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1. SCOPE:

1.1 Scope:
This specific
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nent specifications and standards without consensus voting at the SAE
se of the existing government specification or standard format.

I of Defense policies and procedures, any qualification requirements an
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ation covers the requirements for heat-treatment of four classes of stee
ents for-furnace equipment, test procedures and information for heat-tr

procedures, heatstreating temperatures and material (see 6.11) test procedures. This
applicable onlyto the heat treatment of raw material (see 6.1.1); it does not cover th
for the heat treatment of steel parts (see 3.4 and 6.1.2). This specification also describes
procedures which, when followed, will produce the desired properties and material qualities within
the limitations of the respective alloys tabulated in Tables IA, IB, IC and ID. Alloys other than those
specifically covered herein may be heat treated using all applicable requirements of this

specification
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h the publishing
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1.1.1 Limitations: Unless otherwise specified, this specification is not applicable to heating or to
intermediate (non-final) heat treatment, of raw material, e.g. for hot working. Processes not
covered include deliberate surface heat-treating and specialized heat-treating, such as induction
hardening, flame hardening, carburizing, nitriding; however, this specification may be referenced
for equipment and controls. Austempering, ausbay quenching and martempering may be used
when specified by the cognizant engineering organization.

1.2 Classificationr

Steels coverpd by this specification are classified into the following four classes. "Urjless otherwise
specified, th¢ process and equipment requirements in this specification referto all classes of steel
tabulated in fables IA, IB, IC and ID, respectively.

Class A - Carbon and low alloy steel

Class B - Mdrtensitic corrosion-resistant steel

Class C - Austenitic corrosion-resistant steel

Class D - Prgcipitation-hardening and maraging steel

2. APPLICABLE POCUMENTS:

The following publications, of the issues in effect ondate of invitation for bids or requgst for proposal,
form a part of this specification to the extent spegified herein.

2.1 SAE Publications:
Available from SAE, 400 Commonweath Drive, Warrendale, PA 15096-0001.

AMS 2418 Copper Plating

AMS 2424 Nickel Plating;-Low Stressed Deposit

AMS 2750 Pyrometry

AMS 2759 Heat Treatment of Steel Parts, General Requirements
AMS 2759/3| HeatTreatment of Precipitation Hardening Corrosion Resistant and Maraging Steel
Parts

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

ASTM A 262 Detecting Susceptibility to Intergranular Attack in Austenitic Stainless Steels

ASTM A 370 Mechanical Testing of Steel Products, Methods and Definitions for

ASTM C 848  Young's Modulus, Shear Modulus, and Poisson’s Ratio for Ceramic Whitewares by
Resonance, Test Method for

ASTM D 3520 Test Method for Quenching Time of Heat Treating Fluids (Magnetic Quenchometer

Test)
ASTME 3 Metallographic Specimens, Preparation of
ASTM E 8 Tension Testing of Metallic Materials

2.
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2.2 (Continued):
ASTM E 10
ASTM E 18

2.3 U.S. Govern

Available fro

Philadelphia|PA 19111-5094.

QQ-N-290

MIL-C-1455(Q Copper Plating, (Electrodeposited)

3. REQUIREMENTS:

3.1 Equipment:

3.1.1 Furnace media and protective coatings:

3.1.1.1 Atmosphgre for Classes A, B, C and D steel parts: The gaseous medium for heg

Classes

helium, RHydrogen, nitrogen, or blends ofthese gases, vacuum, exothermic, endd

nitrogen
protectiv

Brinell Hardness of Metallic Materials

Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials
ASTM E 384  Microhardness of Materials

ment Publications:

[l nVa¥al =il

@

1 - Py H B [ — W DX 4
MU oor, oUUSUTPUUINT OTTVILES UESK, DUNUITTY 44U,

Nickel Plating (Electroplated)

A\, B, C and D steel parts above 1250 °F shall be air/products of combu

based, or dissociated ammgnia conforming to the requirements below.
b coatings, in accordance 'with 3.3.1.3, may be used where necessary.

Atmosphere Class A 1/ ClassB 1/ ClassC 1/ ClassD 1/

Pnue,

t treating

stion, argon,
thermic,
Supplementary

Air/Products X2/ X2/ X X
bf Combustion

A\rgof/3/ X X X X
Hekom 3/ X X X X
Hydrogen 3/ X X /] X X5/
Nitrogen 3/ 6/ X 8/ X X X10/
Vacuum X X X X11/
Exothermic 4/ X X X No
Nitrogen based or X 8/ X No No
endothermic 4/

Dissociated No No X No

Ammonia 3/ 9/

1/ X - Denotes atmosphere acceptable for use on that designated
class of steel with or without limitations.
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2/

Unless otherwise specified, an air/product of combustion
atmosphere shall be limited to precipitation hardening,
tempering, stress relieving and 1400 °F transformation
treatments. An air/product of combustion atmosphere may be
used for treatment above 1400 °F for Classes A and B material
which will have a minimum of 0.020 inch metal removed from all
surfaces after heat treatment or which have been protected by
electroplates.

b/
b/

B/

D/

Dew point shall be not higher than -40 °F at the exit of the working
zone.

Atmosphere shall be refined or blended to avoid a change in.carbon
content at the surface of the material as specified in 3.3.3. “A'product
of combustion at -40 °F maximum dew point (e.g. endothermic) may
be used for class A material which allows 0.003 inch Mmaximum
partial decarburization at the surface. Exothermic atmosphere
permissible only for heat treatment of class A mill products.

Acceptable up to 1950 °F.

Nitrogen atmosphere does not include nitrogen from dissociated
ammonia

// Only acceptable when tempered at 1000 °F or above. Acceptable for

annealing.

Class A steels may be fine grain copper plated 0.002 to 0.005 inch
thick in accordance with MH:-C-14550 or AMS 2418 or nickel plated
per AMS 2424 or QQ-N+290 or equivalent as a supplementary
surface protection. @ther supplementary protective coatings may be
used if approved by the cognizant engineering organization.
Permissible only.for annealing of mill products providing residual
ammonia atthg outlet of the generator does not exceed 15 ppm.

