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PROCEDURE FOR LIQUID PENETRANT EXAMINATION

1.0 SCOPE:

1.1 This standard details the procedure for liquid penetrant examination
of non-porous ferrous and non-ferrous and non-metallic- materials

such as ceramics, plastics, glass, etc.

1.2 Typical surface discontinuities detectable by this method are cracks,

seams, laps, cold shuts, porosity, laminations. etc.

1.3 This standard conforms substantially with ASTM E 165 - 1980

(Reapproved 1983) and ASME code section V. Article 6.

2. D PERSONNEL REQUIREMENT:

Personnel performig non-des tructi ve examination and evaluation shall
be qualified to the recommended practice SNT-TC-1A or any other

recognised practice.

3.0 DESCRIPTION:

In principle a liquid penetrant is applied to the surface to be exa-
mined and allowed to enter discontinuities. excess penetrant removed,
the part dried and a developer applied. The developer functions
both as a blotter to absorb penetrant that has been trapped in

discontinuities and as a contrasting back ground to enhance the visi-

bility of penetrant indications.

4.0 APPROVED METHODS Q MATERIALS:

a colour contrast or fluorescent penetrant method
Anyone of the following penetrants shall be used:

may beEither

used.
4.1

(a) Solvent Removable
(b) Post Emulsifying
(c) Water Washable

4.2 For nickel base alloys and/or for· stainless steel materials used
in nuclear components the penetrant materials. cleaner. penetrant
developer. etc.. used shall not contain sulphur or halogen above

1% by weight.

4.3 Selection of liquid penetrant material shall be from the same family
(brand) . Inter-mixing of family of liquid penetrant materials is

not allowed.

5.0 PROCEDURE:

5.1 Surface Preparation:

Revisions:
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5.1.1 Surface preparation by grinding or machining or other method may be
employed where surface irregularities may mask indications of unaccep-
table discontinuities.

5.1. 2, The surface to be examined and all adjacent areas within at least
25 mm shall be drY,and free from any dirt, lint, scale, rust.lwelding·

flux, weld spatter, grease, bl l or other extraneous matter tha t could
obscure surface openings or otherwise interfere with examination.

5.1. 3

5.2

5.3

5.3.1

5.3.2

5.3.3

-5.4

The surface to be examined shall be cleaned with detergents, or-ganic.
sol vents, descaling solutions or paint removers. Degreasing and
ultrasonic cleaning may be employed to increase cleaning efficiency.

Cleaning method employed IS an important part of the examination
procedure. Clean;i.ng sol vents shall meet the requirements of Cl. 4.2

Caution: BIas t ing wi th shot or dull sand, rotofinishing, buffing, wire
brusing the soft material or machining with dull tools
shall not be used as they may peen the discontinuities at

the surface.

Drying:

Drying, after cleaning the surface to be examined, shall be accom-
plished by normal evaporation or with forced hot air, as appropriate.
A minimum period of time shall be established to ensure that
the cleaning solution has evaporated' prior to application of the pene-

trant.

Application Of Penetrants:

The penetrant shall be applied by dipping. brushing or spraying.
If the penetrant is applied by spraying using compressed air type
apparatus. filters shall be placed at the air inlet to preclude con-

tamination of penetrant by oil. water or dirt sediment that may
have collected in the lines. Spraying should only be performed

in a booth equipped with exhaust system.

The length of penetration time is critical and depends upon the
material being inspected. the process through which it has passed
and the type of discontinuities expected. The recommended pene-

tration time is given in Table 1.

The temperature of the penetrant and the surface of the part to
be examined shall not be below 10°C(50°F) nor above 50°C(125°F)
throughout the examination period. Local healing or cooling is
permitted provided the temperatures remain in the range of 10 to
50°C during the examination. Where it is not practical to comply
with these temperature limitations. other temperatures and times
shall be used provided . the procedures are qualified as described

in Annexure- I.

Removal Of Excess Penetrant:

After the. penetration time specified in the procedure has elapsed.

any penetrant remaining on the surface shall be removed. taking

care to mlnl mise removal of penetrant from discontinuities.
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Postemulsifying Penetrants:

The emulsifier shall be applied by spraying or dipping. The emulsi-

fying time shall not exceed 5 minutes. After emulsification. the

mixture shall be removed by water spray.

