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I N T R O D U C T I O N 

Power p lant c o m p o n e n t s c o v e r a 
l a rge n u m b e r o f i t e m s . In any 
t h e r m a l power p lan t , p ip ing p lays 
an impo r t an t ro le as the m e a n s 
for t r a n s p o r t i n g and d i s t r i bu t i ng 
s t e a m at h igh p ressure and t e m -
pera tu re as we l l as wa te r and air . 
Cer ta in c h e m i c a l s and pu l ve r i sed 
fue ls are a lso t r a n s p o r t e d t h r o u g h 
p ipes. 

A p ip ing s y s t e m no rma l l y cons is ts 
of p ipes , v a l v e s e x p a n s i o n bel-
l o w s , r e d u c e r s , t e e s , e l b o w s , 
bends , s ta in less etc. th is p ip ing 
sys tem is s u p p o r t e d by hange rs 
and is p r o v i d e d w i th insu la t ion . 

Quality System 
Requi rements 

For f ab r i ca t i on of power p ip ing , 
the qua l i t y of the p ip ing s y s t e m s 
ma in l y d e p e n d s on the fo l l ow ing : 

* E n g i n e e r i n g 

* Ma te r i a l s 

* W o r k m a n s h i p 

* I n -P rocess Con t ro l 

* Inspec t ion ' 

* Qua l i t y R e c o r d s 

Engineer ing 

Var i ous s tages i n v o l v e d in p ip ing 
p ro jec ts are : 

* S c h e m a t i c Eng inee r i ng 

* Layout Eng ineer ing 

* Mater ia l P r o c u r e m e n t 

* Manu fac tu r i ng and Inspec t ion 

* Despa tch 

* E rec t ion 

* C o m m i s s i o n i n g 

S c h e m a t i c Eng inee r ing is the f i rst 
s tage whe re the overa l l p rocess 
requ i remen t of the plant is con-
ce i ved . In th is s tage al l p ipe s izes 
a r e c a l c u l a t e d a n d f i n a l i s e d 
based on the des ign pressure , de-
s ign t empe ra tu re , s t ipu la ted ve -
loc i ty l imi ts and a l lowab le pres-
sure drop . 

Layout Eng ineer ing wi l l be car r ied 
out a f te r the s c h e m a t i c eng ineer -
ing, t ak i ng into a c c o u n t p rope r 
p l acemen t of bo i ler aux i l i a r ies lo-
ca t ion . Then the requ i red p ip ing 
i n t e r c o n n e c t i o n b e t w e e n t h e 
e q u i p m e n t is done at s i te . T h e 
pa th wh ich is fo l l owed by a p ipe 
l ine to in te rconnec t its end po in ts 
is t e r m e d as " P i p e R o u t i n g " . 
W h i l e d o i n g p i pe r o u t i n g l o a d 
t rans fe r of se l f we igh t of p ipes to 
suppor t i ng s t ruc tu res is m a d e by 

p r o v i d i n g p r o p e r h a n g e r s a n d 
suppor t s , S t ress i n d u c e d due to 
t e m p e r a t u r e v a r i a t i o n a re a l so 
t a k e n c a r e d u r i n g l a y o u t eng i -
neer ing . 

Materials 

P o w e r P lan t p ip ing e n c o u n t e r s a 
w i d e r a n g e o f p a r a m e t e r s i .e . 
t e m p 4 0 - 540°C or 0 - 315 ata. 
H e n c e t h e m a t e r i a l s e l e c t e d 
shou ld be c a p a b l e o f w i t hs tand -
ing t h e s e p a r a m e t e r s . 

T h e p r o c u r e m e n t o f ma te r i a l sha l l 
be based on re l evan t codes /s tan -
da rds and a lso s h o u l d m e e t t he 
s t a t u t o r y r e g u l a t i o n s as a p p l i -
cab le . W i t h i n India t h e app l i cab le 
s ta tu to ry au tho r i t y is t he Ch ie f In-
spec to r s of Bo i le r and the g o v -
ern ing regu la t i ons is the " I nd ian 
Bo i le r R e g u l a t i o n s 1950 " . 

A S M E , A S T M , A P I , D I N are the 
i n t e r n a t i o n a l c o d e s w h i c h g i v e s 
ma te r i a l r e q u i r e m e n t s ( C h e m i c a l , 
M e c h a n i c a l , C r e e p S t reng th etc.) 

M a t e r i a l ( P i p e s , T u b e s , P la tes , 
Ba rs tocks ) sha l l be p rocu red f r o m 
the a p p r o v e d v e n d o r s as per t he 
" A p p e n d i x - G " ( W e l l k n o w n s tee l 
m a k e r s r e c o g n i s e d under regu la-
t ion 4 (C) of I B R - 1 9 5 0 . 
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Materials (Fitt ings, Castings & 
Forgings) shall be procured from 
the approved vendors as per the 
" A p p e n d i x - K " (Wel l known 
foundries and forgers) recognised 
by Central Boiler Board. 

The materials shall be inspected 
and certified by the competent 
authorities recognised by Central 
Boiler Board for the region within 
India and as per "Appendix-C" 
(List of Inspect ing Author i t ies 
recognised as competent under 
Regulation 2g of IBR-1950 for 
other than Indian region. 

Approved vendors shall 
meet the following quality 
requirements 

* Incoming material verification for 
adherence to the specified qual-
ity requirements. 

* Non-destructive examination fa-
cilities. 

* Chemical and Mechanical test 
labs. 

* In-Process control. 

* Final inspection by the vendor/ 
purchaser 

* Customer/statutory Inspection 
Clearance & Process. 

Periodical quality audits shall 
be carried out to ensure the 
above said points and properly 
documented 

Product identification & 
Traceability 

Pipes, tubes, plates, castings, 
forgings & bar stocks shall bear 
the following details to put in use 
at power plants as per codes/ 

standards/statutory Regulat ion 
IBR-1950. 

Size ; Specification; Heat number 
(Melt Number); Colour code & In-
specting Authorit ies Inspection 
Seal Mark. 

Raw mater ial test cert i f icates 
shall be made available for cor-
relation & the above details shall 
be duly certified by the Inspect-
ing Authorities. 

Workmanship 

Stage covered in fabrication will 
be 

* Raw material receipts. 

* Cut-to-sizes as per cutting plan. 

* Fit-up according to manufacturer 
drawing. 

* Welding as per code/statutory 
requirements. 

* Heat treatment (if required) as 
per code/statutory requirements 

* Final Inspection. 

* Surface preparation & protection 

* Handling & Packing. 

* Despatch clearance to site by 
customers. 

To carryout the above in an or-
derly methods, Quality Control 
Procedures and Quality Plans 
shall be prepared in line with 
code/statutory requirements and 
shall be approved by customer in-
dicating the stage & extent of 
their inspection such as verifica-
tion, witness & hold point wher-
ever applicable. 

Welding 

Welding shall be carried out only 
by the qualified welders and as 
per approved Welding Procedure 
Specification (WPS) and shall be 
supported by Procedure qualifica-
tion Record (PQR). 

WPS shall be in line with ASME 
Section IX or equivalent codes/ 
standards. Care shall be taken 
that WPS shall meet the IBR-
1950 requirements. 

For demonstrating the quality of 
the Weldments, procedure quali-
fication tests shall be carried out 
based on CI.5.3.2. 

Non-destructive and destructive 
tests shall be carried out as per 
ASME Section IX or equivalent 
codes. 

For carrying out welding in the 
Class-1 Piping and Class-ll Pip-
ing (Ref : As per IBR CL360 (d)). 
a welder shall qualify in a test as 
per IBR-1950 Chapter XIII. 

Welders qual i f ied as per IBR-
1950 will be issued a certificate 
indicating their qualif ication for 
carry ing out weld ing (Carbon 
steel or Alloy steel, Plate or Pipe, 
Posit ion of welding & process 
etc.) and the validity period. Gen-
erally the validity period is two 
years. 

Welders qualified as per ASME 
Section IX or equivalent codes 
shall be issued with an identify 
card to monitor the performance 
of welder at regular interval. 

To have better control over the 
welder's performance Welder Log 
Book shall be maintained and pe-
riodically reviewed. 
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NDE Personnel Qualification 

To carry out NDE like LPI, MPI, 
RT & UT the persons shall be 
qualified as Level 1 (for carrying 
out) Level II (for supervising) & 
Level III (for procedural forma-
tion) by ASNT (American Society 
for Non-Destructive Testing) or by 
ISNT (Indian Society for Non-De-
structive Testing). 

Prior to carry out NDE, relevant 
procedures shall be prepared as 
per the guidel ines indicated in 
ASTM. 

Testing parameters, findings and 
results shall be documented and 
certified by the NDE incharge. 

In-Process Control 

Visual examination shall be car-
ried out to avoid material mixup 
and ensure perfect fitup, defect 
f ree mater ia l , o r ien ta t ion of 
branches & stubs etc. 

During fit up (or trial assembly) 
the dimensions as per drawing 
shall be ensured. 

Inter-stage NDE shall be carried 
out and shall be recorded wher-
ever required. 

Heat treatment shall be carried 
out and HT charts shall be made 
wherever required. 

Heat treatment shall be carried 
out in acco rdance wi th code 
(ANSI B311)/statutory (IBR-1950) 
requirements and the fol lowing 
parameters shall be taken care. 

Type of heat t r ea tmen t (e.g. 
Stress Relieving). 

Method of carrying out (e.g. Fur-

nace/Loca l ised heat ing Coi l 
Method) 

Calibrated recorder. 

Rate of heating (e.g. 110°C/Hours 
from 400°C) 

Soaking temperature (e.g. 610°± 
10°) 

Soacking time (e.g. 2.5 mts/mm 
thick/a minimum 30 mts.) 

Rate of cooling e.g. 110°C/Hours 
up to 400°C) 

Final Inspection 

Visual examination shall be car-
ried out to check the surface free 
from defect, spatters etc., and to 
ensure proper identification etc. 

Dimensional check shall be car-
ried out as per the relevant draw-
ing and shall be recorded in the 
"History Card". 

Hydraulic tests wherever appli-
cable shall be carried out in the 
presence of External Inspector 
and the results shall be docu-
mented. 

