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2.1

2.2

2.3

24

U.S. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,

Philadelphia, PA 19111-5094.

MIL-STD-1537  Electrical Conductivity Test for Measurement of Heat Treatment of Aluminum
Alloys, Eddy Current Method

MIL-STD-45662—CatibratiomSystems Requirements

SAE Publications:

Available fro

AMS 2750
AMS 2770

ASTM Publig
Available fro
ASTM B 557
ASTM E 10

ASTM E 18
ASTM E 103

m SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

Pyrometry
Heat Treatment of Wrought Aluminum Alloy Rarts

ations:

m ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959
Tension Testing Wrought and Cast Aluminum and Magnesium All
Brinell Hardness of Metallic.Materials

Rockwell Hardness and:Rockwell Superficial Hardness of Metalli
Rapid Indentation Hardness Testing of Metallic Materials

ANSI Publicgtions:

Available fro

ANSI H35.1

M ANSI, 11 West'42nd Street, New York, NY 10036-8002.

Alloy-and Temper Designation System for Aluminum

3. REQUIREMENTS:

3.1 Process Establishment:

0y Products

c Materials

Prior to production, fully capable heat-treating equipment and procedures shall be in place and
established as specified herein (See Table 1). The Government reserves the right of review,
verification, and approval of the results of process establishment or re-establishment derived from
testing new equipment and equipment which has undergone major work or repair (See 3.1.2).

3.1.1 Notification of Authorized Government Representative: When an authorized government
representative (See 6.5.6) finds it necessary to witness the process establishment tests, the
representative shall be given at least 7 days notice prior to such tests. All process information shall
be considered proprietary to the heat transfer, and its confidentiality shall be preserved.
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3.1.2 Conditions Requiring Process Re-Establishment: Occurrence of one or more of the following
events necessitates re-establishment of the equipment or procedures involved:

3.1.2.1 Replacement of, extensive deterioration of, major damage to, or modifications to the previously
accepted heat-treat/quench equipment that might result in non-conformance (See 3.5.1 through
3.5.5 as applicable).

3.1.2.2 Failure o
product

3.1.2.3 Any nong
periodic

3.2 Periodic Pro
Heat-treating
3.3 Periodic Pro

Products shg
procedures 4§

3.4 Heat Treatm
Finished or 4
with AMS 27|
drawn shells

3.5 Equipment:

3.5.1 Furnaces:

existingequipment or-standard-eat=treatingprocedurestoconsistent
heeting the quality requirements specified herein (See 4.6.4).

ompliance (See 4.1.3 and 4.6.4) detected during periodic process surv
broduct monitoring (See 3.3).

Cess Surveys:
equipment and procedures shall be surveyed as\specified in Table I.
juct Monitoring:

Il be tested to monitor the operational characteristics of the heat-treating
\s specified in Table I.

ent of Parts:
emi-finished parts made-from wrought mill products shall be heat treate

70. Raw castings, finished or rough machined parts made from casting
shall be heat treated\in accordance with the applicable requirements h

Any type(of furnace is acceptable for the heat treating of aluminum alloy

product is

reference tE atheating medium, shall apply equally to combusted gases and prote
atmosphergs.) The use of torch-heating equipment is prohibited.

not deleteriously affected. Unless otherwise indicated herein, the term

y produce

bys (See 3.2) or

equipment and

d in accordance
s, and deep
brein.

s, provided the
air”, with
ctive

3.5.1.1 Air Chamber Furnaces: Air chamber furnaces in which the products of combustion come in
contact with the metal may be used for the heat treatment of those products which have been
demonstrated by test to be free from porosity resulting from solution heat treatment (See 6.3.3.2
and 6.5.5) in the furnace of concern.

3.5.1.2 Salt Baths: The salt shall not react with the alloys being treated. Nitrate salt baths shall not be
used to heat treat 5XX.X casting alloys (See 6.3.1).
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3.5.1.3 Alternate Apparatus for Age-Hardening Treatment: Other apparatus for age-hardening heat
treatment may be used, provided it meets all requirements specified herein and the material
meets the material specification requirements, and is not damaged.

3.5.1.4 Furnace Temperature Uniformity Surveys: Surveys shall be as specified in AMS 2750.

3.5.1.5 Temperature Uniformity:

3.5.1.5.1 Batch Furnaces and Salt Baths: The design and construction of batch furnace§ and baths shall
be such that, during the heating and soaking period, the temperature of the heating medium at
any point in the heating or soaking zone is controlled such that the metal tempé¢rature does not
exceed the maximum of the soaking temperature range specified inc3:6.1 or the selected age-
hardenjng temperature range (See 3.9) applicable to the alloy being solution heat treated or
aged. After all of the furnace charge reaches the minimum of the applicable temperature range
specified, the maximum temperature variation of the heating medium and furnace charge
within this zone shall be 20 °F (or less when Table Il or Ml requires), with the ekception of alloy
6061 for which a variation of 30 °F is permissible (See Table Il, footnote 5 and|Table VI,
footnotg 4).

3.5.1.5.2 Continlious Furnaces: For continuous furnaces,the soaking zone follows the heating zone,
and it i$ in the soaking zone that metal temperatures shall be within the heat-tfeating
temperpture ranges specified in 3.6.1 or-the selected age-hardening temperatiire range (See
3.9), ag applicable. After all of the furnace charge within the soaking zone reaches the
minimym of the applicable temperature range specified, the maximum temperdture variation of
the hegting medium and furnace ‘eharge in the soaking zone shall be 20 °F (or |ess when Table
Il or VIl requires) with the exception of alloy 6061 for which a variation of 30 °H is permissible
(See Table Il, footnote 5 and Table VII, footnote 4).

3.5.2 Pyrometricl Equipment: Rroperly arranged temperature-control and recording devi¢es shall be
provided oh all heat-treating equipment to ensure control of temperature to the reqliirements of this
specificatign and AMS'2750 in all heating and soaking zones.

3.5.2.1 Temperature:control and Recording Equipment: Instruments shall meet the requirements of
AMS 2750eXcept that the recordings of the working instruments required by AMS 2750 may be
stored on computerized magnetic storage media. If stored this way, a hard copy of the
recordings shall be available upon request. The exact location of sensors shall be governed by
furnace or bath configurations and dimensions in accordance with AMS 2750, and they shall be
in such locations as to give accurate measurement of the workpiece and heating medium
temperatures.

3.5.2.2 Accuracy: The furnace pyrometric system shall be set to control at working temperatures applied
in practice and the accuracy of the system shall be monitored according to AMS 2750.
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3.5.3 Quenching Equipment and Media: Suitable equipment for water, air, agueous polymer solution,
liquified gas, or oil quenching shall be provided.

3.5.3.1 Quench Baths: Quench baths shall permit complete immersion of material and shall be of
sufficient size to extract the heat from the most massive load anticipated to be quenched.

3.5.3.1.1 Circulation: The quench bath shall contain a circulation system (either internal or external) to

3.5.3.1.2

3.5.3.1.3

3.5.3.1.4

3.5.3.15

3.5.3.2

3.5.3.3

provids
produc
and all

forthe-flowof quenchmediomthroughrtheheat-treattoad—mtreuof b
may be agitated if movement is sufficient to ensure that quench unifor
requirements are met. This shall be verified by monitoring in aceotdan

Air Agit
uniforn

ation: Air agitation of the quench bath is permitted, if it is demonstrated
ity is obtained. This shall be verified by monitoring in accordance with

Heating and Cooling: The quench bath shall be provided with sufficient heating
capacity needed to maintain the temperature of the quenching medium within

specified in 3.7, as applicable, and instrumentation necéssary to ensure adequ
control{ The instrumentation shall be capable of reading within £5 °F of true tq

Speed jof Immersion: The quench system shall\have the means to control the
solutiom heat treated parts enter the quench;ntedium, if such control is part of t
treating procedure. The allowable quench delay (See 3.7.4) shall not be exce

Inflow @and Draining: All water baths;-except aqueous polymer solutions, emplg
guencHing products which have-been heated in salt bath furnaces shall be ma
that no|visible salt residue is ebserved on the surface of the products after dry
aqueoys polymer solutions-shall at all times when in use contain no salt conce
excess|of 6.0 percent by\weight.

Spray-Quienching Equipment: When a spray system is employed for quenching,
the cooldnt from the nozzles shall be of sufficient volume, pressure, and tempers:
that a un|form and satisfactory quench is achieved on all products. For plate and
shall be yerified by monitoring in accordance with 4.4.1. Calibrated recording in

ath circulation,
mity is obtained
ce with 4.4.2.

that quench
1.4.2.

) and/or cooling
he ranges
ate temperature
mperature.

speed at which
e required heat-
bded.

yed in
ntained such
ng. Water-
ntrations in

the discharge of
hture to ensure
extrusions, this
strumentation

shall be provided to monitor spray quench variables.

Location of Quenching Equipment: Quenching equipment and handling facilities

shall be located

such that the delay in quenching does not exceed the maximum delay times specified in Table VI,

as applicable.

3.5.4 Rinsing Equipment: Rinse tanks, sprays, or other suitable apparatus shall be employed as
necessary to ensure that no salt residues or films remain on metal surfaces after drying.
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3.55

3.5.6

3.5.7

3.6

3.6.1

3.6.2

3.6.3

3.6.3

3.6.4

Construction of Support Racks, Fixtures, and Other Workpiece Holders: Support racks shall be so
constructed as to minimize shifting or movement of the metal during the heat treatment and
guenching operations. The racks, fixtures, trays, or baskets shall be constructed so that no
deleterious effect on the products being processed will arise from solution heat treating or
guenching.

Testing Equipment: The electrical conductivity tester shall be calibrated in accordance with the

proceduregouttimednm4-552-

Calibration Calibration of all equipment shall be in accordance with MIL-STD=45662 and
AMS 2750] as applicable.

Parameters gnd Procedures for Solution Heat Treatment:

Solution Heat Treatment of Mill and Foundry Products: Aluminum-alloy wrought products and
castings shall be solution heat treated within the applicable-metal temperature ranges specified in
Table I1.

Re-Solutioh Heat Treatment: A solution heat treatment of an aluminum alloy workpiece which has
previously peen solution heat treated shall be considered a re-solution heat treatment.
Accordingly, the first solution heat treatment of an‘alloy following purchase as solution heat treated
or solution|heat treated and aged shall be cofsidered a re-solution heat treatment| Annealing and
age-hardening heat treatments shall not be)considered re-solution heat treatments. Alclad
products of the 2XXX and 7XXX series alloys shall not be re-solution heat treated |more than the
number of times specified in Table H\(See 6.3.3.5).

Heat-Treating Operations: Heatstreating operations shall be performed on the whdle workpiece,
never on a|portion only, and shall be applied in a manner that will produce uniform properties within
the limitatigns of material.configuration.

.1 Heat Trepting Alclad"Sheet: When solution heat treating alclad sheet, the size and spacing of the

load shall permitithe entire load to come to the specified temperature range within 30 minutes for
thicknesses uprto 0.050 inch, 60 minutes for 0.050 or greater but less than 0.102 inch, and

120 mindteS’for 0.102 or greater. When a furnace charge consists of a group offalclad alloy
workpieces of varying thickness, the heat-up time for the charge shall be the limit specified for
the thinnest work piece or section of a work piece (See 6.3.3.3).

Cleanliness: Surfaces of metal shall be free from lubricants or other matter deleterious to the
aluminum alloy being heat treated. Substances on the surface which, after solution heat treatment,
affect appearance only shall not be cause for disapproval of the production procedure nor rejection
of the workpieces so affected.
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3.6.5 Charge Preparation and Limitation: Aluminum alloys being heat treated shall be so supported as to
permit access of the heating medium to uniformly heat the alloy to the required temperature.
Except as noted below, furnaces shall not be charged following a downward temperature setting
until all instruments indicate that the furnace has reached the range in Table || encompassing the
new lower temperature. If the furnace has automatic controls that ensure that the reduction in
furnace temperature is attained prior to any metal in the charge reaching the soak temperature,
furnace charging may take place at any time.

