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Abstract  

The Motor Control industry is a strong aggressive sector.  Each  industry  to  remain 

competitive,  must    reduce  costs  but  also  has  to  answer  to    power  consumption 

reduction  and  EMI  radiation  reduction  issues  imposed  by  governments  and  power plant  

lobbies.  The  results  of  these  constraining  factors  are  the  need  of  enhanced algorithms. 

DSP technology allows to achieve both, a high level of performance as well as a system cost 

reduction. Texas  Instruments  launches  a  new  DSP,  referenced  TMS320C240,  specifically 

designed  for  the  Digital  Motor  Control  segment.    This  device  combining  a  16  bit fixed-

point  DSP  core  with  microcontroller  peripherals  in  a  single  chip  solution  is part of a 

new generation of DSPs called the DSP controllers. 

Keywords: - VSI (voltage source inverter), DSP controller, event manager module, ADC and 

pwm. 

 

 

1. Introduction 

Texas  Instruments  launches  a  new  DSP,  referenced  TMS320C240,  specifically designed  

for  the  Digital  Motor  Control  segment.    This  device  combining  a  16  bit fixed-point  DSP  

core  with  microcontroller  peripherals  in  a  single  chip  solution  is part of a new generation of 

DSPs called the DSP controllers. The performances of an AC induction motor are strongly 

dependent on its control. DSP controllers enable enhanced real time algorithms as well as sensor 

less control. The  combination  of  both  allows  to  reduce  the  number  of  components  and  to 

optimize the design of silicon, to achieve a system cost reduction. 

 

A powerful processor such as a DSP controller does the following: 

 

 Favours system cost reduction by an efficient control in all speed range implying right 

dimensioning of power device circuits 

 Performs  high  level  algorithms  due  to  reduced  torque  ripple,  resulting  in  lower 

vibration and longer life time. 

 Enables  a  reduction  of  harmonics  using  enhanced  algorithms,  to  meet  easier 

requirements and to reduce filters cost. 

 Removes speed or position sensors by the implementation of sensor less algorithms. 

 Decreases  the  number  of  look-up  tables  which    reduces  the  amount  of  memory 

required. 

 Real-time  generation  of  smooth  near-optimal  reference  profiles  and  move 

trajectories, resulting in better-performing. 

 Controls power switching inverters and generates high-resolution PWM outputs. 

 Provides single chip control system 
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2. DSP ARCHITECTURE 

 
Fig.b TMS320c240 architecture  

As the first DSP optimized for digital motor control, the C240 supports the power switching 

device commutation, command generation, control algorithm processing, data communications 

and system monitoring functions. The TMS320C240 is a single chip  solution,  based  on  a  20  

MIPS  fixed  point  DSP core  associated  to  several  micro-controller  peripherals  such  as  

Memory,  Pulse Width  Modulation  (PWM)  generator,  Analog  to  Digital  Converters  (ADC),  

to provide Digital Motion and Motor Control applications. A  dedicated  Event  Manager  

module  generates  output  and  acquires  input  signals with  a  minimum  CPU  load.  Up  to  4  

input  captures  and  12  output  PWM  are available.  Three  time  bases  can  be  used  to  

generate  output  signals  which  can  be totally independent, synchronized or  delayed  between  

them.  Each  time  base  has  6 different  modes  and  supports  asymmetrical  or  symmetrical  

mode.  Depending  on the time base used the precision of outputs can be up to 50 ns.  Three 

independent pairs of PWM can be complemented, using a programmable dead-band from 50 ns 

to  102  µs.    The  three  pairs  of  PWM  can  support  Space  Vector  Modulation,  a method to 

drive a three phases power converter. The  device  includes  a  watchdog  timer  and  a  Real  

Time  Interrupt  (RTI)  module. The watchdog module monitors software and hardware 

operations.  A  three  pin Serial  Communication  Interface  (SCI)  supports  communication  
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between  CPU  and other  asynchronous  peripherals.  A high speed synchronous Serial 

Peripheral Interface (SPI) is also available for communication between the CPU and external 

peripherals or another micro-controller.  Up to 28 individually programmable I/O pins are 

available. 

 

3. EVENT MANAGER MODULE 

            In DSP TMS320C240, the Event Manager (EV) Module provides a broad range of 

functions and features that are particularly useful in motion-control and motor control 

applications. The block diagram of Event manager module is shown in Fig.C. 

