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Fig. 9 Distribution of sample points under each criterion
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Tab.3 Evaluation of the multi-objective solution set of MOP6

function under each criterion

UEN istance YEN
SHH /fic::xi —_— EL+LCB A0 EIE]I)-:sthlI:(,G TN
ne.Lpp.le EI criterion EI+LCB criterion . 18 .ance

criterion criterion
GD 0.012 8 0.008 4 0.008 3 0.008 1
IGD 0.196 4 0.066 1 0.093 7 0.068 8
HV 04921 0.390 4 0.398 5 0.393 8
Spread  0.859 1 0.932 1 0.9376 0.897 1
Spacing  0.004 8 0.004 7 0.004 1 0.003 6

H1 8 3 TN, TE AR AR IS SO R A A iy )z
HR AL AG W 511 3N 4EE R, 0T El+Distance 7
MR LT o XA th T 255 0 A R 2 v 0
LA 5398 B4 485 250 B s B HH E Pareto BT X 1
AR A DX SR, BE A 650 e b s il 1C BHEAS 2RY 119 22 Ry BB A
P e R A 5 7 [l AT AR T R A AR DX
FEAS SR , A AQCHBIUAE Pareto TR B IE A R
U 1) VAR, OF BT DA — s R R HERR S i AR X
Sl Hh BRI R A SR AR Y SR A 4 3l PRI AS SR
H PR A T 9 D) 5 R Kriging A58 AU A AR o A T
Hrid .

3.2 HEAEEEEEZ BiRLET

RIINSGA- 55 2. 1z i 2 e fb 2 B
PRORAREAY AT SR Al , AU v 42 1 A8 SR 3T i Kriging
AR A TR I d5e KN 77 Kriging £ HAR Y 1 F A SCHE HY
(R I R SR s AT BB B0 . 2R AL IR B R AL
Y10 0.5, XU AR 220 0. 1, i b Kriging 1 #4550
FIR g Kriging QIS AY SR 22 575 3 AR [ s it Je 5 132
T2, B ZORRAS B Pareto BT 40 10 T 7w K524
HIT Pareto BT HP 25 A 0 AL B 5 R G Ve MR 2 H
PR AL i de PG
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Fig. 10 Pareto frontier solution set

NIRRT SR AL T B AR RICR KA S
JIT 35053 ) 5 A BRI B0 Ak A 1) B e Kok 22
% £% (Radial Basis Function Neural Network, RBFNN) +
MSPHEN 5 i AT X L o A h & B R B

WUEYI N 4 mm, BRI 1 mm, BE 2 H0N ek
IS 37T 355 MPa, iz K5t /N T IR A5 48 o, 0 BTy
125 BB T S AT HARAUAL . RBENNIE AT $ 77 1
HAT MR B ATIR REA TSR LSO 3 Mkt

7 AR A RN 4 PR
F4 MREARALE R L

Tab.4 Comparison of optimization results of the frame structure

- R ZE EEEUE R ik
v 1:;::1 Original Direct PR 4% Proposed
ari
anabies parameters  optimization RBFNN method
t,/mm 14.00 14.00 13.62 12.75
t,/mm 18.00 18.00 16.06 18.45
ty/mm 10.00 9.00 11.01 10.51
Sqress/MPa 306.90 309.30 343.99 311.89
my,./kg 1205.67 1197.59 1 190.68 1 196.69
SFEAEL
Total sample — 125 45 37
number

HH 3% 4RI, 7640 W] 00 IR AR AR RS 1 260k 2544
TR DT A RS R AT A SR AR R BE T AN R RIS R
T3, 980T B R R, T T SRR AR B, g
RO B AR ROR , ORI e R b . T
RBFNN SR Ak B bR ot i 58/ (025 i Ak € 5
A /N 23 (8], SEAT A B T30 TE B AN R 1R 1Y)
YyfEIsK

YR T % 5 RBENN 5 i fda e vE B 2 Fh oy
PEE A SRR TR N S R

£5 RUEFRMGEITHLL

Tab.5 Statistical comparison of the best scheme

A i) i R A 22 1 2% I s ik

s AL B AR RBFNN Proposed method

Variables and i i Wi i
optimization objective  \fean Standard ~ Mean Standard
value deviation value deviation

t,/mm 15.16 1.55 13.66 0.50

t,/mm 17.35 2.28 18.36 0.61

ty/mm 8.89 1.78 9.35 0.67

Sqess/MPa 341.04 47.18 310.12 2.34

My /kg 1204.08 18.71 1190.94 13.03

1 2% 5 AT, i 7 v A5 2 0 O Ak B bR i
PHEE /N, BB s AR H AR Oy 22 5/, it
— A T i B AR RS e PE I RBFNN 5/
THuAb s A A 25 IR LA E Y 5 25 [R), B H A
MRS RAHZE IR A TR i Atk H AR i
ZERR R s 2% .

e X H T R 2 B ik S IR AR 25 B B
AE, W 11 R o TR TR IS R A B (A
35 2chh, HE KFEA SBCR I 374>, i RBENN 74 1Y
BEABUMEAE 47 247, B/ IMEAR BECR /N T 454~
X 150 B T 4 7 9 AR AR A Ak 4t SR s A R AR BT BRI
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Fig. 11 Comparison of total sample number
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Fig. 12 Stress nephogram of the frame
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BN R W, T 38 43 ) FH B ORE AR T AL I

B R T 42 Ry 5 Jm BB AU 0 BE A7 R Kriging
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2) 51 AT IR B [0 {0 A A TN B3 SR, mT kA B
T3 25 R0 W A S, A0 A SRR DG AR A SRR BU L A
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Multi-objective optimization design of motor train unit truck frame

based on hybrid addition Kriging surrogate model

WANG Weiqi

SONG Yubo WANG Ying

(Mechatronics T&R Institute, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: To enhance the computational efficiency of structural lightweight design for complex structures, a structural

lightweight design method based on the Kriging surrogate model is proposed. The proposed method incorporates a hybrid

addition strategy and a sample deletion strategy considering a distance threshold, aiming to rapidly improve the fitting

accuracy of the Kriging surrogate model. This model was then applied to a multi-objective lightweight design model of the

truck frame, with the optimization objectives of minimizing frame mass and maximum stress. Subsequently, the multi-

objective lightweight model was solved using the non-dominated sorting genetic algorithm-II (NSGA-II). The results

demonstrate that the proposed hybrid addition strategy and sample deletion strategy considering the distance threshold

effectively enhance the update process of the Kriging surrogate model. The structural lightweight design method based on the

Kriging surrogate model exhibits significant advantages in both computational efficiency and lightweight performance.

Key words: Structural lightweight; Truck frame; Kriging surrogate model; Hybrid addition strategy
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