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Abstract : This study compares the powertrain configurations of parallel hybrid electric four-wheel-drive (4WD) vehicles
to evaluate fuel efficiency and acceleration performance. Dynamic models for P1, P2, P3, and P4 parallel hybrid architectures
were developed, and dynamic programming-based optimization problems were formulated to analyze fuel efficiency and
acceleration performance. Fuel-efficiency outcomes are cycle-dependent: in UDDS, serial/EV-capable P1 and dual-clutch
P1&P2 led; in US06, single-clutch P4 performed best, owing to independent engine-rear motor operation and weight
advantage; in HWFET, dual-clutch P1&P2 was superior after sustaining engine performance near its optimum. In terms of
acceleration, on a flat road (0-100 km/h), P1&P2 were the quickest. On a 5.7° grade, P4 was initially faster due to load
transfer and weight advantage, but P1&P2 prevailed at higher speeds. This study provided insights into the design and
optimization of parallel 4WD hybrid electric vehicle powertrains, highlighting the impact of powertrain architecture on fuel
efficiency and acceleration performance.
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Table 1 Vehicle and powertrain parameters

Category Parameter Value
Meq 1644 ke
for 0.007
Vehicle Ca 027
Af 295m?
Runeet 0.319m
GRny [3.602.22 1.37 0.95 0.98 0.77]
N [0.95 0.96 0.96 0.96 0.95 0.94]
Transmission R 4.438 (Gears 14)
3.227 (Gears 5-6)
FR. 4.438
Battery Obar 1.32 kWh
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Where Tfm = Rfmnt -T.‘nrn'\cm’ Tm\ar =(1_Rﬁunr)-r.rmc\rim
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Table 2 State and control variables for energy management strategy
Configuration State variable Control input
P1&P2 (no clutch) SOC, Gearprey Rpony, Gear; Teng
P3 (no clutch) SOC, Gearprey Rioni, Gear, Teng
P4 (no clutch) SOC, Gearprey Gear, Teng

P1 (one clutch)

SOC, Gearmes, Modeprs

Mode, Rﬁtﬂ& Gear, Teng

P2 (one clutch)

SOC, Gearmes, Modepre

Mode, Rﬁma Gear, Teng

P3 (one clutch)

SOC, Gearmes, Modeprs

Mode, Rﬁtﬂ& Gear, Teng

P4 (one clutch)

SOC, Gearmes, Modepre

Mode, Gear, g

P1&P2 (two clutch)

SOC, Gearmes, Modeprs

Mode, Rﬁtﬂ& Gear,; Teng
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