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INTERIM RSVISION
TO

FEOERAL SPECIFICATION

NICKEL-COPPER-ALUMINUM AL~Y, WROUGHT (UNS N05500)

l%is interim rcwLsion was devolopc.dby the Naval San Systems
Command, Department of. tho Navy. waShin8C0n, DC 20362-5101, based
currently avnilablo technical Lnfocmntion. Ic is rccommondcd thnt
agencies-use it in acquisitions and focvard rccommandncions for changes co the
preparing activicy at che address shown above.

The Coneral SOCYLCOS Administration has authorized the use of this
interim revision as q valid axcaprion to Federal Specification QQ-N-286E,
dated August 2, 1985.

1. SCOPE ANO CLASSIFICATION

1.1 &QQQ. l%is specificntlon covor; all nickel-copper-aluminum alloy
wrought forms formorly clnssif Iod as class A. This alloy Ls dasignatad under
tho Unified Numbering System for Netals and Alloys as UNS N05500. Excepc for
cases whore nommngneclc proportion are paramount, chls alloy is intended co be
age hardened prior to placing tho mntorlal in norvice.

Banaficial coaanencn (rocommonductons, addlclona, deletions) and any’pertinent
data which may bo of use in improving rhis documant should be addreased.co:
Commander, Naval Sea System Command, SSA .55Z3, Department of the Navy,
Washington, DC 20362-5101 by using the nelf-addressed Standardization Oocumant
Improvement Proposal (DD Focm 1626) appearing at the and of thio documenc or by
letter.

FSC 9525, 9530,
9535, 9540

OISTRIB~ E. Approved for public ralaase: dlscrlbution is
unl Lmited.
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1.2 clasfl~ t:

1.2.1 EQrnw ~nd con dlcions . The nmc”erlal should be furnished in the
following forms and conditions, as specified (saa 6 .2).

Form 1 - Bar and rod, unaged.
Condition: Hot Einishod, umgad.

Cold,drawn, unaged.
Annaalod (hoc finished or cold drawn) ,

.,. unngod.
. .

Form 2 - Bar and rod, ago hardoncd.
Condition: .

Form 3 - Sheet.
Condition:

,Focm .4- Strip.
Condition:

Form 5 - Wire.
Condition:

Form 6 - Plato
Condition:’

Hot fi.iishedand ago hardened.
Cold drawn and age hardened.
Annonlad (hoc finished or cold drawn) , nnd age
hardened.

Cold rolled and nnncnlcd.
Cold rolled, annealed, and ago hnrdcned.

Cold rolL@d and annealed.
Cold rolled, annanlcid,and age hardened.
Cold rolled, hal E or full hard, as rolled.
Cold rolled, half or full hard, and age
hardened.

Cold drnyn, as drawn.
Cold drawn and nnnoaled.
Cold drawn, spri’ngCempor, as drawn.
Cold dravn, nnnenlad, and aEc hardened.
Cold drnwn (OS drawn) and age hordemd.
Cold drawn, spring tompcr, and age
~nrd.med.

Hoc’ rolled and annealed.
Hot rolled, annanlod, and age hnrdoned.

Form 7 - Forgingn (Including bar and rod formad by forging) .
Condition: Hot finished, unnged

Annaalod, unaged
Hot fini5hod and ngo hnrdenod
Annealed and aGOd hardened

Note: Constant cross-section bars and rods formed by forgkg are
considered to be “forgings” only for purpo.os of:

2
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(a) Sample frequency for ❑ochnnicnl properties
(4.6.’1.3). . .

(b) Vieval and dim.mioml inspections (4.4.1.6).
(c) Ultrasonic tes.timirequS.rOments (4-6.3.3.2).

Constant cross -section bars and rods are not otherwise considered to be “pare
forgings”

1.2.2
finishes,
(b), (C).
intact :

(a)
(b)

or “Lntricata or complex shapa forgings.m

EMah!2g. ‘Lb matcrinl
4s Bpi?clfiad (SaO 6 .2) .

(d) and (g) below shall

Hot finished. “
As drawn.

shrillbo fumlshcd in the following
Age hardened condition of finishes (a),
bo Eurnishcd with the nga hardening oxide

. . . .
(c) Rough turned or rough grouna (rounas onLy J
(d) .scmismooth machined (rounds only).
(e) Smooth finished machined (rounds only) .
(f) Bright finish (shafting only) .
(g) Pickled.

2. APPLICABLE DOCUMENTS

2.1 Government documcnta.

2.1.1 Sc.ecificctiona and stnndnrdn. ‘lh following specifications and
standards form a part of this documont to cho extcnc spacified herein. Unless
otherwiso specif icd, the issues of these documcncs are those listed in the
issue of the Department of Oefonse Index of Specifications and Standards
(DOOISS) and .wpplement thereto, cited in the soliclcation (SOO 6.2).

~ederal Standn@

FED-STD-1B2 - Continuous Identification thrk$ng of Nickel
and Nickel Base Alloys.. ‘

. .
(Activities outside the.Fodoral Government ❑ay obtain copies of Federal

specifications, standards, and commercial ltom dcmcriptions as ouclincd under
Cenoral. Informnt ion in tho Index of Faderal Spccifications, Srandards and Com-
mercial Item Descriptions. The index, which S.ncludescumulative blmonthly
supplements as issued, is for sale on,a subscription basis by the
Superintendent of Documents, U.S. Covornmont Printing Office, Washington, OC
20402.)

(Copies of listed fodoml and military standards, apocificntions,
Commercial Item Oancriptions (CIOO) , handbooks and’associated documonts listed
in the Oeparmm?nt of Defenso Index of Specifications and Standards (OOOISS) ,
should be obtained from tho 000 Single Stock Point, Standardization Oocuments
Order Desk, Bldg 40, 700 Robbins Avenue, Philadelphia, PA 19111-50W$. copies
of industry association documonts ohould be obtnined from the sponsor. Copies

3
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of all other listed documents should be obtained from the contracting activity
or as directed by cho contracting officer. )

. . .

(Federal Government ;ctivitl.es may obtnin copies of Federal
Standardfzatlon documents and the Index of Fadoral Specifications, Standards
and Commercial Item Descriptions from established points in these ngcnc Les.)

KLl$t arv Standards

MIL-STD-105 - Sampling Procedures and Tnbloo for
Irispection by Attributes.

liIL-STD-163 - Steel Mill Products Preparation for
Shipment and Storago.

UIL-STD-271 - Nondestructive Tasting Requirements for
Notale.

(Unlosa ocherwiso indicated, copies of fodotnl and milicnry specifications
and standards are available from the StmrdnKdizacfOn Documents Order Desk,
Bldg. 40, 700 Robbins Avonuo, Philadolphi.n, PA 1911L-5094) .

2.2 Non -Government rnl~ . Tho followlng iiocumencc form a pare of
this specification to tho extent specified horcin. Unless otherwise
specified, the issues of the documonts which aro 000 adoptod are those listed
in che issue of the OODISS cited in the solicitation. Unless otherwise
specified, the issues of documencs ftotlisted Ln tho 0001SS are tha issues of
the documents cited in the solicitation (sea 6.2) .

AMFl+ICAN SOCIETY FOR TESTING AND MATSRIALS (ASTM)
E8- Tension Tasting of Metallic lintorlals.
Elo - Standard Toot t40thod For Brine.11Hnrdness of Metallic

MtttOrials.
E18 - Standard Test Hothod For Rockwell Hardness and Rockwell

Supeificlal Hardness of”Notalllc Materials. “
E76 - Methods for Chemical Analysis .of Nickel-copper Alloys.
E 112 - Methods for Docorninfng Avoraga Grain Slza
E 360 - Method fOr t4ncroi3cchingMetnh+ and A11oY5

(Application for copies should be addressed to the American Society for
T~sting and t4atcrials, 1916 Race Street, Philndclphi.a, PA 19103. )

2.3 Qrdor of vreccdonc’e. In the ovant of n conflict botwcen che text of
this document and the refarcux$es citad heroin (exe.aptfor related associated
detail specifications, spaciflcatlOn shcec~, Or Ms stnn~rd~). the C~Xt Of
this document takes’precedence. Nothing in thI.sdocument, however supersedes

applicable laWS and’regulations unless a specifl.cexemption has hcen obtained.

3. REQJIRSMNTS

3.1 A?@~ t4eltors or ineltcr/converters shall parform first

4
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ar~iclo inspection (seo 6.3) in nckordnricawith 6.3.

. . . .,

3.1:1 Jlxammtioil~ 0 New melters/convertori who
supply evfden$o that thgy.hnve mot “the requirements” of 6.3.2 for a ❑inimum of ~five hoat~ may obtain a letter of confir!ytiog from ehO Nnval sea SYatems

Commsnd excusing them from ndditl.onal first iirticlc inspections.

3..1.2 -es in orOcess controls. Tho moltor/convartor shall noc change
the basic manufacturing ❑ethod for which first nrciclc inspoccions have been
approved . The ❑oltor/convertor shall roconflrm tho accoptabillcy of hls
fabrication protons by performing n roponc first article inspcccion in
accordance with 4 .3.2 on one hont of mt~ri.al On a biennial basis.

3.2 -’: N@liel-copper -aluminum,alloy shall bo produced by the
electric furnsco procasa and further reffnod by any process proved adequaca to

meat the first article requirements. Cnsting may be by ingot or continuous
case methods.. Cant lngoc”sor blllcts =hall be not worked to n firm unifrom
grain structure. Final processing shrillbo by hoc working, cold working, and
heat treating as specified in 3.2:2.’COnvertO~s ~hall UEO OnLy mace~~al meLc?d
by ‘a melter who htia sacisfled firnt article inspection.

3:2.1 .FOrWtnES ns ur duct. For all forgings other. than bar or rod, a
forging sketch shall be prepa~ed when specified (see 6.2). Forgings with
final forged dhmecor or distance across parallel nurfacos 6f 4 inches or
greater ehall be to such a configuration that they can be ultrasonlally
inspected 100 percent by”volume with ~hrae directional covcraga.

3.2.2 ~

3.2.2.1 ~ Solution treating shall bo accomplished by
holding 4C 1600 to 1900°F followed by water quenching. Tha time at
cemporature must be such that kha entire VOl~G Of mac~rial iS heated tO th@
solutlon treating temperature. Solution treating is usually performed by the
manufacturer and doc.snoc normally need to be ,ropontod. If nccossary to
soften the material, resolution treating shall be ac 1600 to 1900°F.

..
3.2.2.2 As9 her e-d Age hardening 5halL be performed by heating to an

aim tcmperiture of 1100 F, holding at comparacuro for.8 to 16 hours depending
on hardnass of mntarinl and desired hnrdnoss after aging, furnace cooling to
an aim temperature of 900°F then aLr COOli.ngto room tamporacuro. As an
alternate , aging may be at on aim temperature of llOO°F for up to 16 hours,
furnnce cool to an aim tcmporaturo of 1000°F, hold for approximately 6 hours,
furnnco cool to an aim temperature of 900°F, hOld fOr approximately 8 hOurs
and air COOL co roam tempera ture..

