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MIL-S-8699A
22 JULY 1957

Supersedin
MIL-S-8699(ASG)
1 September 1955

MILITARY SPECIFICATION

STEEL BARS AND FORGING STOCK
(L330) VANADIUM MODIFIED, AIRCRAFT QUALITY

This specification has been approved by the Department
of Defense and is mandatory for use by the Departments
of the Army, the Navy, and the Air Force.

l. SCOPE

1.1 _Siﬁl;: This specification covers aircraft quality bars and forging stock of
composition s to that commercially desipnated as 4330 vanadium modified, and suit-
able for use for parts to be heat-treated to 220,000-psi tensile strength. '

l.2 Classification.- Bars and forging stock shall be furnished in one of the
following physical and surface conditions, as specified (see 6.2):

Physical conditions:

(A} As forged

{B) Az rolied

{C) Annealed

(D) Norrmljized

(E) Normalized and tempered
(F) Hardened and tempered

Surface conditions:
{1) Black, as forged or rolled
{2) Pickled or blast cleaned
{3) Hough turned

{4) cold finished
(5) Turned, ground, and polished

2. APPLICABLE DOCUMENTS

2.1 The following specifications and standards, of the issue in effert on date of
invitation for bids, form a part of this specification to the extent specisied herein:

SPECIFICATIONS

Hilitary
MIL-1-6868 Inspection Process, Magnetic Particle

l-':-!,_,%-,‘-l
L ESC £510]
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HIL-5-8699A
STANDARDS
Federal
FED. STD. No. L8 Tolerances for Steel.and Iron Wrought
Products
FED. TEST METHOD
STD. NO. 1F1 Metals; Test Methods-
Military ' ' : - .
MIL-STD-163 Preparation of Steel Products for Domestic
Shipment {Storage) and Overseas Shipment
MIL-5TD-183 Continuous Identification Marking of Iron

and Steel Products

(Copies of specifications, standards, drawinga, and pubiicat.ions required by con-
tractors in connection with specific procurement functions should be obt.ained from t.he
procuring activity or as directed by the éomtracting officer. )

3. REQUIREMENTS

3.1 Material.- The steel shall be of aircraft qualit.y, satisfactory for the fab-
" rication of parts w which may be subject to magnetic particle inapection by the methods’
described in Specification MIL-I1-6868.

3.1.1 Mamfacturing process.- The steel shall be mmru.tured by the open-hearth
ar elactric-furnace process, unless a single process ia apecified in the contract or
purchase order.

3.1.1.1 Sufficlient discard shall be taken from each ingot to insure freedom fram
piping and undue segregatlon.

3.2 Chemical composition,- The chemical composition shall bq as apegified in
table I. j .

3.3 Hardenability.- End-quench-hardenability values far tl'a asteel in all specified
conditions shall be Rockwell C-49 minirum at 1L/16 inch and C-h5 minimum at 24/16 inch,

3.h. Grain size.- The austenitic grain size shall be pmdmimnt.ly No. S or finer,
with rrains as larie as No, 3 permissible.

3.5 Macrostructure.- Visual exanination of deep-acid—etched specimens shall show
no evidence of pipes, internal cracks, excescive segregation, or other injurious defects.

1.6 Surface dccarburization.~ Unless otherwise specified, the depth of decarburi-
zation for Dars furnished in surlace conditions (2) and (4) shall be not greater than the
limits specified in table II.

3.6.1 Dars furnished in surface conditions (3) and (5) shall be fres from decarbu-
rization. L :

3.6.2 When bars are intended for rerorging purposes, the above decarburisation
limits shall not apply.

3.6.3 When determining the depth of decarburizat.ion, it is permissible to disregard
local areas provided the decarburization of such areas does not exceed the limits of 3.6
by.more than 0,005 inch and the width is 0.065 inch or less. -

2.
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TABLE 1

Chemical composition 1/

Element Analysis Check analysis
percent talerance 2/

percent

Carbon 0.28 - 0.33 .02

Manganase 0.80 -~ 1.00 0,04

Phospharous g/ 0.025 (wmax) +0.00%

Sulfur 3/ 0.025 (max +6.0(6

Silicon 0,20 - 0,35 10,02

Nickel 1.65 ~ 2.00 10,05

Cloromd ue: 0.75 - 0.95 0,05

0.35 - 06.50 %0.03

Vanadiuws 0.05 - 0,10 0.01
Iron Resm inder

1/ For sizes over 200 square inches in cross-sec-
~ tional area, or 18 inches in width, or 10,000

pounds in waight per piece, the chenical compo-

sition shall

be negotiated.

