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FORBHORD

1. TMa military standard is approved for use by the U.S. Army
Tank-~tivu Ccamand, bpartment of the Amy, and is available for uee by
all h~ts and Agencies of the kpartmm t of Defense.

2. Beneficial cements (reccmmsndations,additiona, deletions) and any
pertinent date which may be of use in improving this docment should be
addressed to: U.S. Army Tank-Automotive ~, ATTN: AMSTA-GDS, Warren,
MI 46397-5000, by using the self-addressed Standardization Document
Iqprov-nt Proposal (DD Form 1426) appearing at the end of this docammt or
by lettar.

3- This military standard establishes a heat treatment coding system for
various ferroua and nonferroue alloys based on the Unified Numbering System
(IR?s)- This system is being universally adopted bscause it encompasses a
method of correlating (cross indexing) numbering systems used by engineering
societies, trade associations, individual users, and Government activities.
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1. smPE

1-1 SmQE!. This Btandard covers a variety of heat t=tment procedures
applicable to specific ferroue and nonferrous alkya-

1.1.1 ~. Magnesium alloys are excluded from reference in this
document..

1.2 ~. This standard establishes a coding system for use in
specifying heat treatment notes in drawings in abbreviated fonn that

correlates with explicit engineering heat treatment requirements for the
specified material.

---

\

1
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2.

2.1 ~-

MIL-STD-40002(AT)

APPLICABLE IXKUMENTS

2.1.1 ~. The following
specifications, standards, and handbooks form a part of this document to the
extent specified herein. Unless othexwise specified, the issues of these
documents are those listed in the issue of the Department of Lkfenee Index of
Specifications and Standards (IK)DISS)and supplement thereto, cited in the
solicitation (see 6-2)-

SPECIFICATIONS

MILITARY

MIIA1-6088
MIL-H-6675
MIL-H-7199

MIL-H-81200

STANDARDS

MILITARY

MIL-STD-1876

MIL-STD-1878 -
MIL-STD-1949
MIL-STW5866 -

(Unless otherwise indicated.

Heat Treatment of Aluminum Alloys.
Heat Treatment of Steel, Process for.
Heat Treatment of Wrought Capper-BerYllium
Alloys, Process for.
Heat Treatment of Titanium and Titanium
Al10YS .

Nitriding, Gaseous Atmosphere Processing
for-
Carburizing, Gaseous Atmosphere process fOr-
Inspection, Magnetic Particle.
Inspection, Liquid Penetrant-

copies of federal and military
specifications, standards, and bd%oks are available from the Navy
Publications and Forms Center, (ATTN: NFODS), 5801 Tabor Avenue,
Philadelphia, PA 19120-5099.)

~ ,--.2 ~. The following document(s) form a part

of this document to the extent specified herein. Unless otherwise specified,
the issues of the documents which are DoD adopted are those listed in the
issue of the DODISS cited in the solicitation. Unless otherwise specified,
the issues of documents not listed in the IX)DISSare the issues of the
documents cited in the solicitation (see 6.2).

AMERICAN SOCIETY FOR TESTING

ASTM A439

ASTM E1O

ASTM E18

AND MATERIALS (AS’ITI)

Austenitic Ductile Iron Castings,
Specification for.
Brinell Hardness of Metallic Materials,
Test Method for.
Rockwell Hardness and Rockwell Superficial
Hardness of Metallic Materials, Test
Methods for.

2
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(Application for copies should be addressed to the American Society for
Teszing and Materials, 1916 Race Street, Philadelphia, PA 19103.)

SOCIETY OF AU’K&lOTIVERNGINEERS (ME)

AMS 2750 - Pyrometry.
AMS 2770 - tieatTreatment of Wrought Alumtium AlloY

Parts.
AMS 5221 - A11oY Strip 49Fe - 5.3Cr - 42Ni - 2.5TI -

0.55A1 Solution Heat Treated.
AMS 5223 - Alloy Strip 49Fe - 5.3Cr - 42Ni - 2.5Ti -

0.55A1 Solution Heat Treated, Cold Rolled,
10% Reduction.

AMS 5225 - Alloy Strip 49Fe - 5.3Cr - 42Ni - 2.5Ti -
0.55A1 Solution Heat Treated, Cold Rolled
50% Reduction.

AMS 5598 Alloy Sheet, Strip, and Plate, Corrosion and
Heat Resistant 72Ni - 15.5Cr - 0.95(Cb+Ta) -
2.5Ti - O-70A1 - 7.OFe Consumable Electrode
or Vacuum Induction Melted Solution Heat
Treated, Precipitation Hardenable

Handbook Unified Numbering System, Metals and Alloys.

(Application for copies should be addressed to the Society of Automotive
--- Engineers, 400 Commonwealth Drive, Warrendale. PA 15096.)

AMERICAN SOCIETY FOR METALS (ASM)

Metals Hendbook Volume 4, 9th Edition “’HeatTreati~”’

(Applications for copies should be addressed to American Society for
~etal~, Materials p-k, OH 44073.)

(Non-Government standards and other publications are normally available
from the organizations that prepare or distribute the documents. These
documents also may be available in or through libraries or other
informational services.)

3~—c, In the event of a conflict between the text of
this-~oc~~ent and the references cited herein, the text of this document
ta14esprecedence- Nothing in this document, however, supersedes applicable
laws and regulations unless a specific exemption has been obtained.
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3. DEFINITIONS

3.1 ~ Definitions of terms relating to the heat treatment of
ferrou9 and nonferrous alloys are amply covered in mmberous ckmuments. See
6.7 for the list of references that contain definitions pertaining to the
heat treatment of these alloys.

Downloaded from http://www.everyspec.com
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4. GENKRAL REQUIREMENTS

4-1.1 ~. Furnaces, high temperature for solution treatment or
austenitizing end low texqperaturefor aging or tempering, shall be of the
batch or continuous design. Furnaces shall be suitable for the intended
purpose, including salt bath and vacuum types, and capable of maintaining the
specified temperatures in all areas of the work load zone.

4.1.1.1 ~ .

4.1-~-l-l Ai=u@==- Furnaces designed to accept atmosphere shall
have monitoring devices installed to control and adjust the atmosphere
introduced. This is for the protection of the product being heat treated
(neutral to thebaae material) or for the prime purpose of case hardening
(carburizing or nitriding). For detailed requirements on heat treatment
furnaces, atmospheres, temperatures and controls, eee military specifications
tiIL-H-6088,tfIL-H-8875,MIL-H-7199, MIL-H-81200, MIL-STD-1876, MILrSTD-1878
and ASTM Handbook Vol 4, 9th Edition.

4-1-1-1-2 ~. A sufficient number of thermocouples shall be
strategically positioned in the working zone(s) to provide an accurate
temperature survey of the furnace-

4.1.1.1.2.1 All thermocouples used to control or
indicate the temperature shall be provided with recording instrumentation
(time versus temperature) in accordance with AMS 2750. The work zone
tolerances shall depend upon the t- of furnace and the o~rating
temperature range. Generally, the tolerances will vary as shown below and as
coded by the appropriate symbol in the instruction sheets.

degrees Fahrenheit (oF)

i 25oF (~ 140C) I

A 150F (t 80C) II

t IOOF (t 60C) III

Specified temperature range IV

4.1.2 ~- Facilities required to quench parts as part of
the thermal sequenc~ shall be integral with, or adjacent to, the furnace.

4-I-2-I ~. Mass (free) quenching requires the tank containing
the quenching media be of suitable size to completely immerse the parts,
container, and fixturing, as applicable.

.. ..

5
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w

4.1.2.2 ~- Quench media shall be agitated by forced
circulation directed around and through the parts to provide the severity of
quench necessary to meet the desired metallurgical properties, yet minimize
distortion.

4.1.2.3 ~. Quench media shall be temperature
controlled to pruvide the desired metallurgical pro~rties and minimize any
dimensional changes due to distortion-

4.1.2.4 Depending upon the material being processed and
the product type, the quenching media may vary from air, water, salt, salt
solutions, or oil to synthetic products, such as, the polymer types.

4.1.2-4.1 ~. The efficiency of oil as a quenchant depends
on a variety of things, mainly:

Type of oil.
:: Freedom from contaminants (water, sludge, biological,

insoluble )-
c- Temperature-

For practical reasons, heat treatment practitioners generally operate in the
range of 120 to 16@F (49 to 71oC).

4-1-2-4.2 ~- Water as a quenchant shall depend upon the
material and product being processed. The specific heat treatment
instruction sheet shall designate the temperature range for quenching.

4-1.2.4.3 Synthetic quenchants are normally used
for specific material and product applications. Care shall be exercised in
their use. The metallurgical results are affected by the concentration of
the synthetic product in the quench solution, biological contaminants,
operating temperature range, and the degree of agitation control.

4.1-3 ~-

4.1.3.1 Parts requiring subzero cooling to enhance
the mechanical properties by stabilizing the microstructure (transformation
of retained austenite) shall require the need for a cooling chamber or
component in close proximity to the quenching system. The cooling chamber
(freezer) shall be capable of maintaining a temperature in the range of -90
to -1500F (-68 to -101oC). The use of an a~ropriate liquid medium, such
as, nitrogen (N2) at -3120F (-191oC), to facilitate heat transfer shall
be acceptable provided an adequate vessel is used for containment.

4.1.4 Furnaces constructed to use atmospheres, that
are either toxic and highly flammable or quench systems containing quenchants
that are fl~ble, shall incorporate the necessary safety equipment to
minimize the hazards of accidental explosions occurring in the event of
utility failures-

—-

6
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4.2 MakxQah.

4.2-1 ~ The instruction sheets incorporate the UNS
daaignation, where assi~ed and are cross indexed to commercial/industrial,
SAR, or AISI designation (see table I), as applicable.

4-2-2 ~- Product types represented in this standard and
incorporated within the UNS designations cover various metal shapes, fozms or
processes, for example: Bar, forgi.ng,sand and investment casting,
extrusion, plate, powdered metal, sheet, strip, tubing, and wire products.

4-2.3 ~- Coding for heat treatment is a method used
to specify in engineering drawings the appropriata thermal treatment
applicable for a desired requirement. Typical coding as related to the heat
treatment procees is shown in table II.

--

-...
7
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5. IXTAILED REQUIREMENTS

5.1

5.1.1 All parts, work trays, and fixtures shall be
thoroughly cleaned and free from moisture prior to being charged into a
controlled a~sphere fu.mace. Foreign matter such as; scale, lubricants,
residues from prior operations, or rust preventatives, all have either an
adverse reaction on the pert, furnace, equipment, or the thermochemical
balance of the protective/caee hardening atmosphere.

5.1-2 ~- Surfaces to ~ c~e
hardened, either selectively or all over, shall be free from any
decarburization.

5.2 Parts shall be loaded into the furnace in a manner
to minimize distortion (fixh.res may be required), provide free access to the
heating medium, and allow uniformity of the cooling media.

5.2.1 ~. Unless provisions are made to test parts
destructively for microstructure and enriched surfaces for case depth
(carburized or nitrided surfaces), test samples or test parts shall be
processed concurrently with the load. Sufficient quantity of test samples
from the same base material shall be distributed within the load to be
representative of the processing conditions.

5.3 ~. Factors other than part shape and size that -
affect dimensions are:

a.
b.

::
e.
f.
g-

5.3-1

Residual stresses in the part prior to heat treatment-
Stresses induced by nonuniform heat treatment.
Methods of loading of fixturing parts.
Growth of surfaces during case hardening.
Quench media and the severity of quench-
Microstructure developed.
Variations in the base chemical composition of the product.

~- When specified, parts requiring subzero
treatment shall be processed immediately after quenching.

5-4 Ferrous parts requiring tempering shall be done
immediately after the hardening operation. Parts subjected to cold treatment
will require stabilizing at room temperature prior to tempering.

5.5

5-5.1 Unless otherwise specified, the primary
method for accepting heat treated parts shall be based on hardness testing.
If the tensile, yield and elongation requirements are necessary for
certification of conformance, test bars must be provided for processing with
the parts during heat treatment.

8
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MIL-STD-40002(AT)

5.5-1.1 ~. Hardness shall be determined using the appropriate
hardness testing facility on a properly prepared surface in accordance with
AS’lYlE1O and ASTM E18. The location on the surface to be tested shall be
designated on the engineering drawing.

5.5.2 .

5.5-2-1 Gaauktb- Requirements for evaluating case depth of steel
components shall be perfomned in conformance with MIL-STB1876 and
MIL-STD-1878.

5.5.2.2 ~- Unless otherwise specified, the
microstructure of the material of the heat treated part shall not be
considered part of the acceptance criteria.

5.5.3 . Unless otherwise specified, all parts
susceptible to, or suspect of, cracking after heat treatment, involving a
subsequent quench operation shall be inspected in accordance with
MIL-SITP1949 or MIL-STD-8866, whichever is appropriate for the base material
being processed.

5.5.4 ~ .

5.5.4.1 ~. Failure of a test sample or part to meet the
specified requirements shall be cause for rejection and subject to

---- disposition for retest or rework by the acquisition agency.

5.5.4.2 ~. Failure of any retest sample or part to meet the
specified requirements shall be cause for rejection with no additional
testing being permitted.

5-5.4.3 ReHsXk. Samples or parts not complying with the specified
hardness or minimum case depth shall, with acquisition agency awroval, be
reprocessed and subsequently reinspected.

5.5.5 .

5-5.5-1 ~. The instruction sheets established as pert of
this standard shall be maintained current and the results obtained correlated
to determine consistency of processing.

5.5-5.2 OD- . Other heat treat operations maY be
incorporated into the manufacturing sequence to provide the most economical
and practical manufacturing process providing the design requirements are
maintained.

9
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MIL-STD-40002(AT)

6. NOTES

(This section contains information of a general or explanatov nature
that may be helpful, but is not mandatory.)

6.1 ~. The coding system established in this standard is
intended to be used in the preparation of engineering drawings to specify
material and heat treatment callouts in abbreviated format.

6.2 k of -. When this standard is used in acquisition, the
applicable issue of the IX)DISSmust be cited in the solicitation (see 2-1.1,
and 2.2).

6.3 This document”aupereedeaTextron I&coming
internal specification P6060N, dated 1 March 1991.

6.4 ~- Tuo former standard ME Steels (SAE 3120
and 9315) are referenced in the instmction sheets. Their uae would result
in a premium cost because of their limited availability-

6.5 ~ a~.
.,

Many of the alloys referenced in this
standard are also used in the military specifications listed in table I.

6.6 The ASM handbook referenced in
this standard encompasses current data on all the major alloy systems. This
handbook covers the properties of metals, their selection, and methods of .
heat treatment necessary for establishing and specifying the products
materiels design requirements.

6.7 ~. The following references contain information on the
heat treatment of ferrous and nonferrous alloys and definitions (see 3.1).

a- American Society for Metals (AS?l),Metals Handbook Volume 1, 8th
Edition-propsrites and Selection of Metals (Society of Automotive Engineers,
400 Commonwealth Drive, Warrendale, PA 15096.)

b. American Society for Testing end Materials (ASTM), ASTM E44 -
Heat Treatment of Metals, Definition of Terms Relating to (Asm, 1916 Race
Street, Philadelphia, PA 19103.)

Society of Automotive Engineers, Inc. (SAE) SAE J415 -
Definiti~ns of Heat Treating Terms, Information Report (SAE, 400 Commonwealth
Drive, Warrendale, PA 15096.)

6.8 trea$ment no~
The following example illustrates how the standard is to be used

to specify the heat treatment process, in coded form, in the engineering
drawing.

EXAMPLE

Low carbon steel, UNS G104OO (SAE 1040).