  

4. PWM INVERTERS 

    A Basic 3-φ Inverter is a six–step bridge inverter .It uses a minimum of six thyristors.For 

one cycle of 360
○
each step would be of 60

○ 
interval for a six step inverter. This means that 

thyristors would be gated at regular intervals of   60
○ 

in proper sequence, so that a 3-φ variable 

voltage is synthesized at the o/p terminals of six-step inverter .These are 2 possible patterns of 

gating the thyristors. 

 180
○
 Mode of operation 

 120
○ 

Mode of operation 

  
 

 



International Journal of Advanced Scientific and Technical Research                       Issue 3 volume 5,Sep.-Oct. 2013                  

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 267 
 

1. 3-φ 120
○ 

Mode VSI:   

In this type of controls, each transistor conducts for 120
○
 .Only two transistors remain on at 

any instant of time. It is seen that phase voltages have one +ve pulse and one –ve pulse each of 

duration 120
○
.the line voltages have sin steps/cycle of output  alternating voltage. 
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,whereR=0,1,2,3,....    PWM Inverters are gradually taking over 

other types of Inverters. In these forced commutation is essential. In pulse width modulation a 

control voltage control is compared with repetitive switching signals. Controlling the switch duty 

ratios in this way allowed the average dc voltage output to be controlled. 

              In order to produce sinusoidal output voltage waveform at desired frequency a 

sinusoidal controls signal at a desired frequency is compared with a carrier wave. The frequency 

of the carrier waveform establishes the inverter switching frequency and is kept constant along 

with its amplitude. 

Amplitude Modulation Ratio (ma) = Vtri

Vcontrol

 

  Frequency Modulation Ratio (mf) =  fs/f1.   

 For generating PWM pulses DSP processor is used to generate sinusoidal voltage of 

desired magnitude and frequency. In this modulating signal is stepped wave. The stepped wave is 

not a sampled approximation to the sine wave. This type of control gives low distortion, but 

higher fundamental output amplitude compared to that of normal PWM control. 

 

Design Considerations:- 

 

Amplitude Modulation ratio:- 

 

 Though over modulation region compared to the region with ma<1.0, more sideband 

harmonics appear centered around the frequencies of harmonics mf and its multiples. It is 

preferred for motor control applications as higher voltages can be obtained. 

 

Frequency Modulation Ratio: 

 

a) mf should be an odd integer:- choosing mf as an odd integer results in an odd symmetry 

[f(-t) = -f(t)]as well as half wave  symmetry [f(t) = -f(t+Ts/2)]and Hence all even harmonics 

disappear from waveform & only odd harmonics are present .Moreover only coefficients of sine 

series in the Fourier analysis are finite & those for cosine series are zero. 

 

b) mf should be multiple of 3: Choosing mf value such that it is a multiple of 3 results in 

elimination of triple harmonics. 

 

c) mf should be an integer:  choosing an mf value as an integer especially at low value of mf‟s 

results in synchronous PWM which avoids production of sub harmonics. 

For small values of mf (mf≤21) 

(i) Synchronous PWM should be used. 

(ii) mf should be an odd integer. 

(iii)Slope of Vcontrol & Vmi should be of opposite polarity at the coincident zero crossings. 

  Hence by considering all the above facts mf is chosen as „15‟: 
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Carrier frequency:- 
 Because of the reactive case in filtering harmonic voltages at high frequencies, it is 

desirable to use a high switching frequency as possible, but at the same time switching losses in 

the inverter increase proportionally with switching frequency. In most applications fs is selected 

to be either less than 6 KHz or greater than 20 KHz to be above the audible range.Hence it is 

chosen as 750Hz. 

 

Synchronous & Asynchronous PWM:- 

 

 The triangular wave form signal control signal should be, synchronized to each other 

(synchronous PWM). Otherwise asynchronous PWM results in sub harmonics that are very 

undesirable in most applications. Synchronous pwm can be obtained by choosing integer values 

of mf. 

 

Symmetric & Asymmetrical PWM:- 

 

 PWM signal is symmetric if the signal is symmetric around the period value.Symmetric 

PWM is generated if the carrier wave is triangular & asymmetric pwm generated if saw tooth 

wave is chosen as carrier wave. Generally symmetric PWM is used 

 

5. PWM Signal Generation 

To generate a PWM signal, an appropriate timer is needed to repeat a counting period that is 

the same as the PWM period. A compare register holds the modulating values. The value of the 

compare-register is constantly compared with the value of the timer counter. When the values 

match, a transition (from low to high or high to low) occurs on the associated output. When a 

second match is made between the values or when the end of the timer period is reached, another 

transition from high to low or low to high occurs on the associated output. In this way, an output 

pulse is generated who‟s ON or OFF duration is proportional to the value in the compare 

register. This process is repeated for each timer period with different modulating values in the 

compare register. As a result, a PWM signal is generated at the associated output. 

