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CALCULATIONS OF CAPACITIVE TAKE-OFF POWER(CTP)
FROM HIGH VOLTAGE TRANSMISSION LINES
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ABSTRACT. This paper presents the constructions of capacitive take-off power (ctp)
networks in different countries Also,this paper illustrates the effect of switches on the
stakbility cf the network,
The station antena is built by connecting capacilive part of networks consisting of some
condensers in specific arrangement.This arrangement of each fype has series of specific
singularities. The presented amalysis of uses a technique that divides the problem into two
pants; firstlythe capacitive condensers and reactors selection calculations; secondary,
calculation of take-off power antena.
Also,t presents a mathematical modelling of the transient processes in a capacifive take- off
power network.This modelis based on the calcuiation of magnetic flux of a single -phase,
two-winding transformer.This modsg! is represented by non-linear equations. The short
circuit occurs along the sieel core.and the leakage flux coupling the separated coils closes
out the side of core. The mathematical mode! is developed to investigate the conditions of
transient process analysis in a capacitive takz-off power network. The reduction of
avarvoltage during short circuit period is also stdied in this Jacer. Also, this paper suggests
the solution aigorithm using programme techncugs. The final rasujts and conclusions are
presents.
INTRODUCTION.  sgpecia! singularity of capac’. veo take-off power network may be
considered as aresonance circuil consisting of a capzcitive divider and non-linear inductive
of transformation device. Therefore.'he vnitage oi this capacitive transformer at transient
process may induce appreciable distortion of secondary vcitage.This is depended
on the netwerk parameiers,moment of swi.ching, disturbance type, character and value of
secondary load current.At unsuitable rela;enships of garameters, ferroresonance appears in
capacitive transformer voltage network [ 1& 2 1.
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Converting FEroperties of compensating voitage dividers (CVD) are represented by d-phase
star connection of capacitances and inductances.CVD secure the tuning of their networks in
industrial frequency,at which summation® of reactive addmittance amms ¢qual to zero. An
urgent probiem during calculations is security of smalil voitage at selection condenser in the
case of magimum load.lt allows apply as self condensers,like auxiliary apparatus which have
fow isofation class for obtainning low cost network.The light loads of extra high voltage
transmission fines {LLEHTL} may be used in the case of economical source
reliability.Ordinary connection methods of LLEHTL,which are removed from the source and
distribution systems,could't admit suitable economic.

For practical purpose, it rmust be known how au!opa;rametrical oscillating conditions initiate,
like dynamic transient process.For evaluation of capacitive take-off power networks special
computer programmes are used.The computer programmes allow regenerate non-linear
characteristic and modify paam;:!ers in wide range,represent serious problems in the case of
any physical model { 3 }.

CONVERTING PROPERTIES OF COMPENSATING VOLTAGE DIVIDERS

The conversting properties of compensating voitage dividers [CVD] are represented by 3-

ph.star conpection of capacitances and inductances (Fig.1). First and second arm of CVD
(fig.1-a) are connected between feeding line and earth,but third arm feeds the {oad.
CVD secure the tunning of their networks in industrial frequency,at which summation of
reactive admittance arms Y,Y,and Y, equal to zero,and the resistance arms have different
signs.This condition is expressed by the following formula:-

Yi+Yy+Yy =0 {1)
Ams Y; and Y, are connected between the line and earth,which are represented hy voltage
divider and change in requiring line voltage relation.The third arm Y, fulfils compensation in
industriaf frequerncy of Y, & Y, and secufethem from overloading. Voltage dividers, at which
reactive admittances Y, and Y, have one homogeneous case, and an unhiomogeneous case
with different sign,

Main CVD parameters are output voltage, which couple wilh.feeding voltage of transmission
line and divider coefficient, K, :

Kd=VDhIVN=(Y1+Y1]IY1 (2)
where:- Vo - equivalent voltage,equal to load voltage at open circuit.
For substation with capacitive voltage dividers [ SCVD j:-
Kd=VphlV,_=[C,*C2}IC1 (3)
For substation with inductive voitage dividers ( SIVD ):-
Ka=ILi+ L3170, (4)
The vector diagrams of SCVD and SIVD are homogeneous with load currentl, at lagging
power factor.From the previous equations induce that the voltage vector ¥, be in phase with
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phase voitage V., and have low value.This secure their aperate in decreasing line voltage
condition in the low side of transformers.
CALCULATION OF CAPACITIVE NETWORKS TAKE-OFF POWER ( CTP ).

