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1 . 1 .  B E V E L I N G  T H I C K  P I E C E S  I N  H O R I Z O N T A L  P O S I T I O N
E n s u r i n g  d e e p  p e n e t r a 1 2 t i o n  o f  w e l d  m e t a l  a n d  c r e a t i n g  a  s t r o n g  j o i n t  i s  n o t
a l w a y s  p o s s i b l e  s o l e l y  b y  a d j u s t i n g  t h e  w e l d i n g  c u r r e n t  o r  e l e c t r o d e  d i a m e t e r .
A d d i t i o n a l l y ,  m o d i f i c a t i o n s  t o  t h e  c r o s s - s e c t i o n  o f  t h e  p a r t s  t o  b e  w e l d e d  s h o u l d
b e  m a d e  t o  c r e a t e  a  w e l d i n g  g r o o v e .  F o r  e a s e  o f  p r e p a r a t i o n ,  a  V - g r o o v e  i s  o f t e n
p r e f e r r e d  i n  p r a c t i c e .  F u r t h e r m o r e ,  U ,  X ,  a n d  J  g r o o v e s  c a n  b e  a p p l i e d  e i t h e r
s i n g l y  o r  o n  b o t h  s i d e s  f o r  b u t t  w e l d s .  T h e s e  t y p e s  o f  w e l d i n g  g r o o v e s  r e q u i r e
m o r e  p r e p a r a t i o n  t i m e  a n d  a d d i t i o n a l  l a b o r ,  m a k i n g  t h e m  g e n e r a l l y  p r e f e r r e d  f o r
s p e c i a l  a p p l i c a t i o n s  o r  a u t o m a t i o n - f o c u s e d  w o r k .
1 . 1 . 1 .  I m p o r t a n c e  o f  B e v e l i n g
A  k e y  p r e r e q u i s i t e  f o r  j o i n i n g  t h i c k  p a r t s  u s i n g  e l e c t r i c  a r c  w e l d i n g  i s  e n s u r i n g
t h a t  t h e  j o i n t  a c h i e v e s  t h e  d e s i r e d  l e v e l  o f  s t r e n g t h .  S e v e r a l  f a c t o r s  d e t e r m i n e  t h e
i n t e g r i t y  o f  a  w e l d  j o i n t :

T h e  b e v e l i n g  p r o c e s s  i s  p e r f o r m e d  t o  e n s u r e  1 0 0 %  p e n e t r a t i o n  o f  t h e  w e l d  m e t a l
i n t o  t h e  b a s e  m a t e r i a l .
S i n c e  t h e  w e l d  m e t a l  p e n e t r a t e s  t h e  b a s e  m a t e r i a l ,  i t  i n c r e a s e s  t h e  m a t e r i a l ' s
s e r v i c e  l i f e  a n d  m e c h a n i c a l  s t r e n g t h .
N o t  a l l  t h i c k n e s s e s  r e q u i r e  b e v e l i n g .
T h e  s t a n d a r d s  f o r  b e v e l i n g  t h i c k n e s s  a n d  s h a p e  a r e  d e t e r m i n e d  b y  T S  3 4 7 3  E N
I S O  9 6 9 2 - 1 .
P i e c e s  u p  t o  8  m m  t h i c k  d o  n o t  r e q u i r e  b e v e l i n g  i f  w e l d e d  o n  b o t h  s i d e s .
F o r  p i e c e s  t h i c k e r  t h a n  1 0  m m ,  d o u b l e - s i d e d  b e v e l i n g  m u s t  b e  p e r f o r m e d ,  w h i c h
m a y  i n c l u d e  d o u b l e  V ,  d o u b l e  U ,  o r  X  g r o o v e s .

i n n o w e l d

Figure 1.1: Butt Joint Without Beveling and V-Groove Beveling.

Figure 1.2: Double-Sided V-Groove and Single-Sided K-Groove Beveling.
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1 . 1 . 2 .  B e v e l i n g  M e t h o d s
B e v e l i n g  c a n  b e  p e r f o r m e d  u s i n g  b u r n i n g ,  m e l t i n g ,  o r  m a c h i n i n g  p r o c e s s e s .  T h e
c h o s e n  m e t h o d  s h o u l d  b e  c o s t - e f f e c t i v e ,  q u i c k ,  a n d  s h o u l d  n o t  a l t e r  t h e  c h e m i c a l
o r  p h y s i c a l  p r o p e r t i e s  o f  t h e  b a s e  m a t e r i a l .  T h e r e f o r e ,  t h e  m e t h o d  o f  b e v e l i n g
s h o u l d  b e  d e t e r m i n e d  a c c o r d i n g  t o  t h e  m a t e r i a l  t o  b e  w e l d e d .
1 . 1 . 3 . 1 .  B e v e l i n g  w i t h  O x y - G a s  C u t t i n g
O n e  o f  t h e  t h e r m a l  b e v e l i n g  m e t h o d s  i n v o l v e s  c u t t i n g  w i t h  a n  o x y - g a s  t o r c h .  M a n y
m e t a l  p a r t s  c a n  b e  c u t  a n d  b e v e l e d  w i t h  o x y g e n ,  e x c e p t  f o r  s o m e  r e s t r i c t e d
m a t e r i a l s .  H o w e v e r ,  e x c e s s i v e  h e a t  i n p u t  a n d  o x y g e n  c o n s u m p t i o n  i m p o s e
l i m i t a t i o n s  o n  t h e  t y p e s  o f  m a t e r i a l s  t h a t  c a n  b e  u s e d .  F o r  i n s t a n c e ,  c u t t i n g
s t a i n l e s s  s t e e l s  a n d  b r a s s  w i t h  o x y g e n  i s  n o t  r e c o m m e n d e d .

i n n o w e l d

Figure 1.3: Oxy-Gas Cutting

1 . 1 . 3 . 2 .  B e v e l i n g  w i t h  G r i n d i n g  W h e e l s
I n  m a c h i n i n g  a p p l i c a t i o n s ,  b e v e l i n g  c a n  b e  p e r f o r m e d  m a n u a l l y  o r  t h r o u g h
a u t o m a t i o n .  I n  m a n u a l  a p p l i c a t i o n s ,  a  g r i n d i n g  w h e e l  c a n  b e  u s e d  f o r  b e v e l i n g .
T h e  a v a i l a b i l i t y  o f  g r i n d i n g  w h e e l s  i n  m o s t  m e t a l  w o r k s h o p s  a n d  t h e  a b i l i t y  t o
p e r f o r m  t h e  p r o c e s s  q u i c k l y  m a k e  t h i s  m e t h o d  v i a b l e  f o r  p r o j e c t s  w i t h o u t
a d d i t i o n a l  i n v e s t m e n t .  G r i n d i n g  w h e e l s  u s e d  f o r  b e v e l i n g  s h o u l d  b e  c o a r s e - g r a i n e d
t o  e x p e d i t e  t h e  p r o c e s s .

Figure 1.4 Grinfing Wheels
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. 1 .3 .4 .  Beve l ing  w i th  Carbon  Arc  Cut t ing
Th is  me thod  i nvo l ves  us ing  a  ca rbon  e lec t rode  and  p ressu r i zed  a i r .  I t  i s
based  on  c rea t i ng  an  a rc  s im i l a r  t o  e l ec t r i c  a r c  we ld ing .  Th i s  me thod  i s
w ide l y  used  i n  sh ipbu i l d i ng  and  p ressu re  vesse l  manu fac tu r i ng .
S ince  i t  i s  a  me l t i ng -based  cu t t i ng  p rocess ,  i t  i s  su i t ab le  f o r  me ta l s  t ha t
canno t  be  cu t  w i t h  t he rma l  me thods .  The  sys tem cons i s t s  o f  two  ma in
componen ts :  t he  ca rbon  e lec t rode ,  wh i ch  c rea tes  t he  me l t i ng  env i ronmen t ,
and  t he  p ressu r i zed  a i r  sys tem.
Add i t i ona l l y ,  ca rbon  a rc  cu t t i ng  i s  used  fo r  goug ing  ope ra t i ons ,  a l so  known
as  g roov ing .  Mach in ing  t oo l s  such  as  m i l l i ng  mach ines ,  l a thes ,  and  shape rs
can  a l so  be  used  fo r  beve l i ng .  Pa r t i cu la r l y ,  t h i ck  sec t i ons  o f  a l um inum and
s im i l a r  me ta l s  can  be  p rocessed  us ing  t hese  mach ines  i n  we l l - equ ipped
workshops .  Beve l i ng  p rocesses  f o r  mass  p roduc t i on  can  a l so  be  pe r fo rmed
on  l a thes  o r  CNC mach ines .

1 .1 .3 .3 .  Beve l ing  w i th  P lasma Cut t ing
Th is  me thod  i s  p re fe r red  f o r  cu t t i ng  beve l s  i n  f l a t  shee t  me ta l  due  t o  i t s
compa t i b i l i t y  w i t h  au toma t i on .  P lasma  cu t t i ng  a l l ows  beve l i ng  and  shap ing
o f  me ta l s  t ha t  a re  unsu i t ab le  f o r  oxy -gas  cu t t i ng .

i n n o w e l d

Figure 1.5: Plasma Cutting

Figure 1.6:  Bevel ing Machine for  Pipes
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1 .1 .5 .  P recaut ions  Dur ing  We ld ing
By  tak ing  ce r ta i n  p recau t i ons ,  t he  nega t i ve  e f f ec t s  o f  d i s to r t i ons  i n  we lded
jo in t s  can  be  m in im ized .  The  p recau t i ons  f o r  p reven t i ng  de fo rma t i ons
du r i ng  we ld ing  a re  ca tego r i zed  i n to  two  g roups :
Du r i ng  Des ign :

The  des ign  shou ld  be  su i t ab le  f o r  t he  we ld ing  t echn ique .
We ld  seams  shou ld  be  symmet r i ca l .
We ld  seams  shou ld  no t  be  p laced  t oo  c l ose  t o  each  o the r .
Bu t t  j o i n t s  shou ld  be  p re fe r red  wheneve r  poss ib l e .
The  wo rkp iece  shou ld  be  des igned  to  a l l ow  na tu ra l  con t rac t i on  du r i ng
we ld ing .

Du r i ng  We ld ing :
An  app rop r i a te  we ld ing  sequence  shou ld  be  f o l l owed .
The  e lec t rode  d iame te r  and  cu r ren t  se t t i ngs  shou ld  ma tch  t he  wo rkp iece
th i ckness .  Excess i ve  hea t  i npu t  due  t o  l a rge -d iame te r  e l ec t rodes  shou ld
be  avo ided .
To  p reven t  angu la r  d i s to r t i ons ,  we ld  g rooves  shou ld  be  f i l l ed  w i t h  t h i ck
we ld  beads .
I f  poss ib l e ,  sho r t  s t i t ches  shou ld  be  app l i ed  us ing  t he  sk ip  and  back -
s tep  we ld ing  t echn iques .  Suppo r t s  shou ld  be  we lded  l as t  wheneve r
poss ib l e .
Bu rn - th rough  no t ches  c rea te  s t ress  concen t ra t i ons ,  so  t he i r  f o rma t i on
shou ld  be  p reven ted .
To  p reven t  t r ansve rse  sh r i nkage ,  pa r t s  shou ld  be  c l amped  o r  t ack
we lded  f i rm l y  be fo re  we ld ing .

i n n o w e l d

 Figure 1.7: Preventing Weld Shrinkage Using a Fixture.
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1 .2 .  V  WELDING IN  HORIZONTAL POSIT ION
When  the  t h i ckness  o f  t he  pa r t  t o  be  we lded  exceeds  10  mm,  a  V -g roove  i s
c rea ted ,  and  a  we ld  seam i s  app l i ed .  The  cos t  o f  g roove  p repa ra t i on  shou ld
be  cons ide red  i n  many  app l i ca t i ons ;  howeve r ,  t h i s  cos t  i s  r educed  i f  oxygen
cu t t i ng  i s  used .
V  we ld ing  a lone  l eads  t o  h i ghe r  e l ec t rode  consump t i on .  Fo r  examp le ,  i t
r equ i res  more  we ld  me ta l  t han  an  X -we ld .  L i ke  bu t t  we lds ,  t he  roo t  o f  t he
we ld  i s  no t  ve ry  res i s tan t  t o  bend ing  and  t o r s i on .
I n  some  app l i ca t i ons ,  f i l l i ng  t he  V -g roove  w i t h  a  s i ng le  pass  may  no t  be
feas ib l e .  I n  such  cases ,  a  roo t  pass  i s  necessa ry .

1 .2 .1 .  S tandard  D imens ions  and  Ang les  fo r  V  We lds
A V  g roove  i s  c rea ted  t o  ach ieve  f u l l  pene t ra t i on  i n  a  s i ng le - s i ded  we ld .
P ieces  be tween  6 -12  mm th i ck  a re  beve led  w i t h  a  V  g roove ,  wh i ch  i s
gene ra l l y  opened  a t  a  60 -deg ree  ang le .

α :  The  ang le  depends  on  t he  we ld ing  me thod ,  we ld ing  pos i t i on ,  and
whe the r  back  we ld ing  i s  poss ib l e .
c :  Roo t  he igh t  depends  on  α  ang le  and  we ld ing  pos i t i on .
b :  Roo t  gap  depends  on  α  ang le ,  we ld ing  me thod ,  and  pos i t i on .

1 . 2 .2 .  Impor tance  o f  Root  Pass
The  roo t  gap  a l l ows  t he  e lec t rode  t o  reach  t he  j o i n t ’ s  bo t t om o r  r oo t .  I f  t he
roo t  gap  i s  t oo  na r row ,  i t  becomes  d i f f i cu l t  t o  ach ieve  f u l l  f us i on ,  r equ i r i ng
a  sma l l e r  e l ec t rode ,  wh i ch  s l ows  t he  p rocess .  I f  t he  roo t  gap  i s  t oo  l a rge ,
more  we ld  me ta l  i s  needed ,  i nc reas ing  cos t s  and  d i s to r t i ons .

i n n o w e l d

 Figure 1.9: Root Pass WeldP

 Figure 1.8: V-Groove Weld Dimensions
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i n n o w e l d

Figure 1.10: Weld Bead Appearance at Different Speeds

a) Normal speed b) Higher than normal speed

1 .2 .3 .  Tack  We ld ing  fo r  V  Jo in t  P repara t ion
Tack  we lds  may  be  app l i ed  t o  ho ld  t he  pa r t s  i n  p l ace  du r i ng  we ld ing .  The
leng th  and  spac ing  o f  each  t ack  we ld  shou ld  be  spec i f i ed  i n  t he  f ab r i ca t i on
d raw ing ,  we ld ing  p rocedu re  spec i f i ca t i on ,  o r  ano the r  r e l evan t  documen t .  I n
fu l l y  mechan i zed  o r  au toma ted  we ld ing  p rocesses ,  t ack  we ld  accumu la t i on
cond i t i ons  mus t  be  de f i ned  i n  t he  spec i f i ca t i on .  Tack  we lds  shou ld  be
app l i ed  i n  a  ba lanced  sequence  t o  m in im ize  d i s to r t i on  and  ensu re  p rope r
assemb ly .
Fo r  ma te r i a l s  t h i nne r  t han  12  mm,  t he  t ack  we ld  spac ing  shou ld  be  a t  l eas t
f ou r  t imes  t he  ma te r i a l  t h i ckness .
I f  t he  t ack  we ld  i s  t o  rema in  w i t h i n  t he  f i na l  we ld ,  i t  mus t  con fo rm  to  t he
f i na l  we ld  p ro f i l e  and  shou ld  be  pe r fo rmed  on l y  by  ce r t i f i ed  we lde rs .  Tack
we lds  mus t  no t  con ta in  c racks  o r  o the r  unaccep tab le  d i scon t i nu i t i es  i n  t he
we ld  me ta l  and  shou ld  be  comp le te l y  c l eaned  be fo re  f i na l  we ld ing .  Tack
we lds  t ha t  con ta in  de fec t s  such  as  c racks ,  co ld  l aps ,  o r  c ra te r  c racks  mus t
be  removed  be fo re  we ld ing .  Any  t ack  we lds  t ha t  a re  no t  i n tended  to  be
inco rpo ra ted  i n to  t he  f i na l  we ld  shou ld  be  removed  by  mach in ing .
1 .2 .4 .  Per fo rming  the  Root  Pass
The  a rc  gene ra ted  by  we ld ing  cu r ren t  causes  t he  hea t -a f f ec ted  zone  on  t he
workp iece  su r face  t o  me l t .  A t  t he  beg inn ing  o f  t he  a rc ,  t he  we ld  me ta l  i s
f l u i d  due  t o  t he  h igh  t empera tu re ,  f o rm ing  wha t  i s  known  as  t he  we ld  poo l .
I f  t he  e lec t rode  i s  s t r uck  and  he ld  i n  one  p lace ,  t he  we ld  poo l  w i l l  expand
and  sp read .  I f  t he  e lec t rode  moves  f o rwa rd ,  t he  we ld  poo l  w i l l  move  i n  t he
same  d i rec t i on .
The  we lde r  can  ad jus t  t he  e lec t rode  con tac t  po in t s  based  on  t he  wo rkp iece
pos i t i on ,  beve l  shape ,  and  ma te r i a l  t h i ckness .  These  ad jus tmen ts ,  known
as  e lec t rode  movemen t ,  i n f l uence  t he  shape  o f  t he  we ld  poo l ,  t he  amoun t  o f
depos i t ed  we ld  me ta l ,  and  o the r  pa rame te rs .  One  o f  t he  key  f ac to r s  i s
we ld ing  speed ,  wh i ch  a f f ec t s  bo th  pene t ra t i on  dep th  and  we ld  shape .

.

     a                 b )
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i n n o w e l d

Figure 1.11: Protective Coating of the Weld

t I ns tan taneous  so l i d i f i ca t i on  o f  t he  we ld  poo l  i s  undes i rab le .  The
mos t  c ruc ia l  f ac to r  i n  p reven t i ng  rap id  so l i d i f i ca t i on  i s  t he  e lec t rode
coa t i ng  ma te r i a l .  Add i t i ona l l y ,  f o r  t he  coa t i ng  ma te r i a l  t o  p ro tec t
t he  we ld  bead  f r om adve rse  a tmosphe r i c  e f f ec t s  and  f u l f i l l  i t s  o the r
func t i ons ,  i t  mus t  con t i nuous l y  and  un i f o rm ly  cove r  t he  we ld  me ta l .
The  we lde r  mus t  ass i s t  t he  coa t i ng  ma te r i a l  i n  cove r i ng  t he  we ld
me ta l ’ s  su r face  by  ho ld i ng  t he  e lec t rode  a t  an  ang le .  A t  t he  s ta r t  o f
we ld ing ,  t he  e lec t rode  i s  he ld  pe rpend i cu la r  t o  t he  wo rkp iece .
As  we ld ing  p rog resses ,  t he  e lec t rode  i s  g radua l l y  t i l t ed  a t
p rede te rm ined  ang les  t oward  t he  we ld ing  d i r ec t i on ,  f o rm ing  an
ang le  w i t h  t he  su r face  o f  t he  wo rkp iece .  Th i s  ang le  i s  ca l l ed  t he
e lec t rode  movemen t  ang le .
I f  t he  e lec t rode  t i p  i s  d i r ec ted  t oward  t he  we ld ing  d i r ec t i on ,  t he
ang le  i s  r e fe r red  t o  as  nega t i ve ,  whe reas  i f  i t  i s  d i r ec ted  i n  t he
oppos i t e  d i r ec t i on ,  i t  i s  t e rmed  pos i t i ve .  Add i t i ona l l y ,  t he re  i s
ano the r  ang le  known  as  t he  wo rk ing  ang le ,  wh i ch  re fe r s  t o  t he
ang le  o f  t he  e lec t rode  re l a t i ve  t o  t he  we ld  bead  edges .  These
ang les  va ry  depend ing  on  t he  pos i t i on  o f  t he  wo rkp iece .
As  t he  we ld ing  p rocess  con t i nues ,  t hese  s teps  a re  repea ted ,
l ead ing  t o  t he  accumu la t i on  o f  we ld  me ta l  on  t he  wo rkp iece .  The
s t ruc tu red  accumu la t i on  o f  we ld  me ta l  i s  ca l l ed  a  we ld  bead .
1 .2 .5 .  S teps  fo r  Per fo rming  V -Groove  We ld ing

Af te r  t he  wo rkp ieces  t o  be  we lded  a re  t ack -we lded ,  t he  s l ag  f r om
the  t ack  we lds  i s  c l eaned .
The  roo t  pass  i s  usua l l y  pe r fo rmed  us ing  a  Ø  2 .5  mm e lec t rode ,
and  t he  roo t  pass  i s  t hen  c l eaned .
Due  to  t he  na r row  workspace  o f  t he  roo t  pass  and  t o  m in im ize
de fec t s ,  a  Ø  2 .5  mm e lec t rode  shou ld  be  used .

.
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i n n o w e l d

Figure 1.12: Weld Passes in V Groove Welding 

1 .2 .6 .  We ld  Seam C lean ing
Af te r  t he  roo t  pass  i s  comp le ted ,  s l ag  shou ld  be  removed  us ing  a
ch ipp ing  hammer .  S ince  t he  roo t  pass  i s  pe r fo rmed  i n  a  na r row
area ,  c l ean ing  t he  s l ag  can  be  cha l l eng ing .  I n  cases  whe re  t he  we ld
was  made  too  qu i ck l y ,  t he  s l ag  may  be  t h i n  and  f i rm l y  a t t ached  to
the  g roove ,  mak ing  i t  d i f f i cu l t  t o  r emove .
I f  t he  s l ag  canno t  be  removed  w i t h  a  ch ipp ing  hammer ,  i t  shou ld  be
c leaned  us ing  ch i se l s  t ha t  can  reach  t he  su r face  o f  t he  roo t  pass .
Fo l l ow ing  t h i s ,  a  w i re  b rush  shou ld  be  used  t o  ensu re  a  c l ean  we ld
seam.  I f  ch i se l s  and  w i re  b rush ing  a re  i nsu f f i c i en t  t o  remove  s l ag
depos i t s ,  t he  a rea  shou ld  be  t ho rough l y  g round  w i t h  a  g r i nde r .
O the rw i se ,  r es idua l  s l ag  may  become  t rapped  unde r  subsequen t
we ld  passes ,  l ead ing  t o  de fec t s .

.

The  second  and  subsequen t  passes  a re  we lded  us ing  t h i cke r
.e l ec t rodes .
Us ing  a  t h i cke r  e l ec t rode  he lps  depos i t  mo re  we ld  me ta l ,  sav ing
t ime  and  l abo r .
P rope r  c l ean ing  mus t  be  pe r fo rmed  a f t e r  each  we ld  pass .

I f  t ho rough  c l ean ing  i s  no t  done  a f t e r  each  pass ,  s l ag  i nc l us ions
may  occu r .
The  roo t  pass  and  second  pass  a re  app l i ed  t o  t he  wo rkp iece .
I f  t he  g roove  canno t  be  f u l l y  f i l l ed  w i t h  two  passes ,  we ld ing
con t i nues  un t i l  t he  g roove  i s  comp le te l y  f i l l ed .
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Figure 1.13: K-Groove Weld Cross-Section

1 .3 .  K  WELDING IN  HORIZONTAL POSIT ION
K-g roove  we ld ing  i s  a  p rocess  i n  wh i ch  a  doub le  V -g roove  i s  made
on  the  edges  o f  one  o f  t he  wo rkp ieces ,  wh i l e  t he  o the r  i s  pos i t i oned
a t  a  90 -deg ree  ang le  f o r  t he  we lded  j o i n t .
1 .3 .1 .  S tanda rd  D imens ions  and  Ang les  o f  K -Groove  We ld ing
K-g roove  we ld ing  can  be  app l i ed  t o  pa r t s  w i t h  t h i cknesses  rang ing
f rom 15  t o  40  mm,  and  t he  g roove  ang le  can  va ry  be tween  45  and
60  deg rees .
The  te rms  and  t he i r  mean ings  i n  K -g roove  we ld ing  a re  as  f o l l ows :

β :  Th i s  ang le  depends  on  t he  we ld ing  me thod ,  we ld ing  pos i t i on ,
and  whe the r  back  we ld ing  i s  poss ib l e .
s :  I nd i ca tes  t he  t h i ckness  o f  t he  wo rkp iece .
h :  Rep resen ts  t he  d i s tance  o f  t he  g roove  open ing  f r om the  edge .
b :  Roo t  gap ,  wh i ch  depends  on  t he  α  ang le ,  we ld ing  me thod ,  and
pos i t i on .

.

    

i n n o w e l d

1 .3 .2 .  S teps  f o r  Pe r fo rm ing  K  We ld ing
Tack  we ld ing  i s  pe r fo rmed  acco rd ing  t o  t he  we ld ing  me thod .

When  pe r fo rm ing  w ide  we ld  passes ,  app rop r i a te  e l ec t rode
movemen t  shou ld  be  app l i ed .

