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QHW Designation: A 463 - 82

Standard Specification for

VACUUM-TREATED STEEL FORGINGS FOR GENERATOR

ROTORS!

This standard is issued uader the fixed designation A 469; the number immediately following the designation indicates the
year of ongmaladnpuon ar, in Ihe case of 1evision, the year of last revision. A number in parenthesesindicates the year of last
rgapproval, A superseript cpsilon (¢) indicates an cditorial change since the last revision o reapproval,

- 1. Scope.

I.1 This specification covers vacuum-treated
basic electric steel forgmgs for generator rotors,

1.2 The values stated in inch-pound units
are to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:

A 275 Methods for Magnetic Panticle Exami-
nation of Stecl Forgings?

A 341 Test Method for Direct-Current Mag—
netic Properties of Materials Using D-C Per-
meameters and the Ballistic Test Methods®

A 370 Methods and Definitions for Mechani-
cal Testing of Steel Products®

A 418 Method for Ultrasonic Inspection of
Turbine and Generator Steel Rotor
Forgings?

A 509 Definition of a Steel Forging?

A 773 Test Method for D-C Magnetic Proper-
ties of Materials Using Ring and Perme-
ameter Procedures with D-C Electronic
Hysteresigraphs?

E 30 Methods for Chemical Analysis of Steel,
Cast Iron, Open-Hearth Iron, and Wrought
Iron®

3. Ordering Information

3.1 Purchase Order—The purchaser shall in-
clude with the inquiry and order the class of
forging desired, test, and purchase options (if
any) (see 4.3.2,4.3.3,6.1.3,0.3, 8.2.1, and 16.1).

3.2 Forging Drawing—FEach forging shall be

. manufactured in accordance with a purchaser-
supplied drawing showing the finished dimen-
sions and the locaiions of mechanical {est spec-
imens.

3.3 Supplementary Requiremenis—Supple-
mentary requirements are provided. These re-

quirements shall apply only when specified in
the purchaser’s order.

4, Manufacture

4.1 Melting Process:

4.1.1 The steel shali be made by the basic
electric-furnace process.

4.1.2 The molien steel shail be vacuum
treated prier to or during the pouring of the

ingot in order to remove objectionable gases,

particularly hydrogen.

4.1.2. l When the vacuum stream-degassing
process® is used, the vacuum system must be of
sufficient capacity to effect a blank-off pressure
low encugh (usually less than 1000 pm), to.
break up the normal tight, rope-like stream of
mollen metal into a wide-angled conical stream
of relatively small droplets. The capacity of the
sys{em must also be sufficiently high to reduce
the initial surge pressure at the start of the pour
to a low level within 2 min.

4.1.2.2 When the vacuum-life process is uti-
lized, the molten metal shall be drawn into the
evacualed vessel a sufficient number of times

* This specification is wnder the jurisdiction of ASTM Com-
mitlee A-[ on Steel, Stainless Steel and Refated Alloys, and is
the direct responstbilit)' of Subcomumiltes AGLOS on Steal Forg-
ings and Billets. .

Current editich approved July 30, 1982, Publishcd Seplem-
ber [932. Originally published as A 469 - 62 T. Last previous
cdullon A 469 - 80,

! dnnual Dook of ASTM Smndards. Vol 01.05.
Y Annual Buok of ASTH Standards, Yol 01,04

*dmnual Buok of ASTA Standards, Vol 01.04,

3 tnnual Book of ASTM Standards, Vol 03.05.

! Details of the vacuum stream degassing process may be
found in Stoll, J. H., "Vacuum Pouring of Ingots for Heavy
Forgings,” Juuenal uf the Iron aned Steel Instine, JISIA, Yol
191, fanuary 1959,

? Kolmann, W. C.. and Presisch, C. D, “The D-H Degassing
and Alloying Process.”™ Efeciric Furnace Proceedings, AIME,
EFCPA, December 1961, |



il
of assure thorough mixing and degassing of the
entire volumie of metal. The evacuation system
shall be capable of reducing the pressure surges

which occur each time a new portion of steel is
admitted to the vessel to increasingly lower
levels until a blank-off pressure, usually less
than 1000 pm, is achieved signifying the end
of the degassing treatment.

4.1.2.3 Other methods of degassing may be
used if the supplier can demonstrate their ade-
quacy to the satisfaction of the purchaser.

4.1.3 Discard—Suflicient discard shall be

made from each ingot to secure freedom from
piping and excessive segregation,

4.2 Forging Process—The forging shall re-
ceive its hot mechanical work as described in
Definition A 509. It is important to maintain
the axial center of the forging in common thh
the axial center of the ingot.

4.3 Heat Treatment:

" 4.3.1 After forging and before reheaung for
heat treatment for mechanical properties, the
forging shall be allowed to cool in a manner to
prevent injury and to accomplish transforma-
tion.

432 The heat treatment for mechanical
properties shall consist of quenching and tem-
pering. Normalizing and tempering is permis-
sible with prior approval of the purchaser. If
possible, forgings shall be heat treated for prop-
erties in the vertical position.

4.3.3 After heat treatment and the subse-
quent rough machining, the forging shall be
stress relieved at a minimum temperature “of
1050°F (566°C) unless otherwise specified by
the purchaser.

4.4 Machining:

4.4.1 Boring—The manufacturer may bore
the forging at any time prior to stress-relief
anneal. (Note Supplementary Requirement
Sh.

4.4.2 Machining to Purchaser's Requirements
Jor Shipment—The forging as shipped shall
conform to the finish and dimension require-
ments on the purchaser’s drawing or order.

5, Chemical Requirements

5.1 Heat Analysis—Each heat of steel shall
be analyzed by the manufacturer to determine
the percentage of elements prescribed in Table
[. This analysis shall be made from a test
specimen laken during the pouring of each
heat. For forgings made from multiple heats,
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both individual heat analyses and a weighted
average analysis shall be reported. The steel
shall conform to the chemical composition re-
quirements prescribed in Table !; for multiple
heats, the weighted average analysis shall gov-
erm.

