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Abstract

Nozzle weld inspections have long been an important iamaarried out by ultrasonic test methods.
When performed using manual techniques the plotting of ldodégects is a time-consuming ordeal
requiring local profiles, wall thickness readings and careggon for curvature effects. The introduction
of Code Case 2235 for ASME compliant vessels has allowed melds in the vessel to be inspected
using ultrasonic methods. The computerisation requirenmerthe Code Case is easily applied to
longitudinal and circumferential butt welds. However, canjles of geometry can limit the useful
application of ultrasonic methods to nozzle welds unlesgigion is made for the mechanics to provide
adequate tracking to assure full-volume beam coverage.

This paper discusses the options available when phassdtgchniques are used with mechanical
apparatus that provides encoded motion from the insidecearfaf the nozzle. Modelling provides
evidence of the physical parameters that must be condiflaréull coverage. Actual scan results are
provided to indicate how well the models predict the cayefay detecting targets at the edges of the
weld zones.

Modelled and actual results indicate that a scan-plamg @sray-tracing programme, can provide suitable
indication of required coverage. In many cases, the mechapparatus used to guide the probe can be
designed with a minimum of complexity when scanning acceé®iin the inside surface of either the
nozzle or vessel.
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1. Introduction

Nozzle inspection by UT has long been carried out usinguaiaechniques. Good
practice for the angles and surfaces of approach hascbeéied and the recommended
techniques found in international standards (see EN 1417)sorme situations the
provision for weld inspection of pressure vessel welds han bestricted to
radiography as a result of Code requirements (e.g. ASMe in others the users tend
to prefer radiography due to the availability of a permaresurd.

ASME Boiler and Pressure Vessel Code has, via the Cose Z285 (for Sections |,

VIII and XII vessels), made provision that all pressurssel welds (>0.5 inch for these
Sections) may be examined using ultrasonic methods. Y&wihe requirements to
comply with CC2235 dictate that the inspections use compaterlata acquisition

methods. In order that the computerised equipment istalderrectly plot the data

acquired, the geometric conditions of the nozzle weldst be factored into both the
data display software and the mechanical motion usetidgerobe motion. The degree
of complexity of the software and mechanical motioth e in large part based on the
physical dimensions of the nozzle and the access awadalihe time of inspection.
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This paper describes some of the considerations ofmarghbection and demonstrates
how modelling can help to address the mechanical and aricaproblems of a
mechanised inspection.

Part 1 of this two part paper will consider general asp&ct®zzle inspection s with

illustrations from an inspection of the nozzle ID irset-through nozzle. Part 2 (a
separate paper) will look at the modelling aspects involeednipection of the set-

through nozzle when access is from the vessel OD.

2. Nozzle Types

Nozzles are generally speaking a cylindrical inlet or tatteached to a cylindrical or

spherical vessel. The simplest configuration has thelew¢zzcondary cylinder) project

from the vessel (primary cylinder) at right angld$he cut made in the primary vessel is
then a circle. When the secondary cylinder has an aigér than 90° to the primary

vessel the cut made in the primary vessel is an ellipse

Figure 1 illustrates three options of nozzle configuregtithat are commonly found on
vessels.

Figure 1 Nozzle orientations on a vessel

Nozzles on the hemi-head of a vessel provide a symme#aicess from all directions

when approached from either the vessel surface oroddensurface. Nozzles that are
perpendicular to the cylindrical form of the vessel répgba shape in every quadrant
with a mirror symmetry. Nozzles set at an angléhéovessel or offset on the hemi-head
have a mirror symmetry with each half of the nozapeating the curvature on the
opposite side of the axis of symmetry.

Ultrasonic inspection of nozzle welds is primarily doment the surface of the
component where the weld bevel is made. Nozzle typede identified as either “set-
on” or “set-in” (or “set-through”) nozzles. Set-anzzles have the secondary cylinders
(i.e. the nozzle) prepared with the weld bevel, whileirsetozzles have the primary
vessel prepared with the bevel. Examples of the nbygés are illustrated in Figure 2.



Figure 2 Set-on and Set-through nozzles
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A variation on the set-through nozzle exists where t#zle is not contoured to match
the vessel curvature but instead protrudes into the vetba.is illustrated in Figure 3.

Figure 3 Set-through nozzle proud of vessel ID

3. Scan Plans

In all cases there are subtle geometric considerato address in constructing a useful
scan plan for nozzle inspections. These considesaticould relate to the effect of
curvature of the weld or the curvature of the probe’s staface. In addition to the
effect on the beam that a constantly changing curvaandave, the operator must also
be aware of the fact that the probe or beam elavatiay need to move relative to the
vessel apex, and some probes may require that the wieelgesitoured to allow proper
coupling to the test surface..

Modelling can be used to assist in all of these commengountered situations in the
ultrasonic examinations of nozzles.

Ray-trace modelling programmes allow probes to be vistyalhced on geometric

profiles and predict the centre rays of the beangur€i4 illustrates an example of ray-
tracing phased-array focal laws to address a set-throoghtle weld, using a popular
commercial programme.



