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Standard Practice for
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Ultrasonic Examination of Metal Pipe and Tubing
This standard is issued under the fixed designation E 213; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope priate safety and health practices and determine the applica-

1.1 This practicg covers a procedure for detecting discon- Pility of regulatory limitations prior to use.
tinu_ities in metal pipe_and tubing during_z_i volumgtric exami-z‘ Referenced Documents
nation using ultrasonic methods. Specific techniques of the
ultrasonic method to which this practice applies include 21 ASTM Standards? _ _
pulse-reflection techniques, both contact and non-contact (for E 543 Practice for Evaluating Agencies that Perform Non-
example, as described in Guide E 1774), and angle beam destructive Testing _ L ,
immersion techniques. Artificial reflectors consisting of longi- E 1065 Guide for Evaluating Characteristics of Ultrasonic
tudinal, and, when specified by the using party or parties, _S€arch Units _ o
transverse reference notches placed on the surfaces of aE 1316 Terminology for Nondestructive Examinations
reference standard are employed as the primary means of E 1774 Guide for Electromagnetic Acoustic Transducers

standardizing the ultrasonic system. (EMATS) ) ) o i
1.2 This practice is intended for use with tubular products E 1816 Practice for Ultrasonic Examinations Using Electro-
having outside diameters approximatétyin. [12.7 mm] and magnetic Acoustic Transducer (EMAT) Techniques
larger, provided that the examination parameters comply with 2-2 ASNT Documents: _
and satisfy the requirements of Section 12. These proceduresRécommended Practice SNT-TC-1A for Nondestructive
have been successful with smaller sizes. These may be speci- Testing Personnel Qualification and Certificafion _
fied upon contractual agreement between the using parties. ANS/ASNT CP-189 Standard for Qualification and Certi-
These procedures are intended to ensure that proper beam fication of Nondestructive Testing Persorthel
angles and beam shapes are used to provide full volume 2:3 Military Standards: _ B
coverage of pipes and tubes, including those with low ratios of MIL-STD-410 Nondestructive Testing Personnel Qualifica-
outside diameter-to-wall thickness, and to avoid spurious _ tion and Certification .
signal responses when examining small-diameter, thin-wall 2-4 Aerospace Industries Association Document: ,
tubes. NAS 410 Certification and Qualification of Nondestructive
1.3 The procedure in Annex Al is applicable to pipe and  Testing Personn@|
tubing used in nuclear and other special and safety applic :
tions. The procedure in Annex A2 may be used to determine tf?é' Termln.ollo.gy . N
helical scan pitch. . 3.1 Deﬂnmons—For definitions of terms used in this prac-
1.4 This practice does not establish acceptance criteria; thdif: See Terminology E 1316.
must be specified by the using party or parties. 4. Summary of Practice
1.5 The values stated in inch-pound units are to be regarded

as standard. The Sl equivalents are in brackets and may bet1 A pulsed ultrasonic gngle peam by means of non-
approximate. contact, surface contact or immersion method shall be used.

1.6 This standard does not purport to address all of theFig. 1 illustrates the characteristic ultrasonic angle beam entry

safety concerns, if any, associated with its use. It is the
reSponSIblllty of the user of this standard to establish appro- 3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM
Standardssolume information, refer to the standard’s Document Summary page on
1 This practice is under the jurisdiction of ASTM Committee EO7 on Nonde- the ASTM website.
structive Testing and is the direct responsibility of Subcommittee E07.06 on “Available from American Society for Nondestructive Testing, Inc., 1711
Ultrasonic Method. Arlingate Lane, Columbus, OH 43228.
Current edition approved January 1, 2004. Published February 2004. Originally ® Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
approved in 1963. Last previous edition approved in 2002 as E 213 - 02. Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
2 For ASME Boiler and Pressure Vessel Code applications see related Practice © Available from Aerospace Industries Association of America, Inc., 1250 Eye St.
SE-213 in the Code. NW, Washington D.C. 20005.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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SOUND BEAM

FIG. 1 Circumferential Propagation of Sound in a Pipe or Tube Wall

into the wall of a pipe or tube in the circumferential direction performed in both circumferential directions for longitudinal
to detect longitudinal discontinuities using a single search unitdiscontinuities and when an axial scan is specified by the using
Fig. 2 illustrates the characteristic angle beam ultrasound entryarty or parties, in both axial directions for transverse discon-
into the wall of a pipe or tube in the axial direction to searchtinuities.
for transverse discontinuities using a single search unit. 4.3 For efficient examination of large quantities of material,
Note 1—The immersion method may include tanks, wheel searchmultiple search units and instruments may be used simulta-
units, or systems that use streams or columns of liquid to couple theeously to perform scanning in the required directions. Mul-
ultrasonic energy from the search unit to the material. tiple search units may be employed for “interlaced” scanning in
4.2 To ensure detection of discontinuities that may noteach required direction to enable higher examination rates to be
provide a favorable response from one side, scanning shall techieved through higher allowable scan index or “pitch.”