Solvent Removable Penetrants:

Excess penetrant shall be removed by w rpmg with a cloth or absor-
bent paper repeating the operation until most tracesof penetrants

have been removed. The rernairung traces shall be removed by

wiping the surface lightly with cloth or absorbent paper moisterled

with sol vent.

Caution: Care shall be taken to avoid excess sol vent as this may
remove penetrants from d is c ontinui ties. Flushing the surface

with sol vent following the application of the penetrant

and prior to developing is prohibited.

Water Washable Penetrants:

Excess water washable penetrant shall be removed with a water
spray. The water pressure shall not exceed 0.35 N/inm2 (50 Psi)

and the water temperature shall not exceed 43. 3°C (110°F).

Drying:

Surface shall be dried before the application of developer.

a) If postemulsifying or water washable

shall be dried by blotting with
circulating warm air. provided the
is not rai sed above 50°C (125°F').

method is used. the surface

clean materials or by using
temperature of the' surface

..
b) For sol vent removable method. the surface may be dried by

normal evaporation. blotting. wiping or forced air.

Application Of Developer:

The developer shall be applied as soon as possible after the removal
of the excess penetrant. Two types of developer. dry or wet. shall

be used with fluorescent penetrant. With colour contras t penetrants.

only wet developer shall be used.

Application Of Dry Developer:

Dry developer shall be applied by a soft brush. a hand operated
powder bulb or a powder gun or other means provided the powder

is dusted evenly over the entire surface being examined.

Application Of Wet Developer

Prior to applying suspension type
the developer must be thoroughly
persian of suspended particles.

wet developer to the surface.
agi tated to ensure adequate dis-
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6.0

6.1

6.1.1

6.1.2

(a) Aqueous Developer Application:

Aqueous developer may be applied to either a wet or dry

surface. It shall be applied by dipping. spraying or other

means provided a thin coating is obtained over the entire
surface being examined. Drying time may be decreased by
using warm air. provided the surface temperature of the part
is not raised above 50°C.··

(b) Non-aqueous Developer Application:

Non-aqueous developer shall be applied only on a dry surface.
It shall be applied by spraying. except where safety or
restricted access preclude it.' Under such conditions developer
may be applied by brushtng , Drying shall be by normal
evaporation.

EXAMINATION:

Observe the surface during the application of the developer to

detect nature of any indications which tend to bleed out profusely.
Final examination shall be done between 7 minutes at the earliest

and 30 minutes at the latest after application of the developer.
The nature of discontinuities corresponding to the indications shall

be defined depending upon the method of setting. appearance. direc-
tion. shape and dimensions of the same. If the bleed out does not
al ter the examination resul ts , longer periods are permitted.
If the surface to be examined" is large enough to preclude complete
examination within the prescr-Ibed time the surface shall be exa-

mined in increments.

Colour Contrast Penetrants (Visible Dye Penetrants):

With colour contrast penetrants the developer forms a reasonably
uniform coating. Surface discontinuities are indicated by bleeding

out of the penetrant which is normally of a deep red colour.

Indication with a light pink colour may indicate excessive cleaning.

Inadequate cleaning may leave an excessive background making inter-
pretation difficult.

Adequate illumination is required to ensure no loss of the sensi-
tivity in the examination. Examination shall be done under natural

or suitable light (illumination level shall be in the order of 500

LUX) •

6.2 Fluorescent Penetrants:

Examination of the surface shall be carried out with a high inten-
sity> black light in a darkened area or booth. Black light shall
have a wave length of 3650 /,\0. The bulbs shall be allowed

to warm up for not less than 5 minutes prior to use in the examiz
nation. The black light intensity shall be at least of 800 uw/crn

on the surface of the part being examined and the light source
being' kept at a distance of at least 375 mm from the surface being
examined. The operator should allow his eyes to become accustomed

to the darkness of the inspection booth for at least 5 minutes
before inspecting the parts. He should avoid looking directly
into the black light and also avoid going from the darkness to
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Material Form Type of dis- ':'Penetra tion
continuity time (min. )

----

Castings Porosity 5
Cold shut 5

Aluminium Extrusions a Laps 10 .

