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AMS2771E results from a limited scope ballot to clarify when refrigeration may be used for retention of the AQ condition or
to facilitate straightening (3.2.10).
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2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-776-4970 (outside USA), www.Sae.org.

AMS2750 Pyrometry

AMS3025 Polyalkylene Glycol Heat Treat Quenchant
ARP1962 Training and Approval of Heat-Treating Personnel
AS1990 Aluminum Alloy Tempers

3. TECHNICAL REQUIREMENTS

3.1 Equipment

Equipment used for th
(1) requirements for w
semi-continuous furna

ermal processing shall conform to the requirements of this gspecification
brking zone controls, instruments and sensors shall apply to all heating zg
ces and (2) recordings from instruments may be stored’ on“magnetic or op

and AMS2750, except
nes of continuous and
ical media providing a

hard copy is available on request.

3.1.1 Pyrometry

Shall meet the requirements of AMS2750.

3.1.2 Furnaces

3.1.2.1 Heating Media

a)

Shall be air, protectiv
elements and radiant t

atmosphere, combusted._gases, molten salt bath, oil bath, or fluidized ped. Electrical heating
Ibes shall be shielded to prevent direct radiation from striking any part. The products of combustion
in the furnace, and the|composition and maintenance of salt baths and fluidized beds shall be such|as to prevent attack or
contamination of the cpstings. Ammonium-~fluoroborate, or equivalent, may be used in air furnace$ as necessary. Nitrate
salt baths shall not be yised to heat treat’520.0 alloy due to a potential explosion safety hazard.
3.1.21.1

Salt Entragment

Castings that will entrap salt shall not be heated in a molten salt bath.

3.1.2.2

Temperaturg Unjformity Survey Requirements

Temperature uniformity surveys shall be performed as defined in AMS2750 .

3.1.2.2.1  Solution Heat Treating and Aging Furnaces shall be class 2 minimum as defined in AMS2750
3.1.2.2.2 Annealing Furnaces shall be class 5 minimum as defined in AMS2750.
3.1.3 Quenching

Unless otherwise approved by the cognizant engineering organization, the following provisions apply. Equipment shall be
provided for quenching in water, air blast, oil, or in polymer quenchants and for measuring quenchant temperature.
Provisions shall be made for mechanical, hydraulic, or air agitation of the quenching medium or agitation of the castings or
both and for heating and cooling of the quenchant, as required. Air agitation shall be allowed provided the air doesn’t come
in contact with the castings being quenched. The volume of quenching medium for immersion quenching shall be sufficient
so that its temperature rise due to quenching meets the requirements of 3.2.9.4.1.
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3.1.3.1 Polymer Quenchants

Polyalkalene glycol shall meet the requirements of AMS3025. Other synthetics may be used provided that they are not
detrimental to the material and that the parts meet the required specified properties in the final heat treated condition.

Polymer concentration

3.1.3.2

shall be established for the particular casting configuration prior to use.

Salt Contamination of Polymer Quenchants

Shall not exceed 6% by weight.

3.1.4 Cleaning

Equipment shall be pr
solution heat treatmer
remove oil quenchant 1

3.1.5 Refrigeration

Refrigeration or liquid 4

3.2 Procedures

3.2.1 General

Cast parts that require
guenching), refrigerate
T5X condition shall be|
performed only on enti
3.2.2 Rackingand S

Product shall be suppd
that the castings will

performed to demonstrate that all castings~so racked will meet specified requirements. Written

photographs, etc. shall

pvitded—to clear tastings, as necessary for hreat treatment,and—to remove g
t. Examples include: water rinse to remove polymer quenchant residug;
esidue, and fresh water overflow to remove salt quenchant residue.

aths shall be provided for cold storage of castings when prevention of natura

heat treatment to a T4X, T6X, or T7X temper(See AS1990) shall be solution
d after quenching, when necessary, and aged, when required, as specified
refrigerated after casting, when necessary, and aged as specified herein. H
e castings, never on a portion of a part:

pacing

rted or hung and spaced to_permit flow of the heating and cooling media ove
meet the specified requirements. Alternate racking methods are acceptal

be used to ensure proper spacing.

js as defined in"8.2.4 may be heated and soaked in baskets or continuous f|
ide accesSyfor heating and quench media and to prevent damage during |

in baskets may be either orderly or random provided that the castings mee
the final heat treated condition.

sidual quenchant after
Hetergent and rinse to

aging is necessary.

heat treated (including
herein. Castings in the
leat treatment shall be

I all surfaces to ensure
ble if tests have been
instructions, drawings,

Lirnaces. Care must be
pading and quenching.
the required specified

3.2.2.1  Small castin
used to proy
Arrangemen
properties in
3.2.2.2 Water Entra

hioaaont
DTTTCTIC

Racks and fixtures used for solution heat treatment shall be constructed to preclude entrapment of water.

