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PROCEDURE FOR LIQUID PENETRANT EXAMINATION

1.0 SCOPE:

1.1 This standard datails the procedure for Liguld penelrant exawmination
of non-porous ferrous and npon-ferrous and non-metallic - materials
such ss ceramics, plastics, glass, elo,

1.2 Typical surface discontinuities detectable by this method are cracks,
seams, laps, cold shuts, poresity, laminations, etc.

E' 1.3 This standard conforms substantially with ASTM E 166 - 1380

55: (Reapproved 1983) and ASME code sectlon V, Article b,

gg 2.0 PERSONNEL REQUIREMENT:

-

) -

- Personnel  performig non-destructive examination snd evaluation shall
§§ be gualified to the recommended practice SNT-TC-1A or any other
wE recognised practlce.

2

ggg 3.0 DESCRIPTION:

Z - =

O

Egg In principle a ilguid penslranl is applied to the surface to be exa-

Z = mined and allowed to enter discontinuities, excess pengtranl removed,

u§§' the part dried and a develupnr applled, I'ne developer lunclions

gg.g: both as a blotler to absorb penetrant that bhas been trapped in

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

Egg bility of penetrant Indications,

gEE

ggg_ 4.0 APPROVED METHODS § MATERIALS:

os g ’

§§ 4.1 Either a colour conlrast or fluorescent penetranl method may be

%2 used, Any one of the following penetrants shall be used:

'g (a) Solvent Removable

g (b) Post Emulsifying

i (c) Water Washabla
28
£ .

2" 4.2 For nickel base alloys and/or for stalnless stesl materlals used
i nuclear components Lhe penetrant  wmelerials, cleaner, penetrant
developer, etc., used shall nol gontain sulphur or halogen above
1% by weight.

»
's‘ 4,3 sglection of liquid peneirant meterial shall be from the same family
R (brand). mter-wixing of fomily of lguid penstrant matecials is
* not allowed.
5.0 PROCEDURE:
5.1 Surface Preparation:
Revisions ;
C1.7.18 of MOM of WGINDT) INTERPLANT WG
STANDARDIZATION COMMITTEE - "
(NDT)
Rev. No Rev, Dae Reswv ] 2ot Frepaced asued Date
02 NOV. 82 LORE, K30 ('R, Rub lesue:
PorT- e SEP. 79
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5.1.1

5.1 .2

5,1.3

=)
.
|35

5.3
5.3'1

5.3.2

5.3.3

“H.4

Surface preparation by grinding or machining or other method may be

emnployed where surface Irregularities may mask Indications ol unaccep-
table discontinuities,

The surface to be examined and all adjacent areas within at least
26 wmm shall be dry and free from any dirt, linl, scale, rusty welding
fiux, weld spatter,grease, bil or other extreneous matter that could
pbsture surface openings or otherwise intecfere with examinalion,

The surface to be examined shall be cleaned with detergents, organic
solvents, descaling solutions or paint removers, Degreasing and
ultrasonic cleaning may be employed to increase clesning elliciency.
Cleaning method employed {is an important part ol |hes examipation
procedure. Cleaning solvents shall meet the requirements of Cl.4.2

Caution: piasting with shot or dull sand, rotolimishing, buffing, wire
brusing the soft material or wachining with dull tonls
shall nol be used as they may peen the discontinuities al
the surface.

D z

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 shail be eslablished to ensure that
the cleaning solution has evsporated prior (o application eof 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 (ype
apparatus, [filters shall be placed at the air inlel lo preclude coo-
tamination of penetrant by oil, water or dirt sediment thal may
have rcollected 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 discontlnuities expected. The recomwended  pone-
tration lime is given In Table 1.

The lemperature of the penetrant and the surface of the part to
be examined shall not ba below 10°C(50°F) nor above S50°C(1265%F)
throughout the examination period, Local hesdting or cooling is
permitted provided the {emperatures remain in the range of 10 Io
50°C during the examination, Where it 1s nol practical to comply
with these temperature limitations, other temperatures and mes

shall be used provided the procedures are gualified as described
in Annexure-1.

Removal O Excess Penetrant:

After the. penetration time specified in the procedure has elapsed,
uny penetrant remaining on the surface shall be removed, taking
gcare to minimise removal of penetrant from discontinuities.

'l
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Postemulsilying Penetrants:

The emulsifier shall be applied by spraying or dipplng. The emulsi-
fying time shall not exceed § minutes, Alter amulsification, the
mixture shall be removed by water spray.

Solvent Removable Penetrants:

Excess penelrant shall be removed by wiping with a cloth or absor-
bent paper repeating the operation until most tracesol penetrants
have been removed. The remaining traces shall be removed by

wiping the surface lightly with cloth or absorbent paper moistered
with solvent.

Caulion: Care shall be teken o avoid excess solvemt as this may
remove penetrants lrom discontinuities, Flushing the surface

with solvent [ollowing the application of the penetrant
and prior to developing is prohibited.

Water Washable Penetrants;

Excess water washable penetrant shall be removed with a watar
spray. The water pressure shall not exceed 0,35 N/imm® (50 Psi)
and lthe water temperature shall oot exceed 43.3°C [110°F).

