2020 4F 6 A
55 38 B 3

[ DA N e 3

Journal of Northwestern Polytechnical University

June 2020
Vol.38 No.3

https://doi.org/10.1051/ jnwpu/20203830677

£ T QAR HNEERLS T RE LT

RER, KM, P

(M K2 DU sh ) TRE2EBE, JlRg KR 450001)

i E. A 2 AP AR OABAEAR G & B P g B AR X R G R, 45 B
BB T ik K R0 B 4 B B R AL R IR AL 18, AR NSGA-II1F 2] % B ARft
HCIFIRL 89 Pareto AR , SHiB it B AT E DM, AT 1F5] 3 e RAL IR A B AR 5 A 2009 4%
AES T WA R R EAEIE VASh AR AR RS TR B AR A B R A R A AR ) Ty R A R
Fo K AGEEIR A KA B AR, F B IUAT 45 M 5 249 R 5 HE, 454 Dok M Aa i a9 4k s A &4 B 60 % B A%
Kriging RIZREA . #) A B L0204 7 3R B Ae 5 M RARAAE K33 & B A7 5 A ) 0948 2 B A A
BB &, SRAP AGTCE N BARE s a3h R E b E A Z WA RER W5 IR
BERE RIE O AR A RS T R T E AR S T AR T % B A7 S AL & R A

T2WHHM®,

x &
hE 425 .THI122; TH117.2

S 2% TARR MY 2 HARSU0A #0 T H AR ek 85
VO AR B U O R AR, X T 2485 2 HirE 4t
FR < PRARIAD R, T i 5C R, — R Ak Bk
AN ] ) SR, A RETE — 5 7 B 38 B A A
MR . BEERZ BAREE " (multi-objective
optimization , MOP ) SRk AL & 3 )2 7 9 46 5 1,
A ECE AR B T 20 2 B AR A B B AR AT
PSR A, 328 BAR IR B9 5 A AR rp A A2
BT A BT R 2, AN E R WA 1 T A H
B SEBR IR R, 2 REIE SCTC HE P B Jir D Ay 2t 1)
Pareto FiiT ! AT DLW 22 35454~ B bi 22 1] 1) il
KA LT RCRTHY b BBt s & T Ak 1) 5 i d5
DA o 0T E A R AORT T 28 f 1 i 1oz AT 36 4 R
P HATRIB

AR T A] S DAL 1 Hh s 8] 1) H bR s
]I OE R T R T i) R A T 4 SRy M 1)
Br, T EAG B P ER Rk T X, SRmxE T 2%
2 AR, 52 BRI EABE ), U4 )2 UL iy
B ML e 38 7 B 3R AR IE A B, S8R H AR
Z IR R R O AT T o AR AR D PR st 5 7Y

%5 B #9:2019-06-14

A RS HEP R LR AT kR % § B AREAL; B ah R
HERAREAD A

X ES:1000-2758(2020)03-0677-08

HELA b 2 18] BB R JF 0 AR BT A D it o
TR BN LRt AR, & 2 BRI AL ) ) — A
BFGE T, S5 22 N 45 L R Kohonen' " 38 i 455
PRI 2 R G nY T RE, 42 i A 42U 5 ( self-or-
ganizing map , SOM ) R 28 Bt) — P 5 4 1] A0 ﬂf‘:&g] £
Ao SOM TEYIZRRETC e B M EAT A 41217 >, R
ITERE 2 i 7 b L3 8. 3 RE AT S8 IR
SR B TR L — P A ALY e 2 ) AT A i
TE, AR, A A AR B R B
ORI T N, R AT A T —E AR
WEER) b 5SS ER B R BA —ER TRE
SCFIRE FHBMEL