10
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MIL-STD-40002(AT)

a. Anneal: Heat to 14500F (7880C), hold at heat 60 minutes per
inch of maximum cross-section, furnace cool to 8500F
(454.40C), air cool (KRC 23 max).

b. Normalize: Heat to 1525°F (829oC) hold at heat 60 minutes
per inch of maximum cross-section, cool in air.

c. Harden: Heat to 15250F (829oC) hold at heat 30 minutes per
inch of maximum cross-section, quench in water, temper
i.xnediately.

d. Temper: For approximate tempering temperature, refer to hardness
verses tempering temperature chart for this material (=. 92),
hold for 2 hours per inch of maximum cross-section to HRC 25-30,
cool in air.

a. Locate material designation (UNS G104OO) in content section of
MIL-STP4002 to identify the applicable instruction sheet number
(ISN) to be used. In this emple, it is ISN 50 (see note 1).

b. Referring to ISN 50 the codes applicable to the above heat
treatment process are as follows (see note 2):

L1 - Anneal, L2 - Normalize, L3 - Harden, L4A - Temper

c. Specify the heat treatment callout in the drawing as follows:

Heat treat per MIL-STD-40002: L1234A.

NOTE:

1. Table 1 is a cross reference of various material designations
to the UNS number.

2. Table II is a listing of the designated heat treatment codes
applicable to the specific heat treatment process.

6.9 meet t~wordl

Atmospheres Surface chemistry
Cold (subzero) treatment Tank size
Furnace loading Temperatures
Hardness testing Tempering
Heat treatment Quench systems
Metallurgical parameters

Downloaded from http://www.everyspec.com
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MIL-STD-40002(AT)

TABLE II. ~
.

.

Code

L1

L2
IA
L4

L6
L6
L7S
L7T

La

Proceae

ANNEAL (A, B, etc., suffixes raprw+ent various
cycles for full or partial annealing.)
Industry practice iB to anmd to a
specified hardness range or microstructure.

NOIU!UIZB

~ (A, B, C, D, etc-, euffina represent
varioue tempering Ixmnperaturea.)
Industw praotice is to t-r to a
specified hardnena range rather than a
SPecified ~rature ranga.

STRESS RKLII!VING
STABILIZATION
SOLUTION TREA’I?lRNT
AGING (W, X, etc., cuffixes repreeent thannal

cycles peouliar to the mterial or pro&ct. )
SPllCIALTREATl!lKNTCYCLBS (A, B, C, etc., cuffixes

represent thermal cycles to the material
or product.)

Km: For example on how this table is used see 6.8

16
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MIL-SZW40002(AT)

INSTRUCTION SHEET 1

Material Designation: UNS K23015

. ..

Temp

Code Operation Tol

L1 Anneal: I

Heat parts to 15250F (829.40C)-
;1 a. 0.063 inch thick and under: Hold at kt for

10 minutes.
b. Over 0.063 inch thick: Hold at least 30 minutes

per inch of maximum cross section-
3. COO1 in air to 13000F (704-4°C)-
4. Hold at heat for 4 hours-
5. Cool in air (HB 248 m=, or equivalent)-

LI.A Anneal A: III

1. Heat parts to 13000F (704.40C) in an atmosphere
furnace.

2- Hold at heat 2 hours.
3. Cool in atmosphere.

LIB Anneal B: I

1. Heat parts to 15250F (829-40C).
2- Hold at least 45 rein/inchof msx cross section.
3. Furnace cool to 6000F (315.60C) or lower at

100 OF (55.6oC) /l-mmax.
4. Cool in air (KRB 80 =)-

L2 Normalize: x

Heat parts to 17250F (940.60C).
;: Hold at heat for 60 minutes per inch of maximum

cross section.
3. Cool in air.

NOTE: Unless otherwise agreed upon in writing by the
procuring activity-s Materials Laboratory, air I
cooling shall be performed outside the furmace
coding chamber.

L3 Harden: I

1. Heat parts to 16500F (898-90C).
2. Hold at heat for 30 minutes per inch of maximum 1

cross section. I
3. Quench in oil.

I

17
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MIL-STD-40002(AT)

INSTRUC1’IONSHEET 1 (~nt~ed)

?laterialDeaignatlon: UNS K23015

Temp

Code Operation Tol

Temper: II

1. Heat parts to 11OO-I15OOF (593.3-621oC). l/
2. Hold at heat 6 hours.
3. Cool in air (KRC 36-39/equivalent HE 336-363)-

V The exact tempering temperature within this range
shall be 8elected to produce the specified hardness
depending on part thickness.

Temper B: II

1. Heat ~ts to 1075-1125oF (579-607°C)-
2. Hold at heat for 6 hours-
3. Cool in air (HRC 38-41/HB 352-380).

L4F Temper F (Use this procedure when blueprints show no I

letter after L4):

1. Heat to 12300F (676.70C).
2. Hold at heat 6 hours to HRC 24-31 (equivalent

HE 248-293).
3. Cool in air.

Temper H: II

1. Heat to 12000F (648.90C)-
2. Hold at heat 6 hours to HRC 31-35.5 (equivalent

HE 293-331).

L5 Stress Relief (includi~ welded assemblies when specified): III

Heat 2000F/hr max (111-20C/barmax) to:
[

1.
12250F (662-80C) if previously unheat treated. I

:: 12000F (648.9oC) if previously tempered to
L4 or L4F. .

c. 11500F (621.1oC) if previously tempered to I-AH.
~L. Hold at heat 6 hours.
3. COO1 2000FAr max (111.2oCfir ma-x)to 4000F

(204.40C) and cool in still air.
I

I

\1
.-

18
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MIL+TD-40002(AT)

lNSTRUC?ITONSHEET 1 (Continued)

Material Kkmignation: UNS K23015

Code Operation
r

Stress Relief A:

1. Heat parts to 111OOF (598.9oC) in an atmosphere
furnace.

2. Hold at heat for 2 hours.
3. Cool in atmosphere.

Special Treatment:

1. Heat parts to 18500F (898.90C).
2. Hold at heat for one hour.
3. Oil quench.
4. Heat to 975oF (523.90C).
5. Hold at heat for 8 hours.
6. @ol in air (HRC 40-45/HE 371-420).

I
f

L5A

L8

~

I

I

I
i
I
I
I
I

Ten
To]

II

I

19
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MIL-STW40002(AT )

INSTRUCTI~ SHRET 2

Code

L1

m

L4c

M

Material Designation: (CommeFCialfltitrial ) C-422

I TsmP

Operation

Anneal:

1. Heat parts to 16000F (871.1oC)-
2. Hold at heat for six (6) hours.
3. Furnace cool 500F/hr (27.BoC~) to 11OOOF

(593.30C). Then air cool (HRC 24w)-

Harden:

1- Heat parts to 19000F (1037.8*) and hold for
30 minutes per inch of maximum cross-section.

2. Quench in oil.
3. Temper (Id) immediately after que=hti-

Temper A:

Heat parts to 1125QF [607-20C).
;: Hold at heat for three (3) hours.
3. Cool in air (HRC 32-37)-

Temper B:

1. Heat parts to 1200”F (648.90C).
2. Hold at heat for two (2) hours.
3. tiol in air (HRC 31-35).

Temper C:

1. Heat parts to 12000F (648”9°C).
2. Hold at heat for two (2) hours.
3. C.001in air.
4. Reheat part to 12000F (648.90C).
5. Hold at heat for two (2) hours.
6. Cool in air (HRC 31-35).

Tol-

1

1

1

1

1

Stress Relief:
111

1. Heat parte to 11OOOF (593.3°C)-
2. Hold at heat for (2) hours-
3. Cool in air.

.

--

20
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MIL-STD-40002(AT)

INSTRUCTION SHEE1’3

Material Designation: UNS G1022O

! Operation

L1

L5

I

I

Anneal:

1. Heat parts to 16000F
2. Hold at heat for one
3. Furnace cool (HRC 23

Stress Relief:

1. Heat
2. Hold
3. cool

parts to 11OOOF
at heat 2 hours.
in air.

(871.IoC).
hours.
rllax).

(593.30C).

I

TeuII
Tol

I

I

,

I

I
I

I
I
I
i
I

I

i

I

21
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MIL-STD-40002(AT)

INSTRUCHON SHEET 4

Material Designation: UNS G109OO
r
TemI

Code Operation Tol

L5 Stress Relief: Iv

1. Heat parts to 4Z5-2500F (218.3-232.20C).
2. Hold at heat for 4 hours.
3- Cool in air.

I

I

-

+

22
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MIL-STD-40002(AT)

INSTRUCTION SHEET 5

Material Designation: UNS J91150, UNS J91152, and UNS G41OOO

Temz
Code Operation Tol

Ll Anneal: I

1. Heat parts to 14750F (801.70C).
2. Hold at heat 60 minutes per inch of maximum

cross-section.
3. Cool to 13500F (732.2oC) and hold 2 hOUrS.
4. Cool in air-

LJA Anneal A: I

1. Heat parts to 13000F (704-40C).
2. Hold at heat for 2 hours-
3. Cool in furnace.

L2 Nomnalize: I

1. Heat parts to 19250F (1051.7oC).
2. Hold at heat for 2 hours.
3. Cool in air-

L3 Harden: I

1. Heat parts to 17500F (954.4°Cl-
2- Hold at heat 30 minutes per inch of maximum

cross-section.
3. Cool in air (oil quench sections greater than 1-0

inch).

Temper A: IV

1. Heat parts to 1125 - 12000F (607.20C - 648/90C)-
2. Hold at heat for 2 hours.
3. Cool in air (HRC 18-26).

Temper B: 111{

1. Heat parts to 6000F (315.60C).
2. Hold at heat for 2 hours.
3. Cool in air (HRC 36-42)-

L5A Stress Relief A: 111

Heat parts to 111OOF (598.90C).
;: Hold at heat for 2 hours.
3. Cool in atmosphere.

I

23
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Code

L5B

MIX.A5’IW40002(AT)

INSTRWXION SHRET 5 (Centinued)

Material Designation: UNS J91150, WNS J91152, and UNS S41OOO

Operation

Stref38Relief B:

1. Heat parts to 111OOF (596.=).
2. Hold at heat for 6 hours.
3. Cool in atmosphere.

24

TemF
Tol

111

-4
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INSTRUCTION SHEET 6

Material Designation: UNS G&3300, UNS JXW42 , and UNS J13050

L1

L2

L3

AA

Operation

Anneal:

1. Heat par-h to 14750F (801.1oC).
2- Hold at heat 60 minutes per inch of maximam

mom-section.
3. Rapid cool to 11500F (621.1oC).
4. Hold at heat four (4) hours. Then air cool

(HRC 23max).

Normalize:

1. Heat ~ts to 16500F (898.00C).
2. Hold at heat 60 minutes per inch of maximum—

cross-section.
3. Cool in air (HRC 26max).

Harden:

1. Heat parts to 15750F (857.Zoc).
2. Hold at heat 30 minutes per ~ch of maximum

cross-section.
3- a. For parts under 2“ max cross-section and requiring

a hardneas of HRC 24 m less, quench in oil.
b- For parts under 1“ max cross-section and requiring

a hardness of HRC 30 or less, quench in oil.
c. For all parts other than described in steps a and

b, quench in agitated water-
4. Temper (L4) immediately.

Temper A:

1. For approximate tempering temperature, refer to Hardness
vs Tem%ring Temperature Chart for this material.

7-. Hold for 4 hours to HRC 30-34.
3. Cool in air.

Temper H:

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material-

2. Hold for 4 hours to HRC 26-32.
3. Cool in air.

L

25
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Code

L4c

L5

MIL-STD-40002(AT)

IWTRUCF.ION SHEET 6 (Canti.med)

Material Iksignation: UNS G66300, UNS J13042, and UNS J13050

Operation

Temper C:

1. For approximate tempering temperature, refer to Hardnea[
ve Tempering Temperature Chart for this material.

2. Hold for 4 hours to HRC 25 max and below-
3- Cool in air.

Stress Relief (After machining, welding, or formti, e~ ):

1- For
a.

b.
c.

2. For

::
c.

hardened parta:
Heat to 1000F (37.80C) below tempering
temperature-
Hold at heat for 6 hours.
Cool in still air.

unhardened parts:
Heat parts to 11250F (607.20C)-
Hold at heat for 2 hours-
Cool in still air.

1TemPTol

II

I
I

-

26
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Code

MIWWD-40002 (AT)

INSTRUCTION SHEKT 6 (Continued)

Haterial Designation: UNS G66300, UNS J13042, and UNS J13050

@ration

The following curves serve only as a guide, since
variations within the alloying limits wi11 give properties
which are not exactly reproducible.

36

34
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a 32
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ti 30
z
tJ
o 28
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26
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m
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INSTRUCTION SHEET 7

Material Designation: UNS J92641, UNS J92811, UNS S34700, and UNS S34781

Code

L1

L5

L6

Operation

Anneal:

Heat parts to 19000F (1037.8oC).
;: Hold at heat 30 minutes per inch of maximum

cross-section.
3. Quench in water (HRB 90max).

StI’8S8Relief (After fo~-, etc

Heat parts to 725oF (3850C).
;: Hold at heat 2 hours per inch

cross-section-
3- Ceol in air-

Stabilization:

ia cmpleted):

of maximum

1- Heat parts to 15750F (857.20C).
2. Hold at heat 30 minutes per inch of maximum

cros9-section-
3. Cool in air.

-J
.-
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INSTRUCTION SHERT 8

Material Designation: UNS J94211, UNS S31OOO, and UNS S31OO6

T~F

Code Operation Tol

L1 Anneal: I

1. Heat parts to 20000F (1093.40C)-
2. Hold at heat 45 minutes per inch of maximum

cross-section.
3. Quench in water (HI/B98muK)-

L5 Stress Relief (After forming, etc is completed): I

1. Heat parts to 625oF (329.40C).
2. Length of time at temperature shall he determined by

size of part and reason for stress relief.
3. Cool in air.

29
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MIL-STD-40002(AT)

INSTRLJCITONSHEET 9

Material hsignation: UNS S321OO

Tam
tide Operation Tol

L1 Anneal: I

1. Heat parts to 19000F (1037.8oC).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Cool ae rapidly ae required (HRB 90 max)-

L8 Stabilization: 1

1. Heat parts to 15250F (829.40C).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Cool in air.

-

-.

30
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INSTRUCTION SHEET 10

Material Designation: UNS S66220 end UNS S66286

Tam
Code operation Tol

L5 Stress Relief: I

1. Place parts in cool (500”F/260”C) furnace.
2. Heat to WOOF (3160C).
3. Hold at heat for 30 minutes.
4. Raise heat to 8000F (4270C).
5. Hold at heat for 30 minutes-
6- Raise heat to 105OOF (5660C).
7. Hold at heat 30 minutes-
8. Raise heat to E!OO”F (7040C).
9. Hold at heat for 2 hours-
10. Cool to 5000F (2600C) at a rate not faster than

1000F (56oC) every 15 minutes.

L7SX Solution Treatment: I

1. Heat parts to 16500F (8990C).
2. Hold at heat for 3 to 5 hours.
3. Quench in oil.
4. Hardness H3 179 max.

L7SY Solution Treatment: I

1. Heat parts to 18000F (9820C)-
2. Hold at heat for 60 minutes per inch of maximum

cross-section.
3. Quench in oil.
4. Hardness HB 165 max.

