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MIL-S-23009C(SH)
10 December 1987

SUPERSEDING
MIL-S-23009B(SH)
10 April 1981
(See 6.7)

STEEL FORGINGS, ALLOY, HIGH YIELD STRENGTH
(HY-80 AND HY-100)

This specification is approved for use within the Naval Sea Systems
Command, Department of the Navy, and is available for use by all
Departments and Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers grade HY-80 and grade HY-100 alloy
steel forgings intended for critical structural applications where a weldable,
high-strength, high-toughness material is required.
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2. APPLICABLE DOCUMENTS

2.1.1 Specifications and standards. The following specifications and
standards form & part of this speczficatxcn to the extent specified herein
Unless otherwise specified, the issues of these documents shall be those listed
in the issue of the Department of Defense Index of Specifications and Standards

n -
(DoDISS) and supplement thereto, cited in the solicitation.

Beneficial comments (recommendations, additions, deletions) and any pertinent
data which may be of use in improving this document should be addressed to:
Commander, Naval Sea Systems Command, SEA 55Z3, Department of the Navy,
Vashington DC 20362 5101 by using the seif addressed Standardization Document
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AMSC N/A AREA FORG
DISTRIBUTION STATEMENT A Approved for public release; distribution unlimited
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SPECIFICATIONS

FEDERAL
QQ-s-781 - Strapping, Steel, and Seals.
PPP-B-621 - Boxes, Wood, Nailed and Lock-Corner.

MILITARY
MIL-C-3774 - Crates, Wood; Open 12,000- and 16,000-Pound

Capac1ty.

MIL-H-6875 - Heat Treatment of Steel, Process for.
MIL-C-16173 - Corrosive Preventive Compound, Solvent Cut Back,

Cold Application.
Crates, Wood, OUpen and Covered.

MIL-C-52950

STANDARDS
MILITARY
MIL-STD-271 - Requirements for Nondestructive Testing Methods.
MIL-STD-1684 - Control of Heat Treatment.
MIL-STD-2149 - Standard Procedures for Explosion Testing Ferrous
and Non-Ferrous Metaliic fiateriais and Weidments.
(Conie

LR e e 2 (000 0 TN Ay e - 21 LoOalles

pies of specifications and standards required by contractors in connec-
tion with specific acquisition functions should be obtained from the contracting
activity or as directed by the contracting activity.)
{
.2 Other publications. The following documents form a part of this
spec1t1cat10n to the extent specified herein. Unless otherwise specified, the

...... ~f el A~ NP NAN aAdA ad ~chall hha +han
Lbauca Vi Lviile uubulllcllbn wll].\—ll GLC IV ﬂuuybcu ﬂllﬂll v ST 1V
n s

lssug of the DoDISS specified in the solicitation. ]

nongovernment documents which is current on the date of the solicitation.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
A 370 - Standar
A 700 - Standa ices for Packaging, Marking, and Loading
Methods for Steel Products for Domestic Shipment.
(DoD adopted)
A 788 - Standard Specification for Steel Forgings, General
Requirements. (DoD adopted)

E 23 - Standard Methods for Notched Bar Impact Testing of
Meatal1l1in Matawdala fMAN Aadacsad)
ficvalilie laveilialid. LVVUY auvupieuy

E 604 - Standard Test Metheods for Dynamic Tear Testing of
Metallic Materials {DoD adopted)

(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)
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NATIONAL MOTOR FREIGHT TRAFFIC ASSOCIATION, INC., AGENT
National Motor Freight Classification

(Application for copies should be addressed to the National Motor Freight

Traffic Association, Inc., ATA TRAFFIC Dept., 2200 Mill Road, Alexandria, VA
22314.)

UNIFORM CLASSIFICATION COMMITTEE AGENT
Uniform Freight Classification Ratings, Rules and Regulations

(Application for copies should be addressed to the Uniform Classification
Committee Agent, Tariff Publication Officer, Room 1106, 222 South Riverside
Plaza, Chicago, IL 60606.)

(Nongovernment standards and other publications are normally available
from the organizations which prepare or which distribute the documents. These

documents also may be available in or through libraries or other informational
services.)

2.3 Order of precedence. In the event of a conflict between the text of
this specification and the references cited herein (except for associated
detail specifications, specification sheets or MS standards), the text of this
specification shall take precedence. Nothing in this specification, however,
shall supersede applicable laws and regulations unless a specific exemption
has been obtained.

3. REQUIREMENTS

3.1 First article. When specified in the contract or purchase order,
and prior to beginning production, a sample shall be subjected to first
article inspection (see 4.3 and 6.3).

3.2 Material. Forgings shall be made from ingots or forging stock which
have been made by the same processes used for production of first article
specimens. The forgings shall be produced from steel made by the electric
furnace process. The steel shall be fully killed and produced to a fine grain
practice. Melting practice may include argon-oxygen decarburization (AOD),
other refining processes, or remelting by the vacuum arc (VAR) or electroslag
remelt (ESR) processes. For other than VAR or ESR, the molten steel may be
vacuum degassed prior to or during pouring.

3.2.1 Recovered materials. All material incorporated in the steel
forgings covered by this specification shall be new and produced from recovered
materials to the maximum extent practicable without jeopardizing the intended
use. The term "recovered materials' means suitable carbon and low alloy steel
scrap which is used as a raw material, in lieu of virgin raw material.

3.2.2 Discard. Sufficient discard shall be taken from each ingot to
ensure freedom from piping and prevent undue segregation.

