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| UTM Three Phase Systems

« A 3-® system is formed by 3*1-® systems, which are
physically connected together for 3-® operation.

« To maintain constant power flow, the three single phase
circuits must be operated with the same voltage and current
magnitudes in each phase (circuit), with a relative phase
angle of 120 electrical degrees apart.
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| UTM Three Phase Systems

Advantages of 3- ® compared to 1- ® system

» High efficiency
= For same power transfer at the transmission line,
less conductor and hence lighter in weight

= Construction and maintenance minimum and
therefore cheaper

= Starting characteristic and operation of 3-®
equipment better/more stable than 1- ®
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9 UTM Three Phase Systems

Basic AC Generation Principle

When a conductor is placed in a magnetic field, if one of them
iIs moved, an electromotive force (emf) will be induced in the
conductor. This effect is called electromagnetic induction.
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9 UTM Three Phase Systems
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TM A simple three-phase two-pole generator

Three separate windings or
coils with terminals a-a’, b-b’
and c-c’ are physically placed
120° apart around the stator.
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UTM Emf Generated

¥
/\b (\
2/3m 0t

v, =V, sin ot V,=V£0°
=V, sin (ot -120°) V, =V« -120°
V., =V, sin (ot -240°) =V sin (ot +120°) V.=V -240° =V £ 120°
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UTM ree phase system and its

vector diagrams

UNIVERSITI TEKNOLOGI MALAYSIA

06/07/2009
INSPIRING CREATIVE AND INNOVATIVE MINDS




ase System-
UNWEHSlTl TEKNOLOGl MALAYSIA S e . u e n C e

« RYB or positive sequence, we describe the phase
sequence as Red-Yellow-Blue

Vi leads V., which in turn leads Vg. This sequence is
produced when the rotor rotates in the counterclockwise

direction.
Ire\(;Blon V VR(rmS)ZO
m V, =Vim L~ 120:
120°<*—\ >\, VB — VB(rms)Z_ 240
*/1 20° = Vi 1me £120°
VY
06/07/2009
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UNIVEHSITI TEKNOLOGI MALAYSIA e . u e n Ce

. RBY or negatlve sequence, we describe the phase
sequence as Red-Blue-Yellow

* Vg leads Vg, which in turn leads V.. This sequence is
produced when the rotor rotates in the clockwise direction.

N Vi = Vaim £0°

&\1203
1203( >\ V, =V /—120°

B(rms)
Vy =V, (e £ — 240°

VB :VY(rms)leo0

« Remember in this subject all phasor systems rotate
counter clockwise

06/07/2009
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UTM Three Phase System-Connections

(a) Star (b) Delta

Star Connection (Y) | Delta Connection (A)
* Usually is being used in system that 2 _®+ ;5‘_ . Usually is being used in system that

need high voltage and low current E,, E, need high line current and low

b b phase current.

 There are two type of Y connection, i.e: = + «  Connect all the conductor in series.
i) 3 wire star connection e * No neutral line
ii) 4 wire star connection (3 live < —

conductors and one neutral) E.,

06/07/2009 (c) Star
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¢SS UTM An example of three phase

@57 UNIVERSITI TEKNOLOGI MALAYSIA CO n n ECt I O n S

Source Load
. a L @ a
U Tlph
+ +
VLN VLL
: ! !
P RN ‘
c b b
- O O
N C C
¢ O O
n n
Ground = For the phases all 240 V and at 120° wrt to one another, ||

06/07/2009 the system is balanced if the 3 loads are equal
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Commonly AC power is a three-phase (3-®) supply system as shown

The 240 Volts single phase supply is just one part of such a multiphase

system

It is a common practice to use the following to specify the voltage and

current ratings of the three phase devices: Loy

e \oltage between external terminals "0
(line-to-line voltage): V| v I@

e Current flowing in external lines N
(line current):|

V
V|, and |, are called ‘line’ quantities. /‘@/ | v.
b

A

The voltages and currents internal to Yo i }

the device are referred to as ) V,,

‘Phase’ quantities | '
> 6907%(%% -to-neutral voltage). — ..
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U T] .I Relationship between voltages and currents

