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regenerative charging mode. In this approach, the engine and motor controllers are correctly

coordinated [2].

2.1.3 Series-Parallel Hybrid
The series-parallel hybrid electric vehicle has both properties of series and parallel approaches.

The fuel economy and drivability is optimized depending upon the vehicle’s operating condition.
The series-parallel hybrid electric vehicle is a very popular and common choice due to increase of
degree of freedom in control. Moreover, it is mostly extra expensive than series or parallel hybrid
electric vehicles due to increase of components and complexity [2]. The architecture of series-
parallel hybrid electric vehicle is shown in the figure 2.4. The four-wheel drive series-parallel

hybrid electric vehicle architecture is shown in the figure 2.5.
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Figure 2. 4 Series-Parallel Hybrid Electric Vehicle
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parameters to meet the actual driving scenarios. The hybrid electric vehicle system is
mostly depending upon the transmission to a contrivance optimal performance for multiple
types of drive cycles. Minimizing additional weight, cost and packaging are the major
challenges for hybrid electric vehicle transmission. Hybrid electric vehicle transmission is

designed for multiple drive cycles rather than a specific cycle.

‘Electric Motors’: Hybrid electric vehicles uses efficient, light, powerful electric motors.
Electric motor (EM) selection depends on the design of hybrid electric vehicle. EM is used
as peak power regulation device, load sharing device and small transient source of torque.
The hybrid electric vehicle electric motors operate in two modes. The normal mode and
the extended mode. When motor exerts constant torque throughout the rated speed range.
It is called normal mode. When motor enters in extended mode above rated speed and the
torque decreases with speed. During normal mode, the electric motor delivers the necessary
torque for tolerable acceleration. Above the tolerable acceleration, the electric motor enters
in extended mode for steady speed. Direct current, brushless DC and alternating current

induction motors are used depending on design of hybrid electric vehicle.

Electric motor is also capable to capture the regenerative braking energy. The EM acts as
a generator when it produces negative torque by some external rotational force. This
external rotational force is produced by the momentum of the vehicle. The control system
of the HEV directs the EM to rotate with negative torque. In this condition, the ICE is
switched off. The mechanical energy is converted into alternating current electric energy.
The inverter system of the HEV is used to convert it into direct current to recharge the
battery system. The control system in hybrid electric vehicle has the capacity to optimize

the regenerative braking energy.
17









































































































































































