L7T Aging: 11
I

1. Heat parts to 13250F (7180C).
2. Hold at heat for 16 hours.
3. Cool in air.
4. Hardness shall be as specified in L7SXT or L7SYT per

the applicable solution heat treatment-

L7P Partial Aging: I

1. Heat parts to 12000F (6490C).
2- Hold at heat for 4 hours.
3. Cool in air.
4. Hardness HE!183-248.

31
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MIL-STD-40002(AT) -

INSTRUCTION SHEET 10 (Centinued)

Code

L7SX

L7SY

Material Designation: UNS S88220 and UNS S66286

Tem
Operation Tol

Solution Treatment Plus Aging:

1. L7SX followed by L7T.
2. Hardness H8 277-363.

Solution Treatment Plus Aging:

1. L7SY followed by L7T.
2. Hardness HB 248-341-

.-

32
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MIL-STD-40002(AT)

INSTRUCTION SHEET 11

Material Designation: UNS G87400

Temp
Code Operation Tol

I-J Anneal: I

1. Heat parts to 14500F (787.80C).
2. Hold at heat 80 minutes per inch of ~

cross-section.
3- Rapid cod to 12500F (676.70C).
4. Hold at heat for two (2) hours. Then air cool

(HRC 23 ma.x).

L2 Normalize: I

1. Heat parts to 16250F (8850C).
2. Hold at heat 60 minutes per inch of maximum

cross-aection-
3. COol in air (if hardness is above HRC 35, anneal per

L1 if not to be immediately hardened).

L3 Harden: I

1. Heat parts to 15250F (829.40C).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Quench in oil.
4. Temper (L4) immediately.

Temper A: II

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 2 hours per inch of maximum cross-section to
HRc 37-42-

3. Cool in air.

Temper B: II

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chsrt for this material-

2. Hold for 2 hours per inch of maximum cross-section to
HRc 34-37.

3. Cool in air.

33
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FIIL-ST’P40002(AT)

INSTRUCTION SHEET 11 (Continued)

Material Designation: UNS G87400

Tenq
code Operation Tol

L4c Temper C: II

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2- Hold for 2 hours per inch of maximum crosO-eection to
HRc 30-34-

3. Cool in air.

T-per D: II

1. For approximate tempering temperature, refer to Hardness
vs.Tampering T~rature Chart for this material.

2. Hold for 2 hours per inch of maximum cross-section to
HRC 26-32.

3. Cool in air.

M Stress Relief (After machining, welding, or formti, etc): I

1- For hardened parts:
a. Heat to 1000F (37-80C) below tempering

temperature.
b. Hold at heat for 6 hours.
c. Cool in still air.

2. For unhardened parts:
Heat parts to 11250F (607.20C)-

?- Hold at heat for 2 hours.
c. tiol in still air.

-

34
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MIL-STD-40002(AT)

INSTRUCTION SHERT 11 (Continued)

Material Designation: UNS (387400

Operation

The following curves serve only aa a guide, since
variations withti the alloying limits will give properties
zhich are not exactly reproducible.

44

42

40
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MIL-STD-40002(AT)

INSTRUCTION SHE~ 12

Material Designation: UNS G41300 and UW J1304f3

Code Operation %

L1 Anneal: I

1. Heat parts to 15000F (815.50C)-
2. Hold at heat 60 minutes per inch of maximum

cross-section.
3. Rapid cool to 13000F (704.40C).
4. Hold at heat for 2 hours. Than air cool (HRC 23max).

LIA Anneal A: I

1. Heat parts to 13000F (704.40C) in en atmosphere furnace-
2- Hold at heat for 2 hours-
3. Cool in atmosphere.

L2 Normalize: I

1. Heat parts to 16500F (898.90C).
2. Hold at heat 60 minutes per inch of maximum

cross-section.
3. (kol in air (HRC 26max).

L3 Harden: I

1. Heat parts to 15750F (857.20C).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. a. For parts under 2.0 inch max cross-section and

requiring a hardness of HRC 25 or less, quench in
oil-

b. For parts under 1.0 inch max cross-section and
requiring a hardness of HRC 30 or less, quench in
oil.

c. For all parts other than those described in 3.a and
3.b, quench in agitated water. However, parts 0.10
inch or less in thickness may be quenched in oil at
the discretion of the heat treater, provided the
hardness after tempering can be met.

4. Temper (L4) immediately-

Temper A: 11

I

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 4 hours to HRC 34-37.
3- Cool in air.

-

w
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MIL-STD-40002(AT)

INSTRUCI?IONSHEET 12 (Continued)

Material Designation: UNS G41300 and UNS J13046

TemI
Code -ration Tol

Temper B: II

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 4 hours to HRC 30-34.
3- (2001in air.

MC Temper C: II

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 4 hours to HRC 26-32.
3. Cool in air.

XAD Temper D: 11

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 4 hours to HRC 25 and below.
3. Cool in air.

L5 Stress Relief (After machining, welding, forming, etc): I

1. For hardened parts:
a- Heat to 1000F (37-80C) below tempering temperature-
. Hold at heat for 6 hours.
c. COol in still air.

2. For unhardened parts:
Heat parts to 11250F (607.20C).

:: Hold at heat for 2 hours.
c- Cool in still air.

L5A Stress Relief A: I

1. Heat parts to 111OOF (598.90C) in = atmosphere furnace-
2- Hold at heat for 2 hours.
3. Cool in atmosphere.
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tlIL-STW40002(AT)

INSTRUC1’IONSHEET 12 (Continued)

Material Designation: UNS G41300 and UNS J13046

-

=1 Tenu
Operation Tol

L6 I Normalize and Temper:

Heat Wts to 17500F (954.40C)-
;: Hold at heat 60 minutes per inch of maximum

cross-eection-
3. Cool in air.
4. Heat parts to 12000F (648.90C).
5. Hold at heat for 2 hours minimum.
6. Cool in still air (HB 167-235).

The following curves serve only ae guide, since
variation within the alloying limits will give properties
which are not exactly reproducible.
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rlIL-STD-4ooo2(AT)

INSTRUCTION SHEET 13

Material Designation: UNS G41400 end UNS J14046

Temp
Code Operation Tol

L1 Anneal: I

1. Heat parts to 145(PF (787.8oC).
2. Hold at heat 60 minutes per Inch of maximum

cross-section.
3. Rapid cool to 1275°F (~-6*).
4. Hold at heat 2 hours. !l!henair cool (NRC 23msx)-

L2 Normalize: 1

1. Heat parts to 16250F (8850C).
2- Hold at heat 80 minutes per inch of maximum

cross-section.
3. Cool in still air [If hardness is above HRC 35, amneal

per L1 if not to be immediately hardened).

I-3 Harden: I

L Heat parts to 15500F (843-30C).
;: Hold at heat 30 minutes per inch of maximum

cross-8ection-
3. Quench in oil.
4- Temper (L4) immediately.

Temper A: II

1- For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 2 hours per inch of maximum cross-section to
HRC 37-42.

3. Cool in air.

Temper B: II

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 2 hours per inch of maximum crose-8ection to
HRc 34-37.

3. Cool in air-

L4c Temper C: II

1- For approximate tempering temperature, refer to Hardneas
vs Tempering Temperature Chart for this material.

2. Hold for 2 hours per inch of maximum cross-section to
HRc 30-34.

3. Cool in air.
‘
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MIL-STD-40002(AT)

INSTRUC1’IONSHEET 13 (Continued)

Material Designation: UNS G41400 and UNS J14046

TemI
code Operation Tol

L4D Temper D: 11

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 2 hours per inch of maximum cross-section to
HRC 26-32.

3. Cool in air.

X.5 Stress Relief (After machining, welding, or forming, etc): I

1. For hardened p.rts:
Heat to 1000F (37-80C) below tempering temperature.

;: Hold at heat for 6 hours.
c- Cool in etill air.

2. For unhardened parts:
a. Heat parts to 11250F (607-20C)-
b- Hold at heat for 2 hours.
c. Cool in still air.

La Normalize and Temper: I

1. Heat parts to 17500F (954.40C).
2. Hold at heat 60 minutes per inch of maximum

cross-section-
3. Cool in air-
4. Heat parts to 12000F (648.90C).
5. Hold at heat for 2 hours minimum.
6. Cool in still air (HB 167-235).

-

-

-
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MIL-STD-40002(ATI

INSTRUCI’IONSHKET 13 (Continued)

Material Designation: UNS G41400 and UNS J14046

41
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MIL-STP40002(AT )

INST7UKHON SHEET 14

Material Designation: UNS G43400

T-
Code Operation Tol

L1 Anneal: I

1. Heat parts to 14500F (787.80C).
2. Hold at heat 60 minutes per inch of maximum

cross-section.
3. Rapidcool to 12000F (648.90C).
4. Hold at heat 6 hours. Then air cool (HRC 24 max)-

L2 Normalize: I

1. Heat parts to 16250F (8850C).
2. Hold at heat 80 minutes per inch of maximum

cross-section.
3. Cool in air (If hardness is above HRC 35, anneal per L1

if not to be immediately hardened).

L3 Harden: I

1. Heat parts to 15250F (829.40C).
2. Hold at heat 30 minutes per inch of maximum

cross-section-
3- Quench in oil.
4- Temper (L4) immediately.

Temper A: II

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2- Hold for 4 hours to HRC 37-42.
3. Cool in air-

L4B Temper B: II

1. For approximate tempering temperature, refer to Hardness ,
vs Tempering Temperature Chart for this material.

2. Hold for 4 hours to HRC 34-37-
3. Cool in air.

L4c Temper C: II

1- For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 4 hours to HRC 30-34.
3. Cool in air.

-

-
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MII.+3TD-40002(AT)

INSTRU~ION SHEET 14 (Continued)

Material Designation: UNS G43400

TemP

Code Operation Tol

Temper D: II

1. For approximate tempering temperature, refer to Hardness
vs Temwrh.g Temperature Chart for this material.

2. Hold for 4 hours to NRC 26-32.
3. Cool in air.

Temper E: II

1. For approximate tempering temperature. refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 4 hours to HRC 40-44-
3. CoOl in air.

1.5 Stress Relief (After machining, welding, or forming, etc): I

1. For hardened parts:
Heat to 1000F (37.8oC) below tempering temperature.

:: Hold at heat for 6 hours-
C. Cool in still air.

2 For unhardened parts:
Heat parts to 11250F (607-20C).

:: Hold at heat for 2 hours.
c. Cool in still air.
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MIL-STIP40002(AT)

INSTIU.KX.IONSHEET 14 (Continued)

Material Designation: UNS G43400

-
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1’fIL-sTD-40002(AT)

INSTRUCTION SHEET 15

Material Designation: UNS (%1500

Tern]
Code Operation Tol

L1 Anneal: I

Heat parts to 15000F [815.60C).
;: Hold at heat 60 mlxutes per inch of maximm

cross-section.
3. Rapid COO1 to 12000F (648.9”C)-
4. Hold at heat for 1 hour. Then air cool (HRC 24 max).

L2 Normalize: I

1. Heat parts to 16500F (898-90C).
2- Hold at heat 60 minutes per inch of maximum

cross-section.
3- Cool in air.
4. If not immediately hardened (L3), anneal (Ll)-

IJ3 Harden: I

1. Heat parts to 15750F (857.20C)-
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Quench in oil.
4. Temper (LA) immediately.

Temper A: Hi

1. Heat parts to 550-6500F (287.8-343.30C).
2. Hold at heat 2 hours per inch of maximum cross-section.
3. Cool in air (HRC 48-53).

Temper B: IV

1. Heat parts to 750-f3500F(398.9-454.40C).
2- Hold at heat 2 hours per inch of maximum cross-section.
3. Cool in air (HRC 42-47).

MC Temper C: Iv

1- Heat parts to 95O-105OOF (51O-565.6OC).
2- Hold at heat 2 hours per inch of maximum cross-section.
3. Cool in air (HRC 36-41).
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Code

L5

ML-STD-40002( AT)

INSTRUCTION SHEET 15 (Continued)

Material Designation: UNS (361500

Tam]
Operation Tol

Stres8 Relief:
I

1. Heat parts to 475-5000F (246.1-2600C)-
2. Hold at heat for 60 minutes per inch of maximum

cross-section-
3. Cool in air.

IV
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MIL-ST&40002(AT)

INSTRUCTI(llSHEEI.’16

Material Iksignation: UNS G101OO

TemI

Code Operation Tol

L1 Anneal: I

Heat to 12000F (648.90C).
;: Hold at heat one (1) hour.
3. Cool in air.

I

L
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MIL-STD-40002(AT)

INSTRUCTION SHEET 17

Material Designation: UNS S30200, LINsS30400, and UN6 S30403

TemE
Code Operation Tol

L1 Anneal: I

1. Heat to 19250F (1051-7oC).
2. Hold at heat 30 minutes.
3. Water quench.

M Stress Relief: I

1- Heat to 6000F (315-60C)-
2. Hold at heat for 2 hours per tich of maximum

cross-section.
3. Cool in air.

I
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?IIL-STD-40002(AT)

INSTRUCTION SHEET 18

Material Designation: UNS J91639 end UNS S44004

Tamp

Code Operation Tol

L1 Anneal: I

1. Heat to 1300F (704-40C)-
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Cool in air-

L3 Harden: 111

1. Heat to 19000F (1037.8oC).
2- Hold at heat 30 minutes per inch of maximum

cross-section.
3. Quench in oil. puts 0.5 inch (12.7 mm) Or 1-S in

cross-section may be cooled in air provided properties
can he met.

4. Temper (M) irmnediately.

Temper A: I

1. Heat parts to 6000F (315-60C)-
2. Hold at heat for two (2) hours.
3. Cool in air (HRC 54-60).
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MIL-STD-40002(AT)

INST’IUXZIONSHKET 19

Material Designation: UNS G93106

Teup
Operation Tol

L1 Anneal: I

1. Heat parts to 12750F (690.60C).
2. Hold at heat 30 minutes Pr inch of maximum

cross-section.
3. bol in air (HRC 24 max)-

L2 Normalize: I

1. Heat parts to 17500F (954.4w)-
2. Hold at haat 60 minutes per inch of maximum

cross-section (one hour minimum).
3. Cool in air.

Normalize A: I

1. Heat parts to 17500F (954.40C)-
2. Hold at heat 60 minutes per inch of maximum

crom-section (one hour minhum).
3. Quench in oil.

L3 Harden: Iv

1. Heat parts to 1475-15000F (801.7-815.60C).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Quench in oil.

Temper A: Iv

1. Heat parts to 9OO-11OOOF (482-6290C).
2. Hold at heat two (2) hours.
3. Cool in air (HRC 24-32)-

Temper B: Iv

1. Heat parts to 275-WOOF (135-148.90C). M
2. Hold at heat two (2) hours-
3. Cool in air.
4. Case Hardness per engineerirw drawi~.

l/ Parts may be heated as high as 325oF (l62.8oC)
provided the case hardness specified on the
engineering drawing is maintained on the finish
machined part.

-
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MIL-STD-40002(AT)

INSTRUCTION SHEET 19 (Continued)

Material Designation: UNS G93106

Temp
(kxle Operation Tol

MC Temper C: II

1. Heat parts to 5500F (2880C)-
2. Hold at heat for two (2) hours.
3- Cool in air (HRC 30-38).
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MIL-STD-40002(AT)

INSTRUCTION SHEET 20

Material Designation: UW K24065

Temp

Code Operation Tol

L1 Anneal: I

1. Heat parts to 12750F (690.8”C).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Cool in air (NRC 24msx)-

L2 Normalize: 1

1. Heat parts to 18000F (982-2°C)-
2. Hold at heat 80 minutes per inch of maximum

cross-section (one hour minimum).
3. Cool in air.

M Harden: I

1. Heat parts to 17000F (926.70C).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Quench parts 1 inch or less of maximum cross-section in

agitated oil-
Quench parts greater than 1 inch of maximum cross-
section in agitated water.

Temper A: II

1. Heat parts to 11OOOF (593.30C).
2. Hold at heat four hours.
3. Cool in air (HRC 34-40).

L5 Stress Relief: II

Heat parts to 105OOF (565.60C).
;: Hold at heat four hours.
3. Cool in air (HRC 34-40).