2/ Isdividual determinations my vary from the
specified range to the extent ahown in the
chock analysis coluwn, except that elamsntas
ia any hast shall not vary both above and be-

lar the specified range.

For sizes over 100

oquare inches in cross-sectional area, the
chock shnlywie shall be negotiated.

3/ 0.040 (sax) when open-hearth steel is spacified.

MIL-S-8699A

oninal dilamster or distance between

“¥axImum depth of decarburisation,

gite faces, inches inch 1/
to incl 0.010
Ovar 0.375 to 0.500 incl 0.012
Over 0.500 to 0,625 incl 0.014
Over 0.625 to 1.000 incl 0,017
Over 1.00 to 1,50 incl 0,020
Over 1.50 to 2.00 incl 0.02%
Over 2.00 to 2.50 incl 0,030
Over 2.50 to 3.00 incl 0.035
10ver 3.50 0.040
1/ The value specified as the maximum depth of decarburization is the sum
of the complete, plus the partial, decarburization,
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:l. 2l condit.ion.
or léss in diameter or thickness shall be ru‘.rﬁi

3

1-1/2 Liiches in diameter oF thickriess shall bé Nirnished in condition ($

3.8 Hardness 1idits for: oondit.ions -(c)' and (E)-‘mter.lal.

381

'l'he hardneas !‘or murial in plvsical cond:!.t.iona (c)

more than Bririéll 2Ul (Rockwan c-23) or Brinell 255 (nock-an o-zs)

(3), and (5).
3.8 2

Il

E
e

if'y

l%':

hardnesa limitations apply when the mateiial is furnished it surface a‘omuu

Unleas othemse apeciﬁ.ed, bax-s 1-1/2 inches
hed in céadition {(C) (b); ?nt)l bars over
2 1]

3%

J.ln‘

Ri

a
B

'lhe ‘hardiiess for uterial in plvaieal conditions (c)annd (E) lhau h nbt

sore than Brinell 28 (Rockwell C-2L) or Brinell 277 (Bockwell C-29) respectively, when

furnished in surface

uoh-u.oll prope

condition (k).

Unlen la:thernu spec:l.ﬁ.ui*

al supp
2 inehes in the least dimension, shall be as sped.t:lad ih tabls ITI,

R o-dd, 4

by

un

tion . (F) ih sises ip to &nd inelnding

TABIE III i
}hchanical 'r’é"p%:s-ﬁ’els of condition (F) Steel
fornile Yield strenelh 85 0.2, o 1
unrif?a pereent. set or &xtenaion Elongation Beduction t!urw I—mta:h :
{min indd zatad - of ;area inpect strength
. (nn) (min) (iidnn) -t_;lQ)’F
) e T L e v | - (i
pei psi load, 1nehea percent -peresnt 1t
220,000 {190,000 . 0.0082 . a0 . R
3.9.1 ber bars in condition. (F)ASH, ‘i-demd wth iiéhmlen‘,l jropariies aifrer

from those apecined in table II.I,
larger than 2 :I.nc.heu in the leut. dinenaiona, N

'i:“ rlbn o hin a3t

barshiomdit.i.on (I‘)mm:’mdm

agreed upon bétieen the ocontractdr and the procur.i.ng acnﬂw.

3. 10

leaa than 15 £t 1b.
Bockwell C-US.

Imgect sirengi.;
room tempera , o spe

at

V—not.ch i:huw 1.npact atmgth
d.nens prepared in accordance with h.m hérein, shall be not

the mehanical pxwartiu shall be as is

il

at qwu:lntaly 2y

The Rockwell C haidiness of spec:lnens taat.od shall be not leas than

RN
ahau be &s

Disreter. or tm.elunus.
oWy ONn

P ame

tha pemiuaible variation tﬂ- nd.ml ddienaions

N STD. No. 48] except that when bars are intended for

reforging purposes; the requirementsa of St.nndnrd FED. STD. No. 4B are waived.

3.11.

Bxact ler_n% -
880 as

oont.rlet or pm-chase Order.

e

Ay

Bara of, aJ.l siz.es nay be ondered o exact lnngths or in
ple of a definits unit; wi th t.oleranéua as specified in the
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3.11.3 Mll lengths=.- When exact or multiple lengths are not ordered, bares will
be acceptable In miil gengt}ns of 6 to 20 feet, tut not more than 10 _percent of any oypder
shall be furniashed in lengths shorter than 10 feet.

