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Hardenability data may be used to estimate hardnesses obtainable with any steel in new machine parts not yet in
production and not similar to any parts on which production experience is available. Various hardenability application
methods are described in the selected references, Section 2.1, 23 to 25. It appears none of these methods are precise,
but these are often useful for estimation purposes. Final correlation on actual parts is necessary.

2. REFERENCES
2.1 Applicable Publications

The following publications form a part of the specification to the extent specified herein. Unless otherwise indicated the
latest revision of SAE publications shall apply.

2.1.1 SAE Publicafions

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

1. SAE J417 Hardness Test and Hardness Number Conversion
2. SAEEA406 Hardenability Prediction Calculator

3. W. E. Jominy and A. L. Boegehold, "A Hardenability Test for Carburizing Steel," ASM Transagtions, Vol. 26 (1938,
No. 2, pp 574-599)

4. J.L.Burns, T. L|Moore, and R. S. Archer, "Quantitative Hardenability," ASM Transactions, Vol[26 (1938), No. 1, pp
1-33

5. W. E. Jominy, "A|Hardenability Test for Shallow Hardening Steels," ASM Transactions, Vol. 27 (1939) pp 1072-1085
6. Symposium on Hardenability of Alloy Steels, ASM*1939

7. M. Asimow and M. A. Grossmann, "Hardening Characteristics of Various Shapes," AMS Transagtions, Vol. 28 (1940)
pp 949-977

8. "Standardization [Sought in Determining the Hardenability of Steels" (A symposium), SAE Journg, Vol. 49, No. 1 (July
1941) pp 266-2903

9. A. E. Focke, "Hafdenability 6f'Steel," Iron Age, Aug. 20, 1942 pp 37—40: Aug. 27, 1942, pp. 43-H1; Sept. 3, 1942, pp
56-59

10. Morse Hill "The Bnd-Quénch Test: Reproducibility," ASM Transactions, Vol. 31 (1943), P 923 ff.

11. Symposium on the Hardenability of Steel, Special Report No. 36, British Iron and Steel Institute, 1946

12. G. K. Manning, "End Quench Hardenability Versus Hardness of Quenched Rounds," Metal Progress, Vol. 50, No. 4
(October 1946) pp 674-650

13. E. W. Wienman, R. F. Thomson, and A. L. Boegehold, "Correlation of End Quenched Test Bars and Rounds in Terms
of Hardness and Cooling Characteristics," ASM Transactions, Vol. 44 (1952) pp 802—834

14. G. K. Manning, "Comparison of Tests of Hardenability of Shallow Hardening Steels," SAE Journal, Vol. 61, July 1953,
pp 30-36

15. D. J. Carney, "Another Look at Quenchants, Cooling Rates and Hardenability," ASM Transactions, Vol. 46 (1954), pp
882925
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The following publications are provided for information purposes only and are not a required part of this document.

2.2.1

ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, Tel:
610-832-9585, www.astm.org.

ASTM A 255

End-

quench Test for Hardenability of Steel


https://saenorm.com/api/?name=b0212eb0bebd8a856908fe09f301ceb5

SAE

J406 Revised MAR2009

Page 4 of 47

2.2.2 Other Publications

DIN 50191 Hard

JIS G 0561 Meth

enability Testing of Steel by End Quenching

od of Hardenability Testing (End-Quenching Method)

3. HARDENABILITY TEST FOR MEDIUM HARDENING STEELS

3.1 Introduction

This method covers the procedure for determining the hardenability of steel by the end-quench test for both the 25 mm

(1 in) standard spec
and for predicting ha

Please note that in th
indicated, are assum

3.2 Test Specimen

The test specimen is|
for end-quenching.
specimen. Figure 2
which provides the s
characteristics.

