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Fig.1 3D model of the combine harvester body frame
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Fig.2 2D topological model of the

combine harvester body frame
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A G HESE A BROC R MR BE R Finite element model of
framework; B: % B HE 40 45 BR JC 52 ¥ /K #5 & Finite element
model of whole body frame.
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Fig.3 Finite element model of the combine harvester body frame
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Table 1 Mode frequency and vibration mode description
(83 i 45 45 % / Hz TR
Order Natural frequency Mode shape
— ] i) 25
| 7.99 . B0 1) 2541 4
First-order lateral twist
— B [z
5 10.05 ‘ 0] 1) 41 % .
First-order lateral torsion
A T
5 13.85 4 7] 1) 25 .
First-order lateral bending
: nl L AR
A 1422 - 1) 25 iy ‘
Second-order lateral bending
AT AR
5 15.32 .. 4 ﬁﬁ% 6 .
First-order vertical bending
B ey A
6 16.00 0] 1) 2541

Second-order lateral twist

A — B 2540 The first-order lateral twist; B:— Bl 13 %% The first-order lateral torsion; C.— ¥l 25 #fi The first-order lateral
bending; D: Bl [ 25 ffi The second-order lateral bending; E:— K3 B 25 il The first-order vertical bending; F: B fill 7)) Z5# The sec-

ond-order lateral twist.
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Fig.4 Modes of the combine harvester body frame
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Fig.5 Size optimization area of the

combine harvester body frame
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Size optimization process of the combine harvester body frame
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Fig.7 Thickness distribution scheme of optimal frame
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Fig.8 Combine harvester body frame thickness of size optimized
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Table 2 Variable comparison before and after size optimization
o . EIR G- 5 HEH MK
A% i Variable o
Initial value Improvement value Increment
K B HESR T i/t Body frame weight 0.709 0.703 —0.006
1 B 438 /Hz First-order natural frequency 7.29 8.63 1.34
2 B #5 % /Hz Second-order natural frequency 10.05 11.30 1.25
3 B4 % /Hz Third-order natural frequency 13.83 13.45 —0.38
4 B #5 % /Hz Fourth-order natural frequency 14.22 14.09 —0.13
5 B4 % /Hz Fifth-order natural frequency 15.32 16.42 1.10
6 B4 % /Hz Sixth-order natural frequency 16.00 16.82 0.82
U0k ] S /mm Thickness of vertical beam 1 5.00 8.00 3.00
gk 2 R B /mm Thickness of vertical beam 2 5.00 2.00 —3.00
g 3 4 0E 2 JF /mm Thickness of vertical beam 3 5.00 2.00 —3.00
g A R B /mm Thickness of vertical beam 4 5.00 8.00 3.00
V2 12 1% R A T VR (6 /
FEAE R 2% (6 O /mm 5.00 3.49 —1.51
Thickness of connecting vertical beam
P21 #HEE /mm Thickness of longitudinal beam 1 5.00 2.81 —2.19
NG 2 # 5 /mm Thickness of longitudinal beam 2 5.00 8.00 3.00
N 3 #f 5 /mm Thickness of longitudinal beam 3 5.00 8.00 3.00
N 4 # 5 /mm Thickness of longitudinal beam 4 5.00 8.00 3.00
PG 5 @ EEE /mm Thickness of longitudinal beam 5 5.00 2.03 —2.97
NG 6 #0 5 /mm Thickness of longitudinal beam 6 5.00 2.12 —2.88
G 7 # 5B /mm Thickness of longitudinal beam 7 5.00 2.00 —3.00
1 5% 1 8 /mm Thickness of beam 1 5.00 8.00 3.00
TG 2 #0 JE BF /mm Thickness of beam 2 5.00 7.93 2.93
B 3 #0105 )F /mm Thickness of beam 3 5.00 4.96 —0.04
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Wt AR E I AR R E AR, AR, B8
W& 10 FroR 46 B HESL B R0 % BEAE it AR o, 2
B HE SR 5T 18 R BT 2 O, AR B HE SR ) B T 1R
0.709 t. [ FFR2r 514 0.709 t #1 0.600 t,¥3t H#r
h— B SR R R, B/ 11 s oA EAR S
T B HE B 5T o i 2 A U B AR AR B
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A — B 25 40 The first-order lateral twist; B:— il Al %% The first-order lateral torsion; C:— ¥l [ Z5 i The first-order lat-
eral bending; D: Bl 7] 2 i The second-order lateral bending; E: — ¥ 3 B 25 #Hi The first-order vertical bending; F: = Byl [a] 25 1

