construction of sensor digital twin model, which provides a reference for the research and development of digital

twin driven mechanical equipment operation status monitoring technology in the future.
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Advantages and disadvantages of monitoring methods
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Fig.1 Schematic diagram of digital twins structure
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Fig.2  Flowchart of digital twins implementation
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monitoring based on digital twins
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monitoring technology

SRS FEATRSEIE, 25 AT 8 v
Mg T — AL E, IR AR B S L Al e
WU SRR AT

2) {5 A mATHE

i B A Ik Can DL 2% . Dempster-
Shafer(D-S)TEHEIA . B RS . #4828 )X
oAb 35 9 22 DR AE RO AT AHOCTHAR, O
A EER

3) B AR AR T

15 R A i R 2 A 48 SR 9 e ok S )
FEANBC AR AR AR b STEURERY () B S T

4) 5 Yok

BT WG BB AR A R R A T
IR A% 5 A A3 A, 465 T 4 SR A e 180 e o I 3 2
YiEzsiE], iS4 mHldiik.

5) ML

WA [ PATHR T, AR BE, B
PEATEA, TR — LR P 2R

B TR0 A IR A W T P A S8 A A 4
WE S R
2.1 ETFNMHHEEHSESMARSEUER

BiXw, w,, ., o, WERZSE SR,
Plo) BnFlto ZERER, HP(0)>00=1,
2, o, on)o MFAE—FEX, P(X) >0, HEIWN
D) PR G WA =K

Plw/X) = nP(X/a)L-)P(wi)

SP(X/w)P(w))

j=0

(D)

Rl SR A TR Al
SEazi

T P4 5 51
itk

VOB SEARHLAR I %

2 A% B

AL IR 5 RPAE
FEHK

FI5 TR0 A B RS e A B A G HESE
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monitoring based on digital twins
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Fig.6  Basic framework of intelligent inspection and maintenance strategy for skin cracks

AT S N BV AIL B 254 s A7 I B R AT
TorHr, WHOCHZT AT TS E, 3
BT ARRL RO AR AR, ORE DL S R 2% 5 22k
W Z EEAIIR TS, UIBE MR
Xt ER IR HLis A7 K dls B9 S I R B AT 0, ST
Xk B AL A AR 25 M 00 5 T o AR v A N A s
S pLibs 58 S A A7 AE L N R T TSR

ik A i e B 5 R EGR i ILEE, ST T iR AR
FEA R AR A R DUSRAE MR R A B, A
DL - 87 90 2 of 25 2 A A R il o 47 I i) A4 35 A6 L
FRIEATRIIE, S5 R T IR P . DL S o P
LTS S s AL I 8 R A A A I o X0/ i
S NTE N G R55 d BRI BT AR R RS T
B8 LA B AR AR, XA ] I ) 4 B2 A4S



© 54 - GRITR

20254 % 45 5 % S

[ AE L b 0 A0 A8 AT RN, A5 B 4R s 52
HARIFPE I RS PEAESL, R DL S 4
W H 3 40 2 18] A ELEE AR AT A, SCB 1 X P 4R AR
AR PERE RO PPAl o PV N 2 X
S ALY = 4RI 55 Xy S F BILRIL B A TR A o X
J1R LR EC AR, A R s LIE W ia
A7 R e A W e o ) K ah D e g R, 4 A DA DL
o3 S g FEAHE QLA ME R e 22 R 45, AT X
J1 R AL 4 A R R IS A TR I, KU
KL FR B BT S 4R B PSR gt T
PR

F T DL S B 9 2 A B Rl A IR A I R
R AR EW . B TR, BA MR AT
B, i S0 AT 3 0L S IRl R A A T REAE
TSR alad SE g MR Bl B by S ia AT
s, AP LR E ), A
US4 OB AR AL AP, T A S i

