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Auault Zi! 15974

Int, Fed. Spec. QUQ-NQOIRLC (NAVY-Ships)
April 10. 1967, and
Fed. Spec. JQ-N-181b
October J1, 1966
[(See 6.6)
FEDERAL SPECIFICATION
NICKEL-COPPER ALLOY BAR, ROD, PLATE,
SHEET, STRIP, WIRE, FORGINGS, AND STRUC-

TURAL AND SPECIAL SHAPED SECTIONS

This specification was approved by the Cammissionar, Federal Supply Services, General
Services Administration, for use of all Federal agencies,

1. SCOPE AND CLASSIFICATION

1.1 SCDEE. This, apecification covers nigkel-copper alloy for applicationa requiring

comparatively

igh strength and resistance to corrosion.

1.2 classification. Nickel-copper alloy shall be of the following classes, forms,
and conditlons, as speclified (see 6.2):

Class A.

Form

Farm

Form

Form

Form

Form

Form

1l - Bar and rod.

Canditien: Cold drawn (stress reljeved).
Hot fini{shed (as hot finiahed or atreas relisved).
Hot finished, high tensile (stress relievad).
Annealed {hot finished or cold drawn).
Forging guality.

2 - Forged parts,

Condition: Hot finiashed (as forged or stress relieved).
Forged, high tensile (strass relieved!.
Hot finishad, annealed.

3 - shapes.
Candition: Annealed.

Hot finished.

Cold rolled or cold drawn,
4 - Sheet,

Condition: Cold rolled {(annealed).
Cold rolled ({(as rolled).
Hot finished ({(annealad}.

5 - strip.
Condition: Cold rolled {annealed}.
Cold rolled (quarter hard}.
Cold rolled (hard, as rolled).
Cold rolled (full hard spring, as rolled).

6 - Plate.
Condition: Hot finished (annealed).
ot finished {as tolled).

7 - Wire,

Conditien: Cold drawn {annealed).
Cold drawn (varioua tamperse).
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Form L - Bar and rod.
Condition: Cold drawn (ag drawn or stress relieved),
Hot finished {as hot finished or stress relieved}.
Annealed (hot finished or cold drawn).

Form 2 - wWire,
Condition: Cold drawn (annealed).
Cold drawn {[various tempersa).

4. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on date of invitation for bids or
request for proposal, form a part of the specification to the extent specified herein.

FEDERAL S5TANDARDS:
FED-STD-182 - Icentitication Marking of Nickel and Nickel Base Alloya.
FED-53TD-151 - Metals; Test Methods.

[Acrtivities outeide the Fedaral Government may obtain coples of Federal Specifications
and Standards as outlined under General Information in the Index of Federal Specifications
and Standards and at the prices indicated in the Index, The index, which includesa cumulative
monthly supplements as 1ssued, 15 for sale on a subscription basis by the Superintendent of
Documents, U.5. Government Printing 0ffice, Washington, D.C.. 20402.

(Stnale coples of this specification and other Federnl Specifications required by activitiesa ocutside
the Pedarml (w~vernoent Tor bidding purposes are available without charge from Businese Service Centers at
the Ganernl Services Reglonal Offices in Boaton, New York, Washington, IC, Atlants, Chicago, Kansas City, D,
Fort worih, [enver, San Prancisco, Los Angeles, and Seattle, WA.

{(Federal Government activities may obtain copies 0f Faederal Specifications and Standards
and the Index o! Federal Spec:f:ications and 5tandards from eetablished distribution points
In thelr agencles.)

MILITARY SPECIFICATION:
MIL-PF=-11¢& - Preservation, Methods of.

MILITAHY 5TANDARDS:

MIL-5TD-16) - Steel Mi1ll Products, Preparation for Shipment and Storage.
TR P bl o T B I | - Nandaoaast marryun Taot1na Hoouicoamanta far Uarolas
MIL-STD-271 Nondestructive Testing Reguiremesnts for Metals.

ICopres of specifications, standards, drawings, angd publications required by suppliers
in connection wiih speci{ic orocurement functions should pe obtained from the procuring
activily or as direcied by the contracting officer.)

4.2 Jtrer publications. The fellowing documents form a part of this specification to
the extent specificd herein. Unless otherwigse indicated, the i19sue in effect on date of
nvitation for bids or request for roposal shall apply.

AMEHITAN SUCIETY FUR TESTING AND MATERIALS (ASTM}
E-8 - Methods of Tension Testing of Merallic Materials,
t-140 - Standard Hardness Conversion Tables for Metals {(Relationship Between
Bripell Hardness, Vickers Hardness, Rockwell Hardness, Rockwell Super-
ficial Hardness, and Knoop Harcress).

Anplicatlian lor copres ahnogld be addressed to the American Society For Testing And
Materials, 1%1b Race Street, Philadelphia, Pennsylvania 19103.)

\Tecnnical sociecy and technical association specificatione and standards are generslly
avaitlanle 1975 reference from libraries. They are also distributed among technical groupgs
and 25iag luceral agencires.)

3. REQUIHEMENT
BN _nemical renLirements., e ma+-arial snals "Onlorm to the chemical reguirements =f
tab.e [, - - T

L)
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3.2 Thermal treac 5t (class A cold drawn bar and rod). Class A Jrawn bar and rod
shall be given a low .oMferature scress relieving treatment to relieve the major portion of
incernal stress dev lu.ed diaring cold drawing.,

3.3 Mecnanical properties. lachanlcal properties shall be as spec:ified in tables I1
through VIIL,

Table Il - Mechanical preperties - class A: bar, rod and
torged parts; class B: bar and red.

[ Y:eld strength at Yield strength at Elongati
Conditions and Tenslile 0.01 percent ofiset or 0,02 percen: oifset ar in “‘inégzs
Jdiameter or maxi- | strength ¥4 . R : 1/ . ,

; - d = T
hium discance at extension indicated at exteénsion i1ndicated or 4 x diam
pbetseen parallel R . . .
faces (inches) P51 psi inches 1in psi Inches in percent

(min} (min) 2 inches {min} 2 inches {min)
Class A

Cold Drawn (stress relieved)

Rounds, under 1/2 | 84,000 10,000 6.0033 50,000 0.0078 102/
[Rounds, 1/2 to 3~ | 47,000 45,000 0.00137 60,000 0.0088 22
1/2, irncl.
Rounds, over 13- B4,000 42,000 0.0034 55,000 0.0082 25
1/2 to 4, incl. msa s
squares, hexagons,) 84,000 40,000 6.0031 50,000 0D.0078 22027
and rectangles,
all sizes
Hot Finished {as hot finished oOr stress relieved)
a2/ I r 57
Rounds, -’ squares,[ 80,000 10,000 0.0025 10,000 0.007%1 30=
flats up o 12,
and hexagons -
1/8 and under,
and forged parts
up to 12
Rounds . sguares, 15,000 i, noa 0.0aQ2s 40,000 n.n071 30
flats over 12,
ang forgea parrcs
aver 112
Plexagons over 2- 75,000 25,000 0.0021 30,000 g.0063 30
1/8 to 2-1/72,
1ingl.
6/
Hot Finished, Hioh Tensile (stress relieved) -
[Rounds, 3 to o, L ] 52,000 g,0042 70,000 0.00%4 20
incl.
LoundS, over 6 to | 65,000 45,000 D.0037 ab,000 3.06G806 25
17 inel
Hexagons, sgquares,| 85,000 45,100 00,0037 60,000 0.0086 25
and flats 3 to
12, incl.
Annealed (hot finished or celd drawn}
T T 1 T
hll products and 70,000 \ -—— ! - 155.000 2.0050 J 19
Y, l
all sizes—
I |
. i/
Forging uality—
Fll si1zes -——— ‘ -—- ] .- I -—- I - r7 -—-
. [ [ I | A 1

See fogLnotes

Is
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Table 1I - Mechanical properties ~ ¢lass A: bar, rod and
forged parts; class B: bar and rodicont'd.}.
Yield strength at Yield strenqgth at £l .
Conditions amngd Tensile 0.0l percent offset or 0.2 percent offset or inogg?§;g25
diameter or maxi- | strength | .o o iansion indicated) | at extension indicatea Jor 4 x diam
um distance
AaritAaAanr maral "ol
Letween parallel . . . - -
. psi psi Inches in psi Inches in percent
faces (inches [min) {min} 2 inches [min) 2 inches {min)
Class Bg/

Cold Drawn {as drawn or stress relieved)

Rounds under 172 | 85,0002 | --- -~ 50,000 0.0078 8
[Rounds 1/2 ta I, 85,0002/ -——— -——- 50,000 0.oc78 15
incl.
ounds over L o BS,000 -—— —_— 50,000 o.0078 15
3, incl,
exagons and B5,000 -— -—- 50,000 0.0078 15
squares 2 ang
less

Hot Finished ({as hot finished or stress relieved)

lounds 3 and _ess { 75,000 -——— -—— 35,000 0.0067 30
fioxagons and 75,000 - - 15,000 0.0067 30
sguares 2 ani
less
Hexagons and 70,000 - - —_—— 3n,000 0.0063 30

S5quares over
to 4 incl.

