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1. SCOPE

* 1.1 General. This document is intended to provide information on the use
of magnetic particle testing and inspection both broad and specific
applications. The use of this handbook requires MIL-HDBK-728/1, on
Nondestructive Testing, to provide introductory material for the general
subject, and to indicate how magnetic particle testing and inspection are an
integral part of NDT.

It has been updated and is consistent with MIL-STD-1949, on Magnetic
Particle Inspection, and agrees on basic principles with ASTM E709 and
ASTM El444, which are Standard Guide and Standard Practice for Magnetic
Particle Examination respectively.
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2. REFERENCED DOCUMENTS

* 2.1 Gov t nts.
* 27 1 1 Qrnarifiratinne ctandarde nnﬂ handhnnlke The fallawine
LZeied oPeCiIIiICacifnsg, STaNGargse, ang AangpocrEs. ine Icllcowing

specifications, standards, and handbooks form a part of this document to the
extent specified herein. Unless otherwise specified, the issues of these
documents are those listed in the issue of the Department of Defense Index of
Specifications and Standards (DODISS) and supplement thereto, cited in the
solicitation.

MILITARY

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

MIL-STD-1949 - Magnetic Particle Inspection
HANDBOOKS

MIL-HDBK-728/1 - Nondestructive Testing
MIL-HDBK-728/3 - Liquid Penetrant Testing

(Unless herwige indicated, copies of federal and military

Unless otherwise indicated copies deral and m
.
ns,

specificatio standards, and handbooks are available from the
Standardlzatlon Documents Order Desk, Bldg. 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.)

* 2.2 Qther publications.

* 2.2.1 Non-Government ications. The following documents form a part
of this sp cification to the extent specified herein. Unless otherwise
specified, the issues of the documents which are DoD adopted are those listed

in the issue of the DODISS cited in the solicitation. Unless otherwise
specified, the issues of documents not listed in the DODISS are the issues of
the documents cited in the solicitation.

AMEDRTONAN QNAOTETY END TEQCTTINOC AND MATEDTATC (AQTM)
LM ILAN LMY (GAVAVIN B VP Oy § 4 JIN ALl AIVU AUVWY LAnDALINLODLY \Dnwairyy
ASTM E125 — Standard Reference Photographs for Magnetic

Particle Indications on Ferrous Castings
ASTM E1316 (Section G) — Standard Terminology for Nondestructive
: Examinations — Magnetic Particle Examination
ASTM E709 — Standard Guide for Magnetic Particle Examination
ASTM El444 - Standard Practice for Magnetic Particle

Examination

(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)

* .2.2 Technical references and articies. General technical references
for information purposes and for elaboration of background material in theory
and usage practice for this handbook are listed at the end of this handbook,
as REFERENCES.
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SAFETY

- Sia
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* 4.1 General. Magnetic particle testing involves the use of magnetic
fields usually produced by electrical currents. The use of electrical
currents requires that standard safety practices associated with electrical

equipment be observed. The magnetic forces established can impart motion to
loose parts which can result in pinched fingers or other harm to personnel or
damage to the parts.

* 4.2 Chemical The particles and liquids used in magnetic particle
inspection are relatively low hazard chemical materials. However, some safe
practices associated with the handling of chemical materials must be
considered. Detailed information is provided in Paragraph 12.

V—a T 294
redde ing f the skin. There are some safet precautlons th t s
observed when using high intensity (1,000ﬂh¢8q cm or greater) black lights.
These precautions are detailed in Paragraph 12.

= —a ) LY S U O vUusEILrLALS 1r and whaAan -
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5. INTRODUCTION

art1r]p testing is used to detect surface and

....... (55 >3 1 5 - 9.2 3 o4 L

5.1 General. s urfac
near surface flaws in ferromagnetlc (magnetizable) materials. The indications
provided by this type of test occur at the surface of the part, directly above
the location of the flaws, and the general size, shape, and orientation of the
flaws can usually be directly inferred. Magnetic particle testing is used in
receiving inspections, in in-process or final inspections, and in in-service
inspections. Magnetic particle testing can be used for forgings and castings,
for crankshafts and simple plates, for large and small parts and for welding

i1 alindliial L2220 S8 paoitTo AL ipve Qi r< [=3318% Talaiiipy

inspections. It is one of the best established nondestructive testing methods
used on ferromagnetic materials. MIL-HDBK-728/4 presents the fundamental
principles and guidelines associated with magnetic particle testing. This
handbook includes descriptions of the basic theory of operation, the equipment
and materials use

. 2
[+
3

4]

~r
(]
(o]
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6. BASIC PRINCIPLES

6.1 General. Magnetic particle testing requires the induction of a
magnetic field into the part to be tested. If the part has discontinuities in
its magnetic permeability, singularities in the magnetic field can exist.
These field singularities — or leakage fields - can attract and hold small

ferromagnetic patticles. Therefore, when a magnetlc field is established in a

'3

o = e =2 2 1 PR

part, and small chxumugleLLc particles are dpp1180 over the sur[ace, some of
these particles will collect at leakage field locations thereby forming
indications that can be associated with underlying discontinuities. The basic
principles associated with magnetic particle testing involve magnetic
properties of materials, magnetic fields, and the visual detection of small

particles.

6.2 Magnetic fields. There are difficulties in studying magnetic fields
because historically there have been a large number of magnetic units and
concepts utilized. There are some systems that establish relationships with

the strength of the magnetic sources in terms of magnetic moments,
ampere—turns per meter, or in fictitious magnetic monopoles - all of which are
usually constants for any one problem. Then there is the magnetic field
intensity due to these magnetic sources in terms of the "H' field - which is
also a constant for most problems. Then there is the induced magnetic field,
B, inside the part, which often is the magnetic field intensity changed into
different units, but can also be modified or affected by the presence of
"permeable' matter. This type of magnetic field is seldom 11near or constant,
but varies with several characteristics of these materials.

6.2.1 Relationships among magnetic fields. In most cases in this
handbook, equations are glven where the B field is directliy calculated from
various sources. Usually this '"bypassing' of H is accomplished by assuming
the absence of, or ignoring the effects of, magnetically permeable materials
which might be present. Although it is not possible to point out all of the
relationships between these magnetic variables in this handbook, some of the
more important relationships that are generally applicable to magnetic

particle testing are presented.

6.2.2 Sources of magnetic fields. The magnetic fields used in magnetic
particle testing are usually c¢ ated by the flow of current, but permanent
magnets can als be used. Figure 1 shows a simple bar magnet with its
magnetic field 1nd1cated by magnetic flux lines, or lines of force, with

direction arrows. All magnets have a north (N) and a south (S) pole, all
magnetic flux lines are continuous and form closed loops. The strength of the
magnetic field, at any point, can be measured in terms of the number of lines
of force per unit area, the area being at right anglies to the lines of force
at the point being measured. The direction of the flux lines, shown by the
arrows, indicates the direction that an infinitely small north (N) monopole
(which exists only theoretically) would move if it were placed at that point
in the field. (Inside the magnet, these arrows go from S to N; outside the

magnet they follow a path which goes from N to S.)
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(B)

* 6.2.3 Relationships between sources and fields. Relationships exist
between the strength of the magnet (the source), the strength of the field,
and the reluctance of the path of the lines of force, that are similar to the
relationships between electromotive force (voitage), current, and resistance
in electrical circuits. The magnetic relationships, however, are much more
difficult to apply because their effects are not confined to discrete paths -
they readily extend through empty space - and the total effects are therefore
based upon the combined results of an infinite number of parallel paths.
Magnetic fields are linearly dependent on currents, but have a tensor
dependence on magnetic materials. Also, results are often affected by
previous conditions such that all of the cond1t10ns are not alway d

ranoatahlase 3 A h

repeatav.ie; 1i.c Lteresis €

mn rn
-t rh

a
e
a

A )
relationshing are n by equati

c
b
............. ps a
relationship between sources and t

exist.

8
t pagi]y e

7r~ ct

most important thing to understand is that the magnetic field is the
ngest at the poles (at corners or edges near the poles), and testing is
enhanced when the magnetic reluctance of the flux paths is reduced by
having the magnet in direct contact with the part.

~
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FIGURE Z. FPermanent magnet magnetization.

* 6§.2.h Consideration of permanent magnets. To facilitate this reduction
of the reluctance, permanent magnets used for inspecting are sometimes
arranged in a "U" shape so that both poles can touch a flat surface close
togetﬁer at the same time. Figure 2 shows some examples of permanent magnets
and their uses. Permanent magnets should not be exposed to mechanical shocks
or to high temperatures. They shouid, when not in use, have a '‘keeper bar"
(usually a soft iron bar) placed between the poles so that the magnetic flux

Permanent magnets are not to be used for magnetic particle inspection
unless specifically authorized by the contracting agency. When permanent
magnets are used, adequate magnetic field strength shall be established
according to guidelines in MIL-S5TD-1949.

no

whoan a2 mao ic field ic bein
wiaen a magnetic I1cic 15 DCll

f -
is "H". When something solid is placed in the magnetic f1e1d then the

induction field inside the solid is "B'. The magnetic induction field inside
the solid is a combination of the original field plus magnetization within the

solid.
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For iron, the B fieid inside is much larger than outside this
ferromagnetic material. If the bar consists of nonmagnetic material, the
magnetic induction field is the same as outside. Reference back to figure 1

clarifies this. Concentration of field lines always indicates field strength.

