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FOREWORD

Materials, in specific Aviation Metallic Materials, take a huge share among different
class of materials in the Military Aircraft, Aeroengines, Helicopters and Missiles.
Over the century, Metallic Materials Development has evolved to the stage where we
have plenty of Aerograde Alloys of Different country origins. Much time, with huge
expenditure, has been devoted by many special alloy producers to the development
of these alloys which provide higher mechanical properties and corrosion resistance
often with low density for aircraft components. Most of the Aerograde Alloys of
different country origins are essentially similar. These necessitate the best practices
to be established in the materials rationalization.

There has been a remarkable growth, over the last decade, in the Civil and Defence
Aerospace fields. Today, the Aerospace sector has become a major potential area
for manufacturing activities in India. The Government’s “Make in India” initiative has
certainly gathered momentum with more and more Indian companies establishing
themselves as trusted partners to global OEM’s. The challenges that constrain the
growth of Indian Aerospace industry include lack of indigenous raw material sources,
which meet global Aerospace standards.

Hindustan Aeronautics Limited (HAL) is involved in developing various platforms of
indigenous designs and also those manufactured through “Transfer of Technology
(ToT)” involving both ‘fixed wing’ and ‘rotary wing’. A large variety of Alloys in
Aluminium, Steel, Titanium and Nickel are used in the manufacture, repair and
overhaul of Helicopter, Aircraft and Aeroengines. Further, these material
specifications originate from different countries and are in various shapes, forms and
sizes.

In India, very few types of Aluminium alloys, Steel, Nickel and Titanium have been
developed by DPSUs, Ordnance Factory and Private sectors with limited size, Mill
forms and quantity. In spite of above, most of the materials required by HAL and
other organisations are sourced from abroad. Whenever a material is imported from
abroad to a particular specification, minimum order quantity, cost, obsolescence and
superseded documents, delivery period are the key issues and at times this will
delay the delivery of the end product which may further affect the programme.

With a view to break all the aforementioned barriers, it is thought appropriate, as a
first step, to have a consolidation of the different material specifications with
information on their chemistry, heat treatment and mechanical properties as a
compilation of materials information of indigenous and imported materials in one
place.



In this regard, Foundry & Forge Division with the support of various stakeholders like
DGAQA, ADA, RCMAs and other HAL Divisions and approval of CEMILAC has
brought out a Compendium of Forging Stock. This document acts as a ready-
reckoner for all the Designers and Production assembly for the manufacturing of
Forgings and Rolled rings towards the selection of Materials. Apart from aiding HAL
in their indigenization mission, | foresee this book as an important information guide
for the materials selection and usage at the Government and policy maker’s level
towards indigenization of materials.

| complement the entire team for their efforts in accomplishing this challenging and
commendable task in a short notice.

P. Jayapal
OS & Chief Executive (Airworthiness)
CEMILAC

Bangalore



ABOUT THE BOOK

The Compendium on the Rationalization of Aviation Metallic Materials used in
Aeronautical industry, initiated by Foundry & Forge Division, HAL(BC), in association
with Regulatory Authorities is an important activity and a good step taken in the
materials front. In the current scenario of HAL wherein HAL needs to support legacy
products, extending support to these platforms is getting to be a challenge. In such a
situation, material sourcing has become an uphill task because of the non-availability
of older material specifications. This has a severe impact on the delivery schedules
both in overhaul and during manufacturing of HAL products.

This compendium which is a compilation of equivalence of materials rationalized to
known two to three specifications is expected to aid Designers, Methods Engineers
and Materials Management Personnel in their struggle to look for alternate material
specification. In this regard, | wish to thank CEMILAC for their active participation in
reviewing the work done and approving the equivalence to enable effective usage of
this compendium.

| foresee this compendium as an important source document to the Indian Defence
and Aerospace Industries in their effort in indigenization of raw materials in the

country apart from serving as an essential guide to all the stakeholders.

My hearty congratulations to the entire team.

Shekhar Shrivastava
CEO (BC)
HAL
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PREFACE

Hindustan Aeronautics Limited (HAL) uses different Grades of Metallic Materials in
Aircraft as well as Helicopter programme. These Materials are used in
Aerostructures, Landing Gear, Power Plant etc. The Metallic Materials used are
broadly classified as Aluminium / Magnesium and their Alloys, Steels, Titanium /
Nickel and their Alloys and Copper and its Alloys. Further, these materials are also
in various forms, such as Forgings, Bars, Rods, Extrusions, Sheets, Plates, Wires,
etc.

HAL has been supporting India's Military Aerospace Programmes through
indigenized development of Castings and Forgings of Western / Russian platform
and also the Ab-initio projects. There are a number of Material Specifications for the
same Grade of Material but of different Country origin /OEMs such as DIN (German),
AIR (French), BS (British), AMS (American), MSRR (Rolls-Royce), GOST (Russian),
EMS (Honeywell), CCT (Turbomeca), etc. These specifications do undergo periodic
revisions and many have become obsolete over time, having been replaced with
newer material specifications. The current aerospace raw material market is largely
driven by AMS Specifications due to their versatility and adoption by leading global
Aerospace majors.

Over the period, procuring of raw material of such diverse specifications is becoming
difficult particularly when the quantities are not significant. Hence, the need was felt
to bring out a Compendium of Rationalized Material Specification by grouping
Materials based on their near equivalency with respect to chemistry and mechanical
properties to facilitate steady flow of indigenization activity and also ensure effective
supply chain management. The compilation will be useful to the Designers as well
as Manufacturing Divisions as a ready-reckoner to select suitable equivalent
specifications for overcoming material obsolescence and issues of small quantity
requirements.

In this connection, a Task Force was constituted under the Chairmanship of
Shri. P. Jayapal, CE-CEMILAC with Representatives of various Divisions of HAL,
RCMA(F&F), RCMA(Materials), DGAQA(F&F) and M/s. ADA, Bangalore, as
Members with a brief to take up the Grouping and Rationalization.

The consolidation effort has been divided into two categories.

Volume I: Forging Stock in Aluminium Alloys, Steels, Nickel and Titanium
Alloys
Volume II:  Other forms such as Bars, Rods, Extrusions, Sheets, Plates, Strips and

Wires of Aluminium Alloys, Steels, Nickel, Titanium and Copper Alloys.

vii



The scope of work involved:

a) Preparation of Consolidated List of Applicable Metallic Material Grades in the
Form of Forging Stock, Forging, Bar, Rods, Extrusions, Sheets, Plates, Strips
and wires.

b) Grouping material specifications based on their equivalence and compile
chemical composition, heat treatment, hardness and mechanical properties.

c) ldentify obsolete material specifications and indicate latest superseded material
specification.

d) List out the Rationalized Material specifications for a particular material grade.
The result of this effort has been this compendium, which would be used for
determining near equivalent material specifications and substitute for obsolete
raw material specifications.

Dr Shirish S Kale
RD, RCMA(F&F-FOL)
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RECOMMENDATION OF THE COMMITTEE

The committee constituted to bring out the Compendium on
“Rationalization of Aviation Metallic Materials” used in various HAL programs
has studied the various specifications. The committee comprised of all the
stakeholders i.e., RCMA, DGAQA, ADA and Design and Manufacturing Centres
of HAL. This compendium has been prepared based on the intense
discussions with Regulatory Authorities, All the Work Centres and Design
Liaison Groups, so as to ensure that no changes are made in the material that
are already in use in legacy projects and content, but only identified near
Equivalent Aeronautical grade materials that are currently available in market.

The compilation contains

a) Four alloy systems consisting of Aluminium alloys, Steels, Nickel alloys
and Titanium alloys. Further these alloy systems are divided into Forging
stock, bars, rods, extrusion, plates, wires etc.

b) All the materials under various forms and sizes are grouped into material
grades with countries of different origin followed by comparison of
Chemical Composition, Mechanical properties and Heat treatment
condition.

c) A summary sheet that brings out the rationalization of the grade to one
or more specifications which could be sourced easily in the industry.

d) Designers while selecting the material for designing of any items may
consider this document so as to address any issues during the life cycle

management of the project

Dr: R. Raghavendra Bhat
DGM(CMPL), F&F-HAL

AR L.

‘Mr. V:N.A#il Kumar Dr.R.K.Rayudu
AGM(F&F), H:"\L// Sc ‘&', ADA
Mt. P.Satya Bhaskar Dr.Shirish S Kale
SSQ-—], DGAQA RD, RCMA(F‘&F'—FOL)
Mr. M.S.Venkatesh Mr. P Jayapal
General Manager(F&F) OS & Chief Executive (Airworthiness)

HAL, CEMILAC
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1. INTRODUCTION

1.1 AIM OF RATIONALIZATION

Foundry And Forge Division, Hindustan Aeronautics Limited, manufactures Forgings
in Aluminium, Iron, Nickel and Titanium base alloys for other HAL Divisions. F&F
supports legacy projects such as Kiran, Jaguar, Dornier, Garrette, Adour, Dart, Avro,
HS-748, etc., as also recent projects such as ALH, LCH, LUH, LCA, HTT-40 and IJT

As F&F Division is involved in supporting various platforms, it handles a variety of
material specifications of different origins. Many of the specifications are similar in
chemical composition and due to different origin, separate specification names are
evolved. Also F&F Division due to variety of specifications and the requirement for
quantum of parts being less in quantity, the Division faces the issue of substantially
high MOQ while procuring the raw materials. Further, over the past years, some of
the specifications have become obsolete and are no longer available in market.

Hence, the need for Rationalization of Metallic Materials has arisen. Rationalization
of Metallic Materials will help to narrow down many different specifications to a few
equivalent specifications and will help in easy procurability of materials.

1.2 APPROACH TO RATIONALISATION

The following approach has been adopted for rationalizing the material
specifications:

= The list of material specifications used for manufacturing Forgings in Foundry
and Forge Division has been taken from the current product range across all
the projects.

= This List has been segregated into Four broad categories based on the Base
Metal: Aluminium base, Iron base, Nickel base and Titanium base alloys.

= Further, these alloys have been arranged as per principal alloying elements
and grouped under different sub-categories.

= AMS specifications and commonly available equivalent specifications are also
added in the list to make it comprehensive.

= The Rationalized material has been chosen based on the near equivalent
specification comparable with other grades in the same sub-group, ease of
procurement and as far as possible avoiding the company specific
specification (eg. MSRR-Rolls Royce, CCT-Turbomeca, etc) by rationalizing
to AMS specifications, and including Indigenized materials wherever
available.
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1.3

After grouping, rationalization data has been bifurcated into three headings /
sections as shown below :

1. First sheet is the summary sheet that contains the Identified
specifications and rationalized specification

2. Second sheet contains the Chemical composition

3. Third sheet contains Heat treatment and Mechanical properties data
Mechanical properties provided are as per material specification and
wherever different values are specified against ranges of section thicknesses,
properties pertaining to 50mm section thickness are mentioned in this book
for reference

Heat treatment cycle considered is for 50mm section thickness.

Wherever, hardness values are specified in Material Specification as BHN,
reported values shall be in HBW (Test to be done with Tungsten Carbide ball).

Unless otherwise specified, Mechanical test properties are reported for Room
Temperature.

CONDITIONS OF USAGE

The Rationalized material specifications provided in this compendium have to be
used only if the following conditions are met :

The forgings for which rationalized material specification to be used shall have
respective Test Schedule.

The properties of Forgings/Rings produced from Rationalized material shall
meet the requirements specified in the respective Test Schedule.

No separate Production Permit is required while using the Rationalized
material specification provided in this book.

Material specification other than specified in this book need to follow
Production Permit route as per the prescribed procedure.

Higher issues of the material specification issued at later stage are acceptable
in lieu of previous / lower issues.
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Heat treatment cycle and Mechanical properties are only for reference
purpose. Heat treatment to be followed and Mechanical properties are to be
met as per respective Test Schedule.

Incoming raw material shall be in wrought form only. If cast billets to be used,
Test schedule made for such Forging / Ring shall specify the usage of cast
billet as raw material.

For Aluminium alloys, wrought forging stock upto @200mm shall have
minimum working ratio of 4 and above J200mm working ratio shall not be
less than 2.7.

For cast forging stock, process sheet shall be prepared to obtain the required
properties as per respective Test Schedule.

RATIONALISATION OF ALLOYS

Table 1 provides the Number of Alloys Identified and Number of Alloys
Rationalized.

Table 1 : Summary of Alloys Rationalized

S aCany | Aoy | Moot | catonaz
Identified Alloys
1 | Aluminium Alloys 64 10 21
2 | Ferrous Alloys 116 25 35
3 | Nickel Alloys 61 10 17
4 | Titanium Alloys 37 5 9
Total 278 50 82
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1.4.2 Table 2 provides the Designation, Mill Form and Number of Rationalized Alloy

Grades with respect to Identified Alloy Grades

Table 2 : Material Specifications and Their Rationalized Grades

Sl.

Material

Rationalized

No. of Alloy Grades

er e Grade Material Grade
No. | Specification Speciﬁc'ation Identified | Rationalized
ALUMINIUM ALLOYS
2014
ASTM
1| B247/221 2014
2 | BS L77 -
3 | AMS 4133 2014
4 | AIR 3350 A-U4 SG
5 | AMS-QQ-A-367 | 2014
AMS-QQA-
6 | 50070 2014
EN AW-
7 | BSEN573-3 5014 i
EN AW-
8 | BSEN573-3 So14n | AMS 4133/ 22811;1 14 3
A7-U4SG HE 15A
9 | AIR 9051 -
(2014F)
24345
10 |1S: 734 (HF15
Old)
DIN 1747
1| 5 1058 2014A
MIL-A-22771/
12| AMS-A-22771 2014
13 |BSL 168 ]
14 |HETSA 2014A

(Indeginsed)
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Rationalized

No. of Alloy Grades

Sl. Material .
er o Grade Material Grade
No. | Specification Specific;tion Identified | Rationalized
2618
1 | MSRR 8007 -
2 | AIR 9051 AU2GN
MSRR 8018
3 | (Superseded by 2618-F
RRMS 34001/2)
4 | DTD-731 ]
(Obsolete)
EN AW- 2618/
5 | BSEN573-3 2618A AMS 4132 / 0 .
s |DTD-5014 AIR 9051 | AU2GN
(Obsolete) ]
MIL-A-22771/
7| AMS-A-22771 2618
ASTM -B-
8 | 247221 2618
9 | AMS 4132 2618
10 | AMS-QQ-A-367 2618
2024
1 | AIR 9051 AU4G1
2 |BSEN573-3 Egoé\iv- AMS 4152/ | 0,
AMS-QQ-A- | %0, 4 2
3 | AMS 4152 2024 200/3
AMS-QQ-A-
4 | 5003 2024
2017
1 | AIR 9051 AU4G
ENAW- | AMS 4118/ | 2017/
2 |BSENS573-3 3 2
2017A AIR 9051 AU4G
3 | AMS 4118 2017
2219
1 | AMS-QQ-A-367 2219
2 | ASTM B247/221 2219 AMS-QQA
3 | AMS 4162 2219 367/ | 2219 5 2
4 | AMS 4143 2219 AMS 4162
5 | MIL-A-22771/ 2919

AMS-A-22771
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. Rationalized No. of Alloy Grades
3(')‘ s znc::‘?;:’::on Grade Material Grade | i Rati I
. p Specification dentified ationalized
5083
1 AIR 9051 AG4MC
2 | AMS-QQ-A-367 | 5083
EN | AMS-QQ-A-367 /| 5083/
3 | BSEN573-3 AW- ASTM B247/221 5083 4 2
5083
ASTM
4| B247/221 5083
6061
ASTM
1 B247/221 6061
2 | AMS-QQ-A-367 6061
EN
3 | BSEN573-3 AW-
6061 AMS 4127/
65032 ASTM B247/ 6061/
4 |1S734 (HF20 221/ 6061
Old) HE20A 7 3
MIL-A-22771/
5 AMS-A-22771 6061
6 | AMS 4127 6061
HE20A
! (Indigenized) 6061
7049
ASTM
1 B247/221 7049
2 | AMS-QQ-A-367 7049
AI\'/?%\A 831,01\13/67 7049 4 2
3 | AMS 4111 7049 TSTAT
MIL-A-22771/
4 | AMS-A-22771 | 7049
7050
ASTM -B-
1 247/221 7050
2 | AMS 4333 7050 AMS 4333 7050 3 1
MIL-A-22771/
3 | Ams-A-22771 | 70%0
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Rationalized

No. of Alloy Grades

Sl Material .
cer ax Grade Material Grade
No. | Specification Speciﬁc'ation Identified | Rationalized
7075
ASTM B247/
1 5o 7075
AMS-QQ-A-
2 | 367 7075
EN AW-
3 |BSENS573-3 7175
MIL-A-22771/
4| AMS-A-22771 7075
AMS -QQ-A- AMS-QQ- A- 7075/
5 | 200/11 7075 367 / ENAW-| 10 2
6 | WL 3.4364 ] BS EN 573-3 7075
7 | AIR 9051 AZ5GU
EN AW-
8 |BSENS573-3 2075
9 | ASTM -B-247 7175
10 | MIL-A-22771/ 2175

AMS-A-22771
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. Rationalized No. of Alloy Grades
:cl)' s I:;:?::;:on Grade Material Grade Identified | Rati lized
.| Sp Specification entifie ationalize
STEEL
SAE 9310
1 AMS 6260 SAE 9310
2 | AMS6265 | SAE9310 | AMS 6265 933{*1% 3 1
3 EMS 56280 SAE 9310
JETHETE M152
1 AIR 9160 Z12CNDV12
MSRR 6503
2 (Made from -
MSRR 6916)
RRMS
32007/1
3 (Made from -
RRMS
32007) AMS 5719/ Z12CN 9 2
4 CCT-00115 Z12CNDV12 AIR 9160
DV12
5 BS S151 -
6 AMS 5719 -
7 MSRR 6509 -
8 CCT-00321 | EZ12CNDV12
9 MSRR 6510 -
FV 448
MSRR 6596
1 (Made from -
6919) MSRR 6596
2 | BSS150 (MSRR 6919- | 1\, 448 2 1
Forging
| T | TSR] s
1161-75

AP 517
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Sl.

Material

Rationalized

No. of Alloy Grades

pr - Grade Material Grade
No. | Specification Specific;tion Identified | Rationalized
12NC12
1 MSRR 6004 -
2 BS S15 - BS S15 - 3 1
3 AIR 9160 12NC12
16NCD13
1 MSRR 6061 -
BSEM 545
> (Replaced by )
MSRR 6051
and obsolete)
3 AIR 9160 16NCD13
4 | MSRR 6051 - AMS 6549/
E16CD13 - 9 2
5 BS S157 - (Indigenised)
6 AMS 6549 -
7 CCT-00264 16NCD13
8 CCT-00140 | E16NCD13
9 E16NCD13 i
(Indigenised)
15CDV6
1 WL 1.7734 -
2 CCT-00067 15CDV6
3 CCT LA 189 | E15CDV6
15CDV6/
4 AIR-9160 | £1ecpys | AIR-9160 | E15CDV6 7 1
5 TUMgé'%O' 30KHGSA
6 TU14-4-950- | 30KHGSA-
86 SH
4 TU14-1-1885- | 30KHGSA-
76 VD
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Rationalized

No. of Alloy Grades

Sl. Material .
cer s Grade Material Grade
No. | Specification Specific;tion Identified | Rationalized
SAE 4340
1 AMS 6414 SAE 4340
2 | MIL S 5000 E4340 AMS 6414 SAE 3 1
4340
3 AMS 6415 SAE 4340
Maraging Steel 250
TY IV,
1 MIL-S-46850 Grade 250
2 AMS 6512 -
AMS 6512/ TY IV,
3 DTD 5212 - MIL-S-46850 | GRADE 5 3
/ MDN 250A 250
4 MLA 101 -
5 | MDN 250A ]
(Indigenised)
NCM Steel
1 MSRR 6009 -
MSRR 6010/
(MSRR 6010
2 | SUPERSEDE -
D TO RRMS
31014/1)
RRMS AMS 6264 - 5 1
3 31014/ i
RRMS
31014/1
4 MSRR 6094 -
5 AMS 6264 -
Z30C13 Steel
1 MSRR 6602 -
2 AIR 9160 Z30C13 AMS 5655 - 3 1
3 AMS 5655 -

10




Rationalization of Metallic Materials- Volume-1 (Forging Stock)

RESTRICTED

Sl.
No.

Material
Specification

Grade

Rationalized
Material
Specification

Grade

No. of Alloy Grades

Identified

Rationalized

35CD4 Steel

AIR-9160

35CD4

AMS 6348

CCT-00308

35CD4

AMS 6348

Forging
Stock

CMV Steel

MSRR 6012
(Made from
MSRR 6911)

MSRR 6011
(Made from
MSRR 6910)

MSRR 6100

BS S 132

MDN 132A
(Indigenised)

BS S132/
MDN 132A
(Indigenised)

Ni-Cr-Mo Steel

BS S95

MSRR 6017

MSRR 6036
(Obselete)
MSRR 6017
IS
ALTERNATE
TO MSRR
6036)

BS S95

4130 Steel

MIL-S-6758
(Obselete.
Superceded
by AMS-S-
6758)

4130

AMS-S-6758

4130

AIR-9160C

25CD4S

BS S142

AMS 6370

4130

O |k TON

MDNG6758A
(Indigenised)

AMS-S-6758/
MDNG758A

4130

1"




Rationalization of Metallic Materials- Volume-1 (Forging Stock)

RESTRICTED

Sl.

Material

Rationalized

No. of Alloy Grades

e 4 Grade Material Grade
No. | Specification Specific;tion Identified | Rationalized
2.5%Ni-Cr-Mo Steel
1 BS S99 -
2 BS S98 -
3 BS S154 -
BS S96 BS S 99/ MDN 6 2
4 (Obselete. i 99A )
Replaced by
S154)
5 BS S97 -
6 MDN 99A -
18/8 Steel
1 AMS 5645 | SAE 30321
X10CrNiTi
2 DIN 17440 189
1.4541
3 BS S129 -
4 BS 2S 130 -
5 | AR9160 |Z£10CNT18 | AMS 5645/ SAE 8 9
-1 MDN 347A 30321
6 MSRR 6522 18/8
7 MDN 347A -
G-5632-72
G-5949-75 12KH18N1
8 TU14-1-378- 0T
72 KH18N10T
G-8060-78
18/9 Steel
1 | MDN 321A - AMS
5646/MDN 3%'357 2 1
2 | AMS 5646 | SAE 30347 321A
17-4 PH Steel
1 AMS 5643 17-4 PH
2 | AMS5622 | 17-4PH | AMSS622/ | . o 3 5
MDN 174A
3 MDN 174A 17-4 PH
(Indigenised)
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

RESTRICTED

Rationalized

No. of Alloy Grades

SI. Material .
e o Grade Material Grade
No. | Specification Specific;tion Identified | Rationalized
SAE 51431 Steel
1 BS S 80 -
2 MSRR 6573 -
3 | ARoteo | £1CN1T-
03
4 | AMS 5628 i’;gcf’:jf; AMS 5628/ | SAE . ,
NI MDN 431A 51431
5 DIN 17440 14057
6 | MIL-S-18732 431
7 MDN 431A -
8 | ccT-00343 | £1°CNT7
03
Nitriding Steel

1 BS 4S 106 -
2 AIR 9160 30CD12

MSRR 6001/

(MSRR 6001
3 | SUPERSEDE -

D TO RRMS

31018/1)

4 | CCTLA239 30CD12 AIR 9160 30CD12 6 1

MSRR 6002/

(MSRR 6002
5 | SUPERSEDE -

D TO RRMS

31018/2)

RRMS 31018 RRMS

6 (Forging 31018/1
stock RRMS
specification) 31018/2
Case Hardening Steel

1 AIR 9160 16NCD17
2 BS S82 - BS S82 - 3 1
3 MSRR 6009 -
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

RESTRICTED

Rationalized

No. of Alloy Grades

Sl. Material .
eer s Grade Material Grade
No. | Specification Specific;tion Identified | Rationalized
15 Cr- 25 Ni Steel
1 AMS 5731 -
2 AMS 5732 -
AMS 5737 - 4 1
3 AMS 5734 -
4 AMS 5737 -
Cr-Mo Steel
1 AIR 9160 Z12CN13
2 CCT-0037 Z12CN13 AMS 5613 581'3‘1EO 3 1
3 AMS 5613 SAE 51410
Cr-Mo Steel
1 ZFNL 9201 -
MDN 9201A MDN 9201A - 2 1
2 . - -
(Indigenised)
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

RESTRICTED

Sl.
No.

Material
Specification

Grade

Rationalized
Material
Specification

Grade

No. of Alloy Grades

Identified

Rationalized

NICKEL ALLOYS

NIMONIC 263

MSRR 7035
[superseded by
RRMS 33031,
RRMS 33031/1,
RRMS 33030/2,
RRMS 33030/3,
RRMS 33030/4]

MSRR 7038
[superseded by
RRMS 33045,
RRMS 33045/1,
RRMS 33045/2,
RRMS 33045/3,
RRMS 33045/4]

AMS 5886 /
BS 2HR10/
SUPERNI
263A

BS HR 10

AIR 9165

NCK20D

AMS 5886

GTM SU 263
(Indigenized)

SUPERNI 263A
(Indiginized)

INCONEL 625

AMS 5666

CCT LA 398

NC22D
Nb

ASTM B 564

UNS
N06625

AMS 5666

BS EN 10095

NiCr22M
09Nb
Alloy no.
2.4856
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

RESTRICTED

Sl.
No.

Material
Specification

Grade

Rationalized
Material
Specification

Grade

No. of Alloy Grades

Identified

Rationalized

Inconel 718 (Special Grade)

MSRR 7202

Special
grade Inco
718

EMS 55476
(supersedes
EMS 55458)

Delta
Processed
(DP) 718

MSRR 7202

Special
grade
Inco
718

Inconel 718

AMS 5662

AMS 5663

AMS 5664

AIR 9165

NC19FeNb

MSRR 7115

O [ albhWIN

GTM Su-718
(Indigenized)

SUPERNI 718A
(Indigenized)

TU14-1-3905-85

KHN45MV
TYUBR
EP718

AMS 5662 /
SUPERNI
718A

NIMONIC 75

RRMS 33030 &
RRMS 33030/1
[supersedes
MSRR 7004]

MSRR 7008

[superseded by
RRMS 33030 &
RRMS 33030/2]

BSHRS

BS HR 504

AIR 9165

NC 20T

SuperNi 75A /
MDN 75
(Indigenized)

BS 2HR 5/
SUPERNI 75A
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RESTRICTED

. Rationalized No. of Alloy Grades
:(I)' s znc::‘(ia;:’::on Grade Material Grade Identified | Rationalized
. o] Specification entifie ationalize
NIMONIC 80A

1 | MSRR 7009 -
5 MSRR 7010 )

(cancelled)
3 | MSRR 7011 -
4 | MSRR 7012 - BS HR1 i 2 1
5 | BS HR1 -

BS HR 601
6 | (supersedes -

MSRR 7013)

NC 20
7 | AIR9165 TA
NIMONIC 90/93
1 | MSRR 7137 -
2 | MSRR 7135 -
3 | MSRR 7129 -
4 | MSRR 701 -
S 016 AIR 9165/ NCK20 8 o
5 |BSHR?2 - BS HR2 TA
NCK

6 | AIR9165 20 TA
7 | BSEM 561 -
3 BACE 417/ )

BACE 423
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

RESTRICTED

Sl.
No.

Material
Specification

Grade

Rationalized

Material

Specification

No. of Alloy Grades

Grade | jentified

Rationalized

NIMONIC 105

MSRR 7017

MSRR 7018

MSRR 7134

AW N

BSHR 3

DTD 5007
(obsolete)

AIR 9165

NK 20
CDA

BSHR 3

NIMONIC 1

15 [For Turbine

Blade Blanks]

MSRR 7023

MSRR 7022

BS HR 4

DTD 5017
(Obsolete)

SuperNi115
(Indigenized)

BS HR4/
SuperNi115

WASPALLOY

MSRR 7192

AIR 9165

NC20 K14

AMS 5704

AMS 5706

AMS 5707

AMS 5708

AMS 5709

0o | N o o~ DN

EMS 55388

AMS 5707/
EMS 55388
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

RESTRICTED

Sl.
No.

Material
Specification

Grade

Rationalized
Material
Specification

Grade

No. of Alloy Grades

Identified | Rationalized

TITANIUM ALLOYS

Ti64

MSRR 8614

AMS 4928

CCT 00166

TAGV.PQ

GTM Ti-64
(Indigenized)

AIR9183

TAGV

Ol A | W|DN

CCT LA109

TAGV

BS TA12
(Obsolete) -
superseded by
BS EN 3310

BS TA13
(Obsolete) -
superseded by
BS EN 3312

TITAN 31A
(Indigenized)

AMS 4928 /

10

AMS-T-9047 /
MIL-T-9047
6AI-4V
(obsolete) -
superseded by
AMS 6931

TITAN 31A

11

ASTM B 348

Grade 5,
UNS
R56400

12

ASTM B 381

Grade F5,
UNS
R56400

13

EMS 54930

14

3.7164

15

OST1 90013-
81/ 0ST1
90173-75/
AMTY 451

BT6/VT6

15 2
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

RESTRICTED

Sl.

Material

Rationalized

No. of Alloy Grades

e o Grade Material Grade
No. | Specification Specific;tion Identified | Rationalized
TA6ZrD
1 | CCT 00202 TA6ZrD
2 | MSRR 8616 -
3 BS TA 43 i
(withdrawn)
4 BS TA 44 TITAN 26A - 6 1
(withdrawn) ]
5 GTM Ti-685 i
(Indigenized)
6 TITAN 26A i
(Indigenized)
TASDV
1 |CCTLA114 TA8DV
2 | AMS 4972 -
3 | AMS 4933 -
AMS-T-9047 /
MIL-T-9047
AMS 4972 /
[obsolete] -
superseded by
AMS 6910
5 | AMS 4973
6 TITAN 22A i
(Indigenized)
Ti-6-2-4-2 | Ti6242S
1 | EMS 54929 -
2 | AMS 4976 -
3 | AMS 4975 -
AMS-T-9047 / AMS 4976 / 4 2
MIL-T-9047 EMS 54929 )
[6AI-2Sn-4Zr-
4 | 2Mo] -
(obsolete)-
superseded by
AMS 6905
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

RESTRICTED

Sl.
No.

Material
Specification

Grade

Rationalized
Material
Specification

Grade

No. of Alloy Grades

Identified

Rationalized

Ti-6-6-2

TAGVEE2

AMS-T-9047 /
MIL-T-9047
[6AI-6V-2Sn]
(obsolete)-
superseded by
AMS 6935

AMS 4971

AMS 4979

AMS-T-9047 /
MIL-T-9047
[6AI-6V-2Sn]
(obsolete)-
superseded by
AMS 6936

AMS 4978

AMS 4979 /
AMS 4971
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2.1

2. LITERATURE

ALUMINIUM ALLOYS

Aluminum Alloys are used extensively because of the following benefits:

211

Aluminum is a light metal, and is about one third of the density of Steel,
Copper and Brass.

Aluminum has good corrosion resistance to common atmospheric and marine
atmospheres. It's corrosion resistance and scratch resistance can be
enhanced by anodizing.

Aluminum has high reflectivity and can be used for decorative applications.
Some Aluminum Alloys can match or even exceed the strength of common
construction steel.

Aluminum retains its toughness at very low temperatures, without becoming
brittle (like carbon steels).

Aluminum is a good conductor of heat and electricity. When measured with
using equal cross-sectional area, electrical grade aluminum has conductivity
which is approximately 62% of electrical grade annealed copper. However,
when compared using equal weight, the conductivity of aluminum is 204% of
copper.

Aluminum can be readily worked and formed using a wide variety of forming
processes including deep- drawing and roll forming.

Aluminum can be readily recycled.

Classification of Aluminum Alloys

Classification of Aluminium alloysis established by the International Alloy
Designation System (IADS), based on the classification developed by Aluminum
Association of the United States. Each wrought aluminum alloy is designated by a
four digit number.

The first digit indicates the alloy group according to the major alloying element:

1xxx Aluminum 99.0% minimum

2xxx Copper (1.9%-.6.8%)

3xxx Manganese (0.3%-1.5%)

4xxx Silicon (3.6%-13.5%)

5xxx Magnesium (0.5%-5.5%)

6xxx Magnesium and Silicon (Mg 0.4%-1.5%, Si 0.2%-1.7%)
7xxx Zinc (1%-8.2%)

8xxx Others

The second digit indicates modification of the alloy or impurity limits.
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e Oiriginal (basic) alloy is designated by “0” as the second digit. Numbers 1...9
indicate various alloy modifications with slight differences in the compositions.

e In the alloys of the 1xxx series the second digit indicates modifications in
impurity limits: 0 means natural impurity limit, 1...9 indicate special control of
one or more impurities or alloying element.

The last two digits identify aluminum alloy or indicate the alloy purity. In the alloys
of the 1xxx series the last two digits indicate the level of purity of the alloy:

1070 or 1170 mean minimum 99.70% of aluminum in the alloys
1050 or 1250 mean 99.50% of aluminum in the alloys
1100 or 1200 mean minimum 99.00% of aluminum in the alloys.

In all other groups of aluminum alloys (2xxx through 8xxx) the last two digits signify
different alloys in the group.

Foundry and Forge Division currently manufactures forgings in 2xxx, 6xxx, 5xxx and
7xxx series alloys and their properties are briefed below.

2.1.2 Heat-Treatable Alloys

Some alloys are strengthened by solution heat-treating and then quenching, or rapid
cooling. Heat treating takes the solid, alloyed metal and heats it to a specific point.
The alloy elements called solute, are homogeneously distributed with the aluminum
putting them in a solid solution. The metal is subsequently quenched, or rapidly
cooled, which freezes the solute atoms in place. The solute atoms consequently
combine into a finely distributed precipitate. This occurs at room temperature which
is called natural aging or in a low temperature furnace operation which is called
Artificial aging.

21.21 2xxx Series

In the 2xxx series, copper is used as the principal alloying element and can be
strengthened significantly through solution heat-treating. These alloys possess a
good combination of high strength and toughness, but do not have the levels of
atmospheric corrosion resistance as many other aluminum alloys. Therefore, these
alloys are usually painted or clad for such exposures. They are generally clad with a
high-purity alloy or a 6xxx series alloy to greatly resist corrosion. Alloy 2014 is
perhaps the most widely known Aircraft Alloy.
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21.2.2 6xxx Series

The 6xxx series are versatile, heat treatable, highly formable, weldable and have
moderately high strength coupled with excellent corrosion resistance. Alloys in this
series contain silicon and magnesium in order to form magnesium silicide within the
alloy. Extrusion products from the 6xxx series are the first choice
for architectural and structural applications. Alloy 6061 is the most widely used alloy
in this series and is often used in truck and marine frames.

2.1.2.3 7xxx Series

Zinc is the primary alloying agent for this series, and when magnesium is added in a
smaller amount, the result is a heat-treatable, very high strength alloy. Other
elements such as copper and chromium may also be added in small quantities. The
most commonly known alloys are 7050 and 7075, which are widely used in the
aircraft industry.

2.1.3 Non Heat-Treatable Alloys

Non-heat treated alloys are strengthened through cold-working. Cold working occurs
during rolling or forging methods and is the action of “working” the metal to make it
stronger. For example, when rolling aluminum down to thinner gauges, it gets
stronger. This is because cold working builds up dislocations and vacancies in the
structure, which then inhibit the movement of atoms relative to each other. This
increases the strength of the metal. Alloying elements like magnesium intensify this
effect, resulting in even higher strength.

2.1.31 5xxx Series

Magnesium is one of the most effective and widely used alloying elements for
Aluminum and is the primary alloying agent in the 5xxx series. Alloys in this series
possess moderate to high strength characteristics, as well as good weldablility and
resistance to corrosion in the marine environment. Because of this, Aluminum-
Magnesium Alloys are widely used in building and construction, storage tanks,
pressure vessels and marine applications. Examples of common alloy applications
include: 5052 in Electronics, 5083 in Marine applications, Anodized 5005 sheet for
Architectural applications and 5182 makes the Aluminum beverage can lid.

2.1.4 Effect of Alloying Elements

Alloying elements when added to Aluminum alloys produce effects such as
precipitation hardening (age hardening), solid solution hardening, dispersion
strengthening, grain  refining, modifying metallic and intermetallic phases,
suppression of grain growth at elevated temperatures (e.g. during annealing), wear
resistance and other tribological properties. Following provides some of the effects of
alloying elements to Aluminium Alloys.
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2.1.41

2.1.4.2

2143

Silicon - Si (up to 17%)

Improves castability of Aluminum Alloys due to a Dbetter fluidity and
lower shrinkage of molten Aluminum-Silicon Alloys.

Increases strength of the Alloys.

Improves resistance to abrasive wear.

Silicon in combination with Magnesium allows to strengthen the alloys by
precipitation hardening heat treatment (Wrought Aluminum-Magnesium-
Silicon Alloys (6xxx)).

Copper - Cu (up to 6.5%)

Increases tensile strength, fatigue strength and hardness of the alloys due
to the effect of solid solution hardening.

Allows to strengthen the alloys by precipitation hardening heat treatment
(Wrought Aluminum-Copper Alloys (2xxx)).

Decreases the ductility of the Alloys.
Decreases corrosion resistance.

Magnesium - Mg (up to 10%)
Strengthens and hardens the Alloys by Solid solution hardening
mechanism without considerable decrease of ductility (Wrought Aluminum-
Magnesium Alloys (5xxx))
In combination with Silicon or Zinc allows to strengthen the alloys by

precipitation hardening heat treatment (Wrought Aluminum-Magnesium-
Silicon Alloys (6xxx), Wrought Aluminum-Zinc-Magnesium Alloys (7xxx).
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2144

21.4.5

21.4.6

21.4.7

Manganese - Mn (up to 1.5%)
Strengthens and hardens the Alloys (Wrought Aluminum-Manganese
Alloys (3xxx)) by Solid solution hardening and dispersion hardening
mechanisms.
Improves low cycle fatigue resistance.
Increases corrosion resistance.
Improves ductility of Aluminum Alloys containing Iron and Silicon due to
modification of AlsFeSi intermetallic inclusions from platelet to cubic form
Al1s(MnFe)sSiz.

Zinc - Zn (up to 8%)
In combination with Magnesium or Magnesium-Copper allows to
strengthen the Alloys by precipitation hardening heat treatment (Wrought
Aluminum-Zinc-Magnesium Alloys (7xxx)).
Increases susceptibility of the Alloys to Stress corrosion cracking.

Chromium - Cr (up to 0.3%)

Suppresses the grain growth at elevated temperatures (e.g. during heat
treatment).

Improves ductility and toughness of Aluminum Alloys containing Iron and
Silicon due to modification of AlsFeSi intermetallic inclusions from platelet
to cubic form (similar to the effect of Manganese).
Reduces susceptibility of the Alloys to Stress corrosion cracking.

Nickel - Ni (up to 2%)
Increases hardness and strength of Aluminum-Copper (Wrought
Aluminum-Copper  Alloys  (2xxx) and  Aluminum-Silicon  (Wrought

Aluminum-Silicon Alloy 4032) at elevated temperatures.

Reduces the Coefficient of Thermal Expansion.
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21438

2149

2.1.4.10

21.4.11

2.1.4.13

Lithium - Li (up to 2.6%)
Increases strength by the precipitation hardening heat treatment.
Increases Modulus of Elasticity.
Reduces density.

Titanium - Ti (up to 0.35%)
Refines primary aluminum grains (grains formed during the Solidification)
due to formation of fine nuclei of AlsTi. Titanium is commonly added to
Aluminum Alloys together with Boron due to their synergistic grain refining
effect.

Boron - B (up to 0.03%)
Boron in combination with Titanium refines primary Aluminum grains
(grains formed during the Solidification) due to formation of fine nuclei
TiBa.

Zirconium - Zr (up to 0.3%); Vanadium -V (up to 0.2%)
Inhibit recovery and recrystallization
Increase the recrystallization temperature.

Iron - Fe (up to 1.1%)
Increases strength due to formation of Al-Fe intermetallics.

Decreases ductility. In most Aluminum Alloys, Iron is undesirable impurity.

Sodium - Na (up to 0.015%); Antimony - Sb (up to 0.5%);
Calcium - Ca (up to 0.015%), Strontium - Sr (up to 0.05%)

Increase ductility of Hypoeutectic and Eutectic Aluminum-Silicon Alloys
(Wrought Aluminum-Silicon Alloys (4xxx)) by a modification of the Silicon
phase from coarse platelet like particles to fine fibrous structure.
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21.4.14 Tin - Sn (up to 40%)

2.2

e Reduces co-efficient of friction of Aluminum Alloys (Aluminum based
bearing materials).

e Increases compatibility of the Aluminum bearing Alloy.
e Improves conformability.
e Improves embedability.

Ferrous Alloys

Ferrous alloys are those in which lron is the prime constituent. These are produced
in larger quantities than any other metal type. Ferrous Alloys are broadly classified
into two major categories.

e Steels

e Cast lrons

2.2.1 Steels

2211

Steels are Iron—Carbon Alloys that may contain appreciable concentrations of
other alloying elements; there are thousands of Alloys that have different
compositions and/or heat treatments. The mechanical properties are
sensitive to the content of Carbon, which is normally less than 1.0% by
weight. Some of the more common Steels are classified according to Carbon
concentration—namely, Low, Medium and High Carbon types. Sub-classes
also exist within each group according to the concentration of other alloying
elements.

