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I. Introduction
Earlier many DC drives were replaced by brushless AC drives.  
But now a day’s PMSM has become the most used drive in 
machine tool servos and modern speed control applications. 
PMSM  machine has high  advantages like high efficiency, high 
power factor, high power density, easy maintenance, fast dynamic 
response In some cases due  higher efficiency, high power density 
and high torque to inertia ratio  PMSM replaces Induction motor 
(IM) and Synchronous motor (SM).   Since PMSM rotor is made up 
of permanent magnet so there is no need of supplying magnetizing 
current through stator to produce air gap flux.  DC excitation on the 
rotor, which is supplied by brushes and slip rings is required for 
SM which leads to rotor losses and requires regular maintenance. 
The variable speed and fast dynamic response drives in PMSM 
could be achieved by stator current control technique.
Since twenty years PMSM topic is quite interesting. One of the 
most common closed loop control technique used in a PMSM 
drive is Vector control technique. This Vector control techniques 
eliminates oscillating flux, torque responses in inverter fed 
induction motor and synchronous motor drives. This technique 
has different classification which includes as constant torque 
angle control, Unity power factor control, constant mutual air 
gap flux-linkages control, optimum-torque-per-ampere control 
and flux-weakening control.  Mainly this depends on the type of 
application and the load characteristics.
An Appropriate control algorithm is necessary to perform a 
particular application for PMSM drive. To represent a complete 
drive system Incorporation of PMSM model along with the 
inverter model and load characteristics is essential.  The simulation 
model for a complete PMSM drive is based  on the mathematical 
model of an inverter fed PMSM  is implemented using MATLAB\
Simulink which can be 
used for stimulating algorithms. Speed, torque, voltages and 
currents ofvoltage source inverters are the components that  can 
be effectively monitored and analyzed.

II. Boost Converter
PROPOSED CONVERTER TOPOLOGY AND OPERATION 
ANALYSIS:

Proposed high step-up dc–dc converter with hybrid 
transformer
In this circuit diagram of the proposed converter.CT is the input 
capacitor; HT  is the hybrid transformer with the turns ratio 1:n; 
S1 is the active MOSFET switch; D1 is the clamping diode, which 
provides a current path for the leakage inductance of the hybrid 
transformer when S1 is OFF, Cc captures the leakage energy from 
the hybrid transformer and transfers it to the resonant capacitor Cr 
by means of a resonant circuit composed of Cc , Cr , Lr , and Dr; Lr 
is a resonant inductor, which operates in the resonant mode; and Dr 
is a diode used to provide an unidirectional current flow path for 
the operation of the resonant portion of the circuit. Cr is a resonant 
capacitor, which operates in the hybrid mode by having a resonant 
charge and linear discharge. The turn-on ofDr is determined by 
the state of the active switch S1. Do is the output diode similar 
to the traditional coupled-inductor boost converter and Co is the 
output capacitor. Ro is the equivalent resistive load.

III. Closed Loop Speed Control of PMSM
Vector Control scheme for closed loop PMSM drive shown in Fig. 
The constant torque method of vector control scheme has been 
considered for analysis. In this method, the angle between the 
rotor field and stator current phasor is known as torque angle and 
is maintained at 900 so that flux is kept constant, then the torque is 
controlled by the stator current magnitude [1]. The machine, speed 
and position feedback, speed and current controllers, and inverter 
constitute the PMSM drive. The error between the reference and 
actual speed has given as the input to the speed controller, which 
generates the torque reference and is proportional to Kiq.
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IV. Mathematical Model of PMSM
The Mathematical model of PMSM existing is represented in 
the following .The stator of the PMSM and the wound rotor 
synchronous motor are similar. The permanent magnets used in 
the PMSM are of a modern rare-earth variety with high resistivity, 
so induced currents in rotor are negligible. In addition, there is no 
difference between the back EMF produced by a permanent magnet 
and that produced by an excited coil. Hence the mathematical 
model of a PMSM is similar to that of the wound rotor SM. 
The rotor reference frame is chosen because the position of 
the rotor magnets determines the instantaneous induced emfs 
and subsequently the stator currents and torque of the machine 
independently of the stator voltages and currents. The following 
assumptions are considered in the derivation.
•  Saturation and parameter changes are neglected 
•  Stator windings are balanced with the induced EMF is 

sinusoidal
•  Eddy current and hysteresis losses are negligible
•  There are no field current dynamics
•  There is no cage on the rotor

The equivalent circuits of PMSM in d, q axes in rotor reference 
frame are shown in fig 1 and fig 2 respectively.

With these assumptions, the stator voltage d-q equations of the 
PMSM in the rotor reference frame are given by equations (1) 
and (2).
Vqs= Rsiqs+ pλqs+  ω ds                             (1)

Vr
ds = Rsi

r
ds+ pλr

ds -  ω r
qs              (2)

The stator flux linkages is given by equations (3) to(5)
λr

qs= Lqi
r
qs               (3)

λr
ds= Ldi

r
ds+ Lmifr                (4)

  
Lmifr = λaf               (5)
Vr

qs and Vr
ds are the d,q axes voltages,ir

qs and ir
ds are the d, q axes 

stator currents in rotor reference frame, Ldand Lq are the d, q axis 
inductances and λd and λq are the d, q axis stator flux linkages 
in rotor reference frame, while Rs and ωrare the stator resistance 
andinverterfrequency, respectively. λafis the flux linkage due to 
the rotormagnets linkingthestator.