* 6.2.5 Relationships between electrical currents and magnetic fields.

When electrical currents are used to establish magnetic fields the followin
relationships are usefui: The strength of the induced magnetic field, B, im
wb/mZ {webers per square meter), around a long, straight conductor carrying
a current, I, in amperes, ig given by the equation:
" B o 1/2m(arx 1077) 1 tib
= , = X \L)
VA / x m?
where
* x = distance from the center of the conductor, in meters
Mo = magnetic permeability of free space (essentially the same as in
air), defined to be 4T x 1077 Wb/A*m.

Figure 3 shows that the direction of this field depends upon the direction of
current flow, and can be determined by use of the right-hand rule.

FINGERS POINT IN oy
,\/—\/—\’\ " DIRECTION OF 1/

/ N \ MAGNETIC FIELD /
|

yd
T >>>ﬁw T
/47/\_ g*\</<:/<ir’£//L—~_d/ \\\“///[MRECHONOF
g e Ayd AN/
d ////?:;;;;POIN4; s 7

DIRECTION OF THE

. >3/ INDIRECTION OF GNETIC FIELD

nEND TLUw (LINES OF FORCE)

* FIGURE 3. Right-hand rule demonstrated on a straight conductor.
The strength of the induced magnetic field, B, at the center cf a flat ccoil of
N turns, each carrying 1 amperes; is:
* R - 1 AMo NI =1/2 (4Tix 10°7) NI Wh (2)
2 r r Z
where
r = radius of the coil in metersg
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rule also annlieg to thig tvne of coil.
rule also applies to thig type of coll.
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r
\ \ NN AV ) |
Sy /
\ N TURNS E%//" — ~
carrying corrent . /\ /
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FIGURE 4. Magnetic-induction field at th nter of flat circular il.
L e A !t 3. a2 . £2_.12 PR S My S | PO gy < I Py SN S Ty T N
The magnetic-induction rieid in (hn€ centiral regiom Or a liomng, straignt sole-—
nn%d -:s nccenf{n11v iniform and ite gtrenoth R ie eaual annrao wvimatelv tn
;;;;;;;;;;;;;;; y unifcrm ang 1ts strength, B, 1s equal approXimately to
* B = s nI = (Lwrx 10-7) nI Wh (2)

o Mot 5 a0 AV - ,_._5 NI/
m
where
n = number of turns per meter length of coil

current, in amperes, flowing in coil

Figure 5 shows the right-hand rule for finding the direction of the field.

CURRENT OUT

TTNIIDE | Nt e n b2 A o
ri1ruoung J. PJi1I L

£ 4 £ 2 2 PR I
LOI11 L d HNAZIIeLly 11e1 111 ¢ cO1l1.

6.2.6 Relationghip of field strengths to currents in test specimens. In

many practical applications current is sometimes carried directly in the test
specimen, which may be either a solid bar, a tube, or a flat plate.
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Figures 6 through 9 indicate the magnetic field distribution produced by these

common configurations.
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FIGURE 6(a). Field distribution in and around a solid nonmagnetic
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carrying direct current.
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FIGURE 7(a).
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6.2.7 Relationship of magnetic permeability to magnetic susceptibility.
Equation 4 shows the relationship between the magnetically-induced field, B,
and the "magnetizing' force field, H.

~~
£~
N’

N
B =jH,
where

AL = the magnetic permeability

When there are no magnetizing materials present (when we are in free space),

M= (5)
When simple magnetizing materials (that form isotropic fields) are present
L =Mo (1 + Xp), (6)

where X, is the magnetic susceptibility of the material. Its value can

range from 0, for completely nonmagnetic materials, to very large values, in
the thousands, for highly magnetic materials. Although X is not a fixed
constant even for any one material, it often has common or limited ranges for
most materials that allow it to have some utility.

6.3 Magnetic properties of materials. The main magnetic property of a
material is its susceptibility, normally described in terms of its magnetic
permeability. Magnetic permeability is qualitatively the '"ease of
magnetization of the material." In equation form, it is the ratio of the
induced magnetic flux density, B, to the magnetizing force field, H, that is

present. It is the "w' in Equation 4 of paragraph 6.2.7. The 'relative"
magnetic permeability and the "effective' magnetic permeability terms are also
used. The relative permeability is the permeability divided by the magnetic
permeability of free space,st,, as defined previously. Thus, it is

dimensionless, and has the same value in all unit systems. It is equal to one
plus the susceptibility (see Equation 6 in paragraph 6.2.7). The "effective"
permeability is the ratio of the existing B field in a material divided by the
B field that is present without the material. These two permeabilities, the

ffective'" and the ”relative," are essentially iden 1ca1 when long, bar
m ne d The nFan

e._..‘1 nra 1arad tha A3

terials are piraced in the di cti . The effective
d relative nprmpah111t1pn are not the sam

material shapes are used. The effective permeabil ty 1nc1udes the geometrlc
factor that recognizes the effects of the poles established at the end
boundaries of the material which can reduce the effects of the original

external magnetic force field within the material.

* 6.3.1 Effective permeability of,mﬁ"reﬁlgrma;gglais. For a sphere, the
reduced field results in an effective permeability around 3, even if the true

relative permeability is 1000. This field reductlon is referred to as a
demagnetization effect and, as can be seen with the sphere, it can be a very
sizable effect. It is, therefore, the effective permeability that must be
considered for magnetic particle testing. Thus geometry of the part being
tested is important along with the actual permeability of the material.
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Each i stice
can be shown on a B versus H curve. Figure 10 shows an example of one of
these curves from which various definitions can be obtained. The specimen is
completely demagnetized at the starting point (0) of the fig— ure. As the
magnetic force, H, is increased, the total flux in the specimen increases

until it reaches a p01n1: Deyond which any additional increase in the
£.
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a LZLnE iorce doces not cause bL5uLLLLauLLy further increases in B.
curve, from 0 to a, is defined as the virgin curve. The virgin curve prov1des
the '"'maximum permeability" of the material, which is the slope of the line
from the zero point to the tangent point on the curve. The point at which
significant increases in B cease is known as the ''saturation'" point. If the
magnetizing force is then reduced back to zero, the curve a to b is obtained.
The amount of magnetism that the material retains at point b is called
agmn =
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eventuallv dlS _Dear at point c. The value o nt represents
the '"coercive force" for the material, or the magnetizing force required to
remove the residual magnetism. As the reversed magnetic force is increased
beyond ¢, the specimen is again saturated as indicated at point d. Returning
the magnetizing force back to zero takes the curve to point e. Repeating the
start of the cycle for H then takes the curve back up to a where the full hys-
teresis curve has now been completed. Each material, with its own character—
istic curve, exhibits a different amount of saturation, residual magnetism,
and coercive force. These variables are all important in magnetic particle
testing. The material being tested should be slightly below saturation. If
it is too close to saturation, too many field lines will be leaving the sur-

face of the material at arbitrary points, producing false indications. If the
material is not near enough to saturation, flux lines, when they meet a dis-
continuity, can move intg the non-saturated middle of the material and noct
produce visible indications.

[
wn
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If a material shows high residual magnetism, the material can be tested even
after it is removed from a magnetic field. Als demagnetization might be
required, and the coercive force will indicate the degree of difficulty in
obtaining the demagnetization.

6.4 Small magnetic particles and their visual detection When a small
magnetizable particle (usuaily with high permeability but low retentiv1ty or
1T e semm 2 3.1 eimmm b e 2 T nnad Lo f bl £2.11 A A2l a 2 £onancnn
10w I1esi1ygual llﬂg ileuLlisin) 15 placeud 1l a llagilell lLilividy a4 uipole 1y Lolrmcea.
That 1ia onnocite maonetic nolee. gcenarated hv the effective gize or lenecth of
That is, opposite magnetic poles; separated by the effective gize or length of
the particle, are induced on opposite sides of the particle. The strength of

these poles multiplied by the effective distance between them (the '"size' of
the particle) is the magnitude of the dipole moment. Within a magnetic field,
dipoles will tend to move in the direction of the field gradient. The force
actlng on the particle will be proportional to the strength of the gradient

nd the strength of the dipoie moment. Therefore, the strength of the
e m L £2 13 (el f b 2 A.......:..A_., thn ab bl A f tho 2 diinnd el ) PRSI R T
ld.g 1IeLl1lC lLiEelqQ \WllLLll aeLerimliies Liie bLLCll&Lll UL Lile l1liauced }_JULﬁb}, I Lilie
strength nf tha nrndinnl— nf the maonoatir field ara all imnartant Maonatinr

trength of the gradient of the magnetic field are all important. Magnetic
gradients; under normal conditions, increase as the poles of a magnet are

approached. The shape of the field gradient is determined by the B field, but

the direction of the gradient is not necessarily the direction of the lines of
force that make up the B field. The lines of force show the direction of
orientation that a dipole particle would tend to assume, but the net force
acting upon a dlpole particle will include componencs of forces perpendicular

