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Design and experiment of wheel-track compound power chassis for
high clearance sprayer in paddy field
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(College of Engineering, South China Agricultural University/Key Laboratory of Key Technology on Agricultural
Machine and Equipment, Ministry of Education, Guangzhou 510642, China)

Abstract: [Objective] To discuss the feasibility of the structure of hybrid power chassis for high-gap sprayer in
the paddy field, solve the problems of deep depression of the paddy field sprayer and poor passing performance in
field, and meet rice planting mode and agronomic requirements in the southern region. [Method] The theoretical
analysis of the steering and driving performance of the power chassis was carried out. The key components of the
track and wheel traveling device and the transmission system of the whole machine were designed. The finite
element software was used to track the trapezoidal bracket under static load conditions. After analyzing, the load
distribution and weak parts of the crawler running device under full load were obtained, and the running device was
optimized according to the analysis results. [Result] The chassis clearance was determined to be 950 mm and the
track width was 20 mm. Under static full load conditions, the maximum stress on the crawler trapezoidal bracket,
which was 128.87 MPa, occured at the hub connection, and the maximum displacement, which was 1.05 mm,
occured at the joint of the load bearing wheel, meeting the strength performance requirements. The field test results

showed that the driving speed ranged from 1 to 3 km/h, the minimum turning radius of the paddy field was
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3 380 mm, the front wheel depth was 115 mm, and the rear depth was 63 mm. [ Conclusion] The wheel-wheel

composite power chassis structure is feasible. The performance of the whole machine meets the requirements of

paddy field operations. The results of this study have certain reference values for the development of new paddy

field high-gap sprayers.

Key words: agricultural machinery; paddy field; power chassis; high clearance; track
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1: Crawler walking device; 2: Frame and platform; 3: Tank; 4: Seat;
5: Steering wheel; 6: Engine (Safety mask); 7: Transmission axle;
8: Wheeled walker; 9: Steering cylinder
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Fig. 1 Structure of the whole machine
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Table1 Technical parameters of paddy field high-gap
sprayer wheel track composite power chassis

2 Parameter ¥{8 Numerical value

ANE R SF(Kex i xED/(mmxmmxmm) 2 910x2 010x1 990

Dimensions
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45} i & /kg Structural quality 1130
¥ /mm Wheel base 1500
Hi%E ¥E /mm Front gauge 1500
J5i JB #Fi/mm Rear gauge 1 800
B 1 [R] BR/mm Ground clearance 950
FEMU A1

1 berore and after
HST, AZid34Y4
HST, 3-speed shift
S e v
Hydraulic steering

Number of differentical locks
A7 3875 3, Shift mode
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1: Guide wheel; 2: Walking load wheel; 3: Balance bar; 4: Bearing wheel
connecting block; 5: Guide wheel tensioning slider; 6: Drive wheel;
7: Trapezodial bracket; 8: Track belt; 9: Track guide; 10: Tensioning screw
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Fig.2 Crawler walking device structure
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Fig. 4 Diagram of of the resistance comparison between
the track brake steering (upper) and the wheel-
track composite chassis steering (lower)
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Fig. 5 Three-dimensional model of trapezoidal support
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Table2 Load type and loading form of trapezoidal
bracket in finite element analysis

ezt BAT/N TEa(

Type Load Form
F4 4} Machine 11300  #EH# 4T Concentrated load
A4 Fuel tank 300  4EF#EAT Concentrated load
0 51 Driver 800 4P i Concentrated load
In# Load 10000  fEH#Ar Concentrated load
71l Total 22400

BN FEEATEAIEL 7 FToR . 1) ARG SZFRE
WER, B A5 BEIERRE LN L,
KB A M B AW X, Y. Z3X 3 ANI7 AL 1
2) AT Ik R TERR T S 248 1, S 45 B T
TH SIS T C 540 E D B2 B M
B H A _FRIER 1, Y908 F=22 400/4=5 600 N, X
FEREREI T AR, PR T RIS RS, 2 /i Bk .