DA e SR Sy TR R S, K
) IIFE IR TE DL R R RS AR LR TR AR E AL
G S SRR R Z MR Rl A R
UFARRMERUREA s D AR IO 2 Ak AR A2y TR 2%
PFIY Kriging A8 I HIATAS S ms (1 Ak SCICHEF
M AL 55 s (NSGA-TT ) USSR B 4k Pareto iR
£ T e R AE X S F AR -5 2 80 1) Y A O
N EER B R« AR 0] 30 e 4R s 9 A

BB BX A RFFAL 4 (51575498) % B

PEBEI T kP (1982—) , IRIN R/ YR, 3220 M 3 TACHRBE Y ) AL BE M i sl RSB BT IE ST



- 678 - Wodb T ok ok

¥

938 %

SERRET | XEFRIE TR P R R %
AT R

1 HBENHRRBDMAMAIG T

1.1 BRI EERENT
Bl Rl A TC /40 Reynolds J5 2

O () 4 (4). 250 .
M@J%Jﬂwﬁy

3 oh .
?NBM % + 34 + Ny, (gcosd + gbsind) (1)
. w - d* " .
X Ny = - WIS & = de/de, 6 = d6/de;
e

& IR SRR BEAL TR FR E (©) 58 ARV f
A7 BB B PO R s d AT B AS (mm) 51 5K 56
(mm) ;h NICE WINPT p N JCE WM 7,

nwmﬁﬁﬁﬁﬁjww¥ﬁ@@mmnaw&

THEJI(MPa) ;u HEME M (Pa - s)

A =0 W AER THH Reynolds /2, % &
Reynolds 1 FLEA RN i I AT A5 A, SR
A BRICE: 2RI AT B, ORI A sR i
RS 1 3 A RV ) AR 38T BEHEDIHE TR T 55
it 24

A =1 BAAE R THLR Reynolds Jr 2, 115
HH Bh R Rl R ) TG R A I E R R BHLE R B Bh
PESH, B FH Routh-Hurwitz 4 W1 S 58 2 1 1 95
BENKFR DL A ELAR S 5 R 3 S LSk
[15-167,

1.2 MRUBERRAREY

VLSl i R B A s i sl il R (L 1 BT R ) AR
FRBETEXF 4, T 5% e 1 30 il R M RE 1 S R £ 1)
el AL R R TE R IR IR S EAR
Bl R T30 2% (R R R 254 RS I R4 T 08 T
SR B bR Z IR B 56 R A5, @S A 4 4
T s (Bl ) 0 e 3 B B VR A AR IR TR
BE BEMETT) (3 A B bR (AR T IR/
T TR AR R ARS8 i dre iy ) MDA )R, P Rk
TESEIA b 7 At 2 BOBUE 53 318 - 32 % e ok
4110 000 v/min JHEEECH 4 MO H 0.25 HEN
70 mm FRIEALAA A 15° REIRE 0.02 mm A2 [H]
Bt 0.03 mm, PRALIAIRR A5 TR & ) e 3% I 29 B3
FEL AR 7 2 AR B0 b R A N T T 2 R R DT A T AR

RAFRE
YRt : L e

s s o
L8 A /-ﬂ?\f

Bt ﬂv S HERY "/‘(ﬁ-"—””\xx\ \.‘
: 'y V2!

.- VAN / s
Z7 BT EHmL \ / /]
%\i: - //

b a:q8] >

a) EYoREE b) i E

K1 Sl shilR 454

VRSl Rl R AL R 3O T DR R AR R T
R/ INA R R AR e i e KA g bR eR R, D046 H i e
min{ F (X) = (ﬁf + Hp)/ﬁ'r
F,(X)=AT
F(X)=-N, (2)
X H W TC i NS INAE s H ) S TC i N AETIFE; F,
RTCEPRE ) AT JFEIRTE(C) 5N, R EasE
P (r/min)
Z,,Z, e [1,7]
P, e [0.25,5]
s.t. (3)
0, [44,53]
H € [0.6,1.5]
X 7,2, ihm PEER b SERE (mm) s P, S it
IS (MPa) 50, AERIEAA (°) . H, HIRIERE

