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2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AMS2418 Plating, Copper
AMS2424 Plating, Nickel, Low-Stressed Deposit
AMS2750 Pyrometry

AMS2759 Heat Treatment of Steel Parts, General Requirements

AMS2759/11  StregsRettefof SteetParts
AMS2769 Heat|Treatment of Parts in a Vacuum
3. TECHNICAL REQUIREMENTS

3.1 Heat Treatment
Shall conform to AM§2759 and the requirements specified herein.
3.2 Equipment
Equipment shall conform to AMS2759 except that tempering furnaces.shall be in accordance with AMIS2750 Class 2.
3.3 Heating Environment
Parts shall be controlled by type, and heat treated in the class of atmosphere permitted in Table 1 for that type when heating
above 1250 °F (677 [C). When heating parts at 1250,%F (677 °C) or below, Class A, B, or C atmgsphere may be used
(see 8.2). Atmospherg Class and Part Type are described in AMS2759.

Table 1 - Atmospheres

Atmosphere Classification
Part Type
Class A Class B Class C
Tiype 1 Permitted Permitted Permitted
Tlype 2 Permitted Prohibited(") Prohilited

NOTES:
() Permitted providédthe atmosphere is controlled to meet the surface contamination requirement in 3.5.2.

3.3.1 Protective Caatings

A supplemental coating or plating is permitted when approved by the cognizant engineering organization. Fine grain copper
plating in accordance with AMS2418, or nickel plating in accordance with AMS2424, may be used without approval but the
surface contamination specimens in AMS2759 shall not be plated. Failure of the unplated specimen to meet contamination
requirements shall result in investigation and remedial action taken against the furnace. Additional surface contamination
specimens, which include supplemental coating or plating may be processed and tested, and shall be used to represent the
parts within the load.
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3.4 Procedure

3.4.1 Preheating

The following parts shall be preheated in the range of 900 to 1250 °F (482 to 677 °C) before heating above 1300 °F (704 °C)
until the furnace is stabilized at the required temperature:

Parts previously heat
Parts that have been

Parts that have been

treated to a hardness of greater than HRC 35.
welded.

cold formed or straightened.

Parts that have geon
angular changes, hay

Parts that have been

3.4.1.1  Preheating
treatment f|
3.4.2 Soaking

The start of soaking t

34.21 Parts coatg

their soak fime increased by at least 50%, for annealing; normalizing, sub-critical anneg
unless load thermocouples are used. This increase ‘does not apply to salt bath heat tr
sub-zero pfocessing.
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3.4.3.1 When requ
the time sf
Table 2, fo
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3.4.3.2 Isothermal

for the time
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3.4.4  Subcritical Apnealing

das sl Lol PRI - Y | [T | L 1 1 )
CUITS Ulalt WUUTU TTOUIL TTT THYTT UICTITIalty muutLtU SlITooTS SULIT do. ablTupt Llidal

e holes or slots, sharp or slightly rounded notches or corners.
normalized without tempering.

in a separate furnace is allowed provided that parts are transferred withou
irnace.

me shall be in accordance with AMS2759.

d with copper or nickel plate or similar reflective coatings that tend to reflect re

red, annealing shall be accomplished by heating to the temperature specified i
ecified in Table 4, and cooling to below the temperature specified in Table 2
lowed by air cooling to,ambient temperature. Isothermal annealing treatments n
hardness and microstructure are obtained.

annealing shalkbe-accomplished by heating to the annealing temperature specifi

specified in-Table 4, cooling to a temperature below the critical, holding for suffi
ion, and aircooling to ambient temperature.

ges in section, sharp

t delay into the heat

diant heat shall have
ling, or austenitizing,
pating, tempering, or

 Table 2, soaking for
at the rate shown in
hay be used provided

bd in Table 2, soaking
Cient time to complete

wwwww bhaord haatina
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ttemperature between

1150 °F and 1250 °F (621 °C and 677 °C), soaking for the time specified in Table 4, and cooling to ambient temperature.

