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7. b)A 4-pole, lap-Wound de machine hos 128 armatuve conductors. lts field winding is 

(nciled rom a de sousce o reate an airgop fux of 32 n Wh/pole. 

The aehine (generalor)isun from aprime nover (dicsel engine) at 1600 rpm. 

I supplies a current of |00 A to an electvic lead. 

() Caleulate the electvo magneic power developed. 

fa = 

6o 

32x10 

Meehauical 

x lboo x28 

Da = lo0 A 

6o 
Ea = 62:2 volts. 

tlhomagne power developed = ETa 

Tbtal elechic powes dereloped 

*4) 

(ii) What is the mechanicalpower thatis fed Arom theprime mover to the generator? 

pever mwvided by 

642xIC0 = 62,\o wats. 

prtme mover 

Wm Angular specd tn ad/see 

Pro 

622Xlo00 

3To tS Nm, 

Power detloped 
= 62 |2k 



8. b)A T500 Kw, 600V, l6-Pole, d.cgenerator vuns at 200 rpm. Whaf must be Tne usei eA per pole, ifthere are 250O lap-connected o ncductuY% and full load copper loss are 25Kw? 

Also calculate te mea the pole - shoe if te averpe °P fux denslj iS o8sT, 

solation: 

But 

Full -load amature curent, Da = 

Coppr- los = 

Ra 

Sorne 

Ra 

Ea = V +Da Ra 

PREPARED BY 

Ea = 

Ia Ra 

blo 

VE=booy 

Co pper loes 

Goo +29o x4x3 

bo 

Aca 9 poleshoe 

Ta = 

where, is te seß node whih inks armeure cils. 

the pole pux nill oplete is cisuit bypeg 
he armcune calfed te 

Substita ig te Valis, 

bo 

x20o x250o 

O. ot32 wb 

powen 

29000 

2S0x200 

kakage f. 

1ScO x lo00 

boo 

O0t32 

85 

-Soo A 

861 c 

= 4x16 

APPROVED BY 
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Electrical M

achines: Theoy and Practice 

(d) A
m

atu
re resistance 

=
 0.2 S2 

(e) 
N

um
ber of conductors =

 660 

() Type of winding-wave 
(g) D

iam
eter of the pole shoe =

 40 cm
 

(h) The length of the pole shoe is 25 cn1 and the pole subtends an angle of 55° 
(i) Shunt field current is neglected 
() N

um
ber 

of poles =6 
D

eterm
ine the flux density in the air gap. 

Solution 
25000 

240 

A
rm

ature current, 
I, = 104.17 A

 

Load current 
=

 

G
enerated em

f 
=

 V
+ I,r, 

Flux per pole, o, 

=
 240 +

 
104.17 x 0.2 

=
 240 

+
 20.834 

=
 104.17A

 

=
 260.834 

V
 

260.834 
Z

x
 N

 x pla 

6
6

0
 x 

260.834 

500 

6
0

 

P
ole shoe arc 

=
 n

D
 X

 360 

Flux density in the air gap =
 

X
 6 

=
IX

 40 x 10-2 x 

Pole shoe Jength =
 25 x 10² m

 

(since the shunt field current 

0.016 

0.048 

=
0

.1
6

W
 

55 

360 

Pole shoe area =
 Pole shoe arc x Pole shoe length 

=
 0

.1
9

2
x

 25 
x 10-2 

=
 4.8 x 10-2 =

 0.048 

=
 0.192 m

 

=
 0.33 W

b/m
? 

1.6 
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negligible) 

N
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the question arises w

hether the voltage drop in the dc m
achine (as discussed 

in Section 

15) is on account of the arm
ature resistance alone, or is there any other factor involved as 

well. 

D
C

 M
ach

in
es 

The other factor which is responsible in part for the reduction in voltage of the machine is the, 
arm

ature reaction. In other w
ords, there is som

e reaction from
 the current-carrying arm

ature 
conductors which is partly responsible for the drop in the voltage of the m

achine. 

N
 

19 

There are two primary mmfs or fluxes operating in the de m
achíne. One is the field mmf 

F, produced by the field windings wound on the N
 andS poles of the 

machine. The other is 
the perpendicular am

ature flux F, produced by the current in the arm
ature 

conductors. These 
tw

o fluxes are show
n in Figure 1.17. The m

agnetíc flux F, due to the flow of current through 
the arm

ature conductors ínteracts with the m
agnetic field F 

of the 
poles. This interaction 

causes distortion of the main field flux. This distortion is termed the cross -m
agneriafion efect. 

The resultant sum of 
, and F, ís alse shown in Figure 1.17 as the resultant ffux 

Figure 1.17 
Flux distributions of the m

ain m
agnetic field of the poles and that 

due 
to flow

 of current in arm
ature 

conductors. 

(D
ue to the interaction between Fm and F

, the field flux entering the arm
ature is not only 

distorted but also shifted)This shift causes the m
agnetic neutral axis to be shifted cleckwise, 

(e.g in the direction of rotation of the generator which is-also assumed clockise) to a new 
position BB'; this new position BE remains perpendicular to the resultant field fluxF. The 
geometric axis remains at A

4. See Figure 1.18.) 
T

he effect of arm
ature reaction therefore causes distortion of the m

ain field flux as w
ell, 

ás shifting of the m
agnetic neutral axis.This effect in tum

 also causes a reduction in the m
ain 

field flux.This reduction in m
ain field flux is responsible, in part, for the voltage drop in the 

machine as discussed in 
Section +.5. 

Now, if the brushes rem
ain on the original position of the magnetic neutral axis 

A
 as 

shown in Figure 1.17, the coil that is being com
m

utated will undergo the greatest change in flux 
linkage compared to any other coil under the pole, as this position 

of the magnetic neutral axis 
(M

NA) is now no longer at a point of minimum coil flux. It is therefore obvious that the brushes 
m

ust be shifted to the new position of the m
agnetic neutral axis BB as show

n in Figure 1.18. 
in order to avoid sparking at the brushes due to voltage that will now be induced in the coil 
if the brushes rem

ain at the position 
A

A
! At the new

 m
agnetic neutral axis position B

B
, the 

m
agnetic field due 

the arm
ature 

current will be shifted as show
n in Figure I.19. 

F
. 
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shif! in ebhial 

360 

-Z 
40 

cross-magnetizing field. demagnetizing field and 
Figure 

1.20 

Development 

of 

armature 

angles 

B0C 

and 

BOC 

is 

The 

number 

of 
armature 

conductors 

within 

the 

pole pitch pole arc 

I= 
curert 

in 
each 

armature 

conductor 

geometrical 

axis, 

in 
angular 

degrees 

B=forward 

lead 

to 
magnetic 

axis 

from 

the 

Let 

us 
consider 

the 

following 

data: 

Z= 

number 

of 
armature 

conductors 

of 
View 

of 
armature 

reaction 

(as 
shown 

in 
Figure 

1.20). 

which 

produce 

the 
cross-magnetízing 

field 

from 

the 
point 

iying 

in 
the 

angles 

COB' 

and 
BOC 

develop 

ampereturns 

proiuce 

the 

demagnetizing 

field, 

and 

the 
conductors 

angíes 

BOC 

and 

B'OC 

develop 

ampereturns 

which 

N 

astMNA) ro 'R 

(GNA) 

1.6.2 Compensating Winding pole,/i.e. 

ATcw/pole will be 

equal to 

compensating winding ampereturns.YHence the number 

of 
ampereturns 

required 

for 
the 

compensating 

winding 

per 

winding 

as 
required 

is 
designed such that 

this winding can 

oppose the armature 

reaction 

in 
series 

with 

the 
armature 

360 

Amperetures per 

magnetic 

field 

occurs. 

. 

netic 

neutral 

axis, 

some 

demagnetization 

effect 

of 
the 

main 

So. 
it 
is 

observed 

that 

by 
shifting 

brushes 

to 
the 

actual 

mag 

and 

creaies 

the 
same 

impact 

as 
the 

cross 

to 
shift 

of 
brushes 

to 
new 

MNA. 

direction 

of 
armature 

mmf 

due 

Figure 

1.19 

Change 

in 

Therefore, 

the 
cross-magnetizing 

ampereturns 

per 
polé 

360 20 

Hence 

the 
cross-magnetizing 

ampere 

conductors 

per 
pole(-) 

ng 

p 

F 

360 20 

Figure 

1.18 

The 

shift 

of 
the 

magnetic 

neutral 

axis. 

The 

cross-magnetizing 

conductors 

per 

pole 360 

mmahu 

ZI 

Therefore, the 

360 26 

ZI 

B 

einntphhele. 

