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ENERGY EFFICIENT TRANSFORMERS WITH VARIOUS LOAD GRAPHICS

FOR THE CONSUMERS OF ELECTRIC POWER

The development and implementation of a new economic electrical equipment, in particular, energy-
efficient distribution transformers — is a very essential step to reduce electricity losses in 0,4-35kV distri-
bution networks. In a market economy the funds invested into the sector of energetics provide maximum
profit to the joint stock company only in the case of the production profitability. In such a situation it is
possible to achieve optimal material and energy costs on the transformation of power only under the con-
dition of taking into account such factors as load charts of electricity consumption, the cost of the electri-
cal power losses and maintenance of transformers in the process of exploitation, etc. Existing until today
practice of transformers design ignores the actual characteristics of individual customers load charts that
results in inefficient use of power transformers capacities during their operation. Non-consideration of
the electroconsumer actual operating mode (load curve) in the design period leads to inefficient use of
transformer capacity. It is proposed for a tight load schedule to design the transformer for the nearest
least normalized power compared to the actual load, providing the possibility of intensification of cooling
in case of power consumption increasing.
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EHEPIOE®EKTUBHI TPAHC®OPMATOPU ANA ENEKTPOCIMOXWUBAYIB

3 PIBHUMU TPADIKAMU HABAHTAXXEHHSA

Hespaxysanus npu npoexmysamHi OilicnHo2o pexcumy pobomu (epagika HABAHMAN4CEHHS) eNeKMpPOCno-
AHCUBAUIB NPU3BOOUNL 00 HeePeKMUBHO20 BUKOPUCTNAHHA MpaHchopmamopHoi nomymxcrnocmi. IIponony-
E€MbCA NPU NO2AHOMY 2PAPIKY HABAHMAICEHHS CRPOEKMYEAMU MPAHCHOPMAMOP HA HATIOAUIICHY MEHULY
HOPMANI306aHY NOMYIICHICMb V' NOPIGHAHHI 3 PeallbHUM 3A6AHMANCEHHAM, NPU YbOMY nepeddayumu mo-
JHCUBICMb IHMeHCUDIKayii 0X0N00H#CeH A NPU 30ITbULEHH] COACUBAHOT NOMYHCHOCIIL.

Knrwuosi cnosa: Tpancgopmamop,; Cnooicusanns enepeii; Hasanmagsicenns;, Micmkicms, Po3nodinbui

MepedCi.

INTRODUCTION

The development and implementation of a new eco-
nomic electrical equipment, in particular, energy-efficient
distribution transformers — is a very essential step to re-
duce electricity losses in 0,4-35 kV distribution networks.

In a market economy the funds invested into the sec-
tor of energetics provide maximum profit to the joint
stock company only in the case of the production profita-
bility. In such a situation it is possible to achieve optimal
material and energy costs on the transformation of power
only under the condition of taking into account such fac-
tors as load charts of electricity consumption, the cost of
the electrical power losses and maintenance of transform-
ers in the process of exploitation, etc.
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Existing until today practice of transformers design
ignores the actual characteristics of individual customers
load charts that results in inefficient use of power trans-
formers capacities during their operation.

Only recently some companies which manufacture
transformers have begun to adhere to the principle of
customization, which takes into account the requirements
of a particular user (Kravchenko, 2013) [5].

Today’s situation with the irrational utilization
(mostly under-utilization) of transformer capacity can be
explained by "operational” (e.g, industrial facilities like
power consumers are in a stage of stagnation, etc.) and
"design" (the wrong accounting of nominal load losses
time of the transformer that was laid down in the design
process) reasons.
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For the rational utilization of transformers which are
already in operation, if the actual loads do not match with
the project ones (real load is generally less) it is necessary
to replace the operating transformer on the lower power
transformer without changing the cooling system.

Proper tracking of nominal load losses time at the
transformer design stage will allow to increase the
efficiency of its operation. Neglect of real operating
conditions of customers at the design stage leads to
damage associated either with overspending of investment
(if the load is lesser than project one), or to the additional
costs of electricity losses (if the load is more than the
project one).

