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Abstract— This paper presents the design and
development of a resolver-based Permanent
Magnet Synchronous Motor (PMSM) controller for
electric vehicle applications. Nowadays, internal
combustion (IC) engines are increasingly being
replaced by plug-in hybrid, hybrid, or electric
vehicles due to their disadvantages. In electric
vehicles, the system comprises various
components, including the Motor Control Unit
(MCU), Intelligent Vehicle Control Unit (iVCU),
Battery Management System (BMS), Fault
Diagnostics Unit, and PMSM. This paper focuses
primarily on the Motor Control Unit, which
includes the control board, gate driver board,
capacitor bank, and power board. Resolvers and
encoders are utilized to measure the speed,
position, and direction of the motor shaft. This
feedback is used to adjust the power delivered to
the motor, ensuring desired operating
characteristics. Resolvers are preferred over
encoders for harsh environments with high
temperatures or radiation. A microcontroller
generates PWM pulses to drive the inverter circuit
and operate the PMSM motor.

Keywords—PPMS motor, fly back converter, LT
spice, op-amp, PMIC IC.

I. INTRODUCTION

Electric vehicles (EVs) were first invented in
the early 19th century, around the 1820s and 1830s.
They became economically viable in the 1890s.
Despite their potential, EVs were initially less popular
due to higher costs, lower speed ranges, and shorter
distances compared to internal combustion engines
(ICEs), which dominated the 20th century [1]. By the
early 21st century, interest shifted towards EVs due to
the environmental impact of ICEs, including carbon
emissions, climate change, environmental damage, and
adverse effects on human health [2].
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Since 2010, global sales of electric vehicles
have surged, reaching one million by September 2016.
By the end of 2019, there were 4.8 million EVs in use,
and it was projected that 10 million EVs would be sold
by the end of 2020. This growth reflects the evolution
of electric vehicles [3]-[6]. Compared to other motor
types such as DC motors, synchronous motors, and
induction motors, Permanent Magnet Synchronous
Motors (PMSMs) offer superior performance, including
better dynamic and steady-state characteristics, higher
efficiency, reduced size, increased torque, and higher
power density. These advantages lead to smaller
motor sizes and fewer torque ripples during
commutation [7]-[10]. PMSMs are widely used in
defense, agriculture, and everyday applications due to
the rapid development of power electronics.

PMSMs can be controlled using two primary
methods: vector control and direct torque control.
Vector control involves managing and measuring the
stator current vector to control motor torque by
generating excitation and torque currents based on the
field-oriented principle [8]-[12]. Direct torque control
directly regulates the torque [13]. In alternating
current machines, such as induction or AC motors,
torque creation is similar to that of direct current
motors. The stator generates fields, and the rotor is
not perpendicular. Field-Oriented Control (FOC)
decouples flux and torque components, offering
several advantages over the V/F control approach
[14]-[18]:

1. Provides full torque across a wide range of
speeds.

Improved dynamic performance.

Effective transient and steady-state analysis.
High torque and low current during starting.
Enhanced efficiency.
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Decoupling of torque and current (flux)
control.
Four-quadrant operation.

The primary goal of the resolver is to
accurately calibrate or position the rotor in a
Permanent Magnet Synchronous Motor (PMSM),
which is crucial for field-oriented control [19]-
[21]. This study focuses on how the resolver
influences the output voltage of the sine and
cosine waves generated using the two-winding

technique [22]-[23]. The resolver's error, which
affects the accuracy of the sine and cosine voltage
signals, can lead to decreased electromagnetic
force and impact the motor current due to rotor
position inaccuracies. These errors can result in
increased vibration and noise in the electrical
drive system. The comparative study highlights
that resolver errors contribute to motor vibration,

and the experimental results validate the
theoretical analysis of the resolver's accuracy
[24]-[25].
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Fig 1 Block diagram of proposed system

Il. PROPOSED APPROACH
A. Block diagram

An electric vehicle's various components include
the on-board charge controller, DC-DC converter,
power battery pack, auxiliary battery, intelligent
vehicle control unit, motor control unit, battery
management system, PMSM motor, telematics, and
fault diagnostics unit. We're working on the motor
controller unit (MCU), which is responsible for
positioning the PMSM motor controller and powering
the electrical vehicle. MCU consists of the following
components: control board, gate driver board,
capacitor bank, and inverter circuit (power stage)
board. IAUT300N10S5N015 is a MOSFET IC with a
rating of 100V, 3004, and 1.5mOhm that is used on the
power stage board to convert constant DC voltage to
pulsing AC, allowing the PMSM motor to work.

