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31.1 Brake Test

Itisadirect method and consists of applying abraketo awater-cooled pulley mounted on the motor
shaft asshowninFig. 31.1. Thebrakebandisfixedwiththehelp of
wooden blocksgripping the pulley. Oneend of thebandisfixedto
earth viaa spring balance Sand the other is connected to a sus-
pended weight W,. Themotor isrunning and theload on the motor
isadjustedtill it carriesitsfull load current.

Let W, = suspendedweightinkg
W, = reading onspring balanceinkg-wt
The net pull on the band due to friction at the pulley is
(W, - W,) kg. wt. or 9.81 (W, — W,) newton.
If R = radiusof thepulley inmetre
and N = motor or pulley speedinr.p.s. Motor shaft
Then, shaft torque T, devel oped by the motor
= (W, - W,) Rkg-m=9.81 (W, - W,) RN-m
Motor output power = Ty x 21T N watt
2 x9.81 N (W, - W,) Rwaitt Motor__|
= 61.68 N (W, - W,) Rwatt shaft
Let V=supply voltage; | =full-load current taken by themotor.
Then, input power = VI watt
Output _ 61.68 N(W, —W,)R
Input VI
Thesimple braketest described above can be used for small motors 1
only, becausein the case of largemotors, itisdifficult to dissipatethelarge *

O n =

(3

amount of heat generated at the brake. W2 S W

Another simple method of measuring motor output is by the use of
poney brake oneform of whichisshowninFig. 31.2 (a). A ropeiswound
round the pulley and itstwo ends are attached to two spring balances S,
and S,. Thetension of the rope can be adjusted with the help of swivels. Fig. 31.1
Ohvioudy, theforce acting tangentially on the pulley isequal to thediffer-
ence between thereadings of thetwo spring balances. If Risthepulley radius, thetorqueat thepulley is Ty,
=(S,-S)R If w(=2miN) istheangular velocity of the pulley, then

motor output = Ty X w=2TIN (S - S)Rm-kg. wt. = 9.81 x 21N (S, — S,) Rwatt.

Themotor input may be measured asshowninFig. 31.2 (b). Efficiency may, asusual, befound by
using therelationn = output/input.

Example 31.1. Inabrake test the effective load on the branch pulley was 38.1 kg, the effective
diameter of the pulley 63.5 cm and speed 12 r.p.s. The motor took 49 A at 220 V. Calculate the
output power and the efficiency at this load.

Solution. Effectiveload (W, —W,)=38.1kg. wt ; radius=0.635/2=0.3175m

Shaft torque=38.1x% 0.3175kg-m=9.81%38.1x 0.3175=118.6 N-m

Power output = torque x angular velocity inrad/s=118.6 x 21t x12=38,945W

Now, motor input =49 x220W [ Motorn = % =0.830r 83%
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Example 31.2(a). The following readings are obtained when doing a load test on a d.c. shunt
motor using a brake drum:

Spring balance reading 10 kg and 35 kg Diameter of the drum 40 cm
Speed of the motor 950 r.p.m. Applied voltage 200 V
Line current 30A

Calculate the output power and the efficiency. (Electrical Engineering, MadrasUniv. 1986)
Solution. Forceonthedrum surfaceF = (35-10) =25kgwt=25x9.8N
Drumradius R = 20cm=0.2m; Torque T4, =F xR=25x9.8x0.2=49N

N = 950/60=95/6r.p.s.; w=21(95/6) =99.5rad/s
Motor output = Ty x wwatt=49x99.5=4,876 W
Motor input = 200 x 30=6000W ; n =4876/6000=0.813 or 81.3%

Example31.2(b). Inabrake-test, onad.c. shunt motor, the tensions on the two sides of the brake
were 2.9 kg and 0.17 kg. Radius of the pulley was 7 cm. Input current was 2 amp at 230 volts. The
motor speed was 1500 rpm. Find the torque, power-output and efficiency.

(Bharathiar Univ. April 1998)

230V

A,

Brake pulley

Fig. 31.3. D.C. Shunt Motor Brake Test

Solution. Net forceon pulley =290-0.17=2.73kg
= 2.73%x9.81=26.78 Nw
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Net torque = Force x Radius = 26.78 x 7/100
= 1.8746 Nw-m

Power output = Torque x Radiang/sec.
= 1.8746 x 211 1500/60

= 294 watts

Effidency = 294/(230 x 2) = 0.639

% efficiency = 63.9%

31.2. Swinburne’s* Test (or No-load Test or Losses Method)

It is a simple method in which losses are
measured separately and from their knowledge,
efficiency at any desiredload can be predetermined
inadvance. Theonly running test needed isno-load
test. However, this test is applicable to those
machines in which flux is practically constant
i.e. shunt and compound-wound machines.

Themachineisrunning asamotor on no-load at
itsrated voltagei.e. voltage stamped on the name-
plate. The speed is adjusted to the rated speed with
the help of shunt regulator as shown in
Fig. 31.4.

The no-load current |, is measured by the

]
Shunt regulator

ammeter A; whereas shunt field current |, isgiven by ammeter A,. The no-load armature current is

(Ig—1g)orl.
Let, supply voltage =V
00 Powerinput to armature V(lg—lg);

no-load input
Power input to shunt

No-load power input to armature suppliesthefollowing :

(i) Ironlossesincore (i) frictionloss

(iv) armatureCuloss, (I,-14)° R 0r IR,

VI, watt
Vig,

(iii) windagelossand

Incalculating armature Culoss, ‘ hot’ resistance of armature should be used. A stationary measure-
ment of armaturecircuit resistance at theroom-temperature of, say, 15°C ismade by passing current through
thearmaturefromalow voltaged.c. supply [Fig. 31.5(a)].

() )
by )
Lsh

SUPPLY C\D

)=

T ~__

[.—>

(a) (b)
Fig. 31.5

*  Sir James Swinburne (1858-1958) made outstanding contributions to the development of electric lamps,

electric machines and synthetic resins.



Testing of D.C. Machines 1095

Then, the'hot’ resistance, alowing atemperature rise of 50°C isfound thus:

1+ 65a
= 1+1 . =(1+ = - "0
Ris = Ry(L+ 1500) ; Reg = (1+ 65010). Res =Ry * 72
. 2345+ 65 .
Taking = 1/234.5, we have Res = Rys xm = 1.2 R;5 (approx.*)
If we subtract from thetotal input the no-load armature Cu | oss, then we get constant losses.

[ Constant losses W, = VI,— (- 14)°R,

Knowing the constant losses of the machine, itsefficiency at any other load can be determined asgiven
below. Let| =load current at which efficiency isrequired.

