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INTRODUCTION

Quality Requirement
Quality: Degree of Fulfilment of Requirement
QA - Quality Assurance

QC- Quality Control

Railway - Public Safety
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NON-DESTRUCTIVE TESTING (NDT) IN
INDUSTRY

NDT Definition

3008:00650908pi6 0efi0nd08 4p: wod8ieedl  GEio3e
038im0m | ooboogdupi 30038 13[GE G5 seg0mae0
sa05efo3t: 000a54picd 0380 epegoBeanieansos:

NDT, NDI, NDE
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NDT APPLICATIONS

op 3204 (§)) Ok = NDT Instruments

680D CvOC&seaonComyp: = NDT Involvement
Materials, Welding, Casting, Forging, Plating, HT, etc.

Raw Materials
Goods in Process
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METHODS OF NDT
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THE MOST COMMON NDT METHODS

I. Radiographic Testing Method ( RT )

11. Ultrasonic Testing Method (UT )

1. Liguid Penetrant Testing Method ( PT)
Iv. Magnetic Particle Testing Method ( MT )
v. Eddy Current Testing Method ( ECT )
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OTHER NDT METHODS

Visual Testing (VT)
Leak Testing (LT)
Strain Testing (ST)

Acoustic Emission Testing (AE), etc.

802008300305 32600505 00b550:a3000500 o
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NDT METHODS BACKGROUND

Developed during World War |1

VT = 0088 © 07000 0703E0d
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)

clobeepCigad ( X-ray, Gamma Ray, Neutron ) o303 =203
062006080005 0godiel 3a[gn:00600BRE cont§eon ©eod
(Film ) edogé H§dedeolgllyt 1 33lgd sasnmoen § of
06:0068E300pdn
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ELECTROMAGNETIC WAVE SPECTRUM

&
=
Radio Microwaves Infrared | = | Ultraviolet H-ray Gamma Ray
Low Frequency High Frequency
Long Wavelength

Short Wavelength
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RADIATION SOURCES
X-ray Machines

Gamma (I') ray Isotopes
Neutron Sources
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X- RAY TUBE & CONTROL UNIT

i is
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SIMPLE ARRANGEMENT OF RT

High Electrical Potential

X-ray Generator or
Radioactive
Source Creates
Radiation
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FILM RADIOGRAPHY

Intensifing screens *
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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

The film darkness

me DL, (density) will vary with the

reaching the film through

X-ray film

v
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MR. WIHELM CONRAD ROENTGEN (1845 —
1923)
X-RAYS RADIOGRAPH OF MRS. ROENTGEN’S

f:

1A ONIr\
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MR.PIERRE CURIE AND MRS.MARIE CURIE

(SKLODOWSKA)
(1859 — 1906) AND (1867- 1934).
DISCOVERED NEW ELEMENT AND

“RADIOACT g s BEL PR
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ABSORPTION PROCESSES

MSME PDME @



PAIR PRODUCTION
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(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.




(RT) GAMMA PROJECTOR / CAMERA

STORED POSITION
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RADIOGRAPHIC IMAGES

Can you determine
and the next three s




RADIOGRAPHIC IMAGES
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RADIOGRAPHIC IMAGES
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RADIOGRAPHIC IMAGES
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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)
= |r-192 (Thickness — 20mm )
= C0-60 (Thickness - 30 to 140mm)
Film / Radiograph Quality
(1) Penetrameter / Image Quality Indicator (1Ql)
Wire Type / Hole Type
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RT &1 GoonC:o]j | 32:000)05 (ADVANTAGES)

g0:00:8:0l:6000000] (Metal ) $& 20gg| ©upod@a0D (Non-Metal)
qP:0? 06:0008E[RE:

Test Result o Permanent Record cu:§EgC:

Internal $& qiod$0lg€ § =olyodeecomnd ¢pia? obaeso: [gaoEigt:
(Parallel to Ray Beam, Volumetric Flaws )

Structure $& 00690Cq (Assembly) Error qp:o30l 0deso: [goofE[gt:
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RT & adeo 1 3302500:9105 (LIMITATION)
High Capital Cost
X- ray Machine o9:cai€ Power Supply c3[gC:

clobeepClgdooCy sgepod [gbeal[gé:

Lamination, Lack of Fusion o393 ¢o550jgEadnd 3a80328004p:03 0desoiq$
©adeepodlgc:
Trained & Skilled Operator $& Interpreter cono€:goc220[gc:
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RT CRAWLER MACHINE FOR PIPELINE
INSPECTION
PANORAMIC EXPOSURE (360 DEGREE)

MSME PDME @



RT CRAWLER MACHINE FOR PIPELINE
INSPECTIC
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RT CRAWLER MACHINE FOR PIPELINE JOINTS
INSPECTION
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RT CRAWLER MACHINE FOR PIPELINE
JOIN DECTIQN
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Flaw Detection Gauges

2. Basic Ultrasonic Testing
(UT)

00 0 sesied agans! the emmens
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2. BASIC ULTRASONIC TESTING (UT)

initial

pulse (r

back surface
echo
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2.UT (CONTD.) ANGLE BEAM METHOD (FLAW
DETECTION)

