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Standard Practice for

Magnetic Particle Examination *

An American National Standard

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 epsilonej indicates an editorial change since the last revision or reapproval.

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

1. Scope
1.1 This practice establishes minimum requirements for

SNT-TC-1A Recommended Practice and Supplement Mag-
netic Particle Inspection

magnetic particle examination used for the detection of surface 2-4 GSociety of Automotive Engineers (SAE)-AMS Docu-
or slightly subsurface discontinuities in ferromagnetic material MENtS:

This practice is intended as a direct replacement of MIL-STD-
1949. Guide E 709 can be used in conjunction with this
practice as a tutorial.

1.2 The magnetic particle examination method is used to

AMS 2300 Premium Aircraft-Quality Steel Cleanliness
Magnetic Particle Inspection Procedlre

AMS 2301 Aircraft Quality Steel Cleanliness Magnetic Par-
ticle Inspection Procedufe

detect cracks, laps, seams, inclusions, and other discontinuitiesAMS 2303 Aircraft Quality Steel Cleanliness Martensitic

on or near the surface of ferromagnetic materials. Magnetic

particle examination may be applied to raw material, billets,

Corrosion Resistant Steels Magnetic Particle Inspection
Proceduré

finished and semifinished materials, welds, and in-service AMS 2641 Magnetic Particle Inspection Vehitle

parts. Magnetic particle examination is not applicable to

nonferromagnetic metals and alloys such as austenitic stainless Method

steels.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents form a part of this standard
practice to the extent specified herein.

2.2 ASTM Standards:

A 275/A 275M Test Method for Magnetic Particle Exami-
nation of Steel Forgings

A 456 Specification for Magnetic Particle Inspection of
Large Crankshaft Forginds

D 96 Test Methods for Water and Sediment in Crude Oil by
the Centrifuge Method (Field Procedute)

E 543 Practice for Evaluating Agencies that Perform Non-
destructive Testirfy

E 709 Guide for Magnetic Particle Examinatfon

E 1316 Terminology for Nondestructive Examinatibns

2.3 ASNT Document:

AMS 3040 Magnetic Particles, Nonfluorescent, Dry

AMS 3041 Magnetic Particles, Nonfluorescent, Wet
Method, Oil Vehicle, Ready-To-USe

AMS 3042 Magnetic Particles, Nonfluorescent, Wet
Method, Dry Powder

AMS 3043 Magnetic Particles, Nonfluorescent, Wet

Method, Oil Vehicle, Aerosol Packagéd

AMS 3044 Magnetic Particles, Fluorescent, Wet Method,
Dry Powdef

AMS 3045 Magnetic Particles, Fluorescent, Wet Method,
Oil Vehicle, Ready-To-Use

AMS 3046 Magnetic Particles, Fluorescent, Wet Method,
Oil Vehicle, Aerosol Packagéd

AMS 5355 Investment Castings

2.5 Federal Standard$:

FED-STD-313 Material Safety Data Sheets, Preparation
and the Submission ®f

FED-STD-595 Colord

2.6 Military Standards®

MIL-STD-1907 Inspection, Liquid Penetrant and Magnetic
Particle Soundness Requirements for Materials, Parts, and
Weldment§

5 Available from American Society for Nondestructive Testing, 1711 Arlingate

1 This practice is under the jurisdiction of ASTM Committee E-7 on Nonde- Plaza, P.O. Box 28518, Columbus, OH 43228-0518.

structive Testing and is the direct responsibility of Subcommittee E07.03 on Liquid
Penetrant and Magnetic Particle Methods.

% Copies of standards, specifications, drawings, and publications required by

manufacturers in connection with specification acquisition should be obtained from

Current edition approved Nov. 15, 1994. Published January 1995. Originallythe contracting activity or as directed by the contracting officer.

published as E 1444 — 91. Last previous edition E 1444 — 94.
2 Annual Book of ASTM Standardgol 01.05.
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7 Available from Society of Automotive Engineers, 400 Commonwealth Drive,

Warrendale, PA 15096.

