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(R) Heat Treatment of Aluminum Alloy Raw Materials
1. SCOPE:
1.1 Purpose:

This specificgtion covers requirements and recommendations for the:heat treatment of wrought
aluminum allpy raw materials (See 8.2.1). ltis intended to replace AMS-H-6088 and MIL-H-6088.

1.1.1 Tempers: Aluminum alloy tempers are described in SAE AS1990 and ANSI H35.1.

1.1.2 Other Alloyk: This specification may be used for alloys other than those specified|herein providing
temperatures, times, and quenchant are specified.

1.1.3 Other Heat|Treatment:

1.1.3.1 Parts (Sef 8.2.2): Made from wroughtraw material shall be heat treated in accgrdance with
AMS 277D.

1.1.3.2 Castings pnd Parts Made from:Castings: Castings are not covered within this specification; heat
treatment of castings is covered by AMS 2771.

1.1.3.3 Responsg-to-Heat-Tréatment Tests: Procedure for heat treatment of samples by material
producerg and forge,shops (for example, heat treatment of -0 or -F temper matgrial to
-T42 or -162 temper) shall include conformance, for the alloys and forms listed,| with the
mandatory selution heat treatment temperatures in Table 1, Note 6, and the mandatory aging
temperatgres‘and times in Table 4, Note 5.

2. APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue in
effect on the date of the purchase order.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright 1999 Society of Automotive Engineers, Inc.

All rights reserved. Printed in U.S.A.
QUESTIONS REGARDING THIS DOCUMENT: (724) 772-7154 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER: (724) 776-4970 FAX: (724) 776-0790

SAE WEB ADDRESS: http://www.sae.org
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2.1

2.2

2.3

24

SAE Publicat

ions:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 2750
AMS 2770
AMS 2771
AMS-H-6088

AS1990

ASTM Public

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken,/PA 19428-2959.

ASTM B 557
ASTM B 557]

ASTM E 1004
ASTM G 110
U.S. Governr

Available fron
Philadelphia,

MIL-H-6088
MIL-STD-153

ANSI Publications:

Pyrometry
Heat Treatment of Wrought Aluminum Alloy Parts

Heat Treatment of Aluminum Alloy Castings
Heat Treatment of Aluminum. Alln\l/c

Aluminum Alloy Tempers

ations:

I Tension Testing Wrought and Cast Aluminudm- and Magnesium-Allg
(Metric)
|l Electromagnetic (Eddy-Current) Measurements of Electrical Condu
Evaluating Intergranular Corrosion Resistance of Heat Treatable A
by Immersion in Sodium Chloride’# Hydrogen Peroxide Solution

hent Publications:

n DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Av
PA 19111-5094.

Heat Treatment-of Aluminum Alloys
7 Electrical Conductivity Test for Verification of Heat Treatment of AlU
Eddy Carrent Method

Available fro

Tension Testing Wrought and Cast Aluminumsand Magnesium-Allgy Products

y Products

ctivity
uminum Alloys

enue,

minum Alloys,

h AI\IQI, 11 \\est 42nd Qtrnnt, New Vnrlz, NY_10036-8002

ANSI H35.1

American National Standard Alloy and Temper Designation Systems for Aluminum

3. TECHNICAL REQUIREMENTS:

3.1

Equipment:
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3.1.1 Pyrometry: Shall conform to AMS 2750 except (1) it is not applicable to furnaces used only for
stress relieving or full annealing below 825 °F (441 °C), (2) recordings from instruments may be
stored on magnetic or optical media providing a hard copy is available on request, (3) in continuous
and semi-continuous furnaces, the requirements applicable to controls, instruments, and sensors

in the working (soaking) zone shall also be applicable to the heating (heat-up) zon

e and (4)

temperature uniformity test requirements of AMS 2750 shall be modified as follows:

3.1.1.1 Load Co

tion furnaces not

previously so tested, such a test shall be performed within six months of AMS2[72B publication.

3.1.1.2 Load Senjsors: When all production loads are heavy (See 8.2.8) and a temperafure uniformity
test load is heavy, load sensors may be used at the specified locations?in lieu df the required

uniformity] test sensors.

3.1.1.3 Loaded Furnaces: During the heat-up portion of uniformity tests performed on g

loaded batch

furnace apd during the period that a load is in the heating(heat-up) zone(s) of gontinuous and
semi-confinuous furnaces, the temperature of the heatifig medium may exceed|the maximum of

the range|being surveyed providing that the metal temperature does not exceed

that maximum.

