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FEDERAL SPECI FI CATI ON

NI CKEL- COPPER- ALUM NUM ALLOY, WROUGHT (UNS NO05500)

The CGeneral Services Adnministration has authorized the use of this federal
specification by all federal agencies.

1. SCOPE AND CLASSI FI CATI ON

1.1 Scope. This specification covers all nickel-copper-alun num all oy
wrought forms fornerly classified as class A.  This alloy is designated under
the Unified Nunbering Systemfor Metals and Al loys as UNS NO5500. Except for
cases where nonnagnetic properties are paramount, this alloy is intended to be
age hardened prior to placing the material in service.

1.2 dassification.

1.2.1 Forns and conditions. The material should be furnished in the
following forns and conditions, as specified (see 6.2).

Form1l - Bar, rod, unaged.

Condi tion: Hot fini shed, unaged
Col d drawn, unaged.
Anneal ed (hot finished or cold drawn), unaged.

Form 2 - Bar, rod, age hardened.

Condi tion: Hot finished and age hardened
Col d drawn and age hardened
Anneal ed (hot finished or cold drawn), and age
har dened.

Beneficial conments, reconmendations, additions, deletions, clarifications,
etc., and any data that may inprove this docunment should be sent to:
Conmmander, Naval Sea Systens Command, Departnment of the Navy, SEA 05Q -
2531 Jefferson Davis Hwy, Arlington, VA 22242-5160.
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Form 3 - Sheet.
Condi tion: Cold rolled and anneal ed.
Cold rolled, anneal ed, and age hardened.
Form4 - Strip.
Condi tion: Cold rolled and anneal ed.
Cold rolled, anneal ed, and age hardened.
Cold rolled, half or full hard, as rolled.
Cold rolled, half or full hard, and age
har dened.
Form5 - Wre.
Condi tion: Col d, as drawn.
Col d drawn and anneal ed.
Col d drawn, spring tenper, as drawn.
Col d drawn, anneal ed, and age hardened.
Cold drawn (as drawn) and age hardened.
Col d drawn, spring tenper, and age hardened.
Form6 - Plate.
Condi tion: Hot rolled and anneal ed.
Hot rolled, anneal ed, and age hardened.
Form 7 - Forgings (Including bar and rod fornmed by forging).

Condi tion: Hot finished, unaged.
Anneal ed, unaged.
Hot fini shed and age hardened.
Anneal ed and age hardened.

Const ant cross-section bars and rods fornmed by forging are
to be "forgings" only for purposes of:

A) Sanpl e frequency for mechanical properties (see 4.2.2.4 and
4.2.2.5).

B) Visual and di nensional inspections (see 4.2.2.6).

C) Utrasonic testing requirenents (see 4.3.3.2).

Const ant cross-section bars and rods are not otherw se considered to be

"part forg

1.2.2
fini shes,
and (g) be

ings" or "intricate or conplex shape forgings."

Fi ni shes. The materi al
as specified (see 6.2).

shall be furnished in the follow ng
Age hardened condition of finishes (a)-(d)

| ow shall be furnished with the age hardeni ng oxide intact:
A) Hot finished.

B) As drawn.

C) Rough turned or rough ground (rounds only).

D) Sem snooth machi ned (rounds only).

E) Snooth finished machined (rounds only).

F) Bright finish (shafting only).

G Pickled.
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2. APPLI CABLE DOCUMVENTS

2.1 Governnment publications. The follow ng docurments, of the issues in
effect on the date of invitation for bids or request for proposal, forma part
of this specification to the extent specified herein:

2.1.1 Specifications and standards.

FEDERAL
STANDARD

FED- STD- 182 Conti nuous ldentification Marking of N ckel and
Ni ckel Base All oys.

(Activities outside the Federal Government nmamy obtain copies of Federa
speci fications, standards, and commercial item descriptions as outlined under
CGeneral Information in the Index of Federal Specifications, Standards and
Commercial Item Descriptions. The index, which includes cunul ative binmonthly
suppl enments as issued, is for sale on a subscription basis by the
Superi ntendent of Documents, U.S. CGovernment Printing O fice, Washington DC
20402.)

(Copies of listed Federal and MIlitary standards and specifications,
Conmercial Item Descriptions (CIDS), Handbooks and associ ated docunents |isted
in the Departnent of Defense |Index of Specifications and Standards (dodiss)
shoul d be obtained fromthe DOD Single Stocking Standardi zati on Docunents
O dering Desk, 700 Robbins Avenue, Building 4D, Phil adel phia PA 19111-5094.
Copi es of industry association docunents should be obtalined fromthe sponsor
Copies of all other |isted docunents should be obtained fromthe contracting
activity or as directed by the contracting officer.)

(Federal Governnent activities nmay obtain copies of Federa
St andardi zati on docunents and the |Index of Federal Specifications, Standards
and Comercial Item Descriptions fromestablished points in these agencies.)
M LI TARY
STANDARD
M L-STD- 1684 - Control of Heat Treatnment.

M L- STD- 2132 - Nondestructive Exam nation Requirenments for
Speci al Applications.

(Unl ess otherw se indicated, copies of Federal and MIlitary specifications
and standards are available fromthe Standardi zati on Docunents Order Desk, 700
Robbi ns Avenue, Buil ding 4D, Phil adel phia, PA 19111-5094.)

2.1.2 Oher Governnent docunents, draw ngs and publications. The
| owi ng ot her Government docunents, draw ngs and publications forma part of
s docunent to the extent specified herein. Unless otherw se specified, the

f ol
t hi
i ssues are those cited in the solicitation (see 6.2)
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PUBLI CATI ONS

NAVAL SEA SYSTEMS COMVAND

T9074- AS-d B- 010/ 271 - Requirenents for Nondestructive Testing
Met hods.

(Copies of this publication are available fromthe Naval Inventory Control
Poi nt, 700 Robi ns Avenue, Phil adel phia, PA 19111-5094)

2.2 Oher publications. The follow ng documents forma part of this
specification to the extent specified herein. Unless a specific issue is
identified, the issue in effect on date of invitation for bids or request for
proposal shall apply.

AMERI CAN PETROLI UM | NSTI TUTE ( API)

6A, Appendi x H Recommended Practice for Heat Treating Equi pnent
Qual ification, Specification for Wllhead and
Christmas Tree Equi pnent.

(Application for copies should be addressed to API, 1220 L Street,
Nort hwest, Washi ngton, DC 20005.)

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

E 8 Tensi on Testing of Metallic Materials.

E 10 Standard Test Method For Brinell Hardness of
Metallic Materials.

E 18 Standard Test Method For Rockwel | Hardness and
Rockwel | Superficial Hardness of Metallic
Mat eri al s.

E 76 Met hods for Chem cal Analysis of N ckel - Copper
Al l oys.

E 112 Met hods for Determ ning Average Grain Size

E 290 Standard Test Method for Sem - Gui ded Bend Test
for Ductility of Metallic Materials

E 340 Met hod for Macroetching Metals and All oys

E 602 Met hod for Sharp Notch Tensile Testing with

Cylindrical Specinmens

(Application for copies should be addressed to ASTM 100 Bar Harbor Drive,
W Conshohocken, PA 19428-2959.)

SOCI ETY OF AUTOMOTI VE ENG NEERS ( SAE)
AVS 2750 - Pyronetry

(Application for copies should be addressed to Society of Autonotive
Engi neers, 400 Conmonweal th Drive, Warrendale, PA 15096.)
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2.3 Oder of precedence. |In the event of a conflict between the text of
this docunent and the references cited herein, the text of this docunent shall
take precedence. Nothing in this docunment, however, supersedes applicable
| aws and regul ati ons unless a specific exenption has been obtai ned.

3. REQUI REMENTS

3.1 Processing. N ckel-copper-alumnumalloy shall be produced by the
el ectric furnace (EAF) or vacuuminduction furnace (VIM process and further
refined by any process proved adequate to pass the slow strain rate tensile
test (see 3.4 and 4.3.6). Casting nay be by ingot or continuous cast nethods.
Cast ingots or billets shall be hot worked to a fine uniformgrain structure.
Fi nal processing shall be by hot working or cold working, and heat treating.

3.1.1 Forgings as final product. For all forgings other than bar or rod,
a forging sketch shall be prepared when specified (see 6.2). Forgings with
final forged dianeter or distance across parallel surfaces of 4 inches or
greater shall be to such a configuration that they can be ultrasonically
i nspected 100 percent by volume with three directional coverage.

3.1.2 Heat treatnent. Heat treatnents shall be controlled in accordance
with one of the follow ng specifications:

A) AMS 2750 and neet the mininumrequirenents for a class 2, type RM
furnace with a uniformty requirenment of +25°F.

B) Appendix H of API Specification 6A. Furnaces with one working sensor
in each control zone have been surveyed within the last three months and
furnaces with more than one working sensor in each control zone have been
surveyed within the last six months.

c) MIL-STD-1684.

3.1.2.1 Solution treatment . Solution treating shall be accomplished by

holding at a minimum temperature of 1600 °F, followed by water quenching. The
time at temperature must be such that the entire volume of material is heated
to the solution treating temperature.

3.1.2.2 Age hardening . Age hardening shall be accomplished by any
process proved adequate to meet the mechanical property requirements.

3.2 Chemical requirements . Chemical composition of the material shall
conform to table I. When a product (check) analysis is specified (see 6.2),
the material shall conform to the requirements of table I, subject to the
permissible tolerances for check analysis.

3.3 Mechanical properties . Mechanical properties shall be as specified
in tables Il through VI, as applicable. Unaged material shall meet the
mechanical properties specified after heat treatment.

3.3.1 Unaged material . Material ordered in the unaged condition shall,
after proper heat treatment, be capable of meeting the mechanical properties
of the corresponding heat treated condition of the forms specified in tables
Il through VI, as applicable.

3.3.2 Bending properties (sheet and strip) . Sheet and strip, except half
hard and age hardened or full hard and age hardened strip, shall not crack
when subjected to cold bending (See 4.3.2.5).
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3.4 Susceptibility to intergranular cracking. The material shall not be
susceptible to intergranular cracking (see 4.3.6).

3.5 Duplex grain structure. Duplex grain structure is not permtted in
barstock with a diameter of 3%z inches or less. Duplex grain structure is
defined as any structure in which the average grain sizes for the two grain
size specimens, prepared in accordance with 4.3.5, differ by more than 5 ASTM
grain size numbers. The uniformity of grain size shall be determined for bar
and rod as specified in 4.3.5. Plate, sheet, strip, and wire shall be
excluded from this requirement.

3.6 Recovered materials . The offeror/contractor is encouraged to use
recovered materials to the maximum extent practicable, in accordance with
paragraph 23.403 of the Federal Acquisition Regulation (FAR).