3.3 Chemical composition of cha material shall
conform to table 1. I&g o produce (check) analysis Ls specified (see 6.2) ,
the maccrial shall conform to che requirements of cable 1, m.tbjcct co the
permissible tolerances for check analysis.

5
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TABLS 1. fihsmLc 1 c mnO. LtlOu

~

Nickel.l./
Aluminum
Carbon (total) ,
maximum
Iron, maximum
Phmgancso, nmx imum
Silicon, maximum
TLtanLum

Sulfur, ❑aximum
Coppor 2/

63.0 mi.~iunim
2.30-3.15
O.lB

2.0
1.5
0.50
0.35-0.85

0.010
27.0 -33.0

0.65
.20
.02

.05
0.04
.03
.03 (minimum)
.04 (nmxlmum)
.003
.15 (minimum)
.20 (maximum)

w cobalt counting os nickel. ELcmant shall b. de:e~mlmed
nrithmoticnlly by difference.

~ Silver counting as copper.

3.4 KQ@mkoJ oronerciu. Uechnnlcnl propcrchs shall be ns specified in

tables II through VI , as applf.cnble.

TABLS I I . flcchonicalproperties (bar, rod, forged
parts ‘and Plato - unaged u].

Form

Roundsz{ hexa80ns,
squaras , rectangles
and forged parts

Hexagon=
Rounds :
1/6 to 1 inch incl
Over 1 to 3 inches,
inc1

Over 3 to 4 inches,
inc1

Condition

Hot finished

Cold drava

Cold drawn

Hardness

Brinall
(3000 kg)
(mnximum)

265

260

280
260

260

Rockwc11
(maximum)

C23

C26

C29
C26

C22

See footnotes at and of tablo.

.,.
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.TABLS II. tkchanical propart’ics(bar, r~; for~~d
parts and plhtc - unaued U 1 - Con&in~cd

Nardncss
. .

B&ll Rockwa1i
,. (3000 kg) (maximum)

Form Condition (maximum)

Rounds, haxagons Hot .finishcd . ,65. 690

squares. r0cca~81na o,r cold drawn
and forgod parts and annaalod
Pllltu: IIotrol lad and 185 B90
up to 4, incl annoalad

I/ No ton silotests are required except as “provided for in 4.4.2...3.2.3.
& Rounds ovor 4-l/4 inches in‘diamatcr shal1 hnva hardness of 260.

BHN. maximum.

FOL-M.

Rounds 3J
hexagons,
squares,
rectangles
and forged
parta 6f

Rounds

TABLS III. th?,ch’anicn1 proportias (age hardoncd“bnr; rod,
forged parts and plate).

.“

DLamecor

or maxi-
mum ‘dis -

tanco

botwoon
parallel

. . ,. Surfaces
Condition (inches).

Hot finished
ond age
hardaned All SiZ.3S

Cold drnvn
and ago
hardened

1/4 Co 1,
incl

Ov.3r1 tc
3, incl

l’. rover 3 te
ib,incl

Tensi16
strength
lbfin’
❑inimum)

140,000

. .

ifmiuo-

140,000

r> 135,0D0

stccngch
at 0.2
percent
offset
lb/inl
(minimum)

100.000

110,

100.,000

9s,000

Elongation Hardness ~1
jj in 2
inches or BrinaIi
4D, p.arcank 3000 :k.qRockwo11 C
(minimum) (minimum) (minimum)

:,

20.0 .’ 26S ““ 27

....

15.0 300 32

17.0 280 29

20.0 255 25

Sea foocnotos at and of table..
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Form

H;xagons

Rounds,
haxa~ns ,
squaras,
rectang1as
and forged
parts

Plate

TABLS III. Hochanical properties (age hnrdoned bar; rod.
forgad parts and plet.a). - Continued

T
Di+atoc

,. or ❑mxi-
tiumdis-
tmco
betwecm
parallel
surfncas

Condition (inchas)

Tansila
strength
lb/i”J
(mLnimusJ)

+

:olddrawn
and aga 114 to 2, 160,000
hardened inc1

mnoalod and Up to 1 130,000
1380
hardened ~1

1 and 130;000
ovor

Iot rolled,
annoa1ed up to 4, 130,000
and a80 tic1
hardaned . .

Yiald L/
strength
at 0.2
porccnt
offset
lb/in’
[minimum)

100,000

90,000

85,000

80,000

I
Elongation

h

Hardness gI
Al in 2
inches or Brinell
40, parcant 3000 kg Rockwel1 c
(minimum) (minimum) (minimum)

+-k--k-
=-i-a+

~/ Not applicable to subsize tensile spacimens less than 0.250 inch diamatar (see 4.4.3.2. 1)
21 Hardness values are”Sivan for information only and aro not the basis far acceptance or--

rejection.
~1 Rounds over 4-114 inches in diame’torshol1 havo an olongation in 2 inches or &D of il

percant, minimum.
~/ When specified (sea 6.2), for forgod rin8s and discs, hardness monsurcmonts ❑ay be

utiliz.adin lieu of tannila test.
:/ Applicable to both hot finishad and cold drawn mntorial.

Form and
condition

sheet:
Cold rol lad and
annealad
Cold rolled,
annealed, and
.380hardened

TABL8 W. tf.ichanicalproperties of sheet and strip.

ransila strange
lb/in’

(minimum)

---

130,000

See footnoton at ond of table.

8

--1--
‘ioldstran@h I?lOn&ItioniI
t 0.2 percent 2 inches ji

OffSot g parccnt
(minimum) (minimum)

.

--- ---

90,000 15

Rockw@ll
mrdnoas ZI
(minimum)

~1 B85

C24

.,-
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TABLS IV. P!cchanical properties of sheet and strip. - Continued

Form and
condition

Strip:
Cold rolled and
annaalod

Cold rolled,
anncalad, and
age hordoncd

Cold rolled,
half hard, as
rolled

Cold rolled,
half hard, anc
age hardened

Cold rolled,
full hard, as
rolled

Cold rolled
full hard and
age hardened

y

F!f

y

-.
L

?cnsile strengt
lbfin’

(minimum)

---

130,000

---

lfbs,000

---

170,000

‘Lcld strcngtt
It0.2 pcrccnt

Offset Al
(minimum)

.-.

90,000

---

110,000

---

130,000

:longation“ii
! inches ~/
pcrcenc
(minimum)

15

---

8

.-.

5

Rock!.m11
~ardness ~f
(minimum)

g/ 885

C2L

C20

C30

C2S

CM

No yield scrmngth or clon8ation rcquircmants for sheet and strip
under O.020 Inch thick.

Hardriessvalues for 080 hardancd material arc 8iven for information
a’ndara not the basis for acceptance or rojaction. For unaRed ❑ate-
rial,.tensile tests aro not roqulred, exca~t aS specified 1; 4.4.1.3.2.3.

Maximum.

TABLS V. Tensile strength of cold drawn wira in coils.

Condition and’size (inches)

Cold drawn, as drawn, all sizes
Cold drawn and annca led. a11 sizcs
Cold drawn. sc.rinR tcmo~r. as drawn 0.0S7 and lass ~j
Over 0.057 “to-O.lib, inclisivo ~1
Over O.114 to 0.229, inclusiv.a~/
Over 0.229 to 0.312, inclusiva ~/
Over 0.312 co 0.375,.inclusive ~/
Over 0.37S to 0.437, inclusivo “
Over 0.437 CO 0.S63, inclusive
Cold drewn, nnnaalcd and age hardened, all sizes

SOO footnotas at end of table.

Tensile strength
lb/in’ (minimum)

~j 110,000-155,000
if 110,000

165,000
155,000
150,000
165,000
135,000
125,000
120,000
130,000

9
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TABf.S V. Terisile strength of”cold” drawn ”wire “ln coils. - Continued

. .
,.. Tens ilc strength

Condition and size .’(inches) lb/in’ (minimum)
., . . .

Cold drawn, as draws, aga hardened, al1 sizes 155,000
Cold drnwn, sprin8 tsmpor, and ago hnrdanad:

Up to 0.114, inclvsive 180,000
Over O. 116 to 0.375, inclusivo 170,000
Over 0.375 to 0.563, inclusive 160,000

1/ Naximum and minimum.
~~ Naximum.
~/ Applicable to material in coil. For material in scrai8htencd and cut lengths,

deduct 15,000 lb/in’ from abovo values.

TABLS VI . BcndlnR
lf

proporcics of cold rolled shcat and strip .-

Thicknass of
sheet and Dlamotcr of
strip (inch) coId bond in

multiples of
tho thickness

From . (i%) of the materiel

0.010 0.031 1
Over .031 .062 1. .
Over .062 125 1
Over .125 :2s0 2

Annoalod
shoot and
strip

180
180
180
180

Oegrecs of bend I

Annca led and ago
hardancd, sheer and

Half hard strip, and full hard,
strip cold rolled strip

120 90
: 120 90
120 90
120 90

~/ There ard no bond~ng rcquircmcncs for half hard aged or ful1 hard aged scrip.

3.4.1 Uuoeed m o=LL.n tiacerial ordered Ln cho unngcd condition after
proper heat treatment shall be cnpablo of meeclng the mechanical propcrtlc5 of
the corrospondlng heat treated condition of tho forms specified in tables II
through VI, as applicable.

.,

3.4.2 ~K properties (sheet nnd striv~. Shcot and strip, except half
hard and age hardened or full hard and ogo hardonod scrip, shall not crack
when subjected to cold bending, parallal to the direction of rolling, through
the angles and around the ditvnnter specifi~d in “table VI. ,

3.4.3 jlecover.d nmte~. Tho OfferOr/cOncrnctOr 1s encouraged to use
recovered msterinls in accordance with Public Law 96-580 to cho maximum oxtont
practicable.

10
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3.5 &undneea. Material shrillbo of unifo”rmqu’nlity and condition, frco
of defc”ccsharmful to ics Lntended usa, such as scams, PLPC, cracks, oxcessivo
scale, firm, porosity, and segregation as determined by visual .exmnination and
nbndeitructive testing.

3.5.1 ~trasonic Lnsvecti.on of lnKno forclnm (Form”7). Forgings ochcr
than bar and rod with a dimmotor or ❑inimum distance between parallel surfaces
of & inches or greater shall be ultrasonically inspected m specified in
6.4.3 .3.2 when the forging in of such shape as to parmf c ultrasonic in6poction
of 100 porcenc by volume. Inspection shall bo performed qfeer the aging
treatment. Ulcrasonl,c procedures other than thoso spccifiQd Ln 4.4.3 .3.2 may
be employed but they s,hall”be ap,provadby tho command or agency concornod.

3.5.2 j31trae0ni iimoocki n flru b rlrod. f rned or d. (Forms 7.
~ Bar or rodcwlth n dl~ct~ek ~r ~is~ance bet~een parallel surfaces of 4

rolle

inches or greater ohall be ultrnsonicnlly inspected as specified in 4.6.3 .3.2
after the final aging heat trcotmenc.

