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What is NDT and why do we use it?

* Non-destructive testing (NDT) or Examination (NDE) involves
various methods used to assess the integrity of structures,
components or materials without causing damage that could
prejudice their subsequent use.

« One of the oldest industrial uses of NDT was the “oil and whiting”
process used since the late 1800’s for detecting cracks in railroad
components

« NDT methods are based on scientific principles of physics and

chemistry. | | ISO 9712:2021
- Some are similar to those used in medical diagnostics: radiography, Tahle 1 — Methods and abbrey S S—
echography, endoscopy, o NDT method Abbreviated terms
. ) Acoustic emission testing AT
« ENISO 9712 Qualification of NDT personnel Eddy carrent testing -
Leak testing LT
. Magnetic testing MT
® NDT InterveneS Penetrant testing PT
e On raw materials Radiographic testing RT
. . . . . Strain gauge testin ST
 During manufacture: on automatized production lines / ancillary test benches 'I'hermigrjphic tesing —
/ welding sites ltrasonic toct]
rasonic testing UT
* In service: during maintenance or after anomalies Visual testing VT
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Penetrant Testing PT

Principle

« Capillary action of low surface tension dye penetrating into
surface-breaking discontinuities

* Enhanced defect visibility: dye spread out on powder coating,
red dye on white background contrast, fluorescent dye in
dark UV lighting.

Sequence

1. Surface preparation (cleaning, degreasing, etching,
blasting* - not smear metal over the flaws)

2. Penetrant application (colour or fluorescent) and dwell time
3. Excess penetrant removal, thorough and gentle

4. Developer application, waiting time to draw penetrant out of
defects and spread

5. Inspection (white light or UV) s
6. Cleaning
Very widely used ®0 0 60

« Manufacture and maintenance
« Cast, forged, rolled, heat treated parts

° We|d|ng Tubes/plate welds in cooling system of 120 A
current leads

[
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Penetrant Testing PT

Characteristics
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Simple and economical (training, equipment, products)
High sensitivity to small discontinuities
Very reliable for detecting cracks, porosities, pitting...

Global: a full part or a large series of small parts can be
tested at once

Reliable regardless of the part size and position of
diSCO ntinUity Welds of cryostat in WA105 neutrino experiment

Detectability depends on surface state, surface
preparation, sensitivity level of products

Handling and disposal of chemicals

Only surface-breaking and not clogged discontinuities on
accessible surfaces

Not applicable to porous components

Not applicable to components incompatible with the
products (UHV, difficult to clean thoroughly...)

Explosion bonded
bimetallic of n_TOF

HIP capsules, SPS TIDVG5 Trough PT in leaking bellow,
LHC TDIS collimator
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around suitably oriented
flaw attracts magnetic

Magnetic Testing MT /

Principle partes
« The piece is magnetized and the presence of a surface or subsurface ‘ -
discontinuity causes a magnetic flux leakage M s

« Ferromagnetic particles gather at magnetic flux leakage fields
revealing the discontinuity

Many variants Principle
* Magnetization direct /indirect (magnetic field applied/electric current B
flow) /3) _ ) .
« Simultaneous/residual magnetization ot
. Dedicated magnetic benches or portable equipment; permanent g ga e CToCKS I 2 el sEen
magnets, portable electromagnets (yokes), current generators ‘ ol e with residual
« AC or different rectifications of the current Tet i 'mb’)\ m:g;g:ﬁ;gﬁ:ggfescem
« Magnetic particles in wet suspension/dry powder, ) o megrstestn
black/coloured/fluorescent, white contrast paint °“";“)‘C::‘:::m 3
Compared to PT x@) '_9
v' Surface-breaking and near surface discontinuities
v Faster when applicable c(")w s
= Detectability depends on relative orientaton e N (I o ppbng
magnetisation/discontinuities. Various field orientations needed ey D cryostat
x  Limited to ferromagnetic materials ‘?/ e lmw
x  Needs cleaning and demagnetization of the part o i

Various magnetization configurations
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Eddy Current Testing ET ~

Principle

- Acaoil carrying an alternating current is placed near the piece
and induces eddy currents in it

 Disruptions in the flow of eddy currents caused by defects
affect the impedance of the coil, which is measured to detect
and characterize flaws

Applications.
» Surface inspection, coating thickness measurements
» Fabrication of long products: tubes, bars, sheets...

* Maintenance tests (appearing of cracks or corrosion) in heat
exchangers, aeronautics, transport, bridges, ...

