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28.1. Characteristics of D.C. Generators

Following are the three most important characteristics or curves of ad.c. generator :

1. No-load saturation Characteristic (Ey/l)

It isalso known as Magnetic Characteristic or Open-circuit Characteristic (O.C.C.). It showsthe
relation between the no-load generated em.f. in armature, E, and the field or exciting current I; at a
givenfixed speed. Itisjust the magnetisation curvefor the material of the electromagnets. Itsshape
ispractically the samefor all generators whether separately-excited or self-excited.

2. Internal or Total Characteristic (E/l,)

It givestherelation between the e.m.f. E actually inducesin the armature (after allowing for the
demagnetising effect of armature reaction) and the armature current 1. This characteristic is of
interest mainly to the designer and can be obtained as explained in Art. 28.12.

3. External Characteristic (V/I)

Itisalso referred to as performance characteristic or sometimes voltage-regulating curve.

It givesrelation between that terminal voltage VV and theload current I. Thiscurveliesbelow the
internal characteristic because it takes into account the voltage drop over the armature circuit resis-
tance. The values of V are obtained by subtracting I R, from corresponding values of E. This
characteristic is of great importancein judging the suitability of agenerator for aparticular purpose.
It may be obtained in two ways (i) by making simultaneous measurements with a suitable voltmeter
and an ammeter on aloaded generator (Art. 28.10) or (ii) graphically from the O.C.C. provided the
armature and field resistances are known and also if the demagnetising effect (under rated load con-
ditions) or the armature reaction (from the short-circuit test) is known.

28.2. Separately-excited Generator

(@) (i) No-load Saturation Char acteristic (Ey/l;)

The arrangement for obtaining the necessary data to plot this curveis shown in Fig. 28.1. The
exciting or field current | is obtained from an external independent d.c. source. It can bevaried from
zero upwards by a potentiometer and its value read by an ammeter A connected in thefield circuit as
shown.
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Now, the voltage equation of ad.c. generator is, Eg =780 x A volt
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Fig. 28.1
Hence, if speed is constant, the above relation becomes E = kd
Itisobviousthat when I; isincreased fromitsinitial small value, theflux ® and hence generated
em.f. E increasedirectly ascurrent solong asthe poles are unsaturated. Thisisrepresented by the
straight portion Odin Fig. 28.1 (b). But astheflux density increases, the poles become saturated, so
agreater increasein |, is required to produce agiven increase in voltage than on the lower part of the
curve. That iswhy the upper portion db of the curve Odb bends over as shown.
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(i) Load Saturation Curve (V/1,)

The curve showing rel ation between the terminal voltage V and field current |, when the genera-
tor isloaded, is known as Load Saturation Curve.

The curve can be deduced from the no-load saturation curve provided the values of armature
reaction and armature resistance are known. While considering this curve, account is taken of the
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Fig. 28.2 Fig. 28.3

demagnetising effect of armature reaction and the voltage drop in armature which are practically
absent under no-load conditions. The no-load saturation curve of Fig. 28.1 has been repeated in Fig.
28.2 on a base of field amp-turns (and not current) and it is seen that at no-load, the field amp-turns
required for rated no-load voltage are given by Oa. Under load conditions, the voltage will decrease
due to demagnetising effect of armature reaction. This decrease can be made up by suitably increas-
ing thefield amp-turns. Let ac represent the equivalent demagnetising amp-turns per pole. Then, it
meansthat in order to generate the same e.m.f. onload as at no-load, the field amp-turns/pole must be
increased by an amount ac = bd. The point d lies on the curve LSwhich shows relation between the
voltage E generated under load conditions and the field amp-turns. The curve LS is practically
parallel to curve Ob. Theterminal voltage V will be less than this generated voltage E by an amount
=1, R, where R, is the resistance of the armature circuit. From point d, avertical linede=1.R, is
drawn. Thepoint elieson the full-load saturation curve for the generator. Similarly, other pointsare
obtained in the same manner and the full-load saturation curve Mp is drawn. The right-angled tri-
angle bde isknown as drop reaction triangle. Load saturation curve for half-load can be obtained
by joining the mid-points of such linesas mn and bd etc. In the case of self-excited generators, load
saturation curves are obtained in asimilar way.
(b) Internal and External Characteristics

L et us consider a separately-excited generator giving its rated no-load voltage of E, for acertain
constant field current. If therewere no armature reaction and armature voltage drop, then thisvoltage
would have remained constant as shown in Fig. 28.3. by the dotted horizontal line . But when the
generator isloaded, the voltage falls due to these two causes, thereby giving slightly dropping char-
acteristics. If we subtract from E, the values of voltage drops due to armature reaction for different
loads, then we get the value of E-the em.f. actually induced in the armature under load conditions.
Curve Il is plotted in this way and is known as the internal characteristic. The straight line Oa
represents the | R drops corresponding to different armature currents. If we subtract from E the
armaturedrop | R, we get terminal voltage V. Curvelll representsthe external characteristic andis
obtained by subtracting ordinates the line Oa from those of curvell.
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28.3. No-load Curve for Self-excited Generator

The O.C.C.
or no-load satu-
rated curves for
self-excited gen-
erators whether
shunt or series-
connected, are
obtained in a
similar way.

The field
winding of the Fig. 28.4 Fig. 28.5
generator (whether shunt or series wound) is disconnected from the machine and connected to an
external source of direct current as shown in Fig. 28.4. The field or exciting current I; is varied
rheostatically and its value read on the ammeter A. The machineis drived at constant speed by the

prime mover and the generated em.f. on on-load is
L measured by the voltmeter connected acrossthe ar-
mature. |;isincreased by suitable steps (starting from
zero) and the corresponding values of E, are mea-
sured. On plotting the relation between |, and £, a
curve of thisform shown in Fig. 28.5 is obtained.
Due to residual magnetism in the poles, some
em.f. (= OA) isgenerated evenwhen I, = 0. Hence,
the curve startsalittleway up. Thedlight curvature
at thelower endisdueto magneticinertia. Itisseen
that thefirst part of the curveis practically straight.
This is due to the fact that at low flux densities,
reluctance of iron path being negligible (dueto high
permeability), total reluctance is given by the air-
gap reluctance which is constant. Hence, the flux
and consequently, the generated em.f. is directly
Self Excited Generator proportional to the exciting current. However, at
high flux densities, — where | is small, iron path
reluctance becomes appreciable and straight rel ation between E and I, no longer holdsgood. In other
words, after point B, saturation of poles starts. However, theinitial slope of the curve is determined
by air-gap width.

It should be noted that O.C.C. for a higher speed would lie above this curve and for a lower

speed, would lie below it.

It should also be noted and the load-saturation curve for a shunt generator is similar to the one
showninFig. 28.2.

(0] If—>

Critical Resistance for Shunt Generator

Now, connect the field windings back to the armature and run the machine as a shunt generator.
Due to residual magnetism in the poles, some em.f. and hence current, would be generated. This
current while passing through the field coils will strengthen the magnetism of the poles (provided
field coils are properly connected as regards polarity). Thiswill increase the pole flux which will
further increase the generated em.f. Increased e m.f. means more current which further increasesthe
flux and so on. Thismutual reinforcement of e.m.f. and flux proceeds on till equilibrium isreached
at some point like P (Fig. 28.6). The point lies on the resistance line OA of thefield winding. Let R
be the resistance of thefield winding. Line OA isdrawn such that its slope equals the field winding



resistance i.e. every point on this curve is such that
volt/ampere=R.

Thevoltage OL corresponding to point P represents
the maximum voltage to which the machinewill build up
with Rasfield resistance. OB represents smaller resis-
tance and the corresponding voltage OM isdlightly greater
than OL. If field resistance is increased, then slope of
the resistance line increased, and hence the maximum
voltage to which the generator will build up at a given
speed, decreases. If Risincreased so much that the re-
sistance line does not cut the O.C.C. at al (like OT),
then obviously the machine will fail to excite i.e. there
will beno ‘build up’ of thevoltage. If theresistanceline
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(0] a —»[f

Fig. 28.6

just lies along the slope, then with that value of field resistance, the machine will just excite. The
value of the resistance represented by the tangent to the curve, isknown ascritical resistance R, for

agiven speed.

28.4 How to Find Critical Resistance R. ?

First, O.C.C. is plotted from the given data. Then, tangent is drawn to itsinitial portion. The
slope of this curve givesthe critical resistance for the speed at which the data was obtained.

