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Armature Reaction
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Rotation RAotation Rotation
(n (i) (iin
Fig. (2.1)

The phenomenon of armature reaction in a d.c. generator is shown in Fig. (2.1). Only
one pole is shown for clarity. When the generatoris on no-load, a small current
flowing in the armature does not appreciably affect the main flux ©1 coming from the
pole [See Fig 2.1 (i)). When the generator is Inaded the current flowing through
armature conductors sets up flux ©1._ Fig. (2.1) (ii) shows flux due to armature current
EI|CIFIE! By 5u erimposing @1 and @2, we obtain the resulting flux @3 as shown in Fig.
(iii). rrmg to Flg (2.1) (iii}, it is clear that flux density at; the trailing pole tip
{pi:u nt B]l |5 ma::reased while at the leading pole tip (point A) it is decreased. This
unequal field distribution produces the following two effects:
(i) The main flux is distorted.
(i) Due to higher flux density at pole tip B, saturation sets in. Consequently, the
increase in flux at pole tip B is less than the decrease in flux under pole tip A. Flux @3
at full load is, therefore, less than flux @©1 at no load. As we shall see, the weakening
of flux due to armature reaction depends upon the position of brushes.
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EXAMPLE 7.3

A 100-kW, 250-V, 400-A, long-shunt compound generator has an armature resistance (including
brushes) of 0.025 , a series-field resistance of 0.005 2, and the magnetization curve of
Fig. 7.14. There are 1000 shunt-field turns per pole and three series-field turns per pole. The
series field is connected in such a fashion that positive armature current produces direct-axis
mmf which adds to that of the shunt field.

Compute the terminal voltage at rated terminal current when the shunt-field current is
4.7 A and the speed is 1150 r/min. Neglect the effects of armature reaction.
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Mmf or shunt-field current, per unit
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Figure 7.14 MWNagnetization curves for a 250-V 1200-r/min dc machine. Also

Generated voltage, per unit
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H Solution

As is shown in Fig. 7.12, for a long-shunt connection the armature and series field-currents are
equal. Thus

L=I=1+1=400+47=405 A

From Eq. 7.21 the main-field gross mmf is

N
Gross mmf = I + (E) 1,
3 *
=47+ (m) 405 = 5.9 equivalent shunt-field amperes

By examining the 7, = 0O curve of Fig. 7.14 at this equivalent shunt-field current, one
reads a generated voltage of 274 V. Accordingly, the actual emf at a speed of 1150 r/min can
be found from Eq., 7.23

n 1150
E,:(—)E — (=2 V274 =263V
Mg 0 (]2&))

Then

Vi=E, — L(R, + R,) = 263 — 405(0.025 + 0.005) =251V



EXAMPLE 7.4
Consider again the long-shunt compound dc generator of Example 7.3. As in Example 7.3,
compute the terminal voltage at rated terminal current when the shunt-field current is 4.7 A
and the speed is 1150 r/min. In this case however, include the effects of armature reaction.

&
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: As calculated in Example 7.3, I, = I, = 400 A and the gross mmf is equal to 5.9 equivalent
shunt-field amperes. From the curve labeled I, = 400 in Fig. 7.14 (based upon a rated terminal
- current of 400 A), the corresponding generated emf is found to be 261 V (as compared to 274 V
‘ with armature reaction neglected). Thus from Eq. 7.23, the actual generated voltage at a speed
Ve of 1150 r/min is equal to
3 n 1150
D Ea = { — an = — = v
3 () £ (1200) 261 = 250
N
\qs Then
W
\
3, V, = Ey = L(R, + R)) = 250 — 405(0.025 + 0.005) = 238 V
X
S
Aoo
|
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To counter the effects of armature reaction, a fourth turn is added to the series field winding
of the dc generator of Examples 7.3 and 7.4, increasing its resistance to 0.007 . Repeat the
terminal-voltage calculation of Example 7.4.

