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The Welding Institute (TWI)

- Welding is considered as a 'Special Process', which
means that its quality cannot be readily verified and its
successful application requires specialist management,
personnel and procedures above and beyond those that
are considered for general quality systems such as ISO
9001. These requirements have led to a number of
developments, notably the publication of ISO 3834;
'Quality requirements for fusion welding of metallic
materials' (www.iso3834.0rg).

* (https://www.twi-global.com/what-we-do/services-and-
support/technical-support/welding-engineering/welding-quality)
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Welding *
From Wikipedia, the free encyclopedia

"Welded" redirects here. Not to be confused with Welded (play).

Welding is a fabrication process that joins materials, usually metals or thermoplastics, by using high heat to melt the parts together and allowing them to cool, causing
fusion. Welding is distinct from lower temperature metal-joining techniques such as brazing and soldering, which do not melt the base metal.

In addition to melting the base metal, a filler material is typically added to the joint to form a pool of molten material (the weld pool) that cools to form a joint that, based
on weld configuration (butt, full penetration, fillet, etc.), can be stronger than the base material (parent metal). Pressure may also be used in conjunction with heat or by
itself to produce a weld. Welding also requires a form of shield to protect the filler metals or melted metals from being contaminated or oxidized.

Many different energy sources can be used for welding, including a gas flame (chemical), an electric arc (electrical), a laser, an electron beam, friction, and ultrasound. While
often an industrial process, welding may be performed in many different environments, including in open air, under water, and in outer space. Welding is a hazardous
undertaking and precautions are required to avoid burns, electric shack, vision damage, inhalation of poisonous gases and fumes, and exposure to intense ultraviolet

radiation.

Until the end of the 19th century, the only welding process was forge welding, which blacksmiths had used for millennia to join iron and steel by heating and hammering.
Arc welding and oxy-fuel welding were among the first processes to develop late in the century, and electric resistance welding followed soon after. Welding technology
advanced quickly during the early 20th century as world wars drove the demand for reliable and inexpensive joining methods. Following the wars, several modern welding
techniques were developed, including manual methods like shielded metal arc welding, now one of the most popular welding methods, as well as semi-automatic and
automatic processes such as gas metal arc welding, submerged arc welding, flux-cored arc welding and electroslag welding. Developments continued with the invention of

laser beam welding, electron beam welding, magnetic pulse welding, and friction stir welding in the latter half of the century. Today, as the science continues to advance,

Overhead stick welding. &1

robot welding is commonplace in industrial settings, and researchers continue to develop new welding methods and gain greater understanding of weld quality.

Contents [hide]
1 Etymology

Welding is a fabrication process that joins materials,
usually metals or thermoplastics, by using high heat to
melt the parts together and allowing them to cool causing

fusion.

The Myanmar Society of Welding Engineering, MSWE



Classification of joining methods of metals

Energy source

Joining method

Riveting, Bolting,
Folding

Flash welding

Ultrasonic welding,
Diffusion welding

Adhesive
bonding
Arc welding,
Electro-slag Gas welding,
welding, Aluminothermic Laser welding
Electron beam welding
welding
_ Cold pressure
Resistance welding,
welding, Explosion Friction welding,
Upset welding, welding Friction Stir welding,

Soldering,
Induction
brazing

Flame brazing

Laser brazing




06U0MS60IC:0p0:0 (2)4:

(a) Fcusicc)n vvceldicn . .
mqeeqpeo']csoes C3 (c) Brazing (e{03:06w)

Filler metal
Groove face ﬂ Weld metal

(Molted part)

?

