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Fig.1 Structure of rapeseed windrower
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Fig.2 Schematic diagram of operation of rapeseed windrower
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F1 MEIBINEERASH
Main technical parameters of rapeseed windrower

Technical parameters

Tablel

i H Ttem

R X8 X/ (mm X mm X mm) Length <
31502 3002 080

Width X Height

P RE8HE4/ (r/min) Reel speed 30

A i i 266 5 % 9/ (/i) 210
Transverse conveyor speed

F 77 A%/ (r/min) 220
Cutter crank speed

% /mm Cutting amplitude 1800
Yk / (m/s) Working speed 0.6~0.9
EFE B /mm Stubble height 250~350
Hl G 18 55 /mm 020
Width of paving channel

4% 5)j )5 2{ Drive mode SRS

Fully hydraulic drive
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R JB 02, 4 9l 3 ok RBE2 PR 50 il 28 2 % 1
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AN 2 WN K ST Y AT /v = o (T I R e g
hn Tl o

2

1. #1 4 5 )i 4% 3% $ B4l Connecting point between cutting plat-
form and chassis; 2. ¥ H L 3% 4% H-4ll Connecting point of hydraulic

cylinder.
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Fig.3 Topology optimization model of header
1.4 MUEBHFOREFGNHE

R A B AL AR T oA E S ML Z #elis o, LA 3
il R TS N DAL T 00, A AR AR AR 3T 00 < o
FIWIBL Lk, AR AR s LRz T80 - Il S &)
HAHLLL 3 km/h (4 3 B2 AE £ 8] e oz 5 ] VR alk T
B+ SR E WAL AR A [ I T AR I LA 3 km/h 4 32

JEAEMSE MATE . B Creo B HIHLYLE 5E) &
BEH 38 31 Creo B 19 FI G ALAL B 55 %) 5 B S
A ZAR S 1554 RecurDyn 1, 338 i RecurDyn #k
A R AT AR AR R step pRIBRISE B OR B 48 i
DA AN ) 000 5 A T 3 40 A O L A
Ii] 1 3% 12 7 Mz 2 77 =2 W i A s % 1 540 70 %
WIS Sl R R\ 9K 2l i AR 5V T 3k
BTSN Bh R P ARFE S HLAL RN I shil ik e
B S B S UG R R E RS
VO T 3k i R RS NG SR E S SR T 2R Ak
WSINFE SR, R T8 FHE, R Bushing Force X%
WEGLFE R, FH step bR B0 B 55 5 8 9K 30, ff
P R 5 3 30 v/min | i 3% 2 G 0 240 o/min
18 17 %0 77 i A 5 5 320 r/min 2 ) B T AR i
B 240 r/min, 38 8 SO RTHR A BEACRE JE A R
5B W HLAIL B ST K FR A5 2070 32 E I AL KR PR BIL
BEAY QP 4 fros o U = e 0 R SOGRAS % 1
PR | A5 A [) 6 T A TR 85 8 5 15 I T =2 [ ) 422
k15 kg R - R FORE 43 AR £ [R) T AT I 5
M, B2 B S5 S0R015] . I s B
FEALLK S ] i) 5K 3 oR FOBE LI T 00 i T 0L
M) TAE T, 4 Lol BEr ) 10 s, ff P K
5004,

B4 hSER L UL
Fig.4 Virtual prototype model of rape windrower
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Fig.6 Force analysis of header
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Table 2 Weights of all indicators in the integrated objective function

— YRR YRR YRR — AR B
First-level index Second-level index Second-level index weight First-level index weight
T.#% 1 Working condition 1 0.146 0
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A B
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Fig.7 Single-objective optimization result of header frame under three working conditions
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Fig.8 Multi-objective optimization results
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Fig.9 Topology optimization results of header
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Fig.11 Vibration test of rapeseed windrower
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Table 4 Vibration test condition of header
15 T4 HLEHBT IR R AP/ (r/min) W/ (km/h) TV L
Test conditions State of runtime machine Engine speed Speed Road condition

1 231, UK BHHLTAE No load, engine operation only 2200 0 . VLT
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) 253, KB AR SRR R I AR 9900 0 KL T
No load, engine and working parts work at the same time Cement pavement
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Cement pavement

4 % L TAE Engine operation only 2200 3 HH [i]38 % Field road

X 25 I 5 %) o s A 5 1R A T SR A B AR
FEANTR) 000 T 4% 00 5 3% 2l A B 3k o 44 7 AR A2
WMFES R, MRS AHL, HE 5 8% 0% 522 40 #E32

G A ) FEATR) 00 B RIS AN K, R B & S LI
il Xk G W R 5 DA BT S 0 A 4 PR R AR AR I A, 52
P A I 5 5 AR A A5k 1 & s HLIRN Y
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S35 (18.4 Hz) , o 2L PR 1) & A R IR FE A . & sl
AT AR TAE T80 2) , B ERDLE & 3R IR 4
R A T B0, 22 B T AR R AH 5 % 1 93kl b
) PR B K [R5 5 9N ) 50 70 SCHR (D A 2)
MR (4.83.1.49 m/s) KT H A SR, = WIG\ 1 4]
ERS TAE R B SR 0) FE IR Z — . X HK IR
18 i iz (T 3) A [H) 3 i iz (T 4) w] T, 1