Then, armaturecurrentis 1, =1 -1, ...if machineismotoring
=1+, ..if machineisgenerating

Efficiency when running as a motor
Input=VI, ArmatureCquss:I§Ra:(l—Ish)zRa
Congtantlosses = W, ...found above

_ input —losses _ VI — (I - lg)’ Ry —W,
- input Vi

0 Total losses= (I - 14)°R, + W, ; n,,

Efficiency when running as a generator
Output = VI ; Armature, Culoss= (I + Ish)zRa ; Constant loss=W, ...found above

X output _ VI
0 Total losses=(l + Ish) R+Wc;r]g: output + losses v + (1 + Ish)2 Ra +Wc

31.3. Advantages of Swinburne’s Test

1. Itisconvenient and economical because power requiredtotest alarge machineissmall i.e. only
no-load input power.
2. Theéefficiency can be predetermined at any | oad because constant-lossesare known.

31.4. Main Disadvantages

1. Noaccount istaken of the changeinironlossesfrom no-load tofull-load. Atfull-load, dueto
armaturereaction, flux isdistorted which increasestheiron lossesin some cases by as much as50%.

2. Asthetestisonno-load, itisimpossibleto know whether commutation would be satisfactory at
full-load and whether thetemperaturerisewould bewithin the specified limits.

Example 31.3. A220V, d.c. shunt motor at no load takesa current of 2.5 A. The resistances of
the armature and shunt field are 0.8 Q and 200 Q respectively. Estimate the efficiency of the motor
when the input current is 20 A. Sate precisely the assumptions made.

(Electrical Technology, K erala Univ. 1986)
Solution. No-load input =220 % 2.5=550 W
Thisinput meets all kinds of no-load lossesi.e. armature Cu loss and constant losses.
l4,=220/200=1.1A. No-load arm current, | ,;,=2.5-11=14A

*  Thearmatureresistanceisfound to decrease slightly with increasing armature current asshownin Fig. 31.5
(b). Thisisdue to the fact that brush contact resistanceis inversely proportional to the armature current.
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No-load armature Culoss= 12, R, = 1.4 x 0.8= 1.6 W

Constant losses =550 — 1.6 = 548.4 W

When input current is20 A

I,=32-1.1=30.9A ; Armature Culoss= 30.9° x 0.8 = 764 W

Total loss= 764 + 548.4 = 1312 W (approx.) ; Input = 220 x 20 = 4,400 W
Output = 4,400 — 1,312 = 3,088 W ; Efficiency = (3088/4400) x 100 = 70.2%
Intheabovecal culations, it hasbeen assumed that :

1. mechanical lossesremain constant even through motor speed changesfrom no-load to the given
load.

2. effect of armature reaction on main pole flux with aconsequent changeiniron losses has been
neglected.

3. decrease in flux due to increase in shunt resistance by heating has been neglected.

Example 31.4. When running on no-load, a 400-V shunt motor takes5 A. Armatureresistance
is0.5 Qandfield resistance 200 Q. Find the output of the motor and efficiency when running on full-
load and taking a current of 50 A. Also, find the percentage change in speed from no-load to full-
load. (Electro M echanics, Allahabad Univ. 1991)

Solution. No-load input =400 x 5=2,000 W

Thisinput goes to meet all kinds of no-load losses i.e. armature Cu loss and constant losses.
lg, = 400/200=2A ;No-loadl,=5-2=3A

No-loadarm. Culoss = 3?x0.5=4.5W ; Constant |osses= 2,000 - 4.5=1,995.5 W

When linecurrent is50 A

I, = 50-2=48A;Arm. Culoss=48°x0.5=1,152W

Total lossonF.L. = 1,152+ 1,995.5=3,147.5W ; Input = 50 x 400 = 20,000 W

Output = 20,000-3,147.5=16,852.5W =16.8kW
FL.efficiency = 16,852.5/20,000=0.8426 or 84.26%
Now, E,, = 400-(3x0.5)=3985V ;E,,=400-(48x0.5) =376V
N, _ By _3985 N,-N, 225 _
N, = E, 376 . N, 376 =005%

0 percentage change in speed = 5.98

Example 31.5. The no-load test of a 44.76 kW, 220-V, d.c. shunt motor gave the following
figures:

Input current = 13.25 A ; field current = 2.55 A ; resistance of armature at 75°C = 0.032 Q and
brush drop = 2 V. Estimate the full-load current and efficiency.

(Electrical Engineering, M adrasUniv. 1987)
Solution. No-load Condition
No-load input =220 x 13.25=2915W ; Armaturecurrent =13.25-2.55=10.7 A
Armature Culoss = 10.7°x0.032=36W
Lossdueto brush drop = 2x10.7=214W

Variableloss=21.4+3.6=25W,, Constant lossesW,=2915-25=2890W

Full-load Condition

If 1, isthefull-load armature current, then full-load motor input currentis (I, + 2.55) A.

F.L. motor power input =220 (1 ,+ 2.55) W

Thisinput must be equal to the sum of

(i) output=44.76 KW = 44,760 W (i) W,=2,800W

(iii) brushloss=2I, watt (iv) Arm.Culoss=0.0321,°
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0 220 (1, +2.55) = 44,750+ 2,890+ 2|, + 0.032 12
or 0.03212-2181_+47,090=0

218 + |218” - 4 x 0,032 x 47,090

or l, = 5% 0,032 =2235A
Lineinputcurrent | = 1 +14,=2235+255=226 A
F.L.powerinput = 226 x 220 = 49,720 W

O FL.efficiency = 44,760/49,720 = 0.9 or 90%.

Example 31.6. A 200-V, shunt motor develops an output of 17.158 kW when taking 20.2 kW.
Thefield resistanceis 50 Q and armature resistance 0.06 Q. What is the efficiency and power input

when the output is 7.46 KW ? (Elect. Machines-I, Aligarh Muslim Univ. 1989)
Solution. Inthefirst case:
Output = 17,158 W Input = 20,200 W

Total losses = 20,200 - 17,158 = 3,042 W ; Input current = 20,200/200 = 101 A
ly, = 200/50=4A ;1 =101-4=97A
O ArmaureCuloss = 97%x 0.06 = 564.5 W
O  Constantlosses = 3,042 - 564.5 = 2,477.5 = 2478 W (approx.)
In the second case:

Let, |, = armaturecurrent Input current = (1, +4) A
Now,  inputpower = output+ IjRa + constant |osses
0 200(1, +4) = 7,460+ 0.0612 + 2,478

or 0.0617 - 200l + 9,138 =0
200 £ /2007 - 4x 0.06 9,138 _ 200 + 194

. la = X 0.08 =515 =32833A0r46A
Wewill reject thelarger val ue becauseit correspondsto unstable operation of themotor. Hence, take
I,=46 A.
O Inputcurrent | =1 +14,=46+4=50A
: 50 x 200 7,460 x 100
Powerinput = 1000 - 10kw On = ~10000 - 74.6%

Example 31.7. A 200-V, 14.92 KW dc shunt motor when tested by the Swinburne method gave
thefollowing results:

Running light : armature current was 6.5 A and field current 2.2 A. Wth the armature locked,
the current was 70 A when a potential difference of 3 V was applied to the brushes. Estimate the
efficiency of the motor when working under full-load conditions.

(Electrical Engg.-1, Bombay Univ. 1985)

Solution. No-loadinput current=6.5+2.2=8.7A
No-load power input = 200%8.7=1,740W
No-load input equals Cu losses and stray losses.

