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Thesis Title Effect Study of Gas Metal Arc Welding Shielding Gas on SUS 304

Stainless Steel and SS400 Carbon Steel Butt Joint Properties

Name - Surname Mr. Yodprem Pookamnerd
Program Manufacturing Engineering
Thesis Advisor Assistant Professor Kittipong Kimapong, Ph.D.
AcademicYear 2014
ABSTRACT

Gas metal arc welding (GMAW) of dissimilar carbon steel/stainless steel joint is
generally more challenging than that of similar metals joint because of difference in the properties
of the parent metals to be welded. In order to get a sound joint that shows a maximum tensile
strength, various GMAW process parameters were optimized for taking full advantage of the joints.
Therefore, this research aimed to study an effect of GMAW shielding gas type on SS400 carbon
steel and SUS 304 stainless steel butt joint properties.

Materials used in this study were SS400 carbon steel and SUS304 stainless steel and had
a dimension of 100x200x3 mm’. Butt joint was welded by GMAW using a welding current of 100-
120 A and a welding speed of 300-450 mm/min. Shielding gases of GMAW process was 95%
Ar+5% He, 95% Ar + 5% N, and 95 % Ar+5% O,. Welded butt joints were investigated for tensile
strength, hardness and microstructure.

The experimental results were concluded as follows. Optimized shielding gas that
produced a maximum tensile strength of 548 MPa was 95% Ar - 5% N, with a welding current of
100 A and a welding speed of 350 mm/min. The tensile strength of the butt joint was increased
when the shielding gas was mixed with He, O, and N,, respectively. The present of the N, in a
shielding gas produced finer inter-dendrite arm spacing in a weld metal and affected directly to

increase a tensile strength of the butt joint.

Keywords : stainless steel, carbon steel, gas metal Arc welding
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Tensile Yield
Strength Strength
Steel % C % Cr % Ni Others (psi) (psi) % Elongation Condition
Austenitic:
201 0.15 17 5 6.5% Mn 95,000 45,000 40 Annealed
304 0.08 19 10 75,000 30,000 30 Annealed
185,000 140,000 9 Cold-worked
304L 0.03 19 10 75,000 30,000 30 Annealed
316 0.08 17 12 2.5% Mo 75,000 30,000 30 Annealed
321 0.08 18 10 04%Ti 85,000 35,000 55 Annealed
347 0.08 18 11 0.8% Nb 390,000 35,000 50 Annealed
Ferritic:
430 0.12 17 65,000 30,000 22 Annealed
442 0.12 20 75,000 40,000 20 Annealed
Martensitic:
416 0.15 13 0.6% Mo 180,000 140,000 18 Quenched and
tempered
431 0.20 16 2 200,000 150,000 16 Quenched and
tempered
440C 1.10 17 0.7% Mo 285,000 275,000 2 Quenched and
tempered
Precipitation hardening:
17-4 0.07 17 4 0.4% Nb 190,000 170,000 10 Age-hardened
17-7 0.09 17 7 1.0% Al 240,000 - 230,000 6 Age-hardened
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Steel) Hsguanilsznoulidreogiifion dlolioy Teunumay naald lasmsldanudon

" 3 yqy (4 < ¢ Y 1 Y a ¢ S q v Yy a o
Llﬂn’iaﬂﬂaWGIWTHJaEluLﬂu@f]ﬁWluullnl“nl!a'JﬂﬂJﬂfUiﬁlﬂ@iﬂlﬂuhlcﬁﬂ ﬁ]Wﬂuuiﬁﬂ?WﬂJi@u@ﬂﬂﬁ\‘]
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A o Y a =3 [} . Jd w a A o 9
e liinamsankanvesaslsznou 1wy Ni3Al 91nuunu lsn dnyazmsnauuuiiviild
3 ] s 0 A <
(MANNAIATUBUMUANINUVULTIG
I~} Aa A < 4 < a 4
- manna1 1¥aiuAunand (Duplex Stainless Steel) A twanna lFatiunlma
4 4 a ]
Usznouaie 50% e 159 nag 50% soanului waa ldninmsarugudrunaumanaiiuas
ad 3 a 1 = I Y Y Aa a 3 o Y o
Fmsovguluduasunsnaned1ed imannd I3 ainaunandnlsenou ludreaeaunai
1 Y