3.6.6 Soaking Ti

it shall be held (soaked) within that temperature range for a period necessary{o e

maximum
aging. In g
(See 6.5.3

me: After the charge has reached the required solution heat-treating-temperature range,

nsure the

hossible solution of alloying elements and development of specified properties upon
continuous furnace, the speed of any product passing through the working zone
shall be such that soaking time shall yield product capable of being aged to

requirements of the applicable product specification. Recommended soaking timdgs are listed in

Tables IV 3

soaking tinpe shall be determined by the section having the-greatest thickness (Se

3.7 Quenching R

3.7.1 Quenching
product (e
3.7.1.2.

3.7.1.1 Total Imn

arameters and Procedures:

cept forgings) of 2XXX and 7XXX series alloys shall be as specified in

nersion in Water Baths or Agqueous Polymer Solutions: When a water b

volume gnd circulation of the bath-shall be such that its temperature shall be no

100° F a

the time of completion of the quench. When an aqueous polymer solu

volume and circulation of solution shall be such that the bath temperature at no ti
°F. Quenching delays and.duration of quenchant contact shall be as specified in
respectiviely. Quenched product shall, after age-hardening to tempers specified i
documents, satisfy the-applicable property requirements and, when tested, pass|the corrosion
testin 4.5.3. Test programs to determine compliance with these requirements s
Table VI, as applicable.

nd V. When a charge includes sections of various ¢hicknesses, the reqommended

£ 6.3.3.1).

Wrought Nonforged Product: Parametéts and procedures for quenchirlg wrought alloy

3.7.1.1 and

hth is used, the
higher than

tion is used, the
me exceeds 130
3.7.4 and 3.7.5,
h the acquisition

hall conform to

3.7.1.2 Quenchingin Liquified Gas, Airblast, and Water Spray: Quenching by total immgrsion in liquified

gas or by contact with high-pressure, high-volume jets of water, or air within a suitable chamber
is permissible provided that quenched product is capable of passing the corrosion test in 4.5.3,
and of being age-hardened to mechanical properties and other characteristics conforming to
applicable specified requirements. Quenching delays and duration of quenchant contact shall be
as specified in 3.7.4 and 3.7.5, respectively. Test programs to determine compliance with these

requirem

ents shall conform to Table VIII, as applicable.
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3.7.2 Quenching Forgings: Except as specified in 3.7.2.1, 3.7.2.2, or 3.7.2.3, forgings may be cold water,
hot water, or agueous polymer quenched provided that resultant product is capable of passing the
applicable tests and satisfying all applicable specified requirements after age-hardening to tempers
specified in the acquisition documents. Test programs to determine compliance with these
requirements shall conform to Table VIII, as applicable.

3.7.2.1 Quenching 2014 and 2024 Forgings: Unless otherwise specified in a drawing or procurement

documentforgingsof 20t4and2624-statt-bequenchedby totat-immersiomimwater heated to
140 to 180 °F.

3.7.2.2 Quenchipg 2XXX and 7XXX Forgings Other Than 2014 and 2024: Forgings of these alloys shall
be quenghed by total immersion in water heated to 140 to 160 °F unless quenchants other than
hot water are necessary to achieve required properties or to minimize residual tensile stresses
and/or distortion (See 6.8).

3.7.2.3 -T41 and -T61 Tempers: Unless otherwise specified in a drawing or procurement document,
forgings pnd impact extrusions for heat treatment to the -T41 and -T61 tempers ghall be
guenched by total immersion in boiling water.

3.7.3 Quenching
provided th
applicable
documents
property re
shall confo

Castings: Castings may be oil, water (See 3.7.3.2), or aqueous polyms
at the resultant product is capable of-passing the applicable tests and
specified requirements after age-hardening to tempers specified in the
. Air quenching is satisfactoryfor continuously quenching thin sections
quirements are met. Test programs to determine compliance with thes
rm to Table VIII, as applicable.

3.7.3.1 Quenchipg Castings of Alloys:520.0 and 242.0: Unless otherwise specified in a
procurement document, gastings of Alloy 520.0 (formerly designated 220) shall
total immlersion in oil heated to 300 °F and castings of Alloy 242.0 (formerly desig
be air-quenched.

3.7.3.2

activity.

Water Quenchéd Castings: Such castings shall be quenched by total immersion
heated from250 to 212 °F unless other quenching temperatures are approved b

er quenched
atisfying all
acquisition

if all specified
b requirements

irawing or
be quenched by
nated 142) shall

in a water bath
y the procuring

3.7.4 Quench Delay: Maximum allowable delays before immersion quenching product shall comply with
Table VI, as applicable to section thickness. Allowable delays before quenching using an
alternative to immersion, shall be determined by corrosion tests (See 4.5.3) and/or mechanical
property tests on product age-hardened to tempers within the scope of the applicable material
specification and specified in the acquisition documents.
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3.7.5 Duration of Contact Between Quenchant and Workpiece: Workpieces quenched by immersion
shall remain in the quenchant for not less than 2 minutes per inch of thickness, or fraction thereof in
the thickest section. Alternatively, workpieces shall be kept immersed in the quenchant for not less
than 2 minutes after boiling ceases. Workpieces quenched by spray shall remain in contact with
the spray until steam no longer rises from the workpiece surface. Workpieces quenched in an air
blast shall remain in contact with that quenchant until surface temperatures of the workpiece are
reduced to 212 °F.

3.8 Racking and|Spacing:

Product shall be racked or supported and spaced to permit free access of the heatirjg and/or
guenching medium to all surfaces of the product in all portions of the loadésAdequacy of heating and
guenching pfocedures shall be documented by accumulation of adequate data to demonstrate
conformance to applicable material specifications. When immersiaon.guenching, see 4.4.2.1 and
4.4.2.3.

3.8.1 Racking and Spacing of Forgings and Castings: Forgings. and castings, except as|specified in
3.8.1.2, shall be separated from each other by a distance ‘greater than the thickes{ section, or as
provided by special racking procedures which demonstrate that the specific produgt receives an
adequate heating or quench.

3.8.1.1 Fixtures:|Fixtures shall be designed so as-to*have a minimum effect on the heating rate and the
quench rpte. Orientation shall be such:as to avoid entrapment of steam, allow free circulation of
guenchapt, and to preclude steam from harmfully degrading the quench. The sige of the load
shall be [jmited so as to produce no-more than a 20°F rise in water temperature, jor a 25°F rise in
aqueous|polymer temperature asa result of quenching. Exceptions to the tempgrature rise are
acceptalyle, if the product has:been demonstrated by testing and documentation{to meet the
requirements of the applicable material specification.

3.8.1.2 Random|Racking: Random racking or layering of forgings or castings, 1.0 inch gr less in
thickness, is permitted to a maximum thickness of 3.0 inches, with a minimum spacing of
3.0 inchgs between layers, provided that quenching is performed by immersion. | Exceptions to
this method are’acceptable, if the product meets the requirements of the applicable material
specification. Records shall be kept of the test results of the product so racked.

3.9 Recommended Age-Hardening Heat Treatments:

The recommended time-temperature cycles shown in Table VII are typical for various forms, sizes,
and methods of manufacture, and may not exactly describe the optimum treatments for specific
products.
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4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibilit

y for Inspection:

Unless otherwise specified in the contract or purchase order, the contractor is responsible for the
performance of all inspection requirements (examinations and tests) as specified herein. Except as
otherwise specified in the contract or purchase order, the contractor may use his own or any other

facilities suit
disapproved
inspections 4
that supplies

4.1.1 Responsib
set forth in
quality pro
the contrag
procuring 3
inspection,
conforman
material, e
material.

4.1.2 Retention

file and available for review for four years after the date of inspection.

4.1.2.1 Process
establish
on file fo

Iment and process re=establishment shall be kept on file until supersede

1IUiC fUI tilt PCIfUIIIIaIIbE Uf t;lc iIIDpCbtiUII IUquiICIIICIItb prbifiUul iICICiI
by the procuring activity. The procuring activity reserves the right to.pe
et forth in this specification where such inspections are deemedmeces
and services conform to prescribed requirements.

lity for Compliance: All items shall meet all requirements of section 3. ]
this specification shall become a part of the contractor’s overall inspec
jram. The absence of any inspection requirements(in the specification
tor of the responsibility of ensuring that all produgts or supplies submitt
as part of manufacturing operations, is an acceptable practice to ascern

Ce to requirements, however, this does notauthorize submission of kno
ther indicated or actual, nor does it commit the procuring activity to acc

pf Inspection Records: Inspection records, unless otherwise specified he

F-stablishment and Process Re-Establishment Records: Current record
an additional five.years.

Lits: Results of all tests required by this specification shall be retained fo
Of testing.

and-Quench Process Records: Production processing records required

1, unless
rform any of the
sary to ensure

'he inspection
ion system or
shall not relieve
ed to the

.ctivity for acceptance comply with all requirements of the contract. Sainpling

tain
wn defective
ept defective

rein, shall be on

5 of process
d, and then kept

r five years after

by this

liob shall be kept on file and available for review for five years after the

inspection date

4.1.2.2 TestRes
the date
4.1.2.3 Furnace
specifical
of the product.
4.1.2.4

Furnace and Quench Facility Records: Records shall be maintained for each furnace and

guench facility to show compliance with this specification. These records shall include the
following: furnace number or description, volume of working zone (See 6.5.3), temperature
range of usage, whether used for solution heat treatment, age-hardening heat treatment, or both;
and dates and types of major repairs or alterations. These records shall be on file and available
for review until process re-establishment occurs and then be retained for five years.

-10 -
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4.1.3 Heat-Treat Deviations: Any change in heat-treating procedures or equipment that results in
product not conforming to this specification shall constitute a deviation. Unless such deviation is
approved in writing by the procuring activity, delivery of the product shall be withheld until the
deviation(s) is(are) corrected and satisfactory performance is re-established (See 3.1.2).

4.2 Temperature Surveys of Heating Equipment:

Process estghtishmentandre-estabtishment SUrveys, as welttas pt:liuu'iL, Processsurveys, shall be

performed injaccordance with 3.1, 3.2, and AMS 2750, as applicable.
4.3 Spray-Quen¢h Equipment:

4.3.1 Process Establishment and Re-Establishment for Spray Quenching:-Values of all parameters
governing geffective quenching for each spray quenching unit shallbe obtained (Sge 3.5.3.2).
Process egtablishment and re-establishment procedures to ohfain these values sHall consist of
guenching|product representative of all product to be quenched by the unit of congern and, after
applicable pge-hardening, evaluating mechanical properties in accordance with 4.5.1.
Re-establighment of the process shall be performed whenever conditions change gs set forth in
3.1.2. Progess establishment and re-establishment data shall be available for verification, review,
and concufrence by an authorized representative 6fthe procuring activity.

4.3.1.1 Proceduie for Plate: The quenching procedure shall be a single run each of one|2XXX series
alloy and one 7XXX (preferably 7075) series alloy in the W temper in the minimum thickness and
the maximum thickness of the plate precessed through the spray-quench line. The alloys shall
be sufficiently quench-sensitive te-provide a good evaluation. The test plate shdll be of a size
which fully evaluates the effective-area of furnace and quench chambers. Temperatures and
pressurep within the quenchant line during test quenching shall be recorded and the records
retained [See 4.1.2.3).

4.3.1.1.1 Procedure to Evaluate Quench Effectiveness: Such effectiveness shall be determined by
evalualing the ténsile properties of spray-quenched and age-hardened test pigces excised
from tept platés'in accordance with ASTM B 557.

4.3.1.1.1.1 Test Bpecimens: The numbers and locations of specimen blanks to be excis¢d shall conform
to Figures 1 and 2, as applicable to test plate thickness.

4.3.1.1.1.2 Temper of Test Pieces: Specimen blanks excised in accordance with Figure 1 shall be so
excised from each solution heat-treated and spray-quenched test plate. These specimens
shall be age-hardened along with the remainder of the test plate or in a laboratory furnace, to
one temper representative of mill product. Following age-hardening, one specimen blank
shall be excised from the test plate in accordance with Figure 2.
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4.3.1.1.1.3 Test Method: Specimens shall be machined from the age-hardened blanks, and tension-
tested in accordance with ASTM B 557. Dimensions of machined specimens shall comply
with those specified therein as standards for sheet-type, rectangular specimens, as blank
dimensions allow. Deviations from standard configurations and dimensions may be made if
such deviations are allowed in the acquisition documents.

