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SPECIFICATION

Superseding AMS-H-81200

Heat Treatment of Titanium and Titanium Alloys

NOTICE

This document |s intended to replace MIL-H-81200. The original issue of AMS=H=81200

was taken

directly from Military Specification MIL-H-81200A and contained only minor editorial and format changes

required to bring it into conformance with the publishing requirements of SAE technical s
revision B chanjges the heat treatment requirements for parts from “may be heat treated
with the requirgments of AMS 2801” to “shall be heat treated in accordance with AMS 2§
exception, it allpws continuation of heat treatment procedures for'specific parts which ha
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used for heat-treat-response-tests of raw material conform to-the parameters used for he
parts (See 3.1.1).
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Under Departm
qualified produc
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1. SCOPE:

1.1 Purpose:

This specification covers the heat treatment of titanium and titanium alloy mill products (raw
material), including wrought and cast products, by material producers. This specification also covers
furnace equipment requirements, test procedures, and general information for heat treating
procedures, heat treating temperatures, and material test procedures for the heat treatment of

titanium and titanium alloys. It also describes procedures which, when followed, hay|

desired pro
1.2 Heat treatm
The heat tre

Anneal

Beta annea
Recrystalliz
Duplex anng

1.3 Alloys:

In addition t
covered by

Alph

6Al-
SAIl-
SAl-
6Al-
8Al-
11S

erties within the limitations of the respective alloys.

ents:

btion anneal
pal

his specification:

a alloys

PSn-4Zr-2Mo
D.5Sn

P.5Sn ELI
PCb-1Ta-0.8Mo
1Mo-1V
N-5Zr=2Al-1Mo

atments covered by this specification are:

Solution heat treatment
Beta solution heat\treatment

Age
Stress relief

Alpha=Beta alloys

6Al-4V

B6Al-4V ELI

6Al-6V-2Sn

3Al-2.5V

6Al-2Sn-4Zr-6Mo
6AIl-2Sn-2Zr-2Mo-2Cr-0.25Si
5AI-2Sn-2Zr-4Mo-4Cr

b Commercially Pure Titanium (Ti405/Ti55, and Ti70), the following titaniu

Beta alloys

13V-11Cr-3Al
3Al-8V-6Cr-4Mo
15V-3AI-3Cr-3Sr
10V-2Fe-3Al

e produced the

m alloys are

47r

2. APPLICABLE

DOCUMENTS:

The issue of the following documents in effect on the date of the purchase order forms a part of this
specification to the extent specified herein. The supplier may work to a subsequent revision of a
document unless a specific document issue is specified. When the referenced document has been
cancelled and no superseding document has been specified, the last published issue of that document

shall apply.
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2.1

2.2

2.3

24

3. REQUIREME

3.1

U.S. Government Publications:

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

MIL-STD-45662 Calibration System Requirement

ASTM Publications:

Available frgm ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428:2959|or
www.astm.qrg.

ASTME 3 Metallographic Specimens, Preparation of

ASTME 8 Tension Testing of Metallic Materials

ASTM E 146  Chemical Analysis of Zirconium and Zirconium/Alleys

ASTM E 290  Semi-Guided Bend Test for Ductility of Metallic,Materials

SAE Publications:

Available frgm SAE, 400 Commonwealth Drive, Watrendale, PA 15096-0001 or www.sae.org.
AMS 2750 Pyrometry

AMS 2801 Heat Treatment of Titanium Alloy Parts

Order of prdcedence:

In the event]
of this docu

applicable laws and regulations, unless a specific exemption has been obtained.

General:

of a conflict betweenthe text of this document and the references cited |
ment shall take precedence. Nothing in this document, however, shall su

NTS:

nerein, the text
persede

All heating and quenching equipment and procedures applied shall yield products complying with the
requirements of appropriate acquisition documents. Equipment and procedures shall be designed to
minimize the introduction of hydrogen, oxygen, nitrogen or other contaminants and in any case shall
not allow introduction beyond levels established by the acquisition documents. Deviation from
process requirements specified herein or the application of processes different from those contained
herein, may be used provided that compliant products result, these exceptions have been proven
satisfactory, and that they are made known to the purchaser with accompanying data or other
justification to support the deviation prior to application of the deviant process.
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3.1.1

3.1.1.1

It is permissible, for specific parts, to use equipment, practices and test methods
conformed to AMS-H-81200 or MIL-H-81200 and were previously acceptable to t

Heat treatment of mill products and titanium alloy parts: The requirements specified herein are
applicable to the heat treatment of mill products (raw material) (see 6.4.1). Producer heat
treatment of heat-treat-response-test samples shall conform to AMS 2801 (see 4.8.6.1). Parts
(see 6.4.2) shall be heat treated in accordance with AMS 2801 except as specified in 3.1.1.1.

which
he purchaser.

3.2 Heating sysfems:

3.2.1

3.2.11

3.2.1.2

3.2.1.3

3.2.1.4

3.2.1.5

3.2.1.6

Batch furrjaces:

Generallrequirements: Such furnaces may employ electrical heating elements or fuel combustion

as heat pources. Muffle furnaces and retorts are also allowed. Allowable enviror
surroundling the furnace charge during heating are: inert gas (argén or helium),

ments
acuum, slightly

oxidizing mixtures resulting from the combustion in air of hydroearbons (gas or oil)), and air itself.

When rgmoval of surface contamination is not feasible, ineftygas or vacuum envirg
employgd. The selection of an atmosphere shall be such as to establish conforn

nment shall be
ance with 3.1.

Inert gasges: Inert gases within the furnace shall becirculated as necessary to profect all surfaces

of the wprkpieces comprising the furnace chargé.* The dew point of the inert gas
minus 6p°F (-54°C) or lower. This requirement shall be met during all stages of &
soaking|or cooling cycle. Ducts and zones\which are to contain furnace charges
sealed gs to prevent contamination of any charge to the degree that it is rendered
to specitied material requirements.

