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1.0 GENERAL:

20 APPLCATION:

£ B

{GRADE : X22 Cr Ma V 121)

30 COMNDITHON OF DELIVERY:

N

Note: a) The cormers of the Flts shall mok have amy radius

VACUUM DEGASSED / ESR STAINLESS STEEL BARS FOR
STEAM TURBINE BLADES, HARDEMED & TEMPERED

This specification governs the requirements of vatuum degmsed [ ESR processed, hardened &
tempered stainbess steel bars of grade ¥ 223 Cr ko V121 for steam tarbine blades,

For isamufacture of dteam turbine blades suitable for working temperature from 400-550°C,

Hot rolled, Hardened & Tempered, sand/shat blasted and protected with rust preventive coating.

Dimensions: Unless otherwise specified in the order, the bars chall be supplied in random lengths
of ¥ ko & meters with & makimom of 108 shorts down ta 1 metre. Other dimentdons shall be &
specified in the arder.

4.2 Tolerances: The talerantes on cross sectional dimensions chall be as follows.

‘b'weidth acroes flats, mm m'::::mm‘b. ' thickne= mm MMH.:“HMMW
l..'.tn!-!- -I-ij mm -I-ZI.I'.!I
Crnr 35 and upto 75 +10 Cver 20 -and upto 40 v 2.0
Over 75 +10 Owver 40 +30

Hote: b) Other tolerances shall be & per DIN: 1017. Twisting and bending of the bars shall not exceed
Imm per metre length of the bar. Buldging on the sides shall not be more than 0.01 % b and

0.01 % h respectivaly,
Rovitiond Issmed :
STANDARDS ENGINEERING & IFR
Medified O 43 & CL 12.0. COORDINATION DEPARTMENT
Eev. Mo, 9 Amid No. | Reaffirmed: | Frepared: Approved: Dit. of 1" issue:
i ENGINEER,
Dt. NOV. 2014 Dt Year: MATLS ENGG.  Sr.DGM(TS) | JULY, 1951
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50 MANUFACTURING AND INSPECTION SEQUENCE PLAN [MIP):
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7.3

74

Befare starting production the manufacturer shall submit the faollowing decumentation to BHEL.

A manufacturing & inspection sequence plan (MIF] which is released after the prototype
gualification, establishing the quality assured sequence of operations ke steel melting, rofling,
hest treatment and inspection plan, Information about internal & external specifications thall slia
be mentioned 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 pedformed, as part of
manufacturer's guality assurance shall also be submitted, The test instructions shall include
precise information on the best procedures, sample location plan {Mllustrated by sketches).

The stesl chall be manufsctured by basic electric furnace process and subsequently vacium
degasied [ electroslag remelted. Any other process of steel making shall be mutually agreed in
advance,

The vacuum system shall kave the capacity to maintain a vacudm of 2 torr or besser during vacuum
degasding process for the sulficient time <0 a5 to lower the gas conbents in the seel,

The ingot castings shall be wied for the mandafacture of bars, A& reduction ratie of 4 [minmm)
shall be maintained from the ingot to final bar sise. The information regarding the ingot site to the
concerned final bar siee shall be rmentioned in the MEP.

HEAT TREATMENT

The following heat treatment it suggested to schisve the mechanical properties specified in
CL120 of this specification.

Hlsrdén in &ir or odl &t 1030-1070°C
Tempering temperature shall not be less than 650°C

if the bars need be straightened after heat treatment then the bars shall be stress relieved afoer
the straightening operation at 30" C below the actisal tempering tesperatire with a slow coaling
rbe.

The proceis parameters shall be selected with & view to achieve lowest podsible residual stresses
The distartion af the finith machined part caused by slight residual sreses from the ralling & heat
treatmment process shall not occur.,

The details of the sdual heat treatment cycle fallowed shall be furnished in the Test Cartificute,
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FREED:DM FROM DEFECT 5
The bars shall be free from cracks, scabs, seams and other harmiful defects.

