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1. SCOPE:

1.1 Purpose:

This specification covers the engineering requirements for heat treatment of
aluminum alloy castings and for parts machined from castings.

g aluminum

201.0 243.0 333.0 357.0 707.9
203.0 295.0 336.0 358.0 712.0
206.0 296.0 354.0 369.0 713.D
222.( 319.0 355.0 §20.0 850.D
242.Q 328.0 356.0 705.0 gg;g

1.3 When MAM 2771 is specified, heat treatment procedures for castirjgs by
foundries shall be in accordance with the material procurement| specification
when @ specified heat treatment is\‘required. However, requiremgents for
equipment and controls shall be inJaccordance with MAM 2771.

2. APPLICABLE DOCUMENTS:

The following publications ‘form a part of this specification to the extent
specified herein. The-~Jlatest issue of SAE publications shall agply. The
applicable issue of other publications shall be the issue in effect on the
date of |the purchase. order.
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2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
AMS 2750 Pyrometry

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

2.2 ASTM Puybtications:
Available | from ASTM, 1916 Race Street, Philadelphia, PA 19103:1187.
ASTM E 10 Brinell Hardness of Metallic Materials
ASTM B $57M Tension Testing Wrought and Cast Aluminum--and Magngsium-Alloy

Products (Metric)

3. TECHNICAL REQUIREMENTS:

~—

3.1 Equipmer

Equipment used for thermal processing shall conform to the requirements of
this spegification and AMS 2750.

3.1.1  Pyromgtry: Shall meet the requirements of AMS 2750.
3.1.2 Furnaces:

3.1.2.1 Healing Media: Shall be"air, molten salt bath, oil bath, or fluidized
bed.| The products of -combustion and other materials which could attack
or cpntaminate partsishall not contact part. Electrical heatihg elements
and [radiant tubes.(shall be shielded to prevent direct radiation from
striking any part. \Composition and maintenance of salt baths|and
fluidized beds_sshall be such as to prevent attack of the parts.

3.1.2.2 Temperature-Uniformity Surveys:

3.1.2.21 Solution” Heat Treating and Aging Furnaces: The stabilizatipn time
between recovery of the first furnace thermocouple to the get
temperature and recovery of the last test thermocouple to within 5 °C
of the set temperature shall not exceed 20 minutes with an empty
furnace. After stabilization, the temperature of all test
thermocouples shall be within 5 °C of the set temperature.

3.1.2.2.2 Annealing Furnaces: After stabilization, the temperature of all test
thermocouples shall be within 15 °C.

3.1.3 Quenching: Equipment shall be provided for quenching in water or in
synthetic solutions and for measuring quenchant temperature. Provisions
shall be made for mechanical or hydraulic agitation of the quenching medium
or 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 10 °C.

-3-
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3.1.3.1

Synthetic Solution:

Polyalkalene glycol shall meet the requirements of

AMS 3025. Other synthetics may be used if approved by the cognizant

eng

ineering organization.

Solution concentration shall be established

for the particular casting configuration prior to solution use.

3.1.3.2

weight.

3.1.4 Cleani
treatm
solutid
surfac
with f

3.1.5 Refrig

storag

necess

3.2 Procedu
3.2.1 Gener;:
temp

when
treatm

part, §

permi

3.2.2
portio

3.2.2.1
sep

3.22.2
3.2.23

.
11ecessary, and aged, when reguired, as specified herein.