TABLE I. Chemical composition

Requirements, percent Product (check) analysis

Elements (Maximum unless a range or a variations, under minimum or
minimum is indicated.) over maximum, of the specified

limit of the element, percent

Nickel1 / 63.0 minimum 0.45

Aluminum .30 - 3.15 0.20

Carbon(total) 0.18 0.02

Iron 4.0 0.05

Manganese 1.5 0(04

Silicon 0.50 0.0

Titanium 0|35 - 0.85 8:82 Emg%“u%

Cobalt Q.25 0.03

Sulfur 0]006 0.0p2

Copper 2 / 07.0 - 33.0 0o Emg‘;ﬁ‘n“u%

Tin D.006 0.po2

Phosphorous Q.02 0.005

Zinc D.02 0.p05

Lead 0.006 0/002

1/ Element may be determined arithmetically by difference.
2/ Silver counting as copper.




Downloaded from http://www.everyspec.com

QQ N 286G
TABLE Il. Mechanical properties (bar, rod, forged parts and plate unaged 1/).
Har dness( maxi num
Form Condi tion Si ze, inches Brinel |
(3000 kg) Rockwel |
- Up to 4%, incl. 245 Cc23
Hot finished Over 4% D60 a26
Hot finished
Rounds and annealed Al 185 B0
Cold drawn and
annealed All 185 B9O
Hot finished All 245 C23
Hexagons, squares, Hot finished
rectangles and and annealed Al 185 B0
forged parts Cold drawn and
annealed All 185 B90
Hexagons Cold drawn All 260 C26
Y4t0 1, incl. 280 C29
Rounds Cold drawn Over 1to0 3, incl. 260 C26
Over 3t0 4, incl. 240 C22
. Hot rolled and .
Plate: annealed Up to 4, incl 185 B90
1/ No tensile tests are required except as provided for in 4.3.2.2
TABLE Ill. Mechanical properties (age hardened bar; rod, forged parts and
plate).
- : Yield Elongation
- algggfrgoc;istance -srt?gﬁlgl;?h strength in 2 inches
Form Condition = 0.2% offset or 4D,
between parallel Ib/in Ib/in2 percent
surfaces (inches) (minimum) (minimum) (minimum) 1/
Hot finished Up to 4%, inc. 140,000 100,000 20.0
and age
hardened Over 4V, 140,000 10Q,000 17.0
Rounds
Annealed and Uptol 13p,000 90,000 20.0
age hardened 3/ 1 and over 134,000 85,000 20.0
Hot finished
Hexagons,  |ang age Al sizes 140,000 100,090 20.0
squares, hardened
rectangles
and forge;j Annealed and Uptol 13p,000 90,000 20.0
arts 2
P — |age hardened 3/ |y and over 134,000 85,000 20.0
/4 t0 1, incl 145,0p0 110,000 15.0
Cold drawn and -
Rounds age hardened Over 1 to 3, incl 140,000 100,000 17.
Over 3 to 4, incl 135,000 9%,000 20.¢
Cold drawn and .
Hexagons age hardened Y410 2, incl. 140,00 100,000 15.0
Hot rolled,
Plate annealed and Up to 4, incl. 130,000 80,000 20.0
age hardened

1/ Not applicable to subsize tensile specimens less than 0.250 inch diameter
(see 4.3.2.3).
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2/ Wien specified (see 6.2), for forged rings and di scs, hardness
measurenents nmay be utilized in lieu of tensile tests.
3/ Applicable to both hot finished and cold drawn material .
TABLE IV. Mechanical properties of sheet and strip.
Yield Elongation
Tensil e strength in 2
Co strength at 0.2% inches, Rockwell
Form and condi tion Ib/in2 offset percent hardness
(minimum) (minimum) (minimum)
1/ 1/
Cold rolled and annealed B85 Max
E
» | Cold rolled, annealed, and
age hardened 130,000 00,000 14
Cold rolled and annealed B85 Max
Cold rolled, annealed, and
age hardened 130,000 00,000 15
Cold rolled, half hard, ;
o | asrolled C20 Min
=| Cold rolled, half hard,
| and age hardened 145,000 110,000 8
Cold rolled, full hard, ;
as rolled C25 Min
Cold rolled full hard and
age hardened 170,000 130,000 5

1/ No yield strength or elongation requirements for sheet and strip under
0.020 inch thick.
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TABLE V. Tensile strength of cold drawn wire in coils.
Condition Si ze (inches) ?l;?irr]lfi le strength
Cold drawn, as drawn All sizes 110,000-155,000
Cold drawn and annealed All sizes 110,000 max
0.057andless1 [/ 165,000 min
Over 0.057 to 0.114, inclusive 1 [/ 155,000 min
Over 0.114 to 0.229, inclusive 1 /(150,000 min
Cold drawn, spring temper, : : :
as drawn Over 0.229 to 0.312, inclusive 1 /145,000 min
Over 0.312 to 0.375, inclusive 1 /(135,000 min
Over 0.375 to 0.437, inclusive 125,000 min
Over 0.437 to 0.563, inclusive 120,000 min
Cold drawn, annealed and All sizes .
age hardened 130,000 min
Cold drawn, as drawn, All sizes .
age hardened 155,000 min
Up to 0.114, inclusive 180,000 min
Cold drawn, spring temper, . X ,
and age hardened: Over 0.114 to 0.375, inclusive 170,000 min
Over 0.375 to 0.563, inclusive 160,000 min
1/ Applicable to material in coil. For material in straightened and cut
lengths, deduct 15,000 Ib/in2 from above values.
TABLE VI. Bending properties of cold rolled sheet and strip .1/

Thickness of sheet and Angle of bend, degrees
strip (inch) Radius of pin or Annealed and age
mandrel, multiples Sﬁgg?:'ﬁg E:rlgl hardened, sheet &
From To (incl) of the thickness of Stri Stri strip, & full hard,
the material P P cold rolled strip
Up to 0.010 0.031 0.5 18( 120 90
Over 0.031 0.062 0.5 180 120 90
Over 0.062 0.125 0.5 180 120 90
Over 0.125 0.250 1.0 180 120 90

1/ There are no bending requirements for half hard aged or full hard aged
strip.

3.7 Soundness . Material shall be of uniform quality and condition, free
of defects harmful to its intended use, such as seams, pipe, cracks, excessive
scale, fins, porosity, and segregation as determined by visual examination and
nondestructive testing.

3.7.1 Ultrasonic inspection

3.7.1.1 Large bar and forgings (Forms 2 and 7 ). Bar, rod, and forgings
with a diameter or minimum distance between parallel surfaces of 4 inches or
greater shall be ultrasonically inspected as specified in 4.3.3.1 and 4.3.3.2.

9
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I nspection shall be performed after the aging treatnment. U trasonic
procedures other than those specified may be enployed but they shall be
approved by the comrand or agency concer ned.

3.7.1.2 Small bar, rod, plate and forgings. Wen specified (see 6.2),
bar, rod, plate, and forgings shall be ultrasonically inspected to 4.3.3.1 and
4.3.3.3.

3.7.2 Liquid penetrant inspection. Wen specified (see 6.2), bar, rod,
pl ate, and forgings shall be liquid penetrant inspected to 4. 3.4.

3.8 Wapping requirenments (cold drawn wire).

3.8.1 Cold drawn and anneal ed, and cold drawn, as drawn Y inch diameter
orless . Wire of cold drawn and annealed, and cold drawn, as drawn conditions
shall withstand wrapping eight consecutive close wound turns, without
cracking, around a rod of the same diameter as the wire.

3.8.2 Spring temper ¥ inch diameter or less . Wire of spring temper up to
0.2294 inch diameter, inclusive, shall withstand wrapping eight consecutive
close wound turns, without cracking, around a rod of the same diameter. Wire
over 0.2294 inch in diameter shall withstand similar wrapping, without
cracking, around a rod of twice the wire diameter.

3.8.3 Age hardened or over ¥4 inch diameter . There are no wrapping
requirements for wire in the age hardened condition or with a diameter greater
than ¥ inch.

3.9 Dimensional requirements

3.9.1 Bar and Rod .

3.9.1.1 Diameter, distance between parallel faces, or thickness . The
diameter, distance between parallel faces, or thickness of hot finished or
cold drawn bar and rod, aged and unaged, shall not vary at any point by more
than the amounts specified in tables VIl or VIII, as applicable.

3.9.1.2 Out of roundness . Round rod, cold drawn, and hot finished, all
sizes and in straight lengths, shall not be out of round by more than one-half
the permissible tolerances in diameter specified in tables VII and VIII.

3.9.1.3 Length .

3.9.1.3.1 Bar and rod . Unless 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 cut ends. Material ordered to cut lengths shall be furnished with
square cut or machined ends. Where rod and bar is ordered in multiples of a
specified unit length, ¥ inch shall be allowed for each multiple cut unless
otherwise specified (see 6.2), and the rod and bar shall have cut ends.

3.9.1.3.2 Permissible variations in length . The permissible variations
in lengths of rod and bar, all conditions, shall be as specified in table IX.

3.9.1.4 Edges . Unless otherwise specified (see 6.2), square,
rectangular, and hexagonal bar and rod shall have angles and corners
consistent with commercial practice.

10
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3.9.1.5 Straightness. The pernissible variations in straightness of rod
and bar, as determ ned by the departure fromthe true straightness (throwin
one revolution or depth of chord), shall be as specified in tables X and Xl.

3.9.1.5.1 Pernissible variations in straightness. The pernissible
variations in straightness of precision straightened cold drawn rod and

shafting, as determ ned by the departure fromstrai ghtness (throw in one
revol ution), shall be as specified in table XI. Al precision straightened
rod shall be checked for straightness when supported on rollers at 42 inch
intervals, and also on rollers on the ends of the rod, in dianeters and
| engths, as specified in table Xl .
TABLE VII. Tolerances on dianeter or distance between parallel faces of hot
fini shed bar and rod.
. . Tol erances 1/ 4/,
Ordered dianmeter or distance between Si ze (i nches)
paral | el faces (inches)
Pl us M nus
1 and under 0.016 0.016
o Over 1 to 2, incl 0. 031 0. 016
Rod and bar, hot finished: -
Over 2 to 4, incl 0. 047 0. 031
Over 4 0. 125 0. 063
Round rod, hot finished and rough 1 and over
turned or rough ground: 0.031 0.010
Round rod, hot finished, sem -snooth, Over 3%
machi ned: 0.031 0/000
Round rod, hot finished, smooth finish Over 3%
machined: 0.000 0joo52 /
. Under 1 0.p05 0.0103 N
Forging stock (rounds):
1 and over 0.081 0.0103 N
Ya, Ti6 D.0000 0.0062
s, 116, ¥2 0/0000 0.0066
Forging quality bolt stock (rounds 716, 7s. e ¥, s 13/0.0000 0/0082
only):
Y) Y16, 1 0.0000 0.0098
1}6 to 1%, in Yis
inch increments 0.0000 0,0112

1/ Tolerances apply to diameter of rounds, to distance between parallel

surfaces for hexagons and squares, and separately to width and thickness

of rectangles.