Base meta Healny

Melting point: filler metal < base metal

Pressure-welded BraZing: f|”er temp>450°C
Flash / interface Soldering: temp<450°C

o ’////};/’//"/)%//}

Pressure Pressure

(b) Pressure welding Ref: AWE Lecture Note ppt
330 88@3" 2 °G(5]8°® cg@&gmar Society of Welding Engineering, MSWE
".?o o:)?o ° 8 y g Eng g



Arc
welding

ARC WELDING aaef"mmaqp:

Manual metal MMAW/SMAW TIG welding
arc welding
Non-consumable Plasma arc
Sub q Al electrode welding PAW welding
ubmerge
arc welding ‘
MIG welding
. GMAW
Gas-shleldeq Metal Consumable electrode MAG welding
arc welding welding
*CO2 arc welding
*Mixed gas shielded
Self shielded SSAW arc welding
arc welding
Electro-gas
EGAW|__arc welding
Arc stud SW
welding
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10



FPYGLOP0CUIN§DIFY,

Ref: AWE Lecture Note ppt
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Process i Electrodei Shielding | b
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Arc 224 Droplet i i i i
I (Covered ! ! !
Er | electrode) | ; ]
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' ! Wire ! !
SAW , ] GMAW [0 ] |
i i i i
! i Nozzle | |
i i i Consumable
1 1 1 1
i Consumable} i i
i i Arc Droplet ' (Solid wire Gas
| Arc | ; v I A
Flux I (Solid wire)! i (Flux cored
: ! | shielding | wie) |
! ! e @7 gas ! !
E A: ! 2 % i
_______________________________ CH V) O (VY ISP S
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by MMAW Process
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Welding by GMAW Process (MAG)

() HuAwel novase
) DUALCAMERA 4075
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Welding of TIG Process
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C C
0GUISOMBPYIN (welder)

c ¢ @ g N . .
0GUDDMEECIOMOO0P:QR: (welding equipment &

accessories...)

C N N :
0GUOFOMEGOIEPIOPO: (parent material)

oemaocr%spgns@o@z@[eé oeooeeﬂof:s/oeoocﬂwo
n0eUnealcsea0o¢ Welding Leader/In-charge
oema§§éz®é Welding Procedure Specification (WPS)
oeooo)@eaozeqz Welding Inspection Personal

Oewafaéqlf:gwo Welding Engineer
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1) oeemqpézsgacﬁsgonz@%m%ﬁ (2.6 ,3.2,4.07??,0.8, 1.2,

1.4,1.6777)
2) 83350506700 | Amp 60 ~ 250 77?7 )
3) CR|60§3@(Q3$603§§ c?oosa:)z ( Arc Length & Voltage )
4) oema§§§z ( Travel Speed, 150 Mm/ Minute...)
5) oeewqpéz:a@emézgogl (Push, Pull, Incline???)

)

oc O ¢ N R
* ( WPS ccloplei{avlonl naletsonleloslN]

~Co



oo

0002023

1)

0qq

o
(]

c
C

SGPG

()9

o
o

co
80)6(\1]’)008

2308

0]~109200 8}

3)

8@(3]61

C

f]org/eqpe{p

O]
GC\)SLGO

4)

\

o
o

C

Ry

L

0

39610539@’)8639’3(7800 06
O)

G?GTJG
SCOGO0D0

]l o

o
o

C C
5) 2003603060230

393{)3

012108100 S}

6)

C

0022023

7)



The Myanmar Society of Welding Engineering, MSWE 18



N.‘i“\‘e;; 0
N

%

The Myanmar Society of Welding Engineering, MSWE 19



C N N o N\
GO‘)’)CSO?OGOO?) &)O?OG(D

The Myanmar Society of Welding Engineering, MSWE

20



[gdecp§eoonnewn [gogodqp:

Co

Cc C Cc .
eqpooo@cz (Slag Inclusion)

N C c ¢ c C .
@q@ecﬂoecﬂczmgzﬁwozﬁ,@z@cs (Lack Of Fusion)
10) o@zeé]cﬁoéeqocﬁgsmwéz@& (Lack Of Penetration)
11) 830%@83@53/83@5[@53 (Arc Strike)

The Myanmar Society of Welding Engineering, MSWE

1) 83@33@83 (Undercut)

2) a":qp_%o:cﬁqu@f:ogcﬁ@éz (Spatter)

