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ABSTRACT: The work aims to propose a virtual maintenance simulation and evaluation optimization method based on
DELMIA to construct a virtual maintenance simulation and evaluation system for civil aircraft so as to solve the difficulty
and high cost of traditional civil aircraft interior maintenance. First, the maintenance task simulation actions were
decomposed and the maintenance operation stages were divided, and the characteristics of the actions in different stages
were analyzed to complete the division of the operation area. The maintenance action types were divided again for
different areas, and virtual simulation operations were performed according to different types. The evaluation was based
on the key frames extracted from the DELMIA simulation results to analyze the indicators to obtain the results of single
evaluation. Finally, based on the MATLAB platform, the comprehensive evaluation weight vector of the above-mentioned
various ergonomic factors was completed, the results of each key frame were calculated, the visual diagram and report of
the comprehensive evaluation of ergonomics were output, and the optimization direction was given. The case verification
of maintenance simulation of a certain type of civil aircraft interior luggage based on the project support showed that the
method can systematically complete the maintenance simulation analysis task of typical interior components of civil
aircraft, and give a clear maintenance optimization direction. The new method system is helpful to improve the efficiency
and comprehensive evaluation reliability of civil aircraft interior virtual maintenance simulation.
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Fig.1 Civil aircraft interior maintenance simulation
evaluation and optimization process

1) AR BN ) SEASGEAE VL o fi JBARL, X
YL BEEE AT SE . T B EhE . 250
ShVEEIEAT 531

2) A FH BRI IEEN &M ik
DA B BAAS EAE SRR Bk 7 M A FERE L, Sl 43 RAIL
PR AEA A B BE, T 025 I3 9 451 B B B 75 2 1) 4
Btk

3) MRIESLBRAEBAE L I AR B S A4
W iE A BT Bk, IR TR B

4) [y A SRR T, A R AL B R AE A
BLE AT RPE PR, | AR TR EAY | S A AT IE B VEAG .

5) FATHRPRANE AL, i EE ARG AR, I
X5 B ) AT A, HR AR
2.1 EXRFEEEVIRSI THEMAES®
211 4B i

HEABAE I A5 N 51 58 B AEAE 1Y) 4230 16 o ad 72
FIEAT, ALEG T A B SEAR R . X IEAR e 51
W, HAE MG BEL P&, J—T4EE 05 3 h 4 i
2T 55 T8 b i — AN e RAIL P A 46 e 3
AR 7T LA # ) DELMIA R8s i) kg 00\ 2
BEAENE . A4 E 0 T B & ME . deis4/Em

AL R T hE, B 4G h VB & Es
(R IR B RN e e, SRS & T B 5)
LT LA, ERINE S T AT E L T
FRAE ., SR R 408 2 R RAL I BC 295 . Y
T R J55 240 SR S A5V AR B 0 A B SR ) e 19
7E B MLYE 6 i 0l P T B R A ok 4t £ %o #8435 3
VEFETERZ A o T 4E 18 N DUAE R 4EA8 S 1 1) ki 3 R
1, HiEsn TS HAb S, HAR R ah e d ik
FE T HEB ERUR

2.1.2 4B shiEIag

RALA I AE A RS 1E RS 0 T B A R 42 i1
HEOE A S e R frr 200, RV Ay RATL P o B 7F
LA A1 Ml T L7 A 46 20 41 A L R A L A 48 Sl
Y, HZFhYEE S VR & MR 2 de ARl . Rl
AR R A S S IE I BE R A P LG, SE By
HACRIR B SEERZIN A S, nrEdr
HISHLN A PRI, AT IR 22 | PRENRT 75 S5 SR RR AT
HRFE B 7 3L

Xt LA FEA LM Al i AR A T PRER & O
FFMRAE 7> B XSt A7 4% A EEA R sh 1 ikl o),
B HEALAE AN AR 73 AR | AT RZE R =B
B, A AR HEA GRS R L3R 1.