1 0/ The use efia nitrogen atmosphere shall be limited to heat treating

temperattres of 1400 °F and below. A nitrogen atmosphere may be
used\fer heat treatment above 1400 °F provided a minimum of 0.020
inehes of metal is subsequently removed from all surfaces of heat
treated material.

11/ Nitrogen 1s not permitted as a partial pressure above 1400 “F.

Nitrogen may be used as a backfill quench for vacuum heat
treatments performed at or below 1925 °F.
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Atmospheres for mill products: Furnaces for mill products shall be supplied with gases of a

consistent analysis such that the product meets the requirements of the appropriate material
specification. Furnaces, gases, and gas generators shall be controlled. Ducts and working
zones shall be sealed to prevent contamination by outside gases. Vacuum furnaces shall have a
calibrated recording instrument for sensing the vacuum in the vacuum chamber. All atmosphere
furnaces and gas supply lines shall be purged with the designated and approved atmosphere
gas for the specific steel to be heat treated.

3.1.1.2

3.1.1.3 Salt bath
shall be
surfaces
attack in
salts in b

3.1.1.4 Temper

3.1.15

products

maximurn

3.1.2 Pyrometry
testing of f

pyrometric

appendix t
accordanc

organizatig

3.1.3 Quenching

3.1.3.1 Quench

circulatio

JZsted initially and at least once each week and shall be adjusted-{o.asg

u
temperaTJre at any point in the furnace working zone or work load shall comply

Temperature range and set temperature: The set temperature on the furnace co
shall be ¢
temperature uniformity of the furnace. In contintious furnaces used to anneal an

: Salt baths may be used for the heat treatment of Classes A and B-St¢

shall be free from general corrosion, carburization and decarburization
excess of limits specified in 3.3.3. Additives used for adjustments shall
ath and rectifiers recommended by the salt manufacturer,

re uniformity: The design and construction of heating equipment shall

such that the load temperature falls withindhe specified range, taking in

a thermal head may be used. The temperature of the mill product shal
N processing temperature.

and furnace temperature control: The requirements and procedures for,
iIrnaces, ovens, salt baths;.vacuum furnaces, refrigeration equipment a
equipment used for heattreatment shall be in accordance with AMS 27
nereto (see 4.2.1 and\4.2.2). Equipment which cannot be controlled an
b with AMS 2750-shall be controlled and tested as directed by the cogniz
n.

equipment:

paths:*Quench baths shall permit complete immersion of material, provi

bels. Salt baths
ure that part
or intergranular
be limited to

be such that the
with AMS 2750.

ntrol instrument
0 account the

d normalize mill
not exceed the

control and

nd allied

50 and the

i tested in

ant engineering

de for adequate

nof the media or agitation of material, provide a means for indicating th4

b temperature of

the media and for cooling and heating, as applicable. Baths shall be adequate to produce the

required

properties in the most massive material to be quenched.

3.1.3.1.1 Oil-quenching baths: The oil-quenching medium shall be between 60 °F and 160 °F at the
beginning of the quenching operation and shall not exceed 200 °F at any time during the
guenching operation, unless otherwise approved by the cognizant engineering organization.
The temperature of the oil guenching media shall not exceed the manufacturers recommended
operating range. Quench oil used in integral quench vacuum furnace systems, where the
guench chamber is below atmospheric pressure, shall be vacuum degassed at approximately
the maximum recommended temperature for the quenchant initially and after each major
addition of oil.
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3.1.3.1.2 Aqueous polymer quenchants: Agueous polymer quenchants may be used as permitted in
Tables IA through ID. The temperature of the aqueous polymer quenchant baths shall not
exceed the manufacturers recommended operating range. These baths shall also be
adequately circulated to assure homogeneity of the aqueous polymer quenchant media.

3.1.3.1.3

3.1.3.1.4

3.1.3.2 Location
handling
sensitization prior to quenching.

Quenching from salt bath furnaces: Water-quenching baths employed in cooling steel parts
which have been heated in salt-bath furnaces should be provided with an inflow of fresh water

to prev‘fmvcmmwmmmmwmwr%mmmm
nction with salt bath furnaces shall be monitored weekly so that the,sa

in conj

bath sh
proces
quench

all not exceed 6% by weight of the bath. All salt residues shall be remc
Ged in salt-bath furnaces or quenched in brine, during or immediately fo

ing.

Alternative Quenchants: In lieu of the stated methods in Tables.JA through ID, 3

sprays
may beg
with re
and its

cogniz
argon
cogniz

aths when used
t content of the

pved from parts

lowing

team, air, water

used when approved by the cognizant engineering)organization, provi
Epect to mechanical properties and corrosion resistance, as applicable
application, can be substantiated. Equivalence tests shall be as specif
{ﬂt engineering organization. Where air quenching is permitted in the T

nd helium may be used; other inert gases may be substituted when ap
nt engineering organization.

of quenching equipment: Quenching equipment shall be located in suc
facilities shall function with sufficient speed to prevent the initiation of tr

3.1.4 Miscellanepus equipment: Suitable jigs, fixtures, trays, hangers, racks, ventilators,

be employ

bd as necessary-far'the proper handling of the work and for maintenana

items of equipment. The.use of heat-treating fixtures or fixture materials where thg

proximity t
guenching
material sh

3.1.5

Cleaning B

p the materialcould contaminate the material or reduce the heating, coc
rates to_less than required for complete transformation or through-hard
all not'he permitted.

ing equivalence
o the material
ed by the

ables IA-ID,
proved by the

inert gases, polymers, molten salts or other commetcial quenching mecTia or processes

h a manner and
ansformation or

and so on, shall
e of the major

e contact with or
ling or

cning of the

gquaipment: Equipment shall be provided to clean material in accordance

with 3.3.1.1.

Where toxic or harmful cleaners are employed, they shall be used in compliance with the
applicable health and safety regulations.

3.2 Thermal treatment:
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3.2.1 Rate of heating: Heating rates shall be controlled to prevent damage to the material (see 6.2). Pre-
heating at 1000 °F-1200 °F is recommended before heating material above 1300 °F if the material:

(a) Has been previously hardened above Rc 35, or is made of steel of 0.50 (nominal) percent

carbon
(b) Has ab
(c) Has be

or over, or
rupt changes of section, or sharp re-entrant angles, or
en finish machined.