FieldCuloss = 200x2.2=440W
Armature Culoss = 6.5°x0.04286=1.8W (- R,=3/70=0.04286 Q)
a Constant losses = 1,740-1.8=1738W

We will assume that constant |osses are the same at full-load also.
Let, I, = full-load armaturecurrent
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FL.armatureCuloss = 0.042861°W ; Constant losses= 1,738 W

FL.total loss = 1,738+ 0.04286 |
FL.output = 14,920W; F.L.input=200(l,+22) W
Weknow, input = output +losses
or 2001, +440 = 14,920 + 1,738 + 0.04286 I§
or 0.04286 Ij -2001,+16,218=0 O 1,=825A
O Inputcurrent = 825+22=847A

F.L.powerinput = 200 % 84.7 A = 16,940 W
O n 14,920 x 100/16,940 = 88%
Example 31.8. Inatest onad.c. shunt generator whose full-load output is 200 kW at 250 V, the
following figures were obtained :
(a) When running light as a motor at full speed, the line current was 36 A, the field current
12 A, and the supply voltage 250.

(b) With the machine at rest, a p.d. of 6 V produced a current of 400 A through the armature
circuit. Explain how these results may be utilised to obtain the efficiency of generator at full-load
and half-load. Neglect brush voltage drop.

Solution. At no-load :

Ia

O Armature Culoss

36-12=24A ;R ,=6/400=0.015Q
247 x 0,015 = 8.64 watt

No-load input = total lossesin machine= 250 x 36 = 9,000 W
Constant losses = 9,000-8.64=8,991.4W
At full-load :
Output = 200,000 W ; Output current = 200,000/250=800A ;1 ,=12A

[0 FEL.amaturecurrent=800+12=812A
0 FL.amatureCulosses=812%x 0.015= 9890 W
200, 000 x 100

0 FL.total losses=9890+8,991.4=18881W [ n = =91.4%
total losses=9890 + 8,99 8 n 500,000 + 18,881 0
At half-load :
Output = 100,000 W ; Output current = 100,000/250 =400 A
I, = 400+12=412A 0 |2R,=412°x0.015=2,546W
Total losses = 8,9914+2546=11537W 0 n = 00000100 _gq 50,

111,537

Example 31.9. A 250-V, 14.92 kW shunt motor has a maximum efficiency of 88% and a speed of
700 r.p.m. when delivering 80% of its rated output. The resistance of its shunt field is 100 Q.
Determine the efficiency and speed when the motor draws a current of 78 A from the mains.

Solution. Full-load output = 14,920W

80%of FL.output = 0.8x14.920=11,936 W ;n =0.88
Input = 11,936/0.88=13564W
Total losses = 13,564-11,936=1,628W

Asefficiency is maximum at thisload, the variable lossis equal to constant losses.

0 W, = IZR,=16282 O I’R,=814W

Now, input current 13,564/250=54.25A

O 250/100=25A O 1,=54.25-25=51.75A

lsn



O 51.75°R,
Wheninput currentis78 A
I

a

Total losses
n
Speed :
N, Epz
—£ = b2 or
N, =)

19,550

N, _ 250 - (755x0.3045) _ 227
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814 0 R,=814/51.75°=0.3045Q

78-25=755A O I)R,=755"x0.3045=1,736 W
1,736 + 814 = 2,550 W ; Input = 250 x 78 = 19,500 W
19,500 - 2,550

x 100 = 86.9%

700 ~ 250 - (51.75 x 0.3045) ~ 234.25 °

v N,=680r.p.m.

31.5. Regenerative or Hopkinson’s Test (Back-to-Back Test)

By thismethod, full-load test can be carried out on two shunt machines, preferably identical ones,
without wasting their outputs. Thetwo machinesare mechanically coupled and are so adjusted el ectricaly
that oneof them runsasamotor and the other asagenerator. Themechanical output of themotor drivesthe
generator and theelectrical output of generator isused in supplying the greater part of input tothemotor. If
therewere no lossesin the machines, they would have run without any external power supply. But dueto
theselosses, generator output isnot sufficient to drivethemotor and vice-versa. Thelossesaresupplied
either by an extramotor which is belt-connected to the motor-generator set or as suggested by Kapp,

electrically fromthesupply mains.

Essentid connectionsfor thetest
areshowninFig. 31.6. Thetwo shunt
machines are connected in parallel.
They are, to beginwith, started asun-
loaded motors. Then, thefield of one
isweakened and that of the other is
strengthened so that the former runs
asamotor and thelatter asagenera
tor. Theusua method of procedureis
asfollows:

Machine M isstarted upfromthe
supply mainswiththehelp of agtarter
(not shown) whereas main switch Sof
the other machineis kept open. Its

Fig. 31.6

speed is adjusted to normal value by means of itsshield regulator. MachineM drivesmachine G asa

Motor-cum generator set

generator anditsvoltageisread onvolt-
meter V. Thevoltage of G isadjusted
by itsfield regulator until voltmeter V,
reads zero, thereby showing that itsvolt-
ageisthesame, bothin polarity and mag-
nitude asthat of themain supply. There-
after, Sisclosedto pardlel themachines.
By adjusting the respectivefield regula-
tors, any load can now bethrown onto
the machines. Generator current |, can
be adjusted to any desired value by in-
creasing the excitation of G or by reduc-

ing the excitation of M and the corresponding val ues of different anmetersareread.
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Theéectrica output of thegenerator plusthesmall power taken from the supply, istaken by themotor
andisgiven out asamechanical power after supplying themotor losses.

If supply voltageisV, then
Motorinput = V(I, +1,), wherel, isthe current taken from the supply.
Generatoroutput = VI, ()
Assuming that both machines have the same efficiency n,
Output of motor = n xinput=n V(I, +1,) = generator input
Output of generator = n xinput=nxnV(l, +1,) = r]2V(|1 +1,) (i)
Hence, from (i) and (i), we get

I1
I +1,

nV(,+1,) = VI, or n=

However, itisnot quite correct to assume equd efficienciesfor two machinesbecausetheir armature
currentsaswell asexcitationsaredifferent. Wewill not find the efficiencies separately.

