Electrical Technology @ MEC4105 Tutorial 3: DC Motor - Solution

1. A four-pole d.c. generator gives 410V on open circuit when driven at 900 rev/min.
Calculate the flux per pole if the wave connected armature winding has 39 slots with 16
conductors per slot Ans: 21.9mWb

Ans. E=2pN®Z/60a, p=2,a=2 for wave winding

410=ZXZX900X(DX39XI6%{D:21.9me
60x2

2. A six-pole d.c. generator having a lap-connected armature winding is required to give a
terminal voltage of 240V when supplying an armature current of 400A. The armature has
84 slots and is driven at 700 rev/min. The resistance of the armature circuit is 0.03Q) and
the useful flux per pole is about 0.03Whb. Calculate the number of conductors per slot and
the actual value of the useful flux per pole. Ans: 8, 32.1mWb

Ans. For a generator, V=E - R, , E=240+400 x 0.03 = 252 Volts
E =2pN®Z/60a, p=3, a=2p = 6 for lap winding,
let Y = number of conductors in each slot,
2xpx700x0.03x84xY
60x2p
If we take 8 conductor per pole as the round up number, the useful flux per pole must
increase to 0.03 x 8.57/8 = 0.032 Wh.

252 = — Y =8.57

3. A 120V, dc shunt motor draws a total of 8A (line current) and drives a constant load
torque at 840 rpm with field current = 1A. The armature resistance of the motor 1s 0.8 Q.
Neglecting rotational losses, find the speed, line current, mechanical power output and
efficiency of the motor when the field current is reduced to 0.8 A.  Ans: 1037 r.p.m,
9.55A, 988.75W, 86.3%

Ans. E=kN®...(1), (See Powerpoint Slide 65)
T=kI,D...(2)

Foramotor, V=E+I,R;,..(3) — V=E;+lyRy .(3a) and V=E;+IpRsy ...(3b)
T =constant ...(5) (Given constant load torque)
Given V| = 120 Volts, N; = 840 rev/min , R,=0.8 Q,

For the shunt motor, given total current I; =8A, I =1A, = [, =1 -[3=8-1=7A
From(3a) 120=E;+7x0.8 —>E;=114.4 Volts
) I
Given constant load torque, put (5) into (2) I,® =constant i.e. I31®P] =Ia0P) or ()TI =Ia—2
&M{ If reduced #0 0.8A: 2 ‘al

‘ . 11
By ®=KkI; (Seeppt Slide69)=> DL _la2_Ify _ ‘o _,1 —g754
Dy Iy If‘i 0.8 7

= I, =1, +lp=28.75+0.8=9.55 A (Line current ans.)
From (3b) V=E;+IpRy => 120=E;+875x08 = E,=113V
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By ® =kI; again, givenlg=1A, [p=08A = —=—— =—

From (1) LT %iﬁ: i [L)+N2:1037.15rpm
E, (N, |®, 113 | N, \o8

(Assume no rotational losses in the rotor) 1i.e. Pmechanical output = Pelectrical input = E I,

Gross mechanical power output =E [, =113 x 8.75=988.75 W

- tput 988.75
Efficiency of motor= Cuge x100% =
Input 120x(8.75+0.9)

x100% =8628% ( no rotational loss, why n< 100% ?)

4. A separately excited dc motor is rated at 200V, 840rpm, 60A. The armature resistance is 0.08Q. Speed
control is achieved by armature voltage control for speed below the rated speed (with full field); and field
control for speed above the rated speed (with rated armature voltage). Neglect rotational losses of the
motor. Ans: a) 121 Volts  bi) 83.6%, bii) 82.5%

a) Find the armature input voltage when the speed is 500rpm (load torque is constant) and;

b) Calculate the percentage of the full field flux required to reach 1000 rpm when the load torque is :

1) independent of motor speed 1.e. motor torque is constant; and
i1) proportional to the square of motor speed.

Ans (a). Speed control by armature voltage control for speed below the rated speed (with full field)
E=kN®---(1), T=kl, ©®---(2) (See Powerpoint Slide 65)

For amotor, V=E+I,R, *:(3) = V=E; +[4R, ...(3a) and V,;=E;+IsR, ...(3b)

Given V;=200, N;=840, N,;=1500, I.;=60A, R,=0.08Q

From (3a) => 200=E;+60x0.08 — E;=195.2 Volts

Given O =constant ...(5) ( 1.2, at fixed full field voltage, ® = constant)

By E=kN® — El_zN](D :E_]:N] D195.2:840
Es N2® Es N2 Eg 500

>=116.9+60x0.08=121V (i.e speed control by adjusting V to reduce armature voltage E)
=200V P V2|V

bi) Speed control by field current control for speed above the rated speed (with rated armature voltage)
Given V; =200 Volts, I,;=60 A, N;=840, N,=1000, I = constant, L B T %

(I)l B
E=kN®, E_[(N|2] ..q
: (sz[(pz @ e E «fi@fg et

r =kI,O:(2), V=E+LR, ---(3) 2Rt PN
— V=E;+I4Ry..(3a) or 200=E,;+60x0.08, E,=1952 Volts

