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1.0 GENERAL:
This specification governs the quality of Turbine shaft forging of steel grade X12CrMoWVNbN10-1-1,
Material No. 1.4906. “

2.0 APPLICATION: '
Far forging of Turbine shafts.

3.0 CONDITION OF DELIVERY:

Heat-treated and machined condition as per the ordering drawing. -

4.0 DIMENSION AND TOLERANCES:

Forging shall be supplied to-the dimensions and tolerances as per the ordering drawing.

50 MANUFACTURING:

5.1 GENERAL REQUIREMENTS:

Before starting the production, the manufacturer shall submit a manufacturing plan for BHEL approval.
Manufacturing plan shall contain information detaifs as per Annexure 1. Inspection shall be as per BHEL
approved qnall‘ty--plan.

5.2 MELTING AND FORGING:

Vacuum degassed steel with low silicon content {e.g. VCD Steel) or fe-melted steel (ESR) shall be used and

shall be thoroughly forged. The use of any other secondary steel treatment shall be agreed upon in

advance with BHEL in-each individual case.

HEAT TREATMENT

A vertical liquid quenching shall be carried out. In the center of the rotor a complete transformation in the

martensite phase must be achieved. The hardening temperature shall lie between 1070°C and 1100°C. A

two-step tempering, also.in vertical condition shall be performed. The temperature of the 2™ tempering

temperature shall be higher:than the temperature of 1* tempering temperature and shall be minimum

. Anychange in heat treatment temperature to be agreed and approved by BHEL in each individual case.
The duration of tempering as well as the controlled cooling rate are to be chosen to achieve minimum
residual stresses. The residual stresses shall not exceed 60N/mm? at any poirit on the surface.

TURBINE SHAFT FORGING WITH HEAT STABILITY TEST
GRADE: X12CrMoWVNbN10-1-1
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"6.0 PROPERTIES ANDTESTS:
| 61 cHEmicAL compostTION
1611

- 6.2.1

6.2.2

(HEEP: HARIDWAR)

Heat analysis in weight %
0.11-0.13 <012

Man

ﬁr

Mo
1.00-110

<0.012

<0005

NI W v A N Nb
0.70-080 | 095-105 | 0.15-025 <0010 | 0.045-0060 | 0.04-006
The percentage of the tramp elements Gu, As, Sb and Sn shall be recorded in the test certificate for
BHEL information. Slight deviation in chemical composition are permissible after agreement with BHEL,
provided service properties are not affected. |

6.1.2 Product Analysis

A product analysis shall be carried out in accordance with specification AAO850155 and shall be
documented: The product and heat analysis have t0 demonstrate that materlal can be regarded as |
chemically homogenous (with the exception of small deviations). "
MECHANICAL PROPERTIES

Tensile testing shall be carried out as periSQ 6892-1. Impact testing to be carried out as per {50 148-1.
Tangential or Radial Specimens: 1
The manufacturer shall test Tangential or Radial test specimens taken from locations indicated on the |
drawing. The difference between the individual values of 0.2% Proof Strength and Tensile strength
valuas from different jocations:as indicated in drawing shall not differ by more than 50 N/mm?,

The test rings:shall not be cut free before quality heat treatment. The jocation of tensile and impact |
specimens must be at a distance of 40mm from the heat-treatment surface and shall be Indicated. 1
The following properties shall be achieved at room temperature:

0.2% Proof Strength
(N/mm?).

Tensile strength
(N/mm?)