Hence, 

the 
demagneizing 

ampereturns 

per 
pair 

of 
poles 

Total 

number 

of 
ampereturns 

in 
the 

above 

case 

= 
360 2072, 

Total 

number 

of 
turns 

in 
the 

above 

case 

= 

MNA 

360 28 
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ampereturns X 

ihe 
magnetic 

neutral 

axis 

can 

be 
mathematical 

analysed 

as 
follows. 

The 

conductors 

lying 

in 
the 

The 

demagnetizing 

effect 

and 
the 

cross-magnetizing 

effect 

due 
to 

the 
shifting 

of 
the 

brushes 

to 

conductors, Hence. the 

current 

which 

will 

flow 

through 

the 

reaction 

ampereturns 

as 
far 
as 

possible.) 

The 

compensating 

winding 

conductors 

are 
connected 

Figure 1.21/ The 

mode of compensating 

winding 

is 
made 

such 

that 

it 
opposes 

the 
armature 

but 
providing 

a 
compensating 

winding 

on 
each 

pole 

shoe 

of 
the 
dc 

machine 

as 
shown in 

Now, 

the 
question 

arises 

as 
_to 

how 

we 

can 
eliminate 

the 

eftect 

of armature reaction 

mntin 

dc 
machines., 

Obviously, 

some 

extra 

arrangement 

has 
to 
be 

made 

This 

arrangement 

is 
nothing 

toneuholizc. 

te 

anrsctue 

nceto 

am 

the 

armature 

current, 

So 
the 

number 

of 
turns 

of the compensating 

2nale . oupec12 Ohe 

is 
tetenci 

(ompnse Cepme 

Pole 

L.6.1 

Calcutation 

of 
Denagnetization 

and 

Cross 

Magnetization 

magnetizing field. 

and 

F 
F 

is 
directBy 

opposite 

to 
the 

main 

magnetic 

field 

F/ 

F 
can 

now 

be 
subdivided 

into 

two 

components, 

i.e. 

Fa 

demagnetizing 

ampereturns per pole 

Machines 



1.22(c) 

the 
coil 

is 
fully 

shorn 

circuited 

by 
the 

brush; 

consequently 

no 
current 

flows 

in 
coil 

coil 

P 
begins 

1o 
enter 

the 
commutator 

segment 

p, 
reducing 

the 
current 

in 
coil 

. 
In 

Figure 

the 
brusih 

ís 
on 

segments 

p 
and 

y, 
thus 

partially 

shorting 

the 
armature 

coil 

Q. 
The 

current 

from 

through 

the 
brush 

is 
60 
A. 
In 

Figure 

1.22(b) 

the 
commutator 

has 

moved 

a 
small 

distance 

so 
that 

P 
and 

is 
30 
A 

each 

and 

in 
coil 

R 
it 
is 

also 

30 
A 

but 
in 

the 
opposite 

direction. 

The 

current 

Figure 

1.22(a) 

shows 

the 
brush 

position on 

segment 

q 
of 

the 
commutator. 

The 

current 

in 
coils 

10 
-30 

A 
is 

described. 

The 

described 

coil 

Q 
is 

undergoing 

the 

process 

of 
commutation. 

reverse. 

In 
Figures 

1.22(a) 

to 
1.22(e) 

the 

whole 

process 

of 
change 

in 
coil 

current 

from 

+30 

A 

follow 

the 
straight 

line 

locus 

aja,, 

rather 

it 
follows 

ayaz. 

As 
a 

result, 

this 

ditterence 

of 
5 

amnpere 

It 
is 

due 

to 
this 

reason, 

as 
shown 

in 
Figure 

1.23, 

that 

the 
change 

in 
current 

in 

does 

nG 

Figure 

1.22 

Different 

stages 

of 
commutation. 

(e) 

Brush 

5A 

arc 

55 A 

5A 

P 

R 

1.6.3 Commutation 

30 A 

25 A 

30 A 

windings in the 

interpole 

regions 

as 
well. 

occur. 

Also 

in 
case 

of 
heavy 

load 

fluctuations 

in 
dc 

motors, 

it 
is 

advisable 

to 
provide 

compensating 

(c 

(d 

Brush 

Brush 

30 A 

30 A 

45 Af 

15A 

I= 

current 

carried 

by 
each 

armature 

conductor. 

a= 

number 

of 
parallel 

paths 

through 

the 
armature 

winding 

P 

R 

R 

30 A 

0A 

30 A 

where 

30 A 

P5ral| 

15A 

30A 

2ap 

(i ATcwpole = 

pole pitch pole arc 

Hence. 

(a) 

(b) 

Brush 

Brush 

Figure 

1.21 

Compensating 

winding. 

(om pernsah 

t 

60 A 

f15A 

45 A 

P 

R 

P 

R 

30 A 

30 A 

30 A 

30 A 

15 A 

30 A 

O d-axis 

reversal 

in 
each 

coil 

undergoing 

commutation. 

SayThis 

emf 

of 
self-induction 

is 
called 

the 
reactance 

voltage 

because 

it 
reacts 

against 

the 

current 

emf 

of 
self-induction 

(as 
per 

Lenz's 

law) 

that 

opposes 

the 
sudden 

reversal 

of 
current 

in 
coil 

22 

Electrical 

Machines: 

Theoy 

and 

Practice 

DC 
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under 

the 
infiuence 

of 
south 

pole, 

the 
direction 

of 
the 

current 

through 

the 

conductors 

will 

of 
its 

short 

circuit 

by 
a 

brush. 

When 

the 
conductors 

under 

the 
influence 

of 
north 

pole 

come 

The 

word 

commutation 

means 

the 

changes 

in 
current 

that 

take 

place 

in 
a 

coil 

during 

the 
period 

winding 

in 
each 

interpolar 

region 

too, 

specially 

so 
in 

larÝe 

machines 

where 

heavy 

currents 

may 

we 

should 

have 

an 
interpole 

in 
the 

interpolar 

region 

as 
wel) 

[t is 
advisable 

to 
use 

a compensating 

effect 

of 
armature 

reaction 

in 
this 

zone 

is 
negligible. 

Howeve, 

to 
make 

the 
system 

foolproof, 

mmf 

directly 

under 

the 
pole. 

In 
the 

interpolar 

zone, 

normally 

no 
compensation 

is 
made 

as 
the 

But 
the 

problem 

is 
that 

the 
compensating 

winding 

neutralizes 

only 
the 

armature 

reaction 

q-axis 

the 
full 

current 

of 
30 
A 

in 
the 

opposite 

direction; 

it, 
however, 

carries 

only, 

say, 
25 
A 

due 

to 
an 

Figure 

1.22(e), 

when 

the 
brush 

is 
on 

the 
commutator 

segrment 

p, 
the 

coil 

should 

be 
carrying 

short 

circuits 

the 
coil 

0, 
this 

time 

setting 

up 
a 

current 

in 
coil 

in 
the 

opposite 

direction. 

In 

brush 

is 
60 
A. 
In 

Figure 

I.22(d) 

the 
cormmutator 

has 

moved 

stilI 

further 

and 

the 
brush 

stil! 

Q. The 

current 

in 
coils 

P 
and 

R 
is 

each 

30 
A 
in 

opposite 

directions. 

The 

current 

through 

the 

Machines 



(b) Voltage commutation, (a) Resistance commutation 

There 

are 
two 

methods 

for 
achieving 

good 

commutation. 

Methods 

of 
obtaining 

good 

commutalion 

main 

field 

only, 

and 

the 
resultant 

flux 

density 

distribution 

are 
all 

shown 

in 
Figure 

I.25. 

The 

distribution, 

the 
flux 

density 

distribution 

for 
amature 

mme 

only, 

the 
flux 

density 

distribution 

for 

distributions. 

When 

the 
brushes 

are 
placed 

on 
the 

geometric 

neutral 

axis, 

the 
amature 

mmf 

may 

occur 

along 

with 

the 
shifting 

of 
the 

magnetic 

neutral 

axis. 

Figure 

1.25 

describes 

the 
mmf 

If 
the 

effect 

of 
the 

armature 

reaction 

is 
ignored, 

then 

a 
large 

amount 

of 

V 

Armature 

reaction 

effect 

if 
not 

eliminated 

Reactance voltage =LX 

=|-(-) = 21 

21 

Ho 

permeability 

of 
the 

air 

L¡Ë 
= 

air-gap 

length 

between 

the 
interpole 

and 

the 
armature 

B, 
= 

flux 

density 

the 
interpolar 

air 
gap 

where 

Total 

change 

of 
current 

during 

commutation 

= 
peripheral 

velocity 

of 
the 

commutator. 

