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VACUUM DEGASSED / ESR STAINLESS STEEL BARS FOR
STEAM TURBINE BLADES, HARDEMED & TEMPERED
(GRADE: X3 Cr 13)

1.0 GENERAL:

This specification governs the requirements of vatuum degassed [ ESR procesced, hardened &
termpared ctalnlecs sbeel bars of grade ¥ 20 O 13 for steam turbine blades.

20 APPLICATION:
For rsamufacture of steam turbine blades suitable for working temperatures up o 4000C
30 COMNDITHON OF DELIVERY:

Hot ralled, Hardened & Tempered, sand/shot blasted and suitably protected with rust preventive
toating.

=

L

Dimensions: Unless otherwise specified in the order, the bars chall be supplied in random lengths
of ¥ ko & méters with 8 maimom of 10% shorts down B9 1 metre. Other dimentions shall be &
specified in the arder.

4.2 Tolerances: The talerances on eross sectional dirmensions chall be as follows.

v

Mate: a) The corners of the flats shall not have any radius.

F Aloaable deviation on i Alloweale deviation an
b'width across ftats, mm P, h' thickness mm Fo el
Upts 35 +1.5 Upka 20 +10
iOser 35 and upha 75 + 10 Cwer 20 and upto 40 + 210
Orsr 75 + 3.0 Oesr 40 + 30

Hote: b} Cther tolerancs shall be as per DEN: 1007, Twisting and bending of the bars shall not exeeed
Imm per metre length of the bar. Buldging on the sides shall not be more than 0.01 % b and
004 % h respectively.

Revisions

Modified CL4_2 & Quality plan (S1LNo.9),

Issmed -
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50  MANUFACTURING AND INSPECTION SEQUENCE PLAN [MIP):

51
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Before starting produsction the manufacturer shall submit the fallowing documentation to BHEL.

A manufacturing & inspection sequence plan (MIP] which is released after the prototype
gualification, establishing the quality assured sequence of operations like steel melting, roliing,
heat treatment and inspection plan. Information about interndl & external specifications. shall slsa
be mentianed in MIP. Every change in the established process or MIP needs written permission of
BHEL.

Test instructions for non-destructive testing & destructive testing, which are perfarmed, as part of
manifactirer’s quality asturance shall also be subrmitted. The tesk instructions shall inclisde
precise information an the test procedures, sample location plan (Blustrabed by seetches).

The steel shall be manufactured by basic electric furnace process and subsequently vatuuwm
degassed [ electroslag remelted. Any other process of steel making shall be mutually agreed in
atlvance.

The vacuum system shall have the capacity to maintain a vacuum of 2 torr or besser during vacuum
degiiding protess for the dulficient trme so 88 to lower the g conbents in the desl

The ingot castings shall be wsed for the manufacture of bars, A& reduction ratho of 4 {minimum)
shall be maintained from the ingot to final bar sise. The information regarding the ingot sire to the
concermed final bar size shall be mentioned in the MEP,

HEAT TREATREMNT

The following heat treatment is suggested to achieve the mechanical properties specified in
CL 120 of this specification.

Harden in &ir or o at 900 - 1050°C
Tempering temperature shall not be less than 650°C

H the bars need be straightened after heat treatrment then the bars chall be stress refleved after
the straightening operation at 30° C below the actual tempering temperature with a slow coaling
ribe.

The priscess parameters shall be selécted with & view to achieve lowest possible residusal stresses.
The distartion af the finish machined part caused by slight residual streses from the rolling & heat
treatment process shall not odcwr,

FREEC:OM FROM DEFECTS:
The bars shall be frése from eracks, icabs, teame and other harmful defects,

Decarburization and other materdal defects <hall mot ecesd the dimensional tolerances ad
spacified in clauie 4.2,
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FIMESH:

The surfsce of the bars thall be dmooth without amy kps, ralled in scabés ste. Dents roll marks,
and icratches are permitted provided their depth does not exteed half the tolerance limits

ipecified in dlsuse 4.0,
The edges of bars chall be cut square by shwing or shearing and no crop ends shall be permissible,

TEST SAMPLES:
For Chemical Analysis: One sample for chemical analysis chall be taken from each melt.

For Mechanical tests: Bars of same size shall be grouped into lots belonging to same melt and
heat treatment batch, This shall be treabed as a single test unit and subjected to mechanicsl
testing as per following plan.

The uniformity of the strength of the bars belonging to one lat [Same melt and hest treatment
batch of same sige of bars = test unit] shall be verified by hardness test as per EN 130 6506-1 ar
arry other reputed intermational method. The krdness test chall be performed on 109 of each
test wnit, howewer on atleast 10 bars or on all the bars if the best wnit comprises of les than 10
bars. The grestest permissible difference in hardnes in a lot |best unit) shall not excesd 35 HEW.

