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MIL-S-24093A(SH)
S November 1991

SUPERSEDING
MIL-S-24093(SH)
21 September 1964

MILITARY SPECIFICATION

This specification is approved for use by the Naval Sea Systems Command,
Department of the Naty, and is available [oruse by all departmemxand agencies
of the Department of Defense.

1. SCOPE

el mlloms atmaul frcvalcwan fra

i.l Soope. This apcau\-z'ﬁiﬁﬁ covers carbon and alloy steel forgings for general niﬁuuuxu
application.

1.2 Classification. The carbon and alloy steel forgings are of the types and classes, as specified
(see 6.2).

1.2.1 Classes. Steel forgings are of the following classes:

Yield strength
Class (minimum) (lbyin?)

LA At
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Bencficial commeats (recommendations, additions, deletions) and any pertinent data which may be of use in improving
this document should be sddressed to: Commander, Naval Sea Systems Command, SEA 55Z3, Department of the
Navy, Washington, DC 20362-5101 by using the seif-sddressed Standardization Document Improvement Proposal (DD
Form 1426) appearing at the end of this document or by letter.
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122 Types. Steel forgings are of the following types:
'l‘ypal ‘Ni Cr Mo

"l""“ O Mo
Tena TN Ni
aype 222 et

Type IV Plain carbon (medium)
Type V Plain carbon (low)
2. APPHCABLEDOCUMEN'I’S
i '

21 mmmw lnelolmngspeamuom,snnmms,ana
handboobfomapanofthsdocumcntwtbecnentspeuﬁedhemenlesotbcmnc

the issues of these documents are those listed in the issuc of the Department of Defense Index of
Q,,ﬂe'.r.ﬁca"--"m Standards (DOD!ﬁ) and supplement thereto, cited in the gt.:!!é on (sec 6.2).
SPECIFICATIONS
MILITARY
MI1..S-24003/1 Steal Forgings Carkon and Alloy, Heat Treatad (Class B, Alloy
Steel Round Bar)
MIL-S- “m""‘Su Steel Forgings, Carbon and Alioy, Heat Treated (Class H, Carbon

QQ“I HMMﬂa! !.:n.lf)

MIL-S-24093/3 Steel Forgings, Carbon and Alloy, Heat Treated (Class B, Alloy
Steel, Hexagonal Bar)

STANDARDS
FEDERAL ’
FED-STD-183 Continuous Identification Marking of Iron and Steel Products
MILITARY
MIL-STD-271 Requirements for Nondestructive Testing Methods

(Unless otherwise indicated, copies of federal and military specifications, standards, and handbooks
are available from the Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue,

-—e oe asva aa

rnuaaelpma, PA 19111 DU"I)

2 9 ‘\!n-.l'" ermmment ?=h'“n.0{n-- m sclll%n.ﬂg AMnmpnh ft\m a nart nf fhll dncnmpnt to

tbeMspeuﬁedhaﬂmUnleuomcmncspeqﬁeithcmofthedommmwhﬁmDOD
adopted are those listed in the issue of the DODISS cited in the solicitation. Unless otherwise

soecnﬂcd the issues of documents not listed in the DODISS are the issues of the documents cited
in the solicitation (see 6.2).
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IRON AND STEEL SOCIETY
Steel Products Manual, Book Number MN02-210

(Appilication for copies shouid be addressed to the Iron and Steel Society, 410 Commonweaith Drive,
"!"_____J_l_ PA 1« 8NODL ) .. .

! ' . |

AMRRICANWI‘\_’_ p mng_ D M__mrAre("gr_n_{} :

A 307 S&lndudTatMethod:andDeﬁmtsomforMechMTamofSdemdm
(DOD adopted) -

A 700 Standard Practices for Packaging, Markmg, and Loadmg Methods for Swel Products
for Domestic Shipment (DOD adopted)

A 751 Standard Methods, Practices, and Definitions for Chemical Analysis of Steel
Producte

(Application for copies should be addressed to the American Society for Testing and Materials, 1916
Race Street, Philadelphia, PA 19103.) A

