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Abstract 
The paper introduces a modified space vector pulse width modulation strategy 

which has been used to drive and control the speed of permanent magnet synchronous 

motor. This strategy, compared with relative conventional SVPWM method, has 

important features. Such features are   increasing the utilization of DC link input 

voltage of the inverter, reducing the stress on power switching devices, and therefore 

minimizing the switching losses. The proposed approach is analyzed and simulated. Also 

a complete system model of the permanent magnet synchronous motor (PMSM) drive, 

using MatLab-Simulink, has been performed. The obtained results, for conventional 

and modified approaches, have been compared. In order to verify the theoretical results, 

practical test has been performed which shows that the proposed technique is preferable 

than the conventional type.    

Keyword: PMSM, d-q modeling, AC drive, VSI,  SVPWM.  
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1-Introduction 
Recently permanent magnet synchronous motor (PMSM) has been widely used in 

various applications due to its merits and features. Such applications are drive motion control, 

electrical vehicles and tractions. The rotor of PMSM has permanent magnet, therefore 

negligible power loss, higher efficiency ,compact size and low weight compared  with other 

types of synchronous motors. Also  a highest  torque to-weight ratio is achievable with high 

efficiency  particularly when using rotor with PM type Neodymium Iron Boride-NeFeB[1,2]. 

Two types of PM synchronous machines were used for applications requiring a wide speed 

range of constant-power operation. Key observations include: surface permanent magnet 

synchronous machines (SPMSM) and interior permanent magnet  synchronous machines 

(IPMSM)can both be designed to achieve wide speed ranges of constant-power operation[2]. 

SPMSM with fractional-slot concentrated windings offer opportunities to minimize machine 

volume and mass because of their short windings. While the IPMSM, also known as salient 

type, which has many advantages like  high speed , small size and good dynamic response. In 

general  PMSM has a sinusoidal back emf and requires sinusoidal stator currents to produce 

constant torque .  PMSM is very similar to the conventional wound rotor synchronous 

machine, except that the PMSM has constant field provided by a permanent magnet. A 

generalized-circuit theory approach permits a direct solution of all kinds of  steady state and 

transient electrical circuit conditions[3]. Due to simplicity  many  researches  deal with  d-q 

model (park transformation ) of the PMSM [4].They have introduced modeling, using 

different PWM strategies to drive, system of PMSM based on MatLab-Simulink. Building of 

simulation system was discussed in detail. Dynamic modeling and simulation for many types 

such as  ac SPMSM with the aid of MatLab-Simulink environment had been proposed[5,6]. 

Other they produced  a Precise modeling of PMSM that considered  the nonlinear 

characteristics of the hard and soft magnetic materials used in the machine [7]. The space 

vector pulse width modulation (SVPWM) strategy produces a high utilization of DC input 

voltage, compared with other types of PWM strategies such as sinusoidal pulse width 

modulation (SPWM). Also in order to reduce the total harmonic distortion, the switching 

frequency must be increased. This will cause an  increase of the stress and  switching energy  

loss of the power devices as well as increase the electromagnetic interference 

(EMI).Therefore this paper propose a strategy to modify space vector pulse width modulation 

(MSVPWM)  as a contribution to improve the performance of PMSM. 

2-Permanent Magnet Synchronous Motor Model 
The mathematical model for the PMSM is 

similar to  the model of a wound rotor type 

synchronous machine, except that the field assumed 

constant. Using park's transformation, PMSM is 

usually modeled in the rotor reference frame [4-

8].The vector graph of PMSM is shown  in Fig.(1).  

Where isd and isq are d-q axes stator currents , ψf is 

the flux linkage due to permanent magnet and δ is the 

load angle. 

The following assumptions are taken into account 

when representing the PMSM model[5,6]: 

1-Saturation is neglected.  

2-The back emf is assumed sinusoidal. 