3.1.1.4 Uniformity Requirements: After establishment of thermal equilibrium or a recurrént temperature

pattern, the temperature of all working and test sensors in the working (soaking

zone shall be

within the|following allowable ranges (these-ranges supersede the = temperatuie tolerances

specified |n AMS 2750):

3.1.1.4.1 50F (28 C) degrees for furnaceS used only for full annealing at 825 °F (441 °C) and higher
except 20 F (11 C) degrees if within 15 F (8 C) degrees of the middle of the s¢lution heat

treating|temperature range.

3.1.1.4.2 30F (17 C) degrees.for-furnaces used only for solution heat treatment of thoge 6xxx alloys for

which Table 1 specifies a range of 30 F (17 C) degrees or more.

3.1.1.4.3 20 F (11 C) degrees for furnaces used for other solution heat treatment, any 3

ging heat

treatmept-and processing to the -01 temper within the Table 1 temperature rapge.

3.1.2 Heating Media: Shall be air, protective atmosphere, combusted gases, molten salt
fluidized bed. Use of solution heat treating furnaces in which the products of com

bath, oil bath, or
bustion or

protective atmosphere contact the product is limited to alloys and forms which have been
demonstrated by test, in accordance with 4.5.1, to be free from porosity caused by the products of
combustion or the protective atmosphere. Composition and maintenance of salt baths and

fluidized beds shall be maintained to prevent attack of the product.

3.2 Preparation for Heat Treatment:

3.2.1 Cleanliness: Prior to heat treating, product shall be free from surface contaminants which might

have a detrimental effect.
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3.2.2 Racking and Spacing: Product shall be supported or hung and spaced to permit flow of the heating
and cooling media over all surfaces to ensure that all product will meet the specified requirements.
Load arrangement shall be validated by heat treatment of a similarly arranged load (See 8.2.9)
containing one or more appropriately placed load sensors which showed that all product will be
soaked within the specified range for a time which has been previously shown, by tensile tests, to
produce the specified properties (not required for load arrangements which have been previously

validated in accordance with MIL-H-6088). Written instructions, drawings, photographs, etc. shall
be used to ensure proper load arrangements

3.2.2.1 Thin Forgjngs: Random racking or layering of forgings, 1-inch (25-mm) apd under in thickness
(See 8.1.3), is permissible for solution heat treating which includes immersion guenching, aging,
and annegling providing product so racked has been demonstrated by test to mieet the specified
requiremegnts. Layer thickness shall not exceed three inches (76 nim) and distgnce between
layers shall be at least three inches (76 mm) (not required for load arrangements which have
been previously validated in accordance with MIL-H-6088).

3.3 Furnace Temperature:

Shall be contfolled so as to ensure that the metal tempé&rature does not exceed the|maximum of the
range.

3.3.1 When aload is charged into a batch furnacewhose indicated temperature is highler than the
maximum df the specified range, a recording load sensor, in contact with the thinpest material on
the outside [of the load, shall be used te yerify that the metal temperature did not ¢xceed the
maximum gf the range.

3.4 Solution Hea{ Treatment:

Product shall[pe soaked within the temperature range specified in Table 1 and quenghed as specified
in 3.4.2.

3.4.1 Soaking Time: After furnace instrument(s) (or the load if load sensors are used) has reached the

minimum of therequired solution heat treating temperature range, the product shpll be soaked
within that temperature range for sufficient-time toensure dn\lnlnpmnnt of epnr‘ifin properties after

aging. Recommended soaking times are listed in Table 2.

3.4.1.1 Soaking time shall be based on tests, of the load arrangement, or a similar load arrangement,
(See 8.2.9) containing one or more appropriately placed load sensors, which showed that all
product in the load will be soaked within the specified temperature range for a time which has
been previously shown, by tensile tests, to produce the specified properties (not required for
soaking times which have been previously validated in accordance with MIL-H-6088).
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3.4.1.2 During soaking in a semi-continuous air furnace, a drop in temperature indicated by furnace

instrumen

t(s) is permissible providing that:

3.4.1.2.1 Temperature does not drop more than 20 F (11 C) degrees below the minimum of the specified

3.4.1.2.

3.4.1.2.

3.4.1.2.

3.4.2

34.2.1

3.4.2.2

range.

2

Time below the minimum of the specified range does not exceed five minutes.

3 Soaking

4 If furnad
specifie
the total
one-hal
one hou

Quenching:
forms of 2x
or, in a suita
shall be wa
polymer. T

concentrati
Agitation of
sufficient to
immersion

allowable g
7xxx sheet,
intergranule

H range, but does not recover to the minimum of the specified fange wi

is continued for not less than 10 minutes after recovery before queng
e temperature does not drop more than 20 F (11 C) degrees below the
soaking time, if less than one hour was required, shall beyincreased
hour. If one hour or more was required the total soakifg time shall b

r.

