Digital Signal Processing Lab Manual

Department of EEE

Lecture notes for DSP based control of BLDC Motor drive system
Subject Code : BEEF185T10
Subject

: Digital Signal Processing and its applications

Prepared by : S.RAJA, Assistant Professor, Department of EEE

Table of Contents

Page No.

1. Aim and Objective

2

2. Prerequisites

2

3. Pre Test- MCQ type

3

4. The DSP in Motor Control Theory

3

4.1. Introduction

4

4.2. Texas instruments TMS320F2812 DSP Controller

4

4.3. Block diagram of BLDC Motor Drive

5

5. Laboratory experiments

9

6. Post test-Multiple Choice Questions

32

7. Conclusion

33

8. References

33

9. Assignment

34

48

Digital Signal Processing Lab Manual

Department of EEE

DSP based BLDC Motor Drive System
1. Aim and Objective:
To control the speed of BLDC motor using Texas instrument TMS320F2812 DSP controller.
2. Prerequisites:
Electrical Machines
Power electronics
Control system
Basic C programming
3. Pre Test- MCQ type
1. Construction of BLDC is exactly similar to the ______________
a) Conventional DC motor
b) Induction motor
c) Permanent magnet synchronous motor
d) Totally different construction
ANSWER: c) Permanent magnet synchronous motor
2. Typical brushless motor doesn’t have ______________
a) Commutator
b) Permanent magnet
c) Electronic controller
d) Fixed armature
ANSWER: a) Commutator
3.PWM DUTY RATIO IS----------------a) TON/(TON+TOFF)*100
b) ((TON+TOFF)/TON)*100
c) ((TON+TOFF)/TOFF)*100

ANSWER : TON/(TON+TOFF)*100
4.Advantages of Digital signal processing
a) Fast processing – parallel
b) Guarantee accuracy – no of bits
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c) Exact reproduction or repeatability
d) All of the above
ANSWER : d) All of the above
4. The DSP in motor control Theory:
4.1. Introduction:
In recent market scenario, all the industrial application AC induction motor is widely used
because of high efficiency, high reliability, high robust and low price however the induction motor has
disadvantage of difficulty to control due to complex mathematical model and Speed control of an
induction motor is very difficult to achieve Hence the Induction motor replaced by special machines
like PMSM motor, BLDC motor, switched reluctance motor and etc.,
Whereas the BLDC motor operated by DC supply without brush and commutator arrangement hence
the efficiency of motor is high, smooth operation and avoid the friction loss
Motor control was developed by analog devices like op-amp. ,relay and etc., which can
implemented with easily, less flexibility and inexpensive components, however the analog hardware
implementation has less flexibility compared the digital hardware offers flexibility in implementation.
Traditionally the motor control application implemented by the using the micro controller.
Micro controller provides the higher speed, higher resolution and computing capabilities with lower
system cost. Whereas the DSP adds the same advantages as the microcontroller but also offers
processing the data very fast because the single cycle multiplication and addition instruction together
and Harvard architecture. Separate bus for access the data and program .

4.2. Texas instruments TMS320F2812 DSP Controller
TMS320F2812 has a 16bit fixed point the DSP core which performs a singed 2’s complement
arithmetic operations It also has peripherals for digital motor control application
1. 16 PWM channels three 16 bit multi-mode general purpose timers,
2. 3 channel 10 bit ADC with simultaneous conversion capability,
3. six capture pins,
4. encoder interface capability,
5. Serial Communication Interface,
6. Serial Peripheral Interface,
7. Watch Dog Timer etc.,
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4.2.1 DSP Controller Applications
A fixed point DSP controller used for various applications with advanced control solution .
1. Appliances (washers, blowers, compressors)
2. HVAC (heating, ventilation and air conditioning)
3. Industrial servo drives (Motion control, Power supply inverters, Robotics)
4. Automotive control (electric vehicles).
4.3. Block diagram of BLDC Motor Drive
The basic diagram of speed control of BLDC motor drive consists of three phase inverter, current
regulator, speed controller, Brushless Direct Current Motor (BLDC), Hall sensors. The electrical unit
transfers the power from the supply to the BLDC Motor in which the power gets converted from
electrical energy to mechanical energy.

