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Table 1 Boat-type tractor model parameter calculation

LR avy e —=o . B

wE e BB il
Part Thickness/mm Elastic Poisson’s ratio Dens1t)ll/
model/MPa (tmm’)
1/6/8/10 5 2.01x10° 0.27 7.78x10°
2/3/4/5/7/9 8 2.01x10° 0.27 7.78x10°
11 6 2.01x10° 0.27 7.78x10°

e AR 1~ 11 RS IR I La.

Note: Specific name of part 1-11 as shown in Fig.la.
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a. BRI UYL = i
a. Boat-type tractor rack 3D model

b. fraCE R NN R TR
b. Finite element model of boat-type tractor rack
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Bs EMISCAE OB 6 10BER 7 1LER 12J58F 130804
141 1545840 16. KBl

1.Tank frame 2.Beam1 3.Beam 2 4.Transmission frame 5.Beam3 6.Beam4
7Beam 5 8.Transfer case mounting bracket 9.Beam 6 10.Beam7 11.Girder
12.Rear axle 13.Transfer case 14.Frontaxle 15.Gearbox 16.Engine

B 1 A RIEFEAIRALA
Fig.l Boat-type tractor rack model
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Fig.2 Rack’s optimization design process
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Table 2 Ten orders’ natural frequency of boat-type tractor rack

ik RSPk ETRIREPU
Order Natural frequency f/Hz Modal description
1 25.78 IKAE S SR B T 7 ) 2 i
2 35.58 B KT 1125
3 38.43 A AT S YA
4 40.25 A AR S
5 47.89 WAL B 7 )45 i
6 62.01 B 7 %%
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8 66.14 HLA AR
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10 86.72 UKy, BESE 4 25l
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a. First-order vibration mode b. Second-order vibration mode
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c. Third-order vibration mode

d. Forth-order vibration mode

e. Fifth-order vibration mode

A3 RGBS A
Fig.3 Modal shape of boat-type tractor rack
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Table 3 Sensitivity about thickness of boat-type tractor rack

components

A At W RS R

No. Part Thickness/mm  Modal sensitivity/(Hz-mm™)
1 IKA S B 5 2.93
2 M 1 8 -1.13x10"!
3 Mg 2 8 -2.52x10”
4 AR HAR S 8 2.03x107
5 B 3 8 3.44x107
6 B 4 5 7.91x10™*
7 B s 8 1.05%107
8 Sy ENF ST AL 5 1.16x107
9 M 6 8 7.93x10°
10 RS 7 5 1.62x10™
11 E3 6 6.56x10"
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Table 4

Initial value and variation range of components’ thickness and first order modal frequency of boat-type tractor rack

A IKA S B R 1 G2 AR AR SR Mg 3 Mgt s T3 B
Variables Tank frame x;/mm Beam 1 x,/mm Beam 2 x3/mm Transmission frame x,/mm Beam 3 xs/mm Beam 5 x¢/mm Girder x;/mm Frequency f/Hz
VI Initial-value 5 8 8 8 8 8 6 25.78
T BR Low limit 5 5 5 5 5 5 5 35
IR Upper limit 20 20 20 20 20 20 20
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F (X)) = F(x),%),%;,%,, X5, X, X,) = 35
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M, M, M,
G, x 5 7255 6.819
C :x, 8 5 5.15
C,x 8 5 5231
R G :x, 8 7269 7.524
C, 1 x; 8 5 5
C; i x, 8 5 5
Cs 1 x, 6 8931 8.681
C,:f 2578 348 3502
| GV 2.5 2,604 2577
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Table 5 Optimization design results

SiH JERES UG SIS
Ttems Original Optimized design scheme
planMy, M, M, M; M, Ms M
KFAZE x)/mm 5 7.255 6.819 6.861 6.783 6.746 6.689
B 1 xo/mm 8 5 515 5 5 5 5129
Wik PR 2x/mm 8 5 5231 5 5 5 5
Design  AFTH4H X4 x/mm 8  7.269 7.524 7.446 7.519 7.74 7.852
variables a3 ¢ omm 8 5 5 5 5 5 5
FE4E 5 xg/mm 8 5 5 5 5 5 5
FZ x;/mm 6 8931 8.681 8.84 8.778 8.709 8.604
~ Hi 25.78 34.8 35.02 34.98 34.97 34.97 34.84
H bz Frequency f/Hz
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Volume 7/107 mm® 2.5 2.604 2.577 2.587 2.578 2.571 2.56