Plain carbon steels contain only residual concentrations of impurities in
addition to Carbon and a little Manganese. For Alloy Steels, more alloying
elements are intentionally added in specific concentrations.

Low-Carbon Steels

Low Carbon Steels generally contain less than about 0.25 wt% C and are
unresponsive to heat treatments intended to form martensite. Strengthening
is accomplished by cold work. Microstructures consist of ferrite and pearlite
constituents. As a consequence, these Alloys are relatively soft and weak
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but have outstanding ductility and toughness. In addition, they are
machinable as well as weldable and of all the Steels, are the least expensive
to produce.

Typical applications include automobile body components, structural shapes
(I-beams, channel and angle iron) and sheets that are used in pipelines,
buildings, bridges and tin cans. Another group of Low-carbon Alloys are the
high-strength, low-alloy (HSLA) steels. They contain other alloying elements
such as Copper, Vanadium, Nickel and Molybdenum in combined
concentrations as high as 10 wt% and possess higher strengths than the plain
low-carbon steels. Most may be strengthened by heat treatment, giving
tensile strengths in excess of 480 MPa. In addition, they are ductile, formable
and machinable. In normal atmospheres, the HSLA steels are more resistant
to corrosion than the plain carbon steels, which they have replaced in many
applications where structural strength is critical (e.g., bridges, towers, support
columns in high-rise buildings and pressure vessels).

2.21.2 Medium-Carbon Steels

The Medium-Carbon Steels have Carbon concentrations between about 0.25
and 0.60 wt%. These Alloys may be heat treated by austenitizing, quenching
and then tempering to improve their mechanical properties. They are most
often utilized in the tempered condition, having microstructures of tempered
martensite. The medium-carbon steels have low hardenabilities and can be
successfully heat treated only in very thin sections and with very rapid
quenching rates. Additions of Chromium, Nickel and Molybdenum improve
the capacity of these Alloys to be heat treated, giving rise to a variety of
strength—ductility combinations. These heat-treated Alloys are stronger than
the Low-carbon steels, but at the cost of ductility and toughness. Applications
include railway wheels and tracks, gears, crankshafts and other machine
parts and high-strength structural components calling for a combination of
high strength, wear resistance and toughness.

2213 High-Carbon Steels

The High-Carbon Steels, normally having Carbon contents between 0.60 and
1.4 wt%, are the hardest, strongest and yet least ductile of the carbon steels.
They are almost always used in a hardened and tempered condition and as
such, are especially wear resistant and capable of holding a sharp cutting
edge. The tool and die steels are High-carbon alloys, usually containing
Chromium, Vanadium, Tungsten and Molybdenum. These Alloying elements
combine with Carbon to form very hard and wear-resistant carbide
compounds (e.g.: Cr23Cs, V4Cs, and WC). These Steels are utilized as
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cutting tools and dies for forming and shaping materials, as well as in knives,
razors, hacksaw blades, springs and high-strength wire.

2214 Stainless Steels

2.2.2

The Stainless Steels are highly resistant to corrosion (rusting) in a variety of
environments, especially the ambient atmosphere. Their predominant
alloying element is Chromium; a concentration of atleast 11 wt% Cr is
required. Corrosion resistance may also be enhanced by Nickel and
Molybdenum additions. Stainless Steels are divided into three classes on the
basis of the predominant phase constituent of the Microstructure —
Martensitic, Ferritic or Austenitic. A wide range of mechanical properties
combined with excellent resistance to corrosion make stainless steels very
versatile in their applicability.

Martensitic stainless steels are capable of being heat treated in such a way
that martensite is the prime micro-constituent. Additions of alloying elements
in significant concentrations produce dramatic alterations in the Iron—Iron
carbide phase diagram.

For Austenitic stainless steels, the austenite (or y) phase field is extended to
room temperature. Ferritic stainless steels are composed of the Ferrite (BCC)
phase. Austenitic and Ferritic stainless steels are hardened and strengthened
by cold work because they are not heat treatable. The austenitic stainless
steels are the most corrosion resistant because of the high Chromium
contents and also the Nickel additions and they are produced in the largest
quantities. Both Martensitic and Ferritic stainless steels are magnetic but the
Austenitic stainless are not.

Some stainless steels are frequently used at elevated temperatures and in
severe environments because they resist oxidation and maintain their
mechanical integrity under such conditions. The upper temperature limit in
oxidizing atmospheres is about 1000°C. Equipment employing these steels
includes gas turbines, high-temperature steam boilers, heat-treating furnaces,
aircraft, missiles and nuclear power generating units.

Effects of Alloying Elements

Specific effects of the addition of such elements are outlined below :
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2.2.21

2.2.2.7

Carbon - C:
The most important constituent of Steel.
It raises tensile strength, hardness and resistance to wear and abrasion.
It lowers ductility, toughness and machinability.

Chromium - Cr:
Increases tensile strength, hardness, hardenability, toughness
Increases resistance to wear and abrasion, resistance to corrosion and
scaling at elevated temperatures.

Cobalt - Co:
Increases strength and hardness
permits higher quenching temperatures
increases the red hardness of high speed steel.
It also intensifies the individual effects of other major elements in more
complex steels.

Columbium - Cb:
Used as stabilizing elements in Stainless steels.
high affinity for carbon and forms carbides, which are uniformly dispersed
throughout the steel. Thus, localized precipitation of carbides at grain
boundaries is prevented.

Copper - Cu:
In significant amounts is detrimental to hot-working steels.
Copper negatively affects forge welding, but does not seriously affect arc
or oxyacetylene welding.
Copper can be detrimental to surface quality.
Copper is beneficial to atmospheric corrosion resistance when present in
amounts exceeding 0.20%. Weathering steels are sold having greater
than 0.20% Copper.

Manganese - Mn:
A deoxidizer and degasifier and reacts with sulfur to improve forgeability.
It increases tensile strength, hardness, hardenability and resistance to
wear.
It decreases tendency toward scaling and distortion.
It increases the rate of carbon-penetration in carburizing.

Molybdenum - Mo:

Increases strength, hardness, hardenability, and toughness, as well as
creep resistance and strength at elevated temperatures.
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2.2.2.8

2.2.213

2.2.214

It improves machinability and resistance to corrosion and it intensifies the
effects of other alloying elements.

In hot-work steels and high speed steels, it increases red-hardness
properties.

Nickel - Ni:
Increases strength and hardness without sacrificing ductility and
toughness.
It also increases resistance to corrosion and scaling at elevated
temperatures when introduced in suitable quantities in high-chromium
(stainless) steels.

Phosphorus - P:
Increases strength and hardness and improves machinability.
Adds marked brittleness or cold-shortness to steel.

Silicon - Si:
A deoxidizer and degasifier.
It increases tensile and yield strength, hardness, forgeability and magnetic
permeability.

Sulphur - S:
Improves machinability in free-cutting steels, but without sufficient
Manganese it produces brittleness at red heat.
It decreases weldability, impact toughness and ductility.

Tantalum - Ta:
Used as stabilizing elements in stainless steels.
It has a high affinity for carbon and forms carbides, which are uniformly
dispersed throughout the steel. Thus, localized precipitation of carbides at
grain boundaries is prevented.

Titanium - Ti:
Used as stabilizing elements in Stainless steels.
It has a high affinity for carbon and forms carbides, which are uniformly
dispersed throughout the steel. Thus, localized precipitation of carbides at
grain boundaries is prevented.

Tungsten - W:
Increases strength, wear resistance, hardness and toughness.
Tungsten steels have superior hot-working and greater cutting efficiency at
elevated temperatures.

32



Rationalization of Metallic Materials- Volume-1 (Forging Stock) RESTRICTED

2.2.2.15 Vanadium - V:

23

2.3.1

2.3.2

Increases strength, hardness, wear resistance and resistance to shock
impact.

It retards grain growth, permitting higher quenching temperatures.

It also enhances the red-hardness properties of high-speed metal cutting
tools.

Nickel Alloys

Nickel is a versatile element and alloys well with most Metals. Complete solid
solubility exists between Nickel and Copper. Wide solubility range of Iron,
Chromium with Nickel can make many alloy combinations possible.
The Face-centered cubic structure of the Nickel matrix (y) can be
strengthened by solid-solution hardening, carbide precipitation or precipitation
hardening.

Solid-Solution Hardening

Cobalt, Iron, Chromium, Molybdenum, Tungsten, Vanadium, Titanium and
Aluminum are all Solid-solution hardeners in Nickel. The elements differ with
Nickel in atomic diameter from 1 to 13%. Lattice expansion related to atomic
diameter oversize can be related to the hardening observed. Above 0.6 Tm
(melting temperature), which is the range of high-temperature creep,
strengthening is diffusion dependent and large slow diffusing elements such
as Molybdenum and Tungsten are the most effective hardeners.

Carbide Strengthening
Nickel is not a carbide former. Carbon reacts with other elements alloyed with
Nickel to form carbides that can be either a bane or a blessing to the designer

of alloys.

The carbides most frequently found in Nickel-base alloys are MC, MsC, M7Cs,
and M23Cs (where M is the Metallic carbide-forming element or elements).

MC is usually a large blocky carbide, random in distribution and generally not
desired.

MeC carbides are also blocky; formed in grain boundaries. They can be used

to control grain size, or precipitated in a Widmanstatten pattern throughout the
grain. These carbides can impair ductility and rupture life.
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233

234

MzCs carbides (predominately Cr7Cs) form intergranularly and are beneficial if
precipitated as discrete particles. They can cause embrittlement if they
agglomerate, forming continuous grain-boundary films. This condition will
occur over an extended period of time at high temperatures.

M23Cs carbides show a propensity for grain-boundary precipitation.

The M23Cs carbides are influential in determining the mechanical properties of
Nickel-base alloys. Discrete grain-boundary particles enhance rupture
properties. Long time exposure at 760 to 980 °C (1400 to 1800 °F) will cause
precipitation of angular intragranular carbides as well as particles along twin
bands and twin ends.

Precipitation Hardening

The precipitation of y', Ni3(Al,Ti) in a high-nickel matrix provides significant
strengthening to the material. This unique intermetallic phase has a Face-
centered cubic structure similar to that of the matrix and a lattice constant
having 1% or less mismatch in the lattice constant with the y matrix.
This close matching allows low surface energy and long time stability.
Precipitation of the y' from the supersaturated matrix yields an increase in
strength with increasing precipitation temperature, up to the overaging or
coarsening temperature. Strengthening of alloys by y' precipitation is a
function of y' particle size. The hardness of the alloy increases with particle
size growth, which is a function of temperature and time. The volume percent
of y' precipitated is also important because high-temperature strength
increases with amount of the phase present. The amount of gamma prime
formed is a function of the hardener content of the Alloy. Aluminum, Titanium,
Niobium and Tantalum are strong y' formers. Effective strengthening by V'
decreases above about 0.6 Tm as the particles coarsen. To retard
coarsening, the alloy designer can add elements to increase the volume
percent of y' or add high-partitioning, slow-diffusing elements such as Niobium
or Tantalum to form the desired precipitate.

Applications of Nickel Alloys

Nickel and Nickel Alloys are used for a wide variety of applications,
the majority of which involve corrosion resistance and/or heat resistance.
Some of these include:

e Aircraft Gas Turbines : Disks, combustion chambers, bolts, casings,

shafts, exhaust systems, cases, blades, vanes, burner cans, afterburners,
thrust reversers.
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e Steam Turbine Power Plants : Bolts, blades, stack gas reheaters

e Reciprocating Engines : Turbochargers, exhaust valves, hot plugs, valve
seat inserts

e Metal Processing : Hot-work tools and dies
e Medical Applications : Dentistry uses, prosthetic devices
e Space Vehicles : Aerodynamically heated skins, Rocket engine parts

e Heat-treating Equipment : Trays, fixtures, conveyor belts, baskets, fans,
furnace mufflers

e Nuclear Power Systems : Control rod drive mechanisms, valve stems,
springs, ducting

e Chemical and Petrochemical Industries : Bolts, fans, valves, reaction
vessels, piping, pumps

e Pollution Control Equipment : Scrubbers, flue gas desulfurization
equipment (liners, fans, stack gas reheaters, ducting)

e Metals Processing Mills : Ovens, afterburners, exhaust fans

e Coal Gasification and Liquefaction Systems : Heat exchangers, reheaters,
piping

e Pulp and Paper Mills : Tubing, doctor blades, bleaching circuit equipment,
scrubbers

Titanium Alloys

The rapid growth of the Titanium industry is testimony to the metal's high
specific strength and corrosion resistance. With density about 55% that of
Steel, Titanium Alloys are widely used for highly loaded aerospace
components that operate at low to moderately elevated temperatures,
including both Airframe and Jet-engine components. Inspite of high
temperature reactivity, the corrosion resistance of Titanium Alloys at normal
temperatures is unusually high. They are virtually immune to air, marine and
a variety of industrial environments. They are commonly utilized in airplane
structures, space vehicles, surgical implants and in the petroleum and
chemical industries. At room temperature, Titanium has a Hexagonal
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24.2

close-packed (hcp) crystal structure, which is referred to as “alpha” phase.
This structure transforms to a body-centered cubic (bcc) crystal structure,
called “beta” phase, at 888 °C (1621 °F). It is common to separate the alloys
into three categories, referring to the phases normally present. The alloy
categories generally are called:

o Alpha
o Alpha-beta (alpha-plus-beta)
o Beta

Alpha Alloys

Alpha Alloys contain elements such as Aluminum and Tin. These a-stabilizing
elements work by either inhibiting change in the phase transformation
temperature or by causing it to increase. Alpha Alloys generally have creep
resistance superior to B Alloys, and are preferred for high-temperature
applications. The absence of a ductile-to-brittle transition, a feature of
alloys, makes a Alloys suitable for cryogenic applications. Alpha Alloys are
characterized by satisfactory strength, toughness, and weldability, but poorer
forgeability than B Alloys. This latter characteristic results in a greater
tendency for forging defects. Smaller reductions and frequent reheating can
minimize these problems. Unlike [ alloys, alpha alloys cannot be
strengthened by heat treatment. Most often they are used in the annealed or
recrystallized condition to eliminate residual stresses caused by working.

Alpha + beta alloys

Alpha plus beta Alloys have compositions that support a mixture of a and 3
phases and may contain between 10 and 50% 8 phase at room temperature.
Alloys in alpha-beta systems contain one or more alpha stabilizers
(e.g., Aluminum) or alpha-soluble elements plus one or more beta stabilizers
(e.g. Vanadium, Molybdenum) in larger amounts than in near-alpha alloys.
The most common a + B alloy is Ti-6Al-4V. This particular alloy is relatively
difficult to form even in the annealed condition, whereas, a + B alloys
generally have good formability. The properties of these Alloys can be
controlled through heat treatment, which is used to adjust the amounts and
types of B phase present. Solution treatment followed by aging at 480 to
650°C (900 to 1200°F) precipitates a, resulting in a fine mixture of a and B in a
matrix of retained or transformed 3 phase.
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2.4.3 Beta Alloys

Beta Alloys contain transition elements such as Vanadium, Niobium and
Molybdenum, which tend to decrease the temperature of the a to B phase
transition and thus promote development of the bcc B phase. They have
excellent forgeability over a wider range of forging temperatures than a alloys,
and B alloy sheet is cold formable in the solution treated condition. Beta
Alloys have excellent hardenability and respond readily to heat treatment.
A common thermal treatment involves solution treatment followed by aging at
temperatures of 450 to 650°C (850 to 1200°F). This treatment results in
formation of finely dispersed a particles in the retained .
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3. TERMINOLOGIES AND ABBREVIATIONS
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The following are the notations used in this book:

WP
T1

T2

T3
T4

T5

T6
T7
T61

T651

T6510

T6511

T652

173

WQ

BWQ
HWQ

I 4 =z >

Annealed
Solution treated and naturally aged
Solution heat treated and Precipitation treated

Cooled from an elevated temperature shaping process and naturally
aged

Cooled from an elevated temperature shaping process, cold worked
and naturally aged

Solution heat-treated, cold worked and naturally aged.

Solution heat-treated and naturally aged to a substantially stable
condition

Cooled from an elevated temperature shaping process and then
artificially aged

Solution heat-treated and then artificially aged
Solution heat-treated and overaged / stabilised

Solution heat treated and then artificially aged in underaging
conditions to improve formability

Solution heat treated, stress relieved by controlled stretching and
then artificially aged

Solution heat treated, stress relieved by controlled stretching and
then artificially aged. The products receive no further straightening
after stretching

Same as T6510, except minor straightening is allowed after
stretching to comply with standard tolerances

Solution heat treated, stress relieved by compressing to produce a
permanent set of 1-5% and then artificially aged

Solution heat treated and stabilized condition to develop required
mechanical properties and high resistance to stress corrosion
cracking

Water Quench

Boiling Water Quench
Hot Water Quench
Annealed

Normalized
Tempered

Hardened
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H&T . Hardened and Tempered

N&T . Normalised and Tempered

Sol :  Solutionised

Soln & Ppt . Solutionised and Precipitation Treated
Solutionise + Age : Solutionised and Aged

waQ : Water Quench

oQ : Oil Quench

AC : Air cool

FAC . Forced Air Cool

MPa . Mega Pascal

P.S. : Proof stress

UTS :  Ultimate Tensile Strength

El :  Elongation

RA . Reduction in Area

HB :  Unit of hardness, Brinell Hardness Number
RC : Unit of hardness, Rockwell C scale
RB :  Unit of hardness, Rockwell B scale
HV :  Vickers hardness

VHN :  Vickers Hardness Number

HBW . Brinell hardness, Tungsten Ball

J . Joules

Max : Maximum

Min : Minimum

Wt% . Weight in percentage

RT :  Room Temperature

Ppm . Parts per million

BS :  British Standard

AMS . Aerospace Material Specification
ASTM . American Society for Testing of Material
GTM . Gas Turbine Material Specification
MSRR . Material Specification Rolls Royce
RRMS . Rolls Royce Material Specification

e Chemical Elements as per Periodic Table as shown in Annexure-3
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Forging Stock: Forging stock refers to the input material for forging.
The following forms are considered as forging stock:

e Bar stock of any type of cross section such as cylindrical,
rectangular, square, hexagonal, etc,

e Plate of minimum thickness 10mm, rectangular slabs, Tubes, wires
where the material is meant for further forging operations.

Indigenized Materials: Materials developed and approved by CEMILAC.

Withdrawn Specifications: These specifications are made inactive by respective
issuing agencies.

Superseded Specifications: These specifications are replaced by another
specification by issuing agencies.

Obsolete specifications : These specifications are old and not used in current
designs. Hence procurement of material to this specification is difficult.

LY



ic Materials- Volume-1 (Forging Stock

SAO[[VY wniuruny

[-LdVd



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

asiuabipu
vrioe \m-mwmmrm_m__._wm_ vrioe © ,q.mvm__..“_U ! v
300}s Buibio NYL0Z-MV N3
/€€LY SNV
v10e /22719 - 891 1S9 el
L1G9L /191 : uolipuo) juswieal] jesq
11122-V-SNV
vioe [ VLL22YTIN ¢
V¥102 §GeZL'e Lv/ZL NIQ L
(PIO GL4H) .
Syevz veL Sl ol
(4v102)
OSPN-2Y 1606 IV 6
€ i v¥i0c g
whL0Z VvSL 3H “MV N3 EeLGNI S8 8
00} Buibio4 L0z /€LY SNV 10z
/22189 -

MV N3 €-€/G N3 s9 L

y10¢C 2/002-YOD-SINY 9

710C 19€-V-OO-SNV S

oS ¥N-v 0GEE HIV 14

1414 €eLy SNV €

- /1.1 s9 4

. 7102 L2Z | Ly2-9- NLSY 3

eld 0tz 03 dn y§L3H
apeub siy} Joy [eusjepy padojasp V40 “L 91 : uonipuo) juswjeal] jesH
apeio uoneosyioadg apeio uoneosyroadg 'ON IS
suoneoyloads
suoneoyioads pazijeuoney
syJeway paynuapl adA] |euajep
Jo JaquinN
Jo JaquinN
0} pazijeuoney suonesyidads paynuap)

)203)g Buibio4 asn Joj uoljezijeuoney
Vi suofjeoydads paynuap! Jo JequinN 1S-nD- IV leiajely jo adAy 102 |elisjew jo speis |erdsusan

sAo||y wniujwn|y - s|edjey d1j[e}dIN O uonezijeuonjey 1oy }9ays eyeq

45



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(pasiuabipuy)

eseq S0°0 G0 - |0 z0 GLO | LO| ZLO0ro G0 8020 6060 GZ0 | 06-6¢ uelpuj v¥L0Z \VGL3H vl
aseq - - S00 | 20 20 G00 | LO| ZLb0 G0 8020 6060 20 0G6-6¢€ usiug - 891 1s49 €l
oseq S0°0 GL°0 - - - GL0 | LO| TLO0ro 10 8°0-02°0 150 GZ0 | 06-6¢ ueoLBWY v102 \mew%«\m._w___\d 4!
aseq S0°0 GL'0 - - - G0 | LO| ZL0v0 L0 80-02°0 160 G20 | 06-6¢ uewL V102 gszl'e LbZL NIa L
aseq - - - - - €0 |€0| T1€0 L0 80020 150 z0 0Z8¢ ueipuj An%\mwm_:v veL Sl !
aseg G500 GL'0 - - z0 GL'O | LO| Z0v0 | GE0 | 80020 150 GZ0 0G6°¢ youal4 (dv102) 1506 IV 6
OSYN-LY
aseq 500 G0 - |0 - GL0 | LO| TLO0ro G0 8°0-02°0 6060 Sz0 066¢ n3a V¥L0Z-MV N3 €-€/G N3 sd 8
aseg S0°0 GL'0 - - - GLO0 | LO| ZLO0ro L0 80-20 160 SZ0 0G6¢ RE! ¥102-MV N3 €-€/5 N3 Sd L
aseq 500 GL'0 - - - G0 | LO| ZL0v0 L0 8020 G0 gz0 0G6¢ uedLBWY 102 2/002-VOO-SNY 9
eseg G500 GL'0 - - - S0 [ LO| ZL-0b0 10 8°0-02°0 160 G20 0G6¢ ueoLBWY v102 19€-¥-D0-SINV S
oseq - - - - - o | - 80 G0 €0 80 - vy youal4 98 vN-v 05€€ IV 14
eseq S0°0 GL'0 10 | - - GL0 | LO| Z1-0¥0 - 8°0-02°0 Z1-60 GZ0 | 06-6¢ ueousWy 7102 €ELY SNV €
oseq - G0'0:US S00 |20 z0 G000 | LO| ZLb0 S0 8020 6060 z0 0G-6¢ usiug - 1.7 s9 z
eseq S0°0 GL'0 - - - S0 [ LO| Z1-0v0 L0 80-20 160 SZ°0 0G6¢ BERIIETTY 7102 122 | L¥2-9- NLSY }
v (xew) yoe3 (xei) ad | IN | 4z+lL L |10 un a4 BN IS uz ng
s1eYyI0
uibo apein uopeoyoadg ‘ON IS

(xew se J9pISUOD PaUOIJUBW JOU }Wl| JOAIBYM)
(%3IM) uonisodwons [estwayn

46



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uiw) 000°00°01 : SJ0AD JO ON ‘BdIN €L1 SS84S T

(uw) 000°00°} : S804 JO ON ‘BdIN 8T :SSOAS |

payojouun : adA) uswioadg ‘wdo 0O9E 01 00L L :Aousnbal4 ‘ainjelodwa] wWooy : ainjesadwa] ‘|eixy : Uondall PO ‘BUIS (WIOL BABAA ‘|- =Y : UOBIPUO) }S8|

(enjeA ueaw uey) ss8| %] PAWNSSE SaNnjeA WNWIUlA ‘SAdININ Woi) pajoenx3)
uonpuod g ui ejeq anbiey

(pasiuabipuy)
vel A 0zvy 114 L1S9L ¥Z/LON V1 Jed sy V102 z
VSL3H
OV/IHZL-G / D62} : 9By
a1j108ds 10| -
pay! 10N A Gev 08¥ LS9l OM/9.508 © 108 891 1S9 !
LLS9L /LG9L : UOIIPUOD JudWedl ] JedH
(8809-H-TIN 4od sy)
er4} 9 8.¢ vy 9l OV/JH 0L / Dol L : 8bBY 102 \JMMMN/.\%.JH__N zl
OM /D.21G : 108
OV/JH 0L / Dol2L-G91 : 8By .
GGl 9 G8e [0[54 9l DM 1 0.5%005 : 108 V102 GGZL'e L¥ZL NI Ll
(2222 SNV 4ed sy IH ) (
. PIO GL4H) .
payoads JoN 9 Gge 144 91/dM OV/IH 6/ D.LL) ¢ 8BY ohebz ¥€L 'Sl ol
OMH/ 0,205 : [0S
OV/4H9L / D.091 : 8By (4¥102)
a1j10ads j0
pau 10N 8 08¢ 0S¥ 9l DM/ 9.206 © 103 OSPN-LY 1506 HIV 6
(2222 SNV 4ed sy IH ) vrL0Z
oyl . Gly 09 9l OV/IH 6/D.LL) - 8By MV N3 €-€/G N3 S9 g
OMH/ 0,205 : [0S
(z22z2 SWY Jed sy 1H)
oyl L Gl 09 9l OV/IH 6/ o111 9BV #102-MV N3 €-€/G N3 Sd .
OMH/ 0,205 : 10S
(2222 SNV 1od sy |H )
payoads JoN (av)e 00¥ 891 9l OV/IH 6/ .11 - 8BV 7102 2/002-YOO-SNY 9
OMH/ 0,205 : 10S
(2222 SNV 4ed sy IH )
Gzl (av) 9 G8e el 9l OV/JH 6-8/D.LL1 & by ¥102 19€-V-DO-SNY g
OMH / 0,205 : 108
OV/ JHOL / D,0Z1 = 96y :
ozl . 487 0Ly 9l DM/ 9.808 © [0S 9S ¥N-Y 0g€€ IV ¥
(2222 SNV 4ed sy IH )
Gzl (av)s 98¢ eia4 9l OV/IH 6/D.LL) - 8BY 102 €LY SNV €
OMH / 0,205 : [0S
OV/IHZL-6/ D.GLL © 8BV
vel 9 G6E 0S¥ 9l DM /JH |/ 9.006 : [0S 117 sdg z
(0222 SNV J4od sy)
Gzl 9 Gge oSt 9l OV/IH6-8 / Do.LLL : 8BV ¥102 122/ L¥2-9- NLSY !
OMH / 0,205 : 108
91 : uoljipuo) juswjeal] jesHy
(aH) (edi) 's'd
ssaupJeH (@) i3 % %20 (edw) s10 uonipuo) juawijeau) jeaH apelo uoljeayyioadg ‘ON IS

( wnwiuiy ) sansadoud jeajueyoay

47



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

819z L9€-V-DO-SNY oL
8192 ZELY SNV 6
s0015 BuIBI04 NOZNY 1506 HIV
/8192 /2€LY SNV
8192 V2T / Ly2-8- NLSY 8
VLL22-Y-SINY
8ioe VLL22Y-TIN z
191 : UOIPUOD JudW)Edl | JedH
) (e1910500) 9
¥106-aLa
- z oL
V8192-MV N3 €-€.5 N3 sg S
) (s1910500) .
le-ala
soo1S BuIBIo NOZNY /1506 HIV
‘ /8192 1 ZELY SINY (c/100v€ SWEY
4-8192 Aq papasiadng) €
8108 HYSW
NOZNY 1506 HIV z
- 2008 YIS L
91 : UoIIpPUO) Judwjieal] jeaH
apelo uojjesyyioadg apelo uonesyyoadg ‘ON IS

suonesyioads pazijeuoney

suopjesydads

syleway 10 JaquIny payiuap! adeys
j0 JsquinN 0} pazijeuoney suoneoyioads payiuap)
)203g Buibio4 :9sn 10} uoljezijeuoney
oL suonesyoads payiuapl Jo JaquinN BN-ND- IV ‘lerajey Jo adAL 8192 ! |ela)jew Jo apels [eiauan

w>0=< wniuiwnjy - sjeLiaje\ Jdljje}ajAl JO uoljezijeuolley .10} }29yg ejeq

48



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

eseg S0°0 GL°0 - - - L0700 | €160 | 2160 8L-gL GZ°0 10 126) ueoLBWY 819z 198-V-00-SINV oL
eseg G500 GL0 - - - L'0-¥00 | €160 | 2160 8L-gL GZ'0-1°0 10 1T6L ueousWy 819z ZELY SNV 6
aseg S0°0 GL°0 - - - L'0-¥00 | €160 | 2160 gL-gl GZ'0-1°0 10 126) ueouBwWyY 8192 V22 | L¥2-9- WLSY 8
VL122-Y-SNY
ose ) U 3 . B . R
9 G0'0:US S0°0 L0700 | €160 | 2160 8 L-gL GZ'0-1°0 10 126L uswy 819z 11225 L
eseq - GO0US | 84’ | S00 | 20 z0 ¥'160 | ¥1-80 A GZ0 10 128) ysnug - (e1210540) 9
i ¥105-a1a
eseg S0°0 GL°0 81Tl - 1620 z0 ¥'1-60 | ¥'1-80 8020 | SZ0GL0 GL°0 128L n3 V8192-MV N3 €-€/S N3 sg S
aseq - - 20 | so00| 2o - ¥'1-60 | ¥'1-80 A GZ0 10 129 ysnug - (e1310540) 4
i Le/-aLa
(z/100v€ SN
oseg S0°0 GL°0 GZ'0 - | szo z0 ¥'1-60 | L1180 A GZ'0-GL°0 SL°0 128) usnug 4-8192 Aq pepesiedng) €
8108 HYSI
aseg G500 GL°0 GZ'0 - z0 z0 ¥'1-60 | ¥1-80 A GZ'0 GL'0 129 youai NOZNY 1506 HIV 4
eseq - - - S00 | 20 10 160 | ¥L0L | G9L-SEL GZ0 10 121T ysnug - 1008 HYSIN b
(xen) (xew)
v yoeg sieyyo | ‘2L | 9d | UN L ed IN B 1S uz no
uibuo apeio uoneaydadg "ON IS

(Xew se JapISUOD PaUOHIUAW JOU JIWI| JOABIBYM)
(%3IM) uonisodwoo [esrwayd

49



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(z22z SWV Jed sy IH)
pay1oads JON (av) v olLe 00¥% LoL OV/JH 02 / 0,661 : by 8192 19€-V-DO-SAY ol
OMd /0,065 © [0S
(8809-H-TIN 4ed sV 1H )
ozl (ar) 8 89¢ 8ty 1oL OV/JH 02 / 0,002 : oby 8192 ZELY SNV 6
OM4E /0,065 © 108
(8809-H-TIN 4ed sV 1H )
Gl 14 oLe 00 191 OV/JH 02 / 0,002 : 8by 8192 122/ 1v2-9- NLSY 8
OM4E /0,065 © 108
(8809-H-TIN 4od sV 1H ) L1 IZZV-SINY
G (an v olLe 00¥% LoL OV/IH 02 / 0,002 : @by 8192 L1225 L
OM4d /0,065 : 108
191 : uoIpuoY Juswieal] jeay
OV/ HYZ-9L / 2,002 : 96y } (81910890)
oe 9 ore oev oL OM /0,065 : 108 ¥105-a1d 9
(8809-H-TIN Jed sV 1H )
Svl S 09¢ 0zy 9l OV/JH 02 / 0,002 : oby V8192-MV N3 €-€/G N3 sd ]
OMd /0,065 © [0S
OV/ 4H ¥2-0Z / 0,002 : 8by (s3010890)
214109dg 10 -
POUIOSAS 10N § ove oy oL OMd /0.0€5 © 10S Le/-ala v
. (2/1007€ SNYY
1 E=16)
051-621 S ore (0[5 9L OV/H 02 / oooo.m v 4-8192 Aq pspsesiadng) €
OM4E /0,065 © [0S 8108 HHSI
OV/ IHZZ [ 0,002 : 8By
214109dg 10
payoads JoN 9 ove (0]8% 9l DM/ D.085 © [0S NOZNY 1506 HIV 14
) OV/ IHOZ-91 / D.561 : by )
0G1-621 9 oge 00¥% 9l DM /9.626 © [0S 2008 HYSIN L
91 : uonIpuo) juswijeal] jesH
(aH) (as) 13 % (ed) 's'd (ed) sLn
ssaupJeHq ° %20
uonipuod jusawjeal} JeaH apelo uoneayyoadg ‘ON IS

(wnwiuiy ) sanuadoud jesjueyossy

50



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

¥20c €/002-V-00-SNV 14
20T Z¢Sly SNV €
202 €/002-V-O0-SNV
- 00)g Buibio
¢ v oIS Buibiod / ¥20c /2SLy SNV
¥202-MV N3 €-€/G N3 sg 4
LOvNY 1G06 HIV 3
opel uonesyloadg apelo uonesyioadg ‘ON IS
suonesyoads
suonesyioads pazijeuoney
sSylewy pannuapl adeys
Jo JaquinN
J0 JaquinN
0} pazijeuoney suonesyldads paynuap|
}20}g Buibio4 :9sn 10} uoljezijeuoney
2 suoljesyioads payipuapl Jo JaquinN Up-BIN-ND- IV leua)ey Jo adA | 202 ! [eLIajew Jo apels) |elduan

sfo||y wniulwn|y - sjeuaje d1jjel9|\ 4O uoniezijeuolnjey 1o} }93ys ejeq

51



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uiw) 000°00°01 : S8J0AD JO ON ‘BdIN 081 :SSBAS T

(uiw) 00000} : S8J0A0 JO ON ‘BdIN GET :SSOAS “|

payojouun : 8dA) uswioads ‘wdo 0O9E 0} 0081 Aouanbal4 ‘einjesadwa] wWoOY : ainjesadwa] ‘|eixy : uonldalIg Peo ‘euls

1WIOJ OABAN ‘|- =Y : UORIPUOD }S8 ]

(anjeA ueaw uey) ss8| %] PEWNSSE SaNnjeA WNWIUIA ‘SAdININ Wolj pajoenx3)

uonIpuod 1 ui ejeq anbyey

-H- Jad s
payoads JoN 8 0ee 89t €L M\ﬂo% \Io._m_u_w_w . _%wv 202 €/002-V-DO-SNV 14
-H- Jad s
0ol (av)ol SlLe oSt AR %\ﬂo_.m_w \_._o._w_w_v . _%wv ¥20¢ ZSLy SNV €
(uNy) sheq ¥ : aby |einieN
ozl 8 00¢ (0144 L OM/D.G6b © 10S ¥202-MV N3 €-€/G N3 sg9 4
(un) sheq ¢ : aby |eanyeN
payoads JoN 6 06¢ 0St L OM/O.S6v © [0S $3)40\ 1506 HIV 3
e .
wmmﬂ_mwm: (as) 13 % ( n_,,_\>_~v% d (edi) s1n
° uonipuod juswijeal) Jeaq apel9 uoneosydadg ‘ON IS
( wnwiuiy ) senuadoud jeajueyoay
eseq S00 SL0 L'0 | 60€0 S0 SL0 - 8Tl S0 S20 6'7-8°¢ ueoLswy ¥20¢ €/002-V-00-SNV 14
eseq S0°0 SL0 L'0 | 60€0 S0 SL0 4] 81Tl S0 S20 6'7-8°¢ ueoLswy 202 ZSLy SNV €
eseq S00 SL0 1’0 | 60€0 S0 SL0 - 81Tl S0 S¢0 6'7-8°¢ n3 ¥202-MV N3 €-€/G N3 S9 4
aseq S00 SL0 1’0 | 60€0 S0 - i rA] 81Tl S0 ferA] 6'7-8'¢ youai4 LovNv 1G06 HIV 3
(xew) (xew)
v yoes s19U30 19 Un CE | 1L AZ+11 B Is uz no
uibuo apein uopesyroadg 'ON IS
(Xew se JapISUOD PaUOIIUBW JOU JWI| JOABIAYM)
(%3IM) uonisodwoo [esrwayd

52



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

1102 8Ly SNV €
ovNV 1G06 "IV
- 00]g Buibio - -
4 € %003S buibio 11102 /8LLY SWY V.102-MV N3 €-€/G N3 sS4 4
OYNVY 1G06 HIV 3
apeln uonesyloadg apelo uonesyioadg ‘ON IS

suonesyioads

suonesy1oads pazijeuoney

syleway 10 1oquiny paynuap adeyg
10 JaquinN
03 pazjjeuoney suopeoy1oads paypuap]
3203g Buibiog :asn 10} uoljezijeuoney
1S
suonesioads paiiuapl jo Jaquin ‘jeliaje o adA : |eridjew Jo apeu elaud
€ pesiy paiuap! 4o JaquinN Bp-umng- y | TEMOIEW Jo odkL 1102 [ensjewW Jo apeis | 9

m>0=< wniuiwnjy - sjeLiaje\ dljje}ajAl JO uoljezijeuoliey .10} }23yg ejeq

53



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(8809-H-TIN 4od sy)
06 (av)zl 02z 08¢ a0 (uIn) skeq@ v : oBy |einieN 1102 8LL¥ SNV ¢

OM /0,205 © 10S

(8809-H-TIN Jod sy)
S0l ol 0.2 00% 128 (uw) sheq v : oby |einyeN V.102-MV N3 €-€/G N3 sg 4

OM /0,205 © 108
payioads JoN el 092 00¥ a0 () sheq v : aBy (eineN Y\ 1506 IV |

- OM /0,005 : 10S

(aH) (edw) 's'd
ssaupJeH (as) 13 % %20 (edi) s1n
uolnpuo) juswijeaus) jesH apein uonesyroadg ‘ON IS
(wnwiuiy ) sensadoud jeajueyosspy
eseg 500 GL'0 10 | 0LF0 10 GL0 - 80-¥0 | 8020 SZ0 S¥G€E ueouawy 1102 8LLY SNV €
aseq 500 GL'0 10 | 0L+0 20 - G20 0'L¥0 | 8020 SZ'0 SPGe n3 V210Z-MV N3 €-€/5 N3 sg z
oseq 500 GL'0 - 80€0 G0 z0 S0 0160 | 80620 G20 SPGe youald4 ornNy 1506 HIV b
(xem) (xem)
v yoeg SI0U0 19 up CE | 1L iZ+11L BN IS uz no
ubLo apein uonesydadg "ON IS
(Xew se J9pISUOD PauUOoIIUAW JOU }iwl| JOABIIYM)
(%3IM) uonisodwood [esrwayd

54



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

6122 29l SWY S
i
- 4 S %0033 Buibiog 6lee / Bmwww%o_\u_w_\é 6lee EvLY SNV €
6Lee 129 NLSY 4
6Lze 19€-Y-DO-SINY L

apelo uopeoyloads apeln uoneoyloadsg ‘ON IS

suonesyioads pazijeuoney

suopeoyioads

syIeWaYy 10 JoquIny pauiuapl adA] jeuajep
JO JaquinN
0} pazijeuoney suoneay1dads paynuap|
suoneosyioads pazijeuoney
32038 Buibiog 19sn 1o} uonezijeuoney
[ suoljesyioads payijuapl Jo JaquinN no- |v leua)ey Jo adAL 6LzZ ! |eliajew Jo apels) |elduan

m>0=< wniuiwnjy - sjeLiaje\ dljje}ajAl JO uoljezijeuoliey .10} }23yg ejeq

55



(uiw) 0000001 : 581942 Jo ON ‘BdIN 98 :SS8US T (uw) 00000} : 81940 JO ON ‘BdINl | L} :SS94S *|

RESTRICTED

(0'2=M) payoloN :adA} uswioadg ‘wdo 008 01 000/ :Aousnbai4 ‘ainjeiadwa] wWooy : ainjesadwa] ‘[BIXY : UOIOBIIQ PEOT ‘BUIS :WI0) SABAA ‘L- =Y : UOIIPUOD 1S9

(anjeA uesw uey) ss8| %0} PBWNSSE SaN[BA WNWIUI ‘SAdININ WOl pejoelixs)
uonIpuod L5g] Ul ejeq anbiey

(8809-H-TIN 4od sy)
zzl (ave 062 00t 1181 OV/ H8L / D.061 : by 6122 291¥ SWY S
OMH / 0,665 © 10

(8809-H-TIN Jod sy) N
004 8 19z 00¥ oL OV/ JH9Z / 0,061 : 8By 6Lze \FWNNNNNMM__\_,__\,,_\ 4
OMH / D.5€S 10§

(8809-H-TIN Jod sy)
GLL (av)L 09z 00% 9L OV/4H9Z / 0,061 : @by 62z cvly SWY ¢
OM /0,686 : 105

(2222 SNV 4od sy)
00l g 092 00¥% 9l OV/IH9Z / D161 © 8by 6122 1v29 NLSY z
OMH / 0,665 © 10

(222 SNV Jod sy)
payloads JoN (av) s 414 (00} 9L OV/HIZ / DoL6L © 8bY 6122 19€-Y-DO-SINY L
OM / D.GES : 10

