2000 00ROVOVOOOOOOOOOOOOOOOOOOOOOOOOOVOOOOOOOOOOVODOOOOOOOOOOOVOOOON

) 4
0 0
:: University of Diyala Electrical Circuits :::
8] Engineering College 2nd Class '8!
x| Electronic Department Year (2015-2016) Lecturer : Wisam N. AL-Obaidi g
& K2
A A
Yat Yt
Yat Yt
s '| Lectuxe ( ) ]] %-% Crecadds g
al al
Yat Yl
Yal Yl
'8! '8!
® 1) Introduction &
Yal Yt

w A single-phase ac power system consists of a generator connected through a pair of wires
w (atransmission line) to a load. Fig.1.1 (a) depicts a single-phase twowire system, where V, 2
% 1S the rms magnitude of the source voltage and ¢ is the phase. What is more common in %
% practice is a single-phase threewire system, shown in Fig.1.1 (b). It contains two identical %
® sources (equal magnitude and the same phase) that are connected to two loads by two &

Igl outer wires and the neutral. For example, the normal household system is a single-phase Igl
& three-wire system because the terminal voltages have the same magnitude and the same &
¥ phase. Such a system allows the connection of both 120-V and 240-V appliances. 3
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s Fig.1.1 Single-phase systems: (a) two-wire type, (b) three-wire type. '8
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;:j Circuits or systems in which the ac sources operate at the same frequency but different ;:j
;:j phases are known as pobyphase. ;:j
% Fig.1.2 shows a two-phase three-wire system, and Fig.1.3 shows a three-phase fourwire &
& 62
& system. e
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A single-phase system, a two-phase system is produced by a generator consisting of two coils
x placed perpendicular to each other so that the voltage generated by one lags the other by 90°.
s A three-phase system IS produced by a generator consisting of three sources having the same g
« amplitude and frequency but out of phase with each other by 120°. Since the three-phase '8

;:; system is by far the most prevalent and most economical pofyphase system. ;:;
& : (S
8 Three-phase systems are important for at least three reasons: '8!
A A

¢ 1) nearly all electric power is generated and distributed in three-phase, at the operating 8
3 frequency of 60 Hz (or ® =377 rad/s) or 50 Hz (or ® =314 rad/s). When one-phase or &

o two-phase inputs are required, they are taken from the three-phase system rather than 8
o generated independently. Even when more than three phases are needed—such as in 8
o the aluminum industry, where 48 phases are required for melting purposes—they can &
o be provided by manipulating the three phases supplied. *
# 2) the instantaneous power in a three-phase system can be constant (not pulsating. This &
3 results in uniform power transmission and less vibration of three-phase machines. *
3 3) for the same amount of power, the three-phase system is more economical than the 3
3 singlephase. The amount of wire required for a three-phase system is less than that 3
8 required for an equivalent single-phase system.

::: 2) Balanced Three-Phase Voltages

¢ Three-phase voltages are often produced with a

9 three-phase ac generator (or alternator) whose -
¢! Ccross-sectional view is shown in Fig.2.1. The oupu
%% generator basically consists of a rotating magnet

s (called the rotor) surrounded by a stationary

s winding (called the stator). Three separate

¢ windings or coils with terminals a-a', b-b',and c-

s c' are physically placed 120° apart around the

'8\ stator. As the rotor rotates, its magnetic field

a o

;:j “cuts” the flux from the three coils and induces n o s
;:j voltages in the coils. Fig.2.1 A three-phase generator ;:j
;:j !3ecause the coils are placeo_l 120° apart, tk_\e /Vm, /Vb,, /Vm ;::
;:: mducgd voltages in the coils are equal in ;:1
s magnitude but out of phase by 12Q° / \ '8
o (Fig.2.2). Since each coil can be regarded / . 4 o
::: as a single-phase generator by itself, the 0 . : — —~ :::
¢ three-phase generator can supply power to 120° \240 %
% both single-phase and three-phase loads. U el
E:i Fig.2.2 Generated voltages 120° apart from each other E:i
e SAo o
» O
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:31 A typical t_hree—phase system consists of three voltage sources connected to loads by three &
:g: or four wires (or transmission lines). (Threephase current sources are very scarce.) A &
:g: three—phase system is equivalent to three single-phase circuits. The voltage sources can be &
& either wye-connected as shown in Fig.2.3(a) or delta-connected as in Fig.2.3(b). *
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3 Fig.2.3 Three-phase voltage sources: (a) Y-connected source, (b) —connected source. ;i:
O A
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3 3) Phase sequences &
8 rat

% Consider the wye-connected voltages in Fig. Fig.2.3 (a). The voltages Van, Von and Venare s

::: called phase voltages. '8
;:; Where S
- - - ’ ‘
;:: Van : IS the voltage between line a and the neutral line n. ;31
;:: Vbn : IS the voltage between line b and the neutral line n. ;3*
. . . 4
'8 Ven : IS the voltage between line ¢ and the neutral line n. %
o - ral
;:j If the voltage sources have the same amplitude and frequency ® and are out of phase with ;:j
;:j each other by 120° the voltages are said to be balanced. Thus , Balanced phase voltages ;:j
;:j are e_qua_l in magnitude and are out of phase with each other by 120°. ;:j
' | This implies that, S
(> '8
(2 7 7 7 _ 3
::: \! an + bn + V cn T 0 (31) :::
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v,/—120°

V,/—240°

= V,/+120°

w The other is shown in Fig.3.1(b) and known as the acbt
' sequence or negative sequence. This sequence is produced w
% when the rotor in Fig.2.1 rotates clockwise direction.
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® Since the three-phase voltages are 120° out of phase with each other, there are two
® possible combinations. One is shown in Fig.3.1(a) and
% Known as the abc sequence or positive sequence. This
% sequence is produced when the rotor in Fig.2.1 rotates
w counterclockwise direction.

3.3)

an

& where Vp is the effective or rms value of the phase
& voltages.
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% Van VPLO 120° S
$ | V., =v,/-120° (3:4) .
':‘ o P ‘_/ "mr ':‘
6 —40° = o —~120° '8
::: Vi, = V,/—240° = V,/+120 120 :::
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;:j Fig.3.1Phase sequences: (a) abc or positive ;:j
'8} sequence, (b) acb or negative sequence. ¢!
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Pat 4
8 0
E:l = V(1.0 = 0.5 — j0.866 — 0.5 + j0.866) (3.5) E:i
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::j The phase sequence is the time order in which the voltages pass through their ::1
;:j respective maximum values. ;:j
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w Like the generator connections, a three-phase load can be either wye-connected or delta-
w connected, depending on the end application. Fig.3.2(a) shows a wye-connected load, and rg
a Fig.3.2(b) shows a delta-connected load. The neutral line in Fig.3.2(a) may or may not be g
o there, depending on whether the system is four- or three-wire. (And, of course, a neutral g
a¢ connection is topologically impossible for a delta connection.) %
s | A wye- or delta-connected load is said to be unbalanced if the phase impedances are not | &
%8 | equal in magnitude or phase. So A balanced load is one in which the phase |’

3 impedances are equal in magnitude and in phase. *
'8! '8!
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I:l Fig.3.2 Two possible three-phase load configurations: *
I:l (a) a Y-connected load, (b) a A-connected load. *
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::1 For a balanced wye-connected load, ::1
'8! _ _ _ '8
$ Ly =1, =15=1Zy (3.6) s
'8! : : '8
;:j where Zy is the load impedance per phase. ;:j
»
::j For a balanced delta-connected load, ::j
'8! — — — (3
s 1,=71,=171_ =171, (3.7) E:
Pat 4
& : : 03
% where Z, is the load impedance per phase. (S
R 62
% ZA = 3ZY or ZY — _ZA (3.8) %
;:: so we know that a wye-connected load can be transformed into a deltaconnected load, or ;::
;:: vice versa, using Eqg. (3.8). so we know that a wye-connected load can be transformed into ;::
;3; a deltaconnected load, or vice versa, using Eq. (3.8). ;::
'8! 3
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& Since both the three-phase source and the three-phase load can be 0
¢ either wye- or delta-connected, we have four possible connections: 3
8! 8!
o : : ) '8!
::: * Y-Y connection (1.e., Y-connected source with a Y-connected :::
A A
3 load). *
ral . rad
& ¢ Y-A connection. &
8! ) 8!
% A-A connection. 3
¢« A-Y connection. *
8! 8!
8! 8!
8! 8!

It is appropriate to mention here that a balanced delta-connected load is more common g
' than a balanced wye-connected load. This is due to the ease with which loads may be rg
ra added or removed from each phase of a delta-connected load. This is very difficult with a
w Wye-connected load because the neutral may not be accessible. On the other hand, delta- rg
% connected sources are not common in practice because of the circulating current that will g

s result in the delta-mesh if the three-phase voltages are slightly unbalanced. '8
el e
8! e
8! e
8! e
& &
¥ .
::: Example 1: Determine the phase sequence of the set of voltages ;i:
A
::: Vgn = 200 cos(wt + 10°),v,,, = 200 cos(wt — 230°),v,,, = 200 cos(wt — 110°) 3
- 8
;g Solution: ;:1
& The voltages can be expressed in phasor form as K3
ral Pal
::: V., =200/10°V, V;, = 200/—-230°V, V., =200/—-110°V :::
0 0
s We notice that V,, leads V,,, by 120° and V,,, in turn leads V,,, by 120°. %
% S
% Hence, we have an ach sequence. 3
I:l H.W.1: Given that v,,, = 110230° V, find v,,, and v, assuming a possitive (abc) I:i
& | sequence. &
S . S
$ Answer: 02
O , 0
K 110{1500\/,110 —-90° V &
S S
% S
S S
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S S
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S S
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S S
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< A rat
Eod



2000 00ROVOVOOOOOOOOOOOOOOOOOOOOOOOOOVOOOOOOOOOOVODOOOOOOOOOOOVOOOON

» (
& 0
:: University of Diyala Electrical Circuits :::
8] Engineering College 2nd Class '8!
x| Electronic Department Year (2015-2016) Lecturer : Wisam N. AL-Obaidi g
$ &
A A
Yal Pat
ral . ral
& 3.1) Balanced Wye-Wye Connection &

¢ We begin with the Y-Y system, because any balanced three-phase system can be reduced ;%
s to an equivalent Y-Y system. Therefore, analysis of this system should be regarded as the s

3 key to solving all balanced three-phase systems. 03
¢ | A balanced Y-Y system is a three-phase system with a balanced Y-connected |8
¢ | source and a balanced Y-connected load. *

% Consider the balanced four-wire Y-Y system of Fig.3.3, where a Y-connected load is :§:
¢ connected to a Y-connected source. We assume a balanced load so that load impedances 8

¢ are equal. 3
::: Wh(?re _ ;::
® Zy: is the total load impedance per phase 03
® Zs. is the source impedance (or the internal impedance of the phase winding of the &
'8 generator) 8!
& Z,: is the line impedance 3
¢ Z.:is the load impedance per phase 3
& Zn. is the impedance of the neutral line K3
& since these impedances are in series. As illustrated in Fig.3.3, thus &
e s
%: Zy — Zs + Z( + ZL (3.9) :::
::: a Z; A :::
& o &
02 &
o z 62
&3 L &3
::: ‘]{m Z" :::
'8! '8!
ral Pal
% Z; Z, ':‘
R 02
S c 5 &
'8! ] '8!
:.: ( Z, :’:
& : : _ '8
I:l Fig.3.3 A balanced Y-Y system, showing the source, line, and load impedances. I:I
'8! '8!
'8! : '8
J . Ls L A
® NOTE: Zsand Z, are often very small compared with Z, , so one can assume that Zy = Z ¥
y — 03

% (neglecting Zs and Z,) if no source or line impedance is given. So Fig.3.3 can be ::1

- . . ] S
s simplified as in Fig.3.4 . (s
'8! '8
(> 3
'8! '8
(> '8
'8! '8
0> '8
(> '8
0> 3
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3 Fig.3.4 A balanced Y-Y connection. &
A A'
e s
val .- . ral
::: For positive sequence, the phase voltages (or line-toneutral voltages) are :::
O _ 0 a
8 Van = V520 %
& Vp = V,2—120° (3.10) 0
e s
§ Ve = V,2+120° (3
:g The line-to-line voltages or simply line voltages Vab, Ve, and Ve are related to the phase ¥
::1 voltages. For example *

Pal
::: Vab = I/an + an = I/an - Vbn = ‘/pLOO - I/pL—].ZOO :::
% =1, (1+2+;2) = V31,230 (3.11a) %
o Similarly, s
&3 &3
& Ve =Vin = Ve = V31,2 —-90° (3.11b) (3

»
E:i Vea = Vin = Vin = V3 V2 — 210° (3.11c) ::3
'8! '8!