(mm)

2 RIS SRS

2.1 Kriging 7%

Kriging 7535 JEAR 4 © 780 5080 15000 A 0 804
{E 4 Rt 7 . Kriging #5782 A % = 4k JE 2k
PE R RAFIEALRE ), ik o

F(x)=F'(x)B +z(x) (4)

K §(x) FARF A R EAG T B8  IBHH R AL
F'(x) BT x I8 H M E 5 — ke
IRZIA, z(x) KPP E T A I 15 25 1Y
S AT

LEmANRITE X =[x, ,x,]", X e R™"Fl
IR Y =[y,,,y,]" Y e R T BEFI 5 « 1Y
LMETRAGTHE 9(x) A



53 1) RPN, 45 ST A AL GT R i AR S A MR 5T - 679 -
$(x) ="V =F'(x)B +r'(x)R'(Y - F(x)B) 4

(5) %
Hott: ROGHODEHE B /DTl HIE, ' () 4 £
AR5 B A 2 I HISE . 36T Kriging 12 S
T AE 2 4 B I SCHR [ 19] 3 BN FEBIA s

ST, Kriging #5700 75 A R 58 11> fﬂl
— B BRI ARG S S AR PR A 8 eI
Fr T #5773 %3 (optimal Latin hypercube,
OLH) BA R4y 23 [ su vk A B T3 ke it =5
[ A4 Jm {8 o R ) v JE RS B BRI Krriging A5
BB S H — AT 10 it 22 m A4
B SR PSP TR S 5 i g e 15 T4 ] e B
60 IFEAR A, T AT R A9 3 A~ B bR eR ) i
@{E,*@}% Kriging AR B
22 HFEXIE

K OLH #5375 3 1125 ] h B 60 2H KA
S I X R e AR, A B Kriging G FRABIRY
P 2 SRR ) 2 8t 2= L7 it oo it 300 9 B L TR
i TR B IR I T 4 Y = 23 ] Hh (45 52 W £
8 s R X Bt ] A7 42 7 FFD (full factorial de-
sign) SR, T 150 AN 05, 20 i 2 ot b
TS T IR T AR ER 60 HAEA AT HRDU 4 11
(AT 3 AN S A U A AR JR R A AT
o5 BT E IS SR X A A M A RN T
23 8], BEA RO BT [ B R B R . B2 LLRE
RIGFECP -7, Z,-H." =4 A bR Z i $52 h 151] 3
T TR, K3 8 Hbras BB RS = B, 2 8 2
7R FFD SRAE £058 2 FC A AT 50t 10 25 SR OR 7
=HE HbRAs AR A U As 5 Al XA 2 8] 1 IR
15,00 3 Fros ., BT ShR AP0 A SE ) A RRAE X 5
H Ar ] AH B 290G 2, 8 45 H 4w Jo: [A] i 38 31 i
P, I R A Bl — o SO0 B B H A 2 [A] 1Y d
PEARIE DI, ARIBCE Z A R R .

H,/mm

i
P,/MPa

B2 OLH FEAS f (LD BN L) £E TRIETREE” | Bl
G A At T 2 R B s ) R B

3 30 30

HEA)/F, @0 0 ar/c
3 it Al g RO WL 3« SR E0) T OiRe” IR
T A 3 2 R H 22 1) i ) A 17 20

3 RMFMERIERREF T

3.1 RMABERN
IR ek e Al S BCHET 93545 5035 (NSGA-TT)
FEEZ HAR AL ) 81 S DR AiE X3, 2 5k o £
AT 1 IR D% IR PG E S B HE P 40 )2 1
Tk BRI A8 5 N — 2 R Oy Bt s SRR L
J_E 2 EETERXE 22 B bR A ) 8 3 3 1) S
o B oz A Kriging £ 5 B AL R AIE
l:inﬁﬁ THEE, BE AR R SAECH 5 000 4>, 1%
FRUKECH 100 18,22 S350 0.1, @it NSCGA- 15
FAFH Pareto S ALARANE 4 fs , Hob L@ 500
it 540 4 Pareto S AUME , W A5 X H b2 (8] 25
BB R