Figure 1.14:  Tack Welding in K-Groove Welding
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The  e lec t rode  shou ld  pause  s l i gh t l y  a t  each  f ace  o f  t he  g roove  t o
ensu re  p rope r  f us ion .
I n  o rde r  t o  f u l l y  f use  t he  t op  edge  o f  t he  g roove ,  t he  f i na l  passes
may  be  s l i gh t l y  osc i l l a t ed .
Th i s  i s  t he  mos t  common ly  used  t echn ique ,  bu t  i n  some  cases ,
l im i t ed  osc i l l a t i on  and  na r row  passes  may  be  necessa ry  t o  con t ro l
hea t  i npu t .
The  we ld  bead  w id th  shou ld  be  t h ree  t o  f ou r  t imes  t he  co re
d iame te r  o f  t he  e lec t rode .
We ld  beads  shou ld  va ry  i n  l eng th  be tween  one - th i r d  t o  ha l f  o f  an
e lec t rode ’ s  f u l l  l eng th .
The  e lec t rode  movemen t  shou ld  push  s l ag  away  by  s l i gh t l y
bend ing  backward .
Due  to  t he  t h i ckness  o f  t he  e lec t rode  cove r i ng ,  s l ag  accumu la t i on
inc reases ,  mak ing  i t  ha rde r  t o  c l ean .  The re fo re ,  t he  backward
movemen t  shou ld  be  s l i gh t l y  emphas i zed .
A t  t he  same  cu r ren t  i n tens i t y ,  a  w ide  we ld  bead  gene ra tes  more
hea t  t han  a  na r row  one ,  r esu l t i ng  i n  deepe r  pene t ra t i on .
S lag  shou ld  be  ca re fu l l y  c l eaned  w i t h  a  po in ted  ch ipp ing  hammer
o r  a  b rush .  I f  t hese  a re  i nsu f f i c i en t ,  a  ch i se l  and  hammer  shou ld
be  used  w i t h  ca re .
One  o f  t he  ma in  pu rposes  o f  s l ag  i s  t o  s l ow  down  the  coo l i ng  o f
t he  we ld  bead ,  p reven t i ng  sudden  coo l i ng .  Fo r  t h i s  r eason ,
c l ean ing  shou ld  no t  beg in  t oo  ea r l y .

i n n o w e l d

Figure 1.15: Electrode Movement for Root Pass in K-Groove Welding

Figure 1.16: Recommended Electrode Movements for Fill Passes

13



I n n o w e l d  
P R E P A R E D  B Y

FILLER 
WELDING

2. LEARNING UNIT

2.1.  TYPES OF BUILD-UP WELDING
2.2. SURFACE BUILD-UP WELDING
2.3. SHAFT BUILD-UP WELDING

14



2 .1 .  TYPES OF  BUILD-UP WELDING
Mach ine  componen ts  such  as  sha f t s ,  gea rs ,  t he  so i l - con tac t i ng
su r faces  o f  ag r i cu l t u ra l  t oo l s ,  t he  edges  o f  ea r thmov ing
mach ine ry ,  shea r  b l ades ,  m i l l  c rushe rs ,  f r i c t i on -ope ra ted  d i scs ,
and  ha rdened  su r faces  a re  sub jec t  t o  wea r  ove r  t ime  due  t o
f r i c t i on .
Repa i r i ng  o r  r ep lac ing  wo rn ,  b roken ,  o r  c racked  componen ts  i s
some t imes  no t  f eas ib l e  o r  economica l .  The re fo re ,  bu i l d -up
we ld ing  i s  used  t o  res to re  t hem.
Bu i l d -up  we ld ing  re fe r s  t o  t he  p rocess  o f  depos i t i ng  we ld  beads
e i t he r  i n  a  s i ng le  pass  o r  by  ove r l app ing  l aye rs  t o  res to re  wo rn
mach ine  pa r t s  t o  t he i r  o r i g i na l  d imens ions  be fo re  wea r .
E lec t rodes  Used  i n  Ha rd  Su r face  Bu i l d -Up  We ld ing
In  ha rd  su r face  bu i l d -up  we ld ing ,  p r ima r i l y  bas i c - coa ted
e lec t rodes  and ,  occas iona l l y ,  r u t i l e - coa ted  e lec t rodes  a re  used .
These  e lec t rodes  can  be  ca tego r i zed  as  f o l l ows :
Bas i c - coa ted  e lec t rodes  used  i n  bu i l d -up  we ld ing  y i e l d  be t t e r
resu l t s  i f  d r i ed  a t  250 -300°C  fo r  two  hou rs  be fo re  use .

Very  Hard  Sur face  E lec t rodes :  These  e lec t rodes  a re  made  o f
t ungs ten  ca rb ide .  Due  to  t he i r  ex t reme ly  ha rd  compos i t i on ,  t he  we ld
bead  depos i t ed  w i t h  t hese  e lec t rodes  ha rdens  t he  wo rkp iece  t o  t he
same  ex ten t .  They  a re  common ly  used  i n  t he  bu i l d -up  we ld ing  o f
shea r  b l ades ,  d i scs ,  and  kn i ves .

i n n o w e l d

Figure 2.1: Hard Surface Electrodes

Normal  Wear  and  Impact  E lec t rodes :  These  e lec t rodes  have  h igh
ca rbon  con ten t  and  p roduce  a  ha rd  and  dense  we ld  bead .  They  a re
su i t ab le  f o r  su r face  bu i l d -up  we ld ing .

Figure 2.2 : Normal Wear and Impact Electrodes: 
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Modera te ly  Hard  and  Impact -Res is tan t  E lec t rodes :Used  i n
app l i ca t i ons  such  as  cha in  conveyo rs ,  p i ns ,  bea r i ngs ,  and  s tone
c rushe rs .

i n n o w e l d

Figure 2.3 : Moderately Hard and Impact-Resistant Electrodes

Chromium-Nicke l  E lec t rodes :P r ima r i l y  used  f o r  t he  bu i l d -up
we ld ing  o f  s ta i n l ess  s tee l  equ ipmen t  i n  t he  f ood  i ndus t r y .

Figure 2.4 : Chromium-Nickel Electrodess

Manganese  E lec t rodes :Used  fo r  t he  bu i l d -up  we ld ing  o f  excava to r
t ee th  i n  ea r thmov ing  mach ine ry ,  d r i l l  b i t s ,  sc rape rs  and  r i ppe rs ,  and
ro l l i ng  m i l l  r o l l e r s .

Figure 2.5 :Manganese Electrodes 

Work-Harden ing  E lec t rodes :  These  e lec t rodes  a re  mach inab le
a f t e r  we ld ing  bu t  ha rden  du r i ng  ope ra t i on .

Figure 2.6 :Work-Hardening Electrodes

Heat -T rea tab le  Harden ing  E lec t rodes :These  e lec t rodes  can  be
ha rdened  th rough  hea t  t r ea tmen t  a f t e r  t he  bu i l d -up  we ld ing
p rocess .

Figure 2.7 :Heat-Treatable Hardening Electrodes
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Mach inab le  Bu i ld -Up  E lec t rodes :These  a re  t h i ck - coa ted
manganese  bu i l d -up  e lec t rodes  w i t h  h i gh  impac t  abso rp t i on
capac i t y .  The i r  s l ag  i s  eas i l y  r emovab le ,  and  t hey  can  be  mach ined
by  ch ip  remova l .

i n n o w e l d

Figure 2.8 : Machinable Build-Up Electrodeses

Hard -Core  Wi re  E lec t rodes :  These  e lec t rodes  a re  p r ima r i l y  used
as  f i l l e r  w i res  i n  M IG-MAG and  T IG-WIG we ld ing  p rocesses .  They
can  be  made  o f  s tee l ,  coppe r ,  a l um inum,  o r  b rass .

Figure 2.9 :Hard-Core Wire Electrodes

2 .2 .  SURFACE BUILD-UP WELDING
The  t ypes  o f  su r face  bu i l d -up  we ld ing  a re  as  f o l l ows :

S ing le -pass  su r face  bu i l d -up  we ld ing
Ove r l ay  (mu l t i - l aye r )  bu i l d -up  we ld ing

The  gene ra l  pu rposes  o f  su r face  bu i l d -up  we ld ing  can  be  l i s t ed  as :
Res to r i ng  wo rn  su r faces  t o  t he i r  o r i g i na l  d imens ions  be fo re  wea r
Re jo in i ng  b roken  pa r t s  t o  make  them func t i ona l  aga in
Repa i r i ng  de fo rmed  su r faces  t o  t he i r  o r i g i na l  shape  be fo re
damage

2 .2 .1 .  S ing le -Pass  Sur face  Bu i ld -Up  Weld ing
S ing le -pass  su r face  bu i l d -up  we ld ing  i s  t yp i ca l l y  app l i ed  t o  mach ine
componen ts  t ha t  have  no t  unde rgone  excess i ve  wea r .
I f  t he  we lded  su r faces  requ i re  h i gh  p rec i s i on ,  t hey  a re  p rocessed
us ing  mach in ing  t echn iques  such  as  t u rn ing ,  m i l l i ng ,  shap ing ,  o r
hon ing  be fo re  be ing  pu t  i n to  se rv i ce .
Howeve r ,  i f  t he  app l i ca t i on  does  no t  r equ i re  f i ne  wo rkmansh ip  (e .g . ,
ag r i cu l t u ra l  t oo l s ,  bucke t  j aws ) ,  t he  we lded  su r face  can  be  used
w i thou t  add i t i ona l  mach in ing .
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i n n o w e l d

Figure 2.10 : Single-Pass Surface Build-Up Welding 

2 .2 .2 .  Over lay  (Mu l t i -Layer )  Bu i ld -Up  Weld ing
Mul t i - l aye r  bu i l d -up  we ld ing  i s  app l i ed  t o  excess i ve l y  wo rn  o r
damaged  keyways ,  b roken  o r  c racked  mach ine  componen ts ,  and  t he
edges  o f  e l emen ts  requ i r i ng  h igh  s t reng th .

Figure 2.11 :Overlay (Multi-Layer) Build-Up Welding

2 .3 .  SHAFT BUILD-UP WELDING
Sha f t  bu i l d -up  we ld ing  re fe r s  t o  t he  p rocess  o f  f i l l i ng  on l y  t he  wo rn
sec t i ons  o f  sha f t s  us ing  we ld ing  me thods .
2 .3 .1 .  App l ica t ions  o f  Sha f ts  and  Journa ls

Used  i n  mach ines  t o  t r ansm i t  power  and  mo t i on  wh i l e  ro ta t i ng ,
ca r r y i ng  componen ts  such  as  gea rs ,  c l u t ches ,  pu l l eys ,  and
f l ywhee l s .
Found  i n  cy l i nd r i ca l  mach ine  pa r t s  t ha t  a re  sub jec ted  t o  wea r ,
de fo rma t i on ,  and  bend ing  unde r  l oad .

a)False                                    b)True         

a )                          b )                           c )                           d )

Figure 2.12: Steps for Repairing a Deformed Surface
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i n n o w e l d

a )  De fo rmed  sha f t
b )  App l i ca t i on  o f  bu i l d -up  we ld ing
c )  Mach in ing  p rocess
d )  Res to r i ng  t o  i t s  o r i g i na l  cond i t i on
2 .3 .2 .  Purpose  o f  Sha f t  Bu i ld -Up  Weld ing
S ince  sha f t s  a re  ro ta t i ng  mach ine  componen ts ,  t hey  a re  p rone  t o
wea r  due  t o :

H igh -speed  ope ra t i on
Osc i l l a t i ons  caused  by  t he  ro ta t i on  o f  a t t ached  componen ts
I r r egu la r  l ub r i ca t i on
Ove rhea t i ng

Worn  sha f t s  canno t  ma in ta in  smoo th  and  ba lanced  ro ta t i on ,  l ead ing
to  no i sy  ope ra t i on  and  po ten t i a l  damage  to  t he  connec ted  mach ine .
Th i s  can  u l t ima te l y  r esu l t  i n  i r r epa rab le  f a i l u res .

Figure 2.13: Steps for Repairing Threaded Sections on a Shaft

a )                         b )                           c )                           d )

a )  Worn  and  damaged  th reads
b )  App l i ca t i on  o f  bu i l d -up  we ld ing
c )  Mach in ing  p rocess
d )  Res to r i ng  t o  i t s  o r i g i na l  cond i t i on
In  some  cases ,  r ep lac ing  wo rn  sha f t s  may  no t  be  f eas ib l e .
Rec rea t i ng  t hem manua l l y  on  a  l a the  requ i res  s i gn i f i can t  l abo r ,
l ead ing  t o  t ime  l oss  and  i nc reased  cos t s .  I ns tead ,  on l y  t he  wo rn
sec t i ons  o f  t he  sha f t  can  be  f i l l ed  w i t h  we ld  me ta l ,  mach ined ,  and
reused  e f f i c i en t l y .
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i n n o w e l d

3 .1 .  VERTICAL WELDING POSIT IONS
The  ho r i zon ta l  pos i t i on  i s  t he  mos t  comfo r tab le  and  con t ro l l ed
pos i t i on  f o r  shap ing  we ld  beads  i n  pos i t i ona l  we ld ing .  S ince  t he
workp iece  i s  pa ra l l e l  t o  t he  g round ,  t h i s  t ype  o f  we ld ing  i s  ca l l ed
ho r i zon ta l  we ld ing .
Howeve r ,  f o r  a  t r a i ned  we lde r ,  be ing  ab le  t o  we ld  i n  t he  ho r i zon ta l
pos i t i on  i s  no t  a lways  su f f i c i en t ,  as  wo rkp ieces  encoun te red  i n
p roduc t i on  a re  no t  a lways  pos i t i oned  t h i s  way .  The re fo re ,  a  we lde r
mus t  be  capab le  o f  pe r fo rm ing  we lds  i n  va r i ous  pos i t i ons  and
unde rs tand  t he  t echn iques  requ i red  f o r  each .
I n  gene ra l ,  we ld ing  pos i t i ons  a re  c l ass i f i ed  as  f o l l ows  and  a re
deno ted  by  l e t t e r s  acco rd ing  t o  t he  Tu rk i sh  S tanda rds  I ns t i t u t i on
(TSE) :

Ho r i zon ta l  (F la t )
Ve r t i ca l  (Top - to -bo t t om,  Bo t t om- to - t op )
S ide  (Wa l l  pos i t i on )
Ove rhead  (Ce i l i ng  pos i t i on )
Ins ide  and  ou t s i de  co rne r  i n  t he  ove rhead  pos i t i on

The  a rc  c rea ted  by  t he  we ld ing  cu r ren t  causes  t he  hea t -a f f ec ted
zone  o f  t he  wo rkp iece  su r face  t o  me l t .  As  t he  e lec t rode  me l t s ,  t he
co re  me ta l  o f  t he  e lec t rode  comb ines  w i t h  t he  mo l t en  mass  i n  t he
hea t -a f f ec ted  zone  o f  t he  wo rkp iece .
The  co re  me ta l  o f  t he  e lec t rode  p lays  a  c ruc ia l  r o l e  i n  t h i s  f us ion ,
f o rm ing  t he  we ld  me ta l .  The  ma jo r i t y  o f  t he  we ld  me ta l  i s  composed
o f  t he  e lec t rode ’ s  co re  me ta l .
Thus :

Th in  e l ec t rodes  a re  used  f o r  j o i n i ng  t h i n  ma te r i a l s .
Th i cke r  e l ec t rodes  w i t h  a  l a rge r  co re  me ta l  d i ame te r  a re  used  f o r
j o i n i ng  t h i cke r  ma te r i a l s .

Th i s  ensu res  t ha t  t he  necessa ry  we ld  me ta l  i s  p rov ided  t o  f i l l  t he
gap  be tween  the  pa r t s .
I n  t op - to -bo t t om and  bo t t om- to - t op  we ld ing ,  me ta l  f l ow  occu rs  due
to  t he  we igh t  o f  t he  mo l t en  we ld  me ta l .  The  amoun t  and  behav io r  o f
me ta l  f l ow  va ry  depend ing  on  t he  we ld ing  me thod ,  e l ec t rode
movemen t ,  and  we ld ing  ang les .
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3 .2 .1 .  Per fo rming  Top- to -Bot tom Ver t i ca l  But t  Jo in t  We ld ing
I n  ve r t i ca l  we ld ing ,  a l so  known  as  downward  bu t t  j o i n t  we ld ing ,  t he
workp iece  i s  pos i t i oned  a t  a  90 -deg ree  ang le  t o  t he  ho r i zon ta l
p l ane .
The  mos t  s i gn i f i can t  d i f f e rence  be tween  ho r i zon ta l  we ld ing  and
o the r  we ld ing  pos i t i ons  i s  t he  t ype  o f  e l ec t rodes  used .

In  ho r i zon ta l  we ld ing ,  any  t ype  o f  e l ec t rode  can  be  used .
In  ve r t i ca l  we ld ing  and  o the r  pos i t i ona l  we lds ,  t he  su i t ab i l i t y  o f
t he  e lec t rode  mus t  be  checked  be fo rehand .

The  e lec t rode  coa t i ng  ma te r i a l  shou ld  have  l ow  f l u i d i t y  and  so l i d i f y
qu i ck l y .

I f  t he  coa t i ng  ma te r i a l  does  no t  have  t hese  p rope r t i es ,  i t  w i l l
f l ow  away  du r i ng  we ld ing  and  f a i l  t o  p rov ide  p rope r  sh ie l d i ng .

To  p reven t  excess i ve  f l u i d i t y  o f  t he  we ld  me ta l ,  h i gh  t empera tu res
mus t  be  avo ided .

The re fo re ,  t he  we ld ing  cu r ren t  shou ld  be  kep t  as  l ow  as
poss ib l e .

i n n o w e l d

3 .2 .  TOP-TO-BOTTOM BUTT JOINT  WELDING
The  top - to -bo t t om bu t t  j o i n t  we ld ing  me thod  i s  mos t  common ly
p re fe r red  f o r  shee t  me ta l  we ld ing  app l i ca t i ons .

Figure 3.1: Sheet Metal Piece Welded from Top to Bottom

Figure 3.2: Vertical Welding with Electric Arc
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3 .2 .2 .  App l ica t ion  Areas
Typ i ca l l y  used  f o r  wo rkp ieces  t ha t  a re  i n tended  to  be  we lded
w i th  a  s i ng le  pass .
S ince  t h i s  me thod  p roduces  a  weake r  we ld  bead ,  i t  i s  no t
recommended  fo r  j o i n t s  requ i r i ng  h igh  s t reng th  and  du rab i l i t y .

 



3 .3 .  BOTTOM-TO-TOP BUTT JOINT  WELDING
3.3 .1 .  Per fo rming  Bot tom- to -Top  Ver t i ca l  But t  Jo in t  We ld ing
In  th i s  we ld ing  me thod ,  t he  wo rkp ieces  t o  be  we lded  a re  j o i ned
edge  to  edge .

We ld ing  s ta r t s  f r om the  bo t t om and  p rog resses  upward  as  t he
e lec t rode  moves  i n  an  upward  d i r ec t i on .
Compared  t o  t op - to -bo t t om we ld ing ,  t h i s  pos i t i on  p rov ides
g rea te r  pene t ra t i on  and  s t reng th .

i n n o w e l d
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Figure 3.3: Bottom-to-Top Welding Application

3 .3 .2 .  App l ica t ion  Areas
Bo t tom- to - t op  ve r t i ca l  we lds  gene ra l l y  i nvo l ve  h igh  hea t  i npu t ,
l ead ing  t o  s i gn i f i can t  l oca l i zed  hea t i ng .
Fo r  t h i s  r eason ,  excep t  f o r  ve ry  sho r t  we lds ,  t h i s  me thod  i s  no t
recommended  fo r  ma te r i a l s  t h i nne r  t han  4  mm.

3 .4 .  BOTTOM-TO-TOP V-GROOVE WELDING
I n  bo t t om- to - t op  ve r t i ca l  we ld ing ,  t he  we ld ing  p rocess  beg ins  a t  t he
bo t tom o f  t he  j o i n t ,  and  t he  a rc  moves  upward .
3 .4 .1 .  Per fo rming  Bot tom- to -Top  V -Groove  We ld ing

Th is  me thod  i s  gene ra l l y  used  f o r  t h i cke r  ma te r i a l s ,  wh i ch
requ i res  g roove  p repa ra t i on .
I f  a  V -g roove  i s  cu t  i n to  t he  wo rkp iece  be fo re  we ld ing ,  and  t he
we ld  p rog resses  f r om bo t t om to  t op ,  i t  i s  ca l l ed  bo t t om- to - t op  V -
g roove  we ld ing .

Figure 3.3: Bottom-to-Top Welding Application



3 .4 .2 .  App l ica t ion  Areas
Bo t tom- to - t op  we lds  gene ra te  h igh  hea t  i npu t ,  caus ing
s ign i f i can t  l oca l i zed  hea t i ng .  The re fo re ,  excep t  f o r  ve ry  sho r t
passes ,  t h i s  me thod  i s  no t  r ecommended  fo r  ma te r i a l s  t h i nne r
than  4  mm.
Bo t tom- to - t op  V -g roove  we ld ing  i s  su i t ab le  f o r  ma te r i a l s  w i t h  a
th i ckness  be tween  10  mm and  20  mm.
Fo r  ma te r i a l s  t h i cke r  t han  20  mm,  X -  and  K -g roove  p repa ra t i ons
a re  requ i red  f o r  doub le -s i ded  we ld ing .

3 .5 .  BOTTOM-TO-TOP F ILLET  WELDING
In  bo t t om- to - t op  we ld ing ,  t he  p rocess  beg ins  a t  t he  bo t t om o f  t he
jo i n t  and  p rog resses  upward .

Th i s  t echn ique  i s  common ly  used  i n  ve r t i ca l  f i l l e t  we lds ,  r e fe r red
to  as  bo t t om- to - t op  ve r t i ca l  f i l l e t  we ld ing .

3 .5 .1 .  Per fo rming  Bot tom- to -Top  F i l l e t  We ld ing
F i l l e t  we lds  a re  among  the  mos t  common ly  used  we ld  j o i n t  t ypes
in  f ab r i ca t i on  and  manu fac tu r i ng .
Bo t tom- to - t op  f i l l e t  we ld ing  can  be  pe r fo rmed  on  one  o r  bo th
s ides ,  depend ing  on  t he  requ i red  s t reng th .
Un l i ke  bu t t  j o i n t s ,  f i l l e t  we lds  do  no t  r equ i re  g roove  p repa ra t i on ,
bu t  ex t ra  ca re  i s  needed  when  fo rm ing  t he  we ld  bead .
Grav i t y  causes  t he  mo l t en  we ld  me ta l  t o  sag ,  so  p rope r  hea t
con t ro l  i s  essen t i a l  t o  ensu re  a  un i f o rm  and  s t rong  we ld .

i n n o w e l d
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a)                b)              c)

Figure 3.4: Completed Bottom-to-Top Fillet Weld 

a) First pass. b) Second pass c) Third pass



3 .5 .2 .  App l ica t ion  Areas
Bo t tom- to - t op  f i l l e t  we ld ing  i s  mos t l y  app l i ed  t o  t h i cke r
ma te r i a l s .  I t  has  a  w ide  range  o f  app l i ca t i ons  i n  cons t ruc t i on
indus t r y  p ro jec t s .
We lded  manu fac tu r i ng  (o r  des ign )  ho lds  a  s i gn i f i can t  p l ace  i n
today ' s  p roduc t i on  me thods .  I t  i s  no t  on l y  impo r tan t  t ha t  we ld ing
i s  done  we l l ,  bu t  a l so  t ha t  i t  i s  used  app rop r i a te l y  and
ca l cu la ted ,  w i t h  pa r t s  shaped  acco rd ing  t o  t he  requ i remen ts  o f
t he  we ld ing  p rocess .
The  sa fes t  we ld  connec t i on ,  espec ia l l y  unde r  dynamic  l oad ing
cond i t i ons ,  i s  t he  f i l l e t  we ld .  The re fo re ,  excess i ve  sa fe t y  shou ld
no t  be  expec ted  i n  f i l l e t  we lds .  Pa r t i cu la r l y  i n  t h i n  shee t  me ta l
s t ruc tu res ,  con t i nuous  f i l l e t  we ldsshou ld  be  avo ided  as  much  as
poss ib l e .
The  we ld  c ross -sec t i on  and  t h i ckness  shou ld  no t  be  excess i ve .
I n  f i l l e t  we lds ,  t he  p roduc t i on  cos t s  i nc rease  w i t h  t he  t h i ckness
o f  t he  we ld .
I f  t he  we ld  vo lume  i s  sma l l ,  t he  ex i s t i ng  s t resses ,  wa rp ing ,  and
the  need  fo r  l a te r  s t r a i gh ten ing  a re  a l so  m in im ized .

3 .6 .  BOTTOM-TO-TOP F ILLET  WELDING
I n  bo t t om- to - t op  f i l l e t  we ld ing ,  mu l t i p l e  passes  can  be  made  on  t he
we ld  j o i n t .
3 .6 .1 .  Per fo rming  Bot tom- to -Top  F i l l e t  We ld ing
I n  t h i s  we ld ing  me thod ,  t he  second  pass  i s  no t  made  i n  one  s tep  t o
cove r  t he  roo t  pass ,  as  i s  done  i n  bo t t om- to - t op  we ld ing .  Th i s  i s
because  w ide r  beads  a re  no t  c rea ted  i n  t op -down  we ld ing .

i n n o w e l d
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Figure 3.5 : Top-Down Fillet Welds



3 .6 .2 .  App l ica t ion  Areas
I t  i s  no t  r ecommended  to  use  i n  we lds  whe re  sa fe t y  i s  a  p r i o r i t y .
I t  i s  r ecommended  fo r  we lds  whe re  aes the t i c  we lds  a re  des i red
and  s t reng th  i s  seconda ry .
I t  i s  p r ima r i l y  app l i ed  t o  pa r t s  t ha t  a re  8  mm th i ck  o r  t h i nne r .
Fo r  pa r t s  t h i cke r  t han  8  mm,  bas i c  e l ec t rodes  a re  recommended .