Annealed thot finished or cold drawn)

[All products zx-d 70,000 - - 25,000 0.0059 35

all sizesi/

I_/The elastic croperties of all class A and B material shall be determined at 0.2 percent
offset, urn.2s5s otherwise specified (see 6.2},

g/HoL applicacle tp diameters or crossi-sections under 3/32 inch,

E/E'or sectlons Jap to 1/2 inch, the elongation shall be 10 percent minimum.

i/Only tensils strength shall be reguired for material, in coil, up to 3/4 inch diameter.

E/?Gf filats * .7 inch and under in thickness, elongation 20 percent minimum,

6/

="applicable -: rod and bar only, but procurable in limited shapes and sizes of forged parts.

1-/Forgim;s gua .
tensile st-

ty rod is furnished to chemical composition and surface inspection only, No
gth tests are required. For Naval shipboard applications, the mechanical

-

properties -7 forging qualizy rod after hot working are required and shall conform to the

applicable :troduct classification of the end item (see form ? conditions). These
conditions zre as specified in table 1I for class A hot-finished forged parts.

9/

="110,000 ps: —aximum.
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Taal- +1l ~ Mechanical properties of class A, colgd
rclled and hot finished sheet.
Condition and | Tensile Yield strengch/ at 0.2 PErCant | p)ongationt! 2/
thickness strength offset qrd§ta$x26n310n in 2 inches Handness=
/4 inch, inclu- rndicate
ive unleas other- psi Inches in Percent
kise indicated) psi (min) 2 inches (min) Rockwell B
Cold relled sheet
Rnnealed (plain 70-85,000 28,000 ¢.0062 35 (73 max)
finish)
Hard {as rolled} nog,000 (min} 9g,000 06.0109 2 {93 min)
Hot rolled sheet
pnnealed (plain 70,000 {min) 28,000 0.0062 35 {71 max)
finish)
='Ho yield strength requirements for material under 0,020 inch thick, and elongation shall be
30 (min}.
zjﬂockwell B or equivalent hardness., lardness values are informative only,
Table IV - Mechanical properties of class A,
cold rolled strip.
censile Yield strenqthlj at 0.2 percent Eangationi/ 2,
Conditiaon {(thick- strength offset ?rdzéaizgenslcn in 2 inches, liardness=
ness 1/4 inch and n
less) )
psi Inches 1n Percent
psi {min) 2 inches {min} flockwell 3
linnealed 70-85,C00 28,000 0.0062 15 {608 maxl
Quarter hard 78-85,C00 45,000 0.0075 20 (74-89)
Hard (as rolled) 100,000 (min} 40,0040 0.0109 2 (91 min)
Full hard spring - -— - - 98 min
[as rolled)zl

17

30 tmin},

2/

—" Rockwell B or eguivalent hardness,

Ho yield strength requirements for material under 0.020 inch thick,

Hardness values are 1nformative

tions for which tensile requirements are specified,

i/

="tio tensile requirements.

Table V ~ !echanical properties of class A,
hot finished plate.

and clongation shall be

only for those copdi-

Y:eld strength at 0.2 percent : 1¥4
Tensile S Elongati¢on~ 27/
P : H LTer, - 1 =
Condition (thick- strength @ SEL12512;L2{ ensian tn 2 inches Hardness
nesses 1/16 1nch 4
pnd heavier) ps: ALEY Inches 1n Percent Hrinell
[min) {min) 2 inches {minm)
Annealed 19,000 28,000 Q,0062 1% {110-140)
As rclledij 75,000 l 40,000 J.0071 25 (125~180}

See

{obrtnotes an nest

page.
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l/when round specimens are used, elongation shall be measured in 4 times diameter,

E/Hardness values are for information only and are not to be construed as the basis for
acceptance or rejectien. If Rockwell readings are made, the following comversion applies;

Brinell hardness number Rockwell B
110-140 61-77
125=180 70-89

For other hardness conversion values see hardnegs conversion tables for nickel alloys,
ASTM E-140.

=~ As roljed plate may be s5tress relieved subsequent to final rolling.

Table VI - Mechanical properties of class A, shapes,

Yield strength at
Tensile 0.2 percent offset or | Elongation
strength at extension in 2 inches
Condition indicated
psi pai Inches in Percent
{min) {min) 2 inches {min}
Annealed 70,000 25,000 0,0059 15
Hot finished 75,000 35,000 0.0067 30
Cold rolled or cold 80,000 45,000 0.0075 20
drawn

Table VII - Mechanical properties of cold drawn

. . g1
wire in CDll—/

Tensile strength
Condition and size, inch psl Wrapping test
(min) {max)
Classes A and B:
Annealed, all sizes 70,000 85,000 All wire shall wrap arcund a rod of the
No. D temper, under 1/2 BG,000 95,000 same diameter as the wire without
No. 1 temper, under 1/2 90,000 { 110,000 cracking.
Class A (only):
Regular temper, under 1/2 110,000 | 140,000 All wire up to 0.2294 inch, inclusive,
Reqular temper, 1/2 and aver 30,000 | 130,000 ehall wrap around a rod of the same
Spring temper (round wire) diameter as the wire without cracking.
0.028 diameter and less 165,000 | ——===-- Wire over 0.2294 inch diameter shall
Over 0.028 to 0.057, incl. 160,000 | ======= wrap around a rod of twice the wire
Over 0.057 to 0.114, incl. 150,000 | =—===== diameter without cracking,
Over 0,114 to 0.312, incl. 140,000 | —====--
Over 0.312 to 0.375, incl. 135,000 | ==—=—==
Over 0,375 to 0.500, incl. 130,000 | ===w——~
Over 0.500 to 0,563, incl, 120,000 § ======-—
/

=" Properties are not applicable to wire after straightening and cutting.
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Table VII. -roin size and hardness for cold rolled, deep arawing,
ard spinning quality sheet and strip.
T

Grain size
(max)

Mm -Hl Inch

Sheet {56 inches wide and less)

ASTM micreo- |Rockwell 5
grain s.ze hardness
number (max)

Thickness, inch

0.050 and less 2.075 | 0.003Q 3.5 68
Over 0,050 to 0.250, 0.110 {0.0043 3.5 68
tncl.
Scrip fall widths)
0.005 to 0.015, rncl.{ @.022 {Q.,3009 2] 73
Over 0,015 o 0,024, 0.060 | 0.0024 5.5 70
incl,
Over 0,024 to 0.125, 0.073 [0.,0030 4.5 68
inel.

3.4 pDeep drawing or spinning quality. Class A "deep drawing” and "spinning gquality™
sheet and strip shall conform to the reguirements of table VIII,

3.5 Ultrasonic inspection., When specified isee 6.2), rod, bar, plate, and simple
forged shapes shall pass the ultrasonic inspectlcn test (see 4.4.4). Round bar 1-3/16 inch
diameter and under shall be ordered with a vurned Or ground surface when ultrasonic testing
1s specified.

