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(R) METHODS OF DETERMINING HARDENABILITY OF STEELS

1. Scope—This SAE Standard prescribes the procedure for making hardenability tests and recording
results on shallow and medium hardening steels, but not deep hardening steels that will normally
air harden
Included Jre procedures using the 25 mm (1 in) standard hardenability end-quench.specimen for
both medibm and shallow hardening steels, Surface-Area-Center (SAC) method for ghallow hard-
ening stels, subsize method for bars less than 32 mm (11/4 in) in diameter, and‘methads for deter-

mining catburized hardenability. (See Appendix A.)
Any hardenability tests made under other conditions than those given jn this docume(rt will not be
deemed standard and will be subject to agreement between supplief,and user. Whenever check
tests are made, all laboratories concerned must arrange to use the*same alternate pnocedure with
reference [to test specimen and method of grinding for hardness testing.

For routine testing of the hardenability of successive heats of steel required to have |hardenability
within cerIain limits, it is sufficient to designate hardenability. simply in terms of distapce from the
quenched|end to the point at which a certain hardness is obtained. This designation is also
adequate |for comparing steels of different compositions to see whether they |have similar
hardenability. :
D Hardenability limits for specifying steel in this manner are obtained by measuring the [hardenability
of a steel which has proved satisfactory for the“use intended. The hardenability test may be used
in this way as an empirical test.
For new cpmponents where manufactuting experience is lacking, hardenability data may be effec-
tively used to estimate the hardness.profile provided by any given steel. Attendantly, (the ability to
predict hatdenability from chemical\composition has become increasingly important when compar-
ing variou$ steel grades or developing new steels for specific applications. One su¢h procedure
is describgd in Appendix B. Other hardenability prediction methods are available from|the selected
referenceq in Section 2. However, it should be emphasized that the use of any hardengability proce-
dure does|not preclude the importance of conducting Jominy end-quench tests to determine the
actual hardenability of2any specific grade of steel.
Hardenability datasmay be used to estimate hardnesses obtainable with any steel in hew machine
parts not yet in“production and not similar to any parts on which production experignce is avail-
able. Variqus hardenability application methods are described in the selected refererjces, Section
2, 17 to 28, Itappears none of these methods are precise, but these are often useful fpr estimation
purposes. Final correlation on actual parts is necessary.

2. References

2.1 Applicable Documents —The following publications form a part of this specification to the extent
specified herein. The latest issue of SAE Publications shall apply.

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

SAE reviews each technical report at least every five years at which time it may be reaffjfied, reviseq, or cancelled. SAE invites your
written comments and suggestions. E
[
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3. Hardenablility Test for Medium Hardening Steels

end quendh test for both the 25 mm (1 in) standard specimen and the subsize test.specimen. Also

3.1 lntroductlE—This method covers the procedure for determining the hardenability ofl steel by the

included
various sizes of rounds.

e charts for plotting hardenability test results and for predicting hardnesq U curves in

12.7 (1/2)
|
&
degres | I 26 (1-1/32)
25.4 (1)
98 (3-7/8) ROUND SPECIMEN
f
12.7 (1/2) 1D
ORIFICE
t—12.7 (1/2)

NOTE: DIMENSIONS ARE MM (IN)

FIGURE 1-—HARDENABILITY TEST SPECIMEN IN FIXTURE FOR WATER QUENCHING

3.2 Test Specimen—The test specimen is a 25 mm (1 in) diameter cylinder 102 mm (4 in) long with
means for hanging it in a vertical position for end-quenching. Figure 1 shows a test specimen in
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the fixture ready for quenching illustrating the preferred form of specimen. Figure 2 gives the de-
tails of the preferred test specimen. Figure 3 is an example of an optional specimen which pro-
vides the same diameter and approximately the same length and will provide satisfactory heat
transfer characteristics.

_ 102
32 (1-1/4) —— (4) 25.4 £ 0.25
EORGED DIAMETER | 98 (1.000 + 0.010)
T (3-778) '
S
FINISH‘I/ '
Note— Dimensjons are mm (in}
FIGURE 2— PREFERRED.TEST SPECIMEN
38 " 105
(1-1/2) I ] gg (471/8) 25.4 % 0.25
i g (3-7/8) (1.000 £ 0.010)
5 (3/16). *l \* 6
SET)SCREWS (1/4)
NOTE: DIMENSIONS ARE MM (IN)
FIGURE 3—OPTIONAL TEST SPECIMEN

The bar from which the specimen is machined shall be a forged or rolled 32 mm (1'/4 in) round
representing the full cross section of the product. A cast specimen may be used in lieu of a rolled
or forged specimen, except in the case of boron-treated steels; experience has shown that cast
specimens of boron-treated steels give erratic results. The option of using as-cast specimens for
non-boron steels, deletion of normalizing prior to heating for end-quenching or modification of oth-
er testing details shall be negotiated between supplier and user. It is of primary importance that
the specimen represent the full cross section of the ingot since test specimens from a portion of
the bloom, billet, or bar may introduce factors tending to affect the reproducibility of results. The
condition of this hot formed bar shall be such that there is no decarburization on the 25 mm (1 in)
specimen machined from it. If any test specimen shows obvious defects or flaws, the specimen
should be discarded and a new specimen obtained.
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3.3 Optional Specimen Preparation—The following method is satisfactory for most purposes, but for

check testing against specifications, the method in the preceding paragraph is mandatory.

The test specimen shall be machined from the center of the bar in the case of sections from 32
to 51 mm (11/4 to 2 in) round or square. In sections over 51 mm (2 in), the test specimen shall be
machined from one-half of the section with the axis of the specimen located at a point haifway be-
tween the center and surface of the bar and marked to identify the position of the test bar with
reference to the original bar. The hardness readings shall be made on the two sides of the test
specimen corresponding to a position in the bar approximately halfway between the center and the

surface.

3.4 Normalizing Prior to Heating for End Quenching— The forged or rolled round shall be normalized
prior to mchining the test specimen. This is of Importance since the structure of material before

the final a
variations
listed in T
in still air.
55 °C (10(
before que
tory of the

APPLICABLE TO STEEL ORDERED TO END-QUENCH HARDENABILITY REQUIREMENTS

istenitizing treatment may materially affect the hardening characteristics.
n prior structure may be controlled as much as possible, the normalizing
ble 1 should be used. The steel shall be held at such temperature)for 1

If the normalized specimen is too hard, it may be given a short time te

°F) below the Ac, to improve machinability. Cast specimens-usually are ng
nching. The record of hardenability test results must always-state the prior
specimen tested.

TABLE 1—NORMALIZING AND QUENCHING TEMPERATURES"?

n order that
temperature
and cooled
per at about
t normalized
thermal his-

Normalizing Normalizing Austenitizing Austenitizing
Mak Ordered Carbon Temperature Temperature Temperature femperature
Content, % °C °F °C °F
Steel Series 1000] 1300, 1500, 4000, 4100, 4300,
4600, 4700, 5000,(5100, 6100, 8100, 8600, 8700,
8800, 9400
Up to 0.25 incl 925 1700 925 1700
0.26 to 0.36 inc 900 1650 870 1600
0.37 and over® 870 1600 845 1550
Steel Series 4800] 9200, 9300
Up to 0.25 incl 925 1700 845 1550
0.26 to 0.36 incl 900 1650 815 1500
0.37 and over 870 1600 800 1475
0.50 and over ($200) 900 1650 870 1600

1 A variation of +
2 When testing H
EXAMPLES: For

H (carbon 0.30/0.37), thie temperature should be the same as for SAE 4032 (carbon 0.30/0.35).

3 Normalizing and

5 °C (=10 _°F)-from the above temperature is permissible.
8622 Hi-the normalizing and austenitizing temperature should be the same as for SAE

austeénitizing temperatures shall be 30 °C (50 °F) higher for the 6100 series.

steels, thé normalizing and austenitizing should be the same as for the equivalent sfandard steels.

8622; for 4032

3.5 Heating for End-Quenching— The specimen shall be heated to the austenitizing temperature shown

in Table 1. The specimen shall be placed in a furnace which is at the specified temperature and
shall be held at this temperature for 30 min." It is necessary to determine by means of a thermo-
couple the time required for a test specimen to come to temperature to be sure that the heating
time and temperature requirements are met.

' In production testing, slightly longer times up to 35 min may be used without appreciably affecting results.
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It is important while heating the test specimen care be taken that its environment is such that prac-
tically no scaling or decarburization takes place on the end to be quenched. An adequately protec
tive atmosphere in the furnace is suitable for meeting the preceding requirements. In the absence
of such atmospheres, the specimen shall be inserted in a suitable container which maintains a
nonoxidizing atmosphere. Placing fine graphite powder or cast iron chips in the base of the con-
tainer are two methods of preventing oxidation of the quenched end.

Figure 4 illustrates a type of container which has been used with success. However, any similar
type will be satisfactory.

.35
(1-3/8) 1
! i [
o)} wLLU
(1-3/8 \J
< ——
32.5 J ;
26.5 1-9/32) S
(1-3/64 70 |
- J2-3/4) L——-—---——-——__-_-T’
| |
- 102 : NS ARE MM (IN
___(zzgm | 102 NOTE: DIMENSIONS ARE MM (IN)
FIGURE 4—HARDENING BAR PROTECTING FIXTURE TO BE CONSTRUCTED OF HEAT RESISTING ALLOY

of 5 to B0 °C (40 to 85 °F) may be directed against the bottom face of the piece.| The column of
water passing through an opening 13 mm ('/2.in) in diameter shall rise to a free height of 63 mm
(21/; in)|above the opening. The fixture shal’be dry at the beginning of each test

In perfoyming the test, the water supply-shall be shut off with a quick-opening valve and the hot
specimgn placed over the water pipe so that the bottom of the specimen is 13 mm (/2 in) from
the opening of the water pipe and the water shall then be turned on. The time bgtween removal
of the specimen from the furnace and the beginning of the quench shall be not mofe than 5 s. The
sample shall remain on the fixture for at least 10 min. A condition of still air shal| be maintained
around the piece during cooling.

3.6 QuenchirEg—The test piece shall be placed on a fixture so that a column of water at a temperature

mm (0.015 in) alongsthe entire length of the bar and Rockwell C hardness measirements made
along thie length of the bar. Deviation from the standard depth can affect reproducipility of results,
and cortelation with cooling rates in quenched bars.

The preparation of the two flats must be carried out with considerable care. They ghould be mutu-
Ilel and the grmdlng done in such a manner that no change of the quenched structure
3 v j : 2 F | Rdl a coarse, soft
grinding wheel are recommended to avoud heatlng the specimen. In order to detect tempering due
to grinding, the flat shall be etched as follows:

Two etchant solutions are used:
No. 1—5% nitric acid (concentrated) and 95% water by volume.
No. 2—50% hydrochloric acid (concentrated)} and 50% water by volume.

Wash the samiple in hot water. Etch in solution No. 1 until black. Wash in hot water. Immerse in
solution No. 2 for 3 s and wash in hot water. Dry in air blast.

The presence of lighter or darker areas indicates that hardness and structure have been altered
in grinding. All structural changes caused by grinding shall be removed before hardness tests are
made. This may be accomplished by resurfacing and again etching, or new flats may be prepared.

3.7 HardnesiMeasurement—Two flats 180 degrees apart shall be ground to a minimum depth of 0.38
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When hardness readings are made, the test specimen rests on one of its flats on an anvil firmly
attached to the hardness machine. It is important that no vertical movement be allowed when the
major load is applied. The anvil must be constructed to move the test specimen past the penetra-
tor in accurate steps of 1.6 mm (1/4¢ in). Figure 5 is an example of a fixture commercially available
which provides for the controlled movement of the specimens.

The Rockwell tester should be checked against standard test blocks before testing the hardenabili-
ty bar. It is recommended that the test block be interposed between the specimen and the indenter
to check the seating of the indenter and the specimen simuitaneously.

FIGURE 5—~COMMERCIALLY AVAILABLE FIXTURE FOR POSITIONING SPECIMEN
FOR HARDNESS INDENTATIONS

Care must|be exercised in registering the point of the indenter with the hardened end |of the speci-
men, as well as/providing for accurate spacing between indentations. A low power Iasuring mi-

croscope Is suitable for use in determining the distance from the quenched end to the center of
the first impression and in checking the distance from center to center of the succeelding impres-
sions. It has been found that with reasonable operating care and a well-built fixture, it is practical
to locate the center of the first impression 1.6 mm * 0.075 (0.0625 in = 0.003) from the quenched
end. The variations between spacings should be even smaller. Obviously, it is more important to
position the indenter accurately when testing low hardenability steels than when testing high har-
denability steels. The positioning of the indenter should be checked with sufficient frequency to
provide assurance that accuracy requirements are being met. in cases of lack of reproducibility or
of differences between laboratories, indenter spacing should be measured immediately.

Readings shall be taken in steps of 1.6 mm (1/4¢ in) for the first 25 mm (1 in). Distance between
readings for the last 51 mm (2 in) may be at the discretion of the tester. When a flat on which read-
ings have been made is used as a base, the burrs around the indentation shall be removed by
grinding unless a fixture is used which has been relieved to accommodate the irregularities due
to the indentations.
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Hardness readings should be made on one flat, or preferably, two flats 180 degrees apart. Testing
on two flats will assist in the detection of errors in specimen preparation and hardness measure-
ment. If the two probes on opposite sides differ by more than 4 HRC points at any one position,
the test should be repeated on new flats, 90 degrees from the first two flats. If the retest also has
greater than 4 HRC points spread, a new specimen should be tested.

For reporting purposes, hardness readings should be recorded to the nearest integer, with 0.5
HRC values rounded to the next higher integer.

