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1. INTRODUCTION 

This inverter control signals are obtained by 

comparing reference signals for three phases (ua *, ub 

*, uc *)by frequency fr and amplitude Ur variables 

(similar in form to those who wish to obtain on the 

output of the inverter) in three different comparators 

with a common triangular signal, frequency fp and 

amplitude up, called the carrier signal. Comparison 

signal is in the comparators in  Figure 1. 

                           Figure.1 Switching logic 
 

 Shape reference signals  is preferred to by  the 

sinusoidal shape that we want to obtein on to the output 

of the inverter (sine). 

Output  voltage of each comparator, processed is the 

control voltage of the inverter semiconductor devices 

required for each phase. The tension is positive as can 

be seen in Figure 2 where Ur> Up, or negative if Ur 

<Up.Frequency fr gives the switching frequency of 

semiconductor devices. 

 

 

Figure.2 Sinusoidal PWM, current control and 

switching logic 
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2.2.2.2.    Sinusoidal Pulse Width Modulation Sinusoidal Pulse Width Modulation Sinusoidal Pulse Width Modulation Sinusoidal Pulse Width Modulation     
 As shown in figure 3, a saw-tooth- or triangular-

shaped carrier wave, determining the fixed PWM 

frequency, is simultaneously used for all three phases. 

This modulation technique, also known as PWM with 

natural sampling, is called sinusoidal PWM because the 

pulse width is a sinusoidal function of the angular 

position in the reference signal. 

 

 

Fig 3: Principle of sinusoidal PWM generation[10]. 

 

Since the PWM frequency, equal to the frequency of 

the carrier wave, is usually much higher than the 

frequency of the reference voltage, the reference 

voltage is nearly constant during one PWM period 

TPWM. This approximation is especially true 

considering the sampled data structure within a digital 

control system. Depending on the switching states, the 

positive or negative half dc bus voltage is applied to 

each phase. At the modulation stage, the reference 

voltage is multiplied by the inverse half dc bus voltage 

compensating the final inverter amplification of the 

switching logic into real power supply. 

According to figure 4, the mean value of the output 

voltage, resulting from a reference voltage being 

constant within one PWM-period, depends on the on- 

and off-states of the affiliated switch: 

 

  
  

                                                                          (1.1) 

 
Figure 4: Sinusoidal modulation at constant or 

sampled reference voltage for one phase. 

Left: Saw-tooth shaped carrier wave. 

Right: Triangular-shaped carrier wave. [10] 

The switch on- and off-times (∆t1 and ∆t2) are 

calculated according to figure 4 by setting the carrier 

wave equal to the reference voltage related to the dc bus 

voltage: 

                                    (1.2) 

                                 (1.3) 

      (1.4) 

 

Applying (1.3)-(1.4) on (1.1) shows the mean value 

of the output voltage ua0 being equal to the reference 

voltage u*  : 

                                                                            
                                                                            (1.5) 

                                                     (1.6) 

Apart  over-modulation,  this  modulation  technique  

produces  an  average  voltage value,  equal  to  the  

reference  voltage  within  each  PWM  period.  

Therefore,  the fundamental  of  the  switched  pulse  

pattern  equals  the  corresponding  reference voltage. 

The modulation technique using a saw-tooth shaped 

carrier wave always sets the output  to  a  high  level  at  

the  beginning  of  each  PWM  period,  resulting  in 
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asymmetrical PWM pulses. The pulses of an 

asymmetric edge-aligned PWM signal always have the 

same side aligned with one end of each PWM period. 

On the contrary,  the  pulses  of  a  symmetrical  PWM  

signal,  e.g.  obtained  by  using  a triangular-shaped 

carrier wave, are always symmetric with respect to the 

center of each PWM period. 

 The symmetrical PWM is often preferred, since it 

generates less current and voltage harmonics . 

The sinusoidal PWM is easy to realize in hardware 

by using analog integrators and comparators for the 

generation of the carrier and switching states. 

However, due to the variation of the reference values 

during a PWM period, the relation between reference 

and carrier wave is not fixed. 

 This introduces subharmonics of the reference 

voltage causing undesired low-frequency torque and 

speed pulsations. In contrary, software implementation 

provides sampled data during a PWM period (uniform/ 

regular sampling) and hence, the pulse widths are 

proportional to the reference at uniformly spaced 

sampling times. 

