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E
- 1.0 General:
I § This specification governs the quality of Steel rectangular bars in steel grade X22CrMoV121, material
td > no. 1.4923 EN10269.
E | 2.0 Application:
For machining of blades for Steam Turbine.
3.0 Condition of Delivery:
Rolled or Forged and Heat Treated.

4

4.0 Dimension and Tolerances :
The dimensions shall be as per purchase order. Unless otherwise stated In the purchase order, length of
bars shall be 3 - 6 meters with maximum 10% short down to 1 meter.

Tolerance and straightness of bars shall be as follows:

B, width across flats | Allowable deviation S, thickness Allowable deviation on S,
(mm) on B, mm (mm) mm
B<35 +15 $<20 +1
35<B<75 +2 20<S<40 +2
B>75 +3 $>40 +3

Twisting and bending of the bars shall not exceed 1mm per meter length of the bar. Bulging on the
sides shall not be more than 0.01 X B and 0.02 X S respectively.

5.0 Manufacture:

Degassed steel (e.g. vacuum degassed) shall be used. Cast ingot Is to be used as initial material for

production of the bars.

The manufacturing process must ensure a homogenous grain structure over the entire length of the

bar and the bar cross section.

General Requirements:

e Prerequisite requirement for approval of a new vendor Is a successful Process qualification.
Manufacturing process established during this shall be the basis for future manufacture.
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e Manufacturing plan shall be prepared and submitted after successful process qualification.
Manufacturing plan shall include specific information on manufacturing like rolling temperature,
reduction ratio, heat treatment temperature, hardening method and soaking time, rate of heating
and cooling etc. Test instructions for nondestructive and destructive testing are to be provided in the
manufacturing and testing plan.

* Product and process qualification is mandatory for each of the supplier's manufacturing plants.

* For new supplier, process qualification shall be required for three purchase orders.

« If necessary, BHEL may ask for process qualification for verification of manufacturing reliability from
regular suppliers also.

* Any change in the agreed manufacturing plan shall be informed to BHEL. BHEL will review the
requirement of renewed process qualification.

7.0 Heat Treatment:

Hardening has to be done in accordance with EN 10269 + QT2 in line with Table B .1 (1020 - 1070°C /air

or liquid quenching).

Tempering must be done at a temperature 2 650°C.

A fully transformed and tempered martensitic microstructure must be present over the entire cross

section. .

Hardening, tempering and stress relieving in bundles are not allowed. Suitable gaps between two bars

are to be ensured during heat treatment for uniformity of properties.

If bars need to be stralghtened after the heat treatment, a stress relieving heat treatment shall be

performed after completion of entire straightening process. Stress relieving is to be carried out at 20 -

30°C below the tempering temperature with a subsequent slow cooling.

The lowest possible residual stresses shall be targeted. Distortion of the finish machined part due to

residual stresses from the manufacturing process or heat treatment process shall not occur,

8.0 Properties and their verification:
8.1 Chemical Composition:

Heat analysis in weight %

c Si Mn P S Cr Mo

0.18-0.24 | 0.10-0.50 0.30-0.80 <0.020 <0020 | 11.0-125 | 0.80-120

SUPYRSEDES
INVENTORY NO,
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8.2 Properties and Microstructure:

! \ The specimens shall be taken in the longitudinal direction in accordance with Attachment 1. The
= properties described below shall be determined at room temperature in the delivery condition, |. e.
after the last heat treatment including any stress relieving heat treatment.
REV 05 Ptorad Ashish
B 2 worken 8y | Ranjan % INBiw
12
EL Gopal o).
l N CHECKED BY | Krishnan WN‘ ‘ ' ‘S‘

Pl . e Tt 51




HEa w2 R (9 - gRear ) e

! = w1
! PLANT PURCHASE SPECIFICATION |Page 3 of 8
(HEEP - HARIDWAR)

The metallographic investigations shall be performed on the hardest and softest bar with an area of at
least 320mm’ each. The areas to be investigated must be in the longitudinal direction. The longitudinal
direction must be indicated in the documentation.

