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In our final year project, we are looking at a problem that 

a small portion of the population faces, this portion 

represents the “disabled”. Before choosing the topic of 

our project, the whole group members were determined 

to make use of our final year project for a good cause. 

Noticing that the disabled people in Middle East get very 

little attention from authorities, we decided to aim our 

project towards them in order to help as much as we can. 

Our influence might end up being minimal, but remember 

that a ten kilometer walk starts with a small step. 

Disabled people rely heavily on their wheelchairs for 

transportation. The wheelchair frees them from their 

burdens and constraints and provides them with mobility. 

It has become a necessity to all, such that they cannot live 

without it anymore. For all these reasons, and in order to 

start a change, we decided to concentrate our effort on 

pinpointing the weaknesses in wheelchairs and improving 

them as much as we can 

Our project will mainly feature one major idea in 

accordance with a few minor ones. The major idea that 

we will be trying to implement is to introduce wheelchair 

that can climb the stairs. 

And also the price of this type is very expensive and is not 

manufactured in Middle East 

 

Abstract 
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From about two years one of members is asked from disabled 

student who lives in student housing to help him with others to 

climb stairs with his wheelchair to the first floor. 

Here, my friend ask them and me why is there no electric 

wheelchair can climb stairs? 

And also if it is found how price? And why do not all disabled 

people use electric wheelchair?  

Here, we decide that our project will be electric wheelchair that can 

climb stairs. 

  

 
 

 

 

 

 

The problem we are facing and trying to solve is the problem 

disabled people face whenever they get on their wheelchairs.  

. How can electric wheelchair be available for largest number of 

disabled people in Middle East?  

. How can make its cost lower as possible? 

. How can make it climb stairs? And also make it safety by the 

meaning of mechanical and electric solution? 

 

These questions describe this problem, which is best defined as the 

limited range that disabled people face when using their 

wheelchair. What we aimed for through our Final Year Project is to 

solve this problem. By new mechanical design that able to climb 

stairs with high safety and lower cost as possible. And use our study 

1.1 Problem Definition 

1.2 Management 

Summary 



E.P.E.D.F.U Double .M. Electric wheelchair  2012/2013 
 

13 | P a g e  
 

to tame this design electrically by using our knowledge of power 

electronics and machines. 

Initially we will use to dc motors and also two batteries and power 

electronics components to control system and the wheelchair is 

fully controlled by a joystick placed near the left hand rest. Next to 

the right hand rest there is a control panel that contains all of the 

switches and battery charge level indicator. So in general, we have 

achieved our goal of building and implementing our design and as a 

result, we lay today our hands wheelchair that can climb stairs 

safety and also very cheaper from others in the same manner           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



E.P.E.D.F.U Double .M. Electric wheelchair  2012/2013 
 

14 | P a g e  
 

 

Chapter 2 

 

Literature Review 

 

 

 

 

 

 

 

 

 

 

 



E.P.E.D.F.U Double .M. Electric wheelchair  2012/2013 
 

15 | P a g e  
 

 

 

 

Electric wheelchairs appeared in the 1950s. Today's models are 

better described as electronic chairs rather than electric chairs. 

Electronic circuitry allows for a control of speed and a precise 

control of direction. 

 

 

 

Many of today's sophisticated electric wheelchairs conform to two 

basic styles.   

The first is called the traditional style and consists of a power 

source mounted behind or underneath the seat of the wheelchair. As 

the name implies, the traditional unit looks very much like a 

manual wheelchair.       The second design is known as a platform 

chair. In this design, the seating area, which can often be raised or 

lowered, sits on top of the power source.   

 

 

 

There are several groups of powered wheelchairs, based on the 

intended use. Wheelchairs designed strictly for indoor use have a 

smaller area between the wheels, allowing them to negotiate the 

tighter turns and more confined spaces of the indoor world. Other 

designs allow the electric wheelchair to be used both indoors and 

outdoors, on sidewalks, driveways, and hard, even surfaces. 

2.3 Indoor vs. Outdoor Use 

2.1 Electric Wheelchair 

2.2 Basic Styles 
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Finally, some electric wheelchairs are able to negotiate more 

rugged terrain such as uneven, stony surfaces.  

 

 

 

Wheelchairs are classified according to the drive wheel location 

relative to the system Centre of gravity (chair and user). The 

following are the three basic methods of propulsion:  

• Rear Wheel Drive Wheelchair  

This is the most common method of drive for an electric wheelchair. 

