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< BP 10791
S| PLANT PURCHASING SPECIFICATION '
Bffr & BHOPAL Rev. No. 04
: = PAGE 1 OF 11
540 Nlmmzo.g%Rp RUSTLESS STEEL BAR FOR SUPERSEDES
TURBINE BLADING AND DETAILS BP 10791 Rev. 03
(WITH STRESS RUPTURE CHARACTERISATION)

1. GENERAL:

This specification defines the requirements of 540 N/mm? 0.2% Rp, rust less
steel rectangular or round bar.

2. APPLICATION

For the manufacture of components, such as moving blades, moving blade
pins,

lacing rods, bolts and turbine details where the duty require stress rupture
characterization.

3. CONDITION OF DELIVERY:

Bar shall be descaled unless otherwise stated on the order and shall be
straight and free from twists and harmful defects which might preclude its
use for the intended application.

Material for bar where “d” is more than 25 mm (d= diameter or thickness)
shall be subject to stress rupture characterization. (Refer Clause 13).

4. COMPLIANCE WITH NATIONAL STANDARDS:

There is no Indian Standard covering this type of material.

5. DIMENSIONS AND TOLERANCES :

Dimensions shall be as specified on the order. Unless otherwise stated on
the order the cross — sectional dimension shall not vary from the specified
dimension by more than the following:

COPYRIGHT AND CONFIDENTIAL
The information on this document is the property of Bharat Heavy Electricals Limited, Bhopal.
It must not be used directly or indirectly in any way detrimental to be interest of the company

Bar less than or equal to 25 mm diameter or thickness: -0
+0.38 mm
Bar over 25 mm diameter or thickness: -0
+1.5%

6. MANUFACTURE:
6.1. Melting Route:

The steel shall be manufactured by an electric fumace process or by an
equivalent agreed to BHEL, Bhopal

Revision: - Issued by : /.

Reviewed & No Tech. Change
STANDARDS AND MATERIALS GROUP
TECHNICAL SERVICES DEPARTMENT

Date. No. 04 | Date : 30.09.2019 Date of first issue: Sept. 1974
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6.2.1.

6.2.2.

o BP 10791
Frogsenr| Q
ﬂ”ll g PLANT PURCHASING SPECIFICATION Rev. No. 04
e BHOPAL PAGE 2 OF 11
6.2. Technical Manufacturing Procedure (TMP):

The supplier shall work in compliance with an appropriate technical manufacturing
procedure (TMP) which shall have been agreed in writing by BHEL, Bhopal prior to
the commencement of manufacture.

As a minimum, the following information shall be inciuded:
Metallurgical Requirements :
i) Steelmaking method and the name of the steelmaker if different from the supplier.
1)) Ingot dimensions and weight.
iti) Dimensions of intermediate wrought product (if applicable) and forming process.
iv)  Details of proposed heat treatment including :
- Type of furnace (continuous or batch),
- Heating rate,
- Nominated holding temperature and time,
- Cooling method,
- Control of temperatures (surveyed furnace or contact thermocouples),
- Location of contact thermocouples.

V) Method of descaling.

vi) Sequence of manufacturing operations, mechanical tests and non- destructive
examination.

vii)  Standards to be used for hardness testing.
Non-Destructive Examination Requirements :

Standards to be used for equipment and operator qualifications.
Rolling / forging Deformation :

Bar shall have been subject to the following deformation ratio (based on area relating to
the original ingot dimensions):

more than 8:1 for moving blades, unless otherwise agreed. More than 3:1 for other
applications.

The heat treatment shall be either conducted in a surveyed furnace or in a furnace
monitored by the use of metal contact thermocouples. The temperature control
equipment shall be checked at least every six months and the supplier shall retain
records of these checks.

12
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71.

7.2,

7.3.

Where a surveyed furnace is used the supplier shall have demonstrated by means of a
survey, a control of temperature equivalent to that achieved by the use of contact
Thermocouples. Such a survey shall be performed whenever modifications to the
furnace have taken place. The supplier shall retain records of surveys.

Where the temperature is measured by metal contact thermocouples these shall be
Shielded and attached to, or in contact with, the bar.

HEAT TREATMENT :
Hardening :

The material shall be heated to a nominated temperature within the range 990 deg.C. to
1010 deg.C and maintained at this temperature for at least 30 minutes after the whole
of the material has attained this temperature. The material shall be cooled in oil or air, at
the supplier’'s discretion, to ambient temperature.

