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INTERNATIONAL

Standard Specification for
Carbon and Alloy Steel Bars Subject to End-Quench
Hardenability Requirements

This standard is issued under the fixed designation A 304; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope* 4. Ordering Information

1.1 This specification covers hot-worked alloy, carbon, and 4.1 Orders for material under this specification should
carbon-boron steels in a variety of compositions and sizemclude the following information, in proper sequence:
which may attain specified depth of hardening in the end 4.1.1 Quantity (weight),
guench test. These steel compositions are identified by the 4.1.2 Name of material (alloy, carbon, or carbon-boron
suffix letter “H” added to the conventional grade number.  steel),

1.2 This specification provides for analyses other than those 4.1.3 Cross-sectional shape,
listed under Table 1 and Table 2. Special hardenability limits 4.1.4 Size,
are also permissible when approved by the purchaser and4.1.5 Length,

manufacturer. 4.1.6 Grade,
1.3 The values stated in inch-pound units are to be regarded 4.1.7 End-quenched hardenability (see Section 9),
as the standard. 4.1.8 Report of heat analysis, if desired (see Section 7),
4.1.9 Special straightness, if required,
2. Referenced Documents 4.1.10 ASTM designation and date of issue,
2.1 ASTM Standards? 4.1.11 End use or special requirements, and

A 29/A 29M Specification for Steel Bars, Carbon and 4.1.12 Leaded steel, when required.

Aé”SOSy.THO;E"\\//IVI’(t)rL]lg:t]: ng(ejral Reqlrj]lr_?m??ts lf_?r d bilit Note 1—A typical ordering description is as follows: 10 000 Ib, alloy
est Method for End-Quench Test for Hardenability j,.s  round, 4.0 in. dia by 10 ft, Grade 1340H, J 40/564=in., heat

of Steel analysis required, ASTM A 304, dated , worm gear.

E112 Test Methods for De'termining Average Grain Size 4.2 The purchaser shall specify the desired grade, including
E 527 Practice for Numbering Metals and Alloys (UNS) the suffix letter “H,” in accordance with Table 1 or Table 2.
3. Terminology 4.3 Band limits are shown graphically and as tabulations in
Figs. 2-87, inclusive. For specifications purposes, the tabulated
values of Rockwell C hardness are used. Values below 20

under heat treatment becomes apparent in the degree to whiaﬂCkwe" Cbhallrdm:-r?s (20 HF‘I)C) are n?ttr?pecclfledl be;zﬁuse Suﬁh
the material hardens when quenched at different cooling rate¥$2 ueﬁ are fe ow the normal rangt_e 0 i € i s%a eo'l € gra}p S
It is measured quantitatively, usually by noting the extent o/Are Shown for convenience In estimating the hardness values

depth of hardening of a standard size and shape test specim Rtamable at various locations on the end quench test bar and

in a standardized quench. In the “end-quench” test the “dept r v_ariou§ locations in oil or water quenched rounds. The_
of hardening” is the distance along the specimen from théelatlonshlp between end-quench distance and bar diameter is

quenched end to a given hardness. approximate a_nd should be used only as a guide.
4.4 Two points from the tabulated values are commonly
- designated according to one of Methods A, B, C, D, or E,
1 This specification is under the jurisdiction of ASTM Committee A0 on Steel, Which are defined in the following paragraphs. Those various
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommitteenethods are illustrated graphically in Fig. 1.
A01.15 on Bars. . . - 4.4.1 Method A—The minimum and maximum hardness
Current edition approved March 1, 2004. Published April 2004. Originally . . . . . .
values at any desired distance. This method is illustrated in Fig.

approved in 1947. Last previous edition approved in 2002 as A 304 — 02. ’ -
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, orl @s pointsA-A and would be specified as 43 to 54 HRC at J3.

contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM

Standards/olume information, refer to the standard’s Document Summary page on

the ASTM website.

3.1 Definitions of Terms Specific to This Standard:
3.1.1 hardenability—The relative ability of a steel to harden

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Obviously the distance selected would be that distance on theompositions may be specified, as agreed upon between the
end quench test bar which corresponds to the section used lpyrchaser and the manufacturer. Generally, hardenability bands
the purchaser. will not be available for such compositions.

4.4.2 Method B—The minimum and maximum distances at 7.3 When requested by the manufacturer, and approved by
which any desired hardness value occurs. This method ithe purchaser, other steels capable of meeting the purchaser’s
illustrated in Fig. 1 as point8- B and would be specified as 39 specified hardenability may be furnished in place of the grade
HRC at J4 minimum and J9 maximum. If the desired hardnesspecified by the purchaser.
does not fall on an exact sixteenth position, the minimum o )
distance selected should be the nearest sixteenth positiéh Grain Size Requirements
toward the quenched end and the maximum should be the 8.1 The steel shall conform to the fine austenitic grain size
nearest sixteenth position away from the quenched end. requirement of Specification A 29/A 29M.

4.4.3 Method G—Two maximum hardness values at two 8.2 Hardenability values specified herein are based on

desired distances, illustrated in Fig. 1 as poiGt€. fine-grain steels and are not applicable to coarse-grain material.
4.4.4 Method D—Two minimum hardness values at two In case coarse-grain steel is desired, the hardenability values
desired distances, illustrated in Fig. 1 as poidt®. shall be negotiated between the purchaser and the manufac-

4.4.5 Method E—Any minimum hardness plus any maxi- turer.
mum hardness. When hardenability is specified according to
one of the above Methods A to E, the balance of the9- End-Quench Hardenability Requirements
hardenability band is not applicable. 9.1 The end-quench hardenability shall conform to the
4.5 In cases when it is considered desirable, the maximumequirements specified on the purchase order.
and minimum limits at a distance éfe in. from the quenched 9.2 The hardenability values shall be specified in accor-
end can be specified in addition to the other two points aglance with the applicable values in Figs. 2-87 inclusive for the
previously described in 4.4.1 to 4.4.5, inclusive. grade specified. See Fig. 1 for method of specifying harden-
4.6 In cases when it is necessary to specify more than twability.
points on the hardenability band (exclusive of the maximum 9.3 When agreed upon between the purchaser and manufac-
and minimum limits at a distance #fsin.), a tolerance of two turer, special hardenability limits may be ordered and shall be
points Rockwell C (HRC) over any small portion of either reflected on the purchase order.
curve (except at a distance éfis in.) is customary. This
tolerance is necessary because curves of individual heats vahp. Test Specimens
somewhat in shape from the standard band limits and thus 10.1 Number and Locatioa-The number and location of
deviate slightly at one or more positions in the full length of thetest specimens shall be in accordance with the manufacturer's
curves. standard practice and shall adequately represent the harden-
ability of each heat.
5. Manufacture 10.2 Thermal Treatment-All forged or rolled hardenability

5.1 Melting Practice—The steel shall be made by one or test specimens must be normalized prior to testing. Cast
more of the following primary processes: open-hearth, basicspecimens need not be normalized.

oxygen, or electric-furnace. The primary melting may incor-
porate separate degassing or refining and may be followed bl. Test Methods
secondary melting using electroslag remelting or vacuum arc 11.1 Grain Size—Test Methods E 112.
remelting. Where secondary melting is employed, the heat 11 2 End-quench Hardenability-Test Method A 255.
shall be defined as all of the ingots remelted from a single
primary heat. 12. Certification and Reports of Testing
5.2 Slow Cooling—Immediately after hot working, the bars 15 1 when the full H-band is specified for alloy steels, the
shall be allowed to cool when necessary to a temperature belogargenability can be reported by listing hardness values at the
the critical range under suitable conditions, to preventinjury byto|iowing distances from the quenched end of the test speci-
too rapid cooling. men: 1 through 16 sixteenths, then 18, 20, 22, 24, 28, and 32
sixteenths of an inch.
) i ) L 12.2 Tables 2-18 in Test Methods A 255 are to be used to
6.1 Material furnished under this specification shall con-cgicyjate hardenability from the chemical ideal diameter for the
form to the applicable requirements of the current edition Ofgrades shown in 10.1 of Test Methods A 255. Hardenability
Specification A 29/A 29M, unless otherwise provided for ragits are to be reported for the first 10 sixteenths (16 mm),
herein. then 12, 14, 16, 18, 20, 24, 28, and 32 sixteenths of an inch.

7. Chemical Composition NoTe 2—The reporting hardenability using the calculated method

7.1 The heat analysis shall conform to the requirements a&ffers from the procedure shown in 6.4 of Test Methods A 255.
to chemical composition prescribed in Table 1 and Table 2 for 12.3 For carbon H-steels, distances from the quenched end
the grade specified by the purchaser. may be reported by listing sixteenths or half sixteenths (rather
7.2 When a steel cannot be identified by a standard graddan full sixteenths only as with alloy steels). Units of
number in accordance with Table 1 and Table 2, othesixteenths rather than thirty-seconds are followed for all steels

6. General Requirements
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to avoid misunderstanding. When the full H-band is specified
half sixteenths through 8 may be reported, as well as the
distances listed in 12.1.

13. Keywords

13.1 alloy steel bars; carbon steel bars; end quench harden-
ability; steel bars

SUMMARY OF CHANGES

Committee AO1 has identified the location of selected changes to this specification since the last issue,
A 304 - 96, that may impact the use of this specification.

(1) New section 12.2 added. (2) Previous section 12.2 renumbered as 12.3.

TABLE 1 Chemical Requirements of Alloy H Steels A

Note 1— Phosphorus and sulfur in open-hearth steel is 0.035 %, max, and 0.040 %, max respectively. Phosphorus and sulfur in electric-furnace stee
(designated by the prefix letter “E”) is 0.025 %, max.

Note 2—Small quantities of certain elements are present in alloy steels which are not specified or required. These elements are considered as incidentz
and may be present to the following maximum amounts: copper, 0.35 %; nickel, 0.25 %; chromium, 0.20 %; molybdenum, 0.06 %.

Note 3—Chemical ranges and limits shown in this table are subject to the permissible variation for product analysis shown in Specification
A 29/A 29M.

Note 4—Standard “H” Steels can be produced with a lead range of 0.15-0.35 %. Such steels are identified by inserting the letter “L” between the
second and third numerals of the grade designation, for example, 41L40H. Lead is generally reported as a range of 0.15-0.35 %.

UNS Desig- Grade Designation Chemical Composition, %

4 A
nation Carbon Manganese Silicon Nickel Chromium Molybdenum
H 13300 1330 H 0.27-0.33 1.45-2.05 0.15-0.35
H 13350 1335 H 0.32-0.38 1.45-2.05 0.15-0.35
H 13400 1340 H 0.37-0.44 1.45-2.05 0.15-0.35
H 13450 1345 H 0.42-0.49 1.45-2.05 0.15-0.35
H 40270 4027 H 0.24-0.30 0.60-1.00 0.15-0.35 0.20-0.30
H 40280 4028 HE 0.24-0.30 0.60-1.00 0.15-0.35 0.20-0.30
H 40320 4032 H 0.29-0.35 0.60-1.00 0.15-0.35 0.20-0.30
H 40370 4037 H 0.34-0.41 0.60-1.00 0.15-0.35 0.20-0.30
H 40420 4042 H 0.39-0.46 0.60-1.00 0.15-0.35 0.20-0.30
H 40470 4047 H 0.44-0.51 0.60-1.00 0.15-0.35 0.20-0.30
H 41180 4118 H 0.17-0.23 0.60-1.00 0.15-0.35 0.30-0.70 0.08-0.15
H 41300 4130 H 0.27-0.33 0.30-0.70 0.15-0.35 0.75-1.20 0.15-0.25
H 41350 4135 H 0.32-0.38 0.60-1.00 0.15-0.35 0.75-1.20 0.15-0.25
H 41370 4137 H 0.34-0.41 0.60-1.00 0.15-0.35 0.75-1.20 0.15-0.25
H 41400 4140 H 0.37-0.44 0.65-1.10 0.15-0.35 0.75-1.20 0.15-0.25
H 41420 4142 H 0.39-0.46 0.65-1.10 0.15-0.35 0.75-1.20 0.15-0.25
H 41450 4145 H 0.42-0.49 0.65-1.10 0.15-0.35 0.75-1.20 0.15-0.25
H 41470 4147 H 0.44-0.51 0.65-1.10 0.15-0.35 0.75-1.20 0.15-0.25
H 41500 4150 H 0.47-0.54 0.65-1.10 0.15-0.35 0.75-1.20 0.15-0.25
H 41610 4161 H 0.55-0.65 0.65-1.10 0.15-0.35 0.65-0.95 0.25-0.35
H 43200 4320 H 0.17-0.23 0.40-0.70 0.15-0.35 1.55-2.00 0.35-0.65 0.20-0.30
H 43400 4340 H 0.37-0.44 0.55-0.90 0.15-0.35 1.55-2.00 0.65-0.95 0.20-0.30
H 43406 E4340 H 0.37-0.44 0.60-0.95 0.15-0.35 1.55-2.00 0.65-0.95 0.20-0.30
H 44190 4419 H 0.17-0.23 0.35-0.75 0.15-0.35 0.45-0.60
H 46200 4620 H 0.17-0.23 0.35-0.75 0.15-0.35 1.55-2.00 0.20-0.30
H 46210 4621 H 0.17-0.23 0.60-1.00 0.15-0.35 1.55-2.00 0.20-0.30
H 46260 4626 0.23-0.29 0.40-0.70 0.15-0.35 0.65-1.05 0.15-0.25
H 47180 4718 H 0.15-0.21 0.60-0.95 0.15-0.35 0.85-1.25 0.30-0.60 0.30-0.40
H 47200 4720 H 0.17-0.23 0.45-0.75 0.15-0.35 0.85-1.25 0.30-0.60 0.15-0.25
H 48150 4815 H 0.12-0.18 0.30-0.70 0.15-0.35 3.20-3.80 0.20-0.30
H 48170 4817 H 0.14-0.20 0.30-0.70 0.15-0.35 3.20-3.80 0.20-0.30
H 48200 4820 H 0.17-0.23 0.40-0.80 0.15-0.35 3.20-3.80 0.20-0.30
H 50401 50B40 HE 0.37-0.44 0.65-1.10 0.15-0.35 0.30-0.70
H 50441 50B44 HE 0.42-0.49 0.65-1.10 0.15-0.35 0.30-0.70
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UNS Desig- Grade Designation Chemical Composition, %

4 A
nation Carbon Manganese Silicon Nickel Chromium Molybdenum
H 50460 5046 H 0.43-0.50 0.65-1.10 0.15-0.35 0.13-0.43
H 50461 50B46 HE 0.43-0.50 0.65-1.10 0.15-0.35 0.13-0.43
H 50501 50B50 HE 0.47-0.54 0.65-1.10 0.15-0.35 0.30-0.70
H 50601 50B60 HE 0.55-0.65 0.65-1.10 0.15-0.35 0.30-0.70
H 51200 5120 H 0.17-0.23 0.60-1.00 0.15-0.35 0.60-1.00
H 51300 5130 H 0.27-0.33 0.60-1.10 0.15-0.35 0.75-1.20
H 51320 5132 H 0.29-0.35 0.50-0.90 0.15-0.35 0.65-1.10
H 51350 5135 H 0.32-0.38 0.50-0.90 0.15-0.35 0.70-1.15
H 51400 5140 H 0.37-0.44 0.60-1.00 0.15-0.35 0.60-1.00
H 51450 5145 H 0.42-0.49 0.60-1.00 0.15-0.35 0.60-1.00
H 51470 5147 H 0.45-0.52 0.60-1.05 0.15-0.35 0.80-1.25
H 51500 5150 H 0.47-0.54 0.60-1.00 0.15-0.35 0.60-1.00
H 51550 5155 H 0.50-0.60 0.60-1.00 0.15-0.35 0.60-1.00
H 51600 5160 H 0.55-0.65 0.65-1.10 0.15-0.35 0.60-1.00
H 51601 51B60HC 0.55-0.65 0.65-1.10 0.15-0.35 0.60-1.00
H 61180 6118 HP 0.15-0.21 0.40-0.80 0.15-0.35 0.40-0.80
H61500 6150 HE 0.47-0.54 0.60-1.00 0.15-0.35 0.75-1.20
H 81451 81B45 HC® 0.42-0.49 0.70-1.05 0.15-0.35 0.15-0.45 0.30-0.60 0.08-0.15
H 86170 8617 H 0.14-0.20 0.60-0.95 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86200 8620 H 0.17-0.23 0.60-0.95 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86220 8622 H 0.19-0.25 0.60-0.95 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86250 8625 H 0.22-0.28 0.60-0.95 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86270 8627 H 0.24-0.30 0.60-0.95 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86300 8630 H 0.27-0.33 0.60-0.95 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86301 86B30 H 0.27-0.33 0.60-0.95 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86370 8637 H 0.34-0.41 0.70-1.05 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86400 8640 H 0.37-0.44 0.70-1.05 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86420 8642 H 0.39-0.46 0.70-1.05 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86450 8645 H 0.42-0.49 0.70-1.05 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86451 86B45 HE 0.42-0.49 0.70-1.05 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86500 8650 H 0.47-0.54 0.70-1.05 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86550 8655 H 0.50-0.60 0.70-1.05 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 86600 8660 H 0.55-0.65 0.70-1.05 0.15-0.35 0.35-0.75 0.35-0.65 0.15-0.25
H 87200 8720 H 0.17-0.23 0.60-0.95 0.15-0.35 0.35-0.75 0.35-0.65 0.20-0.30
H 87400 8740 H 0.37-0.44 0.70-1.05 0.15-0.35 0.35-0.75 0.35-0.65 0.20-0.30
H 88220 8822 H 0.19-0.25 0.70-1.05 0.15-0.35 0.35-0.75 0.35-0.65 0.30-0.40
H 92600 9260 H 0.55-0.65 0.65-1.10 1.70-2.20
H 93100 9310 H 0.07-0.13 0.40-0.70 0.15-0.35 2.95-3.55 1.00-1.45 0.08-0.15
H 94151 94B15 H® 0.12-0.18 0.70-1.05 0.15-0.35 0.25-0.65 0.25-0.55 0.08-0.15
H 94171 94B17 HE 0.14-0.20 0.70-1.05 0.15-0.35 0.25-0.65 0.25-0.55 0.08-0.15
H 94301 94B30 H® 0.27-0.33 0.70-1.05 0.15-0.35 0.25-0.65 0.25-0.55 0.08-0.15

“ANew designations established in accordance with Practice E 527 and SAE J 1086, Recommended Practice for Numbering Metals and Alloys (UNS).

BSulfur content range is 0.035 to 0.050 %.

CThese steels can be expected to have a 0.0005 % min boron content.
PVanadium content range is 0.10 to 0.15 %.

EMinimum vanadium content is 0.15 %.
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TABLE 2 Chemical Requirements of Carbon H-Steels
UNS Designation® Grade Designation Chemical Composition, %
Carbon Manganese Phosphorus, Sulfur, Silicon
max max
H 10380 1038 H 0.34-0.43 0.50-1.00 0.040 0.050 0.15-0.30
H 10450 1045 H 0.42-0.51 0.50-1.00 0.040 0.050 0.15-0.30
H 15220 1522 H 0.17-0.25 1.00-1.50 0.040 0.050 0.15-0.30
H 15240 1524 H 0.18-0.26 1.25-1.75 0.040 0.050 0.15-0.30
H 15260 1026 H 0.21-0.30 1.00-1.50 0.040 0.050 0.15-0.30
H 15410 1541 H 0.35-0.45 1.25-1.75 0.040 0.050 0.15-0.30
H 15211¢ 15B21 H® 0.17-0.24 0.70-1.20 0.040 0.050 0.15-0.30
H 15351¢ 15B35 HE 0.31-0.39 0.70-1.20 0.040 0.050 0.15-0.30
H 15371¢ 15B37 H® 0.30-0.39 1.00-1.50 0.040 0.050 0.15-0.30
H 15411¢ 15B41 HE 0.35-0.45 1.25-1.75 0.040 0.050 0.15-0.30
H 15481¢ 15B48 HE 0.43-0.53 1.00-1.50 0.040 0.050 0.15-0.30
H 15621¢ 15B62 H® 0.54-0.67 1.00-1.50 0.040 0.050 0.40-0.60

A Standard H Steels can be produced with a lead range of 0.15-0.35 %. Such steels are identified by inserting the letter “L” between the second and third numerals of
the grade designation, for example, 15L22 H. Lead is generally reported as a range of 0.15-0.35 %.

B New designations established in accordance with Practice E 527 and SAE J 1086, Recommended Practice for Numbering Metals and Alloys (UNS).

CThese steels can be expected to have 0.0005 % min boron content.
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Hardenability Band
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TABLE Continued

w

Method Points on Example—End Quench
Charts Hardenability

Minimum and maximum hardness values at a designated distance A-A HRC 43 to 54 at J3
A hardness value at minimum and maximum distances B-B HRC 39 at J4 minumum and J9 maximum
The maximum hardness values at two designated distances C-C HRC50 at J5 maximum

HRC 34 at J12 maximum
Two minimum hardness values at two distances D-D HRC 35 at J5 minimum

HRC 21 at J16 minimum
Any minimum hardness plus any maximum hardness E-E HRC 32 at J6 minimum

HRC 37 at J10 maximum

FIG. 1 Examples lllustrating Alternative Method of Specifiying Hardenability Requirements (tabulated hardness values are used in
ordering)
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«EARDHESS LIMITS FOR HARDENABILITY BAND 1330 H
SPECIFICATION PURPOSES
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RECOMMENDED BY SAE LT
*MORMALIZE 1650 OF hi - -
AUSTENITIZE 1600 OF 220 —
For forged Ilea Imens only. =2 4 & 10 12 14 16 18 20 22 24 26 28 30 32
or foraed or rolled specimens on'y:| DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.
FIG. 2 Limits for Hardenability Band 1330 H

— 1335
HARDNESS LIMITS FOR l HARDEN@BJL{'LY BAKD 35H e
SPECIFLCATION PURPOSES c 1 MR i 1
PR 1335 K 0.32 1 45/ 0.15/
OF AN INCH uAx LIL} 0.38 2.05 0.35
[ 58 5t
H 57 up
3 58 u7 DEAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDK LOCATION [N _ROUND ] QUENCH
L} 55 Uy 3.8 SURFACE | MiLD
. 5 a8 1.1 2.0 2.9 3.8 4.8 5.8 6.7 3/4 RADIUS FROM CENTER| WATER
s 52 ay 07 2 18 2.0 2V 28 3.2 36 3.0 CENTER _ | QUENCH
7 50 3t 0.8 1.8 2.5 3.0 3.4 3.8 SURFACE | MILD
L i 29 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0 |3/H RADIUS FROM CENTER| OIL
9 ue 27 0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 a.l CENTER | QUENCH
10 uy 28
n N2 25 hd
12 ¥ 24
13 uo 23 80
" 0 22 “ o5
15 38 22 < 83
18 a7 2t H
50 S
18 35 20 v
2 3y - " 45 B
2 33 - n = —=
2 32 - w A Y =
2 3 54 X
- Ay
= 3l - % a8 AN
] 30 - T = —
- N
2 30 430 -
HEAT TREATING TEMPERATURES o .
RECOMMENDED BY SAE . EFY
"NORMALIZE 1600 OF hi
AUSTENITIZE 1550 OF° =
8 : 2 16 I8 20 22 24 26 28 30 32
"For forged or rolled specinens only. DISTANGE FROM' QUENCHED END L SIXTEENTHS. OF AN IHCH

Note—1 in. = 25.4 mm.

