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B ENt 4YZLP-2 B T KRB A LR Rk, 7 o 1L P a3 i A L, ok R 4 4e ik

AL RHAT Solid works X 2R HEA T B RALHERE, JET ARSI 57 R 5 FROCAEAL, i A FROG

BRI ST, A ARSI B0 e - 20 BROCAR T A R o W R 2R AT 12RO, #8142

FAI

TISARBAAE . BT AR RS AT, e 42480 17 ANFEA R o, SRITRL T /A K

Bt LA K vE RS RS AR, Tl MOGA B3k, DA [FBE 100 . 2802 i 00 re RS A0 g il 8%
i 00T R SV TR A N AR, SRR H DB 00T SRR R NI IE A bR, 6472 FARER R
ettt AR EE, AT BTG 31.56 kg, B LA R iR KRBTt REAK T 0.33 mm,
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Multi-objective lightweight design of frame for crawler
corn combine harvester
YUAN Senlin, ZHANG Lihua”, QIU Qingyu, LUO Huizhong
(College of Mechanical and Electrical Engineering, Sichuan Agricultural University, Ya’an, Sichuan 625009, China)
Abstract: Aiming at the problems of large mass and difficulty in passing in hilly and mountainous fields of the current

4YZLP-2C crawler corn combine harvester, the lightweight design of the frame was carried out. Solid works were used to
conduct the parametric model of the frame, and the finite element model was established based on the parametric model

of th

e frame. Modal analysis was carried out through the finite element model, and the validity of the finite element

model was verified by the modal test of the frame. The mechanical properties of the frame were analyzed to obtain the
results of stress and deformation. Based on the relative sensitivity analysis, the thickness of 17 parts of the frame was
selected as the design variable, to establish the surrogate model by Latin hypercube experimental design and Krieger

meth

od. By taking the maximum equivalent force under the field obstacle crossing condition, the maximum total

deformation under the full load bending condition and the maximum total deformation under the bending condition as the
constraints, and the frame quality and the minimum total deformation under the field obstacle crossing condition as the
optimization goals. the multi-objective lightweight design is carried out through the MOGA algorithm. After the
lightweight of the frame, the weight of the frame is reduced by 31.56 kg compared with that before optimization, and the

maxi

mum deformation under obstacle crossing conditions is also reduced by 0.33 mm.

Keywords: crawler corn combine harvester; frame; sensitivity; multi-objective lightweight design
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HAT, 7HmH XA B R SRPL K Z
“AIEA SR, AR EROK, HIEELR S
FAA LA, A A 1) R T PEAR A 22, AR HE
A7 AR RV AR R 18, ORISR AL 24
TREEG ., THEA . RVISFR TR, 7ER Ik
PHH G LR, RV E AR CHE, W H R
WRHLIYENY 2 4, IR TR BRI L LA 1)
FEFIRIRE o A& EAF N FE 20 F R IOGR ML 2R 01 7
W N G R N S5 e B et v i 6 ) L B =1 < )
B IAEGHRAL HTEAR 70 Kg. 3 BHET 2 I 25 4L 428
AT A RO S T T Rk, ks
TEZESR R A 40% B TR 00T 25 i B2 55 1 4% W
JER G4 R B IRRE T 9.7%H 7.8%, 2G4
X R G R A 2R LA K 3 5 285 3oy i/ R B g 5 1
RV RZR, ISR /N R B ARy
Bafbiit, e SRR T 29.7 kg,

EF VL AYZLP-2 B X EARBGRYL A
XFR, HEN SR YR, JEAIR Ansys BT
FORBGFRALAREZSVERE . AT T 50 RS i 100
TR I EREIA T T BT RO APk
A BRI S A, X R T 2
Hbr e i, LA =4 7 = Rl
Bl R L
1 EHRNERBGREREREN
11 FZRZHERIREN
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FEER . AN BRI G, AR Ry 2734

mm>1340 mm>320 mm, H=4ERIunKE 1 .
R T IEEER A3 R A, FEAS R R AR
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Fig.1 3D model of the frame for crawler corn combine harvester

ZHWEHRT , MR TR, FElfn . B
PIKe/NF 10 mm (2L, F) A Solid works =
YRR AT 1 0 1 SBULERL,
1.2 FRBRTERNEN