N 4 omcb sraed ana ~F +ha £3Ia13  Daonmnasioo
D 111 lllUbL LC&lUllb oL LI.IC LJ.CLU. DCL&UDC 5Lau
a

en ar ar t
a the rface of
material, small magnetic particles, acting as dipoles, w111 tend to move and
attach themselves to these locations. Because these particles form their own
poles, they can hang together end-to-end, and not all collect side-by-side at
the same concentrated point. This formation effectively extends the size of
the gradient, and can actually amplify the indication to a size several
hundred times larger than the actual discontinuity. This aiiows easy
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6.4.1 Methods for increasing the detectability of indicatioms.
Additional enhancement of the observations can be accomplished by several
means: a contrasting background can be applied over the inspected part before
the test begins, and/or the magnetic particles can be dyed a bright color, or
the particles can even be made to be fluorescent. The strengths of these

magnetic gradients are not aiways great; therefore the “mobiiity* of these
mmall macnabda mawbdalan $da0 fonmemnondac Dambdala alon a;md abeoeo FOR T I S S
diilal L llds 1L aLC ydl LiIC1ES 41bd J.IIPUL Lalil . rarcuvicClic dplo allu buapc, Ltne meaiun 1in
which they are carried, if any, and any mechanical vibration or other
inducement to move become important considerations. The material the

particles are made of, and their size and shape, also affect the magnetic
moment that can be induced. Thus, a wide variety of characteristics can be
associated with the magnetic particles used, and the expected visual detection
capabilities that can be obtained will depend upon several characteristics of
the particles used.

p—
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7. EQUIPMENT AND MATERIALS

7.1 General. The equipment and materials required to perform a magnetic
particle test can be as simple as a strong permanent magnet and a supply of
magnetic particle powders. However, sources of electrical currents, with

control over the current magnitudes and directions, magnetic coils and yokes,

and tanks for holding magnetic powders, either in dry or wet form, can all be

considered as necessarv facilitiegs for most magnetic pnarticle testing.
nsidered as necessary facilities for most magnetic particle testing.

7.2 Commercial equipment for magnetic particle testing. Today there is
commercial equipment available for portable, mobile, or stationary systems.

7.2.1 Portable testin its. The portable magnetic-particie testing
units are available as hand-portable current sources or as hand-held magnetic
yokes. A typical portable magnetic-particle unit (current source) is shown in
figure 11. These portable units are generally designed for operating on 110
or 220 Vac and supplying 500 and 1000 amperes. The output voltage will range

from 5 to 25V depending upon the current level being supplied. Portable units
are especially desirable for inspecting small items and for inspecting in
remote areas.

7 0 . .
2 Mobile eguipment Ex t for added features of dema

I oo & Vi = Esulglllgllbo Uing
circuits, the mobile equipment may be best described as heavy-duty portable

equipment on wheels. The electrical circuitry is generally designed to
provide heavy currents ranging up to 3000 amperes. Since heavier transformer
wires and connectors are required to carry these currents, and cooling fans are

110V AC OUTLET ///—\\\‘\\\

P
AMPEREMETEQ ///’ /(;;2!5’ /¢/¢”
\ & e

P

(‘NU @Il 10 STEP TAP SWITCH

@ - N < MICROSWITCH TRIGGER
D OUTLET

—
—

POWER ON D o~
CURRENT ON ~Z

FIGURE 11. Portable magnetic particle current source.
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jbe

vvvvv cooling, the equipment weight becomes excessive. However,
such equipment may still be used effectively in many different locations by
rolling on wheels. A typical mobile magnetic particle test unit is shown in
figure 12. Selection of ac or half-wave dc is easily changed by switching
cables on cable lugs located in front of the unit. Cables ranging from 15 to
30 feet may be further extended by additional lengths to as much as S50 to 100
feet. When extension cables are used, a decrease in current output can be
expected. Although prods are usually used with mobile equipment, solenoid or
cable wrapping techniques can be used. Also, use of a central conductor
hooked up between the two cables facilitates variation in test techniques.
Dry magnetic particle powder is most often used with this type of equipment
but the wet technique (with an external tank) or materials in kit form can

also be used.

1. CARRYING RACK 10. CABLE LEADING TO MICROSWITCH ON THE
2. IDENTIFICATION PLATE PROD HANDLE
3. CABLE HOOK 1. CABLE LUGS (GROUND CABLE)
4. DC AMMETER (OUTPUT) 12. CABLE LUGS
5. DEMAGNETIZATION PUSHBUTTON 13. CABLE LUGS
6. CURRENT VALUE IS SELECTED BY 14, 110 VOLT AC EXTENSION CABLE
TURNING OF KNOB 15. COOLING INTAKE
7. AC AMMETER (OUTPUT) 16. CURRENT ON LIGHT (GREEN)
8. POWER ON LIGHT (RED)
§. POWER HOOK-UP TO THE TERMINALS

IS FACILITATED AND EASILY ACCESSIBLE
THROUGH A SMALL DOOR HERE

FIGURE 12. Mobile magnetic particle test unit.
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7.2.3 Stationary test equipment. Stationary magnetic particle test

equipment may be obtained as either general-purpose or special-purpose

inspection units. The general-purpose unit is primarily for use in the wet
1. wh
1 Was

N - PR . v, . 1 oLt a2 o sl exnt_eanti~Ala hath nimn ir
method, and has a builit—-1n tank that contalins cn€ wWei—parcifit vaca puap ich
bt 11 amlbobtan bha hath and farcree the fluid throuch hoses onto the test
COntinualiy agitati€sd i€ Uauil alil 1ULLeo tuc Liulite 2V ip -
article. In addition, curtains and an ultraviolet light are provided for
inspection whenever fluorescent particles are used A general-purpose
stationary unit is shown in figure 13.

1 DCPILOT LIGHT 17 TAILSTOCK LOCKING HANDLE

2 ACPILOT LIGHT 18 DC TRANSFER SWITCH

3 COCiL i9 DC AC SELECTOR SWITCH

4 COIL LOCKING HANDLE 20 FOOT SWITCH

5 BLACK LIGHT 21 CONTROL CABLE RECEPTACLE

6 TAILSTOCK CONTACT PLATE 22 110V AC QUTLET

7 TAILSTOCK CRANK HANDL £ 23 CURRENT CONTROL

8 NOZZLE 24 LINEPILOT LIGHT

9 HOOD 25 PUMP SWITCH
10 CURTAIN 26 ACTUATOR

11 FLOW CONTROL VALVEF 27 HEADSTOCK AND TAILSTOCK LEDGES
12 DEMAG CURRENT PILOT LIGHT 28 HEADSTOCK CONTACT PLATE

13 AC TRANSFER SWITCH 29 AC AMMETER

14 MAGNETIZING CURRENT CONTROL 30 MAGNETIZING CURRENT PILOT LIGHT
15 30 POINT SWITCH START BUTTON 31 DC AMMETER

16 CURRENT REGULATING SWITCH

FIGURE 13. General-purpose stationary magnetic particle test bench
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Special~purpose stationary units are designed for handling and inspecting
large quantities of similar items. Generally, conveyors, automatic markers,
and alarm systems are included in such units to expedite the handling and dis-
position of parts.

7.3 Demagnetization equipment. Most common types of demagnetization
equipment consist of an open tunnel-like coil through which alternating
current at the incoming frequency (usually 60 cycles) is passed (see figure
) The larger type of equ1pment is frequently placed on its own stand and
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Accessories. The number of accessories used in magnetic particle
ive Some are available from the manufacturers of magnetic
purposes Accessories
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1. Cables - used to carry the current to prod or solenoid.
2. Prods - used for magnetizing of welds, sheet, or plate.
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FIGURE 14. Demagnetizat
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3. (Clamps - used instead of prods to facilitate good contact with article
or when one-man operation is required.

4. Contact Blocks — used to facilitate cable connection from stationary
equlpment for external use of prods or coils.

5. Field Indicators — used in measuring residual magnetism in an article.

£ Matnal Mach wend hatwoan ~rnnbtant natinte and artinla tactad ta avniAd

Ue i L@l LiC PR Usea4G oecTween concacc pPULLHLO aizQG AitiliT LToLCU LU avuau
sparking and burns.

7. Liquid Applicators - used in applying fluorescent or nonfluorescent

test medium: can be manual, electric, or air operated.
8. Powder Applicators — used to apply magnetic particle powder to the
test area: can be a powder-puff or powder blower.

9. Black Light — The use of black light is standard in fluorescent type
inspection. In some instances, more than one black light may be
Ancivrahla nartahla hlanlr 1io0ht mawrr ha 11enod with mAahi1a nmtd nmant
UTLOD A4LLQAQL/ LT e Ly PUL “auwLc viawuvn .LJ.EIIL na < uocu ¥ L L AL A A O L\iu‘.rlll(-lll—
when wet method testing is performed.

7.5 Magnetic particle powders. Four properties enter into the selection
of satisfactory magnetic particles: magnetic, geometric, mobility, and
visibility.

7.5.1 Magnetic properties. It is desi that the particies of the
Fonking modiiim naaconcn Fea Amenvrbant macnabria neAanartianse hioh mormanh+ 13
“TOo L,Llls T L L PUDDCDD Wy J.IIIPUI. watli v ulasuc LS N ) yl. PCL LATO o l.l.Lall peimnCay i L 1l vy
and low retentivitv. Permeahility may be defined as the degree of eage with
which a particle is magnetized. Retentivity is that property which enables

particles to hold (to a greater or lesser degree) a certaln amount of residual
magnetism. Particles incorporating high permeability and low retentivity give
maximum response in a leakage field, and at the same time do not remain
magnetized when they pass out of the influence of the magnetic field.