IR 1 amianaveunanago iy 9y auianiana ANud1uNIUMIiaAnIdU ANNEINITO

4 y & o wa A <3 a A
Tumsaugt vazanuans lumaiyon Fuiluauianm ldsnTumannd 1S auusiiadug

< ) d
2.2 wannaInIsuau [6]
3 3 o { ' 3
Tunnunmavgaman-manais lualugli 2.3 vonldIumanndr (Steel) Ao
1 < o { a o 1 Aa { 1< 1
TavignauszrNnuvanuazasueunilsSuansuoulunu 2.11% vazvanvias Ao
[ < 4 { a J a I~ ]
TaneHaNTzrNURaANUaZAS VB UNNUTIIUAT VD UINY 2.11% Juranndra1u1s o
I~ a < { a 4 1 a <
ponlailu 3 ¥ila Ao mannd1 laTgianeeniilsinamsveu liinu 0.77% wmanndigen
AA (A o < ] £ AN (a o
avenUSmnsuon 0.77% uazmanndi lenlesgianosNilsuanisueu 0.77-2.11%

< < M S AN - !
TunwunInduaaman-1Manas luageveunannaiiidugurginisuasundas

Q U

@

Tassadandda Ao

9



0.50 0.77% 1% 2.11% 3% 4% 5% 6%
<—Hypoeutectoid—>}e— Hypereutectoid —>] ‘
Steel Cast iron —————>]
(a)

10 12 14
‘Weight percent carbon
(b)

Y < < \ < <
510 23 () ununwaNAaman-Manay lud (b) dauveuHUANENAAAN-HANAS 1UA

_Y

uaaalgnsegmanes [6]

9 A 9 A wa =] ~ o
- 1y A, Ao iduuaasmsnlasulasauiamadmanvesdiwu lavinnms
a . I a . A A A 4?’ A A a
IUAN (Paramagnetic) 11 utWo TsuuuUAnA (Ferromagnetic) 10g 1N uUY 1NANQuHYN

1l5zna 210°C



- 1du A, Ao idulfningmnnos aaasznnudulfnsegnaaooiaz drunauy
A &2 A a J
MANBY AB YALIAAADY FaNTIUMTUBUITTINW 0.77%
9 A Y A wa =] s
- 1du A, Ao idunaasmslasunlasantianwudmianveue lsiainwis
Aa . I Aa . A A A dgl A A a
AN (Paramagnetic) Wumeo Tsuuuiua (Ferromagnetic) IO QUUHUINNUYU INANYUU Y
sz 760°C

a

Y A Y o A Y A '
- 1du A, Ao 1duguUNIFI3 727-910°C Ao tduuaninslasumaszsniniee
1< 4 A {
amu Tumilunle'lsv Wegamglin)asunilas
- idu A, Ao IdUUNQNYII 727-1146°C Ap 1 undaIMTlasuasz 1900