Forgings Lack or fusion 5
Welds Porosity 5

All forms Cracks 10

'- -.-....,~
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~----------~----------------------------------------~------------------~~

the light and back again without allowing sufficient time for his eyes
to adjust to the darkness. The intensity shall be measured at least

once every 8 hours and whenever the work station is changed.

7.0 EVALUATIONOF INDICATIONS 6 INTERPRETATION:

7.1 As the developer dries to a smooth, even white coating, indications

will appear at the locations of discontinuities. Depth of surface dis-

continuities may be correlated with the richness of colour and speed

of bleeding out , However, localised surface imperfections such as

may occur from machining marks or surface conditions may produce
similar indications which are non-relevant.

7.2 Usually. a crack or similar opening will show a line and light cracks

or partially welded lap will show a broken line. Gross porosity

may produce large indications covering an entire area. Very fine
porosi ty j s indicated by random dots.

7.3 Any non-relevant indication shall be regarded as a defect until the
indication is either eliminated by surface conditioning or it is Proved
non-relevant by other NDT methods.

7.4 Linear indications are those indications in which the length is more
than three times the width. Rounded indications are indications which
are circular or elliptical with the length less than three times the
width.

7.5 All indications shall be evaluated in terms of the acceptance standards
of the reterencmg documents.

8.0 ACCEPTANCE STANDARDS:.
8.1 For castings - Refer Corporate Standard AA 085 01, 32.

8.2 For Austenitic Forgings - Refer Corporate Standard AA 085 01 30.

8.3 For Welds - Refer Corporate Standard AA U85 U1 29.

9.0 POST EXAMINATIONCLEANING:

Surfaces examined shall be cleaned after evaluation of the test with
dry cotton rag with or without water rinse.

TABLE - 1 (Clause 5.3.2)

Suggested Penetration Time For Post-emulsified And Solvent

Removable Penetrants

414851/2024/HEP-TXM20500
107/191



When it is not practical to conduct a liquid penetrant examination
within the temperature range of 15.6 to 51. 5°C (50 to 125°F). the. ~
examination procedure at the proposed lower or higher temperature --f
range requires qualification. This shall require the use of a quench I.

cracked aluminium block. which is designated as 1 Liquid Penetrant ~

Comparator Block 1.
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TABLE - 1 (Clause 5.3.2) Contd.

Form Type of dis-
continuity

Castings Porosity

Cold shut

Extrusions Q Laps

Forgings Lack of fusion

Welds Porosity

All forins Cracks

Castings Porosity

Cold shut

Extrusions 6 Laps

Forgings Lack of fusion

Welds Porosity

All forms Cracks

Castings Porosity

Cold shut

Extrusions 6 Laps

Forgings Lack of fusion

Brazed parts Porosity

All forms Cracks

All forms Cracks

All forms Cracks

Lack of fusion

All forms Porosity

Crack

All forms

All forms Cracks

Porosity 5

Material '::Pene tra tion

ti me (lJIin.)

Magnesium

5

5

lU

10

10

10

Steel

10

10
10

20

20
20

5

Brass 6 Bronze

5

10

10

10

10

Plastics 5

Glass 5

5Carbide tipped

tools 5

20

Ti tanium 6 high

temperature
alloys

20 to 30

Ceramic, . 5

::: For lower temperatures, penetration tirne should be increased .

. ANNEXURE - 1 (Clause 5.3.3)

PROCEDURE FOR NON-STANDARD TEMPERATURES

A. 1 General:

I
1

I
1

!
I
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A.3

A.2 Liquid Penetrant Comparator Block:

The liquid penetrant comparator block shall be made of aluminum,

ASTM B209, Type 2024 or SB-211. Type 2024, 10 mm (3/8 in.) thick,
and shall have approximate face dimensions of 50 rnrn x 75 mm (2 in. x
3 in.). At the centre of each face, an area approximately 25 rn m
in diameter shall be marked with a 510°C (950°F) temperature indicat-

ing crayon or paint. The marked area shall be heated with a blow

torch, a Bunsen burner or similar device to a temperature between
510°C (950°F) and 524°C (975°F). The specimen shall then be immedia-

tely quenched in cold water which produces a network of the fine cracks
on each face. The b lock shall then be deied by heating to approxi-

mately 149°C (300°F). Aftel' cool ing, the block shall be cut into two
hal ves. One half of the specimen shall be designated block 1AI

and the other block 1 B 1 for identification in subsequent processing.

