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Characteristic study of mechanical properties of

Structural rolled steel and Stainless steel for MIG welding
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(Received 31 December 2013; received in revised form 5 February 2014; accepted 18 February 2014)

ABSTRACT

It is well known that fatigue failures occur on welded structures in industrial application due to repetitive load
force. In order to decrease the incidence of fatigue failure, we analyzed the mechanical properties based on
structural aspects in rolled steel(SS 400) welded onto stainless steel (STS 304) by the MIG welding method as
well as the structure of rolled steel welded onto itself. We compared the hardness, tensile and fatigue properties
with two types of samples which had no defects on the welding parts as observed by X-ray topographic
analysis. It was found that the tensile and fatigue strength levels of SS 400 welded onto STS 304 by the MIG
welding methodwere higher than those of STS 304 welded onto itself.

Key words : MIG weldingMIG &%), X-ray(XA), Tensile and Fatigue Strength(QIEZL ol LZZE),
Rolled and Stainless Steel(T7Z=& Zta} AH| QIZ[AZ)
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Table 1 Chemical composition of SS400,
STS304 and SW-316 (wt.%)
C Si Mn P S
SS400 - - - 0.05 0.05
STS304 | 0.08 | 1.00 2.00 | 0.045 | 0.030
SW-316 | 0.03 | 0.70 1.2 0.025 | 0.010
Table 2  Mechanical Properties of SS400,
STS304 and SW-316
Yielding Tensile )
material | strength strength Elonogatlon
(N/m) (N/m) %)
SS400 245 400~510 17
STS304 205 520 40
SW-316 - 590 40
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Fig.1 Shape and dimensions of welding specimen

Table 3 Welded specimen

Test sample. 1 | SS400 - Welding - STS304

Test sample. 2 | STS304 - Welding - STS304

Table 4 Welding conditions

Weave Weave | stay
Current | Volt| Speed

MIG Speed range time
(A) (V) | (mm/sec)
(mm/sec) (sec) (sec)|

First 120 20 10
Sord | 130 22 10 2 1.5 0.7
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Fig.2 Shape and dimensions of tensile test specimen
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Table 5 Vickers hardness values according to a
distance of MIG welding for SS400

and STS304

mm| -10| -8 | -6 | -4 | -2 10 |2 |4 6 8 10

Hv [ 147| 137| 151| 217| 226| 221| 213| 217| 226| 226| 225

Table 6 Vickers hardness values according to a
distance of MIG welding for STS304 and

STS304

mm( -10f -8 | -6 | 4 | -2 10 |2 |4 |6 8 10

Hv | 220| 222| 221| 225| 232| 248| 231| 217| 228| 232| 222
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Fig.7 Vickers hardness of MIG welding for STS 304
and STS 304
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Table 7 Results of tensile test

Test Tensile Yield Young's | Elong
es
. strength | strength | modulus | gation
specimen
(MPa) (MPa) (MPa) (%)
No. 1 623.4 485.5 223,300 | 48.42
No. 2 598.3 364.4 280,200 | 26.02
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Fig. 8 Stress-strain curve of welding specimen
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Table 8. Fatigue test results of MIG welding for
SS 400 and STS 304

P Pa Pm Cycles
85% | 2165.2 9743 | 1190.8 | 132,244
80% | 2037.8 917 1120 292.068
75% 1910.4 860 1050.6 | 621,495
74% 1885.0 848.2 | 1036.7 | 1,000,000
70% 1783.1 802.4 | 980.7 | 1,000,000

Table 9. Fatigue test results of MIG welding for
STS304 and STS 304

P Pa Pm Cycles

85% | 2340.2 | 1053.0 1287.1 30,958

80% | 2202.5 991.1 1211.4 166(defect)

70% | 1927.2 867.2 1059.9 | 6341(defect)

65% | 1789.9 805.3 984.2 144,981

60% | 1652.2 743.3 908.5 433,722

50% | 1376.8 619.4 757.1 1,000,000
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z "
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73 i ;
o .
& 350
300
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Fig. 9 Fatigue test results of Stress and cycle
numbers to failure for MIG welding
specimen

APAAE P A(FE-SEM) .2 223 Axlo]t}. Fig.