8.2.1 Mechanical Properties:
Hardness of the bars in a test unit shall be verified by Brinell hardness testing in accordance with 1SO
6506 -1, HBW10/3000 or HBW 5/750 may be used.
The surface of the bar shall be prepared in the area of the hardness measurement so that the result is
not affected by the surface condition.
Hardness testing shall be performed on 10% of each test unit but at least on 10 bars or on each bar if
test unit is less than 10 bars. The greatest resulting difference in hardness shall not exceed 35HBW.
Mechanical properties shall be determined on the hardest and softest bar determined in a test unit.
Tenslle testing shall be performed in accordance with 1SO 6892 -1 or ASTM E8M (round specimen with Ly
= 50mm and do = 10mm) or ASTM EBM (standard specimen in accordance with figure 8),
Standard specimens Charpy (V-notch) in accordance with ISO 148 -1 shall be used for determining the
absorbed impact energy.
The following properties must be achieved at room temperature:

SUPIRSEDES
INVENTORY NO

o wesr
‘et Hewvy Electical Limiond, I must not F-n
of the omparmy

o

COPYRIGHT AND CONFIDENTIAL

¥
' 0.2 % Proof Stress | Tensile Strength | Elongation Reduction | Impact | Hardness
j (N/mm?) (N/mm’) After Fracture in area Enerlgy HBW
q (%) % ()
if 2700 900 - 1050 211 235 220 | 265-310
i
H

’Avenge of 3 specimens and minimum value for two specimens in accordance with EN10021, where

the lowest value shall be at least 14 Joule.
8.2.2 Microstructure:

Microstructure must be uniform, without porosity, excessive segregation or other inhomogeneities.
8.2.2.1 Cleanliness:

The cleanliness shall be determined as per ASTM E45 method A. Acceptance criteria:

Inclusion: Thin Series

Type A, B,C:2max Type D: 2.5max

Inclusions: Heavy Series

Type A, B, C, D: 1.5max

Maximum Number and dimension of globular inclusions (type D)

IR (D) = n1+2.5n2, IR (D) is converted to an area of 160mm’

IR(D)s10

n = number of globular inclusions

n1 (25-50 pm); n2 (51-75 pum)

Any material discontinuities present at the inclusion must also be accounted for in determining the size

of the globular inclusion.

Inclusions > 75 um, inclusing any material discontinuities are not allowable.
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g 8.2.2.2 Delta Ferrite content and grain size:
- Delta ferrite content shall be < 5%. The determination of delta ferrite content shall be performed
E based on analysis methods in accordance with ASTM E4S Method A, “Worst field method” with
V=100:1.
- An average grain size of 4 or finer has to be achieved. Grain size shall be determined on the

i- martensitic secondary grain structure in accordance with ASTM E112 or 1ISO643, A deviation of more
than 2 grain sizes in size of individual’s grains from the average grain size is not allowable.
4 8.3 Non-destructive Testing:
8.3.1 Test Scope:

¥ The following Non — destructive inspections shall be performed in the as delivered condition:

] - Visual inspections of all bars

" - Ultrasonic examination of all bars in accordance with TWP 1204, 100% of the volume must be tested

i3 In accordance with the recording level.

b 8.3.2 Recording level and acceptance criteria:

i] - Indications of surface defects such as rolled marks shall be ground out to investigate their depth at

ja least at both ends, in the middle of the indication and at an interval of approx. 250mm.

ii - Surface defects with a depth extension of 2 1mm are not allowable, and these areas shall be cut out

of the bar.
g" - Ultrasonic examination of all bars in accordance with TWP 1204,
P - Defects above the recording level are not acceptable,

3 H - It shall be confirmed In writing to the BHEL that bar sections containing defects above the recording
§ ; level have been cut out of the bar.

5 - The acceptance of material at vendor’s works does not relieve the supplier of his responsibility for
8ii defects discovered at later stages.

i 8.3.3 Material Identity Test:

3 An identity test must be conducted in the a5 ~ delivered condition on all bars.

2 9.0 Process Qualification:

In addition to testing as per clause 8.0 of this specification, following additional testing shall be
performed in process qualification (see Attachment 2). All test results carried out during process
qualification shall be submitted to BHEL for approval.

- Tenslle tests";

The strength values (0.2% Proof Stress and Tensile Strength) in the transverse direction (specimen
orientation ZQ) shall not differ by more than 10% from the corresponding longitudinal values.