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(aH) (edw) 's'd
ssaupieH (as) 13 % %z'0 (edi) s1n
uonipuod juswijeal) jesHq apein uopjesyloads ‘ON IS
( wnwiuiy ) senuadoud jesjueyosspy
aseg 500 GL'0 1'0-200 | #'0-20 | €0 | SL°0-50°0 GZ0-L'0 200 z0 10 8'9-8'G ueoLBWY 6122 Z91¥ SNV S
. . . - . . . . : . e 11122-V-SNY
ase - - - - - uedlusw
g 500 GL'0 1'0-200 | ¥'0-20 | €0 | GL'0-50'0 GZ'0-L'0 200 z0 10 8'9-8'G sy 6l2¢ 227291 14
aseg 500 GL'0 1'0-200 | #'0-20 | €0 | SL°0-50°0 SZ0-L'0 200 z0 10 8'9-8'G ueoLBWY 6122 evly SNV €
1040 . o . ) . . . . .
aseg 500 GL'0 1’0200 | ¥'0-20 | €0 - GZ0-1'0 200 20 10 8'9-8'G ueoLBWY 6l2¢ .¥2a INLSY 4
oseg 500 GL0 1'0-200 | #'0-20 | €0 | SL°0-G0°0 GZ0-L'0 200 z0 10 8'9-8'G uesuBWY 6l2e 19€-V-DO-SV !
(xen) (xe)
v yoeg s10U10 1L upn CE | A iz B IS uz no
uibuo apein uonesyoadg 'ON IS
(xew se J9pISUOD PaUOIJUSW JOU }Wl| JOAIDYM)
(%3m) uonisodwod [ediway9

56




RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(pasiuabipuy)

+909 V0Z3H L
1909 12L¥ SWY 9
o :
- € L 3o03g Buibiog \wwmw \Bm%%%m_\é G_No%mm__._v ¥€L SI 14
/1909 1LZV¥ SNV
1909-MV N3 €-€/G N3 sS4 €
1909 19€-Y-00-SINV z
1909 LvZa NLSY }
apelo uoneosyioadg apelo uonesyioadg ‘ON IS

suonesyoads pazijeuoney suoljesyioads payuapl

syIeway 10 Jequiny 40 Jequiny adA] |eusiep
0} pazijeuoney suopeoydads paynuap)
)203}g Buibioq :3sn 1o} uonezijeuoney
3 suoljesy1oads payiuapl Jo JBquinN no-15-BbN- IV :leud)ey Jo adA | 1909 : |eliajew Jo apels) |e1duan)

m>0=< wniuiwnjy - sjeLiaje\ dljje}ajAl JO uoljezijeuoliey .10} }23yg ejeq

57



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

GO0 Us (pasiuabipuy)
wa - . - 01 '0-2 : V-1 0 : '0-GL uelpu
m L0 I z0 GE0-1°0 8020 |20| 220 | 80+v0 | 2O #0610 1pu| 1909 V0Z3H L
aseg G500 GL'0 - GL'0 | SE0+00 GL'0 10| 2180 | 80%0 |S20| +0GL0 uesLBWY 1909 12V¥ SWY 9
V2122-V-SWY
ose . . } ) . . . . e -
g G500 GL0 GL'0 | GE0¥00 GL'0 20| 2180 | 800 | G20 | +0GLO uewy 1909 11225 S
. N - . - s . - (PIO 0Z4H)
oseq juesaud aq |leys 1J Jo U Jayy3g - z0 GE'0-GL'0 8020 |20| 2420 | 800 | CO ¥'0-G1°0 uelpu 26009 ¥€L Sl 14
aseg G500 GL0 - GL'0 | S£0+00 GL0 10| 2180 | 800 |S20| +0GL0 N3 1909-MV N3 €-€/G N3 sg €
eseq G500 GL0 - GL'0 | SE0+00 SL0 10| 2180 | 800 |S20| +0GL0 ueolBWY 1909 19€-V-DO-SINY z
oseq G500 GL'0 - GL'0 | SE0+00 GL0 20| 2180 | 800 |S20| +0GL0 uesLBWY 1909 129 N1SY b
(xem)
v (xepy) yoe3 v IZ+1L 1L 1D un CE| BN IS uz no
uibo apein uonesyoadg ‘ON IS

(xew se J9pISUOD PaUOIJUAW JOU }Wl| JOABIBYM)

(%3IM) uonisodwod [esrwayd

58



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uw) 000°00°01 : S8JA2 JO ON ‘BdIN 0Z) SS8AS Z

(uiw) 00000} : s8J040 Jo ON ‘BdIN GG SSBAS *|

payojouun :2dA} uswioads ‘wdo 0O9E 03 001 | :Aouanbai ‘einjesadwia] WooY : ainjesadwa] ‘[eIXy : UondaIIg PEOT ‘BUIS WO SABAA ‘|- =Y :

uopIpuoY 1so1

(enjeA ueaw uey) ss8| %] PEWNSSE SaNnjeA WNWIUIA ‘SAdININ Wolj pajoenx3)

uonipuos g ui eyeq anbyey

(posiuabipul)
- 10084 8dA) Jad s
001-€6 l Gez 08z 9l p. } ' 1909 V0Z3H .
(8809-H-TIN 4od sV 1H )
08 6 ove 092 91 OV/IH8 / 0,921 : 8By 1909 1Z2L¥ SWY 9
OM /[ D.L¥S 108
(8809-H-TIN 4ed sV 1H )
08 . Rz 29 L9L OV/IH8 / DoLL) : 9BV 1909 WWMNNNMW__\_,__\“ S
OM/D.L¥S 108
(0222-SWv Jed sy 1H)
payioads JoN L oo 082 9l OV/IHOL-8/ DoLL1L : 8BV An_NOmwmm_Iv v€L Sl 4
OM /0,625 : 10S
(0£22-SWV 4ed sV 1H )
G6 9 ove 092 9l OV/IHOL-8/ DoLL) : 8BY 1909-MV N3 €-€/G N3 s9 €
OM /0,625 : 108
(0£22-SWv Jed sy 1H )
payioads JoN (av) 2 R4 29z 9l OV/IHOL-8/ DoLL) : 8BV 1909 19€-V-DO-SINY z
OM /0,625 : 10S
(0£22-SNV 40d sy 1H )
08 . ove 092 9l OV/IHOL-8/ DoLL) : 8BY 1909 1v29 N1SY !
OMH / 0,625 : 10S
(aH) (edi) 's'd
ssoupJeq (@s) 13 % %z°0 (ed) s1n
uonipuon juswjeal)} JeaH apelg :O_umo_u_ownw ‘ON IS
( wnwiuiy ) senuadoud jeajueyoay

59



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

JiLszzym o

30015 BuIBIO G102 Lec | Lye-a-INLSY

/S20L / L9€-VY -DO-SINV
SlL. Lec/ Lye-a9- WLSVY 6

Y.Ll : uolipuo) juswjeal] jesHy
G20/-MV N3 €-€/G N3 sg9 8
noszv 1G06 HIV L
- Y9EY'€ IM 9
- [4 oL

G10L 11/002-V-00- SNV S

%0015 BuIBIO S.0L me\n.vm..m_._\m_._.w<
/SL0L / L9€-V -DO-SINV cl0 11122-Y-SINY )

/VLL2eY-TIN
SZL.-MV N3 €-€/G N3 sg9 €
G.0. 19€-V-OO-SNV 4
G.0L Lec/ Lye-a9- NLSVY 3
91 /€Ll : uohjipuod juswjeal] jesH
apel uonesyioadg apel uonesyioadg ‘ON IS
suonesyioads
suoljesyyioads pazijeuoney
syJeway pauiuapl adA] |euajep
JO JaquinN
J0 JaquinN
0} pazijeuoijey suonesyivads paynuap|
)003}s Buibio4 :9sn 10} uoljezijeuoney
oL suonesyioads payipuapl Jo JaquinN BN-uz- |V leudjely jo adAL GL0L ! |eliajew Jo apels) |e1dauan

sfo||y wniulwn|y - sjeuaje d1jjel9|\ 4O uoniezijeuolnjey 1o} }93ys ejeq

60



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oseq 500 G0 - 82°08L0 | L0 |20|L0| 6CLT | GO | LOLS | 02T uedLBWY GLLL WWNNNNN,\«M__\_,__\“ oL
aseq 500 G0 - 82°0-8L°0 | L0 |20 |L0O| 624T | GO | LOLS | 02Tl ueslBwy GLLL V22 / Lyz-8- NLSY 6
eseq 500 G0 - 820810 | €0 |S0|20| 62T | ¥0O | LOLS | 02Tl n3 G20.-MV N3 €-€.G N3 sg 8
oseq 500 GL0 - Ge'08L0 | €0 |S0|20| 62T | ¥0 | LOLS | 0CTTL youaly nogzy 1506 HIV L
aseq 500 G0 20 82°0-8L°0 - |g0| - | 6TLT | ¥O | VOLS | 02T uewsen - Y9EY'€ IM 9
oseq 500 G0 - 82080 | €0 |G0|C0| 62CLZ | ¥O | L'OLS | 02T uedLBWyY GL0.L 1 1/002-V-DO- SV S
aseq 500 G0 - 820810 | L0 |S0|C0| 6CLT | ¥O | VOLS | 02T uesLBWyY GL0.L WWMNNNMW_\_,__\“ 4
eseq 500 GLo - 820810 | L0 |[Z0|L0| 62T | GO | LOLS | 02T n3 GLLL-MV N3 €-€.G N3 sg €
oseq 500 G0 - 820810 | €0 (S0|20| 62LZ | ¥0 | L'OL'S | 02Tl uesLawy GL0/L 19€-Y-DO-SINV z
aseq 500 G0 - 8208L0 | €0 |S0|C0| 6CLT | ¥O | L'OLS | 02T ueouawy G0 V22 | Lyz-8- NLSY b
v (xew) yoe3 wAM__\“_Mu IZ+1L 1 UN | ed | 1L BN 1S uz no
uibuo apein uonesyoadg 'ON IS

(xew se J9pISUOD PaUOIFUBW JOU }Wi| JOABIDYM)

(%3IM) uonisodwoo |estwayd

61



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

Sel

G8¢

14

€L1

OV /IH 0€-¥Z / 0,691
+JH 8-9/ 0,501 : 8By
OM /D.0L% : 10S

G.0L

€€099 NIa-¥9€¥°€ TN

pa110ads JON

8vv

6.€

€L1

(z222 SNV 4od sy)
OV/ IH8-9/ Do.LL1 T 8By
OV/ IH8-9/ D.L0L ¢ 18BY

OMH / 0.08% : 108

G.0L

11/002-V-DO- SNV

ocl

G8¢

14

€L1

(8809-H-TIN 4od sv)
OV/IHOL-8/ DoLL ) T 8BV
OV/IH8-9/ D.201 : L8BY

OMH / 0.59% © [0S

G.0L

L112C-V-SNVY
/V2222-Y-1IN

Sel

Sov

7A4

€L1

(0222 SNV 4od sy)
OV/IHOL-8/ DolL ) T 8BV
OV/IH.-9/D.20L : L8BY

OMH / 0.99% : 108

GL1.-MV N3

€-€/G N3 sd

payioads JoN

(av)z

98¢

Sy

€L1

(0222 SV Jod sy)
OV/ IHOL-8/ DoLL ) T 9BV
OV/IH.-9/ D.L0L ¢ 1L8BY

OMH / 0,99% : [0S

G10.

£9€-V-DO-SNVY

scl

G8¢

Sy

€L1

(0222 SNV Jod sy)
OV/ IHOL-8/ DoLL ) T 8BV
OV/IH.-9/ D.20L ¢ 18BY

OMH / 0,99% © [0S

G0

Lee | Lye-a- LSV

€11 : UOPIPUOD JusWIeal] JEOH

(aH)
ssaupJeH

(@s) 13 %

(edw) 's'd
%Z'0

(edw) s1n

( wnwiuiy ) senuadoud eajueyosy

uoipuon

juswyjeal) yJeaH

apeln

uopeoyloads

‘ON

62



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uiw) 000°00°01 : $8[0A0 Jo ON ‘BdIN 261 :SSBAS T

(uiw) 000°00°} : S804 JO ON ‘BdIN LT :SSOHS "L

payojouun :adAy uswioadg ‘wdo 0O9E 03 00 L :Aouanbai4 ‘einjesadwa] WOOY : ainjesadwa] ‘|BIXY : U0l PEOT ‘BUIS WU ABAA ‘L- =¥ : UOIIPUOD 1S8 |

(anjeA uesw uBY)} SSB| %0 PBWNSSE SBN[BA WNWIUIN ‘SAININ WO} peloeixs)
uonIpuod 9] Ul ejeq anbiey

(z222 SNV 48d sy)

OV/ IH8-9/ D.LL1 T 9By 11L.22-V-SNV
el £ sav ves vil OV/IH8-9/ D.L0L : 18BY sLie JVLLZC-Y-TIN o
OMH /2,087 - 10S
(2222 SWY Jod sy)
OV/ IH8-9/ D.LL1L T 8By
a1y109ds 10 -g-
pau! 10N L e 4 Gzs | ZA% OV IH8-9 / .20 8By SLLL L¢c | Lye-9- WLSVY 6
OMH /2.08% : 10S
P.1 : uolIpuO) JusW}edI] JedH
(aH) (ed) 's'd
ssoupJeH (@s) 13 % %Z'0 (ed) sLn
uonipuod juswyjeal) jeaH speln uoneoydadg wwz
( wnwiuip ) sanuadoud jesiueyospy
(8809-H-TIN 4od sv) L1225
gl L vey 0LS 9L OV/ IHYZ [ Dol2l : 8bY G.0L 112122911 14
OMH /2.59% - 10S
(0422 SN Jod sy)
oSt yA 00S 098 9L OV/ IHGZ-€2 / 0,021 © ®BY | G20/-MV N3 €-€/G N3 sd €
OMH /0.99% © 10S
(0222 SNV Jod sy)
payoads JoN (av)z 14974 0LS 9l OV/ JHGZ-€2 / 0,021 : 8by G101 19¢-V-OO-SINV 4
OMH / 2,99 © 10
OV/ IHYZ [ 0,021 : 8by
a1y109ds 10
pay! 10N 8 (0174 0gs 9l OM/0.59% © 10S noszv 1606 HIV L
(0422 SN Jod sy)
sel yA 194 0LS 9L OV/ IHGZ-€Z / 0,021 : 8By G.0L L¢c / Lye-9- WLSVY 3
OMH /0.99% © 10S
9] : UoBIPUOY JudWjeal] JedH
e o
mmm___._wm (@s) 13 % ( As_v. Sd (edw) s1n ‘ON
PieH %20 uonIpuos jusweal) Jesaq apeig uonesyvadg s

(wnwuiy

) sanuadoud [esjueyosspy

63



Rationalization of Metallic Materials- Volume-1 (Forging Stock) RESTRICTED

: STEEL

PART 2

64



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

0L€6 IVS 08295 SW3 €
%00}s Buibiod 01€6 3VS 5929 SNV 01€6 3VS G929 SNV z
- I €
0L€6 IVS 0929 SNV L
wJao4 apels uoneosyioadg apelo uoneosyioadg ‘ON IS
suoleoy1oads
suoneayoads payuapl
syJeway pazijeuoney adeys 0} pazijeuoljey suonesy1oads paypuap]
Jo JaquinN
Jo JaquinN
)203g Buibio4 asn 1o} uoljezijeuoljey
suoneoyioads
€ 193}S ON-10-IN [euajey jo adA L 01£6 VS lenI9}eW JO Bpelo |eIdudD

payiuap! 4O JaquInN

199§ - sjeLIajely dlj|esy Jo

uolnjezijeuonjey 1oy }93ysg eyeq

65



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oM3AyV Aq eyeq ubisaq auiyoe|y pue oloAoqos 8jopA Aq sjeualey Bulieaulbug jo saiuadolid [edlueyos|y Joy
S1N 40 %06 : }wi ddueinpugy

(D101 18 Buadwa) Joj ale sanjeA [EDIUBYDBIN)

£v-ee - - 0€ol L18H juswaunbas Jewojsno o} Jedwa | 01L€6 3VS 08295 SW3 €
OM/OLILIG1Q :uspieH
(011061 1e Buuadwsay 1oy a1e sanjeA [edlueyos|y)
£y-e€ - - 0col 18H juswauinbay Jewojsnod o} sadwa | 0L€6 3VS G929 SNV 4
OM/O111GL8 ‘uspieH
(D101 18 Buadwa) Joy ale sanjeA [EDIUBYDBIN)
€v-€¢ - - 0€ol 18H juswaunba Jewojsno o} sadwae | 0L€6 VS 0929 SV 3
OM/OLILIG1Q :uspieH
(o¥H) (edw) s'd
ssaupieH (@s) 13 % %Z°0 (edw) s1Ln
uolpuo) juswijeal) yeaH apelg uoneosiyvadg ‘ON IS
( wnwiuiy ) sauadoud jeajueyosy
eseq 1'0-20°0:IV Se0 G1°0-80°0 -0 ge0¢ SL00 SL00 Ge'0-SL°0 L0¥0 €1°0-200 NV3Idodn3 0L€6 VS 08296 SW3 €
eseqd 1000 ‘9 Se0 G1°0-80°0 ¥1-0') g'eoe SL00 SL00 Ge'0-GL°0 L°0¥0 €1°0-200 NVOI43INY 0L€6 AVS G929 SNV 4
eseq 1000 ‘9 Se0 S1°0-80°0 -0 g'e0¢e G200 G200 Ge'0-5L°0 L°0¥0 €1°0-20°0 NVOIHINY 0L€6 AVS 0929 SNV 3
EE| sPylo no ON 12 IN d S IS UN o]
uibuo apeio uoneddadg ONIS
(Xew se JapISUOD PaUOIUSW JOU }iWi| JSASIIYM)
(%3Mm) uonisodwod [edjway9y

66



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

- 0199 YIS 6
CLAANOZLZ3 12€00-100 8
- 6059 HHSIN yA
- 61159 SNV 9
0916 HIV
00)g Buibio. -
00)S bulbio4 CLAANOZLZ 16146 SINY LSls sg S
[4 6
¢LAANOCLZ G1100-L0O 14
) (L00z€ SINYY wouy opel) e
'2002€ SWHY 1/2002€ SINHY
Aq papasiadns si 9169
HYSIN (3003s Buibioy) (9169 HYSIN Woy spe)
9169 HHSIN woJj spew : €059 ¥HSIN [4
s! (BuiBioy) €059 HHUSI 2
‘pasn 8q CLAANOCLZ 0916 IV l
OS|e ued ¢0G9 JISIN Yim
painooud 300}S *1/2002€
SINYY Aq papasiadns d d .
S1 €059 MNSIN ‘| wio4 apelg uopeoyyoadg apelo uonesyoadg ON IS
suoneoy1oads
suofjeayoads payuapl
syleway pazijeuoney adeys 0} pazijeuoney suoljeayyioads payuap|
Jo JaquinN
Jo JaquinN
MOO0LS ONIDHO4 1@sn 1oy uonezijeuoney
suoneoy1oads
6 payiuap! 199}S ON-1D-IN ‘leraje Jo adA L ZSLIN 313H13r
Jo JaquinN |elIajew Jo apels) |elauan

1993S - s|el19je\l Jljje}9A JO uonjezijeuoljey Joj3a3ys ejeq

67



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

aseg - -Mw%o ¥'0-G2'0 - 002Gl | SCL-0oLlL 0€-0¢ G200 G200 S€0 6'0-G0 | €1°0-80°0 HSILIMg - 0159 HYSW 6
aseq - ¥0'0-200 | #0620 | SO0 | 026} | SZLOLL 0¢-0¢ G200 G200 G0 6060 | €,°0-80°0 | YOIWOGYNL | ZLAANOZLZI 12€00-100 8
oseq - - - GE0 | 0TS | STLOLL 002 G200 G200 G0 6060 | €.°0-800 HSILIYg - 6059 HHSW .
aseg - G0'0-L00 | #0620 | SO0 | 002G} | S2LOLL 0¢-0¢ G200 G200 Se0 6060 | 0800 | NVOIMINY - 612G SNV 9
eseq - ¥0°0-200 | ¥'0-S20 - 0ZSL | G20k 0¢-02 €00 G200 G0 6060 | €°0-80°0 HSILIYg - 151S sd S
oseq - ¥0'0-200 | #0620 | S0 | 02GL | SCLOLL 0¢-0¢ €00 G200 Ge0 6060 | €,°080°0 | YOINOGYNL | ZIAANOZLZ G1100-L0D ¥
(200Z€ SINHY wouy opep)
ose! . - - - 'Z-S 2L-0° €0 . . . ‘0-G° ‘0-80° -
g G0 002Gt | STL0LL 002 €00 G200 G0 6060 | £€°0-80°0 HSILIYg L/1002E S €
(9169 HYSIN wody apep)
ose! . - - - Z-S 210 -0 X : . ‘0-G° ‘0-80° -
g G0 002Gt | STL0LL 0¢0%2 €00 G200 G0 6060 | €,°0-80°0 HSILIYg £099 MHSI z
eseq - ¥0°0-200 | ¥'0-520 - 002G | S2L-0LL 0€-0¢C G€0°0 G200 G0 6'0-G0 | 2L'0-80°0 HONIYS ZLAANDZLZ 0916 HIV L
yoez
EE| S0 N A no o 1 IN d s 1S upn 2
uibo apein uonesyoadg ‘ON IS

(Xew se JapISUOD PaUOIUAW JOU JWI| JOABIBYM)
(%3IM) uonisodwoo [esrwayd

68



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oM3av Aq eyeq ubisaq auiyoey pue oloAoqos a|opA Ag sieusie|y Buussulbug jo sailadold [ediueyos|y oy

S1N 30 %0S : JwiT adueanpuzy

TOOJHIV “0.02£-00€ “HIJNIL

627-v.€ ov 6 056 0.¥1-902Z 1} 18H HONND 110 00O “0.090L NIQLVH - 0159 HYSIN 6
TO0DYHIV ‘0,096 2 ¥YIdWIL
G9¢-02¢ - 8 006 0bZ1-0801 18H OO0V ‘0,096 L YIdWIAL ZLAANOZLZ3 12€00-100 8
HON3NO 110 /1002YHIV ‘0,0504-0201 :NIAHVYH
. : TO0DYIY ‘0,065-095 “HIdNTL )
88¢-12¢ or 6 006 0L€1L-0801 18H HONGND 10 [1O0MIY '9.090% :NIAUYH 6059 HHSIN L
700D HIV ‘D ,095-0¥G 1V Z-d43dINTL
G/E O} LYE - zl 668 0201 L8H 700D HIV ‘0,085 OL 09G 1V L-d3dNIL - 612G SNV 9
710 NI HONINO ‘0 930,050} LV NIAHVH
) (ary) ov ) JOO2HIV ‘0,089 ¥AdWIL )
1££-982 o 4 09/ 0€11-0¢6 18H 100NV ‘2.0501 NIXYH 1S5LS sg G
) ) JOODHIV ‘0,089 HAdWIL )
0S 4 09/ 0€11-0¢6 18H HONND 10 OO ‘3. 0501-0201 NIAVH ZLAANOZLZ G1100-L00 14
TO0D HIV ‘0.0£9 : Z-d43dNTL (£00zZE SN
L£€-982 09 4 09/ 0€11-0€6 18H 7002 HIVY ‘0,059 :L-43dNTL - woyy 8pep) 3
HON3NO 110 / 100D HIV ‘0.,0501 1V NIAYVH 1/2002¢ SN
700D HIV ‘0.0€9 : 2-d43dNIL (9169 HdSN
1€£€-982 09 i 09/ 0€L1-0£6 18H 009D HIV ‘0,069 :L-43dNIL - woyy epep) z
HON3NO 110 / 100D HIV ‘0.0501 LV NIAYVH €059 HYSIN
) TO0DYIV ‘0.0v9< "¥AdNTL
98z 09 9 08/ 0€11-0€6 18H HONSND 0 ‘OF 0501 NITLVH ZLAONOZLZ 0916 IV !
(aH) (r) (edw) 's'd
ssaupieH Joeduw (@s) 13 % %Z'0 (ediw) s1n
uonipuod juswijeal) jesH apelo uoneosyloads ‘ON IS

(wnwiuiy ) senuadoud jeajueyoay

69



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

216G dv
HS-avd4-aINZNZLHMS L SoLeLlvinL €
(@001
3o03s Buibiog 8y Ad Buibiod -61.69 HHSIN)
1002°'60°LC 96599 HHSIN - 0S
1 sS4 4
pajep 10/L0/CISN)VINOY L €

Jad se gy N4 opelb
0} Juseainba si ¢ "ON 'IS '€

'96G9 HHUSIN Jod se 9659 i} (6169 wouy opep) )

HYSIN 0} Sjeuls}je ale 099 9659 HHSIN
HYUSIN PUB €059 HYSIN 2
‘9659 HYSIN 104 0018 .
BUIBIO} SI 6169 MUSIN | wuo4 apelo uoljesyyioadg apeio uonesyioadg ON IS
suoneoyoads suoneoyoads
syleway pazijeuoney paynuapi adeys 0} pazijeuoley suoneoyioads paynuap|
Jo JaquinN Jo JaquinN
MOO0LS ONIDHO4 19Sn 10} uoljezijeuoljey
suoljesyloads
4 1991S ON-1D-IN ‘leriaje|y Jo adA) 8y Ad

payiuap! 0 JAquINN

! |ela)jew Jo apels [eiauan

199)S - S|ELIAJEN DI[[EISIN JO UONEZIeUONEY 10} }33YS Bleq

70



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

OM3AV Aq ejeq ubisaq aulyoely pue olekoqos ajopn Aq sjeusiely Buuesulbul Jo seadold [eoluByos| oy
S1N 30 %06 : Jwi] @dueinpugy

. . L1S dv

700D HIV 0,027 029 : ¥AdNIL

- - €6 0€0L 1%H X . HS-av4 G2-L9LL-L-PLNL €
HON3INDO 110 ‘0,021 L :NIAHVH —

700D HIV ' 0,002- 059 : ¥3dNIL

ree-gse ot 082 0801-0¢6 L8 H HON3NO 110 / 100D HIV ‘0.,06} | :NIAHVH 0st s s ¢
700D HIV * 0,022- 059 : ¥3dN3L (6169 wouy spepy)
vee-ose ot 008 0801-0¢6 1¥H HON3NOD 110 / 100D HIV ‘0.,05} | :NIAHVH 9659 HUSIN r
(aH) (edw) "s'd
ssaupJeH (@s) 13 % %Z°0 (edw) sLn
uonipuo) juswijeal) JeaH apelo uopesyioadg 'ON IS
( wnwiuiy ) sauadoud jeajueyosy
. L1LG dVY
aseg . GE'0-20 | 800200 | 2€0°9L°0 | G9L-GEL | GCL-OLL | L'ZL'L | €00 G100 G0 G0 | 8L0€LO NVISSNY Hs-av4 S2-L9LL-L-PLNL €
“G9'0'M
-GINZNZLHMS L
aseg - G¥'0-GL'0 | G20°0-€0°0 | S20-L°0 8070 186 | 2190 | €00 5200 9'0-GL°0 | Z°L-€0 | 91L°0-80°0 HSILIYg - 051 Ssd z
o e o - S . . ) . e . o (6169 woyy epep)
aseg G8'0:00 | G¥'0-GL'0 | G20°0-€00 | GZ0-L0 8070 186 | 2190 | €00 G200 9'0-GL'0 | Z°L-€°0 | 9L°0-80°0 HSILI¥g - 9650 MUSI b
9 uoes o] 4 1 1 u
E| 1010 aN N A W o] IN d S IS N o]
uiblo apelo uopeoyldadg ON IS
(xew se JopISUOD PaUOIJUAW JOU }iWil| JOAIBYM)
(%3IM) uonisodwod [ediwayd

71



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

ZLONZL 0916 HIV €

%00}s Buibio - Gls sq - Gls sg 4

- 2 € - 009 YHUSIN 3

wJo4 apel9 uonesyloadg apei uonesyoadg ‘ON IS
suoleoyioads
suopnjeoyioads paynuapl
syleway pazijeuoney adeys 0} pazijeuoney suonesyyioads payiuap|
40 JaquinN
Jo JaquinN

MOO0LS ONIDYHO4 19Sn 10} uoljezijeuoney
[ suoljesyioads payipuapl Jo JaquinN |1293s Buisungled ase) IN %E :Jeuajey jo adA | ZLONZL ! |eliajew Jo apels) |elauan

[993S - S|euajely d1|[eId N 30

uolnjezijeuonyey 1oy }93Ysg eyeq

72



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(unw) 901 X 01 : 9|94 JO ON ‘BdIN ZEY :SSONS

payojouun : 8dA} uswioadg ‘einjesadwa] wooy : ainjesadwa] ‘Buipuag weaq Buieloy ‘BuIS (W0 SABAA ‘L- =Y : UOIIPUOD 1S9

(ZLDONZ| 10} uee) 8B SenjeA wnwiulpy ‘eydns) weljeg Aq s|euele|) 90edsolay 0og Wol) pejoelixs)
uonIpuod 1’gH Ul ejeq anbiyey

_ cuwd/rep L 7002 IV 0 ,061-0%) : ¢ 43dNTL
e b 0€9 0€8 1%H HONZNO IO ‘O .0£8-01.8 :NIAHYH CLONZL 0916 HIV €
(aIy giv 71002 HIV 0 .0%L-021 : 2 d3dNIL
S9 ¢ Lt 1%H HON3ND Y31VYM ‘O , 082-09Z :NAAHVH gtssd ¢
) (ary) se ) 700D HIV ‘0 ,071-0Z) : ¢ ¥IdWIL )
§9¢-62¢ . cl 00¥ gecl -04. 1%H HONIND TIO ‘O .08/-092 NIAHYH 7009 YIS 3
(aH) (r) (edw) yooud
sseupieH Joeduw) (@s) 13 % %Z'0 (ediv) sLn
uompuon juswijeal) yeaH apelo uonesyyoadg ‘ON IS
( wnwiuiy ) sanuadoud jeajueyosy
ased 6090 Gg'e-SlL¢c G200 c00 7'0-1°0 G9'0-G€°0 91010 youal4 CLONCL 0916 IV €
aseq €0 Gc'esLe G200 200 Ge0-L'0 90-6€°0 SL0-L°0 HSILIbg - Sissq 4
ased 60 Gg'e-slc G200 c00 Ge€0-L0 9'0-G€0 G1°0-1°0 HSILIYg - 7009 HdSN 3
CE| 10 IN d S IS U o)
uibuo apei uonesyoedg "ON IS
(Xew se JapISUOD PauUOUBW JOU JWI| JOABIBYM)
(%3IM) uonisodwood [esrwayd

73



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(posiuabipuy)

i €LAON9L3 6
€LAON9L3 0¥100-100 8
€1LAON9L ¥9200-100 L
- 6759 SNV 9
(pasiuabipuy)
001g Buibio - ' ' -
oIS Buibiod €LaON9L3 /6%59 SNV Lsis 8 §
z 6
- 1G09 HHSIN 14
€1LAON9L 0916 IV €
(e19]10sq0 pue
- 1509 HYSI Aq paoeday) z
S¥S N3SH
(sieusiel oleRN
Jo uopesijeuoney) 2002'80° L0 - 1909 HHSIN L
pajep dao/LL0z/Ov1INIO
ul pauonuaw ale
€1 aON91 3 Joj suoneoyioads
Jusjeninba 18RO ‘| wao4 apelo uopjeayyioadg apelo uopjeayyoadg ‘ON IS
suoneoyoads
suoneoy1oads pazijeuoley
syeway paynuapl adeyg 0} pazjjeuoney suoneoyoads paynuap)
Jo JaquinN
Jo JaquinN
MJ01S ONIDYOAL 19sn 10} uoljezijeuoney
8 suoljeoly1oads paiuapl Jo JaquinN 19918 ON-1D-IN Jeldjey Jo adAL €1LAaoN9L ! |eliajew Jo apelio) |eiaudn

199)§ - sjeLIajely Jljje}9|y Jo uoljezijeuoljey] 1o} 31e3ys ejeq

74



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(pasiuabipuy)

(sleusley oll[EISN JO UONESI[EUONEY) 2002°80" L0 PBYEP dAD)/LL0Z/OYTINTO Jod Se 84 [Bg-0NGZ 0-10L-INGZ'€-091L "0 uelpu| - €LAON9LT 6
aseg Ge0 €0-20 L'1-80 ge0€ 5100 100 70-51°0 900 110210 VOINOgHNL | €LAON9L3 07100-100 8
oseg Ge0 €0-20 L'1-8°0 ge0€ 5200 200 70510 90-€0 110210 vOINOgHNL €LaoN9L ¥9200-L00 L
oseg S0 2€°022°0 1180 ge0€ SL0°0 5000 70610 9°0-€0 110210 NYOIMINY - 6759 SWY 9
oseg - €020 1180 ge-0€ 5200 200 v0-510 90-€0 110210 HSILINg - /51S S8 g
aseg - €0-20 L'1-8°0 §e-0€ 200 200 v0-51°0 90-€0 110210 HSILI¥g - 1509 ¥HSIN v
aseg - £0-02°0 L'1-8°0 ge-0€ §20°0 200 Y0510 900 1170210 HONZY €LAON9} 0916 ¥IV €
(e1910800 puE 1509
oseg - €020 L'1-80 ge0€ 5200 200 70510 90€0 110210 HSILINE - HYUSIN Aq peoejdey) z
S¥S W3sg
aseg - €020 L'1-8°0 ge0€ 200 200 ¥0-51°0 90-€0 110210 HSILIYg - 1909 ¥YSIN b
o4 no ol 19 IN d s 1S un )
uibuo apein uonesyoadg ‘ON IS

(Xew se J9pISUOD PAUOIUSW JOU }IWI| JOABIBYM)

(%3IM) uonisodwoo [estwdyy

75



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oM3AV Aq ejeq ubisaq aulyoe|y pue o1ekoqos ajopn Aq sjeusiely Buuesulbul Jo seuadold [eoluBYOS) 1oy
S.LN JO %06 : Jwiq 9dueInpuly

(pasiuabipuy)

S|elsle|) dlj|e 0O uoljesijeuole ‘807 a)e J18J8 -
(sleusiel llle}el Jo uonesijeuoney) 200Z°80° L0 Pe¥ep dao/LL0Z/OVTINTD Jejey €1a9N9L3 6
(zwo/fep) g 700D HIV ‘0 .06} : YIdWIL
ob 8 086 0Ev1L-08LL 1%H HONGND 10 ‘3 628 NIANYH €LaoN9L3 0¥100-100 8
(zwoyfep) g 7002 HIV ‘O .06} - YIdNIL
ob ] 086 08€1L-08L1 1%H HONGND 10 ‘3 .628 NITNYH €LAON9L #9200-100 A
(zwo/fep) g 700D HIV ‘O .06 : ¥IdWIL
op 8 086 0E¥L-08LL 1%H HONGIND 10 ‘D .628 NITMYH 6759 SNV 9
7002 HIV ‘0 .08} : ¥YIdWIL
Jaly) sz (yuswauinbai Jad se
%S 8 0€e6 08€L-08L1 L%®H paueA aq ued ainjesadws) Buuadwa] ) L8154 §
HON3NO 10 ‘O .G28 :NIAYVH
(a4 sz 700D HIV ‘O .08} : ¥IdNIL
0Z¥-Gve ve 8 0€6 08€1-08L1 1%H HONIND 110 ‘0,628 :NITHVH 1509 YYSIN 14
(zwo/fep) 9 700D HIV ‘O .06 : ¥IdWNIL
0L¥-0ve o 8 086 08€1-08L1 18H HONGND 10 ‘3 528 NIAMYH €LAON9L 0916 IV €
(a4 sz 7002 HIV ‘O .08} : ¥IdNIL (Sraj0sqo pue
- - ° ) - Aq paoe|das!
0Z¥-6ve be ] 0£6 08€1-08L1 1%H HONSNO 10 ‘O .628 NIANUVH 1509 HYSIN Aq peoejday) z
S¥S N3Sg
JOODHIY O .52} *HIdNIL
L0b-L2e (014 L 08/ 00%1-080L 1%H HONTND 110 “D.082-06. : NIANYH 1909 HHSI L
(aH) (r) (edw) Jo01d
ssaupieH Joedw (@s) 13 % %20 (edw) s1n
uonipuod juswijeal) jeaHq apelo uopjesy1oads ‘ON IS

( wnwiuiy ) seuadoud jesiueyospy

76



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

AN-VSOHM0E 9/-G88L-L-vLNL A
HS-VSOHMO0E 98-096-7-¥LNL 9
VSOHM0E 98-096-7-¥LNL S
o0}s Buibioy 9AAOSL 0916-dIV 9AAOSL3 /9NADSL 0916-dIV 14
I L
9AAOS1L3 681 V1100 €
9AQOSL /9000-100 4
/002°60°22 - YELL L TN l
pajep |0/20/(SN)VINOY
Jad se gAQOS L
0] JusjeAainb3 se payoads d d .
ale / pue ‘9 ‘s 'ON'IS '} wiod apeio uoneayioads apein uoneoyoadg ONIS
suoneosyloads
suonesyIdads paynuapl
syleway pazijeuoney adeyg 0} pazijeuonjey suonesyoads paynuap|
Jo 1aquinN
J0 JaquinN
MOO0LS ONIDYO4 19sn 1oy uonezijeuoney
suonesyioads
L 1291 ON-1D |euajey Jo adA | 9AQOSE ! |ela)jew Jo apels) [eiauan

payRuap! JO JaquInN

[993S - S|elaje d1|[eId 40

uonezijeuoney 1oy }oays ejeq

77



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

eseg Z0:nD - - 1’180 G100 GL00 1'1-80 1'1-80 ¥€0-82°0 NVISSNY AA-VSOHMI0E 9/-G88L-L-7LNL L
aseg 620D - - 1'1-80 G100 G100 Z'1-60 1'1-80 ¥€0-82°0 NVISSNY HS-VSOHM0E 98-0G6--7LNL 9
aseg G200 - §2'0-610°0 1’180 G200 G200 Z1-60 1'1-80 ¥€0-82°0 NVISSNY VSOHM0E 98-0G6--7LNL g
aseg - 0£-02°0 0'1-80 §'1-6Z') 200 G100 Z0 1'1-80 81°0-2L'0 HONTY4 9NQO5H3 0916-4IY v
/9AADS L
€0°0 :US ) . - . . . . S
aseg PO 0£-020 0'1-80 §'1-6Z') G100 100 z0 1'1-80 81°0-2L°0 vOIwogdNL 9AdOS 13 681 V1100 €
aseg - 0€£-020 0'1-80 §1-6Z'L 200 G100 z0 1'1-80 81°0-24°0 vOInoadNL 9AAOS L /9000-10D 4
aseg - 0£-02°0 0'1-80 §'1-6Z'L 200 G100 z0 1'1-80 81°0-24°0 NARER) - YELL'L T L
a4 s1Yl0 A oW 19 d S 1S um 2
uiblo apein uonesyoads "ON IS

(xew se J9pISUOD PaUOIJUBW JOU }Wl| JOABIDYM)
(%3IM) uonisodwoo |estwayd

78



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uw) g01 X €°01 : 9|94 4O ON ‘BdIN Z/€ :SSONS

payojouun : @

dA) uswioadg ‘ainjesadwa] wooy : ainjesadwa] ‘Buipuaq weaq Buijejoy ‘Buls :WIoy dABAA ‘|- =¥ : UORIPUOD }S8|

(9AADS| 1o} usye)} ale senjeA wnwiulpy ‘eydns weleg Aq sjeusie|y 20edsolay :}oog Woly pajoel)xy)
uopIpuod |'gH ui ejeq anbyed

HON3INO 110 ‘0 ,0/G- 01G 1V ¥3dNIL
oL z88 8.0l 18H HONTND 110 * .088 O NIAHYH AA-VSOHMOE 9/-688L-L-¥LNL L
7009 IV ‘0,045~ 01§ LV ¥IJWIL
€9¢-L1e ol £es 8.0l 18H HONGND 110 ‘D .088 OL NIaHYH HS-VSOHMO0E 98-056-v-LNL 9
HON3INO 110 ‘0 ,0/G- 0LG 1V ¥3dWIL
o] 8.0l 18H HONTND 110 *0 .088 O NIAHYH VSOHM0E 98-066-7-vLNL S
"IV NI 1002 O ,059-029 LV ¥3dN3L 9AdOG1L3
(g9H) €€ ol 0€6 08Z1-080} 18H 1000 IV '3 .5/6 O LYaH JONIDS L 0916-MIY v
"IV NI 1009 0,059 1V ¥3dW3L
The-182 09 4 08. 0811-086 18H "HONIND 110 2 .5/6 OL 1vaH 9AQd0G13 681 V1100 €
“dIV NI 1002 0,059 1V ¥3dW3L
(g9H) €€ 09 4 08/ 081 1-086 18H "HONINO 10 O ,526 OL LV3AH 9AQOSL £9000-100 z
“HIV NI 1009 O .0¥2-02Z 1V ¥3dNTL
AH 02 09 4" 0SS 00. 18H "HON3NO 110 O ,066-096 OL 1VaH - ¥eLLL TM L
(an) (r) (edi) "s'd
ssaupJeq Joeduw| (@s) 13 % %z'0 (ednw) sLn
uoljipuo) juswijealu} jeaH apelo uopeoyloads ‘ON IS

