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Introduction 
. , •. ' ., 

The magnets and the current leads are:placed in the vacuum ~ryo-
. stat i.n the force-c.ooled mode. AU heat leakages of the current lead_s 

have to be removed out only by a mass flow through the leads. _In . 
the vapor-cooled rn9de a, part of the leads is immersed in liquid he
lium. In this cas_e the greater part of the heat leakages is removed 
out by_ a: mass, flow through the l~ads, · and another part ca~ be 
removed.out, by surrounding liquid helium. 

,\,. ,1 ·, ' , \ < 

' ConstrU:ctio~ Det~ils 

A coupl~ 
0

0{6 kA current.leads constructed and t~sted ,according, t~ 
[1] wa,s takeri.. kvacuurn jacket for a length 0(400 ~m was• t-~ken • 

. out of th~- leads, and therrr10meters and voltage taps were i~stalled;. · 
_ . Figure _I. The current leads for the Nuclotron were of special design. 
1, Simpler' current leads ·can be used for the vapor-cooled' rriode. . A 
. coupie ~f 9 kA current leads constructed and testecl'a~co~ding to (1 L 
was taken. A vacuum jacket was taken out of the leads for a length. 
of400 mm; .Figure 2b, and the heat exchange part of the leads was 

· irnrners.ed inJiquid helium. · · · · · 

Exp_erimental Arr,angement · .,, 
, 

Both types of current leads were tested pradically in the same ciyo~ 
, st:at as for.the Nuclotron leads.··• Figures I and 2 . show the set-up 
schematically. .Tlie force-cooled mode was done ac~ording to_ the 
cooling scheme of Figur,e 1. The le'ads are strapped together· at 

. their lower end by ~- copper t'ube ~ superconductor sandwich' shorf-
. -circuit. Th'e helium w~s separated ~nd oscillations of a mass flo~ in 

the current leads were prevented by a 10 dm3 intermediate .vessel. . 
The insulation vac~.mrn in the ~ryostat was 1 o-s. MP a. The vapcn:- . 
cooled mode was'. done according· to the cooling scheme of Figure 

2. · '.The leads are strappe~ together at theiflower end by_ a cdpper
superconduct9r sandwich' shortcir_cuit operating in · liquid helium:·, -
In 6 kA current leads the superconductor was. soldered to the spe
cial copper ends of the leads, :Figure 2a. .In 9 kA current leads the · ,, 
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. Figure J; Sch~Inati~ diagrarri'of the experi~ent~rarrangeni_ent . 

in the force0 cooled mod~. 
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. in _the vapor-c?oled mode. 
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.,., TABLE I-

PARAMETERS OF THE TESTS OF THE CURRENT LEADS 

6 kA current.leads 

.. '· 
1 

• Temperature~~K) ··-
' -

I .. 

'M .J 

Ti• .. T2 > T3. T4 , T5. · T6 .·' T7 .T8 ·. T ' . (g/S) (kA) 

5:03 5.14 5.29. 4;~6. 7;1' · 11.83 14.8. 16.8 .· 0.35 . 5 
-

30.2 • ,is-.6 °' , 0.335 · .. 5 . 5.83 5.68 · 6.69 ·1~.o . 14.6 · ·. 21.6 . ' . 

. '4.47 4.62 · · 5:09 8.3 13:53 19.1 24.6 39 ... 343 0.3: 5 

4.97 . 5.54 5.8. . 11.4 19.2 26.4. 
0

31.3 ,· 46·· 295 0.25,5 5: 
-· 
4.6 , .5.0 5.08 · .7;26 , 12.7 ·19.8 24:4 · 43.5 .· 300 0.23, 6 .. 

