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Heat Treatment of Aluminum Alloys

CANCELLATION NOTICE

This specification has been “CANCELLED” by the Aerospace Materials Division, SAE, as of 
July 2000, and has been superseded as noted below.  The requirements of the latest issue of the 
following documents shall be fulfilled whenever reference is made to the cancelled AMS-H-6088.  By 
this action, this document will remain listed in the Numerical Section of the Index of Aerospace 
Material Specifications noting that it is superseded as shown below.  Cancelled specifications are 
available from SAE upon request.

1. Raw Material (Mill Products):  Shall be heat treated by producers in accordance with AMS 2772,
“Heat Treatment of Aluminum Alloy Raw Materials”.  (Examples of raw materials are sheet, plate,
wire, rod and bar, tubing, forgings, and extrusions.)

1.1 Conversion of Raw Material (Mill Products):  To another temper, by an organization other than 
the producer, shall be performed in accordance with the technical requirements and quality 
assurance provisions of AMS 2770, “Heat Treatment of Wrought Aluminum Alloy Parts”.  In 
addition, the converted product shall be tested in accordance with the requirements of the 
applicable material specification.

2. Parts:  Shall be heat treated in accordance with AMS 2770, “Heat Treatment of Wrought 
Aluminum Alloy Parts”.

3. Castings:  Shall be heat treated in accordance with AMS 2771, “Heat Treatment of Aluminum 
Alloy Castings” except it is permissible, for specific castings, to use equipment, practices, and 
test methods which were previously acceptable to the purchaser.
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NOTICE

This document has been taken directly from Military Specification MIL-H-6088G, Amendment 1, and 
contains only minor editorial and format changes required to bring it into conformance with the 
publishing requirements of SAE technical standards.

The original military specification was adopted as an SAE standard under the provisions of the SAE 
Technical Standards Board (TSB) Rules and Regulations (TSB 001) pertaining to accelerated 
adoption of government specifications and standards.  TSB rules provide for (a) the publication of 
portions of unrevised government specifications and standards without consensus voting at the SAE 
Committee level, (b) the use of the existing government specification or standard format, and (c) the 
exclusion of any qualified product list (QPL) sections.

1. SCOPE AND APPLICATION:

This specification covers the requirements and recommendations for the heat treatment of aluminum 
alloy rolled, extruded, forged, drawn, and cast product (See 6.1 and 6.5.1).  It does not cover the 
requirements for the heat treatment of aluminum alloy parts (See 3.4).  Subjects covered are:  process 
establishment and re-establishment (previously called “process qualification” and “process 
requalification”); periodic process surveys; periodic product monitoring; furnaces and operation 
controls; pyrometric equipment; quenching equipment, media, and operation controls; parameters and 
procedures for solution heat treatment, quenching, age hardening, and annealing (of certain product); 
requirements for inspections and record keeping; test methods; and limits of product acceptability.

2. APPLICABLE DOCUMENTS: 

The following publications form a part of this specification to the extent specified herein.  The 
applicable issue of these publications shall be those in effect on date of invitation for bids or solicitation 
for offers.
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2.1 U.S. Government Publications: 

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue, 
Philadelphia, PA 19111-5094.

MIL-STD-1537 Electrical Conductivity Test for Measurement of Heat Treatment of Aluminum 
Alloys, Eddy Current Method

MIL-STD-45662 Calibration Systems Requirements

2.2 SAE Publications: 

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

AMS 2750 Pyrometry
AMS 2770 Heat Treatment of Wrought Aluminum Alloy Parts

2.3 ASTM Publications: 

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

ASTM B 557 Tension Testing Wrought and Cast Aluminum and Magnesium Alloy Products
ASTM E 10 Brinell Hardness of Metallic Materials
ASTM E 18 Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials
ASTM E 103 Rapid Indentation Hardness Testing of Metallic Materials

2.4 ANSI Publications: 

Available from ANSI, 11 West 42nd Street, New York, NY 10036-8002.

ANSI H35.1 Alloy and Temper Designation System for Aluminum

3. REQUIREMENTS: 

3.1 Process Establishment: 

Prior to production, fully capable heat-treating equipment and procedures shall be in place and 
established as specified herein (See Table I).  The Government reserves the right of review, 
verification, and approval of the results of process establishment or re-establishment derived from 
testing new equipment and equipment which has undergone major work or repair (See 3.1.2).

3.1.1 Notification of Authorized Government Representative: When an authorized government 
representative (See 6.5.6) finds it necessary to witness the process establishment tests, the 
representative shall be given at least 7 days notice prior to such tests.  All process information shall 
be considered proprietary to the heat transfer, and its confidentiality shall be preserved.
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3.1.2 Conditions Requiring Process Re-Establishment: Occurrence of one or more of the following 
events necessitates re-establishment of the equipment or procedures involved:

3.1.2.1 Replacement of, extensive deterioration of, major damage to, or modifications to the previously 
accepted heat-treat/quench equipment that might result in non-conformance (See 3.5.1 through 
3.5.5 as applicable).

3.1.2.2 Failure of existing equipment or standard heat-treating procedures to consistently produce 
product meeting the quality requirements specified herein (See 4.6.4).

3.1.2.3 Any noncompliance (See 4.1.3 and 4.6.4) detected during periodic process surveys (See 3.2) or 
periodic product monitoring (See 3.3).

3.2 Periodic Process Surveys: 

Heat-treating equipment and procedures shall be surveyed as specified in Table I.

3.3 Periodic Product Monitoring: 

Products shall be tested to monitor the operational characteristics of the heat-treating equipment and 
procedures as specified in Table I.