For balanced systems the relationships are:
Star connection
Reference voltage: V,, e

Phase current = Line current = | )
The voltage from one live conductor to anotheris V., I@ y
called the line-to-line voltages or simply line voltages ' v, ab
> e.9. Vap, Voo Vea \lb y
» To calculate V,,, (KVL) 4 %
Vab = Van _Vbn L !
=V, -V, £-120° Vie
=V,_ (1-(-0.5-j0.866)) ; '
o(C
(o)
3 Van £ 30V V., +V,, +V,, =0

06/07/2009 In a perfectly balanced system = an
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.-The following vector diagram shows the relationship between
phase angles of the phase and line voltages
* The 120° phase shift also exists between each line voltage

A

—_ O
V,, =~/3V,, £30
VbC — '\/gvbn 4 — 900 30° /{Vbn
1202 Van
=3V, £-210°
Vin
Line voltage (V,) has magnitude V3 V, and is
leading phase voltage (Vp,) with 30°.
Vbc

06/07/2009
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U T] .I Relationship between voltages and currents

' For balanced s_ystems the relationships are:

Delta connection:
Phase voltage = Line-to-Line Voltage =V,

l,,=1,20 =1,£0°
l,, =1,,£-120° =1 ,£—120°
|, =1_,2120=1,2120°
KCL:
=1, =1,-1,
=1,£0" - 1,120
=1,(1-(-0.5+ j0.866))
06/07/2009 V3 1,2-30
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UM

UNIVERSITI TEKNOLOGI MALAYSIA elationShip between VOItageS and Currents

| =1,—1_=~31,2£-30°
=1 -1, =+31,2£-150°
| =1_—1,.=~31,290°

c

Line Current (/,) lagging current phase (/) w0 |
with 30°. ( lea

a

06/07/2009
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Loads can also be connected in a 3-phase fashion

a | :
: Z, |
| |
: |

b | :
1 4 |
| |
| |
! |

C : |
=

|
|
n n L___I:clag___Jl

Star (Wye) connection of Load

06/07/2009
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UNIVEHSITI TEKNOLOGI MALAYSIA L O ad S

Loads can also be connected in a 3-phase fashion

a 1 Load | a | :
| | | !
| , | |
| | L% |
| v o | |
| /\/ v : b I 7 |
| | | -

| |

b | = | L% l
| A , |
3 ! c | !

c T - :_ Load :

Delta connection at the Load
06/07/2009
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UTM 3-Phase balanced system

A 3-Phase 4 Wire Balanced System consists of a star connected source
connected to a star connected load by 3 live wires and one neutral

Such a system will be balanced if all the three loads are equal

In a balanced system, |+l +|_. = |y = The neutral current is zero at each
moment of time

a V Vphase £0°
Vbn Vphase Z 1200 V ZOO
V. =V /—240° =
Vm /_b é phase I Z
Whe re Vphase ’\/a_n ‘ ’Vbn ‘ ’\/C“ ‘ :
0
-V £-120
b —
Zb
0
| _ Ve 2120
¢ Z

c

06/07/2009
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\ UTM 3-Phase balanced system

Wye-Connected Balanced Loads - Three wire system

V, =V . /-120°
V=V e £ —240°

where V.. =Ma| = Mos| = Ve

VL0

a Za

V£ —120°

b Zb

Ve £120°

C

06/07/2009 ZC
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I Phase currents:

—
a
\ V200
I / I 0
b ca V,.«£ -120 °
Vab <\>\, ?\ Ibc = ° Z
Vca 2
|V, 21200
Ib ca Z3
b |l——== 7z : -
— % Line currents:
Vb bc
C
c Y. Ia — Iab o Ica
_>I
Ib — IbC - Iab
where |l | =15 =lga| = e | =1_ —|
¢~ 'ca bc

