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ABSTRACT

This research is a study of welding repair of aluminum alloys for rolling stock
using Metal Inert Gas welding (MIG) process. The new welds of 6082T6 aluminum alloy were
welded by 4043 filler and 5356 filler (4 conditions each). In addition, 5083 aluminum alloy were
also welded by 5356 filler. Then new welds were removed by grinding and repeatedly welded again
for repair welding. The physical of joint and macro/microstructure were investigated. Mechanical
properties such as tensile test and bend test were also studied following AWS D1.2 standard.
Hardness test was also applied. The results revealed porosities for most of samples. Microstructure
showed dendritic structure. For 6082T6 welded by 4043, results confirmed satisfied tensile
strengths according to AWS D1.2 and all samples were fractured at HAZ. Bend tests were also
satisfactory. However, for 6082T6 welded by 5356, tensile strengths and bend test were satisfied
but tensile samples were fractured at weld metals. In addition, for 5083, tensile strengths were lower
than AWS D1.2 and all samples were fractured at weld metals. Bend tests were also satisfied only

in case of 3 mm. The weld metals also indicated lowest hardness.
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Tensile strength Yield strength Elongation Hardness
Type
(MPa) (MPa) (%) (HV)
Al 6082T6 310 min 260 min 6 min 110

M99 2.3 uaaafSunadIunaunualivetezgiiitionnia 608216 [2]

Type Si Fe Cu Mn Mg Cr Zn Ti Al
0.7 0.4 0.6
0.50 | 0.10 0.25 | 0.20 0.10
Al 6082T6 to to to Bal.
max | max max | max max
1.3 1.0 1.2

2.1.1.2 9z QAUBNHTNINGA 5083
< aa A S <3| ' 9o <
W TanswanvesergliflonnTuuniiFen (Mg) udrunandiany naziiy
] Y
idlowi lidnszoaumsnszimsanudon exgiitiounaustiatinuaemsnansou
1 J . a Y A J 9 [
Bounaznuaenae 154 (Chloride) Honldaulunisdeize sooud IasedieeimaeIu 69

] I
AMFULVTTY uiuyanz udu [3]
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M13199 2.4 LarasauliAFINaveIzgiition 5083 [2]

Tensile strength Yield strength Elongation Hardness
Type
(MPa) (MPa) (%) (HV)
Al 5083 300 210 11 90

d‘ ! ) a A
19190 2.5 Llﬁﬂ\‘]iﬁllﬁuﬁﬂuNﬁiJ‘VINLﬂiJGU’f)\‘]fJ%QMUEJiJLﬂiﬂ 5083 [2]

Type Si Fe Cu Mn Mg Cr Zn Ti Al

0.4 4.0 0.05
Al 5083 0.4 0.4 0.10 to to to 0.25 0.15 Bal.

1.0 4.9 0.25

2.1.2 Q’Jﬂﬁﬂﬂli’)ggﬁ!ﬁﬂﬂ ﬂmﬁenmm%mmmmgm AWS D1.2 ugadlunanuan
n [4]

A = Aaa . I 1 o W R A A
AVIAUTON 4043 HFIUNTUVDITANDU (Si) Wuaiud 3] FIUANUA UM

¥
1" 9 9 a A 1 A A A

ADAIUMSUANTU IHZADRQUItlouNg A 6xxx Hazozglitisunaurias Jeidefo iowou
neaanuriiend adaieunsa 4043 lilianumanzandmiumareunes giiitiounaui
NuunTBouga (3% WIoNINNI) 1Y B2gUTiouINTA Sxxx NT1ZIZNATIT2N0DTZHIN
. a A A o q ¥ = q' ' A 2

Tang Mg,si a1 Tudiewen hldanumlietanawazi@sadensuanniuyy
A SO a A <3 ' 9w A 2
a291F0N 5356 NAIUWANVBINNILTEY (M) (Judiudify adneunIail
Tomuunlumsi¥onozgliflounauinsa Sxxx 1azezgUitloumaNINGA 6xxx 1TU 5083 Az

o w A dy =} . A o P 9 = A

6082 MuAIAY arFomnsatvzray Inmdion (Ti) e 19l Tnssad1vaziBea tions

Y 1] 9 ]
ﬂ‘iﬂﬂ‘éﬂﬁhﬂﬁl‘ﬁﬁﬂﬁﬂlﬂ\ilﬁmgﬁ'ﬂh muumm%amm@ 5356 %QNﬂ’ﬂNH’Tiﬂ%ﬁll’E)ElNiﬂﬂGluﬂWi

IFoNOLQUITINHTUINTA Sxxx HAZINGA 6xxx [1]



A 1 =~ A A A
A1319N 2.6 L!ﬁﬂQﬂ%ﬂ']mﬁ']uNﬁllﬂ1\1lﬂﬂm@qajﬂl%@ﬂﬂggul‘UﬂN [2]

11

Type Si Fe Cu Mn Mg Cr Zn Ti Al
4.5
Filler 4043 to 0.80 | 0.30 0.05 0.05 - 0.10 0.20 Bal.
6.0
0.05 4.5 0.05 0.06
Filler 5356 0.25 0.40 | 0.10 to to to 0.10 to Bal.
0.2 5.5 0.20 0.20

Y (%

aaa a aa
2.2 ﬂqy{]mﬂmmmnﬂammmmmezgumﬂuwf,‘m
2.2.1 9z @AIHANNTNNGN 6xxX
A A an a A 2 d @ ] 1 A
ﬂ'lﬁNﬁllLLllﬂuL%ﬂﬂllﬁ$mﬁﬂ®u1u@$@,uluﬂm Wﬂlﬂuﬂ'lﬁﬂﬂﬂgsluﬂtjll 6XXX N
1 éj 1 o Y o 1 A A < < a A
Nmmﬁlugﬂnm@u Vl'lcl,ﬂﬁnﬂ‘iiﬁ/l'lﬂ'liﬂll INDINUANNLUIULASAITULUILIY DS QUIUYY
==\ aa ~ A ~ A ] o 9 A <
Nﬁﬂl!ﬂﬂu&“ﬂﬂﬂl!ﬁzcﬂﬁﬂf]u’]J’N’iJiZLﬂVI f]'li]iJﬂ'liLWiJIﬂilll‘(’JiJ LWf]“]f')ﬂ‘l/nGlﬁLWMﬂ'ﬂiJll"lNL!iQ
A = A 9 A A
LHAZAIUANUVUIAUBDIUNTU HIDDIVISUNTTINNUNBILLAN Lell'lhlﬂﬁl,uﬂ'lﬂﬂiw,ﬂﬂ INBDINHAITY
3 o 1 o (% ' § a
Llﬂlﬁlliﬂlﬂﬁ@uﬂu umz‘wﬂﬁ} mm?ﬁumu N1INANTDUAAD Lﬁ@Wﬂ15m’lLLWUﬂ1WﬁNﬂﬁﬂl@ﬂ
a A A A aa o 1 Aa A Y a .
TQUIUYY - L!Nﬂu!“]fflll“]fﬁul"]fﬂ NWUIN ’E]ZQ@JLuflllf]'é)llcl‘ﬂﬁ'liﬂi$ﬂf]‘UlﬂNIﬁ’ViZ Mg,Si asany

a

gagai 1.85% Nguungl 595 esruzaiFod wazInlfnsogmaanidukay Mg,Si 13%

U

° o -
700 l
s60° | ~ | ]
650 Ma.siez A 1200
B %
600 [} == = 1100
330 l 11000
500 o + Mg, Si 3
1 4900
450 T =
] 1 800
400

Al 4 8 12 16
Weight Percentage Magnesium

d‘ a A = A aa J
517 2.1 HAUMWANAQUDIDSQUIUYY - LLﬁJﬂULG]f?JiJ“IfaulGh'ﬂ (5]

Y
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==\ Aaa 4 . ~ 43! an A A o o
mmuwﬂamallw (Mg,Si) mﬂiwﬂgmmwﬂmaﬂau o ‘ﬁ?ﬁl‘ﬂi%ﬂﬂ‘ﬂ“ﬂ?ﬂ 3]

Tupzgiiiisunaninga oxxx uaAIAd31lN 2.2

517 2.2 Snagmaanluezglitennsa 6xxx [6]

2.2.2 9z @AIHBNNANNGN Sxxx

= =

pQiitioy Nganinasuazalsn 660 DIANYAITHTIAL LUNUIFIY |

Q

guugiivaonaza1eN 650 peAuFaITod ¥l guugiinaonazatelndifesduuin ua

=

puniliFey Ngurginasuazraisdindl iWoNnsaNuINdugavedozgittion -
S A = S A S 1 S A ] 1
uuniliFeon wla (Phase) B igasmauall Ao Al Mg, Taslidiunauvesuun oy ogsz1ang

J <3 s 3 @ A A ) o =~ A =
36.1-37.8 ¥94 1la5iEFuA M uunTimon dmsuea o Ugasmanll Ae Al,Mg,, Tagl

v
= =

v A A ' 1 J s Y @ a
TIUNTUUDILUNULKIY BYITUIN 42-58 "U'E'NL“IJﬂil%uﬁuW'ﬁUﬂuMﬂﬁL%ﬂM LUV RIRY 451

a

peruaBed uunildoy dunsoazateluozgiitionlauniige 14.9% Ngungil 451 of

Y

=S
IyaLyY e

Atomic Percentage Magnesium (Mg)

C 10 20 30 40 50 60 70 80 90 o
700 T T T . F
. L T 1200
304 /e/q, /— 1000
500 462° L 74 =
e~ A 437° /|
400 ‘\\ ) g7z3aN € 1 800
PUEE SR
R B it = 600
300 l'; ST T
HEL Y
200 1Jl 1 1 1 400

