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Abstract— DC geared or non-geared motors are the most 
commonly and widely used motors in robotics and various other 
applications due to their low cost easy mode of usage. 

DC motors have one major drawback i.e. they have very high 
inertia due to which they do not stop immediately even after 
supply is cut-off, rather their speed decreases gradually and then 
they stop. This makes them very inaccurate at the time of 
stopping.  

For example: Let say a robotic arm employs a dc motor for its 
movement and we have to move it to 90 degrees downward. 
When we cut off the supply at 90 degrees the motor does not 
stops there, it stops after moving to 120 degrees or more 
depending upon the inertia, torque and load on the motor. 

This is a common problem in DC motors and needs to be 
rectified. So, to rectify this problem we have designed a circuit. 
This circuit will reduce the problem of inertia in DC motors to a 
great extent. This circuit can be used in two different ways with 
some minor variations, one for autonomous control and other for 
manual control 
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robotic automation; 

I. INTRODUCTION 
If electrical energy is supplied to a conductor lying 

perpendicular to a magnetic field, the interaction of current 
flowing in the conductor and the magnetic field will produce 
mechanical force (and therefore, mechanical energy).There are 
two conditions which are necessary to produce a force on the 
conductor. The conductor must be carrying current, and must 
be within a magnetic field. When these two conditions exist, a 
force will be applied to the conductor, which will attempt to 
move the conductor in a direction perpendicular to the 
magnetic field. This is the basic theory by which all DC 
motors operate.  

The force exerted upon the conductor can be expressed as 
follows.  

F= B i l 

Where B is the density of the magnetic field, lis the length 
of conductor, and ithe value of current flowing in the 
conductor. The direction of motion can be found using 
Fleming’s Left Hand Rule.  

 

Fleming’s Left Hand Rule  

The first finger points in the direction of the magnetic 
field (first - field), which goes from the North Pole to the 
South Pole. The second finger points in the direction of the 
current in the wire (second - current). The thumb then points 
in the direction the wire is thrust or pushed while in the 
magnetic field (thumb - torque or thrust). 

II. PRINCIPLE OF OPERATION 
Consider a coil in a magnetic field of flux density B. 

When the two ends of the coil are connected across a DC 
voltage source, current I flows through it. A force is exerted 
on the coil as a result of the interaction of magnetic field and 
electric current. The force on the two sides of the coil is such 
that the coil starts to move in the direction of force.  

Torque production in a DC motor  

In an actual DC motor, several such coils are wound on 
the rotor, all of which experience force, resulting in rotation. 
The greater the current in the wire, or the greater the magnetic 
field, the faster the wire moves because of the greater force 
created.  

At the same time this torque is being produced, the 
conductors are moving in a magnetic field. At different 
positions, the flux linked with it changes, which causes an emf 
to be induced.  This voltage is in opposition to the voltage that 
causes current flow through the conductor and is referred to as 
a counter-voltage or back emf.  

Induced voltage in the armature winding of DC motor  

The value of current flowing through the armature is 
dependent upon the difference between the applied voltage 
and this counter-voltage. The current due to this counter-
voltage tends to oppose the very cause for its production 
according to Lenz’s law. It results in the rotor slowing down.  

 Torque Developed  

The equation for torque developed in a DC motor can be 
derived as follows.  

The force on one coil of wire F= i l x B Newton  

Therefore the torque for a multi turn coil with an armature 
current of Ia:  
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T = K I a  

Where the flux/pole in Webber, K is is a constant 
depending on coil geometry, and the current flowing in the 
armature winding.  

Note: Torque T is a function of force and the distance, 
equation (2) lumps all the constant parameters (e.g. length, 
area and distance) in constant K.  

The mechanical power generated is the product of the 
machine torque and the mechanical speed of rotation,  

Or, Pm= Mt 

It is interesting to note that the same DC machine can be 
used either as a motor or as a generator, by reversing the 
terminal connections.  

Reversibility of a DC machine  

 Induced Counter-voltage (Back emf):  

Due to the rotation of this coil in the magnetic field, the 
flux linked with it changes at different positions, which causes 
an emf to be induced as shown in figure).  

The induced emf in a single coil, e = dc /dt 

Since the flux linking the coil, c= Sin t 

Induced voltage: e = Cos t 

 

III. WORKING PRINCIPLE 
While working with DC motors it was found out that they 

generate good amount of e.m.f when they are in motion. This 
generation of e.m.f could be controlled (minimized) and the 
motor can be stopped immediately. This would make the DC 
motors highly accurate.  

The detailed description and schematics of the circuit are 
given below with required components. 

1. Microcontroller  (ATMEGA 16) 

2. Motor Driver (L298N) 

3. BJT (TIP41) 

4. Variable Resistance(1k) 

5. Relay (SPST, 12 v) 

6. DC Moto 

7. AUTONOMOUS CONTROL 
Block Diagram 
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CIRCUIT DIGRAM 

 
 

IV. DESCRIPTION 
The working of this circuit is very simple. The motor is 

connected to the microcontroller through the motor driver and 
a BJT (npn) is used for switching the relay. Both the terminals 
of the motor are shorted when the relay is energized.   When 
logic HIGH (“1”) is given from the microcontroller to the base 
of BJT then the relay shorts the two terminals of the motor due 
to which the e.m.f  generated by the motor during its motion is 
discharged against its own terminals and the motor stops 
instantly. 