The second-order lateral twist.
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Fig.10 Topology optimization area of the
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Fig.9 Combine harvester body frame modes of size optimized

combine harvester body frame
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Topology optimization process
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FHeh 2855 6 Yk ARE 15 B T M 1 42 B e 4R R
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HE 2 119 56 — B B S OR B AR AR T Y 7.29 Hz B R
AL G #9 8.49 Haz. [ AT L AT 5% M ik FF #1 JT 1) %
PRAF (7 Hz) , i G 4% 5 HE 42 5 K00 9 3h 5 il ™= A&
R A BN T 4 S AE SRR AL R H Y.
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A RPN FHE SR RS SR FME AR
S5 XF LA BT OR BL G B HE SR A5 R Fh ML AL 5 R
SHRAREE B R B RSERAR G ORI 4 B HE S ek
bl 0.85 %, — B [ A 3 R $2 & T 1.2 Hz; i FME
fbJ5 » BOR P4 B fE 2R 08 L R 15,09 %, — B [ A
BRSEE T 1.34 Hz, RAMES RFHR LYy vl 6
WCAR BIL 2 E HE S [ A 51 28 30k T A1 356 385 i A0 4 3 [
TEXTC AR ML A B HE B E A7 4 MR AL IS, L0 i T B
TR, AH TN 2 % B HE L B R g o
T B BE A3 A AN 5] AE SEBR I T s B A I
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Density distribution scheme of optimal frame
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Fig.13 Combine harvester body frame thickness of topology optimized

x3 mIMLKETR

Model info: 1

Result G/hypermeshtupulogylmndﬂ des.h3d
Design : Iteration 6
Frame 7

ES®AR

Model info: 1

Result: G:/hypermeshtopology/model_des.h3d
Design : lteration 6
Frame 7

MESEREESH

TEXLE

Table 3 Variable comparison before and after size optimization
AR K Variable YIUEAE Initial value W E{E Improvement value 4K 4 Increment
ZEHHER Tt /¢ Body frame weight 0.709 0.602 —0.107
1 B 43R /Hz First order natural frequency 7.29 8.49 1.20
2 B4 % /Hz Second order natural frequency 10.05 10.27 0.22
3 B #5% /Hz Third order natural frequency 13.83 13.38 —0.45
4 By 43 /Hz Fourth order natural frequency 14.22 13.98 —0.24
5 B 45 % /Hz Fifth order natural frequency 15.32 16.51 1.19
6 B 45 % /Hz Sixth order natural frequency 16.00 17.22 1.22

A — Bl 15254 The first-order lateral twist; B:—Br il [ $1%% The first-order lateral torsion; C:— il [ 25 {li The first-order lat-
eral bending; D: B[] 25 ] The second-order lateral bending; E:—r EH 25 i The first-order vertical bending; F: [l i) 25 #1

The second-order lateral twist.
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Fig.14 Combine harvester body frame modes of topology optimized
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Table 4 The result comparison of two optimization methods
A ss EIRGRIEN INRE/ RIS EEINRIAE
Variable Initial value Result of size optimization Result of topology optimization
% B HEHR T i/t Body frame weight 0.709 0.703 0.602
1 B 458 /Hz First order natural frequency 7.29 8.49 8.63
Vi # kb / % Lightening ratio 0 0.85 15.09

