NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QHny) Designation: E 1444 — 94a

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.
2 Annual Book of ASTM Standardgol 05.01.
4 Annual Book of ASTM Standardgol 03.03.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

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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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. L ) .
. . . . 5.2 Personnel Qualificatior-Personnel performing exami-
3.2.4 gauss (G)-the unit of flux density or induction in the ¢ in accordance with this practice shall be qualified and

cgs electromagnetic unit system (1=610° Tesla (T); in i, cqriified 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
accordance with 5.2. Procedures shall be submitted to the

4.1 Magnetic particle examination consists of magnetizin ontracting agency when requested
the area to be inspected, applying suitably prepared magnetc5 a1 Elg 9 ; yf the Wi 'tct] P ) dureTh it
particles while the area is magnetized, and subsequentle/ 4.1 Elements of the VWTitten Frocedureine 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 which the procedure
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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 afte_r bulb replac_er_nent, _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 uWi/crhat 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- ev"’llu"’“”}garticles 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_Elld'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 Timer control 6 months

Quick break 6 months

meter with a photopic spectral response.
5.7.1.1 Ambient Visible Light-Unless otherwise specified,

Dead weight check 6 months
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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 Iim:;_s_peciéied in DO%’.Fjﬁwh%' . 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—When using _yok_es (electromagnetic pf.Ob?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 in any direction, each
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\/3/4" (1.91 cm)

Tyry\
5" .........
(12.70
cm)
7/8"
2.22 cm)

Hole 1 2 3 4 5 [ 7 8 9 10 1 12
Diameter 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Note 1 (0.18cm) (0.18cm) (0.18cm) (0.18cm) (0.18cm) (0.18cm) (0.18cm) (0.18cm) (0.18cm) (0.18cm) (0.18cm) (0.18cm)
“D" 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.56 0.63 0.70 0.77 0.84

Note 2 (0.18cm) (0.36cm) (0.53cm) (0.71cm) (0.80cm) (1.08cm) (1.26cm) (l.44cm) (1.62cm) (1.80cm) (1.98cm) (2.16 cm)
Notes:

Note 1—All hole diameters are=0.005 in. ¢-0.01 cm). Hole numbers 8 thru 12 are optional.
Note 2—Tolerance on the D distance 0.005 in. ¢-0.01).

Note 3—All dimensions are=0.03 in. (£0.08) or as noted in Notes 1 and 2.

Note 4—All dimensions are in inches, except as noted.

Note 5—Material is ANSI 01 tool steel from annealed round stock.

Note 6—The ring may be heat treated as follows: Heat to 1400 to 1450°F (760 to 790° C). Hold at this temperature for 1 h. Cool at a maximum rate

of 40°F/hr (22°C/hr) to below 1000°F (540°C). Furnace or air cool to room temperature. Finish the ring to RMS 25 and protect from corrosion.
FIG. 1 ANSI KETOS Tool Steel Ring

part must be magnetized in at least two directions at righPrecaution shall be taken to ensure that the electrical current is
angles to each other. Depending on part geometry, this mayot flowing while contacts are being applied or removed and
consist of circular magnetization in two or more directions, ofthat excessive heating does not occur in the contact area.
both circular and longitudinal magnetization, or of longitudinal Unless otherwise specified by the contracting agency, prods
magnetization in two or more directions. Exceptions necessishall not be used for the examination of aerospace components
tated by part geometry, size, or other factors require specifi¢flight hardware) or on finished surfaces.
approval of the contracting agency. 6.2.8 Indirect Magnetization-Indirect part magnetization

6.2.6 Multidirectional Magnetizatioar-Multidirectional  uses preformed coils, cable wraps, yokes, field flow fixtures, or
magnetization may be used to fulfill the requirement fora central conductor to produce a magnetic field of suitable
magnetization in two directions if it is demonstrated that it isstrength and direction to magnetize the part under test.
effective in all critical areas. Artificial flaws that are etched or 6.2.9 Induced Current Magnetizatierlnduced current
machined, as shown by a device equal to Fig. 2, may be usedagnetization (toroidal or circumferential field) is accom-
to establish field direction. It is vitally important that the field plished by inductively coupling a part to an electrical coil to
intensity be balanced in all directions so that one direction doesreate a suitable current flow in the part as illustrated in Fig. 3.
not overwhelm another direction. In using this method, theThis method is often advantageous on ring-shaped parts with a
particle application must be timed so that the magnetizatiorentral aperture and with a/D ratio less than three, espe-
reaches its full value in all directions during the time particlescially where the elimination of arcing or burning is of vital
are mobile on the surface under testing (that is, the continuousportance.
method). 6.3 Magnetic Field Strength