The NCU18WB473F6SRB thermistor IC is used to
monitor resistance to temperature at various values
and to protect the MOSFET from overheating. The
LT8301 is a fly back power supply IC that creates and
provides sufficient voltage to the gate driver IC.
UCC27211 and UCC27524 ICs create pulses, which are

subsequently fed to MOSFET ICs. We employ LMV842
voltage follower ICs in the power stage to measure
phase and line voltages, which have an operating
voltage of 5V and clip to 5V at higher voltages. The
voltage follower circuit has a high input impedance
and a low output impedance.

The LT8302 fly back auxiliary power supply ICs are
used to produce a sufficient voltage of +15V from +12V
for the voltage comparator or differential op-amp
circuit, as well as supply voltage to the LT8301 power
IC. Voltage comparator ICs compare two different
voltage levels given to the microcontroller. This
integrated circuit protects the MCU against
overcurrent and overvoltage. The microcontroller runs
at 3.3V and has a frequency of 240MHz. It offers two
products: one with 252 pins for two motor controllers
and the other with 176 pins for a single motor
controller. A 144-pin microcontroller is used to
operate a single motor.

The microprocessor generates pulses that are
delivered to the gate driver circuit, which activates the
inverter circuit. It also includes EEPROM memory,
which is used to program languages. The
microcontroller also has a Can trans receiver, which is
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used to communicate with the motor and CPU. The
resolver is utilized in the PMSM motor application to
detect rotor position. Resolver hardware can be
thought of as two inductive position sensors that
generate two sinusoidal signals on output in response
to a sinusoidal-shaped input signal. The amplitudes of
the output signals fluctuate with the position of the
shaft. The amplitude of one signal is proportional to
the sine, whereas the other is proportional to the
cosine of the shaft angle position.

In the power management section, the external
input voltage of 12V is applied to the isolate fly back
converter, which acts as a boost converter, converting
the 12V supply to 15V. The converter's output voltage
decides which circuits will be used: overcurrent
amplifier, overvoltage amplifier, gate board, and
power board circuit. The isolated fly back converter
will receive the converter output at 15 volts. The 15V
converter output voltage will be routed to two
separate mosfet driver circuits, which will produce
pulses independent of the inverter circuit switches.
The power management integrated circuit applies a
15V input voltage from the converter output. The
power management integrated circuit applies a 15V
input voltage from the converter output. The PMIC has
an adjustable frequency Buck/Boost pre-regulator
with synchronous buck, three internal LDO watchdog
timers, and a power-on reset. Its working voltage
ranges between 2.8 and 36 volts. It features an
adjustable synchronous buck regulator with a voltage
of 1.25V and 700mA. The internal low-dropout
regulators give output voltages of 5V/500maA,
5V/325mA, 5V/115mA, and 3.3V/165mA. The PMIC
has a power on reset that is activated after a 15ms
delay, and the microcontroller is reset using a fault
flag.

B. Proposed topology

The suggested system uses a DC-DC converter that is
based on a fly back converter. In the proposed system,
two fly back DC-DC converters are used. The LT8302
will convert 12V to 15V, while another converter will
convert 15V to 15V. These converters function
similarly to the fly back converter topology depicted in
Fig 2 below.
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Fig 2 circuit diagram of the Fly back converter

The following assumptions are made for the flyback
converter:

1. The initial components are ideal, such as the switch
and diode.

2. The circuit is evaluated under steady-state
conditions.

3. Large output capacitors prevent voltage ripples.
4. The switch will operate with a duty ratio of D, closed
for DT and opened for (1-D) T.
5. Inductor current is continuous during continuous
conduction mode (CCM).

Mode 1: The fly back converter works similarly to the
Buck-Boost converter, with the only difference being
voltage polarity. When the switch is closed, the
secondary inductance of the transformer diode is
turned off due to voltage polarity, so the current
through the diode and the current flowing through the
primary transformer are both zero. The supply voltage
is directly connected to the transformer's magnetizing
inductance, and the inductor charges using the supply
voltage. The voltage across the diode will be less than
zero, leading it to shut off. Because of the
transformer's mutual inductance, the current flowing
through the diode on the secondary side will be zero,
resulting in a zero-primary current through the
transformer. The power flow is presented in Fig 3.