\ SOUND BEAM

FIG. 2 Axial Propagation of Sound in a Pipe or Tube Wall



A £ 21304
“afl

5. Significance and Use interpretation of examination results. The methods used for

5.1 The purpose of this practice is to outline a procedure fofleaning and preparing the surfaces for ultrasonic examination

detecting and locating significant discontinuities such as pit5§hall not be detrimental to the base metal or the surface fir_1ish.
voids, inclusions, cracks, splits, etc., by the ultrasonic pulseExcessive surface roughness or scratches can produce signals

reflection method. that interfere with the examination.
6. Basis of Application 9. Apparatus

6.1 The following are items that must be decided upon by 9.1 Instruments shall be of the pulse echo type and shall be
the using party or parties. capable of detecting the reference notches of the types de-

6.1.1 Size and type of pipe or tubing to be examined, scribed in Section 11 to the extent required in the standardiza-

6.1.2 Additional scanning for transverse discontinuities, tion procedure described in Section 12. An independent chan-

6.1.3 Items that affect examination coverage may also bgel (or channels) of instrumentation shall be employed to
specified such as scan overlap, pulse density and maximuifdividually monitor the responses from the longitudinal and,

search unit size. when required, transverse oriented search units. The instrument
6.1.4 The stage(s) in the manufacturing process at which theulse repetition rate shall be capable of being adjusted to a

material will be examined, sufficiently high value to ensure notch detection at the scanning
6.1.5 Surface condition, rate employed. The instrument shall be capable of this pulse

6.1.6 Maximum time interval between equipment standard¥epetition rate without false indications due to spurious reflec-
ization checks, if different from that described in 13.2 and thetions or interference from other instruments and search units
tolerance to be applied to a standardization check, being used for simultaneous examinations in other directions or

6.1.7 Type, dimensions, location, method of manufacture@long other scan paths.
and number of artificial reflectors to be placed on the reference 9.1.1 The frequency and bandwidth of the instrument and
standard, search unit shall be capable of being selected to produce a

6.1.8 Method(s) for measuring dimensions of artificial re-satisfactory signal-to-noise ratio for the detection of the re-
flectors and tolerance limits if different than specified inquired notches as compared to background “noise” response

Section 11, from irregularities such as grain boundaries and surface rough-
6.1.9 Criteria for reportable and rejectable indications (achess.
ceptance criteria), 9.2 Search unit frequency shall be selected to produce a

6.1.10 Reexamination of repaired/reworked items, if re-desirable “signal-to-noise” ratio (S/N), from the material to be
quired or permitted, shall be specified in the contractuagxamined, at the specified sensitivity. A S/N value of at least 3

agreement. to 1 is usually considered to be minimum. A higher minimum
6.1.11 Requirements for permanent records of the responslue is desirable and may be specified by the contracting
from each tube, if applicable, agency.
6.1.12 Contents of examination report, 9.2.1 Select a search unit size, frequency and refracted angle

6.1.13 Operator qualifications and certification, if required,(or corresponding parameters for non-contact techniques) to

6.1.14 Qualification of Nondestructive Agencies. If speci-produce an approximate 45 degrees beam-center shear wave in
fied in the contractual agreement, NDT agencies shall b&e tube or pipe wall. For material with an outside diameter-
qualified and evaluated as described in Practice E 543. TH@-thickness ratio less than 7, a lower refracted angle (or
applicable edition of Practice E 543 shall be specified in thecorresponding parameters for non-contact techniques) must be

contractual agreement. used to ensure intersection with the inside surface. This does
6.1.15 Level of personnel qualification. (See 7.1) not ensure detection of midwall discontinuities [See Reference
5].

7. Personnel Qualification 9.3 The positions of all conveyor and drive mechanisms
7.1 If specified in the contractual agreement, personneinust be set to support and feed the material to be examined in
performing examinations to this standard shall be qualified ira stable manner and at the desired scan “pitch” (helix). For
accordance with a nationally recognized NDT personnel qualismall tubes, support mechanisms must be used in the exami-
fication practice or standard such as ANSI/ASNT-CP-189nation station to prevent any transverse motion with respect to
SNT-TC-1A, MIL STD-410, NAS-410, or a similar document the search unit beam during scanning. If larger material that is
and certified by the employer or certifying agency, as applinot straight is to be examined the search units may have to be
cable. The practice or standard used and its applicable revisigupported in a “follower” mechanism to compensate for this.
shall be identified in the contractual agreement between the
using parties. 10. Couplant
10.1 For piezoelectric-based search units (non-contact tech-

Note 2—MIL STD-410 is canceled and has been replaced with . . .
giques do not require couplant), a couplant such as water, oil,