6.2.7 Direct Magnetizatior—Direct magnetization is ac- 6.3.1 Magnetic Field Strength-The applied magnetic field
complished by passing current directly through the part undeshall have sufficient strength to produce satisfactory indica-
testing. Electrical contact is made to the part using head antions, but it must not be so strong that it causes the masking of
tail stock, prods, clamps, magnetic leeches, or by other meangelevant indications by nonrelevant accumulations of magnetic
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> ; 0.002 in. Multi-Turn Primar.y
> =< (0.05 mm) Magnetizing Magnetic
Al e Lame,
> =< (20 mm) I gTypical)
4 0.0006 in.
/ > A A > 0.015 mm)
L. 0.25in Section A-A
(6 mm) ection A-
Type B
0.002 in.
A ¢ > < (0.05 mm)
™ 0.75 in
\ | 4 (20 mm)
< 0.0006 Torodial
> A A > 0,015 mm) Magnetic
/ (0.5in) Section A-A Current Soft Iron 1©
_12i mm. TypeC (ac)\_&(/Core < Part /Induced
<—— 2in(50mm) —>» 0.002 in. Magnetic Particle \._ Under~ Current
y | ~Defect y Division” | < (0.05 mm) Indications Test
04 in W [T T 17 T I I I H i 0.005 in. The primary current sets up an oscillating field. This
0.125 mm primary magnetic field in duces a current in the ring
QOmm)| [ [ [ L[] []] 1— éTypical) ) shaped part under test.
& 3 ¢ 0.2in (5 mm) >”<~0.0006 in. FIG. 3 Example of Induced Current Magnetization
Tyoe R (0.015 mm) 6.3.4 Prod Current Levels-When using prods on material
o _ P S ¥2 in. (19 mm) in thickness or less, 90 to 115 A/in. of prod
Examples of artificial shims used in magnetic particle spacing (3.5 to 4.5 A/mm) shall be used. For material greater
inspection system verification. (Not drawn to scale.) . . / X
The shims are made of low carbon steel (1005 steel than %4 in. (19 mm) in thickness, 100 to 125 A/in. of prOd
fq(ijl)- Tfhfi1 arftif_ilcial fleaw ishetcf:g%do/or Pﬂﬁcf}in?dhprll one spacing (4.0 to 5.0 A/mm) shall be used. Prod spacing shall not
side of the foil to a depth o 0 of the foil thickness. H H
In use, the shims are firmly attached to the test part be Ies_s tha_n 2in. (50 mm) or gr_eate_r than 8 in. (2_00 mm). T_he
(e.g. with tape around the edges) with the flaw toward effective width of the magnetizing field when using prods is
the part. one fourth of the prod spacing on each side of a line through
FIG. 2 Configuration of Artificial Flaws and Their Designation the prod centers.

6.3.5 Direct Circular Magnetizatior—~When magnetizing
particles. Factors that determine the required field strengtby passing current directly through the part (that is, using head
include the size, shape, and material permeability of the parshots), the current shall be from 300 to 800 A/in. of part
the technique of magnetization, the method of particle applidiameter (12 to 32 A/mm). The diameter of the part shall be
cation, and the type and location of the discontinuities soughtaken as the greatest distance between any two points on the
Adequate magnetic field strength may be determined by one autside circumference of the part. Currents will normally be
a combination of three methods: 500 A/in. (20 A/mm) or lower, with the higher currents (up to

6.3.1.1 By testing parts having known or artificial defects 0f800 A/in.) being used to inspect for inclusions or to inspect
the type, size, and location specified in the acceptance requirsw-permeability alloys such as precipitation-hardened steels.

ments; For tests used to locate inclusions in precipitation-hardened
6.3.1.2 By using a Hall effect probe gaussmeter capable dfteels, even higher currents, up to 1000 A/in. (40 A/mm), may
measuring the peak values of the tangent field; and be used.
6.3.1.3 By using the formulas given in 6.3.7.1-6.3.7.4. 6.3.6 Central Conductor Circular MagnetizatierCircular

