Electromechanical Energy Conversion-I                                           Unit-II

Unit-II
Types of DC Generators
Generally DC generators are classified according to the ways of excitation of their fields. There are three methods of excitation.
1. Field coils excited by permanent magnets – Permanent magnet DC generators.
2. Field coils excited by some external source – Separately excited DC generators.
3. Field coils excited by the generator itself – Self excited DC generators.
A brief description of these type of generators are given below. 
Permanent Magnet DC Generator
[image: permanent magnet dc generat]
When the flux in the magnetic circuit is established by the help of permanent magnets then it is known as Permanent magnet DC generator.
It consists of an armature and one or several permanent magnets situated around the armature. This type of DC generators generates very low power. So, they are rarely found in industrial applications. They are normally used in small applications like dynamos in motor cycles. 
Separately Excited DC Generator
These are the generators whose field magnets are energized by some external DC source such as battery.
A circuit diagram of separately excited DC generator is shown in figure.
Ia = Armature current
IL = Load current
V = Terminal voltage
Eg = Generated emf [image: separately excited dc generator]Voltage drop in the armature = Ia × Ra (R/sub>a is the armature resistance)
Let, [image: https://www.electrical4u.com/images/2017/may/1496206675.PNG]Then, 
[image: https://www.electrical4u.com/images/2017/may/1496206887.PNG]
Power generated, [image: https://www.electrical4u.com/images/2017/may/1496207004.PNG]
Power delivered to the external load, [image: https://www.electrical4u.com/images/2017/may/1496207053.PNG]
Self-excited DC Generators
These are the generators whose field magnets are energized by the current supplied by themselves. In these type of machines field coils are internally connected with the armature. Due to residual magnetism some flux is always present in the poles. When the armature is rotated some emf is induced. Hence some induced current is produced. This small current flows through the field coil as well as the load and thereby strengthening the pole flux. As the pole flux strengthened, it will produce more armature emf, which cause further increase of current through the field. This increased field current further raises armature emf and this cumulative phenomenon continues until the excitation reaches to the rated value.
According to the position of the field coils the self-excited DC generators may be classified as… 
1. Series wound generators
2. Shunt wound generators
3. Compound wound generators

Series Wound Generator
In these type of generators, the field windings are connected in series with armature conductors as shown in figure below. So, whole current flows through the field coils as well as the load. As series field winding carries full load current it is designed with relatively few turns of thick wire. The electrical resistance of series field winding is therefore very low (nearly 0.5Ω ). Let,

Rsc = Series winding resistance
Isc = Current flowing through the series field
Ra = Armature resistance
Ia = Armature current
IL = Load current
V = Terminal voltage
Eg = Generated emf [image: Series Wound DC Generator]
Then, [image: https://www.electrical4u.com/images/2017/may/1496207234.PNG]
Voltage across the load, [image: https://www.electrical4u.com/images/2017/may/1496207338.PNG]
Power generated, [image: https://www.electrical4u.com/images/2017/may/1496207405.PNG]
Power delivered to the load, [image: https://www.electrical4u.com/images/2017/may/1496207462.PNG]


