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3.0
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CARBON STEEL FORGINGS, CLASS 2 - NORMALISED

GENERAL.:

This specification govems the quality requirements of Carbon Steel Forgings, Class 2
Normalised.

APPLICATION:
Suitable for general engineering purposes and for use in welded constructions.
CONDITION OF DELIVERY:

Normalised / Normalised and tempered..

Rough machining of the forgings shall be carried out, unless otherwise specified in the
BHEL order/drawing.

COMPLIANCE WITH NATIONAL STANDARDS:

The material shall comply with the following National standards and also meet the
requirements of this specification.

1S::2004 - 1991 } Carbon Steel Forgings For General Engineering
Gr: 2 (20C8), Normalised } Purposes.

DIMENSIONS AND TOLERANCES:

The dimensions and tolerances shall be as specified on the order/ drawing. Wherever these

are not specified, specified, the machining allowances and tolerances shall be as specified
below: ‘

For finish machined drawings : 31 mm

For rough machined drawings : + 1 mm

Revistons ; APPROVED :
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7.0
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9.0
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MANUFACTURE:
Forgings shall be manufactured form steel produced by the open hearth, electric or such other

process as may be agreed to between BHEL and the manufacturer.
Steel shall be fully killed.

Sufficient discard shall be made from each ingot to ensure freedom from pipe, segregation and
other defects.

The amount.of hot working and finishing temperature shall be such as to ensure complete
soundness and adequate uniformity of structure and mechanical properties after heat
treatment. The forgings shall not be overheated.

The minimum reduction ratio when forgings are made out of ingots shall be 4:1.
For sizes above 250 mm ruling section, the minimum reduction ratio shall be 3.5:1

Note: Raw material like Ingots/Blooms/Billets required for forgings should be
procured from BHEL approved sources along with test certificate.”

FREEDOM FROM DEFECTS:

‘The forging shall be free from defects, such as cracks, fold, flakes, seams, segregation,

nonmetallic inclusions and other injurious defects which may affect the utility of the forging.

HEAT TREATMENT:

Forgings shall be normalised / normalised and tempered the recommended normalizing
temperature is 880 - 910°C and suitably tempered to achieve the mechanical properties
specified. '

Test pieces shall also be heat treated along with the forgings they represent.
FINISH:

As mentioned in the drawing.

CHEMICAL COMPOSITION:

The melt analysis of the steel and permissible variation in the composition of the forgings from
the melt analysis shall be as follows: '

Element Percent Permissible variation ,
) min. max. percent

Carbon 0.15 0.25 +0.02

Silicon 0.15 0.35 +0.03

Manganese - 060 0.90 +0.04

Sulphur 0.040 +0.005

Phosphorus - 0.040 - +0.005
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NOTE:

1. Elements not quoted above shall not be added to the steel, other than for the purpose of
finishing the heat and shall not exceed the following limits:

Element Percent, max.
Nickel 0.30
Chromium 0.30
Copper © 0.25
Molybdenum 0.05
Vanadium 0.05

Tin 0.05.
Boron 0.0003

2. When steel is aluminium killed or killed with bdth aluminium and silicon, the requirements

of minimum silicon content shall not apply. For aluminium killed steel the total aluminium
content shail be with in 0.02 to 0.05 percent.

3. Percent Cu + 10 X (percent Tin) shall not exceed 0.5%.
4. Carbon equivalent (Melt analysis) value (C.E.) = 0.42%, max.

Mni Cr+Mo+V Ni+ Cu
CE=C+ + o

6 5 15
5. Mo <0.15%, limiting to meeting conditions of Cr + Mo + Ni = 0.5%.

11.0 TEST SAMPLES:

11.1 Unless otherwise specified in the ordet/drawing, test samples shall be taken from each melt

and heat treatment batch. Test samples should be cut from the heat treated forgings by cold
process only and shall receive no further heat treatment.

Test samples shall be cylindrical or rectangular in shape and cut at a distance of 12.5 mm
below the heat treated surface.