% Elongation after
fracture
A(%)

% Reduction of
Area
(%}

" Absorbed
impact energy
{KVa) ()

700 - 800

213

240

“* Average of 3 Charpy V-notch specimens

Axial Core:

An axial core of diameter > 60 mm is to be taken out from the journal area of the shaft. The location of
the axial core is shown in the order drawing. The position of the shaft in the forged ingot shall be such-
that the axial core lies'on the topside of ingot.
Positionand number of specimens shali be in accordance with the AA0850155.
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" Fn!!uwing pmperties shall be achievedin radial direction:
5% 0.2% Yield Strengt FATT (°C)* ' Absorbed impact energy
5¢ (Kv;) at20°c{1)
= 2700 N/mm? For information only >30%*

F)FATT in aceordance with SEP 1670
*¥) Value from Absorbed Impact Energy -- Temperature Curve
Inner ring Sample:
The manufacturer has to test the inner ring segments {if required} from locations indicated on the order. |
drawing. .
Following properties have.to be atchieved:

0.2% Proof Strength FATT* Absorbed impact energy
(N/mat) (°c) (kva)ar20°C {1}
2700 For information =30**
%) FATT in accordance with SEP 1670 '
**) Value from Absorbed Impwt Energy — Temperatire Curve:
Teshﬂs

The axial core and the inner rings must be clearly marked, so that their original position can be

allocated to the shaft easily. Traceability of the trepanned core of thie forging shall be confirmed by the |
stamp of the manufacturer’s authorized inspector in the area of the-identification fnumber.

If for any reason the axiat core is to be taken from input end (bottom end), the existing drawing shall

riot be valid. The sampling of the trepanned core will then be done according to a new drawing.

Radial Core

In special cases the BHEL reserves the right to take one or more radial cores instead of the axial core or
in‘addition to it. The position of the cores will be specified individually. j
Reduced Fracture Deformations

In case of reduced values for fracture deformations during tensile testing, the manufacturer must
perform retests and must provide verification that these are caused by local impurities only.

Outer and inner Quality / NDE

UT - Inspection -
Ultrasonic examination of rotor shaft shall be carried out as TLV511500001 (lstest issue). The'
evaluation and acceptance of ultrasonic testing of shaft shafl be as per TLV3930 12 (iatest issue).

Magnetic Particle Examination
Magnetic particle exarnination and evaluation shall be carried out as per TLV511500001 (latest issue]. 1
The evaluation and acceptance of magnetic particle testing of shaft shall be as per TLV3930 12 (latest

issue).
Residual Stress Measurement:

The residual stresses are to be proved at-every delivery according to AA0850150 by a qualified method |
(e:g the KWU-Ring Core method / ASTM E£837). The residual stresses shall not exceed 60N/mm? at any
point on the surface.
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9.0

HEAT STABILITY TEST
Heat stablility test shall be carried out at 30°C below tempering temperature in accordance with
specification AA0850152.

The occurrence of A- and D-type deflections can be ignored if it can be proved that they are caused by

surface influences. If B-type deflections accur, the shaft shall be heated up and down as long as no.

further stresses will release. C-type deflections 2 0.05 mim are not acceptable. BHEL reserves the right to

repeat the heat stability test.
DIMENSIONS & TOLERANCES:

Dimensions and tolerances shall be as per purchase order / ordering drawing. The manufacturer has te

carry out the following dimensional inspection in delivery condition:
- All-outer diameters and outer length dimensions of the rotor and the surface roughness of the
journal area with limited reference valie and actual value are to be written down.
- The length, the diameter and the surface roughness of the axial bore are to be measured atmrding
to Annexure 2.
The supplier shall mark each shaft at location shown in the respective drawing. Following information
has to be punched at reference clock position number 12 and is to be bardered with ol paint.
=  BHEL Purchase order number
- BHEL order drawing number with their revision number’
- BHEL specification number with their revision number
= Heat Number
- Supplier reference identification
This shall be confirmed with authorized work inspector’s stamp next to the identification.
DOCUMENTATION:
The supplier shall furnish-4 copies of test certiﬁcates. in accordance to EN10204 B, unless otherwise
stated on the order.
The test certificates shall bear the following information:
BHEL Reference:
a) Purchase Order No.
b}  Drawing number with their revision number
¢} Purchase Specification number with their revision number
Supplier's Reference:
-a) Nameofsupplier
b) Material Identification
c) Melt Number & melting process
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13.0

a) Detalls of steel ingot & forging process:
Dimension, ingot weight, forging process and Forging reduction ratio (Fra/Fene at the largest
diameter) :
b} Details of heat treatment, method of cooling, actual time and temperature sequence, soaking.
time, heating and cooling rate.

