1. Introduction

Permanent Magnet DC motors are increasingly being used in a wide spectrum of applications such as domestic equipments, automobiles, information technology equipment, industries, public life appliances, transportation, aerospace, deference equipment, power tools, toys, vision and sound equipment and medical and health care equipment ranging from microwatts to megawatts . It has become possible because of their superior performance in terms of high efficiency, fast response, light weight, precise and accurate control, high reliability, maintenance free operation, high power density and reduced size. 

Permanent Magnet DC Motor Characteristics
Direct current (DC) motors comprise one of the most common types of actuator designed into electromechanical systems. They are a very straightforward and inexpensive means of creating motion or forces.

Motors are actually complex assemblies that exploit the relationships between current and magnetic fields in order to create useful torque and do work. And, like all real-world components and complex assemblies,

motors have several interesting characteristics, trade-offs, quirks and even pitfalls to avoid. Understanding the issues will enable designers to successfully select and use DC motors.
The category of DC motor that is the least expensive, easiest to use, and thus the most popular, is the sub fractional horsepower permanent magnet brushed DC motor. “Sub-fractional horsepower” refers to the

their limited power output, and distinguishes them from larger varieties of motors. “Permanent magnet” refers to the means used of establishing one of the magnetic fields. “Brushed” refers to the method of commutation (the way in which coils are activated to establish useful magnetic fields; which is described in detail later in this section). Finally, “DC” indicates that these motors operate on direct current, rather than “AC”, or alternating current. Motors exploit the phenomenon described by Maxwell’s equations: a current flowing within a wire

establishes a magnetic field around that wire. By placing a current-carrying wire and its magnetic field inside another magnetic field, forces are generated by the interaction of these two magnetic fields. 

The permanent magnet DC motor’s design uses these forces to create a torque on the motor’s rotor, which is constrained by the motor’s bearings so that the only motion permitted is rotation (see Figure 19.1 and (Figure 19.2).
Permanent magnet DC motors are constructed out of a number of components. The exact design and materials vary with each type of motor and depend on the application and constraints, but several elements are common to most. Figure 19.1 shows a cut-away view of a typical permanent magnet brushed DC motor. The construction generally consists of a stator, which is made up of powerful permanent magnets that generate a static magnetic field; a rotor which carries the armature (also known as the windings or coils) and the commutatator, and rotates in the bearings that support it; and a housing that holds the

stator, rotor bearing supports and brushes in a fixed relationship to one another.
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Fig 2. Bidirectional rotation using a ull-bridge





Figure 19.1: Permanent Magnet Brushed DC Motor Construction, Components and Nomenclature
In terms of generating torque, the critical elements of the motor are the stator and the armature, which are the sources of the two interacting magnetic fields. The stator is commonly shaped like a thick-walled tube,

and the rotor and armature fit in the hollow space in the middle of the stator. The lines of magnetic flux established by the stator run from one side of the stator to the other. Figure 19.2 demonstrates the magnetic

flux lines in a simplified representation.
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Figure 19.2: Permanent Magnet DC Motor Stator and Armature Detail 

 this Figure  shows a single winding of the armature, and makes it easier to understand the interaction between the armature and the stator. The armature contains a large number of wire loops, or coils, identical to the single one shown, arranged in a radial pattern around the rotor so that continuous torque is generated as the rotor rotates. Also, the additional loops contribute additional resulting forces, and hence more motor torque.
Type  speed control :

1-analog speed motor control
2-digital speed motor control   

1-ANALOG SPEED MOTOR CONTROL 
open loop control : 

Basically, there are three ways to vary the speed of DC motors:
1. With the use of mechanical gears to achieve the desired speed. This method is generally beyond the capability of most hobbyist home workshops.
2. Reducing the motor voltage with a series resistor. However this is inefficient (energy wasted in resistor) and reduces torque. The current drawn by the motor increases as the load on the motor increases. More

current means a larger voltage drop across the series resistor and therefore less voltage to the motor. The motor now tries to draw even more current, resulting in the motor "stalling".
3. By applying the full supply voltage to the motor in bursts or pulses, eliminating the series dropping effect. This is called pulse width modulation (PWM)
in our project we used kit 166 
in this kit (PWM) is used Short pulses means the motor runs slowly; longer pulses make the motor run faster.
This kit allows controlling the speed of a DC motor in both the forward and reverse direction. The range of control is from fully OFF to fully ON in both directions.
HOW IT WORKS (refer to schematic)

The circuit can be broken down in four parts:

