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Al loy 6 0 6 1 U T S Y i e l d El 

C o n d i t i o n K g / c m 2 K g / c m 2 R e m a r k s 

0 - W e l d - T 6 2 8 2 2 1 . 2 % in P M 

T 6 - w e l d 17 12 6 . 8 % in P M 

P a r e n t 2 9 2 3 1 5 % -

M e t a l in T 6 

INTRODUCTION 

A L U M I N I U M a n d its a l loys f ind a 

w i d e a p p l i c a t i o n in t o d a y ' s w o r l d 

s p e c i a l l y in A e r o s p a c e , D e f e n c e , 

N u c l e a r a n d cr i t ical c o m p o n e n t s 

w h e r e s t r e n g t h to w e i g h t ra t ios 

a r e c r i t i c a l a n d o v e r a l l w e i g h t 

s h o u l d b e a s less a s p o s s i b l e . 

G e n e r a l l y A l u m i n i u m a n d its a l -

loys a r e d i f f icul t to w e l d a n d re-

q u i r e s p e c i a l t e c h n i q u e s , m a -

c h i n e s , h i g h p u r i t y g a s e s a n d 

h i g h l y s k i l l e d s p e c i a l l y t r a i n e d 

w e l d e r s . 

G T A W & G M A W a r e c o m m o n l y 

u s e d w e l d i n g p r o c e s s e s . E a c h al -

loy is d i f f e r e n t f r o m o t h e r a n d 

n e e d s c o r r e c t s e l e c t i o n of f i l ler 

w i r e f o r w e l d i n g ( A n n e x u r e - I ) . 

S o m e of the a l loys a r e h e a t t rea t -

a b l e a n d a f t e r h e a t t r e a t m e n t t h e y 

a c q u i r e s t r e n g t h v e r y c l o s e to 

s tee l ( A n n e x u r e - 2 , 3 & 4 ) . . 

M a j o r p r o b l e m s in w e l d i n g of a lu -

m i n i u m a r e p o r o s i t y , c r a c k s , 

lower a s w e l d e d s t r e n g t h , l o w e r 

duct i l i ty , s t r ingent h e a t t r e a t m e n t , 

r e q u i r e m e n t s . W i t h r e c e n t d e v e l -

o p m e n t in w e l d i n g m a c h i n e s , 

w i d e c h o i c e of f i l ler w i r e s a n d im-

p r o v e d t e c h n i q u e s f o r w e l d i n g 

e d g e p r e p a r a t i o n a n d c l e a n i n g of 

s a m e c a n r e d u c e p r o b l e m s but 

c a n n o t be tota l ly e l i m i n a t e d . 

T h i s p a p e r d e s c r i b e s s o m e of the 

c a u s e s and the solut ions b a s e d 

on parc t ica l e x p e r i e n c e . 

Weldability 

T h i s is a g e n e r a l t e r m used to in-

d i c a t e w h e t h e r a n a l l o y u n d e r 

c o n s i d e r a t i o n can be s e l e c t e d for 

the i n t e n d e d use a f te r w e l d i n g . 

E n d use can be only d e c o r a t i v e 

sea l ing of the two art ic les, or it 

m a y be for l e a k t igh tness or it 

m a y b e f o r g e t t i n g t h e f u l l 

s t r e n g t h e i t h e r in t e n s i l e or in 

c o m p r e s s i o n or it m a y be f o r 

g o o d c o r r o s i o n r e s i s t a n c e . F o r 

e x a m p l e a a l u m i n i u m s t r u c t u r e 

l ike br idge or a t o w e r will r equ i re 

we ldab i l i t y of that a l loy for the full 

s t rength w h e r e a s a t ank for stor-

a g e of p r o c e s s fluid will requ i re 

s t rength , l eak t ightness a n d cor-

rosion res is tance . 

