@ A = s Engineering AEROSPACE |AMS 2759/3

Advancing Mobility,, MATERIAL
400 COMMONWEALTH DRIVE WARRENDALE PA 15095 SPECIF'CAT'ON Issued 10-1-84

Revised

HEAT TREATMENT OF PRECIPITATION HARDENING
CORROSION RESISTANT AND MARAGING STEEL PARTS

1. SCOPE:
steel heat treatment covered in AMS 2759, establishes the requiveme
heat treatment of precipitation-hardening corrosion-resistant and maraging
gteel rts. Parts are defined in AMS 2759,

1.1 Application: This specification is applicable to parts. made from the
following steels:

15-5 PH PH 13-8 Mo A-286 Custom 450 Maraging 250
17-4 PH PH 14-8 Mo AM~-350 Custom 455 Maraging 300
17-7 PH PH 15-7 Mo AM-355

The abpve designations are trademark or commercial designations [and are for
alloy recognition only.

2. APPLICABLE DOCUMENTS: The following<publications form a part of this
specififation to the extent specified herein. The latest issue gf Aerospace
Materiall Specifications and Aerospace Recommended Practices shall apply. The
applicaple issue of other documents shall be as specified in AMS (2350.

2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale,
PA 15006.

2.1.1 Aerogpace Material Specifications:

AMS [2350 - Standards and Test Methods
AMS |2759,=-Heat Treatment of Steel Parts, General Requirementsg

2.1.2 BReraspace Recommended Practices:

ARP 1820 - Chord Method of Evaluating Surface Microstructural
Characteristics

SAI? Teghnica.l Board Rules provide that: ““This report is published by SAE to advance the state of technical and
engineering sciences. The use of this report is entirely voluntary, and its applicability and suitability for any particular
use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

AMS documents are protected under United States and mternatlonal copyrlght laws. Reproduction of these documents
by any means is strictly prohibited without the wrilil X )

Copyright 1984 Society of Autamotive Engineers, Ing Printed in U.S.A.
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ASTM Publications: Available from American Society for Testing and

2.3

Materials, 1916 Race Street, Philadelphia, PA 19103.

ASTM E3 - Preparation of Metallurgical Specimens
ASTM E8 - Tension Testing of Metallic Materials

U.S. Government Publications: Available from Commanding Officer, Naval

2.3.1

3. T

Publications and Forms Center, 5801l Tabor Avenue, Philadelphia, PA 19120.

Federal Specifications:

Q0-p-35 - Passivation Treatments for Corrosion-Resisting Steel

ECHNICAL REQUIREMENTS :

3.1

Heat [Preatment.: Shall conform to AMS 2759 and the requirements specified

hereipn.

3.2 Equipment: Shall conform to AMS 2759. Furnac€ temperature unifgrmity

3.2.3

3.3

requifrements shall be as follows:

Furhaces used at temperatures of 1400°F (760°C) and higher and (for stress
rellieving: +25°F (+15°C),

Furnaces used at temperatures of Q300°F - 1375°F (705°C - 745°¢): +15°F
(+9°C),

Furnaces used at temperatures below 1300°F (705°C): +10°F (+59C).

Heatilng Environment: Parts shall be heat treated in air or protective

hydrdgen, neutral salt, and vacuum. Nitrogen and nitrogen-hydro

3.3.1

ium,

en blends
ssociated
s, an air

atmodphere. Acceptable:protective atmospheres include argon, he

are germitted only-Below 1425°F (775°C). Use of nitrogen from d
ammor]jia is prohibited. For scale-free or discoloration-free par
atmodphere and<air cooling should be avoided.

Atmospheres: Shall be controlled so as not to react with the parts being
hedt-treated. Furnaces used to heat treat other classes of st el using
end 3 i i i n-hardening or maraging
steel parts, such as endothermic, exothermic, carbon-containing
nigrogen-base, etc, shall have purge cycles (See 8.2) run and then shall
be tested to ensure that the surfaces of parts are not contaminated beyond
the limits specified in 3.5.3. Materials which could attack or
contaminate metal shall not contact parts. Composition and maintenance of
salt baths shall be such as to prevent contamination of the parts. Salt
baths shall be tested in accordance with AMS 2759. Heat treating
performed in air shall be in a muffle furnace.
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3.3.2 Protective Coatings: A supplemental coating is permitted to minimize
oxidation of finished machined surfaces, when approved by the cognizant
engineering organization.