= 
width 

of 
the 

insulation 

1 

Interpole 

ampereturns 

required 

= 
Armature 

B 

M 
= 

Width 

of 
the 

brush 

where 

the 

armature 

reaction 

ampereturns)may 

be 
expressed 

as 
follows: 

(The 

mathematical 

expression 

for 
obtaining 

the 
interpole 

ampereturns 

required 

to 
cancel 

Figure 

1.24 

Position 

of 
interpoles 

in 
a 

two-pole 

de 
machine. 

Main pole 

Time of 
Reactance 

voltage 

= 
Coefficient 

of 
self 

can 

be 
derived 

as 
follows: 

the 
reactance 

voitage 

is 
developed 

as 
explained 

abové.,) 

The 

expression 

for 
the 

reactance 

voltage 

in 
the 

coi! 
from 

a 
positive 

value 

I to 
a 

negative 

Calcuiation 

of 
reactance 

voltage 

penoel in-te tommuBahr 

Figure 

i.23 

\ariation 

of 
current 

in 
coil 

undergoing 

commutation 

from 

+30 
A 

to 
-25 

A. 
( 

Caleutation, 

ne Commulaon-e (uo 

te oomvtaiy 

Interpole 

Interpole 

Time of 

that inwhicl, 

N 

ahon 

5A 

current) (Arcing 

Main pole 

+25 A 

’ 

+30 A 

interpoles 

have 

a 
winding 

in 
series 

with 

the 

armature. 

poles 

or 
compoles 

are 
provided 

for 
this 

purpose 

in 
the 

interpolar 

regíon, 

(Figure 

1.24)/The 

suitable 

polarity 

dynamical 

voltage 

into 
the 

of 
ihe 

inierpoiar 

regions. 

protect 

the 
de 

machine 

from 

the 
above 

problem 

of 
conmutation, 

an 
interpole 

is 
installed 

in 
each 

in 
Figure 

1.22(e). 

This 

obviousiy 

has 
a 

deterimental 

eftect 

on 
the 

life 
of 

the 
dc 

machine. 

To 

Currení in the 

Moreover, 

a 
carbon 

brush 

can 

be 
easily 

replaced. 

during 

commutation 

becomes 

faster. 

JThe 

carbon 

brushes 

also 

help 

to 
reduce 

commutator 

wear. 

in 
the 

circuit 

and 

accordingly 

the 
time 

constant 

LIR 

is 
reduced. 

Hence, 

the 
change 

in 
current 

and 
the 

brushes 

is 
made 

high 

by 
providing 

carbon 

brushes. 

This 

helps 

to 
increase 

the 
resistance 

In 
the 

case 

of/resistance 

commutation, 

the 

resistance 

between 

the 

commutator 

segments 

24 

Elecincai 

achies: 

Theony 

and 

Practice 

DC Machines 

25 

distortion 

of 
field 

flux 

between 

the 

commutator 

segments 

ampereturns (peak) + 

commutation or short 

circuit 

inductance 

x 
Rate 

of 
change 

of 
current 

value 

-I. 
During 

this 

process 

of 
commutation, 

We 

have 

seen 

that 

when 

an 
armature 

coil 

undergoes 

commutation, 

there 

is 
a 

change 

in 
current 

Time 

commutating 

coil. 
Narrow 

interpoles 

or 
commutating 

the 
case 

of(voltage 

commdtation, 

the 
reactance 

voltage 

is 
neutralized 

by 
providing 

a 

above 

Cxample 

appears 

as 
an 

arc 
betwecn 

the 
commutator 

and 

the 
brush 

as 
shown 
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brushes will be lying on the geomctric ncutral axis. In the interpolar rogion, there is also a largor 
ar gap and that is why, a lager dip in the quardrature axis is observcd in respect of the flux 
density distribution for armature mmf. 

EXAMPLE 1.5 A 6-pole de generator has lap-wound armature. The generator has 720 
Vcohductors. The current carried by the load is 55 A at full-load condition. If the brush lead is 

10°, determine the demagnetizing and cross-magnetizing ampereturns per pole. 
Solution 

Demagnetizing AT/pole 
(orc) 

where 

Now, 

EXAMPLE 1.6 

Z = number of conductors 
1, = current per conductor 

I, = 

= brush lead 
55 

6 

AT, = ZI, x 

Cross-magnetizing AT/pole 

( o 

AT, =720 x 

(: number of parallel path in lap winding = number of poles = 6) 

= ZI, 
1 

55 10 

6 360 

2p 

55 
=720 x 

X =183.33 

360 

360 

1 

DC Machines 27 

10 

2x6 360 

= 6600(0.083 - 0.028) = 363 

180 

A 90 kW, 450 V, 4-pole dc shunt generator has a wave-wound armature of 



YFigure 

1.32 

Characteristics 

of 
separately 

excited 

dc 
generator. 

Current (load current) 

1.8. 

Termin:al 'oltaatub 

-External characteristic . 
the armature Resistance drop in 

Internal 
Armature reaction drop 

No load voltage 

from 

the 
no-load 

characteristic 

to 
the 

external 

characteristic 

depends 

on 
the 

following 

factors:) 

load 

value. 

The 
speed 

of 
rotation 

and 
the 

excitation 

current 

are 
kept 

constant 

ThÃ 

voltage 

drop 

cannot 

draw 

any 

larger 

load 

current. 

The 

load 

current, 

in 
fact, 

also 

drops. 

becomes 

so 
severe 

that 
the 

terminal 

voltage 

drops 

to 
a 

great 

extent 

and 

as 
a 

result, 

the 
generator 

continues, 

it 
causes 

the 
generator 

to 
reach 

a 
breakdown 

point 

where 

the 
armature 

reaction 

effect 

produces 

a fairly 

constant 

output 

voltage 

with 

application 

of 
load. 

If 
further 

application 

of 
load 

load 

current 

only 

to 
a 

small 

extent 

up 
to 

its 
rated 

load 

current 

value. 

Thus, 

the 
shunt 

generator 

at 
that 

value 

of 
load.)It 

can 
be 

seen 

from 

Figure 

1.33 

that 
the 

terminal 

voltage 

decreases 

with 

current 

is 
represented 

by 
the 

curved 

line, 

since 

it 
depends 

on 
the 

degree 

of 
field 

flux 

saturation 

decreases 

directly 

proportional 

to 
the 

increase 

in 
load 

current) 

The 
drop 

owing 

to 
decreased 

field 

Figure 

133 

Characteristics 

of 
dc 

shunt 

generator. 

Rated load current 

Load curent 

1.8.1 

Characteristics 

of 
Separately 

characteristic 

of 
the 

dc 
machine. 

graphical 

representation 

of 
the 

generated 

voltage 

vs. 
the 

load 

b) Internal characteristics 

Breakdown pont decreasing feld current Drop 

on 
account 

of 

lood 
epontlinecumeis 

armature voltage 

(a) Extenal characteristics 

Terminal load voltage or 

termrel olae 

The 

dc 
generator 

has 
two 

types 

of 
characteristics: 

at no-load 

voltage drop Armature resistance voltage drop Armature reaction 

1.8 

CHARACTERISTICS 

OF 

DC 

GENERATOR 

Terminal 

60 

580 x 

850 

x6 

= 0.0013 Wb 

Flux 

per 
pole 

= 

Exa 
ZxNXp 
11x6 

decrease 

in 
field 

current 

are 
all 

shown 

in 
Figure 

l33 

against 

the 
increase 

in 
load 

current. 

the 
generated 

voltage) 

(The 

effects 

of 
armature 

reaction, 

armature 

circuit 

voltage 

drop, 

and 

As 
a 

result, 

the 
terminal 

voltage 

drops 

further.At' 

ho-load 

the 
terminal 

voltage 

is 
the 

same 

as 

are 
increased 

and 
therefore 

the 
terminal 

voltage 

decreases, 

Hece 

the 
field 

current 

decreases,) 

the 
voltage 

drops 

as 
a 

result 

of 
armature 

reaction 

and 

internal 

resistance 

of 
the 

armature 

circuit 

the 
field 

circuit 

is 
connected 

directly 

across 

the 
armature. 

With 

the 
increase 

in 
the 

load 

current, 

(Figure 

1.33 

describes 

the 
external 

characteristics 

of 
de 

generator/in 

case 
of 
dc 

shunt 

generator, 

(c) 
Emf 

induced 

due 

to 
residual 

flus 

= 
|| 
V 

(i.e. 

when 

the 
field 

current 

is 
zero) 

PQ MO 

(b) 
A 

straight 

line 

OT, 
is 

drawn 

which 

l.8.2 

Characteristics 

of 
DC 

Shunt 

Generator 

Critical 

speed 

= 
N 
x 

= 850 x 

130 99.7 

-652 rpm 

(byAn 

internal 

voltage 

drop 

produced 

by 
the 

resistance 

of 
the 

armature 

winding. 

