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Quality Requirement: ISO 3834 (1994)

» Quality: Degree of Fulfilment of Requirement
» Quality Requirements for Fusion Welding of Metallic Materials
» Welding is treated as typically “Special Process”

» Cannot be fully verified the required quality

~ WPS , Many (Essential) Variables / Parameters

» Man, Materials, Consumables, Machines,

~ Process, QC, Tests, Records
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Non-destructive Testing (NDT) in Industry

NDT Definition

3000:00090900:gPEel HQC0MM0RS Gps vyEB:eed!  GE:ode
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NDT, NDI, NDE
Evaluation: Usefulness, Serviceability

To Prevent Accidents, To Check Maintenance



NDT Applications

. scncﬂ (8) Ols = NDT Instruments
> G%Oé (\P8C$SGQO’JSCIDQ{P8 = NDT Involvement

» Materials, Welding, Casting, Forging, Plating, HT, etc.
» Raw Materials

» Goods 1n Process

» Finished Goods

» In-service Goods, Accident : To find Root Causes

MSME PDME




Methods of NDT

Visual

MSME PDME




The Most Common NDT Methods

i, Ultrasonic Testing Method ( UT )

i, Radiographic Testing Method ( RT)

ii. Liquid Penetrant Testing Method ( PT )
iv. Magnetic Particle Testing Method ( MT )

v. Eddy Current Testing Method ( ECT )

MSME PDME




Other NDT Methods

» Visual Testing (VT)

» Leak Testing (LT)

» Strain Testing (ST)

» Acoustic Emission Testing (AE), etc.

mcgrencgo meombiatigpS: 0o8seSieBoopSyn of
2[g$32008 [§0ds000: 0620009304gC:00p0000 FEOMC:e0:




NDT Methods Background

» Developed during World War 11

> VT = 09032 © 09000 0NOICOY

» PT = 1880 - 1920 (Oil & Whiting)

» MT = 1929

» RT =1895 - 1922(X-ray), 1928 - 1941 (Gamma-ray)
» UT = 1940 - 1944

MSME PDME




1. Radiographic Testing ( RT )

SlodeepClgd ( X-ray, Gamma Ray, Neutron ) 0303

200qg  00:0003000  0gEd:El  I[FPIOVADORE
cosgieon oo (Film ) edlopt ofoedleolgcdys 1 solyd
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Electromagnetic Wave Spectrum

Microwaves Infrared " Ultraviclel R-ray Gamma Ray

Low Frequency High Frequency

JVAVAVAVAVIVIUREOLE

MMEPOVE [ ong Wavelength Short Wavelength




Radiation Sources

» X-ray Machines
» Gamma (I') ray Isotopes

» Neutron Sources
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X- ray Tube & Control Unit



Simple Arrangement of RT

I High Electrical Potential

"Electrons

X-ray Generator
or Radioactive
Source Creates

Radiation

MSME PDME




Film Radiography (Boiler Weld Inspection)

Intensifing screens —~

MSME PDME



Film Radiography

The part is placed between the
radiation source and a piece of film.
The part will stop some of the
radiation. Thicker and more dense
/////l\\\\ area will stop more of the radiation.
The film darkness

S e (density) will vary with

SN the amount of radiation
MSME PDME .

reaching the film
Top view of developed film

X-ray film

through the test object.
= |less exposure
N = more exposure




Mr. Wihelm Conrad Roentgen (1845 — 1923)
X-rays Radiograph of Mrs. Roentgen’s hand (1895)
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Mr.Pierre Curie and Mrs.Marie Curie (Sklodowska)
(1859 — 1906) and (1867- 1934).
Discovered new element and “radioactivity”, Ra-225. Nobel

Prize 1in 1903.
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Absorption Processes

e
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Pair Production




(RT) Gamma Radiography (cont.)

A device called a “camera” is used to store, transport and
expose the pigtail containing the radioactive material. The
camera contains shielding material which reduces the
radiographer’s exposure to radiation during use.