$.1.1 If the test sample is lost or declared
inadequate for chemical determinations, the
manufacturer may take alternate samples from
appropriate locations near the surface of the
ingot or forging as necessary to establish the
analysis of the heat in question.

5.2 Product Analysis-~The manufacturer
shall make a product analysis from each forg-
ing. Samples for product analysis shall be taken
from the forging or from a full-size prolonga-
tion at any point midway between the center
and the outer surface or from radial acceptance
test specimens. The chemical composition thus
determined shall not vary from the require-
ments specified in Table 1 more than the
amounts prescribed in Table 2. .

5.3 Methods of Analysis—Methods E30
shall be used for referee purposes.

6. Mechanical Requirements

6.1 Tension Test:

6.1.1 The steel shall conform to the require-
ments of Table 3.

6.1.2 The number of locations of tension test
specimens shall be as specified on the forging
drawings furnished by the purchaser.

6.1.3 Tests for acceptance shall be made
after heat treatment of the forging for mechan-
ical properties. The purchaser may require
check tests after completion of ail heating cycles
including stress relieving in accordance with
4.3.3.

6.1.4 Testing shall be pcrformed in accord-
ance with the latest issue of Methods A 370.
Tension specimens shall be the standard 0.5 in.
(13.7 mm) round by 2-in. (50.8-mm) gage
length, as shown in Fig. 6 of Methods A 370.

6.1.5 The yield strength prescribed in Table
3 shall be determined by the offset method in
the latest issue of Methods A 370.

6.2 Impact Test:

6.2.1 The material shail confirm to the re-
quirements for notch toughness (both transition
temperature and - room {emperature impact
value) prescribed in Table 3. .

6.2.2 Impact specimens shall be machined
from radial bars taken from the main body of



iy

the forgiug, as shown on the forging drawing, -
The notch-toughness specimens shall conform
to the Charpy V-notch specimen, of Fig. 1! in
the fatest issue of Methods A 370, The direction
of the notch of the Charpy bars shall be tan-
gential. '

7. Magnetic Properties

7.1 Unless otherwise Speciﬁed. a permeabil-
ity test shall be performed in accordance with
the latest issue of Method A 341 or Method
A T73.

8. Nondestmcti've Test Requirements

3.1 General Requirements:

3.1.1 The forgings shall be free of cracks,
seams, laps, shrinkage, and other injurious im-
perfections.

-8.1.2 The purchaser may request such tests
and inspection methods inducing ultrasonic,
magnetic particle, or etch tests, as are necessary
to ensure compliance with this requiremeant.

8.2 Magnetic Particle Test:

8.2.1 When required by the purchaser, a
magnetic particle test shall be made at the
forging manufacturer’s plant. In making the
magnetic particle test, reference shall be made
to the latest issue of the Method A 275.

8.2.2 Forgings with indications of cracks and
lipear imperfections are subject to rejection
unless the imperfections can be removed,

8.3 Ultrasonic Inspection:

8.3.1 An ultrasonicinspection shall be made
at the forging manufacturer’s plant on the ma-
chined forgings. In makieg the ultrasonic in-
spection, reference shall be made to the latest
issue of Method A 413.

8.3.2 Forgings having recordable ultrasonic
indications shall be referred to the purchaser
and evaluated on the basis of nature, frequency,
and locations of indications both traveling and
stationary. [fthe ultrasonic indications are con-
sidered objectionable, it shall be determined by
conventional or mutually acceptable inspection
procedures whether the forging will be rejected.

8.3.3 Forgings shall be ultrasonically tested
prior to removal of the mid—body radial tension
coupons.

8.4 Internal Inspectmnn—Bormg, whea spec-
ified for periscopic inspection, shall be as
shown on the drawings furnished by the pur-
chaser. The drawings shall specify the nominal
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dimensions of the hole. Magnetic particle ex-
amination of the bore surface shall be per-
formed in accordance with the latest issue of
Method A 275, In cases where objectionable
conditions are revealed, the manufacturer shall
advise the purchaser and any further action
shall be taken only after mutual agreement.

9, Retests

9.1 If the results of mechanical tests do not
conform to the requirements specified, retests
are permitted as outlined in Methods A 370 or
as follows:

9.1.1 If any test specimen fails because of
mechanical reasons such as testing equipment
failure or improper specimen preparation, it
may be discarded and a specimen from an
adjacent location in the forgmg may be substi-
tuted.

9.1.2 If any of the test specimens selected
fail 10 meet the requirements specified, two
adjacent test specimens may be sclected for

-retest without reheat treatment, unless failure

is due to ruptures, flakes or cracks; both of
these must meet the requirements of the speci-
fication.

10. Retreatment
10.1 If the results of the mechanical tests of

any forging do not conform to the requirements

specified, the manufacturer may retreat the
forging one or more times, but not more than
three additional times without approval of the
purchaser, and retests shall be made in accord-
ance with 6.1.2.

10.2 If boring is specified under suppicmen-
tary requirements, Section 1, the. remammg
portions of the bore core shall be replaced in
the bore during retreatment.

