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Standard Practice for

Magnetic Particle Examination *

This standard is issued under the fixed designation E 1444; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope E 543 Practice for Evaluating Agencies that Perform Non-

1.1 This practice establishes minimum requirements for _destructive Testify _ _
magnetic particle examination used for the detection of surface E 709 Guide for Magnetic Particle Examinatfon
or slightly subsurface discontinuities in ferromagnetic material. E 1316 Terminology for Nondestructive Examinatibns

Guide E 709 can be used in conjunction with this practice as a 2-3 ASNT Documents: _ ,
tutorial. SNT-TC-1A Recommended Practice No. “Personnel Quali-

fication and Certification in Nondestructive Tesfing
Nore 1—This Practice replaces MIL-STD-1949. ANSI/ASNT CP-189 Standard for Qualification and Certi-
1.2 The magnetic particle examination method is used to fication of NDT Personnél
detect cracks, laps, seams, inclusions, and other discontinuities2.4 Society of Automotive Engineers (SAE)-AMS Docu-
on or near the surface of ferromagnetic materials. Magnetionents®
particle examination may be applied to raw material, billets, AMS 2300 Premium Aircraft Quality Steel Cleanliness
finished and semifinished materials, welds, and in-service Magnetic Particle Inspection Proced(re
parts. Magnetic particle examination is not applicable to AMS 2301 Aircraft Quality Steel Cleanliness Magnetic Par-
nonferromagnetic metals and alloys such as austenitic stainless ticle Inspection Procedufe
steels. See Appendix X5 for additional information. AMS 2303 Aircraft Quality Steel Cleanliness Martensitic
1.3 All areas of this Practice may be open to agreement Corrosion Resistant Steels Magnetic Particle Inspection
between the Cognizant Engineering Organization and the Proceduré
supplier, or specific direction from the Cognizant Engineering AMS 2641 Magnetic Particle Inspection Vehitle
Organization. AMS 3040 Magnetic Particles, Nonfluorescent, Dry
1.4 This standard does not purport to address all of the Method’
safety concerns, if any, associated with its use. It is the AMS 3041 Magnetic Particles, Nonfluorescent, Wet
responsibility of the user of this standard to establish appro- Method, Oil Vehicle, Ready-To-Uge
priate safety and health practices and determine the applica- AMS 3042 Magnetic Particles, Nonfluorescent, Wet

bility of regulatory limitations prior to use. Method, Dry Powder
AMS 3043 Magnetic Particles, Nonfluorescent, Wet
2. Referenced Documents Method, Oil Vehicle, Aerosol Packaged
2.1 The following documents form a part of this standard AMS 3044 Magnetic Particles, Fluorescent, Wet Method,
practice to the extent specified herein. Dry Powdef
2.2 ASTM Standards: AMS 3045 Magnetic Particles, Fluorescent, Wet Method,
A 275/A 275M Test Method for Magnetic Particle Exami- Oil Vehicle, Ready-To-Use
nation of Steel Forgings AMS 3046 Magnetic Particles, Fluorescent, Wet Method,
A 456 Specification for Magnetic Particle Inspection of Oil Vehicle, Aerosol Packagéd
Large Crankshaft Forgings AMS 5062 Steel, Low Carbon Bars, Forgings, Tubing,

D 1966 Test Methods for Foots in Raw LinseedQil

4 Annual Book of ASTM Standardgol 03.03.
1 This practice is under the jurisdiction of ASTM Committee EO7 on Nonde-  ° Available from American Society for Nondestructive Testing, 1711 Arlingate
structive Testing and is the direct responsibility of Subcommittee E07.03 on LiquidPlaza, P.O. Box 28518, Columbus, OH 43228-0518.

Penetrant and Magnetic Particle Methods. 6 Copies of standards, specifications, drawings, and publications required by
Current edition approved Feb. 10, 2001. Published April 2001. Originally manufacturers in connection with specification acquisition should be obtained from
published as E 1444 — 91. Last previous edition E 1444 — 94a. the contracting activity or as directed by the contracting officer.
2 Annual Book of ASTM Standardgol 01.05. 7 Available from Society of Automotive Engineers, 400 Commonwealth Drive,
3 Annual Book of ASTM Standardgol 05.01. Warrendale, PA 15096.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Sheet, Strip, and Plate 0.25 Carbon, Maxinfum quired. This, in addition to design personnel, may include
AMS 5355 Investment Castings personnel from material and process engineering, stress analy-
AMS 1-83387 Inspection Process, Magnetic RuBber sis, NDT or quality groups and others as appropriate.

AS 4792 Water Conditioning Agents for Aqueous Magnetic o

Particle Inspectioh 4. Significance and Use
AS 5282 Tool Steel Ring Standard for Magnetic Particle 4.1 Magnetic particle examination consists of magnetizing

Inspectiord the area to be examined, applying suitably prepared magnetic
AS 5371 Reference Standards Notched Shims for Magnetiparticles while the area is magnetized, and subsequently

Particle Inspectioh interpreting and evaluating any resulting particle accumula-
2.5 Federal Standard$: tions. Maximum detectability occurs when the discontinuity is
FED-STD-313 Material Safety Data Sheets, Preparatiofpositioned on the surface and perpendicular to the magnetic

and the Submission ®f flux.

FED-STD-595 Color .
2.6 Military Standards® 5. General Practice

MIL-STD-1907 Inspection, Liquid Penetrant and Magnetic 5.1 Acceptance Requirementdhe acceptance require-
Particle Soundness Requirements for Materials, Parts, afients applicable to the part or group of parts shall be
Weldmenté incorporated as part of the written procedure either specifically

MIL-STD-2175 Castings, Classification and Inspectiof of or by reference to other applicable documents, such as MIL-

A-A-59230 Fluid, Magnetic Particle Inspection, Suspen-STD-1907, containing the necessary information. When parts

siorf are zoned, the acceptance criteria for each zone shall be
2.7 OSHA Document: specified. Methods for establishing acceptance requirements
29 CFR 1910.1200 Hazard Communication for large crankshaft forgings are covered in Specification
2.8 ANSI Document: A 456. Methods for establishing requirements for steel forg-
ANSI/NCSL Z 540-1 General Requirement for Calibration ings are covered in Test Method A 275/A 275M. Methods for

Laboratories and Measuring Test Equipn€nt classifying metal castings are given in MIL-STD-2175 and
2.9 1SO Document: AMS 5355. . . o
ISO 10012-1 Quality Assurance Requirements for Measur- 5.1.1 Aircraft-Quality Steel Cleanliness The examination

ing Equipment! of aircraft-quality steel for cleanliness using magnetic particle
2.10 AIA Document: examination shall be as specified in AMS 2300, 2301, or 2303
NAS 410 Certification and Qualification of Nondestructive @s appropriate to the type of steel being inspected. However,

Test Personné&t inspection of parts fabricated from this material shall be in

2.11 DoD Contracts-Ynless otherwise specified, the edi- accordance with the requirements of this practice. _
tions of the documents that are DoD adopted are those listed in 5.2 Personnel Qualification-Personnel performing exami-
the issue of the DoDISS (Department of Defense Index ofations in accordance with this practice shall be qualified in
Specifications and Standards) cited in the solicitation. accordance with ASNT Recommended Practice No. SNT-TC-

1A, ANSI/ASNT Standard CP-189, NAS 410, or as specified

2.12 Order of Precedencetathe event of conflict between in the contract or purchase order.
the text of this practice and the referenced documents cited 5.3 Agency Qualification-If specified in the contractual
herein, the text of this practice takes precedence. agreement, NDT agencies shall be qualified and evaluated as
described in E 543. The applicable edition of E 543 shall be
specified in the contractual agreement.
3. Terminology 5.4 Written Procedure-Magnetic particle examination

3.1 Definitions—The definitions relating to magnetic par- shall be performed in accordance with a written procedure
ticle examination, which appear in Terminology E 1316, shallapplicable to the part or group of parts under examination. The
apply to the terms used in this practice. procedure shall be in accordance with the requirements of this

