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            COMPUTERIZED ULTRASONIC INSPECTION OF LPG VESSEL CONSTRUCTION WELDS T.K.Stubbs, J.D. Stephenson, Gorkem Bayten, Ozgen Bulut Inal Atabek, Orçun Şen, Özen Şener, Serkan Özyurtlu, Emre Köprülü ABSTRACT The inspection of construction welds on medium and heavy wall vessels contributes to the overall asset management and safety of such critical plant items. Industry experience has shown that most common in-service cracking on LPG spheres is oriented at hard, weld HAZ areas internally, where the combination of higher residual welding stresses and product contaminant factors are in combination. The major threat to vessel integrity arises where initiated hydrogen or stress corrosion cracks further propagate through fatigue mechanisms. Detailed internal examinations of LPG tank welds involve; draining and purging tanks, scaffolding internally, grit blast cleaning operations, and Magnetic Particle and Manual Ultrasonic Inspections to tank welds. When requiring a condition assessment on one LPG storage sphere, Integrity NDT proposed to a computerized ultrasonic inspection technique to be carried out from the external surface. The aim was to carry out rapid inspection, giving high defect detection probability and detail with minimum commercial disruption to operations i.e. no surface preparation, no paint removal, no scaffolding, and the sphere remaining in-service and operational. Utilizing Integrity NDT I-Scan semi-automated scanning system coupled to multi-channel Ultrasonic computer, the sphere was scanned successfully, obtaining digital images of the welds and a number of defects accurately positioned and sized for assessment. This inspection has enabled engineers to make strategic asset management decisions on this sphere at a fraction of the cost of an internal inspection. INTRODUCTION There are many numbers of spherical vessels which are widely available for material storage in the petrochemical industry. Because material stored in spherical vessels is almost always flammable, explosive and noxious (gas or liquid as well as liquefaction gas), once an accident occurs due to defects in the spherical vessels, catastrophic results are likely. Therefore, periodical inspection is an important means of ensuring spherical vessel security. Various conventional and advanced Non-Destructive Testing (NDT) techniques are widely used to detect defects such as weld cracks and hence avoid potential leak hazards from vessel failure. Integrity NDT designed a technique for in-service computerized ultrasonic inspection of LPG sphere constructional plate butt welds from the external surface as external vessel inspection has significant advantages in terms of health, safety and commercial cost over internal inspections involving vessel purging, scaffolding, blast cleaning and Magnetic Particle inspections. 
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COMPUTERIZED ULTRASONIC INSPECTION OF LPG VESSEL CONSTRUCTION
WELDS

T.K.Stubbs, J.D. Stephenson, Gorkem Bayten, Ozgen Bulut Inal
Atabek, Orun en, zen ener, Serkan zyurtlu, Emre Kprl

ABSTRACT

The inspection of construction welds on medium and heavy wall
vessels contributes to the overall asset management and safety of
such critical plant items.

Industry experience has shown that most common in-service
cracking on LPG spheres is oriented at hard, weld HAZ areas
internally, where the combination of higher residual welding
stresses and product contaminant factors are in combination. The
major threat to vessel integrity arises where initiated hydrogen or
stress corrosion cracks further propagate through fatigue
mechanisms. Detailed internal examinations of LPG tank welds
involve; draining and purging tanks, scaffolding internally, grit
blast cleaning operations, and Magnetic Particle and Manual
Ultrasonic Inspections to tank welds.

When requiring a condition assessment on one LPG storage sphere,
Integrity NDT proposed to a computerized ultrasonic inspection
technique to be carried out from the external surface. The aim was
to carry out rapid inspection, giving high defect detection
probability and detail with minimum commercial disruption to
operations i.e. no surface preparation, no paint removal, no
scaffolding, and the sphere remaining in-service and
operational.

Utilizing Integrity NDT I-Scan semi-automated scanning system
coupled to multi-channel Ultrasonic computer, the sphere was
scanned successfully, obtaining digital images of the welds and a
number of defects accurately positioned and sized for assessment.
This inspection has enabled engineers to make strategic asset
management decisions on this sphere at a fraction of the cost of an
internal inspection.

INTRODUCTION

There are many numbers of spherical vessels which are widely
available for material storage in the petrochemical industry.
Because material stored in spherical vessels is almost always
flammable, explosive and noxious (gas or liquid as well as
liquefaction gas), once an accident occurs due to defects in the
spherical vessels, catastrophic results are likely. Therefore,
periodical inspection is an important means of ensuring spherical
vessel security.

Various conventional and advanced Non-Destructive Testing (NDT)
techniques are widely used to detect defects such as weld cracks
and hence avoid potential leak hazards from vessel failure.