¢ Thus, the magnitude of the line voltages V, is +/3times the magnitude of the phase '

)
o] voltageszor ;31
& 5
& V. = V3V, (3.12) &
;:j Where ;:j
:.: Vp = Vanl = Vonl = Vonl (3.13) :0:
s 8
! S
8 V= Vapl = Voel = [Vl (3.14) 3
3 S

E:i Also the line voltages lead their corresponding phase voltages by 30° as illustrated in E:i
::: Fig.3.5 (a) which also shows how to determine V,,;, from the phase voltages, while Fig.3.5 :::
% (b) shows the same for the three line voltages. Notice that V,,, leads V,,. by 120° and leads :&

? -

::1 V., by 120°so that the line voltages sum up to zero as do the phase voltages. ::1
( 4

& VoL &

Y

3 p Oy 3
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'V,

(b)

w  Applying KVL to each phase in Fig.3.4, we obtain the line currents as

(3

Yal Van ) S
o I = — *
'8! Zy S
0 V V,,4—120 62
8§ [, = on = an = 1,2-120°} (3.15) 5
! Zy Zy :E
'8! YT 8
::: 1=E=M=14_2400 &
s <7 7 7 a ) 83
! Y Y '@
$ Lo+, + 1 =0 (3.16) &
8 = —(Ua+1Ip+1)=0 (3.17a) &
'8! '8
;:j Von = Zyl, =0 (3.17b) ::1
ral Pal
3 _ o . (3
;:: that is, the voltage across the neutral wire is zero. The neutral line can thus be removed ;::
::: without affecting the system. In fact, in long distance power transmission, conductors in ;::
::: multiples of three are used with the earth itself acting as the neutral conductor. Power ;2:
::: systems designed in this way are well grounded at all critical points to ensure safety. ;::
% &

e While the fAne current is the current in each line, the phase current is the current in each rg

»
;:: phase of the source or load. In the Y-Y system, the line current is the same as the phase current. ;?1
Pal Pal
3 03
Yal . . Pal
% An alternative way of analyzing a balanced Y-Y I e
p<) a a A P
% system is to d n a “per phase” basis. We look — e
}.‘ Systeém 1S 10 do SO O per phasc S18S. e 00 O O &
;:: at one phase, say phase a, and analyze the single- ;::
::: phase equivalent circuit in Fig.3.6. The single-phase  Van Zy :::
o analysis yields the line current la as 5 o 3
(3 _ Van (3
E:i Ia = Z (3 18) n N ::3
G2 Fig.3.6 A single-phase equivalent circuit
& &
Pal Pal
G2 A 02
& Y o ¥ &
G2 oA 62
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Igl From la we use the phase sequence to obtain other line currents. Thus, as long as the Igl
& system is balanced, we need only analyze one phase. We may do this even if the neutral %
® line is absent, as in the three-wire system. 0
'8! '8!
'8! 3
A A
e rat
& | Example 2: Calculate the line currents in the three-wire Y-Y system of Fig. 3
®  Solution: ] 520 P &
% . . . 1 o <
& The three-phase circuit in Fig. LI &
Igl shown is balanced; we may () noseev 0

<

<

+i8Q 8
10 +;8 5
<

% replace it with its single-phase
% equivalent circuit such as in
& Fig.3.6. We obtain l. from the

]

C. . 110/-240° V () 110/-120°V '8!
¢ single-phase analysis as , , 8
:ﬁ: ) , 5-/2Q  p 104580 :ﬁ:
$ [ = Yar ¢ C F——1 11— %
A _— A
%: ‘ Ly 5-j2Q ¢ u10+jm %:
"al - "al
e o s
% Wwhere Zy = (5 — j2) + (10 +;8) = 15 + j6 = 16.155/21.8°. Hence. 3
= Pal
s 11040 s
& L= = 6.81/-21.8°A 3
(3 16.155/21.8° e
(2 ) . ) : " (3
I:l Since the source voltages in Fig. 12.13 are in positive sequence, the I:l
::1 line currents are also in positive sequence: E::
'8! 3
ral Pal
(< I, = 1,/—120° = 6.81/—141.8° A (3
& &
;§j I.=1,/—240° = 6.81/—261.8° A = 6.81/98.2° A ;g
'8! '8!
'8! '8!
'8! '8!
& &
;:: H.W.2: A Y-connected balanced three-phase generator with an impedance of 0.4+j0.3Q) ;31
;3: per phase is connected to a Y-connected balanced load with an impedance of 24+j19Q per ;::
::: phase. The line joining the generator and the load has an impedance of 0.6+j0.7Q per ;::
;3: phase. Assuming a positive sequence for the source voltages and that V,,, = 120230° V ;::
o | find: (a) the line voltages, (b) the line currents o
3 03
::1 Answer: (a) 207.85/60° V, 207.85/—60° V, 207.85/—180° V, ::1
'8! : — —— — '8!
I:l (b) 3.75/—8.66° A, 3.75/—128.66° A, 3.75/—111.34° A. I:l
& &
3 &3
::: VA :::
Pal Pal
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M
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X
R

X
X
X
X
X
X
X
X
X
X
X
X
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X
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X
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& 3.2) ®Balanced Wye-Delta Connection &
e - '8!
% | A balanced Y- A system consists of a balanced Y-connected source feeding a | &
'8! '8!
% | balanced A-connected load. '8
A A
e S

¢ The balanced Y-delta system is shown in Fig.3.7, where the source is Y-connected and the  #
® load is A-connected. There is, of course, no neutral connection from source to load for this

¢ case. Assuming the positive sequence, the phase voltages are again '8!
G2 G
% Von = 15 20° %
8 8
8 Vi = V,2—120° (3.19) 3
Yal 0 Pt
. Ven = V24120 G
e . : : : e
% While the line voltages (as shown in section 3.1), 8!
'8! '8
% Vop =V31,230° = Vyp (3
o a
s Ve = V3V,2—90° = Vg, (3.20) &
o p a
o 0 a
& Vg = V3V,2-150°= Vg, gl
< ] . . <
% showing that the line voltages are equal to the voltages across the load impedances for this g
Y ) . ) P
& system configuration. From these voltages, we can obtain the phase currents as 3
2 I — VaB 2
w 4B T 7, \ a
'8! 5 S
o . — Vsc '8!
::j BC = (3.21) %
'8! Vca '@
& lca = = 8!
(3 Zp '8
ral . . Pal
% These currents have the same magnitude but are out of phase with each other by 120°. e
& I &
02 a — 62
& 62
& 62
& &
& &
& &
& 62
'8! '8

Pal
& &
}.q IC IB(' }“
3 — 03
:& Fig.3.7 Balanced Y-A connection :::
Q> 3
ral Pal
3 : : 8
s Another way to get these phase currents is to apply KVL. For example, applying KVL 8
8! . '8
;:j around loop aABbna gives ;:j
::: —Van + Zalyg + Vo =0 :::
% Or '8
'8! '8
::: 1. = Van = Vbn _ Vab _ Vap (3 22) :::
S A PR 7 A
Pat Pal
3 <(11f- 3
'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’i’X%K'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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Eii which is same as Eq. (3.21). This is the more general way of finding the phase currents. Eii
A - - - A
w'  The line currents are obtained from the phase currents by applying KCL at nodes A, B, and &
Pal rat
A A
s C. Thus, '8
A A
E:i I, =Lz — Ics I, = Igc — Lis, L =1cs — Izge (3:23) E:i
A . e
::: Since Iy = 1,5/ —240°, :::
o I, = Lip — Icy = Lig(1 — 1/-240°) o
D< <
:%: = L(1 + 0.5 = j0.866) = 1,3V3/-30° (3.24) :§:
§ showing that the magnitude I, of the line current is /3 times the magnitude 1, of the phase §
% current, or K
S = V3 5 s
S I, = V3I, (3.25) &
'8! '8
& &
S where %
A A
:ﬁ: [L = ‘Ia| - |Ib‘ - |Ic'| (3'26) :ﬁ:
:31 and ::}
&3 8
::: ]p = |Lig| = Igc| = |I(".4‘ (3.27) :ﬁ:
val . . ral
& Also, the line currents lag the corresponding phase currents A I "
(2 0 ) . ) . c 6
& by 30° assuming the positive sequence. Fig.3.8 is a phasor R
< . . . . . ral
& diagram illustrating the relationship between the phase and e

. Y
& line currents. &
I:i An alternative way of analyzing the Y-A circuit is to ::1
I:l transform the A-connected load to an equivalent Y-connected Lip I:i
& load. Using the Y-A transformation formula in Eq. (3.8), - &
(2 7, e
S|z, =2 (3.28) &
R 3 62
ral . . - . Pal
::: Fig.3.8 Phasor diagram illustrating the :::
::: relationship between phase and line currents :::
&3 &S
'8! '8!
::1 After this transformation, we now have a Y-Y system as in Fig.3.4. The three-phase Y-A ::1
» . . . »
.:1 system in Fig.3.7 can be replaced by the singlephase 1, »:1
I:l equivalent circuit in Fig.3.9. This allows us to E— I:I
I:l calculate only the line currents. The phase currents Z, I:l
& are obtained using Eq. (3.25) and utilizing the fact Vo 3%
::1 that each of the phase -currents leads the I::
::1 corresponding line current by 30°. Fig.3.9 A single-phase equivalent circuit ::1
(> of a balanced Y-A circuit. (3
S =(12)> 03
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A A
a! !

¢ | Example 3: A balanced abc-sequence Y-connected source with Van = 1002 10° V is | rg
% | connected to a A-connected balanced load (8+j4)Q per phase. Calculate the phase and line | g

Eg currents. Eg
;3; Solution: This can be resolved in two ways, ;2:
% [ METHOD 1 The load impedance is 03
e s
* Zy =8 + j4 = 8.944/26.57° Q) ¢S
e s
&  If the phase voltage V,, = 100/10°, then the line voltage is 0
s s
s s
8 Var = Vay V3/30° = 100V3/10° + 30° = V S
e s
& or &
'8! . '8!
& V, 5 =173.2/40°V Eg
D< 8
&  The phase currents are &
e s
K vV, 1732/40° &
(3 ILig=—"-= = 19.36/13.43° A (S
03 Z, 8.944/2657° gS
e s
s Inc = Lip/—120° = 19.36/-106.57° A S
E:i Icy = Lip/+120° = 19.36/133.43° A E:i
(< . R
'8 The line currents are %:
3

Eg L = LV3/-30° = V3(19.36)/13.43° — 30° Eg
& = 33.53/-16.57° A &
Pat Pat
I§1 I, = L,/—120° = 33.53/-136.57° A I§1
'.‘ —_ o _ ~ o P.1
3 I, = I,/+120° = 33.53/103.43° A E::
Pat (
:g B METHOD 2 Alternatively, using single-phase analysis, é}
Pat Pat
:§: v 100/10° I§1
54 I,=—""= = 33.54/-16.57° A g
I§1 Z,/3  2.981/26.57° amd - ;g
Pal X
:gj as above. Other line currents are obtained using the abc phase sequence. :gj
S : : 3
I:l H.W.3: One line voltage of a balanced Y-connected source is V5 = 2402—20° V . If &
Igl the source is connected to a A-connected load of 20240°Q, find the phase and line I:l
I:l currents. Assume the abc sequence. I:I
E:: Answer: E::
O — £0° - o o _an° _ o o O
::: 12/-60° A, 12[ 180° A, 12[60 A, 20.79/—-90° A, 20.79/—150° A, 20.79 /30° A. :::
::: vAg :::
» Oy

p-O-0-O-O-O-O-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0--0-0-OXOXORORORO-O-O-O-0-000000-0-0-0-0-0-0-0-0-O0-0-O0-O-O-O-O-O-O-O-O-O-OOXR
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a . has
& 3.3 ) Balanced Delta-Delta Connection 0
a has
® | A balanced A-A system is one in which both the balanced source and balanced | %
® | load are A-connected. 0
¢ The source as well as the load may be delta-connected as shown in Fig.3.10. 02
x has
: a L :

2 A
3 O :
v, b \/
::: Vbc Ic IBC ZA :::
3 — '8!
& &
& : . &
;g Fig.3.10 A balanced A-A connection. (3
% !
® Assuming a positive sequence, the phase voltages for a delta-connected source are !
ral rat
::j Vap = Vp20° = Vyp :::
& A
::: VbC == I/pL - 1200 == VBC (3 29) :ﬁ:
D< <]
o Vg = Vo +120° = Vgy &
s ’al
8 !
'8 '8!