3.2 Definitions of Terms Specific to This Standard: Practice. The process, when conducted in accordance with the

3.2.1 Cognizant Engineering Organizatiesthe company, Written procedure, shall be capable of detecting the rejectable
agency, or other authority responsible for the system ofliscontinuities specified in the acceptance criteria. The written
component for which magnetic particle examination is re-procedure may be general if it clearly applies to all of the

specified parts being examined and meets the requirements of
this practice. All written procedures, including technique sheets

8 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700for specific parts, shall be approved by an individual qualified
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS. and certified at Level Il for magnetic particle examination in

9 Available from Superintendent of Documents, U.S. Government Printing . L
Office, Washington, D.C. 20402. accordance with the requirements of 5.2. Procedures shall be

10 Available from National Conference of Standards Laboratories, 1800 30th stsubmitted to the Cognizant Engineering Organization for
Suite 305b, Boulder, CO. 80301. review and/or approval when requested.

i - . - N i )
5 GAevnegljlellalesxic;;\;rllr;trt]ecgnatlonal Organization for Standardization, Case Postale 5.4.1 Elements of the Written Procedute The written
12 Available from Aerospace Industries Association of America, Inc., 1250 Eyeproce‘jl'Ire shall include at least the following elements, either

St. NW, Washington D.C. 20005. directly or by reference to the applicable documents:
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5.4.1.1 Procedure identification number and the date it was TABLE 1 Required Verification Intervals
written; Item Maximum Time
5.4.1.2 Identification of the part(s) to which the procedure Between Verification
applies; this shall include the material and alloy. Lighting:®
. . . . Visible light intensity (5.7.1.1) weekly
5.4.1.3 Sequence of magnetic particle examination as re- ambient light intensity (5.7.1.2) weekly
lated to manufacturing process operation, if applicable; Black light intensity (5.7.2, 7.3.5) daily

. . System Performance:® (7.1, 7.1.1, 7.1.2)  daily
5.4.1.4 Identification of test parts used for system perforWet particle concentration (7.2.1.1) 8 hours, or every shift change

mance verification (see 7.1.1 and 7.1.2); Wet particle contamination:? (7.2.1.2) 1 week
. . Water break test (7.2.2) daily
5415 Areas of the part to be examined (include arn i men caibration check:®
illustration, either a drawing or photo); Ammeter accuracy (7.3.1) 6 months
H ; H AR Timer control (7.3.2) 6 months
5416 Pgrt p'reparatlon r(.egwred befo're exammauon, Quick break (7.3.3) 6 months
5.4.1.7 Directions for positioning the item with respect t0 Yoke dead weight check (7.3.4) 6 months
the magnetizing equipment; Black and white light meters 6 months
L. . Gaussmeter accuracy 6 months
5.4.1.8 The type of magnetizing current and the equipment=; : , — :
to be used: When the inspection system is in operation.

B The maximum time between verifications may be reduced or extended when
5.4.1.9 Method of establishing the magnetization (headsubstantiated by actual technicalireliability data.

coil, prods, yoke, cable wrap, etc.);
5.4.1.10 Directions of magnetization to be used, the order in

which they are applied, and any demagnetization procedures to2-/-1.1 Visible light shall b(_a used when gxamining.with
be used between shots: nonfluorescent magnetic particles and for interpretation of

54111 The current level or the number of ampere turns tindications found with fluorescent magnetic particles. A mini-
T . ' T P Bhum light intensity of 100 fc (1000 Ix) shall be available at the
be used and the duration of its application;

) " . surface of the part undergoing examination or evaluation.
5.4.1.12 Type of magnetic particle material (dry or wet, 577 2 Ambient Visible Light-Fluorescent magnetic par-

visible or fluorescent, etc.) to be used and the method angje examinations shall be performed in a darkened area with
equipment to be used for its application and, for the case of We{ aximum ambient visible light level of 2 fc (20 Ix) measured
particles, the particle concentration limits; at the part surface.

5.4.1.13 Type of records and method of marking parts after 5.7.2 Black Lights—Inspection black lights shall meet the
examination; requirements of 7.3.5. The minimum acceptable intensity is

5.4.1.14 Acceptance requirements, to be used for evaluatingp00 pW/cm (10 W/nT) at the surface being examined. Black
indications and disposition of parts after evaluation; and lights shall be checked periodically for cleanliness and integ-

5.4.1.15 Post-examination demagnetization and cleaning réity and shall be cleaned, repaired or replaced as appropriate.
quirements. Periodic checks of cleanliness/integrity need not be recorded.

5.5 Examination SequeneePerform magnetic particle ex- ~ 9-7-3 Restricted Area ExaminatierWhere lamps are
amination after all operations which might cause or reveaPhysically too large to directly illuminate the examination
discontinuities. Such operations include, but are not limited toSurface, special lighting, such as UV pencil lights or UV light
forging, heat treating, electroplating, forming, welding, grind-guides or borescopes shall be used. The image viewed must
ing, straightening, machining, and proof loading. have sufficient resolution to effectively evaluate the required
td|scont|numes. Light intensity shall be measured at the ex-
ected working distance and shall meet the requirements of
.7.1.1 and 5.7.2 as appropriate.

5.8 Materials

5.8.1 Dry Particle Requirements-Dry particles shall meet

e requirements of AMS 3040.

o ] 5.8.2 Wet Particle RequirementsWet particles shall meet
5.5 Record'of 'ExamlnatleprThe results of all magnetlc_ the requirements of AMS 3041, 3042, 3043, 3044, 3045, or
particle examinations shall be recorded. Records shall prowd§046, as applicable.

for traceability to the specific part or lot examined, serial 5 g3 Suspension VehiclesThe suspension vehicle for the
number if serialized, and they shall identify the NDE contrac-yet method shall be a light petroleum distillate conforming to

tor or facility and the procedures used in the examination, the\p1s 2641 (Type 1) or DoD-F-87935, or a suitably conditioned
lot size, and the number of parts accepted. All recorded resultgater that conforms to the requirements of 5.8.4. When
shall be identified, filed, and made available for review by the; i roved by the contracting agency, AMS 2641 (Type 1) may
contracting agency upon request. be used. When specified, the oil suspension vehicle shall meet

5.7 Lighting: the salient characteristics specified in A-A-59230.

5.7.1 Visible Light—Conduct visible light intensity mea-  5.8.4 Conditioned Water VehicleWhen water is used as a
surements upon initial light installation or when changes occususpension vehicle for magnetic particles, the conditioning
that would cause the light intensity to change and at theagents used shall comply with AS 4792. Proper wetting shall
intervals specified in Table 1. be determined by a water break test (see 7.4.2). Smoother

5.5.1 Perform magnetic particle examination prior to sho
peening (to provide a beneficial compressive layer) and prior;@
applying protective finishes such as priming, painting, platin
(see 6.1.2 through 6.1.4.5) or other coatings.

5.5.2 In-process examinations may not be substituted fO{h
final examination.
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surfaces generally require a greater percent of wetting agent 6.2.3 Yokes—When using yokes (electromagnetic probes)
than rough surfaces. Foaming of the bath must be minimized tfor magnetic particle examination, adequate magnetic field
the point that it does not interfere with the inspection processstrength shall be established in accordance with 7.3.4.

5.8.5 Particle Concentration-The concentration of par- 6.2.4 Magnetizing Current App||cat|0.ﬂ_ A|ternating cur-
ticles in the suspension bath shall be as specified in the writtegant is to be used only for the detection of defects open to the
procedure. Particle concentrations outside of the range of 0.1 iq,rface. Full-wave rectified alternating current has the deepest
0.4 mlin a 100-ml bath sample for fluorescent particles and 1.2qssjble penetration and must be used for inspection for defects
to 2.4 ml in a 100 ml sample for nonfluorescent particles shalhaiow the surface when using the wet magnetic particle

not be used. Fluorescent particles and nonfluorescent particle$sthod. Half-wave rectified alternating current is advanta-

shall not be used together. geous for the dry powder method because it creates a pulsating
unidirectional field that gives increased mobility to the par-
ticles.