An urgent problem during calculations is-@ecurity of small voltage at selection condenser ip

the case of maximum load.it ailows apply as self condenser, like auxiliary apparatus which
have low isolation class for obtainning low cost network. Decreasing voltage V., may be
controlled by increasing selection condenser capacitance. More accuracy rnay determing
optimal parameters by comparing different variables. But choosing of orientation ability
condenser capacitive at known value of capacitance determine the relationship of it's cost
with equivalent voitage vajue.The cost of condenser approximately may be written an
expression:-
A=K,.C.Vv2 (5)
where:- K;- coefficient,which characterise construction data type ;
C and V- capacitance and voltage of condenser.
From equation{ 5 ) and according to conden's.er cost A,:-
Var = (A / IK(Ca) 1= {{ Aca Voq ) {Ky (Vpn -Veq ) C51372 5 ()
€2=Coq-Cq = Cy U Vpy/Veq) =11 (7)
Voltage on lowaer divider element { Fig. 1.a )is determined by voltage on transformer and
reactor with constant part of V| = V=V, and variable part of V_, which are changed in
vajue and bhase:-
Ver = Veq* VL = Veq T i1 Xieq (8)
Absolute voitage value is :-
Ver = {Vpn? (C4/Cq 12 #(2Ssin O /w Cyg} + SZ/{ Vpy, w? C42) 12
={veq2+(2Ptan0/wceq)+P2/(veq2w2c12c0520)}1’2 (9)
By comparisan between Eq.(3) and Eq.(6),0btain the refation A, =f ( V.4 ).For simplification of
analysis without errars maybe removed negative elements, which have the following
relation :-
Cq C; Cq then:-
A= VeqVon K1 Cy# (82 Ky /Veq Vo WEC) +(2S Kysin Q) /w  (10)
Equivalent volage value, which according to minimum cost of selection condenser is
occured by equating the derivative of expression(10) by V, to zero,from this :.
Vegmin =S/ W Cq Vpy = Vimax : (11)
VL =P /(W CqqVeqC0sO}=P/(wCqV,cos0) (12)
More suitable specify equivalent voitage approach to voitage drop on reactor at full load. By
using the value of V., V| uniquely is occured condenser capacitance value :-
C2=Ct[{Vpn/Veq)-11 (13)
From this discussion remark that,atlarge take-off powers,which give rise to high value of
VL and V_,, may be indicated suitable specify décreasing value Voq for reducin transtormer
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insulation and auxilliary equipments. In these cases, when allowable voltage value of
seiectic’in condenser is given condition at computing take-off network, may use for
determmmg its capacitance by differentiate formula {9 }:-
: T fw.C3 N, IMwIC 2K, 2V s - ST {Sein O +[w2C, 2K,V T 82052 011} (14)
where.- Kz =Vea! Von
At ‘c;ht;os’ing_ of divider upper elements , its capacitance is found at selected power and
allowable voftage drop on reactor values.From Eq.( 12 ):-
—P/(w\lphVLcoso) (15)

For take-oﬂ power networks, when linear relation of condenser is usad,the relationship
Veimax . ‘»lph is l'egorously specified condition.Check of its observance may be fulfilfed by
the following formuia ;-

" S=S=wWC V(G CogisinO [T (CHC V) {18)
With the calculation of preceding may be specified following sequence of devices main
paramerters of c#pacitive take-off power s *
1) Vimax 18 detemined by given vajues of S;,Cqand V..
2) \.Ieq may be chosen accordidg 10 Vimae (Veg Vimar )
3) Capacitance values are C,, = Cy(V,/ Vg )i C3=(Cqq-Cyq)
4) Manutacturing evaluation of Vg, Vimay angd Vo

5) By take-off power S and equivalent voltage may determine step-down transformer
parameters and choose transformer type ;

6) Check al!o@éble-gﬁreﬂ foad by voltage value of condenser C; ;

7) For all regions of loads with transformer current }, calculation, selection device
cheracteristics V3. Veq and V_are determined by analysing or graphic method ;

8) On the base of obtained characteristics, main and auxilliary devices insulation degree are
ability their security is'checked at using capacitive equipment;

9) Make calcufation of take-off power device external characteristics check at approximately
variaoble equipments active resistance vaiues.

@ % seyD , SIVD %§L \IQ"I‘C, L X

- T VL

Y+ % YO [~

' o b5 To S
T ‘ %, 1 VC’IC! ! a

:I; ? =

5 7 < T

(a) )
Fig.t variely homegencous of comip ing voltage divider {CVD); e v'ﬁ VL

a- Caplacitive and ind

campensating vollage divider {SCVI & SIVO);
b- Substation circuiis .