::1 The line voltages are the same as the phase voltages. From Fig.3.10, assuming there is no ::1
& line imped the ph It f the delt ted | to the volt 02
& line impedances, the phase voltages of the deltaconnected source are equal to the voltages

I:i across the impedances. I:i
& The phase currents are, &
€ Van _ Va «
::: AB = T, T g, :::
(D 174 1%4 O
'8! — ZBC _ Tbc 2
§ s s (3:30) :
62 &5
0 I., = Vea _ Vea ) '8
s ca Zp Zy 0
o : : : : : 8
;:j Since the load is delta-connected just as in the previous section, some of the formulas ;:j

s derived there apply here. The line currents are obtained from the phase currents by ¢

Pat

;? applying KCL at nodes A, B, and C, as we did in the previous section: :g
ral Pal
:? I('l = I.-IB - IC'.-I’ Ib - IBC' - I_-]Bs I(‘ — IC'.-.l - IBC' (3.31) :i:
E:i Also, as shown in the last section, each line current lags the corresponding phase current E:i
3 &3

s by 30° the magnitude 1. of the line current is v/3 times the magnitude I, of the phase g

)
& current, ;::
5 8
$ I = V3, (3.32) :
S A S

OO

DY
X
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
),1
b
M
X
X
X
X
X
X
X
:1
X
3
N
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
| X
X
| X
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$ &
A A
'8! '8!
® An alternative way of analyzing the A-A circuit is to convert both the source and the load &
'8! : : z '8
¥ 10 their Y equivalents. We already know that Zy = ?A . To convert a A-connected source 03
® to a Y-connected source, see the next section. *
A A
e S
e S
e S
® | Example 4: A balanced A-connected load having an impedance (20 — j15) Q is |8
& | connected to a A-connected, positive-sequence generator having Va = |8
¢ | 3302 0° vV .Calculate the phase currents of the load and the line currents. *
¢ Solution: *
¥ The load impedance per phase is 0
s S
e : rat
3 Za =20 — j15 = 25/—36.87° Q 03
e s
§ Since V5 = V,;. the phase currents are §
A A
% v,  330/0° (S
& Lig = — = 13.2/36.87° A &
g Z, 25/—36.87 &
3 Igc = L;p/—120° = 13.2/-83.13° A 3
'8! = '8!
I:i Iy = IAB{+120° = 13.2/156.87° A &
'8! '8!
al al
& For a delta load. the line current always lags the corresponding phase ¥
s = = ’al

. Y 7~ . \/
% current by 30° and has a magnitude V3 times that of the phase current. 03
&3 £ &3
ral . Pal
& Hence, the line currents are e
o 62
&3 &3
03 I, = LipV3/-30° = (13.2/36.87°)(V3 /—30°) (3
ral Pal
s = 22.86/6.87° A s
ral Pal
§ I, = I,/—120° = 22.86/—113.13° A §
: I, = I,/ +120° = 22.86/126.87° A %
'8! — o —— '8!
'8! '8!
'8! — . '8!
I:j H.W.4: A positive-sequence, balanced A-connected source supplies a balanced A- I:j
I:j connected load. If the impedance per phase of the load is (18 + j12) Q and I, = I:j
% 119.202235° A. Find I;p and V 4 E::
Pat 4
& Answer: *
& &
k3 11.094[65o A, 240/98.69° V. kS
& - &
62 02
3 03
3 vy «
o AL 62
'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’Z’%K’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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s . <
& 3.4) Balanced Delta-Wye Connection 0
e = : . ral
s | A balanced A-Y system consists of a balanced A-connected source feeding a |
A A
's | balanced Y-connected load. '8
8 - e - - 8
* Consider the A-Y circuit in Fig.3.11. Again, assuming the abc sequence, the phase o
(3 voltages of a delta-connected source are *
e V,, = V,20° '8!
at ‘ab [4 "
e 0 e
e Vpe = V2 —120 (3.33) g
e e
e V,= V,2+120° '8!
. Yca P ra'
\/ . W
® These are also the line voltages as well as the phase voltages. 2
ral . . . - el
% We can obtain the line currents in many ways. One way is to apply KVL to loop aANBba
§ in Fig.3.11, writing §
A A'
® —V + Zd, — 2,1, =0 3
S Zy(1, — L) =V, =1,/0° (5
& Thus, &
& V,/0° 3
g L-L=— (3.349) 3
'8! ¥ S
ral I, at
3 8
8 Zy 8!
'8! '8
ral Pal
::: Vca +7 +_ Vab N :::
02 I 02
& P — &
S ‘ O ¢ S
p< b B p<
3 &
(3 Vee 1 (3
'8! — '8
'8! '8
'8! . . '8
¢S Fig.3.11 A balanced A-Y connection 0!

Pal

::1 But Iy lags 1. by 120°, since we assumed the abc sequence; that is I, = 1,£—120° Hence, &

::: Iﬂ - Ib = Ia(l - 1{ —120° :::

3 '8
% 1 3 (3.35) %
E§ — In(l + 5 +‘/T) - In\/;fa()o E§
& Substituting eq.(3.35) into Eq. (3.34) gives, &
>.1 r 2/_12n° >‘<
% B V,/ \faf 30 (S
$ 1, = (3.36) 0
::} From this, we obtain the other line currents I, and I. using the posi- :::
::} tive phase sequence, 1.e., I, = 1,/—120° 1. = I,/+120°. The phase ::1
® currents are equal to the line currents. &
(< SAg (3
::: <(16)> ::j
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¥

(2

DX

& Another way to obtain the line currents is to
® replace the deltaconnected source with its
® equivalent wye-connected source, as shown
® in Fig.3.12. In Section 3.1, we found that the
¥ line-to-line voltages of a wye-connected
% source lead their corresponding phase
® voltages by 30° . Therefore, we obtain each
% phase voltage of the  equivalent
% wyeconnected source by dividing the
% corresponding line voltage of the delta- ¢

® connected source by +/3 and shifting its
® phase by -30° . Thus, the equivalent wye-

& connected source has the phase voltages Fig.3.12 Transforming a A-connected source &
& to an equivalent Y-connected source. &
'8! Vv '8!
s ;o _ P A S
::: y an — \/gﬂ :::
& i ) 3.37) &
- Vo o , Vo ° S
gV, = ﬁ(—150 . Vg, = \ﬁ{+90 ¢S
'8 . . ¢S
::1 If the delta-connected source has source impedance Zs per phase, the equivalent wye- &
& connected source will have a source ] *

- a \/
;:j impedance of (Zs/3) per phase. —_— ;:j
;:j Once the source is transformed to wye, the , 30° ;:j
' circuit becomes a wyewye system. Z—— Z, 8
(D . ; T~ Y g
;:j Therefore, we can use the equivalent single- V3 ;:j
;:j phase circuit shown in Fig.3.13, from which ;:j
;:1 the line current for phase a is Fig.3.12 The single-phase equivalent circuit ;:1
ral — Pal
K2 V,/V3/=30° (S
& I, = (3.38) &
8 a . &3
(S Ly 05
03 . Q3
;:j which is the same as Eq. (3.37). ;:j
;:j Alternatively, we may transform the wye-connected load to an equivalent delta-connected ;:j
% load. This results in a A-A system, which can be analyzed as in Section 3.3. Note that '8!
S v S
K Vi =LZy =——/-3¢° &
) N — r = D )
’:: AN a b} \/g; (3.39) :::
'8! 3
::: ‘YB;V — \?4_1‘\'{ = 1200.\ ‘vC;’V = ‘7_.1;\,?{ S & 1200 :::
'8! . . : '8!
::1 As stated earlier, the delta-connected load is more desirable than the wye-connected load. ::1
::1 It is easier to alter the loads in any one phase of the delta-connected loads, as the ::1
% individual loads are connected directly across the lines. However, the delta-connected 6|
¢S 03
'8! VA '8!

& <%= 5
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Igl source is hardly used in practice, because any slight imbalance in the phase voltages will §
® result in unwanted circulating currents. (S
® Table 3.1 presents a summary of the formulas for phase currents and voltages and line Igl
# currents and voltages for the four connections. Students are advised not to memorize the Igl
& formulas but to understand how they are derived. The formulas can always be 0
'8! '8!
'8! TABLE 3.1 (3
Ya! . Yal
e s
a Pt
K Summary of phase and ine voltages/currents for balanced ;}
'8! 1 8
* three-phase systems. 03
'8! '8!
& Connection Phase voltages/currents Line voltages/currents 0

a! Yl

o Y-Y V., =V,/0° V= V3V,/30° o

Yal ; Pal
3 V,, = V,/—120° Ve = Vo /—120° &
Yal Pal

Pal V., =V,/+120° V.. =V, /+120° ral
(3 Same as line currents I,=V,,/Zy o
A
Q3 _ a
& I, =1,/-120° 3
& I =1,/+120° 03
7/ ) 2
& Y-A v, =V/0° V., = Vg = V3V, /30° &
’0‘ an p ab §2 0
(2 — — ° = L= f— ° rat
::: Vbn Vp 1200 Vbc‘ VB( Vab 1200 :::
::: Ven = Vp/+120 Veo = Veu = Vap/+120° :::
_ _ . o
s Lis = Vaa/Za I, = LzV3/=30 s
Pat —
::: Izc = Vpe/Za I, =1,/-120° :::
::: Iy = Veu/Zy I. = Ia{ +120° :::
::1 A-A Vop = V,/0° Same as phase voltages :?
3 g °© rat
DS — _
& Vie = V,/—120 :::
& Ve =V,/+120° &
bl _ Pa
::: Liz = Va/Za I, = 1_43\/§f —30° :::
— — (2
S Ipc = Vae/Zs I, = 1,/-120° 3
(2 _ —
::: Iey = Veo/Zy I =1,/+120° :::
— Y + + . Pat
::j A-Y Vap = V,/0° Same as phase voltages :::
Pal — 1/ [¢]
2 Vi = V,/—120 Q3
:.: bc j2 _ :::
(< V.. =V,/+120 &
Pat X
S V,/=30° &
¥ Same as line currents I, = ——— 3
' T T Pl
& ! V3Zy :g:
Pal
(< I, =1,/-120° %
Pal
(D — o (2
3 L =1,/+120 %!
% C a :::
>.1 1 1t - ahe @ e 1Q e d 8!
% Positive or abe sequence 1s assumed. &
P A (<
(3 Ay Q3
Pal Pat
3 <(18)> K3
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A A
a! !

e | Example 5: A balanced Y-connected load with a phase impedance of (40 + j25) Q is |
w | supplied by a balanced, positive sequence A-connected source with a line voltage of 210 |

w | V. Calculate the phase currents. Use Vab as reference. R
ral . rad
¢ Solution: &
:2: The load impedance is ;g:
A A
e e
b< = 7§ = £ 20 D<)
::: Zy =40 + j25 47.17{3_ () :::
A A
¥ and the source voltage is 0
e e
& V= 210/0°V 0
e e
a4 ) i o
::: When the A-connected source is transformed to a Y-connected source.. :g:
A A'
e e
e Vs e
Pa 4 —_ —_ o __ _ o X7 %4
S Van = 2/=30° = 121.2/-30°V 3
el V: el
:2: The line currents are :::
A A
DX <
¥ v, 121.2/-30° ¥
$ I,=—"= =257/-62°A &
S T Zy  4712/32° 77 - %
S 3
(D _ o __ o A
::: I, = L,{—120 =257/—-178° A 3

<
& I.=1,/120° =2.57/58°A &
val ral
(A hich are the same as the phase currents. 3
& &
Pl - - - [<
9 | H.W.5: In balanced A-Y circuit, V,, =240215°V and Zy = (12 + j15) Q. Calculate | §
% | the line currents. 3
8 Answer: g
S ' S
ral Pal
S 7.21/-66.34° A, 7.21/—173.66° A, 7.21/53.66° A. &
ral —_— Pal
S S
'8! '8
8! '8
'8! '8
8! '8
'8! '8
8! '8!
'8! '8
8! '8
'8! '8
S S
'8! '8
S S
'8! '8
S S
ral Pal
G2 02
&S &3
Pal Pal
G2 02
&3 33
Pal Pal
* YA 3
Pal Pal
3 <(19)> K3
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a! !
a . al
& 4) Power in a Balanced System &

w« Let us now consider the power in a balanced three-phase system. We begin by examining :§<
wt the instantaneous power absorbed by the load. This requires that the analysis be done in 8!

w the time domain. For a Y-connected load, the phase voltages are i
e !
& v = \/2V, cos wt Uan = V2V, cos(wt — 120°) £
% Uan <V p COS Wi, BN <V p €O - 4.1) 0
D< — . <
3 ven = V2V, cos(wt + 120°) 8
A

& where the factor v/2 is necessary because V, has been defined as the rms value of the phase :§<
at Voltage. If Z, = Z 6 ,the phase currents lag behind their corresponding phase voltages by :§<

Pal 4
% 6. Thus, 8!
:;: . — 3 [ o :%:
tg iq = V21, cos(wt — 6). iy = V2I,cos(wt — 6 — 120°) (4.2) :g
v, o _ '_ o \/
§ ic = V2I,cos(wt — 6 + 120° §
& . . . . O
# where I, is the rms value of the phase current. The total instantaneous power in the load is &
¢ the sum of the instantaneous powers in the three phases; that is, *
}" — — . . . ’V‘
::: P + Phb £ Pec = UygNlq + UpNp + UcenNle :::
A A
e = : : = s
% 2V, Iy[cos wt cos(wf — 6) 43) %
(D od) (3
& + cos(wt — 120°) cos(wt — 6 — 120°) &
'8! '8!
::j + cos(wt + 120°) cos(wt — 6 + 120°)] *
val . - s . ral
:g Applying the trlgolnometrlc identity ?
ral Pal
;g cos A cos B = ;[cos(A + B) + cos(4 — B)] 4.4) ;g
& gives &
val . ral
% p = V,I[3cosB + cosQwt — 0) + cos(Qwt — 0 — 240°) &
Ko + cosQwt — 0 + 240°)] &
'8! , _ '8!
& = VpIpy[3 cos B + cos a + cos a cos 240° + sin a sin 240° &
o _ , '8
S + cos a cos 240° — sin a sin 240°] (4.5) &
s here @ = 2wf — 6 s
K where a = Lwl K
R 62
S 1 S
ral Pal
& = Vpl,|3cosb +cosa + 2| —— Jcosa | = 3V,I,cos b &
8! 2 S
'8! : : : _ 3
I:l Thus the total instantaneous power in a balanced three-phase system is constant—it does I:l
I:l not change with time as the instantaneous power of each phase does. This result is true I:l
::j whether the load is Y- or A-connected. ::1
::j This is one important reason for using a three-phase system to generate and distribute ::1
;:j power. We will look into another reason a little later. Since the total instantaneous power ::j
'8! '8!

