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Abstract: The complexity of the mechanism brings great difficulty to the calculation of the mechanism motion reliability, and
the computer simulation algorithm based on Monte Carlo method needs a great number of simulation. The further-development
of LMS Virtual. Lab was carried out, and the least square support vector machine algorithm was used to construct the response
surface proxy model. The PSO-GA algorithm is used to optimize the parameters and make the least square support vector
machine own a better performance. For the coupling of multiple failure modes, the multiple response surfaces are combined to
obtain the reliability of the system. The reliability calculation based on support vector machine algorithm is carried out for the
crank slider mechanism and the cam swing bar mechanism, and the feasibility and efficiency of the method are verified by the
Monte Carlo method.

Keywords: Reliability, Simulation, Support Vector Machine, Response Surface Models

SCHRF IR AL I SLAATENLR AT SE P07 B AR 4t BN F AT AT

K, R, FTREH
UM R, LT R, Jox, E
iigc)

zh t11@263. net (HfE) , liseninbit@163.com (Z=FE) , 18810999192@163. com (FFiEA%)

FE: WU SR DU W] SEVE R TS RAR RO R AE, SR 2 T S5 RV R A T SN LT S50k 77 S E AT R R
o MFVB. NETXIMS Virtual. Labi#AT —UIF A, IR e/ — e SCHF ) S ML AR iy e i 2 T AQERAR Y, # S HLA ]
SV HAS, s IS RN E L TERE, MAIPSO-GARLIER TSI T, 410 2 R A AR A1
RO, R ST 0 20 0 8 T BEAT IR S iR AIRAS RGEI P SRR o BEXRT L A T BRI . (IR AT EEAT 1T
SCREENUEER SRRV, Rl SR RIVEHTIRUE, UEM] T ZOER A AT R A

REEE. WAV, PR, SCRFFENL, N




Science Discovery 2017; 5(1): 12-18 13

1. 55

WL 12 B)) A 58 P2 i B ATLAG) o 1 e Y B R bR 2
—, W FCHUREIFE B 8 2% AR R0 s 8] P 52 ORI 8 Th e ) g
70 AUR ] SEME FIREFE N 290 UK 5 5 v SE 1 . MLk iE
FIREEVE WM RG] SRS, 75 B4 5 FH n) S i 2L
WIAIZ BN 2 HURB) I R HR B 45 iR B A5 A O 2 B AR
KEBFAT IR AT (1],

WUA AT SEPE AT B S 7 B S A BRI T S PR, R
THRIIHNE R ZE . TAER ULt . IRB RS HL
W IR AR AL, FR (AL B H ARt 5 B SR A = AR
—ERRZE, HSLBRE R AR . DRI A
SRR, FEOTEMEAEAME LR, FI R R S
S FEEMBII R R TAE & CL A B 2RI . eV ]
SEMEREE, R YR SO — IR YRR,
TR R v 2 Y ] S SR 2 R T 4R R S I 2R B
FRARZS 5 #2, SR BT s ML rT S 2 2 5 T R 3=
Hszme, LI 5 AR BRARZS T R I8 A LR, &t
JTVEAE R WU () 43 A v s e DUSE R o F LR 2R RAE
AARZ, VU SEMIEAR TAEZ 8 FR—R&, T2
SR R R Hf DR TR B AR T S AT TR B,
5% R S, SR RG] S T35
REECLR ST AN T

BT SR RISVE I E AL BV A2 AR LA 1] 58
P ) R — R T . ZEARZEFHVCH. ADAMSPL &
CAD K Mt Z 1Al I AH B AEJF & T LM T SEVE B R 4t
MARSS, FHHFIH M RGFHAT 7 HEME T R R A
R [2]. FEZA| VB NETHLMS Virtual. Labi# 4T =ik
Fk, *E TSRS, MRS . B
VLA AT T Al St B, X2 Hbnit T 250k, 153
TSR AR AR AT T R BUE M (3]0 FE WIS g i)
T-ADAMS IS Bk RSN AR, ST 567 1 B g it
SRR, X 2 AN TR SRAC U6 78 7 A R 22 AT A LA A
i FHATIE B TS (4] . EHIEEPREHAF, BIR
SR RIEIE AT LA BB i 1 T SEPERS JE, (R DL E K
05 BE AR, X AN A RS R
WA, 2= FRE RIS A DL F RN AR R . AR SCHR
—FRFEFIMS Virtual. Labf) /N — 3 3 KFm) AL AT 5
vk, BIFVB NETF R FRFIKENIMS Virtual. Lab@EfT 4
B, FIFSCRE s LA AT WA e B T A, b
k) =R N ] R e IR A I = NN N
LN = RS = == U I U O e S € S W VA O VAT T
ITECEHIRE, nT LSRN R G nl FE, B 1 1L 5 5
ey R AAN L, T S 2R 50 A P B LA B2 0y