The drive wheels are located behind the center of gravity while the 

front wheels are casters. This method makes the wheelchair fast, but 

can give a poor turning capability when compared to front and mid 

wheel drive chairs.   

• Center Wheel Drive Wheelchair  

This method of drive is the best method of drive for an electric 

wheelchair. The drive wheels are directly below the center of gravity 

while the front and rear wheels are casters. The wheelchair can be a 

little unsteady when starting and stopping but it could not be suitable 

for uneven surfaces.  

• Front Wheel Drive Wheelchair  

This method of drive gives a lower top speed than rear wheel drive 

chairs, but offers a good turning capability. The drive wheels are in 

front of the center of gravity while the rear wheels are casters. 

2.4 Methods of Propulsion 
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Figure 2.1: Methods of propulsion 
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Chapter 3 

 
Mechanical solution 
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The first moment we chose making "Electric wheelchair climbing 

stairs" as a graduation project we decide to make it in a new design 

with new technique not like these in markets. The major reason for 

this decision is the price of "Electric wheelchair ". It is very high in 

average 80,000 L.E and this high price is due to all electric 

wheelchairs use large amount of high power motors (two motors 

used for normal motion and other motors used for climbing stairs) 

figure 3.1 shows this type of wheelchair. 

 

 

 

Figure 3.1: Electric wheelchair climbing stairs 

 

 

3.1 Electric wheelchair climbing stairs type 
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We start with this point how to reduce the power and number of 

motors in our electric wheelchair we make a design that let the 

wheelchair use the same motors for normal motion and climbing 

stairs. The design in figure3. 2.1, 3.2.2 and 3. 2.3 

 

 

 

Figure 3.2.1 

Figure 3.2.2 

3.2 Our vision for climbing design 
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Figure 3.2.3 

 

 

The difference we made is that the motors will not changes .the 

shape of the wheels will changes from it's normal shape in figure 

3.3 to the Tri-Star shape in figure3.4. 

 

 

Figure 3.3: wheel in normal motion 

 

3.3 Electric wheel design 
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Figure 3.4: the Tri-Star shape 

And this will give the wheelchair the ability to climb the stairs easily  

The wheel turns to this shape by the way that some parts of the 

wheel go inside other parts in the same wheel. 

We had an electrical vision for this process but there wasn't ability 

for making the mechanical parts because it need very advanced 

machines likes that used in factories so we decide to make it 

manual as a start. 

 

Electrical vision for wheel. 

 

Our electrical vision is very similar to the operation of cd room in  

computers we will use two small motors in each part of the three 

parts of Tri-Star wheel and these motors will pull the parts in and 

out . 

 

 

 

While ascending or descending the stairs the seat level changes by 

angle equal to the inclination angle of stairs that max. Angle is equal 

to 28.2. 

3.4 seat level changes 
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There’s two ways to change the level: 

First technique is spontaneous. The seat is designed by away that 

give it’s level the ability to be changed spontaneous when the 

wheelchair start ascending the stairs by the effect of the weight. 

This technique is actually used in power wheelchair type. Figure 3.5 

 

 

 

  

Figure 3.5: power wheelchair  

Second technique is hydraulic. It is more save and used in all other 

types of electric wheelchair.  
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In order to choose the required DC motors that can do the job, we 

conducted a theoretical study that aims to helping us choose the optimal 

type and size of DC motors.  

 

 

 

 

* M = 150 kg   "total mass"                  * Vmax = 9 km/hr. = 2.5 m/s  

 

*Afront = 1.45*0.60 = 1 m2                                       * R = 0.17 m   "wheel radius " 

 

Calculation of rpm at vmax 
 

rpm = vmax *60/ 2 R = 

 
                      In flat rood 

 
. Faire = air resistance = 0.5 cd Afront p vmax

2  
 

* cd = resistance coefficient of air  " max = 1"      * p = air pressure = 1.2041     
          
- Faire = .5 * 1* 1* 1.2041* 2.5 = 4 N 

 
. FR = rolling resistance = M g cr 

 

* cr = rolling coefficient = 0.1 as max        * g = 9.8 m/s2 

 
- FR = 150 * 9.8 * .1 = 147 N 

 
At equilibrium  

ΣFx = Ft – FR- Wx = 0 
 
Ft = FR + Fair = 151 N 

Case 1 

140.7 rpm 

Motor sized 

3.5Choosing the DC Motors 
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power of two motors  
P = Ft * v = 151 * 2.5 =  
 
                 
               where inclination: αmax = 30˚  
 
Maximum angle of inclination: αmax = 30˚. According to the international 
laws for transportation the maximum slope angle should not exceed 37˚ 
 
at  
* v = 0.5 m/s     

*assuming there is no acceleration during climbing. 