2/ Permissible variations available as plus 0.005 inch, minus O; or plus
0.0025 inch, minus 0.0025 inch, when specified (see 6.2).

3/ Spot grinding may be permitted to remove minor surface defects. The depth
of grinding shall not exceed 3 percent of the diameter.

4/ Areas on the ends of the bar and rod (for approximately 1 inch) that are
under the permissible variations in diameter are permitted provided the

desired finished surface can be obtained within the machining allowance

(see 3.11).

11
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TABLE VIII. Tolerances on dianeter or distance between parallel faces of cold
drawn rod and bar.
Ordered dianeter or distance between parallel faces Tol erances (i nches)
(i nches) Pl us M nus
Under ¥2 0 D.003
Yto 4, incl 0 0.002 1 -
Over Y stol 1, incl 0 0.003 1 N
Rounds | Over1 ¥4 to 2%, incl 0 0.004 1 -
Over 2¥% to 3, incl 0 0.00511 )
Over 3 to 3Y, incl 0 0.006 L )
Over 3%z to 4, incl 0 0.007 11 )
Hexagons |Up to 2, incl 0 0.009
1/ For cold drawn, age hardened, bright finish shafting, an additional minus
tolerance of 0.002 inch will be permitted (see 6.7.2).
TABLE IX. Permissible variations in length of bar and rod, all conditions
Shortest Maximum Maximum permissible
Specified length, feet acceptable acceptable percentage by weight of
lengths, feet length short length
Random mill lengths 1 ) 6 24 ft 25% junder 9 ft
16 to 18 16 18ff, %2 in 100% 16 ft or longer
14to 16 14 16 ff, %2 in 100% 14 ft or longer
Nominal 12to 14 12 14 ff, %2 in 100% 12 ft or longer
(stock) 10to123 / 10 12 ft, Y2 in 100% 1D ft or longer
length2 /1845103 N 8 10 ft, 2 in 100% § ft or longer
6to83 / 6 8t Yin 100% 6 ft or longer
4 t0 6 4 6 ft| %2 in 100% 4 ft or longer
e, Specified
Cut-to length 4  / Specified length to plus 100% specified plus fsin
length ¥, in

1/ For hot finished sections weighing over 25 pounds per lineal foot and for
smooth forged products, all sections, short lengths down to 2 feet may be
furnished.

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

3/ For cold drawn rod and bar under ¥z inch in diameter 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 the range specified; the
balance may be in shorter lengths but in no case shall lengths less than
4 feet be furnished.

4/ For diameters over 8 inches, the tolerance shall be plus % inch minus 0.

12
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Pernmissible variations in straightness of
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rod and bar. 1/

Ordered condition, finish, and size

Perni ssi bl e deviations in
strai ght ness (i nches)

Hot finished: 2/
Bar and rod (hot finished surface)

Dept h of chord 3/
0. 050 per foot of length

Rounds: Throw i n one revol ution 4/
Rough turned or rough ground 0. 050 per foot of length
Seni snoot h nachi ned 0. 0031 per foot of length
Snoot h fini shed nmachi ned 0. 0015 per foot of length

Col d drawn:

; . Dept h of chord 3/
Rounds (di ameter): 0.030 per foot of length

Up to 4 inches, incl

Hexagons and squares:

Dept h of chord 3/

Al'l sizes 0. 030 per foot of length

1/ Not applicable to forging quality rod.

2/ Except forging quality stock

3/ The maxi mum curvature (depth of chord) shall not exceed the val ue
indicated nultiplied by length in feet.

4/ The throw in one revolution in any 20 feet maxi num |l ength shall not exceed
the values indicated multiplied by length in feet.

TABLE XlI. Permissible variations in straightness of precision straightened

cold drawn shafting.

Ordered diameter of shafting,
(i nches)

St andard di stance
bet ween supports,
(i nches)

Per m ssi bl e vari ati ons
throw i n one revol ution
from strai ght ness,

(i nches)
to 6, incl 42 0.00%
Over ¥ stol 19, incl 42 0.006
Over 1 7,5 to 2%, incl 42 0.007
Over 2% to 4 incl 42 0.008
%to Yy, incl Spegcified lengths of 0.004 plus 0.0025 for each

3 to 10 feet foot, or fraction thereof,

in excess of 3 feet.

Over 1,5t0 4 incl Speci

fied lengths of

20 feet and less foot, or fraction thereof,

in excess of 3 feet.

0.005 plus 0.0015 for each

3.9.2 Forged parts dimensions

. All forgings shall conform to the sizes

and shapes as specified (see 6.2). The responsibility of furnishing forgings

that can be laid out and machined to the

finished dimensions within the

specified tolerances as shown on the drawings, and that will conform to such
gauges as may be specified in the individual cases, shall rest with the

contractor.

13
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3.9.3 Plate, sheet, and strip.

3.9.3.1 Thickness. The thickness tolerances of cold rolled nickel-
copper -al um num al |l oy sheet and strip, all conditions, shall conformto the
requirenents specified in table XIlI. The tol erances on thickness of hot

rol |l ed nickel -copper-alum numalloy plate, all conditions, shall conformto
the requirenents specified in table XIII.

3.9.3.2 Wdth. The width of sheet and strip shall not vary fromthe
ordered width by nore than the amobunt specified in table XIV and those for
pl ate shall be as specified in table XV.

3.9.3.3 Lengths.

3.9.3.3.1 Sheet. Unless otherw se specified (see 6.2), sheet shall be

furnished in cut Iengths. The permssible variation in length shall be plus
¥s inch, minus not hing.

3.9.3.3.2 Strip. Unless nomnal or stock lengths or cut lengths are
specified, strip, in conditions other than age hardened, shall be furnished in
coil in thicknesses up through 0.125 inch and in random straight lengths in

t hi cknesses over 0.125 inch. Unless otherw se specified (see 6.2), age
hardened strip shall be furnished in straightened (cut) |engths only.

A) The length of cut length strip shall not vary under or over the
ordered length by nmore than ?g inch.

B) Nominal or stock Iengths. The length of strip up to 12 inches wi de,
ordered as nom nal or stock lengths, shall not vary fromthe ordered
nominal or stock length by more than %z inch, except for the
permissible amounts of short lengths specified in table XVII. The
maximum percentage by weight of short lengths, and the required
percentage by weight of ordered stock lengths, in any shipment shall
be as specified in table XVII.

3.9.3.3.3 Plate . The permissible variations in length for plate shall be
as specified in table XVI. The permissible variations in diameter for
circular plate shall be as specified in table XVIII.
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al

condi ti ons.

Tol erances on thickness for w dths given 1/
(i nches, plus or mnus)
Ordered thickness, (inches) Less than 12 48 i nches or (?ﬁghéf\bﬁkfo
i nches wide 1/ | ess wi de i ncl usi ve
0.018 to 0.025, incl 0. 002 0. 003
Over 0.025 to 0.034, incl 0. 003 0. 004
Over 0.034 to 0.043, incl 0. 004 0. 005
Over 0.043 to 0.056, incl 0. 004 0. 005
Over 0.056 to 0.070, incl 0. 005 0. 006
Over 0.070 to 0.078, incl 0. 006 0. 007
_ |[Over 0.078 to 0.093, incl 0. 007 0. 008
_§ Over 0.093 to 0.109, incl 0. 007 0. 009
? lover 0.109 to 0.125, incl 0. 008 0. 010
Over 0.125 to 0.140, incl 0. 008 0. 010
Over 0.140 to 0.171, incl 0. 009 0.012
Over 0.171 to 0.187, incl 0. 010 0. 013
Over 0.187 to 0.218, incl 0.011 0. 015
Over 0.218 to 0.234, incl 0.012 0. 016
Over 0.234 to 0.250, incl 0.013 0.018
0.010 to 0.050, incl 0. 0015
o |Over 0.050 to 0.093, incl 0. 0025
‘= |Over 0.093 to 0.125, incl 0. 0040
@ Over 0.125 to 0.156, incl 2/|0.0045 3/
Over 0.156 to 0.250, incl 2/0.0055 3/
1/ Measured 7 inch or nore from any edge except for strip under 1 inch in
wi dth which is measured at any pl ace.
2/ Available in straightened and cut |engths only.
3/ For widths over 8 inches, the permissible variations for cold rolled sheet

are applicable.
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TABLE XIIl. Pernissible variations in weight and thickness of hot rolled
rectangular plate. 1/2/

Specified 3/ Permi ssi bl e excess in average weight 4/ per square foot of plate
Thi ckness for widths given in inches expressed in percentage of noninal
(i nches) wei ght s

Under [48-60|60-72|72-84|84-96|96-108 [108-120120- 132(132- 144|{144- 160

48 |excl. | excl | excl | excl excl excl excl excl excl

?16 to ?161 excl 9.
?16 to ?3, excl
?3 to 7161 excl

0| 10.5| 12.0| 13.5| 15.0| 16.5 18.0
5| 9.0| 10.5| 12.0] 13.5| 15.0 16.5 18.0

O 7.5| 9.0 10.5| 12.0| 18.5 15.0 16.5 18.0
.0

6.

7.
7.

listo¥s, excl 6.0 7 75 |9.0 105 120 135 15.0f 16,5 | 18.0
Y% to g, excl 5.0 ) 70| 75 |9.0 105 12.0 13/5 15.0f 165
7¢ to %, excl 45 55 6.0 7.0

75 9.0 10.5 12.0| 135 |15.0
¥ tol,excl 40 45 |55 60 70 775 9.0 10.5| 12.0 |135
ltol%,excl 40 40| 45 |55 60 7.0 7.% 9.0 10.5 | 12.0
1%to 1%, excl 40 4.0| 45 |55 60 70 7.5 9.0 10.5

1%to 1%, excl 40 4.0| 45 |55 60 70 7.5 9.0

1%to2,incl 40 40 |45 55 60 7.0 7.9

1/ The term "lot" applied to the above table means all of the plate of each
group width and each group thickness.

2/ No plates shall vary more than 0.01 inch under the thickness ordered, and
the overweight of each lot in each shipment shall not exceed the amount
shown in the table. Spot grinding will be permitted to remove surface
irr?plfrfections, such spots not to exceed 0.01 inch under the specified
thickness.

3/ All plates shall be ordered by thickness and not weight, per square foot.

4/ The weight of individual plates shall not exceed the nominal weight by
more than 1% times the amount shown.

TABLE XIV. Tolerances on width of cold rolled sheet and strip, all

conditions .
Tolerances on widths
Ordered thickness (inches) Ordered |width (inches) (inches)
Plus Minus
Sheet Al thickness All widths 0.125 0.000
0.010 to 0.024, incl 12 and under 0.007 0.007
] Over 0.024 to 0.075, incl 12 and under 0.007 0.007
ggl'il% Over 0.075 to 0.100, incl 12 and ur{der 0.009 0.009
edge: Over 0.100 to 0.125, incl 12 and under 0.012 0.012
Over 0.125 to 0.250, incl 1 [ 8land under Q.015 0.015
Over 0.125 to 0.250, incl 1 /2 /| |Over8to 12, incl 0.125 0.