ID=0
Transformer D1

GO

Fig 3 circuit diagram of the Fly back converter when
switch is closed

Mode 2: The energy stored in the magnetizing
inductor when the switch is closed; when the switch is
open, the current flowing through the Lm does not
change direction, so their voltage polarity changes, and
the stored energy dissipates through the transformer's
primary inductance, changing the dot polarity of the
primary inductance. The current flows through the
primary inductance, from undotted to dotted. The
secondary side's mutual inductance causes the current
to flow from dotted to undotted. When the polarity
changes or current flows from the dotted to undotted
terminals, the diode turns on. The energy was
transferred to the capacitor and the load resistor. In
this scenario, the capacitor will store energy. Figure 4
shows the circuit during switch open.
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Transformer

Isw=0

Fig 4 circuit diagram when switch ids open

I11. SPECIFICATION AND DESIGN OF THE PROPOSED
SYSTEM

A. specification of the proposed system .

The design specification of the proposed system
and represented below in table I.

Table I specification of the proposed system

Parameter Specification
Input Voltage Range 48V DC
Speed 6000 rpm
Efficiency 96%
Switching Frequency 10KHz
Motor PMSM
Rotor type Inner rotor
Auxiliary power supply 12V DC

B. specification details of auxillary power supply

Auxiliary power supply specification design details of
the fly back converter follow below in Table 2.

Table II specification of the Fly back converter

Parameter Specification
Input Voltage Range 12V DC
Output voltage 15V DC
Output current 400mA
Efficiency 85%
Load resistor 37.50hm

Topology Fly back converter
Output power 6W
Reference voltage 1V DC

a. Select the transformer turns ratio calculation
Leakage voltage/Margin for transformer
leakage spikes, Vleakage=24.25V

Output diode forward voltage, Vf=0.425V

Nps < 65-Vin(max)—Vleakage (1)
Vout+Vf
Nops < 65 — 14 — 24.25
PSS "5 10425
Nps < 1.67
Selection of turns ratio of the transformer,

Nps=1
Primary and Secondary turns are, N1:N2=1:1

b. Calculation of the primary and secondary
inductance

By calculating the primary and secondary
inductance are used satisfy the minimum
switch ON and OFF time of the switch is
required,
tof f(min)*Nps*(Vout+Vf)
Isw(min)
ton(min) * Vin(max)

(2)

Lpri =

Lpri =
prt Isw(min)

370 1079 = 1 = (15 + 0.425)
0.87
Lpri = 9.655uH
Lpri = 10uH
Because of turns ration, Ns=1 hence the

Lpri =

secondary inductance same as primary
inductance,
Lsec = 10uH

c. Calculation of duty ratio for the switch
Duty ratio of the switch for the turn time or
pulse width of the switch calculated below for

the switch
(Vout+Vf)xNps

(154 0.425) %1
(154 0.425) %1+ 12
D =0.56 = 56%

d. Calculation of switching current and switching
frequency

The current flowing through the drain of the

MOSFET switch which will reduces the EMI

and voltage spikes of the transformer.

Calculation of the switching current and

switching frequency are shown below,
Voutxlout*2
SW=—— (4)
n*VinxD
15 % 400 * 1073 * 2
0.85 %12 % 0.56
Isw = 2.094

1

“ton+ tof f

fsw
1

- Lpri * Isw N Lpri * Isw
Vin Nps = (Vout + Vf)

(3)

Isw =

fsw

©)
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1

fs= 10 * 106 % 2.09 + 10 * 106 * 2.09
12 1% (154 0.425)
fsw=322.67kHz = 322kHz

e. Calculation of the output diode current and
reverse voltage of the output diode
The maximum current flowing through the
output diode during the forward bias and
maximum reverse withstand voltage for the
diode during the reverse bias is calculated

below,
Idiode = 0.6 * Isw(max) * Nps (6)
Idiode = 2.7A
Vreverse = Vout + £max) -
Nps
15
Vreverse = 15 + T