(wnwiuiy ) senuadoud jesjueyosspy

79



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

ovey IVS Sl¥9 SNV €
%0033 Buibiog ovey VS 71¥9 SNV over3 000S S 1IN 4
- I €
ovey IVS 719 SNV l
wio4 apein uopeoyoadg apeln uopeoyyoadg ‘ON IS
suonesyioads
suoneayioads pazijeuoney
syleway paynuapl adeys 0} pazijeuoney suopeayioads paynuap|
10 JaquinN
40 JaquinN
MOO0LS ONIDHO4 19sh Joj uoljezijeuoney
¢ suonjesy9ads paluspP! Jo JIqUINN 19918 ON-1D-IN :[eudiely Jo adA | obEy AVS ! |eLI9)RW JO BpeRID) [BIBUID)

199)S - S|ELI3JEN DI[[EISIN JO UONEZIEUONEY 10} }33YS Bled

80



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uiw) 0000001 : S8J0A2 JO ON ‘BdIN OVE 'SSBNS 2

(uw) 00000} : S81940 JO ON ‘BdIN 09€ :SSOAS

payojouun : adA} uswioads ‘wdo 0OSZ 03 000Z :Aousnbal ‘einjesadwa | WOOY : ainjesadwa] ‘[BIXY : UOI0alI PO ‘BUIS :WIO) SABAA ‘|- =¥ : UOIIPUOD) 1S9 ]

(anjeA ueaw uBY} SSB| %0 | PAWINSSE SAN[BA WNWIUIN ‘SAJININ W) Paoe)X)

uopIpuod 1'gH ui eyeq anbye

ejep paysi|qelss wolj aue saiadoud [eslueydsW pue Juswieal) JesH
1002 ¥V 0 .97 2 43dNTL
- oL 961 €6.1L 18H 1002 ¥V .9%Z L ¥IdNIL ovey IVS S1¥9 SNV €
HON3NO 110 ‘0,918 : NIAYVH
1002 "IV “0 ,668 :ISITVINYON
R SANTVA IAFIHOV OL ONIAHOOIV H3dNIL
vl 968 €0l 18H HONTNO 110 ‘O .0¥8- 56/ :NIANYH ovevr3 000S S TN 4
1002 ¥V 0 .97 2 43dNTL
_ 1002 ¥V .9%Z ) ¥IdNIL
ol 9611 €611 18H HONIND 10 ‘D .918 : NIAUVH ovey VS 71¥9 SNV 3
1002 "IV “0 ,668 :ISITVINYON
(aH) (edi) 's'd
ssoupIeH (@s) 13 % %z'0 (ediv) s1n
uonipuod jusawijeal) Jeaq apelo uonesyoadg ‘ON IS
( wnwiui ) senuadoud jesiueyospy
aseqd Se0 €020 6°0-2°0 0299 100 100 Ge'0-GL°0 6°0-9'0 €¥°0-8€°0 NVOIdINY ovey VS SL¥9 SNV €
oseqd Se0 €020 6°0-2°0 059l G200 G200 GE€'0-SL0 G8'0-99'0 €7°0-8€°0 NVOIdINY ovev3 000S S 1IN 4
eseqd Se0 €020 6°0-2°0 02-99°L 100 100 Ge'0-GL0 6°0-9'0 €v°0-8€°0 NVOIdINY ovey VS 19 SNV 3
CE| no ON 19 IN d S IS Un o)
uibuo spein uonesyoads "ON IS
(Xew se JapISUOD PauUOIUBW JOU }WI| JOABIBYM)
(%3IM) uonisodwoo [esrwayd

81



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(posiuabipuy)

i V05Z NaW §
- 10l VIN 4
V0SZ Nd / 0589
001g Buibio ¢ -
J001S E| 052 3AVY9O Al AL SN /2159 SINY Zles adla €
€ § - Z159 SWY z
(sjeusep oled N 0S¢ 9peio
Jo uonezijeuoney) /00280 L0 ‘Al AL 05891-S-1IN L
payep 4ao/110Z/OV1INIO
ur psuonusw aJse yY0SzZ NAIA 1o} X
suoneowoads JUB[EAINDS 18I0 | wJio4 apeln uoneosyloadg apelo uoneosyloads ON IS
suoneoyioads
suoyeay1dads paynuapl
syleway pazijeuoney adeys 0} pazijeuoljey suonesyioads paynuap|
JO JaquinN
Jo JaquinN

MOO0LS ONIDYO4 :@sn 1oy uonezijeuoney
S suoyeoyidads payyuapl Jo JaquinN 7331S ONIDOVIVIN ‘[eriajey jo adA L 052 199)s Buibesep + [elidjew jo spelo |elduan

[993S - S|ELIaJe DII[eISIN JO UOBEZI[BUOHEY J10) }39YS Eleq

82



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(pasiuabipuy)

(slenaie Olj[eIB|N SO UOonESileuoney) L002'80°L0 PeIep a9/l L0Z/OVTINGD Jod se o [eg-IvL 0-LL¥S 0-0NS-008-INS | uelpu| - \0SZ NOW S
50080
2004z . . . - . . . . . . )
aseg 008 90€0 | 6802 §1°0-50°0 7591 G20 06L-0LL 100 100 10 10 200 ueadoing - 101 VIN v
62040
aseg G200 90€0 | 680L G1°0-60°0 2691 G20 06L-0L) 100 100 L0 L0 GLO0 usihug - zizs ala €
S0°0 ‘8D
0l
oseq m.m nzw G0€0 | 9802 G1°0-60°0 7697 200 06L-0°LL 100 100 10 10 €00 =ITEN - Z159 SWY z
€000 9
S0°0 D ose
aseg 00 8 G0€0 | §802 G1°0-60°0 TG9Y 200 06L-0°LL 100 100 10 10 €00 ueoLBWY apei 0589%-S-TIAI L
' ‘Al AL
Xew yoeg
a4 19110 1L 09 v ol iz IN d S 1S upn bo)
uibLo apelo uonesyiadg "ON IS

(Xew se JapISUOD PaUOIUSW JOU }Wi| JOABIBYM)

(%3Im) uonisodwod [edjwayd

83



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uw) 401 X 01 : $8J9A2 Jo ON ‘edIN 089 :Ssang

payojouun : 8dA} uswioeds ‘einjeladwa] WooY : ainjesadwa] ‘Buipusg weaq Buiejoy ‘BUIS (W0 BABA ‘- =Y : UORIPUOD 1S9

(VY0SZ NI 1o} usye) a1e senjea wnwiuipy ‘eldns) weleg Aq sjeusie|y a0edsoiay :}oog Woly pajoeix)

uopIpuod 1’gH ul eyeq anbe

(pasiuabipuy)

S|elajel\ dljjela O uoljesijeuolje; ‘80° 3]e| 18)9] -
(sleusie dllle1d | Jo uonesiieuoney) £002°80°L0 PEIEP dAD/LLOZ/OVTINGD Jojey V052 NON g
1002 IV ‘SHH € '0°.58Y - ONIOV B
AH 02§ 8 8L LLG) a3ov 2 10S 1009 HIV D 028 : ONISINOLLNIOS LOL VI 4
; ; 1002 IV ‘SHH € ‘D°.58Y : ONIOV N
AH 029-025 8 00Z1 0002-008} | 3OV % 10S 1002 HIV D .028 - ONISINOLLATOS zizs ala €
100D IV SHH 9 ‘07,087 : ONIOY B
OuH 8¥ 9 gell 0924 a3ov 2 10S 1005 HIV D 518 : ONISINOLLNOS 2159 SWY z
} 1009 HIV SHH 9-€ ‘0087 : ONIOY 05z opelo -
OuH 8 ¢ vask a39v®10S 1009 HIV ‘0,518 : ONISINOILNTOS ‘NLAL 0589%-S7IIN g
el ‘o
wmwm_.: (as) 13 % ( n_us:. Sd (edw) s1n
paeH %20
uolpuod juawijeau) jeaH apein uolesyyoadg ‘ON IS

(wnwiuiy ) sensadoud jeajueyospy

84



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

7929 SNV S

7609 H4SN 14

LIv10LE SINTY

- €
o015 BuibIo _ LI71L0LE SNHY /7101LE SINYY
/71L0LE SNHY
l S
(Li7LOLE SIWHY OL
uoneoyoads Buibioy - a3a3sy3dns 0109 YUSIN) 4
Sl L/PL0LE SINYY PUE %00)s /0109 H4SW
Buibioy si yL0LE SINEY 'C
-pasn aq Os[e Ueo - 6009 HHSIN l
0109 HYSIAl yim paindoid
YO0IS “L/7L0LE SINYY Ag od s od .
popesiadns si 0109 YHSIN “| wio4 spelo uoneosyloadg pelo uoneoyloadg ON IS
suoljeoyoads
suopeoyloads paynuapl
syleway pazijeuoney adeyg 0} pazijeuoney suolesyyioads payipuap|
J0 JIaquinN
Jo JaquinN
MOO0LS ONIDHO04 asn 1o} uoljezijeuolley
suoeoy1oads
S 199)S ON-1D-IN leuajey jo adA L 1991S NON |el19jew jo apelio [eldudn

payiuap! J0 JaquInN

[99)S - S|elaje d1|[eId 3O

uonezijeuoney 1oy joays ejeq

85



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

0N
aseg G1°0-80°0 7'1-0'L g'ee mMNoo.oo G200 GE'0-GL'0 1200 Z0¥L0 NVOI4INY - ¥929 SNV ]
eseq €020 -0l £Y8¢ 5100 Z100 GE'0-1°0 6G°0-62°0 8L°0¥L0 HSILINg - 609 HYSI 14
LI7LOLE SN
g €020 -0l £y8¢ 5100 Z100 GE'0-1°0 6G°0-62°0 8L°0¥L0 HSILINg HLOLE S ¢
(L/PLOLE SINYY
0Ol @3a3asy3adns
g €020 -0l £v8¢e 5100 z100 GE'0-1°0 6G°0-62°0 8L0¥L0 HSILIMg 0109 HUSI) z
/0109 HYSI
aseq €020 -0l €8¢ G100 5100 ¥'0-G1°0 GG'0-62°0 810710 HSILIYg - 6009 YIS }
EE | o 19 IN d S 1S un o]
uiblo apeio uonesydadg "ON IS

(Xew se JapISUOD PaUOIJUAW JOU }iW| JOABIBYM)

(%3IM) uonisodwod [esrwayd

86



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oM3av Aq eyeq ubisaq auiyoey pue oloAoqos a|opA Ag sieusie|y Buuasulbug jo sailuadold [ediueyos|y oy

S1N 30 %06 : Jwi] @dueinpugy

(xen) 62z - - - (xe) 298 N 700D HIV ‘O .56 :3ISITVINHON - 929 SNV S
; . 700D HIV ‘O ,061 : ¥3dNIL )
¥i-88¢ €e Ll 0€01 0z51-02¢t 18H HONIND 110 ‘D .028 ‘NIAUYH 7609 HYSN 14
) } 700D HIV O .06) : ¥3dNIL ) LI7LOLE SN
yry-ese or b 00t 08vL-0cel 13H HON3NO 110 ‘D ,058-028 :NIAHVH /71L0LE SN €
(L/7LoLE SN
) } 700D HIV O .06) : ¥3dNIL ) 01 d3a3sy3dns
ry-8se £e b 00k 0csL-0cel L3H HON3ND 110 ‘O ,028 :NIAHVH 0109 HHSIN) ¢
/0109 HHSN
) } JO0D HIV ‘O ,06) : ¥3dNIL )
Yii-88¢ €e ] 0€01 0251-02¢t 18H HONIND 110 ‘D .028 ‘NIAUYH 6009 HYSW L
(aH) (r) (ed) yo01d
ssaupIe Joeduw| (@s) 3% %z'0 (edw) sLn
uonipuo) juswjealu} jeaH apelo uopeoy1oads ‘ON IS

( wnwiuiy ) seaadoud jeaiueyosy

87



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

- GG9S SNV €
%0033 Buibiog - GG9S SNV €100€z 0916 HIV 4
- l €
- 2099 HdSIN 3
wo4 apelo uoneosyloads apein uoneosyloadg 'ON IS
suoneoyloads suoneoy1oads
syleway pazijeuoney paynuapl adeys 0} pazijeuoney suoneoyIdads paynuap|
Jo JaquinN Jo JaquinN
suoneoyyioads pazijeuoney
MOO0LS ONIDHO4 :9SN 10} uoljezijeuoney
suoneoyioads

€ 1991S ON-1D-IN :[eleje|y Jo adA) €100€Z * [eliajew jo apel9 |eldua

payBuap! 4O JaquINN

193)S - S|ELI3)EN DI[[EJSIN JO UONEZIEUONEY 10} }33YS Eled

88



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oM3Iav Aqg eleq ubisaq auiyoey pue oiokoqos a|opA Ag sjeusiely Buussulbug jo saiuadold [esiueyos|y 1oy

S1N 40 %06 : Jwi] ddueinpugy

70090 ¥IV ‘NIHL
L¥€-€6C €l €62 G96 18H 0 93d8ES OL 100 I .€6G OL LVIH :¥3IdNIL - GG9S SNV €
HON3NO 710 "0 ,ZS0L:NIAYVH
. _ 100D HIV ‘0 ,085< :¥IdNTL
92€-29¢ ol 069 0801-088 18H 1000 HIV /HONINO 10 O .0004-086 :NIAHVH €100€zZ 0916 HIV 4
HON3ND ¥3LVM * O .059-0SG -daAdINTIL
12€-98¢ 8 0S. 0801-0€6 18H 110 NI HONZNDO 0 .086 -0v6 :NIAUVH 2099 HYSIN L
(aH) (edW) s*d
ssoupieH (@s) 13 % %z'0 (edi) sLn
uonipuon juawijeal jJeaHy apelg uonesyloadg “uwz
( wnwiuiy ) seanuadoud eajueyosy
GZ'L-GL°0 M . . . . . . . . o . -

eseg c0:nD €0-LL°0 GZ'L-GL0 Sel-LlL 0'1L-G°0 00 €00 9'0-¢0 oL §2'0-C0 NVYOId3INY - GG9S SNV €
eseg - - - ovL-0ClL 0L S€0°0 G200 80 0L 2€°0-62°0 HONIYA €100€Z 0916 ¥V 4

eseg - - - SyiL-0ClL 0L €00 G200 S0 S0 2€°0-¢2°0 HSILIYg - 2099 ¥HSIN L

CE| lL2yio A ON 12 IN d S IS Un bo]

‘ON

uibuo apeln uoneoyloadg s

(Xew se JapISUOD PaUOIIUAW JOU }WI| JOABIDYM)
(%3IM) uonisodwoo |estwayd

89



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

¥aose 80£00-L00 €
3o0)g Buibiod - 8v€9 SNV - 87€9 SNV 4
. + £ vaose 09161V !
wao4 apelo uoneoyloadg apelo uoneoyloadg ‘ON IS
suoneoyioads
suoneoyIdads payuapl
syJeway pazijeuoljey adeys 0} pazijeuonjey suoneosyyioads paynuap|
Jo JaquinN
Jo JaquinN
MOOLS ONIDYOA 19SN 10} uonezijeuoney
suoneoyloads
[ 19318 ON-1D-IN Jel9jey Jo adA L $A0SE ! |eldjew Jo apeus) |elauas)

paynuap! J0 JaquInN

[993S - S|euaje d1|[ed 30

uonezijeuoney 1oy }oays ejeq

90



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

0OX3av Aq ejeq ubiseq suiyoey pue oehoqos 8jop Aq seusiely Buesuibu3 jo seipadoid [edluByOBN Joy
S1N 40 %06 : }wi ddueinpugy

) ;wo/lep g ) HON3INDO 110 ‘O 4085 *¥3dW3L )
oz oL 0€6 08c1-0801 18H HONINO TIO ‘D 058 :NIAYYH $A0S€E 80€00-L00 €
ejep paysi|ge)sa wouy aie saadoid
3 ,wo/lep 9 ) |edjueyosW pue juswieal} Jeaq }
¥2€-19¢ 0s cl ovL 0801-088 18H 10092 HIV ‘D .08S HIdNTL 8¥€9 SNV 4
HON3NO 710 ‘O ,098-0¥8 :NIAHVH
) ;wo/lep 9 ) 1002 YIV ‘0,085 ¥IdNTL g
¥2€e-192 e cl (072 0801-088 18H HONIND IO O .098-0v8 :NIALYH $A0s¢e 0916-dIV L
(aH) (r) yoedw| (as) 13 % (edW)'s'd (edin) sLn
ssaupJeH ° %20
uonipuo) juawiyeal) JeaH apein uonesyoadg ‘ON IS
( wnwiuiy ) semuadoud jesiueyosy
oseg - €0-GL°0 2’160 70 Gco00 c00 7°0-GL°0 8°0-9°0 2£0€0 YO3INOgdNL 7a0se 80€00-100D €
oseg Ge0 62’0510 1"1-8°0 G20 Gec0'0 G200 GE'0-9L°0 9'0-¥'0 €€0-820 NVOIdINY - 8¥€9 SNV 4
osed - €0-GL°0 2’160 70 G200 c00 7’0510 8090 2£0€0 HON3Y ¥A0SE 0916-dIV L
CE] no O 19 IN d S IS Un o}
ubuo apein uoneoydads ‘ON IS

(xew se J9pISUOD PaUOIJUAW JOU }Wl| JOABIBYM)

(%3IM) uonisodwod [esrwayd

91



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

) (pasiuabipuy) S
vZeL Naw
- zelL s sg 14
- 0019 HYSIN €
Yoo Buibio ) Auow_cwwm,“_wmmmﬁ Nanw
) (0169 YYSIN woly spep) z
4 S 1109 HYSIW
(sreusie|y olj|e3s|N Jo uonesijeuoney)
£002°80°L0 Pe¥ep das/LL0zZ/OVIINIO
ul psuonusw aie Yge L NaN ) (1169 HHSIA wouj apely)

10} suoneoyoads juajeainbs Jayio 'z 2109 ¥YSI b

1109 HYSIN pue
2109 HHSIA Jo sBuibioy axew o} pasn d d .
aq UEo %001S BUIBIO} S 169 HUSIN L wao4 apelo uonjesyloadg apelo uoneoyioadg ON IS
suoleoyioads
suoneoyidads payuapl
syieway pazijeuonjey adeys 0} pazijeuoljey suoneoyioads paynuap|
Jo JaquinN
Jo JaquinN
MOO0LS ONIDHO4 19SN 10} uoljezijeuoney
14 suoneayioads 1991 ON-1D ‘[euaje Jo adA L 7331S AND ! [eLI9jeW JO BpEID [BJoUDD

paynuap! Jo JaquInN

|199)S - sjelIajely dlj|esN Jo

uonezijeuoney .1oj3jaays ejeq

92



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(pasiuabipuy)

(sreusie|y oljie3s|\ Jo uonesijeuoney) 00Z°80° L0 Pa¥eP dA9/LL0Z/OVTIINTD Jod se 84 [eg-0N6 0-1DE-UNG 0-Ot 0 Uelpy| - vzel NaW g

eseq - GZ'0-GL°0 €00 1'1-8°0 G'€-0¢ €0 200 200 GE0-1°0 L0¥0 £v°0-6£°0 HSILIYg - zeL s sg 14

aseq mmmm GZ'0-GL°0 G200 1'1-8°0 G'e-0¢ €0 GL00 100 GE0-1°0 200 £7°0-6£°0 HSILIMg - 0019 Y4SN 3
G200 (0169 YIS

eseq u GZ'0-GL°0 G200 1'1-8°0 Ge-0¢ €0 200 200 GE0-1°0 L0¥0 £v°0-6£°0 HSILIYg - woyy epep) z
Std 1109 HYSIN
200 (1169 HdSIN

oseq u GZ'0-GL'0 G200 1'1-8°0 ge-0e €0 GL00 100 GE'0L0 200 €¥°0-6€°0 HSILIYg - woyy ope) !
Std 2109 YMSIN

a4 Hoed A ug ol 19 IN d S IS un 2
B-3:10iTe]
uibo apei uonesydadg ‘ON IS

(Xew se JapISUOD PaUOIJUAW JOU }iWl| JOABIBYM)

(%3IM) uonisodwod [esrwayd

93



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uw) 401 X 0 : $8J9A2 Jo ON ‘BdIN ZGG SSans

payojouun : adA} uswioadg ‘ainjesadwa | Wooy : ainjeradws] ‘Buipusq weaq Bujejoy ‘BulS (W0 SABA ‘|- =Y : UORIPUOD }S8 ]

(VZe1L NAW 1o} usye) a1e senjea wnwiuipy ‘eldno weleg Aq sjeusie|y eoedsoisy oog Wolj pejoex)
uonIpuod |’gH ul ejeq anbiey

(pasiuabipuy)

S|elale|\ dljjele O uoljesijeuole ‘80" 9]e 18)9 -
(sleuse oljjelel\ J0 uonesijeuoney) 200Z°80°L0 Pakep da/|L L0Z/OVTINTD ooy vZEL NOW S
) Ja14 02 } 7002 HIV "0 ,009 1V ¥3dWIL )
627-88¢ Lz 8 o€l 0L¥L-0Z€l 18H HONSND 10 D 056 1Y NITNYH zeL s sg 4
) ) } TO0D HIV “0 .019-08S LV ¥3dNIL )
621-88¢ 8 oglLL 0.¥1-02€l 18H HONSND 710 ‘O 066-086 1V NIQUVH 0019 HYSIN ¢
) ) } TO0D HIV “0 ,019-08S LV ¥3dNIL ) (0169 HHUSIN WOl opepy)
bergse 8 Rl 04v1-0ceL 13H HON3ND 110 ‘0 ,056-0€6 1V NIAHVH 1109 HHSIN ¢
) ) } 700D HIV 0 ,029-065 LV ¥IdINIL ) (1169 YUSIN Woy spep)
s o 00t o6eL-0vel 13H HON3ND 110 ‘0 ,056-0€6 1V NIAHVH 2109 "HHSIN _
(aH) (r) (edw) 's'd
ssaupJey Joedu| (@s)3 % %z'0 (ediw) sLn
uonipuo) juswijeau) jesH apelo uoneoyloadg ‘ON IS
(wnwiuiy ) senuadoud jeajueyosspy

94



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(9€09
HYSN OL FLVYNHILTY
- SI 2109 JdSIN €
(e1910890)
9€09 HYSN
300}g Buibio4 - G6S s4
- 2109 HHSIN 4
2 €
'9€09 - G6S s9 3
HYSIN Jod se 9£09 HHYSIN
0} sjeuss)e sl /109 HYSIN
8180890
SI9E09 HUSN 'L Lo epelo uoyeoyloads apeig uopeoyloadg ‘ON IS
suopjesyioads suonesyivads
syleway pazijeuopey payuap! adeys 0} pazijeuoney suopeayoads payiuap|
Jo JaquinN 10 JaquinN
MOOLS ONIDHOA :9Sn 10} uoljezijeuoijey
suoleoy1oads
[ 19918 ON-1D-IN ‘lelsajey Jo adAL 19318 ON-1D-IN |elI3jew JO apels) |elauan

paynuapt jo Jaquiny

[99)S - S[eLiajey Ol|[E)SIN JO uoneZijeuoney J0j 3199YS ejed

95



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oM3aav Aq eyeq ubisaq auiyoey pue oloAoqos ajop) Aq sjeusiey Buesuibug jo saiuadolid [Bolueyos| :Joy

S1N 40 %06 : Jwi ddueinpugy

(909 ¥HSIN
. . OL J1VNYH3LTV
- _ TO0D HIV "0, 019 -04G "d3dN3L _
L¥€-10€ (474 el 006 091 1-0001 18H HONZNO IO O .068-068 ‘NIAHYH SI 2109 H4SIN €
(e191000)
9€09 HHSIN
~ g 71002 HIV "0, 099-0€9 *¥IAdNIL _
98¢-8¥¢C S 9l 002 0€£6-0G8 18H HONZNO 10 O .068-088 ‘NIAHYH 2109 ¥HSIN 4
- (a1y) or _ 700D HIV "0, 08S *¥AdNTL _
L2e-G5¢ Gp 4" 109 G96- 982 18H HONZNO 10 ‘O .068-088 ‘NIAHYH G6S sd A
(aH) (r) (edi) 's'd
ssoupieH joedw (as)13 % %Z0 (edw) s1n
uopnipuo) juawijeal) JeaH apelo uonesyoadg “vwz
( wnwiui ) senuadoud jestueyospy
(9€09 ¥HSIN
OL 31VNYH3LTV
eseg G€'0C0 V-l L€ G200 200 G€'0-GL'0 L°0-G¥'0 ¥1°0-9¢°0 HSILI¥g - SI 2109 H4SIN €
(e1910800)
9€09 HHSIN
ased Ge0-2’0 V- L€l G200 ¢00 Ge'0-GL'0 1'0-Sv'0 ¥¥'0-9€°0 HSILldg - 2109 ¥H4SIN 4
oseg G€'0C0 V-l L€ G200 200 G€'0-GL'0 2'0-6¥'0 ¥°0-9€°0 HSILIYg - G6S Sd L
a4 oN 19 IN d S 1S un 2
uibuo spein uonesydads "ON IS
(Xew se J9pISUOD PaUOIJUAW JOU }iWl| JOABIBYM)
(%3IM) uonisodwood [esrwayd

96



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

YINHMO0€E LL-EVSY-O )
) (pasiuabipuy) 9
V8S/9NAN
0ELy 04€9 SNV S
V8SG/9NAN
00)g Buibio
30035 buiblo4 0oEly /96/9-S-SINY
z 9 - ¢rlS sd 14
S¥adse 00916-dIV €
',002°60°L2 0ELy 8G/9-S-SNV 4
pajep 1.0/L0/GISN)VINOY
Jad se 85/9-S-1IIN 0}
jusjeAinb3 se payoads / 'ON'IS "2 (8529-S-SINVY
Aq papasiadng
0ELy . l
(sleLerep dliEIBIN 812/0sq0)
JO uonesijeuoney) /002'80°L0 8G/9-S-1IN
pajep 4ao/L L0z/OV1INIO
ul pauojusw a1e g5 /.9 NAW 40}
suoneoyoads usieAINbs Jayo | wio4 apelg uonesyloadg apelo uonesyloadg ‘ON IS
suoijeoyoads
suoljesyioads pazijeuoney
syleway payuap! adeys 0} pazijeuoney suoneoyloads payuap|
10 JaquinN
Jo JaquinN
MOO0LS ONIDHO4 19Sn 10} uoljezijeuoney
9 suoljeoy1oads paynuap! Jo JaquinN 1993S ON-1D ‘[euaje Jo adA L J331S ociy |eli9jew jo speis |elduan

[993S - S|eLIajeN JII[eISIN JO UOnEZI[BUOHEY J10j }33YS Bled

97



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

aseg €0 - 1'1-80 €0 G200 5200 1€0°21°0 L1070 €€°0-92°0 NVISSNY VINHMOE LL-EYSYO L
. . . (pasiuabipuy)

(sleusie|y olj[ela|y Jo uonesijeuoney) 00280 L0 Peep dd9/L L0z/OV NGO 4od se o4 [eg-ONZ 0-101-0€ 0 uelpy| - V8SZ9NAN 9
oseq GE'0 GZ'0-GL°0 1'1-8°0 G20 G200 5200 GE'0-GL'0 900 €€°0-82°0 uesLBWY 0€L¥ 0/£9 SNV ]
aseg - GZ'0-GL'0 160 €0 200 5100 GE'0-GL°0 8060 620220 usnug - Zrls sd 14
aseq - 620610 Z160 €0 200 G100 GZ0-1'0 8070 62°0-22°0 youai4 S¥aose 00916-dIV €
aseg Ge0 GZ'0-GL°0 1'1-8°0 SZ0 G200 G200 Ge'0-G1L°0 9070 £€°0-82°0 ueouBWY [o[1R% 8G9-S-SINV z

(8529-S-SNV
Aq papaesiadng
aseq - GZ'0-6L°0 1'1-8°0 G20 G200 G200 G€'0-2'0 9070 €€°0-82°0 ueoLBWY [o[]h% 5 |
19|0Sq0)
8G/9-S- 1IN
EE| no o 19 IN d s 1S un 2
uiblo apelo uopeoyoadg ON IS

(Xew se JapISUOD PAUOIUSW JOU }IWi| JOABIBYM)

(%3Im) uonisodwod [edjwayd

98



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uiw) 501 X 2°01 : 9|94 JO ON ‘BdIN G6C :SSONS

payojouun : adA) uswioadg ‘einjesadwa] wooy : ainjesadwa] ‘Buipuag weaq Buleloy ‘BuIS W0y SABAA ‘L- =Y : UOIIPUOD 1S9

(SYADGZ 10} uaxe)} aie senjeA wnuwiulpy ‘eydn) weljeg Aq s|euele|) 80edsolay 0og Wol) pejoelixy)
uonIpuod 1’gH Ul ejeq anbiey

HON3INO
- cl 9€L €8 18H HILVM / HONINO 110 0 .0vS - ¥3AdINIL VYIHM0€E LL-EYSY-O A
HON3NDO 110 ‘O ,088 :NIAHVH
(sleusje|y dljle}ol Jo uonesijeuoney) 200Z'80° L0 Pa¥ep dao/| L0Z/OVTIND Jejey - (postusbipul) 9
! | nesl ! V8S/9NAN
ejep paysi|ge}se wouy
aJe salpadoud [eolueydBW pue Juswieal) jeaH
- Ll 689 198 1H seiuadoid ay) arsiyoe 0} Jedws | ocly 0.€9 SNV S
J81e /IO Ul yousnp
07,588-G¥8 1e uspieH
700D HIV 0 .02S < : ¥3AdNTL
1€€-69¢ cl 004 001 1-006 18H HON3NO - Zvls sg 14
¥ILYM /HONINDO TI0 ‘O .088-0€8 :NIAHVH
100D HIV 0,026 < : ¥3dN3L
12e-v9¢ oL 069 0801-088 18H HONZNDO 110 O .088-098 INIANYH Sadse 00916-dIV €
sajpadoud ayy ansiyoe o} Jadwa |
- Ll 689 198 1H J31AV/IIO Ul Yousnp (01984 85/9-S-SNV 4
07,588-G¥8 Je uspieH
saluadoud ay) ansiyoe o} Jadwa | (85/9-S-SNV Ad
- Ll 689 198 1H J81BAN/IIO Ul Yousnp 0cLy papasiedng "8}9]0sqQ) 3
07,988-G¥8 1e uspieH 8G/9-S 1IN
(aH) (edin) 's'd
sseupiey (as) 13 % %z'0 (edin) sLn
uonipuod juawjeal) JesH apelo uonesyioadg ‘ON IS
(wnwiuiy ) sanuadoud jeajueyoay

99



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

- V66 NAW 9
- 16S s9 g
(¥G1S Aq peoejdey
- '8}9108q0) 4
%00)g Buibio - V66 NAI /66 S S8 965 S8
z 9
- ¥G1S s9 ¢
- 86S s9 4
(sleusie el
J0 uonesijeuoney) 2002°80° L0 - 66S S9 L
pajep das/i L0z/OvV1INGD
ul psuopusw ale Y66 NAWN
10} suofjeoyoads jusjeainba Jayio | wio4 apelo uoneosyioadg apelo uonesyloadg ‘ON IS
suoneoyoads
suonesy1oads pazijeuoljey
syleway payuap! adeys 0} pazijeuoey suonesyidads payiuap|
Jo saquinN
Jo JaquinN
MO0LS ONIDYOL 19sn 1o} uonezijeuoney
9 suoneoy1dads payuapl Jo JBquinN 1993 ON-1D-IN ‘[euaje Jo adA L 7331S ON-1D-IN%S'2 ! [elI9)eW JO BpEID [BIBUDD

199)§ - sjeLIajely Jl|je}9|y Jo uoljezijeuoljey] 1o} l1e3ys ejeq

100



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(sleusiel oljjeje |\ Jo uonesijeuoney) 2002807 L0 Pe¥ep dao/LL0Z/OVTINTO Jed se 84 [eg-ING Z-0NG 0102 0-Dt 0 NVIANI - V66 NAW 9
aseg - - G9'0-5%°0 8°0-6°0 82€T G200 200 G010 10-6t°0 Ge'0-22°0 HSILIYg - 16S Sg S
(#G1LS Aq peoejdey
aseq - - G9'0-5%'0 8°0-6°0 82¢T 5200 200 GE0-1°0 1°06%°0 GE'0-22°0 HSILINg - *819|0sq0) 14
96S S9
eseg - S0'0-GLO"0:IV G9°0-G+'0 8°0-6°0 8Z€T G200 G100 GE'0-GL°0 10-6%°0 GE'0-L2°0 HSILIYg - ¥SLS sg €
aseg - - G9'0-6%0 8°0-6°0 82¢T G200 200 GE'0-1°0 10-6t°0 ¥¥°0-9€°0 HSILIYg - 86S Sd z
aseg - 90°0-510°0 G9°0-5¥°0 8°0-60 87-€T 5200 GL00 GE0-1°0 1°0-G%°0 ¥°0-9€°0 HSILINg - 66S S9 L
a4 si8yl0 v oN 1 IN d s IS un bo]
uibuo epeio uonesyoads "ON IS

(Xew se JapISUOD PaUOHIUAW JOU JWI| JDABIDYM)
(%3IM) uonisodwoo [edrwayy

101



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(unw) 901 X 01 : 89K JO ON ‘BdIN LEY :SSONS

payojouun : adA} uswioadg ‘einjesadwia | Wooy : ainjeradws] ‘Buipusq weaq Bujejoy ‘BulS (W0 SABA ‘|- =Y : UORIPUOD 18]

(#G1S Sg 10} usye} e senjeA wnwiul ‘e}dno weljeg Ag s|eusiely 80edsolay :}oog Wol) pejoexd)

uonIpuos 1’gH ui ejeq anbiey

(s|enaie Oll[eIB|N JO Uonesiieuoney) L002'80°L0 PeIEP dA9/L L0Z/OVTINGD 8oy - V66 NaW 9
) ) 7009 HIV ‘O .099-09G *HIdWIL )
LE-€62 Ge 4 86/ ¥£01-968 18H HONIND 10 ‘D .098-028 1V LVaH 16S S8 G
. (51 S Aq peoejdey
70092 HIV ‘O .009:43dNIL
- - - ‘9)9|0S!
12€-662 ov 4} 069 0801-088 18H HONIND 10 D 058 ‘NITNYH 19|0Sq0) 14
96S S9
) ) 70092 HIV ‘O .009:43dNTL )
12£-662 ov 4} 069 0801-088 L18H HONIND 10 O 058 ‘NITNYH ¥51S 89 €
07,099-006 }e Jedwa |
88¢-LYE 14 oL 968 ZLLLvE0L L18H IO Ut yousnp - 86S S9 z
07,068-028 Je uspieH
07°,009-006 e Jedwa |
GLy-€9¢ o4 oL 0801} 0Z¥L-0€Z) L18H IO Ut yousnp - 66S Sd L
0°,068-028 : UepieH
(aH) (r)
ssoupie Joedu| (@s) 13 % A&_uwvm.oook_ (edi) s1n
0
uoipuod juswijeal) JeaHq apelo uoneoy1oads ‘ON IS

( wnwiuiy ) seaadoud jeaiueyosy

102



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

82-0908-9
LOLNSLH TL-8LELPLNL 8
LOLNSLHMZL GL-6V65-O
2.-2€959
- V.y€ NAW L
8/81 2259 YIS 9
V.b€ NaW
woors Bubiog | 1ze0E IVS /5P9S SINY L1-8LINOO}Z 0916 HIV S
4 8
- o€l ST sS4 4
- 621S S8 €
LSYL
68LILINIDOLX Ovvil NI ¢
(sreusyely dlieloN
10 uonesijeuoney) /002°80°L0 1¢€0€ VS Y9G SNV L
pajep das/kL0z/Ov NGO
Ul pauojuBsW 8. Y/ ¥E NAW
10} SUOREOI0AdS JUS[EAINDS JBWO | wJio4 apein uonesyyoadg apelo uopeosyioadg ‘ON IS
suoneoyoads
suoneoyioads pazijeuoney
syieway paynuap! adeys 0} pazijeuoney suoyesayvads paynuap)
Jo JaquinN
Jo JaquinN
MOO0LS ONIDHOA :9sn 40y uonezijeuoney
8 suoljeoly1oads paiuapl Jo JaquinN |99)g ssajulels Jeldjey Jo adAL 1331S 8/81L ! |eliajew Jo apels) |elaudn

199)§ - sjeLIajely Jljje}9|y Jo uoljezijeuoljey] 1o} 31e3ys ejeq

103



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

8/-0908-9
LOLNSLHM 2.-8/€-L-¥LNL
ose ) ) (e ) . . . . . .
g 1°0-(200-0) 06L-0°LL 0'LL-0'6 GE00 | 200 80 4 zLo NVISSNYd LOLNSLIDIZL 6 1-6V65 8
2172959
(sleusye|y oljle}o o uonesijeuoney) 200280 L0 PaIeP dA9/LL0Z/OVTINGD Jod se a4 [eg-(qels)aN-INg-108 | uelpu| - V.¥€ NAW yA
L'} - D0L:AN . . . . . . . . . .
aseq 5001 G0 8'0- 0§ 0L | 06L-0.LL 0LL-0L GE0'0 | G200 | 071-20 | 0G0 | 800 yshug 8/8L 2259 ¥HS 9
oseq - - 8'0- 0§ - 06L-0LL 0'€L-00L | G€0'0 | S20°0 o'l 0¢ zLo youai4 L1-8LINDOLZ 0916 HIV S
aseg L'l - OX0l aN - - 0L | 06L-0LL 01108 G€0'0 | G200 | 0420 | 0260 | 800 ysnug - o€l Sz sd 14
aseg - - 8'0- 0§ L0 | 06L-02ZL 0'1L-08 G€0'0 | G200 | 0420 | 020 | 800 ysnug - 621S sd €
aseg - - 8'0-0% - 06L-0LL G106 S¥00 | €00 ol 0C (0] uewIeD bray'L ovv.L NI 4
68LILINIO0LX
oseq L'0:N G0 2'0-(N+0)S /0| 06L-0ZLL 0ZL-08 00 | €00 o'l 0¢ 800 ueosLBWY 12€0g 3IvS G¥9G SNV L
9 uoe n 1 [o] A 1 1 u
E| 10430 bo) 1L N bo} IN d s IS 1] o)
uibuo apelo uoneoy1oads Wz

(xew se J9pISUOD PaUOIJUAW JOU }Wl| JOABIBYM)

(%3IM) uonisodwod [esrwayd

104



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oMYAV Aq eyeq ubisaq auiyoe|y pue o1ekoqos ajopn Ag sjedsiely Buesulbug jo saladold [eolUBYOS| 1Joy

S1N 30 %06 : Jwi] @dueinpugy

8/-0908-9
) ) op %L 0ls pajesuuy 7002 ¥IV / HONINO LOLNSLHM 2L-8€-L-vLNL 8
uonn|os H3LVYM / HONINO 110 ‘0,001 L-0504 LOLNSLHMZL G/-6¥65-9
2128959
(sleusiel oljejeN J0 uonesijeuoney) Z00Z°80°L0 Pa¥ep dao/LL0Z/OVTINTD ooy - V.ve NaW l
] ] pajesuuy 7009 ¥IY / HONIND
Oce-ort s ore ovs uonn|os H3LVYM / HONINDO 110 ‘D ,0801-0504 ei8l ¢ea9 Wus 9
wo/re B|eauu
- (gusorrep) o4 1€ oLz 069-06% paiseuty HONINO YILYM'O 001 L-0S0} L1-8LINDOLZ 0916 IV ]
0S uonn|os
pajesuuy 7002 HIY / HONINO
Xe - -
(xen) €8 g€ ore ovs uonn|os H31LVYM / HONINO 110 ‘0,001 L-0001} oeL ses8 v
pajesuuy 7002 HIV / HONINO
Xe| - -
() e8) g€ oke ovs uonn|os H3LVYM / HONINO 110 ‘0,001 L-000} bels s8 ¢
} (Ja1y) s8 ) pajesuuy . ) LS L
061-0€L SL Ge 502 062-005 uonn|os 00D HIV / HONIND HILYM ‘O 0L0L-020 | oo 1\ Ov¥ZL NIQ z
psjesuuy 7002 HIV / HONIND
Xe| - - - Xe|
(xen) zgv (xen) 519 uonn|os H3LVYM / HONINO 110 ‘0,001 L-0001} beeoe Vs G795 SNV b
(aH) (r) (edw) 's'd
ssoupie Joedu| (@s) 13 % %z'0 (ed) s1n
uonipuod juswijealy jeaH apelo uoneoyloadsg Mvmz