Steel parts of the 9Ni-

3.4.5
When required, pre-h

3.4.6 Normalizing

4Co type shall be subcritical annealed as specified in Table 2.

Pre-Hardening Stress Relief

ardening stress relieving shall be done in accordance with AMS2759/11.

When required, normalizing shall be accomplished by heating to the temperature specified in Table 2, soaking for the time
specified in Table 4, and cooling in air or atmosphere to ambient temperature. Circulated air or atmosphere is recommended
for thicknesses greater than 3 inches (76 mm). Normalizing may be followed by tempering or subcritical annealing.
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Hardening (Austenitizing and Quenching)

All parts, except those made from H-11 (see Table 2, Note 3), 52100 (see Table 2, Note 7), or M-50 steels, shall
be in one of the following conditions prior to austenitizing: normalized, normalized and tempered, or hardened
and tempered. If such parts have been normalized only, without tempering, they shall be preheated per 3.4.1
before exposure to the austenitizing temperature (see Table 2, Note 2).

As steel parts hardened to this specification have limited hardenability, which varies by alloy, the size limits in
Table 5 shall apply. Parts exceeding size limitations shall be machined to within 0.125 inch of the final dimensions
prior to hardening. With cognizant engineering organization approval, parts may be greater than 0.125 inch
(3.2 mm) of the final dimensions prior to hardening.

Welded parts and brazed parts with a brazing temperature above the normalizing temperature shall be normalized

anina—\Waldad - narte chaould ba nrahaatad in accardanan aath 2 4 1

347
3.4.7.1
34.7.2
3.4.7.3
before harg
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Appendix A

3.4.8 Tempering
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additional for each in
AMS2759. When loa
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strength or hardness
to achieve the specifi

3.4.8.1
2 hours mi
400 °F (204
3.4.9 Straightening

When approved by th
procedure.

3.4.10 Post-Temper

When required, post-

When tempering cannot be started within 4 hours from the end of quenching, parts shall

g vy SO T O POt oHoTTo o Prommc ot T ot o oo oo v it o

shall be done by heating to the austenitizing temperature specified in Table™2
Table 4, and quenching as specified in Table 2. The parts shall be coeled t6 or
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bd properties.
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ng Stress Relieving
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ickness is defined in
bn multiple tempering
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beratures appropriate
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3.5 Properties

3.5.1 Hardness

Parts shall conform to the hardness range stated in Table 3. Hardness testing shall not be used to reject parts that meet

specified tensile prop

3.5.1.1

erties. Frequency of hardness testing shall be in accordance with AMS2759.

If tensile strength testing is specified to be performed and the hardness readings, converted to tensile strength,

do not meet the specified tensile properties, the parts shall not be rejected as long as the tensile test results are

conforming

3.5.2 Surface Contamination

When heating to a temperature above 1250 °F (677 °C), surface contamination shall be in accordance with AMS2759.
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3.5.21

contamination tests are required.

3.6 Test Methods

Shall be in accordance with AMS2759.

4. QUALITY ASSURANCE PROVISIONS

When supplemental plating or coating, such as copper plate, is used, all atmosphere controls and surface

The responsibility for inspection, classification of tests, sampling and testing, approval, records, record retention, and
report/certification shall be in accordance with AMS2759 and as follows.

4.1 Acceptance Te

sts

Hardness (see 3.5.1)
tests and shall be pe
either indicated or rec

4.2 Periodic Tests

In addition to the tes
each furnace in serv
carbon potentials, up
removed shall not reg

4.3  Preproduction

In addition to the tes

production heat treafing on each furnace, each kind of atmesphere to be used in each furnace, 2

atmosphere at two ca
have all contaminatio

tensile properties, when required (see 3.5.1.1), and surface contamination (see
rformed on each lot of Type 2 parts. Alternatively, if carbon potential is_contfol
orded, frequency of surface contamination tests may be in accordance with’the

s specified in AMS2759, tests for surface contamination (see3.5.2) shall be g
ce, each kind of atmosphere to be used in each furnace, ‘ahd for each Class
fo 0.40% and over 0.40%. Furnaces used exclusively to-héat treat parts that will
uire testing.