SARFEHLRIMEAT 7 A5 BERISRAR, S T 27 AT b

2. STRpRBEALR S E

me) N 1723 (Response Surface Method, RSM) 2t —
AN EMSL RS RGN S H R E RN
J7i%. HETE B N A 2 0. N T E
Mk SRR ENESE (5], Z20EIAEEH k2
AT A, BT s B A 26 1 TR (1) S B BE T AN A2

TESERRAE R B, 38 sk 38 i 22 1 = R O 0L 64 1) 4
NS, HAHETFSES BIREOEIN, MEM%E% S
A/ME, KrigingtBE RS Hhih it R 24 6] [7][8].

DX 590 T4 8 1 e J8E TV, 2 3R T B L S TRV FH =2
Fr LA R G005 5 i i A s i BRI AS T 72
e E xR, mEL (Support Vector Machine, SVM)
A90FEARH R R AL SR I3 T Ge i 24 ST B il — FR AL 2%
22315k, 1Rk G SR Ak R B /N SR d i 2 STz AL RE
77, SEPLEE I KU AN B AS a1 E/ME, AR RIfES 1T
FEARBERAMHBR T, TREERTS RIFgi- A H . &
/N3 X Hr m) & Ml (Least Square Support Vector
Machine, LSSVM) HiSuykens&E#& H, H DAAR pRIE £ 1 432
DL RIS 1 [ ()8, 25 8 IR R A (x1, v 1),
(x2,y2), (x3,y3), =+, (x1,yl), & Z[H ek % [9] [10] B
(5] VA A THTA -

y®) =0'ex) +b (M

QOOHFREAR 7 AL MW BB GEREGE 221, @y
BRI, SRR, TR 2 M fb,
FURR A |02 | R 2T B, RS0, 56 ]
B SR A AR

1
R PRV B g
min ]G, ) == lloll + 5y ) &
i=1

sty; =wlo(x)+b+¢ (2)

CNIENML RS, SIARBHTRT, iR Rk
i) AL
Lw, b, &,0)=]-Y _ afoTo(x)+b—y, +&} 3)

=

a B W HIRT, HB I H R, DUR LA A
B : ==0, =0, == 0, == = 0, AL LK

P, W] A3 SR AR RN -

0 17 b 0
L, 0431 (a) = (y) (4)
o, 1, =1, -, 1), DHBAIERE, QAZHRE:
Q= vy (%) = yiyiK(x, x;) (5)
D) 5/ - 3fe SR ) AL A [ A R 0 -
yx)=Y_ K% x)+b (6)

A, Kx, x) W% E, (4 R RIS HE ] Bt
e, ZRHMENEHMNZRRE: &M% R
K(x,x) =x°x; % WX B B KE,x) =[(x-%) +
119, (d € N): B LR B S G, %) = exp {— 2],
STEAZ R EIK (x;,x) = tanh(u(x; * X) + t).

X 5T S H &AL (Support Vector Machine, SVM),
LSSVMAESVMA AN S5 A AR R 5E LR, {fiLagrange 1



14 WK S SCRFIAI RN ENEAEN LR AT FEVE 07 30 AR G0 1 R 7F 7T

a fETRARE, KFQP IR ALy — AR L Itk T FR 4L A 1) 2, 25k, fHIARMEILE 3. MRS R, i

HA B B R AR E BT R A L RS W e, flEE L.
IR A AR A S Bt . RN, LA l o o

S FSEHEAT R L VP o Pl 31 15 MO S o 938 5L xt = xiy + (xap = %) oo “ (M)

BEHLAS B b T (0 — 36, 1 + 38) X A AIE R 0. 9973, 3T ®

S LEISA b s ATE TS SUR S I (3) BT HIMatlabfe 5, R4E RGHINZRREA, FIH

M B H B OMm ¥ OH A SCRPFENLEVE S W N, IF i RS 5 it
XD = (3, D, 0D, 0, 0, D) VA AR 0 5 P AR 0 T 4 B0 L AT B, 15
RIFAL, nNBEHLA R g%