(wnwiuiy ) senuadoud [esjueyosspy

105



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

L¥€0€ VS 995 SNV 4
¥o0)s Buibio LY€0E VS v1ze NaN/9v¥9s SINY
2 [4
- ViZe NN 3
[CETSENREET
Jo uopesijeuoney) 20028010
palep 4ao/L10oZ/OVIINGD
ul psuonuaw aJe vzg NAN 104 i
suoneoNoads UseAINba 18I0 | wuo4 apelo uoneosyioadg apelo uoneosyioadg ON IS
suoleoyloads suoneosyloads
S)ieway pazijeuoney paynuap! adeyg 0} pazijeuoljey suojeoyidads paynuap)
Jo JaquinN Jo JaquinN
MOO0LS ONIDHO4 19SN 10} uoljezijeuoney
suoneoyloads
4 |1993)S ssajulelg ‘leraje Jo adA L 7331s 6/81 * [elidjew jo speln |eissuan

payBuapt jo Jaquiny

[99)S - S[eLajey dl|[eIB O

uonjezijeuonjey 1oy }oays ejeq

106



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

OM3AV Aq eieq ubiseq@ sulyoe|y pue o1eAoqos ajopn Ag sieusie|y Buussuibul jo seiuadold [edlueyos|y 1oy
S1N 40 %06 : }wi] ddueinpugy

psjesuuy 009 ¥V / HONIND ¥31LVM / HONIND
€ ole 069-06% uonnjos 710 0,001 1-000} :ONITYINNY NOILNTOS £E0E 3VS ov9s SNV ¢
(sreusie|y oljle}s\ Jo uonesijeuoney) 200Z'80°L0 PaIEP dAD/LL0Z/OVTINTD 1840y - Vv12Ze NAN 3
(aH) (edw) 's'd
ssaupJey (@s) 13 % %zZ'0 (edin) s1n
uonipuon juawijeal Jeay apelo uonesyoadsg 'ON IS
( wnwiuiy ) senuadoud jeajueyosspy
eseg 80-0G 1L 06L-0LL 0°€L-00L G€00 | G200 | 0L | 0C | 2¢L0 uedsuswy L¥€0€ AVS 9195 SNV Z
(sleraey oljjelelA Jo uonesijeuoney) £00Z°80°L0 Pe¥ep dao/L L0Z/OV1INTO Jed se o [eg-11-IN0L-108L uelpuj - VviZe NaW 3
yose3
CE | s19U30 10 IN d S IS | UN bo]
uibuo speio uoneoydadg ‘ON IS
(Xew se JapISUOD PaUOIIUBW JOU }Wli| JOABIDYM)
(%3IM) uonisodwoo |estwayd

107



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(posiuabipuy)

Hd ¥z} VLI NaW €
00}s Buibio -
%00} 1bio4 Hd v-21 V.l NAIN /2295 SNV Hd 721 2295 SNV z
[4 €
(SIELBIEN SIlIEION Hd -2 €95 SNV l
Jo uopesijeuoney) 2002'80° L0
paep 4ao/110Z/OV1INIO
ul pauonusw aie vyZL NaN .
10} SUOEOYI0adS JusjRAINbS SO ‘| wio4 apelo uonesyyioadg apeln uoneoyloadsg ON IS
suolesyoads
suoljeayyioads pazijeuoney
syleway paniuapl adeyg 0} pazijeuoney suoneayvads paynuap|
Jo JaquinN
JO JaquinN
MOOLS ONIDHOA adeyg MJO0LS ONIDHOL 19sn 1o} uonezijeuoney
€ suoneosyidads paynuapl Jo JaquinN 1991S Hd ‘leraje Jo adA L 7331S Hd v-LL : [elidjew jo speln |esdudn

199)§ - sjeLIajely Jl|je}9|y Jo uoljezijeuoljey] 1o} l1e3ys ejeq

108



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uiw) 000°00°01 : SJA2 JO ON ‘BdIN 189 SSa4S T

(uw) 000°00°} : S804 Jo ON ‘BdIN GZ6 'SSOANS *|

payojouun : 8dAy uswioads ‘wdo 0pg| :Aousnbai4 ‘ainjesadwa] wooy : ainjesadwa] ‘[BIXY : UOROBIIQ PEOT ‘DUIS WI0) SABAA ‘L- =Y : UOI

uoy 1881

(anjeA uesw uey) ss8| %0 | PaWNSSE SaN|EA WNWIUIA ‘SAJINIA WOl pajoelix3)
uoRIPUOd OGH Ul B} anbie4

9l vzl 1€6 0GLLH Uy 40} O°,6F029 (2
} zl 000} 6901 GZOLH Uy 40} O°,GF0SS (1 Hd 721 (pasiusbipuy) ¢
1dd V2L NQW
0’,0€ MOJ9q [000 ‘SJWO9-0E
104 O°,GLFOF0 1 Je yeas] uonnjos
z5e-112 9l vzl 1€6 0SLLH 1yy 104 O°,GF1.29(9
£9¢-20¢ vl £6. G96 00LLH 1Yy 10} O°,GFEBS(S
Gle-L1E €l 298 0001 G/0LH 1Yy 104 O°,GF6.G(1
LOv-L€E zl 0001 6901 GZOLH Iyy 10} O°,GFCSS(€
621-G.€ 0l 6901 zLLL GZ6H 1Yy 10} O°,GF961 (2 Hd vil ¢e9s S ¢
rii-88¢ 0l zlLLL olLEl 006H 1y} 10} 0,628y (L Ldd
HON3NO
0 07,801 :}e81] UoHN|os
G9€-1/2 9l vzl 1€6 0SLLH Iyy 40} O°,GF129(9
£9¢-20¢ vl £6. 596 00LLH Iyy 40} O ,GFEBS(S
GlZL1LE €l 298 0001 G/0LH 1Yy 104 O°,GF8.G(¥
601-1L€€ zl 0001 6901 GZOLH 1yy 104 O°,GF2GS(E
627-GL€ 0l 6901 zlLL GZ6H 1yy 104 O°,GF961 (2 Hd 7Ll £v9s SNV _
L1-88¢ 0l L oLelL 006H 1Y 104 O°.GFZ8Y (1 Ldd
'HON3NOD
710 ‘0°,8€01 }eai] uonnjog
(aH) (edi) 's'd
ssoupJeq (@s) 13 % %z'0 (edw) s1Ln
uonipuod jusawijeal} JeaH apelo :O_amo_u_uon_w ‘ON IS
( wnwiuip ) sanuadoud [esiueyospy
oseg sv0 06-0¢ G0 0'/L-0°GL 06-0¢ G200 G200 0l oL 100 uelpu| Hd v-21L (pasiuabipu) €
-OXG 'e[+qD ’ V.l NQW
oseq -ONM wo 06-0¢ S0 G'/L-0°GlL 06-0¢ G200 G100 0l ol 100 ueouawy Hd v-21L 2295 SNV 4
oseg -omm .ﬁmo 06-0€ G0 G'/L-0°GlL 06-0¢ %00 €00 o'l 0L 100 ueoLBWY Hd v-21 €795 SNV L
9 uoe3 n o] A 1 1 u
E 519030 b} N o) IN d s [ N bo)
r__m_._o apelg uoneol owaw ‘ON IS
(xew se J9pISUOD PaUOIJUBW JOU }Wl| JOABIDYM)
(%3IM) uonisodwoo |estwayd

109



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

CNLLHML
ZNZLEMDL Zl-Lle-L-vinL 8
- Vier NAWN L
LY 2€28L-S1IN 9
1G0¥°L
JLINIDZZX ovv.lL NIQ S
Vier NAN
00}g Buibio
3003g buiblo4 LEYLS VS 19295 SINY
[4 8 LEYLS VS 8299 SNV 14
€0-LLNOS1Z 0916 ¥V €
- €169 ¥YSIN 4
(sleusey oleRN
Jo uopesijeuoney) 2002'80°L0 - 08 S sd I
paep 4ao/L L0Z/OV1INTO
ul pauonuaw
ale VL& NAIA 104 suoieolyoads
JUBEAINbS 18I0 | wio4 apel uonesyloadg apei uonesyloadg ‘ON IS
suopesyoads
suoijeayioads pazijeuoney
syleway paiuapl adeyg 0} pazijeuoney suoyeoy1dads paynuap|
10 JIaquinN
Jo JaquinN
MOO0LS ONIDHO4 19SN 10} uoljezijeuoney
8 suoneoyioads payiuapl jo JaquinN |99)g ssajule}s leuajey Jo adA} LEYLS VS ! |eliajew Jo apels) |el1duan

199)§ - s|el19je\l Jlj[e}d9A JO uoljezijeuoljey Jojjo3ys ejeq

110



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

ZNLLHML
g 81-9l G'Z-GL | S200 | 5200 80 80-€0 | ZL0-bLO NVISSNY INLLHSIL 2l-Lie-L-vLNL 8
(sleusieiy Oljje1S|N JO Uonesifeuoney) 20028010 PAIEP dAD/LL0Z/OVTINGD Jod se o4 [eg-ING'Z-10LL-091°0 uelpu| - viey NaW L
eseg - - - 0'21-6'S) GT-GL | v00 | €00 | 90CT0 | 80-€0 | Z102L0 ueouBWY Ley 2€/81-S-TIN 9
aseg - - - 0'8L-09} GT-GlL | S¥00 | €00 0L ol €2°0-G1°0 uew9 L5077h ov¥ZL NIQ g
LLINIDZZX
oseg 10N G0 | G20 | gSoI-gGL 0€-0Z | ¥00 | €00 | 900 | 80-€0 | 21020 ueouBWY LEVLS AVS 8295 SNV v
aseg - - - 0'8L-0°SL 0'€-0Z | S€00 | 5200 o'l 0l 20210 youa.4 €0-LLNOSIZ 0916 HIV €
S0°0 M
ZOA
S00:L
aseg 200 :US €0 | €0 | 08106t 0€-0Z | €00 | G200 0L ol 20210 ysnug - €159 YYSIN 4
G00:AN
G0'0:00
200 Us
S0°0 M
ZOA
S00IL
aseg 200 :US €0 | €0 | 08106l 0€-0Z | €00 | S200 0L 0L 02°0-ZL°0 usnug - 08 S sq L
S0'0:AN
G0°0:00
200 Us
9 xew —.—UNN n [o] A 1 1 u
4 Y 2| ow o) IN d s 1S W 2
uibLo apeio uonesydads ‘ON IS

(xew se J9pISUOD PaUOIJUAW JOU }Wl| JOABIBYM)
(%3IM) uonisodwod esrwayd

111



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oM3AyV Aq eyeq ubisaq auiyoe|y pue oloAoqos 8jop Aq sjeualey Buieaulbug jo saiuadolid [edlueyos|y Joy
S1N 30 %06 : Jwi] @dueinpugy

g 1002 IV ‘0°069-029 : ¥3dNAL CNLLHML el
coe-69e o 489 ves L3H HON3AND 710 ‘0°,0€0L-0101 :NIAHVYH CNLLHMYL crLekving 8
(sleusie|y olj[eI8N JO uonesijeuoney) 200Z°80°L0 PaIeP dAo/LL0Z/OVTINTD 4850y - Viey NAN yA
HON3INO
Y3ILYM /HONIND 110 ‘0°.0¥9-029 2 Y3dNIL
L2e-95¢ 4% 069 0801-088 18H HON3ND LeY 2€/81-S1IN 9
¥3LYM /HONINDO 10 ‘0°.099-0¥9 1} YAdINTL
HON3NDO 710 “0°,0201-0001 :NIAYVYH
~ g 1002 HIV 0 ,02.- 0€9 *¥3dNTL 15071
sLeaee 6 009 056008 13H HON3NO 710 ‘D ,050L-0001 :NIAYVH LLINIOZZX OvvZi NI g
"0 882 Je Jodwia |
- (o] €01 6.€1 18H 10 Ul yousnp LEYLS VS 8295 SNV 14
J'.¥20| Je uspleHq
1009 IV ‘O .08€-00€ : ¥IJNAL ~
88¢ oL 0501 0s¢el 18H HONINO 10 ‘O .0£0L-000} :NIAHVH €0-LLNOSGLZ 0916 HIV €
HON3INO
H3ILVYM /HONINDO 110 ‘0°.0¥9-029 ¢ Y3dNIL
L2e-695¢ 4% 069 0801-088 18H HON3NO - €/G9 ¥YSIN 4
HILYM /HONIND 110 ‘0°.099-0¥9 1L ¥3dNTIL
HON3NO 110 ‘0°,0201-0001 :NIAYVH
0°,0%9-029 1e Jadwa | -0y
OM/OO O .099-079 Je Jadws |
L2e-99¢ 4% 069 0801-088 18H 110 Ul yousnp - 08 S sd 3
07,020L-0001 1e uspieHy
(@) (@s)13 % (edit) 's°d (ed) sLN
ssaupJey ° %Z'0
uonipuo) juawjeal jeaHy apei uonesyloadg ﬂwz
( wnwiuiy ) sensadoud jeajueyosspy

112



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

‘pasn aq
OSs|e Ued 2009 JdSIN
pue 009 HHSIN uim

300}s Auy "uoneonoads

Buibioy si g/gLoLe
SINYY pue L/gL0oLe
SINYY foo3s Buibioy si
8L0LE SIWNYY ‘Z/8L0LE
SINYY pue |L/gL0oLE
SINYY 0} pepesiadns
2009 ¥YSIN

pue L009 HYSIN "L

300)g Buibio4

¢1aooe

0916 HIV

Z/8101E SINYY | (uoneoyoads xoojs buibio)
1/8L0LE SN 8L0LE SINYY

(z1g101€
SWYY 01 d3a3sy3dNS
2009 HHSIN)
/2009 ¥YSIN

¢laosoe 6€¢ V1100 14

(L/grLoLe
SWYY 01 d3a3syadNs
1009 HHSIN)
/1009 HUSIN

¢1aooe 0916 dIV 4

- 90} S¥ s9 l

apein

uoneosyioadg

apein uonesyioads "ON IS

suopeoyioads

suopeoyidads paynuap!

syleway pazijeuoney 10 JoquinN adeyg 0} pazijeuoney suonesyoads paynuap|
Jo JaquinN
MOO0LS ONIDHO4 19Sn 10} uoljezijeuoney
suopesyyioads
. |99)s BulpuyIN Jeldjey Jo adAL - ! [el1a)ew Jo apels) [eiauan

paynuapl Jo JaquInN

199)§ - sjeLIajely Jljje}9|y Jo uoljezijeuoljey] 1o} 31e3ys ejeq

113



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

$0°0:US+S+d 2/8101€ SN (uogeoytoads
eseg mo..o g 1060 G'e-0¢ €0 200 200 GE0-1'0 | L0¥0 82020 HSILIYg L/BL0LE SIWAH Yoo3s Buibio) 9
81L0LE SINYY
(z/810LE SWHH
¥0°0:US+S+d 01 3a3sy3adns
g €00 Us 1060 G'e-0¢ €0 200 200 GE0-10 | L0V0 82°0-Z°0 HSILIYg 2009 4YSW) S
/2009 HHSIN
aseg - G0-€0 £€-8¢ €0 G200 | 200 ¥'0-1°0 L0%0 | S£0-820 vO3awogynL Z1Laooe 6£2 V1100 14
(L/81L0LE SWHH
$0°0:US+S+d 01 a3d3sy3dns
g €00 US 1060 G'e-0¢ €0 200 200 GE0-1'0 | L0V0 82°0-2°0 HSILIYg 1009 HAISI) €
/1009 HYSI
aseg - G0-€0 £€-8C €0 G200 | 200 ¥'0-1°0 L0%0 | S£0-820 yousl4 Z1Laooe 0916 IV z
eseg €0°0 :US 1060 Ge-0¢ €0 200 200 Ge'0-L'0 | 200 82°0-2°0 ushug - 901 S¥ S9 L
yoeg
CE| 19410 oN 1 IN d S 1S un 2
uibLo epeio uoneoyoads "ON IS

(Xew se J9pISUOD PaUOHIUBW JOU JWI| JOABIDYM)

(%3IM) uonisodwoo [esrwayd

114



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uiw) 601 X 1°01 : 9|94 JO ON ‘BdIN Otb :SSONS

payojouun : adA} uswioadg ‘ainjesadwa | Wooy : ainjesadws] ‘Buipusq weaq Bujejoy ‘BulS (W0 SABA ‘|- =Y : UORIPUOD }S8 ]

(z1aDog 10} usye) BB SenjeA wnwiuly ‘eldno welleg Aq sjeusle|y 8oedsoiay 0oog Wol) PejoeX)
uonIpuod 1’gH Ul ejeq anbiey

HON3ND YILYM /1000
IV ‘0,009 - 065 “HIJNTL : 2/8L0LE SN
88€-¢S¢ L 086 00€1-0601 (uoneoyoads
18H HON3ND Y3 LYM /1000 wm”%m Mxmm %003s Buibio) 9
L ¥€-692 el 09/ 0€LL-016 IV ‘O ,0€9 - 085 “HIdNIL :1/8L0LE SN 810LE SINYY
HON3NO 110 ‘D .006 : NIAYVH
o1 Cagse3ans
88€-75¢ L 086 00€1-0601 18H HILVYM /1002 HIV ‘O ,009 - 056 *H3dNIL - 2009 HASI) G
HONINO 110 ‘O ,006 : NIAHVH 12009 YsSIN
700D HIY O ,009 : Y3dNIL
11€-692 i 08/ 0801} - 0€6 18H HONTNG 110 ‘0 .006 : NIGYYH 21ao0¢g 6£2 V1100 14
o1 Caasouains
LE-692 el 09/ 0€LL-016 18H HILYM /100D HIV ‘O ,0€9 -085 "d3dNTL - 1009 HUSW) 3
HONINO 110 ‘O ,006 : NIAHVH 1,009 HsSIN
|009 JIY ‘D’,G29 < Jodwa ]
- 4 08/ 0801-0£6 18H 10 Ul yousny z1aoo0g 0916 IV z
0°,016-068 }e uapieH
OV 07,0/ je sodwa |
- el ov. 0801-0£6 18H [lo ur yousnp - 90l S¥ s9 }
0°,016-068 e uspleH
(aH) (edw) 's'd
ssoupieH (@s) 13 % %z'0 (edw) s1Ln
uonipuo) jusuwijeal) jeaH apelo :O_uﬁo_u_own_w ‘ON IS

( wnwiuiy ) seaaadoud jeajueyosy

115



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

- 6009 HHSIN €

Yo03s Buibiog - Z8s s9 - Z8s sd 4

- ! €

21AON9L 0916 ¥IV |

wio4 apelo uopjesy1oads apelo uopjesyloads ‘ON IS
suonjeoyioads pazijeuoney suoneosyioads paynuapl
syleway 10 JoquinN 40 JoquinN adeys 0} pazijeuoljey suoljesy1oads payiyuap|
suoleoly1oads pazijeuoney
MO0LS DNIDYOAS :@sn Joy uonezijeuoney
19918 . .

4 suoneoyioads paynuapl jo JaquinN :leldjely jo adA} L1LADN9L ! |eliajew Jo apeus) |elauas)

BuluapieH asen

[99)S - S[eliajey Ol|[EJ9IN JO uonezijeuoney J0j 3199YS ejed

116



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oM3av Aq eyeq ubisaq auiyoey pue oloAoqos ajop Aq s|eusiey Buuesuibug jo saiadolid [BoluByos| 1oy

S1N 40 %06 : Hwi ddueinpugy

700D HIV ‘O .06} : ¥AJNIL
y¥-88¢ €e 8 0€0l 0251-02€L 18H HONGING 10 3 028 :NIGIYH 6009 YIS €
Jle ut 100D 9',5¥061 Je Jadwa |
0°,08- 0} 09- 1V INJFNLYIHL O¥3Z NS
914 6¢ ‘10 Ul youanpd
ve 8 0€o0l 0251-02€L 18H '.G£8-G1.8 18 USpIEH Z8s sd z
DO/e ul 00D
0°,0£6-888 1€ dzungJe) uelg
700D HIV ‘0 .06 2 ¥AdNIL
HON3NO 110 ‘0,097 :| Jedwa |
zwojrep 9 Jlo Ut youanp
621-88¢ 08 8 0e8 08t 18H o".0p8 16 UspIEH /LAON9L 0916 HIV L
0O/ ul 00D
0°,006-088 1€ dz1ngJe) uelg
(aH) (r) (edw) 's'd
ssaupie Joedu| (@s) 13 % %z'0 (edw) s1n
uoljipuod juawjeal} JeaH apelo uonesyioadg ‘ON IS
( wnwiui ) senuadoud jesjueyospy
oseg €020 7'1-0'L €y8¢ 5100 G100 #'0-GL°0 65'0-G2°0 81010 ysnug - 6009 YHSIN €
oseq €020 10l €8¢ G200 200 0¥'0-GL°0 6G'0-62°0 810710 ysnug - Z8s s9 z
aseg GE'0-G1°0 €1-0') Sy-0Y G200 200 €0-10 G¥'0-GE'0 81010 youau4 /LAON9L 0916 HIV L
EE| ol 19 IN d S IS upn 2
uibuo apein uopesyroadg 'ON IS
(xew se J9pISUOD PaUOIJUAW JOU }W| JOAIBYM)
(%3IM) uonisodwod [edjway9d

117



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

- L€1S SNV 14
- ¥€.G SNV €
320]g Buibio4 - 1€.S SNV
- 3 14
- 2€LG SNV 4
- L€.G SNV l
wao4 apel uonesyloadg apelo uonesyloadg ‘ON IS
suolnesyyioads pazijeuoney suolesyyioads payiyuapl
syleway 10 Jaquiny 10 JaquIny adeys 0} pazijeuoney suoljeayyioads payiuap|
MOO0LS ONIDHO4 :9Sn 10} uoljezijeuoney
v suoljeayioads payijuapl Jo JaquinN IN G2 -1D Gl Jel9jey Jo adA L 19918 Aojv ybiH ! |eliajew Jo apels) |elauan

[993S - S|euajely d1|[eId 30

uonjezijeuonyey 1oy }93Ysg eyeq

118



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oM3AvV Aq ejeq ubisaq sulyoepy pue oleAoqos a8jop) Aq s|eusiely Bulissulbul jo seiadold [eolueyosiy 1oy
S1N 40 %06 : Jwi] ddueinpugy

|00 1Y/ ‘UlW S1Yg| 104 O°,092-70/ Je 3dd
€9¢€-1/2 cl jefeis) G96 1dd+1S youanp [10/4181 M - 1€15 SNV 14
07,668 1€ jeal] uonnjos
|002 JIY ‘Ul SIYg| 10} O°,8¥8L L e 1dd
€9¢-1/2C 4} §S9 G96 1dd+1S yousnp [10/181e M - ¥€.G SV €
0,71 ¥668 e Jeal| uojnjog
|002 U1V ‘Ul SIY9| 10} O°,09/-70/ Je 1dd
L¥E-8¥C Sl 989 968 1dd+1S yousnp [10/181 M - ¢€.LS SNV 4
0’71 ¥286 e jeal uonnjog
[009 JIY ‘UlW SIYg| 40} 0,022 Je dd
L¥e-8¥C Sl G89 S68 1dd+1S youanp [10/181e M - L€1S SNV 3
07,086 Je jeal] uonnjog
e .
mwm___mwm_._ (@s) 13 % ( n_n__\zNV% d (ediw) s1n
° uonipuod juawjeal) JeaH apei uonesyloadg 'ON IS
(wnwiuiy ) sanuadoud jesueyosy
G0V
oseg §'0:N0 GE'C6'L o'l S0-1°0 S'1-0'L 09L-9¢l 0'/2-0'%C G200 G200 ol 0¢ 800 ueouswy - 1€.S SNV 14
10°0-€00°0 *
G0V
oseq §'0:nO GE'CT6'L 0L S0-L'0 S'1-0'L 09l-g€lL 0°£2-0'%C G200 G200 () (4 800 ueoldwy - €15 SNV €
10°0-€00°0 *
S0 IV
oseg G0N0 G€'C6'L o'l §'0-1°0 S'1-0'L 0'9L-g¢l 0'/2-0'%C G200 G200 ol 0cC 800 ueosuswy - 2€.S SNV 4
10°0-€00°0 *
SE0 IV
oseg §'0:N0 GE'CT6’L ol S0-1L°0 S'1-0'L 09L-9¢l 0/2-0'%C G200 G200 ol 0c 800 ueouswy - L€.G SNV l
10°0-€00°0 *
yoe3g
94 s19410 1L 0J A ON 19 IN d S IS UN o]
uiblo opei uonesyloadg ‘ON IS
(Xew se JopISUOD PAUOIJUBW JOU }JiWi| JOASISYM)
(%3IM) uonisodwod jesiwayo

119



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

0L¥LS VS €195 SNV €
%00}s Buibio 0LyLG IVS €19S SNV €INOZLZ N3 /€ V1100 4
- 3 € €INOZLZ 0916 HIV 3
wio4 apeln uoneoyloadsg apeln uoneoyloadsg 'ON IS
suopesyoads
suoneosyidads payuapl
syleway pazijeuoney adeys 0} pazijeuoney suoneayoads paynuap]
10 JaquinN
JO JaquinN
MO01S ONIDYO04 1@sn 1oy uonezijeuoney
I suonesyoads

paypuap! Jo JAqUINN

193} ON-1D

:leudje|y jo adA |

0LYLS AVS

! |elId)eW JO dpeID) [BIBUID

199§ - sjeLIajely dlj|esy Jo

uolnjezijeuonjey 1oy }93ysg eyeq

120



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

oM3aav Aq eyeq ubisaq auiyoe pue oloAoqos ajop A sjeusiey Buesuibug jo saiuadolid [BolUBYId| 1oy
S1N 40 %06 : Hwi ddueinpugy

(xen) e - - - (xen) 008 v 700D HIV ‘O .56 : TVINNY 0L¥LS AVS €195 SNV €
ejep paysi|ge)se wouj
cwo/rep g ale saiadoud |[eolueyosw pue juswiieal) jeaH
gecvLL oy (01574 06.-06S 1%H 1009 HIV ‘O ,0v9 < :MIdINIL €INOCLZ N3 1€ V1100 4
HONIND Y3LVYM O ,0001- 086 :NAAHVH
cwo/rep g 7002 IV 0 079 < :¥IJNAL
SecvLL ob oLy 06.-06S 1%H HONIND YILYM ‘O .000L- 086 :NIAUVH €INOCLZ 0916 HIV 3
(aH) (r) (edi) 's'd
ssoupiey Joeduw (@s) 13 % %Z'0 (edw) sLn
uonipuo) juawieal jJeay apel9 uonesyloadg ‘ON IS
( wnwiuiy ) senuadoud jesjueyospy
S0'0:Us
§'0:n0 . . . . . . . . . .
eseg Q00N SEL-SLL S0 80 00 €00 oL oL ] N ANI] NVOId3INY 0L¥LS AVS €195 SNV €
G000 IV
esegq - 0cL-SLL - 8'0-€0 G€0°0 G200 80 8°0-€0 SL'0-0L°0 HON3HS €LNOZLZ N3 /€ V1100 4
eseg - 0€L-GLL - 8'0-€0 GE00 G200 80 90-€0 SL'0-zL'o HONINA €INOZLZ 0916 ¥V L
CE] sivy10 10 ON IN d S IS Un o)
uibuo apeio uonesyidads "ON IS
(Xew se JapISUOD PauoUBW JOU }WI| JOABIBYM)
(%3IM) uonisodwood [esrwayd

121



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

suoneolyioads payuapl Jo JdquinN

} (pasiuabipuy) z
V1026 NAWN
300}g Buibio4 - VY1026 NAN
) g ¢ - 10¢6 IN4Z l
wJo4 apelg uopnesyloadg apel uonesyoadsg ‘ON IS
suogeaytoads suopeayoads payiuapl
syleway pazijeuoney 10 JoquInN adeys 0} pazijeuoney suonesyyioads payiuap|
Jo JaquinN

MOO0LS ONIDHO4 19Sn 10} uoljezijeuoijey
4 199)S ON-1D :leusjely jo adA 19918 ON-1D |elIajew Jo apels) [elaudn

199)S - sjelidjey dljjelds jo

uonezijeuoney .10y 3jaays ejeq

122



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(uiw) ,01 X | = s8j0A0 Jo ON ‘BdIN GZG SSOAS

payojouun : adA} uswioadg ‘einjesedwa | Wooy : ainjeradws] ‘Buipusq weaq Buejoy ‘BulS (W0 BABA ‘|- =Y : UORIPUOD S8 ]

(V1026 NAIN 40} use) a1e sanjeA WNWIUIN V1026 NAIN -S1a Woj pajoesxs)

uonIpuod 1’gH Ul ejeq anbyey

) 700D HIV ‘0 061 :¥IdINTL ) (pasiuabipuy)
Lee W £ 054 0051-0044 L8H HON3NDO 710 0,078 :NIAYVH V1026 NAW ¢
cwo/rep gL . 7002 ¥V 0 .05 *¥AdINTL _
0ce 6 L 062 00SL-00LL 18H HONZNO 110 ‘O .0¥8 :NIAUYH 1026 INdZ 3
(aH) (r) (edw) 's'd
ssaupJey Joeduw (@s) 13 % %z0 (edin) sLn
uopuon juswijesl) jeaq apeln uoneoydadg ‘ON IS
( wnwiuipy ) sanuadoud jesjueyosspy
S¥0°0 IV (pasiuabipur)
ase R . e . . . I - R
g Z0:10 Lyl 1’0 L'yl SL00 S00°0 Se0 9'0-¥'0 61°0-SL°0 NVIANI V1026 NaW Z
S¥0°0 IV - . . . . . e . .
eseqd Z:0:D Lyl 10 L'yl SL00 SL00 S€0 9'0-¥'0 6L°0-SL°0 NVINYID - 1026 INdZ l
CE] sla3yjo 19 Ol IN S IS Un o}
uibuQ apeio uonesyyoadg ”.vwz
(xew se JapISUOD PaUOIJUBW JOU }Wl| JOABIDYM)
(%3IM) uonisodwoo |estwayd

123



SAO[V WNIUeI] “¢- T vd



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

- (posiusbipul) Y9z NV.LIL 9
- (pesiuabipul) G89-11 WLD S
- (umelpuyim) v V1 S9 14
- V9Z NV.LIL
- L 9 yo0)g Buibio - (umespyum) e V1 S9 €
- 9198 ¥YSIN z
aizovL 20200 100 !
apein uonesyloads apeio uoneosyloadg ‘ON ‘IS
suoneoyioads suonjeoyioads
syeway pazijeuoney paynuap! adeyg 0} pazijeuoney suoyesyloads paynuap|
Jo JaquinN Jo JaquinN
)003}g Buibio4 19sn 10} uoljezijeuoney
Koje
:uonesyioads palyiuapl Jo Jaquin :jeliale o0 adA i) : |eliajew jo apeu elaud
9 1esy! paijuapl jo saquinN 1S OW-1Z-1V-LL lelaje|y § L aizovL leliajew jo apels | 9

sKoj|y wnjuey ] - s|elaje| d1j[eId|N JO UoiEZI[RUOREY 1O J93YS Bjeq

125



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

61°0=0 (umespyyim)
ose _ 0= _ _ _ _ . . s _
2| G0'0=N 80°0=0 0t'0-0L°0 G.°0-62°0 090 €9-L'G 9000 4] ysnug eb V1 Sg €
(sBuibioy
Joy)
.. .. €100
oseg - moo O||> mo.ouz - 0t°0-0L°0 G1°0-62°0 099 - - - €9-L'G z0 ysnug - 9198 ¥HSIN 4
80°0=0 61L°0=0 (o
Buibioy Joy)
9000
sbBuibioy Jo.
1°0 = (yoes) ¢ ov._o.%r.ot
sleyio 800 =0
eseg 0 . ~mo.o =N - (so0ys BuiBioy 610520 096t - - - €9-L'G wdd 09 S00 youa.u4 aizovl 20200 10D l
wdd g =9 | 61°0-600=0 /s106u1 10y)
wad =4 SE061°0
1L MMH“«MU (yoea) s1ay30 A IS ON 1z ug | UN | ND v H EE|
uibo apeln uonesyoadg n_vM

(xew se JapISUOD PaUOIJUSW JOU }Wl| JOAIDYM)
(%3IM) uonisodwod [esjwayy

126



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

1'0=
(yoes) s18Yl0

[Buibioy

'0-60°0= J0} wdd as|uabipu
aseq 4] 610 .mo 0=0 G€'0-GL'0 | G£0-SC0 | 09GY - - - €916 g 004l S00 uelpuj - (pastuabipur) 9
. 80°0=0 V9Z NVL1IL
1000 =A wdd
09
€0°0=N
Buibioy
Eomw.vo@uméo 61°0-600=0 1o} wdd oo} (pasiuabipuy)
aseqd 0 wo.0|o| ¥'0-L’'0 | G020 | 09GY - - - €909 0 uelpuj - mww“_._. _>._._.O S
e B ‘003s Buibioy :
G0'0=N Joj wdd 09
G2'0=0 (umeapypm)
ose _ e R R _ . . s R
g S0'0=N 80°0=0 0¥'0-0L°0 | §2'0-S20 | 090% €9, 100 4] ysiug vb V1 S8 14
(1e303)
1L s19410 (yoes) s18y10 Is ON iz us | UN | nd v H 94
uibup apeio uoneosyioadg A_UM

(xew se JapISuU0d pauoiuawW Jou Jwi| J13A3IYM)(%IM) uonisodwod [esiwayn

127



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

[0,026 el (0,026 18) (0,026 18) (0,026 1) OV /xewsiyg
0z 6 08y 08/-029 by + / 0,0001-006 A8l[21 SsanNS (umelpum)
- - ozZIIONNIOS OV /U ¥ / D.,6F05G 8By - v VLS8 14
[1Y1€] (1d1e) (1) (1 18) o 0O / Ww Gz sed sepnuiw
Sl 9 0S8 ovL1-066 0€ / 0,060} ‘}edJ} uohnjos
Xew %10
- uless onseld [0.02¢ 1€l (0,025 18) (0,026 18) (0,025 18)
‘sinoy (114 6 08y 082-029 Ov/xewsiyg
_ / 0,0001-006 :@A8ljel SS8.S
- Q0L = voneind 2By + OV /14 $Z / 9.5706G 0By - (umespum) £
edI 00€ =Ssans azjuonnjog DO / W 57 Jod seynupw ey vlsd
‘04025 [NRSRL (1d18) (1d18) (1d1e) 0E / D.0501. 281} UoRNOS
=einjesedwia ] Gl 9 058 01 1-066
11s9) deau)
[0.026 1€l (0,026 18) (0,026 1) (0,026 18) OV / Xew siy ¢
0¢ 6 08t 08.2-029 oby / D.0001-0S6 :9A8I|91 SSaNS
+
- - "0V /U ¥Z / 2,066 00V - 9198 HYSIN z
[1¥3€] (WRSBLS)] (1d3e) [WRSR1S)) DO / senuiw
Sl 9 058 0V 1-066 0€2 / 0,050} :}ea1} uonnjos
(RS
1e) 81940 000912
/leplosnuig / zH g
/edIN 008 0} 'L ¥
=(407) enbe4
8[0AD Mo
ww
- - [0,026 1€l Lww 05 @] (0,026 18) (0,026 1€)
Xew %10 0z (0,026 18) 08h 029
= UIeds ohseld 6 1 + OV /U 2 / 0,086 1dd
- sInoy SN Juajeninba 1o DO / s Q1Z9v1L 20200 LOO b
00} = uogedng Honnies 0£2 / 0,050 1881} UoHN|os
‘edNl 00€ =SSenS
00025
=ainjesadwsa |
BEECEEN)
[WRSRIS))
wuw
o [1¥ 1€] [w 05 @) (1) (WRSRL)
- (1)
zyibuass ajisusy Sl 9 058 066
uteld / paYoloN
e, 004
sylewsy S¥3HLO v % (as) 13 % ( n_QVN_.c d (edin) s1n
0
uonIpuod juswjeal) Jeay apein uonesyoadg ﬂ_vm_

( wnwiuiy ) senuadoud jeajueyossy

128



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

012 V4%
9z (a9)1a %
edIN 058 2Sd %20
edIN 066 2S1N

1159} 9|Isud} deal) 1sod [as®]
o e
3,025 1] (0,026 1)
'Xew %G| 0 = ules)s aise|d 0C 6

sinoy 00| = uoneing

BdIN 0L € =Ssalls
00025 =oinjesadwa |

(0,026 1€) 08¥

(0,026 18) 029

oo deeid 1Y #2 / 0.6 F 056 06y
oby + (pasiuabipuy)
- (1y1e) azIuonn|o 00 ) 9
81040 ,01 X | ‘BdIN Obp (1-=¥) HUOBNIOS | ssausoiyy Bunni wiw gz Jod VOZ NV.LIL
Bunsa} anbijey weaq Bunejoy 0€3/ J.,0LF 0501 ‘}eal} uonnjos
L1y €] [as®]
(1M 1) saoho 01 X | 2/ [eplosnuis (1d ) (1 1e) 058 (1 18) 066
/ (edIN 058= Sd %Z 0 ‘1 '0=Y) st 9
d~d1'0 = (407) enbied 8j9Ao mo1
(1¥ 1) ge'L
zyiBuss s|isus) uteld / PAYIION
012 VY%
9z (ag)3 %
edIN 058 ZSA %20
Xew %10 edi\l 066 2SLN
= uleljs olise|d 1189 9|Isud) daau) 1s0d [as®]
‘ 026 18
mﬁ“:m n o oowm : (0,026 18) (0.0zG18) 087 |  (0.02G ¥8) 029 OV /14 2 | D.08G 8By
00} = uoneing B %L = 6 8By + (pesiuabipuy)
‘edIN 0S¥ =ssauS %10 = . m
‘390G ules)s onse|d ‘sinoy Q0| = uoneing azjuonnjos 00 /4y |- senuiw G89-11 N1S
—ainjesedwa | ‘BdIN L€ =ssans 0€ / 0,050} ‘yead} uonnjos
«(sBuibloy 1oy ‘D002G =aJnjesadwa | :3se) deai)
Aluo) is8) deai)
(1d1e) geL [as®]
zyBuas a|Isua) Uleld / PAYSION [L¥ 18] %S (13 18) %9 (1Y 18) 058 (1 18) 066
e 00U
Syeway S¥3HLO Vv % (a@s) 13 % ( n__,\_v_vmo d (edw) sLn
o .
uonIpuoy Juswjeas yeay apeio uoneoyioads ,_VM

( wnwiuiy ) senuadoud jeajueyosspy

129



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

- (pasiuabipul) ¥zz NV.LIL 9
€167 SNV S
0169 SNV

) Aq pepaesiadng

[@1810890] v
- VZZ NVLIL (AL-ONL-IV8) L706-L-TIN / LF06-L-SINY
1 ¢L6¥ SNV
z 9 3003g Buibio - €€67 SNV €
- ¢l6¥ SNV 4
(seusiepy oneeN AA8VL L1 v1100 3
JO uonesijeuoney) 20028010
paiep 4ao/L1LoZ/OVIINGD
ul psuonusw dJe gz NVL1IL ‘ON *
apel uoneosyioad apel uoneosy1oad o
10} suoneoyoads juajeainbs Jayio L PeIOD Hesutosds PeID neout s NS
suoljesyoads suoljesyioads
sSyleway pazijeuoney paiiuapl adeys 0} pazijeuoney suonesyidads paynuap|
J0 JaquinN JO JaquinN
)003}g Buibio4 19sn 10} uoljezijeuoney
9 suoljeayioads payiuapl Jo JaquinN A-ON-IV-11 :levjey Jo adAL AQSVL ! [elIajewW JO apelo) |e1dudD

sKoj|y wnjuey ] - s|elaje| d1j[eId|N JO UoiEZI[RUOREY 1O J93YS Bjeq

130



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

5000 =9 80°0=IN
Sl'o= 800 =0 (pasiuabipuy)
ose . ) ) ) ) ) . . - }
g €0 | n,unwddog=x | goo=n | SE+SL0 GZ'1-GL°0 Ge'8-Ge'L G100 €0 1puj VZZ NYLLL
01°0=nO+IN 02'0=0
10 800 =0
aseg ¥0 =(yoed) s1oY0 | S00=N | GZ'L-GL0 - GZ'L-GL°0 - - - - GE'8-GE'L 5100 €0 ueouswy - €167 SNV
wdd 0G=A ZL'0=0
0169 SNV
10 800 =0 Aq pepesiadng
eseg 70 = (yoes) s18Y10 G0'0=N | SZ'L-GL'0 - SZ'1L-GL°0 - - - - GE'8-GE'L G100 €0 uedLBWY - [e10108q0]
wdd 0G=A G1°0=0 (AL-ONL-IV8) L+06
-L-1IN / 2¥06-1-SINY
10 800 =0
aseg ¥0 =(yoes) s1oYl0 | S00=N | SZ'1-GL0 - GZ'L-G1°0 - - - - GE'8-GE'L 5100 €0 ueouBWY - £€67 SNV
wdd 0g=A ZL'0=0
10 800 =0
aseg ¥'0 = (yoes) s1eYl0 G00=N | GZ'1-GL°0 - GZ'L-GL°0 - - - - GE'8-GE'L G100 €0 ueouawy - 2.6% SNV
wdd 0G=A Z1'0=0
10 o
= (pes) siayo | 29070 e . e . . . . .
oseg - wdd o) = g S00=N | SZ'L-GL'0 (0] GZ'L-GL°0 - z0 - 10 | §€'8-GE°L GL00 €0 youau AQ8YL 711 V1100
wdd 0g=A 0c'0=0
(1e303)
L sisyio (yoea) s1ay10 A 1S o iz ugs | un | no v H a4
uibuo apelo uopjesyioadg
(Xew se JapISUOD pauoluaW Jou Hwil| JBA3IYM)
(%3IM) uonisodwoo [esrwayd