TFI] LS AR XA K, B MR M e 1 ety I AL
A R A% I IR WA T AR AR 5 DA TS 2 T T
DI A% SRR 73591 T B 4520 F160 00, 2 W % ThT 9
il 5 AR SR AN BEZ L . AR S B 5 AR
By R AT B 1 A3, 2% DN AR W I 0/ . 1
Je G\ 1] VI 5 S AR A PR 4.83 m/s” R 1.49
m/s”, i T FE 690

*5 ENRIRSBENMEENFIRE

Table 5 Root mean square of acceleration of the total vibration of the measurement point m/s’
4 1 Point 1 552 Point 2 il 15 3 Point 3 il 15 4 Point 4
i T B o i . i . g o i
Test conditions AT AR AT AR AT HhALE AT AL
Before Optimized Before Optimized Before Optimized Before Optimized
1 2.79 0.62 1.65 1.06 3.03 0.46 2.28 0.30
2 4.24 0.81 4.83 1.49 3.79 0.95 2.88 0.49
3 3.30 0.48 1.80 0.45 2.95 0.52 2.72 0.39
4 1.79 0.19 1.55 0.29 2.31 0.43 242 0.39
3 it ¥ BORHE PR IUAE AT OE LB L0 — 25 52 B0

A5 38 35 70 5% E I AL URE LT B4 BT, 3K
PRI T iz T80 H VR MY T 00 F 1 &
B R Z B, BT 5 0 A5 A X R 2
/NF 109, B0AIE T 0 BRI G n] SE b . S AR B
FAME AL IR IS, I A EE B BT R B I S T
25 I EE FN AT =B sh SRR 255 H AR sk, R 2
WML E S T BARMAGE ., ST 2kl )12
15 B 45 F F Hypermesh 3k {4, @57 17 %) & Ptk 40 45
RERY 38 o AR AT 315 200 R 255 B AR iRy
WEAT RIS MRV B B 2 S B WM A 4h
e GE AN T 3 5 PR TR ER , XHLER LS M IR AT
Bt FE4 N Ak b BEAS B H A TR 254 . RS A BT
F ) o e 48 R W ) B ML B K AR Y 4 e 0.82
mm N [EF]0.36 mm, Fe KN I {H H 107.99 MPa | %
F| 64.45 MPa, 2451 1 18.83 Hz 2 1 #1] 24.18 Hz, it
TET & ShHLBE R R 04 43 W0, AR AR IS 65 1) 45 4 5
JE W R sh A PERE IR B . ST bik
THEYAE AL, X8I & AT ek n sl i B ALk 50
IR AT T B S WO SR 315 5 B R B0 e E
A7 o ARARE B W0 SR e W 9s /)N, G g ) )
A SCHRIRIR R 6900, B3 1 I B IR SRR

AT R AR ML T 0T e T R G LR ZE
Ak, 25 R R B G PRI R, (E LS
2y 14% , J5 Bt 54 7 2% 18 RS PR i [R] i 25 45
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Topology optimization and test of the header frame of rapeseed
windrower based on the variable density method

FAN Wei', SHU Caixia"*, WAN Xingyu"?, LIAO Yitao"*, LIAO Qingxi"*, YANG Jia'

1.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equipment in
Mid-Lower Yangtze River, Wuhan 430070, China

Abstract The truss structure of header in the caterpillar type rapeseed windrower is complex and
changeable , which leads to the problem of large vibration of the header.Based on the variable density meth-
od , the multi-objective topology optimization of frame structure of the header was carried out to reduce the
vibration of the header under different working conditions. The topology optimization model of header was
established by using Hypermesh software. The virtual prototype model of rapeseed windrower based on Re-
curDyn was established by using multi-body dynamics method. The dynamic loads of the moving pair of
the header under parts debugging conditions, transport conditions and field operation conditions were ob-
tained. The comprehensive objective function of static stiffness and dynamic frequency of the header was
constructed with the compromise programming method. The weight of each sub- object was determined ac-
cording to the analytic hierarchy process (AHP). Taking the volume fraction and maximum load of moving
pair as constraints, the ideal material density distribution of the header spatial structure was obtained. Con-
sidering the practical engineering application, the optimized frame of header was normalized. The finite ele-
ment model of the optimized frame of header was established and the finite element static analysis and mod-
al analysis were carried out. The vibration amplitudes at the measuring points of the header before and after
optimization were compared and analyzed. The results showed that the maximum stress value decreased
from 107.99 MPa to 65.45 MPa after optimization. The maximum deformation decreased from 0.82 mm to
0.36 mm. The natural frequencies of the first three orders were increased to varying degrees , and the natu-
ral frequency of the first order was increased to 24.187 Hz. The results of actual vibration test showed that
the vibration amplitude of each measuring point of the header decreases after optimization. The overall vi-
bration of the header decreased , in which the amplitude of the longitudinal cutter support decreased from
4.83 m/s” to 1.49 m/s”. It will provide reference for the structure improvement and optimization of rape-
seed windrower.

Keywords rapeseed ; windrower ; header ; vibration ; topology optimization ; variable density method
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