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1.1

2.1

2.2

2.3

SCOPE:

This specification covers the procedure for carburizing and related heat treatments of carbon and low-
alloy steel parts to produce case hardening and specified mechanical properties within the capability of
each respective steel.

Safety - Hazardous Materials:

While the materials, methods, applications, and processes described or referenced in this
specification may involve the use of hazardous materials, this specification does not address the
hazards which may be involved in such use. It is the sole responsibility of the user to ensure
familiarity with the safe and proper use of any hazardous materials and to take necessary
precautionarypmeastires-to-enstre-the-heatth-and-safetyof-a nvotred

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

SAE Publicatipns:

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

AMS 2418 Copper Plating

AMS 2750 Pyrometry

AMS 2759 Heat Treatment, Steel Parts, General Requirements

ASTM Publicdtions:

Available from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.

ASTME 3 Preparation of(Mgtallographic Specimens

ASTM E 18 | Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials

ASTM E 384 | Microhardness of Materials

U.S. Government Rublications:

Available frontStandardizatiombocuments Order BeskBuilding4b 708 RobbinsAvenue,
Philadelphia, PA 19111-5094.

MIL-STD-2073-1 DOD Materiel, Procedures for Development and Application of Packaging
Requirements
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3. TECHNICAL REQUIREMENTS:

3.1

3.1.1

3.1.2

3.1.2.

3.1.2.

3.1.2.

3.1.2.

3.1.2.

3.1.3

3.2

3.3

3.3.1

Carburizing Equipment:

Furnaces: The design and capacity of the carburizing furnace shall be such that the temperature at
any point in the working zone shall not vary from the desired heat treating temperature, after the
charge has been brought up to temperature, more than +25 °F (£14 °C). Thermocouples shall be
located in the working zones and shall be adequately protected from contamination by furnace
atmosphere by means of suitable protection tubes. Pyrometry shall be in accordance with AMS

2750.
Carburizing

endothermiq
provided.

1 Carbon pd
equipmen
used whe
at frequen

2 Other carh

appropriate.

2.1 Salt batf
with the

2.2 Packca
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Accuracy of
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ensure that

Hardening Eq
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atmosphere prior to its admission into the furnace. Positive (fan)-€irg

tential of the furnace atmosphere shall be controlled and/ormonitoreq
of the infrared, dew point, hot-wire, or equivalent type. Manual equig

h the skill of the operator has been demonstrated to be effective and ¢

t intervals.

urizing media, such as salt bath or volatized hydrocarbon liquids, may

)s used for carburizing shall be of a type and grade which will not reaqg

steel being treated.

'burizing methods shall not be used.

Lised for carburizing shall not be used for nitriding.

Atmosphere Control Instruments: The accuracy of instruments used f¢

ne carbon potential of furnace atmospheres shall be checked as often

the equipmentiis operating properly and shall be calibrated as require

Lipment:

related equipment used in hardening carburized parts shall conform t

Media: Gaseous carburizing atmosphere provided by external endothermic gas
generators @ Srrec arborrpotentiat-controtmay-be-ef Hoy-enr
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ulation shall be

by automatic
ment may be
hecks are made

/ be used when
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br analyzing and
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.

D the

EARAC N7

requirements

Preparation:
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Heat Treatment: Close tolerance parts, such as gears, should be normalized or stress relieved
after rough machining and prior to pre-carburizing finish machining to minimize dimensional

distortion in

carburizing.
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3.3.2 Stopping-Off: If parts are not to be carburized all over, the surfaces not to be carburized shall be
protected to prevent absorption of carbon from the furnace atmosphere. Protection may be
accomplished by copper plating in accordance with AMS 2418 or by other methods acceptable to
purchaser. Alternatively, parts may be carburized all over and the case machined off the surfaces
required to be free of carburization.

3.3.3

Surface Condition: Parts, before carburizing, shall be clean and free from dirt, grease, oxide, scale,

and other injurious foreign matter. Surfaces to be carburized should be free from decarburization.

3.4 Procedure:

341
distortion at
atmosphere
included wit

3.4.2 Carburizing:
3.4.2.1 Case Dep
material tg
amount of
mm), whig
3422 GasCarb
range 160

depth. Th
carburizeg

Loading Parts

N each load of parts as required for process control.

th: The depth of case applied is governed by drawing requirements ar

irizing: Shall be accomplished at a selegted temperature +25 °F (+14
D to 1750 °F (871 to 954 °C) for the time necessary to develop the reqg
e furnace atmosphere shall be maintained to produce the required prq

3.4.2.2.1 Alternati

stage.