3.2.3 Loading

The temperature of the furnace during part loading shall not exceed the solution treating temperature of the castings being

heat treated.
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3.2.4 Post quench reload to furnace

Batch type furnaces that momentarily reload the freshly quenched material back into the furnace work zone as part of the
unloading/quench tank transfer sequence is allowed provided objective evidence is available to qualify this process. The
evidence shall demonstrate the thinnest material processed is not heated above 212 °F (100 °C) by this post quench
process using radiation survey process in AMS2750. The castings shall not be held in the furnace for more than 5 minutes
during this post-quench sequence. The process used to provide the objective evidence shall be perfomed at the minimum
furnace open time established by the heat treater’s documented process after quenching the castings. The documented
process shall include the maximum temperature of the furnace as measured by the control thermocouple or a specificed

minimum furnace cool

3.2.5

ing time prior to raising the load into the furnace.

Set Temperature

Control instrument(s)
should be set at the re
with AMS2750.

3.2.6 Soaking
Soaking time starts w
(6 °C) of the set or offs|
3.2.6.1 Batch Furna
Interruptions during so
time occurs after the in

removal or loading of
counted as part of the

3.2.6.2

During soaking, a drop
not drop more than 20
range does not exceq
guenching.

Continuous and Semi-Continuous Furnaces

shall be set at the temperature specified in 3.2.9 for solution treating ,afid
commended annealing temperature specified in 3.2.12. Sensor/controloffset

nen all temperature control sensing elements and load,thermocouples (if
et temperature.

Ces

ution treatment are permitted provided the_minimum soak time is met and
terruption. During aging and annealing treatments a maximum of four interru
castings. The time between door opening*and furnace or load thermocoupl
otal aging time.

in temperature indicated hy furnace instrument(s) is permissible provided (1
°F (11 °C) below the minimum of the specified range, (2) time below the mi
d 5 minutes, and (3)Soaking is continued for not less than 10 minutes

emperature-daes not drop more than 20 °F (11 °C) below the minimum of t
pcover tosthe minimum of the specified range within 5 minutes, the total s
r was required, shall be increased by 1/2 hour. If 1 hour or more was req
be increased by 1 hour.

3.2.11 for aging, and
s, if used, shall comply

Ised) are within 10 °F

at least a 2-hour soak
btions are permitted for
b recovery is not to be

that temperature does
himum of the specified
after recovery before

he specified range, but
paking time, if not less
lired, the total soaking

3.2.6.2.1 If furnace
does not 1
than 1 hot
time shall
3.2.6.3 Load therm

caounles shall he used when needed _to determine and control metal tempe
T 7 7 T

ature and heating time

or when required by the cognizant engineering organization (See 8.2.7).

3.2.7 Logs

A record (written or electronic storage media), traceable to temperature recording information (chart(s) or electronic
storage media) and to shop travelers or other documentation, shall be kept for each furnace and load. The information on
the combination of documents shall include: equipment identification, approved personnel’s identification, date, part
number or product identification, number of castings, alloy, lot identification, AMS2771 or other applicable specification,
actual thermal processing times and temperatures used. When applicable, atmosphere control parameters, quench delay,
guenchant type, polymer concentration and quenchant temperature shall also be recorded. The maximum thickness, when
process parameters are based on thickness, shall be recorded and shall be taken as the minimum dimension of the
heaviest section of the part. The log data shall be recorded in accordance with the heat treater's documented procedures.
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3.2.8 Cleaning

Castings shall be clean of contaminants that will react during heat treatment or cause adverse effects. Residue from

heating and quenching
3.2.9

3.29.1

media shall be removed from castings after solution heat treatment.

Solution Heat Treating

Temperature

Castings that require solution heat treatment shall be soaked at the temperature specified in Table 1, except as permitted

in 3.2.9.3.

