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10.7. Armature Resistance (Ra)

The resistance

o offered by the armature circuit is known as armature resistance (R,) and
udes :

(i) resistance of armature winding
(f1)  resistance of brushes.

The armature resistance depends upon the construction of machine. Except for small
machines, its value is generally less than 152, &

10.8. Types of D.C. Generators

The magnetic field in a d.c. generator is normally produced by electromagnets rather than
permanent magnets. Generators are generally classified according to their methods of field
excitation. On this basis, d.c. generators are divided into the following two classes:

(1) Scparately excited d.c. generators
(if} Self-excited d.c. generators \
The behaviour of a d.c. generator on load depends upon the method of field excitation adopted.

10.9. Separately Excited D.C. Generators

A d.c. generator whose field magnet winding is supplied from an independent external
d.c. source (e.g. a battery efc.) is called a separarely excited generator. Fig. 10.15 shows the
connections of a separately excited generator. The voltage output depends upon the speed of
rotation of armature and the field current (E, = POZN/60A). The greater the speed and field

current, greater is the generated e.m.f, It may be noted that separately excited d.c. generators
are rarely used in practice. The d.c. generators are normally of self-excited type.

I
= :\LDAD
Fig. 10.15
Armalure current, I, =1
Terminal voltage, V=E-IR,
Electric power developed = El,
i d  =E Ll -IL'R,=1,%E,_IR)=V

Power delivered to loa = El,-1, 'R, = I,'E_ IR, = VI,

10.10. Self-excited Generators

A d.c. generator whose field magnet winding is supplied ciwrent from the output of the
generator itself is called a *self-excited generator. There are three \ypes of self-excited gen-

+ How is self-excilation achieved 7 W‘h_cn the armature is rotated, a small voltage ‘s jnduced in the
armature winding due to residual flux in the poles. This voltage produces a small fieli ~urrent in the
field winding and causes the flux per pole 10 increase. The increased flux increases e induced
voltage which further increases the field current. These evants take place rapidly and the gtiarator
builds up to the rated generated voliage.
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erators depending upon the manner in which the field winding 1s connected to the armature,
namely;

(i) Series generator

(if) Shunt generator

(fiify Compound generator

(i} Series generator. In a serics-wound generator, the field winding is connected in se-
ries with armature winding so that whole armature current flows through the field winding as
well as the load. Fig. 10.16 shows the connections of a series-wound generator. Since the
field winding carries the whole of load current, il has a few turns of thick wire having low
resistance. Series generators are rarely used except for special purposes e.g. as boosters.

Armalure current, I, =1,=1 = I(say)
E,—-1{R,+R,)
El,
E I,-17(R,+R,) = I,[E,~1,(R,+R,)] = VI, or Vi,

Il

Terminal voliage, v

Power developed in armature

Power delivered to load

LOAD v LOAD

A

Fig. 10.16 Fig. 10.17

(if) Shunt generator. In a shunt generator, the field windin
with the armature winding so that terminal voltage of the genera
shunt field winding has many turns of fine wire having high resis
of armature current flows through shunt field winding and the res
10.17 shows the connections of a shunt-wound gea€rator.

£ is connected in parallel
tor is applied across itl. The
tance. Therefore, only

t flows through the load, Fig

Shunt field current, Ly = V/R,
Armature current, i, = f;_.'l*‘}f.
Terminal voltage, V=£E-IR,

Power developed in armatu~ = E.1,

Power delivered to loa< = VI,

nerator. In a compound-wound

(iii) Compound s¢ e ; Eencrator, there are *qwqo ;
windings on eack pole—one is in series and the other jp parallel with sets of field

puund wowid generator may be : € armature. A
com .

_.___,__—'—r’-_'_—_._—— i i
Ly, the majority of m.m.l. is pfuv:ded by the shunt field. The lwo windi
wormaly er (cwnulative compounding) or they miay oppose each othey r:};f::gs 1Y be connecteq (g

e 8
//aid each oth nhal compoundiny)
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(@) Short Shunt i
Winding [See Fig 10,
Long shunt In which
armature winding [See

()

hicl

b only shunt field
R (1)).

shunt fiely winding
Fig. 10,18 (ii)].

219

it bk
. R v| [Loap
(1) (if)
Fig. 10.18
Short shunt
Series field curremt, L.=1,
: V+I R,
Shunt field current l, = ————
. : R,
Terminal voltage, V=E-IR,~IR,
- Power developed in armature = El. x
Power delivered to load = Vi,
Long shunt
Series field current, Le=1,=1+1,
Shunt field current, 1, = V/R,,
Terminal voltage, V=E-I[(R,+R) -
Power developed 1n armature = E/,
Power delivered to load = Vi

winding s in parallel with the armature

is in parallel with both series field and

Example 10.6. A 100 k!'-;';'ltﬂt’ shunt generator has a field resistance of 55 Q and ar-
_,"a[ur;f resistance of 0.067 1. Find the full-load generated voltage.