3.8 Plotting of Tests— Tests should be plotted on a standard chart prepared for this purpose (Figure

3.9 Construgtion of Hardness U Curves—A chart is also provided for using the’ harde

3.10

3.1

6) in which the ordinates represent hardness and the abscissas represent distance from the
quenched-end—Res: i i ant values used

for plot{ing.
Figure 6 shows the Standard Form for Plotting Hardenability Curves.

hability curve to

predict hardness U curves in various sized rounds when oil or water_quenched.
this chdrt. The curves show the locations in various sizes of rounds where the ¢

Figure 7 shows
boling rates are

the same as at various positions along the end-quenched hardenability test bar. it $hould be noted

that thelse curves assume good heat treatment practice: separation of pieces in

he quench and

good cdntrol of temperature and cleanliness of the quench medium. The ranges given reflect varia-

tions found under experimental conditions; under production’ conditions even wide
be found.

Index df Hardenability— The hardenability of steel is usually reported as a seri
hardnegs versus distance from the quenched end of the test bar, either in gra
form. Hardenability may also be designated by.the use of either one or the other of
ing codps, the first of which is preferred.

a. Tha{ code which designates a minimum hardness value at a distance specifig
botH minimum and maximum limitations may also be specified in terms of Rock

variations may

s of values of
hical or tabular
the two follow-

d or in case of
well C hardness

at the required distance from the quenched end.

As an dxample of this method, ‘a_hardenability requirement could be specified as|J 36 min 13
mm (8/4f in) or in case of both minimum and maximum restrictions, could be spedified as J 36-50
= 13 m{m (8/46 in). This means that at the specified distance of 13 mm (8/4¢ in) from the quenched
end the| Rockwell C hardness should be a minimum of 36 and a maximum of 50.

b. Thelalternate method would be a code which indicates the distance from the quenched end
whele the following hardness reference numbers occur. The requirement may |be specified as
a minimum distance only or as a minimum and a maximum distance at the hardness reference
numper which applies. Table 2 indicates the hardness reference numbers in tefms of Rockwell
C vglues-for various carbon contents.

As an ekample have a hardena-
bility index of J 45 = 6.3 mm (%/1¢ in) min which means that the minimum requirements of this steel
would be 45 HRC at a distance of 6.3 mm (%/45 in) from the quenched end.

If this steel were one having both minimum and maximum curves or limits, the index of hardenabili-
ty might be specified as J 45 = 6.3 to 17 mm (*/16 to /46 in).

In addition to the specification in accordance with either of the above two codes, the minimum and

maximum hardness at the 1.6 mm (/s in) position may be specified. These hardness values should
be in agreement with the maximum and minimum carbon content specified.

an allo ap| of 0.34% mean carhan caontent could be specified to

Subsize Test Specimen—For determining hardenability of steel received in bars less than 32 mm
(1'/4 in) in diameter, the test bar may be made 19, 13, or 6.3 mm (3/4, /2, or /4 in) diameter, as
desired, and end-quenched as prescribed for the 25 mm (1 in) round. Modifications in the water



https://saenorm.com/api/?name=753d804eb9c85fdf722c4d0c28e5ab3b

A

e

SAE J406 Revised NOVS0

ASTM END

FOR HARDENABILITY TYPE SPECIMEN

OF STEEL

DATE

QUENCH TEST LABORATORY

{A255-48T) TEST NO.

NORMAL QUENCH

TYPE | HEAT NO. | GRAINSIZE [ C [ Mn| P |S |Si|Ni|Cr| Mo TEMP. F(C) [TEMP F(C)

REMARKS

DISTANCE FROM QUENCHED END OF SPECIMEN IN MILLIMETERS
5 10 15 20 25 30 35 40° 45 50 55 60

70

I | | | | [ l I 1

65

60

55

50
45

40

35

30

25

ROCKWELL C HARDNESS SCALE

20

15

10

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40
DISTANCE FROM QUENCHED END OF SPECIMEN IN SIXTEENTHS OF INCH

FIGURE 6 —STANDARD FORM FOR PLOTTING HARDENABILITY CURVES
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orifice are required for quenching cylinders of less than 25 mm (1 in) diameter. The details of ori-
fices for quenching specimens less than 25 mm (1 in) diameter are given in Table 3.

TABLE 2—HARDNESS REFERENCE NUMBERS FOR STEELS OF
VARIOUS CARBON CONTENTS

Hardness Reference Hardness Reference
No., HRC No., HRC
Mean of Ordered Carbon Range, % Alioy Steels Carbon Steels
0.08-0.17 25 —
0.18-0.22 30 25
0.23-0.27 35 30
0.28-0.32 40 35
0.33-0.42 45 40
0.43-0.52 50 45
0.53-0.62 55 50

TABLE 3—ORIFICES FOR QUENCHING SMALL SPECIMENS

Distance from

Orifice to
Test Bar Orifice Quenched End Free Height of
Dia Size of Specimen Water Column
mm (in mm (in) mm (in) mm (in)
19 (3/4 13 (/2) 13 (/2 63 (21/2)
13 (/2 6.3 ('/4) 9.5 (3/a) 102 (4)
6.3 (/4 3.2 (1/s) 6.3 (1/4) 203 (8)
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FIGURE 7A— CORRELATION OF COOLING RATES IN JOMINY BAR AND QUENCHED ROUND BARS
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FIGURE 7B|

FIGURE 7C
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FIGURE 7D—CORRELATION OF COOLING RATES IN JOMINY BAR AND QUENCHED RQUND BARS

Because of the greater aircooling effect on test bars less(than 25 mm (1 in) diametLr and especial-
ly in baks smaller than 19 mm (3/4 in) diameter, the cooling rates at various distances from the
quenchgd end will not be the same as in the standard test bar.

Hardness curves from these smaller bars are not.comparable with curves from the 25 mm (1 in)
diameter specimen. If the standard hardness curve from subsize specimens is neefled, it becomes
necessary to make actual cooling rate determination on the subsize specimen in [question.

4. Hardenabjlity Tests for Shallow Hardening Steels

4.1 Introduction— This method covers two different tests: the 25 mm (1 in) standard hardenability speci-
men mdthod, and the SAC hardénability test method. These methods are applicablg to carbon and

steels, other than carbon tool steels, and are suitable only for shallow Hardening steels

ill not harden completely through in 25 mm (1 in) and larger diameters with a water quench.

4.2 The 25 mm (1 in) Standard Hardenability Specimen Method

4.2.1 Proceppre— The 25.mm (1 in) standard hardenability specimen may be used to defermine the har-
denability of shallow hardening steels other than the carbon tool steels by a madification in the
hardnegs suwey. The procedure in preparing the specimen prior to hardness measurements is
that given in.the section on Test Procedure for 25 mm (1 in) Standard Hardenabilitg Specimen. An

anvil prpviding a means of very accurately measuring the distance from the quenghed end is es-
sential.

Hardness values are obtained from 1.6 to 13 mm (/16 to /2 in) from the quenched end in intervals
of 0.8 mm (Va2 in). Beyond 13 mm ('/z in) from the quenched end, the intervals are the same as
for the 25 mm (/2 in) standard hardenability specimen. For readings to 13 mm (/2 in) from the
quenched end, two hardness traverses are made, both with readings 1.6 mm (1/1¢ in) apart; one
starting at 1.6 mm (/16 in) and being completed at 13 mm ('/2 in) from the quenched end, and the
other starting at 2.4 mm (3/52 in) and being completed at 12 mm ('5/52 in) from the quenched end.

Only two flats 180 degrees apart need be ground if the mechnical fixture has a grooved bed which
will accommodate the indentations on the flat surveyed first. The second hardness traverse is
made after turning the bar over. If the fixture does not have such a grooved bed, two pairs of flats
should be ground, the flats of each pair being 180 degrees apart. The two hardness surveys are
made on adjacent flats.

— 12 —
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For plotting test results, the Standard Form for Plotting Hardenability Curves (Figure 6) should be
used. Distances for the odd number 0.8 mm (/32 in) should be estimated with care.

4.3 SAC Hardenability Test Method

4.3.1 INTRooucTioN— This method is referred to as the SAC test. The designation SAC means Surface-
Area-Center, the area being determined and calculated from a cross section hardness survey of
a suitably quenched 25 mm (1 in) diameter cylindrical test specimen.

4.3.2 SampLing— The bar from which the specimen is machined shall be a forged or rolled 32 mm (1'/,4
in) diameter round representing the full cross section of the product. Specimen locations repre-
senting other than the full cross section may introduce factors tending to offset reproducibility of

decarburization.

4.3.3 NormaLizmg Prior To HeaTing For QuencH— The material from which the testispecimen is to be ma-
chined shall be normalized, holding for 1 h at the appropriate temperature designated in Table 1
followed by cooling in air. The record of hardenability test results mustialways state the prior ther-
mal history of the specimen tested.

4.3.4 Test SpeqiMENs—The test specimen is a 25 mm (1 in) diameter cylinder 102 mm (4 in) long, as
shown in Figure 8. Specimen A is for use with quenching fixture A, Figure 9; and specimen B is
for use with quenching fixture B, Figure 9.

4.3.5 HeaTing FOR QuencHiINg— The specimen shall be heated:<to the austenitizing temperatlire shown in
Table 1. The specimen shall be held at the specified temperature for 30 min. The furnace chamber
shall be muffle type, and the amount of scaling controlled only by standardizing the time of expo-

sure.
29 (1-1/8)
DIA
10° " |
~—=—78 (5/16)
s ==
STAINLESS STEEL WASHER P
CENTER DRILL AND TAP :-_:
WITH 10-32 THREADS
(1/4-20 OPTIONAL)
(100) MIN (100)
) T -
25.4 DIA| 25.4 D1A B
0.1 A 0.1
(1 DIA
(1 DIA NOTE: DIMENSIONS ARE MM (IN) + 0.005)

* 0.005)
FIGURE 8 —SAC TEST SPECIMENS

4.3.6 QuencHIng— Frequently SAC test specimens are hand quenched by laboratories that do not have
the special quenching fixture shown in Figure 9. In most cases, hand quenching yields satisfactory
results provided the specimen is well agitated during quenching. However, it is recommended that
one of the quenching fixtures shown in Figure 9 be used. The apparatus shall be adjusted so the

— 13 —
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water flows upward through the top opening to a free height of 63 mm (21/; in) without specimen,
guide tube, or basket in place. The water temperature shall be 18 to 30 °C (65 to 85 °F).

The specimen shall be removed from the furnace by gripping near one end with tongs, and it shall
be dropped into the basket or guide tube. Time to remove the specimen from the furnace and drop
it into the quenching fixture shall be 5 s max. The specimen shall remain in the quench for 60 s
and shall then be removed by lifting out the basket or guide tube and inverting.

4.3.7 PrepARaTiON FOR HARDNESs TesTiNg— The quenched specimen shall be cut transversely so that the

top portion is 50 mm (2 in) long as illustrated in Figure 10. The test slug can be 13 to 25 mm (/2
to 1 in) long. A suitable soft cutoff wheel shall be used with precaution against heating of the spec-

imen.

The fac it-sufficiently fine

to permi
to 0.008
The test
section ¢
indicates
are remd

4.3.8 HARDNES
average

Face re
grees re
for each
can be t
and the

If an ind
eters 90
be on ez

4.3.9 EsTimaT
shown in
sas shal
the curv

aﬁings shall be obtained by testing 1.6 mm (/46 infihcrements across two di
oved. A fixture suitable for indexing the specimen is illustrated in Figure 11. Readings

!

satisfactory hardness determination. Four flats shall be ground 0.12 to"(
in) deep at 90 degrees spacing on the cylindrical surface of the test slug

n Hardness Measurement on medium hardening steels. The presence of ¢
that tempering has taken place and grinding shall be continued until ten
pved.

s TesTing— Surface hardness shall be taken on the surfaces of the four gr
of these readings shall represent the surface hardness.

comparable distance from the surface shall“be averaged. Since only one
ken the average center hardness shall be-the average of five readings; the
our readings taken at 1.6 mm (/16 in) from the center.

xing fixture is not available, the surface to be tested may be lightly scribed
degrees removed, and with seven:circles 1.6 mm (/1 in) removed. Test
ch circle at the intersection of<each of the four radii.

bN oF ArRea—Area shall be‘computed by Rockwell millimeter (Rockwell
Figure 12. Ordinates shall'be Rockwell C units starting with Rockwell C g
constitute 25 mm (1n) max. Areas shall be Rockwell millimeters (Rockwe
b S-s’, computed by the total of the trapezoids.

4.3.10 INDEXO
known a
the surfg

hardnes$

nearest

EXAMP
52, and

area would be 63

= HaroenasiLITY—The hardenability (and hardness) of a steel shall be design
5 the SAC namber. The code itself shall consist of a set of three numbers
ce hardness: second, the Rockwell milimeter (Rockwell Inch) area; and
, each_of-which shall be determined as herein described. Values shall be
holésnumber.

.20 mm (0.005

surfaces shall be checked for freedom from tempering by etching as recommended in the

arkened areas
hpering effects

bund flats. The

ameters 90 de-

center reading
center reading

with two diam-
locations shall

nch) units, as
f zero. Abscis-
| Inches) under

ated by a code
including first,
ast, the center
rounded to the

EZ-SAC Num

-1320-42.

ber 63-52-42 indicates surface hardness of 63 HRC, Rockwg

Il Inch area of
eter units for

4.3.11 Recorp ofF Test— Test results shall be recorded on a suitable form as illustrated in Figure 13.

5. Notes

5.1 Marginal Indicia—The (R) is for the convenience of the user in locating areas where technical revi-
sions have been made to the previous issue of the report. If the symbol is next to the report title,

it indicat

es a complete revision of the report.