« AR T BS A
* Pareto £ {lLfi%

|
—_
(95

T

—Ns,/103(r-mingl)

-1.9 QR

35 em— ’

4 55 30
T+ /F 53
(H+H,)[F, g N /C

B4 FRPLAGEE Pareto SR (SRR 7F
b3 8] 573 A 17 50

Bl 5 R B Pareto LML TT45 1]
oA T B0, e 1 IR ¢ 21 H s o 2509 e A0 AL 1X
IR B2 (] R R A . SRTE] 5 it as 1] Bodhe
s 5P 4 vp bRz (] e DA A XE LU 1 R0 i 5
B JCEA RO A R e, I = 2 Bl e 4
WRSE AR B P (] B 5 I S 2R



- 680 - Wodb T ok ok

¥ 5 38 &

T P,/MPa

K5 RRILAEALE) Pareto SR LAETE
VTS A i 00 (=45

32 HALRBRSE

TE SR BT i R v e SE Ryl 1k
DT NS A R SR AT eR ROE SR A T 4R R R R Y
DA IRV b A AR M SIG R G 1 ELJC I 4 T 221 I 11 52
28 AR SR IR BN G A o IS HO Bt H s
IR LA AT B — T8, 25 2 KU M5 28R e L
WL AL GELAL T i # BE BEAT A 52, AT SOM %
SRR A 1R BT 23 18] 2 H AR 28 18] Y e 5 5
Fo R R R ISHOR P e B S e =
AP RIS, LAETE N2 TR A 225 18] v i 30 g 4k 2
P REAR SR RN 43 . SOM 34 RE P45 50405 6] 1) 1
FINC A, 3 I e A i e A AT ARAE

@
[XIX T XTI
</ CHOYXCHH

LI XTI X
‘et tet
NRISRIcRee

|

Ko AL M4t K

P 6 & SOM il 0 25 fih 2 5544 2] v iy A2 ALy
YR N AR TN =Sk DA A B U6 I MR TN
BAE 5 2T, 38 2 58 g Oy SR B B A R 22
I, I HUHAR I b 22 ST R, 75 S AR DT L A P 22
TURRT ST 0 FIS SIS 2O B W B 2
SOM BE M FEan T .

1) ¥IhHk SOM M 45 . 9] 46 Ak A~ 1l 28 T8 1 AL
fw = (wy w0y, 00,

2) BARRAE AEMABIE T X = (2,25, ,x,)

WAL A

3) A DC L ;R A 1] 5 5 — A A 1]
AL LA B | AR 4 5 /N 85 o 0 25 4 4K 3
L AR R VS E M 2T

D=7 (x, -uw})’ (6)

A, D FRBEE S P2 TR R L G B s
TR NBARI A K i 377 38 1o 524 Ak 9 B 25T
w! FTR n AN KR 555§ G0 I AL
i,

4) T HRUAEL . B R 2 T A S AR R
PEEAUE,, 1 T2 4 3R 25T rhol T —
A B O SO SR B i

wi(l + 1):
wi(t) +a(t)[x(t) _WL‘(t)J’ i € Nc<t)
. (7)
w;,(t) , L& Nc(t)

Ao (AR FEI W], (1) ICEFEI RO < ar)
< 1,N, (1) FRFRIRMER 204,

SOM REHs 2 4 B0t WS IR =3 [a] v I fig
FEECHR R] A H D OC R AN s B CRAPEE 2 B] B 2544
KA A, W5 A2 2 AR 0 h
YR LA B LA DG F BRETE 22 AR i
AR R R ik, FR4ERT AL HOR BEA 2K
ReARK o A ) R b 5 B A B BUAS | L B DR 2 i 282
GRERIOE -2