NAS-410, however, it may be used with agreement between contractin

parties. or glycerin, capable of conducting ultrasonic vibrations be-
. tween the search unit and the pipe or tube being examined shall
8. Surface Condition be used. Rust inhibitors, softeners, and wetting agents may be

8.1 All surfaces shall be clean and free of scale, dirt, greas@dded to the couplant. The couplant liquid with all the
paint, or other foreign material that could interfere with additives should not to be detrimental to the surface condition
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of the pipe or tube, and shall wet the surface of the material to 11.5.1 The notch depth shall be an average measured from
provide adequate coupling efficiency. To prevent spurioughe circular tubing surface to the maximum and minimum

signals or loss of sensitivity, or both, care must be taken tgenetration of the notch. Measurements may be made by
avoid the presence of air bubbles in the couplant. optical, replicating, or other agreed upon techniques. Unless

Note 3—In the contact method, some couplants result in betterSpeclfled otherwise by the using party or parties, the notch

ultrasonic transmission when the tubing is precoated several hours befo%epth shall be within=0.0005 in. [0.013 mm] of the specified

the examination. value for notches 0.005 in. [0.13 mm] or less in depth, and
within + 10, — 15 % of the specified value for notches over
11. Reference Standards 0.005 in. in depth. At the option of the testing agency,

11.1 A reference standard of a convenient length shall behallower notches may be used to provide a more stringent
prepared from a length of pipe or tube of the same nominagxamination.
diameter, V\_/aII thickness, mgterlal, surface _f|n|sh, and acousti- N 5 For as-rolled or scaly pipe or tube surfaces, it may be
cal properties as the material to be examined. The referenGgcessary to modify 11.5.1. Two acceptable modifications are listed
pipe or tube shall be free of discontinuities or other conditiongelow. Modification &) is preferred; however, modificatiom)(may be
producing indications that can interfere with detection of theused unless otherwise specified.
reference notches. (a) The circular pipe or tube surface may be smoothed or prepared in the

11.2 Longitudinal and, when required by the contracting notch area, or " _

(b) The notch depth shall be within =0.001 in. [0.025 mm], or + 10, — 15 %

agency, transverse _reference notches shall be placed on both™  ¢ie specified depth, whichever is greater.
the outside and inside surfaces of the reference standard to

ensure satisfactory examination sensitivity near each of thesp?arty or parties, tolerances may often include only negative

boundaries. b o L s
. .values with zero positive deviation allowed so that sensitivit
11.3 Reference notches shall be separated sufficiently (cir b y

f tiall iall both) t lude interf dl's never reduced below a specified minimum value. The use of
cumierentially or axially, or bo ) to preclude interference an smaller notches by the examination agency is permissible,
interpretation difficulties.

. rovided that concurrence is obtained from the contractin
11.4 All upset metal, burrs, etc., adjacent to the referenc g

notches shall be removed. gency.

11.5 The notch dimensions, which are length, depth, and Nore 6—The amplitude of indications obtained from reference notches
width (and for V-notches, the included angle) must be decided@y not _be linearly proportional to notch depth. This depends upon the
upon by the using party or parties. Fig. 3 illustrates theMercepting beam width to notch length.
common notch configurations and the dimensions to be mea- 11.5.3 The width of the notches shall be as small as
sured (Note 4). Reflection amplitudes from V-, square-, andractical, but should not exceed twice the depth.

U-shaped notches of comparable dimensions may vary widely 11.6 Other types and orientations of reference reflectors
depending on the angle, frequency, and vibrational mode of theay be specified by the using party or parties.

interrogating sound beam.

11.5.2 When notch tolerances are specified by the using

Note 4—In Fig. 3 @), ( b), and @), the sharp corners are for ease of 12. Standa.rdlzatlon of .Ap[.)aratus
illustration. It is recognized that in normal machining practice, a radius 12.1 Static Standardizatier-Using the reference standard

will be generated. specified in Section 11, adjust the equipment to produce clearly

v v >} v
ya o t
¥

L2 L2

(a) V-NOTCH (b) SQUARE (c) U-SHAPED
(TYPICAL OF ELECTROMACHINING)

[« / >

(d) TOP

FIG. 3 Common Notch Shapes



A £ 21304
“afl

identifiable indications from both the inner and outer surfaceor tubing examined since the last acceptable standardization
notches. The response from the inner and outer surface notchafier restandardization has been accomplished.

should be as nearly equal as possible. Use the lesser of the two13.2.1 When required by the purchaser, more specific re-
responses to establish the rejection level. On large diameter standardization criteria may be specified.

heavy wall pipe and tubing, if the inner and outer surface notch 13.3 For many tubular sizes and examination arrangements,
amplitude cannot be made equal because of material soundpatiere will be a reflection from the entry surface of the pipe or
distance and inside diameter curvature, a separate rejectionbe. This signal may be observed, but not gated, as a
level may be established for the inner and outer surfacsupplement to the required checking of the reference standard
notches. to provide increased assurance that the equipment is function-

Note 7—Distance-Amplitude Correction-Amethod of compensating ing properly. If such a signal does not exist, make more

for the reduction in ultrasonic signal amplitude as a function of materialfr(:'lquent equipment Standard'z.at'on Che(_:ks' .
sound-path distance may be employed. Details of the procedures used to13-4 Do not make any equipment adjustments, during ex-
establish and apply the distance-amplitude correction (DAC) curve shaimination, unless the complete standardization procedure de-
be established by the using party or parties. scribed in Section 12 is performed after any such adjustment.