H Solution
As in Examples 7.3 and 74, I, = I, = 405 A. The main-field mmf can then be calculated as

G f=L+|—=]L=47+— |4
ross mm r+(Nf) , +(1000) 05

= 6.3 equivalent shunt-field amperes

From the I, = 400 curve of Fig. 7.14 with an equivalent shunt-field current of 6.3 A, one
reads a generated voltage 269 V which corresponds to an emf at 1150 r/min of

1150
Ea = (m) 269 =258V

The terminal voltage can now be calculated as

Vi=E, - L(R,+ R,) =258 — 405(0.025 + 0.007) = 245 V
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EXAMPLE 7.6

A 100-hp, 250-V dc shunt motor has the magnetization curves (including armature-reaction
effects) of Fig. 7.14. The armature circuit resistance, including brushes, is 0.025 €. No-load

rotational losses are 2000 W and the stray-load losses equal 1.0% of the output. The field
rheostat is adjusted for a no-load speed of 1100 r/min.

a. As an example of computing points on the speed-load characteristic, determine the speed
in r/min and output in horsepower (1 hp = 746 W) corresponding to an armature current
of 400 A.

b. Because the speed-load characteristic observed to in part (a) 1s considered undesirable, a
stabilizing winding consisting of 1-1/2 cumulative series turns per pole is to be added.
The resistance of this winding 1s assumed negligible. There are 1000 turns per pole in the
shunt field. Compute the speed corresponding to an armature current of 400 A.
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B Solution

a. Atnoload, £, = 250 V. The corresponding point on the 1200-r/min no-load saturation

curve 1s

1200
E,=250{ — ) =273V
. 1100

for which I; = 5.90 A. The field current remains constant at this value.
At I, = 400 A, the actual counter emtf is

E, =250 —400 x 0.025 =240V

From Fig. 7.14 with I, = 400 and /; = 5.90, the value of E, would be 261 V if the speed

were 1200 r/min. The actual speed is then found from Eq. 7.23

240 .
n = 1200 (ﬁ) = 1100 r/min

The electromagnetic power is

E, I, = 240 x 400 = 96 kW

Mmf or shunt-field current, per unit
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Mmf, A « turn/pole

Figure 7.14 Magnetization curves for a 250-V 1200-r/min de machine. Als
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Deduction of the rotational losses leaves 94 kW. With stray load losses accounted for, the
power output P, is given by

94 kW - 0.01P = P
ar
Py = 93.1 kW =124.8 hp

Note that the speed at this load is the same as at no load, indicating that armature-
reaction effects have caused an essentially flat speed-load curve.

. With /; = 5.90 A and I, = [, = 400 A, the main-field mmf in equivalent shunt-field

amperes 1s

1.5
5.90 —— 400 =6.50 A
+ (g ) 400 =63

From Fig. 7.14 the corresponding value of E, at 1200 r/min would be 271 V. Accordingly,

the speed is now
n = 1200 (%) = 1063 r/min

The power output is the same as in part (a). The speed-load curve is now drooping, due to
the effect of the stabilizing winding.
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A 25-kW, 230-V shunt motor has an armature resistance of 0.11 £ and a field
resistance of 117 €. At no load and rated voltage, the speed is 2150 r/min

and the armature current is 6.35 A. At full load and rated voltage, the armature
current is 115 A and, because of armature reaction, the flux is 6 percent less
than its no-load value. What is the full-load speed?

At no load, E, ) = 230 — 6.35 x 0.11 = 229.3 V. At full load, E,q =
230 — 115+ 0.11 = 2174 V. But, E, o n®, thus

Eag\ [ ®u 2174\ [ 1 |
= [ 22 — 2150 — 2168
= Tl (Ea_.nl) (qaﬂ) 7 (229.3) (0.94) r/min
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A 15-kW, 250-V, 1150 r/min shunt generator is driven by a prime mover
whose speed is 1195 r/min when the generator delivers no load. The speed
falls to 1140 r/min when the generator delivers 15 kW and may be assumed
to decrease in proportion to the generator output. The generator is to be
changed into a short-shunt compound generator by equipping it with a series
field winding which will cause its voltage to rise from 230 V at no load to
250 V for a load of 61.5 A. It is estimated that the series field winding will
have a resistance of 0.065 £2. The armature resistance (including brushes) is
0.175 €. The shunt field winding has 500 turns per pole.