3.3 TForging process. The forging process shall be as specified in 3.3.1
and 3.3.2.
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3.3.1 Forging ratios. The original cross-sectional area of the ingot
shall be at least three times the cross-seactional area of the main body of the
fAareine Palms flances. and other enlarcements on foreines need not be
forging. Palms, flanges, and other enlar gemen on forgings need not b
reduced to the ratio of 3 to 1, but shall be reduced in a ratio of not less

than 1.7 to 1. If bored ingots are used, the wall of the ingot shall be
reduced in a ratio of not less than 2 to 1. Where an upsetting operation is
employed or the forging is expanded on a mandrel, the metal shall be worked to
an extent not less than that indicated above, but there is no fixed ratio
between the cross-sectional area of the ingot and that of the forging.

f foreines Where th

3.3. Bering © gings. Where the forgings are to be bored, the
centerline of the ingot shall be in the discarded metal removed from the bore

3.4 Chemical composition. The chemical composition shall conform to
table I.

TABLE I. Chemical composition.®
2 s
Percent
Element HY-80 HY-100

Carbon 0.12 to 0.18 0.12 to 0.20
Manganese .10 to .40 .10 to .40
Phosphorus .015 .015
Sulfur .008 .008
Silicon? .15 to .35 .15 to .35
Nickel 2.50 to 3.25 2.75 to 3.50
Chromium 1.35 to 1.80 1.35 to 1.80
Molybdenum 0.30 to 0.60 | 6.30 to G.60
Residual elements®

Vanadium .03 .03
Titanium .02 .02
Copper .25 .25
Trace elements"®

Arsenic .025 .025
Tin .G30 .G30
Antimony .025 .028

For definition of lot for heat analysis, see 4.4.1.1.

Maximum unless a range is shown.

When vacuum carbon deoxidation is used, the minimum
~silicon content may be reduce to 0.08 percent by weight.

'3
|

P e . _ter 1 I‘__A V-, TR Y m—amm A b A Vaea 2o
Unless otherwise Specirieqa (See v0..<.1), pProOducCtL anaiysis
tolerances shall conform to the product analysis tolerances
specified in ASTM A 788
NI o nor 1nmKa rnia ~rnno Aalal d
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3.5 Mechanical properties. After al
relief, the material shall meet the requir
III.

3.5.1 Explosion bulge. For first article testing only, two crack starter
and four explosion bulge specimens shall be subjected to explosion bulge
testing (see 4.5.7). Performance is considered satisfactory, provided the
following conditions are met:

{a) Crack starter.

First shot:
Crack starter bead must crack.
Percent reduction in thickness obtained for information
only.
No piece shall be thrown out of material bei
No through-thickness cracks shall be present.
No cracks shall extend into hold-down area.’

Second shot:
Percent reduction in thickness obtained for information

only.
No piece shall be thrown out of material being tested.
Through-thickness cracks are acceptable.
No cracks shall extend into hold-down area.®

(b} Bulge.

First shot:

Percent reduction in thickness obtained for information
w 1er
I

o0
(=]
[ ]

4 .
No piece shall be thrown out of material being tested.
No through-thickness cracks shall be present

No cracks shall extend into hold-down area.'

Second shot:

Percent reduction in thickness obtained for information;
three percent reduction per shot is expected.
No piece shall

be thrown out of material being tested.
No through-thickness cracks shall be present
No cracks shall extend into hold-down area.

w
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(c) Additional shots. Shots shall continue until a minimum reduction
in thickness of 16 percent for HY-80 or 14 percent for HY-100
is obtained on one or both sides. The performance is considered

satisfactory provided the following conditions are met:

No piece shall be thrown out of material being tested.
Through-thickness cracks are acceptable.

No cracks shall extend into the hold-down area.
Shots shall be discontinued when cracks go into the hold-
down rea, a threLg -hlgkgess crack occurs, or if the

! The bulge area is defined as that plate over the
diehole (9-inch radius) (229 millimeter (mm) radius)
plus the rounded outside corners {3-
radius) pxua 1/2 inch (13 mm) for to
of 25 inches (635 mm). The hold-
the area outside of this circle.

inch
ntal
Vbul

-down area is defined as

TABLE II. Tensile properties.

HY-80 HY-100
Tensile strength Information only Information only
Yield strength at 0.2 percent 80,000 to 595,500 100,000 to 115,000
offset, lb/in? (MPa) (552 to 686) (690 to 793)
Minimum elongation in 2
inches, percent
Longitudinal 20.0 18.0
Transverse 18.0 16.0
Minimum reduction in area, percent
Longitudinal 55.0 50.0
Transverse 50.0 45.0

&
L]
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3.6 Heat treatment. The contractor shall determine the detailed
procedure that will produce castings that will meet the mechanical
requirements specified herein, with the following restrictions:

-
ot oot Q. ::’l

(a) e fo rgings sh 11 be quenche

HY-100. After tenpering, the forgings shall be removed from
the furnace and rapidly cooled by water or forced air.
(b) When necessary for distortion control, grade HY-80 castings may

be stress relieved after tmal teﬂperlng The stress relief
A _ea__ _1L_.11 L. 44ar 4 arOr szAv 4 120N Ca o . 12_x
Lemperacure s5idill pPe 1140 X Lo r (DU/ X 14 \l)' Dl-reah 1eliiel
nf orada HV.I1NN i nat navmittad imnlace annrau l‘ hv fhn Nawval
CI gragde ni-.iUV 1s NCT permittield uniess appioy iNaveaa
Sea Systems Command (NAVSEA) on a case basis.