131




RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

sinoy Gz ainjdni 0} swil

o m o m J N o m
3 ‘8d\ PEOL =SSONS [0.521 1€l (0,621 18) (0.G2¥ 1e) (0.G2v ¥e) . ) .
{1y 1) enidnu S81S PAUDION se 0l €8y 129 OV /44 82/ (D.01F) D,G65-596 :0zIqels
i ) (pasiuabipuy) 9
Jeau} uonnjos OV /44 | (D.0L%) VZZ NVLIL
0.0101-086 10 D,526-006 ‘}&81} UOHN|OS
) (14 el (1M 1e] (WRSRL) ((RSRLS) (RSRL)
zyibus.s o|isus) Uleld / PAYRION 0z ol 128 968
) } [0.221 1€] [ay @] (00221 18) (D.L27 %) oy
e
s (O.Lev ¥) 01 ey ved SZNEIS + /44 82/ (D.01 ¥) D.£65-99S :0zIlIqels
-~ - £.6¥ SNV S
) ) (14 1e] lay ©] (147e) (1479) 14 tonnios OV /14 1/ (D.01%)
0z (1d1®.) o1 128 968 0.0101-286 10 O,/26-668 }edJ} uolnjog
OV /4Ug 2/ (D,01¥) 0,666 :2ZIlIqeIS Bon%%ww_mw:w
i . [ww g'0g Jo ay ©] pojesuue - [a1010800]
" ot e . xeidnd 1ise 1o A>F-o_\“:_._<mv 106 !
JFLF) D - :Jeal} uoin|o
OV / (D.71F) D.0L01-668 }eds} uolnjog S LI/ L50B-L-SINY
[0.221 18] [ay @] (00221 18) (.22 1) v
%GZ (0,227 18) %01 gy 129 eig + /44 82/ (Dol F) D,129-996 :0ZIIqe)S
. ) jeal) uopnjos - €€67 SNV [
(1Y 18] lav ©] (1¥18) (1¥ 1) 181Se} J0 QY / seynui
0z (1411 0L 128 968 9F4Y | /D.,0L0L-286 :}esd} uoinjog
[0.227 1€l [ay @] (00221 1) (002217 1€) OV /44 82/ (0.8 F) D.£65-996 :0ZII19€IS
sz (D.227 1) 0L €8y 129
8zlIqe)s +
- - 1281} UoNNIoS lsjsey - 216V SWY z
(1M 1e] [ay @] (1 1®) (L9 1®) ’ 10 OV / S8INUIW G F4Y | / D,0L01L-286
0z (14 3e) 0L 128 968 HO (D.71¥) D./26-668 ¥edu} uonnjog
'Xew 9%G1°0 = ulels onse|d
‘sinoy gzz uoneing [0.G21 18l [as @] (0,52t 18) (0,52t 18)
‘edIN G/Z =SsanS 14 (0.52v 1) 0L 08¥ 029 oy + [eouUE oV /SIS / 5,08 2By
- ‘00GGY =ainjesadwa ] :3s8) deal) + o :
o uonnjos DO /14 1/ 0,000} esuue uognjog | NIBVL PLE V1100 ’
(14 el (1M 1e] [as @] (1) (RSRLS)
zybuals s|Isud} uleld / POYION 0z (1€ ol 0z8 006
e, 00
syreway s19Yj0 v % (@s) 13 % ( n__.%uh.c d (edw) s1n
(]
uonipuo) jusawijeal) JeaHq apelo uonesyyoadg ‘ON 'IS

( wnwiuiy ) senuadoud jeaiueyosy

132



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

%00)g Buibio4

G069 SNV
Aq papasiadns (8319]0sqQ) 1%
[oWz-1Z7-usz-Iv9l L¥06-L-TIN / L¥06-L-SINY

62619
- - G677 SNV €
SW3 /9.6¥ SNV
- 9/6% SNV 4
- 6¢6¥S SN 3
apeln uonesyoadg apeis uonesyoadg ‘ON IS

suonesyioads suonesyoads

sSyleway pazijeuoijey paynuapl adeys 0} pazijeuoney suoneoyioads paynuap|
J0 JaquinN J0 JaquinN
)}203g Buibio4 19sn 10} uoljezijeuoney
. STYeoll .
v suonesyioads payiuspl Jo JaquinN 1S-ON-1Z-US-|Vy-11 :Je1a)ey Jo adA 122911 ! |eliajeW JO apels) |elaudD

sKoj|y wnjuey ] - s|elaje| d1j[eId|N JO UoiEZI[RUOREY 1O J93YS Bjeq

133



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

5069 SNV
10 - Aq pepesiedng
} = (yoes) sieyo §00=0 . . e e . . . (91910800)
aseg €0 ¥0°0 =N - €10 02208’} | OV'¥-9°€ | 022-08'L | - - 696G GZ100 | SZ0 ueslBWY - e o 14
61'0=0 [onz-1z#-use-Iv9l
‘wdd 0G=A L¥06-L-TIN
/ L¥06-L-SNVY
. [sBuu
Ho S00=0 Jo}
: = (yoes) s1ieyi0 bl . e e e . . .
aseg €0 G0'0 =N - | 010900 | 0Z2-08} | OV ¥-9°€ | 02208} | - - G'9-G'G G100l 10 uedlBWY - Gl6¥ SNV €
G1°0=0
‘wdd og=
05=A GZ100
[sBuib.oy
1’0 G500 =0 o}
aseg €0 | =(yoes)siBYO | SO0 =N - | 0L0900 | 02208} | OV¥P9€ | 02208L | - - G'9-G'G G100l 10 ueouawy - 9/6% SNV z
‘wdd 0G=A GL'0=0
GzZ100
o= Er%n.“ou L|n_v [sBuibioy
(yoes) s18410 0= . o
¥0°0 =0 y'1z 94/1S
aseq v'0 b - D GLZG8'L | §vSE | GTTSLL | - 200 €916 GL00] | 800 ueouBWY - 626%S SW3 L
wdd o = g 200 =N ¥1°0-20°0
GL0
wdd pg= .
0S=A 01'0=0 GZ1L00
(1e303)
1| sieyo (uoes) s19u30 A 1S on 1z ug un | no v H o4
uibuQ apeio uonesyioadg ..._VM

(Xew se JapISUOD PBUOIUSW JOU JWi| JOAIBYM)

(%3IM) uonisodwoo [estwayd

134



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

) G069 SNV
(eauue siyg /(0 vwmv\ocwﬁm 0zlllqe)s Aq pepasiadng
Vit o -9Z
) 3 oz [ww g°0g 4o ay @] 128 968 xa|dnQ) 1o156) . (e30108q0) .
ol az||lqes + 10 9y / dwe) snsueng Mojsq [onz-1z¥-usz-Iv9]
jeaJ} uonn|os (9.8%) .92\, 18811 UONNIOS Ly06-L-1IN
° ° ’ ’ / L¥06-L-SNY
"Xew %0 = uless oise|d [0.z81 1] 5¢ ( [av @wv (0.28% 1) €81 (D.z87 18) 129 - o,,M\ wmmﬂc_ﬁ 1d
‘sinoy ge 2 uopRIng 0.28% 18) Gl s GLF Y 8/ (0.8%) 0.£6S 3dd
) _Omon_r_\m,_ Ww_ﬂuumw‘_wwwmm._. jeal} uonn|os 19)Se} J0 DY / Sejnuiw . §5.6v SNV €
g [ay @] G T4y |/ dwaey) snsueng mojeq
1]S9) daal e e e
158} dea1) [1y el gz (1918) o1 (LY ¥e) 228 (1 1e) 968 (5.87) 9.92-p| 1864} UOANIOS
OV / senuiw
‘Xew %0 = UIe)s onse|d . [ay @] e e _ i .
S0y S 2 VopEMy [0.z87 18l 0g (5285 18) 1 (D.z87 18) €87 (00281 18) 129 s GLF Y 8/ (D.87) D.£66 3dd
- . BdIN g =SSailS jeal} uonn|os J3]se} 10 QY / sainuiw . 9.6v SWY ¢
00016 =dinjeledwa | (v B G ¥4y |/ dwa) snsueusg mojeq
158} 08815 (1 18] 52 ( Fm”& o (Ld18) 228 (L18) 968 (0.8%) D.82-p|. 1681} UOHNIOS
"Xew %0’} = uleus oise|d [ay @] OV /814 8/ (D11 F) D.£66 3dd
‘ o e o e o e
SINoy 00}, = UoneIng [0.z8¥ ¥l 0¢ (0.28518) Gl (D.z8% 1) €81 (D.287 18) 029 s
- edIN 8v¥ =Sseis 181 oINS Jo)sey - 626vS SNT L
‘001G =dinjesodwa | 10 OV /1y z-1/ dway snsuelsy g 0}
11s9) doal 9S00 Ajjuaioiyns :3eaJ) uoN|o!
0 [1¥ €] 5z ( Fm_uwmm@wr (1d¥e) 228 (14 1e) 968 oA H os
e, 00l
syrewsy SY3HLO v % (@s) 13 % ( n__w_\vuh.c d (edin) s1n
0
uonipuod juawijeau) jeaH apelto uonesyyoadg ‘ON ‘IS

( wnwiuiy ) senuadoud eatueyosy

135



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(sjeuslepy
alje}d Jo uonesijeuoney) 002°80°L0
pejep 4ao/L L0zZ/OV1INGD

ul pauonusw ale V1¢ NVLIL
10} suoneoyoads juajeainba Jayio |

Sl %0035 Buibiog

91A /914 LG¥ ALINY / G2-€2106 L1SO/ 18-€L006 L1SO Gl
- voLLe vl
- 0£6vS SINT €l
mz%ﬁwwwsw 18€ 8 WLSY 4!
mzmomwwwm o 8v¢ 9 INLSY L
B 1€69 SWY Aq papasiadns o
- (93910800) AY-IV9 L06-L-TIIN / L¥06-L-SINY
- MMQWMP_\,___« - (pesiuebipul) V1€ NV.LIL 6
- Z1€€ N3 sd Aq papesiadns - (8)9/0sqO) €1V.L S4 8
- 01€€ N3 S9 Aq papasiadns - (8)9]0sq0) ZLVL S4 L
A9VL 60LY1 100 9
A9VL €864V S
- (pasiuabipul) #9-11L N1 14
Od'A9VL 99100 10D €
- 826 SNV z
- 7198 HYSIN L
apelo uonjesyloads apelo uonjesyloads ‘ON ‘IS

syleway

suonesyioads pazijeuoney
30 JIaquinN

suopjeoioads

10 JaquinN

paynuapl adeyg

0} pazijeuoney

suonesyioads paynuap)

}203}g Buibio

@SN 10} uonezijeuoney

Sl

suonesyoads payiuapl Jo JaquinN

NIV-1L

Jeldyey Jo adAL

PoLL

! |elI9)RW JO BpERID) [BIBUID)

sfo||y wniuey| - s|elajey d1[e}9N JO UoKEZIeUOHEY J0) }33YS ejeq

136



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

010
sBuibuo,
=(yoes) | wddol=g %02 0=1Z+UN ﬁ éc.a%
SJol 0= n o] u
eseg | z0 o Mm.w-m srge | - | vo | wo | TROTONRS L, Lo | sr96S osi] €0 Yyousl4 Od'AIVL 99100 LOO £
‘wdd 220=0 ‘1°'0:us
wdd
0S=A 001
010
=(yoea) ) [sBuibioy
S50 80°0=0 Joywdd
aseg ¥0 G00=N SYGe - - - - - - GL'9GG 0511 €0 ueouswy - 826 SNV 4
02'0=0
‘wdd
wdd
05=A Gzl
Buibioy
Jojwdd
051
800=0 pue %o0}s
oseg - wad €00=N SY-Ge - - - - - - GL'9GG Buibio; o) €0 ysnug - 7198 HYSIN b
0S=A €20 wdd oo} -
-71°0=0
‘Bujuiyoew
10} uoljoes
pue Jeq Joj
wdd gz1
(1e303)
1L 19430 (yoes) s1ayio A 1S ol iz ug upn no v H o4
uibuo apeln uonesyidads ._VM

(xew se J9pISUOD pauoUaW JOU Jwl| JBABIYM)

(%3IM) uonisodwoo [esrwayd

137



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

10 o z0=
= (yoea) §00°0 = 17 + U
4020 (pasiuabipuy)
oseg 20 SPWO | g.0o0 | SVEE | *MO 10 X0 10 X0 X SL'9§S | 8000 | €0 UElpul ) V1€ NVLIL 6
S000=A | oo~ +ON
G0'0=N +Us
1’0
_ e ziee N3 sg
ose . |wMMommv 80 on|o e ) ) ) ) ) ) . xew . - ) Aq papaesladng
g ¥0 WO | S20= | S¥Ge SL9GS | o0 €0 ysnug (©1910590) 8
G00'0=A | NZ+O eLvL Sg
€0°0=N
1’0
B L 0LEE N3 S9
. = (4oes) | 80 ﬁ.u|o o o xew . Aq papesiadng
aseq ¥'0 SIBYO | G20= | S¥GE - - - - - - G196 0100 €0 ysnug - (219/050) A
G00'0=A | NZ+O 21v1 S8
€0°0=N
[sBuibioy
000=A | _0¢0 oy
aseg - 1 -210=0 | S¥G¢e - - - - - - G1'9G'G ; €0 youai A9VL 60LV1 10D 9
§00=N | o0 G100l
0100
. 020=0 | . .. e Xew .
aseg - L00=N | oo o | §VS€ - - - - - - 0LGS | yddgg, | 90 youal4 A9V L £816dIV S
1’0
=(yoes) | 020
s1PYl0 | -91°0=0 (pasiuabipuy)
ase . v - : : : : : 9-Z wdd : uelpu -
g z0 wdd L000=A | ST5€ 1’0 10 1’0 10 10 61929 00L | €0 1puj oL WO 14
0l=a | €00=N
80°0=0
(1e303)
1L s19u10 (yoes) s1ayio A S oW 1z us uw no v H o4
uibuo apeio uoneosyroadg A_UM

(Xew se JapISuOd pauoluaW Jou }wi| 18A3I3YM)(%IA) uoiisodwod [esjwayd

138



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

aseq €0 G0'0=N _m_m.muuoo €6-G¢ 10 - €0 - - - 8'9-G'G G100 €0 uelssny 91A /919 18-€1006 L1SO Gl
aseq - G00=N | . Nw.mwoo Sy-ge - - - - - - G'9-G'G G100 €0 uewsD - ¥9LL'€ vl
10
=(yoes) | zz'0=NZ+O [sBuibioy
sJo ‘oz 1o, .
aseq ¥'0 20" %OZ .vw.wmo Sy-Ge - - - - - - SL9GLS | o % ol mw m uesLBWY - 0€6¥S SN3 €l
wdd '50'0=0 GzZ1L00
0S=A
L0
. = (yoes) 0Z'0=0 o . . . 007954 SNN
aseq ¥'0 o0 “90°0=0 Sy-G¢ G/'96S | SO0 ¥0 uesLaWY 6 OpEIS) 18€ @ WLSY zl
S0'0=N
L0
. = (yoes) 0Z°0=0 o . . . 0095
aseq ¥'0 o0 “90°0=0 S¥-G¢ G/'9-GG | GLOO ¥0 uedLaWY SN G SPRID 8¢ 4 WLSY L
S0'0=N
L0 1£69 SNV
= (yoea) 02:0=0 Aq papasiadng
aseg ¥'0 s1YI0 . wo.0|uo SvGe - - - - - - G/'9:GG | §2L00 €0 ueduBWY - (93010800) (o]
S00°0=A AV-IV9 2706
S0'0=N -L-1IN / 2¥06-1-SINY
1 yoea) s1ayi0 A IS o iz ug up no v H CE |
o | e
uibuo apeio uoljesyyoadg A_UM

(Xew se JapISU0D pauoUAW JOU Jwl| JBABIBYM)
(%3IM) uonisodwod [ediwayd

139



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(1M 1€) 581942 000012
/IEPIOSNUIS / ZH G°L / BdIN 0€8 O}
G'Ly = (407) enbed 8|k mo

"Xew 9%|°0 = ulels oiseld ‘sinoy | (0,00€
1]
001 = uoneinQ ‘ediNl 00G =SsanS 1e) waOmAmn_w W%wr (0,00€ 1€) 0€S (0,00€ 18) 059
‘0000€ =2injesadwia | 1ys8)} deal) Ge ' JV/sinoy g 0} sejnuiw
sinoy gz aimydni Jojas o€/ (0,6¥) 00.:0n81j01 SSOAS .
; 0) SWIL ‘BdN Z/L} =SSaNS sseljs + |eouue Qv/sinoy ¢ o} seinuiul gg - (pasiuebipur) b
(1 18) 2amdnu SSONS PAYIION + ezIUONN|OS /(0.5%) 0oL BBUUY PIILINLD
T “J9)em pajeybe ul yousnb / suy z-1
(1 ¥e) wpedw 1(D.01¥) D.G26-0G6 :9ZIUONN|OS
0S 20M=21y ssauybno} ainjoel4
. e e
(LdE) el (124 1e) o vﬁw_m ) A_wmv (1d18) 0€8 (1d1®) 086
zyibuass 8|1sus} Uleld / POYIION se 4) 6 - (A 10} Ol
gH 08€-00€ ‘ssaupleH
(LY 3e) s9j9A0 000912 (0.00¢
/leplosnuls / ZH z-1 / BdIN 0€8 0} 1e) (0.00¢ 18) 6 (0.00€18) 085 | (D.00€ &) 059 ~ )
G'Ly = (407) anbied 8jokD moT Ge OV /44 Z/(D,0L%F) 0,00 :[eduuy
OM / 0,0.6-056
leouy :9ziuabowoH -:sbuibio o4
- (L3416) Whedn + ozueBowoyy | OV /M T/ Go% v\ﬂ_v;ovaoﬁ ‘|leauuy Od'A9VL 99100 10D €
201y ssauybno) ainjoel
08 2™ ybnoy ainjoel (13 18) C.w_.ﬂmv sBuibioy 1(D.2%) 0,556 :8zIuaBowon
oz 1o} 6 o0}s Buibioy (14 1e) 0€8 (14 1€) 0g6 ->j00}g BuIBiO % sieg 104
pue sieq Joj Q|
(141 €
zybuals s|Isud} uleld / POYION
Algeyns [009 / "uiw
|eauue pue 1Y L/ (De¥1F) D.88.-10L:[BBUUY
[°14 [ay®@] oL 298 1€6 oZIUoaNIoS 191583 10 V(3.1 F) Snsues 8267 SNV z
€J9q MO|aq D,£8-8Z :9ZIUOHN|OS
Bujjeauue
0} Joud pasn
aq Aew A/ UIwI
141 /2,096 ov
- - eauu -
1o ustuean o4 8 0€8 091 1-0£6 [esuuy | UM 34 |, { O.G0£-00. JEeuLy 7198 HYSN L
uoneziuabowoy
e ‘sbuibioq
abie o4
e 001
syreway SYIHLO v % (@s) 13 % ( n__nvmo d (edin) s1n
0
uonipuo) juswijeal) JeaHq apein uonesyioadg MM

(wnuwiui ) senuadoud jesiueyospy

140



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

00)S
Buibioy e si 1 douIs
I8y paulquiod
S|} ‘JaABMOH
‘suoljesado
jounsip omy

aJe Juawieal; jeay
Buiesuuy [N pue

(1¥ 1e) soppko ,0xg / |- =Y
/ BdIN O£ = Weag Bunejoy
<(40H) enbied 8ok ybiH

(1d®)
$8/0A2 0000 |2 /leplosnuIS
/ZH Z-L / BdN 0£8 0} G'LY

jusunesn ey VIS | _ (4071) anbe4 aj9A9 Mo (
= ! 0.00€ 1e) {0.00¢ 1€}
,00€ 18 ,00€ 18
[Ov/ sinoy a6 (G 1o 6 (0.00€ 3€) 0€S (0.00€ 1€) 059
87/ (D.0L¥F) D05 | "Xew %z 0 = uless onse|d
-0£G:1dd + Jajem ‘sinoy QQ| = uoneing "JV / sinoy
pajeybe u yousnb | ‘eqpy 098G =SSOAS ‘D.00E 22/ (0.,01¥) 0,00/:[eduUuy
5 5 6
/814 z-1 /(D,0L¥) —aimesadwa | :1se) deain +_MM_”_“_Mw oem ) @MM:M&N% 6
0,056 :9ziuoyn|og] : pajeybe ur yousanb / siy z-| /
uonipuos - (2.017) D,0.6-066 :9ZIUOKN|OS
pajeal} uoneydioald w._:om 0012 mdn
pUE UONNIOS 03 swiL ‘BdiN owm =ssalg
ul pawwopisd (D000¢ ¥&) 21Mdn. ssang
aq ||leys 1s9) deal) sinoy Gz aunydnu 0y swil |
pue }s8} aindni ‘edIN 9221 =ssonS (1Y
EEETSEER N 1e) ainjdnJ ssang payoloN
(1d 18) WABIN 0G 0= (1d1e) {1y 1.}
e e
ssauybno) ainoel Y4 (as®) 6 (L4 3e) 0g8 (1418) 0e6
(1Y 18) £'1 2Wbusns
8|isus) uteld / POUYIION
ziee N3 sd
aisydsoune Aq papasiadns
_ ~ sz oL 0€8 091 1-006 |lesuuy Uaul Ul [009 10 Jy/ssinuiu - Amyo_ownov g
0€2 / 0.078-069 }e [eauuy eIVl sS4
eieydsoune olee N3 sq
Aq papasiadns
- - Gz oL 0g8 0911-006 [esuuy Haul ur 009 Jo Jy/sejnuil - (219/0S90) L
0€2 / D.,078-069 }e [EduUY Z1v1 S8
(14 18) ') 2Wbuans (0.00€ 1€) {0.00¢ 1€}
o m o m
SlISUS} UIBld / PAYIION ce (as 1o 6 (0.00¢ ¥) 0€S (0.00¢€ ¥€) 0v9
Ajuo sieq (@RY] oV /iyl
eauu
1o} st 9|isud} 1H . 1e) sbuibioy Emw_ 6 ! v /(D.01F) D,0€. 1€ [eauuy A9VL 601V .L90 9
gH 08€-00€ :ssaupJeH 103 %Gz {1 1e} sbuibioy (LY 1e) 0z8 (1¥1e) 0g1 1-088
0 ‘
‘sieq 10y 0z | 'O %0F 'S1BA048
sinoy Gz ainydni ov /1y L
- 0} dwi] ‘BdN 091 ) =ssans o174 ol 028 0€11-0€8 |eauuy R A9VL £816dIV S
(13 18) 159} aumdn s8OS /(D.01F) D,0€. e [eduuy
e 001
syIeway S¥IHLO v % (@s) 13 % ¢ n__.uvh.o d (edw) sLn
° uonipuod juswijeas) JeaH apelo uonesyoadg 'ON ‘IS

( wnwiui ) sauadoud jesiueyospy

141



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

sinoy
001= ainydni o) swi | LS¥ ALAY /S2-€2106
- - - eauu -
edN 06G =Ssans oe o 60106 eeutv 9LAToL8 11SO/ 18-€L006 L1SO s
(D000% 1e) 2inydni ssang
2i-WWN 2681 =1L
‘i WWIN 0221 = 11
:01y) ssauybnoy ainjoelq
- Gz-02 8 0€8 006 [esuuy 04 10 OV / 0,078-00. :[Eduuy - voLL'€ vl
edi
085-05S = Uibuass Jeays
5 e 70T 18
(0ev0z 1) (v @) (0.voz 1) (0.70Z 18) €65 (0.¥0Z 38) ¥22

ov Gl

- - |eBUUY 8Z6¥ SNV Jed se [eauuy [|IN - 0€6¥S SW3 el
e e
(14 3e) (112) (av @) (L 1e) 228 (1 1€) 968
0z ol
007954 SNN

- - eauu -

[°14 (ar @) o1 828 G68 | ' ‘G4 opeIS) 18¢ 9 NLSY zl

007954 SNN
o174 (ar @) o1 828 G568 [eauuy G opeID) 8v¢ 9 WLSY L
1£69 SNV Aq pepesiadns

[°14 [av®@loL 128 968 [eauuy OV /(Db LF) 0088210/ :[ESUUY (e1aj0sq0) ol

- - o ¥ o = N -
AY-IV9 2106
-1/ 24067 L-SNY
e 00.1
syieway SY3HLO Vi % (@s) 13 % ( n__uvmo d (edw) s1n
0
uoljipuod juswjeal} JeaH apelo uopesyioadg ‘ON ‘IS

( wnwiuiy ) seuadoud jeajueyoay

142



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

9 300)g Buibio4

1.6V SNV
/ 6.6% SNV

8.6% SNV 9

9¢69 SNV Aq pepsasiadns
(e30108q0) S
[usz-A9-Iv9l 206-L-1IN / L¥06-L-SINY

6.6V SNV 4

116V SNV €

G€69 SNV Aq pepsesiadns
(819]08q0) z
[usZ-N9-Iv9] £#06-L- 1IN / L¥06-L-SNV

CA9N9VL 3

apeln

uoneayyoadg

apeln

uoneosyioadg ‘ON IS

suopjeslyioads pazijeuoley

suonesyioads

syleway 1o Joquiny paynuap! adeys 0} pazijeuoney suoneoy1oads paynuap)
0 JaquinN
32038 Buibioy :@sn 10} uoljezijeuonjey
9 suonesyivads payjuapl 4o JaquinN ug-A-1v-11 :|eua)ely o adA ) 2-9-9-11 ! |leLId}EW JO BpRIL) [RIBUID)

sfo||y wniuey| - s|elajey d1[e}9N JO UoKEZIeUOHEY J0) }33YS ejeq

143



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

01°0 = (yoes) .
siem0 S00°0 =A
aseq 0’0 ¥0'0=N 009-00G | - - - 05°2-05°} - 00°1-G€'0 | 0019-00G | GLO0 | 00'L-GE'0 | uedHBWY - 8.6% SNV 9
50'0=0 020=0
01°0 = (yoes) - 9€69 SNV Aq papesiadns
SIET (o) 5000:=A (81910890)
aseq 0€°0 ¥0°0=N 009-00G | - - - 06°2-05°} - 00°1-G€'0 | 0019-00G | GLOO | 00'L-GE'0 | uedHBWY - [USZ-A9-Ivo] S
50°0=0 0c0=0 061N / L706-L-SINY
‘0 = (Yyoes
o macﬂw ) S00°0 =A
aseq 0’0 ¥0'0=N 009-00G | - - - 05°2-05°} - 00°1-G€'0 | 0019-00°G | GLO0 | 00'L-GE'0 | uedHBWY - 6.6% SNV 14
50°0=0 0e0=0
‘0 = (Yydoes
o m_mcmm ) G00°0 =A
oseq 0’0 ¥0'0=N 009-00G | - - - 05'2-05'} - 00°1-G€'0 | 0019-00G | GLOO | 00'L-GE'0 | uedUBWY - LL6¥ SNV €
50°0=0 0c0=0
01°0 = (yoes) - G€69 SNV Aq pepesiadns
SEle} 000 =A (e30108q0)
aseq 0€°0 0°0=N 009-00G | - - - 06°2-0G°} - 00°1-G€'0 | 009-00G | SLOO | 00'L-GE0 | uUeduBwY - [USZ-A9-IvS] 4
S0°0=0 020=0 L¥06-1L-1IIN / L¥06-L-SINY
ose . 0z0=0 ) . : . . )
g - ¥0°0=N 50'0= GG - - - 0C L0 GG G100 G0 youai - ZI9NIVL |
, (1e303)
1L s1Isy10 (yoea) s1ay10 A IS | oW | 4z us um no v H aq
uibuQ apeio uonesyioadg “M_

(xew se JapISUOD pauoudW JOU | JBABIYM)
(%3IM) uonisodwoo [esrwayd

144



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

isisuiep Gl psosoar ol €0L1-1€6 0001
ww 09'L01L-08'0S o Aiqepns
- eauu | -
eeuy 100D /1Y Z-} / Do88L-70L ‘|ESUUY 8L6v SNV o
Jsjewelp [ww g'0G 1o ay D] )
W 0806 > 0z o 8€11-G96 ¥€0L
9€69
Aq papasiadns
) . [ww g0g 10 ay @] _ . Sy 74 pep
9ZIS WW 0Z'9/-01'8€ - 0z . €06 986 |BOUUY OV / (Dot L¥) D088.-0L :[ESUUY - (939108q0) S
- [usz-A9-Iv9] 206
LN / 206 L-SNY
9ZIs WW 2'9/-8°05 - 0z [ar®@] 8 0001} 6901 v )
g /840y ¥ 2 / (Do LF) Do8€GZ Hdd
+ uopnjos Jojem pajeyibe - 6.6 SNV 14
: ul youanp / selnuiw G ¥4y | /
82Is WW 80562 - 0z l[av@l 8 690} zLLL (Db L) Do668-£58 1881} LUOIN|OS
[008€G = @q |leys X00}s Jeusisey
87IS WW 2'9/-8'0S B 0z [ar®] 0001 6901 10} m.m;mhcaEQ Enw_ v/ sanul
8 GLFSIU T /(Do8F) Do8ES Hdd
1dd Jsjem - 1.6V SNV €
+ uonnjos
pajeybe ul yousnp / seynuiw
o) G F4Y 1/ (DobLF) DoB68 e
9ZIs WW 8'0G-¥'S¢ - (74 g 6901 ¢l uonn|os *A|geyns [009 / seynuIw
GLFSIU Z/(DobL¥) 0L :leduuy
oo [ww g°0g 10 ar®] sinoy
9ZIS WW 2'9/-8'0S - 0z 666 8901 B . GE69 SNV
8 01-2 / (0087) D0} 29-89¥ 106y Aq papasiadns
oby - (930]0870) 4
[ o) + UonnoS (pelo0d [usz-N9-Ival 2106
. . ww 8'0G 10 ai -Jle 8q Aew suonoas uiyl) OM /
9ZIS WW 8'0G-7'GZ - 0z 8901 2Ll : : : -1- -1-
8 (Do L F) DoL26-€¥8 }ed1} UolNjog LN/ 2706 L"SINY
9ZIS WW G/-0G - 0z 8 000} 0L01
1H - - Z39N9VL }
9zIs ww (0'0S> - (174 8 0s0l ochl
e 001
syleway ssaupieH Vo % (@s) 13 % ( n__uku.o d (ediw) s1n
0
uoipuod juswijeal) JeaHq apelo uoneoyloadsg A_VM

( wnwiuiy ) sanuadoud jeajueyoay

145



Rationalization of Metallic Materials- Volume-1 (Forging Stock) RESTRICTED

Nickel Alloys

PART 4

146



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(sletisje dljlejol JO uonesijeuoney)
20028010 PIEP A9/ L0Z/OVIINTO

ul pauoljusw aie Yg9g INY3IdNS
1o} suoljeoyoads JusjeAinba JayiQ ‘|

300)g Buibio4

VE9Z INJIdNS
/0ldH Sg
/9885 SNV

(pesiuabipuy)
VE9Z INYIdNS

- (pasiuabipul) €92 NS LD

- 9885 SNV

Q0ZHMON G916 dIv

- 0l ¥H sg

[¥/5¥0€E SINHY ‘€/SY0EE SINYY ‘2/SP0EE
- SINYY ‘L/SP0EE SINYY ‘SY0EE SINHY Aq papesiadns]
8£0. HYS

[#/0£0€€ SINYY ‘€/0£0€€ SINHY ‘Z/0£0€€
- SINYY ‘L/L€0EE SWHY ‘L€0EE SN Aq papaesiadns]
G£0. HHSIN

apein

uopeoyloadg

apelo uopeoyloads

‘ON ‘IS

suonesyoads
suopjealyioads pazijeuoley

syeway 1o 1oquIny paynuapl adeys 0} pazijeuoney suoneayioads paynuap]
Jo JaquinN
3203)g Buibio4 :asn 10} uoljezijeuoney
VA w:O_aNO_*_OQQw papiuapl jo JaquinN |O_>_|_n‘v‘n|v_|.".0|_z :lelidjey jo 0Q>F €92 JINOIIN . |eliajew Jo apelo [eldus

sKo||V [9X9IN - S|elajely Olj[eISIN JO UoNeZI[EUOREY 10} }93YS ejeq

147



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

wdd g = by
G000=4d 2000 =4ad (pasiuabipuy)
wdd L1 ~ e oa . . . ueipu _
oseg 02°0=nD 100°0=S wd L=lg 90-€0 LZ-6L | ¥'26'L | L'99G 90 0 80°0-¥0°0 | 8'0 | 0'LZ-S'8l 1pu] VE9Z INYIANS L
6'C¥'C=11+V
5000=9 200°0 =ad dd = by (pasiusbipuy)
= = wdd L=I LAt - oot ‘0-0" . . A . R uelpu _ . .
aseg 0Z'0=nD 100°0=S wd L=lg 90-€0 126l | ¥26'L | L9999 90 0 80°0-¥0°0 | 20 | 0'LC-0'6l 1pul €9z NS WLO 9
8C¥T=11+IV
g000=4 G100 =d 8CvC
~ . . I . ueouswW _
oseg 02:0=n0 00°0=S = 11+ 9'0-€0 LZ6lL | ¥26'L | L'99G 90 70 80°0-¥00 | L0 | O'lg06L ! 4 988G SNV S
8°CVv'C=11+IV
200°0 =ad 1000°0 =!9 G100 =d
_ . oual
oseg 5000°0 =By 07'0=n9 100°0=S 50-e0 LZ6L | ¥2Z6'L | 1'9-9G|90¢0| ¥0-L'0 | 800-%¥00 | L0 | O'Lg06L Y E| aoz MON G916 HIV 14
o~ o 1000°0 =!9 8TV C=I1+IV
aseg mmooooooowgmﬂ moo%ooum% ¥0°0 =1Z L2-6L | ¥Z6'L | L'99G 90 0 80°0-¥0°0 | 20 | 0'L2-0'6l ysihug - 0l YHZ sg €
£00°0=S ‘9'0-€°0
[v/svoee
SINYY ‘€/S0eE
10000 =9 6CVC=I1+IV ‘
200°0 =ad S000=49 SINYY Z/GY0EE SINYY
‘0 =1 ~ . . . siu _
oseg 6000°0 =By 07'0=n9 MN%O|M 50-e0 Lg-6L | ¥'¢6'L | L'9-9G 90 0 80°0-¥0°0 | 80 | 0'Lc-S9'8L yshig ‘LISHOEE SINYY ‘SHOSE 4
B SINYY Aq papasiadns]
8€0L HHSIN
[v/0e0ee
SINYY ‘€/0£0EE
10000 =9 6CVC=I1+IV ‘
200°0 =ad G000=49 SINYY Z/0€0€E SINYY
ose ‘0 =1 ~ . . . siu _
d 6000°0 =By 07'0=n9 MN%O|M 0-e0 L¢-6L | ¥'¢-6'L | L'9-9°G 90 70 80°0-¥0°0 | 80 | 0'Le-9'8L yshig ‘L/LE0SE SINYY LE0SE 3
B SINYY Aq papasiadns]
GE0L HHSIN
IN (yoes) s19y30 v 1 1L O un IS 2 L | 09
‘oN
ulbuQ apeio uopesyyioadg s

(xew se J13pISUOD pauoijuaW Jou Huwi| JOA3IYM)
(%3IM) uonisodwod [esrwayd

148



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

[+eq pejeaun-jeay Ajleul
pue UMelp p|o9 JO} %G| 0S]
%10 :ulens oNse|d [ejoL

dd

OV /814 8 / (D01 F) D008 1dd
O>>\ wuw g< 1o}

- w_muoh NWW:MMMWQ - (00082 18) 2L (00082 1€) 00% (00082 18) 0¥ + 571U0NN0S | SINOY GZ-G"], ‘Wl g> Jo} SeNUIW - 0l ¥H sg €
0,08, ~aImeadue | 0€/ 0o(0LF) 0G| :®ZIuonN|os
1159} deau)
"jdd pue sed [v/1sv0ee
%1 0> -ulel)s dlise e]o. BYSIul wmc_._ ElJEL .
Buiziuonnjog aiojeq \i.ov S Ohseld (€0l poustuly PepI o . SINYY "€/570€€
sinoy gg=uoneing yse|4 Joj - (ay oy OV /81U 8 / (D001 F) 00008 3dd .
OM 40 QY /noy | / . B ) e) g1 10 ( ( e) ( e) 1dd o ) SINYY ‘2/SP0EE SN
2061 | OSIID PloM _ed 02| =ssaas 00082 18) €110 (26082 | (D082 18) 007 00087 18) 0%S + 5Z1U0NN0S oM oV L/GHOEE SINKY ‘GhOEE z
~sBUI PaJ|0J-p|oo ooommwﬂmm%sﬁ ﬁv_ ON,_ r. w_%hmuwmwﬁmm /4noy | / Do(0L¥) 0G| :8zIuonnjos SN Aq pepesiadns]
oplem yse| Jo ’ °
papjem yse|4 Jo4 12) 9L 10 (90087 18) 1 80 HYSIN
o o [¥/0c0e€
%10 > :UlBNS onse|d [ej0L )
% ‘sinoy omw.co_ﬁ ang OV /814 8 /(D001 F) 00008 1dd SINYY ‘€/0£0€€
T (ay 103 D082 1dd OM 40 DO 10 QY / W g< Jo} SINYY ‘Z/0£0€€ SINYY
- ‘e =Ssal - o e o e . _ - ‘ .
‘9 Onm_w_m,_ mwhrﬁ aa&w " 1e) €1 10 (D508 18) 2L (0082 12) 00% (00082 32) 05 +9ZIUORN|OS | SINOY G'Z-G'| ‘WW 8F 10} S8jnuill L/LE0EE SINYY ‘LE0EE F
oves 0€ / Do(0LF) 0G1 | :©ZIUOKN|OS SINYY Aq pepsesiadns]
1189y deau)
GE0L YYSIN
e 001
syleway s1YI0 VY % (@s) 13 % ¢ n__.uvm.o d (edw) s1n
0
uoipuod jusawijeal) JeaH apelo uoneosyloads A_UM

( wnwiuiy ) senuadoud jeajueyoapy

149



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

‘sinoy pgz anydnu 0} awi |
‘edIN 02| =SSens
9008/ =ainjesadwa |
1189} ainydni ssalg

%1 "0> :ulel}s ouse|d [ejoL

‘sinoy Qg =uoneing [as®@] (54082 18) (9082 1€) 14 OV /844 8 / (DoF) 00008 3dd (posiusBipu)
- ‘edIN 02} =Ssa.1S - (00082 1) DO 10 DM /4y - 9
00¥ ovs + 9zIuolN|og = : €92 NS N1O
‘0008, =eimesadwa | 4 21 / (Do0LF) Do0G 1 L :8ZIUOHN|OS
1se) deau)
sbuu
% sBuibloy Joy (‘uiw) gH €2
‘sleq
Joy ('uiw) gH 09 :sseupieH
%105 :uless onse|d [eJ0 L
‘sinoy oG =uoneing (00082 1€) OV / 814 8 / (D08F) 00208 1dd
o e o e d
- ‘edIN 02} =ssans - [av®@] (© mmwﬂ ) © wwwu ) . wN_wm_s_om Jaysey Jo Qv - 988G SNV S
‘D06 . =0Injesodwa | 4" o /(Do LF) Do€IL L-8E0L BZIUONN|OS
1189} deau)
%105 :uless onseld [eJoL
‘slnoy Qg =uoneing
) ‘edIN 0Z) =Sseis } (06082 1€) (06082 1€) (00082 18) 1dd OV /S1U 8/ Do018-06Z 1dd
‘00082 =oinjesedwa | zl 00¥ ovs +9ZIUOHNIOS | + DM / D05} 1-001 | :8ZIUolN|0S a0e >oN L6V v
1s9) deau)
‘(‘ulw)gH 0gz ‘sseupieH
e 001
syleway s1YI0 v % (@s) 13 % ( n__%mo d (edw) sLn
° uopipuo) juswjeal) JeaHq apeln uopeoy1oads ‘ON IS

( wnwiuipy ) sauadoud jesiueyospy

150



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

sinoy 00}z aJnydni 0} swi|
‘edIN 91¢ =ssans
‘00008 =dJnjesadwa ]
:1s9) ainydnli ssang

sinoy Q= ainydnu o} awi | ) (00082 18) (00082 18) (00082 18)
‘edI\ 81 =Ssans cl [00)74 (072%
‘D000/ =dJnjesadwa |
;3s8) aunydni ssang
sinoy 0o}z ainydni 0} swi]
‘edIN 819 =ssals
oV ‘00009 =aJnjesadwa ]
/'S448 / 05008 3dd :159] aunydnu ssalg
+OM /U Z/ 000G} OV /814 8/ (Do01F) D008 3dd
19ZJUoiN|OS -SMOJ|0} 1dd OV 10 DO 10 DM / ww ) (paziuiBipuy)
se pejeair-jesy +9Z|UOHNIOS | 8< JO} SIY G'Z-G'L YO W 8> 10} VE9Z INYIdNS L
aq |leys sa|dwes 14 60/ (0601 F) D00S | L :9ZIuoRNI0S
159} a1nydni %¢ 0> :uleng dise|d [ejoL
Ssal)s pue deal) ‘sinoy 00|} =uoneing
‘edN L1y =ssans
0000/ =d1njesadwa |
1189} deau)
[1¥ €] [1¥ €] RSB
- (%0LF) (%01%) (%01%)
%105 :UleNS ONiseld [el0L or 08s 000}
‘sinoy 0g
=uoneinq ‘edN 021 =Ssais
‘0008 =alnjesadwa |
1389} doau)
\H G/Z = :ssaup.ieH
syleway sivUI0 vd % (@s) 13 % ?n_ﬂvmooo& (edw) sLN
uonipuo)n juawieal) jeaH apeln uoneoyoadg ‘ON IS