Shunt Wound DC Generators
In these type of DC generators the field windings are connected in parallel with armature conductors as shown in figure below. In shunt wound generators the voltage in the field winding is same as the voltage across the terminal. Let, 
Rsh = Shunt winding resistance
Ish = Current flowing through the shunt field 
Ra = Armature resistance
Ia = Armature current
IL = Load current
V = Terminal voltage
Eg = Generated emf [image: shunt wound dc generator]Here armature current Ia is dividing in two parts, one is shunt field current Ish and another is load current IL.
So, [image: https://www.electrical4u.com/images/2017/may/1496207826.PNG]
The effective power across the load will be maximum when IL will be maximum. So, it is required to keep shunt field current as small as possible. For this purpose the resistance of the shunt field winding generally kept high (100 Ω) and large no of turns are used for the desired emf.
Shunt field current, [image: https://www.electrical4u.com/images/2017/may/1496207932.PNG]
Voltage across the load, [image: https://www.electrical4u.com/images/2017/may/1496208011.PNG]
Power generated, [image: https://www.electrical4u.com/images/2017/may/1496208513.PNG]
Power delivered to the load, [image: https://www.electrical4u.com/images/2017/may/1496208594.PNG]
Compound Wound DC Generator
In series wound generators, the output voltage is directly proportional with load current. In shunt wound generators, output voltage is inversely proportional with load current. A combination of these two types of generators can overcome the disadvantages of both. This combination of windings is called compound wound DC generator.
Compound wound generators have both series field winding and shunt field winding. One winding is placed in series with the armature and the other is placed in parallel with the armature. This type of DC generators may be of two types- short shunt compound wound generator and long shunt compound wound generator. 
Short Shunt Compound Wound DC Generator
The generators in which only shunt field winding is in parallel with the armature winding as shown in figure. [image: short shunt compound wound generator]Series field current, [image: https://www.electrical4u.com/images/2017/may/1496210716.PNG]
Shunt field current, [image: https://www.electrical4u.com/images/2017/may/1496210817.PNG]
Armature current, [image: https://www.electrical4u.com/images/2017/may/1496207826.PNG]
Voltage across the load, [image: https://www.electrical4u.com/images/2017/may/1496210915.PNG]
Power generated, [image: https://www.electrical4u.com/images/2017/may/1496208513.PNG]
Power delivered to the load, [image: https://www.electrical4u.com/images/2017/may/1496208594.PNG]
Long Shunt Compound Wound DC Generator
The generators in which shunt field winding is in parallel with both series field and armature winding as shown in figure. [image: long shunt Compound wound generator]Shunt field current, [image: https://www.electrical4u.com/images/2017/may/1496207932.PNG]
Armature current, Ia = series field current,[image: https://www.electrical4u.com/images/2017/may/1496211206.PNG] 
Voltage across the load, [image: https://www.electrical4u.com/images/2017/may/1496211461.PNG]
Power generated, [image: https://www.electrical4u.com/images/2017/may/1496208513.PNG]
Power delivered to the load, [image: https://www.electrical4u.com/images/2017/may/1496208594.PNG]
In a compound wound generator, the shunt field is stronger than the series field. When the series field assists the shunt field, generator is said to be commutatively compound wound. On the other hand if series field opposes the shunt field, the generator is said to be differentially compound wound. 
[image: commulatively differentially compound]
Magnetization Curve of DC Generator
DC generator is that curve which gives the relation between field current and the armature terminal voltage on open circuit.
When the DC generator is driven by a prime mover then an emf is induced in the armature. The generated emf in the armature is given by an expression [image: mcdcg-1][image: mcdcg-0]is constant for a given machine.it is replaced by K in this equation.
Here,
φ is the flux per pole,
P is the no. of poles,
N is the no. of revolution made by armature per minute,
Z is the no. of armature conductors,
A is no. of parallel paths. [image: DC Generator]
Now, from the equation we can clearly see that the generated emf is directly proportional to the product of flux per pole and the speed of the armature
. [image: mcdcg-2]
If the speed is constant, then the generated emf is directly proportional to the flux per pole. 
[image: mcdcg-3]
It is obvious that, as the excitation current or field current (If) increases from its initial value, the flux and hence generated emf is increased with the field current. 
If we plot the generated voltage on the Y axis and field current on the X axis then the magnetization curve will be as shown in figure below. 
[image: magnetic curve of dc generator]
Magnetization curve of a DC generator has a great importance because it represents the saturation of the magnetic circuit. For this reason this curve is also called saturation curve.
According to the molecular theory of magnetism the molecules of a magnetic material, which is not magnetized, are not arranged or aligned in definite order. When current passed through the magnetic material then its molecules are arranged in definite order. Up to a certain value of field current the maximum molecules are arranged. In this stage the flux established in the pole increased directly with the field current and the generated voltage is also increased. Here, in this curve, point B to point C is showing this phenomena and this portion of the magnetization curve is almost a straight line. Above a certain point (point C in this curve) the nu-magnetized molecules become very fewer and it became very difficult to further increase in pole flux.This point is called saturation point. Point C is also known as the knee of the magnetization curve. A small increase in magnetism requires very large field current above the saturation point. That is why upper portion of the curve (point C to point D) is bend as shown in figure.
Magnetization curve of a DC generator does not start from zero initially. It starts from a value of generated voltage due to residual magnetism. 
Residual Magnetism
In ferromagnetic materials, the magnetic power and the generated voltage increase with the increase of the current flow through the coils. When current is reduced to zero, there is still magnetic power left in those coils core. This phenomenon is called residual magnetism. The core of a DC machine is made of ferromagnetic material.
Characteristic of Separately Excited DC Generator
In a separately excited DC generator, the field winding is excited by an external independent source. There are generally three most important characteristic of DC generator:
Magnetic or Open Circuit Characteristic of Separately Excited DC Generator
The curve which gives the relation between field current (If) and the generated voltage (E0) in the armature on no load is called magnetic or open circuit characteristic of a DC generator. The plot of this curve is practically same for all types of generators, whether they are separately excited or self-excited. This curve is also known as no load saturation characteristic curve of DC generator.
Here in this figure below we can see the variation of generated emf on no load with field current for different fixed speeds of the armature. For higher value of constant speed, the steepness of the curve is more. When the field current is zero, for the effect residual magnetism in the poles, there will be a small initial emf (OA) as show in figure. [image: magnetic or open circuit characteristic]
Let us consider a separately excited DC generator giving its no load voltage E0 for a constant field current. If there is no armature reaction and armature voltage drop in the machine then the voltage will remain constant. Therefore, if we plot the rated voltage on the Y axis and load current on the X axis then the curve will be a straight line and parallel to X-axis as shown in figure below. Here, AB line indicating the no load voltage (E0).When the generator is loaded then the voltage drops due to two main reasons-
1. Due to armature reaction,
2. Due to ohmic drop (IaRa).
Internal or Total Characteristic of Separately Excited DC Generator