8 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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iy E 1444

MIL-STD-410 Nondestructive Testing Personnel Qualifica-tions. Maximum detectability occurs when the discontinuity is
tion and Certificatiof positioned perpendicular to the magnetic flux. In order to

MIL-STD-1949 Magnetic Particle Inspection, Method®of detect discontinuities in all directions, at least two magnetic

MIL-STD-2175 Castings, Classification and Inspectiof of fields, perpendicular to one another in a plane parallel to the

MIL-STD-45662 Calibration Systems Requirements surface being inspected, shall be used, except when specifically
MIL-1-83387 Inspection Process, Magnetic Rulber exempted by the contracting agency.
DoD-F-87935 Fluid, Magnetic Particle Inspection, Suspen-

sion (Metricf 5. General Practice
2.7 OSHA Documerit: o 5.1 Acceptance Requirementdhe acceptance require-
29CFR 1910.1200 Hazard Communication ments applicable to the part or group of parts shall be

2.8 DoD Contracts-Unless otherwise specified, the edi- jncorporated as part of the written procedure either specifically
tions of the documents that are DoD adopted are those listed igy by reference to other applicable documents, such as MIL-
the issue of the DoDISS (Department of Defense Index ol51p-1907, containing the necessary information. Applicable
Specifications and Standards) cited in the solicitation. drawings or other documents shall specify the acceptance size

. and concentration of discontinuities for the component, with
2.9 Order of Precedencetathe event of conflict between zoning of unique areas as required by design requirements.

the text of this pracpice anq the referenced documents citegt,oge acceptance requirements shall be as approved on or as
herein, the text of this practice takes precedence. specified by the contracting agency. Methods for establishing
acceptance requirements for large crankshaft forgings are
: covered in Specification A 456. Methods for establishing
s Termln_ol.o_gy o _ ) requirements for steel forgings are covered in Test Method
3.1 Definitions—The definitions relating to magnetic par- a 275/A 275M. Methods for classifying metal castings are
ticle examination, which appear in Terminology E 1316, shallgi\,en in MIL-STD-2175 and AMS 5355. MIL-STD-1907 pro-
apply to the terms used in this practice. vides a classification scheme for ferromagnetic forgings, cast-
3.2.1 alternating current (acj-an electrical current that 5 1 1 Ajrcraft-Quality Steel CleanlinessThe examination
reverses its direction of flow at regular intervals. of aircraft-quality steel for cleanliness using magnetic particle
3.2.2 ambient light—the visible light level measured at the oy amination shall be as specified in AMS 2300, 2301, or 2303

specimen surface with the black light(s) on. as appropriate to the type of steel being inspected. However,
3.2.3 contracting agency-a prime contractor, subcontrac- inspection of parts fabricated from this material shall be in

tor, or government agency procuring magnetic particle inspecsccordance with the requirements of this practice.

tion services. 5.2 Personnel Qualification-Personnel performing exami-

3'2'|4 gauss (G)—the unit of flux (ifgig}'f_I[ inlduc_lt_i(?r) Inthe - ations in accordance with this practice shall be qualified and
cgs electromagnetic unit system ( esla (T); in air, certified in accordance with ASNT Personnel Qualification

1 G is equivalent to 1 oersted (Oe), which equals 79.58 AIM)g\T-TC-1A or MIL-STD-410 for military purposes, or as
3.2.5 head shot-the production of circular magnetization specified in the contract or purchase order '

by passing current directly through the part being inspected, or e . .
central conductor, while being held in contact with the head 5.3 Agency Qualification-The agency performing the test

. . . Ing or examination shall meet, as a minimum, the requirements
stocks in a horizontal wet machine. .
; o . of Practice E 543.
3.2.6 magnetic flux-a conceptualization of the magnetic 5.4 Writt P d M i ticl inati
field intensity based on the line pattern produced when iron, ™ ritten Frocedure-viagnetic particie examination

filings are sprinkled on paper laid over a permanent magneﬁha" be performed in accordance with a written procedure

The magnetic field lies in the direction of the flux lines and hasapplicable to the parts or group of parts under testing. The

an intensitv brooortional to the line densit. procedure shall be in accordance with the requirements and
3927 maygr?etigatiOH—the process by whti}éh the elementary guidelines of this practice. The procedure shall be capable of

magnetic domains of a material are predominantly aligned irgetectlng the smallest rejectable d!scontan|t|es specified in the
one direction. acceptance requirements. The written procedure may be gen-