.
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MIL-STD-40002(AT)

INSTRUCTION SHEET 21

Material De~ignation: UNS N07750

Tmcq
Code Operation Tol

L7S Solution Treatment: I

1. Heat parts to 21OOOF (11490C) in an inert or neutral
atmosphere.

2. Hold at heat for 2 hours.
3. (%01 in air (HB 197 max, or equivalent)-

L7T Aging:

(Use L7XT Aging Treatment)

L7VT Aging (AMS 5598 only):

1. Heat parts to 1325-13500F (718-7320C).
2. Hold at heat for 8 hours-
3- Furnace cool to 11500F (621oC).
4- Hold at 11500F (621oC) for a total aging time of 18

hours-
5- Air cool (HB 285 rein,or equivalent).

L7WT Aging: I

1- Heat parts to 12000F (649”C)-
2. Hold at heat for 4 hours.
3. Cool in air (H8 371 rein,or equivalent).

L7XT Aging: I

1- Heat parts to 15500F (843-3*C).
2. Hold at heat for 24 hours.
3. cool in furnace to 13000F (704.40C).

Hold parts at 13000F (704.40C).
:: Hold at heat for 20 hours.
6. Cool in air (IIB262-341, or equivalent).

L7YT Aging: I

1. Heat parts to 15000F (843.30C).
2. Hold at heat for 24 hours.
3. Cool in air (HE 200-277, or equivalent).

-
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tlIi.4TD-40002(AT)

INSTRUCi’IONSHRET 21 (Cantinued)

Material Designation: UNS N07750

TemP
Operation Tol

L7ZT Aging: I

1. Heat -S to 13500F (732.20C).
2. Hold at heat for 16 hours.
3. Cool in air (HII326-443, or equivalent)-

L7ST Solution Treatment Plus Aging:

(Use L7SXT Solution Treatment Plus Aging).

L7SXT Solution Treatment Plus Aging:

1. L7S followed by LTXT (HB 262-341, or equivalent)-

L7SYT Solution Treatment Plus Aging:

1. L7S followed by L7YT (HB 200-277, or equivalent).

L7SZT Solution Treatment Plug Aging:

1. L7S followed by L7ZT (HI3326-443, or equivalent).

L7SW’f Solution Treatment Plus Aging:

1. L7S followed by L7WT (HB 371 min. or equivalent).

I
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MIL-STD-40002(AT)

INSTRUCTION SHRRT 22

Material Designation: UNS R58400

TemE
Code Operation Tol

L1 Anneal: I

1. Heat parts to 13(XPF (704.4”C).
2- Hold at heat for 2 hours.
3. Cool in air (HRC 39 max).

L5 Stress Relief: II

1. Heat parts to 1000oF (537.8oC) in vacuum or inert
atmosphere.

2. Hold at heat for 2 hours.
3. COol in air.

1
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Code

L1

L7S

L7T

L7ST

MIL-STD-40002(AT)

INSTRUCTION SHEEI’23

Material Designation: UNS A9@61

Operation

Anneal: (HE 40 max. or equiv.)

Solution Treatment: (I+B55-83 or equiv-)

Aging: (NB 83min, or equiv.)

Solution Treatment Plus Aging: (HB 83 rein-,orequiv. )

FOR TNE REQUIRED TEMPERATURES AND TIMES SEE AMS 2770

TemI
Tol
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MIL-STD-40002(AT)

INSTRUCTION SHEET 24

Material Designation: UNS G102OO

Tsmp

COde Operation Tol

L2 Normalize: I

1. Heat parts to 17000E’(926.70C).
2. Hold at heat for 60 minutes per inch of maximum

cross-section.
3. Cool in air.

M Stress Relief: I

1. Heat parts 2000F (111.2”C)~ MX to 12~F (648°C)-
2. Hold at heat 3 hours.
3. bol 2000F (111.20C)& u to 4000F (204.40C). men

cool in still air.
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MIL-STW40002(AT )

INSTRUCTION SHEET 25

Material Designation: UNS S42000, UNS S42020, and UNS S42023

Temp

Code Operation Tol

L1 Anneal:

1. Heat parts to 14250F (773.90C).
2. Hold at least one (1) hcw mr -h Of ~

cross-section.
3. Furnace cool (HI3230 max).

L3 Harden: I

1. Preheat parts to 14Z50F (773.90C)-
2. Hold at least one (1) hour pr inch of UU-

cross-section.
3. Heat parts to 18500F (101OOC).
4. Hold at least one (1) hour mr inch of ~

cross-section.
5. Quench in oil or air cool.
6. Temper (L4) immediately.

L4 Temper: I

Heat parts to 4500F (232.20C)-
;: Hold at least for two (2) hours.
3. COO1 in air (HRC 47-52)-

—

-
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MIL-STIk40002(AT)

INSTRUCTION SHEET 26

Haterial Designation: UNS N0997!2

Tem

Code Operation Tol

L7S Solution Treatment: U II

1. Heat parts to 18750F (1025oC).
2. Hold at heat for four (4) hours.
3. Within 10 f3eCOIldSof removal from furnaoe, rapid quench

in agitated water maintained at 800F (25oC) ~
prior to quenching parts.

L?T Aging: J/ II

1- Heat parts to 15500F (843.30C).
2. Hold at heat 6 hours-
3. Cool in air.
4- Heat parts to 13000F (704.40C).
5. Hold at heat 16 hours-
6. Cool in air.

L7ST Solution Treatment Plus Aging:

1. L7S followed by L7T (I-El340-418).

La Solution Anneal: 2/ I

1. Heat parts to 18000F (9820C).
2- Hold at heat for four (4) hours.
3. Rapid quench in agitated water maintained at 1200F

(48.9”C) maximum.
4. Hardness HB 262 maximum.

H Furnaces used for solution treatment and aging are to
be surveyed in accordance with MIL-H-6875 at intervals
not to exceed three months.

2/ The solution anneal is s~cifically for stress relief
after inertia welding.
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Code

L7S

MIL-ST&40002(AT )

INSTRUCTION SHEET 27

Material Designation: (Commercial/Industrial)!+sstelloym35

Operation

Solution Treatment:

1.

2.

3.

Heat parts to 22000F (1204.40C).
Hold at heat for 30 minutes per inch of maximum
cross-section.
Cool in air (HRC 23max).

60
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klIL-STB40002(AT)

INSTRUCTION SHBET 28

Material Designation: UNS S35000

Time

10 minutes
30 minutes

T

Tz

Code Operation Tol

L1 Anneal: I

1. Heat parts to 19250F (1051.7oC).
2. Hold at heat for time indicated below.

Material Thickness Inch

0-090 and under
over 0.090 to 0-250

3. Cool rapidly in air (HRC 24 max).

L3 Harden: I

1. Heat parts to 171OOF (932.20C).
?-. Hold at heat for one hour per inch of cross-section.
3. Sheet or composite assemblies: Cool in air to room

temperature.
4. Subzero cool to at least minus 1000F (-73.3°C)-
5. Hold at temperature for three hours.
6. Warm in air to room temperature.

Temper B (see note): III

Heat parts to 1000oF (537.80C)-
;: Hold at heat for three hours-
3. Cool in air (EIRC37-44).

L4c Temper C: 111

Heat parts to 1075oF (579.4°C).
;: Hold at heat for three hours.
3. Cool in air (HRC 30-40).

Stress Relief:

L5 1. Heat parta to 9600F (515.60C). II
2. Hold at heat for two hours.
3. Air cool.

NCYTE: This temper is mandatory for compressor blades only-
Other parts may be temmred - follows:

1. Heat parts to 1015oF (546.1oC).
2. Hold at heat for three hours.
3. Cool in air (HRC 37-44).

)
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LJ3A

Ii3B

MIL-STD-40002(AT)

INSTRUCHON SHEET 28 (Centinued)

Material Designation: UNS S35000

Operation

Equalize A:

1. Heat parts to 14250F (773.90C).
2. Hold at heat for three hours.
3. Cool in air to below 70”F (21.10C)-
4. When -t is below 1500F (65.60C), tap water may be uaec

to attain temperature below 700F (21.1°C).

Equalize B:

1. Heat parts to 14250F (773.90C).
2. Hold at heat for three hours.
3. Cool in air to room temperature.
4. Subzero cool to at least minue 1000F
5. Hold at temperature for three hours.
6. Warm in air to room temperature.

(-73.3”C).

I
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Code

L1

L7

MIL-STD-40002(AT)

INSTRUCTION SHEET 29

Material Designation: UNS N07702

Operation

Anneal:

1. Heat parts to 19250F (1051.7oC).
2. Hold at heat for 15 minutes.
3. (3301 in air (HE 229 max, or equivalent).

mm:

1- Heat parts to 14000F (7600C).
2. Hold at heat for 5 hours-
3. tiol in air.
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FIIL-ST’G40002(AT) -

INSTRUCTION SHEBT 30

Material Designation: (ercialfl-trial) Swr Nitrallm, 5Ni-2Al

Cede

L1

L2

L3

L7S

L7T

L7XT

Operation

Anneal:

1. Heat parts to 15250F (829.40C).
2. Hold at heat 1 hour per inch of cross-section.
3. Cool to 12250F (662.8oC) and hold at heat 8 hours.
4. Furnace cml to 11500F (621.1oC) and then air cool.
5. Hardness: H8 217 max, or equivalent.

Normalize:

1. Heat parts to 17500F (954.40C).
2. Hold at heat 1 hour per inch of crose-section.
3. 0001 in air.
4. Hardness: HRC 36-39, or equivalent.

Harden:

1. Heat parts to 17000F (926.70C).
2. Hold at heat 1 hour per inch of cross-section.
3. Oil quench.

Solution Treatment:

1. Heat parts to 12750F (690.60C).
2. Hold at heat 4 hours.
3. Cool in air (oil quench sections greater than 2 inches).
4. Hardness: HRC 28-35, or equivalent.

*m:

1. Nitride in accordance with MIL-S~1876.
2. Core hardness HRC 40-44.

A&!- (Mock Nltridi-):

Heat to 105OOF (565.60C).
;: Hold at temperature 8 hours.
3. Air cool.
4. Hardness: HRc 40-44.

Team
Tol

I

::

II

II:
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!IIH.ATD-40002[AT)

INSTRUCI’IONSHRET 31

Material Def3ignation: UNS T20811

TemI

Code Operation Tol

L1 Anneal: x

1. Heat parts to 15250F (829.40C)-
2. HoM at,heat 2 hourB.
3. (%01 slowly in furnaoe 500F/hr (27.80C/hr) to 1000oF

(537.80C).
4. Remove from furnace and air cool (HE 202 max, or

equivalent).

L3 Harden: I

1. Preheat uniformly to 14500F (787.80C).
2. Transfer to a furnace maintained at 18500F (101OOC).
3. Hold at heat 30 minutes per inch of cross-section.
4. (2001in air.

Temper A: II

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material. l/

2. Hold at heat for 2 hours.
3. Cool in air.
4. Reheat in tempering temperature (2nd tempering

temperature may be adjusted to achieve required
hardness)-

5. Hold at heat for 2 hours.
6. Cool in air (HRC 52-55).

Temper B: II

1. For approximate tempering temperature, refer to Hardness
VEITempering Temperature Chart for this material- l/

2. Hold at heat for 2 houre.
3. Cool in air.
4- Reheat to tempering temperature (2nd tempering

temperature may be adjusted to achieve required
hardneas).

5. Hold at heat for 2 hours-
6- kol in air (HRC 47-52).

I
L
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MIL-STD-40002(AT)

INSTRUCTION SHEET 31 (Continued)

Material Designation: UNS TZ0811

-
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MIL-STD-40002(AT)

INSTRUC1’IONSHEET 32

Material Designation: UNS T12005

Temq
Code Operation Tol

L1 Anneal: I

1. Heat parts to 16500F (898.90C).
2. Hold at heat 1 hour per inch of cross-section-
3. cool in furnaoe
4.

to 14500F (787.80C).
Hold at temperature 4 to 6 hours.

5. Remove from furnace and air cool.
6- Hardness HB 277 maximum, or equivalent.

L3 Harden: I

1. Heat parts uniformly in a furnace or neutral salt bath I
to 15250F (829.40C) and hold at heat 15 minutes.

2. Transfer to a neutral salt bath maintained at 23200F 111
(1271.30C) and equalize. Hold at temperature 1 1/2 to
2 minutes.

3. Transfer to a mtural salt bath maintained at 1075oF 11
(579.4oC) and hold 3 to 4 minutes.

4. Cool in still air to at leaat 1200F (48.90C).
5. Temper (L4) immediately.

LA Temper: III

1. Heat parts to 103OOF (554.40C).
2. Hold parts at heat 2 hours.
3. Cool in air.
4. Reheat parts to 103O”F (554.40C)-
5. Hold at heat 2 hours.
6. Cool in air (HRC 64-66).

Tempering operations may be performed in an air furnace or
a salt bath. All traces of salt must be removed after
hardening if tempering is to be performed in air.

J
------
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MII+3T%40002(AT )

INSTRUCTION SHEET 33

Material Designation: (Cuamercial/Industrial)Ferrovac Habo

TemI
COde Operation Tol

L1 Anneal: I

1. Heat parts to 15750F (857.20C).
2. Hold at heat 1 hour per inch of cross-section.
3. Cool E1OU1Y 500F/hr (27.80C/lr) in furnaoe.
4. Hardneas HB 241 maxhum, or equivalent.

L3 Harden:

1- Heat -S uniformly in a furnace or neutral salt bath I
to 14500F (787.8oC) and hold at heat 15 minutes.

2- Transfer to a neutral ealt bath maintained at 20900F
(1125.60C) and equalize. For time at temperature refer
to Time vs Cross-Section Chart for this material.

3. Transfer to a natural salt bath maintained at 1029oF I
(551.70C). Hold at temperature 3 to 4 minutes.

4. Cool in still air to at leaet 1200F (48.90C).
5. Temper (L-4)immediately.

L4 Temper: III

1. Heat parts to 1000oF (537.80C).
2. Hold at heat 2 hours.
3. 0301 in air.
4. Reheat parts to 975oF (523.90C).
5- Hold at heat 2 hours.
6. Cool in air (HRC 63-65).

Tempering operations may be performed in an air furnace or
a salt bath. All traces of salt must be removed after
hardeni~ if tempering is to be performed in air.

-
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Code

L

MIL-STB40002(AT )

INSTRUCTION SHEET 33 (Continued)

Material Designation: (Commercial/Industrial) Ferrovac Halmo

Operation

.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5

DIAMETEROR MINIMUMCROSS-SECTIONDIMENSION (INCHES)

CHART FOR TIME VERSUS CROSS-SECTION

i

TeXJ
Tol

----
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Code

L7S

L7T

L7ST

MIL-STD-40002(AT)

INSTRUCTION SHEE1’34

Material Designation: UNS R30155

Operation

Solution Treatment:

Heat parts to 21500F (l176.80C)-
;: Hold at heat for 30 minutes per inch of ~

cross-8ection.
3. Cool in air or water quench.
4. Hardness: Sheet stock HE 157-235-

Bars, forgings HB 157-217.

&u:

1- Heat parts to 15000F (815.60C).
2. Hold at heat for 4 hours.
3. Cool in air (HE 192-241).

Solution Treatment Plue Aging:

1. L7S followed by L7T (HB 192-241).

70

T=F
Tol
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tfIL-STD-40002(AT)

INSTRUCTION SHEET 35

Material Designation: UNS K52355

Oode Operation

L1 Anneal:

1. Heat to 15250F (829-40C)-
2. Hold at heat 1 hour per inch of cross-section.
3. Cool to 12250F (662.8oC) and hold at heat 8 hours.
4. Fbrnace cool to 11500F (621-1oC) and then air cool to

room temperature.
5. Hardness HB 217 max, or equivalent.