» Variety of manual probes: pencil, encircling, hole, arrays
Characteristics

v' Surface-breaking or near surface defects
Contactless: no damage, no contamination
Automatized for long uniform parts

Extensive skills and training requirements for signal
interpretation

>

Coil’'s magnetic field

Eddy current’s

Magnetic
Nonmagnetic

Flaw disrupts Eddy
current and changes
coil-piece impedance

Inductive Reactance, X

Aluminum

. Resistance, R
Eddy currents induced

in conductive material Impedance plane responses

* X X

esting bench for continuous
inspection of tubes with various ET
heads and coils
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Visual Testing VT

Principle
« Examining materials and components with the naked eye

« Or with the aid of optical tools to enhance sensitivity or to

icti . Direct visual oh biping We‘|dj, o | Mirror inspection. Undercut in
reach restrictive areas of interest. Direct viual on ppng weld, Mirror inspection. Undercil i
Optical aids s

-
« Mirrors, magnifying glasses (e (>\

" Foseopes R g -

Borescopes Lenses 1+12 mm 0.1+1m Fixed head ) ATl
Monitoring the cleanliness of a cooling
serpentine in a magnet thermal screen 2 m

Fibrescope Optical fibre 0.5+10 mm 0.1+3m Articulating away of the entry

bundle head

Video Image sensors 2.5+12 mm 1+30m Articulating

endoscope (CMOS CCD) head

Inspection Image sensors 20200 mm  3+1000m Rotating head,

camera (CMOS CCD) push rod,

crawler
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Visual Testing VT

Exchangeable or selectable tip optics of endoscopes
« Direction of view: forward, radial, angle, backward
* Depth of field: 1 mm to infinity
* Field of view: narrow (50°) to large (120°)
* Measuring capacity: stereo, structured light

MTD = 13.5mm

Resolution test charts

. . Weld root porosities observed in narrow access (LHC MB
Ap P lications diode box) and large pipe (He recovery line) situations

require different probe size and tip optics

« Used in all sectors and stages

Detecting surface defects such as cracks, corrosion, misalignments, Measuring he depn of a weid undercut i a video
surface finish issues, pollution, migrant bodies endoscope with the 3L capabilities

L. -2 -1 Resolution test target USAF-1951
Characteristics 2= (IS: | Wihgroups 2 -1.0and 1
. . . — p— able: width of a line in pm
v' Simple, low cost, immediate results = ||||||§§ Element -2 | -1 | o | 1
v" Access to hidden regions with dimensioning capacity 3 — l',','.g M= « 1 | 2000.00 1000.00 | 500.00 | 250.00
v Not use of effluents 4 = Il 2. i I”E: 2 | 1781.80 | 890.90 |445.45 |22272
o o _ _ o 5 =1l -2 3 | 1587.40| 79370 |396.85  198.43
% Limits on sensitivity, and affected by lighting conditions and surface 5 =III I" —_— ] 4 141421 70711 |35355 | 176.78
fInISh - — 5 1259.92 | 62996 | 314.98 | 157.49
x  Time consuming if small defects in large parts USAF-1957]| ¢ 2% sz 20062 12001
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Radiographic Testing RT

Radiation source

i . X-rays, Gamma rays, etc.)
Principle (
P Radiation '
« The object is positioned between a radiation source and a detector 3
(radiographic film or digital sensor). Defect

« Radiation passes through the object, and the varying material density
affects the amount of radiation that reaches the detector.

* The detector captures an image that reveals the internal features and

any defects based on the differential absorption of radiation. l \
Sequence: - '
q y )

1. Selection of parameters: test arrangement / detector / Inspected image
exposition / no. of views Spring in LSS1LWM

partially off-position

etection film

2. Safety precautions: shielded roomé& interlocks / marking Radiography of butt AN

exclusion zone & patrol weld in concentric pipe e,
for ATLAS CO2 MTL AT

3. Positioning: source / film / 1QI / lead marks Applications

4. Exposure: time-kV-mA / time « Welds

« Castings with limited
thickness variations

5. Image development: chemical development / scan / direct
reading

6. Evaluation: check of image quality / check of piece quality

« See inside of components Y i
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Radiographic Testing RT u
1000 = ==
700 P
500 AT L
sources 00 L Z TN =g
200 | ;j/ 7 /_‘_,/
« X-ray generators e L
. . 100 — el
- Configuration: modules, portable 70 S
50 —
« Max voltage: 75 to 600 kV "
20
* Focal spot: 0.4 to 5 mm
N Power: 700 to 4500 W " 2 345 7 10 20 304050 70100 200 300 [500 | 1000
- - - Key
) Beam Type: dlrectlonal’ fan’ panoramlc U X—rayt‘ubevol.ta-ge.k\’ 1 copper and nickel and its alloys
w penetrated thickness, mm 2 steel
« Linacs +_ slomint and e oy