3.5.3 Jlltrasonic in P cti n. Uhon spoclfiod (ccc 6.2) , b~r, rod, plate,
and forgings shall bo ~l~ras~nicnlly inspecccd co’4.4.3.3.3.

3.5.4 LA.uid oenetrnnt. innoaccio~ “When spccifiod (see 6.2) , bar, rod,
plate, and forgings shall be liquld ponotrnnt Lnspectcd to 4.4.3.4.

3.6

3.6.1 Wire of cold drttwm and annoalod and cold drawn, 4s drawn condttlons
shall wfthstnnd wrapping afght conaocut Lva c108o wound turns, without
crackLng, around a rod of the same diameter as the win?.

3.6.2 Wire of spring temper up to 0.2294 inch diameter, inclusive, shall
withstand wrapping eight consocut ive C1OSO wound turno, without cracking,
around a rod of eho sam diameter. Uiro over O.229Ii inch in diamotar shall
withstand similnr wrapping, without cracking, around a rod of twlco the wire
diameter.

3.6.3 There arc no wrapping requlremants for wlro in cho ago hardened
condition or with a diameter grontor than 1/4 inch.

11
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3.7 ~ . ..,..

3.7.1 Cfoss-sectional dimensiOQIJ. ..

3.7.1.1 ~ n d rid a ad Df.ameter,

df.stancebetween Pnrallol faces, or thickneso shall not ,vary at any point by
more than the amounts spe”cifi.odin tablo VII or VIII, as appllcablo.

TABLS VII. Tolerances on diameter or discancc bctwccn paral IcI faces
of hot finishcd bar and rod.

Drdcrcd diomotor or
distanco botwaen
parallel faces
(inches)

Rod and bar, hot finished:
1 and under
Over 1 to 2, incl
Over 2 to 4, incl
over 4

Round rod, hot finished and
rough turnad or rough ground:

1 and ovar.

Round rod, hoc finishod, s.imf.-
smooth , mnchinad :
Over 3-1/2

Round rod, hot finished, smooth
finish mnchinod:

Over 3-112 ,.

Forgin8 stock (rounds,):

Under 1
1 and ov.ar

-.see footn~tes at end of table.

“’JLl (inches)Tolcranccs - -

Plus

0.016.
.031 .
.047

. .125

0.031

0.031

0

0.005
.031

Uinus

. 0.016
.016
.031
.063

.010

0

~lo .005

12
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TABLE Vrr. Toloranccs on diameter or d istanca between par.n1Ic1 faces
of hot finished bar and rod. - Continued

-.

Ordered dismcter or
distance batween
parallel faces
(inches)

Forging quality bolt stock .
(rounds only):

Ilk,.Sflb
3/8, 7116, 112
9~L6, 5/8, L1/16,’3{4, 13j16,”7/8

15/16, 1
1-1/16 to 1-1/2, in 1/16 inch
increments

~lkf (inches)Tolerances- -

Plus

o
0
0
0

0

Ninus

0.0062
.0066
.00B2
.0098

.0112

1/ Tolerances eoatlvto diameter of rounds , co discnncc batwccn Parallel sur--.
faces for h~xa~ons and squares, and sap.sratclyto width and”thickness
of rectangles.

~/ Permissible variations nvailoblo ns plus 0.005 inch, minus O; or plus
0.0025 inch, minus 0.0025 inch, when specified (see 6.2).

~f Spot grinding may bo permitted to remove minor surface dcfec~s . l%e
depth of grinding shnl1 not cxeacd 3 porcmtt of tho dinmctor.

41 Areas on tha ends of the bar ond rod (for appcoximatoly 1 inch) that
are under the permissible variations in diirnctorare permitted
provided the dasiced finished surface can be obtained within the
machining allowanca (SCO 3.9).

TABLS VIII. Tolerances on diamotcr or dfstanco botwcon paral lal faces
of cold drawn rod and bar.

Ordered diameter or
disranca batwcen
paral 101 faces
(inches)

Rounds: ..

Under 1/2

1/2 to 15/16, incl
Over 15/16 to 1-15/16, incl
Over 1-15/16 to 2-1/2, incl
Over 2-1/2 to 3, incl
Over 3 to 3-1/2, incl
Ovar 3-1/2 to 4, incl

Nexagons:
Up to 2, incl

Tolornncos (inchas)

Plus

o

0
0
0
0
0
0

0

Minus

0.003 “

I/ For cold drava, ago hardanod, bright flnish shnfting, an additional
minus tolaranca of 0.002 inch will be permitted (see 6.4.2) .

13
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3.7.1.2 gut of roundw. Round rod, cold dr&n; and hot finished, all
sizes and in straight lengths, ahnll not be out of round by ❑ore than one-half
the permissible tolerances in diameter spcclf Led in tables VII and VIII.

3.7.1.3 ~n~th ( nrb and rod~.

3.7.1 .3.1 Unless othorwisa spacificd (SCC 6.2), bnr and rod shall bo Eur-
nished in random mill lengths with cut or shoarcd ends. Rod and bar furnished

co nominal (stock) lengths shall be furnished wf.ch oithor cropped or cut ends.
Material ordered to cut lengths shall be furnished wlch square cuc or machined
ends. Where rod and bar is orderad in multiples of a npoclfled unit Length,
1/4 inch shall bo allovod for cinch❑ultiplo cuc unless othorwisa specified
(see 6.2) , and the rod and bar shOll have cut ends.

3.7.1 .3.2 l%o permissible variations f.n.lengths oe rod and bar, all
conditions, shall bo as spoclfled in table IX.

TABLS IX. Permissible variations 1; length of bar and rod,
all conditions.

tlsximumpermissible
Specifled Shortast parccntagc by
length, acccptablo Haximum acceptable weight of short
feat length, fcot length lenaths

Random mil1 lengths ~/ 6 24 ft 25 pcrccnt under 9 ft

Nominal (stock)
length ~/
16 to 18 16 18 ft. lf2 in 100 pcrccnt 16 ft or

longer

14 to 16 14 16 ft. lf2 in 100 parccnt 14 ft.or
longer

12 to 14 12 14 ft, 112 in 100 percent 12 ft “or
longer

Nominal (stock) langth
length ~f
~~ 10 to 12 10 12 ft. 1/2 in 100 percant 10 ft or

longer
~/ 8 to 10 8 10 ft. lf2 in 100 peccenc 8 ft or

longer
~/6c08 6 8 ft, 1/2 in 100 pcrccnc 6 fc or

longer
.4t06 4 6 ft. lf2 in 100 pcrccnt 4 ft or

longer
.,

Cut-to length fil Spocificd Spacificd length 100 porccnt specified
length plus 1/8 in length to plus lf8 in

See footnot.asat top of next pago.

14
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For hot finishcd sections weighing over 25 pounds per 1inaal foot and for
smo”ochforged products, al1 sections, short lon8ths down to 2 feer msy be
furnished.

Other nominal lengths with a spoclficd range of not lCSS than 2 feet, with
no shorts allowed, may also bo furnished.

For cold drawn rod and bar under 1/2 inch in dinumtcr or distance across
flats ordered to nominal or stock, lengths with a 2 foot range, at least 93
percent of such material shall be within tho range specified; the balance may
be in shorter langths but in no case shall lengths 10SS than 4 feat ba -
furnished.

For dismetars over 8 inches, the toloranco shell bo plus lfb inch minus O.

3.7.1.4 &dgfis. Unless otherwf.se npeciflod (seo 6.2) , square,
r.actangulnr, and hexagonal bnr and rod shall hnve angles and corners
consistent with comnmrclnl prnctlco.

3.7.1.5 ~. Tim porminnibla variations Ln strnighcnass of rod
and bar, as datermlned by the departure from the true straightness (throw in
one revolution or depth of chord) , shall be as specified in cables X and XI.

TABLS X. Pormissibla variations in straightness of rod and bnr.~’

Ordered condition, Permissible deviations in
finish , and SiZO straightness (inches)

Hot f~ni~hed2/
Depth of chc.rdY

Bar and rod (hot finished surface) 0.050 per foot of length

Rounds: Throw in one rcvolution~’
Rough ~urncd or rough ground 0.050 per foot of length
Scmismooth ❑achined .0031 per foot of length
Smooth finished ❑achined .001S par foot of length

Cold drawn:
Rounds (diamater): Depth of chordz’
Up co 4 inches, incl 0.030 per foot of len8th

Hexagons and squares: .. Depth of chord~’
All 5iz0S 0.030 per foot of lenfjth

~/ Not applicable to forging quality rod.
~/ Except forging qttali.tystock.
~/ The moximum cttrvaturo (depth of chord) shall not excood the valua indicated

multiplied by length in foot.
~/ The throw in otvarevolution in any 20 feet maximum length shall not exceed

the values indicated multiplied by len8th in feat.

15
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TAELS XI. Permissible variations in straightness of precision
stroightencd cold drawn shafting.

Permissible variations
Ordarcd diamotar Standard discanec thrw in one revolution

of sbnfting between supports from strnighcness
(inches) (inches) ( inches)

1/2 to 15/16, incl fbz .0.005
Over 15/16 to 1-1S/16, incl Ik2 .006
Over 1-15/16 to 2-1/2, incl 42 .007
Over 2-1/2 Co 4 Incl .42 .008
3/.3co 15/16, incl Specified lcngchs of 0.004 plus 0.0025 for

3 to 10 feet each foot, or fraction
thorcof, in excess of
3 foot.

Over 15J16 to 4 incl Spocified lengths 0.005 plus 0.0015 for
of 20 foot and loss each foot, or fraction

thereof, in excess of 3
foot.

3.7 .1.5.1 The permissible variations in sccaighcne=s of precision
straightened cold drawn rod and shafting, as dcccrmined by the dcparturo from
straightness (throw in ono revolution), shall be as specified in cable XI.
All precision straightened rod shrillbe checked for strnighcness when
supported on rollors ac 42 inch intetvals, and also on rollers on the ends of
tho rod, in diamotora and lengrhs, as npocificd in table X1.

3.7.2 FOrR d D ~t dimen ion All forgings shall conform to the sizes
and shapes as ~poc~fi~d (see ‘6.Z;.’ l’hcresponsibility of furnishing forgings

that can be laid out and machined to the finished dlmens ions within the
spmclfied tolerances as sho~ on tho dr4winSs, and thnt will cOnfOrm tO such
gnugos os may bo spacifiod in the individual cases, shall rest with tho
contractor.

3.7.3 ~nte sheet. ond ~.

3.7.3.1 ~ . Tho thickness tolocancao of cold rolled
nickel-copper-aluminum alloy shoot and strip, all conditions, shrillconform to
the requirements specified in tnblo XII. The tolerances’on thickness of hot

rolled nickel-coppor-aluminm alloy plate, all conditions, shall conform to
the requiramancs specified in cable XIII.

16
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TABLS XII. Toloranccs on chickncss of cold rolled sheet n“d
strip, all conditions.