3) 39(730@@5 (Crack)

4) em%ecﬂo@ (Blow Hole, Pit, Porosity)

5) oéqla_gooozoédﬂ/ooé/ooée§[§83 (Overlap)

6) oewwozégse@@ég{eﬁg& (Unevenness)

7) oemwoz%eeocﬁag%z@ég (Excessive weld bead)
)
)

O



Typical Weld Defects

(Jc%k

&
Incomplete S'ag '”CIUSion
Penetration
SLER : s _ .
Bead Crack | Pit P
/
rate
., A Lack of Fusmn
Solidification Crack Porosity
Toe Crack
N Overiap
NN a p Undercuty N

Underbead Crack U el
Laq}%ianm 50 (%t op\l\ﬂgg Engineering, MSWE\/
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S:00:(gC: (Undercut)

SSoir e

—— ZOmIn Ref: TWI WIS5 Book
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S:ealep/ 8:03¢p (Arc Strike)

Ref: TWI WIS5 Book
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Ref: TWI WIS5 Book
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s (Spatter)

2dqpdomgpiacagad(ge

TWI WIS5 Book

Ref
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FPEPOCYPEeVlC:0p5:9320:805: (lack of fusion

—— 20 mm

The Myanmar Society of Welding EngineerirB@lfWErWI WISS BOOk
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copap(gc: (Misalignment)

Ref: TWI WIS5 Book
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2d6pd200iM|/onc/codes(g: (Overlap)

SR,

Vs

1
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oB:euladoCeapmeaanigpds(gc:

e ————— - 20 mm

Ref: TWI WIS5 Book



egPood(ge:

Ref: TWI WIS5 Book
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ccueolad (Porosity)

Ref: TWI WIS5 Book
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cYoslep Bl

20mm
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3R(gc: (Hydrogen Induced Crack)

Toe crack

Root (underbead) crack

Ref: TWI WIS5 Book
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1936 : Fall of Hasselt Brldges (Belg|um)

High Restralnt stresses. Residual Stress etc.

1940 : Shipwrecking of Wartime Standard Ships (USA)

BrittlerCrackinitiatedicaused 1000 ships to fail
Poor fabrication. Low toughness of steels etc.

1954  Shipwrecking of Tanker “World Concord”(North Atlantic)
' RItIatediin the cross of long. member and bulkhead
Low toughness of steel, Poor criteria of low toughness, etc.
1968 : Failure of LNG Spherlcal Tank (Japan)
: jlatedlin weld bond of 780N/mm? High Tensile Steel
Embrittlement of weld bond by high welding heat input
1974 . Failure of Large Cylindrical Oil Storage (Japan)
Falltre oEIEtNOIAtYat the Tank Bottom by Qil Hydraulic
Oversight of design load for the filled joint
1995 : Failure of Building Steel Structure by Great Earthquake
Sracturelof Building Steel Structure by Earthquake
Cyclic Dynamic Loading, Weld Defects, Weld deformation etc.
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Welding is a Special Process (ISO 9001:2000)

Table 4.3 Requirements for special process (JIS Q 9001/1S0 9001:2000)

7.5.2 Validation of processes for production and service provision
The organization shzll validate any processes for production and service provision where the resulting output
cannot be verified by subsequent monftoring of measurement. This include any processes (such as a special
process, noted by the author) where deficiencies become apparent only after the product is in use or the service has
been delivered,
Validation shall demonstrate the ability of thess processes to achieve planned results.
The organization shall establish arrangements for these processes including, as applicable
a) defined criteria for review and approval of the processes
b} approval of equipment and qualification of personnel
¢) application of specific methods and procedures
d) requirements for records, and
e) revalidation

The Myanmar Society of Welding Engineering, MSWE 38



Quality Requirement in Welding

Requirement of 1SO9001:2000
(D Defined Criteria for Review and Approval of Processes
@ Approval of Equipment and Qualification of Personnel
® Application of Specific Methods and procedures
@ Requirements for Records *