Let R, = amatureresistanceof each machine

I = exciting current of thegenerator

I, = excitingcurrent of themotor
Armature Culossin generator = (1, +1,)°R, ; Armature Culossin motor = (I, + 1, - 1,)°R,
Shunt Culossin generator = V15 ; Shunt Culossinmotor = VI,
But total motor and generator lossesare equal to the power supplied by themains.
Power drawn from supply = VI,
If we subtract thearmature and shunt Cu lossesfrom this, we get the stray losses of both machines.
0 Totd stray lossesfor the set

= VI, = [(I, +1°R, + (I, + 1, = 1R, + VI, + VI,] = W (say)
Making one assumption that stray losses are equal ly divided between thetwo machines, we have
Stray loss per machine=W/2

For Generator

Total losses = (I3+ 197 R+ Vig + W/2 = W, (say)
— — Vll
Output =V, On = Ui+ W,
Total losses = (I, +1,= 1,)°R, + VI + W/2 =W, (say)
V(I +1,) -W
Input = V(I +1,) On m:m

\ (Il o |2)

31.6. Alternative Connections for Hopkinson’s Test

InFig. 31.7isshownindightly different method of connecting thetwo machinesto the supply. Here,
themain differenceisthat the shunt windingsaredirectly connected acrossthelines. Hence, thelineinput
currentis|, excluding thefield currents. The efficiencies can be calculated as detailed below

Motor armature Culoss=(l, + I2)2Ra; Generator armature Cu loss = | 22Ra
Power drawn from thesupply = V1,
O Totd stray lossesi.e. iron, friction and windagelossesfor thetwo machinesare

= VI, [(I,+1,)*R ~12R] =W (say)
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O stray lossfor each machine=W/2
Motor Efficiency
Motorinput = armatureinput + shunt fieldinput=V (I, +1,) + VI, + W,

input

Motor losses = armature Culoss+ shunt Culoss+ stray losses
= (I1+I2)2Ra+V|3+W/2=Wm(say)
W —W
Motor n = %xmo

input
Generator Efficiency
Generator output = VI, ; Generator losses = I 7R, + VI, +W/2 = W, (say)

Vi,

O Generator n = m
2 g

31.7. Merits of Hopkinson’s Test

1. Power required for thetest issmall ascompared to thefull-load powers of thetwo machines.
2. Asmachinesarebeing tested under full-load conditions, thetemperaturerise and the commutation
qualities of the machines can be observed.

SUPPLY

R

Fig. 31.7

3. Becauseof full-load conditions, any changeinironlossduetoflux distortion at full-load, isbeing
taken into account.

Theonly disadvantageiswith regard to theavailability of twoidentical machines.

Example 31.10 (a). In a Hopkinson's test on two 220-V, 100-kW generators, the circulating
current isequal to the full-load current and, in addition, 90 A are taken from the supply. Obtain the
efficiency of each machine.

Solution. Output current of the generator

100,000 _ 5,000 _ _
I, = >0 11 =454.4A,1,=90A

Assuming equd efficiencies, from Art. 29.5, we have

_ o 4545 .
n = |1 + |2 454.5 + 90 =0.914 0or 91.4%

Example 31.10 (b). Inthe Hopkinson'stest on two d.c. machines, machine A hasafield current
of 1.4 A and machine B has a field current of 1.3 A. Which machine acts as a generator ?
(Bharathithasan Univer sity April 1997)
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Solution. InHopkinson’stest (on two identical d.c. shunt machines), sincethetwo machinesare
coupled, the speed iscommon and isdecided by thefield current of themotor. Thefield windingsof both
themachinesarein parallel withaseparate D.C. source.

Sincethemachinesareidentical and arerunning at the same speed, their em.fsarein proportionto
their field currents.

E.M.F. induced in the armature of machine A 1.

4
E.M.F. induced in the armature of machineB = 1.3
E, = (14/1.3) xEg=1.077E,
Since E, islarger than E;, Machine A supplies power to MachineB. It means, A isworking asa
generator, and B ismotoring.

Example31.11. Two shunt machinesloaded for the Hopkinson'stest take 15 A at 200 V fromthe
supply. The motor current is 100 A and the shunt currents are 3 A and 2.5 A. If the armature
resistance of each machine is 0.05 ohm, calculate the efficiency of each machine for this particular
|oad-condition. (Bharathithasan Univ. April 1997)

Solution. Linecurrentinto armaturecircuits=15A, Motor armature copper-loss =500 W

Motor-armature-current = 100 A, Generator armature copper loss=361 W

Hence generator-armature-current = 85 A

For each machine, No load Mechanical losses+ Core-loss+ Stray |osses

= VI, - 1% 1. - |22agj )
5 (200 x 15 - 100° x 0.05 — 85° x 0.05)
15 (3000 - 500 - 361) = 1069.5 W
Motor field copper-loss =200 x 3 =600 W [11.07 kW
Generator field copper-loss =200 x 2.5 =500 W
Total Lossesin motor = 600 + 1069.5 + 500 = 2169.5 W
Total Lossesin Generator = 500 + 1069.5 + 361 = 1931 W
_ Motor (?utput % 100%
Motor input
Motor Input : (a) 200 x 100 =20 kW to armature
(b) 0.6kWtofieldwinding
Tota Input to motor = 20.6 KW
From armature side, lossesto be catered are:
(i) Stray losses+ No Load Mech. Losses+ CoreLosses=1.07 kW
(ii) Armature copper-loss=0.5kW
Motor Output from armature=20-0.5-1.07 = 18.43 kW
18.43
20.6
Generator armature output = 200 x 85 x 103=17kW
Generator losses: (a) Fieldwdg: 0.5kW
(b) Total no-load-losses: 1.07 kW
(c) armature copper-loss=0.36 kW
Total lossesin Generator = 1.93kW
17
17 +1.93

Special Note: 15 A current for d.c. supply is related here to armature-input for two machines

which are under back-to-back regenerativetests. Therearedifferent variationsin handling and giving

thetest data. Itisalwaysdesirableto draw thecircuit diagram according to which the calculationsare
being related.

Efficiency of motor

x 100% =89.47%

Motor efficiency =

Generator efficiency = x100% = 89.80%
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Example 31.12. The Hopkinson's test on two similar shunt machines gave the following full-
load data :

Line voltage = 110V Field currentsare3Aand 3.5 A

Linecurrent 48 A Arm. resistance of eachis 0.035 Q

Motor arm. current 230 A

Calculate the efficiency of each machine assuming a brush contact drop of 1 volt per brush.

(Electrical Machines, Nagpur Univ. 1992)

Solution. Themotor-generator setisshownin Fig. 31.8. It should also be noted that themachinewith
lesser excitationismotoring. Wewill find the total armature Cu losses and brush contact lossfor both
meachines,

M otor
Arm. Culoss = 230°x 0.035=1,851.5W
Brush contact loss = 230x2=460 W
Total arm. Culoss = 1851.5+ 460 =2312W
ShuntCuloss = 110x3=330W
Total Culoss = 2,312+ 330=2,642W
Generator 48A 185A
Generator arm. current = 233 - 48 + 3.5 0 > -
- 1885 W 3A Y233A A 35A
Arm. Culoss = 188.5° x 0.035 = 1,244 W Y230A Lisssa
Brush contact Culoss=188.5x2=377W

Total arm. Culoss= 1,244+ 377 =1,621 W Y E @:@ g
Shunt Culoss=110x3.5=385W;
Total Culoss= 1,621 + 385= 2,006 W
For the Set
Total arm. and shunt Culossfor the set
= 2,642 + 2,006 = 4,648 W Fig. 31.8
Total input = 110 x 48 = 5,280 W ; Stray losses for the set = 5,280 — 4,648 = 632 W
Stray losses per machine=632/2=316 W
Motor Efficiency