Vacuum Vacuum furnaces used-for outgassing hydrogen shall be capable of red
concentfations within the charge to levels complying with 3.1. Vacuum furnaces 3
for prevention of surface ¢contamination shall be capable of yielding product confq

Combusgted hydrocarbons: Furnaces heated by the combustion in air of gas or oi
slightly axidizing gas mixture. There shall be no impingement of flame upon the

Prohibit¢d atmespheres: Endothermic, exothermic, hydrogen, and cracked ammc

bs shall be
heating,

shall be so

nonconforming

icing hydrogen
nd retorts used
rming to 3.1.

shall contain a
urnace charge.

bnia

atmospheres shall not be used during any heat treatment operation.

Furnace purging: Prior to thermal treatment of workpieces, each furnace which has contained an
atmosphere unacceptable for heat treating (see 3.2.1.5) shall be purged with air or inert gas, as

applicable.
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3.2.1.6.1 Purging prior to introducing air or combusted hydrocarbons: The volume of purging air
introduced shall be at least twice the volume of the furnace chamber. During purging, the
minimum temperature within the chamber shall be the intended soaking temperature of the
charge. When air-flow purging is impractical, the furnace temperature shall be set at 200°F
above the intended soaking temperature, and be held at that temperature for a minimum of four
hours. Following purging, the furnace shall be stabilized at the required temperature, charged,
and the charge heated and soaked in accordance with 3.2.1.7, as applicable. Following the
thermal treatment and any subsequent cleaning, pickling, or other process which may
introdyce hydrogen contamination, specimens shall be taken from the charge a

the test specified in 4.7.3. Results shall show compliance with 3.6.5, as applica

3.2.1.6.2 Purging prior to introducing inert gas: Procedures for purging shall comply with
volume of gas introduced shall be at least twice the volume of the furnace chamber. Furnaces

shall be charged while cold, and then purged and filled with inert gas. The charyg

heated and soaked in accordance with 3.2.1.7, as applicable.«Féllowing the the
samples shall be taken from the charge and subjected to the-fest specified in 4
shall show conformance to 3.6.5, as applicable. Additianally, samples shall be

charge and examined in accordance with 4.7.4.2. Results shall show conforma

nd subjected to
ble.

3.2.1.2. The

yje shall then be
rmal treatment,
7.3. Results
taken from the
nce to 3.6.6.

3.2.1.7 Temperature uniformity: Batch furnaces shall be sg controlled that, during heating and soaking
periods,[temperatures at all points within the working zones are less than the ma
ranges gpecified in Tables |, lll, IV, and V, as.applicable to the product. After a ch
reached|a pre-selected soaking temperaturée-throughout its thickness within a specified range,
the temperature at any point in the working zone shall lie within the limits specifie
applicable to the thermal treatment intended. Regardless of temperature tolerang

temper
lower th

ure during any thermal treéatment shall be higher than the applicable ma
an the applicable minimum of the specified range.

Kima of the
arge has

d below, as
tes, Nno soaking
Ximum, nor

Heat treatment Temperature tolerance
°F °C
Annealing 125 14
Betalannealing or beta solution heat treating 125 14
Recrystallization annealing 25 14
Dtiptex-anneating 25 14
Solution heat treating 125 114
Stress relieving 125 114
Aging 15 18

3.2.2 Continuous furnaces:

3.2.2.1 General requirements: Such furnaces may be heated by radiation from electrically-energized
heating elements or by combusted hydrocarbons.



https://saenorm.com/api/?name=ecc3b044e9031be1b9e7420797e97224

AMS-H-81200A

SAE AMS

-H-81200A

3.2.2.2 Temperature control: A temperature profile from furnace entry to exit shall be so developed and
maintained that the charge within the working zone experiences the appropriate thermal cycle to
the degree necessary for eventual product acceptability in terms of specified requirements.

3.2.2

3.2.3

3.24

3.24

3.3

3.3.1

3.3.2

3.3.3

3

A

Continuous vacuum furnaces: Continuous vacuum furnaces shall be so sealed as to minimize

hydrogen, oxygen and nitrogen absorption of the product and in any case shall not allow
absorption beyond levels established by the acquisition documents.

Continuo

productior
determineg]

Pyrometry
testing of
treatment

System
within th

Quenching

Quenchin
constructi
within app

Spray or f
and strip
onto the pj
evenly ov¢
rate such

requireme

s induction heating: Such a heating method shall be applied only to the gnnealing of
thin-walled tubing and extrusions of thin sections. The technique shall be such(ihiat the workpiece
being healed is of uniform temperature around the perimeter of its cross-section.

d and documented.

and furnace temperatures control: The requirements and-procedures fo
furnaces, ovens, vacuum furnaces and allied pyrometric equipment used
shall be in accordance with AMS 2750.

accuracy: Each system shall be set to controlworking temperatures and
e applicable tolerances specified herein.

acilities and media:

j baths: Quenching baths holding water or oil shall be of such dimension
bn that products quenched therein will, upon aging, develop the propertig

ow quenching: Continuous furnaces discharging solution heat treated all
hay be equipped.with a quenchant system which directs a spray or strean
roduct as it-émerges from the furnace. The spray or flow of quenchant s
br the workpiece width, top and bottom surfaces, over a period of time an
that the-resulting product will upon aging develop properties meeting spe
nts

rior to

, values of the process parameters which produce acceptable product shall be

control and
for heat

be corrected to

5, volume, and
s specified

licable product documents:-Mechanical stirring of the bath may be appli¢d when
necessary.

by sheet, plate,
s of quenchant
nall be applied
d at a volume
cified

Location of quenching facility: Quenching and handling facilities shall be Tocated such that contact
between quenchant and workpieces occurs within the time required for compliance with 3.1 and for
the Ti-6Al-4V and Ti-6Al-4V ELI alloys, within the limits specified in Table Il.

3.3.4 Quenching media: Use of molten salt baths for quenching is prohibited.

3.4 Ancillary equipment:

Jigs, fixtures, trays, hangers, racks, ventilators, etc. shall be so designed and constructed that each

workpiece ¢

an be processed in accordance with this specification.
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3.5

3.5.1

3.5.2

3.5.3

3.54

3.5.5

3.5.6

Thermal treatment parameter values:

The parameters (ie. temperatures, times, etc.) for the various thermal treatment processes shall be
as specified herein, except where deviation has been accepted by the purchaser in accordance with

3.1 (see 6.2

).

Solution heat treating: Solution heat treating of parts, mill product, castings, and forgings shall be
as specified in Table I, as applicable.