FIG. 3 Limits for Hardenability Band 1335 H
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WARONESS LINITS FOR HARDENABILITY BAND _ 1340 H
SPECIFICATION PURPOSES C MR s T
Sixreeams 130 037 145 0.15
OF An_inci o L 0.44 2.05 0.35
1 60 83 -
2 60 52 .
3 56 L1 IsIAHEYER‘S OF ROUNDS WITH SAME AS QUENCHED HARDNE! LOCATION N ROUND QUENCH
[} 88 u9 3.8 SURFACE | MILD
5 57 us 1.1 2.0 2.9 3.8 4.8 5.8 8.7 3/4 RADIUS FROM CENTER| WATER
8 (7] 40 01.7 I;2 ll.e 2}0 2;" 2;8 3;2 3.[6 3;9 CENTER WENCH
7 55 35 0.8 1.8 2.5 3.0 3.4 3.8 SURFACE | MILD
L iJ 3 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0 3/% RADIUS FROM CENTER| Oit
9 52 31 0.2 0.8 1.0 .M 1,7 2.0 2.4 2.8 3.1 ,CELY,ER QUENCH
10 5t 2% e
1l 80 28 )
12 u8 27
80,
3 L 26 w
I uy 25 Jgs
is u2 25 h =
16 Nl 24 @
50 — -
] 39 23 v -
20 38 23 “wa ‘\‘ >~
2 a7 22 a '} ~
) 38 22 % 40
% 35 21 g Az
2 35 21 <3 X
20 au 20 X
a2 au 20 Ja N
HEAT TREATING TEMPERATURES d —
RECOMMENDED BY SAE EXY
*NORMAL I ZE 1800 ©F 5
AUSTENITIZE 1550 ©OF = | ]
- 4 ]
“For forged or rolled specinens only. 2 sTANCE FRoM QUENCHED END SIXTEERTHS. OF AN INGH

Note—1 in. = 25.4 mm.

FIG. 4 Limits for Hardenability Band 1340 H

NARDWESS LINITS FOR HARDENABILITY BAND 1345 H
SPECIFICATION PURPOSES r C vE S -
I
St 13450 0.42 145 0157
2 M luca - . 0.49 2.05 035! N
1 [ 56 —
2 63 %6
] 62 58 01 AMETERS OF RUUNDS WITH SAME AS QUENCHED HARDN
[ ) 54 3.0
s o 51 1.1_2.0 2.0 3.8 4.8 6.8 6.7 3/% RADIUS FROM CENTER| WATER
[ ] 4 0.7 1.2 1.6 20 2.4 2.8 3.2 3.6 3.8 CENTER | QUENCH |
7 0 8 I X ) T I T T ) ¢ | § I
. 0.8 1.8 2.6 3.0 3.4 3.8 SURFA KILO
» 35 0.6 1.0 (.6 2.0 2.8 2.8 3.2 3.6 4.0 [3/4 RADIUS FROM CENTER| OIL
¢ se 33 0.2 0.6 1.0 I.M (.7 2.0 2.8 2.8 3.1 CENTER | QUENCH |
10 s7 32 n -
n 56 3 A —
12 ss 30
&0
13 54 29 -
" 53 29 2 an
15 52 o8 § e N
0 L] 28 \
50 X
» a9 27 v X I
2 a8 27 @ 45 \ —+—
7 a7 26 ad E
n 45 26 u
Z4 a s
] 43 25 o~ \
» 45 25 <3 N
» 435 24 T~ N
2 45 24 3 e
330 - =
HEAT TREATING TEMPERATURES - e
RECOMMENDED BY SAE EFY — —
“NORMALIZE 1800 °F f,
AUSTENITIZE 1550 OF O . = — - —
For forged or rolled spectsens only. ey 4 6 10 12 14 16 18 20 22 24 26 28 30 32
DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Nore—1in. = 25.4 mm.
FIG. 5 Limits for Hardenability Band 1345 H
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4028 H *
HARDNESS LIMITS FOR HARDENABILITY BAND
SPECIFICATION PURPOSES C Mn Si Mo
FRCs waam & vozew 0.24 0.60 015 20/
OF AN INCH ux LI} 0.30 1.00 0.35 0.30
! 52 u3 *SULPHUR CONTENT 0.035/0.050
2 50 0 .
3 ug al DIAMETERS OF ROUMDS WITK SAME AS QUENCHED HARDNES' LOCATION IN_ROUND™ NCH
. 1w 25 3.8 _SURFACE | MILD
5 au 22 l.i 2.0 2.9 3.8 4.8 5.8 8.7 3/4 RADIUS FROM CEMTER| WATER
. 0 20 0.7 1.2 (6 20 24 2.8 3.2 3.6 3.8 CENTER | QUENCH
28 - T T T T T 1 T T T
7 2 . 0.8 I.8 2.5 3.0 3. 3.8 N SURFACE HILD
L 0.5 1.0 1.6 2,0 2.8 2.8 3.2 3.6 .0 3/4 RADIUS FROM ‘CEI[EL ot
* 25 - 0.2 0.8 1.0 (.8 1.7 2.0 2.4 2.8 3.1 CENTER | OUENCK
W 25 - i = = :
n kil - g -
n 23 -
13 23 6o
" 22 - “ .5
15 22 - 3
" 2t - 4
.80
" 21 - v e
20 20 - X
" 45
u - - @ CENY
n - - Y.
I - - e ° \
n - - %3 =X
» - - z X
2 - 4 =N
30 T
HEAT TREATING TEMPERATURES o X S
RECOMMENDED 8Y SAE E Py X
*NORMAL 1 2E 1850 OF 5 e
AUSTENITIZE 1600 °F g 20 S\
[
*For forged ™ | Iy 2 4 6 10 12 14 16 18 20 22 24 26 28 30 3
or forged or rolled speciacns only DISTANCE FROM QUENCHED END - SIXTEENTHS OF AN INCH

Note—1in, = 25.4 mm.
FIG. 6 Limits for Hardenability Band 4027 H and 4028 H

WARONESS LiNiTS FOR HARDENABILITY BAND __4032 H
SPECIFICATION PURP —
i CATION PURPDSES | c Mn S Mo
"J4" DISTANCE
SIXTEENTHS M:ou ! ey Ov29/ O.G(V 0.15 0.20
OF AN _1NCH 0.35 1.00 0.35 0.30
[ 87 50 —
2 [ us
) 81 38 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED WARDNESS LOCATION I ROUNO | QuEck
’ e 29 3.8 SURFACE | MILD
s % 25 .l 2.0 2.0 3.8 U8 58 6.7 3/N RADIUS FROM CENTER| vateR
[ an 23 0.7 1.2 1.8 20 2.4 28 3.2 3.6 3.9 CENTER | QUENCH
7 an 22 T T T T T I T T T
] % 2| 0.6 1.8 2.5 3.0 3.4 3.8 SURFACE | M1LD
0.5 1.0 1.8 2.0 2.4 2.8 3,2 8.8 W.0 |3/4 RADIUS FROM CENTER| OIL
s 28 20 0.2 0.6 1.0 1.4 1.7 2.0 2.8 2.8 3.1 CENTER | QUENCH
» 28 - 85
1 2 - -
i 26 - —
en
13 2 N
I 2 - Y,
" <] - b
" 23 - ] X
50 \‘
18 23 - v g
2 22 - w4
2 22 - " - X
» 2t - w X
Z a0 H—\
2 21 - e ¥ X
n 20 . <3 a X
] - - T 2 Y
L}
2 - - O ag \ e
53
HEAT TREATING TEMPERATURES w —
RECOMMENDED BY. SAE EXY) Y —
SNORMAL 1 2E ie50 °F hi e h—
AUSTENITIZE 1600 OF 2 20
"For forged Itea lmens onty. 2 4 5 16 12 1416 1620 22 24 26 28 30 3
8r forged or rolled specinens only DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INGH

Note—1 in. = 25.4 mm,
FIG. 7 Limits for Hardenability Band 4032 H
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WARDNESS LIMITS FOR HARDENABILITY BAND __4037 H
SPECIFICATION PURPOSES =< v R T Mo ‘
*JT DISTANCE w1 H n i T t
et B T fosa/ 080/ P12 220/,
0.41 100 | /oss | 0.30
[ 50 52 |
2 57 ug
3 54 uz DIAMETERS OF ROUNDS WITH SAME AS QUENCKED KARDNESS| LOCATION IN ROUND_ | Quemck
¥ o 3% a.g SURFACE | MILD
s s 20 1.1 2.0 2.0 3.8 4.8 5.8 6.7 3/4 RADIUS FROM CENTER| wATER
‘ 38 28 0.7 1.2 1.6 20 2.4 2.8 3.2 3.6 3.9 CENTER | QuENCH |
7 ay 23 T T T T T T T T T
! o = 0.8_1.8 2.5 3.0 3.4 3.8 SURFACE | MILD
0.5 1.0 1.6_2.0 2.4 2.8 3.2 3.6 4.0 [3/4 RADIUS FROM CENTER] OIL
9 30 21 0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.l CENTER | QUENCH
10 20 20 s - o —
1] 28 - M =
1”2 27 -
13 26 60
" 28 - ] 55 N —
15 28 - S TEEENX
16 25 - "
50—\
18 25 - o \ X
20 25 - \ \ —
n4s \ s
22 25 - w4 el —
2 2y - w X \ — -
Z 40 i !
2 2 - a X
2 2 - < 35 ‘ &Y —
Ed 23 - T . N
2 23 - 3 <
4 30 N
HEAT TREATING TEMPERATURES. o ]
RECOMMENDED BY SAE 255 =
TNORMALIZE 1600 OF h : N e .
AUSTENITIZE 1580 CF 0,
*For forged or rolled specimens only. b 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1in. = 25.4 mm.

FIG. 8 Limits for Hardenability Band 4037 H

4042 H
WARONESS LIMITS FOR HARDENABILITY BAND
SPECIFICATION PURPOSES R Vo
i sos2 c " S 0.20
X MTH! .
suTeenis o p 0.39 0.60 0.15/ /0 %
0.46 1.00 0.35 -
1 82 55
2 80 52
3 58 ug DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS LOCATION IN Rounp ] ouenck
. 55 uo 38 SURFACE | MILD
s 0 o .1 2.0 2.8 3.8 4.8 5.8 6.7 3/4 RADIUS FROM CENTER| WATER
s us 28 0.7 1.2 1.6 20 24 28 3.2 3.6 3.9 CENTER | QUENCH |
T T T I b8 T I T I
7 39 27 0.8_I.8 2.5 3.0 3.4 3.8 SURFACE | MILD
Ll 36 26 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0 |3/U RADIUS FROM CENTER| OIL
9 34 25 0.2 0.6 1.0 (1.4 1.7 2.0 2.4 2.8 3.1 CENTER | QUENCH |
10 a3 2 "
1 32 2 A
12 3 23
(.14
[ 30 23 w NS
" 30 23 e N\
15 20 22 ETTEN N
I 2 22 0 \
s0 A ——
18 28 22 © Y Y
20 ] 21 na Y \
22 28 20 “© i X
2 27 20 w X
Z40 X
2 27 - o - e
3 .}
P 27 - % as X
I 28 - z~ X —
az 26 - ds0 X
-+
MEAT TREATING TEMPERATLRES w ~
RECOMMENDED BY SAE x o8
*NORMALIZE 1500 OF 5 —
AUSTENITIZE 1580 OF 2,
. " nens only. 2 4 6 10 12 1416 16 20 22 24 26 28 30 32
Far forged ar rolleo specinens anly DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INGH

Note—1in. = 25.4 mm.
FIG. 9 Limits for Hardenability Band 4042 H

10



AW A 304 — 04
“afl

WARDNESS LIMITS FOR HARDENABILITY BAND 4047 H
SPECIFICATION PURPOSES ;
< STITIEE e [ C___Mn Si Mo
HAHE wax T 0.44/ : o.ety 0.15/ 0.20/
; P ™ 0.51} 1.00 0.35 0.30
2 62 55
3 e0 50 DIAKETERS OF ROUNDS WiTH SAME AS QUENCHED NARDN§ LOCATION IN_ROUND
M 58 ¥ 3.8 SURFACE
5 55 as 1.1 2.0 2.9 3.8 4.8 5.8 8.7 3/4 RADIUS FROM CENTER] WATER
s 52 32 0.7 1.2 1.8 2,0 2.4 2.8 3.2 3.8 3.9 CENTER | QUENCH
7 yy 30 I T T T T T T T T
M w3 28 0.8 1.8 2.5 3,0 3.4 3.8 SURFACE | MILD
0.5 1.0 1,8 2.0 2.4 2.8 3.2 3.8 4.0 3/4 RADIUS FROM CENTER| OIL
9 hed 28 0.2 0.6 1.0 1.4 1.7 2.0 2,4 2.8 3.| CENTER | QUENCH
10 38 27 el =
n 37 26
12 35 28
80 \‘
13 3u 25 w
" a3 25 Jss N
15 33 25 3 N A
1] 32 25 @ \‘
Y X
18 ai 2 © Y A
20 30 24 4 X
22 30 23 w4 X N
w
ki 30 23 Z ad \\\
2 30 22 e ks
' 20 22 <a L% S
» 29 21 T N\
32 20 21 2 ag -
HEAT TREATING TEMPERATURES d
RECOMMENDED BY SAE LY
CNORMALIZE 1500 OF h
AUSTENITIZE 1550 OF P
. L 5 10 12 14 16 I8 20 22 24 26 28 30 32
For foraed or rolled specinens only: DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INGH

Note—1 in. = 25.4 mm.

FIG. 10 Limits for Hardenability Band 4047 H

Note—1in. = 25.4 mm.

FIG. 11 Limits for Hardenability Band 4118 H

11

s'""m,:ss lers"rg;zs HARDENABILITY BAND___ 4118 H
FCIFICATION PU
. C Mn [ Si Cr Mo
TF BISTANCE i - e
dusrebd ™ i 0.17/ 0.60 0.15 0.30/ 0.08
- —9f n incy 0.23 1.00 035 0.70 0.15
[ e ]
] us ]
’ M 27 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED MARDNESY LOCATION |W ROUND | QUENCH
[ 35 23 3.8 SURFACE | MILD
. . 20 i.1_2.0 2.0 3.8 _u.8 5.8 8.7 [3/% RADIUS FROM CENTER| WATER
- 07 1.2 1.6 20 2.4 2.8 3.2 3.6 3.0 CENTER | QuencH |
s 28 I I T X T 1 I I b
4 27 - 0.8_(.8 2.5 3.0 3.4 3.8 SURFACE | MilD
Ll 25 = 0.5 (.0 1.6 2.0 2.4 2.8 3.2 3.6 -%,0_ _|3/4 RADIUS FROM CENTER| OIL
) 2 - 0.2 0.6 1.0_I.4 1.7 2.0 2.4 2.8 3. CENTER | QuEnCK
10 23 - .
" 22 - hae
1”2 21 -
13 21 &0
" 20 - Y ae
s " - <85
1] - - 9
sof
" - - [¥)
2 - - a8
it - : Qa8 -
n - - w “
Z 401X
2 - - o h ¥ X
2 - : <as 5
* - - b
2 - - a3 Y
430 -
HEAT TREATING TEMPERATURES i \‘ —
RECOMMENDED BY SAE 52, A e
*NORMAL 1ZE 1700 OF Q
AUSTENITIZE (700 ©F - PT = N
B 2 4 8 10 12 14 16 18 20 22 24 26 28 30 32
For foreed or rolved specinens °""'} DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH
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Y — HARDENABILITY BAND __ 4130 H
SPECIFICATION PURPOSES .
FE L —T e Toay oar T Torsy oy
0.27 0.30 015 0.75 .
OF AN_INCH HAX uin /0 33 /01701 /0_35 /1 20 0.25
) 8 us
2 55 ug
k] ‘53 -2 ‘D|‘HETEFS.OF ROUNDS WITH SAME AS QUENCHED HWARDNESS LOCATION IN ROUND QUENCH
. 51 38 3.8 . SURFACE | MILD
s ™ P .1 2.0 2.6 3.8 48 6.8 6.7 3/ RADIUS_FROM _CENTER| WATER
¢ w7 3l 0.7 1.2 1.6 2.0 2.4 2.8 3.2 3.6 3.9 CENTER | QuEnc |
7 u 29 o[ T T T T ) 1 T T
| o8 1.8 2.5 3.0 3.4 3.8 _____SURFACE | M1t
L b3 27 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3,6 .0 |3/5 RADIUS FROM CENTER| OIL
9 o 26 0.2 0.6 1,0 .4 1.7 2.0 2.4 2.8 3.1 CENTER | QUENCK
o 38 20 Py 1 [y P S . ) —
" 38 25 = e s Sl S S —
12 35 25 EE S SR -
13 ay 24 oo —
F o
" Y 24 Y s = —
15 33 23 TN — i S g
18 33 23 " N -~
50 e
i8 32 22 v N —1 - — = -
20 32 21 " as =
2 32 20 w EE - — —
- w -
I al Y a0 = —1
2 ar - a
» 30 - 5 35 S -
B 30 - I o ——1 -
s - =
2 29 430
HEAT TREATING TEMPERATURES o — + - -
RECOMMENDED BY SAE EP
*NORMAL I ZE 1650 OF 5 ! , i o =
AUSTENITIZE 1600 ©F 220 1 — o - —
. ; 2_ 4 6 10 12 14 16 18 20 22 24 26 28 30 32
For foraed or roiled specinens only. DISTANCE FROM QUENGHED END — SIXTEENTHS OF AN INGH

No1e—1 in. = 25.4 mm.
FIG. 12 Limits for Hardenability Band 4130 H

AND 4135 H
HARDNESS LIMITS FOR HARDENABILITY B —=2
SPECIFICATION PURPOSES ‘ - c Mn Si ] 7?cr T Mo I
*J* DiISTANCE f—— L N E
SIXTEENTHS 1135 1 032 0.60 0.15 075 015
SF AN Inck "" l /o3 1.00 0.35 | 7120 0.25
1 58 L1 e
2 58 50
3 57 N9 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNE LOCAYION |IN_ROUND QUENCK
. 58 ug 3.8 SURFACE | MILD
5 B8 y7 1.1 2.0 2.9 3.8 4.B 5.8 6.7 3/N RADIUS FROM CENTER| WATER
] 56 us 0.7 1.2 1.6 20 2.4 28 3.2 3.6 3.9 CENTER | QUENCH |
T I I T T T T T T
7 e uz 0.8 1.8 2.5 3.0 3.4 3.8 — SURFACE | MILD
L 53 4o 0.5 1.0 1.8 2.0 2.4 2.8 3.2 3.6_ 4.0 |3/4 RADIUS FROM_CENTER| OIL
9 B2 38 0.2 0.8 1.0 1.4 1.7 2.(L_. ?.87>§.|7 CEFTER O,UE"CL‘
10 51 38 65 - S
" 50 3 = - —— —
12 ¥ 33 S -
60 — —+—
i3 ug 32 w e -
s uy al 255 — ——
15 u8 a0 ~l - — = =
6 us 30 b St ——4—
50 -
1 uy 28 o —
20 w2 28 “ 45 —
22 Ul 27 L2l o —
2 40 27 w S Py
Z 40— = -
2 39 27 g N = -
] 38 28 a2 N —
o an 26 b4 —]
3z 37 28 2 iy -
<30 — :
KEAT TREATING TEMPERATURES w S
RECOMMENDED BY SAE EXY =
| z H =
"NORMAL I ZE 1600 °F b — 4
AUSTENITIZE 1550 ©OF ‘Cz) 20 N - ,__<2
s 4 6 8 10 12 14 16 16 20 22 24 26 28 230 3
"For forgea or roiied specinens only- DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.
FIG. 13 Limits for Hardenability Band 4135 H
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WARDNESS LINITS FOR NARDENABILITY BAND 4137 H
SPECLF ICATION PURPOSES — T T ,,, T o 1 ™o
o L
FfHT LA 0 34 60 / 0.75 015
OF M0 tnck L L { 0.41 1 oj 0.35 ; 1.20 0.25
4 59 52
2 59 L]
: 58 50 DIAMETERS OF ROUNDS WiITH SAME AS QUENCHED WARDNESS| LOCATION IN_ROUND ENCH
M sa w 3.8 SURFACE | MILD
s 87 no 1.1_2.0 2.0 3.8 4.8 6.6 6.7 3/4 RADIUS FROM CEMTER| WATER
. 87 ua 07 r2 1.8 20 2.4 28 3.2 3.6 3.0 CENTER ENCH
T 1 X T T T I T 3
7 86 had 0.8 (.8 2.5 3.0 3.4 3.8 SURFACE | MILD
. 58 o) 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.8 4.0 _|3/4 RADIUS FROM CENTER] OIL
s 85 %0 0.2 0.8 1.0 I.8 I.7 20 2.4 2.6 3.1 CENTER | QUENCH
) L) 30 " — — s
" 83 a7 e
12 82 38 e
12 ] as 80
" 50 n S,
15 %0 33 S bl =
16 ne 23 o, —
i e 32 v S
F s 3l S
2 L 30 nt N
n N3 30 ;“ - B
E 2 30 o —
» N2 20 <3
2 ) 29 T
n u 29 S am
HEAT TREATING TEMPERATLRES =
RECOMMENDED BY SAE x5
*NORMALIZE 1500 OF h
AUSTEMITIZE 1950 OF -
. 3 18 20 22 24 26 28 30 32
far torged or rolled specimens only. DISTANCE FROM QUENCNED END —SIXTEENTHS OF AN INGM