Integrity NDT designed a technique for in-service computerized
ultrasonic inspection of LPG sphere constructional plate butt welds
from the external surface as external vessel inspection has
significant advantages in terms of health, safety and commercial
cost over internal inspections involving vessel purging,
scaffolding, blast cleaning and Magnetic Particle inspections.


	
INSPECTION TECHNIQUE

Integrity NDT has combined Time of Flight Diffraction (TOFD) and
Phased Array Ultrasonic inspection techniques with the Integrity
I-Scan semi-automated scanner system. The I-Scan scanner was
manipulated around the vessel by rope access technicians linked to
the test system by 36 metre umbilical cable containing intercom,
probe cables, positional encoder cable, and couplant feed
tubing.

How TOFD works:

A pair of probes sits on opposite sides of a weld. One of the
probes emits an ultrasonic pulse that is picked up by the probe on
the other side. In undamaged samples, the signals picked up by the
receiver probe are from two waves: one that travels along the
surface and one that reflects off the far wall. When a crack is
present, there is a diffraction of the ultrasonic wave from the
tip(s) of the crack. Using the measured time of flight of the
pulse, the depth of a crack tip can be calculated automatically by
simple trigonometry. This method is potentially more reliable than
Radiographic testing of a weld.

Figure 1: TOFD Principle

Figure 2: Example TOFD Data

TOFD and its principles are well documented. Utilizing
diffracted energy in the detection of flaws, the technique is less
reliant on flaw orientation and morphology than standard pulse echo
techniques, leading to improved sizing and probability of defect
detection (POD). Additionally, computerized electronic data capture
and storage, in conjunction with scanning manipulators enable rapid
scanning


	
speeds to be achieved TOFD has now been accepted as an
alternative to Radiography in Pre-Service Inspections with
standards such as ASME 2235, and its use in pipe weld and thick
walled pressure vessel fabrication is now common place.

Due to its sensitivity and sizing accuracy, TOFD is also an
excellent tool for in-service material and flaw monitoring.
Engineers who are monitoring root erosion, stress corrosion
cracking, vessel cladding, hydrogen attack, weld and steam chest
cracks for example, are all now utilizing TOFD as part of an
ongoing inspection regime.

How Phased Array Works:

Ultrasonic phased arrays are a novel method of generating and
receiving ultrasound. They use multiple ultrasonic elements and
electronic time delays to create beams by constructive and
destructive interference. As such, phased arrays offer significant
technical advantages over conventional single-probe ultrasonics;
the phased array beams can be steered, scanned, swept and focused
electronically.

Advantages of Ultrasonic Phased Arrays:

- Phased arrays allow real-time control of three important
ultrasonic probe parameters - Focal distance: continuously and
dynamically adjustable - Beam angle: continuously and dynamically
adjustable - Focal spot size: dynamically adjustable

- Extra benefit - Multiplexing allows fast displacement of
ultrasonic beam within probe

- Main benefits of ultrasonic phased arrays - High-speed
inspection using single-axis scans instead of conventional raster
scan - Near-optimal focal length and focal spot for various areas
of complex parts or thick

components - Small, simple probe assembly with multiple beams
from a single probe - Easy-to-install, one-axis scanning systems -
Better detection in austenitic materials and dissimilar metal (DM)
welds - Alternative to Radiographic imaging.

Figure 3: Schematic showing phased arrays performing ASME raster
scans


	
Figure 4: Example Phased Array Inspection Data (S-Scan)

Integrity I-Scan LPG Sphere Inspection Technique

The technique can be used through well adhered painted surfaces;
the inspection focus was on internal vessel surfaces, where
magnetic particle inspection (MPI) from the inside has been the
previous mode of inspection. Industry experience has shown that
most common in-service cracking is oriented at hard, weld HAZ
areas, where the combination of high residual stresses and product
contaminant factors are in combination. Though some weld volume
inspection is achieved through the probe combination, the primary
focus of this inspection technique is at the vessel internal
surface, for surface breaking defects, particularly Stress
Corrosion and Wet H2S related cracks oriented in the most prevalent
axis - parallel to the weld direction.

Technique has proved the accuracy by a special
qualification/validation block which has 2-3 mm holes and 1 mm
depth far surface notches. Notches are created by Electro Discharge
Machine (EDM).


	
Figure 5: TOFD and Pulse-Echo Images of holes and 1 mm EDM
notches

Benefits of the technique:

- LPG sphere remains in-service - No surface preparation before
inspection - If the spheres paint is well adhered Integrity NDT can
carry out the inspection on the painted

surface - Not necessary to build scaffold for reaching the
spheres welds. Integrity NDT has qualified

personnel from the Industrial Rope Access Trade Association
(IRATA). - Better detection sensitivity than many conventional NDT
methods. - Cost efficient (During service inspection-No down-time,
No scaffold cost, no blasting and

preparation cost) - Time efficient (1000 m3 LPG spheres
construction welds can be scanned 4-5 days) - Safer Inspection than
internal inspections - If there is no immediate repair required,
monitoring activity can be used periodically.


