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HEAT TREATMENT OF ALUMINUM ALLOY CASTINGS

1. SCOPE:

1.1 Purpose:| This specification covers the engineering requirements for heat
Treatment of aluminum alloy castings and for parts machined>from castings.

1.2 Applicatfion: This specification 1is applicable to castiparts using the
Followirlg aluminum alloy families (See 8.1.10):

201.0 243.0 336.0 35740 712.0
206.0 295.0 354.0 358.0 850.0
222.0 296.0 355.0 359.0
242.0 319.0 356.0 520.0

1.3 When AMY 2771 is specified, heat treatment procedures for castings by
foundrids shall be in accordance with material procurement specifiication
when a dpecified heat treatment is-required. However, requirements for
equipmierit and controls shall bein accordance with AMS 2771.

2. APPLICABUE DOCUMENTS: The following publications form a part of this
specificdtion to the extent specified herein. The latest issue off Aerospace
Material |Specifications'shall apply. The applicable issue of other documents
shall be|as specified “in AMS 2350.

2.1 SAE Publications:¢ Available from SAE, 400 Commonwealth Drive, Warrendale,
PA 15096.

2.1.1 Aerospace Material Specifications:

AMS 2350 - Standards and Test Methods

AMS 2750 - Pyrometry

AMS 2770 - Heat Treatment of Aluminum Alloy Parts
AMS 3025 - Polyalkylene Glycol Heat Treat Quenchant

SAE Technical 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.”

AMS documents are protected under United States and international copyright laws. Reproduction of these documents by any
means is strictly prohibited without the written consent of the publisher.

Copyright 1987 Society of Automotive Engineers, Inc. Printed in U.S.A.
All rights reserved.
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2.2 ASTM Publications: Available from American Society for Testing and

Ma

terials, 1916 Race Street, Philadelphia, PA 19103.

ASTM E10 - Brinell Hardness of Metallic Materials
ASTM B557 - Tension Testing Wrought and Cast Aluminum- and Magnesium-Alloy

3. TEC

Products

HNICAL REQUIREMENTS:

3.1 E

sp
AM

3.1.1 Pyrometry: Shall meet the requirments of AMS 2750.

3.1.2 Furnages:

3.7.2.1

3.1.2.2
3.1.2.2

3.1.2.2

3.1.3

3.1.3.1

3.1.3.2

uipment: Equipment used for thermal processing in accordance with this
ecification shall conform to the requirements of this specification and
S 2750

Heating Media: Shall be air, molten salt bath, ¢il bath, or|fluidized
bed{ The products of combustion and other materials which could attack
or ¢ontaminate parts shall not contact part{)“Electrical heating

elements and radiant tubes shall be shielded to prevent dire¢t radiation

from striking any part. Composition andimaintenance of salt|baths and
flujdized beds shall be such as to prevent attack of the parts.

Temperature Uniformity Surveys:

.1 Sqlution Heat Treating and Aging Furnaces: The stabilizatjon time
bgtween recovery of the first furnace thermocouple to the get
temperature and recovery'of the last test thermocoupie to within 10°F
(§°C) of the set température shall not exceed 20 min. with|an empty
fyrnace. After stabilization, the temperature of all test
thermocouples shall'be within 10°F (5°C) of the set temperature.

.2 Annealing FurnacCes: After stabilization, the temperature ¢f all test
tHermocoup les - shall be within 25°F (15°C).

Quenching:, <Equipment shall be provided for quenching in water |or in
synthdtic.solutions and for measuring quenchant temperature. Rrovisions
shall |peomade for mechanical or hydraulic agitation of the quenching
medium OV agitation of the parts or both and for heating and cooling of
the quenchant, as required. Air agitation shall not be used. The volume
of quenching medium shall be sufficient so that its temperature rise due
to quenching is not more than 20°F (10°C).

Synthetic Solution: Polyalkalene glycol shall meet the requirements of
AMS 3025. Other synthetics may be used as approved by the cognizant
engineering organization. Solution concentration shall be established
for the particular casting configuration prior to solution use.

Salt Contamination of Synthetic Solutions: Shall not exceed 6% by
weight.
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3.1.4 Cleaning: Equipment shall be provided to clean castings before heat

3.1.

