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ABSTRACT

A survey was made of various codes and standards
applicable to the interpretation of nondestructive
tests of welds in ordinary-, medium-, and high-strength low-
alloy steels. This guide has been developed for ap-
plication to steel welds in ship hull structures of
the general cargo, tanker and passenger class as dif-
ferentiated from naval ships. The guide exhibits
nondestructive test results of several classes of
defects with suitable teststo delineate the maximum
size and/or distribution that would be recommended as
acceptable for ship hulls,
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FOREWORD

This Guide has been prepared to provide uniform inspec-
tion in shipyards where ordinary-, medium-, and high-strength
low-alloy steels are used. 1t is not intended to replace
the standards issued by regulatory or classification
authorities but rather to complement them.

The Committee's original purpose was to prepare a guide
for inspecting high-strength low-alloy steel weldments,
During the development of this effort, it became evident
that the resultant guides would apply to all ship-grade
steel weldments.

The reader is cautioned, however, that although the
guides are similar for all ship-grade steel strengths, more
extensive nondestructive testing is recommended as the
strength of the steels increase, Likewise, it should also
be mentioned that the four principal nondestructive test
methods presented herein must be considered as complementary
rather than supplementary -- each having advantages and
weaknesses with respect to usage and results. This is
reflected in the acceptance criteria recommended herein.

The selection and application of the method to be used must,
therefore, be carefully made by trained personnel familiar
with the fabrication of ship hull steels.

W. W. Offner
Chairman,
The Weld Flaw Evaluation Committee

—iii-



SHIP STRUCTURE COMMITTEE

The SHIP STRUCTURE COMMITTEE is constituted to prosecute a research
program to improve the hull structures of ships by an extension of knowledge
pertaining to design, materials and methods of fabrication.

RADM W. M. Benkert, USCG
Chief, Office of Merchant Marine Safety
U.5. Coast Guard Headquarters

Mr. M. Pitkin

Asst. Administrator for
Commercial Development

Maritime Administration

Mr. P. M. Palermo

Asst. for Structures

Naval Ship Engineering Center
Naval Ship Systems Command

Mr. J. L. Foley
Vice President
American Bureau of Shipping

SHIP STRUCTURE SUBCOMMITTEE

Mr. €. d. Whitestone
Maintenance & Repair Officer
Military Sealift Command

The SHIP STRUCTURE SUBCOMMITTEE acts for the Ship Structure Committee
on technical matters by providing technical coordination for the determination
of goals and objectives of the program, and by evaluating and interpreting the

results in terms of ship structural design, construction and operation.

NAVAL SEA SYSTEMS COMMAND

Mr. C. Pohler - Member

Mr. J. B. 0'Brien - Contract Administrato:

Mr. G. Sorkin - Member
U.S. COAST GUARD

LCDR E. A. Chazal - Secretary
CAPT C. B. Glass - Member
LCDR S. H. Davis - Member
LCDR J. N. Naegle - Member

MARITIME ADMINISTRATION

Mr. N. Hammer - Member
Mr. F. Dashnaw - Member
Mr. F. Seibold - Member
Mr. R. K. Kiss - Member

MILITARY SEALIFT COMMAND
Mr. D. Stein - Member
Mr. T. W. Chapman - Member

Mr. A. B. Stavovy - Member
CDR J. L. Simmons - Member

AMERICAN BUREAU OF SHIPPING
Mr. 5. G. Stiansen - Chairman

My, 1. L. Stern - Member
Dr. H. Y. Jan - Member

-jv-

NATIONAL ACADEMY OF SCIENCES
SHIP RESEARCH COMMITTEE

Mr. R. W. Rumke - Liaison
Prof. J. E. Goldberg - Liaison

SOCIETY OF NAVAL ARCHITECTS & MARINE
ENGINEERS

Mr. A. B. Stavovy - Liaison

WELDING RESEARCH COUNCIL

Mr. K. H. Koopman - Liaison
INTERNATIONAL SHIP STRUCTURES CONGRESS
Prof. J. H. Evans - Liaison

U.5. COAST GUARD ACADEMY

CAPT W. C. Nolan - Liaison

STATE UNIV. QF N.Y. MARITIME COLLEGE
Dr. W. R. Porter - Liaison

AMERICAN IRON & STEEL INSTITUTE

Mr. R. H. Sterne - Liaison

U.S. NAVAL ACADEMY

Dr. R. Bhattacharyya - Liaison



CONTENTS

SCOPE e ieeeiiesasaerees e
Personnel Qualifications  ..eccvviiiiiiiniiaiininvenencnnn,
VL8UAL  teeeteinecinscacasroaarassnrataonasrineetonniaanss
Radiography  ceeiiieiiiet ittt
Magnetic Particle ...oveviiiiiniiniieiiiiiiiiiiinnienenian,
Liquid Penetrant ....cioriiiiiiiiiiiiriiiiiiiii i
Ultrasonic @ reirvianraneinnnnsnes f e e e daaerarar ey
Appendix A - ASTM E-142-72 - Standard Method for ......
Controlling Quality of Radiographic
Testing.
Appendix B - ASTM E-109-63 - Standard Method for ......
Dry Powder Magnetic Particle Inspection.
Appendix C - ASTM E-165-75 - Standard Method for ......
Liquid Penetrant Inspection.
Appendix D - The Contact Ultrasonic Inspection of......
Welds.

- -

11

12

15

16

21

25

39



LIST OF FIGURES

Fig. 1. Visual Inspection Guides.....c.ccvvvinnrnn..
Fig. 2. Surface Porosity by Visual Inspection.......
Fig. 3. Radiographic Print of a Crack ..............
Fig. 4. Radiographic Print of Piping ..............
Fig. 5. Print of Radiograph ITlustrating Incomplete
Penetration ...ttt i e
Fig. 6. Radiographic Print of Lack of Fusion .......
Fig. 7. Radiographic Print of Elongated Round-Edged
S1ag INCUrsSion ovinnivnin i i ea e
Fig. 8. Radiographic Print of Crack-Like Slag
Inclusion ...l
Fig. 9. Radiographic Print of Multiple Slag
Inclusions ..t e
Fig. 10. Radiographic Print of Undercutting .........
Fig. 11. ASTM Prints of Radiographs ITlustrating Various
Types of Porosity in Plate Thickness from 1/2
inch to 1-1/2 inches ......cviiviiviienan,
Fig. 12. ASTM Prints of Radiographs Illustrating Various
Types of Porosity in Plate Thickness Greater
than 1-1/2 inches and up to 3-inches. .......

-y i-



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

13.

14,

15.

16.

17.

18,

19.

20.

21.

22.

23.

24.

LIST OF FIGURES (CONT.)

PAGE
Longitudinal Crack Indicated by
Magnetic Particle Inspection ........c.vonnn. 10
Transverse Crack Indicated by
Magnetic Particle Inspection .......co.vvinns 10
Fillet Weld Toe Crack Indicated
by Magnetic Particle Inspection ............. 10
Root Crack Indicated by Magnetic
Particle Inspection ......ciiiviineiniunnnnn 10
Slag or Porosity Indicated by
Magnetic Particle Inspection ......ccccvevuvnn 12
Interbead and Marginal Indications
(Undercuts) by Liquid Penetration
Tnspection .. it it e 12
Surface Porosity and Undercutting
Indications by Liquid Penetrant
INSPection  .viiiiiiiiiii et eaireianarannes 13
Deep Crack Indications by Liquid
Penetrant Inspection «ueveueeeerririeannnnn. 13
Crack and Slag Indications by
Liquid Penetrant Inspection ................. 13
Typical Example of Ultrasonic Indi-
cation below the DRL (Disregard Level) ...... 14
Typical Example of Ultrasonic
Indication above the ARL (Amplitude
ReJECt LEVET) vrriiiriieeeveennnnnnnnnenss 14
Typical Example of Ultrasonic
Indication above the DRL but less than the
Y 14

-vii-



D-6

D~7

D-8

D-9-¢

D-9-d

D-9-e

APPENDIX D - ULTRASONIC INSPECTION FIGURES

Technique for Inspecting Butt Welds
with Shear Waves

Masking Effect of a Base Metal .........
Lamination

Position Errors Introduced by Base ....
Metal Lamination

Typical Reference Calibration ........
Standard for Angle Beam Scanning

Typical Viewing Screen Calibration ....
for Instruments Without Decibel
Attenuation Controls

Technique for Inspecting Butt Welds...
with Shear Waves

Supplementary Technique for Inspecting....

Butt Welds when the Weld Bead is
Ground Flush

Supplementary Technique for Inspecting ...

Butt Welds when the Weld Bead is not
Ground Flush

Minimum Scanning Procedure with Weld »-.-...

Bead Flush and Both Sides of Weld
Accessible.

Minimum Scanning Procedure with Both.-
Welds Flush-CGround and One Side of
Weld Obstructed

Minimum Scanning Procedure with only-:
One Weld Bead Flush-Ground and One
Side of Weld Obstructed

Minimum Scanning Procedure with Weld +----

Bead not Flush-Ground and Both Sides
of Weld Accessible

a4

44

46

46

Minimum Scanning Procedure with Weld ----- 46

Bead not Flush-Ground and One Side
of Weld Obstructed

~viii=



SCOPE

This document defines suggested acceptance criteria
for nondestructive testing of ordinary-, medium-, and
high-strength low-alloy (HSLA) steel weldments in plate
thicknesses from 1/2 inch through 3 inches as utilized
in the comstruction of hulls of modern merchant surface )
vessels and supercedes the criteria recommended in ssc-177
and SSC-213**. It is not the object of this document to
designate the location or extent of the inspection on a
ship's hull, but rather to provide guides for the
interpretation of such tests by qualified personnel. It
is expected that only those discontinuities need be
removed and repalred as necessary to render the weld

acceptable in accordance with the applicable guides herein.

*Weld Flaw Evaluation Committee, Guide for Interpretation
of Nondestructive Tests of Welds in Ship Hull Structures,
SSC-177, Ship Structure Committee, Washington, D.C. 1966.
Youshaw, R. A., A Guide for Ultrasonic Testing and
Evaluation of Weld Flaws, S8C-213, Ship Structure Committee,
Washington, D.C. 1970.
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PERSONNEL QUALIFICATIONS

The American Society for Nondestructive Testing
standard SNT-TC-IA, "Nondestructive Test Personnel
Qualification and Certification -- Recommended Practice"
shall apply to each of the individual inspection
categories.

VISUAL

Test Method

The test method as provided on pages 155 through
157 of Welding Inspection, American Welding Society,
1968, should be used.

Interpretation Guides

The following criteria are to be used in the
evaluations:

1. Fillet and butt-welds should conform to
the requirements shown in Fig. (1) for
size, convexity, concavity, undercut,
overlap, leg, throat, and excessive weld
irregularities.

2. Surface porosity (sometimes called pock-
marks) is unacceptable. (Fig. 2)




-54“

RADIOGRAPHY

Test Method

The guides set forth in this section are applicable
to the radiographic inspection of welds in butt joints
only. The test method as provided in the American Society
for Testing and Materials Standard ASTM E-142-72 should be
used. The ASTM E-142-72 standard, without its appendices,
is reproduced as Appendix A to this report.

Interpretation Guides

For information, prints of radiographs showing types
of weld defeets are included. However, for various
indications of porosity, the original radiographic film of
ASTM Standard E-390-69 should be used for weld inter-
pretation. The following criteria are to be used in
the evaluation:

1. Welds which contain cracks are
unacceptable., (Fig. 3)

2. Welds which contain piping are
unacceptable. (Fig. 4)

,I. '»",
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Fig. 3. - Radiographic Print of a Crack

Fig. 4. - Radiographic Print of Piping
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3. Welds which contain incomplete penetra-
tion (Fig. 5) or lack of fusion (Fig. 6€)
having individual length in excess of
(L/4)T or 3/8-inch, whichever is less,
are unacceptable. The tetal cumulaulve
length of such defects shall not exceed
()T in any (6)T distance. Additionally,
the separation between adjacent defects,
along the length of the weld, shall not be
less than (1/2)7T, where T is the thickness
of the inner plate.