MVTYN 45A 185A

Arm. Cu + brushdrop loss= 2,312 W Shunt Culoss=330W
Straylosses = 316 W Total loss=2,312 + 330 + 316 = 2,958 W
Motorinput = 110 x 233 = 25,630 W ; Motor output = 25,630 — 2,958 = 22,672
O n = 22,672 x 100/25,630 = 88.8%
Generator Efficiency
Total losses = 2,006 + 316 = 2,322 W ; Output = 110 x 185 = 20,350 W

Generatorinput = 20,350 + 2,322 = 22,672 W = motor input
n 20,350/22,672 = 0.894 or 89.4%
Example 31.13. InaHopkinson'stest on a pair of 500-V, 100-kW shunt generators, the follow-
ing data was obtained :
Auxiliary supply, 30 A at 500 V : Generator output current, 200 A
Field currents, 3.5Aand 1.8 A
Armaturecircuit resistances, 0.075 Q each machine. \oltage drop at brushes, 2 V (each machine).
Calculate the efficiency of the machine acting as a generator.
(Elect. Technology-1, Gwalior Univ. 1986)
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Solution. Motor arm. current =200+ 30=230A, asshowninFig. 31.9.
Motor arm. Culoss = 230° x 0.075 + 230 x 2 = 4,428 W
Motor fieddCuloss = 500 x 1.8 =900 W
Generator arm. Culoss = 200° x 0.075 + 200 x 2 = 3,400 W
Geneator fiedldCuloss= 500 x 3.5=1,750 W

Total Culossfor two machines o . .
= 4,428 + 900 + 3400 + 1750 U g
=10478 W ——
Power taken fromauxiliary supply 500V 1.;/:% é&SA
= 500 x 30 = 15,000 W — L
Stray lossesfor thetwo machines
= 15,000 - 10,478 = 4,522 W
Stray loss per machine = 4,522/2 = 2,261 W e 0319

Total lossesin generator = 3400 + 1750 + 2261 = 7,411 W
Generator output = 500 x 200 = 100,000 W

output _ 100,000

= 100= 93.099
output + losses 107,411 X 100=93.09%

O ng-=

Example 31.14. Explain the Hopkinson's test on a pair of shunt motors.

In such a test on 250-V machines, the line current was 50 A and the motor current 400 A not
including the field currents of 6 Aand 5 A. The armature resistance of each machine was 0.015 Q.
Calculate the efficiency of each machine. (Adv. Elect. Machines, A.M .| .E. Sec. B, 1991)

Solution. TheconnectionsareshowninFig. 31.10.

Motor armature Culoss 6A
= 4007 x 0.015 = 2,400 W =
Generator armature Culoss
= 350°x 0.015 = 1,838 W \

Power drawn from supply
= 250x50=12,500 W 250V 6A
O  Iron,frictionand windagelossesfor thetwo
| —

machines

= 12,500 - (2,400 + 1,838) 400a 350A
= 8,262W Y50A

Iron, friction and windageloss per machine - 4
= 8.262/2 = 4,130 W* (approx.)

Motor L ossesand Efficiency
Motor arm. Culoss= 2,400 W ; Motor field Culoss= 250 x 5= 1,250 W
Iron, friction and windagelosses= 4,130 W
Total motor losses = 2,400 + 1,250 + 4,130 = 7,780 W

Motor input = 250 x 400+ 250 x5=101,250 W
O Motor efficiency = (101,250-7,780)/101,250=0.923 or 92.3%

*  Wecould also get thisvalueasfollows:
Total supply input = 250 x 61 = 15,250 W ; Gen. and motor field Culoss =250 x 6 + 250 x 5= 2,750 W
Iron, friction and windage losses for both machines
= 15,250 - (2,400 + 1,838 + 2,750) = 8,262 W —asbefore

Fig. 31.10
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Generator L ossesand Efficiency
Generator arm. Culoss= 1,838 W ; Generator field Culoss= 250 % 6 = 1,500 W
Iron, friction and windageloss= 4,130 W
Total losses=1,838+1,500+4,130=7.468 W
Generator output = 250 x 350 = 87,500 W
0 Generator efficiency = (87,500 — 7.468)/87,500 = 0.915 or 91.5%

Example 31.15. The Hopkinson'stest on two shunt machines gave the following results for full-
load :

Linevoltage= 250V ; current taken from supply systemexcluding field currents= 50 A ; motor
armature current = 380 A ; field currents 5 A and 4.2 A. Calculate the efficiency of the machine
working as a generator. Armature resistance of each machineis 0.2 Q.

(Electrical Machinery-1 MysoreUniv. 1988)

Solution. TheconnectionsareshowninFig. 31.11.
Motor arm. Culoss = 3807 x 0.02 = 2,888 W
Generator arm. Cu loss= 330° x 0.02 = 2,178 W
Power drawn from supply = 250 x 50 = 12,500 W
Stray lossesfor thetwo machines

=12,500 - (2,888 + 2,178) = 7.434 W B
Stray losses per machine=7,434/2=3,717W \
Motor Efficiency
Arm.Culoss = 2,888 W
FidddCuloss = 250 x 4.2=1050W 50y 4
Straylosses = 3,717 W
Tota loss = 2,888 + 1050 + 3,717
= 7,655W
Motorinput = 250 x 380 + 250 x 4.2 -
= 96,050 W
Motor output = 96,050 — 7,655 Fig. 31.11
= 88,395 W
O n = 88,395/96,050 = 0.9203 or 92.03%
Generator Efficiency
Arm.Culoss = 2,178 W ; Field Culoss=250x 5=1250 W
Stray losses = 3,717 W ; Tota losses=7,145W

Generator output
Generator input

n
31.8. Retardation or Running Down Test

250%330=82,500W
82,500+ 7,145=89,645W
82,500/89,645=0.9202 or 92.02%

Thismethod isapplicableto shunt motorsand generatorsand isused for finding stray losses. Then,
knowing the armature and shunt Cu lossesat agivenload current, efficiency can be calculated.

Themachineunder test isspeeded up dightly beyond itsnormal speed and then supply iscut off from
thearmaturewhilekeeping thefield excited. Consequently, thearmature dowsdown anditskinetic energy
isused to meet therotational lossesi.e. friction, windageand iron losses.*

Kinetic energy of thearmatureisK.E. = % I’
where | = moment of inertiaof the armature and w = angular velocity

0 Rotational losses, W = Rate of |oss of K.E.

* If armature slows down with no excitation, then energy of the armature is used to overcome mechanical
losses only, there being no iron losses (see Ex. 31.19).
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d (1, 2
= — (=1 =1 —
: w= §(31e) =0

Two quantities need be known (i) moment of inertia (1) of the armature and (ii) dw o dN
becausew CIN. Thesearefound asfollows: d dt

L dw
g-a) Finding ot

- Al p

f B
O
o P
{@7 T
VW o A=t
Fig. 31.12 Fig. 31.13

Asshownin Fig. 31.12, avoltmeter V is connected
across the armature. This voltmeter is used as a speed
indicator by suitably graduating it, because E OO N. When
supply iscut off, the armature speed and hence voltme-
ter reading falls. By noting different amounts of voltage
fall in different amounts of time, a curve is drawn be-
tween time and the speed (obtai ned from voltage val ues)
asshowninFig. 31.13.