	
Figure 6: Rope Access and Inspection Technicians on sphere welds
with Integrity I-Scan.

Success of Integrity I-Scan LPG Sphere Inspection Technique

Integrity NDT has carried out TOFD & Phased Array Ultrasonic
Inspections on an LPG Sphere construction welds. Inspection results
have proved the reliability of the technique.

Crack signals up to 2 metres in length and with a maximum
cross-section from the internal surface of 9.5mm (nominal vessel
thickness 28mm) have been detected and sized by TOFD, Pulse Echo
and Phased Array Ultrasonic Inspections in weld HAZ areas.


	
TOFD Result Crack Signal has shown in the yellow box

Phased Array C-Scan Result Crack Signal has shown in the yellow
box

Phased Array Manual S-Scan Data at 1230mm Phased Array Manual
S-Scan Data at 800mm

Figure 7: TOFD and PA scans of Crack Area

1230mm 800mm


	
Diffuse crack tip signals up to 1 meter in length and with a
maximum cross-section from the internal surface of 4 mm (nominal
vessel thickness 28mm) have been detected by TOFD. Crack signals
have also been detected by Pulse-Echo and Phased Array Ultrasonic
Inspections.

TOFD Result Crack Signal has shown in the yellow box

Phased Array Manual S-Scan Data at 390mm Phased Array Manual
S-Scan Data at 480mm

Figure 8: TOFD and PA scans of Crack Area

390mm 480mm


	
Internal Inspection for Confirming TOFD and PA Cracks Subsequent
to Ultrasonic inspection findings from the vessel external surface,
Integrity NDT carried out internal MPI inspection for crack
confirmation and repair.. All TOFD and PA results have been
confirmed with MPI, with Ultrasonics also locating cracks not
visible with MPI as the crack is located under the weld cap bead.
Results are shown above.

Figure 9: MPI Confirmation

TOFD Result Crack Signal has shown in the yellow box

Phased Array C-Scan Result Crack Signal has shown in the yellow
box

MPI Result Crack Signal has shown in the yellow box


	
Comparison of the TOFD and MPI Results

Figure 10: TOFD and MPI Comparison

MPI can detect the crack up to the extra repair pass - crack
length is 860 mm. TOFD detects the crack continuing (140 mm) under
the extra pass.

Figure 11: TOFD and MPI comparison.

Crack Lengths in Figure 11 are the same in TOFD and MPI
results.


	
Comparison of Other Techniques

External TOFD & PA Technique

Internal Inspection (MPI) External Acoustic Emission Method

In-Service Inspection Off-line Inspection In-Service
Inspection

No need to pressurized the sphere (Non-destructive Testing)

No need to pressurized the sphere (Non-destructive Testing)

Sphere must be min 10% over pressurized than the in-service
pressure.

No surface preparation Surface preparation needs No surface
preparation

No scaffold erection Rope Access can be applicable

Scaffold erection needs No scaffold erection Rope Access can be
applicable

Inspection Time for 1000m3 LPG sphere 4-5 days

Inspection Time with all preparation for 1000m3 LPG sphere 30
days

Inspection Time for 1000m3 LPG Sphere 4-5 days

Better detection sensitivity. Inspection results can give exact
defect characterization, position, and size.

Open surface defects can be detected. Inspection result can give
length of the defect.

Defect positioning by sensor triangulation.The result of the
Acoustic Emission test is a recommendation for further inspection
by NDT.

RESULT

The TOFD & Phased Array Ultrasonic technique is a rapid,
versatile, reliable and effective NDT method for inspection of
welds for heavy walled pressure vessels such as LPG spheres (both
pre-service and in-service). The technique enables reliable flaw
detection and accurate evaluation of flaw location and flaw sizing,
coupled with real time weld integrity assessment and acquisition of
electronic data stored for future inspection reference. Now with
recognition from international bodies including ASME, BSI etc, TOFD
& PA has gained more importance and acceptability across the
globe.

It must be recognized that any inspection from the vessel
external has significant advantages in terms of health, safety and
commercial cost over internal inspections involving vessel purging,
scaffolding, blast cleaning and Magnetic Particle inspections. Due
to practical test conditions fine defects 2mm depth may remain
undetected, though a number of such defects were visible in the
ultrasonic data from the inspection. This inspection has shown that
the Integrity NDT I-Scan system from the external of the sphere is
an effective tool for detection of significant defects that may
threaten vessel integrity.
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