amu luiiduduladi Wegamgiin/aounlas

4
XY

1 < 1 a < 9 < < 4
9819 lsnammsutisuenyiaveunan laolsumunmaugaman-11anais luail
I ] =< 9 I o = g as A 9 o o [
Aunsutiaten Taenmsvaol Inssai wgamadunan Fuiluisnisnaeudeawndmsy
a ° 9 a Y d’l <3 I Y ] a .
Arans lumaii T 1dauese domalamaumaniazmannaiseimsng (American Iron
and Steel Institute: AISD) tlas @ UIAY IAINTIATOINAUNIDINT A (American Society of
a 1 1 < o
Mechanical Engineering: ASME) 34 laaaduszunlumsutisngumannailumsia g
o % d? Y =y @ Y o LY = Y
Tagmsmvuaduavyuu s lunisGen 4 a1 lauauaead s nuedIsanaunanlu
g Y o A o o 0] =2 (A s < ' o ' < ]
mannaiy yasNANavaeIdIgaNIenIe DaTuamsuou luman 151 A10613 mannal
A <3 9 o [V AA 1A 4 [ ]
AIST1040 1D 1HANNAINITVOU (Aav 10) NVUTVIUAITVOUININY 0.4% (A1av 40)
I 9 A 3 9 4 o AA A 4 [ o
11annal SAE10120 A0 (HANNA1IAIT VDU (Aav 10) NNUTHIUAITUDNMINY 1.2% (A28
I Y o [l < Y A 1 Y ~
120) Wludu dredsveuranndrsianies uaad 3 luasen 2.2
4 3 v , v gy \ a A A
uoNIINIY MannaEIoutengu ldmuaunaumand wiegluuumsnaa
< v o v o \4 %% s 2 v P A < Y Ao @ <
Mannaiue aadiediane 1l (Manna1AsueY (Carbon steel) A Wianna1nlAsUTly
v A (A 1ra Y an 1 a =\ (=Y
seannantUTunalumnu 2% nazilsznouludresanou lumu 0.6% wazuuamialumu

A I Y 2 J . £ A A J 1 Aa <3 Y
1.65% ﬂiﬂl‘l’iﬁﬂﬂﬁ?ﬂﬂﬁaﬂicﬁ (Decarburizied steel) ﬂuﬂsmmmimu"lmﬂu 0.05% tvannan

v

J o A A <3 Y aA 4 I v A A 1
ANTUBUMNIAY (Ultra-low carbon steel) D Lﬁaﬂﬂﬂ’]ﬂﬂﬂ’]iﬂ@ulﬂu‘ﬁ’]ﬁ]Nﬁll‘l’iaﬂllﬂill']m"lll

Aa Aaa I < 4 o
A1 0.03% HazFanauuazuuIMuaantios 1anna1A13 UaUA1 (Low carbon steel) AD
< Y A 4 I v A (a I Y] o v
mannaminsuewusiguauan iy 0.04-0.15% 1uddaqlunmisiidadauas
) .
Taseadregasud tazmslsanudue nue
3 v . A < Y Aa s I v A (a
mannalagyu (Mild steel) Ao tHannaInuaIsuowusIguaunaniliuia
4 ) o 1 o 1 < 4
MTVBU 0.15-0.30% I¥d M VNIUNoaF 199115 MaLHIHAN Wanna1s vauuna1e

(Medium carbon steel) o tvannd1nimsueuilusguaundnidsuaamsveu 0.30-0.60%
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o y 2 A o @ 7 - Va S v ¢
1%1uﬂ13ﬁ31\1%uﬁ3ulﬂ3@\1%ﬂ5 FOUNTININDT Qﬂﬂﬁmiu@’]rltllﬁu@\u!ﬁﬂ'mc] MannNaINITuUau
. A < 9 Aa 4 3 v A (A 4 1
q@ (ngh carbon steel) AD lﬁaﬂﬂa']ﬂi]ﬂ']ﬁﬂﬂhﬂﬂuﬁ']ﬂWﬁuﬁﬁﬂuﬂiu1ﬂ!ﬂ’]ﬁﬂ@uu’]ﬂﬂ?’]

0.60% 1o lunsailss dosn'lW dludu

<3 <] v W 4
Manna ey (Alloy steel) Ao 1tMANNANLF1IQWAVNANA 2D

A 4 1 A < Y Ao dy Yy Y
uonmilonnmsuen 1wy lua1s1eh 13.1 manndndnaviudualony 4

SWGREVRIRTEY

op 2

19 UFWHAN

] v
A =

WANDU 1Y Fanou dnina nie Insleumudiu el iuleanidaindosnts vaegh

A3

Y o 9 1< @ a 4 <3 Y @ <] Y 4
@’JL'QGUﬁi’]\Wlﬂqﬂﬂqﬂlﬂu@juﬁﬂ\iﬂiﬂ']mﬂ']'iﬂi’]ucli:llﬁaﬂﬂﬁTNﬁNﬂQLLﬁﬂﬁiu!ﬁaﬂﬂaWﬂ']T]_l@u