(af 

Armature 

reaction 

which 

produces 

a 
dernagnetizing 

effect 

on 
the 

field 

flux. 
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characteristic 

way 

in 
which 

the 
terminal 

voltage 

varies 

with 

the 
variation 

in 
load 

current 

from 

zero 

to 
full 

Figure 

1.32 
shows 

the 
external 

characteristics 

of 
a 

separately 

excited 

dc 
generator) 

t 
shows 

the 

shown 

as 
dashed 

straight 

lines 

in 
Figure 

93) 
(These 

dashed 

lines 

represent 

linear 

voltage 

(The 

effects 

of 
both 

the 
armature 

reactjon 

and 
the 

armature 

resistance 

voltage 

drop 

are 

Excited DC Generator 

current is 

termed the internal 

dc 
generator. 

is 
termed 

the 
external 

characteristic 

of 
the 
dc 

generator. 

On 
the 

other 

hand, 

the 

The 
graphical 

representation 

of 
the 

terminal 

voltage 

vs. 
the 

armature 

or 
load 

current 

ofa 

voltage 

represents the field 

cricuit 

resistance 

80 
2. 



excitation 

of 
the 

compound 

generator 

is 
made 

such 

that 
the 

terminal 

voltage 

on 
full-load 

is 
the 

Figure 

37 

describes 

the 
external 

characteristics 

of 
the 
dc 

compound 

generator.) 

If 
the 

series 

1.8.5 

Figure 

.36 

Characteristics 

of 
dc 

series 

generator. 

Load current 

characteristic -Extermal 

Voltage 

(c) 

series field 

(a) 

(b 

Internal characteristic armature 

EX 

characteristic Open-circuit 

nta 

increased load current. the 

load 

voltage 

at 
a 

much 

faster 

than 

the 

increase 

in 
generated 

voltage 

taking 

place 

by 
the 

The 

reason 

being 

that 

the 
increased 

voltage 

drops 

and 

the 
increased 

armature 

reaction 

decrease 

the 
maximum 

voltage 

point 

produces 

a 
sharply 

drooping 

characteristic 

as 
illustrated 

in 
Figure 

I.36. 

field, 

and 

the 
terminal 

voltage 

therefore 

remains 

constant. 

Any 

further 

increase 

in 
load 

beyond 

drop 

due 

to 
armature 

reaction 

exactly 

counterbalance 

the 
increased 

flux 

produced 

in 
the 

series 

ceases. 

At 
this 

point 

the 
voltage 

drops 

of 
the 

series 

field 

and 

the 
armature 

as 
well 

as 
the 

voltage 

tending 

to 
increase 

the 
generated 

voltage, 

a 
maximum 

voltage 

is 
produced 

where 

the 
buildup 

a 
result 

of 
voltage 

drops 

tending 

to 
decrease 

the 
generated 

voltage 

and 
the 

magnetizing 

current 

across 

the 
load,The 

generated 

voltage 

is 
also 

reduced 

by 
the 

effects 

of 
armature 

reaction 

As 

load 

current 

produces 

two 

voltage 

drops 

as 
shown 

in 
Figure 

136, 

thus 

limiting 

the 
voltage 

flows 

through 

the 
series 

field 

winding 

producing 

additional 

flux 

aiding 

the 
residual 

flux)The 

magnetic 

field 

Automatic 

build 

up 
of 

voltage 

takes 

place 

from 

the 
point 

when 

the 
load 

current 

is 
zero. 

the 

generated 

and 

terminal 

armature 

voltages 

are 

same, 

both 

being 

due 

to 
residual 

Curve 

(b) 
indicates 

the 
internal 

characteristic 

of 
the 
de 

series 

generator.) 

When 

the 
load 

current 

quickly 

with 

the 
increase 

in 
load 

current, 

opposes 

the 
shunt 

field! 

For 
the 

differential 

compound 

generator, the 

terminal 

voltage 

drops 

very 

case 

of 
the 

differential 

compound 

generator, 

the 
series 

field 

is 
connected 

such 

that 

its 
field 

increase 

in 
load 

and 

the 
compound 

dc 
generator 

is 
termed 

undercompounded 

dc 
generator, 

In 

Figure 

1.37 

External 

characteristics 

of 
de 

compound 

generator. 

Load current 

Rated load current 

1.8.4 

Characteristics 

of 
DC 

Series 

Generator 

Terminal voltage 

compound generator 

Differential 

Undercompound 

the 

extermal 

characteristic 

can 

also 

be 
drawn. 

Flat-compound 

generators compound Cumulative 

Overcompound 

42 
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Characteristics 

of 
DC 

Compound 

Generator 

drop 

-Armature and 

reaction 

Drop due to 

open-circuit 

characteristic.) 

Curve 

(c) 
is 

the 
external 

characteristic 

of 
the 
dc, 

series 

generator. 

Figure 

1.36 

describes 

the 
charaçteristics 

of 
the 
dc 

series 

generator.(The 

curve 

(a) 
shows 

the 

2O(When 

the 
prominency 

of 
the 

shunt 

field 

is 
more, 

then 

the 
terminal 

voltage 

is 
reduced 

with 

the 

field, 

then 
the 

terminal 

voltage 

enhances 

with 

the 
load$The 

generator 

is 
termed 

overcompounded 

compounded 

generator 

(f 
the 

series 

excitation 

becomes 

more 

prominent 

than 

that 

of 
the 

shunt 

same 

as 
that 

of 
on 

no-load, 

then 

the 
dc 

generator 

is 
termed 

tlat-compounded 

generator 

or 
level 

point 

u_ 
will 

lie 
on 

the 
external 

characteristic. 

In 
a 

similar 

manner, 

the 
other 

points 

on 

(ix) 

From 

point 

l, 
a 

vertical 

line 

is 
drawn 

and 

that 

will 

intersect 

the 
line 

Nu, 

at 
u_. 
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and 
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(c) 

The 

switch 

S, 
is 

now 

closed. 

across 

switch 

S, 
becomes 

zero. 

(b) 
The 

excitation 

of 
the 

generator 

G 
is 

adjusted 

until 

the 
reading 

of 
the 

voltmeter 

connected 

field 

of 
this 

generator 

will 
be 

strengthened, 

causing 

an 
increase 

in 
its 

generated 

voltage. 

Since 

the 
generators 

begins 

to 
deliver 

more 

load 

current 

than 

what 

it 
was 

actually 

delivering. 

The 

The 

main 

problem 

of 
parallel 

operation 

of 
compound 

generators 

is 
instability. 

Suppose, 

one 

of 

the 
switch 

S 
is 

closed. 

(a) 

1.9.3 

Parallel 

Operation 

of 
Compound 

Generators 

The 

procedure 

used 

to 
parallel 

one 

generator 

to 
another 

is 
as 

follows: 

now 

to 
be 

connected 

in 
parallel 

with 

the 
generator 

G. 

The 

Figure 

1.40 

Characteristics 

of 
shunt 

generators 

in 
parallel. 

Load current 

1.9.2 

Procedure 

for 

Connecting 

DC 

Shunt 

Generators 

in 
Parallel 

for all 

(1) 

from 

the 
point 

of 
view 

of 
rotation. 

(c) 
The 

prime 

movers 

driving 

the 
generators 

must 

have 

similar 

and 
stable 

characteristics 

Voltage 

(2) 

(b) 

The 

polarities 

of 
the 

Total characteristic 

(a) 

The 

terminal 

voltage 

of 
each 

generator 

must 

be 
the 

same. 

For 1.9.1 

Conditions 

Necessary 

for 

Parallel 

Operation 

of 
DC 

Generators 

Figure 

1.40 

describes 

the 
characteristics 

of 
two 

shunt 

generators 

working 

in 

efficient operation, the 

parallel 

operation 

of 
generators 

is 
always 

essential. 

of 
generator 

G 
is 

decreased. 

field 

rheostat 

resistance 

of 
generator 

G 
is 

increased 

whereas 

the 
field 

rheostat 

resistance 

(d) 
Now 

the 
two 

generators 

are 
in 

the 
floating 

condition 

since 

the 
voltage 

of 

1.9 

PARALLEL 

OPERATION 

OF 

DC 

GENERATORS 

Figure 

1.39 

Parallel 

operation 

of 
two 

Bus bar 

G, 

G 

d a L 

S 

S 

Bus bar 

DC Machines 
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Generator 

G 
is 

speeded 

up 
by 

the 
prime 

mover 

until 

its 
rated 

voltage 

builds 

up. 
Then 

generator 

G 
is 

first 

connected 

to 
the 

load 

as 
shown 

in 
Figure 

1.39. 