3 .7 .  TOP-DOWN OUTER CORNER WELDING
3.7 .1 .  Per fo rming  Top-Down Outer  Corner  We ld ing
I n  t h i s  we ld ing  me thod ,  t he  pa r t s  have  d i f f e ren t  ou te r  co rne r
pos i t i ons .  These  a re  c l ass i f i ed  i n to  t h ree  t ypes :  open ,  sem i -open ,
and  c l osed .  The  we ld ing  speed  fo r  c l osed  ou te r  co rne r  we ld ing  i s
h ighe r  compared  t o  t he  o the r  two .
3 .7 .2 .  App l ica t ion  Areas

I t  i s  ma in l y  app l i ed  t o  pa r t s  8  mm th i ck  o r  t h i nne r .
Fo r  pa r t s  t h i cke r  t han  8  mm,  bas i c  e l ec t rodes  a re  recommended .
I t  i s  used  i n  t he  i ndus t r y  t o  we ld  t he  ou te r  pa r t s  o f  angu la r
p ieces  i n  ve r t i ca l  pos i t i ons .

i n n o w e l d
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4 .1 .  Corn ice  and  Ce i l ing  We ld ing  Pos i t ions
4 .2 .  S ide  (Corn ice /Wa l l )  Bu t t  Jo in t  We ld ing
4 .3 .  S ide  V -Groove  We ld ing
4 .4 .  S ide  F i l l e t  We ld ing
4 .5 .  Overhead  But t  Jo in t  We ld ing
4 .6 .  Overhead  V -Groove  We ld ing



4 .1 .  CORNICE AND CEIL ING WELDING POSIT IONS
Dur ing  we ld ing ,  t he  i dea l  pos i t i on  o f  t he  wo rkp iece  shou ld  p reven t
the  mo l t en  we ld  poo l  f r om f l ow ing  due  t o  g rav i t y ,  ensu r i ng  i t
r ema ins  s tab le  i n  p l ace .

The  ho r i zon ta l  we ld ing  pos i t i on  o f f e r s  t he  bes t  cond i t i ons  f o r  t he
we lde r ,  as  i t  a l l ows  f o r  be t t e r  con t ro l  ove r  t he  we ld  poo l .
I n  t h i s  pos i t i on ,  h i ghe r  we ld ing  cu r ren t  va lues  a re  used ,  enab l i ng
a  f as te r  we ld ing  p rocess .
To  pe r fo rm  a l l  we lds  i n  t he  ho r i zon ta l  pos i t i on ,  t he  wo rkp iece
mus t  be  eas i l y  r o ta tab le  o r  maneuve rab le .

Howeve r ,  i n  many  manu fac tu r i ng  p rocesses ,  wo rkp ieces  canno t  be
pos i t i oned  conven ien t l y .
Thus ,  mos t  i ndus t r i a l  we ld ing  app l i ca t i ons  a re  ca r r i ed  ou t  i n  t h ree
ma in  pos i t i ons :
1 . Ho r i zon ta l
2 . Ve r t i ca l
3 . Ove rhead  (Ce i l i ng  pos i t i on )

In  mass -p roduc t i on  f ac to r i es ,  sk i l l ed  we lde rs  t r y  t o  pe r fo rm  as  many
we lds  as  poss ib l e  i n  t he  ho r i zon ta l  pos i t i on .
Howeve r ,  i n  cons t ruc t i on  s i t es ,  such  as  s tee l  s t r uc tu res ,  t anks ,  and
p ip ing  sys tems ,  t h i s  i s  imp rac t i ca l .
I n  such  cases :

Spec ia l  e l ec t rodes  su i t ed  t o  t he  wo rk ing  pos i t i on  a re  used .
We ld ing  pa rame te rs  and  wo rk ing  cond i t i ons  a re  ca re fu l l y
ad jus ted  t o  ensu re  a  p rope r  we ld  bead .

4 .2 .  S IDE  (CORNICE/WALL)  BUTT  JOINT  WELDING
Th is  we ld ing  pos i t i on  i s  a l so  ca l l ed  t he  s i de ,  co rn i ce ,  o r  wa l l
pos i t i on .

The  wo rkp ieces  a re  pos i t i oned  ve r t i ca l l y ,  bu t  t he  we ld  bead  i s
l a i d  pa ra l l e l  t o  t he  ho r i zon ta l  ax i s .
The  wo rkp ieces  a re  j o i ned  edge  to  edge  (bu t t  j o i n t ) .
The  we lde r  moves  f r om l e f t  t o  r i gh t  o r  r i gh t  t o  l e f t  wh i l e  we ld ing .

i n n o w e l d
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Figure 4.1: Side Butt Joint Welding



4 .2 .1 .  Per fo rming  S ide  But t  Jo in t  We ld ing
In  a l l  we ld ing  pos i t i ons  excep t  t he  ho r i zon ta l  pos i t i on ,  t he  mo l t en
we ld  poo l  t ends  t o  f l ow  ou twa rd  f r om the  j o i n t  due  t o  g rav i t y .
Th i s  cha l l enge  i s  ove rcome  by  us ing  app rop r i a te  we ld ing
techn iques ,  such  as :

Con t ro l l i ng  we ld ing  speed  and  e lec t rode  ang le .
Us ing  e lec t rodes  w i t h  su i t ab le  coa t i ngs ,  wh i ch  con ta in  add i t i ves
tha t  he lp  p reven t  t he  we ld  me ta l  f r om f l ow ing  ou t  o f  t he  j o i n t .

i n n o w e l d
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Figure 4.2: Side Butt Joint Welding Application

The  we lde r  shou ld  a im  to  reduce  hea t  i npu t  du r i ng  we ld ing  t o
dec rease  f l u i d i t y  and  imp rove  con t ro l  ove r  t he  mo l t en  we ld  poo l .

The  ang le  be tween  the  e lec t rode  ax i s  and  t he  we ld ing  su r face
shou ld  be  ad jus ted  t o  ma in ta in  t he  op t ima l  pos i t i on  o f  t he  we ld
poo l .
Wh i l e  350 -amp  cu r ren t  va lues  can  be  used  eas i l y  i n  ho r i zon ta l
we ld ing ,  i n  o the r  pos i t i ons ,  t he  we ld ing  cu r ren tmus t  be  kep t
l ower  t o  p reven t  excess i ve  me ta l  f l ow  and  ensu re  be t t e r  we ld
qua l i t y .

Figure 4.3: Welded Joints in Different Positions



Key  Cons idera t ions  fo r  S ide  But t  Jo in t  We ld ing
Excep t  f o r  t he  s ta r t i ng  po in t  and  we ld ing  d i r ec t i on ,  t he  p rocess
fo l l ows  t he  s tanda rd  r i gh t - t o - l e f t  we ld ing  cha rac te r i s t i c s .
When  ha rd - to - reach  a reas  a re  encoun te red ,  one  o f  t he  two
we ld ing  d i r ec t i ons  ( l e f t - t o - r i gh t  o r  r i gh t - t o - l e f t )  i s  se lec ted  based
on  feas ib i l i t y .

i n n o w e l d
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4 .3 .  S IDE  V -GROOVE WELDING
S ide  V -g roove  we ld ing  i s  a  we ld ing  me thod  pe r fo rmed  i n  t he  s i de
(wa l l )  pos i t i on  a f t e r  V -g roove  p repa ra t i on  has  been  app l i ed  t o  t he
workp ieces .

Figure 4.5: Side Butt Joint V-Groove Angles

4 .3 .1 .  Per fo rming  S ide  V -Groove  We ld ing
I n  co rn i ce  (wa l l )  we ld ing ,  ma te r i a l s  t h i cke r  t han  10  mm requ i re
g roove  p repa ra t i on  be fo re  we ld ing .
Fo r  ma te r i a l s  be tween  10 -20  mm th i ck ,  a  s i ng le - s i ded  V -g roove
i s  app l i ed .
Fo r  ma te r i a l s  ove r  20  mm th i ck ,  a  doub le -s i ded  X -  o r  K -g roove  i s
used .
The  g roove  ang les  shou ld  be :

50°  f o r  t he  uppe r  p i ece
20°  f o r  t he  l ower  p i ece

S ing le - s i ded  V -g roove  we lds  a re  a l so  ca l l ed  ha l f -V  we lds .

Figure 4.5: Side V-Groove Welding
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I n  t he  co rn i ce  (wa l l )  pos i t i on ,  t he  e f f ec t  o f  g rav i t y  causes  t he  we ld
poo l  t o  f l ow  ou twa rd ,  h i gh l i gh t i ng  t he  impo r tance  o f  t he  we ld
g roove .  The  ha l f -V  we ld  g roove  i s  t he  mos t  common ly  used  g roove
in  s i de  we ld ing .

Figure 4.5: Side Butt Joint X-Groove Angles

FFigure 4.6: Single-Sided Lateral Butt Joint V Weld Groove (Half-V) Angles

To  m in im ize  t he  f l ow  caused  by  g rav i t y  i n  t he  co rn i ce  pos i t i on ,  t he
use  o f  a  back ing  i s  p re fe r red .
4 .3 .2 .  App l ica t ions  o f  La te ra l  V  We ld ing

Genera l l y  used  f o r  pa r t s  t h i cke r  t han  10  mm
Stee l  bo i l e r  manu fac tu r i ng
S tee l  r oo f  assemb ly
Sh ipbu i l d i ng  i ndus t r y
P ipe l i ne  i ns ta l l a t i on
S tee l  cons t ruc t i on  j o i n t s

4 .4 .  LATERAL F ILLET  WELDING
Th is  i s  t he  f i l l e t  we ld ing  me thod  app l i ed  t o  pa r t s  i n  a  l a te ra l
pos i t i on .
4 .4 .1 .  Execu t i on  o f  La te ra l  F i l l e t  We ld ing
In  t h i s  we ld ing  pos i t i on ,  pa r t s  a re  t ack -we lded  a t  a  90 -deg ree  ang le
(T  o r  L  shape )  and  a re  ro ta ted  45  deg rees ,  cen te r i ng  t he  j o i n i ng
co rne rs .



I f  t he  ang le  be tween  the  pa r t  and  t he  ho r i zon ta l  ax i s  i s  80 -90
deg rees ,  i t  i s  c l ass i f i ed  as  ove rhead  f i l l e t  we ld ing ;  f o r  l owe r  ang les ,
i t  i s  cons ide red  co rn i ce  f i l l e t  we ld ing .
4 .4 .2 .  App l ica t ions  o f  La te ra l  F i l l e t  We ld ing
La te ra l  f i l l e t  we ld ing  i s  one  o f  t he  common ly  used  pos i t i ona l
we ld ing  me thods  i n  l a rge  cons t ruc t i on  p ro jec t s  and  mach ine ry
manu fac tu r i ng .  A  s i ng le -pass  we ld  i s  app l i ed  t o  pa r t s  up  t o  10  mm
th i ck ,  wh i l e  t h i cke r  pa r t s  may  requ i re  mu l t i p l e  we ld  passes
depend ing  on  t he  cons t ruc t i on  requ i remen ts .
4 .5 .  OVERHEAD BUTT WELDING
Overhead  bu t t  we ld ing  i s  a l so  known  as  ove rhead  pos i t i on  we ld ing .
Th i s  me thod  i s  gene ra l l y  app l i ed  t o  t h i ck  and  l a rge  pa r t s  t ha t
canno t  be  ro ta ted .
4 .5 .1 .  Execut ion  o f  Overhead  But t  We ld ing
Dur ing  we ld ing ,  t he  we ld  poo l  mus t  be  con t i nuous l y  mon i t o red  t o
p reven t  s l ag  d r i pp ings .  I f  con t i nuous  ove rhead  we ld ing  i s  r equ i red ,
se lec t i ng  t h i nne r  we ld ing  cab les  i s  r ecommended .

i n n o w e l d
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Figure 4.7: Lateral Fillet Weld

Due  to  t he  phys i ca l l y  demand ing  na tu re  o f  t he  ove rhead  we ld ing
pos i t i on ,  i t  i s  essen t i a l  t o  r educe  t he  we igh t  o f  t he  we ld ing  cab les .
Fo r  t h i s  r eason ,  a  cab le  c ross -sec t i on  o f  35  mm²  i s  su f f i c i en t  f o r
ove rhead  we ld ing .  Th i s  reduces  t he  l oad  on  t he  we lde r ' s  a rm ,
a l l ow ing  f o r  l onge r  we ld ing  sess ions  w i t hou t  excess i ve  f a t i gue .

Figure 4.8: Direction of Overhead Butt Welding



4 .6 .  OVERHEAD V  WELDING

Overhead  V  we ld ing  i s  app l i ed  w i t h  t he  we ld  pos i t i oned  above  t he
we lde r ' s  head .
4 .6 .1 .  Execut ion  o f  Overhead  V  We ld ing
Th is  we ld ing  me thod  i s  used  f o r  ma te r i a l s  t h i cke r  t han  10  mm by
p repa r i ng  a  t o ta l  g roove  ang le  o f  60  deg rees  (30  deg rees  on  each
p iece ) .  Un l i ke  s i de  we ld ing ,  t he  we ld  beads  shou ld  be  p laced  s i de
by  s i de  ra the r  t han  f o rm ing  a  cap - l i ke  s t ruc tu re .  A  na r rower  we ld
bead  i nc reases  t he  s t reng th  o f  t he  j o i n t .
4 .6 .2 .  App l ica t ions  o f  Overhead  V  We ld ing

La rge ,  immovab le ,  and  non - ro ta tab le  cons t ruc t i on  p ro jec t s  and
th i ck  ma te r i a l s  ( Image  4 .11 )
S tee l  r oo f  assemb ly
S tee l  b r i dge  cons t ruc t i on
Sh ipbu i l d i ng  i ndus t r y
S tee l  cons t ruc t i on  wo rks

4 .5 .2 .  App l ica t ions  o f  Overhead  But t  We ld ing
Stee l  r oo f  assemb ly
S tee l  b r i dge  cons t ruc t i on
Sh ipbu i l d i ng  i ndus t r y
S tee l  cons t ruc t i on  wo rks
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Figure  4.9: Overhead Butt Welding

Figure 4.10: Overhead V Welding

Figure 4.11: Applications of Overhead V Welding
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5 .1 .  BUTT  JOINT  WELDING WITH CELLULOSIC  ELECTRODE
E lec t rode  manu fac tu r i ng  compan ies  have  deve loped  e lec t rodes  t o
mee t  a l l  t ypes  o f  i ndus t r i a l  e l ec t rode  needs .
The  va r i e t y  o f  e l ec t rodes  has  i nc reased  i n  l i ne  w i t h  i ndus t r y
demands .  One  o f  t he  bes t  examp les  o f  e l ec t rodes  des igned  to  mee t
d i f f e ren t  needs  i s  t he  ce l l u l os i c  e l ec t rode .
5 .1 .1 .  The  Ro le  and  Impor tance  o f  Ce l lu los ic  E lec t rodes  in
Indust ry
Approx ima te l y  30% o f  t he  coa t i ng  f o rmu la  o f  ce l l u l os i c  e l ec t rodes
cons i s t s  o f  ce l l u l ose  and  o the r  o rgan i c  subs tances .  When  these
bu rn  w i t h i n  t he  a rc ,  t hey  gene ra te  CO and  CO ₂  sh ie l d i ng  gases .
The  a rc  o f  ce l l u l os i c  e l ec t rodes  i s  s t r ong ,  and  t he i r  pene t ra t i on  i s
g rea te r  compared  t o  o the r  e l ec t rodes .
Fo r  t he  comp le te  combus t i on  o f  o rgan i c  subs tances ,  mo i s tu re  i s
requ i red .  The re fo re ,  t he  coa t i ng  o f  ce l l u l os i c  e l ec t rodes  con ta ins  up
to  5% mo is tu re .
Th i s  mo i s tu re  requ i remen t  p rov ides  an  advan tage  i n  s to rage ,  as  t he
e lec t rode  does  no t  need  to  be  baked  i n  an  oven .

Figure 5.1: Butt Joint with Cellulosic Electrode

Due  to  t he  s t rong  a rc  o f  ce l l u l os i c  e l ec t rodes ,  we ld ing  can  be  eas i l y
pe r fo rmed  i n  a l l  pos i t i ons ,  i nc l ud ing  ve r t i ca l - down  we ld ing .
Th i s  ensu res  t he  f o rma t i on  o f  a  deep -pene t ra t i on ,  s t r ong  we ld
seam.
Fo r  t h i s  r eason ,  ce l l u l os i c  e l ec t rodes  a re  common ly  used  i n  t he
fo l l ow ing  a reas :

Na tu ra l  gas  and  o i l  p i pe l i nes
Wate r  and  was tewa te r  p i pes
S to rage  t anks  and  bo i l e r  manu fac tu r i ng
Sh ipbu i l d i ng  i ndus t r y
S tee l  b r i dge  cons t ruc t i on
S tee l  s t r uc tu res  requ i r i ng  deep  pene t ra t i on  we ld ing



5 .1 .2 .  D i f fe rences  Be tween  Rut i l e  and  Ce l lu los ic  E lec t rodes
Proper t i es  o f  Rut i l e -Coated  E lec t rodes

Con ta ins  up  t o  50% t i t an ium ox ide .
Easy  t o  use .
P roduces  a  h igh l y  s tab le  a r c .
Con ta ins  a  mode ra te  amoun t  o f  oxygen  (we ld  seam p ro f i l es  a re
smoo th ) .
S lag  i s  easy  t o  remove .
No t  su i t ab le  f o r  co ld  we ld ing  o f  pa r t s  t h i cke r  t han  20  mm (due  to
i t s  h i gh  hyd rogen  and  oxygen  con ten t ,  i t  has  l ow  impac t
res i s tance  and  a  h igh  r i s k  o f  c rack ing ) .
No t  su i t ab le  f o r  h i gh -s t reng th  s tee l s .
Typ i ca l l y  used  w i t h  DC cu r ren t  ( nega t i ve  -  po la r i t y )  and  AC
cu r ren t .

Proper t i es  o f  Ce l lu los ic -Coated  E lec t rodes
Con ta ins  ce l l u l ose .
Due  to  t he  p resence  o f  hyd rogen  i n  t he  a rc  a tmosphe re ,  i t s
pene t ra t i on  i s  70% h ighe r  t han  o the r  e l ec t rodes .
We ld  seam p ro f i l e  i s  convex .
Pa r t i cu la r l y  su i t ab le  f o r  ve r t i ca l - down  and  ove rhead  we ld ing .
Has  a  s tab le  a r c ,  p roduces  ve ry  l i t t l e  s l ag ,  and  i s  easy  t o  c l ean .
Gene ra l l y  used  w i t h  DC cu r ren t  ( pos i t i ve  +  po la r i t y ) .
P re fe r red  i n  we lds  requ i r i ng  X - ray  i nspec t i on .

5 .1 .3 .  P rocedure  fo r  But t  Jo in t  We ld ing  w i th  Ce l lu los ic
E lec t rodes
Be fo re  s ta r t i ng  we ld ing  w i t h  a  ce l l u l os i c  e l ec t rode ,  p rope r
p repa ra t i ons  mus t  be  made .  These  p repa ra t i ons  i nc lude :

Wear i ng  p ro tec t i ve  c l o th i ng  s i nce  ce l l u l os i c  e l ec t rodes  p roduce
excess i ve  spa t t e r  and  smoke  du r i ng  we ld ing .
Us ing  an  exhaus t  sys tem i f  we ld ing  i n  enc losed  spaces .
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Figure 5.2: Example Cellulosic Elecktrodes in Industry



Prepa r i ng  t he  wo rkp ieces  by  open ing  t he  app rop r i a te  g roove
ang les  based  on  t he i r  t h i ckness  and  se t t i ng  t he  we ld ing
mach ine ’ s  amperage  acco rd ing  t o  t he  e lec t rode  d iame te r  ( as
ind i ca ted  on  t he  e lec t rode  packag ing ) .
Tack ing  t he  wo rkp ieces  i n  t he  co r rec t  pos i t i on  be fo re  we ld ing .
E lec t rode  ang le  and  movemen t  shou ld  f o l l ow  the  same
techn iques  as  used  f o r  r u t i l e  e l ec t rodes .  S ince  l ess  s l ag  i s
f o rmed ,  t he  mo l t en  poo l  i s  eas ie r  t o  con t ro l ,  a l l ow ing  we ld ing  i n
any  pos i t i on .

The  amperage  se t t i ng  and  cu r ren t  t ype  i n  ce l l u l os i c  e l ec t rode
we ld ing  va ry  acco rd ing  t o  e l ec t rode  d iame te r :

Ce l l u l os i c  e l ec t rodes  a re  gene ra l l y  used  w i t h  DC cu r ren t  and
pos i t i ve  (+ )  po la r i t y .
We ld ing  pa rame te rs  shou ld  be  ad jus ted  based  on  t he  e lec t rode
d iame te r  and  cu r ren t  va lues .

5 .2 .  But t  Jo in t  We ld ing  w i th  Bas ic  E lec t rodes
Bas i c  e l ec t rodes ,  wh i ch  have  a  l ow-hyd rogen  coa t i ng ,  a re  used  t o
p roduce  we ld  seams  w i t h  exce l l en t  s t r eng th  and  duc t i l i t y .
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Figure 5.3: Welding Application with Basic Electrode

5 .2 .1 .  P roper t i es  o f  Bas ic  E lec t rodes
The  e lec t rode  coa t i ng  cons i s t s  o f  ca l c i um compounds .
Sa fe l y  used  f o r  h i gh -s t reng th  s tee l s  and  t h i ck - sec t i on  pa r t s .
Can  be  used  i n  co ld  env i ronmen ts .
Res i s tan t  t o  ho t  and  co ld  c rack ing .
Has  l ow  pene t ra t i on ,  and  t he  we ld  bead  p ro f i l e  i s  convex .
Due  to  i t s  t h i ck  coa t i ng ,  d rop le t  t r ans fe r  occu rs  i n  med ium-
s i zed  d rops .



5 .2 .2 .  The  Ro le  and  Impor tance  o f  Bas ic  E lec t rodes  in  Indust ry
The  we ld  me ta l  has  h igh  res i s tance  t o  c rack ing .
Bas i c  e l ec t rodes  can  be  used  i n  a l l  we ld ing  pos i t i ons  and  have
exce l l en t  gap - f i l l i ng  capab i l i t y .
Add i t i ona l l y ,  bas i c  e l ec t rodes  a re  h igh l y  e f f ec t i ve  i n  we ld ing
mach ine  pa r t s  ope ra t i ng  be low  0 °C ,  whe re  o the r  e l ec t rode  t ypes
o f t en  f a i l .
I n  mode rn  t echno logy ,  one  o f  t he  b igges t  cha l l enges  i s  b r i t t l e
f r ac tu re ,  and  bas i c  e l ec t rodes  a re  used  t o  p roduce  t he  mos t
res i s tan t  we ld  seams  aga ins t  t h i s  i s sue .
Common App l ica t ions  o f  Bas ic  E lec t rodes :

Sh ipbu i l d i ng  i ndus t r y
Bo i l e r s  and  p ressu re  vesse l s
Heavy  mach ine ry  and  equ ipmen t  i ndus t r y
We ld ing  o f  unknown  compos i t i on  ca rbon  and  l ow-a l l oy  s tee l s
We ld ing  o f  s tee l s  con ta in i ng  h igh  l eve l s  o f  ca rbon ,  su l f u r ,
phospho rus ,  and  n i t r ogen
Jo in ing  s tee l s  w i t h  d i f f e ren t  ca rbon  con ten t s
We ld ing  o f  cas t  i r on  and  s tee l s
We ld ing  o f  componen ts  sub jec ted  t o  dynamic  l oads
We ld ing  o f  t h i ck - sec t i on  pa r t s  t o  reduce  t he  r i s k  o f  c rack ing
We ld ing  o f  mach ine ry ,  equ ipmen t ,  and  s t ruc tu res  ope ra t i ng
be low  0 °C

5 .2 .3 .  E lec t rode  Dry ing  Be fore  We ld ing
Bas i c  e l ec t rodes  have  a  h igh  mo is tu re  abso rp t i on  t endency  due  t o
the i r  coa t i ng  compos i t i on ,  so  t hey  mus t  be  s to red  ca re fu l l y .
E lec t rodes  t ha t  have  abso rbed  mo is tu re  shou ld  be  d r i ed  a t  250°C
fo r  a t  l eas t  30  m inu tes  be fo re  we ld ing .
O the rw i se ,  t he  mo is tu re  i n  t he  coa t i ng  w i l l  cause  po ros i t y  i n  t he
we ld  and  l ead  t o  hyd rogen  embr i t t l emen t .
S to rage  and  Dry ing  o f  Bas i c  and  A l l oy  E lec t rodes
Fo r  e l ec t rodes  t ha t  a re  p rope r l y  s to red  and  used  sho r t l y  a f t e r  be ing
removed  f r om the i r  packag ing ,  d r y i ng  i s  no t  necessa ry .
Recommended  Dry ing  Pa rame te rs :
Fo r  gene ra l  app l i ca t i ons :

I f  una l l oyed  e lec t rodes  a re  exposed  to  a i r  f o r  more  t han  4  hou rs ,
t hey  shou ld  be  d r i ed  a t  250 -400°C  fo r  2 -3  hou rs .
I f  a l l oyed  e lec t rodes  a re  exposed  to  a i r  f o r  more  t han  2  hou rs ,
t hey  shou ld  be  d r i ed  a t  250 -400°C  fo r  2 -3  hou rs .
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For  c r i t i ca l  app l i ca t i ons :
I f  una l l oyed  e lec t rodes  a re  exposed  to  a i r  f o r  more  t han  2  hou rs .
I f  l ow -a l l oy  e l ec t rodes  a re  exposed  to  a i r  f o r  more  t han  1  hou r .
I f  h i gh -s t reng th  e lec t rodes  a re  exposed  to  a i r  f o r  more  t han  30
minu tes ,  t hey  shou ld  be  d r i ed  a t  360 -420°C  fo r  2 -3  hou rs .

