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Summary

Protection of electric devices intended for energy purposes from short circuit
(SC) currents even today remains the topical problem. Over the last years three
conceptions of current limiters (CL) are elaborated: commutative, semiconductive
and superconductive. Commutative current limiters are successfully used in
medium voltage systems (up to 35 V voltage) at nominal current up to 5000A.

Semiconductive current limiters are still in elaboration process, and some
laboratory models are emerged.

Superconductive current limiters (SCCL) are a perfect tool for limitation of
short circuit currents. Over several decades there are conducted intensive works
on elaboration and implementation of superconductive devices in electric systems,
such as generators, transformers, cables as well as current limiters.

The mentioned problem is especially topical for superconductive electric
devices, since their internal resistance is relatively low compared with traditional
devices, as a result of which SC currents may reach impossibly large magnitudes.
Basic requirement for SCCL is that the magnitude of SC stroke current and its
steady-state value doesn’t have to exceed maximum allowable values. Besides,
SCCM doesn’t have to negatively impact on parameters of electric energy systems
when working in normal operation mode.

Before now the elaboration of superconductive electric devices, including
current limiters was based on low-temperature superconductors (LTSC), at the
cryogenic temperature 4,2°C, that were featured by expensiveness and large sizes.

Discovery of high-temperature superconductors (HTSC) in 1986 has
essentially changed the state of the art and their cooling became possible at liquid-
nitrogen temperature 77K that essentially makes design of HTSC current limiters
cheaper and reduces their sizes.

In the first chapter of the work there are represented operating
characteristics of superconductive current limiters intended for energy purposes.
Classification of superconductive current limiters is given. There are considered:
resistor-type superconductive current limiters, which are based on non-linear
voltage-current characteristic and electric resistance of which is changed
according to current magnitude. Non-linear voltage-current characteristic of
superconductor is also used in induction-type current limiters. It may be
represented in transformer’s image in the form of superconductive non-linear
resistor in transformer’s secondary load.

Current limiter permeated with magnetic conductor includes
superconductive magnetizing coil, current coil and magnetic conductor.

There is conducted the analysis of SCCL use in high-voltage electric circuits.
They have substantial system defect and are depended on current limiter’s
installation place.

High-temperature superconductive current limiter intended for energy
purposes is considered. Turbogenerator protection is considered as an example.



Limitation of short circuit currents in superconductive electric devices using
superconductive current limiter is studied and its calculation is conducted
according to intervals.

Transformer-type current limiters and prospects of their creation using

superconductive winding are represented.
The effective mean of short circuit (SC) limiter is fast acting
superconductive current-limiting circuit breaker, which works on the base of non
linear voltage characteristic. When superconductive resistor changes depending on
the power range, it gives a chance to limit a strike and short circuit (SC) limiter.
Fast acting of superconductive current limiter achieved when changes phase
condition by impact of superconductive increased magnetic field formed directly
self with short circuit limiter , where is excluded intermediate spacer control. Fast
acting superconductive current limiter may be used as in alternating as in direct
current circuit.

In the second chapter of the work there are considered the impact of
induction-type high-temperature superconductive current limiter on electric
energy system stability. There is shown that SCCL substantially increases system
stability.

Fault location (short circuit location) makes no matter from the viewpoint of
possibility of dynamic stability preservation for such systems, where the each
switch in the line is equipped with current limiting inductive resistance.

It is shown that in order to reduce total electrodynamic and thermal action
of short circuit currents on wires and electric accessories is necessary to limit both
short circuit current (including stroke current) and its duration in the circuit.

The mentioned problem is solved in the work through speeding
(enhancement of fast responce) of high-voltage switches, via limitation of short
circuit currents and instantaneous trip of damaged circuit.

In the same chapter there is considered manufacturing technology of heavy-
current high-temperature superconductive wires and current conductivity of
superconductive wires intended for superconductive current limiters, and current
losses in variable magnetic field.

In the third chapter of the work there are considered controlled reactor-type
high-temperature superconductive current limiters with rotating magnetic field.
Basic properties and design solution for controlled reactor is studied. The
peculiarity of this device is that its inductive resistance can be smoothly controlled
by direct current through magnetizing.
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1,15 90 176 255 334 420 501 572
1,2 91 178 258 338 424 506 578
1,25 93 180 261 342 428 512 584
1,3 96 182 264 346 433 517 591
1,4 98 186 270 354 439 528 607
1,5 104 192 277 364 448 541 627
1,6 110 198 286 374 460 556 648
1,7 119 205 296 388 474 574 670

K = f3(Bim)> Mmdwol  dobgzom  890dwgds  oaobgl  K-U
3600369wmds 839990 By, -0Lom30L.  sbgmo  ©sdm30IOIe™mds GO~
9Omo  Ingobmgzol dm3gdmeos bsb.3.3. Hgormm MgodBHm®do H,(ig)
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bLoEOEOL  (33¢0gd0m  033W9ds By, LOoEOEY, LsIBsDs  gMsgaboerols
39606930l 0630 [obommdsbg dsdz0l 396Ebol Fggs©. s80EH™I
39M3535¢w  3Omagbdo K 3m9803096@¢0  ©0g0mmdl  Lbgoolibgs
36093690 ™dsL, 3OHMEgLOL dMEMmb 830MYds.

omm30L 45360 do bsformdMmog gbols (330 gdol MM, MHMYME3
5058 500 5943 MgodBHMMOL Mo GIOL  EOML,  AIMITOZOO
36MHmEqLOL 565¢0Bo, Fgodwgds BoBHMEL (3.18) 2sdmUsbmegdom, MMM
LoHgolo godmbobryangds.