3.2

3.2.

3.2

3.2

3.2

3.2

3.2.

3.2

treatment and to remove the film from parts quenched in a synthetic
solution, 0il from parts aged in oil baths, and salt residue from the
surfaces of parts heated in salt baths unless the quench bath is equipped
with fresh water overflow.

5 Refrigeration: Refrigeration or liquid baths shall be provided for cold
storage of parts, when retention of the as-quenched (AQ) temper is
necessary.

Procedures:

1 General: Cast parts that require heat treatment to a "T" temper shall be
solution heat treated (including quenching), refrigerated, when necessary,
and dged when required, as specified herein. Heat treatment shall be
perfqrmed only on entire parts, never on a portion of.a part, except a
section of a casting may be heat treated for test coupons as permitted in
4.4.2.2.

.2 Rackfng and Spacing: Parts shall be racked or supported so ag to permit

free|access of the heating and quenching media to all surfaceg of parts in
all portions of the Toad with minimal distortion.

.2.1 SoJution Heat Treating: A1l partsishall be separated by nof less than

0.50 in. (12 mm). Complex partscand parts of large plan fonm may
require greater separation to_permit free access.

.2.2 Agjng and Annealing: Parts-shall be separated by not less than 0.50 in.

(12 mm).

.2.3 Smpll parts may be<heated and soaked in baskets or continuoms furnaces.

Care must be used to provide access for heating and quench media and to

prevent damage during loading and quenching.

2.4 Exfeptions—to the above requirements shall be approved by the cognizant
enfrineering organization (See 8.1.7).

.3 Loadling?y” Furnace shall not be loaded when the furnace temperature exceeds
the 53%u;4on-t#eating_temperatune_a£_the_paris_being_heﬁi_IrgJted.

3.2.

4 Soaking: For air furnace Toads containing load thermocouples, fluidized
beds, and salt baths, soaking time starts when all thermocouples are
within 10°F (5°C) of the set or offset temperature. For other air furnace
loads, soaking time starts when control thermocouples reach the
temperature required. During solution heat treatment, after recovery,
soaking shall be performed, without interruption, for the required time
(See 8.1.6). Interruptions during solution treatment are permitted
provided the minimum soak time is met and at least 2-hr soak time occurs
after the interruption. During aging and annealing treatments, a ma X imum
of four interruptions, with door(s) open for not more than 2 min. during
each, are permissible for removal or loading of parts.



https://saenorm.com/api/?name=c7ac1e711edab40da8f6a6bb38d4c99a

AMS 2771 SAE, Page 4
3.2.4.1 Load thermocouples shall be used when needed to determine and control

3.2.5

metal temperature and heating time or when required by the cognizant
engineering organization (See 8.1.7).

Logs: A log (record), traceable to temperature recording chart(s), shall
be kept for each furnace load. The information on the log/chart
combination shall include the equipment identification, qualified
operator's identification, date, part number(s), number of parts, alloy,
minimum and maximum thickness, lot identification, times and temperatures
used, quench delay, and type and temperature of quenchant. The minimum

thickness recorded shall be the minimum dimensions of the light

of the T i orded sha e the miniml

of th¢ heaviest section of the part.
3.2.6 (Cleanjng: Prior to heat treatment, parts shall be cleaned and
visually free of contaminants such as dirt, metal residues, andg
lubrigants. Residue from heating and quenching medja“shall be
from parts after heat treatment.

3.2.7 Solution Heat Treating:

3.2.7.1

Temgerature:

§33£ed at the temperature specified inTable I (See 3.2.7.3)
not |be Toaded when the temperature exceeds that specified. (
instrument(s) shall be set either at the temperature specifig
I ot at an offset temperature based on the last temperature t
survey. The offset temperature shall be within 5°F (2°C) of
speqified set temperature and shall be posted on the instrumd
offget temperature shall-be’selected so as to optimize temper|
distiribution within the ‘firnace so that the highest and Tlowes
temperatures are equidistant from the specified set temperatu

Soakling Time:

Variations: <Selution treating temperatures may vary from thd
requirements_of Table I to obtain required properties for a s
castlfing configuration. Departure from the required set tempe
morel than 10°F (5°C) shall require approval of the cognizant

3.2.7.2 Shall conform to Table I (See 8.1.6).

3.2.7.3

Cast parts that require solution heat treatment

est section
m dimension

shall be

removed

shall be
and shall
ontrol
d in Table
niformity
the
nt,
ature
t
re.

