27

=
YIS FFIF L 1A 35
“EeFtE FEIE D AT

A Study on the Mechanical Properties of MAG Weld on Ferritic Stainless Steel Sheets
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Abstract

Ferritic stainless steels have a good heat resistance and economic advantage. They are used for
applications such as automotive exhaust systems where resistance to general corrosion is superior to carbon
steels. However, there are not enough research for ferritic stainless steels on weldability mainly used as
automotive exhaust manifolds. In this study, mechanical and microstructure properties of as-welded STS
429L and STS 444 ferrite stainless steels were confirmed by tensile, bending, hardness test, optical
microscopy and scanning electron microscopy. Tensile strength of the STS 444 is higher than the STS
429L when it is a raw material. In contrast to this fact, STS 429L indicated higher tensile strength after
butt welded. In addition, the hardness have a increasing tendency as getting down on the bead.
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Table 1 Chemical compositions of ferritic stainless

steels for this study

C Si | Mn | Cr P Mo | Cu | Nb

STS420L 003 10| 10|15 |004 |17 ] - | 05
STS444 006 [019] 028 |186| 0021 | 20 | - -
STS430LNb | 0015 | 05 | 05 |185| 0013 | - | 01 | 045
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Table 2 Mechanical properties of Base Metals

] Yield j[‘ensile Bﬁﬁg Fractqe
Strength Strength Strength Elongation
[MPa] [MPal [MPal [%]
STS429L 360 480 640 19
STS444 38 520 665 20
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Fig. 1 Schematic illustrations of specimens
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Table 3 Welding parameters for this study

Welding Current 150A

Welding Voltage 18V
Welding Speed 10mm/sec
Heat Input 1.5kJ/cm

Contact tip to workpiece
. 12mm
distance
Base Metal

38~41%
Dilution Rate ’

Fig. 2 Bead enlarged grain
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Fig. 3 Ductile rupture surfaces. The results from SEM
analysis indicate equiaxed dimples. (a) STS
4291, (b) STS444, (¢) dissimilar

Table 4 Tensile strength of welded specimens

Speci Yield Tensile Fracture
ptecm;en Strength Strength Elongation
ype [MPa] [MPa] [%]
STS429L 38 510 16
STS444 340 470 14
Dissimilar 330 4% 15
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Table 5 Max. Bending Strength of welded specimens

Specimen types Max. Bending strength[MPa]

STS429L 630
STS444 590
Dissimilar 615

Tgo] wAskA] gtk olol weh Ho ¥ szl
Agle AFM e A=E At A3 2o digh
Ho 73 AxE vlwste] Table 50 YeRASITh <
FAdATe}t FABH STS 429L9HS &3 S A
M e RS A4S F UATE STS 44 AlE9
7%, QAT Aol v AYS RoFEd,

STS 430LNb solid wireZ AHEsle] &4 F 7)A14
BAo] A dolAe s B 4 9ok L C 2 HS
JeongA A7V meEw STS 44 ZAS TIG &3
SRHANA AGH 3] HEHUA B3}
micro crack®. = Jﬁﬂ AAo] Holx= AR H
FHoMZ STS 4449 749 A4l
&42 é}dﬂ Aok v 24 2§
o] AA ¥ M w3 A

oA EFF Ei@owr o] A3 ¥ AHE m|
TS 4449) EAJo] ol ¢

o m{m

o kI r -lol

-

o
fite
2
re

>,

odt

2

R

)

BAEA PN Yehd g e xpole A
BIAE Lolr 7] 8] Micro vickers 7
st AE=E SHsIRoH, 39 2 AT 24
Fig. 4% Fig. 59 Uehiich STS 4449 &
=7}t %i—}%i 9 GG T2 F AE
sk s e A4S B o
Agxa ¥2 Fx zel7t yehvue A4E Ak
oz 83
%}Eﬂﬁ de?, =