® Requirements for Revalidation

ISO 3834(JIS Z 3400)
Quality Requirement

ISO 3834

[ Quality Requirement
in Welding |

in Welding
|
| ] !
SO 15607-15614 SO 14731(JIS Z 3410) SO 9606-1
(nsz 34?0'3422 ) Welding Coordination- Qualification Test
Preparation and Task & Responsibility for Welder

Approval of WPS

WPS : Welding Procedure
Specification

ISe 9712
i Qualification for NDT
: Personnel

— | pper— :

The Myanmar Society of Welding Engineering, MSWE

39



ISO 3834 (Weld Quality Requirement)

& iso.org/standard/81651.html B Y ¥ 9 &. c
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I1ISO 3834-2:2021

Quality requirements for fusion welding of metallic
materials — Part 2: Comprehensive quality requirements

BUY THIS STANDARD

FORMAT LANGUAGE

ABSTRACT ¥ PDF+EPUB

This document defines comprehensive quality requirements for fusion welding of

metallic materials both in workshops and at field installation sites. PAPER

GENERAL INFORMATION © 58
CHF

Status: @ Published Publication date : 2021-04
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ISO 15607 (Welding Procedure Specification)

@ iso.org/standard/71495.html ® Y = 9 ﬁ)ﬂ 20 e

marks

Imported From Fire... @ Web Navigation - A... Imported From Fire... Imported From Fire... Imported From Fire... Imported From Fire.. b3 Suggested Sites

Store
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ISO
v

1ISO 15607:2019

Specification and qualification of welding procedures for
metallic materials — General rules

BUY THIS STANDARD

FORMAT LANGUAGE

This document is part of a series of standards dealing with specification and

qualification of welding procedures. Annex A gives details of this series of PAPER
standards, Annex B gives a table for the use of these standards, and Annex C gives

a flow diagram for the development and qualification of a WPS.

This document defines general rules for the specification and qualification of CHF 5 8 =

welding procedures for metallic materials. This document also refers to several
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ISO 14731 (Welding Coordinators)

@ iso.org/standard/68893.html ® % ¥ 9 & | =
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1ISO 14731:2019

Welding coordination — Tasks and responsibilities

BUY THIS STANDARD

FORMAT LANGUAGE
ABSTRACT | PreviEw

v PDF+EPUB [ English ~ |
This document identifies the essential welding quality related tasks and

responsibilities included in welding coordination. PAPER

The principle of an assessment according to this document is that welding

coordination personnel need to be competent in the welding-related tasks
allocated to them. CHF 58 = BUY

It is presumed that welding coordination personnel have the necessary education,
qualifications and experience and are appointed by the manufacturer.

The Myanmar Society of Welding Engineering, MSWE
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ISO 9606 (Welders Qualification)

@ iso.org/standard/63882.html B v @ Q & | =

ISO 9606-1:2012/COR 2:2013

Qualification testing of welders — Fusion welding — Part
1: Steels — Technical Corrigendum 2

GENERAL INFORMATION © | preview

Status : @ Published Publication date : 2013-07

Edition: 2

Technical Committee : [SO/TC 44/SC 11 Qualification requirements for welding and
allied processes personne [
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ISO 9712 (NDT Personnel)

@ iso.org/standard/75614.html B ¥ # 9 M e c

rarks
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1SO09712:2021

Non-destructive testing — Qualification and certification
of NDT personnel

BUY THIS STANDARD

FORMAT LANGUAGE
ABSTRACT | Preview

¥ PDF+EPUB | English ~ |
This document specifies requirements for the qualification and certification of

personnel who perform industrial non-destructive testing (NDT) in the following PAPER
methods.

a) acoustic emission testing;
«r158 KX
b) eddy current testing;
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Contents of 1ISO 3834-2
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Technical Review (I1SO 3834)