. . . To~crances on chickncss for widths
0rder6d”thickness . given ~f (.lnchas)

(inches)
. . “ Sheet “

.. 48 inches ,Ovor48 to 60
and under inches, incl

plus or minus plus or minus

.0.018 to 0.025, incl 0.002 0.003
OVCF 0.025 to 0.03b , incl .003 ‘ .004
Ovar .034 to .04”3,incl .006 .005
OvOr .043 to .056, incl .Oob .005
Over .056“CO .070, incl .00s .006
Ove”r .070 co .078, incl :006 .007
Over .078 to ..093,.incl ..007 .008
Over .093 to 1109, incl .007 .009
OvOr “.109 to .125, incl .008
Over

.010
“:125 to .140,,incl “ .008 .010

Over .140 to “.171,”incl
Over.’

.009 .012
.171 to .187, incl . .010 .013

over .1B7 to .218, incl’ .011 .015
Over .218,to .234, incl .012 . .016
Over .236 to ..250,incl .013 .018

.
Strip

Widths - 12 inches and less
Plus or minus ~f .

0.010 to 0.050, lncl 0.001s
Ova 0.0S0 to 0.093; incl .0025
Over 0.093 to O. 125,..incl .004
Over 0.125 to 0.156, incl ~/ . ~/ .0045
Ovar 0.156 to 0.250, incl ~/ y .0055
. . .

1/ Noasured 3/8 ihch or more from any cdRe OxCant for strip under-.
I inch in”width which is monsure~ at-any

& Availablo in strnightaned and cut len8ths
~/ For widths ovar B inches, the permissible

cold rolled ~haet aro applicable.

. .

...

plice.
only.
variations for

. .

17
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TABLS XIII . . Permissible variations in weight and thickness of hoc
rolled roctanRular plate. 1/2/_-

PcrmissLblc cxccss in avcraga weight if per
Specified ~/ squaro foot of plate for widths given in
thickness inches cxprcsscd in pcrccntsgo of nominal
(inches) woighcs

40 to 60 to 72 to 84 to 96 to 108 to 120 to 132 to i.!bllto.’
Under 60, 72, 84, 96, 108, 120, 132, 144, 160
68 Cxcl Cxcl Cxc1 axc1 axcl Cxc 1 Cxc1 Oxcl @xc1

3/16 to 5/16, eXCl 9.0 10.5 12.0 13.5 15.0 16.5 lB.O --- --- ---
5116 to 3/B, eXCl 7.5 9.0 10.5 12.0. 13.5 15.0 16.5 18.0 --- ---
3/B to 7j16, CXC1. 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 IB.O ---
7/16 co l/2, CXC1 6.0 7.0 7.5 9.0 10.s 12.0 13.5 15.0 16.S 18.0
i/2 tO S/B, CXC1 5.0 6.o 7.0 7.5 9.0 10.5” 12.0 13.5 15.0 16.5
5fB to 3/4, excl 4.5 5.5 6.0 7.0 7.s 9.0 10.5 . 12.0 13.5 15.0
3/4 t.o1, Cxcl 4.0 4.5 5.5 6.o 7.0 7.5 9.0 10.5 12.0 13.5

1 to 1-1/4, excl 4.0 4.0 .4.5 S.s 6.0 7.0 7.5 9.0 10.5 12.0
1-1/4 to 1-1/2, Cxcl 4.0 4.0 4.5 S.5 6.0 7.0 7.s 9.0 10.5 ---
l-lf2 to 1-3/4, excl 4.0 4.0 .4.s 5.s 6.0 7.0 7.5 9.0 --- ---
1-3/4 to 2, incl 4.0 4.0 .3.5 5.s 6.0 7.0 7.5 --- --- ---

J/ The term “lot” applied to the above table ❑ eans all of the plate of each group
width and osch group thickness.

~/ No plates shal1 vary more than 0.01 inch under tho thickness ardercd, and the
overweight of each lot in each shipment shnl1 not oxcecd the tunountshovn in
the.tablc. Spot grinding wf.11bo pormictcd to remove surfaco imperfections,
such spots not to excoad 0.01 inch under the specified thickness.

~/ All places shall be ordered by thickness and not waight, pcr square foot.
~/ The weight of individual plstes shall not axcacd the nominal weight by more

than 1-1/4 times tha amount shown.

3.7.3.2 !&!d3. The width oe shoe.t ond scrip shrillnot vary from tho
ordered width by moro than che amount spaciflcd in cablo XIV and those for
plate shall bo as specified in table XV.

i8
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TABLS,XIV. Tolerances on width of shact and strip, all conditions.

Tolerances on widths
Ordered thickness Ordered width (inches)

(inches) (inches)
Plus

I
Hinus

Cold rolled sheet ‘
1 r

I All thickness I All widths 1’0.125 I O

Cold rolled strip

Split edge:
0.010 to 0.024, incl 12 and under 0.007

Over 0.024 to 0.075, .incl 12 and under .007

Over 0.075 to O.100, incl 12 and under .009
Omr 0.100 ta 0.125, incl 12 and under .012
Over O.125 to 0.2S0, incl ~/ 8 and under .015

Over O.125 to 0.250, incl l/?/ Ovar.8 to 12, incl .125

0.007
.007
.009
.012
.015

0

~f Avnilpble in straightmtcd and cut lengths only.
~f Slit edge or sheared cdgo.

TABLS XV. Permissible variations in width of shaarcd, machined, abrasive
or plasma torch cut rectangular place. 1/2/-.

specified thickness
(inches)

Sheared: ~1
3/16 to 5/i6, 13xc1

5116 to lf2, ‘3XCl
1/2 to 3/4, excl
3f4 to 1, Cxcl
1 to 1-1/4, .incl

tlachincdor abrasive
cut : ysi
3/16 to 1-1/6, incl
Omr 1-1/4 to 4 incl

Plasma torch cut : ~/
3116 to 2, axcl
2 to 3, incl

Permissible variation

(JDto 30. Iover 30 Ix

3/16 lJ8 L/4
1/4 llB 318
3/8 118 3/8
lf2 l/B 1/2
5/B l/B 5/B

l-ll/B l/B IIB
3/16 1/8 3/16,

1/2 o 1/2
SIB O SIB

See footnotes at top of next pago.

19

in width for widths gil

Dvor 72 to Over 10B to
lot

m—

318
3f8
Lf2
5f8
3/4

lf8
3/1(

l/2
518

incl
Linus

~fa
1/8
1/8
1/8
l/B

1/8
1/8

o
0

160
G
—

---

S/8
3f6
7f8
1

l/B
3/16

1/2
S/8
—

incl
)inus

..-

lf8
1/8
lfE
LIB

118
1/8

0
0

. .
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Pe.nnissiblovariations in width for powdor cut or inert arc cut plate or
mnchincd, pwder cut or inoct arc cut circular plate shall be as agreed
upon betwocn the manufacturer and the Command or agency concerned.

Tolerances for plasma torch cuc sketch plato sha 11 be as agreed upon bccween
the ❑anufacturer and the Command or agency conccrncd.

The minimum sheared width is 10 inches for ❑accrial 3/4 inch and under in
thickness and 20 inches for msteris 1 over 3/4 inch in thickness.

The ❑inimum abrasive cut width is 2 inches.
Tole.ranccs shown arc applicablc for lengths up to 260 inches. For lengths
over 240 inches an additional 1/16 inch .is pormittcd. ~th PIUS and minus.

Tolerances shown for plasma torch cutting may ba obcnincd al1 on Chc minus
side, or divided batwccn tho plus and minus side, as specified (see 6.2) .

3.7.3.3 ~.

3.7.3 .3.1 m. Unless ocherwiso specified (sac 6.2) , sheet shall be
furnished in cut lengths. Tim parmiaoiblo variacf.on in Iengch shall be plus
1/8 inch, minus nochlng.

3.7.3 .3.2 ~.

3.7.3 .3.2.1 Unless nominal or stock lengths or cut lengths ard specified,
strip, in conditions othor than age hordcned, shall be furnished in coil in
thicknesses up through O.125 inch and in random straight lengths in
thicknossos ovor O.125 inch. Unlcas othervlsc spcci.fied (SCC 6.2) , age
hardened strip shall be furnished in straf.ghtencd (cut) Lengths only.

3.7 .3.3.2.2 Tha length of cut Length strip shall noc vary under or over
the orderod length by”mora thnn 1/8 inch.

3.7.3 .3.2.3 Mminnl or SCock la !?. TIU?Length of otrip up to 12
inches wide, ordered as nominal or stock lengths, shall not vary from the
ordorod nominal or stock lcngch by more chnn 1/2 inch, except for cho
permissible amounts of short lengths specified in table XVI. The maximum
percentage by weight of short Lengcha, and the roquirad porcentagc by weight
of o~darad stock lengths, in any shipment shall bo.a? specified in table XVI.

TABLS XVI. Permissible variations in stock lenRths of
strip, up to 12 inches wide.

Ordered Required !faximum permissible porcencnges, by waight, of short lengths
nomina 1 percentage
or scock by waight
length of stock Over O to 10 Over 6 to 8 Over 6 to 6 Over 2 to L Under 2

(feet ) langth , foot, incl feat, incl feet incl feet inci feet

10 60 40 30 20 10 0
8 70 .- “30 20 10 0
6 80 -. -- 20 10 0

3.7.3.3.3 lltoparmiosiblo varintiorm in Iangch for plate shall be as spe-i-
fied in table XVII.

20
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Permissible variations in length for powder cut or inert arc cut plate or
machined, powder cut or inert arc cut circular plate shall be 8s agreed
u~n batwean” the manufactur’cr and tho Commond or ngency concerned.

The minimum sheared length is 10 inches.
Abrasivo cut applicable to a ❑aximum length of 144 to 400 inches dcponding
on the thickness and width ordorcd.

Toleronccs for plasma torch.cut sketch Plato sho 11 be as ngrcod upon between
chc manufaccurar and the.Command or a~ency conccrnod.

Tolerances for plasma torch cutting may ba obtalncd all on the ❑inus side, or
divldcd bocween the plus or minus sido hs specified (sac 6.2) .

3.7.3 .3.3.1 Unlass othorwiso specified (see 6.2) , plate 1 inch thick and
under shall be furnished with a shcnrod odgO, nnd Plato’ OV~r 1 inch shall bO
furnished with machined, abrasive, or plasma torch cut edges.

3.7.3 .3.3.2 Circular plato nhnll hnvo a pormissiblc variation in diameter
as specified in table XVIII.

TABLS XVIII . Pormissiblc varla~ion in diameter for circular plate.

Specified
diamctor Permissible variations over specified diameter for
(inches) thickness given (inches)

Sheared plate: ~) Thickness to 3/8, incl

20 to 32, excl lf4
32 to 84, CXC1 SI 16
84 t? 108, excl 3/8
108 to 140, excl 7/16

3/16 to 2, CXC1 2 to 3, Cxcl
Thickness

(inches , ❑aximum) PlUS Hinus Plus Minus

Plasma torch cut
plate: ~1~1 ..

