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Multi-objective Optimization of Hydrodynamic Sliding Bearing
Based on Differential Evolution Algorithm
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Abstract; In order to solve multi-objective optimization problem of the hydrodynamic sliding bearing,
a modified multi-objective differential evolution algorithm ( MMODE ) was proposed. The proposed
algorithm provided a modified differential vector selection mechanism to improve the convergence speed
and a population pruning strategy to maintain the population diversity. The vector selection mechanism
compared two selected individuals and used the non-dominated individual minus the domination
individual. Compared with several other evolutionary algorithms, the results showed that the proposed
algorithm could overcome the premature convergence efficiently and had better convergence and diversity
metrics. The results of engineering example showed the feasibility of the proposed algorithm.

Key words: Hydrodynamic sliding bearing Multi-objective optimization Differential evolution

algorithm

51

T Sl AR D HOE 217 B R B8RE ) 5 | (0] e ps 1
e T RS EL AT BT b o A P S U0 T B 8 D A
P HL R BL LML R B AL R AR B ik
2y e 1 3 il R 2 T8 52 42 i IR 23 I 4 — i Sl Al
TR AR SCHR [T ~ 4 ] DA [ 1) £ J3E 2R AN [ 05 ik kb

I

W H 9. 2012 -03 =29 f&[E] H 91 : 2012 — 04 — 23

U gl i ik R A G A BT T — 28 AR AR R
T Z HAREeAL 50 H b B AT SRR 1 7 1% R A
FOESEHZ IR R 2 H bR A it o B, A SR
M2 Hbr 22 5 AL BRI 50w A sh IR 19 2 H
IR A

2% 5 bk 8 7 ( Differential evolution, DE) ") &
—MEEPLIY AT B e R R R S ], A A

g A 2 B AR L TURM U 4 B B 10T H (20091415110002 ) (1l P4 45 H A8 B2 56 42 BE B 9T H (2008011027 — 1) 1l P4 45 BF 52 AL 2077 2K

FWFFEHH (20092016 ) F 11 7545 BF 58 A4 18 75 G180 5T H (20093022)

PEZ B 7 B, TR BN B BEAR 2 Be PRI, 32 22 A5 B A AL 51T #1855 07 2 i 5%, E-mail ; jh0262@ 126. com
BIREE: KPR, AR, B LA, EENF AT S RIS 5 7 5T, E-mail ;: zhang_xue_l@ sina. com



%3

P A TR S AT W B IR S iR £ B AR 231

T td v 4 Jm SR RE JT , B 18 24> SUEAT B )2 1L
FA' S T, e F AR DE SN 1 2 B R
DAL TR R SR A o, SR T — 28 22 H AR 22 S AL 3
BT R A 22 AL S0k (22 4 E BB
EEZ HAr otk b g 0 i 2 2 S T 1R 2 OR,
B, BT 3 & MR 9 2 bs 22 S AL Bk 4 2
TR Z —o N T REABOR R 22 H AR AL S
Z Hbp 22 5 AT 05 9 & PR AR, AR SO e xd 22 53 T
Tk AT Ot 4R — e 2 H b 22 S AL
% (MMODE) , Jf 5 & Bolt 50 ik Je 22 53 3 Ay
PERE FUEL, 5 Je IO 32 S0 3 SR ik 30 R 30 s ¥ 8 il 7
(12 HE AL R, SR OB (Y Pareto i £k, Hf Xt
HAEAT 3 o

1 REHEBEHMAS BIRAUER

A S FE T Al R 2 B A R N 1R
d R SE L b ARG TR o, T T A B SR M
B 0 2, — IS OLT, BRI AR d B h S
oo #OE ORI, RS HFE . X RS L
b/d FAXF AL o LA KA ¥ il 3l T3 R BE o AR O it
A, BB RN x = (x,,0,,%5) = (b/d,,m) .
Ui Sl s T 3l il R 9 1 RE TT LN R BRRE ) 1 Bl AR
AR TE 3 T3 1% R oy R B R R C AR
FEZE R f R AR po SRFRAE X SEPERE, Horb p b
RIS 24 B RS o DAy Bl S A [0 5 2, 1 7 8 il 7
TRELRE ) AL SRR R THIG