PREPARED BY THE SAE IRON AND STEEL TECHNICAL COMMITTEE
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END FACING BOTTOM OF QUENCHING FIXTURE

i

51

o T e
51 A ——5—
(2) 38
| (1-1/2)
— .
25 (1),
DIA

NOTE: DIMENSIONS ARE MM (IN)

FIGURE 10—LOCATION OF TEST SLUG AND OF STAMPED IDENTIFICATION

FIGURE 11—INDEX FIXTURE
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hs

ROCKWELL C NDe h7

AlBICID|IE(FIG|K

—={ .G
(1/16)
AL . . A/
f- DIAMETER =25 (1) ———————
Let S = average surface hardness
h,, h,, h,, and so forth = average hardness at depths indicated
C = average center hardness

S+ h hi~+ hy
> X 1.6 (1/16) area of B-= 5

Then: area of A = X 1.6 (1/16)
total area =2 (A+B+C+D+E + FaG+K)

S C
= 3.2 (1/8) (Ehl+h2+h3+h4+h5+h6+h7+'2-)

NOTE: “DIMENSIONS ARE MM (IN)

FIGURE. 12—SAC ESTIMATION OF AREA
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SAC TEST REPORT

DATE TEST NO
LABORATORY. SOURCE
ANALYSIS
HEAT
ORADE GRAIN
O C|Mn| S| P|Si|Ni|Cr|Mo
NORMALIZING TEMP (F) QUENCHING TEMP (F)
REMARKS
INDIVIDUAL AVERAGE INDIVIDUAL AVERAGE
READINGS ORDINATES READINGS ORDINATES
S 8/9 S 5/9
1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
5 5 5 5
6 6 6 6
7 7 7 7
( C/2 C C/2
TOTAL ORDINATES TOTAL ORDINATES
AREA = TOTAL ORDI- AREA = TOTAL ORDI-
NATES DIVIDED BY 8 NATES DIVIDED BY 8
SiA|C S1A|[C
HARDENABILITY R HARDENABILITY R
RATING RATING

FIGURE 13—SAC TEST REPORT
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APPENDIX A
METHODS FOR DETERMINING CARBURIZED HARDENABILITY

A.1. Scope— This method prescribes procedures for determining the hardenability of steels after carbu-
rizing and for subsequently recording the results. It is of interest to note that such a procedure was
used by Walter Jominy when he first introduced the end-quench test. information on carburized
hardenability is important in controlling carburizing and quenching practice, and in determining the
ability of a specific steel to meet the hardness-case depth requirements for a specific part.

Carburized parts are used chlefly where hlgh surface stresses are |mposed Failures generally

originate fr

high cas
sive stres,
with high

strength

duces co
Originally
additions

carbon c%se on a low-hardness low-carbon core. The core must have adequate

strength and high endurance limit are cntlcal factors. It has been proved
es in the case improve the fatigue durability and that high case hardness
durability. These compressive stresses are created by developing @ high-h

support the hard case, but increasing core hardness overthe necessary

lly, therefore,
hat compres-
is associated
ardness high-
hardness and
minimum re-

pressive stresses at the surface and therefore decreases the fatigue rejistance.

it was considered that core hardenability alone was needed for steel se
of carbon, however, do not have the same effect on the hardenability of all

sitions; ¢

It has, therefore, become clear that adequate hardenability of both case and core is
proper sdlection of the optimum grade and control ofiits’ processing to a specific p

A2
detail in
ty charac
described

A3
specimen
from the
(1700 °F)
carbonatg

Direct Quench—In the determination(of case hardenability, a standard end-quench

nclusions reached on the basis of core hardenability may not be correct

Test Prodedure—The end-quench specimens and<quenching and testing procedures,

ection. Equal
base compo-
for the case.
essential for
art.

described in

evious sections of this document, are‘used. When evaluating the carburized hardenabili-

eristics of a steel, high-carbon-potential pack carburizing procedures are

and a carbon-gradient specimen, 25 x 152 mm (1 in diameter by 6 in) I¢
same bar, are simultaneously carburized in a covered alloy steel box for
The composition ef-the carburizing medium is to be: charcoal 50%, coke
12%, sodium carbonate 3%, calcium carbonate 3%, molasses binder 2%

in Section A.3. Results using this practice have been reported previously 2

employed as
3

hardenability
bng, prepared
D h at 925 °C
30%, barium

All new carburizer is used for each batch to provide uniform carburizing conditions and to overcar-

burize so
mit accur

the highest<carbon level to be investigated (1.10%) will be sufficiently subs
hte location.

hydrated

The hardTnability specimen is end-quenched, and the carbon-gradient bar is either ¢

urface to per-

poled in loose

ime'or immersion quenched in oil. If oil quenched, the carbon-gradient bar is tempered

at 650 °C (1200 °F) for 10 min in lead or salt to soften it for machining. Samples Tor carbon analy-
sis are removed by lathe turning in radial increments 0.13 mm (0.005 in) deep. The carbon-gradient
curve is obtained by plotting the carbon content for each radial increment against the average
depth of the increment below the surface.

2 J. A. Halgren and E. A. Solecki, *“Case Hardenability of SAE 4028, 8620, 4620, and 4815 Steels.”” SAE Transac-

tlons Vol. 69 (1961), p. 662.
3 Atlas “Hardenability of Carburized Steels.” New York: Climax Molybdenum Co., 1960.
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On the assumption that the distribution of carbon in the end-quench specimen is the same as in
the carbon-gradient bar, parallel flats are ground on the end-quench specimen to levels corre-
sponding to carbon concentrations of 1.10, 1.00, 0.90% and, in some cases, lower carbon levels.

To minimize the effect of softer underlying layers, Rockwell A hardness values are determined with
impressions along the centerline of each flat. The A values are converted to C values using con-
version tables given in SAE J417. The hardness value at the 1.6 mm (/15 in) position is affected
by carburizing the end of the bar, therefore this reading is discarded. If hardness values at the 1.6
mm (/4 in) position are desired, the quenched end can be copper-plated to prevent carburizing.

A pictorial representation of the procedure, giving an example of a carbon-gradient curve, and the
sequence of operations is shown in Figure A1. Grinding the end-quenched hardenability bar is criti-
cal. Extr i document enti-
tled Harglness Measurement.

HARDENABIL1TY) (0.0225)
TEST BAR
f 25.4 (1)
DIAMETER 0.419
(0.0165)
0.035 ‘
0337
H0.8
0.030_%0.029) \
{ \\ -0.7 =
) = 00250 577 *
2 - DIRECT OIL| QUENCH 1 - END - QUENCH & _(_0_.92_2_52______¥ 406 4
) [V
3 - TEMPER 10 MIN, 7 - GRIND FLATS = 0.020 \ =
650°C (1200 °%)| IN T0 DEPTHS = 40.5 2
LEAD CORRESPONDING g 0.419 =
T0 1.10, 1.00, AND 3 _{o.0165) 1 ___| R i
= 0.015[ N 0.4 =
4 - OBTAIN TURNINGS 0.90% CARBON o 0. -
IN 0.127 (0.00p) = =
RADIAL INCREMENTS 8 - DETERMINE e 40.3 &
ROCKWELL “A"™ 8 0.010
5 - ANALYZE TURNINGS  HARDNESS ALONG \
FROM EACH CENTER.LINE OF -0.2
INCREMENT FOR [ARBON  EACHSFLAT AT 0,005 N
STANDARD INTERVALS : Jo.1
6 - PLOT CARBON \
GRADIENT - EACH POINT«<—9 = CONVERT TO ROCKWELL 0
% C VERSUS AVERAGE "C" AND PLOT AS 0 9 ) » 1z 1.3
DEPTH OF INCREMENT HARDENABILITY CURVE 0.7 8 0. .00 1.1 : :
FOR EACH CARBON 'CARBON, PERCENT
NOTE: DIMENSIONS ARE MM (IN)

FIGURE A1—STANDARD CARBURIZING PROCEDURE, PACK CARBURIZE 9 h AT 925 °C (1700 °F)

A4,

Reheat and Quench— Steels may be tested under reheat and quench conditions by modifying the
practice slightly. The end-quench specimens and the corresponding carbon-gradient bars are
pack-carburized as described above, then the bars are removed from the box and either cooled
in still air or oil-quenched, depending upon the proposed plant practice. The specimens are then
reheated in a controlled atmosphere furnace held at 845 °C (1550 °F), for a total time of 55 min
in the furnace to approximate the specified 30 min at furnace temperature. The hardenability speci-
men is then end-quenched and the carbon-gradient bar is either cooled in lime or oil quenched and
tempered as described previously.
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A.5. Alternate Procedures— It is apparent that the test can be tailored to suit individual plant practice,

A.6.

but the procedures described in the preceding paragraph should be used when comparing results
with other laboratories.

An example of an alternate procedure would be to grind flats on the end-quench specimen before
carburizing, then carburize the specimen in the same carburizing furnace with parts, end-
quenching the specimen after carburizing. Surface hardenability may be determined on the pre-
ground flats, and hardenability as a function of case depth can be determined by grinding flats to
specified depths.

Reproducibility— The method described for direct quenching provides good reproducibility, as indi-
cated by two tests. In the first test, four carbon-gradient bars and four end-quench bars machined

from the mmmwmmrsmmnﬁatly quenched.
In the second test, the case hardenability of one heat was determined on three separate occasions
with carblirizing temperatures between 925 and 955 °C (1700 and 1750 °F).
The results of the reproducibility tests are given in Figure A2.
SINGLE BATCH MULTIPLE BATCH
Four hardenability bars df SAE 4419 carburizing steel pack carburized 9 Three hardenability bars of SAE 4419 carburizing |steel each run in a
h at 925 °C (1700 °F) and direct end quenched. Core composition: 0.19% separate pack carburizing batch. Each batch pack] carburized 9 h at 925
C, 0.52% Mn, 0.23% Si, 0.J12% Ni, 0.20% Cr, 0.51% Mo. to 955 °C (1700 toI750 °F) and direct quenched. | Core composition:
0.19% C, 0.52% Mn,)0.23% Si, 0.12% Ni, 0.20% Cr, [0.51% Mo.
DISTANCE |FROM QUENCHED END OF SPECIMEN, mm DISTANCE FROM QUENCHED END OF SPEGIMEN, mm
5 0 15 PO 25 30 35 40 a5 50 55 60 5 10 15 20 25 30 35 40 45| S0 55 €0
70 4 Il 1 n 1 1 1 [ [ 76 ' s I : ) 1 1 L L L
[ % 4,, ] 1.10% Carbon | 1.10% Carben
60 % 60 V‘%“
50
act %0 - R
40 a0
70
1.00% Carbon w e [ ] 1.00% Cardon
@ 4
‘g 60 é 80
€ .
a W T
S 0 o %0 %
- o
o S 1]
g 70 il 0.90% Carbon 8 (ol o ey 090% Carbon
60 [ 60 P
50 50
g -
30 30
4 8 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 36 40

DISTANCE FROM QUENCHED END OF SPECIMEN, SIXTEENTH IN DISTANCE FROM QUENCHED END OF SPECIMEN, SIXTEENTH IN

FIGURE A2—REPRODUCIBILITY OF CASE HARDENABILITY
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B.1.

APPENDIX B
METHOD FOR CALCULATING HARDENABILITY FROM COMPOSITION (SI/METRIC)

Introduction— This method of Jominy hardenability calculation from the chemical ideal diameter*
(DI) of a steel is based on the original work of M. A. Grossman Reference (18) and provides in-
creased accuracy by refinement of the carbon multiplying factors and the correlation of a boron
factor (B.F.) with carbon and alloy content. These refinements were based on analysis of thou-
sands of heats of boron and non-boron 1500, 4100, 5000, and 8600 series steels encompassing
a range of compositions as shown in Table B1 and a range of Dl as contained in Tables B2 to BS.
The accuracy of thls method and the techmques used to develop it have been documented Refer-
ide the above
rences (17) to

(29).
The succeeding paragraphs describe this method for calculating hardenability-from ghemical com-
position. [The calculation method and data tables are also embodied in a computer program, EA406
“Hardenagbility Prediction Calculator” available through SAE. The program runs on ap IBM compat-
ible PC with a 31/, inch disc drive. It provides both tabular and graphical output of end-quench har-
denabilityl data calculated from chemical composition. To obtain a copy of the program, contact the
SAE Customer Service Department, 400 Commonwealth Drive, Warrendale, PA 15096.

TABLE Bf--COMPOSITION RANGE USED TO DEVELOP THE HARDENABILITY CALCULATION|METHOD
DESCRIBED IN THIS APPENDIX

Element Range (%)

Carbon 0.10-0.70
Manganese 0.50-1.65
Silicon 0.15-0.60
Chromium 1.35 max
Nickel 1.50 max
Molybdenum 0.55 max

B.2.

B.3.

DI Calculation for Non-Boron:Steels—This calculation relies on a series of hardepability factors
(Table B6) for each alloying-element in the composition which multiplied together give a DI value.
(For simplicity, only multiplying factors for DI in inch units are given. For DI in mm, the DI in inches
should bg converted).. The effects of phosphorus and sulfur are not considered singe they tend to
cancel one another{A-No. 7 austenitic grain size is assumed since most steels with hardenability
control afe melted to a fine grain practice where experience has demonstrated that an extremely
high per¢entage of heats conform to this grain size.

An example 'of DI calculation is given in Table B7 for an SAE 4118 modified steel

DI Calculation for Boron Steels—With an effective steel making process, the boron factor (signify-
ing the contribution of boron to increased hardenability) is an inverse function of the carbon and
alloy content. The higher the carbon and/or alloy content the lower the boron factor.

B.3.1 Actual Boron Factor— The actual boron factor is expressed by the following relationship:

4

D! represents the diameter of a round steel bar that will harden at the center to 50% martensite when subject-
ed to an ideal quench (i.e., a Grossmann quench severity H = Infinity)
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_ Measured DI From Jominy Data and Carbon Content

Calculated DI From Composition Excluding Boron
An example of actual boron factor determination is given in Table B8 for an SAE 15B30 modified
steel:

B.3.1.1 Ster 1—Using Table B9, determine the nearest location on the end-quench curve where a hard-
ness corresponding to 50% martensite occurs for the actual carbon content. For the example heat
with 0.29 carbon this hardness is HRC 37 occurring at a ‘‘J” distance of 13.5 mm or 8/ in from
the quenched end.

