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2.1

2.2

3.

3.1

SCOPE:

This specification, in conjunction with the general requirements for steel heat treatment covered in
AMS 2759, gstablishes the requirements for heat treatment of carbon and\ow-alloy steel parts to
minimum ultimate tensile strengths below 220 ksi (1517 MPa). Parts dre defined in AMIS 2759.

APPLICABLE DOCUMENTS:
The following publications form a part of this specification to.the extent specified herein. The latest
issue of SAH publications shall apply. The applicable issue of other publications shall be the issue
in effect on the date of the purchase order.

SAE Publigations:

Available from SAE, 400 Commonwealth-Drive, Warrendale, PA 15096-0001.

AMS 2414 Plating, Copper

AMS 2424 Plating, Nickel Low-Stressed Deposit

AMS 2759 Heat Treatment of \Steel Parts, General Requirements

ARP1820| Chord Method.of Evaluating Surface Microstructural Characteristics

ASTM Publications:

Available trom ‘ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM E 384+ Microhardnessof Materiats
TECHNICAL REQUIREMENTS:
Heat Treatment:

Shall conform to AMS 2759 and the requirements specified herein.

SAE Technical Standards 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.”

SAE reviews each technical report at least every five years at which time it may be reaffimned, revised, or cancelled. SAE invites your written
comments and suggestions.

Copyright 1996 Society of Automotive Engineers, Inc.
All rights reserved. Printed in U.S.A.

QUESTIONS REGARDING THIS DOCUMENT: (412) 772-7154 FAX (412) 776-0243
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3.2 Equipment:

Shall conform to AMS 2759. Furnace temperature uniformity requirements for annealing,
subcritical annealing, normalizing, hardening, straightening, stress relieving, and baking shall be
+25 F (+14 C) degrees, and for tempering shall be +15 F (+8 C) degrees except shall be 10 F

(+6 C) degrees for H-1, D6AC, and 9Ni-4Co steels.

3.3 Heating Environment:
(R)
Parts shall be controlled by type, (See 3.3.1), and heat treated in the class of atmosptjere (See
3.3.2) permijtted 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 atmosphere may be used(See 812).
TABLE 1 - Atmospheres
Part Classifigation (1) Class A Class B Class ¢
Type |1 Permitted Permitted Permitted
Type 2 Permitted PROHIBITED (2) Permitted (3)
Type 3 Permitted Permitted PROHIBITED
Type 4 Permitted Permitted (3) PROHIBITED
NOTES:
(1) See 3.5.1]2.
(2) Permitted|provided the atmosphere is confrolled to produce no carburization or nitriging
as described in 3.5.1.
(3) Prohibiteq if a specific requirement.to.control the surface carbon on all surfaces
is specified.
3.3.1 Types of Parts: The heat\treating processor shall determine the part type.
Type 1: Parts with-0<020 inch (0.51 mm) or more to be machined off all surfaces after heat

eatment and parts with as-forged, as-cast, or hot-finished mill surfaces at
eat treatment with all surfaces to be machined off. Unless informed that 3
il have at least 0.020 i ed off, the heat treating prog

applicable.

time of
il surfaces
essor shall

-

=]

Type 2: Forgings, castings, sheet, strip, plate, bar, rod, tubing, and extrusions with hot-finished
surfaces at time of heat treatment and which will remain on the finished part.

Type 3: Parts with finished machined surfaces or surfaces with less than 0.020 inch (0.51 mm)
to be machined off any surface after heat treatment and parts with protective coating

on all surfaces.

-2.
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3.3.1 (Continued)

Type 4: Parts that are partially machined with both unmachined, as-forged, as-cast, or hot-
finished mill surfaces and finished machined surfaces or machined surfaces with less
than 0.020 inch (0.51 mm) to be machined off after heat treatment.

3.3.1.1 If part type cannot be determined, the part shall be processed as Type 3.
(R)

3.3.2 Classes pf Atmospheres:

(R)

Class A:| Argon, hydrogen, helium, nitrogen, nitrogen-hydrogen biends, vacuum, or neutral
salt. Nitrogen from dissociated ammonia is not permitted.

Class B:[ Endothermic, exothermic, or carbon-containing nitrogen-base (See 8.2)
Class C:| Air or products of combustion.

3.3.3 Atmospheres: Atmosphere furnaces shall be controlled tg)ensure that surfaces of heat treated
parts arg within the limits specified in 3.5.1. Salt baths shall be tested in accordange with
AMS 2759.