5.3 Technical review

Technical requirements to be considered shall include the following:

parent material(s) specification and welded joint properties;
quality and acceptance requirements for welds;

location, accessibility and sequence of welds, including accessibility for inspection and for non-destructive
testing;

the specification of welding procedures, non-destructive testing procedures and heat-treatment
procedures;

the approach to be used for the qualification of welding procedures ;

the qualification of personnel.

selection, identification and/or traceability (e.g. for materials, welds);

quality-control arrangements, including any involvement of an independent inspection body;

inspection and testing;

The Myanmar Society of Welding Engineering, MSWE 47



Technical Review (I1SO 3834)

sub-contracting;

post-weld heat treatment;

other welding requirements, e.g. batch testing of consumables, ferrte content of weld metal, ageing,
hydrogen content, permanent backing, use of peening, surface finish, weld profile;

use of special methods (e.g. to achieve full penetration without backing when welded from one side only);
dimensions and details of joint preparation and completed weld;
welds which are to be made in the workshop, or elsewhere;

environmental conditions relevant to the application of the process (e.g. very low-temperature ambient
conditions or any necessity to provide protection against adverse weather conditions);

handling of non-conformances.

The Myanmar Society of Welding Engineering, MSWE 48



7 Welding personnel

7.1 General

The manufacturer shall have at his disposal sufficient a
and supervising of the welding production according to s

7.2 Welders and welding operators

Welders and welding operators shall be qualified by an

The 1830 documents to which it is required to confor
ISO 3834-5:2005, Table 1, for arc welding, electron bea
in IS0 3834-5:2005, Table 10, for other fusion welding p

7.3 Welding coordination personnel

The manufacturer shall have at his disposal appropriate
responsibility for quality activities shall have sufficient
The tasks and responsibilities of such persons shall be ¢

Welding , Inspection & Testing Personnel (ISO 3834)

8 Ihspection and testing personnel

8.1 General

The manufacturer shall have at his disposal sufficient and comg
supervising the inspection and testing of the welding production

82 Non-destructive testing personnel

The non-destructive testing personnel shall be qualified. For
required. When a qualification test is not required, competence

The I1SO documents to which it is required to conform to fi
ISO 3834-5:2005, Table 3, for arc welding, electron beam weld
In 1SO 3834-5:2009, Table 10, for other fusion welding processe

The Myanmar Society of Welding Engineering, MSWE 49



Welding Application Controls (ISO 3834)

-Before Welding
-During Welding

-After Welding

The Myanmar Society of Welding Engineering, MSWE



Before Welding (1SO 3834-2)

14.2 Inspection and testing before welding

Before the start of welding, the following shall be checked:

— suitability and validity of welders' and welding operators qualification certificates;

— suitability of welding-procedure specification:;

— identity of parent material;

— identity of welding consumables;

— joint preparation (e.g. shape and dimensions);

— fit-up, jigging and tacking;
— any special requirements in the welding-procedure specification {e.g. prevention of distortion);

— suitability of working conditions for welding, including environment.

The Myanmar Society of Welding Engineering, MSWE 51



During Welding (ISO 3834-2)

14.3 Inspection and testing during welding

During welding, the following shall be checked at suitable intervals or by continuous monitoring:
— essential welding parameters (e.g. welding current, arc voltage and travel speed);

— preheating/interpass temperature;

— cleaning and shape of runs and layers of weld metal;

— back gouging;

— welding sequence;

— correct use and handling of welding consumables;

— control of distortion:

— any intermediate examination (e.g. checking of dimensions).
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After Welding (1SO 3834-2)

14.4 Inspection and testing after welding

After welding, the compliance with relevant acceptance criteria shall be checked:
— by visual inspection;

— by non-destructive testing;

— by destructive testing;

— form, shape and dimensions of the construction;

— results and records of post-weld operations (e.g. post-weld heat treatment, ageing).
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Cause and Effect Diagram

Steel Plate Welding
Consumables
/Material Chemica.l .
Chemica.l . Inspection  -OMposition Usability
Qualification o Composition / Mechanical
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Mechanical —— Drvin
SkIIITralnlng \ Property Y g
Health Allowable Condition
Instruct|‘0n Heat Input Hydroscopic
of Welding Characteristics
Structures Heat Treatrment -7/ Packing

Check of Pre-hea
Temp.