B = ARG A E Ansys B/FHr, XHgE
FrMikg R o, FERAE RSP E N 10 mm, xR
PR TIREE , AR AR Z ] R A G Rl A T
RAA M X OEAT R . R 2O 4420050 R
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Fig.2 The finite element model of the frame for crawler corn

combine harvester

2 FEaRERBEGRIERMERES T
2.1 FEZRAESDH

Wit Ansys X EZRIEA TS ST, ZEALRT R M
A Q235, 1E Ansys Hrixz B H% Sl 7800 kg/emd,
SR 210 GPa, THMALLH 0.3, JEREREE A
235 MPa, #HFTHPRNA N, J&T Lanczos method 53
PARECE 0 AURT 4 TSR IES T3 T . GRERHT 4
By B BRI SR IR AR 1, | 3 FR,
WCAR AL T 5 8 K S MLTE B T 00 T % i o
2200~2600 r/min, #iRaM4N 73.33~86.67 Hz, fii
FH ] (SR 2 1~3 HZ[0-11 ) ¢ 1 mJ 1, 4248
25 B [ A3 45938 B & SRR HH ) PR AT %, okt
o TAIIIRING: , R RS R & B

T ERBSHRERRR

Table1 Frequency and mode shape of the frame modality

MEABIEL A% IHz PRHY
1 16.04 — g
2 25.18 — g
3 48.12 THIA A
4 50.64 — B




55 49 B4 3 4]

RS R TORBGRIL 28 2 B AR AL it 373

7.164
6.375
5586 )
4.797
4.008
3.219
2430
1.641
0.852
0.063
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Fig.3 Mode shapes of the frame modality

2.2 FRIESHILIIE

RS UEAT RO A 50, SR IMC = )il
WAL JRAR . O AR . 8 T IE B R A A LA K
WAVE B8 HT i, SR R silne . 45208
(3 )%, T EAS SIS AR, 208
FROTARL RE ST 2 05 FL AT DTk .

®2 FEERBINRSHENRERNIILL

Table 2 Comparison of the frequency for the frame obtained by

test and simulation

B A Hz Pi Uz
1 16.04 17.93
2 25.18 23.26
3 48.12 47.35
4 50.64 52.47

2.3 FZRMAFMEESH

T KR ML A B T 32 B B FRAS 2T £ 20k A
WOHRAIL B B 0 TAEERRIE, A BB 5T AR 84 fin
HALEIE 3. K4 FR.

®3 EARBGRIEMHHIRE

Table 3 Quality of the parts for corn harvester

EEACIRY S Fitt/kg
HH 400
AE A 150
HYE-5 LA 350
PARCE &N IEEs 100
KB 250
FIRZAIL 370
L 30
ALAEA 360

1 #6G; 2 BHf; 3 BICFELULGHAE; 4 Tt
B LI 5 &BhbL; 6 HEHL; 7 EHiMb; 8 R
FAE
B4 FRUEERMERGR BT E AL E

Fig.4 Load position of the components for corn harvester
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Fig.5 Cloud diagrams of mechanical properties under field

obstacle crossing conditions

ME 5 A H, EIEFEITIEEL SR,
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YIREREAL, N 206.3 MPa, e R K AETERA
SCHRGURAL, h 16.56 mm,
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T 2 i T o0 TS WOIR MILAE FH () B8 i 1 DA A
KBTI TR, SRR E3hE
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Fig.6 Cloud diagrams of mechanical properties under full load

bending conditions

M 6 FRTLIE Y, FEA RN 14T & A
1E RS S e YR AL, Sl 203.17 MPa, i
RASTE K AAEAERAG SRS TR AL, 13.86 mm,
3 EwmRNERVEAVERZEN T
3.1 HENIEES

P FICR AL A s T 00 N 2R 20 e KA T i
K, APIEESAE TR AR RS N R R A
T3, JET H R T 00 R A A Tk
ST R A R A S 10t SR vk B A A 1 Tk ik
TG, ZEAR AR X i R BRI d 1 R R ()
SRy A PR AR X T i R A AR T 1 1 R AR B LA
TR AR F R ) R A, BP Se=Sw/Sm, Sx
R B R AN T RO R AT B R UE, Sw A E
TR AT T K BT A R A, Sm W
AR IR RE AR o ) R AU

T Ansys B4R H AR B AR T Y
TR AT A R AR X T e KRR TE e Y R A
B KRBT 2 2 Excel i, T TR
XTI I RS, W3k 4 PR,

T4 ERTHHHRYE

Table 4 The sensitivity of the frame components

Gi's ROVREERABE BURREIE M TORR

iy mORPRRBUE PURREIE X PR REUE

1 0.021 0.070 0.303
2 -0.028 0.049 —-0.568
3 -0.045 0.024 -1.849
4 -0.021 0.074 -0.278
5 -0.610 0.210 —2.909
6 -0.155 0.214 -0.727
7 -0.007 0.251 -0.027