6.1 Preparation of Parts for Examination 6.2.5 Magnetic Field Directions-Discontinuities are diffi-

6.1.1 Preinspection Demagnetizatien The part shall be cult to detect by the magnetic particle method when they make
demagnetized before examination if prior operations havgn angle less than 45° to the direction of magnetization. To
produced a residual magnetic field that may interfere with theinsure the detection of discontinuities in any direction, each
examination. part must be magnetized in a minimum of two directions at

6.1.2 Surface Cleanliness and Finish The surface of the approximately right angles to each other. Depending on part
part to be examined shall be essentially smooth, clean, dry, arﬁgometry, this may consist of circular magnetization in two or
free of oil, scale, machining marks, or other contaminants o qre directions, multiple circular and longitudinal magnetiza-
conditions that might interfere with the efficiency of the tion, or of longitudinal magnetization in two or more direc-

examination. tions. Exceptions necessitated by part geometry, size, or other

6.1.3 Plugging and Masking-Plugging and masking is factors require specific approval of the Cognizant Engineering
required when specified by the Cognizant Engineering OrgaOrganization.

nization.

6.1.4 Plating and Coatings-Examine parts which will
receive either a plating or coating as follows:
6.1.4.1 Examination is required prior to all non-

6. Specific Practice

6.2.6 Multidirectional Magnetizatior- Multidirectional
magnetization may be used to fulfill the requirement for
magnetization in two directions if it is demonstrated that it is
. effective in all areas. Test parts in accordance with 6.3.1.1 or
electroplated cogtmgs._ . . ) shims manufactured to the requirements of AS 5371, or as

6.1_.4.2 Exammgtmn is requwed prior to elecproplatmg whengiherwise approved by the Cognizant Engineering Organiza-
the final plating thickness will exceed 0.0008 in (0.02 mm). tion, shall be used to verify field direction, strength, and

6.1.4.3 Examination is required after electroplating and Oly51ance in multidirectional magnetization. Balance of the field
grinding of electroplated surfaces with the following excep-jntensity is critical. The field intensity shall be balanced in all
tions: 1) magnetic particle examination is not required for g ections. The particle application must be timed so that the

plating _thlckn_ess’ greater _thar_n 0.005 n (0.13 mm) Q)q magnetization levels reach full value in all directions while the
magnetic particle examination is not required for steels with aparticles are mobile on the surface under examination

tensile strength less than or equal to 160 ksi. 6.2.7 Di M i ation_Di L
6.1.4.4 Use caution when examining parts with an electro- ™ Irect Magnetizatior-Direct magnetization Is ac-

plated nickel coating as indications may form in the nickelco"aniShecj by passing current directly through the part under
plating itself examination. Electrical contact is made to the part using head

and tail stock, prods, clamps, magnetic leeches, or by other

6.1.4.5 For in-service examination, plating or coatings do : .
not require removal prior to examination unless they ardneans. Caution shall be taken to ensure that the electrical

damaged or they interfere with the examination process. current is not flowing while contacts are being applied or
6.2 Magnetization Methods removed and that excessive heating does not occur in the

6.2.1 Types of Magnetizing CurrentThe types of currents cont_act area. Unle_ss _otherW|se specified by the Cognizant
. : L . Engineering Organization, prods shall not be used for the
used for magnetic particle examination are full-wave recuﬁeaE

alternating (FWDC) current (1 or 3 phase), half-wave rectified}e.x.ar;:mat'onf of aerospace components (flight hardware) or on
alternating (HWDC) current, and alternating (AC) current. The inished sur aces. o ) o
equipment used shall fulfill the magnetizing and demagnetizing 6-2.8 Indirect Magnetizatior-Indirect part magnetization
requirements adequately, as outlined herein, without damage #ses pre-formed coils, cable wraps, yokes, field (flux) flow
the part under examination, and they shall include the necedixtures, or a central conductor to induce a magnetic field in a
sary features required for safe operation. part when no electrical contact is made.

6.2.2 Permanent MagnetsPermanent magnets are not to  6.2.9 Induced Current Magnetizatiea Induced current
be used for magnetic particle examination unless specificallynagnetization (toroidal or circumferential field) is accom-
authorized by the Cognizant Engineering Organization. Whemplished by inductively coupling a part to an electrical coil to
permanent magnets are used, adequate magnetic field strengtieate a suitable current flow in the part as illustrated in Fig. 1.
shall be established in accordance with 7.3.4. This method is often advantageous on ring-shaped parts with a
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Multi-Turn Primary 6.3.3 Magnetization Current LevelsThe current values
Magnetizing Magnetic

Cy Field

given are average current values and are applied directly to
full-wave rectified current. For other types of current, the
operator's manual or the equipment manufacturer should be
consulted.

6.3.4 Prod Current Levels-When using prods on material
%2 in. (19 mm) in thickness or less, 90 to 115 A/in. of prod
spacing (3.5 to 4.5 A/mm) shall be used. For material greater
than %2 in. (19 mm) in thickness, 100 to 125 Alin. of prod
spacing (4.0 to 5.0 A/mm) shall be used. Prod spacing shall not
be less than 2 in. (50 mm) or greater than 8 in. (200 mm). The
effective width of the magnetizing field when using prods is
one fourth of the prod spacing on each side of a line through
the prod centers.

6.3.5 Direct Circular Magnetizatior— When magnetizing
Torodial by passing current directly through the part the nominal current

. shall be 300 to 800 A/in. of part diameter (12 to 32 A/mm). The

Magnetic  giameter of the part shall be taken as the greatest distance
Field between any two points on the outside circumference of the
part. Currents will normally be 500 A/in. (20 A/mm) or lower,

Current Soft Iron

(ac) Core « Part /Induced with the higher currents up to 800 A/in. (32 A/mm) being used
Magnetic Particlo Under~ Current to examine for inclusions or to examine low-permeability
g Examination alloys such as precipitation-hardened steels. Amperages of less
Indications than 300 A/in. may be used when part configuration dictates
The primary current sets up an oscillating field. and approval is obtained from the Level Ill and the Cognizant

This primary magnetic field induces a current in the ring shaped part under . . . .
examination Engineering Organization.

FIG. 1 Example of Induced Current Magnetization 6.3.6 Central Conductor Circular MagnetizatierCircular
magnetization may be provided by passing current through a
conductor that is positioned inside the part. In this case,
alternating current is to be used only when the sole purpose of
the test is to examine for surface discontinuities on the inside
surface of the part. If only the inside of the part is to be

6.3 Magnetic Field Strength X X :
P ; - examined, the diameter shall be the greatest distance between
6.3.1 Magnetic Field Strength-The applied magnetic field two points, 180 degrees apart on the inside circumference.

shall have sufficient strength to produce satisfactory indica . . . : )
tions, but it must not be sogstrongrt)hat it causes the m%’:\sking dftherwise, the diameter is determined as in 6.3.5.
relevant indications by nonrelevant accumulations of magnetic 6-3-6.1 Centrally Located ConducterWhen the axis of the
particles. Adequate magnetic field strength may be determinggfntral conductor is located near the central axis of the part, the
by one or a combination of three methods: same current levels as given in 6.3.5 shall apply.

