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Mechanical Properties and Weldability of High Strength Stainless
Steel Bearing 0.03% or Less Carbon for Railroad Vehicles

Teruo TANARA, Keiji Osakl, Haruki WATANABE, and Kazuo HosHINO

Synopsis :

The effects of alloying elements, volume fraction of deformation-induced martensite and rolling re—
duction on the mechanical properties of Type 301 stainless steels bearing 0.03%, or less carbon have been
investigated, and product properties of this Type 301L are also shown.

1) 'Tensile strength strongly depended on the volume fraction of deformation-induced martensite and
tensile strength decreased with increasing Nigq., where Nigq. =Ni(%)+0.355i(%) +0.5Mn(%) +0.65Cr

(%)+12.6(C+N)(%).

Steels having a constant Nigq. showed higher tensile strength by increasing N.

2) Proof stress of as~annealed and 209,—rolled materials was little affected by Nieq. and increased with

increasing N content.

3) Elongation was little affected by N content, and it strongly depended on Nigq. As N is one of the
factors in Nigq,, N has an influence on elongation through Nigg.

4) The mechanical properties of all the products, from LT to HT tempered ones, were confirmed to
meet the typical specification for the railroad vehicles.

5) Mechanical properties of Type 301L welded joints were equal to those of Type 301M bearing 0.06%,

carbon.

6) In the case that metastable austenite stainless steels were cold-rolled, welding current required to
form the nugget where diameter was 4 mm decreased, because specific resistance increased with increment

of deformation-induced martensite by cold-rolling.

7) Resistance of Type 301L to intergranular stress corrosion cracking and intergranular corrosion was

superior to that of Type 301M.
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Table 1. Typical specification of tensile properties.

PS(kgf/mm?) TS(kgf/mm?) EI(%)

Temper Min. Max. Min. Min.
LT(Low tensile)-2D 21.1 — 52.7 50
LT(Low tensile)-2B 22.5 — 56.2 45
DLT (Deadlite stock) 35.2 49.2 70.3 40
ST(Special tensile) 42.5 — 77.5 35
MT(Medium tensile) 49.2 66.8 84.4 25
HT(High tensile) 70.3 87.9 94.9 20

* PS/TS<0.8

Table 2. Chemical composition of steel
used (wt%).

Steel C Si Mn Ni Cr N Nigq.*
4—1 0.014 0.51 0.98 9.26 15.77 0.040 20.9
4—2 0.016 0.67 1.74 7.90 17.87 0.049 21.4
8—1 0.017 0.46 0.55 6.82 17.39 0.089 19.9
8—2 0.019 0.55 1.45 7.16 17.28 0.080 20.6
8—3 0.020 0.62 1.57 7.19 17.87 0.085 21.1
8—4 0.020 0.64 1.65 7.20 17.66 0.093 21.2

8—5 0.017 0.66 1.70 7.57 17.70 0.071 21.3
8—6 0.017 0.64 1.66 7.84 17.60 0.074 21.5
12—1 0.022 0.44 0.53 6.59 16.79 0.112 19.6

12—2 0.018 0.53 1.43 6.87 17.12 0.115 20.6
12—3 0.015 0.46 0.62 7.08 17.85 0.111 20.7
12—4 0.018 0.47 0.60 7.51 17.57 0.120 21.1
12—5 0.014 0.54 1.51 7.41 17.73 0.112 21.5
12—6 0.019 0.55 1.52 8.04 17.61 0.124 22.2
12—7 0.016 0.62 1.59  10.21 18.58 0.130 25.1
15—1 0.027 0.44 0.57 6.84 17.57 0.154 21.0
15—2 0.020 0.49 0.58 7.36 17.86 0.155 21.6
15—3 0.022 0.50 1.41 7.86 17.68 0.150 22.4
15—4 0.019 0.58 1.48 7.73 18.18 0.167 22.8
15—5 0.018 0.55 1.52 7.76 18.49 0.159 23.0
15—6 0.015 0.58 1.49 9.02 18.79 0.16 24.4

20—1 0.016 0.58 1.51 9.29 19.89 0.19 25.8
20—2 0.017 0.60 1.51 10.08 20.16 0.20 26.9

*  Nigq. =Ni(%) +0.358i(%) +0.5Mn(%) +0.65Cr(%)
+12.6(C+N) (%)
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Fig. 1. Effect of austenite stability on the volume

fraction of deformation-induced martensite.
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Table 3. Chemical composition of Type 301L and Type 301M (wt2p).