11. Dimensions and Tolerances

11.1 The forging shall conform to the di-
mensions and tolerances specified on the pus-
chaser’s drawing or order.

12. Finish and Appearance

12.1 The forgings shall conform to the finish
specified on the purchaser's drawing or shall

otherwise have a good workmanlike appear-
ance.
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13. Workmanship and Quality Level Requxre-
ments

13.1 Secerequirementsin 8.1,8.2.2,8.3.2,and
8.4.

14, Marking and Packaging

14.1 Each forging shall be legibly stamped
by the manufacturer with the' manufacturer’s
name or {rademark, the manufacturer’s test
identification number, the specification identi-
fication number A 469 foliowed by the appro-
priate class pumber,

14.2 The axial bores shall be protected and
suitably plugged to prevent corrosion during
shipment or storage.

15. Inspection

15.1 The manufacturer shall afford the pur-
chaser’s inspector all reasonable facilities nec-
essary to satisfy him that the material is being
produced and furnished in accordance with this
specification. Mill inspection by the purchaser
shall oot interfere unnecessarily with the man-
ufacturer’s operations. All tests and inspections
shall be made at the place of manufacture,
unless otherwise agreed to.
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16. Certification and Reports

[6.1 The manufacturer shall fumish the re-
quired (on the purchase order) number of test
reports to the purchaser. -

16.2 The following items shall be reported:

16.2.1 Heat and product chemical analyses.

16.2.2 Results of acceptance tests for me-
chanical properties and notch toughness.

16.2.3 Reports of all nondestructive tests,
including sketches showing the locations of all
recordable indications.

16.2.4 Final austenitizing and tempering
temperatures, holding times, and method of
cooling.

16.2.5 The results of any required supple-
meatary tests.

17. Rejection

17.1 Any forgmg having injurious imperfec-
tions observed prior to or subsequent to ac-
ceptance at the manufacturer’s plant shall be
subject to rejection.

17.2 Samples tested by the purchaser in ac-

“cordance with 5.2 that represent rejected ma-

terial shall be preserved for 60 days from the
date of the rejection report. In case of dissatis-
faction with the results of the tests, the manu-
facturer may make claim for rehearing within
that time, '

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the

purchaser on the order.

51, Bore Core Tests

'St.1 The purchaser may require physical
tests from the bar cored from the longitudinal
bore of the forging. These core tests will be for
information only.

S1.2 Specimens for bore core tests shall be
cored from the forging after heat treatment for
mechanical properties.

52. Method of Forging

52.1 The purchaser may specify that hot
working be performed on a press.

S$3, Yertical Heat Treatment

$3.1 Heat treatment for mechanical proper-
ties shall be performed with the forging in the
vertical position,
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TABLE 1 Chemical Requirements

Composition, %

Element

Class | Class 2 Class 3 Class 4 "Class § Class 6,7, 8
Carbon, max 0.45 0.15 0.27 0.27 .31 0.23
Manganese, max 0.90 0.60 0.60 0.70 .70 0.60 -
Phasphorus, max 0.023 0.015 0.015 0.013 0.015 0.015
Sulfur, max 0.025 0.018 . 0.018 0.018 0.013 0.018
Silicon* 01510033 01510030 01510030 055t0030 014510030 01510030
Nickel ree 2,50 min 250 min 3.00 min 3.00 min 125 w40
Chromium Ve 0.50 max 0.50 max 0.50 max 0.50 max .25 10 2.00
Molybdenum Ve + 020t 050 02010050 02010060 - 02010070 0.30t0 0.60
Vanadlum 0.03 to0.12% . 0.03 min 0.03 min 0.03 min 0.05 to 0.15 0.05 10 0.15
Antunony .. -

4 Optional: Classes 2 10 8§ steel may be vacuum deoaidized, silicon 0.10 max.
¢ Vanadium addition optional for Class 1.
€ laformation ea Classes 6, 7, and 8,

TABLE 2 Permissible Yaradons in Product Analysis

Nore—Product cross-sectional area is defined as either:
() maximum cross-sactional area of rough machined forging (ex-
c!udlng boring), Area taken at right angles to the axis of the
(&) maximum cross-sectionalarea of the unmachined forging, or original ingot or billet
(£} maximum cross-sectional area of the billet, bloem, or slab.

Permissible Yariation Over the Specified Maximum Limit or Under
the Specified Minimum Limit, %

Unit or Maximum Speci- Upto  Over 100 Over200 Over400  Over R0Q
Element fied Range, % pest andio- 16200 10400 - 10800 101600 | 6‘3&".’ s
cludiog (645 in’(1200 in7(2580 inl(sl60 oC
100in! 101290 102580 105160 010 320 (10320
(645 em®)  cm?), iocd - cm®), incdd em?), inel ¢md), incl . T
Carbon up {0 and including 0.25 0.02 0.03 0.03 0.04 0.05 0.05
(.26 and over 0.03 0.04 0.04 0.05 0.06 0.06
Manganese . 0.03 0.04 0.05 0.06 0.07 0.08
Phosphorus . 0.008 0.008 0.010 0.010 0.015 0.015
Sulfur . 0.005 0.00% 0.005 0.005 0.006 0.006
Silicon s 0.02 0.03 0.04 0.04 0.05 0.06
Nickel v .07 0.07 0.07 2.07 .07 - 0.07
Chromium up t0 and iocluding 0.90 .03 0.04 c.04 0.05 0.05 0.06
0.91 and over 0.05 006 0.06 0.07 0.07 0.08
Molybdeoum up to and including 0.20 - 0.0} 0.02 0.02 0.02 0.03 0.0
0.21 to 0.40, incl 0.02 0.03 0.03 0.03 0.04 0.04
0.4] and over 0.03 0.04 0.03 .06 0.67 0.08
VYanadium up to and including 0.10 - 00l 0.0l 0.01 0.0t 0.0} Q.04
0.11 zad over 0.02 0.02 0.02 0.02 ¢.02 0.02
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TABLE 3 Teunsile and Notch Toughness Requirements