Drzlng ~

Surface shall be dried belore the application of developer.

a) I pustemulsilying or water washable method is used, (he surface
shall be dried by blotting with clean materials or by using

circulating warm air, provided the temperature of the surface
is not raised above S0°C (128°F),

b) For solvent removdble method, the surface may be dried by
normal evaporation, blotting, wiplng or forced air. ‘

Application Of Developer:

The developer shall be applled as svon as possibile afler the removal
of the excess penetrant. Two types ol developer, dry or wet,shall
pe used with fluorescent penetranl, with colour contrast penetrants,
only wet developer shall be used,

Application Of Dry Developer:

Ury 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 OI Wel Developer

Prior ta applying suspension (ype wel develuper to the surface,
the developer muslt be thoroughly agitated 1o ensure adequate dis-
perslaon ol suspended parlicies,
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6.0

6.1

6.1.1

G.1.2

6.2

(a) Agueous Developer Applicatlon:

Agqueous 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 1s obtained over the entlre
surface belng examined. Drying time may be decreased by

using warm alir, provided the surface temperature of the part
is not raised above 50°C,

()  Nor-agueous Developer Application:

Non-aqueous developer shall be applied only on a dry surlace.
It shall be applied by spraying, except where salety or
restricted access preclude it. Under such condilions developer

may be applied by brushing, Drying shall be by normal
evaporation.

EXAMINATION :

Observe the surface during the applicdtion ol the developer (o
detect nature of any Indicatlons which tend to bleed ool profusely.
Final examination shall be done between 7 minutes at the earliest
and 30 minutes at the Iatest after application ol 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.lf the bleed oul dues not
alter the examination results, longer periods are  permitted,
I the surface to be examined 1s large enough to preclude complete
examination within the prescribed time the surface shall be exa-
mined in increments.

Colour Contrast Penelrants (Visible Dye Penetrants):

With colour contrast penetrants the developer forms a reasonabily
uniform coating, Surface discontinuities are Indicated Ly bleeding
ot ol Ihe pengtrant which Is normally of a deep red colour.
Indication with a light pink colour may indicate excessive cleaning.
Inadequale cleaning may leave an oxcesslve background making inler-
pretiation difficult,

Adequate  illumination is required o ensure no loss ol the sensi-
tivity in the examination. Examinavion shall be doné under patural
or sultable lHght ((Mlumipation level shall be in the order ol 500
LUX).

Fluorescent Penetrants:

Examlnation of the surface shall be carried oul with a high Inten-
sity black light in a darkened area or booth. Black light shall
have a wave length ol 3650 A°, The bulbs shal! be allowed

to warm up for not less than 5 minutes prior to use in the examls
nation. The black light intensity shall be at least ol 80U uW/om
on the surface of the part being examined and the light source
being kept at a distance of at least 376 mm from \he surface being
examinad, The operator should allow his eyes to become acouslomed
to the darkness of the inspection boolth for at least § minutes
bafore Inspecting the parts. He should avold looking directly
into the black light #and also avold going from the darkness o
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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.

EVALUATION OF INDICATIONS & INTERPRETATION:

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.

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
porosity is indicated by random dots.

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.

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.

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

ACCEPTANCE STANDARDS:

For castings - Refer Corporate Standard AA 085 01 32.
For Austenitic Forgings - Refer Corporate Standard AA 085 01 30.
For Welds - Refer Corporate Standard AA 085 01 29.

POST EXAMINATION CLEANING:

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

Material ‘ Form Type of dis- *Penetration
continuity time (min.)
Castings Porositly 5
_ Cold shut 5
Aluminium Extrusions & Laps 10
Forgings Lack ol fusion 5
Welds Porosity 5

All forms Cracks 10
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TADLE - 1 (Clause 5.3.2) Contd.
Malerial Form Type of dis- YPenel ration
continuily Lhwier {mdn., )
Caslings Porosity )
Cold shut 5
Magnesium Extrusions # Laps 1
Forgings Lack of fuslon 110
Welds Porosity 1
All forms Cracks 10
Castings Porosity 10
Cold shut 10
Steel Extrusions b Laps 10
Forgings Lack of fuslon 20
Welds Porosity 2
All forms Cracks 20
Castlings Porosity %
Cold shut 5
Brass & Bronze Extrusions § Laps (]
Forgings Lack of fusion [
Brazed parts Porosily 10
All forms Cracks I
Plastics All lorms Cracks n
Llass All forws Cracks 5
Carbide tipped l.ack of lusion B
tools All furms Porasity B
Crack el
Titanium & high
temperature All lorms 20 o 30
alloys
Ceramic All lorms Cracks 6
Porasity h
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= For lower temperatures, penetration time should be ncreased.