3.4 Heat Treatment of Parts: 

Finished or semi-finished parts made from wrought mill products shall be heat treated in accordance 
with AMS 2770.  Raw castings, finished or rough machined parts made from castings, and deep 
drawn shells shall be heat treated in accordance with the applicable requirements herein.

3.5 Equipment: 

3.5.1 Furnaces: Any type of furnace is acceptable for the heat treating of aluminum alloys, provided the 
product is not deleteriously affected.  Unless otherwise indicated herein, the term “air”, with 
reference to a heating medium, shall apply equally to combusted gases and protective 
atmospheres.  The use of torch-heating equipment is prohibited.

3.5.1.1 Air Chamber Furnaces: Air chamber furnaces in which the products of combustion come in 
contact with the metal may be used for the heat treatment of those products which have been 
demonstrated by test to be free from porosity resulting from solution heat treatment (See 6.3.3.2 
and 6.5.5) in the furnace of concern.

3.5.1.2 Salt Baths: The salt shall not react with the alloys being treated.  Nitrate salt baths shall not be 
used to heat treat 5XX.X casting alloys (See 6.3.1).
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3.5.1.3 Alternate Apparatus for Age-Hardening Treatment: Other apparatus for age-hardening heat 
treatment may be used, provided it meets all  requirements specified herein and the material 
meets the material specification requirements, and is not damaged.

3.5.1.4 Furnace Temperature Uniformity Surveys: Surveys shall be as specified in AMS 2750.

3.5.1.5 Temperature Uniformity: 

3.5.1.5.1 Batch Furnaces and Salt Baths: The design and construction of batch furnaces and baths shall 
be such that, during the heating and soaking period, the temperature of the heating medium at 
any point in the heating or soaking zone is controlled such that the metal temperature does not 
exceed the maximum of the soaking temperature range specified in 3.6.1 or the selected age-
hardening temperature range (See 3.9) applicable to the alloy being solution heat treated or 
aged.  After all of the furnace charge reaches the minimum of the applicable temperature range 
specified, the maximum temperature variation of the heating medium and furnace charge 
within this zone shall be 20 °F (or less when Table II or VII requires), with the exception of alloy 
6061 for which a variation of 30 °F is permissible (See Table II, footnote 5 and Table VII, 
footnote 4).

3.5.1.5.2 Continuous Furnaces: For continuous furnaces, the soaking zone follows the heating zone, 
and it is in the soaking zone that metal temperatures shall be within the heat-treating 
temperature ranges specified in 3.6.1 or the selected age-hardening temperature range (See 
3.9), as applicable.  After all of the furnace charge within the soaking zone reaches the 
minimum of the applicable temperature range specified, the maximum temperature variation of 
the heating medium and furnace charge in the soaking zone shall be 20 °F (or less when Table 
II or VII requires) with the exception of alloy 6061 for which a variation of 30 °F is permissible 
(See Table II, footnote 5 and Table VII, footnote 4).

3.5.2 Pyrometric Equipment: Properly arranged temperature-control and recording devices shall be 
provided on all heat-treating equipment to ensure control of temperature to the requirements of this 
specification and AMS 2750 in all heating and soaking zones.

3.5.2.1 Temperature Control and Recording Equipment: Instruments shall meet the requirements of 
AMS 2750 except that the recordings of the working instruments required by AMS 2750 may be 
stored on computerized magnetic storage media.  If stored this way, a hard copy of the 
recordings shall be available upon request.  The exact location of sensors shall be governed by 
furnace or bath configurations and dimensions in accordance with AMS 2750, and they shall be 
in such locations as to give accurate measurement of the workpiece and heating medium 
temperatures.

3.5.2.2 Accuracy: The furnace pyrometric system shall be set to control at working temperatures applied 
in practice and the accuracy of the system shall be monitored according to AMS 2750.
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3.5.3 Quenching Equipment and Media: Suitable equipment for water, air, aqueous polymer solution, 
liquified gas, or oil quenching shall be provided.

3.5.3.1 Quench Baths: Quench baths shall permit complete immersion of material and shall be of 
sufficient size to extract the heat from the most massive load anticipated to be quenched.

3.5.3.1.1 Circulation: The quench bath shall contain a circulation system (either internal or external) to 
provide for the flow of quench medium through the heat-treat load.  In lieu of bath circulation, 
product may be agitated if movement is sufficient to ensure that quench uniformity is obtained 
and all requirements are met.  This shall be verified by monitoring in accordance with 4.4.2.

3.5.3.1.2 Air Agitation: Air agitation of the quench bath is permitted, if it is demonstrated that quench 
uniformity is obtained.  This shall be verified by monitoring in accordance with 4.4.2.

3.5.3.1.3 Heating and Cooling: The quench bath shall be provided with sufficient heating and/or cooling 
capacity needed to maintain the temperature of the quenching medium within the ranges 
specified in 3.7, as applicable, and instrumentation necessary to ensure adequate temperature 
control.  The instrumentation shall be capable of reading within ±5 °F of true temperature.

3.5.3.1.4 Speed of Immersion: The quench system shall have the means to control the speed at which 
solution heat treated parts enter the quench medium, if such control is part of the required heat-
treating procedure.  The allowable quench delay (See 3.7.4) shall not be exceeded.

3.5.3.1.5 Inflow and Draining: All water baths, except aqueous polymer solutions, employed in 
quenching products which have been heated in salt bath furnaces shall be maintained such 
that no visible salt residue is observed on the surface of the products after drying.  Water-
aqueous polymer solutions shall at all times when in use contain no salt concentrations in 
excess of 6.0 percent by weight.