Fromany point P which correspondsto normal speed,
atangent ABisdrawn.

dn _ OB(inrpm)
Then ‘dt  ~ OA (in seconds)
From(i),above W = Iw%—({) Shunt wound generator
2\ .
Now W = "6y ..(Ninrp.m.)
orN )\, d (21N 21, \ dN dN ,
= _— ——, == N = =UJ N.—
W I(Go)xdt(GO)’W (60‘-) I.N it 0.0111 @ (i)

(ii) FindingMoment of Inertia(l)
(a) First Method—wherel iscalculated.

Firgt, dowing down curveisdrawnwith armatureaone. Next, afly-whed of known moment of inertia
|, iskeyed onto the shaft and slowing down curveisdrawn again. Obviously, slowing downtimewill be
longer due to combined increased moment of inertia of the two. For any given speed,
(dN/dt,) and (dN/dt,) are determined asbefore. It should be noted that thelossesin both caseswould be
amost the same, because addition of afly-whed will not make much differencetothelosses.

Hence, from equation (ii) above

2
Inthefirtcase, W = (2—“) in EANE
60 0ot
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2m)? OdN O
(@) (l + |1)N X DED

Inthe second case, W

0 - OaND _ | OdN O DI+I1D 0 dND
0+ e = e B B By B

L (dwdg) o ody
17 (dN/dt) - (dN/dt,)  tdt, —dt, tt, -t

(b) Second Method—where| is eliminated.

In thismethod, first, time taken to slow down, say by 5%, is noted with armature alone. Next, a
retarding torque—mechanical or preferably electrical, isapplied to the armature and again timeis noted.
The method using electrical torqueisshownin Fig. 31.12. Thedouble-throw switch Swhile cutting off
the armature from supply, automatically joinsit to anon-inductiveresistance Ras shown. The power
drawn by this resistance acts as a retarding torque on the armature, thereby making it slow down
comparatively quickly. Theadditional lossis!? (R,+R) or Vi,

where I, = average current through R ; V = average voltage across R.

Let W’ bethispower. Then from (i) above

21 dN O
W= (Z-| I.N.

(60) dy, H
DIde isthe same

O I =

21 dN
= [£2] I.N.
Wrw (60) dt, H
W + W' dtl dt2 r t2
= —= =W o W=W x_—=—
. W a, O WEWX g, e
where ?Tz = rateof change of speed without extraload
?jTN = rateof change of speed with extraelectrical load.
2

Example 31.16. In aretardation test on a separately-excited motor, the induced em.f. in the
armature falls from 220 V to 190 V in 30 seconds on disconnecting the armature from the supply.
The same fall takes place in 20 seconds if, immediately after disconnection, armature is connected
to a resistance which takes 10 A (average) during thisfall. Find stray losses of the motor.

(Adv. Elect. Machines, A.M .| .E. Sec. B, 1992)

Solution. Let W = stray losses (mechanical and magnetic |0sses)

Average voltage acrossresistance = (200 + 190)/2 =195V, Average current =10 A

0 Power absorbed W' =1950 W

W_ b . 20

Wt -t 30-20
Example 31.17. In aretardation test on a d.c. motor, with its field normally excited, the speed

fell from 1525 to 1475 r.p.m. in 25 seconds. Wth an average load of 1.0 kW supplied by the

armature, the same speed drop occurred in 20 seconds. Find out the moment of inertia of the rotat-
ing partsin kg.mz. (Electrical Machines-I 11, Gujarat Univ. 1984)

Solution. Asseenfrom Art. 31.8(ii) (b).

Using therelation = 3,900 watt

21 dN
w o= (20  AlsoW=W’ x
(60) PN - Al tl—t

1kw =1000 W, t, = 25 second, t, = 20 second

Here, W’
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O W = 1000 x 20/(25 — 20) = 4000 W
Now, N = 1500r.p.m. (average speed) ; dN = 1525 - 1475=50r.p.m. ; dt =25
0 4000 = (217/60)°1.1500 x50/25 O |=121.8kg.m’.

Example31.18. Aretardation testismade on a separately-excited d.c. machineasamotor. The
induced voltage falls from 240 V to 225 V in 25 seconds on opening the armature circuit and
6 seconds on suddenly changing the armature connection from supply to a load resistance taking
10 A (average). Find the efficiency of the machines when running as a motor and taking a current of
25 Aonasupply of 250 V. Theresistance of itsarmatureis 0.4 Q and that of itsfield winding is 250 Q.

(Elect. Technology, Allahabad Univ. 1991)
Solution. Average voltage across |oad
(240+225)/2=2325V ;1,,=10A
2325x10=2,325W

O  Power absorbed W’

and t, = 30 second, t, = 6 second ; W = stray loss
. w _ ot
Using W - L1, =734.1W, weget
Stray losses W = 2325x % =734.1W
Input current = 25A ;14 =250/250=1A;1,=25-1=24A

Armature Culoss = 24°x 0.4=230.4W ; Shunt Culoss= 250 x 1 =250 W

O Total losses = 734.1+230.4+250=1,215W (approx.)
Input = 250%25=6,250W ; Output = 6,250 - 1,215= 5,035 W

O n = 5,035/6,250=0.806 or 80.6%

Example 31.19. Aretardation testiscarried out on a 1000 r.p.m. d.c. machine. The time taken
for the speed to fall from 1030 r.p.m. to 970 r.p.m. is:

(a) 36 seconds with no excitation

(b) 15 seconds with full excitation and

(c) 9 secondswith full excitation and the armature supplying an extra load of 10 A at 219 V.

Calculate (i) the moment of inertia of the armature in kg. m’ (ii) iron losses and (iii) the me-
chanical losses at the mean speed of 1000 r.p.m.

Solution. It should be noted that

(i) whenarmaturedowsdownwith no excitation, itskinetic energy isused to overcome mechanical
lossesonly ; because dueto the absence of flux, thereisnoironloss.
(i) with excitation, kinetic energy isused to supply mechanica andironlossescollectively knownas
stray losses.
(iii) If listakeninkg-m?unit, thenrate of lossof energy isinwatts.

Mechanical loss W = (2—”)2 N, AN LAI.318
m = |60 dt
Here dN = 1030 -970=60r.p.m., dt = 36 seconds, N = 1000 r.p.m.
el e -
m = {e0) " 36 ~(0)
. _ [2n)?  \ 60 y
Smilaly W, = (60) I.N. 15 (i)
AlsoW, =W 2 =219x10x-2 _ =3285W

t -t 15-9
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Using equation (i), we get

_ (2 60
3,285 = (60) x | ><1000><15
(i O | = 75kg.m’
e . W, _ 15
Dividing (i) by (ii), weget W, =36
(iH O W, = 3,285x15/36=1,369 W
(i) O Ironlosses = W,— W, =3,285-1,369=1916 W

31.9. Field’s Test for Series Motor

Thistestisgpplicabletotwo similar
seriesmotors. Seriesmotorswhichare
mainly used for tractionwork areeasily
availableinpairs. Thetwomachinesare
coupled mechanicaly. \

One machine runs normally as a @
motor and drivesgenerator whose output
is wasted in a variable load R (Fig.