Fig. 5. - Print of Radiograph I1lustrating Incomplete Penetration
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Fig. 6. - Radiographic Print of Lack of Fusion

4

. Welds which contain elongated round-edged
slag inclusions greater in length than (1/2)T
or 3/4-inch, whlchever is less and where T
is the thickness of the thinner plate, are
unacceptable. (Fig. 7)
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Fig. 7. - Radiographic print of Elongated Round-Edged Slag Ipciusion
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5. Welds which contain elongated slag inclu-
sions having crack-like indications are
unacceptable. (Fig. 8)

Fig. 8. -~ Radiographic Print of Crack-Like Slag Inclusion

6. Welds which contain multiple slag inclu-
sions having individual lengths smaller
than (1/2)T or 3/4-inch, whichever is less,
and where the total cumulative length of
such defects exceeds (1)T in any (6)T
distance, are unacceptable. In addition,
the weld is unacceptable if the separation
between adjacent defects, along the length
of the weld, is more than (1/2)T, where T
is again the thickness of the thinner plate.
(Fig. 9

Fig. 9. - Radiographic Print of Multiple Slag Incliusions
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Welds which show a radiographic indication of
an undercut (Fig.1l0 ) should be judged by

using the visual inspection guide.

===
———

=== = _
== "5

- Radiographic Print of Undercutting

Fig. 10.

h the radiographs show porosity

ey contain
he limits

should be judged unacceptable if th
porosity equal to or in excess of ¢
11 and 12

shown in Figs.

Welds in whic

-
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Fig. 11b. Fine Scattered Porosity (ASTM Grade 4 in 3/4~inch thick plate)
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Fig. 11d. Linear Porosity (ASTM Grade 2 in 3/4-inch thick plate)

Fig. 11. - ASTM Prints of Radiographs Illustrating Various Types of
Porosity in Plate Thickness from 1/2 inch to 1-1/2 inches



»o«os.&s*w&?‘&%&?&%82@*%@}5#%&&2%%‘35’&@%%%%%“3
sade bbb PRB RN YRS BRI
$aEEEARERGS §§%§%§%§%&«% 3

A% S wwwwwwmwwmmmw@m@w&w%@%gg- 91 ¢

ng@ e mw%w&%@%%& ‘&%%’&‘g%\% FE T IEL S i LRI T

. ;.umgm srekab $ARBTAL ISR ATA VI NRAY RS R BRRAY Ay 3 FR T TN

. ot 43 PR e E RIS RTRRL AR R LR PEES T, ens

IE SRS T Mewmwwuussewmmw&%um »M%&M%‘?Méé‘w?%??‘e?Q%%x%‘wéséﬂ» iy H
wéwéém%éé%%??’ >§e$§»§§é%‘§w§swéwm I LR PR TP ITY

%gga%gggggggggeggm g &waz% H%‘& [T IR R
[N PR SRR

e &»% §§$%&%9%§¢&%@§

zsz§%??§£
§i§§§§§§‘%%§%¥§§%§§§§§§§
[ASTELALERE6 EARREE o
gé%;iég%;‘i%;‘% 3 §%§?;WM«MN@%%&%‘NN%%%HM&@%&@&?%
&«5%&%%@%&%%&%@%%%Memwwmmémwmngmggmm s&‘ggg}

IOEOMIG BN A MO G L S Sae N PORC R PR F IR ISR EEE ER LR RN

Fig. 12a. Coarse Scattered Porosity (ASTM Grade 3 in 2-inch thick plate)

= e PPN
j;Q%%§m@m«wmw*@%w%%&% w u fi a e

44333

: ;

By he'a s e BEEY fig
spwe sy ¥ D 5 W?MW . o M, f_z % d

N whe L -
ya i ds St ca
g €;§Mv«k<z§“‘*”‘%*

%

cebnaBBiY

wpghEd
i wa b B ERS

W% %§ %‘% B
Fig. 12b. Fine Scattered Porasity (ASTM Grade 4 in 2-inch thick plate)

: §
PRITERiedag g
3>z§»5‘§3§§”§3

Gasei e
b5 4 %uwzwggi

MWNM&' .

Fig. 12c.  Clustered Porosity (ASTM Grade 2 in 2-inch thick plate)

Lrel BEEFEETLER LILREY TR OMSTUR IR ABT S 58 Ty
3 &ggggggg@%&%‘%&%&&%%&%%é&W‘é%%Q B133¥kie ;
‘gi%§§§§§§§§§&§§§§§§§§§gg§§gg§§§g§§§§§g%&@%@@§%%§é%§%%§§§§§ TR Hietvh e
(.W%%g%“W@w%gg%%gg%g@%ggg%g‘g‘g‘%‘ggw‘%%%ﬁ% 3530 ihana wxwméa“é@é GREH Ry
o ki TG PRI | ’
) oy é>zézs«;mss%sm:sﬁwmmmwéwéé&*’%memwmm%széé
: §@§¢@z§s§@§§%§%%ﬁ%é§§éé%§%%éfé?%%§%§i§§$§$§z%§ *%é?%%%§%%%%§%%§&

PPN

Fig. 12d. Linear Porosity (ASTM Grade 2 in 2-inch thick plate)

Fig. 12 -~ ASTM Prints of Radiographs I1lustrating Various Types of
Porosity in Plate Thickness Greater than 1-1/2 inches and up

to 3-inches.



-10-

i H j‘y, T T T A

‘\ gy oy "’”‘. I it gy ey , l iy il

’/‘,‘"“,‘,,",JJ‘V,“ Hu:’,’:!w;w: "‘v;':"w‘flp ) ié’uu ! 7:‘,%) w,,.’,,,,;fg‘,,""ml “fjr,jl /'W i !’W'",ﬂlmu ””” M /J«' i M ik
(it i !

e W]
Oy i } g r“ i i t

! if

Mt 0 e A

j ‘] u:‘ m) et
i . MHWWMM

A ‘ﬂ’,u"‘ J
il

Y
il il ('v i «"" g
wﬂ"‘v"'v’”“"' il "’iv’wl i il fff”,;! mf'l,«“'ﬁ»m W/ i I/l,}/xl M’""M/Z
! i

Lt ‘ el ‘
: i " d"““ﬂ;ﬁ,‘”/llv("; 'ﬂwh'?/ WW ’;’ntﬂ W/j _“ ‘WN
!mm iy H} ‘v‘l b il '",", ‘ ,v‘ /ﬂ":" ety Vl"
M e 'WM/WW%W
Fig. 13 - Longitudinal Crack Indicated by Mag-
netic-Particle Inspection.

= v

Fig. 14 - Transverse Crack Indicated by Mag—
netic-Particle Inspection.

Fig. 15 ~ Fillet Weld Toe Crack Indicated by
Magnetic-Particle Inspection.

Fig. 16 - Root CraCK Ind1cated by Magnet1c
Particle Inspection.
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MAGNETIC PARTICLE

Test Method

The magnetic particle inspection method is used for
detecting surface or near-surface discontinuities in
ferromagnetic metals, It is applicable to fillet as well
as butt welds. The dry powder test method in ASTM Standard
E 109-63 is recommended, The ASTM E-109-63 standard, with-
out its appendices, is reproduced as Appendix B to this
report.

When using the process on HSLA materials and weldments,
certain factors not normally associated with process use on
lower strength materials need to be considered. In the
presence of identical magnetic fields, the alloy content of
HSLA steels caused them to exhibit magnetic permeability
and retentivity markedly different from that exhibited by
lower-strength materials. In conducting magnetic particle
tests, particularly where HSLA materials are joined to
lower strength steels, the difference in permeability may
give rise to indications which are almost impossible to
distinguish from flaw indications. These ""false
indications" can be particularly troublesome at the toes of
fillet welds joining HSLA steels, and can result in needless
expensive repairs unless properly identified. Light
exploratory grinding followed by re-inspection will isolate
the true flaw from the ""false indication".

Random arc strikes caused by the test prods on HSLA
materials, particularly on the higher strength quenched and
tempered grades, should be prevented because of high
hardenability and resultant crack initiation potential.

Weldments in some quenched and tempered (Q & T) HSLA
materials which have been proven crack free during and
immediately following welding can nevertheless still develop
rejectable defects later. For this reason final magnetic
particle inspection of such Q & T HSLA weldments should be
delayed for a period of at least seven days.

Interpretation Standards

All weld surfaces containing cracks, porosity and lack
of fusion are unacceptable; undercuts should be judged by
using the visual inspection guides. Some false indications
may occur as a result of fillet weld root conditions or
other subsurface discontinuity and these indications should
not be considered cause for rejection without further
investigation. Typical magnetic-particle indications are
shown in Figures (13--17).
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Fig. 17 - Slag or Porosity Indicated by
Magnetic-Particle Inspection.

LIQUID PENETRANT

Test Method

The liquid penetrant test method as developed in
ASTM Standard E-165-65 should be used for detecting
the presence of discontinuities open to the surface.
Dye penetrant of the water washable type is recommended.
The ASTM E-165-65 standard is reproduced as Appendix C
to this report.

Interpretation Standard

All weld surfaces containing cracks, porosity and
lack of fusion are unacceptable; undercuts should be
judged by using the visual inspection guides. Typical
li§uid penetrant indications are shown in Figures (18-
21).

s
-

C )l

Fig. 18 - Interbead and Marginal Indications

(Undercuts) by Liquid Penetration
Inspection.
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Fig. 20 ~ Deep Crack Indications by Liquid
Penetrant Inspection.
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ARL — 8o
70
zg INDICATIONS BELOW THE DRL LEVEL

DRL— a0 ARE TQ BE DISREGARDED

30
1 20

i.:;::%::j

Fig. 22 - Typical Example of Ultrasonic Indication below the DRL
{(Disregard Level).
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ARL—| g0
70

&0 INDICATIONS GREATER THAN THE ARL

“mi—lw| LEVEL ARE REJECTABLE
.
10

Fig. 23 - Typical Example of Ultrasonic Indication above the ARL
(Amplitude Reject Level).

ARL—] &0
70 OTHER INDICATIONS EQUAL TO OR

gg GREATER THAN THE DRL LEVEL REQUIRE

DRL—{ 0 A DETERMINATION OF DEFECT LENGTH
20 AND SEPARATION DISTANCE

Fig. 24 - Typical Example of Ultrasonic Indication above the DRL but
less than the ARL.



=15~

ULTRASONIC
Test Method

The contact ultrasonic inspection of butt welds
described in Appendix D is recommended.

Interpretation Standards

When base metals of different thicknesses are welded
together, the thickness of the thinner member shall be
used in determinations of acceptable limits of disconti-
nuities.

Discontinuities which produce signal amplitudes less
than the Disregard Level (DRL), (Fig. 22), are acceptable.

Discontinuities which produce signal amplitudes
greater than the Amplitude Reject Level (ARL), (Fig. 23),
are unacceptable.

Other discontinuities which cause signal amplitudes
equal to or greater than the DRL, (Fig. 24), require a
length determination and are evaluated as follows:

a, Discontinuities identified as cracks are
unacceptable.
b. Other discontinuties with lengths greater

than (1/4)T or 3/8 inch, whichever is less,
where T is the thickness of the thinner plate,
are unacceptable. Discontinuties identi-
fiable as round-edged slag not greater than
(1/2)T of 3/4-inch, whichever is less and
where T is the thickness of the thinner plate,
are acceptable,

c. Total cumulative discontinuities shall
not exceed (1)T in any (6)T distance,

d, Separation between adjacent discontinuities
along the length of the weld shall not be
less than (1/2)T.
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Standard Method for
CONTROLLING QUALITY OF RADIOGRAPHIC
TESTING'
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APPENDIX A

€ NoTE 1—Figure | was ediorially corrected m December 1972,

NOTE 2-—Footnote 6, in Appendix A2, was added editonially in March 1974,

1. Scope

1.1 This method covers the radiographic
testing of materials for internal discontinui-
ties, and also the use of film and other record-
ing media. Requirements expressed in this
method are intended to control the reliability
or quality of the radiographic images, and are
not intended for controlling the acceptability
or quality of materials or products.

1.2 The number of areas or parts to be ra-
diographed and the acceptance standard to be
applied shall be specified in the contract, pur-
chase order, product specification, or draw-
ings. The quality level required for radiogra-
phy shall be at least 2 percent (2-2T), unless a
higher or lower quality is agreed upon by the
purchaser and the supplier,

NoTE 1—Reference should be made to the fol-
lowing publications for pertinent information:

ASTM Recommended Pracuces E 94, for Radi-
ographic Testing.*

O’Connor D, T..and Cniscuolo, E. L., “The Qual-
ity of Radiographic Inspection.” 45TM Bullenn,
ASTBA, No. 213, April 1956, pp. 53-59.

Safe Handling of Radioactive Isotopes. Hand-
book No. 42, Nat. Bureau of Standards.

X-ray Protection, Handhook No. 60, Nai, Bu-
reau of Standards.

Protection Against Radiation from Radium,
Cobalt-60, and Cesium-137; Handbook No. 54,
Nat. Bureau of Standards.

NOTE 2—The values stated in U.S, customary
units are to be regarded as the standard.

