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Design and Experiment on Extended-range Electric Caterpillar Tractor

WANG Baochao QIAO Mingrui CHU Xianggang SHANG Shuqi WANG Dongwei
(College of Mechanical and Elecirical Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract; Electric tractors have the advantages of strong power, energy saving and emission reduction,
simple structure, reliability and durability, which have become the focus of research at home and abroad.
A 10 kW extended-range electric caterpillar tractor was developed, and the working condition analysis,
electric drive system design, prototype trial production and field test were completed. The performance
test and analysis were carried out for walking, rotary tillage and ditching conditions, and the results
showed that the designed extended-range electric tractor was competent for the functions of traditional
tractors. With the configuration, the motor output power was about 3.2 kW when the tractor walked at
4.8 km/h, about 3. 75 kW when rotating tillage at 2 km/h, and about 3.3 kW when ditching at 2 km/h.
Under the current battery configuration, it can support 2.2 h walking, 1.9 h rotary tillage and 2.1 h
ditching, and the pure electric mode can basically meet the needs of zero-emission operations in small-
scale greenhouses. When continuous large load operation was required, the range extender electric tractor
can start the range-extender to co-power or charge the battery. The design of the extended-range electric
crawler tractor was completed ,and the specific data of the electric tractor for the common working status
as transporting, rotating tillage and ditching was explored. The major performance of the electric tractor,
including drive system power and range extension system, was verified which provided a certain basis for
the subsequent improvement and parameter optimization configuration of the extended-range electric
caterpillar tractor.

Key words: extended-range electric tractor; caterpiller; drive system; small power
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Fig.1 Extended-range electric tractor electromechanical

drive system architecture
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Fig.2 Main structure of extended-range electric tractor
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Tab.1 Values of main physical parameters during

operation of electric tractors
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Tab.3 Output power of power battery at different

speeds of electric tractors
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of electric tractors

b 9: 04 LA LEEL M2/
)R/ kW
(km-h~1) AL/ A S/ V (°)
2.08 122 16.35 35 2.40
1. 44 120 13.23 40 1.80

T Uk I H AL Y R A A R e 2R T, A
L BUER A AU AL A A [ 38 H B A e
(52 AR fE 2, A 6 FiR o

1.44 km/h
2.08 km/h
4.80 km/h

6 A [ B2 A7 I R AL A e o
Fig.6  Motor output torque at different speeds
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Fig.7 Collecting data information during rotary

tillage operations
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Tab.5 Output power of power battery at different

speeds rotary ploughing of electric tractor

W/ (km-h™") B /A N VAY R/ kW
1.2 40 78.2 3.12
0.5 35 78.3 2.74
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Tab.6 Output power of motor in electric tractor rotary

ploughing at different speeds
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Fig.9 Variation curves of rotational speed and torque

during rotary tillage

1 P9 Al R, R BE R B, 24 A 4 B HL ik
HBEDY 2 km/h, HUHL B A R AR R, O Bl B BB
Bt FE AR AT GA 100 N-m B0 o, ML AL HH R AR 29
81 Nem, fEARL 0.5 .1. 2 km/h B, B L5 H 4%

TR EN iy I FEFE 2 0 72 78 N m, HLAE I i
FErh, RUALR R TH N T 10°C, BT &g

3.3 FHAIR

75 A S == HEAT A IR (& 10) ?F{%J“
320 em, FFIHEHEEE N 10 em, FIHEEKE K 12% ,
HEUR S Oh 220 Pa, ¥ P7 HLAT A 2 km/h, %
Bl i B AL AE T I 1R B SR AR ) £ B B an 1A 1
i

24 v, gl i P AL FE T8 A B, Bl H g Y
HLUE R 48 A, gl g s sl B th T X U R 78,77 VB
7 HL TR Ok 3. 78 kW 5 H ML B M E A A

10 JF Bl I % Bl ahe 15 B R 4R
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Load characteristics of power battery and

motor during trenching operation
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Tab.7 Output power of power battery in trenching

of electric tractor at different speeds

HUE/(kmeh ™) /A EHEIE/V O DIR/AW
1.2 38.5 78.2 3.01
0.5 30.0 78.3 2.34
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Tab.8 Output power of motor in trenching of electric

tractor at different speeds
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Fig. 12 Motor output torque at different speeds trenching
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