3.5.3.2 Spray-Quenching Equipment: When a spray system is employed for quenching, the discharge of 
the coolant from the nozzles shall be of sufficient volume, pressure, and temperature to ensure 
that a uniform and satisfactory quench is achieved on all products.  For plate and extrusions, this 
shall be verified by monitoring in accordance with 4.4.1.  Calibrated recording instrumentation 
shall be provided to monitor spray quench variables.

3.5.3.3 Location of Quenching Equipment: Quenching equipment and handling facilities shall be located 
such that the delay in quenching does not exceed the maximum delay times specified in Table VI, 
as applicable.

3.5.4 Rinsing Equipment: Rinse tanks, sprays, or other suitable apparatus shall be employed as 
necessary to ensure that no salt residues or films remain on metal surfaces after drying.
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3.5.5 Construction of Support Racks, Fixtures, and Other Workpiece Holders: Support racks shall be so 
constructed as to minimize shifting or movement of the metal during the heat treatment and 
quenching operations.  The racks, fixtures, trays, or baskets shall be constructed so that no 
deleterious effect on the products being processed will arise from solution heat treating or 
quenching.

3.5.6 Testing Equipment: The electrical conductivity tester shall be calibrated in accordance with the 
procedures outlined in 4.5.5.2.

3.5.7 Calibration: Calibration of all equipment shall be in accordance with MIL-STD-45662 and 
AMS 2750, as applicable.

3.6 Parameters and Procedures for Solution Heat Treatment: 

3.6.1 Solution Heat Treatment of Mill and Foundry Products: Aluminum alloy wrought products and 
castings shall be solution heat treated within the applicable metal temperature ranges specified in 
Table II.

3.6.2 Re-Solution Heat Treatment: A solution heat treatment of an aluminum alloy workpiece which has 
previously been solution heat treated shall be considered a re-solution heat treatment.  
Accordingly, the first solution heat treatment of an alloy following purchase as solution heat treated 
or solution heat treated and aged shall be considered a re-solution heat treatment.  Annealing and 
age-hardening heat treatments shall not be considered re-solution heat treatments.  Alclad 
products of the 2XXX and 7XXX series alloys shall not be re-solution heat treated more than the 
number of times specified in Table III (See 6.3.3.5).

3.6.3 Heat-Treating Operations: Heat-treating operations shall be performed on the whole workpiece, 
never on a portion only, and shall be applied in a manner that will produce uniform properties within 
the limitations of material configuration.

3.6.3.1 Heat Treating Alclad Sheet: When solution heat treating alclad sheet, the size and spacing of the 
load shall permit the entire load to come to the specified temperature range within 30 minutes for 
thicknesses up to 0.050 inch, 60 minutes for 0.050 or greater but less than 0.102 inch, and 
120 minutes for 0.102 or greater.  When a furnace charge consists of a group of alclad alloy 
workpieces of varying thickness, the heat-up time for the charge shall be the limit specified for 
the thinnest work piece or section of a work piece (See 6.3.3.3).

3.6.4 Cleanliness: Surfaces of metal shall be free from lubricants or other matter deleterious to the 
aluminum alloy being heat treated.  Substances on the surface which, after solution heat treatment, 
affect appearance only shall not be cause for disapproval of the production procedure nor rejection 
of the workpieces so affected.
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3.6.5 Charge Preparation and Limitation: Aluminum alloys being heat treated shall be so supported as to 
permit access of the heating medium to uniformly heat the alloy to the required temperature.  
Except as noted below, furnaces shall not be charged following a downward temperature setting 
until all instruments indicate that the furnace has reached the range in Table II encompassing the 
new lower temperature.  If the furnace has automatic controls that ensure that the reduction in 
furnace temperature is attained prior to any metal in the charge reaching the soak temperature, 
furnace charging may take place at any time.

3.6.6 Soaking Time: After the charge has reached the required solution heat-treating temperature range, 
it shall be held (soaked) within that temperature range for a period necessary to ensure the 
maximum possible solution of alloying elements and development of specified properties upon 
aging.  In a continuous furnace, the speed of any product passing through the working zone 
(See 6.5.3) shall be such that soaking time shall yield product capable of being aged to 
requirements of the applicable product specification.  Recommended soaking times are listed in 
Tables IV and V.  When a charge includes sections of various thicknesses, the recommended 
soaking time shall be determined by the section having the greatest thickness (See 6.3.3.1).

3.7 Quenching Parameters and Procedures: 

3.7.1 Quenching Wrought Nonforged Product: Parameters and procedures for quenching wrought alloy 
product (except forgings) of 2XXX and 7XXX series alloys shall be as specified in 3.7.1.1 and 
3.7.1.2.

3.7.1.1 Total Immersion in Water Baths or Aqueous Polymer Solutions: When a water bath is used, the 
volume and circulation of the bath shall be such that its temperature shall be no higher than 
100° F at the time of completion of the quench.  When an aqueous polymer solution is used, the 
volume and circulation of solution shall be such that the bath temperature at no time exceeds 130 
°F.  Quenching delays and duration of quenchant contact shall be as specified in 3.7.4 and 3.7.5, 
respectively.  Quenched product shall, after age-hardening to tempers specified in the acquisition 
documents, satisfy the applicable property requirements and, when tested, pass the corrosion 
test in 4.5.3.  Test programs to determine compliance with these requirements shall conform to 
Table VIII, as applicable.

