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Reliability analysis of gear vibration based on dimensionality
reduction visualization and Kriging
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(1. School of Equipment Engineering,
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Abstract: To solve the problems of large computation and low precision during gear vi-
bration reliability analysis, a reliability analysis method based on dimensionality reduction vi-
sualization and Kriging was proposed. Sample points were generated by Monte Carlo meth-
od. These points were transformed into two-dimensional pole feature space, and then Krig-
ing model was used to predict the dividing line of safe and failure regions. When predicting
the dividing line, an active learning approach of selecting points was introduced to establish
Kriging model so that the utilization rate of sample points was improved dramatically, thanks
to the properties of nonlinear prediction and error estimation of Kriging. Through gear vibra-
tion reliability analysis, and by comparing with traditional dimensionality reduction visualiza-
tion technique, it is shown that the number of calls to the performance function changes from
975 numbers to 149 numbers, and calculation time changes from 12400s to 1810s. What’s
more, the result of this method is consistent with that of 100000 Monte Carlo simulation, so

the efficiency and correctness is validated.
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Table 1 Parameters of gear pair

K ¥ m/mm 4 4
Vg = 20 30
WU R A A 1 1
TR R EL ¢ 0.25 0.25
FEJA a0/ 20 20
% % B/mm 16 16
WL E/MPa 207000 207000
TR LE v 0. 259 0. 259
45 T/(N » m) 500 750
%34/ (r/min) 3000 2000
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Fig. 2  Flow chart of the proposed method
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Table 3 Calculation results comparison of

different methods

Tk Nea Py e/ % Lepn /S
Monte Carlo 10° 0.01395 363000
VN = R 149 0.01387 0.5734 1810
FORM 45 0.0004339 96. 89 473
[ i vT Ak 975 0.01380 1.0753 12400

SR ] A SRR B ROR N BRI &
S B AR 2 bR B A R R

N 3 AR IR AT UE W, —k 2 Birjd
P19 F =X 3 B oA % (Runge-Kutta $0{E 8D
U E R /D I T i i AFL2 TSR B AR
KA T FEE i T d 57 B9 4 48 4R 3l il 4Rk
R, —IK 2 L C 2 IS A R A 2
TR K. A HE T A SCHE i, SCHR 8 v B 4 vl 41
AR T 58 25 SR Lo 50K 1 L {52 L U FH o) RE pR R
B RB Z B T G X F 8ty T R%
A ] ML R B GO0 AR SR AT 2 B A S UYL
Wt B B2 A R DR PRE X o3 R U & 4
AR SCE LA IR 2 B AT e L B Kriging
BERY 5 | AREAS (1 B A Ak 25 8] AR Dy 23 4R R )
TR AR R P AR BRAR S R Bl 975 Yk 2
g 149 ¥, 1 12400 s W/ R 18105s, JA
MBI T A SO B e B R0R B Rt i T
$ 100000 ¥k Monte Carlo #5031 2 45 S AE N
“REAR X L R B A ORI
FEAS — 0 B E T A4S SO B T A MR AT AT

3.5

D) ASCERM T —Fh 5L T R4 AT WAL R Krig-
ing BRI AT HE PR 43 BT J7 15 L 1% 07 A N L RE 15
EZ: 2 e AR R (R L NTTREN: 30 4 273 S Ea
Tyt eh B R Y ) L K 2 YR
PB4 WE W T M R R AR 4 s R .

2) 33 O HE PR 3N AT SE VR A S R I AR T
g b4 vl AL B2 AR B Tl Kriging $0 5
A B AR S 6] 09 43 S o TR BR AR 2 R 4R
M 975 YU R 149 WL TR 12400 By
1810 s, 4 1 53 Y RE A I SR AT S 850%.

3) J 4 100000 ¥k Monte Carlo #5401 2%
X AR A SCE %5 Monte Carlo 8 AT, 35 11E
VAR SCERVE T BORG BE Y IR A

4) AR SO R O AR AR 2 M iR 3 B 2K ) B pR
B A RE RSB B AL T — R R B R L iR
PRzl PRI T NS E M.

S UMk :

[1] Zmy. ER%E SR AL M Jeat . B2 it
1997.