IBR Inspection 

IBR Inspection will be applicable 
for class I Pipe lines as per Rg 
360(d) 

Class I - Pipelines for service 
conditions in which any one of the 
following limits is exceeded : 

Design 

Temperature : 218°C (425°C) 

Design 

Pressure : 17.6Kg/cm2(250 Ibs/sq in) 

Feed Water : 24.6Kg/Cm2(350 Ibs/sq in) 

Class II - Pipelines for service 
conditions in which none of the 
foregoing is exceeded. 

Quality Records 

The fol lowing statutory records 
shall be prepared and submitted 
by the fabricators (manufacturer) 
to Inspecting Authority (Chief In-
spector of Boilers) for approval as 
per IBR-1950. 

"Certif icate of steam pipes" 

"Certi f icate of Manufacture and 
Test" in Form III A. 

"Certif icate for Tubes" 

"Certi f icate of Manufacture and 
Test" in Form III B. 

"Certif icate for Fitt ings" 

Cert i f icate of Manufacture and 
Test" in Form III C. 

For preparing the above the fol-
lowing supporting documents are 
to be compiled. 

IBR app roved manu fac tu r i ng 
drawings. 

Material Test Certificates. 

Raw Material Inspection Reports 
(RIR) 

History Cards. 

NDE Reports, Heat Treatment 
Records (Wherever applicable). 

Final Inspection Report (FIR) 

Copy of challan in support of in-
spection fee paid. 

Approved cer t i f icates as men-
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t i o n e d in 8 . 1 . 0 a r e n e c e s s a r y f o r 

t h e f a b r i c a t e d c o m p o n e n t s to be 

a l l o w e d f o r u s e at t h e e r e c t i o n 

s i te by t h e r e s p e c t i v e S t a t e C o m -

p e t e n t A u t h o r i t y ( C . I . B ) a s p e r 

I B R - 1 9 5 0 . 

In t h e c a s e o f p i p i n g no t c o m i n g 

u n d e r I B R p u r v i e w , r e l e v a n t d e -

ta i l s o f f a b r i c a t i o n s h a l l be c o m -

p i l ed in t h e f o r m o f d a t a b o o k a n d 

s h a l l be s u b m i t t e d t o t h e c u s -

t o m e r . 

Surface Preparation & 
Protection 

A f t e r t h e c o m p l e t i o n o f f i n a l in-
s p e c t i o n t h e f o l l o w i n g o p e r a t i o n 
shaH be c a r r i e d ou t : 

S u r f a c e ( i n s i d e & o u t s i d e ) sha l l 

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

b r u s h i n g / p o w e r t o o l c l e a n i n g / 

c h e m i c a l t r e a t m e n t / B l u s t c l e a n i n g 

o r by a n y o t h e r s p e c i f i e d m e t h -

o d s . 

T h e s u r f a c e c o a t i n g s sha l l be car -

r i e d o u t a s s p e c i f i e d / r e c o m -

m e n d e d by the p a i n t m a n u f a c -

tu re r . 

P r i m e r c o a t s h a l l b e a p p l i e d 

w i t h i n s i x h o u r s o f c o m p l e t i o n of 

m e c h a n i c a l c l e a n i n g / b l a s t c l e a n -

ing . 

F u r t h e r c o a t i n g s sha l l be a p p l i e d , 

a l l o w i n g s p e c i f i e d d r y i n g t i m e be-

t w e e n coa ts . 

C o l o u r s h a d e s of pa i n t s sha l l be 

in l ine w i t h B I S : 5 / B S 3 8 1 C . 

T h e q u a l i t y of t he pa in t s sha l l be 

as per B I S : 2 0 7 4 ( R e d O x i d e Z i n g 

C h r o m e P a i n t s f o r P r i m e r ) , 

B I S : 2 9 3 2 ( S y n t h e t i c E n a m e l 

P a i n t s f o r t o p coa ts ) B I S : 1 0 2 ( R e d 

L e a d P r i m e r f o r s p e c i a l p u r p o s e s ) 

o r as s p e c i f i e d by t h e c u s t o m e r . 

T h e c o a t i n g t h i c k n e s s ( in Dry F i l m 

T h i c k n e s s D F T ) sha l l be e n s u r e d 

by u s i n g n o n - m a g n e t i c c o a t i n g 

t h i c k n e s s g a u g e . 

T h e q u a l i t y o f p a i n t c o a t e d ( to en -

s u r e t h e a b s e n c e o f p i n - h o l e s ) 

s u r f a c e s sha l l be e n s u r e d by us-

ing " H o l i d a y - D e t e c t o r " 

P r o p e r p u n c h i n g a n d s t e n c i l l i n g of 

t h e j o b d e t a i l s s h a l l be e n s u r e d 

a n d c l e a n l y i n d i c a t e d on t h e - f a b -

r i c a t e d j o b p r io r t o s h i p m e n t . 

Handling and Packing 

A f t e r c o m p l e t i o n o f s u r f a c e p ro -

t e c t i o n ( P a i n t i n g ) c a r e s h a l l be 

m a d e f o r p r o p e r h a n d l i n g to p re -

v e n t d a m a g e s d u r i n g t r ans i t . 

A l l o p e n i n g s s h a l l be p r o p e r l y 

c l o s e d by u s i n g p l a s t i c / m e t a l l i c 

e n d c a p s a n d p r o p e r l y s e c u r e d . 

P r i o r t o c l o s i n g o f t h e o p e n i n g 

s u f f i c i e n t a m o u n t o f ' S i l i c a g e l ' o r 

V C I pe l l e t s ( V a p o r C o r r o s i o n In-

h ib i to r ) sha l l be kep t i ns ide to pre-

v e n t s u r f a c e c o n t i m a t i o n . 

^ » 

Dear Members, 

With ef fect f rom 1st June 1994, Library facilities of IIW Headquarters at 3A, Loudon Street, 
Calcut ta - 700 017 will be m a d e avai lable presently to all members during working hours of 
the off ice. Borrowing facilities will be m a d e avai lable to members on a c c e p t a n c e of propos-
als relating rules a n d regulations, by the Council from July 1994. 

You are requested to make good use of it and offer pract ical proposals for improvement. 

We also request you to kindly dona te books of Welding Science a n d Technology to our 
Library for the benef i t of one and all and for the promotion of weld ing technology in gen-
eral. 

Trust, you will heed to our request a n d give wholehear ted supports to our venture. 

Thanking you 

Yours faithfully 

M.K.BISWAS 
(Library-in-Charge) 
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Back to the basic.... 

M I G / M A G WELDING 

MIG We ld ing , l ike all we ld ing pro-

c e s s e s has d e v e l o p e d i ts o w n 

part icu lar t e r m s ( jargon) . A knowl-

edge of the m e a n i n g s of the fol-

l o w i n g t e r m s w i l l h e l p y o u 

ach ieve a fu r ther uhders tand ing 

of the process. 

Characteristics of Welding 
power sources 

Constant current 

Constan t cur rent power sources 
are ma in ly used for manua l arc 
we ld ing . As the n a m e imp l ies the 
power source .mainta ins the se-
l e c t e d c u r r e n t s e t t i n g d e s p i t e 
var ia t ions in arc vo l tage caused 
by t he o p e r a t o r ' s h a n d m o v e -
m e n t s . T h i s c o n s t a n t c u r r e n t 
charac ter is t ic is most des i rab le to 
ma in ta in a constant burn o f f rate 
of the e lec t rode and hence pro-
d u c e w e l d b e a d s o f r e g u l a r 
s h a p e . ( B u r n o f f rate is d i rec t l y 
p ropor t iona l to cur rent ) . 

To s u m m a r i s e - The i nev i t ab le 
m o v e m e n t s of the we lder ' s hand. 
W h i c h cause la rge arc v o l t a g e 
var ia t ions, have l itt le e f fect on the 
current and the re fo re a constant 
burn o f f rate is ob ta ined . 

The typ ica l d roop ing character is -
t ic of a manua l arc m a c h i n e show 
that a change in arc vo l ts up or 
down has very l i tt le e f fec t on the 
output current . 

O 100 200 300 

w a i d t n g c u r r e n t i n a m p s 

Volt - ampere curve of a typical 
constant current power source 

Constant potential 

Constant potent ia l power sources 
are used main ly for MIG weld ing. 
They main ta in a preselected arc 
vo l tage wi th in c lose l imits. Th is 
means for a very smal l change in 
arc vo l tage (arc length), there is 
a large ad jus tment in current . A 
charge in current br ings about a 
c h a n g e in b u r n o f f r a te . T o 
Summar ise -a constant bead width 

T y p i c a l M I G m a l a t t e t i e n 

wil l result desp i te var ia t ions in arc 
l e n g t h , b e c a u s e t h e e l e c t r o d e 
wi re is be ing fed into the we ld 
pool at a constant rate and the 
arc vo l tage rema ins v i r tua l ly con-
stant, t hus the arc is sel f adjust-
ing. 

The typ ica l s lope charac ter is t i c of 
a MIG power source shows that a 
change in arc vo l ts up or down 
has a large e f fec t on the output 
current . 

100 200 

w a t d i n f c u r r a n t i n t 

Volt - ampere curve of a typical 
constant current power source 
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Transformer/Rectifier 

A l l p o w e r s o u r c e s u s e d f o r M I G 

a n d M A G w e l d i n g w i t h s o l i d m i l d 

s tee l w i r e s h a v e a d i r e c t c u r r e n t 

( D C ) o u t p u t . T h i s is in c o n t r a s t 

w i t h m o s t m a n u a l w e l d i n g m a -

c h i n e s f o r u s e w i t h s t i c k e l e c -

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

s t r a i gh t t r a n s f o r m e r t y p e s u p p l y -

ing a l t e r n a t i n g c u r r e n t ( A C ) . In a 

M I G p o w e r s o u r c e , t h e t r a n s -

f o r m e r r e d u c e s m a i n s v o l t a g e to 

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

rec t i f i e r c o n v e r t s t h e r e d u c e d A C 

v o l t a g e in to D C v o l t a g e f o r t h e 

w e l d i n g p o w e r . In M I G w e l d i n g , 

t h e c i r c u i t is c o n n e c t e d so t h e 

w o r k is at n e g a t i v e p o t e n t i a l t o 

t h e e l e c t r o d e w i r e w h i c h is c o n -

n e c t e d to t h e p o s i t i v e po l e . T h i s 

is k n o w n as d i r e c t c u r r e n t r e v e r s e 

po la r i t y . 