(1) RERRBC,

R 1 7R 2 RE A7 AT DLADR 280 R B C R R AL
C R, JU) il 7 1 K 8 RE 0 K

F 2
e, =t
nwdb
. 1 nod*(b/d) wd'xx.
min f,(x) = - =T =T (D)

X o——H A EE , rad/s
F—Hh 7R TAR 8 N
(2) Wtk N % f
O {68 Bl 7R 0 A Bl R B 208 L B T A B
B/) RIS A B 48 DR BB /DN o MR BE R D B S =

_TMe o .
7/ (bd) ]y T 559, Jrh & S Bl A R B8 A% L i A2

R 2%, BARBE R :b/d <1 W, &= (b/d) "7,
b/d>1Hf,£=1.0,

P, HAr e ik

min f, (x) =f=M

T +0.550¢ =

2
Twd %, %,
2

+0. 55x,¢ (2)

Fx

(3) R REL
by Al il e A I B AR /DS L A AR ) po {EL
e/ i E A R ECH
. F F Fv
min f,(x) =pu=ﬁv=mv=xld2
YIRS EEALHE
(1) S5/ N 5 i 249 o 2
SRy R U Al AR T J80 A PR 452 00 B, 0 5 i 7 1 I
AN R JEEFE B KT FUVF R R /NI IR [ R, 1, S

. d’nn
: BT R =
ARLI4 TG T D, 18. 36pAC”°

(3)

F
‘47 = — = 2
% p i A =yd/

d

+b . . d’(b/d)’?
DRy, = gl WDy

RC = T 0. 18y (b/d+1)F’
Chn ] =k (R, + Ry, ) R B 25 IBTUTE AR R 22
B AR 25 PV AR T 55 2 R, — R 2 ~ 3
R, R, 3 Sy b S50R b R LY 3R TEDDRLRE B2 . IRt
WM N by =Lh,, ], B

3 2
__nd (b
9. 18y (b/d +1)F

(2) HEIEAR AT

F .
Hp= 3d P <P <P A ARG

kE(R, +R,)

p (5)

min =TT S P
(b/d)d
(3) HhKTE4E tL 29 R 5%
R A BT 2K Bl AR 1Y B A48 bE N 20 A2
(b/d) ., <b/d<(b/d) ,, (6)
(4) i T Vel KGR 2 o 2% A
HERERTHNEOR Ty AR PN A 3 L ]
N SN ST (7)
(5) Hh ARORE %o [ B 24 R 2%
BB — M4 22 3 28 SO 2 o 1 B Y [ R
Voin SYSY (8)
PLE S AR A, b3 1 WU R 5
UBTESYSEUR ST
D] I G B 2 AR AT DA 455
Wit E x=(%,%,,%) =(b/d,y,n)
HAre& % min fi(x) (i=1,2,3)
ARFM g(x) <0

2 MHSHERERBEUEE

2.1 EXRERELEX

2% 5 AL B 0 SR T S T 1 AR
IR AR S ML Y 50 7= e 1), B A SR B VE D 298
RAEEPH—ANEma., 2 x (g) 2% g R
A x, (g) = (2, (g)wp (g) ey %, (8)) o
Xh,ie [1,N] ;N IR BERAE e [1,0,, )50, 0



232 i3

NIV A = S

2013 4

RS e [1,D]5 H 2l <x,(g) <« ,x x
HAKR TR,
HA R AL B B S Rk h
v, (g+1) =

{x” +A(x,; -x,;) (rand(0,1) <R j=rand(D))

X, (Hf)
(9)
x(g+1) =
{vi(g+1) (fri(g+1)) <f(x,(g))) (10)
x.(g) (fri(g+1)=f(x(g)))

A, R NS MR, —RAELO, 1] Z M HE 54 Jy 4
B F L 7E[0,2 ] Z (8] 3 #, 3 # B 0. 55 rand (0, 1)
[0, 1] b B A5 55 43 A (4 B AL B ; rand (D) S 76
L1, D]Z I BENLAE L py opy oy HEERL, H pyops s
pse L1,N],p, #p, #p, #i:/(x) HiFHr ek
2.2 HNERTEHEREZEERES

