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HEAT TREATMENT OF STEEL PARTS
General Requirements

1.

1.1

1.2

1.3

1.4

1.5

1.6

SCOPE:

This specification establishes general requirements for the processes listed in 3.3. for heat
treatment of steel parts (See 8.2.1) by users or their vendors or subcontractors.

Reference {o AMS 2759 on a drawing, fabrication order, purchase order, etc constjtutes a
requirement to conform to the applicable provisions of the documents listed in 3.3.ft for the heat
treatment of steel parts of the particular alloy described. Parts made from steels other than those
specified in[the detail specifications may be heat treated.in- accordance with the applicable
requirements using processing temperatures, times, and other parameters recommended by the
material producer unless otherwise specified by purchaser.

The conditipns (temperatures, soaking times, ¢ooling rates, etc) used by material producers,
forge shops, and foundries for qualification ©f response to heat treatment of their groducts shall
conform to the requirements of the specifications listed in 3.3.1.

Heat treatment of raw material by raw material producers, forge shops, or foundrigs should be in
accordance with the material procurement specification.

Processes [such as vacuum-furnace heat treating, flame hardening, induction throligh-hardening,
austempering, martempering, and hot oil quenching are recognized heat treating processes, but
their requirements aréqot completely covered by this specification.

Safety - Hgzardous Materials:

e mMelnoad DD ala na_proce - afe) Neoo argreance

While the mateérials, methods applications,and ¢ bed orreferenced in this
specification may involve the use of hazardous materials, this specification does not address the
hazards which may be involved in such use. ltis the sole responsibility of the user to ensure
familiarity with the safe and proper use of any hazardous materials and to take necessary
precautionary measures to ensure the health and safety of all personnel involved.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The

use of this report is entirely voluntary, and its applicability and suitability for any particular uss, including any patent infringement arising therefrom, is the
sole responsibility of the user,”

SAE reviews each technical report at least every five years at which time it may be reaffimned, revised, or cancelled. SAE invites your written
comments and suggestions.

Copyright 1996 Society of Automotive Enginears, Inc.
All rights reserved. Printed in U.S.A.

QUESTIONS REGARDING THIS DOCUMENT: (412) 772-7154 FAX (412) 776-0243
TO PLACE A DOCUMENT ORDER: (412) 776-4970 FAX (412) 776-0790
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2.1

2.2

APPLICABLE DOCUMENTS:

The following publications form a part of this specification to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue
in effect on the date of the purchase order.

SAE Publications:

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

AMS 2750 Pyrometry
AMS 2759/ Heat Treatment of Carbon and Low-Alloy Steel Parts, Minimurm_Tensile Strength
Below 220 ksi (1517 MPa)

AMS 2759/ Heat Treatment of Low-Alloy Steel Parts, Minimum Tensile-Strength 220 ksi
(1517 MPa) and Higher

AMS 2759/ Heat Treatment of Precipitation-Hardening CorrosionsResistant and|Maraging
Steel Parts

AMS 2759/4 Heat Treatment of Austenitic Corrosion-Resistant Steel Parts

AMS 2759/6 Heat Treatment of Martensitic Corrosion-Resistant Steel Parts

AMS 2759/6 Gas Nitriding and Heat Treatment of Low-Alloy Steel Parts

AMS 2759/f Gas and Vacuum Carburizing and HeatTreatment of Carburizing-Grade Steel
Parts

AMS 2759/B lon Nitriding

ARP1962 Training and Approval of Heab Treating Personnel
ASTM Publjcations:
Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-29%9.

