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5.3 SPEED CONTROL OF DC SHUNT MOTOR  

Where, Va is the voltage applied across the armature, N is the rotor speed and φ is 

the flux per pole and is proportional to the field current If. As explained earlier, armature 

current Ia is decided by the mechanical load present on the shaft. Therefore, by varying Va 

and If we can vary n. For fixed supply voltage and the motor connected as shunt we can 

vary Va by controlling an external resistance connected in series with the armature. If of 

course can be varied by controlling external field resistance Rf connected with the field 

circuit. Thus for. shunt motor we have essentially two methods for controlling speed, 

namely by: 

1. Varying Armature Resistance 

2. Varying Field Resistance 

Speed Control by Varying Armature Resistance 

The inherent armature resistance Ra being small, speed n versus armature current 

(Ia) characteristic will be a straight line with a small negative slope as shown in figure 

 

Figure 5.3.1 Speed Vs Armature Current 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 376] 
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Figure 5.3.2 Speed Vs Torque 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 377] 

Note that for shunt motor voltage applied to the field and armature circuit are same 

and equal to the supply voltage V. However, as the motor is loaded, Ia Ra drop increase 

making speed a little less than the no load speed n0. For a well designed shunt motor this 

drop in speed is small and about 3 to 5% with respect to no load speed. This drop in 

speed from no load to full load condition expressed as a percentage of no load speed is 

called the inherent speed regulation of the motor. It is for this reason, a d.c shunt motor is 

said to be practically a constant speed motor since speed drops by a small amount from 

no load to full load condition. 

From these characteristic it can be explained how speed control is achieved. Let us 

assume that the load torque TL is constant and field current is also kept constant. 

Therefore, since steady state operation demands Te = TL, Te= kIaφ too will remain 

constant; which means Ia will not change. Suppose Rest = 0, then at rated load torque, 

operating point will be at C and motor speed will be n. If additional resistance rext1 is 

introduced in the armature circuit, new steady state operating speed will be n1 

corresponding to the operating point D. 

This same load torque is supplied at various speed. Variation of the speed is smooth 

and speed will decrease smoothly if Rest is increased. Obviously, this method is suitable 
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for controlling speed below the base speed and for supplying constant rated load torque 

which ensures rated armature current always. Although, this method provides smooth 

wide range speed control (from base speed down to zero speed), has a serious draw back 

since energy loss takes place in the external resistance Rest reducing the efficiency of the 

motor. 

Speed Control by Varying Field Current 

In this method field circuit resistance is varied to control the speed of a d.c shunt 

motor. Let us rewrite .the basic equation to understand the method. 

If flux φ will change, hence speed will vary. To change If an external resistance is 

connected in series with the field windings. The field coil produces rated flux when no 

external resistance is connected and rated voltage is applied across field coil. 

 It should be understood that we can only decrease flux from its rated value by 

adding external resistance. Thus the speed of the motor will rise as we decrease the field 

current and speed control above the base speed will be achieved. Speed versus armature 

current characteristic is shown in figure for two flux values φ and φ1. Since φ1<φ, the no 

load speed no' for flux value φ1 is more than the no load speed no corresponding to φ. 

However, this method will not be suitable for constant load torque .To make this 

point clear, let us assume that the load torque is constant at rated value. So from the initial 

steady condition, we have TL rated=Ta1= k=Ia rated .If load torque remains constant and 

flux is reduced to φ1, new armature current in the steady state is obtained from kI a1=TL 

rated . Therefore new armature current is but this fraction is less than 1. Hence new 

armature current will be greater than the rated armature current and the motor will be 

overloaded. This method therefore, will be suitable for a load whose torque demand 

decreases with the rise in speed keeping the output power constant as shown in figure. 

Obviously this method is based on flux weakening of the main field. 
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Figure 5.3.3 Constant Torque Power operation 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 379] 

 

Starting of DC Motors 

The speed of the machine has to be increased from zero and brought to the 

operating speed. This is called starting of the motor. The operating speed itself should be 

varied as per the requirements of the load. This is called speed control. Finally, the 

running machine has to be brought to rest, by decelerating the same. This is called braking. 

At the instant of starting, rotor speed n = 0, hence starting armature current is Ist=V/ra. 