To determine the necessary series-field turns, the machine is run as a
separately-excited generator and the following load data are obtained:

Armature terminal voltage = 254 V
Armature current = 62.7 A

Field current = .95 A
Speed = 1140 r/min
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The magnetization curve at 1195 r/min is as follows:

E.Y 230 240 250 260 270 280
I, A 1.05 1.13 1.25 1.44 1.65 1.91
Determine

a. the armature reaction in equivalent demagnetizing ampere-turns per pole
for I, = 62.7 A and

b. the necessary number of series-field tums per pole.

part (a): From the load data, the generated voltage is equal to 254 + 62.7 x
0.175 = 265 A. From the magnetizing curve (using the ’spline()’ function of
MATLAB), the corresponding field current is 1.54 A. Hence the demagnetizing
effect of this armature current is equal to (1.95 — 1.54)500 = 204 A-turns/pole.

part (b): At the desired operating point, the generator output power will be
250 V x 61.5 A = 15.4 kW. Therefore, the motor speed will be

15.4
15

n = 1195 — 55 ( ) = 1139 r /min

Because the machine terminal voltage at no load must equal 230 V, from
the magnetizing curve we see that the shunt field under this operating condition
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must equal 1.05 A and hence the shunt field resistance must be 219 ). Hence,
under this loading condition, with a terminal voltage of 250 V, the armature
voltage will be 250 + 61.5 x 0.065 = 250.8 V, the shunt field current will equal
250.8/219 = 1.15 A and thus the armature current will equal 61.5 + 1.15 =
62.7 A.

The generated voltage can now be calculated to be 250.8 + 62.7(0.175) =
286 V. The corresponding voltage on the 1195 r/min mag curve will be E, =
286(1195/1139) = 285 V and hence the required net field ampere-turns is (using
the MATLAB ‘spline()’ function) 1042 A-turns. The shunt-field ampere-turns
15 1.15 x 500 = 575 A-turns, the demagnetizing armature amp-turns are 204 A-
turns and hence the required series turns are

1042 — (575 — 204)
B 61.5

= 10.6 = 11 turns

N



A 230-V dc shunt motor has an armature-circuit resistance of 0.23 2. When
e operating from a 230-V supply and driving a constant-torque load, the motor
is observed to be drawing an armature current of 60 A. An external resistance
of 1.0  is now inserted in series with the armature while the shunt field
current is unchanged. Neglecting the effects of rotational losses and armature
reaction, calculate

a. the resultant armature current and

&

b. the fractional speed change of the motor.

part (a): For a constant torque load, changing the armature resistance will
not change the armature current and hence I, = 60 A.

part(b):
Ea, = F;t - RaIa
Thus, without the added 1.00) resistor, E, = 216 V and with it £, = 156 V.
Thus,
156
Speed ratio = = (.72
peed ratio 516

1

[
[*
o
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When operated from a 230-V dc supply, a dc series motor operates at

975 r/min with a line current of 90 A. Its armature-circuit resistance is 0.11 Q
and its series-field resistance is 0.08 €2. Due to saturation effects, the flux
produced by an armature current of 30 A is 48 percent of that at an armature
current of 90 A. Find the motor speed when the armature voltage is 230 V

and the armature current is 30 A.
From the given data, the generated voltage at I. = 90A and n(90) =
975 r/min is

E.(90) =V, — L.(R, + R,) =230 —90(0.11 + 0.08) = 2129 V
Similarly, the generated voltage at [, = 30 A is

