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Abstract Dual-motor electric powertrain offers the independent control and less
energy consumption in plug in hybrid electric vehicle model. The component sizing
and control strategy are play the important role in dynamic control, power manage-
ment and energy saving. The proposed system vehicle architecture comprises the dual
motor, downsized engine and synchronizer. For optimizing the dynamic load sharing
with the dual-motor powertrain configuration, rule-based fuzzy logic control strategy
is implemented. The variable load will be managed by the way of selecting different
transmission topologies using fuzzy logic control strategy. This dual-motor archi-
tecture configuration is simulated using Simulink software. Single motor propulsion
drive control is engaged for all driving pattern except the peak load condition. In
peak load, such as acceleration mode and high-speed mode, the dual-motor power
transmission is engaged. The powertrain configuration is test at different dynamic
and load conditions. As a result, it shows the better drivability, high efficiency and
extended driving range.

Keywords Motor + Fuzzy * Plug in hybrid vehicle - Power management - Driving
cycle - Series hybrid electric vehicle

1 Introduction

The day-by-day usage fossil fuel rapidly increasing, due to this rising oil prices,
makes more impact on transport sector and economic. On other hand, the usage
of oil causes the air pollution, global warming, acid raining, etc. So, most of the
governments are encouraging the people to use electric vehicle [1-3]. The pure
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Fig. 1 Powertrain configurations for plug-in hybrid electric vehicle

electric vehicle has features of zero emission, economic operation, less maintenance,
etc. Even though pure electric vehicle has problem of long-range driving problem
due to limited energy storage, long charging periods, the people are reluctant to
buy the electric vehicle [5-9]. So, auto industries and many researchers are finding
feasible solution for electric vehicle. Plug-in hybrid electric vehicles have features
of extended driving range, grid charging, multi-mode of operation the powertrain
configuration of PHEV as shown in Fig. 1.
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Table 1 Value of parameters Name Value
for the simulation of the
powertrain Electric motor A power 59 KW
Electric motor B power 40 KW
Engine 50KW
Battery capacity 110 Ah
Vehicle loaded mass 1400 kg
Air resistance coefficient 0.01
Number of batteries 25
Rolling resistance coefficient 0.012
Frontal area, Ay 2.33 m?
Drag coefficient, Cy 0.26
Air density, pair 1.22 kg/m?
Wheel radius, Ryh 0.32 m
Etotal = / Protal dt (9)
1 .
Etota = ﬁ[m.g(f cos O + sin9)
2 dv
+0.386(pCyAV?) + <m + me)]D (10)
SOChin < SOC(#) < SOCax (11D
Pmin =< P(t) = Pmax (12)

where the P, is the power produced by the electric motor, Pepg is the power produced
by the ICE engine, Py is the total power the hybrid power propulsion system,
F, is aerodynamic drag, F; is inertial force, F; is the road slope force, F, is the
aerodynamic drag force, Proy is the total traction power, Fry is the traction force,
V is the vehicle speed, Ery, is vehicle energy required, road load coefficient, Crr
is the road load coefficient, g is the gravitational acceleration, m is the mass of the
vehicle, 0 is the road slope angle, p is the air density, Cy is the air drag coefficient,
A is the vehicle frontal area, D is the distance of travelling (Table 1).

2 Modes of Hybrid Drive System

The plug-in hybrid vehicle, powertrain, comprises the dual motor, downsized engine
and synchronizer. The rule-based fuzzy logic controller is developed for various
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Fig.2 a Single motor drive control, b series hybrid powertrain, ¢ dual-motor drive control, d dual-
motor series hybrid powertrain

load conditions of transmission pattern [10-12]. The different powertrain patterns
are shown in Fig. 2. The SoC of the battery and power demand of vehicle are
the two main controlling parameters. Based these values rule-based controller will
decide the configuation of powertrain elements. The operating mode of the vehicle
is mainly classified as start/stop, acceleration, cruising, de-acceleration, idle. The
power demand of the vehicle is very high, when its operating either in cruising mode
or acceleration mode. The acceleration and high-speed mode, i.e., cruising mode the
power demand of the vehicle is so high [13—15]. In this peak power demand condi-
tion, the torque requirement of the vehicle is met by the dual-motor powertrain. The
remaining mode of operation is managed by the single motor powertrain. The result
of single motor power configuration, extended driving range, fuel economy, extended
battery life can be obtained. The result of single motor driving, this system can obtain
fuel economy, battery saving, extended driving range.