6.3.1.1 By examining parts having known or artificial dis- 6.3.6.2 Offset Central ConducterWhen the conductor that
continuities of the type, size, and location specified in theS positioned inside the part is placed against an inside wall of
acceptance requirements or by using the notched shims #e part, the current levels as given in 6.3.5 shall apply, except

central aperture and with ao/D ratio less than three, espe-
cially where the elimination of arcing or burning is of vital
importance.

defined in Appendix X2; that the total diameter shall be the sum of the diameter of the
6.3.1.2 By using a Hall effect probe gaussmeter capable dfentral conductor plus twice the wall thickness of the part. The
measuring the peak values of the tangent field; and distance along the part circumference (interior) that may be

6.3.1.3 By using the current levels specified in sectiongffectively examined shall be taken as approximately four
6.3.4 or 6.3.5 or the formulas given in Appendix X4. Thesetimes the diameter of the central conductor up to 360 degrees
current levels and formulas provide only a rough guide androvided the presence of suitable fields is verified. The entire
shall be used in conjunction with another field strengthcircumference shall be examined by rotating the part on the
monitoring method. conductor, allowing for approximately a 10 % magnetic field

6.3.2 Tangential-field strengths in the range of 30 to 6ooverlap. See Fig. 2 for an illustration.
Gauss [G] (30 to 60< 10* Tesla [T]) measured at the part  6.3.7 Longitudinal Magnetization Using Coils
surface are normally adequate magnetization levels for mad-ongitudinal magnetization is often accomplished by passing
netic particle examination when using a Hall effect probecurrent through a coil encircling the part, or section of the part,
gaussmeter. Insure that field strengths in this range are presdotbe examined (that is, by using a coil shot). This produces a
in all areas of the part to be examined. Current levels thamagnetic field parallel to the axis of the coil. The effective field
provide a 30 to 60 G (30 to 6& 10“ T) field may be used extends a distance on either side of the coil center approxi-
instead of the current levels specified in paragraphs 6.3.4 andately equal to the radius of the coil. The actual effective
6.3.5 or the current used in the formulas of Appendix X4. distance must be demonstrated based on the particular part to
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Effective Region Central Conductor by gently spraying or flowing the suspension over the area to
of Examination be examined or by immersion of the _part in the suspension.

6.4.2.1 Proper sequencing and timing of part magnetization
and application of particle suspension are required to obtain the
proper formation and retention of indications. This requires
that the stream of suspension be diverted from the part
simultaneously with, or slightly before, energizing the mag-
netic circuit.

6.4.2.2 The magnetizing current shall be applied for a
duration of at leas¥z s for each application, with a minimum
of two shots being used. The second shot shall follow the first
in rapid succession. It should come after the flow of suspension
has been interrupted and before the part is examined for
indications.

6.4.2.3 Under special circumstances, such as the use of
automated equipment or for critical parts, #es duration and
the two-shot requirement may be waived provided it is
demonstrated that the procedure can detect known discontinui-
FIG. 2 The Effective Region of Examination When Using an ties in reference parts.

Offset Central Conductor is Equal to Four Times the Diameter of 6.4.2.4 Care shall be exercised to prevent any damage to the
the Conductor as Indicated . N
part due to overheating or other causes. Weakly held indica-
tions on highly finished parts are readily washed away, and
hence care must be exercised to prevent high-velocity flow

be examined. For parts longer than these effective distancegVer critical surfaces

th tire length shall b ined b itioning th t . o .
© entre fengih sha® be examined by reposiioning the par 6.4.3 Residual Magnetization Methed In the residual

within the coil, allowing for approximately 10 % effective L ; . .

magnetic field overlap. See Appendix X4 for formulas that carfhagnetization method, the magnetic particles are applied to the

be used in coil magnetization part under examination immediately after the magnetizing
6.4 Particle Application ' force has been discontinued. The residual method is not as

6.4.1 Dry Magnetic Particle Application, Continuous sensitive as the continuous method. It can be useful, for

Method—When using dry particles, the flow of magnetizing example, in dete_cting.ser\{ice induc_eq fatigue cracks on the

current shall be initiated prior to application of the magneticsurface Of m:?\tenals with high retentivity. It is a.LISO useful for

particles to the surface under examination and terminated aftéIPe examination O.f parts or areas of parts Wh'Ch’ beca_use of
ometric constraints, cannot be examined with the continuous

owder application has been completed and any excess blovf . o
gﬁ_ Preca?ft)ions shall be taken topprevent any ﬁamage to t ethod. The residual method shall be used only when specifi-

part due to overheating cally approved by the Cognizant Engineering Organization or
6.4.1.1 Apply dry poWder so that a light, uniform, dust-like when it has been documented that it can detect discontinuities

coating settles on the surface of the part under examinatiof’ artificial discontinuities in parts under examination. The test

while the part is being magnetized. Specially designed powd _arts shall have the same material and processing steps, and

blowers or shakers using compressed air or hand power shall"lar geometry to, the actual parts being examined.
be used. The applicators shall introduce the particles into the 6.4.4 Magnetic Slurry/Paint Application- Magnetic paints
air in a manner such that they reach the part surface in 8r slurries are applied to the part with a brush, squeeze bottle,
uniform cloud with a minimum of force. or aerosol can before or during the magnetization operation.
6.4.1.2 After the powder is applied, and before the magneThiS method is fo_r special a_LppIications, such as overhead or
tizing force is removed, excess powder shall be removed, if itnderwater examination. This method may be used only when
interferes with interpretation and evaluation, by means of a drgPecifically approved by the Cognizant Engineering Organiza-
air current with sufficient force to remove the excess particlest!on.
but not strong enough to disturb particles held by a leakage 6.4.5 Magnetic Polymer Applicaticr-Polymerizable mate-
field that is indicative of discontinuities. In order to recognizerial containing magnetic particles shall be held in contact with
the broad, fuzzy, lightly held powder patterns formed bythe part under examination during the period of its cure. Before
near-surface discontinuities, the formation of indications musturing takes place, and while the magnetic particles are still
be observed carefully during both powder application andnobile, the part shall be magnetized to the specified level. This
removal of the excess powder. The dry particle method shallequires prolonged or repeated periods of magnetization. This
not be used to examine aerospace components (flight hardiethod is for special applications, such as bolt holes which
ware). cannot be examined readily by the wet or dry method, and shall
6.4.2 Wet Magnetic Particle Application, Continuous be used only when specifically approved by the Cognizant
Method—Fluorescent or nonfluorescent particles suspended iEngineering Organization. AMS-1-83387 establishes the ex-
a liquid vehicle at the required concentration shall be appliedmination process for magnetic rubber.
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6.5 Evaluation—Following magnetization and particle ap- 6.7.2.2 Care shall be taken to remove all plugs, masking, or
plication, the parts shall be examined for indications. Allother processing aids that may affect the intended use of the
indications will be identified as relevant or nonrelevant. Rel-part.
evant indications will be compared to accept/reject criteria and 6.7.2.3 Parts shall be protected from corrosion or damage as
the parts accepted or rejected accordingly. required.

6.6 Recording of Indications-When required by the written 4 Quality Control
procedure, the location of all rejectable indications shall be 71 Svstem Perf VerificationTh Il perf
marked on the part, and permanent records of the location, "° ystem Ferformance verificatien 1he overall pertor-

direction, and frequency of indications may be made by one omgngeu?féh:n{n?:é?; Eaglr?(lje tﬁ)éalT'Qt?;'oréﬁzﬁgenn;;égflgg;gg
more of the following methods: quip ' ! ghting 9

, o . . used, shall be verified initially and at regular intervals there-

6.6.1 Written Descriptior—By recording the location, ster The required verification intervals are stated in Table 1.
length, direction, and number of indications in sketch or tabulakacords of the verification results shall be maintained and
form. retained for the time period specified in the contract. Establish

6.6.2 Transparent Tape-For dry particle indications, by a system in accordance with ANSI Z540-1 or ISO 10012-1 for
applying transparent adhesive-backed tape to which the indealibration and certification of all current and voltage measur-
cations will adhere and placing it on an approved form alongng devices, ammeter shunts, timers, and gaussmeters used in
with information giving its location on the part. verification.