Note—1in. = 25.4 mm.
FIG. 14 Limits for Hardenability Band 4137 H

AARONESS LINITS FOR NARDENABILITY BAND __ﬁQ_N
SPECIFICATION PURPOSES —— T T - j’:
SiTeeaTns LU 0.37, 37 0.65 15 75 \0 15/
OF AN Ixch m LiL /044 /1 10 /0351 /120, o2s ||
' s0 53 —
2 80 63
3 80 82 DIAMETERS OF. ROUNDS WiTH SAME AS QUENCHED HARON LOCATION _IN_ROUND ENCH
. 50 81 58 SURFACE I MILD
5 [y 8l 1.1 2.0 2.8 3.8 4.8 5.8 8.7 3/4 RADIUS FROM CENTER| WATER
. e 50 07 12 1.6 20 24 28 3.2 3.8 3.9 CEnT ‘Igg(ncu
7 o8 g 0.0 1.8 2.5 3.0 3.0 3.8 SURFACE | MILD
Ll 57 hid 0.5 1.0 1.6 2.0 2.4 2.8_3.2_3.6 .0 _|3/W RADIUS FROM CENTER| OfL
9 57 b 1] 0.2 0.8 (.0 I.N .7 2.0 2.8 2.8 3.1 CENTER QUENCH
10 56 uz - —3
" 58 %0 hd
12 85 30 ~ +—
3] 58 38 hae
I o4 37 Y a5
15 L] 38 3
1 63 a5 ER
50|
i 52 3N v B
20 L1} 33
2 ¥ 33 a’ N
w
n N8 krd Z 40 S
24 Ly 2 o
2 us al %
0 ns 3 T~
n uy 30 3 anl
3 a0
HEAT TREATING TEMPERATURES w
RECOMMENDED BY SAE x2
*NORMALIZE 1500 OF h
AUSTEMITIZE 1550 ©F 2"
. 4 6 10 12 14 16 18_ 20 28 30 32
For forasd or rolied specinens only. DISTANCE FROM' QUENCHED END —SIXTEENTHS. OF AN INGH

Note—1in. = 25.4 mm.
FIG. 15 Limits for Hardenability Band 4140 H
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AND .__415.2_“
WARDNESS LIMITS FOR "ARDENABIUTY B
SPECIFICATION PURPOSES — e —
"J7 BISTAACE [ T
S(XTEENTHS ! 0. 39 0.6 1015 15 o 75
OF AN e i u / 0.46 1 10| /085 Y025
' [ s | —
2 82 55
3 82 5 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED WARDNESS LOCATION (N ROUND | QUEWCH
' 81 53 3.0 - SURFACE | M110
s P . .1 2.0 2.8 3. 8 5.8 6.7 374 RADIUS FROM CENTER| WATER
N & boy 7 1.2 1.6 2.0 2.4 2.6 3.2 3.6 3.0 CENTER | quEncH
) 4 T T T T T T T
7 eo 81 .8_ 1.8 2.5 3.0 3.4 3.B SURFACE | MILD
L] 80 s | (0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0 _|3/4 RADIUS_FKOM CEWTER] OIL
s ) ug 0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1 CENTER | QUEWCH |
i (] u7 1 S
u 5 us 65 —1 —
2 58 u -t - - 1=
80 =
1 58 u2 w EBE T 11
" 57 ul 2 st s e 17—
15 87 u0 5 —+ 3 B B [ — +—
16 56 3 1 — - - —
050 —+=
s 85 a7 F—t-— —
20 I 38 PN = P - —
22 53 as w U = ER - - F—
24 53 3u w B 3 i g —
- g 40 -
28 52 ~—3 1
P 5t N %2 — = —
Ed 51 a3 T S — 3
3z 50 a3 = —
j 30
HEAT TREATING TEMPERATURES w . —
RECOMMENDED BY SAE 2 pafis
SNORMAL 1 ZE 1600 OF h] - r il Rkt dvmimas |
AUSTENITIZE 1550 OF 9,6 % —t
« 14 16 I8 20 22 24 26 28 30 32

®For forged ar rotled specimens onl

12
DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH

Nore—1 in. = 25.4 mm.

FIG. 16 Limits for Hardenability Band 4142 H

— HARDENABILITY BAND __gg_s_u
SPECLFICATION PURPOSES e - s — Mo —
PG vs n 042/ 0E 65 To1 15 o7 0.1
OF AN INCH wx LiL} 0.49 110 o] 35 1 20 O 25
i 83 56 -
2 83 55
1 62 85 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS| LOCATION I Rouwp__ |quewch
. 2 5 7.0 SURFACE | MItD
s P 53 4.8 5.8 6.7 374 RADIUS FROM CENTER| wATER
P al 83 2.4 2.8 3.2 3.6 3.9 CENTER [QUENCH
T T T T T
7 o 52 T SURFACE | Mo
L ot 32 374 RADIUS_FROM_CENTER| OIL
) 60 51 CENTER | QUENCH
10 60 50 3 - R R = o e
" 80 ug - 1= i 1 —F—F
iz 50 g - = -
1 59 us : —t= =
" L) us ; - . R B
s 58 3 —] —F 1
16 58 u2 @ — —
50 —
8 57 o v E = 7
2 57 38 P = s =
22 ) 37 w P — = =
w - —
n 55 36 = . — ]
26 55 as ] ot —
2 55 35 < 33 —i 3--
30 55 3u I - i
32 | 5y kL3 - - I S — — 11 ) SR B G—
30— — +— =
HEAT TREAT(NG TEMPERATURES s B 31 ——
RECOMMENDED BY SAE LY emas S—
TNORMALIZE 1500 OF UE T — 5 + 1 —]
AUSTENITIZE 1850 OF 220 E —]
. : 2 14 16 18 20 22 24 =26 28 30 32
For forged or rolled speciners only:) 2 isTANCE mhom' QUENCHED END —SIXTEENTHS OF AN INCHN

Note—1 in. = 25.4 mm.
FIG. 17 Limits for Hardenability Band 4145 H
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HARDENABILITY BAND H
HARDNESS LIMITS FOR —4147
SPECIFICATION PURPOSES © MA Si Cr Mo
%% DISTARCE wles B 0.75 0.15,
SIXTEENTHS 0.42 0.65 0.15 . .
OF AN inc x L 0.49 1.10 0.35 1.20 0.25
[ 63 6
2 63 85
3 62 55 [OCLAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNI LOCATION IN_ROUND ENCH
3 62 5y 3.8 SURFACE | MiLD
s o2 5 1.1 2.0 2.9 3.8 .8 5.8 6.7 374 RADIUS FROM CENTER| wATER
o1 53 0.7 1.2 1.6 20 24 2.8 3.2 3.6 3.9 Center | quench |
4 I T T T T 1 T 1 i
7 el 82 0.0 1.8 2.5 3.0 3.4 3.8 SURFACE | MiLD
L ot 952 0.5 1.0 1.6 2.0 2.4 2.6 3.2 3.6_U.0__[3/U RADIUS_FROM CENTER] OIL
[) 80 51 0.2 0.6 1.0 I.M 1.7 2.0 2.4 2.8 3.0 CENTER | QUENCH
10 80 50 85
" ] ug he s
” 59 us —
eo
" 50 u8 w
" % us Jss
15 8 u3 h i =% B -
16 u2 " — -~ -
* 50
18 87 uo © o
20 57 38 »as =t — 4=
2 6 37 @ 1= =
36 S —f——=
k) 55 D
26 55 35 e
» 5 a5 < 38
2 55 3 T
R 54 3 -
= 302
HEAT TREATING TEMPERATURES w
RECOMMENDED BY SAE X 25
*NORMAL I ZE 1600 ©OF 5
AUSTENITIZE 1550 ©F 22v e
i 4 10 12 14 16 18 20 22 2
“For foraed or rolled specinens only- “DISTANCE PROM QUENCHED END — SIXTEENTHS OF AN INGH

Note—1 in. = 25.4 mm.
FIG. 18 Limits for Hardenability Band 4147 H

HARDNESS LIMITS FOR HARDENABILITY BAND 4150 H
SPECIFICATICN PURPOSES i c ¥ & c .
i m g e ! n I ; r Mo
J" DISTANCE - e e
Sprcaes e 0.47 0.65 0.15 ‘ 0.75 .15/
| /osa 110 0.35 | 120 /025
1 65 59 - - :
2 65 59
3 85 59 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS LOCATION IN ROUND QUENCH
L) 65 58 3.8 __ SURFACE | MILD
5 85 58 1.1 2.0 2.9 3.8 4.8 5.8 6.7 3/4 RADIUS FROM CENTER| WATER
[ 65 57 0.7 1.2 1.8 2.0 24 28 3.2 3.6 3.9 CENTER | QUENCH
7 65 57 T T T T T T T T T
. o A 0.8 .8 2.5 3.0 3.4 3.8 ] o ___ _SURFACE | MILD
| _0.5_1.0 . S FROM CENTER| OfL
e &y 56 0.2 0.8 CENTER | QUENCH
10 oy 55 P = S S o
1 8y 54 — -
12 83 53 3 -
— 80 —
13 63 81 w = S S f—
I 62 50 e — T -
15 62 ug == E S
16 62 u7 o _ - 5
50
18 8l u5 O — —
20 80 u3 » ast= — -
22 58 u) » o
24 59 0 u —
Z a0
2 58 39 o R -
» 58 38 % e - I e
30 58 3 b = - _
32 58 38
230
HEAT TREATING TEMPERATURES o - = D e B - -
RECOMMENDED BY SAE LR Y | ——— — —
"NORMALIZE 1600 OF M= E -
AUSTENITIZE 1550 ©F Q 20 -
*For forged or rolled specimens only. © 2 4 5 10 12 14 16 I8 20 22 24 26 28 30 32
DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.

FIG. 19 Limits for Hardenability Band 4150 H
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4161 H
Jnu:ss LINITS FOR HARDENABILITY BAND
ECIFICATION PURPOSES -
T Mn Si Cr Mo
e 0.55/ 065 015 065 025
OF M iwce - - 0.65 1.10 0.35 0.95 0.35
' [ 60 Tt -
2 [ 0
3 €5 &0 O1AMETERS OF ROUMDS WiTH SAME AS QUENCHED HARDM LOCATION IN_ROUND ENCH
. 65 0 3.8 SURFACE | MILD
5 5 60 1.1 2.0 2.9 3.8 %.8 5.8 6.7 374 RADIUS FROM CENTER| WATER
s 6s 60 0.7 1.2 1.8 2.0 2.4 28 3.2 3.8 3.9 CENTER | QUENCH
7 &5 80 T T l, T b | T & 1§ 1§
s s P 0.8 1.8 2.5 3.0 3.M 3.0; SURFACE | HItD
0.5 (.0 1.6 2.0 2. 2.8 3.2 3.6 4.0. ﬂH_RlDIUS FROM CENTER] OIL
? 65 59 0.2 0.8 1.0 .8 1.7 2.0 2.8 2.8 3.1 CENTER [ QUENCH
N 65 s9 T REEEE
" &5 59 83—
" 64 59 : ——
[
13 64 58 w
" [ 58 Jas -
15 64 57 < —
18 64 56 ] ~
n 64 55 [T e~
n 63 53 " 45 Pol Seas sae ~.
22 63 s0 " B
n 63 48 w - - =
Z 40|
I 63 a5 e
a2 63 43
» 63 prs £3
32 63 &1 a 10
HEAT TREATING TEMPERATURES ;,J -1 — — o q—
RECOMMENDED BY SAE E 3 25 - el
“NORMAL 1 ZE 1600 °F 3 - —
AUSTENITIZE 1550 ©F 9 50t
“For forged or rolled specimens only. 6 18 20 22 24 26 28 30 32
DISTANCE FRoM' QUENCHED END ~SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.
FIG. 20 Limits for Hardenability Band 4161 H

NA ILITY AND 329 H
HARDNESS LIMITS FOR HARDENAB 8
SPECIFICATION PURPOSES — - o Mo
TIT ISTAIGE ] N :
$1XTEENTHS ™ i ow 040 015/ 155 0.35 02/ ‘
o M lnch /o3 o7oj 0as| /200 /085 Jo30) |
1 us u
2 %7 3g
3 5 a5 DIAMETERS OF ROUNDS W1TH SAME AS QUENCKED MARDNESS LOCATION IN_ROUND UENCH
. %3 32 3.8 R SURFACE | MILD
s M 29 1.l 20 2.9 3.8 48 5.8 6.7 3/4 RADIUS FROM CENTER] WATER
. 2 27 07 1.2 16 20 24 28 3.2 3.6 3.9 CENTER__|QUENCH
T T T T -
7 Ed 25 G.8 1.8 2.5 3.0 3.4 3.8 SURFACE | MILD
L 3 23 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0  |3/4 RADIUS FROM CENTER] OIL
’ 33 22 0.2 0.6 1.0 i.4 i.7 20 2.4 2.8 3.1 CENTER | QUENCH |
® 3l 2i P = R
" 30 20 N — -1 = - =
12 2 20 — - [ Seals m—
— &0
12 28 - w -
I+ 27 - Jgs
i5 27 - 3 - — - —]
% 28 - w = —
50
" 25 - v . —
2 26 - wa ~.
22 2% - I = -
» 24 - [~ = N s oy
Z 40N >
2 2 - a
] 2 - < 35E=N S
o —
x 2 - b4 \, ~
32 20 - [N S—
430 S
HEAT TREATING TEMPERATURES @ N\ =
RECOMMENDED 8Y SAE E T S —
TNORMALIZE 1700 OF hi 4
AUSTEMITIZE 1700 ©F PP =:
®For forgad or rciled specimens only. & 24 26 28 230 3z
DISTANCE FROM QUENCHED END -—SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.
FIG. 21 Limits for Hardenability Band 4320 H
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WARDNESS LIMITS FOR HARDENABILITY BAND___E4340 H
SPECIFICATION PURPOSES ¢ Mn Si Ni Cr Mo
*JTDISTANCE E43ua H
SIATEENTHS G I 0.37 0 G(V 0.15 1 .55/ 0.65/ 0.20/
OF AM_INCH 0.44 0.95 0.35 2.00 0.95 030
1 30 63
2 80 53
3 60 53 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARONESS LOCATION N ROUND  JQUENCK
A 60 53 3.8 SURFACE | MILD
, 80 53 2.9 3.8 4.8 5.8 6.7 3/U RAD}OS FROM CENTER| WATER
s €0 53 1.8 2.0 2. 2.8 3.2 3.6 3.9 CENTER | QUENCH
7 60 53 3.4 3.8 } __SURFACE_ | MItD
3 80 53 i 2.8 3/4_RADIUS FROM_CENTER| OIL
9 80 53 .7 2.0 CENTER QUENCH
10 80 53 - -
1 60 53 | Tt — e —
12 60 52 S ——— — ==
13 80 52 S Sk ———
" 59 52 Y i — — p— = .-
15 59 52 3 - E ——
16 59 51 @ - - — - —
18 58 51 u —
20 58 50 " e
22 58 ug n = —— 1 — B e
w . =
E 57 ug | Y a0 I i Sy (e sy gy
2 57 u? a
2 57 us < 3s e s e
Y 57 us T — = —F——— -
2 57 uu Jaofb—i— - ==
HEAT TREATING TEMPERATURES @ el S J—1—1 -1~
RECOMMENDED BY SAE ERY! - R S
"NORMALIZE 1800 °©F B p—— I -
AUSTENITIZE {550 OF g zc—L -
"for forges or roiled specimens only 2 4 6 10 12 14 "16 I8 20 22 24 26 28 30 32
DISTANCE FROM QUENCHED END —SIXTEENTHS§ OF AN INCH

NoTte—1 in. = 25.4 mm.

FIG. 22 Limits for Hardenability Band E 4340 H

WARDNESS LINITS. FOR HARDENABILITY BAND __4340 H
SPECIFICATION PURPOSES o n 5 N &r Mo
"4" DISTANCE
SIATEENTNS ot 0.37 0.55 0.15 155 0.65 0.20
.. OF AN iNcK x i 0.44 0.90 0.35 2.00 0.95 0.30
[} 80 43
2 80 83
3 80 83 DIAMETERS OF ROUNDS WIYH SAME AS QUENCHED NARDNEg LOCATION )N _ROURD QUENCH
. 60 53 3 _SURFACE | MILD
5 80 53 .0 2,9 3.8 4.8 5.8 6.7 3/4 RADIUS FROM CENTEE WATER
s P 53 0.7 1.2 1.6 2.0 2.4 2,8 3.2 3.6 3.9 CENTER | QUENCH |
7 80 53 T T T T T I ) ¢ T T
o 0. SURFACE_| MILD
LJ Ll 52 3.2 3.6 4.0 |3/ BADIUS FROM CENTER] OIL
8 60 52 2.% 2.8 3.t CENTER QUENCH
10 60 52 s s S -
1 59 51 bt — = [ i &
i2 59 51 — e =
50 50 o
13 = 4
" 58 u9 4 a5 B N S
15 58 u9 b - — — 1
16 58 us LI S i S
18 58 ur e e e e —3--
2 57 u6 P == —
2 57 us w e = e
2% 57 u wo - - — -~
Z 40
26 57 43 2 -
» 56 w2 < a5 — e
» 58 ut T
a2 58 uo o — B e
HEAT TREATING TEMPERATURES : = 1
RECOMMENDED BY- SAE EXY -}
NORMALIZE 1600 OF 5 TEBEH= -1
AUSTENITIZE 1550 ©F EPY=: —
“For f |ted | Iy 2 4 6 8 10 12 14 16 I8 20 22 24 26 28 30 32
or forged or rolied specinens only DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INGH

Note—1 in. = 25.4 mm.

FIG. 23 Limits for Hardenability Band 4340 H
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NARONESS. LiMITS FOR
SPECIFICATION PURPOSES

|

A8y A 304 - 04

HARDENABILITY BAND 4419H

C Mn Si

®For forged or rolled speclaens only.

4 5 10 2
DISTANCE FROM QUENCHED END = SIXT

Nore—1in. = 25.4 mm.
FIG. 24 Limits for Hardenability Band 4419 H

0 22 2
EENTHS

5 Mo
*J% DISTANCE
SIXTEENTHS u‘:ﬁo " e 0.17/ 0.35 015 0.45/
OF AN_IKCH a . 0.23] 0.75 0.35 0.60
) ug 40
2 us 33
k] i 27 DIAMETERS OF ROUNDS WiTH SAME AS QUENCHED HARDNESS LOCATION IN_ROUND ENCH
. u 23 3.8 SURFACE | HILD
s 30 21 1.1 2.0 2.0 3.8_4.8 58 6.7 3/% RADIUS FROM CENTER| WATER
] ) 20 0.7 (.2 1.6 20 2.% 2.8 3.2 3.6 3.8 CENTER | QUENCH |
I R 1 1 T T ) T I
7 :; - 0.8 1.8 2.5 3.0 3.4 3.8 ] SURFACE | MILD
L] 0.5 1.0 1.6 2.0 2.% 2.8 3.2 3.6 4,0 |3/4 RADIUS FROM CENTER| OIL
[} 25 - 0.2 0.6 1,0 (.4 1.7 2.0 2.4 2.8 3.1 CENTER | QUENCH
i 24 o =
" 24 - =)
12 <} -
" n eo
" 22 - '_‘_,‘5_
15 22 - 3
18 21 - @
50|
i 21 - [
2 20 - w 48
2 - - " A
2 - - ] \C
Z 40 X
kL - - 2 A\ I
»n - - <3 X
% - - T =
2 - - N
= 30
HEAT TREATING TEMPERATURES - X
RECOMMENDED BY SAE o4 A —~
NORMAL | ZE 1700 °F 5
AUSTENITIZE 1700 °F [+ 3% —
L 12 14 16 1B 4 26 28 30 32

OF AN INCH

WARDNESS LIMITS FOR HARDENABILITY BAND __4620H
SPECIFICATION PURPOSES
C Mn Si Ni Mo
37 DISTANGE %520 0 = -
HR A I T e 017/ Jo3s/ lois 155 0.20/
0.23 0.75 0.35 2.00 0.30
] ua L1
2 us as
3 N2 27 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS] LOCATION IK ROUND QUENCH
[ » x4 — SURFACE_| MILD
s an 21 2.9 3.8 4.8 6.8 6.7 374 RADIUS FROM CERTER| waTER
L] 3 - 1.8 2.0 2.4 2.8 3.2 3.6 3.9 CENTER UENCH
7 20 - T T T T T I
M pas __SURFACE_| MiILD
- S FROM_CENTER| OIL
2 28 - CENTER | QUENCH
" 28 - 13—
" 24 -
” 23 -
60
1 22 - w
1 2 - I =
15 22 - g S5 —
" 21 - ¥ Fia—4—
50|
1 21 - [ == =
2 20 - S
" 45
22 - - MRS S
2 - - w
Za4
2 - R a
» - - -3
< X
x - - 33 N,
u hd - g \
5 39, i
HEAT TREATING TEMPERATURES Py b—— “
RECOMMENDED BY SAE EPY s
*NORMAL 1 ZE 1700 ©F = \
AUSTENITIZE 1700 ©F 8, X S o —1 +
“for forged or rolled specimens nnl,J v 4 6 10 12 14 16 I8 20 22 24 26 28 30 32
- DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Nore—1in. = 25.4 mm.

FIG. 25 Limits for Hardenability Band 4620 H
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HARDNESS LIMITS FOR

A8 A 304 — 04
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HARDENABILITY BAND ___4621 H

SPECIFICATION PURPOSES -
T DISTANCE T C Mn Si Ni Mo
LY
SoxzeaTns ™ o 017 0.60 0.15 1.55 0.20
e 0.23 1.00 035 2.00 0.30
1 g ul
] u7 ]
] us au [DIAMETERS OF ROUNDS WITH SAME AS QUENCHED MARDKESS LOCATION IN ROUND ENCH
. M 30 ) SURFACE | MILO
s . 27 i.1_2.0 2.0 3.8 W8 6.8 6.7 3/% RADIUS FROM CENTER| waATER
. a7 25 07 12 16 20 24 28 32 3.6 3.0 CENTER | QUENCH
b4 T T T I T i T
7 3 4 6.8 1.8 2.6 3.0 3.4 3.8 SURFACE | MiLD
L 32 22 0.5 1.0 1.6 2.0 2.4 2.8 3,2 3.8 W.0 _[3/% RADIUS FROW CERTER| OIL
» 30 20 0.2 0.6 1.0 I.% i.7 2.0 2.4 2.8 3.1 CENTER | QUENCH
1o 28 - e
n 27 - e
12 26 - —1-
= 60
13 26 - —
" 25 - o] s —
15 25 - A
16 Fil - 7]
50
i» 2u - v
20 23 - na ~.
2 23 - “
2 22 - w N
Z 40D v
EY 22 - £
» 22 - < 35 N\ G
Ed 21 - x X S
2 2 - Ja ~
3 30 .
HEAT TREATING TEMPERATURES w S
RECOMMENDED BY SAE F¥Y R
*NORMALIZE 1700 ©OF h NG
AUSTENITIZE 1700 ©F 2 20 —
*For ¢ H i \y. T2 a4 e i0 12 14 16 18 20 22 24 26 28 30 32
or forged or rolled specinens only DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INGH
Note—1 in. = 25.4 mm.
FIG. 26 Limits for Hardenability Band 4621 H
HARDNESS LIMITS FOR HARDENABILITY BANP 4626 Hii
N SPECIFICATION PURPOSES ¢ 1 Mn s ] W | 7; Mo q B
;, DISTANCE 4626 K 27 4y 5 Ey 15
I XTEENTHS - - f
OF AN INCH MAX. NN . 29 . 701 70835] 105 | 1 /25 Li _
| bl 45
2 a8 36
3 a1 29 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS| LOCATION IN ROUND | QUENCH
W 33 24 38 ) N ~_SURFACE| MILD
5 29 21 "1l 2.0 2.9 3.8 4.8 5.8 6.7 - 3/4 RADIUS FROM CENTER| WATER
6 27 B 0.7 1.7 1.6 2.0 2.4 2.8 3.2 3.6 3.9 CENTER | QUENCH
25 1 1 1 I T T T
! - ~ 0.8 1.8 2.5 3.0 3.4 3.8 T " SURFACE | MILD
8 N . 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0 |3/4 RADIUS FROM CENTER] OIL
3 23 - 0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3. CENTER | QUENCH
10 22 - T p el - -
0" 22 -
12 . 21 -
. .
13 ! 21 -
w
4 20 - |
I ; - - <
g
i6 - W
18 - - v
20 - - "
2 - - )
24 - - w
z
26 - - g
» - - <
30 - - pe
kY - - F
3
w
3
x
3]
0
&

'

*for

HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE

*NORMAL {7E 1700 ©F
AUSTENITIZE 1700 ©F
forged or rolled spec mens

2 4 6 10
DISTANCE FROM

Nore—1in. = 25.4 mm.

