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1) Quality Requirement: ISO 3834 (1994)

u Quality:  Degree of Fulfilment of Requirement

u Quality Requirements for Fusion Welding of Metallic Materials

u Welding is treated as typically ñSpecial Processò

u Cannot be fully verified the required quality

üWPS , Many (Essential) Variables / Parameters

üMan, Materials, Consumables, Machines, 

ü Process, QC, Tests, Records
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2) Cause and Effect Diagram for Quality of Weld
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2) Non-destructive Testing (NDT) in Industry

NDT Definition

ₔ⁞₆₴₳ₑ₂₴›₱₂⁞⇔⁮₴₳₆₵₨₳← ₆€₈⁄₴₳‼₫⁷₴ₑ⁸∫₩ ₆₵₨₳ ₆₂₵‹₴⁞₪₳₭⁞₂₮⅛ Ω⁄₴₳⁸₩₫╝← 

ₔ⁸₩₫⁄₴₳ₔ⁸₨ ⅛ ‼₫⁷₴ₑ⁸∫₩₆₵₨:⅛ ₔ⁸⃰⁄₴₳ ⅛ə₿₂⁄₴ ₔ₿₂⁞₴ ₔ₁₨ₔ⁪₨⅛ 

ₔ‹₴₭┌‹₨⁄₴₳ ⁞ₑ⁮₴₆₵₨₳‹₩₫ ⁸₩₫⁄₴₳⁸₨ ₈℅₨₭₃⃰⁞⁞₴₭⁪₳₭ₑ₨₁⁮₴₳

NDT, NDI, NDE

Evaluation: Usefulness, Serviceability

To Prevent Accidents, To Check Maintenance
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3) Methods of NDT

Visual

7



3) The Most Common NDT Methods

i. Radiographic Testing Method ( RT )

ii. Ultrasonic Testing Method ( UT )

iii. Liquid Penetrant Testing Method ( PT )

iv. Magnetic Particle Testing Method ( MT )

v. Eddy Current Testing Method ( ECT )
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3) Other NDT Methods

u Visual Testing (VT)

u Leak Testing (LT)

u Strain Testing (ST)

u Acoustic Emission Testing (AE),  etc.

ₔ₨₳₉₱₫₳ₔ⁸⃰‹₴ ₔ₭‹₨⁄₴₳⁪₱₫₳₁⁮₴₳ ⁸⁞₴₁⁮₴₳⁪₩₫ₑ⁮₴₆℅₨ ₆₈℅₩

ₔ₿₂₁₴ₔ₉℅₁₴ ₿₃⁮₴₲⁪⁮₴₳ ⁞₆₴₳ₑ₂₴ₑ⃰₨₳₿›⁄₴₳ₑ⁮₴ₑ₨ ₔ₭‹₨⁄₴₳⁪₱₫₳
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4) Basic Ultrasonic Testing (UT)
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4) Basic Principle of Sound

u Mechanical Waves-  Transmit into material and reflect from the new 
surface

Wave Modes- (Common)- 

u Longitudinal or Compression Wave Mode (Normal Probe, 90 Degree) 
(Highest Velocity Value)

u Transverse or Shear Wave Mode (Angle Probe) (Velocity Longitudinal 
= 1.8 Velosity Shear)

u Surface or Rayleigh Wave Mode (Angle Probe) (Velocity Surface = 
9/10 Velocity Shear)

u Lamb or Plate Wave Mode (No Constant Velocity Value)
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4) Basic Principle of Sound

Sound Natures

Similar to Light

u Reflect, Transmit, Refract (Bend), Mode Conversion, Diverge, Converge 

(Lens), Delay Tip (Sound Treatment)

u Ultrasound

u Huma Being Hearing Frequencies Range- 20 to 20 kHz 

u In UT- 1 to 5 MHz (Manual) 

u Up to 100 MHz (Automatic)
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4) Basic Principle of Sound

u Wave Propagation into Materials

Wave Velocity (V) = Wavelength (Ʀ ) x Frequency (f) 

Velocity varies Material Density and Elasticity 

Acoustic Property Impedence (Z) = Density ( Ɵ), Velocity (V)

V & Z values are constant for a given material and given mode respectively. 

(Table)

u Velocity  (v) = Distance (S)/ Time (T), S = VT

u Detect Location of Flaws in UT Method
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Sound Generation 

MSME PDME 14



4) Basic Principle of Sound

u Sound Generation & Propagation into Materials

Probe/ Transducer/ Scanning Unit/ Search Unit ( Piezoelectric Element/ Crystal)

Two Main Functions of Probes - (P-E)

1) Injection/ Transmit/ Pulse 

2) Receive/ Listen/ Echo

Characteristics of Probe

1) Wave Mode Type

2) Size & Angle

3) Frequency (f)
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Sound Propagation into Materials

MSME PDME 16



Longitudinal & Shear Wave Modes
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Surface Wave & Mode Conversion