Test Results:

a) Melt analysis along with tramp elements.
b) Product analysis
¢) Resultof residual stress measurement
d) Mechanical test results {all individual values & test piece locations are to be indicated).
e} Ultrasonic examination results '
f} Results of the WP of axial and if applicable radial bores
¢} Heat Stabliity test results
d) Dimensional report
The entire results of test performed are deciding factors for the clearance of the delivery. BHEL shall
evaluate the total results with respect to inteénded operational requirements for the forging and judge
accordingly the permissibility of deviations, If any.
The cleararice does not relieve the manufacturer from the responsibility for hidden impermissible
defects, which may be found later on.

DEVIATIONS:
Deviations from this Purchase Specification, which arise during manufacturing, shall be submitted to
BHEL in writing, giving full details of the deviation. Acceptance of concession request will be at the
sole discretion of BHEL. BHEL has right to reject material in case of any deviation from specified |
properties even if testing Is not explicitly specified.

PACKING & DISPATCH:

Before dispatch, the forging shall be sutably packed t6 prevent corrosion and damage during transit
Support points shall be protected against corrosion and mechanical damage. Axial bore shall be sealed
air tight by means of & plastic plug (polycarbonate). The details are given in Annexure-03. Prior to |
sealing, the whale surface of the bare shall be protected with water displacing slushing oil (dewatering
fluid). BHEL must be.infarmed about the used product.

CROSS REFERRED STANDARDS:
1. AAO850150 2. ASTM E 837 3. AADB50155 4. TLV511500001
5. TLV3930part12 6, EN10204 7. IS0 6892-1 8. 1501481
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gg To conﬁrm that the order reqmremants comply with the quality-assured manufacturing process, the
"z following information shall be given to the purchaser:

1 Meiting, Steel Treatment, ingot Pouring

E o » heat analysis, method of melting, ladle treatmerft method of deoxidation, imethod of- degassing

£ o method of ingot pouring, number and weight of melts in the ingot

e Ingot weight and average diameter, L/D ratio
2 Forgfng Process
force of the press, forging weight
portion of top scrap, portion of bottom scrap
number of forgings in the Ingot,
final forging contour, forging sketch
detalled forging sequence with sketch of forging dimensions
special forging procedures are to be reported:
e total straightening forging ratio
3 Preliminary Heat Treatment
e heating rate
e holding temperatures and holding times
= cooling rates
e method of temperature measurement
4 Internal Tests and Inspections before Quality Heat Treatment
5. Quality Heat Treatment
o sketch of heat treatment contour including position in the ingat and position of specimens {If no
heat treatment sketch is made, a UT inspection sketch and a specimen’s. pas;tion sketch shall be
available and the heat treatment allowances shall be reported L)
heat treatment: vertical
heating rates
holding temperatures and holding times
cooling rates
method of mol]ng, dipping or spraying
method of temperature measurement
Tests and [nspections after Heat Treatment
mechanical tests with sketch of specimen position (distance to heat treatment contour)
residual stress measurement, position of test spots and method of measurement
surface condition after machining for NDE
surface crack inspection according to TLV
ultrasonic inspection
dimensional check
7 Heat Stability Test
e position of bearing and measuring areas
o method of heating
e surface anti-rust.coating
8 Final Inspections, Documentation & Dispatch
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i Annexure - 02
g IP/HP Turbine Shaft: Inspection of Axial Bore 3

Test Record:
Job Name: PO No:

“Drawing No.: Material Spec.

Roughness: Nom./Act
Diameter : Nom.
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Annexure - 03

Plugs for trepanning bores in turbine and generator rotors
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@D (fit of plug) = bore diameter of rotor + 0:25 tolerance + 0.05

@d < 60mm Mi6 31 40"
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