 
Weight of the Wheelchair                                             

W= M × g = 150 × 9.81 = 1471.5 N   "total weight " 
 
Friction force 
 Fx = cr * W cos (30˚) = .1 * 1471.5 0.866025 = 127.44 N 

 
                                  

 

 Weight in the direction of the movement  

 

Wx = W sin (30˚) = 735.75 N  

 

At equilibrium  

ΣFx = Ft – FR- Wx = 0 

Ft = FR + Wx =861 N 

  

  

ƒ x 
 

W  

FR 

377.5 watt 

Case 2 
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Torque at the wheel "Here torque is max." 

Tmax = Ft × R = 861 × 0.17 =                               say 160 N.M  

 

power of two motors  

P = Ft * v = 861 * .5 =  

 

so 
p = 1.25 * 430.5 =                            1.25 is a safty factor  
 

and also slide angle at vmax. Is about 7.50
 

 

            in case of stairs "up" 

 
. Slide angle of stairs in max. Design = 28.20 
this means that the power needed is less than case 2 
 

For one motor 

Power 300 watt 

Torque 80 N.M 

Rpm 150 rpm 

Table 3.1: dc motor size 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

430.5 watt 

150.7 N.m 

539 watt 

Case 3 
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Chapter 4 

 

 
Electrical Solution and Implementation 
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There are three different battery types used in wheelchair .they 

are "wet", "Gel" and "AGM" types. Their properties listed 

below: 

. Wet batteries 

Wet batteries use the chemical reaction between lead and 
sulphuric acid to create Electrical energy .these batteries need 
to be filled with distilled water, and they do have a higher 
maintenance, but are higher than Gel or AGM batteries. 
 

Advantages: 

 
Cheaper  

Less vulnerable to overcharging  

Great performance with careful maintenance  

Lighter per Ah compared to most Gel or AGM’s 
 

Disadvantages: 

 

Require maintenance  

Battery acid can leak, causing corrosion and damage to chair 
and wiring  

Not approved for airline travel  

High rate of self-discharge when left sitting (6-7% per month)   

4.1 Electric wheelchair Battery 

types
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• Gel Batteries  

 

Gel batteries contain a mixture of sulphuric acid, fumed silica, 

pure water, and phosphoric acid, which forms a thixotropic 

gel. As there is no liquid in the battery, they do not leak or 

require maintenance like wet batteries 

Advantages: 

No maintenance  

Cannot leak  

Operate better than wet batteries in low temperatures  
Less gas released when charging than wet batteries  

Approved for air travel   

Longer life cycle than wet batteries   

 
Disadvantages: 

Expensive  

More weight per Ah than wet batteries.  

Susceptible to overcharging  

• AGM batteries   

AGM batteries have an absorbent glass mat sandwiched 

between the plates, saturated with acid electrolyte, but with 

none free to spill.  This type of batteries reduces the chance of 

battery damage caused by vibration and jarring.  
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Advantages: 

No maintenance  

Can’t spill or leak  

Shock resistant  

Minimal gasses released when charging.  

Low self-discharge rate (3% per month at 77’F)  

Disadvantages: 

Highest cost  

Susceptible to overcharging  

New technology  

  

We will use two 12v lead acid battery (wet) connected in 

series to get 24v to the motors. 

 

  

 

Figure 4.1: Batteries of the wheelchair 
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We designed a circuit that indicates the charge condition of a 

12 volt lead acid battery. We connected the circuit to the 

terminals of one battery. It is composed of four LEDs where 

each LED represents an approximate 25% change in charge 

condition, so that 3 LEDs indicate 75%, 2 LEDs indicate 50%, 

etc.   

When the yellow and the green LEDs are off, the driver of the 

wheelchair needs to turn the internal combustion ON in order 

to recharge the batteries.  