4 BiIrSHMRHEXE

FI 2H 2 S v 22 2 e P 5 4 RO TR A
By ARG IR T Rk, B e RS b By B nT
FIRAHN A TR AE , AT S A 4R
HER A T[] — AR B R a5 A R T AR
E{EE 0 3 A A M A R v sk A7 1 B O e ke
AR5 URER B T8 18 A1 H A 22 8] 8 BB G &R
FIF SOM #5431 540 4> Pareto Al A v Ak K e
PE) e b I DAB A I B R R 45 R
WE 7 iR, Pareto et 43 % H28 & A1 H b
PRES Y AT ThT B S A5 B0 Y 7 i PG, Herb T 4 R
BT “Z,,2,7 <P, 40, FI“H >4
w4 AR, 5 3 IR E AR BT (H, +
H)/F” “AT” F“ = N,"3 A H AR R 8 — 4E 5]
1B B R B T EUE RN, B 7 e drie dibr i
THACZE SR 1 B S, < B bn i T e ss R



53 1)

BEPER, % LT 1 LB 0 R 4 R A5 B PR 5 . 681 -

2 AR,

|3 I VS R N )

a)  Z,,Z,/mm b) P,/ MPa

50

f) AT/C

g -N,/(10’r-min ")

Kl 7 JET SOM J7i: Pareto St vl #i4k

HRAEIE 7 Fr, v] LS 81 7 e A4 A DX 3 e
“Z,,Z," P C(Hp + H)/F” AT 4 g K
X Yo R A I . Ui (H, + H )/
F7 AT 597,72, P HEmEAHENE, H
HC(H + H)/F 54P7 “Z,,2," BRI
CATT CORAEEEC RIEADE, <0, “H” BB
Per KO A IR HAR ek Ec50,” (“H,” A
MR 55 B A7 AR F g Rk

PSR [0.25,57, 5 AR il 4R 5 R
[3.8,5] AERCTIHE R Y« KA NG, X 2 i FR K
PR J— 7 T BE T FE AL/ IN, 55— T T H 4t
VAR Y A a WA s et 31 L G LR VA&
TR EEEIIRERENR, “Z,, 2, Wit [ 1,7] )
Ptz R R R XS A [ 1,5] AR THE

R A < /MBS T At 5 33 L (B A 3 AN
Ko ABGIBITEE N BT B s B K, 2
SR ) R IR A L TR R
RPN, 23 S BOR G ) MR DR 238 (5
AN 5 7R 7 14394 D FEE B T AR 1 s ol T ., e ¢
SECRNRE) T IFERAR, mWee,” “H” 5 HR
PRICTC A Sk ()RR S T 3 2k e 2 SR BRI 4 K 4
JRAIE

i S BUDONE R ANV @SR S e e A LI P
43T, AT LAk Sl R 7E S b TR I H T i iS4k
WRCR AL S B W, BN, 3 — AR (1, +
H)/F”  ARYEE 7wl 0, & 4 epy” Rz,
Z,”

*1 SOM BEIZHirMELERHE

" Wit AE i EEaNERA
Z,,Z,/mm P/MPa  6,/(°) H/mm  (HA+H,)/F, AT/ -N,/(r - min™")
PR [1,7] [025,5] [44,53] [0.6,1.5] - - -

T URFE X 355 Rl [2,5] [3.8,48] [46,52] [0.8,1.4] [39.9,50.3] [2.5,8.7] [-189 050,-132720]
WITR T 3.0 2.6 48 1.0 45.7 8.3 -131 657
At 1 4.1 4.9 46.5 0.6 42.2 7.2 -183 124

W 1 BT EE R 4.1 4.9 46.5 0.6 42.6 6.8 -182 638
Akt 2 1.1 3.8 51.0 1.4 47.4 2.9 -142 240
Wit 2 (i BT Ss 1.1 3.8 51.0 1.4 49.3 3.1 -140 215