3.3.4 Protective Coatings: A supplemental coating or plating is permitted when permitted

(R) approved by the cognizant engineering organization. Fine grain copper plating in dccordance
with AM$ 2418 or nickel plating in accordance with AMS 2424 may be used without approval
but the gurface contamination specimens.in 3.6.1 shall not be plated (See 8.3).

3.4 Procedurd:

3.4.1 Preheating: Preheating until-furnace stablilization in the 900 to 1200 °F (482 to 64p °C) range

(R) is recommended before heating parts above 1300 °F (704 °C) if the parts have prgviously been
heat treated to a hardness greater than 35 HRC, have abrupt changes of section thickness,
have sharp reentrant angles, have finished machined surfaces, have been welded| have been

cold formed or stfaightened, have holes, or have sharp or only slightly-rounded nofches or
corners.

3.4.2 Soaking} ‘Heating shall be controlled, as described in AMS 2759, such that either fhe heating

(R) medium or the part temperature, as applicable, is maintained at the set temperature in Table 2,
3, or 4 for the soak time specified herein. Soaking shall commence when all control, indicating,
and recording thermocouples reach the specified set temperature or, if load thermocouples as
defined in AMS 2759 are used, when the part temperature reaches the minimum of the furnace
uniformity tolerance at the set temperature.

3.4.2.1 Parts coated with copper plate or similar reflective coatings which tend to refiect radiant

(R) heat shall have their soak time increased by at least 50%, unless load thermocouples are
used.

-3-
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3.4.3 Annealing: Shall be accomplished by heating to the temperature specified in Table 2, soaking
for the time specified in Table 5, and cooling to below the temperature specified in Table 2 at
the rate shown in Table 2 followed by air cooling to ambient temperature. Isothermal annealing
treatments may be used provided equivalent hardness and microstructure are obtained.
Isothermal annealing shall be accomplished by heating to the annealing temperature specified

3.4.4
(R)

3.4.5
(R)

(R)

3.4.7

(R)

34.8
(R)

3.4.8.1

(R)

in Table 2, soaking for the time specified in Table 5, cooling to a temperature below

the critical,

holding for sufficient time to complete transformation, and air cooling to ambient temperature.

Subcritical Annealing: Shall be accomplished prior to hardening by heating in the ra
1150 to 1250 °F (621 to 677 °C), soaking for the time specified in Table 5, and copl
ambient temperature. Steel parts of the 9Ni-4Co type shall be subcritical annealed
in Table

Pre-Hard
the range[1000 to 1250 °F (538 to 677 °C), soaking for not less than the time specif
Table 5, gnd cooling to ambient temperature.

Normalizi
soaking for the time specified in Table 5, and cooling in aif.or atmosphere to ambien
temperatyre. Circulated air or atmosphere is recommended for thicknesses greater
3 inches

Hardening (Austenitizing and Quenching): Welded parts, and brazed parts witha b
temperatyre above the normalizing temperatute, shall be normalized before hardeni

nge
ng to

hs specified

ning Stress Relieving: Shall be accomplished prior to hardening by heating in

edin

ng: Shall be accomplished by heating to the temperature specified in Table 2,

t
than

76 mm). Normalizing may be followed by tempering or subcritical annealipg.

azing
ng.

Welded parts should be preheated in accordance with 3.4.1. Parts identified as damage

tolerant, maintenance critical, or fracture critical shall be normalized before hardenirn
Hardenin
Table 2, soaking for the time specified in Table 5, and quenching as specified in Tat
parts shalf be cooled to or belowthe quenchant temperature before tempering.

Temperinfy: Shall be accomplished by heating quenched parts to the temperature

produce the specified properties. Parts should be tempered within 2 hours of quen
3.4.8.1). Buggestedtempering temperatures for specific tensile strengths for each
quencharit are given)in Table 3. Alternate tempering temperatures for listed alloys,
as-quenched hardness, are given in Table 4. Soaking time shall be not less than 2
1 hour additienal’for each inch (25 mm) of thickness or fraction thereof greater than
(25 mm). | Thickness is defined in AMS 2759. When load thermocouples are used, |

a.

shall be accomplished by heating to the austenitizing temperature specified in

ble 2. The

hing (See
lloy and
based on
hours plus
1 inch

he soaking

I;Iquired to

time shall be not less than 1 hour. Multiple tempering is permitted. When multiple tempering is

used, parts shall be cooled to ambient temperature between tempering treatments.

