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CHAPTER VI

VOLTAGE SCLUTION

Voltage Solution System is devided into 8 parts. They

Are -

6.1, Input.

£.2, Voltage ealculation.

6.3. Power and reactive power pgalculation,

5.4, Injeotion current for power and fixed rcactive power correetion,

6.5, Injection current for power and Synchroncus condensor
correctiaon,

6.6. Injectien current for offemominal ratio transformer.

£.7. Hethod of estimsting the value of offenominzl ratio transfeormer.

6.8. Selectien of actual value of off-noninal retic transferncr.

This system can be discussed into two major groups

without the input part.

The firast group consists of part 6.2 to 6,6, It is

zhout the convergent pothed when the conditieons are speeified.

The second part consists of part 6.7 6.8, dealing

with the tap change selection.
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Theas two parts must be worked together, for new
estimated value of tap changes, the convergent methed is needed.
The final reswult is that the veltage is ot 1ts limit or ftap change
exceeds its limit, Unfortunately, these 8 parts can not be put

together, because of the limitation of the computer size.

It iz fipally decided thnat this section nust be devided
inte twe programmes. The firat one comprisss the first six parts
and part 6.7. When the estimated valuc of the transformers have
been obtained, thsy are put into the second part which comprise
of the 15F 3ix parts and 6.8, Then the z¢tual tap-change and the
final voltages will be obtained, and will be used for the output

progranme.,

There is a corrcction, part 6.2 to part 6,6, whenever
'

any¥ busbtar is coneidered. Tap change will be considered at =a

certain cyveles after all busbarse have been consldered.
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Input,

The input of this system is guite complicated. Date
must ve carefully prepared, cven though +tho programme is

arranged as sirply a5 possible.

Mhey canziat of:

1. & Bet of acstive and reactive power, Goenerator and
load have g different sign, and the data is their
summation. Geporater has n positive sign, load has a
negative sign.  Synchronous condenser is defined in
teros of SX{m}, the maximum limit, SN{m) , the minimum
limit. Reactive power is also defined in terms of SN(m)
and 5X{m), but the walues of 3X(m) and SH(m) are the samc.
In case of a synchronous condensoer and rectlve power or
load are the seme on boath SX{m) nnd SN(m) but maxicum

synchronous conpenent on SX{r) and minimum synchrencus.

enrponent in SN{m).

2.} A sct of specified voltage busbars and their

allowable limits.

On the two terminals of the transformer, = load
side, B, shouwld be mt the nominal veltnge, and s very

small allewance, in this case .01%, is provided.

1 1BB B3I 7
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Tre otherside, m gencerator, has much larger allowance,

in Y.E.A, case it exce=ds 6%,

In gase of tarminal without transformer, thers is
ne test for bushor wveltapes orror, since busbar voltagss

depend uposn the terminal power,

2. A set of transformer connection and translorner
admittance., There is twoe bushar numbers between a

speoificd transformer, the first one is A busbar,

4. & set of iniddial dinjected current. This Im{

k)
iz obtained from the input programme.
Sa A sch of inverscd matrix. This is an impedance

matrix inverted from the admittance mnatrix, obtaincd

from the pmatrix inversion progrocm:,

Voltage Computation,

Busbar voltages are the results of the matrix
rultiplication vetween the systen admittance matrix and a

column of totol injection eurrent
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Power Czlculation.

It hes been shown previously thmst tho tetal injected

current consists of three components,

1. Intial injeected ¢urrent, Im. This can ke rogarded as
A system data, and does net crez® any power for leoad

or Fenerator.
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Injection current, Is' This is = represcntation

i

of generator, leed or synchronopus ceondenser depending an

the sign and Kind of power.

Henece 5

v x I_(K)

or  P+jg EUP(K]-jUQ{K}){ISP[n}+jISQ(K}} {6.2)

B This amount of curreant

iz added to compensate the off-ratic transformer effcet

Injection <urrent, IA of T

when the same nominal Tatid ingendznee natrix is still
used. In this report it is referred to as HCP(j)+iHCR(3)

of a particular bushar.

Hence the busbar injection power ean be found

§ = Vv {K) x {I{K) - I_(K} - HC)
or P+jR = (VP(K)-3VQ(K))({IP(K)~I P(K)-HCP)+j(Iq{K)-
ImQ(K}—HGQ)] (6.3}

where HCP+JHCQ i1is an I, or

n IB depending on the connection.
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G4, Fomer cosorection irdeciod current for constant rsactive power.