ANNEXURE - 1 (Clause 5.3.3)
PROCEDURE FOR NON-STANDARD TEMPERATURES

A.l General:

. When it is not practical to conduct 8 liguid penelrant  oxdamlnation
within the temperature range ol 15,6 to 51.6°C (60 to 125°F), the
examination procedure at the proposed lower or higher Iomperature
range requires gualllicatlon, This shall require the wie ol a quench
cracked aluminfuin block, which is designoted as "Liguid Penetrent
Comparator Block',
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Liguid Penetrant Comparator Block:

The liquld 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 mm x 75 mm (2 in, x
3 In.). At the cgentre ol each lace, an ares approximately 25 wmm
in diameter shall be marked with a 510°C (950°1) 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 bhetween
B10°C (950°F) and 524°C (H75°F). The speclmen shall then be Immedia-
lely guenched in cold weter which produces a network of (he line cracks

on each face. Tne block shall then be dcied by heating to approxi-
mately 149°C (300°F). After coollng, the block shall be cul into two
halves, One hall of the specimen shall be designated block ‘'A'
and the other block 'B' for identilication in subsequent processing.
Figure 1 illusirates the comparator blocks "A" and “B". As an alter-
nate to culting the block in hall to make blocks “"A" and "B", separate
blocks 50 mm x 75 mm (2 in. % 3 In.) can bLe made wsing the heating
and guenching technique as described asbove. Two comparator blocks

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

Comparator Application:

(a) IT 1t is desired to gualify a liguid ponotranlt exawination proce-
dure at a temparature of less than 15,6 (HU°F) the proposed
procedure shall be applied to bleck "B" after the block and
all materials have been cooled awd held at the proposed examina-
tion temperature until the comparison is completed, A standard
procedure which bas previously been demonsirated as suitable
for use shall be applied to bLlock "A" In tha 15.6 to 51.6°C
(60 to 125°F) tempersture range. The indicalions of  cracks
shall be cowpared between blocks "A" and "B". Il the Indica-
tions obiained under the proposed condition ovn block "B" sre
essentially the same as obtained on block "AY during examination

at 15.6 to 51.6°C (60 to 125°F), the proposed procedure shall
be considered gualified for use,

(L) 1{ the proposed temperature for (he examination Is above 51.6°C
(125°F 1, block "B" shall be held at this temperatore throughout
the examination. The Indication of cracks shall be compared
as described in T-647.3(a) while block "W" is al the proposed
temperalure and block "A" is at the 15.6 tu 51.6°C (60 to 125°F)
lemperalure raunge.

(c) A procedure gealifled at a tewperature lower than 15.6°C |6OYF)
shall be qualified from that temperature to 15.6°C (BO°F).

() To quallly a procedure for temperalures sbove 51.6°C (125°F),
the upper and lower lemperature Ilmits shall be established
and the procedure gualified at these temperatures.

(e) As an allerpate to the reguirgments  of (o] and (bl when using
color centrast penetrants, 11 i permissible to use a slngle
comparator block for the standard and pon-standard lemperatures
and o make the compacison by photography,
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(f)

(8)

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 critgria for qualification as (a) above shall apply.

Identical photographic techniques shall be used to make the
comparison photographs.

[t mmﬂ}é@
L]
= ':“::%:_ I
ol D o] 1
s

FIGURE: 1-LIQUID PENETRANT COMPARATOR BLOCK
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EVALUATION AND ACCEPTANCE STANDARD FOR
LIQUID PENETRANT EXAMINATION OF CASTINGS

SCOPE:

This standard is applicable for Liquid Penetrant examination of
castings.

The procedure adopted for this examination is as per Corporate
Standard AA 085 01 31

DEFINITION OF INDICATIONS:

Circular indications are those, more or less elliptical with major
axis not more than three times the minor axis.

Linear indications.are those, having length in excess of three times
the average width.

In-line indications are those, in group of three or more indications
aligned side by side 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 dig-
continuities. Linear indications 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.

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 dimensions of
adjacent flaws., Such clusters shall be evaluated as single defect.

e INTERPLANT NON-

DESTRUCTIVE TESTING COMMITTEE

_qi

Prepared loswed Date
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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.
7 No. of acceptable indications per 100 sg. cm. Unacceptable
Level .
surface area of length not exceeding 25cm. defects.
I 2 Nos. of 3mm circular indication, Crack and
hot tears.
II 3 Nos. ef 3mim circular indication. -do-
One 5mm circular or linear indication.
111 3 Nos. of 3mm circular indication.
2 Nos. of 4mm circular indication.
One 6mm circular or linear indication. -do-
One in-line indication of 10mm maximum
length,
v 4 Nos. of 3mm circular indication.
3 Nos. of 4mm circular indication.
2 Nos. of 8mm circular or linear -do-

indication,

One in-line indication of 15mm 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
1.0 SCOPE:

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

1.2 Typical surface and subsurface discontinuities detectable by

this method are cracks, seams, laps, cold shut, inclusions,etc.

1.3 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.

1.4. This standard is generally based on ASTM E 709.

2.0 PERSONNEL REQUIREMENT:

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

3.0 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.

4.0 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 bhe 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 if actual
indications are present.

Revision: Approved.

: - "INTERPLANT STANDARDIZATION
Cl 12.8.8 of MOM of WG-NDT B - (WG-NDT)

Rey. No, 02 Amd.No. " | Reaffirmed Prepared Issucd Dt. of ist Issuc

K AD “ORP. Sept.’79
pt, 15-12-97 | bt Year: HYDERAB CORP. R&D p
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5.3

5.3.1

5.3.4

5 3. 4

SEQUENCE OF OPERATION:

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.

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.

Examination Medium:

The finely divided 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 aund

non-fluoresent) for dispersion in water or suspending 1light
petroleum distillates.

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.

Wet Particles:

When wet particles are used, the solid magnetic particles
shall be suspended in a suitable 1liquid 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.

Fluorescent Particles:
IT#

1 .The fluorescent partlcle examination shall be performed
9 ing a black light in a darkeneq area.

a1
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5.3.4.