T h e r e a r e s o m e a l loys w h i c h im-

part g o o d s t rength in as w e l d e d 

condi t ion wi th fair a m o u n t of d u c -

til ity but t h e s a m e a l loy g i v e s ex -

t r e m e l y g o o d s t r e n g t h at t h e cost 

of poor duct i l i ty a f t e r h e a t t rea t -

m e n t , e . g . A 6 0 6 1 h a s g o o d 

w e l d a b i l i t y using E R 4 0 4 3 , or E R 

5 3 5 6 t y p e of f i l ler w i r e in both an-

n e a l e d ( ' O ' c o n d i t i o n ) a n d in 

q u e n c h e d a n d t e m p e r e d condi t ion 

( T 6 ) . T y p i c a l v a l u e s w h i c h a r e 

e a s i l y a c h i e v a b l e a r e g i v e n in 

T a b l e - I . 

T h i s s h o w s s e q u e n c e of w e l d i n g 

a n d h e a t t r e a t m e n t is c ruc ia l a n d 

d e p e n d i n g u p o n a p p l i c a t i o n se -

q u e n c e is to be d e c i d e d . A n o t h e r 

i m p o r t a n t a s p e c t of A l u m i n i u m is 

tha t , t h e fa i lu re is a l w a y s in H e a t 

a f f e c t e d z o n e ( H A Z ) . M o s t of t h e 

high s t reng th a l loys as w e l d e d us-

ing f i l ler w i r e s of d i f f e r e n t c h e m -

istry t h a n t h e a l loy i tself . T h e r e 

a r e f e w w i r e s w h i c h a r e of m a t c h -

ing c o m p o s i t i o n a n d a r e u s e d only 

w h e n a l loy is s e l e c t e d for be t te r 

cor ros ion r e s i s t a n c e . 
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M o s t i m p o r t a n t c o n s i d e r a t i o n in 

A l u m i n i u m as far as s t rength is 

c o n c e r n e d is l o w e r a s w e l d e d 

s t reng th in H A Z , In o t h e r w o r d s 

A n n e a l i n g of H A Z is a big con-

cern in h igh s t r e n g t h A l u m i n i u m 

a l loys . B a s e m e t a l o t h e r t h a n th is 

s m a l l H A Z a n d w e l d m e t a l is of 

h igher s t r e n g t h but H A Z is w e a k , 

h e n c e s e q u e n c e of h e a t t r e a t -

m e n t , f o r m i n g , w e l d i n g a n d o ther 

r e l a t e d p r o c e s s e s a r e i m p o r t a n t . 

In s tee l a n d o ther non f e r r o u s al -

loys. th is p h e n o m e n o n is no sig-

n i f icant . F o r this r e a s o n s o m e of 

t h e A l u m i n i u m t a n k s a r e f a b r i -

c a t e d w i th c h e m i c a l e t c h i n g / m i l l -

ing or e l e c t r o - c h e m i c a l mi l l ing of 

p o c k e t s in h i g h e r s t reng th m a t e -

rial. F i g - 1 s h o w s a t yp ica l c h e m i -

ca l m i l l e d d i s h e n d for o n e of 

s u c h T a n k s . T h i c k n e s s at t h e 

w e l d j o i n t is k e p t m a x i m u m to 

t a k e c a r e of l o w e r s t r e n g t h in 

H A Z as s h o w n in T a b l e - 1 

C h e m i c a l or e l e c t r o c h e m i c a l mil l -

ing of A l u m i n i u m a l loys is s i m p l e 

a n d by this to ta l w e i g h t of the 

t a n k c a n be r e d u c e d a l m o s t by 

5 0 % . A r e a s n e a r b y w e l d i n g only 

n e e d to be of h igher t h i c k n e s s . 

T h e r e is no s a v i n g in m a t e r i a l 

cost as star t ing t h i c k n e s s is s a m e 

a s w h a t is requ i red in H A Z . A l s o 

t h e r e is a add i t iona l cost of mi l l -

ing. H e n c e this p r o c e s s of fabr i -

ca t ion of t a n k s is l imi ted to criti-

c a l a p p l i c a t i o n s in A e r o s p a c e 

w h e r e s t r e n g t h to w e i g h t ra t io 

should be as high as possible a n d 

o v e r a l l w e i g h t is to be kept min i -

m u m . 