Impo r tan t  cons ide ra t i ons :
The  max imum tempera tu re  shou ld  no t  be  exceeded ,  bu t  t he  t ime
requ i red  f o r  t he  d ry i ng  un i t  t o  r each  t h i s  t empera tu re  shou ld  be
cons ide red .
I f  t he  d ry i ng  un i t  i s  co ld  and  f u l l y  l oaded  w i t h  e l ec t rodes ,  i t  may
take  up  t o  8  hou rs  t o  reach  t he  requ i red  t empera tu re .
The  number  o f  e l ec t rodes  i ns ide  t he  d ry i ng  un i t  i s  c ruc ia l  f o r
d ry i ng  e f f i c i ency .
The  d i s t r i bu t i on  o f  e l ec t rodes  i ns ide  t he  un i t  s i gn i f i can t l y  a f f ec t s
the  ou t come .
The  e lec t rode  a t  t he  cen te r  o f  t he  bund le  w i l l  r each  t he  t a rge t
t empera tu re  l a te r  t han  t he  ove ra l l  un i t  t empera tu re .

5 .2 .4 .  P rocedure  fo r  But t  Jo in t  We ld ing  w i th  Bas ic  E lec t rodes
Bas i c  e l ec t rodes  a re  gene ra l l y  used  w i t h  DC cu r ren t  and  pos i t i ve
(+ )  po la r i t y .
We ld ing  pa rame te rs  shou ld  be  ad jus ted  acco rd ing  t o  t he
e lec t rode  d iame te r  and  cu r ren t  va lues .
Bas i c  e l ec t rodes  mus t  be  d r i ed  a t  250 -300°C  fo r  2 -3  hou rs
be fo re  we ld ing .
The  th i ck  coa t i ng  o f  bas i c  e l ec t rodes  a l l ows  ope ra t i on  a t  h i gh
cu r ren t  i n tens i t i es .  Howeve r ,  h i gh  cu r ren t s  may  cause  t he
e lec t rode  t o  ove rhea t  qu i ck l y ,  so  t he  we ld ing  p rocess  shou ld  be
comp le ted  w i t hou t  i n te r rup t i ons .
The  e lec t rode  ang le  shou ld  be  be tween  80 -90  deg rees .
The  a rc  l eng th  shou ld  be  kep t  sho r t ;  t he  gap  be tween  the
e lec t rode  and  t he  wo rkp iece  shou ld  be  ha l f  t he  co re  w i re
d iame te r .
The  we ld ing  speed  shou ld  be  l ower  t han  t ha t  o f  r u t i l e  e l ec t rodes ;
o the rw i se ,  t he  s l ag  w i l l  no t  su f f i c i en t l y  cove r  t he  mo l t en  me ta l ,
l ead ing  t o  poo r  we ld  qua l i t y .  The  s l ag  cove rage  o f  t he  we ld  poo l
i s  d i r ec t l y  r e l a ted  t o  t he  we ld ing  speed  (F igu re  5 .4 ) .
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St r i k i ng  t he  a rc  requ i res  spec ia l  ca re ,  espec ia l l y  when  we ld ing
ove r  a  p rev ious l y  we lded  seam w i th  an  ex i s t i ng  we ld  c ra te r .  I n
such  cases ,  t he  a rc  shou ld  neve r  be  s ta r t ed  d i r ec t l y  on  t he
c ra te r .  O the rw i se ,  t he  p rev ious  we ld  c ra te r  w i l l  deve lop  po ros i t y .
The re fo re ,  t he  e lec t rode  shou ld  be  i gn i t ed  on  an  unwe lded
sec t i on  and  t hen  moved  backward  t o  con t i nue  we ld ing  f r om the
c ra te r .
The  e lec t rode  shou ld  be  s t ruck  by  rubb ing  i t  aga ins t  t he
workp iece ,  no t  by  t app ing .
A t  t he  end  o f  t he  e lec t rode ,  a  p rope r  we ld  c ra te r  mus t  be
fo rmed .  When  app rox ima te l y  40 -50  mm o f  e l ec t rode  l eng th
rema ins ,  t he  we lde r  shou ld  move  back  15 -20  mm a long  t he  we ld
seam to  c rea te  a  s t rong  f i n i sh .  Th i s  p rocess  shou ld  no t  be  done
too  qu i ck l y ,  ensu r i ng  t he  we ld  poo l  r ema ins  l i qu id .
The  e lec t rode  shou ld  be  he ld  mo t i on less  f o r  a  f ew  seconds  and
then  removed  f r om the  wo rkp iece  t o  f o rm  a  p rope r  c ra te r .
S lag  remova l  i s  more  d i f f i cu l t  i n  bas i c  e l ec t rodes ,  and  t he
we ld ing  speed  a f f ec t s  t h i s  p rocess .
Tack ing  t he  wo rkp ieces  t oge the r  i s  p re fe rab l y  done  us ing  a  ru t i l e
e lec t rode .
The  e lec t rode  t i p  shou ld  be  o r i en ted  t oward  t he  cen te r  o f  t he
c ra te r  i n  t he  ho r i zon ta l  pos i t i on .  Sw ing ing  movemen ts  shou ld  be
m in im ized ,  bu t  i f  necessa ry ,  s l i gh t  osc i l l a t i ons  w i t h i n  2 -3  t imes
the  co re  w i re  d i ame te r  can  be  app l i ed .
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a) Slow                                  b) Fast

Figure 5.4: Slag Coverage of the Weld Pool Depending on Welding Speed
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6 .1 .  CAST IRON WELDING
Cas t  i r ons  a re  i r on -ca rbon  a l l oys  con ta in i ng  be tween  2 .1% and
6 .67% ca rbon .
They  may  a l so  con ta in  phospho rus ,  su l f u r ,  s i l i con ,  and  manganese
as  add i t i ona l  e l emen ts .
Due  to  t he i r  h i gh  ca rbon  con ten t ,  cas t  i r ons  exh ib i t :

H igh  wea r  res i s tance
H igh  compress i ve  s t reng th
Low me l t i ng  t empera tu re
Good  cas tab i l i t y

Howeve r ,  t he  h igh  ca rbon  con ten t  o f  cas t  i r on  causes  rap id  hea t i ng
in  t he  we ld  a rea  du r i ng  we ld ing  and  rap id  coo l i ng  a f t e r  we ld ing .
Th i s  resu l t s  i n  i n te rna l  s t r esses  i n  t he  ma te r i a l .
Du r i ng  rap id  coo l i ng ,  ca rbon  rema ins  i n  t he  Fe ₃C (cemen t i t e )
s t ruc tu re ,  mak ing  t he  a f f ec ted  a rea  ha rde r  and  more  b r i t t l e .
The  d i f f e rence  i n  ca rbon  d i s t r i bu t i on  be tween  the  base  me ta l  and
the  we ld  a rea  l eads  t o  add i t i ona l  s t r esses .
As  a  resu l t ,  t he  r i s k  o f  c rack ing  and  f r ac tu res  i n  o r  nea r  t he  we ld
zone  i nc reases  s i gn i f i can t l y .
6 .2 .  WELDING OF CRACKED CAST IRON
I n  mode rn  i ndus t r y ,  cas t  i r on  i s  w ide l y  used ,  and  c racks  and
f rac tu res  can  occu r  i n  t hese  ma te r i a l s .
The  pu rposes  o f  cas t  i r on  we ld ing  i nc lude :

Repa i r i ng  de fec t s  t ha t  occu r  du r i ng  cas t i ng
Manu fac tu r i ng  comp lex  pa r t s  as  a  s i ng le  un i t
Repa i r i ng  b roken  o r  wo rn -ou t  pa r t s

Excep t  f o r  wh i t e  cas t  i r on ,  a l l  t ypes  o f  cas t  i r on  can  be  we lded ,  bu t
t he i r  we ldab i l i t y  i s  l owe r  compared  t o  s tee l s .
Howeve r ,  w i t h  t he  app rop r i a te  we ld ing  t echn iques ,  a  s t rong  bond
can  be  ach ieved .
Reasons  f o r  we ld ing  cas t  i r on :

Low  cos t
Ease  o f  use
S imp le  equ ipmen t  requ i remen ts
Does  no t  r equ i re  ex tens i ve  t echno log i ca l  know ledge
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Figure 5.4: Slag Coverage of the Weld Pool Depending on Welding Speed



con ten t  o f  cas t  i r on  causes  rap id  hea t i ng  i n  t he  we ld  a rea  du r i ng
we ld ing  and  rap id  coo l i ng  a f t e r  we ld ing .
Th i s  resu l t s  i n  i n te rna l  s t r esses  i n  t he  ma te r i a l .
Du r i ng  rap id  coo l i ng ,  ca rbon  rema ins  i n  t he  Fe ₃C (cemen t i t e )
s t ruc tu re ,  mak ing  t he  a f f ec ted  a rea  ha rde r  and  more  b r i t t l e .
The  d i f f e rence  i n  ca rbon  d i s t r i bu t i on  be tween  the  base  me ta l  and
the  we ld  a rea  l eads  t o  add i t i ona l  s t r esses .
As  a  resu l t ,  t he  r i s k  o f  c rack ing  and  f r ac tu res  i n  o r  nea r  t he  we ld
zone  i nc reases  s i gn i f i can t l y .

6 .2 .  WELDING OF CRACKED CAST IRON
I n  mode rn  i ndus t r y ,  cas t  i r on  i s  w ide l y  used ,  and  c racks  and
f rac tu res  can  occu r  i n  t hese  ma te r i a l s .
The  pu rposes  o f  cas t  i r on  we ld ing  i nc lude :

Repa i r i ng  de fec t s  t ha t  occu r  du r i ng  cas t i ng
Manu fac tu r i ng  comp lex  pa r t s  as  a  s i ng le  un i t
Repa i r i ng  b roken  o r  wo rn -ou t  pa r t s

Excep t  f o r  wh i t e  cas t  i r on ,  a l l  t ypes  o f  cas t  i r on  can  be  we lded ,  bu t
t he i r  we ldab i l i t y  i s  l owe r  compared  t o  s tee l s .
Howeve r ,  w i t h  t he  app rop r i a te  we ld ing  t echn iques ,  a  s t rong  bond
can  be  ach ieved .
Reasons  f o r  we ld ing  cas t  i r on :

Low  cos t
Ease  o f  use
S imp le  equ ipmen t  requ i remen ts
Does  no t  r equ i re  ex tens i ve  t echno log i ca l  know ledge

i n n o w e l d
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6 .2 .1 .  Cas t ing  E lec t rodes  Used  in  Cas t  I ron  We ld ing
I n  t he  we ld ing  o f  co ld  and  annea led  cas t  i r on  (up  t o  a  max imum
of  300°C) ,  bes ides  h igh -ca rbon  cas t  i r on  e lec t rodes ,  e l ec t rodes
w i th  a  pu re  n i cke l  co re  w i re  a re  a l so  used  (F igu re  6 .1 ) .
Pu rposes  o f  Us ing  Cas t i ng  E lec t rodes  w i t h  a  Pu re  N i cke l  Co re
Wi re :
Used  i n  t he  we ld ing  o f  g rey  cas t  i r on ,  wh i t e  ma l l eab le  cas t  i r on ,
and  duc t i l e  cas t  i r on ,  as  we l l  as  t he i r  we ld ing  w i t h  s tee l .
Espec ia l l y  used  f o r  j o i n i ng  and  repa i r  we ld ing  o f  b roken  o r  wo rn -
ou t  cas t  i r on  pa r t s .

Figure 6.1: Casting Electrode and Information Label

a) Casting Electrode          b) Electrode Information Label
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Prov ides  exce l l en t  r esu l t s  i n  r epa i r i ng  cas t i ng  de fec t s  t h rough
we ld ing .
Even  a t  l ow  cu r ren t ,  i t  cove rs  t he  base  me ta l  we l l  and  reduces
the  m ix i ng  ra t i o  w i t h  t he  base  ma te r i a l .

Th i s  a l l ows  we ld ing  w i t hou t  annea l i ng ,  espec ia l l y  f o r  t h i ck -
sec t i on  pa r t s ,  and  m in im izes  t he  r i s k  o f  c rack ing .

We ld  seams  shou ld  be  sho r te r  t han  30  mm to  reduce  we ld ing
s t resses .
I f  t he  we ld  i s  hammered  be fo re  coo l i ng ,  we ld ing  s t resses  can  be
reduced .

S ince  cas t  i r on  con ta ins  a  h i gh  amoun t  o f  ca rbon ,  i t  becomes  b r i t t l e
and  ha rd ,  so  i t  shou ld  no t  be  hammered  wh i l e  co ld .
Purposes  o f  Us ing  Mone l  (N icke l -Copper )  Core  Cas t ing
E lec t rodes :

Used  i n  co ld  and  sem i -ho t  ( 300°C)  we ld ing  o f  g rey  cas t  i r on ,
ma l l eab le  cas t  i r on ,  and  duc t i l e  ( sphe ro ida l )  cas t  i r on .
Used  fo r  we ld ing  g rey  cas t  i r on  t o  s tee l .
Used  fo r  j o i n i ng  and  repa i r  we ld ing  o f  b roken  o r  wo rn -ou t  cas t
i r on  pa r t s .
Used  fo r  r epa i r i ng  cas t i ng  o r  mach in ing  de fec t s  t h rough  we ld ing .
No  ha rdness  i ssues  i n  t he  t r ans i t i on  zone ,  r esu l t i ng  i n  a  c rack -
f r ee  and  po ros i t y - f r ee  we ld  seam.
I f  t he  we ld  seam i s  l i gh t l y  hammered  be fo re  coo l i ng ,  we ld ing
s t resses  a re  reduced .

Purposes  o f  Us ing  N icke l - I ron  Core  Cas t ing  E lec t rodes :
Prov ides  smoo th  me l t i ng  and  f us ion .
Has  a  qu ie t  and  s tab le  a r c .
Su i t ab le  f o r  pos i t i on  we ld ing .
Used  i n  co ld  and  ho t  we ld ing  o f  pa r t s  sub jec ted  t o  dynamic
fo rces .
S ince  t he  t he rma l  expans ion  o f  t he  we ld  me ta l  i s  l ow ,  i t  exh ib i t s
m in ima l  sh r i nkage  a f t e r  we ld ing .
Has  h ighe r  s t r eng th  compared  t o  pu re  n i cke l  e l ec t rodes .

The re fo re ,  i t  i s  h i gh l y  su i t ab le  f o r  we ld ing  duc t i l e  cas t  i r on ,
ma l l eab le  cas t  i r on ,  g rey  cas t  i r on ,  and  t he i r  we ld ing  w i t h
s tee l ,  coppe r ,  and  n i cke l  ma te r i a l s .

Easy  a rc  i n i t i a t i on  and  re - s t r i k i ng  w i t h  a  s tab le  a r c .
Ensu res  a  smoo th  we ld  seam.



6 .2 .2 .  Reverse  Po la r i ty  in  Cas t  I ron  We ld ing
When  the  e lec t rode  ho lde r  i s  connec ted  t o  t he  nega t i ve  ( - )  po le
i n  d i r ec t  cu r ren t  (DC) ,  mos t  o f  t he  hea t  i s  gene ra ted  on  t he
workp iece .
When  the  e lec t rode  ho lde r  i s  connec ted  t o  t he  pos i t i ve  (+ )  po le ,
app rox ima te l y  66% o f  t he  hea t  i s  concen t ra ted  on  t he  e lec t rode ,
reduc ing  t he  t he rma l  e f f ec t  on  t he  wo rkp iece .

6 .2 .3 .  Dr i l l ing  Ho les  a t  the  S ta r t  and  End  Po in ts  o f  Cracks
For  c racks  t ha t  s ta r t  and  end  w i t h i n  t he  ma te r i a l ,  ho les  shou ld
be  d r i l l ed  a t  bo th  ends  o f  t he  c rack .
I n  cas t  i r on  we ld ing ,  annea l i ng  i s  r ecommended  to  f ac i l i t a te
d r i l l i ng  and  t o  p reven t  c rack  p ropaga t i on  du r i ng  we ld ing .
To  e l im ina te  t he  t empera tu re  d i f f e rence  be tween  the  we ld  seam
and  the  base  me ta l ,  t he  base  me ta l  shou ld  be  kep t  a t  we ld ing
tempera tu re .
Th i s  i s  espec ia l l y  c r i t i ca l  f o r  l a rge -vo lume  pa r t s .
Thus ,  p rehea t i ng  t he  base  me ta l  be fo re  we ld ing  i s  necessa ry .

Prehea t ing  Requ i rements :
A la rge  hea t i ng  t o r ch  shou ld  be  used  wheneve r  poss ib l e  t o
ensu re  be t t e r  hea t  d i s t r i bu t i on .
The  wo rkp iece  shou ld  be  p laced  on  a  f i r eb r i ck  t o  m in im ize  hea t
l oss  t o  t he  su r round ings .
A  suppo r t  shou ld  be  used  to  p reven t  wa rp ing  and  de fo rma t i on  o f
t he  wo rkp iece .
I f  t he  wo rkp iece  i s  hea ted  i n  a  f u rnace ,  t he  f u rnace  shou ld  be
p rehea ted  t o  t he  t a rge t  t empera tu re  be fo re  p lac ing  t he  wo rkp iece
ins ide .
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Figure 6.2: Casting Electrode and Information Label

Figure 6.3: Preheating Processes



Prepara t ion  o f  Jo in t  Areas
The  fo l l ow ing  s teps  shou ld  be  t aken  when  p repa r i ng  j o i n t  a reas :

I den t i f y i ng  t he  exac t  s ta r t  and  end  po in t s  o f  t he  c rack  i s  c ruc ia l .
I f  t he  we ld  i s  comp le ted  be fo re  reach ing  t he  ac tua l  end  o f  t he
c rack ,  t he  c rack  w i l l  con t i nue  t o  sp read  a f t e r  we ld ing .
I f  t he  c rack  ex tends  t o  t he  edge  o f  t he  pa r t ,  a  s t r ong  t ack  we ld
shou ld  be  app l i ed  a t  t he  edge  be fo re  any  o the r  p rocess .
The  exac t  endpo in t  o f  t he  c rack  mus t  be  de te rm ined .  Fo r  t h i s
pu rpose ,  pene t ran t  l i qu id ,  common ly  used  i n  non -des t ruc t i ve
tes t i ng  (NDT)  me thods ,  shou ld  be  app l i ed  t o  t he  c rack  and  l e f t  t o
se t t l e  ( i od ine  so lu t i on  can  a l so  be  used  fo r  t h i s ) .

I od ine  evapo ra tes  f r om the  su r face  bu t  s ta i ns  t he  c rack  down
to  i t s  f i nes t  po in t .

The  l as t  v i s i b l e  po in t  o f  t he  c rack  shou ld  be  i den t i f i ed  us ing  a
magn i f y i ng  g lass  and  marked  w i t h  a  do t .
A  3 -4  mm ho le  shou ld  be  d r i l l ed  a t  t he  marked  po in t  t o  p reven t
the  c rack  f r om sp read ing  du r i ng  and  a f t e r  we ld ing .  O the rw i se ,
t he  c rack  w i l l  con t i nue  t o  p ropaga te .
I f  t he  c rack  reaches  t he  ou te r  edge  o f  t he  pa r t ,  t he  exposed  end
shou ld  be  secu red  w i t h  a  s t rong  t ack  we ld  be fo re  any  o the r
p rocess .
I f  t he  t ack  we ld  b reaks  du r i ng  we ld ing ,  t he  rema in ing  t ack  we ld
ma te r i a l  shou ld  be  removed  us ing  a  ch i se l  o r  g r i nd ing  whee l ,  and
a  new s t rong  t ack  we ld  shou ld  be  app l i ed .
We ld ing  shou ld  neve r  con t i nue  wh i l e  t he  edge  i s  open .
O the rw i se ,  de fo rma t i on  o f  t he  pa r t  w i l l  be  i nev i t ab le .
Fo r  c racks  t ha t  s ta r t  and  end  w i t h i n  t he  pa r t ,  3 -4  mm ho les
shou ld  be  d r i l l ed  a t  bo th  ends  o f  t he  c rack .
I f  t he  pa r t  i s  l a rge  and  t he  c rack  i s  l onge r  t han  50  cm,  and  one
end  o f  t he  we ld  does  no t  t he rma l l y  a f f ec t  t he  o the r  end ,  sho r t
we ld  passes  shou ld  be  made  f i r s t  f r om one  end ,  t hen  f r om the
o the r .

Howeve r ,  be fo re  s ta r t i ng  t he  t h i r d  pass ,  t he  f i r s t  pass  shou ld
be  a l l owed  to  coo l  t o  t he  t ouch .
Add i t i ona l l y ,  as  t he  two  s i des  app roach  t he  cen te r  o f  t he
we ld ,  we ld ing  shou ld  pause  a t  bo th  ends ,  and  we ld ing  shou ld
con t i nue  f r om on l y  one  s i de .

46

i n n o w e l d



High  phospho rus  and  su l f u r  con ten t  i nc reases  t he  b r i t t l eness  and
c rack ing  t endency  o f  g rey  cas t  i r on .

O i l -  o r  g rease -abso rbed  cas t  i r on  shou ld  be  hea ted  t o  250°C
fo r  a  f ew  hou rs  be fo re  we ld ing .
I n  some  cases ,  i t  shou ld  be  exposed  to  h i gh  t empera tu res  o f
t he  e lec t r i c  a r c  t o  remove  o i l  o r  g rease .
Fo r  t h i s ,  a  ru t i l e  e l ec t rode  shou ld  f i r s t  be  used  t o  app l y  a
f i l l e r  l aye r  t o  t he  we ld ing  a rea ,  wh i ch  i s  t hen  c l eaned .

The  cas t i ng  sk in ,  wh i ch  becomes  ox id i zed  du r i ng  coo l i ng  and
p reven ts  p rope r  adhes ion  o f  t he  e lec t rode  me ta l  t o  t he  base
me ta l ,  shou ld  be  g round  be fo re  we ld ing .

The  g r i nd ing  shou ld  be  done  on  bo th  s i des  o f  t he  we ld  a rea ,
w i t h  a  w id th  o f  a t  l eas t  10  mm and  a  dep th  o f  1  mm.

Sha rp  edges  mus t  be  removed  w i t h  a  f i l e .
O the rw i se ,  t h i n ,  sha rp  pa r t s  may  bu rn  du r i ng  we ld ing  and  m ix
i n to  t he  we ld  seam as  ox ides .

Fo r  c racks  l onge r  t han  50  cm,  sho r t  we ld  passes  shou ld  be  made
s ta r t i ng  f r om the  ends .

The  th i r d  pass  shou ld  on l y  be  app l i ed  a f t e r  t he  f i r s t  pass  has
coo led  t o  t he  t ouch  (F igu re  6 .5 ) .

As  we ld  passes  app roach  t he  cen te r  o f  t he  c rack ,  we ld ing  shou ld
be  paused  be fo re  con t i nu ing  w i t h  t he  f i na l  pass .
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Figure 6.5: Pass Sequences in Cracked Castings

a) Passes in a crack within the part

b) Passes in a crack extending to the edge of the part

c) Pass sequence for cracks longer than 50 cm

Figure 6.4: Preheating Processes



6 .2 .4 .  Impor tance  o f  Groove  Prepara t ion  fo r  We ld ing  Th ick -
Sec t ioned  Cracked  Cas t  I ron

The  we ld  g roove  shou ld  be  p repa red  acco rd ing  t o  t he  t h i ckness
o f  t he  sec t i on .
I f  t he  g roove  i s  no t  adequa te l y  opened ,  two  ma jo r  p rob lems  may
a r i se :
I nc reased  r i sk  o f  t he  c rack  open ing  f u r t he r  du r i ng  we ld ing .
I nsu f f i c i en t  s t r eng th  i n  t he  we lded  sec t i on ,  l ead ing  t o  a  new
c rack  t ha t  may  soon  become  i r r epa rab le .
S teps  f o r  G roove  P repa ra t i on  i n  C racked  Cas t  I r on  Pa r t s :
The  s i des  o f  t he  opened  we ld  g roove  shou ld  be  g round  to  a
m in imum w id th  o f  10  mm and  a  dep th  o f  1  mm to  remove  ox ide
laye rs .
The  we ld  g roove  shou ld  on l y  be  opened  a f t e r  d r i l l i ng  ho les  a t  t he
c rack  endpo in t s .
The  we ld  g roove  shape  shou ld  be  des igned  acco rd ing  t o  t he
th i ckness  o f  t he  sec t i on :
I t  shou ld  have  a  U  o r  doub le  U  shape  depend ing  on  t he
th i ckness .
A  2  mm gap  shou ld  be  l e f t  a t  t he  bo t t om o f  t he  g roove .
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Figure 6.6: a) Weld Groove Cross-Section b) Weld Groove

Figure 6.7: Peening of the Weld 



Once  the  pa r t  has  coo led  t o  a  t empera tu re  t ha t  can  be  t ouched
by  hand ,  a  1 -3  cm we ld  shou ld  be  app l i ed .

We ld ing  shou ld  neve r  s ta r t  f r om the  end  bu t  a lways  f r om the
ins ide ,  p rog ress ing  t oward  t he  end  o f  t he  c rack .