12.2 Dynamic Standardizatiea-Standardize the equipment 13'5_ The examinatior_l shall be .applied to 100 % of the pipe
under dynamic conditions that simulate the production examiO" PIng unless otherwise specified.
nation. The pipe or tubing to be examined and the search unit Nore 10—Some traversing mechanisms do not allow examination of
assembly shall have a rotating translating motion relative tgipe or tube ends. When this condition exists, clearly indicate the extent
each other such that a helical scan path will be described on ti#é this effect, per tube, in the examination report.
outer surface of the pipe or tube. Maintain the speed of rotatiog4 Interpretation of Results
and translation constant withirr10 %. Axial scanning with ' P
circumferential indexing may be used to provide equivalent 14.1 All indications that are equal to or greater than the
coverage. rejection level established during standardization as described

12.3 The pitch of the feed helix shall be small enough toln Section 12, using the agreed upon reference indicators
ensure at least 100 % coverage at the examination distance afiéscribed in 11.5, shall be considered as representing defects
sensitivity established during standardization. Coverage shafind may be cause for rejection of the pipe or tube. Alterna-
be based upon the maximum effective size of the search unitively, the using party or parties may specify specific accep-
the pulse density for each instrument channel and the helix. tance criteria.

14.2 If, upon further examination of the pipe or tube, no

13. Procedure rejectable indications are detected, the material shall be con-

13.1 Examine the pipe or tubing with the ultrasound trans_S|dered as having passed the ultrasonic examination, except as

mitted in both circumferential directions for longitudinal dis- noted in 13.2.

continuities and, when specified, in both axial directions for Note 11—Rejected pipe or tubes may be reworked in a manner

transverse discontinuities, under identical conditions used fokcceptable to the purchaser. If, upon ultrasonic reexamination of the

equipment standardization (see Note 8). reworked pipe or tube, no rejgctable indications are d.etected,. thg material

should be considered as having passed the ultrasonic examination.

Note 8—Ildentical conditions include all instrument settings, mechani- Note 12—Care should be exercised to ensure that reworking a pipe or

cal motions, search unit position and alignment relative to the pipe or tubeube does not change its acceptability with respect to other requirements

liquid couplant, and any other factors that affect the performance of thef the material specification such as wall thickness, ovality, surface finish,

examination. length, and the like.

Note 9—If a requirement exists for both longitudinal and transverse )
notches the following three options are available: 15. Documentation

(a) Each pipe or tube is passed through a single-channel examination 15.1 When a report is required, it shall contain such
station four times, twice in each direction, information as is mutually considered adequate to document

(b) Each pipe or tube is passed through a two-channel examinatiofhat the examination of the pipe or tubes supplied meets the
station twice, ance in each direction, ar ~requirements of this practice, and any modifications specified

(c) Each pipe or tube is passed through a four-channel examinatiofy the contractual agreement.
station once. 15.2 When a “third party” examination is required, as might

13.2 Standardization ChecksPeriodically check the dy- be performed by an independent examination facility, and to
namic standardization of the equipment by passing the refethe extent specified in the contractual agreement, a permanent
ence standard through the examination system in accordancecord containing objective evidence of the examination results
with 12.2. Make these checks prior to any examination runshall be obtained for pipe or tube examined. This may be in the
prior to equipment shutdown after an examination run, and aform of a strip chart recording or computerized data of the
least every four hours during continuous equipment operatiorultrasonic instrument output during the examination. It shall
Restandardize the equipment in accordance with 12.1 and 12c®ntain recordings of all standardizations and standardization
any time the equipment fails to produce the signal amplitudeshecks and should be annotated to provide a positive correla-
or other conditions for rejection within the tolerances agreedion between examination record for each reject pipe or tube
upon with the contracting agency. In the event that theand the corresponding pipe or tube. The supplier shall maintain
equipment does not meet this requirement, reexamine all pip@ report of the examination on file. When requested by the
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customer, a report of the examination shall be submitted to the 15.2.5 Description of the distance-amplitude correction pro-
customer. The report shall include at least the followingcedure, if used.
information: _ _ 15.2.6 Examination results.
15.2.1 Identification of the material by type, size, lot, heat
treatment, and any other pertinent information.
15.2.2 Identification of the examination equipment and
accessories. 16.1 angle beam; nondestructive examination; pipe; tubing;
15.2.3 Details of the examination technique, including ex-ultrasonic examination
amination speed, examination frequency, and end effects if any.
15.2.4 Description of the reference standard, including the
actual (measured) dimensions of the artificial reference reflec-
tors.