Voltage selection 

O p e n c i r cu i t v o l t a g e ( O C V ) is t h e 

v o l t a g e a c r o s s t h e p o w e r s o u r c e , 

o u t p u t t e r m i n a l s b e f o r e an a rc is 

s t r u c k . W i t h t h e m a n u a l a rc p ro -

cess . O C V r a n g e s f r o m 50 to 80 

v o l t s ( A C ) , bu t w i t h M I G , t y p i c a l 

O C V ' s r a n g e f r o m 15 to 50 v o l t s 

( D C ) . 

A s u i t a b l e O C V is s e l e c t e d by a 
s w i t c h o r s w i t c h e s on t h e p o w e r 
s o u r c e . O n m o s t m a c h i n e s t h e s e 
s w i t c h e s , in e f f e c t , s e l e c t a n u m -
be r o f w i n d i n g s o n t h e p r i m a r y 
s i de o f t h e t r a n s f o r m e r . T h e se -
l ec t i on o f a s u i t a b l e O C V a lso d e -
t e r m i n e s t h e m a x i m u m c u r r e n t 
w h i c h t h e m a c h i n e is c a p a b l e of 
d e l i v e r i n g w i t h i n t h e d u t y c y c l e o f 
t h a t m a c h i n e . T h e c u r r e n t is c o n -
t r o l l e d by t h e w i r e f e e d s p e e d 
w h e n w e l d i n g . 

Inductance 

In a n y e lec t r i ca l c i r cu i t , a r i se in 

c u r r e n t a b o v e t h e r a ted cu r ren t o f 

t h a t c i r c u i t r e s u l t s in t h e w i r e 

o v e r - h e a t i n g a n d e v e n t u a l l y m e l t -

ing at i ts t h i n n o s t po in t . T o a v o i d 

d a m a g e , a f use is p l a c e d in t h e 

c i r cu i t at a c o n v e n i e n t pos i t i on , 

I n s p e c t i n g a b l o w n f u s e c a n ind i -

ca te to a ce r ta in e x t e n t h o w b ig 

t h e o v e r l o a d has b e e n . If t h e w i r e 

in t he f use has on l y j us t p a r t e d 

w i t h a s m a l l g l o b u l e and m e t a l on 

o n e s t r a n d , it i n d i c a t e s a s l ow , 

g r a d u a l o v e r l o a d of t he c i r cu i t . I f , 

h o w e v e r , t h e w i re has ' b lown ' v i o -

len t l y a n d p i eces of m o l t e n f u s e 

w i r e a re s p r e a d a b o u t t h e f u s e 

ho lde r , t he c a u s e of t he o v e r l o a d 

w a s ce r t a i n l y a s e r i o u s sho r t c i r -

cu i t . 

C o n s i d e r M I G w e l d i n g in ac t i on . 

B e f o r e t h e w i r e s t r i k e s t h e 

w o r k p i e c e and c o m p l e t e s t h e c i r -

cu i t , t h e r e is no f l o w of c u r r e n t 

a n d t h e v o l t a g e is at m a x i m u m 

v a l u e ( O C V ) . W h e n t h e w i r e 

s t r i k e s t h e w o r k p i e c e , a ' d e a d 

sho r t ' is c rea ted . T h i s sho r t c i r -

cu i t c a u s e s t h e c u r r e n t to r i se 

v e r y rap id l y and bu rn o f f t he w i r e 

v i o l e n t l y , s h o w e r i n g t h e s u r r o u n d -

ing a rea w i t h m o l t e n g l o b u l e s of 

m e t a l ( s p a t t e r ) . 

T h i s v e r y rap id r ise in sho r t c i r -
c u i t c u r r e n t h a s to be s l o w e d 
d o w n , m a k i n g t h e b u r n o f f 
s m o o t h e r w i t h o n l y o n e l a r g e 
g l o b u l e f o r m i n g on t h e e n d of t h e 
w i r e , d r a s t i c a l l y r e d u c i n g t h e 
a m o u n t o f spa t te r (as in t h e f u s e 
w h i c h is s l ow ly o v e r l o a d e d ) . 

T o con t ro l t he rate o f r ise of t h e 
shor t c i rcu i t cu r ren t , an i n d u c t o r 
(e lec t r i c c h o k e ) is f i t t ed in se r i es 
w i t h t h e w e l d i n g p o w e r c a b l e . 

L o w i n d u c t a n c e 

T h i s i n d u c t o r s l o w s d o w n 

( c h o k e s ) t h e ra te o f r ise o f sho r t 

c i r c u i t c u r r e n t a n d e n s u r e s 

s m o o t h a rc c o n d i t i o n s . 

It is n o w e v i d e n t t h a t i n d u c t a n c e 

is a f u n c t i o n o f t i m e a n d c u r r e n t , 

s i n c e it c o n t r o l s t h e t i m e t a k e n for 

t h e c u r r e n t t o r e a c h t h e p re -se t 

v a l u e . H e n c e an i n c r e a s e in in-

d u c t a n c e resu l t s in less f r e q u e n t 

shor t c i r c u i t i n g . F e w e r sho r t c i r -

cu i t i m p l i e s tha t t h e a rc is p r e s e n t 

f o r a l o n g e r p e r i o d o f t i m e in-

c r e a s e d ' a r c on ' t i m e m e a n s in-

c r e a s e d hea t i npu t . T h e r e f o r e , on 

t h i c k p la te , w h e r e m o r e hea t is 

r e q u i r e d to e n s u r e g o o d f u s i o n , 

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

w e l d i n g c o n d i t i o n s . L e s s i n d u c -

t a n c e d e c r e a s e s 'a rc on ' t i m e a n d 

c o n s e q u e n t l y a c o o l e r a rc , w h i c h 

e n a b l e s t h i n m a t e r i a l s t o b e 

w e l d e d w i t h e a s e . 

Summary 

I n d u c t a n c e h a s t h e f o l l o w i n g 
e f f e c t s : 

* Reduces spatter 

# Al lows control of heat input 
(when variable inductance fitted 
to unit). 
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* Has no effect when spray arc 
welding beacuse once there is 
no change in current, the induc-
tance coil becomes inoperative. 
A certain amount of inductance 
with spray transfer wil l provide 
softer starts (the initial short cir-
cuit). 

Burn back control 

W h e n t h e t o r c h t r i g g e r is re-
l e a s e d , w e l d i n g c e a s e s . M o r e 
spec i f i ca l l y , the w e l d i n g cu r ren t 
con tac to r ' d rops out ' (opens) , t he 
wire feed m o t o r s tops and the gas 
supp ly so leno id v a l v e shuts . If al l 
th is h a p p e n e d s imu l t aneous l y , the 
e lec t rode end w o u l d f r eeze and 
st ick to the w o r k p i e c e . Th is cou ld 
be o v e r c o m e by qu i ck l y pu l l ing 
the to rch away as we ld i ng ceases , 
but th is is not des i rab le because 
gas c o v e r a g e is lost o v e r the so-
l id i fy ing we ld . 

W i r e f r eez ing is p r e v e n t e d by us-
ing a burn back con t ro l . Th i s con-
t ro l d e l a y s the d r o p out of the 
we ld ing cu r ren t con tac to r and ef-
f ec t i ve l y m a i n t a i n s the arc for a 
f rac t ion of a s e c o n d a f te r t he w i re 
feed m o t o r has s topped . T h e w i re 
s tops f eed ing and ' b u r n s back ' a 
f rac t ion f r o m the w e l d poo l and 
p reven t s it f r o m f reez ing to the 
wo rkp iece . 

E x c e s s i v e burn back t i m e causes 
the w i re to s t ick to the con tac t t ip, 
hence an ad jus tab le t i m e r is used 
to con t ro l bu rn back of the var i -
ous w i re s i zes used at v a r y i n g 
we ld i ng cu r ren ts . 

Wire feed unit 

T h e w i re feed unit cons is ts of a 
hub f o r m o u n t i n g t h e s p o o l o f 

c o n s u m a b l e e l ec t r ode w i re and 
mo to r d r i ven f e e d rol ls to push 
the wi re th rough to the to rch and 
into the we ld pool at a cons tan t 
pre-set va lue . The unit a lso con-
t ro ls the supp ly of gas to the we ld 
and the spot t im ing func t ion (if f i t -
ted) . 

T h e w i re feed unit can be e i ther 
i n t eg ra l w i t h the p o w e r s o u r c e 
case, or as w i th most h igher ca-
pac i ty mach ines , a separa te unit 
w i th i n te rconnec t ing cab les . 

Most w i re feed sys tems consis t of 
2 f eed rolls. O n e a d r i ven roll w i th 
a g r o o v e m a c h i n e d into its cir-
c u m f e r e n c e ; the other a pressure 
rol l tha t app l ies phys ica l p ressure 
to t h e w i r e . W h e n t h e d r i v e n 
rol ler rotates, it e f fec ts w i re feed-
ing. 

Welding torches (guns) 

T h e we ld ing to rch w i th its cab le , 
de l i ve rs the we ld ing wi re to the 
wo rkp iece . Power is t r ansm i t t ed 
to the to rch contac t v ia the to rch 
connec t i on b lock and to rch cab le . 
W e l d i n g is c o m m e n c e d by de-
press ing the to rch t r igger , wh i ch 
e n e r g i s e s t h r e e s e p a r a t e f unc -
t ions : 

• T h e m a i n s con tac to r is 'pu l led 
in' (c losed) and we ld ing cur rent 
b e c o m e s ava i lab le . 

• T h e wi re feed moto r s tar ts up 
and feeds wi re at the pre-set , 
c o n s t a n t s p e e d t h r o u g h t h e 
t o r c h c o n d u i t . A s t h e w i r e 
passes th rough the contac t t ip, 
we ld ing cur rent is t ran fe r red to 
it. 

• T h e gas so leno id v a l v e opens 
a n d a l l o w s s h i e l d i n g g a s to 
f low. Because of the heat gen-

e ra ted in the w e l d poo l and the 
heat g e n e r a t e d t h r o u g h e lect r i -
ca l res i s tance at the con tac t t ip, 
t o r c h e s h a v e to be e f f i c i en t l y 
coo led . 

T o r c h e s can be air coo led or wa -
ter coo led , d e p e n d i n g on the du ty 
cyc le , cu r ren t and sh ie ld ing gas 
used. T h e r e are t h ree bas ic t ypes 
of M I G w i r e f e e d i n g s y s t e m s , 
each requ i r i ng d i f f e ren t to rches . 

