
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 08, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 361 

Closed Loop Speed Control of Permanent Magnet Synchronous Motor 

Drive using SVPWM Technique 
Bhagyalakshmi P S1 Beena M Varghese2 Jisha Kuruvilla P3 

1P.G. Scholar 2,3Professor 
1,2,3Department of Electrical & Electronics Engineering 

1,2,3Mar Athanasius College of Engineering, Kothamangalam, Kerala, India
Abstract— Permanent magnet synchronous motors (PMSM), 

universally used as variable motor speed drives due to its 

special characteristics such as small volume, less weight, 

high efficiency, small inertia and hence high torque / inertia 

ratio, maintenance free, ease of control and high steady state 

torque density. This advantages creates possibility of 

replacing induction machines with PMSMs in industrial 

motor applications. The mathematical modelling of PMSM 

motor along with control strategy is presented which 

employs the SVPWM technique for generation of 2 level 

inverter output voltage. The Space Vector modulation 

approach is having advantages such as reduced harmonic 

contents and switching losses compared to conventional 

SPWM. The simulation results carried out for the reference 

speed and reference torque command signal, the output 

almost catches the input reference speed command. Due to 

requirement of the Voltage Source fed Inverter the PWM 

technique is employed as 2 level SVPWM strategy which is 

having maximum achievable peak fundamental phase 

voltage. A simulation model is developed in MATLAB / 

SIMULINK. 
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I. INTRODUCTION 

In recent years, for the energy conservation the magnetic 

and thermal capabilities of the PMSM have been 

considerably increased by employing the PM material, 

which having high coercive property. Permanent magnet 

motors are of two types: Brushless DC motor and Permanent 

Magnet Synchronous motor. BLDC motor has trapezoidal 

back EMF with concentrated windings. Whereas PMSM has 

sinusoidal back EMF with distributed winding fashion. 

When the motor is rotated the back EMF waveform 

measured at the terminals of PMSM will be sinusoidal. The 

torque fluctuation is less in PMSM motor with sinusoidal 

input supply to the distributed winding whereas PM motor 

(PMBLDC) is having trapezoidal back EMF [1]. PMSM is 

widely used in several applications in AC servo system, 

aerospace and military applications, because of its special 

characteristics such as quick response, highly efficient, 

power density, excellent controlling, small-size and light-

weight and lesser noise.  

Recently, SVPWM technology gradually replaces 

the conventional SPWM because of its improved harmonic 

effect . The aim of SVPWM is to generate constant vector to 

approach the real gap flux circle in AC motor by adjusting 

switching time and controlling the on-off modes of power 

devices in inverters like the what conventional PWM 

technique [5]. Comparing to SPWM, the SVPWM having 

advantages like reduced harmonic contents and switching 

losses, the DC voltage utilization ratio is much higher. In 

addition to that, it is easy to be digitalized and it can be 

implemented with recent controller. 

A speed control of permanent magnet synchronous 

machine fed through an inverter is derived. Using this speed 

control technique PMSM drive nearly catches the reference 

signal and get the desired speed variation according to 

reference command. 

II. MATHEMATICAL MODELLING OF PMSM 

Voltage equations describes the performance of 

synchronous and induction machines. But these equations 

are very complex consisting of time varying inductances, 

functions of the rotor speed and the analysis using these 

equations are less accurate. So Change of variable or 

Transformation technique is used to reduce the complexity 

of voltage equations. 

A. Torque and speed generation 

The speed control model of PMSM without damper winding 

has been developed on rotor reference frame using the 

following assumptions [1]; 

Assumptions are: 

1) Saturation is neglected 

2) The induced EMF is sinusoidal 

3) Eddy currents and hysteresis losses are neglected 

4) There are no field current dynamics Flux linkages are 

given by 

λq = Lq . Iq                                                          (1) 

λd = Ld .  Id + λf                                               (2) 

From the machine equations the transformed 

equations are given by 

Vq = Rs. Iq + ωr [Ld.  Id + λf] + ρ Lq. Iq             (3) 