Figure1.1The Block diagram for Brushless Direct Current Motor Drive System
The rotor position of the Brushless DC motor is sensed by the Hall transducer. The Hall sensor
has three sensors A, B and C which are mounted at 120° phase intervals. The output of the hall
sensors contains necessary information about the present rotor position of the BLDC. This information
is fed to the commutation logic circuit. This circuit generates the six step electronic commutation
signals which are fed as the input of the source inverter. Based this input from commutation logic
circuit the source inverter generates the required control voltage for the BLDC motor.
The Speed of the BLDC motor is measured using a Hall Sensor and it is calculated from the output of
the hall sensor which senses it from the rotor position information of the BLDC motor. The error
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signal is between the reference speed and actual speed of the BLDC motor. This error signal is applied
to the controller to generate the appropriate control signal which is reference current command for
Hysteresis current controller
Hysteresis current controller generates the required duty control ratio pulse to the gate which is fed to
the gate terminal of the MOSFET switches in the inverter. This current controller also control the
phase current to the motor within the preset limit. The speed of the motor can be regulated based on
the duty cycle ratio of PWM pulse
4.3.1. BLDC Motor
‘Generally the DC motor has mechanical commutation which converts direct current into
alternating current’, whereas BLDC motors use the electronic commutation. A BLDC motor is a
Permanent magnet Synchronous motor with permanent magnet act as the rotor of the machine. Stator
coils are energized by sequentially based on the signal output from the three hall sensors located in the
motor with the purpose to develop a constant torque.
Six step current algorithms are used to develop the constant torque. In each electrical cycle six discrete
points of rotor position can be detected by the hall sensors are mounted on the adjacent of stator
winding coils to determine the position of the rotor information.

Figure1.2.The Detailed Block diagram for DSP based Brushless Direct Current Motor Drive System
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4.3.2. Power Electronic Converter
In the BLDC motor drive system has two types of converter one is front end rectifier and three
phase full bridge voltage source inverter. The front-end rectifier is usually a full-bridge diode rectifier
unless a switching rectifier is used to provide the required level of DC voltage supply from AC voltage
source

Figure1.3. Three phase inverter for BLDC motor drive system
The three phase inverter is usually carried out the two operations one is regulate the current and
another one is performing the electronic commutation. Inverter always the conduct the one upper and
lower switched at any point of time. Upper switches are responsible for speed regulation so that PWM
pulse generated by the DSP controller, which is applied to the gate terminal of upper switches of the
inverter.
4.3.3. Sensor
In the BLDC drive system consists of two types
1. Current sensor
2. Position Sensor
Current sensor is used to measure the motor phase current in six step control technique whereas
the amplitude of motor phase current is equal to the dc link current hence current sensor in the BLDC
motor drive system measure the dc link current
Three hall sensors are placed at 120 degree apart each in the BLDC motor which is used to
detect the rotor position information based on the whenever the rotor magnet crosses the hall sensor
change in the magnetic field. A signal conditioning circuit is connected with the hall sensor in order to
avoid the noise signal
4.3.4. Controller
The TMS 320F2812 controller is used to as controller for BLDC motor drive application in
which reads the hall sensor signal to get the rotor position information of the of BLDC motor through
53

Digital Signal Processing Lab Manual

Department of EEE

capture module in the DSP controller and also reads the dc line current using one channel 10 bit ADC
module in dsp controller.
The DSP controller implements the PI based speed control algorithm, hysteresis based Current
regulation algorithm and generate the six PWM pulse signal to drive the three phase Voltage source
inverter, finally it take care the six step commutation signal with combined PWM signal.
4.3.5 .Control algorithm
4.3.5.1. Hysteresis current controller
Whenever the actual dc link current is above the reference value then the ON and OFF time
duration of power transistor in the inverter will change in order to protect the motor from high current
passage through it. Hysteresis controller is responsible for maintaining the phase current within the
preset current limit
4.3.5.2. PI Speed controller
PI controller used to regulate the speed of the Motor. The proportional and integral controller
suppresses the steady-state error and control variable fluctuations. Derivative control is suited for when
BLDC Motor system has only one energy storage (Inductive load), the fast speed response is not
required hence PI control algorithms are suited for the motor drive system. The PI controller reads the
error signals e(t) and produces the appropriate control signal u(t) to the decide the duty ratio of PWM
signal