6.6.3 Strippable Film—By covering the indication with a 7.1.1 Use of Test Parts with Discontinuities-A reliable
spray-on strippable film that fixes the indications in place andnethod for examination system verification is the use of
placing the resultant reproduction on an approved form alongepresentative reference parts containing discontinuities of the
with information giving its location on the part. type, location, and size specified in the acceptance require-

6.6.4 Photography—By photographing or video recording MeNts and examined (or inspected) in accordance with a
iipyvritten procedure. If correct magnetic particle indications can

the indications themselves, the tape, or the strippable fi : ey X
reproduction and placing the photograph in a tabular fornP® Produced and identified in these representative parts, the
along with information giving its location on the part. overall system a_nd examination pro_cedure Is verified. Parts
L L _ used for verification will be demagnetized, cleaned thoroughly
6.7 Post Examination Demagnetization and Clearid§ll ¢, 15ying the examination, and checked under black or visible
parts shall be demagnetized and cleaned after final examingap; a5 appropriate to the examination process, to ensure that
tion. Apply corrosion protection as required. residual indications do not remain.
6.7.1 Demagnetization 7.1.2 Fabricated Test Parts with Artificial Discontinuities
6.7.1.1 When using AC demagnetization, the part shall b&Vhen actual production parts with known discontinuities of the
subjected to a field with a peak value greater than, and in nearlype, location, and size needed for verification are not available
the same direction as, the field used during examination. Thier are impractical, fabricated test or production parts with
AC field is then decreased gradually to zero. When using aartificial discontinuities or a ring specimen similar to the ring
AC demagnetizing coil, hold the part approximately 1 ft (30in Appendix X1 may be used. Artificial discontinuities may be
cm) in front of the coil and then move it slowly and steadily fabricated to meet a particular need or may be commercially
through the coil and at least 3 ft (100 cm) beyond the end of th@vailable magnetic field indicators or shims as shown in
coil while the current is flowing. Repeat this process asAppendix X2 and Fig. 3. Artificial-flaw devices are tools to
necessary. Rotate and tumble parts of complex configuratioetermine the quality and the direction of magnetic fields and
while passing through the field of the coil. are not quantitative devices. All applicable conditions for the
6.7.1.2 When using DC demagnetization, the initial field!YS® of such ref_erence parts, as describ.ed in 7.1.1, shall apply.
shall be higher than, and in nearly the same direction as, the /-2 Suspension Vehicle Tes{Slot required for aerosol can
field reached during examination. The field shall then be>0lutions):

reversed, decreased in magnitude, and the process repeated-2-1 Concentration/Contamination Tests Particle con-
(cycled) until an acceptably low value of residual field is centration and contamination shall be determined upon start
reached up, at regular intervals thereafter, and whenever the bath is

6.7.1.3 Whenever possible, parts that have been magnetizc z?egid or adjusted. The required testing intervals are stated in

circularly shall be magnetized in the longitudinal direction
before being demagnetized. After demagnetization, a magneti&

field probe or strength meter Sﬁa" not detect fields with ar| iy gistribution of particles throughout the bath. Place a
absolute valge abcayS G (3x 1_0 T) anywhere on the part. 100-ml sample of the agitated suspension in a pear-shaped
6.7.2 Postinspection CleanirgCleaning shall be done centrifuge tube (of the size and shape specified in Test Method
with a suitable solvent, air blower, or by other means. D 1966, except the stem shall be graduated to 1 ml in 0.05-ml
6.7.2.1 Parts shall be examined to ensure that the cleanirigcrements for fluorescent particles and graduated to 1.5 ml in
procedure has removed magnetic particle residues from hole8,1 ml increments for visible particles). Demagnetize the
crevices, passage ways, etc. Such residue could have aample and allow the tube to stand undisturbed for a settling
adverse effect on the intended use of the part. time of at least 60 min if using petroleum distillate or 30 min

7.2.1.1 Determination of Wet Particle Concentratien
gitate the particle suspension a minimum of 30 min to ensure



A E 1444 — 01
“afl

Eight Low Carbon Steel Pie 7.3.1 Ammeter Accuraey-To check the equipment amme-
Sections Furnace Brazed ter, a calibrated ammeter shall be connected in series with the
Together & Copper Plated output circuit. Comparative readings shall be taken at three

output levels encompassing the useable range of the equip-
ment. The equipment meter reading shall not deviate by more
3/4"t0 1" than =10 % or 50 amperes, whichever is greater, from the
(19110 current value shown by the calibrated ammeter. (When mea-
254 suring half-wave rectified current, the current values shown by
cm) /A the calibrated DC ammeter readings shall be doubled.) The
frequency of the ammeter check is specified in Table 1.

7.3.2 Timer Control Check-On equipment using a timer to
control the current duration, the timer should be calibrated to
\ Nonferrous Handleg within +0.1 s using a suitable electronic timer.

K of Convenient 7.3.3 Magnetic Field Quick Break Cheek On equipment

\ Length and Shape that uses a quick break feature, proper functioning of this

R circuit shall be verified. The test may be performed using a
1/32" Max Nonferrous Trunions suitable oscilloscope or other applicable method as specified by
(0.079 cm) the equipment manufacturer.

] 7.3.4 Dead Weight CheekYokes and permanent magnets
O ] S:E (when allowed) shall be dead weight tested at intervals as
FIG. 3 Pie-field Indicator for Use in Magnetic Particle stated in Table 1. Alternating current and permanent magnet
Examination yokes shall have a lifting force of at least 10 Ib. (4.5 kg), with
a 2 to 6 inch (50 to 150 -mm) spacing between legs. Direct
current yokes shall have a lifting force of at least 30 Ib. (13.5
for conditioned water suspension. Read the volume of settleldd), with a 2 to4-in (50 to 100-mm) spacing between legs, or
particles. If the concentration is out of the tolerance stated ip0 1b. (22.5 kg), wih a 4 to6-in (100 to 150-mm) spacing.
the written procedure add particles or suspension vehicle, as 7.3.5 Black Lights—Black lights, portable, hand-held, per-
required, and re-determine the particle concentration. If thénanently mounted or fixed, which are used to inspect parts,
settled particles appear to be loose agglomerates rather tharshall be checked for output at the frequency specified in Table
solid layer, take a second sample. If the second sample alsband after bulb replacement. A longer period may be used if a
appears agglomerated, replace the entire suspension. Thirtglan justifying this extension is prepared by the NDT facility or
minute settling times (for oil suspensions), or other acceleratetis delegate. Minimum acceptable intensity is 1000 m\\/ain
tests, may be used if they have been verified to give result$5 inches (38.1 cm) from the front of the filter to the face of the
equivalent to the procedure described in this paragraph. sensor. All black light filters shall be replaced or otherwise
7.2.1.2 Determination of Wet Particle Contaminatien  corrected as appropriate.
Perform the tests specified in 7.2.1.1. Examine the graduated 7.4 Marking of Accepted Parts-Unless otherwise specified
portion of the tube, under both black light (for fluorescent bathdy the Cognizant Engineering Organization, parts that have
only) and visible light (for both fluorescent and nonfluorescenbeen accepted using magnetic particle examination shall be
baths), for striations or bands, different in color or appearancemarked in accordance with the applicable drawing, purchase
Bands or striations may indicate contamination. If the totalorder, contract, or as specified herein prior to leaving the
volume of the contaminants, including bands or striationsexamination facility.
exceeds 30 % of the volume of magnetic particles the bath 7.4.1 Marking shall be applied in such a manner and
must be adjusted or replaced. location as to be harmless to the part. The identification shall
7.2.2 Water Break TestIn this test of water-based vehicles, not be obliterated or smeared by subsequent handling and,
a clean part with a surface finish the same as the parts to Behen practicable, placed in a location that will be visible after
examined or an actual production part is flooded with theassembly.
conditioned water, and the appearance of the surface is noted7.4.1.1 When subsequent processing would remove the
after flooding is stopped. If a continuous even film forms overidentification, the applicable marking shall be affixed to the
the entire part, sufficient wetting agent is present. If the film ofrecord accompanying the finished parts or assembly.
suspension breaks, exposing bare surface, insufficient wetting 7.4.1.2 Bolts and nuts and other fastener products may be
agent is present or the part has not been cleaned adequatelidentified as having met the requirements of magnetic particle
7.3 Equipment Calibratioa-Magnetic particle examination examination by marking each package conspicuously.
equipment shall be checked for performance and accuracy at7.4.2 Impression Stamping, Ink Stamping, Laser Marking,
the time of purchase and at intervals thereafter as indicated iDyeing, Vibro Engraving or Etching-lmpression stamping,
Table 1; whenever malfunction is suspected, when specified bipk stamping, laser marking, dyeing, vibro engraving or
the Cognizant Engineering Organization, or whenever electrietching may be used when permitted or required by the
cal maintenance that might affect equipment accuracy ispplicable written procedure, detail specification or drawing, or
performed. when the nature of the part is such as to provide for impression