La

L
()



Mansourn Engineering JournaifMEJ),Vol.20,Ho.1,March 1985 E.78

INDUCED VOLTAGE AND_ARRESTOR CAPACITANCE CALCULATIONS
The Problem is solved by the use of mirror image method.At the calculation of conductor sag
must take into account the replacement of conductor by equivalent conductors.The
squivaient conductors height may be determined from the following equation:- +
d=H-(213)h, (17)
where:- H- support points height from the ground,
h,- conductor sag.
Take into account the consideration system is linear,which induced voltages V & Vg on
conductors arrestor may define as a resuitant of all conductors interaction summations:-
{vi=1lal.lq] (18)
where:- { V] - matrix of phase voltages;
(a] - matrix of patential coefficients;
[ Q1 - matrix of [inear charges.
Potential coefficients of self a,, and mutual a,,, are determined by the following forms:-
30 = Kegbp{ 20/ 1)
4nm = Kag b { Bpm / agm ) {19)
where:- K, - electrostatic coefficients = 18 X 108 km/F;
r, ~radius of nth conductor;
h, - height of nth conductor over ground surface;
B,m - distance between conductors n and image conductor m;

an, - distance between conductors n & m.

Capacitances are determined by geometrical parameters and dielectric permeability of
surrounding medium.The capacitances are suitablly calculated as follows: -
a) determine capacitances with self values counting as follows:-
Com®Cam * SUICinCimM(Cin* CnMI-UCnComMCon* C oMl {CrrmC i (C ran* Crnn)} {20)
where:- C, ., Cin, Cimp Cy 2nd Cp - are partial capacitances of conductors.
b) determine self capacitances ofconductors as follows:
Cn= * Gy (21)
¢} determine capacitances with counting of self capacitances as follows:-
CI'Il'll =Cnm +( C||I‘| C(\rﬂ) I( cnn + Cnm } i 22)
TRANSIENT _PROCESS STUDY

As shown in Fig.3,the experimental investigations of voltage capacitive divider simulator by

extent of exposure can be considered as two typical disturbance types:-

i) Light or small disturbance - occurs when voltage capacitive divider (VCD ) networks are
connected; and

i) Heavy or large disturbance - occurs when short circuit at intermediate transformer
ferminats,is switched off.
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Transient process analysis,at small disturbances, is very imporntant for determining values
angd durations of secondary voltage distortion. Algo, it is suitable, at large disturbance, for =«
preventation (erroresonance stable cnditions [ 4). At large disturbanca, the reactor volt-
ampere characteristic { Fig.4) may affect the transient process initial conditions.This is true
because short circuit current value depends on the non - linear inductive compensating
degree { 5 ). For studying transient processes,selection of transformer equivatent circuit is

very important because resonance property is mainly determined by the relationship of

volt-amperes characteristic of intermediate transformer divider at no-joad.
The known non-linear models of local single-phase,two-winding transformer are based on the
distribution or division of the magnetic tlux, generally, for two transformer coils. These coils
are closed by the steel core. Large flux is coupied with separated coils, which are closed
out side of core.Constructed T- models equivalent circuit by these modeis is very suitable
to represent normal Ioacis o;;erations and transient processes conditions. But these
models are unsuitable for research conditions of trﬁnsfé}lt processes in the case of separated
coils unsymmetrical loading.for example magnetization current surge.For satis-fying this and
other requirements,it is necessary to use the -nominal equivalent circuit of transformer.The
transient process in networks with capacitive take-off power research,can be classified into
three modes({fig.3).These modes are:.

i) Connecting capacitive take-off power device,in this mode key Sﬁs closed and keys S, & S,
are opened;

i) Connecting load, in this mode keys S, and S, are closed and key S, is opened, and

iif) Short circult of load,in this mode all keys S & S, and S, are closed.

MATHEMATICAL MODEL

In this work, the proposed mathematical modetis constructed to represent all the above

three cases.This model may utilize for analyzing transient processes as in capacitive take-off

networks,like in inductive networks { Fig.5 ). From this figure:-
Vph = Vug + Vgp Vg4
where:- Vg, =(1/Cq) iy, dt H
Vg2 =(1/Cy) ig dt 5

(23)

Va1 = gy Zgy Tige Ryy + Ly P gy

From Eq. ( 23 ):-

Von ={1/Cy)  igqdt +{1/C3} igpdt +iggRyq+ LyyPigy (24)

ige =g *ip i (25)
Var-LpPiyVp-Vyq-V, =0
Vaz- {5 PRy -Ryq)ig =Ny A p (B, -Lg )3 {26)
Vy-Vg-V,=0
NyAyp(By-Lo)-LePiy-N A PB, =0, (27)
Ve -Vig-Vye -V =0

-



Mansoura Englineering JourneifME J),Vol.20,No. 1, March 1985 E.78

NyA P B -igRpp-i (R + Ry +Lgy P)=0 ; {28)

By =B, (A /Ay )-Fg/ (A Ry) ;

B =i tige !

