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Supercooled-Al Transformer

Yikoh KOBAYASHI

Abstract

Year after year, the electrical power to be consumed in the world becomes larger, and also
power transformers must become larger in size and heavier in weight.

In this paper, prospects for employment of deeply cooled Al conductors as transformer windings
are considered. At liquid hydrogen temperature, 20°K, Al exhibits a resistivity of 3x 10-11 @m,
and it is about 1/1000 times of a normal Cu resistivity.

For this subject some considerations are given by K. J. R. Wilkinson®, but this paper makes
examinations of it from a different standpoint.

At the beginning, for a three-phase core-type transformer general expressions of its loss, weight,
size, etc. are introduced in a simple case, and then using the obtained expressions, 190MVA
three-phase transformers with supercooled-Al windings are designed, to be compared with the
conventional transformer. From this culculations it results that in the case of maximum flux
density Bm to be equal to conventional value the supercooled-Al transformer is about 1/3.5 times
of a conventional one in loss and weight, and in the case of Bm to be decreased so that the
transformer weight may be equal to conventional value the diminution of about 1/5.3 times is

obtained in loss.
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Fig.1 Showing schematically the structure of a low
temperature transformer

Table 1 Conductors for the use at low temperature and refrigerator efficiencies

| Refrigerator .input power per watt
\ transported -
Metal Temperature| Resistivity Liquid ‘ Carnot Present . Estimated
eta . h future
(°K) cem) refrigerant ideal practice ‘ practice
W2 (W) ‘Wa
Nb 4.2 superconductive! Helium ‘ 65 620 | 300
Al 20 3 x10-11 Hydrogen ‘ 12 78 } 39
Be 77 2 X10-10 Nitrogen ‘ 2.5 9.3 | 5
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Table 2 Design values for a 3-phase transformer rated at 19OMV A, 60Hz, 220kV star,
17.2kV delta. Conductor loss of the supercooled-Al transformer is the refrigerator input power.

Ttem Conventional Supercooled-Al
transformer transformer
Type Shell type Core type Core type
Maximum flux density in core [KGJ 16.1 16.1 7.0
Core cross-section {mm) 560X 1300 459 (dia.) 697(dia.)
Effective core area (cm2) 6920 1320 3050
Size of core window (mm)) 780% 1300 1230 3840 18705820
Space factor of conductor in core-window, 0.145 0.119 0.119
Iron loss in W/kg 2.8 2.8 2.8
Primary phase-current CA] 3680 3680 3680
Secondary phase-current [A7J 499 499 499
Number of primafy turns (Turns) 58 302 302
Number of secondary turns  (Turns) 428 2230 2230
Exciting current (%] 0.39 0.356 © o 5.15X107¢
Iron loss kw3 195 55.6 36:7
Conductor loss kW) 731 208 138
Total loss (kW3] 926 264 174
Ratio of iron loss to conductor loss 0.267 0.267 0.267
Iron core weight (tons) 69.5 19.8 69.2
Conductor weight (tons] 25.6 7.7 26.9
Total weight {tons]] 95.1 27.5 96.1
Efficiency at full-load (%3] 99.515 99.861 99.908
at half-load (%) 99.604 99.836 99.925
Size of transformer Cmm_) 2730 X 2860 X 50205070 X 1690 x 4760|7690 X 2560 X 7220
Volume of transformer [m3] 39.2 40.8 142
ror ot ()
alwon o o
eml KW rons m. im
80 160 116 160
300 T
70 140 14140
60 120 12120
50 200 100 10 100
40 80 8 80
30 60 6 60
100
20 10 140
10 20 20
- 1 il 0 0

1.5 2.0

1.0
B (Wb/m2) —>
Fig.5 Variations between various quantities of a 190MV A supercooled-Al transformer and Bm. It is taken
that 1wa=2.68, thw=3.12, 1i1c=0.8, ku=1.08, 1wa=0.119, (VA)=190x108, f=60, 6:=7.8x103,
0e=2.7%103, pc=3.0x10-11, 5,=0.0257, E1pn=17.2X103, Eopn=127%103 and yw=0.267.
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