2. Definitions

2.1 radiographic inspection—the use of X
rays or nuclear radiation or both, to detect
discontinuities in material, and to present
their images on a recording medium.

2.2 recording medium—a film or detecior
which converts radiation into a visible image.

2.3 radiograph—a permanent visible image
on a recording medium produced by penetrai-
ing radiation passing through the material
being tested.

2.4 penetrameter—a device employed to
obtain evidence on a radiograph that the tech-
nique used was satisfactory. It is not intended
for use in judging the size of discontinuities
nor for establishing acceptance limits for ma-
terials or products.

2.5 source—a machine or radioactive mate-
rial which emits penetrating radiation.

2.6 source-film distance—the distance be-
tween the radiation producing area of the
source and the film.

3. Direction of Radiation

3.1 When not otherwise specified, the
direction of the central beam of radiation
shall be perpendicular, wherever possible, to
the surface of the film.

4. Pepeirameters

4.1 The quality of all levels of radiographic
testing shall be determined by a penetrameter
conforming to the foliowing requirements:

4.1.1 Penetrameters shall be fabricated of
radiographically similar material to the object
being inspected.

Nott 3—Radiographically similar material re-

' This mcthod is under the jurisdiction of ASTM Com-
mittee E-7 on Nondestructive Testing

Current odition approved May 30, 1972, Published
November 1972 Orignllly published as E 142 - 59 T,
Last previous edition E 142 - 68,

* Annual Book of ASTM Standards, Part 31

Reprinted by permission of the American Society for Testing and

Materials.
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fers to matenals or alloys which have approximately
the sume radiation absorption as the material heing
radiographed. The identical alloy. by chemical anal-
ysis, 15 not uswally required.

4.1.2 Penetrameters shall be made in ac-
cordance with Fig. 1, except as specified in
4.1.3. Variations in the length and width of
rectanguar penetrameters arc permitted.

4.1.3 Penetrameter designs other than
those in Fig. 1 may be permitted upon con-
tractual agreement provided that the applica-
ble thickness and hole sizes conform to Fig. 1.
Other penetrameter requirements shall be
adhered to as specified herein.

4.1.4 Identification—The rectangular pene-
trameter shall be identified with a number
made of lead which is attached to the pene-
trameter. The number shall indicate the thick-
ness of the penetrameter in thousandths of an
inch. The penetrameter thickness must be se-
lected to indicate the proper quality level,
(Table I).

4.1.5 Penetrameters that otherwise con-
form to the requirements of this method but
do not have the proper identification may be
used provided that lead numbers indicating
penetrameter thickness arc placed adjacent to
the penetrameter plaque.

4.1.6 Lead numbers shall be placed adja-
cent to the circular penetrameters to provide
identification of the penetrameter on the film
(Table 1).

5. Levels of Inspection

5.1 The quality level required for radiogra-
phy shall be at least 2 percent (2-2T), unless a
higher or lower quality is agreed upon by the
purchaser and the supplier. Three quality lev~
els of inspection levels 2-1T, 2-2T, and 2-4T
(Note 4), are available through the design and
application of the penetrameter as shown in
Table 2. Other levels of inspection are availa-
ble as indicated in Table 3. The level of
inspection specified should be based on the
service requirements of the product. Great
care should be taken in specifying quality lev-
els 2-1T, 1-1T, and 1-2T by first determining
that these guality levels can be maintained in
production radiography.

NoTtr 4 The first number of the guality level
designation refers, to penetrameter thick iess ox-
pressed Js o percentage of specimen thickness: the
second number refers W the diameter ol the pene-
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tramcter hole which must be revealed. expressed as
a multiple of penetrameter thickness, 7.

5.2 In specifying radiographic quality lev-
els, the contract, purchase order, product
specification, or drawing should clearly indi-
cate the thickness of metal to which the qual-
ity level refers. Careful consideration ol re-
quired radiographic quality fevels is particu-
larly important in the examination of double-
walled products such as piping or ducts. The
thickness of penetrameters employed shall be
based upon the thickness of the specimen
between the penetrameters and the film hold-
er, including the thickness of penetrameter
shims which may be required (see 6.2).

5.3 ASME Boiler and Pressure Vessel
Code and other penetrameters will be accept-
able under this method provided the hole sizes
and penetrameter thickness conform to the
requirements specified herein. Modification of
ASME penetrameters may be accomplished
by drilling a 1T hole adjacent to the existing
2T or 3T holes.

6. Placement of Penetrameters

6.1 Penetrameters shall be placed on the
source side of the section being examined and
should be placed so0 that the plane of the pene-
trameter is normal to the radiation beam. If
this is not practicable, placement of the pene-
irameter on a block is acceptable provided the
block is of radiographically similar materal.
the same thickness a- "¢ part being radi-
ographed, and is place. ..» close as possible Lo
the material being inspecled.

6.2 When radiographing welds, penetrame-
ters shall be placed on the parent metal, ap-
proximately 4 in. (3.18 mm) from the edge of
the weld. When weld reinforcement or pro-
truding backing ring is not removed, a shim of
the same type of metal as the parent metal
shall be placed under the penetrameter to
provide the same thickness of material under
the penetrameter as the average thickness
through the weld. Shims shall exceed the pe-
netrameter dimensions by at least '/, in. on all
sides and the shimmed penetrameter shall be
placed so as not to overlap the backing strip
ot ring.

6.3 When examining double-walled parts
such as piping or duct. with a radiation source
outside the pipe, the penetrameter shall be
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placed, where practicable, on the outside of
the pipe alongside the weld nearest the source
of radiation.

6.4 In cases where piacement of the pene-
trameter on the source side is impracticable,
the penetrameter may be placed on the film
side if one of the following conditions is met;

6.4.1 The radiographic technique shall be
demonstrated with the applicable penetrame-
ter placed on the source side and a continuous
series of penetrameters placed on the film side
of a like pipe section. The series of penetra-
meters shall range in thickness from 2 percent
to 0.5 percent of the material thickness, If the
penetrameter on the source side indicates the
required sensitivity, the image of the smallest
penetrameter hole visible on the film side
shall be used to detcrmine the penetrameter
and penetrameter hole which shall be used on
inspection radiographs.

6.4.2 When radiographing welds in which
only the portion of the weld next to the film is
viewed, the radiographic technique shall be
demonstrated on a similar pipe section with
the applicable penetrameters placed on the
inside along the root of the weld, and a series
of penetrameters, chosen as in 6.4.1, placed
on the film side. If the penetrameter on the
source side indicates the required sensitivity,
the image of the smallest penetrameter hole
visible on the film side shall be used to deter-
mine the penetrameter and penetrameter
holes which shall be used on inspection radi-
ographs

6.5 In the inspection of irregular objects,
the penetrameter shall be placed on the part
of the object farthest irom the film.

7. Number of Penetrameters

7.1 One penetrameter shall represent an
area within which radiographic densities do
not vary more tham —~15 or 430 percent
(Note 5). At least one penetrameter per radi-
ograph, exposed simultaneously with the spec-
imen, shall be used except as noted in 7.1.1
and 7.1.2 (Note 6).

7.1.1 When film density varies more than
— 15 or +30 percent from that adjacent to the
penetrameter, two penetrameters used in the
following manner will be satisfactory. If one
penetrameter shows an acceptable sensitivity
at the most dense portion of the radiograph
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and the second penctrameter. placed in ac-
cordance with Section 6, shows an accepisble
sensitivity at the least dense portion of the
radiograph, these two penetrameters will
serve to qualify the radiograph.

7.1.2 Simulianeous Exposures—When a
part or parts of the same design are cxposed
simultaneously under the same geomctrical
conditions in a 360-deg radiation beam, a
minimum of one penetrameter shall be re-
quired in each quadrant.

NoTe 5 Radiographic densities may be meas-
ured by a visual comparison technique of known
accuracy, such as calibrated film strips. When films
are exposed simultancously in one film holder, den-
sity variations should be determined on the single or
superimposed films, referred to the manner in which
they are interpreted.

‘Norte 6—For parts of irregular geometry or
widely varying thickness, it may be necessary to
radiograph the first unit of a given design 1o deter-
mine proper placement of penetrameters for subse-
quent radiography.

8. Location of Markers

8.1 The image of the location markers for
the coordination of the part with the film shall
appear on the film, without interfering with
the interpretation, with such an arrangement
that it is evident that complete coverage was
obtained. These marker positions shall be
marked on the part, and the position of the
markers shall be maintained on the part dur-
ing radiography.

9. ldentification of Radiograph

9.1 A system of positive identification of
the film shall be provided. Any or all of the
following may appear: the name of the in-
specting laboratory, the date, the part num-
ber, the view, and whether original or subse-
quent exposure.

10. Multiple Film Techniques

10.1 Film technigues with two or more films
of equal or different speeds in the same holder
will be permitted provided that the appropri-
ate hole in the penetrameter for a specific
area is demonstrated.

11. Non-Film Techniques

11.1 The use of non-film imaging tech-
niques will be permitted provided that the
applicable penetrameter hole is demonstrated
in the resultant image.
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12. Image Qualiiy

12.1 The radiographic image shall be free
of blemishes which interfere with its interpre-
tation.

13. Source-Film Distance

13.1 Any source-film distance will be satis-
factory provided that the required quality
level is attained.

14. Records
14.1 Complete records of the technique

E 142

details shall be maintained by the inspecting
laboratory.

15. Safety

15.1 Radiographic procedure shall be car-
ried out under protected conditions so that the
radiographer will not receive a maximum
whole body radiation dosage exceeding that
permitted by city, siate, or national codes.
The recommendations of the National Com-
mittee on Radiation Protection published by
the National Bureau of Standards should be
the guide to radiological safety.

TABLE 1 Examples of Penetrameter {dentification
Minimum Specimen Thickness, in. (mm)
Tdentifi- »
cation enetrameter
No. on Thickness, %_el‘flgl Level Eevel
Perie- in. (mm) 227, and I-17 2nd 2T
trameter 24T o=
5 0.005 0.127) s (3.18) s (12.71 a (3.18)
13 0.006 (0.152) e (794) Vs (15.9) . .
8 0.008 (0.203) s (9.53) e (19.1) " (4.76)
9 0.009 (0.229) e (11D s (22.2) . .

10 0.010 (0.254) Y. (12.7) i (25.4) Ya (6.35)

11 a.011 {0.279) e (143) 14 (28.6) -

12 0.012 {0.305) u (15.9) 1Y, (31.8) .

20 0.020 (0.508) 1 (25.4) 2 (50.8) Y, (2.7
100 0.100 (2.540) 5 azxn 10 (254) 2Y, (63.5)
150 0.150 (3.810) 7Y (191) 15 (381) 3 (95.2)

TABLE 2 Quality Levels of Inspection TABLE 3 Special Levels of Inspection
Minimum  Equivalent Minimurm  Equivalent
Level ol Penetrameter Percep-  Penetrameter Level of Penetrameter Percep-  Penetrameter
Inspection” Thickness tible Hole  Sensitivity, Inspection” Thickness tible Hole  Scnsitivity,
Diameter percent” Diameter percent’
21T 5w (2 percent) of 1T 1.4 I-1T  Yye0 (1 percent) of 1T 0.7
2227 specimen thick- 2T 2.0 specimen thick-
24T ness 4T 2.8 ness
1-2T T 1
“ Level 2-IT Radiography—In level 2-5T radiography
the 1T hole in a penctrameter, 'z (2 percent) of the speci- 42T 35 (4 percent) off 2T 4

men thickness shall be visible.

Level 2-2T Radivgraphy—In level 2-2T radiography the
2T bole in a penetrameter, /5 (2 percent) of the specimen
thickness shall be visible.

Level 2-4T Radiography—I1n level 2-4T radiography the
4T hole in 2 penctrametsr, Vs (2 percent) of the specimen
thickness shall be visible,

Special Lecels of Inspection—5pecial levels of inspec-
tton are avarlable as shown in Table 3,

" Equivalent penetrameter sensitivity is that thickness of
penetrameter. expressed as a percentage of the part thick-
ness. 10 which 2 2T hole would be visible under the same
radwgraphic conditions.

Fur the appropriate thicknesses the outline of ine circu-
lar penetrameter shall be shown when the 4T fole is ~peci-
fied

specimen thick-
ness

® Lecel I-]T Radiographi—In Level 1-!T radiography
the 1T hole in a penetrameter. /. (1 percent) of the spect-
men thickness shall be visible.