“R‘:“Y‘:“B‘: I|ine

and
06/07/2009
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©UIM Example Problem

Given a balanced three phase four wire system with a wye-
connected inductive load whose series impedanceis: Z=4 + |4
(per phase), and a 415 V supply,

1) Calculate the phase and line voltages

i) Line currents

i) Demonstrate that the neutral current is zero

Vbn Vcn

l

06/07/2009
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UTM Unbalanced Loads

Wye-Connected unbalanced Loads - Four wire system

IR
R, V,, =V, _ £0°
RN ~— Y phasa
V,, = Vphasa Z—120°
V., = Vphasa /120°
| A
R Z1
| _V,£-120°
I, =1, +1,+1 Z,
Vv, £120°
For unbalanced load system, g = 7
3
.20 andZ, #Z, #Z
06/07/2009 N L 2 3
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©UIM Unbalanced Loads

Wye-Connected unbalanced Loads - Three wire system

T 1 Note:
Z, . .
Vo |V : Point N # Point S
y » Potential between two point,
N?: displacement Neutral voltage,
v\/YYB VSN
B E—
IB

06/07/2009
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j:i; UNIVERSITI TEKNOLOGI MALAYSIA U n b a.l an Ce d L O ad S

Two methods to solve Wye-Connected unbalanced Loads i.e. three
wire/without neutral:

« Change star connection to delta (Refer: Y- Star to
delta transformation)

» Calculate I, from delta
» Calculate |, using KCL

» Phase current (star) = line current (delta) because line
|=phase | in Y connection

 Using loop analysis
**Indicate direction of loop current
*»*Write loop equations

¢ Calculate loop current
06/07/2Q8¢
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UTM __ Unbalanced Loads

Delta-Connected unbalanced Loads - Three wire system

IR
— - ®)
R A VRY _Vphase ZO
T o _ . 0
\V 11@/ ‘\IBR VYB _Vphase Z 120
RY IS < .
Vi Vi =V e £120
I
v ——>Y_> z)
v I,y Phase currents:
YB
BY —T L, :VRYZ—A’ Line currents:
1
L, _ Vyp£-120° lg =gy —lgr
Z2 Iy =lyg =gy
V,y, £120°
on = Z, lg = lgr = lvg
06/07/2009
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umvensm TEKNOLOGI MALAYSIA Exam p I e P rO b I e m

Given an unbalanced delta-connected load which is:
Z, =6 + )8 Q (per phase), 2, =4 -3 Q,Z; =8+ )6 Q,
Supply=110 V

1) Calculate the phase and line currents

i) Construct the phasor diagram

06/07/2009
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t . UNIVERSITI TEKNOLOGI MALAYSIA Exam p I e P rO b I e m

A 3-Phase 4 Wire unbalanced load is supplied by a three phase 220V.
The impedance per phase are as follows:

1) Calculate the line currents and neutral current
ii) Construct the phasor diagram

06/07/2009
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©UIM Example Problem

A balanced line voltage 415 V is supplied to the three impedance as
follows:

Z,=10£30° Q, Z,=20£60° Q, and Z; = 10£-45° Q.
Note: All the three impedance form Y connected without neutral line.

i) Calculate the line currents
ii) Calculate the voltage across each impedance

06/07/2009
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unwensm TEKNOLOGI MALAYSIA Exam p I e P rO b I e m

A 3 phase supply, 4 wire, 415 V, 50Hz supplies power to the loads. The
values of loads are given below:

Load 1: P, =11 kW, p.f 0.85 lag
Load 2 : Q, =8 kVar, p.f 0.8 lag

Load 3 : S; =15 kVA, p.f 0.75 lag
Z,=10£15° Q

Calculate the line currents (I, Iy, and Ig)
Hint: Choose V\ as a reference

06/07/2009
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t . UNIVERSITI TEKNOLOGI MALAYSIA Exam p I e P rO b I e m

A factory is supplied by a balanced three phase source. The factory has
two plants, each a balanced three phase load as follows:

i) Load 1: 150 kVA at 0.8 pf leading — Y connected
ii) Load 2: 80 kW and 95 kVAR (inductive)- delta connected

The loads are connected in parallel. Assume a lossless line, find the
current at each load and total current if the source voltage is 415 V.