(2) FSETF LR TRE, IR SIS ThaE (4 FUMTEELE . AT AT S TR 1 s AR
B A B 2 e, 1D, e, x D) 5 34 i H R (7) TR, AR, MERHIEA, EHAWLE, HE
BTG, DG, e, ), JRTFHIRE SN 2~ T SCFR R AL A IZRFEA P PR,
(el xk 4 £6, -, xL), J9B i I (RS 2, BB NP RIFIO AL, R 5 UG R S A . 5
AR B A TR ML RS AL, @i UER AR 2 SIS A

(7 SR T AT R AR R S 07 2, SR R, SR IR BURSM TR R bR, 2eorbr, JGik

ERKER T, #HE1~3, Bkt mig Ak 72nr + 6rikfiiL,

#aterso

Fhit
. 4
o 1}*’
= = a— T — W ¥
| .
PSOIRFE PSOFhET
> T ™ e
[:3 ?J. | BFh
v

| GAZE 1R 1E

i, }do
o DIF
<

(.

e | | == |
BEsi MEF

| B | B

E1 PSO/GAFARIFAL.

\ TEXT S HUN R B B BRI, ISV RIE SRS 4R

3. PSO/GAZHTFAR DAL, T BB )R HSLAR . 31 B 2 I TSR AR AR I
F T A5 SO i M B B R R, s 2 A L] [12]. F FPSO/GATR & BT S T,
EEANEG FEOMEE, EEAES SO s X ENLI ISR PV Gk, LTI 22 1Y

HOHAT BB, BPRELE S L U e ki TR RE NGRS R
LSSWIIZHF O, PI#TEE —E BRI . T RS



Science Discovery 2017; 5(1): 12-18 15

4. MEEHRRFHELR

LMS Virtual.Lab5Nastran. CATIAE G B IF M4 K
PE(1], FIFHLMS Virtual.LabfEANLIZE N E T4,
Matlab%m A HE it 5 vl S 5 Ab BB, FIHVB. NET
TFR A SR, SCILRTIMS Virtual. Laby CATIA. Nastran
HIEREN LA SeMat lab B o« FIEEPEDT B SLI0 75 BN 17
. WU s G AR AT TR N R . A ST AR
RN SRR R G . (AR E . BT R
13 B BEALEL A E, R FHCATTABKLMS Virtual. Lab
AT RN B, P FNastradF AT AR 04 R~

KB R I A s T, B HEREABHE, HidiERr
B R APRES, TR i E Dy
HRIEHE TN SR H 45 RO ATt S ER B, 4E
D7 FLGE R S SR TT e B EAT IR AF IR TE R O
K PE I o5 s AR5 AR BEAR B b e Ont 0 B A5 i A
AT RIRBETE R 5 % 2 HE I ZRRE AR I 250 |3
I, IR St RS H. VR TSN BT 7
IEATRTAT I, (RIS $5 i 2 T SRS RV A R AT SRR 0 LR B)
g, 81 fMat 1abBEAT K EREALAMEE BLUE T S K
RO o W] FEVE (7 US98 R GUHE SR U P2

El2 WS AGHEL.

5. THHELHI
5. 1. HHREEAL

Link

|
|
|
|
|
|
|
| Slider
|

|

\ Ground

B3 M P .

L/ IR 5 NS W53 = =V LN A O S S -
Crack=200mm, & AF4 B N Link=400mm, B4 W] 48 f B
o= 0°, FEfEE Nlrad/s, i Ha = 90°/}, FHERF
FERERZE, WEHRIAIAE . S, I Bl 5, XS
Wk 1:

R1 S HER.