28.5 How to Draw O.C.C. at Different Speeds ?

Suppose we are given the datafor O.C.C. of agenerator run at afixed speed, say, N;. It will be
shownthat O.C.C. at any other constant speed N, can be deduced fromthe O.C.C. for N,. InFig. 28.7

the O.C.C. for speed N, is shown.
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Asseen, for I; = OH, E; =HC. The vaue of new voltage for the same I but at N,

E, = HCx 2 =HD
Nl

In this way, point D is located. In asimilar way, other such points can be found and the new

O.C.C.at N, drawn.
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28.6. Critical Speed N_

Critical speed of ashunt generator isthat speed for which the given shunt field resistance repre-
sentscritical resistance. InFig. 28.8, curve 2 correspondsto critical speed because Ry, lineistangen-
tial toit. Obviously

BC _ No _No .\ _ BG
AC ~ Fuispeed N D NE ad FullspedN
Example 28.1. The magnetization curve of a d.c. shunt generator at 1500 r.p.m. is:

e (A): 0O 04 08 12 16 20 24 28 30
E, (V): 6 60 120 1725 2025 221 231 237 240

For this generator find (i) no load em.f. for a total shunt field resistance of 100 Q (ii) the
critical field resistance at 1500 r.p.m. and (iii) the magnetization curve at 1200 r.p.m. and therefrom
the open-circuit voltage for a field resistance of 100 Q.

(b) A long shunt, compound generator fitted with interpoles is cummutatively-compounded.
With the supply terminals unchanged, the machine is now run as compound motor. |s the motor
differentially or cumulatively compounded ? Explain. (Elect, Machines, A.M.|.E. Sec. B, 1990)

Solution. Themagnetisation
curve at 1500 rp.m. is plotted in T
Fig. 28.9fromthegivendata. The
100 Q resistance line OA is
obtained by joining the origin 250 |- A
(O, 0) with the point (1A, 100 V).
Thevoltage corresponding topoint 200 -
Ais2275V. Hence no-loadvolt- | ... ... .../ . . ... _
age to which the generator will ;50 c
build-up is227.5 V.

Thetangent OT representsthe | -
critical resistance at 1500 r.p.m.
considering point B, R, =225/1.5 4
=150 Q.

For 1200 r.p.m., the induced
voltagesfor different field currents | | |
would be (1200/1500) = 0.8 of O 1 2 3
those for 1500 r.p.m. The values
of these voltages are tabulated be-
low :

11

Fig. 28.9

(A: 0 04 0.8 12 1.6 2.0 2.4 2.8 3.0
E,(V): 48 48 96 138 162 176.8 184.8 189.6 192

The new magnetisation curveisalso plotted in Fig. 28.9. The 100 Q line cutsthe curve at point
C which corresponds to an induced voltage of 166 V.

Example 28.2. A shunt generator isto be converted into a level compounded generator by the
addition of a seriesfield winding. From a test on the machine with shunt excitation only, it is found
that the shunt current is 3.1 A to give 400 V on no load and 4.8 A to give the same voltage when the
machine is supplying its full load of 200 A. The shunt winding has 1200 turns per pole. Find the
number of seriesturns required per pole. (Elect. Machines, A.M.l.E. Sec. B, 1989)
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Solution. At no-load the ampere turns required to produce 400 V = 3.1 x 1200 = 3720
On full-load ampere turns required to produce the same voltage = 4.8 x 1200 = 5760

Additional ampere turns required due to de-magnetising effect of load current = 5760 — 3720 =
2040.

If Nisanumber of seriesturnsrequired when load current is 200 A, then
N x 200 = 2040,N=10.2

Example 28.3. The open-circuit characteristic of a d.c. shunt generator driven at rated speedis
asfollows:

Field Amperes: 05 1.0 15 20 2.5 3.0 35A

Induced Voltage: 60 120 138 145 149 151 152V

If resistance of field circuit is adjusted to 53 Q, calculate the open circuit voltage and load
current when the terminal voltage is 100 V. Neglect armature reaction and assume an armature
resistance of 0.1 Q. (Electrical Technology Punjab Univ. Dec. 1989)

Solution. Takel;=3A,R;,=53Q,

Point A is (3A, 159V) point. Line OA isthe 53 Q line in Fig. 28.10. It cuts drop = 3 x 53

=159V. O.C.C.atB. LineBM isdrawn parallel to thebase. OM representsthe O.C. voltage which
equals 150 V.

LT 1
160 144V }
M
140

120

N

100

80

Emf ——
N

60 2

40

20

10 L$9A
0 1 2 3 4
Field current ——»
Fig. 28.10
Now, when V =100V, Iy =1,=100/53=1.89 A

Generated or O.C. voltage corresponding to this exciting current as seen from graph of Fig.
26.10is144 V.

Now E
a 011,

V+I,Ror IR =144-100=44V
44 or 1,=44/0.1=440 A
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Example 28.4. The following figures give the O.C.C. of a d.c. shunt generator at 300 r.p.m.

Field amperes: 0 2 3 4 5 6 7
Armature volt : 7.5 92 132 162 183 190 212

Plot the O.C.C. for 375r.p.m. and deter mine the voltage to which the machine will exciteif field
circuit resistance is 40 Q.

(a) What additional resistance would have to be inserted in the field circuit to reduce the
voltage to 200 volts at 375 r.p.m.?

(b) Without this additional resistance, determine the load current supplied by the generator,
when its terminal voltage is 200 V. Ignore armature reaction and assume speed to be constant.
Armatureresistanceis 0.4 Q. (Elect. Machines- |, South Gujarat Univ. 1986)

Solution. Thee.m.f. induced at 375 r.p.m. would beincreased in the ratio 375/300 correspond-
ing to different shunt field current values. A new tableis given with the voltages multiplied by the
aboveratio. 320
Fiddamwperes: 0 2 3 4 5 6 7 260 "

200 1
Armaturevolt : 9.4 115 165 202.5 228.8 248.8 265 00

f—»
&

The new O.C.C. at 375 r.p.m. isshown in Fig. 26.11. £ 160 Q’.»‘" 400
Line OA represents 40-Q line. v R ,
The voltage corresponding to point Ais260 V. Hence 80 L » ,
machine will excite to 260 volt with 40 Q shunt field resis- 3.8A
tance. TN,
(a) FromFig.28.11,itisclear that for exciting the gen- O 1 23 4 5 6 7
erator to 200 V, exciting current should be 3.8 A. Exciting Current —
O Field circuit resistance = 200/3.8 =52.6 Q Fig. 28.11
O Additional resistance required = 52.6 — 40
=126Q
(b) Inthiscase, shunt field resistance = 40 Q ...(as above)
Terminal voltage =200V [ Field current = 200/40=5A
Generated em.f. for exciting current of 5 A = 228.8V
For agenerator E=V+I,ROIR=E-Vor041,=2288-20=28.8
O |, = 288/04=72A O Loadcurrentl =72-5=67A

Example 28.5. The open-circuit characteristic of a separately-excited d.c. generator driven at
1000 r.p.m. isas follows :

Fieldcurrent: 0.2 0.4 0.6 0.8 1.0 12 14 16
EM.F volts: 300 550 750 900 100.0 1100 115.0 120.0

If the machine is connected as shunt generator and driven at 1,000 r.p.m. and has a field
resistance of 100 Q, find (a) open-circuit voltage and exciting current (b) the critical resistance and
(c) resistance to induce 115 volts on open circuit.

(Elect. Machines, Nagpur, Univ. 1993)
Solution. The O.C.C. hasbeen plotted in Fig. 28.12. The shunt resistance line OAisdrawn as
usual.
(a) O.C.voltage=100 V; Exciting current =1 A
(b) LineOT istangent to theinitial part of the O.C.C. It representscritical resistance. Asseen
from point C, value of critical resistance is 90/0.6 = 150 Q.
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Fig. 28.12
(c) Line OB represents shunt resistance for getting 115 V on open-circuit. ltsresistance = 115/
14=821Q.
Example 28.6. A d.c. generator has the following magnetisation characteristics.
Field current (A) : 1 2 3 4 5 6 7 8
Generatedemf. (V): 23 45 67 85 100 112 121 126

If the generator is shunt excited, determine the load current.

(a) whenterminal p.d. is120V, the field resistanceis 15 Q at a speed of 600 r.p.m. And

(b) whenterminal p.d. is 144V, thefield resistance is 18 Q at a speed of 700 r.p.m.

Solution. (a) Whenterminal p.d. =120V, then field current |, = V/IRy, = 120/15=8 Q

From the given data, it is seen that the generated em.f. = 126 V'

Voltagedrop =126 - 120=6V

Since drop due to armature reaction is neglected, this represents the armature drop.