19 to 20, axcl 1/2 o 5/8
:-3f4

0
20 to 22, excl l/2 o 5/8 o
22 to 24, excl 2-1/2 1/2 o 5/8 o
24 to 28, excl 2-114 1/2 o 5/8 o
28 co 32, CXC1 2 lf2 o 5/8 o
32 to 34, excl 1-3/4 1/2 o --- ---

36 to 38, axcl 1-1/2 1/2 o --- ---

38 to 40, CXC1 1-1/6 . 112 o“ --- ---

.iOto 140, axcl 3 1/2 o 5/6 o

~/ No permissible variation under.
~/ The tolermtco for plasma cut plate ❑ay be obtained all minus or divided

katwe.enthe plus and ❑inus sides, as specified (see 6.2).
~/ Permissible variations in plasma torch cut sketch plate shal I be as agreed

upon botwoan the ❑anufacturer and tho Command or agency concerned.
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3.7.3.4 m.

3.7”.3.6.1 *. Unless otheqwise specified (see 6.2) , sheet shall be
furnished with odgao as would rasult fr?m slitting, sawing, or shearing. I

3.7.3 .Ii.2 ~. Unless otherwise npccified (see 6.2.), strip shall be
furnished with the type of edge as specified in tablo XIX.

.
TABLS XIX.

~“

M R e

~/ In coil or stroight (rnndom or cut) lengths.
~1 [n random or cut straight 10n8thS only. .

3.7.3 .6.3 u. Unless othorvino speciflcd (SCC 6.2) , plato 1-1/4 inches
in thickness and loss shall bo furriishndwith shoarcd odgos; and plate over
1-1/4 inches in thlcknass shall be furnished W1th mnchincd edges.

3.7.3.5 The odgcwtso curvature or ❑aximum departure from
straight line in any longitudinal edge on sheet and strip cut to length or in
random, nominal or stock lengths shall not oxceod O.05 inch par foot of
length.

3.7.4 m.

3.7.4.1 Diemet OK. The pormisolble tolerances in dinmoter of all
conditions of wira shall be as specifiod in table XX.

TABLS SY.. Tolcronccs in diameter of cold drawn
wire, all conditions.

Spocifiod diamotcr
(inches)

To O.OOb4, incl
Over 0.00U to 0.0079, incl
Over 0.0079 to 0.0169, incl
Over 0.0149.to 0.0199, incl
Over 0.0199 to 0.031, incl
Over 0.031 to 0.045, incl
Over 0.045 to 0.079, incl
over 0.079 to O.187S, incl
over O.1875 to 0.606, incl
Over 0.406

Tolerant

Plus

0.0002
.00025
.0003
.Ooofl
.0005
.0006
.0007
.001
.001
.002 7

(inches)

Minus

0.0002.
.00025
.0003
.0006
.0005
.0006
.0007
.001
.002
.002

3.7.4.2 Wt of ro ndnu 0!?s. Wire shall not be out of round by ❑ore than
one-half cho total permissible tolerances specified in cnbla SX.
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3.7.6.3’ Soil and SPO01 lie”u. Peimissiblc vnriacions in coil and spool
weights ‘of cold dravnwire shall be as specified in cables XXI and XXII (see
6.2).

TABLE XXI . Pcrmissibla varinc’ion in waiRht of’cold drawn wire
,in coils and on spools (except Air Force usc~.

Condition

spools
(al1 condlt ions]

Coils (all
conditions)

Wire diameter
(inches)

Under 0.010.
0.010 ro O:OIB, incl
Over 0.018 to O.O&O,
incl

Under 0.010
0.010 to 0.018, incl
Over 0.018 to O.OfIO,
inc1

Over 0.040 to 0.081,
incl

Over 0.08L to 0.312,
inc1

Over 0.312 to 0.S63,
inr.1

Sr.andard
spool

weight
(pounds)

2 .’
.s

10

Approximate
mcon coil
diameter
(inches)

8
8

8 to 12

16 co 20

lB to 22

22 to 30

thlximumweight
of wire on
each SPOO]
(pounds)

2-lf2
6.

15

Maximum weight
par coil
(pounds)

15
25

.30

100

200

200

TABLS X%11. Permissible variation in wci~ht of wire in
coils and on spools (Air Force usc only~.

Condition

A11 condir.ions

,., . .

Wira diamecor
(inches)

Under 0.035
0.03S to 0.063, incl
0.06f4to 0.0915, incl

0.0916 to 0.162. incl F
tiaximumwc ight

Core wire on each
diamater spool
(inches) (pounds)

1’ I
.itos 1

.i- S

i125---

3.8 &axIt@. Unlosn otherwiso specific.d (see 6.2) , bar, rod, sheet
strip, and plate ehall be marked in accordance wlch FEO-STO -182 and tn
addition, shall be marked with tho lot number. Indf.vldunl forgf.ngs shall be
marked with the specification number, heat and lot number. Idoncificntlon
number and ❑arklngg shrillnot be ❑ade by chisel or other sharp instruments.

..
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3.9 ~ wnnce for hot finished m terf.at.n

3.9.1 Machining allowances shall bo mado for hoc finished material as
specified in tab10 XXIII.

TABLE XXIII. Nachining al16vancas for hot finished rod
and bar (allow chc folloving oversizes).

tf8chinin8 al Iouances (inch)z’

d;~r%fsii .
(inches) Across flats for Thickness Width for

hexagons and for rccL.3n-
Dinmricer squares rectangles ales

0.875 and under 0.125 0.125 0. 12s 0.187
Over 0.675 through 1.875 .125 .187 .12s .167
Over 1.675 chrou~h 2.67S 167 .250 ---- .167
Over 2.675 through 3.812 . :250 ---- ---- 167
Over 3.612 .250 ---- ---- ;375

Finished diamctcrz’ Oiamatcr Lcngch

(inches) ‘ (inchas) . (feet)

Rough turned or rough ground
0.500 through 0.675 0.005 q
Over 0.875 through 4.000 .062 . g/
Over 6.000 through 12.000 .125 gj
.Over 12.000 through 20.000 .’. 12s ~1

Scmismooth ❑achined
Over 2.S00 through 4.000 0.062 10 maximum
Over 2.500 through.L .000 .12s Over 10 to 20 maximum
Over 4.000 through 10.000 .125 30 maximum

LI Oimonsions apply to diameter of rods, distance batwcen parallel surfaces of
squares and haxngons, and..scparntoly to width or thickness of rectangles.

~/ The allowances are recommended for rounds to ba machined in lengths 36 inches
or less (such as stcpdown shafts) nnd for .squaras,hexagons, and rectangles
to be machined in lengths 26 inches or less. Lengths longar than those cited
should show tho finish, cross-sectional dimensions, and also the length in
which tbo matarinl is t6 be ❑achined in order that material may be supplied
with sufficiant oversiza, including allowanco for out-of-straightness.

~/ T?Ieallwance for hot finishad rod; rough turned or seudsmooth machined, pro-
vido for sufficient excass metal to insure straightness in finished shafts
within tha limits indicated abovo.
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3.10 .~ of trrein..40 The ‘uniformity of grain size shall bc
determined for bar and rod as 8pecified in 4.6.3.5. Plate, sheet, strip and
wiro shall bo excluded form the-grain siza examination. “The difference- in
avera’ga grain size between the two specimens shall be reported for information
unless othervise specified (see 6.2) .

3.11 w~an s~ . ‘rhomatocfal shall be uniform Ln quality and condition,
clean, smooth, flat, commercially straight, and bo froo from foroign material
and imperfections stichas pipe, laPs, cracks and t!oamswhich, duo to their
nature, degree, or ‘extent may dotrimcntally. affect the suitability for the
sorvico intended. Products ordorod with a hot finished, rough turned or
semismooth machined surface may contain surface imperfections that shall not
be considered injurious unlooo they oxcacd the recommended machining allowance
specified in table XXIII. Inspection procedures for hot finished or machined
material shall be as specified in 4.4.2.2.1.1.

.3. QUALIti ASSURANCE PROVISIONS

4.1 ~v for insvoccio~. Unless otherwise spocifiod in the
contract, the contrnccor is responsible for the performnnco of nll inspection
requirements as spocifiod herein. Except as otherwiso specified in the
contract, tho contractor may use his ovn or any ochor facilicios suicnble for
che performance of the inspection rcquiromonts specifiad horei.n, unless
disapproved by tho Covornmant. Tha Govarturmnt rosorvoo tho right co perform
any of the inspections sot forth in the spocificntion whore such inspections
are downod rmcosoory co assure that supplies and sorvicos conform co
prescribed requirements.

4.1.1 Kesponsibilitv for co ~ All items shall meet all
requirements of sections 3 and 5. Thc inspection set forth in this
specification shall become a part of the contractor’s overall inspection
system or quality program. 2%0 nbsonco of any inspection requirements in the
specification shall not relieve tha contractor of the responsibility of
ensuring chat all products or supplies or supplies to the Government for .
acceptance comply with all coquiromoncs of che contract. Sampling innpeccion,
as part of manufacturing oporncions, is an acceptable practice to nsccrtnin
conformnnco to roquiromonte, oithor indicaced or ackual, nor dots it commit
chriGovernment to accept dofectivo cnntorial.

4.1.1.1 ~ion of aunlitv conform- COrcificntiOn of quality
conformance shall .be furnished with each lot of mnt=arial offered for
acceptance. ‘thecertification shall pr6vido quantitative results for all
specified chemical and mechanical tests. For material supplied in the unaged
condition, the corcification shall prominently display in bold faco type
lettering che words: “AS SUPPLIED MATERIAL CONDITION IS UNACED” . and shall
also include the statement: “This certifies that the material contained in
this lot, when proporly age hordenod, is capablo of meeting cho mechanical
properties for tho corrospondin& aEo hardaned condicion specified in QQ-N-
286.”
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b.2 c1Rssificn Ci.onof?inRDcccj.Ons. The inspection requirements specified
herein are classif led as follows: I

a. First nrticla inspoccion (SOO .4.3).
b. Quality conf.rmnnco inspection (s00 6 .4)

6.3 Ek41c ar tlclogectl o~

4.3.1 ~ Sufficient nnmpla shall be token from each
heat to perfom tha below cited tests and inspections. Sample material shall

have been hot workad and age hardened. Tho sampla shall be from tho finl=hed
condition wrought form and’ taken when tho mncorlnl is ovor 4 Lnchoc in
diameter or distance b’otvccn parallel surfnccs.

4.3.2 ~“ Failuro co ❑ccc chc ncccptnnco criteria
identf f ied below shall be cnusc for rejcction of cho LOC represented by the
SIUllpl.05 (fiec 6.3) .

4.3.2.3 SLow strain rnte Censilo tasc.

4.3.2 .3.1 ~nMDl 9 Le Three specimens Eor slow strain rate censi.lctesting
shall bo cakon from tho center of one end of a bar, rod or forging
representing each heat. Each specimen shall be machined co che form and
dimensions of a 9/16 - 12 UNC Class 2, contlnously threaded stud wlch a test
length of 1 inch between crossheads.