8 0.001 0.193 0.008

9 0.039 0.056 0.692
10 -0.006 0.157 -0.036
1 0.042 0.131 0.321
12 -0.053 0.126 -0.418
13 -0.013 0.003 —4.686
14 -0.034 0.050 —0.693
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= 4(5)
g5 RADERASE REASET NIRRT 'S RSB REE R AT AR R BT

15 -0.373 0.023 -16.251 28 0.096 0.273 0.352
16 -0.010 0.015 -0.680 29 -0.049 0.036 -1.353
17 -0.226 0.190 -1.191 30 -0.010 0.108 -0.091
18 -0.053 0.146 -0.364 31 0.122 0.066 1.844
19 0.074 0.017 4.360 32 0.007 0.065 0.105
20 -0.015 0.021 -0.699 33 -0.013 0.147 -0.090
21 0.019 0.018 1.055 34 -0.064 0.102 -0.627
22 -0.052 0.256 -0.203 35 0.041 0.046 0.897
23 -0.190 0.280 -0.679 36 0.068 0.032 2.139
24 -0.322 0.475 -0.677 37 -0.028 0.064 -0.441
25 -0.034 0.151 -0.225 38 0.028 0.012 2.259
26 0.011 0.032 0.328 39 -0.283 0.087 -3.235
27 0.083 0.295 0.281

NIRRT, TR 4 AN R
R HER N TR R A A B
X LE BT H A ol A [+ A7 oo Y IR T X 4
DRI RS MR N o R AL AR IR L
Lo ROT Y BUE T FE AN 5 Fizi o

*5 MUEHHEESRTRETEE

Table 5 Optimize component thickness and size ranges

G BIARJEEE/mm TFR/mm _FFR/mm
1 85 75 95
4 10.0 8.0 11.0
7 8.5 75 95
8 53 4.3 6.3

10 85 8.0 10.0
11 5.3 4.3 6.3
12 8.5 75 95
18 5.0 3.0 6.0
22 6.0 3.0 7.0
25 6.0 3.0 7.0
26 4.0 3.0 5.0
27 4.0 3.0 5.0
28 4.0 3.0 5.0
30 5.0 3.0 6.0
32 5.0 3.0 6.0
33 53 43 6.3
37 5.0 4.0 6.0
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HTRIT 2 EEZ, REPLT 8 ridR ik
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Fig.7 Accuracy of the proxy model for frame
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*k6 MUBEHEBRGEE
Table 6 Optimized parts thickness

s LEIEEE/mm G5 OUKEIEE/mm

1 75 4 8.0
7 76 8 43

10 8.0 1 43

12 77 18 45

22 5.6 25 3.0

26 3.0 27 49

28 3.0 30 3.0

32 3.0 33 43

37 4.1

MRS AE RN RGBSR R T ek, THEA
FRREAERETEDR, PULRT SIS BIA5 R 1,
W7 FiRs . 405 2 Fh T80 R RN 5 s As
Tt LSS /MR AL, 2 FhTol R AR
N JIME M 225.32 MPa, fe K EASTE &k 16.23 mm,
56 RIRI ER T i A R K BESIA mAR A
FEAR, (BARTEARVERIN, Ao A Rmg;
BATIAL G TRl 319.83 kg, AT A
31.56 kg, FH bR,

®T7 ERAUEBESHALATIERERIXTEL

Table 7 Performance comparison of the frame after optimization and before optimization

KE AR kg FH ) T 132 FH [R50 Lk Tk T THRER  —OEES S
AR IMPa R K BV B /mm B J1IMPa RASEARImMm BiERMHz iRz
i) 351.39 206.30 16.56 203.17 13.86 16.04 25.18
fitb)s 319.83 225.32 16.23 215.67 13.80 16.02 24.69
bt -31.56 +19.02 -0.33 +12.50 -0.06 -0.02 -0.49
I
4 éﬁlﬁ J R, 2005.

FIF Solid works =4k HAR R AE XTI G- 42
TS BAC L, it Ansys BP0 R 2R A TR
M, XA BRICETR A T I s X ARt
A7 T LA 23S i 50 ik B2 R EE 34
FEUEAT R AT, 1EHIE A I F 2RI R AR
T AR e, R 2 Bl TSR BRSO
J1. B TR R B AR mAE AR AR, DA
A AR R T T AR /N L B bR, SE
TSI IREH A MOGA Bk T ki
T, SEEE T AR AAE R T T AR T R A A4
FIRFT RS 31.56 kg, KRB RERE(R 0.33 mm,
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