 
 

 

 

We should monitor the amount of charge in the battery 

making sure that they never charge over 80% and never 

under 20% of their capacity. In this way, the batteries will last 

a couple of hundred thousand miles.  

 

 

Figure4.2: Battery charge level indicator 

4.2 Battery Charge Level Detector 

4.3 Battery charge and discharge 
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Most power wheelchairs currently utilizes PM motors with iron 

magnets, brushes and indirect drive trains. Recent innovations 

within the power wheelchair industry include the use of rare 

earth magnets; and brushless, gearless, direct drive motors.  

Rare earth magnets support much higher magnetic fields than 

iron magnets. Motors utilizing rare-earth magnets are smaller 

and lighter and more powerful than analogous motors with iron 

magnets.   

Brushless motors are more efficient than brush motors 

(brushes introduce electrical power loss). Brushes are also 

subject to wear and require regular inspection and 

replacement.   

Gearing and belts in the indirect drive train are a source of 

mechanical power loss. Highly efficient, gearless, direct drive 

motors have recently appeared in the power wheelchair market. 

These motors can be mounted in close to the drive wheels and 

allow good access to the under seat compartment. However, 

these motors tend to be relatively large and expensive.  

  

The following list includes some of the motor technologies that 

have been suggested.  
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• A brushless, gearless motor entirely contained within the 

power wheelchair’s drive wheel.  

• Pancake stepping motors efficiently generate high torque, even 

at high speeds. These motors are durable and reliable.   

 

Disc-armature DC motors have high power to weight ratio and 

efficiency.   

• Alternating current, three phases, squirrel cage 

induction motors (SCIM) are inexpensive, efficient, highly 

reliable, and have a torque speed characteristic very 

adequate for vehicle propulsion.   

 

So we can choose BLD motor to support high power to 

weight ratio.  

In prototype we can get or compound dc motor with gear 

box and self-braking. As in figure4.3 

 

                            

 

             
figure4.3: compound dc motor with gear box and self-braking 
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Chapter 5 

 

 
                 Control Design and Implementation 
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The diagram below shows a summary of the electrical and control system of our wheelchair  

 
 
 
 

to control the speed of the DC motors; one needs a variable 
voltage DC power source. However if you take a 24v motor and 
switch ON the power to it, the motor will start to speed up: 
motors do not respond immediately so it will take a small time 
to reach full speed. If we switch the power off sometime before 
the motor reaches full speed, then the motor will start to slow 
down. If one switches the power on and off quickly enough, the 
motor will run at some speed that is between zero and full 
speed. Therefore, PWM switches the motor on in a series of 
pulses. To control the motor speed it varies 

(Modulates) the width of the pulses; from here came then 
naming: Pulse Width Modulation. 
   
The PWM signal is a square wave that has a duty cycle  

 

5.1 PWM and Speed Control Principle 

Joystick 

& 

bush buttons 

Figure 5.1: electric and control system  
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In essence, as the duty cycle increases the speed of the motor 
increases. For example, if the duty cycle is 0%, the motor will 
not rotate. If the duty cycle is 50%, the motor would rotate half 
its speed. If the duty cycle is 100%, the motor would be rotating 
at full speed. 

 

Since the PWM signal is a square wave, then it should have a 

frequency. The normal operational frequency for DC motors is 

between 2 KHz and 6 KHz. By trial and error, we found that for 

our DC motors, the best frequency is 2 KHz.  

 

 

 

. Microcontroller 

The microcontroller is the brain of the wheelchair; without it, 

the machine won’t be able to move. Its main job is to take as 

input some signals from a joystick and generate two PWM 

signals: one for each motor. These PWM signals enter the H-

Bridges in order to be able to control the speed of the rotation 

of the DC motors. Therefore, the main use of the PIC is for DC 

motors speed control. In addition to that, the microcontroller 

should also control the steering mechanism of the wheelchair 

and should coordinate between the DC motors. Therefore, the 

microcontroller should control the speed and direction of 

rotation of each motor.  

5.2 Control Components 
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. Pic 16f877a 

The decision fell on PIC16F877A because of its capability of 

generating two PWM signals at the same time. And supports 

us with sufficient digital and analog inputs. Also, the PIC is a 

very efficient and powerful microcontroller with so many pins 

that can be easily programmed. Besides, the components are 

cheap and do the job perfectly. 