43.1.1.1.4 Pass-Fail Criteria:

a. Tensile properties of specimens made from plate of 1.0-inch or lesser thickness shall
cpmply with requirements specified for plate of the same temper and-thigkness in the
applicable material specification.

eld and ultimate tensile strengths of specimens made from{plate of thigknesses

ekceeding 1.0 inch shall meet the yield and tensile strengths specified fof plate of the
same temper and thickness in the applicable material specification. Such plate shall
have no requirements of minimum elongation.

4.3.1.2 Proceduie for Extrusions: The quenching procedure shall be a single run each gf one 2XXX
series alloy and one 7XXX series alloy in the W temper in the minimum cross-sgction and the
maximum cross-section of extrusions processed:through the spray-quench line. |The alloys shall
be sufficiently quench-sensitive to provide a geod evaluation. The test materialg may be
extrusions of any width with a sufficient number of test pieces quenched at one fime to evaluate
adequately the effective area of furnace and quench chambers. Temperatures and pressures
within the¢ quenchant line shall be recgrded and records retained (See 4.1.2.3).

4.3.1.2.1 Procedure to Evaluate Quench\Effectiveness: Such effectiveness shall be detérmined by
evalualing the tensile propetties of spray-quenched and age-hardened test pigces excised
from tept extrusions in accordance with ASTM B 557.

4.3.1.2.1.1 Test Bpecimens;. Specimen blanks whose longitudinal axis parallels the dire¢tion of ram
trave| during the€xtrusion operation shall be excised at 6-inch intervals acrogs the working-
quengh widthat each end of the spray-quenched load. For determination of the capability of
the guenching procedure to satisfactorily through-quench a section of maximum thickness,
specimen blanks shall be excised from several locations in the width or thickhess direction,
one of them being the Y2 tocation, as appticable to cross-sectionat configuration and
dimensions. The specimen blanks shall be of the sheet type and be capable of being
machined into tension-test specimens conforming to ASTM B 557, as applicable to
configuration and dimensions. The blanks shall be excised to a depth of no more than
0.025 inch above the bottom (during quench) surface of any test extrusion. Deviations from
standard configurations and dimensions may be made if such deviations are allowed in the
acquisition documents.
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4.3.1.2.1.2 Temper of Test Pieces: Specimen blanks excised in accordance with 4.3.1.2.1.1 shall be
age-hardened together with a full simulated production load to one temper representative of

43.1.2

43.1.2

1.3

1.4

plant

product.

be tension-tested in accordance with ASTM B 557.

Pass
requi
the a

4.4 Periodic Pro

441

Monitoring
herein (Se
the condug
0.250-inch

Test Method: Tension-test specimens shall be machined from the age-hardened blanks and

FEait-Criterfa—Specimens stattdemonstratetenstteproperties comptying with

rements specified for extrusions of the same temper and cross-sectione
bplicable material specification.

juct Monitoring:

Spray Quenching of Plate and Extrusions: Except as otherwise specifig
b 4.4.1.4), such monitoring shall comprise eddy currénttests in accorda
tivity of quenched 7075 alloy plate of a minimum.0.250-inch thickness,
minimum thickness which do not have a thickness between cross-secti

greater thgn 0.250 inch.

4.4.1.1 Quenchipg Conditions: The line temperature and.pressure of the quenchant thra

4.4.1.2

4413

44.1.4

guench s

hall be maintained within limits detesmined during process establishme

Quenching Records: When product of 8250 inch or thicker is processed, tempe

pressure
be maint

Frequen
system ¢
calendar
the maxi
maximun

within the quenchant line shall be recorded for each quench load. Suc
hined in accordance with-4.1.2.3.

y of Product Monitering: When product of 0.250 inch or thicker is being
onforming to 3.5.3.2, conductivity of the product shall be measured onc
week. In addition, at least once in every three-month interval, conductiy
mum thickness that the heat-treat line can successfully process, or on g
N thickneSs processed in that interval, shall be measured in accordance

Product

1l dimensions in

bd or allowed
nce with 4.5.5 of
or extrusions of
onal elements

ughout a test
nt.

rature and
h records shall

quenched by a
e during each
ity on product of
roduct of the
with 4.5.5.

or Testing: Product of 7075 alloy in the dimensions herein specified sha

| be the product

tested, upless the producing facility does not fabricate such product or if 7075 is|not available at

the time of the survey. In such absence, product of other alloy in the dimensions specified herein
may be tested, provided that the alloy is sufficiently quench-sensitive for evaluation of system

performance, and that a definitive conductivity range has been established for such product in a
temper specified.
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4.4.1.5 Measuring Electrical Conductivity: Test procedures to determine electrical conductivity shall
conform to 4.5.5. Conductivity measurements shall be made on product in the W temper after 10
hours or more have elapsed since quenching, or after electrical conductivity has stabilized, but
prior to artificial aging. Conductivity of plate shall be measured at four-inch maximum intervals
across the width of the plate and at 24-inch maximum intervals along the length of the plate.
Readings shall be taken on both sides (faces) of the plate. Conductivity of test extrusions shall
be measured at two-inch maximum intervals around the section perimeter of test extrusions and

4416

4.4.1.7

44.1.8

4419

4.4.1.10

at 24-inc
conducti
more seq
4.1.2.

Criteria f
system s

greater than 2.5 percent International Annealed Copper Standard (IACS), or exc

value of

Criteria f
than 707
side of th
establish

Criteria f
guenchin
at 24-inc
values fr
IACS, or

Criteria f
alloy othé
readings
greater t
exhibit a

ity measurements on that portion of a surface directly opposite thejunt
tional elements shall be excluded. Records shall be maintained-itacc

br Quench-System Acceptance - 7075 Plate: When testing'7075 plate,
hall be suspect if the conductivity readings on one sidexof the plate exh

B1.0 percent IACS.

br Quench-System Acceptance - Plate OtherJhan 7075: When plate of
b is tested, the quenching system shall bezsuspect if the conductivity re

ed as satisfactory for that alloy, thickness, and temper.

br Quench-System Acceptance 7075 Extrusions: When testing 7075 e
g system shall be suspect if:the conductivity readings around the sectio
N intervals along the length éxhibit a range greater than 4.0 percent IAC
bm each element (flange;"web, etc) of a shape exhibit a range greater t
exceed a maximum-Qf 32.0 percent IACS.

br Quench-System Acceptance - Extrusions Other Than 7075: When e
br than 7075 are tested, the quenching system shall be suspect if the cq
around.the 'section perimeter and at 24-inch intervals along the length ¢
nan 4.0-percent IACS, or if the values from each element (flange, web,
range-greater than 3.0 percent IACS, or exceed a maximum establishe

for that ajloy), temper, and cross-sectional configuration and dimensions.

Tntervatsatongamextroston'stength—Forextruded-shapes(T=t=sections, etc),

tion of two or
brdance with

he quenching
bit a range
eed a maximum

an alloy other
adings on one

e plate exhibit a range greater than 2.5‘percent IACS, or exceed a maXimum

xtrusions, the

n perimeter and
S, or if the

han 3.0 percent

trusions of an
nductivity
pxhibit a range
btc) of a shape
| as satisfactory

Test Procedures When Quenching System is Suspect: When a quenching system is suspect,
additional inspections shall be made of the equipment and test material to determine the cause
or causes of aberration. The cause(s) shall be corrected and the equipment, procedures and
product shall be handled in accordance with 4.6.4 and 4.6.4.1.
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4.4.2 Monitoring Immersion Quenching of Product: A plan for such monitoring shall be implemented for
each forging and casting and for sheet and plate in each applicable thickness range shown in
Table VI, and for each configuration of other wrought products. As a minimum, the plan shall
include the following.

4.4.2.1 Racking or Spacing Documentation: Documentation, such as drawings or other suitable media
shall be maintained to ensure proper racking. A record shall be maintained to show that each

4.4.2.2

4.4.2.3

4.4.2.3.1 Testing
preven
sufficie
piece f

4.4.2.3.2

4.4.2.3.3

racking p
specifical
for appro

Periodic
conducti

testing ta
agreed u
records 1

Inspectig
shall be ¢
products

test bl

lion. When specified in a contract or purchase order, a racking plamsh
val by the procuring activity. Records shall be maintained in accerdanc

nspection: The plan shall include periodic inspection of mill products by
ity and hardness testing and routine inspection of castings.by mechani
ensure that the quench continues to be adequate. Inspection frequen
pon by procuring activity. Frequency and results of inspection shall be r
etained in accordance with 4.1.2.

n for Racking Adequacy: Unless otherwise specified, adequacy of the 1
pstablished by electrical conductivity measurements on a suitable quant
(See 4.5.5 for test method).

of Forgings: Electrical conductivity of forgings shall be made on a two-
nt number of locations to reveal the adequacy of the quench. Alternativ

om each inspection lot may be age-hardened to its specified temper an
nks for testing of mechanical properties in accordance with 4.5.1.

famthasproduced materiatsatisfyingrequirementsof the—appticabtematerial

hll be examined
e with 4.1.2.

electrical

cal property

Ly shall be
bcorded and the

acking method
ity of mill

nch grid, unless

ed by testpiece configuration..\When so prevented, measurements shdll be taken in a

ely, one test
d sectioned into

Testing| of Extrusions: Electrical conductivity measurements on extrusions shall be made at

two-ingh maximum intervals around the perimeter of the cross-section of the e
24-inchl maximunyintervals along the length of the extrusion, unless prohibited
configyration aof(the extrusion. It shall not be necessary to check opposite sidg

sectio

opposile the-juncture of two or more elements. Exceptions to requirements hg
subject to_approval of the cognizant engineering activity.

of thezextrusion which are less than 3/8-inch thick, or that portion of a

xtrusion and at
by the size and
s of any solid
surface directly
rein shall be

Testing of Plate: Electrical conductivity test measurements on plate shall be on a grid four
inches (along width) by 24 inches (along length) on at least one piece from the center of the
load or rack and two other pieces selected at random from the load or pack.
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4.4.2.3.4 Random-Racked or Layered Forgings and Castings: Immersion quenching of random-racked
or layered forgings and castings shall be monitored on each heat-treat load by electrical
conductivity or hardness measurements made on a two-inch grid spacing on at least one piece
from the center of the load, and on at least two other pieces selected at random from the load.
When material configuration prevents a two-inch grid spacing, then a suitable number of
measurements shall be made to determine adequacy of the quench.

4.4.3 Tests forP

4.4.3.1 Material

of the fad
and othe
4.4.3.2, ¢

4.4.3.2 Monthly

month. |

frequenc

activity.
loadto b

o |
ULCSS CLUINUNULL

and Process Tests: Such tests shall be performed in order to demonstra
ility to produce product meeting requirements of the applicable\product
I acquisition documents. Tests and testing procedures shall €onform to
1S applicable.

[est on Furnace Load: Tests of furnace load performance shall be made
more frequent testing is necessary or advisable,a test plan incorporati

f the monthly workload included plate and/er.sheet as well as other me
b tested as in Table VIII shall be a “plate and sheet” load. If this produc

heat treated during the month, the test load shalkbe selected from the available

using thg

45 Test Method

t form for which Table VIII requires the' maximum number of test categg

UJ

4.5.1 Mechanicdl Properties: Specimens-shall conform to an appropriate type of tensile

accordanc

b with ASTM B 557 and shall be tested in accordance with an appropria

specified therein and shall meetithe requirements of 4.6.1.

45.1.1 Mechani

applicabl
represen

treated

cal Properties«of-Wrought Products: Unless every heat-treated lot is tes
e material specification for sampling plan), a minimum of nine tension te

te the capability
specifications
Table VIIl and

b once each
ng an increased

y shall be adopted. Such plan shall be subject to review and approval by the procuring

tal forms, the

[ form was not
product forms,
ries.

specimen in
te method

ed (see
psts, sampled to
h was heat

the quantity of the mill product, shall be made on the mill product whic

being

operated, The“procuring activity may waive this requirement if other approved tgsting
procedurgs_are used. The tension specimens shall include specimens taken fro
the load receiving the slowest quench, those portions subjected to the highest and lowest
solution heat-treating temperatures, and, when nonuniform shapes have been heat treated, from
the thickest and thinnest sections of the cross-sectional configuration. The tension specimen
having the lowest yield strength shall be used for the corrosion test specified in 4.5.3.

ith thesmonthly production test load from each heat-treat furnace or ba%:

the portion of

-16 -



https://saenorm.com/api/?name=d25c03cb522b0cc2709a832923b93179

AMS-H-6088B

SAE

AMS-H-6088B

4.5.1.1.1 Mechanical Property Tests of Mill Products Where Specimen Taking is Impractical: When
taking specimens from a heat-treated mill product is impractical, tension specimens shall be
taken from samples heat treated with a production load. The thickness and alloy of the
samples and their location in the load shall be selected to represent items heat treated during
the previous month which were considered to have experienced the lowest quench rate and
those which were subjected to the highest and lowest solution heat-treating temperatures.