Recommended X-ray tube voltage for X-ray devices up to 1 000 kV
as a function of penetrated thickness and material

 Radioactive sources

Table 2 — Penetrated thickness ranges for gamma-ray sources and X-ray equipment with X-ray

° I SOtO e . Se 7 5 I r 1 9 2 CO 60 potential, U, above 1 MV for steel, copper and nickel-based alloys
p ' ! ! Penetrated thickness
. . W
" Radiation source
« Activity: 0.5to 8 TBq .
Testing class A Testing class B
" Tm 170 w=3 ws35
e Source size: 1to 3.5 mm :
Yh 1692 1=w<=15 2=w=12
Source Assembly Se 75° 10£ws40 145ws=40
Ir 192 20=w = 100 20=w=90
Control Cable Exposure Device Sealed Source Co 60 40 = w < 200 50w <150
A X-ray potentials 1 MV < /= 4 MV 30=ws=200 50 =w= 180
X-ray potentials 4 MV < U/ < 12 MV w250 w =80
\\% X-ray potentials U= 12 MV w80 w =100
\_l—l_'_l *  For aluminium and titanium, the penetrated material thickness is 10 mm = w = 70 mm for testing class A and
5 25 mm < w < 55 mm for testing class B.
Remote Locking Shield Outlet Port Source Guide
Control Crank Mechanism Tubes b For aluminium and titanium, the penstrated material thickness is 35 mm £ w £ 120 mm for testing class A,

( ) ® Do
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Radiographic Testing RT

Detectors
* Silver film

* developed manually or in an automatic machine
» studied in a negatoscope with an intense light source  yarious formats of siiver film

Checking film density over the
negatoscope

* Phosphor plates (Computed Radiography CR)
« latent image revealed using a scanner
» digital image as a grey-levels file

» flexible

« Digital detector array, flat panels (digital radiography DR)
« produce digital images directly —pc; —is —i2
. rigid p

. Normalized
signal-to-noise ratio

 Balance of characteristics

Comparison of three families of phosphor plates Flat panels of various formats. Direct reading on field testing

from the same producer
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Radiographic Testing RT - Image quality

Radiographic sensitivity is dependent of variables
affecting the contrast and the definition of the image

. . . Low keV High keV Seurce Focal Spat Source Focal Spot
« Subject factors affecting image contrast: - . '.
- Absorption differences in the subject 5)‘??“ ,)}3:3‘3: e ﬂ.l
|

« Wavelength (energy) of the primary radiation
« Secondary radiation from scatter

« Geometric factors affecting image definition T 77 TTTTTTL L
« Size of the source 411 2t
« Source to film distance } geometric penumbra
« Subject to detector distance [

« Sharpness of specimen thickness changes
 Movement of the subject during exposition

Penumbra Penumbrz

Well defined featune Distomed and less defined feature

Image quality indicators (IQIs)
« wires or plates with holes of decreasing dimension . J—— S

- added to the subject \\\\; e CH TS

Duplex wire I0I
» used for visually checking the contrast and definition of the
radiography

L} ENGINEERING
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Radiographic Testing RT

Tests arrangements Single Wall

// | .‘Source\\
q \ ()
(; "' TN

Test arrangements Double Wall

7
C

Optional

.
source ,\,)\'
S

location

_______

b/ M

_______

Film

2l 00

4/06/2024

Optional
source
location

Film
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Radiographic Testing RT - Interpretation, welds
i AR SR e O
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EXCESSIVE ROOT ROOT INCOMPLETE CAP UNDERCUT ROOT SPATTER
PENETRATION CONCAVITY FILLED GROOVE UNDERCUT
% \ 7 % % \Wi + % & / % Excessive Root Penetration: a continuous or intermittent light irregular band
Nt Xif ¥k within the image of the weld.
< N J Root Concavity: a series of dark areas along the centre of the weld varying in

density according to the depth of imperfection.

Incomplete Filled Groove: a dark area towards the centre of the weld which
has diffuse edges.

Undercut: a dark / irregular/ intermittent band in a position adjacent to either
the cap or root weld toe or between adjacent capping runs.

Spatter: small light/white spots.

Crack: dark, fine often branching lines which are usually diffuse or
discontinuous.

LONGITUDINAL TRANSVERSE CRATER CRACK
CRACK CRACK

® )
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Radiographic Testin_q RT - Interpretation, welds
\f%% \/e G S

TR0 VX F16EHdoy

M

MISALIGNMENT + LINEAR LACK OF ROOT INCOMPLETE LINEAR SLAG TUNGSTEN
LACK OF ROOT MISALIGNMENT FUSION ROOT INCLUSION INCLUSION
FUSlON PENETRATION

% \ / + % k / + % \°°/ + Lack of Root Fusion: lack of fusion with the parent material will appear in
n the radiograph as a fine dark straight line which may be continuous or

intermittent

Incomplete Root Penetration: as a dark continuous or intermittent linear

shadow, the edges of which will usually be straight

Linear Slag Inclusion: a straight edge often indicate lack of fusion.