1/ Available in straightened and cut lengths only.
2/ Slit edge or sheared edge.
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TABLE XV. Pernissible variations in width of sheared, machi ned, abrasive or
plasma torch cut rectangular plate.1/ 2/
Permi ssible variation in width for widths given (inches)
. Over 30 Cver 72 Over 108 Over 144
Speci fied Up to 30,
t hi ckness | ncl Fo 72, fco 108, Fo 144, .to 160,
(i nches) i ncl i ncl i ncl i ncl
Plu | Mnu | Plu Mnu | Plu | Mnu | Plu | Mnu | Plu | Mnu
s s S S s s S S s s
R T A A A A A
& ?el)?ctlo 72 Ya :}‘8 ?g yg :78 :}‘8 Yo }(8 ?8 yg
2 Y5 10 ¥a
et 20T i ¥ i ¥ Yo ¥ 7 ¥ Y ¥
§ eXC' 8 8 8 8 8 8 8 8
3
G | oLt e |t v |t T |t % |l [T |
e I A A R S S A E R ¥
R A A A A A A A
D5
c >
% 8 Over 1Y
g% tové(larinc ¢ ?16 yS 716 }(8 ?16 yS 716 yS ?16 :}‘8
?16 to 2, /A
B<s | excl Y% 0 Vs 0 % @ L% 0 % 0
S5
23 |23 5 |0 55 |0 g |0 6|0 75 |0

1/ Permissible variations in width for powder cut or inert arc cut plate or
machined, powder cut or inert arc cut circular plate shall be as agreed
upon between the manufacturer and the Command or agency concerned.

2/ Tolerances for plasma torch cut sketch plate shall be as agreed upon
between the manufacturer and the Command or agency concerned.

3/ The minimum sheared width is 10 inches for material % inch and under in
thickness and 20 inches for material over % inch in thickness.

4/ The minimum abrasive cut width is 2 inches.

5/ Tolerances shown are applicable for lengths up to 240 inches. For lengths
over 240 inches an additional }16 inch is permitted, both plus and minus.

6/ Tolerances shown for plasma torch cutting may be obtained all on the minus
side, or divided between the plus and minus side, as specified (see 6.2).
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TABLE XVI. Permissible variations in width of sheared, nmachined,
Abrasive or plasma torch cut rectangular plate. 1/
Perni ssible variation in length for | engths given (inches)
60 and Over 60 | Over 96 |Over 120 |Cver 240|Over 360|Over 450
o under to 96, to 120, |[to 240, |to 360, | to 450, |to 540,
_ Specified i ncl i ncl i ncl i ncl i ncl i ncl
t hi ckness i nches
PluiMnu|PlulMnu{PlufMnu|Plu{Mnu|(Plu{Mnu{Plu/Mnu|Plu|M nu
s s s s s s s s s S s s s S
o s T g |ty | V| e | Fe | Te |% | T | To | Te | % | T
S e gt v | e % | T (% | T || Te (% | T | s | T
i 1. - 3
S el Ve | Bo | % | T | Ta | Be | Ta | B |% | K | To| Fo |1H| 1
©
3/, -
% e/‘;(C|1' 78 }(8 78 ;‘8 78 ;‘8 Ya ;‘8 78 ;‘8 1 ;‘3 ;‘8 1 73 ;‘8
1o V| Bo | % | T [% | Bo | Do | B |LTe| Ko (17| Ko (17| T
5 e gt [ e [ Te | Te (T | T | Fe | To | T | T | s | T
B35
<%
=ac.. [11,-
853 14, o | te [T | Fe | Tie | te [Te | Te [T | Fo || to | T | To
Sofec2 byl oo w oo % 0 %W o ®m| o] w|o
3 incl
Ec
0 O—
S 59221, s |0 |9 |0 | |0 || 0 |[F|0 |%|0 |%|O
[ang sy

1/ Permissible variations in length for powder cut or inert arc cut plate or
machined, powder cut or inert arc cut circular plate shall be as agreed
upon between the manufacturer and the Command or agency concerned.

2/ The minimum sheared length is 10 inches.

3/ Abrasive cut applicable to a maximum length of 144 to 400 inches depending
on the thickness and width ordered.

4/ Tolerances for plasma torch cut sketch plate shall be as agreed upon
between the manufacturer and the Command or agency concerned.

5/ Tolerances for plasma torch cutting may be obtained all on the minus side,
or divided between the plus or minus side as specified (see 6.2).
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TABLE XVII. Permissible variations in stock lengths of strip,
up to 12 inches w de.

O dered| Required |Vaxi mum perm ssi bl e percentages, by weight, of short
nom nal |percentage| engt hs
or stock| by wei ght
length | of stock [Over 8 to 10/Over 6 to 8|Over 4 to 6/Over 2 to 4 Under 2
(feet) | engt h feet, incl |feet, incl |feet, incl |feet, incl f eet
10 60 40 30 20 10 0
70 30 20 10 0
80 20 10 0
TABLE XVI1I. Permissible variation in dianmeter for circular plate.
Perni ssi bl e variations over specified
di ameter for thickness given (inches)
Thi ckness | Thi ckness to j6 to 2, 2 to maxi mum
Speci fi ed dianeter, (i nches, T, _incl excl thi ckness
(i nches) maxi nmum Pl us M nus Pl us M nus Pl us M nus
- 20 to 32, excl s Yy 0
© 2 | 32to 84, excl Ts V16 0
gg 84 to 108, excl s s 0
108 to 140, excl ¥q 116 0
o 19 to 20, excl 3 Y 0 7s 0
® | 20to 22, excl 2% Y 0 Te 0
= | 2210 24, excl 25 Y 0 e 0
§\ 24 to 28, excl 2% 23 0 7s 0
<™ 2810 32, excl 2 7 0 T 0
E:" 32 to 34, excl 1% Y 0
g 34 to 38, excl 1% % 0
© 38 to 40, excl 1Y4 Y 0
s 40 to 140, excl 3 s 0 s 0

1/ The tolerance for plasma cut plate may be obtained all minus or divided
between the plus and minus sides, as specified (see 6.2).

2/ Permissible variations in plasma torch cut sketch plate shall be as agreed
upon between the manufacturer and the Command or agency concerned.

3.9.3.4 Edges .

3.9.3.4.1 Sheet . Unless otherwise specified (see 6.2), sheet shall be
furnished with edges as would result from slitting, sawing, or shearing.

3.9.3.4.2 Strip . Unless otherwise specified (see 6.2), strip shall be
furnished with the type of edge as specified in table XIX.
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TABLE XI X. Type of edge of strip.
Thi ckness (i nches) W dt h (inches) Type of edge
0.125 and | ess 12 and | ess Slit 1/
Over 0.125 8 and | ess Slit 2/
Over 0.125 Over 8 Slit or sheared 2/
1/1n coil or straight (random or cut) | engths.
2/ 1n random or cut straight |engths only.
3.9.3.4.3 Pl ate. Unless otherwise specified (see 6.2), plate 1% inch in
thickness and less shall be furnished with sheared edges; and plate over 1%
inch in thickness shall be furnished with machined, abrasive or plasma torch
cut edges.
3.9.3.5 Straightness . The edgewise curvature or maximum departure from
straight line in any longitudinal edge on sheet and strip cut to length or in
random, nominal or stock lengths shall not exceed 0.05 inch per foot of
length.
3.9.4 Wire .
3.9.4.1 Diameter . The permissible tolerances in diameter of all
conditions of wire shall be as specified in table XX.
3.9.4.2 Out of roundness . Wire shall not be out of round by more than
one-half the total permissible tolerances specified in table XX.
3.9.4.3 Coil and spool weights . Permissible variations in coil and spool
weights of cold drawn wire shall be as stated in tables XXI and XXII.
3.10 Marking . Unless otherwise specified (see 6.2), bar, rod, sheet,
strip, and plate shall be marked in accordance with FED-STD-182 and in
addition, shall be marked with the lot number. Individual forgings shall be
marked with the specification number, heat and lot number. ldentification
number and markings shall not be made by chisel or other sharp instruments.
3.11 Machining allowance for hot finished material . Machining allowances

shall be made for hot finished material as specified in table XXIII.
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TABLE XX. Tolerances in dianeter of cold drawn wire, all conditions.

- . . Tol erances (i nches)
Speci fi ed di aneter (i nches) Bl Us M TUs
To 0.0044, incl 0. 0002 0. 0002
Over 0.0044 to 0.0079, incl 0. 00025 0. 00025
Over 0.0079 to 0.0149, incl 0. 0003 0. 0003
Over 0.0149 to 0.0199, incl 0. 0004 0. 0004
Over 0.0199 to 0.031, incl 0. 0005 0. 0005
Over 0.031 to 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 0.001
Over 0.1875 to 0.406, incl 0. 001 0. 002
Over 0.406 0. 002 0. 002

TABLE XXI. Pernissible variation in weight of cold drawn wire in coils and on
spool s (except Air Force use).

Maxi num wei ght
Condi tion Wre dianmeter (inches) St andard spool wire on each spool
wei ght (pounds) (pounds)
—_—_y Under 0.010 2 2%
©5
0= 0.010 to 0.018, incl 5 6
EE
&9 Over 0.018 to 0.040, incl 10 15
Approximate mean - :
Condition Wire diameter (inches) coil diameter Ma>é|gi1|u(molejlﬁagsr)1t per
(inches) P
Under 0.010 8 15
% @ 0.010 to 0.018, incl 8 25
—° Over 0.018 to 0.040, incl 81012 40
2 % Over 0.040 to 0.081, incl 16 to 20 100
'8 5 Over 0.081 to 0.312, incl 18 to 22 200
(&)
Over 0.312 to 0.563, incl 2P to 30 200

TABLE XXII. Permissible variation in weight of cold drawn wire in coils and on
spools(Air Force use only).