L2 Normalize:

1. Heat to
2. Hold at
3. cool h

L3 Harden:

1. Heat to
2. Hold at

17500F (954.40C).
temperature 1 hour per inch of cross-section-
air [HRC 34-38, or equivalent).

16500F (898-90C).
heat 1 hour per inch of cross-section.

I 3. Oil quench.

L4 Temper:

1. Heat to 12250F (662-80C).
2. Hold at heat 4 hours.
3. Cool in air (HRC 26-32, or equivalent).

..-

Te~
Tol

1

111
111

111

111

1

1111
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Code

L1

LIA

L3

L4c

L5

?lK+TD-40002(AT )

INSTRUCIZON SHEET 36

Material Designation: UNS S41623

Operation

Anneal:

Heat -s to 15750F (857.20C)-
;: Hold at heat 60 minutes per inch of maximum cross-

section.
3. CQO1 to 13500F (732.20C), and hold 2 hours.
4. Cool in air.

Anneal A:

1. Heat parts to 13000F (704.40C).
2- Hold at heat for 2 hours.
3. Cool in furnace.

Harden:

1. Heat parts to 17500F (954.40C).
2. Hold at heat 30 minutes per inch of maximum cross-

section.
3. Cool in air (oil quench sections greater than 1.0 inch)

Temper A:

1. Heat parts to 11250F (607.20C).
2. Hold at heat for 2 hours.
3. til in air (HRC 18-26).

Temper B:

1. Heat parts to 6000F (315.60C).
2. Hold at heat for 2 hours.
3. Cool in air (HRC 36-42).

Temper C:

1. Heat parts to 1025oF (551.7°C).
2. Hold at heat for 2 hour8.
3. Cool in air (HRC 26-34).

Stress Relief:

1. Heat parts to 111OOF (598.90C)-
2. Hold at heat for 2 hours.
3. Cool in atmosphere.

72
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Tol
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MIL-~40002(AT )

INSTRUCTION SHEET 37

Material Designation: UNS N04019

T*
Code @ration Tol

L1 Anneal: II

1. bad parts in furnace not above 6000F (316.60C).
2. Heat parts to 165001?(898.9%).
3. Hold at heat for one hour per inch of maxi.mm

cross-section (one hour minimum).
4. Furnace cool to 12000F (648.9oC) at 2000F~

(111-2”c/hr).
5. Quench in oil.
6. Hardness: HB 270 maximum 3000 kg load and 10 mm ball.

L7S Solution Treatment: II

1. bad parts in furnace not above 600”F (316.60C).
2- Heat parts to 1650”F (898.90C).
3. Hold at heat for one hour per inch of maximum

cross-section (one hour minimum).
4. Furnace cool to 12000F (648.9oC) at 200”F/hr

(111-2”c/hr).
5. Quench in oil.
6. Hardness: FIB270 maximum 3000 kg load and 10 mm ball-

L7T Aging: 11

1. Load parts in furnace not above 6000F (316.60C).
2. Heat parts to 11OOOF (583.3oC) end hold for five (5)

hours.
3. Cool in air-
4. Hardness: HB 300 minimum, 3000 kg load and 10 nunball.

L7ST Solution Treatment Plus Aging:

L7S followed by L7T.
;: Hardness: HB 300 minimum, 3000 kg load and 10 mm ball.

CAUTION: Do not heat in presence of sulfurous material.
Do not heat in atmosphere which contain sulfur.
Do not quench in oils which contain sulfur.

-—
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code

L1

LIA

M

L6

MIL-STD-40002(AT)

INSTRUCTION SHEET 38

Material Designation: UNS F43003

Operation

Anneal:

1. Heat parts to 17500F (954.40C).
2. Hold at least 60 minutes per inch of maximum

cross-section.
3. Cool uniformly in still air.
4. Hardness: HE 180 max, 3000 kg load and a 10 nmIball.

Anneal A:

1. Heat -S to 18500F (101OOC).
2- Hold at least 60 minutes per inch of maximum

cross-section.
3. Cool uniformly in still air.
4. Hardness: HB 180 mex, 3000 kg load and a 10 mm ball.

Stress Relief (After casting, machinti, etc):

1. Heat parts to 11750F (6350C)-
2- Hold for 60 minutes per inch of maximum cross-section.
3. Furnace cool to 6000F (315.60C) or lower at 350”F

(194.60C) per hour m=tium.
4. Cool uniformly in still air.
5. Hardness: HE 118-180. 3000 kg load and a 10 mm ball.

Stabilization (for dimensional stability at temperature
over (9000F\482.20C).

1.
2-

3.

4.
5.

Heat parts to 16000F (871.1oC).
Hold for 1 hour per inch of maximum cross-section but
not less than 2 hours.
Furnace cool to 1000oF (537-80C) or lower at 3500F
(l94.6oC) per hour maximum.
CQO1 uniformly in still air.
Hardness: HB 180 max, 3000 kg load and a 10 mm ball.

Tern]
Tol

11

11

11

II

74

Downloaded from http://www.everyspec.com



I

-

-.

MIL-STD-40002(AT)

INSTRUCTION SHBET 39

Material Designation: UNS J92170, UNS J92200, and UNS S17400

‘rem
Code Operation Tol

r2 Normalize: I

1. Heat parts to 21OOOF (1149*).
2. Hold at heat 90 minutes.
3. Air cool to below 900F (32.20C).

L7SX Solution Treatment: I

1. Hold part to 19000F (1038oC).
2. Hold at heat 30 mlnutee per 1/2 inch of maximum

cross-section.
3. Cool as required to below 900F (32.20C).
4. Hardness: HRC 36 max, or equivalent.

L7SY Solution Treatment: I

1. Heat parts to 19250F (1052oC).
2. Hold at heat 30 minutes per 1/2 inch of maximum

cross–section.
3. Cool as required to below 900F (32-20C).
4. Hardness: HRC 36 max, or equivalent.

L7SZ Solution Treatment (Double Cycle): I

1. Heat parts to 19250F (1052oC).
2. Hold at heat 30 minutes per 1/2 inch of maximum

cross-section-
3. Rapid air cool or oil quench to below 900f?(32.20C).
4. Immediately repeat - steps 1, 2, and 3.
5- Hardness: HRC 36 W, or equivalent.

L7TA Aging:

Heat parts to 9250F (496.1oC). 111
;: Hold at heat for 4 hours.
3- Air cool.
4. Hardness: HRC 40-48, or equivalent.

75
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Code

L7TB

L7TC

L7TD

L5

!fIL-STD-40002(AT)

INSTRUCTION SHE~ 39 (Continued)

Material Designation: UNS J92170, UNS J92200, and UNS S17400

Operation

Aging:

1. Heat parts to 100@F (537.80C).
2. Hold at heat for 4 hours.
3- Air cool.
4. Hardness: HRC 34-42, or equivalent.

&*:

1. Heat parts to 11OOOF (593.30C).
2. Hold at heat for 4 hours.
3. Air cool.
4. Hardness: HRC 32-38, or equivalent.

Aging:

1. Heat parts to 11500F (621.1oC).
2. Hold at heat for 4 hours.
3. Air cool.
4. Hardness: HRC 29-35, or equivalent.

Stress Relieve:

1. Heat ~rts to 500F (27.8”C) below the aging temperature.
2. Hold at heat for 90 minutes.
3. Air cool.

Tem
Tol

II

II

11

111

-J
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Code

L1

L7SX

L7SY

L7TA

L7TB

.7SXTA

MIIrSTD-40002(AT)

INSTRUCHON SHEET 40

klaterialDesignation: UNS N07041

Operation

Anneal:

1. Heat parts to 19750F (1079.4oC).
2. Hold at heat for 60 minutes per inch of maximum croaa-

section (30 minutes mixdmum).
3- Water quench.
4. Hardness: HB 285 max, or equivalent.

Solution Treatment:

1- Heat parts to 19750F (1079.4”C).
2. Hold at heat for 60 minutes per inch of maximum cross-

section (30 minutes minimum).
3. Water quench.
4. Hardness: HB 363max,

forgings-
HE 285 max,

Solution Treatment:

or equivalent for bars and

or equivalent for sheet.

1- Heat parts to 21500F (l176.80C)-
2. Hold at heat for 60 minutes per inch of maximum cross-

section (30 minutes minhmm).
3. Water quench.
4- Hardness: HE 363 max, or equivalent for bars and

forgings.
HE 285 max, or equivalent for sheet-

Aging:

1. Heat parts to 14000F (760”C).
2- Hold at heat for 16 hours.
3- Air cool-

Aging:

1. Heat parts to 16500F (898.90C).
2. Hold at heat for 4 hours.
3- Air cool.

Solution Treatment Plug Agir@:

1. L7SX followed by L7TA.
2. Hardness: HB 313 rein,or equivalent.

TemI
Tol
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t’lIL-STB40002(AT)

INSTRUCTION SHEKT 40 (Centinued)

Material Designation: UNS N07041

Tamp
Code Operation Tol

L7SYTB Solution Treatment Plug Aging:

1. L7SY followed by L7TB.
2. Hardness: HB 313 rein,or equivalent.

-

..
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MIIrSTD-40002(AT)

INSTRUCTION SHEET 41

Material Designation: UNS G52986

Tam]

Code Operation Tol

L1 Anneal:

1. Heat parts to 14400F (782.20C). I
2. Hold at heat 2 hours per inch of crom-section-
3. cool slowly 15”F/hr (8.3’==/hr)to 120@F (648.*c)- 111
4. Hold 6 hOUrS.
5- Cool in air, (HB 241 max, or equivalent)-

U Normalize: 1

Heat ~ts to 16500F (898.9%).
;: Hold at heat 30 minutes per inch of cross-section.
3. Cool in air.

L3 Harden: I

1. Heat parts to 15500F (843.30C).
2. Hold at heat 20 minutes per inch of cross-section.
3. Oil quench.
4. Within one hour after oil quench, sub-zero cool to at

least minus 1000F (-73.3oC) for one hour.
5. Allow parts to return to room temperature and temper

(L4) immediately.

L4 Temper: III

Heat parts to 4000F (204.40C)-
;: Hold at heat 2 hours.
3. Air cool (HRC 58-62).
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MIL-*40002(AT )

INSTRUCTION SHEET 42

Material Designation: UNS T11350

TemI

Code Operation Tol

L1 Anneal: I

1. Heat parts to 15500F (843.30C)-
2. Hold at heat one hour per inch of cross-section-
3. Cool slowly (50”F/27.8”Cper hour) tifurnace-
4. I’fardnetlai: !-El241 max, or equivalent.

L3 Harden:

1. Heat parts uniformly in a furnace or neutral salt bath I
to 15500F (843.3oC) and hold at heat 15 minutes.

2- Tranafer to a neutral salt bath maintained at 20300F 111
(111O.OOC) and equalize. For time at temperature refer
to Time vs Cross-Section Chart for this material.

3. Transfer rapidly to low temperature salt bath maintained 111
at 104OOF (5600C). Hold at temperature 3-4 minutes.

4. Cool in still air to at least 1200F (48.90C). Temper
(L4) immediately.

L4 Temper: l/ III

1. Heat parts to 1000oF (537.80C).
2- Hold at heat 2 hours.
3. Cool in air-
4. Sub-zero cool to minus lOOOF (-73-30C).
5. Hold at sub-zero temperature for one (1) hour.
6. Allow parts to return to room temperature.
7. Heat wts to 1000oF (537.80C).
a. Hold at heat 2 hours-
9. COol in air.
10. Reheat parts to 8500F (454.40C).
11. Hold at heat 2 hours.
12. Cool in air (HRC 60-64). 2/

Notes:

U Tempering operations may be performed in an air
furnace or a salt bath. All traces of salt must be
removed after hardening if tempering is to be
performed in air.

2/ For critical applications hardness may be HRC 62-64
when specified on the engineering drawing.
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Code

MIL-STD-40002(AT)

INSTRUCTION SHEET 42 (Continued)

Material Designation: UNS T11350

Operation

20

16

4

2

.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5

DIAMETER OR MINIMUM CROSS-SECTIONDIMENSION(INCHES)

CHART FOR TIME VERSUS CROSS-SECTION

:

Temp
Tol
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MIL-S’IW40002(AT)

INSTRUCTION SHE~ 43

Material Designation: UNS N06002

Operation

Solution Treatment: J./

1. Parts up to 0.250 inch in thickness

Heat parts to 21500F (2276.80C).
:: Hold at heat for 15 minutes.
c. Rapid air cool.
d. Hardness HB 116-241, or equivalent-

2- Parts greater than 0.250 inch in thickness

Heat parts to 21750F (l190.70C)-
:: Hold at heat 30 minutes.
c. Water quench.
d. Hardness HB 116-241, or equivalent.

For in-process solution treatment of M3614 only 2/

3. Parts up to 0.250 inch in thickness

Heat parts to 19750F (108OOC).
:: Hold at heat for 15 minutes.
c. Rapid air cool.
d. Hardness HB 116-241, or equivalent.

4. Parts greater than 0.250 inch in thickness

a- Heat parts to 1950 to 20500F (1094”C).
b- Hold at heat 30 minutes-
c- Water quench.
d. Hardness HB 116-241, or equivalent.

b’ For identification of proper solution heat treatment
in internal documents (eg: operation sheets, etc),
identify as MIL-STD-40002(AT)L7Sl/L7S2/L7S3/L7S4as
a~licable.

~ Fi~l solution treatment after all forming and
welding operations are completed shall be at 21500F
(11770C).

Tam]
Tol

I

.-

-
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MIL-STD-40002(AT)

INSTRUCTION SHEET 44

Material Designation: UNS J92001 and UNS S35500

Tam]
Operation Tol

L1 Anneal: I

1. Heat parts to 19000F (1037.8oC).
2. Hold at heat for time indicated below.

Material Thickness (inches) Time

0.187 and under . . . . . . . . . . . %ties
over0.187tol.0 . . . . . . . . . . 90m*es
overl.O . . . . . . . . . . . . . . 90 minutes per

inch of croas-
section (three
hours max)

3. Parts under 0.187 inch, cool rapidly in air (HRC 35
max).
Parts 0.187 inch and over, quench in water or oil (HRC
35 max).

4. Subzero cool to at least minus lOOOF (-73.30C).
5. Hold at temperature for three hours.
6- Warm in air to room temperature.

Notes: 1. Cooling rate for quench shall be 1500F per
minute minimum.

2. For in-process anneal- the subzero COO1 =
be omitted. However, for final anneals the
subzero cool must be used.

L3 Harden: II

1. Heat parts to1750”F (954.4oC) (timwsite Assemblies
containing AM 350 details shall be heated to 171O”F
(932.20C)-

2. Hold at heat for at least 10 minutes (1 hour max).
3. a. Plate, Bars, and Forgings: Quench in water or oil-

b- Sheet and Composite Assemblies: Cool rapidly in air
to room temperature.

4. Subzero cool to at least minus lOOOF (-73-3°C)-
5. Hold at temperature for three hours.
6. Warm in air to room temperature.
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MIL-STD-40002(AT)

INSTRUCI’IONSHKET 44 (Continued)

Material Designation: UNS J92001 and UNS S35500

TemI
*ration Tol

Temper B: II

1. Heat parts to 1015oF (546.1oC).
2. Hold at heat for three hours.
3. Cool in air (HRC 37-44).

L4c Temper C: II

1. Heat parts to 1075oF (579.40C).
2. Hold at heat for three hours.
3. COOI in air (HRC 30-40).

Equalize A: I

1- Heat parts to 14250F (773.9°C)-
2. Hold at heat for three hours.
3. Cool in air to below 700F (21.1oC).
4. When part is below 1500F (65.60C), tap water maY be

used to attain temperature below 700F (21.10C)-

L8B Equalize B: I

Heat parts to 14250F (773-90C).
;: Hold at heat for three hours.
3. Cool in air to room temperature.
4. Subzero cool to at leaat minus 1000F (-73.30C).
5. Hold at temperature for three hours.
6. Warm in air to room temperature.