Solution. Fig. 10.19 shows the shuie, generator circuit. | fi"
100 % 10
— 4161.
= "0 2
i — _': 4.36.‘\
I, = 240/55 550
fu — IL-I-J_-;]:
= 410.7+4.36 = 421.1A
E, = V+I1,R,

240+421.1 % 0.067 = 268.2V Fig. 10.19

s . i y

-pole d.c. shunt generator with a wave-wound armature has 1o supply

Example 10.7. A 4-po : o d

a load of 500 lamps each of 100W ar 250V. Allowing [0V for the voltage drop ’Ix__f\h"-' L
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of 1V per brush, calculate the

necting le , . load and drop Jer Brioth
cting leads between the generator and the 30 Wb and the armature

speed at which the generator should be driven. The flwx per po
and shunt field resistances are respectively (.03 Q and 65 2.

Solution.
500 x 100
Load ¢ ! - 20&"\
d current, 250
Voltage across shunt =250+ 10 = 260VY

1, = 260/65 = 4 A

i

E{'Eihdrcup _ =2x1 =2V

- E = voltage across shunt+ 2 + LR,
= 260+2+204 %005 = 2722V
Now, E = POZN

o 6GDA
N = E,x60A  2722x60x2
TOPYZ T 4x30% 1077 %390
[For wave winding, A = 2]
Example 10.8. A 30 kW, 300V d.c. shunt generator has armature and field resistances of

0.05 £ and 100 Q2 respectively. Calculate the total power developed by the armature when it
delivers full load ouiput.

Solution. Fig. 10.20 shows the shunt generator circuit.

= 698 r.p.m

I, = % = 100 A
1, = 3007100 = 3 A 1
I, = I,+1, = 100+3 = 103A 1900 SOK
E, = V+IR, -
= 300+ 103 x0.05 = 305.15V |
Power developed by armature = EJ, f'{';g 10.20

©=305.15x 103= 31.43x [0*W = 31.43kW——

Example @ A 4-pole lap-wound d.c. shunt genecaﬂ‘ﬂ‘ has a useful flux per pole of
0.07 wb. The armature winding consisis of 220 turns, «dch of 0.004 Q resistance. Calculate
the terminal voltage when running at 900 r.p.m. ,,rf e armature current is SOA.

Solution. B
% g o PyzY
2= “GDA )
Here Z = 220x% 2 = 440; ¢ =0.07wh; N = 900 rmp A =P =g
E = 4 x 0.07 x 440 % 900
£ 60 x 4 = 462V

sarallel path = 220/4 = 55
allel path = 0.004x55 = 0.220Q)
R, = 022/A = 0.22/4 = 0.0550

No. of turns PE
Rcsismncf,ﬁ“f P
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Now
EL' = U+ ‘,aRu

462 = V+50x0.055

L V = 459.25 volts
hiiFS mple 10.10. A d.e. shunt generator runs at 400 r.p.m. and delivers 500 kW ro bus-

tavy : i 2
g a constant voltage of 400 V. Assuming the field excitation to be constant at 5A,

cal hi ' ir i
‘ vcm’r.ne the speed at which the generalor must run if the load on it is to be reduced to 300
W. The armature resistance is 0.0]15Q.

Solution,

ar

*Eb' o Ib N
In the present problem, ¢ is given to be constant. Therefore, E, =N
Initial conditions

Load current, I, = 500% 10°/400 = 1250 A
;w = 1250+5 = 1255A
— = 1250+5 = 1255A
- Generated e.m.f,, £ = 400+ 1255x0.015 = 4188V

Final conditions

Load current, f; = 300 10°/400 = 750 A
Armalure current = 750+5 = 755A
~. Generated e.m.f, E, = 400+755x0.015 = 4113V
E,/E, = Na/N,

Ny = (E,/E)XN, = (411.3/418.8) x 400 = 393 r.p.m.

Example @]ll. A compound generator is to supply a load of 250 lamps, each rated at
J100W, 250V. The armature, series and shunt windings have resistances of 0.06 Q. 0.04 Q and
502 respectively. Determine the generated e.m.f. when the machine is connected in (i) long
shunt (it} short shuni. Take drop per brush as 1V.

