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1. INTRODUCTION 

Welding is an impor tan t means to f a b r i c a t e 
s t r u c t u r e s and components f r o m a wide spec t rum 
of ma te r i a l s , of varied complexi ty and thickness 
ranges . Welds can be made with proper t ies appro-
pr ia te for se rv ice condi t ions . The requis i t e 
quality can be achieved based on adequa te and 
appropr ia te t es t ing , m e a s u r e m e n t and control 
of welds . 

It is to be real ised t ha t no weld is com-
pletely p e r f e c t . Welds are small cas t ings excep t 
tha t weld meta l o f t e n cools much more rapid ly . 
Micros t ruc tura l var ia t ions due to hea t input 
and the rma l s t resses may lead to c rack ing . 
Depending on the welding process employed, 
the possibility of e n t r a p m e n t of gases or foreign 
mate r ia l s within the welds also ex i s t s . The 
d e f e c t s or imper fec t ions depend on the welding 
process, welding condit ions, qua l i f ica t ion level 
of welder , e t c . Thus Quali ty Assurance in welded 
components is a special ised a rea mer i t ing R&D 
e f f o r t s of basic and applied na tu re . D e f e c t s 
beyond permiss ible levels can be the cause of 
p r e m a t u r e fa i lu re of the weld in se rv ice . Hence, 
the need for appropr ia t e and adequa t e t e s t ing , 
measu remen t and control of welds becomes 
essent ia l and c ruc ia l . 

2. SCOPE OF THE TERMS - TESTING, MEASU-
REMENT AND CONTROL 

The t e r m ' t e s t ing ' covers all t e s t s on 
welded joints which determine" the f i tness of 
the joint for the in tended appl ica t ion . These 
t e s t s include non-des t ruc t ive , des t ruc t ive and 
meta l lography . The c r i t e r i a for a c c e p t a n c e in 
t e rms of these t e s t s a re de te rmined by various 
codes of p r ac t i c e , exper ience and spec i f i c s t ruc -
tural analysis for newer ma te r i a l s and/or service 
condit ions not covered in the codes . 

The t e r m ' m e a s u r e m e n t ' covers such aspec t s 
as m e a s u r e m e n t s on f i t -up , roo t -gap , angle of 
the edge, r e i n f o r c e m e n t s , pene t r a t i on , d is tor t ion 
during welding e t c . These are essential ly spec i f ied 
by the des igners . 
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The t e r m ' con t ro l ' covers such aspec t s 
as control of chemica l composi t ion of the base 
meta l s and e l ec t rodes , control of cur ren t and 
vo l t age , control of mois tu re in the e l ec t rodes , 
control of r a t e of hea t input, composi t ion of 
cover gas, e t c . The purpose of the control o p e r a -
tion is to obta in a weld with desirable mechanica l , 
m e t a l l u r g i c a l and i n t e g r i t y c h a r a c t e r i s t i c s 
as indicated under the condit ions of the code 
of p r a c t i c e speci f ied or r equ i r emen t tb m e e t 
desired proper t i es in a given ma te r i a l we ldmen t . 

3. IMPORTANCE OF TESTING, MEASUREMENT 
AND CONTROL (TMC) 

Although s ignif icant progress has taken 
p face in unders tanding of various welding methods 
and processes , ma te r i a l s behaviour , response to 
welding processes , e t c . , it cannot be pred ic ted 
theore t i ca l ly with ce r t a in ty tha t a weld will 
not have any h a rmfu l d e f e c t and will not pose 
any problem during se rv ice . TMC of welds 
are t h r ee f a c e t s of the approach that comes 
under the purview of quali ty cont ro l of welds 
and a re considered essent ia l to obta in appro-
pr ia te welds where d e f e c t s are allowed to be 
present , but only those which are innocuous 
as decided by e i ther s tandard codes or by f r a c -
ture mechan ics cons idera t ions . The l a t t e r is 
more commonly known as f i tness of purpose 
approach . 

It is impor tan t to rea l i se t ha t though the 
pr imary purpose of TMC of welds is quali ty 
assurance , it g e n e r a t e s very useful in format ion 
towards evolving of be t t e r procedures , under-
standing of welding processes , genera t ing base 
line data for inservice inspect ion and upgrading 
the welding sc ience and technology. 

4 . WELDING PROCESS 

It is convenient to c lass i fy the welding p roce -
sses in two major ca tegor i e s in con tex t of the 
topic of this paper . 

P ressure Welding Processes 

In this, ex ternal ly applied fo rces play an 
impor tan t ro le in the bonding opera t ion , consu-
mmated at room or e l eva ted t e m p e r a t u r e . 
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Fusion Welding Processes 

In this , the joining opera t ion involves mel t ing 
and epi tax ia l so l id i f ica t ion, and any ex te rna l 
f o r c e s applied to the . s y s t e m play no a c t i v e 
ro le in producing coa l e scence . 

5. CLASSIFICATION OF WELD DEFECTS 

The d e f e c t s tha t are encounte red during 
a welding process can be c lass i f ied into four 
main ca t ego r i e s . 