4.3.2 .3;2 ~edura. Each spociman shall bo tested at n remporacure of
400°F and a displacomont raco not oxcooding 0.001 inches por mkuca. Aftar
fracture, che entire ci.rcumfcrcncc of the fractura surface shalL be examined
using a scanning electron ❑i.croscopoac 21313XmngnlficatiOn tO determine
fracture ❑ode. The cvnltmted areas shall concatn che outer edge of che
specimen and tho au.wclmum amount of the fracturo surfaco.

‘Y be used, if required,

Higher magnification
co evaluate area whare the fraccure mode can not be

determlnod.
,.

4.3.2 .3.1 &sOmtan co cricorin. The fraccuro acoa examined shrillnot
exhibit evidanco of intergranulnr fraccurc on more thot 5 percent of the area
examined.

4,4 O.ali v cOn~D@cciOnt

fb.i.l ~ ..

fb.4.l.l ~

&..i.l.L.l EOr VL unl and ~ ~n~oc- nnd mech nis II Cal testss
Unless otherwise specified (see 6.2) , a lot shall consist of material of one
heat, condition, finish (for visual only) , and siza and heat treated in the
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same furnace chargo when ordered @ tho heat treated cOnditiOn. Heat treated

condf tiionsshall include age hardened,. arinealcd and nge hardened, a“ndannealed
only. (For mechanical teB’tO, size shall refer to che same thickness of sheet,
strip, or plate, and tho samo crOm-aectiOn of Other prOducts. )

4.ft.l.l.2 A lot”shall consisc of mntorlnl from one
heat .

6.6.1.2 R for chomicccl nnalvn~. One ropresontntivc snmplo shall be
obtained from each lot. Ladlo analysis may bo used. For wire 0.032 inch

diccmotor and 10SB, samples may bc taken from the final”scnrting size prior co
the final cold roductiocc.

4.4.1.3 ~ mechnnicnl tests.

4.4.1 .3.1 m. b r. wire.n nnd Elat vroduCtq. One tensilc specimen shall be
taken from each lot of 30,000 pounds, or loss. Two tonsilo spccimercs shall be
taken from lots weighing over 30,000 pounds.

4.4.1 .3.1.1 b!lrowrnPw Coot. Onc specimen shall be
of 30,000 pounds,. or less. Tvo specimens shall bo taken
over 30,00,0pounds.

4.4.1 .3.2 Foruad varts..

ttckanfrom each lot
from lots weighing

4.4.1 .3.2.1 ~. SamPlOs frOm che 10C shall
be provided with prolongations unless shape of finished parts permits a
suitable samplo to be. removod without loss of tho forging, OC che producor may
provide extra forgings for tosc. One cetct required for 10CS of 30,000 pounds
or less and two toccs required for lots ovor 30,000 pounds.

4.6.1.3.2.2 ~ed Dnrtri. ccrontor than 250 ccoundq. Erich forgtng shall be
tested. Prolongations shall bo provided on each forging unless shape of
finished parts permits a sultablo samplo piece to be r@mOved without loss of
the forging.

4.4.1 .3.2.3 YwWnWiW. For material ordored in the unaged condition,
one test specimen shall be taken from each lot as defined in 4.2.1. The
spocimocc shall be obtainod from the actual material to be shipped or from a
forged test coupon vhon applicable. The specimen shall ba aged, or anzx?aled
and aged, as rcqcciredby the applicable tablo, III, IV, or V. Tests shall not
be required when the unngcd macerlal can be idenclfied with a material lot
which has previously been tested in the epaclfiod condicion (oLcher aged, or
annealed and aged, as required by table 111, IV, or V) nnd found to meet the
requirements of this spocificntion.

4.4.1.4 Samplinfc for Vf.sllaland dimensional oxnminattog.
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6.4 .1.6.1 Small fc&@ d DtlCCfl(10s8 than 250 Pounds) and all other form%.
From each 10C, representative samples for inspection Of visual and dimensional
characteristics including pncknging, packing, and marking requirements shall
be taken with lot acceptance in accordance with HIL-STD-105, general
fnspeccir.nlavol 3 of normnl plan, singlo, accopcanco qunlfty lCVC1 (AQL) 1.5.
In case of wire, a unit shall bo one coil of wire.

4.6.1 .4.2 Force d verte weieh@g 250 P ounds ot morQ.. Such forging we i.ghing
250 pounds or mora shall be aubjcctad tO n~rfacn insPOcriOn fOr .wOr~anship
and dimensions.

4.4.1.5 ~descru~o Costa.

6.6.1 .5.1 111.CxnROnicteate. men spocifiod (SOO 3.5.1, 3.5.2, and 3.5.3)
each piece of each lot shall bo inspaccod LOO pczccnc by volunm.

4.4.1.5.2 uj. tests. Uhon specified (SCO 6.2) . each pkCe of
aach lot shall be inspected.

6..4.1.6 ~ A samplo for grain size evnluacl.on shell
bc taken from a slice at loasc
forging reproscnting each heat

6.6.2 Exmnlnntlon methods.

4.4.2.1

3/8 inch chick from onc cnd of a bar, rod or
troilc10C .

4.4.2.1.1 ~. In datormtnlng scrni~htnoss in cho standard
42 inch distance botwoan supports or in dotormlning ocralghtnoun when
supported at the ends, the rod shall be placed on a precision table equipped
with ballbeering rollers and n ❑i.cromocoror dial indicator. The rod shall
then be rotated slowly against tha indicator, and tho dovfation from
straigbtnese in any portion of the rod botveen the supports shalL not exceed
tho permlssiblo variations specffiod fn tables X and XI. The dovlacion from
straL.ghtnoss (throw in ono revolution) is dafined as tho difference between
the maximum and minimum rcadfnga of chc diol indicator in one compl. ccc
revolution of the rod. Straightness in terms of dapch of chord shnLL be
determined with a straightodgo, tho length of which is not less thnn that of
che piece being monsurcd,

4.4.2 .1.2 ~nesa (bnr. nhaot nnd Strilll. Scratghcness in terms of
depth of chord shall bo dotermincd with a sccaightedge and shall noc exceed
the permissible variations in table X and 3.5.3.5.

4.4.2.2 Bsual ond dlmensiona~

4.4.2 .2.1 Each sample taken in accordance with 141L-STD-105, AQL 1.5 shall
be s~jccted to surEace inspection for workmanship and dimensions. Any sample
unit containing one or moro visual or dimensional defects shaLl be rajectcd;
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and if,the number. of .dofectivctunits,.i,nany I3CXPP1Oe?tcocds the”ac~OPtAnce
number for that ‘e,&n@le,”the lot “ropresnnted by ~0 snmple shall be rejected... .

6.4.2 .2.i.l ~sne.’ction of hot Finished mate~. Rod or bar surface shall
,be examined to Ioiate imperfections of maximum severity. These imperfections
shall be explorod by grinding, fil~ng, .or othe=wiae. reducing the cross- section
dimension at the site of the imperfection. Sufficient material shall be
removod to reach the bottom OF tho imporfoction. The cross -section dlmonsi?n
is measured at this point. If tha depth of cho imperfection does not axceod
che machining allowance in tablo XXIII for the applicable sizc and form, the
product will bo acceptable.

6.4.3 lent Drocedures.

4.4.3.1 Slt3mfCal ana~ . Tho samplo selected in accordance with .i.3.1
shall be analyzed by tho wet chcmlcal or spectrochmmical methods to determine
conformnnco with table 1, In cnso of diSrigKOOMenC, the chemical composition
shall be determined in accordance with ASTH E 76.

4.4.3.2 ~.

4.4.3 .2.1 Bar. rod. rcctancles. nnd forced .onr~. “Ail bar, rod ,
rectangle, and forged parts shall be pulled full-s lzo when practicable. When
a machined specimen becomes necessary, enough ❑ otal ❑ay be removed from the
gauge section to meet tho limitations of cho tasting ❑achine or the specimen
❑ay be machined to tho form and dimkmsions of the largest standard round
specimen in AS2?4 E 8 obtaimble from tha product being tested. When the
product being tested is of such sizo thoc an ASTf4 E 8 round specimen less than
0.250 inch diameter is needed, minimum elongation requirements of table 111
shall not apply.

4.4 .3.2.1.1 For bar, rod, rcctnnglos, and forcod parts up to and including
1-1/2 inches in dinmoter or thicknano, the axis of the test specimen shall
coincide with che concral axis of the P1OCO; over 1-1/2 inchas, tho axis shall
bc located ❑idway botwcen tho concor and surface of the pioco.

4..i.3.2.1.2 The axis of tonsir.nccst specimans for bar, rod, rectangles,
and forged parts shall be parallel to the direction of rolling, drawing, or
flow 0f metal .

4.4.3 .2.1.3 Unlo8s othorvisa ripocified (SOO 6.2) , rod and bar intended for
reforging will not requira mechanical tasta.

4.4.3.2.3 ~.

6.4.3 .2.3.1 Tans Lon test spocimons for place, sheet, and strip under 0.500

inch thick shall be mnchlned to cho form and dimensions of a standard 2 inch
gaugo length flat in conformnnco to ASTM E 8. Tension test spoclmens for
plates O.S00 inch and over in thlcknoss shell be mnchincd co che form and
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dimmshns of
8.

6.4.3 .2.3.2
transverse to

tho largest obcafccnbla standard round in conformance to ASTM E

Tensile specimens from plate, shoot, and strip shall be taken
the direction of rolling when width will permit.

.4.6.3.2.6 H&Q. ..

ci.4.3.2.4.l Tension tent specimens shall be of the full cross-section of
che wire and not less than 15 inchas in length. Specimonn sh.a11 be froe from
sharp bends or kinks. The distanco bctwcan tho jaws .of the tcscing machino,
with the specimen in place. ready for testing, shall be not less than 10
inches. .

4.4.3 .2.4.2 Wrapping test specimens shall be full-sizo sections of wire of
a suitable length. The specimens shall be wrapped around n rod an opocificd
in 3.4.1 and 3.4.2 and ox’amined for ciacks by liquid ponctrant inspection.

4..6.3.2.5 ~. The yield otrongch shall ba dcccrmincd by cho
offsat method.

4.4.3 .2.6 Hnrdnoss. The hnrdness shall be determined in accordance with
ASTIIE 10 or E 18, as npplicablo.

4.&.3 .2.7 fieleccion and retests. If any specimen fails to moot the
requirements of this specification, tho entiro lot shall be rcjccced, subjccc
co che retest provisions specified in 4.4.3 .2.7.1 and 4.4.3.2.7.2.

4.4.3 .2.7.1 If my test spccimcn shows’defective machining or develops
flaws, it,may be discarded and cmothor specimen subatitutcd.

4.4.3 .2.7,2 If the percecctago elongation of any tension cost sp.acimon is
less than that specified and any part of tho fracture is outside of the middle
two- thirds of the gauge length or in a punched or scribed mark within tho
reduced section, n retest will be all&ed.

..

4.4.3.3 ~.

4.4.3.3.1 ~.

6.4.3 .3.1.1 Ultrnoonic testing ahnll be performed in nccordcmco with
MIL-STO-271, as modified by the requirements specified herein. All
inspections shall betpo,rformed using cho contact or immersion methods.