The 
generator G, is 

generators. 

(d) The 

change in 

voltage 

with respect 

to the 

change in 

load must be 

of the 

same order 

generators 

must 

be 
same. 

parallel 

operation 

of 
dc 

generators, 

the 
following 

conditions 

need 

to 
be 

satisfied: 

parallel. 

(e) 
Gradually 

the 
sharing 

of 
load 

by 
the 

two 

generators 

will 

occur. 

service 

the 

parallel 

operation 

from 

that 

angle 

is 
also 

desirable. Over and 

above, for most 

in 
parallel 

to 
meet 

the 
demand 

of 
load. 

For 
maintaining 

a 
reliable 

system 

with 

continuity 

of 

When 

the 
load 

is 
more 

than 

the 
rating 

of 
a 

single 

generator, 

then 

the 
generators 

are 
connected 

both are the 

same. 

The 

shifting 

of 
the 

load 

from 

the 
generator 

G, 
is 

then 

made 

to 
generator 

G. 
The 

generators. 
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E=Vt lr, for a constant terminal voltage V. the pencrator will start to take more load current. 
When the load is fixed, the other generator will then take less load. So its field will be weakened 
and the load current will be reduced further. If this process continues, one generator will take 
all the load and the other generator will not deliver any load current. Finally, the unloaded 

generator will acts as a motor to the other heavily loaded generator. Thus an instability will 
occur in the system. This condition should not be allowed. To avoid this situation, an equalizer 
is connected to the armature side of the series field on the side of the same polarity forF each 

generator, as shown in Figure 1.41. Equalizer is the low resistance connection. Now any variation 
in the induced emf of one generator will produce a circulating current only between the two 
generators and the equalizer. The series fields will not be affected by this variation. 

Series 
field 

Main 
switches 

Equalizer 

G, G, 

Series 
field 

Figure 1.41 Compound generators in parallel. 

Load 
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respect 

to 
the 

torque. 

Both 

the 
speed 

and 

torque 

vary 

with 

respect 

to 
the 

amature 

current as 

condition 

K,KzI 
V -(r+r) 

N= 

K, 

Ko 

N= 

Ko K,K,o? 

E V-l(r+rp) 

Tr 

T= K,ol V= 

E 
+ 

I(r 
+ 

r) 

N= 

Kiø 

E= KON ¢= Kl 

As 
regards 

the 
dc 

series 

motor 

the 

following 

mathematical 

relations 

are 

found: 

E 

V 
-

Ir 

DC series motor 

#= 

flux 

per 
pole. 

K1, 
K, 
= 

constants 

Figure 

I.44(c) 

Speed 

vs. 
torque 

of 
the 
dc 

shunt 

motor. 

r= armature resistance I= 

Torque 

V= supply voltage E 
= 

back 

emf 

where 

T = Kol V= E+ Ir 

Speed 

a 

E 
= ¢NZ 

= 
K,¢N 

We 

know 

the 
following 

relations: 

DC shunt motor us 
first 

of 

all 
consider 

the 

case 

of 
the 

dc 
shunt 

motor. 

The 

characteristics 

of 
dc 

motors 

mainly 

express 

the 
speed-torque 

characteristic 

of 
the 

motor. 

Let 

of 
dc 

shunt 

motor. 

Figure 

.44(a) 

Speed 

vs. 
armature 

current 

Armaturc current 

1.12 

CHARACTERISTICS 

OF 

DC 

MOTORS 

of 
dc 

shunt 

motor. 

Figure 

1.44(b) 

Torque 

vs. 
armature 

current 

Armature curent 

direction. 

In 
case 

of 
the 

differential 

compound 

dc 
motor, 

the 
scenario 

is 
just 

the opposite. 

neglected reaction Amature 

reaction neglected 
Amature 

moior 

and 

(ii) 
Diferential 

compound 

wound 

dc 
motor. 

The 

compound 

wound 

dc 
motor 

is 
also 

Speed 

considered 
Armature reaction 

considered 

Torque 

(c) 

reaction Armature 

(b) 

Series 

wound 

dc 
motor 

(a) 

Shunt 

wound 

dc 
motor 

DC 1.11 

DIFFERENT 

TYPES 

OF 

DC 

MOTORS 

armature 

current, 

since 

for 
a 

particular 

power, 

the 
torque 

will 
reduce 

with 

the 
increase 

in 
speed. 

effect 

of 
armature 

reaction, 

the 
flux 

reduces 

and 

the 
torque 

decreases 

with 

the 

increase 

in 

56 
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DC Machines 

never happens. 

Figure 

1.44(c) 

describes 

the 
drooping 

characteristic 

of 
speed with 

straight 

line 

if 
the 

flux 

per 
pole 

remains 

constant. 

But 
due 

to 
armature 

reaction 

effect, 

the 
above 

From 

the 
above 

expression 

it 
is 

clear 

that 

the 
speed-torque 

characteristic 

should 

be 
a 

armature 

current 

in 
such 

a 
way 

that 

the 
fluxes 

developed 

both 

in 
the 

shunt 

and 

series 

windings 

are 
in 

the 
same 

In 
case 

of 
the 

cumulative 

compound 

wound 

dc 
motor, 

the 
field 

windings 

are 
connected 

of 
two 

types: 

(i) 
Cumulative 

compound 

wound dc 

Compound 

wound 

dc 
motor. 

motors 

like 

the 

dc 
generators 

are 
also 

of 
different 

types. 

the 
flux 

reduces 

and 

the 
speed 

increases 

with 

the 
increase 

in 
armaturc 

current. 

Also, 

due 

to 
the 

shown 

in 
Figure 

1.44(a) 

and 

Figure 

1.44(b) 

respectively. 

Due 

to 
the 

effect 

of 
armature 

reaction. 

Theory and Practice 



armature 

severely. 

Therefore, 

the 

dc 
series 

motor 

should 

never 

be 
run 

at 
no-load 

even 

by 

to 
infinity. 

This 

is 
a 

dangerous 

condition 

and 
the 

centrifugal 

force 

experienced 

may 

damage 

the 

motor 

current 

and 

the 
flux/pole 

tend 

to 
zero 

and 

as 
a 

result, 

the 
motor 

speed 

tends 

to 
increase 

The 

most 

important 

point 

of 
the 

characteristic 

of 
the 
dc 

series 

motor 

is 
that 

at 
no-load, 

the 

Figure 

1.45(c) 

Speed 

vs. 
torque 

for 
the 
dc 

series 

motor. 

Torque 

Hata: 

Figure 

1.46(c) 

Speed 

vs. 
torque 

characteristics 

of 
dc 

compound 

motor. 

Speed 

Torque 

of 
dc 

series 

motor. 

of 
dc 

series 

motor. 

Figure 

1.45(a) 

Speed 

vs. 
armature 

current 

. compound Cumulative 

Figure 

1.45(b) 

Torque 

vs. 
armature 

current 

Amature current 

Speed 

Armature current 

compound -Differential 

relation mathematical As per 

As per practical 

Torque 

Spced 

characteristics 

of 
dc 

compound 

motor. 

Figure 

1.46(a) 

Speed 

vs. 
armature 

current 

practical As per 

characteristics 

of 
dc 

compound 

motor. 

Figure 

1.46(b) 

Torque 

vs. 

armature 

current 

Amature current 

calculation mathematical 
As per 

Armature current 

expression. 

A slight difference 

than 

what 

is 
being 

considered 

in 
the 

mathematical 

saturation 

and 

armature 

reacion 

demagnetization 

make 

the 
flux/pole 

to 
increase 

at 
a 

rate 

slower 

result 

and 

those 

from 

the 

practical 

result 

as 
shown 

in 
Figures 

1.45(a), 

(b) 
and 

(c) 
because 

observed 

in 
the 

characteristics 

being 

obtained 

from 

the 
mathematical 

compound Differential 

Speed 

compound Cumulative compound Differential 

Torque 

is a parabola. 

compound Cumulative 

is 
a curve 

of 
shifted 

rectangular 

hyperbola 

and 
T= 

KK,T? 

Here. N = 

Vs. 
current, 

torque 

vs. 
current 

and 

speed 

torque 

characteristics 

of 
the 

motor, 

respectively. 

For 
the 

case 

of 
the 
dc 

N= 

DC compound motor 

T= 
Kyo1 

= 
K(K;)I 

= 
KzK,[ 

Also. 

clear 

in 
the 

mathematical 

related 

curve 

of 
Figure 

Il.45(b). 

as 
the 

armature 

current 

rises 

the 
parabolic 

curve 

tends 

towards 

the 
straight 

line 

curve. 