16. Keywords

ANNEXES
(Mandatory Information)

Al. EXAMINATION OF PIPE AND TUBING FOR SPECIAL AND SAFETY APPLICATIONS

Al.1 Introduction—When the end use of pipe or tubingscanning pitch or index used. When examination of heavy-wall
depends critically upon freedom from discontinuities over apipes and tubes is required the focal length, refraction angle
certain maximum size, certain additional ultrasonic examinaand included beam angle of focused search units shall be
tion procedures are required to assure that the required qualiguitable for complete through-wall coverage (S8g.(
standards are met. The immersion method is almost always A1.3.2 The beam length of the search unit in the wall
required for examining tubes for these uses. In some instancesiaterial must be either longer or shorter than the length of
such as field examination or where part contact with water isongitudinal notches in the reference standard, by an amount
undesirable, the contact method, or non-contact technique, fahat is no less than the “pitch” (linear advance per revolution)
instance as described in Guide E 1774, may be employed. of the helical scan path (see A2.1). This is necessary to ensure

A1.1.1 This practice is intended for use with tubular prod-detection of discontinuities that are as long as the notches in

ucts of any diameter and wall thickness, provided that prope$Pite of their random locations with respect to the scan path,
procedures, as described herein, are followed. These procES€€ Annex A2). _ _ _

dures are intended to ensure that proper refraction angles angA1.3.3 The focal length of a focused immersion search unit
beam shapes are used to provide full volume coverage of pipg§iould equal the pipe or tube radius plus a convenient water
and tubes, including those with low ratios of outside diameterPath length so that it may be focused on the pipe or tube

to-wall thickness, and to avoid spurious signal responses whetenterline (See4)). _
examining small-diameter, thin-wall tubes. Al1.3.4 The angle of the central beam of the search unit,

with respect to a perpendicular to the tangent to the surface at
Al.2 Summary of Practice—Pulsed ultrasonic angle beam#e point of beam incidence, shall be adjusted to produce a
by either the surface contact or immersion method shall b&uitable refraction angle in the pipe or tube wall to provide
used. Fig. A1.1 illustrates characteristic angle beam ultrasoungpmplete coverage of the pipe or tube wall thickness (Spe (
entry into the wall of a pipe or tube in the circumferential A refraction angle of 45 degrees is typically used when
direction to detect longitudinal defects and in the axial direc-examining pipe or tubes with a diameter-to-wall thickness ratio
tion to detect transverse defects, when required. The incide no less than about 10 to 1. For many materials a 45 degree
and refracted beams in these cases are pictured as beifgfraction angle may be achieved with a beam incidence angle
generated by a cylindrically focused immersion search unit. If about 18 to 19 degrees. This may be achieved in the
pipes and tubes with diameters several times larger than tHgymersion method by parallel offsetting the beam centerline
length of a contact search unit, the general beam shapes dfém a perpendicular to a tangent of the surface by a distance

approximately the same. equal to¥s of the outside diameter of the pipe or tube. This is
often a convenient initial adjustment during system standard-
Al1.3 Additional Apparatus Requirements ization.

A1.3.1 Although contact search units may be used for small - i
quantity and field examinations of pipes and tubes, cylindriAl-4 Additional Reference Standard Requirements
cally (line) focused immersion search units are preferred for Al.4.1 Outer surface and inner surface longitudinal refer-
critical examinations and for larger quantities (See Referencesnce notches may be placed near one end of the reference
(2), (3) and @)). Search unit element size and focused beanstandard separated by a sufficient distance from each other and
length shall be suitable for achieving reliable detection offrom the end to preclude interference and interpretation diffi-
defects equivalent in size to the reference notches at theulties, but close enough to each other to minimize the time
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SEARCH UNIT (Cylindrically focused or
unfocused for larger pipe or tube diameters)

DISCONTINUITY

" PARTIAL CROSS
SECTION OF
PIPE OR TUBE WALL

(a) Circumferential Scan to Search for Axial (Longitudinal) Discontinuities

SEARCH UNIT

DISCONTINUITY

(b) Axial Scan to Search for Circumferential {Transverse) Discontinuities

FIG. A1.1 Beam Propagation in Pipe or Tube Walls
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required in scanning from one to other to achieve good signal (b) Apply the search unit, with a suitable film of couplant,
balance during set-up. For ease of fabrication, the inner surfade the surface of the reference standard in the vicinity of the
notch should be nearer the end of the pipe or tube. Whetongitudinal reference notches. Direct the search unit beam in
required, transverse outer surface and inner surface referenoae circumferential direction.

