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An Optimized Design of Deep Groove Ball Bearings Based on
Particle Swarm-Genetic Hybrid Algorithm
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Abstract: In view of an improvement of the service performance of deep groove ball bearings, an optimization
design method has thus been proposed based on particle swarm-genetic hybrid algorithm. With rated dynamic load
and rated static load as the objective function, and with the diameter of rolling elements, pitch circle diameter, number
of rolling elements, and curvature radius coefficient of inner and outer raceways as the design variables, based on the
particle swarm optimization, penalty functions and genetic crossover and mutation operations are introduced for the
solution of constrained optimization problems and local optimization problems. Taking 6206 bearing as a calculation
example, a stress and sensitivity analysis is carried out for the optimized bearing. The results show that the proposed
algorithm is characterized with an improved convergence performance, a stronger optimization ability, and a faster
computational speed. The optimized deep groove ball bearing contact stress has decreased by 31.7%, thus verifying the
validity of the proposed method.
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Table 1 Partial contact parameters with dimension 1
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093657 3.7380 04166

FIREARCR, UL C 5 C, imiZ A G AR
FARAL HFRREL, FFam 4 WIS e #fr, DA
C.H C, AL Bbrrh 2R, & Xk (4) .

G=a,C+a,C,.. (4)
b ap. oy BEMEIERE, H ata=1.
i bR, s i) BRI, SRR

=M /mm  g/mm  b,/mm
0.95738 44395 0.3830
0.97290 52670 0.3490




34 (71 N DR AN N S S 14

2024 4

BRANR MM RE R AR, BT E G MR, E LAk
SRAGRT,  HRESR AR R B/ ME AT, R, 38 XF
Tk Gt Sk @ e BFREERL Y, Bt KAE
() R Atk AR /ML Tl R SR A, FRIBATR
Yoi=—G. (5)

12 BHEE

A (1) ~ (5) , ¥RgshikE#R D, TRIE
% D, WMAEH Z. SMERIE A 3k R, F
N IR IEV IR R L 5 DS N DA ER
AT E &, =X (6) Fs:

X:[xlﬂx29x3»x4’xs]:[Dw»Dj’Z’fi’fo]o (6)

13 AREHE

1) WA BERLN . RNA TR E R IR
R C., WIEE SR 2%, SRESNIAE
TR O il A2 <

KDmax(D_d)BD ZKDmin (D_d) ( 7 )
2 : 2 ’

K Kpmaxs Kpmin WK B AR R HRE S AR A
KA HE, XN TIREGERGNK, Ko N 0.8, Kppin
9 0.5; D RHUREIME; d AR

2) WRIERAR, R EARE T R Sk RE
HYJEERE , XTI S5 5 —E M5, Ry T ORRETR
VBRI SE PRI A, R A5 158 BRI 6 A -

(D+d)0.5+e)=D;=(D+d)(0.5-¢) , (8)
K e WRIARIE R HERE M & Y, X IRmERGhK,
e J 0.1,

3) WAlREE AR, E 1 R, BT TR
IERPARERL, TESRA AT, TREIARM S
N LUT 4 P

a e 180°

2sin” (DW /D)) B (p,/D,)

K o, ARSNHRARIEERLA , X TIRIEER
&K, o, 4712 4rad,

+1 (9)

B R ARS R TR
Fig. 1 Assembly diagram of rolling elements of

deep groove ball bearing

4) BEJLZY GRIEREN AR R B AR SZ AR 0 B AT
TR A5 N PR T8 =[] 1) 10, ) KT A1 e VR T T 7 2
(RN, AR JEL I i 2 T 2 A
(D-D,-D;)/2-2D, =0 (10)

A e N EHIRIMNE R A S &, X TURIEEK
W&, e BLO.1,

5) WP RN, HR Rk R
JER AR ShZSVERE A L5 S8, SRR
A, . SN TE 78 Hh R AR 2 BN
A,

(11)

0.520=£,=0.515,
0.535=£=0515.