Parts may be snap tempered for 2 hours at a temperature, usually 400 °F (204 °C),

that is lower than the tempering temperature.
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3.4.9 Straightening: For parts having minimum tensile strength below 180 ksi (1241 MPa),
straightening may be accomplished cold without stress relieving. When approved by the
cognizant engineering organization, for parts hardened and tempered to minimum tensile
strength of 180 ksi (1241 MPa) and higher, straightening shall be accomplished at either
ambient temperature, during tempering, or by heating to not higher than 50 F (28 C) degrees
below the tempering temperature. Ambient temperature straightening or hot or warm
straightening after tempering shall be followed by stress relieving. It is permissible to retemper

3.4.10

3.5 Propertieq:

Parts sha
hardness

3.5.1
(R)

3.5.1.1

Post-T|
parts §
heatin
not les
thereo
shall bj
thread

Surface
parts ab
from an
complet
(0.13m
criterion
than a 2
criterion|
hardnes
shall be
operatid
reauste
shall ac

f greater than 1 inch (25 mm). When load thermocouples areUsed, the sqg

- or fillet-rolled after hardening and tempering.

B decarburization (See 3.5.1:1). Pantial decarburization shall not exceed 0
m). Intergranular oxidation shall not exceed 0.0007 inch (0.018 mm). Rej
for depth of decarburization shall be the microhardness reading at which
0-point Knoop, or eguivalent, decrease in hardness from the core hardnes

s by 20 points.Knoop or more, or equivalent, at a depth of 0.002 inch (0.0
in accordance'with 3.6.1. These requirements also apply to the cumulatiy
ns such as)normalizing followed by austenitizing or austenitizing followed
nitizing(See 3.5.1.4). For reheat treatments, the original specimen or a pq
company the parts and be tested after the reheat treatment.

Unles

at a temperature not higher than the last tempering temperature after straightening during
tempering.

empering Stress Relieving: When required by the cognizant engineering ¢rganization,
hall, after operations which follow hardening and tempering, be stress reli¢gved by

) the parts to 50 F (28 C) degrees below the tempering temperature and spaking for

s than 1 hour plus 1 hour additional for each inch (25 mm) of thickness or fraction

aking time

e not less than 1 hour. Stress relief is prohibited on parts which have been peened or

conform to the hardness specified by the cognizant engineering organization or to the
converted from the required tensile strengthin accordance with AMS 2759.

Contamination: Salt baths and the protective atmosphere in furnaces for heating
ove 1250 °F (677 °C), when less than 0.020 inch (0.51 mm) of metal is to pe removed
y surface, shall be controlled to*prevent carburization or nitriding and to prevent

.005 inch
ection

here is more
s. Rejection

for carburization-and nitriding shall be that the microhardness shall not exceed the core

b mm). Tests
e effects of
Py

rtion thereof

s specifically informed that at least 0.020 inch (0.57 mm) will be removed

rom all

surfaces of parts, the heat treating processor shall heat treat the parts as if less than

0.020 inch (0.51 mm) will be removed from some surfaces and, therefore, shall heat treat
using controlled atmosphere which will produce parts conforming to the surface contamination
requirements of 3.5.1.

-5-
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3.5.1.2 Parts that will be machined after heat treatment, but which will have less than 0.020 inch
(0.51 mm) of metal removed from any machined surface may be reclassified as Type 1, as
described in 3.3.1, and need not meet the requirements of 3.5.1 as heat treated, when it is
demonstrated by tests on each load that all surface contamination exceeding the
requirements of 3.5.1 is removable from all machined surfaces, taking into account distortion
after heat treatment.

3.5.1.3 Furnaces used exclusively to heat treat parts which will have all contamination removed
(R) shall not require testing.

3.5.1.4 The hegt treating processor shall be responsible for determining whether cumulatil/e heat
treating |operations at their facility, as described in 3.5.1, have caused excessive srface
contamipation.

3.6 Test Methodls:

Shall be in accordance with AMS 2759 and as follows:

3.6.1 Surface Gontamination: Testing shall be performed by the microhardness method if
(R)  accordange with ASTM E 384. Test specimens shall be:of the same alloy as the pafts. Unless
otherwise|specified, test specimens shall be in the as-quéenched condition except th%t

secondany hardening steels, such as H-11, shall be-tempered. In addition, the pres¢nce of total
decarburization, carburization, and nitriding and the depth of any intergranular oxidation shall be
determined by etching with the appropriate etchant and examining at approximately 250X
maghnificafion. The required etching procedure for intergranular oxidation is 7 to 20 minutes in a
freshly prepared boiling solution proportiehal to 16 grams of chromic acid and 80 grams of
sodium hydroxide in 145 mL of water; however, alternate etchants are acceptable if their
effectivengss is substantiated. The chord method and acceptance limits in ARP 182D may be
used as ap alternate to ASTM E 384 and to enhance the intergranular oxidation examination.

