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Optimization design method of bearing structure parameters based

on Kriging model

FENG Ji-lut'?, SUN Zhi-li', LI Hao-chuan', TIAN Yue!

(1. School of Mechanical Engineering and Automation,
Northeastern University, Shenyang 110819, China;
2. Institute of Oceanographic Instrumentation,

Shandong Academy of Sciences, Qingdao Shandong 266001, China)

Abstract: There is a close relationship between heat generation rate and the life of the
bearing. To decrease the heat generation rate of the bearing, associated parameters of the
working bearing were obtained based on pseudo statics analysis and raceway control theory of
the bearing, and then, the heat generation rate of the bearing was further acquired. The
Kriging model and particle swarm optimization algorithm were proposed for optimizing struc-
ture parameters of the bearing to obtain the minimum heat generation rate of the bearing.
Taking the NSK-7016A5 bearings as an example, the results show that the total heat genera-
tion rate of the bearing and inner and outer rings can be decreased after optimization of bear-
ing structure parameters. The combination method of Kriging model and particle swarm op-

timization for optimizing bearing structure parameters could obtain satisfactory design re-
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sults, and increase bearing design efficiency as well.
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Kriging model;
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Fig. 1 Sectional drawing of angular contact ball bearing

TR 52 W) ol 7 (8 PP R A 4 T R A Bl
A AR BT K B R ) £ 2 L e 9 Y
R EEA Z B 000 po vao F Dy BEE B0 il 7K A= 44
A8 p Tl A B A BT R A S R e A A A A
A R AR BEAT S5 H 2 B AL IS AN 25 R A1 28 A
Bl A A X il R A FRGR 2R D, O R A
Je R NS E R BAR Z M — 2 ARy T
BB/ R R R Y P VR AR B [ RE

Pt s D, 1 K /N H il 7R A1 B R B B A% D, Tk
SE . FRZE R S B BUE AN 1 TR, e Rl R
T fil SR 25K S8 pispo I D, A G R
KA

cosqy = 1+ D; +2D. = D,

2(pi +po — D)
A Dy RS BAR  FLIBUE H AR D E
F1 WRETEENREEER

Table 1 Value of bearing design variables

(8)

Wit A & ¥IE Iy 2%
o/ mm 7.101 0. 005
0o/ MM 6.966 0. 005
D,/mm 116. 035 0.01

AR AR A 7K 25 4 2 00 BB 1) AT DL ST DA
RS S EON 200 R B A G R H AR bR
B A Ak Tl A, A2 R

min Hyo = fCois00 505 D,)

ot 7.096 < o < 7. 116

6. 951 << p, << 6. 981

116. 005 << D, < 116. 065
AR ZEAE I35 o0 po T D, H I Y FLiE 3
3o BUE JF N R4S, f Fom 5 R AR R H AR
BRIER, R B HUL5 AT LA o Kriging J7 45 3.
1.3  Kriging /7%

Kriging fAj& —Fj 2 S8 G (BT . A
7 24 RS BB B BT 2L X R AT DA A5 7Y
4 T A E RS A2 B eR B S . ) Ah
Kriging BRI a] LRy ] T o JF 2 M 19 0] 3. Krig-
ing BRI ZRIR Ny

g(x) = fT(xp+z(x) (10)
A fTCoB AR, B 2K [HH R AL f(x0 N
BEBLAS 1 x (1% 22 5002 ok B0, 300 0 AT DU 2 R,
U 1 SR /N AN 52 Wi A5 700 1 3 fRIAE 2

2(Cx) SR BN AL A5 oK E0 Sz e Jm) 350 A 22 179 3 A

YA p EF T ER O I ZHERR A
cov[z(x;),z(x;) ] = ¢’R(x;,x;) (1D
KRG x) BTA SE 0 R TREA S X Fl x;
AR G B B30 A TR 10 o R B e TR AL A A2 (o
AH DG R EICH 2 F e AR O s Rk U R

(9

R(x;.x;) = exp(— 2@ |2 — i |?) a2
k=1

X n NEEHLAE R DR 20 5 2k B FEA
Mx g x g BUES R AR 0 RARRIES R A



726 A |

LRV

K BRI B A R ABL R Al 3 E o B

¢ = min[ (detR) "% (13
4
g/fl\/‘\rEiJ” gﬁﬁZ’X%% §= I:«Tl s Lz 0t Xy :I ’ i+

SR VL 19 552 s 2 R R 80 L AR 5 o7 G A 1) R B 5K
RiEN

Y = [g(x)glay),eerugla, )] (14)
A g fle” WAGITHE N
B=(F'R'F) 'F'R'g (15)

o :‘if(gA*ﬁF)TR”(gA*BF) (16)

P N, 2 [ 5 10 428
i Kriging £ AY, 45 ) £ W 22 2 18 3500 meg
NEAE A
g(x) =B+r"(wR'(Y—fp D
Horp
f= [f(:cl),f(l'z),"',f(1?7,x)]>[‘ (18)
r(x) = [R(x,x,) s R(xsa) 52 ,R(I,ar,,s )"

aom
Kriging J7 2
&2(1) = {1—r" (DR 'r(zx) +
W (O[T (OR (O] ula)} (20)

Hor u(x)=f" ()R 'r(x)—1.