D e f e c t s Involving Inadequate Bonding 

In t e r f e rence weakning in pressure welds 
Incomplete pene t ra t ion welds 

Foreign Inclusions 

Oxides f i lms in fusion welds 
Slag inclusions 
Delaminat ion 
Tungsten inclusions' in Gas Tungsten Arc 

Welds. 

Geometric Defec t s 

Undercut t ing 
Excessive r e i n f o r c e m e n t 

Metallurgical D e f e c t s 

D e f e c t s r e l a t e d to microsegrega t ion 

Hot cracking and microf i s sures 
Cold cracking and delayed cracking 
Stress-re l ief cracking 
St ra in-age cracking 
Gas porosi ty 

Problems arising f rom meta l lu rg ica l phenomena 

E m b r i t t l e m e n t 
S t ruc tura l no tches in pressure and fusion 
welds . 

6.0 EVALUATION OF A WELD 

The only sure method of evaluat ing a 
weld is to t es t it exact ly as per service condi-
tions and whether .it pe r fo rms sa t i s fac to r i ly 
during its intended l i fe t i m e . Even though service 
tes t ing may be the ideal method of weld evalua-
tion, economical and t ime l imi ta t ions o f t e n 
preclude this . The re fo re , a cce l e r a t ed p e r f o r m a n c e 
or proof t e s t s toge ther with numerous des t ruc t ive 
t e s t s on weld pads and non-des t ruc t ive t e s t s 
on weld pads and components are cur rent ly 
employed to predic t the p e r f o r m a n c e of a given 
weld. 

7. DESTRUCTIVE TESTS 

Des t ruc t ive t e s t s like longitudinal and 
t ransverse tensi le tes t s , nick-break t es t s , roo t , 

f a c e and side bend t e s t s , nil ducti l i ty t rans i t ion 
t e m p e r a t u r e t e s t s (NDTT), drop weight tes t s , 
m a c r o - e t c h and m e t a l l o g r a p h i c examina t ion 
and chemica l analysis on welds have been well 
es tabl ished for evaluat ing the we ldments . The 
specimens used for the above t e s t s a re usually 
r a the r small and may or may not be r ep re sen -
t a t ive of ac tua l product ion weld in quest ion. 
Samples for examinat ion may be specially p re -
pared tes t pads which are p repared by the same 
welding methods as the product ion weld or 
they may be samples t repanned f rom an ac tua l 
production weld. D i rec t in format ion is ob ta ined 
concerning the ac tua l p roper t i es of the weld 
such as s t rength and duc t i l i ty . However , dis-
advantages of de s t ruc t i ve t e s t s a re t h a t they 
are slow and costly and give in fo rmat ion about 
the weld samples only. Des t ruc t ive t e s t s by 
themselves a re not su f f i c i en t to properly eva lua t e 
present day welds in c r i t i ca l components , 

8. NON-DESTRUCTIVE TEST METHODS 

Non-des t ruc t ive tes t me thods a re requi red 
to obtain the necessary in format ion for evaluat ing 
welds which are to be placed in se rv ice . The 
pr imary advan tage of the NDT methods is 
t ha t the product can be examined wi thout des-
troying its usefu lness . These can be rapidly 
applied to 100% of the welds being produced . 

Quali ty c h a r a c t e r i s t i c s of welds such as 
cracks , inclusions (meta l l ic and non-meta l l ic ) , 
porosi ty, lack of pene t r a t ion , lack of fusion, 
lack of bond, undercut , alloy iden t i f i ca t ion , alloy 
composit ion e t c . can be eva lua ted by NDT 
methods . P resen t range of NDT techniques 
and evolved capabi l i t i es of NDT techniques 
promise evaluat ion of weld joints for the most 
s t r ingent service condi t ions . However , proper 
choice of ma te r i a l s , welding processes , e t c . 
is a necess i ty to do cost e f f e c t i v e and re l iable 
NDE. Choice of the technique or complemen t 
techniques should be care fu l ly se l ec t ed to ensure 
s t ruc tu ra l in tegr i ty during designed l i fe of weld . 

9. MEASUREMENT AND CONTROL OF WELDS 

To achieve quali ty weldments , adequa te 
measu remen t and control of welds during f a b r i c a -
tion is essent ia l and an impor tan t r e q u i r e m e n t . 

During welding of a m a t e r i a l , hea t ing and 
cooling induces the rma l s t r esses in the weld 
meta l and base me ta l regions near the weld. 
The s t ra ins produced during heat ing may be 
accompanied by p las t ic upse t t ing . The s t ra ins 
due to s t r esses can also combine and cause 
d is tor t ion . P resen t ly , the re is no welding process 
tha t comple te ly e l imina tes d i s tor t ion . However , 
the e x t e n t s of dis tor t ion varied considerably 
depending on welding process and Welding pa r a -
m e t e r s . The f a c t o r s during the welding process 
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t ha t c o n t r i b u t e to t h e d i s to r t ion include welding 
s e q u e n c e , h e a t input , d e g r e e of r e s t r a i n t , joint 
de ta i l s , m a t e r i a l t h i cknes s and t h e p r e h e a t i n t e r -
pas s t e m p e r a t u r e , e t c . Al though t h e d i s to r t i on 
in welding is inev i t ab le , welding p roces s can 
be su i tab ly chosen and welding p a r a m e t e r s a r e 
o p t i m i s e d so as to m in imi se t h e d i s t o r t i on to 
a c c e p t a b l e l eve l s . To this e f f e c t , m e a s u r e m e n t 
and c o n t r o l of welds play an i m p o r t a n t ro l e . 
M e a s u r e m e n t and c o n t r o l of welds also ensure 
achieving t h e des i red g e o m e t r i c a l t o l e r a n c e s 
and qual i ty l eve l s . 