Push system 

By far the mos t popu la r m e t h o d , 
t h e w i r e f e e d u n i t p u s h e s t h e 
e l e c t r o d e w i r e a l o n g the t o r c h 
c o n d u i t , t h r o u g h t h e t o r c h and 
con tac t t ip and to the w e l d pool . 
Push s y s t e m s are gene ra l l y ro-
bust, l i gh twe igh t and ve ry func-
t iona l (a lso the least e x p e n s i v e 
m e t h o d ) . T h e s y s t e m w o r k s ve ry 
we l l w i th hard w i res (steel s ta in-
less s tee l etc. ) w i th cab les up to 
4.5 m e t r e s in length . 

Pull-system 

A very ve rsa t i l e s y s t e m w i th the 
m a i n a d v a n t a g e be ing m a n o u v r e -
abi l i ty . T h e m o t o r and f e e d sys-
t e m are bui l t into the hand le of 
t he gun w h i c h a l l ows we ld i ng up 
to 16.5 m e t r e s f r o m the p o w e r 
source . 

T h e d r a w b a c k s of t h i s s y s t e m are 
: H igh cost of c o n s u m a b l e wi re 
on sma l l spoo l s and h igh in i t ia l 
cost of e q u i p m e n t and we igh t of 
to rch and w i re , but , in m a n y ap-
p l i ca t ions , t hese are o u t w e i g h e d 
by its ve rsa t i l i t y . ( T h o u g h ma in l y 
u s e d fo r a l u m i n i u m w o r k , m i l d 
s tee l and s ta in less s tee l w i res can 
be used as we l l . ) 
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Push/pull system 

A s the n a m e imp l i es , bo th push 
and pu l l m o t o r s a re e m p l o y e d . 
O n e in t h e t o r c h h a n d l e w h i c h 
pul ls t he w i re t h r o u g h the to rch 
and one in t h e c o n t r o l c a b i n e t 
w h i c h p u s h e s t h e w i re in to the 
condu i t . Th i s a l l ows long d i s tance 
f eed ing of ha rd and sof t w i res up 
to 9 m e t r e s f r o m con t ro l cab ine t 
and st i l l o f f e r s the e c o n o m y of 15 
kg. spoo l s of w i re . 

A v e r s a t i l e s y s t e m , p a r t i c u l a r l y 
su i t ed to a l u m i n i u m but read i l y 
used for hard w i res as wel l . 

Modes of metal transfer 

T h e m o d e , or t ype of me ta l t rans-
fe r d e p e n d s u p o n the cur ren t , a rc 
vo l t age , e l ec t r ode d i a m e t e r and 
the t ype of sh ie l d i ng gas used. In 
genera l , t h e r e are fou r m o d e s of 
t r a n s f e r . T h e f i g u r e s in T a b l e 1 
a re fo r a r g o s h i e l d 2 0 s h i e l d i n g 
gas . U s i n g a n o t h e r A r g o n / C O z 

m i x t u r e or C 0 2 w o u l d c h a n g e the 
f i gu res cons ide rab l y . 

Dip transfer (or short 
circuiting arc) 

In the d ip t rans fe r range, low cur-
rent and vo l tage set t ings are used 
to p roduce a shor t c i rcu i t ing arc. 

W h e n w e l d i n g c o m m e n c e s , an 
arc is s t ruck and a we ld pool is 
f o rmed . The t ip of the e lec t rode 
wi re d ips into the poo l and causes 
a shor t c i rcui t . Th i s resul ts in a 
rapid t e m p e r a t u r e r ise in the w i re 
(caused by the short c i rcui t cur-
r e n t f o l l o w i n g t h r o u g h to t h e 
w o r k p i r c e ) and the end of t h e 
e lec t rode w i re is me l ted of f . A n 
arc is i m m e d i a t e l y f o r m e d be-
tween the t ip of the wi re and the 
we ld pool . Th is arc ma in ta i ns the 
e l e c t r i c a l c i r cu i t and p r o d u c e s 
su f f i c ien t heat to keep the we ld 
pool f lu id . 

O O B Q f l 
JLi i \ . jrs^^c:.^ 

w o r k > 

Schemat ic d iag ram o« d ip tran»f»» 

T h e e lec t rode wi re con t inues to 
f eed and the t ip once ga in d ips 
into the pool . Th is sequence of 

e v e n t s is r epea ted at a f r e q u e n c y 

of up to 2 0 0 t i m e s per second , 

unt i l t he w e l d sw i t ch is re leased . 

Th is m e t h o d of t rans fe r is su i tab le 
fo r pos i t i ona l w e l d i n g and has the 
a d v a n t a g e tha t t he heat input to 
the w o r k p i e c e is kept to a min i -
m u m . Th i s l im i t s d i s to r t i on and 
enab les th in shee t ma te r i a l to be 
we lded . 

D ip t r ans fe r occu rs w i th both Ar -
gon gas m i x t u r e s and C O : sh ie ld-
ing g a s e s . S u i t a b l e w i r e d i a m -
e ters are 0.6 m m to 1.2 m m . 

Spray transfer 

In the spray t r ans fe r m o d e , h igher 
v o l t a g e and c u r r e n t v a l u e s are 
used t han fo r d i p t rans fe r . 

A n arc is f o r m e d w h e n the t ip of 
the e lec t rode w i re s t r i kes the work 
p iece . T h e i nc reased v o l t a g e and 
cur rent ava i l ab le cuases the w i re 
to me l t o f f b e f o r e t o u c h i n g the 
w o r k p i e c e , o n c e t h e arc has been 
e a t a b l i s h e d . T h i s e x t r a e n e r g y 
causes the m o l t e n me ta l to cross 
the g a p to the w o r k p i e c e in spray 
f o rm . T h e s ize of e a c h d rop le t is 
about the s a m e as the w i re d i am-
eter . Cu r ren t f l o w s con t i nuous l y 
because o f t h e h igh vo l t age ma in -
ta in ing a l onger a rc and shor t c ir-
cu i t ing canno t t ake p lace . 

H igh w e l d m e t a l d e p o s i t i o n rates 
are poss ib le and w e l d a p p e a r a n c e 
and re l iab i l i ty are good. Pos i t iona l 
we ld i ng is not n o r m a l l y poss ib le , 
due to the h igher heat inpu t m a k -
ing the we ld poo l ve ry f lu id . Spray 
t rans fe r is best a c h i e v e d w i th Ar -
g o n / C 0 2 sh i e l d i ng gases , su i tab le 
so l id w i re d i a m e t e r s are f r o m 0.8 
m m up to 1 , 6 m m . 

Table 1 

Transfer type Arc 
Volts 

Current 
(Amps) 

Applications 

Dip t r ans fe r 13-23 6 0 - 2 1 0 L igh t g a u g e m a t e r i a l , a l l 
pos i t ions 

Spray t r ans fe r 2 4 - 4 0 2 0 0 and 
o v e r 

H igh d e p o s i t i o n ra tes on 
heav ie r p late sec t ions- f la t 
and H.V .pos i t i ons only. 

G l o b u l a r t r ans fe r 2 0 - 2 6 2 0 0 - 2 8 0 H igher depos i t i on rates t han 
d ip t rans fe r w i th lower heat 
input than spray t rans fe r . 

Pu l sed arc 
(Background) 

16-26 6 0 - 2 2 0 
38J - 50V 

Fo r g o o d r e s u l t s on l i gh t 
g u a g e m a t e r i a l s i n c l u d i n g 
m i l d and s t a i n l e s s s t e e l s , 
a l u m i n i u m , etc. 
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Globular transfer 

Th is is an i n t e r m e d i a t e range be-
t w e e n d i p t r a n s f e r a n d s p r a y 
t r a n s f e r . It is n e i t h e r t r u e d i p 
t r ans fe r not t r ue sp ray t rans fe r , 
and as t h e n a m e i m p l i e s , t h e 
t rans fe r t akes p lace in the f o r m 
of i r r e g u l a r s h a p e d g l o b u l e s . 
These m o l t e n g l o b u l e s of me ta l 
fa l l to t he w e l d poo l under the ac-
t i on of g r a v i t y r a t h e r t h a n a rc 
fo rce as w i th sp ray t rans fe r . Un-
l ike A r g o n / C O . s h i e l d i n g g a s e s 
CO., wi l l not p r o d u c e a t rue spray 
t rans fe r . G l o b u l a r t rans fe r is t he 
neares t that can be a c h i e v e d . A l -
t h o u g h s a t i s f a c t o r y fo r v a r y i n g 
a p p l i c a t i o n s , g l o b u l a r t r a n s f e r 
p r o d u c e s e x c e s s i v e spa t te r and 
an unt idy look ing we ld w h e n c o m -
p a r e d w i t h w e l d s m a d e u s i n g 
s p r a y t r a n s f e r a n d A r g o s h i e l d 
sh ie ld ing gases . 

G lobu la r t rans fe r can be used to 
a d v a n t a g e if a lower heat input 
t han sp ray t r a n s f e r is r equ i red , 
but in gene ra l is not des i red be-
cause of the h igher spa t te r lev-
els. G l o b u l a r t r a n s f e r can t a k e 
p lace us ing al l s i zes of e l ec t r ode 
wi res . 

Pulsed transfer (Pulsed-arc 
welding) 

Th is p r o c e s s requ i res m o r e so-
ph is t i ca ted and e x p e n s i v e equ ip -
men t to be e m p l o y e d , w h e r e a s 
w i th the th ree m e t h o d s p rev ious l y 
d e s c r i b e d b a s i c M I G p o w e r 
sources and w i re f e e d un i ts per-
f o r m sa t i s fac to r i l y . 

Pu lsed arc w e l d i n g is a con t ro l l ed 
m e t h o d of sp ray t r ans fe r we ld ing . 
In s p r a y t r a n s f e r , d r o p l e t s o f 
me ta l are p ro jec ted f r o m the w i re 
t ip ac ross the arc g a p to the w e l d 

Sc*omatic diagram spray transfer 

Schematic diagram of globular transfer 
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pool at a cons tan t cu r ren t . In d ip 
t rans fe r , m e t a l is t r ans fe r red to 
the w e l d poo l s o m e w h a t i r regu-
larly du r i ng the pe r iods of short 
c i rcu i t ing . Pu lses arc we ld i ng en-
ab les the t rans fe r of d rop le ts to 
be con t ro l l ed by p ro jec t i ng t h e m 
across the arc g a p at a regu la r 
f r equency , us ing pu lses of cur rent 
in the spray t rans fe r range sup-
p l i e d f r o m a s p e c i a l p o w e r 
source . 