®1 BREBEL=ANHERAOBEREEZIE

Tab.1 Basic maintenance actionsin three stages
of basic maintenance operations

PRV BT BE 4 % X
PRI AR B TR GRS IS0 R BT AR A0
RO S HIEVAESIEEOOE N N AR

B3 e o e 20
MBIV RHOT , BBIES SR
PRI R
I S e e
BB e
g BRIV A BRI A % 7
R 5% e
e T SUISHE A5 M A 1
W (R % A
i AL Sl R
2 e
ey KM (R
ssne M e

b AMEBET TR AR e
AN AT AT T ELRE A ) SRR e A
BRfL
A B AT AT T LR A ) SRR i
BRfL

mT A TR TR, SSBU A € A fi

LR B Ie) o 75 B B




76 (S

T 20234F 7 H

2.1.3 il L E A SRR A S A2

I T RAL A UG 4EAEAE AT 55 1 FE A GEAE B 1 3
THREPEA T, F454 DELMIA BUERRS, TE L
AEAEHRAE XA 53R Jm) A X RV AR SRR X, 4R &3
VERT 20 RS WES B G O | @ 4 e sh P | o i 2
B EhVE =Fh2 AL,

Jry TR AR IX 3 AR N T B B AR Ty 5L 1) B e
BIRT R4 T HAE 10 X 38 o 76 0 X3 ) = B A7 7 R A £
SRR, B30 S S E FORS T AR S A o i 4k 1
SRS AT B LR S B , (Gl i 4E & T AR
A B 0 2 56 s AN T BRI 2 5 A T LA SE )
S . BlanTE AL I M8 N BT LUSERS B B 456
PCTH, ASHSECE N (T 7E R TR T 0 1S
BF ) ST LASE R T B =X R 1 E 7 . K i1 sh 1k
M5B Y i N\ 50K T B 5 XT R AT ICR S, PRIERS
WE LR X 55 RSB0 G 5 T r 3R . 47 L 7R
L—RYHEAE

AR X IR HR T B B AR T 67 () e 4
A DA T A R X 3 5 X — R X R R R
WL EAFAE 2 A 4, TEHF BT 5 B A T A R B A
AT LASE R, T DATE 2 A op 0 75 20045 AR5 7 1)
e, S — RN IE, AR SO HFRZ Rt
PEAEE T AR, B0 RAVTZRR T TPREInS, 2247
FUREE, HEfE A G TF B 58 22 R A R L, A
B RN Bl AN 58 A ERA Y T A, 3 b e B Bt
(1) Sh VR )& 3k U A& s 1

FEXFDLE =R 4R s 2R A, JET DELMIA
A B BGE A 45 H RS B 1 o AMBEREUL {5 L
T 3 N 2 B8R Bl P 5 7 43 ol g T sk
T FIORS W 4 18 sh VR vh B4 7005 BT o AMBE UL B 7
2% B = 5 e L S R BLAE B B 38 AT O oK
16 T AT B A AT dRE O B MR, B,
%A% 30 3k R B L ST A B N B 0 2 ok Al X T
W, VERE IO E RO R A B R, A
NS H0K B B 7 vk R B R EN X DELMIA 4 H ]
HEE N B2 AL | B BhESE, MR
R B 5 57 W REAIE P o 32 B 22 1 2 i 7 R STk i
BBE, BN TR HE4E & sh AV oh AT DURIE £ B
B RS B

2.2 HERNEEHANIHEEGITHETE

TESE M — R IO LR AR IS , AT i 285 VAl 7 ik
REAS 2 T] LS S WA i i R A PRAG &5 2R . 155, 7
HE AU 07 ELIRTE X YEABAT 55 HEAT RO B, K S P
AR A TE AR B IE i R PR EA T AR I, B )
YA 55 484 19 e B AT =Rl R 2RO VR
orBes HU, MU — BE AR ARl 1 SC B i kA T
PR, FREME ST AR AR N B AR Al | HR AR
AP PR LR 3T, LT BT B 45 R

g5 Bn, ETREHE MBS EEE FR =8/ A
LR R I ZEEVEAG , it AL T 80E A 0 EAl T L& D
s, ARPELE R AT T

221 IR ERIEAL .

PAITE AR TR R FH o b Fe i = AR SC
BSEE B X 4R A BT . ATk I . RULA
LSTAGIEAT AT, BRIIL, SIS AR IEAG LAk =k 32,

AT IR I T 3 T RAIL PN A 4RI AT: 55 v 4
18 3 R 1 DG B TR A 7 0 Sl it Ak, AR AR BT R Ry 13,
FEARYE YRR XU AR T e T s ek, 2
BTN 1, AbF— BT s RNk 2, Ab 2
AR U R 3, AR IEAL S L T A . RULA
B TPAG ) 32 ZEAR G L35 0 B AN 20 80 A 3l Ak s
KA M
222 LEETRPRIEAL