¥his part is considered seolely on 2 lood or gpenerater
which is constent, The main surpose of ¢orrection is to keep
the caloculated power as cloze to the specified valucse as
possible,  The bushar voltajpe depends oo the load or genusrater,

and carn noet Lo correected,
If PElm)+jea{r) is a specified lomd or genevater at node m,

SP{m}+33Q{r) iz & coumputer load or generater.

A P = PGIm}+icG{n) 0 - SP(m)+ 385G {m)

e
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Power that should be increased from the caleulated

power

Pa({m) - &8p(n)

A 8P
A sq

1]

Q3(x} - 5Q(m)

In case of d1tteration methed, the busbar voltage at

that ¢y¢le of calculation, ?{m}, can bz uscd in the equation

ASP+j ABY

v(m} ‘A Ts

= (VE(m)=jve{m) }{ A IP+3iNIG)

fl

QIPE"'j&.IQE {8 8P+ A8Q)/ (VP(m)~3VQ{m))

A IP_ = {OH 8P x VP{m)~ nsqxvq{m},”(wa{m)...
veS (m)) (6.4)

Fi IS, = (.ﬂ.SvaQ{mh.ﬂ,SvaP{mV(VPE(m}+
veZ (m)) (6.5)

These amount of current is added te the total injection
current, This injection current is adjusted every  iteratlion

until the final results exceed the 1imits of specified power,
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£.5., Calcuwlation of residusl currcots for a variable reactive

power busbar.

A4 generater busbar or synchroncus c¢ondenser bushar,
on which the busbar reactive power can be waried, can be

considered by the following method.

This method is used to try to keep the voltage and

the aective generated power at a predetermined values.

Suppoee the voltage at a busbar after the nth cycle
iz V¥ and that s current Is was injected in the previous
n' n-="1 J F

cycle., The power calculated is

-
P = R{Is , . V)
Therefore AT (the ecorrcction power nt the busbar) is

FAN - = P-P
n
where F = dcsired power at the busbhbar.
Therefore: a ¢urrent 1 should be further injected at

the bushar te preovide this additional power F according to

the follewing egquations:
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AP = RATI « V)
or AR~ = QIPVP
where . FAY IP + j&Iq =M1 {36}

For any Junctien m, we have,

Vm = zm1v1 - -ittroo-ZmIm "'jiioaozmnIn {3‘8}

wherae Em'l to Zmn constitute the mth row of inverse of ¥

Ignoring the affect of changes at cother bushars,
2 change in voltage £i1V will be produced by this change in

curront M T such that

ﬂv .—_E-.V.P+ja"!q :aIZTﬂﬂ
Therefore Fa) ‘U’P + j,&vq = { N IP + jﬂIq}(H + jxX) (39}
where & = R + jX
mo
Thercfore FAN = AIR-ATX
F P q
{40)
A vq = A IqH + A1

As this ghange in veltage is to be such that the

finnl voltage has a magnitude V
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[V, + avi = |V
or 1'&FP+j‘u"q+ A ‘LFP +  Gf Uq!l = 1U'[ (1)
2 2 - 2 2
or Vp *+ f_\.‘fp + E?P i "uPal- vq + qu VI] + A Vq = |v}
] 2 e .
Heplcating f\ Vo and f Jq and noting that
2 e o oyl
'U'P + J'q = \ .?n\
BV ANTVo+ 2V AV = jviZ oqv T - § 42
P P q q 1 n\ -
Substituting for V., and Vq from equs. (40}
- - I
2Vp( A IR - A T X) + 2V (AT X « AT R) = 8§ (43
From equation {35)
a1, =8P 8717 (1)

substituting for A I, in cgn.{43), and solving for N Iq

AT _ 2APULR + ¥ X) - 4 v,

Ll.‘
Q (43)

Elvniz.x

I, can then be calculated using eqn. (443,
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6.5.7. Correctced injection current selcetian,

The walue of busbar wveltage is influcnecd by a
busbar:rﬂactive power., The sSynchronous condenser is
terminated to compensate for the effect of reactive
load, it will raise the terminal.vultagc. For the
fixed reactive power busbar, the injected corrected
current is used through out . In the case of variable
defined reactive power, (if the value of calculated
rcactive power execeds the deflfined limit, while the

voltage is not} then the best voltage can be obiained.