451.1.2

45.1.2 Mechani

45.2

453

chang
sampli

conformd

Melting an
specimens
porosity an
examinatio
appropriate
at 500 dian

this examimation, the polished surfaces shall be-etched for approximately two sec

reagent or

heat treatnpent.

Intergranul
outlined be
alloys, the

means. Pijior to the corrosiontest, each sample shall be immersed for 1 minute in

solution at
compositio

Nitric acid,
Hydrofluor

s are made in the heat-treat facility as outlined in 3.1.2, the mechanica
g and testing as specified in 4.5.1.1 and 4.5.1.1.1 shall be followed:

cal Properties of Casting Alloys: The required tests for castingalloys sh
Ince with the applicable casting product specifications.

| Porosity Resulting from Solution Heat Treatment:«One or more of the
tested in accordance with 4.5.1.1 shall be examifed for evidence of m
d shall conform to the requirements of 4.6.2. .Each specimen shall be j
n by sectioning, and then polishing one surface generated by the sectig

neters magnification to detect porosity resulting from solution heat treat

other suitable etching solution and 'examined for evidence of melting du

low and samples shall-conform to the requirements of 4.6.3. In the cas

200 °F to produce a uniform surface condition. The solution shall have

tity: When

property

all be in

heat-treated
blting and
repared for
ning to

 fineness. Each polished surface shall bezexamined under a metallurg'Lc]:aI microscope

ent. Following
nds in Keller's
ring solution

ar Corrosion Test: Corrosian tests shall be conducted in accordance with the procedure

e of alclad

alclad shall be remeved from both sides of the sample by filling or by other suitable

an etching
the following

Distilled or

n:
concentrated (70 percent) 50 milliliters
c acid (48 percent) 5 milliliters
deionized water 945 milliliters

After this etching treatment, the sample shall be rinsed in distilled or deionized water, immersed for
one minute in concentrated nitric acid (70 percent) at room temperature to remove any metallic
copper that may have been plated out on the specimen, and rinsed in distilled or deionized water,
then allowed to dry. The sample shall be corroded by immersion in a minimum of 30 milliliters per
square inch of surface area in a solution of the following composition, which shall be prepared
immediately before use (the temperature during the immersion period shall be 86°F + 9):
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453

(Continued):

Sodium chloride 57 grams
Hydrogen peroxide (30 percent) 10 milliliters
Distilled or deionized water Dilute to 1 liter

The immersion period shall be 6 hours. All chemicals shall be reagent grade.

453.2

454

455

4551

455.2

Microscapic Examination: At the end of the immersion period, the sample shall be removed from
the solution, washed, and dried. A cross-section specimen, which-shall be at least 3/4 inch long
whenevelr the size of the sample permits, shall be cut from the sample and mounted for
microscaopic examination. Microscopic examination shall be¢made on the specimen, both before
and after etching, at 100 to 500 diameters magnification with a metallurgical micyoscope. The
etching ghall be done by immersion for 6 to 20 seconds.inta solution of the following composition:

Nitric acifl, concentrated (70 percent) 2.5 milliliters
Hydrochlpric acid, concentrated 1.5 mitliliters
Hydroflugric acid (48 percent) 1.0:milliliter

Distilled pr deionized water 95,0 milliliters

All chemjcals shall be reagent grade.

Test for Diffusion in Alclad Alloys: A"microscopic examination of sections of specimens cut from
mill produgts representative of:alot or furnace load shall be made to determine th¢ extent of
diffusion of the alloying constituents through the cladding. Examination shall be njade with a
metallurgigal microscope.at-100 to 1,000 diameters magnification, after etching as| specified in
4.5.3.2 and specimens shall conform to the requirements of 4.6.3. The solution p¢tential
measurement method for evaluation of alclad diffusion is acceptable providing dogumentation
which corr¢lates this method to the optical method is available for review.

Eddy-Curr¢ntMeasurements of Electrical Conductivity:

Procedure Requirements: Electrical conductivity inspection shall be performed, as specified
herein, in accordance with MIL-STD-1537. The procedure shall be available to the procuring
activity.

Equipment Calibration: The equipment to measure electrical conductivity shall be calibrated in
accordance with MIL-STD-1537 except that the number of standards necessary shall be as
recommended by the device’s manufacturer.
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4.5.,5.3 Personnel Qualification: Personnel conducting eddy current inspections shall be trained and

gualified

as specified in MIL-STD-1537.

4.5.6 Hardness Measurements: When required, hardness of product shall be tested in accordance with
ASTM E 10 or ASTM E 18, as applicable to the product to be tested. The use of ASTM E103 for
“pass-fail” inspections during manufacture is neither mandated nor forbidden. When a question

arises about hardness data gathered using the method of ASTM E 103, additional hardness data

4.6 Limits of Acd

4.6.1 Mechanicdl Properties: The heat-treated (or re-solution heat-treated) test'samples

4.6.2

4.6.3

46.3.1 Tests for

shall be tal

tensile stre
specificatig

Melting an
accordanc
and the sp
solution he

Intergranul
and degree
the practic
may be en
intergranul
the recomr
accordanc

Oor proceq

alclad diffusion and)susceptibility to intergranular corrosion produced by the proq

Decision
excessiv

H +l l ! fACTAL — an =40 L [T Y | !
CIrusing uic Mmetaivus Ur Ao Tivi L LU U 10, dsS dppliLdlic tu 1T Pgrod

eptability:

ngth, yield strength, and elongation not less than those spgcified in apq
ns or detail drawings.

| Porosity Resulting From Solution Heat Treatmeht) Specimens, prepar
b with 4.5.2, shall show no evidence of melting.résulting from solution h
bcimens shall be substantially free from porosity caused by hydrogen d
at treatment.

ar Corrosion and Alclad Diffusion: The'degree of susceptibility to intergr
 of alclad diffusion shall be no greater than that normally experienced v
bs recommended in this specification. Practices other than those recon
ployed (See 4.6.3.1), provided it is documented that the resulting degre
ar corrosion and alclad diffusion are no greater than those resulting fron
nended practices, as applicable to product. This objective evidence sha
b with 4.1.2.2.

Alclad Diffusign-and Susceptibility to Intergranular Corrosion: Prior to u

as torwhether the alclad diffusion and the susceptibility to intergranular
e shallbe based upon comparison with samples of the same thickness

ct.

shall exhibit
licable product

ed in
pat treatment
ffusion during

anular corrosion
vhen following
1mended herein
pes of

n applications of
[l be retained in

s5ing equipment

ures whichwvary from those recommended herein, tests shall be made {o determine the

osed variation.
corrosion is
from the same

piece of

aw’stock, heat treated in accordance with the equipment and procedur

£S

recommended and specified herein.

4.6.4 Failures: The occurrence of failure(s) during any of the tests specified herein shall give rise to an
evaluation of the adequacy of heat treatment(s). If the test failure is attributed to improper heat
treatment, the equipment and procedures shall not be used until the deviation(s) is (are) corrected
and the applicable part(s) of the equipment and procedures are re-established in accordance with
3.1.2, as specified in 4.2 or 4.3.1. Re-establishment may be waived by the procuring activity if
corrective action, to bring the equipment and procedures back into conformance with the
requirements herein, is implemented and verified by documentation.
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4.6.4.1 Status of Product: Product heat treated in the interval between the occurrences of the last
satisfactory inspection results and the first unsatisfactory inspection results shall be deemed
guestionable. Each unit of questionable product shall be inspected, unless the inspection
method is a destructive test. Destructive testing shall entail a sampling plan agreed upon
between the product vendor and the acquisitioner. Unsatisfactory product may be re-solution
heat treated unless the product exhibits eutectic or other localized melting, excessive porosity
resulting from solution heat treatment, or in the case of alclad product, shows a harmful degree of

4.7

5.

6.

6.1

diffusion
guestion
treated u
shall be

Heat-Treat L

Each heat-tr
shall display
the applicabl
or travellers.
in records of
treatment of

PACKAGING:

Not applicable

NOTES:
Intended Us
This specific
to the heat tr

products whi
the meaning

ble or fails for reasons other than those enumerated above may bere*
to the limit of the permissible number of times specified in TableJ)." I
ocumented.

ot Numbers for Forgings:

pat lot of forgings (See 6.5.2) shall be assigned a lot. number. Each forg
its lot number, unless such display is infeasible or.would result in noncq
e product specification. If such display is not feasible, each lot shall be i
Lot numbers shall be entered in records kept-by the furnace and quen
tests conducted by the quality control labgratory. The entire history of
each heat-treated forging shall be traceable through the records specifi

D

ation is intended for use in all phases of the control of processes and eq
eatment ©fyaluminum alloy cast, forged, rolled, drawn, and extruded pro
ch are“essentially raw materials for subsequent operations. It does not
of that'term used in AMS 2770 which is not intended to be applicable t

F which is
solution heat
spection results

jing in the lot
pnformance to
entified by tags
ch facilities and
he heat

ed herein.

uipment applied
ducts. It covers
cover “parts” in
b primary mill

products. Ag

sighing a part number to a mill product does not change its status from

hat of a raw mill

product to that of a part.
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6.2

6.3 General Info

6.3.1

6.3.2

6.3.3

When verific
Conditions g
Exceptions t

Acquisition Requirements:
Acquisition documents should specify the following:
Title, number, and revision letter of this specification.

Issue of DODISS to be cited in the solicitation, and if required, the specific issue of individual
documents referenced (See 2.2).

Advantage

When solu
After prolo
when dissd
about 1/2 ¢
attack. Nit
casting allg

Advantage]

economical for handling large volumes:of work. When solution heat treating certa

alloys it is
porosity lo
numbers o

ationrof processestabtishmentisrequirec(See371):
pverning heat treatment of parts (See 3.4).
D provisions of 4.1.

‘mation:

ion heat treating in molten salt, the danger of gererating porosity is gre
nged use, there is some decomposition of the . sodium nitrate to form co
Ived in the quenching water, attack the aluminum alloys. The addition t
unce of sodium or potassium dichromate er 100 pounds of nitrate ten
Fate salt baths may present an explosion safety hazard when heat treat

ys.
s of Air Chamber Furnaces: Airlchamber furnaces are more flexible anc

necessary to control the attmosphere in order to avoid the generation of

s of Salt Baths: The time required to bring the load to teémperature is shiorter and
uniform ternperature is more easily maintained in molten salt kaths than in air cha

mber furnaces.
atly diminished.
mpounds which,
b the salt bath of
ds to inhibit this
ng 5XX.X

more
n aluminum
porosity. Such

vers the mechanical properties of aluminum alloys and may be manifest as large
minute blisters over.ithe surface of the product. In severe cases, the product may even

crack when it is quenched ~Fkurnace products of combustion contain water vapor and may contain

gaseous Cc
treatment.

with the load are nat ,ecommended for the solution heat treatment of alloys which

porous dur,
protect the

bmpounds of sulfur, both of which tend to promote porosity during solut
For this reason, furnaces which permit their products of combustion to

ng suchrtreatment. Either anodic oxide films or the metal coating of the
underlying alloy from this effect. Also, certain fluoroborates will protect

minimize tf

is_effect.

on heat

come in contact
may become
alclad materials
against or

Solution Heat Treatment: Solution heat treatment is a process to heat an alloy to a suitable
temperature (See Table II) for sufficient time to allow soluble constituents to enter into solid solution
where they are retained in a supersaturated state by rapid cooling in a suitable quenching medium.