The internal characteristic of the separately excited DC generator is obtained by subtracting the drops due to armature reaction from no load voltage. This curve of actually generated voltage (Eg) will be slightly dropping. Here, AC line in the diagram indicating the actually generated voltage (Eg) with respect to load current. This curve is also called total characteristic of separately excited DC generator. 
External Characteristic of Separately Excited DC Generator
The external characteristic of the separately excited DC generator is obtained by subtracting the drops due to ohmic loss (Ia Ra) in the armature from generated voltage (Eg).
Terminal voltage(V) = Eg - Ia Ra.
This curve gives the relation between the terminal voltage (V) and load current. The external characteristic curve lies below the internal characteristic curve. Here, AD line in the diagram below is indicating the change in terminal voltage(V) with increasing load current. It can be seen from figure that when load current increases then the terminal voltage decreases slightly. This decrease in terminal voltage can be maintained easily by increasing the field current and thus increasing the generated voltage. Therefore, we can get constant terminal voltage. [image: internal and external characteristic curve]
Separately excited DC generators have many advantages over self-excited DC generators. It can operate in stable condition with any field excitation and gives wide range of output voltage. The main disadvantage of these kinds of generators is that it is very expensive of providing a separate excitation source.
Characteristics of Series Wound DC Generator
In these types of generators the field windings, armature windings and external load circuit all 
are connected in series as shown in figure below. 
[image: series wound generator]
Therefore, the same current flows through armature winding, field winding and the load.
Let, I = Ia = Isc = IL
Here, Ia = armature current
Isc = series field current
IL = load current
There are generally three most important characteristics of series wound DC generator which show the relation between various quantities such as series field current or excitation current, generated voltage, terminal voltage and load current.
Magnetic or Open Circuit Characteristic of Series Wound DC Generator
The curve which shows the relation between no load voltage and the field excitation current is called magnetic or open circuit characteristic curve. As during no load, the load terminals are open circuited, there will be no field current in the field since, the armature, field and load are series connected and these three make a closed loop of circuit. So, this curve can be obtained practically be separating the field winding and exciting the DC generator by an external source. Here in the diagram below AB curve is showing the magnetic characteristic of series wound DC generator. The linearity of the curve will continue till the saturation of the poles. After that there will be no further significant change of terminal voltage of DC generator for increasing field current. Due to residual magnetism there will be a small initial voltage across the armature that is why the curve started from a point A which is a little way up to the origin O.
Internal Characteristic of Series Wound DC Generator
The internal characteristic curve gives the relation between voltage generated in the armature and the load current. This curve is obtained by subtracting the drop due to the demagnetizing effect of armature reaction from the no load voltage. So, the actual generated voltage ( Eg) will be less than the no load voltage (E0). That is why the curve is slightly dropping from the open circuit characteristic curve. Here in the diagram below OC curve is showing the internal characteristic or total characteristic of the series wound DC generator. 
External Characteristic of Series Wound DC Generator
The external characteristic curve shows the variation of terminal voltage (V) with the load current ( IL). Terminal voltage of this type of generator is obtained by subtracting the ohomic drop due to armature resistance (Ra) and series field resistance ( Rsc) from the actually generated voltage ( Eg).
Terminal voltage 
V = Eg - I(Ra + Rsc)
The external characteristic curve lies below the internal characteristic curve because the value of terminal voltage is less than the generated voltage. Here in the figure OD curve is showing the external characteristic of the series wound DC generator.
[image: characteristic curves of series wound DC generator]
It can be observed from the characteristics of series wound DC generator, that with the increase in load (load is increased when load current increases) the terminal voltage of the machine increases. But after reaching its maximum value it starts to decrease due to excessive demagnetizing effect of armature reaction. This phenomenon is shown in the figure by the dotted line. Dotted portion of the characteristic gives approximately constant current irrespective of the external load resistance. This is because if load is increased, the field current is increased as field is series connected with load. Similarly if load is increased, armature current is increased as the armature is also series connected with load. But due to saturation, there will be no further significance raise of magnetic field strength hence any further increase in induced voltage. But due to increased armature current, the affect of armature reaction increases significantly which causes significant fall in load voltage. If load voltage falls, the load current is also decreased proportionally since current is proportional to voltage as per Ohm’s law . So, increasing load, tends to increase the load current, but decreasing load voltage, tends to decrease load current. Due these two simultaneous effects, there will be no significant change in load current in dotted portion of external characteristics of series wound DC generator. That is why series DC generator is called constant current DC generator.
Characteristic of Shunt Wound DC Generator
In shunt wound DC generators the field windings are connected in parallel with armature conductors as shown in figure below. In these type of generators the armature current Ia divides in two parts. One part is the shunt field current Ish flows through shunt field winding and the other part is the load current IL goes through the external load.
[image:  ] 
[image: shunt wound generator]
Three most important characteristic of shunt wound dc generators are discussed below:
Magnetic or Open Circuit Characteristic of Shunt Wound DC Generator
This curve is drawn between shunt field current(Ish) and the no load voltage (E0). For a given excitation current or field current, the emf generated at no load E0 varies in proportionally with the rotational speed of the armature. Here in the diagram the magnetic characteristic curve for various speeds are drawn.
Due to residual magnetism the curves start from a point A slightly up from the origin O. The upper portions of the curves are bend due to saturation. The external load resistance of the machine needs to be maintained greater than its critical value otherwise the machine will not excite or will stop running if it is already in motion. AB, AC and AD are the slops which give critical resistances at speeds N1, N2 and N3. Here, N1 > N2 > N3.
Critical Load Resistance of Shunt Wound DC Generator
This is the minimum external load resistance which is required to excite the shunt wound generator. 
[image: magnetic or open circuit characteristic]
Internal Characteristic of Shunt Wound DC Generator
The internal characteristic curve represents the relation between the generated voltage Eg and the load current IL. When the generator is loaded then the generated voltage is decreased due to armature reaction. So, generated voltage will be lower than the emf generated at no load. Here in the figure below AD curve is showing the no load voltage curve and AB is the internal characteristic curve.
External Characteristic of Shunt Wound DC Generator
AC curve is showing the external characteristic of the shunt wound DC generator. It is showing the variation of terminal voltage with the load current. Ohmic drop due to armature resistance gives lesser terminal voltage the generated voltage. That is why the curve lies below the internal characteristic curve. 
[image:  ]
The terminal voltage can always be maintained constant by adjusting the of the load terminal. 
[image: external charateristics of shunt dc generator]