Al 10 20 30 40 50 60 70 80 90 Mg

Weight Percentage Magnesium

‘ﬂﬁ 2.3 LLWHﬂWWﬁM@ﬁﬂJ@Q@uaMLMﬂN - LN UT L [5]
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LLiJﬂuL“]ffJ‘JJ“]fall"lfﬂ (Mg,Si) ’01%‘13J°]J31ﬂ§]611!ﬂ QUILEUNANINTA SxxX !uf)\‘lﬁmﬂ

smFaneu (s W IdTuesrlszneviida uﬁmﬁ'@gﬂﬂ 2.4

~ Mg Al £y
-y \ v, ¥
-
- »
& ° = — -~ -
. -~
' Grain | = “
- boundary 2 T
Mg.AlL " Y '

517 2.4 USagmaanluezgliteunsa Sxxx [6]

2.3 ‘n'q‘yg]mﬂ:lmJmmﬁzmun@zgmusjmaﬂammm

= 4‘ a a A
2.3.1 NYHHMIBINNNDSQUIHYN

ﬂﬁ 2.5 Llﬁﬂ\iﬂﬁﬂﬂ”ﬁﬁf’ﬂuﬂﬂ [1]

A J a a J A o £
910319 2.5 9130 (1) IfAATIUTIAIEHINYaBAIAFRN (2) AUFUIIY
Y o & 4 g g o v Ad ¥ad o a X A
ﬂ"lflbl@]uﬂﬁﬂquIﬂﬂ‘ﬂﬁ?ﬂlﬂfﬂﬂ!ﬂulﬁuaﬂ]ﬂiaWSVI"IW‘L!”WIL‘]JHVN@LaﬂIVﬁﬂ LHAagNAUANLIUDLIBDY
Y Y . Y 1 1 1 A
Qﬂﬂ@ﬂiﬂﬂijﬂﬂ@ua'}]ﬂ (Wire feeder, 4) mng‘uﬂwaauazawammmuﬂmazwaﬂuazmﬂi’m

o &£ 1 v 3 &’ 4 4 4 [ 1
AUFUII (Base Metal) neaailuiloion nazue lihazunnneieuson (8) gnasruiag

A o e e & o 4 o A .
a’JﬂL‘H@MIﬂEJNWHVIfJﬁiJWﬁ (Contact tube , 9) “15\11’]1%1ﬂ1’]ﬂﬂ!tﬂﬁﬂﬂﬁWﬂﬁ’JL"b’@N (Weldlng torch)
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' ' P ] P '
Iﬂ‘t’l“l/l']ull]ﬁluﬂWﬂ%fJiJiJﬂ/Lmﬂ NoTUNT ﬂgﬂﬂﬂ‘]JGU’J‘]_J'JﬂLLagsl)'U\TIuG]’E)LGISJ}']ﬂ‘]JGU’JETU 611!5Uﬂl$‘ﬁ
A < s o ] ] [ a
L%@Nﬂﬁ]%ullﬂﬁulﬁaﬂ'qll‘UfJ‘Viﬁ’E]iJa3aW‘t’Jﬂa@ﬂlﬂa'lIﬂfJW']UVINLLﬂﬁufJGD'L“Kﬁ (Gas nozzle)

v Y A o A Yy A o o & 2~
ANHNIDUIVT AD ﬂ?ﬂ?ﬂ!ﬂlﬂ\iWﬁﬁﬂUﬁiﬂﬂ?ﬁJiﬂUﬂﬂﬁgﬂWﬂUGIfuﬂu HINGAT

Y Y o 1 dy
Glumimmmmummwallﬂu

ExIx60 . /
H=———xf, Kl/cm
1000V '
v 9 3 A .
H = AM139U191 (KJ/mm) V = a1u321un351%01 (mm/min)
E = U53aU (v) f, = U52@n50 W (Efficiency)

A
I=nguUaIFON (A)

% 4‘ Y d‘ d‘ 9 d‘ a o
UIIAUIY DU (Rated voltage) useauFoun l¥lumsiyouiln Iaenivua

Y ] 9
wasgua lihwesyTsi (BC 974) azdiuegniunszuaiion asaumsae 1l
A ! vq ¥ v
U =14 +0.05 I (NIZUeFONNINNI 600 A 17 151598U 44 V)

o [} v A
MIDENNIFH  NITUTIYDU (1) =140 A

U d‘
UIIAUYON (U ) =14 +0.05 (140 ) =21 v.

A a A A A A @ 9 ' o a
msFeuinezgiiisounazezgifiounan Taena ldldunandsanusiia
A 4 Aad A 1 o g’; = o w 4
Aszuansani Tiadnan araaInia (@1a¥e)) AvnUYILIN (DCEP) M51z1insmsnoon lua
~ =< = v H 3 = a Vo H s
A Mszuange madanier lanzilunuuanlsd ianuieugs mydemen lavzuuyealse

¢ v A o H ' S 3 H = A
9150 AR ANz dIn I Tarizeganoanal o15alviaan veai lanslinis lvadiboy
I I Y A Ao A U 1 901 4 = 1 A Y
Wuwali lduungeunalunnuyey msadenioi lavzuuvanlsdrzlinnuaeiilos Taold

A A Aa a 1 Y tﬂy A Y 1 A <3
aAFoNIUIA 1.2 150 1.6 Haawas (@avuialvgzilowilorouladniaraniivuiaan)

Y dy = A o Y v Aa A a
AIYNAU %\‘lﬂJWﬂW’fJ“VI%$W11WLLWH@$@.NluﬂﬂlﬂﬂﬂWiﬁﬁ@N [1]
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& A a a A 9 14 3 (2 1 1 9.!
Tasna ldmsweuiinezgiifionaz 1dorinewiuunaagulunisaeniei

o & ' s 4 o
Tanzuuvalsd Faazaelimsonsaades uunFoualrevazduanlaa uazmsldunaneay

s A J Y A A [ A
JAgN-013NBU (50-70%) %31‘11!‘]5@%11!&11!%11%141&5]11“1 Llﬁﬂﬂﬂ\igﬂ‘ﬂ 2.6

DIRECT CURRENT ELECTRODE POSITIVE
(DCEP)

| | N

S\ NS
7 D

ARGON HELIUM-ARGON HELIUM

a

d‘ a 94 1 A
g‘lJ‘Vl 2.6 ONTWAVIIUUNTAGUADLUIUTOU [1]

a ' A a a A = ' @ =
2.3.1.1 iN‘1JmNi0@1Hﬂ1§!%®NNﬂ®$QN!uﬂNNﬁN U 2 98NN AD IWi\‘i’EﬂﬂWﬁ
9
UAZNITUANTIDU
dy d' Aa A Aa A a d'
1) I‘W§\161ﬂ1ﬂ 1ugu@L%@u@$gmuﬂmmzazgmuﬂume Lﬂﬂmﬂulﬂjﬂilﬁ]u‘ﬂ
' dy A a 1 dy A A 3 o Y A =
azmﬂagclumawan ﬁumgwafmmamam@@gcluu,uawmmwuamu,ma LSJ’E)L‘IEEJ‘]JW]EJ‘U
1 a A o <3 9 [ ] '
ﬂ’ﬂll’dnﬂiﬂGl,uﬂﬁ’swﬁ1Elu],e"liﬂi!ﬁ]ui3‘H’JNfJQiJLuEJiJW’diJﬂ‘]JmaﬂﬂQW%ZLmﬂﬁNﬂu@ﬂN‘Jﬂﬂ

Y = =
UEAIANNITINN 2.7 Lng‘ﬂ‘ﬂ 2.7

d' 2 1 = < FY
A3 N9N 2.7 ﬂTil,ildiEI”]JW]EI“]Jﬂﬁﬁ%ﬁWEJ"U@Qlléﬂﬂil,ﬂui%ﬁ’JNfJ%gmuﬁmWﬁmm%maﬂﬂa1 [1]

lalasnungnazate . % laTasauign
a4 laTasnungnazaie . L
R guugiiFouiiimnzauves | R AzaY NANIZUAIA
yiia Tany Nguigiivounad
Tavizivian vodlanziviad
(cc/100g)
(cc/100g) (%)
pzgiliiion 3.7at 1900 C 0.07 at 660 C 1.9
AN 42412093 C 3.0at 1537 C 71.4
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___7.0F Hydrogen partial pressure: 0.01 atm TaTasnungnazans naivign | ]
i . v
S 6.0F weuiwinzavveelanzwiad |
Ss.of .
=
=40} -m=m-—----- =
X -
=
S 3.0F .
—
&z 2.0F '
e
= 1.0} 1
o
0 - 1 A A
0 1000 1500 2000 2500 3000
Temperature (°C)

a ~ ' A ) a A A <
31]“ 2.7 Lm’ﬂﬂﬂiw\ll‘lﬁﬂ‘umfJ‘]JizW’JNVI,E’ITﬂiﬁ]uTIa3mEJﬂ‘].IqugilﬂlﬁNﬁ)nguﬂiJLm%!fﬂaﬂ
[1]

A < Y1 a o A A
%1ﬂ§‘]J°I/I 2.8 %mu“lmmmmm“laimmuwaﬂ@] A B1NIFA 57 % , DIALBDU

i Y
1 =

1 FUna1UD

AU

D.

