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Design of regenerative braking energy feedback system for

ultracapacitor heavy-duty tractor

LIU Xi-bin"*, MA Jian', HAO Ru-ru*, SONG Qing-song®"*
(1. School of Automobile, Chang’an University, Xi’an 710064, Shaanxi, China; 2. Shaanxi Automobile
Group Co. , Ltd. , Xi’an 710043, Shaanxi, China; 3. School of Information Engineering,
Chang’an University, Xi'an 710064, Shaanxi, China)

Abstract: In view of regenerative braking energy feedback problem for electric vehicle (EV),
based on the SX4186EV prototype of ultracapacitor pure-electric heavy-duty tractor of Shaanxi
Automobile Group Co. , Ltd. , a hybrid braking system was proposed. the system was made up
of two independent subsystems, including energy recovery braking subsystem and double-loop air
braking subsystem. Based on braking intensity and real load, a rule-based braking force allocation
strategy for the subsystems was put forward. A road experiment under the actual running
condition at Shanghai Dock was carried out to test the braking energy recovery efficiency of the
system. Experimental result shows that the braking energy recovery efficiencies under full-loaded
running condition and unloaded running condition are 14.534% and 55.617% respectively, and
the average is 35.076%. The efficiencies of electric vehicles powered with lead-acid and lithium
batteries are usually about 10%, so the ultracapacitor heavy-duty tractor has higher braking
energy recovery efficiency. 5 tabs, 6 figs, 18 refs.
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Fig. 1 Powertrain
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Tab.1 Parameters of motor
R =SB B L F AL

Wi R/ V 400
W 2/ kW 100
W 3 3R/ kW 160
WREREH/ (r » min~ ) 824
WE®/ (s min™!) 4 500
B/ (N« m) 1565
e KA/ (N + m) 2 300

x2 BHBRESHY

Tab. 2 Parameters of ultracapacitor

Bk R/F 160 000
fEREH R/ V 350~586

i B i Be it/ (kW « b 12

FRFEH B/ A 400
FEHLE IR R/ A 80~160

B O LR A 600

FL A B TR/ C 55

R3 HEHESY

Tab.3 Parameters of inverter

BlERR/(kV -« A) 220
WUEHE/V 340~650

UE R/ V 400

UAE i L R A 320
TAEHIA/He 0~150
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Fig. 2 Double-loop air braking system
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Fig. 3 Energy recovery braking system
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Fig. 4 Terminal voltage, current and power of

ultracapacitor during driving cycle
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Tab. 4 Tested result of range-extended ratio

T/min [W3/(kW « h) |W/(kW « h) |W;/(kW - h) r/ %

29.3 10. 498 2.524 7.974 31.65
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Fig.5 Terminal voltage, current and power of ultracapacitor

under unloaded braking
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