[2] REFE,EEFE. % BN R E LG m g
FRICS) Iy 2 o3 05 ¥k LT ). ot 25 3l Jy 2241, 2013, 28 (5)
1192-1200.

WU Yongjun, WANG Jianjun. A contact finite element



4 7]

A 45 « 3 T B aT AL 5 Kriging (94 58 4k 2 T 5205 20 47 999

[9]

[10]

[11]

[12]

method for dynamic analysis of continuous engaged gear
pairs[J]. Journal of Aerospace Power,2013,28(5):1192-
1200. (in Chinese)

HR 2L A a5 L RS W) B0 U 5 45 1 7R AR R S
WUFSE LT ). Wi 2s 8 f1 %4, 2010,25(6) : 1327-1334.
SHAO Renping, XU Zhifeng, CAO Jingming. Acoustic vi-
bration characteristic of crack gear structure and simula-
tion[ J ]. Journal of Aerospace Power,2010,25(6):1327-
1334. (in Chinese)

Harr M E. Reliability based design in civil engineering
[M]. New York: McGraw-Hill,1987.

K. ST AR L AR AT O vk SRR LML JE Rt B AR
#1.2009.

Au S K, Beck J L. A new adaptive importance sampling
scheme for reliability calculations [ ] ]. Structural Safety,
1999,21(2) :135-158.

Au S K,Beck J L. Important sampling in high dimensions
[17. Structural Safety,2003,25(2) :139-163.

McKay M D,Beckman R J,Conover W ]J. Comparison the
three methods for selecting values of input variable in the
analysis of output from a computer code[ J]. Technomet-
rics,1979,21(2) :239-245.

Hurtado J E. Dimensionality reduction and visualization of
structural reliability problems using polar features[]].
Probabilistic Engineering Mechanics,2012,29(7) :16-31.
Gupta S,Manohar C S. Reliability analysis of randomly vi-
brating structures with parameter uncertainties[ ] ]. Jour-
nal of Sound and Vibration.2006.,297(3/4/5):1000-1024.
Papoulis A. Probability, random variables and stochastic
processes| M]. New York:McGraw-Hill,1991.

Jones D R, Schonlau M, Welch W J. Efficient global opti-
mization of expensive black-box functions[]]. Journal of

Global Optimization,1998,13(4) :455-492.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Ranjan P, Bingham D, Michailidis G. Sequential experiment
design for contour estimation from complex computer
codes[J]. Technometrics,2008,50(4) :527-541.
Bichon B J, Eldred M S, Swiler L. P, e al. Efficient global
reliability analysis for nonlinear implicit performance func-
tions[J]. AIAA Journal,2008,46(10) ;2459-2468.
Echard B, Gayton N, Lemaire M. AK-MCS.: an active
learning reliability method combining Kriging and Monte
Carlo simulation[ ]J]. Structural Safety, 2011,33(2);145-
154.
e IhaEAL A . 5. — Bl 3% F Kriging M1 Monte Carlo
1 2 gy S AT RE SRR LT ] i3S 4R, 2015, 36 (9) 1 2942-
2951.
TONG Cao,SUN Zhili, YANG Li,et al. A active learning
reliability method based on Kriging and Monte Carlo[ J].
Acta Aeronautica et Astronautica Sinica, 2015, 36 (9):
2942-2951. (in Chinese)
TONG Cao,SUN Zhili,ZHAO Qianli, et al. A hybrid algo-
rithm for reliability analysis combining Kriging and subset
simulation importance sampling[ J]. Journal of Mechanical
Science and Technology,2015,29(8) :3183-3193.
XN 0Lk O B Kriging 16 80 75 [8] 14 K #f & 3l HL %
] SRS A R A LT . M2 8 J7 2% 4. 2010, 25(1) ¢
193-197.
LIU Jitao, LIU Fei,ZHANG Weihua. Application of Krig-
ing model to reliability analysis of solid rocket motor grain
[J7]. Journal of Aerospace Power, 2010,25(1):193-197.
(in Chinese)
Sacks J, Welch W J,Mitchell T J.et al. Design and analysis
of computer experiments[]]. Statistical Science, 1989, 4
(4):409-423.
IhAEAL BR R R SEIAUR AT S B B S 0y B LML e
a2 AL L 2003,

(.t B