6 Krauth.
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2. UT (CONTD.)IMMERSION TEST
METHOL




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
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2.UT (CONTD-)

Screen Display
= Horizontal (Range) = Beam Path Length/ Distance (BPD)
= Vertical (FSH %) = Received (Return) Sound Intensity
JIS Z 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 VV Angle)
Calibration Blocks/ Reference Blocks
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BASIC ULTRASONIC TESTING (UT)

UT &l 22071 32020009105 (Advantage)

" :0Q5006G00D VPRDIGPRVE 03C:02000680:8E[[E:

" qod§0[gC 0OV VY (4 000 GEPCYIIEC(C:
* Plannar defects gpz:0? odeapodgo 06:0008¢[qC:

» Defect &1 Location 0382033007 [4oosc[gc:




2.BASIC ULTRASONIC TESTING (UT)

UT e 35[gd1 sanagpdeqiod (Limitation)
= High Capital Cost

= Skill Operator c®s0[gC:

= Interpretation [gopoqSs 9053(gC:

= Couplant c8s20[qC:

= Coarse Grain Materials qp:0d 08:2000% 9053[ats
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PHASED ARRAY UT (PAUT), (ADVANCE UT)

Large Effective Beam

Conventional pitch-catch Phased array 64 elements

MSME PDME



PAUT

Data Point Density

Low Density High Density
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PAUT

Multiple Beam Configurations

Focused

Nonfocused

Angle beam

Sectorial
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PAUT

Views while Scanning

ML 352 %]I(m) 1.63 mm

P

Gain
(dB) 21.0 S(m-r) 0.00 mm A1) 6.48 mm

- Group 1 @ Scan:32 4
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PAUT

Integrated water manifold

RN st 00 b Tandln simplifies couplant distribution

completely by an OmniScan flaw detector
(not included in WeldROVER package)

Laser guide for better
weld tracking

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

Eyelet for lanyard
attachment

Emergency-stop

button
Steering lever to
manually adjust the
scanner dlrectlon

Divisible cable
conduit umbilical
for cable protection
and attachment to
scanner

e E D S

MCDC-01: one axis
DC motion controller,

Independently spring-
loaded arm (SLA) probe *
holders f' :

Four driven magnetic wheels firmly hold the
scanner against a ferromagnetic inspection surface

f

Easy to operate using a simple remote control Rotating probe-holder arms for
featuring 2 push-buttons and one rotary switch adaptation to different diameters

Light and compact aluminum frame
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PAUT
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Indexer button

Start acquisition button

Transparent -
tire material Height-adjustable middie
wheel for inspection of
Reliable water filing system narrow or curved parts

Quick prabe angle adjustment to
adapt to curvatures

_a—

WTR-SPRAYER-8L



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

= SX

— All the features needed for most
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3. LIQUID PENETRANT TESTING (PT)

2HC303 P2l qod§njyCal g&eseoon Cracks gp:$C Fagewrodeo Non-

porous materials qp:0&:$E20051

Basic steps of liquid penetrant testing

= Pre-cleaning
= Penetrant application

= Removal of excess penetrant (Cleaning)
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3.PT Equipment
* (Mega Check)

PEPECTION S

NABAKEM , NA _Axu_A'

Honetin
L AN v ']
: @ Doveloper ¥
TR meriasee J
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1 Penetrating 2 Penetrant Removal | | 3 Developing 4 Observation
Applying Penetrant Wiping off excess Applying Developer Visual Inspection
surface Penetrant with spray or brush

eye

visible
indications
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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
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3. LIQUID PENETRANT TESTING (PT)

PT &l 320381 39020009105
" ©0:2000D) VOB HAANSI FPYUOIPODE ADSIOIFITD

oq[ac:
= Test surface &1 qod§0[gC el orC 0SS [yoolgcts

" qoO§0lyC § 32[ydYP:0d ABeEPaOEIOLSE[RC:
» Simple & Economic method, Highly trained operator oo [gCs




3.LIQUID PENETRANT TESTING (PT)

PT il 32|91 3302500:9105 (Limitation)

" qod§0jyCendl 3¢ Defect gp:a3o00 06:000§CE[gCs
» Rough & Porous surface gp:0? ©00:2008¢[qC:

" 03632605 VI VAISE[YE:

» Permanent Record og[9cs




4, MAGNETIC PARTICLE TESTING (MT)

050c8058Ec000ms :31 Surface $¢ Sub-surface Defect
Cc;?oz @8%8@%?]3 ;

2B EEGI3ePYP:d Magnetise 250305jgjcd cdadeoxn=29)
Cfﬁjx gcﬁcg&qpéég)eg?mooén C‘% @QP 02)

Defect or discontinuity §dlon [g$:euiconie000 23 209 SOOC
col5RSE [§8q@oaoeh ot P0G

MAGNETIC FIELD LINES /MAGNETIC PARTICLES
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MT Equipment

- DA400S PARKER RESEARCH
CORPORATION
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ELECTROMAGNETIC YOKE (MT)