IR L KB RIS AR AL P B2 R bR I 2
B A SRR, 0ol 6 9k, & A, 1R K
2- R EE; MEIEE,; 4-—BEE,; S-HIYE T,
6- 1 ity L 2L

LU 2. R4 AHLIR 2 22 18] A B A B
m,_, A TR A X T 3 B R, my_, A T AR A X
ALGAMERE R, m, T IE BE A T r ik e
FE, FRE AR LS (1),

1 m.. m,
A=|Um, 1 m, €
Um,., 1/m_, 1

A0 3 I ANIH R AE 0] i, B0
TR

A=input(A);

[x,y]=eig(A);

eigenvalue=diag(y);

lamda=max(eigenvalue);

for i=1:length(A)

if lamda=eigenvalue(i)

y_lamda=x(;,i)

Cl=(lamda-3)/2;

R1=0.45;

CR=CI/RI,

if CR<0.1

B e A9 B RRHE(ERT R (Y FEIE Ml ED y_lamda,

BB 4 AL LBERE VPN T30 W S
T YR VEAL OC B WA AL B BE . Wgen
Wigar Wooess 73501 52 BT 4 T P-4k DG B M bz 1) PR
Alik . RULA ZpBry APLEZ B vERE, WX (2),

Wi = L X Wiigon» Wiyia» Wacceﬂs)T (2

A, LAy lamdas

YR 5. MRIELRG 0 EUE B B3R S S YR B o 72



844 5 143

PR, . JET DELMIA (R ki 10 4R B 05 55 P4 7 vk

77

6 ) AL B T AR P
3 FHHIMA—UURERNESITEHEA G

AR SC AR H B4 T 1) B IL P A AR A2 1) M D47 R
T T T RALYERE , HoA—E iEdE e, A3
PEHCRE T A o B 5 RALIL S S 4], 6k b Ty 32k 1 1)
RALA 2 I A ] A4

3.1 RAUTERLEMBIELIR THEMAE

DL RBLE AT 248 10 8 1 2241, FI )T DELMIA
AT 05 E4E 1% , DELMIA ( Digital Enterprise Lean
Manufacturing Interactive Application ) J&72: [H ik R &
4i/\ 7] (Dassault Systemes) H— T kAl i) H.
sl R, F T DELMIA 8 &, —&#E
it AMEAT %515 B ( Human Task Stimulation ) 54
BRI A N AARTE ), e, ik
BB, TR IR MR AR ARN R 4EE
Yist, Insert (4fi A ) FEAI-S ALK P 15258 AN 4
& T H . FIJH] DELMIA {# Human Builder( A {45 )

[ RE O E R 2 N iV {8y N aB 3 e 411 K
B AR R AN SE A RN
TNYEA& G B B2 ) AT SEPE RN B S, Y RALE AR AR
B 4 T HS AS DELMIA HE - 46 A 5K
WA fE , ST TS5 1R 22 ) B 29 3 & Posture Editor
R 5 RS M A TR 3K, 38 TR LS RAL R IR 4k 15
Y5,

SE AT B TR, e BEAR SCHRE 1 v ot AL
RUSATR T T 4B AT S0 UE , #8110 EEPRE AN
ZEATIN 8 4~ ST BRET, ULIE 2,

HIR L HOE R T MEATR S A T o . B
FATTFRETTSE . PrENZEMIRET . B CPREFRTT .
RERE . B ahikEh . MRS | PREIGMIBRET | BRENFET T,

R 2. 5L TR R AEASAE b B ST B B R 43
SRR G, [R) A AR 40 3 A A 0& Sl 18 19 sh R DC Bd 2 A5
HAEE, W%k 2,

PR 3. EEXTANRIYEAE sV SCFEAT B 45 B
FEAEBL IR AR B T Sh A O B, X A6 T FU
B R R SR TR, DL 3.