4 BMEIHAE

M AR WL S VPt 2 — D AR bR gL e,
AEAE L THRFR PP 45 R A AN ) 8, DT 5 2245 B
PPN IR SR AR A M Ry Fe . S AERT SRS T
GENTIEAE A VERBIRL, A KR GO N A M 45k
PE VPRI o R SRR 1) G2 AR IO 33t B UL
PRI BE T %, B WE

D AU M A7 Co, Cs s
Cs 9 MFFAE L ILAR N (A, IXEAERI K T 7 Fh i 9
YEST G RO T I RS R

M, M, M, M,

6.861 6.783 6.746 6.689

5 5 5 5129
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a. First condition- stress contour of
un-optimized rack
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Fig.4 Rack’s stress contour

b. Lo —RAERINLERE =
b. Second condition- stress contour of
optimized rack
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Table 6 Top 10 rank natural frequency of optimized boat-type
tractor rack
Brf¥Order 1 2 3 4 5 6 7 8 9 10

LB
B 34.84 34.98 37.85 39.60 61.48 63.14 65.65 68.36 73.70 86.70
Frequency f/Hz
B/ 5 AXieiE
Fig.5 Boat-type tractor
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Structural optimization for rack of boat-type tractor based on sensitivity
analysis

Zhou Minggang, Zhang Lu, Chen Yuan, Liu Mingyong, Huang Yunpeng
(Research and Design Institute of Agricultural Mechanical Engineering, Hubei University of Technology, Wuhan 430068, China)

Abstract: In order to promote the mechanization of cultivation in paddy field, Chinese scholars have been devoted to the study
of the boat-type tractor. The hull was the main load-carry part of the Chinese traditional boat-type tractor, and modifying the
shape and size over and over again based on the experience was the conventional design method of the hull. However, it was
hard to ensure the parameters of the static and dynamic property selected from a series of variable ranges were the optimal
ones. In order to achieve superior static and dynamic performance of the boat-type tractor, the multi-objective optimization
design was conducted on the established separable boat-type tractor rack. The supporting device of the established boat-type
tractor was the rack, and the transmission was mounted on it. The transmission was powered by the engine, and then power
was output to the gearbox and transfer case through the propeller shaft and finally to the driven wheels. Therefore the rack
played an important role in guaranteeing the reliability and stability of the whole machine. First, pre-processing was operated;
we extracted the middle surface from the three-dimensional (3D) model and assigned shell units. Full constraint was applied on
the rack where the wheels were connected, and after this the finite element analysis of the constraint model was conducted on
the rack. Through the modal analysis we found that the first-order modal frequency of the frame was close to the engine
working frequency, and therefore we determined the first-order modal frequency as the optimized response. Due to the
complexity of the rack structure, we analyzed the sensibility of thickness to the first-order modal frequency, and tank bracket,
Beam 1, Beam 2, gearbox bracket, Beam 3, Beam 5 and main beam were defined as the design variables. Besides, we took the
minimum volume as the optimization goal. Then, the multi-objective optimization design model was established and 6 groups
of non-inferior solutions were obtained. In order to select the optimal design scheme from 6 groups of non-inferior solutions,
we composed complex fuzzy matter-element matrix of characteristics and their corresponding values in the optimized system.
After normalizing the matrix, the membership matrix was acquired. This matrix could help us determine the entropy weight of
the evaluation indices, and thus we could get the advantages and disadvantages of each non-inferior solution. After obtaining
the optimal solution, we redesigned the rack and carried out the modal analysis, and the statics check was also conducted on it.
Comparing the results before and after optimization, we found that the first-order modal frequency increased from 25.78 to
34.84 Hz whose growth rate was more than 35%, the maximum static stress decreased from 51.18 to 37.75 MPa, and moreover
the working frequency of the engine was away from the natural frequency of the boat-type tractor rack. The most important
thing was that at the time we obtained the excellent performance of the rack the volume of the rack only increased by 2.4%.
The result showed that the rack of the boat-type tractor optimized based on the fuzzy matter-element model and coefficient of
entropy had good dynamic performance. The research provides theoretical and technical references for the design of the new
boat-type tractor.

Keywords: mechanization; optimization; design; boat-type tractor; rack; modal; sensitivity; fuzzy matter-element
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