. 9 kA current leads 
"' 

20 . 4;2 4.22· 4'.22 • 6.25 . 9.9 lf 8 I 21.3 28 

6.1 , 6.8 . 12:3 · 19.7 _27.l : 31.3 46 

. 288 0.18 5 
:_ 

4.7 .. 298 · 0.16. 6 

' 

. :- . .:, .- '-~... :>·_·~· __ < . :. .· ·. •/ _·, -:-· .: ,, \ -
..., superconductor ·was soldered ,directly to the· current-carrying de- . 
. me~t. (heat exchanger part), ;.:Fi~-ure 2b. More design details can be 
. seen in [I] .. Thelevel of l1quid helium was measured by'levelmeter 
. withprecfsio~ o(±'I_mm'. The error in measuring the :m'.~ss fl.ow· 
'Yas ,_:,c3 ~- Thermometers TI-TS were fixed along tlie cu~rent lead 
inside the cryosta~·and Tin air. Thermometers TI-TS and their 

·· fixing ·were rnad,e as in [I]. :Therm~ine.ter.s TI~T3 'showed the level 
~f two-phas~ helium. iii- the cryostat· during operation witksuper- . 
critical heliu~:· .Th~ :~9ltage dr~p was ineasu:red across the· leid. 
Experiment~! datai were taken at. stable T and V,, 
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TABLE II. 

PAR~METERS OF THE TESTS OF TH~ CURRE!<T LEADS (CONTINUE) 

yoitage'(mV} 

(W/kA) ,:(MPa) V · Vl: V2 
. . 

' -_:-, 
• V3 . V 4 .V5 · V6 . V7 

, 1.4 ·· 10.:.8 30.5 0.96 .0.848 0.813 0.285 0.382 .· 0.07 ··· -0.03 

·1,34-:~ 
\, • - ! ... , ' . . 

0.01 : 33.6 · .1.24 o.969 ., o.805 o.57 · ·0:82 . o.o4. · o.o3., 
. . . ' . ' ··1. ) . . . . . • :_ ' ·, 

.. 1.2 . 0.015 · 110 . 1.57 0.9. 0.77 , 0.85 0.002 0.002 . 

. 1-02 __ 0.14 ·· .· 80 

. 0,75 

·0.1' 

0.53 

0.13 . :86 · 
,,.,..._,, 

0.04 .. 70 
, : - '"'--

, 0:136 • 76 

LHe - level of liquid helium · 
. ~ . : . - ' , -

M - mass flow· through lead · 

' .. J -. curre'nt 

P - pressur~ i~°ihe'.cryostat 

. s ;_ spec, heat leak pe~, !eaa 

1.36 '· 0.95 :0.76 .. 0.82-· · 0:003-_ 0.002 . 

"1.37 0.96. 0.002 

9 kA current leads 

o.92° . o.~r o.74 .0.82_ · 0.002 0.002 _, 

· 1.38 0.002., 0.002 

leads. fa this ca~e the specific heat leak was 00. 75 \V/kA ai 6 kA at 
'.,supercriticalhelium',,an'd the lead head was,at room teJ!lP~rat~re, 
. (300 K). The 9 kA.cur{ent leads operated in the force-:~obled.mbde 
with a specific heat leak of L.17 W /kA- at. 6 kA: Theyop~rat~d in 

- . the vapor-cooled mode with a specific heat 'leak. of 0.53 W /kA ·at 
. . . . __ ! ' , 6 kA. It v,;ll.f! possible to adjust the temperature ~f theo:lead head 

. Some measuremep.t·results are, sho~n in i'a,ble 1 .• ·· Jt is necessary to .~ \ . . :by cori:~cting the helit~in flow:· through 'the lead. Th; 9 kA current 

R~~ults'of Measureme'rits a~d Di;~ussiori 
, . . - ' '· .-. ~ . 

. co·m· pa.re··•.foe .. ~e.sul.t_s .. · .. of. th. e.same··· i.•~r.re·n··.·.t l.~ad·.··s·.fo ... r._d.-.·.i~. e.·.re .. nt c·. oolin. g, . ·•·~.· ,-. <•lead. s .o. pera···t·e·.·~ .. · .. w.·ith .. a· sp·-.e·.··c. i~c. h.ea·t······l.ea.k .Be.1_n.~.by.- 2.5o/c·o··: l;es·s. th.~n.-. th.;e·.: .· ·· schemes: .The 6 kA currentleads operated·m the force-cooled mode. ,~ ,-. ; current carrymg element with.a large cooling.surface immersed m·. 
_with a. specifi~ heat leak of'i.3 W/kA: at_· 6 !<K Th~y operated ' ; . liquid helimn, Figure ?b.: .. In anycase both couples of current leads 
in the vapor-cooled·,.mode ·with- aJesser helirini ;flow thr~ugh the . '( operated\vith_a spe~ific heatleak.of 20-= 25% less for supercritical ~ 