A n o t h e r a s p e c t is h e a t t r e a t m e n t 

of a l u m i n i u m . T h i s is d o n e in two 

s t a g e s , first p l a t e s in a n n e a l e d 

cond i t ion a r e b rought to T 4 condi -

t ion by s o l u t i o n q u e n c h i n g a n d 

la ter on it is fu r the r s t r e n g t h e n e d 

by ar t i f ic ia l a g e i n g to r e a c h T 6 

condi t ion . W e l d i n g c a n be ca r r i ed 

out in a n y of the a b o v e condi t ions . 

H e a t t r e a t m e n t o f c o m p l e t e d 

t a n k s r e q u i r e s h u g e f u r n a c e wi th 

s p e c i a l s p r a y n o z z l e for so lut ion 

q u e n c h i n g . H e n c e i n d i v i d u a l c o m -

p o n e n t s l i k e D i s h e n d s , S h e l l , 

N o z z l e s , B a f f l e s , F l a n g e s a r e 

h e a t t r e a t e d s e p e r a t e l y a n d t h e y 

a r e w e l d e d . 

Major Problems 

In th is sec t ion s o m e of the d e f e c t s 

a n d the i r r e m e d i e s a r e e x p l a i n e d , 

T h e s e d e f e c t s c a n r e s u l t f r o m 

v a r i o u s c a u s e s . S o m e of t h e m 

w h i c h a r e i m p o r t a n t a n d l e s s 

k n o w n a r e d i s c u s s e d h e r e : 
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Fig 2 : Hydrogen Solubility in pure 
Aluminium 

Fig 3 : Hardness profiles in 6061 - T6 TIG 
Weld with Various Heat Inputs 

Fig 4 : Hardness profiles accross TIG 
Welds in Aluminium Alloys 

Porosity 

Poros i ty is v e r y c o m m o n in a lu -

m i n i u m . T h i s is b e t t e r e x p l a i n e d 

by plot t ing solubi l i ty v / s t e m p e r a -

t u r e ( f ig .2 ) . T h i s s h o w s at h i g h e r 

t e m p e r a t u r e s p e c i a l l y n e a r M . P . 

t h e r e is s t e e p r ise in solubi l i ty . 

T h i s is t rue w i t h m o s t of t h e m e t -

als. In a l u m i n i u m s i n c e t h e r m a l 

c o n d u c t i v i t y is high w e l d pool so-

l id i f icat ion is fast a n d it d o e s not 

g i v e su f f i c i en t t i m e for g a s to es-

c a p e w h e n w e l d poo l sol id i f ies . 

N o w w e m u s t f ind out s o u r c e of 

t h e s e g a s e s s p e c i a l l y H y d r o g e n . 

E v e r y b o d y is w e l l a w a r e a b o u t 

c l e a n l i n e s s of jo int a n d s u r r o u n d -

ing a r e a . T h i s is c o n v e n t i o n a l l y 

d o n e b y s o l v e n t s l i k e 

T r i c h l o r o e t h e l e n e , or A c e t o n e a n d 

w i re b rush ing . In a d d i t i o n to t h e s e 

g e n e r a l t e c h n i q u e s , t h e r e is 

D C R P c l e a n i n g i .e . us ing D C R P 

at low cur ren t of t h e o r d e r of 5 0 -

8 0 a m p s . T o r c h is m o v e d all o v e r 

the jo int w h i c h g i v e s bright m e t a l 

s u r f a c e . T h i s a lso p r e h e a t s t h e 

a r e a to c e r t a i n e x t e n t w h i c h is es-

sent ia l in A l u m i n i u m w e l d i n g . 