5.3.4.

5.3.4.

5.3.4.

2 The black light used for fluorescent particle testing shall
be capable of developing the wave length of 365mm., in any
case the wave length should be in the range of 330 to 390nm.
with an intensity of not 1less than 1000 uw/cm? on the
surface of the part.

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.

4 The examiner shall be in the darkened area for atleast 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 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.

Orientation of Disccntinuities And Examination Coverage:

Examination shall be conducted with sufficient overlap 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.

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.

METHODS OF MAGNETISATION:

Prod Method:
Magnetising Technique:

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.

Prod Spacina:

Prod Spacing shall be maximum of 200 mm. Shorter spacing may
be used to meet the limitation cof 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 frequent filing.
Local areas of metal being tested which have been subjected
to arcing shall be ground to clean metal wherever necgessary.

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 filli factor.

6.2.2.1.1 Low Fill Factor Coils:

In this case, the cross sectional area of the fixea
encircling coil greatly exceed the cross sectional area of
the part (Less than 10% coil inside diameter). The part
shall be placed well within the coils and close to the
inside wall of the coil. For parts with length over diameter

ratio (L/D) 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
= e ——— Ampere Turns (+ 10%)
L/D
(2) t Wit a low fill factor positioned in the center o

43,000 X R

= mmme—e—e—- Ampere Turns (1 10%)
(6 L/D) - 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 ¢f part being examined.
= (NI) hf (10-4) + (NI) 1f (4 -2)/8

Where
NIhf = Value calculated for high fill factor coils using
35000
————————— (10%)
(L/D)Y + 2
NI1f = Value Calculated for low fill factor coils using
43,000 X R
—————————— (10%)
(L/D) - 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.
n(12)?

6.2.2.1.3 High Fill Factor Coils:

In this case, when fixed coils cor cable wraps used and the
corss sectional area of th:. coil is less than twice the
corss sectional avrea (Including hoilow portions) of the
part, the coil has a high fiil factor.

For prats with in a high fill factor positional coil and for
parts with L/D ratio equal or greater than 3.
35,000
= e ——— Ampere turns (+ 10%)
(L/D)+2

L/D ratio for a hallow piece: When calculating L/D ratio for
a hollow piece, D shall be replaced with an effective
diameter Deff. Calculated using.

Deff. = [(At - Ah)/n]%.

-Where
At = Total cross section area of part
Ah = Cross sectional area of hollow portion(s) of thc part.

For a cylindrical piece this is equivalent to
Deff. = [(OD)2 - (ID)2]%

Where

OD = Outside diameter of cylinder

ID = Inside diameter of cylinder.
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6.2.2.2 Through Coils:

6.4.2.1

6.4.2.2

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

Direct Contact Method:
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.

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
Ccl.5.4).

Yoke Method:

Application:

This method shall be used only to detect

surface
discontinuities which actually come to the surface.

Magnetising Technique:

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.

Alternatively direct current electromagnetic or permanent
magnetic yoke shall be used to magnetise, provided the yoke

has a lifting power of at least 18 kg and a pole spacing of
75 to 150 mm.

Threading Bar and Coil Technique:

If the part is hollow, flaws in a longitudinal direction may
be detected by passing the magnetising current through a bar

or cable held within the bore of the part. Alternatively a
threading coil may be used.

The current strength shall be eguivalent 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.

CALIBRATION:

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

EVALUATION OF INDICATIONS & INTERPRETATION:

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 1line of
particles will be sharp and well defined.

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

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 to' identify and eliminate
them as they may mask the actual defect.

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.

REFERRED STANDARDS (Latest Publication Including Amendments):

1. ASTM E 70 2. BHEL CS AA 085 01 59
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EVALUATION AND ACCEPTANCE STANDARD FOR
MAGNETIC PARTICLE EXAMINATION OF CASTINGS

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
a
E i 2.0 DEFINITION OF INDICATIONS:
ZE
9 § 2.1 Circular indications are those more or less elliptical with major
S 3 axis not more than three times the minor axis.
- O
of =
g 2.2 Linear indications are those having length in excess of three
o times average width,
.38
, E:‘s. 2.3 In-line indications are those in group of three or more indications
= aligned side hv side in line with intervening gaps of less than 2mm
ég measured edge to edge.
1z ; 8.
gi®§| 3.0  EVALUATION OF INDICATIONS:
» 2 ‘ .
g;&g 3.1 Discontinuities and defects will be indicated by the retention of
5 g magnetic particles. - All such indications are not necessarily
g;&_ defects, since exclusive surface roughness, magnetic perme-
E§‘3 3 ability variations and machining marks may also produce similar
4 8,8 i indications.
Z;g 3.2 Any indication suspected to be non-relevant is to be considered
"ﬁg relevant till it is proved otherwise.
(<]
2
5 % 3.3 Broad areas of particle accumulation which could mask indications
g E or discontinuities are unacceptable and those areas shall be cleaned
- and re-examined.
g e
: : 3.4 Relevant indications are those which results from unacceptable
. mechanical discontinuities.
4.0 ACCEPTANCE STANDARD:
5.1 Castings are classified into four levels as detailed below according
to the size and number of flaws permissible,
Revision Approved :
" INTERPT.ANT NON-
DESTRUCTIVE TESTING COMMITTEE
Prepared lomeed Date
Date Corp. R&D | corp:rap | 10 SEPT 7"
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OOPYRIGHT AND CONFIDENTIAL

EAVY ELECTRICAw> LIMITED,

directly or indirectly in any way detrimental to the interest of the company.