notches are typically placed in the same manner near the (c)while carefully maintaining uninterrupted coupling and
opposite end of the reference standard from the longitudingonstant pressure on the search unit, move it toward and away
notches. Although not mandatory, this practice enables aliom the outer surface longitudinal notch to achieve the
notches to be placed far enough from the ends to insure goqgaximum signal response from it by a beam reflection from the
support of the mgterlal end nearest the search unit(s) duringner surface which is beyond the interface signal on the
set-up, and the inner surface notches to be near ends {fspiay screen of the instrument. Adjust the gain control to set

facilitate insertion of the fabrication and verification means.y,o peak response at this reflection location (node) to 80 % of
This procedure becomes less critical for material of largek | screen height (FSH).

diameters and stifiness. (d) Without changing the gain control setting from that

Al.5 Static Standardization—Using the reference standardetermined in Stepcf above, move the search unit to the
specified in Section 11, adjust the equipment to produce clearlyicinity of the inner surface longitudinal notch and repeat the
identifiable indications from both the inner and outer surfacescanning procedure until the signal from that notch, at a node
notches. The relative responses from both the inner and outadjacent to that used for the outer surface notch signal, is
surface notches should be as nearly equal as possible anthximum. Record the peak amplitude of the signal from the
practical. Some differences in this procedure are required, daner surface notch. If this signal is higher than 80 % FSH,
described below, depending upon whether the contact dower the gain to bring it to 80 % FSH and move again to the
immersion technique is employed. outer surface notch and record its peak amplitude at the new

Al1.5.1 Set the positions of all conveyor and drive mechagain setting. The relative response from the inner and outer
nisms to support and feed the material to be examined in gurface notches shall be as nearly equal as possible by selection
stable manner and at the desired scan “pitch”, consideringf the pair of adjacent inner surface and outer surface notch
conditions for achieving satisfactory “worst case interception’signal nodes are observed. Use the lesser of the two responses
and required scan path overlap. (See Annex A2.) to establish the rejection level. On large-diameter or heavy-

A1.5.2 Contact Examination TechnigueFor field exami-  Wall pipe and tubing, if the inner and outer surface notch signal
nation, or in other cases where immersion examination is na@mplitudes cannot be equalized because of material sound path
practical, the contact technique may be employed. It is impordistance and inside diameter curvature, a separate rejection
tant to note however that it is more difficult to obtain repeatabldevel may be established for the inner and outer surface
and accurate results with this technique because (Be (  notches, or, in this case, DAC may be used to balance the

(@) It is difficult to maintain uniform sensitivity during signal amplitudes from the outer surface and inner surface
scanning due to lack of constant pressure on the search unit angtches.
inconsistent couplant coverage; (e) Repeat stepsaj through @) while scanning from the
(b) Unless special “involute”3), or similar, search units opposite circumferential direction.

are u_sed it_ is _impossiple to obtain t.h.e. primary be_nefit of (f) Repeat the above steps while scanning in both axial
focusing which is the uniformity of sensitivity versus thickness gjrections if detection of transverse notches and discontinuities
which results from the production of constant refraction anglegg required by the user or contracting agency.

throughout the width of the beam;
(c) With a given search unit wedge it is impossible to vary

the incident angle to achieve good balance of the signals fro ; . .
outer surface and inner surface notch targets or to lower th pes listed in Note 1 (4.1) may be used for this purpose. The

Pidence s 10/0han oo oL val covrae pioan SeCon I Sendardat procede sl v
thick-wall pipe or tubes; pp Yy g agency.

(d) Maintenance problems may result from wear of the A1.5.5 Using the guidelines listed below, select a cylindri-
search unit face plates; and, cally focused (line focused) search ung) (of appropriate

(e) When manual scanning is employed it is difficult to frequency, beam length and focal length for the material to be
insure that total surface coverage or any prescribed amount §amined and to the sensitivity level (notch sizes) specified by
scan overlap has been achieved. the user or contracting agency. In cases where the type of

A1.5.3 When contact examination is performed, the follow-€xamination, material dimensions or other properties make the
ing selection and standardization procedure shall be useéfe of spherically or flat focused search units more appropriate
unless an alternate procedure is approved by the contractirgjther of these types may be used in place of cylindrically
agency. focused units.

(a) Select a search unit size, frequency and wedge angle (&) The frequency shall be selected to produce a desirable
and shape to produce an approximately 45 degree beam-cengggnal-to-“noise” ratio (S/N) from the material to be examined
shear wave in the tube or pipe wall. If it is determined that aat the specified sensitivity. A S/N value of at least 3 to 1 is
lower refraction angle would be beneficial, a wedge to produceisually considered to be a minimum. A higher minimum value
that angle may be used. is desirable and may be specified by the contracting agency.

