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Virtual Maintenance Training Process Controlling Based on Grafcet
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(1. Dept. of Equipment Command & Management Engineering, Ordnance Engineering College, Shijiazhuang 050003, China;
2. No. 68221 Unit of PLA, Jingyuan 730600, China)

Abstract: Aiming at the problem of information hugeness, formal diversification and alternation feedback difficult,
trainers’ virtual maintenance training process that the information in virtual prototype of equipment, tool and facility of
maintenance, interaction between person, analyzes the constitutes and relationships of every maintenance operation,
presents a training process model which can support learning, training and examining by a normative language named
Grafcet. The model can regulate and control effectively operating flow and the behavior of interactive information in

trainers’ virtual maintenance training, and it improve training affection.

Keywords: Virtual maintenance training; maintenance operation; Training process model

0 33

R AU LEAE I 25 28 G052 R SRR S B RE FUL 4 12 )
it R RGN, UL AR A 2 A R 4
BT O T AR 4 YR8 I Zh i 2R B 2 1) 2 2%
BRIV SUETE L YNGR LAV ITE S &5 P £ Y
BNk 2 Zeid i da 22 ol i 400 0 S BOR S 7 LR
T B T BURE MBS R R L 415 0 53 5 0t 5
JUSEI AR SCFR B N Gk I BIAE R G
T BEATYEAE I Zh s DIt Ao s 15t LA B AE VI 2t
R A T2 R 7 B9 AT s HRTE e 48— AR,
e 115 T Grafeet MUVETHE F, DL AR08

1 EMEEIN G IR H R B

ZMNG CREMERER ) 12 AEE I 25
ARG P HAT I I RS MR K WE 1. R
g8 F EALEE

1) RGEAZH AL o 2NN G AL B b ol B 4 4
WZRHAT WA BMA SRS LN, REHIAL
4 VR I R s e 45 g v SEHL AT G 00 B0 o
5 O N B AT

WA H T 2009-10-22; &R H M 2010-01-22
REE&EWH: “+—h” EPmEnE (513270105

RS R IIRSE
— ———— 3 ki s
LA 5 [aomse [BREENE ey
TEam || % [ERITHA RN
o g APTTIEL
i & AYSRIF ! &ﬁﬁmﬁ_ﬁﬂﬁﬂ
AP sz % | 7aamze || se. auyl &E |ED
) T TaE Fo B g&%%?ﬁ i
L fi

N e

B1 RARPERFPHITHEBIIGESHBTEE

2) AAHAERE . FEAEM: (1) w2 G
(K3 YI 5 Kl O 2 I SR X S K s (2) AT I
O3 R ER AT AT D0 08 R AL RE LA 2 7 A 1) Mgl 9 A8 A%
11 5 P DN ko R A S 2 v bR v £ 1 o R s b
B, P sz N G A AT N IO IE R s (3) F AT
a5 Jl o AR G A LA 1 s g TP AR R kAR

3) UIZRid A5 B o EZARAF T 58 e 18 I 25
55 I Zrod R gt X L8 B a2 PR T R N B 2
TAZAE S5 B YE A SRR 10 S A T Y s v E I
REREEH o X R A LA s A 2 I B4
YEAT 4 IEBR AR

EF R BB (1985-), 9, H#EA, WULBEFiE, Wi g vk e it s 5 Ao



22 £ 2 e

09 3

4) MERFENURBL R o R U AU Y 3= 22 ol i A
SRS I B SIS 84 E I Al i o O e e G
HAGR, 4R ge L5 B fikfE RS 5
FRREFENLIRERG R .

T R L AEAE I 2 3 4 b i I o 7 02 2 T 2%
KW, Wik, HE0E A 1 4R S ok R
ERZINRIAZT 5 LR, Hiaesc iyl
GRS ETIX M, HheNkeggE i
FEHEAT A, FEad o e bR 4E e b RE 7k,
Ol Grafeet brifith & @ LZd FEBIAY, A
fE— R B2 N RIS HAT N .