K 2

R4S 32 2R H1 AT

Fig.2 Main dismantling points for door maintenance

F2 HNEREEELTERL
Tab.2 Refinement of basic maintenance operation process of the trunk door

e FLhE EARE T WEDEL A
g TR IEEEDE IR
e S EmAEDE BIEE
BATME AT Wm0 B
GERINEE A R T E T S MR RIEH
AL T B T EVRET SREEDE BRI T A
WBE FEROR TV T MBI R
SRR TR 2 S TRRET A, FEHORAT) TR A BT Al
IR 22 7 5 i 4T A W Bl B
o e WSS E TR, TR
TREZMERET DEWE sy ey WA RAEE D
TR B, T
e R T MRS T TR
IS 5 0 AR — BT SRS TR TR
TR RET (L, 0 T e
gy EAOE BRI WEEEDE RIEHDIE
PO e o WA B BRI
WA RS A AT IR MR B R




78 0% TR 20234E 7 H
s 2
e LR EAREAE ey T
A T e g v TUREDTE RAEE D
e N SRS R AEE D
. GEAEE AU S RS SUERES T SR AEE D
N S BAEE D
BB R EA WA B
N e MRS R
R T BB A 2 T P - R R (L
DR BT LA 5 20 T B 507 A MU T TR
g PERIUIE B3 5 46 WREETE REEDE
BB R SRS R
» o BMEBRRRTESE WA AL D
PREVARTT R e WA BRI
gy RIS ES SRS A D
B B MRS SRS A B

| i
' o G (| = |

r
'
i‘. ]
\r

K13 ST DELMIA PR ALY S AT A0 T HE FOLLE 16 O il ot

-

Fig.3 Screenshot of key frames of virtual maintenance of trunk door of acivil aircraft model based on DELMIA software

32 EARRNNSTEEILENANIHES

Ea

R ) o B 0 ) BLI A S A S 5
FEAE DELMIA - ufe 52 DL SR B 4 2
.55 0 20 4 R BL S BRAE A6 Pll 0 BE00 f5
B BLR BEHEF T, BELJR %850 P M £ 5 B
SRt BT ORI O 5 B, 36T — B
P MR, HRARAE A1 ) O BT T A
ST

S 1 Oy TR EI T RE R LA, A
JLRRIL T 38 N JCHEI, WP 4 B8 A et
HEBR . 4 BIE 3 AW R bR B LRCE L
WUATHL, TTi | SASIHTAE R, 0 5 BT, AR
S RALIR AR VPAG 5 50 B0 0~7 ), VEAM S5 ST
T A 3 3

S 2. ML A N HLIHE Z IR A A
BRAFIE T LS, W FTOLE . FTIAHE . GFIEFE
HORIRESRSE. AR ARG, WA (3),

1 3 5
1/3 1 3
1/5 1/3 1

LU 3. FIF MATLAB #1741 AL Z BYAL
FE IR, s —sERR,

AR B A5 3] 5 R RR AR X IO 1) R A 1] o
7 (0.91060.37150.150 6 ).,

R 4 PN TG TR 8, B PR )
PREF T T AN TR BN, WA 6.

MHREIFET T AN TR LS AN BORE , 4i& 5T
R 0~7 45490, 549 3 HHEK, TERIIEM . I
RS DL R AR EIA IR B B B AE R4k 4 FN B
B L, TR) A 45 B BE XS IO ) DK B T 43 2 4 5 Ll
e, PREVZEMIRET L 3 7 7% HL . SR 2 Y
25%0 Hu il [EERE T TS89 3 i 67% Huf] . SF ek 2
hi 33%A0 HL ;s T RERA YL 4 5 33%RY L. SRk 3
i 33%0Y LU . 254k 2 5 33%F0 LA B sl ks g%
3 1 100%M Ll LR AR 4 (5 67%I LLf . 4F