A n o t h e r t w o n e w t e c h n i q u e s 

w h i c h w e r e s u c c e s s f u l l y in t ro -

d u c e d a r e c h e m i c a l and e lec t ro -

c h e m i c a l c l e a n i n g of f i l ler w i res 

a n d jo int a r e a . T h i s i m p r o v e s sur-

f a c e f inish in m i c r o s c o p i c l eve l . 

T h e r e is a rounding off of s h a r p 

c o r n e r s h e n c e no c h a n c e of ac -

c u m u l a t i o n of dust or o ther impu-

rit ies. T h e r e is a th in u n i f o r m ox -

ide l a y e r f o r m e d as a result of 

e l e c t r o p o l i s h i n g w h i c h p r e v e n t s 

fur ther o x i d a t i o n / a t m o s p h e r i c cor-

rosion. 

A n o t h e r impor tan t o b s e r v a t i o n is 

s u r f a c e f in ish of f i l ler w i re a n d 

s m o o t h n e s s of e d g e s can r e d u c e 

p o r o s i t y l e v e l to g r e a t ex ten t . B a d 

s u r f a c e f inish a c c u m u l a t e s dust 

w h i c h is p a s s e d on to the w e l d . 

A lso in c a s e of M I G or A U T O T I G 

it g i v e s lot of res is tance in w i r e 

f e e d i n g . Lot of loose par t ic les a r e 

p r o d u c e d w h e n w i r e is f e d 

t h r o u g h ro l le rs . T h i s g o e s into 

torch & b locks g a s p a s s a g e . 

Annealing of HAZ 

T h i s is r e l e v a n t only w h e n m a t e -

rial is w e l d e d in h e a t t r e a t e d con-

di t ion. A r e a in t h e r a n g e of 3 0 0 -

3 5 0 ° C u n d e r g o e s a n n e a l i n g a n d 

fa i ls at m u c h l o w e r s t r e n g t h t h a n 

p a r e n t m e t a l or w e l d m e t a l (F ig . 

3 , 4 ) . T o a v o i d this, e i t h e r o n e of 

t h e fo l low ing t e c h n i q u e s c a n be 

used . : 

1. W e l d i n g w i th low h e a t input . 

• G M A W g i v e s b e t t e r resu l ts 
t h a n G T A W . 

• F a s t w e l d i n g s p e e d s a lso im-
p r o v e s s t r e n g t h but t h e r e a r e 
c h a n c e s of l ack of fus ion . 

• W h e r e v e r p o s s i b l e , a d o u b l e 

o p e r a t o r t e c h n i q u e is u s e d . 

• W e l d in T 4 i .e . in s o l u t i o n 
q u e n c h s t a g e a n d t h e n A g e 
it to b r i n g it to T 6 c o n d i -
t i o n . In t h i s , c a r e s h o u l d b e 
t a k e n t o w e l d w i t h i n 2 4 h rs . 
a f t e r s o l u t i o n q u e n c h i n g a s 
t h e s e a l l o y s s t a r t a g e i n g at 
r o o m t e m p e r a t u r e a n d a c -
q u i r e s 5 0 - 6 0 % s t r e n g t h in 
4 8 hrs. ( F i g 5 ) 

• By p r o v i d i n g s t a i n l e s s s tee l 
b a c k u p r i n g a n d c o p p e r 
s h o e s e i t h e r w a t e r c o o l e d or 
air c o o l e d in H A Z to a b s o r b 
a d d i t i o n a l h e a t a n d q u e n c h it 
a f t e r w e l d i n g ( F i g 6 ) . 
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ANNEXURE 1(A) 

RECOMMENDED ALUMINIUM FILLER METALS FOR GENERAL APPLICATIONS 

356 .0 A356 .0 7005. 6005 .6061 
3 1 9 . 0 . 3 3 3 . 0 A357.0. 7039.7046. 6063.6101. 
354 .0 .355 .0 . 359.0. 514 .0 .A514.0 7 1 4 6 . 7 1 0 . 0 . 6151.6201. 