(Non-Government standards and other publications arc normally available from the organizations that
prepare or 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 document and the
references cited herein, the text of this document takes precedance, Nothing in this document
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

3. REQUIREMENTS

3.1 Material. The material from which the forgings are made shall be manufactured by the open-
hearth, clectric furnace, basic oxygen, or vacuum induction melting process. Unless otherwise speciﬁed

famm LA\ abi. o _°_1 _L_11 o_

(36C 0.£), WS maicnal snau be continuous cast or casi in mectal moids. The pnmary mcmng may

g or refining and may be followed by secondary melting using clectrosiag

3.1.1 Discard. Sufficient discard shall be taken from each ingot (produced of a metal mold o
continuous caster) to ensure freedom from piping and undue scgre_gatlon.

=

3.12 Recovered materials. Unless otherwise specified herein (see 6.2), all equipment, material,
and articles mcorporated in the products covered by this speclﬁcahon shall be new and may be

l‘,L, .

fabricated usmg matcnals produced from reoovcrea matcnals to tnc maximum cxtcnt practlcable

wursd L'\-- PRSI 1 S Semtmca Al o YL o N

memmmnnad 4o b o o o s _®

[{
"'-'te and 1 TCPIrOCESSEa 10 veCoInE a source o1 raw mau:nals,
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as opposed to virgin raw materials. Nonc of the above shall be interpreted to mean that the use of
mcdorrebuﬂtpmdwtsdbwedmduthu:peaﬁa@mhoﬂmrmspedﬁaﬂy:peuﬂed.

. ‘ + . ]

Bt e - a i

be less than 3 to 1. Palms, ﬂanges,mdotherenhrgementsonforpnpneednotbewduwdtotbe
ratio of 3 to 1, but shall be reduced in a ratio of not iess than 1.7 to 1. If bored ingots arc used, the
mﬂof&ehmt:hﬂbemdmdwubstm&iuoﬁnndm&nw.uthewdmdmmﬂ
be at beast 3 20 1. Where an upsetsing operation is employed, or the forging expairded on a mandrel,
the metal shall be worked to an extent of not less than indicated above, but no fixed Tatio between
thcaoumﬂmofthcmgotandofthcforpngnreqmmd.

3.2.2 Bored ingots. When the ingots are bored, the centeriine of the bored bole shall include

the centerline of the ingot.

PRI

323 Flame cutting. Metal removal by flame cutting or other thermal means shall not be
permitted after the forging has received its final thermal treatment and final nondestructive test.

33 Chemical composition. The chemical composition of the steel forgings shelt be as specified
in table L Both ladle and check analyses shall be pcrformed The check analysns shall meet the

e P at _ TOQ

chemical composition reqmremenu specified in tabie I sub)ect to the standard variations ol the 155
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342 Impact requirements. When sgecified (so¢ 6.2), steel forgings shall mect the requircments
ofable M. - A

Table IIL: Impact properties. B S

v Test A T .
Cans Type . . ofSeestt - |- :
- | mperature (noinmunt) 1 S
Fs3 @) | :
. 1
A l (10 ! 15
B Iocll 3" 15
Cc locO , 10 j 30
D LI, oc I : ‘10 ' 30
E LI, oc HI - S0 30
F Dol . . 1 -, 30
a v - © 10 15
H v ‘ 10 15

ING singie test shanl fall below the speciied viloe by more than S foot-pounds (R-1b).

3.5 Heat treatment.

351 Heit treatment responsibility. The contractoror mauufactum shall deterinine the detailed
heat treatment which will produce forgings to meet the requirements of this specification (sec 6.3).

3.52 Class restrictions. In order to develop the required properties, all classes, except clas H
shall be either normalized and tempered or quenched and tempered. in their final heattrauted
condition..Class H shall be cither annealed, normalized or normalized and tempered in its final heat-
treated condition. Temipering temperature shall not be below 950 degrees Fahrenheit (°F) for class A,
1000 °F for class B, and 1050 °F for class C through H. o .