A= 3)




844 5 143

MREYL, 4. JET DELMIA BRI B U405 B 5 PR 5 79

Side: 1o @ Right Side O ek 9 Right Side C1ek @ Right

Pararaters Detwly Parameters ‘aramatery Detasl

Posture: ) _+ | upper Arm: 1. Posture | Upper arme 2m Posture _+ | upper arme

O static. @ intermitent O Repeated | Forearm 2 O Stabc @ lotecrtert O Repasted o | Forearm: . Static @ intermitient. O Repested _+ | Foreaem:

haeet Frequency | 1. Regeat Froquer Wt 1= HoS | wrise amm
o | wris Tt 1. _+ | Wit Tt . = 8 | wrist T 1 -

Posture A 2m A im Postun t]

] Arm supported Perscn learing F o 7 Arm supponed Person lesning i S [ Arm cupported/Percon learing S Si=

[] Arma aee working across midine AR F= (] Arrms are working across midine ol e [l arms are working across midiine orceLoad: o mm

[ Check balance WitedAm 208 () Check balance Wrisk and Ar ) ] Chack belence Wrist and Asm: s =
o | vece 1. o | Mecke 1= + | Nec 1 -

Loadk (kg = :ll‘w im Lood: [ohg & j,,_\ P csd: o3 = :ljrmk 1 -

e Leg 1m Seove ; . Scare iy -

S = o im Final Scorer 3 [ [ T FrslScormd =R Posture B¢ =
Acceptable Neck. Trunk and Leg: 1 B8 Investigate hurther Neck, Trunk and Leg: 1 B Iewestigate further Neck, Trunk and Leg: 1 I

Kl 4 BT S5 G HE MR AR
Fig.4 Key frame indicators of some tasks

% 3 i 33%M LBl PRENGMIRET SR 5 12.5%01)
Fef] | 259 4 5 12.5%0%) Eu ] | 5549 3 5 75%09 Hu il 5
PREVFE T4 3 i 71%I0) FL il 554 4 5 14%0 He Al
S 2 (5 14%H H .

33 ERNESTEHEMEBESITHERIN

ASCHET DELMIA BAEEE T RPLNM4EE Y
B E S e ik, EERAEBIEL S BT
5t Ry B . YA S A I3 9 A ] 2 80 AR ) AHL T
LR A VA T IR R A o

1) RRU AR HUAEAEAT: 55 3 P2 1) 3l 2545 ) it il
R AL B[R] A, ] Human Task Simulation
ST MR A R S R A T O L, A L AR ]
FIWTZ A PRREAT TC T 8, 5 A AE T8 [ 8 nT
TR AC I o A LI i r 75 381 LR 0 4 A 25 7 A 2R I
JF I 18 i [i) Aty R S0 705 7 B — iy BT B 1) B B e
[E) , o SHL TR0 A A R A7 S Y 2 B ) 5 3 i
TRPEHRRE T Y B [ F8 A5 E A 7% L, A5 B FuA s ] 55
TEEF T) 36 A 174 B[R] J 0 L 5 SR o 2 LA S 4 2
A A )R T P2 I (Al 48 A, AT L S 7R o e e ) B —
TP R R B R R A B, 58 U T R A 2 1) 1)
AL

2) TEX S B R AT . ATk |
RKRHATEEA VAR, G E g R vT LU B
FROFR AT e A, I3 T AT AL S S I — 2P

IEANASCHR AT R T TR B e 2R, WAEB A
RN A, AT AN RYEBETEERRT, N
AEMETROE R E K, BEAE U0 Al 4k A8 T O T
wE.

i I AR AT AR T AR o A R AT T SR B
ik, MRIELEH 38 A SCEEWIAYZE G I AR T,
oI TR AR E 2 R, 418 & RIAS SOk S 4
R0 11 RS JRE 20 4 Xt 418 N By I 3R VE RO S AT
WA —E R, BCOMFERE [ A 22 A 1T
GO HT Al RIS SR o T ERAEYREAS [ i
T BRI AE ARl 2 R e Sk & DL L, O
o ZLYRE) 4 URET, Pri SRET I ) & A PRI ] HE
HR, PREFHEE S B, PREnZe M BRET AT
BrB RULA 20, ] AR N SRR G 72 A
(SRR EE S (NS EER T HEIS IS 2 YN |
TR KI5 X PE N B B0 A48 i o [l
TEEME N D1 HE A ) b o (5 Bt A BE T340 ml fE
B A AN FE BT B