3.6 Liguid penecrant test. when specified (see 6.2), material shall be inspected by
the liguid penetrant method as specified 1n 4.4.5.

1.7 Forged parts.

3.7.1 Dimensicns. All forged parts shall! conferm tc the sizes and shapes as specified
{see 6.2). The responsibilivy of furnishing forged parts that can be laid out and machined
to the finished dimensions with:in the specified tolerances as shown on the drawings, and
that will conform to such gages as may be specified in i1ndividual cases, shall rest with the
contractor. Sufficient stock shall be allawed for fin:snine. Forgings unreasonably in
excess of the specified si1ze or waicht shall be rejacted.

1.7.2 Permissible variations. When dimensional tolerances are not included 1p the
contract or order, lorged paris measured on their dlameters or between parallel faces shall
not vary from the specified dimensions by more than the amounts specified in table XIII for
rod and bar, and oy net mere than * 1/32 i1nch on smooth forcged or e 3/32 inch on rough
machined forged parts other than rod and bar.

3.8 Permissible variations, bar and rod,
1.B.1 Cold drawn.

3j.B.1.,1 Dpiameter, thickness, or width, Cold drawn bar and rod measured on their
diameters or between paraliel faceS, shall nGt vary at any point from specified dimensions
by more than the amounts specified in table IX,

Table IX - Permissible variacion in diameter or dlistance
between parallel surfaces of cold drawn bar
and rod {all classes).

IPermisslhle variation

1/

Dimension, incheg™ tIncny [Inch)
plus minus

Hexaacohns, sguares, rectangles: |

13/16 and less 0 ¢.003
over 15,16 to 1=-1/2, incl, 9 1,004
Jver 1-1/72 to 2, incl. C 0.005
Over 2 to 2-3/4, incl. g 0.006

0 0.007

Ovar 2-3/4 wo 4, ingl.
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Table IX - Permissible variation in diameter or distance
between parallel surfaces of cold drawn bar

and rod (all classes) {continued).
Permissible variation

Dimension, inchesi/ {Inch) {Inch)
Plua minus

Roundsgf
Under 1/2 0 0.001
1/2 to 15/16, incl. 0 0.002
Over 15/16 to 1-15/16, incl. bl 0.003
over 1-15/16 to 2-1/2, incl. 0 0.004
Over 2-1/2 to 3, incl. ] 0.005
Over 3 to 3-1/2, incl. 0 D.006
Qver 3-1/2 to 4, incl. 0 0.007

—/Dimensions apply to the diameter of rounds, distance
across flats for hexagons and squares, and separataly
to width and thickness of rectangles.

2/See 6.1.7.

3.8.1.2 PRound rod shall not be out-of-round by more than one-half the parmissible
variation in diameter specified in table IX.

3.8.1.3 Square, rectangular, and hexagonal bar and rod shall have commercially sharp
corners, unless otherwise specified (see 6.2).

3.8.1.4 Straightness,
3.8.1.4.1 The permissible variations in straightness ¢f cold drawn rod and bar as

determined by the departure from true straightness (throw in one revolution or depth of arc)
shall be as specified in table X.

Table X - Permissible variations in straightness
of cold drawn rod and bar (see 6.1,5).

specified diamecer or Permissible variations

distance between parallel
surfaces, inches

in lengths indicated,
inches

Rounds:

15/16 and under
Over 15/16 to 4,
Squares, hexagons,

All sizes

incl.
flats:

Throw in one revolution:
0.020 in 42 inch length
0.015 in 42 inch length

Depth of arc:

0.025 per foot of length

3.8.1.4.2 The permissible variations in straightness of precision straightened cold
drawn round rod and shafting (class A only), as determined by the departure from straightness
{throw in one revolution), shall be as specified in table XI, All precision straightened
rods shall be checked for straightness when supported on rollers at 42-inch intervals, and
alseo on rollers at the ends of the rods in diameters and lengths as specified in table X1,

3.8,1.4.3 The permissible variations in straightness of hot finished rod and bar as
determined by the departure from straightness (throw in one revolution or depth of chord)
shall be as specified in table XII.

3.8.2 Hot finished (classes A and B).

3.8.2.1 Diameter, thickness, or width, Hot finished bar and rod, measured on their
diameter or between parallel surfaces, shall not vary at any point from the specified
dimensions by more than the amounts specified in table XIII,

3.8.2.2 sSpot grinding of forging stack, to remove mineor defects, may be employed as

specified in table XIII.
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Te Ir - Permissible variations in straightness of
precision-straighcened cold draw- shafting
(class A only} (see 6.13,9),.

s Es : Parmicsible vari-
Specifiad Standard dis- co g s
diameter tance between at;zﬁglétkéﬁf igoﬁﬂe
of shafting SUppErts straightness
Inches Inches lnches
1/2 to 15/16, 42 0.00%
incl, -
Dver 15/16 to 42 0.006
1-15716, 1incl.
Over 1-15/16 43 0.007
to 2-1/2, incl.
Over 2-1/2 to 42 0.008B
4, incl.
3/4 to 15/16, Specified 0.0038 + D.DD25 for
incl, lengths of each foot or frac-
1 to 10 {feet tion thereof in ex-
cess of ) feet
Over 15/16 Specifsed 0.005 + D.0015 for
to 4, incl, lengths of each foot or frac-
10 feet and tion thereof in ex-
less 1 cesgs of 3 feet
[} Table ¥11 - Permissible variations of straightness

in hot finished rod and paps/

Permissible
Cond:ition and finish variations
{inches per foot)

1

Rod and bar, hot finished 0,050:/
Round rod, hat finished, ground or O.OSOEI
rough turned

I a/5/
Round rod, hot finisned, seml-smooth 0.00312 =
machined
Hound rod, hot finished, smooth 0.00151/
machined

“Hot applicable to ferging quality rod.

The maximum curvature ({(depth of chorZ] shall not exceed
the values indicated multiplied by length in feet.

="The throw in one reveolution in any 3 feet of length, or
fraction thereof.

—The throw 1n one revolution in any 20 foot maximum length
shall not exceed the values indicated.

2 For shafts over 20 feet, the maximum deviation from
straightmess {throwv 1n one revolution) shall not exceed
0.062 inch over the entire length when supported at the
ends .

10
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Table XIII - Permissible wvariations in diameter or
discance between parallel surfaces
of hot finished rod and bar.

Permiasible variations
Y from specified
Specified dimension, inches= dimensiona, inches
Plus W Minus

Rod and bar, hot finished:

1 and under 0.016 0.01é
Over 1 to 2, incl, 0.031 0.016
Over 2 to 4, incl. 0,047 0.031
Qver 4 0.125 0.068
round, rod, hot finished, semi-smooth 0.031 0
machined, over 4 inches

Round rod, hot finished, and rough-

cturned or rough ground:

1 inch and over 0.031 0
rRound rod, hot finished, smooth finish 0 0.005%/
machined over 4 inches
Forging guality rounds:lf

Under 1 0.005 0.005

1 and over 0.031 0
Forging quality bolt stock (rounds

aonly):

174, 5/16 0 0.0062
/8, 7/16, 1/2 4] 0.0066
9/16 to 7/8, in 1/16 0 0.0082
15/16 and 1 1] 0.0058
1-1/16 to 1-1/2, incl., in 1/16 1] 0.0112

</ pimensions apply to diameter of rounds, to distance across
flats of hexagons and squares, and separately to width and
thickness of rectangles.

E/Permissible variations available as plus 0.00% inch, minus 0;
or plus D.D025 inch, minus 0.0025 inch when 3o specified.
3/

Spat grinding is permitted to remove minor surface defects,
Such spot-ground areas shall not reduce the diameter of the
bar at any point by more than 1 percent of the diameter.

1.8.2.3 Round rod in straight lengths, classes A and B, shall not be out-of-round by
more than one-half the total permissible variation in diameter specified in table %111,

3.8.2.4 5quare, rectangular, and hexagonal bar and rod shall have sharp corners and
angles consistent with commercial practice unless otherwise specified {see 6.2).

