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PART – A 

MODULE I :  WINDING  DIAGRAMS 

Basic Terminologies : 

Armature : Armature winding can be defined as an array of conductors or a number of coils 
placed in slots and connected in series where the desired magnitude of emf is generated and is a 
source of electrical energy. 

Coil : 

 A certain length of wire of conducting material wound for a desired shape and size to 
satisfy the electrical and mechanical requirements is called an armature coil. 

 A length of wire lying in the magnetic field and in which an emf is induced is called a 
coil.  

 

Conductor: Active length of winding wire or strip in a slot. 

Turn: A turn consists of two conductors placed inside separate slots on the armature periphery 
approximately a pole pitch apart as shown in Fig.  

These conductors lie under opposite poles so that emf induced in the turn is additive. 

 

Single Layer Winding : 

 There will be only one coil side in the slot having any number of conductors.  
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  The number of coils in the machine is equal to half the number of slots in the stator, or 
rotor and armature.  

 

Double Layer Winding : 

 In this type, as shown in Fig. each slot contains two coil sides, housed one over the other.  

 The number of coils is equal to the number of slots in the stator and armature.  

 

Active Portion Of The Coil : 

• It is the part of a coil which lies in the slots under a magnetic pole and emf is induced in 
this part only.  

• A Coil has 2 coil sides and are the active potion of the coil.  

• Each length of wire of the active portion is called a conductor and is responsible in 
generating an emf in a generator and is producing a torque in a motor. 

 

• For a double layer winding, one half portion of the coil drawn with solid line corresponds to 
the coil side lying on the top of a slot, and the dotted line corresponds to the coil side lying in 
the bottom layer of another slot.  

• This type of representation is used for double layer winding.  
• For a single layer winding, the complete coil is represented by a solid line. 
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Lap Winding : 

 When the finishing end of the first coil is connected to the starting end of the next coil 
which starts from the same pole, as shown in Fig.  

 Where the first coil started is called as lap winding 

 
 

 When the finishing end of the first coil is connected to the starting end of the next coil 
which starts from the same pole, as shown in Fig.  

 Where the first coil started is called as lap winding. 
 

Wave Winding : 

 The Fig. shows a wave winding on a drum-type armature.  
 This type of winding is used in dc generators employed in high-voltage applications.  
 This configuration allows the series addition of the voltages in all the windings between 

brushes.  

 
 When the finishing end of the first coil is connected to the starting end of the next coil, as 

shown in Fig.  which starts from the next adjacent pole where the first coil started is 
known as wave winding.  
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Full pitch coil : 

 A coil having a coil span equal to 180 degrees electrical is called a full pitch coil, as 
shown in Fig.  

 

A coil having a coil span less than 180 deg by an angle â, is called a short pitch. 

Developed Diagram : 

 Instead of dealing with circular disposition of the slots and the commutator segments, it is 
always advantageous to work with the developed diagram of the armature slots and the 
commutator segments (sequence diagram)as elaborated in Fig. 

  In the Fig. actual armature with 8 slots and 8 commutator segments are shown.  

 

Pole Pitch, Pole Arc And Pole Fixing On A Developed Winding Diagram : 

 The distance corresponding to a pole is called the pole pitch (τ). 

 The actual distance covered by the pole or pole shoe is called the pole arc. 

 - (generally the pole arc lies between 60 and 70 percent of the pole pitch) 

•    Let the pole arc be 70 % of the pole pitch. 

•    The circumference of the armature is πd.  
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• Where d is the diameter of the armature or 3600 Mech. 

• However the distance between the first and last conductor + the distance between 
the 2 conductors considered to draw the developed winding diagram can be taken 
as the circumference of the armature. 

 

 

Brush Width : 

 Minimum brush width  = one segment width for simplex lap or wave winding 

                                                            = two segment width for duplex lap or wave winding 

                                                            = three segment width for triplex lap or wave winding 

Following points regarding simplex lap winding should be carefully noted : 

a) The back and front pitches are odd and of opposite sign. But they cannot be equal. They differ 
by 2 or. 

b) Resultant pitch YR is even, YR =YB – YF=2. 

c) The number of slots for a 2-layer winding is equal to the number of coils.  

