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SCOPE:

This spegification establishes general requirements for the processes listed’in 3.3.11 for heat
treatment of steel parts (See 8.2.1) by users or their vendors or subcontractors.

Referende to AMS 2759 on a drawing, fabrication order, purchase-order, etc constfjtutes a
requirement to conform to the applicable provisions of the documents listed in 3.3.]l for the heat
treatment of steel parts of the particular alloy described. Parts’made from steels ofher 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 congitions (temperatures, soaking times;.€ooling rates, etc) used by material producers,
forge shops, and foundries for qualification 6f response to heat treatment of their products shall
conform o the requirements of the specifications listed in 3.3.1.

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

Processés such as vacuum-firnace heat treating, flame hardening, induction throgygh-hardening,
austempEring, martempeting, and hot oil quenching are recognized heat treating grocesses, but
their reqlirements are not completely covered by this specification.

Safety - Hazardous Materials:

While the materials, methods, applications, and processes described or referenced in this
specificafion May involve the USe of razardous Tateriats; this-specification doesnot address the
hazards which may be involved in such use. Itis 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 repart 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 use, 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 reaffirmed. revised, or cancelled. SAE invites your written
comments and suggestions.

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

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

AMS 2750
AMS 2759/1

AMS 2759/2
AMS 2759/3
AMS 2759/4
AMS 2759/5
AMS 2759/6
AMS 2759/7
AMS 2759/8
ARP1962

ASTM Public

Available fron

ASTM A 370
ASTM C 848

ASTM C 125

ASTME 8

Pyrometry

Heat Treatment of Carbon and Low-Alloy Steel Parts, Minimum Tensile
Below 220 ksi (1517 MPa)

Heat Treatment of Low-Alloy Steel Parts, Minimum Tensile Strength 22
(1517 MPa) and Higher

Heat Treatment of Precipitation-Hardening Corrosion-Resistant and Ma
Steel Parts

Heat Treatment of Austenitic Corrosion-Resistant)Steel Parts

Heat Treatment of Martensitic Corrosion-Resistant Steel Parts

Gas Nitriding and Heat Treatment of Low-Alloy Steel Parts

Strength
D ksi

Faging

Gas and Vacuum Carburizing and Heat Treatment of Carburizing-Gradé¢ Steel

Parts
lon Nitriding

Training and Approval of Heat Treating Personnel

ptions:

n ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.
Mechanical Testing of Steél Products

by Resonance

Ceramics by Impulse Excitation of Vibration
Tension Testing of Metallic Materials

Young's Modulus, Shear Modulus, and Poisson's Ratio for Ceramic Whitewares

p  Dynami¢ Young’s Modulus, Shear Modulus, and Poisson’s Ratio for Advanced

ASTM E8M
ASTM E 10
ASTME 18
ASTM E 384

Tension Testing of Metallic Materials (Metric)

Brinell Hardness of Metallic Materials

Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials

Microhardness of Materials
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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-105 Sampling Procedures and Tables for Inspection by Attributes
MIL-STD-2073-1 DOD Materiel, Procedures for Development and Application of Packaging
Requirements

3. TECHNICAL REQUIREMENTS:

3.1 Equipmgnt and Pyrometry:

Thermal |processing equipment and related pyrometric equipment shalt be controlled in
accordarnce with AMS 2750.

3.1.1 Heating and Refrigeration Equipment: Automatic temperature.controllers and d1a recording

(R) instruments conforming to AMS 2750 are required on each furnace and mechanical
refrigefation unit. Temperature sensors shall be locatedin or adjacent to each work zone.
Thermgcouples shall be protected, when necessary, from contamination. Instrumentation,
thermocouples, test equipment, calibration equipmeént, load thermocouples (See(8.2.2), furnace
temperature uniformity, and system accuracy shall conform to AMS 2750.