=\

Hnunuimlunisiyeuiin

@
v

Y a I :
24 %, unaAqu 12 %, ozgiition 7% 1Hudu @9

De

a o 1

pzgiifion uazismsan lalasinu awsoilanaieds aeae i
D

2)

B .
Tdunanguiing au

2 o~
aaanuruluusnaiinu

S o A A Y
3) lﬂﬂﬁﬂyqﬁgﬂl%ﬂﬂiu‘ﬂllﬁq

]
A A o 4

! 3 ¥ I
4) ﬂ?ﬂﬂﬂﬂﬂﬁ‘ﬂ%ﬂfﬂfJL‘ﬂLl‘HfJﬂLl”Iﬂl’e)ﬂllﬂﬁﬂi]ﬂﬂﬂil’lmﬂ’lﬂﬂi%

a d a Y A a s J Aa A
5) Lﬂ?WﬁN@ﬂﬂ%TﬂW’JIﬂﬂﬂﬁﬂzqﬂ wilsslaamuad vse HULRYTDSQUIUYY

v
v A

Y 1
6) 191ATIVHNTUNAITeARRRA 1A

) A a Y
7) Gl“]fﬂTiL‘]f’E)ﬁJLL‘U‘lJLﬂM‘I’iHW

- :
m lglasuanunangy 7 lalasounnadaion

O Talaswuanezqiitioy & lalasnunnema

PO I LI II PP
(s
PSS
L Ly

(L L]

0% 20% 40% 60% 100%

v v b 1
517 2.8 dasraauvesla Tasnuidhgiiiodon 1]
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v a 49! A 9 Aa A A ~ ]
2) msuandou naduvinmsidenldezgiitisunazaindoni lumuizay
[ A a A 1 9 [ U o Y a

MIvONLLUTRERE dnzmaFentazimaiialumsisouligndes anvuzmainzsiliing
Y Y
msuandoulddiwuu sud ludidane 1l

Y ' . o v 9 A v A ) ~

1. 528213 UT08A0 (Root opening) Wiz aN gy usessanuIn Iimsyeudnash

NISLLES
9 9 9 ~ a ° Y a
2.aruauanuiou msldanuieunuiniulyd ildiRasesuanganin

9 1
(Microcracks) Tuiiosen

. ExIx60
1000V

Y 1 1 v
3. Tulimsguauaunou®on (No preheat) 1aZAIVANUUYN IUTEHINMTFONT

70 °C WisomnIuiveilesnumsiiasesuanganin

=) d‘ =) =)
2.3.2 TavizInenmswoniinozgtian
a A 9 4 < g’; =) @ a < ]
MINANTUEUAUINTFAAVUIAAN INUUIFAANNTUI8A DAl ungy
Y 3 A~ 1 A A o Y A a Y=
AOUVDIUINGTINIUATU LA UNTUIIUINUINUABNUNIDLTNUVDUNT ULIFUNU 9

= 1% U dall J . o =~
Fonanvazraid mulasd (Dendrite) tananegli 2.9 [7]
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First solid to form

Liquid

Increasing area of solid

Liquid

Increasing amounts of solid phase

Small amounts of liquid surrounding large islands of solid

Small amount of lowest melting

point liquid along the grain boundaries

@ @

= 2 A &L A a A
51 2.9 HAPRYUADUNITINANTUUDUUBDITON DS QUIUIUNTY [7]

Y

U WA A

add g
2.4 NYHHNNYIVBINVANUALTING

A A~ P o ¥ Y '
ﬂﬁlﬁlﬂf’]llﬂx@jllmEJiJ‘VIZ‘ﬁlI”Iif]ﬂiﬁ/lﬂ/]”l\iﬂ’ﬂiﬁ@u]lﬂ (Heat treatment alloys) 1

[
= 1

3 a Yo A Y} = < A
ﬂ?TNLLﬂIQUiLQmIaW$§1H ‘VlhlelﬂTlJNaﬂi%ﬁ‘ﬂ‘]JLLlf‘Nﬁnﬂﬂ’JTNi‘OHﬁ]%ﬁNﬂ?TNLL“’N?ﬂﬂ%Q’ﬂ lag
Aa Aa 3 o A a A Yo A Y
Uil?iﬂﬂﬂﬂ??ﬂllﬂlﬁ@ﬂgﬂﬂ@ ‘]JﬁL?ﬂ!Iaﬁgﬂ111‘1/]11@5‘]JWE’Iﬂi%‘ﬂ‘ll!u@ﬁﬁ]"lﬂﬂﬂnJi@u (Heat
Affected Zone , HAZ) La@4ad31/7 2.10
a ~ Yo A 9y ] 3 1 A a
mnm‘n"lm’uwaﬂizﬂmummﬂﬂ’nmau LL'U\‘]HJH 297UAD VILINU
< . . a 1 o % a
71392 18UBILLUS (Solid solution zone) UASUILIUDOUAI (Softened zone) FIUFNUTITAZ A

< a é’ 1 Aaa o 9 . . =
EUENLLEIN%%Lﬂﬂﬂluiu‘ﬁﬂﬂ’qmﬁ{]uﬂuﬂﬁﬂﬁ$‘1/ﬂ°ﬂNﬂ’N§J3fJULHJ1J’E)1Ja$a18 (Solid solution) N
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Y Y
QUi 450-550 oeA T AT WIogand1 TuuTnuiinisanaznouazgnazaleluiile

Qq U

Y [
pzgiliisudadawainldinsula dusunsnausoudnzifaluisgurgiiganiinis Ly

(150-250 peusaiFoe) Tasmsanaznouiininu liiazu1ediugneusey (Annealed)

Heal affected
Semi fused zone — o8
Nonheat

me zone
’&H tal > =>-< —=—affccted
ZOTx

260°C

Roskwe! hardness

G 5 10 19 20

Distance from fusion Ine (mm)

Tjﬁ 2.10 LLﬁﬂ\iﬂ’J'lﬂJLLﬂl\‘l"lJENE)waiJL‘LlleI‘V]N1uﬂ1§ﬂiu‘1/n1/n\‘1ﬂ’ﬂllﬁﬂu [1]

Yy XK

maenezalioni luaunsonszrimennuieu’ld Feaanuudsidiga
A ) dy A ) a A A ' o Y 9y
o YUY (Weld metal) n3dlvodozgiitioui luaunsonszsimisanuion’la ns

% a A ad 4 A a a
@6umﬂlmazgmuﬂnﬂizmm’gmaﬁﬂmum (Work hardened aluminum) 3INALUITLIULUD

A A v ¥ ' ~ 1 v I a A A
Lﬂ)’@ﬂﬂ@jﬂﬁlﬁﬂ'JHJi@l‘llﬂﬂﬂ'ﬂ 250 oYl f:NNaGl’ﬁmmummnmmm%uaﬂm AN

19317 2.11

Herdness —

base metal I weld metal

\
? iy 7

Weld (I:enter

‘ﬂﬁ 2.11 L!ﬁﬂ\‘lﬂ’ﬂhlﬁl\ﬁlﬂﬁﬂ ﬁiJL‘L!EJlJ“I/]UliJN']uﬂTiﬂi VIWVINﬂ’NiJﬁfJL! [1]



20

U

a d‘ d' Y
2.5 UIeNNLIVO9
= a 4 = d' & a A 2
MsANEIIATIZHANMFemeveuTouFunagiamaveIa1s0 v
. : 4 4 a § g Y
(Rolling Stocks) [8] Fu¥ou Tagnmiadeuinieiunuinislunsuddymluouina Tae
a 4 4 a a 1 a r'd
1¥n133 1K uuuFoun1a Tans INg1azn1sNAToUIFINANDI1IANIT IATITH U
A Aa A = A = 1 o
woun1eTanginer uunFeulisosuan (Cracks) HuNFouiin1svasuazate luauysol
(Lack of Fusion) aINANTHADNALA18ANUALIEIY (Partial Penetration) AIUNI1INATDL
1Fanalagn1snaaounNITANTZUNN (Impact test) Y310 IINEINUYDINITANTEUNAVDI
dil A Aa A A o U &‘ Aa A a = & Y A
aronezglilonTainIuleesglilounauanlszaaIania n1slsatndon Al-
. 21 v A Ay Ao o q YA A 2 A o
Si (4043) nawa lHLUAFONUMAIUNMIULTINTEUNN NI TANNITHANNT IS AN NNIS
~ A A dew A .
NTTUNNLAZIINNITNATOUNITANTLUNAVOUUBIFOUN 1 Fa 1T 0N Al-Mg (5356) 9SNUAD
M3anszunn laani1ns ldaladen Al-Si (4043)

Ladislav Kolarik tazame [9] Tadnuinsisousonozgliiiounay 6082T6
£ & oA o 9 Y A v A ' A '
Fuflunguiteuisonsziimuanuiould ireudealaioy 5087 WUINNTFONTOU

o Y wa A <3 = A A ) g}/ A
M IMMANTAFING (ANUUVALTIAY) VBILUAFONANDAUT DY) ATNIIUIUATINSIFOU
(] 1 A o 1 <3 = ] 3 Y o 1% A
FoU UANITIFONATILTN WUIIANWLTILTIAIIzanasog1uiu lade naaaagli 2.12

Ao dy o YR ~ o < = Y A =1 < A Z.Il
NuIteif ldday R nuaNuude FalanlSeuneunnuudannm ey 1 A5e uay
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Rm [MPa]
400
295 [ Base metal
300 m d
st weldin
210 209 195 | 0s &
200 2nd welding
100 3rd welding
0 B 4th welding

‘Ijﬁ 2.12 Llﬁﬂ\‘lﬂWﬂ’NmL"lNlliﬂﬂﬂ [9]