ASTM A 370 Mechanical Testing of Steel Products
ASTM C 848  Young's-Modulus, Shear Modulus, and Poisson's Ratio for Ceram|c Whitewares
by Resonance
ASTM C 1359 Dynamic Young's Modulus, Shear Modulus, and Poisson’s Ratio fpr Advanced
Ceramics by Impulse Excitation of Vibration
ASTME 8 Tension Testing of Metallic Materials

ASTM EBM—TensionTesting-of Metallic- Materials-(Metric)
ASTME 10 Brinell Hardness of Metallic Materials
ASTME 18 Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials
ASTM E 384  Microhardness of Materials

-2.-
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2.3 U.S. Government Publications:

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

MIL-STD-1

05 Sampling Procedures and Tables for Inspection by Attributes

MIL-STD-2073-1 DOD Materiel, Procedures for Development and Application of Packaging

3. TECHNICAL

3.1

3.1.1
(R)

3.1.2
(R)

31.3
(R)

3.1.5

Equipment

Requirements

REQUIREMENTS:

and Pyrometry:

Thermal processing equipment and related pyrometric equipment shall be-controllgd in

accordancd with AMS 2750.

Heating

nd Refrigeration Equipment: Automatic temperature.controllers and d

Thermocguples shall be protected, when necessary, from contamination. Instrumentation,
thermocopples, test equipment, calibration equipment, load thermocouples (See [8.2.2), furnace

temperat

re uniformity, and system accuracy shallconform to AMS 2750.

Quenchirlg Equipment: Quench baths shall permit complete immersion of parts,|shali provide
for agitatipn of the quench media or the parts, shall be of sufficient volume to abgorb the heat

rejected by the most massive part to be-quenched, and shall have a temperatur

a sensor

indicator with
ination which

n the quench media. Quenching baths shall be free from visible conta

could detfimentally affect the process. Bath maintenance programs shall be established, and a

system ¢
system a
using pol

Auxiliary

neck shall be made, prior to production use to ensure the adequacy of the agitation
nd that the system is designed to minimize susceptibility to agitation vatiations. When
ymers, a concentration control system shall be established prior to production use.

Fquipment:(Fixtures, jigs, hangers, trays, racks, snorkels, etc shall be @mployed,

as needed, for proper handling of parts. Fixtures and fixture materials shall not ¢ause
contaminption‘of parts and shall not reduce the heating, cooling, or quenching rdtes to less than

required

Cleaning

or.cofrect hardening of parts.

Equipment: Equipment shall be provided to clean parts before heat treatment, to

remove oil from parts quenched in oil baths, and salt residue from parts heated or quenched in

salt baths. When using polymer quenchants, a rinsing system shall be in place to remove
quenchant from the parts.

Vacuum

Equipment: Vacuum furnaces shall have a calibrated recording instrument for sensing

the vacuum.

-3-
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3.1.6 Servicing and Calibration of Atmosphere Control Equipment: Instrumentation used to control
furnace atmosphere shall be calibrated and serviced according to manufacturer’s
recommendation.

3.2 Quenching Media:
(R)

3.2.1 When liquid quenching is required, oil, water, or polymer/water solutions may be used as

(R) specified for the alloy and temper indicated. The consistency of quench effectiveness shall be
determin fng-initi methods in
3.5.4 and [comparing the results with those obtained previously by the same method. The heat
treating facility shall establish control limits for each quenching system. If results|indicate that a
quenchant is outside the established limits, corrective action shall be taken and the tests
repeated {o verify restoration of the prior condition.

3.2.2 Problems| such as cracking and high residual stresses, due to an-inappropriate quenchant or

(R) improperly designed system which is not appropriate for a particular alloy and configuration
shall be ayoided. Because of wide differences in quenching characteristics of different
quenchants in different quenching systems, a quenchantvalidation procedure shall be
implemented when initially establishing the quenching‘procedure or when changing from one
quenchant to another.

3.2.2.1 When sybstituting a polymer/concentration foran existing oil quenchant, the gyenchant

(R) validatign procedure shall ensure that the polymer and concentration being substituted
achieves cooling characteristics which are similar to the existing oil quenchant and that the
propertieés being produced are equivalent to those for oil quenched parts (See §.3).