A1519h 2.2 dﬂuNﬁMﬂWﬂLﬂﬁ%@ﬂL‘Hgﬂﬂé}"lﬁﬂ\l AISI 1ag ASME [6]

AISI-SAE :
Number % € % Mn . %S % Ni % Cr Others

1020 0.18-0.23 0.30-0.60
1040 0.37-044 0.60-0.90
1060 0.55-0.65 0.60-0.90
1080 0.75-0.88 0.60-0.90

1095 0920-1.03 0.30-0.50

1140 0.37-0.44 0.70-1.00 0.08-0.13% S
4140 0.38-043 0.75-1.00 0.15-0.30 0.80-1.10 0.15-0.25% Mo
4340 0.38-043 0.60-0.80 0.15-030 1.65-200 0.70-090 0.20-0.300% Mo
4620 0.17-0.22 045-0.65 0.15-0.30 1.65-2.00 0.20-0.30% Mo
52100 0.98-1.10 0.25-045 0.15-0.30 1.30-1.60

8620 0.18-0.23 0.70-0.90 0.15-0.30 0.40-0.70 040-060 0.15-0.25% Y
9260 056-064 0.75-1.00 1.80-2.20
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2.3 ﬂ1‘§!‘ﬂﬂuﬂ1‘§ﬂiﬁﬁ$!!ﬂﬁﬂq3~l

2.3.1 ﬂ'NiJWlI"IEJﬂ']ﬁL%ﬂM [7]
Weld pool

Heat-affected zone __—Heat source
Fusion zone

Base metal

_—~Heat source

Weld pool Heat-affected zone

—-I— Base metal

' P %\
51 2.4 vanmsnugiulumayenlane [7]

Y
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v [ 9
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anvaziGoniiaraden (Filler metal) a9 Ihiod5vlgeauiiauedrlununsouldayu
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v d' a 1 d' d' d‘ d' 1 Y Y 1
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o Y a A ‘3 a 1 A A dy A . dy Y a
mldnanuagenvu Tagusnauloreursonunviaovazaly (Fusion zone) U enelving

] Y
g A A

I I A A~ ) 1 o
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Y v Yy v 9
A AAaA o w A v A A 9 A

9 1
dngdniunniinnudidey Ao Wunld5udnEnaninanuiou (Heat affected zone) Wuilo

o

ey

[ 491 A 3| dy ~ (=) 1 Y A a
ﬂﬂ’f)i’)ﬂhlﬂiﬂﬂwu NNITaduasaYy L'IJ‘L!W‘L!‘I/I"”] "lmmswaauaxmﬂ UAAIMUIDUNINAIN

F4 H

A A o Y 9 a dya ~ 1 o Y vAa
Nunvasuazaei v lasesadnusnatinansulasunlas nazaawaiiliauinvealany

nlasuualas
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4 % ' 4 < 1 Y {
maTulagmsyeuluilegiulduiimsieneenilu 2 ngu dwaaslugdi 2.5 Ao
4 4 <
NMSIFOUUVUHABNAZA1Y (Fusion welding) Hazn 1510 u Tuan 172993199 (Solid state

] 9 ] 9
welding) mi!,%mgummamzam ﬁtﬁsﬂﬂ'l\‘lﬂ%\iﬁt’]ﬂ?T ﬂ"lil%ﬂ‘llﬁﬁ’f)llﬁ&ﬁ?ﬂl!‘ﬂﬂﬁ\im‘n
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AA v =