The information on this documest is the property of BHARAT H
It must not be used

Level

No. & size of acceptable indications per 100 sq. cm,

area and length not exceeding 25 cm.

Unacceptable
indications.

1 2 Nos. of 3mm long indication. Cracks & hot
tears.
2 3 Nos. of 3mm long indication.
One of bmm long indication. -do-
3 3 Nos. of 3mm long indication.
2 Nos. of 4mm long indication. -do-
One of 6mm long indication.
One in line indication of - (10mm Max. lgth. )
4 4 Nos. of 3mm long indication.
3 Nos. of 4mm long indication. -do-

2 Nos. of 8mm long indication.
One in line indication of - (15mm Max. lgth.)

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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CARBON STEEL CASTINGS - FUSION WELDING QUALITY

FOR INTERNAL USE ONLY
REMOVE THIS PREFACE BEFORE ISSUE TO SUPPLIERS

Comparable Standards:
1. AMERICAN

ASTM A 216 - 1993
Gr: WCC

Suggested/Probable Suppliers and Grades:

Use plant's vendor list.

User Plant References:
1. BHOPAL
2. HEEP, HARDWAR

3. HYDERABAD

4, TRICHY

PS 10 202
0550.41, GR: 15Q; 20Q; 25Q & 30Q
CSW-C20$CSW -C 25.

ASTM A 216, Gr: WCA
CSN 422641.1

CSN 422643.1

CSN 422650.2

IS : 2986

v87 - 30, Type L

ASTM A 216, Gr: WCB
ASTM A 216, Gr: WCC

Revisions :

36™ MOM of MRC - FCF+HTM

APPROVED :

INTERPLANT MATERIAL RATIONALISATION

COMMITTEE-MRC (FCF+HTM)

Rev. No. 09 Amd.No. Reaffirmed

Year:04-11-2011

Dt: 01.10.2005 Dt :

Issued
Corp. R&D

Prepared
HYDERABAD

Dt. of 1st Issue
MARCH, 1978
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CARBON STEEL CASTINGS-FUSION WELDING QUALITY

1.0 GENERAL
This specification governs the quality requirements of Carbon Steel Castings-Fusion
Welding Quality.

20 APPLICATION
For pressure containing parts for high temperature service and of quality suitable for
assembly with other castings or wrought steel parts by fusion welding.

3.0 CONDITION OF DELIVERY
Normalised / Normalised & tempered
Rough machining of the castings shall be carried out, unless otherwise specified in BHEL
order/drawing.
Castings shall not be painted

4.0 COMPLIANCE WITH NATIONAL STANDARDS
There is no Indian standard covering this material. However, assistance has been derived
from ASTM A 216-1993, Gr: WCC, in preparing this specification.

5.0 DIMENSIONS AND TOLERANCES
The castings shall be true to the pattern/drawing.
Holes for machining up to and including 50 mm in diameter are to be cast solid, unless
otherwise stated in BHEL order/drawing.
Unless otherwise specified in BHEL order/drawing, untoleranced dimensions for the
castings shall be as per tolerance class 4 of BHEL standard AA 023 04 02.

.. APPROVED :

Revisions :

36™ MOM of MRC-FCF+HTM

INTERPLANT MATERIAL RATIONALISATION
COMMITTEE-MRC (FCF+HTM)

Rev. No. 09 Amd.No. Reaffirmed Prepared Issued DLt. of 1st Issue

Dt: 01.10.2005 | Dt: Year;04-11-2011 HYDERABAD Corp. R&D MARCH, 1978
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6.0

7.0

8.0

9.0

10.0

MANUFACTURE

The steel for the castings shall be made by basic electric furnace process or such other
process as may be agreed to between BHEL and the manufacturer.

The steel shall be fully killed.
HEAT TREATMENT
Heat treatment shall be carried out at suitable temperatures to give the properties specified.

Any flame or arc cutting which may have to be done, shall be carried out before heat
treatment.

Test pieces shall also be heat treated along with the castings they represent.

FINISH
All castings shall be properly fettled and dressed and all surfaces shall be thoroughly cleaned.

Machined surfaces shall have the surface finish as indicated in the drawing

FREEDOM FROM DEFECTS

Castings shall be free from defects such as porosity , blow holes, sand inclusion, shrinkage,
cavities, hard spots, cold shuts, cracks, etc., which may adversely affect machining and utility
of castings.

When it is necessary to remove risers by flame cutting, care shall be taken to make the cut at
a sufficient distance from the body of the casting so as to prevent any defect being introduced
into the casting due to local heating.

CHEMICAL COMPOSITIION

The melt analysis of steel and the permissible variation in the composition of the castings
from the melt analysis shall be as specified below:

Melt analysis, Permissible
Element Percent, max Variation, percent
*Carbon 0.25 0.02
Silicon 0.60 0.05
*Manganese 1.20 0.06
Sulphur 0.045 0.008
Phosphorus 0.040 0.008
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Note: 1. In the interest of uniform welding, the concentration of the unspecified alloying
elements shall not exceed the limits specified below. Whenever specified in the
enquiry/order, the test results of these elements shall also be included in the test
certificate. However, the manufacture shall ensure that these elements are within
the limits specified.