3.12 Identification of product.- Bars shall be marked for identification in
accordance with Standard NLi~oio-1B3. The following marking shall be shown:

MI L-S-8695A
Physical conditlen
Heat number

3.12.1 Bars smaller than 1/2 inch in diametsr or 3/8 inch in wddth of flat shall
bs maried as above or bundled and tagged at each end, with an extra tag included in the
bundle,

3,13 Worimanship.- Materials shall be srund, of uniform quality and condition,
free from pipes, and shall not contain laps, cracks, twists, seams, or other defects
datrimsntal to the fabrieation or performanca of parts.

3.13.1 Cold finishing.- Cold-finished bars shall be free from acale or surface
dofects, Stress relieving may be accomplished after cold finishing.

4., QUALITY ASSURANCE PRUVISIONS

Lh.1 Coneral.- A1l the tests required nerein for the testing of steel bars are
classified as Acceptance tests, for which necessary sampling techniquas and methods of
tasting are specified in thia soctian.

ii.2 Examination of product.~ 3Jufficient apot checks ahall be made to assurs oom~
plisnos with the surface condition, identification, dimensional, and workmsnsidp re-
quircoanta.

k.3 Chemdeal onalysis.-

L.3.1 +~ One or ctre samples for check chemical analysis shall bs selected
to repracant coch haat of ateel.

k.3.1.1 Llocation.~ Samples for check chemical analysis shall be taken parallel
to the axis of the bar selected, at a point midway bestmeen the center and surface, exoept
that matearial leas than l-l/h inchea thick ahall be sampied through tha entire erosa

gection., The sawple shall ocmaiet of nnt less than 2 ounces of murm

4.3.1.2 Uaiver.- Srmples for check chemical analysis may be waived at the dig~
cretion of the Inspector, provided that all of the materisl under inspection can be
idsntified as bsing made from a heat previously analyzed and found to be in conformance
with the chemical ocamposition specified herein.

L.3.1.3 Additional samplea.- Where the material is not identifiable as to heat
and method of manufacture, or where the identity of any portion of the shipment is
obacure in any respect, the Inspector thall select the necessary additional samples to
detarmine conformonce of all portions of the shipment to this specification.

L.3.2 Hethod.- Specimens shall be prepared in accordance with Fed, Test Msthad
Standard No. I5I and shall be tested by wet chemical, spectrographic, or other snalytical
methods. In the event of dispute, analysis shall be by wet chemical methods,
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"b.b Hardenability.- : g

b.h4.1 Sampling.- Two or more samples for end—quandm—hardenabllity test shall be
selected from each Eeat. of stzel from which mat.erial 1s prescnted for acr'ept.anca. Cast,
forged, or rolled samples are acceptable,

h.bh.2 Preparation of specimens.- BSpecimens for the end-quench-hardenability test
shall conform t the requirements of Method 711 of Fed, Test Method Standard Mo, 151,
The steel shall be normalized, prior to machining the test specimn, by heatin,g to
1,700°F, holding at this temperature for 1 howr, and cooling in still air.

* Jobte3 Hethod.- Enchquench—hardenabillty tests shall be conducted in accordance
with ;hsou.nd 7.II of Fed, Test Method Standard No. 1951. Specimens shall be auatenitised
at 1l $10°F.

h.S Grain size.- ‘ .
h.5 1 ling.- One or more samples shall be aelected to represent sach hyat of
steel from material is submitted for acceptance.

h.5.2 Method.- Specimens shall be sectioned and polished to appropriate fineness
by metallographic methods and suitably etched to reveal the grain structure. The austen-
itic grain size shall be determined in accordance with Method 311 of Fed. Test Method
Standard No, 151.

h.6 Macrostructure (deep acm et;r'h) -

L4.6.1 ling.~ Two or more sample bars shall be aelectad to represent each heat,
of steel from materiel is gutmitted for acceptance.

4.6.2 Preparation of specimens.- Deep-zcid-etch specimena shall be cut frow the
snds of the bars selected as samples and shall represent the entire cross section of the -
bar. The spacimen shall measure 1/2 inch or more in the direction of the axis of the bar,
Ons of the facea of the specimen representing the cross section of the bar ahall be
‘finished flat and smooth by a fine machine cut or by grinding. The finished face of the
ppecimen shall be etched in an aqueous solution containing 50 percent hydrochloric acid
by volume and maintained at a témperature of epproximately 160°F.