Be fo re  s ta r t i ng  t he  nex t  1 -3  cm we ld ,  t he  end  o f  t he  p rev ious
we ld  pass  mus t  be  c l eaned  us ing  a  g r i nd ing  whee l  o r  ch i se l .
I n  mu l t i - pass  we ld ing ,  t he  f i r s t  pass  shou ld  be  comp le ted  f as te r
t han  t he  f o l l ow ing  passes .

6 .2 .5 .  We ld ing  Procedure  fo r  Cracked  Cas t  I ron
When  we ld ing  cas t  i r on ,  i t  i s  essen t i a l  t o  r emember  t ha t  ca rbon
c lus te rs  w i t h i n  cas t  i r on  can  abso rb  o i l s  and  o the r  f l u i ds .

I f  t hese  f l u i ds  a re  no t  r emoved  be fo re  we ld ing ,  t hey  can  cause
po ros i t y  i n  t he  we ld .

Impo r tan t  Cons ide ra t i ons  Be fo re  We ld ing :
The  we ld ing  a rea  mus t  be  c l eaned  o f  a l l  f o re ign  subs tances  (o i l ,
g rease ,  r us t ) .
The  t ype  o f  cas t  i r on  mus t  be  i den t i f i ed .
The  e lec t rode  mus t  be  se lec ted  acco rd ing  t o  t he  cas t i ng
ma te r i a l .

Weld ing  o f  Cas t  I ron
The  en t i r e  wo rkp iece  shou ld  be  hea ted  t o  app rox ima te l y  200 -
300°C  to  p reven t  ha rden ing  i n  t he  t r ans i t i on  zone  and  reduce
sh r i nkage  s t resses .
N i cke l  o r  n i cke l -based  a l l oys  shou ld  be  used  as  f i l l e r  ma te r i a l .
An  en t i r e  e l ec t rode  can  be  bu rned  i n  one  go ,  bu t  t he  we ld  seam
mus t  be  hammered  immed ia te l y  a f t e r  we ld ing .
I f  t he  wo rkp iece  i s  hea ted  above  600°C ,  we ld ing  shou ld  be  done
w i th  f i l l e r  me ta l  t ha t  ma tches  t he  base  me ta l  compos i t i on .

S ince  cas t  i r on  we ld ing  requ i res  h igh  p rec i s i on  and  expe r i ence ,
p rope r  t echn iques  a re  essen t i a l .

D i f f e ren t  t ypes  o f  cas t  i r on—such  as  g rey  cas t  i r on ,  duc t i l e  i r on ,
and  ma l l eab le  cas t  i r on—requ i re  spec i f i c  we ld ing  p rocedu res .
Some cas t  i r on  pa r t s  may  unde rgo  s t ruc tu ra l  changes  due  t o
ex te rna l  f ac to r s ,  such  as  ope ra t i ng  cond i t i ons .

Examp le :  Cas t  i r on  va l ves  exposed  to  h i gh -p ressu re  s team fo r
l ong  pe r i ods .
These  ma te r i a l s  become  ex t reme ly  b r i t t l e ,  and  gas
pene t ra t i on  i n to  m ic rovo ids  reduces  s t reng th ,  mak ing  we ld ing
nea r l y  imposs ib l e .

P ro longed  exposu re  t o  d i r ec t  f i r e  o r  h i gh  t empera tu res  can  cause
ca rbon  and  s i l i con  t o  ox id i ze ,  mak ing  t he  ma te r i a l  d i f f i cu l t  t o
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Post -We ld ing  Coo l ing  Process
Af te r  we ld ing ,  t he  en t i r e  wo rkp iece  shou ld  be  hea ted  t o  a
tempera tu re  c l ose  t o  t he  we ld ing  t empera tu re .
The  pa r t  shou ld  be  s l ow ly  coo led  by  p lac ing  i t  i n  asbes tos
ma te r i a l  o r  a  s t i l l - a i r  env i ronmen t  t o  p reven t  r ap id  coo l i ng  and
c rack ing .

6 .2 .6 .  App l ica t ion  o f  We ld ing  Method  and  Post -We ld ing
Processes

Use  the  t h i nnes t  poss ib l e  e l ec t rode  (Ø2 .5  o r  3 .25  mm)  and  app l y
l ow  cu r ren t  i n tens i t y  wh i l e  keep ing  t he  a rc  sho r t .
Neve r  exceed  the  max imum recommended  amperage  se t t i ng .
We ld  seam leng ths  shou ld  be  l im i t ed  t o  4 -5  t imes  t he  e lec t rode
d iame te r .
Use  d i r ec t  cu r ren t  (DC)  we ld ing .
Pe r i od i ca l l y  pause  t o  p reven t  excess i ve  hea t  concen t ra t i on  i n
one  a rea .
Each  we ld  shou ld  be  hammered  immed ia te l y  a f t e r  we ld ing .

The  hammer ing  p rocess  shou ld  s ta r t  f r om the  ho t t es t  pa r t  o f
t he  we ld  and  move  backward .

Con t ro l l ed  s tops  shou ld  be  made  to  ensu re  t he  pa r t ' s
t empera tu re  does  no t  exceed  70°C .
Sho r t  we ld  beads  shou ld  be  app l i ed  t o  reduce  we ld ing  s t resses .
A f t e r  we ld ing ,  t he  en t i r e  wo rkp iece  shou ld  be  hea ted  c l ose  t o  t he
we ld ing  t empera tu re  and  s l ow ly  coo led  i n  asbes tos  o r  a  s t i l l - a i r
env i ronmen t .

6 .3 .  WELDING OF BROKEN CAST IRON
Hea t  i npu t  i n  cas t  i r on  we ld ing  shou ld  be  kep t  as  l ow  as
poss ib l e .
H ighe r  hea t  i npu t  i nc reases  t he  l i ke l i hood  o f  b reakage  i n  t he
we lded  a rea  o r  hea t -a f f ec ted  zone  (HAZ) .
Rap id  hea t i ng  and  coo l i ng  make  cas t  i r on  more  b r i t t l e .

6 .3 .1 .  Impor tance  o f  Groove  Prepara t ion  fo r  We ld ing  Th ick -
Sec t ioned  Broken  Cas t  I ron
I f  t he  we ld  g roove  i s  no t  opened  su f f i c i en t l y ,  two  ma jo r  i s sues  may
a r i se :
1 . I nc reased  r i sk  o f  c rack  p ropaga t i on  du r i ng  we ld ing .
2 . I nsu f f i c i en t  s t r eng th ,  wh i ch  may  l a te r  r esu l t  i n  an  i r r epa rab le

c rack  du r i ng  ope ra t i on .
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Sharp  edges  on  bo th  s i des  o f  t he  g roove  shou ld  be  rounded .
Each  b roken  pa r t  shou ld  be  p repa red  w i t h  t he  g roove  men t i oned
above  and  t hen  t ack  we lded  a t  app rop r i a te  i n te r va l s  (F igu re  6 .9 ) .

6 .3 .2 .  We ld ing  Process  fo r  Broken  Cas t  I ron
Before  we ld ing ,  the  fo l lowing  fac tors  must  be  cons idered :

I den t i f y  t he  t ype  o f  cas t  i r on  be ing  we lded .
Se lec t  t he  app rop r i a te  e l ec t rode  based  on  t he  cas t i ng  ma te r i a l .
Ensu re  a l l  pa r t s  a re  c l eaned  o f  f o re ign  subs tances  (o i l ,  g rease ,
rus t ,  e t c . ) .

6 .3 .3 .  App l ica t ion  o f  We ld ing  Method  and  Post -We ld ing
Procedures

I n  mu l t i - pass  we ld ing ,  t he  f i r s t  pass  shou ld  be  app l i ed  f as te r
t han  subsequen t  passes .
The  a rc  l eng th  shou ld  be  kep t  sho r t ,  app rox ima te l y  equa l  t o  t he
e lec t rode  co re  d iame te r .
We ld  beads  shou ld  be  l im i t ed  t o  1 -3  cm a t  a  t ime  and
immed ia te l y  hammered  and  b rushed  a f t e r  each  pass .

Steps  fo r  Groove  Prepara t ion  in  Broken  Cas t  I ron  Par ts :
The  we ld  g roove  shou ld  be  opened  acco rd ing  t o  t he  t h i ckness  o f
t he  sec t i on .

The  g roove  shou ld  be  i n  V  o r  X  shape  w i t h  an  ang le  o f  80 -
90° ,  depend ing  on  t h i ckness .
A  2  mm roo t  gap  shou ld  be  l e f t  a t  t he  bo t t om.
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Figure 6.8: Advanced Weld Groove Design

Figure 6.9: Weld Groove Preparation



Use  the  t h i nnes t  poss ib l e  e l ec t rode  (Ø2 .5  mm o r  3 .25  mm)  and
app l y  l ow  cu r ren t  i n tens i t y  wh i l e  keep ing  t he  a rc  sho r t .
Neve r  exceed  the  max imum recommended  amperage  se t t i ng .
We ld  bead  l eng ths  shou ld  be  l im i t ed  t o  4 -5  t imes  t he  e lec t rode
d iame te r .
Use  d i r ec t  cu r ren t  (DC)  we ld ing .
Pause  i n te rm i t t en t l y  t o  p reven t  excess i ve  l oca l  hea t
concen t ra t i on .
Each  we ld  bead  mus t  be  immed ia te l y  hammered  a f t e r  we ld ing .

The  hammer ing  p rocess  shou ld  s ta r t  f r om the  ho t t es t  pa r t  o f
t he  we ld  and  move  backward .

We ld ing  shou ld  be  s topped  pe r i od i ca l l y  t o  keep  the  wo rkp iece
tempera tu re  be low  70°C .
Sho r t  we ld  passes  shou ld  be  app l i ed  t o  reduce  we ld ing  s t resses .
The  we ld  seam shou ld  be  hammered  be fo re  i t  coo l s  t o  m in im ize
in te rna l  s t r esses .
A f t e r  we ld ing ,  t he  en t i r e  wo rkp iece  shou ld  be  hea ted  t o  a
su i t ab le  t empera tu re  and  s l ow ly  coo led .
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Figure 6.10: Welded Broken Cast Iron
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7 .1 .  COPPER WELDING
Among  non - fe r rous  me ta l s ,  coppe r  (Cu ) ,  a l um inum (A l ) ,  and  b rass
a l l oys  a re  t he  mos t  common ly  used  ma te r i a l s .

Coppe r  has  a  me l t i ng  po in t  o f  1083°C  and  i s  t he  second -bes t
t he rma l  and  e lec t r i ca l  conduc to r  a f t e r  s i l ve r  (Ag ) .
I t s  h i gh  sens i t i v i t y  t o  oxygen  causes  a  t h i n  ox ide  l aye r  t o  f o rm
on  i t s  su r face .
Due  to  t h i s  ox ide  l aye r ,  coppe r  has  h igh  co r ros ion  res i s tance .
Ove r  t ime ,  coppe r  f o rms  a  g reen -co lo red  ox ide  l aye r  on  i t s
su r face ,  wh i ch  can  be  ha rmfu l  t o  human  hea l t h .

The re fo re ,  coppe r  u tens i l s  used  i n  t he  f ood  i ndus t r y  and
k i t chens  a re  coa ted  w i t h  t i n .

Types  o f  Copper
There  a re  two  t ypes  o f  coppe r  common ly  ava i l ab le  i n  t he  marke t :
1 . Pu re  Coppe r  (99 .9% Cu)
2 . E lec t ro l y t i c  Coppe r ,  ob ta ined  by  sub jec t i ng  pu re  coppe r  t o  an

e lec t ro l ys i s  p rocess
Add i t i ona l l y ,  coppe r  a l l oys  w i t h  d i f f e ren t  p rope r t i es  and
app l i ca t i ons  a re  f o rmed  by  add ing  e lemen ts  such  as :

T in  (Sn )
Z inc  (Zn )
N i cke l  (N i )
S i l i con  (S i )
A lum inum (A l )
Phospho rus  (P )

Impor tance  o f  Copper  We ld ing  in  Indust ry
Many  coppe r  and  coppe r  a l l oy  p roduc t s  a re  des igned  fo r  va r i ous
e lec t r i ca l ,  mechan i ca l ,  and  a rch i t ec tu ra l  app l i ca t i ons .
A l t hough  no t  a l l  coppe r  a l l oys  a re  equa l l y  easy  t o  we ld ,  a l l
coppe r  and  coppe r  a l l oys  can  be  we lded .

The  i nc reas ing  use  o f  T IG  and  MIG  we ld ing  me thods  has  l im i t ed  t he
use  o f  sh ie l ded  me ta l  a r c  we ld ing  (SMAW)  w i t h  cove red  e lec t rodes
fo r  coppe r .

Howeve r ,  SMAW i s  s t i l l  p re fe r red  due  t o  i t s  s imp l i c i t y ,
a f f o rdab i l i t y ,  po r tab i l i t y ,  and  w idesp read  ava i l ab i l i t y .

Sh ie lded  me ta l  a r c  we ld ing  (SMAW)  fo r  coppe r  i s  p r ima r i l y  used  f o r :
Jo in i ng  and  repa i r  we ld ing  o f  componen ts
Pa r t s  w i t h  t h i cknesses  l ess  t han  25  mm
App l i ca t i ons  t ha t  a re  no t  exposed  to  seve re  chemica l  co r ros ion
o r  heavy  l oads
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7 .1 .1 .  Impor tance  o f  Reverse  Po la r i ty  in  Copper  We ld ing
When  we ld ing  coppe r  and  i t s  a l l oys  w i t h  cove red  e lec t rodes ,  i t  i s
gene ra l l y  done  us ing  D i rec t  Cu r ren t  Reve rse  Po la r i t y  (DCRP) .

Th i s  ensu res  t ha t  two - th i r ds  o f  t he  hea t  i s  concen t ra ted  nea r  t he
pos i t i ve  (+ )  po le .
I n  t h i s  case ,  t he  a rc  t empera tu re  exceeds  3500°C .
The  rema in ing  one - th i r d  o f  t he  hea t  i s  concen t ra ted  nea r  t he
nega t i ve  ( - )  po le ,  whe re  t he  wo rkp iece  i s  connec ted .

S ince  an  e lec t rode  connec ted  t o  t he  pos i t i ve  (+ )  po le  me l t s  f as te r
t han  one  connec ted  t o  t he  nega t i ve  ( - )  po le ,  t he  requ i red  hea t  t o
me l t  coppe r  i s  ach ieved  more  qu i ck l y .
Fo r  t h i ck - coa ted  e lec t rodes ,  h i ghe r  hea t  i npu t  i s  r equ i red  f o r  p rope r
combus t i on ,  mak ing  ope ra t i on  w i t h  t he  pos i t i ve  (+ )  po le  more
e f f ec t i ve .
7 .1 .2 .  P rehea t ing  Process
Copper  has  h igh  t he rma l  conduc t i v i t y ,  wh i ch  causes  hea t  t o
d i ss ipa te  i n to  t he  su r round ing  ma te r i a l  du r i ng  we ld ing ,  mak ing  t he
we ld ing  p rocess  more  d i f f i cu l t .

Th i s  i s sue  can  be  reso l ved  by  p rehea t i ng  t he  ma te r i a l  be fo re
we ld ing .
Gene ra l l y ,  p rehea t i ng  i s  app l i ed  t o  pa r t s  t h i cke r  t han  2  mm a t
app rox ima te l y  200 -300°C  us ing  an  oxy -ace ty l ene  f l ame .
Fo r  pa r t s  t h i cke r  t han  6 .5  mm,  t he  p rehea t i ng  t empera tu re  can
go  up  t o  500°C .

7 .1 .3 .  Hea t  Co l lec t ing  Back ing  P la tes  The  un ique  proper t i es  o f
copper  s ign i f i can t ly  impact  i t s  we ldab i l i t y .

A l though  coppe r  has  a  l ower  me l t i ng  po in t  ( 1083°C)  compared  t o
s tee l  ( 1535°C) ,  i t  i s  more  cha l l eng ing  t o  we ld .
Th i s  i s  because  coppe r  has  f i ve  t imes  h ighe r  t he rma l
conduc t i v i t y  t han  s tee l ,  r equ i r i ng  more  hea t  i npu t  du r i ng  we ld ing .
Add i t i ona l l y ,  t he  hea t  app l i ed  du r i ng  we ld ing  sp reads  t o  t he
su r round ing  ma te r i a l ,  caus ing  hea t  l oss .

To  min imize  hea t  d iss ipa t ion ,  the  fo l lowing  methods  a re  used:
Prehea t i ng  t he  ma te r i a l
Us ing  hea t - co l l ec t i ng  back ing  p la tes  made  o f  coppe r  o r  s tee l
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Figure 7.1: Copper Welding
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Figure 7.1: Copper Welding



One o f  the  ma jor  cha l lenges  in  copper  we ld ing  is  i t s  h igh
therma l  expans ion .

Due  to  t h i s  cha rac te r i s t i c ,  t he  hea t  app l i ed  du r i ng  we ld ing
causes  v i s i b l e  de fo rma t i on  i n  t he  pa r t .
When  the  hea t  i s  r emoved ,  coppe r  con t rac t s  a t  t he  same  ra te ,
mak ing  we ld ing  more  d i f f i cu l t .
Th i s  expans ion  and  subsequen t  con t rac t i on  can  l ead  t o  c rack ing
in  we lded  j o i n t s .

Compared  to  s tee l  and  i t s  a l loys ,  copper  we ld ing  requ i res :
A w ide r  g roove  ang le  and  roo t  gap
More  t ack  we lds
H ighe r  p rehea t i ng  be tween  passes

Addi t iona l ly :
The  l a rges t  poss ib l e  e l ec t rode  d iame te r  shou ld  be  se lec ted
based  on  t he  t h i ckness  o f  t he  ma te r i a l .
Wheneve r  poss ib l e ,  we ld ing  shou ld  be  done  i n  t he  ho r i zon ta l
pos i t i on .

7 .1 .4 .  Copper  We ld ing  Process
In  copper  we ld ing ,  g roove  des ign  and  ang les  genera l l y  do  no t
d i f f e r  s i gn i f i can t l y  f r om those  used  fo r  s tee l .
P re -We ld  P repa ra t i on

Fo r  pa r t s  up  t o  3 .5  mm th i ck ,  bu t t  we ld ing  w i t hou t  a  roo t  gap  i s
poss ib l e .
Fo r  t h i cke r  sec t i ons ,  a  s i ng le  V -g roove  (60 -90° )  o r  a  doub le  V -
g roove  (70 -90° )  shou ld  be  used .
The  roo t  gap  shou ld  no t  exceed  3 .5  mm.
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Figure 7.2: Backing Plate Used in Copper Welding

Figure 7.3: Weld Groove and Dimensions Used in Copper Welding



Oi l ,  d i r t ,  and  ox ides  on  t he  su r face  o f  t he  pa r t s  t o  be  we lded  mus t
be  t ho rough l y  c l eaned  us ing  a  w i re  b rush  and  sand ing  s tone  be fo re
we ld ing  and  t hen  d r i ed .
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Figure 7.4: Cleaned Copper Surface

Elec t rodes  Used  in  Copper  We ld ing
The  coppe r  and  i t s  a l l oys  ava i l ab le  i n  t he  marke t  have  d i f f e ren t
chemica l  compos i t i ons .

To  ensu re  h igh -qua l i t y  we ld ing ,  t he  e lec t rodes  used  mus t  be
compa t i b l e  w i t h  t hese  chemica l  compos i t i ons .
Due  to  t h i s ,  va r i ous  t ypes  o f  e l ec t rodes  w i t h  d i f f e ren t  chemica l
compos i t i ons  a re  ava i l ab le .
E lec t rodes  a re  c l ass i f i ed  acco rd ing  t o  t he  Amer i can  We ld ing
Soc ie t y  (AWS)  s tanda rd  A  5 .6 .

Figure 7.5: Copper Electrode

Pure  coppe r  e l ec t rodes  a re  used  f o r  we ld ing  pu re  coppe r ,  as
we l l  as  f o r  r epa i r  we ld ing  o f  coa t i ngs  on  cas t  i r on  and  s tee l .
S i l i con  b ronze  e lec t rodes  a re  used  f o r  we ld ing  b rass ,  coppe r ,
and  some  i r on -based  a l l oys .
Phospho r  b ronze  e lec t rodes  a re  used  f o r  we ld ing  b rass  and
phospho r  b ronze .
Coppe r -n i cke l  a l l oy  e l ec t rodes  a re  used  f o r  we ld ing  coppe r -
n i cke l  a l l oys  and  f o r  app l y i ng  coppe r -n i cke l  coa t i ngs  on  s tee l .
A lum inum b ronze  e lec t rodes  a re  used  f o r  we ld ing  a lum inum
bronze ,  as  we l l  as  f o r  j o i n i ng  coppe r  a l l oys  w i t h  o the r  t ypes  o f
a l l oys .

Arc  Length ,  E lec t rode  Movements ,  and  Amperage  Ad jus tment
I n  sh ie l ded  me ta l  a r c  we ld ing  (SMAW)  o f  coppe r ,  t he  a rc  l eng th  ( t he
d i s tance  be tween  the  e lec t rode  and  t he  wo rkp iece )  shou ld  be  kep t
sho r t ,  gene ra l l y  a round  3  mm.

The  e lec t rode  shou ld  be  he ld  a t  an  ang le  o f  60 -80  deg rees  t o  t he
workp iece .
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Figure 7.5: Electrode Angle in Copper Welding

The  e lec t rode  shou ld  be  g i ven  a  s l i gh t  osc i l l a t i on  movemen t ,  bu t
t h i s  movemen t  shou ld  no t  exceed  tw i ce  t he  e lec t rode  d iame te r .
We ld ing  shou ld  be  pe r fo rmed  i n  t he  ho r i zon ta l  pos i t i on  wheneve r
poss ib l e .
The  cu r ren t  se t t i ng  on  t he  we ld ing  mach ine  shou ld  be  50  amps
pe r  m i l l ime te r  o f  e l ec t rode  d iame te r .

Fo rmu la  f o r  Ca l cu la t i ng  Cu r ren t  I n tens i t y :
I =50×d I=50×d
Where :
I  =  Cu r ren t  i n tens i t y  ( amperes )
50  =  Cons tan t  coe f f i c i en t
d  =  E lec t rode  d iame te r  (mm )
7 .1 .5 .  App l ica t ion  o f  the  We ld ing  Method  and  Post -We ld
Procedures
1 . P r e -We ld  P repa ra t i on

The  edges  o f  t he  wo rkp ieces  shou ld  be  t ho rough l y  c l eaned  o f
o i l ,  d i r t ,  and  mo is tu re .
The  app rop r i a te  roo t  gap  shou ld  be  l e f t ,  and  t he  we ld  g roove
shou ld  be  p repa red .

2 . Workp iece  Pos i t i on ing
Based  on  t he  roo t  gap ,  f l a t  o r  spec ia l l y  shaped  back ing  p la tes
shou ld  be  c l amped  to  t he  wo rkp ieces  us ing  a  v i se .

3 . P rehea t i ng
Fo r  ma te r i a l s  t h i cke r  t han  2  mm,  p rehea t i ng  be tween  200 -
300°C  shou ld  be  app l i ed .
An  e lec t rode  ma tch ing  t he  chemica l  compos i t i on  o f  t he
ma te r i a l  and  c l ose  t o  t he  t h i ckness  o f  t he  wo rkp iece  shou ld
be  se lec ted .
The  e lec t rode  shou ld  be  connec ted  t o  t he  pos i t i ve  (+ )  po le .
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4 .We ld ing  P rocess
The  cu r ren t  shou ld  be  ad jus ted  based  on  t he  e lec t rode  d iame te r .
The  a rc  l eng th  shou ld  be  kep t  sho r t .
The  e lec t rode  shou ld  be  he ld  a t  a  60 -80°  ang le  t o  t he  wo rkp iece .
A  sma l l  osc i l l a t i on  movemen t  shou ld  be  used  wh i l e  we ld ing .
S low  coo l i ng  shou ld  be  ensu red  a f t e r  we ld ing .

5 .Pos t -We ld  C lean ing
S lag  shou ld  be  removed  f r om the  we lded  j o i n t .
Rap id  coo l i ng  shou ld  be  avo ided  t o  p reven t  sh r i nkage  and
c rack ing  o f  t he  we ld  me ta l .