12

14 16

QUENCHED END

FIG. 27 Limits for Hardenability Band 4626 H
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18 20 22
—SIXTEENTHS OF AN IN
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s Lwits ron HARDENABILITY BAND 47Ii8H
CIFICATION PURPOSES -
. C Mn Si Ni Cr Mo
J* DISTANCE U718 ¥
Sumamis T s 0.15 0.60 0.15 0.85 030 0.30/
ALk 0.21 0.95 0.35 1.25 0.60 0.40
1 x7 o
2 w7 u0
3 ug 38 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDN!
[ w3 ] 38
s ™ 20 "I.1 2.6 _2.9 3.8 u.8 6.8 6.7
] 37 27 0.7 1.2 1.6 20 2.4 2.8 3.2 3.6 3.9
38 25 T T T I T 1 T ; | 1
7 ot e 0.6 1.8 2.6 3.0 3.5 3.8 SURFACE | MILD
L] 0.5 1.0 1.6 2.0 2.8 2.8 3.2 3.6 _N.0 _|3/4 RADIUS FroM Center| oIl
] 32 23 0.2 0.6 1.0 I.% 1.7 2.0 2.4 2.8 3.l CENTER | QUENCH
0 3 22 x
1 30 22 83
1”2 2 21
1 20 21 6o
" 28 21 ‘:‘,5.
15 7 20 6
18 27 20- @
n 27 - v
20 28 - " 48 ~.
2 28 - M ™~
n 25 - w ™\
Z 40 A
2 25 - [} \‘ N
= 2 - < 3 LY —_
2 24 - 3 N
kel 2 - 3 30 N —
330 ~
HEAT TREATING TEMPERATURES w >\
RECOMMENDED BY SAE X os -
*NORHAL I ZE 1700 OF 5
AUSTENITIZE 1700 OF e,
[
. Iy. 4 6 10 12 14 16 I8 20 22 24 26 28 30 32
For farged or rolled speciacns only DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH

NoTtE—1in. = 25.4 mm.

FIG. 28 Limits for Hardenability Band 4718 H

WARDNESS LINITS FOR HARDENABILITY BAND 4720H
SPECIFICATION PURPOSES C Mn Si Ni Cr Mo
“J° DISTANCE
31 aTEENTAS L 0.17/ 0.45 0.15 0.85 0.3(V 0.15/
OF An ince L LILl 0.23 075 0.35 1.25 0.60 0.25
! N u
2 v 39
3 %3 3 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED KARDN LOCATION IN_ROUND | QUENCH
s 39 27 3.8 SURFACE | MILD
s a8 23 i.1 2,0 29 3.8 48 5.8 8.7 374 RADIUS FROM CENTER| WATER
. 3z 21 0.7 t.2 1.6 20 2.4 28 32 3.6 3.9 CENTER ENCH
T I T T I T T I T
7 20 - 0.8 1.8 2.5 3.0 3.4 3.8 SURFACE | MILD
Ll 28 - 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 .0 |3/% RADIUS FROM CEMTER| Ot
2 27 - 0.2 0.6 (.0 1.4 1.7 2.0 2.4 2.8 3.1 CENTER | OUENCH
1o 2 - 63
n 28 -
1 2 - a0
(1]
13 2u - w
" 23 - 2ss
3 23 - b
it 2 - L
50|
" 21 - v
2 21 - “aq -
a2 21 - ] A
w
* 20 - g‘v X
1] - -
a - - % a g
P - - T~ N
n - - a0 X oS =
530 A} S
HEAT TREATING TEMPERATURES w \
RECOMMENDED BY SAE EXY ~
MORMALIZE 1700 OF ] N
AUSTENITIZE 7200 °F gz
“for f - 4 6 10 12 14 16 186 20 22 24 26 28 30 32
for foraed or rolles specinens only. DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH

Note—1in. = 25.4 mm.
FIG. 29 Limits for Hardenability Band 4720 H
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P — HARDENABILITY BAND __ 4815H
SPECIFICATION PURPOSES
I DISTARCE T C Mn Si Ni Mo
I ax T 0_12/ 0.30/ 0.15/ 3 20/ 0.20/
; - . 018 0.70 035 3.80 0.30
2 uy a7
3 w kL [DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNE! LOCATION IN_ROUND QUENCH
. w2 30 3.8 SURFACE, | MILD
5 u 27 1, 2.0 2.8 3.8 4B 5.8 6.7 3/4_RADIUS _FROM_CENTER| WATER
L] 0 2% 0,7 1.2 1.8 2.0 2,4 2.8 3.2 3.6 3.9 CENTER ENCH
a7 22 T T T I T T T T
7 0.8 1.8 2.5 3.0 3.4 3.8 SURFACE | MILD
L 3 2t 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.8 4.0 _|3/4 RADIUS FROM CENTER] OIL
9 32 20 0.2 0.8 1.0 (.4 1.7 2.0 2.4 2.8 3.1 . 7CENTER OUEMCL
0 3l - o — [
" 30 - =) i S ]
I2 20 - —3-
P 80
13 -
w -
" 28 - J gy
15 27 - h - ¥
15 27 - v
50
1} 26 - o
20 25 - " as == =
22 N - 3 T=d - —
n 2y - w T
Z a0 =
2 2 - e
-3 23 - < 15 N = —
B 23 - T X N~
n 23 -
30 =
MEAT TREATING TEMPERATURES o e . S T T - m——— S s— sl S
RECOMMENDED BY SAE 2 4 i~
*NORMAL 1 ZE 1700 ©OF hi < - —
AUSTENITI2E 1550 OF P =:
“For forged " , Iy 2 4 6 10 12 14 16 1B 20 22 24 26 28 30 32
or foraes or rolied specimens only DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INGH

Note—1 in. = 25.4 mm.

FIG. 30 Limits for Hardenability Band 4815 H

JMaroness s ron HARDENABILITY BAND 4817 H
PECIFICATION PURPOSES
C Mn Si Ni Mo
3T DISTANCE iz
Hi i . 014/ . 030 015 3.20/ 0.20/
0.20 0.70 0.35 3.80 0.30
) 17 )
2 u8 38
3 us s DIAMETERS OF ROUNDS WITH SAME AS QUENCHEO WARONESS| LOCATION 1N Rouwp  ]ouewck
A ux 32 3.8 SURF MILD
s ™ 2 . 2.0 2.9 3.8 4.6 5.8 6.7 3/4 RADIUS FROM CENTER| waATER
M u 27 0.7 {.2 1.6 20 2.4 2.6 3.2 3.6 3.9 CENTER | QUENCH
T T T ) I T b
7 39 25 0.6 1.8.2.5 3.0 3. 3.8 SURFACE | MILD
U 37 23 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0 [3/u RIDIUS FROM CENTER| OIL
[} 35 22 0.2 0.8 (.0 I8 (.7 2.0 2.4 2.8 3.1 CENTER | QUENCH
0 3 21 -
" 32 20 b -
12 al 20
80
13 ) - w
1 20 - Jss
15 28 - A =
i 28 - n
50
" 27 - v
2 28 - " as
22 25 - “w -
n 25 - w o
Z 40 n
28 25 - 2 - N
» 28 - < 38 N s
2 24 - x N, N
32 2y - dy oY
- 30 N
HEAT TREATING TEMPERATLRES @ >
RECOMMENDED BY SAE E XY A
*NORMAL 1 ZE 1700 OF 5 ——
AUSTENITIZE 1550 OF 220
SFor 1 " | Iy 2 4 6 10 12 14 16 18 20 22 24 26 28 30 32-
or forged or rolied specinens onl DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INGH

Note—1 in. = 25.4 mm.

FIG. 31 Limits for Hardenability Band 4817 H
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Note—1in. = 25.4 mm.

FIG. 32 Limits for Hardenability Band 4820 H

4820 |
Janoness LIMITS FOR HARDENABILITY BAND H
PECIFICATION PURPOSES N .
J* DISTANCE b Mn Si Ni Mo
TS ] Y -
SIXTEENTES qun ! T 0.17 0.40 0.15 3.20 0.20
OF AN_INCH 0.23 0.80 0.35] 3.80 0.30
i us W
2 g 40
3 u7 0 DIAMETERS OF ROUNDS WITH SAME AS OUENCHED MARDNESS| LOCATION IN ROUND | QUENCH
hd had 38 3.8 — SURFACE | MILD
5 us am 1.1 2.0 2.9 3.8 4.B 58 6.7 3/4 RADIUS FROM CENTER| WATER
[ u3 al 0.7 12 1.6 20 2u 28 3.2 3.8 3.9 CENTER ENCH
T T T 1 T T )
4 2 2 6.8 1.8 2.5 3.0 3.4 3.8 1 SURFACE | MILD
Al bt 27 0.5 1.0 1.8 2.0 2.4 2.8 3.2 3.6 4.0 _|3/4 RADIUS FROM CENTER] OIL
[ £ 26 0.2 0.6 1.0 .4 (.7 2.0 2.4 2.8 3.1 CENTER | QUENCH |
10 a7 25 -
" 38 2u =) —F - S
12 35 23 =
] a 22 e
1
" 33 22 Y =
15 32 21 3 "B — o —
15 3 21 H = -
50!
s 2 20 v =
) 28 20 " a5
2 28 - » = = = -
2 27 - w ~- R S— g 31—
Z a0f= =
26 27 - g -
n 26 - T as o= —
0 28 - bd X
2 25 - 3 ——
5 20 N
MEAT TREATING TEMPERATURES - 7
RECOMMENDED BY SAE 3 54 ~] — -
"NORMAL | ZE 1700 of 5 1 - — iy -
AUSTENITIZE 1550 OF 9 yot= —]
. | X 4 6 10 12 14 16 I8 20 22 24 26 28 30 32
For forged or rolled specinens only DISTANCE FROM QUENCHED END - SIXTEENTHS OF AN INCH

Py —— WARDENABILITY . BAND _50B40H
SPECIFICATION PURPOSES C Mn Si Cr B
°J0 BIsTANCE LI 0.37 0.65 0.15 0.30 .
it ax i 0.44 110 0.35 0.70
; :‘; :33 * Can be expected to have 0.0005 % minimum boron content.
3 5 -3 D1 AMETERS OF ROUNDS WITH SAME AS QUENCHED Iﬂlmg LOCATION 1IN D (1]
. ] L1} 3.8 SURFACE | MILD
s ™ 50 1.1 2.0 2.0 3.8 MN.8 8.8 6.7 3/% RADIUS FROM CEMTER] WATER
M P e 9.7 1.2 1.6 2.0 2.4 2.8 3.2 3.6 3.0 CENTER | QUENCH
S s S Sy s S G S ¢
7 57 w 0.8 1,8 2.5 3.0 3.4 3.8 IRFACE | MILD
L] 14 » 0.8 (.0 1.6 2.0 2.4 2.8 3.2 3.6 N.0 [3/% RADIUS FROM CENT ol -
| ] ] n 0.2 0.8 1.0 I.M 1.7 2.0 2.8 2.8 3.! CENTER | QUEN!
1 6 H .
n B3 2
12 L1 28 o
w0 27 e
w 20 Y s
w 25 <>
M 26 9. =
. n 0 — N
8 21 » <
» 2 L C <
3n - o X
Z 40 —
3 - o
pod - « 3
<3 n's
E - z =
2 - Jag
430 ~C
MEAT TREATIG TEPERATURES b
RECOMMENDED BY SAE ) —
SNORMALIZE 1600 OF =71
AUSTENITIZE 13%0 °F §=-l =
o 4 6 10 12 14 16 18 20 22 24 26 28 30 32
“For forged or rolled specinens only. DISTANCE PROM QUENCHED END — SIXTEENTHS OF AN INCH .

Nore—1in. = 25.4 mm.

FIG. 33 Limits for Hardenability Band 50B40 H
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HEAT TREATING TEMPERATLRES
RECOMMENDED BY SAE
*NORMALIZE 1600 ©F
AUSTENITHZE 1550 OF

EER s

HARDENABILITY BAND __50B44H
NARDNESS LINITS FOR e o -
SPECIFICATION PURPOSES C Mn Cr | B 1
"3 BTSTANCE P 0.42 065/ Jois/ 030/ | o
Ha] wax win 0.49 110 /oa3s 070 | |
. :‘; : * Can be expected to have 0.0005 % minimum boron content
2
3 62 55 [OTAMETERS OF ROUNDS WITH SAME AS QUENCHED WARDNESY LOCATION IN ROUND | QUENCH
L} 82 55 3.8 SURFAL RILD
s 81 oy 1.1 2.0 2.0 3.8 4.8 6.8 8.7 3/4 RADIUS FROM CENTER| WATER
M 81 52 0.7 2 1.6 20 2.4 28 3.2 3.0 3.0 CENTER | QUENCH |
7 80 8 0.8 1.8 2.5 3.0 3.4 3.8 SURFACE | MILD
L] 80 bl 0.6 1.0 1.6 _2.0 2.4 2.8_3.2 3.6 4.0 o’
] -] ag 0.2 0.8 (.0 (.M 1.7 2,0 2.4 2.8 3.} QUENCH
10 ] au s
" 57 1l
12 56 0 — 3=
60|
13 (] - w
1 82 2 das)
15 50 ] b N N
16 ¥g 27 a_ | = -
X W
[} uw 28 3] X
20 w 2u " 45 X N
2 38 23 “
n 37 2 w B E
Z 40 X =
28 3 20 e X
2 35 - < 35 X
2 3 - T -
2 33 - ~
430 ~
HEAT TREATING TEMPERATURES w
RECOMMENDED 8Y SAE 324
"NORMAL 12€ 16000F b T - =
AUSTENITIZE  1B50CF €20 T
. 2 4 3 10 12 14 16 I8 20 22 24 26 28 30 32
For forged or rolted specinens only. DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH
Norte—11in. = 25.4 mm.
FIG. 34 Limits for Hardenability Band 50B44 H
T - HARDENABILITY BAND_ 5046H
HARDNESS LIMITS FOR
SPECIFICATION PURPOSES R — - —_ N - — ‘ _
[ isrance ] __C_ l} _Mn A‘f, Si Joen i 07 A [
SIaIeiNus - 043/ 1065 0.15 ‘ i
[ 0F Aw incH O 0.50 | 1.10 | 0.35 I 043
t €3 | At B J E— I st it o
2 2 |
3 60 DIAME TERS OF ROUNDS WiTH SAME AS QUENCHED HARDNESS LOCATION 1IN _ROUND QUENCH
b 6 3.8 e SURFACE | MiLD
e P P N 5.8 8.7 OM CENTER| WATER
6 u6 g 27 2ig 3i2 CENTER QUENCH
7 39 ‘ 26 3.8 . _ __ _SURFACE | MILD
. ® » L 2.8 3.2 3.6 370 RAOIUS_ FROM CENTER| OIL
9 3u | 2u 2.0 2.4 2.8 CENTER | QUENCH
10 33 24 - - — — S
" 33 ‘ 21 _ _ —
2 2 | 02 _ -4 - —]
T T T e T - 1 B S S S e e
I 3 ] 22 w B
15 i 3 | 21 h BT
16 | n | & a 1 - —
s | = | = 0 - i -
20 2 - “ o
22 27 - 9 -
S S IO S, z D (NS S
26 25 | - a -
2 a | - %
30 23 x
b
a 23 ‘ - o
o
w
]
1 4
i3
o
-4

“Far forgea or rolted specimens anly.

2 4 6 8 10 12 14 16
DISTANCE FROM QUENCHED END

Nore—1in. = 25.4 mm,

I8 20 22 24 26 28 30 32
—SIXTEENTHS OF AN INCH

FIG. 35 Limits for Hardenability Band 5046 H
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P T Al N SQ0B46 H
HARDNESS LIMITS FOR HARDEN B“f”:{ BA 0777 ]
SPECIFICATION PURPOSES [ c Mn s cr T B |
T ShweE T T e - —_— LT ey - —— e T
SN o SO0 043 065 0.15 0.13 i s
| okt wx T wm | ; 0.50 110 0.35, 0.43 | ]
N :g 55: * Can be expected to have 0.0005 % minimum boron content
3 6! 52 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS LOCATION_IN ROUND
. 60 50 SURFACE_|
A R ROM CENTER
: bt u CENTER
s 58 32
7 57 3l | sumrace
s .58 30 374 RabIus_FROM CENTER]
9 | su 20 CENTER
1] 51 28 —
" u7 27 [ SR e
12 1 L3 26 pr 3 —= —
" uo 26 -
" 38 25 Il = ——
I5 37 25 « — i
I s 2u 2 S
18 35 23 v - —
20 noy 2 " E - —
22 o 2 n - —4—
] 20 w -
2 2 | u
2 TR - a
P 0 - < =
10 2@ | - T 34—
32 28 - o -
HEAT TREATING TEMPER/TURES a2 S — -
RECOMMENDED BY SAE 3 —
*NORMALIZE 1800 ©F 5 - B ——
AUSTENITIZE 1860 ©F PR EE S
. 2 4 6 i0 12 14 16 I8 20 22 24 26 28 30 32
for foraes or rolled speciners only. DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1in. = 25.4 mm.

FIG. 36 Limits for Hardenability Band 50B46 H

S50B5SOH
WARDNESS LIMITS FOR o ”7HARDE7NAB|L|,TY,7BAND —_— R
SPECIFICATION PURPOSES [ C Mn Si l ~Cr o B
“ITOISTANGE | 50850 W (047 065/ [0.15 i 1 0.30 k :
SIXTEENTHS
OF AN InCH Max 1L ]“_‘07574‘1 AR 0-35| | 070} ~
! 85 b4 * Can be expected to have 0.0005 % minimum boron content
2 65 59
3 6 58 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARONESS LOCATION IN ROUND | QUENCH
v &1 57 3.8 SURFACE | MILD
T s 63 56 1. 2.0 2.9 3.8 48 5.8 6.7 3/4 RADIUS FROM CENTER| WATER
[ 63 55 0.7 1.2 1.8 2.0 2.4 2.8 3.2 3.6 3.9 CENTER | QUENCH |
T T T T T ) § T T 1
7 &2 52 0.8_1.B_2.5 SURFACE | MILD
s 62 v 0.5 1.0 1.8 __13/4 RADIUS FROM CENTER| 0IL
9 et u2 0.2 0.6 (.0 CENTER | QUENCH
10 60 37 it i Sttt Gl
f 60 35
12 59 33 1=
(X} 58 2 -
m 57 al o]
15 56 30 <
6 su 20 " ——4—
18 0 28 v —
20 w7 27 w48 ~-
22 uu 26 w - ,,g‘\‘ —
] u 25 WPy N |- N GE— gu—
2 z 40 A —
26 39 24 o = ——
s 38 22 < 3s - —
30 ar 21 T
32 36 20 e T - ——
430 =
HEAT TREATING TEMPERATURES o - = —
RECOMMENOED BY SAE LY s e +—
“NORMAL 1 2E 1600 OF 5 1 — - — —
AUSTENITIZE 1550 ©F 2 2ot S =
. i 2 4 6 10 12 14 16 18 20 22 24 26 28 30
For forged or rotled specinens only:| DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Nore—1in. = 25.4 mm.
FIG. 37 Limits for Hardenability Band 50B50 H
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ROCKWELL HARDNESS C SCALE
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HARDENABILITY BAND___50B&6O H

‘055 0.65
Assl Awo 5[

N Can be expected to have 0.0005 % minimum boron content

!
01 5
f 03

1_% . TB ]
030/ |
0.70

DIAMETERS OF ROUNDS WITH SAME AS QUENCHED WARDNE: LOCATION _IN_ROUND UENCH
3.8 . SURFACE | MILD
1. 2.0 2.9 3.8 3/\4 RAD\US FRON CENTER| WATER
0.7 |.2 I‘u 2.0 2.4 2.a 3.2 3.8 3.9 CENTER | QUENCH |
T T T
0.8 1. s 2 5 3 0 3.4 3 ] L sURFACE | MILD
0.5 1.0 1.6 2.0 2.4 2.8 ¢ [3/4 RADIUS FROM CENTER| OIL
02 06 1.0 i.W 1,7 2.0 CENTER | QuENCH
63 —
3 -1 -1 -t =
60 — T ——
11 N
\, i —
55 s
50 X
X — -1
2
ast— \
X
40 \; = 3
AN - i Gt
3
30 —
25
T
203
22 24 26 25 30 32

HARDNESS LIMITS FOR
SPECIFICATION PURPOSES
*J* DISTANCE 50860 H
SIXTEERTHS
OF AN_INCH HAX LILJ
1 - 80
2 - o0
3 - a0
3 - 80
5 - 80
s - 59
7 - 57
1] [} 53
] 85 u7
0 8y uz
n o 30
i2 ou 37
) 0 63 38
" 63 35
15 83 3y
6 62 3y
» 80 33
20 58 31
22 55 30
1 53 29
26 51 28
k- u9 27
2 u7 26
‘32 u 25
HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE
"NORMALIZE® 1800 °F
AUSTERITIZE 1550 ©F
“For forged or rolled specimens only.

Nore—1in. = 25.4 mm.