Level 1-2T Radiographv—In Level [-IT radiography
the 2T hole in a penetrameter, 7, {1 percznt) of the speci-
men thickness shall be viatble

Lecel 4-2T Radwgraphy—In Level +2T radiozrephy
the 2T hole in a penetrameter, 7_- (4 perceni) of the ~peci-
men thickness shall be visible.
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Place Identification M
Numbers Here T diam_
27T digm
. . 1 b S —
Minimum Penetrameter Thickness . 0.005 I L—é 1.
Minimum Diameter for | T Hole___0.010" ——|~X - -*— x
Minimum Diometer for 2T Hole . 0.020" ! a 1
ini ' for 4T H ' - -
Minimum Diameter for ole 0040 _.u‘._ L _' r L_ . L_
Holes shall be True ond Normal A T
to the Surface of the Penetrameter & See Note for
Do Not Chamfer — Tolerance
Iy

Design for Penctrameter Thickness from 0.005 1n, and including 0,050 in.

From 0.00% in, through 0,012, . wec Table |

From 0,012 tn. through 0 020 1n. Made 1n 0 0025 1n. Increments

From 0.020 in, through 0.030 1n Made in 0.005 in, increments

Penetrameter thicknesses between the increments indicated are permitted. provided they do nol exceed the maximum

thickness required
AT diam

T diam
_2Tdiam

B ]

X P
|

VANVA

Place |dentification ! |

Numbers Here | . !

N N .
3 e See Note for
4 Tolerance

2§

Design for Penctrameter Thickness from 0.060 in. to and Including 0.160 n,
Made 1n 0.010 10, Increments.

L
—F
1337
J N N N
4T
OVEE=r
| 837
——-J T
See Note for
Tolerance

Design for Penctrameter Thickness of 0 180 in and Qver

Made in 0,020 in Increments

MoTE | —Tolerances on penetrameier thickness and hole diameter shall be =10 percent or onc hall of the thickness in-
crement between penetrameter sizes. whichever 1s smaller.

Note2—1in, = 254 mm.
FIG. 1 Penetrameser Designs.
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Standard Method for

DRY POWDER MAGNETIC PARTICLE

INSPECTION'

This Standard is 15sued under the fixed designation E 109: 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.

This method has been approved by the Depariment of Defense as part of Federal Test Method Standard No. 151b and for
listing in the DoD Index of Specifications and Standards. Future proposed revisions should be coordinated with the Federal
Government through the Army Materials and Mecharues Research Center. Watertown, Mass (02172,

1. Scope

1.1 This method provides a uniform proce-
dure for magnetic particle inspection with dry
powder of large parts such as castings and
weldments, that will produce satisfactory and
consistent results upon which acceptance
standards may be used.

1.2 The procedure outlined in the body of
this method provides for local circular magne-
tization by the use of prod-type contacts. This
technique will provide satisfactory inspection
of most parts intended for general industrial
use where the dry powder method is applica-
ble. There are many applications, however,
where the prod technique is either not satis-
factory or not the most practical method.
Other dry powder methods are outlined in
Appendix Al, which should be considered and
be used when specified or specifically agreed
upon. Neither the method nor the Appendixes
include the wet method of magnetic particle
inspection, which should be considered where
applicable.

1.3 This method does not indicate or sug-
gest standards for evaluation of the indica-
tions obtained. It should be pointed out, how-
ever, that after indications have been pro-
duced, they must be interpreted or classified
and then evaluated. For this purpose there
must be a separate specification or a specific
agreement between those responsible for the
mnspection and the purchasers or users, to ac-
curately define the type, location, and direc-
tion of indications considered acceptable, and
those considered unacceptable, and those
where rework or repair is permitted.

1.4 The dry powder method is more sensi-

tive than the wet method in the detection of
near surface discontinuities, but is not as sen-
sitive in detecting fine surface discontinuities.
It is also convenient to use in conjunction with
portable equipment for the inspection of large
areas or for field inspection. It 1s therefore
often used for the inspection of large parts,
such as large castings, forgings. or weldments,
or parts with rough surfaces. It is not nor-
mally used for the inspection of smaller parts
such as automotive or aircraft parts where the
wet method with stationary equipment 1s
usually more convenient and effective.

Nots |—The values siated in U.S. customary
units are to be regarded as the standard,

2. Magnetic Particle Inspection

2.1 Magnetic particle inspection is a non-
destructive method for detecting cracks and
other discontinuities at or near the surface in
ferromagnetic materials. Finely divided mag-
netic particles are applied to the surface of a
part which has been suitably magnetized, The
particles are atiracted to regions of magnetic
nonuniformity asscciated with defects and
discontinuities, thus producing indications
which are observed visually. This method
deals with magnetic particle inspection, using
dry powder particles as the inspection me-
dium.

3. Apparatus
3.1 Inspection by the dry method is carried

" This method 15 under the jurisdiction of the ASTM
Commiitee E-7 on Nondestructive Tesung.

Current edition cfective Sept. 30, 1963 Originally is-
sued 1955 Replaces £ 109 ~ 57 Tund A 272

Reprinted by permission of the American Society for Testing and
Materials.
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on with portable magnetizing equipment posi-
tioned adjacent to the piece being inspected
(Fig. 1). This type of equipment may be pro-
vided with suitable switches for convenient
control of the amount of the current to be
used. It is recommended that ammeters be
included and so positioned that the inspector
can readily observe that adequate current is
flowing for each inspection. Magnetizing is
done by the use of portable prod contacts con-
nected to the unit by flexible cables. A remote
control switch, which may be built into the
prod handles, shouild be provided which per-
mits the inspector to turn the current on aficr
the prods have been properly positioned on
the part being inspected and turned off before
the prods are removed. When using long ca-
bles, particular care should be taken to deter-
mine by means of the ammeter, that sufficient
current is flowing,

3.2 An applicator may be used for rapid
and uniform application of dry powder. Care
should be taken to dust on the powder very
lightly and sparingly. A low-velocity low-
pressure air stream [rom a hand bulb or a
small air hose may be used to remove excess
powder. Adequate lighting should be provided
to observe indications.

4. Surface Preparation

4.1 The surlace being inspected shall be
clean and dry, It shall be free from oil, sand,
loose rust, or loose scale. As-cast or as-welded
surfaces are generally satisfactory if clean. A
pressure blast is useful for this purpose. Thin
paint does not interfere with the formation of
indications but must be removed at points
where electrical contact is Lo be made. If the
surface is unusually rough, such as with
burned-in sand, or a very rough weld bead,
interpretation may be difficult because the
powder is being trapped mechanically. In case
of doubt a light grind may be necessary lo
determine if actual indications are present,

5. Inspection Medium

5.1 Dry powder shall be used as the inspec-
tion medium. This material shall be of high
permeability and low retentivity and of suita-
ble sizes and shapes to produce readily mag-
netic particle indications. It should be of a
color that will provide adequate contrast with
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the background of the surface being inspected.
The powder shall be applied by lightly dusting
a small quantity over the surface and then
removing the excess with a gentle air stream.
The air stream shall be so controlled that it
does not disturb or remove lightly held pow-
der patterns (Note 2). In order to recognize
the broad, fuzzy, lightly held powder patterns
produced by subsurface discontinuities. it is
essential to observe carefully the formation of
indications while the powder is being applied,
and aiso while the excess ig being removed.
Adcquate lighting shall be provided for easy
observation of the indications (Note 3).

NoTE 2-—It is recommended that the nozzle size
and air pressure shall be such that, when operuating
in free air, a pressure of approximately 1 in. (25.4
mm)} of water will be produced when measured with
a manometer tube located at an axia) distance of 1
in. from the nozzle.

Nove 3—A permanent record may be made by
photographs or by transfers, Transfers of any indi-
carion may easily be made by carefully pressing
lransparent pressure sensitive tupe down over the
indication. The tape is then removed with the indi-
cation adhering to it, This may then be placed on a
picee of white paper. or directly on a sketeh or re-
port to form a permanent record.

6. Magnetization

6.1 Magnetizing Technique- Circularly
magnetize the area to be inspected locally by
means of contact electrodes or prods (Fig. 1).
Maintain prod spacing betwcen 6 and 8 in,
{152 to 203 mm) except when the geomelry of
the part does not permit. In such cases, prod
spacings of 2 to 4 in, (51 to 102 mm) and over
4 and less than 6 in., may be used as indicated
in Table 1. Take care to prevent local over-
heating. arching, or burning the surface being
inspected, particularly on high-carbon or alloy
materials where hard spots or cracks could be
produced by improper magnetizing technique.
Do not turn on until after prods have been
properly positioned in contact with the sur-
face, and turn off the current before the prods
are removed.

6.2 Direction of Magnetization -Since
poor indications are produced when the dis-
continuities are perpendicular to current fow,
the prods should be initially positioned so that
the current fows cssentially parallel (o the
direction of possible or expected discontinui-
ties. Unless otherwise specified. make two
separate inspections in each arca. Make the
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second inspection with the prods positioned so
that the current flows approximately at right
angles to the current flow used [or the first
inspection in that area,

6.3 Magnetizing Current—Use a source of
direct or rectified current for magnetization.
Use an average magnetizing current accord-
ing to the section thickness and prod spacing
as shown in Table 1. If the geometry of the
part does not permit the use of the 6 to 8-in.
prod spacing, use the average magnetizing
current that is also shown in Table ].

6.4 Sequence of Operation—Perform the
inspection by the continuous method; that is,
leave the magnetizing current on during the
period the inspection medium is being applied
and also while excess inspection medium is
being removed with a gentle air stream.

7. Other Methods ef Magnetic Particle
Inspection

7.1 Over-all magnetization (as specified in
Appendix Al) or the wet method of magnetic
particle inspection may be used if such meth-
ods are more practical for certain cases, If
such a method is used it shall be by mutual

TABLE 1
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agreement of the manufacturer and the pur-
chaser. The procedure [or testing shall include
specific details on magnetizing technique,
direction or directions of magnetization, type
and amount of magnetizing current, and se-
quence of operations.

8. Reference Photographs

8.1 Examples of discontinuities that may
be found in ferrous castings and reference
photographs of various degrees of severity of
indications produced using dry powder and
prods may be found in ASTM Reference Pho-
tographs E 125, for Magnetic Particle Indica-
tions on Ferrous Castings.”

9. Acceptance Standards

9.1 The acceptability of parts inspected to
this method is not specified by this testing
method, Acceptance standards are a matter of
agreement between the manufacturer and the
purchaser, or applicable specification or code.

‘ Appears in the Annual Book of ASTM Standards, Part
31. These reference photographs are also avatlable on four
large charts arranged for cach type of discontinuity, The
charts may be purchased from ASTM Headquarters. Re-
quest Adjunct No. 12-J01250-00

Prod Spacing and Amperes

Prod Spacing, in.

Secuon Thickness, mn.

{mm)

Under 7, m., A 7, and over, A

210 4 (51 to 200 to 300 300 to 400
102)

Over 4 (102) 1o less 300 o 400 400 10 600
than 6 (152)

6 to 8 (152 to 203) 400 to 600 600 Lo 800

“Prod distances of less than 2 in. (31 mm)} are not
feasible and some other inspecuon method must be em-

ployed.



FIG. T Prod Inspection of Heavy W efdment with Portable Eqguipment
1800 A, half-wave, continuous. 8 to -d-in, (203 0 254 mm prod spaving.
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APPENDIX C

LIQUID PENETRANT INSPECTION

METHOD'
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This recommended pracuce has been approved by the Department of Defense as part of Federal Test Method Standard No
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the Federal Government through the Army Materials and Mechames Research Center, Wareriown, Mass 02{72

1. Scope

1.1 This recommended practice covers pro-
cedures for liquid penetrant inspection of mate-
rials. Liquid penetrant processes are nonde-
structive testing methods for detecting discon-
tinuities that are open to the surface. They are
applicable to in-process, final, and maintenance
inspection. They can be effectively used in the
inspection of nonporous metallic materials,
both ferrous and nonferrous, and of nonporous,
nonmetallic materials such as ceramics, plas-
tics, and glass. Discontinuities open to the
surface such as cracks, seams, laps, cold shuts,
laminations, through leaks, or lack of fusion
are indicated by these methods.

1.2 This recommended practice also pro-
vides a reference:

1.2.1 By which the liquid penetrant inspec-
tion processes recommended or required by
individual organizations can be reviewed to
ascertain their applicability and completeness.

1.2.2 For use in the preparation ol process
specifications dealing with the liquid penetrant
inspection of materials and parts. Agreement
by the purchaser and the manufacturer regard-
ing specific techniques is strongly recom-
mended.

1.2.3 For use in the organization of the
facilities and personnel concerned in the liquid
penetrant inspection.

1.3 This recommended practice does not
indicate or suggest standards for evaluation of
the indications obtained. It should be pointed
out, however, that after indications have been
produced, they must be interpreted or classified
and then evaluated. For this purpose there must

be a separate code or specification or 4 specific
agreement to define the type, size. location, and
direction of indications considered acceptable,
and those considered unacceptable,

2. Applicable Documents

2.1 ASTM Standards:

D 129, Test for Sulfur in Petroleum Products
(General Bomb Method)?