FER B T, N A B R 22 Ok A it B — AR
FEAE AR i Bl AR AT SRS 2 0 B
BTN, TS AR B G I, 2 AR RS AR
T HUBAE ACount B, R 44 IE & 77 1+ 58 B 4k
9 i 09 R AR BE B, AR J5 R RN 28 ST v A A AR R AT HE
¥ K ACount (AR i MRS R M BR . A SCR
FHSCHRLO T4 s iy 1 1 B2 o O 3 B W S v g ()
Sy HOMERE () HEAT PR RR R
2.2.1 yiFH Ik

y PP TR RN BT AR 5 Pareto fie fR 1 1)

BIR,y BN, BB Pareto B Y B T, S5
R WL SO RE AT
2.2.2 (MO
¢ VP T RV BT A B 0 A B A0 PR A
PR SE LA
1 1QI -1 _ ;,
§=[|Q|7—1,Zi (/‘Li_#‘>2] (12)

Q1 -1

T

o = min | fCe) =fCe) s = Ty
SR TR/ VLR 9 43 A5 T ), R e L
i
2.3 HHKE S PELIERRE

P 41l H T A0 A 10 B LK T e
SR SIS SO o ) T (R TE AT A T
FUATH P IR B 1 OB B, AR SO e L
FEOROME o BHLIERE x, B x,, A 6 A 4 22 43 16 it
H e 0 5 0 O U200 D) 4 e, —
BT x BT x, W22 00 ) B %,y — X, 80 A
X090 S5 A WU B L g — A i
I35 R F 8 1 S 22 0 B 05 010 B 1) 52 4 I {12 50 f
A A 5 A 90 S Al 0 O 1 A, 427
OF A TS OO 0 R 2 M S

Va7 R/ 100, IR K 5 By 50, R
FAEALAREL N 200, R %5 0. 1,0 %5 0.5, FiLL L%
PR Ay R 9 5 K %k HL y (/T % F 0. 001,
Xt ZDT1 . ZDT2 J ZDT3 i ok £ 45 A Ak 3732 17 30
VL L g ek T 3 2 0k S O I A PR REG B3

%d Gl 3LeR DE 135 R AR I 25 S 1050 3 1 2%
y= (1) ISR M EDE 535 0 5 FH SO 0 22 43 i it
T S R W 2% A 0
A o= min ||/ =700 L 1T LA 8,3 A B S B
A Q—— Pt gk 9 i 4 W (5L (EDE ) 32 17 3 21 26 1k 4 0 9 10 Ko F
Q1 ——3F & fi i 4~ 4K O3 LB AL EORT B DY a3 467 BRR BN T DE B
% BRE B A A IBATHR o XN, i SR BE % 5 TR Al
f(x;) 55 1 RAE H bR 18] b e BUE S E
140, 2001 2201
138} N 190}
=132 . :;g' 180
% 130 . 5 160r . ot .
<128t = 150} =
e s, e L
3421: | _|_ 130l \; 140
120} 120¢ 120
18 DE EDE I 1o DE EDE J DE EDE I
(a) (b (©)
BL R 22 g3 o e 3 0 SR Wi S B L 45
Fig.1 Comparison of convergence generation with two differential vector strategies

(a) ZDT1 (b) ZDT2 (c¢) ZDT3



%3

P A TR S AT W B IR S iR £ B AR 233

2.4 THEHEBTIR AR
Toft B 1) 20 A P 2 it 0 A A QRCA 38 i /)
Horp—A S N e, 7 A — B [a) 2 J5 A b
23 0 BUAH W] A f, BIVAL B R ] A A A (s N A
SEAR R AN A |, 3X B8 A R 1 A7 L8 2 4l AT 1
R B B 78 DE Bk b e 8 5 4150 A A
[ ) ANE pypy py P AEAR R SR A T AHIE MR Z S,
JAE pypy 5 Y HT OS2 ] — AN A, {5 2 H
H—ADaE 25 YT R R A, 8 T 2
XF AT BEAL SR RS B S g Y O A0
g
Void PopPrun( )
{
S=NP-1;
for (i=03i<NP-1;i+ +)
%
for(j=S357>i55--)
{
if (P AHSE)
{
W AT B S S ST RS —
kS 24
S=S-1;
XFER S AR BEAT W) IR AL B A 5