FIG. 38 Limits for Hardenability Band 50B60 H

2 I8 20
DISTANCE FROM QUENCNED END —SIXTEENTHS OF AN INCH

[ WARONESS LiMITS FOR HARDENABILITY BAND 5120 H
SPECIFICATION PURPOSES ;
Mn T s e T
*BISTANCE 51200 e ! 1 N i
sm:mus i W 0.60 O 15/ ! 1 0.60 : i
OF A thck 100 /o3s) 100 i |
1 ug uo T T
2 ug 34
3 u 28 LOCATION_IN_ROUND ENCH
L] 36 23 SURFACE HILD
; P 70 3/4 RADIUS FROM CENTER| WATER
. a0 - CENYER QUENCH
7 '1’: - SURFACE | MILD
Ll 2 - 374 _Rapius_From center| oIl
9 25 - CENTER | QUENCH
0 24 -
" 23 -
12 22 -
B 21 -
" 21 - ot 5 +—
15 20 - S R S
13 - - (7] —
80,
1 - - v —
20 - - “ as
22 - - " —
F1] - - w D SRS G,
Z 40
2 - - e
» B - -
< 35
20 - - 33
32 - - a4
33
HEAT TREATING TEMPERATURES w >
RECOMMENDED 8Y SAE ¥
TNORMALIZE 1700 ©F b -
AUSTENITIZE 1700 OF S 20 ‘\
“for forges Ilea , V. 12 14 16 18 22 24 26 28 30 32
or foreed or rollec specinens only 2 SISTANCE FROM' QUENCHED END L SIXTEENTHS- OF A% INCH

Note—1 in. = 25.4 mm.

FIG. 39 Limits for Hardenability Band 5120 H
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HARDENABILITY BAND 3130 H

*For forged or rolled specimens only.

Nore—1in. = 25.4 mm.

SPECIFICATION PURPOSES
C Mn Si ] 1 ! J‘
*J* DISTAMCE i o H
sorecunes ] T 0.27 0.60 015/ 0.75 | |
1en 0.33 1.00 -35; 1.20 |
1 56 ug L — 1 | . _
2 ] us
3 53 u2 DIAMETERS COF ROUNDS WITH SAME AS QUENCHED MWARDNESS -LOCATION IN_ROUND
. 51 k-] 3.8 B 1 SURFACE | MILD
[~ —5 ug ax 1.1 2.0 2.9 3.8 4.8 5.8 6.7 3/4 RADIUS FROM CEMTER| WATER
M u7 32 07 1.2 1.6 20 2.4 2.8 3.2 3.6 3.9 CENTER | QUENCH |
T l b4 I I T T I
7 s 30 0.8_r.8 2.5 3.0 3.4 3.8 SURFACE | MILO
L uz 28 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0 _ [3/U RADIUS FROM CENTER| OIL
1] 40 -3 0.2 ©0.8 1.0 1.8 1.7 2.0 2.8 2.B 3.1 Te CENTER QUENCH
0 38 25 ak
n 37 23 @9 p—
12 £ 22
35 21 eo
[}
" 2 20 Yss
5 3 = 3 2
18 33 - w =
" 32 - v i
20 31 - " 45 L
22 0 - a* \‘ S
2% - u X
b Z 40 X S
2 27 - o e
» 2 - < 35 o —
0 25 - x g
32 24 - aa "
4 30 N
HEAT TREATING TEMPERATURES w —
RECOMMENDED BY SAE E osf— s
NORMAL 1 ZE 1650 ©F s T S
AUSTENITIZE 1800 °F Q yott
<y 24 26 28 30 32

) 22
° DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

FIG. 40 Limits for Hardenability Band 5130 H

Note—1in. = 25.4 mm.

{ARONESS LINITS FOR HARDENABILITY BAND 5132 H
SPECIFICATION PURPOSES .
e s. ] Cr i
*J* DISTANCE 51324 k- 72 E— ——1
$IXTEENTHS 029 0. 50 | I
OF AN [NCH Wax LiL} l 0.35 O .35 l 1 10
| 57 50 L L9 2L L N S
2 5% w7
3 su u3 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED ARDNESY LOCATION IN ROUND | QuEMCH
. 52 4o 3.8 SURFACE | MILD
. 50 5 .1 2.0 2.8 3.8 4B 5.8 6.7 3/4 RADIUS FROM CENTER| WATER
‘ ug 2 0.7 1.2 1.8 20 2.4 2.8 3.2 3.6 3.8 CENTER | Quench |
7 us 29 T T T T T T T T )
- 0.5 1.8 2.5 3.0 3.4 SURFACE | ILD
L 2 0.5 1.0 1.8 2.0 2.4 374 RaDIuS FROM cENTER| OIL
] w0 25 0.2 0.6 1.0 1.4 1.7 CENTER | QUENCH
”w 3B 2y g
" a7 23 =) -
12 % 22 1=
35 21 eo
13
I 3% 20 Y e
Is ay - 5 s >
16 33 - n
50 N
8 3z - v N
20 31 - ™ SN
2 30 - @ NG —
H] 29 - w 1 X
Z 40 —
26 28 - g -
»n 2?7 - 1 - —
; < 35
30 % = 32 Y
2 25 -
- 30 X
HEAT TREATING TEMPERATURES o =
RECOMMENDED BY SAE EFY
"NORMAL I ZE 1650 ©OF b S S - T S S
AUSTENITIZE 1600 ©F gzc
For forgea les ; Iy, iz 14 16 I8 20 22 24 26 28 30 32
| o ferasaor rellea specinens only 2 IsTANCE FROM! QUENCHED END —SIXTEENTHS OF AN INCH

FIG. 41 Limits for Hardenability Band 5132 H

26
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T — HARDENABILITY BAND __ S135H
SPECIFICATION PURPOSES — C77 — - — 77*7‘,,, _]j, =
5% DISTANCE 5135k L~ 1 4 —
SIXTEENTHS T T e 0.32 [ 5 0. 1 O 70
L 038 0.90 0.3 /195 |
! 58 51 _— - _
2 57 g
3 58 u7 DIAMETERS OF ROUKDS W1TH SAME AS QUENCHED KARDNESSY LOCATION (N_ROUND QUENCH
M 55 u3 | SURFACE | MILD
: o T g 58 6.7 374 RADIUS FROM_CENTER| wATER
6 52 35 2i2p 32 35 30 CENTER | QuENCH
s 1 1
7 3(; :g ERER T sukrace | Ml
] 24 2. 374 RADIUS FROM CENTER| OIL
9 us 28 7 2. CENTER | QUENCH
10 3 27 - - Raies
u ut 25 = B =
12 o 24 - f G — 3= 4
13 39 23 — — s
m 8 22 w - = —]
1] 37 21 < , T
1 37 21 W o
8 E) 20 5} —
20 3s - g x
]
2 3 - 2 -
2 3 - w .
: z
26 32 - a — -
E 32 - % —— ——
2 3l - I 1= =
2 20 - S sk —F—- = - =
30— = =
HEAT TREATING TEMPERATURES w — -
RECOMMENDED BY SAE . k3 —- -
*NORMAL 1 ZE 1650 OF 5 —] S SR gt - —]
AUSTENITIZE 1600 OF g - = B = —
*For forged or roiled imens only. 12 14 16 18 20 22 24 26 28 30 32
or forges or rolles speeine y 2 isTANCE FROM' QUENCHED END —SIXTEENTHS OF AN INGH

Note—1in. = 25.4 mm.
FIG. 42 Limits for Hardenability Band 5135 H

"""" HARDENABILITY BAND 514OH

HARDNESS LIMITS FOR

_ SPECIFICATION PURPOSES l— C T Mn “' i l
Pt S T R 0.37 0 60/ o 15 0. 60 )
| OF AN INCH HAX v L o 44 1 00 035’ 1 0041 ]
1 60 53 .
2 8 m ‘
3 i 50 :» OIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNES LOCATION IN_ROUND. fUENCH
Y I " SURFACE | MILD
. [ FROM CENTER| watcr
. 38 CERTER QUENCH
. i — L SURFACE
IR PR 374 RADIUS FROM CTNTCR
31 CENTER

30
29
o8
; 27 w
i |oer Y
BT
\ | B
| ou V]
] »
R
24 34 20 w
S A } - z
| 26 H- ) N a
i P! i 33 - z
30 pon - I pn s — 5 — —t—+
32 .73 - S0 3 e
-~ —1 —F N S
HEAT TREATING TEMPERATURES o = I P o 8 —]
RECOMMENDED BY SAE 2 54 - - 1 -
“NORMALIZE 1600 OF 5 (R — RS B — —
AUSTENITIZE 1550 ©F ozc’“" . S - —
* 24 26 28 2310 32

s . i 2 4 2 6 18
Or feraed or rolied specinens oniy-| DISTANCE FROM' QUENCHED END ~—SIXTEENTHS OF AN INCH

Note—1in, = 25.4 mm.
FIG. 43 Limits for Hardenability Band 5140 H

27



A8 A 304 — 04
“afl

HEAT TREATING TEMPERATURES
RECOMMENDED B8Y SAE

“RORMAL 1ZE 16C0 OF ‘
AUSTERITIZE 1550 °F

forged or rolled specimens onryA;
. |

HARDNESS LIMITS FOR HARDENABILITY BAND 5145 H
PECIFICATION PURPOSE ro- —— = T St
| SPECIFIGATION PuRRosEs c FMn s o ‘
"4 DISTANCE t— - - —- iy o B el S— -
SIXTEERTHS i 0.42 .60 10.15 i 0.60
__OF AW INCH_ LI 049 | 1.00 | 0 35| ; 1.00 |
[ i L = L LI J R— . — -
1 56
2 55
3 53 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS| LOCATION IN ROUND UENCH
hd 5! 3.8 e o ] _surface | MiLp
5 59 ™ 11 2.0 2.9 3.8 4.8 5.8 6.7 3/4 RADIUS_FR ®| water
s 58 uz [ 2.0 2.4 2.8 3.2 3.6 3.9 CENTER_ | QUENCH
T T I T T T
7 57 38 3
s 56 35 : - MILD
. . 3.6 g oL
8 55 33 2.8 QUENCH
10 53 32 . L
1 52 3l
12 50 30
12 u8 30
N u7 29 ] P
15 us 28 3 2
15 u 28 @
e 50
18 uz 2 v
20 ui 25 " as
22 a9 2 il
2 38 23 w
- z 40
26 a7 22 e
3 a7 21 < a9
30 36 - F —F - 1- ——
3z | 35 - 230 —
HEAT TREATING TEMPERATURES w - — 1 - —-
RECOMMENDED BY SAE EPT) -
“NORMAL 1 7€ 1600 O°F h = o o B
AUSTERITIZE 1550 OF S 2ot 3= —
*for forged or rolled specimens onty. 2 4 6 10 12 14 16 I8 20 22 24 26 28 30 32
. DISTANCE FROM QUENCHED ENO —SIXTEENTHS OF AN INCH
Note—1in. = 25.4 mm.
FIG. 44 Limits for Hardenability Band 5145 H
AND ___5147 H
HARDNESS LIMITS FOR ,, _ NAjDE'ifB'LiY B ND —22 -
SPECIFICATION PURPOSES e I Mn 1 S cr T
A L 0 45/ O-SfV 0 15/ , 080
I LT 0.52 105 | /o035 | 125 |
| 2 . L o02
2
3 [DIAMETERS OF ROUNDS WITH SAME AS QUENCHED WARONESS LOCATION IN_ROUND ENCK
s - SURFACE | MILD
s 3/U RADIUS FROM CENTER| WATER
M CENTER__| QUENCH
7 1 sureace [ mito
L 3/4 RADIUS FROM CENTER) OIL
9 CENTER  JOUENCH
10 — — ——
n
12
t] w
L} -
<
s s
16 a
" v
0 v a5
22 P
n w
1 ‘2140
26 e
i = < 3%
! 0 T
32 2
3
w
E
x
(%]
o
a

w
=]

N
»

N
o

4 6 ] 1o 12 14 6 1B
DISTANCE FROM QUENCHED END

Nore—1in. = 25.4 mm.

FIG. 45 Limits for Hardenability Band 5147 H
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— SIXTEENTHS OF AN INCH
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HARDNESS LIMITS FOR
SPECIFICATION PURPOSES
Y nlﬁii"ﬁw—n—#

SIXTEENTAS e
OF an (ncH | WA [
1 65 59
2 65 ! 58
3 Looew w7
L] ‘ 83 58
§ 62 i 53
] 81 | ug
7 80 u2
3 % | ®
9 .} 36
i £ 34
n 55 33
1 53 32
1 54 3
n i 50 31
5 ug 30
18 [ 30
8 us 28
0 u3 28
22 u2 27
n ut 8
) %0 25
-] » N,
k4 38 23
2 l 38 22
HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE
“NORMAL I ZE 1800 OF
MUSTENITIZE 1350 °F
“For forged or rolled specimens only.

ROCKWELL HMARDNESS C SCALE
n

A8y A 304 - 04

HARDENABILITY BAND 5150 H
_ — - —
_Mn | _Si . _Cr L
0.47 0.60 1015 0.60
0.54] 1.00} 0.35 1.00
DIAMETERS OF ROUNDS WiTH SAME AS QUENCHED HARDNES! LOCATION IN_ROUND WENCH
_ SURFACE | MiLD
.0 2.9_3.8 4.8 5.8 6.7 3/4 RADIUS FROM CENYER]| WATER
2 1.6 20 2.4 28 3.2 3.6 3.9 CENTER | QUENCH
T T T T I
.8 2.5 3.0__3.u 3.8 . SURFACE | MILD
0 1.6_2.0 2.4 _2.B 3.2 3.6 4.0 [3f4 RADIYS FROM CENTER| OIL
.8 1,0 1.4 (.7 2.0 2.4 2.8 }.l o 77CENYU1 QUENCH
~. i -] -4
B 5
L e e <—
= = N B
50 X —
a3 AV e = —
= \ —
N\
40f—— N o — ]
= S B
38 o
~
30
28 ~ —
= =
[}
2 14 18 2 26 28 30 32

NoTte—1 in. = 25.4 mm.

FIG. 46 Limits for Hardenability Band 5150 H

2 4 5 10 12 ) 0 22 24
DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

PV — HARDENABILITY BAND __ SIS5H
. S,PECIH““ON PURPOSES [: e s | oo T 1
L S1s5H 050 0.60 IRE 060 N
OF Ax_IxcH A LIL] i 0.60{ 1.00J 0.35 ‘ 1.00 ‘ J
| _ 0 | A S i - R U
2 e5 59
K] ou 58 D1AMETERS OF ROUNDS WiTH SAME AS QUENCHED HARDNESS LOCATION IN_ROUND ENCH |
8 [ ou 57 SURFACE | MILD
5 83 55 2.0 2.9 3.8 4.8 5.8 8.7 ~ 3/4 RADIUS FROM CENTER| WATER
M a3 52 1.2 1.8 2.0 2.4 2.8 3.2 3.6 3.9 CENTER ENCH
7 62 ¥y T T T T ) T T T
; b . 1.8 2.5 3.0 3.4 3.8 __ SURFACE | MILD
S — Ti.0 1.6 2.0 2.4 2.8 " [a7% maniUs rom center] o1l
9 8l 7 0.8 1.0 (.4 1.7 2.0 CENTER QUENCH
10 80 38 e — g
u 59 35 bt
12 57 3u e
—— 60
13 55 3y w - -
" 52 33 dgs N N
15 st a3 &7 NG NG
16 w 32 @ N
— 80 T =
1] u7 3 v A
20 us 3 A= X
2 w 20 E‘ aY :
i WL ® 1 zao \,
28 w2 28 o -
n uf 27 % as
30 ut 28 X
5
2 ¥ 2 430
HEAT TREATING TEMPERATURES -
RECOMMENDED BY SAE z 25
PNORMAL I ZE 1800 °F [v]
MSTEMITIZE 150 °F €20 4 6 10 12 14 16 18 20 22 24 26 28
*For forged or rollad speciaens only. DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH 30 32

Note—1in. = 25.4 mm.

FIG. 47 Limits for Hardenability Band 5155 H
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Note—1in. = 25.4 mm.
FIG. 48 Limits for Hardenability Band 5160 H

WARDNESS LIMITS FOR HARDENABILITY BAND 5160 H
PECIFICA RP ' - _—
SPECtFICATION PURPOSES Mn N o ] ' 1
*J* DISTANCE H I T DT - - T N - +
SIXTEENTHS | s 0.55 0.65 0.15 i :0.60 i
OF AN INCH ; 065 1.10 0.35 : 1.00 | ‘
I 4 A R T A
1 - 60 S
2 - 80
3 - 80 DYAMETERS OF ROUNDS WiTH SAME AS QUENCHED HARONESSl LOCATION IN ROUND WENCN
. 65 E . . SURFVALZVEV1 MILD
s T es | s8 ADIUS FROM CENTER| WATER
M ! & 56 ; . CENTER | QUENCH
7 :: :?’ 3.0 3.8 _SURFACE | MILD
s Lo | 2.4_2.8_3.2_3.6_N.0__ [3/4 RADIUS FROM CENTER] Oil
’ 62 N2 1.7 2,0 2.0 2.8 a1 CENTER | QUENCH
10 61 ag . - o s o
" 60 ar 8s = —
12 59 B g S =
58 a5 eo e —
13
" 56 35 o] osbs — -
15 54 £ F iy 220 o X - — T
6 52 ) L e Y = —
50— —~
1 ug 33 [T =pa Y — 1=
== b Ry = =
20 u7 32 " 45 % =
22 6 31 w o — \\ - - -
. y 2 wo o - —F— e
2 4 — Z 40 S
26 By 29 o ~
»n u3 28 % 23 = 3> = —1=
P ua 28 I3 -
32 w2 27 B — e —
30 —3— 1
HEAT TREATING TEMPERATURES w e —
RECOMMENOED BY SAE ERY = —3- -
*NORMAL I ZE 1800 ©F hi - . 1 T 3= -
AUSTENITIZE 1550 OF 2 2 » Rl St —J I
"For forged lleg i Iy 2 4 6 10 12 1416 I8 20 22 24 26 28 30 32
or foraed or rotled specinens onlr| DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.
FIG. 49 Limits for Hardenability Band 51B60 H

30

. SI1B6OH
WARONESS LIMITS FOR _HARDENABILITY BAND__.
SPECIFICATINN PURPOSES T Mn T e - B
37 DISTANCE 51360 K 085/ Oifgiiik()qs/ 0.60 [
SIXTEENTHS |
F AN INCH aax 1L 0.65 1.10] 035, . | /100] o
i - 80 * Can be expected to have 0.0005 % minimum boron content
2 - ]
) - 6 [DIANETERS OF ROUNDS WITH SAME AS QUENCHEO WARDNESS| LOCATION N
3 - 80 3.8 S MiLD
. - % 1.1 2.0 2.6 3.6 4.6 6.8 6.7 3/4 RADIUS FAOM CENTER] WATER
N - % 07 12 I8 20 24 28 3.2 36 30 CENTER | QuENch |
I I I T 1 I T
7 - e 9.8 1.8 2.5 3.0 3.4 3.8 | ____SURFACE | MILD
L] - L 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.5 4.0 _|3/% RADIUS FROM CENTER| OIL
] - By 6.2 0.6 1,0 1.4 1.7 2.0 2.4 2.8 3.1 T CENTER | QUENCH
0 - %0 — -
1 - w bt
12 L1.] L]l o —
I} s w0 -
Is 2] Eod P
1s o 38 < o~
In [X] 7 ] . \
i ] 38 [T \
2 50 n " as ‘1‘
2 87 33 M X
58 3l w
2 ———  zao0
2% 83 30 “J
2 L] 28 <3
» u 27 z
2 w7 285 San
HEAT TREATING TEMPERATURES a
RECOMMENOED BY SAE EFT
NORMALIZE 1800 OF %
AUSTENITIZE 1860 ©F Q 202
i 20 4 & 10 12 14 16 IB_20 22 24 26 28 30 32
*For forged or rolled specinens only. “DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INGH
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HARDNESS LINITS FOR HARDENABILITY BAND 61i8H
N SPECIFICATION PURPOSES ¢ in Si ; e v ]
*J" DISTAMCE
Shereeamas LILL 0.15 0.4 0.15 0 4(/ 0.10 :
wax. LILY 0.21 0.80 0.35 0.80 ) /015,
i ug 39 — T
2 uy 38
] 38 1] D{AMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS{ LOCATION IN ROUKD QUENCH
] 33 2u 3.8 SURFACE | MILD
5 30 22 l.i 2.0 2.8 3.8 4.8 5.8 6.7 3/4 RADILS FROM CENTER{ WATER
. 28 20 0.7 1.2 1.6 2.0 2.4 2.8 3.2 3.6 3.0 CENTER | QUENCK
27 - T T T T T T T X T
7 2 - 0.8 (.8 2.5 3.0 3.4 3.8 SURFACE_| MILD
L] 0.6 1.0 1.8 2.0 2.4 2.8 3.2 .8 u. 3/% RADIUS FROM CENTER| OIL
9 28 - 0.2 0.8 1.0 1.4 1.7 2,0 2.% .8 . 3. CENTER QUENCH
1o 25 - s = —
1 25 - d
12 2 - =
&0
12 24 - w
1 23 - D4
Is 23 - 5 <
16 22 - 0
50
s 22 - 3}
2 21 - 45
2 21 - ]
2 20 - w A\ [ e
Z 40 X
26 - - e NX —1=
z - - X
< 38 \
o { = - T v
a2 - = 1 N
I . 730 i ——
HEAT TREATING TEMPERATURES w X N
RECOMMENDED BY SAE x 25 A
"RORMAL I ZE 1700 °F 5 : — e S S S S S S
AUSTENITIZE 1700 ©F g 20 + S\ -
*For forged |led l fy. T2 12 14 16 18 20 22 24 26 28 30 32
or foraed or roied specimens ony DISTANCE FROM' QUENCHED END —SIXTEENTHS. OF AN 14CH
Note—11in. = 25.4 mm,
FIG. 50 Limits for Hardenability Band 6118 H
WARONESS LIMITS FOR HARDENABILITY BAND 6150 H
i SPECIFICATION PURPOSES T A~ 17T - B
TJ" DISTANCE ‘ c Mn S‘ ‘— cr j ‘ v
SIXTEENTHS HTMEE'!T 47 0.60 0.15 0.75 } ! 0.15 MIN ‘
OF 4 Inck . 0.54 1.00 0.35 120 | | |
1 i 85 59 E .
2 | 65 58
b ] * ek 57 LOCATION IN_ROUND QUENCH
. ! 64 58 SURFACE | MILD
5 ‘ 63 55 3/% RADIUS FROM CENTER| WATER
. | 63 53 CENTER | QUENCH
: ! gf u""f, SURFACE | MILD
- 3/4 RADIUS FROM_CENTER] OfL
9 i 6) 43 CENTER QUENCH
i i 60 %)
N . 59 39
12 | 8 38 1
13 57 37 w
i ‘ 55 38 a
15 54 35 e
16 52 35 H
18 50 3y v
20 8 32 w as== B
2 u? at w TS e ——
ki) w8 30 w ——
—— Z a0 —
26 ub 29 g 3
Y w 27 ==
Y u3 26 £3 — 1= — —
a2 w2 25 — =
430 ——3—
HEAT TREATING TEMPERATURES wl —
RECOMMENDED BY SAE LT
"HORMALIZE % 1650 OF ] -
AUSTENITIRE 1600 ©F 2 2ot — —
“For forged or rolled specimens only. 2 4 16 18 20 22 24 26 28 30 32
DISTANCE FROM' qumcnso END —SIXTEENTHS OF AN INCH

Note—1in. = 25.4 mm.