2 MUEESITERE
2.1 HFBMANEE

PSO £ J. Kennedy F1 R. Eberhart 3t [7] $2 H #9 —
FiB AR R Ak ", TR 2 RO Z i
BIRE AR, AR MU 25 A AL B 4 e A5 5 T
I Z IR o 20T R IR A2 ) N A BERLRE T,
S R, R E L PR B At . PSO
LA R A 5 SR BN AR DA poey ) FIEE
ASKLFRE SRR AU ( RJRRAE gy ) REHTH
CIOLE , RIS TR 2 0] F RO 2
HAUF
Vo= wjv:d_' +oh (p;:" —x’]:' )+ [N (g"_] —x" )

Jjd best jd

"(12)

-1
X" =x"T+V" o
Jjd Jjd Jjd

Ao Vi RS AR IS TS o ATk R
w O E IR o HAMEET I o M
2T r o HIXIE] [0, 1] FHIRERFEHL 5L,
TR TR, Pl RS AT AL
gl R TR ACY TR A B BT YR
{jﬁo

TR FREE L, BPERE w5 A%
BT e s s R, =t (13) R

1/Vmax M)min

W=Wox —— _ —— 8én, ( 13)
gen

Krh: gen ARLABEYATIE RS gen,,., AR HE
R RIEAUREL
22 FHERE

TR — A A0, oA O AR H
()50 Py 24 R bR SCFH A R ESOR 18 — S8 Y E A eR R
RIHT Y B A5 ok B 45 St ek BN T 29 ek R, T



13

Mo, S TR - BRGNS R BT 35

A=A AR BT R - U S AE ST ORI AE TR
SAGE|— R I RREL, WA 2R AP B 2
FH ARSI T R TRET , BB RS H br R &Y
WAE, B2 w . XL
2, —Bl KRR
min f(x), x= (xl, b RETER

{75«

x,)eR",  (14)

g,(x0)=<0,i=1,2, ---, n;
{ (15)

h(x)=0, i=12, ---, m<n,
2 (14) (15) e fix) WEBRREG g(0) WA
s ho(x) ML
KL, FES]eRET LLEHa (14) BmIREYES T
wrFAk:

F(x, 45", 4%") = f(x) +Alg"”2n:G[g,.(x)]+
i=1

A;"’”iH[hi ()]° (16)

R Fx, 4%, 45" ) RIESTREG Glg/(x)] WA%
LRI A5 KB Hh(x)] HERA R
PRI IS R A, Ay N AETT 7  FE A R
LA IR ARUREL gen MBECTIIE A, n] LUK HAL A
e

FEEACRE AR b, S AR AE T R A4
A A A RRRRECF (x, 45", A% ) BB/

B xT( A5, A5 ) B ICAIE JE 24 SR Al AL B R
B A 2R b, IR (17) .

Jm AT 2,6le @]=0.
. aon m B
g(l:}:r_{lmAz ;H[h;(x)]—(), (17)

lim |F(x, 45", 45")= f(x)[=0-

gen—eo

Bili 75 3R ARUREL gen BWTHG N, LS (HBOR )N,
AT 0o I, SRAFA L S AE ] R e Ab R oKk
fF B I AR AR IR, 38 2 JC 2 SRR AT 2 H AR
BRESCE (x, A%, A5 ) BRI R R 25 A B ()
PR
23 RX, TREBE

LN G AR GA WEHENE, & R
SCRRAMARECRS, AT — A E AR B EA, Y
mEALAAR LA, & TR ERE; &
SHEAEE AT SRR N BRI I, e s iR A ALl

S KL, AE PSO A GA IS, B SHRAE,
AT DAAEASRL - S0 b AR R, AT 4R 3 [ R 4
Jry i LA

R TR - IR A EET, MEREA B
)4 R EAE S — 2w UEARTR] . A4S
Bz AL 2 T BEE Y kg B, TUERIA LR R 2
2y CE VN R 15 5/ AL R & 926 B R Aw VA £ O (VA 54 2 Y
GA WX A8, 7T, AR 5T
oA, G N R A AUk T — itk
MILHIA GA WA, A8 5480E, AT LU Ik 1 £
ek, Tk R B AR

3 BEAD, — 3 52 AEF- SBC ( simulated binary
crossover ) XL HE — 15t A4 1R A 5508 E AT 52 I 2 )
A XARAE, ARBRL TR X (x), x50, x,) Fl
X°(x1, x50, x3), f#H SBC BT A AN FAUAMA
C'(cy, chyey ) FLCHA, ey ), FTLLEIEE (18)
T

¢l =0.5[(1+)x! +(1- B! |,
¢} =0.5[(1-B)x! +(1+B)x] ]
Ap g (19) ShSHHLYLE

2xrand)*™ ,  rand<0.5;
B= —L (19)
] , rand >0.5,

(18)

1
(2—2><rand

KA rand HEE, HAE 0~1 ZIIBEHLAE S5 mu
LM EF A, H mu>0, —BE mu=1.