221 J2ET SOM 192 HAr AL MRS, /B 52
1 A5, AR AE X I8 Pareto BT US &S EGE I, =

BoepP” WNEE N [3.8,4.8] Fl“Z,,Z,” BFEE N
[2,5] WAL FRIR [ 0.25.5] FI[1,7] 18



- 682 - [ A N A N 938 &
AR, T RSP v BV AT B B A AR R DX
FEl BT S8 54 i
T2 B AR OUA IR0 B bR 22 ] A A 72 L T 7
RBYIRAR B0 H bR 8 ks Hobe it i 73 A H A5 A % Lh4s Kriging K0 RS SN 10 3 BOHE R it

e R TR P FoR A IS S BEETL sy NSGA- I SOM J7 3 8 e —Fr e Ak H b7 5
FhER, R BRI VP (G, + H) /F 7 ybas B 56 R IORRFE )5, FIAT SOM J7 B: 75
422, 5AT" B T2°C, = N O I83 124 v/ ming gt o B b G A3, 65 4k Pareto fif4EE
PEACBETT 1 AR TR LA BETT A H b5 pREUE S 5 PR FFRATACERAE . N7 o7 T 205 FE B e v
T3.5,1.1°C 1 = 51467 v/ min, JoHP™ (H, + H) /F,” g b A 45 00T, L ARG 9 SOM. B
FI = N, AHECTAR BT TR BT s ek 7 a6 st 2 11 1O 6 R, 735305 B VA £33
1R I R IIRE R RE PRI BETE . WTORE oy i 6 55 AR 2 IR G T 7
P2 W (H, + H)/FT AT A CATT O 2.9, st g AR IRERIE 5 RR TG A G i 4
C= NN - 142 240 o/ min MU TRV AT mgm ghi oy 2 ) R AL FTOLAO AR T EE L SOM
MEETH O 0. IR B T 5.4°C 0 PIILORAEBOT 2 50 ey 1) 4 0 M 4 3 S5 O A 48 0 5 5 g 3
WEAMGRTH TR . XAk gs Rk 74 R i T 5% FARELR 7 B4 S 10 12 B e 8 Ti%
HOE 2 M S R 505 B A 45 R A X 1R 25 A FARYARGE  T SR R o
BN 5%, 50T SOM P BRI b 204 T SRBRBET ol T R B XA A 0 e 4 e
Z5 A2 HARZS ) i e e &R BB H T4 S it A AL TS

BT B A 1 2

o

&30k

(1] xR, RICHE, B, % SRR Kriging B85 Kriging BORZE DAL BE T A ELASHF ST [ ], PHAL Tl Kofidft,
2015, 33(5) . 819-826
LIU Jun, SONG Wenping, HAN Zhonghua, et al. Comparative Study of GEK( Gradient-Enhanced Kriging) and Kriging When
Applied to Design Optimization[ J]. Journal of Northwestern Polytechnical University, 2015, 33(5) : 819-826 (in Chinese)6
(in Chinese)

[2] ZHANG Z, DEMORY B, HENNER M, et al. Space Infill Study of Kriging Meta-Model for Multi-Objective Optimization of an
Engine Cooling Fan[ C] //Proceedings of the ASME Turbo Expo 2014, Diisseldorf, Germany, 2014

[3] KONKA A, COIT D W, SMITH A E. Multi-Objective Optimizationusing Genetic Algorithms; a Tutorial[ J]. Reliability Eng-
nieering and System Safety,2006, 91. 992-1007

[4] whLAE. Kriging BB K RO AL R ITHE AR [ D). L2341, 2016,37(11) : 3197-3225
HAN Zhonghua. Kriging Surrogate Model and Its Application to Design Optimization; a Review of Recent Progress[ J]. Acta
Aeronautica et Astronautica Sinica, 2016,37(11) ; 3197-3225 (in Chinese)