4. QUALITY ASBURANCE PROVISIONS:

The responsilpility for inspéction, classification of tests, sampling, approval, entries, records, and
reports shall e in accordance with AMS 2759 and as specified in 4.1.

4.1 Classification of Tests:
(R)

ied in

4.1.1 Acceptance Tests: In addition to the tests specified in AMS 2759, tests for surface

(R) contamination (3.5.1) on damage tolerant or fracture critical parts shall be performed on each
lot. It is the responsibility of purchaser to inform the heat treater on the drawing, contract, or
purchase order that parts are damage tolerant or fracture critical.

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=4c7f0883b7f9b9c8cbb3ecf84adeed74

SAE AMSx2759/1B 9 MR 7943725 0551147 L&9 WA

AMS 2759/1B SAE AMS 2759/1B

4.1.2 Periodic Tests: |n addition to the tests specified in AMS 2759, tests for surface contamination
(3.5.1) shall be performed monthly on each furnace in service, each kind of atmosphere to be
used in each furnace, and for each Class B atmosphere at two carbon potentials, up to 0.40%
and over 0.40%.

(R)

4.1.

(R)

5.

8.1

8.2

8.3

3 Preproduction Tests: In addition to the tests specified in AMS 2759, tests for surface
contamination (3.5.1) shall be performed prior to any production heat treating on each furnace,
each kind of atmosphere to be used in each furnace, and for each Class B atmosphere at two
carbon potentials, up to 0.40% and over 0.40%.

PREPARAT

See AMS 2759.
ACKNOWLEDGMENT:
See AMS 2759.
REJECTIONS:

See AMS 2159.

NOTES:

Shall be in dccordance with AMS 2759 and thefollowing:

This is an

(R) symbd|l is for the convenience of the user in locating areas where technical revis
editorial changes, have been made to the original (October 1984} issue of this speci

Heating b
(Hy), carb

When sup
surface cd

ON FOR DELIVERY:

editorial revision to correct publication errors in the “A” (September 1996)

elow 1400 °F (760-°C) with Class B atmospheres containing 5% or more o
bn monoxide (CO), or methane (CH,), may result in explosion and fire.

plemental plating or coating, such as copper plate, is used, all atmosphers
ntamination tests are still required.

ssue. The
ons, not
ication.

f hydrogen

b controls and

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE "E" AND AMEC
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(R) TABLE 2A - Annealing, Normalizing, and Austenitizing Temperatures and Quenchants, Inch/Pound Units

Material Annealing (1) Normalizing Austenitizing Hardening
Designation Temperature, °F  Temperature, °F Temperature, °F Quenchant
1025 1625 1650 1600 water, polymer

1035 1600 1650 1550 oil, water, polymer

1045 1575 1650 1525 oil, water, polymer

1095 (2) 1500 1550 1475 oil, polymer

1137 1450 1650 1550 oil, water, polymer

3140 1500 1650 1500 !\il’ pr\lymnr

4037 1550 1650 1550 oil, water, polymer

4130 1550 1650 1575 oil, water, polymef

4135 1550 1650 1575 oil, polymer.

4140 1550 1650 1550 oil, polymer

4150 1525 1600 1525 oil, polymer

4330\ 1575 1650 1600 oil spolymer

4335V 1550 1650 1600 oil,-polymer

4340 1550 1650 1500 oil, polymer

4640 1550 1650 1525 oil, polymer

6150 1550 1650 1600 oil, polymer

8630 1550 1650 1575 oil, water, polymer

8735 1550 1650 1550 oil, polymer

8740 1550 1650 1650 oil, polymer

H-11 (3) 1600 - 1850 air, oil, polymer

98BV. 1550 1600 1550 oil, polymer

D6AC [4) 1550 1725 1625 (5) oil, polymer
9Ni-4Co- (6) 1650 1525 oil, water, polymef (7)
9Ni-4Co- (6) 1700 1550 oil, polymer (7)
NOTES:

1. Cool gt a rate not to exceed 200 F degrees peér hour to below 1000 °F, except 4330V, 4335V, and
4340(to below 800 °F, and 4640 to below, 750 °F.