3.1.2 Quenching Equipment: Quench baths shall permit complete immersion of parts,|shall provide

(R)  for agitation of the quench media or the parts, shall be of sufficient volume to abgorb the heat
rejectef by the most massive part to'be quenched, and shall have a temperature) indicator with
a senspr in the quench media. Quénching baths shall be free from visible containation which
could detrimentally affect the process. Bath maintenance programs shall be established, and a
system check shall be made, prior to production use to ensure the adequacy of the agitation
systen and that the systém is designed to minimize susceptibility to agitation varjations. When
using golymers, a concentration control system shall be established prior to production use.

3.1.3 Auxiliafy Equipment. Fixtures, jigs, hangers, trays, racks, snorkels, etc shall be ¢mployed,

(R)  as neefled, for-proper handling of parts. Fixtures and fixture materials shall not qgause
contanjination of parts and shall not reduce the heating, cooling, or quenching rates to less than
requirgddfor correct hardening of parts.

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

(R) 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
guenchant from the parts.

3.1.5 Vacuum Equipment: Vacuum furnaces shall have a calibrated recording instrument for sensing
the vacuum.
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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
(R)

3.2.2
(R)

3.2.2.1
(R)

323
(R)

324

(R)

3.25
(R)

3.2.6
(R)

When liquid quenching is required, oil, water, or polymer/water solutions may be used as
specified for the alloy and temper indicated. The consistency of quench effectiveness shall be

determined

3.5.4 and comparing the results with those obtained previously by the same metho
treating facility shall establish control limits for each quenching system. If results ir
quenchant is outside the established limits, corrective action shall be taken and the
repeated to [verify restoration of the prior condition.

Problems,

ethods in

H. The heat
dicate that a
tests

snchant or

improperly
shall be avoided. Because of wide differences in quenching characteristics of diffe
quenchants|in different quenching systems, a quenchant validation procedure shal
implemented when initially establishing the quenching procedure or when changing
quenchant to another.

ECh as cracking and high residual stresses, due to an inappropriate qu

ent
be
from one

esigned system which is not appropriate for a particular alloy and coanuration

When substituting a polymer/concentration for an'existing oil quenchant, the que

nchant

validation procedure shall ensure that the polymer and concentration being subsfjtuted

achieves gooling characteristics which aresimilar to the existing oil quenchant a

that the

properties|being produced are equivalent to those for oil quenched parts (See 8.3).

Except whep marquenching (See 8.2.3), the temperature of the quenchant shall be in the
range 60 to 160 °F (16 to 71 °C) at the initiation of the quenching operation, and shall not

exceed 200°F (93 °C) at any dime during the quenching operation, unless otherwi

nt engineering organization (See 8.2.4). In addition, oil and polymer|

Quench oil Ysed in_integral quench vacuum fumaces, where the quench chamber i
below atmosgpheric pressure, shall be vacuum degassed at approximately the maxi

approved
quenchants

within the_temperature range recommended by the product manufacturer.

um

recommended temperature for the oil initially and after each addition of oil.

Quenching from Salt Bath Furmaces: Water shall be monitored weekly to ensure salt content
does not exceed 2% by weight. Polymers shall be monitored weekly to ensure salt content

does not exceed 6% by weight.

Salt Removal: All salt residues shall be removed from parts processed in salt-baths or

quenched in brine, during or immediately following quenching.
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3.3 Procedure:
3.3.1 Heat Treatment: Shall be in accordance with Table 1.
TABLE 1 - Heat Treatment Procedures
Type of Steel or Process Procedure
Low-Alloy 220 ksi UTS and Higher AMS 2759/2
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
3.3.2 Clean|ng: Parts shall be cleaned before heat treatment-and following heat treatment
operafions, as necessary.
3.3.3 Corrosgion Protection: Parts shall be protected'from corrosion during processing and storage.
3.3.4 Racking: Parts shall be racked and supported, or otherwise oriented, primarily {o ensure
(R)  accesk of the heating, cooling, and quenching media to all surfaces of all parts and secondarily
to miniimize warpage.
3.3.5 Purging: All atmosphere futnaces and gas supply lines shall be purged with the) designated
(R) and approved atmospheretgas, for the specific steel to be heat treated, prior to heating of parts.
3.3.6 Loading: Parts shalknotbe loaded into a furnace with the temperature higher than the set
tempm{rature, unlessload thermocouples are attached to the part to ensure the part temperature

3.3.7
(R)

3.3.8
(R)

does

thermpcouples-shall be approved by the cognizant engineering organization.