The bar from which
representing the full

imen_and the subsize test specimen. Also included are charts for plotting har
lldness U curves in various sizes of rounds.

is revision the metric dimensions are shown to the nearest whole milliméter. T
bd to be £0.5 mm or £1/32 in (0.03 in).

a 25 mm (1 in) diameter cylinder 102 mm (4 in) long with means for hanging i
Figure 1 shows a test specimen in the fixture ready for_quenching illustrating
gives the details of the preferred test specimen. Eigure 3 is an example of

used). A cast speci

experience has shoyn that cast specimens of boron-treated steels give erratic results.

denability test results

olerances, where not

in a vertical position

the preferred form of
n optional specimen

ame diameter and approximately the same length and which will provide satisfactory heat transfer

the specimen is machined shall be a foerged or rolled 29 to 32 mm (1-1/8 to 1-1/4 in) round
cross section of the product (or rolled 26.mm, 1-1/16 in, round if optional test specimen, Figure 3, is

en may be used in lieu of a rolled or’forged specimen, except in the case of boron-treated steel;

The option of using as-cast

specimens for non-bgron steels, deletion of normalizing-prior to heating for end-quenching or modifi¢ation of other testing

details shall be negdtiated between supplier and user.

It is of primary importance that the speci

cross section of the |ngot, cast bloom or cast billet’since test specimens from a portion of the blog

introduce factors ten
there is no decarburi
or flaws, the specime

ing to affect the reproducibility of test results. The condition of this hot formed

n should be discarded~and a new specimen obtained.

en represent the full
m, billet, or bar may
bar shall be such that

vation on the 25 mm _(1\in) specimen machined from it. If any test specimen shows obvious defects
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FIGURE 1 - HARDENABILITY TEST SPECIMEN IN FIXTURE

FIGURE 2 - PREFERRED TEST SPECIMEN
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3.3 Optional Speci

The following metho
preceding paragraph

The test specimen shall be machined from the center of the bar in the case of Sections from 32 to

round or square. In s
axis of the specimen
position of the test b
test specimen corres

3.4 Normalizing Pr

The forged or rolled
structure of material
that variations in prid
should be used. Thg
specimen is too hard
Cast specimens usu.
the prior thermal hist

!

FIGURE 3 - OPTIONAL TEST SPECIMEN
men Preparation

 is satisfactory for most purposes, but for check testing against-specification
is mandatory.
ections over 51 mm (2 in), the test specimen shall be miachined from one-half ¢

br with reference to the original bar. The hardness readings shall be made or
bonding to a position in the bar approximately halfway between the center and t

or to Heating for End-Quenching

round shall be normalized prior to machining the test specimen. This is of
before the final austenitizing treatment may materially affect the hardening chs
r structure may be controlled assmuch as possible, the normalizing tempera
steel shall be held at such.temperature for 1 h and cooled to ambient in still

lly are not normalized before machining. The record of hardenability test resu
ry of the specimen tested.

s, the method in the

6561 mm (1-1/4 to 2 in)
f the section with the

located at a point halfway between the center andysurface of the bar and nmarked to identify the

the two sides of the
he surface.

mportance since the
racteristics. In order
ure listed in Table 1
bir. If the normalized

it may be given a short time-temper at about 55 °C (100 °F) below the Ac; to improve machinability.

[ts must always state

TAHLE 1 - NORMALIZING AND QUENCHING TEMPERATURES™"® APPLICABLH TO
STEEL ORBERED TO END-QUENCH HARDENABILITY REQUIREMENTS
Maximum Normalizing Normalizing Austenitizing  Austenitizing
Qrdered Carbon Temperature  Temperature  Temperatufe Temperature
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 incl 900 1650 870 1600
0.37 and over® 870 1600 845 1550
Steel Series 4800, 9300
Up to 0.25 incl 925 1700 845 1550
Steel Series 9200
0.50 and over 900 1650 870 1600

1.
2.

A variation of 5 °C (10 °F) from the above temperature is permissible.
When testing H steels, the normalizing and austenitizing should be the same as for the equivalent standard steels. EXAMPLES: For 8622 H,

the normalizing and austenitizing temperature should be the same as for SAE 8622; for 4032 H (carbon 0.30/0.37), the temperature should
be the same as for SAE 4032 (carbon 0.30/0.35).