3.53 Stress selieving. At the discretion of the contractor or when specified by the contracting
activity a stress relief treatment may be pesformed oa forgings after final machining, in which case
the stross velicf 'mmreshaﬂbeatb-(m'ﬁbhﬁnwmperhgmponmw*m
forging. In casts weld repairs have been performed after final heat treatment, the need fot
stress relief shall be judged by the contracting activity.

3.6 Repair of defects.
3.6.1 Repair by welding. Forgings shall not be repaired without specific approval of the

contracting activity. When weld repair is approved, the contracting activity shall specify the applicable
fabrication document.
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3.62 Repair by grinding ar chipping. Defocts. oc defoctive arces may be remowed by grinding -
or chipping provided the arees invoived are weil iaiped into the surrounding areas and suificiont stock
is left to allow finishing. When defects constitute a nosch offect, such as cracks, seams, or. ruptures,
the defective volume shall be completely removed.

2.7 Nimensinas annnxhnllmﬁmmﬂmmmm‘gvmﬁﬂl@mﬁhl
The forgings shall have sufficient stock to permit finishing.

3.8 Lisntification marking. Unless:othorwien spocifiad (ace 6,2) all foxgings-shall be Jegibly and
indelibly marked with a forging number which will.ideatify the menufsctures, best, hest treatment
lot, specification, class, and type of the forging. Each forging weighing greater than 250 pounds shall
be markod with the contractor’s name; oc. tredessark, the specification numbars ¢less, Sype, deawing,
or dic number, and heat or forging number. Unless otherwise specified (see 6.2) sthe markings shall

Lo 2ol mbinm abmomncamd
U IUCLLaurL 'l.llllm-

FITEEN LR R

n Sn-hm mfnmmnnhnllheﬁmﬁumdcfamnmh,-mmmm;;m_lg_ﬁm

nwl&?p;;awgwesmnomemmdmmdwbnmnzyﬁd;&;mnunyaﬁw
their suitability for the service intended, as determined by visual examination and the applicable
nondestructive tests.

- an 9 PR TR T | 'PIIL. SR BTy PR pray Dveey: B S | I NGE | EPIPS SR apeien

J.3U.1L IVAREETIUX PUMIUCIC 1IT3 ORI siall UT IRAZDCUL Pal UCIc IC3ICAL. Al ILIICal Uve
1R inch in lanath Ar anu £ ennars inch area that avhihite 10} Ar nne indicatinne annnal ta Ar armatar
470 I0<A I ASQE O GOy O S{UAIT INCa &rda W&l CKiiois v Of InOIT (0ns SQud: WO O giailT
than 1/16 inch in lenoth. shall be g’ivv"_ or renaired as sneci in 3.6

3.10.2 Ultrasonic inspection. When specified (sce 6.2), forgings shall be ultrasonic tested. Unless
othawkespedfbd(wesz),thcfomnpshnbe&eeﬁmandmnﬁmﬁwdmmedthosc
exhibited by the calibrauon sundnt in accordance with MIL-STD-271. -

4. QUALITY ASSURANCE PROVIS[ONS . ;o .

Responsibility for compiiance. Auncmmaumectaureqmrcmcntsonecuom;sandb

el s B _af S LR S _ % A _ PR . ___ s —Palk _ ____ __a__ _a_._9%_ _______ 98¢ ____ __.°*

pwuunmmmmmspecmamnxmuméapunmmcwnmorsmmmpwuon

alea ~f - Srmen summestmmemnmenbe o tha srnanifirnntine ale st

systcm Of qluun, Pprograii. The abscace of any ulnpac‘wu requircments in the specification shall not

relieve the contractor of the responsibility of ensuring that all products or supplies submitted to the
Government for acccnmnm comply with all requirements of the contract. Sampling inspection, as part

7
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of the manufacturing operations, is an acceptable practice to ascertiin conformance 10 requirements,
however, ummmmammmqmnﬁammm

0. @ . e | it e SRR

nor éoes it commit the Governmment o stcept'oerecive! maierial

h
L

Qamasnlicee

)
1 Let

L1 Chemical nuslyshs. hmdﬂm'hwampbmt
mmwammpﬁowmchwmmﬁ.