3.2.8 retentivity—the ability of a material to retain magne- eral if it clearly applies to all of the specified parts being tested

tism after the magnetizing force has been removed and meets the requirements of this practice. All written
‘ procedures shall be approved by an individual qualified and

4. Significance and Use certified at Level Il for magnetic particle examination in

4.1 Magnetic particle examination consists of magnetizin accordance with 5.2. Procedures shall be submitted to the
ontracting agency when requested.

the area to be inspected, applying suitably prepared magnetic . .
particles while the area is magnetized, and subsequentle/ 5.4.1 Elements of the Written Procedu+el he written pro-

interpreting and evaluating any resulting particle accumula- gdure shall include at least the _followmg elements, either
directly or by reference to the applicable documents:

5.4.1.1 Procedure identification number and the date it was

9 Available from Superintendent of Documents, U.S. Government Printingwntten;

Office, Washington, D.C. 20402. 5.4.1.2 Identification of the parts to V\quéa m@ﬂts
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il € 1444
applies; this shall include the material and alloy of which thefluorescent magnetic particle examinations shall be performed
parts are fabricated; in a darkened area with a maximum ambient visible light level
5.4.1.3 Sequence of magnetic particle examination as resf 2 fc (20 Ix) measured at the part surface.
lated to manufacturing process operation, if applicable; 5.7.1.2 Special Visible Internal Light SoureeWhen exami-
5.4.1.4 Identification of test parts used for system perfornations of internal surfaces must be performed using special
mance verification (see 7.1.2 and 7.1.3); visible light sources, the image produced must have sufficient
5.4.1.5 Areas of the part to be examined (include arresolution to effectively evaluate the required discontinuities.
illustration—either sketch or photo); Light intensity shall be measured at the expected working
5.4.1.6 Part preparation required before testing; distance of the equipment.
5.4.1.7 Directions for positioning the item with respect to  5-7.2 Black Lights—All black lights shall be checked at the
the magnetizing equipment; intervals specified in Table 1, and after bulb replacement, for
5.4.1.8 The type of magnetizing current and the equipmerUtPut. A longer period may be used if a plan justifying this
to be used: extension is prepared by the nondestructive testing facility and
5.4.1.9 Method of establishing the magnetization (head@PProved by the contracting agency. The minimum acceptable
coil, prods, yoke, cable wrap, etc.): intensity is 1000 pW/cmat the part being examined. Black

5.4.1.10 Directions of magnetization to be used, the order ifight reflectors and filters shall be checked daily for cleanliness

which they are applied, and any demagnetization procedures fnd integrity. Damfaged or dirty reflectors or filters shall be
be used between shots: replaced or otherwise corrected as appropriate.

5.4.1.11 The current level, or the number of ampere turns, to 5.7.3 Internal Part Examlnaplon—Where Iam_ps are physi-
be used and the duration of its application; cally too large to directly illuminate the examination surface,

5.4.1.12 Type of magnetic particle material (dry or Wet’special lighting shall be used. Internal _features such as bo_res,
visible or fluorescent, etc.) to be used and the method ar;g.()les’ and passages less than 0.5 in. (12.5 mm) nominal
equipment to be used for its application and, for the case of wi lameter shall notrequire magnetic _partlcle examination unless
particles, the particle concentration limits; otherwise specified by the contracting agency.

. 5.8 Materials
exglrérl]'iiéltisor-lljype of records and method of marking parts after 5.8.1 Dry Particle Requirements-Dry particles shall meet

: . the requirements of AMS 3040. In applying AMS 3040, the
. 5.'4'1.'14 Acceptance_: .reqmrements, to be used_ for- evaluat'rlgarticles shall show indications as listed in Table 2 on the test
indications and disposition of parts after evaluation; and