This 

is 

DC 

59 

compound 

motor, 

Figures 

1.46(a), 

1.46(b) 

and 

1.46(c) 

describe 

the 
speed 

therefore 

the 
relation 

T= 

K,K 

tends 

to 
T« 

I and 

as 
a 

result 

as 
per 
the 

mathematical relation 

mistake. 

Near 

the 
saturation 

region, 

o 
does 

not 
remain 

proportional 

to 
the 

armature 

current 

I and 

Machines 



N= 

K,ø E 

V-
Ir 

V 

Ir 

torque 

the 
back 

emf 

decreases. 

Hence 

for 

a 
constant 

field 

flux, 

the 

speed 

decreases. 

As 
the 

armature 

circuit 

resistance 

of 
the 

motor 

is 
increased 

(Figure 

1.53(a) 

for 
a 

particular 

T= Ky 

Armature 

resistance 

control 

of 
de 

shunt 

mnotor 

E= KjONW 

Figure 

1.52 

Speed 

control 

of 
de 

shunt 

motor 

by 
variation 

in 
field 

excitation. 

V= E+ ir 

Torque 

In 
case 

of 
the 
dc 

shunt 

motor, 

the 
following 

equations 

have 

already 

been 

discussed. 

114.1 

Shunt 

Motor 

Speed 

Control 

For 

field 

current 

I 

Let 

us 
now 

analyse 

the 

speed 

control 

of 
various 

types 

of 
de 

motors. 

N, 

So 
the 

terninal 

votage 

and 

field 

excitation 

help 

to 
vary 

the 
speed 

of 
dc 

motor. 

if 
the 
ir 

drop 

is 
neglected. 

Therefore 

the 
speed 

variation 

depends 

on 
two 

factors, 

i.e. 
V 

and 

. 

Speed 

For 

field 

current 

In 

N= 

KÙ 

reaction effect due to armarure Increased speed 

For 

fieid 

current 

I, 

V K¢ 

or 

Figure 

1.51 

Field 

control 

of 
dc 

shunt 

motor. 

V= KON+ Ir V= E+ Ir 

Field regulator 

As we 

speeds 

of 
drives 

can 

be 
obtained 

using 

dc 
motors. 

The 

dc 
motor 

plays 

a 
very 

important 

role 

in 
the 

control 

of 
industrial 

drives. 

A 
wide 

range 

of 

Motor 

Field 

114 

SPEED 

CONTROL 

OF 

DC 

MØTORS 

are 
shown 

in 
Figure 

1.52 

for 
each 

value 

of 
field 

current. 

reaction, 

the 
actual 

speed 

is 
found 

a 
little 

higher 

for 
the 

same 

torque 

produced. 

So, 
two 

curves 

For 

a 
constant 

field 

current, 

due 

to 
demagnetization 

of 
field 

on 
account 

of 
armature 

are 
with 

three 

values 

of 
field 

current, 

I,,l, 

and 
I 

where 

I; 
<l,< 

I; 

speed-torque 

characteristic 

moves 

down. 

The 

speed 

torque 

characteristics 

shown 

in 
Figure 

1.52 

Figure 

1.52 

shows 

the 
speed 

vs. 
torque 

characteristics. 

As 
the 

field 

current 

is 
increased, 

the 

Figure 

1.51 

describes 

the 

speed 

control 

of 
dc 

shunt 

motor 

by 
variation 

in 
field 

excitation. 

Field 

control 

of 
dc 

shunt 

motor 

may 

be 
called 

the 

basic 

speed 

N= 

Tr 
T 

DC Machines 
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know, 

equation 

of 
the 
dc 

shunt 

motor 



So, 
fora 

fixed 

value 

of 
R, the 

speed 

variation 

totally Ko Ko 

IR 

V-V+IR 

KÙ 

KÙ 

Ko V-IR 

Speed 

N-N, 

dc 

motor. 
because 

a 
large 

number 

of 
rotating 

machinaries 

are 
being 

used 

for 
the 

speed 

control 

of 
the 

control 

of 
the 
dc 

motor. 

But 

the 
main 

disadvantage 

is 
that 

it 
is 
a 

very 

costly 

arrangement 

The 

main 

advantage 

of 
the 

Ward 

Leonard 

method 

is 
the 

realization 

of 
the 

wide 

range 

of 
speed 

N-N,= 

Ko 

Ko V-IR 

generator, 

all 
three 

being 

mounted 

on 
a 

common 

shaft 

as 
shown 

in 
Figure 

l.35. 

ac 
supply 

is 
provided 

to 
an 
ac 

induction 

motor, 

it 
rotates 

along 

with 

the 
exciter 

and 

the 

de 

The 

Ward 

Leonard 

method 

provides 

a 
wide 

range 

of 
speed 

control. 

When 

a 
three-phase 

V-

IR 
= 

KON, 

is 
called 

the 
Ward 

Leonard 

method 

of 
speed 

control 

(Figure 

1.55). 

Combined 

armature 

and 

field 

control 

of 
dc 

motor 

can 

be 
performed 

by 
a 

famous 

method 

which 

Neglecting 

armature 

resistance 

at 
armature 

current 

I, 

V KON 

Ward 

Leonard 

method 

of 

At no-load condition, (iü) 

Speed 

regulation 

is 
poor. 

speed. Thus 

When 

the 
armatures 

are 
connected 

in 
series, 

the 
voltage 

supply 

to 
each 

armature 

is 
reduced 

motor. 

() 

Speed 

variation 

cannot 

be 
made 

wide 

because 

of 
the 

reduction 

in 
the 

efficiency 

of 
the 

Figure 

Figure 

1.54(b) 

Armatures 

in 

) Speed 

below 

the 
rated 

value 

is 
possible. 

The 

main 

problems 

of 
this 

type 

of 
speed 

control 

are 
the 

following: 

control 

of 
dc 

shunt 

motor. 

Figure 

1.53(2) 

Amature 

resistance 

Figure 

1.53(b) 

Speed 

control 

of 
dc 

shunt 

motor 

by 
varying 

the 
atmature 

circuit 

resistance. 

VI2 

Torque 

V2 

Fieid 

pTsds 

R=R 

R 

R= R, R=R, 

R, 
> 

R, 
> 

R| 

are 

connected 

in 
parallel 

as 
shown 

in 
Figure 

I54(b). 

armatures are 

connected 

in 
series 

as 
shown 

in 
Figure 

1.54(a). 

In 
the 

other 

case, 

the 

armatures 

resistance R. Figure 

1.53(6) 

exhibits 

the 
fall 
of 

spced-torque 

curve 

with 

the 
increase 

in 
the 

armature 

circuit 

Series-parallel 

control 

of 
dc 

shunt 

motor 

Electrical 
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depends 

on 
the 

load. 

regulation = 

of 
the 
dc 

motor 

are 

varied 

widely 

so 
that 

speed 

control 

over 

a 
wide 

range 

can 

be 
obtained. 

rheostat. 

Hence 

both 

the 
voltage 

across 

the 
armature 

as 
well 

as 
the 

voltage 

across 

the 
field 

At 
the 

same 

time 

the 
exciter 

voltage 

is 
applied 

to 
the 

field 

of 
the 
dc 

motor 

through 

a 
variable 

This 

variable 

voltage 

is 
applied 

to 
the 

armature 

of 
the 
dc 

motor 

whose 

speed 

is 
to 
be 

controlled. 

voltage 

across 

the 
field 

of 
the 
dc 

generator 

is 
varied. 

Hence 

the 
voltage 

of 
the 

generator 

varies. 

the 

potentiometric 

arrangement 

through 

the 
resistor 

to 
the 

field 

of 
the 

generator. 

Thus 

the 

The 

exciter 

supplies 

power 

to 
the 

variable 

resistor 

and 

the 
variable 

voltage 

is 
applied 

by 

speed control 

the 
speed 

of the 

combination can 

be 
arranged to 

be either 

the half 

speed or 

the full-rated 

to half 

and 
when 

the 
parallel 

connection 

is 
made, 

each 

motor 

will 

be 
supplied 

the 
full 

voltage. 

1.54(a) 

Armatures 

in 
series. 

paraliel. 

connected 

mechanically 

to 
a 

common 

load. 

Here 

two 

speeds 

can 

be 
obtained. 

In 
one 

case, 

the 

In 
the 

series-parallel 

method 

of 
speed 

control 

of 
dc 

shunt 

motor, 

two 

identical 

shunt 

motors 

are 



74 Electrical Machines: Theory and Practice 

m 

Exciter 

1.14.2 Series Motor Speed Control 

Three-phase 
ac supply 

(a) Diverter field control 

Figure 1.55 Ward Leonard speed control of dc shunt-motor. 

