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Synopsis :

A cryogenic non-magnetic steel has been developed which is used as a supporting
material for a superconducting magnet in a particle accelerator system. This steel must
satisfy the following requirements: (1) Its magnetic permeability at RT and 4K shall
less than 1.002 which is far below that of conventional non-magnetic steels, and its
temperature/strain dependences shall be minimized, in order to keep the deviation of
magnetic field to the order of 10-4, and (2) its yield strength at RT and 4K shall be much
greater than that of conventional austenitic stainless steel to withstand the local
prestress and electromagnetic force, and (3) lowering of its cryogenic ductility and
toughness after precipitation heat treatment of Nb3Sn superconductor shall be lessened
in order to apply it to a superconducting wire. To meet the above-mentioned
requirements, low C-high Mn-N-V steel has been newly developed. The steel also shows

good applicability to stamping and spot-welding operations.

(c)JFE Steel Corporation, 2003
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Cryogenic Non-magnetic High Mn Steel
for Accelerator Superconducting Magnet
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Synopsis:

A cryogenic non-magnetic steel has been developed which is used
as a supporting material for a superconducting magnet in a particle
accelerator system. This steel must satisfy the following require-
(1) Tts magnetic permeability at RT and 4 K shall be less
than 1.002 which is far below that of conventional non-magnetic

ments:

steels, and its temperature /strain dependences shall be minimized, in
order to keep the deviation of magnetic field to the order of 10—,
and (2) its yield strength at RT and 4 K shall be much greater
than that of conventicnal austenitic stainless steel to withstand the
loczl prestress and electromagretic force, and (3) lowering of its
cryogenic ductility and toughness after precipitation heat treatment
of NhySn superconductor shall be lessened in order to apply it.toa
superconducting wire. To meet the above-mentioned requirements,
low C-high Mn-N-V steel has been newly developed. The steel
also shows good applicability to stamping and spot-welding opera-
tions.,
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Photo 1 Superconducting magnets installed in tunnel for ac-
celerator {(Photo from a pamphlet of Fermi National
Accelerator Lahoratory) !
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Fig. 1 Newly developed high Mn steel on the
Fe-Mn-C phase diagram at 1100°C

(Permeability ¢ was measured at 4 K
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Machinahility)
on specimens temper cold rolled by 10% (Machinabilit
after full annealing).
10
Table 1 Chemical compositions of newly developed high Mn steel and 316LN stainless steel for reference (wt. %)
Steel c Si Mn P 8 Cr Ni N v
i Norminal =0.4 =1.0 26~32 =0.04 =0.01 6~8 0.65~1.5 0.05~0.15 0.05~1.0
High Mn* |
‘ Example 0.12 0.6 27.9 0.035 0.007 7.0 1.5 0.09 0.06
316LN {(Reference) .03 0.5 1.0 0.034 0.009 17 .4 11.8 0.20 —
* Al andfor Ca are added depending on the occasions.
JIRHEEEERR Vol. 21 No. 3 1989 — 100
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Fig. 3 Change in magnetic permeability with cold working
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Fig. 4 Effect of N on tensile properties of high Mn stee! at
4K (as annealed)
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Fig. 5 Change in yield stress 4, at RT with cold temper-
rolling
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Fig. 6 Temperature dependence of yield stress 8, and Charpy
impact energy v& of NbsSn heat treated high Mn steel
with and withour V
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Photo 2 Optical and electron micrographs of V containing Mn
steel subjected to NbaSn precipitation heat treatment

Table 2 Experimental stamping conditions

Sample O High Mn (2 316LN
Sample thickness 1.5 mm
Hydraulic machine 10t HP
Tool material SKD 11

Blank diameter

@ 12mm¢ & 18mm¢ @ 24 mme

Clearance T 0.08mm (& 0.14mm

* No lubricant was used
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Photo 3 Scanning electron micrographs of high Mn steel after

stamping

Table 3 Measured height of burr after stamping
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Table 4 Experimental conditions of spot welding

Valtage

| 0s~13V
Current : 1.6~7.3kA
Load 600 kg
Welding cycle

Electrode (chip)

Cu; dome-type, d=5+1

|
! 5, 10 and 20
|
i

Mechanical test Cross type tensile test
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Fig. 7 Results of spot welding test
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