3.4 ERNESITEHEMEBEMILER

LRUE S Sy aragcaiy I s

1) X RALA I R AT 2R X b 224 Bh 4k &
3 RS BIR EA T AEAEHRAE A N R0, ol T 4R 480 5E
ZIR, A A B RS B AT AR BT, BT IIA R
NETHB ., ] R



80 T R 20234 7 H
7 L)
%
- ol
d 5T ¥
% &
§?3_ ° o o ° ° o
i:[ o . ° °
o
X 1¢ o e o o o o o o o o o e o e o o o o o o o o o e o
&
)
: | I 5
TFHET A U BRET B eI 3 BBk =2 YREIAMERET REFET]

7 ay
R X
N b4
o 5+t W
N
- &
o
D gL
&

0 T | v

H H i i H IR IR oK ML M L M oM K Ho K LN B SR B3 WK Ao oH M HorH oM K HoLoM LM
L . CE W W R 8B M oW 8 R B BR g8 %8 HiBIE B 8 B B 8 8
i 1 LB . B s =
M IHHUHBUHUHEBUH I I UL I I
AN HREZE ERET [ 241 TRERS B EREBH REIAPERET FRENHTT
7 LS
b
—
5 +
a5t B
N ¥
i 1
e
» 1}
&
DML w D DR Do DM DM DO Dom ol L% ERE Dok Dok Dol o Do oW om
i [ BERE R BE 3R B B B | ' ] 'S EE BN ] DR M om o m oM m
: £ %5 HE-ZRER - -2 - A1 HE- -1 : ! ! H ! : : H H H
JLLILUL I ILISUU UL LU L RELERIN ) (B RiBIE EIE
A YR ZEMBRET FREBS HREAMERET YREVETT

K5

FATPREIATAL ATk B H

Fig.5 Visualization, accessibility and attitude quantification chart of trunk door disassembly

2) BRI TSR REATIAL R S i A
] B Fad Sk A, BT Lie R R it S28l
AN, g dEfE N BRI

3) HEBCHH IR EI TR, A SO TR UE
0% 9 i BB R IR S, i B B PR i T
He, BRAUERERE FEAREME N 5 i o] 25 Sk AR B AT
JE, IR AR AR B3 Lo 19 A AR

4) FEXHRMEE A RO AR, B R A

s LA By B H S AR AL 55, 2 R RRAEE

B EIA N, &2 EEASTT2EM AIRET, By R4S
AR R, e Al B #2523k
Ti, w1 RULA 7Bl an, LR 7E s34 T A EF IS
HEBRAEE BB S SN —MF , LA DL B 15
SRR T 2200, 25 FHRAEH AT IR, W%k
FrEH, Bo) %I ER A L™= e 10405, 25 7 i oF
U] PAIT Bl SRS, S5 R RHR AT 8 A MR ET
PRl o8 AR EAE 55 o N, 7ERCS R 5d 5 )y
FO SRR A I & 773, A AN TE A



B4t 514 PREFEL, 5. BT DELMIA (Y B4 i S0 4R AE 05 505 9 M vk 81
! =
&
- i3
&5t i
#
X
R3r
ki
&
B
& 1r
&
0
TFFAET] HRE/EERET [ 241 TR Bk RS PREIATMERET R
K6 PruEfE T BT ER G
Fig.6 Comprehensive evaluation diagram of ergonomics for dismantling the trunk door
cations of Virtua Reality in Maintenance during the
4 i—'ﬁl‘g Industrial Product Lifecycle: A Systematic Review[J].