Equations (6) and (7) is obtained by substitutingequations (3) to 
(5) in (1) and(2)

Vr
qs=Rsi

r
qs+p(Lqi

r
qs)+ωr(Ldi

r
ds+λaf)                       (6)
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In the constant air gap flux mode of operation.kt is constant upto 
base speed and is equal to unity. Hence, the torque reference is 
directly proportional to iq, which is transformed to ‘abc’ axes by 
using inverse park’s transformation given by equation (27). The 
‘dq0 to abc’ transformation block shown in fig gives the stator 
reference current ia,ib and icin’abc’ axes which is compared with 
the actual current and the current error is given to a hysteresis 
controller. The hysteresis current controller generates triggering 
pulses to the inverter in such a way that the actual current follows 
the reference current.
Block Diagram

Fig. 2: High boost dc dc converter with PMSM Control.

Fig.3 : Response of  PMSM Control 
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Fig. 4 :Speed control of PMSM

Fig.5 : Response of PMSM without High boost converter.

V. Conclusion
An advanced simulation model of closed loop PMSM drive 
system has been developed by utilizing the mathematical model 
of PMSM and hysteresis controlled three phase VSI inverter. 
The developed system simulation model has been validated by 
circuit simulation model of the same scheme which shows the 
accuracy of the developed model. This developed model can be 
well utilized in the design and development of closed loop PMSM 
drives system for experimenting with different control algorithms 
and topological variations but with a much reduced computational 
time and memory size.

References
Takahashi and T. Naguchi, A new quick-response and high-[1]. 
efficiency control strategy of an induction motor, IEEE Trans. 
Ind. Appl., Vol IA-22, pp. 820-827, 1986. 
Li Ye and Yan Xinpin, “The perspective and status of PMSM [2]. 
electrical serro system,” Micromotors Servo Technique, 
2001, Vol.4, pp. 30-33. 
Lixin Tang, LiminZhong, “A novel Direct torque control [3]. 
for interior permanent magnet synchronous machine drive 
with low ripple in toque and flux”’, IEEE Transaction on 
Industry Applications, 2003, Vol 39, NO.6, pp. 1748-1756. 
Habetler T.G. and Divan D.M., “Contrl strategies for direct [4]. 
torque control using discrete pulse modulation,” IEEE 
Transactions on Industry Applications, 1991, Vol 39, NO.6, 
pp. 893-901. 
R. Krishnan, “Electric Motor Drives-Modeling, Analysis, [5]. 
and Control”, Prentice Hall, 2001. 
M.N. Uddin and al., “Performance of current controllers for [6]. 
IPMSM drive,” in Proc. of the IEEE IAS Annual Meeting, 
vol. 2, pp. 1018-1025, 1999. (Pubitemid 30544094) 
M. Kadjoudj, R.Abdessemed, M.E. Benbouzid, C. Ghennai, [7]. 
“Current control of PMSM fed by two and three levels VSI,” 

in Proc. of EPE/PEMC, Tuke (Slovakia), vol. 7, pp. 69-74, 
2000. 
J.K.Kang,S.K.Sul, “New direct torque control of induction [8]. 
motor for minimum torque ripple and constant switching 
frequency,” IEEE Trans. On ind. Appl., vol. 35, n5, pp. 
1076-1082,1999. 
Su Dan, “High perfonnance direct torque control for [9]. 
permanent magnet synchronous motors,” PhD thesis, 
Zhejiang University, pp. 129-138, 2004. 
D. Sun, F. Weizhong, H. Yikang, “Study on the Direct Torque [10]. 
Control of Permanent Magnet Synchronous Motor Drives”’, 
IEEE/ ICEMS, pp. 5 71-5 74, 2001. 
F. M. Abdel-kader, A. El-Saadawi, A. E. Kalas, O. M [11]. 
Elbaksawi, “Study in direct torque control of induction 
motor by using space vector modulation”. Power System 
Conference, MEPCON 2008.l2th International Middle-East, 
pp.224-229, 2008. 
Z. Wang, J. Jin, Y. Guo, and J. Zhu, “SVPWM techniques [12]. 
and applications in HTS PMSM machines control,” Journal 
of Electronic Science and Technology of China, vol. 6, no. 
2, June 2008, pp. 191-197. 
A. Maamoun, A. Soliman, and A. M. Kheirelden, “Space-[13]. 
vector PWM inverter feeding a small induction motor,” in 
Proc. IEEE Int. Conf. on Mechatronics, Komamoto, Japan, 
May 2007, pp. 1-4. 
A. Saadoun, A. Yousfi, and Y. Amirat, “Modeling and [14]. 
simulation of DSP controlled SVPWM three-phase VSI,” 
Journal of Applied Sciences, vol. 7, no. 7, 2007, pp. 989-
994. 
W.Zhang, and Y. Yu,”Comparison of three SVPWM strategies, [15]. 
“Journal of Electronic Science and Technology of China, 
vol. 5, no.3, Sept. 2007, pp. 283-387. 