3.7.1.2 Quenching in Liquified Gas, Airblast, and Water Spray: Quenching by total immersion in liquified 
gas or by contact with high-pressure, high-volume jets of water, or air within a suitable chamber is 
permissible provided that quenched product is capable of passing the corrosion test in 4.5.3, and 
of being age-hardened to mechanical properties and other characteristics conforming to 
applicable specified requirements.  Quenching delays and duration of quenchant contact shall be 
as specified in 3.7.4 and 3.7.5, respectively.  Test programs to determine compliance with these 
requirements shall conform to Table VIII, as applicable.
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3.7.2 Quenching Forgings: Except as specified in 3.7.2.1, 3.7.2.2, or 3.7.2.3, forgings may be cold water, 
hot water, or aqueous polymer quenched provided that resultant product is capable of passing the 
applicable tests and satisfying all applicable specified requirements after age-hardening to tempers 
specified in the acquisition documents.  Test programs to determine compliance with these 
requirements shall conform to Table VIII, as applicable.

3.7.2.1 Quenching 2014 and 2024 Forgings: Unless otherwise specified in a drawing or procurement 
document, forgings of 2014 and 2024 shall be quenched by total immersion in water heated to 
140 to 180 °F.

3.7.2.2 Quenching 2XXX and 7XXX Forgings Other Than 2014 and 2024: Forgings of these alloys shall 
be quenched by total immersion in water heated to 140 to 160 °F unless quenchants other than 
hot water are necessary to achieve required properties or to minimize residual tensile stresses 
and/or distortion (See 6.8).

3.7.2.3 -T41 and -T61 Tempers: Unless otherwise specified in a drawing or procurement document, 
forgings and impact extrusions for heat treatment to the -T41 and -T61 tempers shall be 
quenched by total immersion in boiling water.

3.7.3 Quenching Castings: Castings may be oil, water (See 3.7.3.2), or aqueous polymer quenched 
provided that the resultant product is capable of passing the applicable tests and satisfying all 
applicable specified requirements after age-hardening to tempers specified in the acquisition 
documents.  Air quenching is satisfactory for continuously quenching thin sections if all specified 
property requirements are met.  Test programs to determine compliance with these requirements 
shall conform to Table VIII, as applicable.

3.7.3.1 Quenching Castings of Alloys 520.0 and 242.0: Unless otherwise specified in a drawing or 
procurement document, castings of Alloy 520.0 (formerly designated 220) shall be quenched by 
total immersion in oil heated to 300 °F and castings of Alloy 242.0 (formerly designated 142) shall 
be air-quenched.

3.7.3.2 Water Quenched Castings: Such castings shall be quenched by total immersion in a water bath 
heated from 150 to 212 °F unless other quenching temperatures are approved by the procuring 
activity.

3.7.4 Quench Delay: Maximum allowable delays before immersion quenching product shall comply with 
Table VI, as applicable to section thickness.  Allowable delays before quenching using an 
alternative to immersion, shall be determined by corrosion tests (See 4.5.3) and/or mechanical 
property tests on product age-hardened to tempers within the scope of the applicable material 
specification and specified in the acquisition documents.
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3.7.5 Duration of Contact Between Quenchant and Workpiece: Workpieces quenched by immersion 
shall remain in the quenchant for not less than 2 minutes per inch of thickness, or fraction thereof in 
the thickest section.  Alternatively, workpieces shall be kept immersed in the quenchant for not less 
than 2 minutes after boiling ceases.  Workpieces quenched by spray shall remain in contact with 
the spray until steam no longer rises from the workpiece surface.  Workpieces quenched in an air 
blast shall remain in contact with that quenchant until surface temperatures of the workpiece are 
reduced to 212 °F.

3.8 Racking and Spacing: 

Product shall be racked or supported and spaced to permit free access of the heating and/or 
quenching medium to all surfaces of the product in all portions of the load.  Adequacy of heating and 
quenching procedures shall be documented by accumulation of adequate data to demonstrate 
conformance to applicable material specifications.  When immersion quenching, see 4.4.2.1 and 
4.4.2.3.

3.8.1 Racking and Spacing of Forgings and Castings: Forgings and castings, except as specified in 
3.8.1.2, shall be separated from each other by a distance greater than the thickest section, or as 
provided by special racking procedures which demonstrate that the specific product receives an 
adequate heating or quench.

3.8.1.1 Fixtures: Fixtures shall be designed so as to have a minimum effect on the heating rate and the 
quench rate.  Orientation shall be such as to avoid entrapment of steam, allow free circulation of 
quenchant, and to preclude steam from harmfully degrading the quench.  The size of the load 
shall be limited so as to produce no more than a 20°F rise in water temperature, or a 25°F rise in 
aqueous polymer temperature as a result of quenching.  Exceptions to the temperature rise are 
acceptable, if the product has been demonstrated by testing and documentation to meet the 
requirements of the applicable material specification.

3.8.1.2 Random Racking: Random racking or layering of forgings or castings, 1.0 inch or less in 
thickness, is permitted to a maximum thickness of 3.0 inches, with a minimum spacing of 
3.0 inches between layers, provided that quenching is performed by immersion.  Exceptions to 
this method are acceptable, if the product meets the requirements of the applicable material 
specification.  Records shall be kept of the test results of the product so racked.