Class
! 2 3 4 5 6 7 8
Teunsile strength, min, ksi 5 80 90 100 110 100 Lo 120
MPa 515 550 620 630 760 690 760 825
Yicld strength,* min, ksi 3s 55 70 20 90 80 90 100
MPa 240 380 483 550 620 550 620 490
Elongation in 2 in. or 50 20 20 20 17 oI5 18 17 16
mm. min, %
Reduction of area, min, % 30 50 50 45 40 - 35 50 45
FATTw, max, F 115 100 100 120 75 Q 20 40
FATTs, max, C 80 33 18 49 80 -8 -7 4
Room temperature impact 10 o 30 25 15 60 50 40
strength, min, R Ibf(J) (13 (41 (41 (34 (20) (81 (68) (54)

4 Yield streagth at 0.02 % offset. Yield strength may also be specified at 0.2 % offsat in which case 5000 psi (35 MPa) shall
be added to these values. : :

 The American Saciety for Testing and Materials takes no position respecting the validity of any patent rights asserted in
connection with any item rentigned in thix standard. Users of this standard are expressiy advised that determination of the validity

of any such patent rights, and the risk of infringerment of such rights, are entirely their own responsibility,

This siandard it subject to revision at ‘any time by the résponsible technicol commitiee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your commenis are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headguarters. Your comments wilf receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Commitiee on Standards, 1916 Race $t., Philadeiphia, Pa. 19103.



QEIM Designation: A 470 - 82

9 Standard Specification for

VACUUM-TREATED CARBON AND_"ALLOY STEEL
FORGINGS FOR TURBINE ROTORS AND SHAFTS!

This standard is issued under the fized designation A 470; the aumbar immediately (ollowing the designation indicates the
years of original adoption or, in the case of revision, the year of Jast tevision. A aumber in parcathesesindicates the year of last
reapproval. A superseript epsilan (¢) indicates an editorial change sincs the Last revision or reapproval | .

1, Scope .

L.l This specification covers vacuum-treated
carbon and alloy steel-forgings for turbine ro-
tors and shafts. .

1.2 The values stated in inch-pound units
are to-be regarded as the standard.

2. Applicable Docunments

2.0 ASTM Standdrds:

A 275 Method for Magnetic Particle Exami-
nation of Steel Forgings?

A 370 Methods and Definitions for Mechani-
cal Testing of Steel Products?

A 418 Method for Ultrasonic Inspection. of
Turbine and Generator Steel Rotor
Forgings?

A 472 Test Method for Heat Stability of Steam
Turbine Shalis and Rotor Forgings®

E 30 Methods lor Chemical Analysis of Steel,
Cast Iron, Open-Hearth Iron, and Wrought
Iron*

E 44 Definitions of Terms Relating to Heat
Treatment of Metals?

E 139 Recommended Practice for Conducting
Creep, Cresp-Rupture, and Stress-Rupture
Tests of Metallic Materials® .

E 350 Methods for Chemical Analysis of Car-
bon Steel, Low-Alloy Steel, Silicon Electrd-
cal Steel, Ingot Iron, and Wrought Iron*

3. Ordering Information

3.1 The purchaser shall specify in his inquiry
and order the class of steel, and any tests,
supplementary requirements, and purchase op-
tions desired.

3.2 Forging Drawing-—Each forging shall be
manufactured in accordance with a drawing
furnished by the purchaser showing the dimen-
sions of the forging and bore hole, if any, and

the location of mechanical test specimens.
3.3 Supplementary Requirements—-Supple-
meatary requirernents are provided. These re-
quirements shall apply oaly when specified in
the purchase order,

4. Manu{ﬁclui‘e

4.1 Melting Process:.

4.1.1 The steel shall be made by the basic
electric-furnace process.

4.1.2 Provisions for subsequent secondary
melling of the steel by the consumable elec-
trode-electroslag or vacuum-arc remelling
processes are included in Supplementary Re-
quiremnent S8. :

4.2 Vacuum Treatmeni—The mollen steel
shall be vacuum treated prior to, or during, the
pouring of the ingot to remove objectionable
dissolved gases, particularly hydrogen.

4.2.1 When the vacuum stream degassing
process’ is used, the vacuum system must be of
sufficient capacity to effect a blank-off pressure
low enough (usually less than 1000 pm), to
break up the normal tight, rope-like stream of
molten metal into a wide-angled conical stream
of relatively small droplets. The capacity of the

' This specification is under the jurisdiction of ASTM Com-
mittce A-| on Steel, Stainless Steel and Related Alloys and is
the direct responsibility of Subcommittee ADI.06 on Steel Forg-
ngs and Billéts. :

Current edition approved July 30, 1982. Published September
1982, Originally published as A 470 - 62 T. Last previous cdi-
tion A 470 - 81

Y Ananal Bovk of ASTAL Standards, Yol 01.05.

P Annual Book of ASTA Standards, Vol 01,04,

* dnnual Book of ASTAL Standards, Yol 03.05.

} onual Buok of ASTAY Standards, Vol 03.03.

S cdnnual Bonk of ASTM Standards. Vol 0301,

T Details of the vacuum stream degassing process may be
found in Stoll, J. 11, “Yacuum Pauring of Ingots for |leavy
Forgings,” Journal uf the fron amd Stect Instirute, JISIA, Vol.
191, January 1939.
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systermn must also be sufficiently high to reduce
the initial surge pressure at the start of the pour
to a low level withia 2 rain.

4.2.2 When the vacuum-lift process® is uti-
lized, the molten metal shall be drawn into the
evacuated vessel a sufficient number of times
to ensure thorough mixing and degassing of the
entire volume of metal. The evacuation system
shall be capable of reducing the pressure surges
that occur each lime a new portion of steel is
admitted to the vessel, to increasingly lower
levels until a blank-off pressure (usually less
than 1000 pm) is achieved, signifying the end
of the degassing treatment.

4.2.3 Other methods of vacuum treatment
may be used if the supplier can demonstrate
adequate degassing and acceptable properties
in the finished forging to the satisfaction of the
purchaser.