3.2.9.2 Soaking Tim

Shall conform to Table
3.2.9.3 \Variations
Solution treating set te
casting configuration. [
cognizant engineering
3.2.9.4  Quenching

Castings, after being s
3.2.9.4.1 Quenchan

During the quench, the

possible cracking, castings may be quenched in oil orwater with temperature varying from cold to h

in a polymer quencha
temperature will produ
permitted provided tha
specified properties in
castings of Alloy 520.0
shall be air-quenched.
3.29.4.2 QuenchD

The quench delay time
furnace starts to open,

1 (See 8.2.5).

mperatures may vary from the requirements of Table 1 to obtain required g
Departure from the required set temperature of more than 10 °F (6 °C) shall
brganization (See 8.2.6).

paked at the solution heat treating temperature=for the required time, shall be
Temperature

guenchant temperature shall not,. fise more than 25 °F (14 °C). To prevent ¢
nt at room temperature providing it is substantiated that the combination (¢
e mechanical properties meeting the material specification. Exceptions to tf
it it has been demonstrated by testing and documentation that the casti
the final heat treated.condition. Unless otherwise specified in a drawing or p
shall be quenched: by total immersion in oil heated to 300 °F (149 °C) and

blay Time

shall'net exceed 15 seconds. The delay shall be measured from the time the
or.the first portion of the load emerges from a fluidized bed or salt bath, to

roperties for a specific
require approval of the

guenched.

xcessive warpage and
ot (212 °F (100 °C)) or
f quench and solution
e temperature rise are
ngs meet the required
rocurement document,
castings of Alloy 242.0

p furnace door of an air
complete immersion of

i Thic dalayv, tioan ooy bha avonadad ooy ooy thaot tha coolina vraota Ao nd

the load in the quench

+hoa BA-SAL dad
e T TS upluy tHRe ey De-EXxXeceeata Pluvlullly o o e CooTmgTatCOoC S0

mechanical property typically obtained by the established process for that casting configuration.

3.2.9.4.3 Agitation

t result in a loss of any

Castings, quenchant, or both shall be agitated during quenching. Small parts heated and soaked in baskets may be
guenched by dumping when basket loads are too heavy to allow adequate quenching by immersion of the full basket and
provided that the castings are not damaged by dumping. Exceptions to the use of agitation is permitted provided that it has
been demonstrated that the castings meet the required specified properties in the final heat treated condition.

3.2.9.4.4 Quenchant Contact Time

Castings which are quenched by immersion shall be kept immersed in the quenchant for not less than 2 minutes per inch
of thickness, or fraction thereof in the thickest section. Alternatively, castings shall be kept immersed in the quenchant for
not less than 2 minutes after boiling ceases. Castings quenched in boiling water shall remain immersed for not less than
2 minutes. Castings quenched in an air blast shall remain in contact with the air blast until surface temperatures are
reduced to 212 °F (100 °C).
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3.2.9.5 Temper After Treatment

All alloys are in the AQ temper (See AS1990) immediately after quenching. After 45 minutes at room temperature or after
the maximum refrigerated storage time has elapsed, they are in the W temper which is unstable, i.e., their properties are
continuously changing. After an appropriate delay at room temperature, unless otherwise noted herein, the tempers shall
be as shown in Table 1.

3.2.10 Refrigeration

3.2.10.1 When a material specification or a fixed process agreement requires retention of the AQ condition to attain the

required mechanical properties, castings shall be refrigerated within 45 minutes after quenching (See 8.3) and
storage conditions shall be documented by a temperature recorder with record of casting traceability.

3.2.10.2 When a four]

be refrigerated as necessary to facilitate straightening. There is no requirement’for" tr

temperature
3.2.11 Aging

Castings requiring ag
properties except as p4

3.2.11.1 Variations
Aging set temperature
specific casting config
(182 °C) unless the T
(17 °C) from the requir
3.2.12 Annealing

Heating, soaking, and
relief) is required, it sha

3.2.13 Straightening A
Shall not be performed
3.3 Qualification

3.3.1 Suppliers

dry determines that refrigeration is required for a casting to facilitate straights

recorder. See 8.4 for additional recommendations.

ng shall be aged as specified in Table 2 to obtain the“final temper an
ermitted in 3.2.11.1.

and/or soak time may vary from the requirements of Table 2 to obtain re
iration; however, alloys 201 and A201 shall-not be aged below a minimum
b condition is specifically called for in the procurement documents. Departy
bd set temperature shall require approval of the cognizant engineering organi

cooling parameters in Table 3 are recommended for annealing of castings. If
1l be as specified by the cognizant engineering organization.

fter Final Heat Treatment

unless authorized by the cognizant engineering organization.

ning, the castings may
Aceability records or a

] required mechanical

quired properties for a
temperature of 360 °F
re of more than 30 °F
zation.

a partial anneal (stress

Facilities performing heat treatment in accordance with this specification shall be approved by the cognizant quality
assurance organization (See 8.2.7).