- -
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stamping of part numbers or other examination personnel 7.6 Eye Glasses-When using fluorescent materials, exami-
markings. Impression stamping shall be located only in thenation personnel shall not wear eye glasses that are photochro-
area provided adjacent to the part number or examinatiomic or that have permanently darkened lenses. This is not
personnel’s stamp. intended to prohibit the use of eyeglasses with lenses treated to
7.4.3 Other Identification-Other means of identification, absorb ultraviolet light.

such as tagging, may be used for parts that have a configuration7.7 Safety—The safe handling of magnetic particles (wet or
or function precluding the use of stamping, vibro engraving, odry), oil vehicles, water baths, and water conditioner concen-
etching, as in the case of completely ground or polished balldrates are governed by the suppliers’ Material Safety Data
rollers, pins, or bushings. Sheets (MSDS). Material Safety Data Sheets, conforming to 29

7 5.1 One-Hundred Percent ExaminatienWhen items are  SUPPlier to any user and shall be prepared in accordance with

examined and accepted by 100 % examination, each item shdIFD-STD-313. o . . . .
be marked as follows: 7.7.1 Flammability—Flash point of oil vehicles shall be in

7.5.1.1 Dyeing—When dyeing is applicable, a dye of ac- %C:?lf;n;iimth AMS 2641. The suppliers’ MSDS shall certify
ceptable adherence which is predominantly blue (per FED- 7.7.2 Personnel Hazards-Precautions against inhalation,

STD-595) shall be employed. However, if a color conflict is skin contact, and eye exposure are detailed in the suppliers’
incurred with any other method, magnetic particle examinatior'\/ISDS Thes’e precgutiong shall be observed PP

may be indicated by two adjacent blue dots or other suitable 7.7.3 Electrical Hazards—Magnetizing equipment shall be

means. A
maintained properly to prevent personnel hazards from elec-

£ 7h5.1.2\?vtra]1mpi_ng, Laser Marking, \ﬂb_rok Engra\_/ing,l OF trical short circuits. Care must be taken to reduce arcing and
tching—When impression stamping or ink stamping, lasery, " e inie ignition of oil baths.,

marki_ng, vibro engraving, “or”etqhing i_s used to m_ark 100% 7 7 4 Black Light—Replace cracked or broken ultraviolet
examined parts, the letter "M” with a circle around it shall b o5 jmmediately. Broken filters can continue to radiate
employed. . ) ultraviolet energy and must be replaced immediately. Spec-
7.5.2 Marking Accepted Lots-When items are accepted by tacles designed to absorb ultraviolet wavelength radiation are
means of a sampling procedure, each item of an accepted Igf,ggested for close, high black light intensity, examination.
shall be marked as follows: 7.8 Dark Adaptatior—Personnel must wait at least 1 minute
7.5.2.1 Dyeing—When dyeing is applicable, a dye of ac- after entering a darkened area for their eyes to adjust to the
ceptable adherence that is predominantly orange (per FEDow-level lighting before performing fluorescent magnetic
STD-595) shall be employed. particle examination.
7.5.2.2 Stamping, Laser Marking Vibro Engraving, or
Etching—When impression stamping, vibro engraving or etch-8- Keywords
ing is used to mark lot examined parts, the letter “M”, without 8.1 dye; fluorescent; magnetic particle; nondestructive
a circle around it shall be employed. evaluation; nondestructive examination; nondestructive testing

ANNEX
(Mandatory Information)

Al. INSTRUCTIONS FOR THE USE OF AS 5371 STANDARD NOTCHED SHIMS

Al.1 Application of Shims-Fhe Reference Standard Before attaching the shim to the part, both the shim and part
Notched Shims of AS 5371, as shown in Appendix X2, requireshall be clean and dry.
specific handling, attachment, and care for accurate indication
of magnetic field strength and direction. To select amperage Al.4 The shim shall be placed in intimate contact with the
settings for multi-directional magnetization, the use ofPart with the flaw side next to the material to be tested.
AS 5371 shims is mandatory unless otherwise specified by the

Cognizant Engineering Organization. Al1.5 The shim shall be securely fastened to the part by

using an adhesive or tape (such as Scotch Brand 191, 471, or

A1.2 Shims 0.002 inch (0.05 mm) thick shall be used on600 series) that prevents the magnetic particle suspension from
curved or complex surfaces. entering between the shim and part.

A1.3 Shims are manufactured of low carbon steel and must A1.6 Tape may be used to secure the shim and shall have
be protected from corrosion when not in use. They may béhe following properties: (1) Good adhesion to steel2)(
submerged in a solvent such as MEK or naphtha for storagémpervious to the suspension used, aBiithe tape shall be



A E 1444 — 01
“afl

non-fluorescent (for fluorescent suspensions). A1.9.3.1 Field strength for the first direction shall be deter-
mined by slowly increasing the amperage until a satisfactory
Al1.7 If the tape becomes loose, allowing the suspension tindication on each shim is observed.
seep under the shim, the tape and shim shall be carefully A1.9.3.2 Record the setting.
removed, the shim and the part shall be cleaned and the shimA1.9.3.3 Carefully clean the shims prior to determining the
shall be reattached. amperage in the next direction.
A1.9.3.4 Field strength for the second direction shall be
Al1.8 Re-use of the shims is acceptable, provided they argetermined by incrementally increasing the amperage until a
not distorted when removed and intimate contact is achievedatisfactory indication on each shim is observed.
when replaced. A1.9.3.5 Record the setting.
A1.9.4 Place the selector switch in the multi-directional
Al.9 Determining Field Strength and Directiondse of  mode and magnetize the part at the recorded settings. If the
the circle or cross configuration shims will indicate fields in entire circle on the shims is observed, the fields are in balance.
any direction. If any portion of the circle has a weak indication, adjust the
A1.9.1 In developing a magnetic particle procedure, firstamperage accordingly and repeat field verification process until
determine the locations the shims should be placed to ensutbe magnetic fields are balanced.
adequate coverage to monitor the field strength and direction, A1.9.5 Use care when applying the suspension to the shims.
and then attach the shims. Proper shim indications may not form unless the suspension is
A1.9.2 Using the continuous method, begin by starting theapplied in a gentle manner.
amperage selection at a minimum level and increasing the
amperage slowly until the shim indication(s) is readily ob-
served. When magnetized, one leg of the X will be indicated; : ; . . . :
perpendicular to the field direction and the circle shim will idual fields when developing magnetic particle inspection
. . . procedures.
show in the areas that are approximately perpendicular to the
direction of the applied field. Al.11 Actual field strength measurements can be obtained
A1.9.3 In multi-directional magnetization, longitudinal and by placing a Hall Effect probe adjacent to the shim or at a
circular fields shall be determined separately as follows. nearby location where probe placement can easily be repeated.