[ests

s specified in AMS2759, tests for surface ‘csontamination (see 3.5.2) shall be p

rbon potentials, up to 0.40% and over0.40%. Furnaces used exclusively to hg
h removed shall not require testing-

npling Plan

cess control (SPC) tgbe stable and capable.

considered stable“when statistical evaluation of the product and process pars
ues fall withinsestablished control limits.

considered capable when, after achieving and maintaining stability, all parts ry
um _Cgk.of 1.33 with a confidence level of 90%.

B.5.2) are acceptance
ed automatically and
sampling plan of 4.4.

erformed monthly on
B atmosphere at two
ave all contamination

erformed prior to any
nd for each Class B
at treat parts that will

b test plan to meet the ‘requirements of 4.1 is permitted for heat treatment processes verified by

meters show that all

nning to the process

4.4 Alternative San
441 An alternativ

statistical pro
442 A process is

measured va
443 A process is

have a minini
NOTE: Cpk is defined
where:

X = process aver.

Has-the-smaller-of-either Grror Grras-determined-by-Equationstor 22—

Cpl _ X-LSL
3o
USL-X
C =
pu 30

age

LSL = lower specification limit*

(Eq. 1)

(Eq. 2)
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USL = upper specification limit*

*Specification limits are based on target values established by the processor

o = estimated standard deviation

4.4.4 The alternative test plan shall contain the following:

lity (see 3.5).

Statistical analysis of the heat treatment process parameters and the product test results of properties for control

Documentation of the critical process parameters and of the product test results of properties on a control plan

(see 3.5). A change in these process parameters of product test results will require review to determine if the

4441

and capabi
4442

process ca
4.4.4.3 Periodic al

continued (
4.4.4.4 Monthly on

contaminatjon shall be examined in accordance with 3.5.2.

5. PREPARATION
Shall be in accordang
6. ACKNOWLEDGN
Shall be in accordang
7. REJECTIONS
Shall be in accordand
8. NOTES

Shall be in accordang

This specification ma

I Y H H FH
GUIIILy TCUUITTO TTVTITTITLaturlt.

diting of the heat treatment process parameters and the product test results
ontrol and capability (see 3.5).

whenever needed by either the cognizant engineering authority,or process

FOR DELIVERY
e with AMS2759.
IENT

e with AMS2759.

e with AMS2759.

e with AMS2759 andthe following.

NOTICE

y reference ‘the use of substances, products, or processes that are restricte

(regional) chemical

the products, substarjces, abd processes referred to within the document.

]

bstance-regulations. Users of this specification should consider the implications

bf properties to verify

constraints. Surface

] or banned by local
of local legislation on

8.1

Revision Indicatot

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

8.2
(CO), or metha

8.3

ne (CH4) may result in explosion and fire.

Heating below 1400 °F (760 °C) with Class B atmospheres containing 5% or more of hydrogen (Hz), carbon monoxide

Use of a chromic-caustic etch to reveal intergranular attack/oxidation has been discontinued because it is an

environmental hazard, it is unnecessary for measurement of maximum depth of crevices, and light etching zones
extending beyond the crevices have been misinterpreted as manifestations of intergranular oxidation.
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8.4 Terms used in AMS are clarified in ARP1917 and as follows:
8.4.1 Snap Tempering

An intermediate low-temperature treatment to relieve stresses and prevent cracking prior to the next operation. Final
tempering to the specified requirements is performed after snap tempering.