Figure 7.5: Copper Joint Welding

7 . 2 .  BRASS WELDING
Brass  i s  an  a l l oy  o f  coppe r  (Cu )  and  z i nc  (Zn ) .  I t s  me l t i ng
tempera tu re  va r i es  depend ing  on  t he  z i nc  con ten t ,  app rox ima te l y
900°C .
Brass  A l loy  and  I ts  Indust r ia l  App l ica t ions
Brasses  a re  gene ra l l y  ca tego r i zed  i n to  t h ree  g roups  based  on  t he i r
z i nc  con ten t  and  a l l oy i ng  e lemen ts .  I f  t he  z i nc  con ten t  i s  be low
20%,  i t  i s  ca l l ed  l ow-z inc  ( red )  b rass ,  wh i l e  i f  i t  exceeds  20%,  i t  i s
re fe r red  t o  as  h igh -z i nc  (Mun tz  me ta l )  b rass .  I n  add i t i on  t o  coppe r
and  z i nc ,  e l emen ts  such  as  t i n  (Sn ) ,  manganese  (Mn) ,  a l um inum
(A l ) ,  i r on  (Fe ) ,  and  phospho rus  (P )  can  be  i nc luded  i n  t he
compos i t i on ,  f o rm ing  l ow-a l l oyed  b rasses .
The i r  r es i s tance  t o  mach in ing ,  co ld  f o rm ing ,  and  ex te rna l  e f f ec t s
a re  among  the i r  mos t  impo r tan t  p rope r t i es .  H igh  f a t i gue  s t reng th ,
good  mechan i ca l  p rope r t i es ,  and  a f f o rdab i l i t y  make  them su i t ab le
fo r  use  i n  t he  de fense  i ndus t r y ,  sh ipbu i l d i ng ,  l i gh t  bu lb  socke ts ,
mus i ca l  i ns t rumen t  componen ts ,  and  sc rew  manu fac tu r i ng .
The  Impo r tance  o f  B rass  We ld ing  i n  I ndus t r y
B rass  has  a  b road  range  o f  coppe r - z i nc  a l l oys ,  wh i ch  can  f u r t he r
expand  w i t h  t he  add i t i on  o f  l ead ,  a l um inum,  t i n ,  phospho rus ,
s i l i con ,  and  manganese .  Th i s  resu l t s  i n  a  va r i e t y  o f  d i f f e ren t
we ld ing  behav io r s .
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S ince  l ead -con ta in i ng  manu fac tu r i ng  b rasses  t end  t o  f o rm  po rous
s t ruc tu res  and  become  b r i t t l e  a t  h i gh  t empera tu res ,  t hey  a re
p re fe rab l y  j o i ned  us ing  so lde r i ng  i ns tead  o f  we ld ing .  Add i t i ona l l y ,
due  t o  t he  f o rma t i on  o f  a  b r i t t l e  a l um inum laye r  du r i ng  we ld ing ,  t he
MIG o r  T IG  we ld ing  me thods  a re  p re fe r red .
When  the  co r rec t  e l ec t rode  se lec t i on  i s  made  based  on  t he  z i nc
con ten t  and  a l l oy i ng  e lemen ts ,  h i gh -qua l i t y  we lds  can  be  ach ieved
us ing  sh ie l ded  me ta l  a r c  we ld ing  (SMAW) .  Fu r the rmore ,  t h i s  me thod
i s  app l i cab le  whe re  h igh  t ens i l e  and  f a t i gue  res i s tance  a re
requ i red .
7 . 2 .1 .  Impor tance  o f  Reverse  Po la r i ty  in  Brass  We ld ing
An  e lec t rode  su i t ab le  f o r  t he  b rass  a l l oy  i s  se lec ted  and  connec ted
to  t he  pos i t i ve  (+ )  t e rm ina l .
7 .2 .2 .  P rehea t ing
Be fo re  we ld ing ,  b rass  pa r t s  a re  p rehea ted  t o  200 -300°C .  S ince
s i l i con -con ta in i ng  b rasses  a re  b r i t t l e ,  p rehea t i ng  i s  no t  app l i ed  t o
them.  The  i n te rpass  t empera tu re  shou ld  no t  exceed  93°C .
7 .2 .3 .  Impor tance  o f  Vent i l a t ion  Aga ins t  Z inc  Evapora t ion
S ince  t he  p r ima ry  me ta l  i n  b rass  i s  coppe r ,  b rass  we ld ing  exh ib i t s
cha rac te r i s t i c s  s im i l a r  t o  coppe r  we ld ing .  Howeve r ,  t he  p resence  o f
z i nc  makes  we ld ing  more  cha l l eng ing .  The  we ld ing  t empera tu re
(900°C)  i s  h i ghe r  t han  z i nc ' s  me l t i ng  po in t  ( 420°C) ,  and  as  t he
we ld ing  p rocess  p rog resses ,  z i nc  beg ins  t o  evapo ra te  (a t  905°C) ,
a l t e r i ng  t he  a l l oy ' s  chemica l  compos i t i on .
I f  p rope r  ven t i l a t i on  i s  no t  ensu red ,  t he  we lde r  may  be  exposed  to
ha rmfu l  z i nc  ox ide  f umes .  Add i t i ona l l y ,  z i nc  ox ide  f umes  obscu re
v i s i on ,  h i nde r  t he  f l ow  o f  mo l t en  me ta l ,  and  p reven t  t he  p rope r
we t t i ng  o f  t he  we ld ing  su r face .  Excess i ve  evapo ra t i on  l eads  t o
s ign i f i can t  z i nc  l oss ,  wh i ch  a f f ec t s  t he  phys i ca l  and  mechan i ca l
p rope r t i es  o f  t he  base  me ta l .  To  ach ieve  t he  bes t  r esu l t s  and
min im ize  z i nc  evapo ra t i on ,  we ld ing  shou ld  be  pe r fo rmed  i n  a
ho r i zon ta l  pos i t i on ,  us ing  t he  l a rges t  poss ib l e  e l ec t rode  d iame te r
and  app l y i ng  f as t  we ld  passes .
7 .2 .4 .  Brass  We ld ing  Process
Be fo re  we ld ing ,  su r face  c l ean ing  mus t  be  pe r fo rmed .
C lean ing  o f  B rass  Componen ts  Be fo re  We ld ing
As  i n  coppe r  we ld ing ,  any  g rease ,  d i r t ,  and  ox ides  on  t he  su r face  o f
b rass  ma te r i a l s  mus t  be  t ho rough l y  c l eaned  us ing  a  w i re  b rush  and
g r i nd ing  s tone .  I f  t hese  con tam inan ts  a re  no t  r emoved ,  t hey  reduce
we ld  s t reng th  and  comp l i ca te  t he  we ld ing  p rocess .
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Elec t rodes  Used  in  Brass  We ld ing
The  e lec t rodes  used  i n  b rass  we ld ing  a re  se lec ted  based  on  t he
z inc  con ten t  and  t he  des i red  p rope r t i es  o f  t he  we ld  seam.

I f  t he  z i nc  con ten t  i s  be low  20%,  phospho r  b ronze  [ (E  Cu  Sn -A )
and  (E  Cu  Sn -C) ]  o r  s i l i con  b ronze  (E  Cu  S i )  e l ec t rodes  a re
used .
I f  t he  z i nc  con ten t  exceeds  20%,  phospho r  b ronze  and  s i l i con
b ronze  e lec t rodes ,  as  we l l  as  a l um inum b ronze  (E  Cu  A lA2 )
e lec t rodes ,  can  be  used .

Figure 7.6: Copper Joint Welding

Figure 7.7: Brass Electrode

A lum inum b ronze  e lec t rodes  a re  used  i n  cases  whe re  h igh  t ens i l e
s t reng th ,  f a t i gue  res i s tance ,  and  good  co r ros ion  res i s tance  a re
requ i red .  Med ium-qua l i t y  we lds  can  be  ach ieved  w i t h  s i l i con  b ronze
and  a lum inum b ronze  e lec t rodes .
Weld  Groove  Shapes  and  D imens ions  in  Brass  We ld ing

For  b rass  ma te r i a l s  up  t o  4  mm in  t h i ckness ,  bu t t  we ld ing  i s
app l i ed .
Fo r  t h i cke r  ma te r i a l s ,  a  60 -deg ree  s i ng le  o r  doub le -s i ded  V -
g roove  i s  c rea ted .
We ld ing  i s  gene ra l l y  pe r fo rmed  i n  a  ho r i zon ta l  pos i t i on .
Compared  t o  s tee l  ma te r i a l s ,  a  w ide r  gap  i s  l e f t  be tween  the  two
mate r i a l s .

Figure 7.8: Weld Groove Shapes and Dimensions Used in Brass Welding



The  amperage  se t t i ng  i s  ca l cu la ted  us ing  t he  f o l l ow ing  f o rmu la ,  as
in  coppe r  we ld ing :
d :  E lec t rode  d iame te r
I :  Amperage  se t t i ng
I  =  50  ×  d
7 .2 .5 .  App l ica t ion  o f  the  We ld ing  Method  and  Post -We ld ing
Procedures
•  The  o i l  and  d i r t  on  t he  edges  o f  t he  ma te r i a l s  t o  be  we lded  a re
c leaned .  Fo r  ma te r i a l s  t h i cke r  t han  4mm,  a  60 -deg ree  s i ng le  o r
doub le -s i ded  V  g roove  i s  opened ,  and  a  w ide r  gap  i s  l e f t  be tween
the  ma te r i a l s  compared  t o  s tee l  ma te r i a l s .
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Elec t rode  Arc  Length ,  Movements ,  and  Amperage  Se t t ing
I n  t he  we ld ing  o f  b rass  ma te r i a l s ,  t he  a rc  l eng th  shou ld  be  kep t
sho r t .  To  p reven t  z i nc  vapo r i za t i on ,  t he  we ld  poo l  shou ld  be  kep t
as  sma l l  as  poss ib l e .  Excess i ve  osc i l l a t i on  movemen t  o f  t he
e lec t rode  shou ld  be  avo ided .  The  ho r i zon ta l  ang le  be tween  the
e lec t rode  and  t he  ma te r i a l  shou ld  be  be tween  75 -85  deg rees .

Figure 7.9: Angle to be Given to the Electrode in Brass Welding

Figure 7.10: Weld Groove Shapes and Dimensions Used in Brass Welding

The  e lec t rode  i s  he ld  a t  ang les  o f  75 -85  deg rees  t o  t he  ma te r i a l s
and  we lded  i n  a  ho r i zon ta l  pos i t i on  w i t h  a  sho r t  a r c  l eng th  and
min ima l  osc i l l a t i on  movemen t .
•  Z i nc  vapo r i za t i on  may  occu r  du r i ng  we ld ing ,  wh i ch  i s  ha rmfu l  t o
human  hea l t h .  The re fo re ,  t he  we ld ing  env i ronmen t  mus t  be  ve ry
we l l  ven t i l a ted .
•  The  we lded  p iece  i s  coo led  s l ow ly ,  and  t he  we ld ing  s l ag  i s  b roken
and  c l eaned .



7 .3 .  WELDING OF ALUMINUM AND ITS  ALLOYS
Af te r  s tee l ,  t he  mos t  consumed  me ta l l i c  ma te r i a l  i s  a l um inum (A l )
and  i t s  a l l oys .  I t  i s  a  s i l ve r - co lo red  me ta l  w i t h  a  me l t i ng  po in t  o f
660°C .  Pu re  a lum inum i s  so f t  and  has  one - th i r d  t he  we igh t  o f  s tee l .
Due  to  i t s  sens i t i v i t y  t o  oxygen ,  i t  f o rms  a  s t rong  and  t h i n  ox ide
laye r  (A l ₂O ₃ )  on  i t s  su r face ,  wh i ch  makes  i t  h i gh l y  res i s tan t  t o
ox ida t i on  and  p ro tec t s  i t  f r om ex te rna l  f ac to r s .
A lum inum i s  p roduced  f r om baux i t e ,  t he  mos t  abundan t  o re .
Depend ing  on  t he  e lemen ts  con ta ined ,  baux i t e  i s  c l ass i f i ed  i n to  f ou r
g roups :  wh i t e  baux i t e ,  r ed  baux i t e ,  s i l i ceous  red  baux i t e ,  and  b rown
baux i t e .  I n  gene ra l ,  a l um inum a l l oys  a re  d i v i ded  i n to  two  g roups :
hea t - t r ea tab le  a l l oys  and  non -hea t - t r ea tab le  a l l oys .
The  Ro le  and  Impo r tance  o f  A lum inum We ld ing  i n  I ndus t r y
Due  to  i t s  l i gh twe igh t ,  good  the rma l  and  e lec t r i ca l  conduc t i v i t y ,  and
co r ros ion  res i s tance ,  a l um inum i s  w ide l y  used  i n  t he  f ood  i ndus t r y ,
chemica l  i ndus t r y ,  au tomo t i ve  and  sh ipbu i l d i ng  i ndus t r y ,  mach ine ry
and  equ ipmen t  manu fac tu r i ng ,  as  we l l  as  a r ch i t ec tu ra l  app l i ca t i ons
and  cons t ruc t i on .
Today ,  app rox ima te l y  50% o f  a l um inum a l l oy  j o i n t s  i n  va r i ous
indus t r i es  a re  made  us ing  we ld ing .  Sh ie lded  me ta l  a r c  we ld ing
(SMAW)  fo r  a l um inum i s  no t  common ly  used  as  i t  gene ra l l y  does
no t  mee t  t he  des i red  cond i t i ons .
7 .3 .1 .  The  Impor tance  o f  Reverse  Po la r i ty  in  A luminum and
Al loy  We ld ing
I n  we ld ing  w i t h  d i r ec t  cu r ren t  (DC)  power  sou rces ,  t he  e lec t rode  i s
connec ted  t o  t he  pos i t i ve  (+ )  t e rm ina l .
7 .3 .2 .  Dry ing  E lec t rodes  Be fore  We ld ing
Acco rd ing  t o  t he  Amer i can  We ld ing  Soc ie t y  (AWS)  A  5 .3  s tanda rd ,
two  t ypes  o f  e l ec t rodes  a re  used  i n  t he  e lec t r i c  a r c  we ld ing  o f
a lum inum:  E1100  and  E4043 .  A l l oy  1100  i s  commerc ia l l y  pu re  (99%)
a lum inum,  wh i l e  a l l oy  4043  con ta ins  95% a lum inum and  5% s i l i con
and  i s  su i t ab le  f o r  mos t  gene ra l -pu rpose  app l i ca t i ons .
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Figure 7.11: Brass Joint Welding



The  we ld  me ta l  has  s t reng th .  When  co r ros ion  res i s tance  i s
requ i red ,  an  e lec t rode  w i t h  p rope r t i es  s im i l a r  t o  t he  ma te r i a l  be ing
we lded  shou ld  be  se lec ted .  E lec t rodes  shou ld  be  s to red  i n  d r y
env i ronmen ts .  Mo i s t  e l ec t rodes  cause  po ros i t y  i n  t he  we ld  seam.
The re fo re ,  e l ec t rodes  t ha t  a re  no t  comp le te l y  d r y  shou ld  be  baked
in  an  oven  a t  175 -200°C  fo r  abou t  one  hou r  t o  d r y  t hem p rope r l y .
7 .3 .3 .  C lean ing  A luminum and  I ts  A l loys '  Sur faces  w i th
Mechan ica l  and  Chemica l  So lu t ions
The  pa r t s  t o  be  we lded  usua l l y  a r r i ve  a t  t he  we lde r ' s  s ta t i on  a f t e r
be ing  cu t  and  shaped .  These  p rocesses  cause  t he  f o rma t i on  o f  o i l
l aye rs ,  dus t ,  and  bu r r s  on  t he  ma te r i a l  su r f ace .
The  hyd rogen ,  oxygen ,  and  po ros i t y  f ound  i n  o i l s  and  g reases
c rea te  f oam,  reduc ing  we ld ing  qua l i t y .  The re fo re ,  o i l s  on  t he
su r face  o f  t he  ma te r i a l  a re  removed  chemica l l y ,  wh i l e  chemica l l y
f o rmed  dus t  and  bu r r s  a re  c l eaned  mechan i ca l l y .  The  we ld ing  j o i n t
a rea  shou ld  be  c l eaned  w i t h  a  s ta i n l ess  s tee l  w i re  b rush ,  and  t o
comp le te l y  r emove  the  ox ide  l aye r  f r om the  su r face ,  t he  a rea  mus t
be  sc raped  ( see  F igu re  7 .13 ) .
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Figure 7.12: Aluminum Electrode

Figure 7.13: Aluminum part with a cleaned surface



7 .3 .4 .  The  Process  o f  We ld ing  A luminum and  I ts  A l loys
The  sh ie l ded  e lec t rode  e lec t r i c  a r c  we ld ing  me thod  can  be  used  fo r
we ld ing  a l l  t ypes  o f  a l um inum and  non -hea t - t r ea tab le  a l l oys .
A lum inum has  a  s t rong  t endency  t o  abso rb  oxygen ,  espec ia l l y  a t
h i gh  t empera tu res .  A l t hough  the  ox ide  l aye r  t ha t  f o rms  on  t he
su r face  i s  bene f i c i a l ,  i t  causes  s i gn i f i can t  p rob lems  du r i ng  t he
we ld ing  p rocess .  Th i s  i s  because  the  me l t i ng  po in t  o f  t he  ox ide
laye r  ( 2100°C)  i s  much  h ighe r  t han  t ha t  o f  a l um inum.  Du r i ng
we ld ing ,  excess i ve  hea t  i s  r equ i red  t o  me l t  t he  ox ide ,  caus ing  t he
base  me ta l  t o  me l t  sudden l y  and  co l l apse .  To  add ress  t h i s  i s sue ,
t he  ox ide  l aye r  on  t he  su r face  o f  t he  a lum inum mus t  be  removed
be fo re  we ld ing .
The  h igh  t ens i l e  s t r esses  o f  a l um inum a l l oys  and  t he  l ack  o f  p rope r
f i xa t i on  o f  t he  p ieces  t o  be  j o i ned  can  l ead  t o  t he  f o rma t i on  o f  ho t
c racks  i n  t he  we ld  me ta l .  These  c racks  can  be  m in im ized  by
p rehea t i ng ,  mod i f y i ng  t he  j o i n t  des ign ,  and  se lec t i ng  a  more
su i t ab le  e l ec t rode .
A lum inum ma te r i a l s  a re  gene ra l l y  no t  t ack -we lded  un less
necessa ry ,  and  a  s i ng le -pass  we ld  bead  i s  p re fe r red .  Th i s  i s
because  a lum inum ox id i zes  qu i ck l y  when  exposed  to  hea t ,  r equ i r i ng
repea ted  c l ean ing  when  tack  we ld ing  o r  pe r fo rm ing  mu l t i p l e  we ld
passes .  I ns tead ,  a l um inum ma te r i a l s  a re  secu red  us ing  we igh t s  and
va r i ous  f as ten ing  e lemen ts .  A f t e r  t ack  we ld ing  and  bead
app l i ca t i on ,  a  c ra te r  f o rms  a t  t he  t i p  o f  t he  e lec t rode ,  cove r i ng  i t s
end  and  p reven t i ng  a rc  f o rma t i on .  The re fo re ,  t he  c ra te r  a t  t he  t i p  o f
t he  e lec t rode  mus t  be  opened  w i t h  a  s i de  ch i se l .
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Figure 7.14: Backing used in aluminum welding.



Othe rw ise ,  s l ag  res idues  w i l l  f o rm  and  may  cause  c racks .  The  s l ag
fo rmed  mus t  be  t ho rough l y  c l eaned  a f t e r  each  we ld  seam us ing  a
po in ted  we ld ing  ch i se l  o r  a  w i re  b rush .  Add i t i ona l l y ,  t he  we ld
su r face  shou ld  be  sc raped  to  remove  the  ox ide  l aye r  f o rmed  du r i ng
we ld ing .  These  p rocesses  a re  essen t i a l  f o r  t he  s t reng th  o f  t he  we ld .
Weld  Groove  Prepara t ion  fo r  A luminum Mater ia ls

For  ma te r i a l s  up  t o  4 .5 -5  mm in  t h i ckness ,  a  squa re  bu t t  we ld  i s
app l i ed .  I f  t he  edges  a re  cu t  p rec i se l y  and  squa re l y ,  no
add i t i ona l  p repa ra t i on  i s  r equ i red .
Fo r  t h i cke r  ma te r i a l s ,  a  s i ng le  o r  doub le -s i ded  V -g roove  i s
p repa red  a t  an  ang le  o f  60 -90  deg rees .
Depend ing  on  t he  t h i ckness ,  t he  roo t  f ace  i s  se t  be tween  1 .5 -6
mm,  and  t he  roo t  gap  i s  be tween  0 .8 -1 .5  mm.

The  Impor tance  o f  We ld  Seam C lean ing  in  A luminum Weld ing
Th ick  a lum inum ma te r i a l s  need  to  be  we lded  w i t h  mu l t i p l e  passes .
The re fo re ,  s l ag  mus t  be  t ho rough l y  c l eaned  a f t e r  each  pass .
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Figure 7.16: Weld Groove Shapes and Dimensions Used in Aluminum Welding

Figure 7.15: Weld Seam Cleaning in Aluminum Welding

a) Slag not cleaned                           b) Slag cleaned



Af te r  t he  c l ean ing  p rocess ,  we ld ing  shou ld  be  pe r fo rmed  w i t hou t
de lay .
•  To  p reven t  i n te rna l  s t r esses  and  d i s to r t i ons ,  t he  pa r t s  a re  t ack -
we lded  o r  f i xed  w i t h  we igh t s .  A f t e r  t ack  we ld ing ,  t he  same  i n i t i a l
c l ean ing  p rocess  i s  r epea ted .
•  S ince  bo th  t he  a lum inum e lec t rode  and  t he  base  me ta l  me l t  and
so l i d i f y  qu i ck l y ,  e l ec t rode  s t i c k i ng  can  be  an  i ssue .  The re fo re ,  t he
e lec t rode  i s  i gn i t ed  by  mak ing  a  b rush ing  mo t i on  on  t he  su r face  o f
t he  base  me ta l .
•  The  e lec t rode  shou ld  be  he ld  a t  90  deg rees  i n i t i a l l y  and  t hen  a t
60  deg rees  i n  t he  d i r ec t i on  o f  t he  we ld  seam as  we ld ing
p rog resses .

Prehea t ing  in  A luminum Weld ing
Genera l l y ,  p rehea t i ng  i s  no t  app l i ed  t o  ma te r i a l s  w i t h  a  t h i ckness
o f  up  t o  5  mm.
Fo r  a l um inum ma te r i a l s  t h i cke r  t han  5  mm,  p rehea t i ng  a round
200°C  i s  app l i ed .
Th i s  p rocess  can  be  ca r r i ed  ou t  us ing  an  oxy -ace ty l ene  f l ame .

7 .3 .5 .  App l ica t ion  o f  the  We ld ing  Method  and  Post -We ld ing
Procedures
The  we ld  g rooves  o f  t he  pa r t s  t o  be  we lded  a re  p repa red ,  and
su r face  c l ean ing  i s  pe r fo rmed  be fo re  we ld ing
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Figure 7.17: Aluminum part with surface cleaning

Figure 7.18: Holding the electrode at a 90-degree angle initially and at a 60-

degree angle as welding progresses.