Al1.10 The shims are made of a low retentivity and high
ermeability material that cannot be used for indicating re-

APPENDIXES
(Nonmandatory Information)

X1. TOOL STEEL RING SPECIMEN FOR SYSTEM PERFORMANCE TEST

X1.1 Aring specimen similar to Fig. X1.1 may be used to TABLE X1.2 Amperage and Hole Indication Requirements for

perform the system performance tests of section 7.1. Ketos 01 Tool Steel Rings
Amperage Minimum Number

Type of Suspension

X1.2 Wet Particle Test(Conducted in accordance with a FWDC or HWDC of Holes Indicated
written procedure.) Fluorescent Oxide 1400 3
(Wet) 2500 5
L . 3400 6
TABLE X1.1 Amperage and Hole Indication Requirements for Visible Oxides 1400 3
AS 5282 Rings (Wet) 2500 5
: Amperage Minimum Number 3400 6
Type of Suspension FWDC or HWDC of Holes Indicated Dry Powder 1400 4
2500 6
Fluorescent Oxide 500 3 3400 7
(Wet) 1000 5
1500 6
2500 7
N _ 3500 9 X1.2.1 Place a non-ferromagnetic conductor with a diam-
2"\,\7:36 Oxides o ° eter between 1 and 1.25 in. (25.4 and 31.75mm) and a length
1500 5 of 16 in. (406.4mm) or more through the center of the ring.
gggg g X1.2.2 Center the ring on the conductor.
Dry Powder 500 4 X1.2.3 Magnetize the ring circularly by passing the required
1000 6 current through the conductor. Use the current levels of Table
;ggg ; X1.1, Table X1.2, and/or the written procedure.
3500 9 X1.2.4 Apply the suspension to the ring using the continu-

ous method.

10



A E 1444 — 01
“afl

~+/3/4" (1.91 cm)

o —l

Hole 1 2 3 4 5 6

Diameter 0.07 0.07 0.07 0.07 0.07 0.07

Note 1 (1.78 mm) (1.78 mm) (1.78 mm) (1.78 mm) (1.78 mm) (1.78 mm)
‘D" 0.07 0.14 0.21 0.28 0.35 0.42

Note 2 (1.78 mm) (3.56 mm) (5.33 mm) (7.11 mm) (8.89 mm) (10.67 mm)
Hole 7 8 9 10 11 12
Diameter 0.07 0.07 0.07 0.07 0.07 0.07

Note 1 (1.78 mm) (1.78 mm) (1.78 mm) (1.78 mm) (2.78 mm) (1.78 mm)
‘D" 0.49 0.56 0.63 0.70 0.77 0.84

Note 2 (12.45 mm) (14.22 mm) (16.00 mm) (17.78 mm) (19.56 mm) (21.34 mm)

Note 1—All hole diameters are=0.005 in. (-0.13 mm). Rings with holes 10 thru 12 are optional.
Note 2—Tolerance on the D distance #0.005 in. (-0.13 mm).
Note 3—All other dimensions are-0.03 in. (0.76 mm).

FIG. X1.1 ANSI KETOS Steel Tool Ring

X1.2.5 Examine the ring within 1 min. after current appli- X1.3.1 Place a non-ferromagnetic conductor with a diam-

cation. eter between 1 and 1.25 in. (25.4 and 31.75mm) and a length
X1.2.5.1 Nonfluorescent baths shall be examined unde?f 16 in. (406.4 mm) or more through the center of the ring.
visible light of not less than 100 fc (1000 Ix). X1.3.2 Center the ring on the conductor.

X1.2.5.2 Fluorescent baths shall be examined under black X1.3.3 Magnetize the ring circularly by passing the required

. . : current through the conductor. Use the applicable current levels
g%?tg?;;]grlfﬁsntga% 1(28(?XL)1W/&1and an ambient light level of Table X1.1, Table X1.2, and/or the written procedure.

o . X1.3.4 Apply the particles to the ring using a squeeze bulb
X1.2.5.3 The number of hole indications visible shall meetor other suitable applicator while the current is flowing.

or exceed those specified in Table X1.1, Table X1.2, and/or the w1 3 5 Examine the ring within 1 min. after current appli-

written procedure. cation under a minimum of 100 fc (1000 Ix) of visible light.
X1.2.5.4 Current levels used and number of holes observed X1.3.5.1 The number of hole indications visible shall meet
may be limited by equipment current capacity. or exceed those specified in Table X1.1, Table X1.2, and/or the

written procedure.
X1.3 Dry Particle Test.(Conducted in accordance with a  X1.3.5.2 Current levels used and number of holes observed
written procedure.) may be limited by equipment current capacity.

X2. REFERENCE STANDARD NOTCHED SHIMS FOR MAGNETIC PARTICLE INSPECTION PER AS 5371

X2.1 The following standard flawed shims are typically ensure the establishment and balance of fields in the multidi-
used to establish proper field direction and ensure adequatectional magnetization method.
field strength during technique development in magnetic par-
ticle examination. The shims of Fig. X2.1 may be used to

11
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0.7 (TYP) gy e 075 (TYP)
(19.(0.2 mr)n) {16.05 mm)
0.25* 0.25*
(6.35 mm) (6.35 mm)
ﬁ 0.507" Dia. 0D A 0.507 Dia. OD
/ / (12.88 mm) // (12.88 mm)
—- | 0.007" (TYP) — 0.007" (TYP}
{0.18 mm) {0.18 mm)
NOTCHES NOTCHES
DEPTH - 30% 0,0006" (0.01S mm) DEPTH - 30% 0,0012" {0.030 mm)
SHIM THICKNESS - 0.002° (0.06 mm) SHIM THICKNESS - 0.004” (0.10 mm)
230 430
Shim Type CX-230 Shim Type CX-430

FIG. X2.1 Shims for Magnetic Particle Testing

X2.1.1 The shims are available in two thicknesses, 0.002 in. X2.2 Shims shall be low carbon steel , AMS 5062 or
(0.05 mm) and 0.004 in. (0.10 mm). Thinner shims are use@quivalent.

when the thicker shims cannot conform to the part surface in
the area of interest. X2.3 Shims shall be used as specified in AS 5371. Shims

X2.1.2 The shims are available in two sizes, 0.75 in. (19re placed in the area(s) of interest with the notches toward the
mm) square for Figs. X2.1 and X2.2 and 0.79 in. (20 mm)syrface of the part being examined. Use enough shims or place
square of Fig. X2.3. The shims of Fig. X2.3 are cut, by the usefihe shim in multiple areas to ensure proper field directions and
into four 0.395 in. (10 mm) square shims for use in reSt“Ctedstrengths are obtained.

areas.
0.75" (TYP) 0.75" (TYP)
— —>
{19.05 mm) (19.05 mm)
0.007" (TYP, 0.507" Dia. OD 0.007" (TYP) 0.507 Dia. OD
{0.18 nsm)‘)// (12.88 mm) * (0.18 mm)A/*’ {12.88 mm)
. 0.383" Dia. OD | _ 0.383" Dia. OD
{9.73 mm) ) (9.73 mm})
0.258" Dia. OD | 0.258" Dia. OD
(6.55 mm) {6.55 mm)
NOTCH DEPTH NOTCH DEPTH
20% 0.0008" 20% 0.0004"
(0.0203 mm) OD (0.010 mm) OD
30% 0.0012" (3(())‘;/;1 g OOO)G'Cem
(0.0305 mm) Center .015 mm) er
4-234 40% 0.0016° 2-234 40% 0.0008"
{0.0406 mm) 1D (0.020 mm} 1D

Shim Type 3C4-234
Shim Thickness 0.004" (0.102 mm)

Shim Type 3C2-234
Shim Thickness 0.002" (0.05 mm)

FIG. X2.2 Shims for Magnetic Particle Testing
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0.79" (TYP) 0.79° (TYP)
(20.06 mm) (20.08 mm)
0.235" (TYP) 0.235" (TYP)
e R ot
(5.97 mm) | I‘-T5.97 mm)
| 0.255" Dia. OD 0.255" Dia. OD
/ \\ (6.48 mm) / ﬁ [ (6.48 mm)
| 0.006" (TYP) 0.006" (TYP)
{0.152 mm) [ (0.152 mm)