6.3.2 When using a Hall effect probe gaussmeter, tangentialagnetization may be provided by passing current through a
field strengths, measured on the part surface, in the range of ®nductor that passes through the inside of the part. In this
to 60 G (2.4 to 4.8 kAm") peak values are normally adequate case, alternating current is to be used only when the sole
magnetization levels for magnetic particle examination. It ispurpose of the test is to inspect for surface discontinuities on
important to ensure that field strengths in this range are presettte inside surface of the part. If only the inside of the part is to
in all areas to be inspected on the part. be inspected, the diameter shall be the greatest distance

6.3.3 Magnetization Current LevelsThe current values between two points, 180 degrees apart on the inside circum-
given are peak current values and are applied directly téerence. Otherwise, the diameter is determined as in 6.3.5. The
full-wave rectified current. For other types of current, thefollowing two paragraphs cover centrally located and offset
operator's manual or the equipment manufacturer should beentral conductors:
consulted to determine what correction factor, if any, is to be 6.3.6.1 Centrally Located ConducterWhen the axis of the
used to convert the meter reading to equivalent peak currentsentral conductor is located near the central axis of the part, the
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same current levels as given in 6.3.5 shall apply.
6.3.6.2 Offset Central Conducter-When the conductor
passing through the inside of the part is placed against an inside
wall of the part, the current levels as given in 6.3.5 shall apply,
except that the diameter shall be considered the sum of the
diameter of the central conductor and twice the wall thickness.
The distance along the part circumference (interior) that is I(_
effectively magnetized shall be taken as four times the diameter R R _)l
of the central conductor, as illustrated in Fig. 4. The entire
circumference shall be inspected by rotating the part on the
conductor, allowing for approximately a 10 % magnetic field Effective Region
overlap. of Inspection
6.3.7 Longitudinal ~Magnetization Using Coils FIG. 5 Effective Region on Inspection for a Low Fill-Factor Coil
Longitudinal magnetization is often accomplished by passing
current through a coil encircling the part, or section of the part, Effective Region
to be tested (that is, by using a coil shot). This produces a of Inspection
magnetic field parallel to the axis of the coil. For low or
intermediate fill factor coils, the effective field extends a g 7\ g
distance on either side of the coil center approximately equal to l( (22.86 om) )I( (22.86 cm) >|
the radius of the coil (see Fig. 5). For cable wrap or high-fill ) e\ )
factor coils, the effective distance of magnetization is 9 in. (230 ( (

N o

mm) on either side of the coil center (see Fig. 6). For parts
longer than these effective distances, the entire length shall be
inspected by repositioning the part within the coil, allowing for
approximately 10 % effective magnetic field overlap.

6.3.7.1 Longitudinal Magnetization with Low-Fill Factor )\\[/

Coils—When the cross-sectional area of the coil is ten or more
times the cross-sectional area of the part being inspected, the
product of the number of coil turngy, and the current in
amperes through the coll, shall be as follows:

(1) For parts positioned to the side of the coil:

FIG. 6 Effective Region of Inspection for a High Fill-Factor

K NI = R (1109 @)
NI = 75 (10 %) 1) = 60Dy —5(*10%
where: where:
K = 45000 A turns, R = radius of the coil, mm (or in.),
L = length of the part, and K = 43000 A turns per inch iR is measured in inches
D = diameter of the part (measured in the same units as the (1690 A turns per mm),
length). L = length of the part, and
(2) For parts positioned in the center of the coil: D = :jiarrlﬁ;er of the part (measured in the same units as the
ength).
If the part has hollow portions, replagzwith D4 as given
Effective Region Central Conductor in 6.3.7.4. These formulas hold onlytifD is greater than 2 and
of Inspection less than 1_5. IfL/D is Ies_s than 2, pole_pleces (pieces of
\ ferromagnetic material with the same diameter as the part
being tested) shall be placed on each end of the part to
effectively increase the/D to 2 or greater. If thé/D is greater
than 15, the value of 15 shall be substituted LféD.
6.3.7.2 Longitudinal Magnetization with Cable Wrap or
High-Fill Factor Coils—When the cross-sectional area of the
coil is less than twice the cross-sectional area (including
hollow portions) of the part under testing, the product of the
number of coils turnslN, and the current in amperes through
the coil, I, shall be as follows:
NI = K/{(L/D) + 2} (=10 %) (3)
where:
FIG. 4 The Effective Region of Inspection When Using an Offset K = 35000 A turns
Central Conductor is Equal to Four Times the Diameter of the L = length of the pért,