IR TT

u.u Mnammg. Porpmpmuofmechlnmlmdimpwtmnnguotm

gt

consist-of the following:
- ANl Frcoimae ~AF tha cnma tvne and cioa wniahine lase than 10X} nAannde nrmduncad m
a. Fa''amie)y llp UL LG darre l’l)b GINL BidA-, WARARIR IVad LIIGH AVVYU PUGIIWS EVMUWLNE Ve
' one heat and heat treated in the same fumnsce tharge or by a continuwous process under
the same eonditions of t_fg;t_i_ng over 8 pe:iod of 4 hours.

4.2.2.1 Chemical check analysis. One chemical check analvm soeumen shall be taken from ecach
lot (see 421). ' :

4.2.2.2 Tension testing. The number of test specimens for tension testing shall be as follows:
a. For forgings weighing 1000 pounds or more and not lcss than 8 feet iong, one tension
test specimen shall be taken from each end of the forging. '
b. For forgings weighing 1000 pounds or more and less than 8 feet long, one tension test
specimen shall be taken from the top (with respext to the as-cast ingot) of each forging.
For forgings weighing less than 1000 pounds one tension test specimen shall be taken

fmmcachlot.

n

4223 Impact testing. One set of three impact, specimens shall be taken from cach Iat..

423 Loaﬂo-ofmtspedmen. Prolonganonnhallhcpwwdedonforpngstoruhngtem.
meaumhuttmtedmmamrgmgmaybcoauoyeamncuompmvmng
prolongations.

A9171 Mameloal amals

rele a he talrean fram hnban teneile enarimenc
Sedewded  LMCIRKCRS STAYSIS. o Ane

SElENAl AL WALR blv-\lu SWilOiiv U WAL W LS.

shall be taken at mid-radius of rounds;

(3 testing LAKECT
I 206 A0 2l °
T

4232 Tunlnn testing, | im
lontmie i bt

gings; or mid-thickness, quarter width of other forgings.

+« 2 L R TR N v onn h Asr~a la
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4233 lnp.clmung bpeclmcmtorlmpactwﬂmgsnauocmnommcwppmmpnon

TR _ e 2L . commmtea e sl b ol o6 Baces 1 enk Lol
of ihe [orgmgswuu respeclw the as-cast lngOL lnc spccuncusuuu UC LAKCI &t )it 1 KA OTiOwW

dho Eocood cocfoce Tha lanath of tha coanioiac ahall ha takan in the Aimenrtirmn Qh-f Q‘u- chubl is most
u‘l“pl'\lll“ A NG BAIRIAL UL LN BURAAAIINGE SIMEL WG/ MRS LIE LA ARSI

drawn. The long direction of the notch shall be normal to the nearest forged surface.

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

4.3 Nonmdestructive testing.

451 mewm mmmmwmww
lhé L eam_ a ae__ __ _°* ____ iﬁ a_N__ _ _____ ___1 _°L_191 ﬁ o 2 B kv_ﬁ-__.-l prngys 9. | ia PP ST ey N
with MIL-STD-271 to determine that the requirements of this specification are met (see 3.7). Each
forging ghall be visually inspected over its entire surface after heat treatment stress relief, and

machining operations are completed (see 3.9). -

432 Magnetic particle examination. Each forging shall be examined by the magnetic particle
method in accordance with MIL-STD-271 to determine that the requirements conform to 3.10.1. For
magnctw pamclc mspectnon of ﬁmshed machined parts, the yoke method shall be used to prevent

433 Ultrasonic testing When specified (sec 6.2) cach forging shall be examined by the
ultraconic method in accordance with MIT-STD-271. The fnmna shall be tested in both axial and

ultraso
longitudinal direction using either a shear or longitudinal wave whichever is applicable to the
geometry of the forging (see 3.9 and 3.10.2).

4.4 Test procedure.

4497 Tameinn tact CStendard round chall ha taet, in annardance uith A ¢ 270 to determine
e vess A DENPEWEL YwiFSe WLIRAIVGLYE SV SIGLE Vw Vol B8 STIVAANASLAWIANVRY VVRGAL £ BAF A AVA & B o7 I BAS SV MARARANY
comnliance with 3.4.1. Tension. tests ghall be nerformed r the final heat treatment.