3.2.2 Hardening

austenitizin
3.2.2.1 Prior con

3.2.2.1.1 H-11m

been h
cooling
3.2.2.1.2 52100
sphero
3.2.2.1.3 Other (

220 ks
sub-cri
normal
fracturg
anneal

3.2.2.2 Austeniti
Parts sha

of Classes A and B material: Classes A and B material shall be harden
g, quenching and tempering.

dition of Class A steel parts:

aterial: H-11 parts shall be in the annealed condition, prior to hardening
bt headed. Hot headed H-11 material shall be annealed, prior to harde
from 1625 °F £ 25 °F to at least 1000 °F, at a maximum rate of 50 °F p

br 1095 material: Parts made of 52100 or 1095 steel should be hardeneé
dize annealed condition.

Class A parts: Parts made from otherClass A steels to be hardened anc
and above shall be either normalized, normalized and tempered, or ng
ical annealed, prior to initial auStenitizing. Parts that have been welded
zed, prior to hardening. Patts identified as damage tolerant, maintenar
b critical shall be normalized; normalized and tempered or normalized a
bd, regardless of the strength to which they are subsequently to be heal

ving: The austenitizing temperature shall conform to Tables IA and IB, &
[l be held withinthe specified temperature range for sufficient time for t

ed by

, unless it has
ning, by furnace
er hour.

bd from the

| tempered to

rmalized and
shall be

ce critical or

nd subcritical

[-treated.

s applicable.
he necessary

transformation and diffusion to take place. The recommended holding times at temperature are

listed in 7

[able [IA!

3.2.2.3 Quenchi

T

specified|in"Tables IA or IB, as applicable. Material shall be cooled to or below t

g: Material shall be quenched from the austenitizing temperature in the

guenchant

he quenchant

temperature before tempering. Material should be tempered within two hours after quench or
within two hours after reaching room temperature after cold treatment. If hardened parts cannot
be tempered within 2 hrs. of quenching, they can be snap tempered for one hour at

400 °F + 25 °F or as appropriate to prevent cracking. Mill products shall be quenched in a

3.2.2.4

manner consistent with commercial practice where Tables IA & IB are not applicable. They shall
be cooled sufficiently and tempered within a period of time adequate to prevent quench cracking
or conditions deleterious to end product mechanical properties and corrosion resistance.

Tempering: Material shall be tempered in accordance with Table Ill. When multiple tempering is
used, material shall be cooled to room temperature between tempering treatments. The
tempering temperatures listed in Tables IA or IB are recommended, unless indicated as
mandatory by the footnotes.
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3.2.3 Hardening Class D steel: Class D steel parts shall be hardened by precipitation heat-treatment of

3.2.4 Other thermal treatment:

3.24.1

3.24.2

3.2.4.3

3.2.4.4

3.2.5 Thermal treatment of mill'products: Unless otherwise specified in the contract or p
processing of mill products for which the tables are not applicable (e.g. raw materi
continuougly heaf-treated) shall be annealed, austenitized, quenched and temperé
commercigl praetices. Such practices shall provide equivalence with respect to ef
mechanicall properties, corrosion resistance, and microstructure, as required by th
material specification or engineering drawing, and shall be substantiated by tests or methods
determined by the cognizant engineering organization.

Normalizf :
from Tabfle IA temperatures in circulated air or in a circulated protective atmasph
recomménded minimum holding times at temperature are listed in Table [A!

Annealing Classes A and B steel: Annealing (full annealing) of Classes)A and B

Class B material shall be accomplished as specified in Tables IB and 1A, as app

Annealing Class C steel: Annealing of Class C material shall be accomplished a
Tables IC and IIB, as applicable.

Stress rellieving: Stress relieving before hardening of Class A material shall be a
any temperature between 1000 °F and 1250-°F. Stress relieving after hardening
and B material shall be accomplished by heating to a maximum temperature of §
tempering temperature. The recommended minimum holding times at temperat
Table 1Al Stress relieving after hardening is prohibited on parts which have beer

material which has been either solution-treated, austenite conditioned, or cold worked. Class D
material is normally acquired in the solution treated or solution treated and cold worked (i.e. spring
temper) condition. Thermal treatment for Class D material shall conform to Table ID. The aging
temperature in Table ID may be adjusted higher to meet the specified tensile strength.

d by cooling
ere. The

material shall be
d holding times
shed by heating
cal annealing of
licable.

5 specified in

ccomplished at
of Classes A

50 °F below the
ire are listed in
peened or cold

deformed; e.g., roll threaded. Stress relieving of Class C material shall be accomplished by

either hepting to 875 + 25 °F.maximum or to 1900 °F and rapid cooling. Harden|
material shall be stress relieved for a minimum of one hour at 30 °F below the ag

ed class D
ing temperature.

urchase order,
al which is
bd with proven
d product

e applicable

3.3 Process requirements:

3.3.1 General: The equipment and processing techniques employed in the heat-treatment of material

shall be fully capable of providing the combination of mechanical properties, corrosion resistance
and microstructure in the product as specified in the appropriate procurement document.
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3.3.1.1 Cleaning: Material shall be cleaned prior to heat-treatment as required to remove contaminants
and leave no substance that could have a deleterious effect. Cleaning prior to heat treatment of
mill products is not required provided no surface condition is retained which could have a
deleterious effect on the product.

Spacing: Material shall be racked or supported to allow circulation of heating and quenching

media; to ensure exposure of surfaces to heating and quenching media; and to minimize

3.3.1.2
warpage
3.3.1.3 Approval
footnote

doringeating—and-guenching:

for use of coatings or platings: Except for copper or nickel plating.as dg
B/ of 3.1.1.1, approval from the cognizant engineering organization sha

bscribed in
| be obtained

prior to the use of coatings or plating for protection of surfaces duringcheat-treatmment.