Quenchin
shall be q
when app
4V ELI all
required p

Aging: So
applicableg
aging furn

Stress-reli
Table 1V, g
inert gas,

Annealing
For duple

Beta anne
workpiece

a temperature which is 50 ¥ 25°F (30 + 15°C) above the determined beta transus ¢

47.4.1).
workpiece
be cooled
quenching
quenching

J: All heat treatable titanium alloys, except alloys which can be cooled'in
lenched by complete immersion in water or oil, as applicable, or by wate
icable to quenching sheet, strip or plate. Maximum delay times:for Ti-6Al
pys shall conform to Table I, and for other alloys shall be as Aecessary tq
roperties.

ution heat treated alloy workpieces shall be aged in-accordance with Tak
. Workpieces shall be cooled from the aging temperature in air, an inert
ace.

eving treatment: Time-temperature cyclesfor stress relieving shall be as
s applicable. Workpieces may be cooled from the stress relieving tempe
pr in the stress-relieving furnace.

. Time-temperature cycles for annealing shall be as specified in Table V,
annealing of Ti-6Al-4V and.[i-6Al-4V ELI alloys, see Table V, note 6/.

aling: When such annealing or beta solution heat treatment is specified (s
s of Ti-6Al-4V, Ti-6AlIk4V ELI, Ti-6Al-6V-2Sn, or other alpha-beta alloy sha

[he soaking time_shall be such that all portions of the furnace charge ang
in air or inért gas to ambient temperature. Furnace cooling is not permit

shall noet be performed, unless specified in the contract or on the drawin
is spécified, the products of Ti-6Al-4V, Ti-6Al-4V ELI, and Ti-6Al-6V-2Sn

second ar

air or inert gas,

r spray or flow
-4V and Ti-6Al-
develop

le lll, as
jas, or in the

specified in
rature in air, an

as applicable.

ee 6.2), a lot of
|l be soaked at
f the lot (see
of each

including midsection are soaked for at least 30 minutes. Following soaking, the lot shall

ed. Water
g. When water
shall be given a

neal between 1350°F (732°C) and 1400°F (760°C) for 1 to 3 hours.

3.6 Process requirements other than those specified in 3.5:

3.6.1

General requirements: All heating, quenching and other processing equipment used for thermal
treating shall be capable of producing end product conforming to 3.1. All units of a lot shall be
heated uniformly and on the whole piece, never on a portion only. For coiled product heated within
a continuous furnace or straight product heated within an induction coil, the product shall be

heated un

iformly in its cross-section.
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3.6.2

3.6.3

3.6.4

3.6.5

3.6.5.1

3.6.6

Surface cleanliness: Prior to thermal treatment, surfaces of workpieces shall be free from heavy
lubricants, halogen compounds, and other foreign matter, which will cause product to become
noncompliant. Product coated with light oils need not be cleaned prior to thermal treatment,
provided that the oil either vaporizes or burns off during preheating. Halogenated solvents (see
sample list 6.3.5) and methanol shall not be used to degrease workpieces, unless the workpieces
are subsequently cleaned using an alkaline solution or an acid pickle. Such cleaning shall be
performed prior to thermal treatment.

Holding fi
resistant n
other suitd
flow of he
workpiece

Protective

permissible, on condition that resultant product meets the requirements of 3.1. Sug

shall be d

Hydrogen
inspection

concentrations in excess of those specified in the<acquisition documents when test

accordand
atmosphe

concentrat

concentra

Rework
lot may

conform
which r¢

heat treTting and aging shall be performed only with the consent of the purchaser

re-heat

Surface ¢
or mechar

tures: All racks, support or fixtures contacting workpieces shall be made
netal such as 300 series stainless steel or nickel base alloys. The use\of
ble non-reacting material is also permitted. Fixtures shall be designed {c
hting and quenching media around each workpiece and to minimize disto
s being treated.

coatings: The use of coatings to protect against scaling and to ease sca
bmonstrable by test data.

contamination: Hydrogen concentrations in.workpieces which are submi
, after all thermal treatments and manufacturer’s processing, shall show

e with 4.7.3. Control of hydrogen abserption shall stem from control of f
res, cleanliness of workpiece surfaces, and acid pickling. Where maximy
ion is not specified in acquisition documents, the maximum allowable hy
ion shall be as agreed upon between the contracting activity and the cor

pe reduced to an acceptable concentration by heating the lot in a vacuu
ng to 3.2.1.3. Suchaction shall be reported to the purchaser. Heating u
sults in overaging of a lot shall be cause for rejection of that lot. Salvage

reatments\shall be prepared and maintained in accordance with 4.8.4.

iCal'means. The surfaces of machined, ground, blasted or acid-pickled W

of heat
ceramic or
b permit free
rtion of

e removal is
th a condition

ted for

no

ed for in
Irnace

im hydrogen
drogen
tractor.

of product contaminated-by hydrogen: An excessive hydrogen concentrj:[ion found in a

furnace
nder vacuum
by re-solution
Records of all

bntamination: Surface contamination after heat treatment shall be removed by chemical

orkpieces shall

not exhibi

the effects of absorbed oxygen or nitrogen to the degree that the surface contamination

of the product exceeds the levels specified in the acquisition documents when tested in
accordance with 4.7.4.2.

3.7 Product monitoring:

Periodic monitoring of heat treated workpieces to determine compliance to 3.1 shall include the
evaluation of tensile and bend properties.
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3.7.1

3.7.2

4. QUALITY AS

4.1

411

4.2 Quality conformance-tests:

4.2.1

Tensile properties: Specimens taken from thermally treated workpieces in accordance with 4.6.3
and tested in accordance with 4.7.1 shall exhibit tensile strengths, yield strengths, elongations, and
reductions in area in compliance with applicable requirements of acquisition documents. Tension
testing shall be performed in accordance with Table VII of this specification unless otherwise

specified i

n the acquisition documents.