443 Charpy "V" motch impact test. When specified (see 6.2) the charpy "V™ notch test specimen
shaﬂbetaﬁadmawotdanoemthASTMAﬂOuthcwmpamWe:peuﬁedmublem.lmpact tests
shall be performed after the final heat treatment.

4.5 Retests.

A L1 MMaloal cacelenlca cctacnd WWiae o coamonla frcctanns Colle ¢~ meaat tha Ahaminnl camnuieammante

Weded LAEINEI BRBRIYOLD 1W e VYV LI ullilnlpl AN mwmuﬁwwnw LA LILD
of tahle T aarh foraing in the 0t mav he analvzed tn determine comnliance with tahle I The camnilec
WA SEAV AW ‘, WweANWAl ‘U‘sws A% SilWw B m“’ L% 4 “u-.,m WS WY Vvl S5E BESw wlu.lll!lllw VVASAR SEAVEW &+ A BAW "mrlw
shall be taken as specified in 4.2.3.

e v e va
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4.5.3 'l‘ulllendhp.ctm Rcusuihallbepennmedwhal.

8 Eongnﬂonmmwﬁonofmmimmmzmmmm
b. Tensile and yicld strength are no greater than 1000 Ib/in® outside of the range limits.

L B i ahiliniiie B dutn sheninid i ABe e B Bkl _bte sciiolh Tomlouer Shill dhiZedanemm ol dar aisiade

- .‘:_......m..:b::_..a..&:m:m-hm i S
Ml-’mmawwmwmm“

4.6 Rebheat trentment. When thé sensilo or impact specimens, or the tesests of 4.5.2 full to meet
the requirements of table Tf or tabls IIL, reheat treatment of the ot shall be permitted. Reheat

am WR_8__as___  YENL o O o e dlan o Led £otle b el 4 b cmcrieaceants AF this

®./ ACECUHGE. VVIIKN ally IOIgIng ITPItCOUNE 8 YOu Lain COMmMONm W Wi 1vjuin B UL Wb
crmnificentinen the L ahall he edidactad ta seiactine o aach freoatana tn ¢ ehall he testad and
.lel,“‘“w“ W.wwlw’mml\’lyubmlllﬂiwl BEACELL WA SLAFGAIAS SEESNS
determined to meet the requirements of this specification.

4.3 Inspection of packaging. Sampie packages and packs, and the itispection of the preservation
packing, and marking for shipment and storage shall be in accordance with the requircments of
section 5 and the documents specified themm.

5. PACKAGING

Vag o ™ e S __ o e L ____"* oy 2 1

(The packaging requiremenis specified herein apply o

ittt e r_J—-'_ T e T T e T T T L3R 3 -

until early material use.

$2 Packing. Packing shall be accomplished in a manner which will ensure acceptance by
common carricr and will afford protection against physical damégo duritig shipment from the supply

83 .wmmmnw TOVIGEO O IITCTIOT PECERETS IR CRUCT FOT
bl e mamtalamce S mmcmedenes wdth tha scmtcentasie sacossmanciel meactice The tebrcoaticen ohall
pp CULALUGAD LU & TURUVE Wil HIC VUL VUL & VUILIILVIVIEL PIavinG, 1 MUV Iawnsu suau
tnchude namanclatiiee natinnal etAack nuivmhear snntract ar arrder numher cantract, e no and the
URAGUL INVBIVIPVGLULY, BaLIULGE 0IUVA LUIIULL, VUL GLS Ul UVlUui LWIKUWEL ) VAJiEt UVLUe & Aliint, wiss sie
destinati

S.4 Commercial preservation, packing, and marking. The material shall be packaged in
accordance with ASTM A 700 for the levels specified (see 6.2).