3.4 Procedure:

3.4.1 Passivation: Parts shall be passivated in accordance with QQ-P-35 before
all thermal treatiments following forming with dies made from lead,
kirksite, or other low-melting temperature materials. Parts shall be
Passi ated—in—accerdanee ith - O0=P=3 bafore—a =27° eatments above

3.4.2 gpacinpg: When solution heat treating and austenite conditiloning, [parts
0.250|in. (6 mm) and under in thickness shall be separated|by at least
1 in.|(25 mm); thicker parts shall be separated by at least 1 in. |(25 mm)
plus the part thickness. (Complex parts and parts of (darge plan fiorm
requife greater separation.) When aging, parts shall be separated by at
least|1l in. (25 mm) except that thin parts may be&mested provided
thickness of nested stacks does not exceed 1 in: (25 mm) and stacKks are at
least|l in. (25 mm) apart. Standard MS type:parts and similar industry
standqrd parts may be heat treated nested din)baskets.

3.4.2.1 Exceptions to the above requirementssshall be approved by the cqgnizant
quality assurance or engineering organization, as applicable.

3.4.3 Soaking: During solution heat treating and austenite conditioning,
soaking shall be for the required time without interruption. Heatfiing
shall|be controlled as described in AMS 2759 in such a manner that either
the heating medium or the (part temperature, as applicable, is maintained

set temperature in Table I for the soak time shown in Tablg I or

$oaking shall commence when all control, indicating, and recqrding
mo-

re

time to

temperature specified in Table I, soaking for the time specified in
Table I or II, and cooling continuously without interruption as specified
in Table I.

3.4.4.1 Re-Solution Heat Treating: Only one re-solution heat treat is permitted.
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3.4.5

3.4.6

3.4.7

Stress Relieving: When required by the cognizant engineering
organization, heat treated parts shall be stress relieved by heating to
100 F (60 C) deg below the aging temperature and holding for at least 1 hr
plus 1 hr additional for each inch (25 mm) of thickness or fraction
thereof greater than 1 in. (25 mm). When load thermocouples are used, the
soaking time shall be at least 1 hour. Stress relieving is prohibited on
parts which have been peened or thread-rolled after aging.

Carbide Solutioning Treatment (For AM=355): When required, carbide
solutioning shall be accomplished by heating to 1900°F (1040°C), soaking
foj the times listed below for the respectlve section thicknesg, water

qudnching to room temperature, cooling to -100°F (-75°C) or below, holding
fog 1 -~ 3 hr, and warming in air to room temperature.
Section Thickness Soaking Time
Inches Millimetres Hours, minimum
Up to 1, excl Up to 25, excl - 1
1 to 3, incl ;25 - 75,7incl 2
Over 3 Over 75 3
Sthaightening: When approved by the cognizant engineering organization,

stfaightening shall be accomplished atleither ambient temperatyre, during
aging, or by heating to not higher than 50 F (30 C) deg below the aging
temperature. Ambient temperature;straightening and hot or wa
sttaightening after aging shall\be followed by stress relieving. It is
perdmissible to stress relieve(Cafter age straightening.

3.5 Propgrties: Testing shall.be as required by AMS 2759 and as spe¢ified

herein.

Hapdness: Precipitation-hardening corrosion-resistant and maraging steel
pafts shall conform to the hardness specified in Table III for the
required condition.

Tesile Prloperties: When tenslile tests are required, results shall
cowform to the properties specified. When none are specified,|they shall

coijformto +hose specified by the applicable material specification.

Surface Contamination: When any surface of a part is not to be machined
after heat -reatment, the atmospheric protection medium in furnaces for
heating parts above 1350°F (730°C) shall be controlled to produce no
carburization or nitriding (See 3.5.3.1). Intergranular oxidation shall
not exceed 0.0007 in. (0.018 mm). Parts heat treated in salt baths shall
have no residual salt contamination.
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3.5.3.1

3.6 Test

Methods:

3.6.1

50
AS
ex

4. QUALI

Surface Contamination:

I AMS 2759/3

Unless informed that the parts will be machined all over, the heat

treating processor shall process the parts as though some surfaces will

not have metal removed and shall heat treat using controlled
atmosphere.
parts with only raw material surfaces.

