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Chapter 11: Polyphase Circuits
11.1 Three-Phase Systems
11.2 Three-Phase Connections
11.3 Power in Three-Phase Systems
11.4 Wye-Delta Equivalence

Section 11.1: Three-Phase Systems

p Ve (t) Vbbm Yool Balanced set of 3 voltages, i.e.;

V() + Vipp(t) + V() =0, where:
/K V2(t) = Vpsin(w t)
Vpp(t) = Vpsin(w t = 120 )

> wt

Vee(t) =V sin(wt = 240 )
Note the positive (phase) sequence
(abc) of the voltage maxima
V... = V[-240° = V/+120° » /(- 0.5 + j0.866)

Vili\ = V/—O@ = V(l + JO)

V,,. = V/-120° » /(- 0.5 - j0.866)
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Section 11.2: Three-Phase Connections

V., .
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a
Hct . :
+ - +
Vi TVAB =
N & (T - -
— + + Y
- Ve TVBC =
R

°C
+
Wye Connection IVcN = Veo ) )

Line-to-Neutral Voltages = Phase Voltages

VAN = Vaa = V/_Ow = V(l + JO)

Vgn = Vi = VI2120° » V(-0.5 - j0.866)

Vey = Vo = VI-240° = V/[+120° » V(- 0.5 + j0.866)
Line-to-Line Voltages:

V5 = CBV430° »(BV(+0.866 + j0.5)

Vge=CBV-90° »GBV( 00 - j1.0)

Ve, = CBV/+150° » (BV(-0.866 +j0.5)

PO

+ _
Ven = Von:

N.B: Vay+ Ven* Ven=0
AB Vag* Vac +Vea =0

B b,
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Section 11.2: Three-Phase Connections cont.
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Wye Connection

Line Currents|,, Iz and | -
= Phase (Source) Currents
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Section 11.2: Three-Phase Connections cont.

A Z
- ] +
+V .
@ Vag =Vay = Vay 2“ Balanced Wye Connection:
B _ | _ B Equal load Impedances (Z)
Vea=Von = Van ® | T N connected to acommon
Gv..=v, - v + Ven - (neutral) point (N)
J BC BN CN C Z
+ -
Delta Connection:
+ Ven -

Sourcesin Series
(Sum to Zero)

Line-to-Line Voltages:
Vs = GBVA30°  »BV(+0.866 - jO.5)
Vge= GBV90°  »@BV(+0.0 - j1.0)
Vo= GBV/+150° » (BV(-0.866 + jO.5)
Line-to-Neutral Voltages = Phase Voltages
Van=VIO°  =V(1+]0)
Vgn = V[2120° »V(-0.5 - j0.866)
Ve = V[2240° = V/+120° » V(- 0.5 + j0.866)

B b,
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Section 11.2: Three-Phase Connections cont.

|I|ineu ﬁ lA Z
® ®

IBA]' v
@ I + Van - Balanced Wye Connection:
l ||I'r M'_]-ZOOB B
Il O N
© I cs] - ® ®
J e N
) Mol 20+ 120°C I
Delta Connection: + Vo -
Line Currents:

Iy =Van/ Z =V ILO°/ 1Z)/g. = ind=9 (=1ga-lac)
lg = Ven! Z = Ve[ =120°/|Z)[q = |ljjndlz@= 120 (= 1cg-lga)
le = Ven! Z = IVen 2207/ |Z)/g = lindl=q+ 1207 (= 1= 1cg)

Delta’s Phase Currents:
lga = (||”mJ/d3) /‘_qﬂ ICB = (llnnellm)/‘_qﬂ andIAc = ("nnJ/@)M

Where: |,+I;+ 1. =0andly, +l.5+1,c =0 (i.e, both sets of three-phase currents are balanced.)
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Section 11.2: Three-Phase Connections cont.

|Vph|
Balanced J|Vu |= CBIVy, Balanced Wye Connection:
Three-Phase Equal phase impedances (Z)
connected to acommon
Source _ (neutra) point (N)
|||| C
®

Balanced-Wye Voltage and Current Magnitude Relationships
|I|= line current magnitude = phase current magnitude = |l ;|
Vil =8V (= 8V
Three-Phase A pparent Power
|Ssph| = 3|Sph| = 3|Vph|||ph| =3Vl 1= 3(V VB3I [= BV il
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Section 11.2: Three-Phase Connections cont.

