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Phased Array Ultrasonic Testing Procedure

1. Scope

1.1 This procedure for detecting longitudinal and transverse
discontinuities in metal pipe and

tubing of outer diameter in. (12.625 mm) or larger during a
volumetric examination using by

contact Phased array ultrasonic testing.

2. Reference Documents

ASNT SNT TC 1A, 2006 ANSI / ASNT-CP=189, 2006 ASME Sec V ARTICLE
4, 2010 ASME Sec V 23 SE213, 2010 ASME SEC V code case 2235, 20103.
Definition

ASME American Society of Mechanical Engineering

NDT Non-Destructive Test

ASNT American Society for Non-Destructive Testing

dB Decibel

UT Ultrasonic Testing

TCG Time corrected gainFSH Full Screen Height

PA Phased Array

Raw data Unprocessed data collected during the time of
inspection

Interpretation Reviewing the raw data information collected for
the indications.

Indication The signals as seen on the screen

4. Operator Qualification

Operator shall be qualified to ISNT/ASNT Level II in UT as per
SNT-TC-1A, 2006 & CP-189.

Evaluation of inspection has to be done by either ISNT/ASNT
Level II or ASNT Level III only.

Certificates of training, examination and experience in
interpretation and evaluation of phased array

technique and machine shall be submitted for record.

5. Ultrasonic Phased Array Instrument

The ultrasonic Phased Array instrument shall be a Sonatest VEO
16:128 or Equivalent pulse echo

type and shall be equipped with a calibrated dB gain or
attenuation control stepped in increments of

1dB or less. The system shall be capable of generating and
displaying linear scan & Sectorial scan

images, which can be stored and recalled for subsequent review.
The instrument shall be capable of

operation at frequencies over the range of 1 MHz to 27 MHz. The
Phased Array system provides a

variety of analysis capabilities including A-scan display and
parameter readout associated with
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software UT studio Software which can be used for the post
analysis. Images produced by B, C, D

and Sectorial Scan images may be used to aid in evaluation.

Examination Personnel shall use a real-time linear & sector
scan image with A, B, C, D scan

presentation during scanning to assure that proper data has been
collected. Sector scan imagescontain signal amplitude and reflector
depth information projected for the refracted angle of

the ultrasonic beam.

The Sonatest VEO Phased Array system has on-board focal law
generation software that permits

direct modification to ultrasonic beam characteristics. The
Sonatest VEO Phased Array system

requires the use of an external storage device. A compact flash
card or pen Drive or an External Hard

disk can be used for this purpose.

In addition to external data storage, a PC shall also be used by
the Data Analysis. Personnel

for analyzing data subsequent to the completion of data
collection.

Instruments screen height linearity and amplitude control
linearity shall be verified as per Appendix-I

&II Art-4 ASME Sec-V.

Any control, which affects the instrument linearity (e.g.,
Reject) shall be in the off of minimum

position for instrument calibration, system calibration and
examination.

6. Probe Selection

Phased Array Probe & wedge configuration shall be suitable
for the inspection of various

material (CS, AS) diameter & thickness job Phased Array
Probe frequency shall be 5 MHz,16 /

64 elements, 0.6mm or .75mm pitch, 0.4mm element width. Make:
Sonatest. Shoes/wedges of

various diameters based on material curvature shall be used.
Multiple angle probe as per the

requirements of phased array shall be used.

7. Couplant

Water, Gum paste, Glycerine or equivalent oil grease mixture may
be used as couplant when

performing calibration and examinations. Water pump can be
used.

8. Validation Block / Demonstration blocks

The validation block shall be prepared as per ASME Sec V Fig
T-434.3. IIW Blocks (V1) shall be used

for validation of the procedure & time base calibrations.
Multiple reference blocks for calibration

may also be used as per the requirements of PA system.
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9. Phased Array System Calibration

Calibration shall be performed from the surface of the
calibration block which corresponds to

the component surface to be examined. Temperature of the job
shall be less than 50 0c. Surface shall

be smooth.

System calibration shall include the complete ultrasonic
examination system.

Time base calibration shall be suitable for the beam paths which
will be used during the

examination.

The calibration information shall be recorded on the Ultrasonic
Calibration system. Duringscanning, only scan sensitivity gain may
be adjusted. During examination Adjustment of other

controls shall require recalibration.

Calibration of computer imaging shall be conducted in such a
manner that gain levels are optimized

for data acquisition & imaging purpose & also to
establish scanning and or flaw detection/ sizing

sensitivity level.

Instrument Linearity check should be done every day. Record need
to be maintained.

Coverage has to be checked in UT Studio/ES Beam tool or any
other equivalent simulation software

considering job profile and scan access of job prior to
selection of beams. A hard copy of the scanplan shall be with the
operator during scanning / Interpretation and evaluation.