When the load resistance of a shunt wound DC generator is decreased, then load current of the generator increased as shown in above figure. But the load current can be increased to a certain limit with (upto point C) the decrease of load resistance. Beyond this point, it shows a reversal in the characteristic. Any decrease of load resistance, results in current reduction and consequently, the external characteristic curve turns back as shown in the dotted line and ultimately the terminal voltage becomes zero. Though there is some voltage due to residual magnetism.
We know, Terminal voltage 
[image:  ]
Now, when IL increased, then terminal voltage decreased. After a certain limit, due to heavy load current and increased ohmic drop, the terminal voltage is reduced drastically. This drastic reduction of terminal voltage across the load, results the drop in the load current although at that time load is high or load resistance is low. That is why the load resistance of the machine must be maintained properly. The point in which the machine gives maximum current output is called breakdown point (point C in the picture).
Characteristic of DC Compound Wound Generators
In compound wound DC generators both the field windings are combined (series and shunt). This type of generators can be used as either long shunt or short shunt compound wound generators as shown in the diagram below. In both the cases the external characteristic of the generator will be nearly same. The compound wound generators may be cumulatively compounded or differentially compounded (discussed earlier in the type of generators). Differentially compound wound generators are very rarely used. So, here we mainly concentrate upon the characteristic of cumulatively compound wound generators.