—o— caplayer —e— middlelayer _o  rootl| —o— Caplayer —e— MOOERYE —g— TOOCIIYE

%
%1 hardness [HV10] hardness [HV10)]

”l.lﬁ 2.13 ﬂ’ﬂiJLlﬁlJ\?"UENﬂWiL"HE]iJﬂiQﬂ 1 Lm“’ﬂTjﬁﬁJMﬂ‘i\Tﬂ 4 9]

a

15 mﬁmﬂu“luaﬂm “luﬂimﬂﬁiﬂﬂﬁmﬂuazam PUNEY 15U 5083, 5052

U

d

1A 6063 fieuleMTAoN MIG (Metal Inert Gas) TauinsaalIAE e ioufuNIn A9 5356

@ =2 9

dy 1 A Aaa ~ Y A a 4
‘Ll@ﬂi]"lﬂ‘Llfl\‘I‘W‘]J'J"Ii’f)ﬂl%i’)ﬂ“ll@ﬂiﬁﬁgﬂzquluﬂiJNﬁN?JLLUUTH?JVIﬂ%EﬂﬂgWSU "l]\W]’EN‘lGIf

a

an 4 A o o A4 A . 9
AFMIFDUNIUUISTY LBU amwms"lwam@mﬂﬁﬂﬂﬂqmm:}waumﬁmzﬁu 1Wuau [10]

[
=

a o 1 < a
11!ﬂSiil511i’)Q’OzgMlﬁEliJ‘Vlﬁ”IﬁJﬁﬂﬂig‘Vl"l‘VINﬂ’ﬂiJ%J’Ou ATANITULUIVTLIULUD

d%l 2 1 1

FourzlinNuFuFou FYuegnuFINgUUYNAIA1 NNTzNDUT ML ITON BTN

a

<3 a 2 v A [ {
q13ALDYUDILLUN ﬂgﬁLﬂﬂ%uﬁcﬁﬁ\iQmﬁ{]uﬁﬁﬂ'liﬂﬁg’fﬂ']ﬂ']\iﬂ"]']u%j’ﬂuuﬂﬂﬂﬂﬁgfﬂﬂ ﬁqmﬁﬂﬂ

U

A ' A e A A a 2 1 ° Y a
450-550 °C ﬁi’é]’g\‘lﬂ'l'l Gluummu ﬂﬁ'ﬂﬂﬂzﬂ@ugﬂﬁ%ﬁ']ﬁliulu@@%ﬁuluﬂﬂﬂﬁﬁ\iwa‘ﬂﬂﬂlﬂﬂ

£

a

Y 1
NIula USIIUDOUAD i]$Lﬂﬂﬁuﬁ‘H?Qﬂ]ﬂﬂ@ﬂ!ﬁ{]ﬂ’gﬂﬂi?ﬂ'ﬁﬁﬂ (150-250 °C) Tagns
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a [ 1 [ 4 1 % [ <3
anaznouunnu lliaz u1eaIugneusou oUIBININNMITODUAD AIAIINLIIVDILU)
Lﬂ' [ Lﬂl .. = 'o
Wou luanIWAeraIn151e (as-welded condition) 39aad1ad [11]

2 . . e 9 =R A a A

U378V S. Missori Az A. Sili [12] Tddny1n1siFonezgitiounay

v A Y] @ o ~ P ] = 3
6082T6 A28AIALFDY 4043 42881 TAI015199 2.8 1AL IAANHIAMULAILTIAL AN
a dy d’ a d' Yo 1Y d’ Y 1
V3Nt utazUsuN 185 UNanNTLNUOULBI1191AA NS DU 91ANTNATOUAIAY
< = Y < = A VW 2
HUTIAT 1AAIAMNUVITIAIUDAULUBFOY (MDY 154-180 MPa. D1ANANITNATD UYL
3‘; A A =\ 2 ~ a = [ <3 = dy
NINVAVIANVS Y HAZ 1agl 1 FUNUNVIAVTOIYN WM FIA1A00UTI09U0910 Tane
a [ 1 < ° A A A Yo A
1A IMNY 269-276 MPa. tazAnNuisazanasiiganusnui ldsunansznuiiiosnin
aNuTou danndurasuazalolzana 5-7 NaawaT FUIASINUIUITEUDI M. H. Scott
. Y=L = 1Y) I = A 1 Aa A
uag M. F. Gittos [13] TaAny1Re1nuAuudasadsuesuunion (unuozgiitiouuiuia 3
Hadmas uaz 13 Naamas) ozglitloundn 6082 IFONAI0AIATON S556A LAY 4043A INHD
< = A ¥yI A A A A ¥

MINATDVANVUULTIAVDAUNTON taad 1N guIloNkay 6082 NFDUAIBAIN
A a ~ Yo [ A 9 o [ a A
1FOU 5556A 9ZWAUTNIUN IR UNANTZNUSUIHEI AN oY (HAZ) dmiuezglilioy
WA 6082 NFDUAIGAIATON 4043 YA 3 Uadiuas 321U lasunansznusu

Heananuieu uadmsuvLIa 13 Taamas 31211aNUS ALY (WM)

13199 2.8 uaaeaudslunisie [12]

No. of pass 1 11 111 v
Argon flow rate /min 20
Voltage Vv 20 22 22 22
Current A 190 200 200 200
Wire feeding speed m/min 5.1 5.5 5.5 5.5
Welding speed m/min 0.381 0.414 0.407 0.387

Rakesh Kumar ttazanz [14] 1dimsnaasuienezglifioundy 6082 vuia

A 9 A YR [ A a g a &' A Aa [
VIUBDUAIYDIALYDY 4047 uaz"lﬂﬂﬂmaﬂym3summiumﬂﬂmu“lumnmmawawm U
Lg a A o < 1 . a zﬂy A A
1oAY dlany MY UuNIg1 (Columnar grains) HagUTIUNAIVUUDFINISWINNTUNY

anvugeIy uaaenagli 2.14 luvmeiReoanu 1.da Silva tazame [15] 1a1n1snaaeans
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iWonozgiiflounay 6082T6 A18a1A1TON 5356 LAz lin1s WA LU ATONIINMTFONNNAIY
an = A a <3 o A A a < 1
NTINITNITNIY FI9INNITFOUAN HAAIANUITIAIFUN 2.15 11T IFONTNILIHUI

a 4 1 @ < 1 { a
'1J5&’3‘@1&"]?']\1Lluﬂl%ﬂuﬂgﬁﬂ'ﬁﬂﬂuﬁﬁlm$i]'mﬂ'lﬁ°ﬂﬂﬁ€lllﬂ’J'liJLL"]NLLfNﬁQ W‘l_l')'l"ll'lﬂ‘ﬁﬂil')ﬂ! HAZ

a Ay v Yy o A 9 A X A
ﬂ) Uil’)ﬂ!‘ﬂ‘lﬂﬂ'ﬂﬂ5'01!'01!!1!9\35]']ﬂﬂ')']ﬂ5ﬁ]u "U) YILIULUDIYOY

i 2.14 ueresanuae Inseadeganin [14]

-
n

HAZ | HAZ
% MZ

BM ;| BM

-
o
3

oad

~
[y

=
O

Hardness HV,, (Kgfimm2)
&
e

73
»

45

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30
Distance to weld bead centre (inm)

—Oo—MIG —e—MIG_R+FSP —a&—MIG_NR+FSP

‘ljﬁ 2.15 Llﬁﬂﬁﬂ’ﬂmlﬂlx‘lﬂinmllu')W’é]iJ%']ﬂﬂ'liLGlffliJiJﬂ [15]

9 i1 1 1
ninmiu 1ddnu Tnseadreganinninmsi@ouiin unaasaagl 2.16 910319 2.16 (a)

Y X a 9 o 4 < 2 4 o
udasanyue Iaseaiganinveuiio Tanziay dwmsugzii 2.16 (b) Wusnangnihaieaie
9 A =~ U A a :ﬁy A = y Aa
ANTBUINNITIHDINEIVNTIY 913U 2.16 (¢) VTN ILIMITTIUNTUNY

o I Y . . = a
anvazitludounay (Equiaxed grains) Jv11adszuiss 100-120 Tulasmas waznsuusna
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9 A o . 9 = dy A [
URADNALAYITHANY UL A1V (Elongated grains) m"lﬂﬁlumnmﬂamuawﬂn L AdAN

A A @ ' t4
3UM 2.16 (d) 1az2131N 2.16 () HansanyuzMsnaovazate luauysal

517 2.16 naasanvuz Inseaiegania [15]

U

dmsumadonezgiifionnay 5083 Taoldadn 4043, 5183, 5356 Kalenda
y= A o < = ' A a A Y
uazame [3] IaANEURLINAIANULTITIAG WUNMTIToURZglilisunay 5083 A18A10
4 ] < 1 1 I o A

1N 4043 WUNAIANUUTITI MANNHTHIIAZMANULAULTI B JAATINAIAGA Lazns

A A A ) A Y1 ~ Ao A (K] <
OB QNINBUNAN 5083 A18RIAFDY 5183 92 1HAIANMIKTLEINANGA HAAIAIVITT
° o @ A A A v A v 3 ~
W N3N Hazd I UMIFoNEQINENNAN 5083 AIYAIAIFDN 5356 1HAIAINUUILIIN

= Y A @ &’ a [ = 1 <3 FIY] o A
(4p m”lﬂamﬂmmuﬁammu u@mmmumumaﬂmaﬂnmu%w Llﬁﬂ\‘lﬂﬁg‘l]‘ﬂ 2.17
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W 0.2% Proof stress B Ultimate tensile strength B % Elongation
350 25