(c) 1If the forgings are stress relieved after final tempering, the
stress relief temperature shall not exceed the tempering
temperature and shall be not less than 1100°F (593°C) for grade
HY-80 and not less tham 1050°F (566°C) for grade HY-100.

{(d) A compiete record of the heat treatment given each forging,
demrtlinddemn mbwmane —=nll .l =ahall ha P pupye . | MNMelace
ES YL uLlls DLITODD Lcn;c;, Silaixiil ve j.ul.n.anu. VILALGCOD
otherwise gpecified in the contract or order ecord of the

wise c o , ar
final heat treatment shall be prepared (see 6.2.2). The final
heat treatment record shall include the time and temperature

+ for the final tempering cycle and for the stress relief cycle,
if any, and the cocling method used.

o 1 [P I UppE R S ~t 2. -~ PR J abnd mbenmne eanlif o memea
~<.0.4 QAU ILaLTEU DLITDD ciliCT WHTIL a D4 GlLtU JDLITOD 1TliTi 13 dpTLa
fied in the contract or order (see -._.1), a2 test block as sp-cified in 4.3.1.2

tempering temperature of the material (see 3.6), and shall be tested for
mechanical and impact properties in accordance with 4.4, and shall meet the
requirements specified in 3.6. The fabricator (contracting activity) shall

specify the stress relief thermai cycles (inciuding cooling rates) to the
contractor. Stress relief shall be specified only whenm mecessary toc =sset
machining tolerances.

3.6.1.1 Verification of properties. When specified (see 6.2.1), a
representative sample as specified in 3.5.1 shall be forwarded with the

material to verify properties after the proposed stress relief as specified in
the appliicabie fabrication document.

3.6.2 Prolongations or test bhlocks. When integral prolongations or

forged test blocks are specified for possible stress relief operations by the
contracting activity (see 6.2.1), they shall be heat treated with the actual
forgings and shall represent the maximum cross section of the thickest heat-
treated component section.

PR

3.7 Hea eatment equipment and controls. Continucus o automatic
hogtatrantine aminmant mav ha amnlAvad nrn\y«lﬂnﬂ encrh matarial ne neac
Fee =1+ 4§ iCaLw Llls c\iu Lylllvllb Iﬂ“, L4 ‘-Illy Lv: N » y FS A oF WANAR IS WA AW A PL a1 1 A1)
heat-treated forgings to meet the requirements of this specification. The



Downloaded from http://www.everyspec.com

MIL-S-23009C(SH)

furnaces and temperature recording equipwent shall bs provem to correlate with
the actual temperature of the forgings and shall be maintained and calibrated
on 8 regular basis in accordance with MIL-H-6875 or MIL-STD-1684. The

temperature of the forgings shall be recorded during the heating and stress
relieving cycles of the heat treatment. After the forgings reach the selected
temperature control setting, furnaces for the heat treatment of grades HY-80
and HY-100 forgings shall maintain the temperature of the forgings at any point
in the working zone within plus or minus 25°F (14°C).

3.8 ?ergggg sketches. Unless otherwise specified in the contract or
order, a forg sketch shall be prepared (see 6.2.2).

3.8.1 Location of specimens. Location of specimens for mechanical
properties as shown on figures 1, 2, and 3 are to be considered when preparing
the forging sketch for symmetrical forgings.

2.9 Dimensions and le

- e A amm a Smaaua wewS a2

erances. Each fnroip.g shall conform to the
dimensions and tolerances specified on the applicable drawing, contract, or
order (see 6.2.1). Heat treated forgings shall be furnished that camn be
machined to the finished dimensions within the tolerance given without further
straightening. Layout points, when required, shall be shown as such on the

appiicable drawings, and shall be incorporated in the forgings.

3.10 Soundness. Forgings and forging test hlocks shall be of nniform

a2 Vi paiigs 2o ===t 2I0S =222 L LIP R Re) s

quality and condition, and shall be free of defects harmful to their intended
use, as determined by visual examination and the applicable nondestructive

3.10.1 Surface soundness. Forgings shall be subjected to a magnetic
particle test in accordance with 4.5.6. Indications of linear discomtinuities
1/8 inch or longer shall be investigated to ensure there are not cracks or
other injurious defects. Defects discovered by this test shall be removed in
accordance with the requirements of 3.10.1.1 or 3.10.1.2.

3.10.1.1 Repair of surface defects. Defects may be removed by chipping,
P ¥ TN P | Nprpy ol anl mascme 2dnd tha coldébh ~Af tha smeunnlead acaa
Si iQuing, VI vruci meCn dCU1 BCaIld PLUVJ.\IW buc wWiGuid O I-l.lc iNnVOoiVeG area J.b
three times its depth and gradually tapers into the defects, and the design
dimensions are not violated. Heat shall not be applied to remove defects after

heat treatment or stress relief.

3.10.1.2 Repair of surface defects by welding. Weld repair shall not be
used unless specifically approved on a case basis by the Command or agency con-

o -

A
Lelucu.

3.10.2 Internal soundmess. Unless otherwise specified (see 6.2.1), each

forging shall be ultrasonically tested in accordance with 4.5.5 and shall meet
the acceptance criteria specified in 3.10.2.1.

3.10.2.1 Ultrasonic soundness acceptance criteria. Amy discontinuity
whose reflection exceeds the calibration standard set forth in MIL-STD-271, or

causes complete loss of back reflection between parallel surfaces, shall be
cause for rejection of the forging. For applications requiring other accept-
ance criteria, the criteria shall be as specified (see 6.2.1).