1. Motor control – IC1:A

2. Triangle wave generator – IC1:B

3. Voltage comparators – IC1:C and D

4. Motor drive – Q3-6
Let us start with the motor drive section, based around MOSFETs Q3-6. Only two of these MOSFETs are on at any one time. When Q3 and Q6 are ON then current flows through the motor and it spins in one direction. When Q4and Q5 are ON the 
current flow is reversed and the motor spins in the opposite direction. IC1:C and IC1:D control which MOSFETs are turned on. Opamps IC1:C and IC1:D are configured as voltage comparators. The reference voltage that each triggers at is derived from the resistor voltage divider of R6, R7 and R8.
the reference voltage for IC1:D is connected to the ‘+’ input but for IC1:C it is connected to the ‘-‘ input. Therefore IC1:D is triggered by a voltage greater than its

reference whereas IC1:C is triggered by a voltage less than its reference.
Opamp IC1:B is set up as a triangle wave generator and provides the trigger signal for the voltage comparators. The frequency is approximately the inverse of the time constant of R5 and C1 – 270Hz for the values used. Reducing R5 or C1 will increase the frequency; increasing either will decrease the frequency.

The peak-to-peak output level of the triangle wave is less than the difference between the two voltage references. Therefore it is impossible for both comparators to be triggered simultaneously. Otherwise all four MOSFETs would conduct, causing a short circuit that would destroy them.  
The triangle waveform is centered around a DC offset voltage. Raising or lowering the offset voltage changes the DC position of the triangle wave accordingly. Shifting the triangle wave up causes comparator IC1:D to trigger; lowering it causes comparator IC1:C to trigger. When the voltage level of the triangle wave is between the two voltage references then neither comparator is triggered.
The DC offset voltage is controlled by the potentiometer P1 via IC1:A, which is configured as a voltage follower. This provides a low output impedance voltage source, making the DC offset voltage less susceptible to the loading effect of IC1:B. As the ‘pot’ is turned the DC offset voltage changes, either up or down depending on the direction the pot is turned. Diode D3 provides reverse polarity protection for the controller. Resistor R15 and capacitor C2 are a simple low

pass filter. This is designed to filter out any voltage spikes caused by the MOSFETs as they switch to supply power to the motor.
Bidirectional rotation 
Driving a brushed DC motor in both directions, by reversing the current through it, can be accomplished using a full-bridge (see Fig 2), which consists of four N-channel MOSFETs. For ‘forward’ rotation Q1 and Q4 are switched on while Q2 and Q3 are off. For ‘reverse’ rotation Q2 and Q3 are on while Q1 and Q4 are off. 

If the upper two MOSFETs are turned off and the lower ones are turned on, the motor is ‘braking’. The motor will ‘coast’ (free running) if all four switches are turned off. 
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Speed control 
The no-load motor speed is proportional to the voltage applied across the motor. Thus by simply varying the voltage across the motor, one can control the speed of the motor. Pulse Width Modulation (PWM) is used to implement this (see Fig 3). It is based on a fixed frequency pulse waveform with a variable duty cycle. The average voltage applied to the motor is proportional to the PWM duty cycle.
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Closed loop speed control system

Even though the steady output speed of the armature-controlled DC motor is proportional to the applied voltage in the open loop, the speed obtained may vary with applied load torques. To achieve better speed regulation, that is to be able to maintain the same speed in the face of fluctuating loads, and to achieve a faster response .
Feedback Speed Controller for Small DC Motors
There is often the need for a speed controller for small DC motors, so We have investigated the possibility of developing a speed controller that uses the motor as the tachometer. This uses the motor as a generator - for example small DC permanent magnet motors are often used as DC generators in servo systems - with the generated voltage used to control the motor's speed. 
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2-DIGITAL SPEED MOTOR CONTROL 
Introduction :
The main objectives in this section are to create and calibrate sensors to set the desired speed and measure the actual speed . The project aims at interfacing these sensors with a DC motor. The project also intends to familiarize us with the various control laws of an open as well as a closed loop control system. This is accomplished by interfacing with dc motor as generator tachometer , Op-Amp, DC motor, and use of  PWM command. The LCD display is used to read the duty cycles and RPM of the  motor resulting from the control action. The keyboard is used to input the desired speed and direction .
Circuit theory of Operation

The circuit constructed can be broken into four subsystems: PWM Output to the Motor, tachometer input, keypad input and LCD output.
Pulse-Width Modulation