20

250

I 15

200

150 - 10

Stress, MPa
% Elongation

100 -

5083-H11lunwelded ER4043 ER5183 ER5356

31 2.17 uaaawamsnage UAITAITING Taganasou 4043 , 5183, 5356 A1ua19 1 [3]
a o dy 9 1 d' A o Y d' a A
1l laaglan adaren 5356 nie 5183 uuzihldiFouszgiiiioy
P A I = 3
mery 5083 18 Faaion 5356 THAIAINUTINTIAWATANUUTITI B AATINGS HAZAIN
A Y < =2 = ' o T A . Y o
o 5183 THAIAINUTINTIAMATANUINTIIFUTUNY HAILD Krzysztof Dudzik [16] 1A
A A A Y] A ~ ) A A
NMINAADAUFONOLQUININNETY 5083 AdTaIAFDN 5383 1fTouMunUozgitionmeay 7020
A Y A a A A Y A ' '
IWOUAIBAIAFON 5356 HazorqNITEUNAN 5059 1FDUAITAIAFDN 5183 WUIIAIAIW

< =2 A A A Ao = Y 19 Y1
HULIIPIUDIN IO NDS QUIHY NN TN 5083 AN Inaniueelseui 14-33 MPa. Lmﬂh’iﬂW

A dad o <
ANURUIINANGA Llﬁﬂ\‘lﬂﬂg‘ﬂ‘ﬂ 2.18

Mechanical properties of chosen aluminium alloys
and their joints

UTS, YS EL
[MPa] [%]
450 25

400
350
300 -
250 4
200 -
150 4
100 A

50 A

+ 20

m UTS [Mpa]
T 15 | mysmpal
O EL [%]

- 10

7020 7020 5083 5083 5059 5059
MIG MIG MIG

ﬂﬁ 2.18 ugadHaMINagoUaNUAITINg maq@wamuﬂu 7020, 5083 , 5059 AUEIAL [16]
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A =

] Y 9 ]
M3ireNo gl TeunaNAInITNIEMITeNIn FeRavu Ly nauilodio

v
A = A

pdandniaed il 1q Ae gngu vieeninmsnaouazarei iauysel Funartieziinanoaui

o

Y ¥ H
Fana flesnnmaiRagngun’emswasuazated iuysalil wwiih Ivgapdeiuisuus

U

S
%

A d A q/ [ . Y= o 1 dy A
NIDUBLFONUULDN AIUU Huibin Xu Hagame [17] hlﬂﬁﬂB1ms’mmmwmuuummmamm

é =S 1 v A = L3 ! dy
FIUNAADTUUALBING uawaummma‘lﬂu

A A
P= NUNTQN
E: Py
S Vi 24
o o 0 ° V= NUNIWITU
O = <
B b 5 9 1 4 1] Y
|72} V o A A a A A 19
b 'g O = S = NUNUITNIUIUBBOUNIHUA
= N 9]
<=
20 g .
(] (% A A
T DATUUBDYDY (%) = (S-P-V) /S
Width of Weld Metal

‘l.l‘ﬁ 2.19 uﬁmmimmmwumuummu,uems’an [17]

U3T8U09 N. Coniglio Hazame [18] laAny1AEINVINEaVRINITHAD

ozgiiilounay 6060 71 4043 uaz 18i¥enozgiifiounau 6060 FouAITaIA 4043 W1 1u

[
A o g

minaoezaliflounan 6060 iU 4043 N1 lMEuf01959A32 wowla [ - Al Fesi, Mg,Si,

. . g Y o o & A A P A .
Siuay o — Al,FeMg,Si, wWuau d1vsuilorouNro N8 A TN 4043 3TN O - Al Fe,Si
A a o = Y
lLﬁ$‘1/]‘]J§'L’JﬂHI’E)‘]JLﬂ§H%$W1JW\Iﬁ B wagie x Lgaziuwwuaqgﬂﬂ’sﬂu Maamar HAKEM o
Y o A Aa A 9 A YR ~ @
AN [19] llﬂ‘VlNﬁJﬂ”li‘i/lﬂfl@\‘ilclff’]ﬂﬂg@,ﬂluﬂh 5083 AYAIALTDY 5356 Llagllﬂﬂﬂ'hlﬂﬂﬂ?]ﬂ‘ﬂ
Y A a dy a <Y 1 9 a j‘ A A
TA39a319NNATU 1NNTAATIEHAY EDS-SEM UM Iﬂi\iﬁiNﬁ!ﬁﬂ?ﬂiﬂﬂﬁ!ﬂﬂ&ﬂﬂl%ﬂﬂﬂ
< = a = J v A a 4 v a
lﬂuﬂiﬂﬂ‘lglﬂﬂﬁﬂ ﬁ]%ll'ﬁ]\iﬂﬂigﬂflﬂﬁﬁﬂ A9 Al,Mg, tazasiseneuduwesuNaan Alé(Fe,
A @ ~ [ Y o = < a
Mn) 1159 AlMn liag Al,Fe Llﬁﬂﬂﬂﬂgﬂ‘ﬂ 2.20 Ll'ﬁ$ENklﬂﬂ'lﬂ']iﬁﬂ‘]&l'lﬂ'ﬂh!ﬁlﬁﬂiﬂm BM, HAZ,
WM Iﬂﬂﬁ'lﬂ'lii}ﬂﬂ'ﬂﬂll"ﬁﬂ 31U G?NWﬁﬂ1ﬂﬂ']i‘1/lﬂﬁ’f]ﬂﬂ'ﬂl]l,!"ﬁ\ﬁ/‘lﬂ'i'] US1w HAZ tag

v

U3na WM agiinnundiaegi 80-100 HV uaasaagiii 2.21
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[sitea 0
s "

eTDETO NS BSADS TN Vet
opeitinhe u

Hardness HV 0,3

HV 1

HvV 2

a

Hardness HV 0,3
2

s
.
4 N

O B OS>

MB HAZ WM HAZ MB

N

e a
D

. .
60
SO>S
40 MB HAZ WM HAZ MB 40
20 20
0 0
0 5 10 15 20 25 30 0

Distance (mm)

10 15 20 25 30
Distance (mm)

Hardness HV 0,3

HV 3

oo s

MB HAZ WM HAZ MB

5 10 15 20
Distance (mm)

25

30

ﬂﬁ 2.21 LLﬁﬂ\iﬂ’JHJLL"IN‘Uil’Jm BM, HAZ 1tz WM [19]
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3.1 MIdNUULITMIANHUMSIVY

[ DONLUUUNITNAAD ]

v

a 2 A
RTIUFUNULITDY

v

ASIVAOUHAY 4 9 e A 4
ONAIYNTTNITNTIHFONNN

UANTBINWNNININ ¢

[ A3 UN lany ]
v n9na

—)[ NIIZHHANMINAADY ](—

v

[ agﬂwa (Report) ]

naavUAUTUIA

ewe

an

UADUITAUUUNITIVY

=).

suf 3.1
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v ¥ Y
M3197 3.1 Q99U JUNITNAAININUA
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pzgiflonszon | YA (mm) o UszinmiFon
4 4043 Woulni
Al 6082T6 P
6 5356 LYDUBDOU
A '
3 wouluy
Al 5083 5356 L,
6 LYDUBDU
m519h 3.2 agilidonlunisnaaesdmsvezqiiitiouneay 6082T6
SR qou'ly
1 Al 6082T6 - 4 mm - Filler 4043 (15503 1%13)
2 Al 6082T6 - 4 mm - Filler 4043 (15010 W)
3 Al 6082T6 - 6 mm - Filler 4043 (1503 1%1)
4 Al 6082T6 - 6 mm - Filler 4043 (101%0)
5 Al 6082T6 - 4 mm - Filler 5356 (150 1%1)
6 Al 6082T6 - 4 mm - Filler 5356 (101%0W)
7 Al 6082T6 - 6 mm - Filler 5356 (1503 1%1)
8 Al 6082T6 - 6 mm - Filler 5356 (1501%0W)

m319h 3.3 agilidoulunisnaaesdmsvezqiitiouney 5083

A dou'ly
1 A1'5083 - 3 mm - Filler 5356 (o 11i)
2 A1'5083 - 3 mm - Filler 5356 (1Fousou)
3 A1'5083 - 6 mm - Filler 5356 (1o 111))
4 A1'5083 - 6 mm - Filler 5356 (15ouso1)
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32 Jagnldlumsnaaes
NM3NAREINSITFONTONOZgUITIsUHTNINTA 6082T6 IFONAIIAINTON 4043
nazalAleN 5356 dMSUezgilitioninsa 5083 IFAURIBRINTOU 5356 FIN1TNTZUIUNS

4 1 1 4 ) v A I I
Wowilizond1 iFeuiin (MIG Welding) Tapiiudionldlugaamnssy so'lW sosud iludu

3.2.1 22 RIHNNANINTA 6082T6
a A 3 a A A A A aa
2QNIUINLINTA 6082T6 LﬂHTﬁﬁzWﬁuﬂJmﬂzgmuﬂuﬂ‘nuuﬂumw FANOU
= I ' o w A I Yy ] ] <
Lla$LLNQﬂ1uﬁlﬂuﬁ3uWﬁNﬁ1ﬂﬂJ mmiaLWmnmLLGINLLN”lﬂm&miNmﬂizmumiumw&
a a ya { 2 I 1 @ 1 @ J
ﬂgglllﬁﬂllWﬁiJGlﬂqlﬂﬁuﬂﬂﬂl%}\‘]']‘Llﬁgl}@\‘]ﬂ'lTVl\‘]ﬂ'J'liJLLGINL!ﬁQQ’Qﬁ')llﬂ‘ﬂﬂ')'lll@%}']uﬂ@ﬂ'ﬁﬂﬂﬂﬁ@u