T rans fe r of me ta l f r o m the w i re 
t ip to the w e l d poo l occu rs on ly at 
the pe r iod of pu lse, or peak cur-
rent. Du r ing the i n te r va l s be tween 
p u l s e s , a b a c k g r o u n d ' c u r r e n t 
m a i n t a i n s an i o n i z e d m e d i u m 
(arc) b e t w e e n the w i re t ip and the 
w e l d poo l to k e e p t h e w i re t ip 
m o l t e n , but no m e t a l is t r ans -
fe r red . 

Con t ro l of t r ans fe r m e a n s tha t the 
we ld me ta l is p ro jec ted across the 
gap at h igh cur rent - but the m e a n 
tota l we ld ing cur rent rema ins rela-
t i ve ly low. T h e o p e r a t o r has inde-
p e n d e n t c o n t r o l o f t h e p u l s e 
he ight and the b a c k g r o u n d cur-
rent . Th i s a l l ows fu l l con t ro l of 
b o t h t h e h e a t i n p u t a n d t h e 
a m o u n t of m e t a l depos i t ed . 

Pu lsed - arc t r ans fe r can be used 
on m i l d a n d l o w a l l o y s t e e l s , 
s ta in less s tee l , a l u m i n i u m and its 
a l l oys w i t h e x c e l l e n t resu l t s on 
l ight to m e d i u m p la te sec t ions . 

MIG spot welding 

M I G spot w e l d i n g is t he m e a n s of 
a c h i e v i n g a fus ion spot w e l d be-
tween two p la tes, by app ly ing the 
to rch to on ly one s ide of a lap 
j o i n t . If d i s s i m i l a r p l a t e t h i c k -
nesses are to be j o i n e d , the th in-
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nest shou ld be on top . Spo t we lds 
can be p r o d u c e d in the ho r i zon ta l 
or ve r t i ca l p lanes . E q u i p m e n t re-
qu i red for one s ided c o n s u m a b l e 
M I G spot w e l d s is bas ica l l y a M I G 
plant w i th the spot t i m i n g func t i on 
f i t ted and a spo t nozz le . T h e spot 
nozz le is f i t t ed to the to rch and 
p r e s s e d to t h e w o r k p i e c e . O n 
p res ing t h e t r i g g e r t h e w e l d i n g 
s e q u e n c e b e g i n s a n d t h e spo t 
t ime r is ac tua ted , t he w i re is f ed 
in to the we ld pudd le for a pre-set 
per iod of t i m e then is au toma t i -
ca l ly sw i t ched o f f . 

M I G p lug w e l d i n g - w h e r e the top 
p late t h i c kness e x c e e d s the out-
put ava i l ab i l i t y f r o m the m a c h i n e . 
Dri l l or punch a s m a l l ho le in the 
top plate, l ower the to rch and spot 
nozz le ove r the ho le and p e r f o r m 
the n o r m a l spo t w e l d i n g func t i on . 

T h e spot nozz le has gaps a round 
the out le t o r i f i ce . T h e s e are de-
s igned to let sh ie ld ing gas f l ow 
o v e r t h e w e l d a r e a a n d a l l o w 
we ld i ng f u m e s to e s c a p e f r o m the 
w e l d area. 

• S p o t w a l d i n g 
n o l l l a 

B o t t o m plat J T o p p la ta 

Current densi ty /deposi t ion 
rate 

T h e rate of m e t a l t r ans fe r is pro-
por t iona l to t h e cur ren t and m o r e 
spec i f i ca l l y to the cur ren t dens i t y . 

Table 2 

W i r e Cross sect Cur ren t Cur ren t dens i ty Depos i t i on rate 
S ize area m m 2 (amps) ( A m p s / m m 2 ) ( K g / H r ) f r o m 

d e p o s i t i o n r a t e 
( m m ) T a b l e 8. 

1.0 0 .636 200 314 .46 3 .2 
0.636 

1.2 1.130 200 176.99 2 .8 
1.130 

Cur ren t dens i ty is de f ined as the 
cur rent per cross sec t iona l area 
of the e lec t rode w i re and is nor-
ma l l y exp ressed as a m p e r e s per 
mm 2 . At a g i ven cur rent there is 
m u c h h igher current dens i ty w i th 
1.0 m m d iame te r w i re than wi th 
1.2 m m d iame te r wire." 

Curren t dens i ty -
A m p e r a g e 

Cross sectional area 

F r o m Tab le 2 it can be seen that 
us ing a th inner w i re ( thus obta in-
ing a h igher cur rent dens i ty ) at 
t he s a m e a m p e r a g e , i n c r e a s e s 
the me ta l depos i t i on rate. 

A s im i l a r i nc rease m a y be ob-
t a i ned by us ing the s a m e w i re 
s ize but increas ing the current . It 
is c lear f r om the de f in i t ion of cur-
rent dens i ty that do ing th is shou ld 
p roduce the s a m e end resul t but 
there are l im i ta t ions on how m u c h 
the cur rent can be inc reased. It is 
poss ib le to increase it to such an 
ex ten t tha t the w i re v a p o u r i s e s 
and pract ica l ly no t rans fe r takes 
p lace. Mach ine capac i ty and du ty 
cyc les also de te rm ine the upper 
l imit of current . H igh cur rents pro-
duce va ry f lu id we ld pools wh ich 
m a k e out of pos i t ion work very 
d i f f i cu l t . 

H i g h e r c u r r e n t d e n s i t y (o r 
sma l l e r d i a m e t e r w i re ) a lso g i ves 
deepe r pene t ra t i on . 

200 < m p t 
.'iv* 

W o r k 

P a n a t r a t i o n c o m p a n i o n — « a m « c u r r a n t 

Duty cycle 

T o avo id o v e r h e a t i n g of t he e lec-
t r i c a l c o m p o n e n t s in a p o w e r 
source , it is g i v e n an ou tpu t rat-
ing o v e r a ce r ta in t i m e per iod. If 
t h i s r a t i n g is c o n t i n u a l l y e x -
ceeded , o v e r h e a t i n g occu rs and 
ser ious e lec t r i ca l fa i lu re is immi -
nent . T h e t yp ica l du ty cyc le t ime 
on M I G p lants and power sou rces 
is 5 m inu tes , i .e. a du ty cyc le of 
6 0 % at 200 a m p s ind ica tes that 
the power sou rce can be used at 
2 0 0 a m p s fo r 3 m i n u t e s in every 
5 m inu te per iod and then o f f for 2 
m inu tes . S im i l a r l y a duty cyc le of 
1 0 0 % at 180 a m p s m e a n s the 
m a c h i n e c a n be used c o n t i n u -
ous ly at 180 amps . 

Wire feed speed 

Th is is con t ro l l ed by the m o t o r 
speed wh i ch is ad jus ted by a po-
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t e n t i o m e t e r m o u n t e d on the w i re 
feed unit : cu r ren t d r a w n is di-
rec t ly p r o p o r t i o n a l to w i r e f e e d 
speed for a g i v e n wi re s ize and 
type. 

Stubbing 

T h i s w e l d i n g c o n d i t i o n c a n be 
caused by e x c e s s w i re feed or al-
t e rna t i ve l y , poo r cur ren t p ick up. 
The m a c h i n e se t t i ngs are eas i ly 
ad jus ted to r e m e d y s tubb ing but 
if the p r o b l e m pers is ts , poor cur-
rent p ick up is t he m o s t l i ke ly 
cause , wh i ch o c c u r s in the bore 
of the c o n t a c t t i p If t h e t ip is 
badly w o r n or p i t ted , it shou ld be 
rep laced w i th a n e w one of the 
co r rec t s ize fo r t h e w i re be ing 
used. 

Mains contactor 

Th is is a unit l oca ted in the power 
source and i ts f unc t i on is to m a k e 
and b reak the m a i n s supp ly into 
the power t r a n s f o r m e r w h e n we ld -
ing is e i ther c o m m e n c e d , or f in-
ished. It is con t ro l l ed by the to rch 
s w i t c h a n d m a k e s a c l a c k i n g 
noise w h e n the to rch is ac tua ted . 

Stickout length 

This t e rm desc r i bes d i s tance f r om 
the con tac t t ip in the to rch to the 
w o r k p i e c e , ( a l s o k n o w n as e lec -
t rode ex tens ion ) or the leng th of 
w i re p ro t rud ing f r o m the con tac t 
t ip to the w o r k p i e c e . 

The ope ra to r shou ld set his con-
d i t ions to g i v e h im the heat input 
requ i red for t he j o b in hand. If he 
w i s h e s to c o o l ' t h e w e l d poo l 
d o w n a l i t t le fo r bad fit up or out 
of p o s i t i o n w o r k , i n c r e a s e t h e 

' s t i ckou t ' l eng th , and the ex t ra 
e lec t r i ca l res is tance on the longer 
l e n g t h of w i e w w i l l a l l o w a 
'coo ler ' , less f lu id depos i t . 

Genera l l y , w h e n opera t ing in the 
short arc m o d e , a s t ickout length 
of 6 m m wi l l be sat is fac tory . W i t h 
spray t rans fe r and the g rea te r ra-
d ia ted heat , the s t ickout shou ld 
be i n c r e a s e d to a p p r o x i m a t e l y 
1 6 m m . Dur ing we ld ing , any large 
va r ia t i ons in s t ickout length wi l l 
show as an incons is tent we ld de-
posit . Too m u c h s t ickout wi l l re-
duce the e f f ec t i veness of the gas 
cover . 

Shielding gases 

The Argon & C O ; G A S m ix tu res 
con ta ins m ix tu res wh ich are de-
s igned to suit par t icu lar app l ica-
t ions such as l ight or heavy fabr i -
cat ions, and to contro l spat ter lev-

els, w e l d con tou r , dep th of pen-

e t ra t ion , e tc . 

Welding procedures 

Work preparation 

Genera l l y , the su r f ace shou ld be 
t ho rough l y d ry and f ree f r o m rust, 
sca le , g rease , paint or any other 
fo re ign mat te r . For work of h igh-
est qua l i ty , the s u r f a c e shou ld be 
g r o u n d , s h o t b l a s t e d of f l a m e 
c leaned. 