Rackin
acces;

Sold
13.0

Agin

Sma

me
nt and to remove the film from parts quenched in a syn
n, oil from parts aged in oil baths, and salt residue fr
es of parts heated in salt baths unless the quench’bath

resh water overflow.

eration: Refrigeration or liquid baths shalk be provideq
e of parts, when retention of the as-quenched (AQ) tempe
ary.

res:
B ;

Cast parts that require heat tréatment to a T4X, T6X,
shall be solution heat treated: (including quenching),

nt shall be performed only:~6h entire parts, never on a
pxcept a section of a casting may be heat treated for tes
ted in 4.4.2.2.

g and Spacing: Parts shall be racked or supported to p
5 of the heating and quenching media to all surfaces of
ns of the load «with minimal distortion.

ition Heat Jreating: All parts shall be separated by not
mm. Complex parts and parts of large plan form may re
Aration to{permit free access.

g and: Annealing: Parts shall be separated by not less thg

Salt Contamination of Synthetic Solutions: Shall not exceed 6% by

b heat
hetic

bm the

s equipped

I for cold
ris

or T7X
refrigerated
Heat

portion of a
I coupons as

brmit  free
parts in all

less than
quire greater

n 13.0 mm.

parts may be heated and soaked in baskets or continuod

s furnaces.

Care must be used to provide access for heating and quench media and to
prevent damage during loading and quenching.

3.2.2.4
engi

3.2.3 Loadin

neering organization (See 8.1.7).

g:

Exceptions to the above requirements shall be approved by the cognizant

Furnace shall not be loaded when the furnace temperature exceeds

the solution treating temperature of the parts being heat treated.
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3.2.4

3.2.4.1

3.2.5

3.2.6

3.2.7
3.2.7.1

3.2.7.2
3.2.7.3

Soaking: For air furnace loads containing load thermocouples, fluidized
beds, and salt baths, soaking time starts when all thermocouples are within
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 a two-hour soak time occurs after the

interrupﬁlﬁh._mmh@wm of four
interruptions, with door(s) open for not more than two minutes*during each,

are permissible for removal or loading of parts.

Load [thermocouples shall be used when needed to determine and control
metal| temperature and heating time or when required~by the cqgnizant
engineering organization (See 8.1.7).

Logs: [A log (record), traceable to temperature<recording char{(s), shall
be kepf for each furnace load. The informatignvon the log/char
combingtion shall include the equipment identification, qualifigd
operatqr's identification, date, part number(s), number of parts, alloy,

minimumn and maximum thickness, lot identification, times and temperatures
used, quench delay, and type and temperature of quenchant. The minimum

thicknegs recorded shall be the minimium dimensions of the lightest section
of the part; the maximum thickness récorded shall be the minimum dimension
of the |heaviest section of the part.

Cleaning: Prior to heat treatmeént, parts shall be cleaned and shall be
visually| free of contaminants® such as dirt, metal residues, and lubricants.
Residual foundry sand and binders shall not be considered contaminants.
Residugl from heating and:quenching media shall be removed from| parts after
heat treatment.

Solution Heat Treating:

Tempgrature:~ Cast parts that require solution heat treatment |shall be
soakgd at the temperature specified in Table 1 (See 3.2.7.3), |and shall
not loaded when the temperature exceeds that specified. Cpntrol
instrument(s) shall be set either at the temperature specified|in Table 1
or at an offset temperature based on the last temperature uniformity
survey. The offset temperature shall be within 3 °C of the specified set
temperature and shall be posted on the instrument. The offset
temperature shall be selected to optimize temperature distribution within
the furnace so that the highest and lowest temperatures are equidistant
from the specified set temperature.

Soaking Time: Shall conform to Table 1 (See 8.1.6).

Variations:  Solution treating temperatures may vary from the
requirements of Table 1 to obtain required properties for a specific
casting configuration. Departure from the required set temperature of
more than 5 °C shall require approval of the cognizant engineering
organization (See 8.1.7).
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3.2.7.4

3.2.7.5

3.2.7.6

3.2.7.6.1

3.2.7.6.2

3.2.7.6.3

3.2.7.6.4

3.2.7.7

3.2.9

Water Entrapment:

Racks and fixtures used shall be constructed to

preclude entrapment of water. Ammonium fluoborate, or equivalent, may be

used

Salt Entrapment:

in air furnaces as necessary.

salt bath.

