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Question # 1 (5 marks) ABE{I‘ Qutcome i Assessment SHOW YOUR CALCULATIONS

A 3-phase, load of an industrial plant takes a total power of 240 kW at a PF of 0.6 lagging from a
220-V supply. An additional motor load of 200 hp must be added to the plant. If a synchronous
motor operating at 0.8 PF leading and having an efficiency of 90% is added in parallel with the |
load. { pf concechion) :

Part I: Determine:

Student Nam

= = kVAR

a. | the reactive power O and the magnitude of the load 0= 220 i
current |1, |, taken by the load. , = 10u49.% A
‘ Po= e : kW

the motor’s real power, P, and reactive power, On, and oz /,-.
b. | the magnitude of the motor current, I, taken by the motor. | @m= 1243 S kVAR
| Il = 5438 A
Py= i kW

the system total real power, P, and reaciive power, O, and R

C. | the magnitude of the line current, I, supplied by the power | @5~ 145.% V& kVAR
supply. 5= ygeag” - A
d. | e the overall (combined) system power factor, PF,verai. PFourat= 0 ﬁ/ lag

Part II: Draw the power triangles for the load, motor and system.
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Question # 2 (5 marks) SHOW YOUR CALCULATIONS L hp=746 W

A 440V, 60-Hz, 6-pole, 3-ph, A-connected synchronous motor draws a line current = 86.6 A on

‘c\)ﬁw ﬁMﬂ? with rotational losses P?;,: - 3 kW. The field current is adjusted to opbtain an open-?irc.ult

@V*-(l voltage E, equal to 440 V. The synchronous reactance X; = 5 €1 per phase and the winding
resistance is negligible. Draw the phasor diagram and determine:

. ]
the torque angle § 5= ¢ [
the power factor PF PF= .30 /;L lag

= W
C. | the power input P, Pn= 16 !}5 a
d.

a
b.

= kW
the output power Py, P W
- N
€. l the net output torque Toy T\"f f/‘fé;{o oy m

..........
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..... Ea, zH40V. . K= 5202, RParoo A
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Question # 3 (7 marks)

A 208-V Y-connected synchronous motor is drawing 50 A al unit

X is 160,

Part I: Assume a linear O.C. characteristic, draw the phasor diagram for this condition and find

ower factor from a 208-V .

POWer system, The field current flowing under these conditions is 2.7 A. Its synchronous reactance

i
E.= v
a. | the magnitude of the induced phase voltage E, and torque ! L{H"’{ﬁ .
angle &, o= 33.6//
= kW
b. | the steady-state stability power limit. Prax = 22.. 5/
Part I1: If the field current is adjusted to make the motor operate at 0.80 PF leading, determine.
PEERETY A
the magnitude of the new armature current /o, induced E, = v
c. 2FC
phase voltage E, and field current I, =270 (6 =
=) 4t
d. | the new torque angle in part(c) o= BZ., 07F

..{...E;ma_x ...... i ‘? r B X Iqq"&i......m

LG
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Question # 4 (13 marks) SHOW YOUR CALCULATIONS

A three-phase, 4160-V, Y-connected, cylindrical-rotor synchronous motor has a s?mchmnous
reactance of 8 () per phase and a negligible armature resistance. The com!:med rotational ‘101555_5
(friction and windage plus core loss) amount to 5 kW. The highest excitation voltage possible 15
4350 V. The motor delivers an output of 400 hp to a mechanical load connected to Its shaft.

Part I: If the field current is increased to give the maximum excitation voltage, find:

= kW
the power developed by the motor Py, Pq= 30 &/Z’( -
b. | the torque angle & o= ?.’»}/

<. : s
the magnitude of the motor’s armature current 7, and PF. PF= 040G \/ lead
= %
d- | the motor efficiency 7m, Tim qg,g\/ /
e. | the maximum developed power Pna. at the above|p - o 2452 / MW
excitation voltage.

Part II: If the field current is reduced without changing the load, find: (Ggmgk Paw&@

¢ | the new maximum developed power Prax Which themotor | p = 263, {_‘V kW
will remain in synchronism (stable operation).

= A%
the magnitude of the smallest excitation phase voltage E, E.= 583.5 \/
and torque angle & ' S= 40 \/ =

the magnitude of the armature current I, and PF at the L= 20315/ &% A
smallest excitation voltage of part (g). PF= 0,13 \/ lag

L. | the reactive power 0 absorbed/supplied by the motor. 0= ZI6 2.0 / MVAR

Draw the equivalent circui hasor and power angle-curve diagrams to illustrate vour
solution.
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Question # 1 [i;] marks) ABET Outcome i Assessment

A 3-phase. load of an industrial plant takes a total power of 240 kW at a PF of 0.6 lagging from a
220-V supply. An additional motor load of 200 hp must be added to the plant. If a synchfonous
motor operating at 0.8 PF leading and having an efficiency of 90% is added in parallel with the
load.