(Conventional fusion welding) ﬂ’J”IlJ“I’i3J1EJEU'ENﬂ"lﬁL%i’)NLLUU“a@Nﬁ%ﬁTﬂUNﬁﬂEmSMﬂ?ﬁuﬁﬂ
a A A 1 Y an A A
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nsiveulany
& p -
NIILVUL UV DURTAY mmjaﬂuamawamm
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ETJ‘VI 2.5 :sjﬂuuummmzuaummmu [7]

4 ¢ o
2.3.2 M3pNRIIN lansunaagu [8]
4 s g

NTZVIUNTIFOUDITN laizunaAqu (Gas Metal Arc Welding: GMAW)

A Y o 3 A ) A 8 A <
NILUIUMIIFONOITN lanzundagy Wunszuiumsvon Iaglsararondunldosviuiadn
MINIuaINd9zgnilour1uR 1N (Torch or Welding Gun) D0nu10819A01HB 301U 111
adAaz e InTLIa¥ou (Contact Tip) adafenvrdudanuimethnszuai linszuayon

Yy o g o v 2 A s & y
Tnadngaradon Welmearadounaziunl TanzFuauzinan1se1sniuanuiouan
4 a Qs’ A Y I 1 (]

p13nNIzHasuid larzsunuuazasadrawenlmiilunes Tanzoglougiionasumaives

A = [ (4 1 9 [ 1 [BE= 1 1
sooley Tuvaz@ernuunaannen sy lnadimesiegiidanseenuilnaquiie
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waouiaazuInuseunlate1sn oimimnnitludmiesinlildeongnuniounadu
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Tuussomendn Tl §sorduulaterdnuay Tangiiddamasumaaudalnaquinden 1y
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9 1 [+ A a (24 . ! a [ .
1éun unanoe (Inert Gas) uoanwuna (Active Gas) pusuennWuna (Unreactive Gas) Lia e

94 .
UNENay (Mix Gas)

uiisnpay
Tavewasuazans

uanha
AR

P |
wunNau : -
gnan LT

| ¢ A s @ gy o
319 2.6 MIosTAYRINIZVIUMIFONDISH larizunaaqui lsunanagu [8]
= o s A 4 g Yy A
311 2.6 naaanannisesnlunszuaumsyoneIsn lavzunangy ANIaUN
A Qy 9 L4 1 A = [ ay
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v F4
ad — a [ I @
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o o | ag o = & a v 2 o
a0 drudanaseu Ivannanauludunuan dsmaanudoutszana 95 nesidud oz
o ad o L] a C 4
gnaar1u Tnodianasoulaz I IUUBI00UDIN (Positive Tons) AIUFBUIINNITOISN
Y [l [l [l
sgviaon TarzFuautazalayon Uaealrareudiuinaouvalazgnaielou (Transfer)
] 4 [} a 4
HIUN15015 NITNgUonaoaIUsIUNsENUANNT oY tazataFouszgninaguldiiuein
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vssemaseuuen lagundd Inansoonvniita dsuuanudoun lasuainmsersnves
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N3LUIUMI HIZFINIINTZUIUMI 0I5 NUUUDU
233 Tassadauunieu
d' 9 ay 1 d‘ ] d'
JUN 2.7 nana31lvea 1T 9a3 190 FUNIUITDEADFUNHIUNTZUIUNT DY
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HuuMasazaly neumMsyey UnuunIuved langranazNanyaztunsuninue
L 2 a 3 a A A o qYd = v q Y A
(Columnar grain) FUNANTUABUNITHAAAD N133A M INMaNsugnAazdalilvuian
-4 4 o 4 o a 1 @ 1 a a 3
8177u e imaveu Taoi 1S nasesdevesiag 2 uduNANIaoUAZ A1BLAZIANAN
a 1 9 a A A 1 Y a < ] a
VINuUIosaanIIMIAaNaIToN taziolaesliinamsguda Tarenaouamalunm
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¥ s a 2 A a A A & A
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a dyw 1 g 1 A A 9 s a d? dyd I
vsnailiuiudugeunniesvewunsou e n Inseaduau lasannaduil Tanunds
1 Y
sazn)szgannlassadiansuen lulanznan Wethduau ) dnuervnanmsianare la
05/} A a dy A [ 9 a dy
UoNINTUNUS DUV VVRINUNMIiaouazasuas Tavizvan 1asaasaves lansusail
a ~ A 9 A ' a Y
inamsasuuladiieodnnanudeunuHeonuINUSNAMIHasNaza1e 1asIa31ansu
d’ a dy = 1 a d' d' ~ a dyl d' Yo
TangNusnatioglinnunaNuUIIANINUTNUIUY VoAU AFON SenUTaHN wan 1asy
INTNAINANY3 U (Heat Affected Zone: HAZ)
. ) d . .
5101 2.8 uaasanvauzvod lassanuau lasd luTanznimaasunlauna

