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RATIONALE

AMS 2768A results from a five year review and update of this specification.
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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.

AMS 2750 Pyrometry
AMS 3025 Polyalkylene Glycol Heat Treat Quenchant
ARP 1962 Training and Approval of Heat Treating Personnel

2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, w

n
vVW.dollll.ury.

ASTM B 557 Methods of Tension Testing Wrought and Cast Aluminum and Magnéesitm Alloy Products

3. TECHNICAL REQUIREMENTS

3.1 Equipment

Equipment used for th
requirements for worki
instruments may be stq

3.1.1  Pyrometry

Shall meet the requirer

3.1.2 Furnaces

3.1.21 Heating Med
Shall be air, protective
shall be shielded to p
the composition and

ermal processing shall conform to the requirements of this specification and
ng zone controls, instruments and sensors shall apply to all heating zones g
red on magnetic or optical media providing a hard:copy is available on reque

nents of AMS 2750.

ia

atmosphere, combustible gases, or fluidized bed. Electrical heating elem

aintenance of fluidized beds shall be such as to prevent attack or contam

AMS 2750, except (1)
nd (2) recordings from
St.

bnts and radiant tubes
ion in the furnace, and
ination of the parts, or

|".}:ent direct radiation~from striking any part. The furnace products of combus
impingement of the flane on the work:

3.1.2.2 Temperature

The design and construction{ef the furnaces shall be such that the temperature in the working zd
maintained within £10 ¢F Y6 °C) of the desired heat treating temperature after the charge ha
temperature. At no ti f f

temperature for the alloy being heat treated (See Table 1).

Uniformity

ne is capable of being
s been brought up to
maximum permissible

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, spray, oil, or in polymer quenchants and for measuring quenchant temperature.
Provisions shall be made for mechanical, hydraulic, or air agitation of the immersion quenching medium, or agitation of the
parts, or both and for heating or cooling of the quenchant, as required. Air agitation of immersion quenchants shall be
allowed, provided the air doesn’'t come in contact with the parts being quenched. Exception to the use of agitation is
permitted provided that it has been demonstrated that the parts meet the specified properties in the final heat treated
condition. The volume of quenching medium for immersion quenching shall be sufficient so that its temperature rise due to
quenching meets the requirements of 3.2.8.3.1. Small parts heated and soaked in baskets may be quenched by dumping
when basket loads are too heavy to allow adequate quenching by immersion of the full basket and provided that the parts
are not damaged by dumping. Non immersion quench methods shall be documented and shall have demonstrated to
produce the specified properties.
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3.1.3.1  Polymer Quenchants

Polyalkalene glycol shall meet the requirements of AMS 3025. Other synthetics may be used provided that they have

demonstrated not to be detrimental to the material and that the parts meet the required specified properties in the final
heat treated condition. Polymer concentration shall be established for the particular casting configuration prior to use.

3.1.4 Cleaning

Equipment shall be provided to clean castings before heat treatment, and to remove residual film from parts quenched in a
polymer quenchant or oil from parts quenched or aged in oil baths.

3.2 Procedures

3.2.1 General

Cast parts that require
2 (See 3.2.4). Heat tre
generate the necessar
castings is treated in th

3.2.2 Rackingand S

Product shall be suppo

that the castings will meet the specified requirements. Written instructions, drawings, photographg

necessary to ensure pr
3.2.2.1 Water Entra
Racks and fixtures use|

3.2.3 Loading

The furnaces shall be at or below the maximum solution treating temperature when the parts are log

3.24
be set at the
comply with AN
3.2.5 Soaking

Soaking time starts wh

heat treatment to a T4X, T5X, or T6X temper shall be heat treated in accord
atment shall be performed only on entire parts, never on a portionof-a par
y requirements shall be established and controlled for each part number to
e same manner.

pacing

rted or hung and spaced to permit flow of the heating/and cooling media ove
oper spacing.

bment

d for solution heat treatment shall be_gonstructed to preclude entrapment of

recommended temperature specified in Table 2 for aging. Sensor/control
1S 2750.

en all femperature control sensing elements are within 10 °F (6 °C) of the set

Ance with Tables 1 and
[. The process used to
ensure that each lot of

I all surfaces to ensure
, etc. shall be used as

vater.

ded.

Control instrument(s) shall be set within the temperature range specified in Table 1 for solufion treating and should

offsets, if used, shall

or offset temperature.

3.2.5.1 Interruptions

duringsotutiom treatmentare permmittedprovided themminimommsoak - time s met and at least a 2-

hour soak time occurs after the interruption. During aging treatments a maximum of four interruptions are
permitted for removal or loading of parts. The time between door opening and furnace or load thermocouple
recovery is not to be counted as part of the total aging time.

3.26 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 parts, alloy, lot identification, AMS 2768 or other applicable specification,
actual thermal processing times and temperatures used. When applicable, atmosphere control parameters, quench delay,
quenchant 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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3.2.7 Cleaning

Prior to heat treatment, parts shall be cleaned to assure that there will be no adverse effects to the surfaces following heat
treatment. Residue from heating and quenching media shall be removed from parts after heat treatment.