Figure 1 illustrates the comparator blocks "A" and "B". As an alter-
nate to cutting the block in half to make blocks "A" and "B", separate
blocks 50 mm x 75 m rn (2 in. x 3 in.) can be made using the heating
and quenching technique as described above. Two comparator blocks

with closely matched crack patterns may be used . The blocks shall
be marked "A" and "B".

Comparator Application:

(a) If it is desired to qualify a liquid penetrant examination proce-
dure at a temperature of less than 15. 6°C (60°F) the proposed

procedure shall be applied to bluck "B" after the block and
all materials have been cooled and held at the proposed examina-

tion temperature until the comparison is completed. A standard
procedure which has previously been demonstrated as suitable·

for use shall be applied to block "A" in the 15.6 to 51.6°C
(60 to 125°F) temperature range. The fnd icat ions of cracks
shall be compared between blocks "A" and "B". If the indica-
tions obtained under the proposed condi tion on block "B" are
essentially the same as obtained on block "A" during examination
at 15.6 to 51. 6°C (60' to 125°F), the proposed procedure shall

be considered qualified for use.

. (b) If the proposed temperature for the examination is above 51. 6°C

(125°F), 'block "B" shall be held at this temperature throughout
the examination. The indication of cracks shall be compared
as described in T-647.3(a) while block "B" is at the proposed

temperature and block "A" is at the 15.6 to 51. 6°C (60 to 125°F)

ternpera ture range.

(c) A procedure qualified at a temper-atur-e lower than 15.6°c (60°F)

shall be qualified from that temperature to 15. 6°C (60°F).

(d) To qualify a Procedure for temperatures above 51.6°c (125°F),
the upper and lower temperature limits shall be established

and the procedure qualified at these temperatures.

(e) As an alternate to the requirements of (a) and (b) when using

color contrast penetrants. it is permissible to use a single
comparator block for the standard and norr-s tandar-d temperatures

and to make the comparison by photography.

414851/2024/HEP-TXM20500
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(f) When the single comparator block and photographic technique

is used. the processing details (as applicable) described in

(a) and (b) above shall apply. The block shall be thoroughly

cleaned between the two processing steps. Photographs shall
be taken after processing at the nonstandard temperature and
then after processing at the standard temperature. The indi-

cation of cracks shall be compared between the two photographs.
The same cr i ter-Ia for qualification as (a) above shall apply.

.(g) Identical photographic techniques shall be used
compar-Ison photographs .

._--------

FIGURE: i-LIQUID PENETRANT COMPARATOR BLOCK

to make the
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AA 085 01 32: EVALUATION AND ACCEPTANCE STANDARD FOR LIQUID PENETRANT 
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PAGE 2 OF 2: Cl4.0 ACCEPTANCE STANDARDS: 
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1.0 SCOPE:

1.1 This standard is applicable for Liquid Penetrant examination of

castings.

1.2 The procedure adopted for this examination is as per Corporate

Standard AA 085 01 31

3.4 Indications measuring less than 1. 5mm across shall not be taken

into consideration unless they are clustered in group of more than

4 Nos. with intervening gap of less than the largest d imens ions of

adjacent flaws. Such clusters shall be evaluated as single defect.

2.0

2.1

2.2

2.3

3.0

3. 1

3.2

3.3

EVALUATION AND ACCEPTANCE STANDARD FOR

LIQUID PENETRANT EXAMINATION OF CASTINGS

DEFINITION OF INDICATIONS:

Circular indications are those. more or less elliptical with major

axis not more than three times the minor axis.

Linear ind icat iona a re those. having length in excess of three times

the average width.