%

P2 2 AR 4 25 5 I B Dy 100, Bl R /NRE B
h 100, f KA A KL Ky 250 , B A4 v AH [8) A 14 %k bl
PB4 . VL 2 BT LA B A iy B
FHIFEIAS AR B H 0 e KAE 23 25, Bt AN 5 FF i [7] Bl
S AT, 1 LI ZDTL sRECH BT X 4, R it
AR ) ASRBOR T S I, AT R R 18 B SR K T B
B a R . NRFEAE T LLE H, FE S B
20 B, %F ZDT1 SR A 25 R dicbf o B S =20 B, AR {GE

40r —._7pT1

35f ~--zDT2 i

30l ~ ZDT3 A \A
=25t /. v -
& 20¢ A VA
Ué 151 NSRS
e

10}

5k

0 s

00 200 400 500

300
HAAREK
B2 AT A MR Bl K A i 26

Fig.2 Curves of same individual with generation

B TR Z AR H O, dOR B TR T RA L
REAIPE o b B A b 168 B SR s 9 SR AT U R, A 3
TEf RFEAACE AT — 2 Z )5, K 2 A op A [ 4
PRBOECH 24 HOR T WU BOE R BUE I, AT R 1B
BRI

F1 TESH ZDTI BHGEITHERLER

Tab.1 Comparison of statistical results of
ZDT1 by different S

s Y {

- {E i 2 A i %
5 0.00223  9.03x10°* 3.02x10°* 1.48 x10°*
10 0.00204 1.11x10°3 2.91 x10°* 1.38x10°*
15 0.00178 6.59 x10°* 2.65x107* 1.19 x10°*
20 0.00164 8.09x10* 2.54 x10°* 9.13 x10°°
25 0.00178  8.65x10°* 2.57 x10°* 9.34 x10°°

2.5 MMODE & Xz Tz

(1) WIGALFRE LS5

(2) WIEALRY 2 S A

(3) XFTRADMDRIAT LT B8 O HLE S 3
DAAK pypy oy FIWT X, 5 x B KR HE 2.3
YOG 2% 4y ) R A AT (9) B ERAE . @HAT
K (10) M EBRERAE . O BT ™ A= B9 A 7 T8 35 19 £
8o BRI RS B AR SCIC , DD 4 A
A INBR A T 2R S C % s AR R S
JEEEE S e RO N R ENE R E S v By
JE DR AR A A b, AR A T, W R
AR IR B 7 1 % T DL

(4) WA I8 B AT 2. 4 RS 59 SR % 1Y
FAF B E M PAT s B0 FE L BR(S) .

(5) HARAECI 1, 072 75 3k B S, 47
AR F], WL L B (3) 5 A W,y i 0 RS A ARG
Pareto I f#4E o

3 HEME

3.1 MiXEHMREESHIEE

¥ W i BR %% ZDT1., ZDT2 ., ZDT3 ., ZDT4
ZDT6 " X B vk AT It

TEFPREE 59 5w rh By R oA B AR 0
ANt BN A S AR AT SR B A, PR, SR
I R UEE 28 0k 264, 8 2 25 000 IR, s 2>
75 () 2 2% B, 5 MMODE S35 ) R B K/ N =50,
AEXAMEA R =0. 1, HAYFE M e K457k 100, 38
S o 20, AR FFEIE S BN A BORAE W 4 i A F F
BWE AN (0,1) Z R BEHLE . B R AR E C + +
TS S, A I3 R BOmh ST s AT 30 Ik Seit R
5 7 2, BT84 %5 NSGA-T 7' SPEA2')



234 i3

NIV A = S

2013 4

DEMO"*’ MMDE-DE'™ #EAT i, %2 H& A LM
WSkt gt 45 R, 3% 3 WG4 R (£ 5HE
W LATRRNPYME, B 2T RN 2 .
3.2 IRERBHN

M 2 BdE T LA i, MMODE 16K fig ZDTI
ZDT2 ZDT3 \ZDT4 i, Hoiie sk 45 45 4 F H A H
W TMiAER AR ZDT6 B, MMDE-DE % 3 i Wit 84 1k
4f , Hk & MMODE 83, MUy 2245 Rl LIE i,
MMDE-DE %33 i £ 1 fie 45, MMODE 553 () £
PEA I MMDE-DE 5.3 o 3X 3¢ B — J7 T el itk 1) 22 47