E.(30) = 230 — 30(0.11 + 0.08) = 224.3 V

E.(30)  (n(30)\ [ ®(30)
E.(90)  \ n(90) ) \ ®(90)
Making use of the fact that ®(30)/®(90) = 0.48, we can solve for n(30)

n(30) = n(90) (E:Egg;) (%) — 2140 r/min

Since Ey o nd
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N,=1500 rpm, V, =500V ~ E,

K@= 500 = 3.1831
«? = 1500 x 2/60

o= = 39 o4 2a772

®* K,p 3.1831

n=3000rpm, V,=E_ =500V

500

= — 1.5916
3000 x 2 /60

K.@

T =1.5916 x94.2477 = 150 N.m

P 500 X 94.2477

LT = —
> T w, 3000 x 21/60

=150 N.m

(<
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A 150-kW, 600-V, 600 r/min dc series-wound railway motor has a combined
field and armature resistance (including brushes) of 0.125 Q. The full-load

current at rated voltage and speed is 250 A. The magnetization curve at
400 r/min is as follows:

Generated emf, V 375 400 425 450 475
Series-field current, A 227 260 301 350 402

Determine the internal starting torque when the starting current is limited
to 460 A. Assume the armature reaction to be equivalent to a demagnetizing
mmf which varies as the square of the current. (Hint: This problem can be
solved either graphically or by use of the MATLAB “spline()” function to
represent the magnetization curve.)
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First find the demagnetizing mmif. At rated load,
E, =V, —[,R, =600—250x0.125 =5688 V

Using the MATLAB ‘spline’ function, the corresponding field current on the 400
r/min magnetizing curve is

If =232 A

Thus, the demagnetizing mmf at a current of 250 A is equal to 250 — 232 =
I8 A and in general, the effective series-field current will be equal to

2
Ia

For a starting current of 460 A, the effective series field current will thus equal
399 A. Using the MATLAB ‘spline()’ function, this corresponds to a generated
voltage of 474 V from the 400 r/min magnetization curve. The corresponding
torque (which will be the same as the starting torque due to the same flux and
armature current) can then be calculated as

 E.l, 474 % 560

om — A00(r/30) _ 220 N-m

T
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]
E,=V,—I,(R,+R,,+R,,) = 220 —25(0.6 + 0.4 + 0)
=195V
4880
P=E,,=195X25=4880 W = ——-hp = 6.54 hp
_EJl, 4880 ., .
w,  300x2m/60 oo m
(¢
T=K_I,* 155 2=K_ 25> K., =0.248
2
T 200 rpm = (300) X 155.2 = 68.98 N.m
3@)'#
200 200 0.6 +0.4+R,,
W, =——X2w = —
60 v0.248 1/68.98 0.248
> R,,=7Q

P=Tw,=6898x""x2r=1444W - 1.94 hp
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200 = R ..=0.410
0.1+R,, = e
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I R,,1=040
200 A
= (il of y a4 Cunglic J5)
100 A |— ‘Raez 0 55 o &l 2
Vi = E, +IL(R.+R.)
T T )
t Z, s t * fixed increases decreases
with with
ol LAt speed speed
" & it oy ks o T ot JS T =1, alaxd 4o
85%F———————— 4 " .
5% ————= | 310 g 08 9 (V) cudg
e i AR B I, =100 A
; JI : Eaz o Vt_"a(Ra_l_Rael)
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200 A

100 A

87.5%
75%

50%
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- Rﬂ. + Raez
100 — 50
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b e e e m—
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I,=1004
E,; =100 —100(0.1+ 0.15) = 75 2
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tpyfet = €, 48 Ryey danlono &l 0
E,, =100 —100(0.1+0.025) =87.5V
IH)‘# [ = tljé

100 - 87.5

I, =200A=
a 0.1+R,,,

= R,oa = —0.0375 02
3 Rpes = 010 o ylohemd 3l cmmoglio g9l 43 A5 ol o3 T i (Ryed) (o0 onoglito

03508 158 ol Yoo 3l il of y x> 10 ioglio Tud 9923 (yaw syl b >

100 - 87.5

| =125 A
“ 0.1

R,=R,.,—R,;, =0.4—0.15=0.25 0
R, =R,y — Rge3 = 0.15 — 0.025 = 0.125 2
R; =R, — Ry =0.025—0=0.025 2
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A 25-kW, 230-V shunt motor has an armature resistance of 0.064 £ and a
field-circut resistance of 95 Q. The motor delivers rated output power at
rated voltage when its armature current is 122 A. When the motor is
operating at rated voltage, the speed is observed to be 1150 r/min when the
machine is loaded such that the armature current is 69.5 A.

a. Calculate the rated-load speed of this motor.