Condition  Wire diameter (inches) Cor(ein(ilﬁg;()ater wirgiﬁégggwgp)?:)gowt
pounds
Under 0.035 1 1
All 0.035 to 0.063, incl 4t05 I
conditions 0.064 to 0.0915, incl 5
0.0916 to 0.162, incl 251/

1/Coil.
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TABLE XXI'lIl. Machining allowances for hot finished rod and bar (allow the
foll ow ng oversi zes).
Machi ni ng al [ owances (i nch) 2/
Across flats . ;
D : ; - Thi ckness W dt h
Condi tion Di nensi ons Di anet er hexagons
1/ (i nches) an(d sxqugar es) (rectangl es) (Rect angl es)
Up to 0.875 0.125 0.125 0.125 0. 187
©
2 over 9,875 0.125 0.187 0.125 0.187
'z Over 1.875
- ~ 2. 875 0. 187 0. 250 0.187
Over 2.875
% - 3,812 0. 250 0. 187
Over 3.812 0. 250 0. 375
0. 500 -
55 0.875 0. 005
E Over 0.875
€95 |- 4.000 0. 062
S (@]
p=p~ Over 4.000
=2 | 712,000 0.125
2o
2 e 555200 | 0.125
- Up to 2.500
o (Up to 10’ 0. 062
= | engt hs)
o Over 2.500
g - 4.000
= (Over 10- 0.125
= ™ 20’
é | engt hs)
S Cver 4.000
. —10.000
% (up to 30' 0.125
N lengths)

1/ Dimensions apply to diameter of rods, distance between parallel surfaces
of squares and hexagons, and separately to width or thickness of
rectangles.

2/ The allowances are recommended for rounds to be machined in lengths 36
inches or less (such as stepdown shafts) and for squares, hexagons, and
rectangles to be machined in lengths 24 inches or less. Lengths longer
than those cited should show the finish, cross-sectional dimensions, and
also the length in which the material is to be machined in order that
material may be supplied with sufficient oversize, including allowance

for out-of

-straightness.

3/ The allowance for hot finished rod, rough turned or semismooth machined,
provide for sufficient excess metal to insure straightness in finished

shafts within the limits indicated above.
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3.12 Wirrkmanship. The material shall be uniformin quality and
condition, clean, smooth, flat, comrercially straight, and be free from
foreign material and inperfections such as pipe, |aps, cracks and seans which
due to their nature, degree, or extent may detrinentally affect the
suitability for the service intended. Products ordered with a hot finished,
rough turned or senisnoboth nmachined surface may contain surface inperfections
that shall not be considered injurious unless they exceed the recomended
machi ni ng al |l owance specified in table XXIIlI. Inspection procedures for hot
finished or machi ned naterial shall be as specified in 4.2.3.3.1.

4.  QUALITY ASSURANCE PROVI SI ONS

4.1 Responsibility for inspection. Unless otherw se specified in the
contract, the contractor is responsible for the performance of all inspection
requi renents as specified herein. Except as otherw se specified in the
contract, the contractor may use his own or any other facilities suitable for
the performance of the inspection requirenments specified herein, unless
di sapproved by the Governnent. The Governnment reserves the right to perform
any of the inspections set forth in the specification where such inspections
are deened necessary to assure that supplies and services conformto
prescribed requirenents.

4.1.1 Responsibility for conpliance. Al itens shall neet al
requi renents of sections 3 and 5. The inspection set forth in this
specification shall beconme a part of the contractor’s over all inspection
systemor quality program The absence of any inspection requirenents in the
specification shall not relieve the contractor of the responsibility of
ensuring that all products supplied to the Government for acceptance conply
with all requirenents of the contract. Sanpling inspection, as a part of
manuf acturing operations, is an acceptable practice to ascertain conformance
to requirenents, either indicated or actual, nor does it commit the Government
to accept defective materi al

4.2 Quality conformance inspection

4.2.1 Definition of |ot.

4,.2.1.1 Visual inspection, duplex grain size and nechanical tests. A lot
shal | consist of material of one heat, form condition, finish (for visua
only), and size, and heat treated in the sane furnace charge when ordered in
the heat treated condition.

A) Heat treated conditions shall include age hardened, anneal ed
and age hardened, and anneal ed only.

B) For duplex grain size and nmechanical tests, size shall refer to
the sane thickness of sheet, strip, or plate, and the same
cross-section of other products.

4.2.1.2 Chenical analysis. A lot shall consist of material from one
heat .

4.2.1.3 Slowstrainr rate tensile tests. A lot shall consist of materia
from one heat that has been heat treated in accordance with the sanme or
equi val ent heat treating procedure (see 4.3.6.1.1).

23



Downloaded from http://www.everyspec.com

QQ N- 286G
4.2.2 Sanmpling of lots.

4,2.2.1 Chemcal analysis. One representative sanple shall be obtained
fromeach |ot.

A) Ladle analysis nay be used.

B) For wire 0.032 inch diameter and | ess, sanples may be taken
fromthe final starting size prior to the final cold reduction

4.2.2.2 Slow strain rate tensile tests. Three specinens shall be
prepared and tested per Iot. They shall be taken fromone end of a bar, rod,
or forging at the quarter dianmeter (half radius) and in the |ongitudina
direction. Bars, rods, or forgings too small to have a slow strain rate test
speci men taken fromthe quarter diameter that are taken froma lot (see
4.2.1.3) that does not have any |arger sizes shall have the specinens taken
fromthe center and in the longitudinal direction. Bars, rods, or forgings
too small to have a slow strain rate test specinen taken fromthe center that
are taken froma lot (see 4.2.1.3) that does not have any | arger sizes shal
be taken fromthe heat at the latest intermdiate rolling or forging step that
a slow strain rate test specimen can be taken fromthe md radi ous and heat
treated using the same heat treatment procedures used on the production heat.
Speci mens shall be taken after the final heat treatnent. Wen the material is
shi pped in the anneal ed condition, specinmens nmay be taken after the fina
anneal and shall be heat treated in accordance with 4.3.6.1

4,2.2.3 Mechanical, bend and wire wapping tests for rod, bar, wire, and
flat products. One test specinen shall be taken from each [ ot of 30,000
pounds, or less. Two test specinens shall be taken fromlots wei ghing over
30, 000 pounds.

4,.2.2.4 Sanpling of lots for nmechanical tests of forged parts, 250 pounds
and |l ess. Specinens fromthe |lot shall be taken from prol ongati ons unless the
shape of the finished part permts a suitable specinens to be renoved wi thout
| oss of the forging, or the specinmens may be taken fromextra forgings. One
speci nen shall be taken fromlots of 30,000 pounds or |ess and two speci nens
shall be taken fromlots over 30,000 pounds.

4,.2.2.5 Sanpling of lots for nechanical tests of forged parts, greater
than 250 pounds. Each forging shall be tested. Specinens shall be taken from
prol ongations unl ess the shape of the finished part permts a suitable sanple
pi ece to be renoved without |oss of the forging.

4,2.2.6 Sanpling for visual and di nensional exam nation.

4.2.2.6.1 Snmall forged parts (less than 250 pounds) and all other forns.
From each |l ot, representative sanples for inspection of visual and di nensiona
characteristics including packagi ng, packing, and narking requirenments shal
be taken in accordance with table XXIV. In case of wire, a unit shall be one
coil of wre.
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TABLE XXIV. Sanmple size for visual and dinensional inspections.

Lot size Sanpl e Size
2to 8 Al'l
9 to 15 8
16 to 90 8
91 to 150 12
151 to 280 19
281 to 500 21
501 to 1200 27
1201 to 3200 35
3201 to 10000 38

4,2.2.6.2 Forged parts weighing 250 pounds or nore. Each forging
wei ghi ng 250 pounds or nore shall be subjected to surface inspection for
wor kmanshi p and di nensi ons.

4.2.2.7 Sanpling for ultrasonic tests. Wen required (see 3.7.1), each
pi ece of each lot shall be inspected 100 percent by vol une.

4.2.2.8 Sanpling for liquid penetrant tests. When required (see 3.7.2),
each piece of each lot shall be inspected.

4.2.2.9 Sanpling for duplex structure exanmination. A sanple for duplex
structure exam nation shall be taken froma slice at least ¥ inch thick from
one end of a bar, rod or forging representing each heat treat |ot.

4,.2.3 Exam nation nethods.

4.2.3.1 Straightness of rod. |In determning straightness in the standard
42 inch distance between supports or in determning straightness when
supported at the ends, the rod shall be placed on a precision table equipped
with ballbearing rollers and a mcronmeter or dial indicator. The rod shal
then be rotated slowly against the indicator, 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
strai ghtness (throw in one revolution) is defined as the difference between
t he maxi mum and mni ni nrum readi ngs of the dial indicator in one conplete
revolution of the rod. Straightness in terns of depth of chord shall be
determined with a straightedge, the I ength of which is not |ess than that of
t he pi ece being neasured.

4.2.3.2 Straightness of bar, sheet, and strip. Straightness in ternms of
depth of chord shall be determned with a strai ghtedge and shall not exceed
the permssible variations in 3.9.1.5 and 3.9. 3.5.

4.2.3.3 Visual and di nensional acceptance criteria. Each sanple taken in
accordance with 4.2.2.6 shall be subjected to surface inspection for
wor kmanshi p and di nensions. Any sanple lot unit containing one or nore visua
or di mensi onal defects shall be rejected.

4,2.3.3.1 Inspection of hot finished material. Rod or bar surface shal
be examined to | ocate inperfections of maxi mum severity. These inperfections
shal |l be explored by grinding, filing, or otherw se reducing the cross-section
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di nension at the site of the inperfection. Sufficient material shall be
renoved to reach the bottom of the inperfection. The cross-section dinmension
is measured at this point. |If the depth of the inperfection does not exceed
the machining allowance in table XXII|l for the applicable size and form the
product will be acceptable.

4.3 Test procedures.

4.3.1 Chenical analysis. The sanple selected in accordance with 4.2.2.1
shal | be analyzed by the wet chem cal or spectrochem cal nethods to deternine
conformance with table I. In case of disagreenent, the chenical conposition
shall be determined in accordance with ASTM E 76

4.3.2 Mechanical tests.

4,.3.2.1 Aged naterial. Mechanical tests required for material shipped in
the aged condition shall be done on a sanple taken fromthe material after the
final heat treatnent. Mechanical tests used to denonstrate the capability of
a lot to neet the mechanical test requirenents (see 4.3.2.2) may not be used
certify a lot of material shipped in the aged condition

4.3.2.2 Unaged material. Wen nechanical tests are required for nmateria
ordered in the unaged condition to denonstrate the capability of the lot to
nmeet the mechanical testing requirenents (see 6.2), the test specinens, taken
fromeach lot per 4.2.2.2, 4.2.2.3, 4.2.2.4 and 4.2.2.5, shall be obtained
fromthe material as it is to be to be shipped or froma forged test coupon
when applicable and heat treted as specified (see 6.2). Wien no heat
treatnent is specified, the specimen shall be annealed, if the naterial to be
shi pped has not been anneal ed, and aged in accordance with 4.3.2.2.1.
Mechani cal tests on a lot fromthe sane heat that has previously been tested
in the same condition (see 1.2.1), heat treated as specified above, and found
to neet the requirenents of this specification may be used to denonstate the
capability of the |l ot of unaged material to neet the nechanical test
requirenents.