4.4.3 .3.1.2 Round rod, 1-3/16 inches and under, shall bo ordered with a
ground or turned surfaco when ultrasonic testing is specif led.

4.4.3 -3.1.3 ~. HOC finlshod surfncmB shall be 250 Ra micro
inches or smoothor.
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b.i.3. i.li4 Accousticcll ~V ch&ckA Due to thisvariable

attenuation of nickel -copper-alumina”, an attenuation check shall be performed
beforo each inspection where a reference stantird lS used. A -+a~Lson shall
be.made between me part to be inspected nnd the specific reference standard
to be used. For longitudinal wave impecti?ns, the attenuation check shall be
based on a comparison between a.back rofloction obtainod from similar
geometrical nroas on the part .to be incpectcd and the reference standard. For
shear wave impactions, the atcenuati.on chock shall be based on a comparison
between a cornor roflectioh .eignnl or n pitch -cntch signal obtainod from
similar geometrical areas on tho part to be inspected and the reference
standard. A minimum of three areas shall bo evaluated on tho component to be
inspocccd.’ Differences in attenuation, ❑easured in dB, shell be compensated
for by adding or subtracting chc appropriate number of ,dB form the instruments
gain setting after che calibration r$flector height or OAC curve 1s decormlned
and marked on tho scroon. l’ho most attonunti.vo area evaluated shall be used
to dotcrmino the attenuation corroctlon valuo. If the attenuation checks
indicate less than a 1 dB dlf feronco; no correction is required. when
acoustic compatibility check is performed, tho rOf.3ranC0standard does not
naiadto meet the signal omplicudo comparison test in cho acoustic similnrlty
requirements of HIL-STD-271.

6.6.3 .3.2 tidure for ~ n .C bsodad
Coarse grai.nedmmtarial may result in an unacceptable ultrasonic

signal to perform tho caquirod inspections, A single, distinct signal which
is clearly discornable from noise shall be mad for the inspections. If such
a signal is not obtainable using tho lowest fraquoncy allowed and with tha
transducers pooitloned for the shorrost sound path, tho material shall be
considered noninspectablo and rojoccod. Inspection shall bo performed using
either longitudlnnl wave end scan or shear.wavo pitch -cacch methods as
specified in 4.4.3 .3.2.1 through 6.4.3.3.2.2. When the procedures of
4.4.3 .3.2.1 are applied. to long bars/rods, ultrasonic instruments with high-
engery pulsers and cixtandod range capability moy be required.

4.6.3 .3.2.1 Mngi tudinnl wovo e“d em Inspection shall be performed from
the end of tho form as illuscraccd on figure 1. A 1 inch di.nmoter; 2.25 ~z
transducer shall be used whenever posslblo. If cha 2.25 NNz transducer does
not result in a valid calibration, a one inch diameter, 1 MHz transducer may
bo used and the reason why documented on the test report. A distance
calibration shall bo ❑ado for the length tested. This shall be accomplished
using multiple reflections across tho cross-section of tho test piece or by
the uso of a nickel-coppor-aluminum raferonco standard. The signal from tho
OPpOsita end shall be set t.o o •~nimw of 80 percent full screen height.
Ensure that the location of tho signal from tho opposite end represents the
form’s full length. Both ends of tho bar, rod or forging ahnll b.ascanned 100
percent with an ovorlap of at least 25 porccnt. Additionally, coution must be
used to ensuro that only the reflectad longitudinal wave signal i.sused for
evaluation as opposed to the mode convortod signals which trail the prlmat-y
longitudinal wave signal.
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4.6.3 .3.2.1.1 The ultrasonic Lnipoction {hall be qualif Led by demonstrating
the ability to reject (see 4.4.3.3.4.1. 1) a ❑aximum one inch diameter flat
bottomed hole machined in an ncoustlcally similar bar, rod or forging with the
sium or groator diameter as th~ item CO be inspected at a test mctnl distance
at least es Long as r-ho item to be inspected.

4.4.3 .3.2.2 $hemr wave nicch-cntch UCa= Inspccci.on sbnll be pcrforamd
with two scans, 90 degrees apart, along che length of the bar. rod or forging.
For hexagonal bar,, chrco scnns nra zcqulrad. The scans shall be dlr.acccd so
that tho,sound beam passas through the cantor of tho form. The pitch-catch
technique illustrated in f~gure 2 shall be used. l%o ❑aximum dimension of che
transducer activo elomc-nt shall not exceed 1 inch. Tho nominal transducer
frequency shall be a minimum of 1 MHz. The pitch (sending) trnnsduc.ar and the
catch (receiving) transducer shall be from tho sam mnnufacturor and of tho
same typo, size, and f roquoncy. 1%0 eound beam ongla shall be as shovn on

figure 2 (plus or ❑inus 2“dogrctos). I?IO61 degree transducers may be used for

the end scan proceduro, still using the specified 1/4 inch grid Lines !.ftheir
use results in an acceptable signal prosentntion (the 41 degree transducers
typically provLde anough 65 degree sound energy to perform the requi.rad
inspections) .

4.4.3 .3.2.2.1 Cencar sca5 l%e catch Cransducar shrill bo placed in
position R1 or R2 (sea Eigurc 2) for the ccnccr scan depending on chc ease of
Cixturing and the abillcy to penetrate highly nctanuati.ve material. The
transducers for the center scnn shall be fixcured and locked in pos icion
during scanning. Th.a fixture shall be adjustable to compensate Eor diffcrenc
sizes and to peak the signal during initial set up. With che transducers
aligned and locked into place, tho transmitted 5ignaL shall bo sot between 80
and 90 percent full scroon height. Tho transducers shall be scanned along che
entire length of the bar, rod or forging. Chongcn in material att.xnmtion
will be shovn by gradual changa in signal amplitude and will occur gradually
along the length of the form - olcher hi.ghost or Lowost in che center and
gradually increasing or decrans@. as tho fixture is scanned toward the bar
ends . Gradual chan&es in signnl ampLLtude shall be compensated for with the
i.nstrumencgain COntCOl to..nmlncnin 50 to 90 percent aignnl along the entire
length of the bar, rod or forging.

4.4.3 .3.2.2.2 I?nd SCQL The cnd of the bar, rod or forging shall bo
scanned with a similar cechnlque. For ond ccnns, fixturing is not practical
and an indexing system shall bo used to crack transducer positions. As
illuscratod in figure 3, the end of cho form shall bc marked at 1/6 inch
increments across che dinmotor. Ono olda of cho form shall be simlLarLy
marked in 1/4 inch Lncremcnts for a length of orm dinmecar. Tho transducers
aro inlcially placed nose to nose at tha corner of the ‘formand an 80 co 90
percent full screen height signkl io obtained. The transducers shall chcn be
indexed orm mark at a time simulcanaously and the signal is read for each
index position. It is mandatory co hold tho trmsducars ac their index
positions and then rend tho sLgnaL - do not peak Che slgml for the maximim
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signal amplitude. Chnngeo in attenuation due CO the changing sound path and
changes in material” attenuation will be shovn by a gradual change in signal
~p~itude while the.transducers nre ,indoxad. Cradual changes in sLgnal
amplitude shall’be compensntod for with che inot.rumcncgain control to
maintain a 50 to 90 percent signal along che entire scan Length.

..

4.4.3 .3.3 EKSLSsdura t c iksvectiono . The following

paragraphs describe the requirements For ultrasonic lnspoction of rod, bar,
ring, hollow, round products, disc and pancake forgings and plate. Sheet,

scrip, and wire are specifically excluded form thoso roquircments. Unless

othocwisb sp?c,ifiadbelow, inspection shall be in accordance with HIL-STO- 271

(Js)

(b)

4.6.3.3.3.

In addition Co tho
circumforontial scan required by 141L-sTD-271, products shall ba
inspcctod with a longitudinal wave test in the radial and axial
dlrocclons .’

~ Calibration shall be performed on a flat bottomed hole i“
lieu of tho plato back rofleccion sp.cifi.ed in t41L-STD-271. For
Plato chicknossoa up co and including 4 inches, a 1/4 Inch
diamac.arhole shall ba used. For plato thicknesses groacor than
4 inches , a 1/2 inch dlamotor holo shall be used. The hole shall
be drillad inot chc cesc piece or into a separate dafcct-free
spocimon of Cho samo SIZO (wichln plus or minus l/g Lnch) , shape,
and mntO~hl (Or CIC0U5CiCally Sl@hIr material) . Tho hole shall
be drilled to a dapth of one-half tho thlcknoss or 1 inch
whichever is less. Plate shall be scanned continuously on either
a 24 inch grid and ono diagonal on each arid, or n 12 inch grfd.

1 If roforonce notches or flat boctomcd
holes nra mnda in the mccerial to bo tested. thov shall be so locatod that
their subsequent removal will not impair the suitability of che mntorial for
its intended usa.

4.4.3.3.4

.4.4.3.3.4.1 ~~ n fOr 1 ~ bnra.R RDQcgjJO no rods and

4.4.3 .3.4.1.1 le nd ncn~ A 90 percant or greater loss of back
reflection signal (except when the traneducar is within onn cronsducor
diameter of cho side of the bar) or any discontinuity signal greater than 25
percenc of che efitabllshad r.eforonco lavel shall bo cause for rojection.

4.4.3 .3.4.1.2 $.Ss ch-cn Abrupt reductions in aignnl

~plitude (6 dg or more in one inch or 10SS of langth) shall be causo for
rejection.

4.6.3 .3;4.2 &r Othor ultrnw in~DOCtions .
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4.4.3 .3.4.2.1 Shenr wnve. Any material “which produces indLcntlons equal to
or larger tin the response from the raferanco notch or hl&hcr chnn the.
straight line joining the two peak amplitudes. shall bc rcjecced.

.4.6.3 .3.4.2.2 bnr~ tudlnal wave. Any ❑ncer!.nlwhich produces indications
equal co or larger than the response from the reference hole, or contains
areas which result in a 90 porcant or grcncar loss of back rafleccion (except
when che trnnsducor is within one transducer dlnmctoc of chc sldc of the bor)
shall be rejected. Material shall bo tascod using n square, rectangular, or
circular transducer having an offcctivo area of 1 nqunrc inch or Icss, but no
dimensions shall be smaller than the diameter of tha reference holo. In the
event of disngracment on the degroo of back reflection loss, it shnLL be
determined by che contact mathod ustn.g a 1 to 1 1/8 inch dlamecer cransduccr
or one whose area falls within this range.

L.4.3.6 ~~n.

4.6.3 .4.1 ~eed Ure. Liquid penetrant inspcccion shall bo in accordance
with MIL-STD-271.

6.4.3 .4.2 $X. fllCO roauirom ontq. The surfnco pcoducod by hot working is not
suitable for liquid penecrant testing. Therefore, liquid pcnetranc Cesttng
will not be oppllcabla to praducts ordered with a hoc fint.shedsurface.

4.4.3 .4.3 bccevtanco cri teri n. Linonr defects rcvoalcd by liquid penetrnnt

inspection shall be explored by grinding or ochor suitable mans. Depth of

defects shall not exceed the dimensional tolerance of the material.