3.4.2.2.2 Upon cgmpletion of the carburizing cycle, the parts shall be cooled in a protec
to a temperature not higher than 900 °F (482 °C), after which they may be air

3.4.2.3 Liquid Carpurizing:,Shall be accomplished at a selected temperature £25 °F (1
range 1500 to 1750-°F (816 to 954 °C) for a length of time necessary to develop
case depth. The cyanide content of the carburizing salt shall be appropriate for
of the furnpce'bath to produce a case essentially of carbon dissolved in iron.

- | L Ol il = | N LY EELY. Cl CTratoTT O il D

to all surfaces. Test specimens of comparable material and hardness

be removed by subsequent machining. Unless otherwise specified, 1
stock to be removed shall be 20% of the depth ©f the applied case or
hever is smaller.

case.

ely, the cycle may be adjusted to provide a carburizing stage followe
he diffusion stage is accomplished with an atmosphere of lower carbqg

d the amount of
he maximum
0.010 inch (0.25

°C) within the
uired case
perties of the

i by a diffusion
n potential.

ive atmosphere
Cooled.

A4 °C) within the
the required
the temperature

3.4.2.31

manner that will prevent decarburization of the carburized surfaces.

Upon completion of the carburizing cycle, the parts shall be cooled to room temperature in a

3.4.2.4 Parts exhibiting high case hardness after carburizing and cooling to room temperature may be
tempered at 1125 °F £ 25 (607 °C + 14) when machining is required on carburized areas prior to
final heat treatment.
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3.4.3 Hardening of Carburized Parts:

3.4.3.1 Rate of Heating: Heating rates shall be suitably controlled to prevent damage to the parts. When
the material, size, and design of parts, or the operating conditions are such that no cracking or
excessive warpage results, parts may be charged into the heat treating furnace or bath at any
temperature not exceeding the maximum temperature specified. Parts of complicated design,
involving abrupt change of section or sharp corners, and parts which have been previously
hardened shall be subcritically annealed or preheated prior to austenitizing to avoid cracking and
minimize distortion.

3.4.3.2 Transformation Hardening: The austenitizing temperature shall be within the range shown in
Table 1 for the respectwe steel and the size of the parts The exact temperature is governed by
the chemig eto be hardened
and the handling equment used In general, parts of heavy cross section shioyld be hardened
from a temperature on the high side of the specified temperature range.

3.4.3.2.1 Austenit|zing Time: The charge shall be held within the specified temperature range for
sufficient time for necessary diffusion and transformation to take place. The hplding time
intervalg shown in Table 2 are suggested times starting when furnace, control jnstruments
reach sgt temperature. The proper time interval will vary with the type of steel, power input to
furnace Bnd size of charge as well as the nominal thicknéss and configuration|of the individual
parts.

3.4.3.2.2 Quenching: Hardening shall be accomplished by@uenching from the austenitizing temperature
specified in Table 1 into an appropriate medium, Cooling rates and transformation temperature
shall be [controlled to produce the desired nicrostructure and combination of mechanical
properties. Parts shall be cooled to or helow the quenching bath temperature pefore
tempering.

3.43.2.2.1 When post hardening dimensional requirements of the part are not obtainable by free
quenching, machine or quench fixturing may be used.

3.4.3.2.3 Sub-Zerp Treatment: When required to complete transformation and provide desired
microstriicture, parts«should be cooled to a temperature within the range -90 td -150 °F (-68 to -
101 °C),| held at thedselected temperature within £10 °F (6 °C) for a time commensurate with
section fhickness but not less than 1 hour, and warmed in air to room temperature.

3.4.3.2.3.1 Sub-z¢roifeatment should follow the quenching operation as soon as pract| cal. When
specifi r to sub-zero

treatment when part design and thermal stresses may result in part cracking.

3.4.3.3 Tempering: Parts shall be tempered, as the final heat treat operation, for not less than 1 hour at a
temperature consistent with the case hardness requirement but within the range 300 to 400 °F
(149 to 204 °C).
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3.5 Properties:

3.5.1 Case Depth: Shall be within the range specified on the drawing. Case depth shall
case depth, defined as the depth where the hardness is the equivalent of 50 HRC,

be effective
determined with

a Vickers or Knoop indentor using a 500 gram load in accordance with ASTM E 384.

3.5.1.1 Case depth is defined as the distance below the surface corresponding to the m
transition between case and core. Measurement shall be made at 100X magnifi
cross-section of the carburized and hardened case metallographically prepared
with ASTM E 3.

3.5.2 Hardness:

iddle of the
cationon a
in accordance

3.5.2.1 Case hardness shall be as specified on the drawing, measured in accordance,wi
ASTM E 384 on the carburized and hardened surface, using scale appropriate f
case spedgffied.

3.5.2.2 When spegified, core hardness shall be as specified on the drawing) measured
representative area of part sufficiently removed from the carburized case so as t
the core material.

3.5.3 Microstructyre: Shall be determined on a representative cross-section metallograp
in accordange with ASTM E 3 and examined at 250 - 500X magnification.