Hardness bests are to be parformed after all heat treatments including a possible stress refieving
are undertaken.

hechanical properties shall be determined on the hardest and softest bars identified by the
hardneis tests conducted a< per 10021 and 10.2.2.

The test samples locations shall be as per Annexure A and B. I the oross section of the bar is more
than 200 cm?, then mechanicsl properties must be determined both in the centre of the bar snd
ak the side of the bar. With the exception of toughness, the difference in the propérties across the
bar crofs section shall mok exceed 7.5%,

10.25 The specimen for Metallography shall be taken in longitudinal direction with 3 minimim cross

wertion area of 320 mm’.

The positions of the spetimens given in the Annexure A and B aré meant for guidance only. Details

concerning the locations of the specimens are to be agreed mutwally and must be included in MIP
with & tketeh,
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110 CHEMICAL CORMPOSITION:

Heat analysis [in weight %) shall be achieved as follows.

Element C Si hn P 5 Cr Mi
BAimimuam 017 0.20 0.80 - w 1250 0. 3
Maximum 22 0.5 QRO 0.030 | Oulxd 14.00 LB

120 MECHANICAL PROPERTIES:

The material in final defivery condition shall comply with the fallowing mechanical properties.

.2 SYisdd Tarsils
.| Reduction | bmpsct | Hardness
Properties | Strength | Strength | % Elomgation | - o | o v e

M/ mm’ M frmem®
B i e G600 800 15 S0 20 -
Baximum - as0 - - - T80

MOTE: 1) The tenidle test shall be carried owt in accordance with ENI0O00Z reip. ASTM EEM (round

tension test specimen with L, = 50 mm and d, = 10 mm) or any other reputed
Hationalflnternational standard,

2) The Charpy V — notch impact test shall be performed with standard besk specimens in
accordance with EN: 10045 or any other reputed National/international standard. An impact
test shall consist of three specimens from a single test location; the minimum average value
shall be as specified above. Only oné value of the thres can be below the specified minimum,
bt in mo case below 14 0. AN the thrse beik regults shall be reported in test certificabe

3) HBW 10/3000 or HEW 5/750 shall be used for hardness tests.
130 METALLOGRAPHY TESTS:

The examination of the clesnfiness must be perfarmed in the centre of ane bar per lot 1t can be
conducted before or after the heat treatment. The microstrocture must be uniform and free from
porosity, exeessive segregation and other in-homogensities, The following properties concerning
dedta-farrite and nclutions shall be sthisgsed

131 Deles ferrite content shall be bess than 5%, Delta ferrite content shall be determined in & manner
consistent with the evaluation technique described in ASTM E 45 Method A (Waorst Field bethod
at a Magnification of 100X) with the specimen orientation in longitudinal direction. The
distribution and size of delta fermite must be such that it does not result in ndication during WP
examimation of the ready-mackined surface
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13.2  Indigion éontent shall be tected as per ASTM E 45 Method A and with fallowing lEmits.
1321 *Thin seriés” inclusions shall nok exceed 2.0 for Type &, B, C and 2.5 for Type D,

1327 “Heawy series” indusions shall not excesd 1.5 for all Types e A B, C and D.
1323 Al the type and siges af the nclusions mentioned in 13.2.1 and 13,22 can exist st sy,
13.2.4 Maximum number and size of globular inclusions {type D)

IR(D}={nl+25n2}% 10
IR {D) is converted to an ares of 160 mm’.
= number of globular inchsons.

n1 (25 pm — 50 pm; n2 (51 sm — 75 pm)

The size pertaing ot only to the glabular nclusions themialves, but Ao the subsequent cavitied,
which can gt beside them. Incluiions and cavities which aré more than 75 um ane not sllowed.

13.3  Grain size: The grain sise must be meatuned at the softest and the hardest bar after all heat
treatments are performed. Grain sige 4 or finer per ASTM E 112 or DIN 50601 must be achieved.

A deviation fram the average sive of mare than 2 grain size is not permissible,
14.0 EXTERMAL AND INTERMAL GUALITY/NON DESTRUCTIVE TESTING:

141 Test Scope: The following HNOT inspedtions shall be performed after all heat treatments are
performed induding stress relieving operations.

¥ Viswal inspection of all bars

# UT of all bars &5 per to SEP 1923, inspection number D3 ar D2 with dual (twin) cryseasl search
urik

Reguirements: 100% of the volume shall be ecamined with the stipulsted feconding lewel,
14.2  Criteria for Recording Limits and Decision on Further Use:

&)  Surface defects: Indication of surface defects, eg. scoring caused by the rolling process are
to be ground at least at both ends, in the center of the indications and in increments of
ca 250 mim b chedk the extension below the surfsce, Surface defects extending =1 mm ar
gréater than half the specified dimensional tolerances below the surface ane nok parmissible.