Conductor as Indicated
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D = diameter of the part (measured in the same units as th&ontinuous method cannot be used. The residual method shall
length). be used only when specifically approved by the contracting
If the part has hollow portions, replagwith D, as given ~ 2gency or whlefn. it has begn documented that it can detect
in 6.3.7.4. These formulas hold onlylifD is greater than 2 and defects or artificial def(_acts in test parts. The test parts _shz_all
less than 15. IfL/D is less than 2, pole pieces (pieces of have the same material and processing steps, and similar
ferromagnetic material with the same diameter as the pa€ometry to, the actual parts being inspected.
being tested) shall be placed on each end of the part to 6.4.3 Prolonged Magnetizatior-When using polymers,
effectively increase the/D to 2 or greater. If thé&/D is greater  slurries, or paints, prolonged or repeated periods of magneti-
than 15, the value of 15 shall be substituted LfdD. zation are necessary because of lower magnetic particle mo-
6.3.7.3 Longitudinal Magnetization for Intermediate-Fill bility in the high-viscosity vehicles.
Factor Coils—When the cross-sectional area of the coil is 6.4.4 Dry Magnetic Particle Applicatioa-When using dry
between two and ten times the cross-sectional area of the paparticles, the flow of magnetizing current shall be initiated
being inspected, the product of the number of tuMisand the  prior to application of the magnetic particles to the surface

current through the coil,, shall be as follows: under testing and terminated after powder application has been
NI = (NI}, (10 — 7)/8 + (NI), (t — 2)/8 @4 completed and any excess blown off. The duration of the
magnetizing current shall be at ledéts, and precaution shall
where: be taken to prevent any damage of the part due to overheating
(NI); = value ofNI calculated for low-fill factor coils using  or other causes. Dry powder shall be applied in a manner such
6.3.7.1, o _that a light, uniform, dust-like coating settles on the surface of
(NI), = value of NI calculated for high-fill factor coils  he test part while the part is being magnetized. Specially
using 6.3.7.2,and _ designed powder blowers or shakers using compressed air or
T = ratio of the cross-sectional area of the coil to the

hand power shall be used. The applicators shall introduce the
- ST ’ .~ particles into the air in a manner such that they reach the part
coil is 10 in. in diameter and the partis arod 5in. g, ace in a uniform cloud with a minimum of force. After the
in diameters = (m X 5)/(m X 2.5)=4). powder is applied, and before the magnetizing force is re-
6.3.7.4 Calculating the .L/D Ratio for a Hollow or Cylindri- moved, excess powder shall be removed by means of a dry air
cal Part—When calculating theL/D ratio for a hollow or  crent with sufficient force to remove the excess particles, but
cylindrical part,D shall be replaced with an effective diameter, ;¢ strong enough to disturb particles held by a leakage field

cross-sectional area of the part (for example, if the

De, calculated using the following: that is indicative of discontinuities. In order to recognize the
Do = 2(A — A/ ]H? (5)  broad, fuzzy, lightly held powder patterns formed by near-
surface discontinuities, the formation of indications must be
where: . observed carefully during both powder application and re-
A, = total cross-sectional area of the part, and moval of the excess powder. Sufficient time for the formation
A, = cross-sectional area of the hollow portions of the part. 5nq examination of indications shall be permitted during the
testing process. The dry particle method shall not be used to
For cylindrical parts, this is equal to the following: inspect aerospace components (flight hardware) without spe-
De = [(OD)” — (IDY]¥? 6) Ccific approval of the contracting agency.

6.4.5 Wet Magnetic Particle Applicatieh-Fluorescent or
where: ) , ) nonfluorescent particles suspended in a liquid vehicle at the
OD = outside diameter of the cylinder, and required concentration shall be applied either by gently spray-
ID = inside diameter of the cylinder. ing or flowing the suspension over the area to be inspected.