2 REEEIESR

ERMYEE N2 R G, 2N Rl Zad 72
AT RER, Mg fE—Re b — R4
BEAEAR, N PHRBERIETEEEZIIIARYS
TH®A., R&EZMMZHAER, EABR WA 2,

REAER ]

I Hik%& B
5 f 3
# ﬁ ¢

A
#* Q§3 &
K ©

Bl 2 SR iER R AR
2.1 YEBERAE L&

NN G375 R PAYEAE I 25 2R 48 h 34T 1S $5 4
I, BEASUEE AR 20 TR W 2 LR 4 A
1) AR B HAE D R — A 8l 2 A Fr gk
ECA5E K, 7 LABEE M e D & .
2) ARG BIPAT ST B AE 7 2 T H . &
VY& T3 JITEA Y
MEES AL WSS R e T 4R 3 4E 2D 3R
JF 3], 3K A A 2 A o A4S ok B B A
2.2 XHAFH#A
T HEBBIELE
Yeis4pE KA
e
Yt #p
e
AR (EEAE T 5 @)
B
1% 28
i
ECSEN
BIT #]
I A T4 o B AT g g2 5 R 4t
A HAF SRS, 2Rzl N R AE BAT A ER

)
o

O 03N AW~

R A (1) A8 B R BRI AR R B N B R A B

o, GBI R T o K4k, Wk 1.

ZAIN A M RURELAZ T A A A A B 7
K, BN 7T M HRT, Wik 2,
R2 TEEBR

A5 L
1 ET@ERmgEREL

2 ARAFEEIAEAN, ABEAWBRELER

3 ARMEETELBAN, EEDERIEMBEAIALET LIS
B

4 AL EE T ELAF, AFTAMEEGRERF, RE
2kt g, T RARME

5 AR E T BB, AT AR GREE 4R, &%

Bt R EHHEANFEE

AR AeEE T ELEF, AAFTAMEZGBRERF, RE
6 BEREME, REREFX, TARBRE (T BEA,
A FETRARST, REAEREN R, REAEF LRI ALR)
ARMALEE T LALAW, AFERMEGBRERR, K5
PEEMN L, EEDORREMIBENEE LA ERME

T DY BRI Y B R R R AR R A 8
RN e, IXFE A AT 220N G 3T 4 B
T A 235 PR R 400 4 5 )1 45
2.3 R GURSHIA

ANTR] PR 4 AG 3 A X e F0 6 BOIR 38 1) DR A A
[, et e, O AU B Ab TR EPIR A 5
RPN s MRS TN, DRV S R AU B Ak
TIE R B ROIR A, DA R B AR i
BARIY S WG AR BAR ) AR o R IX SRS
R REER, WAAREUNZREFEEER 3. RS
AT AR R OO0 B, e AR AL+ — PR3

x3 EMMKRKEEEER

XA KRE L AR
. KA1 DWS1

s jg RN
# 1 RS WA 2 DWS2
KR A& S HEAEX 1 DFM1
HIERS HEAE X, 2 DFM2
EF KA1 WWSI
KA KA 2 WWS2

kA A

L A WFMI
JRAL K& WEALX 2 WFM?2
KA EF KREI NWSI
FHh  KRE KA 2 NWS2
K& H WX 1 NFM1
K& W ALK 2 NFM2

FERMYEE NGRS, HAWS T I #
YEZ&M dEMBHRERA . AL TR oA T R SRR
HLEPREGE S, ZU N R A R se 4G #E D & .
LEAI ] Grafcet 15 5 2 37 Y1 i R A3 Y ) 4 B o
3 EZERils i RER R
3.1 Grafcet VG IE S M/

Grafeet” ) GEH K| % EH TR TH) BIFR



3 B e 3ET Crafoet [0 304 15 1 % b ik B ) 23

[F 20 RG A T2, &L Petri W 212 4 2L JE A,
KHEER R, AW SRR, [FRH 7. ThRgE
K. PERerT 5, HAMR R B R Mg ),

TE B A UG 2 T Z NS SR LR
W, ARG A, RO %R
3.2 BRI g R Y

cs | i=3

ER AR N9 =l

[I=In].[a=an],[b=bx]
ik A 8
IR S 2 R 0912 &
HIR T Bk &1E 8

[4F6- 29 RAEAF L [c=cn]