O I,R, =6 or 1,=6/0.02=300A Load current = 300 — 8 = 292 A

(b) The O.C. dataat 700 r.p.m. can be obtained by multiplying the given values of generated
e.m.f. by afactor of 700/600 = 7/6. Hence, the new datais:

Field current (A) : 1 2 3 4 5 6 7 8
Generated em.f. (V) : 268 525 782 992 1166 131 141 146
When V = 144V and Ry, = 18 Q, field current = 144/18 =8 A

From the given data, the corresponding generated em.f. is 146 V.

Voltage drop I,R, = 146-144=2V

O I, = 2/0.02=100A O Load current=100-8=92A
Example 28.7. The O.C.C. of a d.c. generator driven at 400 rev/minis as follows :

Field current (A) : 2 3 4 5 6 7 8 9
Terminal volts : 110 155 186 212 230 246 260 271

*  Weneed not plot the O.C.C. in this particular case.
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Find :

(a) voltage to which the machine will excite when run asa shunt generator at 400 rev/min with
shunt field resistance equal to 34 Q.

(b) resistance of shunt circuit to reduce the O.C. voltage to 220 V.

(c) critical value of the shunt field circuit resistance.

(d) thecritical speed when thefield circuit resistanceis 34 Q.

(e) lowest possible speed at which an O.C. voltage of 225 V can be obtained.

(Electrical Technology, Bombay Univ. 1987)

Solution. The O.C.C. asplotted from the given datais shown in Fig. 28.13. The 34-Q line OA
isdrawn asusual.

(a) Thevoltage to which machinewill excite= OM = 255 V.

(b) Thehorizontal linefrom N (220 V) is drawn which cutsthe O.C.C. at point B. Resistance
represented by line OB = 220/5.4 = 40.7 Q.

(c) LineOC has been drawn which istangential at the origin to the O.C.C. Thisrepresentsthe
value of critical resistance = 140/2.25 = 62.2 Q.

(d) Take any convenient point D and erect a perpendicular which cuts both OA and OC.

DE _ N  110_Ne  _
DE ~ 400 ¥ 202 202 Ne =218r.p.m.

(e) From point P (225 V) drawn a horizontal line cutting OA at point G. From G, draw a
perpendicular line GK cutting the O.C.C. at point H. If N' isthe lowest speed possiblefor getting 225

volt with 34 Q shunt circuit resistance, then
GK - N o 225

or N' =375r.p.m.

HK 400 241
300—

y 1 A >

e S LT .
200~~~ TTTm e

1501~

e.m.f.—»
=
!

100

50 —

D | |

Field Current — >

Fig. 28.13
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Example 28.8. The magnetization characteristic for a 4-pole, 110-V, 1000 r.p.m. shunt genera-
tor isasfollows:
Fieldcurrent 0O 0.5 1 15 2 25 3A
O.C.voltage 5 50 85 102 112 116 120V
Armature is lap-connected with 144 conduc-
tors. Field resistanceis45 ohms. Determine 120
(i) voltage the machine will build up at no-
load. 100
(i) thecritical resistance.
(iii) the speed at which the machine just fails 80
to excite.
(iv) residual flux per pole.
(Electrical Machinery- I, Mysore Unit. 1988)
Solution. In Fig. 28.14, OA representsthe 45-
Q linewhichisdrawn as usual.
(i) The voltage to which machine will build

up=0OM =118 V. . o’ " L L .
0 1 2 3

(if) QT is tangent to the initial part of the Field Current ——*
O.C.C. Itrepresentscritical resistance. Takepoint
B lying on thisline. Voltage and exciting current Fig. 28.14
corresponding to thispoint are 110 V and 1.1 A respectively.
O R, = 110/1.1=100 Q
(iif) Fromany point on OT, say point B, drop the perpendicular BD on X-axis.
Ch _ N¢ or 49 - N¢
BD 1000 110 1000
O N, = 445r.p.m.

(iv) Asgiven in the table, induced em.f. due to residual flux (i.e. when there is no exciting
current) is5 V.

O 5 =

@ x144 x1000 [ 4
Br-e— Od =2.08mWh.

60 4
Example 28.9. A shunt generator gave the following resultsin the O.C.C. test at a speed of
r.p.m.
Field current (A) : 1 2 3 4 6 8 10
E.M.F. (volt) : 90 185 251 290 324 345 360

Thefield resistanceis adjusted to 50 Q and theterminal is300V onload. Armature resistance
is0.1 Q and assuming that the flux is reduced by 5% due to armature reaction, find theload supplied
by the generator. (Electromechanic, Allahabad Univ.; 1992)

Solution. When the terminal voltageis 300 V and Ry, = 50 Q, then field current is

= 300/40=6A

With this shunt current, the induced e.m.f. as seen from the given table (we need not draw the
0.C.C.)is324 V.

Dueto armature reaction, the flux and hence the induced e m.f. is reduced to 0.95 of its no-load
value.

Hence, induced em.f. when generator isno load = 324 x 0.95 = 307.8 V
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Armature drop at the given load = 307.8 -300=7.8V

IR, =78 1,=7801=78A

Load current = 78 -6=72 A ; Generator output = 72 x 300/1000 = 21.6 kW
Example 28.10. A shunt generator gave the following open-circuit characteristic :

Field current: 0.5 1.0 15 2.0

2.5 3.0 35A

O.C.emf.: 54 107 152 185

210 230 245V

Thearmatureand field resistancesare 0.1 Q and 80 Q respectively. Calculate (a) the voltageto
which the machine will excite when run as a shunt generator at the same speed.

(b) Thevoltslost dueto armature reaction when
100 A are passing in the armature at a terminal volt-
ageof 175V.

(c) The percentage reduction in speed for the
machine to fail to excite on open circuit.

(Electrical Machines-I, Bombay Univ. 1988)
Solution. (a) O.C.C.isshowninFig. 28.15. OA

represents 80 Q line. The maximum voltage to which
the generator will build up isgiven by OM = 222 V.

(b) With 175V terminal p.d. on load
lg, = 175/80=22A

Voltage corresponding to thisfield current isgiven
by OC=195V.

Voltagelost due to armature reaction and armature
drop=195-175=20V.

Now, armature drop = 0.1 x 100 =10 V
Let ‘X bethevoltslost due to armature reaction.
Then10+x=20 O x=10V

7
300 |
M D A

! 00 - /
(=}
> F
Z Q
E ool 0

0 : G :

0 i 2 3

Exciting Amp ——

Fig. 28.15

(c) Line QT isdrawn tangential to the curve. DFG is perpendicular to the base line.

Ne _ FG _160

N DG 220
- 60
220

Percentage reduction in speed

N, =N _-60
N 220

x100 =-27.3 %

Example 28.11. The O.C.C. of a shunt generator running at 800 r.p.m. isas follows:

Field current (amp.) : 1 2

3 4 5

6

Induced e.mf. (volt). : 82.5 180

225 252 273

282

If the shunt field resistance is 60 Q, find

(i) thevoltageto which the machine will build up running at the same speed (ii) the value of
field regulating resistance if the machine isto build up to 120 V when its field coils are grouped in
two parallel circuits and generator isruning at half the speed.

(Electrical Technology, Hyderabad Univ. 1991)

Solution. O.C.C. isdrawnfrom the given dataand isshownin Fig. 28.16. OA represents 60 Q.

The voltage corresponding to point Ais OM = 260 V.
(i) Generator will build up to 260 volts.

(if) Lower curverepresentstheinduced em.f. for different exciting current values at 400 r.p.m.
From point B which represents 120 V, draw BC. From C draw aperpendicular CD which givesthe
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exciting current of 3.6 A. It means that current through each
paralel path of shunt field coilsis 3.6 A. Total current which
passes through the field regulator resistanceis3.6 x2=7.2 A
becauseitisin serieswith the field coils.

Hence, total shunt field resistance = 120/7.2 = 16.67 Q
Now, resistance of each shunt parallel path = 60/2 =30 Q
Joint resistance of two parallel paths =30/2=15Q

0 Shunt field regulator resistance=16.67 - 15=1.67Q

')
(=)
(=]

. volts —=
[3*)
[=}
(=}

m.f
—_—
S

E.m.

(=]

28.7. Voltage Build up of a Shunt Generator

Exciting Amp —

Before loading a shunt generator, it is allowed to build up
itsvoltage. Usually, thereisalways present someresidual mag- Fig. 28.16
netism in the poles, hence a small em.f. is produced initially.
Thise.m.f. circulatesasmall current in thefield circuit which increases the pole flux (provided field
circuit is properly connected to armature, otherwise this current may wipe off the residual magne-
tism). When flux isincreased, generated em.f. isincreased which further increases the flux and so
on. AsshowninFig. 28.17, Oaistheinduced e.m.f. dueto residual magnetism which appearsacross
the field circuit and causes a field current Ob to flow. This current aids residua flux and hence
produces, alarger induced em.f. Oc. Inturn, thisincreased e.m.f. Oc causes an even larger current
Od which creates more flux for a till larger em.f. and so on.