ip= (hy My ~F 0Ny 5

iz (LH +F )N,
where!- Lo =Fglge /(NZAY ) Fe=RoOg Ry= N by = N2/ Loy

VV'—'N,Arp(B,-L,,_. b Ve=N, A pB,; p=d /dt

To solve Ihese equations, a self- constructed mathematical modelis used. This model is
based on the solution of a simple first order differential equation using any suitable nume-
rical method.Here,in this paper,Rung-Kutta method is used to caiculate magnetic flux then
find Vyy, Vg2 and V,, against time. Of course the proposed mathematical model is
accomplished carry out on the computer using its algorithm and FORTRAN program.
To carry out it it must be accompanted by the following procedures:
1-input data { e.g. Ny, Ny, 1, ‘y' A, Ay,..“.....;a) 2re anown;
2-Initial conditions(variable values at t=0 .g.1 4,B,5,Byl3Lse10lgc20-) 3re calculated.
3- Use the disturbance of Rung - Kutta method to compute the different valuse of voltages by
changing time ( from t = 0 to t =t+ where is choosed suitable interval to obtain high
degree of frequency.
4- Repeat the previous step to obtain the final results.
5. Repeat the above two steps( 283 )forload equnlto zero { i.e. no-load condition ). This is
fuififled by opening key S,.
OBTAINED RESULTS

After using the mathematical model to solve the equations,the obtained final results are

recorded in the form of relations between voltages and time in two cases:-
a-closing the key S, ( i.e. system is lvaded );

b-opening the key S, { i.e. system is unloaded ),

From Fig.6,it is noticed that the amplitude variation is the same in case(a)or (b ).Butin
Fig.7, in case (a) it is shown that a sudden change in voltage is occured and becomes
nonsinusiodal waves.The change does notexceed 2 % of the fundamental harmonic. In the
case (b) harmonics are noticed.

From Fig.B,it is noticed thatthe amplitude is not changed in the case (a) and another
harmonics are appeared.But in case (b} the voltage amplitude is changed, overvolitage surge
does not exceed 13% of the fundamental amplitude and another harmonics are also appeared.
Obtained short circuit results at the reactor in capacitive take.off network {figs. 6,7 & 8
Jproved, that® short circuit at transformer intermediate outputs has no effect on the divider
voltage elements of first arm {arm of C,).But 2 affects the second anm (arm of C,) elements
and ailso the compensation reactorMany subhamonics are appeared in the case of second
arm loaded system and compensation reactor loaded or unioaded system.
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SOUCLUSICYS

A A

¢.T%13 maper gresents the construction of capacitive take -off power { CTP ) networks

-

L A R
- *~aur calculations for high voltage transmission fines (HVTL).

2y -2 naper has proposed a suitable mathematical model for cbtaining the influence of

processes { short circuits ) on the elements of voltage divider .This modelis a

trrssiant
<eesc il one and may he used as for capacitive as for voltage divider.Determined divider

UMLK may be simulated ‘with specified parameters and applied researching.

tathanmatical results 2re checkad for physical models.This check verifies the applicability of

matk2r-atica! models.

'Fea.sng the phase voltage decreases the overvoitage at divider elements during the
g g g9

sher wiecuit across the compensating reactor of take-off power.
1'Cornegtion of active resistance in series with the compensating reactor is considered as the

~63t 2iective ageat- supressing overvoltages and in capacitive take - off power networks.
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NTENCLATURE

q. . Phase voitage;

V.,a V., Potential ditference between two parallel plates of C,&C,(divider arms 1&2);
30 The current in the first and second arm respectively;

Reactor and transformer secondary winding current respectively:

Load and short circuit currents respectively;

LR P

No &y Transformer primary and secondary tums number respectively;
Ay Transtarmer core and yoke cross-sectional areas respectively;
L3, Transformer core and yoke magnetic circuit length respectively;

Transformer core and yoke magnetic circuit magnetizing forces respectively;

w
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o, Leakage flux;

R, Magetetic resistance; -

R 18R &R,y Active resistances of switches Sy, Sy and S, respectively;

R &Ry,8Ry;  Active resistances of load,transformer primary and secondary winding;

R & L, Active resistance and self inductance of reactor;

c,&¢C, First and sec;:nd am capacitors;

L.1&L 8L ; Selif Inductances of switches S, ,99 and S, respectively;

B, & By Transformer core and yoke magnetic cireuit flux denisities respectively;
Lecy & Lea  Transformer short circuit inductances { 1 & 2 are related to the primary and

secondary windings ).



Fig.2 Arrangement of conductors relatively the earth and their mirror images -

Fig.3 Capacitive take-off power network .
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Fig.5 Capacitive take-off power calculated natwork model.
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Fig.6 No-load or loading system transient processes resuits
( voitage divider elements is C4}.
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