FIG. 51 Limits for Hardenability Band 6150 H
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KARDNESS \!MITS FOR i
SPECIFICATIDN PURPOSES !
"J* DISTANCE BIBY5 H
SIXTEENTHS ti —_——
OF AN INCH ! HAX LI
) 63 | 58
2 63 56
3 63 56
[ 63 58
5 63 55
[ 83 5u
7 62 53
8 82 51
9 61 ug
0 80 w
" 60 ul
12 50 38
13 58 | 38
" 57 37
15 57 | 38
16 58 ! 35
18 55 | u
20 53 32
i 22 2 | 3
| 1 50 ! 30
! 2 ug 29
! 2 w7 28
0 us 28
2 u3 27
HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE
*NORMAL (ZE 1800 °F
AUSTEMITIZE 1850 OF
“far forgea or rolled specimens only.

ROCKWELL HARDNESS ¢ SCALE

N
o

AW A 304 — 04
“afl

HARDENABILITY BAND 81B45 H

C Mn Si J Ni
0 42/ 0_7y 0 15/ To 17
0.49 1.05 035 /045

0.

Cr
3(V
0.60

Mo H
0.08 .
Am i

* Can be expected to have 0.0005 %

minimum boron content

DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARONESS] LOCATION IN ROUND QUERCH
SURFACE MILD

3/4 RADIUS FROM_CENTER WATER

T CENTER _|QuENCH

. SURFACE MILD
3/4 RADIUS FROM CENTER| oCIL

CENTER | QUENCH |

w
»

w
o

N
»

2 4 6 10 2 14 16 18
DISTANCE FROM QUENCHED

NoTte—1 in. = 25.4 mm.

FIG. 52 Limits for Hardenability Band 81B45 H

20 22 24 26 28 30 a2
END —SIXTEENTHS OF AN INCH

Note—1in. = 25.4 mm.

FIG. 53 Limits for Hardenability Band 8617 H
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BAN B617H
HARDNESS LIMITS FOR HARDENABILITY BAND
SPECIFICATION PURPOSES i St Lo — R P e
by o r ¢ Mn si Ni Cr Mo
“J® DISTANCE > A 7
SIRTEENTHS L 0.14 10.60 0.15 035 0.35 0.15
OF AN IMCH ax LIL} | 0.20! 0.95 035 0 75 0.65 0.25
' ue 39 — b = —= —
2 uy a3
3 Nt 27 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESSY LOCATION !N ROUND WENCH
[} 18 2% 3.8 SURFACE | MILD
i an 20 1.1 2.0_2.9 3.8 48 5.8 6.7 3/4 RADIUS FROM CENTER| WATER
§ 3t - 0.7 1.2 1.6 2.0 2.4 2.8 3.2 3.6 3.9 CENTER | QUENCH
28 - b T T T T T T I—
? 0.8 1.8 2.5 3.0 3.4_3.8 ] SURFACE | MItD
il 2 _ 0.5 1.0 1.8 2.0 2.% 2.8 3.2 3.6 WH.0__ [3/4 RADIUS FROM CENTER| OIL
s 2 - 02706 1.0 1IN (.7 2.0 2.4 2,8 3.1 CENTER | Quench
10 25 - a5 - = i S : -3
1 2% - = - .
12 23 - _ —
23 6o —
13 -
" 22 - Y 55 - -
I 22 - h =S - —
15 21 - N — ES
50— — —]
It 21 - 0 -1 — =
2 20 - “» = = 4
22 - * L - I Sl AN SR
- - w 1 -
b} z - - -
2% - - [}
» - - z L - .
: - —
2 - - I N —
2 - - 2 30 A N -
- m— P\
HEAT TREATING TEMPERATURES o H 3 —1 s =
RECQMMENDED BY SAE EY N
*RORMAL 1 ZE 1700 °F h = - - 3
AUSTENITIZE 1700 ©F gzc N ———
- M ; Iy. 2 4 6 10 12 14 16 18 20 22 24 26 28 30 232
For forged or ralled specinens only DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INGH



HARDNESS LIMITS FOR
SPEGIFICATION PURPOSES

A8 A 304 — 04
“afl

HARDENABILITY BAND

8620 H

HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE
“NORMAL (2E 1700 OF
AUSTENITIZ2E 700" ©F

*For forged or rolled specimens only.

N
o

N
]

¢ Tomn | s TTwme ]
*J* DISTANCE | i~ /7 TA 18 7
SIUEEHIS, i B620K 017 ‘0 60 0.15 iO 35 15
ORI K, A e 0.23 0.95 035 /0 75| o 85 0.25
t ug u -
ES uz 37
B uy 3z DIAMETERS OF ROUNDS WITH SAME AS QUENCHED WARDNESY LOCATION 1N ROUND | QUENCK
. N . LEE N LA 3.8 . . _ SURFACE | MiLD
s 37 23 1.1 2.0 2.9 3.8 3/4 RADIUS FROM CENTER| WATER
[ au 2 0.7 1.2 1.8 2.0 CENTER [QUENCH |
M a2 - T T T T
! 20 - 1.8 2.5 3.0 SURFACE | MILD
. oiL
9 29 - 0.8 CENTER | QUENCH
10 28 - - - e e T
1 27 - — - —
1 26 - — - - oS Sitels d—
£} 25 ee . B - e — —— -
I 25 - w s —1T— = —f 4]
15 2 - s b - —- -3
1% 2y - 8 F — 1 —
50
® 23 - v = P i — -
20 23 - SRR R S -
“w
2 23 - “ P R
2% 23 - w i, Gt S — B ~
2z
26 23 - e
n 22 - %
30 22 - x - -3 —1—1 - 1= —
2 22 - E s Sl S S T N
430 By
w
E
<
v
<3
«

N

12 |4 16 18

22
DI&?ANCE FROM QUI‘NCNED END - SIXTEENTNS OF AN INCH

oTE—1 in. = 25.4 mm.

FIG. 54 Limits for Hardenability Band 8620 H

r SO

MARONESS LIMITS FOR
SPECIFICATION PURPOSES

I BISTANCE

24 26 28

HARDENABILITY BAND !622"

Mn S\

Cr Mo |

30 32

Nore—1in. =

6 s 20
DiSTANCE FROM QUENCNED END —SIXTEENTHS OF AN INCH

254 mm.

FIG. 55 Limits for Hardenability Band 8622 H
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- i [ .

Siance 262 019 06 0.15 35 '0.15
$IXTEENTHS
OF AN INCH wx uin /0 95 035 0 65[ 025
1 50 u3 +
2 yg 3
3 uy 3u DIAMETERS OF ROUNDS WITH SAME AS QUENCHED WARDN
. uu 30 )
s uo 26 1.i 2.0 2.0 3.8 4.8 5.8 6.7 'E
s 37 2 2.8 3.2 3.6 3.9 CENTER | QUENCK
7 ay 22 S E— S—
s 32 20 3.8 o SURFACE | MILp
2.8_3.2 3.8 4.0__ |3/4 RADIUS FROM CENTER| OIL
’ 3l - 2.0 2.4 2.8 3.1 CENTER | QUENGH
10 30 - e . ]
" 29 - —— :
2 28 - = [ S e
80|
1 27 - w p— -
s 28 - a — — —3
15 26 - < —
I 25 - 3 —
i 25 - v — 1= -
20 2u - " ,
2 2y - " —t—3 -1 31
1 24 - w ¥ S S S S e
z
u 2 - o = fu G
Y 2y - % —
£ 2u - I — 11
32 24 - Ja0 ——] ———,
HEAT TREATING TEMPERATURES o = e S SE S -
RECOMMENDED BY SAE WY | = R S
“NORMAL IZE 1700 ©F 5 s T Sntel S S
AUSTENITIZE 1700 ©F 2 20 . t f, =3 -
“For forged or rolled specimens only, 22 24 26 28 30 32
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WARONESS LIMITS FOR HARDENABILITY BAND __8625H
SPECLF ICATON- PURPOSES — - -
4 BisTaCE L .C ! Cr_ [ Mo |
T .- )
G [ e 22/ 0. eo 0 15 0.35 o 35 o 15/
OF Ax_INCH Wax Ll 0. 28 0.95 ¢ 35 /0.75] /065 .25 ‘
' 52 u5 — —_—
x 13 ul
3 ug an DIAMETERS OF ROUNDS WITH SAME AS QUENCHED WARDNESY LOCATION In Rouwd _ |ouewcw
. vw | 3 3.8 ; T SURFACE | MILD
ua 28 1.1 2.0 2.9 3.8 48 58 8.7 3/% RADIUS FROM CENTER} WATER
%0 21 0.7 1.2 1.6 2.0 2.4 2.8 3.2 3.6 3.9 CENTER ENCH
a7 2% I T T T T I T I T
35 23 0.8 (.8 2.5 3.0 3.4 3.8 . _SURFACE | MILD
0.5_1.0 (.8 2.0 2.4 2.8 1US FROM CENTER) OIL
a3 22 0.2 0.8 1.0 1.W 1.7 2.0 2.4 CENTER | QUENCH
a2 21 =ms - -
a 20 e — = 9 -
a0 - = . =
- w o — R =
- w —
- < —t—F—F—
D] & s e :
- "
1] - (M -
20 - “* o e g —
2 - “ =
- w
. LT e S e = e
2 _ o 8 et =
» < as 31— o =
3 - I -
2 - 430 4= EaEk Shes pnrest OIS (e
HEAT TREATING TEMPERATURES o o R
RECOMMENDED BY SAE EFT = 1
“NORMALIZE 1850 °F 5 TE ~N— 3 T 7 =
AUSTENITIZE 1600 ©F 20 — S~ .
“For f Iled imens only. 16 18 20 22 24 26 28 30 22
___iL Nf,_o:«,L_s:(:._.yv DISTANCE FROM QUENCHED END —S!XTEENTNS OF AN INCH

Note—1 in. = 25.4 mm.

FIG. 56 Limits for Hardenability Band 8625 H

HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE
“NORMAL IZE 1850 °F
AUSTENITIZE 1600 °F
*For forged or rolted specimens only.

[ e its ron ] MARDENABILITY BAND 8627 H
SPECIFICATION PURPOSES i B o
o ! ‘Y C Mn i " 1 Mo
R o: o, s/ |
Soreoues TR )0.24/ 060 015 03/ ‘oay “ots
) P w7 \ 0.30 0.95 0.35‘ 0 75l 0. 65[ 0.25 ‘
1 52 3 —
] 50 38 DIAMETERS OF ROUNDS WI(TH SAME AS QUENCHED HARDNESS LOCATI E
: S 35 ON_IN_ROUND ENCH
L .. SURFACE_ | MILD
" s 3 5.8 8.7 3/4 RADIUS FROM CENTER] wATER
s 33 29 2.8 3.2 3.6 3.9 CENTER QUENCH
7 40 27 T T T I
[ 38 26 — i SURFACE_| MILD
s FROM CENYER oL
s E) 2u
o au 2u _CEWTER | QUENCH |
1 33 23
1 3z 22
" al 2t
" 30 21 “
15 30 20 <
18 29 20 9
5 28 - v
" 28 -
"
22 28 - @
2% 27 - w
z
26 27 - o
n 27 - x
© 2 - b
32 27 - g
-4
w
b
<
v}
°
«

Note—1in. = 25.4 mm,

22 24 26 28 30 32

e 20
DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

FIG. 57 Limits for Hardenability Band 8627 H
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MARONESS LIMITS FOR HARDENABILITY BAND M“
Sﬁ:culcnrou PURPOSES *1 C Mn l Si B Ni Cr l MO” |
Sdtieme LEL 027 0.60 0.15 0.35 0.35 0 15/
OF AN INCH wx 1w 0.33 0 BSJ 0.35| 0.75 0.85 0.25
) 56 ug =
2 55 us
3 54 u3 Q1 AMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNE! LOCATION IN _ROUND WENCH
% 52 39 3.8 SURFACE | MILD
5 50 35 1,1 2.0 2.9 3.8 4.8 5.8 6.7 3/4 RADIUS FROM CERTER| WATER
M uz 32 0.7 t.2 1.6 2.0 2.4 2.8 3.2 3.6 3.9 CENTER _| QUENCH |
N 29 I T T T T T 1
4 w1 28 0.8 1.8 2.5__?.0 au 3.@ _SURFACE | MILD
L [ 0.5 1.0 .8 2.0 2.4 2.8 3.2 3.6_U.0 _[3/4 RADIUS FROM CENTER| OIL
9 39 27 0.2 0.6 (.0 1.4 1.7 2.0 2.4 2.8 3.! CENTER | QUENCH
10 ar 28 - i Sl — -
" as 25 b —3
2 34 2y 5 — -
[
13 33 23 w
i 33 22 =T
15 32 22 < 33
1 a1 21 H B e
50 >
i 30 21 (%] h o
20 30 20, " \-
2 2 20 w4 AN =
2 29 - w ; \ = —
Z 40 ~ o~
2 29 - o N
z 20 - = X
<35 \
2 29 - 33 N
32 (ad - d30 .
430 ~
HEAT TREATING TEMPERATURES w
RECOMMENDED BY SAE E 25
*NORMAUIZE® 1650 ©OF h —— . —
AUSTEMIFLI2E 1600 ©OF g 20
“or t 1 ; Iy 2 4 6 70 12 14 16 18 20 22 24 26 28 30 32
or fored or rolles specimens only DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.

FIG. 58 Limits for Hardenability Band 8630 H

o - HARDENABILITY BAND_86B30H
| HARDNESS LIMITS FOR —

1
I SPECLFICAT IGN PURPOSES | T c Mn Si Ni Cr Mo { ]
[— e : .
T U7 DISTANCE B30H ] |
D Sharnans oo 8992 ,‘ 27 60 15 35 35 15 N
oo L A i 33 95 35 75 65 25
| S— - -
; ; i 22 1 :; ! * Can be expected to contain 0.0005 to 0.003 per cent boron.
| 3 : 55 48 i DIAMETERS OF ROUXDS WITH SAME AS QUENCRED HARDMESS LOCATION I ROUND | QUENCH
| : om0 i i T SURFACE | MItD
. " 8 l .8 5.8 5.7 i ~13/4 RADIUS FRCH_CENTER| WATER
| 6 L s a8 | 5 2.8 3.2 3.6 3.9 CENTER |guEnch
' 7 53 4 i I T S S
‘ s ; o3 . o | TN _ SURFACE | MILD
s S SR - 4 o2)8 3.2 3.6 .0 [3/4 RADIUS FROM CEWTER] OIL
| s 52 26 ' .7 2.0 2.4 2.8 3. CENTER lgusucu
10 52 ! a3 - U SRR -]
| 1" 52 | a2
L 12 : 51 | a0 ‘
! 13 51 : 39 w
: 14 . 50 | 38 ‘ 3
| 15 50 | 36 <
] 1% a9 ; 35 i g
\ 18 i a8 i 3 1 o
. 20 a7 X 32 “ Py
| 22 . a5 i 31 | «n
| 24 | m | 29 } i
{ z
[ ‘ |
o
26 43 ‘, 28 § «
i 28 41 i 27 | <
i 30 R 40 1 26 | T
! 32 39 i B B
‘ HEAT TREATING TEMPERATURES : o
RECOMMENDED 8Y SAE ; 3z
“NORMALIZE 1 oF ! <
i AUSTENITIZE 1506 ©F i o N BNAE Yot s auils oy
! x 20 10 12 14 16 I8 20 22 24 26 28 30 3.

"for forged or rolled specimens only. a4 6 8
DISTANGCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.
FIG. 59 Limits for Hardenability Band 86B30 H
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Note—

1in. = 25.4 mm.

FIG. 60 Limits for Hardenability Band 8637 H

KARDNESS LIMITS FOR H

| SPECIFICATION PURPOSES i
TR DISTARCE | o
SIXTEENTHS

OF AN INCH__

HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE

NCRMALIZE 1600 OF :
AUSTENITIZE 1550 OF !
*For farged or ro!led specimens anlr.}
L S —

JARDNESS LIMITS FOR HARDENABILITY BAND 8637 H
- ms:::ncmou PURPOSES e N R TN Y e
o BT - 0 3zy 0.70 0.15/ 035/ 035%)6 ‘0.15 025‘
& i
- - P 041, 1.05 03s] /075 5 |
2 58 51
3 58 50 DIAMETERS OF ROUNDS WITH SAME AS OUENCHED HARDN LOCATION (N _ROUND ENCH
L} 57 ua 3.8 SURFACE | MILD
5 % us 1.1 2.0 2.9 3.0 4.8 5.8 6.7 [3/% RADTUS FROM CENTER| WATER
N 55 u2 0.7 1.2 1.6 20 2.4 2.8 3.2 3.6 3.0 CENTER | QUENCH |
T T T T T I b g T I
7 s 29 0.8 1.8 2.5 3.0 3.4 3.8 SURFACE | MILD
Ll L] 36 0.5 1.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0 |3/ RADIUS FROM CENTER| OIL
9 51 3u 0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.t CENTER | QUENCH
10 w9 3 T
H w 31 es—
1 8 30 ~
[
13 uy 29 -
" u3 28 Jss
15 ul 27 s ~
1. u0 28 n ~
50 == -
1 39 25 v =
20 37 25 . N S
2 38 P w4 = =
,. 38 24 w —
Z 40 _ —
28 as 2 a N
2 as 24 2 a3
0 35 23 T —
23
32 35 :"30 ~—
HEAT TREATING TEMPERATURES o
RECOMMENDED BY SAE EFY)
*NORMALIZE - 1600 OF 5
AUSTENITIZE 1580 OF 220
. 4 12 14 16 16 20 22 24 26 28 30 32
For forged or rolled specinens only- 2 STANCE FROM QUENCHED END —SIXTEENTHS OF AN INGH

HARDENABILITY BAND _B8640K
! C T Mn ] Si [ Ni Cr Mo :
37 10.70 ]015 |0.35 0.35 015/
0.441 1 05I 0.35; 0.75 0.65 L 0.25 i
DI AMETERS OF ROUNDS WITH SAME AS QUENCHMED HARONESS LOCATION IN ROUND QEENC"
3.8 — SURFACE MILD
.t 2.0 2.9 3.8 4.8 5.8 6.7 3/4 RADIUS FROM_CENTER| WATER
0.7 V2 1820 2k 2.8 32 38 3.9 CENTER | QuEncH |
I T T T T
c.8° 1. b SURFACE MILD
374 RADIUS FROM CENTER| OIL
) CENTER ) QUENCL
w PSR SN SEp—
=}
< —
o — “+—e
w
v -
,,,,,, —
v
4] =
w B —
w =
[}
L4 - -
<
< e
: -
3 —- —
wi =
u — -
X o
8 s - — =i -
w20 s 206 22 24 26 35 32

Note—1

2 & & 1012 14 18
DISTANCE FROM QUENCHED END

in. = 25.4 mm.

FIG. 61 Limits for Hardenability Band 8640 H
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HARDNESS LIMITS FOR HARDENABILITY BAND 8642 H
. SPECIFICATION PURPOSES T T8l l N Cr T Mo |
SixTeiaTns LU 0. 70 \0 15/ 035 015
OF AN INCH bl L 6 1.05 /0. 35\ 0.75 0.65‘ 0.25
| 82 55 L. L
2 82 84
3 62 53 DIAMETERS OF ROUKDS WITH SAME AS QUENCHED KARDNESS| LOCATION IN ROUND I QUENCH
. 8l 52 SURFACE | MILD
5 6 50 2.6 3.8 4.8 58 6.7 T|a7u #anIus FROM_CENYER| wiTER
M 60 ug 1.8 2.0 2.4 2.8 3.2 3.6 3.9 CEWTER | QUENCH
7 59 s T T T T T T T
: ot ya 2.8 3.0 3.4 3.8 . ____SURFACE | MiLD
- - |37y Rapius_From center] oiL
9 57 38 CENTER
It} 55 37 )
i 54 3 —
1 52 33 = o
13 50 3z
s ug 3 Y
s u8 30 s -
1 w 29 I
18 Wy 28 (8] - pog—
20 2 28 " — =
21 ui 27 ] 33—
o =
2% uo 27 w . —
2¢ MO 26 o
2 ag 28 % as N
3
30 39 2% I, - S
x —
32 39 430 —d
HEAT TREATING TEMPERATURES § w R
RECOMMENDED BY SAE | ERT
*NORMALIZE 1600 OF ! 5 - - [ o= -
*AUSTENITIZE . 1550 ©F ) 220 = o -
10 12 14 16 I8 22 24 26 28 30 232

*Far forged or rolled specimens onl
=

4 [-]
DISTANCE FROM QUENCHED END ~S|XTEENYN5 OF AN INCH-

Note—1 in. = 25.4 mm.