Now, the generated e.m.f. in the armature has

(a) tosupply theohmicdrop IRy, inthewinding and (b) to overcome the opposing self-induced

em.f.inthefield cail i.e. L. (d I,/ dt)because field coils have appreciable self-inductance.
g = Ry, +L. dl/dt

If (and so long as), the generated em.f. is in excess of the ohmic drop I, Ry, energy would
continue being stored in the pole fields. For example, as shown in Fig. 28.17, corresponding to field
current OA, the generated em.f.
iSAC. Out of this, AB goesto sup-
ply ohmicdrop | Ry, and BC goes
to overcome self-inducedem.f.in
thecoil. Correspondingtol;=OF, g F--------oofmmm
whole of the generated em . is C !
used to overcomethe ohmic drop.
Noneisleft to overcome L.dl/dt.
Hence no energy is stored in the
pole fields. Consequently, there
isno further increase in pole flux
and the generated em.f. Withthe
given shunt field resistance repre-
sented by line OP, the maximum
voltageto which the machine will
build upisOE. If resistanceisde- a
creased, it will built up to asome-
what higher voltage. OR repre-
sentstheresistanceknown ascriti- 0 b d A
cal resistance. If shunt field re-
sistanceisgreater than thisvalue,
the generator will fail to excite. Fig. 28.17

Inducede.mf. — »
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28.8. Conditions for Build-up of a Shunt Generator

We may summarize the condi-
tionsnecessary for the build-up of a
(self-excited) short generator asfol-
lows:

1. There must be some re-
sidual magnetism in the generator
poles.

2. For the given direction of
rotation, the shunt field coilsshould
be correctly connected to the arma-
turei.e. they should be so connected
that the induced current reinforces
the em.f. produced initially due to
residual magnetism.

3. If excited on open circuit,
its shunt field resistance should be
less than the critical resistance
(which can be found from its
0.C.C) Fig. 28.18

4. If excited on load, then its shunt field resistance should be more than a certain minimum
value of resistance which is given by internal characteristic (Art 28.11).

(b)

(d)

28.9. Other Factors Affecting Voltage Building of a DC Generator

In addition to the factors mentioned above, there are some other factors which affect the voltage
building of a self-excited d.c. generator. These factors are (i) reversed shunt field connection (ii)
reversed rotation and (iii) reversed residual magnetism. These adverse effects would be explained
with the help of Fig. 28.18 and the right-hand rule for finding the direction of the coil flux. For the
sake of simplicity, only onefield pole has been shown in the Fig. 28.18.

Fig. 28.18 (&) represents the normal operation, the prime mover rotation is clockwise and both
theresidual flux ®and the field flux ® are directed to the left.

Fig. 28.18 (b) shows reversed connection of the field circuit which causes @ to oppose Py
Consequently, the generator voltage builds down fromitsoriginal residua value.

In Fig. 28.18 (c), reversed armature rotation causes the reversal of the voltage produced by the
residual magnetism. Even though the field coil connections are correct, the reversed field current
flow causes @ to oppose @, so that the voltage builds down from its original residual value.

Fig. 28.18 (d) shows the case when due to some reason the residual magnetism gets reversed.
Hence, the armature voltage is a so reversed which further reverses the field current. Consequently,
both ®_ and ® are reversed but are directed to the right as shown. Under this condition, the voltage
buildup isin the reversed direction. Obviously, the generator will operate at rated voltage but with
reversed polarity.

If desired, the reversed polarity can be corrected by using an external d.c. source to remagnetise
thefield polesin the correct direction. This procedureis known asfield flashing.

Example 28.12. The O.C.C. of a generator is given by the following :
Fieldcurrent: 1.5 35 45 6 7.5 9 10.5
EM.F. : 168 330 450 490 600 645 675

The speed at which data is obtained is 1000 r.p.m. Find the value of the shunt field resistance
that will give a p.d. of 600 V with an armature current of 300 A at the same speed. Due to armature
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reaction, the shunt field current 700
isgivenby I (eff.) =14, —0.003 678 [~ | - """ ] - cpccc T[Tt TR
I,- Armature resistance, includ- L :
ing brush contact resistance, is 600 N
0.1 Q. What will be the p.d. on &Y N
open circuit at the same speed ? oS 30V B
Solution. Asshownin Fig. 300 A
28.19, the O.C.C. has been plot-
ted from the given data. A
Voltage drop dueto armature
resistance =300 % 0.1 =30 V.
Reduction of field current v
due to armature reaction >
=0.003 % 300= 0.9 A. o0l L/
Any point A is taken on the
O.C.C. A vertical distance AB = /
30 V is taken and then the 100
horizontal line BC = 0.9 A is /
drawn thus completing triangle -
ABC which is known as drop
reaction triangle. Then, point C
lies on the 300 ampere load
saturation curve. Thiscurve can Fig. 28.19
be drawn by finding such similar
pointslike C' etc.
From point L representing 600 V, ahorizontal lineisdrawn cutting theload saturation curveat D.
Join OD. Current corresponding to point D is9.4 A. The slope of | theline OD gives the value of
shunt resistance to give 600 V with 300 amperes of armature current.

0 Ry, =600/9.4=638Q
It is seen that em.f. on open circuitis678 V.

AN
(=)
S
L

e.m.f. volts

(98]
(=)
S

. \ uﬂ(b

0 2 4 6 8 10
Field Current Amps

28.10. External Characteristic

After becoming familiar with the no-load characteristic of a shunt generator, we will now pro-
ceed to find its external characteristic (V/I) when loaded. Itisfound that if after building up, a shunt
generator isloaded, then its terminal voltage V drops with increasein load current. Such adrop in
voltage is undesirable especially when the generator is supplying current for light and power for
which purposeit is desirable that VV should remain practically constant and independent of the load.
This condition of constant voltage is almost impossible to be fulfilled with a shunt generator unless
the field current is being automatically adjusted by an automatic regulator. Without such regulation
terminal voltage drops considerably as the load on the generator isincreased. These are three main
reasons for the drop in terminal voltage of a shunt generator when under load.

(i) Armatureresistancedrop :

Astheload current increases, more and more voltageis consumed in the ohmic resistance of the
armaturecircuit. Hence, theterminal voltageV = E - I R, isdecreased where Eistheinduced e.m.f.
in the armature under load condition.

(if) Armaturereaction drop

Due to the demagnetising effect of armature reaction, pole flux is weakened and so the induced
e.m.f. inthe armature is decreased.

(iii) Thedropinterminal voltageV dueto (i) and (ii) resultsin adecreased field current | which
further reducestheinduced e.m.f.
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For obtaining the relation between the terminal voltage and load current, the generator is con-
nected as shown in Fig. 28.20 (a).

O,
g
s
/.
/
/'
Terminals

d
\
. o O Load Current, AB

(a) (b)

Fig. 28.20

The shunt generator isfirst excited on no-load so that it givesits full open circuit voltage = Oa
[Fig. 28.20 (b)]. Then, theload isgradually applied and, at suitableintervals, the terminal voltage V
(as read by the voltmeter) and the load current | (as read by the ammeter A,) are noted. The field
current as recorded by ammeter A, is kept constant by a rheostat (because during the test, due to
heating, shunt field resistanceisincreased). By plotting these readings, the external characteristic of
Fig. 28.20 (b) isobtained. The portion ab istheworking part of thiscurve. Over thispart, if theload
resistance is decreased, load current is increased as usual, although this results in a comparatively
small additional drop in voltage. These conditions hold good till point b isreached. This point is
known as breakdown point. It isfound that beyond this point (where load is maximum = OB) any
effort to increase load current by further decreasing load resistance results in decreased load
current (like OA) dueto a very rapid decrease in terminal voltage.

We will discuss the reason for this unusual behaviour of the generator in more details. Over the
earlier portion ab [Fig. 28.20 (b)] wheretheload current is comparatively small, when external load
resistanceisdecreased, it resultsinincreased load current as might be expected keeping Ohm'slaw in
mind. It should not, however, be forgotten that due to increase in load current, V is also decreased
somewhat due to the cause (iii) given above. But over the portion ab, the effect of decrease in load
resistance predominates the effect of decreasein V because load current isrelatively small.