[5] HAN Zhonghua, XU Chenzhou, ZHANG Liang, et al.Efficient Aerodynamic Shape Optimization Using Variable-Fidelity Surro-
gate Models and Multilevel Computational Grids[ J]. Chinese Journal of Aeronautics, 2020, 33( 1) 31-47

[6] COTTRELL M, OLTEANU M, ROSSI F, et al.Theoretical and Applied Aspects of the Self-Organizing Maps[ J]. Advances in
Intelligent Systems and Computing, 2016,428. 3-26

[7] KOHONEN T. The Self-Organizing Map[ J |]. Neurocomputing, 1998, 21(1): 1-6

[8] VESANTO J, HIMBERG J, ALHOMIENI E, et al. SOM Toolbox for Matlab5[ R ]. Report A57, Helsinki University of Technol-
ogy, 2000

(9] Homn, A4k, SETREAETAAL S Kriging BOWAE RS PTSEEM AT [ )], Mias 3 12741k, 2016,31(4) : 993-999
YANG Li, TONG Cao. Reliability Analysis of Gear Vibration Based on Dimensionality Reduction Visualization and Kriging[ J].
Journal of Aerospace Power, 2016, 31(4): 993-999 (in Chinese)

[10] SKREASC, T S8, 4. HET SOM M2 2% i fIR 55 Btk W [ )] R PF2741 ,2018,29(11) : 3388-3399



%5 3 1 SRR, 5 T A W I = R AL S 8 AR DGR 5Y - 683 -

ZHANG Yiwen, XIANG Tao, GUO Xing, et al. Quality Prediction for Services Based on Som Neural Network[ J]. Journal of
Software, 2018,29(11) : 3388-3399 (in Chinese)

(1] Zdy ke o, 45, Bkt B2 RHFR AR UKl A KCs 3R 5 5 2R 8 Tk 1] B RER G741, 2013,8(4) : 299-304
LI Yang, HAO Zhifeng, XIE Guanggiang, et al. Quality-Metrics Driven Multi-Dimensional Data Aggregation and Visualization
[J]. CAAI Trans on Intelligent Systems, 2013, 8(4): 299-304 (in Chinese)

[12] SF2L, A/ skgak. AT | I58 S Sl i 1 i sh R e i [ M) RS < RMI R 27 Hh R, 2013: 260-266
GUO Hong, CEN Shaoqi, ZHANG Shaolin. Cylindrical and Conical Hydrostatic Sliding Bearing Design[ M]. Zhengzhou: Zheng-
zhou University Press, 2013; 260-266 (in Chinese)

[13] DELGADO S, GONZALO C, MARTINEZ E, et al. Improvement of Self-Organizing Maps with Growing Capability for Goodness
Evaluation of Multispectral Training Patters, Geosciences and Temote Sensing Symposium[ J]. IEEE Trans on Nueral Networks,
2004, 62(17) ; 564-567

[14] DEB K, AGRAWAL S, PRATAP A, et al. A Fast Elitist Non-Dominated Sorting Genetic Algorithm for Multi-Objective Optimi-
zation; NSGA-1I [ C] // Tnternational Conference on Parallel Problem Solving from Nature, 2000 849-858

[15] FPHrE s AR B R PERE O AL 0 A S AR TF A [ D] BN KM R, 2010
WANG Dandan. Perormance Optimization Analysis of the Journal-Thrust Floating Ring Bearing with Independent Oil Supply and
Software Development[ D]. Zhengzhou: Zhengzhou University, 2010 (in Chinese)

[16] XU5EZR. HET FLUENT (4 8l R BRI B B S8R WFTE [ D). KR B HIR 27, 2014
LIU Haojie. Performance Analysis and Experiment Research of Hybrid Bearing Based on FLUENT[ D]. Zhengzhou: Zhengzhou
University, 2014 (in Chinese)