Element Percent, Max.
Copper 0.30
Nickel 0.50
Chromium 0.50
Molybdenum 0.20
Vanadlum 0.03

1. Total content of these unspecified elements 1.00

2. For each reduction of 0.01% below the specified maximum carbon content, an increase
of 0.04% Mn above the maximum specified will be permitted up to a maximum of 1.40%.

11.0 TEST SAMPLES
Manufacturers shall carryout mechanical testing as per following sampling plan.

11.1 Unless otherwise specified for castings weighting up to 500 kg. piece weight one keel block,
separately cast per melt per heat treatment batch shall be supplied according to the sketch
given below:

11.2 Unless otherwise specified castings weighing more than 500 kg shall be provided with
integrally cast keel block.

11.3 Retests shall be carried out as per IS : 8800

11.4 Keel blocks with proper identification and representative of the castings shall be supplied
along with the consignment for testing at BHEL works.
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DETAIL OF KEEL BLOCK

275 .

i )
\

ALL DIMENSIONS IN mm

12.0 MECHANICAL PROPERTIES:

12.1

12.2

13.0

The test pieces, after being heat treated as per clause Cl.7.0 above, shall show the following
properties:

Tensile

The test pieces shall show the following properties when tested in accordance with ASTM A
370

Tensile strength : 485 - 655 N/mm?
Yield strength : 275 N/mm?, min.
Elongation on 50mm gauge length : 22 percent, min.
Reduction in area : 35 percent, min.

Hardness (Brinell): for information only:
150 - 205 HB.

NON-DESTRUCTIVE TESTS:
The following tests shall be conducted:

1) Ultrasonic examination to BHEL standard AA 085 01 04 / AA 085 01 05
2) Liquid penetrate examination to BHEL standard AA 085 0131.

3) Magnetic particle examination to BHEL standard AA 085 01 33 and norms of acceptance
as per BHEL standard AA 085 01 34.

Norms of acceptance shall be as specified in BHEL order/drawing
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14.0 REPAIR OF CASTINGS
The manufacturer without the prior permission of BHEL shall not carry out repair of castings.
15.0 SCOPE OF THIRD PARTY INSPECTION:

Wherever, separate quality plan is not attached, the scope of third party inspection shall be

as follows:
1.  Review of supplier’s declared chemical composition.
2. Selection of test samples for mechanical tests and witness of mechanical tests.
3. Witness of Non-destructive tests as applicable.
4. Review of HT charts.
5. Dimensional inspection.

16.0 TEST CERTIFICATES

Three copies of test certificates shall be supplied unless otherwise stated in BHEL order,
preferably in the test certificate format annexed to this specification (Annexure -1).

In addition, the supplier shall ensure to enclose one copy of the test certificate along with their
dispatch documents to facilitate quick clearance of the material.
The test certificate shall bear the following information:

i) Dimensional inspection.

ii) Detail of heat treatment

iii) Chemical composition & unspecified alloying elements whenever called for
iv) Results of mechanical tests

V) Results of NDT tests.

17.0 PACKING AND MARKING

Castings shall be suitably packed to prevent corrosion and damage during transit. Machined
surfaces shall be properly protected with anticorrosive compounds. Each package or casting
(when supplied separately) shall be legibly marked with the following information.

AA 195 11: C.S. Castings - F.W. Quality
BHEL Order No.
Consignment/Identification No.

Melt No.

Weight

Supplier's Name

18.0 REFERRED STANDARDS (Latest Publications Including Amendments):

1. AA 023 04 02 2. AA0850104 3. AA 0850105 4. AA 085 01 31
5. AA 08501 34 6. ASTM A 216 7. ASTM A 370 8. 15 :8800
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ANNEXURE 1 - RECOMMENDED TEST CERTIFICATE FORMAT FOR CASTINGS

SUPPLIERS'S NAME AND ADDRESS

1. Cusiomer : 8. Casl No. & Date :
2. TC No. & Date : 7. Batch No. :

3. PO No. : 8. Heat Code :

4. Process of Moalling : 9. Spec.. No. :

6. Deoxidisation Process 10. Test Bar Slze

Il. CASTING COVERED BY T.C.

SI. No. Drawing No. & item No. Daescription Quantity & Weight
12. CHEMICAL COMPOSITION (PERCENT)
Element C Si Mn s P
As per Min.
Spec. Max..
Actual Values.
13. HEAT TREATMENT
. (To be accompanied by Recorder Chart, wherever called lor
Condition Temp."C Soaking Titnn. Hrs.. Cooling Medium
14. MECHANICAL PROPERTIES
Y.S % E on
T.S. g % R.A. Hardness BHN Impact
mmz [ Prool)  Sto | Mn | Mn. 3vaies [vaie, Joutes) Bond
- As per ° Min.
Spec. Max.
Actual Values.

15. Surface Finish
{When _called for in the order/drg)

16. DIMENSIONAL INSPECTION

17.NON-DESTRUCTIVE TESTS

Nature of Tast Acceptance Level Instrument used Range

Resuits Any other delails

Ultrasonic

Radiographlc

Dye Penelrant/
Magnelic Particle
— 18. OTHER TESTS, IF ANY (MICRO-
Scoplc, Hydraulic, Etc.)

