55 34 % 55 5 M=z h=ik Vol.34 No.5
2019 4F 5 H Journal of Aerospace Power May 2019

T EHS:1000-8055(2019)05-1137-08 doi:10. 13224 /j. enki. jasp. 2019. 05. 020

AEMIKE R ERTN T EE RGE S

BEH,L, R OB, BEHAY, EXE. REeR
(L RO R S 6 S PR TR e, KH 300384
2. ARIUR“E HUWCTAE S A h ik #fe, i 110819)

1 o GEa R T L 7 S8 Bk SR 42 i BR A R NSK-7015C 1 25 4 S B AR AR L R F New-
ton-Raphson 74 3R fift 4l 7K A8 T8 JUAR By 98 J5 72 L VR 2l 1A Y45 5 8 0 Py el SF- A5 5 8 o g s 1 I 2R e Dy R 4. L
Kriging il Monte Carlo #4519 77 75 (AK-MCS) #4 £ B A 08 5 fl 7k A= $R0 BRBOE R L TEBL 36 R 2 1 (6 4
JR RV O T S R 540 S B R AR SR R, TR OT A R R A R SR S5 S BT L R A AK-
MCS 2 00 A %l 7 AE 24055 5 7R 400 ) 2 0 M S BSR4 (9 5 SR 25 [ 3/ F 0. 003 W, I3 B AK-MCS 55 3 19 791
045 S LA A T 10 o 0 A A R A Ak i R TR B fR T A A A B e R L Bl R P9 A1 B 3 T AR B R IR 2 il
AR AN Y T SR AR R N L TE I R 05 R B R 45 A S B BT O AR RN TR B B R AR AL S AR 0
* 8B W MEMERER SWSEG ER: REUE; AK-MCS %

hESZES: V233.4753 XEFRERG: A

Prediction method and sensitivity analysis of the heat generation

for an angular contact ball bearing

FENG Jilu', ZHAO Jian', SUN Zhili*, WANG Wenjin', WU Jinliang'
(1. School of Control and Mechanical Engineering,
Tianjin Chengjian University, Tianjin 300384, China;
2. School of Mechanical Engineering and Automation,

Northeastern University, Shenyang 110819, China)

Abstract: Latin hypercube experimental design method was used to produce the sample
data of structure parameters for the angular contact ball bearing NSK-7015C. The Newton-
Raphson method was proposed for solving nonlinear equations composed of the equation of
kinematic constraints, the ball equilibrium equations and the balance equations of the inner
ring of the bearing. Then, the sample points corresponding the heat generation of the bear-
ings were obtained. A combination method (active learning and Kriging-based Monte-Carlo
simulation, AK-MCS) of the Kriging model and Monte Carlo was adopted to establish a
function between sample points and the heat generation of the bearing. On this basis, a glob-
al sensitivity computational method was used to calculate the influence of structure parame-
ters of the bearing on its heat generation. The results show that the differences between the
prediction results of the heat generation for the bearing using AK-MCS method and the qua-

si-static analysis model of the bearing under the same structure parameters of the bearing are
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Jilu, ZHAO Jian,SUN Zhili, et al. Prediction method and sensitivity analysis of the heat generation for an angular contact

ball bearing[ J]. Journal of Aerospace Power,2019,34(5):1137-1144.
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less than 0. 003 W. This illustrates that the prediction results of the AK-MCS algorithm are

highly accurate. The heat generation of the bearing is the most sensitive to the change of ball

diameter, then the inner- and outer-ring raceway diameter take the second place, and the

curvature radius of inner- and outer-ring raceway groove are the least. This research may

bring forward the theoretical basis for the design optimization of structure parameters and se-

lecting the machining accuracy of the bearing.