Since, armature resistance is quite small, starting current may be quite high (many times 

larger than the rated current). A large machine, characterized by large rotor inertia (J), will 

pick up speed rather slowly. Thus the level of high starting current may be maintained for 

quite some time so as to cause serious damage to the brush/commutator and to the 

armature winding. Also the source should be capable of supplying this burst of large 

current. The other loads already connected to the same source, would experience a dip in 

the terminal voltage, every time a D.C motor is attempted to start with full voltage. This 

dip in supply voltage is caused due to sudden rise in voltage drop in the source's internal 

resistance. The duration for which this drop in voltage will persist once again depends on 
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inertia of the motor. Hence, for small D.C motors extra precaution may not be necessary 

during starting as large starting current will very quickly die down because of fast rise in 

the back emf. However, for large motor, a starter is to be used during starting. 

A simple starter to limit the starting current, a suitable external resistance R is 

connected in series, as shown in the figure, with the armature so that Ist=V/(R+ra) At the 

time of starting, to have sufficient starting torque, field current is maximized by keeping 

external field resistance Rf to zero value. As the motor picks up speed,the value of R is 

gradually decreased to zero so that during running no external resistance remains in the 

armature circuit. But each time one has to restart the motor, the external armature 

resistance must be set to maximum value by moving the jockey manually. Now if the 

supply goes off, motor will come to a stop. All on a sudden, let us imagine, supply is 

restored.  

This is then nothing but full voltage starting. In other words, one should be 

constantly alert to set the resistance to maximum value whenever the motor comes to a 

stop. This is one major limitation of a simple rheostatic starter 

 

 

Figure 5.3.4 Starting using External resistance 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 381] 
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Three Point Starter 

 

Figure 5.3.5 Three Point Starter 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 381] 

 

A “3-point starter” is extensively used to start a D.C shunt motor. It not only 

overcomes the difficulty of a plain resistance starter, but also provides additional 

protective features such as over load protection and no volt protection. The diagram of a 

3-point starter connected to a shunt motor is shown in figure. Although, the circuit looks 

a bit clumsy at a first glance, the basic working principle is same as that of plain resistance 

starter. The starter is shown enclosed within the dotted rectangular box having three 

terminals marked as A, L and F for external connections. Terminal A is connected to one 

armature terminal Al of the motor. Terminal F is connected to one field terminal F1 of the 

motor and terminal L is connected to one supply terminal as shown. F2 terminal of field 

coil is connected to A2 through an external variable field resistance and the common 

point connected to supply (-ve). The external armatures resistances consist of several 
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resistances connected in series and are shown in the form of an arc. The junctions of 

the resistances are brought out as terminals and marked. Just beneath the resistances, a 

continuous copper strip also in the form of an arc is present ,There is a handle which can 

be moved in the clockwise direction against the spring tension. The spring tension keeps 

the handle in the OFF position when no one attempts to move it. Now let us trace the 

circuit from terminal L (supply + ve). The wire from L passes through a small electro 

magnet called OLRC, (the function of which we shall discuss a little later) and enters 

through the handle shown by dashed lines. Near the end of the handle two copper strips 

are firmly connected with the wire. 

The furthest strip is shown circular shaped and the other strip is shown to be 

rectangular. When the handle is moved to the right, the circular strip of the handle will 

make contacts with resistance terminals 1, 2 etc. Progressively. On the other hand, the 

rectangular strip will make contact with the continuous arc copper strip. The other end of 

this strip is brought as terminal F after going through an electromagnet coil (called 

NVRC). Terminal F is finally connected to motor field terminal Fl. 

Working Principle 

In the operation of the starter, initially the handle is in the OFF position. Neither 

armature nor the field of the motor gets supply. Now the handle is moved to stud number 

1. In this position armature and all the resistances in series gets connected to the supply. 

Field coil gets full supply as the rectangular strip makes contact with arc copper strip. As 

the machine picks up speed handle is moved further to stud number 2. In this position the 

external resistance in the armature circuit is less as the first resistance is left out. Field 

however, continues to get full voltage by virtue of the continuous arc strip. Continuing in 

this way, all resistances will be left out when stud number 12 (ON) is reached. In this 

position, the electromagnet (NVRC) will attract the soft iron piece attached to the handle. 

Even if the operator removes his hand from the handle, it will still remain in the ON 

position as spring restoring force will be balanced by the force of attraction between 
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NVRC and the soft iron piece of the handle. The no volt release coil (NVRC) carries 

same current as that of the field coil. In case supply voltage goes off, field coil current 

will decrease to zero. Hence NVRC will be de-energized and will not be able to exert any 

force on the soft iron piece of the handle. Restoring force of the spring will bring the 

handle back in the OFF position. 

The starter also provides over load protection for the motor. The other 

electromagnet, OLRC overload release coil along with a soft iron piece kept under it, is 

used to achieve this. The current flowing through OLRC is the line current IL drawn by 

the motor. As the motor is loaded, Ia hence IL increases. Therefore, IL is a measure of 

loading of the motor. This upward movement of the iron piece of OLRC is utilized to de-

energize NVRC. To the iron a copper strip is attached. During over loading condition, 

this copper strip will also move up and put a short circuit between two terminals B and C. 