[ %
(=]
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6. NOTES

(Thnsect:onoonmxmmformauonofagcnaﬂorcxplmatorymmthatmaybehdpful,butnsnot

6.2 Acquisition requirements. Acquisition documents must specify the following:
a. Title, number, and date of this specification | |
b. The class and type of steel required (see 1.2)

o
i
)

-n
2
2]
2]
>
)
3.
)
)
>
v
b
3

2
H
H
3
“
]
3
N
-

d. Whether special melting practices are required (see 3.1)
e. Whether continuous casting is prohibited (see 3.1)

raw matcrials are required (see 3.1.2)

)
)
L3
>

"y

P

:3-
3
}
E
!

When transverse mechanical properties are desired (see 3.4)

B o

When impact testing is required (sec 3.4.2 and 4.3.3)

Dimensions and tolerances required (see 3.7)

When identification marking is not required (see 3.8)

When marking other than indentation stamping is required (see 3.8)

- o

When ultrasonic examination is required (see 3.10.2)
m. Ultrasonic examination acceptance criteria if other than as specified (see 3.10.2)
n.

Preservation, packing, and marking requirements (see 5.4).

6.3 Consideration of data requirements. The following data requirements should be considered
when this specification is applied on a contract. The applicable Data Item Descriptions (DID’s)
should be reviewed in conjunction with the speciﬁc acquisition to ensure that only essential data are

_ cx_ 3 _ ama Al i lcmcenimtas ~F P +P

requesiedq/proviaca and that the DID’s are tailored to reflect the requiremenis oi the SpeciLic
acquisition. To ensure correct eontractual application of the data requirements, a Contract Data

Requirements List (DD Form 1423) must be prepared to obtain the data, except when DOD FAR
Supplement 27.475-1 exempts the m,_L;m.ent for a DD Form 1423,

11
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Reference Paragraph DID Namber DID Title Suggested Talloving
3 _.i -ﬁ w‘e mi T ?u‘mm- " | ‘Txm‘ “"““""“ “’lh'-.“‘“ g2 lei:iv PRI i » .
report

The sbove DID’s were thoss clearnd as of the date of this specification. The current jde of DOD
5010.12.1, Amnmmnm:mmdmnneummummmmm“
berewuchedtomethltonlycumt,dwedDm mntedontbcDDFormlm

TR -foe RS PO hadd et el 0 e n

6.4 Subject term (key word) listing.

Casting
Ingot, as-cast
T__u_._".n_.___‘ . e o : . : L

Tactine nrandastesction > o ‘e . e
1 CENhR, HOBOCIITULLIVG -

Testine, tension
ey -]

6.5 Changes from previcus isswe. Marginal notations-are pot wsed in: this revision to identify
changes with respect to the previous issuc duc to the extensiveness of the chapgcs.

- Preparing activity:
Navy — SH
(Project FORG-N190)

Vi

12
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APPENDIX

CERTIFICATION/DATA REPORT TECHNICAL CONTENT REQUIREMENTS

10. SCO

[

10.1 Scope. This appendix covers the content requirements of the certification of quality
conformance. This appendix is mandatory only when data item description DI-MISC-80678 is cited
on the DD Form 1423.

20. APPLICABLE DOCUMENTS

30. CERTIFICATE CONTENT

30.1 Certificate content. For each lot of material offered for acceptance, the certificate shall
include actual data of specified chemical and mechanical tests and a record of final heat treatment.
Qualitative results of nondestructive tests and other inspections or tests shall be recorded on the
certificate. The certificate shall state that each lot has been sampled, tested and mspected as specified

c sratemda o

herein and that the manufacturer has maintained manumctunng ploccuurcs and pr ractices io proaucc
- .

frratmar ¢t smant tha minimrion swenmact: soasiiteemante then |n‘|r\‘n‘ thh freminae Th

IOTgings O eSSt WS minimum plupcuy requirements tarougnou
identifv the clags tvne drawine or die number. heat and heat treatment lot which are marked on the

SRAVESLALY SAINs WadatRly Ly presy MLAVVilAE UL NSaS a2 u-w- ABwARRT) SALE Eandas

forgings to provide traceability (see 3.8). The certificate shall state that each lot meets all
requirements as specified herein and shall be signed by a responsible representative of the contractor.

30.2 Noaduplication provision. Where test certificates issue by the manufacturer contain the

above data requirements, a scparate certificate of conformance will not be requested from the
contractor.
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