SetT

ot exceedthe set temperature. The number, location, and method of atts

ichment of load

mperature: Control instrument(s) shall be set either at the temperature specified
_d_rl—crmmmmw mperature

by the procedures listed in 3.
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 fumace so that the highest and lowest temperatures are equidistant from
the specified set temperature.

Salt Bath Additives: Shall be limited to the salts in the bath and to additives recommended
by the salt manufacturer.
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3.3.9 Records: A furnace log, or equivalent documentaﬁon such as shop travellers, traceable to
temperature recorder chart(s), shall be maintained.

3.4 Qualification:

3.4.1

3.4.2

3.4.3

3.5 Test Method

The following test methods shall be used, when applicable:

3.5.1
(R)

3.5.1.1
(R)

3.5.2

3.5.3

3.56.3.1

Suppliers: Facilities performing heat treatment in accordance with this specification shall be
approved as specified herein by the cognizant quality assurance organization.

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

and approy

Equipment
this specifi

Hardness:
and ASTM
to hardnes
the thickes

Rockwell
within 15
before th

record of

Tensile Prq

in accordamce with ASTM A.370 and ASTM E 8 or ASTM E 8M.

Galt Bath N
0.003 inch

ed in accordance with ARP1962.

cation and AMS 2750.

N

Shali be determined in accordance with ASTM A370, ASTM E 10, ASTN
E 384, as applicable. The approximate conveérsion of tensile strength rec
5 shall be in accordance with ASTM A 370~ Hardness tests shall be perfa
section, unless otherwise specified by the ‘cognizant quality assurance o

points of, the hardness of the\parts being tested. Brinell machines shall
e first use each day, in aceordance with ASTM E 10, at the loads being u
the daily checks shall be maintained.

perties: Testing, when required by the cognizant engineering organizatid

eutrality Test: Immerse a piece of SAE 1095 carbon steel shim, nominal
0.08 mm)-thick, into the salt bath at operating austenitizing temperature

10 minutes|+
and exami
showing nd

permanent deformatlon is noted decarburlzatlon has occurred and correctrve measures to

Immediately quench the sample in water. Bend the sample until it f
e the fracture surface at approxmately 10X magnlflcatron A fracture su

Equipment used for thermal processing shall be approved to the'requirgments of

1 E 18,
uirements
rmed on
rganization.

hardness testing machines shall be\checked before the first use each dayy in
accordance with ASTM E 18, using standard hardness test blocks for the same sc

Ale as, and
be checked
sed. A

n, shall be

y
or

Factures
face

adjust the salt bath are required.

le. If

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

the same

testing frequency as, the sait bath neutrality test.
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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 on 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
(R)

3.5.4.2
(R)

3.5.4.2.1
(R)

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

Mechanical property tests of all quenching media shall be performed by guens

hing

spegimens of alloy steel, of appropriate hardenability and dimensions,and testing a

mechanical property (e.g. hardness, strength, modulus) which varies:directly ¢

rinversely with

the gffectiveness of quench. The specific test shall verify quenchant effectivepess by

comparing the tested mechanical property results with those properties listed
applicable drawing or in the material specification.

Sgecimen Selection for Mechanical Property Tests of all Quenching Media:
of the specimen dimensions/hardenability combinatien should be aimed at
roximately full hardening (e.g. 95% martensite on the surface) and signi
haydening (e.g. less than 50% martensite plus-bainite) at the center.

3.5.4.2.2 Tgmpering Specimen for Machining: Specimens may be tempered lightly (e

(R)

(260 °C)) after quenching to facilitate machining.