Figure 4 ESBeamTool scan plan showing coverage fahemigh nozzle from vessel
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Further modelling with simple graphics can indicate whebhaot the probe wedge
should be contoured. EN-1714 is one of the few standafd®T that indicates when
contouring is required, . stating that if a gap of mbat 0.5mm exists between the
bottom of the wedge and the test surface, the wedgée ¢contoured to match the
curvature. This can be calculated given the probe wedgengion in the direction of
the curvature and the specimen diameter (free downloasiadNeare is available to
compute this requirement at
http://www.eclipsescientific.com/Software/ESWedgeG#p/html).

An example of the need for curved wedges would be whearpany a scan with a
linear phased- array probe from the inside surface okale. Figure 5 illustrates that
using the standard 40mm wide wedge used for mechanised Ulorzke with a
225mm (10 inch) inside diameter, leaves a 1.8mm gap, mameatlowed in EN 1714.

Figure 5 Gap consideration for flat probe on 225mm insideet@m
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Further modelling of the scanning conditions can be doneotopensate for the
variation of the probe position relative to the weldraten. Change in elevation of the
weld and probe is seen in Figure 4. The high point ibeawvéssel axis (0° and 180°)
and the low points at 90° and 270° relative to the vessel &his is indicated in Figure
6. which plots the difference between the contact sert the vessel to the nozzle
from its origin (Omm at 0°) to the maximum displacemant90° around the nozzle.
The contact point then retraces its path to the ap&xeovessel at 180° and the process
repeats again for the other half of the circle arour& nozzle, i.e. the maximum
displacement distance is achieved at 270° and then thlaaisnent decreases until the
origin is reached at 0°.

Figure 6 Plot showing weld and probe elevation change
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The equation to estimate the surface displacement wilatbe encountered for a
cylindrical nozzle placed at right angles to a cylinalrieessel is

d=R—-VRZ+712
Where d is the maximum displacement, R is the ragfiube vessel and r is the radius
of the nozzle.
For a 250mm diameter nozzle placed on a 1m diameteelvéesdisplacement of the
vessel surface at the 90° and 270° positions is about 16.4mm.

Detail of the scanning considerations from the vesder@urfaces is the subject of Part
2 of this series of two papers. The remainder of this paplepresent a description of
how modelling tools were used to design an inspectionrafzale weld where access
was from the inner surface of the nozzle for a setitjin weld.



4. Nozzle I nner Surface Scanning - Set-thr ough Nozzles

4.1 Nozzle Flush

Figures 2 and 3 illustrate the standard welded configurationsdpzles. For set-
through nozzles, as in Figure 3 where the nozzle is gisgjeproud of the vessel ID,
inspection using a single element probe rastered up and wonear the limit of the

nozzle projection edge allows for a simple mechanicaltism with the old mono-

element technology. However, for the condition whigre nozzle is flush with the
vessel ID a mechanical tracking system would alwayseqaired to prevent the probe
from falling off the edge of the nozzle because the rdstgth is constantly changing
around the nozzle.

A linear array phased-array probe can be configured toatidefixed position around
the nozzle inside surface and provide an electronicaicde weld. Using the equation
to estimate the surface displacement around the nddekrribed in Section 3) the
probe can be selected to ensure that the array camirnrena fixed depth while the
beam coverage of the electronic scan is adequateldavftiie sinusoidal contour made
by the weld contact locus. (Note that for very thick weldections it may not be
possible to place the probe in a single position and dbeegntire range of interest).

For the purposes of this paper, a set-through nozzle moclasifabricated. Details of
the nozzle are listed in Table 1:

Table 1 Nozzle mock-up details
ltem Value
Vessel Diameter 1000mm
Vessel Wall Thickness 13mm
Nozzle Diameter 250mm (ID)
Nozzle Wall Thickness 13mm
Materials Carbon Steel
Welding Single V SMAW

To evaluate the efficacy of the modelled focal lawsdetection, four EDM notches
were made in the weld zones and two areas were madelustiers of porosity in the
weld.

Figure 7 illustrates the nozzle configuration and Figure 8tiftes the nature and
location of the embedded flaws.



Figure 7 Nozzle mock-up
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Figure 8 indicates a “see-through” view identifying the {mee of the fabricated flaws
in the nozzle mock-up.

Figure 8 Flaw locations in nozzle mock-up
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EDM notches (4x15mm 1mm wide) are located at 90°, 180° and Z¥Bé porosity
clusters are located near the 40° and 330° positions.

4.2 M odelling Itemsin the Nozzle Scan

4.2.1 Displacement Calculation

Preparation for the set-through nozzle inspection, fitmemnozzle inside surface, began
with assessing the weld displacement between the 0° angdd3ifons. The values
were in fact those seen in Figure 6 so the estimatpthdeament was 16.4mm.