3.5.3.1 Case strugture shall be essentially tempered martensite.

3.5.3.1.1 Massive|carbides and grain boundary carbides shall not exceed the amount ill
Figure 1B, examined at 500X magnification.

3.5.3.1.2 Retained austenite, untempered.martensite, and coarse martensitic needles s
the amopnt illustrated by Figure:2B, examined at 500X magnification.

3.5.3.1.3 No evidgnce of surface decarburization shall be permitted.
3.5.3.2 The structlre transitienfrom case to core shall be gradual.

3.5.3.3 Core strudture of low-alloy steels should be essentially tempered martensite. Ng

h ASTM E 18 or
br the depth of

na
D truly represent

hically prepared

ustrated by

hall not exceed

grain boundary
may be

ferrite or freeferrite is permitted except that in heavy sections bainite and ferrite
permitted tofimt
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4. QUALITY ASSURANCE PROVISIONS:

4.1

Responsibility

for Inspection:

The processing vendor shall supply all samples for vendor's tests and shall be responsible for
performing all required tests. Purchaser reserves the right to sample and to perform any
confirmatory testing deemed necessary to ensure that processing conforms to the requirements of

this specificati

on.

4.2 Classification of Tests:

4.2.1

422

42.2.

4.3

4.3.1

432

4.4

4.4.1

442

Acceptance Tests: Tests for case depth (3.5.1), hardness (3.5.2), and microstructure (3.5.3) are

acceptance

Preproductig
performed p
material ang
confirmatory
1 Fordirect
test mater|
contractin

Sampling and

Shall be in ac
same steel, ¢
vendor's insp

For Preprod
heating and
purchaser, {

s =l
TS aulmTTUL.

rior to or on the initial shipment of the product to a purchaser,when a
/or processing requires reapproval as in 4.4.2, and when parchaser d
testing to be required.

J.S. Military procurement, substantiating test data-and, when requeste
al shall be submitted to the cognizant agency a§directed by the proc
j officer, or request for procurement.

Testing:

cordance with the following; a lot shall be all parts of similar design, fak
rburized and heat treated in the.same furnace(s) at the same time, aj
ction at one time.

uction Tests: At least three samples representing the processing proc
cooling cycles to bewsed for heat treating production parts. Unless p
nese samples may-be selected from the first production heat treat lot.

For Acceptgnce Tests: Sufficient samples representative of the parts being heat tri

included wit
heating and

Approval:

N each furdace load of production parts to determine effectivity of the {
cooling'cycles.

bn Tests: Tests for all technical requirements are preproductiontests and shall be

change in
eems

d, preproduction

Liring activity,

ricated from the

nd presented for

pdures and
rohibited by

pated shall be
carburizing

The process and control procedures, or a preproduction sample part, or both, whichever is
specified, shall be approved by the cognizant engineering organization before production parts are

supplied.

The supplier shall make no significant change to materials, processes, or controls from those on
which the approval was based, unless the change is approved by the cognizant engineering
organization. A significant change is one which, in the judgement of the cognizant engineering
organization, could affect the properties or performance of the parts.
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443 Control factors for the process shall include but not be limited to:

a) shape a
b) carburiz

nd size of parts as carburized and as hardened
ing furnace or salt bath

c) limits on carburizing potential of atmosphere or salt composition
d) equipment used to monitor/control atmospheres

e) carburiz
f) carburiz
g) racking

ing temperature +25 °F (14 °C)
ing time £10%
method in carburizing furnace or salt bath

h) hardening temperature and time

i) quench
j)  whether
k) temperi

1) if actual
4.5 Records:

451 Records of
furnace atm
steel parts
made avail

452 Heat Treati
than two ye

Shop order
Material ide
Tempering t
Hardness a
Date of hea

46 Reports:

The vendor of
tests to detern
the purchase

oil and quench temperature
sub-zero cooling is used

2

parts are not used for control, size and shape of test specimens

urnace temperature surveys, calibration of control and recording instriments, types of
spheres, and thermal processing used in carburizing@nd hardening gpecific lots of

hall be maintained for such time as agreed upon byPpurchaser and prpcessor and

ble for review by purchaser on request.

g Log: A log for each heat treat load shall be maintained for examinafjon for not less
rs. The log shall include not less than.thefollowing information:

number

ntification and part number
emperature

nd case depth of parts
treatment

heat treated.parts shall furnish with each shipment a report showing the results of
hine confermance to the requirements of this specification. This repoit shall include
prder number, material specification number and its revision letter if any, AMS 2762B,

part number, and_duantity of heat treated parts.

4.7 Resampling a

= Fa '
I TACITSUTTY.