 Compared to the analog implementation, the 

modulation with uniform sampling has lower low-

frequency harmonics. 

 Since the phase relation between reference and 

carrier wave is fixed, even for the asynchronous mode, 

the subharmonics and the associated frequency beats 

are not present 

The ratio of the reference magnitude to that of the 

carrier wave is called modulation index m. Considering 

the mean output voltage equal to the reference phase 

voltage (1.6) in the linear range (m ≤ 1), the 

fundamental component of the line voltage is: 

 

                      (1.7) 

 

Figure 5: Line voltage (rms) in function of the 

modulation index. [10] 

The boundary of the sinusoidal modulation is 

reached at the modulation index  m = 1 (figure 5). For 

m > 1,  the number of pulses  becomes  less  and  the 

modulation ceases  to  be  sinusoidal  PWM.  The  

modulation  is  still  working,  but  the  output voltages 

are no longer sinusoidal: they correspond to the 

reference values with limitation to the half dc bus 

voltage. The fundamental component of the line voltage 

then is : 

 

                 
                                                                            (1.8) 

 

When m is made sufficiently large, the phase voltage 

becomes a square wave and the line voltage becomes a 

6-step waveform. 

 
 

Figure 6: Strong overmodulation and square-wave 

shaped output voltage with affiliated fundamental. [10] 

  

Top: Reference voltages (ua0*, ub0*, ) and carrier 

wave. 

 Middle: Phase-to-neutral output voltage ua0 and 

affiliated fundamental. 

 Bottom: Phase-to-neutral output voltage ub0 and 

line voltage uab. 

The square wave of the phase voltage expressed in 

Fourier-coefficients is: 

 

               (1.9) 

 

Using  sinusoidal  PWM  generation,  the  maximum 

fundamental  phase  voltage  is limited by the dc bus 

voltage: 

 

                                            (2.) 
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However,  this  maximum  voltage  should  not  be  

exploited  since  overmodulation results in a strong 

increased spectrum of lower voltage and current 

harmonics especially  for  the  5th,  7th   and  11th   

harmonics.  In  figure 1.10,  the  current  of  an 

induction motor (scalar control) in the linear range (m = 

1) and at overmodulation (m = 1,33) is presented to 

illustrate the involuntary current distortion. 

Figure 7: Measured current at different modulation 

indexes.(induction motor in open loop: uref = 200 V 

sin(ωt); Udc = 400 V and Udc = 300 V resp.) [10] 

Basic drawbacks of the sinusoidal PWM are the not 

ideal use of the dc bus voltage and the non-existent 

interaction between the three phases resulting in 

superfluous changes  of  switching  states,  increasing  

semiconductor  losses  and  introducing  a higher 

harmonic content at the motor terminals. [10] 

 
3.3.3.3.Implementation of the projectImplementation of the projectImplementation of the projectImplementation of the project    
 
In this project we developed a three phase PWM 

inverter with PROM memory that operates on the  

sinusoidal PWM principle. Sinusoidal signals for proper 

three phases are obtained using three PROM memory, 

three  digital-analog  converters (DAC08) and one 

counter address. 

To obtain sinusoidal three-phase system of 

sinusoidal signals we need to write numerical code to 

generate sinusoidal signals shifted to 120 °. Code 

numbers are sent from memory to the digital-analog 

converter where signals are converted into sinusoidal 

signal (UCA,UCB şi UCC). 

To change the sinusoidal command signals will 

change the frequency of reading the memory, by change 

the generator GF frequency ,adjusting potentiometer 

P1. 

 

To change the amplitude of the control sinusoidal 

signals we need to modify the reference signal of the 

digital-analog converters. 

To obtain the PWM signals necessary to command 

the inverter  transistor  will compare the three-phase 

sinusoidal  signals through three comparators C, with a 

triangular signal Vtri (carrier signal), obteining the 

PWM signals UPWMA, UPWMB and UPWMC  corresponding 

to each phase. 

The triangular signal is obtained with triangular 

voltage generator GTT. Triangular  signal amplitude 

and frequency can be changed by adjusting 

potentiometers P2 and P3. 

