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Influence of oil transformer cooling on its lifetime

Abstract: This paper deals with the influence oérthal stress on the transformer lifetime. Transorrdifetime is
influenced largely by overheating of windings aheért the insulation ages and reduces its electinsalating properties.
Proper placement of electrical transformer partstoelp to ensure the more uniform distribution eshperature field and to
increase the transformer lifetime.
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. INTRODUCTION B. Total losses in the transformer

Every electrical device operates with a certairicigfficy, which Total losses in the transformer can be calculaseidliows:
indicates what portion of an electrical energyransformed into the
desired form of energy. The remaining part of treeteical energy is AR =3[AR +3[AR, + ARy, = 3[205703+3[834L7+665= 93386 W (4)
converted to losses. Losses may be generated fmme& in the
windings, in structural core or as the mechanioabés and so on. C. Transformer tank
These losses are then converted to heat and warthosp parts in ~ The transformer of dimensions 1015 x 375 x 995 rfength x
which such losses are incurred and subsequently wlaem up the width x height) was placed in a tank of given disiens 1100 x 450
surrounding parts and devices by heat transferriitge amount of x 1200 mm. Consequently, tank surface was enlargeddking of
warming is related to the lifetime of the device,isis necessary to cooling waves from circumferential metal plate.
take away the heat to the surrounding.
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As an example of calculation algorithm there wa®sem the
distribution oil transformer that insulation was deafrom thermal
insulation of Class A. Windings were made of alummuOther
parameters for the calculation were as follows:

*  apparent poweg, = 630 kVA,

» frequencyf = 50 Hz, 100 450
* line voltageU = 22000/440 V, Figure 1. Basic dimensions of transformer tank
* rated current of primary windinig, = 16,53 A,

» rated current of secondary windihg = 909,33 A,

- resistance of one phase of primary winding D.  Calculation of tank warming
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II. CALCULATION OF WARMING OF OIL TRANSFORMER

R, = 7,5282875678 (onU, base), Oil in the tank, in which the transformer is placéakes away the
« resistance of one phase of secondary windiftgat from the winding surface to reduce the windimgperature by
R, = 0,00100881) (onU, base), 10 to 15 °C. Therefore, it is necessary to perfoaechsa tank concept
«  magnetic flux density in core of the transforrBer 1,45 T, that the medium warming was up to 47 °C. For thesgmted
«  core weighim = 604,545 kg. transformer there was implemented calculation aedial simulation
in ANSYS for waves of 200 mm and 300 mm in lendgthboth cases,
A.  Calculation of transformer losses the height of the tank waves was 1000 mm.

Winding losses of higher voltage in one phase are:

AR =R, 12 =752828756 1463 = 205703W @)

Winding losses of lower voltage in one phase are:

AR, = R, 5, =0,0010088M00RB3 = 83417 W )
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Specific losses in the metal-based oriented slieethe magnetic
inductionB=1,45T areAp=1,1 V\Lllg’1 and recalculated to core
mass:

Figure 2. Concept of waves on a tank

AP, = Ap [, = 110604545= 665W @)
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E. Tank warming of 200 mm long waves
Required parameters for calculation:
«  coefficient of imperfect convectiop= 0,9,
< convection heat transfer coefficiemt = 6,4 WEK >,
+  radiation heat transfer coefficiea, = 6,7 WK™,
«  convection surfacg = 23 nf,
+ radiation surfac&, = 4,7 nf.
Then, the tank warming can be calculated as fotllows

Ag = AP, _ 93386

. A7
S EEak +ay, %} 23EE 6409+ 67 %)

= 5695°C(5)

F. Tank warming of 300 mm long waves
The coefficients of imperfect convection and heansfer by
convection and radiation are the same as in théqre case. In this
case there were only enlarged cooling surfacesliasve:
«  convection surfac& = 33,1 4,
+  radiation surfac&, = 5,5 nf.
Tank warming can be calculated as follows:

AS = AP, _ 93386

. 5
S Eéak +ay, %} salté 64009+67 EI%J

= 4104°C (6)

Ill. SOLUTION OF TEMPERATURE FIELD OF OIL
TRANSFORMER IN ANSYS

Simulation of temperature field distribution wasrfpemed in
ANSYS. The ambient temperature was chosen 20 °Gghwis the
maximum permissible average annual temperaturettarglit is also
the average load of the transformer during the.year
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b)
Figure 3. a) The temperature of particular tramagarparts (waves: 200 mm);
b) Distribution of temperature field on the transfier tank (waves: 200 mm)
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b)
Figure 4. a) Distribution of temperature field irettransformer environment
seen from the front (waves: 200 mm); b) Distribntai temperature field in
the environment seen from the side (waves: 200 mm)
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b)
Figure 5. a) The temperature of particular tramatarparts (waves: 300 mm);
b) Distribution of temperature field on the transfer tank (waves: 300 mm)
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B: Steady-State Thermal
Temperature
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b)
Figure 6. a) Distribution of temperature field irettransformer environment
seen from the front (waves: 300 mm); b) Distribotas temperature field in
the environment seen from the side (waves: 300 mm)
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Figure 7 Insulation lifetime in dependence on #raferature size [7]
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The suggested cooling concept was implemented fir
distribution transformer of power outpu§,=630kVA. The

and Fig. 4 that the temperature of most stressed pas 92,059 °C.
This concept is unacceptable, because there istrimscended
allowable warming of transformer oil and windingat higher
ambient temperatures it threats to a decompositfasil and then to
formation of hydrogen gas. This solution offersfetime of 5,5 years
(according to Fig. 7). By extending the length @& thaves to 300 mm
the medium warming of a tank was 41,04 °C. The &ratpre of the
most stressed parts was 78,664 °C in a steady Bta®NSYS
simulation by ambient temperature of 20 °C (Figrsl Fig. 6). The
transformer lifetime is about 17 years in this c6&. 7). Tank
concept with 300 mm long waves is more expensieeabse it takes
more external material to create waves on the tankijt will extend
the lifetime for more than 12 years.

Warming calculations and thermal simulations iradtestate were
realized at 100 % transformer operation load. Gndther hand, in
common operation the most transformers are rarphrated at full
rated power. Warming of these devices will be senahd also there
will be extended their lifetime.
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1200 mm (length x width x height). Cooling was perfed for 200
and 300 mm long waves. Estimated warming was 58&9%r the
tank of 200 mm long waves. One can see from thelation in Fig. 3
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