< A <
(D oAy O
Pal Pat
S <(20)> 3
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Igl is independent of time, the average power per phase P, for either the A-connected load or Igl
® the Y-connected load is p/3 or 0
s S
& P, = V1, cosf (4.6) *
e S
D< . . <
% and the reactive power per phase is 3
Ya! Yal
e S
& 0, = V,I,sinf 4.7) (3
e s
e : e
¢ The apparent power per phase is 3
S s
s . _ s
X Sy = Vplp (4.8) e
s S
* ‘ '8!
% The complex power per phase is 03
e s
Yal — : — v T¥ P;‘
s s
val . . ral
:2: where Vp and Ip are the phase voltage and phase current with magnitudes V, and I, :i:
:2: respectively. The total average power is the sum of the average powers in the phases: :3:
8 i 8
8 P=P,+ P, + P. =3P, = 3V,I,co80 = V3V I cos®@ (4.10) &
s s
s e
s e

¢ For a Y-connected load, I, = I, but V;, = \/§Vp whereas for a A-connected load, I, = &
/3 L,but V;, = V,,. Thus, Eq. ( 4.10) applies for both Y-connected and A-connected loads. ¥

I:l Similarly, the total reactive power is I:l
< p = : D
& O = 3V,I,sinb = 30, = V3V Iy sinb (4.11) (3
S = '8
'8! ' '8
& and the total complex power is e
(> 2 '#!
'8! 3V, '8
S| s =3s,=3V,I} =322, = —= (4.12) %
& T AN T AR T AR T o s &
'8! P '8
'8! '8
'8! '8
& &
(D . . . O
;:j Where Z,, = Z,,£0 is the load impedance per phase. (Z,, could be Zy or Z,). Alternatively, ;:j
& we may write Eq.(4.12) as &
0 . = S
& | S=P+jO=V3V.I/0 (4.13) K3
'8! '8
& &
:? Remember that V,, lp, VL and I are all rms values and that 6 is the angle of the load ;:j
' impedance or the angle between the phase voltage and the phase current. ;:1
;31 A second major advantage of three-phase systems for power distribution is that the three- ;31
;3: phase system uses a lesser amount of wire than the single-phase system for the same line ;2:
* VA 3
8 G S
2 oz '8

p-O-0-O-O-O-O-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0--0-0-OXOXORORORO-O-O-O-0-000000-0-0-0-0-0-0-0-0-O0-0-O0-O-O-O-O-O-O-O-O-O-OOXR
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e ral
Igl voltage VL and the same absorbed power P.. We will compare these cases and assume in Igl
® both that the wires are of the same material (e.g., copper with resistivity p), of the same &
® length £, and that the loads are resistive (i.e., unity power factor). For the two-wire single- &
8! . . P . . . 8!
% phase system in Fig.4.1(a), I, = —tso the power loss in the two wires is 3
al L=y a
Yal ) Pt
'8! > L '8!
§  Pios = 2I3R = 2R— (4.14)
& L &
A A
e rat
e .1 rat
e R a e
I o wwm——"
}eq R — VVVY :'_ ;e‘
e '8!
§ DR : Three- JO & Vr /0° | Three- E:i
% Single- P, phase A ——" > phase %
:ﬁ: phase — Load balanced + balanced :ﬁ:
:g source B source - I V; /-120° load :g
e R ‘s _ ral
}x{ {—} A A -ﬂ'. ‘.A“ OF '_O_‘"' A ‘.i.. ‘_J\' M) Pxﬂ
}X‘ VYywvy LA ’x‘
e ral
:g Transmission lines Transmission lines :ﬁ:
e ral
K. . @ _ _ () S
::: Fig.4.1 Comparing the power loss in (a) a single-phase system, and (b) a three-phase 3
'8! system. R
'8! 3
'8! 3
'8! 3
'8! '8
'8! . N P S
E:i For the three-wire three-phase system in Fig.4.1(b), I; = |I,| = |I,| = |I.| = \/§LVL from E:i
;g Eqg.(4.10). The power loss in the three wires is ;?
'8! p? P? '8!
w ! S ’ 2 S ] L _ ] L ’.‘
% Ploss = 3(I)"R" = 3R > = R > (4.15) '8!
& 3Vi Vi &
< . . . D
;:: Equations (4.14) and (4.15) show that for the same total power delivered P, and same line ;2:
% Vvoltage V., e
8 Ploss 2 (3
& —— = (4.16) &
'8! , ' . 3
s Ploss R s
3 3
% — Pt r_ Pt . .. . 03
& ButR = and R = . Where r and r' are the radii of the wires. Thus, ¢
»:q Tre T 'r’z yzq
< 9 <
::: Ploss 2r'- :::
8! loss ‘ g
'8! '8
'8 3
8 . ) 2 . S
;:j If the same power loss is tolerated in both systems, then 72 = 2 7', The ratio of material ;:j
;:j required is determined by the number of wires and their volumes, so ;:j

»
::: VA ’::
8 G S
'8! ey '8

p-O-0-O-O-O-O-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0--0-0-OXOXORORORO-O-O-O-0-000000-0-0-0-0-0-0-0-0-O0-0-O0-O-O-O-O-O-O-O-O-O-OOXR
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$ &
A A
x X
® Material for single-phase  2(777() 2r- *
s : = 5 .= 5 S
s Material for three-phase 3(mr'=€)  3r'° (4.18) '8
A . : A
\/ . W
& =—(2) = 1.333 &
g 3 g
s S

& since r2 =2 1'% Equation (4.18) shows that the single-phase system uses 33 percent &
¢ more material than the three-phase system or that the threephase system uses only 75 &
¢ percent of the material used in the equivalent single-phase system. In other words,
s considerably less mate-rial is needed to deliver the same power with a three-phase system &

e than is .required for a single-phase system '8!
A A
8 8
§ Example 6: For Example2. Determine the total average power, reactive power, and E§
::: complex power at the source and at the load. :g:
¢ Solution: 3
O . . . : O
¢ It 1s sufficient to consider one phase, as the system is balanced. For ¢
= X
% phase a. &
s "al
3 8
*! J = ol Vi = —21.8° 0>
::: Vv, =110/0"V and I; =6:81/—21L.8"A &
S . S
& Thus, at the source, the complex power absorbed is 3
S (3
S (3
'8 S, = —3V,I} = —3(110/0°)(6.81 /21.8° '8
e s ptp '8
S - . : (3
K2 = —2247/21.8° = —(2087 + j834.6) VA 3
S (3
P . . <
;g The real or average power absorbed is —2087 W and the reactive ;§1
& power is —834.6 VAR. &
S : (3
* At the load, the complex power absorbed is K3
::: — 1 2 :::
3 S; = 3|L,|°Z, K
S S
§ where Z, = 10 + j8 = 12.81/38.66° and I, = I, = 6.81 /—21.8°. Hence, E:i
(D (2
S S
Pal 2 Pat
§ S; = 3(6.81)°12.81/38.66° = 1782/38.66 §
S : : - (3
3 = (1392 + j1113) VA 3
3 &
o 2
& &
o 62
3 A &
B%
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s The real power absorbed is 1391.7 W and the reactive power absorbed g
& is 1113.3 VAR. The difference between the two complex powers is %
s absorbed by the line impedance (5 — ;j2) (). To show that this is the &

% case. we find the complex power absorbed by the line as %1
< 2
0 _ A . . & 2 gaw ; . *
Eg S¢ = 3|Ip\ Z, = 3(6.81)°(5§ —j2) = 695.6 — j278.3 VA Eé
¢ which is the difference between S; and S;: thatis, S; + S, + S, =0, &
& as expected. K3
a! Yal
g g
g g
® | H.W.6: For the Y-Y circuit in H.W.2, calculate the complex power at the source and at | ¥
::1 the load. ;:j
& Answer: &
% . - - Y . r ';‘
¥ —(1054 + j843.3) VA, (1012 + ;801.6) VA. (3
gl g
gl g
'8! '8!
® | Example 7: A three-phase motor can be regarded as a balanced Y-load. A threephase | &

® | motor draws 5.6 kW when the line voltage is 220 V and the line current is 18.2 A. | &

I:l Determine the power factor of the motor. :g
'8! — el
w Solution: '8!
s TI ent 3 &
S 1€ apparent power 1s s
S (3
% S = V3V.I; = V3(220)(18.2) = 6935.13 VA %
R 9
% Since the real power i s
¢ Since the real power 1s S
R 9
S (3
K3 P = Scosf = 5600 W K3
S the power factor 1s s
'8} 8 F 5600 &
& pf = cos® = — = ——— = 0.8075 s
;& S  6935.13 :g
S S
S S
S &
;3: H.W.7: Calculate the line current required for a 30-kW three-phase motor having a power ;::
o | factor of 0.85 lagging if it is connected to a balanced source with a line voltage of 440 V. |
;:: Answer: :::
s 46.3LA. K3
S A S

P <
() =Y O
Pad <
K3 <(2a)> *

'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’i’X’A'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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w | Example 8:  Two balanced loads are connected to a 240-kV rms 60-Hz line, as shown in | g
e | Fig.(a). Load 1 draws 30 kW at a power factor of 0.6 lagging, while load 2 draws 45 |
w | KVAR at a power factor of 0.8 lagging. Assuming the abc sequence, determine: (a) the | g
w | complex, real, and reactive powers absorbed by the combined load, (b) the line currents, |
% | and (c) the KVAR rating of the three capacitors A-connected in parallel with the load that | %

