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QUESTION 1

a) State two (2) comparisons between dc motor and dc generator. (4 marks)

b) Figure 2 show the commutation action in a dc machine. Describe the process based on

Figure 2. (12 marks)
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c) A voltage of 220 V is applied to the armature of shunt DC motor results in full load line
currents of 20A. Assume that armature and field resistance are 0.6Q and 440Q

respectively. Assuming the stray losses is 132 W at full load speed of 750rpm.

Calculate:
i, The armature current of the motor (4 marks)
i. The back e.m.f of the motor (3 marks)
i The mechanical power and mechanical torque (3 marks)
iv. The output power and torque (2 marks)
v. The motor efficiency (2 marks)
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QUESTION 2

a) Define transformer ‘ (4 marks)

b) The measurement test has been conducted on 1500VA 230/115-V single phase
transformer to determine the parameter of the transformer. The results of the test have

been given as:

Poc = 30W Psc = 20.1W
Voc = 230V Vsc =13.2V
loc = 0.45A Isc =6.52A

All data given were taken from the primary side of transformer.

i, Calculate the equivalent circuit of this transformer referred to high (15 marks)
voltage side.
ii. Produce equivalent circuit referred to high voltage side and insert all (3 marks)
the values in it.
ii. Determine the approximate value of secondary voltage at full load of (5 marks)
0.8 lagging power factor, when primary supply is 230V.
vi. Determine voltage regulation of the transformer using equivalent (3 marks)

circuit.
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QUESTION 3
a) State how the direction of induction motor can be reversed. (3 marks)
b) Describe four (4) comparisons of induction motor and synchronous motor. (8 marks)
c) There are two types of rotor construction used for induction motors. Briefly explain:
i. Squirrel cage rotor (3 marks)
ii. Slip ring rotor (2 marks)
d) The full load output power to 8 pole, 50 Hz three-phase induction motor is 50kW and has

a slip of 0.04 when operating at full load conditions. Assume the stator losses equal the
rotor losses. The friction and windage loss are 100WV.

Calculate:

i.  Synchronous speed _ (1 marks)
ii. Rotor speed (2 marks)
ii.  Mechanical power developed by the motor. (2 marks)
iv.  Rotor copper losses (3 marks)
v. Rotor power input (2 marks)
vi.  Stator power input (2 marks)

vii.  Efficiency (2 marks)
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QUESTION 4

a) List three (3) differences between servo and stepper motor (6 marks)

b)  Describe the synchronous reluctance motor (4 marks)

End of question
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TABLE OF FORMULAS

g _h_L E = 444N
N, Vo I i

VA = Vili = Valz pf =cosf

Rzl - asz le = aZXZ
R01 = R]_ + Rz, XOl = X1 + X2,

Zo1 = Ro1 +JX01

Vsc
Zsc = (1—) £8sc
sc

IC = IOC cos BOC

I—m = IOC sin HOC

VOC VOC
R =— X, = —
c= 1 L
R. = a’R, Xy =a*X,
VL =V, Ve, = V)
V.R=-2_"FL v 100% V.R=FLZYNL o 100%
Vi VrL
Ver cOS(Bee + 6 I{|Rgq cOS B, ¢ + Xy, SIn0O
V.R = SC ( SC pf) X 100% V.R = 1[ 01 121 01 pf] X 100%
v Vi
VAcos@ nVAcosé
X 100% X 100%

FL = VA cos6 + Py + Py,

Maoadn) = 1 yacos 6 + n?P + B,

Poc = Vocloc cosOoc

Ps¢c = Vselsc cosOsc

V120° = (112 F 6, ) (Ror +jXo01) + aVs

Wave type

DC PPNZ Lap type
Generator ~ 7604 _ONzZ _ 9PNZ
60 120
DC Motor Ey, = KiKyi,@
Series Motor Vr = By + ig(Ra + Ry) + Vprusn Py, = Vriy
Ve = Ey + iR,
Shunt Motor I, =g +if Pn = Eply
Vr = ifR;
Long Shunt I, =g +isn Pout = P — Z Pioss
Compound Ve = Ep + ig(Rg + Rse) + Virusn Vr
Motor lsh R_sh Pout =bBn — By

6
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iy, =g +isn . _(%)
™~ \2nN
Short Shunt Vp = Ep +igRy + 1,.Rse + Virusn = Vi — i1 Rse
Compound ST R B (60Pout>
Motor Von = ishRsh To = 2N
Eb + iaRa + Vbrush

sp = P
Rsn 7= ( "”t) % 100%

N.—N
S T x100%

in

Pin(rotor):Prcu:Pm =1lisil=s

120f
Ne =
STop
60Pm 60Pout PO‘LLt
= To =5 N = x 1009
fm 27N, ° 2nN. 7 ( Pin ) %
Pin(rotor) = Pin(stator) — (Psey + F) Bn = Pinrotor) — Bcy
Poyr = b — Pu

= Ep — 1a(Ry +JX5)

= E,=K v,
120 4 = RO 9
Synchronous Epn — Von
generator Py, = V3V, I, cos 8 %V.R= —Tph_—— X 100% | Py = Poyt + Praw + Feore
z 2 . 2
(Epn)” = (Vpncos 8 + IiRq)” + (Vpnsin 6 + IoX;)
120f _ Zs = Ry + jX,
Py, = \/§VLIL cos ¢ Ng = . Egpn = IaphIZS| ZSS _ laZs}Lgs
Synchronous p.f =cos¢ Pn = Pin = Pscy Psew = Slaptha
motor Y -
6= tan™" o= |Z,| = /Raz + X2 n= ( ‘”“) x 100%
Ra Pin
2 2 2
(Ebph) = (Vph) + (ERph) — 2VpnEgpn cos(8 o)

Ep

1Kzta

DC Motor

Series Motor

Vr = Ep +ia(Rq + Re) + Virusn

Py, =Vriy
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VT = Eb + iaRa
Shunt Motor i, =g +1if Pn = Eplq
VT = lfRf
Long Shunt Vo =Ep, +i,(Ry + Rse) i, =g+ lsn Pout':Pin_zPloss
Compound rerh e v . b —p _p
Motor brush sh Rsh out — fm u
[p =iq+ ish T = (60.____Pm)
™ \2nN
Ve =Ep + iRy + LR .
Short Shunt T T et T L e V= iiRe
Compound brush "= R, = (L)
Motor Vo = iR 2nN
sh = Ishitsh T Eb + iaRa + Vbrush p
sh Ry 7 = ( out) % 100%
Pin

N
Ns = — s = SNS % 100% fr=sf
60P, 60P;y¢ Pyt
= Ty = = = 0
tm = 20N, °7 21N, K ( Ppn ) * 100%

Py, = V3V, I, cos

Pin(rotor) = Pin(stator) — (Pscu + F)

Pinrotor): Pecyt

P,=1:s:1—5s

Bn = Pinrotor) = Prcu

Poyt = bn — B

Zs =Ry +jX;
Zy=1\Zs|20

Synchronous p.f =cos¢ Py =Py = Psey Peew = 3Iaph2Ra
motor X P
6 =tan” 2= 120 = [Re2+X, 1= (F) x 100%
2 2 2
(Evpn)” = (Vpr)” + (Erpn)” — 2VpnEgpn cos(6 £ ¢)