Decarburitation and other material defects shall not exceed the dimensional toleranoes o
gpecified in 1. 4.2

FIMESH:

The swifsce of the bars shall be imooth without any Bps, ralled in scales ete. Dents roll marks,
and scratches are permitted provided their depth does not exteed half the tolerance limits

specified in ciause 4.
The edges of bars shall be cut square by shwing or shearing and no crop ends shall be permissible,

TEST SAMPLES:

For Chemical Analysis: One sample far chemical analysis shall be taken from sach melt,

For Mechanical tests: Bars of same size shall be grouped into lots belonging to same melt and
heak treatment batch, This dhall be treated as & tll‘!l& tesk unit and !l.ltl]!ﬂ:ﬁd o mechanical

besting as per following plan.

The unifarmity of the strength of the bars belonging to ane lot [same melt and heat  treatment
batch of same sipe of bars = test unit) shall be verified by hardness test as per EN 130 6506-1 ar
amy other reputed international method. The hardness test shall be performed on 30% of each
test wnit, however on atleast 10 bars or on all the bars i the tedk unik comprites of &< than 10
bare. The gresbest permisible difference in hardness in a lot (et unit) shall not excesd 35 HEW.

Hardness tests are to be perfarmed after all hest treastments inchuding a possible stress  relisving
are undertaken.

hechanical properties chall be determined on the hardest and softest bars identified by the
hardmeds tests conducted as per 10.2.1 and 10.2.2.

Mnu:m?um:mbeupuhnm-mham& If the cross section of the bar is mare
tham 200 cm”, then mechanics properties must be determined both in the centre of the bar and
at the side of the bar. With the exception of toughness, the difference in the propérties across the
Brar erofs daction chall mot eweeed 7 5%,

10.25 The specimen for Metallography shall be taken in bongitudinal direction with a minimam cross

section area af 320 mm’.

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

concerning the locations of the specimens are to be agreed mutually and mist be included in MIP
with 3 skosteh,
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110 CHEMICAL CORMPOSITION:

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

Element C 5 M P Cr It i W
kinirmum 01E | 010 | 030 s 11.00 | 0BO | O.530 .25
Pulkanimiam D24 | 050 | 083 | 0.020 1250 | 1.20 | O.8D .35

120 MECHANICAL PROPERTIES:

BOTE: 1) The bensile test shall be carried owt acoordance with EN10002 resp. ASTM EEM {round tengion
test specimen with Ly = 50 mm and d, = 10 mm}) or any other reputed Mational/International

The material in final defivery condition shall camply with the Following mechanical properties.

0.2 %Yiedd Tangile ;- Impact Hardneis
Properties | Strength, | Strength, | % Elomgation  Reduction energy, ) (EHMN]
N/ mm® N/mm® i area o
Minimum ] L] 11 a5 20 2E5
I i - 1050 - - - 310

standard.

) The Charpy WV — notch impact test shall be performed with standard Best specimens in
accordance with EN: 10045 or any other reputed Mational/international standard. An impact
beit shall consist of thres spedimens from & single tect location; the minimaim average value
shall be a: specified above. Only gné value of the three can be below the specified minimum,

hat in no cate below 14 0. Al the three beik redulis shall be reported in test certificate.

3] HEW 103000 ar HEW 5/750 shall be uted for hardnes basts,

13,0 METALLDGRAPHY TESTS:

The examination of the cleanfiness must be performed in the centre of one bar per lot It can be
conducted befare or after the heat treatment. The microtrocture must be uniform and free from
porosity, exeessive segregation and other in-homogensities. The fallowing properties conceming

delta-ferrite and ncluiions skall be sthiswed.

Delra ferrite content shall be bess than 5%, Delta ferrite content shall be determined in a8 manner
consistent with the evalustion technigue described in ASTM E 45 Method A (Waorst Field Method
at & Magnification of 100X) with the specimen arentation in longitudinal direction. The
distribution and size of delta ferrite must be such that it does not result in indication during MPI

examiration of the ready-machined surface
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13.2  Inclugion content shall be bested as per ASTM E 45 Method & and with fallowing Bmiks.