Vreverse = 30V

f.  Calculation of the output capacitor

By choosing the output capacitor to minimize
the output ripple voltage of the Fly back
converter by considering the increase in size
and cost of a large capacitor. Output capacitor
calculated for the output ripple less than +1%
calculated below,

LprisxIsw?
Cout = ———
2xVout+AVout
10 * 1076 * 4,52

2*x15%01
Cout = 1.25 % 67.5 x 107 = 94.5uF

g. Calculation of snubber circuit and reverse
voltage of Zener diode
The designing of the snubber circuit to reduce
the EMI and leakage spikes voltage across the
transformer and designing of the Zener diode
for to withstand the maximum reverse voltage
developed across the Zener diode during
reverse bias is calculated below, the snubber
circuit consists of resistor and capacitor
connected in series.
Vzener(max) < 60 — Vin(max) 9

Vzener < 60 — 15
Vzener < 45V

Designed values for snubber circuit given by
R=390hm and C=470pF.

h. Select the reference resistor and feedback
resistor
By choosing the proper values of the feedback
resistor to minimize the output voltage
regulation and the ratio of the feedback to
reference resistor to maintain the 10kOhm.
The following expression for calculating the
feedback and reference resistors are given
below,

(8)

Cout =

_ Rref«Nps+(Vout+Vf(T0))
- Vref
(10)
By choosing Rref = 10kOhm.
10 % 103 * 1 * (15 + 0.425)

Rfb

Rfb T
= 154.25
Rfb _ Vout Rfb
fh(new) = Vout(measured) *Rf
_ 15%10 % 10°
1514
= 150.59k0hm
Rfb(new) = 150kOhm (1D

i. Selection of Rtc resistor based on output
voltage temperature variation
Calculation of the output voltage consisting of
the output current and input voltage across
the  operating temperature condition

calculated below,
_5Lf _ Vout(T1)-Vout(T2)

ST T1-T2
(12)

3.35mV /C Rfb

Rtc = =2 /=77

_ 6Vf Nps

5T
ppp L 3351070 41542100
€T T 148+103+1 m

j-  Calculation and selection of EN/UVLO resistor
Calculation of amount of hysteresis voltage
required to select the values for R1 and R2 for
UVLO. For UVLO pin the minimum voltage is
0.3V and less than 0.3V than IC’s shutdown.
The calculation of R1 and R2 is given below,

Vh = Vin(uvlo +) — Vin(uvlo —)
(13)
Let’s considering Vin(uvlo+) =7.7V
and Vin(uvlo-)=5.8V
Hysteresis voltage, Vh = 7.7 — 5.8 = 1.9V
Calculation of R1,Vh = 2.5uA *R1 =19
R1 = 760kOhm
Calculation of R2,

_ 1.228*}(?1;1+R2) 4 2.5u4 % R1

(14)

R2

R2 = 200kOhm
1V. SIMUALTION ANALYSIS

The proposed topology resolver-based PMSM
motor controller operates at 6000rpm and requires
48VDC. It is made up of the LT8302 fly back converter,
a voltage follower circuit for detecting DC and phase
voltage, and a voltage comparator circuit for
overcurrent and overvoltage to reset the
microcontroller. The simulation is shown below.

A. Fly back converter (LT8302)

Fly back converter that will function as a buck-
boost converter. The fly back converter converts 12V

© 2024,IRJET | ImpactFactor value: 8.315 |

IS0 9001:2008 Certified Journal | Page770



‘// International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056

JET  Volume: 11 Issue: 08 | Aug 2024

www.irjet.net

p-ISSN: 2395-0072

to 15V with a load current of 400mA and a load
resistance of 37.50hm. This converter is also known as
an auxiliary power supply. The simulation of the fly
back converter is presented in Fig 5.

Fig5 simulation of the fly back converter

The UVLO pin will have a voltage of 2.588V. If the
voltage at pin point is less than 1.03V, the fly back
regulator IC will not function, hence the voltage at pin
point will be more than 1.03V. The simulated
waveform is depicted in Fig 6.

Figb6 waveform of the UVLO voltage

Input voltage 12V applied to the Fly back
converter with duty ratio of the 60%. The output
voltage and output current of 15V and 400mA.
Simulated waveform of the output voltage and current
as shown in the Fig 7.