Tempering :

The material shall be tempered at a nominated temperature within the range 660 deg.C
to 700 deg.C and maintained at this temperature for a minimum of 4 hours, unless
otherwise agreed, after the whole of the material has attained this temperature. The
material shall be cooled in air, unless otherwise agreed.

Stress Relieving :
If the material is straightened after hardening and tempering, it shall subsequently be
stress relieved at a nominated temperature within the range 600deg.C. The material

shail be maintained at this temperature for a minimum of 2 hours followed by cooling in
air.

CHEMICAL COMPOSITION :

The chemical composition of the steel, based on cast analysis, shall comply with the
following requirements

Eiement % %
Minimum Maximum

Carbon 0.09 0.13
Silicon 0.15 0.50
Manganese 0.30 0.70
Sulphur - 0.015
Phosphorus - 0.025
Nickel - 0.60
Chromium 11.50 13.00
Molybdenum 0.40 0.80
vanadium - 0.10

The composition shall be selected such that the deita ferrite content of the heat treated
product does not exceed 15%.

13

File No. HEP-CMMOASC(28)/15/2026-HEP-STE40100 (Computer No. 300879)

Generated from eOffice by Sandeep Kumar Saxena

, ENGINEER(SKS)-ASC34200-HEP, ENGINEER, HEP-HEAVY ELECTRICALS PLANT (HEP) on 14/05/2026 09:43 am



2006175/2026/HEP-STE40100

< BP 10791

8 PLANT PURCHASING SPECIFICATION

© BHOPAL Rev. No. 04

? PAGE 4 OF 11

9.
9.1.

9.2

9.3.

9.4.

SELECTION OF TEST ASMPLES :

General :

Mechanical tests shall be carried out after completion of all heat treatment.
The tests shall be carried out on bar selected from each batch.

Batch Criteria :

Abatch is defined as consisting of bar of the same or similar dimensions, manufactured
from the same cast and heat treated together. Bar is considered to have similar
dimensions when a following criterion is satisfied.

dmax less than or equal to 1.2 for 9max less than or equal to 150 mm
Imin

dmax less than or equal to 1.1 for 9max more than 150 mm
dmin

where d = diameter or thickness.

For bar where ‘d’ less than or equal to 25 mm, the batch size shall be limited to 2000 kg
maximum weight. For bar where ‘d’ is more than 25 mm, the batch size shall be limited
to 5000 kg maximum weight.

Hardness Tests :

The brinell test method shall conform to the requirements of BS, NF or EN standards
or to the requirements of the Supplier's National standard, with a ratio of F/D? of 30
(where F is in kg). for bar where ‘d’ is less than or equal to 25mm, Brinell hardness
tests shall be carried out on 20% of the bar in the batch. Forbar where ‘d’ is more than
25mm, Brinell hardness tests shall be carried out on each bar in the batch.

Bar heat treated in a batch furnace shall each be hardness tested at one end and the
mid-length. Bar heat treated in a continuous furnace shall each be tested at both ends.
The position of the Brinel! impression shall be more 100 mm from the bar end.

Other methods of hardness evaluation may be acceptable to BHEL, Bhopal. In.such
cases the supplier shall demonstrate the equivalence the equivalence of the
alternative method.

Selection of Test Material ;

For each batch batch of bar two sets of mechanical tests shall be taken. One set of
mechanical tests shail be taken from the bar end with the highest hardness and one set
from the bar end with lowest hardness.

A set of mechanical tests comprises :

- One tensile test,
- One Charpy V-Notch impact test* (which comprises 3 test piese).

Note : This test is not applicable for rectangular second bar less than or equal to 12
mm to 12mm thickness and round bar less than or equal to 16 mm diameter.

14
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9.5. Location of Test Pieces :

Test pieces shall be prepared with their longitudinal axis parallel to the longitudinal axis
Of the test bar.

The location of the test pieces in the test bar shall be in accordance with BSEN 10083
part |, except for bar where ‘d’ is more than 100 mm where the distance of the test
pieces from the bar surface shall be increased from 12.5 mm to 25 mm.

9.6. Tensile Tests:
The test pieces & procedure shall be in accordance with BS EN 10002; Part 1.

A Brinell hardness test shall be carried out on each of the tensile test pieces. Any
difference in excess of 20 points Brinell between the hardness value on a test piece
and that on the bar from which it was taken shall be subject to enquiry and corrective
action.