According to [1, 7, 11], it is possible to determine
the number of shifts on the enterprise using the annual
consumers operation number of hours with maximum
load and annual energy consumption. The exploitation
time interval of the transformer with a rated capacity is
equal to 1800 ... 2500 (load factor F, = (0.2 ... 0.3) for
one-shift work, for two-shift work - 3500 ... 4500
(F,=0.4 ... 0.5), for three-shift work — 5000 ... 7000
(F,=0.55 ... 0.8). The modern series of distribution
transformers of 1 and 2 dimensions is designed for
average operational loads, typical for two-shift production
schedule [10].

The main characteristics that define the technical
and economic level of power transformers are power
losses (of no-load operation and short-circuit). Levels of
these losses, their relationship, characterize the operation
mode of electric consumers.

One possible way of rational utilization of distribu-
tion transformers [7, 12] is the development of a series of
transformers with different ratios of the no-load operation
and short-circuits losses values. However, this path leads
to the creation of an excessively large number of distribu-
tion transformers modifications.

In [6, 8] it was noted that for a small-time operation
of a distribution transformer with a rated load it is
necessary to use the transformer with a lesser capacity in
order to save material and energy resources, providing for
intensification of cooling in case of the transformer
operation on a heavier load.

Computational studies has shown that for increasing
the effect of the implementation in practice this type of
distribution transformers it would be useful to introduce
the intermediate sizes (power) transformers in modern
domestic standard power ratings. This will create a series
of distribution transformers with a scale pitch equal to
1.25 of the scale capacity used in the standard internation-
al practice [12]. Aligning national standards in line with
the Harmonization Documents — HD which are the basis
for the EN — European standard, which is required for a
single European settlement of the issues of transformer is
the actual task [13].

MATERIALS AND METHODS

In the framework of this article computational stud-
ies to determine the effectiveness of the use of the trans-
former, depending on the characteristics of the technolog-
ical mode (shift) of the electroconsumer work were con-
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ducted, necessary measures were determined for the reha-
bilitation of existing cooling systems through the use of
additional oil coolers.

The criterion of discounted expenses was adopted at
the design studies to assess the effectiveness of the tech-
nical solutions. These are the expenses on construction
and exploitation of the transformer, considering the infla-
tion processes in the economy, from the moment of de-
termining the expenses for the whole period of opera-
tion [4, 9].

2
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where
Dopr=A+E)  +a,5,,-Dpy —(1—a
equivalent discount factor;

obcn pern 'Ta) ' (1+E)7TP -

Tp
Dpy =Z(1+E)’t— estimated discount factor for the
t=1
period of operation until the end of the estimated period;
Krp = Krpgas Kooy — the estimated cost of the trans-

former considering the inflation factor at the time of de-
termination of expenses.
a,s., — Coefficient of royalties for service and repair;

a,.,— coefficient of royalties for renovation;

T, — operation period of the transformer;

E —standard of discounting;
T, — duration of the calculation period;

Cx =C¢ T, -D,, — expenses on compensation for loss

in the mode of idling;
C. — electricity price;
T, — transformer activation time.

In carrying out these studies economic such econom-
ic parameters were adopted: standard of discount-
ing = 0,1; calculation duration period = 10 years; defla-
tion rate at the 2014 year level = 30; the price of electrici-
ty = 1,80 UAH/(kW-year).

As an example, two distribution transformers with
adjacent capacity (increments of the scale were equal
to 1,25) which are used today in generally accepted inter-
national practice were considered. Transformer operation
at the less power in the modes in which the currents flow-
ing in the windings of the transformer are commensurate
with transformer currents of greater power, is accompa-
nied by a significant increase in current density in the
windings and thus increasing the level of losses in the
transformer approximately on 25-35% [8].

Increase in the level of total losses for the transform-
er of less capacity running with a load close to the nomi-
nal of the higher power transformer (adjacent on power
scale) in turn leads to higher winding temperatures and
consequently to the need in performing technical
measures aimed at maintaining the thermal state of the
transformer within rules laid down in [2, 3].

The most appropriate way to intensify the cooling
(forcing) is the connection of additional cooling devices
to an existing cooling system. This is explained by the
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fact that the industry has mastered the production of ra-
diators with any number of cooling tubes. With proper
selection of the number of cooling pipes in the radiators it
is always possible to achieve the required degree of cool-
ing boost.