I

-

-

.-
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lfIL-STI+40002(AT)

INSTRUCTION SHEET 45

Material Designation: (Coinmercial/Intitrial) X40

TemE
Code Operation Tol

L7T Aging: 111

1. Heat parts to 13250F (7180C) in en inert to neutral
atmosphere.

2. Hold at heat for 50 hours.
3. Caol inatmoephere (HRC 35-41).

\
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!41L-STb40002(AT)

INSTRUCTION SHEET 46

Material Designation: UIW A97178

Tem

Code (lperation Tol

L1 Anneal: 111

1. Heat parts to 77*F (412.80C)-
2. Hold at heat 2 houm.
3. Furnace cool at a rate of 500F/br (27-8*&) ~ to

5000F (2800C). Then air cool (HB 90 max, or
equivalent).

L7S Solution Treatment: 111

1. Heat ~ts to 8700F (465.60C).
2. Hold at heat as follows:

Sheet and Plate

To 0.032 Thick . . . - . . 20 minutes
0.032 to 0-125 . . . . . . 30 minutes
0.126 to 0.250 . - . . . - 40 minutes
0.251 and over . . . . . . 60 minutes

Forgings . - . . - . . . . 4-6 hours

3. Quench in water (HB 90 rein,or equivalent).

L7T Aging: III

1- Heat parts to 2500F (121.10C)-
2. Hold at heat 24 hours.
3. Caol in air.

L7ST Solution Treatment Plw &iw:

1- L7S followed by L7T (!4B145 rein,or equivalent)-

1

I

I
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MIL-STD-40002(AT)

INSTRUCTION SHEET 47

Material Designation: UNS Rf@lm

Temp

Co& Operation Tol

L1 Anneal: I

1. Heat parts to 13000F (70.40C).
2. Hold at heat two (2) hOWE.
3- Cool in air (HRC39 mad.

L7S Solution Treatment: I

1. Heat parts to 17500F (954.4oC) in air atmosphere (allow
furnace to run 12 bum with air atmosphere prior to
loading parts in furnace).

2. Hold at heat for 1 hour.
3. Quench into violently =itated water within 10 secon*

after removing from furnace.

L7T Aging: 11

1. Heat parts to 1000oF (537.80C).
2. Hold at heat for 8 hours.
3. Cool in air.

M Stress Relief: II

1. Heat parts to 9000F (482.20C).
2. Hold at heat for 4 hours.
3. Cool in air.
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MIL-STD-40002(AT)

INSTRUCTION SHEET 48

Material Designation: UNS A92024

TemI
Code Operation Tol

L1 Anneal: (HIJ55 maximum, or equivalent).

L7S Solution Treatment: (HB 100-175 or equivalent).

L7T Aging: (~ 125 mti-, or equivalent).

L7ST Solution Treatment Plus Aging: (HB 125 minimum, or
equivalent).

FOR THE REQUIRED TEMPERATURES AND TIMES SEE AMS 2770

>

-

.-
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Code

L7S

L7SX

L7T

?lIIrSTD-40002(AT)

INSTRUCTION SHEET 49

Material Designation: UNS N07001

Operation

Solution Treatment:

1. Heat parts to 35oF (200C) below gsnma prime SOIVUS.
2- Hold at heat for 4 hours.
3. Quench in oil.

Solution Treatment: l/

1. Heat parts to 18250F (9950C).
2. Hold at heat for 2 hours.
3. Air cool or faster.

Aging (stabilization plus precipitation):

1. Heat parts to 15500F (8430C).
2. Hold at heat for 4 hours-
3. Cool in air to room temperature.
4. Heat parts to 14000F (7600C)-
5. Hold at heat for 16 hours.
6. Cool in air to room temperature (H.B336 to 420; for

sheet and strip, hardness shall be HRC 34-44, or
equivalent).

U Sheet strip only.

TemI
Tol
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MIL-STD-40002(AT)

INSTRUCTION SHEET 50

Material Designation: UNS G104OO

TeIM
Code Operation Tol

L1 Anneal: I

1. Heat parts to 14500F (7880C).
2. Hold at heat 80 minutes per inch of maximum

cross-section.
3. Furnaoe cool to 8500F (454.4oC). Then air cool (HRC 23

max).

L2 Normalize: I

1- Heat parts to 15250F (8290C).
2. Hold at heat 60 minutes per inch of maximum

cross-section.
3. Cool in air. (If hardness is shove HRC 35, anneal per

L1 if not to be immediately hardened).

L3 Harden: I

1. Heat parts to 15250F (829”C).
2. Hold at heat 30 minutes per inch of maximum cross-

section.
3. Quench in water.
4. Temper (L4) immediately.

Temper AZ II

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 2 hours per inch of maximum cross-section to
HRC 35-40-

3. Cool in air.

Temper B: II

1. For approximate tempering temperature, refer to Hardness
vs Tempering Temperature Chart for this material.

2. Hold for 2 hours per inch of maximwuncross-section to
HRc 30-35.

3. COol in air.
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Code

L4c

L4D

M

MIL-STD-40002(AT)

INSTRU(3!IONSHEKT 50 (Continued)

Material Designation: UK G104OO

Operation

Temper C:

1. For approximate tempering temperature, refer to Hardnes
vs Tempering TemperatureChart for thismaterial.

2. Hold for 2 hours wr inch of maximum cross-section to
HRC 25-30.

3. Cool in air.

Temper D:

1. For approximate tempering temperature, refer to Hardnes
vs Tempering Temperature Chart for this material.

2. Hold for 2 hours per inch of maximum cross-section to
HRC 20-24.

3. Cool in air.

Stress Relief (After machining, welding, or forming, etc):

1. For

::
c.

2. For

::
c.

hardened parts:
Heat to 1000F (56oC) below tempering temperature.
Hold at heat for 6 hours.
Cool in still air.

unhardened parts:
Heat
Hold
coo1

parts to 11250F (6070C).
at heat for 2 hours.
in still air.

Tamp
Tol I
II

II

I

-J
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MIL-STD-40002(AT)

INSTRUCTIONSHRET50 (Continued)

MaterialDesignation:UNS G104OO

(lpwation

40

800 900 1000 1100 1200 1300

TEMPERING TEMPERATURE (°F)

CHART FOR APPROXIMATE HARDNESS VERSUS TEMPERING TEMPERATURE

Temu
To1

—
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Code

I-ii

M

L3

1A

?IIL-ST’’D-40002(AT)

INSTRUCTIONSHEET51

MaterialDesignation: (Commercial/Industrial)SAE 3120

Operation

Anneal:

1. Heat parts to 15500F (8430C).
2. Hold at heat 60 minutes per inch of maximum

cross-section.
3. Furnace cool to room temperature (NB l?O m=, or

equivalent).

Normalize:

1. Heat parts to 17000F (9270C).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Air cool (HB 207 max, or equivalent).

Harden:

1. Heat parts to 14500F (7880C).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Quench in oil-

Temper:

1.
2.
3-
4.

Heat parts to 3000F (149”C).
Hold at heat 2 hours.
Air cool.
Hardness:

Carburized Case . . . HRC 60-63-
Core . . .. --. .HRC40-50-

Tem]
Tol

1

1

1

1
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MIL-STIP40002(AT)

INSTRUCTION SHERT 52

Material Designation: (Cmmercial/Industrial ) CF-W

Tern]
Code Operation Tol

L1 Anneal: I

1. Heat parts to 19500F (1066oC).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. Quench in water (HRB 90min).
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Code

L1

L7SX

L7SY

L7TA

L7TB

l“mJ-sTIk40002(AT)

INSTRUCTION SHEET 53

Material Designation: UNS S17700

Operation

Anneal:

1. Heat parts to 19500F (10660C)-
2. Hold at heat for time indicated below:

Material Thickness in Inches Time

0-100 and under . - . . - . 3 minutes
overO.M)O - . . . . . - . 3 minutes per

0.100

3. Cool rapidly in air (HR3 90 max).

Solution Treatment (Auetenite Conditioning):

1. Heat to 1400”F (760”C).
2. Hold at heat for 90 minutes.
3- Cool to 50-600F (lO.O-l5.6OC) within 60 minutes.
4. Hold at temperature for 30 minutes.

Solution Treatment (Austenite Conditioning):

Heat to 17500F (954.40C).
;: Hold at heat for 90 minutes.
3. Air cool to room temperature.
4. Cool to minus 1000F (-73.30C).
5- Hold at temperature 8 hours.
6. Warm to room temperature.

Aging:

1. Heat to 9000F (482.20C).
2. Hold at heat for 60 minutes.
3. Air cool to room temperature.
4. Hardness: HRC 46 rein,or equivalent.

Aging:

1- Heat to 9500F (51OOC).
2. Hold at heat for 60 minutes.
3- Air cool to room temperature.
4. Hardness: HRC 45 rein,or equivalent-

Tm
Tol

1

1

Iv

11

111

111

-----
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MIL-STD-40002(AT)

INSTRUCTION SHEET 53 (Centinued1

Material Designation: UNS S1??00

Temp

Code Operation Tol

L7TC Aging: III

1. Heat parts to 105OOF (565.6oC).
2. Hold at heat for 90 dmutee.
3. Air cool to room temperature.
4. Hardneea: HRC 38 *, or equivalent.

I

-
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rmJ+TD-4ooo2(AT )

INSTRUCTION SHEET 54

Material Designation: (Commercial/Industrial) MAR-M-421

Tern]
Code Operation Tol

L’7S Solution Treatment: I

1. Heat ~ts to 21OOOF (1149.30C) in an inert atmosphere.
2. Hold at heat for two hours.
3. Cool in inert atmosphere to room temperature.

L6 Special Treatment: I

1. Heat parts to 19500F (1065-6oC) in an inert atmosphere.
2. Hold at heat for four hours.
3- COol in inert atmosphere to room temperature.
4. Heat parts to 14000F (7600C).
5. Hold at heat for 16 hours.
6. Cool in air.

I
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MIL-STTF40002(AT)

INSTRUCTION SHEET 55

Material Designation: UNS N07718

TemI
Code Operation Tol

L2 Normalize (homogenization): I

1. Heat parts to 20000F (1093.3oC) in am fiert atmosphere-
2. Hold at heat for 1 to 2 hours.
3. Cool in inert atmosphere to below 900F (320C).

Homogenize: I

1. Heat parts to 21OOOF (11500C) in an inert atmosbere.
2. Hold at heat for 10 hours.
3. Cool in an inert atmosphere to room temperature- .

L7S Solution Treatment: I

1. Heat parts to within range of 1750 to 18000F (955 to
9800C) in an inert atmosphere holding at selected
temperature within t 25oF (f 150C).

2. Hold at heat for one hour.
3. Cool in an inert atmosphere to room temperature.

(HRC 29 max-, or equivalent.)

L7SZ Solution Treatment (including normalizing): I

1. Heat parts to 20750F (1135.1oC) in an inert atmosphere-
2. Hold at heat for 10 hours.
3. Furnace cool to 19000F (1037.80C)-

Hold at heat for 2 hours.
k Cool to room temperature.

L7T Aging: 11

Heat parts to 13250F (718.30C).
;: Hold at heat for 8 hours.
3. Furnace cool at a rate of 1000F (55.6oC) per hour to

11500F (621.1oC).
4. Hold at 11500F (621.1oC) heat for 8 hours.
5. Air cool to room temperature (HRC 35.5 rein,or

equivalent).

-e

--
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MIL-STD-4M02(AT )

INSTRUCTION SHEET 55 (Continued)

Material Desi-tion: UNS N07718

Tamp

@de Operation Tol

II
L7TA Aging:

1. Heat ~ts to 13500F (732.20C).
2. Hold at heat for 10 hours.
3. Furnace cool to 115(PF (621-1oC).
4. Hold at heat for sufficient time to provide a total of

18 hour% at the *ing t=wrat=e-
5. Air cool to room temperature (HRC 35.5 min. or

equivalent).

L7ST Solution Treatment Plus Aging:

1. L7S followed by L7T (HRC 35-5 rein,or equivalent).

L7SZTA Solution Treatment Plus Aging:

1- L7SZ followed by L7TA (HRC 35.5 min. or equivalent).

Note: L7SZTA is to be used only for cast integral rotors.

L7T13 Aging: II

a. 1. Heat parts to15000F (8160C)-
2. Hold at heat for 2 hours.
3. Air cool to room temperature.

b. 1- Heat parts to 13250F (718”C)-
2. Hold at heat for 8 hours.
3. Furnace cool at a rate of 100c’F(560C) per hour

to 11500F (6210C)-
4. Hold at 11500F (621DC) heat for 8 hours.
5. Air cool to room temperature (HRC 35.5 min.

equivalent)-

L7D Delta aging: 11

1. Heat parts to 16000F (8700C) in an inert atmosphere-
2. Hold at for 10 houre-
3- Cool in an inert atmosphere to room temperature.
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HIL-ST}40002( AT)

INSTRUCTION SHEET 56

Material Designation: UNS C17200

I Tam
Operation Tol

I L7S Solution Treatment:

1. Heat pts to 14650F (796.1oC).
2. Hold at heat for 60 minutes per inch of maximum

cross-section (15 minutes minimum).
3. Quench in water.
4. Hardness: HB 78-125 (500 kg load, 10mm ball), or

equivalent-

IIL7TA Aging A:

1. Heat parts to 600-6250F (315.6-329.40C).
2. Hold at heat for 3 hours.
3. Cool in air.
4. Hardness: HB 330-440 (3000 kg load, 10 mm ball), or

equivalent.

I L7TB
I

Aging B:

Heat parts to 8500F (454.4DC).
;: Hold at heat for 4 hours.
3. Cool in air.
4. Hardness: HB 190 min (3000 kg load, 10 mm ball), or

equivalent.

1L7STA Solution Treatment Plus Aging A:

1. L7S followed by L7TA.
2- Hardness: HB 330-400 (3000 kg load, mm ball), or

equivalent.

I L7STB Solution Treatment Plue Aging B:

1. L7S followed by L7TB.
2. Hardness: HB 190 min (3000 kg, 10 mm ball), or

equivalent-

II

N

111
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L7S

L7TA

L7TB

L7sT&

L7TB

MIL-STD-40002(AT)

INSTRUCTION SHEET 57

Material Designation: UNS C82500

Operation

Solution Treatment:

1. Heat parts to 14750F (801.70C).
2. Hold at heat for 60 minutes per inch of ma%imum

cross-section (15 minutes minimum).
3. Quench in water-
4. Hardness: HB 146max (3000 kg load, 10 mball), or

equivalent.

Agti A:

1. Heat parts to 650”F (343.30C).
2. Hold at heat for 3 hours.
3. Cool in air.
4. Hardness: HB 330 min (3000 kg load, 10 mm ball), or

equivalent.

Aging B:

1. Heat parts to 8500F (454.40C).
2. Hold at heat for 4 hours.
3. Cool in air.
4. Hardness: HB 190min (3000 kg load, 10 mm ball), or

equivalent-

Solution Treatment Plus Aging A:

1. L7S followed by L7TA.
2. Hardness: HB 330 min (3000 kg load, mm ball), or

equivalent-

Solution Treatment Plus Aging B:

1. L7S followed by L7TB.
2. Hardness: HB 190 min (3000 kg, 10 mm bali), or

equivalent.