Steel C Si Mn P S Ni Cr N Nigq.
Type 301L 0.013  0.57 1.49 0.028 0.007 7.40 17.53 0.09¢ 21.1
Type 30IM 0.058  0.51 1.14  0.025 0.005 7.10 17.44  0.07 20.8
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Table 4. Tensile test results of MIG welded

Table 6. Welding current required to obtain

joints. (without reinforcement) the nuggets of which diameters are 4 mm.
Steel PS TS El  Fracture Steel Thickness Cold-rolling Current
(wire) (kgf/mm?)  (kgf/mm?) (%) point (mm) reduction(%)  I4,0(A)
Type 301L-HT 43.4 69.0 6.2 bead Type 301L-HT 1.01 20.5 5 800
(Y308L) Type 30IM-HT 1.01 25.5 5500
304-HT 1.00 51.5 5100

Material thickness : 3mm

Table 5. Properties of resistance spot welded
joints. '

Tension-shear Peeling stress

load (kgf) (kgf/mm2)
Type 301L-HT 1270 111
Type 30IM-HT 1250 92

Material thickness: I mm
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Table 7. Calolific values and electric resistance
in spot welding.
Welding
Steel current 0 R Qa4
I (kA) (pQ-cm) (1) (cal/cm?)
SUS 304 6.90 68.1 256.5 523.2
Type 301 L-HT 6.10 70.8 293.4 494.5
Type 30IM-HT 5.50 75.7 323.6 503.6
304-HT 4.90 83.0 357.1 523.6
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Table 8. Results of intergranular stress corrosion
test with plug welded specimen.
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24h 72h 240h 1000 h
Type 301 L-HT(C=0.013%) — - O O
Type 30IM-HT(C=0.058%) — O ® —
Type 301H-HT(C=0.113%) o} ° ) —

209% NaCl+1% NaCr,O7, 40°C
Q : No Crack @ : Crack

51 af BOWMMCORMKELTWBHLELDNS.
3.4 WEM

3-4-1 RRIEIERER
BRIEDBAIhRBIREEAR % 40°C 0 207
NaCl+1%Na,Cr,O; BRCBETHZ LT LD otz
BEStk & LTz Type 301L, Type 301M D i3hickL
BIENEAShCRETCROFEYHANL DI CH
0.113% o Type 301 (LAF Type 301H X3E3)
Wi, BEERSE 7T0mm o 2HERO HT 3 (kK
B; % 3mm) O ERRCERE 30mm OREHIT, 41
B IORE BT — 7B (FEE D 308L) T35
Sl X fERL k. RRAEHEARENERERY
Table 8 254, Type 301L <% 1000h T %h%
AT, ILBEDHZTH oM. CENEIRLE LD
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1

X-ray radiograph Cross section

Photo. 1. Cracks of plug welded specimen.
(Type 301 H-HT, 2095NaCl+ 12, Na,Cr,0, 46°C, 240h)

Type 30IM-HT Type 30IL
o800 O O O O o™
= O O O O |[seQ
£ 700¢ 8Difcho O O @)
= bl O, @ @ @ [P0
Seoot ONe e e 0o
g o, e @ @ O
@ SO0 stepO O~ @ —@ O

001 o5 o'| =5 ; 2 —h

Time (h)

Copper sulfate-salfuric acid test (JIS G0575)
O : No Crack, @ : Crack

10% oxalic acid etch test (JIS G0571)
Step-Dual-Ditch

Fig. 10 Temperature-time-sensitization diagram
of Type 30IM-HT and Type 301L-HT.

i3 Dual OfI&KTAHE L TC\5. —F, Type 301L i
500~800°C x % 2h O#MFEC Dual ML S5 2
PRRBRITAE LT gL,

lEX b, Type 301L TI2EBEAZN kX THHE
MICHBRE R L ORAB R 2 B2 3w
Lz b,

4. %

C&7% 0.03%) AT Type 301 OBEBUAIHEIC KT
THST, MIFER~AT /3 A+ (af) Bk TOEER
DY ERET 2 L &b, ERFEHAH & UTHRE
LBt (Type 301L) o #45 B % # 4 L 7c.
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BORRELRERIUTOLEI THS.

(1) BIEREBIIA—ATF 1 PEEE [Nigg. =Ni
(%) +0.3551(%) +0.5Mn (%) +0.65Cr (%) +12.6(C
+N) (%)]1 DM MET$%. A—0D Nigg. ThH
MENBOR R EFIRM X3/ <, N: 0.01% #in3
% L HRE 33K 1kgf/mm? H K35,

(2) BESIAT 3 L O 20% FEEEM @ 0.29 fiif 711 Nigq.
CirEAEREIRT, W N O #ncpivskd
5.

(3) HMOINEBREEAL FEIRT, Nig KK
5. Nk Nigg, wRIET 1 o0BRTHB &b
Nigq. # & B L THOICEET 2.

(4) HEFHOBBOEEILATAEN L QCETHOR
BhrToeR LT,

(5) Type 301L DEEEFD B M 1Y ¥ H 1% Type
30IM (G: # 0.06%) Drxh LiziFEL.

(6) HRESKEMT « BEoWCfECE AT 50
T, MUF 7y VEXBLHOCETHREBIIIEER
DI I FAT 5.

(7) Type 301L oifitki RIS HERE A 3 X O
AR EMZ Type 30IM i LIEHCE\R T\ 5.
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