The number of commutator segments is also the same. 

d) The number of parallel paths in the armature (A)=P  

  where P the number of poles.  

e) If YB > YF i.e. YB = YF + 2, then we get a progressive or right-handed winding 

i.e. a winding which progresses in the clockwise direction as seen from the commutator end.  In 
this case, YC = + 1. 

f) If YB < YF i.e. YB = YF - 2, then we get a retrogressive or left-handed winding 

Dept. Of  EEE Page 5 
 DiplomaWallah.in



Computer Aided Electrical Drawing  Notes  [15EE651] SVIT Bangalore 
 
i.e. one which advances in the anti-clockwise direction when seen from the commutator side. In 
this case, YC = -1.  

Z/P must be even to make the winding possible. 

h) The total number of brushes is equal to the number of poles. 

i) The number of armature conductors (connected in series) in any parallel path is Z/P.  

Introduction To Ac Windings : 

• Armature winding of alternators is different form that of d.c machines. Basically three 
phase alternators carry three sets of windings arranged in the slots in such as way that there 
exists a phase difference of 120 deg between the induced emf’s in them. 
• In a d.c machine, winding is closed while in alternators winding is open i.e., two ends of 
each set of winding is brought out. 
• In three phase alternators, the six terminals are brought out which are finally connected in 
star or delta and then the three terminals are brought out. 
• Each set of windings represent winding per phase and induced e.m.f, each set is called 
induced e.m.f per phase denoted as Eph. 
• All the coils used for one phase must be connected in such a way that their e.m.f.s help 
each other.  

 

Winding Terminology : 

1. Conductor: The part of the wire, which is under the influence of the magnetic field and 
responsible for the induced e.m.f is called active length of the conductor. The conductor 
are placed in the armature slots. 

2. Turn: A conductor in one slot, when connected to a conductor in another slot forms a turn. So 
two conductors constitute a turn. This is shown in Fig. below 

 

  

3. Coil: As there are number of turns, for simplicity the number of turns are grouped together to 
form a coil. 
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Such a coil is called multi-turn coil. A coil may consist of single turn called single turn coil. The 
Fig. 2 shows a multi-turn coil. 

4.Coil Side: Coil consists of many turns. Part of the coil in each slot is called coil side as shown 
in the Fig. below 

 

5. Pole Pitch: It is centre to centre distance between the two adjacent poles. We have seen that 
for one rotation of the conductors, 2 poles are responsible for 3600 electrical of e.m.f., 4 poles are 
responsible for 7200 electrical of e.m.f and so on. So 1 pole is responsible for 1800 electrical of 
induced e.m.f 

Key point: so 1800 electrical is also called one pole pitch. 

Practically how many slots are under one pole which are responsible for 1800 electrical, are 
measured to specify the pole pitch. 

e.g. Consider 2 pole, 18 slots armature of an alternator. Then under 1 pole there are 18/2 i.e. 9 
slots. So pole pitch is 9 slots or 1800 electrical.  

This means 9 slots are responsible to produce a phase difference of 1800 between the e.m.f.s 
induced in different conductors. 

This number of slots/pole is denoted a ‘n’. 

Pole pitch = 1800 electrical  

  = slots per pole (no. of slots/P) = n  
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Note: This means that if we consider an induced e.m.f in the conductors which are placed in the 
slots which are adjacent to each other, there will exist a phase difference of β0 in between them. 

 

• In general armature winding is calssified as, 

i. Single layer and double layer winding 

ii. Full pitch and short pitch winding 

iii. Concentrated and distributed winding. 

If a slot consists of only one coil side, winding is said to be single layer. This is shown in the Fig. 
3. While there are two coil sides per slot, one at the bottom and one at the top the winding is 
called double layer as shown in the Fig. 4. 
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Full Pitch Winding : 

As seen earlier, one pole pitch is 1800 electrical. The value of ‘n’, slots per pole indicates how 
many slots are contributing 180 0 electrical phase difference. 