Sometimes linear slag will appear on the radiograph as two parallel lines

Tungsten inclusion: appear as bright - light images which tend to be

angular. They are usually quite small - typically around 0.5 mm

Copper Inclusion: light rounded images with extremely diffuse edges

Silica Inclusion: irregular dark image normally for MIG welding process.

Cluster Porosity: sharply defined dark circular spots, may be isolated,

grouped or evenly distributed.

Linear Misalignment + LACK OF ROOT FUSION: noticeable difference in

density between the two pieces. The dark, straight line is caused by the

failure of the weld metal to fuse with parent material.

Prcparcd by Kamarul Arffn, (PCFSSB)

COPPER SILICA INCLUSION CLUSTER
INCLUSION POROSITY

. N
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Radiographic Testing RT - Interpretation, welds
L0 W e O O e e O

BURN THROUGH INTERPASS SLAG SLAG INCLUSION ROOT PASS

I{(

=N

HERRINGBONE ARC STRIKE
I J
NCLUSION ALIGNED POROSITY
POROSITY
\ ’ 4/—\/
\ 7 AY /

% ‘\\ ,,’ + % \‘\\'.'P// + + \‘\\ ,’/ + Burn Through: dark spots, which are often surrounded by light globular areas .
U i " Slag Inclusion: slag may appear in various shapes, from long narrow
] indications to short wide indications, and in various densities, from grey to

very dark

Root Aligned Porosity, Herringbone Porosity : a series of rounded gas pockets
or voids in the weld metal, and is generally cylindrical or elliptical in shape.
Arc Strike: dark, sometimes white indication from a localized heat-affected
zone or a change in surface contour of a finished weld or adjacent base metal
Debris: white image scattered normally by foreign material inside pipe
Wormholes: a dark shadow the shape of which depends on the orientation of
the defect. If the wormhole is end on to the radiation a very dark rounded
| shadow is formed. If the wormhole is side on then the appearance is
7 somewhat like a tadpole

Lack of Sidewall Fusion: lack of fusion with the parent material will appear in
the radiograph as a fine dark straight line which may be continuous or
intermittent

LACK OF SIDEWALL

DEBRIS WORMHOLE
FUSION

Gas pore
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Radiographic Testing RT - Interpretation, castings

Sponge shrinkage

Cracks Sand inclusions and dross Dendritic shrinkage

. S
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Ultrasonic Testing UT

Principle
« Sending high-frequency sound wave pulses \ Transducer
into a material (0.5 to 20 MHz) /Osci”ator
« The most frequently used is the pulse-echo _/ ) Ultrasound monitor
technique. Object Transmission|pulse
« Detect echoes from flaws and/or from the ¥ Bottom echo
W, N
back wall. : |
_ _ _ _ Ultrasonic
« The basic representations is a diagram of waves —= Ws Defect echo
amplitude vs time of flight (or depth if the
speed of sound is known) Defect

/_ ENGINEERING
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Ultrasonic Testing UT

Two zones of the sound field of atransducer
* Near field: region close to the transducer

FAR FIELD

" N

Amplitude variations
in the nearfield

«  Sound pressure goes through a series of maximums
and minimums

NEAR FIELD

-  Difficult to accurately evaluate flaws using amplitude-
based techniques

 Ends on axis maximum at distance N. K

D!f D? Velocity: 5850 m/s (0.230in/ps) Diameter: 13 mm (0.5 in.)
Near field length = dc = E Frequency: 10.0 MHz

. higher
D  =element diameter or aperture L Effectof  frequency, , f
f = frequency lower

Welocity: 5850 m/s (0.230 in/ps) Diameter: 13 mm (0.5 in.}
Frequency: 5.0 MHz

Figure 2-4 The sound field of a transducer

c = sound velocity in test medium

C

A = wavelength = 7 Effect of
lower size, D

« Far field: region beyond N,

Velocity: 5850 mis (0.230 in/fus)  Diameter: 13 mm (0.5in.)
*  Sound pressure gradually goes down as the beam Frequency: 2.25 MHz

diameter expands and its energy dissipates

«  Spread angle

- Sin_l(u.ma,c)
/D

Velocity: 5850 m/s (0.230 in/ps)  Diameter: 3 mm (0.125in.)
Frequency: 5.0 MHz

® =
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UltraS()r”C Test|ng UT Contact probes:

