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Load-adaptive Energy Management Strategy for Electric Tractor
Based on Hybrid Power Source

LI Ligiao'> GAO Zongyu'* NIE Jing'”
(1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China
2. Xinjiang Production and Construction Corps Key Laboratory of Modern Agricultural Machinery, Shihezi 832003, China)

Abstract; The large randomness of working conditions and frequent dynamic load changes leading to low
energy utilization of pure electric tractor, in order to solve the problems, a power supply system of pure
electric tractor based on load adaptive battery/super-capacitor hybrid power supply was proposed. Based
on the analysis of operating conditions and power demand of pure electric tractor, the optimal control
mode of power system was found by dynamic programming analysis method, and piecewise control rules
were proposed from the dynamic programming analysis results, and the functional relationship between the
power division parameter model and load statistics was established. Finally, an energy management
strategy of electric tractor based on load adaptive rules was proposed, and the combined load cycle mode
of stationary road conditions and random load cycle mode of non-stationary road conditions were verified
by test. The results showed that compared with the energy management strategy of ordinary control rules,
the load adaptive energy management strategy of electric tractor proposed had stronger battery protection
and energy saving capabilities, and could realize the optimal energy management under the load adaptive
mode. The battery ampere-hour throughput and the total energy loss of the power system were reduced by
10.5% ~15.7% and 8.7% ~15.1% respectively under different working conditions. The results showed
that the proposed pure electric tractor load adaptability energy management strategy could achieve optimal
energy management inreal time and online with low computational cost.
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Fig. 1  Structural sketch of compound power supply

system for pure electric tractor
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Tab.1 Electric tractor parameters
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Tab.4 Parameters of load cycles
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Tab.5 Parameters experimental results of load cycles
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Fig.9 Relationship between splitting parameters and load statistics
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Fig. 10  Flowchart of load-adaptive rule based control
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Tab.6 Cycle work experimental results of CLC and RLC

28 CLC RLC
TR FE S /km 64.6 52.6
S [] /s 4500 5000
BRRATHEE/ (km-h™") 70 50
P AF R/ (km-h ") 35 25
25 1R (0 km/h) B ] 5 H/ % 120 14.6
=38 (=35 km/h) B 170 ] o 1/ % 25.7 12.6
IR (0 ~ 30 km/h) i 17 I i (5 1L/ % 62.3 72.8

3.1 TR ARBER

G AR 0 2H B B AR R AR SR Y
LT AR D) Y 47 ) S ( Load-adaptive rule
based control strategy , LRBC ) 347 S 56 36 iF , % kb
38 K095 ] ( Ordinary rule based control,RBC) 3}
AH R (DP) F1 4l H1 3t & 4E ( Battery-only system,
BTO) 19 A BAGFPERE . oo, 353 R0 428 1) 19 2 8
TE bR PR IR B A7 J 01 A7 AR, 241 &t 8 X A5
TR DU 2 A R Y 5 T Y 4t R BT, S
B A SO ) AR GEE LAY R A [, AH G
BeE S HOE R 2,

AN [7) SR s 7 - e i L 2 - B0 28RS = ko )
g R AR 7 Fros, xF B LRBC T 2 43 B A% B0 40
E3I B R

£7 FEEBME CLC Wik b RH %R

Tab.7 Experimental results of different strategies

in CLC test
- 2l e 3 R R A8 i
% (BTO) RBC  LRBC DP
HL it B AE/ (W -h) 63.3 38.0 30.3 26.8
MY 2R REAE/(W-h) 15.8 18. 4 21.0
DC/DC fEFE/(W+h) 524.7  480.5  446.7
SBERE/(W-h) 578.5  529.2  494.5
H, Tt 35 K HL /A 218.4 112.1  108.6 116.4
FL 7t 287 5 AR R 3/ A 35.8 27.6 26. 1 23.2

Lt e /N R i/ (A-h) 32.7 26. 4 23.7 21.6

HIZ 7 a[ 1, AE CLC A5, 55 4l i i R 42
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Fig. 11

Performance comparison of LRBC, RBC and
DP in CLC
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Tab.8 Experimental results of different strategies

in RLC test
- 4l it R HERERsIPANE R
% (BTO) RBC  LRBC DP
Lt fERE/ (W -h) 73.3 37.3 36.7 32.0
TR A HEAE/(W-h) 30. 4 31.8 26. 4
DC/DC fg#E/(W-h) 573.4  504.4  489.9
MAEFE/(W+h) 641.1 572.9 548.3
H, it 35 K HL /A 230. 4 120.8  122.0  140.8
FL 7t 249 05 AR L 3/ A 50.5 36.0 35.1 34.0
B2/ N R/ (ACh) 403 30. 4 29.8 29.0

FL Bl 4t AL A B2 B0 4 G S R U A B
A AN 12a JT 7, % 00 F 8 3 B AR, 4
PIPLAT Blvh 2= B0 DL B 2, B AR G R AR . AR 4 T
B SR A5 v, 7 T8k 1 R 4% ) SR T R Tt TR
FLUE R O P A2 (BT 12b), fE 800 ~ 1 150 s J¢
3150 ~3 850 s If [A] Be N LTt 2 4 L A SR L,
Tk 2 P A DR G A 1 S S sl A A T
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Fig. 12 Performance comparisons of LRBC, RBC and
DP in RLC
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