3.2.8 Solution Heat Treating
3.2.8.1  Temperature

Cast parts that require solution heat treatment shall be soaked within the temperature ranges specified in Table 1.

3.2.8.1.1  For solution heat treating AZ63A (type 1 and 2), AZ81A, AZ91C, AZ91E, AZ92A (type 1), AM100A, and
ZK61A, tw—mwmmmﬁngw; cause for rejection.
Incremental steps or a uniform heating rate, which requires at least 2 hours to raisg the temperature from
640 °F (33B °C) to the heat treating temperature, shall be used (See 8.5).

3.2.8.1.2 AZ92A (type 2) and QE22A may be charged into the furnace which is at the heat treating temperature.

3.2.8.1.3 Evidence ¢f high temperature oxidation shall be cause for rejection (See 3.4.2.1). A|protective atmosphere
containing| sufficient sulfur dioxide, carbon dioxide, or satisfactory ‘exidation inhibitgr shall be used when
solution hgat treating at or above 750 °F (399 °C) (See 8.3).

3.2.8.2 Soaking Time

The castings shall be held at temperature for a sufficient time to secure adequate solution heat treatment. Recommended
soaking times at tempgrature for castings up to 1 inch (25.4 mm) thickness are provided in Table 1| A longer soaking time
may be required for castings with heavier sections.

3.2.8.3 Quenching

Parts, after being soakgd at the solution heat treating-temperature for the required time, shall be qugnched.

3.2.8.31 Immersion

During the quench, theg

Quenchant Temperature

quenchant temperature shall not rise more than 25 °F (14 °C). To prevent g

possible cracking, casfings may be glienched in oil or water with temperature varying from cold to

or in a polymer quenc
temperature will produ
permitted provided tha

nant at roonmtemperature providing it is substantiated that the combination
ce mechahical properties meeting the material specification. Exceptions to th
it has‘been demonstrated by testing and documentation that the parts mee

xcessive warpage and
hot (212 °F or 100 °C)
bf quench and solution
e temperature rise are
| the required specified

properties in the final heat treated condition.

3.2.8.3.2 Immersion-QuenchDetay Time
The quench delay time shall not exceed 30 seconds. The delay shall be measured from the time the furnace door of an air
furnace starts to open, or the first portion of the load emerges from a fluidized bed, to complete immersion of the load in
the quenchant. This delay time may be exceeded providing that the cooling rate does not result in a loss of any mechanical
property typically obtained by the established process for that casting configuration.

3.2.8.3.3 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. Parts quenched in boiling water shall remain immersed for not less than 2
minutes. Castings quenched in an air blast or spray shall remain in contact with the quench media until surface
temperatures are reduced to 212 °F (100 °C).
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3.2.9 Aging

Precipitation heat treatment or artificial aging, when T5 or T6 tempers are specified, shall be performed at the temperature
and times required to develop the specified properties. Aging conditions which have been used satisfactorily are shown in

Table 2. No protective atmosphere is required.

3.2.10 Straightening after final aging is prohibited unless otherwise specified by the cognizant engineering organization.

3.3 Qualification

3.3.1  Suppliers

Facilities performing h
quality assurance orga
3.3.2 Personnel

All responsible heat trg
specification shall be q

3.4 Acceptance

3.4.1  The routine op

attreatmentimaccordance withthis—specificatiomstat—be—subjecttoap

hization (See 8.2.7).

ating personnel at leadsman and foreman levels performing heat'treatment
Lialified as specified in 4.5.

eration of the equipment and heat treating procedure shall be judged by the

obtained on th¢ test bars heat treated with every furnace charge'and tested in accordance v

3.4.2 Microscopic E

amination

The tensile test may bg¢ supplemented by a microscopic examination of the test bars or selected cg

of the cognizant engine
If the furnace selected
specimens shall be se
nonhomogeneous loag
additional samples sha
3.4.21 Eutectic Mel
Specimens from the h
examined at 500X mi
temperature oxidation
confused with eutectic

ering organization. At least one representative sample for each of the specifi
for routine inspection contains.a_l6ad which is homogeneous as to alloy, for
ected to represent the least.massive and the most massive portions of the ¢

as to type of alloy, and when the recommended heat treatments for the
Il be prepared.

ing and High Temperature Oxidation
himum magnification with a metallurgical microscope. The presence of e

shall be-considered evidence of improper heat treatment (See 3.4.3.3).
melting.

343

roval by the cognizant

n accordance with this

mechanical properties
ith ASTM B 557.

stings at the discretion
ed tests shall be taken.
m and size of part, two
narge. In the event of a
espective alloys differ,

pat treated samples shall be prepared for microscopic examination. The ungtched surface shall be

Ltectic melting or high
Porosity should not be

Traatman

Improper Heat

3.4.3.1

TTCOUTTCTIC

Improper Equipment

If any of the tests indicate that the heat treatment was improper (3.4) and was caused by poor performance of the furnace
(and not improper settings or insufficient time in the furnace), the furnace shall not be used for further heat treating until it
is demonstrated that all equipment and operating requirements of this specification are being met.