Current Carryin
Wire mrying

Magnetic Flux
In Legs of Yoke

oy
po

Crack Ma n’ﬁc Flux
Indication In Part
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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
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LACK OF FUSION IN MMAW WELD
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TOE CRACK IN MMAW WELD

TS

»” -
e L i o

1/ 38 ndbatig s,
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THROAT AND TOE CRACKS IN
PARTIALLY GROUND WELD
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4, MAGNETIC PARTICLE TESTING (MT)

MT e 3203 320200010 (Advantage)

" 0620000000g| G OO 2gUOZVE: MNEIVOIYOD V9Cs

* [gqiedypeeen: qodsalgEaptadndgrded [gc:

= Surface $¢ Sub-surface Defect qp:0303C:qpoRC 3000 C(YC:
= Simple & Economic, Highly trained operator oc8[gCs Investment

$054gCs
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4, MAGNETIC PARTICLE TESTING (MT)

MT el 32[gd1 32025055405 (Limitation)
= Only Surface $¢ Sub-surface Defect qp:0300000680:
o3C:&CE[9Cs

* 2508056000 PO WYOGECSE[YC:
" OGSO VENOD WIBYSC[YC:

= Permanent Record vq$&[ats




5. EDDY CURRENT TESTING (ECT)

“' Coil's

Coail / magnetic field

Eddy current's
magnetic field

Eddy
currents

Conductive
material



5. EDDY CURRENT TESTING (ET)
ag6068:8Ea000 ogRIgPd oPE2a000N
QD!

Coil's
Coll / magnetic field

Eddy current's
magnetic field

Eddy
currents

Conductive
material
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ECT
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5. EDDY CURRENT TESTING (ECT)

ECT &il 22031 320:000905 (Advantage)
= Equipment $¢ Test piece vadg) Couplant wcd(gc:

= Surface $¢ Sub-surface Defect gp:0303C:qpaRC
3200:600CC:
= Very fast speed [§CodSC[gC:




5. EDDY CURRENT TESTING (ECT)

ECT & 321 320:500:q05 (Limitation)
" OGONINGIND CRIOOd B:8EG20D PP EOSE[C:

" 0DG0D LEAV:GPEEI 3003C: Defect P:0d VOOERO:FE[YC:




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)




DESTRUCTIVE TESTING (DT)

NIPPON KAUI KYOKAI

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

Load meter n N

Tensile test equipment

Test specimen

15
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DESTRUCTIVE TESTING (DT)

ClassNIK

NIPPON KAUI KYOKAI

Yield Poin

Stress (Load/Section area of spe

cim7

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

@ s

.— Tensile strength

Elastic limit

Proportional limit

Elastic region

Breaking point

>

Elongation

Permanent strain

Strain (Specimen elongation /specmen gauge length)

16
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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
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NDT &l 22071 830:0009/00

06:00690g0digP:0? (3[gdedingiC) [g$copdadd o gt
000% 066e0:§E[E: (o) Sample [§Ecopd: 0beso:E[e:

NDT $05: 00b505:00050 0des0:$E[ge:

cod4l c0b4l ( Repeat) 0des0:§E[QE:

[03oo€[gEentes 33209 sp5:akgE:( 9B) adio wBlgt:
Equipment qp:aopb cpdc§igl 32098 200Ses0nte cgudoplgts

DA} . (Y0 22 N=-SN D 190)GCSGCOO 6)0)° N e
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NDT &1 222:500:q/0°

20,6000 NDT $p5sqp:03€ Result 03 o3§:0anSsgé ojgd Qualitative
oG8
Highly Trained, Experienced Personnel [§6g$c 320[gE:




DBESFRUETIVE: TS T (B:56468fiaBeo:000g05

Trained, Experienced 936003325(gE:




DT il 30y 1 30:s00:9i056:

06:00080g5sP: OIB:ozgCa addozndqcs

000% ©0beso: $E[gE Sample oxnodeso:Elgt:

o0b[036000 0beso:§Elgt:

650050008058 [§¢ c0O0dee0:qS veSE[RE:

06:2000320050005:03 06:0000056503 vpasefgts
[y$copdsa00:c3iq(gt:
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MR BOILER (UT)
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MR LOCO ENGINE FLY WHEEL (UT)

- N
2 ' -
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MR LOCO ENGINE FLY WHEEL (UT)




AUXILIARY COMPRESSOR CRANKSHAFT INSPECTION (MT)




MYANMA RAILWAYS




PROCESS & PRODUCT SHOWS (MES- AGM)
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CONCLUSION

QA, QC System gp:esl eeoCepogE NDT Methods gpoogd
o9l§ Bodqespeacgod slgbees cdndsn 3aadslgIeongC:

PS00d 2005200m|yE 0deao:SE[gEs [gSod
[uCeot8Elgta

©05680:820[9C (080005 E0§od$C 0dEE0:a00)
S 0 e i =




EMAIL- UHTAINLINOO@UNITEDGAMMA-NDT.COM
FACEBOOK-UHTAINLIN OO, WEBSITE: WWW.UNITEDGAMMA-
NDT.COM

r' ; = |
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QUESTIONS & ANSWERS
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The Myanmar Society of Welding Engineering
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