[image: short shunt dc generator]

We all know that, in series wound DC generators, the output voltage is directly proportional with load current and in shunt wound DC generators, output voltage is inversely proportional with load current. The electric current in the shunt field winding produces a flux which causes a fall in terminal voltage due to armature reaction and ohmic drop in the circuit. But the electric current in the series field also produces a flux which opposes the shunt field flux and compensate the drop in the terminal voltage and try to operate the machine at constant voltage.

[image: long shunt dc generator]

The combination of a series generator and a shunt generator gives the characteristic of a cumulative compound wound generator.
At no load condition there is no electric current in the series field because the load terminals are open circuited. But the shunt field electric current helps to produce field flux and excite the machine. When the dc generator supplies load, the load current increases and electric current flows through the series field. Therefore, series field also provides some field flux and emf is also increased. The voltage drop in the shunt machine is therefore compensated by the voltage rise in the series machine. 
External characteristic of DC compound wound generator is drawn between the terminal voltage and the load current.By adjusting the no. of amp-turns in the series field winding we can get following external characteristics:
1. If the series turns are so adjusted that with the increase in load current the terminal voltage also increases, then the generator is called over compounded. The curve AB in the figure showing this characteristic. When the load current increases then the flux provides by the series field also increases. It gives the additional generated voltage. If the increase in generated voltage is greater than the voltage drops due to armature reaction and ohmic drop then, terminal voltage of the generator is increased.
2. If the series turns are so adjusted that with the increase in load current the terminal voltage remains constant, then the generator is called flat compounded. The curve AC in the figure showing this characteristic. When the load current increases then the flux provides by the series field also increases and gives the additional generated voltage. If the increase in generated voltage is equal to the voltage drops due to armature reaction and ohmic drop then, rated terminal voltage of the generator remains same as no load voltage.
3. If the series field winding has lesser no. of turns then the rated terminal voltage becomes less than the no load voltage, then the generator is called under compounded. Because, the increase in generated voltage is lesser than the voltage drops due to armature reaction and ohmic drop. Curve AD in the figure is showing this characteristic.

[image: characteristics of dc compound generatoro]
Characteristics of DC Compound Generator
For small distance operation the flat compounded generators are generally used because the length of the feeder is negligible. But to maintain constant voltage over a long period, the over compounded generators are used. It works as a generator and a booster (boost the terminal voltage).
Critical field resistance:
Critical Field Resistance: It is that value of the field resistance at which the D.C. shunt generator will fail to excite. 
The critical field resistance is defined as the maximum field circuit resistance (for a given speed) with which the shunt generator would excite. The shunt generator will build up voltage only if field circuit resistance is less than critical field resistance.
It is a Tangent to the Open Circuit Characteristics of the Generator(at a given speed).
Critical Speed: It is that speed for which the given shunt field resistance becomes the critical field resistance.


Commutation in DC Machine or Commutation in DC Generator or Motor
The voltage generated in the armature, placed in a rotating magnetic field, of a DC generator is alternating in nature. The commutation in DC machine or more specifically commutation in DC generator is the process in which generated alternating current in the armature winding of a dc machine is converted into direct current after going through the commutator and the stationary brushes.
Again in DC Motor, the input DC is to be converted in alternating form in armature and that is also done through commutation.
This transformation of current from the rotating armature of a DC machine to the stationary brushes needs to maintain continuously moving contact between the commutator segments and the brushes. When the armature starts to rotate, then the coils situated under one pole (let it be N pole) rotates between a positive brush and its consecutive negative brush and the current flows through this coil is in a direction inward to the commutator segments.
Then the coil is short circuited with the help of a brush for a very short fraction of time (1⁄500 sec). It is called commutation period. After this short-circuit time the armature coils rotates under S pole and rotates between a negative brush and its succeeding positive brush. Then the direction is reversed which is in the away from the commutator segments. This phenomena of the reversal of current is termed as commutation process. We get direct current from the brush terminal.
The commutation is called ideal if the commutation process or the reversal of current is completed by the end of the short circuit time or the commutation period. If the reversal of current is completed during the short circuit time then there is sparking occurs at the brush contacts and the commutator surface is damaged due to overheating and the machine is called poorly commutated.
[image: commutation in dc machine]
Physical Concept of Commutation in DC Machine
For the explanation of commutation process, let us consider a DC machine having an armature wound with ring winding. Let us also consider that the width of the commutator bar is equal to the width of the brush and current flowing through the conductor is IC. Let the commutator is moving from left to right. Then the brush will move from right to left. At the first position, the brush is connected the commutator bar b (as shown in fig 1). Then the total current conducted by the commutator bar b into the brush is 2IC. 
When the armature starts to move right, then the brush comes to contact of bar a. Then the armature current flows through two paths and through the bars a and b (as shown in fig 2). The total current (2IC) collected by the brush remain same. As the contact area of the bar a with the brush increases and the contact area of the bar b decreases, the current flow through the bars increases and decreases simultaneously. When the contact area become same for both the commutator bar then same current flows through both the bars (as shown in fig 3).