[F£Iy])Hatan]+H[b#bN]

HIRETEE

[45/X7]

4
EAGIRERT | paginds

P=(Wy*i)/5+P | fiAHE
EAGRERE
ey I A SR ) Ej [i=3] 4
, T o
In=In+ zihil T
aN=ay+ ay=an+i [RZARAFT 915 ]
by=bn+1 bi=bwn
N=C CN=CN+1
|P=3 W/5+P|
AR A &
BRI %R
Y=[100(1-P)/M

B3 EMESINGIZER

HELYE S Rt RERE R A p 3, Ay BEAX
TG B WR 4, BRHRWT .

1) BANMGRAER - NN GIEA N AT T B2 0L 4
BINGE R MR EBINARE T, R4
SEHCY AT R BRNE R CInRZ A 2
W XFENICRGE, RGO — L B A
IOEEPSORCTEE P2 =g TR N NIAR= N K2 3775

2) VAR AAT AW S A AR A RE A . 2432
N GIE S bR AV AL BEAT R AR, RGN
U AN PSS EE BSE A G E S U e
RS A 20 B B . B SR 2 N 03 2 i R 218
BAF DR ID A0 R B 2R bR IR 4 15
W2, ARGl — P RBCY T R AE R G
R, WUR B Z YN BT & LR A IR 5 0E
AT, ARG & s BRI IR S i, JF R
AR AR B, JFHENS — e 84t R St
HEM B A — B, R B SR B AR B
AR I e BUN R GXHLE 45) Ja R IE
WA, RN o O BRI RS, H B2
WA RS R EEAE 3 R, REKEVAREAN T —

PR DER, MMHEA T Grafect i34 .

3) PEAZ U BRI YR B K o AR dEE 2
REFRBE— DN UEAS BRAE 2D BRI T 2 R B B
RN R L K, RN R B RE
By ARG I W R R AR R R, R GUR S 1L
2 175 B 7 R RN 208, HL 2R A 4
ERE NIALNSYS

x4 ENHBINGIRENERDFEHERR

A5 F & RE W12 8
1 cs I 45
2 N A TREGF 5, LA 1
3 M Yefs i A2 P ARAE R K4 B
4 i AT R AEAIR R
5 p AR R T e R0 %, B
AHAE A 1
6 Y B Y 45 AR AR SR ARG
; 11 Al ATEARE. F N T REFF
I Iy N+l N+1 #3484k 49 1D
g a a Al AT EAMRE. F N T REFF
a “n_ " N+1 3 4f 0g Btk at %

SARTEAMBRN. H NFREFE
N+1 % Ak o R E £ A
SARTEABRN. H NFREFS

9 b bN‘ by

10 c. Sy, Cnn N+1 4 34k 8 R E 7 X,
1 w, PSR N W E B R

(TFEE 27 70



543 4 Sy, A

ST Agent 19 T2 7B 4 BAAT: % B 9T 9% e

SE o A E N IR T e 7
3.3 HfERLRL

ANFIS AGEILZZRUN, DRIk, R 20 5
LB PR 08 R B R AR ] . RS B K AR HORE E T
10 25 A 2RI -
RI: If (L is SHORT) and (W is NARROW) and (V is
NEARVERT) and (T is SMALL)Then (Ys is mf1)(1);

R2: If (L is SHORT) and (W is NARROW) and (V is
NEARVERT) and (T is MEDIUM)Then (Ys is mf2)(1);

RI10: If (L is LONG) and (W is WIDE) and (V is NEARVERT)
and (7 is LARGE)Then (Ys is mf10)(1) .
3.4 R