* Requires couplant layer, gel, oil, or water

Straight beam—single element « Typically used for manual inspection
* Flaw or backwall parallel to surface - Parts with regular geometry and relatively smooth
» Preferred for penetration of thick sections contact surface

 Flat or curved contact surface

Straight beam—dual element (TR)

< Transmit and receive elements separated by
crosstalk barrier

« Flaw or backwall parallel to surface or detectable
with beam normal to surface

Angle beam « Best for thin sections, near surface resolution
 Mounted on a wedge

« Uses refraction to transmit
shear (most times) or
longitudinal wave at a
predetermined angle

» Preferred for parts with
inclined flaws, such as welds

. 8
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Nb plates for Crab Cavities

Ultrasonic Testing UT

Immersion transducers
« Commonly used in mechanized or automated testing

« Suited to joints with interface parallel to entry faced (brazing,
explosion, diffusion)

« Best method for consistent coupling and reproducible results
« Large parts can be tested using probe holders or water jets
« Transducers can be focused to improve results

lﬁ [ﬂ

F — L
= C-Scan Amplitude (%) _Gate 1 - QPR-0244-1 =3 o8 =<7
0 5 0 s % 3% % 0 5 80 5% fes 0 5 8 C T i

Cracks developed after brazing thermal cycle in a
ed Cu

.1
-]

machin blank, revealed by immersion UT
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Ultrasonic Testing UT

Phased array Techniques PAUT

PAUT probes are composed of a matrix of small transducer
elements

The excitation is computed controlled to apply convenient
delay laws to individual elements

The effect is that the combined sound beam can be tilted or
focused

Different tilting angles can be produced sequentially resulting
In an angular scan

: : : @ ®
Focusing at different depths can be produced sequentially
resulting in a dynamic focusing
e W = ®
q %é Resulting wave surface
*\ 4‘ Resulting wave surface =1
Fixed angle linear scan Normal beam linear scan Refracted
compression S-scan Figure 1-3 Beam focusing principle for (a) normal and (b) angled incidences.

NS v

Refracted shear S-scan Multiple-depth scan

Figure 2-23 Focal law sequences

L} ENGINEERING
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Ultrasonic Testing UT

Basic representations

A-Scan B-Scan C-Scan S-Scan
« Static position « Lateral displacement X « Displacement « Angular scan at fixed position
* Depth vs Amplitude « X position vs Depth « X positionvs Y position  + Set of angles vs depth

* + Colour Amplitude

——

+ Colour Amplitude * + Colour Amplitude
(or colour depth)

eneralized beam profile and * Phased array C-scan image
direction of motion showing hole position

Figure 3-6 C-scan data using 64-element linear phased array probe

Figure 3-3 Cross-sectional B-scan Figure 3-9 +35° to +70° S-scan
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Ultrasonic Testing UT

PAUT of longitudinal welds in cold mases of of HL-LHC magnets

Indications of a line of lack of fusion between passes

<D
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INTERNATIONAL STANDARD

IS0 17635:2016(E)

Non-destructive testing of welds — General rules for

Table 2 — Generally accepted methods for detection of accessible surface discontinuities for all

metallic materials types of welds, including fillet welds
Materials Testing methods
Table 3 — Generally accepted methods for detection of internal discontinuities for butt- and Ferritic steel VT
T-joints with full penetration VT and MT
Nominal thickness of the parent material to be welded VTand PT
Materials and type of joint mtm VT and (ET)
t<8g 8<t<a0 £ 40 Austenitic steel VT
Ferritic butt-joints RT or (UT) RT or UT UT or (RT) Aluminium and nickel VT and PT
Ferritic T-joints (UT) or (RT) UT or (RT) UT or (RT) Copper and titanium VT and (ET)
Austenitic butt-joints RT RT or (UT) (RT) or (UT) NOTE Methods in parentheses are only applicable with limitations.
Austenitic T-joints (UT) or (RT) (UT) and/or (RT) (UT) or (RT) r
Aluminium butt-joints RT RTorUT RTorUT
Aluminium T-joints (UT) or (RT) UT or (RT) UT or (RT)
Nickel and copper alloy butt-joints RT RT or (UT) (RT) or (UT)
Nickel and copper alloy T-joints (UT) or (RT) (UT) or (RT) (UT) or (RT)
Titanium butt-joints RT RT or (UT) —
Titanium T-joints (UT) or (RT) UT or (RT) —
NOTE 1 Methods in parentheses are only applicable with limitations.
NOTE 2 For ultrasonic testing of austenitic joints, see [S0 22825.