3.3.2 Mechanicdl properties: Parts made from Classes A and B steels shall, after heat t

hardness t
tensile stre
the design
performed

bsted in accordance with 4.3.2.1. Hardness test data shall be converte
ngths as specified by ASTM A 370 (see 6.5) andthe tensile strengths g
requirements. Where a dispute exists in the hardness test, the tensile
in accordance with ASTM E 8 and the test results shall conform to the

requireme

treatment Ipy a minimum of one tensile specimen 6f:the same alloy form and cond
(thicker thgn .015 inch thickness), AM 355, all parts heat-treated to an RH temper,
solution heat-treated, and all parts made from™17-4 PH and 15-5 PH heat treated t
H1150 tempers. Tensile specimens shallbe tested in accordance with 4.3.2.2 ang

ts. Parts made from the following Class D;steels shall be accompanie

eatment, be

d to equivalent
hall conform to

lest shall be

esign

| through heat
tion: AM 350

parts that are re-

o H1100 and
shall meet the

requirements of the applicable drawing;idesign specification, or material specification. All other

class D ste
When spe(
accompan
that the ter
similar size

3.3.2.1 Permissi
acceptab
material

el parts shall be hardness\tésted to the requirements of AMS 2759 and
ified in the contract or.pufchase order, a minimum of one tensile specir
any Class D steelssolution heat-treated, aged or both. Consideration g
sile specimen is-representative of the parts that are to be manufactured
and of the same’alloy form and condition.

ple variations of Classes A and B steel from design ultimate strength: W
le strength level and no maximum strength level is specified by design ¢
Specification, the maximum strength shall be 20 ksi above the minimum

AMS 2759/3.
nen shall

hall be given so
, i.e. they are of

hen a minimum
r the applicable
, except for Hy-

Tuf and |

H-11 steels for which a maximum strength of 30 ksi above the minimum

is acceptable.

For 300 M steel, a maximum strength of 30 ksi above the minimum is acceptable, provided the
maximum tensile strength does not exceed 305 ksi.

3.3.3 Surface contamination: When material is hardened, normalized before hardening or is rehardened
after hardening, the requirements of 3.3.3.1, 3.3.3.2 and 3.3.3.3 shall apply. These requirements
do not apply provided it is definitely known that sufficient material will subsequently be removed to
eliminate any deleterious surface conditions.
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3.3.3.1 Decarburization of Classes A and B material: The heating medium in furnaces used for
normalizing Class A material and for hardening Classes A and B material shall be so controlled
as not to produce excessive decarburization. For furnaces used to heat-treat material whose
final hardness will be HRC 46 (220 ksi) and above, partial decarburization shall be judged
excessive if greater than 0.003 inch deep on any finish machined surface. For furnaces used to
heat-treat material whose final hardness will be less than HRC 46 (220 ksi) decarburization shall
be not greater than 0.005 inch deep on any finish machined surface. The extent of

3.3.3.2

3.3.3.3

3.34

3.4 Heat treatms
Finished or 4
shall be heat
heat treatme)

4. QUALITY ASS

Consistend
initially ang
obtained p
each quen
corrective
condition.

decarbur
surface i

Carburiz
controlle

Intergran
above 17
material

be determined by testing the specimens as specified:in-4.3.3.2.

2 s i) [T (] - - (- (] bl 402 4 A Py 1 (]
L4atlult shidll o ucticlirmmeu nr actordalice witlht &.o.o.1L. Ally tuldl ucidl
5 not acceptable.

ular attack: The heating media in furnaces used forheating material to
50 °F shall be controlled to preclude intergranular attack exceeding 0.0
inder 220 ksi and 0.0005 inch on other material.“The depth of intergran

reviously by the same method. The heat treating facility shall establish
Ching system. If the results indicate that a quenchant is outside the est
hction shall be taken and thétest shall be repeated to verify restoration

nt of parts:

emi-finished parts shall be heat treated in accordance with AMS 2759.

URANCE PROVISIONS:

4.1 Responsibility for inspection:

burization at the

htion and nitriding: The heating media in furnaces used for heating material shall be
i to preclude carburization and nitriding. The extent of carburization and nitriding shall
be determined in accordance with 4.3.3.1.

femperatures

007 inch on
ular attack shall

y of quench effectiveness: Shall be determined by testing each quenchjant in each tank
guarterly thereafter, by one of the methods in 4.4, and comparing the results with those
control limits for
ablished limits,

of the prior

Raw materials

treated inaccordance with the requirements specified herein. Any references to parts
nt in this(document are superseded by the requirements specified in AMS 2759.

Unless otherwise specified in the contract or purchase order, the contractor is responsible for the
performance of all inspection requirements (examintions 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 Government. The Government reserves the right to perform any of the
inspections set forth in this specification where such inspections are deemed necessary to ensure
supplies and services conform to prescribed requirements.

-10 -
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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
guality 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
Government 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

4.1.2

4.1.3

4.2 Equipment C

42.1

4.2.2

4.3 Test procedu

43.1

indicated

Control redqords: Records of system accuracy tests, furnace temperature surveys, [calibration of

control an

recording instruments and date, time, temperature, and quenchant us

d in heat

treating material shall be on file and available for review by contractors @nd Goverhment

represent
charts for f

Noncompli

equipment
the raw m4g
parts proce
last succes

Pyrometric|
appendix t

Test proce
AMS 2750

ance: If any test result fails to meet the requirements specified herein, t
failure shall be determined. If attributable to equipment,.repair shall be completed

nereto (see 3.1.2).

jures for equipment: Heat-treating equipment shall be tested in accorda

ives for five (5) years. In addition heat treaters of final parts'shall keep
ve (5) years.

is used for additional processing. The quality)assurance organization 1
terial in the case of mill processing, or for¢parts in the case of finished ¢
ssing, shall evaluate possible effects ofithe deficiency on material proc
sful test. The evaluation and corrective actions shall be documented.
alibration and tests:

calibration: Pyrometric equipment shall be calibrated in accordance witf

and appendix.thereto (3.1.2).

re for material:

Surface coj

for conformance with 3.3.3: normalizing and austenitizing of classes A and B matel

ntamination tests: Each furnace used for any of the following treatment

urnace recorder

he cause of
before the
esponsible for

r semi-finished
essed since the

n AMS 2750 and

ince with

5 shall be tested

ial, and solution

treating and austenite conditioning of class D material. A furnace used exclusively for heat-
treatment of material where all contamination on that material will subsequently be removed need
not be tested.