D
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fication

3.11 Identifi arking. Forgings 1nc1ud1n2 prolongations or forging
test blocks shall be identified with the contractor's name or trademark and a
serial number which will positively identify the forging part number, melt from
which they were poured, and the lot with which they were heat treated. Markings
shall be placed in a location such that they will not be machined off in

finishing, and in an area that is stressed least in service.

4.1 Responsibility for inspection. Unless otherwise specified in the
contract or purchase order, the contractor is responsible for the performance
of all inspection requirements as specified herein. Except as otherwise speci-
fied in the contract or purchase order, the contractor may use his own or any

other facilities suitable for the performance of the inspection requirements
specified herein, uniess disapproved by the Government. The Government reserves
the right to perform any of the inspections set forth in the specification
where such inspections are deemed necessary to assure supplies and services
conform to prescribed requirements.

4.1.1 Responsibility for compliance. All items must meet all requirements
of sections 3 and S The 1nspectxon set forth in thls specificat1on shall

"t
G e

[

eli
sSupp
of the contract. Sampling in quality conformance does not authorize submission of
known defective material, cither indicated or actual, nor does it commit the

Government to acceptance of defective material.

4.1.2 Certification of guality conformance. Unless ctherwise specified
in the contract or order, a certificate of quality conformance shall be
prepared for each lot of material offered for acceptance (see 6.2.2).

4.2 Classification of inspections. The inspection requirements specified
herein are classified as follows:

N’ N

Y
J -
e

7~
om

............ e &4
4.3 First article inspection. First article inspection shall consist of
testing the samples specified in 4.3.1 in accordance with the procedures
specified in 4.5. First article inspection is required for forgxng sources
me1t1ng thelr own torglng stock or uslng stock from an unapprovea s

nnd
Chu

A~y

+* ad
=3 A=
han aua
s qua

4.3.1 First article samples. First article samples shall consist of
material from one heat sufficient to obtain measurements of the mechanical

properties of the material and its weldment. In addition, weldments shall be

subjected to the explosion bulge test as specified in MIL-STD-21i45. The iest

shall be conducted under Government direction to evaluate weldment performance
: ceharly amnliratiAane

41l DIIULN GPPL.L\'BI-LVIIO .

10
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4.3.1.1 Forgings. First article samples shall be forgings representative
of the largest size to be forged at the facility and from one lot (see 4.4.1).
A minimum of two forgings of sufficient thickness and complexity to demon-
strate the capability to provide homogeneous forgings with uniform chemistry
and mechanical properties throughout the forging section shall be produced

for first article inspection. Unless otherwise specified (see 6.2.1), HY-80
and HY-100 shall be tested separately.

4.3.1.2 Test prolongations. Prolongations sufficient to meet the testing
requirements of this specification shall be provided. Prolongations shall be
part of the forgings until after heat treatmenmt.

4.3.1.2.1 Prolongation size. The size of the prolongation shall be
equivalent to the largest cross section of the forging.

4.3.1.3 Explosion bulge test specimens. Twelve unwelded plate forgings
2 by 16 by 55 inches (51 by 406 by 1397 mm) shall be provided for explosion
bulge testing as specified in MIL-STD-2149.

4.3.1.4 Test specimen location. Test specimens for first article inspec-
tion shall be taken from the prolongations and from the prototype forgings.
Samples shall be taken from the prototype forgings at the center and from the
opposite extremes (the locations between which the longest straight line can be
drawn). Samples from prolongations shall be taken as specified in 4.4.3.1.
All test specimens shall be taken at a depth of T/2 inches from the heat-treated
surface for T up to 4 inches and T/4 or 2 inches, whichever is greater, for T
greater than & inches and less than or equal to 12 inches where T is defined as
the as-quenched thickness (minimum dimension) of the heaviest cross section of
the forging. For T greater than 12 inches, test specimen location shall be as
approved. "T" is defined as the as-quenched thickness (minimum dimension) of
the heaviest cross section of the forging.

4.3.1.4.1 Charpy V-notch. A set of three Charpy impact specimens shall
be tested from each of the four test locations specified in 4.3.1.4 for a total
of 12 specimens at each temperature. These specimens shall be tested at 0°F
(minus 18°C) and minus 120°F (minus 84°C).

4.3.1.4.2 Chemical analysis. Chemical analysis shall be determined at

each of the locations specified in 4.3.1.4 and from a suitably prepared heat
analysis sample.

4.3.1.4.3 Tensile test. A tensile test specimen shall be taken at the
locations as specified in 4.3.1.4.

4.3.1.4.4 Dynamic tear. Sets of two transverse dynamic tear test specimens
shall be taken from the center of the forging and the prolongations. These
specimens shall be tested at minus 40°F (minus 40°C).

4.3.1.4.5 Charpy impact transition curves. Charpy V-notch transition
curves (longitudinal and transverse), with a minimum of five temperatures from
minus 120°F (minus 84°C) to room temperature, shall be obtained. A minimum of

five specimens for each temperature is required, and all individual values
shall be reported.

11
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4.3.2 First article inspection report. When specified in the contract
1

or order, a first article inspection report shall be prepared (see 6.2.2).

4L 4 Qualitv confo nce inspe

(ual n .
shall be as specified in 4.4.1 through &

4.4.1 Lot size. The lot size shall be as specified in 4.4.1.1 through
4.4.1.3.

ute 5 lot. TFor reselt
r t (ESR) materials, a lot for he si
one renelted ingot of each melt. In the case
(AOD), each charged AOD vessel is considered a lot for heat ana1y51s.

o~
&

4.4.1.2 Lot size for mechanical tests. The lot size for mechanical
tests shall be as follows:

{a) Forgings with an as-heat treated yeight of less than 1,000
pounds (454 kilograms (kg)). All forgings of one design, pro-

duced from the same heat or melt, and heat treated in the same
furnace charges shall constitute a lot.