.} ENGINEERING
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Regulatory aspects -

* Using NDT can sometimes assume a
regulatory aspect (e.g. pressure equipment,
aerospace, ski lifts, nuclear, ...) but can be a
guality policy decision of manufacturers or
procurers.

» and of personnel Qualification and
Certification schemes

 EN ISO 9712, examination/certification by
an accredited third-party certification body

« ASNT, training/exam can be within an
employer-based scheme

« EN 4179, NAS 410, aerospace employer-
based certification schemes

Codes, standards, qualifications

« Body of Codes and Standards
« Standards: documents that establish engineering or
——| technical requirements for products, practices, methods,
-— | or operations
o} * ISO, EN (CEN), ASTM, ASME, AWS, NAS ...

« Codes: adopted by one or more governmental bodies
and has the force of law or incorporated into a business
contract. Provide a set of rules that specify the minimum
acceptable level of safety for manufactured, fabricated, or

constructed objects. Will provide acceptance and
rejection criteria for the required inspections

« EU Pressure Equipment Directive (PED)

2014/68/EU and harmonised standards

« ASME Boiler & Pressure Vessel Code (BPVC).
Section 5: Nondestructive Examination
ASME B31.1: Power Piping
ASME B31.3: Process Piping
AWS D1.x: Structural Welding Codes
RCC-M, RSE-M: Design and construction (or in-
service inspection) rules for French nuclear industry

L} ENGINEERING
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Regulatory aspects — Example: NDT in PED 2014/68/EU

4/06/2024

* Part 1: General
* Part 2: Materials

EN _13445  Part 3: Design

Unfired - Part 4: Fabrication

pressure * Part 5: Inspection and testing
vessels  Part 6: ... spheroidal graphite cast iron

« Part 8: ... aluminium and aluminium alloys
» Part 10: ... nickel and nickel alloys

 Part 1: General

 Part 2: Materials

EN 13480 « Part 3: Design and calculation

Metallic * Part 4: Fabricati.on and insta!lation

industrial * Part 5: Insp_ectlon anq testing :
e  Part 6: Additional requirements for buried

piping piping

* Part 8: ... aluminium and aluminium alloy

* Part 9: ... nickel and nickel alloys

Ex1: Stainless steel forging

» shall be free from defects

* NDT if agreed

* NDT aspects left for agreement

Ex2: Weld joints

* minimum extent of NDT fixed and =
f(weld type, material group, testing
group, NDT method)
Quality Level C of EN 1SO 5817 for
standard conditions, stringer for fatigue
and creep

Ex3: Weld joints

* minimum extent of NDT fixed and =
f(weld type, material group, PED
category, NDT method)
Quality Level C of EN I1SO 5817 for
standard conditions, stringer for fatigue
and creep
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Regulatory aspects — Example: NDT in PED 2014/68/EU