IDENTIFICATION ON
CASTING AS PER CPS.

19.

Wa hereby certity thal the lleme mentioned above have been tesied and Insp
accordance with the drawings, spaciticatlons and purchase order.

Signature & Seal of lhe Inspecting Otlicer
(Purchase Representative) )

ted In our pr and are lound to be In

Signalure and Seal of the Chief of Quallity Coanlrol
Chief Metallurgist of the Supplier.

Oale : Dale :

INSTRUCTION:

a) If steel Is produced by LD or Oxygen process, Nitrogen content should be furnished and shali not exceed 0.009%

b) Test Certificales ara to be lurnished as per P Order anG Speclicallons, in A4 Size \ransparent paper.
-c)Allthe entrles Includi i - d be in black ink.

d) If testing Is done by oumd-e agencies, the original TCs shall be lurnished.
©) The actual Test Certiicale may run Into more than one A4 slze paper, i needed, to facilitate filling up of delalls.
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User Plants and Replaced Plant Specifications/References

1) BHOPAL : HE1609
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3) HPEP, HYDERABAD : HE1709
Revisions: APPROVED:
INTERPLANT MATERIAL RATIONALISATION
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Dt:26-05-2012 | Dt: Year:2019 HEP, Bhopal Corp.R&D | 01-11-1982
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RUST PREVENTIVE SOLUTION, CLEAR (TRP)
1 GENERAL

This specification governs the quality requirements of temporary rust preventive solution, clear (TRP)
used for the protection of various ferrous components. Normally this material provides protection upto
six months and thereafter requires reapplication, if necessary.

2 APPLICATION

Depending upon components and their sizes, the rust preventive can be applied by brush, dip or spray.
A liberal coat is desirable for adequate protection. The surface to be coated with anti rust solution should
be absolutely clean and free from rust.

3 REMOVAL

This TRP can be removed by cotton cloth soaked in white spirit to BHEL specification AA 56701.
4 COLOUR

Brown

5 COMPLIANCE WITH NATIONAL STANDARDS

The material shall comply with the requirements of the following national standards and also meet the
requirements of this specification.

IS: 1154 - 2000: Temporary Corrosion Preventive, Fluid, Soft Film, Solvent deposited, Water displacing
6 COMPOSITION

The composition shall be based on wool fat and other corrosion inhibitors.

7 TEST SAMPLES

Half a litre of sample shall be taken for testing and approval.

8 PROPERTIES

When tested in accordance with the relevant clauses of BHEL standard AA0850001, the test sample
shall show the following properties:

8.1 Consistency

65 + 10 seconds in Ford Cup No.4 at 27+ 0.5°C

8.2 Drying Time

Tack free in 16 hours, shall remain soft to facilitate removal when not required.

8.3 Flash Point
32°C, min. (Absolute temp)

8.4 Weight
9.1 £ 0.2 kg per 10 litres

Revisions: APPROVED:
INTERPLANT MATERIAL RATIONALISATION
COMMITTEE — MRC(CPO+NM)

Rev No.03 Amd No. Reatffirmed Prepared Issued Dt. of 15t Issue

Dt:26-05-2012 | Dt: Year:2019 HEP, Bhopal Corp.R&D | 01-11-1982
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8.5 Protection against corrosion at high temperature and humidity
To pass the test.

8.6  Salt spray corrosion test
100 hours

9 TEST CERTIFICATES

Three copies of test certificates shall be supplied along with each consignment, giving the following
information:

In addition, the supplier shall ensure to enclose one copy of the test certificate along with the despatch
documents to facilitate quick clearance of the material.

— AA55152, Rev. 03: RUST PREVENTIVE SOLUTION, CLEAR (TRP)

— BHEL Order No.

— Batch/ Lot No.

— Supplier's/ Manufacturer's Name and Trade mark, if any

— Date of manufacture and expiry

— Test results of clause 8.

10 KEEPING PROPERTY

When stored in a covered dry place in the original sealed containers under normal temperature
conditions, the material shall retain the properties prescribed in this specification for a period of not less
than 12 months after the date of manufacture which shall be subsequent to the date of placing the order.

11 PACKING & MARKING

Unless otherwise specified, the material shall be supplied in 4 kg steel containers, which shall be leak
free, dry and clean.

Each container shall marked with the following information:

— AA55152: RUST PREVENTIVE SOLUTION, CLEAR (TRP)
— BHEL Order No.

— Supplier's / Manufacturer's Name and Trade mark, if any
— Batch No. /Lot No.

— Date of manufacture and expiry

— Quantity supplied

12 ENVIRONMENTAL REQUIREMENTS

The supplier shall furnish Material Safety Data Sheet (MSDS) covering all information relating to human
safety and environmental impacts of the hazardous materials particularly during their transportation,
storage, handling and disposal along with each supply.

Each container shall be marked with corresponding symbol and minimum worded cautionary notice for
flammable / corrosive / toxic / harmful / irritant and oxidizing etc. as applicable.