(b) Forgings with an as-heat treated weight of 1,000 pounds (454 kg)
or more. Each forging shall constitute a lot.

4.4.2 Sampling for chemical analysis. The test sample shall be taken
during the pouring of the heat at a time which best represents the composition
of the cast. In case the heat analysis samples are lost or inadequate, or when

it is evident that the sampie does mot truly repressnt the heat, represemtative
Sa.--nylas may be taken fr% the '\Fl\l‘“"" me nnn]uc1c &l‘ll" n\enf f-'he ﬁpnl“ ‘Fled
limits for heat analysis. Pgoduct analvsxs 11-1ts shall only apply when the

analysis is performed by the contracting activity and shall not be used as a
substitute for the heat analysis.

4.4.3 Sampling for mechanical properties. Sampling for mechanical
properties shail be as foliows:

(a) From eggh lot as specified in 4.4.1.2(a); two of the forgings

shall be tested for mechanical properties.

(b) From each lot as specified in 4.4.1.2(b), each forging shall be
tested for mechanical properties.
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each forging tested. Forg1ngs with a length excluding test metal of 80 inches
(2032 mm) or less shall have the tensile and impact tests removed from one end
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of the forging. When the length of the forging, excluding test metal, exceeds
80 inches (2032 mm), the testing as designated for forgings less than 80 inches
(2032 mm) in length shall be carried out at each end of the forging.

4.4.3.2 Location of mechanical test specimens. Integral prolongations
of full section thickness shall be provided whenever feasible. If integral

prolongations are not feasible, then a production forging or a forged block of
representative section size, made from the same heat and subjected to the same
type and degree of hot working as the forging it represents, may be used for
test material. When prolongations are used but it is impractical to provide

A
enough material to meet the required distance between test material and quenched
surfaces, then metal buffers may be used to meet the distance requirement for
quenching. The buffer material may be any weldable carbon or low-alloy steel
and shall be joined to the forging with a partial-penetration weld that completely
seals the buffered surface.
4.3

(a) For as-quenched section sizes up to 4 inches (102 mm) in thick-
ness, the midpoint of tensile specimens shall be located at mid-
thickness (172 T). "T" is defined as the as-quenched thick-

ness \mlnlmum dimension) of the heaviest cross section of the

”~~
lepy
e
'r]

zes over 4 inches (102 mm) in thick-
oint of tensile specimens shall be located at T/4
inches (51 mm) below the surface, whichever is greater.

For ring or hollow cylindrical forgings, this distance shall be
measured from the inside diameter (id) surface.

Distance © n specime

. Not app b ring o

4.4.3.2.1)). The midpoint of the specimens shall be loc d at W/4 minimum
distance from the second nearest heat-treated surface. "W'" is defined as the

as-quenched width (second smallest dimension) of the heaviest cross section of
the forging.
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4£.4.3.2.3 Distance of tensile specimen from the end of the forging. The
midpoint of the tensile specimen shall be located a minimum of A, D/4, or T/2
from the end of the forging, as shown on figures 1, 2, or 3

4.4.3.2.4 Distance of impact specimen from heat-treated surface. Impact
specimens shall be taken at a depth of T/2 from the heat-treated surface for T
up to 4 inches where T is defined as the as-quenche

AL 2\ AL sl hnased A ~E -
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4
....... 1d less than qual to 12 inches, impac
such that one of the longitudinal sides of the specimen shall be no
the heat-treated surface than T/4 or 2 inches, whichever is greater. For T

greater than 12 inches, the distance of impact specimens from the heat-treated

surface shall be as approved.
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L e VAN a iing IO dnilical properiies roilowinyg simulditea sitress
relief. When specified (see 6.2.1), sample material (see 4.4.3) shall be
subjected to simulated stress relief operations after quenching and tempering,
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but prior to testing for conformance to the mechanical property requirements
specified in 3.5. The sample material shall not be removed from the material
prior to quenching and tempering. The total time at temperature and cooling
rat

for the 51mulated stress relief operations shall be as specified (see
6.2.1). The cooling rate, and the maximum and minimum time at temperature used
on the sample material shall be incorporated in the test certification along
with the destructive and nondestructive test results.

4.4.3.2.6 Multiple forgings. When forgings arc made snd heat treated in
multiples, such as when two or more individual pieces are machined from a
single heat-treated forging, specimens representing the composite forging
shall be r q uired. The composite forglng s weight and size shall govern the

4.4.3.3 Orientation of longitudinal tensile specimens. Unless otherwise
shown on the forging sketch (see 3.8), the major axis of the longitudinal
tensile specimen shall be oriented as follows:

(a) In a tangential direction for upset disc, hollow (pierced and
expanded) cylindrical and ring forgings; that is, perpendicular
to both radius and central axis of the forging. If the wall
thickness or radius of the hollow cylindrical forging is too

mall to permit tangential orientation of the longitudinal

spec**en axis, the axis of the specimens may be aligned per-
nendicular to the radius of and parallel to the central axis of
.the cylindrical forging.