Output from the microcontroller is fed into a sample and hold circuit, which takes the pulses, and depending on the duty cycle of the pulses, outputs an average voltage. 
This voltage is fed into an Opamp (one side of an LM-358),
 and the other is set so that the output of the op-amp is double the input voltage. Since the maximum output of the sample-and-hold circuit is about 5V, the maximum output of the Op-Amp will be 10V. 
This requires the rail voltage of the op-amp be at least 10V, which is why 12V is being used. 
To double the voltage into the op-amp requires selecting resistors for the circuit such that  Gain = Rf/Rin + 1 = 2.  In this circuit, Rf and Rin are both 10kohms. The LM-358 Op-Amp can only carry low currents, so it is fed into a 2N3904 transistor. This allows current from the 12V supply to drive the motor.
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Tachometer Output
Measurement of the motor’s rotational speed is done by uses the motor as tachometer. This uses the motor as a generator - for example small DC

permanent magnet motors are often used as DC generators in servo systems - with the generated voltage , the output voltage from the tachometer is (0-7.5).
It should be noted, that since we had only two LM-358 Op-Amps chips, and each had one damaged Opamp, we were forced to use two separate op-amp chips. We could ha ve set the op-amp used here to have a rail voltage of 5V, but we found that the voltage (V1) change from light to dark was greater in magnitude, and made setting the reference voltage from the voltage divider (V2) easier to set. 
So both

LM-358 chips had a 12V rail voltage.
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Keypad Interface
4*3 keypad is used for entering information needed to operate the motor controller. The motor speed desired speed , the direction of rotation , and the deadband for on-off control can all be entered from the keypad.
LCD Output
2x16 character LCD display is used to output data from the microcontroller. It is run using data in parallel from either 4 or 8 data lines. It requires 6 data lines in this mode to operate, which is a significant portion of the 16 available I/O lines of the microcontroller, in our project we displayed the desired speed and actual speed and the direction of rotation .
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Program Theory of Operation

There are three main segments of code: the speed and direction of the motor input  , feedback analysis and PID control  . In addition, there are several subroutines that service the main segments: LCD display and Keypad Input.

The speed and direction of the motor 
We designed our project such that the user input the speed from keypad after the system print on the lcd  "enter the desired speed " then the system will print the desired speed on the lcd after that the system transfer the desired speed value to PWM voltage  on this relation :

                          (dvoltage=(Dspeed/230)*(4.0/12.0)) 
after that the system print on lcd " Enter 4 to turn left or press 6 to turn right "

so the user determine the direction of rotate, after that the user press (#) to start the rotation on desired speed and desired direction .

feedback analysis : 
after the dc motor start rotation the feedback tachometer generate dc voltage from (0 to 7.5) volt and when the dc motor rotate in the other direction the tachometer generate dc voltage from (0 to -7.5) volt but if negative voltage appeared on the leg of the pic  then the pic will be damaged, and  so to overcome this problem we installed two diods on the input of the pic such that prevent the leg of the pic output current , then the system will be calculate the difference voltage from the output of the tachometer and calculate the difference between the desired voltage  and actual voltage .
PID control  : 

There are some irritating little details concerning what the constants and

The tachometer readings mean that we have to deal with before we get into writing

actual code for the controller.
The sampled period constant will determine how often we sample the

Actual speed parameters and adjust the desired speed .  In the ideal

situation, we sample continuously; however, this is anything but the ideal

situation and given that we have a digital computer running at a finite clock

speed we have to sample at discrete intervals.  As a general rule of thumb,

a good approximation to a continuous controller can be obtained by choosing

a sampling period of one-tenth to one-fifth of the shortest time constant

or cycle period of the highest frequency component of the dynamical system.
In this case, the shortest time is 500ms and we though that this time is enough in our project .   

There are three  PID controllers in this design proportional controller , integral controller and derivative controller ,and system will be deal with this parameters as this relation : 
 Start :
      error= desired Speed – actual Speed
 dt integral= integral +error *
      derivative= (error – Previous Error)/dt
      output= kp * error + ki * integral + kd * derivative
      Previous Error=error
The code of the program in the appendix 

APPENDIX :

  #include "C:\Documents and Settings\Administrator\Desktop\ggg\rrr.h"

#include<LCD.C>

char nu[10]={'0','1','2','3','4','5','6','7','8','9'};

char value3='p',value2='p',value1='p',value0='p';

int key3,key2,key1,key0;

int16 DSpeed=0,advalue1,adval2,advalue3;

int button;

float dvoltage,diffrence,voltvalue,adcdvalue,ASpeed,duty,output,advalue2;

char key(){

          restart_wdt();

         output_low(PIN_B1);     //col3
         output_high(PIN_B2);      //col2
         output_high(PIN_B3);         //col1
         if (!input(PIN_B4)){    //row1
          restart_wdt();

         return '3';

         }

         else if (!input(PIN_B5)){     //row2
          restart_wdt();

         return '6';

         }

         else if (!input(PIN_B6)){      //row3
         restart_wdt();

         return '9';

         }

          else if (!input(PIN_B0)){      //row4
         restart_wdt();

         return '#';

         }
         else
         {

         restart_wdt();

         return 'p';

         }

         output_low(PIN_B2);

         output_high(PIN_B1);

         output_high(PIN_B3);

         if (!input(PIN_B4)){

          restart_wdt();

         return '2';