Joint preparation 

O n h e a v y s e c t i o n s a m u c h re-
duced ang le (or w id th ) of p repa-
rat ion can be to le ra ted , due to the 
deepe r pene t ra t i on p roper t ies of 
the M I G process. W i t h shor t arc 
t r ans fe r , g a p s can be t o l e r a t e d 
par t i cu la r l y in t h e ve r t i ca l posi-
t ion. H o w e v e r , the h igher cur rent 
a n d d e e p e r p e n e t r a t i o n 
c h a r a c t e r i s t i c s s p r a y t r a n s f e r 
m a k e s it m u c h less t o l e ran t to 
poor fit up. 

T h e back of a root run is s lag 
f ree, thus render ing back ch ipp ing 
or g o u g i n g g e n e r a l l y u n n e c e s -
sary, B a c k i n g st r ips can be used 
in the accep ted m a n n e r where the 
reverse s ide is i naccess ib le . 

W h e n us ing spray arc, it is rec-

Trp« i —,. 

T y p « 3 y / — 
A n g l e 

argon argon/CO, CO, argon/ CO, O , W 

E f f ec t ! of g n t i on w«ld bead shape 

T V P a 6 ^ ) ( ^ R o o t ( a c « 

^ G a p 
P l a n p r e p a r a t i o n , d i f f o r a n t t y p a a o f b u t t J o l n t a 
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Table 3 Guide to plate preparations 
D e p o s i t i o n ra te versus c u r r e n t 

Plate Joint type 
10 

thickness Weld (See Gap Included Rec.wire 
(mm) Position Fig.17) (mm) angle size(mm) 9 

0.5 to 1.6 1 Nil _ 0.6 a 

2.0 1 0.8 - 0.6 
3.0 1 1.6 - 0.8 7 

5 Flat 3 Nil 60° 0.8 
5 Ver t i ca l 3 1.6 60° 0.8 a jt S 
6 0 * Flat 3 Nil 60° 0.9 i • 

6.0 Ver t i ca l 3 1.2 60° 1.0 • 

s 
6.0 Flat 2 0.8 90° 1.0 o 

10 Fla t 3 0.8 60° 1.0 o a 
10 Ver t i ca l 3 1.2 60° 1.0 a 

10 Flat 4 1.6 40° 1.0 
13 and up Ve r t i ca l 3 or 5 1.6 60° 1.2 3 

13 Fla t 1 0.8 - 1.2 
13 and up F la t 4 1.6 30° 1.2 ? 

16 Flat 1 1.6 - 1.2 
20 and up F lat 4 or 5 2.4 50° 1.6 1 

* Root f ace 3 .2 m m . 

o m m e n d e d tha t if d o u b l e V butt 
jo in t p repa ra t i on is used, t he root 
f a c e be s u f f i c i e n t l y h e a v y t o 
avo id b low ing t h rough . 

Estimating tables for MIG 
welding 

T h e fo l l ow ing tab les h a v e been 
c a r e f u l l y c o m p i l e d f r o m a c t u a l 
w e l d i n g p e r f o r m a n c e tes ts , and 
t h e i n f o r m a t i o n t h e y c o n t a i n 
shou ld p rove ve ry use fu l in cost-
ing and d e t e r m i n i n g ac tua l cond i -
t ions fo r a pa r t i cu la r j ob . W h e n 
re fe r r ing to these tab les , t he fo l -
low ing po in ts shou ld be kept in 
m ind : 

A r g o n / C 0 2 f l o w ra te - 1 4 l i t e rs / 
m inu te , no hea te r requ i red . CO., 
( ca rbon d iox ide ) f l ow rate - 16-18 
l i t res /min . w i th hea te r f i t ted. 

S t i ckou t - f o r d ip t r ans fe r app rox . 
6 m m and pray t r ans fe r a p p r o x 16 
m m (Var ia t i ons in s t i ckou t length 

c h a n g e w e l d i n g c o n d i t i o n s and 
a f fec t the qual i ty of the we ld de-
posit , but do not a f fec t the depo-
s i t ion rate). 

D i r e c t c u r r e n t r e v e r s e p o l a r i t y 
was used in al l cases. 

T rave l speeds g i ven for mu l t ip le 
pass jo in ts are for all passes in 
the jo in t . 

D e p o s i t i o n r s ! • ve rsus c u r r a n t 

W i r size 1 -6 m m ( t 
1 

i in . ) d ia. . 

1 / I / 
1 / 
1/ 

-

/ J 

/ 
Spray a re 

/ 
/ 

f O i p rans fe r 

0 100 200 300 400 500 
A m p e r e s 

Table 4 length per kilogram of 
welding wire 

W i r . a 
(0 046 

za 1*2 r 
In . ) dia 

rim 

t 
f 

/ / 
/ S 

j r a y ere 

/ D i p t rana fa r 

(Diam.) (Length) 
m m met res 

0.8 126 
0.9 93 
1.2 56 
1.6 30 

D e p o s i t i o n r a t e versus c u r r e n t 

: 
W i r e w e 0 1 m m i 

\ • 
0 03 i n ) dia. 

Sp ray ar 

i y X 

, i 

SO 100 ISO 200 2SO 

A m p e r e s 
100 200 300 400 SOO 

Amperes 
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Table 5 Weight of welding wire 
per metre 

(Diam.) (Weight) 
mm kg 

0.8 0.0038 
0.9 0.0050 
1.0 0.0060 
1.2 0.0088 

Daposi 

£ * 
0 Jt 
1 
: 3 

W i r e i n 0-9 
I 

m m (0-035 in. ] 

I 
dia . j 

I i 
! j 

Sc 
1 / 

r a y arc X 

/ D 
i 

p t r a n s f e r 

1 
M 100 ISO 200 2 K 

A m p i r n 

Table 6 fillet welds - weld metal 
weight per metre 

(Fillet size) 
mm 

Weight * 
(kg)/metre 

3.0 0.0395 
5.0 0.088 
6.0 0.133 
8.0 0.238 
9 0.337 
11 0.45 
13 0.633 
14 0.783 
16 0.99 
19 1.42 
22 1.93 
25 2.32 

* Guide only 

Techniques 

Spray Transfer 

Flat position (butt) 

Because of the high heat input 
and high welding speeds possible 
when using spray arc, it is impor-
tant to maintain adequate gas 
coverage to the solidifying weld 
area trailing the torch. Forehand 
welding (most right handed weld-
ers move left to right with the 
torch inclined towards the body) 
is preferable and weaving i3 per-
mitted, allowing an even further 
spread of shielding gas. 

Horizontal/vertical fillet 

Forehand welding is desirable for 
good gas cover and opt imum 
weld shape. Typical spray arc 
MIG welding conditions are found 
in Tables 11 - 13. 

Dip transfer 

Vertical down 

Adequate gas cover is important-
stick out length should be kept 
constant for an even weld con-
tour. By controlling stickout, poor 
'fit up' can be tolerated by depos-
iting a much cooler weld, Vertical 
down is not recommended for 
heavier sections because of the 
risk of cold lapping and lack of 
fusion particularly in the root run. 

Vertical Up 

Generally gives a convex weld 
contour and it is suggested that a 
slight weaving technique be used, 
even on smaller passes, This 
weaving produces a weld of good 
appearance. 

U p »o 3 2 m m t h i c k — b u l l Fillet! 

6-4 mm thick—Butt 
Fill.lt 

Fillet 
Ov.r 10 mm thick—Butt 

V e r t i c a l d o w n » n d u p w i t h d i p t r e n a f e r 

Fillet 

O v e r h e a d w e l d i n g w i t h d i p t r e n a f e r 
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Larger f i l le ts requ i re a t r i angu la r 
m o v e m e n t , w i th s l igh t pauses at 
e i ther s ide to e l i m i n a t e unde r cu t -
t ing and to depos i t e n o u g h me ta l 
at the edges to a v o i d a c o n v e x 
bead shape , i l l us t ra ted are var i -
ous jo in t c o n f i g u r a t i o n s us ing d ip 
t rans fe r . 

Overhead (thicker sections) 

A c i rcu lar m o v e m e n t can be used 
t o f l a t t e n t h e w e l d f a c e a n d 
lessen the risk of a c o n v e x weld . 

Horizontal butt joint 

Use fo rehand techn ique for good 
gas c o v e r and use w e a v i n g as 

shown. T y p i c a l d ip t r ans fe r M I G 

w e l d i n g cond i t i ons are f o u n d in 

Tab les 8, 9 and 10. 

2 < JV) 'MW 
V a a K s ^ g 

ZZTTrrrrmv 
TTYT r T r» TTI 

Table 7 Deposition rates 

Tab le 8 to 13 re la te to w e l d s p e r f o r m e d by the sem i au toma t i c M I G 
p rocess us ing A r g o n / C 0 2 sh ie ld ing gas. 

TTjTTTTn' 

B u t t 
H o r i z o n t a l b u t t w e l d i n g w i t h d i p t r a n s f e r 

B u t t w e l d 
vertical do* 

Table 8 Dip transfer - 0.8 mm wire and Argon/CO shielding gas 
Plate thickness Root gap Current Voltage Wire feed speed Travel speed 

0.6 mm Nil 40 14 1.5 m/mm 320 mm/min. 
0.8 mm Nil 60 15 3.75 m/min 600 mm/min 
1.0 mm Nil 90 16 5.25 m/min 580 mm/min 
1.6 mm 1.0 mm 130 16 6.75 m/min 430 mm/min 
2.0 mm 1-0 mm 155 17 8.25 m/min 470 mm/min 

0.6 mm 60 14 1.5 m/min 320 mm/min 
0.8 mm - 40 15 3.75 m/min 530 mm/min 
1.0 mm - 90 16 5.25 m/min 450 mm/min 
1.6 mm - 130 16 6.75 m/min 520 mm/min 
2.0 mm - 155 17 8.25 m/min 540 min/mm 

1.6 mm „ 155 17 0.825 m/min 600 mm/min 
2.0 mm - 155 17 0.825 m/min 560 mm/min 
3.0 mm - 155 17 0.825 m/min 390 mm/min 

Table 9 Dip transfer - 1.0 mm wire and Argon/C02 shielding gas 

Material Fillet No.of Wire feed Travel 
thickness size passes Current Voltage Speed Speed 