Quen

temperature for the required time, shall be quenched by immen

wate

Qu
cra

pr

or in a synthetic solution.

nchant Temperature:
king, castings may be quenched in water with temperatur
cold to hot (100 °C) or a synthetic solutionCat room te
viding it is substantiated that the combination of quench

Parts that will entrap salt shall not be heated in a

eating
sion in

To prevent excessive warpageand possible

D

=

varying
mperature
and

solution temperature will produce mechanicaks/properties meeting the

ma
the

Qu
Th
fur
flui
que
of

Ag
dur]
qusg
qu€

Imn
par

Temp
imme
temps

erial specification without impairing ,cerrosion resistan
quench, the quenchant temperature shall not rise more th

nch Delay Time: The quench delay, time shall not exceed 1
delay shall be measured from the time the furnace door
ace starts to open, or the first portion of the load eme
dized bed or salt bath, to complete immersion of the logd
nchant. This delay time may be exceeded providing the t
the part(s) does not fall *below 415 °C before immersion.

tation:
ng quenching.
nched by dumping.when basket loads are too heavy to allow
nching by immersion of the full basket.

Parts, quenchant, or both shall be vigorously 14

nersion Time:- Parts shall be kept immersed in the quencl
[s are the~same temperature as the quenchant.

er After” Treatment:  All alloys are in the AQ (as-quencheq
diately” after quenching. After maximum delay time at roonm
rature or maximum refrigerated storage time has elapsed

the V

changing.

temper which Is unstable, Il.e., thelr properties are co

ce. During
an 10

°C.

5 seconds.
of an air
rges from a
d in the
emperature

gitated

Small parts heated and soaked in baskets may be

adequate
nant until
i) temper

hey are in
ntinuously

After a delay of 96 hours at room temperature, unless

otherwise noted herein, the tempers shall be as shown in Table 1.

3.2.8 Refrigeration:

45 minutes.

Aging:
(See 3.2.9.1) to obtain the final temper and required mechanical
properties.

(See 8.2)

Cast parts requiring aging shall be aged as specified in

Cast parts requiring retention of the as-quenched (AQ)
condition after solution treatment shall, after quenching, be refrigerated.
The maximum delay time between quench and refrigeration shall not exceed
The maximum refrigeration storage time shall not exceed seven
days at -12 °C, 30 days at -18 °C, or 90 days at -23 °C maximum
temperatures.

Table 2
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3.2.9.1 Delay at Room Temperature: The aging treatment shall not be initiated
until at least 16 hours at room temperature have elapsed after quenching,
unless otherwise allowed by the-@Gegnizant engineering organization.

3.2.9.2 Variations: Aging temperature may vary from the requirements of Table 2
to obtain required properties for a specific casting configuration.
Departure from the required set temperature of more than 15 °C shall
require approval of the cognizant engineering organization.

3.2.10 Annezliling: Cast parts requiring annealing shall be heated, soaked, and
coolefl as specified in Table 3. |If a partial anneal (stress [relief) is
required, it shall be as specified by the cognizant engineering
organfization.

3.2.11 Straightening After Final Heat Treatment: Shall be ‘performed
confoqmance with the requirements of the cognizant' engineering
organfization.

n

3.3 Qualification:

3.3.1  Suppliers: Facilities performing heat treatment in accordance |with this
specification shall be approved as specified in 4.5.1 by the cdgnizant
quality| assurance organization (See.:8.1.8).

3.3.2 Personpel: All responsible heat treating personnel at leadman apd foreman
levels |performing heat treatment’ in accordance with this specification
shall he qualified as specified in 4.5.2 by the cognizant qualify assurance
organigation.

3.4 Acceptance: Procedures .given in 4.4.2 shall be used to confirm that parts
have beg¢n heat treated as specified.

4. QUALITY ASSURANCE-PROVISIONS:

4.1 Responglibility <for Inspection:

Except as_‘specified in 4.1.1, the supplier shall be responsible for the
performahce of all tests and inspections specified herein. The supplier may
use his own facilities or any commercial laboratory acceptable to the
cognizant quality assurance organization. The procuring activity reserves
the right to sample and to perform any tests or inspections to confirm that
parts have been heat treated properly.