3.9 Recommended Age-Hardening Heat Treatments: 

The recommended time-temperature cycles shown in Table VII are typical for various forms, sizes, 
and methods of manufacture, and may not exactly describe the optimum treatments for specific 
products.
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4. QUALITY ASSURANCE PROVISIONS: 

4.1 Responsibility for Inspection: 

Unless otherwise specified in the contract or purchase order, the contractor is responsible for the 
performance of all inspection requirements (examinations and tests) as specified herein.  Except as 
otherwise specified in the contract or purchase order, the contractor may use his own or any other 
facilities suitable for the performance of the inspection requirements specified herein, unless 
disapproved by the procuring activity.  The procuring activity reserves the right to perform any of the 
inspections set forth in this specification where such inspections are deemed necessary to ensure 
that supplies and services conform to prescribed requirements.

4.1.1 Responsibility for Compliance: All items shall meet all requirements of section 3.  The inspection 
set forth in this specification shall become a part of the contractor’s overall inspection system or 
quality program.  The absence of any inspection requirements in the specification shall not relieve 
the contractor of the responsibility of ensuring that all products or supplies submitted to the 
procuring activity for acceptance comply with all requirements of the contract.  Sampling 
inspection, as part of manufacturing operations, is an acceptable practice to ascertain 
conformance to requirements, however, this does not authorize submission of known defective 
material, either indicated or actual, nor does it commit the procuring activity to accept defective 
material.

4.1.2 Retention of Inspection Records: Inspection records, unless otherwise specified herein, shall be on 
file and available for review for four years after the date of inspection.

4.1.2.1 Process Establishment and Process Re-Establishment Records: Current records of process 
establishment and process re-establishment shall be kept on file until superseded, and then kept 
on file for an additional five years.

4.1.2.2 Test Results: Results of all tests required by this specification shall be retained for five years after 
the date of testing.

4.1.2.3 Furnace and Quench Process Records: Production processing records required by this 
specification shall be kept on file and available for review for five years after the inspection date 
of the product.

4.1.2.4 Furnace and Quench Facility Records: Records shall be maintained for each furnace and 
quench facility to show compliance with this specification.  These records shall include the 
following:  furnace number or description, volume of working zone (See 6.5.3), temperature 
range of usage, whether used for solution heat treatment, age-hardening heat treatment, or both; 
and dates and types of major repairs or alterations.  These records shall be on file and available 
for review until process re-establishment occurs and then be retained for five years.
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4.1.3 Heat-Treat Deviations: Any change in heat-treating procedures or equipment that results in product 
not conforming to this specification shall constitute a deviation.  Unless such deviation is approved 
in writing by the procuring activity, delivery of the product shall be withheld until the deviation(s) 
is(are) corrected and satisfactory performance is re-established (See 3.1.2).

4.2 Temperature Surveys of Heating Equipment: 

Process establishment and re-establishment surveys, as well as periodic process surveys, shall be 
performed in accordance with 3.1, 3.2, and AMS 2750, as applicable.

4.3 Spray-Quench Equipment: 

4.3.1 Process Establishment and Re-Establishment for Spray Quenching: Values of all parameters 
governing effective quenching for each spray quenching unit shall be obtained (See 3.5.3.2).  
Process establishment and re-establishment procedures to obtain these values shall consist of 
quenching product representative of all product to be quenched by the unit of concern and, after 
applicable age-hardening, evaluating mechanical properties in accordance with 4.5.1.  
Re-establishment of the process shall be performed whenever conditions change as set forth in 
3.1.2.  Process establishment and re-establishment data shall be available for verification, review, 
and concurrence by an authorized representative of the procuring activity.

4.3.1.1 Procedure for Plate: The quenching procedure shall be a single run each of one 2XXX series 
alloy and one 7XXX (preferably 7075) series alloy in the W temper in the minimum thickness and 
the maximum thickness of the plate processed through the spray-quench line.  The alloys shall 
be sufficiently quench-sensitive to provide a good evaluation.  The test plate shall be of a size 
which fully evaluates the effective area of furnace and quench chambers.  Temperatures and 
pressures within the quenchant line during test quenching shall be recorded and the records 
retained (See 4.1.2.3).

4.3.1.1.1 Procedure to Evaluate Quench Effectiveness: Such effectiveness shall be determined by 
evaluating the tensile properties of spray-quenched and age-hardened test pieces excised 
from test plates in accordance with ASTM B 557.

4.3.1.1.1.1 Test Specimens: The numbers and locations of specimen blanks to be excised shall conform 
to Figures 1 and 2, as applicable to test plate thickness.

4.3.1.1.1.2 Temper of Test Pieces: Specimen blanks excised in accordance with Figure 1 shall be so 
excised from each solution heat-treated and spray-quenched test plate.  These specimens 
shall be age-hardened along with the remainder of the test plate or in a laboratory furnace, to 
one temper representative of mill product.  Following age-hardening, one specimen blank 
shall be excised from the test plate in accordance with Figure 2.
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4.3.1.1.1.3 Test Method: Specimens shall be machined from the age-hardened blanks, and tension-
tested in accordance with ASTM B 557.  Dimensions of machined specimens shall comply 
with those specified therein as standards for sheet-type, rectangular specimens, as blank 
dimensions allow.  Deviations from standard configurations and dimensions may be made if 
such deviations are allowed in the acquisition documents.

4.3.1.1.1.4 Pass-Fail Criteria: 

a. Tensile properties of specimens made from plate of 1.0-inch or lesser thickness shall 
comply with requirements specified for plate of the same temper and thickness in the 
applicable material specification.

b. Yield and ultimate tensile strengths of specimens made from plate of thicknesses 
exceeding 1.0 inch shall meet the yield and tensile strengths specified for plate of the 
same temper and thickness in the applicable material specification.  Such plate shall 
have no requirements of minimum elongation.