6.4 Particle Application Proper sequencing and timing of part magnetization and

6.4.1 Continuous Methoe-In the dry continuous method, application of particle suspension are required to obtain the
magnetic particles are applied to the part while the magnetizingroper formation and retention of indications. This generally
force is present. In the wet continuous method, the magnetizing:quires that the stream of suspension be diverted from the part
current, or force, shall be applied simultaneously with orsimultaneously with, or slightly before, energizing the mag-
immediately after diverting the suspension. Application of thenetic circuit. The magnetizing current shall be applied for a
magnetic particles (see 6.4.4 and 6.4.5) and the magnetizatiefuration of at leastz s for each application, with a minimum
method shall be as prescribed in the paragraphs referencefitwo shots being used. The second shot should follow the first
herein. in rapid succession. It should come after the flow of suspension

6.4.2 Residual Magnetization Methedin the residual mag- has been interrupted and before the part is examined for
netization method, the magnetic particles are applied to the testdications. Under special circumstances, such as the use of
part immediately after the magnetizing force has been discoreutomated equipment or for critical parts, #es duration and
tinued. The residual method is not as sensitive as the contindhe two-shot requirement may be waived provided it is
ous method, but it can be useful, for example, in detectinglemonstrated that the test procedure given in 5.4 can detect
in-service induced fatigue cracks on the surface of materigknown defects in representative test parts. Care shall be
with a high retentivity. It is also useful for the examination of exercised to prevent any damage to the part due to overheating
parts in areas in which, because of geometric constraints, thar other causes. Weakly held indications on highly finished
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parts are readily washed away, and hence care must be6.7.1.2 When using dc demagnetization, the initial field
exercised to prevent high-velocity flow over critical surfaces.shall be higher than, and in nearly the same direction as, the
6.4.6 Magnetic Slurry/Paint Application-Magnetic paints field reached during examination. The field shall then be
or slurries are applied to the part with a brush, squeeze bottlegversed, decreased in magnitude, and the process repeated
or aerosol can before or during the magnetization operatior(cycled) until an acceptably low value of residual field is
This method is for special applications, such as overhead dgeached.
underwater examination. This method shall be used only when 6.7.1.3 Whenever possible, parts that have been magnetized
specifically approved by the contracting agency. circularly shall be magnetized in the longitudinal direction
6.4.7 Magnetic Polymer Application-Polymerizable mate- before being demagnetized. After demagnetization, a magnetic
rial containing magnetic particles shall be held in contact withfield probe or strength meter shall not detect fields with an
the test part during the period of its cure. Before curing takegbsolute value abev3 G (240 Am*) anywhere on the part.
place, and while the magnetic particles are still mobile, the part 6.7.2 Postinspection CleanirgCleaning shall be done
shall be magnetized to the specified level. This requiregvith a suitable solvent, air blower, or by other means. Parts
prolonged or repeated periods of magnetization. This method ighall be inspected to ensure that the cleaning procedure has
for special applications, such as bolt holes, which cannot bé&emoved magnetic particle residues from coolant holes, crev-
tested readily by the wet or dry method, and shall be used onliges, passage ways, etc., since such residue could have an
when specifically approved by the contracting agency. MIL-l-adverse effect on the intended use of the part. Care shall be
83387 establishes the inspection process for magnetic rubbégken to remove all plugs, masking, or other processing aids
6.5 Evaluation—Following magnetization and particle ap- that may affect the intended use of the part. Parts shall be
plication, the parts shall be examined for indications. AllProtected from any possible corrosion or damage during the
indications will be identified as relevant or nonrelevant. Rel-cleaning process and shall be treated to prevent the occurrence
evant indications will be compared to accept/reject criteria an@f corrosion after final inspection.
the parts accgpted or _reje_cted accordingly. _ 7. Quality Control
6.6 Recording of Indications-When required by the written

procedure, the location of all rejectable indications shall be 711 System Performance VerificatiofThe overall perfor-
marked on the part, and permanent records of the location, "™ ystem Ferformance verilicattonl he overall perto

direction, and frequency of indications may be made by one OF1ance (.)f the magneti_c particle exar_ninz_ation system, includ?ng
more of {he following methods: he equipment, materials, and the lighting environment being

6.6.1 Written Descriptior-By recording the location, used, shall be verified initially and at regular intervals there-

L A ) after. The required verification intervals are stated in Table 1.
length, direction, and number of indications in sketch Ortabmahecords of the verification results shall be maintained and

form. . . . o
o retained for the time period specified in the contract. Frequency
6'6:2 Transparent Tape—F_or dry particle |nd|cat_|ons, by of calibration for current and voltage measuring devices,
applying transparent adhesive-backed tape to which the indis, ater shunts, timers, and gaussmeters used in the verifica-

cgtio_ns will a_dherg f';md_placingl it on an approved form alongtion shall comply with the requirements of MIL-STD-45662 or
with |nform_at|on giving its Iocatlon_ on the _par_t. _ _ Table 1, as specified by the cognizant Level 1.