D 808, Test for Chlorine in New und Used
Petroleum Products (Bomb Method)?

E 270, Defimtions of Terms Relating to
Liquid Penetrant Inspection*

3. Summary

3.1 Liquid penetrant inspection methods
provide a means for the detection of discon-
unuities that are open to the surface. In general.
a liquid penetrant is applied evenly over the
surface of the part being tested and allowed to
enter discontinuities. After a suitable dwell
time, the excess surface penetrant is removed
and the part dried. A developer is then applied
which draws the entrapped penetrant out of the
discontinuity, staining the developer. The test
part is then inspected visually to determine the
presence or absence of indications.

3.2 The selection of a particular method and
type of penetrant inspection procedure depends
upon the nature of the apphcation, conditions
under which the inspection 1s to be performed,

' This recommended practice 1s under the jurisdiction of
ASTM Committec E-7 on MNondestructive Testing

Current edition approved April 25. 1975 Published June
1975. Orginally published as E 165 - 60 T Last previous
edition E 165 - 65 (1971)

® dnnual Book of ASTM Siandards, Paris 23 and 40

* Annual Book of ASTM Standards, Part 23.

* Annual Book of ASTM Standards, Part 11

Reprinted by permission of the American Society for Testing and
Materials.
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availability of processing cquipment, and type
of materials to perform the inspection.

3.3 Processing parameters, such as preclcan-
ing, penetration time, etc., arc determined by
the specific materials used, the nature of the
part under inspection (that is, size, shape,
surface condition, alloy), type of discontinuities
expected, ete. Liquid penetrant inspection
methods indicatc the presence, location, and, to
some extent, the nature and magnitude of the
detected discontinuities,

4, Definitions

4.1 The definitions relating to liquid penc-
trant inspection, which appear in Definitions
E 270, shall apply 10 the terms used in this rec-
ommended practice.

5. Classification of Methods and Types of
Materials

5.1 Liqud penctrant inspection materials
(see Notes | and 2) consist of (luorescent and
visible penctrants, cmulsifiers (oil-base and
water-base; fast and slow acting), solvent re-
movers, and developers. A family of liguid
pencirant inspection materials consists of the
applicable penetrant, emulsifier, solvent re-
mover, and developer, as recommended by the
manufacturer. Intermixing of materials from
various manufacturers is not recornmended.
Caution: The inspection materials used should
not adversely affect the parts tested.

NoTe |—Refer to 7.1 Tor special requirements for
sulfur and chlorine content.

NOTE 2-—These materials can be flarnmable or
emit hazardous and loxic vapors. Observe all manu-
facturers’ instructions and precautionary statements

5.2 Liquid penetrant inspection methods and
types are classified as indicated in Table 1.

5.2.1 Method A—Fluorescent penetrant in-
spection procedures arc calegorized as (1) wa-
ter-washable (Procedure A-1), (2) post-emul-
sifiable (Procedure A-2), and (3) solvent-
removable (Procedure A-3). Caution: Fluores-
cent penctrant inspection shall not follow a
visible penetrant inspection unless the proce-
dure is qualified in accordance with 8.2.
Fluorescent penetrant inspection utilizes pene-
trants that (luoresce brilliantly when excited by
black light (sec 6.8.1.1). The sensitivity of
fluorescent penetrants depends on their ability
to be retained in the various size discontinuitics
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during processing, then to bleed out into the
developer coating and produce indications that
fluoresce brilliantly. Fluorescent indications are
many times brighter than their surroundings,
hence easily visible.

5.2.1.1 Water-Washable Penetrants are de-
signed to be directly water-washable [rom the
surface of the test part, after a suitable penetra-
tion (dwell) time. Because the emulsifier is
“*built in"" to the water-washable penetrant, it is
extremely important to exercise Proper process
control in removal of excess surface penetrant
to assure against overwashing. Water-washable
penctrants can be washed out of discontinuities
il the rinsing step is too long or too vigorous,

3.2.1.2 Post-Emulsifiable Penetrants are de-
signed 1o be insoluble in water and cannot be
removed with water rinsing alone. They are
designed to be selectively removed from the
surface of a part by the use of a separate
emulsifier to aid in the removal of excess
surface penctrant. The emulsifier properly ap-
plicd, and when given a proper emulsification
time, combines with the excess surface pene-
trant to form a watcr-washable mixture, which
can be rinsed from the surface of the part,
leaving the surface of the part free of fluores-
cent background. The penetrant that remains
within the discontinuity is not as subject to
overwashing. Proper emulsification time must
be experimentally established and maintained
to assure that over-cmulsification does not
occur, resulting in loss of indications.

5.2.1.3 Solvent-Removable Penetrants are
designed so that excess sur(ace penctrant can be
removed by wiping with clean, lint-free mate-
rial, and repeating the operation until most
traces of penetrant have been removed. The
remaining traces shall be removed by wiping
the surface with clean, lint-free material lightly
moistened with the solvent remover, This type
is intended primarily for portability and for
localized areas of mnspection. To minimize
removal of penetrant from discontinuities, care
shall be taken to avoid the use of excess solvent,
Flushing the surface with solvent to remove the
excess penetrant is prohibited.

5.2.2 Method B—Visible penctrant inspec-
tion makes use of a penetrant that can be seen
in visible light, The penetrant is usually red in
color so that the indications produce a definite
contrast with the white background of the
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developer. The visible penetrant process does
not require the use of black light as in the case
of the fluorcscent penctranl process. Visible
penetrant indications must be viewed, however,
under adequate white light (see 6.8.2). Visible
penetrant inspection procedures are categorized
as (I) water-washable (Procedure B-1), (2)
post-emulsifiable (Procedure B-2), and (3) sol-
vent-removable (Procedure B-3).
..... Visible Warer-Washable Penetrants
are designed to function as described in 5.2.1.1.
5.2.2.2 Visihle Post-Emulsifiable Penetrants
are designed to function as described in 5.2.1.2.
5.2.2.3 Visible Solvent-Removable Pene-
trants are designed to function as described in
52.1.3.

5.3 Emulsifiers arc liquids used to emulsify
the cxcess oily penetrant on the surface of the
part, rendering it water washable (6.5.3). There
are two basic types ol emulsifiers:oil-base and
waler-base (detergent removers), both of which
can act over 4 range of time from a few seconds
to several minutes, depending on part surface,
viscosity, concentration, and chemical compo-
sition.

5.3.1 Qil-Base Emulsifiers are normally used
as supplied and are cither slow or fast acting,
depending on viscosity and chemnical composi-
tion. High-viscosity emulsifiers are generally
slower acting thun low-viscosity emulsifiers.
Oil-base emulsifiers function by diffusing (dis-
solving) into the excess penetrant on the surface
of the part and rendering it water-washable:
rate of diffusion cstablishes emulsification time.

5.3.2 Warer-Base Emulsifiers (detergent-
lype removers) are normally supplied as con-
centrates to be diluted with water and used as a
dip or spray. Water-base emulsitiers {unction
by displacing the excess penetrant film from the
surfuce of the part through detergent action.
The force of the water spray or air agitation of
open dip tanks provides the scrubbing action
while the detergent displaces the film of pene-
trant. The emulsification time will vary, de-
pending on the concentration of the detergent in
water,

5.4 Solvent Removers [unction by dissolving
the penetrant. making it possible to wipe the
surface clean and free ol residual penetrant as
described in 6.5.4.

5.5 Developers—Development of penetrant
indications is the process ol bringing the penc-
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trant out of discontinuities through blotting
action of the applied developer, thus increasing
the visibility of the penetrant indications.

3.5 Dry Powder Developers are used as
supplied (that is, free-flowing, nancaking pow-
der) in accordance with 6.7.5, Carc should be
taken not to contaminale the developer with
fluorescent penetrant, as the specks can appear
as indications.

5.5.2 Aqueous Wet Developers are normally
supplied as dry powders to be suspended or
dissolved in water, depending on the type of
aqueous wel developer.

5.5.2.1 Aqueocus Suspendible Developers are
suspensions of developer particles in water. The
concentration. use, and maintenance shall be in
accordance with manufacturer’s recommenda-
tions (see 6.7.6).

3.5.2.2 Aqueous Soluble Developers are sup-
plied as soluble powders that are dissolved in
water, used al concentrations as recommended
by the manulacturer (see 6.7.6).

5.5 3 Nonaqueous Suspendible Developers
arc supplied as suspensions of developer parti-
cles in nonaqueous solvent carriers ready for
use as supplied. They are applicd to the part by
spraying after the excess penetrant has been
removed and the part has dried. The nonaque-
ous devclopers are applied by conventional or
electrostatic spray guns or by aerosol spray
cans. This type of developer is not intended for
immersion (dip-tank or flow-on) application.
Nonagueous wet developers form a white coat-
ing on the surface of the part when dried, which
serves as a contrasting background for visible
penetrants and developing media for fluores-
cent penetrants.

5.54 Liquid Film Developers are solutions
or colloidal suspensions of resins/polvmer in a
suitable carrier, These developers will form a
transparent or translucent coating on the sur-
face of the part. Certin types of film developer
may be stripped [rom the part and retained for
record purposes.

6. Precedure

6.1 The following general processing proce-
dures apply (sce Figs. 2, 3, and 4) to both the
fluorescent and visible penetrant inspection
methods (see Fig. 1) As a standard technique,
the temperature of the penetrant materials and
the surface of the purt to be processed should be
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between 60 and 125°F (16 and 52°C). Where 1t
is not practical to comply with these tempera-
ture limitations, qualify the procedure at the
temperature of intended use as described in
Section 8 and agreed to by the contracting
parties.

6.2 Surface Conditioning Prior to Penetrant
Inspection—Satisfactory results can usually be
obtained on surfaces 1n the as-welded, as-rolled,
as-cast, or as-forged conditions. However, sur-
face preparation by grinding or machining 1s
necessary when surface irregularities might
mask the indications of unacceptable discon-
tinuities, or otherwise interfere with the effce-
tiveness of the examination. (See Annex
AL.1.1.7 for general precautions relative to
surface preparation.)

6.3 Cleaning of Parts and Materials.

6.3.1 Precleaning—The success of any pene-
trant inspection procedure is greatly dependent
upon the surface and the discontinuity being
free of any contaminant (soils) that might
interfere with the penetrant process. All parts
or areas of parts to be inspected must be clean
and dry before the penetrant is applied.
“Clean™ is intended to mean that the surface
must be free of any rust, scale. welding flux,
spatter, grease, paint, oily films, dirt. etc., that
might interfere with penetration. All of these
contaminants can prevent the penetrant from
entering discontinuities. Residues {rom clean-
ing processes can adversely react with the
penetrant and reduce its sensitivity and perform-
ance greatly. Acids and chromates 1n particular
greatly reduce the fluorescence of many pene-
trants. If only a section of a part, such as a
weld, 15 to be inspected, the adjacent area
within 1 1n. (254 mm) of the surface to be
inspected must also be cleaned. (Sec Annex Al
for more detailed cleaning methods.)

6.3.2 Drying After Cleaning—It is essential
that the parts be thoroughly dry after cleaning,
since any hguid residue will hinder the entrance
of the penetrant. Drying may he accomphshed
by warming the parts in drying ovens, wih
infrared lamps, forced hot air. or exposure 10
ambient temperature. Part temperatures shall
not exceed 125°F (52°C) prior to application of
penetrant,

6.4 Penetrami Application—After the part
has been cleaned, dried, and cooled to approxi-
mate ambient temperatures (125°F (52°C)
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maximurm), apply the penetrant to the surface
1o be nspected so that the entire part or area
under inspection is completely covered with
penetrant.

6.4.1 There are various modes of effective
applicauion of penetrant such as dipping, brush-
ing, Mooding, or spraying. Small parts are quite
often placed in suitable baskets and dipped 1nto
a tank of penetrant. On larger parts, and those
with complex geometries, penetrant can be
applied effectively by brushing or spraying.
Both conventional and electrostatic spray guns
are effective means of applying liquid pene-
trants to the part surfaces. Elecirostauc spray
application can eliminate excess liquid buildup
of penetrant on the part, minimize overspray.
and prevent penetrant from entering hollow-
cored passages which can serve as penetrant
reservoirs and cause severe bleedout problems
during inspection of the part. Aerosol sprays
are also very effective and a convenient means
of application. With spray applications, it is
important that therc be proper ventilation. This
is generally accomphshed through the use of a
properly designed spray booth and exhaust
system.