6.3.3.1 Soaking Time: The soaking time required to bring about the necessary degree of solid solution
increases with increasing thickness of the metal. The minimum soaking period is determined by
testing samples of the metal to make certain that the required mechanical properties have been
developed. The soaking periods recommended in Tables IV and V have been found to be

sufficient

in commercial practice.
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6.3.3.2

6.3.3.3

6.3.3.4

6.3.3.5

6.3.3.6

Development of Hydrogen Porosity: When solution heat treating in air chamber furnaces,
excessive soaking periods increase the danger of the development of hydrogen porosity, a
phenomenon formerly known as “high temperature oxidation”. However, with proper control of
furnace atmospheres, soaking periods longer than those listed in Tables IV and V may be used

safely.

Diffusion in Clad Products: The soaking period for clad products should be the minimum which is

necessa
constitu
resistan
using th

Incorrect

propertig

Effect of
and -T4:
product i
results.

average
maximun

Thermal

forging fq
stability.

approxim
is slowly
priorto s
mandato
product

nts of the base metal to diffuse through the alclad coating. When this\o
e is adversely affected. Consequently, every effort should be made1o a
minimum possible soaking periods for clad products.

Solution Heat-Treating Temperature: If the specified maximum tempera

re is below the minimum specified, solution is incomplete, the maximu
s are not developed, and corrosion resistance.can be adversely affecte

Re-Solution Heat Treatment on CorrosionZResistance of 2017-T4 and 2
If the temperature used for re-solution heat treatment of 2017-T4 or 20
5 less than that applied in the initial heat treatment, a loss of corrosion 1
Bince the use of a longer soaking périod tends to overcome this loss, bo

llow the alloying
ccurs, corrosion
void diffusion by

iture is
hanical
product. If the
Im mechanical
d.

024-T3

P4-T3 and -T4
esistance

th a longer-than-

50aking period and a solution heat-treating temperature within 5 °F of the applicable

N tabulated are recommendéd-for re-solution heat treatment of each of

Treatment of Forgings-to=01 Condition: This is a high temperature ann
r a special purpose:such as to accentuate ultrasonic response or provi

hese alloys.

pal given to a
e dimensional

In order to be se‘annealed, product is held at approximately the same femperature for

ately the same time period as in solution heat treatment, but in this instg
cooled to room temperature. This anneal is applied to products that are
plution heat'treating and aging to the desired temper. This application i
ry noy farbidden, provided that all other requirements specified herein, i
pecification, and in other applicable acquisition documents are met. Th

Ince the product
to be machined
5 neither

N the applicable
e Government

reserves

the' right to require the use or nonuse of such treatments, if these cond

tions are not

being met.

6.3.4 Quenching for Resistance to Corrosion: For products in some tempers of 2117 and bare and alclad
2024 and 7075 alloys, a rapid quench is necessary so that the resulting product will have maximum
resistance to corrosion. As the quench rate is lowered, these alloys become increasingly
susceptible to intergranular attack which causes excessive loss of mechanical properties after
exposure to corrosives.

6.3.5

Alloy and Temper Designation: The alloy and temper designations used herein conform to the
American National Standards Institute Publication, ANSI H35.1.
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6.3.6 Alclad Sheet: Alclad sheet is a product consisting of an aluminum alloy sheet having on one or
both surfaces a layer of aluminum or aluminum alloy integrally bonded to the surface of the base
metal. In general, alclad sheets have mechanical properties slightly lower than those of the bare
alloy sheets of the same thickness. However, the corrosion resistant qualities of the aluminum

alloy sheet

are improved by the cladding.

6.3.7 Annealing Treatments:

6.3.7.1 Annealin
for work-
annealin
growth, t
6.3.7.2 Relief of
750° F a
attain din
6.3.7.3 Partial A
aluminun

j of Work-Hardened Wrought Alloys: Table XI lists recommended anne
hardened wrought aluminum alloys. For desired results for a specific p
j conditions should be determined. In order to avoid excessive©Xidatic
ne annealing temperature should not exceed 775 °F.

Residual Stresses in Castings: The process of soaking:castings for 2 h
nd then cooling them to room temperature, will relieye residual stresses
nensional stability.

nneal of Heat-Treated Aluminum Alloys: When2XXX, 6XXX, and 7XXX
n alloys in the heat-treated condition are heated at 650 °F and cooled, t

partially annealed and can be moderately (not séverely) formed. Each particula

should b
aluminun
necessat
6.3.7.4 Full Anng
alloys wh
obtain th
treatmen

6.3.8 Aging: Agi
in strength
See Table
Age-harde

b optimized for retained strength and-formability. When attempting to re
N alloy to its initial heat-treated condition, a complete re-solution heat tre

Y.

bal of Heat-Treatable Wreught Alloys: All 2XXX, 6 XXX, and 7XXX serie
en fully annealed accordihg to recommended general conditions prese
bir lowest strength and best formability. However, they will require a co

L (solution heat treatment, quench, and age) to develop their desired pr

g causes precipitation of alloying elements from solid solution resulting
properti€s)of an alloy. This usually occurs slowly at room temperature
I) and more rapidly at elevated temperature (artificial aging - See Tablg
hingis”followed by normal cooling in a room temperature atmosphere.

hling conditions
oduct, optimum
n and grain

burs at 650 to
in castings and

series

hey have been
application
store the

patment will be

5 aluminum
nted in Table XI
mplete heat
bperties.

in an increase
natural aging -
VID).

The term

“precipitati

pnis frequently used in lieu of “age-hardening”.) Age-hardening heat t

reatments

needing relatively long times and relatively low temperatures to develop required properties are
recommended for products with large cross sections or large masses to promote uniformity of
properties. Alternate treatment on other products utilizing shorter times at proportionately higher
temperatures may be used if all material requirements are met.
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6.3.8.1 Artificial Aging:

6.3.8.1.1 Example of Artificial Aging: Heating of aluminum alloy bare and alclad 2024 at an elevated
temperature - but well below the annealing temperature - after solution heat treatment and
natural aging (temper -T4), will result in tensile and yield strengths considerably higher than
those which would result even with prolonged room temperature aging of this alloy. There is
also a decrease in the elongation of the material. This process is called “elevated temperature

precipi

6.3.8.1.2 Effect g
treatme

artificial aging. The mechanical properties that can be developed in@any design

therefo
govern
involve
could b
obtaing
during

will gen

would & piece of stock material given the samé.aging treatment.

6.3.8.1.2.1 Effec
prese
the a
to ag
worki
obtai

apprq
prior

" 1 b " ALl [Ty L | H 1
alulrticat ucatitictit ur artritidal ayiry.

f Cold Work on Artificial Aging: The mechanical properties resulting fro
Nt are dependent on the amount of cold work present in the material at

Fe, upon the severity of the forming operations used in fabricating the p
the selection of the temper of stock material used. For:example, if only

e used with resultant higher mechanical propertiés of the aged part tha
d if 2024-0O or 2024-T3 material were used. Thé amount of cold work

erally have greater ultimate and yield strength and lower elongation aft

t of Heat on Cold Work: Annealing\or solution heat treating will remove

Nnealed material, will result in--T6 conditions, provided the material is na
ng. The higher strength-conditions can be obtained only if known amo
ng are accomplished priof to natural or artificial aging operations. For ¢
N -T81, -T84, and -T861 conditions, the material would have to be cold-
ximately 1, 4, and.6 percent, respectively, subsequent to solution heat
to natural andartificial aging.

m the aging
the time of
are dependent,
art, and this will
slight forming is

d, 2024-T36 or 2024-T361 material, which containsc considerable degtee of cold work,

h could be
ut into the part

he forming operation will add to that in the stock metal and, therefore, fhe formed part

er aging than

any cold work

nt in the material so treated. Subsequent solution heat treatment and artificial aging of

t reworked prior
int of cold
pxample, to
worked to
treatment and
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6.3.9 Mechanical Stress Relief of Plate, Extrusions, and Forgings: To provide relief of re

sidual stresses,

plate, extrusions, and forgings are stretched or compressed after solution treatment, but prior to

aging as follows:

6.3.9.1 Plate. Stretched 1.5 to 3 percent permanent set to produce the TXX51 tempers.

6.3.9.2 Extrusions. Stretched 1 to 3 percent permanent set to produce the TXX51 temp

compres

(I I " " — ! &l = AVAVZ LN
pCU 1L U O PETLCTIL PTTTTIAlITTIt ST LU Provdule U1 TAAIZ CTTIPCETS.

6.3.9.3 Forgings| Stretched 1 to 5 percent permanent set to produce the TXX51 tempe

6.3.9.4 Forgings| Compressed 1 to 5 percent permanent set to produce the TXX52 tem|
1/ Modifi
straighte

straighte

cations to this temper are: TXX510 which applies to products that recei
ning after stretching and TXX511 which applies to pfoducts that receive
hing after stretching so as to comply with straightfiess tolerances.

of Residual Tensile Stress on Stress-Corrasion Behavior: Heat-treatme
uenching medium and aging treatment (a8, well as straightening proce
eat treatment), can significantly affect the level of residual tensile stres
stress-corrosion behavior. These heat-treatment features should be o
minimizing residual tensile stress.

6.3.10 Influencsd
such as

solution ;ﬂ
influence
regard to
6.3.11 Electrica
Tables I

for non-c

Conductivity, Hardness, and-Temper Relationships: For information pu
and X present typical values relating electrical conductivity and hardng
ad and alclad aluminum-alloys.

6.4 Consideration of Data Requirements:

The following data requirements should be considered when this specification is apy

ers (1/), or

S.
pers.
ve no

minor

bnt features,
ure after

S in a part and
btimum with

rposes only,
ss with temper

lied on a

contract. The applicable Data Item Descriptions (DID’s) should be reviewed in conjlinction with the

specific acquisition'to*ensure that only essential data are requested/provided and th

at the DID’s are

tailored to reflect:the requirements of the specific acquisition. To ensure correct co
application

tractual

the data requirements, a Contract Data Requirements List (DD Form 1423) must be

prepared to obtain the data, except where DOD FAR Supplement 27.475-1 exempts
for a DD Form 1423.

Reference Paragraph DID Number DID Title
3.5.2.1,3.8,3.8.1.2,4.1.2, DI-MISC-80653 Test Reports
4.1.2.1,4.1.2.3,4.1.2.4,
43.1,45.6,4.6.4.1
4.7 DI-A-3027A Data Accession List/

Internal Data

the requirement
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6.4

6.5

6.5.1

6.5.2

6.5.3

6.5.4

6.5.5

6.5.6

6.5.7

(Continued):

The above DID’s were those cleared as of the date of this specification. The current issue of DOD
5010.12-L, Acquisition Management Systems and Data Requirements Control List (AMSDL), must
be researched to ensure that only current, cleared DID’s are cited on the DD Form 1423.

Definitions:

Some of the ment to this

specification

Heat Treatment: The phrase “heat treatment” as used in this specification'is meant to collectively
include all thermal treatments covered by this specification such as: sofution heat|treatment,
age-hardening heat treatment, stabilizing, and annealing.

Heat-Treat| Lot, Forgings: A heat-treat lot consists of an identifiable quantity of metal of the same
alloy and df the same product form, temper, and thickness ar, section, and of the same process
history, all forgings, having been processed at the same.time through a heat-treat jand quench
facility, or @s a continuous production run in a continuaus-heat-treating furnace angl quench facility
during a mpximum of eight hours or as required by thie applicable material specifidation.

Working Z¢ne: Working zone is that portion of the enclosed volume of a piece of thermal
processing equipment occupied by parts or raw material during the soaking portion of a thermal
treatment. [ It is usually, but not always, aigh percentage of the total enclosed volume.

Contractudl Requirements and Reecommendations: Wherever used in this specification, the word
“shall” indi¢ates a mandatory requirement, and the word “should” indicates a recomnmendation.

Blistering gnd Porosity Resulting From Solution Heat Treatment: Such occurrences have in the
past been talled high temperature oxidation. It is now known that hydrogen entering aluminum
alloys durimg solution/heat treatment is the cause for development of surface blisters and

subsurfacqg patterns of pores.

