
PATENT SPECIFICATION <u> 1 403 265 
M (21) Application No. 1252/73 (22) Filed 12 Jan. 1972 
00 '(62) Divided out of No. 1422/72 
V© (23) Complete Specification filed 10 Jan. 1973 
t-ti (44) Complete Specification published 3 Sept. 1975 
A (51) INT. CL.2 H01F 7/22 
rfr H01R15/00 

, (52) Index at acceptance 
" HIP 1A.2F2K 

H2E 18 3A3 3A5 3B7 3C6C 3D8 3E18 
(72) Inventors MICHAEL NORFOLK BILTCLIFFE 

PETER EDWARD HANLEY 
JAMES BARRY McKINNON 
ROGER WILLIAM WHEATLEY 

(54) SUPERCONDUCTING MAGNETS AND LEADS THERETO 

(71) We, THE OXFORD INSTRUMENT magnet are the losses of liquid helium due 
COMPANY LIMITED, a British company, of to heat conduction into the cryostat. It is 
Osney Mead, Oxford OX2 0DX do hereby desirable therefore to minimise these heat 
declare the invention, for which we pray losses as much as possible. 

5 that a patent may be granted to us, and the According to the present invention a 50 
method by which it is to be performed, to superconducting magnet comprises a cryo-
be particularly described in and by the stat containing a superconducting coil 
following statement: — designed to carry current and generate a 

This invention relates to superconducting magnetic field, a short-circuiting super-
10 magnets and leads therefor. conducting link connected across the coil to 55 

Such magnets are often required to pro- enable current in the coil to persist, and 
vide a stable magnetic field continuously electrical current supply leads extending 
over a long period of time. An example through the cryostat to the coil which leads 
of such a requirement is in nuclear magnetic have joints in them positioned within the 

15 resonance spectrometers in which it is desir- cryostat to enable the leads to be detached 60 
able to maintain a constant magnetic field from the coil and removed from the cryo-
between measurements without the need to stat without interrupting persistent current 
make adjustments to the magnetic field by and thus to reduce heat conduction to the 
field shimming whenever the magnet current cryostat through the leads. 

20 is switched on again. One method of meet- Preferably the joints are positioned close 65 
ing this requirement is to allow persistent to the coil and are arranged so that the 
current to be maintained in the magnet by leads can be readily detached and re-
means of a superconducting link connected attached to the coil from outside the cryo-
across the magnet coil. By providing a small stat. Where the leads are designed to pass 

25 heater in thermal contact with the link it heavy currents the joints may comprise co- 70 
operates as a switch which is held open operating screw-threaded male and female 
by supplying current to the heater to raise members and to assist in location of the 
the temperature of the link to a level at two members when re-attaching the leads 
which it becomes normal. The switch is the female members can have bell-mouth 

30 held open in this way while current is fed openings. 75 
to the magnet from an external source. For lighter currents the joints may take 
When the desired magnitude of current is the form of plug and socket members in 
passing through the magnet the heater is which case the leads should be rigid or be 
switched off to allow the link to become enclosed in a rigid casing. A plug and 

35 superconducting and thus act as a closed socket arrangement is particularly suitable 80 
switch and provide a path for persistent for connecting several conductors. To aid in 
current of the desired magnitude to circu- location of the plug and socket members 
late through the magnet. With such an the socket members can have bell-mouth 
arrangement the magnet dissipates no openings. 

40 energy and will continue to function in- In carrying out the invention gas-tight 85 
definitely without the need for an external seals may be provided where the leads pass 
current supply provided that the cryostat through the outer wall of the cryostat. After 
within which it is placed continues to be removal of the leads the resulting openings 
maintained at the requisite low temperature, can be enclosed by gas-tight caps. 

45 Thus the only losses in operation of the In order that the invention may be more 90 
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fully understood reference will now be made 
to the accompanying drawing in which:— 

Figure 1 and Figure 2 illustrate an 
arrangement of detachable leads for a 

5 superconducting magnet. 
Referring now to Figure 1 there is shown 

therein part of a superconducting magnet 
coil 1 contained within a cryostat 2 having 
an outer insulating wall 3. An electrical 

10 current supply lead 4 extends through wall 
3 to make contact with coil 1. Lead 4 
includes a joint consisting of a male member 
5 and a female member 6 which have co-
operating screw-threads by which member 5 

15 can be secured to member 6 by rotation of 
lead 4 from a remote position. To assist in 
location of member 5 in member 6 mem-
ber 6 is provided with a bell-mouth opening 
7. 