 
Each of the three full compare units together with GP timer,1, the dead-band unit, a dead time 

(dead band) is often inserted between the turning off of one transistor and  turning on of the other 

transistor. This delay allows complete turning off of one transistor before the turning on of the 

other transistor. In motor control application a pair of non-overlapping PWM outputs is required 

to turn the two devices ON and OFF properly and the output logic in the EV module can be used 

to generate a pair of PWM outputs with programmable dead-band and output polarity. There are 
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six such PWM outputs associated with the three full compare units in the EV module. These six 

outputs can be used to control 3-phase (3)-AC induction motor or brushless DC motor. The 

flexibility of output behaviour control by the full compare action control register (ACTR) also 

makes it easy to control switched and synchronous reluctance motors in a wide range of 

applications. 

The PWM circuits can control other types of motors such as DC brush and stepper motor in 

single or multi axis control applications. The three simple compare units together with GP time 1 

or 2 can generate another three PWM outputs in case the dead band is not necessary or is 

generated by circuits off the chip. Each GP timer compare unit, if desired, can generate a PWM 

output based on its own timer. The EV module uses 12 device pins for compare / PWM outputs. 

 Three GP timer compare / PWM outputs 

T1 PWM / T1 CMP 

T2 PWM / T2 CMP 

T3 PWM / T3 CMP 

 Six full compare / PWM Outputs 

PWM1 / CMP1 

PWM2 ./ CMP2 

PWM3 / CMP3 

PWM4 / CMP4 

PWM5 / CMP5 

PWM6 / CMP6 

 Three Simple Compare /PWM Outputs 

PWM7 / CMP7 

PWM8 / CMP8 

PWM9 / CMP9 

 

General Purpose Timers 

 

There are three general purpose (GP) timers in the EV module. These timers can be used as 

independent time basis in applications such as: 

 Providing the time base for the operation of full and simple compare units and associated 

PWM circuits to generate compare /PWM outputs. 

 Generation of sampling period in a control system 

 Providing a time base for the operation of QEP (Quadrature –Encoder Pulse) circuits and 

capture units. 

 

Generation of PWM Output: 

 

To generate a PWM output with a GP timer,   select the continuous up counting or Up/Down 

counting mode. Edge-triggered or asymmetric PWM waveforms are generated when the 

continuous up counting mode is selected, centred or symmetric PWM waveforms are generated 

when the continuous up/down counting mode is selected. To setup a GP timer for the PWM 

operation, perform the following 

 Set up TxPR  according to the desired PWM ( carried) period 

 Set up TxCON  to specify the counting mode and clock source  and start the  operation 

 Load TxCMPR with values corresponding to the on-line calculated widths (duty cycles) of 

PWM pulses. 
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When the continuous up counting mode is selected to generate asymmetric PWM waveforms, 

the period value obtained by dividing the desired PWM period by the period of the GP timer 

input clock and subtracting 1 from the resulting number. When the continuous up/down counting 

mode is selected to generate symmetric PWM waveforms, the period value is obtained by 

dividing the desired PWM period by 2 times the period of the GP timer input clock. 

 

6. SPEED CONTROL OF INDUCTION MOTOR 

 

Constant V/F Operation. 

 

If supply voltage and frequency are changed in such a manner so as to keep V/f a constant 

value, then the air-gap flux remains substantially constant. Speed control by means of frequency 

and voltage variations also allows the capability to operate the motor not only at speeds below 

the rated speed, but also above the rated speed. This capability is very attractive in many 

applications, since the induction motors can be operated up to twice the rated speed without 

mechanical problems. 

 

Below The Rated Speed—Constant Torque Region:  

 

In the region of speed below its rated value, where øag kept constant by controlling Vs/f. if øag 

is maintained constant, and the motor can deliver its rated torque by drawing its rated current at a 

constant f. Hence this region is called as constant torque region .F is at its rated value in this 

region. At the constant rated torque, the power loss Pr=3RrIr
2 

in the rotor resistances also 

constant, where Ir stays constant. 

 

Beyond The Rated Speed -----Constant Power Region. 