43 Discard—SufYicient dlscard shall be
taken from each ingot to secure freedom from
pipe and harmful segrcgauon in the finished
forging.

4.4 Forging Process—The forging shall re-
ceive its hot mechanical work under a press of
ample power to adequately work the metal
throughout the maximum section of the forg-
ing. It is important to maintain the axial center
of the forging in common with the axial center
of the ingot.

4.5 Heat Treatment:

4,5.1 After forging and before reheating for
heat treatinent for mechanical properties, the
forging shall be allowed to cool in 2 manner
designed to prevent injury and accomplish
transformation. -

4.5.2 The heat treatment for mechamcal
properties shall consist of double-normalizing
and tempering for Classes 1, 2, 3, 4, 8, and 9
and normalizing, quenching, and tempering for
Classes 5, 6, and 7. In normalizing treatments,
the forging may be cooled in still air or in an
air blast at the manufacturer’s option. Faster
cooling rates for Classes 1, 2, 3, 4, 8, and 9 may

be used if authorized by the purchaser. These .

rates are obtained by liquid quenching, or by
the addition of water sprays of fog o the air
blast.
4,5.2.1 The first normalizing treatment shall
be from well above the transformation temper-
ature range. At the manufacturer’s option, this
operation may be performed as a part of the
preliminary treatment of the forging before
preliminary machining (see 4.6.1).
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4.5.2.2 The second normalizing or quench-
ing treatment shail be from above the transfor-
mation range but below the first normalizing
temperature described in 4.5.2.1. This treat-
ment shall be performed after preliminary ma-
chining (see 4.6.1).

4.5.2.3 The final tempering temperature for
Classes | to 7 and Class 9 shall be not less than

1075°F (580°C) and for Class 8 not less than
1200°F (649°C).

4.5.2.4 After heat treatment and subsequent
rough machining and boring (see 4.6.2 and
4.6.3), the forging shall be stress-relieved at a
temperatore not more than 100°F (55°C) below
the final terapering temperature, but not less
than 1025°F (552°C).

4.5.2.5 With the prior approval of the pur-
chaser, the stress relief temperature may ap-
proach, equal, or slightly exceed the final tem-
pering temperature as a2 means of adjusting
final strength or toughness. If the stress relief
temperature is within 25°F (14°C) of the final
tempering temperature, or higher, additional
tension tests must be obtained (6.1.3).

4.6 Machining:

4.6.1 Preliminary Rough Machining— All ex-
terior surfaces of the forging shall be machined
prior to heat treatment for mechanical proper-
ties.

4.6.2 Second Rough Machmmg—-Aﬂcr heat
treatment for mechanical properties, all sur-
faces of the forging shall be rough machined
prior to stress relief and the stability test.

4.6.3 Boring:

- 4.63.1 Forgings shall be bored to permissi-
ble bore size and tolerance when required by
the purchaser’s drawing.

4.6.3.2 Forgings may be bored to limits
agreed to by the purchaser or indicated on the
purchaser’s drawing, to remove objectionable
center conditions revealed by ultrasonici inspec-
tion,

4.6.3.3 Unless otherwise specified by the
purchaser, the manufacturer may bore the forg-
ing at any time prior to stress relief (see Sup-
plementary Requirement $2.1).

4.6.4 Machining to Purchaser’s Requirements
for Shipment—The forging as shipped shall
conform to the finish and dimension require-
ments specified ou the purchaser’s drawing or
order.

® Kollman, W. C., aud Presisch, C. D., “The D-H Degas-
sing and Alloying Procc.ss Electric Farnace Proceedings,
EFCPA, AIME, December 1961, :
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5. Chemical Requirements

5.1 The steel shall conform to the require-
meats for chemical composition prescribed in
Table 1.

5.2 Chemical dnalysis:

5.2.1 Heat Analysis—An analysis of each
heat of steel shall be made by the manufacturer
to determine the percentages of the elements
specified in Table 1. This analysis shall be
made from a test specimen preferably taken
during the pouring of the heat. For forgings
made from more than one heat, both individual
heat analyses (when appropriate for the proc-
ess) and a weighted average analysis shall be
reported. In this case, the weighted average
analysis of the component heats shall conform
to Table 1.

5.2.1.1 Ifthe test specimen taken for the heat
analysis is lost or declared inadequate for
chemical determinations, the manufacturer
may take altemnative specimens from appropri-
ate locations near the surface of the ingot or
forging as necessary to establish the analysis of
the heat in question. Location and depth of the
alternative specimens shall be reporied to the
purchaser along with the chemical analysis.

5.2.2 Product Analysis—-The manufacturer
shall make a product analysis from each forg-
ing. Specimens for product analysis shall be
taken from the forging, from a point midway
between the surface and center of a test prolon-
gation whose diameter is at least as large as the
mintmum diameter of the forging, or from
radial acceptance test specimens. The chemical
analysis thus determined shall not vary from
the requirements specified in Table | more
than the amounts prescribed in Table 2.

5.3 Methods of Analysis—-Methods E 30
shall be used for referee purposes.

6. Mechanical Requirements

6.1 Tension Test:
6.1.1 The steel shall conform to the tensile
requirements of Table 3.

6.1.2 The number and location of lensnon.

test specimens shall be as specified on the forg-
ing drawings fumished by the purchaser.

0.1.3 Final acceptance tests shall be made
after heal treatment of the forging for mechan-
ical propertics prior to stress relief, uniess the
stress relicf temperature is within 25°F (14°C)
of the tempering temperature, or higher, in

which case check tests shall be made after the

A 470

stress relief treatment and reported to the pur-
chaser. The purchaser may require check tests

.after completion of all heating cycles, including

stress relief and the heat stability tests,

6.1.4 Testing shall be performed in accord-
ance with the latest revision of Methods A 370.
Tension specimens shall be the standard 0.5-in.
diameter by 2-ia. gage length (or 12.5 by 50.0-
mm type as shown in Methods A 370,

6.1.5 The yield strength prescribed in Table
3 shall be determined by the offset method of
Methods A 370.

6.2 Impact Test: =

6.2.1 The steel shall conform to the require-
ments for notch toughness (both transition tem-
perature and room temperature impact values)
prescribed in Table 3.

