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Abstract: A hermetically sealed oil transformer is designed by applying expanding function of the tank due to the volume
changes of the insulation oil according to the temperature rises. When the insulation oil expands, an increase in the volume of the
corrugated fin prevents a pressure rise of the transformer. For a wind turbine transformer, a vegetable-oil-immersed transformer
has the advantages of excellent biodegradation and fire-resistant properties like an exceptionally high fire point. When vegetable oil
is substituted for mineral oil, however, the maximum winding temperature rises because of the decrease in the internal circulation
flow rate resulting from the variations of the oil’s physical characteristics, such as density and viscosity. The purpose of this study is
to develop a hermetically sealed vegetable oil transformer that can be applied in a wind turbine and to analyze the thermal stability
of the active part of the transformer to deal with pressure variations due to the temperature changes. In addition, thermal tests for
the vegetable oil transformer have been performed, and the measured values are compared with the analysis results.
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Table 1 Material properties of the wind turbine
transformer types

Thermal
Ttems Density | Specific Heat | Conductivit
[kg/m’] [J/kg-K] y
[W/m-K]
Tank : Steel
(SS400) 7,850 502.48 16.27
Winding : 8,978 381 387.6
Copper

Air 1.22 1006.43 0.024

Table 2 Material properties of the wind turbine
transformer oil

Material Mineral Vegetable Oil Sil(i)cicfne
Properties Oil Midel FR3 (DC 561)
7131
Density
[ke/m’] 850 970 920 960
R 2.87 5.25 8 16
Kinematic
Viscosity | 40 C 11.2 28 34 38
St
S0 | 63 240 184 95
Thermal

Conductivity | 0.120 | 0.144 | 0.168 | 0.151
[W/m-K]

Specific Heat

[cal/gm-K] 0.46 0.45 0.45 0.36
Thermal

Expansion 1.04E-

Coefficient 7.3E-04 | 7.5E-04 | 7.4E-04 04

[1/K]
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Table 3 Heat generation of the wind turbine Transformer
according to operating conditions

HV-LV mode HV-TV mode HV-LV mode

Rate Max. Min.
Power Power Power

Loss . Loss . Loss .
Density Density Density

TV - - 1.2 385109 - -
LV | 2.9 | 134259 - - 2.9 134259
HV | 3.8 | 125123 0.4 13171 42 138294
TAP | 0.2 51020 0.03 7653 - -
C:r 3.0 | 4158 | 3.1 | 4158 | 3.1 | 4158

|- Winding

Tank |

Core

Corrugated-fin

T

Hv TAP LV v

£ Axisymumetric

Fig. 1 Schematic diagram of the wind turbine transformer
with corrugated-fin
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Table 4 Temperature results of the wind turbine transformer
using mineral oil

HV-LV Mode HV-TV Mode | HV-LV Mode

Rate Max. Min.

Max. Avg. Max. Avg. Max. Avg.
Temp. | Temp. | Temp. | Temp. | Temp. | Temp.

TV | 2575 | 19.64 | 17.25 | 7.30 | 27.43 | 20.80

LV | 3537 | 21.12 9.67 6.00 | 37.24 | 22.25

HV | 3135 | 22.00 | 9.97 6.30 | 33.52 | 26.29

TAP | 23.75 | 23.43 6.96 6.50 | 24.65 | 22.72

Core | 22.52 | 1040 | 1222 | 9.23 | 24.83 | 11.77

Fin - 6.80 - 1.25 - 7.57

Oil - 16.02 - 5.50 - 17.18

Unit: T

100.00 100.4°C
a7.50
95.00
9250
90.00
5750 (a) Rate -23kW
85.00
8250
80.00
T 721°C
75.00
7250
70.00
6750 (b)Max - SkW
65.00 L
62,50
99.4C

50.00
§7.50
55.00
52.60
50.00

Fig. 2 Temperature distribution of the wind turbine transformer
using mineral oil
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Fig. 3 Velocity distribution of the rated operating
condition



Table 5 Temperature results of the rated operating

condition
Rate
. . Vegetable Oil Silicone Oil
Mineral Oil (Midel) (DC 561)

Max. Avg. Max. Avg. Max. Avg.
Temp. | Temp. | Temp. | Temp. | Temp. | Temp.