) . L . ring specimen of Fig. 1 using the following procedure:
5.4.1.15 Postinspection demagnetization and cleaning re- 581.1 Place a conductor with a diameter between 1 and

quirements._ . ) . 1.25in. (25 and 31 mm) and a length longer than 16 in. (40 cm)
5,'5 Exar_nlnatmr.]. SequeneeWhen magnetic particle ex- through the center of the ring. Center the ring on the length of
amination is specified, it shall be performed after the comples o conductor. Magnetize the ring circularly by passing the

tion of operations that could cause surface or near-surfacg, rant specified in Table 2 through the conductor. Using a

defects. These operations include, but are not limited t0gq,,6676 bulb or other suitable applicator, apply the particles to

forging_, hgat treatir_lg, pla_ting, passiyqtion, cold forming, W_em'the surface of the ring while the current is flowing. Examine
ing, grinding, straightening, machining, and proof loading.pe ring within 1 min after current application under a visible
Unless otherwise approved by the contracting agency oOr gynt of not less than 100 fc (1000 Ix). The number of hole
approved in 6.1.3, production parts shall be magnetic particlg,yications shall meet or exceed those specified in Table 2.
inspected before the application of any coatings. Also, parts ¢ g 5 \wet pParticle RequirementsWet particles shall meet
heat treated to an ultimate tensile strength of 180 ksi or higheg, requirements of AMS 3041, 3042, 3043, 3044, 3045, or
that are heat treated and subsequently electroplated shall %846, as applicable. In applying these specifications, the

inspected after the elec_troplating operation. . particles shall show indications as listed in Table 2 on the test
5.6 Record of Examination-The results of all magnetic

particle inspections shall be recorded. All recorded results shall TABLE 1 Required Verification Intervals
be identified, filed, and made available for review by the ltem Maximum Time Between Verification
contrac;i.ng agency upon request. Records shall provide fQfgping:
traceability to the specific part or lot inspected, and they shall Black light intensity 1 day
identify the inspection contractor or facility and the procedures Ambient light intensity 1 day
k . . . Visible light intensity 1 day
used in the inspection, the lot size, and the number of part§siem performance using the test 1 day
accepted. piece or ring specimen of Fig. 1
; IR Wet particle concentration 8 hours, or every shift change
5.7 nght.mg' . i . Water break test 1 day
5.7.1 Visible nght—\/iSIble ||ght shall be used when exam- et particle contamination 1 week

ining with nonfluorescent particles. The intensity of the visibleEquipment Ca”brat(ij?n Chedf _
light at the surface of the part undergoing examination shall be Saussmeter reading (Teslameter) zero - Prior to Use

5 i e X . Gaussmeter (Teslameter) accuracy 6 months
maintained at a minimum of 100 fc (1000 Ix). The intensity Ammeter accuracy 6 months
measurement shall be conducted with a suitable illuminance gme; Eon"f' gmonms
. H uICl real montns
meter with a photopic spectral response. . 3 Dead weight check smonths
5.7.1.1 Ambient Visible Light-Unless otherwise specified, Documents
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filb E 1444
TABLE 2 Required Indications When Using the Ring Specimen free of oil, scale, machining marks, or other contaminants or
of Fig. 1 conditions that might interfere with the efficiency of the
) Central Conductor ~ Minimum Number of inspection.
Particles Used FWDC Amperage Holes Indicated g

6.1.3 Coatings—Magnetic particle examination shall not be

Wet suspension, Fluorescent, or 1400 3 : . .
Nonfiuorescent 2500 = performed with coatings m_place that cquld prevent the
3400 6 detection of surface defects in ferromagnetic substrate. Such
Dry powder 1400 4 coatings normally include paint or chrome plate greater than
e o 0.003 in. (0.08 mm) in thickness and ferromagnetic coatings