(R P DU Sy B0 98 K A S A A B 2R AT 45 R
(G N AT - B DR S £ N N
N EE AR TR R 2R
ARG A e I R, T S 2 i e = 14 SE B HE
FIFAE G ARWC plin, 5L R n] B8 5 EOHLAK
BEAARIR, = Dy s B SO e R
SRR AR A SRS IR, BB BRI N
R, UM A TOE gk S R 3 6] L 2Ell g =X
(A v i 2 V8 A5 it O ) DY 22 A ML A I ik

AR SR

R B EER2H0

A TIAL 2
R HdfE AL E

R B EER3HY

¥ AL
R HHE T AL 2

< ’%Eﬁ_‘zﬂ 2 -
R MR AL

To RH L L R 4l o ek, AR ER DU B e
Tl CEMEAHE S, HAESCER Talrh, L
WAL A8 A7 b e v A 2% Il e =2 ) 38 3 A AE —
B OCER, BLEE “JEPEA Ak Sr A B s AR A AN T
WS o G R B AR G, W E SR 3
LR B IEAE T A R T F 2 AL A .
Bl 5 B 2R A BRI R R, T DS o EE 4K
FARAERIARNE A R, A Dy AR b S
55 AR L 1 5 B, O3l i R R R 5 g
W%, FE— B L yReb DUt RS A 2 .
22 ETFIERELHZEEMEREENEAR

20 i 42 70 4548, DEMPSTER 5 SHAFER 7£ Il
MG TR AR A B T D-STEdE S, IR
W T SRS MR, B n A E Tk
[F] R Ak R B G N B 0 PR TR) A I o) A2 Je%
A SRR BRI, I AME AT pRBUR T T DL S 3
VO SR I SR LA ARAR A TR R, A 1 ) Y
RAPEFAT /B

WEE LS R B Rl A BRI E 7 s, XBkAZ
G IEER AR B s 5 15 B CEDUESE ) 217 FiAb 2,
FF DRSS BSR4 7 A 5C 73 A ( 32 2 H R AR 1)
AR FECRE. AERE . PSR EE); BES
PLUE 4 B8 1Y & BO W 2175 8 A i, IF Rkt
A BUR UESE B A R B R B . A E .
SREESEFRbR, AR UE 5 B 1% J) DT R0 0] X6 5 4 2
AW 5Est, REfmbmaEEY .

UESEER 1R Ab 3

UEHE & A

UEHEFR 10 b3
HodE i S e %

UESEER 1R Ab 3

UEHEFR 10 b3

K7 RS EIS (SRS

Fig.7 Evidence theory information fusion model



iR

SEPR - 55 -

BT R B A 205 B RS P RS
M AR AR HE BN

1) PUIHEZR A ST

50U 2L, s T A AT e R A U Y
i

2) FEAME AR

WA —MME RS AY (R BIE L — AR
P ek B . T YRR | e S I A i Y R
AR ) B TR P L — D IR BE R (0 ~ 1)

3) HEHE A A

it HIIE 9 398 1 205 A, B ok B A [a] 1% )k
i A HE AL AR 03 C R ACE B — BT . SRS
FEAME R T R AL

4) PRSEF W

MRS S B FEAME AR I BC R, TR
A i R ) £ B AMBL L RE MR A0 T R U A i
ALK

PABUAR 3¢ 78 68 8507 28 AR B R D B3I 5 i 5
MR B, )AL A AR UL B ds 4 4t
FIEHE RIS R, —IFik A D-SAl G512 AR
R JAR UL B ph I i, 22 A B R i 5% Y R
ANFISRUR il B TR U A B 2 A B B SR
MEREAR R, WORHAR T RGN AR RE T o