6.2.2 The notch toughuess specirnens shall
be machined from radial bars taken from the
main body of the forging, as shown in the
forging drawing. The specimens shall be
Charpy V-notch, Type A, as shown in Methods
A 370. The notch direction of the Charpy bars
shall be tangential.

6.2.3 The notch toughmss tests shall be per-
formed in accordance with the section on
Charpy impact testing of Methods A 370.

7. Nondestructive Tests

1.1 General Reqmremenra

7.1.1 The forgings shall be free of cracks,
seams, laps, shrinkage, and other injurious im-
perfections,

7.1.2 The purchaser may request uitrasonic,
magnetic particle, dye penetrant, etch, or other
accepted nondestructive inspection necessary
to evaluate imperfections and ensure compli-
ance with this requirement.

1.2 Magnetic Particle Test:

7.2.1 When required by the purchaser, mag-
netic particle inspections of the complete exte-
rior and bore surfaces of the machined forging
shall be made at the forging manufacturer’s
plant. The inspections shalf be performed in
accordance with the latest issue of Methods
A 275. _

7.2.2 Forgings with indications of cracks of
any length or linear defects ¥ in. (3.2 mm) long
or more caused by nonmetallic inclusions are
subject to rejection unless the defects can be
removed to the purchaser’s satisfaction.

7.3 Ultrasonic Inspection:

7.3.1 An ultrasouic inspection shall be made
on the machined forging at the manufacturer’s
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plant. This inspection shall be made in accord-
ance with Methods A 418 to demonstrate free-
dom from detrimental internal indications.

132 The ultrasonic inspection shall be
made from all available surfaces prior to re-
moval of test spccimcns that would interfere
with complete testing of the forging.

7.3.3 Forgings with recordable ultrasomc in-
dications shall be referred to the purchaser for
evaluation based on the nature, frequency, and
location of indications, both stationary and
traveling, If the ultrasonic indications are con-
sidered objectionable, it shall be determined by
conventional or mutually acceptable inspection
procédures whether the forging will be rejected.

1.4 Internal Inspection:

7.4.1 Boring, when specified for mtcrnal per-
iscopic inspection, shall be in accordance with
the drawings furnished by the purchaser. The
drawings shall specify the nominal dimensions
of the bore. '

7.4.2 If objectionable conditions are encoun-

tered during the internal inspection of the bore,

the manufacturer shall notify the purchaser of
the location and nature of the condition. Fur-
ther action shall be taken only after muiual
agreement between the manufacturer and pur-
chaser. :

8. Stability Test

8.1 Lach forging shall be subjected to a heat
stability test at the manufacturer's plant in
accordance with the latest issue of Methods
A 472 to determine the stability or freedom
from tendency to distort during high-tempera-
ture operating conditions.

8.2 The stability test shall be conducted after
the forging has been stress relicved in accord-
ance with 4.5.2.4,

Note |1—If agreed to by the purchaser, the siress
relief may be performed as part of the stability test.

8.3 Stability Test Requirements:

8.3.1 The purchaser’s drawings shall indi-
cate the minimum portion of the forging to be
included within the heating chamber during
the stability test.

83.2 The purcha.ser’s drawings or order
shall indicate the minimum stability test tem-
perature.

9. Retests

9.1 If the results of mechanical tests do not
conform to the requirements specified, retests

A 470

are permitted as outlined in Methods A 370 or
as permitted in the following paragraphs:

9.1,1 If any test specimen fails to meet the
requirements specificd for mechanical reasons
such as test equipment malfunction or im-
proper specimen preparation, it may be dis-
carded and a specimen {rom an adjacent loca-
tion in the forging may be substituted.

9.1.2 If any test specimen fails to tmeet the
requircments specified, two adjacent specimens
may be selected for retest without reheat treat-

‘ment, provided the failure was not caused by

rupture, flakes, or cracks in the steel. Both of
these specimens must mect the requirements of
the specification.

10. Retreatment

~10,1 If the results of the mechanical tests of
any forging do not conform to the requirements
specified, the manufacturer may retreat the
forging one or more times, but not more than
three additional times, without the approval of
the purchaser.

10.2 If bore core properties are specified un-
der Supplementary Requirement S2 and retem-
per is necessary after boring, the remaining
portions of the bore core shall be replaced in
the bore during retemper.

10.3 If complete retreatment, including nor-
malizing or quenching, is necessary after bor-
ing, the feasibility of retreating portions of the
bore core in the bore of the forging shall be
discussed between manufacturerand purchaser
and a procedure agreed upon before retreat-
ment. .

11. Dimeusions, Telerances, and Finish

11.1 Each forging shall conform to the di-
mensions and tolerances specified on the pur-
chaser’s drawing or order.

11.2 The finish on each forging shall con-
form to the finish specified on the purchaser’s
drawing or order,

12. Workmanship and Quality Level
12.1 Each forging shall conform to the work-

manship and quality requu'emems of 7.1.1,
7.2.2,7.3.3, and 7.4.2. :

13, Marking, Packaging, and Loading

13.1 Each forging shall be legibly stamped
by the manufacturer with the manufacturer’s
name or symbol, the manufacturer’s identifi-
cation number, the specification number A 470,
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the appropriate class number, and identifica-
tion numbers specified by the purchaser on his
drawings or order. _

13.2 The "location of such identification
marks may be specified by the purchaser on his
drawings or order.

13.3 Test specimens shall be identified with
numbers cotresponding to the forging identifi-
cation numbers plus numbers corresponding to
test location and type if specified on the pur-
chaser’s drawings or order.