Ex1. Pressure Vessels. Stainless steel forging EN 10222 Steel forgings for pressure purposes
EN 10222-1:2017 Table 1 — Type of tests and extent of testing
“ ”
=>» only “free from defects”, NDT aspects left for free agreemen . :
Type of inspection and test Extent of testing Refer to
EN 13445-2 Unfired pressure vessels - Part 2: Materials .
4.1.3 The materials shall be free from surface and internal defects which can impair their“intended Cast analysis 1 per cast 641
usability. . . 721, 822 and
EN 13445-2:2021 Table E.1-1 — European Standards for steels and steel compon for pressure purposes Tensile test at room temperature 1 per testunit 93
Impact test (by agreement at time of enquiry and
Fi - ) Mandatory | order the testing of impact properties may be optional 1 per test unit 7.21, 8.22 and
G ! Room Elevated Ine grain steels Low Stain] tests for austenitic stainless steels according to EN 10222~ P 9.5
Product form enera femperature temperature Thermo- Quenched temperatyre tainless 5,see 5.2 Option 20).
requirements grades?® d ormalised | mechanically d steels
grades and tempered grades
treated Dimensional inspection each product® 6.9 and 9.11
Plate and strip EN 10028-1 — EN 100;54 EN 10028-3 EN 10028-5 EN 10028-6 EN 10028\4 EN 10028-7
Rolled bar — — EN10273 — — — — | [ Enviom Visual testing each product® 6.7.2and 9.12
Seamless tube — EN 10216-1 /E/N 10216-2 EN 10216-3 — EN 10216-3 EN 102 16-* EN 10216-5 642 721 and
Electric welded tube — EN10217-1,7] EN10217-2 | EN10217-3 — — EN 102174\ — Product analysis 1 per cast 92
Submerged arc _ EN 10217-1 EN10217-5 EN 10217-3 _ _ EN 10217-6 _ Tensile test for (simultaneous) verification of one, all,
welded tube or any combination of Rppz, Rp10 and Rm at elevated | 1 per test unitP 8.22and9%4
Fusion welded tube — / — — — — — — \EN 10217-7 temperature
e /
— '/ EN 10253-2 EN 10253-2 EN 10253-2 EN 10253-2 EN 10253-2 EN 10253-2 B{:I 10253-4 Additional impact test at different temperatures a ;.g.l, 8.2.2 and
?;T:;Eiﬁimdmg EN 10222-1 — EN10222-2 | EN10222-4 — — EN10222-3 | EN10222-5 7 N '
i Magnetic particle testin a 6.7.3 and 9.6
EN 10213 — EN 10213 — — — EN 10213 EN 10213 E;;‘t‘s‘mal sneep .
Steel for fastener — — EN 10269 — — — EN 10269 EN 10269 Penetrant testing a 6.7.3and9.7
2 room temperature values are given in all standards of this table ) . N . )
Ultrasonic testing for verification of internal 2 6.8 and 9.8
— \qgundness ’ ’
6.8 Internal soundness EN 10222-1:2017 . - .
| Test for resistance to intergranular corrosion for |, 9.9
. . . L ) . . steels of EN 10222-5 '
Where appropriate, requirements together with the conditions for their verification may be agreed at the
time of enquiry and order (see Table 1 and 9.8). Hydrostatic test for hollow sections W 9.10
9.8 Ultrasonic testing
2  Asagreed.
In case of ultrasonic testing, the test shall be carried out in accordance with EN 10228-3:2016 or
EN 10228-4:2016. b Unless otherwise agreed.
The acceptance criteria shall be agreed at the time of enquiry and order. The quantity of forgings tested shall €  For batches greater as 25 pieces, the extent of inspection shall be agreed at time of enquiry and order.

be a statistically controlled sample or 100 % as agreed between purchaser and supplier.
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Regulatory aspects — Example: NDT in PED 2014/68/EU &

.. EN 13445 Unfired pressure vessels - Part 5: Inspection and testﬂin
Ex2. Pressure Vessels. Welded joints : : 5

EN 13445-5:2021 T3ple6.6.1-1 — Testing groups for steel pressure vessels

=>» Joint coefficient for design depends on extent of

« . ” Requirements Testing group °
NDT of the weld (through “Testing groups”) i N 2 . : . 4
a a 3 b
= - - . Permitted 1to 10 1.1, 1.2, 8.2,9.1,9.2, 1.1,1.2,81 8.2,9.1, 1.1, 1.2, 1.1,8.1
A minimum extent is fixed per testing group, terials ® 81 93,10 0210 |81
1 Extent of NDT 100 % 100 9 - 41 100%-10% |25% 10 % L
weld type and material P J o [reose-towt ] S
\iwelded joints <
NDT of other welds | | Defined for each type of weld in Table 6.6.2-1
Joint coefficient 1 [1 |1 [1 |o.85 0.85 |[E
EN 13445-5:2021 Table 6.6.2-1 — Extent of non-destructive testing ‘ ' ' 3§ ' ' ' '
TESTING b | EXTENT FOR TESTING GROUF ©
| 1a 1b | 2ai | b i | 3a | 3b
TYPE OF WELD 2. B EXTENT FOR PARENT MATERIALS Lm.n
1to 10 1.1, 1.2, 8.2,9.1, 1.1,1.2 8.2,9.1, 11,12,
8.1 9.2,93,10 (81 9.2, 10 8.1
Full penetration 1 Longitudinal joints RTorUT 100 9% 100 % (100-10) %% | (100-10)9% | 25% 10 %
butt weld MT or PT 10 9% 1094 d 109 0 0 0
2a Circumferential joints on a shell, including RT or UT 2544 10 % [25-10)% |([10-5)8% 10 % 5og € .
circumferential joints between a shell and a non- MT or PT 10 % 1094 d 109 0 0 0 9 Q ual |ty Level C as per
hemispherical head .
2 Circumferental joints on a shell, including RTorUT NP NA NP NA NP NA
b e el nclud EN ISO 5817 for standard
circumferential joints between a shell and a non- MT or PT NP 100 % NP 100 04 NP 100 % d ‘e
hemispherical head, with backing strip k con Itl ons
2e Circumferential joggle joint, including circumferential RTorUT NP NA NP NA NP NA 1 1 1
joints batween a shell and a non-hemispherical head k MT or PT NP 100 % NF 100 % NP 100 % (q u al Ity Ievel B ! Strl n g € nt’ If
33 | Circumferential joints on a nozzle d, > 150 mm RTor UT 25 % 10 % (25-10)% |(10-5)% |10% B SUbjeCt to faﬂgue / Creep)
6.6.3.2 Quality level EN 13445-5:2021

The quality level shall be quality level C in accordance with EN [SO 5817:2014, with the followingI
additional requirements for some imperfections:

For cyclic loaded vessels, see Annex G; for vessels or parts subject to creep, see Annex F.
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Regulatory aspects — Example: NDT in PED 2014/68/EU

Ex3. Industrial piping. Welded joints

EN 13480-5:2017
= Minimum extent of NDT is fixed depending on weld type, material
group, category NDT method.