Figure 1.4.PI Controller structure

The PI controller output is given as
u (𝑡)=𝐾𝑝.𝑒(𝑡)+ 𝐾𝑖∫𝑒(𝑡)𝑑𝑡
(1)
𝑃 = 𝐾𝑝𝑒𝑝 + 𝐾𝑝𝐾𝑡𝑝𝑑𝑡+ 𝑝𝑡 (0)
(2)
Whereas Kp is Proportional gain constant and Ki is integral gain constants respectively.
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Figure 1.5: Flow chart of DSP based speed control of three phase BLDC Motor
4.3.6. Pulse width modulation (PWM)
Pulse width modulation (PWM) technique has more advantages to control the speed control of
BLDC motor drive application. Pulse Width Modulation (PWM) signal is applied to the gate terminal
of the power MOSFET in the electric drives to control the average voltage delivered to the motor
which controls the speed of the motor
The Pulse Width Modulation (PWM) makes that convert three phase fixed DC voltage into
variable DC voltage by controlling the duty cycle of the PWM pulses.
Duty cycle (D) means that, as ratio between the ON time (Ton) and total Time period (TP) .
Duty cycle = Ton/ TP *100

whereas TP= Ton+Toff

The two decade before, PWM signal are generated using the analogy circuit which has many
drawbacks like less flexibility, more complexity, to overcome the above issues, PWM signals are
generated using digital circuits
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5. Laboratory Experiments:
SPEED CONTROL OF BRUSHLESS DC MOTOR USING PWM CONTROLLER

+

_
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DATE:

SPEED CONTROL OF BRUSHLESS DC MOTOR USING PWM
CONTROLLER
AIM:
To Study about the closed loop and Open Loop control of BLDC Motor using PWM Controller
Circuit.

APPARATUS REQUIRED:
1. BLDC Motor.
2. BLDC Driver Circuit Module.
3. PWM Controller Kit.
4. Tachometer.

THEORY:
A BLDC motor’s construction and operation are very similar to AC induction motors and brushed DC
motors. Like all other motors, BLDC motors also consist of a rotor and a stator as shown in the
figure2.1.

Figure 2.1 Construction rotor and stator of BLDC motor
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The BLDC motor stator is made from laminated steel stacked up to carry the windings. The stator
windings are wounded in star or delta connection. The star connection is more advantages compared to
the delta winding because the half of the voltage appears across the winding which leads to high loss.
Whereas the star connection capable to produce the high torque at low RPM. Hence the Star
connection in stator winding motor used in most of the applications. BLDC motor drive mostly used to
six step control algorithms .each electrical cycle has six different discrete states is required to rotate the
BLDC motor. Commutation sequence for BLDC motor shown in figure2.2

Figure 2.2: Motor Commutation Sequence Timing Diagram
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PWM Controller Kit:

Model Graph:

Open Loop

Closed Loop

Speed

Speed

Volt

Volt
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TABULAR COLUMN:

Open Loop System:

Set Duty Cycle

Voltage

Actual speed

Set Voltage

Set speed

Actual speed

Closed Loop System:
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PROCEDURE:
1. Connections are made as per the circuit diagram.
2. Choose Open Loop system in PWM Controller kit and apply the AC 230 volt using single
phase auto transformer.
3. Vary the duty cycle in PWM Controller and note down the voltage and speed in open loop
condition.
4. Choose Closed Loop system in PWM Controller kit and set speed value.
5. Now vary the auto transformer and note down the speed values.
6. Draw the open loop and closed loop graph based on the values obtained.