Fig7 waveform of the output voltage and output
current

During the discontinuous conduction mode
(DCM), the voltage ripples will settle down to begin the
next cycle. This will emerge across the switch pin point
during no load conditions, and the frequency under
this pin will be more than 302kHz, as illustrated in the
simulated waveform in fig 8.

Vivsw]

Fig8 voltage waveform at switch during DCM

During the continuous conduction mode
(CCM), the load current was 400mA with a load
resistance of 37.5 Ohm. During this mode, the leakage
voltage will occur across the primary inductance, and
the frequency of the switch point will be 320kHz, with
the simulated waveform given in Fig 9.

Vivew]

Fig9 voltage waveform across the switch during CCM

B. Simulation circuit used to measure the DC and phase
voltage of the power board

DC voltage is applied across the inverter circuit
and converted into AC voltage. The AC voltage is
measured in terms of phase voltage. DC voltage and
phase voltage from the inverter's input and output
were fed into voltage follower circuits, which clipped
the higher voltage to 5V. The simulated circuits for
sensing voltage deliver signals to the microcontroller,
as shown in Fig 10.

Fig10 simulation circuits for the phase and line voltage
measurements
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When DC voltage is provided to the inverter
circuits. The voltage sensor measures the DC voltage
across the inverter input and feeds it to the voltage
divider circuits, where it is decreased to less than 5V.
The voltage follower circuits will produce the same
voltage across their non-inverting terminals and their
outputs. Simulated circuits for the two conditions
depicted in Fig 10.

When a DC voltage of 30 V is applied across the
inverter circuits. The voltage in non-inverting and
voltage divider circuits will be 1.875 volts. The voltage
at the output of the voltage follower circuits will
display as 1.875V. The waveform shown in the fig 11.

Vi)

Wil

Figl1lwaveform for the measurement of DC voltage
less than 30V.

When the DC voltage delivered to the inverter
exceeds 80V, the voltage across the voltage divider and
non-inverting terminal of the voltage follower circuit
is greater than 5V. The voltage follower circuit
operates at 5V, hence the voltage at the non-inverting
terminal will be greater than 5V and then clipped to
5V. Sends the voltage level to the microcontroller. The
simulated waveform is presented in fig 12.

Fig12 waveform for the measurement of DC voltage
more than 80V

When a DC voltage is applied to the inverter
input, it is converted to an AC voltage and the phase
voltage of the inverter's output is measured for each
leg. For analysis, a different voltage is delivered across
the inverter leg of the voltage follower circuits, and the

converted voltage signal is sent to the voltage
comparator circuits to reset the microcontroller. The
various criteria are discussed below.

When 75V is put across any one inverter leg,
the voltage between the voltage divider circuits and
non-inverting terminals of the voltage follower circuits
is 5.05V. The voltage follower circuits are clipped into
5V, and the waveform is illustrated in Figure 13.

Vimi

Figl3 output voltage of the follower circuit when the
input voltage of 75V

When 0V is supplied across any one inverter leg, the
voltage between the voltage divider circuits and the
non-inverting terminal of the voltage follower circuits
is 1.0253V. The voltage follower circuits send a voltage
of 1.0253V to the voltage comparator circuits and
waveform illustrated in Fig 14.

Vv

Fig14 output voltage of the follower circuit when the
input voltage of 0V

When -19V is applied to any one inverter leg, the
voltage appearing across the voltage divider circuits
and non-inverting terminals of the voltage follower
circuits is 800mV. The voltage follower circuits
transmit a voltage of 0V to the voltage comparator
circuits and waveform displayed in Fig15.
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Fig14 output voltage of the follower circuit when the
input voltage of -19V

C. Simulation for over protection (OV) unit

The voltage follower circuits' outputs are used to
measure DC voltage. The voltage follower circuits'
outputs convey the signal to the voltage comparator
circuits. By comparing two distinct voltage levels and
sending the signal to the microcontroller. When 5V is
put across the voltage divider circuits, the voltage at
the non-inverting terminal will be 3.75 V. The DC
voltage of the voltage follower circuits will be
compared to 3.75 V. If the voltage at the non-inverting
terminal (3.75V) is larger than the voltage at the
inverting terminal, the voltage difference will be
positive, allowing op-amp circuits to raise the voltage
level to 5V. The simulated circuits and waveforms are
presented in Fig 15 and 16.