MSME PDME
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(RT) Gamma Projector / Camera

LoCK

-\ <4 SOURCE
4 /
- 4 EXPOSURE DEVICE

DRIVE CABLE /

STORED POSITION




Radiographic Images

Can you determine what object was radiographed
in this and the next three slides?
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Radiographic Images

MSME PDME




Radiographic Images

MSME PDME




Radiographic Images

MSME PDME




Radiography Testing (RT)

» X-ray Machine ( x 10° Volt)

» Low Energy (Steel Thickness — 70mm less)

» High Energy (Thickness — 70 to 400mm)
» Gamma Source (Radio Isotope) ( 1 x 10 Volt)

» Ir-192 (Thickness — 20mm )

» Co0-60 (Thickness - 30 to 140mm)

Film / Radiograph Quality

(1) Penetrameter / Image Quality Indicator (IQI)

Wire Type / Hole Type

(2) Optical Density (Comparison of Degree of Darkness)
» Safety (ALARA, Time/ Distance/ Shielding)

MSME PDME




RT & GCTJO&SCT%[S | Sm:oooqcﬁ (Advantages)

> 320:00:8:0ke00000g)| (Metal ) $¢ 20go| wwr0d@000 (Non-Metal)
QP03 060008 C[QC:
» Test Result o3 Permanent Record cosSc[cs

» Internal $¢ qod$2[yC § 3|yod36ODGD GRS OOGEO:
[goo§¢|gcs (Parallel to Ray Beam, Volumetric Flaws )

» Structure $¢ 000s0Cg (Assembly) Error qpzaddl odesos

GooRE[Re:
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RT & a0 1 30:$05¢q)0D (Limitation)

» High Capital Cost
» X- ray Machine o3:0qC Power Supply c8[gC:
» dlobeepclgpdooCy sasepod [gded (gt

» Lamination, Lack of Fusion o393 gqodso[gCadnd 82§0308004:07
00G80:qS WodEEPO[YC:

» Trained & Skilled Operator $¢ Interpreter oxC:goad320[gC:

> 6c0Co00d $¢ Source 9005 GEd$[gCsODOONY: Access qJaS CB30[gC:

MSME PDME



RT Crawler Machine for Pipeline Inspection
Panoramic Exposure (360 Degree)
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RT Crawler Machine for Pipeline Inspection

MSME PDME




RT Crawler Machine for Pipeline Joints Inspection

MSME PDME




RT Crawler Machine for Pipeline Joints Inspection
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(UT)

MSME PDME

L8 gauge 1 sesied agans! the slsmenty




2. Basic Ultrasonic Testing (UT)

initial

pulse (’

back surface
echo

crack
echo

Oscilloscope, or
flaw detector
screen
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2.UT (contd.) Angle Beam Method (Flaw Detection)

MSME PDME



2. UT (Contd.)Immersion Test Method

MSME PDME




2. Ultrasonic Testing (UT)

» Human Hearing Range Frequency (20Hz to 20kHz)
» Manual UT (1 to 5 MHz)
» Pulse- Echo (P-E Method)
» Categories
» Normal Beam — Thickness Measurement (UTM)
» Angle Beam - Flaw Detection (Welding)
Transducers = Piezoelectric Elements
Single / Twin, Dual Transducers
- Contact Method
- Immersion Method

MSME PDME




2.UT (Contd-)

» Screen Display
» Horizontal (Range) = Beam Path Length/ Distance (BPD)
» Vertical (FSH %) = Received (Return) Sound Intensity
JISZ 3060 —UT
Probe Frequency
BPD < 100mm = 5MHz
100< BPD< 150 = 5MHz or 2MHz
BPD >150mm =2 MHz
Probe Angle (45, 60, 70 Deg) (Complement of V Angle)
Calibration Blocks/ Reference Blocks

Advance (Prior) Information

MSME PDME



Basic Ultrasonic Testing (UT)

» UT & s'acrﬁllzl S'JDSOUDQIOS (Advantage)

> 3208006000 LPEdYPIIVE 03C:00000650:8C[QC:

> qIed$0[gC 0009005200 GFILY [§¢ 062000
GaoNCQMSC[Cs

» Plannar defects gpzod cdeapodgd 06:0008C[gC:

» Defect &1 Location 0332033507 [go0SC[gC:




2.Basic Ultrasonic Testing (UT)

> UT e 3a(gbi 330:500:q105 (Limitation)
» High Capital Cost
» Skill Operator c3320[gC:
» Interpretation [gjcp0q$ 9053[gC:
» Couplant c8sa0[gC:

» Coarse Grain Materials qp:o% 08:w8q$ 90535@8:




Phased Array UT (PAUT), (Advance UT)

Large Effective Beam

Conventional pitch-catch Phased array 64 elements

f 4.7mmi : 60 mm \
(187 in.) (2.36 in.)