(b) Paraliel to the central axis of the cylindrical forging
extruded or drawn hollow cylinders, and for extruded or drawn
solid cyclinders subsequently bored out where the prlncxpal

direction of metal working during forging is paralliel to the
£
i

central axis of the C'yliﬁdrlcal fGI’g;u5.
(c) Parallel to the principal direction in which forged metal was
worked for all other forging configurations as shown on the

forging sketch.

4.4.3.3.1 Orientation of transverse tensile specimens. Unless otherwise
shown on the forging sketch, the major axis of the transverse specimen shall
- Ll laavem o

PRIPURE S ad o
ue Ullﬂllteu ad 1V114UwWo.

(a) Perpendicular to the radius of and parallel to the central axis
of the forging for upset disc, hollow (pierced and expanded)
cylindrical and ring forgings. No transverse specimen is
required when longitudinal specimen is oriented in longitudinal

direction as specified in 4.4.3.3(a).

{b) Perpendicular to both the radius and central axis of the forging
for extruded or drawn cylinders (hollow or solid); that is,  in
the tangential direction. When the wall thickness or radius

of the hollow cylindrical forging is too small to permit the

tangentially oriented specimen, no transverse specimen is
required.

(¢) Perpendicular to the principal direction in which the
metal was worked for ail other forging types or configurations
- adt l-.
A - &%
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4.4.3.3.2 Orientation of impact specimens. Orientation of impact specimens
shall be as follows:

(a) Impact specxmens shall be transverse to the principal axis or
length of the forging with the notch perpendicular to the
nearest forged surface.

(b) When longitudinal impact specimens are provided, the specimen's
longitudinal axis shall be parallel to the principal axis of
length of the forged section. The axis of the notch shall be
perpendicular to the longitudinal axis and perpendicular to
the nearest quenched and tempered surface.

(¢). When impact specimens as defined in 4.4.3.3.2(a) and (b) above
cannot be obtained, longxtudlnal impact spec1mens shall be
provided. The specimen's longitudinal axis shall be located
at the center of the cross section.

4.4.4 Sampling for forging soundness (internal). Unless otherwise
specified (see 6.2.1), each forging shall be ultrasonically tested at the
latest point in processing which will produce a meaningful test in determining
conformance to the soundness requirements specified in 3.10. Scanning shall be
such that 100 percent of the forging's cross section is probed from three
principal directions; for example, from the end, side, and top for rectangular

forgings, from the end and 180 degrees of the circumference of solid rounds,
and from the end and 360 r\nornnc of the circumference of bored rounds. For

TS il LTl

long or rectangular parts, inspection shall be at least equal to part thickness
calibration.

4.4.5 Sampling for forging soundness (external). Each forging shall be
subject to magnetic particle inspection. Each forging shall be in the finished
condition ready for shipment as specified (see 4.5.6).

4.4.6 Visual and dimensional examination. Each forging shall be examined
for conformance to the specified dimensions and soundness (see 3.9 through

4.5 Test procedures. Test procedures shall be as specified in 4.5.1
through 4.5.7.

4.5.1 Chemical composition. Each sample selected in accordance with
4.4.2 shall be analyzed in accordance with a standard ASTM method or a method
that will assure equally accurate results for conformance to 3.4, as applicable.
The methods shall be correlated with the National Bureau of Standards standard
reference materials, when available, to ensure the validity of the method that
is used as a control in chemical analysis, or for calibration in instrumental
methods of analysis. If any analysis fails to conform to 3.4, the lot repre-
sented by that analysis shall be rejected. When both a heat and product

analysis are determined, the product analysis shall be used to determine
acceptance or rejection.

4.5.2 Tensile tests. Tensile testing shall be in accordance with
ASTM A 370. The largest round standard tensile specimen of ASTM A 370 which
can be obtained from the test material shall be prepared and tested.

15
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4.5.3 Charpy impact test. The impact strength shall be determined in
accordance with ASTM E 23 using the trpe A, Charpy V-notch specimen and the

Charpy (simple beam type) apparatus in accordance with ASTM E 23. In addition,
the accuracy of the Charpy impact machine shall be verified in accordance with
the requirements for standard specimens of ASTM E 23.

4.5.4 Dynamic t Specimens taken from each 1
gy a

tear test
in accordance with ASTM E 604 to determine impact ene

fracture

t shall b

HG)

o e
and percent fibrous

4.5.5 VUltrasonic test. Ultrasonic testing shall be performed in accord-
ance with MIL-STD-271.

end only. hen magnetic part1cle testing is injurious to a machined surface,

dye penetrant testing in accordance with MIL-STD-271 is a satisfactory
substitute.

4.5.7 Explosion bulge tests. The explosion bulge tests shall be conducted
and <peg;mggs fabricated in accordance with MIL-STD-2149. Specimens are to
be tested with weld reinforcement in place. Tests shall be conducted at 0 %
3°F (mlnus 18 + 1.7°C)

I

4.6 Rcjection. Individual forgings not meeting the requirements of this
specification shall be cause for rejection. If & forging representative of
a lot fails to meet the chemical or mechanical property requirements, the lot
shall be subject to rejection. Retests shall be made in accordance with 4.7.

4.6.1 When a rejected lot consists of more than one piece, each remaining

picce in the lot may be retested for the noncontormlng characteristic and each
piece that conforms to requirements may be r
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4.7 Retests. When a test specimen representing a lot of material fails
to meet specification requirements, the lot is rejected. The lot may be
reworked or retested as provided. Rejected lots shall be identified and
separated from acceptable lots until the rejected lots are withdrawn or demon-
strated as meeting specification requirements.

