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Experimental data are given on a prototype short-circuit current limiter utilizing a polycrystalline
high-T. superconductor of composition;Ba,Cu;O;_ 5. The limiter comprises a series-

connected dc circuit element immersed in liquid nitrogen. To improve the efficiency, a
polycrystalline hight. superconductor having @shaped current—voltage characteristic

is used as the current limiter. @998 American Institute of Physids$$1063-784£98)02410-4

The protection of electrical circuits against catastrophic
extremes in short-circuit regimes poses a timely problem in I,A
view of the nonexistence of 100% reliable protection ele- 60
ments. The conceptual possibility of employing supercon- 30
ducting in shutdown devicggryotrong has been known for 4ot
some time* The advent of high-temperatufeigh-T.) super- 3oF D
conductors has led to reports of the design feasibility of cur- g4l
rent limiters operating at liquid-nitrogen temperattielt
has been proposédhat a single-crystal higi supercon-
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ductor be used as the active element of a cryotron, thereby or 7.8
. L o - 17.6
affording the possibility of exploiting anisotropy to separate
the control current and the working current. The develop- 174
. . . n b
ment of a 2.2-kA cryotron with a control winding made from 127,
a bismuth highF. superconductor has been reported. 11.0 3
Here we give the results of measurements of the param- 0.8 :':
eters of a polycrystallinéceramig high-T. superconducting dos
device, which is not connected into a cryotron configuration, {04
but functions as a series circuit component. In the ideal sce- ’
nario this type of ballast resistance is equal to zero for a | 102
below-critical ;) transport current, but in the event of an 70 10

emergency excess with the current exceedingit connects 60
into the circuit and limits the current at a safe level. In the & 50
practical implementation of the limiter it is necessary to g}
solve a number of technical problems, foremost of which, in & 30
our opinion, are the problem of contacts in the highsu-
perconductor, the removal of heat from the highsuper-
conducting protective element in the short-circuit-protection ~ 70[
regime (when the high¥; superconductor re_mains the sole 0 ﬂ.loz 0"04 0.|06 0"06 0.1 0.12
used, and the corollary problem of matching the voltage "y

drop across the higfi. superconducting element in the re-

sistive state with the voltage of the protected circuit; theFIG. 1. Circuit variablegthe current in the circuit formed by the series-

. . nnected battery, superconductor, and load resist@ncéhe voltage drop
matching problem dictates the geometry of the element anﬁ acrossR, ; the voltage dropJ . across the superconductor; the power

its power release per unit volume. released iR, , and the poweP, released in the supercondudteersus
The samples used for the measurements were made Inad resistanc®, .
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pressing from previously prepared high-superconducting superconductofin the first approximatior?,=U,/R,, and

Y,BaCu;0O;_ 5 powder. Silver contact patches for the cur-the indicated value is obtained foJ=2V and R,

rent leads were formed on the end faces of the sample. The 0.01(2). The power in the superconductor does not exceed

samples had typical dimensions 0KZ X44 mm. To maxi- 70W in this case and is effectively removed by the liquid

mize the contact area, the current contacts were coated withitrogen.

an In—Ga eutectic. The assembled device was placed in a Consequently, a highiz superconducting sample having

liquid-nitrogen tank. Owing to the smallness of the contactan Sshaped 1-V curve can be used to achieve a switching

resistance, the difference in the voltage drops measured Isffect and to construct an alternative to the cryotron current

two-contact and four-contact techniques was significantlimiter.

two-probe data are given here. The current source was a 6 Although these results imply that the parameters of the

ST-132 battery with its six elements connected in parallel. Ircurrent limiter utilizing a high¥, superconductor are far

Fig. 1 all the curves for one series of measured samples afeom perfect, we are hopeful that a detailed study of the

plotted as functions of the load resistariRg, in this case a hysteresis feature of the |-V curves of polycrystalline high-

step rheostat. T. superconductors with a view toward the practical exploi-
It is evident from the figure that &R, is decreased, the tation of this hysteresis will set the stage for the design of a

current in the circuit fol >20 A begins to deviate from the protection element with parameters closely approaching

hyperbolic lawl =U/R,; at R,=0.01Q the current attains practical requirements.

its maximum value~60 A and then spontaneously decreases

to ~35 A. We attribute this behavior to the transition of the

current—voltaggl-V) curve into a branch having a higher . N. Glazkov, inResearch on Superconducting Electrical Power Equip-

iferenia eisance.  phenomenon that we have cboeregl T e 1 S0 A Aot e i

previously” The figure shows how the voltage drops a}cross Témberature YSuperconducgvi[y\ Russian, Vol. 2 (Sverdlovsk, 198)7 :

the superconductdd . and across the load, are redistrib- pp. 240—241.

uted. 3J. Chen and Z. Chen, iroceedings of the Fifth International Conference
Clearly, a protection effect is observed at the minimum ©on Materials and Mechanisrps of 'Superconductivity and High-

attained load resistance, where specifically the voltage drop;?r;f’e{fgiff;fﬂfg%ﬁgfﬁ ”'Fr;gl’g g"nf’l %fggbp[%o%?i;ig%hys.

across the load is lower than that across the superconductor, et 16(2), 128(1990)].

The variations of the power releases in the I®adcand in the  °G. B. Lubkin, Phys. Todayt9, No. 3, 48(1996.

superconductoP are also shown in the figure. It is evident EM. |. Petrov, S. N. Krivomazov, B. P. Khrustalev, and K. S. Aleksandrov,

that when the load is a minimum, the power released in it js SO0 State CommurB2, 453 (1992.

only ~20 W, as opposed te-400 W without the highF.  Translated by James S. Wood



