source Load

©

Y
I

Vi

= line losses:

2-i2R=2-i2’%l l.e. for 2 lines

= to reduces losses
 reduce R ( limited)
* reduce |
= to transmit the same power, reduce / and increase v

= hence high voltage (HV) transmission systems
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" = generation is limited to approx 20 kV, due to insulation requirements
" — loads are limited to approx 10 kV due to
* safety
* Size
* insulation
— we must change voltage levels to transmit high power
= to change voltage levels, we must use
* transformer

e ac system
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._»_ generation transIT\i/ssion distribution LV
(66,11, 3.3 kV) 0.4,3.3, 11 kV
.’ (20 kV) (330 kV) ( )

= generation
e up to 25 kV
= transmission
« 110 kV — 1000 kV ( 110, 132, 220, 330, 400, 525, 750 kV)
= distribution
«3.3kV-88KkV (3.3,6.6, 11, 33, 66 kV)
—> consumer
«0.19-15kV (0.4, 0.55, 3.3, 6.6, 11 kV)
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rectifier inverter

) OO—1DH——1KH—O—

HV ac

= HVDC is employed where
* transmission over larger distances ( >500 km)
* interconnection of systems with different systems (eg 50 Hz to 60 Hz)
* back-to-back in a substation for power flow control
= Examples
» Gotland — mainland Sweden (1954) —submarine cable
« Xiangjiaba — Shanghai (2071 km, 6400 MW) -longest
* Inga-Shaba (Congo)

» Cabora-Bossa — RSA? EEE 3352 / UNZA



v=V, sin at

i=1,sin(ax — @)

P=V_ I, sinax-sin(ax— @)
=Vl 3cos @ —cos2ax — )]

P =VI cos@—cos(2at — @)

% v J ~ J
constant varying
at 2f
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20000

10000

0 pW)

-10000

-20000

t (ms)

= single phase systems have large and undesirable fluctuations in
instantaneous power
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150

100 -

9]
o
!

—-— VA
= VB
- VC

VA, VB, VC (V)
o1
S o

100 4,

-150

Vg = Vm sin @t
vg =V, sin(@x —120°)

vg =V, sin(ax —240°)

16 24
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power for phase A

Py =VIcos@—cosLat — @)
power for phase B
Pg =VIcos@—cos(Cax — @ —240°)

power for phase C

Pr=VIcos@—cosQax —p—430")
total instantaneous power
P - PA + PB + PC

=3VIcos@—VI|cosQax — @)+ 2cos(2ax — ¢ —180")cos 60°]
= 3VI cos ¢ — VI[cos(2ax — @) — cosRax — ¢)]
=3VIcos@p—0

P=3Vicosg
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= advantage 1:
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Three phase transmission:

= instead of having 6 conductors between the generator and load, we can join
the windings together as shown and simply have 4 conductors
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iA =Vm(Sinwt—¢)

iN - iA +iB +lC
=1, [sin(@x — @) + 2sin(@x — ¢)008120°]
=0

— the current in the neutral conductor under balanced conditions is zero

= therefore, we need only have 3 conductors for our three-phase system

— advantage 2:
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\\ 1800 // \ !
\ / /

= if the stator of the generator is wound for 3 separate phases instead of just one

single phase, we obtain @highenvalueiohdistibutionfactor
. the result of this is that there is bigger value of space factor

— advantage 3:
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terminal Line A teeminal Load
- : ' star point
|
|
| Zy /P |
|
Neutral | :
® : |
\ FANL
|
|
Line B | |
*>— ZL/PL |
Line C : |
Z \
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= balanced supply:
* means same magnitude of voltage every 120°
. Vy=V,/0
Vg =V,/120°
Ve =V, 1240°
= balanced load:
» means same impedance in each phase every 120° 7, =7, /¢

« same magnitude and phase

» this is normal large 3-phase loads, not so for individual single-phase loads

— balanced system:

* means both supply and load are balanced
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(o]
Va =Vp/0
A

)
\U»/
ZL /DL

N
PA | Load Star point
B Z /P
o——"" ZL/d
C
@

Ve =Vp/-240° Vg =Vp/-120°

= subscript p: phase,

« means looking at one phase
= subscript L: line,

* means looking at three phases
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= A balanced supply voltage applied to a balanced load gives a balanced set of
phase currents, same magnitude and displaced every 120°