 
Figure 5.2: PIC16F877A 

 
. Microcontroller I/O  

 
Input: joystick, four bush buttons and one switch as in fig 

 
 
 

 
                                       Figure 5.2: analog joystick 

   
 

Joystick: The joystick that is used in the project has two 
potentiometers 
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(Forward/Backward, right/left). The voltage of these 

potentiometers ranges between 0-5V. If the joystick is still 

(nothing is applied on it), the two voltages would be 2.5V. Also, 

the joystick can rotate 360o. These facts give the user the ability 

to go in any direction at different speeds according to the 

combination to the two voltages across the potentiometers.  

Switch; is used as enable for stairs mode .when it is energized 

means stairs mode is available. 

 

Four Bush buttons as follow 

 

1st To increase the speed up by increasing input 
voltage by 20% for every bushing (4 rang) 

2nd To decrease the speed up by decreasing input 
voltage by 20% for every bushing (4 rang) 

3d When switch is energized (enable for stairs mode) 
wheelchair climbs the stairs up by bush this button 

4th When switch is energized (enable for stairs mode) 

wheelchair climbs the stairs down by bush this 
button button 

                                      Table 5.1: input Bush buttons  

 
Outputs: There are two sets of outputs; the first is for the right 
motor, while the second is  

 

• PWM signal: this is the signal that specifies the speed of 

the motor. 

 

• Clockwise: if ON, it means that the motor should run 

clockwise. If OFF, it means that the motor should NOT run 
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clockwise. 

If OFF, it means that the motor should NOT run counter 

clockwise 
 

Release Brakes: if ON, the brakes of the motor are released. 

The brakes are always released whenever the motor should 

be rotating 

 

in each set, “Clockwise” and “Counter Clockwise” outputs 

can NOT be ON together. If one of which was ON, the 

brakes should be released. However, if both were OFF, it 

means that the motor is OFF and the brakes should be 

applied. 

 

Note that the two DC motors should either be rotating 

clockwise together or counter clockwise together, or not 

rotating at all. It is impossible for one to be rotating 

clockwise while to other is rotating counter clockwise.  But it 

is possible for one to be rotating in a certain direction while 

the other is not rotating at all: in this case the wheelchair 

should be steering either to the right or left. 

 

• Control Algorithm 

The control starts from the joystick where there the two 
potentiometers discussed before. 

The joystick is responsible for generating two output voltages: 

V1: the voltage across the forward/Backward 

potentiometer. 



E.P.E.D.F.U Double .M. Electric wheelchair  2012/2013 
 

40 | P a g e  
 

V2: the voltage across the right/left 

potentiometer. 

According to the combination of V1 and V2, 

the direction of motion is known as follow 

 

V1 V2 Right Motor Left Motor Direction 

0 : 1 2 : 3 Backward Backward Backward 

4 : 5 2 : 3 forward forward forward 

2 : 3 0 : 1 Backward forward right 

2 : 3 4 : 5 forward Backward left 

4.2 : 4.8 0.2:0.8 NA forward right 

4.2 : 4.8 4.2 : 4.8 forward NA left 

2 : 3 2 : 3 NA NA NA 

                              Table5.2: the direction of motion 

 

• Assigned Pins in the PIC Microcontroller 

We need three analog inputs, five digital inputs, one reference voltage, 
two PWM signals, and sex digital outputs: 

• Analog inputs: An0 (A0), An1 (A1) and An2 (A3) 
• Digital inputs: D4, D5, D6, D7, C7 
• 2 PWM signals: C1 and C2 
• 2 Release Brakes: A2 and A5 (we can use self-braking 

motor) 
• 2 Clockwise: D0 and D2 
• 2 Counter Clockwise: D1 and D3 
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 A very popular circuit for driving DC motors is called an H-

Bridge. It’s called that because it looks like the capital ‘H’ on 

classic schematics.  

The great ability of an H-Bridge is that the motor can be driven 

forward and backward at any speed, optionally using a 

completely independent power source.   