3 Operation Mode Transition

The powertrain driving propulsion pattern condition is explained through flow chart
as shown in Fig. 2. Fuzzy controller evaluated the SoC of the battery and vehicle
travelling distance (D). If energy storage system parameter is in acceptable range,
i.e., (SoC > D), the driving pattern will be identified either dual-motor drive or
single-motor drive condition. In case, SOC < D, the engine turns to on condition for
charging the battery. The transient condition is periodically evaluated and improved
by the rule-based fuzzy logic controller. If SoC is 0.6 < SoC < 0.8 and the power
demand is P_dem < P_eml, condition results the motor A met the torque requirement
of the vehicle. Even SoC of the battery in the range of 0.6 to 0.8 and power demand is
high (P_dem > P_em1), the dual-motor powertrain configuration will met the torque
requirement of the electric vehicle (Fig. 3).
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Fig. 3 Flow diagram of the control strategy

4 Simulation

In this proposed method, rule-based fuzzy controller was designed for the plug-
in electrical vehicle to enhance the fuel economy and battery energy savings. The
control strategy of fuzzy membership is created based on the power demand and SoC
of the battery as shown in Fig. 4. The fuzzy membership for load control is shown in
Fig. 4. For the different load condition, the controller will meet the power demand
of the vehicle, based the load sharing in propulsion system (Figs. 5 and 6).

et

Fig. 4 Fuzzy membership for input
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Fig. 5 Fuzzy membership for output

Engine

Fig. 6 3D Fuzzy control rule

In order to verify the energy consumption of the powertrain, the proposed system
is simulated for various driving conditions. Dual-motor powertrain power output is
shown in Fig. 7a. Low SoC condition was initiated for operating engine and generated
in charging mode. The powertrain element shaft output is shown in Fig. (b). In start
mode, the single motor driving pattern will meet the torque requirement of the vehicle
from O to 2 s time period. The battery power loss is minimum in starting condition,
and SoC of the battery is improved in this mode as shown in Fig. 7c, d.

When vehicle moves to the accelerating mode during the time interval of 2-5 s,
the high-power demand occurs and the controller will optimize the load sharing of
propulsion elements. In this mode, the dual-motor powertrain is configured. So, the
powertrain requires consume more charge for the propulsions of the vehicle; due to
this, the battery power loss increases rapidly and SoC decreases linearly. The vehicle
was entering into cruising operation after the acceleration mode, so the controller will
estimate the power demand and identifies feasible control strategy for this mode. In
this cruising mode, vehicle operates by single motor powertrain to provide constant
speed. So, the battery power loss is constant and SoC is linearly decreasing. The
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Fig. 7 a Dual-motor powertrain output. b Powertrain element shaft output. ¢ Battery power loss.
d Battery SoC at various load conditions

effect of the control strategy results, better dynamic control and extend driving range
was obtained.

5 Conclusion

In this work, extending driving range of vehicle dual-motor propulsion powertrain
is configured. By using the rule-based fuzzy logic controller, the control strategy
is developed for different driving patterns. This system is design using Simulink
software and tested for various load dynamic conditions. Peak load condition in dual-
motor powertrain met the power demand of the load. All other load conditions are
managed with single motor powertrain configuration. Compared to the conventional
hybrid model, dual-motor powertrain offers the extended electric mode of operation.
The result shows the better drivability and improved overall performance.
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