2xxx and 7xxx alloy forgings shall be quenchéd by immersion. Quen
x and 7xxx alloys and all forms of other alloys shall be by immersion,

hing.

b minimum of the
hin five minutes,

y
b increased by

ching of other
spray (See 4.3)

ble chamber, by air blast. (See 8.2.6.) Quenchant for immersion and
er or an aqueous solution of a residual stress/distortion reducing addi

Spray quenching
ive, e.g.,

ne additive, concentrations and temperatures used shall be supported| by analysis of
data verifying that the specified properties are‘achieved after aging (not required for
bns/temperatures/times previously valid in accordance with MIL-H-608B or AMS 2770).
guenchant and/or product,uenchant temperature, velocity, and distrjbution shall be

ensure that all product wilFmeet specified requirements after aging.

uench delay for

juenching shall conform to Table 3. For air blast and spray quenching, maximum

lench delays shall-be'established based on tests of tensile properties
wire and extrusion‘under 0.250 inches (6.35 mm) thick, tests for susc
r corrosion (See 4.5.2).

Product h

polymer ghall ke rinsed as necessary to ensure that it will be free from corrosior
foreign materials.

at treated’in salt bath furnaces and product quenched in an aqueous

nd, for 2xxx and
eptibility to

solution of
and detrimental

Quenchant Control:

3.4.2.2.1 Forgings and Impact Extrusions: If the quenchant is water or an aqueous solution of a non-
polymer additive, the quenchant temperature should be 140 to 180 °F (60 to 82 °C) for 2014
and 2024 alloys and 140 to 160 °F (60 to 71 °C) for other alloys except that when final temper
is T41 or T61, quenching shall be by immersion in boiling water. If the quenchant is a solution
of polymer in water, the quenchant temperature shall not exceed 130 °F (54 °C) at the
completion of the quench.
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3.4.2.2.2

3.4.2.2.3

3.4.2.2.4

3.4.2.2.5

3.4.3 Restrictions

3.43.1

3.4.3.2

3.4.3.3

3.4.34

Immersion Quenching of Other Forms of 2xxx and 7xxx Alloys: If the quenchant is water or an

aqueous solution of a non-polymer additive, the quenchant temperature shall
100 °F (38 °C) at the start of quench and 110 °F (43 °C) at the completion of t

not exceed
he quench (See

3.4.2.2.4). If the quenchant is an aqueous solution of polymer, the quenchant temperature

shall not exceed 130 °F (54 °C) at the completion of the quench.

Salt Contamination in Aqueous Solutions of Additives: When an agueous solu

tion of additive is
tion shall not

used fo qnnnr‘hing prndllr‘f heat treated in a salt bath furnace salt contamin

exceed [6% by weight.

Immers
inthe g
0.250 in
two min
after bo

on Quench Completion: Product under 0.250 inch (6.35 mm)qn thickn
lenchant until boiling emanating from the product (not the rack) cease
ch (6.35 mm) and over in thickness shall remain in the gquenchant for
utes per inch (25 mm) of thickness, or fraction thereofr for not less t
ling ceases.

ess shall remain
s. Product

not less than
han two minutes

Other Quench Completion: Product quenched by spray. or air blast shall remajn in contact with

the quepchant until surface temperature of the produet is below the boiling po

on Alclad Products:

Heat-Up
temperatd
60 minutg
thicker sh

[ime: The time required for sheet'material to reach the minimum of thg
re range shall not exceed 30 minutes for thicknesses up to 0.049 incH
s for thicknesses from 0.050;t0 0.101 inch (1.27 to 2.57 mm), and 12(
eet.

The soaking time required, teensure all lots will develop specified properties aft

nt of water.

e specified
(1.24 mm),
minutes for

br aging, shall be

establishgd for each alloy/thickness. The total soaking time used for any lot (sipgle or multiple

solution h
will meet the requiretrents of the material specification.

Re-solutign Heat Treatment: The number of re-solution heat treatments of alcla

alloy produets/shall be restricted to not more than one re-solution heat treatmer
i i gat treatments for

from 0.020-ta-0

at treatments). should be limited to the minimum necessary to ensurg

that the product

0 2xxx and 7Xxxx
t for thicknesses

thicknesses over 0.125 inch (3.18 mm); product thinner than 0.020 inch (0.51 mm) shall not be

reheat treated.