In order to protect both the motor and the dc supply under starting
conditions, an external resistance will be connected in series with the
armature winding (with the field winding remaining directly across the 230-V
supply). The resistance will then be automatically adjusted in steps so that
the armature current does not exceed 200 percent of rated current. The step
size will be determined such that, until all the external resistance is switched
out, the armature current will not be permitted to drop below rated value. In
other words, the machine is to start with 200 percent of rated armature
current and as soon as the current falls to rated value, sufficient series
resistance is to be cut out to restore the current to 200 percent. This process
will be repeated until all of the series resistance has been eliminated.

b. Find the maximum value of the series resistance.

c. How much resistance should be cut out at each step in the starting
operation and at what speed should each step change occur?
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part (a): At rated load, E, = 230 — 122 times0.064 = 222 V. Thus, rated-
load speed is

222 .
n = 1150 (%) = 1133 r/min

part (b): The maximum value of the starting resistance will be required at
starting.

230
R& _|_ Rma.:-c
and thus R,,.. = 0.878 (2.

part (c¢): For each value of Ry, = R, + Ry, the armature current will reach
its rated value when the motor reaches a speed such that

=2 x 122 =244

E, =230 —-122R . o4

At this point Riot will be reduced such that the armature current again reaches
122 A. Based upon this alogrithm, the external resistance can be controlled as
shown in the following table:

{ ol 59, (S, 555 1y sde

231

Step number | R [Q] | Eamin [V] | Mmin [r/min] [V] | Eumax [V] | 7max [r/min]
1 0.878 0 0 115 587
2 0.407 115 587 173 882
3 0.170 173 882 202 1030
4 0.051 202 1030 216 1101
5 0 216 1101 - -
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Applications of DC Machines
Direct current motors are very commonly used as variable speed drives and in applications where severe torque variations occur.

The main applications of the three types of direct current motors are given below.

U Series Motors
The series DC motors are used where high starting torque is required, and variations in speed are possible. For example — the series motors are used in
Traction system, Cranes, air compressors, Vacuum Cleaner, Sewing machine, etc.

U4 Shunt Motors
The shunt motors are used where constant speed is required and starting conditions are not severe. The various applications of DC shunt motor are in
Lathe Machines, Centrifugal Pumps, Fans, Blowers, Conveyors, Lifts, Weaving Machine, Spinning machines, etc.

U Compound Motors
The compound motors are used where higher starting torque and fairly constant speed is required. The examples of usage of compound motors are in
Presses, Shears, Conveyors, Elevators, Rolling Mills, Heavy Planners, etc.
The small DC machines whose ratings are in fractional kilowatt are mainly used as control device such in Techno generators for speed sensing and in
Servo motors for positioning and tracking.

The applications of the various types of DC Generators are as follows:-
U Separately Excited DC Generators
Separately excited DC Generators are used in laboratories for testing as they have a wide range of voltage output.
Used as a supply source of DC motors.
O Shunt wound Generators
DC shunt wound generators are used for lighting purposes.
Used to charge the battery.
Providing excitation to the alternators.
U Series Wound Generators
DC series wound generators are used in DC locomotives for regenerative braking for providing field excitation current.
Used as a booster in distribution networks.
Over compounded cumulative generators are used in lighting and heavy power supply.
Flat compounded generators are used in offices, hotels, homes, schools, etc.
Differentially compounded generators are mainly used for arc welding purpose.