SR T AR UE R 0L A5 5 B R SR AR ) 1T
PE, ARSCEESE T T DELMIA B0 4E 1505 B 517
WA T7 2 o 1 ARG R AR AE 0 B GBS T
T DELMIA BB BT B h &S, RIS
o R AR, XTAEBEREE A G e T HIR&N
SIfE . ZAROE S E AT o0 FLIRFELR B % B 41 5)
VEFE R SE B e S5 AT SR, DL R AR08 S B il
SEAE R SERE ERIEL B B, IR B2 I 9 4 B B
T B YRGB AE 5 PR AR R 52 PR A b2k 7 1) e AR 2 15
VL R AE ¢ B A 35 Y 2 800K o0y s MBS S5
kB, JFET O R, RIS A VA P AT
HEMZE A PP S R AR, FF3ETF MATLAB 58 804
AR A AR G IR, SRR R SRR AR e iR
CEAGE R T ARWRGEAE R nT AL Ty ) o 1% T
U7 EAE BN A6 4 4 1 o7 1 S s 3l HL i e T L
H—EREERE X,

S 23k

R, BERRZE. T 1A PLM (AL S B 1] 4 46 1 4
Br S [J] . Az il B R, 2015, 58(18): 80-85
HAO Tian-feng, JIA Xiao-liang. Analysis and Evalua-
tion of Aircraft Virtual Collaborative Maintainability
Oriented to PLM[J]. Aeronautical Manufacturing Tech-
nology, 2015, 58(18): 80-85.

FERM, 2529, 254, FET Virtools 4.0 [  5% i 4e
TMHLRE AU AE S B BRI FE[]) . e BTS2 TR 27 B o
iz, 2010, 24(2): 27-31.

WANG Xian-cheng, LI Bo, LI Li. Research on Key
Technology of Virtual Maintenance Certain Boat Diesel
Engine Based on Virtools 4.0[J] . Journal of Academy of
Armored Force Engineering, 2010, 24(2): 27-31.

GUO Zi-yue, ZHOU Dong, ZHOU Qi-di, et al. Appli-

(1

(2

(3l

(4]

(5]

(6]

(7]

(8]

(9]

Journal of Manufacturing Systems, 2020, 56: 525-538.
W, R, MER, 5. EU4EEERE 10 467
FEHE LR, TN BT 5 BB 222 # 4, 2022
34(5): 659-674.

GUO Zi-yue, ZHOU Dong, HAO Ai-min, et al. Review
on Advances in Virtua Maintenance in Recent Ten
Years[J]. Journal of Computer-Aided Design & Com-
puter Graphics, 2022, 34(5): 659-674.

R, FE L. THI 0] 52 A2 A AR 4G Y i 400 R S AR -
B ek A, 2019(3): 165-167.

HUA Qian-feng, TU Li. Key Technology on Virtua
Reality Maintain Platform Development Oriented to
Complex Equipment[J]. Equipment Manufacturing
Technology, 2019(3): 165-167, 186.

kAR, VREE, sk, 45 JET DELMIA BIfiEE K 3
ML $ULBE B R R AR 52 [J]. il H2 R 5 HLIR, 2022(2):
94-98.

XU Zhang-huan, XU Ying, ZHANG Yue, et a. Research
on Virtual Assembly Technology of Aircraft Engine
Based on DELMIA[J]. Manufacturing Technology &
Machine Tool, 2022(2): 94-98.

NUMFU M, RIEL A, NOEL F. Virtual Reality Based
Digital Chain for Maintenance Training[J]. Procedia
CIRP, 2019, 84: 1069-1074.

KELLY R, SKILTON R, NAISH J. Real-Time Volu-
metric Rendering of Radiation Fields Using 3D
Textures[J]. Fusion Engineering and Design, 2019, 146:
551-554.

WAL, sk, SRR, 5. DURAEM4EE AL E B
B 5 SR M SR A T[], RN R s i (B R,
2019, 51(1): 8-12.

XU Bing-li, ZHANG Fei, ZHANG Cheng-dian, et al.
The Position Tracking and Action Matching for
Immersive Virtual Maintenance[J]. Journa of Zheng-
zhou University (Natural Science Edition), 2019, 51(1):
8-12.