MSME PDME 18



Sound Beam Reflection

MSME PDME 19



Flaw Detector & Probe

u Brain & Eye Example

u Flaw Detector ï Display = X-axis Vs Y-axis (Distance & Intensity (Size)

u Probe- Transducer, Piezoelectric Element, 

u 1) Sound Generate (Transmitter),  2) Echo Listen (Receive) (Pulse Echo, P-E)

u Single/ Dual/ Twin / Separate Crystals

u Sound Velocity ï Constant Value for a given material Except

u Probe Characteristics- Types , Sizes, Degree, Frequency (1 to 5 MHz for Manual)

Depends on Application of Job (UT)- Selection/ Match (Two Main Applications)

u Cautions

u Near Field Vs Far Field, Dead Zone

u Coarse Grain Materials & Very Thin Materials (Difficult)
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Ultrasound Generation

The transducer is 
capable of both 
transmitting and 
receiving sound 
energy.

Ultrasound is generated with a transducer. 

A piezoelectric element in 
the transducer converts 
electrical energy into 
mechanical vibrations 
(sound), and vice versa.



Transducers

ÅTransducers are manufactured in a variety of forms, shapes 
and sizes for varying applications. 

ÅTransducers are categorized in a number of ways which 
include: 

- Contact or immersion 

- Single or dual element

- Normal or angle beam

ÅIn selecting a transducer 
for a given application, it 
is important to choose the
desired frequency, 
bandwidth, size, and in some cases focusing 
which optimizes the inspection capabilities.



Sound Intensity & Fields
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Near Field & Far Field

MSME PDME 24



Beam Divergence Angle
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Beam Divergence Angle

MSME PDME 26



Multiple Echoes

Sound Energy Attenuation (Absorption & Scatter) Loss

MSME PDME 27



Flaw Detector Display (A ï Scan)

MSME PDME 28



Flaw Detector Display (B ï Scan)
 

MSME PDME 29



Flaw Detector Display (B ï Scan)
Cross Sectional View (Test Object)
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Flaw Detector Display (C ï Scan)
Plan View

MSME PDME 31



Instrumentation (cont.)

uD-meters or digital thickness 
gauge instruments provide 
the user with a digital 
(numeric) readout.

uThey are designed primarily 
for corrosion/erosion 
inspection applications.

ÅSome instruments provide the user with both a digital 
readout and a display of the signal.  A distinct advantage of 
these units is that they allow the user to evaluate the signal to 
ensure that the digital measurements are of the desired 
features.



Flaw Detector Display (A ï Scan) Range

Horizontal, X -Axis
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Flaw Detector Display (A ï Scan), %FSH
Vertical, Y ïAxis (Amount of Energy Received)

MSME PDME 34



Echo Wave Forms
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Application

Two Main Techniques

1) UTM ï Ultrasonic Thickness Measurement (Normal Probe)

u Corrosion/ Erosion, Lamination, Internal Flaws Tests

2) Flaw Detection (Angle Probe)

u Welding Flaw Detection, LOP, LOF, Crack, Intrnal Discontinuity

u Contact Vs Immersion Method

u Pulse Echo Vs Through Transmission Method
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Basic Ultrasonic Testing (UT)

1) Normal Beam Technique (UTM)

plate

crack
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screen
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2) Angle Beam Technique (Welding Flaw Detection)
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3) Immersion Test Technique (Automatic)
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3) Immersion Test Technique (Automatic)
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4) Ultrasonic Testing (UT)

u Human Hearing Range Frequency (20Hz to 20kHz)

u Manual UT (1 to 5 MHz)

u Pulse- Echo (P-E Method)

u Categories

u Normal Beam Technique ï Thickness Measurement (UTM) Vs

u Angle Beam Technique - Flaw Detection (Welding)

u Contact Technique

u Immersion Technique

u P-E Vs Through Transmission Technique

-

Transducers = Piezoelectric Elements

 Single / Twin, Dual Transducers
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Test Techniques ð Pulse-Echo (cont.)

Digital display 
showing signal 
generated from 
sound reflecting 
off back surfac e.

Digital display 
showing the presence 
of a reflector midway 
through material, with 
lower amplitude back 
surface reflector.

The pulse -echo technique allows testing when access to only one 
side  of the material is possible, and it allows the location of 
reflectors to be precisely determined.



Test Techniques ï Through -Transmission

0 2 4 6 8 10

2

11

ÅTwo transducers located on 
opposing sides of the test 
specimen are used.  One 
transducer acts as a transmitter, 
the other as a receiver.

ÅDiscontinuities in the sound path 
will result in a partial or total loss 
of sound being transmitted and 
be indicated by a decrease in the 
received signal amplitude.

ÅThrough transmission is useful in 
detecting discontinuities that are 
not good reflectors, and when 
signal strength is weak.  It does 
not provide depth information.

T R

T R

11
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Test Techniques ï Normal and Angle Beam

ÅIn normal beam testing, the sound 
beam is introduced into the test 
article at 90 degree to the surface.

