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A study on the applicability of newly developed stainless steel for
weight reduction of carbody of intermodal tram
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Abstract The newly developed super ductile duplex stainless steel (SDSS) has good strength and ductility, and it
can be used to reduce weight and improve the fabrication efficiency of a carbody of a rolling stock. In this study,
spot weldability tests were conducted to take advantage of SDDSS in a carbody for an intermodal tram. Specimens
of various thickness (0.4 to 5.0 mm) were prepared to find the proper welding conditions, and tensile load tests were
conducted to evaluate the tensile-shear strength of spot welded joints. Then, nugget diameters were measured to verify
the quality. The tensile-shear strength was found to be proportional to the heat parameter. It was verified that the
tensile-shear strengths and nugget sizes of the joints satisfy the standard requirements. The overall weldability tests
confirmed that SDDSS can be used effectively for the carbody of an intermodal tram.
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&3kaL glot ool 99 9 AAl(core)7HA U= T Y7t 2 145 B8 B 7592 2l
T AEA A Bl TGS o, FEARl A Zgolm, 2 shfrake] Wi, A 9 Aol e &
7} ofg] @do] gtk mEbA, EF ApAS] AS- FA Ao, 7]& STS304¢F frAkg 5] W2de] Ade
B SHA 298 AR A9 Btk add, 2~ Aldov e Hojuba, 7HA AAE ] e AAe]
2 WAs SR AEE w7] wiel] 2] FA7E T3] SDDSS®] 8FehA A tha-9] Table 13} 2aL
S7FebE @A o] lof oA E&Ade] "olA= A7 71AA AL Table 294 2
ek o] EAH-E STS301LY} 2 AZAag u7
= ZERQIEAAAE AR Ao AT - o Table 1. Chemical compounds of materials(unit %)
ANEN 7 st BUE TAE sl SujelA Material 1 C Cr N N Phase
HZ e A9 2AA FEISE Z2EJEAA Austenite +
SDDSS | <0.06 | 1921 | 05~15 | 0.2~03 )
(Super Ductile Duplex Stainless Steel, SDDSS)2 7]<& Ferrite
e Eold 27 Alsh 2o e AU glout 7 STS304 | <0.08 | 1820 | 8~105 Austenite
AO STSI049) 28 ol ejolel s A uT A STS30IL | <0.03 | 16~18 6~8 <02 | Austenite
o] glol Efly 2 Aekst 9 fR Bl &
i Aol g oz AREE 4 Qlu2]. MES A Table 2. Mechanical properties of materials
E AA el A8 felM= AEe 7HE Wk o, Yield Strength|  Tensile .
A, 7FEA, SARSA 5 tekst B AES} Material (0.2%) Strength El"‘(‘;";.a)“‘m
(MPa) (MPa)
o] Fol ok g}, whha] £ Aol A= SDDSS 49 SDDSS 285 260 %5
EJ A 4845 dE=shr] flell, SDDSS &A= A STS304 258 651 60
|4 (spot welding) AlHE A &ela FA-Z A4 § STS301L-LT 215 550 45
HAZAS AAste] AEHS AN S o oAt 7 STS301L-DLT 245 690 40
E RS SN, H U2 AR SRR, e
e HEHY ADANE WO JE 2HNAS (emper roling 1211) | 410 760 3
7 249 gA 715 952 ddsigo STS301L-MT 450 20 ’s
(temper rolling 3/4H)
R I e

AL 2= vhedst 28R 27 A7 A&
a9t} 7|E AA Amd w2H, AEak 2] Al
5 778 Bl v Fig. 29 2TH4). Al 7EE B
o 2HdE a7t AAE STS3049F  STS301L-LT,
STS301L-DLT, STS301L-ST, STS301L-HT 5°] A&
gk 72+ Aze] FE EAL Table 29 37 Uehls
Fig. 1. Mountain intermodal tram on road t—]], AE7F Agd oz 2o STS3049F STS301L-LT7F
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Fig. 2. Materials of car body of electric multiple unit
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Table 4. Standards of spot weld joint