Each of the three modulated signal must command 

the minimum  time period of power transistors, located 

on the arm of the inverter power scheme, the transistors 

command on the same arm of the scheme can only be 

made with two signals shifted by 180 ° electrical. 

               Figure8.Block Diagram 

In figure 9 we can see the inverter developed in the 

project and the component parts: GF frequency 

generator MMC4093, MMC4520 address counter, 

PROM memories MMN2616, DAC08 converter, signal 

amplifier βA741 and comparator βm324. 

                 

                Figure 9.Experimental bord 
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Rectangular signal can be seen at the frequency 

generator terminal, as can be observed in Figure 10, 

from potentiometer P1 can be change the frequency of 

the generator. 

We can observe dependence between sinusoidal 

signal and signal generator  frequency,by  changing the 

value of the potentiometer P1 we change the value of 

the frequency generator and automaticly the frequency 

counter read addresses, that  will change through the 

memories and converter DAC08 the frequency of the 

sinusoidal signal, necessary to obtain the sinusoidal  

PWM. 

In figures 11, 12 on CH1 we have frequency signal 

generator  GF, on CH 2 we have the sine  wave, we see 

that with increase of GF rectangular signal from 3.3 

kHz to 4.9 kHz, the  sinusoidal signal is increase from 

12Hz to 53.6 Hz 

In figures 13 and 14 can be seen changing amplitude 

of the sine wave according to the reference signal, 

applied to converter DAC08. 

Next will be shown how we obtain the sinusoidal 

PWM signal. 

At this type of inverter, control signals are generated 

by comparison between a triangular wave called wave 

carrier Up,by frequency fp and amplitude Up and a  

reference wave, similar  in form to that which we want 

to get to the inverter output, denoted of Ur, Ur 

frequency and amplitude without. Comparison of the 

signals are made in the comparator. 

     The project will study the formation of  triughiular 

signal, that help deliver PWM signal. 

     Triangular signal is obtained with triangular voltage 

generator GTT. This generator is designed with two 

operational amplifiers in one βA741 integrator scheme, 

the other comparator with hysteresis. 

                          Sinusoidal PWM 

Triangular frequency and amplitude may be change 

with potentiometers P2 and P3. 

     In Figure 16 is shown the triangular signal, located 

on the position four of the oscilloscope (CH4) that can 

be changed using potentiometer on the inverter board. 

     Frequency of PWM sine wave on the oscilloscope 

CH4 is determined by a fixed frequency carrier signal 

(triangular signal) of the channel CH3, used for all three 

phases, as shown in Figure 18 when the PWM signal 

frequency(2.72Khz)  is very close to triangular signal 

(2.76 Khz).  

4. RESULTED WAVEFORMS 

  

Figure 10 Rectangular signal variation 
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Figure 11 Figure 12 

  

Figure 13 Figure 14 

  

Figure 15, Figure 16 Saw-tooth shaped carrier wave 
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Figure 17 Triangular-shaped carrier wave and PWM 

wave 
Figure 18 PWM wave and carrier wave   

 

 

5. CONCLUSIONS 

� PWM frequency is very close to the carrier signal 

(approximately equal) is usually much higher frequency 

than the reference voltage, the reference voltage is 

nearly constant during a PWM period.This 

approximation is especially true if the structure of 

signals we take into consideration is controlled by a 

digital control system. 

� With inverters that operate on the principle of 

sinusoidal PWM with PROM memory we obtain better 

waveform quality, which should not be filtered, or are 

more easily filtered, obtaining wave on the output of the 

inverter as close with  the one we want because of the 

software implementation, we provide sample data 

during a PWM period (uniform and regular), so these 

pulses are proportional to the reference and evenly 

spaced. 

� Compared to analog modulation implementation 

with uniform waveform, is have much lower frequency 

harmonics. Because relations between reference wave 

and carrier wave is fixed, even for asynchronous mode, 

subarmonicile and associated frequencies are not 

present.  

� The PWM modulation allow variation of the 

fundamental and translates the harmonics of  the output 

voltage in high frequency range, which explains the 

easy filtering. This filter gauge is much diminished 

compared with the inverter that use rectangular wave. 
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