3.2.3 Except when marquenching (See 8.2.3), the temperature of the quenchant shall be in the

(R) range 60 {o 160 °F (16 to 71 2C).at the initiation of the quenching operation, and ghall not
exceed 270 °F (93 °C) at any time during the quenching operation, unless otherwise approved
by the cognizant engineering organization (See 8.2.4). In addition, oil and polymer quenchants
shall be uged within the:temperature range recommended by the product manufacturer.

3.2.4 Quench o|l usedsinintegral quench vacuum furnaces, where the quench chambef is
(R) below atrmospheric pressure, shall be vacuum degassed at approximately the makimum
recommelpded temperature for the oil initially and after each addition of oil.

3.2.5 Quenching from Salt Bath Furnaces: Water shall be monitored weekly to ensure salt content
(R) does not exceed 2% by weight. Polymers shall be monitored weekly to ensure salt content
does not exceed 6% by weight.

3.2.6 Salt Removal: All salt residues shall be removed from parts processed in salt-baths or
(R) quenched in brine, during or immediately following quenching.

-4-
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3.3 Procedure:

3.31

3.3.2

3.33
3.3.4
(R)
3.35
(R)

3.3.6

3.3.7
(R)

3.3.8
(R)

Heat Treatment: Shall be in accordance with Table 1.

TABLE 1 - Heat Treatment Procedures

and storage.

ensure

nd secondarily

Type of Steel or Process Procedure
Carbon and Low-Alloy Below 220 ksi UTS  AMS 2759/1
-ATIoy i 3

PH and Maraging AMS 2759/3

Austenitic AMS 2759/4

Martensitic AMS 2759/5

Gas Nitriding AMS 2759/6

Gas and Vacuum Carburizing AMS 2759/7

lon Nitriding AMS 2759/8
Cleaning:| Parts shall be cleaned before heat treatment.:and following heat treatment
operationg, as necessary.
Corrosior| Protection: Parts shall be protected from corrosion during processing
Racking: | Parts shall be racked and supported, or otherwise oriented, primarily t
access of the heating, cooling, and quenching media to all surfaces of all parts a
to minimize warpage.
Purging: |All atmosphere furnaces-and gas supply lines shall be purged with the

and approved atmosphere gas,-for the specific steel to be heat treated, prior to |

Loading:

temperat

does not

thermocouples, shall be approved by the cognizant engineering organization.

Set Temg
by the protedurestistedim 33 T oratamoffsettemperature basedomrthetast te

ire, unless load thermocouples are attached to the part to ensure the
exceed the'set temperature. The number, location, and method of att

efature: Control instrument(s) shall be set either at the temperature s

designated
eating of parts.

rt temperature
hment of load

Parts shall not be loaded into a furnace with the temperature higher tr%n the set

ecified

mperature

uniformity survey. The offset temperature shall be within +10 F (+6 C) degrees of the specified
set temperature unless the temperature uniformity requirement is less than +10 F (16 C), for
which the offset temperature shall be within the uniformity range. The specific offset 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 spec

ified set temperature.

Salt Bath Additives: Shall be limited to the salts in the bath and to additives recommended
by the salt manufacturer.

-5-
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3.3.9 Records: A furnace log, or equivalent documentation such as shop travellers, traceable to
temperature recorder chart(s), shall be maintained.

3.4 Qualification:

3.4.1
approved

3.4.2
and apprd

3.4.3 Equipmer

this specif
3.5 Test Metho
The followir

35.1
(R)

Hardness
and ASTN
to hardne
the thicke

3.5.1.1
(R) accord
within 1!
before t

record ¢

Rockw:llrlI hardness testing machines shall.be checked before the first use each

as specified herein by the cognizant quality assurance organization.