3-The eddy current and hysteresis losses are  ignored. 

isd 

q-axes 

isq i

d-axes ψf 
N      N      S 

ωr 

𝛿 

Fig. (1):  The vector graph of a 

synchronous motor with permanent 

magnet 
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The transformation from three -phase to two phase time variant α β elements in a fixed 

reference frame by using Clarke transformations: 
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While the transformation from two stationary axes to  rotating axes, by using Park 

transformation ,  is: 
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Where   is the angle between d-axis and  -axis as shown in Fig.(2)   

Vd and Vq are obtained directly from Va,Vb and Vc through park's transformation as follows:- 
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The direct and quadrant voltage equations are: 

Vd=RId+ρλd-ωrλq                                                                                                                                                                                  

(4) 

Vq=RIq+ρλq+ωrλd                                                                                                                      

(5) 

Where R is stator winding resistance in ohm and    is the 

rotor electrical speed in rad/sec.  

λq=LqIq                                                           (6)  

λd=LdId+ f                                                                                                                                (7) 

Where  f is the flux linkage due to the rotor magnets linking the stator and  =d/dt. 

λd and λq are flux linkage with respect to d, q axes respectively, Ld and Lq are self-inductance 

for d, q axes respectively. Id and Iq are d, q-currents respectively.  

The developed electromagnetic torque is given by[1-7]: 

Te=
 

 
(
 

 
)[  Iq+(Ld-Lq)IdIq]                          (8) 

Where  P is the machine pole number. 

The general dynamic torque equation for the machine is: 

Te =TL+B ωm+ J ρ ωm                                             (9) 
 

Where TL is the  load torque (N.m),  B is the viscous friction coefficient N.m/(rad/sec), J is 

the moment of inertia of the machine(kg. m
2
), and ωmis the rotor mechanical speed(ωm=ωr

 

 
)in 

rad per sec. 

The  rotor speed can be obtained from equation (9) as : 

ωm=∫  
          

 
                                                                                                            (10) 

The PM motor drive simulation system has been built in several steps like ABC phase 

transformation to dqo variables, and calculation of torque and speed. Fig(3) shows the 

MatLab-Simulink Model of the PMSM . 

Fig. (2): α-β and d-q axes 
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Fig. (a)  ABC to d-q Transformation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

Fig.(a)  ABC to d-q transformation 

Fig.(c): Mechanical and electrical speed 

Fig. (3): Space vector pulse width modulation  PMSM drive model 
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3-Space Vector Pulse Width Modulation Approach  
Space vector pulse width modulation  (SVPWM)  is one of the most popular techniques 

which is widely used by industrial application due to its feature, such as its control strategy 

can be implemented in digital system and has efficient utilization of dc bus compared with 

other PWM strategies[9,10]. The theory of space vector is based on representing three-phase 

system Va(t), Vb(t) and Vc(t)  by a rotating vector Vr: 

 

   
 

 
[                      ]                                                                                  (11) 

Where a=1  
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A six pulse voltage source inverter, is shown in Fig.(4),  has eight  permissible 

switching states 2
3
 = 8 , the switching states a ,b ,c, a` ,b` and c` can be represented as logic '1' 

when the switches in ON state and '0' when the switches in OFF state. The pair a a`, b b` and c 

c` are complementary to avoid short circuit across the dc link[9]. 

 

 

 

 

 

 

 

 

 

 

The line and phase voltage can be calculated as follows: 
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Where tc]b[a  is the transpose matrix of the switching variable vectors.  

The eight possible state vectors for six step inverter are summarized in Fig. (5). 

 

 

 

 

 

 

 

Fig. (4): Three phase voltage source inverter 
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The six-switches combinations in the inverter have eight permissible switching states. 

The active vectors (V1…V6) can be represented by the axes of hexagonal that has the 

magnitude of 2/3Vdc and the angle between any two adjacent vectors equals to π/3 radians 

and the non-active vectors (V0and V7) at the origin as shown in Fig.(6) [9-11]. The space 

vector, according to the equivalence principle, the following operation rules are obtained: 

V1=-V4, V2=-V5, V3=-V6 and V0=V7=0. 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (5):  Eight  inverter voltage vector for six step voltage source inverter 
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Fig.(6):  Voltage space vectors 
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V4 

Fig. (7):  Voltage space vectors with fs=36*fo 
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The desired three phase voltages Van ,Vbn and Vcn at the load of the inverter can be 

represented by an equivalent reference vector Vref which has magnitude of the output voltage 

rotating in the counter clock wise direction and the period of the fundamental output voltage 

is equal to the one complete revolution of the  reference  vector Vref. 