B.3.1.2 Ster 2—FromTable-B10 {mm) or Table B11 3 “J” distance of 13.5 mm or 8/.¢ in equates to

a measufed DI of 78.2 mm or 2.97 in (interpolation required).

B.F. (Eq.B1)

B.3.1.3 Ster J:

78.2 mm

Boron Factor = ————— = 25 (Eq.B2)
31.5 mm

or
97 i

Boron Factor = 2.9 !n =24

1.24 in

NoTte— Difference in B.F. using inch versus mm is due to the{use of nearest standard “J’’ distance.
Use of ekact *J’" distances would resolve this difference.

B.3.2 Calculation of DI with Boron (Dlg)
B.3.2.1 Ster 1|—Calculate the DI without boron. For the“above example, this DI is 31.5{mm (1.24 in).

B.3.2.2 Ster 2—Calculate the alloy factor (the product of all the multiplying factors from| Table B2 ex-
cluding cprbon). For the above example:

Calculated DI (Without Boron)  1.24 in

Allgy Factor = —<E = — = 8.0 (Eq.B3)

or Carbon Multiplying Factor 0.157 in
31.5 mm
Allgy Factor = - = 8.0
0.157 %25.4 mm/inch
Note— Fqr simplicity, alloy factors should be rounded to the nearest whole number|
B.3.2.3 Ster 3— Determine“the boron multiplying factor from Table B12. For this example with 0.29%

carbon ahd an alloy,factor of 8.0, the boron multiplying factor is 2.36 (interpolation|required).

B.3.2.4 Ster 4—Calculate the DI with boron as in the following equation:
Dig=BI\{without Boron) x Boron Factor
Dlg=t24"mx 236 or 3t-5 mmx—2:36 (Eq.B4)
Dig=2.93 in or 74.3 mm

B.4 Hardenability Curves from Composition—With a predetermined DI (Dlg for boron steels), the end-
quench hardenability curve can be computed by the following procedure:

B.4.1 Step 1—The initial hardness (IH) at the J = 1.5 mm or /45 in position is a function of carbon con-
tent and independent of hardenability, and is selected from Table B9. For the example, non-boron
SAE 4118 modified heat containing 0.22% C the initial hardness is HRC 45.

B.4.2 Step 2— The hardness at other positions along the end-quench specimen (termed distance hard-
ness) is determined by dividing the initial hardness by the appropriate factor from Table B2 (mm)
or B3 (inch) for non-boron steels or from Table B4 {mm) or B5 (inch) for boron steels.
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For the example, (see Tables B13 and B14) non-boron heat with an IH = HRC 45 and a calculated
DI of 45.5 mm (1.79 in), the hardness at the respective end-quench positions can be calculated by
dividing 45 by the appropriate dividing factor listed in Table B2 (mm) or B3 (inch) for non-boron
steels. (For simplicity, the DI should be rounded to the nearest 0.5 mm or 0.1 in).

B.5 Equations for Tables B2-B14—Tables B15 to B22 represent a least squares polynomial fit of data -
contained in Tables B2 to B14. The use of these questions to plot curves may result in random
inflection points due to the characteristics of the polynomial equations. These inflections will be mi-
nor, however, and should be disregarded.
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TABLE B2—DISTANCE HARDNESS DIVIDING FACTORS VS JOMINY DISTANCE FOR A SPECIFIC CALCULATED DI

(NON-BORON STEELS), mm

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy
End- End- End- End- End- End- End- End-

Quench Quench  Quench Quench Quench Quench Quench Quench

Ideal Cr{tical Distance Distance Distance Distance Distance Distance Distance Distance
Diameter (mm) (mm) (mm) (rmm) (mm}) (rmm) (mm) (mm)
(DI),|mm 3 4.5 6.0 7.5 9.0 10.5 12.0 13.5
25. 1.13 1.44 2.01 2.35 2.61 2.77 2.85 2.99
27. 1.11 1.38 1.89 2.23 2.50 268 2.76 2.89
30. 1.09 1.32 1.76 2.11 2.38 2.56 2.65 2.77
32. 1.07 1.27 1.66 2.00 2.27 2.46 2.54 2.65
35. 1.06 1.22 1.57 1.91 2.17 2.35 2.44 2.55
37. 1.05 1.18 1.50 1.82 2:08 2.26 2.35 2.45
40, 1.04 1.15 1.43 1.74 1.99 2.17 2.25 2.35
42. 1.03 1.12 1.38 1.66 1.90 2.08 2.16 2.26
45. 1.02 1.10 1.32 1.60 1.83 2.00 2.08 2.17
47. 1.02 1.08 1.29 1.54 1.76 1.92 2.00 2.09
50. 1.01 1.07 1.25 1,49 1.70 1.85 1.92 2.01
52. 1.01 1.06 1.23 17. 44 1.63 1.78 1.86 1.94
55. 1.00 1.06 1.20 1.39 1.58 1.72 1.79 1.88
57. 1.00 1.05 1.18 1.35 1.52 1.66 1.73 1.82
60. 1.00 1.05 1.16 1.32 1.48 1.61 1.67 1.75
62.1 1.00 1.04 1.14 1.29 1.44 1.56 1.62 1.70
65. 1.00 1.04 1.13 1.26 1.40 1.51 1.57 1.65
67.1 1.00 1.03 1.12 1.24 1.36 1.47 1.53 1.61
70. 1.00 1.03 1.10 1.21 1.33 1.43 1.49 1.57
72.8 1.00 1,03 1.09 1.19 1.30 1.39 1.45 1.53
75. 1.00 1.02 1.08 1.17 1.27 1.36 1.41 1.49
77. 1.00 1.01 1.07 1.15 1.24 1.33 1.38 1.45
80. 1,00 1.00 1.06 1.13 1.22 1.30 1.35 1.42
82.1 100 1.00 1.06 1.12 1.20 1.28 1.33 1.39
85. 1,00 1.00 1.05 1.11 1.18 1.25 1.30 1.36
87.1 1.00 1.00 1.05 1.09 1.16 1.23 1.28 1.33
90. 1.00 1.00 1.04 1.08 1.14 1.20 1.25 1.31
92. 100 104 1-03 107 113 116 23 1.28
95.0 1.00 1.00 1.03 1.07 1.12 1.17 1.21 1.26
97.5 1.00 1.00 1.02 1.06 1.10 1.15 1.20 1.25

— 25 —



https://saenorm.com/api/?name=753d804eb9c85fdf722c4d0c28e5ab3b

SAE J406 Revised NOV90

TABLE B2—(Continued)

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy
End- End- End- End- End- End- End- End-

Quench Quench Quench Quench Quench Quench Quench Quench

Ideal Critiga istance Distance
Diamete (mm) (mm) (mm) (mm) (rmm) {mm) {mm) (mm)
(o), 3 4.5 6.0 7.5 9.0 10.5 120 13.5
100.0 1.00 1.00 1.02 1.05 1.09 1.14 1718 1.23
102.5 1.00 1.00 1.02 1.04 1.08 1.13 1.17 1.21
105.0 1.00 1.00 1.01 1.03 1.07 1.12 1.16 1.19
107.5 1.00 1.00 1.00 1.02 1.06 111 1.14 1.17
110.0 1.00 1.00 1.00 1.01 1.05 1410 1.13 1.16
112.5 1.00 1.00 1.00 1.01 1.04 1.09 1.12 1.15
115.0 1.00 1.00 1.00 1.00 1.03 1.08 1.10 1.13
117.5 1.00 1.00 1.00 1.00 1,03 1.07 1.09 1.12
120.0 1.00 1.00 1.00 1.00 02 1.06 1.08 1.11
122.5 1.00 1.00 1.00 1.00 1.02 1.05 1.07 1.10
125.0 1.00 1.00 1.00 1.00 1.01 1.04 1.06 1.09
127.5 1.00 1.00 1.00 1300 1.01 1.03 1.05 1.08
130.0 1.00 1.00 1.00 1.00 1.00 1.02 1.04 1.07
130.5 1.00 1.00 1.00 1.00 1.00 1.01 1.03 1.06
135.0 1.00 1.00 1.00 1.00 1.00 1.00 1.02 1.05
137.5 1.00 1.00 1.00 1.00 1.00 1.00 1.01 1.04
140.0 1.00 1.00 1,00 1.00 1.00 1.00 1.01 1.03
142.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.02
145.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.02
147.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01
150.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
152.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
155.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
157.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
160.0 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
162.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
165.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
167.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
170.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
172.5 00 1.00 1.00 .00 1.00 1.00 1.00 1.00
175.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
177.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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TABLE B2—(Continued)

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy
End- End- End- End- End- End- End- End- End-
Quench Quench Quench Quench Quench Quench Quench Quench Quench
Ideal Criticall Distance Distance Distance Distance Distance Distance Distance Distanck Distance

Diameter (mm) (mm) (rm) (mm) (mm) (mm) (mm) (mm) (mm)

(DI), mm 15.0 18.0 21.0 24.0 27.0 33.0 39.0 45.0 51.0
25.0 3.14 3.41 -- -~ -- -- -- -~ -
27.5 3.02 3.28 - -- - - == - -
30.0 2.89 3.14 -- -- -- -- L= -~ -
32.5 2.77 3.01 3.17 -- -- -- - - -~
35.0 2.65 2.89 3.04 3.16 -- -- -- - --
37.5 2.55 2.78 2.92 3.04 3.16 344 -- -- -
40.0 2.44 2.67 2.81 2.93 3.04 3%29 -- - --
42.5 2.35 2.57 2.7 2.82 2.92 3.16 3.37 3.55 3.72
45.0 2.26 2.48 2.62 2.72 2.82 3.02 3.24 3.41 3.58
47.5 2.18 2.39 2.53 2.63 2.72 2.92 3.12 3.28 3.43
50.0 2.09 2.30 2.44 2.54 2.63 2.81 3.00 3.16 3.31
52.5 2.02 2.22 2.36 2.46 2.55 2.71 2.89 3.04 3.18
55.0 1.95 2.15 2.28 2.38 2.46 2.62 2.79 2.94 3.09
57.5 1.89 2.09 2.22 2.3 2.39 2.54 2.70 2.85 3.00
60.0 1.82 2.02 2.15 2.23 2.31 2.47 2.62 2.76 2.89
62.5 1.77 1.95 2.08 2.17 2.24 2.40 2.55 2.68 2.81
65.0 1.72 1.89 2.02 2.10 2.18 2.34 2.48 2.60 2.72
67.5 1.67 1.84 1097 2.05 2.13 2.28 2.42 2.54 2.66
70.0 1.63 1.79 1.91 1.99 2.07 2.22 2.36 2.47 2.57
72.5 1.58 1.74 1.86 1.94 2.02 2.16 2.30 2.41 2.51
75.0 1.54 1.70 1.81 1.89 1.97 2.10 2.24 2.34 2.44
77.5 1.51 1.65 1.76 1.84 1.92 2.05 2.18 2.28 2.38
80.0 1.47 161 1.72 1.80 1.88 2.01 2.13 2.23 2.33
82.5 1.44 1.57 1.68 1.76 1.84 1.97 2.09 2.19 2.29
85.0 1.41 1.54 1.64 1.72 1.80 1.92 2.04 2.09 2.14
87.5 1438 1.51 1.60 1.68 1.76 1.87 1.99 2.05 2.10
90.0 136 1.47 1.57 1.65 1.73 1.84 1.95 2.01 2.06
92.5 1.33 1.44 1.53 1.61 1.69 1.80 1.91 1.96 2.00
95.0 1.31 1.41 1.50 1.58 1.66 1.76 1.86 1.92 1.97
97.5 1.28 1.38 1.47 1.55 1.63 1.73 1.83 1.89 1.94
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TABLE B2—(Continued)

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy
End- -End- End- End- End- End- End- End- End-
Quench Quench Quench Quench Quench Quench Quench Quench Quench
Ideal Critical Distance Distance Distance Distance Distance Distance Distance Distance Distance

Diameter (mm) {mm) (mm) (mm) (mm) (rmm) {omm) () (mm)
(DI), mm 15.0 18.0 21.0 24.0 27.0 33.0 39.0 450 51.0
100.0 1.26 1.36 1.44 1.52 1.60 1.70 1.80 1.86 1.91
102.5 1.24 1.34 1.41 1.49 1.56 1.66 1.76 1.82 1.87
105.0 1.22 1.31 1.39 1.47 1.53 1.63 1.73 1.78 1.82
107.5 1.20 1.28 1.36 1.44 1.50 1.59 1169 1.75 1.80
110.0 1.19 1.27 1.34 1.41 1.47 1.57 1,66 1.71 1.75
112.5 1.18 1.25 1.32 1.39 1.44 1.53 1.62 1.67 1.71
115.0 1.16 1.23 1.29 1.36 1.42 1.50 1.59 1.64 1.68
117.5 1.15 1.21 1.27 1.34 1.40 1547 1.55 1.60 1.64
120.0 1.14 1.20 1.26 1.33 1.38 1,43 1.51 1.57 1.62
122.5 1.13 1.18 1.24 1.31 1.36 1.40 1.48 1.54 1.59
125.0 1.11 1.17 1.22 1.28 1.33 1.38 1.45 1.51 1.56
127.5 1.10 1.16 1.21 1.27 1»31 1.35 1.42 1.48 1.53
130.0 1.09 1.15 1.20 1.25 129 1.33 1.40 1.45 1.50
130.5 1.08 1.14 1.19 1.23 1.27 1.31 1.37 1.43 1.47
135.0 1.07 1.13 1.17 1.21 1.25 1.29 1.35 1.40 1.44
137.5 1.06 1.12 1.16 1,20 1.23 1.26 1.32 1.38 1.42
140.0 1.05 1.10 1.15 .19 1.21 1.24 1.31 1.35 1.39
142.5 1.04 1.10 1.14 1.17 1.19 1.22 1.29 1.33 1.37
145.0 1.03 1.08 1.13 1.16 1.18 1.21 1.27 1.31 1.35
147.5 1.02 1.07 11712 1.15 1.16 1.19 1.25 1.29 1.33
150.0 1.01 1.06 .11 1.14 1.15 1.18 1.24 1.28 1.31
152.5 1.01 1.05 1.10 1.12 1.13 1.16 1.22 1.27 1.30
155.0 1.00 1.04 1.09 1.11 1.12 1.15 1.21 1.25 1.28
157.5 1.00 1.03 1.08 1.10 1.11 1.14 1.20 1.24 1.27
160.0 1.00 15,03 1.07 1.09 1.10 1.13 1.19 1.23 1.26
162.5 1.00 1.02 1.06 1.08 1.09 1.12 1.18 1.22 1.25
165.0 1.00 1.01 1.05 1.07 1.08 1.11 1.16 1.20 1.24
167.5 Y.00 1.01 1.04 1.06 1.07 1.10 1.15 1.18 1.22
170.0 1.00 1.00 1.03 1.05 1.06 1.09 1.14 1.17 l1.21
172.5 166 166 102 104 165 108 2 116 1.20
175.0 1.00 1.00 1.02 1.03 1.04 1.07 10 1.14 1.19
177.5 1.00 1.00 1.01 1.02 1.03 1.06 1.09 1.12 1.18
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TABLE B3—DISTANCE HARDNESS DIVIDING FACTORS VS JOMINY DISTANCE FOR A SPECIFIC CALCULATED DI