The cost of the transformer is the sum of the values
of the active part and the cost of the cooling system:

UTP = Uu.tt. + Uom (2)

Additional financial expenses for intensification of
cooling are determined according to the expression:

Ally =(Pxyy —Pxx1) TpC,+(Pysp 75 C, = Py -7, C,)

where Pyy,, Py, — losses levels (respectively idling
and short circuit) of the transformer with a less magnitude
capacity than the actual operating load, kW;

P 1, Py — losses levels (respectively idling and short
circuit) of the transformer with equal to or greater magni-
tude capacity than the actual operational load, kW;

T — transformer activation time, hours;

7,7, — transformer operation time at the nominal load,
respectively of higher and lower capacity;

C, — the price of electrical power, UAN/kw-hour.
In turn the cost of the cooling system

Uom =Com '(PKS’ +P)O()

where C,_ — specific cost of losses compensation.

In the market conditions the transformer cooling de-
vices production cost from different manufacturers of
transformer equipment may vary by 20-30%. In order not
to become attached to the cost indexes of a specific pro-
ducer maximum values of C,,,..x cooling devices specific
cost were determined, to compensate the increase in the
transformer total losses (at the loads in magnitude of
transformer higher nominal power).

The maximum values of additional cooling devices
specific cost — i.e. the limit values at which the produc-
tion and operation expenses of the less power transform-
ers are the same with high power transformer without
additional cooling devices. In high load conditions due to
the use of additional cooling devices the lifetime of insu-
lating materials remains unchanged.

The results of computational experiment for one pair
of adjacent power transformers are given in Table 1.

Table 1 — Technical and economic parameters of the less power transformer when it is operating with the relevant

higher power transformer loads

Geometry S,, =320 kV-A. Load (currents) S,; =400 kV-A;
Technical S, =320 Steel (3406) = 15 UAH/kg; Copper = 60 UAH/kg S, =400
and economic VA The load of higher power transformer (operation mode) VA
parameters one-shift two-shift three-shift
0,2 0,3 0,4 0,5 0,6 0,65

MO, mm 323 323 323 323 323 323 323 333
D, mm 165 165 165 165 165 165 165 175
H, mm 520 520 520 520 520 520 520 552
Uy, % 4,5 5,78 5,78 5,78 5,78 5,78 5,78 45
Geu, kg 278 278 278 278 278 278 278 310
Gumar kg 450 450 450 450 450 450 450 523
3, UAH/year 7440 6585 7042 7499 7955 8440 8615 8618
Cau,UAH 24244 24244 24244 24244 24244 24244 24244 27333
Pys, W 4458 6925 6925 6925 6925 6925 6925 5557
Pxx, W 709 709 709 709 709 709 709 826
Pys Pxx, W 6,29 9,77 9,77 9,77 9,77 9,77 9,77 6,72
Jurlen, A/mm? 2,75 3,35 3,35 3,35 3,35 3,35 3,35 2,8

2,25 2,85 2,85 2,85 2,85 2,85 2,85 2,45
thn/tan, °C 16,7 22,4 22,4 22,4 22,4 22,4 22,4 17,6

16,1 22,5 22,5 22,5 22,5 22,5 22,5 17,7
Py = PxxtPi3, W | 5167 7634 7634 7634 7634 7634 7634 6383
APcym =P,y 329 -
P ey 400, W 1251 1251 1251 1251 1251 1251 0
A3,=3320- 314000 -2033 -1576 -1119 -663 -178 -3 0
UAH/year

Coxr(Buaxs YAH/KW 1625 1260 895 530 143 2
Noxn 2 3 3
tyaer C 38,4 41,7 35,8
AK, UAH 896
Cox sciiers » UAH/KW 716
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Graphic interpretation of computational research is
shown in Figure 1 as a function Cgy,yax =T (Sh, K). Ac-
cording to this relationship we can determine the maxi-
mum value of the specific value (UAH/KW) of additional
cooling devices for a given power transformer and its
operation mode (shift), in which the manufacture and op-
eration of power transformers related costs will be the
same.

