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(i) useful torque (7;,)

Driving power in armature = E4Iy = 247.7 x 23 = 5697.1W
Optput power = E4 I, — rotational losses = 5697.1 — 810 = 4887.1W

Motor outpul
Tep = 955 ————— =9,

60.4N. m

(i efficiency
Motor QutputinWatts o 48871 0
Ealy T 5697.1 e
= Eala 10096 = 2927 1000 = 9196
e =1, =750x25 =
4887.1

% 100% = 78.2%
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Example: A 20hp (14.92kW), 230V, 1150rpm, 4poles DC shunt motor has a
total of 620 conductors arranged in two parallel paths and yielding an
armature circuit resistance of 0.2Q. When it delivers rated power at rated
speed, it draws a line current of 74.8A and a field current of 3A. Calculate

() the flux per pole (i) armature torque (i) the rotational losses (i) total
losses expressed as a percentage of power.

@ the fluxperpole  j — _ | =748-3=7184
Ex=Vr — IRy = 230 — 71.8 X 02 = 215.64V
$ZIN P $px620x1150 4

=21564 = x =22 T 2 o, =
E, =215.64 50 X I 50 2 ¢ =9ImWb
(i) armature torque
Eal, 215.64 X 71.8
Ty = 9.SST = QISST =128.6N.m

(i) the rotational losses
Rotational losses=E,Z,— output power =215.64x71.8 - 14920= 562.952W
(") total losses expressed as a percentage of power
Total losses=input power (V;7;)-output power = 230X74.8 - 14920= 17204 - 14920= 2284W
3.3%

total losses expressed as a percentage of power=2284/1720:
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Example: A 7.46kW, 250V shunt motor takes a line current of 5A when
running light. Calculate the efficiency as a motor when delivering full load
output, if the armature resistance are 0.50 and 250 © respectively.

1- When loaded lightly
Py = Vyl, = 250 X 5 = 12500

Li=l—lp=5-1=44

Field Cu loss = Vply = 250 X 1 = 250W
Armature Cu loss = [,?R, = 42 X 0.5 = 8W

Iron and friction losses=input power-Armature Cu loss-Filed Cu loss

Iron and friction losses=1250-250-8=992W Tron and friction losses is constant

2- at full load
Vply = 4Ry + Eqly Vil = 2501,

Eyly = output power + iron loss + brushes loss = 7460 + 992 + 0 = 8452W

2501 = I4% X 0.5 + 8452
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Rearrange the above equation yields

0.51,% — 2501, + 8452 = 0

. —b+VbZ —4ac _ 250 +/(=250)2—4 X 0.5 X 8452 _ T T
o5 2a = 2x05 = 365 orges.
I, = 3654

I=1Ii+I=365-1=37.54
Py = Vrl, = 250 X 37.5 = 9375W
Py = 7460W

output power

= P POWET 100% = =z x 100% = 79.6
6L = Tput power % =5375 % %
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Example: A 6-pole, 500V, wave connected shunt motor has 1200 armature
conductors and useful flux/pole of 20mW. The armature and field resistances
are 0.5 and 2500 respectively. What will be the speed and torque developed
by the motor when it draws 20A from the supply mains? If magnetic and
mechanical losses amount to 900W, find () output in KW (i) useful torque
(T,) (i) efficiency (1) at this load.
v, 500
p=te=22o
Rr 250
L=l -l =20-2=184
Ea = Vr — iRy = 500 — 18 X 0.5 = 491V
b qop o PZN P _002X1200xN 6 N 10
4 = Pl="60 %2 0 2 = oowem
Eala 491x18

T, =9. 55— = QISST = 205.9N.m

() output in kW
Field Cu loss = VrIr = 500 X 2 = 1000W
Armature Cu loss = I,?R, = 18% X 0.5 = 162W

Iron and friction losses=900W




image11.png
Total losses=armature Cu loss + field Cu loss + iron and friction loss

Total losses=162+1000+900=2062W

Motor input power=V;/,=500x20=10000W

Motor output power=motor input power-motor losses=10000-2062=7938W
(i) useful torque (T;)

Motor output

Ten = 9.55 —9557938—1849N
on =9 = 955775 = 1849N.m

iij Efficiency () at this load

output power 7938
————— % 100% =

Nle = “nput power 10000

X 100% = 79.38%
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Characteristics and Applications of DC Motors
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The speed regulation refers to the change in speed of a motor with change in
applied load torque, other conditions remaining constant.

The Speed Regulation (SR) is defined as the change in speed when the load on
the motor is reduced from rated value to zero, expressed as percent of the
rated load speed.

Where
Ny noload speed

N = New 10004
o Ny full load speed

Example: A 4-pole series motor has 944 wave connected armature conductors.
At a certain load, the flux per pole is 34.6 mWb and the total mechanical
torque developed is 209 N.m. calculate the line current taken by the motor and
the speed at which it will run with an applied voltage of 500V. Total motor
resistance is 3 ohm.

T, =209 =0159X ¢ X Z X I, x%=0.159 X 0.0346 X 944 X I x;
14 =2014
Eq=Vp — iRy = 500 — 20.1 x 3 = 439.7V

$IN P 346 X 944 XN 4

EA:439'7=WXZ=TXE — N =403.8rpm
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Example: A 230V DC shunt motor has an armature resistance of 0.52 and
field resistance of 115Q. At no load, the speed is 1200rpm and the armature
current 2.5A. On application of rated load, the speed drops to 1120 rpm.

Determine the speed regulation, line current and power input when the motor
delivers rated voltage.

sp =M= Nen g0 = 22001120 30006 = 7.1
T o 1120 p=r
Ny = 1200rpm Egy = Vp — LRy = 230 = 255 X 0.5 = 228.75V.
Nz = 1120rpm Epp = Vr — LipRa = 230 — 5, X 05
En M 22875 1200 - 1120x22875
Za _Js S S Egp= =213,
Ex; N, Epz 1120 Az 1200
230 - 2135
Epp=2135=230—[;; x0.5 - Iy ==

=1, I, 33+230 354
L=l t+Ip= vl

Py = I,Vy = 35 x 230 = 8050W
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Example: The armature winding of a 4-pole, 250V DC shunt motor is lap
connected. There are 120 slots, each slot containing 8 conductors. The flux per
pole is 20mWb and current taken by the motor is 25A. The resistance of
armature and field circuit are 0.1 and 1252 respectively. If the rotational
losses amount to be 810W. Find

(3 gross torque (7)) (i) useful torque (7;,) (ii) efficiency.

() gross torque (7)

Ep=Vp—1I4Ry = 250 — 23 X 0.1 = 247.7V

b =gy YN P _002X(120x8) XN 4 R
=477 222N P _DOEXA0OXB XN 2 o
4 60 4 60 X7 i

T, =055 i 955 27T X2 _ 4 4y
a = 9SSy = 9SS Ty = 704N m