1 1 ' =\ o 3 @ @
IFU Qm“lumumﬁuzmm IBU 50111/‘1 INUIIND Lmzﬂ?mmummuﬁmrﬂummuqmﬂymz

v [ I~ A 3
Taseadwveuniudaaaraliianuud s an vy

M31971 3.4 daulszneumuniivesezglition 6082T6 NlFlunisnaae [2]

Si Fe Cu Mn Mg Cr Zn Ti Al
0.7 0.4 0.6
0.50 0.10 0.25 0.20 0.10
to to to Bal.
max max max max max
1.3 1.0 1.2

3.2.2 2z RIHNNTNINTA 5083

I a A A A =

{ =
WuTlavznauvosezgiiionnuuunlidey uuamie uaz lasiiew 11y

v =

U o 1 dﬁf < A Y < ~ A ]
TIUNTUAINTY G]NN1uﬂi$ﬂ’3uﬂﬁ"lju§lﬂlﬂuLW’E]TVHJ?]’JHILL"INLUQQQE:{@ UASDULITDYTINDBIY

3

[ A Y A A Yy 9 1 [ 1 Ao A a Y
Fnwiauauianianaliaai uazie lvianuduniuaemsnanseunaden dewlyly
{ <3 1 v J 4 '
TA59a319NA09N15ANUUTINT IS TANUNUADMTAANTOUR 1AZIILNTIFOUTINAIY
g}./ Y U Y

2 U 1 a { 1 Ao &
W%Gvumuiumuwmuzmm :nwwumu“lmmﬁﬁ}@mumgmﬁgum 1Wuau

d' 1 =\ Aa A A FY
M13149N 3.5 muﬂizﬂaumqmmm@zgmuﬂu 5083 N1 lumsnaasg (2]

Si Fe Cu Mn Mg Cr Zn Ti Al
0.4 4.0 0.05

0.4 0.4 0.10 to to to 0.25 0.15 Bal.
1.0 4.9 0.25
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A [ a A A A
3.2.3 avaen uiiuilu 2 ¥iia Ao adAON 4043 LATAIABN 5356

A 5 Y ' 4 a A 9 o @ |

1. ada1¥eu 4043 Jumaduiiugudnald 1.2 dadwas lodmivaon

pzQiilleNINIA 6082T6

t:i = 9 ] 4 Aa A Y o [ t:i

2. 299101 5356 VYUIATUAIUGUINA 1.2 Tadwas 1¥dmTuren

= a

pzQiIlENINTA 6082T6 UazozgiiillonnIa 5083 uaadaszll 3.2 uazuaasdiuilszneunia

IS A
IAUANAITINN 3.6

=

A15197 3.6 Llﬁﬂ\‘]fhuﬂ53ﬂ@ﬂﬂ1§tﬂﬁﬂl@ﬂﬁ’)ﬂl$ﬂﬂﬂ$@ oy uaaslunanun a.

Type Si Fe Cu Mn Mg Cr Zn Ti Al

4043 4.91 0.15 0.03 0.007  0.003 0.001 0.004 0.01 Bal.

5356 0.05 0.10 0.006 0.13 4.88 0.12 0.006  0.09 Bal.

d‘ d‘ a A a a
g‘l.h’l 3.2 IAITONDLRUIUINIUIA 1.2 HAALNAT
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3.2.4 MIAIBNTUNUTIHSUMINAADS

=

k4 Y 1 4 ol
VUADUMIIATIUTUNIUNOUNTLF O AUNINTIIU AWS D1.2 Llﬁﬂﬂﬂ\‘igﬂ

3.3 uaz31i 3.4

3 -4 mm.

1-1.5 mm.

v Y
51U 3.3 HAAINIIATINTUNIUIUIA 3-4 Taduas

U

6mm. § | 1 mm.—Y—

t—> |

1 mm.

] Y
gﬂﬁ 3.4 LAAIMTASINTUNIUYUIA 6 HaatuAT
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A A d o (Y
33 !ﬂii‘)ﬁ&lﬂ!!ﬁZQﬂﬂiﬂ!ﬁ]‘ﬁiﬂﬂ”l‘iﬂﬂﬁﬂﬁ

A A a a d ¢ A Y ?
3.3.1 1ATDIUBOUNNITUUVIULIDINAD I !%@Nulﬂﬂ\‘lﬂixllﬁ‘ﬁiillﬂ'l (Standard) (lagNITLE

wad (Pulse) Iinszum¥ongais 270 nowil uansdsgli 3.5

= 4 A A
31]7] 3.5 UEAUATDUTDUUN

'
=

4' U g’J S 9 U 9 [ YA
3.3.2 1A309NAUMIAT BMB HELLER U 28 19 lumsnaezgiition Tudvmnamuunylu

msnaaewaz I4lumsiasouiiodanaae uaasnagili 3.6
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v v Y
3.3.3 nsev@eaamgrnusduey ju UE-712A 1 lumsdautssuanldivuani

v v a Y v q 9 Y o A
ﬂ’JNLLﬁ%ﬂ’J'lﬂJEJ'I’JGlﬂaGUu'lﬂ%ﬂﬂ'lﬂﬂﬁﬂ%'lﬂﬂ'liﬂﬂslﬂulﬂﬁlllﬂﬂﬂ?'mwu'l Llﬁﬂﬂﬂ\‘lgﬂﬂ 3.7

A

= A
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3.5 fAnmaudasanzInen (Metallurgical Properties Investigation)
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A % on 100
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(MPa) (MPa)
length
Al 6082T6 - 4 mm - Filler 4043 (1503 111) 183 132.5 6.05 HAZ
Al 6082T6 - 4 mm - Filler 4043 (15oN®0Y) | 183.5 136 5.15 HAZ
Al 6082T6 - 6 mm - Filler 4043 (1souvy) | 199.6 152.5 6.65 HAZ
Al 6082T6 - 6 mm - Filler 4043 (135o1%0) | 178.9 145 7.1 HAZ
Al 6082T6 - 4 mm - Filler 5356 (1ou1vy) | 177.9 160 3.85 WM
Al 6082T6 - 4 mm - Filler 5356 (1¥01%0N) | 167.75 139.5 48 WM
Al 6082T6 - 6 mm - Filler 5356 (1503 1%3) 156 142.5 4.7 WM
Al 6082T6 - 6 mm - Filler 5356 (1301%50) 182 152.5 4.05 WM
Al 5083 - 3 mm - Filler 5356 (1301 1113)) 208 105 23 WM
Al 5083 - 3 mm - Filler 5356 (1¥01%50L) 184.8 102.5 16 WM
Al 5083 - 6 mm - Filler 5356 (101 1113)) 221.15 145 10.8 WM
Al 5083 - 6 mm - Filler 5356 (1¥01%0W) 193.45 142.5 12.9 WM
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A.1 a5z neuMuUnlive 81T 4043 [21]

Indalco Alloys

A Division of Lincoln Electric Company of Canada LP
838 Gana Court, Mississauga, Ontario LS 1M8 Canada

CERTIFICATE OF INSPECTION AND TEST RESULTS

3.1 Certificate (DIN EN 10204)

102

Customer: | Laemthong | Date: | December 20, 2014 |
Diameter: | 1.2 mm MIG | P. 0. No. | NiA |
Designation Indalco: | 4043 | Coil No. | NiA |
Designation Client: | 4043 | Lot Mo. | 28814 |
SPECIFICATION OF CHEMICAL COMPOSITION LIMITS (Weight percent %) :EN ISO 18273:2004 Unspecified Elements
Si Fe Cu Mn Cr Zn Ti Mg Each Taotal
Max. 6.0 0.8 0.30 0.05 - 0.10 0.20 0.05 0.05 015
Min. 4.5
Be = 0.0003 Aluminum : Remainder
RESULTS OF CHEMICAL AMALYSIS (Weight Percent %)
Si Fe Cu Mn Cr Zn Ti Mg Be Al
4.91 0.15 0.03 0.007 0.001 0.004 0.010 0.003 0.0000 | Remainder
RESULTS OF MECHANMICAL PROPERTIES, Temper "H18"
Cast (mmin) 13.5" Helix (mmiin) 0.2" |UTS (Mpa/psi) 23TMpa Elengation % 1.2%
The following tests have been performed on the above material:
Smoke Test: | NIA [Feed Test: NIA
CLASSIFICATIONS
| EM ISO 18273 | EN 573.3 | AWS AS10/AS.10M | Aluminum Association |
| S Al 4043 | ENAWAISSA) | ER4043/R4043 4043

We hereby certify that the material described above has been tested and complies with the terms of the order and / or

purchase specification.

HOTES:

1) Results listed as an average (Avg.) for UTS & ELONGATION for Aluminum Rod Shipments
are calculated by adding the individual results of each coil and dividing by the number of coils
being shipped.

2) Results listed for UTS & ELONGATION for Aluminum Wire Shipments are averages (Avg.).
3) Elengation sample is over 10° or 250mm.

4) Shelf life has an effect on Cast value (decreases).