7 & 92 Nonmotrris nranartiac Tha anhari,ral cahanad morbitnAla ~AFfFavra o hisk

i e e i VePme Ll 1l PLOPTICiTO. LT opuTiilair duapTl paiviitliT ULi1TIS a riligii
degree of mobility but has low attractive power. The long, slender, jagged
particle has a high degree of attractive power and low mobility. A

multi-faceted nugget type particle is a good compromise in that it reasonably
combines the optimum qualities of the other two types. Particle gize is also
an important con81derat10n, and it is desirable to have partlcles of various

. Smalil partlcl are required to bridge a tight-— pped crack. Larger
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but all are small enough to pass through a 100—mesh screen. In the wet
technique of magnetic particle testing, magnetic oxides of iron are generally
used. Although they are extremely fine in size, they are of lower
permeablllty than the metallic, dry particles and have neither the most
desirable shape nor variety of sizes avaiiable in metallic particles. Fine

i S he t because they can be sus-
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7.5.3 Mobility. When the particles are brought into the influence of the
leakage field of a flaw, they must be free to form a pattern or indication.
This freedom is influenced by several conditions, including the shape of the
particles and how they are applied to the surface.

T +hao Awwr mnasmbd Aala banbhcnd i Af o _ 00 x® 1 & . a4 2 e v e
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article. This permits the magnetic field at the flaw to catch and hold some

particles as they move by. Mobility is also obtained by vibrating the article

after the particies have been appliied. Alternating current may be used advan-
tageously because the alternating field causes the particles to ''dance'" and
thus enhances mobility. However, pulsating direct current is sometimes
considered superior in other test characteristics.

The principal advantage of the wet technique of magnetic particle testing is

the excellent mobility (freedom to move in the three dimensions) of the sus-

pended particles. It is important to use a low viscosity liquid so that the

suspended particles are retarded as little as possible by the liquid in which
they are suspended.

7.5.4 Vigibility. So that an indication can be made readily visible, a
good light source is essential. Particle color also affects visibility. With
various types of part surface finishes (from highly polished to rough
castings), no one color of particle is always satisfactory. The choice of
particle color is entirely dependent on the test item. The most widely used
particles are gray, red, and black. The gray powder has excellent contrast

c p ,

. . . . . .

against practically all surfaces (with the exception of certain silver-gray

sand-blasted surfaces). Particles coated with fluorescent dye often are used
© ey s1s

to enhance visibility.
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8. BASIC PROCEDURES AND TECHNIQUES

* 8.1 General. Magnetic particle testing can be broken down into five
basic steps:

Preparation of the test surface
Magnetization

Application of magnetic particles
Inspection

Demagnetization and cleaning

U W~
« s e

Each of these steps is presented with the appropriate test techniques where
applicable. ASTM E709, "Standard Practice for Magnetic Particle Examination,"
is useful in describing material in a more quantitative fashion on some
techniques and applications discussed below, as well as in other paragraphs in
this handbook.

8.2 Preparation of the test surface. The test surface should be cleaned
of grease, heavy coatings of paint, rust, slag, or other materials that would
interfere with the mobility of the magnetic particles and the forming of
indications. A smooth surface and a uniform color are desired for optimum
formation and examination of the magnetic particle pattern. When it is
necessary to perform magnetic particle testing on items that have been covered
with anti-corrosive protective coatings (such as primers, paints, or cadmium-,
chromium-, nickel-, or zinc-plating), the coatings do not necessarily have to
be removed, since flaw indications are not usually affected. The acceptable
thickness limits for such coatings on test items should be checked before
conducting a test. In certain cases, coatings are purposely applied to the
test item to provide a contrasting background for the medium. The acceptable
thickness limit of such coatings is often up to 0.125-mm (0.005 inch). All
holes and openings leading to internal areas where complete removal of
magnetic substances or other matter cannot be readily accomplished are
plugged. Any material which can be completely removed and is not detrimental
to the part may be used for plugging. When necessary, all faying surfaces or
component parts that can be damaged by the bath are masked. It should be
noted that the cleaning of the surface is not necessarily the same thing as
cleaning materials out of cracks or flaws that might be on the surface. For
liquid penetrant testing (see MIL-HDBK-728/3), the contaminants in the flaws
must be removed to allow the entry of the penetrant; but for magnetic particle
testing, non-magnetic contaminants do not usually have to be removed from the
flaws. This can be an extensive savings in both time and expense. In
magnetic particle testing, if current is to be injected into the part, the
injection area should also be cleaned to allow good electrical contact.

8.3 Magnetization. To magnetize a specimen, the permeability of the
material, the shape and size of the specimen, and the type, size, orientation,
and location of the expected discontinuities will all need to be considered.
The accessibility of the part, the facilities available, and the required
sensitivity of the testing are also parameters that affect the test decisions.
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8.3.1 Permanent magnet or electrical source. Basically, one has to first

or by an electric current. If a permanent magnet is used, then the distance
from the poles or distances between inspection points that can be allowed to
detect particular discontinuities must be determined for that particular
magnet and material. This is usually determined by trial and error. When
accessibility, power source, and facilities allow it, fields from current

terms of the strengths of magnetic fields obtainable and in the shape and
direction of those fields. Ability to demagnetize is also increased when
electrical currents are available.

8.3.2 Alternating, direct, or half-wave currents. If electric currents
are to be used, decisions to use alternating current, or half-wave or pulsed
direct current must be made It is generally accepted that the best types of

magnetizing currents for magnetic particle testing are alternating and
half-wave, rectified currents. Alternating current is best suited for
locating surface discontinuities (because of skin effect). Half-wave, direct
current is best suited for locating below-the-surface discontinuities.

Figure 15 compares the abilities of various methods to detect subsurface
discontinuities. The graph plots amperage against depth of discontinuity.
This experiment was performed using the test specimen shown at the lower right

in figu}e 15. The lowest amperage that gave a minimum threshold indication at
various discontinuity depths was recorded.
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The advantage of using alternating current is that the voltage can be stepped
up or down by the use of a transformer. Also, the reversal of magnetic
flelds, due to the alternating current, makes the magnetic particles more

mobile, thus facilitating their collection at leakage fields.

The advantage of half-wave direct current is that, by the use of a rectifier,

it can be generated from any commercial alternating current source. Pene-
tration is comparable to that of straight direct current with the pulsating
effects of the rectified wave being helpful in adding mobility to the magnetic
particles.

8.3.3 Direction of current. After the type of current is chosen, the
direction of current application must be determined. Basically, there are two
directions usually considered: 1) a ‘‘head shot’ that establishes a flow of

current along the length of the part, resulting in circular magnetization
around the part which will locate cracks orientated in the directio. of th
length of the part, and 2) a ''coil shot" that establishes longitudinal
magnetization along the length of the part, which will locate cracks oriented

perpendicular to the length of the part
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noted that in some cases the current may flow through the part, and in
cases through separate conductors or coils.
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CURRENT

(A) HEAD SHOT (B) CENTRAL CONDUCTOR
FIGURE 16. C(Circular mnonetlz tion by direct and indirect

* 8.3.4 Multidirectional magnetization. Multidirectional magnetization is
defined 1in the glossary E1316 of the ASTM Book of btandards 03.03 as the
alternative application of magnetic fields in different directions during the
same time frame. Suitable circuity can be utilized to establish magnetic

fields sequentially in more than one direction. The simplest techniques

LSl lyues

utilize perpendicular fields, switched back and forth. Cracks that a
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perpendicular to the magnetic flux lines are observed. Thus, by having flux
produced both in circular and longitudinal directions, cracks that are
oriented predominantly longitudinally and circulary respectively will be
detected clearly.

% R.3.4.1 Ralanced magnetic fields. For general nurnoses on 1v two
S.32.4.1 2Balanced magnetllc Tielgs. For general purposes, onl

directions of magnetization are usually required: circular and 1ong1tudina1.
When setting up for the multidirectional methods, the fields are usually
balanced so that equivalent magnetization capability exists in the two
directions during the operation. This can be attained successfully by using
artificiai-fiaw standards at various locations on the test objects. There may

be situations in which the magnetizing fields can be somewhat different. In
these cases it 1ie imnortant that a nredetermination (or calihration) he

- ] A - AT J.llly\.l‘. “iAid W “aiila o < tla. UL LU AMBIAMAGA V- AV \Wwa4i vasLdvidAwvaviary U<
performed to assure usefulness. In most applications, balanced fields are
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desirable. Even then, there may be a lack of confidence that they have been
achieved inside complex parts. However, the usefulness for inspection still
exists, nd even small discontinuities can be detected successfully with

e

-t ; .

* 8.3.4.2 Multi-directional magnetization. Three-dimensional magnetic
particle inspection units have been set up that have potential for developing
two field directions or more for magnetic particle inspection. These can be
tailored for specific applications, according to Hagemeier in a review article.
(7) It is critical that the magnetic fields _are demonstrabiy balanced so that

i the operation for
d It has been

of
f the

8.3.5 Direct and indirect application of current. Magnetization by
ing current into the test item is usually preferred whenever maximum
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tlcularlv whenever hand- e1d prods are used to 1n]ect current. Arcing
tends to occur whenever the current contacts are dirty or are moved during
excitation. A simple way around the arcing problem is to securely clamp the
contacts to a clean area. When magnetization is induced by placing the part
in an external magnetic fieid, the arcing probiem does not occur.

