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Abstract

For pure electric city bus side scarf skeleton structure side of traditional fuel city bus frame
structure design leads to unreasonable load transfer, the problem of redundant components, the
pure electric city bus side around the skeleton structure lightweight design again. Taking the side
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frame of a pure electric city bus as the research object, the finite element model is established
based on Hypermesh software. Under the emergency turning condition, the light weight design of
the side frame structure of the bus is carried out by topological optimization method, and the de-
sign results are analyzed statically and modal. The results show that, compared with the original
structure, the side frame mass is reduced by 9.74%, and the lightweight design of the side frame
structure of pure electric city bus is realized, and the resonance phenomenon is avoided.
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Figure 1. Bus finite element model
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Table 1. Material property

=1 MREM
MR R Q345 Lv6061-T6
JE NRAR BR/MPa 345 270
B E/MPa 2.06E+05 7.00E+04
2 (kg/m?®) 7.85E-09 2.70E-09
HEL 7N = 0.3 0.25

Table 2. Load mass distribution

w2 HEREN

2Tk £ % HL 2 0 B 2 R B A B 1
i = /kg 284 2120 800 250 330
2.1, TR%ERE

FERDESTOUN, A a2 2Rk TR B2 A B LA RGMFE )y SRE I E 12 4,
R SE T BT A R 7, 0 R SR AR BT A2 3R AT IR BT R AR A2 ), ISR
TV RV SO PR R T BEAT 1 0 2 0 A e O e SR S A AT R A B

22 BT HZHERIHT

RAZ AR R, X JO5 FARIAR RS, Y MIRAZ LRI R, Z f7 AAER LA L,
ARFRIE R O 5L E S
KBS TOUT AR 5 5 ARG LIk 3 Pros:

Table 3. Working condition constraint

#3 IRYE
VailE i VENIIE VoY=t i VEY L
Bk 1. 2. 3 1. 3 3 3
Btk 1. 3 1. 2. 3 3 3
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I, B — NI N-0.4 g KU E 7. RRIN A= B 20 K 3 fR:

Figure 2. Side confining stress nephogram under left limit turning condition
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Figure 3. Side confining stress nephogram under right limit turning condition
3. AMRFETZT A TMENH=E
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Figure 4. Topology optimization area on the left

4. ZEMFAIMAKXE

Figure 5. Topology optimization area on the right
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Figure 6. Left side confining stress nephogram under emergency left turn condition
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Figure 7. Right side confining stress nephogram under emergency left turn condition
7. BRERTTATAMNER H=E

Figure 8. Left side confining stress nephogram under emergency right turn condition

E 8 ZRARTIATAENNERAIEE

Figure 9. Right side confining stress nephogram under emergency right turn condition
9. BRARTSIATANNENN=E
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Figure 10. Topology design results on the left side
10. ZfUMEHRIMRITER

Figure 11. Topology design results on the right side
11. AMERIMEIHEER

FEBTH AR, 25 SRS M AN L SR EE AN B 2R, R 75 1 L S5 MBS R RE R A
G AT BN T R A A T I R R AR R, R B BRSO R A A S A TR S R A R
BAARE WA 4, 1 20 Brii S ak 5 Prs:

Table 4. Modal analysis settings
=4 RENIMRE

e il
B FIRIVL 1Hz
B LRIV2 100 Hz
B %UND 20

Table 5. Body frame first 20 free mode frequencies

5. FSBHAT 20 I B RRSIE

BNV BLASHI (Hz) EES1YIRV HEAHIAR (Hz)
1 7.481220E+00 11 2.080891E+01
2 7.764818E+00 12 2.140374E+01
3 9.532363E+00 13 2.174275E+01
4 1.247876E+01 14 2.249889E+01
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Continued
5 1.333289E+01 15 2.384543E+01
6 1.504772E+01 16 2.408134E+01
7 1.562023E+01 17 2.475895E+01
8 1.650965E+01 18 2.589776E+01
9 1.876531E+01 19 2.669447E+01
10 2.030404E+01 20 2.713550E+01

FAEAETE DU R S IR B T AT, S TG A2 SRR IR — O 1~3 Hzs BB HUIR —f0h 127 Hz
[15]; 10450 AL Bl 5 1E Ui d T e & EE BN, T 2SN B 5 TR, AR SRR A
PN 7.48122 Hz, S5ERTEFAR L AL IR AN AL B 5 S LR, T DAEAT B 72 h oA R
WIIRIR, FFERiHEER,

5. BRGHMERTOHEIE
5 BRI AR, AR ABURAT #2007, ST A R 12, 7 13 Bk

Figure 12. Stress cloud image under emergency left turn condition
12. BREHRTSTIATNATE

Figure 13. Stress cloud image under emergency right turn condition
18 BRARTIATNATE

HPBHE, RSN, KBS 154.737 MPa,  HBLEA MM G 38, BoaHS
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TR, BN /14 203.906 MPa,  HYFILEE AT U0 FE AT 80, 73 R

AT S O B 20 S M SR o 184.4 Kg, 1% ZE I AR N Bl R A R R SR B B
204.3 kg, S2iH AR E RN FE S, RERIK T 9.74%, SCUL T REETE, E S0 EE LR
RV J5 B R N g B i 0] e L2 66

Table 6. Body side frame structure design before and after comparison

#* 6. EEMNEEREWRITEIEXI L

i KR J1(MPa)
VI FH .77 (MPa) J 2 (kg)
sy PSR
BT 164.435 189.720 216 204.3
&its 154.737 203.906 216 184.4
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