Bend properties: Flat-rolled product of 0.187 inch (4.75 mm) nominal thickness or less when
sampled in accordance with 4.6.3.1 shall exhibit no cracks or separation in any direction when

examined

Responsibil

Unless othe]
performance

at 20X magnification after having been tested in accordance with 4.7.2,
SURANCE PROVISIONS:
ty for inspection:

rwise specified in the contract or purchase order, the contractor is respor
p of all inspection requirements as specified herein. [Exeept as otherwise

contract or
performanc
The purcha

of the inspection requirements specified herein{ unless disapproved by
er reserves the right to perform any of the inspections set forth in the spe

sible for the
specified in the

urchase order, the contractor may use his own or-any other facilities suitable for the

the purchaser.
cification where

such inspedtions are deemed necessary to assure that supplies and services conform to the

prescribed

Responsi

Governm
part of m
requirem
indicated

Periodic
periodic t

quirements.

ility for compliance: All items shall:meet all requirements of Sections 3.

nt for acceptance comply’with all requirements of the contract. Sampling
nufacturing operations, is an acceptable practice to ascertain conforman

r actual, nor does it commit the Government to accept defective materi

sts: Tests to determine conformance to the following requirements are G
stsyand, unless otherwise specified by the contracting activity (see 6.2),

The inspection
bn system or
hall not relieve
d to the

) inspection, as
Ce to

nts, however, this'’does not authorize submission of known defective majerial, either
I

lassified as
shall be

performed at the frequency specified herein, as applicable to furnace type.

Daily check of the dew point of the inert gases.

a.
b. Month

ly test of furnace pyrometer systems accuracy (see 4.5.1)

c. Weekly checks for hydrogen pickup or contamination, except for processes wherein every
thermally treated lot is analyzed, or for treatments in a vacuum furnace or in inert gas.

d. Atleast one surface contamination examination weekly (see 4.7.4.2) of product thermally
treated in a vacuum furnace or in inert gas, in order to detect possible leakage.

e. Quarterly calibration of furnace instruments as in 4.5.

—h

g. Temperature surveys of furnace (see 4.3. for frequency).

Quarterly system accuracy tests and instrument calibration of stress relieving as in 4.5.
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4.2.2 Preproduction tests: Tests to determine conformance to the following requirements are classified
as preproduction tests and shall be performed prior to any production heat treating:

4.3 Equipment

4.3.1

43.2

4.4 Survey reqy

441

442

443

4431

4.4.4

4441

4442

Pyrom

Dew p

Furnace temperature uniformity or distribution (see 4.4.)

eter system accuracy as in 4.5.

Furnace instrument calibration as in 4.5.

oint of the inert gas when such gas is used.

Hydrogen contamination.

~0o0To

Leak 1

Pyrometri

Test procsq
2750.

General: F
Furnace t
surveyed
applicatio
Survey re

Number|
be place

the furnace charges.at'\exposed surfaces and within the charges. The number an

these th

Survey re

ate.

Calibration and Tests:

dures for equipment: Heat treating equipment shall be ¢ested in accorda

irements:

At the highest and lowest service temperatures anticipated as governed |

uirements, batch furnaces:

and location of themmocouples during initial surveys: In the furnace, thern
d in accordance.with AMS 2750, as applicable. Thermocouples may alsq

ermocoupltes shall be subject to purchaser approval (see 6.2).

uirements, continuous furnaces, all gaseous atmospheres:

Procedures for surveying furnaces shall bein*accordance with AMS 275(.

c calibration: Pyrometric equipment shall be calibrated in accerdance with AMS 2750.

hce with AMS

bmperatures when making initial surveys: Furnaces used for thermal treatment shall be

y the furnace

h and also at one or more intermediate temperatures so that span betwegn tested
temperatures does not exceed 600°F.

nocouples shall
be attached to
d distribution of

Furnace Temperatures when making initial surveys: he maximum and minimum temperatures

within the working zones shall not exceed those specified in 4.4.2, as applicable to the intended
thermal treatment. Furnaces used for more than one kind of thermal treatment shall be surveyed
at the highest and lowest anticipated service temperatures.

Number and locations of the thermocouples during initial surveys: Thermocouples shall be
placed in the furnace in the number and locations which will enable the determination of entry-to-
exit temperatures profiles at each working temperature. A minimum of two thermocouples shall
be attached to each furnace charge and accompany the charge through the furnace.

445 Survey requirements, continuous furnaces, vacuum:

-10 -
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4451

445.2

4.4.6 Survey requirements, induction heating systems:

4461

4.4.6.2

4.4.6.3

4.5 Calibration:

Number and locations of thermocouples during initial surveys: Thermocouples within the furnace
shall be placed in accordance with 4.4.4.2.

Survey procedure: Except as otherwise specified herein, the survey procedure shall conform to
4.4.2. When the furnace charge cannot be wired with thermocouples without destroying the
vacuum, the survey shall entail inspections of product after thermal treatment. Such inspections
shall include, but not be limited to: tension tests (see 4.7.1), bend tests (see 4.7.2),
determination of hydrogen concentration (see 4.7.3), and metallographic examinations (see
4.7.4). $uch inspections shall be performed on the first lot of each product passed through a new
or refurllished furnace (see 4.6.2 for lot definition).

Thermal treatments and workpiece temperatures: Only solution heat treating, streﬁss relieving,
and anngaling treatments shall be carried out by induction heating: The temperatures in 4.4.2
shall be|considered as nonmandatory. Other temperatures appropriate to produgts to be heat
treated may be selected, provided that the requirements af'3:1 are met.

Temperature measurement: To determine uniformity of\temperature around the cfoss-sectional
perimeter of a workpiece, a minimum of four thermocouples shall be attached argund such
perimeter approximately 90 degrees apart.

Survey procedure: Workpiece with thermocouples attached shall be passed through the
inductiop coil at a rate and power density, which will result in sufficient heating to accomplish the
desired fesult. Temperature readings_néed not be taken while the thermocouple hot junctions
are with{n the induction coil. Severalworkpiece passages at various rates and power densities
may be heeded before proper conditions can be determined.

Calibration ¢f equipmentias specified in 4.3 shall be carried out in accordance with MIL-STD-45662.

4.5.1

4511

45.1.2

Accuracy pf furnace pyrometric systems:

General|requirements: The accuracy of such systems shall be checked by proceglures in
accordance with AMS 2750, except as otherwise specified herein. [he test thermocouple, test
potentiometer, and cold junction compensation system shall within the previous 3 months have
been calibrated against National Institute of Standards and Technology (NIST) primary or
secondary certified thermocouples and potentiometers to an accuracy of + 2°F (x1°C) of NIST
true temperature.