* R 2 A The runrrent and maonetir fiaeld cetrencth. Th reanired amnunt of
SeJds U AT LWL ATAL QI NGRS LAY A AT Al D viviimLiie 41T LTYHYULLITU &aivkaar vl
magnetizing current is affected by the permeability of the material, the shape

and thickness of the test specimen, and the type of discontinuity sought.
When an article is not uniform in section, it is necessary to use one value of
current for the thinner sections and a second, third, or more values of
current for heavier sections. 1In circular magnetization the length of the
test specimen does not affect the current requirement.
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en proceed with successively higher currents to test the increasingly larger
ctions. This procedure avoids overmagnetization of the thinner sections.
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curre h certaln aoorox1mat1ons being used Formulas are included for
hlstorlcal continuity. If used, they should be limited to parts that have a
simple shape. Appropriate field strength can also be determined by testing
parts having known or artificial defects of the type, size, and location

specified in acceptance requirements. Various magnetic field indicators, such
as a Hall effect gauge, can also be used to measure the peak value of the
fiald tancgential +ta tha aurfana Tisdtnrdntin ica ~fF Farmiilaa tacatrhas wedth

1 4ATJIU TA@lugTiitial LU LIIT puslialce. Juulcivuon OT Vi 1LUuliniuliad LUKTLLTL willl
choice of standards and appropriate measurement can yield sufficient but not
excessive magnetic field strength for consistent results for indications.
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* 8.3.6.1 Circular magnetization. For direct circular magnetization or

indirect circular magnetization using a centrally localized conductor, only

enough current to show the indication is normally used. The test gauge of

magnetizing current strength is a test specimen with a typical indication.

The test spec1men is kept and used as a reference and the current required to
' e recommended values
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from 300 to 800 amperes per inch (120 to 320 amperes per eter) diameter
or greatest diagonal width of cross section of the part. The amperages shown
in table I, therefore, are only suggested averages for various diameters and
widths, and may be incorrect for certain alloys and shapes. For indirect

circular magnetizat’on using an offset central conductor, the specimen

+
%
1
nt

diameter is replaced with the sum of the diameter of the central conductor
nlitn twina tha anantiman wall +hlAlbbnnoaaoos Tiogtirns 10 chhawrae Ftoaobk anandtmano £
PJ_UD Lwiltc L5 98 =4 DPCLLIIIC 1 wail LILTURIITOD » X _LBULU L7 ODUHUWD LTDO L Dycbllllcllb L
several gizes and ghapes, both in Englich and metric units.

* 1. View A of figure 19 shows a multiple diameter, solid specimen, the
smaller diameter being 2 inches, and the larger 3 inches. Following
table I, and recalling the foregoing discussion, the thinner section
is magnetic-particle-tested first, requiring 600 to 1600 amperes.

second ''shot,'" for the 3-inch diameter section, requires 900 to

* 2. View B of figure 19 illustrates a tubular section to be tested by a
head shot. It can be seen from table I, that the current required is
1200 to 3200 amperes. If a centrally located conductor is used to
inspect this article, the current requirement remains the same.

* 3. View C of figure 19 illustrate the use of an offset central
conductors. It can be seen that calculating the amperage based upon
the diameter of the central conductor plLs twice the wall thickness
yields a current range of 450 to 1200 amperes.

* 4. View D of figure 19 illustrates a number of smaller articles (nuts)
requiring testing on an offset central conductor. The maximum outer
diameter is 4 centimeters. From table I, we obtain a current

........... ~F 200 -~ NN araen o oy oy
LCqu.LLCIIIt:llL UL Ouv tU OUU anpered .

8.3.6.2 Longitudinal magnetization using coils. When a cgi] is uged for
longitudinal magnetization, the strength of the field is determined by the
product of the number of amperes and the number of turns in the co11. For
example, a current of 800 amperes through a five-turn coil creates a
magnetlzlng force of 4, 000 ampere turns, it is necessary to know how many

o}
s the wrapped cable. T Ly
odd-shaped or too big to handle on the equi pment For reliable c011
magnetization (longitudinal), the article to be magnetized must be at least
twice as long as its diameter, or width. This relationship is known as the
length—-diameter (L/D) ratio. The L/D ratio and the number of turns in a coil
determine the required amperage for coil shots, providing the following

t P
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1. The article has an L/D ratio of between 2 and 15.

2. The article or section thereof to be magnetized is not greater than 18
fmnbhan (LE ~am)Y 1ans
LIICILICD \SU Lii) 1LUILE .

3. The cross-sectional area of the article is not greater than 1/10 the
area of the coil opening.

4. The article is held against the inside wall of the coil and not posi-

tioned in the center of the

1f the foregoing conditions are met,

coil.

then the formula for determining a

correct amperage is:

45,000 1 45,000 D
- X . Or o -
L/D N
where:
* 45,000 = constant
L = length
D = diameter
N = number of turng in coil
A = amperes

3 inches in diameter (D), and
then the required amperage is

Assuming a solid article, 12 inches long (L) by
a coil consisting of 5 turns (N) was available,
determined as follows:
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The formula may be used for any number of coil turns. Theoretically, the more
turns of cable, the stronger the field though there is a limit to the number
of turns (5 when using alternating current) that will increase the flux den-

sity. Also, an excessive number of turns will have a heating effect. Since
the effective field is iimited by the size of the coil, several shots may be
ramitvrad whan taocgbkdines a 1lang artdiala
LC\iULLCu wWillcCii LCDLJ.IIB a .LUIIB al LilultTe.

8.3.6.3 Use of prods for dual circular fields. The correct flux density

is somewhat easier to determine when using prods because it is possible to
vary either the current setting on the equipment or the spacing between the

prods. If the accumulation of particles between the points of the prods is
too heavy, the particles tend to form bands. Banding indicates that the field
strength is too great and should be reduced by either lowering the amperage or
increasing the space between the prods. Spacing between the prods varies,
depending on the size and thickness of the article to be tested; 6- to 8-inch
(15 to 20 cm) sp ng is found to be most effective on larger articles.

American Soc1ety for Testing and Materials Standard E709 and MIL-STD-1949
provide additional guides on magnetization requirements.

8.4 Application of magnetic particles. Once the proper level of magnetic
flux has been established in a part, magnetic particles are appiied. Normally
thig annlication ic made while tha magnetirsr Fiold canivreas 1o YA ' Ty $o
LHAO QppiLildLiVil 40 fIAUT WL LT LHT agliTuille 1 1Ti1iUu duuUrtLe 1s Ull AL 1d
possible, however, where materials exhibit high retentivity, for the residual
magnetic field to be adequate for testing, and the magnetizing source can be
removed When the magnetizing source can be removed, the test specimen can be

N
\C)
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placed in an immersion bath where the magnetic particles are suspended in a
liguid. A bath allows maximum particle mobility and usually uniform coverage
of the part by the magnetic particles with improved sensitivity and

consistency in the test results.

8.4.1 Dry method for testing. Often the application of particles is by a
dry method or by a wet flow. The dry magnetic particles are commonly applied
from shaker cans or bulbs. The dry method is probably the simplest
application method, but certainly not always the best. Automatic
particle—blowing equipment can be used. Methods utilizing such equipment are
economical in their use of partu,u:b and, on most tests, are an aCCépLaDLE way

of "flowing" dry particles over the test surface. A minimum flow velocity is
desired in this process.

* TABLE I. Magnetizing current for circular magnetization of
Mm_mhwjr_t;cig&
Tubuﬁa,_éﬂg Solid Articles
Greatest Diameter*

nonnal Maoaconatdelias MNoceman

UL u-LG‘UlIaJ. lld&llc LJ.(:.lllB \..-uL reil L
_ In Inches in Centimeters (Approx) in Amperes
0.4 1.0 100 - 320
0.5 1.3 150 - 400
0.75 1.9 225 - 600
0.8 2.0 240 - 640
1.0 2.5 300 - 800
1.2 3.0 360 - 960
1.5 3.8 450 - 1200
1.6 4.0 480 - 1280
2.0 5.0 600 - 1600
2.4 6.0 720 - 1920
2.5 6.3 750 - 2000
2.8 7.0 840 - 2240
3.0 7.6 900 - 2400
3.2 8.0 960 - 2560
3.5 8.9 1050 - 2800
3.6 9.0 1080 - 2880
4.0 10.0 1200 - 3200

* For an offset Central Conductor, use the Conductor

Diameter plus Twice the Wall Thickness. _

8.4.2 Wet method for testing. Wet suspensions can be sprayed or
otherwise caused to flow over the surface. Again, velocity of flow is
important. The flow should not be so strong that the indications are
destroyed. For the wet flow or bath method the liquid used is usually a light
oil. Water, suitably treated with anti-corrosion, anti-foam, and wetting
agents may also be used. Ideally, this liquid should not be fluorescent and,
for safety purposes, the liquid should be non-toxic and non-volatile and
should have a high flashpoint.