11.2 When integral test pieces are not called for, a test sample, having similar reduction ratio and
heat treatment, as the forgings it represents, shall be provided per heat, per heat treatment
batch, for check testing at BHEL, along with the forgings. The samples shall be properly
identified and correlated with the Heat/Heat treatment batch No./Test certificate No. Test
samples shall be taken, at a distance 12.5 mm below heat treatment surface.

11.3 Test samples shall generally be taken in the longitudinal direction. However, for economic

reasons or where the size/configuration does not permit the same, test samples may be taken
in the transverse or radial direction.
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% 120 MECHANICAL PROPERTIES :

|

12.1
12.2
12.3

13.0

The test pieces, after being heat treated as per clause 7.0 above, shall show the following
properties upto a limiting ruling section of 800 mm. Properties for thicker sections shall be
subject to agreement between BHEL and the manufacturer.

Test methods are specified below:
Tensile : 1S: 1608
Hardness Test Brinell) 1 18:1500
Charpy Impact Value (2mm U-Notch): 1S:1499
T'he testis applicable for forgings of sizes above 16mm only.

Property Sample Limiting ruling section, mm .
(C111.3) Upto & incl.100 > 100 & upto 400 > 400 & upto 800
Tensile strength, Longitudinal 430 390 370
min, N/mm? Transverse/
Radial/
Tangential
Yield strength, Longitudinal 230 195 185
min, N/mm? Transverse/
Radial/
Tangential
Eiongation on Longitudinal 24 23 21
5.85vSo gauge Transverse/ 12 11 9
iength percent, Radial/ 16 15 13
min. Tangential 18 17 15
* Hardness, Brinell, HB  ~-- - 120- 1867 111 - 156 111- 156
Charpy Impact Longitudinal 47 43 40
value (2mm U-Notch) Transverse/ 24 22 20
min., joules Radial/ 28 26 24
Tangential 35 32 28
Note:

1. Unless otherwise stated on the order/drawing small forgings of non-critical nature weighing
less than 300 kg shall be accepted on the basis of chemical composition and hardness.

2. Hardness test can be conducted only when tensile test can not be performed.
ULTRASONIC TEST:

Uttrasonic Test as per BHEL standard AA 085 01 18 and norms of acceptance shall be as per
category 2, unless otherwise specified.

*

NQTE: If specified in the order, UT to be conducted on internal / inter unit supply forgings also.
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14.2
14.3
15.0

16.0.

17.0

18.0

' ADD!TIONAL TESTS: | specified in the drawing /order, the follownng tests shall be conducted:

Bend Test (Longitudinal):

One bar stock per heat shall be cut in the presence of [nspecting Agency and macro tests shall

be done on the same to ensure that sufficient working has been done on the ingot to obtain the
bar stock.

Magnetic particle test:
Any other tests.
SCOPE OF THIRD PARTY INSPECTION:

Wherever, separate quality plan is not attached, the scope of third party inspection shall
be as follows:

1. Review of supplier's declared chemical composition.

2. Selection of test samples for mechanical tests and witness of mechanical tests.
3. Witness of Non-destructive tests as applicable.
4

Review of HT charts.
5. Dimensional inspection.
TEST CERTIFICATES:

Three copies of a test certificates shall be supplied, unless otherwise stated in the order, in the
Test Certificate proforma annexed to this specification {(Annexure -1).

tn 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 following details shall be furnished in the test certificate:

Dimensional inspection.

Details of heat treatment.

Reduction ratio

Chemical composition including trace elements.

. Results of mechanical fests.

Resuits of ultrasonic examination.
Results of additional tests calied for in the drawing/order.

PACKING & MARKING:

Forgings shall be suitably packed to prevent damage during transit.
Machined surfaces shall be properly protected with anticorrosive compounds.

Each package or forging (when supplied separately) shall be Ieg:bly marked with the following
information:

AA 193 31 - Cordon Steel Forgings, Class 2 (20C8) - Normalised.
BHEL Order No.

Suppliers Name

Consignment/ Identification No.

Batch No.

Weight.

REFERRED STANDARDS (Latest publications Including Amendments):
1) IS:1499 2)18:1500 3} 18:1599 4) 1S:1608

5) 15:2004 6) AA 08501 18
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