BEn (mmd PHEES
Crack 200 0. 16667
Link 400 0.25
Permissible Error (Displacement) 0.4 0.1
Permissible Error (Velocity) 0. 95 0.5
Permissible Error (Acceleration) 0.3 0.13

FEAL AT BIFENL, LS4 ERE: Ground.
Crack Link. Slider. HiN-5HuH 2 [ >R FH e % ml %4z,



16 SR S5 SCRFI RN EEAEN UM AT SRR 0 B0 AR S b 19 N TR 72

He it N BE S A B N 1rad /s, FKHE T Ground bR £
fixi, W5 GrounddsINF R i2shEl . 75 iR S5 ER 2
] EFF SR AR . RE MR, KR
SRR, WBHISyEIAIRS . . IEE (v yds
ydd) A AR &

B4 X0 7 e LR R
WL HAT S, i S R RS HE R, A

FE N a=90° B, W AL Ny 346. 422mm
—0.2000mm/s, HNi#E40.1154mm/s?.

HE N

JE I JE T SVME e B TRVE A, Sk 2RI IR B,
03 AT SR LR BUCSRE , FERAT 200 L, KRk b
TAGEEE . GBS, 2 i m ST RS, e
MRAFEAIE ) T K P 2R

-0.19875

-0.1998 -

-0.19985 |

-0.1998

-0.19995

02

020005

-0.2001

020015

02002 [

020025 L i L 3 L i L
16 16.5 17 17.5 18 185 19 19.5 20

Bl5 R -
SR HAE S, PIRTERGR AT

R2 G

Method1 Method2

it MWEE e HE TR EHRRE  BRBNRE TR HXIRE
k% ES 0. 6663 346. 408 0. 0470 0.9379 4 0. 0089 0. 9269 1.17%
HE ERS 0.8371 -0. 2000 0. 000159 0.9713 2 1. 2937 e—06 0.9712 0.011%
IdEE ES 0. 8535 0. 11544 0. 0002 0. 9895 2 1. 7990e-06 0. 9896 0.0101%

JEIE200000 K B A HEE, 13 B4 vl FE 14 0. 9269,
HE R EEMEON0. 9712, IR B AT FEME 0. 9896, A HLIITE
B AIIARBRIE DL A BRI TR, &8ttt Pl
RAHI AT FENEN0. 9809, ¥ RAMAMERER RS, R0l

5.2. MEEFHILA

N0, 9808 0 MU TEAT — Bl 0 S 8 B I R ol e
IEH TAE, &4, MU RS R S 0. 999975, 40
RN R G, RGnIFEMEN0. 999978,

v

El6 IR

w6 R AT ML, 4K = 100mm,
BT F¥Fr=12mm, #EITRESWEREDOHE S

h = 120mm, R~FiRZERIIEEIN0, FrdEZ 55BN
0.8mm. 0.8mm. 0.3mm. MAFHFEMAS, = 120°, [HIFEM



Science Discovery 2017; 5(1): 12-18 17

N8, =120°, TRIEMANS; = 120°, @IRIEMAHNO°,
R AT A5k 2 Wi
3 MR

piilicd
8, = 120°

RELTE

s1= 30*(10 (5%)3 - 15 (5%) +i(8%)5> ]
=30+ (1-10() +15(2) -6 (5) )

s2 =30

HERE

[EIpE 5, =120°

IRIE 8, = 120°

B7 (YR EEATHLRE A

AR R B T M R B, e MENe, R
n = 60r/min, 5240 = 90°W, FEIF ML MEE
LA, SRR R VR MR E R R E (e 0,) =
(0.3,0.05) , 7 VB MAE R ZE R AE A (Hag, 0ag) =
(0.2,0.1).

AL TR B IENL, 4T Sground. AT 5R T
M6 5 ground [A] ¥R F e e @42, CEFRAT bt hn 5
#y, RIFRFABE ME R . EN5ER T2
el )y, BRANE TS5 A A S R . 6T
JE# I ISR E , AR T 5 MRk BIAR T R AT 1 il
TEAR B W B M il v o B 2k, T SR TEVR TR
FESMhRERRemzarfReEeEsfiL, 2EL
n = 60r/minJFEHER; . WEBAKE., BTPEe. #
FRECHE 5 e BBE L BE N SRR &, B A
IR R E . AR N L&Y NER, &
SRR, W90 m, R M N 26.9349°,
174 N31.6558°/s.

2110007477 B UL S svmfe 7 I THE, W RP ik g 1
R

R4 HRXT.