The

pecific
rature of
engineering

orgapization (See 8.1.7).

3.2.7.4 Water Entrapment: Racks and fixtures used shall be construct
preclude entrapment of water. Ammonium fluoborate, or equiva

be used in air furnaces as necessary.

3.2.7.5 Salt Entrapment: Parts that will entrap salt shall not be he

salt bath.

3.2.7.6 Quenching:
temperature for the required time, shall be quenched by immer

water or in a synthetic solution.

ed so as to
lent, may

ated in a

Parts, after being soaked at the solution heat treating

sion 1in

o



https://saenorm.com/api/?name=c7ac1e711edab40da8f6a6bb38d4c99a

Page 5

car AMS 2771

3.2.7.6.1

3.2.7.6.2

3.2.7.6.3

3.2.7.6.4

3.2.7.7

Quenchant Temperature: To prevent excessive warpage and possible
cracking, castings may be quenched in water with temperature varying
from cold to hot [212°F (100°C)] or a synthetic solution at room
temperature providing it is substantiated that the combination of
quench and solution temperature will produce mechanical properties
meeting the material specification without impairing corrosion
resistance. During the quench, the quenchant temperature shall not
rise more than 20°F (10°C).

Quench Delay Time: The quench delay time shall not exceed 15
seconds. The delay shall be measured from_the time.the furnace door

mf—an—a+r—Furnaee—s%af%s—te—epen7—e*—%he—£+¥s%—pe¢$4en—eﬁazhe load
emerges from a fluidized bed or salt bath, to complete imgersion of

the Toad in the quenchant. This delay time may be exceeded providing
Lhe temperature of the part(s) does not fall below 775°F {415°C)
pefore immersion.

pgitation: Parts, quenchant, or both shall be)vigorously|agitated
furing quenching. Small parts heated and spbaked in baskets may be
nuenched by dumping when basket loads are too heavy to allow adequate
huenching by immersion of the full basket.

[mmersion Time: Parts shall be kept) immersed in the quen¢hant until
barts are the same temperature as‘the quenchant.

Tefper After Treatment: A1l alloys are in the AQ (as-quenched) temper

3.2.8 Re

immediately after quenching,)After maximum delay time at room
tefperature or maximum refrigerated storage time has elapsed they are in
the W temper which is unstable, i.e., their properties are cont inuously
changing. After a delay of 16 hr at room temperature, unless otherwise
noted herein, the tempers shall be as shown in Table I.

friigeration: (ast parts requiring retention of the as-quenched (AQ),

CcO
re
sh
no
-1

ndiition after‘solution treatment shall, after quenching, be
friigerated.>-The maximum delay time between quench and refriigeration
alll not ekceed 45 minutes. The maximum refrigeration storage time shall
t lexceed 7 days at 10°F (-12°C), 30 days at 0°F (-18°C), or{ 90 days at
0%F (=23°C) maximum temperatures. (See 8.2)

3.2.9 Aqing: Cast parts requiring aging shail be agedas specified in Table II
See 3.2.9.1) to obtain the final temper and required mechanical

pr
3.209.]

operties.

Delay at Room Temperature: The aging treatment shall not be initiated

3.2.9.2

unti] at least 16 hr at room temperature have elapsed after quenching,
unless otherwise allowed by the cognizant engineering organization.

Variations: Aging temperature may vary from the requirements of Table
1T to obtain required properties for a specific casting configuration.
Departure from the required set temperature of more than 30°F (15°C)
shall require approval of the cognizant engineering organization.
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3.2.10

3.2.1

Annealing: Cast parts requiring annealing shall be heated, soaked, and
cooled as specified in Table III. If a partial anneal (stress relief) is
required, it shall be as specified by the cognizant engineering
organization.