c3

oy
va

u1 ] 15

vee
GND 5
v ey N our < R4
LM2903B 10k
1000p

.tran 5ms uic

Fig15 simulation circuit for over voltage protection

Figl6 simulation waveform does not reset the MCU

When 5V is put across the voltage divider
circuits, the voltage at the non-inverting terminal will
be 3.75 V. The DC voltage of the voltage follower
circuits will be compared to 3.75 V. If the voltage at the
non-inverting terminal (3.75V) is less than the voltage
at the inverting terminal, the voltage difference will be
negative, and the op-amp circuits will pull the voltage
level down to OV. The simulated circuits and
waveforms are illustrated in Fig 17.

Figl7 simulation waveform reset the MCU
D. Simulation for over current (OC) protection unit

The output current of the inverter circuits is
measured in terms of voltage using the current sensor.
The output voltage of the U, V, and W legs is compared
to the voltage levels of 4.5V and 500mV. If one of the
voltage comparator circuits has a negative voltage
difference, the microcontroller should be reset, and
vice versa. The simulation circuits are presented in Fig
18.

=
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£87

ln-v

Fig18 simulation circuit for the over current

The voltage of each leg will be compared to
the non-inverting terminal voltage of 4.5V and the
inverting terminal voltage of 500mV. If the voltage
difference is positive, the op-amp will pull up to 5V
without resetting the MCU. The waveform depicted
below in Fig 19
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Vit

Fig19 waveform for the OC test which pull up to 5V

The voltage of each leg will be compared to
the non-inverting terminal voltage of 4.5V and the
inverting terminal voltage of 500mV. If the voltage
difference is negative, the op-amp will be pulled down
to 0V, resetting the MCU. The waveform illustrated
below Fig 20.

Vindl)

Fig20 waveform for the OC test which will be reset the
microcontroller

E. Simulation for the gate driver circuits

When a +15V input voltage is provided to the fly
back converter, it converts the output voltage to +15V
with a duty ratio of 50% and a load current of 250maA.
The fly back converter's input and output voltage are
applied to the pulse width modulation (PWM) IC
UCC27211. Rectangular PWM pulses are applied to the
PWM IC at a frequency of 10kHz, with a dead time of
1500ns, rise time of 1ns, fall time of 1ns, and duty ratio
of 50%. The simulated circuit diagram is depicted in
Fig 21.

Fig21 simulation circuit of the gate driver circuit

When the PWM pulses applied to UCC27211 with
an amplitude of the 5V. PWM IC which operating the
voltage level of 15V and pull up the PWM pulses to 15V
as shown in the Fig 22.

W]

Fig22 PWM pulses generated for UCC27211 IC

The PWM pulses generated by the
UCC27211IC are sent to the UCC27524 IC, which pulls
the PWM pulses up to 12V due to the difference
ground, resulting in PWM pulses of 13V to 15V with a
1500ns dead time. The simulated waveform is
depicted in Fig 23.

[
i
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|

i
[
]
|

i
[
|

Fig23 PWM pulses generated by the UCC27524 IC

F. Simualtion result

PWM pulses are generated using gate driver
circuits supplied to the power board (inverter circuits)
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to power the PMSM motor. The feedback from the
PMSM motor's silver section will be used to modify the
position of the PMSM motor controller. Table III shows
a tabulation of the motor running at various speeds,
together with the torque and power consumed by the
PMSM motor.

Table III Requirement based on the simulation

Motor speed | Motor torque | Motor power
(rpm) (Nm) (kw)
100 23.02 0.70
500 22.55 3.48
1000 22.4 6.93
1500 22.29 10.42
2000 21.86 13.82
2500 18.37 17.09
3000 13.36 14.48
3500 13.33 9.07
4000 11.38 5.48

V. CONCLUSION

The simulation of the design and development
of a resolver-based PMSM motor controller is shown.
The research shows that the motor control unit used
full load power at a speed of 4000rpm and a torque of
11.38Nm was achieved. Resolvers and encoders detect
the physical operational parameters of equipment in
use. They typically measure the speed, position of the
shaft, and direction of rotation of the rotor. I simulated
the overvoltage, overcurrent, and gate driver circuits.
Generated the waveforms for each topology under
various situations.
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