( wnwiuiy ) senuadoud jeasjueyosy

151



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

0033 Buibio4

9g8t°z "ou Aojly
ANBONZZIDIN G600L N3 S9 14
GZ990N SNN 796G 9 NLSY €
- 999G SNV
ANAZZON 86€ V1100 4
- 9999 SNV 3
apeus uonesyoadg apeio uoneayoadg ‘ON °IS

suonesyioads

suojeoyioads

syleway pazijeuoney paynuapl adeys 0} pazijeuoney suoneoyioads paynuap|
40 JIaquinN 40 JIaquinN
)o03g Buibioq :asn 10} uoljezijeuoney
v suopeoy1oads paynuap! Jo JaquinN AN-ON-10-IN | :leuajepy jo adAL | 629 TANOONI

! |elI9)eW JO dpeRID) [RIBUID)

sAo|lV I9)IN - slelia)e|l dlj|eld|Al JO uolezijeuoliey Joj }93ys ejeq

152



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

Apidel "z 'ou
- (xew) ovz - 0¢ Gly 0501-0Z8 psjesuuy OOM/ o_“WoS.wwm " >o__<mwmmom§mm OIN 66001 N3 S4 ¥
(o] . t
ww 10
- - - ( omom ar®) 1454 128 psjeauuy - GZ990N SNN ¥95 9 WLSY €
- (xew) ogz - (uui0g / 45@) 082 00. jeas} uonnjos om/ gNAZZON 86€ V1100 z
ov ’ (D001¥F) D091 | :3ES1} UOHN|OS
- (xew) 182 - Ewm@ ) 1454 128 psjesuuy - - 9995 SNV L
s (aH) o o (edw) y00.d
Mleway ssoupIey v % (@s) 13 % %z'0 (edi) s1n
0
uoijipuod juswijealu) jeaH apein uoljeayyioadg ..._VM
( wnwiuiy ) sentadoud jeajueyosspy
SLvGL'e 05°0=n0 o€z 010 9G8%'Z "ou

ulw 0= . : ‘0L-0° . : 3 : S
Iw gg e +qN 020°0=d ‘6L0'0=5 70 002 %0 00L-08 G0 S0 0'0 0G 0l ysnug AOITY INEOWZZIOIN 66001 N3 S9 14
uiw gg murmwwmhzﬂ GL0°0=d | §100=S 70 .w.wmm 70 00L-08 S0 S0 10 0S - uedLBWY GZ990N SNN ¥9G @ NLSY €
aseg muFmH.MZm GL0'0=d | §L00=S 70 .w.wmm 70 00L-08 S0 G0 10 0s o'l youau4 dNAZZON 86€ V1100 z
aseg s G0'0=el .mm__w.wuuw 70 .w.momm %0 00L-08 G0 S0 10 0s 0L ueoLBWY - 9995 SNV L

IN (yoes) s1ayi0 v 1 1 o umn 1S o) CE| 09
uibuo apelio uonesyoadg A_VM
(xew se J13pISUOD PaUOIJUBW JOU JWi| JOARIBYM)
(%3IM) uonisodwod [esrwayd

153



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

300)g Buibio4

(85%GS S sepasiadns)

9SS800.1d E}|ai
8LL(da) p d elea 9/vSS SIN3 ¢
814 ooul 2022 HHSI
apeub |eroadg
812 0ou| apeib [e1oads FAVARSISIS b
apein uoneoidadg spel9 uoneosyoadg ‘ON ’IS

suoneoyioads

suoneoyloads

sSyleway pazijeuoney pauuap! adeyg 0} pazijeuoney suopeoyoads paynusp|
10 JaquinN 40 JaquinN AR b
)20}s Buibiog 1asn 1o} uonezijeuoney
v (opeub |e1oads)
[4 suoneoyidads payuapl Jo JsquinN -I1-ON-BL+0N/AN | :leniajely jo adAy

-10-94-IN

81/ [suoduj

! |elId)eW JO dpeIs) [BIdUdD)

sAoj|v [99IN - S[elIa)e|N DI|[E}3IN JO UonezIjeuoey 10} 393YS ejeq

154



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

e
(0y679 1€) Ao_omvm ) (00619 1€) (04679 1€)
6z (ar®) 13 % Sl ar 1€6 €801 9.966-756
‘sinoy Gz z ainydnu o) swiL [ ° 8L/ (da)
‘B4 85/ =SSONS 1dd + Jo abueu ayy ul 8q |leys ainjesadwsy P850Iy (8S15G SN sepastadns) z
. - e jeal} uopnjog uonn|os jey) 3deoxs | 0G1H 9/¥5S SW3
0,619 = @injesadwa | (1Y) T.m ! _v (LM 1e) (1 1e) UM 90UBPIODOE Ul Jeal} JEsH &led
119 aimydni ssals Gl aro coLL Grel : :
4"
G213 %
‘sinoy Gz = ainydnu 0} swi|
1]
‘BdIN 09/=Ss09.)S ) Ao_%wm ) (0,059 1€) (0,059 1€)
. 0,069 =eJnjesedwa | 006 00L L
("uiw) sanoy 4"
81 Jo sw 1H jdd :sbuiboy ov
2101 & ONIB O) 2.029 Joy-jsey aunydni sseng /8inoy 810§ 0,029 18 PIOY / 2,029 | o o,
e s ﬂ.w:_vm mcm 1dd + oydn unoy Jad O (0L ¥)GG Jo orel opeib (sosip auiginy Joy) )
04029 0} 0z Wouy 0= () oney [esional ki B \Mmu: wm M\A>ooomN 1ad [eroeds c0zs HHS
009 Alonewiayie | S531IS '00001= S310K0 (Ly18) /14 |  D,086-056 11881} UOHNIOS
“dg Bunng ('xew) ed 0ZL | = ssans B (vl (1 18) (1d1e) o : _
‘ZH Gz'0 = Aousnbai4::sosip z 00L1 Svel
aulqin} J0}-(0,055
1e 407) enbed [exy
e 00l
sylewsy slaylo v % (as) 13 % ( n__..%uh.o d (edw) s1Ln
° uonipuod juswijeals) JeaH apelo uoneosyroadg ‘ON 'IS
( wnwiuiy ) senuadoud [estueyossiy
G'6-GLY 10°0=N
812 (da)
10= =€l +dN €00°0=bn e o : . . . . (85755 ST sepesiadns)
- ‘0-7" - - - eg 0ol uedlswy passadold Z
505 | (yoeo) siomo 02D 9000 =8 8020 | 1ZZL | GL'L-G90 | £¢€8¢C G0 G0 €00 I o 91555 SW3
GL00=d GL0'0=S
G9L'G wdd =19
=€l +aN wdd 0} =qd 10°0=e0 5900 8L
GG-0S 20=n0 g0=el 2°0€0| 1ZZL | OLIGL0 | £€€8¢C z0 z0 0200 ‘leq 0l usnug oouj apesd 202, YESN L
wdd o} = B GL00=d wdd 09-0z=9 |ewadg
‘wdd g =6y wdd 8=
IN (yoea) s1ay10 v 1 1L o un IS o] a4 0o
uibuQ apelo uoneosyloadg 'ON 'IS
(xew se J9pISUOD PaUOIJUSW JOU }IWI| JOAIBYM)
(%3IM) uonisodwod [estwdyy

155


PC130
Text Box
Rationalization of Metallic Materials- Volume-1 (Forging Stock)                                                                                    RESTRICTED


PC130
Text Box
155



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(sleusye ollelelN

JO uonesijeuoney) 2002'80°L0
psiep 4ao/1102/OVIINGO

ul psuonusw aie vglL/ INd3IdNS
10} wco_umu_tu¢aw ucm_m>_3U® 18yl0

',002°'60°LC

pajep L0/L0/(ISN)VINOY

Jad se z99g SV uoneonoads
jusjeAnba sey g "ON °IS

300)g Buibio4

V8l. INd3dNS
/2995 SNV

8l.d3
HINALANGYNHM

G8-G06E-L-v1NL

(pasiuabipuy)
v8L. INY3dNS

(pasiuabipuy)
81.-NS N1D

GLLL YdSIN

AN®4610N

G916 dIv

99G SNV

€995 SNV

299G SNV

apeus

uonesyoadg

apeln

uojjesyioadg

‘ON’IS

suopjeoyoads

suoneoyloads

syeway pazijeuoney paynuapl adeys 0} pazijeuoney suoneonoads poynusp|
10 JaquinN 10 JaquinN
)20} Buibio4 :@sn 10} uolezijeuoney
L suoljesy|oads payuapl Jo JaquinN LN :eudje|y jo adA 81/ [auodu|

“BL+dqN/AN-10-3d-IN

! |el9)ewW JO apels) [elaud9

sho||v |3¥2IN - S[elaje dl|[e}9IN JO UOeZIjeuoney 1o} 393YS ejeq

156



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

20042
- GL00:d 100:S b 09 Y160 | 9b-bL | 6L 6 90 €0 10 ‘leg - LSy NVISSNY 8l4d3 G8-G06€-L-¥LNL 8
Ge-GTM HINALAWSYNHM
800°0:9
G'1-8°0 ‘AN
wdd =u
10°'0=eD wdd G =H 05 =US
< wdd 10°0 =By
ovl wdd
A wddg o =19 . . oo . . 800 . (posiusbipuy)
- =N'0§'G-S.¥ | Ol =By 2°0€0 | bZ-ZL | GLLGL0| €¢€8C | €0 GE0 ) leg b GG-0S uelpu| - L
wdd 09 =g -20°0 V8l. INJedng
=el+dN /AN | wdd G =qd G100=S
‘ wdd = ‘0=n -
001L=0 €0=n0 5100 =d
wdd
L '0=eL 0 =us 100 =B
05'5-00%G = E_n de=es | wadgo=g ¥0'0 (pasiuabipuy)
- aN ‘100 =eD wdd wdd 09 =g L0€0 | bz-LL | GL'L-GL0| €€8C | GE0 S€0 | o0 ‘leg L GG-0S uelpu| - 81/-NS WIS 9
‘wdd 08 =N 0l =By GL00=S
‘wdd og=0 | wddg=qd GL00=d
€0=n0
wdd g =6y wdd |=1g
0S'G wdd wdd 09-0Z =9 80°0 GG-0G=
_ ‘0-¢" - -t e-q . . ‘e S -
e/ poel+aN | 0L =ad GL00=S 1°0€0 | bZZL | G120 | €82 | S€0 GE0 20'0 leg b 004N ysnug GLLL HESN ]
20=nD GL00=d
0S'G 9000=19 5L00=S 0L'0
} . 3 . . ) ) ) e U 5
-00°G = BL4aN 10=n5 6100 = o 8040 | bZ-ZL |GL1-G90 | €€8C | G€0 Ge0 00 0z-11 ! leg Youald aN®4610N G916 HIV 14
€0=n0 900°0 =9
) G ) e : . ) ) e . . ——— )
§GSLY=AN | ooy 610°0=S 8020 | bz-LL |GL'L-G90 | €¢€8C | S0 GE'0 800 leg ol GG-05 uswy ¥99S SNV €
wads g | ntO
- 6'6-G/'=aN €0=n0 @oo.o.um_ 8020 | bz-LL |GL'L-G90 | €¢€8C | S0 GE'0 800 ‘leg o'l GG-0S ueoLBWY - €995 SNV z
GL00=d 5100=S
wddg =qd wdd ¢0=19
- G6-rp=gn | 00=°L wdd g=o5 8020 | bz-ZL | GL'1G90 | €¢€8C | S€0 GE'0 800 ‘leg o'l G505 uesLBWY - 7995 SNV I
£0=n0 900°0 =9 |
GL00=d GL0°0=S
(1e303)
S10U10 (yoea) s10Y10 v 1 1L ol un IS 2 a4 09 IN
uibuQ apelo uopjeoyioads ..oz
(Xew se J19pISUOD PaUOIUAW JOU }IWi| JOAIIBYM) IS

(%3IM) uonisodwoo [estwayd



PC130
Text Box
Rationalization of Metallic Materials- Volume-1 (Forging Stock)                                                                                    RESTRICTED



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

G213 %
‘sinoy 0g = aJmdnu
o}awi] ‘e
089= wwmww m_u_\,_omw (0,059 38) 61 (0005918) 2L (0005918) 098 | (00059 ¥€) 0001 ov
|m INE. _8&% N Wy + / sInoy g 10} D40Z9 18 PIoY / 05029
- s ojdn unoy Jad 9,0 40 jel 8y} e gN®4610N G916 IV 14
1S9} m‘_EQE Ssalls jeaJj uoinjos .
1009 AIMO|S / SINOY 8 / D602/ 3dd
OV /44 | / DoGG6 ¥eds} uolnjog
(uiw) gH 62¢
esaUpIEH (1de) 6L (1de) 21 (L4 %) 00l (14 e) ozl
Algeyns [002 / sunoy Qg Jo
sBul papjem ysel (ay®) awi} 1dd [e10} 13UN (Do8F) Do6V9 18
(wiw) gH Lve y sbul pepjem yseyy dd + pIoY / (D08F) D069 0} O / SeINUIW
sseupie pue sBuIbio} 10} | "1 gBuibioy ioy veo Hek 181} UONNIoS | 0€ F SINoY 0L / (068%) 06092 3dd v995 SNV ¢
- %G| ‘sleq oy z| .
- %cl 'sieq Joj- 0L Jojsey Jo
OV / (Dot L ¥) D69901 3R} UOHN|OS
(‘uiw) sinoy ¥z (ar®)13 %
g josundd jey | "SP4 €Z < A A ( OV / 8inoy g 10} (D68%) Dol 29 1€
e aAIb 0) pajsnipe o} awll ‘ed\ ( 00619 o °
_ . 00679 18) Gl (00679 18) 298 | (D06+9 ¥€) 0001 T - d
S1(068%) Du6b9-129 | 689 2 SSONIS ‘0u6¥9 1®) (av®) z1 s Mw;& Am%,fov w%wmmﬁomﬂ HM _MM
Je swiy 8y} pepirod = aimeladwa] 1281 UONN[O on o° Ao 2 a1/ 1d - €996 SNV z
ojel Aue e D4 noy | (1S} aunjdni ssang injes |/ y 8 \._wwmwh.._oom@@\n 81/ 1dd
20 (0:8%) 0,96 4o (Do LF) Do0L0L-1 16 3ES1} UOHN|OS
ajel ay} e bujjoo9 jo (uw) gH Lee
peajsul ‘1dg Buung ssoupIEH (14151 (1y1e) (av@) 21 (14 18) 0l (1d 1) 9221
¥z (ar®@)13 %
(“uw) sinoy ‘sinoy ¢z <= aumdnu
81 0 swi 1dd jejo} 01 SullL ‘ediN o6V9 1 (90679 o6V9 1 o6Y9 1 _ _
o onb 0 porsnipe | 689 2 SS9UIS D609 (00679 1€) G1 ©) (ard) z1 (00679 18) 298 | (D06%9 1B) 000} /s .so;Aw = .sw (0687) )
N ot : = dws ] D019 18 PIOY / (D8F) Dolz9 Oldn
S1(008%) 00l29 dnjels /
- d anoy J1ad (Do 096G 1O ajel ay) 1e
1e own oy) popinoid |15 inidnu ssesg gmm_“ :nn_u +3_ow o o;\ w_:%_ Mm m ommw wr ) oamﬁs.ﬁ ° ) 2995 SNV )
ojes Aue je D4 ‘unoy . Is)sey Jo oo<\ ’ .
120 (0:8%) 0,06 Jo (uw) gH Lee (Qotb¥) De0LOL-} 16 EOL UOAN|OS
ajes 8y} je Buljooo jo asaUpIEH (L4161 (Ld1e) (av®) 21 (14 18) veol (1) 9/21
peajsul ‘1dd Buung
e 001
sytewsy s18Y)10 v % (@) 3% ( n__.%um.o d (edi) s1n
0
uonipuod juswijeal) jesH opel9 uonesiyoadg n_.M

( wnwiuiy ) senuadoud jeajueyosspy

158



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

sinoy
09 2 @imdni o} dwi] ‘BdIN 682

1002 U1y ‘sinoy

R _oooow el L el aby + 9l /(Do8%)00€L- 095 06V 8l.d3
- . 1S8) ainjanl ssaly o o . g .
S v Emmm@v (1418) 289 (1d12) 8241 jealj uonnjog | youanp 110 /Y €-2 / (o L) | HENALANGYNHM g87506e-kvint 8
0001 1-0001 :3E813 UOHN|OS
gH €9¢ -20¢
ssaupJleH
%1 0> uens
alse|d ‘sinoy 00|} = uoieing
‘BdIN 0SS = SSoNS ‘00059 196069 1€] IV / sinoy
=aJnjesadwa :)s9) desi) © 8 10} (Do8¥F) ainjesadway
(05059 1€) (ww 0g
sinoy Gl 10ay D) (0,059 1€) 098 | (00059 1€) 000} pajosias Je ploy / D059
} £z = ainydni 0} awi] ‘BdIN 069 zl dd + -0z9 oydn unoy Jad D59 ) (pasiuabipuy) ,
= $SalS ‘D069 =ainjesadwa | jealy uoln|og | -Gy O Sjel 8y} je 009 / sinoy Vv8lL. INJedng
:(PaY9}0U pUE Y)ooWs 8 /(D08¥)00092-022 ¥dd
pauIquio) 158} aimdnl ssaig 18)sB4 40 OV /1Y | / (Dot LF)
(un) gH L Ly el 000101-GZ6 :}eas} uonnjog
m_wm% 1 Gl (ww omwhvo ar®@) | (1d3e)ocol (1d¥e) 5221
%1°0> uless
alse|d ‘sinoy G| = uoneing
‘edIN 0SS = Ssa4S ‘0,059 ov
e
=ainjesedwa] :3s9) deai) (94069 1) A_Mwomw W“ / sinoy 8 10} (DoGF) 00029 1B
5213 % ‘snoy ¢ ol 10(as ®) (0005918) 098 | (05059 18) 0001 PIoy / (Do5F) 00029 O¥dn Inoy
. 622 inicn o) w2l 069 or SR b i : (postuotiu) 0
= SSA1IS ‘00059 =aInessdws | jealy uonnjog | /sINoy 8 /(DoG¥)002. Hdd 8LL-NS N1O
:(payojou pue yjoows 00 _
(uw) gH 9ve Ly ’ . .
w_ww:_o ey Gl 1€l (ar ©) z1 (14 3e) geol (1d®.) g/z1
Jo(as @) ol
(‘'uiw) sinoy g} jo .
2 ‘sIno!
Suwi 1dd (210} & S5 z Qsﬂw_wﬁwgﬁ .Mn_m_\m G69= | (00059 1€) (05059 1€) O/ SIN0Y 8 10}
0} pajsnipe st 9,029 SSa11S ‘0,059 ~oIneIadus - ¢ o ° (0,059 18) 098 | (00059 ¥e) 000L 00029 1€ Ploy / Do029 ©oydn
je awi} ay} papiroid S 00099 = L r ol 1dd + anoy Jad D,G9-Gy JO djel 8y
1389} aunydnl ssang - Gl YHdSIN S
ajes Aue je 04 ’ jeasj uolnjog | e 04 /sInoy g/ D02/ 1dd
nou 12d 0:69- 40 ('uiw) AH L9g Jo (‘'uiw) gH Lee DO 10 OM 20 O / 4
jes ayy je Buijood jo : ssoUDIEH Gl ol (1 1) 0g0L (141 0/21 | / D0086-056 181} UOHN|OS
peajsul ‘1dd Buung PIEH
e, 00l
syleway si9y10 v % (@s) 13 % ¢ n__%m.o d (edi) sLn
° uonipuod juswijeal) jesHq apein uopjeoy1oads ‘ON ‘IS

( wnwiuiy ) senuadoud jeajueyoapy

159



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

%00)g Buibio4

VSZ INJ3dNS
/G YH sg

(pesiuabipul) vG/ INJedng

10¢ ON

G916 dIv

06 dH sS4

G dH sd

[z/0c0ee SNYH
% 0£0€€ SINHY Aqg pepasiadns] 8002 HYSIN

[#002 YdS
sopasiadns] 1/00EE SINYY ® 0£0£E SINYY

apeus

uoneoyloadg

apein

uoneosyloads

‘ON’IS

suonesyioads
suonesyioads pazijeuoney

syleway paypuap! adeyg 0} pazijeuoney
40 JaquinN 1o JaquIny suoljesyoads paiuap|
3203g Buibio4 :asn 10} uoljezijeuoney
9 suopeayioads payiauapl Jo Jequiny 11-10-IN ‘letiajel Jo adA) S DINOWIN

! |elId)eW JO dpe.s) [BIdUdD)

sAo||v [939IN - S[eliaje|A OIj[eIdN JO UoReZIjeUOHEY 10} }33YS Bleq

160



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

GL0°0=d zL0 (pasiuabipuy)
ase! 0 = ‘0=n ° | ‘0-¢° - ° 3 3 - ueipu -
g G00°0 =ad 10°0=n2 10:0=5 GL'0 | LZ6L | ¥0C0 L0 80 -80'0 0l 1puj 5/ INJedng 9
GL0°0=d GL0
ase! 0 = ‘0=n - = ‘0-2 - 3 3 3 3 ousl
g 200 =ad 05°0=n0 6100=S 1z-8L | 9020 ol 0l 800 0G 0G youai 10Z ON G916 HIV ]
eseg | 05000 =dd 05°0=n0 200=S - 128l | 9020 - ol 0l .ww.w 0S 0S ysnug - ¥0G YH S9 14
eseg | 05000 =dd 0G°0=n0 20°0=S - 1281 | 9020 - ol 0l .Mw.w 0S 0S ysnug - G ¥H sS4 €
[z/0e0ee
GL0 SINYY B 0£0€€
ase! 0 = ‘0=n 0= - -t ‘0-2° - . . : ) S -
d | 05000 =dd 05°0=Nn0 200=S 128l | 9020 ol 0l 90'0 0S 0G ysnug S Aq pepesiedns] 4
800L ¥HUSIN
510 [#002 YIS
eseg | 05000 =dd 05°'0=n0 200=S - 128l | 9020 - ol 0l 80°0 0§ 0'G ysnug - sopasitadns] |/0£0€€ |
SINYY 8 0£0€€ SINYY
IN (yoes) s1ayio v 19 1 ol up IS o] CE| 09
“oN
uibuQ apeio uopesyioads s

(xew se JapISUOD PaUOIJUBW JOU }Wl| JOABIDYM)
(%3IM) uonisodwoo |estwayd

161



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

(xew)

%?c 0 uless onse|d
sinoy QQ| = uoieing
‘edIN 6€ = Ssans
D000/ =dinjesadwa |

1359} doau)
(as@) QV / sinoy (pasiuabipuy)
- B|eauu -
sinoy 08 ge e £€9 peleetiv -1 /(D00LF) 050001 :[EAUUY VS, INJadng o
001 2 ainydni 0} dwi |
.mn__>_ €0l =ssals
D000/ =dJmeladwa |
;389 aunydnu ssans
(xew) AH geZ
Jo (xew) gH 0€Z
ssaupleH
- (xew) 8H 0€Z - 0¢ ove 0v9 pajesuuy OV / D00501-0001 :[e8uuY 102 ON G916 IV ]
ssaupleH o .
(xew) AH o2 asaydsowie
- Jo (xew) gH 0€Z - 0¢ zee 029 pajesuuy pa||03u0d Ul A|geyins |00 J0 DM - ¥0S ¥H S9 14
ssaupleH 10 OV /(D501 %) 06050} :leduuy
(xew) AH geZ
- Jo “(xew) gH 0€Z - 0¢ 0€z 059 psjeauuy OV / 00001 1-0001 :[e8uuy - G YH sg €
ssaupleH
OV /44 | / Qo001
(s8us popion SPPST— s ote s
+
) - - Se|) 10} 9 Bal} uoljn|jo X -
0€ 2/ 000501 1€ 8snyip usel om %.2) oee 0e9 1684 HoRnios 0€2 / Do0G01 1881} uoln|os Aq pepasiadns] ¢
Pl -sBull pajjol pjoo 800Z HHSIN
pue pap|am yse|4 1o4
[#002 YYSN
(xew) gH o€z sapasJadns]
- - 9|eauu 10 ol ‘lesuu -
ssaupIEH (as @) o 0€Z 059 pa) 4 OM 10 OV / 050501 I ' P— L
8 0£0€€ S
e 001
syleway s19y310 Vv % (@s) 13 % ( n__%w_.o d (edw) s1n
0 .
uonipuon judwieal) JesH apein uonesyoadg n_, M

( wnwjuiy ) senuadoud jeajueysspy

162



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

320}g Buibio4

- l4H sg

V.1 0Z ON

G916 HIV

(€102 YYSIN sepestadns) 109 ¥H Sd

1YH s4d

CL0L JdsSIN

110 JdSIN

(pal1ouUed) 0102 HYSIN

600 JH4SIN

apelo uoneoynads

apelo

uoneoynads

ON IS

suonesyioads
suoljeayoads pazijeuoney

syseway 1o Joquiny paypuap! adeys 0} pazijeuoney suopeayioads paynuap)
10 JaquinN
3203g Buibio4 :asn 10} uoljezijeuoney
L suopeayioads payuap! Jo JequinN IV-11-10-IN | ‘letiaje|y jo adA) V08 DINOWIN

! |elId)eW JO dpe.s) [BIdUdD)

sAo||v [939IN - S[eliaje|A OIj[eIdN JO UoReZIjeUOHEY 10} }33YS Bleq

163



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

GL00=d
‘0= 0 =!I
oseg ‘1000 =dd woo 0=19 Fooo.o g 8'1-0'L 128l 1281 - o'l l 0L'0-¥0°0 Sl 4 youaiq V10ZON G916 HIV L
. o 02'0=nD GL00=S
G000°0 =By
200°0 =0d 8000=9 1000°0 =!9 (€102 YYSIN sepasiadns)
ase - - : 0-70° : S| -
d “5000°0 =By 0Z'0=nD 610°0=S 8'1-0'L Lc-8L L'28'L 0L L 0L'0-¥0°0 gl 4 ysinug 109 YH s9 9
200°0 =ad 8000=94 1000°0 =!9
ase - ‘Z-8 - : : Sit] -
d 60000 =By 07'0=n9 6L0°0=S 8'L-0'L 128l 1281 (0% l 0L'0-¥0°0 Sl 4 yshug LYH s9 S
2000 =ad 8000=9 10000 =9
sse ~ _ . . . . snu _
g 6000°0 =By 07:0=n9 610°0=S 8'L-0'L 128l 1'¢-8'1L (0)740] 80 0L'0-+0°0 Sl 0¢ yshug 2l0L JdSIN 14
2000 =ad 8000=4d 1000°0 =g
ose - - : . . . s -
S| 60000 =By 0z:0=n9 6L0'0=S 8'1-0'L Lz-8lL 1281 (0)40] 80 0L'0-¥0'0 Sl 0c ysipg 110 ¥YSIN €
10000 =!9 (paj@oue))
ose ‘0 =6 ‘0=n 1-0° - - : : 0-70° : ) S -
d G000°0 =by 02'0=nD 610°0=S 8'1-0'L lc-8l L'¢8’L o¥'0 80 0L'0-¥0°0 gl 0¢ ysihug 010/ HHSW 4
100°0 =ad 8000=9 1000°0 =!9
ase - - : . . . S| -
d 6000°0 =By 07'0=n9 6L0°0=S 8'L-0'L 128l L'¢8'l (0)740] 80 0L°0-+0°0 gl 0¢ ysiug 600 YHUSIN l
IN (yoea) s1ay10 v 1 1L o umn IS 2 CE | 09
‘ON
uibuo apelio uoneosyroadg s

(xew se JapISUOD PaUOIJUBW JOU }Wl| JOABIDYM)
(%3IM) uonisodwoo |estwayd

164



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

1dd pue juswiea) sinoy og = ainydnl
uoinjog a1ojaq DM | 0} dwl] ‘BdN OF€ =Ssals
sJ o ad
SOV /M L 1:2LL | "0u08L =eimelodul - 0z 029 0001 9d ow\/,*\\w_% N« / \ooomwm-wmmr - ZL0L HHSI 4
19sSNyIp PI9M 1389} aunydnu ssans + dzluonnjos -5ZIUoNNIO ° ~ -UslO
‘sBull pa||0J-pjod “(‘ulw) AH G8z Jo (‘unw) :8z|uonln|os DM / 000801-0S01L :UsHOS
papjam yse|4 Jo4 dH G9¢ = ssaup.ieH
‘sinoy
sinoy g = ainydnu
g Slww G'gl< pue . _
‘sinoy p st ww gz | O SWHL EdN OvE =ssens OV /SiU ¥ /(Do0LF) Do0G2L
o arr ‘000G, =oimesadwa | dd "0 OV /s1U 9L /(De0L¥) Ds00L 3dd
%m m_ﬁ Ncw_NH_EEM: 358} aanydni ssans e 009 000} + 8zIuORN|OS [ww oF < S1eq 10} DO] OM 10 +10L HYSN €
o< - . > of - . _ .
sleq Joj awyy Buyeos (uw) >I|mmmm_“ A‘_M__Ev OV / S1Y 8 /(Do0}F) 050801 :0ZIU0nN|os
‘Buiziuonnjog Buung 8H 59¢ = PieH
sinoy og=z aJnydni
. 0} dwl] ‘BdiN 0%€ =ssals . i B } 1dd OV /814 9L /(DeG¥F) D000 3dd ) (pe|leouen) .
000G/ =dinjesadwa | +9zIuonn|og | OV /s1Y 8/ (De0LF) Do0801 :8ZIUoHN|0S 010 HHSIN
1189} ainydni ssang
sinoy ggz ainydni
_ 0} awl] ‘BdIN OF€ =SsaliS _ _ _ _ 1dd OV /SI4 9l 2 /D000Z 3dd R 6002 NS "
‘000G =dimeJadwa] + @z|uonnjog OV / SIY 82 / Do080} :@zIuonnjos
1389} aunydnu ssans
e 00.1
syieway s19Y10 vV % (@s) 13 % ( n__.%m_.o d (ed) S1n
0
uonIpuod juswijeas) yeaq apein uopeoyoadg n_,M

( wnwiuiy ) senuadoud jeatueyoay

165



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

G'€213 % ‘sinoy
0€ 2 aimdnu o) swi|
‘8dIN 0¥ =ssens
‘00518 =eInjesadwa |
)58} aumdnu sseng

1dd OV /$14 91 / D000/ 3dd
- sinoy -
o) = om0y oL 0z 029 000} + BZIUONNOS O / 2a080L-001, :IEULY VL1 0Z ON G916 IV .
‘edIN G0€ =Ssens
000G/ =aJnjesadwa |
:}9) ainjdni ssans
‘("unw)
gH 08¢ = ssaupley
sinoy OV /81U 1 / (D001 F) D052 1dd
0€ = aindni 0} swi | J9)sey
- ‘edN 0F€ =Ssens - 0z 029 000} 19d 1o OV / ww 0g-G| Joj seynuiw - (€102 HUSW sepasiadns) 9
000G/ =aJnjesadwa | + szuonnios 09-0€ *® WwW G|> JoJ s8ynuiw O¢ L09 ¥H Sg
{o] - t
Jsey eIjdni sseng -Gl / (Do0LF) D080 :9ZIUoHN|OS
ww G'zL-9
< Joj sinoy = pue
‘ww 9- 10} SINo!
B ,EwEmA| ._M Eo: sinoy Qg 2 ainydnu o} swil | o ( 7) 1d
2% 'Ww €5 Joj Inoy ‘e OV =SSeNS OV /8149l /(Do0LF) Do00. Hdd
12 st owi Bupjeos 0,06/ =oanesadwa] 1dg OM 10 DO 10 QY /
_om MW_HMW,MWCA_@M: 1591 aumdni ssong - 0z 009 000} + 6ZIUONIOS siy g/ Go.oo_% wmmww $ c“oN_co_S_om - LYHE s9 S
. “('ulw) AH 0LE 40 _ L
ZIA) BuluyoeWw ] 0€ / (D001 F) D080 :UBHOS
104 SUOROBS ("unw) gH g8z = sseupiey
papnJxa @ sieq Joj
‘Buiziuonnjos Buung
e, 00l
syleway s1YI0 Vi % (@s) 13 % ( n__.\,ww.o d (edw) s1n
° uonipuod juawijeal) jeaH apelo uolneoy1oadg ‘ON ‘IS

( wnwiuiy ) senuadoud jeajueyoapy

166



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

00)g Buibio4

V.10Z MON

¢dH S9/5916 dIV

€¢v 30va/ Ly 30va

19 W3sd

V1 0Z MON

G916 dIV

¢ dH sg

910L HdSN

621L JdSIN

GELL HHISN

LELL HHSIN

apeis

uoneosyloadg

apei

uonesyoadg

‘ON ‘IS

suonesyoads
suopjesyyioads pazijeuoley

syleway 10 JoquinN payiuap! adeyg 0} pazijeuoney suopjeayoads payuap|
Jo JaquinN
)20} Buibio 1@sn 1o} uoljezijeuoljey
8 suoljeoyioads paynuapl Jo saquinN IV-11-00-10-IN | :|euajey jo adAL | €£6/06 JINOWIN

! |elId)eW JO dpe.s) [BIdUdD)

sAo||v [939IN - S[eliaje|A OIj[eIdN JO UoReZIjeUOHEY 10} }33YS Bleq

167



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

aseg S00°0 =ad - - G9'L-0') 1281 120C ol Gl (0] 0Z 1Z-G1L ysnug - €zv 30va/ L1y 30vE 8
. €00=9 . . . . . . .
aseg §2000=0d | o\l | §H00=S 0201 128l 0€0%¢ 0L oL 10 Gl 1Z-G1L ysnug - 195 W3S9 A
200=4 GL00=d
ose! 0= 20 - -0 : . - oual
g 200 =qd 0Z:0=n5 610°0=S 020 128l 0€0¢ ol L €10 L 1Z-G1 youai4 VL1 0Z YON G916 HIV 9
1000°0 =19
2000=0d | 200=9
ose 0= -0 ! -0 : B i - S -
g 60000 =Y | 02'0=nD m_o z 0Z-0'1 1281 0€-0¢C ol L €10 Gl 1Z-G1 ysnug ZYH Ssg S
51L0°0=S
o . _ | l0000=l9
aseg ¢00 .o =ad | ¢o .o =4 GL0=1z 0201 128l 0€0¢ 70 80 €Lo Gl 1Z-G1 ysnug - 910 YUS 14
50000 =By | 0z'0=nO L
GL0'0=S
o - 10000 =19
aseg 100 .o .|Qa No.0|. 8 GLo=1z 0201 128l 0€-0¢ ¥'0 80 €Lo Gl 12-G1 ysnug - 6Z1. YdSIN €
50000 =By | 0Z'0=nD .
GL0'0=S
o - 10000 =19
aseg c00 .o .|€ No.0|. 8 GL'0=1Z 0201 128l 0€-0¢ ¥'0 80 €Lo Gl 12-G1 ysnug - GELL HHSIN z
50000 =By | 0Z'0=nD :
GL0'0=S
o - 10000 =19
aseg +00 .o =ad No.o =4 GLo=Iz 0201 128l 0€-0¢ o'l ol €Lo Gl 12-G1 ysnug - 1€12 HESIN b
50000 =By | 0Z'0=nD .
GL0'0=S
IN (yoes) s1oyi0 v 19 1L upn IS ko) a4 09
-oN
uibuo apeio uoneosyroadg s

(Xew se JapISUOD PaUOIUBW JOU JWi| JIDABIBYM)

(%3IM) uonisodwoo |estwayd

168



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

siy sinoy Qgz ainydni 0} swi|
8 Sl WW GZ-G'Z )< ‘edIN 0%} =ssa.g
pue sinoy S| ww ‘000/8 =ainjesadwa |
o e o e o e d sJ o ad
ww 9-g< 4y | st ww (s1eq 10}) AH 0£€-G62 T ¢ T
€ > Joj aw Bupjeos ‘(sbuibioy Joy)
‘Buiziuonnjos Buung AH 0/£-G62 SseupieH
sinoy 96z ainydni 0} swi |
‘edIN 0%} =ssaug 1dd OV /S1Y 912/ D002 dd
000/8 =dInjesedwa | + 9z|uolnjog OV / S1Y 8 / D,0801:9zIuoinjog Gcb MuS €
1389} aunydnl ssang
sinoy Qgz a4nydni 0} swi | Qv /sy
‘edIN OF | =Ssaus 1dd 40} D606 HO Sy 91 10} D002 Hdd
00028 =aunjesaduia 8 0e9 080% +0ZIUOINIOS | DV / SIU 8 / D:0804-060} :9ZIUOHNIOS SeLL HuSIN ¢
1159 aunjdni ssang "OM / D00801-0501 :(jesuue) usyos
sino OV / 81U ¥ 40} (D501 F) 00052
: S1Y 9} 40 (D601 F) Do00L ¥dd
¥ SIWW G'ZL-9< sinoy gz ainydni 0} swil] H0 Ammc_m.n_vo 100) oVVE
pue sinoy g S| ww ‘edI\l 0L =Ssans ) 1dd 0 © : “m Nﬂm 101) B
9E< Iy | S WW g> 20018 —omesedwa) 0z 669 080} +ozuonnog | OM 00 ovP q 10§) OV LELL HESIN |
sie . /814 8 / (D001 F) 000801 :9ZIUOKN|OS
q Jo} awy) Buiyeos 1159} ainydnu ssang
. “(paainbau y1) Qv / senuiw
Buiziuonnjos Bung _ !
0€ / (Do01LF) Do0801 :BABI[RI SSBNS
e 001
syrewsy s1YI0 v % (@) 3% ( n_uvmh.o d (edi) s1n
0
uonipuod juawijeau) jeaH apelo n_.M

( wnwiuiy ) seadoud jeaiueyosy

169



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

sinoy Qg < ainydnu 0} swil ]
‘BdIN GEL =Ssals

jdd + pejean

OV /s14 9l / 0,00/ 3dd

- ‘0008 =aunjesadwa | - 9l (Sd %1°0) 009 000} onnos OV / $1U 8/ 0,0801 :1easn - €2¥ 30va/ LIy 30vd 8
:189) ainydni ssang ’ uonn|os "OM /44 v/ D,0L L L (lesuuy
‘("ulw) gH Gz sseupleq
sinoy Q¢ =2 QJHQ:‘_ 0} sawl]
. d o)eal sl ad
’ OdiN SEL =S59NS ’ ’ ’ ’ H n._h;ﬂ_hw « v/ wmm / Moowww%%%:wms_om i +9g W3sa ‘
0,0/8 =ainjesadwa] :}s8) ainydni ssans : ° ’ ’
1213 %
>w‘_30£ 0og < m‘__.:a:‘_ O} swi]
‘edI 06C =SSauS
0,618 =aInjesedwa ]| :3s8} ainjdni sseng
1dd OV /SiU 9l /D012 ¥dd
- - 0z 069 080} + 5Z1U0NN(OS v V1 0Z MON G916 HIV 9
(sBuibioy T /81U 8 / D,0801-0501 :9ZIUOKNIOS
10J] G 213 % ‘sinoy g 2 aInjdnt o} Bl
‘edIN 06S =SSa41S 0,00/ =ainjeladwa |
:}s9) ainydni ssang
(‘uiw) gH 062
:ssaupleH
Ww G°Z1-9 < 10}
sInoy { pue ‘ww 9-g<
Joj sinoy g ‘ww ¢ 1o}
noy | s1 swp Buiyeos | sunoy Qg z ainjdni o} swil] ‘edi OpL =Ssans \dg OV /S14 91 / (D,01F) 0,002 Mdd
‘(azyH) sbuibio oy ‘0008 =einjesedws | 11s8) 8anydni sseng - 0z 669 080} + 52100008 OM 10 DO 10 JY - Z YHE sg S
se |jom se (YZuH ZIA) | (‘uw) AH 0L€ Jo (‘ulw) gH £62 :SsaupJeH o /844 8/ (D,01%) D,0801 :8zIUOHN|OS
Buluiyoew Joy suonoas
papnJixa g sieg 1o}
‘Buiziuonnjos Buung
e 001
syleway s19yl0 vi% | (@s)13a% ¢ n__.%u_.o 9 | (eam) s1n UewnEsn 160
° uonpuod Jueunean J2oH apel uonesydedg "ON IS

( wnwiuiy ) sauadoud jestueyosspy

wwQg SSauydly} uoidag

170


PC130
Text Box
Rationalization of Metallic Materials- Volume-1 (Forging Stock)                                                                                    RESTRICTED


PC130
Text Box
170



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

003G Buibioq

vao 0z YN G916 HIV 9
) (e1010890) s
£006 LA
- € ¥Hz sg 4
- € YHz sg
- vELL HUSIN €
- 810. YYSIW 4
- L102 YIS L
apelo uonesyyoadg apelo uoneosyioadg ‘ON 'IS

suoljeoyoads

suorjeayoads

sSyleway pazijeuoney pauiuap! adeyg 0} pazijeuoney suofjeoyloads paynuap|
J0 JaquinN J0 JaquinN
}20}g Buibio4 :9sn 10} uolezijeuoney
9 suoljesyioads payijuapl Jo JaquinN gL :leuajey jo adA | G0l DINOWIN
13eslyl 131 ! -OW-1D-09-IN !