12 X more coverage with a phased array probe

MSME PDME



PAUT

Data Point Density

Low Density High Density

Detected

= Added value inspection $$$

= Greater probability of detection

MSME PDME



PAUT

Multiple Beam Configurations

Focused

Nonfocused

Angle beam

Sectorial

MSME PDME




PAUT

Views while Scanning

ML 352 %]l(m.r) 1.63 mm

’ s

Gain
@8) 21.0 smr) 0.00 mmraren) 6.48 mm

L 2 Group1 &

MSME PDME



Integrated water manifold

Data acquisition can be handied simplifies couplant distribution

completely by an OmniScan flaw detector Laser guide for better
{not included in WeldROVER package) weld tracking

N\

Room to integrate a remote puiser/preamplifier
for improved TOFD and PE inspections

Eyelet for lanyard
attachment

Emergency-stop
button
Steering lever to

manually adjust the
scanner direction

MCDC-01: one axis (‘

DC motion controller

Independently spring- -
loaded arm (SLA) probe ¢
holders s

Divisible cable
conduit umbilical
for cable protection
and attachment to

scanner
Four driven magnetic wheels firmly heold the N
scanner against a ferromagnetic inspection surface A .
Easy to operate using a simple remote control Ro:atlng probefholder arms for
featuring 2 push-buttons and one rotary switch adaptation to different diameters

Light and compact aluminum frame

MSME PDME
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PAUT

OmniScan Series of Flaw Detectors

The OmniScan is the market reference for phased array corrosion inspection.
> 2-axis encoders for raster scans
> Simple setup and calibration wizards

> Full high-resolution A-scan storage

= MX2 - SX
— Modular for changing needs — All the features needed for most
— Drivable with TomoView for bigger file corrosion inspection applications
size (up to 2 GB data file) —  More affordable
— Bigger screen — Smaller and lighter for more

portability

MSME PDME



3. Liquid Penetrant Testing (PT)

> 308C30D g6l qod§0|yCad Ceseaon Cracks gpis 39ewP0d600 Non-
porous materials qpz0&:§E20001

» Basic steps of liquid penetrant testing

» Pre-cleaning

» Penetrant application

» Removal of excess penetrant (Cleaning)
» Developer application

» Inspection (VT)

MSME PDME



3.PT Equipment
(Mega Check)

MSME PDME
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| Penetrating
Applying Penetrant

2 Penetrant Removal
Wiping off excess
surface PenetrarL/

3 Developing
Applying Developer
with spray or brush

4 Dbservation

Visual Inspection

eye

visible
indications




3.Liquid Penetrant Testing (PT)

» Capillary Action
» Dwell Time (5 to 20 minutes)

» Developer (or) Contrast Paint

» Pre-cleaning / Penetrant Application / Removal of Excess Penetrant
(Cleaning) / Developing / Observation

» Skill Requirement
» Cleaning
» Developing

Useful for Austenitic Stainless Steel & Aluminum

MSME PDME



3. Liquid Penetrant Testing (PT)

> PT &l sooj 820:000105

> 062000009 0PDIEI HAAMNSI FPQUOIIOV: MEIOTOFTD
@%@8:

» Test surface &1 qod§0|yC el 0 03MA{0d [goolgc:
> qo$9[gC § 3[gogpP:0? adeepadgrosSCgc:

» Simple & Economic method, Highly trained operator oo [gCs
Investment $05¢qCs




3.Liquid Penetrant Testing (PT)

» PT & 20[yd1 3208500:q10 (Limitation)
> quod§0[gCendI 309¢ Defect qpia3oon 06:000§C[9Cs
» Rough & Porous surface qp:03 ©06:0008C[QC:
> 3209032500 VO LIOSC[YC:

» Permanent Record eq@&




4. Magnetic Particle Testing (MT)
> 2500058CGa00306p gpiel Surface $¢ Sub-surface Defect

(Po3038:88 005

> 23c80H&EG0003n :09 Magnetise 235030500
C\%gejnsaé] fluxgnd%c(g&qugﬁea C\nc?n ||IC\P

» Defect or discontinuity §0lon [g$:c0:000:6000 03 :
Seltelela Bt e @Sqoeioéu o TP

MAGNETIC FIELD LINES /MAGNETIC PARTICLES

MSME PDME

CRACK



MT Equipment

DA 400S PARKER RESEARCH
CORPORATION

MSME PDME



Electromagnetic Yoke (MT)