Base metal C 3 5 5 . 0 413 .0 ,433 .0 B514.0 712 .0 6070 6351 .6951 5456 5454 

1060. 1350 

1100 .3003 
Alclad 3003 

2014 .2024 
2036 
2219 

3044. 
Alclad 3004 

5 0 0 5 . 5 0 5 0 
5052 .5652a 
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6070 
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.Pft4043b i ER5654b.d 

ER4145c. i . ER4043d. 

ER4145c.d. i 

INDIAN WELDING JOURNAL. OCTOBER, 1994 
30 



CD 

LU 
Q£ 
D 
X 
HI 

CO 
z 
o 
t— < 
o 
_ l 
CL 
D. < 
_ l 
< 
a: 
LU 
z 
UJ 
o 
cr 
0 
LL 
CO 
- J 
< 
I -
LU 
S 

III 
-J 
_J 
LL 

D 
2 
s 

- J < 

Q 
01 
Q 
Z 
III 

o 
o 
UJ 
a: 

o o cd in o co 

n o o cn cn 
8 3 cn < 

vr vr o r - cn co o o o cn cm rs/ 

CM CN 

in o O ID o o co co 

ro CM CN ID ID O CD ID ID 

CO CO 

CD CO O ID 

CD vr vr ID ID CN ID ID 

0) l/l ro co 

o o 
o o 

cr cr 
LU LU 

CD ID CD ID vr vr vr 
vr vr vr 
cr cr cr UJ LU LU 

c» o ID CD LD cn 
r̂ vr •<r r— 

T— T— T— co vr -<r vr CN 
cr cr cr cr 
UJ UJ UJ LU 

cn vr o vr 
cr 
UJ 

cr 

o cn vr o 
cr 

cn 
o 
vr 
cr 
UJ 

O 
CO cn vr vr 
o o vr 
Q: cr 
UJ LU 

6 
o T3 

CO CO CO vr vr vr 
o o o vr vr 
or cr cr 
LU LU LU o 

X) 
d d d ro cn CO co cn cn vr vr vr vr vr CD 

o o o o o CD 
vr vr vr vr CD cr cr cr cr cr cr 
LU LU I LU rn LU LU 

O o <u o 0) o CD CO co CD CD CD cn CD CD vr CD LO LD co CO CO o CO cn cn r-
CD CD vr CD ID ID CO 
cr a: cr cr IT cr cr 
LU LU ! UJ UJ LU UJ UJ 

o O o o 01 o CD cn CD CD CD CD CD CD vr LD CD CO LO CO CO o CO CO CO CO CD CD vr CD CD CD CO cr cr cr cr cr cr a: LU LU ! LU LU LU LU LU 

a> CD ID cn 
ID 

_ 
d o X! J3 A o n ro CO CO CO vr vr vr CD CD vr •>r vr r̂ LO CO LO co CD CO o o o co CD CD CO CO CD vr vr vr CD CD CO CO CO CD 
cr cr cr cr cr cr cr cr cr 
LU LU I LU LU LU LU LU LU LU 

CO vr ro ro E o CO o vr o o CN vr CU co o o CN o CO CO CD CU 
cn o CO o CO o CD CM U) 
o 

CO 
o •a ro 

CN 
vr CD cn vr X! ro 

CD 
ID" 

CO 
CM CO CD 

CO 
vr" 

ro CD 
CD o T— cn T— o o § CO co CO CO o T— o o CN CD o § O o o •I- < CN CN CM cn < CO CO I D co I D ro 

cn >, o 
"to 
sz 
o J3 
CD c 
<u 
5 
*o 
cu U3 33 

ro 
a) 
E 

vr ID CD LD 
Cd 
111 
ai o 
& 
a; c/) 
cu 
•o x 
o 
<u a. 
c 
CU 
o> 
o 
XI 
-C 

X) 
a) 
(/> 

in 
a> 

0) 
5 
o 00 

CN 
ID 
CD 
ID 

c 5 
ro ° 
vr 
CD 
CN "O 
CD C 
cn 
> • LL O o ^ ° 
ro cd — *— 

a> ro 
a; 
o 

ro 
c 
N 
~o o c ro 
cu 
C 
ro 

ro y 
t > 
o ® 

8 s 

> £ o a) 