13.2.1 “Thin series” indusions chall nok exteed 2.0 Bor Type &, B, C and 2.5 for Type D,

1322 “Heawy séries” intlusions shall not excesd 1.5 for all Types e A B, C and D,

1323 Al the type and sizes of the inclusions mentioned in 13.2.1 and 13,23 can exist sirmultansously.
13.24 Mxiimum number and size of globular inclusions {type D)

IR{D}={nl+2.5n2) %10
IR D) s converted to an area of 160 mem -
fr= fumber of globlar indhsons.

nl (25 e — S0 pmj; n2 (51 pm - 75 um)

The size pertaing not only to the globular nclusions themishves, but alko the subsequent cavities,

which can occur beside them. Inclusions and cayities which are more than 75 wm ane not allowed.

133  Grain size: The grain size must be measured at the softest and the hardest bar after all heat

trestments are peformed. Grain size 4 ar finer per A5TW E 112 or DN 50601 must be achieved.
A deviation from the average size of more than 2 grain size is not permissible.

14.0 EXTERMAL AND INTERMAL QUALITY/MON DESTRUCTIVE TESTING:

141 Test Scope: The following NOT inspections shall be perfarmed after all beat treatments including

stres relieving operations are completed on the bars
¥ Vidual indpection of all bars

¥ UT of all bars & per bo 5EP 1923, imspection number D3 or DX with dual (twin) crystal seanch
unit,

Reguirements: 100% of the volume shall be examined with the stipulated recording level,
14.3 Criteria for Reconding Limits and Decithon on Further Llse:

&)  Surface defects: Indication of surface defects, &g scoring cauded by the rolling process e

to be ground at least at both ends, in the center of the indications and in increments af
ca 350 mm b check the extension below the surfsce, Surface defects extending =1 mim ar

greater than half the specified dimensional tolerances below the surface ane not parmissible.

bj  UT: Criteria stipulated in SEP 1923 guafity class 2 b shall be applied with following

modification: EE (single echo) and VE (numerous single echoes) without extension £ 2 mm
CER are not permissible.
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150 HIGH TEMPERATURE PROPERTIES:

1r.o

171

172

173

The supplier shall guarantee the elevated temperature and creep properties as per ENI02E9 for
this grade of maberial,

MATERIAL IDENTITY TEST:

At the time of delivery, all the bars shall be subjected to identification best by Spark test method
of any other relisble means to ascertsin that the material supplied is as required by the
specification.

PROCESS QUUALIFICATION:

A qualification review, performed jointly by the purchaser and supplier, & reguired before
starting production for the first order, The process gualificathon review will indude the follvwing
as a minimum requirement.

This initial process gualification & required for esch manufacturing, hest treatment and testing
facility

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

In addition o the stope of testing and examination stipulated in this specification, the following
tests and examinations shall be performed.

17.8.1 Tengile and impadct begks in transverse dinsction. If required, the sub-gize test specdmens may be

usied For the testing.

17.3.2 Determination of FATT atcording to ASTM A 3700 FATT of < 25°C shall be achieved. Testing shall

bt carried aut on minimum 10 specimens.

17.3.3 Magnetic particle besting: The distribution, type and size of micro-structural in-homogeneities

174

{e.g delta ferrite and segregation) shall not cause MP indications,

The manufacturer shall submit the results of creep tests conducted on the hardened and
tempered samples of the stesl prodwted by them of this grade of matedal. The test parameters
like test temperature, duration of test and number of test samples shall be mutually agreed upon
between the manufacturer and BHEL The resulis of these creep tests shall form the basis of
Cresp property guaranbee to be given by the manufacturer for their supplies of blade flats a5 per
.15.0.

18,0 INSPECTION AT SUPPLIER'S WiORKS:

The representative of BHEL shall have free sctess to the supplier's works at all imes during the

execution of the order, to satishy himself that the material i produced a5 per the quality
requirements of this specification. All reasonable facilities shall be extended b him free of
change. He may slso withess the sampling testing and marking called for in this spacification.
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15.0

19.1

1.3

21.0

CUALITY PLAN:

Vendor shall follow the Quality Plan Ref. BHEL/HY 10766/ Blad e fats S0P Rev 0 attsched &5
Annexure ‘C unless conditions stipulated in C1.10.2 & 10,3 are spplicable. A duly signed and
stamped copy of this QAP shall be submitted by the vendar slong with the technical offer.