STBUIE A Wa AR S = R aP O A i A | i e = RS
PEATAR S 3, R AR AN X (x], x50, X)),
XA A B YL R T8 A, Bl (20)
THESH)

x/=x+1, (20)

Krp: A FAUMER AR AE; =X (21)
BASHEHLIE

1

(2xrand)'*™m -1,  rand <0.5;
n= , (21)

1—[2x(1=rand)]™ , rand=0.5,

K mum B REFEE, H mum> 0, —
JBEE mum=1
24 PFE - BRREEENMANERE

MR 1 - AR IR SRR st 3, A
i bR E BB BR B AR AL BT A SRR, DA
W0k BAR R EUETE SIS N . kTR AR R
B, 456 GA MIEH, XPRF A T, A8 4



36 WMo Lok ok % % i

2024 4

Y, P RFMEXIER, MIRG2 R, HAiiit
AN 2 7, BARAIEALERAEA SR

TE]1 MRS
S22 VIR RS AR A S AR, R
DAL BORL T H

HW3 MR R ECRIET], THAUR T A I R
1B, B R 1 A R e AR e L (L

R4 MR (14) EHORLFRBIERGE, B
B UKL A LS

IS HAWRE 2R E S E A
2 Jey B AEL RIS ) A B A3 LY hrs A
AL, IR B BT E T GA YAE X
VSR s 2T T —2

PR 6 HRUCHI I R BCE BT 14 H AR N
{EL, RIS BEHPRL T 42 R (B SR B de DA

BT FIWEAR I e REE S E R
SRt e A AR, EAHE, WTE k(SR ERS E
L AAARIE, U A fEHZE .

ik RUNRUY As B SEY WS VI P A PN LY AN ¢
geny, B, BIISE| 2 )5 fe i o

O\ WIRARRE | i ek
P PRI B
Y

P ERET LT R
k=0, gen=1 i‘— FEE, FFRERT 2
JRy R Ry R A

N Y
genssgen_

TR
1‘1%

R T
BRPEAIM

FHH b
TR

!

TR 42
SRR IR

e ]
R 2 R
IR

KRR S
PR

B2 RFE-BEREGEERRE
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algorithm process
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Fig. 3 C, optimization results of 6206 deep groove ball bearing
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Table 2 Design variable values of 6206 deep
groove ball bearing after C, optimization

BRI D, /mm D;/mm Z/mm  f/mm
KL - g

fo/mm

X 12.595 146.5740 10 0.515000 0.515 020

fEIRA T
R X 109748 47.5405 11 0.515 000 0.515 000
AL X 112700 44.6975 10 0.5152050.516 837
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Fig. 4 C,, optimization results of 6206 deep

groove ball bearing
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Table 3 Design variable values of 6206 deep groove ball
bearing after C,, optimization
B WiAE R D/mm Dy/mm Z/mm  f/mm
TR - 35t

f,/mm

X 11.436 0 48.2509 11  0.515000 0.530 000

fERARD:
BFREEYE X 10485749.1016 11 0.515 000 0.525 360
WAL R X 112546482826 11 0.5151830.518 575
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Fig. 5 Optimization results of combined rated load of 6206

deep groove ball bearing
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F4 6206 BURGHKMKBR S MERTRULFTRITEEE
Table 4 Design variable values of 6206 deep groove ball
bearing after optimization of the combined rated load

PR Wt E Dy/mm D/mm Z/mm  f/mm  f, /mm
R - 1
RIEE MR
AR X
WEEL X
3.2 6206 BFABKHABRIT A