Pal - - - . -

2 | will raise the power factor to 0.9 lagging and the capacitance of each capacitor. 2
< - gt
¢ Solution: %
% (a) For load 1. given that P; = 30 kW and cos#; = 0.6, then sinf; = 0.8. %
::: Hence, :g:
& &
(O P 30 kW 0!
S S =——= = 50 kVA &
:;: cos#f, 0.6 :;:
A A'
e and O = Sy sinf; = 50(0.8) = 40 kVAR. Thus, the complex power Dalanced Dalanced '8!
A . < A
:;: due to load 1 is :;:
A A
< ., at
:31 S, = P, +jO, = 30 + j40 kVA (1) @ :31
A A
:ﬁ: For load 2, if O, = 45 kVAR and cosf, = 0.8, then sinf, = 0.6. We find % C T C:g
* 0, 45kVA o8
kS S, =——=——"—="75kVA 5
el sinf, 0.6 s
:.: Combined :%:
% and P, = S, cosf, = 75(0.8) = 60 kW. Therefore the complex power due load 6
'8 to load 2 is '8!
(2 g 2
& S:=P+j0,=60+jiSKVA  (2) ® &
::: From Eqs. (1) and (2), the total complex power absorbed by the load is :::
S &
o 62
.g S=S8; +8, =90+ 85 kVA = 123.8/43.36° kVA 3) .g
Pat Pat
(2 y ; ()
%' which has a power factor of cos 43.36° = 0.727 lagging. The real '#!
::: power is then 90 kW, while the reactive power is 85 kVAR. :::
»:1 (b) Since S = V3V, I,. the line current is »:q
Pal Pat
S s S
S L =% @ (3
Pal 2 Pat
’.‘ .‘)VL A
& : I '8!
¥ We apply this to each load. keeping in mind that for both loads. V; = (2
& A0V Far )y 6
% 240 kV. For load 1. %
& 50,000 3
(3 I}y = ———— = 12028 mA 62
& V3 240,000 e
Pat Pat
::: Since the power factor is lagging, the line current lags the line voltage :::
& by 8, = cos™10.6 = 53.13°. Thus, e
Pat Pat
(2 ()
Pal — ~ 12 Pat
3 I,; = 120.28/—53.13° 3
$ &
o 2
(2 ()
Pt A (<
(2 oY '8!
() <(25)> 63
T R TV R T TN R O R R TV R O RO B O RO B T R B KO B O KO B O RO B T S OB Z O SO R T KO R T KO S O K T O R RO KO R O KO RO RO R T TR O R RO R T
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»: Electronic Department :
: &
: A
: Pat
: at
& For load 2. :
& 75000 3
& I;p =—F———— = 18042 mA 3
% 22 V/3240.000 :
% i ltage by 6, = cos™' 0.8 = 36.87°. %
& and the line current lags the line voltag > :g
: Pat
at  Hence, — :
3 I, = 180.42/-36. 3
: — Pat
Yal _ 3
& 1 line current is s
w« The tota 0 :
5 A 2/—36.87 8
% I, =1, + I, =120.28/—53.13° + 180.42 6 o) s
< a == 585 3
:21 = (72.168 — j96.224) + (144.336 130; :::
A X ;
' i =2 —43.36" 10 %
5 = 216.5 — j204.472 = 297.8 /—4 :g
$ : lex o
% i ' ent from the total comp %
§ Alternatively, we couldobtain the curren s
< . :
::: power using Eq. (4) as :::
: A
: SR mA Pal
:g I; = S0 297.82 :g
% L \/3240.000 8
Ya( 3 240. 3
: Pal
: Pal
%: o I, = 297.82/—43.36°mA :g
rat a "‘
¢ 1 y d I.,. can be %
% ; 2 currents, I, and I, S
::: which is the same as before. The other !me g :gj
’:‘ obtained according to the abc sequence (i.e.. I = 2 / %
:3: and I, = 297.82/76.64° mA). :::
s 1 - factor to '8
S 1 ; bring the power fac 0
02 (c) We can find the reactive power needed to g p :
S ing using Eq. (11.59). s
0.9 lagging using Eq :
& Oc = P(tanf,y — tanf,.,,) 3
. o
$ = cos™10.9 = 25.84°. '8
S 3.36° =cos 0.9 = 25. s
& % = 6°. and O, = co %
R e P =90 kW, 0,4 = 43.36°, 2 ¢
s where P :
3 ()
Pat H
& Hence. ¢
:.: H 2 240 25.84°) = 41.4kVAR :::
':‘ Oc = 90.000(tan 43.36" — tan 25. :
Pal ‘ | >‘
: itor - eacl acitor, the 3
kS ' ) or each cap %
i i er 3 three capacitors. F : .
::: il e "ls 5 t'l - E (11p60) the required capacitance is :::
::: rating Q- = 13.8 kVAR. From Eq. (11. :::
% 0V %
: b). V. In the '8!
S i : shown in Fig.(b). V. In s
0 Since the capacitors are _\-coqnecte‘d. as & A e ;
3 i line or line voltage, whic s
% _above formula is the line-to-lin g :
. ()
S ) :
':‘ 13.800 — 635.5 pF %
’.‘ 7 g Pat
® (277 60)(240.,000) :
:’: &
S vAg $
(2
s as¥-
o
(2

X
X
M
M
M
M
M
M
Y
M
M
M
B
M
M
M
M
M
M
M
M
i
i
i
i
i
i
i
i
i
i
Dy
X
»d
X
R
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
Iy
X
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"al Al

' H.W.8: Assume that the two balanced loads in Fig.(a) for Example 8 are supplied by an |
% | 840-V rms 60-Hz line. Load 1 is Y-connected with (30 + j40) Q per phase, while load 2 is | g
% | @ balanced three-phase motor drawing 48 kW at a power factor of 0.8 lagging. Assuming | rg
w | the abc sequence, calculate: (a) the complex power absorbed by the combined load, (b) the | %
w | Kvar rating of each of the three capacitors A-connected in parallel with the load to raise | %
% | the power factor to unity, and (c) the current drawn from the supply at unity power factor | &

& | condition. *
< <
& Answer: 0
J T T O

:i: (a) 56.47 + j47.29 kVA. (b) 15.7 kVAR. (c) 38.813 A. 3
'8! '8!
'8! '8!
'8! '8!
& 5) Unbalanced Three-Phase Systems &
o : - : T a
s An unbalanced system is caused by two possible situations: s
:2: (1) the source voltages are not equal in magnitude and/or differ in phase by angles that are :3:
& unequal. %
< . "al
s (2) load impedances are unequal. i
A . A
# | An unbalanced system is due to unbalanced voltage sources or an unbalanced | &
A

% | load. S
p , . . A

;g To simplify analysis, we will assume balanced I, 03
'8 source voltages, but an unbalanced load. o—— 4 3
;:: Unbalanced three-phase systems are solved by '8
;:: direct application of mesh and nodal analysis. ] . ;2:
;:: Fig.5.1 shows an example of an unbalanced three- Vav 4 ;2:
;:: phase system that consists of balanced source L, ;::
;:: voltages (not shown in the figure) and an o N :::
::: unbalanced Y-connected load (shown in the figure). 1, ‘-Bvl Zp Zc :::
::: Since the load is unbalanced, Za, Zg and Zc are not  — c :::
::: equal. The line currents are determined by Ohm’s B :::
w law as I Vv 2
Pal . Pal
::: Ve _Vav Vo 1) Fig.5.1 Unbalanced three- :::
e a= g 5T g €T Ze - phase Y -connected load. e
b A B ¢ b<)
R 62
'8 This set of unbalanced line currents produces current in the neutral line, which is not zero s
::: as in a balanced system. Applying KCL at node N gives the neutral line current as :::
Pat Pat
R &
':‘ In = _(Ia + Ib + Ic) (5.2) >:<
&3 &3
'8! '8!
'8! '8!
Pal Pat
(2 A 62
(2 oY '8!
o 2 62
'20X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’i’%K’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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% In a three-wire system where the neutral line is absent, we can still find the line currents la, &
& 1pand I using mesh analysis. At node N, KCL must be satisfied so that la+ I, + Ic =0 in 63
® this case. The same could be done for an unbalanced A -Y, Y-A or A-A three-wire system. *
¢ As mentioned earlier, in long distance power transmission, conductors in multiples of &
¢ three (multiple three-wire systems) are used, with the earth itself acting as the neutral &
¢ conductor. *

# To calculate power in an unbalanced three-phase system requires that we find the power in
# each phase using Eqgs. (4.6) to (4.9). The total power is not simply three times the power in

# one phase but the sum of the powers in the three phases. *
e e

w | Example 9: The unbalanced Y-load of Fig.5.1 has balanced voltages of 100 V and the ach | rg
| sequence. Calculate the line currents and the neutral current. Take , Za=15 Q, Zg =10 + |rg

s i5Q,Zc=6-j8Q 8
;g Solution: %
'8 Using Eq.(5.1), the line currents are 8
(3 100/0° &
e = —— = o s
% I, T 6.67/0° A 4
e s
'8 100/120° 100/120° '8
I = — = = 8.94/93.44° A 8!
;:: 10 + j5 11.18/26.56° 3
K 100/—120°  100/—120° &
& I = — = =10/-66.87° A '8
::: 6 —Jj8 10/—53.13° :::
&3 &3
I:l Using Eq.(5.2), the current in the neutral line is E:l
ral 4
o 62
I§1 I,=—(,+I,+1)=—(6.67 —0.54 + j892 + 3.93 — j9.2) I§1
E:i = —10.06 + j0.28 = 10.06/178.4° A E:i
&3 &3
o 62
:§1 H.W.9: The unbalanced -load of Fig. shown is supplied by balanced line-to-line voltages :§1
::j of 240 V in the positive sequence. Find the line currents. Take Van as reference. ;:j
I:l Answer: i I:j

& 21.66/—41.06° A, 34.98/—139.8° A. 38.24/7427° A. _—> 4 &

Pal Pat
s /\L (3

YN &3
'« QX “Z8sQ 3
. \3 co 4 w
Pal Pat
(< 5Q - &
'8 -J5Q 2. j6 Q1
}‘1 ~ ) o
5 1 b ) P“
0 — \ L
& I B 16 Q '8
0 . 02
S VA © 9
Pal Pat
3 <(28)> 63
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3 3
A A
a! !

w | Example 10: For the unbalanced circuit in Fig. shown, find: (a) the line currents, (b) the |
w | total complex power absorbed by the load, and (c) the total complex power absorbed by |

w | the source. al
e . e
'8 Solution: ) I, ) 8
:3: (a) We use mesh analysis to find the " :g:
A . 5 e
& required currents. 120 /0° rms 3js50 8
e N e
e For mesh 1, &
::: 120/120° rms () 120 /=120°mms %' . = 109%:
® 120/-120° — 120/0° + (10 + jS)I; — 10L = 0 ' ’\ , /e ¢S
% or b B &
al I, Yal
(3 . ,— &
' (10 + j5)I; — 101, = 120V3/30° 1) '8
A (4 A
& For mesh 2, 5
62 120/120° — 120/—120° + (10 — j10)I, — 10I; = 0 2
- S
@ or _ »eq
Igl —10I; + (10 — j10)I, = 120V/3/—-90° Q) &
(3 . . _ &
::1 Equations (1) and (2) form a matrix equation: *
Igi [10 +j5 -10 :||:Il] [ 120V3 3o°} &
val = . ral
;3: —-10 10 —j 10 LI, 120V3/-90° ;i:
& , 8
::: The determinants are ::j
'8! 5 '8
el _ |10 + 43 -10 | _ en o s
p< A= = 50 — j50 = 70.71 /—45 D<
% ~10 10 —j10 4 i %
® 3 (3
(3 120Vv3/30° —10 : :0:
& Ay = — | =207.85(13.66 — j13.66) '8!
(< 120V3/-90° 10 — ;10 8!
ral Pal
S = 4015/-45° g2
'8! '8!
3 10 +j5 120V/3/30° _ *
(2 K= . = 207.85(13.66 — j5) e
8 —10 120Vv3/—90° e
3 = 3023.4/-20.1° &
Pal Pat
::: The mesh currents are :::
8 8
S 4015.23/—45° *
& A 5.23/—4¢ 02
T I =—1= = 56.78 A &
::j A 70.71/—45° ::j
& A, 3023.4/-20.1° &
'8 L=—= = 42.75/24.9° A '8!
'8} © A 70.71/—45° ey 03
¥ SvAg (3
Pal Pat
e
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Y,

v« The line currents are P
Yal Pat
& I,=1,=5678A. I =-1,=4275/-1551°A 0
§ I, =1, — I, = 38.78 + j18 — 56.78 = 25.46/135° A §
>§< (b) We can now calculate the complex power absorbed by the load. For %
:i: phase A. :ﬁ:
Yal Pat
(S S4 = |LI*Z, = (56.78)(j5) = j16,120 VA (3
:ﬁ: For phase B. :ﬁ:
ad a
I;I Sp = [I,’Z5 = (25.46)%(10) = 6480 VA I%
:g For phase C. :g
Yal Palt
(3 Sc = I.[*Z¢c = (42.75)%(—j10) = —j18.276 VA 03
a a
%t The total complex power absorbed by the load is o
a ad
A A
a ad
& S; =S, + Sp + Sc = 6480 — j2156 VA S
o : =
% (c) We check the result above by finding the power absorbed by the %
#  source. For the voltage source in phase a. :ﬁ:
Ya( Pal
E:i B = =Vall= —(120&)(56.78) = —6813.6 VA E:i
A A
::j For the source in phase b. :g
ral at
:gj Sy = — VI = —(120/—120°)(25.46 / —135°) :g
::1 = —=3055.2/ 105" = 790 — J2951.1 VA *
3 . 3
::j For the source in phase c, ::j
'8! 3
::j Sc = —Vple = —(120/120°)(42.75/155.1°) ::j
::1 = —5130/275.1° = —456.03 + j5109.7 VA ::1
(3 _ '8
::} The total complex power absorbed by the three-phase source is ::1
'8! : o (3
& S; =S, + S, + S, = —6480 + ;2156 VA s
ral Pal
::: showing that S; + S; = 0 and confirming the conservation principle of :::
(2 ()
%! ac power. S
s . . - : . : [
;:: H.W.10: Find the line currents in the unbalanced three-phase circuit of Fig. shown and the ;3:
o | real power absorbed by the load. S
;:: Answer: a P :::
s 64/80.1° A, 38.1/—60° A, o
(2 ()
) / - )

% 42.5/225° A, 4.84 kW. sa *
o 220/-120°ms V ( 220,/0° rms V 34 /,7 10Q s
8! 3
'8} c £ mn C &
& N b B 10 Q S
S 220,/120° rms V J '8}
R &
* vAg (3
Pal Pal
K30
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6) Three-Phase Power Measurement

A single wattmeter can measure the average power in a three-phase system that is
balanced, so that P1 = P2 = P3; the total power is three times the reading of that one
wattmeter. However, two or three single-phase wattmeter are necessary to measure power
if the system is unbalanced. However, there are two methods for measuring the power in

unbalanced three-phase systems;
1) Three-wattmeter method.
2) Two-wattmeter method.