- 5 
Px> ZL a) 

• ro 
cu > 
-a ® > 
o i_ o 
Q- ^ 
>, Cl) ® s £ ro 
u> 3 
Si <* 
ro cn 
o -

® s E CD O CD </> ce 
c LU 
-a £ cu cn cn c 3 a; 
a> 
_o cn 

ro a) 
E 5 
vr <vj 
ID JE 
CD O) 
ID -
a: ^ 
UJ ^ 
73 "— 
c -D ro 
co ™ 
ID >, CD .ti CD r= OH tJ UJ =1 

XI 
S 2 
CD $ 
ID $ 
a: ^ 
hi « a) 
co" CD 21 
cn -c 
LO —. Ct CN LU " 
c c ^ co a> cn 

c Q 

•o a) 

cu 
E 
cu E 
o 
cn 

ro 
Q) 
E 
cu 
cn 
ro 

-Q 
a) XI <D cn 
cn 3 

ro cu 
cn ^ 
g, | 
ro E 

ID 
(U I D 
F ^ c a: 
5 lu 
5 o 
~ CD 
SZ LD 

CO 
5 ^ _ cr ro LU 

- vr cu id 
cr <u cr = cr 

LU LU LLI 

cn </) c c a. c o o o o 1 . , -ro ro 03 ro o o o o 
"Q. "o. "5. "Q. Q- Q. Q. Q. ro ro ro ro 
cu cu cu <u 
E E E E o o o o 
</> cn cn C/3 
•• i o o o a 
XI XI XI X! cu cu cu a) cn cn C/3 CO 

=3 =3 z> 
cu CU cu cu XI -Q XI XI 
- > >N >, ro ro ro ro 
E E E E 
CD cn r̂  o vr T— vr o i— cn o T— 
vr CM vf T— 
cr cr cr cr 
LU UJ LU LU 

E 5 

o CD 
Sr. ro a> v_ 
> cu ° Q-

ro (jj 
<u E 
D- ro 
E V, 0) 3 

cn si 
Ol o 

•a "D cu 0) 
c C 
ro ® 
to E 
3 | 

ro cj 
E <u 
cj CD un o = cr 
O LU ^ 
Q.-0 cn <= CO 0 CD 01 LD i l LD 3 CD cn 
o a: Q. LU X 
" CO-LS 00 

LI (O 
x: ld 
cn cn 
a) LD 
-t cr 
r- LU 

ro jn 
ro o 3 w cn 

c o 
•5 
c 
o o 
<u o 
s 0) OT 

o vr cr 
UJ 
CO vr 
o vi-ce 
LU 
o" O 

cr 
LU 

c 
o 
bi c 
cu 
5 
cn ro 
cn 
"ai 

x 
o 

D) c 
cu $ 

o 
ro 
TJ 
cu 

0) sz 
cn 

!2 T3 a 
co w 
o = 
o _ ro 
Q- ,E 

T3 

ai c 
cu g 

XJ 
CU "O 
c 
CU 
E 
E 
o o 
cu 

o 
c 

c o 
O 
oo E 

° E 
. o 

CD O 
< ro 
.1 | 
ro 
o <u 
^ !2 

S Si o co 

o 
cu 
Q_ cu 

c o 
ro 
TJ 
c 
0) 
E 
E 
o o 
CU 
cr 

< 
c 
"D 
CU 

"O CU 

cu 
ro !u 
cn -E M— 
2 o 
0) c 
E 
_0) 
iZ 

INDIAN WELDING JOURNAL, OCTOBER, 1994 
31 



A N N E X U R E - 2 

C O M P O S I T I O N S A N D A P P L I C A T I O N S O F N O N H E A T - T R E A T A B L E W R O U G H T A L L O Y S 

Aluminium Nominal Composit ions 
Association (% Alloying Elements) 
Designation Cu Mn Mg Cr Typical Applications 