In-line indications are those. in group of three or more indications

al igned s ide by s ide in line with intervening gaps of less than 2mm

measured edge to edge.

EVALUATION OF INDICATIONS:

Defects which occur as mechanical discontinuities at the surface

will be indicated by the bleeding out of the penetrant, however.

localised surface imperfections such as may occur from machi-

ning marks or surface conditions may produce similar indications

which are not relevant to the detection of defects.

Any indication which is suspected to be non-relevant is to be

considered relevant till it is proved otherwise.

Relevant indications are those which result from mechanical dis-

continuities. Linear ind ications are those indications in which

the length is more than three times the width. Rounded indications

are those indications which are circular or elliptical with the length

less than three times the width.

~:
INTERPLANT NON-

DESTRUCTIVE TESTING COMMITTEE

l"r...,.. •...• DMe

Corp. R&D COIRP: R A D 10 SEPT 79
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4.0 ACCEPTANCE STANDARDS:

Castings are classified into four levels, as details below,

according to the size and number of flaws permissible.

-----.----------------------------------~------------------~--No. of acceptable ind ications per 100 sg. ern, Unacceptable

surface area of length not exceeding 25cm. defects.
Level

2 Nos. of 3mm circular indication.I Cr-ack and

hot tears.

3 Nos. of 3mm circuJ.a.r indication.

One 5mm circular or linear ind ication.

II -do-

3 Nos. of 3mm circular indication.

2 Nos. of 4mm circular indication.

One 6mm circular or linear indication.

One in-line indication of LOmm maximum

length.

III

-do-

4 Nos. of 3mm circular ind ica:tion.

3 Nos. of 4mm circular indication.

2 Nos. of 8mm circular or linear

indication.

IV

-do-

One in-line indication of I5mm maximum

length.

Note: The minimum permissible distance between any

two or more acceptable Individual flaws shall not

be less than the major dimension of the larger

flaw.
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PROCEDURE FOR MAGNETIC PARTICLE EXAMINATION

1.1

1.0 SCOPE:

This standard outlines the procedure for magnetic particle
examination of ferro-magnetic materials.

Typical surface and subsurface discontinuities detectable by
this method are cracks, seams, laps, cold shut, inclusions,etc.

This shall be applied to all forms of ferromagnetic material
as formed and semiformed as well as, finished state, such as
welds, forgings, castings, etc.

This standard is generally based on ASTM E 709.

PERSONNEL REQUIREMENT:

Personnel p~rforming non-destructive examination and
evaluation shall be qualified to the recommended practice SNT-
TC-1A or any other recognised practice.

TEST METHOD:

Finely divided magnetic particles are applied to the surface
of a part which has been suitably magnetised. The particles
are attracted to regions of magnetic non-uniformity associated
with defects and discontinuities, thus producing indications
which are observed visually. The magnetic particle is applied
either as dry powder or in a wet suspension in a liquid medium.

SURFACE CONDITION/PREPARATION:

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

Issued Dt. or Ist Issue

coru-, n&D Sept.'79

Revision:

Cl 12.8.8 of MOM of WG-NDT

Approved: .
-JNTERPLANT STANDARDIZATION
. COMMITTEE ~ (WG-NDT)

O2 A d N Reaffirmed PreparedRev. No. m . o.

~~-------,--~----------+-----------~HYDERABAD
Dt, 15-12-97 i Dt. Year:
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~.O SEQUENCE OF OPERATION:

5.1 Method Of Examination:

Examination shall be generally carried out by the continuous
method, i.e., the magetising current remains on, 'while the
examination medium is being applied and excess being removed.

5.2 Magnetisation:

Any suitable and appropriate means for establishing the
necessary magnetic flux may be employed, such as passing
current through the material (e.g. 'Prod' method) using
magnetic yoke, or wrapping the part with a coil through which
a magnetising current is passed.

5.3 Examination Medium:

5.3.1 The fi.nelydivided ferromagnetic particles used for detection
of discontinuities shall be of fine grain and the same shall
be of high permeability and low retentivity. It shall be of
dry powders (Fluorescent and nonfluoresent) ready for use, as
supplied or powder concentrates (Fluorescent ai.d

non-fluoresent) for dispersion. in water or suspending light
petroleum distillates.

