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Abstract— In space flight analysis it is very important 

to know the position and motion of the satellite. CMG(Control 

moment Gyroscope)  are nowadays used in small satellites .The 

CMG depends on two motors for operation. One is a brushless 

DC motor(BLDC) which is used to spin the momentum wheel 

and the other one is a stepper motor used to gimbal the 

momentum wheel around an axis which is perpendicular to the 

spin axis. The objective of this thesis  is  to improve torque 

smoothness in CMG. For this  BLDC motor is replaced with 

Permanent Magnet synchronous Motor(PMSM). The main 

disadvantage of BLDC motor is torque ripples which induce 

torque pulsations that deteriorate the performance of drives 

particularly at low speeds. In order to minimize harmonics the 

PWM technique used here is Space Vector Pulse Width 

Modulation(SVPWM). FOC(Field Oriented Control) is used to 

control the PMSM in order to achieve high performance control 

characteristics.FOC controlled PMSM drive provides better 

dynamic response and lesser torque ripples. The closed loop 

control of the PMSM  drive using FOC and SVPWM is 

simulated in MATLAB SIMULINK.  
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I. INTRODUCTION  

In space flight analysis it is very important to know the 

position and   motion of the satellite. Satellites are required to 

have more rapid rotational movement and agility than before 

in order to provide multi-target pointing and tracking 

capability. CMG(Control moment Gyroscope)  increases the 

agility of a satellite by enabling it to do rapid pointing 

manoeuvre. Future earth imaging satellites would rather 

move spacecraft body rapidly rather than to sweep only the 

imaging system from side to side which will provide high 

resolution images . 

 

CMG  uses two motors for operation. BLDC motor to spin 

the momentum wheel and stepper motor to gimbal the 

momentum wheel. The microcontroller (C8051F041) 

receives control data via RS232 from a PC, implements it and 

then send control commands to BLDC motor controller and 

Stepper motor controller. A Hewlett packard  optical encoder 

is used for high accuracy speed feedback to the 

microcontroller.  

 

 

BLDC motor controller has all the necessary functions for 

driving a BLDC motor and directly controls the three phase 

drive stage which connects to the motor. The stepper motor 

controller receives command signals from the microcontroller 

such as clock pulse, direction and inhibit. It has its own full 

bridge drivers to drive the stepper motor. A current control 

loop runs internal to ensure a smoother motor current.  

 

The proposed system uses PMSM instead of BLDC. 

Permanent magnet ac motor drives are used in high 

performance applications. The general characteristics are 

compactness, high efficiency, smooth torque, low noise, fast 

dynamic response. Field oriented control of PMSM is used 

along with Space vector modulation for reducing torque 

ripples in CMG.  

 

Vector controlled PMSM drive provides better dynamic 

response and lesser torque ripples[10]. Vector control is used 

to control the PMSM in order to achieve high performance 

control characteristics. In AC machines, the stator and rotor 

fields are not orthogonal to each other. The only current that 

can be controlled is the stator current.  

 

Field Oriented Control is the technique used to achieve the 

decoupled control of torque and flux.FOC scheme not only 

decouples the torque and flux which makes faster response 

but also makes control task easy[1]. FOC is carried out to 

control the space vector of magnetic flux, current and voltage 

of machines in order to achieve the precise torque. The aim of 

the FOC method is to control the magnetic field and torque 

by controlling the d and q components of the stator currents 

or consequently the fluxes. 

 

SVPWM refers to a special switching sequence which 

generate less harmonic distortion in the output voltages 

applied to the phases of an AC motor. It provides more 

efficient use of supply voltage. It has superior characteristic 

like easy digital realization. The objective of SVPWM is to 

approximate the reference voltage vector Vref using the eight 

switching patterns. Sinusoidal commutation technique is used 

here where all the three coils are excited at any given point of 

time. 
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II. THE PROPOSED SYSTEM 

 
 

Fig.1 Field oriented control of PMSM using SVPWM 

The 3-phase stator currents as well as the position are 

sensed from the PMSM. Since the 3-phase stator currents 

satisfy the relation ia+ib=ic=0 ,we need to calculate only ia 

and  ib using clark transform. Then using park transform they 

are converted to id and iq values. For steady state conditions 

id and iq are constant. The id reference controls rotor 

magnetizing flux. The iq reference controls the torque output 

of motor. 

The reference values of id and iq are given. By comparing 

with the actual values the error is corrected and then 

processed using a PI controller. The output of PI controller 

are the control signals Vd and Vq which is a voltage vector 

sent to motor. Park inverse transform can be used to calculate 

Valpha and Vbeta. From these values Vref vector can be 

calculated. 

A  Space Vector Pulse Width Modulation  

In general the SVPWM implementation involves the sector 

identification, switching time calculation, switching vector 

determination and optimum switching pattern selection for 

the inverter voltage vectors. In SVPWM technique complex 

reference voltage is processed as a whole and avoids using 

separate modulator for each phase.  

  

The interaction between three motor phases has to be 

considered. SVPWM generates less harmonic distortion in 

the output voltages and currents when compared to other 

PWM techniques. It actually provides a more efficient uses of 

the applied supply DC voltage in comparison with sinusoidal 

modulation techniques.  