Straightening After Final Heat Treatment: Shall be performed in
conformance with the requirements of the cognizant engineering
organization.

3.3 Qualification:

3.3.1

3.3.2

§gEEl}exs;__EaciJiiies-pex£epm4ng—hea%—%*ea%men%—+ﬁ—aeeerdﬁﬁee-with this

specitication shall be approved as specified in 4.5.1 by the cpgnizant
quality assurance organization (See 8.1.8).

Personnel: A1l responsible heat treating personnel at-Jéadman|and foreman
lTevel|performing heat treatment in accordance with tHis specifjcation
shall|be qualified as specified in 4.5.2 by the cognizant qualjty
assurance organization.

3.4 Acceptance: Procedures given in 4.4.2 shall be used to confirm that parts
have bed

4. QUALITY ASSURANCE PROVISIONS:

In heat treated as specified.

4.1 Responsibility for Inspection: Except’as specified in 4.1.1, the supp lier

shall bd responsible for the performance of all tests and inspections
specifidd herein, The supplier.may use his own facilities or any commercial
laboratdry acceptable to the cégnizant quality assurance organizgtion. The
procuring activity reserves (the right to sample and perform any tests or

inspections to confirin that.parts have been heat treated properly.

4.1.1

Responsibility for Inspection for Direct U.S. Government Orderg: Unless

otherwise specifiedin the contract, the contractor shall be rgsponsible
for the performance of all inspection requirements as specified herein.
The contractor-may use his own or any other facilities suitabld for the
performance<of the inspection requirements specified herein, urless
disapproved.by the government. The government reserves the rig
any of the inspections set forth in the specification
; upplies and services conform

to specified requirements.

4.2 Inspection: The cognizant quality assurance organization shall review heat
treating records and the results of tests and inspections to verify that
heat treatment conformed to all requirements of this specification.

4.3 Records: Records shall be kept available to the purchaser for five years
after heat treatment. The records shall contain all data necessary to
verify conformance to the requirements of this specification.

4.4 Heat Treatment Control:
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4.4.1 Equi

pment Contyrol:

4.4.1.1

Heat treating equipment and test instrumentation shall be controlled,

calibrated, tested, and maintained in accordance with AMS 2750.

4.4.1.2

Heat treating equipment used for solution heat treating and for aging

shall be qualified initially, and after any rework which could affect
its thermal characteristics, by performing temperature uniformity

surveys in accordance with AMS 2750.

Equipment qualified i

n accordance

with AMS 2770 shall be considered qualified for this specification.

4.4.2 Part

s tontrol:

4.4.2.1

4.4.2.2

h=

4.4.2.3

D —hct r

4,4,3 Prodg

ch part shall be hardness tested in accordance with-ASTM

ecified by the material procurement specification ob“the

gineering organization. Acceptance criteria shall be est
ch configuration based on test of "cast-to-sizZe"tensile

ecimens attached to the cast part. In lieu of testing ea
ndom sampling plan of each lot may be used when such samp
proved by the cognizant quality assurance organization.

nsile testing, when required, shall _be in accordance with
e tensile specimen shall be made from a part selected at
olongation thereof, or a section of a part, or separately
ast-to-size" tensile specimens’cast from the same casting
rts.

any specimen fails to meet the specified requirements, d
e castings may be based on the results of testing additio
r each original nonconforming specimen. Failure of any r
ecimen shall be cause for rejection and disposition by th
gineering organization.

ess Controlan  The cognizant quality assurance organizatio

perf
cont
acco

4.5 Qualif

orm any -inspections, surveillances, tests, and statistica
rol analyses as necessary to ensure that parts are heat t
rdance with this specification.

jcation:

E 10 when
cognizant
ablished for
specimens or
ch part, a
ling is

ASTM B557,
random, or a

alloy as the

isposition of
nal specimens
etest

B cognizant

n shall

1 process
reated in

4.5.1

Vendors (Subcontractors):

The approval of a facility shall b

meet

4.5.1.1

ing the following requirements:

e based upon

The heat treating vendor shall submit a copy of its shop procedure,

consisting of a full description of all equipment and procedures that

will be used to meet the requirements of this specification.