A
|
Balanced J Vil = Vil Balanced Delta Connection:
Wiotes A
Source
. Zl - | 1l = 118
=Bl ¢ [Tpnl = I
®
Balanced-Delta Voltage and Current Magnitude Relationships
V| = line-to-line voltage magnitude = phase voltage magnitude = [V ;|
Il = Gl i

Balanced Three-Phase Apparent Power

1S3l = 31Sehl = 3V plllphl = 31V lll ol = 3V (11 /EB) = GBIV I
(Same as Wye result)
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Section 11.3: Power in Three-Phase Systems

As demonstrated in text section 11.3 (p. 461, equation 11.18), in

balanced three-phase systems, the total three-phase instantaneous
power isconstant.

Thisis analogous to the total power output of an automobile’s

multi-cylinder ICE (i.e., what would happen if al cylindersfired at
the same time?)

Complex Power

S3ph = 38ph = 3Vph(I ph)* = 3|Vph”I phl(COSq + jSIﬂC])
where q isthe power factor angle (e.g., Z’'sangle)

But 3V il ol is the three-phase apparent power |Sy;| = 3V |l
Ergo, Sspn = GBIV, llj|(cosq + jsing) = Py, +] Qg
\ Pson= |Sspnlcosg = G3|V [[l;cosg  and
Qapn= 1Sspnlsing = BV llj|sing
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Section 11.3: Power in Three-Phase Systems cont.
Example 11.1 (p. 462)
A

Balanced ] |V||| =220V.

B .
Three-Phase = =3+j4W
Source
. - [l = I11/E8

®

Calculate the magnitude of the line current and the total three-phase
complex power supplied to the load.

Il = I/ 12]1=220 V. [ [3+ 4| W=220V./ 5 W= 44 A.

I =Bl ;| =03~ 44A.» 7621 A. (answer)
Z=3+j4W»5/53.13°W \ g»53.13° sothat ...

Sspn = BV Il [(cosq + jsing) = €8 220V.” 76.21A." (0.6 +j0.8)

Sypn» 174 KW +j23.2 KVAR (answer) » 29/ 53.13° KVA
12:18 PM
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Section 11.3: Power in Three-Phase Systems cont.
Example 11.2 (pp. 4(32—463)

ph

Balanced J|VII |=220V.

Three-Phase
Source

Calculate the magnitude of the phase voltage and the total three-
phase complex power supplied to the load.

Vol = Minl = [V [/8B=220 V. / &3 » 127 V. (answer)
Z=3+j4W»5/53.13°W \ q »53.13° sothat ...

Wl =lonl = Vil IZ]» 127 V.I5W » 254 A. sothat ...

Sspn = @BV ll|(cosq + jsing) =B 220V." 25.4A." (0.6 +)0.8)
Ssph » D.8L KW + j7.74 KVAR (answer) » 9.68/ 53.13° KVA
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Section 11.3: Power in Three-Phase Systems cont.
Example 11.3 (pp. 463-464)

|Vph|
5 TN
RE——
Balanced IVii|=220V. |BV|n| =Vils
Three-Phase N\ N Z=10W=R
Source
[Tonl |-
M ¢ Aam
®

Calculate the total three-phase power supplied to the load.

Vol = Vinl = IV |/8B=220V./ &3 » 127 V.
Z=10+j0W=10/0°W \ q=0° sothat...

Wl =Mpnl = Vil/|Z]» 127 V.J1I0W »12.7 A. sothat ...

Sspn = @BV llly|(cosq +jsing) =B " 220V." 12.7A." (1 +])0)
Sipn» 484 KW +j0OKVAR \ Py, » 4.84 KW (answer)
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Section 11.3: Power in Three-Phase Systems cont.

Example 11.3 (pp. 463-464) cont.
A .

Balanced ] IV, | =220V 3 %
Three-Phase | Z=10W=R

Source o] = /8
[1i]= GBI C pl — T
®

Calculate the total three-phase power supplied to the load.
ool = IVy/ 2] =220 V. I0W=220V./ 10 W= 22 A.

Ih| =Bl =83~ 22A.» 38.12 A. (answe)
Z=10+j0W=10/0°W \ ¢»0° sothat ...

Sspn = @BV [lly|(cosq +jsing) =B " 220V." 38.12A." (1+]0)
Sgpn» 14.52KW +jOKVAR \ Py, » 14.52 KW (answer)

12:18 PM
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Section 11.3; Power in Three-Phase Systems cont.
Example 11.4 (p.|464)

Vphl

Balanced J|V” |= 220 V.