L.6.3 HMethod.- Specimens shall be examined for the presence of defects.

h.?7 Decarburization,-

L.7.1 %ling. If the Inspecto} has reason to suspect that the decarvurisation
limits spe erein may have been exéeeded, samples shall be selected ‘for deterwmin-
ation of the depth of decarburization.

h- ?. 2 Hethﬂd.-

4.7.2.1 Microsc ic. The depth of the zone of decarburisation below s surface of
a bar shall be dete by examination of a2 metallographic specimen, or specimens,
representing the ent.:l.re cross section of bars having diameters or maximum widths not
greater than 1/2 inch. For bars over 1/2 inch in diameter, or maximum width, the section
shall exhibit not less than 1 linear inch of the original surface., Speci.nena from rec-
tangulsr bars or shapes shall contain at least one corner. Specimens shall be polished,
etched with 5 percent nital, and examined at 100 diamet.ers magnification,
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‘ Lh.7.2.2 Hardnams traverge.- Unleas othurwise specified, an alternate acceptable
method for determining deptli of decarburigation ahsll be a hardness traverse of a cross—
sactional surfece of the samples selected for test. The specimen ghall include a repre—
sontative portion of the outer surface of the sample selected for test. The apecimen
shall be hardened by quenching in oil after sustenitizing for 1/2 hour at the temperature
specified in L.k.3. The hardness traverse shall be sccomplished on a surface represent-
ing the cross section of the sample, with individual hardness determinations at close
enocugh intervals from the original outer surface of the bar, to determina compliance with
the spplicable requirements of 3.6, Acceptable hardness test methods include Hockwell
supsrficial 15N, Enoop, and Vickers. The depth of .decarburization shall be considered the
distance from the original surface of the szmple to the point where hardness does not in-
cresse on further hardnesa traverse testing.

L.8 Bardness of bars in physical condition (C) and (E).-

L.8.1 Saupling.- At least five bars of each temper and sive shall be tested to
ascortain oconformance with the permissible hardness values. When less than five bars sre
erdered, each bar shall be tested.

L.B.2 Method.- Hardneas testing shall conform to Method 243 of Fed. Test Method
Standard No, 101,

4.9 Mechanical properties of steel in physical condition (F).-

4.9.1 ling.~ For material furnished in condition F, one or more tansile-test
sagpiles shall selected from bars produced under the same processing conditionsa, from
the osne heat, of the same physical condition, of the same sise, essentislly uniform in

. all respects, and sutmitted for inspection at one time.

L.9o.2 cimans.- Tensile-test specimens ehall conform to type K1 or H3, Method

_ 21 of Fed. Tes od Standard No. 151,

L.9.3 Method.- Tensile tests shall be conducted in accordance with Method 211 of
¥Pad. Teat Mothod Standard No. 151. Yield strength shall be determined by the offset or
extonsion-under-load methods. Impact strength shall be determined in compliance with

L YN hmwend e
ed UBINGLAT.

L.10 552' act strength.-

4.10.1 Sampling.- At least two bars from each heat shall be tested to determine
conformance with the specified minimum impact strength.

4.10.2 Haiver.- Samples for Charpy impact tests may be waived at the discretion
of the Inspector, provided that all of the materizl under inspection can be identified
as being made from a heat previously tested for and found to be in oompliance with the
ippact strength requirements specified herein,

L.10. .1 Pronaratisan A7 aresd me s U omond o oo £ ond oo b 4w L oA

a2l 2 arveemLall O SPOCAMSHS .~ v~NULCneu WiT <L B AMETID BOAL) DE TaANeh
from the ends of the sample bars In accordance with Fed.p'}emthodwgw No. 151.
Sections over 2 inches in diameter or thickness may be rolled or farged to size before
selection of apecimens. Specimens shall be machined or forged appraximately to size with-
out notch, before heat treatment. Heat treatment shall comprise austenitising at 1,550°
$)0°F for 1/2 hour, quenching in oil, and tempering at 600° £10°F for 1 hour. Following
heat treatment, the specimens shall be finish-machinec and notched to size in accordance
with figure 3 “V-Notched Charpy Specimen," Methcd 221 of Fed. Test Methcd Standard No. 151.
Condition (F) material shall be machined and notched without reheat-treating.
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4.10.4 Method.~ Tests shall be .aade in accordance with Ped. Test Hethod ‘Standard '
Fo. 151. The Rockwell C hardness of specimens tested Eay be ma.sured hefore or after im-
act tests. Hardness testing shall conform to the raquirementa ‘of Hathfxi 2h3 of Ped.
est Method Standard Mo. 151.