4.1.1 Responsibility for Inspection for Direct U.S. Government Orders: Unless
otherwise specified in the contract, the contractor shall be responsible
for the performance of all inspection requirements as specified herein.
The contractor may use his own or any other facilities suitable for the
performance of the inspection requirements specified herein, unless
disapproved by the government. The government reserves the right to
perform any of the inspections set forth in the specification where such
inspections are deemed necessary to ensure supplies and services conform to
specified requirements.
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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 10 purchaser for 1ive years aiter] heat
treatmerit. The records shall contain all data necessary to verity
conformance to the requirements of this specification.

44 Heat Trgatment Control:
4.4.1 Equipment Control:

4.4.1.1 Heal treating equipment and test instrumentation shall be controlled,
calibrated, tested, and maintained in accordance with AMS 2750.

44.1.2 Heat treating equipment used for solutien’ heat treating and for aging
shall be qualified initially, and afterany rework which could affect its
thermal characteristics, by performing  temperature uniformity| surveys in
accdrdance with AMS 2750. Equipment qualified in accordance| with
AMY 2770 shall be considered qualified for this specification.

442 Parts |Control:

spegified by the material procurement specification or the cognizant
engineering organization. Acceptance criteria shall be established for
each configuration{ based on test of "cast-to-size" tensile spgcimens or
spegimens attached to the cast part. In lieu of testing each part, a
randpm sampling:'plan of each lot may be used when such sampl|ing is
approved by-4he cognizant quality assurance organization.

4422 Tengile tésting, when required, shall be in accordance with ASTM B 557M.
The |tensile specimen shall be made from a part selected at rahdom, or a
prol ' '

"cast-to-size" tensile specimens cast from the same casting alloy as the
parts.

4421 Eac{ part shall be hardness tested in accordance with ASTM E 10 when
[

4423 If any specimen fails to meet the specified requirements, disposition of
the castings may be based on the results of testing two additional
specimens for each original nonconforming specimen. Failure of any
retest specimen shall be cause for rejection and disposition by the
cognizant engineering organization.

4.4.3 Process Control: The cognizant quality assurance organization shall
perform any inspections, surveillances, tests, and statistical process
control analyses necessary to ensure that parts are heat treated in
accordance with this specification.
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4.5 Qualification:
4.5.1 Vendors (Subcontractors): The approval of a facility shall be 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

be used to meet the requirements of this specification.

The

bment and procedures shall be approved by the cognizant
rance organization.

equipment shall meet the requirements of this spécificati
2750.

ements of 4.5.2.1, 4.5.2.2, and 4.5.2.3.
if a person has experience acceptablest0 the cognizant
nce organization.

pletion of an apprenticeship program:-approved by the cod
rance organization.

5ing a written examination prepared by the cognizant qual
nization.

onstration of capability, of heat treating parts in their ¢
ities.

4511

will
equi
assy

4512 The
AMS
4.5.2 Persor
requirg
waived
assurg
4521 Con
ass|
4522 Pass
orga
452.3 Den
faci

4.6 Reports:
The ven
treatmen

this spegification, ~and a statement that the parts were processec
accordamnce with~the requirements of this specification.
include the pufechase order number, MAM 2771, alloy designation a
specification <number, part number, quantity, and the soaking time
temperatres™ used.

dor shall furnish’ with each shipment a report showing the

nel: Qualification of personnel shall be based: upon mesg
These requiremer

quality

bn and

ting the
ts may be
quality

nizant quality

ity assurance

bmpany's

heat

log reference, the results of tests to determine conformance to

This re

in

ort shall
d material
5 and set

4.6.1

If the heat treating procedure is considered proprietary, the vendor may

certify that the information is proprietary and is on file. The procedures
shall be available for review by personnel representing the purchaser or

the cognizant quality control

PREPARATION FOR DELIVERY:

organization.