6.4.2 After application. allow excess pene-
trant to drain from the part (care should be
taken to prevent pools of penetrant on the part),
while allowing for proper penetrant dwell time
(see Table 2).

6.4.3 The length of ume the penetrant must
remain on the part to allow proper penetrauion
witl be as recommended by the penetrant
manufacturer. Table 2 however, provides a
guide for selection of penetrant dwell times for
a variety of materials, their form, and types of
discontinuity. If penetrant characteristics are
materially affecied by a prolonged dwell time,
as evidenced by difficulty in removing the
encess, reapply the penetrant for the original
prescribed dwell time

6.5 Removal of Excess Penetrani:

6.5.1 Aflter the required penetration time.
remove the excess penetrant as described in
6.5.2 for water-washable penetrants, 6.5.3 for
post-emulsifiable penetrants, and 6.5.4 for sol-
vent-removable penetrants.

6.5.2 Water-washable penetrants ¢an be re-
moved directly from the part with water wash-
ing; they do not require an emulsification step
Remove excess penetrant using manual, semi-
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automatic, automatic water spray, or immer-
sion equipment. The degree and speed of re-
moval will depend on such processing parame-
ters as water pressure, water temperature, and
duration of rinse cycle. The inherent removal
characteristics of the penetrant employed, as
well as the surface condition of the part, will
also affect the speed and degree of removal. It
is important that the water-rinsing operation be
controlled.

6.5.2.1 Water pressure should be constant
and should not exceed 30 psi (345 kPa) (30 psi
(205 kPa) is an average value). Generally. a
coarse spray is recommended.

6.5.2.2 Maintain the temperature of the
water at a rclatively constant temperature.
Most water-washable penetrants can be re-
moved effectively within a water-wash tempera-
ture range from 60 to 110°F (16 to 43°C), but
for consistent results, maintain them at the
temperature recommended by the penetrant
supplier.

6.5.2.3 The duration of the rinse cycle will
depend on the inherent removal charactenstics
of the penetrant, the surface condition of the
part, and the water spray pressure and tempera-
ture employed; determine it experimentally for
the particular application. The optimum time
will be evident when no interfering background
remains.

6.5.2.4 Avoid overwashing; excessive wash-
Ing can cause penetrant to be washed out of
discontinuities. Perform the rinsing operation
for Method A under black light so that it can be
determined when the surface penetrant has been
adequately removed.

6.5.2.5 In special applications, where water
rinse facilities are not available, penetrant
removal may be performed by wiping the
surface with a clean, absorbent matenal damp-
ened with water until the excess surface pene-
Lrant is removed,

6.5.3 Post-emulsifiable penetrants are not
directly water washable; they require the use of
an emulsifier (oil or water base). After the
required penetration time, emulsify the excess
penetrant on the part by dipping. flooding, or
spraying the parts with the required emulsifier
(the emulsifier combines with the excess pene-
trant and makes the mixture removable with
water rinsing). After application of the emulsi-
fier, drain the parts in a manner that prevents
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the emulsifier from pooling on the part.

6.5.3.1 Emulsification dwell time begins as
soon as the emulsifier has been applied. The
length of time that the emulsifier 1s allowed to
remain on the part and in contact with the
penetrant is dependent on the type of emulsifier
employed (fast acting, slow acting, oil base, or
water base) and the surface condition of the
part (smooth or rough). Nominal emulsifica-
tion time should be as recommended by the
manufacturer. Determine experimentally the
actual emulsification time for each specific
application, The surface fimsh (roughness) of
the part is a significant [actor in the selection of
and in the emulsification time of an emulsifier.
In general, it can range from a few seconds to
several minutes, depending on the actvity of
the emulsifier.

6.5.3.2 Effective rinsing of the emulsified
penetrant from the surface of the part can be
accomplished using either manual, semi-
automatic, or automatic water spray or tmmer-
sion equipment. For Method A, perform the
water ninsing operation under black light so
that it can be determined when the surface
penetrant has been adequately removed. Resid-
ual background should be minimal so that 1t
does not interfere with the inspection of the part
and yet indicates that over-emulsification has
not occurred.

6.5.3.3 Water pressure should be constant
and should not exceed 30 psi (345 kPa) (30 pst
(205 kPa) average). Generally, a coarse spray is
recommended.

6.5.3.4 Maintain the temperature of the
water at a relatively constant temperature.
Water temperatures in the range from 60 to
LIQ°F (16 to 43°C) are effective

6.5.4 With solvent-removable penetrants, re-
move excess penetrant, insofar as possible, by
using wipes of clean, lint-lree matenal, repeat-
ing the operation until most traces of penetrant
have been removed. Then light/y moisten with
solvent a lint-free material and wipe the surface
until all remaining traces of excess penetrant
have been removed. To munimize removal of
penetrant [rom discontinuities, take care to
avoid the use of excess solvent. Flushing the
surface with solvent following the application of
the penetrant and prior to developing is prohib-
ited.

6.6 Drying of Parts:
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6.6.1 During the preparation of parts for
inspection, drying 1s necessary either following
the application of the aqueous wet developer or
to dry the rinse water preceding the use of dry
or nonagueous developers.

6.6.2 Parts can be dried by using a hot-air
recirculating oven, a hot-air blast, or by expo-
sure to ambient temperature. Drying is best
done in a thermostatically controlled recirculat-
ing hot-air dryer. The temperature in the dryer
is normally maintained between 175 and 225°F
(79 and 107°C) for most applications. Caution:
Part temperature should not exceed 125°F
(52°C). Local heating or cooling is permitted
provided the temperature of the part remains in
the range from 60 to 125°F (16 to 52°C), unless
otherwise agreed to by the contracting parties

6.6.3 Do not allow parts to remain in the
drying oven any longer than is neccssary o dry
the part. Excessive time in the dryer can cause
damage to the part as well as evaporation of the
penetrant, which can impair the sensitivity of
the inspection. Drying time will vary with the
size, nature, and number of parts under inspec-
tion,

6.6.4 In the casc of solvent-removahle pene-
trants (6.4.4) where excess penetrant is removed
with solvent wipe-off technique, dry the surface
by normal evaporation. Normally, no other
drying techniques are neccssary, so long as the
processing temperature range is within 60 to
125°F (16 to 52°Q).

6.7 Developing Indications:

6.7.1 Developing the penctrant indications is
the process of bringing the penctrant back out
of the discontinuities through blotting action
and spreading it out on the surface to increase
its visibility to the eye.

6.7.2 Use developers either dry or suspended
in an aqueous or nonagueous solvent that is
evaporated 1o dryness before inspection to form
a particulate or resin/poiymer liquid film.

6.7.3 Apply developers immediately after
the excess penetrant has been removed (rom the
part surface, prior to drying in the case of
aqueous developers, and immediately after the
part has been dried for all other developer
forms.

6.7.4 There are various modes of effective
application of the various types of developers
such as dipping, immersing, flooding, spraying,
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or dusting. The size configuration, surface
condition, number of parts to be processed,
etc., will influence the choice of developer.

6.7.5 Apply dry powder devclopers after
drying, 1n accordance with 6.6. Apply dry
powder developers in such a manner as Lo
assure complete part coverage, Parts can be
immersed or dipped into a container of dry
developer or dipped into a fluid bed of dry
developer; they can also be dusted with the
powder developer through a hand powder bulb
or a powder gun. It is quite common and most
effective to apply dry powder in an enclosed
dust chamber, which creates an effective and
controlled dust cloud. Excess powder may be
removed by shaking or tapping the part gently,
or by blowing with low-pressure (5 to 10 psi (34
to 69 kPa)) dry, clean, compressed air. Other
means suited to the size and geometry of the
specimen may be used provided the powder is
dusted cvenly over the catire surface being
examined, Parts can be sprayed with a conven-
tional or electrostatic powder spray gun.

6.7.6 Apply aqueous developers to the part
immediately after the excess penetrant has been
removed {rom the part and prior to drying. The
dried developer appears as @ white coating on
the part, Prepare and maintain aqueous deve-
lopers in accordance with the manufacturer’s
instructions and apply them in such a manner
as 1o assure complete, even, part coverage.
Exercise caution when using a wet developer
with water-washable penetrants Lo avoid possi-
ble loss of indications.

6.7.6.1 Apply aqueous developers by spray-
ing, flowing, or immersing the part. With
aqueous wet developers, it is most common Lo
immerse the paris in the prepared developer
bath. Immerse parts only long enough to coat
all of the part surfaces with the developer. Then
remove parts [rom the developer bath and allow
to drain. Drain all excess developer from re-
cesses and trapped sections to ¢liminate tenden-
cies of pooling of developer, which can obscure
discontinuities,

6.7.6.2 Then dry the parts in accordance
with 6.6.

6.7.7 Apply monaqueous wet developers to
the part by spraying after the excess penetrant
has been removed and the part has been dried.
This type of developer evaporates very rapidly
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at normal room temperature and does mot,
therelore, require the use of a dryer. It should
be used, however, with proper ventilation.

6.7.7.1 Apply nonaqueous developers by
spray application as recommended by the man-
ufacturer. Spray.parts in such a manner as to
assurc complele part coverage with a thin, even
(ilm of developer.

6.7.7.2 Dipmng or flooding parts with non-
aqueous developers is prohibited, since 1t will
{lush (dissolve) the penetrant Irom within the
discontinuities through its solvent action.

6.7.8 Apply liquid film-type developers by
spraying or dipping as recommended by the
manufacturer. Spray parts in such u manner as
1o assurec complete part coverage with a thin,
even film of developer.

6.7.9 The length of time the developer is to
remain on the part prior to inspection should
not be less than 7 min. Developing lime begins
immediately after the application of dry powder
developer and as soon as the wel (agueous and
nonaqueous) developer coating is dry (that is.
the solvent carriers have cvaporated to dry-
ness). I bleedout does not alter the inspection
results, development periods of over 30 min are
permitted.

6.8 Inspection—Perform inspection of parts
alter the applicable development time as speci-

fied In 6.7.9 to assure proper bleedout of

penetrant from discontinuities onto the devel-
oper coating. It is good practice Lo observe the
surface while applying the developer as an aid
in evaluating indications.

6.8.1 Inspect fluorescent penctrant indica-
tions in u darkened area. A maximum of 3
footcandles (32 Ix) ambient light is allowed for
critical inspection. Higher levels may be used
for noncritical inspections i darkness is unob-
1ainable.

6.8.1.1 Measure black Lght intensity, at a
recommended minimum of 800 uW/cm? on the
surface of the part being inspected, with a
suitable black light meter. Check black light
intensity pertodically {every 30 days is recom-
mended) to assure the required outpul. Drops in
line voltage can be the cause of decreased black
light output and should be checked periodically.
If line voltage fluctuations exist which cause
inconsistent  black light performance, use a
constant voltage transformer.

6.8.1.2 Allow the black light to warm up for
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a minimum of 5 min prior to its use or
measurement of the intensity of the ultraviolet
light emitted.

6.8.1.3 It1s recommended that the inspector
be in the darkened inspection area for at least 5
mun prior to inspection so that his cyes will
adapt to dark viewing.

6.8.1.4 Keep the inspection area free of
interfering debris. Practice good housekeeping
at all times.

6.8.2 Visible penetrant indications can be
inspected in either natural or artificial white
light. Adequate illumination is required to
ensure no loss of the sensitivity in the inspec-
tion. A minimum light intensity at the inspec-
non site of 32.5 footcandles (350 1x) is recom-
mended.

6.9 Post Cleaning—Post cleaning is neces-
sary in those cases where residual penetrant or
developer could interfere with subsequent proc-
essing or with service requirements. It is partic-
ularly important where residual penetrant in-
spection materials might combine with other
factors in service to produce corrosion. A
suitable technique, such as a simple water rinse,
machine wash, vapor degreasing, solvent soak,
or ultrasonic cleaning may be employed (see
Al1.2). In the case of developers, it is recom-
mended that if post removal is necessary, that it
be carried out as promptly as possible after
inspection so that it does not fix on the part.
Water spray rinsing is generally adequate.
(Caution: Developers should be removed prior
to vapor degreasing. Vapor degreasing can
bake developer on parts.)

