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EXPERIMENTAL SUPERCONDUCTING TRANSFORMER FOR CURRENT STEP-UP *
~ ABSTRACT

Ferd Voélker and Robert C. Acker

~April 9, 1970

" For certain‘applications'one would like to use relatively.few
turins of a hlgh current conductor to make superconuuctlng magnets.
High current conductors introduce the problem of large heat’ leaks,'.
ana also the problem of a hlgh current power supply. These problems

would be 81mp11f1ed if one could make a sultable current step—up trang-_v

Aformer. A de51gn equation for such a transformer is presented. An

’experlmental test was performed on a transformer made of superconductlng

solenoids ‘'which we had on hand. It had = prlmary current of 79.2 dmpercs,
ana supplled 670 apperes to a small load solen01d The transformer was
Operated in two modes. In the first, the primarygcurrent was heldv
constent for 24 hours. The magnetic field in the ‘load solen01d vas
.monltored and the rate of decay in flela could be measured In the
second mode, the primary current was regulated to malntaln'constant

fleld 1n the load solenoid. The time constant of the secondary circuit

was l.h.x-le6 seconds. - Such a system could be operated for a number of

 weeks>without recycling.

*

WOrk dene under the auspices of the U, S, Atomic Energy Commission."



EXPhRIMLNTAL SUPERCONDUCTILG TRANSFORMLR FOR CURRENT STLP—

Ferd Voelker and Robert C Acker

For_applications where the_conductors of a_superconducting magnet
musﬁ”bé‘aécurately wound in place by hand, it is advantageous to'use

relatiVely few turns of a large conductor. Large conductor on the _

 other hana, neans large heat leaks and cumbersome, expen51ve power

supplles.._These problems would be simplified if one could make a
sultable, superconductlng, current step-up- traﬁsformer to go in the
cryostat w1th the magnet.

Rg.shall first discuss the parameters that influence theidesign of
such a sﬁ?érconducting-transformgr. An equivalent circuit is shown in
Fig.'i, i@ which sgéondgryfresistance is»negledted. From this circuit

ﬁe find the ratio of_secondary_current to primary current to be

i. ‘N L -
S a P 1 . , M, ..
= =K -/ —— where K = ———— . 1is the coefficient of
i N ’
® o Ts l.,;l J Bpls
S

“coupling between primary and secondary.

It is intgrésting that the current step-upvfatio is dependenﬁ.
not only;on'the turns ratio and the COefficient of coupling, 5ut also
on the ratio of load inductancebto secondary inductance.‘,lf'pne -
vere wiliing to ﬁake'thé_secondary inductance identical to the load
magneﬁyiﬁductance, the LL/LS would equal one and the inductance factor
w0u1dvﬂe.one-half. For a practical transférmef, howefer, it would

seem necessary for LL/LS~t° be at least ten. Then in order to have a
: o N

current step-up ratio of ten, the factor K W must be 100.

Ys



Aithdugh it is easy to get a large'turng rétig, considerable
care'must:be.uséd to keep the coefficient of coupling near.uhity: We
have a:shoft cbmputer progrem to investigate the‘éoefficient'of couplihg
Bétweeﬁ intefwéund layers on a solenoid, but we do not yet haQe a
final design. It seems possible to make this kiﬁd,of fransformer with"
a K >.9. It should be noted that the size of the:primary wire is
'determined.by the current step-up-ratio, and not by the usual turns fatio.
Once a practical design for a giveh current step-up fﬁtio is fixed, the
transfdrmér size can be scaled ﬁo the inductance of tne load magnet.

‘ To demonstrate to ourselves that this sim?le ¢oncépt was valid,
we constructed a‘éimple step-up transformer from the three éuperéondubt-
ing solenoids shown in Fig. 2. The large soleﬁoid has ilSSO turns end
' can éarry'a current df 134 emperes. 'The two small solenoids are very
Similar to each other with 219>and 238 turns of 1500 ampere conductor.
The two small solenoids were connected in series ana mounted.one above
the other, so that the lower coil was inside the large.solenoid and
the upper cqil was about ten inches above thellargé solenoid. Bismuth
magneto-resistive probes were placed in the cenféf of each of the small
coils. From the relabive cross~sections of the solenoids we estimated
that the coefficieht of coupling between primary andisecondary was about
1/3. Singe the load coll and the secbndary coil have nearly the same

inductance, the current step-up ratio can be calculated.

s _1 . 11550 1
I 3 X759 xy T =681

The experiment consisted of two parts. In thevfirét part, the

transformer primary was connected to & power éupply and the current
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gradu#ii& increésed to 79.2 A and held'éonstant'fofzzh hou¥s. The
bismuth bpbbe signel in the ldad solenoid is ﬁféportiohélltovcurréﬁf ih.
ﬁﬂe'secohdary circuit,'aﬁd'it ﬁas observed that the seCOndary current
vas prop;itional to the primary current. Ffom ﬁhe load lipes of the
solénoids.éhd the fiéld in the centef of the secondary soleﬁoid; we
were db;eito determine that the primary curreht was 6593A. Thﬁs, the

step-up ratio was

i 92. * -
o ¥

The. secondary current would,continue.at‘659 A indefinitely if there
were no resistance in the secondary circuit. However, there were two
solder joints where the leads of the solenoids. were connécted in series.

The time constant of the secondary Should be

T= (LL + LS)/R, where B = total resistance in the secondary circuit.

The inductance of the two small solenoids were about 3 mH. The
field ip_the load solenoid decayed from 25 kG to 23 kG in 2k hours
iﬁdiéating a time constant of about 10° seconds. Thus, the total
resistence of the joints was about 5. x 10~9 ohms.

In the second part of the experiment, the power supply was reconnected
to regulate on the bismuth probe signal. The primary current was increased
until the field was 18.2 kG infthé-load magnet.‘,This required 57.7 A in
the primary; After T30 minutes the primary ¢urrent‘ﬁgd increased to
59.8 A t§ mseke up for.the loss in the secondar& circuit, while keeping
the field in the load magnet cpnstant}

- The experiment confirmed that it is possible to build a super-

_conducting transformer to set-up current, and that it may be practical



method?of éowering certain‘sopefeonducting magnets; >In.e practical.
example; tﬁe’inductance of the load magnet wou;d be menyetimes the.B,mH

of our.solehoid, while the total number of resietive joiﬁfs deed not B )
increaeedve}y mueh. Then a time constant of 107 seconds or longer for
the secondary circuit might be pos51ble. In our experlment we . could
have powered the load magnet for as long as flve days w1thout recycllng,
so a larger system might be povered for a month or longer with such a’

deV1ce._' B
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Figure Captions

1, 'Figure:l - Step Up Transformer Circuit

2. Figdre 2 -~ Experimental Transformer Compdnents



€419 0/ 19X

I 84

e

sy

suiny SN

.,m_EB Qz

o




XBB 704-1536

Fig. 2



A
Bt}




LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representauon expressed or 1mp11ed with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

© B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Comm1ss1on
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.’
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