=E, =116.19V

s

Given: I’ =constant ...(4)
: ; ()]
Put (4) into (2) gives k=10 — [, O =1,D> or . 1y :60(ITI
2
1952 (840 Y @ ®, s c =332.38xe. 836
F 1 = —| = E, =232381 =2 | (& From £3 éns. k2
rom (1) E, [1000][@:]3 ’ ((I)lj &2 = 114 %v
: . ) O ® =195V )
Substitute mto (3b) gives: 200=232.381[ 3]+60(-q-)-1 Jxo_os
1 2
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Multiply by (((II;J gives: 2()()(%J:232.381(23J +4.38

1 1

2| “200 %2 |1 48=0
(D] (I)l

On solving gives [(D-z] 0.836 or (%J =0.0247 (i.e. reduced to 2.47% of full field)
1) (Ansy \

To maintain constant I', armature current must increase. By 7, = 60(17':{1“2 = 60[%} = 2,429A}

Rearranging gives: 232.381(

armature current is too large and will burn the armature winding. So ((II))—2=2.47% 1s rejected
1
bii) Given V; =200 V, I,; =60 A, N, = 840, N, = 1000, Torque is proportional to the square

(
of motor speed 22 -9

(I)l
E=kND, = =[&}{3J .«(1) and
E, (N, )o@,
r =k, ®-+(2), and given T=kN*...(4) (given proportional to the square of motor speed)
— V=E;+14Ra ... (321) or 200=E;+60x0.08 => E;=195.2 Volts

and V=E> + [,,Ra1 (3b)
Put (4) into (2) — KN = kI, _{NlJ :(IAJ[&} Or( 840 ] :[Qj[gj
N,) (1, \e,) \1ooo) (7, )\ @,
()]
lay = 60[1000) Pllor 1, =85.034 2L
840 ) | @ oy
From(]) E:[—&J[&]ngsz—(gé‘o }[(DIJ E —232381[ ] (}k rr“”‘ }”wa ands:
E, N, \ D, E; 1000 \ @, O, L,l—.zsz.ié’[xfj&lg

. 5 = i. v
By V=E,+IpR; => 200= 23238\{(1)] 85031{1)}@08 =195 v
1 2

d

s |- 232381 22| +6.8027
(I}] (I)l

0, ()
Simplification gives 200 =232. 381[ X J+6.8027[(D—1J
2

Multiply by (%J gives: zoo[
1

2
D D : .
232.381[52] - 200(62—)+ 6.8027=0  On solving gives [? J =0.825 or((DEJ =0:0355
1 1 !

1 (Dl
(i.e. reduced to 82.5% or 3.55%  of full field)

Again, as shown in b(i) [(II)) J 0.03551s rejected because the flux is too small which will cause

the armature current to be very large {In: =85.034 ( il

2

J =2.395A } & burn the armature winding
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A d.c. series motor, connected to 440 Volt supply, runs at 600 rev/min when taking an armature
current of 50 A. Calculate the value of additional resistor which when inserted in series with the
motor, will reduce the speed to 400 rev/min, the gross torque being then half its previous value.
Resistance of the armature circuit = 0.2 Q. Assume the flux to be proportional to the field current.

Ans. E=kNO®---(1), (N=wo, inppt)

r =kl, ®--+(2)
For amotor, V=E+ LR, ~(3)
— V=E;+H[zR. ...(3a) and V=E,;+I5(R;+Ruu4)...(3b)
@ =KI, for a series motor ---(4) (ie. @alrand Iy= I, for series motor,
>=0.5T, (given) ---(5) therefore T'=kl,>)
Given V =440 Volts, N;=600, N,=400, [.1j=50A, R,=0.2Q
From (3a) 440=E;+50x0.2 — E; =430 Volts
Substitute (4) into (1) gives E=k N1, ...(6)
rl

2
. . . 2 I 1 50
Substitute (4) into (2) gives I'=kl,” or —-= [I—“J = ["—J =1, =353553A
a2 * a2

E, (N L 430 600 50
ot (Y P Y Qo Vi (OO = X = E, =202.7 Volts
(U [NZJ[IJ E, 400 353553  °

Substitute into (3b) gives 440 =202.7 + 35.3553 x (0.2 + Ryyq) — Radd =6.51Q

A shunt motor runs on no load at 800 rev/min from a 240 V supply with no external resistor
in the field circuit. The armature current is 2A. Calculate the resistance required in series
with the shunt winding so that the motor may run at 950 rev/min when taking an armature
current of 30A. Shunt winding resistance = 160€); armature resistance = 0.4 Q. Assume that
the flux is proportional to the field current. Ans: 39.33Q

Ans. E=kNO®---(1),

V3

For a motor, V=E+L,R, ---(2)

— V=E; +[;1R, (22{) and V:Ez‘l‘lﬂgRa(Zb)

Given V=240 Volts, N; =800, N,=950, I;=2A, I,=30A, R,=04Q
(2a) gives 240=E; +2 x 0.4 =E;=239.2 Volts

E d 2392 B800( @ (]

From (1) B LN = 1 = E» =284.0 —2
E N @ E 950\ @ D

2 2 2 2 2 1

O ()]
Substitute into (2b) gives 240 = 284.05[@?] +30x0.4 = ((Dﬂ =0.8027
This reduces the flux to 0.8027 times of its original value.
Byl @ O {LJ = (El—} ((D—ZJ Given shunt winding resistance Rf;= 16042,
Ry Rp D)
Rf;=Rf;/0.8027 => The resistance must be increased to Rf; = 160 /0.8027 = 199.33 Q,
Additional resistance to be inserted mto the field circuit = 199.33 — 160 = 39.33 Q.