The restrictions of 3.4.3.1, 3.4.3.2 and 3.4.3.3 are not applicable to any lot of product which is
tested to ensure conformance to the alclad thickness requirement of the material specification.

3.5 Aging:

Temperatures and times are shown in Table 4. Alternate temperatures and times may be used
provided the aged material meets the specified requirements.
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3.6 Temper Conversion:

3.6.1 When a warehouse, distributor or similar organization converts raw material to a different temper in
accordance with this specification or AMS-H-6088 or MIL-H-6088, the following provisions shall

apply:

3.6.1.1 The heat treatment shall conform to the technical requirements and quality assurance provisions

of AMS 2

70

3.6.1.2 The conv
material S

3.6.1.3 Any origin
ASTM B6
records s

3.6.1.4 The report to the purchaser shall include certification of.eonversion to the new t

conversio
mill certifi

3.7 Annealing:

Recommends
3.7.1 1XXX, 3XXX,
3.7.2 3003 Alloy:

3.7.3 2xxx and 6
rate of 50 F

3.7.4 6013 Alloy:
hour or slov

prted product shall be tested in accordance with the requirements, of tt
pecification.

al mill marks shall be removed and the product shall be rezdentified in

£6/B666M; the new identification shall ensure traceability to the wareh
nowing the original producer, the lot number and th&/converting organ

n heat treatment procedure, the test results*for the converted product
Cation.

bd times, temperatures, and cdoling procedures are as follows:
and 5xxx Series Alloys Except 3003: Heat to 650 °F (343 °C); cooling
Heat to 775 °F (413:%C); cooling rate optional.

xx Series Alloys Except 6013: Soak for two to three hours at 760 °F (
(28 C) degrees per hour or slower to 500 °F (260 °C); further cooling

Soak’for two to three hours at 775 °F (413 °C); cool at rate of 50 F (2
ver 10°500 °F (260 °C); further cooling rate optional.

e applicable

accordance with
puse/distributor’s
zation.

emper, the
and the original

rate optional.

104 °C); cool at
rate optional.

B C) degrees per

3.7.5 7xxx Series Alloys: Soak for two to three hours at 760 °F (404 °C); cool to 400 °F (204 °C) or lower,
reheat to 450 °F (232 °C), and soak for four hours; cooling rate optional.

3.8 Processing to -01 Temper:

Should consist of heating product to the temperature shown in Table 1 followed by an air cool.
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4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection:

4.2 Records:

42.1

4.2.2

4.3 Testing and Ipspection of Air Blast, Spray and Immersion Quenehing Equipment:

43.1

4.3.2

43.2.1

Inspectionjand Tests: Records of all inspections and tests shall be kept availallg
ter the inspection or test.

five years

Production:
guenchant
years after

Effectivene
installation
effectivenes
could reduc
testing shot
size changs

Uniformity ¢
conductivity
accordance
conductivity
examples o
change, reg
guenchant

In additio

Records of all applicable production parameters, e.g., racking, time, t

heat treatment.

5s of Quench (See 4.3.7 and 8.4): Shall be demonstrated by tensile te
not required for equipment previously qualified in accordance with Ml
s of quench shall also be demonstratedby tensile tests after any mog
e the quenching effectiveness. Some examples of modifications for w|
Id be evaluated are nozzle size change, reduction of spacing between
, pump size change, and quenchant change.

f Conductivity of Production Material (See 4.3.6 and 8.4): Shall be de
with MIL-H-6088)-The uniformity of conductivity shall also be demor
f modificationS-for which the need for testing should be evaluated are
uction of spacing between pieces, manifold size change, pump size ¢

change:

N, the uniformity of conductivity shall be tested (1) weekly for spray an

The producer is responsible for the performance of all inspections and specified tests.

for review for

Emperature,

emperature and pressure, and quench delay shall be kept-available for review for five

Sts upon initial
| -H-6088). The
ification which
hich the need for
pieces, manifold

monstrated by

tests upon initial installation (not required for equipment previously quialified in

strated by

tests after anymodification which could reduce the quenching uniforfity. Some

nozzle size
hange, and

i air blast

guenchin

1 and (2) monthlv for immersion qlmnr‘hing
<7 Y

4.3.2.2 Uniformity of conductivity tests are not required for equipment used exclusively for quenching of
(1) sheet, (2) wire, rod and round tube under 0.750 inch (19 mm) diameter or (3) all forms of 6xxx

alloys.