6.1) Three-wattmeter method

The three wattmeter method of power measurement, shown in Fig.6.1, will work
regardless of whether the load is balanced or unbalanced, wye or delta-connected. The
three-wattmeter method is well suited for power measurement in a three-phase system
where the power factor is constantly changing. The total average power is the algebraic

sum of the three wattmeter readings,

Pr=P1+P,+Ps3

where P; , P, , and P3 correspond to the readings of wattmeters W; , W, , and W3 and
respectively. Notice that the common or reference point o in Fig.6.1 is selected arbitrarily.
If the load is wye-connected, point o can be connected to the neutral point n. For a delta-
connected load, point o can be connected to any point. If point o is connected to point b,
for example, the voltage coil in wattmeter W, reads zero and P, = 0 indicating that
wattmeter W, is not necessary. Thus, two wattmeters are sufficient to measure the total

power.

w,

I+

Electrical Circuits
2nd Class
Lecturer : Wisam N. AL-Obaidi

a0 M
A +

7,

+

b o— N A
0 o 4

w,

¢ o— 2L
L]+

Fig.6.1 Three-wattmeter method for measuring three-phase power.

6.1) Two-wattmeter method

For many load configurations, for example, a three-phase motor, the phase current or
voltage is inaccessible. We may wish to measure power with a wattmeter connected to
each phase. However, because the phases are not available, we measure the line currents

and the line-to-line voltages.

SAg
<1 =

Three-phase
load (wye
or delta,
balanced or
unbalanced)

(3
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(e &
s e
& The two-wattmeter method is the most commonly used method for three-phase power 63
¢ measurement. The two wattmeters must be properly connected to any two phases, as 03
®  shown typically in Fig.6.2. Notice that the current coil of each wattmeter measures the line &
® current, while the respective voltage coil is connected between the line and the third line &
¢ and measures the line voltage. Also notice that the + terminal of the voltage coil is &
® connected to the line to which the corresponding current coil is connected. Although the &

® individual wattmeters no longer read the power taken by any particular phase, the ¥
# algebraic sum of the two wattmeter readings equals the total average power absorbed by
¥ the load, regardless of whether it is wye- or delta-connected, balanced or unbalanced. The ¥

¢ total real power is equal to the algebraic sum of the two wattmeter readings, '8!
G2 G
% Pr=P;+P, (62) %
A A'
3 W &
e - el
¥ a0 T_ 211 (3
DS L/ ﬁ(j ﬁ — <
::: - Three-phase :::
A A
8 load (wye (3
® bho . or delta, *
DX <
e balanced or 2
ral ral
(< W, unbalanced) 8!
< Z <
(3 + S
% O 2112 '8!
S U At s
ral i Pal
ral . . Pal
% Fig.6.2 Two-wattmeter method for measuring three-phase power. e
ral . Pal
x Now will show that the method works for a balanced three-phase system. e

E:i Consider the balanced, wye-connected load in Fig.6.3. Our objective is to apply the two- E:i
::: wattmeter method to find the average power absorbed by the load. Assume the source is in :::
% the abc sequence and the load impedance Zy = Zy 26. Due to the load impedance, each

¢ voltage coil leads its current coil by 6, so that the power factor is COS8. We recall that ¢
¢ each line voltage leads the corresponding phase voltage by 30°. Thus, the total phase 4
¢ difference between the phase current and line voltage Vab is 8 + 30°, and the average

¢ power read by wattmeter W, and W, are, (S
G2 %
& P1 = Vasla cos 0 (6-3) &
8! Ay g
(3 '8
'8! '8
(3 '8
¥ — -

% P> = Vgl cos {}j rﬁ__” ,:‘
(3 ' '8
;:j For the abc phase sequence for a balanced load, :::
'8 '8
'8! vAg g

S <G S
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(3 Q3
] ____________________________________________________X
'8! '8!
:ﬁ: H] = {1 + 30° :::
'8! '8!
A A
s S
val ) <
:31 t, = 0 —30 (6-5) :;1
A
'8! '8!
:ﬁ: P=P +P, =VpIL cos (0 + 3(]::;1 + VI cos (6 — 3(1“:] :ﬁ:
$ , , B P
! = VI [cos f cos 30° — sin ) sin 30° + cos @ cos 30° + sin 0 sin 30°  (6-6) :::
'8! &
& — 2 Vily cos 0 cos 30° = /3 VI cos 0 0
e s
< ) ) <
& P=P+ P, = VoI [cos (0 +30°) + cos (6 —30°) 5
& = VI 2 cos cos 30° 0= 3
& Similarly, 3
(2 . . , Pl
& P, — Py = ViIL(—2 sin 0 sin 30°) 6-8) %
DS A
6 . o . : a
;i: Note that the difference of the wattmeter readings is proportional to the total reactive 3
% power, or S
A
e s
e s
a ~ ; ral
$ | Or= V3P, - Py (6.9) 3
'8! '8!
I:l ...(6.10) I:I
% Divide Equ.(6.6) on (6.8), 03
& 62
ral ) S
:g P,+ P, 2cos)cos 30° —/3 :::
::: P,— P, —2sinfsin30° tan@ :::
ral P.ﬂ
¥ Or _ P~ P | s
% tanf = P_ =\ jw (6.11) %
S T 2 "1 o
ral . . P.ﬂ
;g from which we can obtain the power factor as Thus, the two-wattmeter method not only ;:j
¢ provides the total real and reactive powers, it can also be used to compute the power ;:j
;:j factor. From Egs. (6.7), (6.9), and (6.11), we conclude that: '8!
% 1.If P, = P,. the load is resistiv ¥
& L » = P;. the load 1s resistive. &
- . . . Pat
::1 2. If P, = P;. the load is inductive. :::
ral ~ . -
::: 3. If P, < P;. the load 1s capacitive. :::
3 - _ 03
I:l Although these results are derived from a balanced wye-connected load, they are equally I:I
I:l valid for a balanced delta-connected load. However, the two-wattmeter method cannot be I:I
I:l used for power measurement in a three-phase four-wire system unless the current through I:I
::1 the neutral line is zero. We use the three-wattmeter method to measure the real power in a ::1
::1 three-phase four-wire system. ::1
Pat Pat
3 &3
Pal P‘ﬂ
s vAy 3
5 p Sy 3
'2’1’1’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X'i’X'A'X'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A‘
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P

:g . W, : :g
o s i[ e W %
% L A :%
<. . =
;i; Fig.6.3 Two-wattmeter method applied to a balanced wye load. ;3;
(2 8!
& | Example 11: Three wattmeters Wi, W, and Ws are o PN 4 &
3 connected, respectively, to phases a, b, and ¢ to . F S 150 *
% | measure the total power absorbed by the unbalanced S S *
® | wye connected load in Example 9 (a) Predict the ‘ vy i“ (3
. . N - -j8Q

& | wattmeter readings. (b) Find the total power absorbed.  Ver T, L. s & 8
O : o——>—{%) c O
®  Solution: 1 o7 W '8!
2 T T &
A 3/ A
(2 ,a) From Example 9 (2
I:l Vv =100/0°,  Vgy=100/120°, Vgy = 100/—120°V Eg
'8! : __ - 8
::: while %:
ral Pal
S I, =667/0°, I,=894/9344° I, =10/—66.87°A 3
33 — —_— —_ &
ral . Pal
::: We calculate the wattmeter readings as follows: :::
33 &
E:i Pl = RE[:Y_L}\.-I:E) = I{-lf\-'Ia CDS(S'\'I_L__ - HIH) E:i
::: = 100 X 6.67 X cos(0° — 0°) = 667 W ;::
&3 . &
::: P, = Re(VgyI}) = Vayl,cos(By,, — 6) :::
03 = 100 X 8.94 X cos(120° — 93.44°) = 800 W 0>
:.: P3 = Re(} C_}\rI{.] = VC_-‘\"Ic CDS(H'\} w HI__.) :.:
S — 100 X 10 X cos(—120° + 66.87°) = 600 W S
3 03
::: (b) The total power absorbed 1s :::
'8! '8
::j Pr=P, + P, + P; = 667 + 800 + 600 = 2067 W ::1
'8! '8
K2 Pr = |L](15) + |5]*(10) + |L]*(6) *
E:i = 6.67%(15) + 8.94%(10) + 10%(6) E:i
S — 667 + 800 + 600 = 2067 W 3
&3 0
ral R ; . Pal
::: which 1s exactly the same thing. :::
'8 '8
s v &
Y

g
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¥ Pal
R —

2t . 4 Pal
& | H.W.11: Repeat Example 11 for the network in (H.W. 9). A\ ;i
ral . . . . . S 4 al
& | Hint: Connect the reference point o in Fig.6.1 to point B. ey e :i«
Yat —5Q_ / - 8
& Answer: (a) 3.92 kW, 0 W, 8.895 kW, (b) 12.815 kW. LK 2 S
::: L B 160 ¢ :g:
al at
e s
e s
e e
e e
e e

8 | Example 12: The two-wattmeter method produces wattmeter readings P1 = 1560 W and | &
8| P2 = 2100 W when connected to a delta-connected load. If the line voltage is 220 V, |8
¢ | calculate: (a) the per-phase average power, (b) the perphase reactive power, (c) the power |8

e i R
¢ | factor, and (d) the phase impedance. &
¢ Solution: '®
g : g
&  We can apply the given results to the delta-connected load. (a) The total &
R : : R
& real or average power is &
a! 2!
(3 Pr= P, + P, = 1560 + 2100 = 3660 W 03
'8! : '8!
®  The per-phase average power is then &
< <
S 1 S
02 P,=—Pr=1220W %

A
& 3 &
3 3
S g
(> _ : '8!
::} (b) The total reactive power 15 %}
Pat Pat
3 = = . 3
(3 Or = V3(P; — Py) = V3(2100 — 1560) = 9353 VAR '8
S =T 2 1 S
Pat Pat
3 . . 3
::j so that the per-phase reactive power 1s ::j
Pat Pat
S 1 S
03 0, = —Or = 311.77 VAR (3
3 3 3
o - o
o o
K &
:g (c) The power angle 1s :g
& e, 935.3 &
'8} _ 15T _ 1 _ : o
'8! # =tan ~— = tan = 14.33 '8!
& Pr 3660 &
(> 0>
%  Hence, the power factor is 03
S - e P S
Pat X
3 : 3
::} cosf = 0.9689 (lagging) ::j
Pal Pat
03 : . : » - 3
::} It 15 a lagging pf because Q7 1s positive or P, = Pj. ::}
rat rat
o '8!
(> 0>
'*! (S
(> 0>
(> (S
(> 0>
'® VA '8!
(> <(35)> 0>
ral rat
LIOOOOOVV POV VDOV VL LTIV LDV VDOV VLD VDDV LS
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e 3
D< P . T - . . ral
::: (c) The phase mpedance 1s Z, = Z, /0. We know that 0 1s the same as ;::
O ) - _ (s B O
E:i the pf angle; that 15, § = 14.33". §
:i: zp - :ﬁ:
8! I, 8!
e S
'8! '8!
% We recall that for a delta-connected load. ¥, = F; = 220 V. 0
R £ = R
A A
'8! '8!
% F VI f = I 1220 5723 A :ﬁ:
bad - COs = = — 3. /L3 <
& pooEE P 220 X 0.9689 5
& &
A A'
'8! Hence, &
S Vo _ 22 S
S zZ,=—= = 38.44 () &
% I, 5723 $
& R
& and e
< ; , ad
3 Z, =38.44/1433°() 3
A _— A
e s
'8 '8!
Igl H.W.12: Let the line voltage V| = 208 V and the wattmeter readings of the balanced &
® | system in Fig.6.2 be P; = -560 W and P, = 800 W. Determine: *
62 62
I:l (a) the total average power &
& | (b) the total reactive power *
® | (c) the power factor 0>
& - &
& (d) the phase impedance &
::1 Is the impedance inductive or capacitive? ::1
& Answer: (a) 240 W, (b) 2355.6 VAR, (c) 0.1014, (d) 18.25,84.18° Q, inductive. &
S (3
S (3