- 0395 (TYP) |- 0.20" (TYP)
(10.03 mm) {5.08 mm)

CAN N | meem
L\ |™

0.395" (TYP) N ‘9_@- (Tm
5.08 mm)

{10.03 mm)
N i
30% 0.001Z"
j (0.030 mm)

-t

anva
N

230 430
Shim Thickness 0.002" (0.051 mm) Shim Thickness 0.004" (0.102 mm)
Shim Type CX4-230 Shim Type CX4-430

FIG. X2.3 Shims for Magnetic Particle Testing

X3. MEASUREMENT OF TANGENTIAL FIELD STRENGTH

X3.1 Care must be exercised when measuring the tangemdternating current is being used, the gaussmeter should be set
tial applied field strengths specified in 6.3.2. The active area ofo read the peak value during the shot. The gaussmeter should
the Hall effect probe should be no larger than 0.2 in. (5.1 mmhave a frequency response of 0 to 300 Hz or higher. The
by 0.2 in. (5.1 mm) and should have a maximum centeirection and magnitude of the tangential field on the part
location 5 mm from the part surface. The plane of the prob&urface can be determined by two measurements made at right
must be perpendicular to the surface of the part at the Iocatiogng|es to each other at the same spot. The gaussmeter probe
of measurement to within 5 degrees. This is difficult t0|eads should be shielded or twisted to prevent reading errors

accomplish by hand orientation, therefore the probe should bg, e 1o voltage induced during the large field changes encoun-
held in a jig or fixture of some type. If the current is being (oreq during magnetic particle examination.
applied in shots, or if alternating current or half-wave rectified

X4. FORMULAS FOR DETERMINING PROPER CURRENT VALUES FOR COILS

X4.1 The following formulas have been used for manylf the part has hollow portions, D may be replaced with; Bs
years to develop techniques for examining parts using longieutlined in X4.2.4.

tudinal fields produced by coils and cable wraps. Recent x4 5 1 | ongitudinal Magnetization with Low Fill Factor

studies have indicated that the fields produced by thesggjis_when the cross-sectional area of the coil is ten or more
formulas may be excessive for some parts. They may be Usgflhes the cross-sectional area of part being examined, the
as a guide to establish preliminary magnetizing current value]%"owmg formulae apply:

and should be verified by one of the magnetic field strength
monitoring methods referenced in 6.3.1.

K
X4.2 Coil and Cable Wrap—Fhe following formulas hold NI= 75 (£10%) (X4.1)
only if the L/D is greater than 2 and less than 15. If L/D is less
than 2, pole pieces (pieces of ferromagnetic material with the/Vhere:
same diameter as the part being examined ) may be placed I
one or each end to effectively increase the L/D to 2 or greater.

X4.2.1.1 For parts positioned to the side of the coil:

the number of turns in the caill,
the current in amperes applied to the coil,
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K = 45000 A turns, where:
L = length of the part, and N = the number of turns in the coil,
D = the diameter of the part in the same units as the length.| = the current in amperes applied to the caoill,
X4.2.1.2 For parts positioned in the center of the coil: (NI); = value of NI calculated for low-fill factor coils
K using X4.2.1.1 or X4.2.1.2,
NI =W(tlo %) (X4.2) (NI), = value of NI calculated for high-fill factor coils
using X4.2.2, and
where T = the ratio of the cross-sectional area of the coil to
N = the number of turns in the caoll, the cross-sectional area of the part. For example, if
I = the current in amperes applied to the coll, the coil is 10 in. in diameter and the partis 5in. in
R = radius of the coil, mm (or in.), diameter, then:
K = 1690 if Risin mm (43000 if R is in inches), (m - 52)
L = length of the part, and T=—=5=4 (X4.5)
D = the diameter of the part in the same units as the length. (m-2.5)

X4.2.2 Longitudinal Magnetization with Cable Wrap or
High Fill Factor Coils—When the cross-sectional area of the X4.2.4 Calculating the L/D Ratio for a Hollow or Partially
coil is less than twice the cross-sectional area (includingHollow Part—When calculating for a hollow or partially
hollow portions) of the part under examination, the following hollow part, D may be replaced with an effective diametegD

formula applies: the following formulae:
K
_ —A
NI =[5y 727 (£10% (X4.3) Dy — Z/M (X4.6)
where _ _ where
N = the number of turns in the coll, , A, = the total cross-sectional area of the part, and
| = the current in amperes applied to the coil, A, = the total cross-sectional area of the hollow sections
K = 35000 A turns, of the part
L = the length of the part, o . o
D = the diameter of the part in the same units as the length. For hollow cylindrical parts this is equal to the following:

X4.2.3 Longitudinal Magnetization for Intermediate Fill D.; = \/[(OD) — (1D (x4.7)
Factor Coils—When the cross-sectional area of the coil is

between 2 and 10 times the cross-sectional area of the pawhere:
being examined, the following formula applies: oD
ID

the outside diameter of the cylinder, and
the inside diameter of the cylinder.

NI = (Nl)h[los_ T] + (N|)|[T . 2] (X4.4)

X5. SUITABILITY OF MATERIALS FOR MAGNETIC PARTICLE EXAMINATION

X5.1 Some materials are far more suitable for magnetic X5.5 Fig. X5.1 is a tabulation of stainless and corrosion
particle examination than others. In some cases, penetrargsistant steels and their suitability for examination with the
inspection may be a more reliable examination method. magnetic particle method.

X5.2 Some of the precipitation hardening (PH) steels are yc 5 Aluminum and aluminum based alloys, copper and

austenitic in the annealed or low heat treat ranges. Austenitigopper based alloys, and nickel based alloys cannot be exam-
materials cannot be examined by the magnetic particle methog}, o4 by the magnetié particle method.

X5.3 Care must be taken with low permeability steels, such

as the PH steels, to use a high enough amperage to provideX>-7 All low-alloy carbon steels, 1000 series (1020, 1050,
proper field strength. 1117, 1340 etc.), 4000 series (4130, 4330 4340M, etc.), 5000,

6000, 8000, 9000 series, HY 80, HY 100, 9Ni-4Co, and
X5.4 Steels with very high permeability are easily magne-Maraging steels are ferro-magnetic and can be examined with
tized but should not be examined with the residual method. the magnetic particle method.
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Stainless and
Gorrosion Resistant
Steels

Ch;:;nr:ug:‘?;;kel Chromium Chromium Low
T?jpl-’ Superalioys Nickel Type Type Chramium Type

IEME ‘ Austenitic | | SemiAustinetic | Martensitic “ Ferritic | | Martensttic ’
I Non- Magnstic | l Me:\;w"e;uc | ‘ Non- Magnetic | MN;‘@‘EQ”“S;L | Magnetic I l Magnetic J l Magnetic l | Magnetic
Treated)
201 A-286 0 17-7PH 17-4PH 400 403 501
202 Distaloy 302 PH15-7TMo 15-5PH 405 410 502
21.5-9 Incoioy 800, a02 PH14-8Mo PH13-8M0 409 414
204 801, 802, 303 AM350 ANM3E3 429 415
204L 501, 903 304 AMISS Custom 450 430 420
209EZ RA330 305 AM357 Custom 455 434 422
Haynes 25, 08 AM359 14-4 436 431
188 309 442 4404, B, C
Stelite 68 310 443 440F
All Hastsloy 311 446 12MoV
AllIngone! 314 18R
All Nimonic 36
Al Udimet 37
Rene 41, 95, 3
100 347
Astroloy 348
D-979 16-9
IN100, 102 22-13-5
18-2Mn
17-14Cu-Mo
22-4-8
17-10P

FIG. X5.1 Tabulation of Stainless and Corrosion Resistant Steels

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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