All parts shall be preserved and wrapped or packaged to ensure protection from

corrosion

and damage during handling, transportation, and storage.

ACKNOWLEDGMENT:

A vendor shall mention this specification number in all quotations and when

acknowled

ging purchase orders.
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7. REJECTIONS:

Castings and parts not heat treated in accordance with this specification, or
to modifications authorized by purchaser, will be subject to rejection.

8. NOTES:

8.1 Definitions:

8.1.1 Solutign Heat Treatment: Soaking parts at an elevated temperaiure for a
sufficient time to put alloying elements into solid solution followed by
guenching 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 tgmpers, at
room ftemperature to precipitate alloying elementsfrom solid splution to
develgp strength and corrosion resistance propérties.

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

8.1.4 Synthgtic Quench: A water solutiont*of polyalkylene glycol or pther
synthetic material used when minioium distortion or low residual stresses
are desired.

8.1.5 Parts:| The words "parts",.!casting", and "cast parts" as used| in this
specifi¢ation have the sameg ,meaning and are used interchangeably.

8.1.6 Recovery and Soakingslime: Recovery time is elapsed time between insertion
of parts in a heating'medium and start of soaking time. For gir furnace
loads [containing load thermocouples, fluidized beds, and oil anpd salt
baths, | soaking time starts when all thermocouples are within 5 C of the
specified set -or offset temperature. For other air furnace loafds, except
as specifiednin’ 3.2.4.1, soaking time starts when all thermocoyples return
to the| temperature indicated before insertion of parts,

8.1.7 Cogni : ineering
organization responsible for the design of the parts or a designee of that
organization.

8.1.8 Cognizant Quality Assurance Organization: A term applied to the quality
assurance organization which is allied to the cognizant engineering
organization or its designee.

8.1.9 Lot: A group of parts of the same part number and at the same stage of
fabrication which have been either heat treated in the same load or, in the
case of continuous furnaces, hand-loaded salt baths, etc, have been heat
treated continuously during the same eight-hour shift.

-10 -
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8.1.10 Alloy Family: A term which refers to variations within a single alloy
designation. The variations normally only amount to closer control on
certain elements in the composition or tighter tolerances on allowable
interstitials while maintaining the basic chemistry. An example being
357.0 with variations designated A357.0, B357.0, D357.0, etc. Different

8.2 Prechil

8.3

8.4

heat

noted in Table 1 and Table 2.

treat procedures may be necessary due to composition variations as

cooled
requiref

Process
Federal

Key Wo
Heat tr|

ing: Prior to refrigeration, parts may be prechilled in|a suitable
bath if necessary to accelerate cooling for compliance "“with
nent of 3.2.8.

es meeting the requirements of this specification\are classified under
Supply Classification (FSC) 95GP.

rds:

eatment, aluminum alloy, castings, parts’ from castings

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE “D".

-11 -
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TABLE 1 - Solution Heat Treatment Temperature and Soak Time

Temper After

Set Temperature (1) Soak Time (2) (3) Solution Treatment
Alloy °C Hours and Delay at RT
201.0 525 (4) 14 T4
A201.0 525 14 T4
203.0 545 5 T4
A206.0 525 (4) 12 T4
222.0 505 6 T4
242.0 520 2 T41
243.0 520 2 T41
295.0 515 6 T4
296.0 510 4 T4
310.0 500 6 T4
319.0 500 6 T4
328.0 515 12 T4
333.0 505 2 T4
336.0 515 6 T45
354.0 525 10 T41
355.0 525 6 T4
C355.0 525 6 T4
356.0 540 6 T4
A356.0 540 6 T4
A357.0 548 8 T4
D357.0 545 8 T4
358.0 (5) 540 20 T4
359.0 540 10 T4
520.0 430 12 T4
712.0 535 2 T4

-12 -
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