10. Focal Law Verification

The transmission and reception of ultrasonic waves of a given
angle of incidence is a function of time

delays calculated by focal laws using the information provided
to the phased array system.

Verification that the input information is correct and that the
phased array system is working

properly must be checked.

Select the Angle Cursor and adjust its position so that it
displays A-scan information for the 450 angle

of refraction or the minimum angle that will be used in the
Sector Scan display.

Using the 4-inch radius (100 mm) the IIW block, peak the signal
shown on the A-scan.
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Indicate on the transducer wedge, the beam exit point. This beam
exit location is only valid for the

450 angle of propagation.

Using the primary angle of beam refraction exit locator, measure
the actual angle of propagation by

peak the response in the A-scan display using the plexi-glass
insert as indicated on the IIW blockusing the beam exit point
location.

11. Time Base Verification

Position the Angle Cursor and adjust its position so that it
displays A-scan information for the 450

angle of refraction.

Place the transducer so that reflections from both the 2 and 4
inch radius reflectors on the IIW block

are peaked and observed on the A-scan display.

Using the A-scan Cursors, measure the distance between the 50 mm
and 100mm signals. This resultshall be 2mm.

If the measured separation between the signals is too large
(greater than 2.1 inch), decrease the

Shear Velocity parameter under the Part Setup Menu. Similarly,
if the measured distance is too short

(less than 1.9 inch), increase the velocity value. Repeat
adjustment until an acceptable value is

achieved.

With the transducer remaining in the peaked position, measure
the metal path of the four inch

radius reflector using a cursor in the A-scan display.

The value should measure to be 4 0.1 inches. If this measurement
is less than 3.9 inches, increase

the value of the Delay parameter until the measurement is
correct. If this value is greater than 4.1

inch, decrease the Delay parameter until the measurement is
correct.

12. Sensitivity and Wedge Delay Calibration

The Operation of all elements of the transducer has to be
checked by using any side drill hole. If any

element is not working then proper correction in calibration has
to be done to compensate the

element and then the probe can be used or the probe has to be
replaced.

The Phased array system shall be calibrated for Sensitivity and
Wedge Delay as per the requirement.

The Sensitivity Calibration will provide the required gain
adjustment for each refracted angle andsound path used.

Select a calibration reflector within the zone of material to be
examined.

Peak up this signal from the calibration reflector and scan by
the phased array probe through

all the different angles or focal laws.

Scan back over the calibration reflector through all the
refracted angles or focal laws.

The Phased array system will calculate the required gain needed
at each focal law to adjust the

amount needed. +/- 5% echo height of all focal laws has to be
maintained.

The Wedge Delay Calibration shall be calibrated for True Depth
with the angles used in calibration.
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+/- 2mm accuracy is required for all focal laws.

13. Preparation of Time Corrected Gain (TCG)

A Time Corrected Gain (TCG) shall be used to calibrate for
attenuation in the material at the soundpaths utilized during
calibration and examination. It should be a 3 point TCG. This shall
be digitally

recorded and documented.

14. Storage of System Calibration

The examination system calibration may be stored in the Phased
array System with electronic

memory or on an external chip or data storage device. This
calibration shall be checked prior to the

start of examination of each scan and shall be recorded in
report.

15. System Calibration Verification

Sweep range and TCG calibration shall be verified on the
appropriate calibration block or simulator

block, (IIW or same calibration block) as applicable, under the
following conditions.

With any substitution of probe or operator.

Whenever the validity of the calibration is in doubt.

16. System Calibration Changes

Perform the following if any point of the TCG has decreased 20%
or 2 dB of its amplitude, or any

point on the sweep line has moved more than 10% of the sweep
division reading.

Void all examinations performed after the last valid calibration
verification

Conduct a new system calibration if required.

Repeat all voided examinations.

Perform the following if any point on the TCG/DAC has increased
more than 20% or 2 dB of its

amplitude. Correct the system calibration if required.

17. Recalibration

Any of the following conditions shall be caused for system
recalibration:

Search unit transducer or wedge change

Ultrasonic accessories change

Couplant change

Change in operator
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Calibration checks shall be executed at beginning & at the
end of the inspection & at the interval of

every 4 hours.

18. Preparation of Scanning Surface

Scanning surface should be free from any spatter, foreign
materials, paint and any roughness

that would interfere with the free movement of the search unit.
The scanning surface should be

smoothen (flush) & throughout the length of the scanning
surface

Datum marking & scan direction shall be carried out on the
surface for easy scanning

The surface temperature shall not exceed +/- 140C of calibration
block temperature subject to

Couplant and probe service temperature.