such as electroplated nickel greater than 0.001 in. (0.03 mm) in
thickness. If coatings greater than these limits are present
ring specimen of Fig. 1 using the following procedure: during examination, it must be demonstrated that the minimum
5.8.2.1 Place a conductor with a diameter between 1 anrkjectable discontinuities can be detected through the maxi-
1.25in. (25 and 31 mm) and a length longer than 16 in. (40 cminum coating thickness applied. When such coatings are
through the center of the ring. Center the ring on the length ohonconductive, they must be removed where electrical contact
the conductor. Magnetize the ring circularly by passing theis to be made. In high stress applications when detection of fine
current specified in Table 2 through the conductor. Apply thedefects such as grinding cracks and nonmetallic stringers is
suspension to the ring using the continuous method. Examinequired, examination with coatings in place shall be per-
the ring within 1 min after current application (examination of formed only when it has been verified that the minimum
nonfluorescent baths shall be conducted under visible light afejectable discontinuities can be detected in the presence of the
not less than 100 fc (1000 Ix); examination of fluorescent bathgoating.
shall be conducted under a black light of not less than 1000 6.1.4 Plugging and Masking-Unless otherwise specified
HW/cn). The number of hole indications shall meet or exceedyy the contracting agency, small openings and oil holes leading
those specified in Table 2. to passages or cavities that could entrap or remain contami-
5.8.3 Suspension VehiclesThe suspension vehicle for the nated with inspection media shall be plugged with a suitable
wet method shall be a light petroleum distillate conforming tononabrasive material that can be removed readily and, in the
AMS 2641 (Type I) or DoD-F-87935, or a suitably conditioned case of engine parts, is soluble in oil. Effective masking shall
water that conforms to the requirements of 5.8.4. Wherpe used to protect those components, such as certain nonme-

approved by the contracting agency, AMS 2641 (Type Il) mayallics, that may be damaged by contact with the suspension.
be used. The flash point and viscosity shall be in accordance g 2 Magnetization Methods

with the requirements of AMS 2641 or DoD-E-87935. The 6.2.1 Types of Magnetizing CurrentThe types of currents
background fluorescence of the suspension vehicle shall be le§§e for magnetic particle examination are full-wave rectified

than the Iimg_s_peciéied in DO%TF4§79h35' . g alternating current (3 or 1 phase), half-wave rectified alternat-
5.8.4 Conditioned Water VehicieWhen water is used as a g o\rrent, and alternating current. The equipment used shall

suspension vehicle f°f. magnetic partlcles, it sha]l be .Cond'fulfill the magnetizing and demagnetizing requirements ad-

tioned suitably to provide for proper wetting, particle disper-gq a1ely as outlined herein, without damage to the part under

sion, and corrosion protection. Proper wetting shall be detefggting “and they shall include the necessary features required
mined by a water break test (see 7.1.4.2). Smoother test cafe operation

surfaces generally require that a greater percent of wetting 6.2.2 Permanent MagnetsPermanent magnets are not to

agent be added than rough surfaces. Nonionic wetting agenE)sé used for magnetic particle examination unless specifically

are recommended. However, wetting agent additions shall bguthorized by the contracting agency. When permanent mag-

controlled in all cases by pH measurements to limit the S
L . . nets are used, adequate magnetic field strength shall be
alkalinity of the suspension to a maximum pH of 10.0 and the X . .
S o established in accordance with 7.1.5.4.
acidity to a minimum pH of 6.0.

5.8.5 Particle Concentratior-The concentration of par- 6.23 Yok_e-s—Wh_en using _yok_es (electromagnetic PYOb“.—‘S)
ticles in the test bath shall be as specified in the writter]® Magnetic particle examination, adequate magnetic field

procedure. Particle concentrations outside of the range of 0.1 grength shall b-e-establlshed n 3090”?3”06 with _7'1'5'4'
0.4 mL in a 100-mL bath sample for fluorescent particles and 6-2-4 Magnetizing Current Applicatio-Alternating cur-
1.2 to 2.4 mL for nonfluorescent particles shall not be used®nt is to be used only for the detection of defects open to the
unless authorized by the contracting agency. Fluorescent pa$urface. Full-wave rectified alternating current has the deepest

ticles and nonfluorescent particles shall not be used togethePOSSible penetration and must be used for inspection for defects
below the surface when using the wet magnetic particle

6. Specific Practice method. Half-wave rectified alternating current is advanta-
6.1 Preparation of Parts for Test geous for the dry powder method because it creates a pulsating
6.1.1 Preinspection DemagnetizatieaThe part shall be unidirectional field that gives increased mobility to the par-

demagnetized before examination if prior operations havdicles.

produced a residual magnetic field that may interfere with the 6.2.5 Magnetic Field Directions-Discontinuities are diffi-

examination. cult to detect by the magnetic particle method when they make
6.1.2 Surface Cleanliness and FinishThe surface of the an angle less than 45° to the direction of magnetization. To

part to be inspected shall be essentially smooth, clean, dry, arhsure the detection of discontinuities |®@dumnw
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