6.6.3 Strippable Film—By covering the indication with @ 71 5 yse of Test Parts with DiscontinuitiesA reliable
spray-on strippable film that fixes the indications in place angnethod for inspection system verification is the use of repre-
placing the resultant reproduction on an approved form alongenative test parts containing defects of the type, location, and
with information giving its location on the part. ~ size specified in the acceptance requirements. If correct mag-

6.6.4 Photography-By photographing or video recording netic particle indications can be produced and identified in
the indications themselves, the tape, or the strippable filnfhese representative parts, the overall system and inspection
reproduction and placing the photograph in a tabular formprocedure is verified. Parts used for verification will be
along with information giving its location on the part. demagnetized, cleaned thoroughly following the examination,

6.7 Postinspection Demagnetization and CleariAgnless  and checked under black or visible light, as appropriate to the
directed otherwise by the contracting agency, all parts shall bexamination process, to ensure that residual indications do not
demagnetized, cleaned, and corrosion protected after examingmain.
tion. 7.1.3 Fabricated Test Parts with Artificial Discontinuities

6.7.1 Demagnetization When actual production parts with known discontinuities of the

6.7.1.1 When using ac demagnetization, the part shall bgpe, location, and size needed for verification are not available
subjected to a field with a peak value greater than, and in nearlyr are impractical, fabricated test parts with artificial disconti-
the same direction as, the field used during examination. Thisuities shall be used. Artificial discontinuities may be fabri-
ac field is then decreased gradually to zero. When using an aated to meet a particular need or may be commercially
demagnetizing coil, hold the part approximately 1 ft (30 cm) inavailable magnetic field indicators or shims as shown in Fig. 2
front of the coil and then move it slowly and steadily throughand Fig. 7. All applicable conditions for the use of such test
the coil and at least 3 ft (100 cm) beyond the end of the coilparts, as described in 7.1.2, shall apply. When commercial
Repeat this process as necessary. Rotate and tumble partsdefvices are used, their magnetic properties, flaw types, and
complex configuration while passing through the field of thesurface condition shall be as close to the production part as
coil. possible.

7.1 System Performance
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Eight Low Carbon Steel Pie the contaminants, including bands or striations, exceeds 30 %
Sections Furnace Brazed of the volume of magnetic particles, or if the liquid is
Together & Copper Plated noticeably fluorescent, the bath must be replaced.

7.1.4.2 Water Break TestIn this test of water-based ve-

W T hicles, a clean part with a surface finish the same as the parts
3/4"t01 to be tested is flooded with the conditioned water, and the
(19110 appearance of the surface is noted after flooding is stopped. If
2.54 a continuous even film forms over the entire part, sufficient
cm) 77 ] wetting agent is present. If the film of suspension breaks,

exposing bare surface, insufficient wetting agent is present or
the part has not been cleaned adequately.
7.1.5 Equipment Calibratior-Magnetic particle testing

\ Nonferrous Handles equipment shall be checked for performance and accuracy at
K of Convenient the time of purchase and at intervals thereafter as given in

\ Length and Shape Table 1, whenever malfunction is suspected or when specified

R by the contracting agency, and whenever electrical mainte-
1/32" Max Nonferrous Trunions nance that might affect equipment accuracy is performed.
(0.079 cm) 7.1.5.1 Ammeter Accuraey-To check the equipment am-

1 meter, a calibrated ammeter shall be connected in series with
O 1 Eﬂ the output circuit. Comparative readings shall be taken at three
FIG. 7 Pie-field Indicator for Use in Magnetic Particle Inspection output levels encompassing the useable range of the equip-
System Verification (All Dimensions are in Inches) ment. The equipment meter reading shall not deviate by more

than =10 % of full scale from the current value shown by the
calibrated ammeter. (When measuring half-wave alternating
current, the current values shown by the calibrated dc ammeter
readings shall be doubled.) The frequency of the ammeter

- -

7.1.4 Suspension Vehicle Testslot required for aerosol
can solutions):
7.1.4.1 Concentration/Contamination Testdarticle con-

. o : ctheck is specified in Table 1.
centration and contamination shall be determined upon star 7152 Control Check-O . t usi i
up, at regular intervals thereafter, and whenever the bath is '~ imer L.ontro eck-Ln equipment using a imer

changed or adjusted. The required testing intervals are stated'i?l control the current duration, the timer should be checked to

Table 1 within £0.1 s using a suitable electronic timer.