TV | 35.06 | 2535 | 40.89 | 28.73 | 44.46 | 30.04

LV | 4506 | 27.47 | 50.40 | 31.61 | 55.01 | 33.87

HV | 41.72 | 29.03 | 48.40 | 34.02 | 54.61 | 36.94

TAP | 31.60 | 30.96 | 37.16 | 36.16 | 40.21 | 38.85

Core | 29.61 | 12.19 | 37.99 | 16.02 | 41.02 | 16.56

Fin - 7.75 - 6.82 - 6.07

Oil - 19.76 - 22.70 - 24.32

Unit: T
1000 95.1C
107.00
10400
101.00
98.00 (a) Mineral Oil
85.00
82.00
89.00
86.00
4300 100.4°C
80.00
77.00
7400
71.00
68.00 (b) Vegetable Oil (Midel)
65.00 A
62.00
59.00
56.00 o
a0 105.1°C
50.00

(c) Silicone Oil (DC3561)

Fig. 4 Temperature distribution of the rated operating
condition
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Fig. 5 Experiment_.apparéu‘l.s. for a HHI’s wind turbine
transformer
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Fig. 6 Temperature distribution of the wind turbine
transformer using vegetable oil



102 oMY - o]Fd - 2

4 WA fetel Ads FR BE 2Ry
A4 Fasga, A9 Fi Ane dEag
o #d A7E gelsa vest g

AR e HEE A6, o2 o3

L
Bo F& oA FE Lol WA

ox K1 M XN
o S o
Jo Lo H T
SR ew

o o o
T2 S

N

ox

ofr

o

g

2

N

X,

i,

o

q

v

-

i

2
~N

~
N
~

o?.i:lmﬁ
)
fo B g
)

RN

¢
o

QL

el —IW' re
w32 1o &
o\

oo
e
N

A,

2 X
%
ol
ol
tlo o K1 2 tlo &

ol o rlo gl ofy ok

=
>
o
rl
2 m
re
o

o @
do |o
4
o o
it
rlo
k1
o
of

I, o
\

b
38
5

ot il do 2, gt

0 2

c
N
r o]
M
rlet
o

N

N
o
1>
=2
>

>,
il
oX,
i)

[FOEOEEOE

@ o

r2 of; M 2
% 0 i o

O

¥
o
=
oty
oY
offt
o,

ikl

P

Ao
ror

(1) Altmann, G., 1997, “Hermetically Sealed Distribution
Transformers,” Trafo-Union, Inc.

(2) Declercq, J. and Schevensteen, R. V., 2004,
“Performance and Fire Behavior of Step-Up Transformers
in Wind Turbines.”

(3) Bertrand, Y. and Hoang, L. C., 2004, “Vegetable Oils as
Substitute for Mineral Insulating Oils in Medium-Voltage
Equipments,” CIGRE.

(4) Tenbohlen, S., Koch, M., Vukovic, D., Weinlader, A.,
Baum, J., Harthun, J., Schafer, M., Barker, S., Frotscher, R.,
Dohnal, D. and Dyer, P., 2008, “Application of Vegetable
Oil-Based Insulating Fluids to Hermetically Sealed Power
Transformers,” CIGRE.

(5) Voukelatos, J. and Stenborg, P., 2005, “Natural
Ester(Vegetable Oil) Dielectric Fluid Application In
Transformers,” Cooper.

(6) Cooper Power Systems, 2001, “Environtemp FR3 Fluid
— Bulletin 00092 Product Information.”

(7) M&l Materials Ltd, 2007, “Comparative Data Sheet
Midel 7131 and Midel eN,” Technical data sheet Nr. 3.

(8) McShane, C. P., 2001, “Relative Properties of the New
Combustion Resist Vegetable Oil Based Dielectric Coolant
for Distribution and Power Transformers,” IEEE T&A Vol.
37,No. 4, pp. 1132~1139.

(9) Goldstein, L. J. and Sparrow, E. M., 1977, "Heat/Mass
Transfer Characteristics for Flow in a Corrugated Wall
Channel," Journal of Heat Transfer, Vol. 99, pp. 187~195.