(NON-BORON STEELS), INCH

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy

End- End- End- gEnd- End- End- End- End-

Quench Quench Quench Quench Quench Quench Quench Quench
Ideal Distance Distance Distance Distance Distance Distance Distance Qistance

Diameter (1/16 in) (1716 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16\in) [1/16 in)
(DI}, inch 2 3 4 5 6 7 8 9

1.0 1.15 1.50 2.15 2.46 2.72 2.81 2.92 3.07
1.1 1.12 1.42 1.98 2.32 2.60 2.70 2.80 2.94
1.2 1.10 1.35 1.85 2.20 2.48 2.59 2.69 2.81
1.3 1.08 1.29 1.74 2.09 2.38 2,48 2.58 2.69
1.4 1.07 1.24 1.64 1.99 2.27 2.38 2.47 2.58
1.5 1.05 1.19 1.56 1.90 2.18 2.28 2.37 2.47
1.6 1.04 1.16 1.49 1.81 209 2.19 2.28 2.38
1.7 1.03 1.13 1.43 1.73 2500 2.10 2.19 2.28
1.8 1.02 1.10 1.37 1.66 1.92 2.02 2.11 2.19
1.9 1.02 ©1.09 1.33 1.60 1.85 1.94 2.03 2.11
2.0 1.01 1.08 1.29 1.5% 1.78 1.87 1.95 2.03
2.1 1.01 1.07 1.26 1448 1.71 1.80 1.89 1.96
2.2 1.00 1.07 1.23 1.43 1.66 1.73 1.82 1.90
2.3 1.00 1.06 1.21 1.39 1.60 1.68 1.76 1.83
2.4 1.00 1.06 1.18 1.35 1.55 1.62 1.70 1.77
2.5 1.00 1.05 1.6 1.32 1.50 1.57 1.65 1.72
2.6 1.00 1.05 15 1.29 1.45 1.52 1.60 1.67
2.7 1.00 1.04 1.13 1.26 1.41 1.48 1.56 1.62
2.8 1.00 1.04 1.12 1.23 1.37 1.44 1.51 1.58
2.9 1.00 1.03 1.11 1.21 1.34 1.40 1.48 1.54
3.0 1.00 1:02 1.10 1.19 1.31 1.37 1.44 1.50
3.1 1.00 1.01 1.09 1.17 1.28 1.34 1.41 1.47
3.2 1.00 1.00 1.08 1.15 1.25 1.31 1.38 1.43
3.3 1.00 1.00 1.07 1.13 1.23 1.29 1.35 1.40
3.4 1,00 1.00 1.06 1.12 1.20 1.26 1.33 1.37
3.5 1.00 1.00 1.05 1.10 1.18 1.24 1.30 1.35
3.6 100 100 04 109 17 22 28 1.32
3.7 1.00 1.00 1.04 1.08 1.15 1.20 1.25 1.30
3.8 1.00 1.00 1.03 1.07 1.14 1.18 1.24 1.28
3.9 1.00 1.00 1.03 1.06 1.12 1.17 1.22 1.26
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TABLE B3—(Continued)

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy

End- End- End- End- End- End- End- End

Quench Quench Quench Quench Quench Quench Quench Quench
Ideal Distance Distance Distance Distance Distance Distance Distance | Distance

Diameter (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16Hn)| (1/16 in)
(DI}, inch 2 3 4 5 6 7 8 9

4.0 1.00 1.00 1.02 1.05 1.11 1.15 1.20 1.24
4.1 1.00 1.00 1.01 1.04 1.10 1.14 1.18 1.22
4.2 1.00 1.00 1.00 1.03 1.09 1.13 1.17 1.20
4.3 1.00 1.00 1.00 1.02 1.08 1.12 1.15 1.18
4.4 1.00 1.00 1.00 1.01 1.07 1.10 1.14 1.16
4.5 1.00 1.00 1.00 1.00 1.06 1.09 1.13 1.15
4.6 1.00 1.00 1.00 1.00 1.05 1.08 1.11 1.13
4.7 1.00 1.00 1.00 1.00 1.04 1.07 1.10 1.12
4.8 1.00 1.00 1.00 1.00 1503 1.06 1.09 1.11
4.9 1.00 1.00 1.00 1.00 1.02 1.05 1.08 1.10
5.0 1.00 1.00 1.00 1.00 1.01 1.04 1.07 1.09
5.1 1.00 1.00 1.00 1.00 1.00 1.03 1.06 1.08
5.2 1.00 1.00 1.00 100 1.00 1.02 1.05 1.07
5.3 1.00 1.00 1.00 1.00 1.00 1.01 1.04 1.06
5.4 1.00 1.00 1.00 1.00 1.00 1.00 1.03 1.05
5.5 1.00 1.00 1.00 1.00 1.00 1.00 1.02 1.04
5.6 1.00 1.00 1./00 1.00 1.00 1.00 1.01 1.03
5.7 1.00 1.00 1500 1.00 1.00 1.00 1.00 1.02
5.8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01
5.9 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.0 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00
6.1 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00
6.2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.5 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.6 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.7 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.9 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
7.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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TABLE B3—(Continued)

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy
End- End- End- End- End- End- End- End- End-

Quench Quench Quench Quench Quench Quench Quench Quench Quench

Ideal Di 7 i ; t i istance Distance

Diameter (4716 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16]in) (1/16 in)
(DI), inch 10 12 14 16 18 20 24 28 32
1.0 3.22 3.50 -- -- - -- -- -- --
1.1 3.07 3.34 -- -~ -- -- - -- --
1.2 2.94 3.20 3.32 3.44 -- - Al -- --
1.3 2.81 3.07 3.19 3.30 3.53 -- = -- --
1.4 2.69 2.95 3.06 3.17 3.37 3.50 3.78 -- --
1.5 2.58 2.83 2.94 3.05 3.22 3.35 3.61 -- --
1.6 2.47 2.73 2.83 2.94 3.09 3.20 3.45 3.6 3.77
1.7 2.38 2.62 2.73 2.83 2.96 3.08 3.30 3.51 3.63
1.8 2.29 2.53 2.63 2.73 2.85 2.96 3.17 3.3p 3.49
1.9 2.20 2.44 2.54 2.64 2.74 2.85 3.05 3.2p 2.36
2.0 2.12 2.35 2.45 2.55 2.65 2.74 2.94 3. 3.24
2.1 2.05 2.27 2.37 2.47 2.56 2.65 2.83 3. 3.13
2.2 1.98 2.20 2.30 2.39 2.47 2.56 2.74 2. 3.03
2.3 1.91 2.13 2.22 2.32 2.40 2.48 2.65 2. 2.93
2.4 1.85 2.06 2.16 2.25 2.32 2.41 2.57 2. 2.84
2.5 1.80 2.00 2.09 2+19 2.26 2.34 2.50 2. 2.76
2.6 1.74 1.94 2.03 2.13 2.19 2.27 2.43 2. 2.68
2.7 1.69 1.88 1.97 2.07 2.14 2.21 2.37 2. 2.61
2.8 1.65 1.83 1.92 2.02 2.08 2.16 2.31 2. 2.54
2.9 1.60 1.78 1.87 1.97 2.03 2.10 2.25 2. 2.48
3.0 1.57 1.73 1.82 1.92 1.98 2.05 2.20 2. 2.41
3.1 1.53 1.68 1.77 1.87 1.94 2.00 2.14 2. 2.36
3.2 1.49 1.64 1.73 1.83 1.89 1.96 2.10 2. 2.30
3.3 1.46 ¥)60 1.69 1.79 1.85 1.92 2.05 2. 2.25
3.4 1.43 1356 1.65 1.75 1.81 1.87 2.00 2. 2.20
3.5 1.40 1.53 1.61 1.71 1.77 1.83 1.96 2. 2.15
3.6 1.37 1.49 1.58 1.68 1.73 1.80 1.92 2. 2.10
3.7 1(35 1.46 1.54 1.64 1.70 1.76 1.87 1. 2.06
3.8 132 143 1-51 161 1-66 172 183 1 2.01
3.9 1.30 1.40 1.48 1.58 1.63 1.69 1.79 1. 1.97
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Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy

End- End- End- End- End- End- End- End- End-

Quench Quench Quench Quench Quench Quench Quench Quench Quench
Ideal Diktance Distance Oistance Distance Distance Distance Uistance Distdnce Distance

Diameter (116 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (l1/1§ in) (1/16 in)
(0I), inch 10 12 14 16 18 20 24 2 32

4.0 1.28 1.38 1.45 1.55 1.60 1.65 1.76 1.46 1.93
4.1 1.26 1.35 1.42 1.52 1.57 1.62 1.72 1.42 1.89
4.2 1.24 1.32 1.39 1.49 1.54 1.58 168 1.78 1.86
4.3 1.22 1.30 1.37 1.46 1.51 1.55 1.65 1.75 1.82
4.4 1.21 1.28 1.35 1.43 1.48 1.52 1.61 1.1 1.78
4.5 1.19 1.26 1.32 1.41 1.45 149 1.58 1.47 1.75
4.6 1.18 1.24 1.30 1.39 1.42 1.46 1.54 1.44 1.71
4.7 1.16 1.22 1.28 1.36 1.40 V.43 1.50 1.0 1.68
4.8 1.15 1.20 1.26 1.34 1.37 1.40 1.47 1.97 1.65
4.9 1.13 1.19 1.24 1.32 1.35 1.37 1.44 1.54 1.62
5.0 1.12 1.18 1.23 i.30 1432 1.35 1.41 1.51 1.59
5.1 1.11 1.17 1.21 1.28 1.30 1.32 1.38 1.48 1.56
5.2 1.10 1.16 1.20 1.26 1.28 1.30 1.36 1.45 1.53
5.3 1.09 1.15 1.18 1.24 1.26 1.28 1.33 1.42 1.50
5.4 1.08 1.14 1.17 1.22 1.24 1.25 1.31 1.39 1.48
5.5 1.07 1.13 1.16 N2l 1.22 1.23 1.30 1.37 1.45
5.6 1.06 1.12 1.15 1.19 1.20 1.21 1.28 1.34 1.43
5.7 1.05 1.10 1.14 1.18 1.18 1.20 1.26 1.32 1.41
5.8 1.04 1.09 1.13 1.16 1.17 1.18 1.25 1.30 1.38
5.9 1.03 1.08 1.12 1.15 1.16 1.16 1.24 1.28 1.36
6.0 1.02 1.07 1.11 1.13 1.14 1.15 1.22 1.36 1.34
6.1 1.01 1.06 1.10 1.12 1.13 1.14 1.21 1.24 1.32
6.2 1.00 1.05 1.09 1.11 1.12 1.13 1.20 1.23 1.30
6.3 1.00 1)04 1.08 1.10 1.11 1.12 1.19 1.31 1.28
6.4 1.00 1:03 1.07 1.09 1.10 1.11 1.18 1.20 1.27
6.5 1.00 1.02 1.06 1.08 1.09 1.10 1.17 1.18 1.25
6.6 1.00 1.01 1.05 1.07 1.08 1.09 1.16 1.17 1.23
6.7 1500 1.00 1.04 1.06 1.07 1.08 1.14 1.16 l1.21
6.8 1700 100 163 105 106 107 12 15 1.19
6.9 1.00 1.00 1.02 1.04 1.05 1.06 1.10 1.14 1.17
7.0 1.00 1.00 1.01 1.03 1.04 1.05 1.08 1.13 1.15
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TABLE B4—DISTANCE HARDNESS DIVIDING FACTORS VS JOMINY DISTANCE FOR A SPECIFIC CALCULATED DI

(BORON STEELS), mm

Jominy Jominy Jominy Jomimy Jomimy Jomtmy—deminy— Jominy
End- End- End- End- End- End- End- End-