I:i Example 13: The three-phase balanced load in Fig.6.2 has impedance per phase of Zy = I:i
® |8 +j6 Q. If the load is connected to 208-V lines, predict the readings of the wattmeters | &

'8! <
¥ : &
::: W; and W. Find Py and Qr. :::
::: Solution: :::
% The impedance per phase is e
'8 3
bl . _ _ Pat
S Zy=8 +j6 =10/36.87° Q) &
'8! R s
ral \<
::: so that the pf angle i1s 36.87°. Since the line voltage V; = 208 V., the ::j
T - 3
::j line current is :::
Pat Pat
3 = 03
¢S Vp 208/V3 '8!
(3 I, = — - 12 A Q3
'8! L < g
'8! |Zy] 10 el
K (3
0! ot
* VA "
(3 <(36)>= 3
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* K2
L —
e X
e e
w Then at
e ha
(2 . '8!
(3 P, = Vi cos(B + 30°) = 208 X 12 X cos(36.87° + 30 &
e ha
g = 080.48 W 8
e 7O e
o _ _ 2
3 Py, = ViI; cos(B — 30°) = 208 X 12 X cos(36.87° — 307) &
A A
Yal A T Pt
G2 = 2478.1 W 2
e e
o Thus, wattmeter 1 reads 980.48 W, while wattmeter 2 reads 2478.1 W. '8
A A
® Since P, > Pj. the load is inductive. This is evident from the load Zy 0
& itself. Next, &
e hat
>'< _ _ et
5 Pr=P; + P>, = 3459 kW 8!
e < hat
& &
¢ and *
'8! — — '8!
2 Or = V3(P, — P;) = V3(1497.6) VAR = 2.594 kVAR (2
ral - - rat
e X
e hat
e hat
'8 '8!
>.< hat

¢ | HW.13: If the load in Fig.6.2 is delta-connected with impedance per phase of Z, =30 |8
® | j40 Q and V=440 V. predict the readings of the wattmeters W, and W,. Calculate Pt and | 8

8! 4
< <
gL Qr %
rat . ral
% Answer: 6.166 Kw, 0.8021 Kw, 6.968 Kw, -9.291 kVAR. ,&
rat rad
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
(2 £
8 O
Pat Pat
(2 £
8 O
Pat Pat
(2 £
8 O
Pat Pat
(2 £
8 O
Pat Pat
(2 £
0 (2
(2 £
0 (2
(2 £
(2 (2
(2 £
(2 (2
(2 £
(2 (2
(2 £
(2 A (2
O S>=7 }.
& =(37)>= &
'2’1’1’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X'X'X%K'X'X'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2<
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'8 '8!
D- Al
'8! '8!
& &
A o o %
;gl\ v fectuce () \' Tsree Dhase Crenits 3
A A
D< <
0 Problems %
A A
s | H.W.(1): For the three-phase A — '8!
(2 . . . A O
8 | A system in Figure shown, Find the &

8 | phase and line currents. Draw phasor B
¢ | diagram.

\ 7/ 3-phase, 3-wire

:g et :g
»;1 Ecy = 120V 204 yzq
* !
A A
rat DX
o c "
:g Epc = 120V £ 0, :g
< <
& | [Answer: lag = 33.9245°% A, Igc = 33.92165% A, Ica =33.92 — 75 A, 1a =58.82275° | &
"al ral
% | A, Ig =58.82,.195% A, Ic =58.822 — 45° Al al

st | HW.(2): For the A-connected

A La 2

'8 load in Figure, find the line - W00 a R
il 20¢ lab = < °
::: voltages, phase currents and Fap - Ve = 16KV 21200 ;2:
o | line currents. Draw the phasor B T Vs 10V e
. E

':‘ diagram. - 00 200 Tl : e
S Epc 0.3 k0 0.3 kQ s
'8! - '8
8 c le, s
¥

ral ~ - - = Pal
& | (a) I, =1533A2-7330°, (b) I, =26.55A 2-103.30° (¢) Es=17.01kV £—-0.59°, &
Igi I,. = 15.33 A £—193.30°, Iy = 26.55 A £136.70°, Ege = 17.01kV £-120.59°, I:I
I:l I, = 1533 A £46.7° I, = 26.55 A £16.70° Ecy = 1701 kV £119.41° I:I
I:l H.W.(3): The circuit in Figure is excited by Z, Zy I:i
I:l a balanced three-phase source with a line ao | [ | I:I
& | voltage of 210 V. If Ze = 1 +j1 Q, Z 4 = 24 z, . &
& | —j30Q, and Zy = 12 + j5 Q, determine the Z, 8 z, &
® | magnitude of the line current of the , ., —— — 0
K2 . L L K
& | combined loads. &
ral Pal
® | [Answer: 1o =13.6626 - 78° A] Z Zy 03
'8! saT e co— ] ] 3
?

'8! '8
'8 3
'8! 3
'8 3
'8! 3
'8 3
'8! 3
'8! 3
'8! vAg '8!
$ p Oy &
'20X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’Z’%K’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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'8 '
Y 4
’al . . - ar by N A "al
% | H.W.(4): Find the line currents I, I, and z, 1 %
Igl ¢ in the three-phase network of Figure — AN Igl
& | below. Take Z, =12 - j15Q,Zy =4 + 6 : &
& Q,and Ze=2Q. w20V (5 (5 ooy &
\/ \ zZ \\ \ /
%: = S —c %:
E:i 208/-120°'V z, E:i
A | A
e rat
® | [Answer: 1o =15532—-28-4° A 1,=15532.-148-4° A, I = 1553291 - 6° A '8
& | H.W.(5): Given the circuit in Figure shown, determine currents laaand voltage Ven. 0
< . <
$ e un R aue e s
}i‘ \-7'/. VVVA— U0l VWA — 0iv ’i‘
::: -j36Q == == —j36Q :::
:g 240ﬂvb 4Q  j3Q B 102 j15Q :ﬁ:
0 n D AT S AT N [
&‘ N 7 'ﬁ‘
A —j36Q = 2
a 240,/120° V , A 3
}e{ —~ ¢ 4Q _LRQ 10 Q ;IS(? :e:
Pad . —  AMA—TID - AMA—TTT— X
= C &
® | [Answer: 1= 11.15237° A, Ven = 230.824-133-4° V] 03
;ij H.W.(6): Find the line currents and the « oo po A o
;:j power absorbed by the delta-connected load. L é *
'8! | [Answer:] T Len 770 8
P.‘ ’,) . 050 o B al
pad ABD@‘VrmEG s Tanad! 'x‘
’:‘ I ,=35.76/-34.74" A rms; , wa e
P.‘ ad — :Ddao,ﬂv”ns ——ji20 P.‘
::: I;z=35.76 [—154.74° A rms; o i c T :::
;:j I.c=35.76 /85.26° A rms; ‘ _ ;:j
::: 17.29 — j6.92 kVA. ’ ' ' :::
’.‘ ] B jga '.‘
(3 . (3
}.1 Figure E11.10 . }.1
;:j H.W.(7): In a balanced three-phase system, the abc phase sequence source is delta ;:j
::j connected and Va = 120230° rms. The load consists of two balanced wyes with phase ::1
::j impedances of (10 + j1)Q and (20 + j5)Q. If the line impedance is zero, find the line ::j
;:j currents and the load phase voltages using one line equivalent circuit. ;:j
& | [Answer: Van = 69.2820°V = Van, Ian1 = 6.892—5-81% A, lan2 =3.362—14 - 04° A, :::
& [1a=lani + lan2 = 10.232-8 - 44° A 1pb=10.232—128-44° A 1. =10.232111 - 56°A] &
::1 H.W.(8): In a balanced three-phase system, the source has an abc phase sequence and is I:j
::1 connected in delta. There are two loads connected in parallel. Loadl is connected in wye ::1
::} and has phase impedance of (6 + j2)Q. Load2 is connected in delta and has phase ::j
::j impedance of (9 + j3)Q. The line impedance is (0.6 + j0.2)Q. Determine the phase ::j
::j voltages of the source if the current in the a phase of load1 is Ian: = 102300 A rms. ;:1
& | [Answer: Vap = 14241278 -43°V.V,, = 82-22,48-43°V. V,, = 82-222— *
®|71-57°V. V,, = 82-22,168-43°V] (3
* vAg (3
$ <L 2)> &
'20X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X'PX'X'X%K'X'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’2‘
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w | HW.(9): In a balanced three-phase wye—wye system, the source is an abc-sequence set of | %
& | voltages. The load voltage on the a phase is Van = 120260° V rms, Zjine = (2 +j1.4)Q, e
(i and Zjpag = (10 + j10)Q. Determine the input voltages. e
% | [Answer: Van = 140.4258 - 5° V, Vo = 140.42—61 - 5° V, Ver= 14042178 - 5° V] e
| H.W.(10): In a balanced three-phase wye—wye system, the load impedance is (8 + j4)Q. | &
& | The source has phase sequence abc and Va, = 12020° V rms .If the load voltage is Van = | &
et | 111.622 — 1 - 33°% V rms determine the line impedance. 8!
s | [Answer: Ziine = (0.5 + j0.5)Q] 8
e | HW.(11): In a balanced three-phase wye—wye system, the total power loss in the lines is | %
s | 400 W. Van = 105.28231 - 56° V rms and the power factor of the load is 0.77 lagging. If |8
% | the line impedance is 2 + j1 Q, determine the load impedance. 8
'8 | [Answer: Zicad = (5.74 + j4.75)Q] "8
| H.W.(12): In a balanced 3-phase Y=Y system, Zj,ag = 20 + j12 Q. The source has an abc- | &
'8! | phase sequence and Va, = 12020° V rms. If the load voltage is Van = 111.492—0-2° V |8
s | rms, determine the magnitude of the line current if the load is suddenly short-circuited. '8!
' | [Answer: 1,=67.422—33 - 82° A rms] '8!
e | H.W.(13): In a balanced three-phase delta—delta system, the source has an abc-phase | &
® | sequence. The phase angle for the source voltage is £V, = 40° and I, = 4215% A rms. If | &

:ij the total power absorbed by the load is 1400 W, find the load impedance. o
& [ [Answer:Z,q40 = 32 - 16£25°0] S
& | H.W.(14): In a balanced three-phase system, the source has an abc-phase sequence and is &
I:l connected in delta. There are two parallel wye-connected loads. The phase impedance :%1
I:j of load 1 and load 2 is 4 + j4€ and 10 + j4 Q respectively. The line impedance connecting ::1
::1 the source to the loads is 0.3 + ;0.2 Q. If the current in the a phase of load 1 is lan1 = ::1
I:l 10220° A find the delta currents in the source. ;:j
& | [Answer: lap = 8.64457 - 94° A, loc = 8.6424—62 - 1° A, lca = 8.642177 - 94° A] %

% | H.W.(15): The magnitude of the complex power (apparent power) supplied by a three- | &
® | phase balanced Y-Y system is 3600 VA. The line voltage is 208 V rms. If the line | %
® | impedance is negligible and the power factor angle of the load is 25° determine Zjoad. | &
& | [Answer:Zioad = 12£25° Q] *
® | H.\W.(16): A three-phase abc-sequence wye-connected source supplies 14 kVA with a | &
% | power factor of 0.75 lagging to a delta load. If the delta load consumes 12 kVA at a power | &
I:i factor of 0.7 lagging and has a phase current of 10230°, determine the per-phase | ¥

& | impedance of the load and the line. &
& | [Answer: ZicadA = 40245 - 57° Q, Ziine = 2.43 + j0.776 Q] &
I:i H.W.(17): A balanced three-phase source serves the following loads: ::1
% | Load 1: 20 KVA at 0.8 pf lagging &
& | Load 2: 10 kVA at 0.7 pf leading &
& | Load 3: 10 kW at unity pf &
& | Load 4: 16 kVA at 0.6 pf lagging &
::1 The line voltage at the load is 208 V rms at 60 Hz, and the line impedance is 0.02 + j0.04 ::1

'8 AR A '8

p-O-0-O-O-O-O-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0--0-0-OXOXORORORO-O-O-O-0-000000-0-0-0-0-0-0-0-0-O0-0-O0-O-O-O-O-O-O-O-O-O-OOXR
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Igi Q. Find the line current, voltage and power factor at the source. %1
E:i [Answer: : 1,=128.12—22-53° A Van=249.832.—38 - 38° A pf = 0.912 lagging] §
::: H.W.(18): A balanced three-phase source supplies power to three loads. The loads are :g:
:g: Load 1: 24 kVA at 0.6 pf lagging :g:
& | Load 2: 10 kW at 0.75 pf lagging e
Eg Load 3: unknown Eg

w | If the line voltage at the load is 208 V rms, the magnitude of the total complex power is ¢
% | 35.52 kVA, and the combined power factor at the load is 0.88 lagging, find the unknown | %