8.4.2 Marquenching (Martempering)
Quenching an austenitized alloy in a salt or hot oil bath at a temperature in the upper part of, or slightly above, the martensite

range and holding until temperature uniformity throughout the part is obtained, usually followed by air cooling through the
martensite range to ambient temperature.

8.5 Dimensions and plupci’ﬁco i ;Ilbhllpuulld trits—and—the—tahrenteit tc|||p0|atunco are pl;ll ary; dimensions and
properties in S| units and the Celsius temperatures are shown as the approximate equivalénts of the primary units
and are presented only for information.

PREPARED BY AMS COMMITTEE “E” AND AMEC
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Table 2A - Annealing, normalizing, and austenitizing
temperatures and quenchants (inch/pound units)
Material Annealing™ Normalizing Austenitizing Hardening

Designation Set Temperature, °F | Set Temperature, °F | Set Temperature, °F Quenchant
4330V, 4330Mod®@ 1550-1575 1650 1600 oil, polymer, inert gas(13)(14)
4335V, 4335Mod®@ 1550 1650 1600 oil, polymer, inert gas('4)
4340 1550 1650 1500-1550 oil, polymer, inert gas('3(14)
Hy-Tuf® 1400 1725 1600 oil, polymer
300M®@ 1550 1700 1600 oil, polymer, inert gas('3(14)
4340 Mod®@ 1550 1700 1600 oil, polymer, inert gas('3)(14)
H-11@) 1575-1625 (18) 1850 air, aily'pdlymer, inert gas
98BV40 Modified® 1550 1600 1550 oil;polymer
D6AC® 1550 1725 1625 oil, polymer
52100 ®) 1625-1675 1525-1550") oil, polymger(®)X13)
9Ni-4Co0-0.30C? ®) 1650-1700 1550 oil, polymier®)
M-50 (18 © 2000-2025¢0 salt), oil, inert gas(13)(14)
NC310YW (AMS6499)) (15) 1787(18) 1724012)(17) oil, polymer, inert gas('4)

NOTES:

1 Cool at a rate not
300M to below 6(
All parts, except {
normalized, norm|
they shall be preh
H-11 parts shall g
1700 °F permitteq
Immediately after
minimum, and air|
sub-zero cooling,
Anneal parts mad
1320 °F at arate
temperature.

1500 °F permissi
annealed conditig

o b w

to exceed 200 °F per hour to below 1000 °F, exceptceol 4330V, 4335V, and 4340 to be
0 °F.

hose made from H-11, 52100, or M-50 steels, shall*be in one of the following conditions
alized and tempered, or hardened. If such parts have been normalized only, without tem
eated per 3.4.1 before exposure to the austenitizing temperature.

e in the annealed condition prior to the initial austenitizing treatment.

for D6AC parts, when approved by th€jycognizant engineering organization.

quenching sub-zero cool parts made from 52100 and 9Ni-4Co-0.30C at -90 °F or lower,
warm to room temperature. Faor parts made from 52100 with a geometry that is suscepti
a snap temper before sub-zero,cooling is allowed (see 8.4.1).

e from 52100 at 1430 °F for 20 minutes, cool to 1370 °F at a rate not faster than 20 °F p
not to exceed 10 °F per.hour, cool to 1250 °F at a rate not faster than 20 °F per hour, an

le for parts made fromi'52100 requiring distortion control. Parts shall be hardened from t

9Ni-4Co0-0.30C p

ambient temperafure, reheating:at 1150 °F £ 25 °F for 4 hours % 1/4 hour, and air cooling to ambient temp

n or the normalized condition.
rts shall be dopléx subcritical annealed by heating at 1250 °F + 25 °F for 4 hours + 1/4 |

ow 800 °F, and

brior to austenitizing:
bering or overaging,

hold 1 hour
ble to cracking during

er hour, cool to
[ air cool to ambient

he spheroidize

our, air cooling to
erature or shall be

annealed by heatfjng at 1450 °F + 25 °F for not less than 23 hours minimum and air cooling to ambient tenperature.