1060 99-6% min. aluminium Chemical process equipment, tanks, piping 
1100 99.0% min. aluminium Architectural and decorative applications, furniture, piping deep drawing 

applications, spun hollow ware 
1350 99.5% min. aluminium Electrical conductor wire Dus conductor 
3003 0.12 1.2 — General Purpose applications where slightly higher strenght than 1100 is 

required Process and food handling equipment chemical and petroleum 
drums and tanks. 

3004 1 1.0 — Sheet metal requiring higher strength than 3003. Rooting siding, gutters, 
pressure vessels and irrigation tubing. 

5005 - 0.8 — Electrical conductor and architectural applications. 
5050 1.4 — Similar to 3003 and 5005 but stronger. Has excellent finishing qualities. 
5052 — 2.5 - Sheet metal applications recurring higher strength than 5050. Formable 
5652 and good corrosion resistance Storage tanks, boats, appliances, etc. 

Alloy 5652 is a higher purity version for H 2 0 2 service. 
5083 0.7 4.4 0.15 Structures, tanks, unfired pressure vessels, manne components, railroad 

cars, cryogenics, drilling figs. 
5088 0.4E 4.0 0.15 Marine components tanks tankers, truck, frames 
5154 „ 3.5 0.25 Unfired pressure vessels, tankers, Alloy 5254 as a hinger purity version 
5254 suitable for H,0 2 service. 
5451 0.8 2.7 0.12 Structural applications and tanks for sustained high temperature service. 
5456 0.8 5.1 0.12 Structures tanks unfired pressure vessels marine components 

A N N E X U R E - 3 

N O M I N A L C O M P O S I T I O N S O F C O M M O N W E L D A B L E W R O U G H T A L U M I N I U M A L L O Y S 
( P E R C E N T B Y M A S S ) 

Alloy Cu Mg Mn Si Zn Cr Zr Ti Al 

1060 __ 99.60 min 
1100 0.12 — — — — — — — 99.00 min 
1350 — — — — — — — — 99.50 min 
2219 6.3 — 0.30 — — — 0.18 0.06 Remainder 
3003 — — 1.25 — — — — — Remainder 
3004 — 1.0 1.25 — — — — Remainder 
5052 — 2.5 — — — 0.25 — — Remainder 
5454 — 2.7 0.75 — — 0.12 — — Remainder 
5083 — 4.45 0.7 — — 0.15 — — Remainder 
5086 — 4.0 0.45 — — 0.15 — — Remainder 
5456 — 5.1 0.75 — — 0.12 — — Remainder 
6101 — 0.6 — 0.50 — — — Remainder 
6061 0.27 1.0 — 0.6 — 0.20 — — Remainder 
6063 — 0.7 — 0.40 — — — — Remainder 
7004 — 1.5 0.45 — 4.2 0.15 — Remainder 
7005 — 1.4 0.45 — 4.5 0.13 0 14 — Remainder 
7039 — 2.8 0 25 — 4.0 0.20 — — Remainder 
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A N N E X U R E 4 

N O M I N A L C O M P O S I T I O N S O F C O M M O N A L U M I N I U M F I L L E R A L L O Y S ( P E R C E N T B Y M A S S ) 