4.3.1.1 Specimens of Classes A and B material, except H-11, shall be tested either in the tempered or in
the untempered condition at the option of the cognizant engineering organization. H-11

specimens and specimens of Class D material shall be tested after completion of heat treatment.
Specimens shall be metallographically prepared per 4.3.3 and tested per 4.3.3.1 and 4.3.3.2 for
conformance to 3.3.3.
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43.1.2

43.1.3

4.3.1.3.1 Forth

4.3.2 Mechanic

43.2.1

4.3.2.2

For material made from Class A steels with a final strength of 220 ksi or hardness of Rc 46 or
higher, at least one specimen of the same alloy shall be heat treated with each load. For material
that is damage tolerant or fracture critical, a minimum of one specimen of the same alloy shall be
heat-treated with each load regardless of the final strength or hardness. If such material is
reheat-treated, the original specimen, or a portion of the original specimen must accompany the
material and be tested after the reheat-treatment in accordance with 3.3.3.

For lowe Siale atertattmce Okst—madefro assA-steetsandmaterial made from
Classes B and D steels, at least one specimen shall be tested in accordance, with 3.3.3 as
follows wlith the first load of each alloy group as defined in 4.3.1.3.1:

a. Each|month for atmosphere furnaces,
b. Each|week for salt baths, and
c. Each|occurrence that purge cycles are run for Class D steel:asrequired by 3.1.1.2.

purposes of the monthly and weekly tests of 4.34.3, steels within the fpllowing groups
may bg considered to be the same alloy:

Claks A steels of 0.45 percent carbon and lower.

Clalss A steels of above 0.45 percent carbon.

Class B steels: 403, 410 and 416.

Clalss D steels: 17-4 PH, 15-5 PH and*PH 13-8 Mo.
Class D steels: 17-7 PH, PH 15-7Mo and PH 14-8 Mo.

"o oo

| Properties:

Hardness test of heat treated-material made from Classes A, B and D steels: Thie frequency of
hardnesg testing for material which has been final heat-treated, shall be in accofdance with the
sampling requirements.of AMS 2759. The testing shall be performed in the heayiest section
which is guitable anghnot detrimental to the function of the material. When heat tfeating standard
compongnts such(as nuts and bolts or mill products, the sampling and hardness|test
requiremints ofithe applicable component and steel specifications shall take prgcedence.

Tensile Tlests: Where specified, specimens of the same alloy form and condition jwithin class D
steel, heat treated and aged in the same furnace charge, shall be tension tested in accordance
with ASTM E 8. The testing shall encompass, as a minimum, one specimen representative of
the part. When specified, Classes A and B material shall be similarly tension tested in
accordance with ASTM E 8. When testing of a size representative of the part is impractical
because of inability to make a representative specimen sufficiently small while still using an
accepted tensile specimen or excessive in cost due to wasted steel from a blank which is much
larger than that needed to produce a standard size tensile specimen, then a sample sufficient to
accomodate one standard tensile bar in accordance with ASTM E 8 will be heat treated and aged
with the furnace charge and considered to be a representative sample.
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4.3.3 Metallographic tests: Specimens shall be metallographically prepared in accordance with
ASTM E 3. Determination of decarburization, carburization, nitriding and intergranular attack shall
be in accordance with 4.3.3.1 and 4.3.3.2.

4.3.3.1 Determination of surface chemistry changes: The depth of decarburization shall be determined
by making a microhardness traverse per ASTM E 384 using at least 250X magnification and
recording hardness versus depth below surface. The boundary of the decarburization shall be at
the depth at which the hardness rises to the equivalent of 20 points Knoop below the core

hardness-

nce of

carburizg

surface 3
4.3.3.2 Intergran
metallog
boiling s¢
145 millil
metallog
solution
ethanol.
intergran

4.4 Test procedu

4.4.1 Comparati

aqueous p
procedure
4.4.2 Magnetic @
monitored
4.4.3 Hot wire te

media sha

4.4.3.1 Proceduf
thermom

ln addition tha microhardnace and micrastructiira chall chaw na - avi
Hoorortror e e o o e ooatro e T o otroretu ot e oo oS

tion or nitriding. The traverse shall show no evidence of increased_ har

ular attack: Intergranular oxidation of Class A material shall be determi
aphically etching specimens of these steels for 7 - 20 mindtes in a fres
lution consisting of 16 grams of chromic acid and 80 gkams of sodium

ters of water. Intergranular oxidation of Classes B.and’D material shall
aphically by etching specimens of these steels fof 1*- 2 minutes in a fre
onsisting of 1 gram of picric acid in 5 milliliters_of hydrochloric acid and
Alternate etchants may be used provided their-effectiveness with respe
ular attack is substantiated.

res for quench rate control:

e cooling curve evaluation: Variation in the quenching effectiveness of
Dlymer quenchant bath may_be monitored using a suitable cooling curvs
approved by the cognizant @ngineering organization.

uenchometer: Variation in the quenching effectiveness of oil quenching
Lising a magnetic quenchometer test as described in ASTM D 3520.

st: When this test is used variation in the quenching effectiveness of oil
| be performed in accordance with the following.

e: Pour 150 ml of oil to be tested in clean 250 ml beaker. Heat oil to 6(
eterdn oil and heating on a hot plate (heat within 5 minutes). Place pre

s indicated by (20) points knoop or equivalent above the core hardness.