(17] Bhlt sioeh. WO TR AN S R Rl R SO M. st s Tl i ekt , 2007 : 138-156
ZHONG Hong, ZHANG Guankun. Hydrostatic and Hydrostatic Bearing Design Handbook[ M ]. Beijing: Publishing House of
Electronics Industry, 2007 ; 138-156 (in Chinese)

[18] sk, 3KMS K, WL, 45, Kriging ¢ BUB T IO7 IE A6 3 sh Bl R OEAL R B BT [0 ] MG R T8 Tolk R 2241, 2019,51(7)
178-183
ZHANG Zebin, ZHANG Pengfei, GUO Hong, et al. Implementation of Kriging Model Based Sequential Design on the Optimiza-
tion of Sliding Bearing[ J ]. Journal of Harbin Institute of Technology, 2019, 51(7); 178-183 (in Chinese)

(197 X2, He AR A SRS AR H k RW [ D] P22 . e Tl k2% ,2015
LIU Jun. Efficient Surrogate-Based Optimization Method and Its Application in Aerodynamic Design[ D]. Xi’an; Northwestern
Polytechnical University, 2015 (in Chinese)

[20] GIUNTA A, WOJTKIEWICZ S, ELDRED M. Overview of Modern Design of Experiments Methods for Computational Simulations
[C] //41st Aerospace Sciences Meeting and Exhibit, 2003 649

[21] LEARY S, BHASKAR A, KEANE A. Optimal Orthogonal-Array-Based Latin Hypercubes[ J]. Journal of Applied Statistics,
2003, 30(5) : 585-598

[22] ENIAR, BT Wi dh. 2T Kriging {CBEE I MEARK S s Pk BE 2 HAR PR D RIOEAE [ 1], A2 i K or224R, 2018, 52
(6) : 666-673
WANG Gangcheng, MA Ning, GU Xiezhong. Fast Collaborative Multi-Objective Optimization for Hydrodynamic Based on
Kriging Surrogate Model[ J]. Journal of Shanghai Jiaotong, 2018, 52(6) : 666-673 (in Chinese)

(23] ZAL. 1 ) 22 25080 B A At S8 28 it T AL T R B BIESE [ D bt i AR R 2012
LI Quan. Research on Visual Analytics for Multidimensional Data and Micro-Blogging Social Network[ D]. Beijing: Tsinghua
University, 2012 (in Chinese)



- 684 - W odb T ok ko E R

B
gl

SOM-Based High-Dimensional Design Spaces Mapping
for Multi-Objective Optimization

ZHANG Zebin, ZHANG Pengfei, LI Ruizhen

(School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; Multi-objective optimization can reveal the complex parameter-objective relationships in the high-dimen-
sional design problems. However, the data-extraction and data-presentation of the high-dimensional complex nonlin-
ear system suffers from the increasing dimensionality. Key features and data-distribution of high-dimensional design
spaces: parameter and objective spaces could be obtained by using Self-Organizing Maps (SOM) method, which
re-clusters the high-dimensional multi-attribute data existing on the Pareto front into several low-dimensional maps.
Correlations among all the design variables can be drawn according the colorized topological structure of the maps.
Under the constraints including geometric structure and operating parameters, a low-cost and high accurate Kriging
surrogate model was established to optimize a hybrid sliding bearing based on the sequential design method. Correla-
tions between 3 objectives: “friction-to-load” ratio, temperature rise, instability threshold speed and 4 design pa-
rameters were extracted by SOM. Optimal feature regions were captured and analyzed. Results show that, within the
specific feasible design space, supply pressure, axial bearing land width have important impact on the selected ob-
jectives, whereas the other parameters such as deep pocket depth and shallow pocket angle have relatively limited
impact. A series of corresponding design decisions and optimization results help to understand the mechanism of the

hybrid sliding bearing system in a much more intuitive way.

Keywords : self-organizing maps; high-dimensional representation; kriging; pareto front; multi-objective optimiza-

tion; sliding bearing
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