19. Examination Coverage and Scanning Technique

The specifics of the scanning location shall be identified and
recorded with reference to equipment

drawings. The job should be properly marked (grid lines) for
scan location identification.

The uncovered portion left out by the phased array ultrasonic
testing will be covered by

conventional ultrasonic testing (raster scanning) by using
suitable probe as per ASME Sec V. The scan

plan for conventional Ultrasonic testing.

Scan plan shall include the ultrasonic beam angle used. Beam
dimensions / directions shall be as per

scan centre line of the scan & marked to ensure the scan
area volume covered for each scan.Scanning shall be carried out
from outer surface of the pipe both axially and circumferentially.
The

imperfections can be reported & can be rechecked.

To determine the required examination volume and scan area, grid
lines should be taken on the part

to be inspected.

Scanning shall be performed using a Linear or Sectorial
Technique. Each Linear scan shall be parallel

to the scan area using a Sector Phased Array Scan or Electronic
Scan.

If any Discontinuities found that is confirmed or suspected as
defect, those location can be scanned

with encoder and should be recorded for further analysis

Sectorial scans / linear scans shall be performed on both axial
and circumferential directions with

10% overlap.

For thicker materials, multiple linear scans shall be performed
to the degree to cover the required

volume of scan area and base material.

The rate of search unit movement shall be limited to a maximum
of 150 mm per second for scan

area unless calibration has been verified at a higher speed.

To detect the defects transverse, circumferential scanning shall
be carried out in clockwise and

anticlockwise direction.
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Straight beam scanning shall be done for Lamination check.

20. Evaluation

Flaw Signal amplitude shall be measured as a percentage of TCG
by adjusting gain (dB) control or bycolour code related to
amplitude (white up to 19%,Blue 20%-50%,Orange 65%-80%,Red
above80%)

on B, C or S scan display.

Flaw sizing shall be performed by 6 dB drop method or by
information given by A, B; C & scan display

using calibrated encoder.

Flaw location shall be measured by using information given by A,
B, C & S scan display. Evaluation

shall be done as per datum marking.

All indication equal to or in excess of 20% of the reference
level shall be investigated in order to

determine their shape, size, identity and location.

Any imperfection producing a response above 50% of reference
level shall be recorded in the

data/report from uncorrected area.

The indications shall be categorised in: Acceptable & Not
Acceptable

If any imperfection produces a response above reference level,
length of that imperfection shall be

measured and evaluated as pre ASME SEC- v Code case 2235,
2010

All indications which exceed recording level at 50 % of the
reference level shall be verified by using

pulse echo method.

For evaluation of flaws sizes, manual UT may be required as per
ASME- SEC- V ARTICLE 4 appendix-

VIII, IX - 483.

Circumferential Scanning Direction

Clockwise Direction

Anti-clockwise Direction
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Axial Scanning

Forward Direction

Reverse Direction

Scan Plan for Axial Scan

Angle: 45

to 70

Scan Plan for Circumferential Scan
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Angle: 45

21. Examination Record

Computerized image technique shall have the following data /
information recorded in the system as

per sample report attached

UFD print out of indication/ reports and or graph plotting to be
attached along with the test report

for repair. The report shall be in the form of data in soft copy
or hard copy.

Any obstruction of scanning coverage or not accessibility for
scanning shall record on report.

22. Acceptance CriteriaAcceptance criteria for discontinuities
shall be as per ASME - SEC V code case 2235, 2010

and attached with this procedure.

23. Evaluation of Repair area

Whenever defect repairs have been carried, the repaired area
shall be reexamined by

ultrasonic test as per clause 18 to 21 of this procedure.

25. Post Cleaning

Couplant applied to scanned area for Ultrasonic examination
shall be removed after

completion of the examination.

26. Evaluation of Repair scan area

Whene ver repairs have been carried out, the repaired area shall
be re-examined by ultrasonic

test as per clause 18 -21 of this procedure.

27. List of Annexure
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Sample Phased Array Ultrasonic Inspection Report format
Specification of the equipment Acceptance criteria for
discontinuity shall be as per ASME- SEC V code case 2235, 201028.
Documentation / Reporting

A computer generated report in accordance with DECO-
RX-L-IR-6226 shall be

provided as a minimum requirement.

1. Date & place of examination

2. Name & level of operator

3. Inspection procedure

4. Objects / identification

5. Identification of scanned area

6. Equipment- type-make serial no.

7. Couplant used

8. Test surface

9. Surface condition

10. Probes types & serial no.

11. Equipment settings & set up parameters

12. Focal laws

13. Extent of testing

14. Calibration & demonstration blocks

15. Obstruction during examination, if any.

16. Results with details of recordable indications or if no
indications were

found.

17. Calibration details
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