3.5.4.2.3 Tdsting Area: Tests may be performed on mid-radius, center, or entire sect

(R)

of the specimen.

bn the

Selection
hieving
cantly less

.g., at 500 °F

on

3.5.4.3 Modulus: Modulus testing\shall be by a dynamic (resonant frequency) method similar to

(R)

ASTM C 848 or ASTM\C/1259.

3.6 Additionfal Processes:

Parts shall not'be subjected to thermal operations or straightening operations oth
specifiefl, unléss permitted by the cognizant engineering organization.

er than those

3.7 StrengtirRanges:

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.
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4. QUALITY ASSURANCE PROVISIONS:

4.1

4.1.1

4.2

4.2.1

4.2.2

4.2.2.

422

4.2.2.

4.2.2.

4.2.2.

4.2.2

42.2
(R)

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 grocessing conforms to specified requirements. The cognizant quality asqurance
organization may review heat treating records and the results of tests and inspectionsto verify
that heat tregtment conformed to all requirements of this specification.

Responsibllity for Inspection for Direct U.S. Government Orders: Unless-otherwise gpecified in
the contragt, the contractor is responsible for the performance of all inspéection requifements as
specified herein. Except as otherwise specified in the contract, the €ontractor may use his own
or any other facilities suitable for the performance of the inspection requirements spegcified
herein, uni¢ss disapproved by the U.S. government. The U.8)government reserves|the right to
perform any of the inspections set forth in the specification:.where such inspections qre deemed
necessary fo ensure supplies and services conform to préscribed requirements.

Classification of Tests:

Acceptance Tests: Hardness (3.5.1) and tensile'properties, when required, (3.5.2) are
acceptance tests and shall be performed onleach lot.

Periodic Tests: The following requirements are periodic tests and, unless otherwise [specified
by the cogrizant engineering organization, shall be performed at the frequency spec|fied herein
on each pigce of equipment in service:

1 Daily:

1.1 Salt bath neutrality test (3.5.3) of baths used to heat treat steel to minimum tensile strength

of 220 Ksi (1517.MPa) and higher.

1.2 Check ¢thardness testing machines (3.5.1.1).

2 Weekly:

2.1 Furnace pyrometer system accuracy test (except equipment for stress relieving and baking)
as in AMS 2750.

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

strength below 220 ksi (1517 MPa).

.2.3 Salt content monitoring of water and polymer quenchants (3.2.5).
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4.2.2.3 Quarterly:

4.2.2.3.1

Calibration of furnace instruments as in AMS 2750.

4.2.2.3.2 Servicing and certification or calibration of hardness test machines.

(R)

4.2.2.3.3
as

in AMS 2750 (See 8.2.5 and 8.2.6).

System accuracy tests and instrument calibration of stress relieving and baking equipment

4.2.2.3.4
for
m3

42235
(R)

Qu

Sem
cont

42.2.4

4.2.2.5
requ

4.2.2.6

4.2.3 Preprg
perfor

applic

42.3.1 Tem

4232 Pyrd

4.2.3.3 Instr

4.2.3.4 Cert

Temperature uniformity surveys of furnaces as in AMS 2750, except for'furn

annealing, stress relieving, or baking (See 8.2.7). Annually, the stirvey s
ximum operating temperature.

ench rate control tests (3.5.4).

i-annually: Temperature uniformity survey of annéaling, stress relieving,
rolled subzero transformation equipment as in AMS 2750.

red in 3.1.6.

Calibpration of Type B and Type C instrumentation at the frequency specified i

duction Tests: The following-requirements are preproduction tests and s

aces used only
hall be at the

paking, and

Senficing and calibration of atmosphere controlmeasuring equipment at the frequency

AMS 2750.

nall be

ed prior to any productien heat treating for each piece of equipment to bie used, as

ble:
perature uniformity.survey as in AMS 2750.
meter systemraccuracy test as in AMS 2750.

LUment-calibration as in AMS 2750.

fication or calibration of hardness testing machines (3.5.1).

(R)

4.2.35
(R)
4236 Salt

4.2.37
(R)

42.3.8

Certification or calibration of tensile testing machines (3.5.2).

bath neutrality test (3.5.3).