9.7. Charpy V-notch Impact Tests :

Standard Charpy V-notch test Pieces (10mm x 10mm) Shall be used and the form,
dimensions and procedure shall be in accordance with the requirements of BS EN
10045: Part.1.

9.8. Mechanical Re-Tests :

In the event that tensile or impact properties do not meet the requirements of the
material specification retests may be performed.

In this case, for whichever test has failed to meet the requirements, two retests be
carried out and must comply with all specification requirements.

10.  MECHANICAL PROPERTIES :

The room temperature mechanical properties of the material shall comply with the
following requirements :

Tensile Strength : 695-850 N/mm2
0.2% Proof Strength, ;540 N/mm2 Minimum
Elongation on 565V So,  : 18% Minimum.,
Gauge Length

Reduction of area, . 50% Minimum
Hardness (Brinell) . 207-255 HB

Charpy Impact (VV-Notch)

- Mean of three test Pieces : 50 Joules Minimum
- On Single test piece ;35 Joules Minimum
15
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12.

12.1.

12.2.

12.3.

12.3.1.

Note : This test is not applicable for Rectangular Section bar less than or equal to
12mm thickness & round bar less than or equal to 16mm diameter.

STRUCTURAL EXAMINATION :

Rectangular section high alloy martensitic steel be subject to microstructural examination
for delta ferrite. The test shall be carried out on each batch, on section taken
longitudinally from each tensile test piece. Unless otherwise agree by BHEL Bhopal,
assessment of deita ferrite shall be by the mean linear intercept technique carried out
transverse to the rolling direction, at a magnification of 100x.

NON-DESTRUCTIVE EXAMINATION :
Personnel ;
Non-destructive examination shall be performed by personnel qualified in compliance with
one of the following systems :
- EN473,
- SNT-TC -1A.
Equivalent systems may be accepted by BHEL, Bhopal, Steam Turbine Engg. Deptt.

Only qualified personnel shail write detailed internal procedures used by the supplier to
satisfy the requirement of this specification.

BHEL, Bhopal reserves the right to reject any operator considered not to be competent for
performing the required NDE

Equipment :

The Supplier shall ensure that all equipment used shall be capable of meeting the
requirements of this specification.

The calibration, characteristics and use of equipment’s shall conform to the requirements

of the EN, BS or NF standards or to the requirements of the suppliers National
Standards:

Procedures & Acceptance Standards :

Uitrasonic Examination :

Uitrasonic examination of all material shall be carried out. The examination shall be of
either the intermediate wrought product or of the finished bar product.

Surface finish shall be sufficient to permit the required ultrasonic examination.

Probes :

Probes shall have a nominal frequency of 4-5 MHz and shalil have a diameter within the
range 10 to 26 mm.

16
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Sensitivity :

The sensitivity of the test shall be determined using a reference block to establish a
Distance Amplitude Curve (DAC) or by an alternative method agreed by BHEL Bhopal.

The reference block shall be of acousticaily similar material to the product being tested and
shall contain at least two flat bottom holes (FBH). Holes shall be drilled to depths such that
the constructed DAC is effective over the central 50% of the section thickness of the

product under test.

The amplitude of the DAC at the testing distance equal to 25% of section thickness shall be
set at 80% of full screen height. The sensitivity shall be adjusted such that this reference
DAC represents a 2.0 mm FBH equivalent response. This shall be the scanning sensitivity.

A suitable non-corrosive couplant, such as grease, light oil or a proprietary couplant,

shall be used. The same couplant shall be used for scanning.

Scanning :

Scanning shall be carried out over the whole length of the product.

Coverage shall be from two adjacent sides at 90° using a normal compression wave

probe.

Test surfaces shall be scanned 100%. Scanning overlap shall be at least 25% of the probe
diameter & the scanning speed shall not exceed 150 mm/Sec.

The interference height (grass) at the scanning sensitivity shall not be greater than the 2.0
mm FBH equivalent reference DAC minus 10dB.

Evaluation :

All indications exceeding the evaluation level, that is, the reference DAC minus 4 dB (1.6mm

FBH equivalent) shall be evaluated.

When an indication is detected its length shall be measured by using the 6dB drop method.

17
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Acceptance Standard :
Stage of testing Deformation ratio after | Unacceptable evaluated
ultrasonic examination | indications
Intermediate More than or equal to | Indications | Indications more
Wrought 4:1 Insulating | than 3.0 FBH* and

from cracks | Linear Indications

more than 30mm

Intermediate Less than 4:1 Indications more
Wrought Product than 2.0 mm FRH*
Finished Bar -

Note: FBH = Flat bottom hole equivalent response.