At point b, generator is delivering avery large current i.e. current which is many times greater
than its normal current. If load resistance is decreased at this point so as to be able to draw aload
current greater than OB, the current is increased momentarily. But due to the severe armature
reaction for thisheavy current and increased |, R, drop, theterminal voltage V isdrastically reduced.
The effect of thisdrastic reductionin V resultsin lessload current (= OA). In other words, over the
portion bdc of the curve, the terminal voltage V decreases more rapidly than the load resistance.
Hence, any, further decreasein load resistance actually causesadecreaseinload current (it may seem
to contravene Ohm'’s law but thislaw is not applicable, here since V is not constant). Asload resis-
tance is decreased beyond point b, the curve turns back till when the generator is actually short-
circuited, it cutsthe current axis at point c. Here, terminal voltage V isreduced to zero, though there
would be some value of E due to residual magnetism (Fig. 28.22).

28.11. Voltage Regulation

By voltage regulation of agenerator is meant the changein itsterminal voltage with the change
in load current when it isrunning at a constant speed. If the change in voltage between no-load and
full load is small, then the generator is said to have good regulation but if the change in voltage is
large, thenit has poor regulation. Thevoltageregulation of a d.c. generator isthechangein voltage
when the load is reduced from rated value to zero, expressed as percentage of the rated load
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voltage.
If no-load voltage of a certain generator is 240 V and rated-load voltage is 220 V,
then, regn. = (240 - 220)/220 = 0.091 or 9.1 %

28.12. Internal or Total Characteristic

As defined before, internal characteristic gives the relation between Eand I,. Now in a shunt
generator

Y A l, =1+l and E=V+I R,
ale Joo 4 Eo .
- _ I .
e 1----f-" Tt Pe—
o8
1% S eeeeas g
\b M
e
T .
E
" 2
}IaRa . y——
0 Current K
Fig. 28.21 Fig. 28.22

Hence, E/I, curve can be obtained from V/I curve as shown in Fig. 28.21. In this figure, ab
represents the external characteristic as discussed above. The field resistance line OB is drawn as
usual. The horizontal distances from OY line to the line OB give the values of field currents for
different terminal voltages. If we add these distances horizontally to the external characteristic ab,
then we get the curve for thetotal armature current i.e. dotted curve ac. For example, pointd on acis
obtained by making gd = ef. The armature resistance drop line Or is then plotted as usual. If brush
contact resistance is assumed constant, then armature voltage drop is proportional to the armature
current. For any armature current = OK, armature voltage drop | R, = mK. If we add these dropsto
the ordinates of curve ac, we get theinternal characteristic. For example, & =mK. Thepointtlieson
theinternal characteristic. Other pointsliket can befound similarly at different armature currents as
thetotal characteristic can be drawn.

It may be noted here, in passing, that product El, gives the total power developed within the
armature. Some of this power goes to meet 12 R losses in armature and shunt field windi ngs and the
rest appears as output.

Asexplainedin Art 28.10 if load resistance is decreased, the armature current increases up to a
certain load current value. After that, any decreasein load resistanceis not accompanied by increase
inload current. Rather, it is decreased and the curve turns back as shown in Fig. 28.22. If the load
resistance is too small, then the generator is short-circuited and there is no generated e.m.f. due to
heavy demagnetisation of main poles.

Line OP istangential to theinternal characteristic MB and its slope gives the value of the mini-
mum resistance with which the generator will exciteif excited on load.
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28.13. Series Generator

In this generator, because field windings
arein serieswith the armature [Fig. 28.23
(a)], they carry full armaturecurrent | . As
I, isincreased, flux and hence generated
em.f. is aso increased as shown by the
curve. Curve Oaisthe O.C.C. Theextra
exciting current necessary to neutralizethe
weakening effect of armature reaction at
full load isgiven by the horizontal distance
ab. Hence, point bisontheinternal char-
acteristic. If the ordinate bc = gh = arma-
ture voltage drop, then point c lies on the
external characteristic [Fig. 28.23 (b)].

It will be noticed that a series generator
has rising voltage characteristic i.e. with
increase in load, its voltage is also increased. But it is seen that at high loads, the voltage starts
decreasing due to excessive demagnetising effects of armature reaction. In fact, terminal voltage
starts decreasing as load current isincreased as shown by the dotted curve. For aload current OC',
the terminal voltageisreduced to zero as shown.

Example 28.13. Ina 220V supply system, a series generator, working on alinear portion of its
magnetisation characteris-
ticisemployed asa booster. > *
The generator characteris-
tic is such that induced
emf.increasesby 1 volt for
everyincrease of 6 amperes
of load current through the
generator. Thetotal arma-
ture resistance of the gen-
erator is0.02 Q. If supply
voltage remains constant,
find the voltage supplied to 1)
the consumer at aload cur-
rent of 96 A. Calculatealso (a)
the power supplied by the
booster itself.

Solution.

Voltage increase for 6 amperes = 1V [J Voltageincreasefor 96 A = 96/6 = 16 V
Voltage drop in seriescoils = 96 x 0.02=19V
Net Voltagerisedueto booster = 16 -19=14.1V
Voltage at consumer end = 220 + 14.1=234.1V
Power supplied by booster itsel f 14.1 x 96 = 1354 W = 1.354 kW

Example 28.14. A d.c. series generator, having an external characteristic which is a straight
line through zero to 50 V at 200 A is connected as a booster between a station bus bar and a feeder
of 0.3 ohmresistance. Calculate the voltage difference between the station bus-bar and the far end
of the feeder at a current of (i) 200 A and (ii) 50 A.

(AIME Sec. B Elect. Machine Summer 1991)
Solution. (i)  Voltagedrop = 200% 0.3=60V
Booster voltage provided by series generator for 200 A current as given =50 V.

Series generator

Volts

Fig. 28.23
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O Net voltage decrease = 60 —-50=10V

(i) Feeder drop = 50x 0.3=15V

Booster voltage provided by series generator (by proportion) is
= 50 x 50/200 =125V

O Net decreaseinvoltage = 15-125=25V

28.14. Compound-wound Generator

A shunt generator is unsuitable where constancy of terminal voltage is essential, because its
terminal voltage decreasesastheload onitincreases. ThisdecreaseinV isparticularly objectionable
for lighting circuit where even slight
change in the voltage makes an
appreciable change in the candle power
of the incandescent lamps. A shunt
generator may be made to supply
substantially constant voltage (or even a
rise in voltage as the load increases) by
adding to it a few turns joined in series
with either the armature or the load
(Fig. 28.24). Theseturnsare so connected
asto aid to shunt turnswhen the generator
supplies load. As the load current
increases, the current through the series
windingsalso increasethereby increasing
the flux. Due to the increase in flux,
induced e.m.f. is also increased. By Compound-wound generator
adjusting the number of series turns (or
series amp-turns), this increase in em.f. can be made to balance the combined voltage drop in the
generator due to armature reaction and the armature drop. Hence, V remains practically constant
which meansthat field current isalso almost unchanged. We have already discussed the three causes
which decrease the terminal voltage of ashunt generator (Art 28.10). Out of thesethree, thefirst two
are neutralized by the seriesfield amp-turns and the third one, therefore, does not occur.

If the series field amp-turns are such as to produce the same voltage at rated load as at no-load,
then the generator is flat-compounded. It should be noted,

>

Generator
Output

over however, that even in the case of aflat-compounded genera-
T tor, the voltage is not constant from no-load to rated- load.
Flat At half theload, the voltageis actually greater than the rated

voltage as seen from Fig. 28.24.

If the seriesfield amp-turnsare such that therated-load voltage
is greater than the no-load voltage, then generator is over-
compounded. If rated-load voltage is less than the no-load
voltage, then the generator is under-compounded but such
generators are seldom used.

For short distances such asin hotels and office buildings,
flat-compound generators are used because theloss of voltage
Current over small lengths of the feeder isnegligible. But whenitis

necessary to maintain a constant voltage then an over-
compounded generator, which combines the functions of a
Fig. 28.24 generator and a booster, isinvariably used.

Unde,

Volt

Rated Output—s
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28.15. How to Calculate Required Series Turns ?

Consider a110-V, 250-ampere generator. Suppose it givesitsrated no-load voltage with afield
current of 5.8 A. If, now, the

series windings are Ish I 4
disconnected and the shunt field

rheostat is left gnchanged then 9 Sereis

the machine will act as shunt Z

generator, henceitsvoltage will

| LOAD |
| LOAD |

fal withincreaseinload current. = =
Further, supply that the field gég la E
current hastobeincreasedt06.3 | “
A in order to maintain the rated = @)

terminal voltage at full load. If Fig. 28.25

the number of turnsof the shunt

field winding is 2000, then 2000 x (6.3 — 5.8) = 1000 amp-turns represent the additional excitation
that hasto be supplied by the serieswindings. As seriesturnswill be carrying afull load current of
250 A, hence number of series turns = 1000/250 = 4.

