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SECURING ALLOWABLE VOLTAGE LOSSES AND STANDARD VOLTAGE CHARACTERISTICS

I. Trunova

Kharkiv Petro Vasylenko National Technical University of Agriculture

The mathematical model for studying the possibility of securing standard voltage characteristics is analyzed and
the model with taking into account requirements of new normative documents about voltage losses and voltage varia-
tions in a distributive network is perfected. Voltage variations near especially remote consumers are taken into account
too. The block diagram of algorithm for studying the possibility of securing allowable voltage losses and standard volt-

age characteristics is developed.

Problem Statement. When designing the distribu-
tion network of the power supply system, calculations to
determine the possibility of securing of standard voltage
characteristics near the consumer should take into account
the design features of the transmission lines (TL), the
possibilities of technical means of voltage regulation and
certain restrictions imposed by the regulatory documents.
Improvement of the mathematical model for studying the
possibility of securing of standard voltage characteristics
is a topical issue in the conditions of the emergence of
new normative documents.

Analysis of Recent Researches and Publications.
In the standard [1] there are recommendations about max-
imum allowable voltage losses in power supply networks
with voltage 0,38 kV and 6 (10) kV, which must be taken
into account in the calculations with using the mathemati-
cal model of voltage variations of consumer power sup-
ply. According to this, the famous mathematical model of
voltage losses [2] needs to improvement. In addition, it is
necessary to take into account new recommendations of
JACTY EN 50160-2014 [3] about voltage variations near
the consumer.

Article Purpose is the analysis and perfection of the
mathematical model for studying the possibility of secur-
ing standard voltage characteristics with taking into ac-
count requirements of new normative documents about
voltage losses and voltage variations in a distributive net-
work of power supply.

Main Research M aterials. The algorithm of calcu-
lation that is given in [2] allows determining voltage loss-
es and voltage variations near the consumer in the time of
the maximal and minimal load modes of operation. Thus
it is possible to research influence on these parameters of
load, resistance of wires, lengths of lines, power factors
etc.

Limitation for this mathematical model is require-
ments of the TOCT13109-97 for long-term voltage varia-
tions near the consumer (long-term normal voltage varia-
tions must be within the limits of from +5 % up to -5 %
near the consumer). In the near future the TOCT13109-97
becomes void and ICTY EN50160:2014 [3] will remains
valid only. But voltage variations in public distribution
systems can be within the limits of from -10 % up to +10
% based on this standard.

Recommendations [1] should be taken into account
too, in particular, such as real voltage losses in the net-
works with voltage up to 1000 V and in the networks with
voltage 6(10) kV, including losses in transformers with
voltage 6(10)/0,4 kV should not exceed 6 %, as a rule,
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with taking into account the possible loadings heterogene-
ity of transformer substation (TS).

Thus, during designing a distributive network of
power supply with voltage 6(10) kV the mathematical
description of calculation algorithm for studying the pos-
sibility of securing allowable voltage losses and standard
voltage characteristics are

OU = f(AU;5,AU 5, AU 35) = OU i » (D
AUss = f(S35,735, %35, L35, Cos s ,U35(100),

Uss25)- AU psi100)» AU psi(2s) » )

AU, = f(”iloaxi10:LilOaCOS‘/’ilanDS(mO)a
EDS(ZS)’SiIOaAUTSt(IOO)9AUTS[(25) < 6%, (3)

AU 55 = f(7y38-%0385 Lo 38. COS Py 35,

E750100)> Er5(25)550,38 < 6%, 4)
-10% < 6U < +10%, %)

where oU — voltage variations, %;

AU35,4U10, AU 38 — voltage losses in a distribu-
tive network (with voltage 35, 10 and 0,38 kV respec-
tively), %;

S35 —load of the projected system, kV-A;

r35,x35 — specific resistances and reactance of the
wires TL with voltage 35 kV, Om/km;

L35 —length of TL with voltage 35 kV, km;

Cosp3z5 — Power factors in a distributive networks
with voltage 35 kV, r. u,;

U35(100).U35¢25) — 100 %-load voltage and 25%-

load voltage on the bus-bars with voltage 35 kV (the max-
imal and minimal load, 37 and 35 kV is adopted respec-
tively), kV;

AUDS1(100). AU pSy( 25 ) — voltage losses in trans-

formers of the district substations (DS) in the time of 100
% and 25% load (4% and 1 % is adopted respectively), %;

$35.735,x35.L35,Cos035.U35(100 ).
U35(25).AUDSt(100 ). AUDSt(25)

during designing a distributive network of power supply
with voltage 6(10) kV, AU35 is set value too respectively;