 

By increasing the stator frequency above its nominal value, it is possible to increase the motor 

speed beyond the rated speed .in most adjustable speed drive applications; the motor voltage is 

not exceeded beyond its rated value. Therefore by keeping the Vs at its rated value, increasing 

the frequency F results in a reduced Vs/F and, hence by reduced øag.  Hence this region P max=  ωr 

Tmax can be held constant , called as constant power region. In practice, the motor can deliver 

higher than its rated power by noting that Im goes down as a result of decreased øag and therefore is 

equal to its rated value allows a higher value of Ir and, higher torque and power. Since Im is 

decreased, the core losses are reduced and better cooling at higher speeds. 

 

 

7. PROGRAMMING TECHNIQUES 

 

This section describes the Algorithm, flow chart and programming techniques for the 

generation of 3-Ø sinusoidal PWM signals. The pulses obtained from the corresponding 

Algorithm and program, are tested with IPM inverter module. The output of the inverter module 

is given to induction motor. The speed of the motor is controlled by varying width of the pulses 

as well as the no of pulses per cycle. 

 

 

Calculation of Period value and Compare value: 
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Referring to the above figure it is clear that the carrier frequency holds a proportional tic 

relation with the period value. The value of the period value determines the carrier frequency at 

constant clock frequency. Since the  GP timers  start counting from zero, to  calculate  the  value 

that should be loaded into the period resister,  one  should be subtracted from the calculated  

value  obtained to input  into register  T1PR. As the GP timer counts up and then count down the 

period value is given by PER. value= Tcar/ (2 * Tclk)  

    = Clock frequency/ (2 * desired carrier frequency) 

    = (CLK infrequency * PLL multiplication Ratio/PLL divided by 2) Pre scale value* desired 

carrier frequency.  

Here the pre scale value is 2 for triangular wave & 1 for saw tooth wave Compare value = 

(period value/2)* duty cycle. For obtaining PWM signal, the program is written in Standalone 

mode. In this mode, the registers are identified by their address values.  

 

Creating a sine   modulated PWM signal using the micro-240: 

 

 A Symmetrical sinusoidal pulse width modulation (PWM) signal is generated with a 

varying duty cycle. The duty cycle is modulated with a   sine function that can be varied in 

frequency.  The implementation of the sin wave modulation is through a look-up table using 

C240 assembly code. The module used to generate   the sine PWM signal is the general purpose 

time of the event manager module. Although the primary module is the event manager module, 

other components of the TMS320c240 need to be configured prior to the generation of sinusoidal 

PWM signals. 

 

 

Generation of 3-Ø sinusoidal PWM signals: 

 

  For the generation of 3- Ø sinusoidal signals the sine wave of desired frequency is 

continuously compared with high frequency triangular wave. The angles where the two waves 

match are found using C code. These values are loaded into the processor as a look-up-table.  

 

        The triangular wave of desired frequency is generated using GP Timer. The frequency of 

the triangular wave is determined by the value in Period register. The sine of the angles at which 

compare match occurs are loaded in Q15 format in the look-up-table. The counter value will 

always be a positive value. In order to account the negative compare matches the reference is 

shifted by adding the reference value to the sine values.  The sine values are retrieved from the 



International Journal of Advanced Scientific and Technical Research                       Issue 3 volume 5,Sep.-Oct. 2013                  

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 272 
 

look-up-table every time the underflow (when the timer value becomes zero) or Period match 

occurs. The sine values are multiplied with the amplitude value to get Vmsinθ. Reference value is 

then added to the obtained value and stored in Compare register. The reference value is half the 

period value. The 3-Ø signals are obtained by pointing the respective phases with 120º phase 

shift in the look-up-table.  

 

       For changing the output voltage the value of Vm is changed. For varying the output 

frequency either the carrier frequency can be changed by changing the period value or by 

changing the frequency modulation ratio (mf) by producing time delay while loading the value 

into compare register. For V/f control both the voltage and frequency is varied by controlling the 

ma and mf value using the above mentioned methods. 

 

The value of Vm to be loaded is found by the relation  

 

   Vm= ma * (period value/2) 

And the reference value is given by  period value/2. 

 

8. TESTS AND EXPERIMENTAL RESULTS 
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9. CONCLUSIONS 

This  paper  presents  a  new  controller  architecture  the  DSP  controller.  The  DSP- 

Controller TMS320C240 combines the performance of a DSP architecture with the optimized 

peripherals of a Microcontroller in a single chip solutions for the control of  an  induction  motor.  

With  the  DSP  controller  an  intelligent  control  approach  is possible  to  reduce  the  overall  

system  costs  and  to  improve  the  reliability  of  the drive system..   
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