6.4 ,3.5 Grain size 0 ro ceduro. The sample selccced for grain size
determination shall be macroatchod to raveal grain stcucturo. The sample

shall be prepared so chat the surface to be etched has a suitable fLnlsh for
mncroecching and bc etched accarding co AST14E340. Two locnrions shall be
selected to bo @valuated as follows: Ona Ecain SIZO spcc~mon shall bc
seleccad from cho coacsooc groin area ol?the mnccootchcd surface established
by visual examination (unnidod visual or 10V powor - up to 10X mognificacion) .
The other .specimonshall be sclocced from the finest grained area of the
macroecched surface. The selecced grain size speclmcn shall be prepared and
inspected in accordance with ASTM 6112. The inspected surface of the specimen
shall be perpendicular to tho major dircctian of working.

I

4..4.4 Replacement. Retaat. Role~on and ROSU~

6.6.4.1 Mechanical ~roncrtv roteok
. .

4.4.4 .1.1 If any test specimont shows defoctivo ❑nchint.ng or develops flaws
which causa lnaccurata test results it may be discnrdcd and a replnccment tcsc
specimen subscltuced.
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4 .4.4..1.2 If tho percontago of elongacLon of any tension tosc specimen 1s
less than. that spocifiod and nny pnrt of the fracturo is.outside of the Lddle
two-thirds of the gage length or in a punched or scribed mark within the
reduced section, a retest shall be allowed.

,,

6,4.4 .1.3 If the test results of tho test on one of the npeclmcns falls to
meet the spocifiad rhquiremonts two additional specimens shall be takcm (one
from the same piece ‘as tho failed spec~man and ono form a different sample
pb3Ce) llS tested. The results of tho tmta’ on both of these specimens shall
meet tho specified ~aquiromants.

4.4.4.2. ~ hen any test specimen does not con-form to
spbciftcatlon requirements ,for the char: cterist= being cascod or more than ono
specimen of the original sapla fails tO meet the .spe@fiad r~quircm@nts for a
particular property the lot”represented by the spocimn shal 1 be rejected.

5. PREPARATION N)R DELIVSRY

5.1 F?s.. Ckn nnd mnw. Material as

specified (see 6.2) , shall bo prcservod/packaged, packed level A or C, and
marked as ripecifiod (seo 6.2) , in nccordanco with MIL.-STD-163.

6. NOTES
(~is section $ontalns imformatlon of a p+neral or cxpLantory nature that

may be helpful, but 1s not mandatory).

6.1 ~ed USO .

6. 1.1 Nlckol-copper-aluminum alloy, UNS N05500 is used whero a combination
of high strength and resistance to corrosion are involved. For optimum tool
lifo tho annenlad condition 1s recommended. Cold drawn ❑aterial is intended
for aucomacic machining operations.

6.1.2 Nickel-copper-aluminum alloy sheet and strip in che annealed
condition manybo used in tho manufacture of articles in which haading,
bonding, curling, drn’wfrig,..formLnS, lock-sonmfng, woldinE, ctc. , opcrat ions
are involved.

6.1.3 Cold rollod strip of half hnrd and full hard temper are used where
light deformations OK .Iiboral bending radii nro involvod, for applications
such as springs.

6.1.4 Nickel-copper-aluminum alloy wiro in tho annealed condition is
intended for sovero forming, cold heading, and roll threading operations.

6.1.5 Nickal-coppor-’alumlnum alloy wire, spring tamper in che as drawn
condition is intended for coiling of helical sprlngn which are to be aged
hardened after coiling i.nordor to obtain maximum strength and hardnass.
Where helical springs are to be cold prassod, the cold pressing is to bo done
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6.2 “&qg&&icm reacciremen .ts Acquisition documents must specify the
following:

(n)
(b)

(c)
(d)
(e)
(E)

(g)

(h)
(i)

(j)

(k)

(1)
(m)

(n)
(0)
(P)

(q)

(r)’

(s)

TLtle, rnmbar, and daco o“fthLs spocLficntL&.
Form, condLtion, and surfaco finLsh of ❑acorial rcqui,rcd (see
1.2.1 and 1.2.2).
Whether a forging sketch 1s roquirad (s.ao3.2 .1).
Sizo roqulrcd (500 applLcabla table) .
If a product check antclysLs is required (see 3.3.)
When hardness ,measure.mcntsmay be utLlizcd for forged r’Lngsand
discs (SC? footnote 4 of table III.)
Uhcn colorancoo other. than chose spocifiod are permitted (see
footnote 2 of table VII; footnoto 6 of tnblc XV; foocnotc 5 of
cablo XVII and footnoca 2 of cablo XVIII) .
If optional ultrasonic inspection Ls rcquLrad (see 3.5.3) .
If opcLcInnl llquLd ponccrant Lnspe.ct@n is required (sac 3.5.4) .
The lengths required and whothar cut-to- length, random mill
lengths, nominhl (stock) lengths, or mu LtipLcs of specified
lengths (seo 3.7.1.3.1, 3.7.3 .3.1 and 3.7.3.3.2.1).
~f edges ara othoc than specified (see 3.7.1.4 +nd 3.7.3.4.1,
3.7.3.4.2, and 3.7.3.4.3).
Fcirglng dLmens Lens (see 3.“7.2).
Uhon plato is roquirod without sheared edges, or without
machined, abras Lve, or plnsmn torch cut edges (see 3.7.3.3.3. 1).
Weight of coil or spool of wire required (see 3.7.4 .3).
If marking eho~ld bo othor than specified (see 3.8) .
Crnin sizo data not requLrad or required for accoptfnco (see
3.10).
If a lot for visual and grain SLZO Lnspeccions and mech.anlcal
tests Lo other than spccLfLcd (SCO 4.4.1.1. 1).
When mechanical cencs nro roquirod for rod and bar int.anded for
reforging (see 6.4.3.2.1.3).
Soloction of applicable Lavols of packaging, pricking, and marking
required, Lf other than spocifLed (sao 5.1)

6.3 FLr*t articl e% W&I first article Lnspcction is required the
contracting officor should provLdo specLflc guidonco to offorors whether che
Ltem should bo a praproduction sample, a first articla smuplc, 4 sample
mlacccd from first production Ltoms or n ntandard production Ltom from the
contractors current invemtocy (see 3.1.1), and the number of items to be
tested as spacifiad in .4.3.1. The contracting officer should also Lnclude
specifLc Lmtructions on acquinitLon documents rogardLng arrangements for
examLnati.ons, approval of fLrst artLcla test results, and dispos LtLon of first
articles 1 Invitations for bids should provide that tho Covcrnmant reserves
the right to waive tho requircmont for snu@las for first article i.nspeccion to
whose bLddors offering a product which has boon previously acquired or cosced
by che Coverruaant, and that such blddcrs offaring such produces, who wish co
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Covernmqrctapp”rovalts prosontly appropriate for tha pending contract.
Bidders should not submit alcornato bids unless specifically requesred co do
so’ in tho solicitation.

,.

6.3.1 iients r auirod.e Tha offoror should noc be excused from first
article impectio,n until fi.vohaats of material have been exnmlned and
doterminod accepcablo.

6.6 Beinauection of relected lots.

6.4.1 &elected lots . A rejactod lot may bc resubmitted for ncceptanco

testing only after ~ewbrk, as nocoss.nry, is porformod to correct the

noncofordng condition without ndvarsoly affecting the conforming Propcrtios. .
If the rojected lot is re-h.-iattreated to corrarcta nonconforming
characteristic, all ❑echanical proportion, including thoso which wore
initially conforming, should bo determined.

6.4.2 When a rojectad lot consists of moro than one
piece, each remaining piece in thO 10C may bO rcsubmitccd fO~ testing fOr Cha
nonconforming charactariatic and each piece chat conforms to alL spqciflcatlon
requirements tinyba considorod for acceptance.

6.5” Ncernate ult~ Proc cdure. Consideration may be

given,to nlternato ultrasonic inspect Lon procoduros. Thoso procedures muse be

approved by the Command or agency concornod.

616 General&form nclon (mncnrl~ nvni1nbilitv~

6.6.1 Age hnrdoned macorinl 1s suppliad with thin, dark oxido finish in
all forms, excepting bright finished cold drawn shafting and smooth ❑achined
rounds .

‘6.6.2 Bright f~nish, cold drtv-%and “4s6 hardened shafting is available
in round rods for”shafting. Tho bright finish conslate of grinding or
polishing to remove che light oxide film resulting from.the ago hardening
treatment. ..

6.6.3 Hot firrishodround rod with a cold drawn pass is available “to
close tolerances for hot upsetting of bolts. l%o tolarancos are such as to
❑c+ecthe requirements of clans 3A of Amor Lean Standard screw thrend.-,

6.6 .fs Annealed’ sheet and strip is furnished with a plain finish
resulting from dascallng or annealing in an atmosphere that yields a bright
finish.

6.6.5 Half and full hard strip is furnished with a surface vncying from
bright to slight oxido ‘discoloration.

6.6.6 When ordering hot fin-ishadmnterinl, allowances should be made as
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listed in tablo XXIII to allow for clean-up to tha users finished
cross-sectional dimcmions.

6.7 iir.tworkin~ cautton s.

6.7.1 Mnterial should. not be cooled slowly following hot working
operations. Slow cooling will rcsulc Ln self hnrdaning as cooling takes place
through tho precipitation hardaning rango. Gencrnlly, sections 3/4 inch thick

and smaller will air cool or can be coolad with an air blant rnpldly enough to
prevent self hardening, provLdad tho parts are noc piled onc on top or against
each other. Sections ovor 3/fIinch are normnlLy wacor quenched.

6.7.2 Should .a forging oporation on this mncarlal bo Lncerrupted to the
extent that the heated’ bars are likely co COOL beLow 1450F. cl~ebars shOuLd be
quenched rather Chnn bo pcrmlttad co air COOL below chat temperature.

6.7.3 With rcfercnc”o to che honcing times shown hcraln, care muse be
taken to obtain cho proper temperature throughout the cross -section on large
dinmeccrs or chLcknesseo. ALSO ic should be understood chnc material should
be brought to annealing ccmpernturo or hoc working tcmpcracurc as rapidly as
possible to avoid aging of the material on the way up co ccmpcrncurc,
otherwise cracking or thermal splitting of the mntorlal ❑ight occur,
particularly in subsequent hot working operations.

6.8 This apeclf ication covora various stock forms of
nickal-copper -aluminum alloy for ‘the fabrication of fLnishcd components.
Componont specificaciona should bo consultod for the requirements rolcvant co
ind~vidunl products.

6.9 Subiec t term (kov word) llstin~
Rods
Bars

Forgings
Ulcrasonlc

6.LO ChtInReS from nrevhus issue. t4argLnal
this rovlsion co idantify changes with rcspecc Co
the extensiveness of the. chnngo5.

notncions arc not used in
the previous issue, due co
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FIGURE 3. Index marking layout for shaar wave pitch-catch end scan of lar~c
bar, rod and forginRs.
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