Special requirements: When the furnace construction is such that test thermocouples can not be
placed adjacent to working thermocouples, a plan for the calibration of pyrometric systems shall
be adopted by the party responsible under contract for heat treatments administered. This plan
shall be subject to disapproval by the contracting activity (see 6.2).
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r product monitoring:

Such sampling shall be for inspection for conformance to 3.1. The sampling requirements of the
subparagraphs herein shall not apply to a product covered by a sampling plan within a product
specification. Subject to the contracting activity’s approval (see 6.2), product specification test
results may be used to satisfy any one of the inspections specified in section 4.7 to demonstrate

4.6 Sampling fo
conformance to 3.1.
46.1 Unitofins

coil of stri

46.2 Lot: Alot
treated to
being app
interval ng

4.6.3 Specimen

4.6.3.1, 4.

dimensior]

such remd
dimensior]
4.6.3.1 Wrough

4.7.1 sh

from ea

excised

forged p

specimé

471.

4.6.3.2 Forgingy

each fur
comparg
be suita

pection: The unit of inspection shall be one piece of rod, bar, sheet, plate
D, or one forged or cast semi-finished part.

shall consist of a group of product units of the same heat, mechanically a
substantially the same properties using the same pieces of equipment, s
ied to the units as a batch, or to the group unit-by-unit overcessentially a g
t to exceed 8 hours, and inspected at the same time.

selection: Specimens for each inspection (see 4.7)yshall be selected in

s and of the same heat as a product unit.with which the sample is heat t

product except forged parts: Two\specimens for tension testing in accor
bll be excised from each lot of such product after the final thermal treatmg
th lot of product within the thickness range specified in 3.7.2, two specim
for the bend test specified:.in’4.7.2. Bars, billets, and blooms to be manu
arts shall, when specified-on the drawing, have test blanks removed, forg
ns simulating the forged parts to be made, heat treated, and tested in ac

5: Unless otberwise specified in product specifications or other acquisitio

location

, or shape, one

nd thermally
uch treatment
ontinuous time

cordance with

£.3.2,4.6.3.3,4.6.3.4,4.6.3.5,4.6.3.6, and 4.6.37, as applicable. Specimens of suitable
s shall be removed from product where configuration and dimensions permit. Where
val is impossible, specimens shall be taken from a sample piece of apprppriate

eated.

dance with

nt. In addition,
ens shall be
factured into
ed into
cordance with

documents,

hace charge of raw or rough-machined forgings shall be accompanied by fwo blanks with
ble meehanical working from the same heat as the lot being heated. Thegse blanks shall
ple for.machining into test specimens conforming to 4.7.1, as applicable, [and be from
5 complying with product specifications or other acquisition documents, as applicable.

4.6.3.3

Standard components: When heat treating standard components, such as nuts and bolts, for

which the frequency of testing is specified, the applicable requirements of the component product
specification shall take precedence.

46.3.4

Cast parts: Unless otherwise specified, each furnace load of cast parts undergoing heat

treatment shall be accompanied by three tension specimens as specified in 4.7.1, poured within
the same casting lot as the parts represented unless specimens from actual castings are used.

4.6.3.5

Induction heated product: Unless otherwise specified in acquisition documents, two blanks to be

made into specimens conforming to 4.7.1, as applicable, shall be removed from the first and the
last workpiece of the lot treated.
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4.6.3.6 Sampling for analysis of hydrogen concentration: Product heated in air at temperatures equal to
or less than 1000°F (540°C), or under vacuum or inert gas need not be sampled and analyzed
after such treatments. From product heated above 1000°F, two specimens shall be taken from
each thermally treated lot and tested in accordance with 4.7.3 for conformance to 3.6.5. When

46.3

4.7

4.71

4.7.2

473

Ve

the prod

uct is strip, one specimen shall be taken from each end of a coil. The other product shall

be sampled randomly.

Sample

for metallographic examinations for surface contaminations: Product heated at

temperjtures equal to or less than 1000°F (540°C), need not be sampled and ex

otherwi

treated |
When th
product
one san

Test methog

Unless othe
specified heg

Tension tg
tested in g
shall be 0
exceeded
additional
applied un
shall be a

Bend test
by applyin
direction g
widths sha
(50.8 mm
die confor

amined, unless
ch thermally
ce with 3.6.6.
he other
3.2.1.6), only

e specified. From product heated above 1000°F, two specimens from'éd
pt shall be subjected to the examination specified in 4.7.4.2 for complian
e product is strip, one specimen shall be taken from each end of,a coil.
shall be sampled randomly. For examinations for adequate purging (see
ple need be taken from the furnace charge.

S:
est methods

r test methods are specified in other product acquisition documents, the
rein shall apply.

st: Specimens selected in accordance with 4.6, as applicable, shall be p
ccordance with ASTM E 8 for conformance to 3.7.1. The rate of strain during testing
003 to 0.007 in./in./minute until the\yield strength at the designated offsef has been
after which the rate of strain shall be increased so as to result in fracture within one
minute. In case of dispute ever strain rates, a strain rate of 0.005 in/in./minute shall be
til the designated offset yield’ point has been exceeded, after which the crpsshead speed
minimum of 0.1 in./minute until fracture.

epared and

Specimens selected in accordance with 4.6.3.1 shall be tested for conformance to 3.7.2
g test procedures' within ASTM E 290 as modified herein. Specimen edges in the width
hall be free.of\burrs. Deburring by any conventional technique is allowed. Specimen

Il not beess than one inch (25.4 mm), nor shall specimen lengths be less than 2 inches
. During:testing, each specimen shall be supported as a simple beam ac¢ross a female

ming to’Figure 1; such die selected in accordance with the specified bend to be imparted.