30



Downloaded from http://lwww.eve rk/spec .com
LL—NOUDN—/ LO/

8.4.2..1 Wet bath considerations. The particles are usually obtainable
in a dry form, a paste form, or in a highly concentrated liquid form and may
be either fluorescent or nonfluorescent. To achieve the required test
sensitivity, the degree of particle concentration in the bath must be correct
- too light a concentration leads to very light indications of discontinuities;
too heavy a concentration results in too much overall surface coverage, which
may mask or cause incorrect interpretation of discontinuity indications.

je 24 IN. -]
kr————lBlN —] ‘
T - T 1IN ' 1
‘ 3.0IN.DIA
2IN DIA 4 IN. DIA
/L (()N[)UCI’()R
{A) MULTIPLE DIAME it R SOLID ARTICLE. 1/4 1IN WALL (C) CYLINDRICAL ARTICLE USING

SOLID CENTRAL CONDUCTOR

R .
35IN. on
41N DIA 0.D.
- 1/4 IN.WALL CONDUCTOH
(B) CYLINDHICAL AKTICLE (D) MULTIPLE ARTICLES USING

CIRGULAR CENTRAL CONDUCTOR,

FIGURE 19. (Circular magnetization of typical imen ing h —shot
or central conductor. (1)

Table II lists the preferred particle concentration for wet suspensions.

Check applicable specifications for exact allowable concentrations. While the
bath is in use, it must be constantly agitated to maintain the particles in
suspension. A short period of agitation prior to use is desirable. Agitation
is usually accomplished by electrically driven pumps or by compressed air.
Compressed air agitation, while effective, is the less desirable since
moisture and foreign matter carried by the air may contaminate the bath and
shorten its useful life. The particle concentration should be checked
periodically since the liquid can evaporate and particles are lost as they are
removed from the bath on the test specimens.

TABLE II. Concentration for wet suspensions.
Type 0z. Particles/Gal ML or CC Particles/
Particles Suspension 100 ML or 100 CC Liquid
Nonf luorescent 1.2 - 2.4
See Manufacturer's
Instructions
Fluorescent 0.1 - 0.5

31



Downloaded from http://www.everyspec.com
MIL-HDBK-728/4A

8.4.2.2 Wet bath settling test to determ;_nev_tl_s_efuln ss. A simple test

for particle concentration is the ‘''settling test' shown in figure 20. The
PP S 2 manlbabd £oee AN cnlniibnn b mmomiiean man  mwr e 2 a2 £ sl
bubpellb-LUll 5 agltiaied 101 OV milnuied LU dbbdule dil ©€vVveEll Q1S LI 1puLtl19oI1l UL Line
nartirlece in the 1{nn';r‘ Then 100 ce (m1) nF the hath 1e numned thranoch the
particles in the liquid. Then, 100 cc (ml) the bath is pumped through the
hose nozzle into the pear-shaped centrifuge tube and allowed to settle for a
minimum of 30 minutes. The amount of particles (measured in cc or ml)

settling in the bottom of the centrifuge indicates the concentration of solid
matter (particles) in the bath. In measuring the solid matter in the

centrifuge, foreign material such as lint and dirt, which settles on top of
the particles, is not considered. If the particle reading is high, liquid
(ermnti2 a1 )Y 2474 ~A3.11. 2F 1A.. PUR S [ R 1 Ry bomnnbn s baloaloan svmamdb a1l A
\veiliclie) 15 aducua, 11 10w, pabtitc Ol 114ulu CLoliccllitidie Culltallilllg particics
is added. Paste is never directly added to the bath because it might not
disperse properly. The paste shopld be premixed with sufficient bath solution
that it can be poured into the holding tank.

When in use, the bath eventually becomes contaminated by dirt, lint, and chips
to a degree that efficient formation of discontinuity indications is hin-

dered. Degree of contamination is determined by the amount of torelgn matter
mabh 12 .2l bl nnba Lo b KAt baem A bbha oAbl fiian bl Al ~ +L
selLiLlLl 18 wiltll L1 del—ﬁ 11 Ltle vouLiLoum oL LIl L,UIILLLLU.BC Lupe UU.L.L![& Liie
settling test. The bath should be checked on a regular schedule depending on
the inspection volume: weekly if the volume is highj monthly if the volume is
low. When the bath is contaminated beyond usefulness it is discarded, the

bath tank and the liquid system are thoroughly cleaned, and a new bath is

mixed. Contamination can be minimized by keeping the bath covered when not
in use.
o L 2 1 Neanternl ~AF hath Far nendiinatbinan neranadiscrman ThAasr twantbtar_haoad
OeHeled LONILIOsr QL pdaed LfOL ProuuCiilOn PprocCaurcs. r'Or water—pascea
vehicles, a clean part is flooded with conditioned water to obtain a
continuous even film over the entire part, provided sufficient wetting agent

is present. If the suspension film breaks, exposing bare surface,
insufficient wetting agent is present, or the part has not been cleaned
adequately, or the water vehicle is no longer usuable. When wet particle
ncentration/lack of contam1nat1on are not w1th1n limits determlned by

2 A rema 1 ‘. . e Y . 1

8.5 1Inspection Indications of discontinuities located on the surface
usually appear in sharp distinct lines, whereas discontinuities located below
the surface appear as irregular, rough, hazy indications. The width of a

subsurface discontinuity indication varies with the depth of its location
haolAaw +tha ssrfFana Narsrant tntarmeatbabtne AF 1,32 A bfcia mmeicnand oo - b o f
DE€10W Tin€e suriace. Lutlicle inteipretacion O 11aicacions Caused vy supsurrace
discontinuities requires a certain amount of skill and experience on the part

of the operator.

8.6 Demagnetization and cleaning. Ferrous materials usually retain some
residual magnetlsm after the magnetizing current is shut off. The strength of

the residu field depends upon the retent1v1ty of the material, and the
streﬁgth fid direction of the magnetizing force. Complete demagnetization is
AIFFirnile 3 F nnt imnnoanthla A Ahtatane Fheon Flom oo Lt
Giririalurtr 1t BOL 1MpoOsSsiKL€ L0 Ovitain, tius, L€ Jemagnectizaclion process 18
limited to reducing the regidual field to an acceptable level The bacia for
A TRAR aaa o aass A S 8D A NA vAla A A A A - aa aviopypyLavico LT VT Lo 4 LT vas i1d LU
all demagnetization methods is the subjecting of the magnetized article to the
influence of a continuously reversing magnetic field that gradually reduces in

(O%)
3
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strength causing a corresponding reversal and reduction of the field in the

article. Although some residual magnetlzatlon will remain, the method quickly
reduces the field to insignificant proportions. Figure 21 shows graphically
haw tha mathad warla N tho v»ioht tha oranh ranracante the rovercino and
1HuUw Liic mc Liivu WULRD o ik Ciic l._l..5lll- il BLutlll L\,yL\,OLlIbD L gL wy LT VYOLO AR Qaii\a
reducing magnetic field in the article. On the left are the hysteresis curves

8.6.1 Demagnetization (general). The most convenient method of
demagnetization uses a specially built demagnetization coil (see figures 14

and 22). When such a coil is energized by passing the current through its
windings, it induces a magnetic field in the article placed in the coil.
Since current direction reverses 1rgp1F the nn1ar1 tv of the induced magn netic

..... cCRli ity Laliotlvivos TiSTS 2LET L - -~ J Luaguecad

field also reverses with each reversal of the current. As the article is
withdrawn from the coil, the magnetic field becomes weaker the further the
article is withdrawn from the coil. Demagnetization is accomplished only if
the article is removed from the influence of the demagnetizing coil while the

current is flowing; if the current is stopped while the articie is still in
Ll 2 _ €V momn hhh cmmmcmnbla £2 .13 thn AmeblAala cmasr &2 1 —ambada anma

Lne 1iliL .I.UCIILC UL LI IdaglieltlC L1TYid LU artlcic iiay bl-ll.]. reécdain Sone
magnetism.

8.6.2 Demagnetization — effecting. Since the magnetic field produced by
alternating current does not penetrate very deeply below the surface of the
material, some articles may be difficult to demagnetize completely. This is
particularly true with large, heavy, or unusually shaped articles. Direct

current can be used to demagnetize if provisions for controlling the amount of
risrrant and far ravereine tha AdAirantinn Aaf tha Auirrent aroe made Nivrart
current and for reversing the direction of the current are made. Direct
current demagnetization is usually more complete and effective than
alternating current demagnetization. Some magnetic particle testing equipment
is provided with facilities for dc demagnetization. Without such equipment,
dc demagnetization is a slow operation. Demagnetization is preferably done on
individual articles rather than on groups of articles. To demagnetize with
direct current, the article is piaced in a coil connected to a source of

A3 vant Atirrant Tha cuirrant 10 adiduactad A a wvalia at lanct ag oraant (hut

wuilL L ) \_,uLLCIIL. Lruc LuL L i u 140 GUJUD\-CU v a vaiuc a w LiTCaouv ao 5LCC\\- \vuuw

usually greater) than that initially used to magnetize the article. A
magnetizing shot is given at this initial value. The direction of the current
is then reversed, the current value reduced, and a magnetizing shot is given
at the new value. This process of reversing and reducing the current is

continued until the lowest value is reached.

Q £ 2 Namannatbimabrtnn_an~rmabsvrtanl ArnnatdasabAana Thaev hankt samieltbn 14

VelUses J gquwgu.&_g_g_g_L u_ﬂsguulg LA A\l CYVIIQ AUTG L AL ALUVIID o L UL vTou LTOUuLLD L1k
demagnetization; the diameter of the demagnetization coil is just large enough
to accommodate the article. If demagnetization of a small article is

performed in a large coil, the article is placed close to the inside wall or
corner of the coil, since the demagnetization force is strongest in that area.