In general, let
Aly = increaseinshunt field current required to keep voltage constant from no-load to full-
load
Ng, = No. of shunt field turns per pole (or the total number of turns)
Ny = No. of seriesturns per pole (or the total number of turns)
I = current through serieswinding

= armaturecurrent|,  —forlong-shunt
= load current | —for short-shunt

Itisseen that whilerunning asasimple generator, theincreasein shunt field ampere-turns neces-
sary for keeping its voltage constant from no-load to full-load is Ny, - Ay. This increase in
field excitation can be aternatively achieved by adding a few series turns to the shunt generator
[Fig. 28.25 (a)] thereby converting it into a compound generator.

O Ng, -Alg = Nglg

If other things are known, N, may be found from the above equation.

In practice, afew extraseriesamp-turnsaretaken in order to allow for thedrop in armature. Any
surplus amp-turns can be changed with the help of a divertor across the series winding as shown in
Fig. 28.25 (b).

Assaid above, the degree of compounding can be adjusted with the help of avariable-resistance,
divertor as shown in Fig. 28.25 (b). If 1 is the current through the divertor of resistance R,, then
remembering that serieswindings and divertor arein parallel,

O le Re = 1gRy or Ry=1eRlq

Example 28.15. A shunt generator is converted into a compound generator by addition of a
seriesfield winding. From the test on the machine with shunt excitation only, it is found that a field
current of 5 A gives 440 V on no-load and that 6 A gives 440 V at full load current of 200 A. The
shunt winding has 1600 turns per pole. Find the number of series turns required.

(Elect. Machines, A.M.I.E., Sec., B, 1991)

Solution. It would be assumed that shunt generator is converted into a short shunt compound

generator. It isgiven that for keeping the voltage of shunt generator constant at 440 V both at no-
load and full-load, shunt field ampere-turns per pole have to be increased from 1600 x 5 = 8000 to
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(1600 x 6) =9600i.e. anincrease of (9600 — 8000) = 1600 AT. The sameincreasein field AT can be
brought about by adding afew seriesturns.

Let n be the number of seriesturnsrequired per pole. Since they carry 200 A,

O nx200 = 1600; n=8turns/pole

Example 28.16. Along shunt compound generator has a shunt field winding of 1000 turns per
pole and seriesfield winding of 4 turns per pole and resistance 0.05 Q. In order to obtain the rated
voltage both at no-load and full-load for operation as shunt generator, it is necessary to increase
field current by 0.2 A. Thefull-load armature current of the compound generator is80 A. Calculate
the divertor resistance connected in parallel with seriesfield to obtain flat compound operation.

(Elect. MachinesA.M.l.E. Sec. B, 1993)
Solution. Ik

h
Additional AT required to maintain rated voltage both at = ©
no-load and full-load (Fig. 28.26) = 1000 x 0.2 = 200 G R
No. of seriesturns/pole = 4 50A 30A
Current required to produce 200 AT by the series field
=200/4=50A. é -
Since I, = 80A, the balance of 30 A must =
pass through the parallel divertor resistance. | o
O 30R = 50x0.05,R=0.0833Q Fig. 28.26

Example 28.17. A 220-V compound generator is supplying a load of 100 A at 220 V. The
resistances of itsarmature, shunt and serieswindingsare 0.1 Q, 50 Q and 0.06 Q respectively. Find
the induced e.m.f. and the armature current when the machine is connected (a) short shunt (b) long
shunt (c) how will the series amp-turns be changed in (b) if a divertor of 0.14 Q is connected in
parallel with the serieswindings ? Neglect armature reaction and brush contact drop.

Solution. (a) Short-shunt (Fig. 28.27).

Voltage drop inseries = 100x 0.06 =6V, Iy, =220/50 = 4.4 A.

O I, = 100 +4.4=104.4
Armaturedrop = 104.4x0.1=104V
O Inducedem.f. = 220+ 6+ 10.5=236.4V
(b) Long-shunt (Fig. 28.28)
lgy = 220/50=44A 0O 1,=100+4.4=1044A
Voltage drop over armature and seriesfield winding = 104.4 x 0.16 = 16.7 V
O Inducedem.f. = 200+ 16.7 =216.7 V
Iy, 100 A 4.4A IOPA
‘ 5 5
0.06 Q 8 :
Vgg + 220V < = - N 220V
2 1, b g(Z
©! 1044 A
= 0.1 \
- — T - @

Fig. 28.27 Fig. 28.28 Fig. 28.29
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(c) Asshown in Fig. 28.29, a divertor of resistance 0.14 Q is connected in parallel with the
seriesfield winding. Let n be the number of seriesturns.

Number of series amp-turns without divertor = n x 104.4 =104.4n

When divertor is applied, then current through seriesfield is

104.4%0.14 _
0 Seriesamp-turns = 73.8 x n [1 Series amp-turns are reduced to 1 04 4r:] x100= 70%

Example 28.18. A 250-kW, 240-V generator is to be compounded such that its voltage rises
from 220 volts at no-load to 240 V at full load. When seriesfield is cut out and shunt field is excited
froman external source, then fromtheload test it isfound that thisrisein voltage can be obtained by
increasing the exciting current from 7 A at no-load to 12 A at full-load. Given shunt turns/pole =
650, series turng/pole = 4 and resistance of series winding, 0.006 Q. If the machine is connected
long-shunt, find the resistance of the series amp-turns at no-load and drop in series winding resis-
tance at full-load.

Solution.  Full-load current = 250 x 109240 Negligible L
= 1042 A a I I
Increasein shunt field ampere-turnsto over-compound
the shunt generator . Ry Ry =
=650 (12 - 7) =3,250. AsseenfromFig.28.30 2 240V | =
4x1 = 3250 z &
l, = 3250/4=8125A 1042 A
O I, = 1042 - 8125=2295A
Itisso because no-load shunt current being negligible, = =
I,=1=1042 A. Fig. 28.30
Since serieswinding and divertor arein paralel, I R, = | R or 229.5 R, = 812.5 x 0.006

O Ry = 0.0212 Q
Example 28.19. A 60-kW d.c. shunt generator has 1600 turng/pole in its shunt winding. A
shunt field current of 1.25 A isrequired to generate 125 V at no-load and 1.75 A to generate 150 V
at full load. Calculate
(i) the minimum number of series turns/pole needed to produce the required no-load and full-
load voltages as a short-shunt compound generator.
(it) if thegenerator isequipped with 3 seriesturns/pole having aresistance of 0.02 Q, calculate
divertor resistance required to produce the desired compounding.
(iif) voltage regulation of the compound generator.
Solution. (i) Extra excitation ampere-turns required = 1600 (1.75 — 1.25) = 800

Il = 1 =60,000/150 = 400 A 400 A
0 No. of seriesturns/pole required = 800/400 = 2
Hence, minimum number of seriesturns/polerequired for pro- 0.02 L
ducing the desired compound generator terminal voltageis 2. I, \ Ry

(if) Now, actual No. of seriesturns/poleis3. Hence, current
passing through it can be found from
3xl, = 800;1,=800/3A
AsshowninFig. 28.31, 1,=400 - (800/3) = 400/3 A
Also (800/3) x 0.02 = (400/3) xR,;; R;=0.04Q
(iii) %regn. = (125-150) x 100/150 = - 16.7%

1600 Turns

Fig. 28.31
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Example 28.20. AD.C. generator having an external characteristics which isa straight line
through zero to 50 V at 200 Amp, is connected as a booster between a station bus-bar and a feeder
of 0.3 ohmresistance. Calculate the voltage between the far end of the feeder and the bus-bar at a
current of (i) 160 A, (ii) 50 A. (Manomaniam Surdaranar Univ. Nov. 1998)

Solution. Dueto the feeder resistance of 0.3 ohm thereis avoltage drop of 1 x 0.3 voltsin the
direction of current, where | refers to the current flowing. Due to booster, thereis arise in voltage
givenby | x (50/200) according to the V-I characteristic given for the seriesgenerator. Asasum total
of these two, the net feeder drop will be | x (0.3 — 0.25) or | volts, and that represents the voltage
between far end of the feeder and the bus-bar.

(i) At 160 A, the net voltage drop in feeder = 160 x 0.05 or 48 — 40 = 9 volts.
Since 48 volts drop is partially compensated by 40 volts boosted up.
(if) At 50 A, therequired answer = (15 volts drop 12.5 volts boosted up) = 2.5 volts drop.

