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Optimal system efficiency shifting strategy of AMT
electric heavy truck
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(a. State Key Laboratory of Mechanical Transmission for Advanced Equipment; b. College of Mechanical and
Vehicle Engineering, Chongqing University, Chongqing 400044, P. R. China)

Abstract: To improve the energy efficiency of electric commercial vehicles and fully utilize their energy-saving
potential, this study utilizes multi-gear automated mechanical transmission (AMT) electric heavy trucks as the
research object and proposes a shifting strategy based on the optimal system efficiency. First, based on the electric
drive system configuration, the loss mechanism and dynamic efficiency characteristics of each component are
analyzed, and the shifting strategy based on the optimal system efficiency is formulated through the electric drive
system efficiency surface. Second, a bond graph model of the electric drive system is established, and the
simulation analysis of the shift strategy is carried out by using the reconstructed suburban working conditions.
Finally, the effectiveness and superiority of the proposed strategy are verified through the real vehicle
experiments. The research results indicate that the proposed strategy achieves real-time control of the optimal
output efficiency of the electric drive system, and reduces the overall vehicle energy consumption by 3.86%
compared with the traditional economic gearshift strategy.
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Fig.1 Schematic diagram of electric drive system
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Table 1 Key parameters for electric heavy truck
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Fig. 2 Battery loss and efficiency characteristics
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Fig.3 Inverter loss and efficiency characteristics
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Fig.4 Converter loss and efficiency characteristics

124 BB LZHEER
TG TR) A ML R H S8 4 31 L T A R LA A5 RE B AT AT R A i AR B FE 5 e AR 5ot ik
TS RN A AR TR I S 2, O R IE T RS B, R T B AR AL AL B . B ST R ML 8RR RN Bl S OCR B E AL R

Peo=(1/R.( Lydin/dt+ w.p:)+(Jdwy/dt+Bw,+ T )/ (1.5p.0:) ) R, (11)
Pro=(1/R.)( Lydin/dt+ w.0: ), (12)

Pu=B(w,)", (13)

Hpmsm = Poutpmsm/ ( Powt_pmsm T Pou+ Pre+ Py )o (14)

T Pre Peouy Pray Pou s 53 50 A LA L LA 00 L FL AL BILAR AL | F AL H D0 3 kW s Re R 3 50 7 F 1L
BH R BE , Q5 . 0o 53 5 0 HLAE AR SR B L FL A TR rad/s s B W ALAIRBHJE N - m - s/rad; J B 55 S & kg -m?;
T A N - m po IR E 5 0 R K BEAR T 5% , Wb s dog 9 g BT FEL RS HL I L A5 77 pmem W BLBILBCEE B O~1

HL AL ) A RCR AR A 1 S it o p TS AT A3 T IX H AL B RE A 8 Sk S R A DXk A R B A A R
o7 P TR RE 1 32 B A8 o SR LA AV I R R i S DX TR SOR AR, A v A B X R] RO A

14 \\ 0.9
i {12 0.8
B 0.7
B 0 2 -
% g 050 \ 0.6
% 5 gux L 0
R 0.4
4 03
1.0 :
kJ 2 % 0s oz
# - ] 0.6
@/("azm . 0 o2 O™ e gy 0 02 T
) n~1
(a) #FEMap (b) ﬁ$Map

5 BHHRRSHERSNE

Fig.5 Motor loss and efficiency characteristics
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Fig. 6 Power loss path diagram of mechanical transmission system
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Fig.7 Loss and efficiency characteristics of transmission systems (in fourth gear, for example)
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Fig. 8 Loss and efficiency characteristics of electric drive system (in fourth gear, for example)
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Fig. 11 Electric drive system bond graph modeling
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Fig. 13 Simulation results
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Fig. 14 Experimental test platform and results
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