Suppliers: Facilities performing heat treatment in accordance with this specification shall be

Personnel: All personnel performing heat treating and associated operations shall be trained

vedimaccordance witt ARP 1962

ication and AMS 2750.
s:
g test methods shall be used, when applicable:

Shall be determined in accordance with ASTM A 370, ASTM E 10, A§
I E 384, as applicable. The approximate cohversion of tensile strength
Es shall be in accordance with ASTM A 3700 Hardness tests shall be p
5t section, unless otherwise specified by the cognizant quality assurang

ce with ASTM E 18, using standard hardness test blocks for the samg
b points of, the hardness of the parts being tested. Brinell machines sh
ne first use each day, in accordance with ASTM E 10, at the loads bein
f the daily checks shall be’'maintained.

3.5.2 TensileP
in accord

3.5.3 Salt Bath

0.003 inc

and exa
showing

operties: Testing; when required by the cognizant engineering organiz
nce with ASTM\A'370 and ASTM E 8 or ASTM E 8M.

eutrality-Test: Immerse a piece of SAE 1095 carbon steel shim, nomi
(0.08.mm) thick, into the salt bath at operating austenitizing temperaty
*+ 1% Immediately quench the sample in water. Bend the sample unti

t: Equipment used for thermal processing shall be approved to.the requirements of

5TM E 18,
requirements
brformed on

e organization.

day in

scale as, and
all be checked
g used. A

ation, shall be

jnally
re for
it fractures

ne-the fracture surface at approximately 10X magnification. A fracture

permanent deformation is noted, decarburization has occurred and corrective measures to

adjust the

3.5.3.1
the sam

salt bath are required.

e testing frequency as, the salt bath neutrality test.

The tests for surface contamination specified in AMS 2759/1 may be used in lieu of, and at

-6-
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3.5.4 Quench Rate Control: One of the following methods shall be used for the initial and

(R)  quarterly quench rate tests. The established method shall be proven to detect changes in
speed of the quenchant caused by contamination, and shall be shown to be sufficiently
sensitive to adequately detect differences in slow-, medium-, and fast-quench oils, and oil
temperature changes of 40 F (22 C) degrees.

3.5.4.1 Comparative Cooling Curve Evaluation: Variation in the quenching effectiveness of an
(R) oil, water, or aqueous polymer quenchant bath shall be monitored using a suitable cooling
curve evaluation procedure approved by the cognizant engineering organization.

3.5.4.2 Mechapical property tests of all quenching media shall be performed by quenc}wing
(R) specimens of alloy steel, of appropriate hardenability and dimensions, andtesting a
mechanical propenrty (e.g. hardness, strength, modulus) which varies directly of inversely with

the effgctiveness of quench. The specific test shall verify quenchant-effectiver]

compa

applicable drawing or in the material specification.

3.5.4.2.1 Spec|men Selection for Mechanical Property Tests of allQuenching Media:
(R) of thg specimen dimensions/hardenability combination should be aimed at ac
apprgximately full hardening (e.g. 95% martensiteon the surface) and signifi
hardgning (e.g. less than 50% martensite plus bainite) at the center.

3.5.4.2.2 Tempering Specimen for Machining: Spegimens may be tempered lightly (e

(R) (260 pC)) after quenching to facilitate machining.
3.5.42.3 Testipg Area: Tests may be perfermed on mid-radius, center, or entire secti
(R) of the specimen.

3.5.4.3 Modulys: Modulus testingsshall be by a dynamic (resonant frequency) method

(R) ASTM
3.6 Additional

Parts shal
specified,

ing the tested mechanical property results with those properties listed ¢

C 848 or ASTM C.1259.

Processes:

hinless.permitted by the cognizant engineering organization.

ess by
n the

Selection

thieving
cantly less

g., at 500 °F

similar to

not be:subjected to thermal operations or straightening operations othér than those

3.7 Strength Ranges:

When only a minimum tensile strength is specified and the heat treating processor has the option
of selecting the tempering or aging temperature, the maximum tensile strength (converted to
hardness) shall be 20.0 ksi (138 MPa) above the specified minimum for strength levels up to and
including 260 ksi (1793 MPa) minimum and 25.0 ksi (172 MPa) above minimum for strength
levels over 260 ksi (1793 MPa) minimum.