H B2 HE H|E AR FEREERe 2
At Ay AErb Hador sk AoZ UE

NowE ot op OL

td
o
i
o
9
fm
o
[
i)
ro
AC)
[
o
rlo

ne
Z o

2 o

SR R v )
o ok
kS
o,
1
2 g
pr
o
L
flo
po)
10

210
200 4 / STS429L
STS444
}l Dissimilar] {\
o~ 190+ VX
<>D f o \i//\\
T 180 4 7
7] %
3 170 A
=i
o
3
T 160 1
150 ¥
HAZ Weld Metal HAZ
-4 -2 0 2 4

Distance from center of weld metal (mm)

Fig. 4 Mico Vickers hardness variations of horizontal

direction
195 4
‘\\
190 AN

—a—STS429L
180 -

175 4

170 4

165 4

Hardness, HV0.2

Test location :
= | Center of weld metal

0.0 0.5 1.0 1.5 2.0

Distance from bottom

Fig. 5 Micro Vickers hardness variations of vertical
direction

uwebr Fig 294 & whd FAol A
sk WAo] 7 2SR5 shdo]
waw, Axwste] 7P 2 4TS
o3t 5= Stk Al 7HA] BAlRSE A BF
oA oJHHI=EZ W Z4E 7 <2
T A%S B3k o= <ls) A A
o] AT A, UFelA &Rz o] A
o7 ofun, T3 BAje} ofH HI=Z] FA Ao
2 &) ojAu=Tt =X Fgete FEFFoE
d A TSR US AoE dAdkHn

52 &

Feto|EA Al Ae] MAG 8454s foFs)
ot 2k

D B2AY 7IAA B8-S STS 4447} STS 4291

Journal of KWJS, Vol. 27, No. 2, April, 2009



Feto| EAl 2E|Ql2]

¢ MAG &3¢ 71414 B4 83 <

31

oF 95, STS 430LNbE €4 3 71418 BALS
STS 447} ¢ ¥& Ao g Yehygth

2) STS 444¢] 84% Zxe &% 55 % 49F
FoA b2 F Algde Hg) vt} o= &3 &

T Hste} frAkst S HojFErh

3) &3 mTolE 29 54, 38 A A
o] Htle WALErt B 9 AR 7P & 9
T AAY Aoz FuHTh

4) Al 7HA BAEF Zox] BT GAR A olH
HEZ YH24E s HAdes &
Rk o2 3] AA AR A TEho]
785, WA eRE o dgo] FHE Zo=
m, g B9} o] HI=Re] A 2jo]= QI oH
HEvh =22 2gsle SERFeR vd T
TRE S AoE pdEnh

ok
N

2 dFe F7RAAEATAE (No.M20604005402-
06B0400-40210) Atge]l oz FHPHA7|el o]
o A=Y

Kihestic - BBt BB274 H29%, 20094 4H

P

i)l
MO
ok

JFE 2Ist. Century Foundation: Stabilized Rust and
Corrosion Resistance Materials for Automobile
Exhaust Systems, Chapter 1-E(2), An Introductions
to Iron and Steel Processing, JFE. 2003

N.Fuyjita, K. Ohmura, A. Yamamoto: Changes of
microstructures  and  high  temperature  properties
during high temperature service of Niobium added
ferritic  stainless  steels, Volume 351, Materials
Science and Engineering A. 2003.

JS. Kim, HC Kim, CS. Jeon: Development of
High Performance Gasoline Engine for Small &
Middle Car, KSAE 2006 spring, 1127117

. SS. Kim, JH Lee, DW. Kim: Development of Heat

Resisting  Austenitic Cast Alloy for Gasoline Engine
Exhaust Manifold, KSAE 2006 spring, 1879-1835

John C. Lippold and Damian J. Kotecki : Welding
Metallurgy and Weldability of stainless steels, John
Wiley & Sons, Inc. 2005, 88-92

. KSJC : KS B 0833 Fusion - welded butt joints in

steel - Tranverse tensile test. 2001.

. Robert D. Cook & Warren C. Young : Advanced Mechanics

of Materials, Macmillan Publishing Company, 1935,

H. Ktafft Alloy 430 Ferritic stainless steel Welds
Fail Due to Stress—Corrosion Cracking in Heat-
Recovery Steam Generator, Springer Boston, 2007.

Li C and HS. Jeong Weldability of type 444
ferritic  stainless steel GTA welds, International KWS
Journal 3-1 (2003), 29733

149