31.14). Ironand friction losses of two | R
machinesaremade equa (i) by joining AN~
the seriesfield winding of the generator -

inthemotor armaturecircuit sothat both Fig. 31.14

— G (A,

machinesareequally excited and (ii) by runningthem at
equal speed. Load resistance Risvariedtill the motor
current reachesitsfull-load valueindicated by ammeter
A,. After thisadjustment for full-load current, different
ammeter and voltmeter readingsare noted.

Let V=supply voltage; |, = motor current ; V,, = terminal
p.d. of generator ; I, = load current.

O Intake of thewholeset = VI, ; output =V,

Tota lossesintheset, W= VI, - V,I,

Armatureand field CulossesW,, = (R, + 2RI +1.R,

Micro series motors whereR, = hot armature resistance of each machine
R, = hot seriesfield resistance of each machine
0 Stray lossesfortheset = W, - W,
Stray lossesper machine W, = W _ZWCU

Stray lossesare equally divided between the machines because of their equal excitation and speed.
Motor Efficiency

Motor input

Motor losses

Vlll
armature+ field Culosses + stray losses
(Ry+ RIS+ W, =W, (say)

Vil - W,
Tm = 7 v,
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Generator Efficiency

Thegenerator efficiency will beof little use becauseit isrunning under abnormal conditionsof separate
excitation. However, theefficiency under these unusual conditionscan befound if desired.

Generatoroutput = V,l,
FieldCuloss = I12R3e (- Motor currentispassing throughit.)
ArmaiureCuloss = I,°R,; Stray losses=W,
Total losses = 1R +1,7R, + W, = W, (say)
= V2 I 2
o = U1, + W,

It should be noted that although thetwo machinesare mechanically coupled yetitisnot aregenerative
method, because the generator output iswasted instead of being fed back into the motor asin Hopkinson's
(back-to-back) test.

Example 31.20. A test on two coupled similar tramway motors, with their fields connected in
series, gave the following results when one machine acted as a motor and the other as a generator.
Motor : Armature current 56 A ; Armature voltage = 590 V

\oltage drop acrossfieldwinding = 40V
Generator :
Armature current = 44 A ; Armature voltage = 400 V
Field voltagedrop = 40V ; Resistance of each armature = 0.3 Q

Calculate the efficiency of the motor and gearing at this load.
(Elect. Machinery-11, Nagpur Univ. 1992 & JNTU, Hyder abad, 2000)
Solution. Theconnection for thetwo machinesareshownin Fig. 31.15.
Totd input = 630 % 56 = 35,280 W
Output = 400 x 44 = 17,600 W
Total lossesinthetwo machinesare
= 35,280 - 17,600 = 17,680 W
Seriesfield resistance
R, = 40/56
0714 Q

Total Culoss= (0.3 + 2 x 0.714) x 56 + 44°
x 0.3 = 5,425 + 581 = 6,006 W 630V

Stray losses of the set= 17,680 — 6,006
= 11,674W
0 Straylossesmachine= 11,674/2 =5,837 W
Motor Efficiency

Motor armatureinput = arm. voltage x motor Fig. 31.15
current = 590 x 56 = 33,040 W

Armaturecircuit Culoss

(0.3 +0.714) x 56° = 3,180 W

5,837 W —found above

3,180 + 5,837 = 9,017 W, Output = 33,040 — 9,017 = 24,023 W
24,023/33,040 = 0.727 or 72.7%

Stray loss
Total losses
O n
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Generator Efficiency
ArmaureCuloss = 44°x 0.3=581 W, Seriesfield Culoss=40 x 56 = 2,240 W

Straylosses = 5,837 W ; Total losses= 581 + 2,240 + 5,837 = 8,658 W
Output = 400 x 44 = 17,600 W
0 n 4 = 17,600/(17,600 + 8,658) = 0.67 or 67%

Tutorial Problem No. 31.1

1. A 500-V, shunt motor takes a total current of 5 A when running unloaded. The resistance of
armature circuit is 0.25 Q and the field resistance is 125 Q. Calculate the efficiency and output when the
motor isloaded and taking a current of 100 A. [90.4% ; 45.2 kW]

2. A d.c. shunt motor rated at 12.5 kW output runs at no-load at 1000 r.p.m. from a 250-V supply
consuming an input current of 4 A. The armature resistance is 0.5 Q and shunt field resistance is 250 Q.
Calculatethe efficiency of the machine when delivering full-load output of 12.5 kW while operating at 250
V. [81.57%] (Elect. Technology-I Madras Univ. 1979)

3. The following results were obtained during Hopkinson's test on two similar 230-V machines,
armature currents 37 A and 30 A; field currents 0.85 A and 0.8 A. Calculate the efficiencies of machinesif
each has an armature resistance of 0.33 Q. [Generator 87.9%, Motor 87.7%]

4. InaField stest ontwo 230-V, 1.492 kW mechanically-coupled similar seriesmotors, thefollowing
figureswere obtained. Each has armature and compolewinding resistance of 2.4 Q, seriesfield resistance of
1.45 Q and total brush drop of 2 V. The p.d. across armature and field was 230 V with amotor current of
10.1 A. Thegenerator supplied acurrent of 8.9 A at aterminal p.d. of 161 V. Calculate the efficiency and
output of the motor for this load. [76.45%, 1.775 kW]

5. Describe the Hopkinson's test for obtaining the efficiency of two similar shunt motors. The
readings obtained in such atest were asfollows; linevoltage 100 V ; motor current 30 A ; generator current
25 A ; armature resistance of each machine 0.25 Q. Calculate the efficiency of each machine from these
results, ignoring the field currents and assuming that their iron and mechanical losses are the same.

[Motor 90.05%, Generator 92.5%]
6. The Hopkinson’stest ontwo similar d.c. shunt machines gave the following results:
Linevoltage=220V ; line current excluding field currents = 40 A ; the armature current of motoring
machine=200A ; field currents6 A and 7 A. Calculatethe efficiency of each of the machinesat the given
load conditions. The armature resistance of each of the machinesis0.05 Q.