 So if coil side in one  slot is connected to a coil side in another slot which is one pole pitch 
distance away from first slot, the winding is said to be full pitch winding and coil is called full 
pitch coil. 

For example in 2 pole, 18 slots alternator, the pole pitch is n = 18/2 = 9 slots.  

So if coil side in slot No.1 is connected to coil side in slot No. 10 such that two slots No.1 and 
No. 10 are one pole pitch or n slots or 1800 electrical apart, the coil is called full pitch coil. 

Coil Span : 

It is the distance on the periphery of the armature between two coil sides of a coil. 

It is usually expressed in terms of number of slots or degrees electrical.  

So if coil span is ‘n’ slots or 1800 electrical the coil is called full pitch coil. This is shown in the 
Fig.5  

 

Short Pitch Winding : 

• As against this if coils are used in such a way that coil span is slightly less than a pole 
pitch i.e., less than 1800 electrical, the coils are called, short pitched coils or fractional 
pitched coils. 

• Generally coils are shorted by one or two slots.  
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. So in 18 slots, 2 pole alternator instead of connecting a coil side in slot No.1 to slot No.10, it is 
connected to a coil side in slot No.9 or slot No.8, coil is said to be short pitched coil and winding 
is called short pitch winding. 

Types of double layer winding : 

 

Fractional slot winding: In an integral slot winding the number of slots/pole/phase ‘m’, and 
slots/pole are integer. 

i.e., If Slots/Pole/Phase (SPP) is not a whole number (Example: for a 66 slots, 4 pole, 3ph 
armature, S/P/P = 66/4/3 = 5.5) An fractional slot winding is always short pitch windings.  

Phase Spread : 

 

1200 Phase spread or wide spread winding.   

600 phase spread or narrow spread winding  
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In  a 120 deg phase spread winding, each phase coils, pole occupies a space equivalent to 1200 
electrical as shown in the Fig. 

Thus the space sequence  of the phase band or phase winding arrangement sequence is  RYB for 
a phase sequence of RBY. 

In a 600 phase spread winding, each phase coils occupies a space equivalent to 600 under each 
pole as shown in the Fig.  

Thus the space sequence  of the phase band or phase winding arrangement sequence is  RBY for 
a phase sequence of RYB.  

Between 1200  and 600 phase winding, 600 phase spread winding is much used. 

 As the distribution factor of 600 phase spread is greater than 1200 phase spread. 

The minimum value of distribution factor for fundamental is 0.955 for 600 phase spread and 
0.827 for 1200 phase spread 

Starting of phases : 

• To calculate the starting of the phases, consider the phase sequence as reference. 

• Angle between R and Y is 1200, R and B is 2400  

• Let the starting of the Rphase  be the I slot  

Elimination of Nth Harmonics : 

 The short pitch winding is more popular compared to full pitch winding as it saves 
copper at overhang & helps to reduce or eliminate the harmonics. 

 A harmonic is said to be eliminated, i.e., the emf induced due to the harmonics  En  = 4.44                
is zero. 

                                                      

         Kp = 1 (Full pitch) 

            Kp    1 (Short pitch) 

This happens when the pitch factor of Nth Harmonic Kp  represents zero. 
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 where n = No. of harmonics 

(A)  DC  Winding  Diagrams : 

General procedure to draw winding diagrams using CAD : (common to all problems) 

Step 1 :  Start AutoCAD . Set drawing units & limits --- Type units in command window  to 
access units & type  limits in cw to set limits as shown : 

Lower left corner < 0,0 > 
Upper right corner < 1500 , 1500 >  
 

 

 

Step 2 :  Draw line using line command for required length. Use array command and get the 
number of lines required (conductors) . Number all the conductors using mtext command. 
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Step 3 :  Now , refer winding table & connect the conductors on the front pitch & back pitch 
               By using line command as shown. Use TRIM command if necessary. 
 