V. CAUTION 
Before locking the motor the supply to the motor should 

be cut-off. 

Before starting the motor again the lock must be released 
by giving logic low (“0”) from the microcontroller at the base 
of BJT 

VI. MANUAL CONTROL 
This circuit employs a DPDT relay which acts as two 

relays switching at the same time. One terminal of the motor is 
connected to the NO 2 pin of the relay. The other terminal of 
the motor is connected to the positive terminal of the battery 
through the diode in forward bias operation (i.e. it allows the 
current to flow to the motor but restricts the e.m.f from the 
motor). The negative terminal of the battery is connected to 
the SW2 pin of the relay. The two terminals of the motor are 
shorted using SW1 and NC1 pins of the relay. The motor and 
the relay are energized from the same source. 

Initially, the terminals of the motor are shorted using SW1 
and NC1 pins of the relay. When supply is given to the relay, 
SW1 and NC1 get open, and SW2 and NO2 gets connected. 
Now, the circuit gets completed and the motor starts running. 
Again, when the supply is cut off, the two terminals of the 
motor gets shorted and it stops instantly 
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VII. PERFORMANCE ANALYSIS 
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Without Stopping  mechanism 

OBSERVAT
ION No. 

MO
TOR 

ON 
TIME 
(ms) 

R.P.
M 

VOLTA
GE 

(volts) 

LOAD 
(grams) 

INITIAL 
ANGLE 
(degrees) 

FINAL 
ANGLE 
(degrees) 

DEVIATIO
N 

1. 500 10 12 400 0 25 25 
2. 500 10 12 400 25 81 56 
3. 500 10 12 400 81 159 78 
4. 500 10 12 400 159 180 21 

OBS
ERVAT
ION No. 

MOT
OR 

ON 
TIME 

(ms) 

R.P
.M 

VO
LTAG

E 
(v

olts) 

LOA
D 
(gra

ms) 

INITI
AL 

ANGLE 
(degre
es) 

FINAL 
ANGLE 

(degree
s) 

DEVIATI
ON 

1. 500 10 12 400 0 4 4 
2. 500 10 12 400 4 8 4 
3. 500 10 12 400 8 12 4 
4. 500 10 12 400 12 17 5 
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VIII. CONCLUSION 
From the above performance analysis we can conclude that 

after applying this mechanism the accuracy and precision of 
the DC motor are improved to a great extent. After applying 
this mechanism the motor shows almost linear behavior. 

REFERENCES 
[1] Atul Kumar Dewangan, Nibbedita Chakraborty, Sashi ShuklaVinod 

Yadu,“ PWM Based Automatic Closed Loop Speed Controlof DC 
Motor” International Journal of Engineering Trends andTechnology- 
Volume3Issue2- 2012. 

[2] Jeetender Singh Chauhan, Sunil Semwal, International Journal 
ofEngineering Research and Applications. „„Microcontroller 
BasedSpeed Control of DC Geared Motor Through RS-232 Interface 
With PC” Vol. 3, Issue 1, January -February 2013. 

[3] Hamid Saeed Khan, Muhammad Bilal Kadri, „„DC Motor SpeedControl 
by Embedded PI Controller with Hardware-in-loopSimulation”, 
Electronics and Power Engineering Department, PNEngineering 
College.2013. 

[4] Manuel Guerreiro, Daniel Foito,“A MicrocontrollerSensor-less 
SpeedControl of a Direct Current Motor”2007. 

[5] Y. S. E. Ali, S. B. M. Noor, S. M. Uashi and M. K 
Hassan.Microcontroller Performance for DC MotorSpeedControl 
System”National Power and Energy Conference (PECon) 
2003Proceedings, Bangi, Malaysia 

[6] Vadim I. Utkin, ”Sliding mode control design principles 
and\applicationsto electric drives”, IEEE Transactions On 
IndustrialElectronics, Vol. 40,No. 1, pp. 23-36, February 1993. 

[7] John Y. Hung, WeibingGao, James C. Hung, “Variable 
structurecontrol:a survey”, IEEE Transactions On Industrial 
Electronics,Vol.40, No. 1,pp. 2-22, February 1993. 

[8] A. Cordeiro, D. Foito, M. Guerreiro, “A sensorless speed 
controlSystemfor an electric vehicle without mechanical 
differentialgear” IEEEMELECON 2006, May 16-19, 
Benalmádena(Málaga), Spain pp. 1174-1177. 

[9] Gopal K. Dubey, “Fundamentals of Electric Drives”,.NarosaPublishing 
House New Delhi,19 

[10] Krishnan and Thadiappan, "Speed Control of DC Motor UsingThyristor 
0",,1 Converter," IEEE TrOllS., Vol, T-IECI, pp, 391399, Nov. 1976. 

 

 