I caie Custamer [ Project refated sdditional requirements are applicable in the enguiry § tender,
wendor may be asked to submit a separate OP inthiding such requinements,

In case of mew vendors or first time supplies for the sites mentioned in BHEL enquiry, & separabe
0P shall be submitbed for approval by BHEL

TEST CERTIFICATE:
Five copies of the test certificate shall be furnished (in English] giving the following details:

a) Specification Moo HY1076E Rev.0d

b BHEL Order Mo,

) Hame of the supplier.

d} Melt Mo,

&} Process of Manufactune

f) Heat trestment batch no. and HT charks,

£) Results of chermicsl analysis and mechanical tests (including hardmess test results).
h} Results af Metallographic tests with representative Phatomicrographs.
il Results of Ultrasanic tests,

i} Dimensional inspection report

K} High temperatire guarantes certificate

1} Results of any additional test {if applicable a3 per order]

MATERLAL IDENTIFPCATEON KA RKING:

blarking of each individual bar at the front and side face shall be done as given below. For easy
identification of the material during usage, sach bar shall be painted with Green color code along
the bength of the bar an any of it face a8 indicated belaw:

iGreen color code
Heat T, [m- i Amm
X in% 131 ﬂ:.
IHgeeni lnm
Saprpdiers wade mark

Supplier shall ensure that the green color code is clearly visible in the final dispatch condition of
theé maiherial.

PACKING:
The bars shall be suitable packed o prevent from corrosion and damage during transit.
REIECTION AND REMLACEMENT:

In thee event of any material provimg defective during the course of further processing or testing at
BHEL, such material shall be rejected and the supplier shall make immediate arrangements to
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 <= X0CM %)

Kl K2 IF'EEI-

Kl K2 K3

@ M

1ib

£ = TENSILE SPECIMENS (LONGITUDINAL DIRECTION)
K1, K2 & K3= IMPACT SPECIMENS
M = METALLOGRAPH Y SPECIMENS

A

G rerm

12h

Mote: Make surce that all specimens are located in the miyddle of the material thickness
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ANNEEURE B

TEST SAMPLES LOCATIONS PLAN (CROSS SECTIONAL AREA > 200 ChE}

¥ A Z1

#

Bh

K4
o EE
= (e =

B

21, 22 = TENSILE SPECIMENS (LONGITUDENAL DIRECTION)
K1 TO K = IMPALT SPECIBMENS
M = METALLOG Fa PHY SPECIMENS




frnexure C

VERDOFE'S HaME & &TODRESS OUALITY PLAN [BLAEDE FLATS) HF BOPED REW 08 | PAGE 1008 11 )
BHEZ EM P D, Mo, CIF Wi, WL B M Nats AP
A 02
] 3 T
Cuaie
L | Dperalin harasteristis Chas Tpe al chick iearbaim ol | Relerenos Acrepianoe | Formatof '.:P.IH'I-I.T REmians
L 11] Chek Documest | Morms AEoed Dﬂﬁ Ly
1. | Mekngd themical Majir | Chimrical analysis | Eachmedt | WY 10766 | HY 10766 | Test viz[- |1
Rafning {E538 | compuition B9 |Rev.02 |certiheate | |
or W Pragis | l
1. | vl il | Soakad Trne L Moo | Waerifoatonof HT | Al cpdis HY 10764 HY LTk Original HT Wiz L
TR 3l Tami & Fami. [M R, 02 chares
Mg
ghans
1. | Dimensona Drirvetesl ot & Fajor | Dimerckonal i P perFOR | AsperPOR | Dimersional (v 2 =
ngEoon 1ol e recEs chickirg Spes e repori
L3 | Martanical Herdnas: Major | Hardres S Each lal HY 10768 | HY 18066 |TC Wiz
propETiE Rz [E R, 32
Lb Temuks Mo | Temle & impet | Hardewl & HY 10765 H 1356 TC i3 -
properten 1 i% tealing sobestBor | Rew. 9 R, 09
3, LTS, KEL% from cach lat
Eaj & soaighsiss
5.3 | NDT Vimanl Moo | eriacedelects & |Eachbar | HY00BS | H L0066 [TC THE
Enah Fara. (M Ry, 08
Eb uT Mejor | Ssb-srface Each b HY I006E | HY LOWEE | TC LRE; -
defaciy Fara. (K1 i, 08 |
Lmgenct W=raior’s
4 FFeriorm; 'W Weees; ¥ verirshon TN
indicate 1 for BHEL or BHEL nomirated Impection agency & 2 darsendorfmb |~
wandor an dparopriate againet cach component /charctensticender B, WE |
W ool ki,
@ " o e marked o [Hek] inoshong O ek ot cabas shall be suibiritbed Spneture and
i BHEL fer racand Shmp