When the brush contact area with the bar b decreases further, then the current flowing through the coil B changes its direction and starts to flow counter-clockwise (as shown in fig 4).
When the brush totally comes under the bar a (as shown in fig 5) and disconnected with the bar b then current IC flows through the coil B in the counter-clockwise direction and the short circuit is removed. In this process the reversal of current or the process of commutation is done. 
Methods of Improving Commutation
To make the commutation satisfactory we have to make sure that the current flowing through the coil completely reversed during the commutation period attains its full value.
There are three main methods of improving commutation. These are 
1. Resistance commutation
2. E.M.F. commutation
3. Compensating windings
Resistance Commutation
In this method of commutation we use high electrical resistance brushes for getting spark less commutation. This can be obtained by replacing low resistance copper brushes with high resistance carbon brushes.
We can clearly see from the picture that the current IC from the coil C may reach to the brush in two ways in the commutation period. One path is direct through the commutator segment b and to the brush and the 2nd path is first through the short-circuit coil B and then through the commutator segment a and to the brush. When the brush resistance is low, then the current IC from coil C will follow the shortest path, i.e. the 1st path as its electrical resistance is comparatively low because it is shorter than the 2nd path.
When high resistance brushes are used, then as the brush moves towards the commutator segments, the contact area of the brush and the segment b decreases and contact area with the segment a increases. Now, as the electrical resistance is inversely proportional to the contact area of then resistance Rb will increase and Ra will decrease as the brush moves. Then the current will prefer the 2nd path to reach to the brush. Thus by this method of improving commutation, the quick reversal of current will occur in the desired direction. 
[image:  ]
ρ is the resistivity of the conductor.
l is the length of the conductor.
A is the cross-section of the conductor (here is this description it is used as contact area). 
[image: resistance commutation]
E.M.F. Commutation
The main reason of the delay of the current reversing time in the short circuit coil during commutation period is the inductive property of the coil. In this type of commutation, the reactance voltage produced by the coil due to its inductive property, is neutralized by producing a reversing emf in the short circuit coil during commutation period.
Reactance Voltage: 
The voltage rise in the short circuit coil due to inductive property of the coil, which opposes the current reversal in it during the commutation period, is called the reactance voltage.
We can produce reversing emf in two ways 
1. By brush shifting.
2. By using inter-poles or commutating poles.

Brush Shifting Method of Commutation
In this method of improving commutation the brushes are shifted forward direction for the DC generator and in backward direction for the motor for producing the sufficient reversing emf for eliminating the reactance voltage. When the brushes are given the forward or backward lead then it brings the short circuit coil under the influence of the next pole which is of the opposite polarity. Then the sides of the coil will cut the necessary flux form the main poles of opposite polarity for producing the sufficient reversing emf. This method is rarely used because for best result, with every variation of load, the brushes have to be shifted. 
[image: generator brush shift]
Method Of Using Inter-Pole
In this method of commutation some small poles are fixed to the yoke and placed between the main poles. These poles are called inter-poles. Their polarity is same as the main poles situated next to it for the generator and for the motor the polarity is same as the main pole situated before it. The inter-poles induce an emf in the short circuit coil during the commutation period which opposes reactance voltage and give spark-less commutation. 
[image: interpole commutation]
Compensating Windings
This is the most effective mean of eliminating the problem of armature reaction and flash over by balancing the armature mmf. Compensating windings are placed in slots provided in pole faces parallel to the rotor (armature) conductors. 
The major drawback with the compensating windings is that they very costly. Their use is mainly for large machines subject to heavy overloads or plugging and in small motors subject to sudden reversal and high acceleration.
[image: Commutation in dc machine]
[image: Commutation in dc machine]
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