Tamp
Tol

III

IV

111

!
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code

L7S

I

MIL-*40002(AT)

INSTRUCTION SHEET 58

Material Designation: UNS R30805

Operation

Solution Treatment:

1. Heat parts to 21OOOF (1148.80C).
2. Hold at heat for 80 minutes.
3. Rapid cool in air or water quench.
4. Hardness: HB 248 max (3000 kg load, 10nxn ball), or

equivalent.

102

zTampTol
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Code

L7S

L7T

L7ST

MIL-STD-40002(AT)

INSTRUCTION SHEET 59

Material Designation: UI+JSK92890

Operation

Solution Treatment:

1. Heat parts to 15000F (815.60C).
2. Hold at temperature for 1 hour -r inch of maximum

cross-section.
3- Air cool to rcxm temperature.
4. Hardness: ~ 326= (3000 U load =d 10 mmball)~ or

equivalent.

Aging:

1. Heat to 900-9250F (482-2-496.1oC).
2. Hold at temperature for 3-3 1/2 hours.
3. Air cool to room temperature.
4. Hardness: HRC 48 min. or equivalent-

Solution Treatment Plug Aging:

L7S followed by L7T.
Hardness: HRC 48 rein,or equivalent-

103

Tan]
Tol
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Code

L7S

L7T

L7ST

MIL-STD-40002(AT)

INSTRUCTION SHEET 80

Material Designation: UNS N09902

Operation

Solution Treatment:

1. Heat parts to 17500F (954.40C).
2. Hold at heat for 15 to 30 minutes.
3. Ceol ae rapid ae practicable.
4. Hardness: HR8 80 max, or equivalent.

*i43:

1. Heat to 1250-13500F (677-7320C).
2. Hold at heat for 3 hours.
3- Air cool.
4. Hardness:

AMS 5221 - HRC 27-35, or equivalent.
:: AMS 5223 - HRC 34-41, or equivalent.
c. AMS 5225 - HRC 39-46, or equivalent.

Solution Treatment Plug Aging:

1. L7S followed by L7T-
?-. Hardnesg:

AMS 5221 - HRC 27-35, or equivalent.
:: AMS 5223 - HRC 34-41, or equivalent.
c. AMS 5225 - HRC 39-46, or equivalent.

104

Tenq
Tol
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MIL-S’IW40002(AT)

INSTRUCTION SHEJ!X’61

Material Designation: UNS K93120
-1

Tern]

Code Operation Tol

L7S Solution Treatment: I

1. Heat to 15000F (815-60C).
2. Hold at temperature for 1 hour per inch of maximum

cross-section.
3. Air cool to room temperature.
4. Hardness: HB3021Dax (3000kg load and 10mm ball),

or equivalent.

L7T Aging: Iv

1. Heat to 900-9250F (482-2-496.1oC).
2. Hold at temperature for 3 - 3 1/2 hours-
3. Air cool to room temperature.
4. Hardness: NRC 52 rein,or equivalent.

L7ST Solution Treatment Plus Aging:

1. L7S followed by L7T.
2. Hardness: HRC 52 rein,or equivalent.

-----
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L3

LA

tlIL-~40002(AT)

INSTIUXX!ICMSHEET 62

Material Designation: UNS S41800

Operation

Anneal:

1. Heat parts to 14500F (787.80C).
2. Hold at heat 4 hours.
3. Cool slowly in furnace (50”F/hr, 27.80C/hr) to 8000F

(426.70C).
4. Remove fra furnace and air cool.
5. Hardness: HB 311 max, or equivalent.

Harden:

Heat parts to 17500F (954.40C).
;: Hold at heat 30 minutes per inch of maximum

cross-section-
3. Quench: Parts one inch and over in maximum cross-

section shall be quenched in oil. Parts less than one
inch maximum cross-section may be quenched in air or
inert atmosphere-

Temper:

1- Heat parts to 1000oF (537.80C).
2- Hold at heat for 2 hours.
3. Cool in air (HRC 38-45).

106
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Tol
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MIL-STD-40002(AT)

INSTRUCi’IONSHEET 63

Material Designation: (Comme=ia.1/I*trial) D979 Modified

Tam]
Code Operation Tol

L7S Solution Treatment: V

1. Heat parts to 18500F (1OIOOC).
2. Hold at heat for four (4) hours.
3. Rapid quench in agitated water maintained at 1200F

(49”C) maximm.
4. Hardness: HB 262 maximum.

L7T Aging: II

1. Heat parts to 14500F (787.80C).
2. Hold at heat for 12 hours.
3- Cool in air.
4. Heat parts 12000F (648.90C).
5. Hold at heat for 12 hours.
6. Cool in air.

L7ST Solution Treatment Plus Aging:

1. L7S followed by L7T.
2. Hardness: HB 340-418.

NOTES: l/ Furnaces for solution heat treatment shall be
capable of maintaining the temperature within
the furnace work load zone within * 100F
(t 4.6oC) of the temwrature controller.

!

1 1

-.
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MIL-STIP40002(AT)

INSTRUCTION SHEXl!64

Material Designation: (Gxamercial/Intistrial) ~-w-~t~l~

Tem
tide Operation Tol

L7S Solution Treatment:

1. Heat to 1975-20750F (1079.4-1135oC). Aim 20250F IV
(1107OC).

2. Hold at heat for 4 hours.
3. Quench In molten salt bath to 6000F (315-60C). II
4. Air cool.

L7SZ Solution Treatment: IV

1. Heat to 1975-20750F (1079.4-1135oC). Aim 20250F
(1107OC).

2. Hold at heat for 4 hours.
3. Cool to room temperature at a rate equal to air cool.

L7T Precipitation Treatment: II

1. Heat to 16000F (871.1oC).
2. Hold at heat for 8 hours.
3. Cool to room temperature at a rate equal to air cool.
4- Heat to 18000F (982.20C).
5. Hold at heat for 4 hours.
6. Cool to room temperature at a rate equal to air cool.
7. Heat to 12000F (648.90C).
8. Hold at heat for 24 hours.
9. Air cool.
10. Heat to 14000F (7600C)-
11. Hold at heat for 8 hours.
12. Air cool-
13. Hardness: HB 313-403, or equivalent.

108
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MIL-S’TF40002(AT)

INSTRWTION SKEET 65

Material Designation: UNS A92024

T=

Code Operation Tol

L1 Anneal:

L7S Solution Treatment:

L7T Aging:

L7ST Solution Treatient Plus A&!ti:

NOl’ES:

1. FOR ~ REQUIRED m~m ~ TI~S SEE ~ 2770-

2. THE MATERIAL SHALL NW BE RE-HEAT TREATED MORE THAN
ONCE WITHOUT THE APPROVAL OF THE PROCURING ACTIVITY”S
MATERIALS LABORATORY-

109
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MI& ST&40002 (AT)

INSTRUCTION SHEET 66

Material Designation: (Commercial/Industrial)C101

T=
Me Operation To]

Special Heat Treatment:
‘1

I

1. Heat parts to 20500F (11200C) in an inert atmosphere.
2. Hold at heat for 2 hours.
3. COO1 to 14000F (7600C) in an inert or air atmosphere at

a rate of 1300F (700C) per minute minimum and then air
cool to room temperature.

4. Heat parts to 15500F (8400C) in an inert or air
atmosphere.

5. Hold at heat for 4 hours.
6. Caol in air.
7. Heat parts to 14000F (7600C) in en inert or air

atmosphere.
8. Hold at heat for 16 hours-
9. Cool in air.

NOTE: Exact heat treating process for turbine rotor
castings shall be approved by the procuring
activity-s materials laboratory prior to use-

L6A Special Heat Treatment A: I

1. Heat parts to 20500F (l1200C) in an inert or air
atmosphere.

2- Hold at heat for 2 hours.
3. Cool in air or inert atmosphere at a rate equivalent to

air cool.

LAB Special Heat Treatment B: I

1. Heat parts to 15500F (8400C) in sn inert or air
atmosphere.

2. Hold at heat for 4 hours.
3. Cool in air.
4. Heat parts to 14000F (7600C) in an inert or air

atmosphere.
5. Hold at heat for 16 hours.
6. Cool in air.

-
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Code

IA(7

MIL-STD-40002(AT)

INSTRUCTION SHEET 66 (Qmtinued)

Material Designation: (Commercial/Ifitrial) C101

Operation

Post HIP Heat Treatment:

1. Heat parts to 22000F (12050C) in an inert atmosphere.
2. Hold at heat for 2 hours.
3. Cool to 18000F (9600C) in an inert or air atmosphere at

a rate of 100 to 2000F (55 to 11OOC) -r minute,
then rapidly air cool to room temPerat~e-

111
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Tol “
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?IIL-STD-40002(AT)

INSTRUCTION SHEET 67

Material Designation: UNS N06625

Tarq
Code Operation Tol

L1 Anneal: x

1. Heat parts to 20500F (I0200C) in a vacuum.
2. Hold at heat for one half to one hour.
3. Very rapid furnace cool with nitrogen to room

temperature.

—

-

112

Downloaded from http://www.everyspec.com



-

.-.

#de

L1

L2

IA

L4B

MIL-STD-40002(AT)

INSTRUCTION SHEET 68

Material Designation: (Commercial/I*trial ) SAE 9315

Operation

Anneal:

1. Heat parts to 12750F (690-60C).
2. Hold at heat 30 minutee per inch of maximum

moss-section.
3. Cool in air (HRC24 max)-

Normalize:

1. Heat parts to 17500F (954.40C).
2. Hold at heat 60 minutes per inch of maximum cross-

section (one hour minimum).
3. Cool in air-

Normalize A:

1. Heat parts to 17500F (954.40C).
2. Hold at heat 60 minutes per inch of maximum cross-

section (one hour minimum).
3. Quench in oil.

Harden:

1. Heat parts to 1475-15000F [801.7-815.60C).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3- Quench in oil-

Temper A:

1. Heat parts to 1000oF (537.8”C).
9 Hold at heat two (2) hours.
;: Cool in air (HRC 24-32).

Temper B:

Heat parts to 275-300”F (135-148.9”C). J./
;: Hold at heat two (2) hours-
3. Cool in air.
4. Case HardnesB per engineering drawing. Core hardness

HRA 68-72 (HRC 35-43).

1/ Parts may be heated as high as 325oF (162-8”C) provided
the case hardness specified on the engineering drawing
is maintained on the finish machined part.

113
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MILSTP40002( AT)

INSTRUCTION SHEET 69

Material Designation: (JNSR56260

I 1
Temp

Code Operation To1

L7S
1

J Solution Treatment: I

atmo@here.
2. Hold at heat for one hour.
3. Cool at a rate equivalent to air cooling.

&*:

Heat parts to 11OOOF (593.30C).
;: Hold at heat for 4 to 8 hours.
3. Air cool (HRC 33-45).

I 1. Heat parts to 16500F (898.9oC) in a suitable protective

L7T

I

II

I

-

I
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MIJ.rSTD-40002(AT)

INSTRWI’ION SHEET 70

Material Designation: UNS R56400

TemF
Code Operation Tol

M Stress Relief: II

1. Heat parts to 9000F (482.20C)-
2. Hold at heat for 4 hours.
3- COol in air.

L7S Solution Treatment: I

Heat parts to 17!500F(954.4oC) in air atmosphere.
;: Hold at heat for 1 hours.
3. Quench in agitated water within 10 seconds after removal

from furnace.

L7T W* (overawing): I

1. Heat parts to 13000F (704.40C).
2. Hold at heat for 2 hours minimum.
3. Cool in air to room temperature (HRC 39 max).

. .
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MIL-STD-40002(AT)

INSTRUCTIChlSHEET 71

Material Designation: UNS S15700

Temp

Code Operation Tol

L1 Anneal: I

1. Heat parts to 19500F (1066oC).
2. Hold at heat for time indicated below:

Material Thickness in Inches Time

0.100 and under - - . - . - . - 3 minutes
overO.100 . - . . . . - - - . . 3minutis

per 0.100

3- Cool rapidly in air (HRB 100 max).

L7SX Solution Treatment (Transformation Conditioning): I

1. Heat to 14000F (7600C).
2. Hold at heat for 90 minutes-
3. Cool to 50-600F (lO.O-l5.6OC) within 60 minutes. Iv
‘4. Hold at temperature for 30 minutes.

L7SY Solution Treatment (Austenite Conditioning): II

1. Heat to 17500F (954.40C).
2- Hold at heat for 90 minutes.
3. Air cool to room temperature.
4. Cool to minus lOOOF (-73.30C).
5. Hold at temperature 8 hours.
6. Warm to room tem~rature.

L7TA Aging: III

1- Heat to 9500F (51OOC).
2. Hold at heat for 60 minutes.
3. Air cool to room temperature.
4. Hardness: HRC 46 rein,or equivalent.

L7TB Aging: III

1. Heat to 105OOF (565-60C).
2. Hold at heat for 90 minutes.
3. Air cool to room temperature-
4. Hardness: HRC 40 rein,or equivalent.

-

.-
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HIL-STD-40002(AT)

INSTIH.MXIONSHEET 72

Material Designation: UNS S15500

T-

Code Operation Tol

L7S Solution Treatment: I

Heat parts to 19000F (1037.8oC).
;: Hold at heat 30 minutes per 1/2 inch of maximm

crom-sect ion.
3. Oil quench or air cool.
4. Hardness: HRC 39 max, or equivalent.

L7TA &ix: II:

1. Heat parts to 1025oF (551.70C).
2- Hold at heat for 4 hours.
3. Air cool.
4. Hardness: HRC 35-42, or equivalent.

L7TB Aging: 111

1. Heat parts to 1075oF (579.40C).
2. Hold at heat for 4 hours.
3. Air cool.
4. Hardness: HRC 31-39, or equivalent.

L7TC Aging: 111

Heat parts to I1OOOF (593.30C).
;: Hold at heat for 4 hours.
3- Air cool.
4. Hardness: HRC 32-38, or equivalent.

L7TD Aging: 111

1. Heat to 11500F (621.1oC).
2. Hold at heat for 4 hours.
3. Air cool-
4. Hardness: HRC 28-37, or equivalent.

L7STD Example:

Solution Treatment Plus Aging:

1. Solution treat per L7S.
2. Age per L7TD.
3. Hardness: HRC 28-37, or equivalent.
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MIL-STD-40002(AT)

INSTRUCTION SHEET 73

Material Designation: UNS S45000

Tam]

Code Operation Tol

L7S Solution Treatment: I

I. Heat parts to 19000F (1037.80C)-
2. Hold at heat 60 f 10 minutes.
3. a. Plate, bar, and forgings: Quench in water or oil-

b. Sheet and composite assemblies: Cool rapidly i-n
air.

4. Hardness HRC 33 maximum.

L7TA Aging: II

1. Heat parts to 9500F (51OOC).
2. Hold at heat for 4 hours.
3. Cool in air.
4. Hardness HRC 37 to 44.

LTI’B Aging: II

1. Heat parts to 10509F (565-60C).
2. Hold at heat for 4 hours.
3. Cool in air.
4. Hardness HRC 34 to 41.

LTI!C Overage: II

1. Heat parts to 11500F (621oC).
2. Hold at heat for 4 hours.
3. Cool in air.
4. No hardness requirement.

+

-
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MIL-STD-40002(AT)

INSTRUCTION SHEET 74

Material Designation: (Commercial/Industrial) C450

Tern]

Code Operation Tol

L7S Solution Treatment: I

1. Heat parts to 19040F (104OOC) in en inert atmosphere or
vacuum.

2. Hold at heat for one hour minimum.
3. Cool to 2000F (93.3oC) or lower part temperature within

1 1/2 hours, then remove parts and immerse in water
maintained at 700F (21.20C) or lower, holding in water
for 30 minutes minimum.

L7TA Aging: Obsolete.