As an example in one sampling interval the output vector   
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Where t0,t1…t7 are the ON sharing  times of all the vectors  ̅   ̅     ̅  , and Tz is the 

complete  sampling period. Eqn.(14)represents the decomposition of  ̅   into ̅ ,  ̅ … ̅    has 

infinite ways [11]. To make full use of ON times for active vectors, the reference vector splits 

in two nearest adjacent active vectors and two non-active vectors. For example if the 

reference vector is in sector 1for one sampling interval Tz and with angle α along d-axes as 

shown in Fig(6), then the relation between d-q axes voltage Vd and Vq with phase load 

voltage Van,Vbn and Vcn 
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To generate sinusoidal line to line output voltage, the reference vector transitions 

smoothly between sectors  with  small interval time (sampling period). 

 

Fig.(7) shows the SVPWM with six samples per sector and the total number of samples 

equal to 36,that's mean the switching frequency fs=36*fo, where fo is fundamental frequency. 

The angles 60 > α6 > α5> α4>α3> 

α2> α1>0 . Tz is the sampling 

period of the given circular 

locus[9]. As the number of 

samples increases, the locus of 

transition reference vector will be 

circular and the total harmonic 

distortion decreases but it results 

of increasing the switching loss 

and stress on power switches. 

The pattern of each switch of the 

inverter is the sum of each 

sample interval which depends on 

the active and non-active times of 

the vectors. α1, α2…, α36, 

determine the active and non-

active times of each sample 

according to related sector where 
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:       sector 1,            sector 2,            sector3,          

sector 4,       3   sector 5, and 3     3   sector 6. 

Keeping in mind the  maximum length of the active vectors (2/3Vdc), while the locus of 

the reference vector is a circle and the maximum reference value is equal to 1/3 Vdc , which  

represents the radius of outer circle as given in Fig.(7). This means that the maximum value of 

modulation index M in linear region is equal to (1/3 Vdc)/ (2/3Vdc)=0.866. 

 

3.1 Space Vector Switching Pattern: 
This paper is trying to reduce the switching frequency per fundamental period for, any 

certain number of samples. This is performed by distributing the switching sequence in such a 

way that the transition from one state to the next is performed by switching only one inverter 

leg at a time[9]. The only remaining degree of freedom consists in the way that sharing ' t0' 

between the vectors V0, V7.  

To determine the active and non-active duration times formula, it is  referred to Fig.(6).  

The values of V1 and V2 are constant, while V0=V7= 0.  The volt-time of reference voltage 

Vref  to the space vector  is obtained as  follows: 
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For linear modulation region M=(0-0.866),the symmetric method to generate space 

vector sequence in order to reduce the stress on power switches is prefer [8], which has equal 

sharing of the zero vector intervals on each sampling interval, as an example the reference 

voltage fall in sector (1) V0 ,V1 ,V2 ,V7 ,V7 ,V2 ,V1,V0. Fig.(8) shows the switching patterns 

for reference vector in sector 1. Table (1) shows the corresponding pulse width for each 

switch in each sector.  

Fig. (8): Switching pattern for reference vector in sector 1 

 

3.2 Modified Space Vector Pulse Width Modulation   MSVPWM 
When the modulation index M of SVPWM is greater than 0.8 and sampling number is 

relatively high, some of  notches  between pulses  are small with respect to sampling period 

Tz, this means the pulse width of the sample is equal to( t1+ t2+t0/2) and the notch 't0/2' is 

relatively very small, compared with Tz. Therefore the effect of  notch 't0/2' is  eliminated  by 

considering no change in switching state of the power  to reduce the switching losses and the 

stress on the power switches. If the sampling frequency is multiple of six (or 12,18,24…) the 

total number of  eliminated notches can be calculated according to Nnotch=2*N where N is the 

total  number of samples in one sector  and the resultant number of pulse = Wf-Nnotch+1 where 

Wf is frequency ratio =fs/fo and the same value of  total harmonic distortion  for  output 

current  waveform can be obtained by eliminating these notches. 