Three-Phase
Source

Calculate the line-to neutral voltage phasors, the line-to-line voltage phasors, the
line current phasors and the load’ s three-phase complex power given V,y isthe
reference phasor and the phase sequence is abc.

Vn = (220 V./CB)LQ° » 127/0° V. (Ref. Phasor) \ Vgy=127/-120° V.
and V¢ = 127/+120 ° V. (for abc sequence) and from the voltage “triangle,”
Vag =220/+30 ° V., Vg =220/-90° V.and V o, = 220/+150 ° V.
Theline-current phasorsarel, =V oJ/Z =127/ V./(4- j3)W or

I, =127/ V./5-36.87°"W» 25.4/+36.87° A. Similarly ...

lg =25.4/483.13° A. and | . = 25.4/+156.87° A.

12:18 PM
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Section 11.3: Power in Three-Phase Systems cont.
Example 11.4 (p. 464) cont.

|Vph|
A “—
D
Balanced IVyi|=220V. LV|n| =Vl
Three-Phase o Z N Z=4-j3W
Source
Wl c
®

The load’ s three-phase complex power is:
Szon = GBIV, llll(cosg + jsing) = B~ 220V. " 25.4A." (0.8- j0.6)
Sgon » Z74 KW - |5.81 KVAR (answer) » 9.68/- 36.87° KVA
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Section 11.4 Wye-Delta Equivalence

Z,=3Z,

(Seetext p. 465 for derivation)
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Section 11.4 Wye-Delta Equivalence cont.

Balanced
Three-Phase
Source

Example 11.5 (p. 466)
A

] IV, =220V.

="

S Ro=9W

®

Calculate ||

12:18 PM

NMA—4N Ry=6W
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Section 11.4 Wye-Delta Equivalence cont.

Balanced
Three-Phase
Source

Example 11.5 (p. 466) cont.
A

]|v“|:220v. §\ l? § Ro= 9W
SN -

Step 1: Convert R, = 6 Wto its equivalent delta:
rp=3R, =18 W

12:18 PM
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Section 11.4 Wye-Delta Equivalence cont.
Example 11.5 (p. 466) cont.
A

Balanced ] V| =220V B\ g
Three-Phase - | § Rp= 9W
Source
=7 C\\ [ %
\_/

®
F rp=18W

Step 2 Combine parallel (delta) resistors:
R =Rpllip=6W

12:18 PM 21

Section 11.4 Wye-Delta Equivalence cont.
Example 11.5 (p. 466) cont.
A
Balanced ] IV,| =220V

B ?
Three-Phase . Rg=6W

Source _

®

Step 3 [l = [V /R =220V./ 6 W » 36.67 A.
\ Iy = GBI » 6351 A.
(See text pp. 466-467 for an alternate approach)
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Section 11.4 Wye-Delta Equivalence cont.
Example 11.6 (p. 467)

V..
o (1) ;
Vi Ill KV
N{ & (b : o Balanced, three-phase,
V.. “ | 6 MW, 0.8 lagging
_g_@ ¢ | power factor load
® C

Find the total reactive power drawn by the load and
the magnitude of the generator’ s line current (|1,])

12:18 PM
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Section 11.4 Wye-Delta Equivalence cont.
Example 11.6 (p. 467) cont.

A
Ill KV

o Balanced, three-phase,

| 6 MW, 0.8 lagging

! o power factor load
® C
Pan=6MW =03" 11KV " |I|” 0.8 (= &B|V,|I;lcosq)
\ |l »393.6A. Then

Qaon =BV [[ljsing=C8" 11KV " 393.6 A.” 0.6 » + 45 MVAR
(Note that Q, > O since the power factor islagging)

12:18 PM
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Section 11.4 Wye-Delta Equivalence cont.
Example 11.7 (p. 467)

—a (14 ;
Vi Ill KV
N{ & (b : o Balanced, three-phase,
V.. “ | 6 MW, 0.8 lagging
_g_@ ¢ | power factor load
® C

Find the total average power drawn by the load if
the power factor of Example 11.6'sload (shown
above) is changed to 0.9 lagging and itsline
current is also reduced by 10% to 354.2 A.
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Section 11.4 Wye-Delta Equivalence cont.
Example 11.7 (p. 467) cont.

Vo
A
Vbh' 11 KV
N b' 1 E I O
' @ Z Balanced, three-phase,
V... 0.9 lagging power
S @ g 3PH42A. | factor load
® C

Paoh = GBIV, | |Ijlcosq
=B" 11KV 354.2A." 09
= 6.074 MW
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