4.3.1.2 Procedure for Extrusions: The quenching procedure shall be a single run each of one 2XXX 
series alloy and one 7XXX series alloy in the W temper in the minimum cross-section and the 
maximum cross-section of extrusions processed through the spray-quench line.  The alloys shall 
be sufficiently quench-sensitive to provide a good evaluation.  The test materials may be 
extrusions of any width with a sufficient number of test pieces quenched at one time to evaluate 
adequately the effective area of furnace and quench chambers.  Temperatures and pressures 
within the quenchant line shall be recorded and records retained (See 4.1.2.3).

4.3.1.2.1 Procedure to Evaluate Quench Effectiveness: Such effectiveness shall be determined by 
evaluating the tensile properties of spray-quenched and age-hardened test pieces excised 
from test extrusions in accordance with ASTM B 557.

4.3.1.2.1.1 Test Specimens: Specimen blanks whose longitudinal axis parallels the direction of ram 
travel during the extrusion operation shall be excised at 6-inch intervals across the working-
quench width at each end of the spray-quenched load.  For determination of the capability of 
the quenching procedure to satisfactorily through-quench a section of maximum thickness, 
specimen blanks shall be excised from several locations in the width or thickness direction, 
one of them being the t/2 location, as applicable to cross-sectional configuration and 
dimensions.  The specimen blanks shall be of the sheet type and be capable of being 
machined into tension-test specimens conforming to ASTM B 557, as applicable to 
configuration and dimensions.  The blanks shall be excised to a depth of no more than 
0.025 inch above the bottom (during quench) surface of any test extrusion.  Deviations from 
standard configurations and dimensions may be made if such deviations are allowed in the 
acquisition documents.
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4.3.1.2.1.2 Temper of Test Pieces: Specimen blanks excised in accordance with 4.3.1.2.1.1 shall be 
age-hardened together with a full simulated production load to one temper representative of 
plant product.

4.3.1.2.1.3 Test Method: Tension-test specimens shall be machined from the age-hardened blanks and 
be tension-tested in accordance with ASTM B 557.

4.3.1.2.1.4 Pass-Fail Criteria: Specimens shall demonstrate tensile properties complying with 
requirements specified for extrusions of the same temper and cross-sectional dimensions in 
the applicable material specification.

4.4 Periodic Product Monitoring: 

4.4.1 Monitoring Spray Quenching of Plate and Extrusions: Except as otherwise specified or allowed 
herein (See 4.4.1.4), such monitoring shall comprise eddy current tests in accordance with 4.5.5 of 
the conductivity of quenched 7075 alloy plate of a minimum 0.250-inch thickness, or extrusions of 
0.250-inch minimum thickness which do not have a thickness between cross-sectional elements 
greater than 0.250 inch.

4.4.1.1 Quenching Conditions: The line temperature and pressure of the quenchant throughout a test 
quench shall be maintained within limits determined during process establishment.

4.4.1.2 Quenching Records: When product of 0.250 inch or thicker is processed, temperature and 
pressure within the quenchant line shall be recorded for each quench load.  Such records shall 
be maintained in accordance with 4.1.2.3.

4.4.1.3 Frequency of Product Monitoring: When product of 0.250 inch or thicker is being quenched by a 
system conforming to 3.5.3.2, conductivity of the product shall be measured once during each 
calendar week.  In addition, at least once in every three-month interval, conductivity on product of 
the maximum thickness that the heat-treat line can successfully process, or on product of the 
maximum thickness processed in that interval, shall be measured in accordance with 4.5.5.

4.4.1.4 Product for Testing: Product of 7075 alloy in the dimensions herein specified shall be the product 
tested, unless the producing facility does not fabricate such product or if 7075 is not available at 
the time of the survey.  In such absence, product of other alloy in the dimensions specified herein 
may be tested, provided that the alloy is sufficiently quench-sensitive for evaluation of system 
performance, and that a definitive conductivity range has been established for such product in a 
temper specified.
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4.4.1.5 Measuring Electrical Conductivity: Test procedures to determine electrical conductivity shall 
conform to 4.5.5.  Conductivity measurements shall be made on product in the W temper after 10 
hours or more have elapsed since quenching, or after electrical conductivity has stabilized, but 
prior to artificial aging.  Conductivity of plate shall be measured at four-inch maximum intervals 
across the width of the plate and at 24-inch maximum intervals along the length of the plate.  
Readings shall be taken on both sides (faces) of the plate.  Conductivity of test extrusions shall 
be measured at two-inch maximum intervals around the section perimeter of test extrusions and 
at 24-inch intervals along an extrusion’s length.  For extruded shapes (T-, L-sections, etc), 
conductivity measurements on that portion of a surface directly opposite the junction of two or 
more sectional elements shall be excluded.  Records shall be maintained in accordance with 
4.1.2.

4.4.1.6 Criteria for Quench-System Acceptance - 7075 Plate: When testing 7075 plate, the quenching 
system shall be suspect if the conductivity readings on one side of the plate exhibit a range 
greater than 2.5 percent International Annealed Copper Standard (IACS), or exceed a maximum 
value of 31.0 percent IACS.

4.4.1.7 Criteria for Quench-System Acceptance - Plate Other Than 7075: When plate of an alloy other 
than 7075 is tested, the quenching system shall be suspect if the conductivity readings on one 
side of the plate exhibit a range greater than 2.5 percent IACS, or exceed a maximum 
established as satisfactory for that alloy, thickness, and temper.