5.3.2 Dry Particles:

When dry particles are used, they shall be sprayed either by
a low pressure pneumatic instrument or hand operated bulb
blower. Colour of the powder shall be such as to provide
adequate visual contrast with the back ground of the surface
being examined. The temperature of the surface of the part
under examination shall not exceed 315·C (600°F). Adequate
lighting should be provided for easy observation of the
indication. Some coloured organic coatings applied to dry
particles to improve contrast lose their colour at higher
temperatures. Fluorescent dry particles shall not be used at
this high temperature. Manufacturer's recommendations for
temperature limitation shall be followed.

5.3.3 Wet Particles:

When wet particles are used, the solid magnetic particles
shall be suspended in a suitable liquid medium. The
concentration of the particles in the-liquid medium shall be
0.2 to 0.4 ml in a 100ml sample for fluorescent particles and
from 1.2 to 2.4 ml in a 100 ml for non-fluorescent particles
unless otherwise specified by the particle manufacturer.

--
5.3.4 Fluorescent Particles:

ITf

5.3.4.1.The fluorescent particle examination shall be performed

r·'-~·":~-.-I ,--, •.• r¥fU ing a."Pl?l..ck " g.ht in a darkened area.
_1I1l<.. ". ' ..' e ,J' "':.h,UJ 'I

I C<'" ""'192 . (2)'f'") '}':§ ,'~ •• ..J'~ . , , .• \, , ' "

l _· .,.""--.J;...... __ .. ,__ :..-... .
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5.3.4.2 The black light used for fluorescent particle testing shall
be capable of developing the wave length of 355mm., in any
case the wave length should be in the range of 330 to 390nm.
with an intensity of not less than 1000 1J.w/cm2on the
surface of the part.

5.3.4.3 The black light shall be allowed to warm up for a minimum of
5 min. prior to its use or measurement of the intensity of
the ultraviolet light emission.

5.3.4.4 The examiner shall be in the darkened area for at teast; 5

min. prior to examining the parts using black light so that
his eyes will adopt to dark viewing. Photochromic or perma-
nently tinted lenses shall not be worn during examination.

5.3.4.5 The black light intensity shall be measured with a black
light meter at least once every 8 hours and whenever the
work station is changed.

5.4 orientation of Discontinuities And Examination Coverage:

Examinatio.n shall be conducted with sufficient: ove rLap to
ensure cent percent coverage at established test sensivity.
To ensure most effective detection of discontinuities each
area shall be examined at least twice with the lines of flux
approximately perpendicular to each other.

).5 Demagnetisation:

Demagnetisation following examination shall be carried out
where residual magnetism can interfere with subsequent
process or usage. Demagnetisation is not normally required
on the type of parts where the dry powder Prod magnetisation
is used.

6.0 METHODS OF MAGNETISATION:

6.1
6.1.1

Prod Method:
Hagnetising Technique:

6.1.1.1 Magnetisation shall be accomplished by portable Prod type
electrical contacts pressed against the surface in the area
to be examined. To avoid arcing, a remote control switch may
be provided to permit the current to be turned on after the
prods have been properly positioned and turned off before
they are removed.

6.1.2 Prod Spacin9':

Prod Spacing shall be maximum of 200 mm. Shorter spacing may
be used to meet the limitation of geometry or dimensions of
the area being examined, or to increase the sensitivity, but
prod spacing less than 75 mm usually is not recommended
owing to banding of the particles around the prods.
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6.1.3 Magnetising Current:

Alternating, direct or rectified magnetising current shall
be used. The current shall be 90 to 110 A per 25mm.of 'prod
spacing for sections less than 19mm. thick and 110 to 125 A
per 25mm. prod spacing for sections 19mm. and greater.'

6.1.4 Prod shall be kept free of iron pick up by frequ~nt filing.
Local areas of metal being tested which have been subjected
to arcing shall be ground to clean metal wherever necessary.