20 A joint constructed as described above 
has a low electrical resistance and is par-
ticularly suitable for passage of the heavy 
currents that are required to energise the 
coil of a superconducting magnet. 

25 Where lead 4 passes through the outer 
wall 3 of cryostat 2 it is necessary to make a 
gas-tight connection to prevent escape of 
boiled off helium from the cryostat. A 
tubular insert 8 is provided in wall 3 and an 

30 insulating sleeve 9 surrounds that part of 
lead 4 which is designed to lie within the 
bore of insert 8. Sleeve 9 is a close fit in 
the bore. The gas-tight seal is completed 
by means of an O-ring 10 which is tightened 

35 between insert 8 and sleeve 9 by a threaded 
flanged ring 11 when secured down on 
insert 8. 

To detach lead 4 from the cryostat ring 
11 is unscrewed and then lead 4 is rotated 

40 and lifted out through the bore of insert 8. 
To reform the gas-tight seal a cap having a 
generally similar shape to ring 11 is then 
screwed down on insert 8. To re-connect 
lead 4 the operation is reversed and it will 

45 be seen that the lowering of lead 4 through 
the bore of insert 8 and into the bell-mouth 
opening 7 allows the screw threads of mem-
bers 5 and 6 to mate and the connection 
made by rotating lead 4. 

50 Figure 2 shows an arrangement which is 
generally similar to Figure 1 and like parts 
have like reference numerals except that 
in place of a single current lead 4 capable 
of carrying a heavy current a multi-

55 conductor lead 14 is provided which ter-
minates in a plug member 15. A socket 
member 16 to match plug member 15 is 
secured to the magnet coil 1. With this 
arrangement it is necessary for lead 14 

60 to be rigid so that direct entry of the pins 
of plug member 15 can be made into the 
corresponding socket of socket member 16. 
Socket member 16 has a bell-mouth open-
ing 17 to aid location of plug member 15 

65 therein. The arrangement for ensuring a 

gas-tight seal where lead 14 passes through 
the outer wall 3 of the cryostat is similar to 
the arrangement illustrated in Figure 1 
except that if lead 14 has an insulating 
cover no special insulating sleeve is required 70 
around it. 

The arrangement of Figure 2 is suitable 
for leads connected to ancillary devices 
such as field shimming coils. 

By use of the detachable leads described 75 
above the coil of a superconducting magnet 
can be initially fed with the requisite cur-
rent and then switched to the persistent 
current mode. The leads now no longer 
have any function and merely serve to 80 
increase the heat conduction through the 
cryostat particularly as the material form-
ing the electrical conductors of the leads 
will usually also be good conductors of 
heat. The leads can therefore be detached 85 
from the magnet while the magnet con-
tinues to function and this source of loss 
is thus eliminated. 

WHAT WE CLAIM IS: — 
1. A superconducting magnet compris- 90 

ing a cryostat containing a superconducting 
coil designed to carry current and generate 
a magnetic field, a short-circuiting super-
conducting link connected across the coil 
to enable current in the coil to persist, and 95 
electrical current supply leads extending 
through the cryostat to the coil which leads 
have joints in them positioned within the 
cryostat to enable the leads to be detached i 
from the coil and removed from the cryo- 100 
stat without interrupting persistent current 
and thus to reduce heat conduction to the 
cryostat through the leads. 

2. The magnet as claimed in Claim 1 
in which the joints are positioned close to 105 
the coil and are arranged so that the leads 
can be readily detached and re-attached 
to the coil from outside the cryostat. 

3. The magnet as claimed in either one 
of the preceding claims in which the joints 110 
comprise co-operating screw-threaded male 
and female members. 

4. The magnet as claimed in Claim 3 in 
which the female members have bell mouth 
openings to assist in location of the members 115 
when re-attaching the leads. 

5. The magnet as claimed in Claim 1 or 
Claim 2 in which the joints comprise plug 
and socket members. 
6. The magnet as claimed in Claim 5 in 120 

which the socket members have bell mouth 
openings to assist in location of the mem-
bers when re-attaching the leads. 

7. The magnet as claimed in any one of 
the preceding claims in which gas-tight 125 
seals are provided where the leads pass 
through the outer wall of the cryostat. 

8. The magnet as claimed in Claim 7 
in which the gas-tight seals are provided 
with means for enabling caps to be secured 130 
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thereto in a gas-tight manner after removal N. N. DAVIS 
of the leads. 

9. A superconducting magnet substan- Chartered Patent Agent 
tially as described with reference to Figure 

5 1 or Figure 2 of the accompanying drawing. Agent for the Applicants 
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