Quench rate control test (3.5.4).

Calibration of atmosphere contro! 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 Testing

Operation Test Frequency (1)
After final opergation (hardening and tempering, Every part {2), (3)
aging, etc) (Sep 8.2.8, 8.2.9 and 8.2.10).
After intermediate operations, when required One part frpm each
(austenitizing dnd quenching, annealing, lot

normalizing, sglution heat treating, etc)
(See 8.2.7, 8.2/8, 8.2.11 and 8.2.12).

After thermal processing subsequent to final One part frpom each
hardening ope’{ation (stress relieving, hot lot
or warm straightening, baking prior to plating,

etc) (See 8.2.5(and 8.2.6).

After thermal pfocesses subsequent to shot Not required
peening, plating, painting, etc (baking
after plating, drying, etc).

NOTES:

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

2. Statistical gampling is‘permitted when authorized by the cognizant quality assurange
organizatiop or when parts are subjected to 100% testing after thermal processing
subsequen to final hardenlng operatlon

3. When statisti . C nples-sh
accordance w1th MIL STD 105 at AQL of 1 5 or Iess

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.

-10-
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4.3.2 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.

4.4 Approval:

4.4.1 Faciliti

4411 The

cogn

equif

appli
44.1.2 All e
44.2 Persorn
(R)

4.5 Furnace

Each f
stampe

4.5.1

Load n
Part nu
Shop g
Numbe

bs: The approval of a facility shall be in accordance with the following-crits
neat treating processor shall have a copy of his shop procedure.available

ment and procedures that will be used to process parts to this specificatig
Cable specifications listed in 3.3.1.

Juipment shall be tested in accordance with this specification and AMS 27

nel: Training and approval of personnel shall'be in accordance with 3.4.2

Log Entries and Recorder Chart Entries:

Type
Equip
Thickn

Tempelratures and soak times of austenitizing, tempering, solution treating, aging

Type

ent identification and furnace number
ss ofparts (See 8.2.13)

ria:

or the

zant quality assurance organizations. It shall consist of a full'description ¢f all

n and the

60.

hrnace log entry, or equivalent.documentation such as a shop traveler, shall be signed or
d by approved personnel{4.4.2) and shall include the following:
umber
mber
rder number or customer's purchase order number
r of parts
material-and alloy designation

, etc

hara
TCTS

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

Actual
Date

hardness

-11 -
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4.5.2 Furnace temperature recorder charts and data recorders shall include the following information
for each load: ‘

4.6

4.7

5.1

Load number

Shop order

number or customer's purchase order number

Number of parts

Time loaded (with AM, PM, or military time denoted)
Time soaking commenced

Time soaking was completed

Verification jof alignment of recorder chart with the scale

Identificatioh of responsible personnel

Furnace number

Date
Records:
Furnace logs/ recorder charts, all other shop records, and all test and inspection records shall be
kept availablg to the cognizant quality assurance organization fap five years after heat :Leatment.
The records ghall contain all data necessary to verify conformance to specified requireents.
Reports:
The heat treating processor shall furnish with eachshipment of parts a report showing the results
of tests made|on parts to determine conformance!to specification requirements and stdting that
the parts wer¢ processed in accordance with-specified requirements. This report shall jnclude the
purchase ord}r number, AMS 2759A, shop order number, part number or product identification,
alloy designafion, identification of furnace(s) used, load number(s), thermal processing
temperatures| times, and cooling cycles-Uused, temperature and method of straightening (e.g.
press, fixtureg), date(s), and quantity. of parts heat treated.

5. PREPARATION FOR DELIVERY:

Identification:
Identification pf pafts.or product provided to the heat treat processor shall be maintaingd on the
parts at delivgry:

5.2

5.2.

Packaging:

1

compounds when shipped.

When specified by the procuring activity, parts shall be protected with corrosion preventive

5.2.2 Parts shall be packaged to ensure protection from damage during shipment and storage.

-12-
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