3.7.1  When both the minimum tensile strength and the tempering temperature are specified, the
maximum strength shall be 30.0 ksi (207 MPa) above the specified minimum.

-7-
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4. QUALITY ASSURANCE PROVISIONS:

4.1

Responsibility for Inspection:

Unless otherwise specified by the cognizant quality assurance organization, the heat treating
processor shall supply all samples for processor's tests and shall be responsible for the
performance of all required tests and inspections. The supplier may use his own facilities or any
commercial laboratory acceptable to the cognizant quality assurance organization. Purchaser
reserves the right to sample and to perform any confirmatory testing deemed necessary to
ensure that ' ifi ' - ' i
organizatiom may review heat treating records and the results of tests and inspectig
that heat trgatment conformed to all requirements of this specification.

411

4.2 Classificatid

4.2.1

422

4221

4221

4221

A

.2 Check

Responsi
the contr
specified
or any ot
herein, u
perform a
necessary

Acceptang
acceptang

Periodic T

ility for Inspection for Direct U.S. Government Orders: Unless otherwi

assurance
ns to verify

specified in

e
ct, the contractor is responsible for the performance of all inspection ret]uirements as

erein. Except as otherwise specified in the contract, the contractor ma
er facilities suitable for the performance of the inspeetion requirements
less disapproved by the U.S. government. The U;S/ government reser
ny of the inspections set forth in the specification where such inspectior
to ensure supplies and services conform to‘prescribed requirements.

n of Tests:

te Tests: Hardness (3.5.1) and tensile properties, when required, (3.5.1
e tests and shall be performed.an each lot.

ests: The following requirements are periodic tests and, unless otherw

by the cognizant engineering organization, shall be performed at the frequency s

on each p
Daily:

Saltb
of 220

iece of equipment in service:

hth neutrality test (3.5.3) of baths used to heat treat steel to minimum te
ksi (1517-MPa) and higher.

y use his own
specified

ves the right to
s are deemed

P) are

se specified
pecified herein

nsile strength

of hardness testing machines (3.5.1.1).

4222 Weekly:

42221

42222

42223

(R)

as in AMS 2750.

strength below 220 ksi (1517 MPa).

Salt content monitoring of water and polymer quenchants (3.2.5).

Furnace pyrometer system accuracy test (except equipment for stress relieving and baking)

Salt bath neutrality test (3.5.3) for baths used to heat treat parts to a minimum tensile
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4.22.3
4.2.2.3.1

42232
(R)
42233

42234

42235
(R)
4224

4225

4226

Quarterly:
Calibration of furnace instruments as in AMS 2750.

Servicing and certification or calibration of hardness test machines.

System accuracy tests and instrument calibration of stress relieving and baking equipment
as in AMS 2750 (See 8.2.5 and 8.2.6).

Tev;kerature uniformity surveys of furnaces as in AMS 2750, except fordfurifaces used only
for annealing, stress relieving, or baking (See 8.2.7). Annualiy, the survey ghall be at the
max|jmum operating temperature.

Quepch rate control tests (3.5.4).
Semi-gnnually: Temperature uniformity survey of annealing, stress relieving, |baking, and
contrglled subzero transformation equipment as in AMS'2750.

Serviding and calibration of atmosphere control.measuring equipment at the frequency
required in 3.1.6.

Calibrption of Type B and Type C instrumentation at the frequency specified in AMS 2750.

4.2.3 Preproduction Tests: The following réquirements are preproduction tests and ghall be
performed prior to any production“heat treating for each piece of equipment to be used, as

applicable:

4231
423.2
4.2.3.3

4.2.3.4
(R)

4235
(R)

4.2.3.6

4.2.3.7
(R)

4238

Tempgrature uniformity(survey as in AMS 2750.
Pyrometer systemsaccuracy test as in AMS 2750.
Instrupnent calibration as in AMS 2750.