Methodl Method2
pexiil HEXE HEE BE HE WHRE BRI BERWNRE  WEE AXHRZE
bi)is ER 1000 0. 7456 26. 9889 0.2671 0.9379 7 0. 1586 0.9317 0.66%
FAHE ES 1000 0. 9887 31. 6527 0. 0436 0.9687 5 0. 0041 0.9765 0. 98%

JHIE 200000 K B A HEE, 43 3047 B A FE 4 0. 9317,
FHTRE ] SN0, 9765, 25 HUAATE PR S AN 8801 1
BN A REIER TAE, 4011, MU RG] 5480, 9166,
I RAMER LR S, KRG FEMN0. 9113, EHHIMTE
fE— MR ORISR sk BEIE % T4E, £901, P
RGHI AT FENEN0. 9934, HMAHBERSA, RAFEEN
0. 9985,

ZNFE, SRR AUV B BB, B
3 TR RSB, KRBV T BB TR &, &—Fh
B AT SRR AT . T SRR D, N TH] R
J5E UL R n] SERE TS TV, PR RS A —
BB ZE R, HE— DR m RN T R P S IR, K
EBARERIL, KRR E I .

6. 45ib

(1) FJHVB.NETXILMS Virtual. Labi#t4T — R FF &, H
Mat lab il f5 AbBEAR R, 457 1 LA ] S0 FLsK
RS,

(2) X E4FRIgE TR EREN BEHENA L, FIHX
R r) S WLk S o i AT AT S R A
(3) %Xkt 4 F2 AT MU A ™ A8 R AT ML A 34T T W] S
THE, BRAE T A ST SRR R AL R AT AT 1

Zeid B FH S AR BB RO I TS
PPN &

(4) MRIGHR G AIFERIEE R, AL GE 0 IR T fE 2R
LRl EENE AL TR AOAG T, IR Al e T
REBONBIEE, X T 2R 48 1 AT S S Bk AT 2 AN HE R
.

(5) M T PERLIESE KR AL, it ACRBEALIEROR,
RS N T ST R AE, PRI AR A2, KSR FRAIR,
QAR 452 e WL T P G P 5 0 L 1P R R AR R e 1 )
A, ONIEAT R U AT S PR SRR S i A
SCHF

22 3 Rk

(1] FE, REE wmRM. 2T 2440 BB B shhLig ] 5
o B2 W% R 4 R Ul F M %
%, 2011, 32(5) :1005-1011,

(2] L8R BB AT FEVE 7 HEORBT FE [D]. ZRAEK 27, 2006,

(3] T& R, £ PR, 2 EFIMSVirtual. LabE&ES)
MLHA BT 55 23 AT RS B1F i T & (€ //1ms R L P K
22010,



18

(4]

(5]

(6]

[7]

(8]

KA S SRR BN SEAEN UM R SRR 0 JOR GE b 1 L B AT

FERI, 5k A4H 95, 26 &5, 25, Sl Ay LAIE BT 521 15 BT
FLT]. B T23, 2011, 32(7) :801-804.

Li H, Lu Z. Efficient
assessment using
response

reliability
support vector machine based

method [C]//2008  Fourth
International Conference on Natural Computation.
IEEE, 2008, 2: 56-60.

structural

surface

Samui P, Kothari D P. Utilization of a least square
support vector machine (LSSVM) for slope stability
analysis [J]. Scientia Iranica, 2011, 18 (1): 53-58.

Xu H, Chen G. An intelligent fault identification
method of rolling bearings based on LSSVM optimized
by improved PSO [J]. Mechanical Systems & Signal
Processing, 2013, 35 (35): 167-175.

Comak E, Polat K, Giines S, et al. A new medical

decision making system: Least square support vector

(9]

[10]

[11]

[12]

machine (LSSVM) with Fuzzy Weighting Pre—processing
[J]. Expert Systems with Applications, 2007, 32 (2):
409-414.

Ismail S, Shabri A, Samsudin R. A hybrid model of
self-organizing maps (SOM) and least square support
vector machine (LSSVM) for time—series forecasting
[J]. Expert Systems with Applications, 2011, 38 (8):
10574-10578

TR, X, T iR IR SRR M E AL NEEAS B A R AT
MM T]. T ENL TR, 2012, 23(16) :1967-1971.

Garg H. A hybrid PSO-GA algorithm for constrained
optimization problems [J]. Applied Mathematics &
Computation, 2016, 274 (11): 292-305

Chang J X, Bai T, Huang Q, et al. Optimization of Water
Resources Utilization by PSO-GA [J]. Water Resources
Management, 2013, 27 (10): 3525-3540.