3.B.3 Length--all classes, bar and rod.

1,8.3,1 pBar and rod of all sizes may be ordered in cut lengths, random lengths, nominal
(stock} lengths, or in multiple lengths as specified (see 6.2).

3.B.3.2 wunless otherwise specified (see 6.2), bar and rod shall be furnished in random
mill lengths with cut or sheared ends. Rod and bar furnished to nominal {stock} lengths
shall be furnished with either cropped or saw-cut ends. Material ordered tu cut lengths
shall be furnished with square saw-cut or machined ends. Where rod and bar are ordered in
multiple lengths, l/4 inch will be allowed for each multiple cut unless otherwise specified

in the contrace orF oardar and tha rad and bar will hava cur onde
in the ¢on anc the and

Lracoe Lo oroer, roc 248l Will o2avVe CUut &nds.

31.8,3.3 The permissible variations in lengths of rod and bar, all classes and all
conditions, shall be as specified in tables XIV and XV.

11
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Table 1° .zrmissible variations in length of bar and
rod, all classes, all conditions.
Shortest Maximum Maximum permissible
Specified length, feet acceptable acceptable rercentage by weight of
length, feet length ahort lengths
MomAnm m 11 ‘A—‘I“\ﬂi/ r4 EY) £ -r R - . T " e
RANGQUN Wwllile LiE8Rgois— w % L L3 peLUEnNtL Junuer ¥ 1T
Nominal (stock] Lengthg/
16 to 18 16 18 ft, 1/2 in 100 percent 16 ft or longer
14 to 16 14 16 fr, 1/2 in 100 percent 14 ft or longer
12 to 14 12 14 ft, 1/2 in 100 percent 12 ft or longer
10 to 121/ 10 12 fr, 1/2 in 100 percent 10 ft or longer
8 to 101/ B 10 f+, 1/2 in 100 percent 8 ft or longer
6 to 82/ & 8 fr, 1/2 in |} 100 percent & ft or longer
4 to b 4 6 fr, 1/2 in 180 percent 4 ft or longer
Cut-to-length Specified (sea table XV) | 100 percent specified length
length (see table XV)
i/

~"Hot applicable to smooth forged rod and bar or o hot finished¢ sections weighing

over 25 pounds per lineal foot. These items are generally not available in the
range of lengths indicated: short lengths down to 2 feet in lieu of & feet may be
furnished.

l/Ot:her nominal lengths with a specified range of not less than 2 feet, with no shorts
allowed, may also be furnished.

i/

= For cold drawn rod and bar, under 1/2 inch i1n diameter or distance across flats
ordered to nominal or stock lengrhs with a 2-fpot range, at least 93 percent of
such material shall be within the range specified, the halance may be in shorter
lengths but in no ¢ase shall lengths less than 4 feest be furnished.

Table XV - Permissible variations in length of bar
machine cut afrer machine straightening.

Specified size of Permissible variations in ]
length, inches
rounds, sguares,
hexagons, octagons, 4 . . "
and widths To 12 fr, 1ncl. Over 12 ft
of flats, inches Over T Under Over Under
To 1, inci. 1/8 G 1/16 4]
3 ta 6, 1nel. 1/16 [\ 1/4 o
6§ toa 9, incl, 1/4 1] 5/1a a
9 re 12, incl. ! 1/2 a P1/2 a
" H I

3.9 Permissible variations, shapes,.

3,9.1 The permissible variations in cross sectional dimensions of shapes shall be as
specified (see A,2}.

3,9.2 Unless otherwige specified {see 6.2), shapes shall have commercially sharp
corners.

3.%.3 Length. A variation of plus 1/8 inch 15 permitted on shapes ordered to cut-to-
length.

3.10 Permissible variacions, plate, sheet, and strip.

3.10.) Thickness. The permissible variations in thickness shall be as specified in

tables XVvI, X7VIL, and XVIII,

12
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Table XVI - Permiesible variations in thickness of sheet
Permissible variationsij in thickness
for widths given, inches
Hot-rolled,
annealed and Cold rolled
pickled
C e . . Over
Specified thickness, inches ALl 48 apd 48 to
widths under 60,
incl.
Plus or Plus or | Plus or
minus minus minusg
0.0LR to 0.025, incl. 0.003 0.002 0.003
Over 0.025 to 0,034, incl. 0.004 0.003 0.004
Over 0.034 to 0.043, incl. 0.005 0.004 0,005
Over 0.043 to 0,056, incl, 0.005 0.004 0.005
Qver 0,056 to 0,070, incl. 0,006 0,005 0.006
Over 0,070 to 0,078, incl 0.007 0.006 0.007
Qver 0.078 to 0.093, incl. D.008 0,807 0.008
Over 0,093 to 0,109, incl. 0.009 0.007 0.009
Over 0,109 to 0,125, incl. 0.010 o.008 0.010
Over 0,125 to 0.140, incl, 0.012 p.008 0.010
Qver 0.140 to 0,171, incl, a.014 0.009 0,012
Oover 0.171 to 0.187, incl. 0.015 0,010 a.0113
Over 0.187 to 0.218, incl. 0.017 0.011 0.015
Over 0.218 to 0.234, incl. p.0l3 0.012 0.0l6
Over 0.234 to 0,250, incl. 0,020 0.013 0.018

|7 P R Y]
= Mcdouicad J/0

Table XVII

of cold rolled strip.

- Permissible variations in thickness

Permissible variationsif,
Specified thickness, inches inches for all widths
Plus or minus

Under 0.006 0.0005

0.006 to D.00%, incl. 0.000B

Over 0.00% to 0.050, incl. 0.0015

Over 0.050 to 0.093, incl. D,0025

Over 0.093 to 0.125, incl. 0.0040

over 0.125 to 0.156, incl. 0.0045%

Over 0.156 to 0,250, incl. 0.00555/

l/Measured i/8
strip under

place.
2/

for cold rolled sheet are applicable,

The permissible thickness variations on sheet and strip shall be based on

inch or more from any edge except for
1l inch in widch which is measured at any

" For widths over B inches, the permissible variations

measurements taken <ith the micrometer spindle 3/8 inch or more from any edge for material

1 inch or
specified

3.10.

excess 1n

in tables

over 1n width and at any place on strip under 1 inch in width and shall be as
AvI and XVII.

The permissible variations under the specified thickness and the permissible

overwelight of plates shall be as spec:ified in table XVIII.

11
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3.10.2 Width.

3.10.2.1 The permissible variations in width for sheet apnd strip shall be as sapecif ed
in table XIX and those for plates shall be as specified in table XX.

Table XIX - Permissible wvariations in width of

sheet and stripif
Permissible
variations,
Specified thickness, inches | Width, inches inches
Plus Minus
Sheest
Sheared:
0.0180 to 0.109, incl, 14 and less | 0,062%/
Over 0,109 to 0.250, incl. {14 anad less | 0.125%/
0.018 to 0.250, incl. Over 14 0.125%
Strip
5lit edge:
0.009% and less 12 and less 0.005 0.005
Over 0,00% to 0.024, incl. | 12 and less 0.007 0,007
Over 0.024 to 0.075, incl. | 14 and less 0.007 0,007
Over 0,075 to 0.100, incl. | 14 and less 0.009 0.009
Over 0.100 to 0.125, incl. | 14 and less 0,012 0,012
Oover 0.125 te 0.250, incl. 8 and lessgf 0.015 ¢.015
Slit or sheared edge:
Over 0.125 to 0.250, incl. |Over 8 to 14, | 0.125 Q
incl.z/
Round or square edge strip:
0.020 to 0.250, incl. J and tess 0.005 0,005

—/when s0 specified, sheet shall be furnished with a toler-
ance of plus 0 with the above tolerance on the minus

ceidAn Ay with Aro-kalf +ha ahAave tAaloryanman Aan fha nlne
5188 O wWitn ORf—Nd.yr Wio {20Ve wlatrande on thae puus

side and one-half on the minus side.
1/Available only in straight (random or cut) lengths.