The  e lec t rode  shou ld  no t  be  t i l t ed  t oo  much  as  i t  causes  po ros i t y
and  spa t t e r i ng .
•  Ca re  shou ld  be  t aken  t o  con t ro l  t he  e lec t rode  so  t ha t  t he  s l ag
f l oa t s  on  t he  we ld  poo l .
•  The  e lec t rode  shou ld  no t  be  moved  excess i ve l y  f r om s ide  t o  s i de .
•  The  a rc  l eng th  shou ld  be  sho r t  ( 3 -5  mm)  t o  p reven t  excess i ve
me l t i ng .
•  I f  poss ib l e ,  a  s i ng le -pass  we ld  shou ld  be  p re fe r red .  Mu l t i p l e
passes  a re  gene ra l l y  avo ided  due  t o  po ten t i a l  d i f f i cu l t i es  i n
c l ean ing  t he  f l ux  coa t i ng  f r om the  we ld  su r face .
•  I f  mu l t i p l e  passes  a re  requ i red ,  t he  same  c lean ing  p rocess  shou ld
be  app l i ed  a f t e r  each  pass .
•  The  s l ag  shou ld  be  c l eaned  a t  t he  end  o f  t he  we ld ing  p rocess .
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Figure 7.19: Aluminum Joint Welding

At  t he  end  o f  t he  we ld ing  p rocess ,  t he  s l ag  f o rmed  on  t he  we ld  i s
mechan i ca l l y  c l eaned  us ing  a  w i re  b rush  and  a  po in ted  ch ipp ing
hammer .
•  Add i t i ona l l y ,  t he  we ld  seam i s  c l eaned  by  app l y i ng  s team o r
sc rubb ing  w i t h  ho t  wa te r .
•  The  p resence  o f  s l ag  res idues  be tween  passes  o r  on  t he  su r face
i s  checked  by  app l y i ng  a  5% s i l ve r  n i t r a te  so lu t i on  t o  t he  we ld  a rea .
I f  s l ag  rema ins ,  i t  f oams  and  revea l s  i t se l f .
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8 .1 .  WELDING OF ALLOY STEELS
A l though  ca rbon  s tee l s  a re  economica l  t o  p roduce ,  t hey  do  no t
mee t  a l l  r equ i remen ts .  I n  pa r t i cu la r ,  due  t o  t he i r  l ow  wea r
res i s tance  and  t oughness  p rope r t i es ,  a l l oy i ng  i s  pe r fo rmed  to
enhance  o r  mod i f y  t he  des i red  p rope r t i es  o f  t he  s tee l .
8 .2 .  WELDING OF STAINLESS STEELS
Stee l s  t ha t  con ta in  12% o r  more  ch rom ium a re  ca l l ed  s ta i n l ess
s tee l s .  A  ve ry  t h i n  bu t  impe rmeab le  ch rom ium ox ide  (C r ₂O ₃ )  l aye r
fo rms  on  t he  su r face  o f  t hese  s tee l s ,  p reven t i ng  rus t  f r om
pene t ra t i ng  i nward .
I f  on l y  n i cke l  i s  p resen t  as  an  a l l oy i ng  e lemen t  i n  s tee l ,  i t  makes
the  s tee l  r es i s tan t  t o  co r ros ion .  Howeve r ,  t he  syne rg i s t i c  s t r uc tu re
fo rmed  by  us ing  n i cke l  t oge the r  w i t h  ch rom ium p rov ides  much
h ighe r  co r ros ion  res i s tance .  Mo l ybdenum i s  ano the r  e l emen t  t ha t
enhances  co r ros ion  res i s tance ,  bu t  i t  i s  expens i ve .
The  d i f f e ren t  t ypes  o f  s ta i n l ess  s tee l  s t r uc tu res  a re  as  f o l l ows :

Aus ten i t i c  s ta i n l ess  s tee l s
Fe r r i t i c  s ta i n l ess  s tee l s
Mar tens i t i c  s ta i n l ess  s tee l s
Dup lex  s ta i n l ess  s tee l s
P rec ip i t a t i on -ha rdened  s ta i n l ess  s tee l s

Arc  We ld ing  o f  Aus ten i t i c  S ta in less  S tee ls
The  we ld ing  o f  ch rom ium-n i cke l  s ta i n l ess  s tee l s  i nvo l ves  j o i n i ng
them w i th  o the r  s tee l s  o r  r o l l i ng  p roduc t  s ta i n l ess  s tee l s .  I f
s t a i n l ess  s tee l  pa r t s  r equ i re  repa i r s ,  we ld ing  i s  aga in  used .  I n  t he
we ld ing  o f  aus ten i t i c  s ta i n l ess  s tee l s ,  cove red  e lec t rode  a rc
we ld ing ,  as  we l l  as  T IG  and  MIG  we ld ing  me thods ,  a re  common ly
used .
Cove red  e lec t rode  a rc  we ld ing  i s  f r equen t l y  app l i ed  i n  t he  we ld ing
o f  aus ten i t i c  s ta i n l ess  s tee l s ,  whe re  e lec t rodes  w i t h  s im i l a r
compos i t i ons  a re  p re fe r red .  Du r i ng  t he  p rocess ,  p rope r  we ld ing
sequence  i s  f o l l owed  to  m in im ize  we ld ing  s t resses .  Fo r  t h i ck
sec t i ons ,  p rehea t i ng  be tween  100 -150°C  and  hammer ing  t he  we ld
bead  a f t e r  each  pass  a re  me thods  used  to  reduce  we ld ing  s t resses .
To  p reven t  ca rb ide  p rec ip i t a t i on  and  subsequen t  i n te rg ranu la r
co r ros ion ,  t he  we lded  a rea  shou ld  be  rap id l y  coo led .  Th i s  me thod  i s
app l i ed  on l y  t o  s tee l s  con ta in i ng  more  t han  0 .06% ca rbon .  I n  t he
case  o f  r epa i r i ng  cas t i ng  de fec t s  i n  s ta i n l ess  s tee l  cas t i ngs ,  a
so lu t i on  hea t  t r ea tmen t  and  rap id  coo l i ng  shou ld  be  pe r fo rmed  a f t e r
we ld ing .  Any  hea t  t r ea tmen t  app l i ed  t o  t he  cas t i ng  mus t  a l so  be
app l i ed  a f t e r  t he  repa i r .
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Aus ten i t i c  ch rom ium-n i cke l  s ta i n l ess  s tee l s  a re  suscep t i b l e  t o  ho t
c rack ing ,  espec ia l l y  when  us ing  cove red  e lec t rode  a rc  we ld ing .  The
p recau t i ons  and  cons ide ra t i ons  t o  avo id  t h i s  i nc l ude :

Se lec t i ng  t he  sma l l es t  poss ib l e  e l ec t rode  d iame te r
App l y i ng  t he  l owes t  cu r ren t  i n tens i t y
Avo id ing  z i gzag  movemen ts  o f  t he  e lec t rode  and  mak ing  t h i n
we ld  passes
Coo l i ng  t he  wo rkp iece  t o  room tempera tu re  be tween  passes  i n
mu l t i - pass  we ld ing
Ensu r i ng  t ha t  t he  c ra te r  a t  t he  end  o f  t he  we ld  i s  p rope r l y  f i l l ed
I f  c racks  a re  de tec ted ,  g r i nd ing  t hem away  be fo re  p roceed ing
w i th  we ld ing

Fo r  t hese  s tee l s ,  we ld ing  ma te r i a l s  w i t h  a  h i gh  manganese  con ten t
a re  used .  Expe r imen ts  have  shown  tha t  aus ten i t i c  we lds  con ta in i ng
7 -10% manganese  p rov ide  be t t e r  r es i s tance  t o  ho t  c rack ing  a t  h i gh
tempera tu res .
Arc  We ld ing  o f  Fer r i t i c  S ta in less  S tee ls
Fer r i t i c  s ta i n l ess  s tee l s  a re  bes t  we lded  us ing  T IG ,  M IG ,  and
p lasma  we ld ing  me thods ,  as  t hey  i nco rpo ra te  a  sh ie l d i ng  gas .
The re fo re ,  f e r r i t i c  s ta i n l ess  s tee l s  a re  no t  we lded  us ing
conven t i ona l  a r c  we ld ing .
Arc  We ld ing  o f  Mar tens i t i c  S ta in less  S tee ls
Var ious  t ypes  o f  e l ec t rodes  a re  used  f o r  manua l  we ld ing  o f  t hese
s tee l s .  The  compos i t i on  o f  t hese  e lec t rodes  may  ma tch  t ha t  o f  t he
base  me ta l ,  bu t  some t imes  t he  p ropo r t i ons  o f  e l emen ts  l i ke  ca rbon ,
manganese ,  and  ch rom ium a re  ad jus ted  t o  accoun t  f o r  po ten t i a l
dep le t i on  i n  t he  mo l t en  me ta l .
Fo r  h i gh -ca rbon  s tee l s  (C  >  0 .50%) ,  t he  ca rbon  con ten t  i s  mod i f i ed
to  reduce  b r i t t l eness  a f t e r  so l i d i f i ca t i on .  The  compos i t i on  o f  t he
mo l ten  me ta l  i s  a l so  ad jus ted  t o  ensu re  a  h igh  aus ten i t e  con ten t ,
wh i ch  p rov ides  s i gn i f i can t  duc t i l i t y .  Th i s  t ype  o f  f i l l e r  me ta l  i s
su i t ab le  f o r  h i gh -ca rbon  and  p rec ip i t a t i on -ha rdened  s tee l s  bu t  may
nega t i ve l y  a f f ec t  wea r  res i s tance  i n  ab ras i ve  env i ronmen ts .
Typ i ca l l y ,  bas i c - coa ted  e lec t rodes  (+  e lec t rode )  a re  used ,  and  a
ve ry  sho r t  a r c  i s  ma in ta ined .  I n  d i f f i cu l t  pos i t i ons  ( such  as  ve r t i ca l
o r  ove rhead  we ld ing ) ,  l owe r  cu r ren t  i n tens i t y  i s  app l i ed .  The
recommended  cu r ren t  i n tens i t y  va r i es  depend ing  on  t he  spec i f i c
we ld ing  cond i t i ons .
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The  j o i n t  p repa ra t i on  f o r  h i gh -a l l oy  s tee l s  i s  s im i l a r  t o  t ha t  o f
regu la r  s tee l s .  Fo r  t h i cknesses  up  t o  3  mm,  we ld ing  can  be  done  i n
a  s i ng le  pass ,  bu t  i n  such  cases ,  a  back ing  p la te  shou ld  be  used .  I n
mu l t i - pass  we ld ing ,  p rope r  f us ion  o f  t he  roo t  pass  and  t he  su r face
f i n i sh  o f  subsequen t  passes  mus t  be  ensu red .  S lag  shou ld  be
tho rough l y  c l eaned  be tween  passes  us ing  a  s ta i n l ess  s tee l  b rush
and  ch i se l ,  ensu r i ng  t ha t  t he  t empera tu re  o f  t he  j o i n t  does  no t  f a l l
be low  the  p rehea t  t empera tu re .
Cu r ren t  Types ,  E lec t rode  Movemen ts ,  A rc  Leng th ,  and  Amperage
Set t ings  in  S ta in less  S tee l  We ld ing
A sho r t  a r c  l eng th  and  l ow  cu r ren t  i n tens i t y  shou ld  be  used  i n
we ld ing  s ta i n l ess  s tee l s .  Fo r  cove red  e lec t rode  we ld ing ,  e i t he r  DC
w i th  a  pos i t i ve  (+ )  e l ec t rode  o r  AC /DC e lec t rodes  i s  common ly
used .  Ru t i l e  e l ec t rodes  a re  p re fe r red  f o r  we ld ing  t h i n  s ta i n l ess
s tee l  shee ts  i n  f l a t  pos i t i ons .  Howeve r ,  when  ma te r i a l  t h i ckness
exceeds  2  mm,  bas i c  e l ec t rodes  shou ld  be  used .
Wi th  t echno log i ca l  advancemen ts ,  new  e lec t rode  p roduc t s  con t i nue
to  be  i n t roduced .  Be fo re  s ta r t i ng  t he  we ld ing  p rocess ,  t he
in fo rma t i on  on  t he  e lec t rode  package  shou ld  be  rev iewed  to  ensu re
i t  ma tches  t he  wo rkp iece  and  we ld ing  pos i t i on .
S ta in l ess  s tee l  e l ec t rodes  gene ra te  more  f umes  compared  t o  o the r
e lec t rodes ,  so  spec ia l  p recau t i ons  shou ld  be  t aken  f o r  hea l t h  and
sa fe t y .
A f t e r  we ld ing  s ta i n l ess  s tee l ,  t he  h igh  hea t  causes  ox ida t i on  a round
the  we ld ,  r esu l t i ng  i n  d i sco lo ra t i on  o r  da rken ing .  To  remove  th i s
d i sco lo ra t i on ,  spec ia l  pas tes  a re  used .  S ince  t hese  pas tes  con ta in
s t rong  chemica l s ,  d i r ec t  sk i n  con tac t  shou ld  be  avo ided ,  and
necessa ry  p recau t i ons  shou ld  be  t aken  be fo re  us ing  t hem.
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Figure 8.1: Oxidation of Stainless Steel Weld Metal



Elec t rode  Se lec t ion  fo r  S ta in less  S tee l  We ld ing
The  t ype  o f  s ta i n l ess  s tee l  t o  be  we lded  i s  de te rm ined  f r om the
in fo rma t i on  l abe l  o f  t he  pa r t .  Then ,  t he  app rop r i a te  e l ec t rode  i s
se lec ted  based  on  t he  i n fo rma t i on  l abe l  o f  t he  e lec t rode .
I f  t he  i n fo rma t i on  ma tches ,  we ld ing  can  p roceed .  The  de te rm ina t i on
o f  ma tch ing  i n fo rma t i on  i s  done  i n  l i gh t  o f  t he  f o l l ow ing  de ta i l s :
Ca rbon  and  a l l oyed  s tee l s  have  l ow  e lec t r i ca l  conduc t i v i t y
res i s tance .  I n  s ta i n l ess  s tee l s ,  t h i s  va lue  i s  4  t o  7  t imes  h ighe r .
The re fo re ,  s ta i n l ess  s tee l  e l ec t rodes  hea t  up  more  qu i ck l y ,  a re
p roduced  sho r te r ,  and  a re  l oaded  w i t h  a  cu r ren t  i n tens i t y  t ha t  i s
25% lower  compared  t o  no rma l  e l ec t rodes .
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8 .2 .1 .  P rocess  S teps  in  S ta in less  S tee l  We ld ing
The  a rea  t o  be  we lded  mus t  f i r s t  be  f r ee  f r om pa in t ,  va rn i sh ,  and
o the r  f o re ign  subs tances .  Mo i s tu re ,  su l f u r ,  and  o the r  chemica l
subs tances  nega t i ve l y  a f f ec t  t he  qua l i t y  o f  t he  we ld .
Fo r  h i gh -qua l i t y  we ld ing ,  t he  bes t  qua l i t y  s ta i n l ess  s tee l  ma te r i a l
and  e lec t rodes  shou ld  be  used .
The  we ld ing  g roove  shou ld  be  p rope r l y  and  app rop r i a te l y
opened .
A  g r i nd ing  t oo l  o r  s ta i n l ess  s tee l  w i re  b rush  shou ld  be  used  fo r
c l ean ing  we ld ing  s l ag  and  spa t t e r .
E lec t rodes  mus t  be  we l l  p ro tec ted  f r om mo is tu re .  Unused
e lec t rodes  shou ld  be  s to red  i n  spec ia l  r acks  o r  d r y i ng  ovens .
The  we ld ing  g roove  shou ld  be  d r i ed  w i t h  a  t o r ch  o r  d r y  a i r  t o
remove  mo is tu re .
Fo r  300  se r i es  s ta i n l ess  s tee l s ,  p rehea t i ng  and  pos t -we ld  hea t
t r ea tmen t  a re  no t  r equ i red .
To  keep  the  hea t  i npu t  l ow ,  sma l l - d i ame te r  e l ec t rodes  shou ld  be
used .
E lec t rodes  compa t i b l e  w i t h  t he  base  a l l oy  o r  one  g rade  h ighe r  i n
the  same  g roup  shou ld  be  used .
I f  p rope r  p recau t i ons  a re  no t  t aken  du r i ng  coo l i ng  i n  300  se r i es
s ta in l ess  s tee l  we ld ing ,  c racks  may  occu r  i n  t he  we ld .
I n  ho r i zon ta l  and  f l a t  we ld ing ,  t he  e lec t rode  shou ld  be  he ld  a t  an
ang le  o f  150  deg rees  i n  t he  we ld ing  d i r ec t i on ,  and  a  sho r t  a r c
l eng th  shou ld  be  ma in ta ined .
I n  ve r t i ca l  we ld ing ,  t he  e lec t rode  shou ld  be  he ld  pe rpend i cu la r  t o
the  p la te  and  moved  ove r  t he  f i r s t  pass  w i t h  s l i gh t  osc i l l a t i ons .
Ove rhead  we ld ing  shou ld  be  pe r fo rmed  w i t h  a  sho r t  a r c  and
w i thou t  excess i ve  e lec t rode  movemen t .



The  bes t  wea r  res i s tance  i s  ach ieved  w i t h  l ow  amperage  and
d i rec t  cu r ren t  f l a t  we ld ing .
Ve ry  l ow  amperage  can  cause  an  uns tab le  a r c ,  e l ec t rode
s t i ck i ng ,  s l ag  f o rma t i on ,  and  d i f f i cu l t  c l ean ing ,  l ead ing  t o  l osses
in  wea r  res i s tance .
Ve ry  h igh  amperage  o r  a  l ong  a rc  l eng th  can  d i s to r t  t he  we ld ing
sequence  and  cause  c rack ing .
I f  t he  s l ag  i s  d i f f i cu l t  t o  c l ean ,  t he  poss ib l e  reasons  cou ld  be :

The  we ld ing  g roove  i s  d i r t y  o r  na r row .
The  we ld ing  passes  a re  no t  un i f o rm .
The  e lec t rode  has  abso rbed  mo is tu re .
The  we ld  has  no t  f u l l y  coo led .

C rack ing  i n  s ta i n l ess  s tee l  we ld ing  can  occu r  due  t o :
C ra te r  f o rma t i on  i n  t he  passes .
Leav ing  a  l ong  a rc  l eng th  a t  t he  s ta r t  and  end  o f  t he  we ld .
Ove rhea t i ng  t he  pa r t .
Rap id  we ld ing  passes .
I nco r rec t  we ld ing  g roove  p repa ra t i on .
Us ing  t he  w rong  e lec t rode  t ype .

S ince  s ta i n l ess  s tee l  i s  smoo th  and  c l ean ,  deep  pene t ra t i on  i s
no t  r equ i red .  Ensu r i ng  comp le te  f us ion  i n  t he  f i na l  passes  i s
su f f i c i en t .

8 .2 .2 .  App l ica t ion  o f  S ta in less  S tee l  We ld ing  and  Post -We ld
Procedures

The  a rea  t o  be  we lded  i s  f i r s t  c l eaned  o f  pa in t ,  va rn i sh ,  and
o the r  f o re ign  subs tances .
The  h ighes t  qua l i t y  s ta i n l ess  s tee l  ma te r i a l  and  e lec t rodes  a re
used  fo r  a  h i gh -qua l i t y  we ld .
The  we ld  g roove  spac ing  i s  ad jus ted .
A  g r i nd ing  t oo l  o r  s ta i n l ess  s tee l  w i re  b rush  i s  used  t o  c l ean
we ld ing  spa t t e r  and  s l ag .
E lec t rodes  a re  removed  f r om the  d ry i ng  oven .
P rehea t i ng  and  pos t -we ld  hea t  t r ea tmen t  a re  pe r fo rmed .
In  ho r i zon ta l  and  f l a t  we ld ing ,  t he  e lec t rode  i s  he ld  a t  an  ang le
o f  150  deg rees  i n  t he  we ld ing  d i r ec t i on ,  and  a  sho r t  a r c  l eng th  i s
ma in ta ined .
The  e lec t rode  i s  moved  ac ross  t he  p la te  w i t h  s l i gh t  osc i l l a t i ons .
S lag  i s  c l eaned  a f t e r  we ld ing
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8 .3 .  WELDING OF TOOL STEELS
Appl ica t ion  Areas  o f  Too l  S tee ls
Too l  s tee l s  a re  gene ra l l y  used  i n  t he  p roduc t i on  o f  va r i ous  wo rk
too l s  such  as  d r i l l s ,  deep  d raw ing  d ies ,  punches ,  and  a l l  t ypes  o f
cu t t i ng  b lades .  The re fo re ,  t hey  a re  p r ima r i l y  u t i l i zed  i n  t he
p rocess ing  and  shap ing  o f  f undamen ta l  ma te r i a l s ,  espec ia l l y
me ta l s .
We ld ing  i s  pe r fo rmed  on  t oo l  s tee l s  f ound  i n  a l l  p ro fess iona l
wo rkshops  f o r  two  ma in  reasons :

Repa i r  and  ma in tenance  o f  wo rn -ou t  pa r t s
Jo in i ng  o f  b roken  t oo l s

In  cases  whe re  we ld ing  i s  necessa ry ,  p rope r  we ld ing  p repa ra t i ons
shou ld  be  ca r r i ed  ou t  be fo re  p roceed ing  w i t h  t he  p rocess .
8 .3 .1 .  The  We ld ing  Process  o f  Too l  S tee l
The  we ld ing  o f  t oo l  s tee l s  i s  no t  s i gn i f i can t l y  d i f f e ren t  f r om o the r
we ld ing  me thods .  The  mos t  c ruc ia l  aspec t  i s  se lec t i ng  t he
app rop r i a te  e l ec t rode  f o r  t he  s tee l .
When  we ld ing  t he  ha rd  t i p  t oo l s  o f  mach ine ry ,  e l ec t rodes  shou ld  be
chosen  acco rd ing  t o  t he i r  ha rdness  l eve l .  These  e lec t rodes  i nc lude :

Aus ten i t i c  e l ec t rodes  w i t h  ca rbon  and  n i cke l  f o r  a reas  exposed
to  m in ima l  wea r .
H igh -manganese  e lec t rodes  f o r  a reas  exposed  to  mode ra te  wea r .
H igh -ha rdness  e lec t rodes  f o r  a reas  exposed  to  ex t reme  wea r .

Repa i r i ng  Worn  Pa r t s
When  f i l l i ng  t he  wo rn  pa r t s  o f  t oo l  s tee l s  used  i n  t he  cu t t i ng  t ee th
o f  cons t ruc t i on  mach ine ry  o r  excava to r  bucke ts ,  each  pass  shou ld
be  l a i d  pe rpend i cu la r  ( 90  deg rees )  t o  t he  p rev ious  one .
To  p reven t  c rack ing ,  a  so f t e r  e l ec t rode  shou ld  be  p re fe r red  be tween
the  base  me ta l  and  t he  t op  l aye rs .  P rehea t i ng  shou ld  be  app l i ed
be fo re  s ta r t i ng  t he  we ld ing  p rocess .  Du r i ng  we ld ing ,  t he  hea t  f r om
the  p rev ious  pass  w i l l  ac t  as  p rehea t i ng  f o r  t he  nex t  pass .
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Figure 8.2: Welding of Worn Parts



Elec t rodes  Used  in  the  We ld ing  o f  Too l  S tee ls
There  a re  va r i ous  t ypes  o f  e l ec t rodes  ava i l ab le  on  t he  marke t .
E lec t rodes  shou ld  be  se lec ted  based  on  t he  p rope r t i es  o f  t he  t oo l
s tee l  by  re fe r r i ng  t o  t he  i n fo rma t i on  p rov ided  on  t he  e lec t rode
packag ing .
P rehea t i ng  i n  t he  We ld ing  o f  Too l  S tee l s
In  t he  we ld ing  o f  t oo l  s tee l s ,  p rehea t i ng  i s  app l i ed  w i t h i n  a  range  o f
100  t o  400  °C ,  depend ing  on  t he  t ype  o f  s tee l  ma te r i a l .
8 .3 .2 .  App l ica t ion  o f  Too l  S tee l  We ld ing  and  Post -We ld ing
Processes

The  we lded  pa r t  shou ld  be  c l eaned  o f  ox ide ,  o i l ,  and  d i r t .
An  e lec t rode  su i t ab le  f o r  t oo l  s tee l  shou ld  be  se lec ted .
Th in  pa r t s  shou ld  be  t ack -we lded  w i t h  a  gap .
P rehea t i ng  shou ld  be  app l i ed .
A  sho r t  a r c  l eng th  and  sho r t  we lds  shou ld  be  used  w i t hou t
excess i ve  e lec t rode  movemen t .

77

i n n o w e l d



I n n o w e l d  
P R E P A R E D  B Y

WELDING OF
LARGE

DIAMETER
PIPES

9. LEARNING UNIT

78

9 .1 .  LARGE D İAMETER P İPES
9 .2 .  BUTT  WELDİNG OF LARGE D İAMETER P İPES
9 .3 .  FLANGE WELDİNG OF LARGE D İAMETER P İPES
9 .4 .  T -WELDİNG OF LARGE D İAMETER P İPES
9 .5 .  L -WELDİNG OF LARGE D İAMETER P İPES



9 .1 .  LARGE D IAMETER P IPES
Throughou t  h i s to r y ,  humans  have  emp loyed  va r i ous  me thods  t o
t ranspo r t  wa te r  t o  p l aces  o f  use ,  cons t ruc t i ng  channe l s  and
aqueduc ts .
As  t echno logy  has  advanced ,  needs  have  i nc reased ,  f ac to r i es  have
been  bu i l t ,  c i t i es  have  g rown ,  and  t he  va r i e t y  and  quan t i t y  o f  f l u i ds
to  be  t r anspo r ted  have  expanded .
9 .1 .1 .  The  Ro le  and  Impor tance  o f  Large  D iameter  P ipes  in
Indust ry
P ipes  a re  ma te r i a l s  used  t o  t r anspo r t  l i qu ids ,  gases ,  and  sma l l
g ranu la r  so l i ds  ( such  as  m ine ra l s  and  f ood )  f r om one  p lace  t o
ano the r .
I n  f ac to r i es ,  c i t i es ,  and  even  be tween  coun t r i es  and  con t i nen ts ,
p i pes  a re  used  t o  t r anspo r t  wa te r ,  sewage ,  pe t ro l eum,  na tu ra l  gas ,
and  o the r  f l u i d  subs tances .  Add i t i ona l l y ,  t hey  a re  u t i l i zed  i n  t he
cons t ruc t i on  o f  t unne l s ,  bu i l d i ngs ,  r oo f s ,  b r i dge  p la t f o rms ,  and
o the r  s t r uc tu res .
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Figure 9.1: The Use of Large Diameter Pipes in Industry

P ipes  a re  manu fac tu red  f r om d i f f e ren t  ma te r i a l s  depend ing  on
where  t hey  a re  used  and  t he  cha rac te r i s t i c s  o f  t he  f l u i d  pass ing
th rough  them.
The  t ypes  o f  p i pes  based  on  t he  ma te r i a l s  t hey  a re  made  o f  a re  as
fo l l ows :

S tee l  p i pes  (We lded  and  seamless  s tee l  p i pes ,  F igu re  9 .2 )
PVC p ipes
Conc re te  p ipes
Cas t  i r on  p ipes
P ipes  made  f r om coppe r  and  i t s  a l l oys
P ipes  made  f r om a lum inum and  i t s  a l l oys



9 .1 .2 .  Large -D iameter  P ipes  Used  in  Gas  and  L iqu id
Transmiss ion
Round-sec t i on  p ipes  a re  gene ra l l y  used  f o r  t r ansm i t t i ng  gases  and
l i qu ids .  P ipes  a re  manu fac tu red  f r om d i f f e ren t  ma te r i a l s  depend ing
on  the  t ype  o f  l i qu id  o r  gas  t hey  ca r r y  and  a re  usua l l y  named  a f t e r
t he i r  app l i ca t i on  a reas .  These  names  i nc lude :

Bo i l e r  p i pes
Wate r  p i pes
Na tu ra l  gas  p ipes
O i l  p i pe l i nes
PE-coa ted  p ipes
PPRC ins ta l l a t i on  p ipes
Unde r f l oo r  hea t i ng  p ipes
SRM p ipes
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Figure 9.2: One of the Application Areas of Pipes

Figure 9.3: Oil Pipeline Installation



9 .1 .3 .  Large  D iameter  P ipes  in  S tee l  Const ruc t ion
Round ,  squa re ,  and  rec tangu la r  sec t i on  p ipes  a re  used  i n  t he
cons t ruc t i on  o f  r es idences ,  o f f i ce  bu i l d i ngs ,  r oo f s ,  b r i dges ,  s tee l
f u rn i t u re ,  au tomo t i ve ,  a r ch i t ec tu ra l  deco ra t i on ,  e t c .  These  p ipes  a re
re fe r red  t o  by  t he  f o l l ow ing  names :