AT A N0 B AR R R G R T A B TR A
Ik T TAESE, T D-SUREELS 54 G AR
A F- ¥4 (Combined Weighted Arithmetic Averaging,
CWAA) BT R BIR R T —FhZ S0P 1%
ST BIE AR S 2 IR PR SR A B T AR RS
FIFE BEPEAL . HE B 2 AW AR SR A I8 SR &
20 BT RE ML AR A BB AT 3 AR R A Oy it AT
THURHISE . 454 D-SUEHE He XHE B Al A i
WL RS REE BRLEAT T, s HLgs Nz
3 R v A B X B AT RS HEAT AL T B e 3
AR B B 28 A AL v S T XL A as Aotk
BV, WPl N AT Rr e Bt et T 2%
FET A S A N 00 B 2 ML 9 0 A DR A M T R 3
1 7B, 38 2k 2l 25 M R I X JA N 1o 28 ok 4R
HABILIEG REWBITEE, &5 T i B2EE
Bl s A D-STFEIIE , R0 B2 AE BdE
Yy PR AR BE AT RS, S T B LAY IB

AR S W 55 T, 5 AR A T v A LR
P BB T I0 AE R R B R R TS5, 64%. JE AR AF
NEUBIEZE TN e il AL B BN AL X 2% L B Tk
IR G A, N7 T R TR S ALz
TPIRZS VA BB AR A B, LA D-S T FEIS X 4%
THUATLR S 00 B Ak &5 SR R A7 5 Bl B
AR E TR AW gs 1, i AR TS
A WIS BE o SR AEDR IR L AR 7 v Y AR 2R
PRI, ST T ARG 2 Y B AR A R A
T 4 Fh A5 e 3Fh 2B 0L, A D-STESE
IS BE S i RIS 22 A L B 22 i R AT T 15
BRLE, AL TGS rh e, et
TN 8 BT HU AR A W BR L 2 A VTAN ko
BT R e 1 2 A5 B Rl A IR A I B R B
WA RX oy “RA 5 AT W, R EE
MR EER R, PRPER AT E B R, it
JUZ N T ASH E PR R SR, RS BE AR
SUAFTE SO o IR R I T A% R
B2 5FEBaA 5HW i EdE . 5Bz pE
BORBE . H T, YR th o B IESE 5 Bk AT
AlA BRI, AR A S A 2] 5w AT Y I B
SR 2 A A5 TR o ] — R B A A R
0. 99 i), UEHEHISHIN S0 —fr=ES5 o, 5
FLE AR, ORI TR B E B Al A
T 1 1A G s 5 AN SRS U I R e b, R
AL IRAS 5 M T 1L B T e B vh 5, S
IEFREHW EFEERE, SR IREN., L=,
WARAE R A . FIRRE 2, S 8aEet ik,
155 SR GBI G %, X T & N A
R HERAE S ) SRR/ R 2N, e e A
WO 8 X B Hl AT R A S AT AR, AT DA — R
JE & G T I 1 S B
23 ETEMELHNSEEMESRSENEAR
1965 4F, 3 E I K244 50 #1731 ZADEH
LA #2005 TRMEA IS, Jakgt Nl g
TR T BB, TR AREAMIE SIS . B
R RO HE RO 45 T A L ORI 8 o A
B2 A 4 T 225 B Rl 3 B v AR E MR AT
J e, FEMUAR I RS I L e e 10w eT LA
WA EORBRE PR Y A0 B 4 SR A R Y



56 LZETR 2025 % 45K % 5
1 msoreEamoms I
| ‘ |
| |
W wmigrtpgurRss TR |
e, I I ek
[ v I <
| IR R R R R T || 5
| BLAT =B A SR I | k2
e I .
v ([ BRI RALREAE |1 | B |
| &~ A SHEIER : f ) b7} it
SR RHLIN G R <?__i>: ! | gjg e
I Ry N [ b @?ﬁ i
______________________ 1 ag (|
N Er— TS wl | m
' [ somemmo A 4 wl &
5 13 <_> : l : &
EiZEpIRavil - — 1o B
SR AT I\ S AL AT BRI
1 — 1
imi—— ek v
B G = —
v | 5 A R ST ) e
A <t::$>. ] i
 [Cammmwennt ||
i v |5 2 VTR
[ gmmawm il

K8 BT RCT R A M AREE G 2 Al O ik

Fig.8 Safety assessment method for derrick structure based on digital twins
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