13.4 The axial bores of bored forgings shall
be protected and suitably plugged to prevent
damage or corrosion during shipment or stor-
age.

14. Inspection

14.1 The manufacturer shall afford the pur-
chaser’s inspector all reasonable facilities to
satisfy hin that the material is being produced
and furnished in accordance with this specifi-
cation. Mill inspection by the purchaser shall
not interfere unnecessarily with the manufac-
turer’s operation. All tests and inspection shall
be made at the place of manufacture prior to
shipment, unless otherwise specified or agreed
upon. -

15. Certification and Reports

15.1 The manufacturer shall furnish to the
purchaser the number of properly certified test
reports specified on the purchase order.

A 470

152 The following items shall be reported:

15.2.1 Purchaser order number,

15.2.2 Forging ideatification number,

15.2.3 Specification number and class,

15.2.4 Heat number (or numbers), heat
chemical analysis {or analyses), and product,
chemical analysis,

15.2.5 Results of all acceptance tests f'or me-
chanical properties and notch toughness.

15.2.6 Results of all nondestructive inspec-
tions plus sketches indicating the location and
orientation of all recordable indications.

[5.2.7 Final heat treatment ¢ycle including
austenitizing and tempering temperatures,
holdmg times, and cooling methods, and

15.2.8 Results of any supplementary re-
quirements that have been specified.

16. Rejection and Rehearing

16.1 Any forging showing igjurious imper-
fections prior to, or subsequent to, acceptance
at the manufacturer’s plant shall be subject to
rejection.

16.2 Any rejection based on tests in accord-
ance with 5.2.2 shall be reported to the manu-
facturer within 60 days.

163 Samples tested in accordance with 5.2.2
that represent rejected material shall be pre-
served for 60 days from the date of the rejection
report. If the manufacturer is dissatisfied with
the results of these tests, he may make claim
for rehearing within that time.

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the
purchaser in the inquiry, contract, and order. Details of these supplementary require-
ments shall be agreed upon by the manufacturer and purchaser.

51, Molybdenum Content

S1.1 If desirable because of operating tem-
peratures, the purchaser may specify 2 molyb-
denum content of 0.40% min for Classes 2, 3,
4,5,6,7and 9.

$2. Bore Core Properties

$2.1 The purchaser may require the removal
of a longitudinal bore core from the forging
after heat treatment for mechanical properties
and subsequent approval of the usual surface
mechanical property tests.

52.1.1 The diameter of the longitudinal bore
core shall be subject to agreement between
manufacturer and purchaser.

52.1.2 The purchascr may require mechan-
ical tests on tension or impact specimens from
locations in the longitudinal bore core is spec-
ificd on the forging drawings furnished by the
purchaser. _

52.1.3 The acceptable level of mechanical
properties obtained from specimens from the
longitudinal bore core shall be as agreed upon
by manufacturer and purchaser.
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53. Stress-Rupture Properties

§3.1 The purchaser may require that stress-
rupture tests be made, by the manufacturer or
by himself, on radial specimens taken from
locations shown on the forging drawing,

S3.1.1 Stress-rupture tests shall be per-
formed in accordance with Recommended
Practice E 139,

$3.1.2 The size and shape of the test speci-
men and stress-rupture test requirements shall
be as mutually agreed.

S4. Special Requirements to Minimize Temper
Embrittlement

$4.1 Forgings to Classes 5, 6, and 7 for
special application may be specified with re-
stricted chemical composition and the addi-
tional notch toughness requirements noted be-
low. '

S4.1.1 Heat Analysis:

Element Composition, %
Carbon 0.28 max
Manganese 0.40 max
Phospherus 0.012 max
Sulfur 0.015 max
Silicon 0.10 max
Nickel 3.25-4.00
Chromium 1.25-2.00
Molybdenum 0.25-0.45
Yapadium 0.05-0.15
Anlitnony 4
Tia 4

4 To be reported for information.

54.1.2 A sufficient number of impact test
specimens to determine the FATTso in the step-
cooled condition shall be taken from locations
specified in 6.2.2. Specimens, before testing,
shall be step-cooled as follows:

LI0Q®F (594°C), hold 1 h, furnace cool to

1000°F (538°QC), hold 15 h, furnace cool to

975°F (524°C), hold 24 h, furnace cool to ~
925°F (496°C), hold 48 h, furnace cool to
875°F (468°C), hold 72 h, furnace cool to

G00°F (316°C), or lower, air cool to room
temperature.

S5. Alternative Heat Treatment Sequence

$5.1 A second tempering operation shall be
performed after the tempering operation de-
scribed in 4.5.2.3 but prior to the operations
described in 4.6.2 and in 4.6.3. This second
temper will be in place of the stress relief
specified in 4.5.2.4 and 4.5.2.5; however, the
temperatures applied to the second temper will
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meet the temperature limits in 4.5.2.4.

$5.2 The required tests for mechanical prop-
erties shall be made after the second tempering
operation. Mechanical properties tests after the
first temper are optional with the manufacturer.

56. Vertical Heat Treatment

56.1 Heat treatment for mechanical proper-
ties shall be performed with the forging in the
vertical position.

§7. Vacuum Carbon Deoxidation of Class 8
Material

§7.1 Class § material shall be vacuum car-
bon deoxidized during processing, in which
case silicon shall be 0.10 % maximum.

S8. Secondary Melting

58.1 Steel to this specification shall be pro-
duced by a secondary consumable electrode
remelting process such as electrosiag remelting
or vacuum-arc remelting, provided the material
remelted is made by the basic electric-furnace
process and receives vacuum treatment €quiv-
alent to that prescribed in 4.2 during subse-
quent processing.