4.3.3 Pressure or Flow: Shall be inspected and recorded daily during production to ensure proper

operation.
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4.3.4 Alternate Inspection: In lieu of the periodic uniformity of conductivity test (4.3.2.1) and the daily
pressure or flow inspection (4.3.3), it is permissible to substitute the following:

4.3.4.1 Daily Inspection: During production, quenchant flow rate, plus flow direction if variable, shall be
inspected daily to ensure that they remain consistent with those conditions at the time of a
previous uniformity of conductivity test. A daily record of the observed values shall be
maintained. Flow rate for air blast quenchlng shall be measured by fan rpm or equivalent; flow

rate for s

y measurement of nozzle output pressure or equivalent; flow rate far
guenching shall be measured by flow meters, pump or propeller rpm or eguivalg

spray or

direction

4.3.5 Load Selec
(See 8.4), §
shall be sel

4.3.5.1 Alloy Selsg
order of quench sensitivity as follows: (1) 7x75 or 2x24; (2) other 7xxx.

4.3.5.2

4.3.5.3

4.3.5.4

4.3.6 Procedure

Alloy Selg
preferenc

Thickness
available
include thE
solution h

Thickness
the week

q

$hall be inspected visually.

ion and Configuration: A load of sheet(s), plate(s), forgings, extrusion
ufficiently large to evaluate the entire quench facility and conforming t
bcted and quenched in the equipment:

ction for Conductivity Test Loads: Order of preference shall be in accq

ction for Tensile Test Loads: Shall be_in‘accordance with the following
P (1) 7X75, (2) 7xxX, (3) 2xxx, (4) ather.

for Conductivity Test Loads: Shall be the maximum thickness (of the
pn the day of selection for.test, except that testing during each calend
thickest material of the most quench-sensitive alloy (See 4.3.5.1) of
at treated during that'quarter.

for Tensile Test'Loads: Shall be the maximum (of the alloy selected)
of selection for.test.

ction of nozzle
mmersion
pnt. Flow

5, rods, or bars
D the following,

rdance with the

order of

alloy selected)
ar quarter, shall
each form

Available during

or Conductivity Tests: The electrical conductivity of the product or sa

the -W, -T3] or -T4 temper shall be measured, before or after stretching, compre
straighteni g iniaccordance with ASTM E 1004 usmg equment calibrated in acdordance with

ple (See 8.4) in
Sing, forming or

room temperature aging have elapsed
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4.3.6.1

4.3.6.2

4.3.6.3

4.3.6.4

4.3.6.5

4.3.6.6

Immersion Quenched Loads: Measurements shall be made on one piece, selected at random, or
10% of the pieces, selected at random, whichever is greater. In lieu of 10%, the number of
pieces selected at random may be equal to the following:

(a) If the load arrangement is equiaxed, the number of pieces in a plane at, or adjacent to, the
center of the load, e.g., 12 pieces from a load arrangement of 12 x 12.

0 perpendicular

(b) If the
plane

6 x 24.

Air Blast

Plate - Lo
inch (102
along the
be tested
Measurer
(25 mm) s
(1.8 m) of

Extrusion
pieces sh
maximum
around th
length. F
for non-cg

Forgings
surfaces
precluded

Acceptan

oad nrrnngnmnnr is_not nqlli;\ypd1 the average number of Inior‘pf: TalAY)

5 at or adjacent to the center of the load, e.g., 15 pieces from a load@

ind Spray Quenched Loads: Measurements shall be made e all piec

cation of Measurements: Measurements shall be made,on both sides
mm) maximum intervals across the width and 24-ine¢h (610-mm) max

For non-continuously quenched product thesentire product shall be t
nent locations for each successive traverse ‘aefoss the width shall be g
0 as to test one inch (25 mm) incrementsiacross the width over each
length.

5, Rod and Bar - Location of Measurements: Randomly selected, imm
all be arranged in a single plarie’ Measurements shall be made at 12
intervals across the width ofthe load or plane, two-inch (51-mm) max
e product section periméter, and 24-inch (610-mm) maximum intervals
Dr continuously quenched product, a minimum length of 12 feet (3.7 m
ntinuously quenched product, the entire product shall be tested.

Location of Measurements: When possible, spacing between test log
f forgings<hall be 2 inches (51 mm) or less; when 2-inch (51-mm) sp|
by the foerging configuration, spacing shall be the minimum possible.

[rangement of

bs in the load.

