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Synopsis :

To develop a nonmagnetic austenitic stainless steel, influences of alloying elements on
the following phenomena were investigated: the austenite stability against phase
transformation into deformation-induced martensite, formation of delta ferrite at welds
and weld defects. The result obtained indicated that as a non-magnetic material 19
Cr-13 Ni-1 Mn steer was the most suitable. The austenitic phase the of new steel is so
stable that it can still maintain good nonmagnetizability after up to 60% deformation.
Deltaferrite phase is not observed at welds of the new steel, and the permeability of the
welds is almost the same as the base metal. The new steel also has significant
resistivity against development of weld defects such as undercuts. The developed steel
1s suitable for use in various parts of electrical, electronic and magnetic-memory
equipments, especially for use in nonmagnetic sleeve tubes and nonmagnetic belts

which require welding and wear resistance.
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Synopsis:

To develop a nonmagnetic austenitic stainless steel, influences
of alloying elements on the following phenomena were investi-
gated: the austenite stability against phase transformation into
deformation-induced martensite, formation of delta ferrite at welds
and weld defects. The result obtained indicated that as a non-
magnetic material 19Cr-13Ni-iMn steel was the most suitable.
The austenitic phase of the new steel is so stable that it can still
maintain good nonmagnetizability after up to 60% deformation.
Deltaferrite phase is not observed at welds of the new steel,
and the permeability of the welds is almost the same as the
base metal. The new steel alse has significant resistivity against
development of weld defects such as undercuts.

The developed steel is suitable for use in various parts of
electrical, electronic and magnetic-memory equipments, especially
for use in nonmagnetic sleeve tubes and nonmagnetic belts which

require welding and wear resistance.
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Table 1 Chemical composition ranges of experimental heats and chemical compositions of SUS 316 stainless steels

(wt. %)

C Si Mn

) Cr Ni Cu Mo N

Experimental heats

0.030~0.120 0.30~1.20 0.80~5.00 0.00i~0.020 17.0~21.0 10.0~14.0 0~1.5 0~2.2 0.0l~0.15

SUS 316 (119 Ni) 0.060 0.54 1.40 0.002 17.0 11.1 0.31 2.08 0.026
SUS 316 (129% Ni) 0.076 0.53 0.90 0.003 17.1 12.3 0.30 2.08 0.030
Undercut
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Welds

Bulk alloy \l/

1~

Photo 1 Welding structure and shape of undercut {d: depth
of undercut measured in photemicrographs)

Table 2 Conditions of TIG welding

Current 120 A
Voltage 10V
Traveling speed 1.6 m/min
Arc length 1.0 mm
Electrode Th-W, 2.4 ¢
Shield gas Ar, 15Ifmin
Welding Beed on plate
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Fig. 1 Changes in permeability of experimental heats and
commercial SUS 318 with reduction of cold rolling
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Fig. 2 Relation between reduction of cold rolling and perinea-
bility {CR, critical reduction; g, permeability after
cold rolling by 60% reduction)
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Table 3 The multiple regression coefficients of elements for

CR and gao

Element CR (%) o
adc;irgg?al Coefficient i‘Signif:;camce"‘L Coeflicient !Signiﬁc:ance"‘1
0.01% C 1.38 x —1.64 O
0.19% S 0.27 b -90.31 x
1% Ma 6.18 0 —1.69 O
0.001% S 0.14 x 0.10 x
1% Cr 5.16 O —0.62 x
1% Ni 11.8 O —3.37 o
0.1% Cu 0.05 % —0.18 x
0.1% Mo 0.09 X --0.57 X
0.01% N 0.34 x —0.07 x

*L Significant (), not significant (x) in 95% confidence
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Fig. 3 Comparison of measured value with ealculate value in
critical reduction (CR)
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Fig. 4 Segregation of elements at solidifide cell boundaries of
TIG welds in SUS 316 (119, Ni)
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Fig. 5 Relation between & calculated by Delong’s equation and
measured permeability at welds of experimental heats

and SUS 316 (11% Ni)
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Fig. 6 Influence of silicon and manganese contents on depth
of undercut
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Table 4 The most appropriate chemical composition deter-
mined after consideration of experimental results
and its characteristics

Chemical composition (wt. %)
CR
(%)
C Mn Cr Ni 0
0.07 1.0 19 13 1.0070 40
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Fig. 7 iz, R 3058, SUS 316 (L19%Ni) % 1 0t SUS 316 (12%Ni)
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R 3058 i3 M HOERE & 2iEF U CH h D TEY .

Fig. 8 1, R3055 o TIG B # 54 # FH & EPMA @ X A5

Table 5 Representative chemical composition of R 3053
(wt. %)

G S Ma P S C: Ni Cu Mo N

0.07 0.05 0.90 0.025 0.002 19.5 12.5 0.50 <0.05 0.05

Table 6 Permeabilities at welds and bulk alloys of R 3055
and SUS 316 (119% Ni)

Permeahility
Steel
Welds Bulk
R 3058 1.0040 1.0033
SUS 316 (11% Ni) 1.0230 1.0034
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Fig. 7 Charges in permeability and Vickers hardness of R 3058
and SUS 316 with reduction of cold rolling
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Fig. 8 Segregaticn of elements at solidified cell boundaries of
TIG welds in R 3053
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Table 7 Mechanical properties, press formabilities, and pitting resistance of R 3055 znd conventional steels

Mechanical properties Press formabilities e
Steel —_— e I lttm_gl
alee : e : . . otentia
P s s El . cey Erichsen el -
Direction (kgljmm?) (kegf fonm) (02) n-value®! (mum) (mem) LDR r-value®| (mV vs. SCE)
L 29.6 62.4 49.8 0.41
R 3055 D 25.4 60.0 53.3 0.42 27.00 12.60 2.06 0.93 426
T 29.2 6.3 53.6 0.39
SUS 304 L 26.9 64.2 52.3 0.47 27.65 12.70 2.06 0.84 219
SUS316 (119 Ni) L 25.8 62.9 55.9 0.38 27.10 12.45 2.06 0.49 478
*1 Measured in the El range of 5-15% *2 L-direction
107 T T T
R 3055
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Lower: SUS316(11% Ni) o Il \\
[
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