Ideal Quench Quench Quench Quench Quench Quench Quench Quench

Critica) Distance Distance Distance Distance Distance Distance Distance Distance
Diameter  (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
(DIg), fm 4.5 6.0 7.5 9.0 10.5 12.0 13.5
40.0 1.07 1.11 1.58 2.10 2.56 -- .- --
42.5 1.06 1.10 1.43 1.89 2.34 3 - --
45.0 1.05 1.09 1.32 1.70 2.14 2.53 2.76 --
47.5 1.04 1.08 1.23 1.55 1.98 2.36 2.59 2.78
50.0 1.04 1.07 1.18 1.43 1.82 2.19 2.42 2.64
52.5 1.03 1.06 1.13 1.34 1.69 2.04 2.27 2.48
55.0 1.02 1.05 1.1 1.27 1,58 1.90 2.12 2.33
57.5 1.02 1.04 1.09 1.22 1.48 1.77 1.99 2.19
60.0 1.01 1.03 1.07 1.18 1.40 1.66 1.86 2.06
62.5 1.01 1.03 1.06 1.16 1.34 1.56 1.74 1.94
65.0 1.00 1.03 1.05 b, 14 1.29 1.47 1.64 1.83
67.5 1.00 1.02 1.04 .12 1.24 1.38 1.55 1.72
70.0 1.00 1.02 1.04 1.11 1.20 1.32 1.47 1.64
72.9 1.00 1.01 1.03 1.10 1.17 1.26 1.39 1.55
75.0 1.00 1.00 1.03 1.09 1.14 1.22 1.33 1.47
77.9 1.00 1.00 1.02 1.08 1.12 1.18 1.27 1.40
80.0 1.00 1.00 1.02 1.07 1.11 1.15 1.22 1.33
82.9 1.00 1.00 1.02 1.07 1.10 1.13 1.18 1.29
85.4 1.00 1.00 1.02 1.06 1.09 1.11 1.15 1.25
87.5 1.00 1.00 1.02 1.06 1.08 1.10 1.13 1.21
90.( 1.00 1.00 1.01 1.05 1.07 1.09 1.11 1.18
92.9 1.00 1.00 1.00 1.04 1.06 1.08 1.10 1.17
95. 100 1.00 1.00 1.03 1.05 1.07 1.09 1.15
97.¢ 1.00 1.00 1.00 1.03 1.05 1.06 1.08 1.13
100. 1.00 1.00 1.00 1.02 1.04 1.05 1.07 1.11
102. 1.00 1700 100 102 164 105 107 1.11
105.0 1.00 1.00 1.00 1.01 1.03 1.05 1.06 1.10
107.5 1.00 1.00 1.00 1.01 1.03 1.04 1.06 1.09
110.0 1.00 1.00 1.00 1.01 1.02 1.03 1.05 1.08
112.5 1.00 1.00 1.00 1.01 1.02 1.03 1.05 1.07
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B4 —(Continued)

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy
End- End- End- End- End- End- End- End-

Idedl Quench Quench Quench Quench Quench Quench Quench Quench

Critical Distance Distance Distance Distance Distance Distance ,Distance| Distance
Diamgter  (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
(DIg){ mm 4.5 6.0 7.5 9.0 10.5 12.0 13.5
11540 1.00 1.00 1.00 1.00 1.01 NO3 1.05 1.07
11715 1.00 1.00 1.00 1.00 1.01 1.02 1.05 1.06
12040 1.00 1.00 1.00 1.00 1.01 1.02 1.04 1.06
122]5 1.00 1.00 1.00 1.00 1.00 1.01 1.04 1.05
125]0 1.00 1.00 1.00 1.00 1.00 1.01 1.03 1.05
12715 1.00 1.00 1.00 1.00 1.00 1.00 1.03 1.04
130)0 1.00 1.00 1.00 1.00 1.00 1.00 1.02 1.03
132)5 1.00 1.00 1.00 1.00 1.00 1.00 1.02 1.03
135)0 1.00 1.00 1.00 1.00 1.00 1.00 1.01 1.02
13745 1.00 1.00 1.00 1.00 1.00 1.00 1.01 1.02
1400 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01
142 )5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01
145)0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01
147 )5 1.00 1.00 1,00 1.00 1.00 1.00 1.00 1.01
1500 1.00 1.00 100 1.00 1.00 1.00 - 1.00 1.00
152)5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1550 1.00 1.00 1.00 1.00 1.00 1.00 1.00 - 1.00
15715 1.00 1-00 1.00 1.00 1.00 1.00 1.00 1.00
1600 1.00 1,00 1.00 1.00 1.00 1.00 1.00 1.00
162 )5 1.00 Y. 00 1.00 1.00 1.00 1.00 1.00 1.00
165 |0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
167 )5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
170 [0 1-00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
172 |5 1:00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1750 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
177.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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TABLE B4—(Continued)

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy
End- End- End- End- End- End- End- End- End-

ldeal Eeeﬂe-h—emh—eueneh—emh—ewmh Quernch uMEH_VITEEch Quench

Critical Dfstance Distance Distance Distance Distance Distance Distance Disthnce Distance
Diameter mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm (mm)
(DIg), mm 15.0 18.0 21.0 24.0 27.0 33.0 39.0 45\.0 51.0
40.0 -- -~ -- -- -- -- .- - -
42.5 -- -~ -- -- - -- -- - -
45.0 - -- -- -~ -- -- -= -t -
47.5 -- -- -- -- -~ -- -- -r -
50.0 -~ - -- -~ -- -- -~ - --
52.5 2.66 3.02 -- -- - - -- -F --
55.0 2.50 2.85 3.35 -~ -~ -- - - --
57.5 2.35 2.69 3.17 -~ -~ -~ -- -t -
60.0 2.22 2.54 3.00 -- -- -~ -- -t --
62.5 2.10 2.41 2.84 3.17 -4 -- -- -t -
65.0 1.98 2.28 2.70 3.01 3.26 3.60 -~ -t -
67.5 1.87 2.17 2.56 2.86 3.10 3.44 3.80 4.38 -
70.0 1.78 2.06 2.44 2.72 2.95 3.28 3.61 3.96 -
72.5 1.69 1.97 2.33 2.59 2.80 3.13 3.44 3.74 4.18
75.0 1.60 1.88 2.22 2.46 2.67 3.00 3.28 3.95 3.88
77.5 1.52 1.80 2.12 2.35 2.54 2.87 3.13 3.37 3.62
80.0 1.46 1.72 2.03 2.25 2.43 2.74 2.99 3.81 3.44
82.5 1.41 1.66 1.95 2.14 2.31 2.62 2.86 3.07 3.29
85.0 1.36 1.60 1.87 2.06 2.23 2.50 2.73 2.94 3.12
87.5 1.31 1.54 1.80 1.98 2.13 2.40 2.62 2.82 3.01
90.0 1.27 1.48 1.73 1.90 2.05 2.31 2.52 2.1 2.89
92.5 1.24 1.44 1.67 1.83 1.97 2.22 2.43 2.61 2.79
95.0 1.22 1.39 1.62 1.77 1.90 2.13 2.34 2.%1 2.68
97.5 1.19 1435 1.57 1.71 1.83 2.05 2.25 2.42 2.59
100.0 1.17 1.32 1.51 1.65 1.77 1.97 2.17 2.34 2.51
102.5 1.15 1.29 1.47 1.60 1.71 1.91 2.11 2.27 2.43
105.0 113 1.25 1.43 1.55 1.66 1.85 2.04 2.20 2.36
107.5 1.2 1.23 1.39 1.51 1.62 1.79 1.98 2.14 2.28
110.0 1.11 1.21 1.35 1.47 1.57 1.73 1.92 2.07 2.20
112.5 1.10 1.18 1.32 1.43 1.53 1.69 1.87 2.02 2.14
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Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy
End- End- End- End- End- End- End- End- End-

Ideal Quench Quench Quench Quench Quench Quench Quench Quench Quench

Critical Distance Distance Distance Distance Distance Distance Distance\ "D{stance Distance
Diameter (mm) (mm) (mm) (mm) (mm) (mm) (mm) mm) (mm)
(DIg), mm 15.0 18.0 21.0 24.0 27.0 33.0 390 45.0 51.0
115.0 1.09 1.17 1.29 1.40 1.49 1.64 1.82 1.97 2.08
117.5 1.08 1.16 1.26 1.36 1.45 1.60 1.77 1.92 2.05
120.0 1.08 1.15 1.24 1.33 1.42 1.56 1.72 1.87 2.02
122.5 1.07 1.13 1.22 1.31 1.40 1563 1.68 1.83 1.98
125.0 1.06 1.12 1.20 1.29 1.37 1.50 1.64 1.79 1.92
127.5 1.05 1.11 1.18 1.27 1.35 1.47 1.61 1.75 1.89
130.0 1.04 1.10 1.17 1.25 1.33 1.44 1.57 1.71 1.85
132.5 1.04 1.08 1.15 1.23 1.30 1.41 1.54 1.67 1.78
135.0 1.03 1.07 1.14 1.21 128 1.39 1.52 1.64 1.75
137.5 1.03 1.07 1.12 1.19 1.26 1.37 1.49 1.60 1.70
- 140.0 1.02 1.06 1.11 1.18 1.24 1.34 1.46 1.57 1.67
142.5 1.02 1.05 1.10 1.16 1.22 1.32 1.43 1.54 1.65
145.0 1.02 1.05 1.09 115 1.21 1.30 1.41 1.51 1.61
147.5 1.01 1.04 1.08 1.14 1.19 1.28 1.38 1.48 1.58
150.0 1.01 1.04 1.07 1.13 1.18 1.27 1.37 1.46 1.55
152.5 1.00 1.03 1.06 1.11 1.16 1.25 1.35 1.44 1.53
155.0 1.00 1.02 1.06 1.11 1.15 1.22 1.32 1.41 1.50
157.5 1.00 1.01 1.05 1.09 1.13 1.21 1.30 1.38 1.46
160.0 1.00 1.01 1.04 1.08 1.12 1.19 1.28 1.35 1.42
162.5 1.00 1.01 1.03 1.07 1.11 1.17 1.25 1.33 1.41
165.0 1.00 34201 1.03 1.06 1.09 1.15 1.23 1.30 1.37
167.5 1.00 1.01 1.02 1.05 1.08 1.13 1.20 1.27 1.34
170.0 1.00 1.00 1.01 1.04 1.07 1.11 1.17 1.24 1.31
172.5 1.00 1.00 1.00 1.03 1.05 1.09 1.15 1.20 1.25
175.0 1.00 1.00 1.00 1.03 1.05 1.08 1.12 1.17 1.22
177.5 1.00 1.00 1.00 1.02 1.04 1.06 1.10 1.14 1.18
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TABLE B5—DISTANCE HARDNESS DIVIDING FACTORS VS JOMINY DISTANCE FOR A SPECIFIC CALCULATED DI
(BORON STEELS), INCH

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy

End- End- End- End- End- End- End- End-

Quench Quench Quench Quench Quench Quench Quench Quench

Ideal Distance Distance Distance Distance Distance Distance Distance Distance
Diameter (1/16 in) (1716 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in) (1/16 in)

(DIg), inch 2 3 4 5 6 7 8 9
1.5 1.10 1.14 1.88 2.52 2.90 322 - --
1.6 1.08 1.12 1.65 2.20 2.70 3.02 -- -
1.7 1.07 1.10 1.47 1.95 2.50 2.82 3.00 --
1.8 1.06 1.09 1.34 1.75 2.31 2.63 2.82 3.00
1.9 1.05 1.08 1.25 1.59 2.14 2.45 2.66 2.83
2.0 1.04 1.07 1.19 1.46 198 2.28 2.51 2.70
2.1 1.03 1.06 1.14 1.36 1.83 2.12 2.36 2.52
2.2 1.02 1.05 1.11 1.29 1.70 1.98 2.21 2.38
2.3 1.02 1.04 1.09 1.24 1.58 1.84 2.08 2.24
2.4 1.01 1.03 1.08 1.20 1.48 1.72 1.95 2.11
2.5 1.01 1.03 1.07 147 1.39 1.61 1.83 1.99
2.6 1.00 1.03 1.06 1.15 1.31 1.52 1.72 1.87
2.7 1.00 1.02 1.05 1.14 1.25 1.43 1.62 1.77
2.8 1.00 1.02 1.05 1.13 1.20 1.36 1.53 1.69
2.9 1.00 1.01 1,04 1.12 1.16 1.30 1.45 1.59
3.0 1.00 1.00 04 1.11 1.14 1.24 1.38 1.50
3.1 1.00 1.00 1.03 1.10 1.12 1.20 1.31 1.42
3.2 1.00 1.00 1.03 1.09 1.10 1.17 1.25 1.37
3.3 1.00 1.00 1.02 1.08 1.09 1.14 1.20 1.32
3.4 1.00 1.00 1.02 1.07 1.08 1.12 1.17 1.28
3.5 1.00 100 1.01 1.06 1.07 1.10 1.14 1.24
3.6 1.00 1.00 1.00 1.05 1.06 1.09 1.12 1.22
3.7 1.00 1.00 1.00 1.04 1.05 1.08 1.10 1.19
3.8 1.00 1.00 1.00 1.04 1.05 1.07 1.09 1.17
3.9 1.00 1.00 1.00 1.03 1.04 1.06 1.08 1.15
4.0 1.00 1.00 1.00 1.03 1.04 1.06 1.08 1.13
4.1 1.00 1.00 1.00 1.02 1.04 1.06 1.07 1.12
4.2 1.00 1.00 1.00 1.02 1.03 1.05 1.07 1.11
4.3 1.00 1.00 1.00 1.01 1.03 1.04 1.06 1.10
4.4 1.00 1.00 1.00 1.01 1.03 1.04 1.06 1.09

- 37 —



https://saenorm.com/api/?name=753d804eb9c85fdf722c4d0c28e5ab3b

SAE J406 Revised NOV90

TABLE B5—(Continued)

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy

End- End- End- End- End- End- End- End-

Quench Quench Quench Quench Quench Quench Quench Quench

Ideal Distance Distance Distance Distance Distance Distance D¥stancsg Distance
Diameter (1/16 in) (1/16 in) (1716 in)  (1/16 in) (1/16 in) (1716 in)Y ™\ “(1/16 inp) (1/16 in)
(DIg), inch 2 3 4 5 6 7 8 9