Key words:

angular contact ball bearing; structure parameters; heat generation;

sensitivity; active learning and Kriging-based Monte-Carlo simulation

(AK-MCS) method
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Table 1 Initial parameters of angular contact

ball bearings
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Table 2 Structural design variables for angular contact

ball bearings

W AE i Gy AT R BIH 4 WRUEZE o
z;/mm IE#& 6. 345 0.003
x5 /mm ES 6.515 0. 003
23/mm ES 83. 684 0.003
x,/mm EA 108. 328 0.003
25 /mm ES 12. 303 0.003

R T 5 UE SR T 2 AR 0 A RPE L e R A
FLT 8 S J7 hRE J  E 15 AR IR REAS AT A
Sl ADL IR g 2 R R e SR i R A A O R Al R
SRS B0 R A B 0 R Kriging B, 3L
U 127 2T oRBOAS W7 5158 Kriging RS, 285 37
R A3 3 T k)5 1 Kriging B, )5 . 7E
B 250 S RO N 8 20 MAEA R 41
AR A HE 1) Kriging A58 14l K 400 i ) 27 A5 Y
o fi b AR AR B LA SR 5 iR, B S Rl

il
'S

L]

Tit

*
\ 4
N 165 ><.* N */ 12,090 £
160 » * i M x 12085 &
155+ \ A
/

w 2.080

150 -
1 1 1 1 1 1 1 1 1 1 12075
0 2 4 6 8 10 12 14 16 18 20
5 Kriging FRIF R 22 53 #r

Fig. 5 Prediction error analysis of Kriging model

KM Kriging 5 83530 (4 R A= 345 gl 7R 008
SR TSR M 25 LA A L W] T Kriging 458 7Y
HA B RRTE - REW Al T 3CHh 45 5 W0tk A5 1R 1Y
AR Tl R 45 R 2 B il R AR R

F TR FH L — A2 1 5 00 A b R 45 4 2 0k
AR L O BEA 5 B S U AR A R A 2
BB . L, $2 ORI A & Y Kriging 585
14 Ry RABRE I BT D7 3R 45 45 - D4 Jr ff 2 10 4 4%
AR RV B P X el 7 A R SRR Y R
H 1] 6 Ca) AT A1 Jalt 7R 2 3l A ) fih 7 A 3419 52 T e
PR I N RaBIENERENIDE AR A RPN - BB EN
FRAPAR T frz /)N 5 b 7R AR A2 i Al 7 A1 Vel 36 T
PR PN BV T B AR LA RUR B AR AR 4 o i
B R i ol 7 P L 3 Tl RS AR R A P T T AR
O ST /0N o DR 24 LR/ ik R AR B R B
FIBR I 7 T8 24 389 0 il 7R P L 3 T b SRR AR A
S PEA IE LA s % RE F il R 9 S 8 1 0 R A
A T8 E 0 K T Al A T 5 R AR 4
O I 22 AR R AR N 5 T I, LA ) 22
JOE R T2 R i 7R R Bl R AR A T AR 9 L
P IOV A IR T T ) s o R A R R B M R A
fin 22 /N2, 1Bl 6 Ch) AT, Al R 3h 1K B A%
Ak 5 B R A AR U 25 78 A B R Ul Bl R IR
A E RS AL S RS iR, [
E VNS EREBEN RS SRR BN (e iR FE R (E
R Z - N AP A T8 AR R R S B SE R
o 5 FLAAEH o A B i S A L AR AR
PR 20 R AR PR A . 28 B R S5 H 24
Z 1) A8 AR ELARE R b R 2R R S M K 9 EL Al R
AR SRR G SR B A W R AR L R

Hy B 0 A7 45 R TR AR R S R B Rl K
P AP T B AR X AR A PG R . T



5

10 35 B 4« 4 Sl BR A R A BRI O V5 5 R B 2 1143

— B RE g3 A 45 R IR A Pk IR 35 Kriging #5E8Y
aF e R S v iR R R N U NP N S RS B E R E R &<
A HLEREIEL AN 7 AP 8 Bro. B 7 FIA 8
SRR Bk R A PG S P 9 T8 AR B 1 0 T s

1500 . . = . .
1000 }
£
£
= 500}
El
= 0
ﬁ
T —500 }

~1000 }

~1500 :

xl xZ x3 x4 xS
ARG SEL
(@)

300
E 250}
Z
,Hﬁ 200 }
&
l.lé
£ 150}
+

100

xl x2 x3 .)C4 xs
RGNS E
(b)

6 TR 45 K 2 B0 RlUR A2 B 52

Fig. 6 Effect of structure parameters of the bearing

on its heat generation
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Fig. 7 Variation of the heat generation of the bearing

with the ball and outer ring groove diameter
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