10

Normalizing of M{50 patts should be avoided due to grain growth.
M-50 parts shall he preheated to 1550 °F prior to austenitizing.
For M-50, use 11R5ZF followed by air cool to ambient temperature or air cool directly to ambient temperat

Lire.

12
13

Sub-zero no more than -94 °F is required for obtaining the maximum hardness.
Marquenching in a nitrate/nitrite salt bath, oil bath, or alternate quenchant operated at a set temperature applicable to the alloys

processed is permitted. The parts shall be in the marquenching bath only for sufficient time to stabilize the parts at the bath
temperature, but not less than 2 minutes, followed by cooling to approximately ambient temperature. Salt residues shall be

removed by a hot
14 Parts may be gas
15
24 hours.
16
17

18 These operations

water rinse before air tempering (see 8.4.2).
quenched as required in 3.4.7.4.

For NC310YW, normalizing temperature can be set between 1742 °F and 1814 °F.
For NC310YW, austenitizing temperature can be set between 1670 °F and 1742 °F.

are not recommended.

For NC310YW, anneal by heating at 1688 °F + 25 °F for 1 hour, cool to 1292 °F £ 25 °F and maintain at 1292 °F + 25 °F for
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Table 2B - Annealing, normalizing, and austenitizing
temperatures and quenchants (Sl units)
Material Annealing(") Normalizing Austenitizing Hardening

Designation Set Temperature, °C | Set Temperature, °C | Set Temperature, °C Quenchant
4330V, 4330Mod®@ 843-857 899 871 oil, polymer, inert gas(13(14)
4335V, 4335Mod@ 843 899 871 oil, polymer, inert gas('4)
43400 843 899 816-843 oil, polymer, inert gas('3)(14)
Hy-Tuf® 760 941 871 oil, polymer
300M®@ 843 927 871 oil, polymer, inert gas('3(14)
4340 Mod®@ 843 rag 874 oit—potymer, inert gas(13(14)
H-110 857-885 (18) 1010 air, ‘oil;'golymer
98BV40 Modified? 843 871 843 il polyrper
D6AC®@ 843 941 8854 oil, polyr}1er
52100 ® 885-913 829-843(" oil, poly+er(5)(13)
9Ni-4Co-0.30CR)6) ®) 899-927 843 oil, polyrl*ner(5>
M-50 (18) ©) 109341107019 salt(", dil, inert gas(13)X14)
NC310YW (AMS6499)?) (1%) 975(1%) 940012)(17) oil, polymer, inert gas('4)

NOTES:

1 Cool at a rate nqt to exceed 93 °C per hour to below 538 °C, except cool 4330V, 4335V, and 4340 to belpw 427 °C, and
300M to below 316 °C.

2 All parts, except|those made from H-11, 52100, or M-50 steels, shall be in one of the following conditionq prior to
austenitizing: nogrmalized, normalized and tempered, or hardehed. If such parts have been normalized orly, without
tempering or ovgraging, they shall be preheated per 3.4.1.béfore exposure to the austenitizing temperatyre.

3 H-11 parts shall|be in the annealed condition prior to the initial austenitizing treatment.

4 927 °C permitteq for DBAC parts, when approved by the’cognizant engineering organization.

5 Immediately aftdr quenching sub-zero cool parts made from 52100 and 9Ni-4Co0-0.30C at -68 °C or lowef, hold 1 hour
minimum, and a|r warm to room temperature. For,parts made from 52100 with a geometry that is suscepfible to cracking
during sub-zero [cooling, a snap temper before_sub-zero cooling is allowed (see 8.4.1).

6 Anneal parts mgde from 52100 at 777 °Cqfor 20 minutes, cool to 743 °C at a rate not faster than 11 °C p¢gr hour, cool to
716 °C at a rate|not to exceed 6 °C perhour, cool to 677 °C at a rate not faster than 11 °C per hour, andair cool to ambient
temperature.