Certification or calibration of hardness testing machines (3.5.1).

Certification or calibration of tensile testing machines (3.5.2).

Salt bath neutrality test (3.5.3).

Quench rate control test (3.5.4).

Calibration of atmosphere control measuring equipment (3.1.6).
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4.3 Sampling and Testing:

4.3.1 For Hardness Testing:

4.3.1.1 Frequency of hardness testing shall be in accordance with Table 2. When hardness testing
would be destructive or impractical to accomplish, the method for verification of correct heat
treatment shall be as specified by the cognizant engineering or quality engineering

organization.

TABLE 2 - Hardness lesting

Operation

Test Freqiiency (1)

After final operation (hardening and tempering,
aging, etc) (See 8.2.8, 8.2.9 and 8.2.10).

After intermediate operations, when required
(austenitizing fand quenching, annealing,
normalizing, solution heat treating, etc)

(See 8.2.7,8.2.8,8.2.11 and 8.2.12).

After thermal processing subsequent to final
hardening opgration (stress relieving, hot

or warm straightening, baking prior to plating,
etc) (See 8.2.5 and 8.2.6).

After thermal processes subsequent to shot
peening, platipg, painting, etc (baking

after plating, drying, etc).

NOTES:

1. Each detdil of a weld-assembly shall be considered as a separate part.

Every part

(2), (3)

One part ffom each

lot

One part fom each

lot

Not required

2. Statistical|sampling’is ‘permitted when authorized by the cognizant quality assurafce

organizatipn or when parts are subjected to 100% testing after thermal
subsequet to.final hardening operation.

3. When stafistical sampling is authorized, random samples shall be selected and te

processin

accordance with MIL-STD-105 at AUL of 1.5 or [ess.

g

sted in

4.3.1.2 When heat treating standard components, such as nuts and bolts, for which the frequency of
testing is specified, the requirements of the component specifications shall take precedence.

4.3.1.3 The test location shall be the thickest or heaviest section of the part which is practical to test

and where the test will not be detrimental to the function of the part.
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4.3.2

4.4 Approval:

4.4.1

Lot: Shall be all parts of the same design, fabricated from the same alloy, heat treated to the
same property requirements in the same furnace(s) at the same time, and presented for
processor's inspection at the same time. In addition, for a continuous furnace, it shall be those
parts heat treated as a continuous production run during an eight-hour shift. When testing
parts after operations (e.g. stress relieving, baking, hot or warm straightening) that occur after
the final step of the heat operation (e.g. tempering, aging), a lot, in addition to the above, shall
consist of parts stress relieved, baked, hot or warm straightened, etc using the same equipment
at the same time.

: The approval of a facility shall be in accordance with the following criteria:

The heat treating processor shall have a copy of his shop procedure availablg for the
cognizant quality assurance organizations. It shall consist of a full- description of all
equiprpent and procedures that will be used to process parts to this specificatjon and the
ble specifications listed in 3.3.1.

4412 All eqliipment shall be tested in accordance with this-specification and AMS 2[750.

4.4.2
(R)

4.5 Furnace log Entries and Recorder Chart Entries:

451

Personrjel: Training and approval of personnel shall be in accordance with 3.4..

Each fufnace log entry, or equivalent.documentation such as a shop traveler, shall be signed or
stamped by approved personnel.{(4.:4.2) and shall include the following:

Load nymber

Part number

Shop order number or customer's purchase order number
Number of parts

Type of|material and alloy designation

Equipment identification and furnace number

Thickness of\parts (See 8.2.13)

Temperptures and soak times of austenitizing, tempering, solution treating, aging, etc
Type oflatmosphere

Dewpoint or other atmosphere control parameter, as applicable
Quench media or cooling method

Required hardness

Actual hardness

Date
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