 
 
Step 4 : Similarly draw all other end connections as shown : 
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Step 5 :  Pole placement : Poles cover 75% of conductor length . Width of  pole is 70% of pole 
pitch .And 30% of pole pitch is the spacing between poles. Hatch poles using hatch command. 
Mark the poles using text command referring to the details. 
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Step 6 :  Mark the directions referring to the sequence diagram and place the brushes using the 
basic commands and represent the winding diagram .Finally do the dimensioning. 
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PROBLEM  8  :   Develop a single layer simplex progressive wave winding  for a 
dc machine with 4 poles and 24 slots. Show the position of brush and direction of 
induced emf. Draw the sequence diagram. 
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(B)  AC  Winding Diagrams : 

General procedure to draw winding diagrams using CAD : (common to all problems) 

Step 1 :  Start AutoCAD . Set drawing units & limits --- Type units in command window  to 
access units & type  limits in cw to set limits as shown : 

Lower left corner < 0,0 > 
Upper right corner < 1500 , 1500 >  
 

 

 

Step 2 :  Draw line using line command for required length. Use array command and get the 
number of lines required (conductors) . Number all the conductors using mtext command. 
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Step 3 :  Apply color attribute to the windings to represent 3 phases , R,Y,B using format 
commands with layer and make appropriate connections referring the winding table. 

 

Step 4 : Interconnect the coils of the same group as shown . 

Dept. Of  EEE Page 29 
 DiplomaWallah.in



Computer Aided Electrical Drawing  Notes  [15EE651] SVIT Bangalore 
 

 

Step 5 : Mark the direction of current flow and draw the terminal plates and name them by 
phases and connect them as shown. 

 

Step 6 : Terminate the winding connections based on the given configuration : star or delta to 
complete the diagram. Finally do the dimensioning. 
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MODULE  II :     SINGLE  LINE DIAGRAMS  OF SUBSTATIONS  : 

 

Generating station : 

 

Substation : 
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Receiving station : 

 

Representation of various electrical apparatus : 
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 Sol :   

CAD  :  Use the required commands and draw the single line diagrams. Highlight the 
symbols used by naming them using text command . Use layers and blocks if necessary. 

The single line diagrams of problems 1 & 2 are drawn respectively in next pages. 
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PART – B 
MODULE  III :  ASSEMBLY  DRAWINGS : 

(A)  Transformer Assembly : 

 

Introduction : 
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Classification of transformers :

 

Core : 
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Sectional view : 
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Cross Section of three phase & single phase transformer with 3 stepped core with LV & 
HV windings : 

 

 

Elevation : 
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General procedure to draw assembly diagrams using CAD : (common to all problems) 

Step 1 :  Start AutoCAD . Set drawing units & limits --- Type units in command window  to 
access units & type  limits in cw to set limits as shown : 

Lower left corner < 0,0 > 
Upper right corner < 1500 , 1500 >  
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Step 2 :  Use circle & line commands. Use modifiers when required and finally dimension the 
sketch. 
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MODULE  - 4 

(B)  DC Machine Assembly : 

Introduction : 
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Construction of dc machine :  
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Slots : 
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Commutator : 

 

 

Pole : 
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General procedure to draw assembly diagrams using CAD : (common to all problems) 

Step 1 :  Start AutoCAD . Set drawing units & limits --- Type units in command window  to 
access units & type  limits in cw to set limits as shown : 

Lower left corner < 0,0 > 
Upper right corner < 1500 , 1500 >  
 

 

 

Step 2 :  Use circle & line commands. Use modifiers when required and finally dimension the 
sketch. 
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MODULE - 5 

(C)  AC Machine Assembly : 

Introduction: 

 

Classification : 

 

Synchronous machines :
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Salient and non salient pole synchronous machines : 

 

 

 Squirrel cage rotor :

 

Slip ring induction machine : 
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General procedure to draw assembly diagrams using CAD : (common to all problems) 

Step 1 :  Start AutoCAD . Set drawing units & limits --- Type units in command window  to 
access units & type  limits in cw to set limits as shown : 

Lower left corner < 0,0 > 
Upper right corner < 1500 , 1500 >  
 

 

 

Step 2 :  Use circle & line commands. Use modifiers when required and finally dimension the 
sketch. 
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