I et L5 WS A HE VA R W B oy — Ty L, R
S 35 5 s A 0T RO ) A 3 AR 4R T
P 4 R SR e, HL IR i o B vk 1 AR MR
TR

M 3 Fdls vl LIE £, MMODE 7¢ ZDT1 . ZDT2 |
ZDT3 J¢ ZDT4 b 1) Z R P46 b #8000 T H R 5 k.
M AEK fif ZDT6 i}, MMDE-DE 5535 i) Z2 Ff P e i,
Y& DEMO &7k, MMODE %4 3 H 2 f F NSGA-T A
SPEA2 Bk, M 245 R AT LLE ), A SCH LR %
R A Hb R TIE AR 1 4 A o

x2 BHEWSUELR

Tab.2 Comparison of convergence metric

Bk ZDT1 ZDT2 ZDT3 ZDT4 ZDT6

0. 000 894 0. 000 824 0.434 11 3.227 64 7.806 80
NSGA-TI

0 0 0. 000 042 7.307 63 0. 001 667

0.023 285 0. 167 62 0.018 409 4.9271 0.23255
SPEA2

0 0. 000 815 0 2.703 0. 004 945

0.001 083 0. 000 75 0.001 178 0.001 037 0. 000 629
DEMO

0.000 113 0. 000 045 0. 000 059 0. 000 134 0. 000 044

0. 000 968 0. 000 752 0.001 196 0.001 017 0. 000 598
MMDE-DE

0 0 0 0. 000 120 0. 000 032

0. 000 083 0. 000 077 0. 000 521 0. 007 55 0.012 04
MMODE

0. 000 087 0. 000 061 0. 000 438 0.027 12 0.023 04

®3 BEHESHELER
Tab.3 Comparison of diversity metric
=87 ZDT1 ZDT2 ZDT3 ZDT4 ZDT6
I 0.463 293 0.435112 0.575 606 0.479 475 0. 644 477

NSGA-

0.0414622 0. 024 607 0. 005 078 0. 009 841 0.035 042

0. 154 723 0.33945 0.469 1 0.8239 1. 044 22
SPEA2

0.000 873 8 0.001 755 0. 005 265 0.002 883 0. 158 106

0.325 237 0.329 151 0.309 436 0.359 905 0.442 308
DEMO

0.030 249 0.032 408 0.018 603 0.037 672 0.039 255

0.253 462 0.302 548 0.308 754 0.348 541 0.421 578
MMDE-DE

0. 098 544 0.003 215 0.002 143 0.002 143 0. 026 842

0. 000 22 0.000 19 0.005 22 0.035 67 0. 626 48
MMODE

0. 000 65 0. 000 05 0. 000 44 0. 064 56 0. 128 31

hTREE WM T A AR, 2@ T
MMODE 58 3% — Wiz 47 Fr 15 F 45 fi# 45 (4 Pareto Hif
W 3 s o Herf True Pareto Front 7R B ik
) R L5 Pareto Fi#T . M HP AT LI i, MMODE
(1) Pareto Fif ¥ i 4F M ag 3 1 i oK [A] ALK HL 52 Pareto
Hi T, B8 2 a7 A Pareto FiIHT, JLHERAG T
A H s R R i B 10 HL 0 A U 2T
3.3 SHEZBREHNR

oA 3 A4 H b R 2R )L, S A 3C
Wk 4E 2 B bR R TR RE, R DTLZL,

DTLZ2"" JEA5 IR, Bk i 45 SR K 4 TR . 2
M, 55 HE AL B0 B 600 1%, A S B E 5 1
3.1 7,

& 4 15 28 19 AE 4 i AR B2 PRARE , 9F Hor it
TR 5], 3 WA SO I S 8507, 9F Bl F ol A
TR AR Wi TRk s IR R AR LR T, AR EL
4 Jy B AR 1Y) e