Authorized| Representative: Any Government representative specifically authorizedl to approve
equipment| material, or procedures within the scope of this document. They can he, but are not
limited to, the following:

Contracting Officer

Defense Industrial Supply Center (DISC)

Defense Contract Management Command (DCMC)
Defense Plant Representative Office (DPRO)

Cognizant Engineering Activity: The engineering organization responsible for the design of the
item being heat treated.
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6.6

6.7

6.8

6.9

Patent Notice:

The Government does not possess a royalty-free license for heat treatment of 7175 alloy forgings
under U.S. Patent Number 3,791,876 which expires 12 February 1994. The Department of Defense
has no opinion about the novelty, unigueness, and effectiveness of the patented procedure, nor does
the Department offer any advice concerning the seeking of a license to apply that procedure.

Product procmmmmmmhﬂquuiremems of
MIL-H-6088,|Revision G, Amendment 1. Product processed and marked to the regliirements of

MIL-H-6088¢, Amendment 1, also meets the requirements of AMS-H-6088.

Changes authorized by MIL-H-6088, Revision G, Amendment 1, have been incorpofated into
3.7.2.2.

The change par (1) located in the left margin is for the convenience of the user in Idcating areas
where technical revisions, not editorial changes, have been made to the previous issue of this

specification| An (R) symbol to the left of the document title indicates a complete reyision of the
specification

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE “D”
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TABLE I. Inspection Requirements

Requirement

Quiality Assurance

Requirement paragraph(s) paragraph(s)
Process estab- 3.1,3.1.2 41.2.1,4.2,
lishment and re 431

establishment
Periodic process 3.2 4.2

surveys
Periodic product 3.3 4.4
monitoring
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TABLE Il. Solution Heat-Treating Temperatures

Solution Temper designation
Alloy er?éj ﬁf;;st al_ / trztz\?itn g Immediately After After
tions (metal) after_ na_ltural st_ress
temperature quenching aging 3/ relief 4/
(degrees F) <
5/
Wrought products (EXCLUDING FORGINGS)
2011 wire, rod, 945-995 -W -T3 64(-T4 -T451
bar
2014 flat sheet 925-945 -W <736/, -T42 --
coiled sheet 925-945 -W -T4, -T42 --
plate 925-945 -W -T4, -T42 -T451
wire, rod, 925-945 -W -T4 -T451
bar
extrusions 925-945 AW -T4, -T42 -T4510,
-T4511
drawn tube 925-945 -W -T4 --
2017 wire, rod, 925-950 -W -T4 -T451
bar
rivets 925-950 -W -T4 --
2024 flat sheet 910-930 -W -T3 6/, -T361 --
6/, -T42
coiled sheet 910-930 -W -T4, -T42, --
-T3 6/
rivets 910-930 -W -T4 --
plate 910-930 -W -T4, -T42, -T351
-T361 6/
wire, rod, baf 910-930 7/ -W -T4, -T36 6/, -T351
-T42
extrdsions 910-930 -W -T3 6/, -T42 -T3510,
T3511
| |[drawn tube 910-930 -W -T3 6/, -T42 --
2048 sheet, plate 910-930 -W -T4, -T42 -T351
2117 wire, rod, 925-950 -W -T4 --
bar
rivets 890-950 -W -T4 --
2124 plate 910-930 -W -T4 2/, -T42 -T351
2219 sheet 985-1005 -W -T31 6/, -T37 --
6/, -T42
plate 985-1005 -W -T31 6/, -T37 -T351
6/, -T42
rivets 985-1005 -W -T4 --
wire, rod, 985-1005 -W -T31 6/, -T42 -T351
bar
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TABLE Il. Solution Heat-Treating Temperatures - Continued

Solution Temper designation
Products 1/ heat- .
Alloy and limita- treating Immediately After After
tions (metal) after_ na_ltural st_ress
temperature quenz(;hlng aging 3/ relief 4/
(degrees F)
5/
Wrought products (EXCLUDING FORGINGS)
2219 extrusions 985-1005 -W -T31 6/, -T42 -T3510,
-T3511
6010 sheet 1045-1065 -W -T4 --
6013 sheet 1045-1065 -W -T4 --
6061 sheet 960-1075 8/ -W -T4{=T42 --
plate 960-1075 -W T4, -T42 -T451
wire, rod, 960-1075 -W -T4, -T42 -T451
bar
extrusions 960-1075 -W -T4, -T42 -T4510,
-T4511
drawn tube 960-1075 W -T4, -T42 --
6063 extrusions 960-985 W -T4, -T42 -T4510,
-T4511
drawn tube 960-980 -W -T4, -T42 N/A
6066 extrusions 960-1010 -W -T4, -T42 -T4510,
-T4511
drawn tube 960-1010 -W -T4, -T42 --
6262 wire, rod, 960-1050 -W -T4 -T451
bar
extrusions 960-1050 -W -T4 -T4510,
-T4511
drawn tube 960-1050 -W -T4 --
6951 sheet 975-995 -W -T4, -T42 --
7001 extrusions 860-880 -W -- -W510 2/
W511 2/
7010 plate 880-900 -W W51 2/
7039 sheet 840-860 9/ -W -- --
plate 840-860-9/ WAL -W51 2/
7049/ extrusions 860-885 -W -- -W510 2/
7149 -W511 2/
7050 sheet 880-900 -W
plate 880-900 -W -- -W51 2/
extrusions 880-900 -W -- -W510 2/
-W511 2/
wire, rod, 880-900 -W -- --
rivets
7075 sheet 860-930 10/ -W -- --
plate 11/ 860-930 -W -- -W51 2/
wire, rod, 860-930 -W -- -W51 2/
bar 11/
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TABLE Il. Solution Heat-Treating Temperatures - Continued

Solution Temper designation
Products 1/ heat- .
Alloy and limita- treating Immediately After After
tions (metal) after_ na_ltural st_ress
temperature quenz(;hlng aging 3/ relief 4/
(degrees F)
5/
Wrought products (EXCLUDING FORGINGS)
7075 extrusions 860-880 -W - -W510 2/
-W511 2/
drawn tube 860-880 -W - -
7150 extrusions 880-900 -W -W510 2/
-W511 2/
plate 880-895 -W -W51 2/
7178 sheet 13/ 860-930 -W --
plate 13/ 860-910 -W -- -W51 2/
extrusions 860-880 -W - -W510 2/
-W511 2/
7475 sheet 880-970 W -- --
plate 880-970 W - -
7475 sheet 880-945 -W -- --
Alclad
Forgdings 14/
2014 die forgings 925-945 -W -T4, -T41 -
hand forgings 925-945 -W -T4, -T41 -T452
2018 die forgings 940-970 -W -T4, -T41 -
2024 die & hand 910-930 -W -T4 -T352
forgings
2025 die forgings 950-970 -W -T4 -
2218 die forgings 940-960 -W -T4, -T41 -
2219 die & hand 985-1005 -W -T4 -T352
forgings
2618 die & hand 975-995 -W -T4, -T41 --
forgings
4032 die‘forgings 940-970 -W -T4 -
6053 die forgings 960-980 W T4 -
6061 die & hand 960-1075 -W -T4, -T41 -T452
forgings
rolled rings 960-1025 -W -T4, -T41 -T452
6066 die forgings 960-1010 -W -T4 -
6151 die forgings 950-980 -W -T4 -
rolled rings 950-980 -W -T4 -T452
7049/ die & hand 860-885 -W -- -W52 2/
7149 forgings
7050 die & hand 880-900 -W -- -W52 2/
forgings
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TABLE Il. Solution Heat-Treating Temperatures - Continued

Solution Temper designation
Al Products 1/ heat Immediately After After
oy and limita- treating
tions (metal) after_ na_ltural st_ress
quenching aging 3/ relief 4/
temperature o/
(degrees F)
5/
Forgings 14/
7075 die & hand 860-890 9/ -W -- -W52 2/
forgings
rolled rings 860-890 9/ -W - -W52 2/
7076 die & hand 850-910 -W u --
forgings
7175 die forgings 15/ -W - -
hand forgings 15/ -W - -
Castings (all mold practices) 16/
A201.0 -- 945 - 965 -- -T4 --
18/ followed by
970 - 995
A206.0 -- 945 - 965 -- -T4 --
(206) followed by
18/ 970 - 995
222.0 -- 930 - 960 -- -T4 --
(122)
242.0 - 950 - 980 - -T4, -T41 -
(142)
295.0 - 940 4970 - -T4 -
(195)
296.0 -- 935 - 965 -- -T4 --
(B295.0)
319.0 -- 920 - 950 -- -T4 --
(319)
328.0 -- 950 - 970 -- -T4 --
(Red X-8)
333.0 -- 930 - 950 -- -T4 --
(333)
336.0 = 950 - 970 = -T45 --
(A332.0)
A336.0 -- 940 - 970 -- -T45 --
(A332.0)
354.0 -- 980 - 995 -- -T4 --
(354)
355.0
(355), -- 960 - 995 -- -T4 --
C355.0
356.0 -- -- -T4 --
(356), 980 - 1025
A356.0 -- 12/ -- -T4 --
(A356)
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TABLE Il. Solution Heat-Treating Temperatures - Continued
Solution Temper designation
Products 1/ heat Immediately After After
Alloy and limita- treating
. after natural stress
tions (metal) . . .
quenching aging 3/ relief 4/
temperature o/
(degrees F)
5/
Castings (all mold practices) 16/
357.0 -- -- -T4 --
(357), 980 - 1025
A357.0 -- 12/ -- -T4 --
(A357)
359.0 -- 980 - 1010 -- -4
(359)
520.0 -- 800 - 820 -- -T4 --
(220)
705.0 17/ -- -- -- T1 --
T5 --
707.0 17/ -- -- -- T1 --
712.0 17/ -- 990 - T4 --
-- -- -- T1 --
713.0 17/ -- -- -- T1 --
850.0 17/ -- -- -- T1 --
851.0 17/ -- -- -- T1 --
852.0 17/ -- -- -- T1 --

1/  The term “wirg, rod, and bar” as used hereifi refers to rolled or cold finished wire, rod, and bar. The term “extrusions”
refers to extryded wire, rod, bar, shapes,-and tube.

2/ This temper i$ unstable and generally ot available.

3/ Applies only tp those alloys which.will naturally age to a substantially stable condition. See Table Vll|for natural aging
times.

4/  For rolled or gxtruded products, metal is stress relieved by stretching after quenching, and for forginds, metal is stress
relieved by stfetching“or'compression after quenching.

5/ When a differpncebetween the maximum and minimum temperatures of a range listed herein exceef/s 20 °F, any 20 °F
temperature range (or 30°F range for 6061) within the entire range may be utilized (See 3.5.1.5), proided that no
exclusions or qualifying criteria are cited herein or in the applicable material specification.

6/  Cold working subsequent to solution heat treatment and prior to any precipitation heat treatment is necessary.

7/  Temperatures as low as 900 °F may be used, provided that every heat treat lot is tested to show that the requirements of
the applicable material specification are met, and analysis of test data to show statistic conformance to the specification
limits is available for review.

8/  Maximum temperature for alclad 6061 sheet should not exceed 1000 °F.

9/  Other temperatures may be necessary for certain sections, conditions, and requirements.

10/ It must be recognized that under some conditions melting can occur when heating 7075 alloy above 900 °F and that

caution should be exercised to avoid this problem. In order to minimize diffusion between the cladding and the core,
alclad 7075 sheet in thicknesses of 0.020 inch or less may be solution heat-treated at 850° to 930 °F.
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11/ For plate thicknesses over 4 inches and for rod diameters or bar thicknesses over 4 inches, a maximum temperature of
910 °F is recommended to avoid melting.

12/ Heat treatment above 1010 °F may require an intermediate solution heat treatment of one hour at 1000 - 1010 °F to
prevent eutectic melting of magnesium rich phases.

13/ Under some conditions melting can occur when heating this alloy above 900 degrees F.
14/ Unless otherwise indicated, hand forgings include rolled rings, and die forgings include impacts.

15/ Heat-treating procedures are at present proprietary among producers. At least one such procedure, is patented (U.S.
Patent Number3;791;878)—(See66):

16/ Former comnjercial designation is shown in parentheses.

17/ Unless otheryise specified solution heat treatment is not required. Castings should be quickly'coolefl after shake-out or
stripping from| molds, so as to obtain a fine tin distribution.