Reheat tre

.7.1 atme
which fail to meet tensile or 1mpact requirements of thls spec1flcation
Inspection tests originally performed on the failed forgings, except chemical

.2 Tensile retest. If the results of an or
are witnlﬁ 1,000 1b/in? (6.9 MPa) of the required yie h
percent of the required elongation, or within 2 percent of the require
tion in area, a retest on a duplicate specimen (selected from the same

approximate location) will be permitted.
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4.7.2.1 Conditions for selection of another specimen. If the percentage
of elongation or reduction in area of any tensile specimen is less than that
specified in table II, and any part of the fracture is outside the gauge length
or within the gauge length, and less than 25 percent of the gauge length from

either datum point, another specimen from essentially the same location may be
selected in its place.

4.7.3 Charpy impact retest. In the event a Charpy specimen does not
meet individual value requirements, a retest of three specimens at the same
test temperature which failed shall be permitted on the same forging. If the
retest specimens do not meet requirements (average and individual value), the
lot represented by the specimens shall be rejected. As an option, each forging
in the rejected lot may be impact tested in accordance with 4.5.3. Each
forging that fails to meet the requirements of table III shall be rejected.

4.7.4 Defective specimen. If any test specimen reveals obvious defective
machining or obvious lack of continuity of metal, it may be discarded and
another selected.

4.8 Inspection of packaging. Sample packages and packs, and the inspection
of the preservation-packaging, packing and marking for shipment and storage
shall be in accordance with the requirements of section 5 and the documents
specified therein.

5. PACKAGING

(The packaging requirements specified herein apply only for direct
Government acquisition.)

5.1 Preservation-packaging. Preservation-packaging shall be level A, C,
or commercial, as specified (see 6.2.1).

5.1.1 Level A. Level A preservation-packaging shall be as specified in
5.1.1.1 and 5.1.1.2.

5.1.1.1 Preservative application. Unless otherwise specified (see
6.2.1), machined surfaces of forgings shall be protected with an application of
preservative conforming to grade 1 or grade 4 of MIL-C-16173.

5.1.1.2 Wrapping. Forgings weighing less than 50 pounds each, without
preservative application, shall be individually wrapped with 8 minimum of two
thicknesses of 40-pound basis weight kraft paper. For forgings with preserva-
tive application, two thicknesses of equal weight greaseproof paper shall be
used for wrapping.

5.1.2 Level C. Forgings shall be packaged to afford protection against
corrosion, deterioration, and physical damage during shipment from the supply
source to the first receiving activity for immediate use. A preservative
shall be applied to forgings with machined surfaces. The contractor's normal
retail or wholesale packaging methods may be utilized when these meet the
requirements of this level.
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5.1.3 Commercial. Commercial preservation-packaging shall be as
specified in ASTM A 700 or by the contracting activity (see 6.2.1).

5.2 Packing. Packing shall be level A, B, C, or commercial, as specified
(see 6.2.1).

G P -1 = as soacifisd in
5.2.1 Level A. Level A pdb&xug shall be as apcu;f;ud in S

5.2.1.1 Small forgings. Small forgings weighing less than 200 pounds
each shall be packed individually, or in multiple units with adequate blocking
or bracing in nailed wood boxes conforming to PPP-B-621, class 2, with box
closure and strapping in accordance with the appendix to the box specifica-

tion. Small forgings may also be bundied utlileng steel strapping conforming
to QQ-S-781, class 1, finish A. The gross weight shall not exceed 200 pounds
for boxes cor 250 pounds for bundles.

5.2.1.2 Large forgings. Forgings that exceed the boxed gross weight of
200 pounds, and have projections which may be damsged in handling or shipping,
shall be packed individually or in multiple units w1th adequate blocking and
bracing in an unsheathed crate conforming to HiL I 2350. Typ
g%
s

~J

e’
style, and crate selection sha oss
wc;&uu of the crates shall not

tr

exceed this weight . Steel s

L I == S

applicable crate specificatio

3
5
1
n

5.2.1.2.1 Unpacked forgings. Forgings weighing more than 200 p

00 p
each and not subjected to damage in shipment may be shipped unpacked.

to
w
)

5.2.1, except that wood boxe:

strapping is not required.

5.2.3 Level C. Forgings shall be packed in containers, or in a manner

tion in a satisfactory condition at the lowest applicable rate. Ccntaiﬁers,
packing, or method of shipment shall conform to Uniform Freight Classification
Ratings, Rules and Regulations or National Motor Freight Classification or
other carrier rules as applicable to the mode of transportation.

5.2.4 Commercial. Commercial packing shall be in accordance with
ASTM A 700, unless otherwise specified (see 6.2.1).

: T Al ~ pemer ormasmd 3 +
5.3 Marking. In addition to any special marking required (see 6.2.1),
shipments shall be marked in accordance with ASTM A 700.

6. NOTES

6.1 Intended use. Grade HY 80 and grade HY-100 alloy steel forgings are

tough, high-strength material is required. The use 6f this steel in fabricated
structure or equipment entails much more than a materisl specification and
caution is advised in the areas of welding, fabrication, and nondestructive
testing.

18
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6.2.1 Acquisition requirements. Acquisition documents should specify
the following:

(a) Title, number, and date of this specification.

(b) Grade required (see 1.2).

(c) If first article is required (see 3.1 and 4.3).

(d) If chemical product analysis tolerances are to be different

than those specified (see table I).

(e) If Charpy impact is required under 1/2 inch or if dynamic tear
test is required under 5/8 inch (see table III).