10. CONCLUSIONS 

The bas ic need for Tes t ing , M e a s u r e m e n t 
and C o n t r o l of Welds and the s i g n i f i c a n c e of 
the d e s t r u c t i v e and n o n - d e s t r u c t i v e t e s t s e m p l o -
yed to a c h i e v e the above r e q u i r e m e n t has been 
e m p h a s i z e d . 

To p r o m o t e b e t t e r unde r s t and ing and 
i m p o r t a n c e of Tes t ing , M e a s u r e m e n t and Con t ro l 
of Welds, th is is t h e f i r s t o n e of a se r i e s of 
a r t i c l e s i n t ended to be publ ished in the Indian 
Welding J o u r n a l . 

WELDING INDUSTRY BUYERS GUIDE 

NAME OF COMPANY 

WELDING CONSUMABLES 

10 11 12 13 14 15 16 17 18 19 

WELDING EQUIPMENT 

ADVANI OERLIKON LTD 

ARIM METAL INDS PVT LTD 

ASIATIC OXYGEN LTD 

D & H SECHERON LTD 

EWAC ALLOYS LTD 

GENERAL ELECTRODES & EOPT LTD 

INDIAN OXYGEN LTD 

INDUSTRIAL GASES LTD 

KARNATAKA WELDING PRODUCTS LTD 

KIRLOSKAR ELECTRIC CO LTD 

KOBE STEELS PVT LTD 

MODI ARC ELECTRODES CO 

PEICO ELECTRONICS & 
ELECTRICALS LTD 

ROCKWELD ELECTRODES INDIA LTD 

SOUTHERN ELECTRODES LTD 

WELDCRAFT PVT LTD 

WELDING RODS MFG CO 

WELDING CONSUMABLES 
1. Gas Welding Filler Materials 
2. Brazing & Soldering Alloys 
3. Fluxes for Brazing, Soldering & Welding 
4 Mild Steel Electrodes for General 

Fabrication 
5 Ceiluiosic Electrodes 
6. Hydrogen Controlled Electrodes 
7. Iron Powder Electrodes 
8. Stainless Steel Electrodes 
9. High Nickel Alloy Electrodes 

10. Hardfacmg Electrodes & Powder 
11. Electrodes for Welding of Cast Iron 

12. TIG/MIG/SAW Filler Materials for C-Mn 
Steels 

13. TIG/MIG/SAW Filler Materials for Low Alloy 
Steels 

14 TIG/'MIG'SAW Filler Materials for Stainless 
Steels 

15. TIG/MIG/SAW Filler Materials for 
Aluminium 

16 Gas Mixtures for TIG/MIG Welding 
17. Flux Cored Wires for Welding & Surfacing 
18. Low Heat Input Welding Alloys for 

Maintenance Welding 
19 Metal Powder Alloys for Surfacing 

WELDING EQUIPMENT 
1. Arc Welding Equipment 
2. TIG/MIG/SAW/Plasma Cutting Equipment 
3. Gas Welding Equipment 
4 Welding Generators 
5 Welding Fixtures & Positioners 
6 Large Cutting Machines 
7 Special Purpose Custom Built Welding 

Equipment & Systems 
8 Drying Overs and other Accessories for 

Welding 
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ARC BRAZER 
have the equipment 
and the expertise 
for every welding need 

AVAILABLE ON H I M : PORTABLE DIESEL DRIVEN 
WELDING SETS 300 AMP$. PORTABLE MOTOR 
GENERATOR WELDING SETS. RECTIftER WELOING 
SETS. ARGON ARC WELDING SETS. TRANSFORMER 
WELDING SET4- ARGON ARC WCLOINC SETS FOR 
SHORT OR LONG TERM 

ACCESSORIES 
• Welding Electrodes • Welding Machines 
• Gas Welding Rods 6 Fluxes 
• Welding Accessories 
• Industrial Gases 
• Welding 6 Cutting Equipments 

& 
m s ^ 

zzzzzzz 
Distributors For 

10L Electrodes^ Equipment 

With Rest Compliments from : 

ARC BRAZER PVT.LTD. 
Regd. Office: S h o w r o o m & Sales. 
20. Jackeria Bunder Road, Cotton Green, Bombay-400 033 
Phone: 395731/32 TELEX: 011-4793 "ARCBRZR" 

Sales Office: 
84, R. S. Nimbkar Marg, Opp. Municipal Work Shop. e 
Bombay-400 008 Phones: 378898/374443 St 
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