1 < 0.251 >
1 1
0.3Q1 1
1 1
1 1
1 1
1 H 1
i > : +N\/\N\/\N = :
1 1 1
1 : :
: e : Booster :
H I 0.251 i
4 1 nl
v, |1—I drop I Rise rl v,
1
J el Nt drop=0.051 _’i l
Station Bus Bar Far En

Fig. 28.32. Feeder and Booster

28.16. Uses of D.C. Generators

1. Shunt generators with field regulators are used for ordinary lighting and power supply
purposes. They are also used for charging batteries because their terminal voltages are almost con-
stant or can be kept constant.

2. Series generators are not used for
power supply because of their rising
characteristics. However, their rising
characteristic makesthem suitablefor being used
as boosters (Ex. 28.15) in certain types of
distribution systems particularly in railway
service.

3. Compound generators

The cumulatively-compound generator isthe
most widely used d.c. generator because its ~ Compound generators are used in electric railways
external characteristic can be adjusted for compensating the voltage drop inthelineresistance. Hence,
such generators are used for motor driving which require d.c. supply at constant voltage, for lamp
loads and for heavy power service such as electric railways.

The differential-compound generator has an external characteristic similar to that of a shunt
generator but with large demagnetization armature reaction. Hence, itiswidely used in arc welding
where larger voltage drop is desirable with increase in current.
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Tutorial Problem in 28.1

1. TheOC curve of ad.c. shunt generator for a speed of 1000 r.p.m. is given by the following table.
Field current : 20 3.0 4.0 50 6.0 7.0

E.M.F. volts: 102 150 188 215 232 245

The shunt has aresistance of 37 Q. Find the speed at which excitation may be expected to build up.

The aramture resistance of 0.04 Q. Neglecting the effects of brush drop and armature reaction, estimate
the p.d. when the speed is 1000 r.p.m. and the armature deliversacurrent of 100 A.  (725r.p.m.; 231 V)

2. A d.c. shunt generator running at 850 r.p.m. gave the followig O.C.C. data:

Field current (A) 0 05 1 2 3 4 3

E.M.E (V) : 10 60 120 199 232 248 258

If the resistance of the shunt field is 50 Q, determine the additional resistance required in the shunt field
circuit to give 240 V at a speed of 1000 r.p.m. [64.3 Q)

3. Sketch the load characteristic of ad.c. generator with (i) shunt (ii) series excitation. Give reasons
for the particular shape in each case.

The O.C.C. at 700 r.p.m. of a series generator with separately-excited field isas follows :
Field current (A) 20 40 50 60 75
Armature emf. (V) : 190 360 410 450 480

Determine the current and terminal voltage as a self-excited series machine when running at 600 r.p.m.
with aload of 6 Q connected to theterminal. Resistance of armature and serieswindingis0.3Q. Ignoreeffect

of armature reaction. [369V; 61.5A]
4. The O.C.C. datafor separately-excited generator when run at 130 r.p.m. on open circuit is
EM.F (V) : 12 44 73 98 113 122 127
Exciting current : 0 0.2 04 0.6 0.8 10 12

Deducethe curve of em.f. and excitation when the generator isrunning separately-excited at 1000 r.p.m.
To what voltage will the generator build up on no-load when running at 1000 r.p.m.? To what voltage will the
generator build up on no-load when running at 100 r.p.m. if the total field resistanceis 100 Q ? [91V]

5. The following figures give the O.C.C. of d.c. Shunt generator driven at a constant speed of 700
r.p.m.

Terminal voltage (V): 10 20 40 80 120 160 200 240 260

Field Current (A) 0 0.1 0.24 0.5 0.77 12 192 343 52

Determine the critical resistance at (a) 700 r.p.m. (b) 850 r.p.m. If resistance of field coilsis50 Q, find
the range of the field rheostat required to vary the voltage between the limits of 180 V and 250 V on open

circuit at a speed of 700 r.p.m. [160Q; 194 Q; 70 Q to 10 Q]
6. TheO.C.C. of ashunt generator when separately-excited and running at 1000 r.p.m. is given by :
O.C.C.volt: 56 112 150 180 200 216 230
Field amp. : 0.5 1.0 15 2.0 25 3.0 35

If the generator is shunt-connected and runsat 1100 r.p.m. with atotal field resistance of 80 Q, determine
(@) no-load em.f.

(b) the output when the terminal voltage is 200 V if the armature resistanceis 0.1 Q.

(c) theterminal voltage of the generator when giving the maximum output current.

Neglect the effect of armature reaction and of brush contact drop.
[236 V; 200 V; 460 V; 150 V (approx.)]

7. A long-shunt compound d.c. generator with armature, seriesfield and shunt field resistance of 0.5,
0.4 and 250 Q respectively gave the following readings when run at constant speed :

Load current (A) 0 10 20 30 40
Terminal p.d. (V) 480 478 475 471 467

Plot the curve of internal generated em.f. against load current. Explain fully the steps by which this
curveis obtained and tabulate the values from which it is plotted. [For 40 A; E =504.7 V (approx.)]
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8. A shunt generator has the following open-circuit characteristic at 800 r.p.m.
Field amperes : 0.5 1.0 15 20 25 3.0 315
E.M.F. \olt : 54 107 152 185 210 230 245

Armature and shunt field resistances are respectively 0.1 Q and 80 Q. Theterminal p.d. fallsto 175V
when the armature current is 100 A. Find the O.C. volts and the volts lost due to (i) reduction in the field

current (ii) armature resistance (iii) armature reaction. [220V (i) 27 V (ii) 120 V (iii) 8 V]
9. The open-circuit characteristic of a shunt generator when driven at normal speed is asfollows:
Field current : 05 1.0 15 2.0 25 30 35A
O.C. volts : 54 107 152 185 210 230 240V

The resistance of armature circuit is0.1 Q. Due to armature reaction the effective field current is given
by therelation |4, (eff.) = I4, —0.003 1,. Find the shunt field circuit resistance that will give aterminal voltage
of 220V with normal speed (a) on open circuit (b) at aload current of 100 A. Also find (c) number of series
turns for level compounding at 220 V with 100 A armature current ; take number of shunt turns per pole as
1200 and (d) No. of series turns for over-compounding giving a terminal voltage of 220 V at no-load and
230V with 100 A armature current. [(a) 80 Q (b) 66 Q (c) 6.8 Q (d) 9.1 turng]

10. Find how many seriesturns per pole are needed on a 500-kW compound generator required to give
450 V on no-load and 500 V on full-load, the requisite number of ampere-turns per pole being 9,000 and
6,500 respectively. The shunt winding isdesignedto give450V at no-load when itstemperatureis20°C. The
final temperature is 60°C. Take a,= 1/234.5 per °C.

[ 2.76] (Electrical Technology, Allahabad Univ. 1977)

OBJECTIVE TESTS - 28

1. Theexterna characteristic of ashunt generator (@) shunt (b) series
can be obtained directly from its —— (c) short shunt (d) long shunt
characteristic.

7. If a self-excited d.c. generator after being
installed, failsto build up on itsfirst trial run,
the first thing to do isto
(a) increasethefield resistance

(a) interna (b) open-circuit
(c) load-saturation (d) performance

2. Load saturation characteristic of ad.c. genera-
tor gives relation between

(@ Vendl, (b) Eandl, (b) check arr_natureinwlgtion
() Egandl; (d) Vandl, © !reversefleld connections

3. The dight curvature at the lower end of the (d) increase the speed of prime mover.
O.C.C. of aself-excited d.c. generator is due 8. If residual magnetism of a shunt generator is
to destroyed accidentally, it may be restored by
(a) residual pole flux connecting its shunt field
(b) high armature speed (a) toearth
() magneticinertia (b) toan ac. source
(d) highfield circuit resistance. (b) inreverse

4. For the voltage built-up of a self-excited d.c. (d) toad.c. source.
generator, which of the following is not an 9. The three factors which cause decrease in the

essential condition ?
(@) There must be some residual flux
(b) Field winding mmf must aid the residual

terminal voltage of a shunt generator are
(a) armaturereactances
(b) armature resistance

flux
(c) Total field circuit resistance must be less (c) armature |eakages
than the critical value (d) armature reaction
(d) Armature speed must be very high. (e) reductioninfield current
5. The voltage build-up process of ad.c. genera- 10. If field resistance of a d.c. shunt generator is
toris increased beyond its critical value, the
(a) difficult (b) delayed generator
() cumulative (d) infinite (a) output voltage will exceed its name-plate
6. Which of the following d.c. generator cannot rating

build up on open-circuit ? (b) will not build up
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1.

12.