=86.58% ; n, = 86.3%] (Electrical Engg-l, M.S. Univ. Baroda 1980)
Nm Ng

OBJECTIVE TEST - 31

1. Oneof the main advantages of Swinburne'stest

1111

3. Themost economical method of finding no-load

isthat it losses of alarge d.c. shunt motor is—test.
(a) is applicable both to shunt and compound (@) Hopkinson's
motors

(b) needsonerunning test
(c) isvery economical and convenient
(d) ignoresany chargeinironloss

(b) Swinburne's
(c) retardation
(d) Fidds

. Retardation test on ad.c. shunt motor isused for

2. The main disadvantage of Hopkinson's test for finding—Ilosses.
finding efficiency of shunt d.c. motorsisthat it (a) stray
(a) requiresfull-load power (b) copper
(b) ignoresany changeinironloss (c) friction
(c) needsone motor and one generator (d) iron

(d) requirestwoidentical shunt machines
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5. The main thing common between Hopkinson’s
test and Field'stest is that both

(a) requiretwo electrically-coupled seriesmotors

(b) need two similar mechanically-coupled
motors

(c) usenegligiblepower

(d) areregenerativetests

6. Theusud test for determining the efficiency of a

traction motor is the .............. test.
(a) Fidds

(b) retardation

(c) Hopkinson's

(d) Swinburne's

ANSWERS
l1.c 2d 3.b 4a 5b 6.a

QUESTIONS AND ANSWERS ON D.C. MOTORS

Q.1

Ans.

Q.2

Ans.

Q.3.

Ans.

Q.4.

Ans.

Q.5.

Ans.

Q.6.

Ans.

Q.7.

Ans.

Q.8.

Ans.

How may thedirection of rotation of ad.c. motor bereversed ?

By reversing either thefield current or current through the armature. Usually, reversal of
current through the armature is adopted.

What will happen if both currentsarereversed ?

Themotor will runinthe original direction.

What will happen if thefield of ad.c. shunt motor isopened ?

The motor will achieve dangerously high speed and may destroy itself.

What happensif thedir ection of current at theterminalsof aseriesmotor isreversed ?

It does not reverse the direction of rotation of motor because current flows through the
armature in the same direction as through the field.

Explain what happenswhen ad.c. motor isconnected acr ossan a.c. supply ?

1. Sinceona.c. supply, reactancewill comeinto the picture, thea.c. supply will be offered
impedance (not resistance) by the armaturewinding. Consequently, with a.c. supply,
current will bemuchless. The motor will run but it would not carry the sameload asit
would ond.c. supply.

2. Therewould be more sparking at the brushes.

3. Thoughmotor armatureislaminated asarule, thefield polesarenot. Consequently, eddy
currentswill causethemotor to heat up and eventually burnona.c. supply.

What will happen if ashunt motor isdirectly connected tothesupply line?

Small motorsup to 1 kW rating may beline-started without any adverse resultsbeing pro-
duced. Highrating motorsmust be started through asuitable starter in order to avoid the huge
gtarting current which will

(i) damagethemotor itself and (ii) badly affect the voltageregulation of the supply line.
What isthefunction of inter polesand how ar einter polewindingsconnected ?
Interpolesaresmall polesplaced in betweenthemain poles. Their functionisto assist commu-
tation by producing theauxiliary or commutating flux. Consequently, brush sparkingispracti-
caly eiminated. Interpolewindingsare connected in serieswith thearmature windings.

In rewinding the armature of a d.c. motor, progr essive connections are changed to
retrogressiveones. Will it affect the operation in any way ?

Yes. Now, thearmaturewill rotatein the opposite direction.




Q.9.

Ans.

Q. 10.

Ans.

Q.11

Ans.

Q.12.

Ans.

Q.13.

Ans.

Q. 14.
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A d.c. motor failstostart when switched on. What could bethepossiblereasonsand

remedies?

Any oneof thefollowing reasonscould beresponsible:

1. Open-circuitin controller—should be checked for open starting resi stance or open switch
or openfuse.

2. Lowterminal voltage-should be adjusted to name-platevalue.

3. Overload—should bereduced if possible otherwiselarger motor should beinstalled.

4. Excessvefriction-bearing lubrication should be checked.

A d.c. motor isfound to stop running after ashort period of time. What doyou think

could bethereasons? How would you remedy each ?

Possible causes are as under :

1. Motor not getting enough power—check voltage et motor terminalsaswell asfuses, clups
and overload relay.

2. Wesk or nofield-in the case of adjustable-speed motors, check if rheostat iscorrectly
set. Also, check field winding for any ‘open’. Additionally, look for any loose
winding or broken connection.

3. Motor torqueinsufficient for driving the given load—check linevoltage with name-plate
voltage. If necessary, uselarger motor to match theload.

What arethelikely causesif ad.c. motor isfound to run too slow under load ? And

theremedy ?

1. Supply linevoltagetoo low—emoveany excessveresistancein supply line, connections
or controller.

2. Brushesahead of neutral—set them on neutral.

3. Overload—reduceit to alowablevaueor uselarger motor.

Why doesad.c. motor sometimerun too fast when under load ? Givedifferent possible

causesand their remedies.

Different possible causes are as under :

1. Weskfidd—+removeany extraresistancein shuntfield circuit. Also, check for ‘grounds'.

2. Linevoltagetoo high—reduceit to name-platevaue.

3. Brushesback of neutral—set them on neutral.

Under what conditionsis sparking produced at the brushes of ad.c. motor ? How

would you remedy it ?

1. Commutator in bad condition—clean and reset brushes.

2. commutator either eccentric or rough—grind and true the commutator. Also, undercut
mica

3. Excessivevibration—baancearmature. Make surethat brushesridefreely in holders.

4. Brush-holding spring broken or sluggish—replace spring and adjust pressure to
recommended vaue,

5. Motor overloaded—reduceload or install motor of proper rating.

6. Short-circuit in armature circuit-remove any metallic particles between commutator
segmentsand check for short between adjacent commutator risers. Locate and repair
internal armature short if any.

Sometimesahissing noise (or brush chatter) isheard to emanatefrom the commutator

end of arunning d.c. motor. What could it beduetoand how could it beremoved ?




1114

Ans.

Q. 15.
Ans.

Q. 16.
Ans.

Q.17.
Ans.

Q.18.
Ans.

Electrical Technology

Any oneof thefollowing causes could produce brush chatter :

1. Excessiveclearanceof brush holders-adjust properly

2. Incorrect angle of brushes—adjust to correct value

3. Unsuitablebrushes—replacethem

4. Highmica—undercutit

5. Wrong brush spring pressure—adjust to correct value.

What arethe possible causes of excessive sparking at brushesin ad.c. motor ?
1. Poor brush fit on commutator—sand-in the brushes and polish commutator.

2. Brushesbinding inthe brush holders-clean holdersand brushesand remove any irregu-
larities on surfaces of brush holders or rough spots on brushes.

3. Excessiveor insufficient pressure on brushes—adjust pressure.

4. Brushesoff neutral—set them onneutral.

Why doesad.c. motor sometimespark on light load ?

Dueto the presence of paint spray, chemical, oil or grease etc. on commutator.
When isthearmatureof ad.c. motor likely to get over-heated ?

1. When motor isover-loaded.

2. Whenitisinstalled at aplace having restricted ventil ation.

3. Whenarmaturewindingisshorted.

What causesar eresponsiblefor over-heating of commutator in ad.c. motor ?

It could be due either to the brushes being off neutral or being under excessive spring
pressure. Accordingly, brushes should be adjusted properly and the spring pressure
should be reduced but not to the point where sparking is introduced.

o FIRST
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