L7T’B Aging: II

1. Heat parts to a temperature which will provide a
hardness of HRC 33 to 37. J./

2. Hold at heat for 4 hours.
3- COol in air.
4. Hardness HRC 33 to 37.

J/ In no case shall a temperature setting greater than
1058oF (5700C) be used without prior written ~rmission
of the procuring activity-s materials laboratory.
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MIL-STW40002(AT )

INSTRUCTION SHEET 75

Material Designation: (Camercial/Industrial) Vasco Jet 2000

L1

L3

L4

L8

Operation

Anneal:

1. Heat parts to 16250F (884.40C).
2. Hold at heat 30 minutes per inch of maximum

cross-section.
3. @al to 8000F (427oC) at 500F (27.8oC) per hour-
4. Cool in air.

Harden:

1. Preheat parts to 1450 to 15000F (788 to 8150C).
2- Hold at heat for 1 hour.
3. Heat parts to 18500F (101OOC).
4. Holding time shall be as specified on the engineering

drawing.
5. Quench in oil-
6. Deep freeze at minus 100 to minus 1200F (-75 to -850C).
7. Hold at temperature for 3 hours minimum-

NOTE: Time between quench and deep freeze shall not exceed
30 minutes-

Temperature:

1. Heat parts to 6000F (3150C).
2. Hold at heat for 2 hours.
3. Air cool to room temwrature.
4. Heat parts to 6000F ~315°C).
5. Hold at heat for 2 hours.
6. Air cool.

Stabilization:

1. Heat parts to 18500F (101OOC
2. Hold at heat for 2 hours.
3- Quench in oil.
4. Heat to 12500F (6750C).
5. Hold at heat for 1 hour.
6. Air cool.
7. Heat to 13500F (7300C).
8. Hold at heat for 1 hour.
9. Air cool (HRC 36 max).

Tem
Tol

I

II

II

I

-

p,)
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Code

L6

I’tibSTD-40002(AT)

INSTRUCJXON SHEET 76

Material Designation: ME C103
*

Operation

Special Heat Treatment:

1.

2.
3.
4.

5-
6-
7.

8-
9.

Heat parts to 21500F (1176.80C) in an inert atmosphere-
Hold at heat for 2 hours.
Cool in an inert atmosphere to room temperature-
Heat to parts to 15500F (643.30C) in an inert or air
atmosphere.
Hold at heat for 4 hours.
Cool in air-
Heat parts to 14000F (7600C) in an inert or air
atmosphere.
Hold at heat for 16 hours.
Cool in air.
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INSTRUCTION SHKET 77

Material Designation: (Comercial/Industrial) Inconel 617

Teaq

(%de Operation Tol

L7S Solution Treatment: I

1. Heat parts to 21500F (11770C) in a vacuum.
2. Hold at heat for 10 minutes.
3. Furnace cool as rapidly as poaaible-
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MIL-STD-40002(AT)

INSTRUCTION SHEET 78

Material Designation: (Commercial/Industrial)MAR-tl-247

Temx

Code Operation Tol

L8A S~cial Heat Treatment: II

1. Heat parts to 22400F (12250C) in argon or vacuum.
2. Hold at heat for 2 hours.
3. Cool in argon to 1000oF (538oC) then air cool to room

tenwerature.

L8B Special Heat T=atment: II

1. Heat to 18000F (9800C) in argon or vacuum-
2. Hold at heat for 5 hours.
3. Cool in argon to 1000oF (538oC) then cool in air to

room temperature-
4. Heat to 16000F (8700C).
5. Hold at heat for 20 hours-
6- Air cool-

L8c Special Heat Treatment: 1/ II

Heat to 16000F (8700C).
I ;: Hold atheatfor20 hours.

3. Air cool.

J.,/This heat treatment is only to be used for coated parts.

I
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MIL-STD-40002(AT)

INSTRUCl!IONSHEET 79

Material Designation: (commercial/Industrial) DS-C103

Tamp
Code Operation Tol

L8A Special Heat Treatment: II

1. Heat parts to 22000F (12040C) in argon or vacuum.
2. Hold at heat for 4 hours minimum.
3. Increase heat to 2245oF (l228oC) in argon or vacuum.
4. Hold at heat for 2 hours minimum.
5. Cool in argon to 1000oF (537.8oC) then air cool to room

temperature.

MB Special Heat Treatment: 11

Heat to 19750F (1079.4oC) in argon or vacuum.
;: Hold at heat for 4 hours.
3. Cool in argon to 1000oF (537-80C) then cool in air to

room temperature-
4. Heat to 16000F (871.1oC).
5. Hold at heat for 20 hours.
6. Air cool.

I

-

-
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MIL-STD-40002(AT)

INSTRUCTION SHRET 80

Material Designation: UNS K44220

Temp

Code Operation Tol

u Normalize: I

1. Heat to 17000F (9270C).
2. Hold at heat for 60 minutes.
3. (2001in air.

L3 Harden: I

1. Heat to 16000F (8700C).
2- Hold at heat for 60 minutes.
3. Quench in oil.

LA Temper: III

1- Heat to 5750F (3020C)-
2. Hold at heat for 2 hours.
3. Caol in air.
4. Heat to 575oF (3020C).
5. Hold at heat for 2 hours.
6. Cool in air.
7- Hardness: HRC 53 min.

-.
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Cod

G

L7T

L7ST

-i

Material

MIL-STD-40002(AT)

INSTRUCTION SHEET 81

Designation: UNS N13100

Solution Treatment:

1. Heat to 21250F (11650C).
2- Hold at heat for 2 hours-
3. Oil quench.

Precipitation Treatment:

1. Heat to 12000F (6500C)-
2- Hold at heat for 2 hours.
3. Air cool to below 7000F (3700C).
4- Heat to 14000F (7600C).
5. Hold at heat for 16 hours-
6. Air cool-

Solution treatment plus precipitation treatment L7S plus
L7T.

126
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MIL-STD-40002(AT)

INSTRUCTION SHEET 82

Iissi.gnation:(CO~ercial/Industrial) Thoria Dispersed

Operation

Anneal (In-process):

Heat to
;: Hold at
3. Furnace

18000F (9800C) in a vacuum or inert atmosphere.
heat for 10 minutes.
fan cool.

TemI
Tol

I
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MIL-STD-40002(AT)

INSTRU(7HON SHERT.83

Material Designation: (Applicable Material Specification) &140AB,AMS 6308

‘real]
Code Operation Tol

L1 Anneal:

1. Heat parts to 13000F (7050C). II
2. Hold at heat for 4 to 8 hours-
3. Slow furnace cool (HEN 248 max).

L2 Stabilize: I

1. Heat parts to 17250F (9550C).
2. Hold at heat for 1 hour minimum.
3. Oil quench.
4. Heat parts to 1150”F (6200C).
5. Hold at heat for 2 hours.
6. Cool in air.

u Harden: 11

1. Heat parts to 16750F (915sC).
2. Hold at heat for 20 to 40 minutes-
3. Oil quench.
4. Cool to minus 1000F (-73oC) or colder.
5- Hold at temperature for 2 hours minimum.
6- Warm to room temperature.

LA Temper: 111

1. Heat parts to 4500F (2300C).
2!. Hold at heat for 2 hours.
3- Cool to room temperature.
4. Heat parts to 4500F (2300C).
5. Hold at heat for 2 hours.
6. Cool to room temperature.

!

t

-
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MIL-STD-40002(AT)

INSTRUCTION SHEET 64

..

.-

Material Ilw3ignation: (A~licable Material Specification) M3632,
M&@ (Haynes 230)

TemI
Code Operation Tol

L7S Solution Treatment: I

1. Heat to 2150 to 227SOF (1176 to 12460C).
2. Hold at the selected temperature within ~250F (t15°C)

for a length of time a~ropriate for the thickness of
the material section, and not to exceed 30 minutes.

3. Cool in inert gee at a rate equivalent to rapid air
cooling.

,
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HHA5TD-40002(AT)

APPENDIX

CROSS INDKX OF MATERIAL DESIGUCION TO UNS/ISN NUMBER

10. GENERAL

10.1 -. This appendix contains a listing of heat treatment
specifications from two sources (SAE and cmmoercial) and are cross indexed to
the UNS and ISN numbers used in this standard. Although this appendix is not
a mandatory part of this standard, the information oontained herein should be
useful in interpreting engineering drawings with coded heat treatment notes
prepared in accordance with P6000 (see 6.3).

20. APPLICABLE DOWMKNTS - This section is not applicable to this appendix.

30. GENERAL REQUIREMENTS

30.1 The two tables in this appendix consist of
listings of industry and coum&cial material designations cross indexed to
the UN~ and ISN num~rs used in this standard. -

ME Material
designation

AMD 55DG
AMS 4025
AMS 4026
AMS 4027
MS 4035
AMs 4040
MS 4080
MS 4082
AMs 4087
AMs 4115
MS 4117
Al% 4120
AMS 4127
M 4150
MS 4152
AMS 4530
MS 4532
AMS 4890
AMS 4892
MIS 4893
AMS 4928
Al% 4981
AMs 5040
AMS 5042

UNS
number

A96061
A96061
A96061
A92024
A92024
A96061
A96061
A92024
A96061
A96061
A92024
A96061
A96061
A92024
C17200
C17200
C82500
N04019
N04019
R56400
R5w60
G101OO
G101OO

ISN
number

92
23
23
23
48
65
23
23
48
23
23
48
23
23
48
56
56
57
37
37
22
!39
16
16

ME Material
designation

At”Is5050
AMs 5070
AMS 5112
AMS 5221
EMS 5223
AMS 5225
AM 5334
AMs 5335
AMS 5336
AMs 5338
AMS 5342
MS 5343
AMs 5344
Al% 5350
AI”is5351
AMS 5352
AMs 5355
AM 5362
AMS 5363
MIS 5365
AMS 5366
MIS 5368
AMS 5376
At’ls5383

UNs
number

G101OO
G1022O
G109OO
N09902
N09902
N09902
J13042
J13050
J13046
J14046
J92200
J92200
J92200
J91152
J91150
J91639
J92200
J92811
J92641
J94211
J94211
J92001
R30155
N07718

ISN
number

16
3
4
60
60
60
6
6
12
13
39
39
39
5
5
18
39
7
7
8
8
44
34
55

-

w
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MIL-STP40002(AT )

APPENDIX

TABLE-APP I. ~

SAE Material
designation

AMs 5390
AMs 5398
MS 5504
MS 5506
AMs 5510
AMs 5511
AM 5512
Atls5513
AMs 5515
AMS 5520
AMS 5521
AMS 5525
AMS 5528
AM 5529
AMS 5532
AMS 5536
AMs 5537
AMS 5542
AMs 5545
AMs 5547
AMS 5548
AMS 5549
MS 5554
AMS 5556
AMs 5557
AM 5570
At’Is5571
AMS 5572
AMs 5575
AMS 5576
AMs 55?7
AI% 5581
AMS 5589
AMs 5591
AMS 5596
AMs 5597
AMs 5599
AMS 5604
AMS 5610
AMS 5613
AMS 5616

AMS 5620

UNs
number

N06002
J92200
S41OOO
S42000
S321OO
S30403
S34700
S30400
S30200
S15700
S31OO8
S66286
S17700
S17700
R30155
N06002
R30605
N07750
N07041
S35500
S35000
S35500
S35000
S34700
S321OO
S321OO
S3470()
S31OO8
S34700
S321OO
S31OO8
N06625
N07718
S41OOO
N07718
N07718
N06625
S17400
S41623
S41OOO
S41800
S42020
Type 11)
S42023
Type 1)

ISN
number

43
39
5
25
9
17
7
17
17
71
8
10
53
53
34
43
58
21
40
44
28
44
28
7
9
9
7
8
7
9
8
67
55
5

55
55
67
39
36
5
62

25

SAE Material
designation

AMS 5621
AMs 5630
MS 5643
MS 5644
At% 5645
AMS 5fM6
AMs 5651
MS 5659
AMS 5662
MS 5663
AMs 5664
AMS 5667
At% 5668
AMS 5678
AMs 5680
AMs 5689
AMS 5694
AMS 5698
AMS 5699
AMs 5706
AMS 5712
AMs 5713
MS 5731
AMS 5732
AMs 5734
AMs 5737
AMs 5743
AMs 5745
AMs 5754
AMs 5759
AMS 5763
AMS 5768
AMS 5769
AMs 5773
AMS 5798
AMs 5852
AMS 5862
AMS 5863
AtlS5865
AMS 6260
AMS 6263
AMS 6265
AMS 6267
AMS 6280

II AMS 6281

131

UNs
number

S42000
S44004
S17400
S17700
S32100
S34700
S31OO8
S15500
N07718
N07718
N07718
N07750
N07750
S17700
S34781
S321OO
S3108O
N07750
N07750
N07001
N07041
N07041
S66286
S66286
S66286
S66286
S35500
S35000
N06002
R30605
S45000
R30155
R30155
S45000
N06002

S15500
S45000

G93106

G93106
G93106
G86300
G86300

ISN
numbe

25
18
39
53
9
7
8
72
55
55
55
21
21
21
7
9

—
21
21
49
40
40
10
10
10
10
44
28
43
58
73
34
34
73
43
64
72
73
82
19
68
19
19
6
6
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ffIL-~4W02( AT)

~PRNDIx

J-APP 1.

~ hterial
desi~tim Zp ISN

nm~r

~ 6302
MS 6322 K23015

G87400
1

MS m=
m 6350

G87400 :;

AMs 6351
G41300

AMS 6355
G4130() ::

AMS~
GE16300

AMs~ W7400 1:

m 6370
G41300

m 6371
G41300 ;;

Al’Isml
G41300

MS -Z M1400 11:

m 6395
G41400

~ s 6414
G41400 ;:

~s 6415
G43400
G43400

14

~s 6416
M3 6440

K44220 ;;

m 644a
G52986
G61500

41

m 6450 G61500
15

m 6455 I

AMs 6470
G61500 :; /

N 6471
K24065

AMS 6475
K24065 ;;

MS 6487
K52355

AMs 6490
T20811 $

AMS 6512
T11350
K92890

42 /
MS 6514
AMs 6530

K9312c) :;

~ 655o
mm o
G8630c)

6
6

-

inued.
JQ

-
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MIL-STD-40002(AT)

APPENDIX

.

TABLE-APP 11. R of
~-

Commercial UNs ISN Commercial UNs ISN
material number number material number numbs]

designation designation

M 3301 A97178 46 M 3705 S35000 28
M 3302 A97178 46 M 3706 K92890 59
M 34AC R56280 69 M 3707 52
M 3400 R58400 22 M 3709 S=m 28
M 3403 R56400 47 M 3710 44
M 3408 R56400 70 M 3712 74
M 3502 45 M 4000 G102OO 24
M 3504 R;&)5 58 M 4001 G52986 41
M 36BB 78 M 4002 K24065 20
M 36BE 79 M 4003 G43400 14
M 36BP N131OO 81 M 4004 G93106 19
M 3603 N09979 M 4005 30
M 3604 N07702 ;: M 4006 TiiGll 31
M 3606 N07718 55 M 4007 7.’12005 32
M 3611 N07041 40 M 4008 33
M 3612 54 M 4010 T11350 42
M 3613 64 M 4016 G104OO 50
M 3614 N06002 43 M 4019 75
M 3615 63 M 4025 12
M 3617 66 M 4026 13
tl3621 76 M 4028 51
M 3625 77 M 4050 F~03 38
M 3628 78 M 4100 K23015 1
M 3629 79 M 4140 K23015 1
M 3630 N131OO 81 M 4340 2
M 3702 10 M 4341 5
M 3703 44 R 235 27
M 3704 K93120 61 {Hastalloy) —

NOTE: Table II contains material designations used in P6000N (see 6.3,
Supersession data).
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