Hence, when the ealeulated reactive power exceeds
the fine limits of a max. or min, defined wvalue, with
a tendency te go over the limits, thc ¢orregted
injection current for fixed defined reactive power is
chosen with thet max. or min. defined value as a
limit, When thc caleulated recactive power is ocut of
limit, busber voltage will be exmamined first. 1f
the corrected reactive power tends to go inte limit
with a better voltage value, the methed for
variabkle reactive power Is used, if net the method for
fixed reactive power ia used trying to keep the

caleulated reactive power to the limit.
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At 2 3 is the differencec betwecen the masimum

reactive power difined and the calculated renective power.

If Sx is esqual Sn, it shows that the reactive power
difined is o fixcd one, Thus the path & is selectcd, and
passes to 12. If the value of reactive power does not

ax¢esd the limit the indicator will be recorded.

At step B, the cnlculatced reoctive power which is
higher than the maximum allowsble will be passed to step 6
with an indicator recorded. The one whieh is lowcr will be
tested at 7 thet 4f 4t 1s in the fine limit of Max. defined
value. If it is, step G is chosen. The busbar voltage will
be considered st step 6, and tho appropriates mcthed is

selected,

Step 9 through 11 is the same as 5 through 6, but
minimum resctive defined power is used in placed of the

Max. wvalue,
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6.6 Residue current for compensation of an off-nominal ratic

transformer.

When a2 tap of a transformer is changed to an eoff-
noninal ratio, the nodnrl and mutual compenents of an

admittance metrix will be altered.

A N n B
rt+————JVUVUVb—~m—“jﬂ
1
nin- 1Y % T (n-1Y
| |

T equivalent of an off-nominal transformer

A solution of 4 busbars at neoinal-transformer may be

I, = Tgq K Eyg Yy ¥4 )

s Yo Tap Yazo Ty Va 2

I e Tap Y33 Iy Vs 3

Iy e Yup T Ty Yy 4
A Y B

Admittance representation of a nominal trandormer



If there is a transformer between busbar 1,

with busbar 1,an

LA node,

48

busbar 5,

end busbar I, a B node.

¥ = =¥

At off-noeminal value, the mutual admittance will be

!

changed to be Y}1

=Y + ¥ = n¥

13

and nodal adpittance will becore

’
L

5
Yi3

Hence thoe 1St

= qu - ¥ + nf{n~1)Y + nY
L

=Y,H-3.'+IIY

= Y}3 -~ Y + (n=-13¥ + In

busbar egquaticn become

! . g
I, = ‘fﬂv1+f1 v +Y1§V3+Y Vq
4 s Vs
— 1 - -
= Y11J1+{n T I}I +I12v2+r1}v +(I nY )V +Y14“4
iy ;. 'y r 2 & A
- 1 -_ —
= IT1J1+I1EHE+Y1}V3+I “vu+(n Y Y}v1+{f nY}v}
7 4 £ / rs
or 11-IA = Y11I1+Y1E?E+Y13V}+Y 4U4

where I,
A

2 F) F)
in Y—Y}Vﬂ+{Y—nY)VE

£ ¢
fn—1}Yﬂh+1)VA—UB)
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The 3rd hushar gquation begone

’ P LA /

= 1 ) v
I:5 Y31I1+Y32HE+Y}3 3|+‘1534 "

! 5 f !

/
= Y}1V1+Y52VE+Y3}V3+Y54V4+(Y—nf}?q

’ iy s ) ¢

or Ij+IB = Y},]?1+Y52VE+Y}5V3+Y}L+?£+
F)
where IE = {nY-Y}?i

The first approximate IA and IE will be started with

¥, and VE which are the voltages of the latest gyocle. The
residue current obtaipned in the first cyclec mny mot be the
right correctcd value, but it will converge 1n the 1oter

cycle, the results will be obtained at any precision

desired,
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Tap change carrection is performed cvery tioe a
hughar is eonsidered. 411 transforner wlll be considered
one A ter anvther. When one is picked up, its A terminal will
be exzmined whether it is the same busbar considering. 1If
they are not the same, the next transfermer will be chosen.
In case of the same busbar,ﬂlﬁ andd8l_ corrcction will be

b=

worked aut.