120x10™
100
80

60
40

20

0510 1,5

659.3.3. 9560035000 BG:g5dEMMOL FmMEYEOLmZOL sIMI0EYdMgds K =
f3(B1m), 2 41 3030l gmsolmgol

a, b, § - 35635000 ©95dGHMMOL 29MTgEHOH0Io BMdgdo.
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31336900

1. 050999539090 9696393030 56086990 gd0l
AOBLRMOsBHMOMOo 330l ©gbLsDBYMO, DYRVIBHIOMWO  sMfMTR0Z0
M9BoLbGHMMom.  dmygzobowos  sbgmo  BHodol  gbLsbrmol  fiMggddo
994 GHO™AsboGEmo 30HmEgLJdoL MHoEbMmdMOZ0 sbgsm0dgdo.

2. a5bbormmos 9wgdHOe LobEGgdsdo dmzwyg d9em30L  ©9bgdol
39D0©30L 5MOGHMI0E0ME0 Bs3wYsEgds, Rdbgdmwo LiMsxdmd]dgwo
993993900 ©gbLYBOMO  FMfYMdOEMdOL  25dmyqbgdsy, MM™MIgois
39985mdL 5M5(iM3030 3 E39Mo Fobslinsmgdol Bogdzgunby, HMEs
B9399BHM0L Hobommds o33wgds gboll LoOOLYLD ITMI0WYOIMWYdSTO,
653 B5FMOEgOSL 0dEg35 T)HBLMEML OHMAMOE IMEHYIOL, 0lig STY>MIGOVIEO
dm3erg d9mm30L ©9bgdo. gm0l Loboom gobboryemos Bgysd@ SO0
AGO3MYIBIMHGHMOOL ©5(339. F0WYOME0s JgdGHOMIsgbodemo 3HmEgLlgdol
39693900 5 BoEBHMOME05 JoLO b5E0DO.

3. 39965¢00Hg0ME0s 0630 m©o Godolb  DgasdEHecr o
©96LsDBYMOL 293 9bs 9 9JEMMYbIMHYIBH03Io LoLE IOl IEAMIPMOIBY.
396923M0Mgdg  9egdgbGo  990mmegz5HgdEos  HgyodBHedo, bmerm
33wo©  0bdzomed  obosmdsl  Fomdmoabl  GHOIBLZMMIsEHMMO.
3990330905 BgRodBHIMOL S BHMIBLRBMOTIEGHMOOL 356599EHMIOOL 253 9bs
©96L5DYMO FMFYMOdOWMdOL FMFoMdsDY.

4. ©50m05390Mwo  8509053)03MM0 Mo DYRSTFHIMIIOo
©96LsBOMOL, Lodmogdsl 0derggzs: Byl  Jmfymdowrmdol  fobswmdol
33W0gool  06gHE0MWMOoL  IMEIWOEHOIL,  SBswoBMMo  v0ofgH ML
9099dGH®M35360GHMO0 256MHT935¢0 3OHMEILO BYEL-0L Fom3z5eobfiobgdom,
0935835bm©  9e9dBHO™MO0bsT03MMO @S 0MdMYOO  DBgdmJdggds M3y
d960mm30L 9bol, BaL-0L sSOBYOMBOL EMMU.

5. Dol gohoxgMoo dmddgogdom, 9mdxmogbgdl  gwgd@ o
LobGYIob 065303 MO BEYMHEMINL LobJOMbMWOo 49696MGHMEMOL  IdsWO
©G30OM30L EOML 53560058 0950000 S 30M0Jom, 5995M9gLGdL TS0
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©SHZ0MM30L  OML; Byl FM35¢XRIMOO  dMmJdgEgdom 599X MdJLYOL
©065303M6  8gMmomdsL  Mgg000L  Bgdoldogmo  350989@GHMOL  OMU,
390569000 GHM50E0ME ©75dGHMO™MD.

6. BaL-0L 459mygbgds gargdBHOIero Jugerol Idsgzmo J39LoyMOL
3396d80, Im3eg Fgem30L ©96900L  3MMOOBIEOOL O, LTS gds
03935 33HoMEML  BoodgmMds  Bgd3ogdol  gPMMdoz0  FMdomdoL
d9L5dgdMdOL boOx Dy, dMdomdol bm®IsmE 90030, HBOWB39gEYgml
999dGHO0o 969600l botolbo Lybgwdfozm bEsbs®Eol dglsdsdobs.

7. BaL-0b dMfymdoMdOL 2odmygbgds 6-35 33 dsd30L gargdEHHIro
Juool  bgoGH®owdo  1dMegdsls 0dErgzs  FMOZOXRJMOO  FmddgEgdoL
9BoLEGHMOMOo G030l Bl  IMfYMdOWMdOLIMZ0L  dsd30L  gu3owsEooL
5¢d5mMd0L J9I3060905L, GMEs BoBol Log®mdg 99oa9gbl 71%-sb 100%-09
dolo 300030 bLogMdols;

8. Bl Imfigmdowmdols gsdmyqgbgds 110 33 dsd30L  gargdEHOHero
Jugeols Bgo@GHEmodo s 0dwgzs 3MOBE03MWsE b 9539dBL, F9IMgdom
AOOOE0ME ModBHMOMD,  Fopa®oed  dmzwg  dgdmzol  ©9gbgdol
39D0"30L5030L G90dEgds 0yml 3oBsBIgfmbocro.
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