RESULT:
Thus the Open loop and closed loop control of BLDC Motor were studied and graph also plotted.
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FLOW CHART

Start
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CREATING A PULSE WIDTH MODULATED SIGNAL WITH A FIXED DUTY CYCLE

AIM :

To write C Program to generate fixed pulse width modulated Signal asymmetrically
(edge- triggered) using TMS320F2812 Processor

APPARATUS REQUIRED :

1. micro – 2812 development board.
2. Code Composer studio V3.3.
3. VI 2812 Downloader.
4. CRO.
Input:
None

Output:
PWM1 / CMP1, PWM2 / CMP1 PWM3 / CMP1 PWM4 / CMP1 PWM5 / CMP1

The module used to create the PWM signal is the General Purpose Timer of the Event
Manager Module. Although the primary module is the Event Manager module, other
components of the TMS320F2812 need to be configured prior to creating the PWM signal.
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PROGRAM :
#include

"DSP281x_Device.h"

#include

"IQmathLib.h"

#include

<math.h>

#include

"f281xpwm.h"

#include

"F281XQEP.H"

PWMGEN

pwm1 = PWMGEN_DEFAULTS;

QEP

DIR1 = QEP_DEFAULTS;

ioport unsigned int port5006; void
main( void )
{
int i,x;
DINT;
IER = 0x0000;
IFR = 0x0000;
InitSysCtrl( );
InitPieCtrl( );
InitPieVectTable( );
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Algorithm:
1. Configuring the flags
- All interrupts are disabled and core interrupts are masked
- Read interrupt flags and then clear the flags
- Clear sign extension mode and reset the overflow mode
2. The CPU clock speed is set to a maximum of 150MHz by enabling the PLL.
3. The watchdog timer is disabled to avoid unwanted interrupt to the CPU.
4. Since event manager module is used, do the following steps:
- General Purpose timer control (GPTCON), Gptimers 1, 2, 3 (T1CON, T2CON, T3CON) are cleared.
- Compare control (COMCON), Full Compare Action Control Register (ACTR), simple compare

action, dead band timer control (DBTCON) and capture control are all cleared.
- All the interrupt flag registers A, B, C General Purpose timer control (GPTCON), Gptimers 1, 2, 3

(T1CON, T2CON,T3CON) are cleared.
- Compare control (COMCON), Full Compare Action Control Register (ACTR), simple compare

action, dead band timer control (DBTCON) and capture control are all cleared.
- All the interrupt flag registers A, B, C and three Event Manager Mask Registers are cleared.
5. Declaration of Temporary Variables
- Temporary variables for T1 period and T1 compare are declared
6. ACTR is configured for generation of two PWMs. PWM1 is active high and PWM2 is active low.
7. The COMCON register is configured for full compare outputs and checked for enable.
8. GP timer 1 period register is programmed to generate a carrier frequency, in up/down counting mode

after initialisation.
9. Configure the I/O pins of Micro-2812.
10. The PWM with fixed duty cycle is generated and the whole process continues.
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EALLOW;
GpioMuxRegs.GPAMUX.all |= 0x003F;
GpioMuxRegs.GPBMUX.all |= 0x003F;
EDIS;

EvaRegs.T1PR

=

3750;

EvaRegs.DBTCONA.all

=

0xFFC;

EvaRegs.ACTRA.all

=

0x999;

EvaRegs.CMPR1

=

983;

EvaRegs.CMPR2

=

983;

EvaRegs.CMPR3

=

983;

EvaRegs.T1CON.all

=

EvaRegs.COMCONA.all

=

0x842;
0xA200;

}
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TABULATION

PWM

TON

TOFF

TOTAL TIME

DUTY CYCLE

1.

2.

3.

4.

5.