4 TIEXLH
P 5 5 Y TR 3 T T W A e sh R, B



FUEWE A TR S AL B W SR SR 2 B AR AL 235
0.8} "\ — True Pareto Front 08
205N 20
0.4 S 0.4
0.2 K -
4] T
%) % 0 02 04 06 08 1.0
oy
MMODE M 1 . MMODE 08 =“""\_
— True Pareto Front 0.8} \ — ‘iTue Pareto Front s \
| N N Tos
‘L* V i \‘-\____ o2k =V
i e N
06 08 10 o 20304 05 06 07 08 09 10
71 T /1
(c) (d) (e)
K3 MMODE 853k 5 K 5 Pareto i ff lE£L
Fig.3 Comparison of MMODE algorithm and True Pareto Front
(a) ZDT1 (b) ZDT2 (c¢) ZDT3 (d) ZDT4

(e)ZDT6

¥ 4 MMODE 3£158 /% Pareto 2%
AR Ry 35000 Nl 1 BLAZ d =100 mm %l (1)

Fig.4 Pareto curves by MMODE

(a) DTLZ1 (b) DTLZ2
SABFE T AT IR N, W] Pareto (5 PG A9 168 325 i O B8 5 9 1>
g n=1000 v/min, GHAE N H R AL SRR 6 3 fF AR AS AE AT AT 3R P, DU 24 A A /NI AR B
F=(f(x).f,(x),f,(x)) PR IE i, — D AE AT AT N, — D ARTE R AT BN,
x = (x,,%,,%) = (b/d ih,m) DU B AT AT B P A A 32 £
min f, (x) =2.990 5 x 10 "%, x; 'z, o F R 10 2 56 7 5, 6 R PR35 06 1
min £, (%) 9,300 1 X105 x="x, +0. S5m0 ()¢ o VEBRIEE D A AT AT AT LL, e
min f.(x) =18.317x, 851 E T AT SRR AT 0 84 AL I 20 4 1L )
I (e=1) B o oy AN B A B N 2R AL T e RO AR A
o(x,) ={ 1 FRMEMZRSH, H 5 BT,
wo (m<l) BT B MO AN N =50, % U %
s.t. g(x) =9.6x107° -
2.915 x10 “wix,/[x,(x, +1) ] <0
0.5<x,<1.2
0.001 <x,<0. 002
0.02<ux,<0.04
AL AL IR 82—

R=0. 1, 94 R 7 100, BE S O 20,45
R A BCE D (0, 1) Z 18] i BE B, B KA AR
BB 1000, 5 25 T I%AEY Pareto # £k,
N T REEIE M A A HARZ AR SC R, K 6 45
A3 H bR ek By 2 R A AL )
AR SCR AN R kAR FR L T A 1 kA A

T REE R/ (x) SRR EEINE L, (x)
ZIEER AL, BT gy i T ORE R RS kG
() Z I E R 2



236 73

W Lo % Rk

2013 4

M6 T LAF Y, 7K 480 28 550 1A P 45 P
Z RIS 2R - MR B8 R BN T 6.8 I A BE
PR BBt 5 7 A 2R 0 38 D T s/ 5 T 2 R 3R R
BORT 6.8 J , Uit 1A B 452 DR BBt 7 480 3% M0
RIMIG R o IET AT LA W R 80 RS ki
PRBOLT MR LR R o L, fE DRI, 1] LA SE MUK

35 P
%0 yd
2, ”

/,_.

R R RO WA E B R AT B R A

PR 8 e AR m ), B 28 7 O O PR B A 1 O

AT LA S AR e R R

&5 Pareto Jifj £k

Fig.5 Pareto curves
0.0038
0.0036 .
0.0034 I
0.0032 _,-"

J1x)
=

g

=3
N,

Fig.6 Relation curves of C, and f, (x)

i3 e

4 & jged it

gl/fl(x)m
B7 C.(1/f(x)) 5 fi(x) KRR ML
Fig.7 Relation curves of C, and f;(x)