 

4-Simulation Results 
A PMSM used in the model has the following parameters specifications : ( 1.1KW, 

R=6.34Ω,340V, Ld=89mH, Lq=65mH,λf =0.8 wb.turn, I rated=2.85A and TL=7 N.m) and the 

SVPWM voltage source inverter used to drive the PMSM use sampling frequency =1800Hz, 

and  M=0.85. Using MatLab the results are shown in Figs.( 9-11).Fig. (9a&b) shows PWM 

patterns  to drive Transistor S1 based on SVPWM and MSVPWM methods respectively.  The 

switching frequency is reduced from 1800 Hz to 1250Hz. Fig. (10-a&b)shows the motor line 

voltage, with their spectrums,  for  SVPWM and  MSVPWM respectively. As seen from the 
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spectrums they are almost same. This means that the switching frequency is  reduced by 31%  

while THD is almost same. Also the dc utilization is improved by 5 %. Similarly, with Fig. 

(11-a&b) and Fig (12-a&b), the motor line currents and their spectrums, torque and speed 

waveforms, for both SVPWM and  MSVPWM respectively are almost the same. 

 

 

 

 

 

 

 

 

 

a) 

 

 

 

 

 

 

 

 

 

b) 

Fig. (9): Switch S1 pattern   a) SVPWM    b) MSPWM  

 

 

      a)                                                   b) 

  

 

 

 

 

 

 

Fig. (10): Motor line voltage a) SVPWM .b) MSPWM 
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5-Practical Results  
To verify the simulation results, practical results have been obtained, using dSPACE 

7.4. The real time of PWM pattern to drive the power transistor (S1)and inverter terminal 

voltage waveform with its spectrum, based on SVPWM approach,  are shown in Fig. (13-

a,b&c). Similar, for  MSVPWM approach  are shown in Fig.(14-a,b&c) . The above practical 

results show that the proposed method can be efficiently used to reduce the switching 

frequency, which  reduces significantly the switching losses and improving the performance 

of PMSM drive system. Also the dc link voltage is highly utilized. 
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Fig. (12): Motor speed and Torque  a) SVPWM    b) MVSPWM 
 

a)                                                     b)  

Fig. (11): Motor current a) SVPWM b) MVSPWM 
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b) b) 

c) 

Fig. (13):  a) Power switch pattern. b) Line voltage .c) Spectrum of line voltage 

a)                                                                                        b) 
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Fig.(14):  a) power switch pattern. b) line voltage .c) spectrum of line voltage 
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Conclusion 
In this paper a modeling approach for PMSM based on park's Transformations has been  

derived. The modeling procedures have been presented  and simulation results are  obtained 

such as; speed ,torque, stator voltage and stator current using  MATLAB–Simulink. The 

theory of the Space Vector pulse width modulation for a 3-phase inverter has been   

presented. A proposed  MSVPWM  is introduced  by eliminating the small notching of the 

pulses. According to the obtained results, which are performed for wide range of the 

modulation index, it can be concluded that the width of small notches are reduced as  

modulation index increases. Therefore these notches are relatively very small with respect to 

sampling period Tz, at M=0.85 the ratio of minimum pulse width with respect to sampling 

period (t0/2/Tz) vary from (4.6% - 0.2%)   which is small compared with other pulses and can 

be eliminated .The proposed method  confirms the following features; reduces  the switching 

frequency, reduces the stress on power switching devices, reduces EMI, improves the 

efficiency, increases the utilization of dc link source, and minimizes the susceptibility of fault 

for the complementary of the power transistors. For typical case, when M=0.85 ,Vdc =400V, 

the fundamental output line voltage equal to 383.1V(270.9Vrms)when the switching 

frequency fs=1800Hz, no. of pulses=36 for SVPWM while the fundamental output line 

voltage equal to 400.8V(283.5Vrms)at fs=1250Hz,no. of pulses=25 for MSVPWM. The 

practical results shows that the same harmonic component in the line voltage spectrum for 

both SVPWM and MSVPWM approaches, because the most significant harmonic 

components depend on sampling frequency , 1800 Hz, which are assumed  same for 

comparison . 
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