8.6.4 Demagnetization-practical co_n_s_qgra tions. For practlcal purposes,
2+ 140 alurawn Ansvevant A k113 A Fi~12a A4 PAY < S PO PRV S
4 v 10D aLwa_ya wuL L =4 U ) Ly uLiLi1Li140cC a L.LCJ.U LlluLLdLUL d.L LT PCLLULIIILIIB
o .

T
demagnetization to determine that residual field strength has been reduced to
a desired level. The field indicator is a small, pocket-sized device that
measures the strength of a field against a set of small, enclosed, permanent
magnets which restricts the needle movement on a relative scale. Whether to
demagnetize an article or not depends on a number of factors.

33



Downloaded from http://www.everyspec.com

MIL-HDBK-728/4A

8.6.5 Demagnetization - criteria for use. Demagnetization is usually

1.

W
»

A strong residual field interferes with subsequent operations, such
as welding or machining. Strong fields can "flow" the weld metal as
it is deposited, or magnetic chips may cling to the cutting tool and
interfere with machining.

(a4
=8
»
[as
£
o
=
Q
=]

_____________

magnetic principles
types.

Residual fields interfere with proper cleaning of the article.

|3 -t 1
1 Ly L

The article is to magnetized at a lower magnetizing force in a
different direction than the original or previous test.

Specified by procedural standards.
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1 AGITATE THE SUSPENSION THOROUGHLY
TO ASSURE PARTICLE DISTRIBUTION

2 FILL 100cc (100 ML) SAMPLE FROM THE
DELIVERY HOSE INTO A 100cc (100 ML)

GRADUATED CENTRIFUGE TUBE OR GRADUATE.

3. PLACE CENTRIFUGE IN STAND

4 DEMAGNETIZE, IF NECESSARY (IF CLUMPING

AAS Ino
uLuLung)

ALLOW TOSETTLE FOR 30MINUTES
TAKE READING AND RECORD IN THE LOG,

o o

ADJUST BATH EITHER BY ADDING PARTICLES
OR LIQUID AS NECESSARY.

~I

FIGURE 20. Settling test procedure.
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FIGURE 21. Demagnetization f - rzg,Perggtgi from hysteregsis curve.
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FIGURE 22. Demagnetization coil.

Demagnetization is usually not required or necessary:

1. On articles of soft steel or iron where retentivity is low.

2. If.
trea

. .
after the magnetic particle tesgt
t

ed.

3. On large castings, weldments, or vessels where residual fields will
have no material effect.

4~

If the art
(o]

same

magnetized again in another direction with the
tic force.

cr

® @

rticle is t
r a greate

1
i

N ®
3

o
agn

5. If the article is likely to become remagnetized during handling by

being placed on a magnetic chuck, or lifted with an electromagnetic
lifting fixture.
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8.6.6 Cleaning after demagnetization. Magnetic particles should be
completely removed from the specimen after test and demagnetization. Cleaning

is accomplished by use of air, solvents, washes, and wiping equipment suitable
to the size and complexity of the task. After cleaning, the article is
roatiirnad tA 1Fe Arioinal oatatra hy tha ramnawval AF all nlitare 11ead A caal nlac
returned to its criginal state by the remcval cof all plugs used to seal heles
and cavities during the testing process.

37
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* 9.1 General. Use of discontinuity standards can be established for
magnetic particle inspection as well as for the other nondestructive
inspection methods. Quantitative generic standards (such as the IQI's used in
radiology) are presently unavailable, although numerous efforts are being made
them. An advantage of magnetlc par‘ic1e method is the appearance

d operators, who can
determine when a weak field misses 1nd1cat10ns and when too strong a field
masks a significant small discontinuity. As test objects have become more
complex and as the types of defects have become more critical, true generic

standards will be required to supplement the replicative discontinuity
standards and the magnetic field indicators. Magnetic field strength
determination (outside the test piece) as well as system verification are
presently achievable as described below.

* 9.2 Discontinuity standards and magnetic field indicators. Standards are
used to verify that the system is operating satisfactorily and that the
applied magnetic field is appropriate for giving indications of
discontinuities/defects that the test was designed for. Two types of these

"standards' are described below: (1) Discontinuity standards made from test
parts identical to or close to those being inspected and (2) System
verification test parts for magnetic field indication or external magnetic
field measuring instruments.

% 9.2.1 Discontinuity '"standards'. Discontinuity standards are used to
demonstrate that the performance of a magnetic particle testing system is
appropriate and sufficient for intended use. Among other purposes, these

standards can be used to ensure that the system achieves appropriate field
strength and direction tc obtain accurate indications. As described in
MIL-STD-1949 (or ASTM El444), the ideal test parts for these goals are
production parts that contain defects of the type, location, and size
specified in the acceptance requirements.

If actual production parts with these defects are not available or are
impractical for use, fabricated test parts with appropriate artificial defects

should be used. Artificial defects on the parts may be put in to simulate
anticipated discontinuities in similar actual parts or they may be used as
magnetic field indicators with a magnetic particle inspection system in which

* 9.2.2 gSystem verification standards/magnetic field indicators. Two types
of indicators are useful for system verification. The first type includes

magnetic specimens or pieces with artifically removed material that 81mulate
possible defects in various types of test parts. Thus, during magnetic
particle inspection, magnetic flux is shared (as completely as possible)
between the object being inspected and this artifical discontinuity specimen.
Two common examples of this are the pie gauge and shims. The second type of

magnetic field indicators useful for system verification are those that read
the magnetic field directly and electronically. These include Hall effect
meters and eddy current devices (5). Eddy current instruments have greater

w
(e o
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flexibility, but also much poorer repeatability, and thus are generally not
useful.

ose given in the paragraphs following 6.3. 7 of ASTM El444., Bet
for the required fields in specific instances can be achieved from variations
of the formulas that can be gotten through the use of known artificial
standards and the correlation of the observed indications with the applied

current values. Whenever formulas are used, current levels may be adjusted to
wralican esrawd 2EL 3 bt b 2 mamnfncemmenn et bl bhr e ncnadb d o £2 13 bbb Ahar oo
vVairues veririea o pe ir CUNLouImalce witltll LI HdluetlC 1L1e1lUu dLIcligtilil tilal lias
been determined as needed (30 to 60 gauss is often indicated).
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10. APPLICATIONS

10.1 General. Magnetic particle testing can be applied to finished
articles, biliets, hot-rolilied bars, castings, and forgings of all
FarvrAamannatin Avr mannatimsahla atariala T+ rnan alan ha siend A Arhanly Fthat
Lcllvlaallc‘-l\; A e bllc\-L‘lauLc IIIGQCL*GLD‘ A W - CRRA AL OV ve wUocu -\ AR 84 L W “iich

processing operations such as heat treat, machining, and grinding did not
uncover or cause discontinuities in these materials. Since a large amount of
structural parts today are made of magnetizable materials, magnetic particle
testing is one of the most widely applied nondestructive test methods.

10.2 Comparison netic particle testing with other NDT me thQ. For
ferromagnetic materials, magnetic particle testing is normally better tham
liquid penetrant testing for two *mportant reasons: the magnetic particle
testing can find subsurface flaws that liquid penetrant testing cannot find

and, for most cases, the contamination in surface flaws does not have to be
removed. Also, the magnetic particle testing can be quicker, since the dwell
times required for liquid penetrant are not needed.

1T49MNn N \ v ¢4 ¢ . _ L! _147 2
1VU.J> NOTL app lgﬁﬂlllt! QI magnecic Qﬂr(lg e g Qg There are C(.)n(]l -101M8

when the application of magnetic particle testing is inappropriate. There are
situations where special demagnetization problems may prevent the use of this
method. The presence of residual magnetic forces may interfere with
subsequent operations or use of the part. Normally, however, magnetic
particle testing can be applied throughout all phases of the manufacturing
cycle and service life of production parts that are made from ferromagnetic
materiais. fiuorescent dyes used on the magnetic particies are much iess
ha -

10.4 Problems in application of magnetic particle method. The biggest
problem with magnetic particle testing is human error. Visual inspection is
the means for segregating cracks from scratches. Magnetic particle testing
can become impractical when the signatures of cracks are identical to the
signatures of scratches.

10.5 Uge of regsidual maonetiem. In the r
0.0 magnetigm, In the r
j

aci iz
the particles are applied to the test object just as or immediat 1v after the
magnetic field has been turned off. Recalling the hysteresis loop, a small to
moderate field remains. Specific requirements call for this practice. It is
also sometimes useful to help in interpretation when used in conjunction with

» ¢

the usual continuous method. As mentioned in MIL-STD-1949/ASTM El&444, it is
Anmantalle ccnaf..1 b Aot nndt Amemtbalo b2 iin mannnlea ML . O 1 & 1
€speCiaiiLy uS€rui tO AUE&LECL Cercaiin LdLL&ub’ Cracks. 1€ USerulness 18 aiso
degree directlv related to the deoree of rnfnﬂf4v4fu nf dncnantad narte T+
o~ AL e Ay N B A e N WA - LY u\ob&\o\_ A Lll“r\‘\oh‘-u t’ A VD o 4w

is sometimes necessary to use the residual method for surfaces of some parts
with complex shapes or the inner part of long tubes, where it is difficult to
use the continuous method. When a central conductor is used, inspection can
take place after the removal of the central conductor for discontinuities in
cavities inside the test piece. Some ingenuity in particle application may be
required in these instances. The only useful general approach to assure

detertinn nF Aicrantinuiticc/Aafante 10 +A 11oa tantk narta Fhat havsra #ha samie
M v~ A MAD VWIS hilBh A VCOD [ MUViACULD 40 U o uovo LTOoL paxr o wiiaLuv Liavcge LIIT Ddaluce
material, processing steps, and similar geometry to the actual parts being
inspected. As indlcated in the ASNT Nonde uctive Testing Handbook on

v
Magnetic Particle Testing (5) and in T.O. 33B 1-1(10) | the residual method

9
is reliable for the detection of snme surface discontinuities only.
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MIL-STD-1949 (ASTM Elhhh) and the ASNT andbook on Magnetic Particle Testing.
Also, limits are given in T.0. 33B-1-1. The least stringent requirements,
under special conditions,allow coating thickness of 0.125 mm (0.005 in).