7 816 °C permissiple for parts made from 52100 requiring distortion control. Parts shall be hardened from the spherodize
annealed conditon or the normalized condition.

8 9Ni-4Co0-0.30C parts shall be\duplex subcritical annealed by heating at 677 °C + 14 °C for 4 hours + 1/4 hour, air cooling to
ambient temperature, reheating at 621 °C + 14 °C for 4 hours + 1/4 hour, and air cooling to ambient temgerature or shall be
annealed by hegting atr621°°C + 14 °C for not less than 23 hours minimum and air cooling to ambient terpperature.

9  Normalizing of M-50pdtts should be avoided due to grain growth.

10 M-50 parts shall|lbé preheated to 843 °C prior to austenltlzmg

11 For M-50, use 686+= ure.

12 Sub-zero no more than -70 °C is requwed for obtalnlng the maximum hardness

13 Marquenching in a nitrate/nitrite salt bath, oil bath, or alternate quenchant operated at a set temperature applicable to the
alloys processed is permitted. The parts shall be in the marquenching bath only for sufficient time to stabilize the parts at the
bath temperature, but not less than 2 minutes, followed by cooling to approximately ambient temperature. Salt residues shall
be removed by a hot water rinse before air tempering (see 8.4.2).

14 Parts may be gas quenched as required in 3.4.7.4.

15 For NC310YW, anneal by heating at 920 °C + 14 °C for 1 hour, cool to 700 °C + 14 °C and maintain at 700 °C + 14 °C for
24 hours.

16 For NC310YW, normalizing temperature can be set between 950 °C and 990 °C.

17 For NC310YW, austenitizing temperature can be set between 910 °C and 950 °C.

18 These operations are not recommended.
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Table 3A - Tempering set temperatures (inch/pound units)

Material Tensile Strength | Tensile Strength Tensile Strength Hardness
Desianation Range, ksi(") Range, ksi(" Range, ksi(" Range (HRC)
9 220-240 260-280 280-305 9

4330V, 4330Mod® 5001 - - 46-49
4335V, 4335Mod® 5001 - - 46-49
4340@ - 425-490 - 50-54
Hy-Tuf® 5504 - - 46-49
300M® - - 5750 53-56
4340 Mod® - - 575 53-56
H-11(2)6) 10256) - - 46-49
98BV40 Modified - - 500©) 53-56
D6AC® ) ®) - 46149/50-56
521002 - - - ©)
9Ni-4Co-0]30C®? 10006) - { 46-49
M-50(10) - - - (11)
NC310YW (AMS6499) - - 572 53-56

NOTES:

1  Absence pf values indicates the respective steel is not recommended for the specified tensile strepgth range.

2  Atleast tWo tempering operations are required.

3 Minimum|tempering temperature.

4 220 to 25D ksi for Hy-Tuf.

5 Use this tempering temperature for 275 to 305 ksi range for 300M, when specified.

6 At least three tempering operations are required fonH-11.

7 For D6A(Q, first temper: 1000 °F minimum; second temper: 1015 to 1060 °F.

8 For D6AQ, first temper: 550 °F minimum; second temper: 550 to 700 °F.

9 For 52100, 58 to 65 HRC, temper at 340 ta450 °F.

10 Triple tenjpering required for M-50; double'tempering permitted when approved by the cognizant gngineering
organizatfon.