(b) Tapped field control 
(c) Series-parallel control. 

Diverter field control 

AC motor 

Motor 

The series motor speed control like the shunt motor speed control can also be made by varying 
the field excitation as well as exercising the armature-circuit resistance control. The methods 
used are as follows: 

DC generator 

DC motor 

I'se 

Figure 1.56 describes the diverter resistor control circuit used for speed control of dc series 
motor. A variable diverter resistance r is connected across the series field having resistance r 

Field 

Figure 1.56 DC series motor speed control using diverter field control. 

No 

Le 

F 



Figure 

l.47(b) 

Three-point 

starter 

with 

brass 

arc. 

connection. of 
course, 

there 

is 
no 

brass 

arc. 

The 

resistances 

go 
to 

the 
field 

circuit 

through 

the 
wire 

resistances 

go 
to 

the 
field 

circuit 

of 
the 
dc 

motor 

through 

the 
brass 

arc. 
In 

Figure 

I.47(a), 

starting 

arn 

is 
moved 

from 

stud 

1 through 

stud 

$. 
Gradually, 

at 
the 

same 

time 

the 
step 

(Then, 

gradually, 

the 
step 

resistances 

shown 

are 
cut 
off 

from 

the 
armature 

circuit 

as 
the 

supply 

ield 

DC 

Shunt 

Motor DC 

QL 

OF 

OA 

1. 
The 

dc 
supply 

is 
switched 

on. 

principle 

of 
operation 

of 
the 

starter 

is 
described 

as 
follows: 

Let 
us 

take 
the 

case 

of 
the 

three-point 

starter 

as 
shown 

in 
Figure 

1.47(b). 

The 
step-by-step 

release Overload 

faur 

1erminals, 

whereas 

the 
three-point 

starter 

possesses 

three 

terminals, 

between 

the 
three-point 

starter 

and 
the 

four-point 

starter 

is 
that 

the 
four-point 

starter 

possesses 

brass 

arc 
is 

additionally 

provided 

for 
the 

same 

purpose 

as 
mentioned 

above.(The 

major 

difference 

effective. 

Figure 

1.48(a) 

and 

Spring 

am Starting 

keeper Soft iron 

OFFo 

coil 
Holding 

Brass arc 

(b) Four-point starter (a) Three-point starter 

The 

manual 

starters 

are 
usually 

of 
two 

types: 

Starting resistance 

Figure 

1.47(a) 

Three-point 

starter. 

1.13.1 Manual Starters for 
starting 

of 
a 

dc 
motor. 

the 
starier.) 

Before 

the 
advent 

of 
power 

electronics, 

a 
manual 

starter 

was 

the 
only 

device 

used 

is 
withdrawn. 

Such 

a device 

which 

is 
provided 

with 

the 
dc 

motor 

at 
the 

time 

of 
starting 

is 
called 

flow 

through 

the 
motor 

armatureGradually, 

as 
the 

motor 

speeds 

up, 
the 

starting 

arrangement 

start1ng 

Some 

arrangement 

needs 

to 
be 

made 

so 
that 

an 
enormous 

supply DC 

Starter box 

Overload release 
arm Starting 

Spring 

Motor 
DC 

1.13 

STARTING 

OF 

DC 

MOTOR 

oFfO 

picce 
Soft iron 

Holding 

Starting resistance 

A 

6& 
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a result, 

first 

of 
all 

the 
full 

starting 

resistance 

at 
stud 

I is 
inserted 

in 
the 

armature 

cifcuit) 

2. 
(The 

starting 

arm 

is 
slowly 

moved 

from 

its 
OFF 

position 

to 
the 

studs 

1, 
2, 
3, 
4, 

5.)As 

Figure 

1.48(b) 
are 

the 
four-point 

starters. 

In 
Figure 148(b), the 

difference 

is 
that 

in 
Figure 

1.47(b), 

a brass 

arc 
has 

been 

provided 

for 
making 

the 
oneration 

more 

and 

Figure 

1.47(b) 

are 
the 

three-point 

starters. 

They 

are 
more 

or 
less 

of 
similar 

type. 

The 

only 

Figures 

1.47(a), 

1.47(b), 

1.48(a) 

and 

1.48(b) 

are 
the 

starters 

of 
dc 

motor. 

Figure 

1.47a) 

amount of 

current does not 

current 

will 

flow 

through 

the 
motor 

and 
the 

motor 

will 
get 

damaged 

Hence, 

at 
the 

time 

of 

from 

the 
mains 

supply. 

So, 

if 
the 

rated 

voltage 

is 
applied 

across 

the 
motor, 

a 
large 

amount 

of 

(Therefore, 

only 

the 
annature 

resistance in the 

circuit 

exists 

for 
limiting 

the 
in-rush 

of 
the 

current 

So, 
there 

is 
no 

back 

emf 

generated 

in 
the 

arnmature 

of 
the_ 

motor 

since 

the 

speed 

is 
Zero. 

At 
the 

instant 

when 

a 
voltage 

is 
applied 

to 
a 

dc 
motor 

to 
start 

it, 
it 
is 
at 

the 

stationary 

condition. 
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Figure 

1.48(b) 

Pour-point 

starter 

with 

brass 

arc. 

Motor 
DC 

SuppBy DC 

Field 

LØ 

release Overload -

Spring 

Starter arm 

Soft iron keeper 

OFF O 

coil 
Holding 

Brass arc 

Starting resistance Figure 

1.48(a) 

Four-point 

starter. 

-Rheostat 

suppBy DC 

Motor, DC 

Field 

A 

T 

release Overload 

attracted 

and 

the 
starting 

arm 

will 

not 
lie 
at 

the 
final 

stud 

position. 

ciently 

high 

to 
magnetize 

the 
holding 

coil, 

then 

the 
soft 

iron 

Spring 

afm Starter 

resistance 
High 

arm 

then 

returns 

to 
the 

OFF 

position. 

holding 

OFF 

keeper 
Soft iron 

will 

come 

back 

to 
its 

original 

OFF 

Holding coil 

Starting esistance 

starting 

arm 

remains 

attracted 

to 
the 

holding 

coil 

magnetic 

strength. 

the 
design) 

it 
will 

remain 

at 
that 

position 

because 

the 
attached 

soft 

iron 

keeper 

of 

3.When 

the 
starting 

arm 

reaches 

to 
the 

last 
stud 

point 

(it 
may 

be 
5 

or 
6 

or 
7 

etc. 

as 
per 

66 
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keeper 

will 

no 
longer 

remain 

more 

reliable 

because 

if 
by 

chance 

the 
current 

flowing 

through 

the 
field 

circuit 

is 
not 

suffi 

of 
the 

motor. 

Rather 

an 
extra 

terminal 

is 
provided 

with 

a 
high 

resistance. 

This 

makes 

the 
system 

In 
case 

of 
the 

four-point 

starter, 

the 
holding 

coil 

circuit 

is 
not 

connected 

to 
the 

field 

circuit 

coil 
is 

shorted. 

Thus 
the. 

holding 

coil 
is 

de-energised. 

Automatically, the starting 

5, 
f the 

load 

current 

becomes 

large, 

the 
overload 

release 

coil 
will 
lift 
the 

armature 

and 
the 

position. 

4.H 
the 

motor 

is 
switched 

off, 
then 

the 
holding 

will 
be 

de-energised 

and 
the 

starting 

arm 

Machines: 
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Practice 



1.16 TESTING OF DC MACHINES 

The testing of de machine is very essential so that we can accurately calculate the losses of 
machine and find out its efficiency. The efficiency of the dc machine is the ratio of output and 
input. The eficiencies of generator and motor can be expressed as follows: 

Efficiency of generator = 

Efficiency of motor 

(1) Swinburne's test 
(2) Hopkinson's test. 

1.16.1 Swinburne's Test 

In case of generator, V is the terminal voltage and I is the load current. In case of motor, 
V is the supply voltage and I is the supply current. The main two tests of dc machines are: 

where 
Po = iron loss 

Swinbune's test is the no-load test of de machine. Therefore, this test cannot be performed on 

the dc series motor. 

VI 

Figure 1.72 descrbes the circuit diagranm of the Swinburne's test. The machine, whether 

it is a motor or a generator, is first of all run at no-load at the rated speed and at the rated 

terminal voltage. Then the field current is adjusted to its rated value. The no-load loss is 

calculated. A series resistor is inserted in the armature circuit of the motor so that it runs exactly 

at the rated speed. Now, 

P= windage and friction loss 
, = armature resistance 

VI + losses 

Again the shunt field loss, 

VI �losses 

V 

where r,= field resistance. 