FIG. 62 Limits for Hardenability Band 8642 H

P —— HARDENABILITY BAND _ 8645 H
SPECIFICATION PURPOSES . ) i .
I BISTANCE PP [} . Si 5 Ni 5 35Cr . Mo i _
SIXTEENTHS ‘0 0.15 0 5/ . / 0.15
OF AX_INCH X 1L Y
A) 49l /105 035 0.75 065 025
] 83 56 el DA U
2 83 5
3 e3 55 01 AMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESY LOCATIOR [N _ROUND QUENCH
. 63 el 3.8 . SURFACE | MILO
s &2 52 1.1 2.0 2.9 3.8 %8 58 6.7 3/4 RADIUS FROM CENTER| WATER
N 81 50 0.7 12 1.8 20 2y 28 32 38 36 CENTER | QUENCH
7 ol :8 0 8 1.8 _SURFACE | MILD 1
: L 5 0.5_1.0 eal oit
9 50 ui 0.2 0.8 CENTER | QUENCH
0 58 = B
1 56 ar —]
12 55 35 =
13 sy ay -
i 52 83 ] e
Is 11l 32 < R —]
1% g 3l 3 = S
1] u7 30 v iy o—
20 us 2 @
n u3 = " —
n w2 E w - - =)
Z 40+ — =
20 u2 27 o - N h—
ES R 27 % P =4 PR e S b S
) ui 27 I = s
2 Y| 27 : - o -
J30 e s e e s S S Sy Y S e -
HEAT TREATING TEMPERATURES a PP - -
RECOMMENDED BY SAE 225 = -
*NORMAL | ZE 1800 °F byl ._.i,-. - 1
AUSTENITIZE 1550 OF 8 s0b - -
*For forged 15eq i Iy. F o 12 1416 18 24 26 28 30 32
or forass or ro e shecinens vy DIsTANCE FROM' QUENCHED END SIXTEENTHS. OF AR 1HeCH

Nore—-1 in. = 25.4 mm.
FIG. 63 Limits for Hardenability Band 8645 H
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FIG. 65 Limits for Hardenability Band 8650 H

38

WARDNESS LIMITS FOR HARDENABLUTY BAND. 8654'5£1 [
SPECIFICATION PURPOSES si J Nl cr | Mo |8 |
toeme LI 42 \o 70 015 035/ 035 0 15/ :
e |t 157 05" SonsYors" Vs Yo2s
; :g : * Can be expected to have 0 0005 % minimum boran content
3 02 55 [DIAMETERS OF ROUNDS WITH SAME AS OUENCHED HARDN LOCATION_IN_ROUND ENCH
. 02 | 3.8 SURFACE | MILD
A o2 P 1.1 2.0 2.9 3.8+ 4.8 5.8 6.7 374 RADIUS FROM CENTER| WATER
‘ 8l 53 0.7 1.2 1.6 2.0 2.5 28 3.2 3.6 39 CERTER | QUENCH
T T T b T I T T
7 el 52 5.8 1.8 2.5 3.0 3.4 3.8 e | Mo
L) Ld L 0.5 - ' N oiL
L] 60 &l 0. C[NYER WENCN
10 80- 5l 6 —
1 50 50 > ——
12 50 50 Tt =
&0
n 50 up w
" 50 48 e
15 68 48 haa
1% 58 us "
50
1] 58 w2 © —
20 58 30 == —
2 57 ar NS N
) 57 as = a—
— Z 4o =
26 57 aau g —+ ~i
2 57 3z < asb — -
* 58 32 I ‘
3 56 31 4 =2 E B
HEAT TREATING TEMPERATURES w ——— 1
RECOMMENDED BY SAE 2 Hal
NORMALIZE. 18400 ©OF 5 = ] = — — 17—
AUSTENITIZ& 1550 ©F 2 20 % -
. 12 14 16 18 20 22 24 26 28 30 3
or forged or rolled specinens only:, 2 S TANCE FROM' QUENCHED END —SIXTEENTHS OF AN INCH 30 s2
Note—1 in. = 25.4 mm.
FIG. 64 Limits for Hardenability Band 86B45 H
WARDNESS LIMITS FOR _ "ARDFNAGE'”YW'AN,D ._I.Q.LN -
SPECIFICATEON PURPOSES - ]
KIRCY 86508 lo 47 I3 70/ 0 ws/ 0 35/ o 3/ /
oF au icH ax_ T 0. 541 1.05 0.35 0.75 0 65‘ 0 241
) o5 © | 000 T b
H 85 58
3 o5 57 DIAMETERS OF WOUNDS MITH SAME AS QUENCHED WARDHESS LOCATION IN_ROUND ENCH
. o 57 3.8 SURFACE | MILD
s os P (.1 2.0 2.0 3.8 48 58 6.7 374 RADIUS FROM CEWTER| vATER
P 83 64 0.7 1.2 1.8 zic 2.(!1 2ia 3.[2 3;a 3;9 CENTER ENCH
7 63 83 0.8 3.0 3.4 3.8 SURFACE_| MILD
L 82 50 2.0 2.4 2.8 3.2 3.6 4.0 13/ orL
’ (1] u7 5 1.8 1,7 2.0 2.4 ] QUENCH
™ 60 w
n 80 ul 85
12 50 » = 1=
60
1 58 a w B
" 58 » P ~
15 57 as < ~
1] 56 n W, N
80
18 55 33 v NC
» 53 32 " as—— -y
2 52 31 w O =
kL) 80 3l w . N
Z 40 N\
,. w 20 ) =
P w7 30 % s
20 us 20 x
2 ¥ ad Jy
4 39
HEAT TREATING TEMPERATURES w
RECOMMENDED BY SAE EFY)
*NORMALIZE 1800 OF b —f—
AUSTENITIZE 1550 OF 20 2= =
4 i2 14 16 18 22 6
| for forsed or rolled speciaens only: 2 atance FRoM' QUENCHED END ~ SIXTEENTHS OF AN INGH
Note—1! in. = 25.4 mm.
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NARDENABILITY BAND 8§§§ H

HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE
RORMAL I ZE 1600 °F
AUSTENITIZE 1550 ©F

N

N
-3

SPECIFICATION PURPOSES 7 I Mo
"J* DISTANCE § n
SIXTEENTAS x LU e 0 50 »0 70 015 15 O 35 0 35/ 0.15
OF AN_INCH l 0 60 1 05 0 35 [) 75J 0 65 0.25

1 - 60 —

2 - -]

3 - 59 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED WARDNESY LOCATION IN_ROUND NCH

. - 58 3.8 SURFACE | MILD

s - 57 .1 _2.0 2.8 3.8 _u.B 5.8 6.7 374 RADIUS FROM CENTER| warem

s - 56 0.7 1.2 i.6 2.0 2.4 2.8 3.2 3.6 3.9 CENTER | QUENCH |

7 - 55 T T T T T T T T

! - b 3.8 SURFACE | mMtwp

- 2.8 3.2 3.6 4.0 |3/4 RADIUS FROM CENTER| OIL

9 - 52 2.0 2.4 2.8 3.1 CENTER  JOUENGH

1 65 ug e = —r— il Sk
H 65 ug hat p—
12 64 u3 —+—
1 [0 y1 6o — —
] 63 % Y s 43— — ~{—
15 83 39 3 > — 1 —
1s 62 8 @ RS
50 = ~\

1" 1] a7 v - = — 3o
20 60 35 " as 1 - \, — - 1
2 59 u w49 3 — =
kil 58 n w -

Z 40 —3— —
26 57 33 o
2 56 ax % 35 S (P St
0 55 32 I
EH 53 32

5 -

30

w

z

<

]

o

4

®For forged or rolled specimens only.

20 22 24 26 28 30 32
DISTANCE FROM QUENCHED END —SIXTEENTNS OF AN INCH

Nore—1 in. = 25.4 mm.

FIG. 66 Limits for Hardenability Band 8655 H

HARDNESS L IMITE FOR
SPECIFICATION PURPOSES

[ ¢ [ si + e _ Mo
055/, 0.7(7 015 0.35/ 0.35/ 0.15
| /oes| /ros| /oss| /o7s| /foes| /025 | |

NARDENASILITY BAND QQQQ H

HEAT TREATING TEMPERATURES
° RECOMMENDED BY SAE

“NORMALI1ZE 1600 °F
AUSTENITIZE 1550 OF

“T° DISTANCE 16600
STXTEENTHS
OF AR _{KCH wix LIL]
1 - 60
2 - B0
3 - 60 DIAMETERS OF ROUNOS WITH SAME' AS QUENCHED MWARDNES
L] - 80
5 - 60 2.6 3.8 4.8 58 6.7
- 1.6 2.0 2.4 2.8 3.2 3.6 3.9 CENTER JQUENCH
s g: T T T T ) t—" —
? - pe 2.5 3.0 3.4 3.8 SURFACE | MILD
L] - 1.6 2.0 2.% 2.8_3.2_3.6 4.0  [3/4 RADIUS FROM CENTER] OiL
) - 55 1.0 1.4 1,7 2.0 2% 2.8 3.1 * CENTER | QUENCH
[ - 53 = iy
H - 50 —F — 1
12 - u7 4~
13 - us et S s
w
1} - uy o} ~, D el St SRS Sty
15 - u3 < — N—
16 65 y2 2 - —1=
8 64 uo v -
20 L1 39 P - N
22 83 8 w — —
2t 62 a7 w s Qe (o dipan - —
z
2 62 % o
[3
) 61 36 <3
0 60 35 x — B
32 60 35 e — 3
- 30
w
x
X
[
<}
I3

*For forged or rolles specimens onfy.

l

N

N

16 23
° DISTANCE FROM QUENCN!D END —SIXYEENTNS OF AN INCH,

26 28 30 22

Note—1 in, = 25.4 mm.

FIG. 67 Limits for Hardenability Band 8660 H
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1 HARUENABILITY BAND ZQH

HARDNESS LIM!TS FOR
i SPECIFICATION PURPOSES

i - : e
BISTANCE P - % Ni : :
Siertinmes 17 0 60/ 0.15/ lo. 35/ 35/ 0 Z(V
S | 023‘ 09| /oas. /Jors| /oss| /o030 ]
2
3 DIAMETERS OF ROUNDS WITH SAME &S QUENCHED HARDNESY LOCATION (N _ROUND UENCH
¥ T SURFACE [ MiLD
5 "~ [3/uRaDius_rROM CENTER] waTER
5 : CENTER _ | QUENCK:
‘ 7 B 22 B T SURFACE | MILD
[ I S O S 3.2 3.6 4.0 [3/4 RADIUS FROM CENTER| OIL
3 H 30 20 i 2.4 2.8 CENTER QUENCH
10 [ T R o
1 28 “ -
: 12 Ioer -
T B
i " . ‘ - ‘2‘
is | 25 | -
16 | 25 - 2
18 | 24 - | [¥]
20 | 24 - ‘ "
2 | 23 ‘ - w
! | -
N R S N SRS S
26 23 ! - H a
» |2 %
30 ! 22 - x
32 I 22 - 3
' -
HEAT TREATING TEMPERATURES | 2
RECOMMENDED BY SAE ! E
"NORM&LIZE 1700 ©F | b
perenimize 170 | Ra0 : 6 18 20 22 24 26 28 30 32
. i
| "For forcea or rolled specinens onlr | OIS TANCE FAOM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.
FIG. 68 Limits for Hardenability Band 8720 H

MARDRESS LIMITS FOR 1‘ 'ERDENAB“JTY BAND 3759 H

SPECIFICATION PURPOSES

o RS- | ¢ Mn _ ] S
Srox 0.37 0.70 0. 15 0 35 o 35 !
el S S B 0.44 1.05 075 /0 65‘ o <
60 53 -
60 53
60 52 DIAMETERS OF ROUNDS W1TH SAME AS QUENCHED HARONESS LOCATION IN_ROUND | QUENCK
60 5! — SURFACE | MILD
58 49 4.8 5.8 6.7 3/% RADIUS FRDN CENTE.S WATER
59 us 2.4 28 32 3.6 3.9 CEMTER | QUENTH |
T T 1 T T —
o - 30 a8 T SURFACE | MILD
g 2.4 2.8 3.2_3.6 4.0 FROM CENTER| OIL
9 55 37 177 2.0 2.4 2.8 3.1 CENTER | QuencH
10 53 35 s " - R i St oF
" 52 34 65 —3— - 5 =
12 50 32
- o
13 ug 31 e -
n P ue 3l w ssE - — -
15 ue 30 <31 1
I u5 2 2 -
50
18 u3 28 v ~3
20 u2 28 " e
\
2 ul 27 M N -
2 | % 27 w S
: z
2 ] 27 a
{ o
2 39 27 < 33
B 38 28 T =
2 T 26 == — R
30 — = s s
HEAT TREATING TEMPERATURES o B t R
RECOMMENDED BY SAE ERY) - — o
CHORMAL [ ZE 1600 ©F 5 - i .
AUSTENITIZE 1550 OF 8 pobmt— , —
"For forged or rolled i ly. 14 \6 20 22 24 26 28 30 32
gre or fotied specimens vy DISTANCE FHOM QUENCNED END ~SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.
FIG. 69 Limits for Hardenability Band 8740 H
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s;s‘cwlb;“csAsr LOIH”SR;(?;ES HARDENABILITY BAND 8822H B
! ICN PY " — Mo
"J” DISTANCE 8822 N c [ Mn Si ‘ Ni cr | l J
SIATEENTHS 0.19 0.70 0.15 l0.35 035 0.3(y
OF AM_incu d e A)_zs 1.05 0.35 0.75 0.65 0.40
1 50 u3 - =
2 ug u2
3 us 39 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS LOCATION tN ROUND | QUENCH
5 ug 33 3.8 — SURFACE | MiLD
5 u3 20 .1 2.0 2.9 3.8 4.8 5.8 B.L__ . 374 BADIUS FROM CENTER] WATER
s w0 27 07 2 1.6 20 2L 28 22 3.6 39 CENTER | QUENCH
: '::; ;3 0.3 1.8 o SURFACE | MILD
S 0.6 1.0 3.2 3.6 4.0°  {3/4 RADIUS_FROM_CENTER| Ol
¢ 3u 24 0.2 0.6 2.4 2.8 3.1 B CENTER | QUENCH
1 a3 23 == — -
n 32 23 85—
iz 31 22 L +=
- 80
13 31 22 -
I 20 22 Y e ]
is 0 2 P e
13 » 21 9 F e
- — — s0
s ] 20 v S
20 28 - N =
2 27 - .',", 4 ~ —1—
2 27 - o -3 - —1 —
Z 40 JS— f—
26 134 - o 1
» 2 - %3 e —
x 27 - P = o=
32 27 - —
4 30= X
HEAT TREATING TEMPERATURES w N\
RECOMMENDED BY SAE 3 oal . —4—F
*NORMAL § 2E 1700 ©F 5 —t—F — —+—
AUSTENITIZE 1700 ©OF 220 ——
*Far forged or rofle¢ specimens only. 2 4 & 10 12 14 16 I8 20 22 24 26 28 30 32
DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1in. = 25.4 mm.
FIG. 70 Limits for Hardenability Band 8822 H

HARDENABILITY BAND __9260H
HARDNESS LIMITS FOR .
SPECIFICATION PURPOSES rcf *7& -1 T T )
: I
“J* DISTANCE H !
Suaneanss - 9260 - 0.55 085/ 1 70/ | |
0.65 /1.10] 220 3
1 - 60
H - 60
3 85 57 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS] LQCATION tN ROUND QUENCH
8 64 53 3.8 SURFACE | MILD
e 1.l 2.0 2.9 3.8 48 5.8 8.7 3/4 RADIUS FROM CENTER| WATER
5 83 u8 T k TER]
s 82 41 0.7 1.2 1.6 2.0 24 28 3.2 3.6 3.9 CENTER | QUENCH
T T T T T I T T
7 6o 38 0.8 1.8 3.3 . SURFACE | MiLD
Ll 8 kL 0.5 1.0 2.4 _|37u Raoius FroM cENTER] OIL
° 55 38 | _0.2" 08 1. LT 2. CENTER  fouENCH
19 52 as esE L — -
" L) 3u 2 = —1— —— —
1] u7 3u — =
u 33 8o —]
1) 5
w —
1 u3 33 - 55
1 N2 32 g 3 —t— 17—
1% uo 32 » -
50
" 38 31 o
2 a7 31 “
22 * 30 @49 LT
3 » 30 w — G =
: Z 40— S
2 ! 35 29 g N
» 35 29 % 2= —
30 35 28 I S
2 3u 28
530 —+—
HEAT TREATING TEMPERATURES w
RECOMMENDED BY SAE 3 25 - +—+— —
*NORMALZE 1650 OF b -
AUSTENITIZE 1600 ©OF g 2 -
. 2 4 3 10 12 14 16 18 20 22 24 26 28 30 32
for foraeo o7 rofire specimens only. DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1in. = 25.4 mm.

FIG. 71 Limits for Hardenability Band 9260 H
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HARDENABILITY BAND 9310H

®For forged or rolled specimens only.

2 4 ) 10 12 14 16 18 20
DISTANCE FROM QUENCHED END

Note—1 in. = 25.4 mm.

FIG. 72 Limits for Hardenability Band 9310 H

SPECIF ITATION PURPOSES /cC 1 Mn Si Ni Cr Mo H
. R = = — e —— T e U VN4 g YR L ——y
SiTiEnTHS 0.07 0.40 015 2.95 1.00 0.08 I_
OF AN _INCH 013 0.70 0.3 3.55 1.45 015
1
H —
3 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESY LOCATION IR ROUND UENCK
. i . " SURFACE | MILD
N 374 map1US FROM cEwTER| waTER
s CENTER | QuENCH |
7 - _ SURFACE MILD
8 374 RADIUS FROM CENTER[ OIL
9 ue 28 CEWTER | QUENCH
10 o 27 s -
1] 39 27
12 38 26
13 37 26 w
1 » 26 o
15 3 28 \()
16 35 26 n
18 35 26 v
20 35 25 @
2 3u 25 w
2 u 25 w
z
26 3y 25 a
2% u 25 %
0 33 2u T
32 33 2u
1 30f=—- — -
HEAT TREATING YEMPERATURES o : BRI - .
RECOMMENDED BY SAE EFY s ik 3
TKORMAL I7E 1700 °F b — - L — [ S S
AUSTENITIZE 1550 OF 020:20 — . = - [ S o
= 22 24 26 28 30 32

~SIXTEENTHS OF AN INCH

T 15
HARONESS LIMITS FOR HARDENABILITY BAND 94B15 H
SPECIFICATION PURPOSES c Mn S Ni Cr Mo B
ot 94815 | 0.12 0.70 0.15 0.25 0.25 0.08 ‘
OF AN INCH MAX win 0.18 1.05 0.35 0.65 0.55 0.15
; :: g: * Can be expected to have 0.0005 % minimum boron content
3 uu 37 DIAMETERS OF ROUMDS WITH SAME AS QUENCHED HARONESSY LOCATION (N ROUMD
' 3 k) 1 surface
5 ua a2 “[374 Rrabius_FROM CENTER| wATER
[ 12 28 CENTER _|QUENCH
7 u0 :g R SUIFACE | MILD
s ® 374 RADIUS FROM CEFTER| OIL
9 35 23 CENTER | QUEKCH
10 3u 2 = ]
n 33 -
12 3 -
i 30 - w
[} 29 - )
15 28 - <
18 27 - 3
18 26 - 8]
0 25 - @
22 2u ~ «n
% 23 - w
z
2 23 - a
E 22 - %
0 22 - T
32 22 - B
HEAT TREATING TEMPERATURES 2
RECOMMENDED BY SAE B
*NORMAL 1ZE (7¢O OF 5 o —
AUSTENITIZE 170C ©F 9 20 = - y T =
"For forges or rolled specimens aniy. 2 4 6 10 12 14 16 I8 20 22 24 26 28 30 32
D:STANCE FROM QUENCHED END — SIXTEENTHS OF AN iNCH

Note—1 in. = 25.4 mm.

FIG. 73 Limits for Hardenability Band 94B15 H
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Note—1 in. = 25.4 mm.

WARDNESS LIMITS FOR T HARDENABILITY BAND 94BI7H
p -
SPECIFICATION PURPOSES @ o 5 NI & Mo B
“JT DISTANCE .
SIXTEENTHS e 0.14 0.70 0.15 0.25/ 0 25/ 0.08
OF AN INCH e ull 0.20 1.05 0.35 0.65 0.55 0.15
20 T e oxnociod 10 have 0 0008 %% i e
; :: 20 Can be expected to have 0.0005 % minimum boron content.
k us 38 DIAMETERS OF ROUNDS WITH SAME AS QUFNCHED HARDNESS LOCATION IN ROUND UENCH
. ‘ i 37 o Tsumrace | Miw
5 Ky ety . 3/W RADIUS FROM CENTER| WATER
6 u3 29 CENTER | QUENCH ]
: :‘“2 ;g _ SURFACE MILD
ROM CENTER| Cil
9 uo 23 CENTER QUENCH
10 3 21 f— - - -
1l 3* 2¢ —
12 3u - - =
13 23 - — =1 -1——
) 32 - ﬂ - - — 4
15 3t - <
15 a0 - 3 -
- 50 = -
18 e - Q - . _ [ QU S -
2 27 - 9 a5
22 25 - w R T e
u 25 - w
S Z a0
2 2u - o 3
2 2u - < ask
30 23 - b4 R e = B S
32 23 - : - -
330 e —
HEAT TREATING TEMPERATURES w . - -
RECOMMENOED BY SAE 2 55 - oo
“HORMAL I ZE 1700 OF hi - - Z
AUSTENITIZE 1700 OF gzc“ CIoTIOTNS O Tt T JUUS SRR SN _
“For § Vled Iy. 2 4 6 8 10 t2 14 16 18 20 22 24 26 28 30 32
or foraed or rollxd seectmens only DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH

FIG. 74 Limits for Hardenability Band 94B17 H

Note—1in. = 25.4 mm.

e T HARDENABILITY BAND _ 94B30H
SPECIFICATION PURPOSES C n S NI Cr Vo B
B L R N 027 0_70/ 0 15/' 0.25 0.25 00&7 :
___OF X iNCH me LIL 0.33 1.05 0.35 0.65 0.55 015
; 56 :9 * Cen be expected to have 0.0005 % minimum boron content
56 9
3 55 ug DIAMETERS OF ROUNDS WiTH SAME AS QUENCHED HARDNESS LOCATION IN_ROUND QU[NCN
e 55 L - TSURFACE | MILD
5 54 uy 7{7)\U5 FROM CENTER} WATER
s 54 ug CENTER | QuENCH
4 :g :: . . _.. SURFACE MILD
8 . 3’y RADIUS_ FROM CENTER (R
s 52 ) CENTER | QUENCH
10 52 a7 e 1.
" 51 au
1 51 32
T 50 a0
" ug 28 ot
15 u8 28 «
1% ug 27 4
18 uu 25 (V]
2 w2 2u “
2 o 23 « % SIS S
23 w
% 38 u
28 37 22 ) - R
S A -
» as 21 <
) u 21 T - -
3, N 20 5 -t
-
HEAT TREATING TEMPERATURES o B ]
RECOMMENDED BY SAE 3
*NORMAL{ZE 1650 ©F vl PR, SU— b T _,H
AUSTENITIZE  1B0C OF 2.0 B T R I R s 3 D W |
. o | Iy, 2 4 6 10 12 14 16 (8 20 22 3 26 28 30 32
For forged or rolled specinens onty DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH

FIG. 75 Limits for Hardenability Band 94B30 H
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FIG.
HARDNESS LIMITS FOR
SPECIFICATION PURPOSES
"7 DISTANCE 'R -
SIXTEENTHS ~— — = = -
o OEVAI INCK 77NAX- Mll _
} 62 55 i
1.5 8l 52
2 59 u2
2.5 56 34
- - . L. ,
3 52 3l
| 3.5 ug 23 .
| 4 38 28
! 4.5 34 7
| 5 33 % .
5.5 32 %
i 6 a2 28 .
6.5 3l 2
' 7 ; 3l 25
i 7.5 30 24
8 30 2
Lo 29 . 3
10 3 2
‘ 12 28 Zl
) 1y 7 20 i
! 16 . 2% : R
e = — — =
| 18 25 — 1
| 20 23 —
. 22 22 -
i 24 21 _
‘ HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE
*NORMAL IZE 1600 OF
AUSTENITIZE 1550 CF
"Mr(uwedorroHeagmcwcn only.
FIG.

r HARDNESS LIMITS FOR
| SPECIFICATION PURPOSES
TTry" DISTANGE H
i SIXTEENTHS -
_OF AN INCH MAX. HIN
! ) a8 51
i IS 56 42
2 55 34
‘ 2.5 53 2
‘ .
3 ug 2%
I 3.5 u3 24
| Y 37 23
w5 3 2
3 30 22
‘ 5.5 2 21
6 28 2
6.5 .7 20
. SR
7 . 27
7.5 ' 26 -
8 . 2 -
L B E] . 725 -
10 25 -
‘ 12 24
1 ! 23
L 16 21 -

HEAT TREATING TEMPERATURES
RECOMMENDED BY SAE
"NORMAL 1 ZE 1600 ©F
AUSTENITIZE 1550 OF

*for forged or rollea specimens only.!