iness at the

hed by

nly prepared
hydroxide in

be determined
shly prepared
100 milliliters of
ct to revealing

an oil, water, or
b evaluation

media may be

quenching

°C by placing
Cut wire

D s L0/l ooy A0/ Nlial [l
(NO. 28 (/UPIUII JJI7UCUPPTT, =FI 70 TNTCRTT

AL PIT S T- e T sl - W=V SNl P-UZ =T J 2P0 Wi laran
Wit CUtTTIT Z 9 TTCITTCTTYUTS J TIT UTIATTTY S

such that the

wire is straight and taut. Wires that have been kinked or in any way flattened should not be used.
When oil is at 60 + 2 °C, remove thermometer and transfer beaker to Hot Wire Tester setup. The
Hot Wire Tester consists of a dual spring clamp for holding the wire (1.0 inch of effective wire
length), electrical leads to the control box which supplies 60 cycle A.C. current to each clamp.
The current is steadily increased from 0 to 35 amperes in 4.5 seconds using solid state circuitry
with a thyristor (triac) optically coupled to a stair case generator. Maximum current through the
wire is displayed on a LED Digital Read Out. Immediately immerse clamped wire and holder in
oil and turn on controls. Reading is completed within 10 seconds. The maximum current flow is
read from the LED digital read out and recorded. Fresh wire can be placed in clamps and test
repeated as quickly as manipulations can be performed. Tests must be performed in triplicate
and the 3 results averaged. Readings should fall within + 0.5 amps to be valid. Otherwise test
should be repeated.
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4.4.4

4441

4.4.4.2

4.4.4.3

4.4.4.4

5. PACKAGING:
This section is|not applicable to this specification.
6. NOTES:

6.1 Intended usg:

Mechanical properties test of all quenching media: Shall be performed by quenching specimens of
alloy steel, of appropriate hardenability and dimensions and testing a mechanical property (e.g.,
hardness, strength, modulus) which varies directly or inversely with the effectiveness of quench.
The specific test shall verify quenchant effectiveness by comparing the tested mechanical property
results with those properties listed in the applicable drawing or material specification.

Specimen selection for mechanical properties test of all guenching media: Selection of the
specimemdimensionsthardenabitity combimationshoutdtbeaimedatachievingapproximately full
hardeninpg (e.g. 95% martensite) on the surface and significantly less hardening{(e.g., less than
50% malitensite plus bainite) at the center.

Tempering specimen for machining: Specimens may be tempered lightly (e.g., al 500 °F
(260 °C)) after quenching to facilitate machining.

Testing drea: Tests may be performed on (1) surface, sub-sufface, mid-radius or|center material,
or (2) thg entire section or any portion of it.

Conformgnce of testing: Hardness testing shall conforpi to ASTM E 18 for Rockyvell hardness
testing apd ASTM E 10 for Brinell hardness testingz, Tensile testing shall conform to ASTM E 8.
Modulus|testing shall be by a dynamic (resonantfrequency) method similar to ASTM C 848.

This specificption is intended for the heat treatment of steel raw materials (see 6.1.1). It is not

intended for the heat treatment of parts (see 6.1.2).

6.1.1

6.1.2

Raw materjal: ‘/Raw material includes, but is not limited to, such items as sheet, platg, wire, rod, bar,
forgings a;ld extrusions. It is usually identified by a heat or lot number and is usuglly tested
destructively for acceptance. It is heat treated, by or for a material producer, in accordance with a
material specification which may require, by reference, conformance to a heat treating
specification.

Parts: Parts are usually identified by a part number, are produced from raw material in accordance
with the requirements of a drawing, and are usually tested by nondestructive techniques only.
They are heat treated, by or for a fabricator, in accordance with a drawing, purchase order,
fabrication order, or heat treat specification. At the time of heat treatment, they may resemble raw
material.
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6.2

6.3

6.4

6.5

6.5.1 Narrow strength-range (+ 5 ksi): When a narrow range in strength is required, test
the relationjship-bétween hardness and strength should be made on the actual par
values should’be considered as the average value obtained by at least three deten

6.5.2

Rate of heating:

When the steel, size, design of parts, or the operating conditions are such that no cracking or
excessive warpage results, the material may be charged into the heat-treating furnace or bath at any
desired temperature not exceeding the maximum temperature specified for the operation and the
material involved. In continuous furnaces used to anneal and normalize mill products, a thermal
head may be used. The temperature of the mill product shall not exceed the maximum processing

temperature
Holding-time)

The holding-
in a gaseoug
capacity of h
material and

Shape influe

Much of the
various diam
visualize the
These shape
cooling rate
the correspo

Hardness-te

intervals and protective coatings:

lime intervals indicated by Tables IIA and IIB are approximately correct f
atmosphere, or in salt baths. The proper time interval will\vary with thg
eating elements, and size of charge, as well as with the.thickness of the
protective coatings.

hce:
bublished literature and the data in this spécification refers to round spe
eters. In order to use the data successfully on actual parts, it is first ne

parts as simple geometric shapes sueh as rounds, hexagons, squares,

bs that of the simple shape. Therelationship between the various simp
hding round size is indicated'en Figure 1.

nsile relationship:

The normal
indicated in
relationship

elationship between the tensile strength and hardness of carbon and Ig
e hardness conversion table of ASTM A 370. The table is to be used g
not precise:

or heating in air,
 type of steel,
e individual

cimens of
cessary to
plates or tubes.

s can then be considered as the round size which will have approximately the same

e shapes and

w alloy steel is

s a guide as the

5 to determine
t. Hardness

Mminations, each

of which should check within 2 points Rockwell, or 20 points Brinell or Vickers, or either of the other

two values

Thin-walled tubing hardness tests: On relatively thin-walled tubings or parts which cannot be firmly
supported on the anvil of the test machine, only methods which measure the area of the
impression (Vickers or Knoop) are acceptable. Any process which affects the surface, such as
buffing and plating, or the presence of decarburized or porous areas and hard spots will affect the
hardness and the corresponding relation between hardness and tensile strength.
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6.6

6.7

6.8

6.9

6.10

6.11

6.11.1

6.11.2

6.11.3

6.11.4

Heating baths:

Material inserted in salt baths should be free from liquids and coatings which may sublime or
become gaseous and thereby splatter or explode the contents of the bath. Precautions should be
taken when heat-treating corrosion-resistant steel in salt baths to which carbonaceous rectifiers have
been added. Such baths, while neutral to carbon and low alloy steel, may carburize corrosion-
resistant steel and lower the impact properties and resistance to corrosion.