Al1.5.4 Immersion Examination Technigue€This is the pre-
rred technique whenever practicd).(Any of the apparatus
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(b) The focal length must be equal to the pipe or tube radiusurface notch and note the amplitude of the inner surface notch
plus a convenient waterpath length so that the search unit masjgnal that appears just before the selected outer surface notch
be focused on the central axis of the pipe or tube aftesignal.

normalization §). For very large-diameter material where this (j) Make small adjustments to the offset (or angulation) and
requirement is found to be in_1practical search units of othefy the water path length while alternately observing and
focal lengths or unfocused units may be used. attempting to equalize the outer surface and preceding inner
(c) The beam width, as measured between -3 dB points 08urface notch signal amplitudes. Set the higher of the two
a pulse-echo profile as described in Guide E 1065, must bgignals to 80 % FSH and use the lesser of the two signals to
either longer or shorter than the length of the longitudinalestaplish the rejection level. Set the position and duration of the
notches in the reference standard by the amount of the scafstrument alarm gate to include both of these signals. For
pitch to be employed. This is necessary to ensure consisteBkaminations that require stopping and evaluating or marking
“worst case” interception of discontinuities that are as long ag| relevant indications, or both, set the alarm activation
the notches in spite of their random location with respect to thnreshold at 40 % FSH. Record all search unit position settings,

scan path. (See Annex A2.) - _ instrument control settings and standardization signal levels on
(d) Position the search unit so that the length of its focuse@n examination record sheet.

beam is aligned with the long axis of the pipe or tube. (k) Repeat the above steps while scanning in the opposite
(e) With the water path length adjusted to focus the beamy,cumferential direction.
approximately on the outer surface of the pipe or tube,

. ) T . () When axial scanning for transverse indications is
normalize the search unit by adjusting its angulation and offserte uired. repeat the above steps with the search unit analed in
to peak its response from the surface. d » ep P 9

[irst one, then the other axial direction and using translation

len (?h gpg}gggegihmﬁﬁrmﬁﬁhg ?r?et:];(;illjtsl‘:‘)fetﬂ:ilutt)% tgee;%(.:l? ?ther than rotation of the reference standard to select response
9 ) J odes from outer surface and inner surface notches.

the angulation and offset if necessary to renormalize by
repeaking the interface signal.

a_ngle that V\."” p_rodqce _the desired refraction angle in ON&ach other such that a helical scan path will be described on the
circumferential direction in the tube wall. (For many materials

a satisfactory initial offset distance ¥ of the tube diameter.) outer surface of the pipe or tube. Maintain the speed of rotation

. . . nd translation constant withifr10 %. Axial scanning with
For thick-wall tubes a lower refraction angle may be required_. L : i
2 ; ; : circumferential indexing may be used, especially on larger
for examination of the entire thicknesS)(Alternatively, the . . ! ;
. . ) material, to provide equivalent coverage. A method for achiev-
search unit may be angulated in a plane perpendicular to the ) s . .
. L Ing the required conditions is described below.
tube axis to produce the incidence angle.

(h) Move the reference standard to center the outer-surface A1.6.1 The pitch of feed helix shall be small enough to
notch in the search unit beam. Rotate the tube withougnsure 100 % coverage at the examination distance and sensi-
translation (that is, without motion along its longitudinal axis) tivity established during static standardization per A1.5. Annex
and observe on the instrument display screen the motion of th®2 describes how maximum allowable pitch for stable detec-
notch signal away from any residual interface signal. Thetion may be determined from the length of the longitudinal
amplitude should decrease and increase as successive reflegference notches and the minimum beam length of the search
tions of the beam from the inner and outer surfaces intersect tHénits.
outer surface notch as it moves to various node positions away A1.6.2 A preferred method for dynamic scanning, appli-
from the search unit. Select a convenient node well away frongable to all diameters but especially for smaller diameter
the “direct-in” intersection of the beam on the outer surfacematerial, for example, less than 4 inches [100 mm] in diameter,
notch (which coincides with the position of the interfaceis for the examination system to produce a rotating and
signal). Adjust the gain to set the amplitude of the signal atranslating relative motion between the pipe or tubing being
80 % FSH and note its horizontal position on the display.  examined and the search unit(s). Run the reference standard

Note— Alternatively, set-up on the inner surface notchwith random initial translational and angular orientation
may be performed before set-up on the outer surface notch, @srough the examination station at full speed and scan pitch and
described in stephj above. This inner surface notch signal observe, during multiple runs of the standard, the stability of
must be well beyond the direct-in signal from the outer surfacghe gated alarm signals from all notches in the reference
notch. The outer surface notch signal subsequently used fatandard on a strip-chart recorder or other means for observing
standardization should then be from the node immediatelgignal amplitude stability or alarm function. In the absence of
beyond the inner surface notch signal to obtain the besin alternate procedure approved by the contracting agency, the
condition for attempting to equalize both gated signals in thepeak signal amplitudes must remain constant within 10 % FSH
following step (). for the number of successive runs specified in an approved

