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Problems 8-1 to 8-12 refer to the following dc motor:

-HUB.com

Prated =30 hp / L rated =110A

V, =240V N =2700 turns per pole
n_., = 1800 r/min N = 14 turns per pole
R, =0.19Q R, =750

R, =0.020Q R4 =100 10 400 Q

Rotational losses = 3550 W at full load
Magnetization curve as shown in Figure P8-1

Uploaded By: anonymous


https://students-hub.com

In Problems 8-1 through 8-7, assume that the motor described above can be connected in shunt. The equivalent
circuit of the shunt motor is shown in Figure P8-2.

Magnetization curve
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FIGURE P8-2
The equivalent circuit of the shunt motor in Problems 8-1 to 8-7.
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If the resistor R, is adjusted to 175 Q what is the rotational speed of the motor at no-load conditions?

SoLuTION At no-load conditions, £, =V, =240 V. The field current is given by

7 V; 240V 240V

L= = - =0.960 A
Ry+R, 175Q+75Q 2500

From Figure P9-1, this field current would produce an internal generated voltage £, of 241 V at a speed

n, of 1200 r/min. Therefore, the speed » with a voltage £, of 240 V would be

E, n
EAO no
E 240 : | .
n=|—|n, = { VJ(IZOO r/min) =1195 r/min
E, 241V
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Assuming no armature reaction, what is the speed of the motor at full load? What is the speed regulation
of the motor?

SoLuTioN At full load, the armature current is

_LZIIOA — M = 109 A
R, +R, 250 Q)

The internal generated voltage F, is
E,=V,-I,R, =240V — (109 A)(O.l9 Q) =2193V

The field current is the same as before, and there is no armature reaction, so £, 1s still 241 V at a speed

n, of 1200 r/min. Therefore,

n :[ £, J n, :[219'3 V](IZOO r/min ) =1092 r/min

E 241V

Ao
The speed regulation is

SR :uxlOO% _ 1195 r/min — 1(?92 I/min < 100% = 9 4%
Ny 1092 r/min
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What is the starting current of this machine if it is started by connecting it directly to the power supply
V.7 How does this starting current compare to the full-load current of the motor?

SoLuTioN The starting current of this machine (ignoring the small field current) is

V. 240V

I —
R, 0.19Q

L start —

=1260 A

The rated current is 110 A, so the starting current is 11.5 times greater than the full-load current. This
much current is extremely likely to damage the motor.
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For Problems 8-8 and 8-9, the shunt dc motor is reconnected separately excited, as shown in Figure P8-3. It has a
fixed field voltage 7, of 240 V and an armature voltage ¥, that can be varied from 120 to 240 V.

Ip I Ry I
+0 — - W\' - o+

0.19 O \
Ry

+
Ve=240V R=750Q C)EA V,=120t0 240V
\ ) /
FIGURE P8-3
The equivalent circuit of the separately excited motor in Problems 8-§ and 8-9.

8-8.  What is the no-load speed of this separately excited motor when R, =175 Qand (@) V, =120V, (b)
V, =180V, (¢ V, =240 V?
SorutioN At no-load conditions, £, =V,. The field current is given by

Ve 240V 240V
TRy tR. 175Q476Q 2500

=096 A

From Figure P8-1, this field current would produce an internal generated voltage £, of 241 V ata speed
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From Figure Pg-], this field current would produce an internal generated voltage £, of 241 V at a speed
n, of 1200 r/min. Therefore, the speed » with a voltage of VA would be

E, n
EAO no
(E,)

n = L J n,

EAO
(@ IfV,=120V, then £, =120V, and

120

n= [ _ v ](1200 r/min ) = 598 1/min
241V

(b) IfV,=180V,then £, =180V, and
(180 \%

J1 =
241V

)(1200 r/min) =986 r/min

(¢c) IfV,=240V,then £, =240V, and
[240 V
1=
241V
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8-13. A 7.5-hp 120-V series dc motor has an armature resistance of 0.1 Q and a series field resistance of 0.08
Q). At full load, the current input is 56 A, and the rated speed is 1050 r/min. Its magnetization curve is
shown in Figure P8-5. The core losses are 220 W, and the mechanical losses are 230 W at full load.
Assume that the mechanical losses vary as the cube of the speed of the motor and that the core losses are

constant.