3.10.2.2 Unless otherwise specified {see 6.2), strip shall be furnished with type of
edge as follows:

Thickness, inches | Width, inches Type of edge
0.125 and less 14 and less s1icl/
)
over 0.125 8 and less Slit=
over 0.125 over 8 Slit or sheared?/

In coil or straight (random or cut) lengths.

3
:/In random or cut straight lengths only.

3.10.3 Length,

3.10.3.1 All sheet and strip in straight lengths ordered cut-to-length shall have a
permissible variation of plus 1/8 inch over the specified length,

15
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3.10.2.2 Wwhen strip up to l4 inches wide is ordered in nominal (stock) lengths, the
pieces shall be cut to the nominal length plus 1/8 inch as a maximum. The shortest accept-
able lengths, the maximum permissible percentage by weight of short lengtha, and the required
percentage by weight of nominal lengths in any one shipment shall be as specified in table
XXI.

Table XXI - Permissible variations in length of strip
14 inches wide and less,

Maximum permissible percentage, by weight
Nominal Required of short lengtha
(stock) | Percentage,
length by wexght. Qver B Over & Ovar 4 7 to
roc. " | of nominal to to to e Under
e length 10 feet, | 8 feet, | 6 feet, HHIETL' 2 feet
incl. incl. incl. ~hel.
10 60 40 30 20 10 Q
8 0 30 20 10 0
6 BO 20 10 0

3.10.3,3 The permissible variations in length for plates shall be as spacified in
table XXII.

3.10.3,3.1 Unless otherwise specified l(see 6.2), plate 1-1/4 inch thick and under shall
be furnished with a sheared edge, and plats over l=1/4 inch shall be furnished with machined,
abrasive or plasma torch cut edges as specified (see 6.2},

3.10.4 Diameter.

3,10.4.1 <Circular plate shall have a permiesible variation in diameter as specified
{see 6.2), in table XXIII.

3.10.5 Curvature (edge wavinessa).

3,10,5,1 Sheet. Sheet in straightened and cut lengths shall not exhibit edgewise
curvature (deptf of arc} in excess of 1/4 inch in 8 feet of length.

3.10,5.,2 Strip., Strip in straightened and cut lengths shall not exhibit edgewina
curvature (depth of arc) in excess of 0,05 inch per foot of length,

3.10.6 Finished edges (strip}.

3.10.6.1 when finished edges of strip are specified (see 6.2), the following description
shall apply:

"Square-edge” material shall be supplied with finished edge with sharp, commercially
square corners without bevel or rounding of any sort.

“Round edge”® material shall be supplied with finished edge, semicircular in form, the
diameter of the circle forming the edge being equal to the thickness of the strip.

2 When no description of any required form of edge on strip is given, it shall

10.6.
rstood what edges such a5 would result from slitting or shearing will be acceptable.

[
o

3.10.
underst

be un

3.10.7 Unless otherwise specified (see 6.2), sheets shall be furnished to the specified
widths and lengths; strip shall be furnished in random (straight) lengths; plate 1-1/4 inchas
in thickness and less shall be furnished with sheared edges; and plate over 1-1/4 inches in
thickness shall be finished with machined edges.

3.11 Permissible variations, wire,

3.11.1 Dpiameter. Permissible variarions in diameter and out-of-roundness of cold drawn
wire shall be as specified in table XXIV.

J.1l.2 Coil and spool weights, Permissible variaticns in coil and spool weights shall
be as specified i1n tabies XXV and XXVI (see 6,2),
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3.13

.1

Table XXIII -

Q0-N-281D

Permissible variation in diameter
for circular plate.

. . Permisaible variations over specified
SPQC1E+Ed diameter, diameter for thickness given,
inches i nehea

Sheared plate:l/ Thickness to 3/B, incl.

20 to 132, excl. 1/4

32 to 84, excl. 5/1¢

B4 to 108, excl. /8

108 to 140, excl, /16

Thickness, 3/16 to 2, excl, 2 to 3, excl.
max Plus Minus Plus | Minus
Plasma torch cut
b

plate;=’' 2/

19 to 20, excl. E 1/2 Q 5/8 1}

20 to 22, excl. 2-3/4 172 Q 5/8 V]

22 to 24, excl, 2=1/2 172 0 5/8 0

24 to 28, excl. 2-1/4 1/2 0 5/8 0

28 to 32, excl. 2 1/2 s} 5/8B 0

12 to 34, excl. 1-3/4 1/2 a -—— -

14 to 38, excl, 1-1/2 172 1] -— —-——-

e to 40, excl. 1-1/4 1/2 0 —— _——

40 to 140, excl. k] 1/2 0 5/B o

2o permissible var
]
2/

iation under.

divided between the plus and minus sides, as specified

8.2).
3/

The tolerance for plasma cut plate may be obrained all minus or

{see

~‘Permissible variations in plasma torch cut sketch plates shall
be as agreed upon between the manufacturer and the purchaser.

Tahle XXIV -

Permissible variations in diameter of
cold drawn wire,

Permissible variationsil, inches
Diameter, inches

Plus Minus
under 0.0044 0.0002 0.0002
0.0044 to 0.0079, incl. 0.Q00025 0,00025
over 0.9079 to 0.0149%, incl. 0.0001 0.nno1
over 0,0149 to D0.0199, incl. 0.0004 0.0004
gdver 0,.01%9% to 0,031, incl. 0.0005 0.0005
over 0.031 wo 0.045, incl,. 0.0006 0.0006
over 0,045 to 0.079, incl. 0.0007 0.0007
over 0,079 to 0.1875, incl. 0.001 .00l
over 0.1875 to 0.406, incl. 0.001 0.002
Cver 0.406 ! g.002 4.002

uire shall not he ort-of-round by more than one-half the total
permissible variations shown,

Idengification marking,

Machining allowances

Mach:ning alleowances for hot finished material.

marking shall be 1n accordance witn FED-STD-182,

for hot finished material shall be ag

Unless otherwise specified

(see 6.2},

specified in table

tdentification

19
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Table XXV - Termissible variation in weight of wire in
coils and on gpools (except Air Force use).
Standard Max L mum
- Wire diameter spool weight of
Conditlion . ; wire on
(inches) weight
(pounds ) each spool
[pounds)
_ Under §,010 2 2=-1/2
ggggii1;f;} 0.01C to 6.01B, 1inel. 5 6
s Oover J.018 to D.040, 1nc]. 1D 15
Approximate Maximum
mean ¢oil weight
diameter par coil
[inches} (pounds})
under 3,010 8 15
0.01C o 0.019, 1incl, 8 25
Coris {aii Over 13.018 to G.040, 1nci. g to 12 40
conditions) | Over 0,040 to 0,081, incl, 16 teo 20 100
Over 3,081 to G.312, incl, 18 to 20 100
over .31 to D.5&£3, incl. 2 to 10 160 J

anle xXxXvI -

coi1ls and on spools

Permissible variaticon in weight of wire in

(Alr Force use only).

Core Maximum weight
Condiz:on | Wire diameter {inches) !diameter | aof wire on each
(inches) | spool (pounds)
Under 0.035 1 1
All cen- 0.03% o D.063, 1ncl. 4 to 5 1
dirtions 0.064 ro 09,0915, inct. - 5
0.0916 to 0.162, incl. - 5L/
leDil
Table XXVII - Machining allowances for hot
finished materlali/
Machining allowance, inches
Distance
Finish machined dimensiens, on between For rectangles
inches for conditions as ai parallel
2/ tamecer surfaces on
sge-:fied herein= for for chick- on
3 & “ S .
rounds nexagons, ness width
squares
liot finisned:
Jp o 7.3, incl. 1/8 i/8 1/8 /16
Over 7/2 wo 1-7/8, :incl. 1/8 1/16 1/8 1716
Ovar 1-7 8 to 2-7'3, inecl. i/8 1/4 - /16
Over 2-7 8 to 2-11714, 1ncl, 1416 - - /16
Quer 3-:13'16 /16 - -— /8
Hot finisned rounds:
Rough turned:
15/1%6 o &, incl. 1n dia. 1/16 -——— —-— -—-
Over 4 -3 12, incl. 1n d:ia 1/8 -—— - -—-
Semismacts machined:
Over + =- 17, 1incl. 1/81/ —-——- ——- -
S5ae Zp0IncC'es nn Lext

nage .
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L/The allowances for hot finished material are recommanded for rounds

machined in lengths of 3 feet or less and for squares, hexagons, and
rectangles machined in lengths of 2 feet or less. Hot finished mate-
rial to be machined in longer lengths should be specified showing the
finished cross-sectional dimension and cthe length in which the mate-
rial will be machined in order that the manufacturer may supply mate-
rial with sufficient oversize, including allowance for out-of-
straightness,

2/

~ Dimensions apply to the diameter of rounds, distance between parallel
surfaces of flats or squares and hexagons, and separately teo width
and thickness of rectangles,

i".\1:|pl.i.cf.=.ble to 30 feet maximum lengths.