(faces) at four-
mum intervals

length. For continuously quenched product, a minimum length of 12 feet (3.7 m) shall

bsted.
ffset by one inch
72 inches

ersion quenched
inch (305-mm)
imum intervals
5 along the

shall be tested,

ations on the
acing is

Ce-Criteria: The range of the conductivity on one S|de (face) of any pla

exceed 215

e shall not
elrange of

conductivity of any forglng extrusion, rod, or bar shaII not exceed 4% IACS (2.32 MS/m IACS)
overall, but shall not exceed 3% IACS (1.74 MS/m IACS) on any one element (flange, web, etc.).
In addition, the conductivity of any 4-inch (102-mm) or thinner 7075 alloy product shall not
exceed the following: 31% IACS (17.98 MS/m IACS) for plate; 32% IACS (18.56 MS/m IACS) for
forgings, extrusion, rod, or bar.

-10 -
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4.3.7 Procedure for Tensile Tests: Tensile specimens (full thickness or located at the T/2 or T/4 depth as
required by the material specification), excised from the product or sample (See 8.4) before or after
aging to the final temper, shall be tested in accordance with ASTM B 557 or ASTM B 557M. The
specimen locations shall be:

4.3.7.1 Immersion Quenched Loads: Specimens shall be taken from one piece, from a random location
in the load, or 10% of the pieces, from random locations in the load, whichever is greater. In lieu

of 10%, th

e number of pipr‘nc may. bhe nqll;\l to.one of the fnllnwing'

(a) If the
cente

(b) If the

planes at or adjacent to the center of the load, e.g., 15 piecesfrom a load a
6 x 24.

4.3.7.1.1 Sheet(s

equally{spaced locations across the width, of the load’selected, but not closer
(152 mm) nor more than 9 inches (229 mm) from.the edge of the load.

4.3.7.1.2 Extrusid

4.3.7.1.3 Forgingp: Specimens shall be taken from each of the pieces selected.

4.3.7.1.4 Addition
exhibite
shall be

4.3.7.2 Air Blast 4
4.3.7.2.1 Continu

equally
nor mor

oad arrangement is equiaxed, the number of pieces in a plane at, or g
of the load, e.g., 12 pieces from a load arrangement of 12 x 42.

oad arrangement is not equiaxed, the average number obpieces in tw

or Plate(s): Specimens shall be taken at bothrends and the mid-leng

ns, Rods or Bars: Specimens shalldg taken at both ends of the piece

al Specimen: At least one'of the above specimens shall represent a |
d the highest conductivity in the most recent conductivity test or an adg
taken to represent.such a location.

ind Spray Quénched Loads:
pusly Quenched Sheet(s) or Plate(s): Specimens shall be taken at bot

spacédiocations across the width, of the load, but not closer than 6 in
e than 9 inches (229 mm) from the edge of the load.

djacent to, the

0 perpendicular
[rangement of

th, from four
than 6 inches

s selected.

pcation which
itional specimen

n ends, from four
ches (152 mm)

4.3.7.2.2 Non-Continuously Quenched Sheet(s) or Plate(s): Specimens shall be taken at both ends and
the mid-length, from four equally-spaced locations across the width, of the load, but not closer
than 6 inches (152 mm) nor more than 9 inches (229 mm) from the edge of the load.

4.3.7.2.3 Extrusions, Rods or Bars: Specimens shall be taken at both ends, at 6 to 12-inch
(152 to 305-mm) intervals across the width, of the load.

4.3.7.2.4 Forgings: Specimens shall be taken at both ends and the mid-length of the load, at 6 to 12-inch
(152 to 305-mm) intervals across the width, of the load.
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4.3.7.3 Tensile Properties: Shall meet specified requirements.

4.4 Metallurgical Testing:

The following tests shall be performed on production product from each solution heat treating
furnace initially and monthly thereafter and after any modification of the equipment which could affect
the metallurgical properties of the product.

44.1

4.4.2

45 Test Methods

45.1

45.2

45.2.1

45.2.2

45.2.3

Porosity an
clad shall b
shall be tes
the thinnest
forging) sha

Intergranule
thickest (un
month (Seg
based on al
order of preg
required if 3

Heat Treat
heat treateq
and after et
multiple voi
and (2) eutg

Intergranule
with ASTM

Specimer
except, fo

l Eutectic Melting: A sample representative of the thinnest 2xxx or-7x
b used for porosity testing) heat treated during the previous calendarn
[

ed in accordance with 4.5.1. If sheet was not heat treated, acsample
product of an alternate form (order of preference: tube, extrusion, wir
Il be tested.