6.
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Fixed PWM
Model Graph [Time - 25µs , V- 2V] PWM
1

Duty Cycle:

TON
TON +TOFF

=

PWM 2
Duty Cycle:

TON

=

TON +TOFF

PWM 3
Duty Cycle:

TON
TON +TOFF

Duty Cycle:

TON
TON +TOFF

=

PWM 4
=

PWM 5

Duty Cycle:

TON
TON +TOFF

=

PWM 6
Duty Cycle:

TON

=

TON +TOFF
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RESULT :

Thus PWM output is obtained using full compare unit of TMS320F2812.
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PROGRAM:
#include

"DSP281x_Device.h"

#include

"IQmathLib.h"

#include

<math.h>

#include

"f281xpwm.h"

#include

"F281XQEP.H"

PWMGEN

pwm1 = PWMGEN_DEFAULTS;

QEP

DIR1

= QEP_DEFAULTS;

ioport unsigned int port5006;
unsigned int a,b,set;
void main( void )
{
DINT;
IER = 0x0000; IFR
= 0x0000;
InitSysCtrl( );
InitPieCtrl( );
InitPieVectTable( );
EALLOW;
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CREATING A PULSE WIDTH MODULATED SIGNAL WITH A VARIABLE DUTY CYCLE
USING LIMIT SWITCHES

AIM

To write the C program for PWM Generation with variable duty cycle using limit switches
withTMS320F2812 Processor

APPARATUS REQUIRED :

micro - 2812 development board.
2. Code Composer studio V3.3.
3. VI 2812 Downloader.
4. CRO.
1.

Input:
Limit switches

Output:
PWM1 / CMP1
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GpioMuxRegs.GPAMUX.all |= 0x003F;
GpioMuxRegs.GPBMUX.all |= 0x003F;

EDIS;
EvaRegs.T1PR

=

3750;

EvaRegs.DBTCONA.all

=

0xFFC;

EvaRegs.ACTRA.all

=

0x999;

EvaRegs.T1CON.all

=

0x842;

EvaRegs.COMCONA.all

=

0xA200;

EALLOW;
GpioMuxRegs.GPAMUX.bit.TDIRA_GPIOA11

= 0;

GpioMuxRegs.GPAMUX.bit.TCLKINA_GPIOA12

= 0;

GpioMuxRegs.GPADIR.bit.GPIOA11

=

0;

GpioMuxRegs.GPADIR.bit.GPIOA12

=

0;

EDIS;
for(;;)
{
if (GpioDataRegs.GPADAT.bit.GPIOA11 == 1)
{
(a)++;
if((a)>5000)set<3375?((set) += 1,(a)=0):(set =3375);
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ALGORITHM:
1. Configuring the flags
- All interrupts are disabled and core interrupts are masked
- Read interrupt flags and then clear the flags
- Clear sign extension mode and reset the overflow mode
2. The CPU clock speed is set to a maximum of 150MHz by enabling the PLL.
3. The watchdog timer is disabled to avoid unwanted interrupt to the CPU.
4. Since event manager module is used, do the following steps:
- General Purpose timer control (GPTCON), Gptimers 1, 2, 3

T1CON, T2CON, T3CON) are cleared.
- Compare control (COMCON), Full Compare Action Control

Register (ACTR),simple compare action, dead band timer control
(DBTCON) and capture control are all cleared.
- All the interrupt flag registers A, B, C General Purpose timer

control (GPTCON), Gptimers 1, 2, 3 (T1CON, T2CON,T3CON)
are cleared.
- Compare control (COMCON), Full Compare Action Control Register

(ACTR),simple compare action, dead band timer control (DBTCON) and capture control are all cleared.
- All the interrupt flag registers A, B, C and three Event Manager Mask
Registers are cleared.
5. Declaration of Temporary Variables
- Temporary variables for T1 period and T1 compare are declared
6. ACTR is configured for generation of two PWMs. PWM1 is active high

and PWM2 is active low.
7. The COMCON register is configured for full compare outputs and checked for enable.
8. GP timer 1 period register is programmed to generate a carrier frequency, in

up/down counting mode after initialisation.
9. Configure the I/O pins of Micro-2812.
10. The Limit switches are accessed and based on their status the compare values

are either increased are decreased correspondingly duty cycle gets varied.
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}
if (GpioDataRegs.GPADAT.bit.GPIOA12 == 1)
{
(b)++;
if((b)>5000)set>0?((set) -= 1,b=0):(set =0);