Part I; Determine:

SHOW YOUR CALCULATIONS

a. | the reactive power O and the magnitude of the load . e kva
current 7|, taken by the load. = 1049.7 A
Pn= 165.8 kW
the motor’s real power, Py, and reactive power, On, and
b. | the magnitude of the motor current, /i, taken by the motor. On= 1243 kVAR
Im|= 5438 A
_ P,= 4058 kW
the system total real power, P, and reactive power, O, and
€. | the magnitude of the line current, /, supplied by the power | @s=  195.6 kVAR
supply. IILl= 11825 A
d. | e. the overall (combined) system power factor, PFoveratt. | PF,pan= 0.900 lag
Part 11: Draw the power triangles for the load, motor and system. r
------------------------------ o. q.
........................................... . X
St-_ 2k - : Q.
-------------------------------------------------------------------------------------------------- - - - r
- - I
P 1
.................................................................................................. Le (IO
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| hp =746 W

SHOW YOUR CALCU LATIONS

aws a line current I, =86.6 Aon
-circuit

Question # 2 (5 marks)

: dr;
A 440-V, 60-Hz, 6-pole, 3-ph. A-connected synchronous motor _
_ 3 KW. The field current is adjusted to obtain an opca

- i i B indi
full-load with rotational 1losses £ru _ 5 (3 per phase and the winding

voltage £, equal to 440 V. The synchronous reactance X
resistance is negligible. Draw the phasor diagram and determine:

- o= 33 |
4. | the torque angle & og
= 096 ag
b. | the power factor PFF el
= : Po=  63.36 kW
- | the power input P, KW
d. | the output power Py, Pow = 60.36 -
= m
€. | the net output torque Tp, Tou 1802
Solution
I 86.6
V3 43
= V. -E
V=E +jl X,=>1, =——7"
i fr) J 1] r a Jlle
1 =2 AgTlE
5 =2V \E d 2 Hay X
’f =[V,| +'Eﬁ] 2| ‘_‘ ofo0sS e _ 440 +440 2>:440><4400055 5130
a X_f 5‘
= = o Caze
2 _F-E, _j _MOLC-M0L-3% 5 g0 5o
4 JX, < 5290°

PF = c0s5(16.5°) = 0.959 lug
P. =+3¥,1, cosd =+/3 x440x86.6x 0.959 = 6336 k¥

P, =P, —P, =(6336-3)=6036 ki
E 3
5 o B B B o, OOSENI 00 10 . —4803 Nm
ol ms 2?&2\‘?5 ?_E » 120_f 2—.17.')( 12(}){60 125.7
60 60 P 60 6
i“‘ ________ g SRR e s TR s A
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Question # 3 (1) Points)

A 208-V Y-connected synchronous motor is drawing 50 A at
power system. The field current flowing under these conditions

unity power factor from a 208-V
is 2.7 A, Its synchronous reactance

is 1.6 Q2. . : s
Part 1: Assume a linear O.C. characteristic, draw the phasor diagram for this condition and find
: E,= 144 v
a | the magnitude of the induced phase voltage E,; and torque =
angle &. d= -33.7
= = kW
b. | the steady-state stability power limit. Pray = 324
Part II: If the field current is adjusted to make the motor operate at 0.80 PF leading, determine.
L= 37 (2. A
c. | the magnitude of the new armature current 1, induced E, = 197 vV
phase voltage E, and field current /
fy= 3.7 A
d. | the new torque angle in part(c) o= -23.9 B

Solution:

(a) The phase voltage of this motor is I}, = 120 V, and the armature current is I,=5020"A

Therefore, the internal generated voltage is
E,=V,-RI, -1,
E,=12020° V- (1.6 0)(502£0° A)
F.=1d/-317TV

The torque mple Sof this machine is —33.7°,
The static stability power bt is given by
. 3ILE, < 3(120V)(134 V)

=3241W
=G (1.60) 3

A phasor diagram of the motor operating at a power factor of 0.78 leading 13 shown below,

Since the power supplied by the motor is constant, the quantity [, €05 @ which is directly proportienal

to power, nmst be constant. Therefore,
1,.(08)=(50A)(1.00) = 1, =623523687° A
The internal generated voltage required to produce this cument would be
E,.=V,-RI, -1,
E,, =120£0° V- j{1.6 12)(62.50£36.87° A)
E, =197£-238°V

The intemal penerated voltage E, is directly proportional to the field flwx. and we kave ascmmed in this
problem that the flux is duectly proportional to the field current. Therefore, the required field cunent is

£, 197V
J' -—‘PI - — :'_ -
S I-H\'[ TA)=370A

The pew torque angle §of this machine is —23.9°
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2
Question # &! {I\S)mu rks)

SHOW YOUR CALCULATIONS

A three-phase, 4160-V, Y-connected, cylindrical-rotor synchronous motor has a synchronous
!‘L“‘{C’timce of 8 Q per phase and a negligible armature resistance. The combined rotational losses
Uriction and windage plus core loss) amount to 5 kW, The highest excitation voltage possible is
4350 V. The motor delivers an output of 400 hp 1o a mechanical load connected to its shafl.

Part 1: If the ficld current is increased to give the maximum excitation voltage, find:

a. the power dC\'EI(‘JpCd b}" the motor Pl!. Pd = J03.08 kW
(1]
b. | the torque angle & a= -7.7
L= 435 A
C. NIt , . ;
the magnitude of the motor’s armature current /, and PF. Pl=  0.068 Jead
= : L)
d. | the motor efficiency #m M= 984 7o
e. | the maximum developed power Ppa at the above | p = 27262 MW
excitation voltage.

Part 1I: If the field current is reduced without changing the load, find:

£ | the new maximum developed power Pra. which themotor | p = 303.08 kW
|| will remain in synchronism (stable operation).

] - f,= 5835 v

g the magnitude of the smallest excitation phase voltage E,
and torque angle & 5= - 9f) o
h the magnitude of the armature current /, and PF at the = 303.2 A
" | smallest excitation voltage of part (g). Pl= 0.1389 lag
i. | the reactive power Q absorbed/supplied by the motor, g= 2.164 MVAR

Draw the equivalent circuit, phasor and_power angle-curve diagrams to_illustrate vour
solution.
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