The

equipment and procedures shall be approved by the cognizant quality

as

4.5.1.2

surance organization,

AMS 2750.

The equipment shall meet the requirements of this specification and
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4.5.2 Personnel: Qualification of personnel shall be based upon meeting the
requirements of 4.5.2.1, 4.5.2.2, and 4.5.2.3. These requirements may be
waived if a person has experience acceptable to the cognizant quality
assurance organization.

4.5.2.1 Completion of an apprenticeship program approved by the cognizant
quality assurance organization.

- 4.5.2.2 Passing a written examination prepared by the cognizant quality
assurance organization.

4,5.2.3 Dem
facillities.

ompany's

4.6 Reports: The vendor shall furnish with each shipment a report sHowing the
heat treatment log reference, the results of tests to determine donformance
to this [specification, and a statement that the parts we&re procedsed in
accordance with the requirements of this specification. This report shall
include the purchase order number, AMS 2771, alloy-designation arld material
specification number, part number, quantity, and)the soaking timels and set
temperatures used.

5. PREPARATION FOR DELIVERY: ATl parts shall be preserved and wrapped or

packaged [to ensure protection from corrosion and damage during handling,
transportption, and storage.

6. ACKNOWLEDGMENT: A vendor shall mentjon this specification number lin all
quotations and when acknowledgingi purchase orders.

7. REJECTIONS: Castings and parts not heat treated in accordance with this
specification or modifications authorized by purchaser will be subfject to
rejection|

8. NOTES:

8.1 Definitigns:

8.1.1 Solutipn Heat Treatment: Soaking parts at an elevated temperatpre for a
sufficfent time to put alloying elements into solid solution folllowed by
guenchTng to retain the condition until the parts are aged.

8.1.2 Aging (Precipitation Heat Treatment): Soaking solution heat treated parts
at a moderately elevated temperature or, for some alloys and tempers, at
room temperature to precipitate alloying elements from solid solution so
as to develop strength and corrosion resistance properties.

8.1.3 Annealing: A full anneal will soften material to develop maximum
formability and ductility. A partial anneal is used when grain growth is
a problem or when less formability or ductility is required.

8.1.4 Synthetic Quench: A water solution of polyalkylene glycol or other
synthetic material used when minimum distortion or Tow residual stresses
are desired.
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8.1.5 Parts: The words "parts", "casting", and "cast parts" as used in this

8.1.6

8.1.7

8.1.8

8.1.5

8.1.10

specification have the same meaning and are used interchangeably.

Recovery and Soaking Time: Recovery time is elapsed time between
insertion of parts in a heating medium and start of soaking time. For air
furnace loads containing load thermocouples, fluidized beds, and oil and
salt baths, soaking time starts when all thermocouples are within

10°F (5°C) of the specified set or offset temperature., For other air
furnace loads, except as specified in 3.2.4.1, soaking time starts when
all thermocouples return to the temperature indicated before insertion of
parts.

Coganant Engineering Organization: A term applied to the en$ineering
orgahization responsible for the design of the parts or @ 'desjgnee of that
orgapization.

Cognizant Quality Assurance Organization: A term applied to the quality
assufance organization which is allied to the cognizant engingering
orgapization or its designee.

Lot:| A group of parts of the same part pumber and at the samg stage of
fabrfication which have been either heat treated in the same 1pad or, in
the tase of continuous furnaces, hand<loaded salt baths, etc,[have been
heat| treated continuously during the same 8-hr shift.

Allpy Family: A term which refers to variations within a sipgle alloy
des[ignation. The variations<hormally only amount to closer fontrol on
certain elements in the composition or tighter tolerances on|allowable
interstitials while maintaining the basic chemistry. An exapple being
357.0 with variations .designated A357.0, B357.0, D357.0, etcl. Different
healt treat procedures-may be necessary due to composition vapiations as
notled in Tables Ifand II.

8.2 Prechi]ling: Prior to refrigeration, parts may be prechilled ip a suitable
at

cooled
requirement.of-3.2.8.

if<nécessary to accelerate cooling for compliance with

This specification is under the jurisdiction of AMS Committee "B".
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