0@l A BiEntsl gol sjudd] ARF 1A e)

sistone] EhtD ek olzte S 271ed

B 29 AN 299900 gol Lol
Agelo] A9 W #de] A%Hw
grlo] t7] FolA weirs) %om Ao,

10 SEM fracture

surface

of the fatigue

Fig. images

dEth 283 EEEol 29 o Astd miyol
2 Hx &) o B3t 12 A< striation
o] wgdTt oA 9 D=EaHy Hlws)
Bo=zA Z & 4 9t} striation®] FAA= HE
o4 Fig. 10(b)ol YeEbd 2 3 22 dimple 33
7b dojwgth. Hx wdo]l HAHIT HA0H, A
3 striation, dimple F¥ ] AR A I FHA o]
AUist o] Fdo = Yetda JSS ¢ & Urh

4. 2

E AFE SS 400 &A)9} STS3 04 &A|9] o] F
A8 283 STS 304 TFASIL MIG &4
A isiA EHEA € A " HERE 5
e A St A¥EATE FAEIT O
A3 gy 2 2428 Ak
) 5FASZE &3 STS 304 Al gHo] o|FAE
2 &3¥ SS 400 &Rk STS 304 A @HET &
2R Axrt A JElgth STS 3049 A=E
A7l SR, AYFE, BARE SAE YRS
w, o]FANEE &HF SS 4002 AE A= €9

FI



T FAZA) 2Hx

A MIG 840l v 71 A4 SA4AT 0 dx7]AVbe s A, A3, AlE

ot
i

, SR, BAR A2 UERETh
s 4003} STS 304 ¢ FAEE SHE AFHY
=5 623.4 MPa 24 STS 304 5FAEE
9_ ANEH 5983 MPa HrT} ¢zt A3|sgla
L 48.42%9}F 26.02%= °F 28] 7hrke] A
UrEMH JAAZE 2 Aalgo] dsste Hish
SAYPor AdAT
3) AEAYE A= JAZZ=7F 24 JEREE SS
4007 STS 304 AA|re] &3dA1@He] STS 304 5
ZA52 £49 AFHRY =2 FzId=E
EFRITE STS 304 3ARE 849 Adde &
FEHAAY JM%@]&@, %de?ﬂal
o A7/t AYHETAE B} - z
Ueld Ao = g

rROFor_v
]I.\..ONC/)

At oft o
oX oX ot
32

filo

Hne

2t

1. D.G. Lee, K.C. Jang, JM. Kuk, LS. Kim,

"Fatigue  properties  of  inertia  dissimilar
friction-welded  stainless  steels", Journal of
Materials Processing Technology, Volumes 155 -
156, pp 1402-1407, 2004

2. Kunihiro Iida, Youichi Yazaki, "The bending
fatigue strength of welded steel pipe with
uniform mismatch", International Journal of
Pressure Vessels and Piping, Volume 3 Issue 3,
pp 211-228, 1975

3. H.T. Kang, Pingsha Dong, J.K. Hong, "Fatigue
analysis of spot welds using a mesh-insensitive
structural stress approach", International Journal
of Fatigue, Volume 29 Issue 8, pp 1546-1553,
2007

4. TIlkka Poutiainen, Gary Marquis, "A fatigue
assessment method based on weld stress",
International Journal of Fatigue", Volume 28
Issue 9, pp 1037-1046, 2006

5. JK. Hong, J.H. Park, N.K. Park, I.S. Eom, M.B.
Kim, C.Y. Kang, “Microstructures and mechanical
properties of Inconel 718 welds by CO2 laser
welding”, Journal of Materials Processing

Technology, Vol 201, Issues 1-3, pp 515-520,

- 106 -

2008.

. L.W. Tsay, C.L. Hsu, C. Chen, “Notched tensile

fracture of Ti-4.5A1-3V-2Fe-2Mo  welds  at
elevated temperatures”, Materials Chemistry and
Physics, Vol 120, Issues 2-3, pp 715-721, 2010.

. S. Pratihar, V. Stelmukh, M.T. Hutchings, M.E.

Fitzpatrick, U. Stuhr, L. Edwards, “Measurement
of the residual stress field in MIG-welded
Al2024 and Al7150 aluminium alloy compact
tension  specimens”, Materials  Science and
Engineering: A, Volume 437, Issue 1, PP 46-53,

2006.

. C. Zhou, X. Yang, G. Luan, “Investigation of

microstructures and fatigue properties of friction
stir welded Al-Mg alloy”, Materials Chemistry
and Physics, Volume 98, Issues 2-3, PP 285-290,
2006.

S.H. Han and J.K. Kim, "The Behaviour of
Strength and Fatigue Crack Propagation of
Various Steels in Steel bridges", KSME, vol 21,
No 10, pp 1694-1701, 1997.