Carefully note that B and C are nothing but the two ends of the NVRC. In other words, 

when over load occurs a short circuit path is created across the NVRC. Hence NVRC will 

not carry any current now and gets de-energized. The moment it gets de-energized, 

spring action will bring the handle in the OFF position thereby disconnecting the motor 

from the supply. Three point starter has one disadvantage. If we want to run the machine 

at higher speed (above rated speed) by field weakening (i.e., by reducing field current), the 

strength of NVRC magnet may become so weak that it will fail to hold the handle in the 

ON position and the spring action will bring it back in the OFF position. Thus we find that 

a false disconnection of the motor takes place even when there is neither over load nor 

any sudden disruption of supply.   
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Four Point Starter 

 

 

Figure 5.3.6 Four Point Starter 

[Source: “‘Electric Machinery Fundamentals” by Stephen J. Chapman, Page: 383] 

 

A 4 point starter protects the armature of a DC shunt motor or compound wound DC 

motor against the initially high starting current of the DC motor.The 4 point starter has a 

lot of constructional and functional similarity to a 3 point starter, but this special device 

has an additional point and coil in its construction (as the name suggests). This brings 

about some difference in its functionality, though the basic operational characteristic 

remains the same. The basic difference in the circuit of a 4 point starter as compared to 3 

point starter is that the holding coil is removed from the shunt field current and is 

connected directly across the line with current limiting resistance in series. 

 

https://www.electrical4u.com/shunt-wound-dc-motor-dc-shunt-motor/
https://www.electrical4u.com/compound-wound-dc-motor-or-dc-compound-motor/
https://www.electrical4u.com/compound-wound-dc-motor-or-dc-compound-motor/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/dc-motor-or-direct-current-motor/
https://www.electrical4u.com/3-point-starter-working-principle-and-construction-of-three-point-starter/
https://www.electrical4u.com/resistances-in-series-and-resistances-in-parallel/
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A 4 point starter as the name suggests has 4 main operational points, namely 

1. ‘L’ Line terminal (Connected to positive of supply.) 

2. ‘A’ Armature terminal (Connected to the armature winding.) 

3. ‘F’ Field terminal. (Connected to the field winding.) 

4. Like in the case of the 3 point starter, and in addition to it there is, 

A 4th point N (Connected to the No Voltage Coil NVC) 

 The remarkable difference in case of a 4 point starter is that the No Voltage Coil is 

connected independently across the supply through the fourth terminal called ‘N’ in 

addition to the ‘L’, ‘F’ and ‘A’. As a direct consequence of that, any change in the field 

supply current does not bring about any difference in the performance of the NVC. Thus 

it must be ensured that no voltage coil always produce a force which is strong enough to 

hold the handle in its ‘RUN’ position, against the force of the spring, under all the 

operational conditions. Such a current is adjusted through No Voltage Coil with the help 

of fixed resistance R connected in series with the NVC using fourth point ‘N’ as shown in 

the figure above. 

 Apart from this above mentioned fact, the 4 point and 3 point starters are similar in 

all other ways like possessing is a variable resistance, integrated into number of sections as 

shown in the figure above. The contact points of these sections are called studs and are 

shown separately as OFF, 1, 2, 3, 4, 5, RUN, over which the handle is free to be 

maneuvered manually to regulate the starting current with gathering speed. 

Now to understand its way of operating let’s have a closer look at the diagram given 

above. Considering that supply is given and the handle is taken stud No.1, then the circuit 

is complete and the line current that starts flowing through the starter. In this situation we 

can see that the current will be divided into 3 parts, flowing through 3 different points. 

1. 1 part flows through the starting resistance (R1+ R2 + R3…..) and then to the 

armature. 

2. A 2
nd

 part flowing through the field winding F. 

https://www.electrical4u.com/armature-winding-pole-pitch-coil-span-commutator-pitch/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
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3. And a 3
rd

 part flowing through the no voltage coil in series with the protective 

resistance R. 

So the point to be noted here is that with this particular arrangement any change in 

the shunt field circuit does not bring about any change in the no voltage coil as the two 

circuits are independent of each other. 

This essentially means that the electromagnet pull subjected upon the soft iron bar of 

the handle by the no voltage coil at all points of time should be high enough to keep the 

handle at its RUN position, or rather prevent the spring force from restoring the handle at 

its original OFF position, irrespective of how the field rheostat is adjusted. 

 

 

 

 

 

 

 

 

 

 

 

 