6 mm 6 mm 1 90 17 4.3 m/min 100 mm/min 
10 mm 10mm 1 175 19 9.25 m/mon 88 mm/min 
12 mm 12 mm 1 175 19 9.25 m/min 68 mm/min. 
16 mm 16 mm 2 175 19 9.25 m/min 35 mm/min 
20 mm 20 mm 4 175 19 9.25 m/min 17 mm/min 

3.0 mm 1 160 18 7 m/min 500 mm/min 
5.0 mm 1 160 18 7 m/min 350 mm/min 
6.0 mm 1 160 18 7 m/min 230 mm/min 

1.2 mm Nil 1 100 17 5.25 m/min 550 mm/min 
1.6 mm 1.0 mm 1 100 17 5.25 m/min 410 mm/min 
2.0 mm 1.6 mm 1 100 17 5.25 m/min 390 mm/min 
3.0 mm 2.0 mm 1 100 17 5.25 m/min 280 mm/min 

1.2 mm _ 1 100 17 5.25 m/min 410 mm/min 
1.6 mm - 1 160 18 7 m/min 550 mm/min 
2.0 mm - 1 160 18 7 m/min 480 mm/min 
3.0 mm - 1 160 18 7 m/min 350 mm/min 

— i t i P - Lap j o i n t 

Outside corner 
vertical down 

Fi l la t w e l d 
v e r t i c a l up 

O u t s i d e c o r n e r 
v e r t i c a l d o w n 

B u t t w e l d 
v e r t i c a l d o w n 
( f u l l p e n e t r a t i o n ) 

Lap w e l d 

F i l l e t w e l d s 
v e r t i c a l u p 

J 
V e r t i c a l b u t t 
1st pass v e r t i c a l d o w n 
2nd pass v e r t i c a l u p 
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Table 10 Dip t ransfer - 1.2 m m wi re and A r g o n / C 0 2 sh ie ld ing gas 

Fillet size 
Number 

of passes Current Voltage 
Wire 
feed 

Travel 
speed 

H o r i z o n t a l 
v a r t l c a l f i l i a l 

F la t b u l l w a l d a 

H o r i z o n t a l 
v a r l i c a l f i l l a t 

f l a l b u l l 

H o r i z o n t a l . 
v a r l i c a l f i l i a l 

F la t b u t t 
S l r i n g a r b a a d l 

10 mm 1 175 18 3.8 m/min 84 mm/min 

12 mm 1 175 18 3.8 m/min 48 mm/min 

16 mm 2 175 18 3.8 m/min 32 mm/min 

20 mm 4 175 18 19 mm/min 

Plate Included Root Root Wire Travel 
thick angle gap face Current Voltage feed speed 

* 6 mm 60° 2.5 mm Nil 175 18 3.8 m/min 120 mm/min 
12 mm 60° 2.5 mm Nil 175 18 3.8 m/min 30 mm/min 
20 mm 60° 2.5 mm Nil 175 18 3.8 m/min 13 mm/min 

3.8 m/min 

* Both passes vertical down 

Table 11 Spray transfer-0.8 mm wire and Argon/C02 shielding gas 

Plate thickness Fillet size Current Voltage Wire feed Travel speed 
speed 

2 0 mm 5 mm 175 25 12.9 m/min 660 mm/min 
3.0 mm 6 mm 175 25 12.9 m/min 470 mm/min 
5 mm 6 mm 180 26 13.45 m/min 430 mm/min 

Root gap 
1.6 mm Nil 165 25 12 m/min 780 mm/min 
2.0 mm Nil 165 25 12 m/min 760 mm/min 
3.0 mm 1.0 mm 165 25 12 m/min 530 mm/min 

Table 12 Spray transfer-1.0 mm wire and Argon/C02 shielding gas 

Plate thickness Fillet size Current Voltage Wire feed Travel speed 
speed 

3.0 mm 4 mm 210 27 12.9 m/min 740 mm/min 
5.0 mm 5 mm 210 27 12.9 m/min 560 mm/min 
6.0 mm 6 mm 210 27 12.9 m/min 490 mm/min 

Root gap 
2.0 mm Nil 230 26 13.45 m/min 930 mm/min 
3.0 mm Nil 230 26 13.45 m/min 630 mm/min 

Table 13 Spray transfer-1.2 mm wire and Argon/COz shielding gas 

Plate Fillet No.of Wire feed 
thickness size passes Current Voltage Speed Travel speed 

6 mm 6 mm 1 320 32 10.5 m/min 480 mm/min 
10 mm 10 mm 2 320 32 10.5 m/min 165 mm/min 
12 mm 12 mm 4 320 32 10.5 m/min 110 mm/min 

Plate Included Root No. of Were feed 
thickness angle face passes Current Voltage Speed Travel speed 

6 mm 60° 3 mm 1 320 32 10.5 m/min 250 mm/min 
10 mm 60° 3 mm 4 320 32 10.5 m/min 140 mm/min 
12 mm 60° 3 mm 12* 320 32 10.5 m/min 50 mm/min 

* Stringerbeads 

Table 1 4 - 1 7 relate to welds performed with fully automated mechanised torches using C 0 2 

shielding gas, but the results also apply to semi-automatic welding. 
Dip transfer welding conditions. For thin guage mild steel using 0 8 mm wire and C0 2 . 

INDIAN W E L D I N G JOURNAL, JULY, 1994 
55 



Table 14 Vertival down (mechanised) 

Sheet Weld Welding Wire feed Sheet Weld Welding Wire feed 
thickness current speed speed thickness current speed speed 
mm Weld type amp Arc voltage mm/min m/min mm Weld type ampArc voltage mm/min m/min 

Fillet 85 19 3.8 
0.9 Butt 75 18 510 3.3 Horizontal/vertical position (mechanised) 

Lap 75 18 3.3 Fillet 120 19 510 6 
Corner 75 18 3.3 1.6 Lap 100 19 560 5 

Butt 120 20 710 6 
Fillet 100 19 480 5 

1.2 Butt 100 19 450 5 Fillet 100 19% 610 5 
Lap 100 19 480 5 1.2 Lap 100 19 710 5 
Corner 100 19 480 5 Butt 100 19 635 5 

Fillet 120 19 450 6 
Fillet 90 18% 610 4.4 

1.6 
Fillet 120 19 450 

Fillet 90 18% 610 4.4 
1.6 Butt 120 19 510 6 Fillet 90 18% 610 4.4 
1.6 

Lap 120 19 510 6 
0.8 Lap 

Butt 
90 
90 

18% 
19 

760 
760 

4.3 
4.3 

Corner 120 19 560 6 

0.8 Lap 
Butt 

90 
90 

18% 
19 

760 
760 

4.3 
4.3 

2 Fillet 130 19 % 450 7 
Butt 130 19% 450 7 

2.5 Filler 130 20 450 8 
Butt 130 20 450 8 

Table 15 Welding conditions downhand butt welds mechanised (C02 shielding gas) 

Were 
Plate Wire feed Weld Stick Root Root 
thickness size speed Speed out No.of Joint face gap 
mm mm amp Volts m/min . mm/min mm passes preparation mm mm kg/h 

0.9 0.8 120 19 6.6 890 6.0 1 SEOB . 1.36 
1.6 0.8 120 19 6.6 630 6.0 1 SEOB - 0.8 1.36 
1.6 1.2 150 20 4.3 890 6.0 1 SEOB - 1.6 2.0 
3.0 0.8 130 21 7.6 510 6.0 1 SEOB 1.2 1.5 
3.0 1.2 150 21 4.3 630 6.0 1 SEOB 1.6 20 

6.4 1.2 320 33 13 380 22 1 +SSV.40" 3.2 7.0 
6.4 1.6 390 36 8.6 610 22 1 +SEOB 3.2 7.3 
6.4 1.6 400 32 7.4 1110 19 1 SEOB 0.8 7.3 
10 1.2 310 33 12.7 320 25 1 + SSV.40° 3.2 7.0 
10 1.6 400 35 10.3 400 25 1 +SSV.40" 3.2 9.5 
10 1.6 420 32 7.1 1220 13 SECB - 7.3 
12 1.2 300 33 12.7 165 28 1 +ssv.40 2.4 7.0 
12 1 6 390 36 10.2 230 28 1 + ssv.40 3.2 9.5 
12 1.6 490 32 8.9 1220 13 2 SEOB 0.8 7.9 
20 1.2 310 33 12.7 320 25 2 DSV.60° 3.0 7.0 
20 1.6 430 38 10.7 440 22 2 DSV.40° 6.0 10.2 
25 1.2 300 33 12.7 190 28 2 DSV.60° 1.6 7.0 
25 1.6 400 36 10.2 230 25 2 DSV.60° 6.0 9.5 

* Dip t ransfer + with backing str ip : Spray t ransfer 
S E C B Square Edged c lose butt SSV Single side vee 
S E O B Square edged open butt DSV Double side vee 
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Table 16 Welding conditions vertical position mechanised (C02 shielding gas) 

Were 
Plate Weld feed Arc wire Welding 
thickness current speed voltage diameter speed Type of 

mm amp m/min volts mm mm/min we;d Remarks 

3.0 50 4.7 20 0.2 320 3.2 mm Single straight pass, vertical down 3.0 
external Good appearance with excellent 
corner penetration 
weld 

3.0 110 5.7 20 0.8 510 3.2 mm Single straight pass, vertical down 
external Good appearance, penetration not 
corner as even at higher speed. 
Weld 

3.0 80 4.7 19 0.8 235 3.2 mm Single straight pass, vertical up. 
external Good appearance, even penetration. 
corner weld 

3.0 140 7.0 20 0.8 280 4.8 mm Single straight pass, vertical down. 
Fillet Good flat appearance, good root 

penetration. 
3.0 160 7.7 20 0.8 320 4.8 mm Single straight pass vertical down . 

Fillet good appearance, deeper root 
penetration 

3.0 80 1.7 19 0.8 115 4.8 mm Single pass, vertical up. Weld shape 
Fillet too convex for good appearance 

Fusion satisfactory. 
3.0 145 5.9 18 0.9 265 4.8 mm Single pass, vertical down 

Fillet Good appearance 
Good root penetration 

3.0 90 3.4 18 0.9 195 4.8 mm Single pass, vertical up. Convex Bead 
Fillet Good root penetration 

Better side fusion than immediately 
above 

6.0 130 5.2 18 0.9 115 6.4 mm Single pass weave, vertical up. 
Fillet Good appearance. 