3.14 Workmanship. The material shall be uniform in guality and conditien, clean,
smooth, commercially ilat and straight, and be free from foreign material and imperfections
such as pipe, laps, cracks, and seams which due to their nature, degree or extent may detri-
mentally affect the suitability for the service intended. Products ordered with a hot
finished or machined surface may contain surface imperfections that shall not be considered
injurious unless they exceed the recommended machining allowance specified in table XXVII.

4, QUALJITY ASSURANCE PROVISIONS

4.1 Responsibility’for inspection. Unless otherwise specified in the contract or
purchase order, tne suppller 1s responsible for the performance of all inspection requirements
as specified herein. Except as otherwise specified in the contract or order, the supplier

PRt e [ R o} of ivr ooy F 114 &3 a enifrahls
may use hi5 own of any other facilities suitable

for the performance of the inspection
requirements specified herein, unless disapproved by the Government, The Government resarves
the right to perform any of the inspections set forth in the specification where such

insper tions are deemed necessary to assure supplies and services conform to prescribed
requirements,

4.2 Lot,

4.2.1 For visual inspection and mechanical tests. A lot shall consist of material of
one class, condition, size, and Neat and with the finished product heat treated in the same
batch or continuous process under the s5ame conditions as to temperature, time and atmosphere,
For mechanical tests, size ghall refer to the same thickness of sheet, strip, or plate and
the same cross section for other products and shall consist of not more than 30,000 pounds.

4.2.2 For chemical analysis. A lot shall consist of material from the same heat.

4.3 Sampling.
4.3.1 Sampling for chemical analysis.

4.3.1.1 One representative sample shall be obtained from each lot. Samples may be
taken from the ladle or the finished product. Samples from the finished product shall be
taken in accordan¢e with mecthod l11 eor 112 of FED-STD-151,

4,3.1.2 For fine wire, 0.032 inch diameter and less, samples for chemical analysis
may be taken from the final starting size prior to the final cold reduction.

4,3.2 sampling for visual and dimensional inspection.

4.3.2.1 forged parts weighing 230 pounds or more. Each forged part weighing 250 pounds
or more shall Be subject to surface inspection for workmanship and dimensions.

4.3.2.2 Small forged parts wei?hing less than 250 pounds and all other forms. From
each lot, representative samples sha e selected for inspectiom ol visusal and dimensional
characteristics with acceptance based on the sampling requirements specified in table XXVIII.
In case of wire, a unit shall be one coil of wire.
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Table XXVIII - Sampling for visual and dimensional inspection
AQL f(approx.} = 1.5 percent defective.
Number of Number Accaptance Rejection
units in of units number number
lot in sample {defectives) tdefectives)
15 and under 7 [} 1
16 to 40 15 0 1
41 to 110 25 1 2
1il to 300 a5 1 2
301 to 500 50 2 3
501 and over 75 1 4
4.31.3 Sampling for mechanical teats,
4.3.3.1 Rod, bar, and f}g& products. One tensile specimen shall be taken from each
lot,
4.3.3.2 Forged parts.
4.3,3.2.1

Forged parts 250 pounds and less. One sample shall be taken from each lot.
Prolongations sha e provided on at least 20 percent of the forged parts unless trepanning
is used or the producer may provide extra identical forged parts for test.

4.3.3.2.2 Forged parts creater than 250 pounds. FEach forged part shall be tested.
Prolongations shall be providéd on each 10rged part uniess tLrepanning is used.
4.3.3.2.3 Ring or disk forged parts. Forged parts uader 3-1/2 inches thick may have

test specimens removed from separately forged test bars with the same wall thickness, amount

of working, and annealed with the same change as the forged parts. Extra forged parts shall

be provided for samples when forged parts are over 3-1/2 inches thick.

4.3.3.3 Wire. Samples for mechanical tests and acceptance shall he as specified in
table XXIX.
Table XXIX - Sampling for mechanical tests
[tension and wrapping LESLSJl/
[ Maximum
Lot size, Humber of number of
samples for :
pounds failures
each test
allowed
For wires 1/4 inch
diameter or less:
180 and under 1 0
19} to 500 2 ]
501 to 800 3 0
EQl to 1300 5 ]
1301 to 3200 7 o]
3201 to 5000 10 1
For wires over
1/4 1nch
diameter:
Ffor each 500 lbsg 1 ]
or fraction
I chereof
l/A wrapping test shall not be reguired for
wire over 1/4 inch diameter,
4,3.4 BSampling for ultrasonic test. when specified

(see 6.2}, each piece of each lot

shall be inspected 100 percent by voTume.
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4.4 (uality conformance test procedures.

4.4.1 Chemical analysis. The sample selectad in accordance with 4.3.1 shall be ana-
lyzed by the wet chemical or spectrographic method to determine conformance with table I,
h single analysis of a compound sample may be made.

4.4.2 Visual and dimensional examination. Each sample selected in accordance with
table XXVILI shall be subjected to surface inspection for workmanship and dimensions. Anv
sample unit found ceontaining one or more visual or dimensional defects shall be rejected,
and if the number of defective units in any sample exceeds the acceptance number for that
sample, the lot represented by the sample shall be rejected.

hi

chi a rial Bead
Waonl

1 s or ngc matsrial Rod or bar surface shall be
examined to locate imperfectlons O maximum severity. These lmperfectlons shall be explored
by grinding, filing, or otherwise reducing the cross-section dimension at the site of the
imperfection. Sufficient material shall be removed to reach the bottom of the imperfection.
The cross-section dimension is measured at this point. If the depth of the imperfection
does not exceed the machining allowance in table XXVII for the applicable size and form, the
praoduct will be acceptable,

4.4,2.1 Inspection of hot finished or ma

4.4.2.2 Straightness, In determining conformance to 3.4.1,4 straightness requirements
in the standar LnC 1stance betwe&n supports or conformance to straightness when sup-
ported at the ends, the rod shall be placed on a precision table equipped with ball- beurxng
rollers and a micraometer or dial indicator, The rod shall then be rotated slowly against

the lndicator, and the deviation from straightness in any portion of the rod between the
supports shall not exceed the permissible variations specified in tables X and XI. The
deviation from straightness (throw in one revolution} is defined as the difference between
the maximum and minimum readings of the dial indicator in one complete revolution of the rod.

3.4.3 Tension tests. Each ‘of the specimens selected in accordance with 4.3 shall be
subjected to e tension test as follows;

4.4.3.1 Rod, bar, and all flat products shall be tested in full size when practicable.
When a macghined specimen begcomes necessary, enough metal may be removed from the gaqe section
to meet the limitations of the testing machine, or the specimen may be machined te the form
and dimensions of the largest standard round specimen in ASTM E-§ obtainable from the product
being tes=zed.

4.4.3. For rod, bar and all flat products up to 1~1/2 inches in diameter or minimum
thickness, tne axis of the test specimen shall coincide with the central axis of the piece,
Foy maverial 1-1/2 inches and over in diameter or thickness, if a machined specimen is used,
the axis shall be located midway between the center and the rolled or drawn surface of the
piece.