13 REFERRED STANDARDS (Latest Publications Including Amendments)

1) AA0850001
2) AA56701
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SCREWS, SET, HEXAGON SOCKET, CUP POINT (CP) PRODUCT GRADE A
COARSE PITCH, STEEL, PROPERTY CLASS 45 H (M3 - M24)

1 DESIGNATION
A hexagon socket product Gr. A, steel set screw of thread M12, length 50mm, coarse pitch, cup
point (CP) and conforming to property class 45H shall be designated as:
1.1 On drawings
i) Material specification column:AA7125110
ii) Description column: SCRU SET SOC CP A M12X50-45H
1.2 Onindents
Screws set cup point (CP) A M12X50-45H; AA7125110

1.3 For issuing enquiries and on purchase orders
While issuing enquiries and purchase orders, delete BHEL standard number from the above
description and add the information given under clause 2.

2 COMPLIANCE WITH STANDARDS

2.1 Dimensions, Tolerances and General Requirements
As per IS: 6094-2006, Part 4, Cup point Table - 1
2.2 Material

Screws shall be made of steel conforming to property class 45H, as specified in Table-2 of
IS: 1367, Part 5

2.3 Mechanical properties

Material shall conform to properties given against class 45H, as specified in Table-3 of IS: 1367,
Part 5

2.31 The grub screws shall be hardened to a minimum of 45 HRC and 53 HRC as maximum.
2.4 Threads

Pitch-coarse to IS: 4218, Part 2
Tolerance quality - Medium
Tolerance class 59 / 6g

2.5 Surface Discontinuity
As per IS: 1367, Part 9
2.6 Finish
Plated as specified in BHEL order.
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3 NOTE

3.1 Length and diameter combination (refer Table-1 on page 3 of 3) between the bold lines should
only be used.

3.2  For screw threads, general (Metric) refer to BHEL standard AA0231800.
3.3 For tolerance grade, position and class refer to BHEL standard AA0230201.

3.4 Screws to this standard would be unplated, divisions wishing to have plated screws would have to
get them plated.

3.5 Weights given in this standard are for general reference only and are not for commercial
transactions.

3.6  When fasteners are to be tested with in BHEL, sampling and acceptance shall be as per IS: 1367,
Part 17

4 REFERRED STANDARDS (Latest publications including amendment)

—_

1S:1367, Part 5 & 17
IS: 4218, Part 2
AA0230201
AA0231800

wW N

)
)
)
)
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EXPLANTATORY NOTE:

The following changes have been made in this revision: Clause 2.1, 2.2, 2.8 & 2.5-modified
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Instructions for radiography examination of Suspension Tubes &

Steel Ventilators

. Scope of Examination: Radiography examination of suspension tubes &

steel ventilators shall be done as per the relevant drawing & QAP
requirement.

Examination Procedure: Procedure followed for radiography examination
shall be as per ASTM-E-1030 or ASME Code Sec. V Art. 2.

Radiography stage: The radiography examination of the suspension tubes
& steel ventilators shall be done during casting/rough machining stage. The
inspection at above stage is recommended to avoid rejection of fully finish
suspension tube/steel ventilators because of disparity between radiography
report & its films.

Identification requirement: Co-relation of the identification between
suspension tube/ steel ventilators and their radiography films shall be
ensured. In order to comply the same, identification marking (supplier's
name & sl. no.) embossed on the suspension tube & steel ventilator at the
casting stage should be clearly visible as a permanent marking in any one
of its radiography films.

In other radiography films, image of the serial no. & location identification of
the suspension tube & steel ventilator casting shall be given by using lead
nos. and the same shall be visible as a permanent image.
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5. Radiographic density: The optical density of the radiographs taken shall

be between 1.5 to 4. If at any location, density variation is exceeding the
limits given here due to section or thickness variation, then more than one
radiographs will be taken of that location considering different thickness
range so that optical density obtained on the radiograph at different
thickness should be between 1.5 to 4.

Evaluation: Evaluation of the radiographs for acceptance or rejection shall
be done as per ASTM-E-446 (reference radiographs for steel castings Up
to 2 inch in thickness). In order to comply the same, vendor or radiography
agency should have availability of a copy of reference radiographs.

Layout detail: To ensure that all suspension tube & steel ventilator
castings/rough-machined castings are subjected to radiography
consistently in the same manner, layout details shall be provided. As a
minimum, the layout details shall include sketches of the suspension tube
castings/rough-machined castings, in as many views as necessary, to
show the approximate position of each location marker.

Submission: The radiography examination report along with films of the
suspension tubes & steel ventilator shall be submitted during casting/rough
machined stage to concerned material management department of BHEL
Bhopal for getting clearance of submitted films & report meeting the
requirement of the drawing.
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Checklist to be filled & submitted by the supplier along with

radiography report & films

Sl. No. Checkpoint Compliance
by supplier

1 Radiography examination of suspension Yes/No
tubes done as per drawing & QAP
requirement.

2 Procedure as per ASTM-E-1030 or ASME Yes/No
Code Sec. V Art. 2 followed for
radiography examination.

3 Radiography examination of suspension | Casting/rough
tubes done during casting/rough machining
machining stage.

Identification marking (supplier's name & Yes/No
a. | sl. no.) of suspension tube clearly visible
in any one of its radiography films.
a Image of the serial no. & location Yes/No
b. | identification of the casting (given by
using lead nos.) visible in each
radiography film as a permanent image.

5 Optical density of the radiographs taken Yes/No
between 1.5 to 4.

6 Reference radiographs available with Yes/No
vendor/radiography agency where
radiography of suspension tube carried
out.

7 Layout details submitted. Yes/No
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