18/ In general, product should be soaked for two hours in the range 910-930 °F prior to hgating into the s¢lution heat-treating
range. Other|presolution heat-treating temperature ranges may be necessary forkksome configuratiorjs and sizes.
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TABLE Ill. Re-Solution Heat Treatment of Alclad Alloys

Maximum number of re-solution

Thickness (inch) heat treatments permissible 1/
Under 0.020 0
o020+ o420 1 oal ke |
Over 0.125 2

1/ One additional re-solution heat treatment is permitted\if the
heating rate is sufficiently rapid to keep product in
conformance to 4.6.3.
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TABLE IV. Recommended Soaking Time for Solution Heat
Treatment of Wrought Products
Soaking time (mintues) 1/
Salt bath 3/ Air furnace 4/
(max) (max)
(min) (alclad (min) (alclad
Thickness (inches) 2/ only) 5/ only) 5/
0.016 and under 10 15 20 25
0.017 to 0{020 incl 10 20 20 30
0.021 to 0[032 incl 15 25 25 35
0.033 to 0[063 incl 20 30 30 40
0.064 to 0[.090 incl 25 35 35 45
0.091 to 0[124 incl 30 40 40 50
0.125 to 0[.250 incl 35 45 50 60
0.251 to 0[500 incl 45 55 60 70
0.501 to 1{000 incl 60 70 90 100
1.001 to 11500 incl 90 100 120 130
1.501 to 2,000 incl 105 115 150 160
2.001 to 2[500 incl 120 130 180 190
2.501 to 3[000 incl 135 160 210 220
3.001 to 3500 incl 150 175 240 250
3.501 to 4{000 incl 165 190 270 280
1/ Longer soaking times may be necessary for specific forgings. Shorter soaking times are
satisfagtory whenthe soak time is accurately determined by thermocouples atfached to the
load orlwhen other metal temperature-measuring devices are used.

2/ The thickness is the minimum dimension of the heaviest section.

3/ Soaking time in salt-bath furnaces begins at time of immersion, except when, owing to a heavy
charge, the temperature of the bath drops below the specified minimum; in such cases,
soaking time begins when the bath reaches the specified minimum.

4/ Soaking time in air furnaces begins when all furnace control instruments indicate recovery to
the minimum of the process range.

5/ For alclad metals, the maximum recovery time (time between charging furnace and recovery of
furnace instruments) should not exceed 30 minutes for thicknesses up to 0.050 inch,
60 minutes for 0.050 inch or greater but less than 0.102 inch, and 120 minutes for 0.102 inch or

greater.
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TABLE V. Recommended Soaking Time for Solution Treatment of Cast Alloys

Alloy Soaking Time (hours)
A201.0 (201) 2 at 910 - 930°F
and followed by
A206 0 (’)ﬂR) 2-8 at 945.965

followed by

8-24 at 970-995
222.0 (122) 6 to 18 incl
242.0 (142) 2to 10 incl
295.0 (195) 6 to 18 incl
296.0 (13295.0) 4to 12 incl
319.0 (319) 6 to 18 incl
328.0 12
336.0, 8 hr. then water quench
A336.0 to 150-212 °F
354.0 (354) 10to 12 incl
355.0 (355)
and 6 to 24 incl
C355.0 (C355)
356.0 (356)
and 6 to 24 incl
A356.0 (A356)
357.0 (357)
and 8 to 24 incl
A351:0 (A357)
359.0 (359) 10 to 14 incl
520.0 (220) 18
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TABLE VI. Maximum Quench Delay, (for
Immersion Quenching) 1/

Nominal thickness (inches) Maximum time (seconds) 2/
Up to 0.016 incl 5
o017+ o021 1aal Z
0.032 to 0.090 incl 10
0.091 and over 15

1/ Quench delay time begins when the furnace door starts to opetror when the first corner of
the load emerges from a salt bath, and ends when the last corner of the Ipad is immersed
i the quenchant. With the exception of alloy 2219, thesmaximum quench delay times
nay be exceeded (for examples, with extremely largé‘loads or long lengths) if
performance tests indicate that all portions of theAgad will be above 775 PF when
glienched. For alloy 2219, the maximum quench delay times may be ex¢eeded if
performance tests indicate all parts will be above 900 °F when quenched.

2/ Shorter times than shown may be necessary to ensure that the minimum| temperature of
7178 alloy is above 775 °F when quenched.
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TABLE VIl. Recommended Age-Hardening Heat-Treating Condition

Age-hardening heat Temper
Temper treatment 1/ designation
Alloy before Limitations ) after
aging Metal . Aging indicated
temperature time 2/ 13/
(degrees F) (nouars) treatment
4/
Wrought products (excluding forgings):
2011 -W Room temp. 96 Minimum T4, -T42
-T3 310-330 14 {18
-T4 -- -- I
-T451 - e 1
2014 -W Room temp. 96 Minimum T4, -T42
-T3 flat sheet 310-330 18 {16
-T4, -T42 3/ 340-360 10 {T6, -T62
-T451 3/ 340-360 10 {T651
-T4510 extrusions 340-360 10 {76510
-T4511 extrusions 340-360 10 {76511
2017 -W Room temp. 96 Minimum {T4
-T4 -- -- I
-T451 - - 1
2024 -W Room temp. 96 Minimum T4, -T42
-T3 sheet and.drawn 365-385 12 {T81
tube
-T4 wiré; rod, bar 365-385 12 {T6
-T3 extrusions 365-385 12 {T81
-T36 wire 365-385 8 {1786
-T42 sheet and plate 365-385 9 {1762
-T42 sheet only 365-385 16 {T72
-T42 other than sheet 365-385 16 {1762
and plate
~T351 sheet and plate 365-385 12 {7851
-T361 365-385 8 -T861
-T3510 extrusions 365-385 12 -T8510
-T3511 365-385 12 -T8511
2048 -W Room temp. 96 Minimum -T4, -T42
-T42 sheet and plate 365-385 9 -T62
-T351 365-385 12 -T851
2117 -W wire, rod, bar Room temp. 96 Minimum -T4
and rivets
2124 -W plate Room temp. 96 Minimum -T4, -T42
-T4 365-385 9 -T6
-T42 365-385 9 -T62
-T351 365-385 12 -T851
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TABLE VIl. Recommended Age-Hardening Heat-Treating Condition - Continued

Age-hardening heat Temper
Temper treatment 1/ designation
Alloy before Limitations ) after
aging Metal . Aging indicated
temperature time 2/ 13/ treatment
(degrees F) (hours)
4/
Wrought products (excluding forgings):
2219 -W Room temp. 96 Minimum T4, -T42
-T31 sheet 340-360 18 {181
-T31 extrusions 365-385 18 {781
-T31 rivets 340-360 18 {181
-T37 sheet 315-335 24 {187
-T37 plate 340-360 18 {187
-T42 365-385 36 {162
-T351 340-360 18 {1851
-T351 rod and bar 365-385 18 {1851
-T3510 extrusions 365-385 18 {78510
-T3511 365-385 18 {78511
6010 -W sheet 340-360 8 {16
6013 -W sheet Room temp. 336 {T4
-T4 22/ 365-385 4 {T6
6061 -W Room temp. 96 Minimum T4, -T42
-T1 rods, bar, shapes 340-360 8 {15
and tube,
extruded
-T4 14/ exceptextrusions |310-330 18 {T6
-T451 310-330 18 {T651
-T42 310-330 18 {162
-T4 extrusions 340-360 8 {16
-T42 340-360 8 {162
-T4510 340-360 8 T6510
-T451% 340-360 8 T6511
6063 -W extrusions Room temp. 96 Minimum T4, -T42
=T1 350-370 3 T5, -T52
-T1 415-435 1-2 -T5, -T52
-T4 340-360 8 -T6
-T4 350-370 6 -T6
-T42 340-360 8 -T62
-T42 350-370 6 -T62
-T4510 340-360 8 -T6510
-T4511 340-360 8 -T6511
6066 -W extrusions Room temp. 96 Minimum -T4, -T42
-T4 340-360 8 -T6
-T42 340-360 8 -T62
-T4510 340-360 8 -T6510
-T4511 340-360 8 -T6511
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TABLE VIl. Recommended Age-Hardening Heat-Treating Condition - Continued

Age-hardening heat Temper
Temper treatment 1/ designation
Alloy before Limitations ) after
aging Metal . Aging indicated
temperature time 2/ 13/ treatment
(degrees F) (hours)
4/
Wrought products (excluding forgings):
6262 -W Room temp. 96 Minimum iT4
-T4 wire, rod, bar, 330-350 8 {T6
drawn tube
-T451 330-350 8 {T651
-T4 extrusions 340-360 12 {16
-T4510 340-360 12 {76510
-T4511 340-360 12 {76511
6951 -W Room temp. 96 Minimum T4, -T42
-T4 sheet 310-330 18 {16
-T42 310-330 18 {162
7001 -W extrusions 240-260 24 {T6
-W510 240-260 24 {76510
-W511 240-260 24 {16511
7010 -W51 21/ plate 240-260 6-24 -
plus
330-350 6-15 T7651
240-260 6-24
plus
330-350 9-18 17451 17/
240-260 6-24
plus
330-350 15-24 17351
7039 -W 15/ sheet 165-185 16
plus
310-330 14 {161
-W51 15/ plate 165-185 16
plus
310-330 14 {164
7049, “W51T EXITuSons RoonTtemp: 48 176510,
7149 followed by -T76511
240-260 24
followed by
320-330 12-14
Room temp. 48 -T73510,
followed by -T73511 19/
240-260 24-25
followed by
325-335 12-21
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TABLE VIl. Recommended Age-Hardening Heat-Treating Condition - Continued

Age-hardening heat Temper
Temper treatment 1/ designation
Alloy before Limitations ) after
; Metal Aging I
aging . indicated
temperature time 2/ 13/ treatment
(degrees F) (hours)
4/
Wrought products (excluding forgings):
7050 -W51 8/ plate 240-260 3-6
plus
315-335 12-15 {17651
240-260 3-6
plus
315-335 24-30 {17451 17/
-W510 8/ extrusions 240-260 38
plus
315-335 15-18 {T76510
-W511 8/ 240-260 3-8
plus
315-335 15-18 {T76511
-W 8/ wire, rod, rivets 245-255 4 min.
plus
350-360 8 min. {173
7075 -W 7/ 240-260 24 {76, -T62
-W 5/ 8/ sheet and plate 215-235 6-8
11/ plus
315-335 24-30 {173
-W 8/ 11/ 240-260 3-5
plus
315-335 15-18 {176
-W 6/ 8/ wire, rod, bar 215-235 6-8
11/ plus
340-360 8-10 {173
-W 5/ 8/ extrusions 215-235 6-8
11/ plus
340-360 6-8 {173
W8/ 11/ 240-260 3-5
nlus
B
310-330 18-21 -T76
-W51 5/ plate 215-235 6-8
8/, 11/ plus
315-335 24-30 -T7351
W51 8/ 240-260 3-5
11/ plus
315-335 15-18 -T7651
-W51 10/ 240-260 24 -T651
-W51 6/ wire, rod, bar 215-235 6-8
8/ 11/ plus
340-360 8-10 -T7351
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TABLE VIl. Recommended Age-Hardening Heat-Treating Condition - Continued

Age-hardening heat Temper

Temper treatment 1/ designation
Alloy before Limitations ) after

aging Metal . Aging indicated

temperature time 2/ 13/ treatment

(degrees F) (hours)
4/
Wrought products (excluding forgings):

7075 -W510 7/ extrusions 240-260 24 {76510
-W511 7/ 240-260 24 {76511
-W510 5/ 215-235 6-8
8/ 11/ plus

340-360 6-8 {T73510
-W511 5/ 215-235 6-8
8/ 11/ plus
340-360 6-8 {T73511
-W510 5/ 240-260 3-5
8/ 11/ plus
310-330 18-21 {T76510
-W511 8/ 240-260 3-5
11/ plus
310=330 18-21 {T76511
-T6 8/ sheet 315-335 24-30 {173
-T6 8/ wire, rod, bar 340-360 8-10 {173
-T6 8/ extrusions 340-360 6-8 {173
310-330 18-21 {T76
-T651 8/ plate 315-335 24-30 {17351
315-335 15-18 {17651
-T651 8/ wire; rod, bar 340-360 8-10 {17351
-T6510 8/ extrusions 340-360 6-8 {T73510
310-330 18-21 {T76510
-T6511 8/ 340-360 6-8 {T73511
310-330 18-21 {T76511