(a) What is the efficiency of the motor at full load? 160

(h) What are the speed and efficiency of the motor if it is operating at an armature current of 40 150

(c) Plot the torque-speed characteristic for this motor. 140 St 2000y~ "
130“—_--_—--—_.-_—.-—_:
120
110 Ve
100 /

FIGURE P8-5 /
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SOLUTION , The actual output power since the input current

(a) The output power of this motor at full load is and all power losses are given (Pstray neglected):
P,,+ =Py, — P, — P, — P
Py =(7.5 hp)(746 W/hp)=5595 W out = tin  ScuScore - Tmech
oo =( )( ) Pout = Pin — I/%(RA + Rs) — Peore — Pmecn
The input power is P,,: = 6720 — 562(0.1 + 0.08) — 220 — 230
P,,; = 6720 — 564.5 — 220 — 230
Therefore the efficiency is P, = 5705.5W
P 5705.5
~Jour 1009, =22 W 009 = 8330 = 100% = 100% = 84.99
n= 3 x100% = leoom_&%._x/o n P, Yo 6720 Yo 9%

(b)  If the armature current is 40 A, then the input power to the motor will be
By =V, 1, =(120 V)(40 A) = 4800 W

The internal generated voltage at this condition is

Ea2 =V, —1,(R,+R;)=120V — (40 A)(0.10 Q+0.08 Q)=112.8 V

and the internal generated voltage at rated conditions is

Ea1=V,—1,(R,+R;)=120V — (56 A)(0.10 Q+0.08 Q)=109.9 V

The final speed is given by the equation Eso1,and E,,, are the internally generated voltages at

L, K$po, L,.m the two currents (56A and 40A, respectively), but at the same
L n, 1200rpm speed obtained from the magnetization curve!

Al K ¢1 w1 EAo.]

since the ratio £, ,/E, , is the same as the ratio ¢, /¢, . Therefore, the final speed is

EAz EAo,l

2
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since the ratio £, , /[, , is the same as the ratio ¢, /¢, . Therefore, the final speed is

E EAO,I
n

— A2

27 1
EAI EAO,Z

From Figure P8-5, the internal generated voltage £, , for a current of 40 A and a speed of n, = 1200

Ao.2

r/minis £, , =120V, and the internal generated voltage £, for a current of 56 A and a speed of n, =
1200 t/minis £, =133 V.

E,E : 33 : .
n, =—4 =2 p :(112 8 VJ(l VJ(IOSO r/mm) =1195 r/min
E,E,, 1099 V AL120 V

The power converted from electrical to mechanical form is

P =Eunl,=(112.8 V)(40 A)=4512 W

conv

The core losses in the motor are 220 W, and the mechanical losses in the motor are 230 W at a speed of
1050 r/min. The mechanical losses in the motor scale proportionally to the cube of the rotational speedm
so the mechanical losses at1195 r/min are

3 1195 r/min |’
P =| 2 (230 W)z(&} (230 W) =339 W
n, 1050 r/min

Therefore, the output power is

R=P P ,—P =4512W - 339 W — 220 W = 3953 W

ouT conv mech core
and the efficiency is

P 3953
U:ﬂxloo%: 95 Wx100%282.4%
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(c) A MATLAB program to plot the torque-speed characteristic of this motor is shown below:

M-file: prob9 13.m

M-file to create a plot of the torque-speed curve of the
the series dc motor in Problem 9-13.

Get the magnetization curve. Note that this curve 1is

5 defined for a speed of 1200 r/min.

load p85 mag.dat

if values = p85 mag(:,1);

ea values = p85 mag(:,2);

n O =1200;

o0 o d° d° de

% First, 1nitialize the wvalues needed in this program.

v .t = 120; % Terminal voltage (V)

r a = 0.36; % Armature + field resistance (ohms)
i a=9:1:58; % Armature (line) currents (A)

% Calculate the internal generate voltage e a.
ea=vt-1a*rzr a;

Calculate the resulting internal generated voltage at
1200 r/min by interpolating the motor's magnetization
curve. Note that the field current is the same as the
armature current for this motor.

a0 = interpl (if values,ea values,i a,'spline');

M d° de oo o°

Calculate the motor's speed, using the known fact that
the motor runs at 1050 r/min at a current of 58 A. We

% know that
% Ea2 K' phi2 n2 EaoZ nZ
Eal K' phil nl Eaol nl

ol o©
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% where EaO is the internal generated voltage at 1200 r/min
% for a gilven field current.

% Speed will be calculated by reference to full load speed
% and current.

nl = 1050; % 1050 r/min at full load
Eaol = interpl (if values,ea values, 38, 'spline');
Eal = v t - 58 * r a;

o]

% Get speed
FEaoz = interpl (if values,ea values,1 a, 'spline');
n = (e a./Eal) .* (Eacl ./ Eao2) * nl;

oe

Calculate the induced torque corresponding to each
speed from Equations (8-55) and (8-56).
t ind=ea .*1a ./ (n*2 *pi/ 60);

ae

]

5 Plot the torque-speed curve
figure(l) ;

plot (t ind,n, '"b-', "LineWidth',2.0);
hold on;

xlabel ('\bf\tau {ind} (N-m)"'");
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vlabel ("\bf\itn {m} \rm\bf (r/min)"');

title ('\bfSeries DC Motor Torque-Speed Characteristic');
grid on;

hold off;

The resulting torque-speed characteristic is shown below:

Series DC Motor Torque-Speed Characteristic
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