Vd = Rs. Id - ωr. Lq.  Iq + ρ [Ld.  Id + λf]         (4) 

Motor torque developed 

Te = (
3

2
) (

P

2
) ( λq . Iq −   λd . Id )                       (5) 

The mechanical torque equation is given by 

ωm = ∫
TL− Te−Bωr

𝐽
 𝑑𝑡                                          (6) 

TL = Load torque 

Te = Motor torque developed 

B = Damping coefficient 

ωr = Rotor speed 

J = Moment of inertia 

ωm = Rotor mechanical speed 

From the above equations the mathematical model 

has been developed for the controlling of motor by varying 

some reference speed signal. 

B. Park’s Transformation 

Park Transformation is also known as d-q transformation. 

Analyses of machines are based on change of variables 

method. In this transformation, changes of variables are 
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associated with windings rotating with the rotor. Projection 

of quantities on to a rotating two axis reference frame. 

The dynamic d-q modelling is used for the study of 

motor during transient and steady state. It is done by 

converting the three phase voltages and currents to dqo 

variables by using Parks transformation. With Park 

transformation voltage equation of machine becomes less 

complex and can reduce the number of equations. So by 

using the transformed equations the analysis of machines 

becomes simpler, smoother and faster.  

1) Park Transformation Matrix 

[
𝑉𝑞
𝑉𝑑
𝑉𝑜

] = (
2

3
) [

cos 𝜃𝑟 cos(𝜃𝑟 − 120) cos(𝜃𝑟 + 120)

sin 𝜃𝑟 sin(𝜃𝑟 − 120) sin(𝜃𝑟 + 120)
1

2

1

2

1

2

] [
𝑉𝑎
𝑉𝑏
𝑉𝑐

] 

2) Inverse Park Transformation Matrix 

[
𝑉𝑎
𝑉𝑏
𝑉𝑐

] = [
cos 𝜃𝑟 − sin 𝜃𝑟 1

cos(𝜃𝑟 − 120) −sin(𝜃𝑟 − 120) 1

cos(𝜃𝑟 + 120) − sin(𝜃𝑟 + 120) 1
] [

𝑉𝑞
𝑉𝑑
𝑉𝑜

] 

 
Fig. 1: Generation of Va, Vb and Vc 

C. Clarke Transformation 

Clarke Transformation is also known as α-β Transformation. 

Application of this transformation is about the generation of 

reference signal for Space vector modulation control of 

three phase inverters. Change of variables for the analysis of 

electrical machines by projecting the quantities on to a 

stationary two axis reference frame. 

1) Clarke Transformation Matrix 

[
𝑖𝛼
𝑖ᵦ

𝑖𝑜

] = (
2

3
) 

[
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2) Inverse Clarke Transformation Matrix 

[
𝑖𝑎
𝑖𝑏
𝑖𝑐

] =  

[
 
 
 
 

1 0 1

−
1

2

√3

2
1
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2
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[
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Speed control is a normal PI controller, which 

generates a reference q-axis current component whereas the 

d-axis current component is obtained by comparing the d-

component current which is obtained from feedback after 

Park transformation. The reference value for d-axis is zero 

because there is no flux weakening operation [1]. 

 
Fig. 2: Generation of iα and iβ 

III. CONTROL STRATEGY 

Space Vector PWM Inverter refers to a sequential switching 

of six switches of a three phase three leg bridge inverter 

which generate less harmonic distortion in the output 

voltages and currents. The output voltages of this inverter is 

applied to the star-connected motor windings, Switches T1 

to T6 are power transistors which in turns ON-OFF by 

SVPWM technique to give the required output, which are 

controlled by switching signals [5]. 

 
Fig. 3: 3 phase 2 level Inverter 

For a 2-level output from a 3-phase 3-leg bridge 

inverter requires eight switching states as shown in TABLE. 

1. 

Out of these eight topologies, six topologies 

produce a non-zero output voltage, known as non-zero 

switching states. Remaining two topologies produce zero 

output voltage known as zero switching states. 