7. Special Requirements

7.1 Sulfur and Chlorine Content—When
using penetrant inspection materials on austen-
itic stainless steels, titanium. or nickel-base
alloys, the need to restrict chloride ion content,
total chlorine content, and sulfur content
should be considered. If such 2 need exists,
sampling techniques and analytical test
methods and limits should be agreed upon
between contracting parties, In the absence of a
speciflic requirement, the chlorine content
should be limited to ] % where potential use
includes application to austenitic stainiess steel
or titanjum. Mcthod D 808 can provide reliable
analytical results for total chloride contents of
1000 ppm (0.1 %) or more. Similarly, in the



absence ol a specific requirement, the sulfur
content should be limited to 1 % where poten-
tial use includes application to nickel-base
alloys at elevated temperatures, Method D 129
can provide rcliable analytical results for sulfur
contents of 1000 ppm (0.1 %) or more,

7.2 Where penetrant inspection is performed
on parts that must be maintained at ele-
vated temperature during inspection. special
materials and processing techniques may be
required. Such inspection requires qualification
in accordance with 8.1. Manufacturer’s recom-
mendations should be observed.

TABLE 1
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8. Qualification and Requalification

8.1 Quahfication of procedures requires
proof of equivalence to the currently approved
procedure. Equivalency is determined by direct
COmPparison on penetrant comparators oF repre-
sentative test parts, or both, as mutually agreed
10 by the contracting parties.

8.2 Requalification 1s required when a
change or substitution is made in the type of
penetrant materials or in the processing tech-
nigue.

Classification of Liquid Penctrant Inspection

Methods and Types

Method A—Fluorescent, Liguid Penetrant Inspection

Type | —water-washable (Pracedure A-1)
Type 2—post-emulsifiable (Procedure A-2)
Type 3—solvent-removable (Procedure A-3)

Method B—Visible, Liquid Penetrant Inspection

Type 1 —water-washable (Procedure B-1)
Type 2—post-cmulsifiable (Procedure B-2)
Type 3—solvent-removable (Procedure B-3)

TABLE 2 Recommended Dwell Times

Dwell Times (1n
rminutes) for Methods
Matenal Form Type of Discantinuity A'l‘Bf‘.;:‘BAB'B‘DB‘I‘
Penetrant” Developer®
Aluminum, magnesiurn, steel, | casi—casungs and welds | cold shuts, porosity, lach of 5 7
brass and bronze, ttanium fusion, cracks (all forms)
and mgh-temperature alioys
wroughl—extrusions, laps, cracks (all forms) 1o 7
forgings, plate
Carbide-tipped tools lack of fusion. porosity, 3 7
cracks
Plastic all forms cracks 5 7
Glass all forms cracks 5 7
Ceramic all forms cracks. parosity 5 7

? For temperature range from 60 to 123°F (15 to 50°C)
* All dwell umes given are recommended mimmurns

¢ Maximum penetrant dwell time 60 min. tin accordance with 6 4 3
? Development trme begins directly after application of dry developer and as soon as wet developer coaung has dned on

surface of parts (recommended mimmum)
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INCOMING PARTS

| 1 |
[ ackaume | [ steam | K |waror cesrease] | [sovent wask) Acip ETCH |
FRECLEAN
(See 6.3) [ueckanicar] | [pant strieren) | | unrrasome | |oETERGENT |
| DRY I
Type 1 Type 3 Type 2
Procedure s Procedure e Procedure
A-1 Lk B-1 A-3 Lk B.3 A-2 k B-2
APFLY APPLY APPLY
PENETRATE WATER WASHABLE SOLVENT REMOVABLE POST EMULSIFIABLE
PENETRANT PENETRANT PENETRANT
(See 6.4)
[arpiy emuisirier] [appir rEmover]
REMOVE WATER WASH lSOLVENT WIPE‘OFFH
(See 6.%5)
DEVELOPER | DRY I DEVELOPER
DEVELOP (See 6.6) (AQUEOUS) DEVELOPER (5ee 6.6) {AQUEOUS)
5 .7 {DRY OR A
(See 6.7) |oevecores] 1 NoN aaueous)]  |oeveoren|
{Dry or Nonaqueous) l DRY l (Dry or Nonaqueous) DRY
l (See 6.6) i (5ee 6.6)
INSPECT INSPECT I
(See 6.8)
Jwater minse | [ DETERGENT | [ mEcHanicaL wask]
POST CLEANM ORY
(See 6.9 and
A1.2) I |
|varor oecrease] | [sovent soax] [uLTrasonic cLean]
OUTGOING PARTS
FIG. 1 Fluorescent and Visible Penctrant General Pr ing Froced Flowsheet.

P
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i e1es
See: 6.3.1
61.2
Penetrant Application
See 6.4
6.4.1
6.4.2
6.4.3
Water Wash Rinse
See: 6.5.2
6521
6.5.2.2
6.5.2.3
6.52.4
Dry Parts
See. 6.6.1 Apply AT:;ueous
66.2 Developer
6.63
6.6.4 Bee 67.6
6.76.1
6.7.8
6.7.9
Apply Developer Dry Parts
Dry See: 6.74 See: 6.6.2
6.7.5 6.63
6.7.8 6.6.4
6.7.9
Nonaqueous See: 6.77
6.7.71
67.7.2
6.7.8
6.7.9
Inspection "
A-1 (Fluorescent) See: 6.8.1
6.8.1.1
68112
6.8.1.3
6.8.1.4 Special Requiremenis
7.1
7.2
B-1 (Visible) See 68.2 Procedure Requirements
8.1
8.2
Post Clean
See: 6.9

FIG. 2 Type 1—Water-Washable Penctrant Inspection Processing Procedures A-1 Fluorescent) and B-1 ( Visible).
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See 6.3.1
632
ud -
Penetrant Applicatl_on]
Bee 64
64.1
64.2
64,3
—
Emulafication
Sec: 6.5.3
6531
[~ Water Wash Rinse
Seer 6.53.2
6333
6.534
4 N
Dry Parts Apply Aqueous
See 66.1 Developer
662 7 See
6 6.3
6.6.4
) N—Am Developer Dry Parts
Dry See 674 T See
673
678
679
Nonagueous See 677
6771
6772
6.7.8
679
Inspeclion +
A-2 (Fluorescent)  See 6.8 1
6811
68.12
6.8.1.3
6814
Special Requirentents
B-2 (Visible) Bee 6812
Procedure Requirements
Post Clean
See 69

FI1G. 3 Type 2—Post Emulsifiable Procedures A-2 (Fluorescent) and B-2 (Visible).

676
6761
6.7.8
6.7.9

66.2
663
6.6.4

~
1o —

ES)
1o —
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See: 631
Penetrant Apphcation
See 6.4
6.4.1
642
6.4.3
Solvent Wipe-Off
See 654
See 664
Apply Developer
Dry
See 67.1
6.713
6.75
678
679
Nonagueous
See 671
673
67.7
6771
6.77.2
6.7.8
l 679
Inspection
A-3 (Fluorescent)
Sce 681
6811
6812
6813
6814
B-3 (Visible)
See 6.82
Special Requirements
7.1
7.2
Post Clean
See 69 Procedure Requirements
81
8.2
FIG. 4 Type 3—SolventR ble Penetrant Insp Pr ing Procedures A-3 (Fluorescent) and B-3 (Visible).
ANNEX

Al. CLEANING OF PARTS AND MATERIALS

Al.1 Choice of Cleaning Method

Al 1.} The choice of a suitable cleaning method is
based on such factors as: (/) type of contaminant 10
be removed since no one method removes all contam-
inants equatly well; (2) effect of the cleaning method
on the parts; (3) practicality of the cleaning method
for the part (for example, a large part cannot be put

into a small degreaser or ultrasonic cleaner); and (4)
specific cleaning requirements of the purchaser. The
following cleaning methods are recommended.
Al.1.1.1 Detergent Cleaning—Detergent cleaners
are nonflammable water-soluble compounds contain-
ing specially selected surfactants for wetting. pene-
trating, emulsifying, and saponifying various types of
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soils, such as grease and oily films, catting and
machining fluids, and unpigmented drawing com-
pounds, etc. Detergent cleaners may be alkaline,
neuntral, or acidic in nature, but must be noncorrosive
to the item being mspected. The cleaning properties
of detergent solutions facilitate complete removal of
soils and contamination from the surface and void
areas, thus preparing them to absorb the penetrant.
Cleaning time should average 10 to 15 min at 170 to
200°F (77 to 93°C) with moderate agitation, using
concentrations (generally 6 to 8 oz/gal or 45 to 60
kg/m? recommended by the manufacturer of the
cleaning compound.

Al1.1.1.2 Solvent Cleaning—There are a variety of
soivent cleaners that can be effectively utilized to
dissolve such soils as grease and oy films, waxes and
sealants, paints, and in general, organic matter, These
solvents should be residue-free, especially when used
as a hand-wipe solvent or as a dip-tank degreasing
solvent, Solvent cleaners are not recommended for
the removal of rust and scale, welding flux and
spatter, and in general, inorganic soils. Caution:
Some cleaning solvents are {lammable and can be
toxic, Observe all manufacturers’ instructions and
precautionary notes.

Al 1.1.3 Vapor Degreasing—Vapor degreasing is
a preferred method of removing o1l or grease-type
soils (rom the surface of parts and from open
discontinuities. 1t will not remove inorganic-type soils
(dirt, corrosion, salts, etc.), and may not remove
resinous soils (plastic coatings, varnish, paint, etc.).
Because of the short contact time, degreasing may
not completely clean out deep discontinuities and a
subsequent solvent soak is recornmended.

Al1.1.1.4 Alkaline Cleaning:

(a) Alkaline cleaners are nonflammable water
solutions containing specially selected detergents for
welting, penctrating, emulsifying, and saponifying
various types of soils, Hot alkaline solutions are also
used for rust removal and descaling to remove oxide
scale which can mask surface discontinuities. Alka-
line cleaner compounds tnust be used in accordance
with the manulacturers’ recommendations. Caution:
Parts cleaned by the alkaline cleaning process must
be rinsed completely free of cleaner and thoroughly
dried by heat prior to the penctrant inspection process
(part temperature at the ime of penctrant application
shall not exceed 125°F (52°C).

(b) Steam cleaning is 2 modification of the hot-
tank alkaline cleaning method, which can be used for
preparation of large, unwieldy parts. It will remove
marganic soils and many organic soils from the
surface of parts, but may not reach 10 the bottom of
deep discontinuities, and a subsequent solvent soak 1s
recommended.

ALLLS Ultrasonic Cleaning—This method adds
ultrasonic agitation to solvent or detergent cleaning
to improve cleaning efficiency and decrease cleaning
time. It should be used with water and detergent if the
soil t0 be removed is inorganic (rust, dirt, salts,
corrosion products, cte.), and with organic solvent if
the so1l to be removed 1s orgamic (grease and oily
films, etc.). After ultrasonic cleaning, parts should be
heated to remove the cleaning fluid, then cooled to at
least 125°F (52°C), before application of penetrant,

Al.1.1.6 Paint Removal—Paint films can be ef-
fectively removed by bond release solvent paimnt
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remover or disintegrating-type hot-tank alkaline
paint strippers. In most cases, the paint film must be
completely removed to expose the surface of the
metal. Solvent-lype paint removers can be of the
high-viscosity thickened type for spray or brush
application or can be of low viscosity two-layer type
for dip-tank application. Both types of solvent paint
removers are generally used at ambient temperatures.
as received. Hot-tank alkaline strippers are water-
soluble powder compounds generally used at & to 16
o0z/gal (60 to 120 kg/m?® of water at 180 to 200°F (82
to 93°C). After paint removal, the paris must be
thoroughly rinsed to remove all contamination from
the void openings and then thoroughly dried.

Al.1.1 7 Mechanical Cleaning and Surface
Conditioning—Metal-removing processes such as fil-
ing, buffing, scraping, mechanical mulling, drilling,
reaming. grinding, liquid honing. sanding. lathe cut-
ting, tumble or vibratory deburring. and abrasive
blasting, including abrasives such as glass beads.
sand, aluminum oxide, ligno-cellulose pellets. metal-
lic shot, etc., are often used to remove such soils as
carbon, rust and scale. and foundry adhering sands,
as well as to deburr or produce a desired cosmetic
effect on the part. These processes may decrease the
effectiveness of the penetrant examuination by smear-
ing or peening over metal surfaces and filhing discon-
tinuities open to the surface, especially for soft metals
such as aluminum, titanium, magnesium, and beryi-
lium alloy.

Al.1.1.8 Acid Eiching—Inhibited acid solutions
(pickling solutions) are routinely used for descaling
part surfaces. Descaling is necessary to remove oxide
scale, which can mask surface discontinuities and
prevent penetrant from entering. Acod solutions/
etchants are also used routinely to remove smeared
metal that peens over surface discontinuities. Such
etchants should be used in accordance with the
manufacturers’ recommendations. Caution:

Note Al—Etched parts and materials must be
rinsed completely free of etchants, the surface neu-
tralized and thoroughly dried by heat prior to appli-
cation of penetrants, Acids and chromates can ad-
versely affect the fluorescence of fluorescent mate-
rials,

NOTE A2—Whenever there 15 a possibilty of
hydrogen embrittlement as a result of acid solution/
etching, the part should be baked at a suitable
temperature for an appropriate time to remove the
hydrogen before further processing After baking, the
part shall be cooled o a temperature below 125°F
(52°C) before applying penetranis

Al1.1.1.9 Air Firing of Ceramics—Heaung of a
ceramic part o a clean, oxidizing atmosphere 15 an
effective way of removing moisture or light organic
s0il or both, The maximum temperature that will not
cause degradation of the properties of the ceramic
should be used.