By  UT: Criteria stipulsted in SEP 1923 quality class 2 b shall be applied with following
madification: EE (single etho) and VE (rumerous single sthoss) without extension = 2 mm
iCRR are nob permitsible.
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15.0 MATERIAL IDENTITY TEST:

16.1

16.3

A the time of delivery, all the bars shall be subjected to identification tésk by Spark test method
or any other reliable means to ascertsin that the material supplied is a5 required by the
spetification.

PROCESS QUALIRICATION:

A qualification review, performed jointly by the purchaser and supplier, i required befare
starting production for the first order. The process qualification review will include following as a
minimum réquirement.

This initial process gualification i required for esth manufacturing, heat treatment and testing
facility

The parameters used or stiputated during this phase form the basis of the MIP,

In addition ta the stape of testing and examination stipulated in this specification, the following
tests and ecaminations chall be performed.

16.3.1 Tensile and impset tests in transverse direction. If required, the sub-gize test cpecimens may be

wsed for thee testing,

16.1.2 Determination of FATT atcording o ASTRA A 3700 FATT of < 25°C shall be achieved. Testing shall

b carvied out on mimmum 10 specimens,

16.3.3 Magnetic partice testing: The distribution, type and size of micro-structural in-homogeneities

170

{e.g delta ferrite and segregation) shall not cause MP indications,
IHNSPECTION AT SUPPLIER™S WORKS:

The repréesentative of BHEL shall have free aocess to the supglier's works at all times diring the
execution of the order, to satisfy himself that the material is produced as per the guality
requirements of this specification. All reasonable Fstilities shall be extended b him free of
charge. He may alio withess the sampling testing and marking called for in this specification.

CULALITY PLAM:

Vendor shall Tallow the Cuality Plan Ref. BHELHY 10764/Blade flats S-0AP Rey.01 attached as
Annexure ‘T unless conditions stipulated in CL18.2 & 18.3 are applicable. A duly signed and
stamped copy of this QAP chall be submitted by the vendar along with the technical affer.

In case Customer [ Project related additional requirements are applicable in the enquiry [ tender,
vendor may be asked to submit 4 separate QP including such requirements.

In case of new wendars or first time supplies for the siees mentioned in BHEL enquiry, a separate
QP shall be submitted for approval by BHEL
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1.0 TEST CERTIFICATE:

210

Five copies of the test certificate shall be furmished (in English) ghdng the fallowing details

a) Specification No.: HY10764 Rev.09

bj BHEL Order No.

] Name of the supplier.

d) Malt No.

&) Process of Manufacture

i Heat trestment batch no. and HT charts

g) Results of chemical analysis and mechanical tests {including hardness test results).
hj Results of Metallographic tests with representative Photomicragraphs.

Bl Reailts of Uitrasomic tests,

i} Dimensional Indpection Report
k) Results of any additional test (if applicabile as per order)

MATERLAL IDENTIFICATION MARKING:

harking of each individusal bar at the front and side face shall be done as ghven below. For easy
identification af the material during usage, each bar shall be painked with Yellow color code along
the length af the bkar on any of B face ad inditated below:

- - ' Yellow Color code
{SArdrmum dmm
Haat Mo width}
b ]
DRl LA ns
Spplars rade mark

Supplier chall ensure that the “Yellow color’ code is clearly visible in the final dispateh condition of
the makerial,

PACKING:
The bars shall be suitably packed to prevent from corrosion and damage during transit.
REIECTION AND REPLACEMENT:

In the event of any material proving defective during the course of further processing or testing at
BHEL, such raterial shall be rejected and the supplier shall make immediate arrangements o
replace the same free of cost after all the commercial terms and conditions are satisfied.
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ANNEXURE A
TEST SAMPLES LOCATIONS PLAN (CROSS SECTIONAL AREA <= X0 CM %)
&
Z
M mmm
K1 K2 K3
¥
Kl | ki | %
r 1
©
172 h
b

12k

£ = TENSILE SPECIMENS [LONGITUIHNNAL DIRECTHIN)
K, KX & Ki= IMPACT SPECIMENS
M=METALLOGRAPHY SPECIMENS

Mote: Make sure that all specimens are located in the middle of the material thickness
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ANNEXURE B

TEST SAMPLES LOCATIONS PLAN [CROSS SECTIONAL AREA = 200 ChWE}

L2 Z1

&

. . &
]

o]

|

|

Bh

kb

Z1, 72 = TENSILE SPECIMEMNS {LONGITUDINAL DIRECTION)
K1 TO Kb = IMPALCT SPECIMENS
K = METALLOG A PHY SPECIMENS
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