— set values



1110.%i]0 — specific resistances and reactance of the

wires TL with voltage 6(10) kV, Om/km;
Li1p —length of TL with voltage 6(10) kV, km;

Cos; 10 — Power factors in a distributive networks

with voltage 6(10) kV, r.u.;
Eps(100).-EDs(25) - variable voltage on the DS

with device of load voltage regulation (in the time of 100
% and 25% load respectively), %;
S;10 — load of TL with voltage 6(10) kV, xkB-A;

1110-%i10-Li10.Cos9i10.EDS(100 ). EDS( 25 )-Si10
— variables values, changing it, in everyone i-th iterations
solve a problem of reduction of losses in networks 6(10)
kV during designing a distributive network of power sup-
ply;

AUTS1(100)-AUTSt(25) — voltage losses in trans-
formers with voltage 6(10)/0,4 kV of the TS in the time of
100 % and 25% load (4% and 1 % is adopted respec-
tively), %;

10,38,%0,38 — specific resistances and reactance of

the wires TL with voltage 0,38 kV, Om/km;
Lp 38 —length of TL with voltage 0,38 kV, km;

Cosgp 38 — Power factors in the distributive net-

works with voltage 0,38 kV, r.u.;
Sp,38 —load of TL with voltage 0,38 kV, kB-A;

10,38-%0,38-L0,38.C0s9p 38,50,38 — parameters of
a distributive network with voltage 0,38 kV are not taken
into account during designing a distributive network of
power supply with voltage 6(10) kV and taken into ac-
count condition (6)

AUy, 38 = f(ETS(100).ETS(25)) < 6%,  (6)

where ET5(100). ETS(25) — variable voltage on the

TS with device of voltage regulation without load (it un-
changed in the time of 100 % and 25% load), %.

The calculation results with use of offered mathe-
matical model presented in table 1. For example the volt-
age variations calculated for the closest and remote TS
10/0,4 kV and near the consumer with taking into account
requirements of normative documents about allowable
voltage losses.

The presented mathematical model allows not only to
model voltage variations near the consumer at a design
stage, but also to determine "especially remote consum-
ers" during operation.

The voltage variations can be within the limits of
from -15 % up to +10 % based on standard [3] for espe-
cially removed consumers. Respectively, the condition (5)
is replaced by the condition (7) in the offered mathemati-
cal model

-15%<06U £+10% . (7

Definition "especially remote consumer" can differ in
the different countries (based on standard [3]). The pre-
sented mathematical model allows taking into account
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design parameters of the TL, technical opportunities of
voltage regulation and other features of distributive net-
work of power supply.

The simplified condition for definition of especially
remote consumer according to distance from the TS is
offered in [5]. The offered mathematical model allows
counting also results of technical actions for influence on
voltage variations near the consumer of the specified cat-
egory (change of a configuration of a network, replace-
ment of a wire by a wire with greater wire cross-section

etc.).

Table 1 — Example of calculation results

Load, % 100 25
;/Scit%%eo/iosses in the TL with voltage 169 0,42
S35,kV-A 2500

L35,km 16

35, Om/km 0,420

x35, Om/km 0,382

U35(100),kV 37

U3s(25). kV 35

Cosp3s ,ru. 0,97

Voltage variations on the bus-bars with 4571 0
voltage 35 kV, % ’
EDS(100)» 70 7.5 [4]

Eps(25),% 2,5 [4]

AUDSt(100 ) » %o 4

AUpS(25)> % 1

\Voltage variations on the bus-bars with

voltage 0,4 kV of the closest TS 10/0,4 | +2,60 | -0,15
kV, %

AUTSt(100) > %0 0,92

AUTS(25)> % 0,23

ETS(100)> 70 0

ETS(25)> % 0

Voltage variations on the bus-bars with

voltage 0,4 kV of the remote TS 10/0,4 | +2,71 | +0,67
kV, %

AUTS1(100) » 70 3,51

AUTS(25)> % 0,878

ETS(100)> 70 2,711]

ETS(25)> % 2,7[1]
sl T |
\Voltage variations near the consumer, % | -3,29 | +2,17

The block diagram of algorithm for studying the pos-
sibility of securing allowable voltage losses and standard

voltage characteristics

is developed.




