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DC Lap, Single Layer, Simplex 

 

A. Draw a developed lap winding diagram of DC machine with 20 conductors and 4 poles. 

The winding is single layer and simplex 
 

1. Calculations 
No of slots = s = 20 
No of Coil Sides =  z` = 20 (Its not no of Conductors Z = 2CNc) 

No of Poles,= p = 4 

Multiplicity, m = 1 (simplex) (Commutator Pitch) Yc 

 

Pole pitch = z`/p = 20/4 = 5 

Back pitch, Yb = z`/p + m = 20/4 + 1 = 6 

Front pitch, Yf = z`/p – m = 20/4 – 1 = 4 

Yb and Yf must always be odd. So take Yb = 5 or 7, and Yf = 3 or 5 

Assume Yb = 5, Yf = 3 (The Lower Odd has higher probability for a better design) 

 
2. Prepare winding table.  

This table shows the connections on the front side and back side 

 
Yb = +5 Yf = -3 

1+5=6 6-3=3 

3+5=8 8-3=5 

5+5=10 10-3=7 

7+5=12 12-3=9 

9+5=14 14-3=11 

11+5=16 16-3=13 

13+5=18 18-3=15 

15+5=20 20-3=17 

17+5=22 (2) 22-3=19 

19+5=24 (4) 24-3=21 (1) 

 
Notes 

a. Number of rows in the table = Z/2m, i.e. 20/2 = 10 

b. Each row progresses by +2m, i.e. 6,8,10,12… or 3,5,7,9…. 

c. The left column has even numbers, right has odd numbers 

d. No of Carbon Brushes = No of Poles 

e. No of Commutator Segments = Z` / 2 

 
3. Draw the winding diagram 

3.1 Draw 20 vertical lines 

3.2 Number them 

3.3 Draw the top overhanging lines (back pitch) and bottom overhanging lines (front pitch) as 

given by the winding table 

Here, 1+5=6, that is, 1
st
 conductor is connected to 6

th
 on top 
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6-3=3, that is, at the bottom, 6
th

 conductor is connected to 3
rd

. 

 

 
3.4 Continue drawing the overhanging lines on top and bottom. 

Note that all odd numbered conductors tilt towards the right, and all even numbered conductors 

tilt towards left, on both top and bottom. 

 
3.5 Number the overhangs that are left unconnected. 

Note that 17 is connected to 2, 19 is connected to 4 on top. At the bottom, 19 gets connected 

from 2. Number accordingly 
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3.6 Draw commutator segments, and number them 

Note that there are Z/2 = 20/2 = 10 commutator segments 
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3.7 Draw direction of current 

Assume downward direction for conductors under North Pole, upward direction for conductors 

under South Pole 

Pole pitch is 5. That is, first 5 conductors have down arrows; next 5 have up arrows and so on 

 

 
 

3.8 Place the brushes according to the direction of current. 

a) The conductors (1 and 4) connected to 1
st
 commutator segment have currents in same 

direction. Place a brush here. Currents go out of a positive brush 

b) Conductors (7 and 10) connected to 4
th

 segment also have currents in same direction, i.e. up. 

Place a negative brush as currents enter the machine through this brush 

c) Similarly, positive brush at 6
th

 segment, and negative brush at 9
th

 segment 
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4. Draw the sequence diagram 

This diagram gives the sequence of connections between each conductor. Sequence diagram also 

can be used to find the position of brushes, especially in Wave windings 
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DC Lap, Double Layer, Duplex 
 

B. Draw a winding diagram of lap wound machine, with 18 slots, 6 poles. It is double layer, 

duplex wound machine 

 
A duplex winding means there are two separate windings. The first starts from 1

st
 conductor, the 

second winding starts from the 3
rd

. If it is a triplex winding, there will be three separate 

windings, the third one starts from 5
th

 conductor 

 

1. Calculations 

No of Slots = s = 18 

No of Layers = l =  2 

No of Coil Sides = z` = s x l = 36    Since it is double layer, number of conductors is 18 slots x 2. 

A double layer means there are two conductors in one slot 

P = 6 

m = 2 (Duplex) 

Pole pitch,= z`/P = 36/6 = 6 

Back pitch,= Yb = z`/P + m = 6+2=8 

Front pitch,= Yf = z`/P – m = 6-2=4 

As Yb and Yf have to be odd, assume Yb = 7, Yf = 3 

 

2. Winding table 

Note: i) A duplex winding will have two tables, one for each winding (A Triplex will have three 

tables)  

         ii) Number of rows in each table is given by Z/2m. Here, there will be 9 rows 

         iii) Each row progresses by 2m, i.e., 4 

 
First winding Second winding * 

Yb = +7 Yf  = -3 Yb = +7 Yf  = -3 

1+7=8 8-3=5 3+7=10 10-3=7 

5+7=12 12-3=9 7+7=14 14-3=11 

9+7=16 16-3=13 11+7=18 18-3=15 

13+7=20 20-3=17 15+7=22 22-3=19 

17+7=24 24-3=21 19+7=26 26-3=23 

21+7=28 28-3=25 23+7=30 30-3=27 

25+7=32 32-3=29 27+7=34 34-3=31 

29+7=36 36-3=33 31+7=38 (2) 38-3=35 

33+7=40 (4) 40-3=37 (1) 35+7=42 (6) 42-3=39 (3) 

* Since its double layer the second winding is starting from 3
rd

 number since Dark and Dotted 

(1
st
 and 2

nd
) will be placed in physically 1

st
 Slot. If it was single layer and duplex then second 

winding would have started from 2
nd

 number in Table 
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3. Draw the winding diagram 

3.1 Draw 36 vertical lines. Since this a double layer, draw alternate solid and dotted lines. Note 

that top conductors (solid) must be connected to bottom (dotted) conductors 

 

This is the first winding.(Draw both windings with two different Colors to make them more 

legible) 

 

1+7=8  for top overhang (back pitch) 

8-3=5  for bottom overhang (front pitch) 
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3.2 Similarly, draw the second winding that starts from 3
rd

 conductor 

3.2a Draw the top and bottom overhangs… 

 
 

3.2b …and number the unconnected overhangs, according to the winding table 
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3.3 Draw commutator segments, and numbers them 

There are 36 conductors. Number of commutator segments given by Z/2 = 36/2=18 

 
 

3.4 Draw direction of current 

Assume downward direction for conductors under North pole, upward direction for conductors 

under South pole 

Pole pitch is 6. That is, first 6 conductors have down arrows; next 6 have up arrows and so on 
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3.5 Place the brushes according to direction of current. 

Conductors (1 and 4) connected to 1
st
 segment have current in same, i.e., downward direction. 

Similarly, conductors (3 and 6) connected to 2
nd

 segment also have current in downward 

direction. 

 

Note that 1-4 belong to first winding; 3-6 belong to second winding. Draw a positive brush 

common to both commutator segments, i.e., a brush common to both windings 

Similarly, place brushes at other segments based on current direction 
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4. Draw the sequence diagram (Parallel Path Diagram or Sequence Diagram serve the same 

purpose) 

In duplex winding, there are two separate windings. So there must be two sequence diagrams 

 