U

IS 3 &2 I o Y o a A a A
mﬂmmmmrﬂumm LU mqgﬂuaﬂymzﬂmﬂﬂumimﬂmﬁzﬂaemMﬁmnmummam

a

@ o u A g = 09: dyd a ' 1 1 J a
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U

4
a 1

[ { 5 ' J J 4 a 1
aaaaslugd 2.8 (n) @9 Swesiszuiumvau lasandegiiiiaanasld nieliglsis
s <3| < A 1 o Y1 < v Y
vouau lasann)asumiudamnsunianunauuvezdwai ldmanuuiwswazmiovas
A W 4 g Y A~ o 1 3w J
mytdadrved Tanzmuau1d vazgi 2.9 uaawnudsdinlszneumsiudiveunu lasa
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Fusion

Heat- ' Heat-
affected affected
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s 2.7 giuuuTasead e s anion [6]

15



l<— Secondary dendrite
arm spacing (SDAS)
(") (V)
51N 2.8 (n) Foaesznnavuaulasd el uag (V) Taseasruanlasd [6]

* Interdendritic

Intergranular porasity
second phase
Interdendritic
sacond phase
Intergranular
porosity
Tertiary
dendritic arm
Grain
boundary

Primary Secondary
dendritic arm dendritic arm

i.lﬁ 2.9 UHUANEINYTY ﬂ’f)‘]Jﬂﬁlﬂuﬁ’J"IJi’)\uﬂu"l,ﬂi@ﬂJﬂQIﬂi\iﬁSNﬁ]aﬂWﬂLﬁaﬂﬁa@ 9]

2.3.4 Mawoularzaarila (Welding dissimilar metals) [10]
A 3 YNy a A o < v P A '
MaFeumanna 13 atusoMUANHLIMANNAAIS VDU IUNTIFOUTDEND
< YNy A a o 5 v P A 3 Y o Y v a0
younanna IFaiueodmuAniumannAIMsveunIomannawaui19zdod dgungiia
1 Aa q'/ 4 < a {0
n3othunaranse lunuszuia 700 F Tasna ldvz ldararemmannd 13 aiunadiune
< v A o a Y} o o A o 3 )
yourannawaug iivetloanumsmalassadwusmuladlunmsifessdumanndn
4 = o | @ Y Y ¢ A Y] a 9
msueu uaz luvazdosudumstlestuanuduandsveanes lsamoetlosdumsinaios
9 9 ad A' [ 1 I~ 4 ] < 9 9J Aa ax
17z 5oU (Hot crack) 35MI¥oNsosnassnIurandInsususumannd 15 atiuIsms

d o Y l ' A ' <] Y J Y < Y 9y a Qy 1 '
U 'lil'li"]f\ﬂ‘hlf]EI'IQLLWiﬂa']ﬂGlHﬂ'Iiﬁf'ﬂilﬂ@Wf'ﬁﬂﬂa’lﬂ’lﬁﬂ'ﬂuﬂﬂlﬁﬁﬂﬂa’lhlﬁﬁullﬂfut’f']uﬂ@
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\J
2.4  BFUAVDITOHND
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2.4.1 ﬁuﬁ']u‘l]’ﬂﬂi@ﬂﬂ’BN']L!Lsdﬁﬂuﬁaﬂmaza'lﬂﬁlu\i']u@‘ﬁﬁ']ﬂﬂﬁﬁllllﬁlllﬂ YU IDYND
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2.5 MSNATVVANTANIINAVDITUIHIFON
2.5.1 HenudwnauiaFana [11]
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AndwarasanusuAunuadenandnlansuianqueieanifsensianudemnannanly
AN SUS304 uazimAnnaImiuau SS400
Effect of Gas Metal Arc Welding Current on SUS304 stainless steel and SS400 Carbon Steel
Butt Joint Properties
paauley niuda’ @i ufddes’ Anpwad Hurmed