4.5 1.00 1.00 1.00 1.00 1.03 1,04 1.06 1.08
4.6 1.00 1.00 1.00 1.00 1.02 o4 1.06 1.07
4.7 1.00 1.00 1.00 1.00 1.02 1.03 1.05 1.07
4.8 1.00 1.00 1.00 1.00 1.01 1.03 1.05 1.06
4.9 1.00 1.00 1.00 1.00 1.0 1.03 1.04 1.06
5.0 1.00 1.00 1.00 1.00 1200 1.02 1.04 1.05
5.1 1.00 1.00 1.00 1.00 1.00 1.01 1.03 1.04
5.2 1.00 1.00 1.00 1.00 1.00 1.01 1.03 1.04
5.3 1.00 1.00 1.00 1.00 1.00 1.00 1.02 1.03
5.4 1.00 1.00 1.00 1.00 1.00 1.00 1.02 1.03
5.5 1.00 1.00 1.00 1.00 1.00 1.00 1.01 1.02
5.6 1.00 1.00 1.00 1.00 1.00 1.00 1.01 1.02
5.7 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01
5.8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01
5.9 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00
6.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.4 1.00 1,00 1.00 1.00 1.00 1.00 1.00 1.00
6.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.6 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00.
6.7 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.8 1500 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.9 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
7.0 100 100 1. 00 1.00 1.00 1.00 1.00 1.00
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TABLE B5—(Continued)

Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy
End- End End £ad End End End knd- End-
Quenct Quench Quench Quench Quench Quench Quench Q4ench Quench
Ideal Distange Distance Distance Distance Distance Distance Distance Digtance Distance
Diameter (1/16 1n) (1716 in) (1716 in) (1716 in) (1/16 in)  (1/16 in)  (1/16 im)~ (1416 in) (1/16 in)
(DIg), tnch 10 12 14 16 18 20 24 28 32
1.5 -- -- - -~ -~ -- - -~ --
1.6 -- -- -- -- -- -- -- -- --
1.7 - -~ - - -- - -~ - -
1.8 -- -- -- -- -- -- -- ~- --
1.9 3.08 -- -- -- -- - -- -- --
2.0 2.88 3.34 -- -- -- -- -- -- --
2.1 2.70 3.15 3.70 -- -- -- -- -- --
2.2 2.53 2.98 3.48 3.87 -- -- -- -- --
2.3 2.38 2.82 3.29 3.65 -- -- -- -- --
2.4 2.24 2.67 3.11 3.45 3.64 -- -- -- --
2.5 2.12 2.54 2.95 3.26 3.45 3.62 4.00 -= -
2.6 2.00 2.41 2.79 3.09 3.28 3.46 3.86 4.23 --
2.7 1.90 2.29 2.65 2.93 3.12 3.30 3.67 4.00 -
2.8 1.80 2.18 2.52 2.78 2.97 3.15 3.50 3.78 4.27
2.9 1.72 2.08 2.40 2.64 2.83 3.01 3.33 3.59 4.01
3.0 1.64 1.99 2.29 2.52 2.70 2.88 3.18 3.41 3.78
3.1 1.57 1.91 2.19 2.40 2.57 2.75 3.03 3.25 3.57
3.2 1.51 1.83 2.10 2.30 2.46 2.63 2.90 3.10 3.39
3.3 1.45 1.75 2.01 2.20 2.35 2.51 2.77 .97 3.22
3.4 1.40 1.69 193 2.10 2.25 2.40 2.66 .84 3.07
3.5 1.35 1.62 1.85 2.01 2.16 2.30 2.55 .73 2.94
3.6 1.31 1.57 1.78 1.93 2.07 2.21 2.45 .63 2.82
3.7 1.27 151 1.72 1.86 2.00 2.12 2.35 .54 2.71
3.8 1.24 1N47 1.66 1.80 1.92 2.04 2.26 b.44 2.61
3.9 1.21 1.42 1.60 1.74 1.85 1.96 2.18 .36 2.52
4.0 1.19 1.38 1.55 1.68 1.78 1.89 2.11 p.29 2.44
4.1 1.16 134 156 163 173 182 204 .21 2.37
4,2 1.14 1.31 1.46 1.58 1.68 1.76 1.98 2.15 2.30
4.3 1.13 1.28 1.42 1.54 1.62 1.71 1.92 2.09 2.23
4.4 1.11 1.25 1.38 1.50 1.58 1.66 1.86 2.03 2.17
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TABLE B5—(Continued)

Jomipy Jominy Jominy Jominy Jominy Jominy Jominy Jominy Jominy
Endt End- End- End- End- End- End- End- End-
Quengh Quench Quench Quench Quench Quench Quench Quench Quench
Ideal Distapce Distance Distance Distance Distance Distance Distance Dlistance Distance
Diameter (1/16]in) (1/16 in) (1/16 in) (1716 in) (1/16 in) (1/16 in) (1/167in) (/16 in) (1/16 in)
(0Ig), inch 10 12 14 16 18 20 24 28 32
4.5 1.19 1.23 1.35 1.46 1.54 1.61 1.81 1.97 2.11
4.6 1.09 1.21 1.32 1.43 1.50 1.57 1.76 1.92 2.06
4.7 1.09 1.19 1.29 1.40 1.47 1.53 1.72 1.87 2.00
4.8 1.08 1.17 1.26 1.37 1.44 1.50 1.67 1.83 1.96
4.9 1.0y 1.15 1.24 1.35 1.41 1.47 1.63 1.79 1.91
5.0 1.0 1.14 1.21 1.32 1.38 1.44 1.60 1.75 1.87
5.1 1.0p 1.13 1.19 1.30 1.36 1.41 1.56 1.71 1.82
5.2 1.0p 1.11 1.17 1.28 1734 1.39 1.53 1.67 1.78
5.3 1.0 1.10 1.16 1.26 131 1.36 1.50 1.63 1.74
5.4 1.0p 1.09 1.14 1.24 1.29 1.34 1.47 1.60 1.70
5.5 1.0B 1.08 1.13 1.22 1.27 1.32 1.44 1.57 1.67
5.6 1.08 1.07 1.12 120 1.25 1.30 1.41 1.54 1.63
5.7 1.08 1.07 1.11 19 1.24 1.28 1.39 1.51 1.60
5.8 1.0p 1.06 1.10 1.17 1.22 1.26 1.37 1.48 1.57
5.9 1.0p 1.05 1.09 1.16 1.20 1.25 1.35 1.45 1.53
6.0 1.0 1.04 1,08 1.14 1.18 1.23 1.33 1.43 1.50
6.1 1.0 1.03 1.08 1.13 1.16 1.21 1.30 1.40 1.47
6.2 1.0 1.02 1.07 1.11 1.15 1.19 1.28 1.38 1.44
6.3 1.0 1.02 1.06 1.10 1.14 1.17 1.26 1.35 1.41
6.4 1.0 1.01 1.05 1.09 1.12 1.15 1.24 1.32 1.39
6.5 1.0 101 1.04 1.08 1.10 1.13 1.21 1.30 1.35
6.6 1.0 101 1.03 1.07 1.08 1.12 1.18 1.27 1.32
6.7 1.0 1.00 1.02 1.06 1.08 1.10 1.16 1.24 1.29
6.8 1.0 1.00 1.01 1.05 1.07 1.08 1.14 1.20 1.25
6.9 1.0 1.00 1.01 1.05 1.06 1.07 1.12 1.17 1.21
7.0 1.0 1.00 1.00 1.04 1.05 1.08 1.10 1.14 1.17
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TABLE B6—HARDENABILITY MULTIPLYING FACTORS VS % ELEMENT (NON-BORON STEELS), INCH

‘ % Carbon-

Element Grain Size 7 Mn Si Ni Cr Mo Cu v
0.01 0.005 1.033 1.007 1.004 1.022 1.03 1.00 1.02
0.02 0.011 1.067 1.014 1.007 1.043 1,06 1.01 1.03
0.03 0.016 1.100 1.02Y 1.011 1.065 1.09 1.01 1.05
0.04 0.021 1.133 1.028 1.015 1.086 1.12 1.02 1.07
0.05 0.026 1.167 1.035 1.018 1,108 1.15 1.02 1.09
0.06 0.032 1.200 1.042 1.022 1.130 1.18 1.02 1.11
0.07 0.038 1.233 1.049 1.026 1.151 1.21 1.03 1.2
0.08 0.043 1.267 1.056 1.029 1.173 1.24 1.03 Il4
0.09 0.049 1.300 1.063 1.033 1.194 1.27 1.03 16
0.10 0.054 1.333 1.070 1.036 1.216 1.30 1.04 1.17
0.11 0.059 1.367 1.077 1.040 1.238 1.33 _Uy04 1.19
0.12 0.065 1.400 1.084 1.044 1,259 1.36.V1.05 1.21
0.13 0.070 1.433 1.091 1.047 1.281 1.39 >1.05 1,22
0.14 0.076 1.467 1.098 1.051 1.302 ~1.42 1.05 1.24
0.15 0.081 1.500 1.105 1.055 1.324 1.45 1.06 1.26
0.16 0.086 1.533 1.112 1.058 1, 346 1.48 1.06 1.28
0.17 0.092 1.567 1.119 1.062 1,367 1.51 1.06 1.29
0.18 0.097 1.600 1.126 1.066 \1.389 1.5 1.07 1.31
0.19 0.103 1.633  1.133  1.0690 1.410 1.57 1.07 1.33
0.20 0.108 1.667 1.140 13073 1.432 1.60 1.07 1.35
0.21 0.113 1.700 1.147 1.077 1.454 1.63 1.08 --
0.22 0.119 1.733 1.154 1.080 1.475 1.66 1.08 --
0.23 0.124 1.767 17161 1.084 1.497 1.69 1.09 --
0.24 0.130 1.800 1168 1.088 1.518 1.72 1.09 —--
0.25 0.135 1-833 1.175 1.091 1.540 1.75 1.09 --
0.26 0.140 N.867 1.182 1.095 1.562 1.78 1.10 --
0.27 0.146 1.500 1.189 1.098 1.583 1.81 1.10 --
0.28 0.151 1.933 1.196 1.102 1.605 1.84 1.10 --
0.29 0.157 1.967 1.203 1.106 1.626 1.87 1.11 -
0.30 09162 2.000 1.210 1.109 1.648 1.90 1.11.  --
0.31 0.167 2.033 1.217 1.113 1.670 1.93 1.11 --
0.32 0.173 2.067 1.224 1.117 1.691 1.96 1.12 --
0.33 0.178 2.100 1.231 1.120 1.713 1.99 1.12 --
0.34 0.184 2.133 1.238 1.124 1.734  2.02 1.12 --
0.-35 0.189 2.167 1.245 1.128 1.756 2.05 1.13 --
036 0.194 2200 1252 1131 1.776 208 113 e
0.37 0.200 2.233 1.259 1.135 1.799 2.11 1.14 --
0.38 0.205 2.267 1.266 1.139 1.821 2.14 1.14 --
0.39 0.211 2.300 1.273 1.142 1.842 2.17 1.14 --
0.40 0.213 2,333 1.280 1.146 1.864 2.20 1.15 --
0.41 0.216 2.367 1.287 1.150 1.886 2.23 1.15 --
0.42 0.218 2.400 1.294 1.153 1.907 2.26 1.15 .-
0.43 0.221 2.433 1.301 1.157 1.929 2.29 1.16 --
0.44 0.223 2.467 1.308 1.160 1.950 2.32 1.16 --
0.45 0.226 2.500 1.315 1.164 1.972 2.35 1.16 --
0.46 0.228 2.533 1.322 1.168 1.994 2.38 1.17 -
0.47 0.230 2.567 1.329 1.171 2.015 2.41 1.17 .-
0.48 0.233 2.600 1.336 1.175 2.037 2.44 1.18 --
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TABLE B6—(Continued)

% Carbon-

Element Grain Size 7 Mn Si Ni Cr Mo Cu v
0.49 0.235 2.633 1.343 1.179 2.058 2.47 1.18 --
0.50 0.238 2.667 1.350 1.182 2.080 2.50 1.18 --
0.51 0.242 2.700 1.357 1.186 2.102 2.53 1.19 --
0.52 0.244 2.733  1.364 1.190 2.123 2.56 1.19 .-
0.53 0.246 2.767 1.371 1.193 2.145 2.59 1.19 --
054 6249 2-800—1-378 1197 2166262 120 ==
0.55 0.251 2.833 1.385 1.201 2.188 2.65 1.20 -
0.56 0.253 2.867 1.392 1.204 2.210 -- -~ --
0.57 0.256 2.900 1.399 1.208 2.231 -- -- Se
0.58 0.258 2.933  1.406 1.212 2.253 -- .- --
0.59 0.260 2.967 1.413 1.215 2.274 -- -- --
0.60 0.262 3.000 1.420 1.219 2.296 -- =< --
0.61 0.264 3.033 1.427 1.222 2.318 -- -- -
0.62 0.267 3.067 1.434 1.226 2.339 =X -- --
0.63 0.269 3.100 1.441 1.230 2.361 -4 -- --
0.64 0.271 3.133 1.448 1.233 2,382 - -- --
0.65 0.273 3.167 1.455 1.237 .2.404 -- -~ -
0.66 0.275 3.200 1.462 1.241, 2426 -- -- --
0.67 0.277 3.233  1.469 1.244.72.447 -- -~ --
0.68 0.279 3.267 1.476 1.248 2.469 -- -- --
0.69 0.281 3.300 1.483 1.252 2.490 -— -- --
0.70 0.283 3.333  1.4907 1.255 2.512 - - --
0.71 0.285 3.367 1497 1.259 2.534 -- -~ --
0.72 0.287 3.400 . (1)504 1.262 2.555 -- -- --
0.73 0.289 3.433 1.511 1.266 2.577 -- - -
0.74 0.291 3.467 1.518 1.270 2.596 -- - --
0.75 0.293 3500 1.525 1.273 2.620 -- -- -~
0.76 0.295 3.533 1.532 1.276  2.642 -- -- --
0.77 0.297 3.567 1.539 1.280 2.663 -- -- -
0.78 0.299 3.600 1.546 1.284 2.685 -- - -
0.79 0n301 3.633 1.553 1.287 2.706 -- -- --
0.80 0.303 3.667 1.560 1.291 2.728 -- - -
0.81 0.305 3.700 1.567 1.284 2.750 -- -- --
0.82 0.307 3.733 1.574 1.298 2.771 -- -~ -
0.83 0.309 3.767 1.581 1.301 2.793 -- - -
0,84 0.310 3.800 1.588 1.306 2.814 -- -- -
085 n312 2 833 1598 1 308 2 R34 = == -
0.86 0.314 3.867 1.602 1.313 2.858 -- -- --
0.87 0.316 3.900 1.609 1.317 2.879 - -- .-
0.88 0.318 3.933 1.616 1.320 2.900 -- -- --
0.89 0.319 3.967 1.623 1.324 2.922 - -- --
0.90 0.321 4,000 1.630 1.327 2.944 - - -
0.91 - 4,033 1.637 1.331 2.966 -- -- --
0.92 - 4,067 1.644 1.334 2.987 -- -~ --
0.93 -- 4,100 1.651 1.338 3.009 - -- -
0.94 -- 4.133 1.658 1.343 3.030 -- - --
0.95 -- 4,167 1.665 1.345 3.052 -- -~ --
0.96 -- 4.200 1.672 1.349 3.074 -- -- ~-
0.97 - 4.233 1.679 1.352 3.095 -- -- -
0.98 -- 4,267 1.686 1.356 3.117 -~ -- --
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TABLE B6—(Continued)