2. 1095|parts should be spheroidize annealed before hardening.

3. H-11|parts shall be in the annealed condition prior to the initial austenitizing treatment, except hpt
handled parts shall be annealed at 1625 °F and furnace cooled at 50 F degrees per hour maxinjum
to at least 1000 °F.

4. D6AC parts shaltbe in the normalized or the normalized and tempered condition prior to the initjal
austgnitizing freatment, except that parts only normalized without tempering shall be preheated
prior to austenitizing.

5. 1700|°Fpermitted for DEAC parts when approved by the cognizant engineering organization.

6. 9Ni-4Co parts shali be duplex subcritical annealed by heating at 1250 °F for 4 hours + 1/4 , air
cooling to ambient temperature, reheating at 1150 °F for 4 hours + 1/4, and air cooling to ambient
temperature or shall be annealed by heating at 1150 °F for not less than 23 hours and air cooling to
ambient temperature.

7. Immediately after quenching 9Ni-4Co parts to below 140 °F, refrigerate parts at -90 °F or lower,
hold for not less than 1 hour, and air warm to room temperature.
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(R) TABLE 2B - Annealing, Normalizing, and Austenitizing Temperatures and Quenchants, S! Units

Material Annealing (1) Normalizing Austenitizing Hardening
Designation Temperature, °C Temperature, °C Temperature, °C Quenchant
1025 885 899 871 water, polymer

1035 871 899 843 oil, water, polymer
1045 857 899 829 oil, water, polymer
1095 (2) 816 843 802 oil, polymer
1137 788 899 843 oil, water, polymer
314¢ 846 899 616 oi-potymer
843 899 843 oil, water, polyrer
843 899 857 oil, water, polymer
843 899 857 oil, polymer
843 899 843 oil, polymer
829 871 829 oify polymer
857 899 871 oil,"polymer
843 899 871 oil, polymer
843 899 816 oil, polymer
843 899 829 oil, polymer
843 899 871 oil, polymer
843 899 857 oil, water, polymer
843 899 843 oil, polymer
843 899 843 oil, polymer
871 - 1010 air, oil, polyme
843 871 843 oil, polymer
843 941 885 (5) oil, palymer
9Ni-4Cp-0.20C (6) 899 829 oil, water, polymer (7)
9Ni-4Cp-0.30C _(6) 927 843 oil, polymer (7)
NOTES

1. Codl at a rate not to exceed 111 C degrees per hour to below 538 °C, except 4330V, 4335V, and
434D to below 427 °C, and 4640 to below 399 °C.

2. 1095 parts should be spheroidize annealed before hardening.

3. H-1t parts shall be in the@anhealed condition prior to the initial austenitizing treatment, excepthot
handled parts shall be @nnealed at 885 °C and furnace cooled at 28 C degrees per hour maximum to

at least 538 °C.

4. D6AC parts shallbe in the normalized or the normalized and tempered condition prior to the initial
austenitizing-tréatment, except that parts only normalized without tempering shall be preheated prior

to dustenitizing.

5. 927 °C permitted for DBAC parts when approved by the cognizant engineering organization.

6. 9Ni-4Co parts shall be duplex subcritical annealed by heating at 677 °C for 4 hours + 1/4 , air cooling
to ambient temperature, reheating at 621 °C for 4 hours + 1/4, and air cooling to ambient temperature
or shall be annealed by heating at 621 °C for not fess than 23 hours, and air cooling to ambient

temperature.