3.4.3.2  Status of Materials

Materials heat treated in the furnace since the time of the previous tests and found unsatisfactory shall be rejected or

reheat treated (beginning with the solution heat treatment) in an acceptable furnace, depending on the character of the
failed tests.
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3.4.3.3

no reheat treatment permitted.

4. QUALITY ASSURANCE PROVISIONS

41

Responsibility for Inspection

If the test samples show eutectic melting or high temperature oxidation, the casting lot(s) shall be rejected and

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 parts have been heat treated properly.

4.2 Inspection

The cognizant quality assurance organization may review heat treating records and the results of tests and inspections to

verify that heat treatm
4.3 Records

Records shall be kept

all data necessary to verify conformance to the requirements of this specification.

4.3.1 If the heat tred
and is on file. ]

quality organiz
4.4 Process Control

The cognizant quality
control analyses neces

4.5 Personnel Qualifjcation

ARP1962 provides an
4.6 Reports

The vendor shall furni
determine conformang
requirements of this sp
material specification n

5. PREPARATION F

n £ (e Il H n el 4 b
ITUCUTTTOUTTTICU U dll TCUUITTTTITTILS UT TS SPTUITILAtlUTlT.

available to purchaser for five years after performance of heat treatment. Th

ting procedure is considered proprietary, the vendor may certify that the inf

ptions.

assurance organization may perform any inspections, surveillance, tests,
sary to ensure that parts are heat treatedin accordance with this specificatio

bxample of a program for training and approval and lists the associated operd

5h with each shipment a report referencing the heat treatment log number
e to this specification, and a statement that the parts were processed i
ecification. This' report shall include the purchase order number, AMS 27684
umber, partynumber, and quantity.

DR DEUVERY

e records shall contain

ormation is proprietary

'he procedures shall be available for review by personnelrepresenting the cognizant engineering or

and statistical process
.

tions.

the results of tests to
 accordance with the
, alloy designation and

All parts shall be pres

pu | pu | ol L ot ry 'H £ H gl
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transportation, and storage.

6. ACKNOWLEDGMENT

mage during handling,

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

orders.

7. REJECTIONS

Castings and parts 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 specification. An (R) symbol to the left
of the document title indicates a complete revision of the specification, including technical revisions. Change bars

and (R) are not used in original publications, nor in specifications that contain editorial changes only.

8.2 TermsusedinA

8.2.1

MS are clarified in ARP1917 and as follows:

Solution Heat Treatment

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

quenching to retain thlbw rdittorruntitthepartsareaged:

8.2.2 Aging (Precipi

Soaking solution heat
solution to develop stre

8.2.3 Polymer Quen

A water solution of pol
are desired.

8.24 Parts

The words "parts", "d
interchangeably. Small
kg) or less.

8.2.5 Recovery and

Recovery time is elap

starts when all temperature control sensing-elements and load thermocouples (if used) are within 1

offset temperature.
8.2.6 Cognizant Eng

A term applied to the e

tion Heat Treatment)

treated parts at a moderately elevated temperature to precipitaté-alloying
ngth and corrosion resistance properties.

chant

yalkylene glycol or other synthetic material used whien minimum distortion o

asting”, and "cast parts" as used inthis specification have the same

parts are those that are under 0.250.inch (6.35 mm) in nominal thickness a

Soaking Time

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

neering Organization

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

constituents from solid

r low residual stresses

eaning and are used
d weigh 2 pounds (0.9

ng time. Soaking time
) °F (6 °C) of the set or

pf that organization.

8.2.7

Cognizant Quglity-Assurance Organization

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

8.3

A potential fire hazard exists in the heat treatment of magnesium alloys. If, through oversight or failure of the
temperature control equipment, the temperature of the furnace appreciably exceeds the maximum solution heat
treating temperature of the alloy, the castings may ignite and burn. A suitable sulfur dioxide or carbon dioxide
atmosphere prevents the starting of a fire until the temperature limits have been exceeded by a considerable
amount. Many heat treaters use an atmosphere of 0.5 to 1.0% sulfur dioxide, or carbon dioxide in a minimum
concentration of 3% to 950 °F (510 °C) or 5% up to about 1000 °F (538 °C). Once a magnesium fire has started, the
sulfur dioxide or carbon dioxide supply to the furnace should be shut off, since the burning magnesium unites with
the oxygen of these materials. Each furnace used should be equipped with a safety cutout which will turn the power
off to the heating elements and blowers in the event of any malfunctioning or failure of the temperature control
equipment. These safety cutouts should be set at a temperature of no more than 10 °F (6 °C) above the maximum
temperature permitted for the alloy being heat treated. Air flow switches should also be installed to guard against the
stoppage of circulation of air and they should be interconnected with a manual reset control.
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