Ay A 30404

HARDENABILITY BAND

el

_ 1038 H
~cr Mo

WETERS OF ROUNDS WiTH SAME AS QUENCHED HARDNESS LOCATION N _ROUND QUENCH,
3.8 SURFACE MILD
.1 2.0 2.9 3.8 LB 5.8 6.7 3/4 RADIUS FROM CENTER{ WATER
0.7 1.2 1.6 2.0 2.4 2.8 3.2 3.6 3.9  CENTER _|Quewc
5.8 1.8 2.5 3.0 3.1 3.8 SURFACE | MILD
0.5 §.0 1.6 2.0 2.4 2.8 3.2 3.6 4.0  [|3/% RADIUS FROM CENTERy OIL
0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3.1 CENTER OUENCHA

ROCKWELL HARDNESS C SCALE

8 10

12 14 ‘6 (8

20 22

24 26 28 30 32

]
DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1 in.
76 Limits for Hardenability Band 1038 H

= 25.4 mm.

HARDENABILITY BAND 1045 H
" Mn N: Mo )
0. 42/ 0 50/ 0. 15/
51 1. OO O 3
DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS LOCATION IN ROUND QUENCH
- _SURFACE | MILD
.8 6.7 [3/4 RAD1US FROM_CENTER] WATEK
8 3.2 3.6 3.9 CENTER | QUENCH |
.8 . SURFACE | MILD
] .6 4.0 |3/4 RADIUS FROM CENTER| OIL
.0 .8 3.1 CENTER | QUENCH |

ROCKWELL HARDNESS C SCALE

1o 1

2 14 16 |8

20 22

24 26 28 30 32

6 8
DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.
77 Limits for Hardenability Band 1045 H
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HARDENABILITY BAND 1522H

- c Mn Si Ni [ Cr Mo
- I
- O'17/0 25’ O0/1.50 0% a5 ]

| DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNEST] LOCATION IN ROUND QUENCH
; EC ] SURFACE | MILD
i A ?40 2.9 3.8 13.87 5.8 8.7 3/4 RADIUS FRQM ngNTER WATER
| .7 1.2 1.8 2.0 2.4 2.8 3.2 3.6 3.8 CENTER QUENCH
i T T T T T T I
| .8 1.8 2.5 3.0 3.4 3.8 ] ___SURFACE | MILD
1 .5 1.0 1.6 2.0 72.“ 2.8 3.2 3.6 4.0 3/4 RADIUS FROM CENTER oL
.2 0.6 1.0 1N 1.7 2.0 2.4 2.8 3.1 CENTER | QUENCH
&0 — - 4——
w — -
I 85 —+— +—+— —
O R SR - 1 1
(] 3
v -+ 1 o R . A
" s s
v 3 T — - 4 B S—
, w RS —]
z
2 =5 EEEESE
«< 31 AN S GO aa— - 1
| P e \E B — —— —1
i — X\
. . —1
5 g = —
w 1 . — 17 ]
$ st e e a4
x €3 | S — 11— - —
820 N B e —
x 8 10 12 14 16 18 20 22 24 26 28 30 32

2 4
DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1 in. = 25.4 mm.
FIG. 78 Limits for Hardenability Band 1522 H

HARDENABILITY BAND 1524H

‘ HARDNESS LIMITS FOR

SPECIF - p
CIFICATION PURPOSES c Mn Si Ni or Mo
g DISTANCE #
| XTEEMTHS —_——
OF AN INCH MAX. WIN. 0.18/0 26 1.251 s 0_15/0 a5 )
| 1 51 ' 42 . | e _L
1.5 ug 42
| 2 8 38 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNEST LOCATION IN ROUND QUENCH
A B _ 3.8 N - B SURFACE | MILD
3 ' us 29 1.1 2.0 2.9 3.8 4.8 5.8 6.7  [3/4 RADIUS FROM CENTER| wATER
3.5 43 25 0.7 1.2 1.6 2.0 2% 2.8 3.2 3.6 3.§ CENTER | QUENCH
M . 39 2 T I T I I I T I T
o5 35 20 i _C.8 t.8 2.5 3.0 3.4 3.8 ~ . SURFACE MILD
— i 0.5 \.977\.5772.0 2.4 2.8 3.2 3.6 L.O ﬂS/U RADIUS FROM CENTER oI
i 5 35 - | 0.2 0.8 | L4 1.7 2.0 2.4 2.8 3.1 CENTER | QUENCH
5.5 34 - i L1 - - - -
R 32 | B | o5 = ——t 3
L 6.5 | 30 l - — -+ R - - B -3
i ] 60 S e op— e p— =
7 | 29 - - L
7.5 28 - Lﬂ 1 - 3 RS SN SERN SENS SE— Gp—
8 27 - € 55—
S b= =
9 26 - 3 - -
. 50 +
10 25 - ; Q B — — - . - —T + 7'71 —
12 23 - A SO AR I _ 1 .
4 22 - ! w - A Y = T - 1 1
s 20 B ‘ w b X ¥ —+— = —
Z 40
| \ o
i x T a—
< 35
, T T » - —
. 30 i — — —+ ——F
. HEAT TREATING TEMPERATURES o 1 e Shalin G G QU Gy
‘ RECOMMENDED BY SAE 354 > -t — ]
I *NORMAL | ZE 1650 OF = - - =
AUSTENITIZE 1600 OF Q20 1 = 2
*F forgea or rolled specimens anly. 2 4 -] 8 10 12 14 16 !'& 20 22 24 26 28 30 32
|"For forges o e " DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Note—1in. = 25.4 mm.

FIG. 79 Limits for Hardenability Band 1524 H
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HARDNESS LIMITS FOR HARDENABILITY BAND 1526H
SPECIFICATION PURPOSES | . .
} E— [ ¢ ] m si ] Ni cr Mo
's' nnswgz T W
IXTEENTHS  ——— 7
OF AN (NCH # WAX. | MK 0,21/ 1 OO/ 0 15/
| . w 0.30 1.50| /035
‘ 1.5 | 50 | W2 |
‘ 2 . 43 8 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARONESSY LOCATION IN ROUND  QUENCH
LI S A B T SURFACE | MILD
3 45 2 _[3/% rapius FROM CENTER| waTER
3.5 i 4z | b i CENTER | QUENCH
4 18 21
‘ u5 [ 2 B SURFACE | MILD
L : e 3/4 RADIUS FROM CENTER| OiL
i 5 3 - CENTER  [QUENCH
5.5 ‘ 31 - : by - =
| 5 : £ - —F 1 3
&s | B - = =
7 27 - 1 e
i w -+
i 7.5 | 26 - R . — - G —
‘ 8 26 - | < N - -
U —+ - E
| 9 i n A Ay 1 T - S S—
| — = = 50
‘ 1 24 ' (%] \ S G 1— o I—1
12 23 - TN 1 B S 1= T—
! v 45
‘ 14 ‘ 22 i - | .,,4 - \a 3 r = B
| 1 21 - ! w . t —1 _ T S Sy g
——— — H z
18 2 - = - —t = —
| ! S g -
1‘ I - ‘}t A\ —
| a O NE 3
‘ HEAT TREAT(NG TEMPERATURES o & [ o e S e & - —
RECOMMENDED BY SAE 3 54 . S -
"NORMAL 1 ZE 1650 OF W e S w [ G o . i
AUSTENITIZE 1660 OF .o e ] B ] b G s i — p
"SFor forged or rolled specimens only. « 2 4 6 & 10 12 14 16 I8 20 22 24 26 28 30 32
L _ - . DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INCH

Note— 1 in. = 25.4 mm.
FIG. 80 Limits for Hardenability Band 1526 H

i HARDENABILITY BAND 1541H

HARDNESS LIMITS FOR ‘ —_—
SPECIFICATION PURPOSES c TS N o Mo
U DISTANCE | K o

SIXTEENTHS ~— — —_——
OF AN INCH | MAX. MK 0.35 12y O.V
}——/’ — 1 ] 0.45 1.75 0.35
| i 50 53 i
l 1.5 ' 59 52 .
2 ‘ 59 50 ! [DIAMETERS OF ROUNDS WiTH SAME AS QUENCKED WARONESS| LOCATION (N ROUNG | QUENCH
s s 3.8 SURFACE | MILD
| 3 | 57 I ' 7 2.0 2.9 3.8 4.8 5.8 3/L RADIUS FROM CENTER| waTER
3.5 56 i i , c.7 1.2 1.8 2.0 2.4 2.8 3.2 3.6 3.9 CENTER | QUENCH
M | 55 18 T T T T T T T T 1
3 35 ) c.8 1.8 2.5 3.0 3.4 3.8 SURFACE MILD
=" G5 1.0 1.6 2.0 2.4 2.B 3.2 3.6 .0 |3/ RADIUS FROM CENTER] Ol
52 32 c.2 0.6 1.0 1.4 1.7 2.0 2% 2.8 3.1 CENTER | QUENCH
50 i 29 ‘ d 7T T =y Lo i b G
us 27 85 ] A 1= —]
46 , 26
]
™ 25 "
] | 2 ]
3 23 ‘ <
35 1 23 | A
33 2 ‘ 0
32 | 21
v
31 20 | 4
30 - w
0 #_7 z
30 - o
29 , - ‘ x
28 | - ‘ <
26 ! | x
' 530 X R S r
HEAT TREATING TEMPERATURES ‘ o e 1 -
RECOMMENDED BY SAE T == - [ —
*KORMAL I ZE 1600 OF ‘ 5 ——1 = —F r
AUSTENITIZE 1550 OF ! o Zc*‘*" T : . -
*For forged or rolled specimens only. x 2 4 6 8 10 12 14 16 B 20 22 24 26 28 30 32
DISTANCE FROM QUENCHED END —SIXTEENTHS OF AN INCH

Nore—1in. = 25.4 mm.

FIG. 81 Limits for Hardenability Band 1541 H
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HARDENABILITY BAND _15B21 H

*for forgea or rolled specimens only.

4 )
DISTANCE F

Note—1in. =

ROM QUENCHED END

25.4 mm.

FIG. 83 Limits for Hardenability Band 15B35 H
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—SIXTEENTHS OF AN INCH

HARDNESS LIMITS FOR -
SPECIFICATION PURPOSES c | Mn | s [ N cr | Mo
TJT DISTANCE | ’ [ : ! i ! )
SIXTEENTHS 1 1 017/ 1070 10.15 i
| OF AN IKCH . MAX. - MIN 0.24 1.20} 0.35 i
1 ! 48 41 Can be expected to contain 0 0005 to 0.003 per cert boron
15 48 4]
?25 :; gg | DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARCNESS LOCATION N ROUND QUENCH
,,,,,,, ; — SURFACE | MILD
, . ' .8 4.8 5.8 3/4 RADIUS FROM CENTER| waTER
5 o .C 2.4 2.8 3.2 3.6 3.9 CENTER | QUENCH
4 44 B T T T T T
45 ¥ | .0 73.‘}7 3.8 e SURFACE MILD
[ E - . L0 2.4 2.8 3.27 3.6 4.0 [3/4 RADIUS FROM CENTER| OIL
5 10 20 417 2.0 VZJJ 2.8 3.1 CENTER QUENC‘H"
55 38
3 35 I = —
55 32 T— 11 il
7 27 \:‘] — . & -
75 2 —— B —}—
3 20 < - —]
. 9 9 1 - —
;L . -
10 v ikt cnfiin e —T—
12 \n 1 1 -
14 ) » -
16 w r — 1 r 3
——— z i —
z F - — —
I -
< - 1—
T ] = ]
, . B T =
F J -
HEAT TREATING TFMPERATURES w 1 |
RECOMMENDED BY SAE i 3z J— -
' X . +-—1 ~ B
*NORMALIZE 1700 °f X (%] g 1 B
AUSTENITIZE 1700 °F ] - -
i x 2 4 b 10 12 14 16 I8 20 22 24 26 28 30 32
I . fy
‘ For forged or rofled specimens only. . DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INGH
Note—1in. = 25.4 mm.
FIG. 82 Limits for Hardenability Band 15B21 H
HARDENABILITY BAND 15B35H
HARDNESS LIMITS FOR - -
SPECIFICATION PURPOSES C Mn Si Ni Cr Mo B
" DISTAKGE [ 0.31 0.70 0.15 .
SIXTEENTH. e e—— .
OF A: ’:‘:ca M MIN 0.38 1.20 /0 35 |
i ; 58 ! 51 Can be expected to contain 0.0005 to 0.003 per cent boron.
2 i 56 H 50 i
: | i
3 55 | [} ' DIAMETERS OF ROUNDS WITH SAME AS QUENCHED MARDNESS| LOCATION IN ROUND | QUENCH
o i 5 ' u8 ; SURFACE | MILD
5 53 ! 3 3/4 RADIUS FROM CENTER{ WATER
3 51 ! 28 CENTER | QUENCH
24
; :7| P SURFACE | MILD
8 _— 3/4 RADIUS FROM CENTER| OfL
3 - - CENTER | QUENCH
10 30 20 - - - 3
H - -
12 27 -
13 - - w
" 26 - -
R R <
5 S
6 % J - @
18 - f [ h
20 24 I - » \
1
22 - - (%) i §
w 1
24 22 - 1
1 Z 40—+ 1 v
26 - - e i -t
x v + -+ 1+ -
3 kY - < 35 = X 1
30 - - B P i = ‘\‘ B R o S0 S S
32 3 N RS SR S
i 30 1 — ~ —+
HEAT TREATING TEMPERATURES w —— - 3
RECOMMENDED BY SAE 525 X i +—
*NORMALIZE 1600 OF b = X L -
AUSTENITIZE i560 ©F e 20'—? e B
2 8 10 12 14 16 18 20 22 24 26 28 30 32
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HARDENABILITY BAND _ 15B37H
]
HARDNESS LIMITS FOR ; )
T SPECIFICATION PURPOSES c Mn Si Ni Cr Mo B
TR DISTANCE K 1
SIXTEENTHS 0.30/ 1.00 0.15/ *
OF AN INCH | MAX. 0.39 1.50 0.35 !
| 58 Can pe expected to contain 0.0005 to 0.003 per cent boron
2 56
3 55 49 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS| LOCATION IN ROUND | QUENCH
. M 54 . “w_o 3.8 B o o SURFACE | MILD
s 53 " i.l 2.0 2.9 3.8 4.8 5.8 3/% RADIUS FROM CENTER| WATER
6 52 37 0.7 (.2 1.8 2.0 2.4 2.8 3.2 3.6 3.9 CENTER | QUENCH
7 51 ! 13 | T I T T T I T T
! o ! | 0.8 1.8 2.5 3.0 3.4 3.8 - SURFACE | MILD
8 50 0.5 1.0 1.6 2.0 2.0 2.8 3.2 3.6 %.0 |3/4 RADIUS FROM CENTER| OIL
3 - ' - 0.2 0.6 1.0 1.4 1.7 2.0 2.4 2.8 3, CENTER | QUENCH
] ‘ [ 22 -3 - Foo 3
1 ; - - [ s —
12 40 21
L -
[k - - w
14 33 ! 20 1
R R <
15 } A}
1 29 - i il
s -0 © 1
20 27 ; - @
22 - - « p! -
; B w 1
K 25 b
R f o
26 2
2 23 - <
30 . - - bd S al—
i p
32 | H | - 3 =
HEAT TREATING TEMPERATURES w
RECOMMENDED BY SAE E e —
"NORMALIZE 1600 ©F 3 L
AUSTENITIZE 1550 OF 8 20 3 I
2 4 -] 8 10 12 14 16 8 20 22 24 26 28 30 32
. 5 Vy.
For forged or rolled specimens °"J DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INGH
Norte—1in. = 25.4 mm.
FIG. 84 Limits for Hardenability Band 15B37 H
-— HARDENABILITY BAND _15B41 H
HARDNESS LIMITS FOR 1 -
SPECIFICATION PURPOSES ! c Mn Si Ni Cr Mo
I 75 pistance T -
SIXTEENTHS  — - . P . 0 35/ 1285 0.15
[ DF AN INCH MAX. MIN N 0.45 1.75 0.35
1 gg 53 Can t)eie?xiomted to contan 00005 to 0 OOS 'per cent horon
2 52
3 59 52
H ] 5 [DYAMETERS OF ROUNDS WiTH SAME AS QUENCKED HARONESS LOCATION IN ROUND QUENCH
— — i 3.8 - SURFACE | MiILD
5 58 i 5 i L. 2.0 2.5 3.8 LB 5.8 6.7 3/4 RADILS FROM CENTER| WATER
§ 57 ! 50 .7 1.2 1.6 2.6 24 2.8 3.2 3.6 3.9 CENTER | QUENCH
. ; gé | i : T I T T T T I T T
. o B 8 c.2 1.8 2.5 3.0 3.4 3.8 SURFACE | MtLD
0.5 1.0 1.8 2.0 2.% 2.8 3.2 3.6 4.0 [3/% RADIUS FROM CENTER| OIt
9 55 u c.2 0.8 1.0 14 1, .
0 3 o . ot 0 7 2.0 2.4 2.8 3. CENTER  JQUENCH
11 54 kY 65 - - . L
2 53 28 —
13 52 2% R
i 51 25 i u ]
15 50 2 2 -
16 49 2% A
3 S - - 0
| 18 4 23 8}
2 42 ) 2 4
2 39 | 2] » —
% i 3 i 21 «»
2% 3 2% i o
2 3 | 4 -
i 30 31 <
| 2 31 T —
—
HEAT TREATING TEMPERATURES -
RECOMMENDED BY SAE %
*NORMALIZE 1600 °F < !
AUSTENITIZE 1550 °F O
I} — _I .
4

*For forged or rolled specimens only.

2 4 -]
DISTANCE F

8 10 12 14 16 18 2

ROM QUENCHED END

Note—1 in. = 25.4 mm.
FIG. 85 Limits for Hardenability Band 15B41 H
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- . HARDENABILITY BAND _15B48 H

. HARDNESS LIMITS FOR - -
SPECIFICATION PURPOSES I Mn Si Y Cr Mo
T RIT BISTAN R— — i I
Slee oW ] 043/ {100 015
[___OF AN INCH MAX M. /0-53] 1.50 0.35
' 63 56 Can be e{pected to contan 00005 +o 0003 per cent boron
2 : 52 56
j } 2{ 22 DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARONESS LOCATION (N ROUND QUENCH
o N : ; SURFACE | MILD
; o . ! 3/4 RADIUS FROM CENTER| waTER
i 5 5 CENTER | QUENCH
7 58 2
8 | 57 34 SURFACE | MILD
- — i . 3/4 RADIUS FROM CENTER| OIL
q ' 56 3 CENTER | QUENCH
10 55 10 — - g4
1 53 29 | B —
12 51 28 E $—1 =
13 48 27 -
1 45 2 “ b —
15 ! 4 ; % < —
16 38 2% hi 4=
- — —— - o
18 34 25 (8] B
20 32 24 1 1 11
' 22 31 21 v
: % 30 2 n ] p
L . B w 4+ -
z
% 29 2 2
i 28 29 20 = i
30 2 < 1 —
32 28 T )
) — D! - ]
HEAT TREATING TEMPERATURES =}
RECOMMENDED BY SAL w — 4 —
3,5 S
| *NORMALIZE 1600 °F x €7 - 4
AUSTENITIZE 1550 °F v] B , S|
o : ) . p
. 20
L For forged or roled specimens only ® 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
: DISTANCE FROM QUENCHED END — SIXTEENTHS OF AN INGH

Note—1in. = 25.4 mm.

FIG. 86 Limits for Hardenability Band 15B48 H
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk

Note—1 in. = 25.4 mm.

ull
HARDNESS LTS Fo HARDENABILITY BAND _15B62 H
SPECIFICATION PURPOSES e S wor SR T
c _Mn | Si N r M
"J" DISTANCE W F T S N G Mo T T
SIXTEENTHS - 054/067 1007150 0407060
| OF AN INCH _ax. MIN. ! R o
% 60 Can be expected to contain 0.0005 to 0.003 per cent boron
60
3
1 gg DIAMETERS OF ROUNDS WITH SAME AS QUENCHED HARDNESS| LOCATION IN_ROUND QUENCH
- e — | SURFACE | MILD
5 ks ] 5  RADIUS FROM CENTER| WATER
6 | 65 I 58 CENTER | QUENCH
7 64 J 57
8 ! 64 | 52 o SURFACE | MILD
- e E— ‘ — _|3/4 RADIUS FROM CENTER| OIL
9 64 ‘ 43 CENTER | QUENCH
10 63 39 - -
1 63 37
12 63 35 - f— B S — ———
T 60
13 62 35 —— - ne D —
1 6 3 Y N 1 —
15 61 3 55 —X >\
16 60 3 o = e — - — - —
o — "ok X Sy B
18 58 2 [8) LY \ e —
2 54 31 \ \, 1 —
2 i 30 " 45 X —+ =
2 43 30 n —— X IS S G — —
— w \ — -
g — ] ] —
26 40 29 [ 40 N NS
2 [ 3 2 I3 N
30 ‘ 35 21 <3 -~
32 | 34 2 I
]
HEAT TREATING TEMPERATURES o330
RECOMMENDED BY SAE w —
; 21
*NORMALIZE 1600 °F < - — R
AUSTENITIZE 1550 °F 8 1
1
*For forged or rolled specimens only a 20 2 4 6 10 12 14 16 18 20 22 24 26 28 30 32
DISTANCE FROM QUENCHED END - SIXT

EENTHS OF AN INCH

FIG. 87 Limits for Hardenability Band 15B62 H

of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should

make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website

(www.astm.org).
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