7. Immediately after quenching 9Ni-4Co parts to below 60 °C, refrigerate parts at -68 °C or lower, hold
for not iess than 1 hour, and air warm to room temperature.
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(R) TABLE 3A - Suggested Tempering Temperatures, °F
Tensile Tensile Tensile Tensile Tensile Tensile
Strength Strength Strength Strength Strength Strength
Range Range Range Range Range Range
ksi (1) ksi (1) ksi (1) ksi (1) ksi (1) ksi (1)
90.0 125 150 160 180 200
Material to to to to to to
Designation Quenchant 125 150 170 180 200 220
1025 water 700 - - - - -
1035 water 850 - - - - -
1035 oil, polymer 700 - - - - -
1045 water 1050 900 700 - - -
1045 oil, polymer 1000 800 - - - -
1095 oil, polymer 1250 1150 1000 900 800 700
1137 oil, polymer 900 625 - - - -
1137 water 1000 900 800 700 600 -
3140 oil, polymer 1250 1100 975 875 800 -
4037 oil, polymer 1100 1000 925 825 700 -
4037 water 1200 1100 1000 875 725 -
4130 (2 oil, polymer 1200 1050 925 800 - -
4130 (2 water 1250 1100 975 875 700 -
4135 (2 oil, polymer 1250 1125 1025 800 800 -
4140 (2 oil, polymer 1300 1175 1075 850 850 725
4150 oil, polymer - 1200 1100 975 800 -
4330V oil, polymer - - 5 - 1000 BOO (3)
4335V oil, polymer - - - - 1000 00 (3)
4340 (2 oil, polymer - 1200 1100 1025 925 25 (3)
4640 oil, polymer 1200 1100 1000 900 750 -
6150 oil, polymer - 1200 1100 1000 925 B25 (4)
8630 (2 oil, polymer 1200 1026 925 825 700 -
8630 (2 water 1200 1025 950 825 700 -
8735 (2 oil, polymer 1200 1125 1025 800 775 -
8740 (2 oil, polymer 1275 1175 1075 975 850 725
H-11 (3 air { - - - - 1100
98BV40 oil, polymer - 1200 1100 1000 900 800
D6AC (3) oil, polymer - - - 1200 (5) (6)
9Ni-4C0-0.20¢ (3) oil, polymer - - - - 1025 (7) -
9Ni-4C0-0.30¢ (3)  oil, polymer - - - - 1050 (8) -
NOTES:
1. Absence df values indicates the respective steel is not recommended for the specified tensile strengfh
range.
2. See Table|4.

3. At least two tempernng operations required.

4. Spring temper.

5. 1sttemper: 1100 °F min; 2nd temper: 1115 to 1200 °F.

6. 1sttemper: 1050 °F min; 2nd temper: 1095 to 1145 °F,

7. 190 ksi min tensile strength.

8. 210 ksi min tensile strength.

-40-
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(R) TABLE 3B - Suggested Tempering Temperatures, °C

Tensile Tensile Tensile Tensile Tensile Tensile
Strength Strength Strength Strength Strength Strength
Range Range Range Range Range Range
MPa (1) MPa (1) MPa (1) MPa (1) MPa (1) MPa (1)
621 862 1034 1172 1241 1379
Material to to to to to to
Designation Quenchant 862 1034 1172 1241 1379 1517
1025 water 37 - - - - -
1035 water 454 - - - -
1035 oil, polymer 37 - - - - -
1045 water 566 482 371 - - -
1045 oil, polymer 538 427 - - - -
1095 oil, polymer 677 621 538 482 427 371
1137 oil, polymer 482 329 - - - -
1137 water 538 482 427 371 316 -
3140 oil, polymer 677 593 524 468 427 -
4037 cil, polymer 593 538 496 430 371 -
4037 water 649 593 538 468 385 -
4130 (2) oil, polymer 649 566 496 427 - -
4130 {2) water 677 593 524 468 371 -
4135 (2) oil, polymer 677 607 552 482 427 -
4140 (2) oil, poiymer 704 635 579 510 454 385
4150 oil, polymer - 649 593 524 427 -
4330V oil, polymer - - - - 538 427 (3)
4335V oil, polymer - - - - 538 427 (3)
4340 (2) oil, polymer - 649 593 552 496 441 (3)
4640 oil, polymer 649 593 538 482 399 -
6150 oil, polymer - 649 593 538 496 441 (4)
8630 (2) oil, polymer 649 552 496 441 371 -
8630 (2) water 649 552 510 441 371 -
8735 (2) oil, polymer 649 607 552 427 413 -
8740 (2) oil, polymer 691 635 579 524 454 385
H-11 (3) air - - - - - 593
98BV40 oil, polymer - 649 593 538 482 427
DBAC (3) oil, polymer - - - 649 (5) (6)
9Ni-4Co0-0.2pC (3) oil, polymer - - - - 5§52 (7) -
9Ni-4C0-0.3DpC (3) _ oil, polymer - - - - 566 (8) -
NOTES:
1. Absencp of values|indicates the respective steel is not recommended for the specified tensile strepgth range.
2. See Table 4.
3. At leastitwo/tempering operations required.

4. Spring temper.

5. 1sttemper: 593 °C min; 2nd temper: 602 to 649 °C.
6. 1sttemper: 566 °C min; 2nd temper: 59110 618 °C.
7. 1310 MPa min tensile strength.

8. 1448 MPa min tensile strength.
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