4,3.2.2.1 Heat treatnment of unaged nechanical test specinens. Unless
otherwi se specified (see 6.2), age hardening of the test specinens in 4.3.2.2
shal |l be perfornmed by heating to 1100-1125°F, holding at tenperature for 8 to
16 hours dependi ng on hardness of naterial and desired hardness after aging,
furnace cooling to an aimtenperature of 900°F then air cooling to room
tenperature

4,3.2.3 Bar, rod, rectangles, and forged parts. All bar, rod,
rectangl es, and forged parts shall be tested full-size when practicable. Wen
a machi ned speci nen beconmes necessary, enough netal nmay be renoved fromthe
gauge section to neet the limtations of the testing nmachine or the specinmen
may be machined to the form and di nensions of the | argest standard round
specimen in ASTM E 8 obtainable fromthe product being tested. Wen the
product being tested is of such size that an ASTM E 8 round speci nen | ess than
0. 250 inch dianeter is needed, m ninum el ongation requirenments of table I
shal | not apply.

4.3.2.3.1 Axis of the test specinens. For bar, rod, rectangles, and
forged parts up to and including 1% inches in diameter or thickness, the axis
of the test specimen shall coincide with the central axis of the piece; over
1% inches, the axis shall be located midway between the center and surface of
the piece.
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4.3.2.3.2 Axis of tension. The axis of tension test specinmens for bar
rod, rectangles, and forged parts shall be parallel to the direction of
rolling, drawing, or flow of netal.

4.3.2.4 Tension test specinens of plate, sheet, and strip. Tension test
speci mens for plate, sheet, and strip under 0.500 inch thick shall be nachi ned
to the formand dinmensions of a standard 2 inch gauge length flat in
conformance to ASTM E 8. Tension test specinens for plates 0.500 inch and
over in thickness shall be machined to the form and di nensions of the |argest
obt ai nabl e standard round in conformance to ASTM E 8.

4.3.2.4.1 Direction of tensile test specinens. Tensile specinens from
pl ate, sheet, and strip shall be taken transverse to the direction of rolling
when width will permt.

4,3.2.5 Bend test specinens of sheet and strip. Bend tests taken from
sheet and strip shall be full thickness |ongitudinal specinens tested in
conformance with ASTM E 290. The radius of the pin or nandrel and the angle
of bend shall be as specified in table VI.

4.3.2.6 Tension test specinens of wire. Tension test specinmens shall be
of the full cross-section of the wire and not |ess than 15 inches in |ength.
Speci mens shall be free fromsharp bends or kinks. The distance between the
jaws of the testing machine, with the specinen in place ready for testing,
shall be not |ess than 10 inches.

4.3.2.7 Wapping test specinens of wire. Wapping test speci nens shal
be full-size sections of wire of a suitable length. The specinmens shall be
wr apped around a rod as specified in 3.8.1 and 3.8.2 and exam ned for cracks
by Iiquid penetrant inspection.

4,.3.2.8 Yield strength. The yield strength shall be determ ned by the
of f set net hod.

4,3.2.9 Hardness. The hardness shall be determ ned in accordance wth
ASTM E 10 or E 18, as applicable.

4,3.2.10 Rejection and retests. |If any specinmen fails to neet the
requi renents of this specification, the entire lot shall be rejected, subject
to the retest provisions specified in 4.3.7.1

4.3.3 Utrasonic test.

4,3.3.1 Ceneral test requirenents.

4.3.3.1.1 Testing requirenents. Utrasonic testing shall be perfornmed in
accordance with NAVSEA T9074- AS-d B-010/271 or M L-STD-2132, as nodified by
the requirements specified herein. Testing shall be done by a |ongitudina
wave or shear wave technique as specified herein.

4.3.3.1.2 Surface of rounds. Round rod, 1% i nches and under, shall be
ordered with a ground or turned surface when ultrasonic testing is specified.

4.3.3.1.3 Surface finish. Hot finished surfaces shall be 250 Ra micro
i nches or snoot her.

4,.3.3.1.4 Acoustic conpatibility check. Due to the variable attenuation
of nickel -copper-alum num an attenuation check shall be perforned before each
i nspection where a reference standard is used. A conparison shall be nade
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between the part to be inspected and the specific reference standard to be
used. For longitudi nal wave inspections, the attenuation check shall be based
on a conparison between a back reflection obtained fromsimlar geonetrica
areas on the part to be inspected and the reference standard. For shear wave
i nspections, the attenuation check shall be based on a conparison between a
corner reflection signal or a pitch-catch signal obtained fromsinilar
geonetrical areas on the part to be inspected and the reference standard. A
m ni mum of three areas shall be evaluated on the conponent to be inspected.
Differences in attenuation, nmeasured in decibels (db), shall be conpensated
for by adding or subtracting the appropriate nunber of db fromthe instrunents
gain setting after the calibration reflector height or DAC curve is deterni ned
and marked on the screen. The nost attenuative area eval uated shall be used
to determine the attenuation correction value. |If the attenuation checks
indicate less than a 1 db difference, no correction is required. Wen
acoustic conpatibility check is perforned, the reference standard does not
need to neet the signal anplitude conparison test in the acoustic simlarity
requi renents of NAVSEA T9074- AS-d B-010/ 271 or M L-STD 2132.

4,3.3.2 Procedure for ultrasonic inspection of large size bars, rods and
forgings. Coarse grained material nmay result in an unacceptable ultrasonic
signal to performthe required inspections. A single, distinct signal which
is clearly discernable fromnoise shall be used for the inspections. |f such
a signal Is not obtainable using the | owest frequency allowed and with the
transducers positioned for the shortest sound path, the material shall be
consi dered uni nspectabl e and rejected. |Inspection shall be perforned using
ei ther longitudinal wave end scan or shear wave pitch-catch nmethods as
specified in 4.3.3.2.1 through 4.3.3.2.2. Wen the procedures of 4.3.3.2.1
are applied to long bars/rods, ultrasonic instruments with high-energy pul ses
and extended range capability may be required.

4.3.3.2.1 Longitudinal wave end scan. Inspection shall be performed from
the end of the formas illustrated on figure 1. A 1 inch dianeter, 2.25
nmegahertz (mhz) transducer shall be used whenever possible. |If the 2.25 nhz

transducer does not result in a valid calibration, a one inch dianmeter, 1 nhz
transducer may be used. A distance calibration shall be nade for the length
tested. This shall be acconplished using multiple reflections across the
cross-section of the test piece or by the use of a nickel-copper-al un num
reference standard. The signal fromthe opposite end shall be set to a

m ni mrum of 80% full screen height. Ensure that the |ocation of the signal
fromthe opposite end represents the fornmis full length. Both ends of the
bar, rod or forging shall be scanned 100% wi th an overlap of at |east 25%
Additionally, caution nust be used to ensure that only the reflected

| ongi tudi nal wave signal is used for evaluation as opposed to the node
converted signals which trail the primary |ongitudi nal wave signal

A) Qualification of inspection. The ultrasonic inspection shall be
qualified by denonstrating the ability to reject (see
4.3.3.4.1.1) a maxi mumone inch diameter flat bottomed hol e
machi ned in an acoustically simlar bar, rod or forging with the
sane or greater dianeter as the itemto be inspected at a test
nmetal distance at least as long as the itemto be inspected.

4.3.3.2.2 Shear wave pitch-catch scan. |Inspection shall be perfornmed
with two scans, 90 degrees apart, along the length of the bar, rod or forging.
For hexagonal bar, three scans are required. The scans shall be directed so
that the sound beam passes through the center of the form The pitch-catch
technique illustrated in figure 2 shall be used. The nmaxi num di mensi on of the
transducer active elenent shall not exceed 1 inch. The nominal transducer
frequency shall be a mininmumof 1 nhz. The pitch (sending) transducer and the
catch (receiving) transducer shall be fromthe sane nmanufacturer and of the
same type, size, and frequency. The sound beam angl e shall be as shown on
figure 2 (plus or mnus 2 degrees). The 41 degree transducers may be used for
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the end scan procedure, still using the specified ¥4 inch grid lines if their
use results in an acceptable signal presentation (the 41 degree transducers
typically provide enough 45 degree sound energy to perform the required
inspections).

A) Center scan . The catch transducer shall be placed in position
R1 or R2 (see figure 2) for the center scan depending on the
ease of fixturing and the ability to penetrate highly
attenuative material. The transducers for the center scan shall
be fixtured and locked in position during scanning. The fixture
shall be adjustable to compensate for different sizes and to
peak the signal during initial set up. With the transducers
aligned and locked into place, the transmitted signal shall be
set between 80 and 90% full screen height. The transducers
shall be scanned along the entire length of the bar, rod or
forging. Changes in material attenuation will be shown by
gradual change in signal amplitude and will occur gradually
along the length of the form - either highest or lowest in the
center and gradually increasing or decreasing as the fixture is
scanned toward the bar ends. Gradual changes in signal
amplitude shall be compensated for with the instrument gain
control to maintain 50 to 90% signal along the entire length of
the bar, rod or forging.

B) End scan . The end of the bar, rod or forging shall be scanned
with a similar technique. For end scans, fixturing is not
practical and an indexing system shall be used to track
transducer positions. As illustrated in figure 3, the end of
the form shall be marked at % inch increments across the
diameter. One side of the form shall be similarly marked in %
inch increments for a length of one diameter. The transducers
are initially placed nose to nose at the corner of the form and
an 80 to 90% full screen height signal is obtained. The
transducers shall then be indexed one mark at a time
simultaneously and the signal is read for each index position.

It is mandatory to hold the transducers at their index positions
and then read the signal - do not peak the signal for the
maximum signal amplitude. Changes in attenuation due to the
changing sound path and changes in material attenuation will be
shown by a gradual change in signal amplitude while the
transducers are indexed. Gradual changes in signal amplitude
shall be compensated for with the instrument gain control to
maintain a 50 to 90% signal along the entire scan length.

4.3.3.3 Procedure for other ultrasonic inspections . The following
paragraphs describe the requirements for ultrasonic inspection of rod, bar,
ring, hollow round products, disc and pancake forgings and plate. Sheet,
strip, and wire are specifically excluded from these requirements. Unless
otherwise specified below, inspection shall be in accordance with NAVSEA
T9074-AS-GIB-010/271 or MIL-STD-2132.

(a) Ring and hollow round products . In addition to the
circumferential scan required by NAVSEA T9074-AS-GIB-010/271 or
MIL-STD-2132, products shall be inspected with a longitudinal
wave test in the radial and axial directions.

(b) Plate. Calibration shall be performed on a flat bottomed hole
in lieu of the plate back reflection specified in NAVSEA T9074-
AS-GIB-010/271 or MIL-STD-2132. For plate thicknesses up to and
including 4 inches, a ¥ inch diameter hole shall be used. For
plate thicknesses greater than 4 inches, a % inch diameter hole
shall be used. The hole shall be drilled into the test piece or
into a separate defect-free specimen of the same size (within
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plus or mnus 1/8 inch), shape, and material (or acoustically
simlar material). The hole shall be drilled to a depth of one-
hal f the thickness or 1 inch whichever is less. Plate shall be
scanned continuously on either a 24 inch grid and one di agona
on each grid, or a 12 inch grid.