4.4.1.8 Criteria for Quench-System Acceptance - 7075 Extrusions: When testing 7075 extrusions, the 
quenching system shall be suspect if the conductivity readings around the section perimeter and 
at 24-inch intervals along the length exhibit a range greater than 4.0 percent IACS, or if the 
values from each element (flange, web, etc) of a shape exhibit a range greater than 3.0 percent 
IACS, or exceed a maximum of 32.0 percent IACS.

4.4.1.9 Criteria for Quench-System Acceptance - Extrusions Other Than 7075: When extrusions of an 
alloy other than 7075 are tested, the quenching system shall be suspect if the conductivity 
readings around the section perimeter and at 24-inch intervals along the length exhibit a range 
greater than 4.0 percent IACS, or if the values from each element (flange, web, etc) of a shape 
exhibit a range greater than 3.0 percent IACS, or exceed a maximum established as satisfactory 
for that alloy, temper, and cross-sectional configuration and dimensions.

4.4.1.10 Test Procedures When Quenching System is Suspect: When a quenching system is suspect, 
additional inspections shall be made of the equipment and test material to determine the cause 
or causes of aberration.  The cause(s) shall be corrected and the equipment, procedures and 
product shall be handled in accordance with 4.6.4 and 4.6.4.1.
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4.4.2 Monitoring Immersion Quenching of Product: A plan for such monitoring shall be implemented for 
each forging and casting and for sheet and plate in each applicable thickness range shown in 
Table VI, and for each configuration of other wrought products.  As a minimum, the plan shall 
include the following.

4.4.2.1 Racking or Spacing Documentation: Documentation, such as drawings or other suitable media 
shall be maintained to ensure proper racking.  A record shall be maintained to show that each 
racking plan has produced material satisfying requirements of the applicable material 
specification.  When specified in a contract or purchase order, a racking plan shall be examined 
for approval by the procuring activity.  Records shall be maintained in accordance with 4.1.2.

4.4.2.2 Periodic Inspection: The plan shall include periodic inspection of mill products by electrical 
conductivity and hardness testing and routine inspection of castings by mechanical property 
testing to ensure that the quench continues to be adequate.  Inspection frequency shall be 
agreed upon by procuring activity.  Frequency and results of inspection shall be recorded and the 
records retained in accordance with 4.1.2.

4.4.2.3 Inspection for Racking Adequacy: Unless otherwise specified, adequacy of the racking method 
shall be established by electrical conductivity measurements on a suitable quantity of mill 
products (See 4.5.5 for test method).

4.4.2.3.1 Testing of Forgings: Electrical conductivity of forgings shall be made on a two-inch grid, unless 
prevented by testpiece configuration.  When so prevented, measurements shall be taken in a 
sufficient number of locations to reveal the adequacy of the quench.  Alternatively, one test 
piece from each inspection lot may be age-hardened to its specified temper and sectioned into 
test blanks for testing of mechanical properties in accordance with 4.5.1.

4.4.2.3.2 Testing of Extrusions: Electrical conductivity measurements on extrusions shall be made at 
two-inch maximum intervals around the perimeter of the cross-section of the extrusion and at 
24-inch maximum intervals along the length of the extrusion, unless prohibited by the size and 
configuration of the extrusion.  It shall not be necessary to check opposite sides of any solid 
sections of the extrusion which are less than 3/8-inch thick, or that portion of a surface directly 
opposite the juncture of two or more elements.  Exceptions to requirements herein shall be 
subject to approval of the cognizant engineering activity.

4.4.2.3.3 Testing of Plate: Electrical conductivity test measurements on plate shall be on a grid four 
inches (along width) by 24 inches (along length) on at least one piece from the center of the 
load or rack and two other pieces selected at random from the load or pack.

Full document details: SAE AMSH6088C

http://www.avadocuments.com/doc/sae-amsh6088c
http://www.avadocuments.com/doc/sae-amsh6088c


AMS-H-6088C SAE AMS-H-6088C

- 17 -

4.4.2.3.4 Random-Racked or Layered Forgings and Castings: Immersion quenching of random-racked 
or layered forgings and castings shall be monitored on each heat-treat load by electrical 
conductivity or hardness measurements made on a two-inch grid spacing on at least one piece 
from the center of the load, and on at least two other pieces selected at random from the load.  
When material configuration prevents a two-inch grid spacing, then a suitable number of 
measurements shall be made to determine adequacy of the quench.

4.4.3 Tests for Process Control: 

4.4.3.1 Material and Process Tests: Such tests shall be performed in order to demonstrate the capability 
of the facility to produce product meeting requirements of the applicable product specifications 
and other acquisition documents.  Tests and testing procedures shall conform to Table VIII and 
4.4.3.2, as applicable.

4.4.3.2 Monthly Test on Furnace Load: Tests of furnace load performance shall be made once each 
month.  If more frequent testing is necessary or advisable, a test plan incorporating an increased 
frequency shall be adopted.  Such plan shall be subject to review and approval by the procuring 
activity.  If the monthly workload included plate and/or sheet as well as other metal forms, the 
load to be tested as in Table VIII shall be a “plate and sheet” load.  If this product form was not 
heat treated during the month, the test load shall be selected from the available product forms, 
using that form for which Table VIII requires the maximum number of test categories.

4.5 Test Methods: 

4.5.1 Mechanical Properties: Specimens shall conform to an appropriate type of tensile specimen in 
accordance with ASTM B 557 and shall be tested in accordance with an appropriate method 
specified therein and shall meet the requirements of 4.6.1.