(1) Determination of Wet Particle ConcentratiesAgitate 7.1.5.3 Magnetic Field Quick Break CheekOn equipment
the particle suspension a minimum of 30 min to ensure uniforniN@t Uses a quick break feature, proper functioning of this
distribution of particles throughout the bath. Place a 100-mLcircuit shall be verified. The test may be performed using a
sample of the agitated suspension in a pear-shaped centrifu Hnable'osmlloscope or other applicable method as specified by
tube (of the size and shape specified in Test Methods D 98N€ eduipment manufacturer.
except graduated to 1 mL in 0.05-mL increments). Demagne- 7-1.5.4 Dead Weight Cheek-Yokes and permanent magnet-
tize the sample and allow the tube to stand undisturbed for d¢S (when allowed) shall be dead weight tested at intervals as
least 60 min if using the petroleum distillate in AMS 2641 or Stated in Table 1. Alternating current yokes shall have a lifting
30 min settling time for conditioned water suspension. Readorce of at least 10 Ib (45 N), wita 2 to4-in. (50 to 100-mm)
the volume of settled particles. If the concentration is out of theSPacing between legs. Direct current yokes shall have a lifting
tolerance stated in the written procedure (or that given irforce of atleast 30 Ib (135 N), wita 2 to4-in. (50 to 100-mm)
5.8.5), add the particles or suspension vehicle, as required, as@#acing between legs, or 50 Ib (225 N), with a 4 to 6-in. (100
redetermine the particle concentration. If the settled particle? 150-mm) spacing.
appear to be loose agglomerates rather than a solid layer, take7.2 Marking of Inspected Parts-Unless otherwise specified
a second sample. If the second sample also appears agglomey-the contracting agency, parts that have been accepted using
ated, replace the entire suspension. Thirty-minute settlingnagnetic particle examination shall be marked in accordance
times, or other accelerated tests, may be used if they have bewfith the applicable drawing, purchase order, contract, or as
verified to give results equivalent to the procedure described igpecified herein. Marking shall be applied in such a manner
this paragraph. and location as to be harmless to the part. The identification

(2) Determination of Wet Particle ContaminatiesPerform  shall not be obliterated or smeared by subsequent handling and,
the tests specified in 7.1.4.1)( In addition, for fluorescent Wwhen practicable, placed in a location that will be visible after
baths, examine the liquid above the precipitate with black lightassembly. When subsequent processing would remove the
The liquid shall be comparable to the fluorescence of thedentification, the applicable marking shall be afixed to the
original solution. Examine the graduated portion of the tubefecord accompanying the finished parts or assembly. Bolts and
under both black light (for fluorescent baths only) and visiblenuts and other fastener products may be identified as having
light (for both fluorescent and nonfluorescent baths), formet the requirements of magnetic particle examination by
striations or bands, different in color or appearance. Bands dgnarking each package conspicuously.
striations may indicate contamination. If the total volume of 7.2.1 Impression Stamping, Ink Stamping, Laser Marking,

10
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or Vibro Engraving—Impression stamping, ink stamping, laser (2) Stamping, Vibro Engraving, or EtchirgWhen impres-
marking, or vibro engraving shall be used when permitted osion stamping, vibro engraving or etching is used to mark lot
required by the applicable written procedure, detail specificainspected parts, the letter M” shall be employed.

tion or drawing, or when the nature of the part is such as to 7 3 Eye Glasses-When using fluorescent materials, inspec-
provide for impression stamping of part numbers or othekqrs shall not wear eye glasses that are photochromic or that

inspector's markings. Impression stamping shall be locatefl;\e nermanently darkened lenses. This is not intended to
only in the area provided adjacent to the part number OFE

) \ i o ~prohibit the use of eyeglasses with lenses treated to absorb
inspector’'s stamp unless otherwise specified by the contracti traviolet light
agency. '