Arnegure ©
VENDORS MAME E ADDRESS | STANDARD CUALITY PLAN {BLADE FLATS) HY 10764 FEV O8] PAGE 13 0F 11 |
BHEL ERCL. JP.00 Ficx. 43P Mz.: DHELHY10TGE B ade Tlats SOAF
Fara 011
FALRE 7 of 3
. L“. —

5L | Opzratioa Ttrn'm'a.nu Ol fypeclfcheck | Dupmivmal |Acesence | Accaplence | formatod v | AgEncy | Rerarks
Hi ithisk TR Merme Ao Elp wiy
S [Metsburgicel | Inchsion rning, | Majer | Miomirociure | Onesample | HY 10766 | BY 10068 | TCwath | ¥ 3 |- 1

besging P8 CFCEs Lt & e I Riv. 05 R [Fe icTg-

% delta ferrie e strueore || |
[ Grann sin i | Miceoabrgriure | On hardest B | HY 10768 HY 107e8 | pholagres |« |3 - |1
sollis| Bar Feiw. [FY Fara. [ Fri
per k=t

T Kateri m“ﬁ'llﬂ Mar | Chemicsl Fach bews HY 10765 HY 108 i alxl1]-

keniitg eea anakpuiy Ei=a. {H1 [
B | High e o VR 1T ] STTPATRILT f CTE) Frapertes HY 10vEE HF torek ¥ 12 |- 1| cuarares cemfficate

DRETE Lo Mz 28 sheall bre i bminned
o | Fackirg, | Packng & Mafr Hn'd-q:-.l-r-d'-ﬁi 4l bars HY LOTRE FI¥ LOTGE 12 1

miaiking & color | markisg B ool code i, 30 Ay, 05

ekl |
N | wesilinanion & U rrmnkatizn e | Vardeasion Al 3 | b 1STR 1 LTGE L - W E & | Eovidhiri oot sl

Cirliicalion Arw. 30 Rew, % decmimniy by TPLY
Nate: :

Ll Thes S04 & apphcable slong with BHTL approved Stanotaciusing Frocess Man (P on b

2] dedioral regquirements mper BHEL naiones | prapcland gurthaie order will ahn be apglcabie

3 Thes SDAP b el spplcakle tor fimi tme sapplias of the materid as pir HY1TPES, for shich m seporsbe WPP and DR shall b sulivdined. i s cass
proces GUIKRGIRG ieguirimeni sl be v be spplicable,

A} This S00P &= spplicable caly Tor non NTPC grojects,

P Patfoermg W Wiitnee; ¥ Yerilcation:

Iradicane L for BHEL 0F BHEL nérmniled insgechon agency & 7 82 vendanfaib
WETHONO T S S e agan ead® damponmi fcharmcbarictic ender F, & &
LT

* Far rieme macked o (o] in ool iamn O, 029 CorTilicalas sledl be wubmithed

Legmnd:
u
L]

L ANEL Sor rescards,

#To b subvnithed ofong with the teciniog! offer.