6.2 Coil Method:

6.2.1 Magnetising Technique:

Magnetisation shall be accomplished by pressing current
through a multiturn coil looped around the part or section
of the part to be examined to produce a magnetic field
parallel to the axis of the coil.

6.2.2 Magnetising Current:

6.2.2.1 Encircling coils:

There are four empirical longitudinal magnetization formulas
for using encircling coils, the formula to be used depending
on the fill)factor.

6.2.2.1.1 Low Fill Factor Coils:

In this case, the cross sectional area' of the f l.X~U

encircling coil greatly exceed the cross sectional area of
the part (Less than 10% coil inside diameter). The part
shall be placed well withi"l the coils and close to the
inside wall of the coil. For parts with length over diameter
ratio (LID) between 3 and 15 is calculated from' the
following equations.

(1) Parts with low fill factor positioned closed to the
inside wall of the coil:

45,000

= ------ Ampere Turns (± 10%)

(2) Parts with a low fill factor positioned in the center of
the coil:

43,000 X R

= ---------- Ampere Turns (± 10%)
(6 LID) - 5
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6.2.2.1.2 Intermediate Fill Factor Coils:

When the cross section of the coil is greater than twice and

less than ten times the cross section cf part beinq examined.

= (NI) hf (10-4) + (NI) If (4 -2)/8

Where

NIhf = Value calculated for high fill factor coils using
35000

--------- (10%)

(LID) + 2

NIlf = Value Calculated for low fill factor coils using
43,000 X R

---------- (10%)

(LID) - 5

Where R = Coil Radius

Y = Ratio of the cross sectional area of the coil to

the cross section of the part.

For example if the coil has an inside diameter of 24 cm. and

part ( a bar) has outside diameter of 12 cm.
H(12)?

Y = ------ = 4

6.2.2.1.3 High Fill Factor Coils:

In this case, when fixed coils or cable wraps used and the

corss sectional area of th::_coil Ls less than twice the

corss sectional area (Including hollow portions) of the
part, the coil has a high fill factor.

For prats with in a high fill factor positional coil and for
parts with LID ratio equal or greater than 3.

35,000

= ------- Ampere turns (± 10%)

(L/D)+2

LID ratio for a hallow piece: When calculating LID ratio for

a hollow piece, 0 shall be replaced with an effective

diameter Deff. Calculated using.
1

Deff. = [(At - Ah)/H]~.

-Where

At =

Ah =

Total cross section area of p~rt

Cross sectional area of hollow portiones) of thL part.

For a cylindrical piece this is equivalent to

Deff. = [(00)2 - (ID)2]~

Where

00 = Outside diameter of cylinder

10 = Inside diameter of cylinder.
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6.2.2.2 Through Coils:

For through coils the current specified in para 6.3.2
divided by number of turns shall be used.

6.3 Direct contact Method:

6.3.1 Magnetising Technique:

Magnetising shall be accomplished by passing current end to
end through the part to be tested to produce a circular
magnetic field perpendicular to the current' flow through
the part.

6.3.2 Magnetising Current:

Direct or rectified current shall be used at 280 to 360
amperes per centimeter of part for diameter upto 125 mm; 200
to 280 amperes per centimeter of part for diameter grater
than 250mm.
(Note: A different means of magnetisng shall be used for the
second examination to fulfil the requirements specified in
Cl.5.4).

6.4 Yoke Method:

6.4.1 Application:

This method shall be used only to detect surface
discontinuities which actually come to the surface.

6.4.2 Magnetising Technique:

6.4.2.1 Alternating current electromagnetic yoke shall be used to
magnetise, provided the yoke has a lifting power of at least
4.5 Kg and a pole spacing of 75 to 150 mm.

6.4.2.2 Alternatively direct current electromagnetic or permanent
magnetic yoke shall be used to magnetise, provided the yoke
has a lifting power of at least 1a kg and a pole spacing of
75 to 150 mm.

6.5 Threading Bar and Coil Technique:

(,.5.1 If the part is hollow, flaws in a longitudinal direction may
be detected by passing the magnetising current through a bar
or ~able held within the bore of the part. Alternatively a
threading coil may be used.