Nugget Diameter

Tensile-shear Strength

Fig. 3. Specimen shape

31 SDDSS _Jnk_XH Alr."_1 Thickness — —
(mm) Minimum Average Minimum Average (N)
A ZE 24191 SDDSS®] A& H7HE g A9 (mm) (mm) )
Tl %2 9 2gke A3A LA AA|HHe| Bt 0.4 2.7 3.2 1,646 1,960
./] ]‘F = T O 1 © ™o H pul A= ] “Ff 05 30 35 2352 2,744
Z(KS B 0851) WELE sl Ti5]. F40] w2 Al 0.6 33 3.9 3,057 3,606
P e Bl uhe b, A AdE 07 36 | 42 | 3020 | 462
0.8 3.8 45 4,782 5,645
2= ola)e 3} Fi wle} 2t} A : ;
Az ofele] Table 33} Fig. 3of viebdl whet et 4 0.9 40 47 5,723 6,664
SRR A FEH S 3 fradolEe 4 % 1.0 43 5.0 6,664 7,840
A,z w93 5 d Ha 11402 278 9k 12 4.7 5.5 8,781 10,270
ol Sl A o N 1.4 5.0 59 11,054 13,014
Al o] FAIE TEAKS R 9204)°l HAIE vRe} 2ol 1.5 5.2 6.1 12,230 14,426
% 14714 (04, 0.5, 0.6, 0.8, 1.0, 1.2, 1.5,2.0, 2.5, 3.0, 1.6 54 63 13,485 15,837
3.5’ 40’ 45’ 501111’1’1)0111][6], O]E %]:oﬂ/q O‘j_g_?-)_ %{% 1.8 5.7 6.7 16,150 18,973
D e s . b o 2.0 6.0 7.1 18,816 22,109
.}_\_Eﬂ?_l_ﬁﬂ_}_\_ ZE—‘EZ]'EOI: X]'Xﬂ"é‘ O]T:ﬂ (}\)/1'1:‘ TZH EHTE’E 23 6.4 7.6 23,206 27,283
kst 2= 9} 25 6.7 7.9 26,342 31,046
2.6 6.9 8.1 27,910 32,928
2.8 7.1 8.4 31,203 36,691
Table 3. Specimen dimension for tensile- shear tests 3.0 74 8.7 34,653 40,768
Plate thickness W L N B 32 7.6 8.9 38,102 44,845
3.6 8.1 9.5 45472 53,469
0.3-0.8 20 20 75 70
3.8 8.3 9.7 49,392 58,016
0813 30 30 100 20 40 8.5 10.0 53312 62,720
1.3-25 40 40 125 100 4.5 9.0 10.6 63,661 74,794
2.5-5.0 50 50 150 110 5.0 9.5 11.2 74,480 87,651
B 3 Hgd =d
L
wHoR AeH FAe BANE AR 27, §
e N A7 g 59 8z FAf-Hr) olF 2L
L E3 wale] FF A0l webE gebrol shm
o 7P S WA 9 A8 84 20 =
| ; : I 2ol Basith A49) 1208 2 dse A4
} >| o . )
4 A APANNE B3 Talo] Bashl, 7]Ed] Hg
CEEE ozny A2e 44 $H2AS 3
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Fig. 4. Pre-test for welding conditions (a) Calibration of
the spot weld machine (b) Measuring applied force
(c) Spot welding of SDDSS specimens

Fig. 5. Spot welded specimens
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Table 5. Spot welding conditions for SDDSS specimens

SDDSS Welding Condition
Thickness Current(A) Applied Time(Cycles)
(mm) 152 Force(N) 172
0.4 6,000/ 6,860 50/-
0.5 6,000/- 6,860 50/-
0.6 6,000/- 6,860 50/-
0.8 6,000/- 6,860 50/-
1.0 6,000/- 6,860 50/-
1.2 6,200/ 7,350 50/-
1.5 6,200/- 7,350 50/-
2.0 6,900/ 7,350 50/-
2.5 7,500/- 7,840 50/-
3.0 8,500/12,000 10,780 50/80
3.5 9,000/12,500 10,780 55/90
4.0 9,500/13,000 10,780 55/90
4.5 10,500/14,300 10,780 70/95
5.0 10,800/15,500 10,780 75/95
3.4 MBHEL AF-Ht Bzo| By
Aol i@l Table 50 5017 2o whe} H84 S
A T ARG ZeA RS AT Table 6=
A8 Aol Qg-g AlY A% e ol 9
AT A ARG TS §HEAG nre} AolS
Holi l=Hl, Al FA ALFE FE7) A e
the o] gk AR 4R AR} A 5
A JEHl A T2 &80 A Hol o] Fod
u) 7154 oAbl e melEr) wekdl, bAE U
o) st A AL WA Y= A® 2L o F
gler] St AEHA BAlel 7hejAE A% v
Aoz Fddh
Q=TI'Rt (1)
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Table 6. Pre-test of tensile shear strength of spot weld

joints
SDDS Measured Value .
Thick- Nugget Tensile 2:2,:‘22?
ness Diameter Shear v
(mm) (mm) Strength (N) F,=Iht
0.4 4 7,115 12,000
0.5 4 6,674 15,000
0.6 4 6,311 18,000
0.8 5.5 8,673 24,000
1.0 6.5 9,908 30,000
1.2 7 12,554 38,440
1.5 7 15,856 48,050
2.0 8 22,040 79,350
2.5 8 33,153 117,188
3.0 9.5 51,881 180,625
3.5 10 75,254 259,875
4.0 10.5 69,609 330,917
4.5 11 91,503 578,813
12
10kN

10 1

Tensile Shear Strength
(=]

Fig. 6. Tensile shear strength of spot weld joints arranged
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Fig. 7. Test results of tensile shear strength
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