A IE will be replaced the previcus values of this
transformer which were obtained in the previcus consideration
instantly. They will be replaced in their bushar fotgl
injection current and regarded as the transformor corrccted

injeoted current constznts for that busbars.

A IA af all tranaforners 1s added together, and will
be replaced the grevicus values when all tranaformers

have heen considered.



f.7.a. HMethod of cstimating the tap ehange walue,

A

fire [im % P M
,l.FJ.“'Dw.'i bi'E
& [vema f
_.;:. [, .“.}'.':“‘".C! T«I___i
= N B
&'| value Allowable limy b
-— 3+ X _
Fila 14

Transformer is uBually used to keep the voltage
at A lozd busbar to a specified valug. The other
bushar has no necesaity to keep the wvoltazs wifthin

a fine limit.

Hence, the purpose of adjusting the tap-change
iz teo keep the lead terminal voltage whilthin the
closed limdt of the nominal value, and in the same
time the other busbar voltage must not cxceua its

1imit,

The busbar which recclves a power has gquite a
large }imit, it may exeeed 6%. The voltage at
this bushar must not exceed the limit, since it way

Cause a dAmagC.
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Behavior of a transformer.

vy, 1 ‘ A ’ [
W
i . nal volfage

Vﬂfﬂqg

R
Fig. {5

In a complicated power system, as in the s2xample,
which is in tkhe Ward and Hale{il) report, the behavior
of a transformer cannot be predicted exactly. Since
load bushars of a transformer arc connected to others,
tap thanging would cause z dircet effect to them. If
Ehe ratic is raised the lecad terminal buskar will be
raised, then the next busber must be raised to keep the
power flow constant. In fhis casc, at first the power
input terminal voltage may fall to a certain value and
then raise. No formula can be supplicd to complete the

correction,

In this pethed, a simple theory is used to find tap
changlog,and the behavior of both bushars are examined

cloGely.
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An assumption of the behavior of the tap change
iz that
n VE ?A
decreascd desreased increased
inersnscd inerensed decrensed
L A tap will be adjusted to keep UR and ?E equnl,

When they are equal, difference of their wvalues is
less than a certain liemt, V. will be adjusted to 1ts

A

limit if VH 1les between its Max, and Minm. ligat.

2 if VB is lower, =2 tap will be adjusted to keep
VA and VB equal. And then if VA 3till lie=s in its
limits the tap will be changed further until defined
VA is obtained or vB gxceads its lower linit depending

which candition is obtalned before.

A Tap will be adjusted until the defincd ?B iz obtaines
b, 48 in case 3.
5. It UE is higher, ﬂh and vB will be adjusted to be

equal first. If UA s5till lies in its timits, UE will
be adjusted further to be the defined wvalue 1f UE has

not renched it Max, limit before.
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V. ognd ¥V_ will be adjusted to be gqual, If W

A B Fii

lics in its limits, it will be the same as in (5.
All transformer are considered one after another,

When o particular one is cheosen in 1. The
informoation about A busbar will be worked out, then
step 4% is taken. Ir step 4%, if thce 4 busbar woltage

is highe#r than the max. limitk, II is defined oy 1.

If it is in a fine limit of the wax, 1limit voltzge,
IT iz defined by 2. If its ie lewer than the lower
limit voltage, IY¥ iz defined by 3, If it is in a

fine 1imit af the min. limit wvoltage, II is defincd 4.

Aind it is defined by 5 il it is betweoeon maximum and

i ndmum lisdit. Henee the position of I, woltage is

A
defined completely with IY'

Then the imformation sbout B busbar is worked cut
and then step 9 is takesn. At the 2th step and 10th,

V. is compare teo V

B if BV_ is bigger 11th step is

al 1

¢thosen, 12th step for egqual, 13th step for VB is le=z=,

The seleetion of correction nethod is elearly

encough in the {lew diagram.
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£.7.b. Method of finding & new off-nominal ratioc.

Aootth oy B
!_,_._.. r._..._..[ ._'. [ ..... —_ T

Fig. 14

Assunptions are made .an this following methogd,
and the results obtained from the assumcd components
checked carefully. A delay econztant is used to reduce

the eflfeet caused by the correctkion cornponents.