5 &%RiE

T — F k2 H AR 2R Sk
(MMODE) o %59k 15 S5 15 & £ 22 70 1] & 1, X 7
A ZE 3 1) S P AR LE B 25, T AR SZE Ak 0
A G B N N E (B i Y R e N e
R s FLUCHR T R A2 BT SR, i BR kL )5 38, Rl
TR ) A R 51 Y b e 42 S 18 R BB 0 T IR A sk
SO R THRER AR SIURE . SR AE R R
MMODE 553 ] A A58 3 H 5% Pareto i iy H. 2> A1
PO AR AR B RNAR E R 5 BT LB RA A 2
ik S A~ R FOow MMODE 553 g A7 3k, 9 5
NSGA-1 .SPEA 2 DEMO MMDE-DE #47 T P fE kb
B, 45 R R W MMODE 55 3% BA7 AR 4 (9 e S5k A 22
FEPE  (H LS /e AR € 1 B % [ MMDE-DE 533k 72
— L8 N PR O TR A R R E . P
15 24 BRI JSCH) 0 X5 2R A WY AR SCARE IR T g 4 [l AL 1Y
RUMBLF . TR B R ARG R R T AR L
A 52 I BT A7

& % x Wt

BB R, 25 B2 R Z B AR R [T ] TR B %4 ,2011(3) :100 ~ 104.

Wei Fengtao,Song Li, Li Yan. Application of minimum-deviation method to mechanical multi-objective optimal design[ J]. Journal
of Engineering Graphics, 2011(3) :100 ~104. (in Chinese)

RS, SR, DA N WA Sl T A 9 Sl R B A A 2 BARDE AL BT[] AULMR = 5 50R ,2001,20(2) 224 ~226.

Zhang E, Meng Juan, Jia Huanru. The multi-aim probability optimal design of hybrodynamical journal bearing[ J].
Science and Technology, 2001,20(2) :224 ~226. (in Chinese)

ERPE VR E R R RS R S MR 2 AR IR [T]. LM% 3h,2007,31(5) .74 ~75.

Wang Zengsheng, Liu Baoguo, Wu Lei, et al. Muti-objective optimization of hydrodynamic sliding bearing used in gear box[ J].
Journal of Mechanical Transmission, 2007 ,31(5) :74 ~75. (in Chinese)

K. AET Matlab S99 58 WL A 3 I 1 SR 90 A BT[], Bk ,2009(1) 24 ~7.

Zhang Yi. Optimization design of hydrodynamic sliding bearing used in steam turbine based on Matlab[ J]. Bearing, 2009(1) :4 ~
7. (in Chinese)

Rainer S, Price K. Differential evolution; a simple and efficient heuristic for global optimization over continuous spaces [ J].
Journal of Global Optimization, 1997, 11(4) . 341 ~359.

XY, ER, SUR. 2ot kot e[T]. #H 505, 2007, 22(7) : 721 ~729.

Liu Bo, Wang Ling, Jin Yihui. Advances in differential evolution[ J]. Control and Decision, 2007 , 22 (7) : 721 ~729. (in
Chinese)

Mechanical

(THEE245 )



%3 WH A RS B SR M AR B R/ ROSE Y 58 A i vk 245

19

20

21

22

23

24

25

Navarro O, Wu C J, Angeles J. Size-minimization of planar cam mechanisms[J]. Mechanism and Machine Theory, 2001, 36
(3): 371 ~386.

AR, RS AL BT S I IM ] b st HLAR T I i, 2007,

Ji Z, Manna Y A. Size minimization of disc cams with roller-followers under pressure angle constraint[ J]. Proc IMech E, Part C.
Journal of Mechanical Engineering Science, 2008, 222(12) ; 2475 ~2 484. (iin Chinese)

W, W E. PSRN EEIENU  SBIEDUZR & [ T]. HULAC LR 24, 2010, 46(21) : 35 ~41.

Chang Yong, Yang Fufu. Second mechanism synthesis task of disc cam mechanisms with roller follower moving in planar general
motion[ J]. Journal of Mechanical Engineering, 2010,46(21) :35 ~41. (in Chinese)

WO, A E R AR IE SR T ST TS A LA B S IR U SR LT ] BUB AR # 4R, 2012, 48(1) : 39 ~46.
Chang Yong, Yang Fufu. Research on second mechanisms synthesis task of positive-drive disc cam mechanisms with roller
follower moving in general planar motion[ J]. Journal of Mechanical Engineering, 2012, 48(1) : 39 ~46. (in Chinese)

WH L, BIEF, XVERE. U R ) AR N RO AR T8 2 %528 3R F S 4 T A B 0 AT IR [T ] BLAL L
R, 1991, 27(4): 37 ~41.