Verification d

Hardness is
over-heated,
ductility and
specification

f heat-treating procedures:

hot the only criterion of satisfactory heat-treatment since excessively ca
or improperly tempered steel may show adequate hardnessgbut may &
pbther mechanical properties. Parts are acceptable only when the requi
and applicable design requirements are met.

Classification of strength:

All reference)
Holding at te

“Holding at t

S herein to strength or tensile strength refertorultimate tensile strength.
mperature:

bmperature” refers to material time,at temperature.

Classes A and B finish machined surfaces:

When parts mnade from Classes A and B steel containing finish machined surfaces a

rehardened

manufacture
requirement
(Class A) an

Definition of

hnd these operations:are not immediately before or after hardening, it is
I's responsibility-to_assure that the combined effects of the treatment m

of 3.3.3. Finish-machined surfaces are those from which less than 0.d
0 0.010 inch (Class B) will subsequently be removed.

ferms:

Material in

arsened grains,
e deficient in
rements of this

e normalized or
the

cet the

20 inch

cltides all forms of steel products described within the specification (mil

products and

parts).

Mill product is defined herein as a product which is commonly produced in: finished form as plate,

sheet, strip, bar, rod, and structural shapes; semi-finished form as blooms, billets, slabs and tube
rounds, and which are not supplied in heat treated form; forgings, castings and extrusions.

Part is a rough machined or finish machined individual piece made from wrought or cast stock heat

treated by the user during the fabrication process, for qualification of response to heat treatment, or
any other operation where achievement of final physical or mechanical properties is intended.

for the design of the item being heat treated.

Cognizant engineering organization is the term applied to the engineering organization responsible

-16 -



https://saenorm.com/api/?name=53d7cd1dfe57ab328e6bc8a5a66c3983

AMS-H-6875A SAE AMS-H-6875A

6.12

6.13

6.14

All requirements for 431 stainless steel have been deleted from this specification (see MIL-S-18732).

Subject term (Key Word) listing:

Annealing
Austenitizing
Furnace atmosphere
Heat Treatment
Normalizing
Pyrometry
Quenching
Steel Alloys
Tempering

The change par (1) located in the left margin is for the convenience, of’the user in Idcating 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 reyision of the
specification

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE “B*
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TABLE IA. Heat-Treatment procedure for Class A (carbon and low alloy steel)
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TABLE IB. Heat-treatment procedure for Class B (martensitic corrosion-resistant) steel

sanoy ¢
403 Q0EL+
SJdy 2 404
0591 40
whwLULW GG J | [3MAI0Y 404 (Sy Jauwk | og 0961 00LL 03 4npy ‘sanoy
WAWLULW /G ) [|9M}D0Y X0J 5/E 1002 ate ay 03 aad .05 03] 52 9 404
whwiulw S ) | [3MYI0Y J0J Gze e Jadway ‘0SEL 03 0S2L Lto 0061 1003 3JeuJdng | 009L—0SGL 01
butyouapb
.._wum:Hn sanoy g
pamog|o} OpLL 404
SL0L 9wk |od 0581 03 anoy apd 0591
0} /¥ 1000 ate a1y 03 005 03 52 03
009 00£ SL01L 0ot ‘0SiL 03 0SEL Lt0 0sLt L0032 3deuany 0SS1L 0zy
ooLL P3
SL0L +owkod 0581 Jnoy Japd 0591
03 L00D ate a1y 0 05 0} 62 03}
00S 00L SZ0L 00€t 0S1)03 0021 Lo 0SL1 1002 3deutng 00StL 9Ly
. ooLt p3
ooLL Jawk|od 058t 4noy 4pd 009t
03 L002 Jte Ay 0 2058 03 03
00S 00 0oLt 00€L ‘0SyL 031 002L Lo 0SLL 1002 3Jeuany 00sL oty
ootL p3
ooLt Jamk o4 058t dnoy apd 0091
03 L00d> Jte a1y 03 209 03 K2 03}
00S 00L 0oLt 00€L ‘0syL 03 002L LtO, 0SLL 1003 3Jeudny 00SL 1 X1)4
/er Mojaq &
/%2 ue “dwa3y Buizi | umoys -dupy aanye
woay abuea =yauany) =3 Lua3sny -xo4dde p3 ~dadwaj uoijeu
uLym Lesuue 1002 32euuny <bisap
(wrwtuiw) (wnwiulw) Butproy 4o (wnwLu L) (wnwiutw) {eaLytaagns 1o s,432np
002 08 Butaadway o0zL oot papuauwwolay 3 9h3 Buru3dpaey do | Buyeduuy ~oad
pLoay : U0 LJeWI 0 SUBAT 10 ISIV
‘avs
TSY — JI0U3a1s
9LLSUd] JO} 4, d4njeuadway Suiraadwey ajewixoaddy

-19 -


https://saenorm.com/api/?name=53d7cd1dfe57ab328e6bc8a5a66c3983

AMS-H-6875A SAE AMS-H-6875A

TABLE IC. Annealing procedure for Class C (austenitic corrosion-resistant steel)

SAE . Annealing treatment
AISI or
producer's
designation Heating °F Cooling 16/
201 and 1850 to ' ' Water quench
202 17/ 2050
301
302 and ) 1850 to Watex>Oquench
303 17/ 2050
304 }
304L ang 1850 to Water quench
308 17/ 2050
309 17/ 1900 to Water quench
2050 ’
310
316 and 1900 to Water quench
-316L 17 2050
321 lg/ 1750 te Air or water quehch
2050 _
347 and 13/ 1800 to Air or water quepch
348 2050
Footnotes to Tables. IA, IB and IC:
1/ For the purpose of this specification, normalizing describes a metal-
lungical<process rather than a set of properties. All steels are air

nchéd from temperature range.

: V to
800°F, 4640 to 750°F, 4340 to 800°F and 300M to 600°F. Rate of furnace
cool for alloy steels, except 4130, 8630, 4037 and 8735 should be 50°F
per hour or slower.

3/ Recommended subcritical anneal temperature is 1250°F.
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Footnotes to Tables IA, IB and IC - Continued

4/ Cool to -100°F for 1 hour minimum within 2 hours after quenching and
before tempering.