Current Carryin
wam mying

Magnetic Flux
In Legs of Yoke

"
b

MSME PDME



4. Magnetic Particle Test (MT)

» Right Hand Rule (I, B, L)
» Current (AC/ DC)
» Magnetic Field/ Flux
» Longitudinal Vs Circular Magnetization
» Continuous Vs Residual Method
» Yoke/Prod/Bench/ Coil/ Central Conductor/ Wire Type
» Materials= Ferro/ Para/ Diamagnetic
» Media = Wet/ Dry, Visible/ Fluorescence Type
» Field Leakage/ Poles (South & North )

» Indication > Actual flaw size

MSME PDME




Lack of Fusion in MMAW Weld

Visible, Dry Powder Method

MSME PDME




Toe Crack in MMAW Weld

Visible, Dry Powder Method

MSME PDME




Throat and Toe Cracks in
Partially Ground Weld

Visible, Dry Powder Method

MSME PDME




4. Magnetic Particle Testing (MT)

» MT & 39(73“3' S’JD:OO‘JQIOS (Advantage)
> 00:2000P00Q| G OI IVYUOBPOE DAY BYC:

> [ggodgpeean: qodsolgEogEodanfaded (gt

» Surface $¢ Sub-surface Defect gp:303C:qpoRe
3200:6000C{QC:

» Simple & Economic, Highly trained operator vcd[gcs
Investment $05¢qCs

MSME PDME




4. Magnetic Particle Testing (MT)

» MT el 20[yd1 2o0:505:9105 (Limitation)
» Only Surface $¢ Sub-surface Defect gpiodoomodesos
o3C:&C[9Cs
> 030305600 IEPOYIYPIIAN CVOGENELCE[YCs
> 203013005 VLINNY VISHSE[YC:

» Permanent Record @e]%?,@&




5. Eddy Current Testing (ECT)

@ Coil's

/ magnetic field

Eddy current's
magnetic field

Coil

W)

’ i"A'A'A

A 'A'A'A' A
L IYT T

Eddy
currents

Conductive
material
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5. Eddy Current Testing (ET)
> OQIO0DB:8CGID OGRS TIC:0DDI

MSME PDME

{3 Coil's
Coil / magnetic field

Eddy current’s
magnetic field

Eddy
currents

Conductive
material






5. Eddy Current Testing (ECT)

» ECT& 3’2(73“& S’JOSOUDQIOS (Advantage)
» Equipment $¢ Test piece ©odg] Couplant ocd[gC:

» Surface §¢ Sub-surface Defect qp:a303C:epoRC
3000:600CgC:

» Very fast speed [gCodSc[gC:




5. Eddy Current Testing (ECT)

» ECT e 3291 330:500:9105 (Limitation)
> QOGOLOODEIN CQIOOD B:8CGID HYPGPIO OOSC[YC:

> 00GO0D VPRSP 3203C: Defect 4P WOdGLSCYC:



NDT Methods & Defects

Type of defect Condition Application NDT method

Magnetic Particles (MT)

Surface/ subsurface Liquid Penetrant (PT)
Crack
Eddy Current (ECT)
Radiography (RT)
Internal

Ultrasonic (UT)

Radiography (RT)
Lack of penetration Root
Ultrasonic (UT)

Radiography (RT)

Inclusions Internal

Ultrasonic (UT)

Subsurface Magnetic Particles (MT)

MSME PDME




MSME PDME

Destructive Testing (DT)

NIPPON KALI KYOKAI

Load meter NN

Tensile test equipment

ClassNIS  2-2 Tensile Strength of Steel (1/3)

Test specimen

15




Destructive Testing (DT)

ClassNIK 2.2 Tensile Strength of Steel (2/3)

NIPPON KAWI KYOKAI
.— Tensile strength

Yield Poin

3

Breaking point

L

Elongation
|/
i

. Strain (Specimen elongation /specmen gauge length
MSME PDME Permanent strain Sp > ) 16

;

Elastic limit

Proportional limit

Elastic region B2

Stress (Load/Section area of specimen)




Comparison between NDT and DT

» Destructive Testing (DT)

v Tensile Test

v Bend Test

v Charpy Test

v Vickers Test

v Fracture Test

v Fatigue Test

v Creep Test

v Metallography , etc.