13.
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() may burn out if loaded to its name-plate (a) positive
rating (b) negative

(d) power output may exceed its name-plate (c) zero
rating (d) high

An ideal d.c. generator is one that has ......... 14. Most commercial compound d.c. generator are

voltage regulation. normally supplied by the manufacturersasover

(a) low (b) zero compound machines because

(c) positive (d) negative (a) they areideally suited for transmission of

The ......... generator has poorest voltage d.c. energy to remotely-located loads

regulation. (b) degree of compounding can be adjusted by

(a) series (b) shunt using a divertor across series field

(¢) compound (d) high (c) they are more cost effective than shunt

The voltage regulation of an overcompound generators

d.c. generator isalways.......... (d) they have zero percent regulation.
ANSWERS

1. (b) 2. (d) 3. (c) 4 (d) 5. () 6. (b) 7. (c) 8. (d) 9. (b,d,e) 10. (b) 11. (b) 12. (a) 13. (b) 14. (b).

QUESTIONS AND ANSWERS ON D.C. GENERATORS

Q.1. How may the number of parallel pathsin an armature beincreased ?

Ans. By increasing the number of magnetic poles.

Q. 2. How arebrushesconnected in ad.c. generator ?

Ans. Usually, all positive brushes are connected together and all the negative brushes together
(Fig. 28.33). .

Q. 3. What ismeant by armaturereaction ?

Ans. It isthe effect of armature magnetic field on the
distribution of flux under main poles of agenerator.

The armature magnetic field has two effects :
(i) 1t demagnetises or weakensthe main flux and
(if) It cross-magnetises or distortsit. .

Q.4. What is the effect of this distortion on the +
operation of the machine ?

Ans. It acts as a magnetic drag on the armature which e
consequently requires more power to turnit. : —

Q.5. How can field distortion be remedied ?

Ans. By using compensating windingswhich are embed- Fig. 28.33
ded in the slotsin the pole-shoe and are connected in series with the armature.

Q. 6. What ismeant by normal neutral plane ?

Ans. It isaplane which passes through the axis of the armature perpendicular to the magnetic
field of the generator when there isno flow of current through the armature.

Q. 7. What istheimportance of thisplanein the working of the machine ?

Ans. It givesthe position where brusheswould be placed to prevent sparking during the operation
of the generator where the main pole field not distorted by armature field and were there no
self-induction in the coils.

Q. 8. How doyou differentiate between normal neutral plane ?

Ans. The NNP isthe position of zero induction and hence minimum sparking assuming no field
distortion i.e. on no-load. It is perpendicular to magnetic axis. NA is the position of zero
induction and hence minimum sparking with distorted field i.e. when generator ison load.

Q. 9. How do you define ‘commutating plane’ ?

Ans. Itisthe planewhich passesthrough the axis of the armature and through centre of contact of

the brushes as shown in Fig. 28.34.



Q. 10.
ANS.

Q. 11.

AnNs.

Q. 12.
AnNs.
Q. 13.

AnNs.
Q. 14.

ANs.

Q. 15.

ANs.
Q. 16.
ANs.

Q. 17.
ANs.
Q. 18.
ANs.
Q. 19.
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Q. 20.
AnNs.
Q. 21
AnNs.
Q. 22.
AnNs.
Q. 23.
AnNs.

Q. 24.
ANs.

Q. 25.
Ans.
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What isthe angle of lead ?

It is the angle between the NNP and the commutating plane.

What affectsthisangle ?

For sparkless commutation, the angle of lead varies directly with load. Its value can be
kept small by making main polefield considerably more powerful than the armaturefield.
What isthe best way of minimizing eddy currentsin an armature ?

Lamination.

How should thear maturebelaminated gff’a‘fﬁ%ﬁe

for the purpose ?

) . Normal
It should be laminated at right angle to Neutral i Commutati
|tS aXlS Plane ommutating

. . . Plane
How does field distortion affect Neutral Plane —|

communication ? Y

The neutral plane no longer coincides N ﬁ@iﬁj S
with the normal neutral plane but is ad-

vanced by acertain anglein thedirection - WL /// -

of rotation of the armature. Distorted

Should thebrushesof aloaded gener a- Field

tor be placed in the neutral plane ?

\Tvohy not ? Fig. 28.34

The brushes must be advanced by a certain angle (called brush lead) beyond the neutral

planeto prevent sparking.

What causes sparking at the brushes?

It is due to the self-induction of the coil undergoing commutation.

What isthe standard direction of rotation of thed.c. generators ?

Clockwise when viewed from the end opposite to the driven end.

What is meant by build-up of a generator ?

It meansthe gradual increase in the generator voltage to its maximum value after the gen-

erator is started from rest.

How should a generator be started ?

It isusually brought up to speed with the help of the driving engine called prime-mover.

How should a shunt or compound generator be started ?

Such machines excite best when all switches controlling the external circuit are open.

How about a series generator ?

In this case, the external circuit must be closed otherwise the generator will not build-up.

What isthe procedure for shunting down a generator ?

First, theload should be gradually reduced, if possible, by easing down the driving engine,

then when the generator is supplying little or no current, the main switch should be opened.

When the voltmeter reads almost zero, then brushes should be raised from the commutator.

What aretheindications and causes of an overloaded generator ?

A generator is said to be overloaded if a greater output is taken from it that it can safely

carry. Overloading isindicated by (i) excessive sparking at brushesand (ii) overheating of

the armature and other parts of the generator. Most likely causes of overloading are :

1. Excessivevoltage-asindicated by the voltmeter or theincreased brilliancy of the pilot
lamp. This could be due to over-excitation of field magnets or too high speed of the
engine.

2. Excessive current—which could be due to bad feeding of the load.

3. Reversal of polarity—this happens occasionally when the series or compound-wound
generators are running in parallel. Polarity reversal occurs during stopping by the
current from the machines at work.

4. Short-circuit or ground in the generator itself or in the external circuit.

Mention and explain the various causes for the failure of the generator to build up.

Principal causes due to which a generator may fail to exciteare:
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1. Brushes not properly adjusted—if brushes are not in their proper positions, then whole
of the armature voltage will not be utilized and so would be insufficient to excite the
machine.

2. Defective contacts-unclean contacts may interpose large resistance in the path of the
exciting current and reduce it to such asmall value that it fails to excite the machine.

3. Incorrect adjustment of regulators-in the case of shunt and compound generators, it is

possibly that the resistance of field regulator may be too high to permit the passage of

sufficient current through the field windings.

Speed too low—in the case of shunt—and compound-wound generators, there is certain

critical armature speed below which they will not excite.

Open-circuit—in the case of series machines.

Short-circuit—in the generator of external circuit.

Reversed field polarity—usually caused by the reversed connections of the field coils.

Insufficient residual magnetism—The trouble normally occurs when the generator is

new. It can be remedied by passing a strong direct current through the field coils.

Q. 26. How do we conclude that connections between field coilsand armature are correct ?

Ans. If the generator builds up when brought to full speed. If it does not, then connections are
reversed.

Q. 27. When agenerator losesitsresidual magnetism either dueto lighting or short circuit,

how can it be made to build up ?

Ans. By temporarily magnetisng the main poleswith the help of current from an external battery.

Q. 28. Can agenerator bereversed by reversing the connections between the armature and

field coils ?

Ans. No, because if these connections are reversed, the generator will not build up at all.

Q. 29. Will agenerator build up if it becomes reversed ?

Ans. Yes.

Q. 30. Then, what isthe objection to a reversed generator ?

Ans. Sincethe current of such areversed generator is also reversed, serioustrouble can occur if
attempt is made to connect it in parallel with other machines which are not reversed.

Q. 31. What arethetwo kinds of sparking produced in a generator ?

Ans. Onekind of sparking is due to bad adjustment of brushes and the other due to bad condi-
tion of the commutator. The sparking of the first are bluish whereas those of the other are
reddish in colour.

Q. 32. What is the probable reason if sparking does not disappear in any position when

brushesarerocked around the commutator ?

Ans. (i) Thebrushes may not be separated at correct distance.

(if) Theneutral plane may not be situated in the true theoretical position on the commutator
due to faulty winding.

Q. 33. What isthe permissiblerise of temperaturein a well-designed generator ?

Ans. 27°C above the surrounding air.

Q. 34. What arethe causes of hot bearings ?

Ans. (i) lack of ail (ii) belt too tight (iii) armature not centered with respect of pole pieces
(iv) bearing too tight or not in line.

Q. 35. What causes heating of armature ?

Ans. 1. Eddy currents.

2. Moisture which almost short-circuits the armature.
3. Unequal strength of magnetic poles.
4. Operation above rated voltage and below normal speed.

Q. 36. What isthecommutator pitch of a4-poled.c. armaturehaving 49 commutator bars?

Ans. Y, =(49%1)/2=240r 25.

Q. 37. Will it make any differenceif lower figure of 24 is selected in preferenceto other.

Ans. Yes. Direction of armature rotation would be reversed.
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