Yodprem Pookamnerd " Jesada Kaewwichit' Kiltipong Kimapong '

unAnta
mu'fié’ﬂﬁﬁﬂgmﬂ?:mﬂﬂummszqnﬁ nadesenfnlavzufaeaulunindeusessetusudramdnndls
a7l SUS 304 uazafinndnenFueu SS 400 uasAnsnnfsunyspodaduun it iaseauFiose
sevde fusnrdenlundnmnefiilszneudan ponaisauduununden 300450 mm/min nezuaden
110 A uazufalnagu Fe ufananszndny 95%Ar+5%He uammaaetlpaglnudt asmida Fuiden
danaliiFranuudausaiaanas Lm:LLﬁmﬁﬁﬁﬂmﬁmﬂﬁaqaigmﬁ 520 MPa fiponuidaiduiden 350
mm/min nﬂ?ﬁmmaﬁﬁﬁﬁmwLL"ﬁq;mﬁqqmﬁﬁgﬂ.J?'mmé"mP--a‘nwi;qrﬂumsﬁwmf;uuumﬁm il
Fi'\ﬁ"l’]'.l-lLﬁdLLNﬁxlé'\Eﬂ?"‘.d n"sﬁ\mmmﬁwzﬂmumﬁw Anamuisgansresseesiedin 320 HY i

0y ' -l P | - # o &
Fundalansidion uasiAinTudieruiaF i EenfinT L

Abstract
This paper aims to apply a gas metal arc welding process for welding the butt joint between SUS304
stainless steel and S8400 carbon steel and study of welding speed variation affecting the joint
properties. Welding parameters in this study was consisted of a welding speed of 300-450 mm/min, a
welding current of 110 A and a mixed shielded gas of 95%Ar5%He. The summarized results are as
follows. The welding current affected to decrease the tensile strength of the joint and showed the
maximum tensile strength of 520 MPa with the welding speed of 350 mm/min. Fracture characteristic
of the maximum tensile strength joint showed a bottle neck-like fracture that implied a ductile behavior
and the minimum tensile strength joint showed a triangle-like fracture. The maximum hardness of the
joint that was about 320 HV was at the weld metal and was increased when the welding current was

increased.

Keywords: stainless steel, carbon steel, metal inert gas welding
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wannd et ustominulunsldou fe wnnd lialuilnadeudnags sfudedunisen
menresiudauns AafinnihwdnnnenfueudluneunuswnisesmnndFata Adeanns
auBA i umunsianseustslsfimumsdesmaenazareansinssladu vl Freudreen
Joymann madenselanziaesrusofieduls esnneamunsresesauiBiniana manmenm
uazmalansingn

Frinaniisesusanisdnslunisd@enmdn n&npnFusuuazminndnFatiudndyfiannsn
thandueyafiugrudfy unmsdensesdedagsinvalinssrinamdnn i feunasminn i it
Faii MsAneBnEnasesibulslunsdeni 00-120 uewul§ parmidalumsdien? 20-60 wuRupsse
wift Teenasdesumdnndnenfueusn nusiilediunszaiflunsdengeiunsiudnsesuun den
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wan e e Wiuun BenFuLuagnT9nAnRSY (lordachescu and Quintino, 2008)