Each speq

imen shall be bent by a 3-point load resulting from the pressure of a malge die centered

over the female die, the male die being manufactured in accordance with Figure T, and selected for

the test in
power bra

Hydrogen
extraction

accordance with the specified bend to be imparted. Bend tests may be performed on a
ke.

analysis: Specimens selected in accordance with 4.6.3.6 shall be analyzed by the hot
method specified in ASTM E 146 to determine compliance with 3.6.5. Other methods

may be used subject to the approval of the contracting activity.
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4.7.4 Metallographic examinations:

4.7.41

4742

4.8 Records:

4.8.1

48.2

4.8.3

48.4

4.8.5

Determination of beta transus: When beta annealing of an alpha-beta alloy is specified (see
3.5.6), representative samples from the lot to be so annealed shall be taken for solution heat
treating and quenching. Each test specimen shall be of such dimensions that its center will cool
faster than the critical rate during the quench. A range of solution heat treating temperatures
spanning the nominal beta transus shall be applied using a different temperature for each
specimen. Following quenching, specimens for metallographic examination shall be prepared in

accordahce with ASTM E 3, as applicable, etched in a suitable solution, and examined at

magnifidations to 500X to determine the amount of primary alpha phase present.

The

temperature at which this phase is no longer present shall be deemed the beta transus of the lot.

Such te
may be

Metallog
selected
etched i
conform

Retention
inspection
contractin

Records g
examinati

Test resul
date of pe

Furnace r
be mainta
include as

perature may be determined by interpolation. In lieu of metallography,
determined by means of a differential thermal analyzer.

raphic examination for surface contamination by oxygen and nitrogen: S
in compliance with 4.6.3.7 shall be prepared according to ASTM E 3, as|
N a suitable solution, and examined at 200X or higher magnification to dg
ance to 3.6.6.

of inspection records: Unless otherwise specified in the acquisition docu
records shall be on file for five yeats and shall be available for examinat
h activity.

f calibration: Records of calibration shall be kept for five years and shall
bn by the contracting activity.

s: Results of all t€sts required by this specification shall be retained for fi
rformance, and'shall be available for examination by the contracting acti

bcords: Records relative to the identification and history of usage of each
ned as-evidence of compliance with this specification. Information recor
a minimum the furnace number or description, size, temperature range o

of thermal

treatment applied (solution heat treatment, annealing, etc.), temperature

h beta transus

becimens

applicable,
termine

ments,
on by the

be available for

ve years after
ity.

furnace shall
Hed shall

f usage, type(s)
(s) at which

uniformity was surveyed, dates of each survey, number and locations of thermocouples during
each survey, and dates and other specifics of substantial repairs or alterations. These records
shall be kept for 5 years after the date of performance or as otherwise specified in the acquisition
documents.

Records of hydrogen outgassing treatments: During a hydrogen outgassing treatment, the working
temperature, the soaking time, and absolute pressure within the furnace shall be recorded.
Records shall be retained and be available for review in accordance with 4.8.1.
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4.8.6

4.8.6.1

5. PACKAGING
This section i$ not applicable to this document.

6. NOTES:

Noncompliance: If any test result fails to meet the requirements specified herein, the cause of
failure shall be determined and the equipment repaired if applicable. If tests indicate improper heat
treatment, the equipment and process shall not be used for heat treatment of titanium alloys until
the deviation(s) is corrected and satisfactory performance is re-established. Questionable material
shall be investigated, categorized as conforming or non-conforming and disposed of accordingly.
Evaluation of the equipment and/or material shall be documented and the appropriate corrective
action shall be taken and documented. The quality assurance organization shall notify the
contracting activity of nonconformance when previously heat treated lots are suspect.

Responsge-to-Heat-Treatment Tests: During the 18 month period following publicgtion of AMS-H-
81200A] if samples heat treated in accordance with AMS 2801 do not meet tensile properties
requirements, material may be accepted based on successful tests of additional $amples heat
treated in accordance with AMS-H-81200. The actual heat treatmenttimes and femperatures
and the properties obtained for both treatments shall be included in‘the report.

(This section gontains information of a general or explanatory nature that may be helpful but is not

mandatory.)

6.1 Intended usg:

This specifi¢ation is intended for development and control of heat treating procedures applied to

titanium and titanium alloy wrought and cast product.
6.2 Acquisition fequirements:

Acquisition documents ‘must specify the following:

o

S@ "0 oo

Title, number,;dand date of this specification.
Issue of|[BODISS to be cited in the solicitation, and if required, the specific issue pf individual
documents referenced (see 2.7).

Use of thermal treatment parameter values other than those specified herein (see 3.5).

Use of beta annealing (see 3.5.6).

Frequency of periodic tests if other than 4.2.1.

Approval of number and distribution of thermocouples as in 4.4.3.1.

Furnace construction approval as in 4.5.1.2.

Whether product specification test results may be used, as in 4.6.
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6.3 General information:

6.3.1

6.3.1.1

6.3.1.2

6.3.2

6.3.3

6.3.4

Avoidance of contamination during thermal treatments: The following paragraphs list those means
which may be adopted to avoid contamination of the heat treated product with hydrogen, oxygen,

and nitrogen. Information on the reactions between these elements and titanium and its alloys may
be found in MIL-HDBK-697, “Titanium and Titanium Alloys”.

Hydrogen contamination: Such contamination of bare workpieces may be avoided by heating

within either a vacuum, or an inert gas of low dew point. Avoidance may also belachieved by

coating yworkpieces with an impermeable material. Bare workpieces should nétibe in contact with
dissociated hydrocarbons or cracked ammonia. Contaminated workpieces)may be salvaged by
heating under vacuum.

Oxygen
gasesd
removeq
pickling,
can be @
removal
brief cor

within afn inert atmosphere or vacuum.

Heat treat
alloys are
toughnesg
erratic res
corrective
above 10(
diffusion d
treating te|
optimum 1

temperatures should\be guided by beta transus temperatures, nominal values of w

Table VI.

Quenchin

and nitrogen contamination: Since contamination resultingdfrom contact

tact with a contaminating atmosphere, the,application of a protective co

ng temperatures: The hardening hedt treatments selected for the alpha-
designed to provide the best combination of strength, ductility, notch and
. Whenever specified practice appears questionable, or if preproduction
ults, the heat treater is advised to consult the applicable product specifica
action. Scaling of titanium and titanium alloys starts at about 1000°F (54
0°F under oxidizing ‘conditions results in increasingly severe surface sca
f oxygen. Oxygen diffusion results in a hard, brittle surface layer. If the s
mperature is below the minimum specified, complete solution is not effeq
hechanical proeperties are not developed. The selection of solution heat {

jCFor the alpha-beta alloys, a rapid quenching after solution heat treating

ith these

Lring thermal treatment is confined to a thin surface layer,“the contaminate may be

| by mechanical or chemical means, as applicable. If the chemical means is acid

then care should be exerted to avoid hydrogen contamination. Where slirface removal
pplied, considerable latitude in selecting atmaospheric environments is afforded. Where
of contaminated layers is not feasible, contamination may be minimized py either very

ting, or heating

beta and beta
fracture

tests produce
ion to establish
0°C). Heating
ling as well as
solution heat
ted and the
reating

hich are within

is necessary in

order to meetthe minimum mechanical properties.