ÅIn angle beam testing, the sound 
beam is introduced into the test 
article at some angle other than 
90.

ÅThe choice between normal and 
angle beam inspection usually 
depends on two considerations: 

- The orientation of the feature of 
interest ï the sound should be 
directed to produce the largest 
reflection from the feature.

- Obstructions on the surface of the 
part that must be worked around.      
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Test Techniques ï Contact Vs Immersion 

ÅTo get useful levels of sound energy into a material, the air 
between the transducer and the test article must be removed.  
This is referred to as coupling.

ÅIn contact testing (shown on the previous slides) a couplant  
such as water, oil or a gel is applied between the transducer 
and the part.  

ÅIn immersion testing, the part and the transducer are place in a 
water bath.  This arrangement allows better movement of the 
transducer while maintaining consistent coupling.

ÅWith immersion testing, an echo from the front surface of the 
part is seen in the signal but otherwise signal interpretation is 
the same for the two techniques.



Thickness Gauging

uUltrasonic thickness gauging is 
routinely utilized in the 
petrochemical and utility 
industries to determine various 
degrees of corrosion/erosion.

ÅApplications include 
piping systems, storage 
and containment 
facilities, and pressure 
vessels.



Flaw Detection - Delaminations

Signal showing multiple back 

surface echoes in an unflawed area.

Additional echoes indicate 

delaminations in the member.

Contact, pulse -echo inspection for delaminations  
on 36ò rolled beam.



UT (Contd-)

u Screen Display

u Horizontal (Range) = Beam Path Length/ Distance (BPD)

u Vertical (FSH %) = Received (Return) Sound Intensity

 JIS Z 3060 ï UT for Ferritic Steels

Probe Frequency Selection

 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
48



Flaw Detector Display (A ï Scan), 
X- Axis Vs Y ï Axis

X= Time or Distance, Y = Return Signal Strength

MSME PDME 49



UT Inspection

u Equipment Setting (Calibration)

u Scanning / Searching the Flaws

u Beam Path Length Calculation

u Targeting to the Intended Areas & Flaw Orientations

UT System Quality- Resolution (Separate Ability & Sensitivity (How Small)

u Flaw Detection Interpretation

1) Type

2) Location

3) Sizes

u Evaluate with Acceptance Criteria (Accept/ Reject) Ref- Standards

u Reports
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UT Inspection

u Calibration: Comparing & Adjusting with the Known Values

u Calibration Blocks & Reference Blocks

By many Institutions for relevant Applications 

(ASME, AWS, API, IIW,DIN,JIS-Z,, etc.,)

(3) Characteristics of Calibration Blocks

u 1) Zero Tolerance (+/- 0.0 )

u 2) Zero Defects Except Man Mades (Artificial Defects)

u 3) Known Values (Dimensions)
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Claibration  Blocks & Reference Blocks
IIW V 1 Block & V 2 Blocks

MSME PDME 52



Welding Inspection By UT
Calibrations of UT System
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DAC Curve For Flaw Sizing (Sensitivity)
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Calibration Standards (cont.)

Thickness calibration 
standards may be flat or 
curved for pipe and tubing 
applications, consisting of 
simple variations in 
material thickness.

Distance/Area Amplitude 
standards utilize flat bottom 
holes or side drilled holes to 
establish known reflector 
size with changes in sound 
path form the entry surface.

ASTM Distance/Area Amplitude

NAVSHIPS 



Calibration Standards (cont.)

There are also calibration 
standards for use in angle 
beam inspections when 
flaws are not parallel to 
entry surface. 

These standards utilized 
side drilled holes, notches, 
and geometric 
configuration to establish 
time distance and 
amplitude relationships. 

IIW

DSC               DC             Rhompas

SC

ASME Pipe Sec. XI



Qualification Standards

Qualification 
standards differ from 
calibration standards 
in that their use is for 
purposes of varying 
proper equipment 
operation and 
qualification of 
equipment use for 
specific codes and 
standards.

 

AWS Resolution

IOW Beam Profile

DC-dB Accuracy



Flaw Detection / Scanning (LOF)
Beam Path Length (Sound)
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Weld Joint Inspection
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23 Sep 02

Lack of root fusionLack of root penetration



23 Sep 02

Concave root Excessive root penetration



23 Sep 02

Burn throughBurn through + LORP



23 Sep 02

Longitudinal crackLongitudinal crack



23 Sep 02

HAZ crack Root crack



23 Sep 02

Lack of side wall fusion with slag Lack of side wall fusion with slag



23 Sep 02

Lack of side wall fusionLack of interpass fusion



23 Sep 02

Root pass aligned porosityCluster porosity



23 Sep 02

Herring bone porosityHerring bone porosity



23 Sep 02

Copper inclusionsTungsten inclusions



Scanning Patterns (Welding Test)
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Flaw Detection / Scanning (Porosity)
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Flaw Detection / Scanning 

Cluster Porosity & Slag Inclusions
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False / Non-Relevant Indications

MSME PDME 73