7.2.2 Etching—When impression stamping, ink stamping, 7.4 Safety—The safe handling of magnetic pa}r_ticles (wet or
laser marking, or vibro engraving is prohibited, parts shall be"): 0il vehicles water baths, and water conditioner concen-
etched using an etching fluid or other means and a method §fates are governed by the suppliers’ Material Safety Data
application acceptable to the contracting agency. The etchingneets (MSDS). Material Safety Data Sheets, conforming to 29
process and location shall not affect the functioning of the part-FR 1910.1200, or equivalent, must be provided by the
adversely. supplier to any user and shall be prepared in accordance with

7.2.3 Dyeing—When stamping, vibro engraving, or etching FED-STD-313.
is not permissible, identification shall be accomplished by 7.4.1 Flammability—Flash point of oil vehicles shall be in
dyeing. accordance with AMS 2641 or DoD-F-87935. The suppliers’

7.2.4 Other Identification—Other means of identification, MSDS shall certify the flash point.
such as tagging, shall be used for parts that have a constructionz 4 > personnel Hazards-Precautions against inhalation,
or function precluding the use of stamping, vibro engraving, org; contact, and eye exposure are detailed in the suppliers’

etching, as in the case of completely ground or polished ba”SMSDS These precautions shall be observed
rollers, pins, or bushings. ' . . -
7.2.5 Identifying Symbols and Color Markings 7.4.3 Electrical Hazards—Magnetizing equipment shall be

7.2.5.1 One-Hundred Percent ExaminatieaVhen items maintained properly to prevent personnel hazards from elec-
are examined and accepted by 100 % examination, each iteffical short circuits. Care must be taken to reduce arcing and
shall be marked as follows: the possible ignition of oil baths.

(1) Dyeing—When dyeing is applicable, a dye of acceptable 7.4.4 Black Light—It is recommended that the intensity of
adherence which is predominantly blue (per FED-STD-595%lack light incident on unprotected skin or eyes not exceed
shall be employed. However, if a color conflict is incurred with 1000 uW/cri. Cracked or broken ultraviolet filters shall be
any other method, magnetic particle examination can beeplaced immediately. Broken bulbs can continue to radiate
indicated by two adjacent blue dots or other suitable means.ultraviolet energy and must be replaced immediately. Spec-

(2) Stamping, Laser Marking, Vibro Engraving, or tacles designed to absorb ultraviolet wavelength radiation are
Etchlpg—V\_/hen Impression stamplng or ink stamping, lasersuggested for close, high, black light intensity examination.
marking, vibro engraving, or etching is used to mark 100 % 7 5 park Adaptatior—Personnel must wait at least 1 min

inspected parts, the letter “M” with a circle around it will be e, entering a darkened area for their eyes to adjust to the

employed. low-level lighting before performing fluorescent magnetic
7.2.5.2 Lot Inspectior—When items are accepted by meansUparticle exa%ninagt]ion P g g
) .

of a sampling procedure, each item of an accepted lot shall
marked as follows:

(1) Dyeing—When dyeing is applicable, a dye of acceptable
adherence that is predominantly orange (per FED-STD-595) 8.1 dye; fluorescent; magnetic particle; nondestructive
shall be employed. evaluation; nondestructive examination; nondestructive testing

8. Keywords
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APPENDIX

(Nonmandatory Information)

X1. MEASUREMENT OF TANGENTIAL FIELD STRENGTH

X1.1 Care must be exercised when measuring the tangeicurrent is being used, the gaussmeter should be set to read the
tial applied field strengths specified in 6.3.2. The active area gbeak value during the shot. The gaussmeter should have a
the Hall effect probe should be no larger than 0.2 in. (5 mm) byfrequency response of 0 to 300 Hz or higher. The direction and
0.2 in. (5 mm) and should have a maximum center location Snagnitude of the tangential field on the part surface can be
mm from the part surface. The plane of the probe must bgletermined by two measurements made at right angles to each
perpendicular to the surface of the part at the location obther at the same spot. The gaussmeter probe leads should be
measurement to within 5 degrees. This is difficult to accompje|ded or twisted to prevent reading errors due to voltage
plish by hand orientation, therefore the probe should be held it ced during the large field changes encountered during
a jig or fixture of some type. If the current is being applied i”magnetic particle examination.
shots, or if alternating current or half-wave rectified alternating
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