         }

         else if (!input(PIN_B5)){

         restart_wdt();

         return '5';

         }

         else if (!input(PIN_B6)){

          restart_wdt();

         return '8';

         }

         else if (!input(PIN_B0)){      //row4
         restart_wdt();

         return '0';

         }

         else
         {

         restart_wdt();

         return 'p';

         }

         output_low(PIN_B3);

         output_high(PIN_B2);

         output_high(PIN_B1);

         if (!input(PIN_B4)){

           restart_wdt();

         return '1';

         }

         else if (!input(PIN_B5)){

       restart_wdt();

         return '4';

         }

         else if (!input(PIN_B6)){

          restart_wdt();

         return '7';

         }

         else if (!input(PIN_B0)){      //row4
         restart_wdt();

         return '*';

         }

         else
         {

         restart_wdt();

         return 'p';

         }

}
void main()

{

int i;long duty1;

int PreviousError=0;

int integral=0;

int derivative=0;

int error =0;

int direction=0;

   //setup_adc_ports(AN0);

 //  setup_adc(ADC_CLOCK_INTERNAL);

    setup_adc_ports(AN0_AN1_VSS_VREF);//new
   setup_adc(ADC_CLOCK_INTERNAL);//new
   setup_psp(PSP_DISABLED);

   setup_spi(FALSE);

   setup_wdt(WDT_2304MS);

    setup_timer_0(RTCC_INTERNAL|RTCC_DIV_1);

   setup_timer_1(T1_DISABLED);

   setup_timer_2(T2_DIV_BY_1,255,1);

   setup_ccp1(CCP_PWM);

    setup_ccp2(CCP_PWM);

  // TODO: USER CODE!!

set_pwm1_duty(duty);

   setup_timer_2(T2_DISABLED,0,1);

  while(true)

  {

printf(LCD_PUTC,"\r\n\f Enter Desired Speed\n");

delay_ms(500);

do
{

value3=key();

}while(value3=='p');

printf(LCD_PUTC,"    =%c",value3);
delay_ms(500);

do
{

value2=key();

}while(value2=='p');

printf(LCD_PUTC,"%c",value2);

delay_ms(50);

do
{

value1=key();

}while(value1=='p');

printf(LCD_PUTC,"%c",value1);

delay_ms(50);

do
{

value0=key();

}while(value0=='p');

printf(LCD_PUTC,"%c",value0);

delay_ms(50);

for(i=0;i<=9;i++)

{

if(nu[i]==value3)

key3=i;

if(nu[i]==value2)

key2=i;

if(nu[i]==value1)

key1=i;

if(nu[i]==value0)

key0=i;

}

DSpeed=key3*1000+key2*100+key1*10+key0;     //desired speed
dvoltage=(Dspeed/230)*(4.0/12.0);

set_adc_channel(0);

   advalue1 = read_adc();

   delay_ms(5);

set_adc_channel(1);

   advalue2 = read_adc();

   if(advalue1>advalue2)

   advalue3=advalue1;

   advalue3=advalue2;

//adcvalue=read_adc(); //read the ADC
    voltvalue=(7.5*advalue3/1024)/(1.56);

    ASpeed=230.0*voltvalue;

             //actual speed from feedback
    printf(LCD_PUTC," Enter 4 to turn left or press 6 to turn right " );

      button=key();

     if(button=='4')

     {

      direction=0;

     }

     if(button=='6')

     {

      direction=1;

     }

     delay_ms(300);

     diffrence=dvoltage-voltvalue;

     duty=(diffrence/5.0*1024.0);

     duty1=duty;

     button=key();

     if(button=='#')

     {

   if(direction==0)

{

   set_pwm1_duty(duty1);

   set_pwm2_duty(0);

}

   else
   {

   set_pwm2_duty(duty1);

   set_pwm1_duty(0);

   }

   printf(LCD_PUTC,"\r\fSActualSpeed=%f",ASpeed );

     }

   start:

      error=DSpeed - ASpeed;

      integral=integral +error*500;

      derivative=(error - PreviousError)/500;

      output=0.659814*error + 1533.2265*integral + 6.50481*0.00001*derivative;

      PreviousError=error;

      duty=(output/230)/5*1024;

      button=key();

      if(button=='*')

      {

       set_pwm1_duty(0);

       set_pwm2_duty(0);

      }

      if(direction==0)

      {

       set_pwm1_duty(duty);

       set_pwm2_duty(0);

      }

       else
       {

          set_pwm2_duty(duty);

          set_pwm1_duty(0);

       }

       printf(LCD_PUTC,"\r\fSActualSpeed=%f",output );

      delay_ms(500);

      goto start;

     restart_wdt();
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[image: image12.png]Fig 3. PWM speed control