MAME :

TITLE :

SIGNATURE:

Lloyd Bridgemohan

Quality Assurance Manager

Tl pilliinolcy o

¢

~ ' ~ A ~Aq
‘51]7] .1 Llﬁﬂﬂﬁ?uﬂjgﬂﬂUﬂTQ!ﬂNm@qafJﬂlcﬂ@N 4043 ﬂi%iuﬂiiﬂﬂaaﬂ

Y
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A.2 A5z neuMuUnliveIaIAFN 5356 [21]

Indalco Alloys

A Division of Lincoln Electric Company of Canada LP
832 Gana Court, Mississauga, Ontario LS 1M8 Canada

CERTIFICATE OF INSPECTION AND TEST RESULTS

3.1 Certificate (DIN EN 10204)

Customen | Laemthong | Date: | December 20, 2014 |
Diameter: | 1.2 mm MIG | P. 0. No. | NiA |
Designation Indalco: | 5356 | Coil No. | NiA |
Designation Client: | 5356 | Lotho. | 32614 |
SPECIFICATION OF CHEMICAL COMPOSITION LIMITS (Weight percent %) -EN IS0 18273:2004 Unspecified Elements
Si Fe Cu Mn Cr Zn Ti Mg Each Total
Max. 0.25 0.40 0.10 0.20 0.20 0.10 0.20 5.5 0.05 0.15
Min. 0.05 0.05 0.06 4.5
Be = 0.0003 Aluminum : Remainder
RESULTS OF CHEMICAL ANALY SIS (Weight Percent %)
Si Fe Cu Mn cr Zn Ti Mg Be Al
0.05 0.10 0.006 0.13 0.12 0.006 0.09 4.58 0002 Remainder
RESULTS OF MECHANICAL PROPERTIES, Temper "H18"
Cast (mmfin) 23" Helix (mmifin) 0.5" |UTS (Mpalpsi) 445Mpa Elengation % 4.0%
The following tests have been performed on the above material:
Smoke Test: | NiA [Feed Test: | A
CLASSIFICATIONS
| EN IS0 18273 | EN 573.3 | AWS A5.10/45.10M | Aluminum Association |

I S Al53%E | _ENAWEssE | ERcasemsass | 5356 |

We hereby certify that the material described above has been tested and complies with the terms of the order and / or
purchase specification.

NOTES: MNAME : Lloyd Bridgemohan
1) Results listed as an average (Avg.) for UTS & ELONGATION for Aluminum Red Shipments TITLE: Quality Assurance Manager
are calculated by adding the individual results of each coil and dividing by the number of coils v

being shipped. SIGNATURE: — o0 = ]
2) Results listed for UTS & ELONGATION for Aluminum Wire Shipments are averages (Avg.).
3) Elongation sample is over 107 or 250mm.

4) Shelf life has an effect on Cast value (decreases).

a ' = A Aq Y
5‘]]7] .2 Llﬁﬂﬁﬁ’luﬂigﬂf]iJ‘VlNLﬂlJ"lJ’é]x‘iﬁ’)ﬂW@iJ 5356 Wi%iuﬂWiﬂﬂﬁ@ﬂ

U
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Butt joint (B)

Square-grocve weld (1)

]

A

BACKGOUGE

Base Metal Groove Preparation
) Thickness
Welding ) ) Root Opening Fit-Up Suggested
Process | Joint Designation T (R) Tolerances Welding Positions Notes
| GMAW B-L1 10 max 0to2 12 FV A
| GTaw B-L1 6 max 0103 2 Al A

v Yy
gﬂﬁ 4.1 aNHUSTDIADFUITUVUIAUN [4] (DINVUI)

Single-V-groove weld (2) Fit-Up
Butt joint (B) Tolerances
12
( 2
+10°, -5°
Base Melal Thickness
(U = unlimited) Groove Preparation
Welding Joint Root Opening | Root Face | Groove Angle |  Suggested Welding
Process | Designation T (R) (f) () Positions Notes
<25 Dto3 2103 60°
GMAW B-U2b > 25 0103 8T, 507 All AC
GTAW B-L2b 13 max Dto3 2103 60° All A

! y
gﬂﬁ 1.2 UAMNANHUL TDYADYUINIUYUIAY U [4] (NINU)



106

MANHIN D

ueatoyad M UMINAAOUNIARNID



107

2.1 FoyadmTumInagouNInaee [4]

t
P
14118 inA—)\\<

(1.6 mm) MAX ROLLER

L2

4 J o [ o
i 2.1 ginsaidmsumanadeunsanse (4]

Q

M3 .1 AN VUIAUDN Roller

Notes:

Thickness of .
A, mm B, mm Materials
Specimen (mm)
10 38 19
M21 and M22
t 4t 2t
3 52 26 M23 and
T(<3) 16-1/2t 8-1/4t F23Welds
10 64 32 M25 and
T 6-2/3t 3-1/3t Annealed M23
10 75 38 M27 and
t 8t 4t Annealed M24

1. Dimensions not shown are the option of the designer. The essential consideration is to
have adequate rigidity so that the jig part will not spring

2. The specimen shall be firmly clamped on one end so that there is no sliding of the
specimen during the bending operation

3. Test specimen shall be removed from the jig when the outer roll has been removed 180

degrees from the starting point.
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SURFACES SHALL BE DRESSED
BY MACHINING OR SAW CUT

SURFACES MAY BE PLASMA ARC CUT

le— \\ —— 6 in. (150 mm) MIN —\\—> 1/8 in. (3 mm) MIN
S \ NN W NN Jin 1 eccrsa:
\ 1 r

i ] i S
‘—_—\7’_—--—-—---\7__'—"]' RADIUS
1/8 in. ) )
(3 mm) MIN 1/8 in. MAX (W = 3/8 in.)

1/16 in. MAX (W = 1/8 in.)
3 mm MAX (W = 10 mm)
1.6 mm MAX (W = 3 mm)

r——==-=-=- § ———EeTE &e &= 2 = 1
t T T, in. 1, in.
l 3/8 to 1-1/2 i
+ > 1-1/2 See Note 2
L WHENT T EXCEEDS 1-1/2 in. (38 mm),
CUT ALONG THIS LINE. T, mm t, mm
W = 1/8 in. (3 mm) FOR ALL WELDS IN M23 MATERIAL AND 10 to 38 T
WELDS MADE WITH F23 FILLER METAL > 38 See Note 2

W = 3/8 in. (10 mm) FOR ALL OTHERS

Notes:

1, Saw cut along line indicated.

2. For plates over 1-1/2 in. (38 mm) thick, cut the specimen into approximately equal strips with T between 3/4 in. (19.0 mm) and
1-1/2 in. and test each strip.

3. May be bent full width (see requirements on jig width, 4.8.2.3).

4. If M23 materials are annealed before testing they shall be tested in this thickness category.

|
Ri2) \fj ' I‘ "" ! Ii",f R

' T
| [
- | e~
1-1/2 in. e N i
(38 mm) : - i
{ L
1 _ S LI
|- _ 6in. (150 mm) MIN — ————————=| *-| T =~ T =
FACE BEND ROOT BEND
t, in. I, mm
WELDS IN M23 MATERIAL ALL WELDS IN M23 MATERIAL ALL
A AND WELDS MADE WITH  OTHER AND WELDS MADE WITH  OTHER
T,in. F23 FILLERMETAL  MATERIALS® T, mm F23 FILLER METAL  MATERIALS3)
<1/8 T T <3 T T
1/8 - 3/8 1/8 T 3-10 3 T
>3/8 1/8 38 >10 3 10

Notes:

1. Weld reinforcements and backing strip or backing ring, if any, shall be removed essentially flush with the undisturbed surface of the
base material. If a recessed strip is used, this surface of the specimen may be machined 1o a depth not exceeding the depth of the re-

cess 10 remove the strip, except that in such cases the thickness of the finished specimen shall be that specified above.
2. R =1/2 tmax fort<1/4in. (6 mm).

R = 1/8 in. (3 mm) max for t > 1/4 in. (6 mm)
3. If M23 materials are annealed befors testing they shall be tested in this thickness category.

a 2 o A4 g A
3']]7] A1 FUINUNATDUNITAANDNIFDUAIYAIAY DY 4043

Y
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THE EDGES MAY BE MACHINED, MILLED,
SAWED OR CUT BY OTHER SUITABLE MEANS

1/4 in. (6 mm) 1/4in. A 1/4 in. PIPE
‘ (6 mm) l-— -—1 (6 mm)
_____ Nt [P o ]
K Y
w - W C
_V______{_ : - St
1 in. (25 mm) =%
1/4in. (6 mm) MIN RADIUS r ™~— WIDEST
e FACE MACHINE THE MINIMUM
NACHE D OF WELD  AMOUNT NEEDED TO OBTAIN
PLANE PARALLEL FACES OVER
PREFERABL{ BY MILLING THE REDUCED SECTION

Dimensions (in.)

Test Plate Test Pipe

3 in. or Smaller Greater than 3in.
Diameter Diameter or Larger

Thickness < 1 in. Thickness > 1 in. (Note 7) Job Size Pipe

A—Length of reduced section

Widest face of weld + 1/2 in., 2-1/4 min Widest face of weld + 1/2 in,

L—Overall length, min (Note 2) As required by testing equipment

As required by testing equipment

W —Width of reduced section (Notes 3, 4) 1-1/2in. £ 0.01 11 0.01 1/2 £ 0.01 3/4 £ 0.01
C—Width of grip section, min (Notes 4, 5) 2 1-1/72 1 approx. 1-1/4 approx.
t—Specimen thickness (Notes 6, 7) Thickness Thickness/n Maximum possible with plane
(Note 7) parallel faces within length A
r—Radius of fillet, min 1 1 1 1
Dimensions {mm})
Test Plate Test Pipe

Thickness <25 mm  Thickness > 25 mm

Greater than 75 mm_
Diameter Diameter or Larger
(Note 7) Job Size Pipe

75 mm or Smaller

A—Length of reduced section
L—Overall length, min (Note 2)

Widest face of weld + 13 mm, 58 min
As required by testing equipment

Widest face of weld + 13 mm
As required by testing equipment

W—Width of reduced section (Notes 3, 4) 38+ .25 38 +.25 13+ .25 191+ .25
C—Width of grip section, min (Notes 4, 5) 51 38 25 approx. 32 approx.
t—Specimen thickness (Notes 6, 7) Thickness Thickness/n Maximum possible with plane
(Note 7) parallef faces within length A
r—Radius of fillet, min 25 25 25 25

Notes:

1

2.

