Single-Phase, Two-Phase, Three phase Circuits
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(a) (b)
a) Single phase systems two-wire type
" A b) Single phase systems three-wire type.
O o Allows connection to both 120 V and 240 V.
S
o O Two-phase three-wire system.

Vil =90° . 0 The AC sources operate at different phases.
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Balanced Three-phase Voltages
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Balanced Three phase Voltages
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Neutral Wire

a) Wye Connected Source
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Vin =V, £-120° \
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a) abc or positive sequence
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b) Delta Connected Source
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b) acb or negative sequence
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a) Wye-connected load b) Delta-connected load

m]h:d;mcc Conversion:
anueesion of Delta circuit to Wye or Wye to Delta.
@ Z=2 =l

2.=2,=2,=1




BALANCED Y-Y CONNECTION







Example: For an abe sequence, balanced Y-Y three phase circuit V,=208Z~-30°
Determine the phase voltages.

2 g L The phasor diagram could be rotated by any angle

sl
o () ==} o Ve = 2082 - 30°

o ¥ -'l}-'a-w-m
o—O—v——@—. o 3

V, =120£-60°

. V,, =120 -180°
Balanced Y - Y If’._=l20.460°




source |V ., = 1200V), ... Z,,., -l+jlﬂ.2 =20+ jIOQ

Determune line currents and load voltages.

Al & ; = 12020°
“® 2|+;l| T 2371227.65°
X0 = 5062 ~ 27.65°( Ayrms

Because circuat is balanced data
on any one phase are sufficient

MO f e =5.062 -120-27.65" Aprms
I »5.062120-27.65°(A)rms

l 204!

a wium-

-150.208 ‘o = Lo (204 j10) = I, % 22.36£26.57°
,7_ =120 =120° V ey = 113,152~ LOS*(V \rams
V.. =1202120° Vay = 113,152 < 121.08%(F yrms
i Vi = 1131521 18.92%0 )rms



Example: For an abe sequence, balanced Y - Y three phase circunt
V. = 120290%(V yrms. Find the line voitages

v, leads 1 by 30°

Py = 3x 12021200 (V yrms

Vi = V3x12020°(V yrams
¥, = V3x1202240°(V yrmes



Example: For an abe sequence, balanced Y - Y three phase circuit
load, IV pnane [ 104.02226.6%V) o, . £y, =1+ JIQ Z =8+ j302

Determine source phase voltages
l‘lﬂ fnn

Currents are not required. Use inverse
voltage divider
(8+j3)+(l+j'l)',
8+ J3 ol
9+ j4 8-j3 84+ 8
= =1.15£341°

8+/3 8-j3 T3

V., =120230°

b, =1202-90°

v, =1202150°

V=

.



Example: For an abs sequence, balanced Y - Y three phase circuit
MII';._, = 12000"), 0y s £, =14 JIQ, Z'._, w 204 102
Determine real and reactive power per phase at the load and total real, reactive and
complex power at the source
L 10 fo Ve =0, 2(204 j10)y= 1, x 22362657
Fow = 113052 < LOENY yrams
‘ / 22!'1! S e =V oL, = 113152 <1 08 x 5.06.27 65"

S e = STL54L26.57 = S12 4 j256.0%V Adrmes

=} " =12 @ 9 N
- S rcephase = Vea % 1,4 =120£0%x5.06£27.65
Smm = 607-2[27.65“
5 = 537864 j2R1.78VA
Vo = 120200 ,
data on any ene phase are Qronai source = 3% 28L.T8(VA)
Abe Sectat source = Prosatscurce + Croral source
p——— =1613.6+ jR4S2(VA)
e B 120£0° S -
Tl 2371227650 | Stotat scurce 1= 1821.6(VA)

=S 06/7 <27 65 Ao
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DELTA CONNECTED SOURCES

Line voltages = phase voltages
Vo=V, £0r
Vi =V, £-120°) >
Ve =V £120°




The phasor diagram could be rotated by any angle

Vg = 2082 -30°

¥,

Wy =e! 4300 -307)

v3

V,, =120£-60°
V,, =120260°



Balanced DELTA-to-DELTA CONNECTION

1,
al —_—
Vu & ) Ve . Line voltages = phase voltages
A
._l_‘- "" tVL.{m 1
. o—; ' Vie =V £-120°0 =
Yo anl V, =V, Z120° |

asumang there is no line impedances,
Vo=V Ve = Ve Ve ™ Ve

The line currents are

Hemce, the phase curvents are L*™Ls~- =l,..\1£—!l’
'l i, Y b= loc = L = /<1200
I :
Z Zs

L=lcs = lpc ™ ;_/_‘..._l_w_. v



Vo=V Vi = Ve Vo= Vo )
'l)elincmhm
Heme. the phase curments are = L = Ica -l,,..\’!{
v v b =l T
A A

L =lcy = lpe = L/HIXF




Balanced DELTA-to-DELTA CONNECTION

@3”&!&-"'“3-1 0
0 2 A-comneciod. positive-seguence  goncrimw=imving
V. = 300 V. Cakculate the phass cuccass of the boad and the line
-
Solution: Vae "H‘ 5 i—:
The load smpedance por phase o -

Zy =20~ jIS = 25/-3657 0

Sm\u-\'.,.&ﬂumm

e = 72 zsg

, - I..i'—lr - ll:f ALV A
low = Lin/+120F = 132/15657 A

For a delta load. the e cument always kags the comesponding phase
current by " and has & magnaude \ T times that of the phase corrent.
Hence, the line currents s

L= L V3/= 30 = (13.2/3687°K\ 3/~ MP)

- 2286/68T A

= I/ 1200 = 2286/~ 11313 A

I =1 JalMP = MA/IAET™ A




--I..;_'dﬁl" Illa_' l"‘A
lea = L/ #1200 = 132/1565T° A 7”7

For a delta load, the hne current slways lags the comresponding phase
current by 30" and has & magnnode \fﬂmﬁdﬁt'ﬁu&m

Hence. the hine curvents are

-g'!LﬁT (13.2/3687%\3 /- X0r)

236/68T A
“ /<1200 = 2286/~ 11313 A
L x l,ﬁﬂ;‘.l? = Mfl!ﬁi?‘h

Smce V5 » V.. the phaw currents are
. “1
3




As aliernative way of analyring the Y- clrcuit is %o sramsform l‘- b
e J-connectod load 10 an egenadent Y comnected boad Using the 4-Y —
tresformation foemela = Eqg (12.5),