DC Machines 93 
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test. full-ioad 

condition 

without 

really 

applying 

the 
full 

load. 

That 

is 
possible 

by 
the 

Hopkinson's 

is 
why, 

sone 

other 

method 

is 
needed 

where 

we 
can 

load 

the 
machine 

ficticiously 

at 
the 

rated 

more 

flux 

passes 

down 

the 
slots 

through 

the 
copper 

conductors 

and 

thus 

setting 

up 
the 

eddy 

When 

the 
conductors 

carry 

load 

current, 

the 
teeth 

of 
the 

core 

get 
saturated 

and 

as 
a 

result, 

an 
idea 

of 
steady 

Lemperature 

rise 

of 
the 

machine. 

when 

the 

machine 

will 
be 

really 

loaded 

at 
the 

rated 

condition. 

Over 

and 

above, 

we 
cannot 

have 

Besides 

the 

above, 

by 
the 

above 

test, 

we 
cannot 

get 
the 

actual 

scenario 

of 
commutation 

get 
the 

actual 

loss 

at 
the 

real 

Joading 

condition. 

(b) Since the 
output at full-load. not 

be 
accurate 

even 

if 
we 

assume 

stray 

load 

loss 

as 
some 

percentage 

of 
the 

and 

that 

is 
nothing 

but 
the 

skin 

effect. 

uniform 

distribution 

of 
alternating 

currents. 

This 

increases 

the 
etfective 

resistance 

of 
conductors 

Stray 

load 

loss 

is 
the 

additional 

copper 

loss 

which 

occurs 

in 
the 

conductors 

an 
account 

of 
non 

cannot 

determine 

the 
actual 

efficiency 

of 
de 

machine 

properly 

due 

to 
the 

following 

reasons. 

a 
very 

important 

factor 

for 
determining 

the 
eficiency 

of 
de 

machine. 

If 
we 

ignrore 

this, 

we 

for 
both 

the 
machines 

even 

though 

the 
machines 

are 
identical 

in 
all 

respects. 

Stray 

load 

loss 

is 

voltages 

equal 

to 
one 

another. 

Obviously, 

the 
no-load 

iron 

loss 

and 

stray 

loss 

will 
not 
be 

equal 

excitation 

of 
the 

generator 

will 
be 

nmore 

than 

the 

excitation 

of 
the 

motor 

to 
maintain 

the 
terminal 

Figure 

1.73 

Hopkinson's 

test. 

machines. 

The 

reasons 

are 
the 

following: 

The 

Swinburne's 

test 

is 
not 

at 
all 
an 

accurate 

test 

for 
determining 

the 

efficiency 

of 
dc 

If 
the 

dc 
machine 

acts 

as 
a 

motor, 

then 

the 
efficiency 

will 
be 

where 

I, 
is 

the 
load 

current 

of 
the 

generator. 

supply 

VI, + P 

DC 

VI 

A 

If 
the 

dc 
machine 

acts 

as 
a 

generator, 

then 

the 

efficiency 

of 
the 

same 

will 

be 

am 

Total loss, 

P,=(1,-

S 

is neglected. 

The 

sray 

load 

loss 

can 

be 
considered 

1% 

of 
the 

rated 

Figure 

1.72 

Swinburne's 

test. 

V 

currents 

between 

the 

two 

machines. 

machines 

are 
in 

perfect 

parallel 

connection 

and 
there 

is 
no 

chance 

of 
the 

presence 

of 
circulating 

Similar 

polarities 

of 
the 

machines 

are 

connected. 

So, 

when 

the 

switch 

S 
is 

closed 

both 

the 

dc 

machines. 

Now 

the 
voltage 

across 

switch 

S 
should 

be 
zero 

and 

only 

then 

we 
can 

declare 

that 

dc 
supply, 

that 
means, 

the 
input 

of 
the 

external 

supply 

will 
provide 

the 
power 

losses 

of 
both 

the 

the 
dc 

machines 

are 

mechanically 

and 

electrically 

coupled, 

and 

are 
tested 

simultaneously. 

the 
Hopkinson's 

test, 

we 
require 

two 

identical 

dc 
machines. 

This 

is 
a 

regenerative 

test. 

Both 

1.16.2 Hopkinson's Test 
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to 
fully 

load 

the 
machine, 

and 
thus 

make 

testing 

of 
the 

machine 

prohibitively 

expensive. 

That 

Now 

the 
question 

arises, 

what 

do 
we 

have 

to 
do? 

Ifit 

is 
a 

big 
machine, 

it 
is 

not 
advisable 

resistances 

r, 
and 

r, 
are 

measured 

at 
normal 

temperature, 

we 
are 
not 

able 

to 
rated 

(a) 
The 

stray 

load 

loss 

cannot 

be 
calculated 

by 
this 

method. 

Therefore, 

the 
efficiency 

will 

and 

in 
case 

of 
motor 

the 

induced 

emf 

plus 

the 

armature 

drop 

is 
the 

terminal 

voltage, 

the 

Since 

in 
case 

of 
generator 

the 
induced 

emf 

minus 

the 
amature 

drop 

is 
the 

terminal 

voltage 

lir,) +1}r; 

output at full-load 

or sometimes it 

if 
both 

machines 

help 

each 

other, 

then 

which 

one 

will 
supply 

the 
losses. 

The 

answer 

is 
external 

rotate 

the 
generator 

and 

the 
generator 

will 

supply 

power 

to 
the 

motor. 

Now 

the 
queston 

arises, 

One 

of 
the 

machines 

will 

act 
as 
de 

motor 

and 

the 

other 

as 
dc 

generator. 

The 

motor 

will 



he 
variation 

in 
the 

excitation 

of 
both 

of 
machines. 

since 

the 
iron 

loss 

and 

stray 

Joad 

loss 

will 

not 
be 

the 
same 

for 
motor 

and 

Generator 

field 

copper 

Joss 

= 
VIp 

Motor 

field 

copper 

loss 

= 
VIm 

(The 

stray 

loss 

includes 

windage 

and 

friction 

loss, 

no-load 

iron 

loss, 

stray 

load 

loss) 

where 

ray 
and 

ram 
are 
the 

armature 

resistances 

respectively. 

Total stray 

Input to the Detailed 

caleulation 

of 
efficiency 

of 
de 

machine 

Hence, 

the 
efficiency 

of 
dc 

machine 

becomes 

the supply mains. 

The 

motor 

current 

becomes 

equal 

to 
the 

generator 

current 

plus 

the 
current 

coming 

from 

I, 
= 

1, 
t 

external 

supply 

current 

Then 

ngenerator efficiency. m= motor efficiency 

motor curTent 

I, = generator Im 

where 

2 

Efficiency 

of 
the 

generator 

W 

V 

Motor 

output 

= 
generator 

input 

VIam + VIjm 

Now. 

in 
Hopkinson's 

test. 

Vl gm 

2 W 

Mathematical 

analysis 

of 
Hopkinson 

's 
test 

stray load loss. distortiOn, 

the 
net 

increase 

in 
the 

core 

loss 

occurs 

and 

the 
extra 

core 

loss 

is 
nothing 

but 
the 

core 

cUrent 

losses 

in 
them. 

Even 

in 
winding 

overhang, 

the 
eddy 

current 

losses 

occur. 

Due 

to 
the 

flux 

Eflicicncy 

of 
the 

motor 

2 W 
--Vifm 
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generator because of 

The 

stray 

loss 

is 
assumed 

half 

of 
W 

for 
each 

machine 

although 

it 
is 

not 
absolutely 

correct 

loss, 

armature 

circuit = VI 
current 
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SCOTT CONNECTION (PHASE CONVERSION) 

2. A three phase supply can be converted to a two-phase supply by connecting two 
single phase translorner of a suitable ratio is known as Scott connection. 

Ao 

3 N,/2 

Taaser transtomer -O000000, 

A/2 

N,/2 M N,/2 

(a) 

D2000VOO,b 

Fig. Scott connection 

A 

M 

(b) 

B 

(C) 

3. Phase conversion from three to two phases is needed in special case, such as in 

supplying 2-phase electric arc furmaces. 

4. A 2-phase supply could thus be obtained by means of transformers; one connected 
across AM, called the teaser transformer and the other connected across the lines Band a 
C. 

5. Since VAM(V3/2 ) VBc,the transformer primary must have N3 N/2(teaser) and N, 
turns ;this would mean equal voltage /turms ratio in each transformer. 

6. A balanced 2-phase supply could then be easily obtained by having both secondaries 
with equal number of turns, N2 

7. The point M is located midway on the primary of the transformer connected across the 
lines B and C. 

8. The connection of two such transformers, known as Scott connection. 