Itis desirable, if possibte, to make the length of the grip section large enough to allow the specimen to extend into the grips a distance
equal to two-thirds or more of the length of the grips.

The ends of the reduced section shall not differ in width by more than 0.004 in. (.102 mm). Also, there may be a gradual decrease in
width from the ends to the center, but the width of either end shall not be more than 0.015 in (.381 mm) larger than the width at the
center.

Narrower widths (W and C) may be used when necessary. In such cases, the width of the reduced section should be as large as the
width of the material being tested permits. If the width of the material is less than W, the sides may be parallel throughout the length
of the specimen.

For standard plate-type specimens, the ends of the specimen shall be symmetrical with the center line of the reduced section within
0.25 in. (6 mm) except for referee testing, in which case the ends of the specimen shall be symmetrical with the center line of the
reduced section within 0.10 in. (2.5 mm).

. The dimension t is the thickness of the specimen as provided for in the applicable material specifications. The minimum nominal

thickness of 1-1/2 in. (38 mm) wide specimens shall be 3/16 in. (S mm) except as permitted by the product specification.

. For plates over 1 in. (256 mm) thick, specimens may be cut into the minimum number (n) of approximately equal strips not exceeding

1 in. in thickness. Test each strip and each strip must meet the tensile requirements.

. Refer to 4.7.1.2(2) for alternate test specimen.

Y 2 o
5‘1.]ﬁ %¥.1 %uammﬁaummmmmﬁq MUUINTIIU AWS D1.2

Y
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Abstract. The repair welding of aluminum alloy 5083 was studied using Gas Metal Arc welding (GMAW)
process. The effect of heat cycles from welding was investigated in some details. Butt joints of 6 mm and 3 mm
thick were welded with 5356 filler metal. Then weld was removed by grinding and repeatedly welded again for
2 times. After each repair weld, the weld was assessed by macrostructure, microstructure and mechanical tests.
The results revealed porosities of all weld samples. The repair welds indicated lower tensile strength compared
with the new welds. In addition, all tensile strengths were much lower than the base metal. All samples were
fractured at the weld metal.

Introduction

In the present, aluminum alloys are extensively utilized in transportation industry, for example rolling stocks,
car bodies and ship building. Aluminum alloy 5083 exhibits excellent mechanical and corrosion properties. It
is a type of non-heat treatable aluminum alloys. Production and Maintenance using welding are extremely
important [1]. However, when accidents or damages encounter to structural parts. Then, welding repair is
necessary. If welding repair is incorrect, defect may occur in weld metal which lead to weaker in joint strength
compared to the original weld.

This research focuses on repair welding of aluminum alloy 5083 by GMAW in order to study and compare
the macro/microstructure and mechanical properties of Al5083 after repair welding.

Experimental
This research was designed for repair aluminum alloys 5083 ty Gas Metal Arc Weldlng (GMAW) using
r

filler 5356. Plates were prepared for butt joint. New weld (NW), 1% repair (R1) and ond repair (R2) were made,
respectlvely Flrst new welds were made. Then new weld has been removed by grinding and welded again for

1%t repair. The 1t repair weld has been removed and welded again for pnd repair. After each step, analyze of
appearance, macrostructure, microstructure and mechanical properties was assessed.

Materials

In this work, 5083 and 5356 were used as base metal and filler. The base metal thickness was 3 and 6 mm.
The filler diameter was 1.2 mm. Chemical composition are stated in Table 1. Mechanical properties are shown
in Table 2.

TABLE 1
Chemical composition [3].
Size : .
Type (mm) Si Fe Cu Mn Mg Cr Zn Ti Al
Al 5083 3,6 040 0.40 0.10 0.4-1.0 4.0-49 0.05-025 0.25 0.15 Bal
Filler 5356 0.05 0.11 0.002 0.14 4.88 0.11 0.002 0.1 Bal

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans Tech Publications,
www.ttp.net. (ID: 202.29.145.1-21/05/15,09:49:50)
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TABLE 2
Mechanical properties 0f5083 Aluminum alloy.
Type Tensile strength [MPa] Yield strength [MPa] Hardness [HV]
Al 5083 275 — 350 125 Min 96
Filler 5356 240 - 296 110 - 120 -
GMAW
Plates of 3 mm and 6 mm thickness were
butt-joint welded in flat position as depicted
in Fig.1. Welding was performed manually Backgouge
by a qualified welder. All welding parameters |./ \ L
are shown in Table 3. q alv, S
agp 3 mm, 6 mm
—[— f
1-1.5mm.

Fig. 1- Characteristics of joint (dimension in mm).

[4]

TABLE 3
Parameters of welding

Size Current (A) Voltage(V) Gas flow (I/min) Humidity(%) Speed (cm/min)

3 mm 85-92 18.0 -18.5 15-25 45 - 55 45 -60
6 mm 140- 160 21.0-22.0 15-25 45 - 55 45 - 60

Welding testing

Welding test was non-destructive testing (NDT) and destructive testing (DT). Non-destructive
testing was visual test and destructive testing were tensile strength and bend test [2]. Position of tested
samples is shown in Fig. 2 according to AWS - D1.2.

mm mm 2 mm
Z 2 mm

12 mm 50 mm (38 mm || 38 mm gmm |38 mm |50 12 mm

mm

300

EDUCHD SECTION TENSION SPECIMEN

16 mm

300 mm

Fig. 2 — Specimens from welded plates [AWS - D1.2]
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Results and discussion
Visual

Fig.3 shows physical appearance of front and back surfaces of the weld bead. It was found that the
weld bead is continuous throughout the work piece for both sides. In addition, there is no undercut,
overlap and crack.

Good weld bead

Fig.3—Appearance of weld metal

Macrostructure

Macrostructure of base metal and weld metal revealed a little different in color. It was found that
the new weld revealed less porosity. However, for the 15t repair (R1) and pnd repair (R2), porosities
distributed throughout the weld metal as shown in Fig. 4-6 for 3 mm thickness and Fig. 7-9 for 6 mm
thickness. In addition, big hole was also observed (Fig.6). Repeated of welding can cause increasing
in such hydrogen due to less cleanliness.

Fig. 4-Macrograph Fig. 5- Macrograph Fig.6— Macrograph
NW R1 R2
(3mm) (3 mm) (3 mm)

=S

Fig. 7-— Macrograph Fig. 8- Macrograph Fig. 9— Macrograph
NW R1 R2
(6 mm) (6 mm) (6 mm)

Microstructure

Fig. 10 shows microstructure in different locations such as base metal, fusion line and weld metal
of the new weld. Base metal indicated a much smaller grain size compared to the weld metal. The
weld metal in Fig.(10c) revealed coarse grain with an average grain size of about 50 - 60 pum. Grains
started to form from liquid and led to increasing area of solid and small amounts of liquid surrounding
large islands of solid, then create grain boundary networks known as a dendrite [3,5,6].
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Fig. 10- Microstructure of base metal, fusion line and weld Metal

Tensile test

Results of tensile strength test are stated in Tab. 4 and 5. From tensile strength test, it appeared
that all specimens had fractured in the weld metal (WM). Tensile strength decreased with increasing
numbers of repair welding. The decrease in comparison of tensile strength of new weld, 1%t repair,
2" \vas obvious. From the result, tensile test of new weld, 1% repair, ond repair were 208, 185 and

178 MPa, respectively for 3 mm thickness and similar trend for 6 mm thickness. The decrease in
tensile strength can be attributed to the porosities and weak in hardness in the weld metal.

TABLE 4
Tensile strength test results of 5083 (3 mm)

Specimen Tensile strength [MPa] Difference from of Base (%) Rupture
NW 208 29.5 WM
R1 185 37 WM
R2 117 60 WM

TABLE 5
Tensile strength test results of 5083 (6 mm)

Specimen Tensile strength [MPa] Difference from of Base (%) Rupture
NW 221 25 WM
R1 193 35 WM
R2 163 45 WM

*Tensile strength of base metal 295 MPa.

Hardness

Hardness profiles across the base metal, heat affected zone and weld metal of new weld, 15t repair,
ond repair are illustrated in Fig. 11. The typical hardness profile was observed. The lowest hardness
of all 3 conditions was located at the weld metals. The 2"% repair showed the lowest hardness, slightly
lower than the 1%t repair. In addition, the new weld revealed the highest hardness in the weld metal.

The values of 2" repair, 15t repair and new weld were 62 HV, 63 HV and 69 HV, respectively. The
weak in weld metal’s hardness were in conjunction with the fractured location in tensile test [1]. The
reduction of hardness can be due to microstructural changes during the repeated heat cycles.
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Hardness [HV10]
100

. 50 i
, 76-5-4-32-101234567
BM ' WM ' BM
Distance from weld axis (mm)

Fig. 11 — Hardness of WM and BM

Summary

The work can be summarized as follows.

1. The repeated heat cycles cause decrease in tensile and hardness of the weld metal.
2. The porosities tend to increase with a number of welding.

3. The 1%t repair is possible, however ond repair is not recommended.
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