5/ Steel alloys listed are the more frequent ones used. Alloys not listed
should be heat treated as recommended by their manufacturers.

In|general - for spring temper, temper at 700° - 800°F for Rc 4$-45.

IN o
~ 0~

In|general - for spring temper, temper at 725° - 900°F for(Rc 43-47.
Forl antifriction bearings, temper to Rc 58 to 65 af 3002 - 450°F.

|oo
~

The following annealing treatment for 52100 steel ‘should be used:

o
~

Heat to 1430°F, hold for 20 mihutes, and cool at controlled rates,
as follows:

1430° to 1370°F at a rate not to exceed 20°F per hour.
- [1370° to 1320°F at a rate not to exceed 10°F per hour.
1320° to 1250°F at a rate not to exceed 20°F per hour.

10/ Absence of values indicates the réspective steel is not recommgnded
for this tensile strength range. :

11/ Temper 420 steel: 300°F. for Rc 52 minimum; 400°F for Rc 50 minimum;
60p°F for Rc 48 mintmum:

12/ Copling in air or other gases is optional for small parts up to, and including] 0.250
— indhes in thickness. For'440C, cool to -90 °F or lower immediately after quenching

13/ HWhen stressCrelieving after welding 1s specified, hold for 1/2 |hour
mipimum at temperature specified in Table IC or holding for 2 Hours
at| 1650°F >+ 25°F.

15/ Final tempering shall be at or above 1000°F. No tempering temperature
shall be less than that of previous temper nor more than 25°F higher
than the previous temper.

16/ Other means of cooling permitted provided it 1s substantiated by tests
that the rate is rapid enough to prevent carbide precipitation.
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Footnotes to Tables IA, IB and IC - Continued

17/ Stress relieving of unstablized grades, except 304L and 316L
-between 875 + 25°F and 1500°F is prohibited. Stress relieving of

stabilized grades should be at 1650°F for 1 hour.

/ Multiple cyclic annealing may be permitted to prevent grain growth.

19/ Cool immediately after quenchinig and before tempering; delay shal| not
o

exceed 1 hour. Cool to -90°F or

alizing is not recommended practice for 52100 steel.

hrs and air cool to room temperature.

less than 6 hrs. and air cool.

ssary to obtain the strength and ductility required.
by the purchaser, material(may be tempered in this range.

wer, and soak for 1 hour minimum.

ex anneal - hold 4 hrs. + 0.25 hrs. at 1250°F + 25°%F,
temperature, then reheat to 1150 + 25°F and hold for 8 hrs

ered in 1000-10509F range when 135-145 ksi tensile strength
ired providing the parts are not subject to substantial imp
ing or stress-corrosion conditions. Tempering these alloys [in the
e listed results in decreased-impact strength and also reduced
osion resistance. However;, tempering in this range is sometjimes

approved by the cognizant engineering organization, parts ]ay be

air cool to

1+

age to facilitate machining by normalizing plus 1250°F + 25°F for

is
ct

When approved

-22.



https://saenorm.com/api/?name=53d7cd1dfe57ab328e6bc8a5a66c3983

AMS-H-6875A

SAE

AMS-H-6875A

TABLE ID. Heat-treatment procedure for Class D (precipitation-hardening and maraging) steel

: T TV 78 [005L] v[ 791
: /5L _00€
£ aTV| /8 V|9L/51 052
€ ATV} 7 V751 002
056 - 12 TIp 401 0F [G2SL| V| /vl G6p
006 056 5201 {0S0L ootL| ¢ *K1od| 09 006t oSt
. ‘apen wo3sn)
1007 ITE] G2l L8 .au.wu 78
Lt
‘Ipe|lq
F4Lv 008L| Vv 982-v
72T | (10 40
(KLuo s33npoad 3ybnoam 1dy) 0001 € ost | ooL-} J33eM| ,§  [octfidos L od
: “fu
ALuo sBuiised 1d4) |gsg 4 08L { 00L~ 41yl 0zt [008L]|L3s |40 1t0
0S8 € /00 08L) oOvL Jtvl /7 fotsi] L|‘4pem|/S fooeL] V|  SSE-WV
T
gse 056 |000L € osL .| /2L J93eR| /9 Jo| |10
00t- 0L£1{13S| 4pIeM|/F  |Sz61] V|  0SE—WV
0560501 L 08y | 00i—f /1l 4tv] 09 {o00L| ¥S| JpaeM| /g |sz8t| v|owg-vL Hd
056 T 08y | 000} /LL TtV OL JAV '] 78
056 L 08y | 00L~| /TT 4tv] 01 [0Szt ¥ Vi
0001 001 2/1-t| of 09+| /TT 4ty 06 |oovL| 1| 4p3em 0S6L| V|OHZ-SL Hd
781
JLp 40 /v
056 0501 090t 0801 {00LL L 08y | 00L-| /IT <tv| OL f{osct] w|‘-Kpod /ET
050! 2/1-L] “og 09+| /TT 4tvl 06 |oovl]| 1|°4p3en 0561} vl Hd £-£1
0T LT0
0s6 0001 201 0501 aott 0Sit 4 40| J1v|/8 100L1]| V|OWB-EL Hd
76| TIV[78 T
S€6 0001 ootL| + \m_._.& /8 |00L2|OH|/ZHd t—LL
006 526 2/1-1 3ise)
006 1 \m_ Lo /02HdS-SL
: ‘-Krod{ /3%
S26 szoL{osot|scotiooLtfostL 14 faty 006L| v \u_tmv.:
ybnoy
022|012 (502 002 |06t |91 |08L [SZT [OZT (SO |GG [05T [S51 [O0vL |SCT JOET U 3o 761 LI R INED T | 7¢
swiif PLoy [-dwe)| youand| (PloH fdws)| 7T|uspend|pion| 3.]|7T
Y =4 LI WLV J0T UL junuiu Ly JTU | xeW *duws) 19935
(Jo] 9ANIEIodusT BULDY TOSWTeSIT ~BULUGTY [PUSS T
UOLJPUMOSURL | d3Luaysny uoiLnjosg

-23 -


https://saenorm.com/api/?name=53d7cd1dfe57ab328e6bc8a5a66c3983