## 7 Kriging 30 F2 )5 - 22 A3 O3 A 1 HE
LS H 2 [R] 14 22 e ok o o BB 1 o IR, ) 3
IR RS 55 7 1A R AHOC R AR B IE R AH G
FH (adjusted R*) (T B 1% 2 (RMSE) 45
1.4 MFEMAKEZE

LB D0 Ak B3 3 2 — ol Ik F R RE 19 BE 5
B ORI B — S U B RR Z R AR —
TERRTAT . TERLL S SR B W i S B 2
B B BERL T E CAT I R A B ) e A A O A
LR BN B A . X TR B AR BB 56 kIR
ST B 57 BRI B A3 S O ok R0 od B BT
R4 1 YRR AR 3 B RN AT Al 3R

vitt = wvi + o (pi — xi) + e (py — xi)
(@2D)
xi = xi+ v (22)

Krf w AWPE R o Al e, AU R B 0F B
= =2 RARARRE ri o 20,11 ZAHY
BEDLEL. {8 K& pl NRLFTE A BB b KIG 1
AL E  BEFR N P-best; pi kLT HEH £k IRE
B R B S R T B R G-best.

H AT SR FHER 22 1 3h 25 1M AN B (B 2 2k 1 3
UEREIER 1 I Sy (1 N

. . Wmax — Win
W = Wmax k

I > o PR E 28 B0 5 A B /ML

D TSR B AR T f AL . R
A S 7 0 R A 07 AT R R R IR NI T
240

X k (23)

x2(iyj) = Zpa X rand

rand, ,m S FPHERLAL.
2 WAREHS MR EETERE

HR AR LR 3B, 42 1 T R s/ AR BOR S A4
H b 0l AR 25 4 2 5000 Ak T . AR 0 il R Y
SERI SR R PR B BI(E RNy 25 R AT BT R S
J5 hRE P REAS B VE Ry WA AT Sl R AR LMy
TR LH SR fiff o IR RE — 25 SR A5 % I A7) 1 174 il 7K 42 ik
XA A R R AR i AR ARG 3 R s IR
Kriging #E47 H 45 585U G B 4005 bR EUVE S kL
FEOU AL TR0 1 25 R H A5 eR I, XRL - BF 2E 47 4
P42 R . 24 3 AR BGA B B R (B I L AR
W A5 B R ZE R S B0 A g SR R S5 S8
Mol AR & 2 Jis.

SRl

Hdi=m-

v
| R SR TH T LrinE |

[ A TREGE . R, U Sk |

fiA: SR RESME (RS AL | RIE BN AN {3
Tk RN Py S A P AT b

| kfpdigargk o tial |

st
i
B
|
h

Kriging$l 75 [ b el 8L |

[ WAk SRR TR, WMIGOCE . khdE |

TSR HbR e B HEH AR 2 i (i

!

| HS Tk e R |

Bl 2 Bk S5 1 S 8000 Ak R
Fig. 2 Computation flow chart of bearing structure

parameters



#3

1035 B 45 T Kriging A5 R Bl AR 5589 2 B b By i 7

3 HIRITERRIEIE

3.1 MHER

FIH bR PG Ak 38, % 42 ik 35k gl K NSK
TO16 AS #EAT T 45 S5t de. 7 B vh Z20ms 1 SR
R R 5 AR ER 22 (8] 0 B8 458 26 B, HL Al R 5% )
A S A 2 (B 2 )5 T SR O Ak i S TR 3
() SR AR ) #ofar F, =200 N, il %X J) [, =4000 N,
¥ n=16 000 r/min. & # B GCrl5. &1
S5 R S BRI AR HHERL - HE D0 A0 5500 i A G0 B 2 8K
Jrolang 2 fEk 3 FroR.

x2 AEMKEBARNVNBSH

Table 2 Initial parameters of angular contact ball bearing

28 KfH
KM d/mm 80
4 & 4MME D/mm 125
Wk EH%Z D, /mm 13. 494
4% D, /mm 103.1417
P RV GE 1Y il 2R AR o/ mm 7.101
S TR TE 1Y it AR p/mm 6. 966
RaafA z 20

R3 MERNTFEAKLEENBRSH

Table 3 Initial parameters of particle swarm optimization
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Table 4 Optimization results of bearing structure parameters
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