WPS/WPAR

] Pre-heat, PWHT
Welding Position Temp.

Type of Groove Znterpass Temp.

2

Quality of
Welds

Magnetic Particle
Testing (MT)

Confirmation of
Welding Consumables

\‘ Pressure Testing

\ Ultrasonic Testing (UT)

Safety
Number of
Welding Condition / umbero Check of
J Pass or Layer
Groove

Welding Method /Heatlnput

Data of Welding
Condition

Visual Radiographic Testing (RT)

Inspection |
\ Dye Penetrant Testing

Confirmation of Temp.,

Humidity, Wind Speed \ Quality Control System

(Welding Procedure ) ( Work Control

) (QC-Testing & Inspection )
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Welding & Inspection Personnel’s Qualification
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»-Fillet Joint Position (1F, 2F, 3F, 4F) (NC L-1)

»-Butt Joint Position (1G, 2G, 3G, 4G) (NC L-2)

» Class Welders (3G, 4G) (LR, ABS, NK, BV, etc..)

»Welding Inspector (NSSA, AWS-CWI, [IW-IWI, TWI-CSWIP)

»NDT Personnel (ASNT-NDT Level-1, Level-2, Level-3 in RT,UT,MT,PT)
»Welding Engineer (IIW-IWE, AWS-CWE, JWES-AWE)
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NSSA

National Skill Standards Authority
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The Japan Welding Engineering Society
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Myanmar Engineering Society
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eer (WE) Course

Venue: Conference Room, MES Building
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* Ch-1: Welding Process & Equipment (AWE, WE)

* Ch-2: Materials And Their Behavior During Welding
(AWE, WE)

* Ch-3: Design And Construction (AWE, WE)
* Ch-4: Fabrication & Application Engineering (AWE, WE)

* Ch-5: Welding Design And Fabrication Of Frame
Structures (SWE)

* Ch-6: Welding Design & Fabrication Of Vessels (SWE)
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1) (Associate Welding Engineer) (AWE)

2) (Welding Engineer) (WE)

3) (Senior Welding Engineer) (SWE)

By Collaboration of

Federation of Myanmar Engineering Society (Fed.MES)
The Myanmar Society for Welding Engineering (MSWE)
The Japan Welding Engineering Society (JWES)

(Every June & December Annually)
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The number of Certificate Holders in Each Country

As of Apr. 1, 2019

Inaugural Levels Total
Country Year SWE WE AWE (persons)
Thailand 2005 32 35 - 67
Philippines 2006 6 148 56 210
Indonesia 2007 12 238 264 914
Malaysia 2010 17 87 75 179
Singapore 2015 - 16 - 16
Taiwan 2017 5 25 - 30
Myanmar 2017 - 28 173 201
Total 72 or7 068 1,217
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WE (Tasks & Responsibilities)

Roles of Welding Coordinators in accordance with ISO
14731 "Welding coordination-Tasks and responsibilities"

1) Review of requirements,

2)Technical review,

3) Sub-contracting,

4) Welding personnel,

5) Equipment,

6) Production Planning,

7) Qualification of the welding procedures,

8) Welding procedure specifications,

9) Work instructions,

10) Welding consumables,

11) Materials,

12) Inspection and testing before welding,

13) Inspection and testing during welding,

14) Inspection and testing after welding,

15) Post-weld heat treatment,

16) Non-conformance and corrective actions,

17) Calibration and validation of measuring, inspection and testing equipment,
18) Identification and traceability,

19) Quality records
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Railcar
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ring
Technology

Motorcycle

Jet engine Bridge Storage tank
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THANK YOU FOR YOUR
ATTENTION

E-mail: naingthiha.soe@gmail.com
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