1,4,3.3 For plate, sheet, and strip less than 0.500 inch thick, the test 5pec1men shall
be machined to the form and dimensions of the standard plate or sheet type specimens in
ASTM E-8, For plates 0.500 inch and thicker, the test specimen shall be machined to the form

and dimensions cf the largest standard round specimen in ASTM E-8 obtainable from the product
being tested.

4.4.3.4 For faorged parts, the largest standard round specimen in ASTM E-8 available
from the sample material shall be used.

4.4,3.5 For wire, specimens shall be of the full cross-section of the wire and not less
than 15 inches in length. Specimens shall be free from sharp bends or kinks. The distance
between the jass of the testing machine, with the specimen in place ready for testing, shall
be not less than 10 ipches.

1.4.31.6 Wrapping test specimens shail be full size sections of wire of a suitable
length. The specimans shall be wrapped at least 360 degrees around a rod af the diameters
specified in table VII and examined for cracks. If cracks exist, the sample and the lot
rapresanted by he sample shall be rejected.

4,4.4 Ultrasonic tests.

4 4 4
LI B

4,4.4.1.1 yltrasonic testing shall be performed in accordance with MIL-STD-271 as
madified by the reguirements specified herein. Testing shall be done by the longitudinal
wave or shear wave technique as specified herein.

23
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4.4.4.1.2 cCalibration,

4.4.4.1.2.1 Shear wave. The shear wave test shall be calibrated on two notches; one
notch cut into the insideé and one into the ourside surface. The notches shall be cut axially
and shall have a depth of 5 percent of the material thickness or 1/4 inch, whichever is less.
Notch length shall not exceed ! inch. Hotches shall be made either in the piece to be exam-
ined or in a separate defect-free apecimen of the same size [(within + 1/8 inch)}, shape, mate-
rial, and condition or acoustically similar material. Acoustically Bimilar material is
defined as one which has been axperimentally proven wo have an acoustical velocity within
+ 3 percent, and an attenuation at the frequency to be used within + 0.25 decibels {(dB) per
inch of the material to be inspected, using the same wave mode as that used for inspection.
The position and amplitude of the response from each notch shall be marked oun the instrument
screen, Or a transparent overlay, and these marks shall be used as the evaluation reference.
Indications which appear between these points shall be evaluated on the basis of a straight
line joining the two peak amplitudes.

4.4.4.1.2.2 Longitudinal wave. The longitudinal wave test shall be calibrated on a
flact boctomed reference hole of a given diameter in accordance with table XXX (or table XXXI,
as applicable}, for specified material thickness drilled either into the piece to be tested
©r into a sBeparate defect-free specimen of the same size (within + 1/8 inch), shape, material
and condition or acoustically similar material. Acoustically similar material is defined as
one which has been experimentally proven to have an acoustical velocity within + 3 percent,
and an attenuation at the fregiency to be used within + 08.25 dB per inch of the material to
be inspected, using the Same wave mode as that used for inapection. Holes are to be drilled
to midsection and the bottom of the hole shall be parallel! to the entrant surface of the
ultrasonic beam or to the tangsnt to the entrant surface, The ultrasonic test instrument

shall be adjvsted 50 that the response from the reference hole shall he not less than 25 par-
cent and not more than 75 percent of screen height.

Table XXX = Ultrasonic testing reference hole
for rod, bar, disc, pancake forg-~
inga, and forged parts.

Material thickness, inches HDIB;?iETfte"
FSELSIL )

Up to and including & 1/8

Over & and including 16 1/4

Over 16 AB agreed upon

Table XXXI - Ultrasonic testing reference hole
for plate.

N . . Hole diameter,
Material cthickness, inches inches
Up to and including 4 174
Over 4 1/23

4.4,58.1.3 Recalibration. During quality conformance inspection, any realignment of
the search unit Which will cause a decrease in the calibrated sensitivity and resolution, or
both, or any change :in search unit, couplant, instrument settings or scanning speed from that

used for calibration shall require recalibration. Recalibration shall be performed at least
once par 8 hour shifc,

4,4.4.1.4 Procedure, The tollowing paragraphs describe the reguirements for rod, bar,
and simple forged shapes. Sheet, sirip and wire shall be specifically excluded from these
requirements. Shapes other than those listed Uelow shall pe tested to the extent set forth
in the approved procedure,

{a) fRod. Rod shall be tested using the leongitudinal wave technigque. The
-EE}nninq path shall be circumferential or helical with the beam directed
along a radius of the rod.

(b} Bar. Bar shall be tested using the longitudinal wave technigque througn

one side of each pair of parallel! s:ides.

24
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(c} Ring and hollow round products. Rings and other hgllow ¢ylindrical
products shall be tested using the shear wave method by the contact
or immersion technique, The shear wave entrant angle shall be such
to assure reflection from the notch or notches used in calibration.
For contact testing, the search unit shall be fitted with a wedge
or shoe machined to fit the curvature of the piece being inspected.
The product shall also be inspected with a longitudinal wave test
from the external circumferential and end surfaces,

td) Disk or pancake forged parts. Disk or pancake forged parts shall be
Inspected with a longitudinal wave technigque from both parallel
surfaces.

(e} Plate. Plate shall be inspected by the lanLtudlnal wave technlque
using the contact or immersicn method. Tor Cﬁﬁiﬁl:'ﬁ, the Sé&ﬁﬁiﬁr§'
shall be on a 24 inch grid and one diagonal in each grid. For
immersion, the scanning shall be continuous on a 12 inch grid,

For either method, the search shall be expanded to determine the
full extent of any rejectable indication if the material is to be
of fered on a waiver basis.

4,4.4.1.5% Acceptance criteria,

4.4.4.1.5.1 sShear wave. Any material which produces indications equal to or larger
than the response from the refearence notch shall be rejected,.

1.5.2 Longitudinal wave, Any material which produces indications equal to or

.
n rha manmannn Prom tho rofaranca hnla or wvhich aornodusnars a2 comnlatrn Jane ~fF haabl
L LNne fespense fICM Lif ISL8ICnTe aA0.c O Wallidl proGuUisS & TOlpige 088 OL Gady

lazt ("1
reflection shall be rejected. Material shall be tested using a square, rectangular, or
circular transducer having an effective area of one square inch or less, but no dimensaion
shall be smaller than the diameter of the reference hole. In the event of disagreement on
the degree of back reflection loss, it shall be determined by the contact method using a

1l to 1-1/8 inen diameter transducer or one whose area falls within this range,

4

4.4.4.1.5.3 Referance notch removal. If reference notches or flat-bottomed holes are
made in the material to be tested, thney shall be sp located that their Subseguent removal
will not impair the suitability of the material for jits intended use,

4.5.% Liguid penerrant inspection.

4_.4.5.1 Procedure. Ligquid penetrant inspection shall be conducted in accordance with
MIL-5TD-271.

4.4.5.2 Acceptance criteria. Linear defects revealed by liguid penetrant inspection
shall be explored by grinding or other suitable means. ODepth of defects shall not exceed
the dimensional tolerances of the material,

4.4.6 Hejection. If any specimen [ails t&o meet iLheé reguirements of this specification,
this shall ba cause for rejection of the entire lot except as specified hereinafter:

fa) When inspecting or testing material in accordance with 4,3.2.1 or 4.13.3,2.2,
{b} Subject to the retest provisions of FED-STO-151.
(c} Magerial not meeting the visuwal, dimensional, or weight reguirements
may be offered again if, after rework, it passes all the tests and
inspections of this specification.
fd) taterial failing the ultrasonic and liquid penetrant examinations may
be retested after overhaul provided such overhaul deoes not reduce the
material below minimum specified dimension. The removal of a defect
shall be verified by the method originally used to detect the defect.

Al s irnawr T
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sectiecn 5.
5. PREPARATION FOR DELIVERY
(The preparacion for delivery reguirements specified herein apply only for direct

Government procurements. For the externt of applicability of the preparation for delivery
reguirements of referenced documents listad in section 3, s=e §6.9.)
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5.1 Hickel=-coppuer alloy products shall be preserved-packaged, packed, and marked level
A or C as specified {see 6..), in accordance with MIL-5TH-163, except that for level A pre-
servation-packaging wire products furnished on spoels or in coils less than 25 pounds
maximum weicht shall be individually unit protected in accordance with method ITI pf MIL-P-
116. The contractor's standard spool or coll package will be acceptable as the unit package
under this procedure.