3.3.2 Personnel

All responsible heat treating personnel performing heat treatment in accordance with this specification shall be qualified as

specified in 4.5.
3.4 Acceptance

34.1

Castings shall meet the hardness and tensile property requirements of the applicable material specification. When

hardness or tensile properties are not specified, the test method, test specimens (i.e., separately cast specimens,
integrally attached specimens, specimens machined from prolongations, or specimens machined from casting

sections), and

acceptance criteria shall be agreed upon by purchaser and vendor.
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4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection

The supplier shall be responsible for the performance of all tests and inspections specified herein. The procuring activity
reserves the right to sample and to perform any tests or inspections to confirm that castings have been heat treated
properly.

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 specified requirements .

4.3 Records

Records shall be kept pvailable to purchaser for not less than five years after performance)of heat freatment. The records
shall contain all data ng¢cessary to verify conformance to the requirements of this specfication.

4.3.1 If the heat tregting 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 thel cognizant engineering
organization.

4.4  Process Control

The cognizant quality pssurance organization may perform any inspéctions, surveillances, tests, [and statistical process
control analyses necesgary to ensure that castings are heat treated-in accordance with this specificgtion.

4.5 Personnel Qualification

All personnel performing heat treating operations shall be trained and approved. ARP1962 proyides an example of a
program for training angd approval and lists the assegiated operations.

4.6 Reports
The vendor shall furnigh with each shipment a report referencing the heat treatment log number| the results of tests to
determine conformance to this specification, and a statement that the castings were processed [n accordance with the
requirements of this specification. £his report shall include the purchase order number, AMS27710, alloy designation and
material specification number, casting number, and quantity.

5. PREPARATION FOR DEMUVERY

All CaStingS shall be vwappcd Of paulr\aycd to—enstre plUtht;Ull from—eorroston—and danage during handling,
transportation, and storage.

6. ACKNOWLEDGMENT

A vendor shall mention this specification number and its revision letter in all quotations and when acknowledging purchase
orders.

7. REJECTIONS

Castings not heat treated in accordance with this specification, or to modifications authorized by purchaser, will be subject
to rejection.
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8. NOTES
8.1 A change bar (|) 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 document. An (R) symbol to the left of
the document title indicates a complete revision of the document, including technical revisions. Change bars and (R)
are not used in original publications, nor in documents that contain editorial changes only.

8.2

8.2.1

Terms used in AMS are clarified in ARP1917 and the following:

Solution Heat Treatment

Soaking castings at an elevated temperature for a sufficient time to put alloying constituents into solid solution followed by

guenching to retain th

8.2.2  Aging (Precipit
Soaking solution heat
temperature to precipit
8.2.3 Polymer Quen
A water solution of pol
are desired.

8.2.4 Parts

The words “parts”, “c
interchangeably. Smal
less.
8.2.5 Recovery and
Recovery time is elap
starts when all temperé
offset temperature.

8.2.6  Cognizant Eng

A term applied to the e

8.2.7 Cognizant Qu3

conditomuntirthecastingsareagetd:
ption Heat Treatment)

treated castings at a moderately elevated temperature or, for some alloys
hte alloying constituents from solid solution to develop strength,and corrosion

Chant

yalkylene glycol or other synthetic material used when minimum distortion o

and tempers, at room
resistance properties.

r low residual stresses

asting”, and “cast parts” as used in this specification have the same njeaning and are used

parts are those that are under 0.25Q@%nch (6.4 mm) in nominal thickness 4

Soaking Time

bed time between insertion of parts in a heating medium and start of soak

ind weigh 2 pounds or

ng time. Soaking time

iture control sensing-elements and load thermocouples (if used) are within 19 °F (6 °C) of the set or

neering Organization
hgineering organization responsible for the design of the parts or a designee

lity-Assurance Organization

Of that organization.

A term applied to the quality assurance organization that is allied to the cognizant engineering organization or its designee.

8.2.8

Alloy Modifications

A term that 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 heat treat procedures may be
necessary due to composition variations as noted in Table 1 and Table 2.

8.3  Prechilling

Prior to refrigeration, casting may be prechilled in a suitably cooled bath if necessary to accelerate cooling for compliance
with requirements of 3.2.10.
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8.4

8.5

To facilitate straightening, castings should be refrigerated within 45 minutes after quenching and the
maximum refrigeration storage time should not exceed seven days at 10 °F (-12 °C), 30 days at 0 °F (-18 °C), or 90
days at -10 °F (-23 °C) maximum temperatures.

Dimensions and properties in inch/pound units and the Fahrenheit temperatures are primary; dimensions and

properties in Sl units and the Celsius temperatures are shown as the approximate equivalents of the primary units
and are presented only for information.

PREPARED BY AMS COMMITTEE “D” AND “AMEC”
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