\r Corrosion Susceptibility of Sheet, Wire, or Extrusign: A sample repr
der 0.250 inch (6.35 mm)) product solution heattreated during the prg
8.2.4) shall be tested in accordance with 4.5:2. Primary order of pref
oy/temper as follows: (1) 2xxx in -T3 or -T4<emper, (2) 7xxx in -T6 ten
ference shall be based on form as follows:~(1) sheet, (2) extrusion, (3
xxXx-T3 or -T4 or 7xxx-T6 in the above, categories was not solution he

and Acceptance Criteria:

nduced Porosity and Eutectic Melting: One or more specimens taken
sample(s) shall be sectioned, polished, and examined at 500X magn
Ching. The specimen(s) shall be free from (1) heat treat induced poros
Is in grain boundaries near the surface which are visible in more than t
pctic melting, evidenced by rosettes or eutectic structure at grain boun

\r CorrosionSusceptibility: The sample shall be prepared and tested i
G 110 medified as follows:

x sheet (non-

onth (See 8.2.4)
epresentative of
b, rod, bar, plate,

psentative of the
vious calendar
erence shall be
nper. Secondary
wire. No testis
At treated.

from the solution
ification before

ity, evidenced by
wo fields of view,
dary triple points.

N accordance

surface area shall be not less than 4 square inches (25.8 sq cm) (su1n

of both sides)

Removal of cladding may be confirmed by either examination of specimen surfaces or
microscopic examination of metallographic cross sections.

After immersion in the etching cleaner and nitric acid, the specimen shall be rinsed in water and

either (1)

air dried or (2) immersed in the test solution.
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4.6 Test Failures;

46.1

sample (8
experieng

If, due to a deg
requirements
material spec
corrected ang

In addition,
possible eff
shall be doq
engineers,
PREPARATION
Not applicable.
ACKNOWLED(
Not applicable.

REJECTIONS:

nd-grain attack shall be disregarded) shall be no greater than that-noj
ed when following the requirements and recommendations of thiS spe

ficiency of heat treatment equipment, (1) any valid testfails to meet s
or (2) any valid test (after retesting, if permitted) fails to meet a requi
ification, the equipment shall not be used for preduction until the caus
the test has been performed successfully.

the quality assurance organization responsible for the equipment sha
bcts of the failure on product processed'since the last successful test.
umented and, where necessary, shall' include consultation with metal
hnd purchasers. Appropriate corrective action shall be taken and doc

| FOR DELIVERY:

SMENT:

AMS 2772B SAE AMS 2772B
4.5.2.4 The immersion period in the test solution shall be six to seven hours.
45.2.5 After exposure in the test solution, corrosion products shall be removed by simultaneously rinsing
in running water and brushing with a soft bristle brush.
4.5.2.6 Metallographic examination shall be between 200 and 500X magnification.
4.5.2.7 The degreeof susceptibility ta intergranular corrasion exhibited by the major surfaces of the

mally
cification.

becified
ement of the
e has been

| evaluate

The evaluation
urgists,
imented.

Not applicable.
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8. NOTES:

8.1

The change bar (1) located in the left margin is for the convenience of the user in locating 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 revision of the
specification.

8.2 Terms used intAMS_are clarified in ARP1917 and as follows:

8.2.1

8.2.2

8.2.3

8.2.4

8.2.5

8.2.6

8.2.7

8.2.8

8.2.9

Raw Materi
heat or lot 1
material prg
conformang

Parts: Usug

requirements of a drawing, and are usually tested by nondestructive techniques @

heat treated

or heat treatment specification. At the time of heat treatment, they may resemble

Thickness:

Samples fo
material sp§

Mandatory
“should”, “n

Press Quer
specificatio

Forms: “Fo
e.g., wire, r

al (e.g., sheet, plate, wire, rod and bar, forgings, extrusions): Usdally i

ducer, in accordance with a material specification which may-require,
e to a heat treating specification.

lly are identified by a part number, are produced from raw material in

by or for a fabricator, in accordance with a drawing, purchase order,

Thickness of forgings and extrusions js the minimum dimension of the

" Metallurgical Tests: May be taken‘from remnants of samples taken in
pcification requirements.

and Non-Mandatory Pravisions: The word “shall” identifies mandatory
ay”, and “recommended” identify non-mandatory provisions.

ching: As a substjtute for the quenching specified herein, is not cover
.

gings” iicludes die and hand forgings and rolled rings. “Extrusions” in
bd and bar, profiles (shapes), and tubes.

Heavy Load

5 identified by a

umber and is usually tested destructively for acceptance. It is)heat tr¢ated, by or for a

by reference,

accordance with
nly. They are
abrication order,
raw material.
heaviest section.

accordance with

provisions;

ed by this

cludes all forms,

* Aload.is hna\l\ll ifthe volume of the pinr‘nc inthe load is maore than 10

% of the volume

of all working (soaking) zones.