06/07/2009
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t . UNIVERSITI TEKNOLOGI MALAYSIA Exam p I e P rO b I e m

A 3 phase Y connected load is supplied by a three phase source 346.4
V, 50Hz. The magnitudes of line currents are 1=50 A, I, =40 A and I

=33.33 A. By using a phasor diagram in figure 1, calculate the each load
impedance value. Choose phase R voltage as a reference.

VBR

YWye
Figure 1

06/07/2009
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umvensm TEKNOLOGI MALAYSIA Exam p I e P rO b I e m

Three similar coﬂs having 20 Q resistance and 0.8 H inductance are
connected in Y for a three phase supply 400 V, 50 Hz.

| ) Calculate per phase impedance
ii) Total real power of the loads

06/07/2009
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umvensm TEKNOLOGI MALAYSIA 3 P h ase power

The three phase power is equal to the algebraic
sum of individual phase powers

If the load is balanced: P, = 3 P s = 3 Vphase lphase COS 0
 Wye connection system

I phase — = L and V \/g Vphase

Real Power, P;,, = 3V e lhhase COS 6

=+/3]V,||I|cosB Watt

06/07/2009
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 Wye connection system

I phase = I L and ’VLL‘ :\/g ’Vphase

Reactive power, Q;,,, = 3V ... | sin 0

=3V ||1.|sin® VAr

phase

Apparent power, S;,;, = 3 V¢ Lnase

=3V [I| VA

06/07/2009
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* Delta connection system

VL=V phase I = \/g Iphase
Real Power, P=3 V. | cos 6

=3V, ||l |cosB Watt
Reactive power, Q;,,, = 3V .. |

=3V ||1|sin® VAr

phase

phase SIN 0

Apparent power, S3,, = 3V .cc lnase

3V 1.| VA
06/07/2009 ’\/LL H L ‘
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UNIVERSITI TEKNOLOGI MALAYSIA 3 P h a S e p Owe r

For connection of wye as well as delta, the
formula for calculation of all the 3¢ powers that
are P(real), Q(reactive) and S(apparent) are the
same

06/07/2009
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A balanced wye-connected load of (8+j6)QQ per phase is
connected to a balanced 3-phase 400V supply. Find:

)line currents

li)power factor

i) Real power, Reactive power and total volt-amperes.

06/07/2009
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Three impedances each of magnitude (15-j20)Q) are
connected in delta across a 3 phase, 400V supply.
Determine the phase current, line current, real
power and reactive power drawn from the supply.

06/07/2009
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“, UNIVERSITI TEKNOLOGI MALAYSIA P Owe r m e a S u re m e n t

— In a four-wire system (3 phases and a neutral) the
real power is measured using three single-phase
watt-meters.

— In a three-wire system (three phases without neutral)
the power is measured using only two single phase
watt-meters.

— The watt-meters are supplied by the line current and
the line-to-line voltage.

06/07/2009
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UNIVEHSITI TEKNOLOGI MALAYSIA P Owe r m e a S u re m e nt

Four wire system - Each phase measured separately

Phase A

Phase B

Phase C

Neutral (N)

VCN \D
06/07/2009
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Three wire system -The three phase power is the sum of
the two watt-meters reading

Phase A PB(I) — PAB _I_ PCB

Vv, =11020V
1, =204-T0°A
Phase C

06/07/2009
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