10.7 Use of reference photographs. Reference photgraphs are sometimes
used to show indications for purposes of comparison with magnetic particle
indications obsgerved in actual castings. It is critical that comparable
ferrous materials are analyzed. Sufficient correlation of test pieces being

inspected and the pieces from which the photographs were generated is
essential to provide useful results for the indications. The color, size, and
orientation mus t all be considered. D1stance scales placed on the top or

W
in

™

=
i1

Lol ;]

[LEN=R

( eI
o

o]
t

+

15
[s)
v

L] C)

eference photographs showing actual limits - indications this
er ar : indications th1 small or larger are rejectable -
are of value. ASTM E125, '"Reference Photographs for Magnetic Partlcle
Indications on Ferrous Castings,' describes old quality reference photographs
that are commercially available for ferrous castings. These are of limited

value. MIL-STD-1907 and MIL-STD-1035 for acceptance criteria may also be used.
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s 11.1 General. The guidelines for specific individuals and areas must be
combined with the guidelines given in HDBK-728/1 to be complete. HDBK-728/1
includes general guidelines for all NDT methods.

& y

s that are maznetic
nickel, and cobalt alloys. Some materlals are magnetic only after aging (17-4
PH, 17-7 PH, and 15-4 PH stainless steels). All magnetic materials lose their
magnetic properties when their temperature is at or above the curie point.

For many materials, this is approximately 760°C (14000F). Materials that

are not magnetic include aluminum, magnesium, copper, titanium, and most of

.
their 3110_73.

(N

* 11.3 Guidelines for production engineers. Magnetic particle testing is
extensively used by production engineers when components are manufactured from
ferromagnetic materials. The fact that magnetic particle testing can also be
used to inspect most manufacturing equipment is often overlooked. This
inservice testing, checking for developing cracks, etc., can save much time
and expense by preventing delays and down-times due to unexpected
the manufacturing equipment itself.

* 11.4 Guidelines for quality assurance. Magnetic particle testing, as
with most NDT methods, is highly dependent upon the NDT technician for
successful operations. Training and proper attitudes are a must, and constant
attention should be given to all areas that affect these important

parameters. btandards, altnougn not as 1mportant in magnetlc parc icle cesting
mm L mmmcmer ~F e Abtbhaan ADNT cmnblbhAndls Ao o3 mAaAnAs oo sy amd alhn~ld Wa o

as 1LOL naiy oL LIl ULl 1wl HELIIVUUD gy al T DLLLL necessar ¢ d4Allu dllvulu pT a
nart nf anv formal nroeram

part ©oI any Icrma. program.

* 11.5 Guidelines for the NDT engineer. There is great flexibility in
magnetic particle testing. New uses and methods are continuously coming
forth. Magnetic paints, magnetic rubber, and magnetic printing methods are
examples of specialized approaches. Positive or permanent recordings of
lacquer or plastic-film sprays. There is a
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exper1ment1ng and perfecting new methods and procedures. As an engineer
in magnetic particle testing, there is no room for complacency. New methods
or approaches should be continuously considered. Magnetic particle testing

has great merit when used during the start-up of production. Magnetic

particle testing rapidly reveals the locations where flaws occur. This
LernfFAarmatbinn mnarmitba At Al mAAIFIAnatbtiAana 20 mnrAadecnblnn Fn smadican Fha Anniismsmc m -
AULUINNat iVl peiiiild JullrR mvdilrilativiis i1l produiLivil LU 1educe uie ccurreunce
of flaws.

* 11.6 Guidelin r the NDT technician. In magnetic particle testing,

attention to details, as in all NDT methods, is vital. Magnetic particle
testing equipment is subject to breakdowns, magnetic particles can become

o
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contaminated or ''diluted,' and ''permanent' magnets are not always permanent.
Therefore, if differences in the tests are observed or suspected, they should
be noted and discussed with the NDT engineer. A magnetic particle inspector
should be sensitive to the degree of magnetic saturation that is being
applied. An inspector should often check this magnetization. Too much
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tle magn et1zat10n can result in loss of va11d
indications. An inspector, that does not have a gauss meter, can change the
distances between the probes and/or the amount of current being used to check
these saturation limits. The inspector should vary the probe spacing and/or

current as often as necessary to remain within an acceptable range. If the
PRI | = R | O N N S Y w than Fha fanaoananbAr mes ot avarniaoon
llldLCl ial ut:lug LtebLeu llub ll.l.sl.l LULCLILLV.LL_Y 'Y L l-l.l!: Lllhycb LUL Mmust exercise

some care if the same point on the part is to be used to explore for the
saturation limits. A complete demagnetization between each check is ideal.

If direct current is being used, a change in current direction (or exchanging
the positions of the probes) between each test can help reduce the retentivity
effect. In no case should a check at a lower current follow a higher current
check without appropriate demagnetization.

* 11.7 WYritten grgkggg'e. Magnetic particle inspection should be
undertaken with a written procedure that is pertinent to the group of parts or

elements of structures that are being tested. A sketch is frequently
advisable to clarify the location of potential critical areas and the specific
magnetic particle method and field distribution, as well as sensitivity for
demonstrating discontinuities. Relationship of test to acceptance criteria
and rejectable discontinuities should be included, with limits on parameters
to be used and quantitative validity of results. Written procedures should be
approved by an individual with knowledge and experience in magnetic particle

inspection. Reference to ASTM E709 and MIL-STD-1949 (ASTM Elhh&) should be
made when written procedures are being written and approved.

[
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12.1 General. Where electrical currents are used to establish magnetic
fields and to demagnetize parts, standard safety practices relating to
electrical equipment must be observed. This includes the care and handling of
electrical cords, observ1ng proper connections and grounding equipment, and

.
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The wet method uses either an oil base vehicle or a conditioned water to
suspend the particles. The o0il base is a petroleum product while the
conditioned water contains a wetting agent. Both materials are excellent
solvents and if in prolonged contact with skin will remove the natural oils

from the skin. Protective clothing such as gloves, aprons and face shields
PR, S | TE mmcsbammb damn Arssem A cnl. b tAanas abhAee1d Ko swam~srad oo
dleC rceciuliinenued. il CculltLtacti uves vccur LIIT DULULLUNLID dilVUlLU VT P Tamwvvocu ab
soon as possible by washing with soap and water. The natural skin oils should
be replaced using a lanolin or equivalent skin cream.

The manufacturer or supplier is obligated to provide a Materials Safety
Data Sheet (MSDS) detailing the hazards of the materials. The recommendations
in the MSDS should be followed.

o 19 12 RDlanly 1ioht Ao el bensrdinAnlas LIhila #ha wawvwralanath AF R1anly 13 ohéa
b LLeJ DIACK LAxIIL UL WVLLLAV LULG L. wiiii1%T© LilT wavoic lsLlI vl viachn LL&IILD
does not cause erythemal action, there is evidence indicating tha§ UV-A
radiation in excess of 1,000 AdWEmZ can be hazardous if allowed to fall upon

the eyes or skin without limit. The use of suitable gloves, protective
ultraviolet absorbing eyewear and opaque or closely woven clothing to cover
potentially exposed dermal areas are recommended to persognel operating in
areas where the black light intensity exceeds 1,000 A{Wbm‘

The typical 100 watt black light bulb has a high operating temperature.
They must not be operated if any flammable vapors are present. They also heat
the surfaces of the lamp housing and care must be exercised to prevent any
exposed part of the body from contacting the surface of the lamp.

12.4 Magnetic equipment/mechanical effects. Loose magnetic specimens, or

even loose magnetic coils, etc., can be a problem when strong magnetic forces
exist. Pinched fingers or damage to parts can occur if loose parts are pulled
tnoothor aor maved onut af nneition due +tn thace maonoatin FAarrna

LVURT VT A A AV LA AV A" 3 Vi YyvoaLaiv Uuc -y i oo lllabllc L S 9 LULUTD .

* 12.5 Vehicle/bath use. Dry cleaning solvents may not be used for
suspending particles in the wet particle technique because they have an
inherently low flash point (below 100°C or 2129F). Proper safety
precautions must be adhered to when they are used for cleaning. The use of

light oils with higher flash points is recommended as a suspensoid for safety
reasons. Precautions should be taken to prevent inhaling of dry particie
aterials. The use of suitable face magks is recommended.

Ly
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13. NOTES

* 13.1 Subject term (key word) listing.

Magnetic particle testing
Nondestructive testing

* 13.2 Changes from previous issue. The margins of this handbook are
marked with asterisks to indicate where changes (additions, modifications,
corrections, deletions) from the previous issue were made. This was done as a
convenience only and the Government assumes no liability whatsoever for any
inaccuracies in these notations.
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