 
Table 1: Switching Sequence 

Tip of these six non-zero switching vector forms a 

regular hexagon shown in Fig.4. Area enclosed by two 

adjacent non-zero switching vectors within the hexagon is 

known as a sector. 

 
Fig. 4: Space vector hexagon 
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Switching pulses for the upper switches shown in 

Fig. 5 of three-leg voltage source inverter is obtained by 

comparing the modulating signal shown in Fig. 6, with 

triangular carrier signal of 1KHz frequency. A pulse is 

generated when the modulating signal is greater than the 

triangular carrier signal. And the pulse instant is decided by 

the instant where intersection of modulating and triangular 

signal is occurred. 

 
Fig. 5: Switching Pulses 

Switching pulses for lower three switches are the 

inverted pulse of the corresponding upper switches, in order 

to reduce the short circuit effect across the DC source. In 

effect lower switches are operated in such a way that, the 

switching sequence is complement pattern of upper 

switching sequence. 

 
Fig. 6:  Modulating Signal 

 
Fig. 7: SVPWM Simulink model 

IV. SIMULINK MODEL AND RESULTS 

The mathematical model of PMSM is fed through VSI 

whose output voltage generation is obtained by SVPWM 

technique. The PMSM motor parameters are listed in 

TABLE. 2. Generation of output of inverter voltages are 

obtained by Space Vector Generation. Reference speed and 

torque signal is given to the motor to obtain the motor 

performance.  

The speed controller is a PI controller, which 

produces the reference q-axis current component whereas 

the d-axis current component is obtained by comparing the 

d-component current which is to be obtained from Park 

transformation. The reference value, Id ref is zero as there is 

no flux weakening operation. The generation of pulse signal 

is obtained from SVPWM algorithm. 

 
Fig. 8: Simulink model for speed control 

Parameters Values 

Stator Resistance Rs 2.875 ohm 

Armature Inductance L 0.00153 H 

Permanent Magnet Flux  Ψa 0.175 

Rated Speed  ωr 1015 r.p.m 

No of Poles 8 

Moment of Inertia J 0.0008 

Damping Coefficient B 0.00038 

Table 2: PMSM parameters 

Stator current is sensed with current sensor which 

is to be processed using Clarke and Park transformation to 

generate actual d-q axis current component. The generation 

of pulse signal is obtained from SVPWM algorithm. 

Speed reference is a constant  signal of  magnitude 

of 700 rpm shown in Fig. 9. Actual speed nearly catches the 

reference speed shown in Fig. 10. 

 
Fig. 9: Reference Speed 

 
Fig. 10: Actual Speed 

Torque reference is a step signal of 3Nm upto 

0.04sec then 1Nm shown in Fig. 11. Electromagnetic torque 

also attains the reference values shown in Fig. 12. 
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Fig. 11: Reference Torque 

 
Fig. 12: Actual Torque 

Rotor angle increases linearly shown in Fig. 13. 

This value of rotor angle is used in the transformation 

technique to change the variables. 

 
Fig. 13: Rotor angle 

 
Fig. 14: Stator current 

Fig. 14 shows the stator current waveform, which 

is nearly sinusoidal in nature. But its amplitude is reduced 

from 0.04sec, because of the step change in torque. 

PMSM drive nearly catches the reference signal 

and can get the desired speed variation according to 

reference speed command [3]. 

V. CONCLUSIONS 

Speed control of permanent magnet motor is simulated by 

giving speed reference signal. The simulation is carried out 

for the reference speed of constant signal 700rpm. From the 

simulation result we can say that PMSM drive nearly 

catches the reference signal and obtained the desired speed 

variation according to the reference command. Although for 

the change in speed  the actual torque of the motor is almost 

near to the reference torque. Also the voltage source inverter 

gives two level stepped output with less distortion 

employing SVPWM technique. Total harmonic distortion of 

inverter output is much less compared to the inverter 

switched by conventional SPWM and the THD value is 

0.56. Current in each phase of the stator winding of the 

motor, which are almost near to sinusoidal and 

corresponding THD values of respective phase currents are 

0.046, 0.066, 0.078. 
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