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SAAHE T A 2RI A s ddy] &4 3, 297 2 Ak Sl 47 S48tk
(butt weld) 2.2 A|&5}AT} (Fig. 1(a)). 2A7EAH LS Table 2= A|Ho| AL% 8- x7102 Ax AFL7)
FHZHE o] Bato] w5 WS 7heto] HEglon o o] 84 20E& E3staL vk ¥ As 8HFAE o8
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of A7 10 mm®] 78< 370 7Fsksinh (Fig.1(e)). mm A A% &4 Hjo|=e] Fotollx] STt gt &

GO FEAE2 420l A Ferromaster [13]15 AHE38le = A Alo|= RIEe FAES SAste] &AWt o
A8t 0™ Permeability indicator [14]& BlmEelgo g )8k 18 gke] wisle nvwsieit). 85 gk Fab
A28 TE Permeability Meter (29€™: Ferromaster) = & Z2Ao] gad AHE 27] AU T Axs dxq
SR FAE(um) 2 pt=(um—1)/S+12] Aol mz} 24 oF FAg Y 2o dAeE skl &4 B
Fut) o2 WSSOIt 2 mm Aol g 3 S+ ool tgt FA-& WskE A3t
Table 1. Alloy composition of stainless steels 304 and 316L (%).

Material C (max) Cr Ni Si (max) P (max) S (max) Mn Mo

304 0.08 18—-20 8—10.5 0.045 0.03 2 -
316L 0.03 16—18 12-15 0.045 0.03 2 2—3

Table 2. Welding conditions.

Method Current (A) Speed (mm/min) Filler metal Fusion conditions Shielding gas
ith ith Partial
TIG 70-100 300 With orwithout artial or Ar (99.999%)
308 L, 316L full penetration

(a)

(b)

Figure 1. Stainless steels for magnetic permeability measurements: (a) welded (b) cold formed, and (¢) machined

samples.
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Table 3. Relative magnetic permeabilities measured at various stages of fabrication. ( );
Ferromaster. [ ]; measured using permeability indicator. Numbers indicate the order of measurements.

measured using

Material As—received After annealing After cold forming After annealing
304 (1.032-1.073) (1.004) (1.04) (1.005)
(Sample #1-12) [1.03-1.05] [<1.01] [1.05-1.1] [1.01-1.02]
316L (1.019-1.027) (1.004) (1.034) (1.004)
(Sample #13-24) [1.01-1.02] [<1.01] [1.05-1.1] [<1.01]

Table 4. Relative magnetic permeabilities

measured at various stages of fabrication. ( );
Ferromaster. [ ]; measured using permeability indicator. Numbers indicate the order of measurements.

measured using

Material As—received After annealing After machining After annealing
316L (1.003) (1.003) (1.009) (1.004)
(Sample #25) [<1.01] [<1.01] [1.01-1.02] [<1.01]

Table 5. Relative magnetic permeabilities measured at various stages of fabrication. ( );
measured using permeability indicator. Numbers indicate the order of measurements.

Ferromaster. [ ;

measured using

Material As—received aniitaelirng Current (A) Weldinlfmceorﬂdition Penetration After weld anﬁizirng
7 Yoo | om0
80 No Partial [1(.1'??1)5] ([11'?0014])
304 |(1.032-1.073)|  (1.004) W N Partial [?21—21531] ([11.?0014])
(#1-12) | [1.02-1.05] [<1.01] 90 ER308L - [§,151—51§31] ([li.()oolgl)
90 ERSI6L B [i.lz'l—iju ([1i.()0017])
100 No ful [i.lé?igfs);] [1.(012:(1116?())5]
70 No Partial [1(.(1)'50_2;)1] [(i'f,(())lil)]
80 No Partial [ 1(. 1 f)i?S ] [(i.f .(2)41)]
316L [(1.019-1.027)|  (1.004) 70 o Partial [1(.11)?1)5] [(i'f%ﬁ)]
(#13-24) | [1.01-1.02] [<1.01] % ER30SL B [1(;._1?)4] [1'(011.(101%())2]
90 ER316L - [?21—31231] [1.(01i(1017.())2]
100 No Ful [;142_33()5] [1.(01i(101?())2]
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Magnetic Permeability Measurement

of Stainless Steels in Vacuum Chamber Fabrication
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We measured the magnetic properties of stainless steels type 304 and 316L to see if those
materials can be used for the applications where non-magnetic materials are required. The
results show that the relative permeability of samples was greatly increased during
manufacturing processes. After full solution annealing, however the permeability could be
reduced to less than 1.02. Thus, the materials may be employed in the low-permeability

applications.

Keywords : Vacuum chamber, Stainless steel, Welding, Thermal treatment, Magnetic

permeability
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