MSME PDME




NDT & 820jjs1 320:0008j0D

>

>

>

>

00:200900deP:03 (32[gdeqaIC) [0S0pd2%:S ¢) qacs
000% 006s0:8C[gC: (a3) Sample [gEopd: 0dE0:SE[C:

NDT $05: 000805200053 066e0:8CE[9C:
0009l 0009l ( Repeat) 0dGe0: [

oaclgEeotqs aBsa0g $pd:0kgts( a3) d:o wadlgts
Equipment gpzaopd co0cs:gt 32038 200068008e (Qudmp[gC:

00:2000pd0Pd:P:000 In-service [§0es600NY 06:2008C[gCs

MSME PDME




NDT @il 2320:505:910°

> 3983"06000 NDT §ésqp3038 Result 0% o%$om$@8 @EB
Qualitative O&lgCom|ylgcs

» Highly Trained, Experienced Personnel [gog$c8 300[9Cs




Destructive Testing (DT) sa0jjs 3202000107

» Test Result gqpzoopd o3§:0msdsC [4$clac:
» Trained, Experienced 2300c8820[gC:




DT 6 30jud 1 30:500:9105qs

00:20090gRd:yPe YEdBaFEgCs adxgzoEqCs
000% wodeso: SE[gCs Sample 2000dE0SC[YC:
00d[036000 0OE0:SE[C:

G§NOO0DOS0E [§C C0000G:qS LQST[YC:
0020003200090 GEADOOMHEIY BHAF:QJC:
[y$copdsaon:ad:q[g s

Specimen o3 3500:000000 [gCsoCauiq[c:

D0:2006p000GP:0d 6g GlYPCRUOIYL:

MMMMMMMM




Qualification & Certification of NDT Personnel

» ASNT —SNT-TC-1 A
» ISO 9712

» EN 473
» Education
» Industrial Experience
» Training Hours
» Examinations & Gradings (Written & Practical)
» Certification

» Employer & NDT Level III

MSME PDME



Qualification & Certification of NDT Personnel
ASNT Vs ASNT-SNT-TC-1A Vs NDT

SN\ & =

The American Society for Nndestructive Testing, Inc.
Be it known that

Htain Lin Oo

has met the established and published Requirements for Certification by ASNT as

NDT Level 111

in the following Nondestructive Testing Methods:

Method Issue Date Expiration Date
Magnetic Particle Testing 1215 12/20
Radiographic Testing 5/18 5/23
Ultrasonic Testing 1215 12720

. 241690 ASNT Presigent
MSME PDME &L« 9 Y/

Centificate Number

Certification Management Council Chair

This centificate is the property of ASNT, is not official without ASNT's riscd gold scal and is subject 1o revocation prior to the listed expiration datc.
This cenificaic should be verified on the ASNT website or by contacting the ASNT Technical Services Department,



Qualification & Certification of NDT Personnel (ASNT)

» NDT Methods- (15) Methods, (28) Techniques
» NDT Certificate Levels- Trainee, Level-1, IT (Limited), II, III,

» Representative - for Exams and Grading Purpose

» NDT Level I
» Able to set up NDT Equipment

» Perform the tests
» Record and clarify the results of the tests

» Report the results

MSME PDME



Qualification & Certification of NDT Personnel (ASNT)

» NDT Level 11
» Able to select the test methods
» Translate the NDT Codes, Standards, Spec & Procedures
» Interpret and Evaluate results
» Prepare NDT Instructions and Supervisor Tasks

» Report the results of NDT tests

MSME PDME



Qualification & Certification of NDT Personnel (ASNT)

» NDT Level 111
» Responsible for NDT Operations (Certified Methods)

» Approving the Procedures and Establishing & Approving NDT
Methods/ Techniques

» Interpreting the Codes, Standards, Spec & Procedures
» Interpret and Evaluate results
» Familiarity with Other NDT Methods

» Training & Examining NDT Level I & II personnel certificates

MSME PDME 85



Conclusion

QA, QC System gpzesl 6aonCeport NDT Methods qpzood
AB[§ BoDY@EE30R0D 6[gdLEs CBMDED 3203:{gICgC:

MEMOFOD 2005|YE 0dEe0SC[FE: [gScopd
[gCeoCEC[gcs

©060:820[g¢ GPOB22000MHEMOEIDSE ©OEE02000Y

el eplal oA R et alepalBat RIS

2516qqP0(g0g!1 go:EaCivod0§:0ICAGBodgay
 3000q0g GPIgIVTHAN(YC:




THANKS FOR YOUR KIND ATTENTION
email-
facebook-Htain Lin Asndt, Website: www.unitedgamma-ndt.com
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