Magnetic Particle Examination:

The surface of each length of each bar shall be examined for longitudinal indications. The
examination shall be carried out after completion of all heat treatment.

The surface of the bar shall be de-scaled and the surface finish shall be sufficient to permit the
required examination.

Technique :

The examination technique shall conform to the requirements of the EN, BS or NF standards
or to the requirements of the Supplier's National Standards.

The current flow technique shall be used. Dry powders shall not be used.

The sustained method shall be used in which the magnetic ink is applied simultaneously with
magnetization and the magnetizing current is maintained for a short time after the application of
the ink.

Magnetic Field strength :

A minimum magnetic field strength of 2,400 amperes / meter shall be attained at all positions
on the surface of the bar. This shall be verified by the use of a magnetic fields strength meter,
or by the use of a magnetic field strength indictor such as:

- A berthold penetrometer set at position 2,
- Those specified by NF A 09-590 or by ASME.

18
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The field strength shall be increased from a low level until the specified field strength is attained.
The magnetic field strength shaii be verified by positioning the field strength meter or the field
strength indicator midway between the points of contact for magnetization.

Acceptance Standard :

indications less than 25 mm in length shail not be considered.

All crack-like indications (e.g. from cracks, seams or laps are unacceptable if greater
than 2 mm in depth).

13. DOCUMENTATION :

A report of the Non-Destructive Examination as detailed below of each batch shall be
produced. The report shali contain the following information:

13.1. BHEL References :

Order No.
BP 10791 — Rev.04

13.2 Supplier's References:

13.2.1  Ultrasonic Examination :

Stage of manufacture at which examination was made.

Uitrasonic flaw detector type and serial number including size and frequeﬁcy of probes used.
Name and qualifications of the operator.

Number, size and batch serial letters of tested product.
Result of the examination
13.2.2 Magnetic Particle Examination:

Name and qualifications of the operator.

Number, size and batch serial letters of the tested bars.
Result of the examination.

14. STRESS RUPTURE CHARACTISATION :

Material for bar where d more than 25 mm (d=diameter or thickness) shall be subject to
stress rupture characterization.

The supplier shail provide, for BHEL, Bhopal assessment, data demonstrating that the
material to be supplied has acceptable stress rupture characteristics. The data may
represent the same or similar material manufactured by the suppilier.if, in the opinion of
BHEL, Bhopal the data provided provided are acceptable are acceptabie no further tests will
be required. in the case, where no data are available, testing of the three casts, at three test
temperatures for durations up to 8000 hours will be required, and such tests shall be agreed
by BHEL, Bhopal.

19
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15.

16.

TEST CERTIFICATE :

Three copies of a test certificate shall be supplied unless otherwise specified on the order.

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 :

BHEL (Bhopal) References:

BP 1079, Rev. 04
Order No.
Serial Letters

Supplier's References:

Name of supplier

Technical Manufacturing Procedure Reference No. (TMP)

Batch Identification No.

Cast No., Including Steelmaker's Name, if different from the supplier.

Manufacturing Details:

Size and number of bars.
Statement of compliance with rolling/forging deformation requirements.

Statements of temperature, time at temperature, and cooling medium for each stage of heat
treatment.

Result of Tests :

Result of the chemical analysis. All mechanical tests including the Brinell range obtained on the
batch and the ferrite estimation as specified in this specification. (Clause 8 & 11). And NDT as
per this specification (C1.13).

All documentation shall be endorsed by a responsible person on behalf of the supplier.
PACKING AND MARKING:

Each bar, other than round bars up to and including 25 mm thickness, shall be stamped on
one end with the number “BP 10791” and with “serial letters” identifying the heat treatment
batch and cast. These serial letters will be issued by BHEL.
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information :

Stress Rupture Characterisation)
Our order No.
Supplier's Name.
Size / weight.

Heat Treatment Batch No.

Round bar, upto and including 25 mm diameter, from the same cast/heat treatment batch shall be
bundled together and identified by metal tags attached at each end of bundle. In order that the
delivered material can be related to its test certificate, the tags shall be stamped with the number
‘BP 10791" and with “serial letters” identifying the heat treatment batch and cast. The bars shall be
adequately packed to prevent damage during transits. Each package shall bear the following

BP 10791 : 540 N/mm? 0.2% Rp Rustles Steel Bar for Turbine Blading and Details (With
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