In view of the prices [14, 15] of structural steel
(8 UAH/Kg) and transformer oil (15 UAH/kg) of addi-

4+ AC(2), UAHKW

1800+

16004

:zz

tional capital investments for the cooling intensification
are AK =17 oxn* Geroxn T Loxn - Cuox, TOr radiators with

the following distance between flanges:

710 mm: AK,,,=8-3414+15.24=58512 ~586 UAH;
900 mm: AKgqe =8-4114+15-30 = 71912 ~ 720 UAH;
1150 mm: AK;5,==8-50,14+15-38=89512 ~896 UAH;
1400 mm: AK,q0=8-5394+15-46 =1029,52 ~1030 UAH.
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Figure 1 — Values ranges of the specific cost of additional cooling devices,
which provide economic benefit from the use of transformers.

The analysis the catalog data of different manufactur-
ers of transformer equipment shows that the weight of the
transformer oil in tanks of adjacent power transformers
differs by about 20-30 kilograms (with a power range
Sy = 100-500 kVA) and 30-80 kilograms (with a power
range Sy=500-1000 kVA). This allows you to obtain
additional economic benefit of E;=(20...30)-15=
=(300...450) UAH, at a power transformer Sy = 100-
500 KWA u Ej;=(30..80)-15= (400..900) UAH, at a
transformer power Sy =500-1000 kVA.

RESULTS AND DISCUSSION

1. To create energy-efficient transformers with op-
timum technical and economic parameters it is necessary
at the design stage follow the principle of customization,
which takes into account features of the schedule loads
and requirements of specific electroconsumer for which
they are being developed.

© Yu. Baidak, V. Matukhno, V. Chaikovskiy, 2016

2. Standard or specific graphs of loads should be the
basis for determining the optimal technical and economic
parameters of transformers. Neglect in the design of the
actual operating mode (load curve) of electroconsumer
leads to inefficient use of transformer capacity.

3. The underutilization of transformer capacity by
load loss requires the use of lower power transformers in
comparison with the actual load and the use of intensifica-
tion (boost) when the transformer cooling modes with
power consumption higher than the nominal value.

4. The series of transformers produced today with a
sufficiently large pitch (about 1.6) on a scale rated power
does not allow the use of a transformer at rated power (of
the two adjacent row on the normalized power) at the
actual load of power consumer for (25-30)% less than the
nominal capacity of the higher power transformer.

5. It is proposed the approach to the original design
and the use of transformers with reduced power (on the
normalized row) compared with the actual load and the
more intensive use of the cooling system during operation
of the transformer in nominal mode corresponding to the

37



XornoagwunbHa TexHika Ta TexHonoris, 52 (2), 2016

nearest greater capacity on the normalized row, and in an
overload mode .

6. To increase the effect of the introduction into
practice this activity it is expedient to introduce the inter-
mediate sizes of (power) transformers into the modern
national standard of power ratings with 1.25 increment.
This will allow to introduce the power scale, applied cur-
rently abroad.
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3HEPIrO3®®EKTUBHBLIE TPAHC®OPMATOPbI AN1A ANEKTPONOTPEBUTENEWN

C PA3SJINYHBIMU TPADUKAMU HATPY3KU

Heyuem npu npoexmuposanuu OelicmeumenbHo2o pedcuma pabomul (epaguxa Haspy3Ku) 371eKmpono-
mpebumensi nPUSOOUM K HeIPOEeKmusHoOMy UCNOIb306aAHUI0 Mpanchopmamoprol mownocmu. Tlpeona-
2aemcs npu HeNnIOMHOM 2paguke HASPY3KU CHPOEKMUPO8AMb MPAHCHOPMAMOP HA OIUNCATIULYIO MEHb-
WY HOPMATUZ0BAHHYIO MOWHOCMb NO CPABHEHUIO C PeanbHOl 3d2py3KOU, Npu dMmom npedycmompems
6803MOICHOCHb UHMEHCUDUKAYUYU OXTAXHCOSHUSA NPU Y8eTUdeHUU NOMPebaaeMOol MOUHOCMU.

Knwoueswvie cnosa: Tpancgopmamop, Ilompebrsemas mownocmos, Haepyska, Bmecmumocms, Pacnpe-

denumenvHule cemu.
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