Its simple conceptual schematic is as follows:   

 
Figure 5.3: Simple conceptual schematic of an H-Bridge 

 

A basic H-Bridge has 4 switches, relays, transistors, or other 

means of completing a circuit to drive a motor.  In the above 

diagram, the switches are labeled A1, A2, B1, and B2.  Since 

each of the four switches can be either open or closed, there 

are 24 = 16 combinations of switch settings.  Many are not 

useful and in fact, several should be avoided since they short 

out the supply current (e.g., A1 and B2 both closed at the 

same time).  There are four combinations that are useful:  

 

 

 

5.3 DC Motor-Driver H-Bridge Circuit 
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           Table: Four Useful Connections  

 

Closed 

Switches  

Polarity  Effect                

A1 & A2  Forward Motor spins 

forward  

B1 & B2  Reverse  Motor spins 

backward 

A1 & B1  Brake  Motor acts as 

a brake  

None  Free  Motor floats 

freely  
O/p                     Table5.3: Useful Connections 

The fourth case will be like the third case as we use a self-

braking motor. If power is cut off the motor stops immediately.  

 

 

 

As we said earlier, an H-bridge is a configuration of four 

switching devices that allows you to change the direction of 

current flow through a load, in our case through a DC motor. 

This is done by selecting which pair of MOSFET is on and which 

pair is off. 

The H-bridge requires that there be two MOSFETs located 
between the battery and the  

DC motor and two MOSFETs located between the load and 

the system ground return.  The MOSFETs are turned on in 

pairs, either high left and lower right, or lower left and high 

5.3.1 Operation of the H Bridge 

Circuit 
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right, but never both MOSFETs are on the same "side" of the 

bridge. If both switches on one side of a bridge are turned on, 

this creates a short circuit between the battery plus and 

battery minus terminals. If the bridge is sufficiently powerful 

it will absorb that load and the batteries will simply drain 

quickly.   

Referring to the circuit in figure 9 below:  

 

 

 

Figure 5.4: Conceptual design 

 

Each driver has a high input and a low input as well as a high 

output and a low output. So we connect the high input of the 

first driver to the low input of the second driver and vice versa. 

We also connect the high output and the low output of one 

driver to the high MOSFET and the low MOSFET of the same 

side respectively.   

“A” and “B” are the two logic input to the circuit. One of them 

is the PWM signal and the other one is set to zero. When we 

activate one of the high side MOSFET and its diagonally 
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opposite low side MOSFET we have to make sure that the 

remaining MOSFETs are not operating. For this, one PWM 

enters in either in “A” or “B”.  For example, if “A” is now set to 

“1” and “B” is set to “0”, the high input of one driver with the 

low input of the second driver are activated thus activating 

two diagonally opposite MOSFETs while the others are off. 

Once we want this motor to run in the opposite direction we 

set the PWM at A to zero then we send the PWM signal 

through B. Therefore, at any time we want the motor to 

switch direction, a passage by zero is obligatory.  

 

in our prototype we will use IC L298 .this ic contains two H-

bridge , AND gates and can carry current up to 2A so it can be 

used for control the speed and direction of small dc motor like 

we used in our prototype .   

 

 

 

In order for the PIC16F877A to operate and provide required 

result, certain connections should be made. Some of these 

connections are imposed by the datasheets of certain 

components while the others are the result of desired circuit 

functionality.  

  

 

The PIC16F877A needs frequency in order to operate, thus the 

crystal will provide the PIC with a frequency equal to 16 MHz   

5.3.2 The Main Components  

5.3.2.1 Use of 16 MHz Crystal 

Oscillator  
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The PIC16F877A requires a voltage of 5V in order to operate, 

but since we only have a 24V DC supply we need a regulator 

LM7805 to provide the PIC with the required 5V. However, we 

cannot directly connect the 24 V to the regulator because it 

cannot handle such a high voltage. Therefore, we connect a 

resistor, between the regulator and the 24VDC, for voltage 

drop. The value of this resistor is chosen upon testing so that 

the input to this regulator is around 12V.  

A 330μF capacitor is also connected between one terminal of 

the resistor and the ground to prevent a direct application of 

voltage to the regulator; instead it provides a soft starting.  

  

 

 

The DC motors of the wheelchair should be able to operate in 
both rotational directions  

(Clockwise and counter clockwise). Therefore, we need two 

PWM signals for each H Bridge to control the direction. The 

following table shows how the inputs of the H-Bridge affect the 

direction of rotation of the motors:  

 

H-bridge Input 1  H-bridge Input 2  Direction of Rotation  

PWM  0  Clockwise  

0  PWM  Counter Clockwise  

Table5.4: H-Bridge inputs and direction of rotation 

5.3.2.2 Use of Regulator 

Oscillator  

5.3.2.3 AND Gate 

Oscillator  
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However, the microcontroller that we are using (PIC16F877A) 

can only generate two PWM signals (one for each motor). 