10 130 5.2 18 0.9 65 9.5 mm Single triangular weave, vertical up. 
Fillet Good appearance 

12 140 3.3 19 1.2 51 1.3 mm Single triangular weave vertical up. 
Fillet Good appearance. 

Table 17 Welding condit ions downhand fillet weld mechanised (C02 shielding gas) 

Weld 
Leg Wire feed Weld Stick- Deposition 
length size speed speed out No.of rate 
mm 

* 

mm Amp Volts m/min mm/min mm passes kg/h 

3.0* 0.8 100 19 5.9 300 10 1 1.36 
3.0* 1.2 155 20 3.6 400 1 2.04 
5.0* 0.8 100 19 5.9 190 10 1 1.36 
5.0* 1.2 155 21 3.6 300 1 2.04 
6.0 + 1.2 320 35 11.2 510 20 1 5.9 
6.0 + 1.6 420 37 7.1 590 1 6.1 
10 + 1.2 310 35 11.4 250 20 1 6.1 
10 + 1.6 420 37 7.1 300 16 1 6.1 
12 + 1.2 310 35 11.4 160 20 1 6.1 
12 + 1.6 420 37 8.9 190 1 7.5 
20 + 1.2 310 35 11.4 260 22 3 6.1 
20 + 1.6 420 37 9.1 110 1 7.9 

* Dip transfer + Spray arc transfer 
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Safety 

Eye protection 

Arc intensity with the MIG pro-
cess is much higher than that as-
sociated with manual arc welding. 
When MIG welding, it is desirable 
to use a filter lens one shade 
darker than is normally used for 
manual arc welding. 

The helmet and filter should be 

of reputable manufacture and 
conform to the relevant code re-
quirements. Cracked or poor fit-
ting filters should be replaced im-
mediately and the clear safety 
lens should be replaced if excess 
spatter restricts vision. 

It is also an advantage for the op-
erator to wear anti-flash glasses 
and thus avoid any stray reflected 
weld flashes that may occur. 

Body protection 

This same arc intensity requires 
the operator to completely cover 
his body. Failure to do this is to 
risk painful 'ray burn' (ultra violet 
radiation from the arc). Gloves, 
jacket and spats made of leather 
give protection from rays and 
spatter. 

Wool len mater ia ls, being less 
combust ible are more durable 
than cottons or synthetics. 

Ventilation 

Work areas should be large and 
open so that welding fumed can 
dissipate quickly. Exhaust fans 
and air supply apparatus must be 
used when operating in confined 
spaces. 

Degreasing agents 

Trichlorethylene (TCE) must not 
be used in its liquid form how-
ever it is perfectly acceptable to 
use it within a properly designed 
vapour bath, provided that time 
is allowed for components to dry 
fully before welding. Carbon Tet-
rachloride (CTC) and White Spirit 
must not be used to prepare weld 
joints. 

A welding station must not be 
sited near to degreasing equip-
ment. 

Electrical 

The work area should be kept 
dry-dampness could provide a 
path for current to the operator's 
body, resulting in electric shock. 
It is good workshop practice to 

Table 26 Recommended protective filters for arc welding 

Approximate 
Range of Filter(s) 
Welding current recommended 

Description of process amperes Shade No. 

Resistance welding Safety 
spectacles or 
eye shield 

Submerged arc welding 
Electroslag welding * - 2(5) 
Arc welding-covered electrodes UP to 100 8 
Tungsten inert gas (TIG) Up to 75 10 
Covered electrodes 100 - 200 10 
TIG 75-100 10 
Metal inert gas (MIG)-Dip transfer Upto 150 10 
Covered electrodes 200-300 11 
TIG 100-200 11 
MIG/CO2 150-250 11 
Cored Wires C 0 2 Up to 300 11 
Covered electrodes 300-400 12 
TIG 200-250 12 
MIG (aluminium and stainless steel) Up to 250 12 
MIG/CO, 250-300 12 
Cored wires C 0 2 300-400 12 
Air-arc gounging Up to 400 12 
Covered electrodes Over 400 13 
TIG 250-350 13 
MIG (aluminium and stainless steel) 250-350 13 
MIG/CO 2 300-400 13 
Cored wires C 0 2 400-500 13 
Cored wires Argoshield 300-400 13 
TIG Over 350 14 
MIG Over 400 14 
Cored wires with C 0 2 Over 500 14 
Plasma arc cutting and spraying - 15 

* Shade 5 filter (gas welding) recommended when watching molten pool in 
electroslag welding. 

NOTE : The shade numbers in this table are the minimum recomended for the 
operation specified. 
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use r u b b e r m a t s o r w o o d e n s l a t s 

on t h e f l oo r . 

Maintenance or repair 

B e f o r e a n y m a i n t e n a n c e o r r e p a i r 

w o r k is c a r r i e d ou t o n t h e w e l d i n g 

m a c h i n e , s w i t c h t h e m a i n s s u p p l y 

o f f a n d w i t h d r a w t h e m a i n s f u s e s 

(or o p e n t h e c i r cu i t b r e a k e r i f f i t -

t ed ) 

O n l y a l i c e n s e d e i e c t r e i c i a n 

s h o u l d ca r ry ou t w o r k i ns i de t h e 

p o w e r s o u r c e . 

Safety summary 

* F i l t e r l e n s - d a r k e r s h a d e 

( s h a d e 10-12) 

* W o o l e n c l o t h i n g - p r e f e r a b l e . 

* C o m p l e t e b o d y c o v e r i n g 

e s s e n t i a l 

* A d e q u a t e v e n t i l a t i o n - i m p o r -

tan t . 

* C o n f i n e d s p a c e - c l e a n d r y a i r 

s u p p l y 

* D o n o t u s e T r i c h i o r e t h y l e n e 

( T . C . E . ) o r C a r b o n T e t r a c h l o -

r ide ( C . T . C . ) s o l v e n t s . 

* E l e c t r i c a l r e p a i r s by a qua l i -

f i ed e l e c t r i c i a n . 

Rectifying weld faults and machine faults 

Fault Possible Cause Remedy 

Unde rcu t t i ng S p e e d too s low for cur rent T o r c h Inc rease speed . Ra ise t o r ch ang le . 

ang le too low. Vo l tage too h igh reduce vo l t age . 

Lack of pene t ra t i on Cur ren t too low. Inc rease cur ren t . R e n e w con tac t 

Incons is tent cur rent p ickup. t ip. S h o r t e n s t i ckou t . W i d e n 

S t i ckou t too great . Jo int p repara- p repara t ion . 

t ion too narrow. 
G a p too sma l l . O p e n gap . 

Lack of fus ion . 
Spa t te r ( excess i ve ) 

Vo l t age too low 
Vo l t age too high. 
Vo l t age too low 
Incorrect sh ie ld ing gas. 
Insuf f ic ien t induc tance . 

Increase vo l t age . 
R e d u c e vo l t age . 
Inc rease vo l t age . 
C h e c k se lec t ion . 
Inc rease i n d u c t a n c e (if poss ib le) . 

B locked gas nozz le C l e a n nozz le regu la r l y a n d spray 
w i th Spa t t aga rd . 

I r regu lar w e l d s h a p e Cur ren t too h igh for vo l tage . 
E x c e s s i v e s t ickout . 

W i r e wande r . 
Incorrect sh ie ld ing gas. 
T r a v e l speed too s low. 
E x c e s s i v e gas f low. 

R e d u c e cur ren t . 
Con tac t t ip c lose r to work . 

R e p l a c e con tac t t ip. 
C h e c k con tac t t ip. 
C h e c k se lec t i on . 
Inc rease speed . Set to 14 l /min . 

W e l d t r a c k i n g Dir ty w o r k p iece, i.e. g rease, paint , 
sca le , rust. 
W e l d beads too sma l l we ld too 
deep . 

H igh ly res t ra ined we ld . 

E x c e s s i v e vo l tage . 

C l e a n and d e g r e a s e pr ior to we ld -
ing. S l ow s p e e d d o w n . R e d u c e cur-
rent. 

V o l t a g e a n d inc rease speed . 

R e v i s e se t t ing up p rocedu re . 

D e c r e a s e vo l t age . 
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Porosity. Insufficient shielding gas. Set to 14 l/min. 
(Argoshield) (more if in windy posi-

Dirty work piece. tion). 

Arc voltage too high. Air entrain- Clean work throughly. 
ment into gas shielding system. Reduce voltage. Check gas 
Excessive gas flow rates. connections. 
Spatter on gas nozzle. Set to 14 l/min. Clean nozzle and 

regularly spray with Spattagard 
Wrong wire analysis. Check selection. 

Mains power on but no welding Fault in control circuit of torch. Check torch control plugged in, 
power. repair switch lead in torch handle. 

Control fuse blown. Replace fuse. 

No mains power at machine. Power supply switch open. Close switch. Replace fuse, Reset 
Primary fuse blown. breaker. Repair connection. 
Open circuit breaker. 
Loose or breaken connection in 
primary circuit. 

Mains power on, no wire feed but 
contractor operates when trigger is 
actuated (clacking sound in power 
source). Wire feeds but arc will not 
strike. 

'Cold' weld puddle. 

Feed motor circuit breaker open, 
or fuse blown. Wire stuck in guide, 
liner or contact tip. 

Poor or no contact between work 
piece and earth clamp. 

Incorrect machine settings. 
Incorrect shielding gas. 
Bad connection. 

Reset breaker. 
Replace fuse. 
Clean or replace faulty item. 

Clean earth clamp and ensure 
good contact with work piece. 

Increase heat input. 
Replace gas. 
Check and tighten connection. 

Faulty diode Test and replace faulty diodes 
(see instruction Manual). 

'Jerky' wire feeding causing 
uneven welding conditions. 

Worn, dirty contact tip. 
Worn wire guides. 

Worn, kinked or dirty conduit liner. 
Wire spool runs stiffly. 

Replace contact tip. 
Clean or replace wire guides. 
Clean or replace liner. 
Adjust break (see instruction 
Manual) 

N.B. Most wire feeding problems are caused by faulty contact tips and conduit liners. If feeding problems are 
experienced, check these two items first and replace if necessary. 

ORAL COACHING 
Available at I IW - Headquarter, Calcutta 
In All Subjects 
of 
AM-IIW-Examinations 

For Details Please Contact : 

Mr. S. K. Mazumder 
Chairman, G. P. Committee 
The Indian Institute of Welding 
3A, Loudon Street, 
Calcutta - 700 017 
Phoge : 40 1350 
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