82 f % TR 202347 H
[10] DENG Gang-feng, HUANG Xian-xiang, GAO Qin-he, [15] LU Zhong, SUN You-chao. Research on Maintainability
et al. A Real-Time Interaction Strategy for Virtual Main- Evaluation Model Based on Fuzzy Theory[J]. Chinese
tenance Based on Motion Capture[J]. International Journal of Aeronautics, 2007, 20(5): 402-407.
Journal of Computer Applications in Technology, 2014, [16] GENG Jie, ZHOU Dong, LV Chuan, et al. A Modeling
49(3/4): 332. Approach for Maintenance Safety Evaluation in a Vir-
[11] VUIOSEVIC R, IANNI J. A Taxonomy of Motion tual Maintenance Environment[J]. Computer-Aided De-
Models for Simulation and Analysis of Maintenance sign, 2013, 45(5): 937-949.
Tasks[J]. Center for Computer Aided Design. The [17] T5, 7, FAMA. RS54 EH1Tn
University of lowa Department of the Air Force BEOFFE[). kLT, 2012, 32(1): 72-77.
AL/HRGA Wright- Patterson AFB, OH, 1997. DING Yong, YANG Zi-jia, ZHOU Wei-jie. Research on
[12] BADLER N, BINDIGANAVALE R, ALLBECK J, et al. Maintainability Evaluation Method for Civil Aircraft
Parameterized Action Representation and Natural Lan- Virtual ProductgJ]. Aircraft Design, 2012, 32(1): 72-77.
guage Instructions for Dynamic Behavior Modification (18] T 5. = AR 51 MR 5 4B R Jr i 5E (D).
of Embodied Agents[C]. AAAIl Spring Symposium, FE A R ALES LR K2, 2010.
2000. DING Yong. Research on Product Disassembly Sequence
[13] BERNARD F, ZARE M, SAGOT J C, et a. Using Planning and Maintainability Evaluation Method[D].
Digital and Physical Simulation to Focus on Human Nanjing: Nanjing University of Aeronautics and Astro-
Factors and Ergonomics in Aviation Maintainability[J]. nautics, 2010.
Human Factors: the Journal of Human Factors and Er- [19] ERtHT. 4 shEIR & 07 B R AN TR A st oy ik
gonomics Society, 2020, 62(1): 37-54. WF5E[D]. i EiEAE KA, 2014,
[14] MeSrzE, JURkA, ZETEARSE. BT 20 A 0 RPLIE M QIU Shi-guang. Research on Hybrid Simulation of
B AR [, s 3k, 2023, 44(10): 155-176. Maintenance Action and Automatic Evaluation Method
Bl Wen-hao, FAN Qiu-cen, LI De-lin, et al. Modeling of Ergonomics[D]. Shanghai: Shanghai Jiao Tong Uni-
Approach for Forward Design of Civil Aircraft Based on versity, 2014.
Multiple Perspectives[J]. Acta Aeronautica et Astronau-
tica Sinica, 2023, 44(10); 227536. SEAEGEE : BRAE
( FEESE 51 T) [22] CHENG S, WEI Q. Design Preferred Aesthetic User
[20] FHFF, R, LT BB K HR 3 5256 iy vk A /e AL i Interface with Eye Movement and Electroencephalo-
AL IF[). fu%s T2, 2021, 42(24): 230-236. graphy Data[C]// Proceedings of the 2018 ACM
TIAN Qi, LYU Shu-ran. Optimal Design of Refrigerator Companion International Conference on Interactive
Operation Interface Based on Lighting and Eye Move- Surfaces and Spaces. 2018: 39-45.
ment Experiments[J]. Packaging Engineering, 2021, [23] CELIKORS E, SIMS C R. The Relationship Between

[21]

42(24): 230-236.

XIAO L, WANG S. Mobile Marketing Interface Layout
Attributes That Affect User Aesthetic Preference: An
Eye-Tracking Study[J]. Asia Pacific Journal of Marke-
ting and Logistics, 2022.

Aesthetic Choices, Ratings, And Eye-Movements[C]//
International Conference on Applied Human Factors and
Ergonomics. Cham: Springer, 2018: 75-82.

TG BRAE



