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Abstract Background/ Objectives: Apply the
electromagnetic multi-step transmission method to expand
the average efficiency area of electric vehicles. In this
paper, analyze the influence of torque caused by shift shock
due to electromagnetic multi-shift. Methods/ Statistical
analysis: Research has been conducted to extend the
average efficiency range of the motor by applying the
electromagnetic multi-step transmission method. In
addition, we analyze the effects of shift shocks on the
torque of the motor through finite element analysis
methods(FEM) analysis. Findings: In this paper, we study
the characteristic analysis of the electromagnetic multi-step
transmission method of interior permanent magnet
synchronous motor. In addition, we analyzed the influence
of the shift shock due to the electromagnetic multi-shift on
the torque. It has been confirmed that the average
efficiency section of the motor is widened by the
electromagnetic multi-step transmission method, and it has
been confirmed that the difference in the voltage in the
shift section adversely affects the torque of the motor. It
has been confirmed that the influence on the torque is
different based on the shift point. Improvements/
Applications: Analyzes and derives attributes thought
FEM analysis using voltage source analysis and current
source analysis.

Keywords Shifting Shock, IPMSM, Electromagnetic
Multi-step Transmission Method, Efficiency Map, FEM

1. Introduction

We are interested in the development of environmentally
friendly electrical devices due to environmental issues such
as global warming worldwide. In particular, development
of environmentally friendly vehicles and research on
alternative energy, such as electric vehicles, are in the

spotlight. As described above, research is being conducted
on electrical equipment systems using environmentally
friendly electrical energy in equipment using engines. A
permanent magnet synchronous motor is often used as the
drive acceptance motor of the electric vehicle. In the
interior permanent magnet synchronous motor, a rare earth
permanent magnet is inserted to a rotor. It has the
advantages of high efficiency and high power density, high
mechanical strength, and about flux weakening control
advantages. In addition, reluctance torque is generated due
to the difference between d-axis inductance and g-axis
inductance, and magnetic torque and reluctance torque are
simultaneously used. In the case of an electric vehicle, the
driving range is of the utmost importance, which relates to
the efficiency of the used motor of the electric vehicle. In
order to extend the driving range by an electric vehicle, it is
important not to increase the maximum efficiency but to
extend the range of high efficiency. In order to extend the
range of high efficiency, in this paper, we applied an
electromagnetic multi-step transmission method. In
addition, a shift point is generated by the electromagnetic
multi-step transmission method. In the case of shift points,
the winding specifications are changed, so that the voltage
levels are different, which affects the torque.

In this paper, the finite element method is used to extend
the high efficiency range of the motor to which the
electromagnetic multi-step transmission method is applied,
and the influence on the torque by the shift shock due to the
difference in voltage level of shift points is analyzed.

2. Analysis Model and Method

Figure 1 shows the 2D FEM analysis model of IPMSM
basic model with 48 slots of 8 poles and maximum output
of 80 kW. In the case of base model, a high efficiency
range appears at the high speed operating range, so it is not
suitable for the electromagnetic changeover system.
Therefore, when applying the electromagnetic conversion
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system thought complementary design, the range of
average efficiency can be expanded [7,8].

Figure 1.

2D&3D FEM analysis model

Figure 2 shows a speed torque curve of 1 stage of two
parallel branches and 2 stages of four parallel branches
when applying the multistage transmission method. By
using the electromagnetic switching, high torque can be
outputted for 1 stage, but voltage saturation is advanced at
low speed and the maximum efficiency range is shown at
low speed. In 2 stages Low torque is generated, but
resistance decreases, voltage limitation margin occurs,
voltage saturation time is slow, it is possible to operate in a
wide range at high speed and expand the range of
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efficiency. Therefore, we have changed the stator winding
at 6,000 rpm, so that the maximum efficiency section can
be used more widely. Figure 3 shows the efficiency map
when the changeover is applied to the proposed model. A
speed of shifting is selected at which the efficiency is
reduced due to weak field control at about 6,000 rpm. As
can be in the figure 3, the high efficiency area of both
methods is greatly expanded at high speed. When the
changeover of the stator winding is applied, the average
efficiency of the motor increases [11].

In figure 4, the first and second steps are waveforms of
voltage the current and when the torque is 127 Nm at the
speed change section of 6,000 rpm. The current in figure 4
(a) is 246.5 [Arms], the voltage is 127.2 [Vrms], the current
in figure 4 (b) is 302.3 [Arms] and the voltage is 92.3
[Vrms]. Since the number of parallel branches is changed
and the resistance of the motor changes, the same torque is
generated, but the values of current and voltage have
different values. Although the number of parallel branches
is changed and the voltage and current in the 1st stage
mode and the 2 stage mode are different, as shown in
Figure 5, it can be confirmed that the 127Nm same torque
is generated[14].
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Figure 2. Speed-torque curve
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Figure S. Torque curve

3. Electromagnetic Multi-step
Transmission Method of Stator
Winding

Figure 6 shows a circuit diagram of the number of
parallel branches changeover of the stator winding. As
shown in the Figure 6 thyristors are used to control the
current flow. At low speed, the drive starts with two
parallel branches. In the case of two parallel branches, the
current flow through the electromagnetic switching is
shown in the 1-step mode. At high speed, the stator

winding are converted into four parallel branches. In the
case of four parallel branches, the current flows as shown
in the 2-step mode.

4. Shifting Shock of Multi-step
Transmission in IPMSM

When multi-step transmission, change the voltage with
reference to the A phase voltage at 0 degree, 45 degrees, 90
degrees, and all the A, B, C phase voltages were
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zero-crossed. Figure 7 shows voltage waveforms when multi-step transmission, the voltage and phase of each
changing the multi-step transmission described above. phase are different, so the current shows different values
Figure 8 shows Currents waveform during changing the for each condition [9, 10, 13].

multi-step transmission. Depending on the changing the
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Figure 6. number of parallel branches changeover circuit diagram
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Figure 7. When changing the multi-step transmission voltage waveform.
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Figure 9. Torque waveform during changing the number of parallel branches
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Figure 9 is torque waveform displayed when the current
waveform of figure 8 is inputted. Depending on the timing
of the multi-step transmission, the effect on torque is
displayed differently. It has the worst influence on the
torque when changing the A, B, C phases by zero crossing.
It can be confirmed that when the electrical angle is 90
degrees on the basis of the A phase, the most stable
changing is made.

5. Conclusions

In this paper, we study shifting shock of [IPMSM by
multi-step transmission. We designed to the fluctuation of
the efficiency map point of the motor of multi-step
transmission. In the case of multi-step transmission
application, when the maximum efficiency point is 1-step,
it is located at low speed and 2-step it is located at high
speed. Therefore, the maximum efficiency section is
widened[12]. In addition, the method of changing the
number of parallel branches, which is a multistep
transmission system, was explained. When changing is
performed in the multi-step transmission, since the
magnitudes and phases of the voltages of the first and
second stages are different from each other, the current also
changes suddenly. Torque will also be subject to shift
shock. The influence on the torque appears differently
depending on the timing of changing the number of parallel
branches, it was the most reliable when it was 90 degrees.
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