T HE 7= i i AR s R F RS AR Ak 5 A s AR Pl 4 &
HEZR AT S5 AR AL TE R i A
3 it

KA PR IC 22 MR IR AR ST T WOR ML 4 B fiE SR
A B G PR RBE R, JF DL o JE R B 4 B4
T 7S B AR WAL SR 5 FRAY . X L4 B 4544
[F] A 433 5 D SRR AR e B L A E B — o [
AN 7.29 Hz, T WCAR AL IE 5 T AE 8 H) )42 28
BUAE 3 3 b 04 %% 3 24 439 r/min, 28 A8 % R
7 Hz, 2 SpHE SRS — B 181 A5 40 5 55 1) 0 35 Jnh A % 422
L KL B 5 R i R

SRUD GRS G ST (TR N 1B B o L D R
B (R A5 25 43 38 4 Tl 6 5 2 1 1 [ S DL T Ab
TR IR AR Y L ARYE AR M . LAE SR R AL 4 B
HE 28 B — [y 461 7 490 23R ke T AN SR AR H A . AR
5% 32 2R R SHR AL Adn M4k 2 Foy sk 3l gk
BILZE B HE R 25 K 30 A7 O Ak T 50K B 42 B HE 4 11 A
IR A S A € R N I G LN SR ST €N
BLELAT B o 5 N it v L 3 g M, 02D K R U1
FE L 7E B2 2 OR AL AR 4R 2l &7 38 1 19 5] B 3k 31 5 5k
e B,

R T VR AL AR AL A B E A Y [ AT AR LT
HPER IR 5 ARG L >Rl HyperMesh 57 X0 1 3k
B2 B HE 2 2 P R A5 80 08 47 RUSH A Ak TR MR 1K
Xt HC AT YRR ML 4 B HE SR 25 4 40 sk 5 RSH ik
SR B A RS )R S BORPLZE B HEZE — B [
WRRE T2 8.49 Hz, ZE S HESL B & T % 1 0.85% 5
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Analyzing vibration characteristics and optimizing structure
of combine harvester body frame based on modal analysis

LIU Shuang XU Hongmei ZHOU Jie ZHONG Wenjie LIU Haiyue

College of Engineering s Huazhong Agricultural University/
Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agriculture ,Wuhan 430070,China

Abstract The body frame of a combine harvester was used to build the body frame geometry mod-
el. As the complexity of the body frame structure of the harvester, the road motions, cutter excitation,
threshing roller excitation and other vibration generated by the body frame will be passed to the driver.In
order to simulate the process of vibration excitation to the human body frame in a more appropriate way,
it is necessary to soften the harvester body frame that conducted the vibration excitation.Based on the
geometry model, the finite element soft body frame analysis is used to establish the finite element soft
body frame model of the vehicle body frame.The modal analysis and calculation are carried out on the ba-
sis of the new model.In the structural vibration, the influence on the dynamic behavior of the structure of
lower order mode is more than that of the higher order mode. The low order mode determines the dy-
namic characteristics of the structure. The body frame structure was optimized with the first-order mode.
The results showed that the first-order modal frequency of the body frame of 7.29 Hz is close to the exci-
tation frequency (7 Hz) of the cutter when the harvester works normally, which is prone to resonance
and has the greatest impact on human comfort.In order to adjust the natural frequency of the body frame
of the harvester to avoid the external excitation frequency range, the size and topology of the model of
the vehicle body frame were optimized with HyperMesh software.The results showed that the first-order
modal frequency of the harvesting machine body frame upgraded to 8.63 Hz from the 7.29 Hz.The body
frame mass decreased by 0.006 t after the size optimization. After topology optimization,it was the same
that the first-order modal frequency of the harvesting machine body frame was improved to 8.49 Hz from
7.29 Hz.The body frame quality was reduced by 0.107 t. The natural frequency of the harvester body
frame can avoid the external excitation frequency range by optimizing topology and size.Considering the
goal of design optimization and manufacturing cost, the size optimization technology is more suitable.It
will provide some reference for reducing the probability of occurrence of body frame resonance and the
optimizing lightweight and comfort of harvester to a certain extent.

Keywords harvester body frame; resonance; modal analysis; size optimization; topology optimiza-
tion
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