% Carbon-

Element Grain Size 7 Mn Si Ni Cr

0.99 -- 4.300 1.693 1.360 3.138 -- -- -
1.00 -- 4.333 1.700 1.364 3.160 -- -- -
1.01 -- 4.367 1.707 1.367 3.182 -- -- -
1.02 -- 4.400 1.714 1.370 3.203 -- -- --
1.03 -- 4,433 1.721 1.375 3.225 -~ -- --
1.04 - 4,467 1.728 1.378 3.246 -- -- --
1.05 -- 4,500 1.735 1.382 3.268 -- -- -
106 4—533—1F42—1-386—3-200 == ==
1.07 -- 4,567 1.749 1.389 3.311 -- -- -~
1.08 -- 4,600 1.756 1.393 3.333 -- -- -
1.09 -- 4,633 1.763 1.396 3.354 -~ -- -
1.10 -- 4,667 1.770 1.400 3.376 -- -- -
1.11 -- 4,700 1.777 1.403 3.398 -- -- -
1.12 -- 4,733 1.784 1.406 3.419 -- &2 --
1.13 -- 4,767 1.791 1.411 3.441 - - -
1.14 -- 4.800 1.798 1.414 3.462 - -- --
1.15 -- 4.833 1.805 1.418 3.484 -- -- --
1.16 -- 4,867 1.812 1.422 3.506 - -- --
1.17 -- 4.900 1.819 1.426 3:527 -- -- -
1.18 -- 4,933 1.826 1.429 3.549 -- - -
1.19 -- 4.967 1.833 1.433¢..3.570 -- -- --
1.20 -~ 5.000 1.840 1,437 3.592 -- -- -
1.21 -- 5.051 1.847 (12440 3.614 -- -- -
1.22 -- 5.102 1.854:-1.1.444 3,635 -- -- -
1.23 -- 5.153 1.86)~ 1.447 3.657 - -~ --
1.24 -- 5.204 1.868 1.450 3.678 -- -- --
1.25 -- 5.255/. 1.875 1.454 3.700 -- -- --
1.26 -- 5.306° 1.882 1.458 3.722 -- -- -
1.27 -- 5.357 1.889 1.461 3.743 - - --
1.28 -- 5.408 1.896 1.465 3.765 -~ -—- --
1.29 -- 5.459 1.903 1.470 3.786 -- -- -
1.30 -- 5.510 1.910 1.473 3.808 -- -- -
1.31 -- 5.561 1.917 1.476 .3.830 -- - --
1.32 = 5.612 1.924 1.481 3.851 - -- --
1.33 = 5.663 1.931 1.484 3,873 -- -- --
1.34 -- 5.714 1,938 1.487 3.984 -- -- --
1.35 -- 5.765 1.945 1.491 3.916 -- -- -
}.36 -- 5.816 1.952 1.495 3.938 -- == --
1.37 - 5.867 1.959 1.498 3.959 -- -- --
1.38 -- 5.918 1.966 1.501 3.981 -- -= -=
1.39 -- 5.969 1.973 1.506 4.002 -- -- --
1.40 -- 6.020 1.980 1.509 4.024 - -- --
1.41 -- 6.071 1.987 1.512 4.046 -- -- --
1.42 -- 6.122 1.994 1.517 4.067 -- -- -
1.43 -- 6.173 2.001 1.520 4.089 -- - -
1.44 -- 6.224 2.008 1.523 4.110 -- - --
1.45 -- 6.275 2.015 1.527 4.132 -- -- -
1.46 - 6.326 2.022 1.531 4.154 -- -- -
1.47 -- 6.377 2.029 1.535 4.175 -~ -- -
1.48 -- 6.428 2.036 1.538 4.197 -- -- --
1.49 -- 6.479 2.043 1.541 4.217 .- -- --
1.50 -- 6.530 2.050 1.545 4.239 -- -- -
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% Carbon-

‘Element  Grain Size 7 Mn Si Ni Cr Mo Cu v
1.51 -- 6.581 2.057 1.556 4.262 -- -- --
1.52 -- 6.632 2.064 1.561 4.283 -- - -
1.53 -- 6.683 2.071 1.565 4.305 -- -- --
1.54 -- 6.734 2.078 1.569 4.326 -- - --
1.55 -- 6.785 2.085 1.574 4.348 -- -- --
1.56 -- 6.836 2.092 1.578 4.369 -- -- --
1.57 -- 5.887 Z.099 1.58¢ 4391 == == -
1.58 -- 6.938 2.106 1.586 4.413 -- - --
1.59 -- 6.989 2.113 1.591 4.434 -- -— --
1.60 -- 7.040 2.120 1.595 4.456 -- - =
1.61 -- 7.091 2.127 1.600 4.478 -- -- --
1.62 -- 7.142 2.134 1.604 4.499 -- -- --
1.63 -~ 7.193 2.141 1.609 4.521 -- - ~=
1.64 - 7.224 2.148 1.613 4.542 -- - --
1.65 -- 7.295 2.155 1.618 4.564 == —-- --
1.66 -- 7.346  2.162 1.622 4.586 -- -- --
1.67 -~ 7.397 2.169 1.627 4.607 -- -- -
1.68 -- 7.448 2.176 1.631 4.629 -- -- --
1.69 -- 7.499 2.183 1.636, 4v650 -- -- -
1.70 -- 7.550 2.190 1.640 \4.672 -- - -
1.71 -- 7.601 2.197 1644 4.694  -- -- --
1.72 - 7.652 2.204 1.648 4.715 -- - -
1.73 -- 7.703  2.2117, 1.652 4.737 -- -- --
1.74 - 7.754 2.218 1.656 4.759 -- -- -
1.75 -- 7.805 _2)225 1.660 4.780 -- -~ --
1.76 -- 7.856, 2.232 1.664 -- -- -- -
1.77 -~ 7.907 2.239 1.668 -- -- -- -
1.78 -~ 7958 2.246 1.672 -- - -- -
1.79 -- 8.009 2.253 1.676 -- -- -- --
1.80 -- 8.060 2.260 1.680 -- - -- --
1.81 - 8.111 2.267 1.687 -~ -- -- --
1.82 -Q 8.162 2.274 1.694 -- -- - --
1.83 . 8.213 2.281 1.701 -- - -- -
1.84 -- 8.264 2.288 1.708 - - -- -
1.85 -- 8.315 2.295 1.715 -- -- -- -
1.86 -= 8.366 2.302 1.722 -- -—- -- -
1787 -- 8.417 2.309 1.729 -- -- -- --
1.88 == ©.400 C.010 1730 i ==

1.89 -- 8.519 2.323 1.743 -- -- -- --
1.90 -- 8.570 2.330 1.750 -- -- -- -
1.91 -- 8.671 2.337 1.753 -- -- -- -
1.92 - 8.672 2.344 1.756 - -- -- --
1.93 -- 8.723 2.351 1.759 -- ~-- - -
1.94 -- 8.774 2.358 1.761 -- -- -- --
1.95 -- 8.825 2.364 1.765 -- -- -~ --
1.96 -- -- 2.372 1.767 - - -- --
1.97 -- -- 2.379 1.770 -- -- -- -
1.98 -- -- 2.386 1.773 -- -- - -—
1.99 -- -- 2.393 1.776 - -- -- -
2.00 -- -- 2.400 1.779 - -- -- --
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TABLE B7—EXAMPLE OF DI CALCULATION

Multiplying Factor

Element % (Table B1)
Carbon 0.22 0.119
Manganese 0.80 3.667
Silicon 0.18 1.126
Nickel 0.10 1.036
Chromium 0.43 1.929
Mgla‘bdemm 0. 28 1. .78
Copper 0.10 1.04
DI = 0.119 x 3.667 x 1.126 x 1.036 x 1.929 x 1.75 x 1.04 = 1.79 in (45.5,mm)
TABLE B8—EXAMPLE OF ACTUAL BORON FACTOR DETERMINATION
Composifioa, % c Mn Si N1 Cr Mo B Calc DI (Boron Exdluded)
0.29 1.25 0.20 0.13 0.07 0.03) 0.0015 31.5 mm (1.24 1n)'
End-Quench| test Results, mm
"J" Position (mm) 1. 3.0 4.5 6.0 7.5 9.0 10.5 12.0 13.5 15.0 18.0 [21.0 24.0
Hardness| HRC 50 50 49 49 47 46 43 40 35 30 25 23 21
End-Quench| Test Results, inches
"J" Position
(1/16 in 1 2 3 4 5 6 7 8 9 10 12 14 16
Hardness], HCR 50 50 43 48 47 45 41 38 33 28 25 22 20
TABLE B9—INITIAL HARDNESS AND 50% MARTENSITE HARDNESS VS % CARBON
Hardness-- Hardness-- Hardpess--
% Hirdness-- HRE % Hardness-- HRC % Hardness-- HRC
Carbon HRC 50% Carbon HRC 50% Carbon HRC 5p%
Content nitial Martensite Content Initial Martensite Content Initial Martensite
0.10 38 26 0.30 50 37 0.50 61 7
0.11 39 27 0.31 51 38 0.51 61 7
0.12 40 27 0.32 51 38 0.52 62 18
0.13 40 28 0.33 52 39 0.53 62 18
0.14 49 28 034 53 AQ 054 53 8
0.15 41 29 0.35 53 40 0.55 63 49
0.16 42 30 0.36 54 41 0.56 63 49
0.17 42 30 0.37 55 41 0.57 64 50
0.18 43 31 0.38 55 42 0.58 64 50
0.19 44 31 0.39 56 42 0.59 64 51
0.20 44 32 0.40 56 43 0.60 64 51
0.21. 45 32 0.41 57 43 0.61 64 51
0.22. 45 33 0.42 57 43 0.62 65 51
0.23 46 34 0.43 58 44 0.63 65 52
0.24 46 34 0.44 58 44 0.64 65 52
0.25 47 35 0.45 59 45 0.65 65 52
0.26 48 35 0.46 59 45 0.66 65 52
0.27 49 36 0.47 59 45 0.67 65 53
0.28 49 36 0.48 59 46 0.68 65 53
0.29 50 37 0.49 60 46 0.69 65 53
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TABLE B10—DI VS JOMINY DISTANCE FOR 50% MARTENSITE (mm)

IIJ" DI IlJll DI IIJ" DI
mm mm mm mm mm mm
1.0 8.4 18.0 94.2 35.0 137.1
2.0 15.7 19.0 97.1 36.0 139.1
3.0 22.9 20.0 100.6 37.0 140.9
4.0 29.7 21.0 103.7 38.0 142.8
5.0 36.3 22.0 106.5 39.0 144.7
6.0 42.9 23.0 109.7 40.0 146.4
7.0 48.2 24.0 112.2 41.0 148.3
8.0 54.2 25.0 114.9 42.0 150.1
9.0 59.5 26.0 117.4 43.0 151.7

10.0 64.2 27.0 119.9 44.0 153.4

11.0 68.6 28.0 122.4 45.0 154.1
12.0 72.1 29.0 124.7 46.0 156.5
13.0 76.4 30.0 127.1 47.0 1578
14.0 80.1 31.0 129.0 48.0 1592

15.0 84.0 32.0 131.4 49.0 160.5
16.0 87.6 33.0 133.5 50.0 161.8
17.0 90.1 34.0 135.2 -~ --

TABLE B11—DI VS JOMINY DISTANCE FOR 50% MARTENSITE (INCH)

lldll DI "J" DI "J" DI
1/16 in in 1/16 in in 1/16 in in
0.5 0.27 11.5 3.74 22.5 5.46
1.0 0.50 12.0 3.83 23.0 5.51
1.5 0.73 12.5 3.94 23.5 5.57
2.0 0.95 13.0 4.04 24.0 5.63
2.5 1.16 13.5 4.13 24.5 5.69
3.0 1.37 14.0 4.22 25.0 5.74
3.5 1.57 14.5 4.32 25.5 5.80
4.0 1.75 15.0 4.40 26.0 5.86
4.5 1.93 15.5 4.48 26.5 5.91
5.0 2.12 16.0 4.57 27.0 5.96
5.5 2.29 16.5 4.64 27.5 6.02
6.0 2.45 17.0 4.72 28.0 6.06
6.5 2.58 17.5 4.80 28.5 6.12
70 272 1850 487 290 6716
7.5 2.86 18.5 4.94 29.5 6.20
8.0 2.97 19.0 5.02 30.0 6.25
8.5 3.07 19.5 5.08 30.5 6.29
9.0 3.20 20.0 5.15 31.0 6.33
9.5 3.32 20.5 5.22 31.5 6.37
10.0 3.43 21.0 5.28 32.0 6.42
10.5 3.54 21.5 5.33 -- -
11.0 3.64 22.0 5.39 -- --
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