Table 8.2-1 — Extent of testing for circumferential, branch, fillet and seal welds Table 8.3-1 — Extent of NDT for longitudinal welds
Material Category (A1l welds) Circumferential welds Branch welds Socket/fillet welds Seal welds N N - b
oup 3 : 'V_I_EJO TmetTic . . . _ . . Joint coefficient VT MT or PT RT or UT
__sroup Surface testing b Surface testing Volumetric testing b% Surface testing | Surface testing z
VT €y, | MT/PT*® RT/UT Branch | ¢, b MT/PT< | Branch ey h RT/UT €n MT/PT | e, | MT/PT % % %
[ ] % ) mm % I % l diameter | mm % diameter!| mm % mm % mm % 2207 100 0 0
1.1, I 3 0
1.2, II 100 (S?f-g (10)s All (5) f= All 0 All 0 All 0 0,7<z<0,85 100 10 10
(81 | 111 10 10 >DN 100 ] >15 10 10 10 085<z<10 100 100 100
13 1415 : <30 5 10 ’S 844‘2
>30 10 0 ¢ SeeBad.
2.1,2.2, <30 z 10 Alle All 0 Alle 10 All= 5 b See 8.4.4.3
4.1,4.2 II -
' > 30 10 10
5.1,5.2, 100 10 10 (25)s
8.2,8.3, <30 5 25 dy fie
9.1,9.2,9.3, 1 (259 All >DN 100 | »15 10 All 25 All 25
10
10.1,10.2 =30 10
(254) fe
I <30 10 25 . . . .
>30] 35 25 =>» Quality Level is fixed per service
3.1,3.2.3.3, <30 25 25 25 25 25 10
53,54 | I 25 conditions and testing method
6.1,6.2, 100 > 30 25 (254) fe All >DN 100 | >15 All All g '
6.3, 6.4, 25
7.1,72 £30 | 1000 | 140) 6
11 <30 100 e 100 100 100 100 Table 8.4.2-1 — Quality level according to EN ISO 5817:2014 depending on service conditions
and test methods
(100 9) fe
E Material group. see CEN ISO/TR 15608. . ] Surface Imperfections and Imperfections in Internal Imperfections
. g:: télf::;lfctmn of the appropriate NDT-method for volumetric testing, see 8.4.4.3. Service conditions joint geometry
d Additional testing for transverse defects from weld surface (see EN 150 17640:2010, testing level C). — [ Visual testing VT ] [ Surface testing ] [Vo]umetric testiné
€ Only if PWHT has been carried out.
f Value in brackets applies to piping where creep or fatigue is the controlling factor in design. Standard level c c C
& Value in brackets applies to piping with pneumatic pressure test with 1,1 times the maximum allowable pressure. Faticue B B c
!1 ey, is the nominal thickness of the branch pipe at the weld (see W3, W3.1 and W6 in EN 13480-4:2017, Figure 9.14.4-1 and Figure 9.14.4-2). i
! For parts without DN designation d; > 120 mm may be used instead of DN = 100. Creep B B B
K Volumetric testing is required if both criteria (branch diameter and nominal thickness) are satisfied.
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Conclusions

A large pallet of NDT resources are available.
Many possibilities but also many limitations, get informed.

Consider NDT in advance

* In your fabrications but also in your procurements

 Not only because of the minimum required, as a quality decision
« To make it possible, easier or more efficient

 Not to squeeze it in the schedule
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Questions and

discussion

e

Credits, references, resources:

lowa State University’s Center for Nondestructive Evaluation (CNDE).
Evident.

Waygate Technologies.

Cofrend.

Olympus. Phased array testing. Basic theory for industrial applications

ENGINEERING
DEPARTMENT

Thank you for your attention

P

MECHANICAL & MATERIALS ENGINEERING
FOR PARTICLE ACCELERATORS AND DETECTORS


https://www.nde-ed.org/
https://www.olympus-ims.com/en/learn/
https://www.bakerhughes.com/waygate-technologies/non-destructive-testing
https://www.cofrend.com/