It is assumed that : n = R

S0 that v = UEfn

In case of ¥V is off the limit, and YE is the

defined value.

vﬂ may be assumcd constant,

van = Uﬂ = constant

L HEUKHO = constant
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here v and n_ arc the value at off-defined

BO O
voltage
then vsfn1 = constant
= Vpo'Mp
r‘o [y} = v-n(f
¥
1 s D BG

where n is the desiresd off-naminal ratie
il

- . . D = (nonn1).a
whero a is a delay constant,
. HMew oalf-nominal Tatio = n.+ n

Actual transformer tap obtaining.

The transformer used in this report is based on the

transformer beleonging to Y, E. i,

There are five taps included nominal tap on the input
terminal, maximum deviation veltage is - 5% of the input

voltage.

There are 31 taps included nomdnal tazp on the input
terminal, maximum doviation voltage is - 10% of the output

voltage.



Input terminal

nominal
230 I 11.5
230+ 5.75

Qutput terminal

nominal

69 X
pa

+

I+ 1+ I+ 1+ 1+ 4

1+

b6

.92
1.38
1,84
2.3
2.76
3.22
3.5
b,14
.6

tap Wo,
16
15
1k
13
12
11

10

V. dinput

v .

230

235475

241,55

input
69

09 46
£9.92
70,38
70.84
71.30
?1.76
72.22
72.68
73,10
73,60

tap Ho.

tap No.

17
18
19
20
21
22
23
24

26

S8

Y. 1nput

224.25

218.5

V. io»—*

68.54
66.08
&£7.62
67,16
66,70
6E,2h
65.78
£5.32
6l . RA

Gh, 4o
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tap No. V. input tap Wo, ¥, input
nominal 16 69
69 2 5,06 5 74,06 27 63.94
I 5.52 " 75.52 28 63,48
2 5.98 3 74,98 29 63,02
L SR 2 75 Ll 30 62,56
2 6.3 1 75.9 1 62.10

Nominal turn ratio

Output voltngc

Input voltage

69/ 230

« =« Per unit turn ratio

Qutput voltapge x 230
Input voltage &9

Qutput voltage / Input voltapge
9 2530

100L Cutput voltage %/

i)

100= Input voltage %

.%. Haminal per unit turn ratic = 100100 = 1
Maxinuw per unit ture ratio = {100+10)}/(300-5]

= 1.157895
Minirum per unit turn ratic = {100~10)/{100+5)

= La9714=
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In this voltazge solution, the estimated off-noninal
values hawve hoen obtained frow the previous ocperation. These
valuces may not be exst in the actunl tap value., The problem
is to =meleect the ntarest actual tap, These value may be the
lower nearest of higher nearcst depending upon the ?A

voltage. If the ?ﬂ is et max, limit voltegc, the higher

heprest should be chosen, since ¥V, will c¢hange ta the

A

cpposite direction t¢ the transforaer.

The walue of turn ratio is found from the previous
formalae. DBoth volizages z2re first set st the mindimum

values and then incrensed step by step.

I the Vq poaition indicator, and TR iz read first,

11r1
The next step Tr will be checked if i1t is egual to nax. or
min, velue, If it 1= the next transformer will be considered.
If it is not, min, primary voltage, maxiwum reference and

min, roference will be set in stocp . And min. sccondary
voltage will be set at sten 6. Turn ratio will be computed
in step 7 and compared to the estimated valne, Tf it is
greater it will be conmpere with max. roeference, and will be
replaced the walue of max, refersnce if it iz lower., If the

computcd turn ratio 15 less than the road gne, it will ke

compared with a min, reference. It will be replacad the nmin,
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referconce value 1f it is greater. The prigary and secondary
voltage will be inerenscd step after step, at each increment
z turn rntio is computed and step 7 through 16 is performed.
Finally the max. ¢losest and minisunm ¢losest tap values will
be obtained. The actual tap vzlue will be selested accoréing
to the position of IA in step 17 and 18. Then the new
transformer is choscn, When all transforrem have boen
corrected. The woltamge solution will be reecalculated until

convergence is obtained.

Dutput of the voliage solution.

In the estimated turns ratio voltage solution, the
cutput iz the values of transformors and their IA roddtion

indienters.

In the actuzl turns ratie voltage sclution the output

is th? values of woltages and the values of transferners.
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