$8.2 Material for consumable electrode-
electroslag remelting shall be vacuum-treated
prior to remelting, Material for consumable
clectrode vacuum-arc remelting may be vac-
uum-treated prior to remelting or air-poured
and vacuum-treated during remeliing, at the
option of the producer.

$8.2.1 The level of objectionable dissolved
gases, particularly hydrogen, in the remelted
material shall be comparable to the levels
achieved in vacuum {reated steels of the same
class. This should preferably be attained by
appropriate controls during remelting and in-
got solidification. Alternatively, this may be
accomplished by subsequent thermal treat-
ments to reduce the gas content to the desired
level by diffusion.

$8.3 The heat analysis of a consumable elec-
trode remelted ingot shall comply with the heat
analysis requirements of the class of material
specified.

$8.3.1 When the ingot is produced by re-
melting electrodes from a common master heat,
the heat analysis shall be determined by taking
the average of analyses from the zone corre-
sponding to the second and next to last elec-
trodes remelted respectively.
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$8.3.2 When the electrodes from different
master heats are remelted sequentially to pro-
duce the iogot, an analysis shall be made in
each zone of the remelted ingot corresponding
to each electrode from each master heat repre-
sented. Each such analysis shall comply with

A 470

the heat analysis requirements of the material
class specified, The zone analysis of the portion
of the remelt ingot used in a forging shall be
reported, and their average shall be the heat
analysis of the forging.

TABLE I Chemical Requirements

Composition, %
E Classes 3 Classes 5, &, ’
Classl Class 2 2ad 4 aad 7 Class B . Class 9
Carbon 0.45 max D.2Smax 0.28 max 0.28 max 0.25-0.35 0.30 max
Mangancse 0.90 max 0.20-0.60 0.20-0.60 0.20-0.60 1.00 max 0,70 max
Phosphorus, max 0.025 0015 0.015 0.015 0.015 0.025
Sulfur, max 0.025 0013 0.018 0.018 0.018 0.025
Silicon* 0,15.0.35 0.15-0.30 $.15-0.20 0.15-0.30 0.15-0.35 0.15-0.35
Nickel . 2.50 min 2.50 min 3.25-4.00 0.75 max 2.00 min
Chromium Q.75 max 0.75 max 1.25-2.00 090-1.50 0.75 max
Molybdeanm® 0.25 min 0.25 min 0.25-0.60 100-1.50 .25 min
Vanadjum® 0.03 min® 0.03 min 0.03 min 0.05-0.15 0,20-0.30 0.03-0.12
Aantimony e o o o 2 s

4 Opticnak Classes 2 W0 7, incl, and 9 may be vacuum-carbon deoxidized, silicon 0.10 max. For Class 8 see Supplementary

Reguircmcm ST
Supplementary Requirement, see SL.L,
€ Vanadium addilion optional for Class 1.

8To be reported for information oaly on Classes 2 through 9, incl.,
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TABLE 2 Permissible Variations in Product Analysis

Note-—Product cross-sectional area is defined as either:

(@) maximum cross-sectional area of rough machined forging
{excluding boring), : Area taken at right angles to the axis of the

(b) maximum cross-sectionalarea of the unmachined lorging, or { onginalingot or billet
{¢) maximum cross-sectional area of the billet, bloom, or slab.

Permissible Yarialion Over the Specified Maximum Limit or Under the
$pecified Minimum Limit, %

Unit or Maximum Specified Over 100 Over 200 Overd00  Over 300
Element Range,% | Uploand 1 300in? 10400int 1o 800int to t600ins OV 1600
e (64510 (12900  (2530t0  (S01to a 0320

645 oy 1290 em?), 2580 cm®), 5160cm?), 10 320 J

{ incl inc! ingl cm?), incl car’)
Carbon up o and including 0.25 0.01 003 0.03 054 0.05 0.03
0.26 and over 0.0 0.04 0.04 0.03 0.06 0.06
Manganese up to and including 0.50 0.03 . 0,04 0.05 0.06 0.07 0.08
(.91 and over (.06 0.05 0.07 0.08 0.08 0.09

Phosphorus ves 0.008 0.008 0.010 0.0(0 Q.05 0.015

Sutfur . . 0.0035 0.005 0.005 0.605 0.006 0.006
Silicon .a- 0.02 0.0 0.04 0.04 0.05 0.06
Mickel up to and including 1.00 0.03 0.03 0.03 0.03 0.03 0.03
2.01 and over 0.07 Q.07 0.07 0.07 0.07 0.07
Chromium up to and including 0.50 0.03 0.04 0.04 0.05 0.05 0.06
0.91 and over 0.05 0.06 0.06 0.07 0.07 0.08

Molybdenum up to and including 0.40 0.02 0.03 0.03 0.03 .04 0.04
0.41 1o L.15, incl 0.03 0.04 0.05 0.06 .07 0.08
) 1.16 and over 0.05 0.06 0.08 - Q.10 0.12 Q.12
Vanadium up te and including 0.10 0.0l 0.0t 0.01 - 0.0t Q.01 0.01
0.11 to 0.25, inct 0.02 0.02 0.062 0.02 0.02 0.02
(.26 and over 6.03 Q.03 0.03 0.03 0.03 0.03

The American Saciety for Testing and Materials takes no position respeciing the validity of any patent rights asserted in
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity

of any such patent rights, and the risk of infringement of such rights, ore entirely their own responsibility.

Thiy standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years
and if net revised, ¢ither reapproved or withdrawn. Your comiments are invited either for revision of this standard or jor additional
standards and should be addressed to ASTM Headquarters. Your commenis will receive careful consideration at a meeting of the
responsible technical commitize, which you may attend. If you feel that your comrmenis have not received a fair hearing you should
make your views knowr te the ASTM Commitiee on Standards, [916 Race St., Philadelphia, Pa. 19103,
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