T SR AR TR - 5L TR G SR N T
IREEHZEA A R, TR 211 6206
TRV ERENR, ICEHUE B it 2 s 28, i 16
KN AR [ iy, 7 AT PROCA T I 01 7475 LA BT
RVLACHT IS Bzt ) = K& 6 Fis o DLAERTY
B KRR 1 1 315 MPa, Ak IS A Kb v 1y
4 898.2 MPa. FHLL THLALHT, URVAERGAR PR 32 42
b R T 31.7%, XA g T ER TR S PR A
REFIIRE 55 FF1

X 12.8000 46.5311 9 0.515000 0.529 877

11.367 4 48.2184 11  0.520 000 0.516 818
10.954548.7842 11 0.515448 0.516 740

S, Mises

(Avg: 75%)
+1.315¢+03
+1.000e+02
+9.167¢+01
+8.334e+01

+3.337e+01
+2.504e+01
+1.671e+01
+8.381e+00
+5.225e-02

a) JLALHT

S, Mises

(Avg: 75%)
+8.982e+02
+1.000e+02
+9.167e+01
+8.333e+01
+7.500e+01
+6.667e+01
+5.834e+01
+5.000e+01
+4.167e+01
+3.334e+01
+2.501e+01
+1.667e+01
+8.340e+00
+6.943e-03

b) ifb/E
B o RAFKEAEAN N AE
Fig. 6 Cloud chart of contact stress of
deep groove ball bearing
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-0.5% 1 +0.5% B, HAReREL C, Fl C,, (7RG DL
20 5 1% 25 R —0.5% 1 +0.5% IF, H b %k ¢
C,, MMBURE S Fras Feink 5 F3k 6 s,

£S5 HIEREN -0.5% WEBENSHER

Table 5 Sensitivity analysis results with a manufacturing error

of =0.5%

Hep= il IR 2 /% FIAR BREUE AL AR B /%

& D, D; fi 1o G Cor
1 -05 -0.061 9 -0.0513
2 -0.5 -0.001 4 -0.0102
3 -0.5 152103 1363 1
4 -0.5 0.639 4 -0.002 2
5 05 -05 -0.064 0 -0.059 3
6 -05 05 15.208 6 13549
7 -05  -05 16399 8 1363 1
8§  -05 -0.5 0.577 1 -0.0513
9  -05 -0.5 15.135 4 13135
10 -0.5 -0.5 0.6370 -0.0102
1 -05 -05 -05 15.133 7 1.305 4
12 -05  -05 -05 163977 13549
13 -05 -05  -05 16.325 5 13135
14 -05 -05 -0.5 0.574 8 -0.059 3
15 -05 -05 -05 05 16323 4 1.305 4

Fo6 HIEREN +0.5% WEBRENTER

Table 6  Sensitivity analysis results with a manufacturing
error of +0.5%

Hep= il B2 /% H AR BB AL LA /%

ff "D, D, f 7 C. Cor
16 +0.5 0.063 3 0.046 9
17 +0.5 0.002 9 0.005 8
18 +0.5 -9.914 0 -1.314 6
19 +0.5 -0.6452 -0.002 2
20 +0.5  +0.5 0.065 5 0.0549
21 +0.5  +0.5 -99118 -1.306 7
22 +0.5 +0.5 -10.326 6 -1.314 6
23 +0.5 +0.5 -0.5823 0.046 9
24 +0.5 +0.5 -9.858 7 -1.2659
25 +0.5 +0.5 -0.643 3 0.005 8
26 +0.5 +0.5 +0.5 -9.856 5 -1.258 1
27 +0.5 +0.5 +0.5 -10.324 5 -1.306 7
28 +0.5 +0.5 +0.5 -10.2710 -1.2659
29 +0.5 +0.5 +0.5 -0.580 4 0.054 9
30 +0.5 +0.5 +0.5 +0.5 -10.268 9 -1.2581

FSHeF W ESHEMNI 6,7, 9, 11~13,

15, 19, 22, 23, 25, 27~30 BRI T8 BR A
IR R & i, EiRA PSSO AS A T 22
I3 HT,

M2 S ATAL Yl s iR 2E R -0.5% B, A7
Bl 4. 8. 10 Fl 14 BF, HRVERERSF, M 1. 2 M
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