& | load. 63
& | [Answer: Sz = 13.092.—58 - 39° kVA] &

e | H.W.(19): Determine the complex power delivered to the three-phase load of a four-wire |
% | Y-Y circuit. The phase voltages of the Y-connected source are Vi, = 110£0°V rms, Vi, = |
% [ 110£-120° V rms, and V¢, = 110£120° V rms. The load impedances are Za =50 +j80 Q; | &
w | ZB :j50 Q, and Zc =100 + j25 Q. Pad
w | [Answer: Sa =68 + J109 VA, Sg = j242 VA, Sc = 114 + j128 VA, ST =182 + j379 VA] | &
w | H.W.(20): Determine the complex power delivered to the 3-phase load of a four-wire Y-Y |
& | circuit. The phase voltages of the Y-connected source are Vg, = 110£0° V, Vp, = 1102- | &
% [ 120°V, and V¢, = 110£120° V. The load impedances are Za = Zg = Z¢ = 50 + j80 Q. "
¥ [Answer: Sa=Sg = Sc =68 + j109 VA, St =204 + J327 VA] !
::: H.W.(21): Determine the complex power delivered to the three-phase load of a three-wire |
::: Y- Y circuit. The phase voltages of the Y-connected source are Vg, = 110£0°V rms, Vpn = | i
::: 1102£-120° V rms, and V¢, = 1102120° V rms. The load impedances are Za = 50 + j80 Q; 8
%t | Zs =j50 Q, and Z¢ =100 + j25 Q. e
E:i [Answer: Sa = 146 + j234 VA, Sg = j94 VA, Sc = 141 + j35 VA, St = 287 + j364 VA] E:i
::: H.W.(22): Determine the complex power delivered to the three-phase load of a three-wire :::
::: Y- Y circuit. The phase voltages of the Y-connected source are Va, = 110£0° V rms, Vi, = :::
& | 1102-120° V rms, and Ven = 110£120° V rms. The load impedances are Za = Zg = Zc = 50 |

& | +j80 Q. &
Pat - - Pat
::: [Answer: Sa =Sg =Sc =68 + j109 VA, St =204 + j327 VA] :::
::: H.W.(23): For the A —Y connected load in Figure :::
::: shown. Find the total active, reactive and apparent sod{ Lo :::
% | power, also find the load power factor. ’ 9!
:0: E, = 200V £0° 80 e 60 :0:
&3 v 0 &S
8! L, = 200V £ +120 o< e
'8! '8!
'8! '8!
'8! '8!
'0‘ l 60 8QO >‘1
'8! I '8!
'8! = '8!
(3 \ (3
8! E, = 200V £-120° '8!

® | [Answer: Pta = 7200 W, Q 1a = 9600 VAR (capacitve), S ta = 12000 VA, Pty = | ¥
% | 6414.41 W, Qry = 4810.81 VAR (inductive), Sty = 8045.76 VA, Pt = 13614.41 W, Q 1 | 8,

::j =4789.19 VAR, St =14432.2 VA, cose = 0.943 leading] ::j
Pal Pal
(2 A 62
Oy

'2’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A'X’i’X’A'X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’X’A‘
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Y,
& &
:3: H.W.(24): Three identical impedances of 12230° - :g:
% |ohms in a A-connection and three identical I :i«
D<H" . . al
% | impedances of 15£45° ohms in Y-connection are 20/0° e ]5‘,E &
:3: both on the same three-phase, three-wire 208 V ;g:
:3: system ABC system. Find the line currents and total :g:
¢ | active power. = = = %
ral al
% | [Answer: I =53.62—36.6°A, P = 15500 W] e

w | HW.(25): A three-phase source delivers 4800 VA to a wye-connected load with a phase | g
a | voltage of 208 V and a power factor of 0.9 lagging. Calculate the source line currentand | &

'8 the source line voltage. 3
:2: [Answer: 1. =7.69 A, Vi = 360.3 V] :3:
::: H.W.(26): A balanced wye-connected load with a phase impedance of 10 — j16 Q is :3:
::: connected to a balanced three-phase generator with a line voltage of 220 V. Determine the :::
::: line current and the complex power absorbed by the load. :::
o | [Answer: I = 6.732 A, S = 25652-58° VA] 3
:2: H.W.(27): A 4200-V, three-phase transmission line has an impedance of 4 + j10 Q per :i:
:2: phase. If it supplies a load of 1 MVA at 0.75 power factor (lagging), find: :3:
% | (a) the complex power &
"al . . "al
(s (b) the power loss in the line 3
::: (c) the voltage at the sending end :::
;:: [Answer: S =0.75 + j0.6614 MVA, P = 25.19 KW, V = 4.4432,—-2-709° V] ;::
::: H.W.(28): Given the circuit in Figure below, find the total complex power absorbed by ;i:
% | the load. s
:‘: 1Q 20 :.:
& S 7 62
::: 10£0°V (2 /YES e :::
»:q MO@V 1Q j2Q 9Q j12Q &j]ZQ >:<
::: Z i ! e J128 :::
E:i SRUZ 2 e {\ZZZZQ o E:i
o 1Q j2Q '8!
& . o &
::: [Answer: S =551.86 + j735.81 VA] :::
x| H.W.(29): A three-phase line has an impedance of 1 + j3 Q per phase. The line feeds a e

::1 balanced delta-connected load, which absorbs a total complex power of 12 + j5 k VA. If ::1
::1 the line voltage at the load end has a magnitude of 240 V, calculate the magnitude of the ::1
| line voltage at the source end and the source power factor. 02
® | [Answer: V = 287.04 V, pf = 0.9451] (2
® | H.\W.(30): A three-phase supply, with the line voltage 240 V rms positively phased, has an | &
& | unbalanced delta-connected load as shown in Figure. Find the phase currents and the total | &

I:l complex power. :::
& | [Answer: lag = 9.62 — 90° A, lsc =62120° A, lca =82 — 150° A, Sps = j2304 VA, | &
% | Sca = 1440 VA, Sec = 1662.77 + j960 VA, St = 3102.77 + j3264 VA] 3
Pal Pal
(2 A 62
02 vAg %
% <5 > s
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'8 '8!
& | H.W.(31): Refer to Figure. Calculate: . R
% | (a) the line currents oy O 00 &
® | (b) the real power absorbed by the load . b B <0 0
ral . =an =] Pad
::: (c) the total complex power supplied by the source wospy (5 M0y %:
e S
e s
® | [Answer: (a) 1a=132430° A, I, =47.232143-8° A, 1. =120.92230-9° A (b) Spe = | &
# | ]58.08 KVA, Sec = 29.04 KVA, Sca = - j116.16 KVA (c) St = 29.04 — j58.08 KVA] o
¢ | H.W.(32): A balanced three-phase source serves three loads, as follows: *
¢ | Load 1: 24 kW at 0.6 lagging power factor *
& | Load 2: 10 KW at unity power factor o
3 Load 3: 12 kVVA at 0.8 leading power factor *
3 If the line voltage at the loads is 208 V rms at 60 Hz, determine the line current and the 03
3 combined power factor of the loads. 03
® | [Answer: I = 139.23 A rms, pfioad =0.869 lagging] 03
3 H.W.(33): If the line voltage at the load is 480 V rms in Figure, find the line voltage and 3
% | power factor at the source. 03
8 01n Jo20 &
:i: a AMN "RAAR - A :::
:.: Balanced b 0410 JFDE 1l 480V rms :e:
% three-phase | A AR — B ;ﬁq
::: SOUEE e 010 f&iil ' :ﬁ:
s W I I ¢ '8
'8! '8!
'8! '8!
3 40 kW 30 KVA 3
ral Pal
»:1 0.8 lagging 0.9 leading %
& &
&3 ) &3
::1 [Answer: Vi =501.7 V rms, pfiad =0.9568 lagging] ::1
::1 H.W.(34): The two-wattmeter method is used, as s | ::1
& | shown in Figure, to measure the total power B | Q;ﬁ &
::1 delivered to the Y-connected load when Z = , — KN o 8 ::1
::1 102£45° V and the supply line-to-line voltage is 220 ::1
::1 V rms. Determine the reading of each wattmeter ::1
% | and the total power. Vi &
Pat Pal
R 62
:gj [Answer: p1 = 2698W, p2 =723 W, P =P1+ P> = :ij
e | 3421W] '8!
>:1 Co s C %
I:l H.W.(35): The two wattmeters in previous H.W. read P; = 60 kW and P, = 180 W, ::1
I:l respectively. Find the power factor of the circuit. I:I
% | [Answer: pf = 0.756 lagging] &
Igl H.W.(36): The two-wattmeter method is used to determine the power drawn by a three- Igi
I:l phase 440-V rms motor that is a Y-connected balanced load. The motor operates at 20 hp I:I
Pal Pal
G2 A 02
(2 o= O
Oy
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& | at 74.6 &
(3 percent efficiency. The magnitude of the line current is 52.5 A rms. The wattmeters are (3
I§1 connected in the A and C lines. Find the reading of each wattmeter. The motor has a I§1
& | lagging power factor. 63
(3 [Answer: ] 63
(3 H.W.(37): A three-phase system has a line-to-line voltage of 4000 V rms and a balanced 63
& | A -connected load with Z = 40 + J30 V. The phase sequence is abc. Use the two wattmeters 63
I§1 connected to lines A and C, with line B as the common line for the voltage measurement. I§I
¢ | Determine the total power measurement recorded by the wattmeters. 03
® | [Answer: P = 768 kW] 03
¢ [ H.\W.(38): A three-phase system with a sequence abc and a line-to-line voltage of 200V | &
® | rms feeds a Y-connected load with Z = 70.7.245° V. Find the line currents. Find the total *
® | power by using two wattmeters connected to lines B and C. o
® | [Answer: P = 400W] *
& [ H.W.(39): A three-phase system with a line-to-line voltage of 208 V rms and phase &
¢ | sequence abc is connected to a Y-balanced load with impedance 102 —30° Q and a 03
¢ | balanced A load with impedance 15230° Q. Find the line currents and the total power &
® | using two wattmeters. *
& | [Answer: ] &
I:l H.W.(40): The two-wattmeter method is used. The wattmeter in line A reads 920 W, and | &
I:l the wattmeter in line C reads 460 W. Find the impedance of the balanced A-connected 03
I:l load. The circuit is a three-phase 120-V rms system with an abc sequence. *
& | [Answer: Za = 27.1£30°_Q] K3
I:l H.W.(41): For the unbalanced A-connected load in Fig. with two properly connected I:I
& | wattmeters. &
I:l a. Determine the magnitude and angle of the phase currents. I:I
& | b. Calculate the magnitude and angle of the line currents. &
I:l c. Determine the power reading of each wattmeter. I:I
I:l d. Calculate the total power absorbed by the load. I:I
I:l e. Compare the result of part (d) with the total power calculated using I:I
I:j the phase currents and the resistive elements. I:j
ral Pal
e Eup = 208V £ 0° s
::: Eg, = lzos V £ 120° :::
'8! '8
::: BT :::
a! Ep- = 208V £—120° W2 s
'8! | % ¥ '8
ral Pal
:§j [Answer: (a) lab=20.8 £0° A, lbc=8.322—173-13° A, lca=12.26 £165° A :ij
'8! vAg 3

8! = > s
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8] Engineering College 2nd Class '8!
x| Electronic Department Year (2015-2016) Lecturer : Wisam N. AL-Obaidi g
'8 '8!
D- Al
s e
s e
¢ | (b) la=32.79 £-5.55° A, Ib=29.08 £ — 178 - 03%° A, Ic=55 £130.65° A *
® | (C)P1=6788.35 W, P2 =379.1 W (d) Pt = 7167.45 W (e) P = 7168.43 W (The slight (3
¢ | difference is due to the level of accuracy carried through the calculations.)] *
¢ | H.W.(42): The two-wattmeter method gives P, = 1200 W and P, = —400 W for a three- o
¢ | phase motor running on a 240-V line. Assume that the motor load is wye-connected and *
¢ | that it draws a line current of 6 A. Calculate the pf of the motor and its phase impedance. |8
® | [Answer: pf = 0.4472 (leading), Z, = 402 — 63 - 43°Q ] *
¢ | H.W.(43): For the circuit displayed in Fig., find the wattmeter readings. *
'8 W, '8
a4 2110 T a4
A A'
K 240/-60° v (£) z &
& &
A A
'8! Z=10+;30Q '8!
'8! - '8
S 240/=120° V (%) % z S
X 2112 &
& [ [Answer: p; = 2360 W, p = -632.8 W] 83
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