4.3.3.3.1 Reference notch removal. |If reference notches or flat bottomed
holes are made in the material to be tested, they shall be so |located that
their subsequent renpval will not inpair the suitability of the naterial for
its intended use.

4,.3.3.4 Acceptance criteria.

4,3.3.4.1 For ultrasonic inspection for large size bars, rods and
forgi ngs.

4.3.3.4.1.1 Longitudinal end scan. A 90 percent or greater |oss of back
refl ection signal (except when the transducer is within one transducer
di anmeter of the side of the bar) or any discontinuity signal greater than 25
percent of the established reference | evel shall be cause for rejection

4.3.3.4.1.2 Shear wave pitch-catch scan. Abrupt reductions in signa
anplitude (6 db or nmore in one inch or less of length) shall be cause for
rejection.

4,.3.3.4.2 Oher ultrasonic inspections.

A) Shear wave. Any naterial which produces indications equal to
or larger than the response fromthe reference notch or higher
than the straight Iine joining the two peak anplitudes shall be
rej ected.

B) Longitudinal wave. Any naterial which produces indications
equal to or larger than the response fromthe reference hol e,
or contains areas which result in a 90 percent or greater |o0ss
of back reflection (except when the transducer is within one
transducer dianeter of the side of the bar) shall be rejected.

Material shall be tested using a square, rectangular, or
circular transducer having an effective area of 1 square inch
or less, but no dinensions shall be smaller than the dianeter of
the reference hole. In the event of disagreenent on the degree
of back reflection loss, it shall be determ ned by the contact
method using a 1 to 1% inch dianeter transducer or one whose
area falls within this range.

4.3.4 Liquid penetrant inspection.

4.3.4.1 Procedure. Liquid penetrant inspection shall be in accordance
wi th NAVSEA T9074- AS-d B-010/271 or M L-STD- 2132.

4.3.4.2 Surface requirenents. The surface produced by hot working is not
suitable for liquid penetrant testing. Therefore, |liquid penetrant testing
will not be applicable to products ordered with a hot finished surface

4.3.4.3 Acceptance criteria. Linear defects revealed by liquid penetrant
i nspection shall be explored by grinding or other suitable neans. Depth of
defects shall not exceed the dinensional tolerance of the material

4.3.5 Duplex structure determ nation. The sanple selected for dupl ex
structure determnation shall be macroetched to reveal the grain structure.
The sanple shall be prepared so that the surface to be etched has a suitable
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finish for macroetching and be etched according to ASTM E 340. The
macr oet ched surface shall be visually exam ned (unai ded visual or |ow power,
up to 10X nagnification). One grain size specinen shall be taken fromthe
coarsest grained area and one fromthe finest grained area of the nmacroetched
surface. The selected grain size specinens shall be prepared and i nspected in
accordance with ASTM E 112. The inspected surface of the specinen shall be
perpendi cul ar to the major direction of working.

4.3.6 Slow strain rate tensile test procedure. The slow strain rate
tensile test will determine if alot of metal is susceptible to intergranular
cracking. The slow strain rate test specinmens shall be heat treated using the
final heat treatnent procedure used on the |ot before being placed into
service. Any lot that has been rejected shall not be submtted for
accept ance.

4,3.6.1 Heat treatnent of slow strain rate test speci nens. Specinens
representing lots of material sold in the anneal ed condition shall be heat
treated as specified (see 6.2). Lots of material that are aged or re-solution
anneal ed and aged with a heat treating procedure that is not equival ent, per
4.3.6.1.1, to the procedure used on the slow strain rate tensile test shall be
re-tested using specinens taken fromthe material after the final heat
treat nent.

4.3.6.1.1 Slow strain rate tensile test specinen heat treatment. For the
purpose of sanpling slow strain rate tensile tests in accordance with 4.2.1.3
two heat treatnents shall be considered to be equivalent if the follow ng
condi tions hol d:

A) If the material is solution anneal ed, the solution annealing
tenperatures are between 1600 and 1900¢°F or, if above 1900°F,
are within 50 °F of each other.

B) The age hardening temperatures for the highest temperature age
hardening step are within 50 °F of each other. Variations in the
aging time and the cooling method under 1000 °F are allowed.

C)Variations in aging times, variations in aging temperatures
other than the highest-temperature aging step, and variations in
cooling rates between aging steps, and after the last aging
step, do not affect the definition of equivalence, for purposes
of determining slow strain rate test sampling frequency.

4.3.6.2 Slow strain rate tensile test . Each specimen selected in
accordance with 4.2.2.2 shall be machined to the dimensions of the specimen of
ASTM E 602 except that the notch root radius shall be 0.002+0.0005 inches.
The tensile tests shall be conducted in accordance with ASTM E8 at a

temperature of 700 °F. The displacement rate for two of the three specimens
shall not exceed 0.001 in./in. Of the distance between the grips per minute.

The third specimen shall be tested at a displacement rate between 0.05 and

0.5 in./in. Of the distance between the grips per minute. Alternatively, if

an extensometer is used to measure displacement, the displacement rate for two
of the specimens shall not exceed 0.001 in./in./min. and it shall be between

0.05 and 0.5 in./in./min. for the third specimen. Loading below 50 percent of

the minimum vyield strength of the material can be conducted at any rate under
100,000 psi/minute.

4.3.6.3 Grain size determination . The average grain size of the half of
the slow strain rate tensile specimen not used for fracture surface analysis
in accordance with 4.3.6.4 shall be determined as specified in ASTM E 112.
The grain size shall be measured such that the average grain size in
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m crometers is determined. The grain size shall be taken parallel to the
fracture surface and as close to the fracture surface as practical.

4.3.6.4 Fracture surface analysis. After fracture, the fracture surface
of each specinen shall be exam ned and the fracture node characterized as
fol | ows:

4.3.6.4.1 Fracture surface photography. A series of eight (8)
phot ogr aphs shall be taken of the fracture surface at equally spaced intervals
of 45 degrees around the specinen circunference, with the first site selected
random y. Each photograph shall be taken using a scanning electron m croscope
(SEM at a mmgnification scaled to the grain size using the relationship
bel ow.

M = 10, 000/ G

Wiere Mis the magnification and Gis the grain size in nmicrometers, pm
If the calculated magnification is not a preset |evel on the SEM bei ng used,
the magni fication shall be decreased to the nearest preset level. For grain

sizes larger than 15 ym a small portion of the machined notch root nust be
visible in each photograph. For grain sizes smaller than 15 ym the center of
each photograph must be approxi mately 150 ym from the notch root.

4.3.6.4.2 Determnation of intergranular fracture sites. The photographs
of 4.3.6.4.1 shall be used to determine intergranular fracture features. An
intergranular fracture feature shall be defined as two adjacent and conti guous
facets demarcated by a distinct grain boundary or three adjacent and
contiguous facets denarcated by grain boundaries that come together at a
triple point. The facets shall be clearly identifiable as a grain surface,
ot herwi se they shall not be considered in defining a site of intergranular
fracture.

4.3.6.4.3 Quantification of intergranular fracture sites. The tenplate
illustrated in Figure 4 shall be transferred to a transparency that shall be
placed over each of the nominal 3% x 4% inch photographs obtained in
4.3.6.4.1 above. Intercepts with intergranular fracture features with the
circles on the template shall be counted for each photograph. An intercept
shall be defined as the intersection of one intergranular fracture feature
with a circle on the template. If one intergranular fracture feature extends
over several circles on the template, it shall be counted as one feature. The
intercepts from all of the photographs of each fracture surface shall be

totaled.

4.3.6.4.4 Testing Laboratory . When specified, the slow strain rate
tensile test shall be done at the laboratory specified by the purchaser
(see 6.2).

4.3.6.5 Acceptance criteria . The total number of intercepts counted in

4.3.6.4.3 for any fracture surface evaluated shall not exceed 100.

4.3.6.6 Rejection and retests . If any specimen fails to meet the
requirements of this specification, the entire lot shall be rejected, subject
to the retest provisions specified in 4.3.7.2.
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4.3.7 Replacenent, Retest, Rejection and Resubnittal.
4.3.7.1 Mechanical property retests.
4.3.7.1.1 Discarded tests. |If any test specimen shows defective

machi ni ng or devel ops flaws which cause inaccurate test results it may be
di scarded and a repl acenent test specinen substituted.

4,.3.7.1.2 Low elongations. |If the percentage of el ongation of any
tension test specinen is less than that specified and any part of the fracture
is outside of the nmddle two-thirds of the gage length or in a punched or
scribed mark within the reduced section, a retest shall be allowed.

4,.3.7.1.3 Retests. |If the test results of the test on one of the
specinmens fails to meet the acceptance criteria two additional specinmens shal
be taken (one fromthe sanme piece as the failed speci nen and one froma
different sanple piece) as tested. The results of the tests on both of these
speci nens shall neet the specified requirenents.

4.3.7.2 Slow strain rate tensile test retests. If any test specimen shows
defective machining or has not been tested in accordance with 4.3.6.2, it may
be di scarded and a replacenent test specimen substituted. A slow strain rate
tensile tests nay not be repeated because it fails to neet the acceptance
criteria.

4,3.7.3 Rejection. When any test specinen, except those test specinens
di scarded in accordance with 4.3.7.1.1 and 4.3.7.1.2, and the one nechani ca
test permitted to be retested in accordance with 4.3.7.1.3, does not conform
to specification requirenents for the characteristics being tested the |ot
represented by the specinmen shall be rejected.

5. PREPARATI ON FOR DELI VERY
5.1 Packaging requirenents. The requirenents for packaging shall be in

accordance with ASTM D 3951, unless detailed requirenents are specified in the
contract.

6. NOTES

(This section contains information of a general nature that nay be
hel pful, but is not mandatory.)

6.1 |Intended use.

6.1.1 General N ckel-copper-alum numalloy, UNS NO5500 is used where a
conbi nation of high strength and resistance to corrosion are needed. For
optimumtool life the annealed condition is recommended. Cold drawn materi al
is intended for automatic nachi ni ng operations.

6.1.2 Anneal ed sheet and strip Nickel-copper-al um num alloy sheet and
strip in the anneal ed condition may be used in the manufacture of articles in
whi ch headi ng, bending, curling, draw ng, forming, |ock-sean ng, welding, and
so forth, operations are involved.

6.1.3 Cold rolled strip Cold rolled strip of half hard and full hard
tenper are used where light deformations or liberal bending radii are
i nvol ved, for applications such as springs.
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6.1.4 Annealed wire Nickel-copper-aluminumalloy wire in the anneal ed
condition is intended for severe formng, cold heading, and roll threading
operations.

6.1.5 Spring tenper wire Nickel-copper-alumnumalloy wire, spring
tenper in the as drawn condition is intended for coiling of helical springs
which are to be aged hardened after coiling in order to obtain maxi num
strength and hardness. Where helical springs are to be cold pressed, the cold
pressing is to be done after coiling and aging.