The calculation algorithm of voltage losses in a dis-
tributive network of power supply is in the first part of the
block diagram (from p. 1 up to p. 16 — look figure 1), the
check and updating of variable data is in another part of
the block diagram. It is in figure 1:

oUj,0U» — voltage variations based on the standard
[3] (-10% Ta +10% respectively);

Uc(100)i »OUc¢(25)i — voltage variations near the
consumer in the time of 100% and 25% load respectively;

8U0,4(100)i>0U0,4(25)i — Vvoltage variations on
the bus-bars with voltage 0,4 kV of the closest TS 10/0,4
kV in the time of 100% and 25% load respectively;

U20,4(100)i »6U 20,4( 25 )i — voltage variations on

the bus-bars with voltage 0,4 kV of the remote TS 10/0,4
kV in the time of 100% and 25% load respectively.

Input of set data
S535.135.x35.L35.Casw35.U357100).
T U3523)-AUDSt100 ). AUDSH 25 ).

AUTSt 100 ) AUTSH 25 )
Input of variables data
1%110-%110-Li10.Cos@;10.Eps (100),
Epsy25)-5110,ETs(100 ). ET5( 25 )
The check of conformity to the standard
the voltage variations on the bus-bars
with voltage 0.4 kV of the closest TS
10/0.4 kV in the time of
100% and 25% load
U =dUg 4100 )i <& -
U = g 425 )i =92
The check of conformity to the standard
the voltage variations on the bus-bars
with voltage 0.4 KV of the remote TS
10/0.4 £V in the time of
100% and 25% load
AU =8U20 40100 )i =02 -
SUp <8029 425 5 =902
The check of conformity to the standard
the voltage variations near the consumer
in the time of 100% and 25% lcad
Sy =&erio0) =V 2
Uy = Ugr25 ) =5U2
Print
7110.%10.Li10.Cospj10. EDs (100 ),
EDsy 25 )-5110,ETS¢100)-ET5( 23 )

-

A

2 —
( End )

Figure 1 — The block diagram of algorithm for studying
the possibility of securing allowable voltage losses and
standard voltage characteristics

The block diagram has been developed is realized in
the calculation computer program by means of Microsoft
Excel, that students used in educational process of Scien-
tific Educational Institute of Power and Computer Tech-
nologies of KNTUA.

Conclusions. The presented mathematical model for
studying the possibility of securing allowable voltage
losses and standard voltage characteristics can be useful
not only at the design stage, but also during operation of a
distributive network of power supply with voltage 6(10)
kV.
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AHoTaliA

3ABE3IIEYEHHA JOITYCTUMHUX BTPAT TA
CTAHJAPTHUX XAPAKTEPUCTHUK HAIIPYTH

Tpynosa I. M.

IIposedenuii ananiz ma 800CKOHANEHHA MAMEMAMu-
YHOT MOOeNi 051 OOCTIONHCEHHS MONCIUBOCTNI 3a6e3neyeH-
HA CIMAHOAPMHUX XAPAKMEPUCMUK HANPYeU 3 8PAX)6aH-
HAM 6UMO2 HOBUX HOPMAMUGHUX OOKYMEHMI6 Wo00
empam Hanpyau 6 po3nooilbHOI MepediCi eneKmponocma-
YanHa ma eiOXunieHb Hanpyau 'y cnoocusaua. Bpaxoeani
Xapakmepucmuky Hanpyau y 0coOugo Gi00aieHux chno-
arcusauie. Pospobaena 6nok-cxema aneopummy 0ocii-
OHCEHHSL MOACIUBOCMI 3aDe3neueHHs OONYCIMUMUX 6MPaAm
ma cmaHOApMHUX XapaxKmepucmux Hanpyau.

AHHOTAIUSA

OBECIIEYEHHME JOIIYCTUMBIX IOTEPH
N CTAHOJAPTHBIX XAPAKTEPUCTHUK
HANIPAKEHUSA

Tpynosa 1. M.

Ilposeden ananuz u ycoeeputeHCmMEo8ana Mamema-
muyeckass Mooeib Ol UCCIEe008AHUS. BO3MONCHOCMU
obecneuenusi CMAaHOAPMHBIX XAPAKMEPUCMUK HANPSIice-
HUSL ¢ Y4emom mpebo6aHuil HOBbIX HOPMAMUBHBIX OOK)-
MEHMO8 N0 NOMEPSIM HANPINCEHUSL 8 PACIPeOeUMeNbHOU
cemu INeKMPOCHAONCEHUsL U OMKIOHEHUSAM HANPINCEHUSL
y nompebumens. Yumenvl Xapakxmepucmuku Hanpsice-
HUsl y 0c0b60 omoaneHuvlx nompebumenei. Paspabomana
O110K-cxema aneopumma Oisk UCCLe008AHUSL 803MONCHO-
cmu obecneyenust OONyCmumMbX Nomepb U CMAHOAPMHbBIX
XapaKmepucmux HanpsiiceHus..
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