}
EvaRegs.CMPR1

=

set;

EvaRegs.CMPR2

=

set;

EvaRegs.CMPR3

=

set;

}
}
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VARIABLE PWM USING LIMIT SWITCHS
FIRST 3 TIMES
PWM 1

PWM 6

Duty Cycle:

TON

=

TON +TOFF

PWM 2

Duty Cycle:

TON
TON +TOFF

=

Duty Cycle:

TON
TON +TOFF

=

Duty Cycle:

TON
TON +TOFF

=

Duty Cycle:

TON

=

PWM 3

PWM 4

PWM 5

TON +TOFF

PWM 6
Duty Cycle:

TON
TON +TOFF

=

Digital Signal Procssing Lab Manual

Department of EEE

TABULATION
WAVE
FORM

TON

TOFF

TOTAL TIME

DUTY CYCLE

PWM 1

PWM 2

PWM 3

PWM 4

PWM 5

PWM 6
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VARIABLE PWM USING LIMIT SWITCHS
AGAIN 3 TIMES
PWM 1

Duty Cycle:

TON
=
TON +TOFF

PWM 2
Duty Cycle:

TON

=

TON +TOFF

PWM 3
Duty Cycle:

TON
=
TON +TOFF

PWM 4
Duty Cycle:

TON

=

TON +TOFF

PWM 5
Duty Cycle:

TON

=

TON +TOFF

PWM 6

Duty Cycle:

TON

=

TON +TOFF
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RESULT :

Thus PWM output of varying duty cycle is obtained using TMS320C2812
Processor
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6. Post test - MCQ:
1. In TMS 320F2xxx DSP controller, the GP Timer is configured in ---------------------------------, a symmetric PWM waveform is generated
A. Directional continuous up -counting mode
B. continuous up/down-counting mode
C. continuous up -counting mode
D. None of the above
ANSWER: B.continuous up/down-counting mode

2.In Which Module in the C2000 dspcontroller used to generate the PWM waveform
A.ADC
B.DAC
C.Event Manager
D.None of the above
ANSWER: C.Event Manager

3._____________________ block in DSP controller is used to get position, direction, and
speed information from a rotating machine.
APulse Width Modulation(PWM )
B.quadrature encoder pulse (QEP)
C.Digital to Analog Converter
D.None of the above
ANSWER: B.quadrature encoder pulse (QEP)

4.How many PWM pulses is required to control the 3 Phase BLDC Motor drive system
A.1
66

B.3
C.6
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D.None of the above
ANSWER : C.6
5.DC link current in the BLDC Motor drive is read the by DSP controller via--------A.PWM Module
B. DAC Module
C. Event Manager
D.ADC Module
ANSWER: D.ADC Module

Application
DSP-based control of brushless DC drives is used for robotic arms
DSP-based control of brushless DC drive is used in electric vehicles, hybrid vehicles
Brushless drive system used the CNC machine tools and simple belt driven systems
BLDC motor drive system can be used in blower, Fans and pumps.
7. Conclusion:
Hence the Speed control of BLDC Motor drive using DSP controller studied and
effectiveness of DSP controller has been verified. Digital signal processor provides the
efficient and cost effective solution to control of the BLDC motor drive .The TMS320F2012
DSP controller has inbuilt the capture unit , ADC unit and PWM pulse generation module
which can be interface easily real time sensor and power module.
8. References:
1. R. Krishnan, Electrical Motor Drives – Modelling, Analysis and Control,
Prentice Hall, 2001.
2. Hamid A. Toliyat Steven Campbell ,”DSP-Based Electromechanical Motion
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3. TMS320C2xx User's Guide, Texas Instruments, 1998.
4. MICRO2812 user manual , VI Micro Systems,2008
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9. Assignment

1. To write the c Program for generate the PWM at 1KHZ with TMS320F2812 DSP
2. To generate a PWM pulse using CCS and MATLAB co simulation model with
TMS320F2812 DSP
3. To write C Program to generate fixed pulse width modulated Signal symmetrically
(edge- triggered) using TMS320F2812 Processor

68

