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 AC motors are used frequently for many industrial applications such as 
material handling, traction, electric vehicles etc. A novel non-sinusoidal 
modulation technique employing Raised Sine Wave (RSW) for the PWM 
inverter is proposed in this paper. Squared Sine Wave has a distinct 
advantage of reduced rate of change at zero crossing of each half cycle, and 
eliminates the need for dead band. An Finite Element Analysis (FEM) is 
carried out to study its suitability for AC Induction Motor. The results show 
that the operation has a constant startup torque for all load conditions, thus 
providing a smooth start from zero speed to full rated speed.  This feature 
makes it most suitable for applications requiring frequent startup such as 
traction. The operation of the conventional Variable Frequency Drives using 
Conventional Sine Wave (CSW) is compared with the results obtained with 
RSW supply. 
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1. INTRODUCTION 

AC Motor drives are frequently employed in industries for a wide applications such as material 
handling systems, traction and transportation, electric vehicles etc. These systems require a speed control and 
torque control which is currently available for the different PWM techniques [1]-[2]. High Frequency carrier 
based Pulse Width Modulation (PWM) schemes have become very common in many methods of control 
such as Sine PWM, Space Vector Modulation. These recent technological development in the field of power 
electronics and digital signal processors and micro controllers has made it possible to design power 
converters that can generate any form of power output. The high frequency carrier based Pulse Width 
Modulation (PWM) techniques have led to implementation of various modulation schemes. High processing 
speed of digital systems and high resolution timer blocks, have resulted in better accuracy in controlling the 
pulse width of ON and OFF intervals of inverter switches. Software based design of digital implementation 
of PWM schemes is possible for any technique of implementing these PWM schemes. In the classical analog 
system of sine-triangle modulation (SPWM), also known as natural sampling modulation (NSPWM), high 
frequency triangular carrier is compared with the sine wave modulating signal for each phase of the inverter 
to generate the gate pulses for the power switches in the inverter. 

In its equivalent scheme with microprocessor based digital technique, the modulating signal is 
periodically sampled at predetermined intervals using the high frequency triangular signal, at each period 
(symmetric regular sampling) or at every peak (asymmetric regular sampling). This scheme is popularly 
referred to as the Regular Sampled PWM (RSPWM) [3]. Each crossing of the triangular carrier signal with 
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Table 1. Specification of Motor Model 
Parameter Value

Motor type 3 phase induction motor  
Supply Voltage  440v Ph-Ph  
Motor Current  2.2 amps - full load  
Stator Slots  36  
Rotor Bars  24  
Winding  4 pole 44 turns each coil 

 
 

4. POST PROCESSOR RESULTS 
The post processing of the FEM analysis gives the results for transient analysis and the static field 

analysis. During the solution setup, the software is set to save static results for every 0.1 sec step of the motor 
running. The field map of the motor for two different time step (a) 1 sec after start-up and (b) 5 sec after 
start-up (full speed) is shown for operation with CSW supply in Figure 4 and for operation with RSW supply 
in Figure 5.  

The drag in the magnetic field i.e., the radial angle difference between the points of peak 
magnetization in the stator core and the rotor core, indicating high slip, is clearly visible in Figure 4(a) and 
Figure 5(a), when the motor has not reached full speed. When the motor has reached full rated speed, the 
radial angle is very small, showing that there is almost no slip in Figure 4(b) and Figure 5(b). The effect of 
this field is conceivable in the acceleration of the motor from zero speed to full speed.  

 
 

 
 

Figure 4. Field with CSW Supply (a) after 1 sec (b) after 5 sec 
 
 

 
 

Figure 5. Field with RSW Supply (a) after 1 sec (b) after 5 sec 
 
 

4.1. Acceleration at start up 
The interesting conceivable factor in the comparison of variation in speed during start-up. Emphasis 

is made in this paper to this factor to highlight the advantages of RSW power supply over CSW supply. The 
acceleration at various loads is compared in the Table 2, in terms of time taken to reach full speed at startup. 
The acceleration graph, as obtained from the post processor transient analysis, is shown in Figure 6 for a load 
of 0.2 N-m and in Figure 7 for a load of 0.5 N-m.  
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Figure 6. Acceleration at Startup for load of 0.2N-m Figure 7. Acceleration at Startup for load of 0.5N-m 
 
 

Table 2. Comparison of startup time between CSW and RSW supply  
   

Load CSW Supply RSW Supply 
  
   

No-load  1.25 sec  1.25 sec  
0.1 N-m  2.25 sec  4.0 sec  
0.2 N-m  3.6 sec  4.6 sec  
0.5 N-m  4.5 sec  4.2 sec  
   

 
 
5. DISCUSSION 

The acceleration at all loads is almost constant and start-up time is also constant when operated with 
RSW power supply except at no-load. This constant acceleration is useful in applications such as elevators 
and traction giving a smooth operation under all load conditions. Also the peak starting current with RSW 
supply is found to be less than that with CSW supply. Thus the ratio of peak current to load current is less, 
placing a less demand on the utility supply bus. Most important is the very low current during the instants of 
zero crossing of the voltage in the load. This low transient currents reduces the stress on the power switches 
in the inverter and improves the reliability of the inverter.  

 
 

6. CONCLUSION 
The RSW power supply for Motor Drive application is suitable in terms of reduced starting currents 

and constant acceleration. From the current wave form in Figure 2, the peak currents of each cycle is at π⁄4 
radians before and after the peak voltage (at π⁄2). Also the current cycle is in phase with the current cycle of 
the CSW supply. So the fundamentals of AC operation is not violated and is in concurrence with the basics of 
CSW operation with reactive loads.  
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