Al.2 Post Cleaning

Al.2.1 Removal of Developer—Dry powder de-
veloper can be effecuvely removed with an air
blow-off (free of oil) or it can be rernoved with watar
ninsing, Wet developer coatings can be removed
effectively by water rinsing or water ninsing with
detergent either by hand or with a mechanical assist
(scrub brushing, washing machine, ¢tc.). The soluble
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developer coatings simply dissolve off of the part with
a water rinse

Al 2 2 Residual penetrant may be removed
through solvent action. Vapor degreasing (10 min
minimum), solvent soaking (15 min minimum), and
ultrasonic solvent cleamng (3 min minimum) tech-
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niques are recommended. In some cases, it is desira-
ble to vapor degrease, then follow with a solvent soak.
The actual time required in the vapor degreaser and
solvent soak will depend on the nature of the part and
should be determined experimentally,

The American Society for Tesung and Maierials 1akes no position respecting the vahdity of any patent rights asserted in
connection with any 1tem mentioned in this standard Users of this siandard are expressly advised that determination of the
validiry of any such patent nights, and the risk of infringement of such rights, is entrely their own responsibility.
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APPENDIX D

The Contact Ultrasonic Inspection of Welds*

Test Method

General - The procedures given apply to the contact
ultrasonlc inspection of butt welds. Weld inspection
is accomplished by introducing shear waves into a plate at
a selected angle and manipulating the search unit
(transducer) so as to scan the entire weld, (Fig. D.1)

A

Fig. D-1 ~ Technique for Inspecting Butt Welds with Shear Waves.

¥Abridged version of A Guide for Ultrasonic Testing
and Evaluation of Weld Flaws by R. A. Youshaw, SSC-213,
Shipn Structure Committee, Washington, D.C. 1970.
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Equipment - The ultrasonic instrument shall be of the
pulse-echo type with an A-scan Presentation. It shall be
capable of generating, receiving, and displaying screen

pulses from 1 to 5 MHz on the cathode ray tube. The
instrument shall have a circuitry to provide a continuously
increasing amplification with respect to time or distance

of travel. A calibrated decibel attenuator control is
recommended. Battery powered equipment must contain an alarm
to signal battery depletion prior to instrument shut-off due
to battery exhaustiomn.

Search Unit - The maximum dimension (manufacturers'
specifications) of the transducer active element shall not
exceed one inch. A ratio of 2:1 width to height of the
active element is recommended. A nominal test frequency of
Z2.25 MHz is recommended. The transducer shall be mounted
on a suitable wedge to produce the recommended shear wave
angle in the material being inspected. The following shear
wave angles are recommended: -

60° or 70° for plate thicknesses 1/2 inch to 1-1/2 inch
45° or 60° for plate thicknesses 1-1/2 inch to 3 inches

Couplant - A liquid such as glycerin diluted with alcohol
or water and to which a wetting agent has been added is
recommended for acoustic coupling between the transducer and
the plate. Most oils are acceptable. For overhead work
and for places of difficult access certain types of grease
may prove useful. Any couplant should be removed upon
completion of the inspection.

Surface Preparation - The average plate as received from
the mill has a surface that is smooth enough for ultrasonic
inspection. Plate with loose scale, flaked paint, excess
rust, or pitting will require grinding. After welding,
the surface of the base metal where the probe is to be
manipulated should be cleaned of weld splatter. If
surface irregularities on the weld bead cause difficulties
in interpretation, the weld bead should be ground sufficiently
smooth to permit adequate inspection.

Base Metal Inspection - Although the presence of
laminations In the base metal may not be a basis for
rejection, these reflectors may mask a part of the weld
from the ultrasonic beam, (Fig. D-2), or cause the operator
to incorrectly locate a discontinuity, (Fig. D-3).
Laminations can be detected ultrasonically with a straight
beam (longitudinal waves). When laminations are encoun-
tered, the inspection should be made from the other side of
the weld.




42

Ll 11 T T ] T e
i 1 i I 1 1
IR
” ” Tl 11 M 1) _L
|—-1'5-i-a~ 2"—:»!4— 2"—»{4— 2”—-—|<— 2”—41——- 2" lun—'l S
SCANNING SURFACE
PR S
- T
1/16" D —_— 1 T
—— } " 3”
! 2" 2-1/4"  2-1/2" 2:3/4
¥ S A R N S I Y
A )
- 12° o~

SCANNING SURFACE

SURFACE FINISH ON THE SCANNING SURFACES TO BE APPROXIMATELY
250 RMS PREFARED BY GRINDING METHOD WiTH THE DIRECTION OF
GRIND PARALLEL TG THE LONG DIMENSIONS OF THE BLOCK.

Fig. D-4 - Typical Reference Calibration Standard for Angle
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OBTAINED FROM THE WALL OF A 1/16" DRILLED HOLE
USING DISTANCE-AMPLITUDE CORRECTIONS.

Fig. D-5 - Typica] Viewing Screen Calibration for Instruments
Without Decibel Attentuation Controls
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CALIBRATION STANDARDS

A test block shall be prepared from material experi-
mentally determined to be defect free and which is acous-
tically similar to the work material, This block should
be 1-1/4 inches thick with a series of 3/64-inch diameter
drilled holes spaced to provide path lengths equivalent
to the longest and shortest path lengths to be used in the
weld inspection. Intermediate distances should also be
provided. The scanning surfaces should be approximately
250 RMS, prepared by the grinding method with the direction
of grind parallel to the long dimension of the test block.
Fig. D-4 illustrates an acceptable design.

INSTRUMENT CALIBRATION

Two levels of signal amplitude are defined in this
Appendix - ARL (Amplitude Reject Level) and DRL (Disregard
Level). These two levels are established as follows:

The delay controls are used to position the initial
pulse at the left of the viewing screen at a location marked
zero on a reticule or screen scale. The instrument range
controls can then be adjusted to display signals from the
reference calibration drilled holes for the distances to be
considered.

The distance amplitude correction controls are to be
adjusted to compensate for signal loss due to distance of
travel, i.e., the height of signals from all the reference
drilled holes should be made equal.

The instrument gain control is to be adjusted to set
the equalized signals from the reference reflectors at 60%
of full screen height, (Fig. D-5). For this setting the
40% line shall be the DRL and the 807 line shall be the
ARL, (Fig. D-5).

The ultrasonic instrument shall be calibrated at
the job-site; and verified at least once every four-
hour interval thereafter. The calibration shall be
verified whenever the instrument is jarred, or moved
to a new location; and at any instance of questionable
performance,

WELD INSPECTION

Longitudinal defects are found by directing the
sound beam normal to the length of the weld and moving
the transducer back and forth to scan the entire weld
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Fig. D-7 - Supp]ementa?y Technique for Inspecting Butt Welds
when the Weld Bead is Ground F]ush
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Fig. D-8 - Supplementary Technique for Inspecting Butt Welds when
the Weld Bead is not Ground Flush
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as shown in Fig., D-6. Simultaneously, the transducer

is oscillated through a small angle. The back and forth
motions should be repeated at interwvals which do not
exceed 80% of the width of the transducer as the probe

is moved along the weld.

Transverse defects are detected as follows:

a. For welds ground smooth the transducer
is placed on top of the weld and moved
along its length , (Fig. D-7).

b. For welds not ground smooth the trans-
ducer is placed along-side and not quite
parallel to the weld and moved along the
length, (Fig. D-8)

The entire weld and heat affected zone should be
scanned, The weld should be inspected in two opposing
directions, e.g., Fig. D-9, a--e.

DISCONTINUITY LENGTH DETERMINATIONS

When discontinuities are detected, the sound beam
should be directed so as to maximize the signal amplitude.
The transducer is then moved parallel to the discontinuity
and away from the position of maximum signal amplitude.

The extremity of the discontinuity is defined as the point
at which the signal amplitude drops to one half of the

peak value, This point is marked using the centerline of
the wedge as an index. In a similar manner, the other
extremity is found and the distance between marks is defined
as the length of the discontinuity. The minimum recordable
length of a discontinuity shall be 1/8-inch.

RECORD OF INSPECTION

The record of each weld inspection should include:

Operatoxr's identity

2 Date

3 Instrument identity

4, Transducer type, size, frequency and angle
5. Identification of test object

6 Location of the weld

7 Type of material

8 Thickness of base plate

9. Type of joint and configuration

10. Condition of the weld bead

11. Couplant

12, Flaw data

13. Inspection coverage, including reference points
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USE HALF SKIP (OVERLAPPING WELD COMPLETELY) FROM BOTH SIDES
OF THE WELD ON THE SAME SURFACE OF THE PLATE

B

USE HALF SKIP (OVERLAPPING THE WELD COMPLETELY)} ON
BOTH SURFACES OF FLATE ON SAME SIDE OF WELD

W\ %}‘ \ {OBSTRUCTION)

(OBSTRUCTION)

USE BOTH FULL AND FHALF SKIP (OVERLAFPING THE WELD)
FROM OME SURFACE ON SAME SIDE OF WELD

8N (&

~\ S

USE FULL SKIP ON BOTH SIDES OF WELD FROM SAME SURFACE OF PLATE

§E§ N (OBSTRUCTION}

o)

USE FULL SKIP ON BOTH SURFACES OF PLATE FROM SAME SIDE OF WELD

Fig. D-9-a - Minimum Scanning
Procedure with Weld Bead
Flush and Both Sides of

Yeld %ccessible.

Fig. D-9-b -~ Minimum Scanning
Procedure with Both Welds
Flush=Ground and One Side

of Weld Obstructed.

Fig. D-9-¢ - Minimum Scanning
Procedure with only One Weld
Bead Flush-Ground and One
Side of Weld QObstructed.

Fig. D-9-d - Minimum Scanning
Procedure with Weld Bead not
Flush-Ground and Both Sides
of Weld Accessible.

Fig. D-9~e - Minimum Scanning
Procedure with Weld Bead not
Flush-Ground and One Side

of Weld Obstructed.
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GLOSSARY OF TERMS

A method of data presentation on a cathode
ray tube utilizing a horizontal base line
which indicates elapsed time when reading
from left to right. A vertical deflection
from the base line indicates reflected s
signal amplitudes.

The same type of material as that to be
inspected, or another material which has
been experimentally proven to have acoustic
velocity within +37% and an attenuation for
shear waves at the frequency to be used
within +0.25 dBR/inch of the material to be
inspected.

The piezo-electrical material in the ultra-
sonic probe.

The horizontal level on the cathode ray tube
established by calibration. After cali-
bration the ARL is 80% full screen height
or 6 dB above the 40% line if a decibel
attenuator is available.

A logarithmic function of the ratio of two
values. In ultrasonics the two values are
the signal amplitude and a reference
amplitude.

A gain control calibrated in decibels.

An electronic means of horizontally
the pattern obtained on the cathode

shifting
ray tube.

The horizontal level on the cathode ray tube
established by calibration. After calibra-
tion the DRL is 407 of full screen height,

The number of cycles in a unit of time. In

ultrasonics the frequency is usually expressed

Megahertz or MHz (million cycles per second),

A wave form in which the particle
motion is essentially in the same
direction as the wave propagation.
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Megahertz (MHz) - A million cycles per second.
Pulse Echo - The sending of sound into a material

in the form of spaced pulses and
recording the length of time necessary
for each pulse to travel through the
medium and return to the source of

energy,
RMS (Root Mean - A type of average used in describing
Square) surface roughness.
Resultin - The angle formed between the ultra-
Angle sonic beam as it enters a medium of

different characteristics than the
one from which it came and a line
drawn perpendicular to the inter-
face between the two media.

Scannin - The surface of the base metal where

Surface the ultrasonic probe is manipulated.

Search Unit - A transducer affixed to a suitable
device to obtain the desired wave
propagation.

Shear Wave - A wave form in which the particle

motion is perpendicular to the direction
of wave travel.

Straight Beam -~ A scan technique in which the sound beam
is directed into the material perpen-
dicular to the scan surface.

Transducer - A device for converting energy of one
type into another. An ultrasonie
transducer converts energy from electrical
to mechanical and vice versa.
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