BRI M g g5k 2 e, s AT S 5
{a, b, ,c, Y M5 {p], pl, plt B 58 K
MRN8 D ¥ ). RHREG ST
ANFIS W &% 2], B 5AT 2 BOR 1 B ) A% 6 5002
1M 45 250K H /D — ikt AT SKfig . B — IRIEAR
BT 5 B e S IE AR B 5 4 5, REFS
PESHAAR, R /D Al vh B T 4 e S 4
G, B 94k8EMaEmfbis 2t )z, FRk
PRI R 2215 5 v W 4 I I A5 3, SR 5 5 4 A S 4.
KRG EE, N THENENESE, WHE
g MR BN, XFEARE AR BV
P Z S A AR, I8 B R K3 S5 W SO S
3.5 SEREGIE

o TOREHEBE R G AT Bk, AR s 3R I 23 BA
Agent K TUHE T HUEM D SR EUEAEA 80 41, HY 55
HAENIGREA, Hagx 25 AENNRAEAR. FIH
MATLAB T 277 5, 4imE 8, £ AR
Gt HAT B PR 1R WAL SECE R R AL T R R T

1

0.81-| =~ ~ANFIS outpuf| Test Data and Output
—Test Data

0.6
0.4
0.2

0 1 1 1 1
0 5 10 15 20 25

0.15

0.05

-0.05 1 1 1
0

B8 {mEL

4 LERIE

BEAR 0 B R0 BCSIE 5 RR WY, BT SR A I 4 2L
ARG EAT B e SIS R (RS L, i A B
R 0 TRE PR B 73 BT 55 LRI S 16 1 5 vk A RS i

SE -

[1] TReA%, AR, AT, F. AT Agent #9KR AT
GABERFTEMRR. &% A FR, 2005 17(11):
2785-2788.

[2] R—%. it FAuk K& N+ FaKE AL ZAFFRT[D].
oA R A RIEIAKREFE, 2006.

[3] 3R, Mo, Wmiat, F. i AL RE A FE[M].
b3 BB ok sk pRAR, 2006: 10.

[4] Petty M D. Computer generated forces in distributed
interactive simulation. Critical Reviews of Optical
Science and Technology,1995, CR58: 251-280.

[5] Buragohain M, Mahanta C. A novel approach for ANFIS
modeling based on full factorial design[J]. Applied soft
Computing Journal, 2007(3): 1-33.

[6] Qin H, Yang S X. Adaptive neuro-fuzzy inference systems
based approach to nonlinear noise cancellation for
images[J]. Fuzzy Sets and Systems, 2007(1): 1036-1063.

[7] ¥Mb. B R TR A X E )| 4 X4 KA R [D].
BT MAAEE T KF, 2008.

(8] £H F. &FAdss AL MATLAB £H[M]. L7 &F
Tk BRAE, 2005.

[9] 48, hk, BWOFE. WEET KA LRGN SRR
BR[N], W E T F3R, 2009(9): 70-71.

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeosk sk sk sk skeosk sk sk sk sk sk sk sk skeoskosk sk sk sk skoskoskosk ok sk skeoskok ok

(E#EE 237D
4 #ig

HF Grafect 7 Tl F 09 B FULE &I i 72
PR, I EFIVEAL T2 I R HAT A (F
SRR U YEAE 24D I A 2N AR A iR
I AL A W) AP R A5 B, [, 1B BE SO 4R )
k. ZREZ R SR, R4 I 25
Tk R 4 TR 2R AR L b R S R4 71 52 VI B A R AU
Y1 R G AT LS U R A TR S5 BRI,
e TR

S 3k -

[1] eI, EMBEEIN %R AN R ERFTHR[D]. &F
E: & REERIAZFIE, 2007: 8-13.

[2] £A K, §. A F Grafcet #9 B 4H A % EAHI]. A
% tr B4R, 2007, 19: 263-270.

[3] #A#FE, %, AF PN 9 ALKEEHM[I]. HLEME
F IR, 2003, 24(3% F): 552-554.

[4] TRk, ForE. FTAMAIRALHAZW AE R PID 424
BT[], W& T F AR, 2009(6): 12-14.



