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Light weight design of chassis frame for a soybean harvester
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(1. School of Automotive Engineering, Chongqing University, Chongqing 400044, P. R. China;
2. College of Mechanical and Electrical Engineering, Sichuan Agricultural University,
Ya’an 625014, Sichuan, P. R. China)

Abstract: In this paper, the chassis frame of a soybean harvester is taken as an object. Using three-
dimensional modeling software Solidworks for the parametric modeling and finite element before the import
processing software Hypermesh for the finite element meshing and modal simulation analysis of the chassis
frame the modal test of frame samples is conducted to verify the validity of the simulation results. The
strength of the chassis under different working conditions is checked and calculated. With the maximum
allowable stress of the material taken as constraint when the natural frequency and dynamic load coefficient
of the chassis are 2.5, and with the minimum weight of the frame taken as the target, the lightweight
optimization design is carried out and the mass of the chassis after optimization is reduced by 16 %.

Keywords: harvester; modal test; chassis rack; finite element analysis; lightweight design
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1.1 FEMABRTER

KEWBORHIL Ly B R 3 JZHEZREE A, 1 R WL AL TE 25 3 =2 FUR S AL L v )2 o 2 42 MO R T 6 26 1
TR A 25 1Y B AR ERALAE . T2 0 A FE 6 I L85 . 18 2 B, A48 2 B0 T R ) = 4k ¢t
B AF SolidWorks #4 £ IE £ 42 42 19 JU T 455 81 I ) F A BR JC i b 34K 1 Hypermesh #E47 % Rl 23 RS 25 4
Br AR HEAT T — 5 (0 T Ak, N B T 3 2% 0 26 e B 5 il 2 e 28 I I A5 /N B

AL R = A S A\ Hypermesh J& , 22 48 T 4 25 84 80 19 I A% SR F Pshell 52 525008 20, (R IE M
& KRS TR 1 L 4 v AR R 40 10 B i, 4 RO A% 25 R Ol mixed, AR K /N 5 mm, 45 A4 4R 22 TA] 4 0 I R
Pbeam #EATHLILL, BN A% A2 40 R I B9 A1 B2 Q345 4540, B PE B g 210 GPa, JAMA L 0.3, % N
7 850 kg/m” , Ji IR %R JE Ky 345 MPa, $5 245 2 W A% ] 43 J5 (197 FROCAE A W& 1 BT 8 AN BT A A 8K
304 035, BLICH R 303 367,
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Fig. 1 Parametric model of chassis frame

1.2 ERBFRTANER

WARALAT Bk JBE AR T A AR AL LA L 235 4 1 2l 2 R P A2 3R I i 8 194 582 i) i R AEROUR iR 8l 2 o S
AR AL iR R 1 R0 R A M i B DR R ORI T R 2 b RSP AT B K
AL H 5 IR B0 LR B0, P AT 4 B A9BSR RO PEAT 20 A K R0 RS T B 4 AR A BROT
BERVIEAT 07 EL A3 BT L SR P A3 BT 4 B 81 A0 1,2 B 24 S 28 i 2 Jmy B ABE 28 48 930 Ol 24,29, 26.18 Haz,
3 Bk AR RS AR 39.20 Hz. 3 B8 & sh AL h A0 b T 354 Jh 45 U il A3 %



16 TR K F FHK %42 %

2 ERPRETRBE S

2.1 HEEHILE
PRI R A B & K Bl R AEw  S4E .6 4 B & K 4524 B = [ i AL A I B & K PULSE Reflex
RSO ER . B A Wbk 42 2R A A 25 v T e S A R R 58 g T 94 A1 50 HUAB B AT 58 L IRl 2 B

9 89 71
93 73
e ]
]
‘ 81
78
79
i 49
|| 50
52 55
53 54

B2 KEFRESKBNERLHRE

Fig. 2 Model structure of chassis frame in the modal test
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Table 1 Comparative analysis of test and simulation modes

(11878 A%/ He 1 EL 25/ He K1H/ % P 4t A
1 24.46 24.29 0.66 1 B th
2 26.96 26.18 2.88 1 Biras i
3 42.06 39.20 6.78 1 Br 5%
4 51.21 45.16 11.82 1 Bl 4%
5 61.23 56.32 8.02 2 B L%

6 64.84 63.77 1.66 2 B ih L FE
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Table 2 Quality of harvester conponents y
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Fig. 3 Diagram of frame load distribution and constraint
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Fig. 4 Equivalent stress diagram of chassis frame static load Fig. 5 Local map of maximum static stress local map
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Table 3 Design variable range

HICE A PR R /mm TR /mm LR /mm
J/ik: 3 4.0 2.5 5.5

B Y g 3.0 2.5 3.5

RENPLE 4.0 2.5 5.5

HLERZ 5 3.0 2.5 3.5

HLA A 23 4.0 2.5 5.0

4.3 AREH
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Table 4 Size comparison before and after optimization

A4 B8 AL I JE / mm AL 5 5B/ mm Y /b i/ mm
JE A 4.0 3.0 1.0

Y E YR 3.0 3.2 —0.2

RAHLE 4.0 3.0 1.0

HLAL G\ 3 3.0 2.7 0.3

HL AR 1 B 4.0 3.0 1.0

YOG AR S5 B 4 40 53 A7 R 25 0 A R 2 Ar 5 s 3R D0 T BB 5L 36 5 R A Ak T JE AR A AR R
Lo, [ A 00 R AR AL AS K, R BT B R AR F. B AR B K S 137.5 MPa, sh 3 faf 9 e KN 1N
343.8 MPa, i £ A1 B Q345 4548 B 1F F N 0 FUE IR 7 AL G 228 B B i i 185.2 kg /0% 155.5 kg,
VTR 16 %0, LI T R B,
£5 RUNEREFERNESHELL

Table 5 Comparison of modal frequency before and after optimization

B B 4L 1 2 3 4 5 6

AT Ak 5) /Hz  24.2(25.36)  26.18(26.74)  39.20(38.27)  45.16(43.99)  56.32(56.83)  63.77(64.57)
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