Soluation.
(/) Fig. 10.21 shows the connections of the machine when connected in long shunt.
250 x 100
'FL = ——— = |00 A
LT s
1, = 250/50 = S A
[u = IJ'.+!.TJ:I = 100+5 = 105 A

E, = V+1,(R,+ R, )+ Total brush drop
TT=250+105(0.06+0.04)+ 2% | = 262.5V

4
-~

Fig. 10.21

¢ Eg = PZN/60A. For a given machine, P, Z and A are constant so that Eg =@ N
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i) Fi hine is connected in short shunt.
(i) Fig 10.22 shows the connections when the machine IS connected |

f, = 100 A . same as before
L=

Voltage across shunt, Vg = 250+ 100x0.04 = 254V

I, = 254/50 = 5.08A

sh

] = 1,41, = 100+5.08 = 105.08A

i

E, = Vyg+1R,+ Total brush drop
= 254+ 105.08 x 0.064+2% | = 262.3 A%

10.11. Losses in a D.C. Machine

The losses in a d.c. machine (gencralor or motor) may be divided into three classes viz
(i) copper losses (ii) iron or core losses and (iif) mechanical losses. All these losses appear as
heat and thus raise the temperatre of the machine. They alsa lower the elficiency of the
machine.

Armature Cu loss

Copper losses 4—@?‘; Shunt field Cu loss
"~ Series field Cu loss

Hysteresis loss
Losses in d.c. machine Iron losses ——<
Eddy current luss

Friction
Mechanical losses

Windage
1. Copper losses. These losses occur due to currents in the various windings of the
machine.
(i) Armature copper loss

la R,

(i) Shunt field copper loss = I, R~

v
(iii) Scries field copper loss = [, R,
Note. There is also brush contact loss due o brush contact resistance (i.e. resistance

: ¢ between the surfaee
and surface of commutator). This loss 1s generally included in armature copper loss, surface of brush

2. Iron or Core losses. These losses occur in the armature of g de m
to the rotation of armature in the magnetic field of the poles. They are o
hysteresis 10ss (ii) eddy current l?ss'

(i) Hysteresis 1oss. H)’slcrcstls Insls occurs in the armature of (he de.
any given part af |!1c urmqlun: is subjected to magnetic field revers
successive poles. Fig. 10.23 Hhm.:.-*.'-i an ar-
mature rotating in two-pole machine. Con-
' sece ab ol the armature,

gder a small pi _
:,:’1 -n the piece ab is under N-pole, the
o tic lines pass from « to b. Half a

jution later the same piece of iron is
revolu seidclE and magnelic lines pass
under Pa <o that magnetism in _lhc iron
from ¥ EUd l.n order 10 reverse continuously
is reversed.

achine and are dye
Fiwo types viz (i)

machine since
als as it passey under

magne

Fig. 10,23
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the molecular m

agnets in the armatur c shich i
“alle ‘ € core, some a of power has to be spent which 1s
called hysteresis amount of p p

loss. It is given by :

Hysteresis loss, P I 6
h

n B, [V wats

max = Maximum flux density in armature

where B

f = Frequency of magnetic reversals
NP/ 120 where N is in r.p.m.

. K
Volumeof armature in m

Vv
N = Steinmetz hysteresis co-efficient

In order to reduce this loss in a d.c. machine, armature core is made of such materials
which have a low value of steinmetz hysteresis co-efficient e.g. silicon steel.

(i) Eddy current loss. When armature rotates in the magnetic field of the poles, an
e.m.f. is induced in it which circulates eddy currents in the armature core. The power loss due
lo these eddy currents is called eddy current loss. In order 1o reduce this loss, the armature
core is built up of thin laminations insulated from each other by a thin layer of varnish.

f £V walts

1l

Eddy current loss, P, = K, B’
where K, = Constant
= Maximum flux density in the core
[ = Frequency of magnetic reversals
t = Thickness of lamination
V = Volume of core in m’
It may be noted that eddy current loss depends upon the square of lamination thickness.
For this reason, lamination thickness should be kept as small as possible.
3. Mechanical losses. These losses are due to fricition and windage.
(i) friction loss e.g. bearing friction, brush friction etc.
(ify windage loss ie. air friction of rotaling armature.
These losses depend upon the speed of thernWe. But for a given speed, they are

practically constant.
Note. Iron losses and mechanical losses together are called stray losses,
10.12. Constant and Variable Losses
The losses in a d.c. generator (or d.c. motor) may be sub-divided into (i) constant losses

(if) variable losses.
(i) Constant losses. Those losses in a d.c. generator which remain constant at all loads
are known as constant losses. The constant losses in a d.c. generator are :

(a) iron losses
(b) mechanical losses
(¢) shunt field losses

(if) Variable losses. Those losses in a d.c. generator which vary with load are called
variable losses. The variable losses in a d.c. generator are :

(a) Copper loss in armature winding (R
(b) Copper loss in series field winding ”fr R.)

Total losses = Constant losses + Variable losses
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