0%l magnification of etche
E3.
ination.

specimens prepare
a

TY| ASSURANCE PROVISIONS: The responsibility for inspecgtion,

class
shall

4.1 Clas

if
H

ication of tests, sampling, approval, entries, records, and
o in accordance with AMS 2759 and as specified¢in” 4.1 and 4

silfication of Tests:

preprad

4.1.1 Ac

cgptance Tests:

to

AM-

pa
lo

Pe

r
t

s are classified as acceptance;tests and shall be performed

riodic Tests:

de
ar
pe
pu
ni
ma

Pr

rmine conformance to treéquirements for surface contamination
classified as periodid¢ tests. Surface contamination tests
ormed for each piece of equipment, both monthly and after u

t
e
r
r
t
raging steel parts.

eproductilon Tests: In addition to the tests specified in AMS

te
(3
to

type of

4,2 Samp

4.2.1 Te

ling:

s

\ny) production heat treating for each piece of equipment and

The chord method in ARP 1820 may be used to enhance thi

The classification of ,acceptance, period
duction tests shall be as specified in AMSV2759 and as follo

In addition to the tests specified in AMS 275

etermine conformance to tensile property (3.5.2) requirementis for
50 and AM-355 parts and, when specified, for re-solution hea

In addition(t® the tests specified in AMS 2759,

ing atmospheres—sich as endothermic, exothermic, carbon-cont
ogen-base, etc, which could contaminate precipitation-hardern

[s to determine conformance to requirements for surface contd
5. 3)-ate classified as preproduction tests and shall be perfd

Unless specified, controlled atmosphere is not required for

Shall be in accordance with AMS 2759 and as follows:

Testing shall be by metallurgical examination at

reports
2.

ic, and

WSt

9, tests

t treated
on each

tests to
(3.5.3)

jhall be

e of
aining
ing or

2759,
mination
rmed prior
for each

atmosphere to be used in each furmace.
Shall be in accordance with AMS 2759 and as follows:

nsile Testing:

4.2.1.1

For AM-350 and AM-355:

ASTM ES shall be run with each austenite-conditioning load.
of the same alloy designation as the parts and shall continue
parts through final aging.

At least one tensile specimen conforming to
It shall be

with the
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4.2.1.2 For Re-Solution Hz2at Treated Parts:

When specified, at least one

tensile specimen conforming to ASTM E8 shall be run with each load. It
shall be of the same alloy designation as the parts and shall continue
with the parts through final aging.

4.2.2 Sur

face Contamination Testing: At least one sample shall be run, when

required.

5. PREPARATION FOR DELIVEEY: See AMS 2759,

6. ACKNOWLEDGMENT: See AMS 2759.

TONS: See AMS 2759,
See AMS 2759 and as follows:
itions:
bide Solutioning Treatment: Heating AM-355%<to the solution

7. REJECT
8. NOTES:
8.1 Defin
8.1.1 Car
tre
te
tre

ating temperature followed by rapid cooking and then holding
eratures to improve the structural uniformity for further h
tments.

8.1.2 Austenite Conditioning: Heating PH 15-7 Mo, 17-7 PH, PH 14-8 M

and AM-355 to a temperature below that used for solution heat {
Thils conditioning treatment prodiCes a metastable austenite for

tr

8.1.3 Transformation: Cooling.te a sufficiently low temperature afts

sformation upon air cooling or subzero cooling.

con

8.2 Purgse
from
reduc

ditioning to complete jthe austenite-to-martensite transformg

Cycles: Effective purge cycles can be run to remove contan
refractory fufnace linings using inert gases with small amoy
ing agents,

heat
at subzero
eat

o, AM-350,
reating.
subsequent

r austenite
tion.

ination
nts of

This specification is under the jurisdiction of AMS Committees "B" and "F".
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TABLE II

AMS 2759/3

SOAK TIMES FOR SOLUTION HEAT TREATING AND AUSTENITE CONDITIONING

Minimum Soak Time, minutes (1) (2)