- The absorbed impact energy in the transverse direction (KQ 1 -3) should not differ by more than 25%
from the values in the longitudinal direction (Kl at room temperature).

FATT: Determination of FATT (fracture appearance transition temperature) in accordance with ASTM
A370. The FATT should be evaluated based on SEP 1670 (software). The test scope must include at
least 10 specimens. FATT < 25°C is to be achieved.

In accordance with ISO 6892 -2, a tensile test (in longitudinal direction) has to be performed at 600°C.
The following properties must be achieved:
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0.2 % Proof Stress Tensile Strength Elongation After Reduction
(N/mm?) (N/mm?) Fracture (%) in area (%)
2285 2380 =18 = 60
s‘ -Formﬂemsmcknem,amuMspedmnwhhu=Sd.aaﬂaspedmana
[ proportionality factor of k= 5.65. Proportional specimens in accordance with Fig 8 shall be used if
_ ASTM E8 is applied.
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- An undersized specimen in accordance with ISO 148 -1 for impact test specimen. Undersize
dimension to be reported.

- If dimension do not allow testing in the transverse direction, even with special specimen, testing
will be carried out in the longitudinal direction only.
Intergranular Fracture:
The fraction of Intergranular fracture shall be determined over the entire brittle fracture portion of the
fracture surface of the impact test specimens tested at room temperature. The fraction of Intergranular
fracture shall not exceed 10%. This test is not required for materials which indicate 290% ductile fracture
at room temperature.
Magnetic Particle Test:
Performance of MT testing by the magnetic flux leakage method, alternating current phase shifted and a
field strength of 20 - 65A/cm.
Distribution, type and size of grain structure in-homogeneities (e.g. segregation or delta ferrite) shall not
result in MT indications.
10.0 identification Marking:
All bars are to be marked with following information:
- Purchase Order Number
- Size ’
- Material Grade
- Supplier Identification ’
The details are to be clearly stamped and encircled by oil paint. Each bar shall be painted with gold
colour on both ends, All the bars shall be sultably packed to protect them against corrosion and
) damage during transportation.
Bars having maximum and minimum hardness (from which test samples are taken) shall be clearly
marked by oil paint for easy identification. Their respective hardness values shall also be punched on
these bars.
11.0 Documentation:
Prior to, but in no case later than the delivery of the material, an inspection certificate as per EN 10204
shall be provided to BHEL in duplicate; this certificate must contain the following data:
(a) Material code no and P.O. number
(b) Material designation ,
(c) Heat no., heat analysis and melting methods
(d) Complete information on all heat treatments performed
(d) Mechanical test results including hardness range and the metallurgical examination.
(e) Resuits of non-destructive tests, UT inspection report
(f) Confirmation of the material identity check
(g) Confirmation of the dimensions and visual inspection
12.0 Cross Referred Standards:
EN10269 ,1S0 6506-1 , ISO 6892-1 , EN 10021, ASTM EBM , ISO 148-1, EN 10021, ASTM E 45, TWP 1204,
ASTM E 8, ASTM E112, ISO 643,ASTM A 370, ISO 6892 -2, EN 10204,

el ol e

REV 05 Praforwt Ashish -
woRkenBY | Ranjan W INBls
o S Ly ol WH-K

Pl . e Tt 51




HW 10687
i

Attachment 1

Hot Tansle Specimen
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Attachment 2, Page 12
Process Qualification
¢ Latrel Specimen
—
|FI, ﬁ:i} . Tonale Spocimen Centre
m ﬁz N | = Tansée Specimen Rim
i . Tenaie Speckmen Transverse
i’ - v Hot Tenste Specimen
l ].j _TB Ki1-¥12 m—' Contre (FATT)
§ § e Notched impact Specimen Rim
H T‘ Ka1-Ka3
-.L i Notched impact Spacimen Transverse
[&] * ¥ required in materiel speciication
2 '%
L Note the notch positions of the notch impact

specimens (see 8 - B and C - C).
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Attachment 2, Page 2/2

Process Qualification

Lower Surface of the specimen has Io be examined in
Magnetic Particle Test .
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