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Three-Phase Systems

iy,
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Three-Phase Sources

Prof. Dr. Miistak E. Yalcin (ITU) Circuit and System Analysis Spring, 2020 4 /28



Three-Phase Sources

There are two ways of interconnecting the separate phase windings to form
a three phase source in either a wye (Y) or a delta (A) configuration.

v,

Phase Voltages of Y-connected source are the line-to-neutral voltages.
Phase Voltages of A-connected source are the line-to-line voltages.
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Y-connected source

VT
VR
> o
120
VS

Phase Voltage of Y-connected source (The line-to-neutral voltages)

VR(t) = Vpp cos (Wt — HR)
Vs(t) = Vs COS(Wt — 65)
VT(t) = Vo cos (Wt — 97‘)
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Y-connected source

Balanced Three-Phase Voltage Sources

(* ]
Vev = Vspm = Virm
(* ]
0s = Op — 120°
01 = 05 — 120°
Ve = V., /%
Vs = V,,e/%
Vr = Ve
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Phasor Diagrams

RST or abc phase sequence !

Vi
VR
-
120
Vs

Vg + Vs + Vp =7
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Line-to-line voltage

Line-to-line voltages:
Vrs = Vr — Vs = VmejeR(l — e_j120) — Vm\/gei(0R+30)
Vst = Vs — Vr = V,,V/3e/R=%0)
Vrr = V1 — Vg = V,V/3e/%r7210)

Line voltage refers to the voltage across any pair of lines.
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Phasor Diagrams

120
VS
VST
|Vrs| = V3| Vg|
|Vst| = V3| Vs
|Vrr| = V3| V7|
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Phasor Diagrams

120

ST

VRS - \/§VRe30j
Vst = V3Vse®¥
VTR = \/§VTe3Oj
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Line-to-line voltage

In Y'-connection: line voltage and phase voltage are not identical !
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A-connected source

T
VTR
oR +) Vg,
VRSx ‘
S
_ 0
VRS = VMe

VST _ VM60_120

VTR _ \//\/]69_240

In A-connection: line voltage and phase voltage are identical !
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Load in Three Phase Circuit

Balanced load : /1 = 24>, = Z3
In Y-connected Load: Phase currents and line current are identical. In
A-connected they are not!

Prof. Dr. Miistak E. Yalcin (ITU) Circuit and System Analysis Spring, 2020 14 / 28




Y-connected Load

Vil = |Vs| = |Vr| and
Zy=2, =23 =Zy = |Zy|e?”
Phase currents (line current);

V V - V
R Is = —Re_12oj, I+ = —Re

_ K —240j
Zy7 Zy ZY

Ir
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A-connected Load

TO
=
Z3 22
R
SO
Phase currents !:
| _ Vrs _ Vks | _ Vst Vet | _ VR VTR
S A S A N A N
Line currents:
Vkrs — V1R Vst — VRs
lR=h— I = Is =l — I =
R 2 1 ZA s IS 3 2 ZA 3
Ve — V
= = VIR ST
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A-connected Load

Vs — Vir = V3Vge®” —vV3Vre¥
= V33 (Vg — V1)
= 3e30j(\/§VRe_30j)
=3Vgr

Line currents;

\Ir| = |Is| = |IT| = |I| and |k| = |k| = || = |Ia| where

IEREIN
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In a balanced d-connected load, line-to-line voltage is 600V at ©@50Hz.(a)
Calculate phase current and (b) line current.

Phase current :
600

=~ =5A
120 >

In

Line current:

I, =V3lp = 8.66A
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Line current (T):

[, —
t T Ze+Zu+ 7,

The phase voltage at the load (T): V3 = [, Z; The line voltage at the
load (T) Vir = \/§VT/_6_3OJ
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Zy
R z,
ZC

So cS N
Y to A;
Z, = 2122+Zzz3+2123 7 D 2o+ 2023+ 2173 7. = D1 2o+ 2023+ 2123

22 b = Z Zl
AtoY;
. ZaZb Zch — ZaZC

L=z 15570 L= 74757 L35 2497

PS:if 1 =24 =23=2y and Z, = 2y, = Z. = Z, then
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Power calculation

Complex power in Y-connected load

Ny = Ng 4+ Ng + Nt
the complex power associate the R-phase

1 - 1. — —
Ng = EVRIR = EVRVRYY

1 _
= §|VR|2YY

‘VR‘ — ‘VSI — ‘VT| — ’VP’ and VPrms =

S

3__ _
Ny = 5YY\VRF =3Yy V5.,

or using phase current;
2
Ny =32y,
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Power calculation

Line-to-line voltage for balanced load

Vis = V3 \/Re_30j

V
|\Vrs| = |Vst| = |V1r| = |ViL| and Vijims = |\/L§L|-

Power ;

Ny = VY VL2ers

Complex power of Y-connected Zy = |Zy|&/?Y (¢y = v — ¢;)

3 L
Ny = 5|IL||Vp|(cos¢y +Jsin y)

instead of Vp lets use line-to-line voltage

3., Vi s
Ny = =|/
Y 2| L’ \/§ (COS¢Y+]5|n¢Y)
V3 .
= 7|/LHVLL\(COS¢Y +jsin ¢y)

NY — \/§Iers VLers(COS¢Y _|_.j5in ¢Y)
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Power calculation in A-connected load

Na = Ny + No + N3

For 73 . )

Ny = =Z1|h|? = = ZA| 1|2
1= 5 | h] 5 NI
using |1 = || = |Is] = |1p

NA — 3ZA|IPrms‘2
we have |/;| = +/3|lp| hence

NA — ZA|IerS|2
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Power calculation

Zn = |Zp|€0%2 (P = v — &)
3 ..

Na = §|/PHVLL|(COS¢A + jsinga)

In V3

NA — §|VLL’%(COS¢A +jSin ¢A) = 7

— 3Iers VLerS(COS ¢A +J sin ¢A)

|Vie||/L|(cos dpa + jsinpa)
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A balance three-phase source with line-to-line voltage 220+/6 is supplying
25992W active and OVAR reactive power to Y and A-connected two
balanced loads. A-connected balanced load is absorbing 12966 W active
and 4332VAR reactive power. Calculate Y-connected load.

on
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Total Power delivered to loads
N = Ny + Np = 25992

hence
Ny = 12996 — j43432.

Ve = %VRse_ﬁo then Vi = 220/2e 430,

Ny =3V:, .Yy

using Virms = 220 we obtaine

Yy = 0.0895 + j0.02982
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(e,

In a balanced 3-phase system, Z =4+ j2, Z; = %Z and £, = %Z are

given. For Vrs = Vs = 20 + /10, calculate the currents I, Is, IT.
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Use A to Y conversion, then obtaine the empedance connected to each
line: 2Z/3+27/3, Z/6+ Z/3 and Z/3. Then KVL:

(2)Ir — 1sZ/2 = Vgs

and
Z/2lg — I+Z/3 = Vst

then obtaine I+ = —10 and /g = 20/3 (2 Equ.s and 3 unknown !!).
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