Alloy Si Cu Mn Mg Cr Ti V Zr Al 

1100 0.12 „ 99.00 min 
1188 — — — — — — - - 99.88 min 
2319 — 6 3 0.30 — — 0.15 0.10 0.17 Remainder 
4009 5.0 1 25 — 0.50 — — — — Remainder 
4010 7.0 — — 0.35 — — — — Remainder 
4011 7.0 — — 0.55 — 0.12 — — Remainder 
4043 5.2 — — — — — — — Remainder 
4047 12.0 — — — — — — — Remainder 
4145 10.0 4.0 — — — — — — Remainder 
4643 4.1 — — 0.20 — — — Remainder 
5183 — — 0.75 1.7 0.15 — — Remainder 
5356 — — 0.12 5.0 0.12 0.13 — — Remainder 
5554 — — 0.75 2.7 0.12 0.12 — — Remainder 
5556 — — 0.75 5.1 0.12 0.12 — — Remainder 
5654 — — — 3.5 0.25 0.10 — — Ramainder 
206.0 — 4.6 0.35 0.25 — 0.22 — — Remainder 
C355.0 5.0 1.25 — 0.50 — — — — Remainder 
A 356.0 7.0 — — 0.35 — — — — Remainder 
357.0 7.0 — — 0.52 — — — — Remainder 
A357.0 7.0 — — 0.55 — 0.12 — — Remainder 

• By se lec t ing a edge prepara-
t ion by wh ich to ta l heat input 
can be reduced (F ig 7). 

C R A K S 

Cracks can occu r if : 

• S e l e c t i o n o f f i l l e r w i r e is 

w rong , ( re fer a n n e x u r e - 1.5) 

• S u d d e n q u e n c h i n g due to im-

proper p reheat and post heat . 

• G r i n d i n g d u c t e m b o d i e d in 

edges to be we lded . Do not 

g r ind a l u m i n i u m , use ch ipper 

o r r o t a r y b u r r w h e e l s f o r 

g o u g i n g a n d e d g e p r e p a r a -

t ion. 

• F i x tu re shou ld be d e s i g n e d in 

such a way that it wi l l t ake 

care of e x p a n s i o n of con t rac -

t ion. 

C O N C L U S I O N 

A l u m i n i u m a l loys spec ia l l y h igh 

s t rength a l loys are cer ta in ly d i f f i -

cul t to we ld cons ider ing the i r end 

use or we ldab i l i t y to get requ i red 

proper t ies. But at the s a m e t ime 

if proper sequence, techn ique and 

care is exerc ised it is not impos-

s i b l e to w e l d t h e m . T e c h n i q u e s 

wh ich are deve loped are ma in ly 

used for a l u m i n i u m 6061 type of 

a l loys and resul ts are p roven and 

de f in i te ly bet ter and near the re-

qu i red va lues . S a m e techn ique is 

n o w b e i n g a p p l i e d fo r 2 x x x & 

7 x x x se r ies of a l loys . M a n y of 

t h e s e p r o p e r t i e s a lso d e p e n d s 

upon c lean l iness and ref in ing of 

base me ta l and f i l ler w i res . On ly 

ma tch ing of w i re or we ld chemis -

try of spec i f ied e lemen ts is not 

impo r tan t but e f f ec t i ve re f in ing , 

cer ta in a m o u n t of deox id i se r s l ike 

t i t a n i u m or z i r o c o n i u m and de-

gass ing are a lso impo r tan t . Con-

t ro l on impur i t i es w h i c h f o r m low 

me l t i ng point a l loys are a lso to be 

c o n s i d e r e d be fo re accep t i ng an 

a l l o y . T a b l e - 2 s h o w s m a x i m u m 

sol id so lub i l i t i es in a l u m i n i u m of 

pr inc ipa l a l loy ing e lemen ts . There 

a re s o m e a l l o y s w h i c h age at 

r oom t e m p e r a t u r e at m u c h faster 

r a t e a n d a c q u i r e a l m o s t f u l l 

s t rength in 24 -48 hrs. need to be 

s t o red at t e m p e r a t u r e c l ose to 

ze ro or subze ro . S o m e of the alu-

m i n i u m a l l oys can be s t reng th -

e n e d by c o l d w o r k i n g ( F i g - 8 ) 

wh i ch loose s t reng th because of 

we ld ing heat. 
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