Vi

Va =Vp =V, cos 30°

VL:\/§VP
IL:Ip

Powerinone phase P, =V I ,cos@;

Vi phase voltage magnitude
ly: phae current magnitude
VB
e o angle between V, and /,

Total power in three phase
P, =3P, =3V I cosg, =3V,I,
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I_N
5

B B
ZL /D
ZL/PL
c c —
VL=V, Ia=1ag—Ica
IL = \/glp

pP,=V,I,cosgy

Pr =3P, =3V,I,cos¢; = V3V, I} cosdy
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Wattmeter responds to average power

Pyy =vilzy
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In this circuit

PAV = Vi‘AV ="VI COS¢L"

/DL
where
V: rms voltage at terminal of meter
l: rms current into meter
. angle between V and / supplied to
the meter
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"ReadingH:"VI COS¢L"

=V,1,cosqy,
ZANA S power in one phase
Neutral | P,=V,I, cosg
// —_— total power
Pr =3P,
=3V,l,cosg;

Pr =3X"meter reading"
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— connection:

- current coil of P, and P, in any two of the phases

* negative of voltage colil of P, and P, both connected to the 3rd phase
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Meter Readings:

B ="VIcos¢"=V, .1 ,cos(¢; —30%)
P, ="VIcos¢"=V, I}, cos(¢; +30°)

Pl ZVLIL COS( ¢L —300)
P2 :VLIL COS( ¢L +300)

Ib
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Power:
B+ Py =V, I, cos(¢, —30°) +cos(g, +30°)]
P+ P, =V I; 2cos@; cos30°
P+ P, =3V, I} cosgy
=Total Power
Power Factor:
P =P, =V, I, lcos(g, —30°) - cos(g; +30°)]
=V, I} 2sin ¢; sin30°

= VLIL Sin ¢L

R-P _ Vi I sing;
B+ b \/§VL1LCOS¢L

1
= ——tan
R

Power factor =cos¢;
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advantages of two-wattmeter method:

N4 * No neutral is required, eg neutral may be buried in motor
« from the two meter readings both total power and power factor can be determined

» this method is valid even for unbalanced situations, ie total power is equal to the
sum of the readings.

K‘m\ ia v Pl = (Vacia )‘AV — (Va - Vb)ia‘AV

> a . X
E@— Py = (Vped)| gy = (p = Ve)ip| av

ZL /DL . . . .
. B+ Py = (vi)| av + i) av —ve iy +ip)| av

(0]
e if there is no neutral
ic / —— ia+ib+ic:O
A
Ve

Vb

> e therefore
@ ob B+ Py = (Vi) ay +pip)| av +(Veie)| ay
P;

I)1+P2:Pa+Pb+PC
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A

/ Ir

a

/
o

Real power = P= Vicosp, = VI, [W]
Reactive power = Q= VBing, = VI  [VAr]
Apparent power = S= W/ = I  [VA]
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P

ZL/PL

/

/

/

‘®
" \ }
Vc ’ Vbc

o

Meter Reading ="VI cos¢"=V,,.I,cos(90° —¢; ) =V, I} sin @y

Reactive Power in one phase=V [, singy

Total Reactive Power Qp =3V [ ,sing = \@VLI 1 Sing; = V3 x Wattmeter Reading
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Examples

A 3-phase 50-Hz supply has a load comprising three similar coils connected to it
in star. The line current is 20 A, with associated input apparent power of 20 kVA
and active power of 11 kW. Determine

a) the line and phase voltages
b) the input reactive power

c) the resistance and inductance of the coil.
If the coils are connected in delta to the same supply, find

d) the line current
e) the active power.

2) Each phase of a delta connected load consists of a resistor R and a capacitor C
in parallel. When connected to a balanced 3-phase supply the “two-wattmeter”
method gave readings of 1000 W and 500 W, the line voltage being 400 V, 50 Hz
and the line current being 2.5 A.

a) Calculate the load power factor using the total power, voltage and current

b) Calculate the load power factor using the two wattmeter readings only

c) Determine the values of R and C.