4.5.1.1 Mechanical Properties of Wrought Products: Unless every heat-treated lot is tested (see 
applicable material specification for sampling plan), a minimum of nine tension tests, sampled to 
represent the quantity of the mill product, shall be made on the mill product which was heat 
treated with the monthly production test load from each heat-treat furnace or bath being 
operated.  The procuring activity may waive this requirement if other approved testing 
procedures are used.  The tension specimens shall include specimens taken from the portion of 
the load receiving the slowest quench, those portions subjected to the highest and lowest 
solution heat-treating temperatures, and, when nonuniform shapes have been heat treated, from 
the thickest and thinnest sections of the cross-sectional configuration.  The tension specimen 
having the lowest yield strength shall be used for the corrosion test specified in 4.5.3.
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4.5.1.1.1 Mechanical Property Tests of Mill Products Where Specimen Taking is Impractical: When 
taking specimens from a heat-treated mill product is impractical, tension specimens shall be 
taken from samples heat treated with a production load.  The thickness and alloy of the 
samples and their location in the load shall be selected to represent items heat treated during 
the previous month which were considered to have experienced the lowest quench rate and 
those which were subjected to the highest and lowest solution heat-treating temperatures.

4.5.1.1.2 Testing of Heat-Treat Loads When Changes are Made in the Heat-Treat Facility: When 
changes are made in the heat-treat facility as outlined in 3.1.2, the mechanical property 
sampling and testing as specified in 4.5.1.1 and 4.5.1.1.1 shall be followed.

4.5.1.2 Mechanical Properties of Casting Alloys: The required tests for casting alloys shall be in 
conformance with the applicable casting product specifications.

4.5.2 Melting and Porosity Resulting from Solution Heat Treatment: One or more of the heat-treated 
specimens tested in accordance with 4.5.1.1 shall be examined for evidence of melting and 
porosity and shall conform to the requirements of 4.6.2.  Each specimen shall be prepared for 
examination by sectioning, and then polishing one surface generated by the sectioning to 
appropriate fineness.  Each polished surface shall be examined under a metallurgical microscope 
at 500 diameters magnification to detect porosity resulting from solution heat treatment.  Following 
this examination, the polished surfaces shall be etched for approximately two seconds in Keller’s 
reagent or other suitable etching solution and examined for evidence of melting during solution 
heat treatment.

4.5.3 Intergranular Corrosion Test: Corrosion tests shall be conducted in accordance with the procedure 
outlined below and samples shall conform to the requirements of 4.6.3.  In the case of alclad 
alloys, the alclad shall be removed from both sides of the sample by filling or by other suitable 
means.  Prior to the corrosion test, each sample shall be immersed for 1 minute in an etching 
solution at 200 °F to produce a uniform surface condition.  The solution shall have the following 
composition:

Nitric acid, concentrated (70 percent)   50 milliliters
Hydrofluoric acid (48 percent)     5 milliliters
Distilled or deionized water 945 milliliters

After this etching treatment, the sample shall be rinsed in distilled or deionized water, immersed for 
one minute in concentrated nitric acid (70 percent) at room temperature to remove any metallic 
copper that may have been plated out on the specimen, and rinsed in distilled or deionized water, 
then allowed to dry.  The sample shall be corroded by immersion in a minimum of 30 milliliters per 
square inch of surface area in a solution of the following composition, which shall be prepared 
immediately before use (the temperature during the immersion period shall be 86°F ± 9):
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4.5.3    (Continued):

Sodium chloride 57 grams
Hydrogen peroxide (30 percent) 10 milliliters
Distilled or deionized water Dilute to 1 liter

The immersion period shall be 6 hours.  All chemicals shall be reagent grade.

4.5.3.1 Number of Specimens in Container: More than one specimen of the same alloy and temper may 
be etched in a container, provided that at least 30 milliliters of solution are used for each square 
inch of specimen surface, and the specimens are electrically insulated from each other.

4.5.3.2 Microscopic Examination: At the end of the immersion period, the sample shall be removed from 
the solution, washed, and dried.  A cross-section specimen, which shall be at least 3/4 inch long 
whenever the size of the sample permits, shall be cut from the sample and mounted for 
microscopic examination.  Microscopic examination shall be made on the specimen, both before 
and after etching, at 100 to 500 diameters magnification with a metallurgical microscope.  The 
etching shall be done by immersion for 6 to 20 seconds in a solution of the following composition:

Nitric acid, concentrated (70 percent)   2.5 milliliters
Hydrochloric acid, concentrated   1.5 milliliters
Hydrofluoric acid (48 percent)   1.0 milliliter
Distilled or deionized water 95.0 milliliters

All chemicals shall be reagent grade.

4.5.4 Test for Diffusion in Alclad Alloys: A microscopic examination of sections of specimens cut from 
mill products representative of a lot or furnace load shall be made to determine the extent of 
diffusion of the alloying constituents through the cladding.  Examination shall be made with a 
metallurgical microscope at 100 to 1,000 diameters magnification, after etching as specified in 
4.5.3.2 and specimens shall conform to the requirements of 4.6.3.  The solution potential 
measurement method for evaluation of alclad diffusion is acceptable providing documentation 
which correlates this method to the optical method is available for review.

4.5.5 Eddy-Current Measurements of Electrical Conductivity: 

4.5.5.1 Procedure Requirements: Electrical conductivity inspection shall be performed, as specified 
herein, in accordance with MIL-STD-1537.  The procedure shall be available to the procuring 
activity.

4.5.5.2 Equipment Calibration: The equipment to measure electrical conductivity shall be calibrated in 
accordance with MIL-STD-1537 except that the number of standards necessary shall be as 
recommended by the device’s manufacturer.
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