¢. HNOTES

6.1 1Intended use. WHickel-copper alloys, classes A and B, are uged where a combination
of high strength, ductility, and excellent resistance to c¢orrosion are involved.

6.1.1 Hickel-coppar alloy, class A, s a general purpose alloy and is used by aircraft,
building, chemical, houseware, oil relinery, paper and pulp, and many other industries in the
manufacture of articles requiring bending, forming, upsetting, and similar operatians.

6.1.2 HNickel-copper alloy, c¢lass B, is intended primarily for automatic screw machine
work, where free cutting andé machining are of high importance, Such material is not generally
recommended for forged parts, and the producer should be consulted.

6.1.3 Cold rolled sheet, annealed, is intended for forming and fabric&ting where finish
is to be applied afterward,

6.1.4 Annealed cold drawn rod is intended for severe cold working operations such as
redrawing, swaqing, and upsetting,

£.1.5 Annealed wire and ceonditicns No. 0 and N

o. 1 temper wires are intended for the
[ A A T - ] [ . R | [P P S sime o~ mmemee e R | —_— s 1 = PR [ ——— e 11 [ S, [ g — - =1 =t 7 o
MalluiaCLUIeS Ue UVald iEalded LuLiLbh gy LLVELS, LI Cwh, gild nNalis 4dana Lo0r rail Lnreaulau q'ﬂu SLinLlAal
purposes, The selection of the proper temper will vary, depending on the type of heading
machine used and the severity of cold forming involved.

6.1.6 Class A cold drawn nickel-copper alloy wire springs should be given a stress
equalizing treatment after forming. The stress equalizing should be of 1 hour duratien at

5753°F. Whenever springs are tc be set or pressed before using, this should be done after
the stress egualizing.

6.1.7 Where rounds are ordered for shafting to be used with 5.A.E. straight bore
couplings, special diameter tolerances can be provided {see b6.21p}).

6.1.8 Stress relieved rounds, recommended cond:t:on {or shafting, may have a thin dark
oxide surface.

6.1.9 For special applications of .deep drawing, deep drawing quality, sheet and strip
may be ordered to definite cgrain size limits [see table YIITY,

6.1.10 Plate 15 available descaled by blasting with iron free mineral grit, when required
for welding or other applications where oaxilde free surface is required,

6.2 0Qrdering data. Purchasers shoild select the preferred options permitted herein and
include the following 1nformation in procurement documents:

{a} Title, number, and date of this specification.

(b} Class, form, size, condition, and surface finish of material required
lsee 1.21.

{c} Whan yield strength is to be determined at 0,01 percent offset (see
table I1),

i wWhether ultrasonic 1nspection s regulred {see 31.5).

{e) Whether liguid panetrant test 1s roguired isee 3,6},

f) The size and shapes of the f{orged parts required (see 3.7.1).

a} Whether sguare, rectanyguelar, and hexagonal bar, rod, and shapes shall
have corners other than commercially sharp (gee 1.8.1,3, 3.8_1.4,
and 3.5.72).

thj The lengths recuived and whether cut~to-length, random mill lengths,

nomipal (stock) length, or multiples of specifiad lengths {see 3.B.3.1,
3.8.3.2, 3.%.3, 1.10.3, and 3.10.7).

(1) The permissible variations in cross-sectional dimensions of shapes
[see 3.%.1).

TF Alznec 3on
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(x) If the tolerances other than those specified are required (see
3.10.4,1 and table XXIII).

(1! welght of coil or spool of wire required (see 3.11,2).

(m} whether marking, other than FED-STD-182 i8 regquired iaee 3.13),

(n; Whether each piece of each lot shall be inspected 100 percent by
volume for ultrasonic testing {see 4.3.4}.

(o Selection of applicable levels of preservation-packaging and
packing required [see 5.,1).

(p! wWhether precision straightened, cold drawn shafting is required.
Whether these should have special diameter tolerances (gee 6%.1,7).

7 ,(q? Whether descalad surface is desired (see 6,1,10),
(permed Al Uik ek, oy 4 ( - 2.1/

6.3 Gemeral information.

6.3.1 Wihen material is ordered in the form of plate, sheet, or strip, it shall be
understood that cthese terms refer merely to the general form and dimensions of the material
and do not have any technical significance as to the methods of manufacture.

6.3.2 3aeet Or strip reguired for deep drawing or Spinning i not gtretcher leveled
and may be siightly wavy.

6.3.3 Flate, sheet, and strip should be ordered in as parrow widthe as can be uyged.

6.3.4 dot finished "forging quality" roynds (see table XIII) with a cold drawn pass
are available to special close tolerances for hot upsetting of bolts.

6.].5 Thme commercial straightness tolerances of cold drawn rod and bar are specified
in table X and those of precision straightened shafting are apecified in table XI, whsare
material is iztended for shafting, the use of precision straightened cold drawn shafting is
recommended {see 3.8.1.41.

6.1.6 Where oxide-free plate is desired, such as for parts involving considerable
wanldind whoara —uwidixnd cnrvrfama may ha mhanctriamahla mlatone maw ha Flarmichad Aafamalad fewmd o
welding where coxidized surface may be objectionable, plates may be furnished descaled {grit-
hlasted using iron-free mineral grit}.

6.3.7 "Tlain finish" is the finish resulting from material that has been descaled or
that has beern annealed in an atmosphere that yields a bright finish.

6.3.8 T=me following hardness values for class B cold-drawn and clasgs B annealed material
are given for .nformation only:

Diameter or dis-
P s tance bhetween Hardness,
Condition and farm parallel surfaces, | Rockwell B
inches
Cold-drawn:
Under 1/2 B4~56
1/2 to 1, incl. 84-98
Rounds Over 1 to 13, B4-100
incl.
Haxagons and squares 1/4 to 2, incl, BO~-94
Annealed:
All products All 60~-75
A
6.4 The :znemical and mechanical preoperty requirements of this specification are
similar te ASTY™ Bl27, ASTM Bled, and ASTM B5&4,

6.5 Sub--sntracted material Eﬂé arts. The preparation for delivery requirements of
referenced doc:oments [isted in Section . do not apply when material and parts are procured
by the supplier for incorporation into the equipment and lose their separate identity when
the egquipment -s shipped.

LL*]
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6.6 THE MARGINS OF THIS SPECIFICATICON ARE MARKED ~9" TO INDICATE WHERE CHANGES [(ADDI-
TIONS, MODIFICATIONS, CORRECTIONS, DELETIONS} FROM THE PREVIOUS ISSUE HAVE BEEN MADE. THIS
WAS DONE A5 A CONVENIENCE ONLY AND THE GOVERNMENT ASSUMES NO LIABILITY WHATSOEVER FOR ANY
INACCURACIES IN THESE NOTATIONS. BIDDERS AND CONTRACTORS ARE CAUTIOHNED TO EVALUATE THE
REQUIREMENTS OF THIS DOCUMENT BASED ON THE ENTIRE CONTENT IRRESPECTIVE OF THE MARGINAL
HOTATIONS AND RELATIONSHEIP TO THE LAST PREVIOUS ISSUE.

Custodians: Preparing activity:
Army - MR Navy - SH
Havy - SH {Project 9535-0207)
Air Force - 11

Review activities:
Army - MR, MI, MU
Mavy - SH, 05, AS, YD
B

Air Force - 11, B4, BS

User activity:
Army - ME

U, 5, COVERNMENT PRINTING OFFICE : 1974 - 5BS-»L45/131R2

Orders for this publication are to be placed with General Zervices Adminietration, acting
AS on afent for the Superintemdent of Documents. See section 2 of this specification to
ocbialn extras 2cpies and other dpcuoments reflerenced herein. Frice 03 cents eech.
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