Spec ia l  p i pes
Indus t r i a l  p i pes
Squa re  and  rec tangu la r  p ro f i l es
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Figure 9.4: Steel structure

9 .2 .  BUTT  WELDING OF LARGE-D IAMETER P IPES
P ipes  used  i n  l i qu id  and  gas  t r ansm iss ion  l i nes  a re  j o i ned  by  bu t t
we ld ing .
9 .2 .1 .  F i t t ing  Par ts  in  But t  We ld ing  o f  Large -D iameter  P ipes
Cut  and  c l eaned  p ipes  need  to  be  f i t t ed  t oge the r  be fo re  we ld ing .
O the rw i se ,  we ld ing  de fec t s  may  occu r .  Too l s  used  f o r  edge
p repa ra t i on  and  c l ean ing  can  be  u t i l i zed  f o r  t he  f i t t i ng  p rocess .
9 .2 .2 .  Beve l ing  fo r  Large -D iameter  P ipes
The  beve l i ng  o f  p i pes  shou ld  be  done  acco rd ing  t o  t he i r  d i ame te rs
and  wa l l  t h i cknesses .  D i f f e ren t  cu t t i ng  p rocesses  a re  app l i ed  f o r
beve l i ng .
Cut t ing
P ipes  shou ld  be  cu t  acco rd ing  t o  t he  requ i red  measu remen ts  and
pos i t i on  a t  t he  assemb ly  s i t e .  Common  cu t t i ng  me thods  i nc lude :

Oxy -gas  cu t t i ng
Cu t t i ng  w i t h  e l ec t rodes
P lasma  cu t t i ng
Cu t t i ng  w i t h  an  ang le  g r i nde r
Cu t t i ng  w i t h  a  band  saw
Cu t t i ng  w i t h  a  hyd rau l i c  saw
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Image 9.5: Fitting and deburring

9 .2 .  BUTT  WELDING OF LARGE-D IAMETER P IPES
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pos i t i on  a t  t he  assemb ly  s i t e .  Common  cu t t i ng  me thods  i nc lude :

Oxy -gas  cu t t i ng
Cu t t i ng  w i t h  e l ec t rodes
P lasma  cu t t i ng
Cu t t i ng  w i t h  an  ang le  g r i nde r
Cu t t i ng  w i t h  a  band  saw
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9 .2 .1 .  F i t t ing  Par ts  in  But t  We ld ing  o f  Large -D iameter  P ipes
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p repa ra t i on  and  c l ean ing  can  be  u t i l i zed  f o r  t he  f i t t i ng  p rocess .
9 .2 .2 .  Beve l ing  fo r  Large -D iameter  P ipes
The  beve l i ng  o f  p i pes  shou ld  be  done  acco rd ing  t o  t he i r  d i ame te rs
and  wa l l  t h i cknesses .  D i f f e ren t  cu t t i ng  p rocesses  a re  app l i ed  f o r
beve l i ng .
Cut t ing
P ipes  shou ld  be  cu t  acco rd ing  t o  t he  requ i red  measu remen ts  and
pos i t i on  a t  t he  assemb ly  s i t e .  Common  cu t t i ng  me thods  i nc lude :

Oxy -gas  cu t t i ng
Cu t t i ng  w i t h  e l ec t rodes
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Image 9.5: Fitting and deburring

Image 9.6: Cutting with an angle grinder



Clean ing
Dur ing  t he  cu t t i ng  p rocess ,  bu r r s  f o rm  i ns ide  t he  p ipes .  To  p reven t
fu tu re  b lockages ,  bu r r s  and  f o re ign  subs tances  (o i l ,  r us t ,  pa in t )
mus t  be  t ho rough l y  c l eaned .  To  remove  these ,  ch i se l s ,  f i l es ,
handhe ld  and  s ta t i ona ry  g r i nde rs ,  w i re  b rushes ,  sandpape r ,  and
chemica l  subs tances  a re  used .  No  fo re ign  res idue  shou ld  rema in  t o
ensu re  t he  we ld ' s  s t r eng th .
I n te rsec t ion  and  Beve l ing  fo r  We ld ing
P ipes  a re  no t  a lways  l a i d  by  we ld ing  t hem end - to -end  ( l i nea r l y ) .
P ipe  i ns ta l l a t i ons  may  i nc lude  angu la r  t u rns  i n  d i f f e ren t  d i r ec t i ons ,
i n te r sec t i ons  o f  p i pes  com ing  f r om d i f f e ren t  d i r ec t i ons ,  and  t he
jo i n i ng  o f  p i pes  w i t h  d i f f e ren t  d i ame te rs .
I n  such  cases ,  i n te r sec t i on  cu t t i ng  i s  r equ i red ,  and  f o r  p i pes  w i t h  a
wa l l  t h i ckness  g rea te r  t han  5  mm,  beve l i ng  f o r  we ld ing  mus t  be
pe r fo rmed .  Spec ia l  beve l i ng  t echn iques  a re  used  i n  t hese
s i t ua t i ons ,  w i t h  beve l  ang les  rang ing  be tween  50°  and  90° .
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Figure 9.7: Intersection Cutting

9 .2 .3 .  The  Process  o f  But t  We ld ing  Large -D iameter  P ipes
I n  some  p ipe  we ld ing  app l i ca t i ons ,  t he  ma te r i a l  p rope r t i es  and  l a rge
d imens ions  o f  t he  p ipe  requ i re  spec ia l  p repa ra t i ons .  Annea l i ng  and
c lamp ing  dev i ces  a re  used  f o r  t hese  p repa ra t i ons .
Annea l i ng
The  pa r t s  r equ i re  p rehea t i ng  and  s l ow  coo l i ng  a f t e r  we ld ing .  I n
some  cases ,  annea l i ng  con t i nues  du r i ng  t he  we ld ing  p rocess .
Add i t i ona l l y ,  hea t  t r ea tmen t  can  be  app l i ed  a f t e r  we ld ing  t o  re l i eve
s t ress .
Annea l i ng  i s  app l i ed  t o  a l l oy  and  ca rbon  s tee l  p i pes  w i t h  a  wa l l
t h i ckness  g rea te r  t han  13  mm.  These  app l i ca t i ons  can  be  ca r r i ed
ou t  us ing  p ropane  hea te rs ,  e l ec t r i ca l  r es i s tance ,  and  i nduc t i on
cu r ren t  dev i ces .



a )  Connec t i on  o f  con tac t  t he rmomete r
b )  Wrapp ing  o f  t he  hea te r
c )  I nsu la t i on  o f  t he  hea te r
d )  Se t t i ng  t he  va lue  f r om the  con t ro l  pane l

Clamping  Appara tus
Be fo re  s ta r t i ng  we ld ing ,  t he  p ipes  t o  be  we lded  mus t  be  t ack -
we lded .  S ince  l a rge -d iame te r  p i pes  a re  cy l i nd r i ca l ,  a l i gn ing  t hem i s
d i f f i cu l t .  Du r i ng  t ack  we ld ing ,  t hese  p ipes  shou ld  be  t empora r i l y
he ld  t oge the r  us ing  spec ia l  c l amps ,  V -beds ,  and  c l amp ing
appa ra tus .  Tack  we lds  i ns ide  t he  we ld ing  g roove  shou ld  be  app l i ed
in  a  way  t ha t  p reven ts  c ra te r  c racks .  Du r i ng  t he  p ipe  j o i n t  we ld ing
p rocess ,  t hese  t ack  we lds  may  need  to  be  g round  and  removed .
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a)                                 b)                         c)                         d)

Figure 9.8: Induction Heat Treatment Steps

Figure 9.9: Apparatus Used for Pipe End Preparation

Cons idera t ions  in  But t  (But t  Jo in t )  We ld ing
I f  necessa ry ,  an  app rop r i a te  we ld ing  beve l  shou ld  be  made  on
the  p ipes  t o  be  we lded .
P ipes  mus t  be  cu t  accu ra te l y  and  t o  t he  co r rec t  d imens ions
(F igu re  9 .12 ) .
Be fo re  we ld ing ,  t he  edges  o f  t he  we ld  beve l  mus t  be  c l eaned  o f
rus t ,  ox ide ,  o i l ,  pa in t ,  and  o the r  f o re ign  subs tances  a t  l eas t  20
mm w ide  f r om bo th  t he  i ns ide  and  ou t s i de .
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Figure 9.10: Pipe Cutting with a Band Saw

Care  mus t  be  t aken  t o  ensu re  t ha t  t he re  i s  no  m isa l i gnmen t  i n
the  ax i s  o f  t he  p ipes  be ing  j o i ned .
M isa l i gnmen ts  caused  by  ova l i t y  o r  t h i ckness  d i f f e rences  i n  t he
p ipes  shou ld  be  p reven ted .
P rope r l y  f i t t ed  pa r t s  shou ld  be  t ack  we lded  i n  c l amp ing  dev i ces ,
and  a  gauge  shou ld  be  used  du r i ng  t ack  we ld ing .
The  we ld ing  pos i t i on  shou ld  be  se lec ted  ca re fu l l y .  I f  poss ib l e ,
t he  pa r t  shou ld  be  ro ta ted  ho r i zon ta l l y  wh i l e  we ld ing ;  howeve r ,
t h i s  i s  no t  a lways  f eas ib l e .  I n  such  cases ,  t he  p ipe  shou ld  be
we lded  us ing  a l l  pos i t i ons .

9 .2 .4 .  App l ica t ion  o f  Large  D iameter  P ipe  But t  We ld ing  and
Post -We ld ing  Opera t ions

Af te r  cu t t i ng ,  c l ean ing ,  f i t t i ng ,  and  p repa r i ng  t he  we ld  beve l ,  t he
pa r t s  a re  t ack  we lded  i n  a  V -bed  w i t h  p rope r  spac ing .
A  t emp la te  i s  used  be tween  the  two  pa r t s  du r i ng  t ack  we ld ing .
A  roo t  pass  i s  app l i ed  t o  t he  t ack -we lded  pa r t s  i n  t he  ho r i zon ta l
pos i t i on .  The  roo t  pass  can  be  pe r fo rmed  us ing  T IG  we ld ing .
A f t e r  s l ag  remova l  f r om the  we lded  pa r t s ,  add i t i ona l  passes  a re
made ,  and  t he  we ld  a rea  i s  c l eaned .

       a)                      b)                                    c)                         d)

Figure 9.11: The Sequence of Operations to be Followed in Pipe Welding

a) Tack welding spacing on the horizontal axis

b) Tack welding spacing on the vertical axis

c) Tack welding on the horizontal axis

d) Tack welding on the vertical axis
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Figure 9.12: Pipe assembly joined with a flange

9 .3 .  FLANGE WELDING OF LARGE D IAMETER P IPES
P ipes  a re  used  t o  t r anspo r t  f l u i ds  f r om one  p lace  t o  ano the r .  I n
some  cases ,  p i pes  need  to  be  connec ted  t o  pumps ,  bo i l e r s ,  o r
each  o the r  i n  a  de tachab le  manne r .
S ince  we lds  c rea te  pe rmanen t  j o i n t s ,  f l anges  a re  we lded  t o
sec t i ons  o f  p i pes  t ha t  need  to  be  removab le .  These  f l anges  a re
then  bo l t ed  t oge the r .  When  ma in tenance  o r  r ep lacemen t  i s
requ i red  i n  p i p i ng  sys tems ,  t he  f l anges  a re  unbo l t ed ,  sepa ra ted ,
and  necessa ry  wo rk  i s  ca r r i ed  ou t  (F igu re  9 .12 ) .

9 .3 .1 .  A l ignment  o f  Par ts  in  F lange  We ld ing
F langes  p lay  a  c ruc ia l  r o l e  i n  t he  t r anspo r ta t i on  o f  l i qu ids ,  gases ,
and  so l i d  ma te r i a l s .  F l anged  connec t i ons  a re  pa r t i cu la r l y  used  i n
a reas  requ i r i ng  h igh  du rab i l i t y .
9 .3 .2 .  Beve l  P repara t ion  in  F langed  Jo in ts
La rge -d iame te r  p i pes  a re  gene ra l l y  p repa red  w i t h  a  V -g roove  f o r
we ld ing .  The  beve l i ng  p rocess  i s  pe r fo rmed  e i t he r  manua l l y  o r
us ing  au toma ted  mach ines .
9 .3 .3 .  Execut ion  o f  F lange  We ld ing

The  app rop r i a te  f l ange  t ype  i s  se lec ted  based  on  t he  connec t i on
cond i t i ons  and  t he  ma te r i a l s  used  (F igu re  9 .15 ) .

B l i nd  f l anges
Th readed  f l anges
S tub -end  f l anges
Back ing  r i ng  f l anges
S l i p -on  f l anges
S tee l  f l anges

F langes  a re  t ack  we lded  t o  t he  p ipes  a f t e r  ensu r i ng  t ha t  t he  bo l t
ho les  a l i gn .
The  gaske t  t h i ckness  requ i red  t o  ensu re  a  l eak -p roo f  sea l  i s
cons ide red  i n  l eng th  ca l cu la t i ons .
P recau t i ons  a re  t aken  aga ins t  d i s to r t i ons  caused  by  hea t  du r i ng
we ld ing .
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Figure 9.13: Tack Welding of the Flange

9 .3 .4 .  App l ica t ion  o f  F lange  We ld ing  and  Post -We ld ing
Processes

I f  necessa ry ,  a  beve l  i s  p repa red  on  t he  p ipe  and  f l ange ,  and
they  a re  a l i gned .
The  p ipe  and  f l ange  a re  t ack -we lded  a t  equa l  i n te r va l s  a t  a  90 -
deg ree  ang le  o r  a t  t he  des i red  ang le  (F igu re  9 .13 ) .
I f  r equ i red ,  p rehea t i ng  i s  app l i ed .
An  i ns ide  co rne r  we ld  i s  pe r fo rmed  depend ing  on  t he  we ld ing
pos i t i on .
Some f l anges  a re  we lded  ex te rna l l y ,  wh i l e  o the rs  a re  we lded
in te rna l l y  (F igu res  9 .14  and  9 .15 ) .

Figure 9.14: External Welding of the Flange

Figure 9.15: Tack Welding of the Flange
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Figure 9.13: Tack Welding of the Flange

9 .3 .4 .  App l ica t ion  o f  F lange  We ld ing  and  Post -We ld ing
Processes

I f  necessa ry ,  a  beve l  i s  p repa red  on  t he  p ipe  and  f l ange ,  and
they  a re  a l i gned .
The  p ipe  and  f l ange  a re  t ack -we lded  a t  equa l  i n te r va l s  a t  a  90 -
deg ree  ang le  o r  a t  t he  des i red  ang le  (F igu re  9 .13 ) .
I f  r equ i red ,  p rehea t i ng  i s  app l i ed .
An  i ns ide  co rne r  we ld  i s  pe r fo rmed  depend ing  on  t he  we ld ing
pos i t i on .
Some f l anges  a re  we lded  ex te rna l l y ,  wh i l e  o the rs  a re  we lded
in te rna l l y  (F igu res  9 .14  and  9 .15 ) .

Figure 9.14: External Welding of the Flange

Figure 9.15: Tack Welding of the Flange

I f  necessa ry ,  hea t  t r ea tmen t  i s  app l i ed  a f t e r  t he  we ld ing
p rocess .
A f t e r  we ld ing ,  a  sea l i ng  and  p ressu re  t es t  i s  conduc ted .
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9 .4 .  WELDING OF LARGE D IAMETER P IPES -  T  WELDING
I t  i s  pe r fo rmed  by  j o i n i ng  two  o r  more  p ipes  i n  d i f f e ren t  ways .
9 .4 .1 .  Cross -sec t ions  o f  P ipes  to  be  T -Jo in ted
The  i n te r sec t i ons  t ha t  occu r  a t  t he  j unc t i on  po in t s  o f  two  o r  more
p ipes  be ing  j o i ned  a re  ca l l ed  c ross -sec t i ons .
To  mark  t he  c ross -sec t i on  on  p ipes ,  e i t he r  t emp la tes  a re  p repa red
us ing  c ross -sec t i on  me thods  o r  p rac t i ca l  me thods  a re  used  t o  d raw
d i rec t l y  on to  t he  p ipes .

Figure 9.16: Pipes with Cross-Sections Cut and Beveled, Forming a Segmented Elbow

9 .4 .3 .  Beve l ing  fo r  T  Jo in ts
Cross -sec t i on  deve lopmen t  i s  t he  mos t  common ly  used  T  we ld ing
p repa ra t i on .

9 .4 .4 .  Cons idera t ions  in  Cross -Sec t ion  T  Jo in t  We ld ing
The  co r rec t  d raw ing  me thod  shou ld  be  chosen  when  ad jus t i ng
p ipes  by  c ross -sec t i on  open ing .
Mark ing  shou ld  be  done  accu ra te l y .
A f t e r  cu t t i ng  and  f i t t i ng ,  bu r r s  i ns i de  t he  p ipe  mus t  be  c l eaned .
Du r i ng  t ack  we ld ing ,  t he  necessa ry  ru l es  f o r  p i pe  j o i n i ng  shou ld
be  f o l l owed ,  and  equa l  spac ing  shou ld  be  l e f t  a round  the  t ack -
we lded  a rea .

9 .4 .5 .  Imp lementa t ion  o f  T  We ld ing  and  Post -We ld ing  Processes
Cardboa rd  t emp la tes  a re  w rapped  a round  the  p ipes  t o  d raw  the
c ross -sec t i on ,  o r  mark ing  i s  done  d i r ec t l y  on  t he  p ipes .

Figure 9.17: Cross-Section Marking
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Figure 9.18: Cutting of the Cross-Section with a Chip Removal Machine

Af te r  c l ean ing  t he  bu r r s  and  p repa r i ng  t he  we ld ing  edges ,  t he  p ipes
a re  a l i gned  and  t ack -we lded  w i t h  equa l  spac ing

Figure 9.19: Tack Welding of Pipes with Cut and Fitted Intersections

A roo t  pass  i s  pe r fo rmed ,  f o l l owed  by  t he  comp le t i on  o f  t he  we ld .

Figure 9.20: Welding of Pipes with Beveled (T) Joint

I f  necessa ry ,  a  hea t  t r ea tmen t  i s  app l i ed  a f t e r  we ld ing .
The  we ld  seam i s  i nspec ted  f o r  l eakage  and  p ressu re  t es ted .



92

i n n o w e l d

9 .5 .  WELDING OF LARGE D IAMETER P IPES IN  L  JOINTS
When  l ay ing  p ipe l i nes ,  i t  may  be  necessa ry  t o  change  d i rec t i on .
The  connec t i on  e lemen ts  used  a t  co rne rs  f o r  d i r ec t i on  changes  a re
ca l l ed  e lbows .  E lbows  a re  named  acco rd ing  t o  t he i r  ang les  (e .g . ,
90 -deg ree  e lbow ,  120 -deg ree  e lbow ,  e t c . ) .
The re  a re  a l so  p re -manu fac tu red  e lbows  ava i l ab le ,  wh i ch  a re
p roduced  as  s i ng le  o r  mu l t i - p i ece  componen ts .

Figure 9.21: Locations Where L Elbows Are Used

9 .5 .1 .  F i t t ing  Par ts  in  L  We ld ing
Used  i n  t he  j o i n i ng  o f  na r row  and  w ide -ang le  pa r t s .
9 .5 .2 .  Beve l ing  in  L  Jo in ts
The  sma l l es t  ang le  beve l i ng  p rocess  i s  app l i ed  t o  t he  edges  o f
co rne r  and  e lbow  p ipes .
9 .5 .3 .  Cons idera t ions  in  L  We ld ing
•  The  cu t t i ng  ang le  mus t  be  co r rec t l y  ca l cu la ted  acco rd ing  t o  t he
ang le  o f  t he  e lbow  to  be  made .
•  The  co r rec t  cu t t i ng  me thod  shou ld  be  chosen .
•  P ipes  mus t  be  f i t t ed  t oge the r  and  t acked .
•  The  roo t  we ld  mus t  no t  p ro t rude  i ns ide  t he  p ipe ,  as  ove r  t ime ,  i t
may  accumu la te  res idue  and  cause  b lockages .
9 .5 .4 .  App l ica t ion  o f  L  We ld ing  and  Post -We ld ing  Processes
•  P ipes  a re  cu t  us ing  a  su i t ab le  cu t t i ng  t oo l  t o  c rea te  t he
app rop r i a te  i n te r sec t i ons  f o r  t he i r  d i ame te rs  and  t hen  f i t t ed
toge the r  (F igu re  9 .22 ) .

Figure 9.22: Angled Cut L Elbow
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The  p ipes  a re  t ack  we lded  t o  each  o the r  a t  90  deg rees
pe rpend i cu la r  o r  a t  t he  des i red  ang le  w i t h  equa l  spac ing .

Figure 9.23: Tack Welding of L Elbow

I f  necessa ry ,  p rehea t i ng  i s  app l i ed .
The  we ld ing  seam i s  pe r fo rmed  by  ad jus t i ng  t he  e lec t rode  ang le  and
movemen t  acco rd ing  t o  t he  we ld ing  pos i t i on

Figure 9.24: Welding of L Elbow

I f  necessa ry ,  hea t  t r ea tmen t  i s  app l i ed .
•  The  sea l i ng  and  p ressu re  con t ro l  o f  t he  we ld  seam i s  pe r fo rmed .
Weld ing  De fec ts  Tha t  Occur  A f te r  the  App l ica t ion  o f  Large
Diameter  P ipe  L  We ld ing
Var ious  f ac to rs  (env i ronmen ta l  and  we lde r  e r ro r s )  can  cause
de fec t s  du r i ng  we ld ing .  These  de fec t s  can  p reven t  t he  p ipes  f r om
per fo rm ing  t he i r  i n tended  func t i on  i n  t he i r  app l i ca t i on  a reas  and
may  even  l ead  t o  acc iden ts .  The re fo re ,  p recau t i ons  shou ld  be  t aken
to  p reven t  t hese  de fec t s .  The  ma in  we ld ing  de fec t s  a re  as  f o l l ows :
•  Po ros i t y
•  S lag  and  f o re ign  ma te r i a l  r es idues
•  Unde rcu t t i ng
•  C racks
•  We ld ing  s ta r t  and  end  po in t s
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I nspec t ion  Methods  Conducted  Af te r  the  App l ica t ion  o f  Large
Diameter  P ipe  L  We ld ing
P ipes  mus t  be  i nspec ted  a f t e r  we ld ing .  I f  t he re  a re  l eaks  i n  t he
f l u i ds  pass ing  t h rough  the  p ipes ,  va r i ous  acc iden ts  may  occu r
depend ing  on  t he  na tu re  and  p ressu re  o f  t he  f l u i d .
Fo r  t h i s  r eason ,  an  app rop r i a te  i nspec t i on  me thod  i s  se lec ted  and
app l i ed  based  on  t he  impo r tance  and  spec i f i ca t i ons  o f  t he  we ld .
I nspec t i on  me thods  a re  d i v i ded  i n to  des t ruc t i ve  and  non -des t ruc t i ve
tes t i ng .  Ma te r i a l s  sub jec ted  t o  des t ruc t i ve  t es t i ng  a re  no t  used  bu t
a re  p roduced  fo r  t es t i ng  pu rposes .
Be fo re  ope ra t i ng  we lded  p ipes  i n  a  sys tem,  non -des t ruc t i ve  t es t i ng
i s  app l i ed .  I f  t he  t es t  r esu l t s  a re  pos i t i ve ,  t he  p ipe  sys tems  a re  pu t
i n to  ope ra t i on .  Non -des t ruc t i ve  t es t i ng  me thods  i nc lude :
•  V i sua l  I nspec t i on :  Ex te rna l  de fec t s  i n  t he  we ld  seam a re  de tec ted
th rough  v i sua l  exam ina t i on .  V i sua l  i nspec t i ons  a re  pe r fo rmed
be fo re ,  du r i ng ,  and  a f t e r  we ld ing .
•  X - ray  (Rad iog raph i c )  I nspec t i on :  Th i s  me thod  i nvo l ves  t ak ing  an
X- ray  image  o f  t he  we lded  a rea  t o  i nspec t  i t .

Figure 9.25: Examination of X-ray Film

Ul t rason i c  I nspec t i on :  A  we ld ing  i nspec t i on  me thod  us ing  h igh -
f r equency  sound  waves .
I t  i s  p r ima r i l y  used  t o  de tec t  i n te rna l  de fec t s .

Figure 9.26: Ultrasonic Inspection Device
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•  Dye  Pene t ran t  I nspec t i on :  A  t es t i ng  me thod  us ing  spec ia l  dyes  t o
revea l  su r face  de fec t s  such  as  p i t s ,  c racks ,  and  vo ids .

Figure 9.28: Hardness Measurement Test Device

Magnet ic  Inspec t ion :  Used  to  de tec t  de fec t s  i n  we lds  w i t h
magne t i c  p rope r t i es  us ing  magne t i c  pa r t i c l es .
Pressure  Tes t ing :  A  me thod  used  to  check  f o r  l eaks  and  measu re
the  s t reng th  o f  we ld  seams  i n  p i pes  us ing  p ressu r i zed  l i qu ids  o r  a i r .

Figure 9.26: Ultrasonic Inspection Device

Figure 9.27: Inspection with Dye

Hardness  Tes t  I nspec t i on :  A  me thod  used  to  measu re  whe the r  t he
we ld  seam has  t he  des i red  ha rdness .  I t  i s  pe r fo rmed  us ing  one  o f
t he  ha rdness  measu remen t  me thods .