~ - • • • " • • • • < • • • ... ' ' ' • • " •• •• •• 
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helium. The gaseous h~lium surrounding the current leads has no 
influenc~ on the· operation of. the leads. It can. be. seen from the;· 
experim~ntatdata_under different6perating conditi~n~, i;e: lines J, · 
2, 4 of Tabll 1 .· It is possible to oper~t~ in the vapor-cooled mode 

' __ with.~ h~lium flow through '.the le.ads being 50% les_s than in th~ 
'force~c~oled mode. ,In this case another ~~lf of the he_atJeakcil;n be' 
. remov~d out by surrounding liq!lid helium. There were no design. 
changes of the leads. But in the vapor-cooled mode it is pos~ible to_ 

.operate _· with a lesser helium flow .through the leadsand.'to keep 
,, the lead head a_t roorri temperature .. it was h_ard tokeep the level 

-of liq.;_id helium during operation.at ~ormal pressure with .a small, 
helium flo~ through~ the le.ads. During .i10rmal stable op·eration of 
the 9 kA current leads at 6 l<A ,with aJiquid helium being 15 cni; 

. .·. ' ,·. ' '. ' ' ' ' ' . \' ', ' . '' . : . 
:the helium gas outlet of one lead was closed, i.e. the condition "loss 
of cooling'? was fulfilled .. The liquid heli'um went from this lead·very 
fast forles; than one s~cond,:and the short~ircuit: burnt through _at 
the lead end at once. The current lead rem~in~d 'c~ld; · >, ' · 

.-< 
Conclusions· 

.·· / ... ,.. __ 

The r~al specific heat leak 'of the current lead can. be obtained in 
_th~ force-cooled, mode; The _yapor~coolirig ~ode .in.al<es ·it· possible 

, • to operate with a lesse'r helium fl,..ow through the lead. . . 
- .. -
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Eapte11eB B.n. \ E9~95-517 
Pa6oTa TOKOBBOJJ.a npH pa3JJH'HlblX ~noco6ax OXJUUl(JJ.CJUrn 

3KcnepHMCHTaJlbHO npoBCJJ.CHO cpasue,me pa60Tbl . TOKOBBOJ].0B npH 
np1myJJ.HT~nhHOM ()Xfla)l(Jle11H11 11:oxna)l(JJ.e111111 ~apa~m rem;». TTapa TOKOBBOJJ.OB 
pa60HlJJa B peim1e , npm1ymiTCJibHOl'O OXJla)l(JlellllH C yJJ.enbHblM TCilJIOilpllTOKOM 
f,I 7 BT/KA_ npH 6' KA: Te )KC TOKOBBOJJ.bl MOrJIH pa6oTaTb B pei11Me oxna)l(Jlemrn 
napa~111 renH» C yJJ.enbHblM TetumnpHTOKO~f 0,53 BT/KAnp11 6 KA. KoHC,TPYKTHBHblX 
11JMe11e1i'11iiTOKOBBofton ue 6bmo, a n'o»sn»eTca scrn.1mKHOCTb pa6oTaTh c MCHbWIIM 
IlOTOKOM remrn i.iepe3 TOKOBBOJJ.bl II,: JJ.Cp~aTb BepXIIIOIO' tJaCTb TOK~BBOJJ.a Il{JII 
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Pa6oTa BblilOnHeiia k Jla6oparnpm1 BblCOKIIX. 3Hepr11H 0115111 .. 
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Operation of Current Lead~ at Different Kinds of Co~li~g 
•'~ 1•·,, .• /, ,' · .• '·. i,,:• •···i'.'/:;/~'. •.l ', I• e 
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'A~ expe~irilental compa~i~~~"ci/t11f operation of current leads i~ the for~e-cooled 
and vapor-cooled modes was made. A couple of leads operated in the force-cooled 
mode with a specific hea( leat ofd '.17, W/kA at 6 kA. The jsame leads can operate 
in the vapor-cooled ITIOde ~i'th a specific heat.leak of0.53 W/kA at 6 kA. There 
\Ver~ no design d1anges of the leads and 'it becam~ pos~ible to op~rate with a lesser 
helium flow through the !~ads and t~ keep the lead head a.t ro~m temperature. 

The investigation has be~n performed at the Laborat~i:y of High Energies, JINR. 
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