Annealing stability: Thermal stability of the alpha-beta titanium alloys depends upon the
transformation characteristics of beta phase. The slow cooling stabilizing anneal is designed to
produce a stable beta capable of resisting further transformation when exposed to elevated
temperature in service. In regard to other alloys, such as Ti-6Al-2Sn-4Zr-2Mo, stabilization
treatment applied subsequent to the solution heat treatment achieves the required stability.
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6.3.5

6.3.6

6.3.7

6.3.8

6.3.9

Stress corrosion: Titanium alloys are susceptible to stress corrosion by halides at temperatures
above 550°F (290°C). For this reason, particular care must be taken to insure proper cleanliness,
that is, absence of halogen compounds on parts heat treated or used above 550°F. Halogenated
solvents should be avoided for cleaning titanium alloys. A sample list of halogenated
hydrocarbons is shown below.

Halogenated hydrocarbons

(¢

Rate of he
no crackin
at any deg
the proceg
section or
MPa), shg
above any
the furnac
cracking g

Soaking ti
air, in a g4

vary with the composition of material,"¢apacity of heating elements, and size of chz

the thickn
scaling, a
alpha-betj

Trichlorotrifluoroethane
Trichloroethylene

Trichlorofluoromethane
Octafluorocyclobutane

Carbon tetrachloride Methyl chloride
Methyl iodide

Trichloroethane

ating: When material, size, or design of parts, or the operating conditions
g or excessive warpage results, the parts may be charged’into the heat t
ired temperature which does not exceed the maximumiworking temperatd
s and the material involved. Parts of complicated-design having abrupt

sharp corners, and parts which have been previgusly hardened above 1

uld be subcritically annealed, or preheated priorto charging into furnaces|
transformation temperature. This does not'apply to aging of beta alloys
e temperature can be lowered several hndred degrees prior to charging
nd minimize distortion.

mes: The soaking times listed within the tables are approximately correct
seous atmosphere, or in a vacuum. The soaking times appropriate to a (]

bss of the individual parti_Excessive soaking times should be avoided, sg

 alloys.

Shape infl
tests of ro
parts, it is
squares,

approxim
various si

ence: Mostwef‘the published literature and the data in this specification 3
nd specimens of various diameters. In order to apply these data succes
onvenient to visualize the parts as simple geometric shapes such as rou
latesor tubes. These shapes can then be considered as the size round

5 are such that
reating furnace
re specified for
changes of

PO ksi (827
which are at or
Alternatively,
to avoid

for heating in

articular lot will
rge, as well as
as to minimize

oid surface contamination, and avoid beta grain growth when solution he¢at treating

ire based on
ssfully to actual
nds, hexagons,
which will have
between the

tely'the same cooling rates as that of the simple shape. The relationshiy

Metrication: Dimensions in inch/pound units and Fahrenheit temperatures are primary; dimensions
in Sl units and Celsius temperatures are shown as the approximate equivalents of the primary units
and are presented only for information purposes.

-17 -



https://saenorm.com/api/?name=ecc3b044e9031be1b9e7420797e97224

AMS-H-81200A SAE AMS

-H-81200A

6.4

6.4.1

6.4.2

6.5

6.6

Definitions:

Raw material (e.g., sheet, plate, bar, forgings, castings and extruded shapes): Usually identified
by a heat or lot number, is usually destructively tested for acceptance. Itis heat treated, usually by
or for a material producer, in accordance with a material specification which may require, by
reference, conformance to a heat treating specification. It may include rough or partially machined
or similarly modified parts heat treated by a material producer in accordance with the procedures
and destructive testing requirements of a material specification.

Parts: Usyally identified by a part number, are produced from raw material in ac¢cordance with the
requiremgnts of a drawing and are usually tested by nondestructive means only.

treated by or for a fabricator, in accordance with a drawing, purchase order, fabric
heat treatment specification. At the time of heat treatment, they may resemble raw material.

Subiject tern

Aging

Alloy
Anneal
Beta transu
Furnace
Heat treatm
Hydrocarbo
Quench
Stress-corrg
Stress relief]
Titanium

Marginal ing

n (key word) listing:

ent

sion

icia:

A change bar (| ) located.in the left margin is for the convenience of the user in locati

technical re

isions, nof.editorial changes, have been made to the previous issue of a

An (R) symbol to the\left of the document title indicates a complete revision of the sp

including te
specification

Chnical revision. Change bars and (R) are not used in original publicatior]
s-that contain editorial revisions only.

ey are heat
ion order, or

hg areas where
specification.
ecification,

S, horin

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE “G
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Solution heat treating schedule for raw materials and semi-finished parts 1/

TABLE I.

Solution heat treating temperature Times at temperatur¢ or
Material Soaking times, minutes Cooling
Sheet, /Strip and Bars, Forgings and |Sheet, Strip|Bars, Fofgings method
Rlate Castings and Plate | and Castings 8/ 10/
°F °C °F °C 10/ 10/ 2/
Alpha Alloys -
8A1-1Mo-1V 6/ —-— - 1650~1850 | 900-1010 _—— 20-9 3/
Alpha—Beta Alloys
6A1-4V 1650-1775 | 900-970 1650-1775 | 900-970 2-90 20-120 Water quench
6A1-6V-2Sn 5/ 1550-1700 | 870-925 155041700 | 870-925 2-60 20-9 Water quench
6A1-2Sn-4Zr-2Mo 1500-1675 | 815-915 | 1650-1800 | 900-980 2-90 20-120 Air cooled
6A1-2Sn-4Zr-6Mo 1500-1675 | 815-915 | 1500-1675 | B815-915 2-90 20-120 5/
11Sn~52r-2A1-1Mg 6/ — — 1625-1675y,885-915 _— 20-120 Air cooled
(6A1-25n-27r-2Mo-4Cr-0.2587} 1600-1700 | 870-925 | 1600-1700 { 870-925 2-60 20-120 Water quench
5A1-25n-2Zr-4Mo+4Cr 6/ -— -— 1450-1500 | 7904815 ———— 20-120 Water quench
Beta Alloys
13V-11Cr-3A1 4 1400-1500 | 760-815 | 1400-1500 | 760-815 2-60 20-6 9/
3A1-8V-6Cr-4Mo-4Zr 1450-1700 | 790-925 | 1450-1700 | 790-925 2-60 20-9 9/
15V-3A1-3Cr-3Sn| 7/ 1400-1500 | 760-815 ——— —— 230 20-9 3/
10V-2Fe-3A1 6/ —— —_— 1300-1425 | 705-775 — 60-120 Water quench
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Notes:

1/

Soaking time shall be considered to begin as soon as the Towest reading
control thermocouple is at the lower 1imit of the specified solution

treating temperature range. <(see 6.3.7).

Longer soaking times may be necessary for specific forgings. Shorter

soaking times ar i ined by
thermocouples attached to the load. Soaking time should be measured from
the time the furnace charge reaches the soaking temperature (see B.2.1.7)

Air cool or faster.

For material less than 0.100 inch ¢(2.54 mm). For thicKmess great
0.100 inch, duplex solution treatment is applicable as follows, 1
1375°F (705 to 745°C) for 50 to 80 minutes, air-cooled, then 1400
1450°F (760 to 790°C), 20 to 60 minutes.

Aflr cooling may be applied in relatively thin Sections. HWater qu
refquired for thick sections.

Ng solution heat treating cycle is speEified for sheet, strip and

Ng solution heat treating cycle isispecified for bars, forgings a
castings.

When vacuum furnace equipment-is used, inert gas cooling may be a
in lieu of air cooling.

An air cool may be applied to sections up to 0.50 inch thick (12.
A water quench shaM.be applied fo sections greater than 0.50 inc

See paragraph 6.3)8.

by than
BOO°F to
°F to

ench is

plate.
nd

pptied

7 mm).
h thick.
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TABLE II. Maximum quench delay.

Nominal thickness, inches (mm) Maximum delay time (seconds) 1/ 2/
Up to 0.25 (6.4) 6
0.26 (6.5) to 0.99 (25.3) 8
1.00 (25.4) and over 10
Notes:

1/ Quench delay time begins when the furnace door starts to @pen, and ends
when the last corner of the load is immersed in the quenchant.

2/ Times|shown apply to Ti-6A1-4V and Ti-6A1-4V ELI. AVloys more
beta-gtabilized are more tolerant of quench delay!
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TABLE Ill. Aging schedule

Material Aging temperature Soaking
°F °C times, hours 1/

Alpha Alloys
8A1-1Mo-1V 1000-1150 540-620 8 - 24 2/
11Sn-5Zr-2A1-1Mo 900-1000 480-540 20 - 30 2/ 3/
Alpha-Bgta Alloys
6A1-4V 900-1275 480-690 2 =18 2l 3/
6A1-6V-2Sn 875-1150 470-620 2710
6A1-2Sn+4Zr-2Mo 1050-1150 565-620 S- 2/
6A1-2Sn+4Zr-6Mo 1050-1250 480-675 4 - 8
6A1-2Sn42Zr-2Mo-2Cr-0.25571 | 900-1250 480-675 2 -10
5A1-2Sn-2Zr-4Mo-4Cr 1100-1250 480-675 4 - 8 3
Beta Alljoys ‘
13V-11Cr-3A1 4/ 825-975 440-525 2 - 60 3
3A1-8V-6Cr-4Mo-4Zr 875-1150 470-620 2 - 24 3
15V-3A1-[3Cr-3Sn 900-1250 480-675 2 -24 3
10V-2Fe-[3A1 900-1150 480-620 8 -10 3

Notes:

1/ See nofe 1/, Table Isufor definition of soaking time and paragraph 6.3.7.

2/ See Tpble V for duplex annealing. An 8-hour stabilizing treatmént at

1050-1100°F (565-595°C) can be considered an aging treatment.
3/ Aging|time<and temperature depends on strength level desired.
4/ Springs-may be aged at 800°F (425°C).
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TABLE IV. Stress relief schedule

Stress relief temperature Soaking time,
Material °F °C minutes 1/
Commercially pure 900-1100 480-595 15 - 240
(A11 grades)
Alpha AHteys
5A1-2.5Bn 1000-1200 540-650 15" -| 360
5A1-2.58n ELI 1000-1200 540-650 15 -| 360
6A1-2Cb|-1Ta-0.8Mo , 1000-1200 - 540-650 15 -] 60
8A1-1Mo}-1V 1100-1400 595-760 10 <[ 75
11Sn-5Zf~2A1-1Mo 900-1000 480-540 120 -| 480
Alpha-Bpta Alloys
3A1-2.5) 700-1100 370-595 15 - 240
6A1-4V [ 2/ 900-1200 480-650 60 -| 240
6A1-4V ELI 2/ 900-1200 480-650 : 60 -| 240
6A1-6V-RSn . - 900-1200 480-650 60 -| 240
6A1-2Sni-4Zr-2Mo 900-1200 480-650 60 -| 240
5A1-2Sn{-2Zr-4Mo-4Cr 900-1.200 480-650 60 -| 240
6A1-2Sn{-2Zr-2Mo-2Cr-0.25S1 900-1200 480-650 60 -| 240
Beta Alfloys
13V-11Cp-3A1 1300-1350 480-730 30 | 60
3A1-8V-pCr-4Mo-4Zr 1300-1400 705-760 10 - 60
15V-3A1+3Cr-3Sn 1450-1500 790-815 30 -[ 60
10V-2Fet3A1 1250-1300 675-705 30 -| 60
Notes:
l/. See paragraph 6377

2/ Stress relief may be accomplished simultaneously with hot forming at
temperatures of -1400°F (760°C) to 1450°F (790°C). Caution should be
exercised in stress relieving titanium alloys that have been strengthened
by solution treating and aging. The stress relieving temperature should
not exceed the aging temperature used in heat treatment.

-23.-
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