Chang Yong, Li Yanping, Liu Guoxiang. The analytics for designing minimum size disc cam mechanisms whose roller follower
moving in general planar motion according to allowable pressure angle[ J]. Chinese Journal of Mechanical Engineering, 1991,
27(4) :37 ~41. (in Chinese)

WHEBEE SR, E BTSSR F NGRS )T X T RSB [T]. P R A4, 2012,
48(15) :47 ~57.

Chang Yong, Yang Fufu, Hu Zhichao, et al. Research on the general second mechanism synthesis task of disc cam mechanisms
with roller follower moving in planar general motion[ J]. Journal of Mechanical Engineering, 2012,48 (15):47 ~57. (in
Chinese )

(#5236 T7)

7

10

11

12

13

14

16

17

FRM, EARF, MORR, . 2 HARRERES Y [T]. 50K, 2009, 24(3) : 361 ~364.
Niu Dapeng, Wang Fuli, He Dakuo, et al. Chaotic differential evolution for multiobjective optimization[ J]. Control and Decision,
2009, 24(3): 361 ~364. (in Chinese)
Robic T, Filipic B. DEMO: differential evolution for multiobjective optimization [ C] // Proc. of EMO05, Berlin: Springer, 2005 :
520 ~533.
Deb K, Pratap K, Agarwal S, et al. A fast and elitist multiobjective genetic algorithm: NSGA-]I [J]. IEEE Transactions on
Evolutionary Computation, 2002, 6(2): 182 ~197.
EH|, gz T EHIMIER Z BAR 22 0 AL gy (1], HHEPLER 5 k%, 2009, 46(4) : 655 ~666.
Gong Wenyin, Cai Zhihua. Research on an E-domination based orthogonal differential evolution algorithm for multi-objective
optimization[ J]. Journal of Computer Research and Development, 2009, 46(4) : 655 ~666. (in Chinese)
Abbass H, Sarker R. The Pareto differential evolution algorithm [ J]. International Journal on Aritifical Intelligence Tools, 2002,
11(4): 531 ~552.
KA, AFE, D, L ETHRORE/NE R E N L2 AR IEEE L] RO R S &R, 2007, 44(1) : 177 ~
184.
Zhang Libiao, Zhou Chunguang, Ma Ming, et al. A multi-objective differential evolution algorithm based on max-min distance
density[ J]. Journal of Computer Research and Development, 2007, 44(1): 177 ~184. (in Chinese)
ROELL, AR, BT, . L EARULRE 0 22 A S e [T, IR R A ARRLAE AR, 2009, 36(2) :
53 ~57.
Wu Lianghong, Wang Yaonan, Yuan Xiaofang, et al. Research on differential evolution algorithm for MOPS[ J]. Journal of Hunan
University : Natural Science, 2009, 36(2): 53 ~57. (in Chinese)
SR BTIE . iR R R S S Bl RO BE R [T ] R ) B AR 4R, 1998 ,14(3) 25 ~29.
Zhu Mingdao. Discussion on lubricant film thickness and bearing accuracy in the sliding bearing[ J]. Journal of Shanghai Institute
of Electric Power, 1998 ,14(3) :25 ~29. (in Chinese)
Zitzler E, Deb K, Thiele L. Comparison of multiobjective evolutionary algorithms: empirical results [ J]. Evolutionary
Computation, 2000, 8(2) . 173 ~195.
Zitzler £, Laumanns M, Thiele L. SPEA2. improving the strength Pareto evolutionary algorithm [ C] // Proceedings of
International Conference on Evolutionary Methods for Design, Optimization and Control with Applications to Industrial Problems,
Berlin: Springer, 2002; 95 ~ 100.
Deb K, Thiele I, Laumanns M, et al. Scalable test problems for evolutionary multi-objective optimization| R]. Swiss Federal
Institute of Technology, Tech. Rep.: 112, 2001.