7150 W510, extrusions 240-260 8 {T6510,

W11 plus {T6511
310-330 4-6 20/

W51 plate 240-260 24 651
plus
300-320 12

7178 -W 240-260 24 -T6, -T62

-W 8/ 11/ sheet 240-260 3-5

plus

315-335 15-18 -T76
-W 8/ 11/ extrusions 240-260 3-5

plus

310-330 18-21 -T76
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TABLE VIl. Recommended Age-Hardening Heat-Treating Condition - Continued

Age-hardening heat Temper
Temper treatment 1/ designation
Alloy before Limitations ) after
aging Metal . Aging indicated
temperature time 2/ 13/ treatment
(degrees F) (hours)
4/
Wrought products (excluding forgings):
7178 -W51 plate 240-260 24 {T651
-W51 8/ 240-260 3-5
11/ plus
315-335 15-18 {17651
-W510 extrusions 240-260 24 {76510
-W510 8/ 240-260 3-5
11/ plus
310-330 18-21 {T76510
-W511 extrusions 240-260 24 {76511
-W511 8/ 240-260 3-5
11/ followed by.
310-330 18-21 {T76511
7475 -W sheet 240-260 3
followed by
315-325 8-10 {1761
-W51 plate 240-260 24 {T651
7475 -W sheet 250-315 3 {T61
Alclad
Forgings:
2014 -W Room temp. 96 Minimum {T4
-T4 330-350 10 {T6
-T41 340-360 5-14 {161
-T452 hand forgings 330-350 10 {1652
2018 -W die forgings Room temp. 96 Minimum {T4
-T41 die forgings 330-350 10 {161
2024 -W die & hand forgings |Room temp. 96 Minimum {T4
-W52 hand forgings Room temp. 96 Minimum {1352
T4 die & hand forgings |365-385 12 {16
-T352 hand forgings 365-385 12 -T852
2025 -W die forgings Room temp. 96 Minimum -T4
-T4 die forgings 330-350 10 -T6
2218 -W die forgings Room temp. 96 Minimum -T4, -T41
-T4 die forgings 330-350 10 -T61
-T41 die forgings 450-470 6 -T72
2219 -W Room temp. 96 Minimum -T4
-T4 365-385 26 -T6
-T352 hand forgings 340-360 18 -T852
2618 -W Room temp. 96 Minimum -T4
-T41 die forgings 380-400 20 -T61
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TABLE VIl. Recommended Age-Hardening Heat-Treating Condition - Continued

Age-hardening heat Temper
Temper treatment 1/ designation
Alloy before Limitations ) after
; Metal Aging I
aging . indicated
temperature time 2/ 13/ treatment
(degrees F) (hours)
4/
Forgings:
4032 -W die forgings Room temp. 96 Minimum iT4
-T4 die forgings 330-350 10 {16
6053 -W die forgings Room temp. 96 Minimum {T4
-T4 die forgings 330-350 10 {T6
6061 -W die & hand forgings |Room temp. 96 MininYtm {T4
-T41 die & hand forgings |340-360 8 {T61
-T452 rolled rings & hand |340-360 8 {7652
forgings
6066 -W die forgings Room temp. 96 Minimum {T4
-T4 die forgings 340-360 8 {T6
6151 -W die forgings Room tefap. 96 Minimum {T4
-T4 die forgings 330-350 10 {T6
-T452 rolled rings 330-350 10 {1652
7049 -W die & hand forgings Reom temp. 48
-W52 followed by
240-260 24 {173,
followed by {77352
320-330 10-16
7050 -W die forgings 240-260 3-6
plus
340-360 6-12 {174 16/
-W52 hand forgings 240-260 3-6
plus
340-360 6-8 {T7452 18/
7075 -W 240-260 24 {T6
-W 8/ 11/ 215-235 6-8
plus
340-360 8-10 {173
W52 frand forgings 2240-260 24 -T652
-W52 8/ 215-235 6-8
11/ plus
340-360 6-8 -T7352
-W51 rolled rings 215-235 6-8
plus
340-360 6-8 -T7351
-W die & hand forgings |215-235 6-8
plus
340-360 6-8 -T74 16/
7076 -W die & hand forgings |265-285 14 -T6

- 45 -



https://saenorm.com/api/?name=d25c03cb522b0cc2709a832923b93179

AMS-H-6088B SAE AMS-H-6088B

TABLE VIl. Recommended Age-Hardening Heat-Treating Condition - Continued

Age-hardening heat Temper
Temper treatment 1/ designation
Alloy before Limitations ) after
aging Metal . Aging indicated
temperature time 2/ 13/ treatment
(degrees F) (hours)
4/
Forgings:
7149 -W die & hand forgings |Room temp. 48
-W52 240-260 24 {173,
plus {17352
320-340 10-16
7175 -W52 hand forgings 240-260 24 {1652
-W die & hand forgings |215-235 6-8
plus
340-360 6-8 {174 16/
Castings (all mold practices)
201.0 -T4 300-320 10-24 {T6
A201.0 -T4 360-380 5 minimum {17
(201)
A206.0 -T4 3802400 5 minimum {17
(206)
222.0 -F 330-350 16-22 {T551
(122) -T4 380-400 10-12 {161
-T4 330-350 7-9 {T65
242.0 -F 320-350 22-26 {1571
(142) -T41 400-450 1-3 {161
295.0 -T4 300-320 12-20 {162
(195)
296.0 -T4 300-320 1-8 {T6
(B295.0) -T4 490-510 4-6 {17
319.0 -T4 300-320 1-6 {T6
(319)
328.0 -T4 300-320 2-5 {T6
(Red X-8)
333.0 -F 390-410 7-9 {T5
(333) -T4 300-320 2-5 -T6
-T4 490-510 4-6 -T7
336.0 -T45 300-350 14-18 -T65
(A332.0)
354.0 -T41 300-320 10-12 -T61
(354) -T41 330-350 6-10 -T62
355.0 -F 430-450 7-9 -T51
(355) -T4 300-320 1-6 -T6
and -T4 300-320 10-12 -T61
C355.0 -T4 330-350 14-18 -T62
(C355) -T4 430-450 3-5 -T7
-T4 465-485 4-6 -T71
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TABLE VIl. Recommended Age-Hardening Heat-Treating Condition - Continued

Age-hardening heat Temper
Temper treatment 1/ designation
Alloy before Limitations ) after
; Metal Aging I
aging . indicated
temperature time 2/ 13/ treatment
(degrees F) (hours)
4/
Castings (all mold practices)
356.0 -T4
(356) -F 430-450 6-12 {151
and -T4 300-320 1-6 {T6
A356.0 -T4 300-320 6-10 {161
(A356)
357.0
(357)
and -T4 300-340 2512 {T6
A357.0
(357)
359.0 -T4 300-320 8-12 {161
(359) -T41 330-350 6-10 {162
520.0 -T4 300:320 20-12 {161
(220) -T41 330-350 6-10 {162
705.0 -W 200-220 10 {T5
(603) or Room 21 days
temp.
707.0 -F 300-320 3-5 {T5
(607) or Room 21 days
temp.
712.0 -F 345-365 9-11 {T5
(D712.0) or Room 21 days
temp.
-F Room temp. 96 Minimum {T1
713.0 -F 240-260 16 {T5
(613) or Room 21 days
temp.
850.0 -+ 420-440 7-9 {T5
(750)
851.0 -F 420-440 7-9 -T5
(A850.0)
852.0 -F 420-440 7-9 -T5
(B850.0)

1/

2/

3/

To produce the stress-relieved tempers, metal which has been solution heat-treated in accordance with Table Il
(-W temper) must be stretched or compressed as required before aging. In instances where a multiple stage aging
treatment is used, the metal may be, but need not be, removed from the furnace and cooled between aging steps.

The time at temperature will depend on time required for load to reach temperature. The times shown are based on rapid

heating with soaking time measured from the time the load reached the minimum temperature shown.

Alternate treatment of 18 hours at 305 to 330°F may be used for sheet and plate.
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4/

5/

6/
7/

8/

9/
10/

11/

12/
13/

14/
15/
16/
17/
18/
19/
20/
21/
22/

When the interval of the specified temperature range exceeds 20 °F, any 20 °F temperature range (or 30 °F range for
6061) within the entire range may be utilized provided that no exclusions or qualifying criteria are cited herein or in the
applicable material specification.

Alternate treatment of 6 to 8 hours at 215 to 235 °F followed by a second stage of 14 to 18 hours at 325 to 345 °F may be
used providing a heating-up rate of 25 °F per hour is used.

Alternate treatment of 10 to 14 hours at 340 to 360 °F may be used providing a heating-up rate of 25 °F per hour is used.

For extrusions an alternate three-stage treatment comprised of 5 hours at 200 to 220 °F followed by 4 hours at

240 to 260 °F

followed by 4 hours at 290 to 310 °F may be used.

The aging of dluminum alloys 7049, 7050, 7075, and 7178 from any temper to the T7 type tempers re(Luires closer control
on aging practice variables such as time, temperature, heating-up rates, etc, for any given itemJ-ln’ad
when re-aging material in the T6 temper series to the T7 type temper series, the specific cendition of
material (such as its property level and other effects of processing variables) is extremelydmportant 3

capability of t
Old or former

For plate, an
be used.

With respect 1
granted to thg
by the patent
under these g

A heating-up

The 96-hour

aging is to be
aging (96 hod
or -T62 tempe

An alternate t
A heating-up
Formerly desi
Formerly des
Formerly des

Longer times

he re-aged material to conform to requirements specified for the applicableZT7 type tem
commercial designation is shown in parentheses.

hiternate treatment of 4 hours at 195 to 215 °F followed by a second stage of 8 hours a

0 -T73,-T7351, -T73510, -T73511, -T7352, -T76, -T76520, and -T76511 tempers, a lic

public under U.S. Patent 3,198,676 and these timestand temperatures are those gene
holder. Counterpart patents exist in several countries other than the United States. Lig
ounterpart patents should be obtained from the ‘patent holder.

ate of 50 to 75 °F per hour is recommendegd:

hinimum aging time required for each alloy listed with temper designation W is not nece
employed to obtain tempers other than'that derived from room temperature aging. (Fo

r)

eatment comprised of 8 hours at 350 °F also may be used.
Fate of 35 °F per hour.from 135 °F is recommended.
gnated as T736 temper.

gnated as 773651 temper.

gnated as T73652 temper.

are to be used with section thicknesses less than 2 inches.

dition to the above,
the T6 temper

nd will affect the
pers.

305 to 325 °F may

ense has been
rally recommended
enses to operate

ssary if artificial
r example, natural

rs) to achieve the -T4 or -T42 temper for 2014 alloy is not necessary prior to artificial aging to obtain a -T6

Soak time of 4 hours for extrusions with leg thickness less than 0.8 inch and 6 hours for extrusions having thicker legs.

An alternative treatment is to omit the first stage and heat at a rate no greater than 36 °F/hour.

Doesn't require the 14-day room temperature age.

- 48 -



https://saenorm.com/api/?name=d25c03cb522b0cc2709a832923b93179

AMS-H-6088B SAE AMS-H-6088B
TABLE VIII. Test Requirements for Periodic Monitoring
. Inter- Tests Melting
Mechanical e and
. . granular Diffusion
Material properties . hydrogen
corrosion (alclad .
i) o 2 porosity

r-) Ul Il_y} 5/
Plate,
sheet
and
extrusions X X 3/ X 4/ X
Castings X - -£ --
Bar, rod
and wire X X 3/ -- X
Forgings X - -- X
Tubing X - X X
Rivets &
fastener
components X X -- X

1/ Those gpecified jd\the applicable material specification.
2/ Applicable ofily'to bare or alclad 2XXX series (unaged) and 7XXX alloy series.
hrthieks

3/ Requir e U||=y for-metatunder6-256-neh-t
4/ Not required for metal under 0.020 inch thick.

5/ Melting and hydrogen porosity resulting from solution heat treatment.
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