6.2 Odering data. Acquisition documents nust specify the follow ng:

a) Title, nunber, and date of this specification.

b) Form condition, and surface finish of material required (see
1.2.1 and 1.2.2).

c) Issue of dodiss cited and if different than that listed in the
dodi ss, the specific issue of individual docunents referenced
(see 2.1.1, 2.1.2, and 2.2).

d) Wether a forging sketch is required (see 3.1.1).

e) Size required (see applicable table).

f) If a product check analysis is required (see 3.2).

g) \Wen hardness neasurenents may be utilized for forged rings and

di scs (see footnote 4 of table Il1.).
h) \When tol erances other than those specified are pernitted (see
footnote 2 of table VII; footnote 6 of table XV; footnote 5 of

table XVI and footnote 2 of table XVIiIl).
i) |If optional ultrasonic inspection is required (see 3.7.1.2)

j) If optional liquid penetrant inspection is required (see
3.7.2).

k) The I engths required and whether cut-to-Ilength, randomml|l
| engt hs, nominal (stock) lengths, or multiples of specified
lengths (see 3.9.1.3.1, 3.9.3.3.1 and 3.9.3.3.2).

I) If multiples of a specified length are ordered, whether a ¥4
inch allowance should be made for each cut (see 3.9.1.3.1).

m) If edges are other than specified (see 3.9.1.4, 3.9.3.4.1,
3.9.3.4.2, and 3.9.3.4.3).

n) Forging dimensions (see 3.9.2).
0) If marking should be other than specified (see 3.10).

p) When mechanical tests are required for rod and bar intended for
reforging (see 4.3.2.2).

g) If mechanical testing is to be done on material ordered in the
unaged condition, to demonstrate its capability of being aged
to meet the required mechanical properties, and, if desired,
the heat treating procedure to be used on the test specimens
(See 4.3.2.2 and 4.3.2.2.1).

r) The final heat treatment procedure to be used on the lot before
being placed into service and on the slow strain rate tensile
test specimens (see 4.3.6.1).

s) When the laboratory conducting the slow strain rate tensile
test is selected by the purchaser (see 4.3.6.4.4)
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t) Packagi ng, packing, and marking requirenents (see 5.1).

6.3 Certification of quality conformance. Certification of quality
conformance should provide quantitative results and requirenents for al
specified chenmical, duplex grain size, slow strain rate tensile and nechanica
tests. A slow strain rate tensile test report should contain the
tenperatures, holding tines and cooling nethods of the |ast heat treatnent
procedures used on the material when the slow strain rate tensile test was
taken fromit and all the heat treatnent procedures used on the test
speci mens, the average grain size of the test specinens, the displacenment
rate, the notch tensile strength, the photographs, with transparencies, narked
to show the intercepts counted as intergranular fracture features, the
phot onagni fi cati on of the photographs, and the nunber of intercepts counted.
Material supplied in the unaged condition, the certification should
prom nently display the words: "AS-SUPPLIED MATERI AL CONDI TI ON | S UNAGED",
and include the statement: "This certifies that the material contained in this
| ot, when properly age hardened, is capable of neeting the mechanica
properties for the correspondi ng age hardened condition specified in QQ N 286"

6.4 Reinspection of rejected |ots.

6.4.1 Rejected lots.

6.4.1.1 Slowstrainrate tensile test. Lots rejected for failing the
slow strain rate tensile tests should not be resubmitted.

6.4.1.2 Mechanical tests. A lot rejected for failing nmechanical tests
may be resubmitted for acceptance testing only after rework is performed to
correct the nonconformng condition w thout adversely affecting the conformng
properties. Al mechanical and slow strain rate testing, including those
which were initially conform ng, should be repeated after rework.

6.4.1.3 Dinensional tests. A lot rejected for failing visual or
di mensi onal tests, that has been reworked to bring it into confornance with
the requirements of the specification, may be resubmitted for acceptance
testing. Rework, perforned to correct the nonconform ng condition, shall not
adversely affecting the conform ng properties. Mechanical and slow strain
rate tests should be repeated only when the lot is reheat treated.

6.4.1.4 |Individual pieces. Wen a lot, rejected for failing visual or
di mensi onal inspection, consists of nore than one piece, each remaining piece
in the lot my be resubnmitted for testing for the nonconformng characteristic
and each piece that conforns to all specification requirenents nmay be
consi dered for acceptance.

6.5 Cushioning and wapping nmaterials. Materials having properties for
resistance to fire and acceptable for use within interior (unit or
i nt ernedi at e) packs and shi ppi ng containers for Navy acquisitions are:

MVat eri al Speci fication

Paper, Kraft, Treated (Fire Resistant) A- A- 1894

Paper, Kraft, Wapping UU- P-268, Type Il, Grade Cor D

Fi ber board PPP- F- 320, C ass - Donestic and
Weat her Resi stant/Fire Retardant

Plastic Film Flexible, Cellular PPP- C- 795, Class 3 - Fire Retardant

Pol ystyrene Expanded, Resilient PPP- P- 850, Grade SE

Pl astic Open Cell, Cushioning PPP- C-1842, Type 1, Style B
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MVat eri al Speci fication
Bound Fi ber PPP-C- 1120, Type IIl or 1V, Cass C
Rubber, Latex Foam M L- R-5001, Grade A
Rubber, Cellul ar M L-R- 6130, Grade A
Fi brous d ass M L-C 17435
Pol ystyrene Foam M L- P- 19644, Type ||
Rubber Cellular Synthetic M L-R-20092, Class 5
Pol yur et hane Foam M L- P- 26514
Pol yur et hane Foam Fl exi ble, Open Cell M L- P-81334
Foamin Pl ace Packagi ng, Materials: M L-F- 83671

CGeneral Specification for

Foam Conbustion Retardant for Cushioning M L- F-87090 (SA)
Supply Itens Aboard Navy Ships

6.6 Alternate ultrasonic inspection procedure. Consideration may be
given to alternate ultrasonic inspection procedures. These procedures nust be
revi ewed by the Conmand or agency concer ned.

6.7 General information (material availability).

6.7.1 Age hardened. Age hardened nmaterial is supplied with thin, dark
oxide finish in all forns, excepting bright finished cold drawn shafting and
snmoot h machi ned rounds.

6.7.2 Shafting. Bright finish, cold drawn and age hardened shafting is
avai l able in round rods for shafting. The bright finish consists of grinding
or polishing to renove the light oxide filmresulting fromthe age hardening
treat nent.

6.7.3 Bolts. Hot finished round rod with a cold drawn pass is available
to close tolerances for hot upsetting of bolts. The tolerances are such as to
nmeet the requirements of class 3A of American Standard screw thread.

6.7.4 Anneal ed sheet and strip. Anneal ed sheet and strip is furnished
with a plain finish resulting fromdescaling or annealing in an atnosphere
that yields a bright finish.

6.7.5 Hardened strip. Half and full hard strip is furnished with a
surface varying frombright to slight oxide discoloration.

6.7.6 Allowances on hot finished material. When ordering hot finished
material, allowances should be nade as listed in table XXIIl to allow for
clean-up to the users finished cross-sectional dinensions.

6.8 Hot working cautions.

6.8.1 Cooling. Material should not be cooled slowy follow ng hot
wor ki ng operations. Slow cooling will result in self hardening as cooling
takes place through the precipitation hardeni ng range. Generally, sections %
inch thick and smaller will air cool or can be cooled with an air blast
rapidly enough to prevent self hardening, provided the parts are not piled one
on top or against each other. Sections over ¥ inch are normally water
quenched.

6.8.2 Interruption of forging operation . Should a forging operation on
this material be interrupted to the extent that the heated bars are likely to
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cool blow 1450°F, the material should be quenched rather than be pernitted to
air cool below that tenperature.

6.8.3 Heating requirenents. Wth reference to the heating tines shown
herein, care nmust be taken to obtain the proper tenperature throughout the
cross-section on large dianeters or thicknesses. Also it should be understood
that material should be brought to annealing tenmperature or hot working
tenperature as rapidly as possible to avoid aging of the material on the way
up to tenperature, otherw se cracking or thermal splitting of the material
m ght occur, particularly in subsequent hot working operations.

6.8.4 Maximum forging tenperature. This material is usually hot worked

at a maxi num tenperature of 2100°F. Heating to higher tenperatures could
pronote excessive grain growh and oxi dation

6.9 Heat treatnent gquidance. There is no one prescribed heat treatnent
for this alloy. Tines and tenperatures are approxinmate and nmay be nodified to
account for the size, shape, mcrostructure and condition of the netal to be
heat treated.

6.9.1 Annealing. Unheat treated material is usually solution heat
treated by the manufacturer and shoul d not need to be sol ution anneal ed agai n.
If, for any reason, it is desired to soften hard material during fabrication

this may be acconplished by holding at 1600 - 1900°F for a time conmmensurate

with section thickness followed by water quenching. A tenperature of 1900°F
shoul d be used foll owed by water quenching to final anneal cold drawn rods.

For products other than cold drawn rods, a tenperature of 1800°F shoul d be
used foll owed by water quenching for final anneal ed products.

6.9.2 Age hardening Aging (hardening) may be acconplished by hol ding the
metal at 1100 - 1125°F for 8 - 16 hours foll owed by furnace cooling to 900°F
at a rate of 15 to 25°F per hour and then air cooling. Age hardening may al so
be acconplished by holding the netal at 1100°F for a period of 16 hours,
furnace cooling to 1000°F, holding for a period of 6 hours, furnace cooling to
900°F, holding for a period of 8 hours, and air cooling.

6.10 This specification covers various forns of nickel-copper-al unm num
alloy for the fabrication of finished conponents. Conponent specifications
shoul d be consulted for the requirenents relevant to individual products.

6.11 Subject term (key word) listing.

Rods

Bar s
For gi ngs

U trasonic

6.12 Changes from previous issue. Marginal notations are not used in
this revision to identify changes with respect to the previous issue due to
the extent of the changes.
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FIGURE 1. Longitudinal end scan inspection technique

for large bar, rod and forgings.
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FIGURE 2. Shear wave pitch-catch technique for |arge

bar, rod and forgings.
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FIGURE 3. |Index marking |ayout for shear wave pitch-
catch end scan of |arge bar, rod and
forgi ngs.
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FIGURE 4. Tenplate for slow strain rate fracture test
eval uati on. Concentric Circles 2.5000,
1.5625, and 0.9375" in diameter in a 3.5 by

4.5" frane.
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Cust odi ans
Arnmy —MR
Navy — SH
Air Force - 11

Review activities
Army — AV, CR, GL
Navy - OS
Air Force - 84, 99
DLA - IS
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CIVIL AGENCY COORDINATING ACTIVITIES:
GSA - FSS, PCD

PREPARING ACTIVITY:

Navy — SH
(Project 9525-N014)
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