If any specimen used in the above tests fails to meet the specified requirements, disposition of the
heat treated parts may be based on the results of testing three additional specimens for each original
nonconforming specimen. Except as permitted by 4.7.1, failure of any retest specimen to meet the

specified requ
be reported.

irements shall be cause for rejection of the parts represented. Results of all tests shall


https://saenorm.com/api/?name=ef672f7b3f1300bfcd508cd3577cecdf

SAE INTERNATIO

NAL AMS2762B

Page 9 of 14

471 Parts which do not meet specified case depth or hardness limits after heat treat processing as
herein specified, may be reprocessed by recarburizing, rehardening, or retempering as necessary
to meet specified requirements, except that parts may be recarburized only once.

5. PREPARATION

5.1 Identification:

FOR DELIVERY:

Heat treated parts shall be identified as agreed upon by purchaser and vendor. The markings shall
have no deleterious effect on the parts or their performance and shall be sufficiently stable to
withstand normal handling.

5.2 Protective Tregtment:

Carburized p3rts shall be coated with a suitable corrosion-preventive compound prig

53 Packaging:

5.3.1 Parts shall §
against dam

53.2 Packageso
compliance
transportatid

5.3.3 FordirectU
Commercial

6. ACKNOWLED(

A vendor shall
acknowledging

7. REJECTIONS:

Heat treated pa
be subject to re|

e packaged to ensure that the parts, during shipment @nd storage, wi
age from exposure to weather or any other normalhazard.

F parts shall be prepared for shipment in accordance with commercial
with applicable rules and regulations pertaining to handling, packaging
n of parts to ensure carrier acceptance and safe delivery.

S. Military procurement, packaging‘shall be in accordance with MIL-§
Level, unless level A is specified in the request for procurement.

SMENT:

nention this specification number and its revision letter in all quotation
pburchase orders.

ts not canforming to this specification, or to modifications authorized b
ection.

br to shipment.

| be protected

practice and in
j, and

TD-2073-1,

5 and when

y purchaser, will

8. NOTES:

8.1 A change bar (1) located in the left margin is for the convenience of the user in locating areas where
technical revisions, not editorial changes, have been made to the previous issue of this specification.
An (R) symbol to the left of the document title indicates a complete revision of the specification,
including technical revisions. Change bars and (R) are not used in original publications, nor in

specifications

that contain editorial changes only.
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8.2

8.3

8.4

8.5

Table 3 shows the AMS equivalents of the steel designations shown in Table 1.
For direct U.S. Military procurement, purchase documents should specify not less than the following:

Title, number, and date of this specification

Part number of parts to be carburized

Case depth, case hardness, and core hardness, when specified, desired
Number of pieces to be carburized

Level A packaging, if required (5.3.3).

Similar Specifications:

MIL-S-6090 igtisted-forinformatioronty-and-sha rot-be-construed-as-anmaceceptable alternate
unless all reqliirements of this AMS are met.

Products meeting the requirements of this specification have been classified|under Federal
Standardizatign Area Symbol "MFFP".

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE "B"
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TABLE 1 - Hardening of Carburized Steels

Austenitizing Austenitizing

Steel Temperature Temperature Recommended Relative
Designation °F °C Quenchant Core Hardness
SAE 1015-1020 1425 - 1475 774 - 802 Water Low
SAE 1115- 1118  1425-1475 774 - 802 Water Low
SAE 3310-3312 1475-1525 802 - 829 Qil High
SAE 4615- 4620 1475- 1550 802 - 843 Qill Moderate to High
SAE 861 i
SAE 9310-9317 1475- 1550 802 - 843 Qill High
SAE 438V12 1525 - 1600 829 - 871 0]] Modefate
SAE 94B17 1525 - 1600 829 - 871 Qill Moderate|to High
TABLE 2 - Approximate Holding Time for‘Austenitizing
Nominal Diameter or Distance Nominal Diameter or Distance Air or Atmospher¢ Salt Bath
Between Parallel Sides Between ParallelSides Furnaces Furnace
Ifches Millimeters Minutes Minutes
Up [to 0.250, incl Up~to 6.35, incl 25 18
Over 0.250 |to 0.500, incl Over _635t0 12.70, incl 45 35
Over 0.500[to 1.000, incl Overs12.70to 25.40, incl 60 40
Over 1.000 |to 1.500, incl Over 25.40to 38.10, incl 75 45
Over 1.500|to 2.000, incl Over 38.10to 50.80, incl 90 50
Over 2.000 |to 2.500, incl Over 50.80to 63.50, incl 105 55
Over 2.500 |to 3.000, incl Over 63.50to 76.20, incl 120 60
Over 3.000 |to 3.500.incl Over 76.20to 88.90, incl 135 65
Over 3.500 |to 4.000, incl Over 88.90to 101.60, incl 150 70
Over 4.000 |te75.000, incl Over 101.60 to 127.00, incl 165 80

Over 5.000 to 8.000, incl Over 127.00 to 203.20, incl 210 100
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