Alloy Form Solution Heat Treating Austenite Conditioning
15-5 PH All except 30 per in. (25 mm)
and sheet
17-4 PH Sheet 3 plus one min.
per each 0.010 in.
(0.25 mm)
17-7 PH Sheet 3 plus one min. 10 plus‘one min,
and per each 0,010 for“each 0.010 irn.
PH 15-7 Mo in. (0.25 mm) (025 mm)
All except 30 per in. (25 mm) 30 per in. (25 mm)
sheet
PH 13-8 Mo all 30 per in. (25.mm}
PH 14-8 Mo Sheet 3 plus one min. per 60 per in. (25 mm)
each 04010 in. :
(0.25 mm)
A-286 All 60 per in. (25 mm)
AM-350 Sheet 3 plus one min. 10 plus one min. |for each
per each 0.010 in. 0.010 in. (0.25 mm)
(0.25 mm)
All except 30 per in. (25 mm) 30 per in. (25 mm)
sheet
AM-355 All 30 per in. (25 mm) 15 per in. (25 mm)
Custom 450 All 30 per in. (25 mm)
and
Custom 455
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TABLE II (Continued)

SOAK TIMES FOR SOLUTION HEAT TREATING AND AUSTENITE CONDITIONING

Minimum Soak Time, minutes (1) (2)

Alloy Form Solution Heat Treating Austenite Conditioning
Maraging 250 All " 60 per in. (250 mm)
and

Maraging 300

NOTES: (1) | Dimension in in. (mm) means in. (mm) or fraction thereof
(2) | Time, +10, -0 minutes
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TABLE ITI

REQUIRED HARDNESS FOR PRECIPITATION HARDENING
CORROSION RESISTANT STEELS AFTER AGING

Alloy Form Condition Hardness, HRC
15-5 PH all H 900 40 to 47
and H 925 38 to 45
17~-4 PH H 950 37 to 44
H 1000 36 to 43
H 1025 ' 34 to 42
H 1050 32 to 38
H 1075 31 to 38
H 1100 30 to 37
H 1150 28 to 37
H 1150M 24 to 30
17-7 PH all RH 950 42 to 49
RH 1000 41 to 46
RH\L050 40 to 45
RH 1075 38 to 43
RH 1100 34 to 40
TH 950 42 to 48
TH 1000 ' 40 to 46
TH 1050 : 38 to 44
TH 1075 37 to 42
TH 1100 34 to 39
CH 900 46 min
PH 13-8 Mo All H 950 45 to 49
H 1000 43 to 47
H 1025 41 to 46
H 1050 40 to 46
H 1100 34 to 42
H 1150 30 to 38
H 1150M 28 to 36
PH 14-8 Mo Sheet SRH 950 45 to 51
SRH 1050 38 to 45

11
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TABLE III (Continued)
REQUIRED HARDNESS FOR PRECIPITATION HARDENING
CORROSION RESISTANT STEELS AFTER AGING
Alloy Form Condition Hardness, HRC
PH 15-7 Mo Sheet RH 950 46 to 50
RH 1000 42 to 46
RH 1050 39 to 45
RH 1075 38 to 44
RH 1100 34 to 42
TH 1050 40 to 46
TH 1075 39 to 44
TH 1100 36 to 41
CH 900 46 min
A-286 Sheet, Plate 125,000 psi (860 MPa) min 24 to 35
All 130, 000 psi(895 MPa) min 24 to 36
Sheet, Plate 135,000 psi (930 MPa) min 24 to 37
Sreet, Plate 140, 006psi (965 MPa) min 24 to 38
Bar, Forgings 140,000 psi (965 MPa) min 29 to 38
Bar, Wire 2007000 psi (1380 MPa) min 40 min
AM-350 All SCT 850 41 to 48
SCT 950 38 to 45
SCT 1000 36 to 43
SCT 1100 35 to 42
AM-355 All ScT 850 41 to 47
Plate SCT 1000 37 to 43
Baxr, Forgings SCT 1000 38 to 44
Custom 450 All H 900 39 min
H 950 37 min
H 1000 36 min
H 1050 34 min
H 1100 30 min
H 1150 26 min
Custom 455 All H 900 47 min
H 950 45 min
H 1000 44 min
j
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