XS] AT B R R R AR EOIRAS TR I 45 M ik
FEE T W BE AT I A%, ASEAUL L I 77 43 A7 R0 A T A D
RSy A un Bl 8 Bz, FLREAR Fir 52 B ) 3818/, 7R
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[i] 72 29 3¢ Fixed Support
[i5] 5 29 322 Fixed Support 2
HAni2 Force 2: 5 600 N

# fuf Force: 5 600 N

7 #HEXRENAFFMAAE
Fig. 7 Boundary condition processing of trapezoidal
bracket
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Fig.8 Equivalent stress distribution cloud map of
trapezoidal bracket under full load
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Fig. 9 Overall deformation displacement distribution
cloud map of trapezoidal bracket under full load
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1: Engine; 2: Clutch; 3: Gearbox; 4: Wheeled walker device; 5: Front drive bevel gear; 6: Rear drive bevel gear; 7: Track device; 8: Rear drive half shaft; 9:
Rear differential; 10: Splitter; 11: Front drive half shaft; 12: Front differential; 13: Hydraulic pump. A: Hydraulic output route; B: Front drive transmission
route; C: Rear drive transmission route
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Fig. 10 Overall drive system schematic
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Table 3 Transmission ratio distribution schemes at all levels

ib iz
144 IR TR RAY Iy LZ08aY JE =
Gear | Gearll Gear I1I Gear R Wheeled Tracked
7.55 4.99 2.48 7.55 8.15 9.84 3.20

1) iy: Rk FAAE S iy B ARSI i AT AL BB
1) i,: Transmission ratio of gear box drive; i,: Transmission ratio of central drive; i,: Transmission ratio of end drivewalking

device
4 HEMHEEIXLE
2018 4F 5 H 23 HAERER A K= I 1
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Table 4 Time and speed required for 100-meter test in each gear

F44 Gear position ils vi(km-h™)
1% No.1 2% No.2 YJ{H Average value
I 366.4 375.5 371.1 0.97
I 183.2 201.8 192.5 1.87
il 120.7 116.9 118.8 3.03

*®5 HEPERRAEIZR
Table 5 Depth record of field experiment

) HI#¢ Front wheel J5i J& Bear track
I H Project - — - - o -
YA & /mm Depth B & /mm Width VA& /mm Depth % & /mm Width

75 Left 108 160 54 240

i Right 121 163 71 234

¥I{H Average value 115 162 63 237

a: JE AT B R b AR JEATE PN L
a: Track depth measurement b: Track walking track comparison
E 11 HEERERNR
Fig. 11 Depth test of field experiment
a: H[A] b: /K
a: Field b: Cement floor
12 HiE5KeitESEENK
Fig. 12 Field and cement floor turning radius test
77
®o BIETEE 5 &k
Table 6 Minimum turning radius mm 1) MR T 7 i DX K FE R A R 2 R,
MR Fike i Bt T 7 MoK H s B % MRS R R A 3l R AL 1
‘Test environment  Turn left Turnright Average value M T R AR L K, N 5 AT 0 B
/KJeth Cement floor 3300 3330 3315 SRR UL G B AL E) R GHHAT T4 5%t K
H "] Field

00 P 3 AERE DI 950 mm, B #5 B2 56 20 mm,




22 g A LR 22243 (http://xuebao.scau.edu.cn/zr)

540 5

2) TEERAS B LU N X B 84T T
ARRTCHHT, R3] TIHECIRES N AT ERE M
Tt 53 A5 RIS AL, A PR TT A s R R £ S
WEE 0L R, JE AR Y SR Pl 52 s KN ) R AR AR RS
BB AL, N 128.87 MPa, s KA R Kk A 1E K 5
HEREAL, N 1.05 mm, it LR PEREESR .

3) FH AR 56 45 S 2% B« 7K H ey M B 5 55 WL JB

H 80 77 R AL B AT B LG A 1~3 km/h, 7K H
1T B /NS 24208 3 380 mm, BIFEFEIA 115 mm.
J& FE T 63 mm.

7K HH s b B S 25 AL B 2 A 300 0 IR A A TR
FEI ) 38 3 B S5 1 398 45 W 5 R /DN, I B % T 46
TAEFBAY: 58 B2 FENAT 55, At w7k FH FH ) 457 R A
b in) B, oK B I HU B TR A BT SR
HARZ%.
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