L.11  Reiection and retast. When failure of a spacimen is definitely ascrived to
“faulty material or failure to weet. the applicable test requi.rmnta,'the cnt.lre 1ot uhall
be rejocted. When failure of any lot. of material to’ meet the requ:u-annta ‘of thia "speci-
fication is dus to inadequate heat treatnent, the material may be mheatod and reaubnitted
for tests, mly ane reheat tmt-unt will be permitbdd

S. PREPARATION ¥OR DELIVERY

" 5.1 Application.~ The requiresents of szction § gpply only to d;.rqqt; purqhaqqa by
or direct shipments to the Government. S ’ Prote

L. '2 Preservation, packaging and paclnrg. Materials shall be prepared for shipuent.
in accordante witn the methods prescribed by Standard I'IIL-STD-163. Ha‘bsri.ala .Ln surrace
oandih.on.a {2) throuch (5) shall be coated witn preservative.

.3 !hrkian shipments.- Interior packages and e.tt.arlnr shipping conm.nars
shall be marked In accordance with Stsndu'u '{IL-S'I'D-l"ﬁ The i\.dentiﬁcation Ml be
posed of the following 1n1‘orm4t.1.m lsted in tie ard&.—r sh:n:u

Stock No. or other identification n..mber as apeciﬁed in the
purchase document# .

STEEL BARS (L4330) VANADIUM MODIFIED

Specification HIL-S—869'9A -

Cross-sectional shape and dimensions (as applicable)as

Reat No.m# o T ”

Physical and surface conditionghs

Quantity contained {as dofi.ned in the contract or order for
each size)

Name of manufacturerwt

Name of contractor (if different. from uanu.fact.umr)ﬂ

Contract or Crder No.

# The contractor shall enter the Federal Stock No. specified in the purchase

" document, or as fumished by the procuri.ng act.iv.lt.y. When the !'ndenl Stock No.
is not provided or available rrcn the procuri.ng activity, loava ‘space there-
for and enter the Stock No. or other identification vhen provided by the
procuring acfivit.y.
#& Applicable data to be entered by contractor.

6. NHCTES

&

6.1 Intended use.~ The materials covered by this speeificatim are intended for
use in the manufacture of aireraft parts and conponenta which are t.o be heat-treated to
a tensile strength of 220,000 to 2L0,000 psi, Theae steels combine high tensile strength
and good ductility with rela'ively good impact strmgth at room and lower temperatures.

ny

bl
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6.2 Ordering data.- Procurement documents should state the following:

én) Title, muaber, sod date of this specification.

b} Crose-sectional shape and dimensions,

{c) Phyzical and surface conditions, when other than ccuutims {(C) (L) and
(C) (2) for bars over 1-1/2 inches are desired. (See 1.2.)

{a) ‘knt Img;.ha and length tolersoces, 1f mill lengths are not acceptable.
See 3.11

{e) Whether domastic ar overseas packing is destred. (See 5.2.)

6.2.1 Wheo tars are imtended for reforging purposes, it should be so stated.

6.2.2 lhen docarburisation limits closer than thosw specified in 3.6 are destred,
those liwits should be spacified in the contract or purchase crder,

NOTICE: Whun Govermment drawings, specifications, ar other data are ssed
for any pwrpoos other then in connsction with a dafimitaly related Gowern-
st procwremaat operatian, the United States OGovernmant thersbhy incurs

no responxibility nor any obligation whatsosver; and the fact that the
Goverreant say have formulated, fornished, ar in soy way mspplied the seid
drawings, specifications, or other data is not to be regarded by ispliestion
or othurwise as in any manner liconsing the holder or any other peraom or
carporstion, ar conweying any rights or permission to ssmmfactere, use,

or sell any patented invention that may in any way be related thereto.

Onstodians: Proparing activity:

Arwy - Ordmnce Corps vy - Boresa of Aeronmautics
Mavy - Bureen of Asronantics

Alr Poreo

Othor Intorest:
Army - BT
Bavy - Or
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