4.2.2 Probe Selection and Placement

Next, a ray-trace model was used to determine a suitadibe pnd wedge and the
position in which it could be placed to accommodate tHd displacement. A
commercially available linear array probe was seteateng with a 0° wedge.

(7.5MHz 60 element array with 1mm pitch and 10mm passivelapeon a 20mm thick
polystyrene delayline). Using the ray-trace softwaeemtobe was placed on the nozzle
ID surface at the 0° profile and a suitable depth positioneag established such that
the weld could still be inspected with the same coveratfe®0° position where
maximum displacement occurs.

4.2.3 Focal Law Selection

With the probe positioned to allow mechanical trackirguad the nozzle inner surface
a suitable selection of focal laws was configured twatuld provide the volume

coverage of the weld and Heat Affected Zones. The seldotal laws are illustrated in
Figure 9.

Figure 9 Linear Scan sets for set-through nozzle
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To provide redundancy of volume and increased detections usiligplenangles three
sets of electronic scans (E-scans) were configured, antiD®%and -15° compression



modes were used. These were configured with a 12mm apertird4 adjacent
elements per focal law) and each was stepped one elatoegtthe entire length of the
probe.

Figure 9 illustrates how the probe position with the wealggrhanging the edge at the
0° position (right side image) by 30mm allowed the foawld to provide coverage with
all three angles when the maximum displacement puast reached. At the 90° (and
270°) positions of the nozzle the edge of the probe wedgesitad5mm from the
vessel ID.

4.2.4 Probe Curvature

Since the probe wedge would start with a flat surfdez curvature modelling software
was used to establish the gap (1.8mm) and the need to adagddye to the nozzle ID
surface.

4.2.5 Probe Motion Mechanical Modelling

Access to the inside of a nozzle can significantlyrictsthe operator from moving the
probe so as to ensure repeatable encoded results. drbdted project took on another
modelling aspect when the probe holder was designed. GAfbe acronym for
Computer Assisted Design and CAD was used in this applicad design a probe
holder that also afforded an ease of position encodedmoti

Positioning the probe at the appropriate depth and then prowedirgded motion was
made possible with the design seen in Figure 10.

Figure 10 Nozzle ID scanning rig




The scanner consists of three spring-loaded centring tigesurface holders, a lead
screw to adjust the depth of the probe, the probe h{daeangled wedge is illustrated
but any wedge or probe can be mounted in the unit) andaior@l axis controlled
from the crank at the top. Irrigation lines for caugland electrical lines for the probe
and encoder are not illustrated but feed through the opebgiyseen the centring
springs.

Solid CAD models can be animated (link to video
http://www.ndt.net/search/docs.php3?id=9612&content=1 ) anddtential for
mechanical interference or problems with geometry (sa¢heweld displacement
locus) may be identified before the system is evanga in a nozzle.

5. Scanning Results

With the apparatus assembled and the focal laws caliboatéide 1.5mm SDHSs in the
IOW block to establish a TCG-based sensitivity level wieéd was inspected using the
focal laws established by the ESBeamTool modelling.

Figure 11 is a “merged” C-scan of the results indicatiegftdws detected in a scan of
the nozzle. The scan axis is conveniently labelladhits of degrees.

Figure 11 Merged C-scan of nozzle mock-up
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6. CIVA M odelling Results

Construction of full scale mock-ups of welded nozzleslmarery expensive. In order
to save some of the time and effort required for sutaildd scanning, modelling has
become a popular and acceptable option for several codes.

As a validation of the modelling process, a modelled ®or@s configured in the
CIVA Simulation software. This included placement gfresentative flaws (as seen in



Figure 8) and the use of a modelled phased-array probe and wathgehe same
parameters as used for the real scanning.

Results of detection can be seen for several of tgefied targets. It is interesting to
see that the CIVA model predicts a faint mode convettedrscomponent between the
backwall and backwall multiple.

Figure 12 Flaw at 270°
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Figure 13 Flaw at 180°
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Figure 14 Flaw at 90°

Figure 15 Flaw at 325°

Surface flaw
30°anglec

4 Porosity: 5 pores-
modelled in cluster |




6. Conclusions

1. Modelling was used throughout the design and inspectiodataln of a set-
through nozzle.

2. Physical displacement of the contour surface of thé&l weas modelled by
equation and confirmed by physical scanning.

3. Probe and wedge selection, in addition to focal la@cs®in, was established to
provide volume coverage based on modelling (ESBeamToataayrg).

4. The requirement for wedge contour adapting was establisheohdalelling
(ESWedgeGap software).

5. CAD modelling was used to design the scanner apparatus anovidepvisual
confirmation of the geometric interaction with theldveontour locus.

6. CIVA semi-analytical modelling was used to simulate faw locations similar
to those in the nozzle mock-up and proved to be a good tadicd the
detection capabilities of the technique.

Based on these results it is expected that other ftdvdifferent orientation and size
could be modelled for detection based on a comparisorspbnses with the CIVA
models.
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