(f) When a simulated stress relief sample is required if required,

and the time at temperature (see 3.6.1 and 4.4.3.2.5).
(g) When a representative sample is required to be forwarded with
the material to verify properties (see 3.6.1.1).

(h) When integral prolongations or forged test blocks are required
for stress relief operations (see 3.6.2).

(i) Dimensions and tolerances (see 3.9).

(j) If each forging shall not be ultrasonically tested (see 3.10.2

and 4.4.4).

(k) If acceptance criteria is different than as specified (see
3.10.2.1)

(1) If HY-80 and HY-100 forgings are to be first article tested
together (see 4.3.1.1).

(m) T1f magnetic particle testing is other than as specified
(see & 5.6).

(n) Preservation, packing, and marking requirements other than
those specified (see 5.1, 5.1.1.1, 5.2, 5.2.4, and 5.3).

(o) Whether first article approval from previous revisions or
amendments is valid (see 6.3).

(p) When explosion bulge data is required (see 6.3.1).

6.2.2 Data requirements. When this specification is used in an acquisi-
tion and data are required to be delivered, the data requirements identified

aveas s LSS LB R U

below shall be developed as specified by an approved Data Item Description

(DD Form 1664) and delivered in accordance with the approved Contract Data
Requirements List (CDRL), incorporated into the contract. When the provisions
of DoD FAR Supplement, Part 27, Sub-Part 27.475-1 (DD Form 1423) are invoked

and the DD Form 1423 is not used, the data specified below shall be delivered
by the contractor in accordance with the contract or purchase order require-
ments Deliverable data required by this specification are cited in the
following paragraphs.
Paragraph no. Data requirement title Applicable DID no. Option
3.6 Reports, test DI-T-2072 ---
3.8 Forgings manufacturing DI-FORG-80412 ---
sketch
4.1.2 Certification data/report UDI-A-23264 ---
4.3.2 First article inspection DI-T-4902 ---
report




Downloaded from http://www.everyspec.com
MIL-S-23009C(SH)

(Data item descriptions related to this specification, and identified in
section 6 will be approved and listed as such in DoD 5010.12-L., AMSDL. Copies
of data item descriptions required by the contractors in connection with
specific acquisition functions should be obtained from the Naval Publications
and Forms Center or as directed by the contracting officer.)

6.2.2.1 The data requirements of 6.2.2 and any task in sections 3, &4, or
5 of this specification required to be performed to meet a data requirement
may be waived by the contracting/acquisition activity upon certification by
the offeror that identical data were submitted by the offeror and accepted
by the Government under a previous contract for identical item acquired to this
specification. This does not apply to specific data which may be required for
each contract regardless of whether an identical item has been supplied
previously (for example, test reports).

6.3 First article. When a first article inspection is required, the
item should be a first article sample. The first article should consist of
one unit. The contracting officer should include specific imstructions in
acquisition documents regarding arrangements for examinations, approval of
first article test results and disposition of first articles. Invitations for
bids should provide that the Government reserves the right to waive the
requirement for samples for first article inspection to those bidders offering
a product which has been previously acquired or tested by the Government, and
that bidders offering such products, who wish to rely on such production or
test, must furnish evidence with the bid that prior Government approval is

presently appropriate for the pending contract. Unless otherwise specified
(see 6.2.1), first article Apprn\mi for prgvir_n_n;

amendments are valid for this revision.

[

specification revisions or

=

6.3.1 Before delivery, contractors who have not previously produced
forgings under this specification of the strength level specified should
demonstrate to the Commander, Naval Sea Systems Command, Materials Engineering
Division, that their facilities produce forgings conforming to the requirements
of this specification. When either HY-80 or HY-100 forged material has met
first article test requirements, the other may be reviewed for first article
approval by submitting the required first article data exclusive of explosion

bulge tests unless specifically required by the contract or purchase order (see
6.2.1).

6.3.2 Where a contract does not exist, the manufacturer may submit first
article test data directly to NAVSEA. The first article inspection report
should be verified by the Defense Contract Administration Services Management
Area (DCASMA) representative or by the American Bureau of Shipping (ABS)
representative. The report should be forwarded to the Commander, Naval Sea
Systems Command, Materials Engineering Division via DCASMA. Upon review of
the report, authorization will be forwarded for preparation of test specimens
! for the explosion bulge tests as required by MIL-STD-2149, and instructions
will be furnished for shipment to a designated Government testing location.
Specimen preparation and shipping should be under the cognizance of DCASMA or

ADC
| ADO .

|
|
1 .
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6.4 Sampling of forgings for mechanical properties as shown on figures
1, 2, or 3 is considered to be in accordance with 4.4.3 for symmetrical forgings
or forgings which will be used as bar or tube.

6.5 Receipt inspection. The forgings should be subject to receipt
inspection by the contracting activity to verify conformance to the require-
ments of this specification. Forgings not conforming to the requirements may
be rejected by the contracting activity. The forging manufacturer may verify
the results of the contracting activity's receipt inspection. It is the
responsibility of the contracting activity to determine the acceptability of
the forgings for the intended application.

6.6 Subject term (key word) listing.

Charpy V-notch test
Dynamic tear test
Explosion bulge

Heat treatment
Simulated stress relief
Ultrasonic inspection

6.7 Changes from previous issue. Asterisks are not used in this revision
to identify changes with respect to the previous issue due to the extensiveness
of the changes.

Preparing activity:
Navy - SH
(Project FORG-N145)
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INSTRUCTIONS: In s continuing effort to make our standardization documents better, the DoD provides this form for use in
_submitting comments and suggestions for improvements. All users of military standardization documents sre invited to provide
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