(i) Move the reference standard to center the inner surfacexamination procedure (a minimum of six is suggested) or, if
notch in the beam. Rotate the pipe or tube as for the outemnother defect alarm device is used, it shall provide consistent
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operation for the specified number of runs. If indexed axialcase of a recorded examination wherein the signal amplitude
scanning is used, the same stability verification procedure anlom any notch in the rerun reference standard has decreased
criteria shall apply. from the average value of the initially recorded amplitudes by
. ) more than 10 % but less than 20 %, no rerun of parts is

AL.7 Additional Mandatory Procedure Requirements required after restandardizing if, since the last satisfactory

Al.7.1 Standardization ChecksPeriodically check the standardization check, there were no recorded unrejected
standardization of the equipment by passing the referencsignal indications that were greater than 50 % of the average
standard through the examination system. Make these checkgnplitude of the initially recorded signals. However, restan-
prior to any examination run, prior to equipment shutdowndardization shall be performed to bring the signal amplitude to
after an examination run, and at least every hour duringvithin 10 % of the average of the initially recorded values
continuous equipment operation. Restandardize and reexamipefore examination is resumed.

the material if necessary, in accordance with the following a1 7.5 Decrease of Recorded Notch Signal Amplitude of

procedures, unless otherwise specified by the contractingy,ar 20 % or of Between 10 and 20 % With Indications

agpe\?c7y.2 Restandardizationlf anv notch in the reference If the rerun recorded value is less than the average of the
. Y initial recorded amplitudes by more than 20 %, or if the

standard fails to actuate an alarm, or, where defect analysis | ; 0 0 )
made from a strip chart recording of signal amplitudes, if theosecrease is between 10 % and 20 % and there are unrejected

deviation from the recorded amplitude of the initial standard-!m”f:";‘tionS O.f greater thar] 20 % of the average initial s'gandard-
zation amplitude, the entire lot of material examined since the

ization signal exceeds 10 % of that amplitude, portions of th ¢ satisfact tandardizati heck shall b ined
static and dynamic standardization procedures of A1.6 shall p&>t satistactory standardization check shall be reexamine

repeated until satisfactory operation is obtained. Then th@fter restandardization. ] .

following steps shall be taken, depending upon the nature of Al.7.6 Increase of Recorded Notch Signal Amplitude

the failure. If any recorded notch signal amplitude is found to have
A1.7.3 Failure of Alarm ActuatioA-When alarm actuation increased by more than 10 % above the average of the initially

is the only defect indication used, if a notch in the referenceecorded values, restandardization shall be performed to bring

standard fails to actuate the flaw alarm during a standardizatiotiie signal level to within that range. If the increase is between

check, all lengths of material run since the last satisfactorylO % and 20 % no rerun of material is required. If the increase

standardization check shall be reexamined after the system hesgreater than 20 %, and there have been indications rejected

been successfully restandardized. since the last satisfactory standardization check, the entire lot
Al1.7.4 Decrease of Recorded Notch Signal Amplitude ofof material run since the last standardization check shall be

Between 10 and 20 % and No Recorded Indicatietis the  reexamined.

(Mandatory Information)

A2. RESTRICTION ON THE SELECTION OF SCAN PITCH

A2.1 Determination of Scan Pitch—The helical scan pitch,interception length, and therefore signal amplitude, between
however generated, must not exceed the absolute differenggorst and best interceptions may be obtained by dividipg |
between the length of the longitudinal reference notches angy either “N” (if “B” is longer) or by “B” (if “N” is longer);
the effective length of the search unit beam. This requiremerthat is:

may be stated as: loe/N=1/2+{B - P}/2N

P=|N-B|
or
where: -
N = Notch Length lwe/B=1/2+(N-P)/2B
B = Beam Length A2.1.3 It is seen from these equations that if the pitch is

A2.1.1 This restriction arises from consideration of theequgd to either the beam |ength (|f itis greater than N) or to the
“worst case interception" Of the |Ongitudina| I’IOtCh (and there'notch |ength (|f |t iS greater than B), the percentage Change
fore defects of that length) by the search unit beam, regardlessatween best and worst case random interceptions of the notch
of the random initial location of the notch with respect to th_eby the beam will be 0.5 or 6 dB. No acceptable standardization
scan pattern. The actual length of the worst case 'mercem'olrépeatability can be provided in that case. However, if P = N -
may be represented by: B is substituted in the first of the above equations, or P = B -

lwe ={N+B—P}/2 N is substituted in the second, the ratio of worst to best case

A2.1.2 The length of the “best case” random interception ofinterception is 1.0. This indicates no signal variation due to
the notch by the beam is equal either to “N” or “B”, dependingrandom alignment and is the prescribed condition for maxi-
on which is longer. The fractional percentage change in notcimum pitch if “invariant” notch detection is to be assured.

10
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