6.5.2 The current strength shall be equivalent to not less than
10500 ampere turns (a.c; r.m.s value) or 15000 ampere turns
(d.c .) per metre of the maximum distance of the bar cable
from the surface of the bore of the part.
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6.5.3 Because of limitations of the equipment, it may be necessary
to magnetise the part at several positions within the bore,
with the bar or cable lying on the bore surface, in which case
the distance between spacing of the conductor or coil for
successive checks shall not be grater than 100 mm.
Note; Magnetising particle field indicator shall be used to

establish adequacy of the magnetic field.

7.0 CALIBRATION:

Calibration of the ammeter shall be done as per BHEL Standard
AA 085 01 59.

8.0 EVALUATION OF INDICATIONS & INTERPRETATION:

8.1 If the indication is caused by the surface discontinuity the
particles are usually tightly held to the surface by a
relatively strong magnetic leakage field. The line of
particles will be sharp and well defined.

8.2 If the indication is caused by surface discontinuity, the
particles are held in a board fuzzy accumulation rather than
being sharp and well-defined.

8.3 Non~relevant indications are caused by distortion of magnetic
field resulting from magnetic writing, cold working, hard and
soft spots,boundaries of heat affected zone, abrupt change of
section, etc. Care shall be taken t.o' identify and eliminate
them as they may mask the actual defect.

8.4 Relevant indications are those which result from mechanical
discontinuities. Linear indications are those in which the
length is more than three times the width. Rounded indications,
are indications in which are circular or\elliptical with the'
length less than three times the width.

9.0 REFERRED STANDARDS (Latest Publication Including Amendments):

1. ASTM E 70f 2. BHEL CS AA 085 01 59
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1.0 SCOPE:

1. 1 This standard is applicable for Magnetic Particle Examination of

Castings.

1.2 The procedure adopted for this examination is as per Corporate

Standard AA 085 01 33

4.0 ACCEPTANCE STANDARD:

5.1 Castings are classified into four levels as detailed below according

to the size and number of flaws permissible.

2.0

2.1

2.2

2.3

3.0

3.1

3.2

3.3

3.4

AA 0850134
,'\

,CORPORATE STANDARD

EVALUATION AND ACCEPTANCE STANDARD FOR

MAGNETIC PARTICLE EXAMINATION OF CASTINGS

DEFINITION OF INDICATIONS:

,Circular ind ications are those more or less ell ipt ica l with major

axis not more than three times the minor axis.

Linear indications are those having length in excess of three

times average width.

In-line indications are those in group of three or more indications

aligned side bv s ide in line with Inter-ven ing gaps of less than 2mm

measured edge to edge.

EVALUAnON OF INDICATIONS;

Discontinuities and defects will be indicated by the retention of

magnetic particles.- All such indications are not necessarily

defects. since exclusive surface roughness, magnetic perme-

abil ity variations arid machining marks may also produce similar

ind ica t ions.

<->
Any indication suspected to be non-relevant is to be considered

relevant till it is proved otherwise.

Broad areas of particle accumulation which could mask indicati.ons

or discontinuities are unacceptable and those areas shall be cleaned

and re-examined.

Relevant ind icat ions are those which results from unacceptable

mechanical discont inu it ie s ,

~:
I]'.;TERPLANT NON-

DESTRUCTIVE TESTING COMMITTEE

Corp. R&D CClaP: R AD 10 SEPT 7',
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Level No. & size of acceptable ind ications pe r 100 sq. cm.

area and length not exceeding 25 cm.

Unacceptable

indications.

2 Nos. of 3mm long indication. Cracks & hot

tears.

1

2 3 Nos. of 3mm long indication.

One of 5mm long indication. -do-

3 3 Nos. of 3mm long indication.

2 Nos. of 4mm long ind ication.

One of 6mm long indication.

One in line ind icat iori of - (10mm Max. Ig th. )

-do-

4 4 Nos. of 3mm long indication.

3 Nos. of 4mm long indication.

2 Nos. of 8mm long ind icat ion,

One in line indication of - (15mm lVlax.lgth. )

-do-

Note: The minimum permissible distance between any two

or more acceptable individual flaws shall not be less

than the major dimension of the larger flaw.
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