11 For M-50} 60 to 64 HRC, temper at1000 to 1025 °F.
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Table 3B - Tempering set temperatures (Sl units)

Material Tensile Strength Tensile Strength Tensile Strength Hardness

desgraton | FoeMeal | Renge el | Range et | renge (R0
4330V 4330Mod® 2601 - - 46-49
4335V 4335Mod® 260© - - 46-49
4340@) - 218-254 - 50-54
Hy-Tuf®® 288“ - - 46-49
300M®@ - - 3020 53-56
4340 Mod® - - 302 53-56
H-116) 552(3) - - 46-49
98BV40 Mqdified - - 260®) 53-56
D6AC® ) ®) - 16-49/50-56
52100 - - - ©)
9Ni-4Co-0.30C® 5381 - > 46-49
M-50(10) - R R (11)
NC310YW [AMS6499) - - 3001 53-56

NOTES:

2 OCoO~NOOAWN -

organizatign

11 For M-50, Sd to 64 HRC, temper at 538°to 552 °C.

Absence of values indicates the respective steel is not recommended for the specified tensile strength range.
At least twp tempering operations are required.
Minimum tempering temperature.
1517 to 17R4 MPa for Hy-Tuf.
Use this tempering temperature for 1896 to 2103 MPa-+tange for 300M, when specified.
At least thriee tempering operations are required for H-11.
For D6AC |[first temper: 538 °C minimum; second-temper: 546 to 571 °C.
For D6AC [first temper: 288 °C minimum; second-temper: 288 to 371 °C.
For 52100} 58 to 65 HRC, temper at 171 to 232 °C.
0 Triple tempering required for M-50; doubte tempering permitted when approved by the cognizant erjgineering
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Table 4 - Soak time for annealing, normalizing, and austenitizing

. . Minimum Soak Time Minimum Soak Time
Th'l‘:k';]essm T,\'/T.'l‘l:.k"ef‘sm 2)3)4)5)6) (2)(3)@)(5)(6)
nehes timeters Air or Atmosphere Salt

Up to 0.250 Upto 6.35 25 minutes 18 minutes
Over 0.250 to 0.500 Over 6.35t0 12.70 45 minutes 35 minutes
Over 0.500 to 1.000 Over 12.70to 25.40 1 hour 0 minutes 40 minutes
Over 1.000 to 1.500 Over 25.40to 38.10 1 hour 15 minutes 45 minutes
Over 1.500 to 2.000 Over 38.10to 50.80 1 hour 30 minutes 50 minutes
Over 2.000 to 2.500 Over 50.80to 63.50 1 hour 45 minutes 55 minutes
Oven 2.500 to 3.000 Over 63.50to 76.20 2 hours 0 minutes 1 hour 0 mirutes
Oven 3.000 to 3.500 Over 76.20to 88.90 2 hours 15 minutes 1 hour.. 5 minutes
Oven 3.500 to 4.000 Over 88.90 to 101.60 2 hours 30 minutes 1 hotr 10 minutes
Oven4.000 to 4.500 Over 101.60 to 114.30 2 hours 45 minutes 1, Hour 15 minutes
Oven4.500 to 5.000 Over 114.30 to 127.00 3 hours 0 minutes 1 hour 20 minutes
Over 5.000 to 8.000 Over 127.00 to 203.20 3 hours 30 minutées 1 hour 40 mirjutes
Over] 8.000 Over 203.20 ™ ®)

NOTES$:

1  THhickness is the minimum dimension of the heaviest sectiot of the part.

2  Sgak time commences as specified in AMS2759.

3 Injall cases, the parts shall be held for sufficient timeto ensure that the center of the most
massive area has reached temperature and the nécessary transformation and diffusion haye
taken place.

4 M:laximum soak time should not exceed threge times the minimum soak time, except for subgritical
arlnealing.

5  Aystenitizing of M-50 for more than 10 ‘minutes should be avoided due to grain growth.

6 Lgnger times may be necessary for parts with complex shapes or parts that do not heat
urfiformly.

7 4 hours plus 30 minutes for every/3 inches (76 mm) or increment of 3 inches (76 mm) greager
than 8 inches (203 mm).

8 2 hours plus 20 minutes for-every 3 inches (76 mm) or increment of 3 inches (76 mm) greager

than 8 inches (203 mm).
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