Similar Load Arrangement: A load arrangement in which all pieces will have heating and cooling
rates similar to, or faster than, the pieces in the previously validated load arrangement may be
considered similar. An example of a similar load arrangement is one in which the thickness of the
pieces is similar to or less than, and the space between the pieces is similar to or greater than, the

pieces in the

previously validated load.
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8.3

8.4

Mandatory solution heat treatment temperatures (Table 1, Note 6) and mandatory aging
temperatures and times (Table 4, Note 5) for response-to-heat-treatment tests are the same as those
of AMS 2770. These tests are intended to ensure that the material, in the as-produced condition
(prior to any additional processing) has the capability to respond to a heat treatment using the
temperatures and times specified.

To avoid destruction of production material for quench effectiveness tensile tests and to avoid
production delaysresulting from quench uniformity conductivity tests it is permissihle to insert
sample matetfial, of the same alloy/form/thickness, in the load. When samples areyused for quench
effectivenessijtests, their length and width must be at least 3 times their thickness.

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE “D” AND “AMEC”
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TABLE 1 - Solution Heat Treating Temperatures
Temperature Temperature Temperature Temperature

Product Form 1)(2)(6) 1)(2)(6) Product Form (1)(2)(6) 1)(2)(6)

Alloy (See 8.1.8) °F °C Alloy (See 8.1.8) °F °C
2011 wire, rod, bar 945-995 507-535 6066 all 960-1010 516-543
2014 all 925-945 496-507 6151 forgings 950-980 510-527
2017 wire, rod, bar 925-950 496-510 6262 all 960-1050 516-566
2018 forgings 940-970 504-521 6951 sheet 975-995 524-535
2024 all (3) 910-930 488-499 7001 extrision 860-880 460-471
2025 forging$ 950-970 510-521 7010 plate, forgings 880-900 471-482
2048 sheet, plate 910-930 488-499 7039 plate 750-880 399-471
2117 wire, rod, [bar 925-950 496-510 7039 other 840-860 449-460
2124 plate 910-930 488-499 7049/7149 all 860-900 460-482
2218 forging$ 940-960 504-516 7050 all 880-900 471-482
2219 all 985-1005 529-541 7055 extrusions 870-890 466-477
2324/2424 all 910-930 488-499 7055 plate 860-900 460-482
2419 plate 990-1010 532-543 7075 forgings 860-900 460-482
2524 sheet, plate 910-930 488-499 7075 other (4) 860-930 460-499
2618 forging$ 975-995 524-535 7076 forgings 850-910 454-488
4032 forging$ 940-970 504-521 7150 plate, extrusion 880-900 471-482
6013 sheet 1045-1065 563-574 7175 plate, extrusion 880-910 471-488
6013 rod, bal 990-1045 532-563 7178 sheet 860-930 460-499
6053 forging 960-980 516-527 TAT75 sheet (5), plate 880-970 471-521
6061 all 960-1075 516-579 8090 sheet 990-1000 532-538
6063 extrusign 960-985 516-529 8090 plate 990-1025 532-552

NOTES:

(1) Settemperature s
within the selected

(2) During heating of
providing that the

(3) For wire, rod, and
accordance with
requirements.

hall be selected so as to ensure,-based on temperature uniformity tests and/or load sensors, the|

range.

load, until it reaches\the selected range, the temperature of the heating medium may exceed nj

emperature of the.netal in the load does not exceed the maximum.

bar, minimum temperature of 900 °F (482 °C) is permissible provided that statistical analysis of
IL-HDBK=59r ASTM STP 15D, shows, with a 95% confidence level, that 99% of the material m

(4) For alclad sheet, g
over 0.020 inch (0.51 mm) in thickness, temperature should not exceed 900 °F (482 °C).

.020’inch (0.51 mm) and under in thickness, minimum temperature of 850 °F (454 °C) is permis

product is soaked

aximum temperature

he test results, in
bets specification

bible; for alclad sheet

(5) For alclad sheet, maximum temperature shall be 945 °F (507 °C).

(6) Mandatory solution heat treatment temperatures, for the alloys and forms listed below, for response-to-heat-treatment tests shall be as
follows (not applicable to other alloys and forms):

2004 Sheet - 985 °F (529 °C); * 2014 Sheet & plate - 935 °F (502 °C); * 2024 Sheet & plate - 920 °F (493 °C)
2219 Sheet & plate - 995 °F (535 °C); * 6061 All forms - 985 °F (529 °C); * 7049 Forgings - 875 °F (468 °C)
7075 Sheet, plate, rolled bars and rods - 870 °F (466 °C); * 7178 Sheet - 870 °F (466 °C) (See 8.2)
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