Therefore, in order to be able to change the direction of 

rotation and still use only one PIC16F877A for both motors, 

AND gates should be used. For each H-Bridge, two AND gates 

are needed: the PWM signal for that H-Bridge  

(Motor) enters both AND gates as the first input. The second 

input is the “clockwise” and “counter clockwise” bits to AND 

gate #1 and #2 respectively. The following figure shows 

clearly the diagram of the AND gates: PWM 

 

 

 

 

 

 
Figure 5.5: AND Gate conceptual operation 

 

 

Clockwise  Counter 

Clockwise  

Output1  Output2  

1  0  PWM  0  

0  1  0  PWM  

Table 5.5:  Summary Table of AND Gate 

 

In this way, the PWM enters only one of the inputs of the H-

bridge while the other input is zero. This will cause the motor 

to rotate clockwise or counter clockwise depending on the 

  Clockwise  Output 1  

C
c

Output 2  

#1  

#2  
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relative bits 

 

 

 

 

In this H Bridge, three types of capacitors were used while each 

type was performing a different task.   

 

• Back up Capacitors 

Each time the DC motor turns ON or OFF, an instantly drop of 

voltage power outage may occur in the batteries. The 

capacitor, like the battery, can be continuously trickle 

charged until power delivery is needed.  

Immediately upon power outage, two 10000 μF chemical 

capacitors connected in parallel with the battery will deliver the 

back-up power to the DC motor. Once operating, the battery 

can deliver uninterrupted power to the DC motor and the 

capacitors can be idled.   

 

• Ceramic Capacitors  

Ceramic capacitors are small in size and value, ranging from a 
few Pico Farads to 1 µF.  

Not polarized, so either end can go to ground.   

 

Figure 5.6: Ceramic capacitors  

5.3.2.4 Types of Capacitors Used 
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These capacitors are used because the DC Motor generates a 

lot of “noise” from the brushes that are used to turn the motor. 

There is also a large amount of voltage spikes that are 

generated in controlling the motor because when the coils of 

the DC motor receive 24 V from the battery, they send high 

frequency parasites, and thus a need for ceramic capacitors is a 

must since these capacitors are high frequency filters.   

Ceramic capacitors are placed in parallel with the back up 

capacitors as well as right at the output of the regulator so 

that the parasite is not transmitted throughout the circuit.   

 

 

 

• Chemical Capacitors  

These capacitors are polarized and care should be taken while 

placing them in the circuit. If they are connected incorrectly 

they can be damaged, and in some extreme cases they can 

explode.  

 

Figure 5.7: Chemical capacitors  

 

This type of capacitor is used as a filter to bypass low frequency 
signals 
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Chapter 6 

 

Programs used in project 
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This program is used for programming the pic microcontroller 

by c – language. Allow you do any program by the meaning of 

c-language.  Output program in appendix B. 

 

 

It’s used for programming the microcontroller by a relative new 

language called flow code (very similar to the flow chart) . flow 

code is very easy , fast learning  and can make complex 

program in short time . Output program in appendix B. 

 

 

 

This is a simulation program we used it to simulate our circuit 

and make sure that circuit works well and give the required 

output. 

Figure 6.1: proteus simulation 

6.1 Mikroc – program 

6.2 Flow code - program  

6.3 proteus - program  
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We used this program to make the PCB circuit for our project  

 

 
Figure 6.2: Eagle program diagram  

 

 

 

6.4 Eagle - program 
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Figure 6.3: PCB  

 

 
This program is used to design the mechanical parts and 

matching them. 

 
Figure 6.4.1: solid work program output 

6.5 Solid work - program 
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Figure 6.4.2: solid work program practical output 
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Appendix A 

 

Components datasheet 
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PIC16F87XA Data Sheet 
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5V Regulator Datasheet 
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12V Regulator Datasheet 
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Driver Datasheet "MOSFET" 
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DUAL FULL-BRIDGE DRIVER"L298" Data sheet 
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AND Gate Datasheet 
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Appendix B 

Codes 
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Flow code program 

code 
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Macros. 

1. Down 
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2. Up 
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Mikroc program code 
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