! |ela)jew Jo apels) [eiaudn

sho||v |32IN - S|elaje dl|[elo|N JO UoleZIjeuoley 1oy 393Ys ejeq

171



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

010°0-€00°0 = & GL0'0=d
el . . ; U
eseq GL0=1Z 02:0=n9 610°0=S 6%GY | LSL0vL | 06L-060 | SGGV oL L 210210 ol 7281 youai4 vao 0z MN G916 HIV 9
Gl00=49 GL0=1Z (93010800)
o= . . . ; shu }
eseg | §00°0=dd 02'0=N5 $10°0-S 669Gy | GLGL-0%L | 061060 | GGGV o'l L z0 0C 2281 usiug 1005 A1 S
GL000=dd | 0L0°0-€000=49 6 0=1z
eseq -6 o 10000=19 | 6¥S¥| LGL-0FL | 05'1-060 | SGGY¥ 0l L 210210 0l 7281 usnug - € ¥Hz s4 14
50000 =By 02'0=n0D o
5L0'0=S
o e G1°0-200=4Z
aseq +00 .o |.gn_ oE 0 mom 0=8 10000=19 |6%S¥| LGL-0FL | 05'L-8L'L | GGGY¥ (01 40] G20 110210 ol 2281 usnug - PELL YESN €
50000 =By 02°0=nD .
0L0°0=S
o e G1°0-200=4Z
aseg mooo.o HMn_ o:w 0 mom 0=81 "0000=18 6VGY | LSOVl | 06L-8LL | GGGV (0j40] G20 210210 oL 7281 usnug - 810L YIS 4
50000 =By 02'0=nD e
0L00=S8
o e G1°0-200=4Z
aseq mooo.o |Mn_ 0100 .moo 0=9 10000=19 | 6¥S¥| LGL-0FL | 05L-8LL | GGGY¥ (01 40] SZ'0 110210 ol 7281 usnug - 2102 YES L
50000 =By 02'0=n0D e
0L0°0=S8
IN (yoes) s1oypo v 19 1L o up IS o) EE| o)
“oN
uibuQ apeio uoneosyioadg s

(xew se JapISUOD pauonusawW Jou Jiwi| JOA3IaYM)
(%3IM) uonisodwos jesiway)

172



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

sinoy og = ainydnu 0} swil|
‘edIN 801 =ssahs
‘000G6 =aJnjelsadwa |
1s9) ainidni ssang

OV /sy 9L /(D.0LF) 00058 3dd

ov
1dd ~ )
s1noy pgz aimdni o} swi| +ozuonnog | /SO /(D01F) 000501 ¥e yedH € ¥Hz sg 14
‘BdIN 09€ =ssals I oY :eziuonn,
‘3,618 =eimesedwe ] 184U ¥/ (D001F) Do0S L | :82Z1UCHNIOS
1189} ainydni ssang
(unw) gH Leg
ssaupleH
OV /44 91 / D000 3dd
sInol Zz ainydnu o} a
! .;mm_w,_Aom_m ﬂumhm._“m Wi dd + OV /SIY 91 / Do0€0} 3dd
- . - - [00002 1] 01 [00002 ¥€] 059 [00,002 1] 526 aSNYIp Pl OV / SIU 17/ Do0G L L :@SNYIP PIOM - vELL YHSIN €
00518 =oinjesoduid . + UB)og Aipides
958 aunydni sseAs |009) / S9INUIL O€ / Do001 | :UBHOS
sinoy Qgz ainydni 0} swi|
- ©dll 09€ =859AS - - - - 19d / D000L + o,,w V\W\L“L“ w_\ 000€01} 13dd - 810L YdSN z
00518 =aimesadws | + 8z|uonnjos nou< IS D/ 0u08LL .oN_mo::_o.w
:}s9) ainydni ssang © e
sinoy Qg=z aJnydni 0} awi]
‘edIN 09¢ =ssohs
‘00618 =dJnjesadwa ]
:3s9) aunydnu ssans
g OV /sly9l=
- - - - - + sziuonnjog | /0000 + DV /S14 9L/ Oo0€0} 1dd - 2102 ¥HSIN L
OV /81U ¥ / Do0G 1 | :0ZIuoin|os
sinoy Qg = a4nydnJ 0} swi ]
‘edIN O} | =Ssaus
‘00066 =dJnjesadwa]
:3s9) aunydnu ssans
e 001
sylewsy s1YI0 v % (@s) 13 % ( n__%mo d (edn) sLn
0
uonipuo) jusawijeal) JeaHq apelo A_VM

(wnwiuiy ) sensadoud jeatueyosspy

173



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

¢z =13 %
sinoy G/ z ainydnJ o} swi |
BdIN 00€ =Ssans
00518 =ainjesadwa |
1389} aunydni ssans

OV /S1y 9l /D0058-00/ 3dd

1dd
N - - - - s o - e jes
Z2=3% + ZIUOANIOS ++n%\\ Mhs:wv\\ooo%%_‘rrnww_wwah_ow_._ vad 0Z MN G916 WV 9
sinoy Qg z aimydni 0} swil| o :9z|uol
EdIN 801 =SsaliS
00056 =dJnjesadwa |
1189} a1nydni ssang
(uiw) gH oge
ssaupieH
sinoy gz z ainydni 0} swi|
EdIA 801 =SsaliS
00056 =aJnjesadwa | o)
11s9) aunydni ssang /814 91-8 /(D60LF) Do0G8 O} Je8H (01010540)
- - - - - pejeas-jedy | ¢ obeiS + OV /SIU9L-8 / D00} 006 d.Ld S
0501 0} jeeH 1z abejs + OV / Sy ¢
-2 1(D601¥) D005 L O} JedH :| obelg
(‘ulw) AH GL€ Jo (‘uiw) gH 00€
ssaupieH
(] ool
syleway si8yl0 v % (@s) 13 % ¢ n__u“wo d (edin) sLn
(]
uonipuod juawieal) jeaH apelg uonesyoadg 'ON ’IS

( wnwjuiy ) sensadoud jeajueyosapy

174



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

3003g Buibioq

) (pasiuabipuy)
Gl LINJedng g
(e3010890) N

/10§ aLd
Gl LINJedng 3
JreH g ¥ 4HC S9 €
- 220 JdSN 4
- €20 ¥dSIN L
apelo uoneoyloads apeln uopeoyloads 'ON IS

suoneoyioads
suonesyioads pazijeuoney

Sylewady 10 JoquINN payuapl adeys 0} pazijjeuoljey suonesyidads paynuap|
Jo JaquinN
)203}g Buibio4 :9sn 10} uoljezijeuoney
[syuelq
[+ suonesiyioads paiuapl Jo JaquinN giL-oW :leaje|y Jo adA ape|q aulqin}
-Iv-10-09-IN

1041 GLL DINOWIN

! |elI9)RW JO BpeRID) [BIBUID)

sAo||v [939IN - S[eliaje|A OIj[eIdN JO UoReZIjeUOHEY 10} }33YS Bleq

175



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

uonewuJoy aseyd ewbis Jwi| 0} se os Jaseydind pue Jainjoenuew sy} usamiag paaibe aq o} spwl| (AN) "ou Aouedea uou}os|3 i 9}oN
8Z> S000°0 . .
(AN) ‘oN =ad .ormmwm d FMMoomLMM GGGy | 09L0¥L | GPSE| 0G0¢€ 0co G20 0c'0-Cclo 80 L€l uelpuj - (pastuabipu) g
oSed | fueoep | 50000 N ~ : GLIINJedng
0Z'0=nD 0L0'0=S
uoJ}09|3 =6y
G200
5000 GL'0=1Z (e1010890)
R L0 = . . . . . . S R
aseg —qd NwooM:Om_ 6L0'0=S GGSv | 09L0vL | G¥-G€| 0GO0€ (0% 0’} ¢0 0L | g'Gl-€l yshug 7105 aLd 14
mwmm_o 5200 §1°0=1Z
aseq | ®JON . -0L00=49d L0000=!9 | GGGV | 09L-0FL | G¥PGE€| 0G0¢€ oL 0l 02°0-CL0 0L | gG6l-gl yshug - 7 dH sd €
50000 02'0=nD G1L0'0=S
=By B B
( >m_.vw.voz mmmm_.o 5200 80°0=17
aseg Auesep 6000°0 -0l00=9 L0000=19 | G9G¥ | 09L0vL | GP¥G€E| 0G0€ 0C¢0 1Al 02¢'0C¢L0 80 LL-€L ysihug - 220, dHSIN 4
vonoelg | =By 0z'0=nD 100=S
300}
Bunjewas | 50000 6200 80°0=17
101 82> = =
aseg hw.Nv nn_. -0l00=9 10000=9 | 9GSV | 09L-0FL | S¥G€ | 0GO0¢C 0c0 1Al 02¢'0C¢L0 80 LL-€L ysihug - €20, JdSIN 3
(AN) 0N | 60000 | /" 10°0=S
Aueoep =By B B
uoJ09|3
‘N MMHN (uoee) s10410 v 19 I 1 uw 1S 2 a3 | o9
ulbuQ apeio uopjesyyioadg A_VM
(Xew se J13pISUOD pauoIjUdaW JOU W] JOA3IBYM)
(%3IM) uonisodwod |eatwayd

176



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

sinoy 09z ainydni 0} swi |

‘BdIN G| =Ssans
‘9,086 =a.njesadwa |

oV / (sinuiw

) }Js9) aunydni ssalg ) } ) ) peojeal) Jad DoG-1 Nwip) anuiw Jad Og-2 ) (posiuabipuy) S
sinoy oy = amdni o) swi | uonnjos 40 8jel 18 Do0004 01 D4/ SIY G'Z-S'L Sl LINJedng
‘edIN 0GE =SSa.S /(D00LF) D006 | :}e8d) uonnjos
‘00068 =ainjesadwa |
1159} ainydnu ssang
sinoy G = a4nydna o} swil |
‘edI\ 911 =ssans
- ‘00086 =ainjesadwa | - - - - - - - (e3010540) 4
:]sal w.:ﬁa:._ ssalls Zi0sala
‘(‘uIw) AH geg 4o (‘uIw) gH 0Zg ‘sseupieH
sinoy 09z ainydni 0} swi | oV
) ‘edINl 91| =ssans ) B ) ) pejeal} / (8Inuiw Jad O0G-1 ywi|) Sinuiw Jad ) b uHZ S8 ¢
‘00086 =aInjesadwa | uonnjog Do€-C 0 81kl e Oo000L 01 O /Siy
Js8} amydnu ssaug 6’1 /(D601 ¥) D061 | H3e8u} UoN|og
sinoy 09z ainydnJ 0} swi |
. ‘edINl §1 1 =ssang
ped paysiuy ‘00086 =ainjesadwa |
40 sbuibuoj apeiq 1189} ainydnu ssal (anuiw Jad -1 Jwi|) aynuiw
1o} a1sydsoune 1891 } 1S ) ) ) ) paesl O/Mm\a« . cmnwumm_‘u. I u.o. )
SnosjoId Honnios o4/ w_uuo% rw\ho OMFH .M%wmh::«_ow ceos SEsh ‘
. el - by
u! .wE 5L/ 0:0€01 sinoy Qf = a@4nydnJ 0} swil ]
YT ETRSSETITS ‘ed\ 0GE =SSeNS
‘00068 =ainjesadwa |
1189} ainydnu ssang
sinoy 09z ainydni 0} swi |
. edN Gl =Ssals aJaydsowie aAnosjoid Uil siy
00086 =dinjesadwa | panal|al . -onGI0) SSBI
:1s9] mhzﬁn_:\_ ssals Ssalls 'L 1 000€01 -onol] IS +0V
- - - - - + porean / (@nuiw sad DoG-| Hwlf) djnuiw - €20, YdSN }
sinoy Of = @4nydnJ o} awil ] uonniog J18d Dog-Z JO 818l 1B D000 O}
‘edIN 0GE =SSaAS ’ 04 /814 G'L /D061 L 3881} uoynjog
00068 =ainjesadwa |
1359} aunydni ssang
(ed)
syieway s19Y10 VY % (@s) 13 % jooid (edn) s1n
%20 ‘ON
uonpuod juawieal) JeaH apelo uopjeayyoadg ‘s

( wnwiuiy ) sentadoud [eatueyossy

177



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

¥o01g Buibio4

88€5G SIN3
/20LS SNV

88€39G SN3

604G SNV

8015 SNV

104G SNV

904G SNV

¥0.G SNV

71X 0¢ON

G916 dIV

C6l.L HdSN

apeln uopeoyoadg

apei

uopjeayyoadg

ON’IS

suoneoyoads
suoljesyioads pazijeuoney

syleway 10 JoquINN payuapl adeys 0} pazijeuoney suoneay1dads paynuap|
Jo JaquinN
)20} Buibio 1@sn 1o} uoljezijeuoljey
g-4Z-1v-11 .
8 suoneoyidads payuapl Jo JsquinN WO IN ‘[el1ajey o adA ) AOTVdSYM

! |elId)eW JO dpe.s) [BIdUdD)

sAo||v [939IN - S[eliaje|A OIj[eIdN JO UoReZIjeUOHEY 10} }33YS Bleq

178



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

wdd ¢ =83 .
wdd G =qd 0L0°0 A
aseq L ~ i~ 80°0-¢0°0 =1Z 9'L-C’L 1¢-81 Gg'e-L'¢c | 06-9¢ 0L0 GL0 01°0-¢0°0 0¢ 0'GL-0¢ClL uedlswy - 901G SNV 14
GL00=d €000=9 6100 =S
1'0=nD
wdd g =qd EJ_M rw.uoow wdd g0 =1g
aseg G100 =d ~ P 80°0-¢0°0 =1Z 9'L-C’L 1¢-81 Gg'e-L'¢c | 06-9¢ 0L0 GL0 01°0-¢0°0 0¢ 0'GL-0¢clL uedlswy - ¥0.S SNV €
€000=49 .
wdd g =By 3 GL0'0=S
1'0=nD
100 80°0-¢0°0 =1Z
aseg GL00=d -€00'0=9 6100=S 91Tl 128l G2'e-GLC | 06G¢€ oLo SL'0 | 0L'0-€00 0c 0§L-0ClL youali4 1M 02 ON G916 HIV 4
1'0=nD
wdd g} =qd wdd wdd | =19
eseg GL00=d 00L-0€=9 | 800¢00=4Z | 9'L-CL 128l €¢e87¢ 06-9¢ oLo SL'0 | 0L'0200 0c 0SL-0ClL ysiug - 26LL HHSIN A
wdd g =by 1'0=nD ‘wdd pg=S
IN (yoes) s1ay30 v 1 1L o un 1S 2 CE | 0D
‘ON
uibuQ apeio uonesyloadg s

(Xew se JapISUOD PaUOIUBW JOU JWi| JIDABIBYM)

(%3IM) uonisodwoo |estwayd

179



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

. wdd G/ =N Sv'v
50 ‘0100 Ly =+ IV
eseg | = (yoea) Joyi0 -£000=19 wo.o-wo.o -7 91Tl 12-81L GC'e-SLC 06-G¢ (o] %] SL0 800200 | 0¢ | 06GL-0CL ueduswy - 88€5S S 8
‘G10°0 =d . R
1'0=nD SL00=S
wdd g =qd Ea%%.mmw udd £'0 =19
oseg oo enn 80°0200=1Z | 91Tl 1281 G2'€-SLC 0'6-G'€ 0L0 SLo 0L'0c00 | 0C | 0GL-0CL ueouswy - 60.G SNV L
GL00=d €000=9d 6100 =S
L'0=nD
“wdd g =qd EQ% Fw.mmw wdd €0 =19
aseg o o 80°0-¢00=4Z | 9'1CI 12-81L GT'e-GLC 06-G¢ (o] 0] SL0 0L'0¢00 | 0¢C¢ | 0GL-0CL uedsuswy - 80.S SNV 9
SL00=d -€000=49 6100 =S
1'0=nD
wdd g =qd .Eﬁ%w,.mmm wdd g0 =1
osegd . || Conn 80°0-20°0=1Z | 91L-C| 128l G2'e-SLC 0'6-G¢ oL0 SL0 0L'0c00 | 0C | 0'GL-0CL ueosuswy - 1045 SNV S
SL00=d €000=9 610°0 =S
1'0=nD
IN (yoea) 1030 v 12 1L O\ UnN IS bo] CE| [32¢]
uibuo apeio uonesyloads n_.M

(xew se JapISu0d pauonuaw jou Jwij JdA3I3Ym)(%IM) uonisodwos jesjwayd

180


PC130
Text Box
Rationalization of Metallic Materials- Volume-1 (Forging Stock)                                                                                    RESTRICTED


PC130
Text Box
180



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

[av®] %5z =13 %

‘sinoy gzz a.nydni 0} awi] [ay®]
‘ o Je o! 1e o! Je
BdIN €622 =ssaiis © mmm_m " omses | © wmw i Mwomr )
‘00918 =oinjesadwa | 1e) Gl OV /44 | F 91 / (D08F) D009 3dd
:1s8) aindni ssens 1dd OV / seinuiw
- [av®] %Sz =13 % +9zIlge)S | 0 F SIY ¥ / (Do8F) DoEPS :0ZIlIe)S - 705 SNV €
‘sinoy gz = a4nydnu o} awil| + 8z|uonnjog +OM 10 DO/ s8nuiw G| Fs1y
‘edIN 0562 =ssans (1d1e) [ar®] (URSRL)} (1M 1) ¥/ (Do LF) Do8E01L-966 :9ZIUOHN|OS
‘Dog€/ =oimesadwa | 8l (1d1®.) 61 128 1021
:}s9) ainydni ssang
‘gH LOov-LyeissaupieH
%Sz =13 %
‘'sinoy Qgz ainydnu 0} sawi|
‘edIN 0£G =Ssehs
‘000€/ =ainjesadwa ] :)sa) ainydni ssaug
XBU %70 = UIBAS DISEld (00565 18) | (DoGES 1B) | (DoGES 18) | (D0GES 1E) 1dd + OV /S 91
- ‘sinoy 00} = uoneing 3l zl 01 0801 Jea} UoRN|oS / D009 + OV / SIU ¥ / DoG¥8 3dd 13 0Z ON G916 HIV 4
‘edN 00} =ssehs ’ OV / 0002013881} uonjog
‘00008 =ainjesadwa] :)s8) deai)
gH €01-1.2€ ssaupley
[ar®] %9= 10 [aSD] %S= =13 %
'sinoy gzz ainydnJ 0} awi|
‘edIN 065G =Ssens
ssaupJe
m_um_n_v._ \owmmvvm Gnoom___ D408, =aimjeiadwa ov /sy 9l
-(Buliyoeuw hoo% ‘Jse} aanydni sseng (D0GEG 18) | (D0GEG 18) | (D0GES 18) | (D0GES 18) dd + / D609 + OV / SIU ¥ / D068 ¥dd ) 2612 MASI )
Buib _.e PuE S1Eq Xew %g'0 = Uless onse|d 8l zL 0.2 0801 jeau} uopnjog OM 10 DO
J0y) Buineljal ssang w_Sos €¢ = uoneing /814 ¥ [ DoGE0L-G66 ‘18dJ) uohnjos
edIN GGG =Ssens
‘D00/9 =dJnjesadwa ]
1359} doau)
(edn)
syeway s1YlI0 v % (as) 13 % jooid | (edm) SLn
%20 .
juawijeal) JeaHq ON
uonipuod WO SSBUNDIY} UORIES apei uonesyldadg ‘s

( wnwiuiy ) senuadoud jestueyosspy

181



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

[ar@l8z13 %
‘sinoy €z = ainydnJ o} swi|
‘BdIN 8Z€2 =SS9.S
‘00918 =oimesadwa |

OV /Y L F 91 / (D8F) D009/ 3dd
OV /(sBuibioy

ape|q 10} 1y LFZ) saInuiw

159} eimdns sseng R, o_sﬂmw S1 781U 1/ (D8%) DotV :02IIIqeIS 8045 SNV o
o + 19)S8} 10 OV / SIN0Y -1 / (Do L¥)
006.01-8€01 :}ed13 uolnjog
OYH Z-2¢ =ssaupieH
[av®@l 5213 %
‘sinoy ¢z = ainydni 0} awi|
‘edIN 9,2 =ssahS
‘00918 =aunjesadwsa |
1189) ainydnl ssang
OV /44 | F 91 / (D68F) D092 3dd
ov
- 8l [av®@] g1 86/ coLlL B)S | /SIINUIW OE F SIY ¥ / (De8F) DoCP8 - 101G SNV S
+ 8zIuonn|og | :8zI|Iqeis + QY / Senulw O¢ F siy
[ar@l 8= 13 % ¥ / (Do L F) Do8E0L-966 :9ZIUONN|OS
‘sinoy ¢z = ainydni 0} awi|
‘ed\ £16< =ssaus
‘Dog€/ =0Jnjesadwa ]
:39) ainydni ssans
aH LEP-12E =ssaupleH
[av®] %8z =13 %
‘sinoy ggz ainydnu o} swi|
‘edINl L1 G2 =ssans 14 OV /Y L F 91/ (D08F) D009/ 3dd
‘Dog€/ =eineiadwa | OV / SeINUIW G| F SIY ¥ / (Do8F)
358} anydnu sseng 8l [ar®@I s 852 €0l ++mw_N_L_n_V_~NWm DeEH8 OZIIGEIS + J01SE} 10 DY 90/5 SWY v
o / (Do¥L¥F) Do8E0L-966 :9ZIUonN|0S
gH LEb-Lzeisseupiey
e, 00l
syleway si9Y10 VY % (@s) 13 % ( n__“,_:. d (edw) s1n
%20 juswijealu} jeaH
uonipuon apein uonesydadg "ON ‘IS

( wnwiuiy ) seaadoud jeajueyosy

wiwQg SSauyd1y} uonoesg

182



RESTRICTED

Rationalization of Metallic Materials- Volume-1 (Forging Stock)

[ar®@]16z13 %
sinoy

€2 2 aJndni 0} swi|
‘edN LLG =ssans

0,2€. =einjesadwa |

‘g uonipuod
104 :(payojou B yjoows)

1s9} aunydni ssans

g uonipuoy Joy
[0,8€6 1€]
Gl

g uonipuoy oy
[0,8€6 1€l
[ay®@]

4

g uonipuoy Joy
[0,8¢€6 €]
86/

g uonipuoy 1o}
[0,8¢6 1€l
€0LL

( wnwiui ) senuadoud jesjueyosspy

wiwQg SSauyo1y} Uoiodg

‘seipadoid [880S LH Pue 88€G5 SINT J84el
al|sua)} "xew ‘Juswieal} Jeay uo s|iejap aiow
Buwinbau |euslep 104] OV /44 91 / (D,8%) 0,092 dd
g UoIpUoD [ay®@ls=13 % OV / SIU 1/ (D,8%) D,£¥8 :02IqeIS
sinoy eis yousnb - 88€6G SW3 8
‘selpadoud ainydny mN_ z aumdni o} awil g UompuoD 1o g uonipuoy 1o} g UONPUOD 10} | g uompUOD Joj | + ©ZIUoAN|oS JoWAI0d 10 DM 10 DO /U ¢
sossauig ow | 'S 296 =Ssauis L1y 1€] (1 3e] (13 1€] (13 1€] /{8 uompuoD Jog} (9,713) 0,801
Buuinbau jeusiepy | DoZEL =2imesedwa) lav@l -966 HO {V UONIPUOD J0f} (.71 F)
\/ uopIpuo) 404 sk cl Le8 £0e 0.,6/201-%201 :1eal co;:_mw
(Peydtou % yjoows) ° _
189} aunydni ssang
[ar@]1S 213 %
sinoy
gz aimdni o) auiy v uopuog Joy | Y “OMPHOOIO g yonipuog oy | v uompuog oy
CdiN 8zE= =S584S [1¥ 3€] LY 1e] (1 3€] [1¥ 3e]
0,918 =aImesadwa | ol [ay®)] gc) coLL
uonipuoy Jo4 4
(yoows)
1s9) aunydnl ssalg
[ar@] 8213 %
sinoy gz = aimdnu o} OV /Y L ¥ 91 /(D,8¥) 0,092 3dd
awi] ediN 8Z€< =Ssang v/
) 0,918 =ainjesadwa | ) B ) B w%_n_m (sBuibioy ape|q 1o} 1y LFZ) seInuiw }
:}s8) ainydni ssang + ozllgels 0€ F SIY 17/ (D,8F) D,£V8 :2Z1Iqe1S 6025 SWV L
+ 8zIuonn|os + J9)Sk} 10 QY / SjnuIW O FSIY
OuH Zb-Z6 =SSBUpIEN v/ (05¥1F) D,6L01 :8zZIUonN|os
e 001
syleway s1YI0 v % (@s) 13 % ¢ n__uvm,.o d (edw) s1Ln
0
uopipuo) JustREal; JeaH spein uopeoyioads "ON IS

183


PC130
Text Box
Rationalization of Metallic Materials- Volume-1 (Forging Stock)                                                                                    RESTRICTED


PC130
Text Box
183



8. ADDENDUM


RAJEEV
Typewritten Text
8. ADDENDUM


Rationalization of Metallic Materials- Volume-1 (Forging Stock)

Ref. No: CEMILAC/2011/GDP dated 01.08.2007

RATIONALISATION OF MIDHANI METALLIC M,... nAmLD
S mR eI AUN U MIDAANI METALLIC MAn iy cnvames

SUPERALLOYS

)

RESTRICTED
Appendix-1

SI. No

Grade/
TA No.

Nominal
Composition

Product

Size (mm)
Dia./ Thick.

Nomen-
clature

Equivalent Specifications

Superni 263A
TA No. 904

20Cr-20Co-5 9Mo-
2. 1Ti-0.5A1-Bal. Ni

FF & HR Bars  [75-180 (F)

10-70 (HR)

GTM-SU-263/FS-|
GTM-SU-263/M-HB-1
MSRR 7035
BS HR 10
CRE(M)/22
JSS-9630-09-2001-Bars
GTM-SU-263
AMS 5886

Superni 263A
TA No. 929

20Cr-20Co-5.9Mo-
2 1Ti-0.5A1-Bal. Ni

ICR Sheets 0.5-6.0

GTM-SU-263/M-CS-1
MSRR 7036
BS HR 206:1973 (1993)
" AMS 5872
CRE(M)/20
JSS-9630-10-2001-CR Sheets

Superni 718A
'TA No. 905

19Cr-18Fe-5Nb-3Mo-
ITi-0.5A1-52Ni

Feed Stock for [75-160

Forgings

GTM-SU-718/FS-1
AMS 5663
- .CRE(M)/45
BS 2HR?2
Nimonic 90 -
16-114.3

TA No. 922

Supemi 718A

19Cr-18Fe-5Nb-3Mo-
1Ti-0.5A1-52Ni

Feed Stock for [10-70
Compressor

Blades

GTM-SU-718/FS-2
GTM-SU-718-M-HB- 1
AMS 5663
AMS 5662
CRE(M)/46
JSS-9630-26-2002

Superni 718A
PC No.
RCMA(M) /

" {PC/ 006/2003

19Cr-18Fe-5Nb-3Mo-
ITi-0.5A1-52Ni

CR Sheets 0.5-6.0

GTM-SU-718/M-CS-1
AMS 5596
CRE(M)/47

JS5-9630-23-2001-Plates .
Sheets, Strips

Superni 75A
TA No, 346

20Cr-0.3Ti-Bal. Ni

Forged Bars  [75-180

BS HR 5
NC 20T
AE 435
CRE/REP/1068
MSRR 7007
MSRR 7004
J§5-9630-07-2001-Bars

Superni 754
TA No. 495

20Cr-0.3Ti-Bal. Ni

HR Bars - 10-70

BSHRS
NC 20T
AE 435
CRE/REP/1068
MSRR 7007
MSRR 7004
J§5-9630-07-2001-Bars
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

Ref. No: CEMILAC/2011/GDP dated 01.08.2007
RATIONALISATION OF MIDHANI METALLIC MATERIALS

%

TITANIUM ALLOYS

RESTRICTED

No

SL

Grade/
TA No.

Nominal
Composition

Product

Nomen-
clature

Size (mm)
Dia./ Thick.

Equivalent Specifications

Titan 22A

BAI-1V-1Mo-Bal. Ti

HR Bars

20-70

LA 114
CRE(M)/33
MIL-T-9047E
AMS 4972E
TASDV

Titan 23A

TA No. 210

2Al-1.5Mn-Bal Ti

Forged & HR

10-70(HR)

GTM-Ti-OT4-1/M/HS-1
OCT.1-90173-75
CRE(M)/14
185-9630-20-2001-HR Bars

Titan 23A
TA No. 906

2Al-1.5Mn-Bal Ti

CR Sheets

GTM-Ti-OT4-1/M/HS-1
OCT.1-90218-76
CRE(M)/16
1§5-9630-19-2001-CR Sheets

Titan 31A
(T™M)
TA No. 908

6Al-4V-Bal. Ti

Feed stock for
Forgings

75-250

GTM-Ti-64/FS-1

CRE(M)/49
AMS 4928K
AMS 4967E
BS 2TA 12

GTM-Ti-64
AMS 4928P

MIL-T-9047G

Titan 31A
(TM)
TA No. 907

6Al-4V-Bal. Ti

Titan 31A
(OM)
TA No. 909

GAl-4V-Bal.Ti

Feed Stock for

. IBlades

10-70

GTM-Ti-64/FS-1
CRE(M)/41
GTM-Ti-64/FS-2
MIL-T-9047
BS2TA 12
BS2TAll
AMS 4967E
AMS 4928K
IMI 318
3.7164.1/ DIN 63040
GTM-Ti-64

Feed stock fbr
Forgings

10-250

GTM-Ti-64/FS-1
GTM-Ti-6-4/M-HB-1
CRE(M)/51
AMS 1967E
AMS 4928K
BS 2 TA 12
3.7164. 1/DIN 65040
GTM-Ti-64
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Ref. No: CEMILAC/2011/GDP dated 01.08.2007
RATIONALISATION OF MIDHANI METALLIC MATERIALS

2. TITANIUM ALLOYS

h y Product
i rade / Nominal y . .
gln gAdNo. Cipamoatton Nomen= | Shze toma) Equivalent Specifications
‘ clature Dia./ Thick.
2 Mitan35 A 6.5A1-3.3Mo-1.4Zr- [Forged & HR [25x35 GTM 900/FS-2
GTM 900)  $.25Si-Bal. Ti | Bars 210x230 OCT.1-90006-77
‘A No. 646 ! (Flats) CRE(M)/36
OCT.1.90173-75
OCT.1.90266-78
OCT.1.90266-77
- JSS-9630-18-2002-HR Bars
g, [Half Alloy  [3A1-2.5V-Bal Ti Forged Bars  [75-150 MIL-T-9047
"CRE(M)/38
J§S-9510-13-2003-F& Annealed
Bars

Page 3 of 8
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Ref. No: CEMILAC/2011/GDP dated 01.08.2007

RESTRICTED

RATIONALISATION OF MIDHANI METALLIC MATERIALS

3.

STEELS

Sl
No

Grade /
TA No.

Nominal
Composition

Product

Nomen-
Cloture

Size (mm)
~ Diaf
Thick.

Equivalent Specifications

MDN 431A
TA No. 903

0.16C-17Cr-2.5Ni-
Bal. Fe

Rolled Bars

Forged & Hot

10-70 (HR)
175-180(F)

GTM-S-80/FS-1 (Rev2)
GTM-S-80/M-HB-1 (Rev2)
CRE (M)/18

. BS6S 80
MSRR 6573
1S8-9640-02-2002-Bars
23DC13

MDN 431A
TA No. 928

0.16C-17Cr-2.5Ni-
Bal. Fe

Hot Rolled
Flats

6-25

GTM-S-80/M-HB-1 (Rev2)
CRE(M)/53
BS 65 80
MSRR 6573
188-9640-03-2001-Flats

MDN 321A

TA No. 693

18Cr-10Ni-Ti-Bal.
e

Cold Rotlled
Sheets

0:5-6.0

BS S 526
MSRR 6561
Z 10CNTI18
CRE/REP/1081
1SS-9515-13-2000-CRSheets & Strips

MDN 321A
TA No. 322

18Cr-10Ni-Ti-Bal.
Fe

Forged Bars

75-150

BS S 129
Z10CNTI8
Z10CNT18-11
12X18H10T
12X 18HIT
CRE/REP/1062
JS8-9510-10-2000-F & HR Bars

MDN 321A
TA No. 732

18Cr-10Ni-Ti-Bal.
Fe

HR Bars

10-70

BS S 129
ZIOCNTI18
MSRR 6562
"CRE/REP/1062
1§8-9510-10-2000-F&HRBars

MDN 321A
[TA No. 619

18Cr-10Ni-Ti-Bal.
Fe

iCold Drawn

Wires

& Annnecaled

0.5-8.0

S 129
Z10CNTI18
12X18H10T
12X18HIT

CRE/REP/1079

187
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RATILIONALLSAILUN Ur MLIUMAINL i1 ALLIC MATERIALS
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3 STEELS

Product
SL Grade / Nominal
No| TA No. Composition

! ~_ 8 g ‘ x * -
Size (mm) Equivalent Specifications

Dia./
Thick.

. MDN321A [|18Cr-10Ni-Ti-Bal. |Cold Drawn .3-6.0 DTD 189A
TA No.991 [Fe Wires ZI10CNTIS8
: AIR 9160
12X18HI10T '
12X18HIT
GOST 18143
TY-3-1002-77
GOST 18907
) ; 5548-80
' CRE/REP/1079

s IMDN 347A- |18Cr-8Ni-Bal. Fe-Nb|Forged & HR [10-70 (HR) BS S 130
TA No. 556 [(Stab) Bars 75-150 (F) MSRR 6522
KHISNHB
CRE(M)/3
BS 28 130
RTO/ENG/33-1(L-2)
7S5-9630-03-2000-F&HR Bars
MDN 321
BS 28 130
AISI 316
BS 970
En 58M
BS 970 Part-1 304 S16
AISI 3162
_ QQ-S-173 Type 304 & 321
: ) . ZI10CNT 18-11

0 MDN 347A |18Cr-8Ni-Bal. Fe-Nb|Cold Rolled 0.5-6.0 BS S 527
TA No. 713 |(Stab) Sheets MSRR 6523
: $ AMS 5512F
CRE(M)/9
MSRR 6523
'~ BSS527
AMS 5512F
MDN 321 A
MIL-S-6721
BS S 526
BS S 521
BS 1449 P-11304 S 16
AISI 304
i AIS1 316
BS S 524
v J85-9630-02-2000-Sheets & Strips

Nomen-
Cloture

Page 5 of 8
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

Ref. No: CEMILAC/2011/GDP dated 01.08.2007
RATIONALISATION OF MIDHANI METALLIC MATERIALS

RESTRICTED

. 3. STEELS
_ Product
SI. | Grade/ Nominal . Sp—
No| TA No. Composition Nom Size (mm) Equivalent SpeciGications
_ en- = :
Cloture Dia/
. - Thick.
10. MDN 15-3PH.07C-15Cr-4.5Ni- [Forged & Hot |10-70(HR) AMS 5659K
A No. 1166 [0.3Nb-3.5Cu-Bal.Fe Rolled Bars [75-200(F) RCMA(M)/76
' EZ6NCT25
11. MDN 174A 10.07C-16Cr-4Ni- Forged & HR |10-70(HR) RCMAM)/77
PC No. 0.3Nb-4Cu-Bal. Fe |[Bars 75-200(F) AMS 5622B
RCMA(M) : AMS 3643L
yPC/010,
012/03
(Forged)
_ |12, E16NCD13 0.16C-3.25Ni-1Cr- [Forged Bars = (75-200 RCMA(M)/93
PC No.: 0.25Mo-Bal. Fe AIR 9160C
RCMA(M) GTM-E-16-NCD-13/M-HB&FS
YPC/011,1030 16NCD13
V03,05 .
(Forged)
RCMA(M)/P
C/27/105(F &
HR Bars)
13. [E16NCD13 {0.16C-3.25Ni-1Cr- [HR Bars 10-70 RCMA(M)/93
PC No. 0.25Mo-Bal. Fe - AIR 9160C
RCMA(M)/P GTM-E-16-NCD-13/M-HB&FS
C/011/03 (HR 16NCD13
Bars)
RCMA(M)/P
C2TI05(F &
R Bars)
14, {15CDV6 0.15C-1Mn-1.4Cr- HR & CR 0.5-6.0 CRE(M)/58
0.9Mo-0.25V-Bal Fe [Sheets (CR) AIR 9160
& 7 — 12 (HR), RCMA(M)/63
AIR 9160C
(J§S-9510-11-2003-F & HR Bars)
15CDV6

189
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

Ref. No: CEMILAC/2011/GDP dated 01.08.2007

RATIONALISATION OF MIDHANI METALLIC MATERIALS

RESTRICTED

3. STEELS
Product
S| Grade/ Nominal " . .
No| TA No. Composition Romen- Size (mm) HEAE A pRR
Cloture DI_aJ
Thick.
15, [MDNG758A [0.3C-1Cr-0.2Mo-Bal [Forged Bars, [10-70 (HR) RCMA(M)/80
Fe Forged Flats [75-200 (F) MIL-5-6758B
& HR Bars C 40
BS S 93
16. IMDN 99A  [0.4C-0.7Cr-0.5Mo- [Forged Bars, {10-70 (HR) RCMA(M)/79
2. 5Ni-Bal Fe - Forged Flats [75-200 (F) BS 58 99
& HR Bars . BS 285 96
BS 25 98
30KHGSA
BS S 154
, 35NC6
17. MDN 132A §0.4C-0.5Mn-3Cr-  [Forged Bars [75-180 GTM-S-132/FS-1 (Rev2)
TA No. 927 [0.9Mo-Bal Fe CRE(M)/40
BS 35132
MSRR 6011
MSRR 6012
30CD12
38KHMYuA
1S§-9640-04-2001-Forged Bars
18. MMDN 132A - [0.4C-0.5Mn-3Cr- [HR Bars 10-70 CRE(M)/40
PC No. 0.9Mo-Bal Fe BS 3§ 132
RCMA(M)/P MSRR 6011
C/019,28/04.0 MSRR 6012
5 (HR bars) 155-9640-04-2001-Forged Bars
19. (VDN 440C [1.1C-17Cr-0.5Mo- [HR Bars 10-70 RCMA(M)/78
PC No. Bal. Fe AMS 5618D
RCMA(M)/P AMS 1518D
. IC/015/2003, SAE 32100
Heat No. BS S135
G2701
P0. IMDN 13- 0.05C-13Cr-8Ni- Forged & HR {10-70 (HR) RCMA(M)/75
8Mo PH i2_2Mo-1.1 Al-Bal-Fe [Bars © {75-180 (F) AMS 5629D
21. [MDN 127A 0.031C-1.25Cr- HR & CR 6-15 ('HR), RCMA(M)/60
IPC No. 0.05Mo-0.25V-Bal. [Fiats 3-6 (CR) DMS 127
RCMA(N/P |Fe DMR MC 38
C/25/2003 DMS 127E

190
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Ref. No: CEMILAC/2011/GDP dated 01.08.2007 |
RATIONALISATION OF MIDHANI METALLIC MATERIALS

3. STEELS
Product
k| Grace/ Nominoz.'_l Z Equivalent Specifications
No TA No. Composition N Size-(mm)
omen- Dia/
Cleture Thick.
22, IMDN 250A |18Ni-8Co-5Mo- Forged Bars {70-200 C RE(M;:!Z:?
J TA No. 694 0.54Ti-0.1Al-Bal. Fe " {HR) AMS 6512
MIL-S-46850B
MARBAL 18
E-Z2NKD 18
JSS-9630-14-2001-F Bars

Page 8 of 8
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Rationalization of Metallic Materials- Volume-1 (Forging Stock)

Appendix-2

Ref. No.: CEMILAC/2011/GDP dated 30.10.2006
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Appendix-4
ENGLISH EQUIVALENT OF RUSSIAN LETTERS
USSR. Pronounced as ENGLISH USS5ER. Pronounced as ENGLISH

A a A 0 o 0

5 beh B n peh P

B veh v F arr R
’_ geh G Cc ess S
: day D T teh T

E Ye e Y 000 U

E Yo Yo @ ef F

H zheh Jh X khah Kh

3 zeh Z p tsch Tse

W ee Ee y cheh ch

i y Y w shah Sh

K kah K w shchah Sch
ﬂ' el L 3 E E

M em M HC u Yu

H en N b | ya Ya
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9.0 References of previously rationalized materials

In the past, similar exercise has been taken up by various agencies along with
RCMA / CEMILAC. Some of the known references of rationalization of materials are
as follows :

1. Compendium of Alternate / Equivalent Material for Tejas Aircraft (LCA
MK1 — Air Force Version Fighter & Trainer)” - Ref
No.HAL/ARDC/LCA/MTL/005 Issue 'B' dated 05.12.2016.

2. Rationalization of Metallic Materials of Russian Military Aircraft and
Aero-Engines - Ref No: RCMA(Nsk)/07/01 dated 27.09.2007.

3. Rationalization of MIDANI Metallic Materials - Annexure-1
Ref.No. : CEMILAC/2011/GDP dated 01.08.2007

4. Ordnance Factory, Ambajhari - Rationalization of Aluminium Alloys -
Annexure-2. Ref. No. CEMILAC/2011/GDP dated 30.10.2006
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