 

SVPWM aims to generate a voltage vector that is close to 

the reference circle through the various switching modes of 

inverter. There are total eight voltage vectors V0 to V7.Six 

vectors are non zero vectors are two are zero vectors. Zero 

vectors apply zero voltage to the load.  

 

When an upper switch is switched ON, the corresponding 

lower switch connected to the same leg is switched OFF. 

Therefore the ON and OFF states of the upper switches S1, 

S3 and S5 can be used to determine the output voltage. There  

are eight  possible switching states, i.e (0,0,0), (0,0,1), (0,1,0), 

(0,1,1), (1,0,0),(1,0,1), (1,1,0), (1,1,1) The inverter has six 

states when a voltage is applied to the motor and two states 

when the motor is shorted through the upper or lower 

switches resulting in zero volts applied to the motor. 

 

 
 

Fig 2 Space Vector Modulation 
 

Table 1 : Switching Vectors for Inverters 

 

 
 

B  Field Oriented Control 

 

The main drawback of sinusoidal commutation is that the 

motor currents are controlled which are time variant and thus 

PI controllers have to operate on limited bandwidth. Hence 

using field oriented control the currents in a, b, c reference 

frame are transformed to d-q reference frame. Thus 

controllers are not subjected from time variant currents and 

voltages and limitation of controller frequency response and 

phase shift on motor speed and torque is eliminated. Using 

Field Oriented Control, current control is largely unaffected 

by speed of rotation of the motor[6]. 

 

In the scheme of filed oriented control motor currents and 

voltages obtained from the motor are transformed into d-q 

reference frame. Measured currents from three stator phases 

these currents which are now in the stator reference frame are 

converted into two phase using Clarke transformations which 

are further converted into the corresponding rotor reference 

frame using Park transformation. The resultant current 

obtained is dc which is easier for the PI controllers to operate. 

The obtained outputs from the PI controllers are transformed 

to inverse Park Transform to obtain the corresponding 

reference vector for the Space Vector PWM. 

. 
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Fig.3 Field Oriented Control Scheme 
 

The  advantages of Field Oriented Control are 

transformation of a complex and coupled AC model into a 

simple linear system , independent control of torque and flux, 

fast dynamic response , good transient and steady state 

performance ,high torque and low current at start up and high 

Efficiency[2]. 
 

Clarke Transformation Equation 

 

 
Fig.4 Clarke Transform 

 

Park Transformation Equation 

 

 
                

Fig.5 Park Transformation 

 

Inverse Park transformation equation 

  

 
Fig.6 Inverse Park Transformation 

 

The Clarke transformation transforms the three phase (a, b, 

c) signals into α, β reference frame in the stator. In order to 

transform the signals to the rotor reference frame Park 

transformation is used so as to transform the signals into rotor 

reference frame (d-q). Inverse park transform converts the 

signals back to stator reference frame (d-q to α, β). 

III. SIMULATION RESULTS 

Simulation of Field oriented control of PMSM is done 

using Space Vector Modulation and the torque ripples 

generated are compared with that of BLDC. 

Torque ripple is calculated using the formula, Torque 

ripple(%) =  (Peak to peak torque/rated torque)*100. 

The simulation results for Field oriented control of PMSM 

using SVPWM is shown below . 

A  FOC Model in Simulink 

     

 
Fig.7 Simulink FOC Model 
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Fig.8 Vref waveform 

  

       

Fig.9  Waveform of Angle 

          B  SVPWM Modeling 

 

          

Fig.10 SVPWM Simulink Model 

 

 

Fig.11 Gate pulses obtained from SVPWM 

          C Modeling of Inverter fed PMSM 

 

Fig.12 PMSM Simulink Model 

           

 

Fig.13 Inverter voltage 

 

Fig.14 PMSM Stator current 
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Fig.15 PMSM Backemf 

               

Fig.16 Torque obtained from PMSM 

 

Fig.17 Torque ripple comparison 

    The comparative results of the Field oriented control of 

BLDC and PMSM are shown in Table 2 

Table.2 Comparative results of Torque Ripples 

 

   

 

 

 

 

CONCLUSION 

In the current setup used in CMG, BLDC motor with 

trapezoidal method is used. The model is simulated in Matlab 

which shows torque ripples from 17 to 20%.Inorder to rectify 

this the current system is modified with PMSM. Field 

oriented control of PMSM using Space Vector Modulations 

has been modeled  and simulated in Matlab and the results 

obtained are compared with that of BLDC motor.The 

simulated results have shown that when compared to BLDC, 

the torque ripples are reduced to 5% in PMSM.  

IV. APPENDIX 

  Motor Parameters  

  Specification Details are given below 

  Angular Momentum => 68 Nms at 6000 rpm 

  Speed => 4400 rpm 

  Motor Type => PMSM 

  Rated Torque => 2Nm 

  Torque constant => 0.04 Nm 
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Field Oriented 

Control 

 

Developed 

Torque 

Torque Ripple 

Factor(%) 

FOC with BLDC Drive 
2.2-2.6 Nm 

50 

FOC with PMSM Drive 
 

2 Nm 5 
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