FeyananimmasesiraduinlienfideduunAnlunindensesseruszudirandnndn
Py S3400 uazmAnndTifalin US04 uasiinisAne dnsBnina Avwidadudennduase
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madenuuudnluiilusiwnivhey sondesdildsnmfeniu  (Solid  wire) & miuidendin
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Chemical composition (%)

heaened C Mn P S Si Cr Ni Mo
SUS 304 0.02 e 0.045 0.002 0.44 18.67 5.04 0.02
88 400 0.05 0.2 0.007 0.009 0.01 0.05 0.017 0.02
ER308L 0.034 g 0.021 0.08 0.49 23.52 13.86 -

Tahle1 Chemical composition of Material

ArnAgaU AN LT RGN T w uRE un s L AR D TURNN TR A AR aATa s AT 1 Tl
sy AtARSIuLAE AN R uRRAe UL AeATadn s e TWR (Lakshminarayanan et al.,
2009) WTun pneeduduanais Figure 1 WAZWINIMAASLAELATIN AR AR (Tensile

testing machine) Tnaldaansdalunsis (Displacement speed) 1 mm/mim Laz TuAndmMsinanis

NAAD L
e 200 =
H ho 20#
20,
Figure 1 Specifications of the tensile test specimen.
(A) 0.5 mm (B) Fusion line

7 \wE:d Weld Az
*4e *e &
SUS 304 \ S5 400 SUS 304 SS 400

Figure 2 (A) Hardness measurement location and (B) Location of microstructure investigation

MmaRaLANHLIMARELRINHFIIIU ASTM B 92 FAme et wiunasaUfea N
L%uﬁwma’?ugﬂa’rmmmﬂi@ﬁm:wﬁmmmwwmmﬁu.m‘mm*‘240—1200 waxlealf st amene il
’Im‘f’mm@i“mmﬁ'mmammummm%umumnm‘mgﬂmiummmaLmqﬁﬂumw’muﬁmmﬁmﬁw
AN 55 400 tutinmssaiasavedudanmdnnd- Bailie aamnuinsUs 304 flesiaes
saanm 0.5 mm waldusalunsns 100 of uaswarlun 90 10 3nf fauass Figure2 (A)

maﬁmmwmuimaﬁ%wmmmﬂimm%wa@mmmxmmmﬁnﬁw%mmwmﬁﬂuﬁwmﬁm
nazATHINA RIS 2401200 uazpammining 1 lalAsams WasimsAansalasaain e
(Macroetching) Fasanazaandsnauialalrmansn (HCL) 50 mL LL@:&WH&(HZO 50 mL) @1ufu
wEnnd3aiiaadwiin SUS 304 uaransasaefitlssnandnansslusin (HNO,) 5 mL Tuasndy

& v I

(H,0 85 mb) A wmFLmEnndIATau S5400 FNHNIRTTIMASTM E 407 nNemsaaseuansnenig
HINANET99T UK M A A U ARG aRazn TR aau TAaT e an 1A W TRan g 1A
ﬂﬁﬂw@wi‘iﬁﬁuuui‘ﬂm{l (Optical Microscaope : OM) VRN A WRNTENLS a1 (Heat affect zone : HAZ)

wisInLduasuazats (fusion line) 1 mm wasdmanmnsudsullsunsu Material Plus 4.2 snu
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UIPITIU ASTME 1382-97/E112 e wvde Figure2 (B9 T e 1 wwden fanan s e STy ARe L i

WAEINNTT IR sf s snduani e aea

NﬁLLﬁza'ﬂ"li‘OINﬁ MINAN

iC) 400 mm/min

Figure 4 Macrostructure of welded joint produced by various welding speeds.
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Figure 6 Macrofractographs of the Tensile Strength at 300-450 mm/min
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Figure 7 Relation of welding speed and average grain size in the HAZ

A) 350 mm/min B) 450 mm/min

Figure 8 Typical austenite grains in HAZ (a) welding speed 350 mm/min (B) welding speed 450
mm/min
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Figure 9 Microhardness profile of weld metal produced by different welding speed at different zones

(base metal, HAZ and weld metal)
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