Normalizing and austenitizing temperatures shall be 30 °C (50 °F) higher for the 6100 series.
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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 to 35 min. It is necessary to
determine by means of a thermocouple the time required for a test specimen to come to the required temperature.

While heating the test specimen it is important to insure that practically no scaling or decarburization takes place on the
end to be quenched. This may be achieved through the use of protective furnace atmospheres or by placing the
specimen in a container which maintains a non-oxidizing atmosphere, e.g., by placing fine graphite powder or cast iron
chips in the base of the container.

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

35 _
hl-:i/&) 1

102
(4)

(2-3/41
NOTE--DIMENSIONS ARE mm (in)

FIGURE 4 - SPECIMEN PROTECTING FIXTURE TO BE
CONSTRUCTED OF HEAT-RESISTING ALLOY

3.6 Quenching

The test specimen sk
be directed against t
diameter shall rise to
test.

all be placed on a fixture so.that a column of water at a temperature of 5 to 30|°C (40 to 85 °F) may
ne bottom face of the specimen. The column of water passing through an orifice 13 mm (1/2 in) in
a free height of 63 mm.(2-1/2 in) above the orifice. The fixture shall be dry at the beginning of each

In performing the tes
water pipe so that th
then be turned on. A
water pipe while tran

, the water supply shall be shut off with a quick-opening valve and the hot speg
e bottom of’the specimen is 13 mm (1/2 in) from the opening of the water pip
preferred alternate procedure is to keep the water flowing, but impose a defle
sferringithe test specimen from the furnace to the fixture, and quickly removing

end-quench. The tinpje betwéen removal of the specimen from the furnace and the beginning of the

more than 5 s. The

imen placed over the
b and the water shall
cting plate above the
the plate to start the
e quench shall be not

sample shall remain on the fixture for at least 10 min. A condition of still ai

shall be maintained

around the specime

during cooting. (i the quenchedendof the specimen s ot coot whemn rem

ved from the fixture,

investigate whether water temperature or water flow is within specification.)

3.7 Hardness Measurement

Two flats 180 degrees apart shall be ground to a minimum depth of 0.38 mm (0.015 in) along the entire length of the bar
and Rockwell C hardness measurements made along the length of the bar. Deviation from the standard depth can affect
reproducibility of test results, and correlation with cooling rates in quenched bars.

The preparation of the two flats must be carried out with considerable care. They should be mutually parallel and the
grinding done in such a manner that no change of the quenched structure takes place. Very light passes (less than
0.013 mm (0.0005 in)) with water cooling and a coarse, soft grinding wheel are recommended to avoid overheating the
specimen. To detect tempering due to grinding, the flats may be etched as follows:


https://saenorm.com/api/?name=b0212eb0bebd8a856908fe09f301ceb5

SAE J406 Revised MAR2009 Page 8 of 47

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 sample 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.

When hardness indeptations are made, the test specimen must rest on one of its flats on an anvil firmly attached to the
hardness machine. [f is important that no vertical movement be allowed when the major load’is-applied. The fixture must
be constructed to mg@ve the test specimen past the penetrator in accurate steps of 0.5 mm.(for metric fixture) or 1/16 in
(for U.S. customary fixture). (Resting specimen on a V-block is not permitted.)

Figure 5 is an example of a commercially available fixture which provides for the controlled movemernt of the specimen.

FIGURE 5 - COMMERCIALLY AVAILABLE FIXTURE FOR POSITIONING
SPECIMEN FOR HARDNESS INDENTATIONS

The Rockwell tester should be checked against standard test blocks before testing the hardenability specimen. 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 simultaneously.

Care must be exercised in registering the point of the indenter with the hardened end of the specimen, as well as
providing for accurate spacing between indentations. A low power measuring microscope is suitable for use in
determining the distance from the quenched end to the center of the first indentation and in checking the distance from
center to center of the succeeding indentation. It has been found that with reasonable operating care and a well-built
fixture, it is practical to locate the center of the first indentation 1.5 mm = 0.075 mm (0.0625 in + 0.003 in) from the
quenched end. The variations between spacings should be even smaller. Obviously, it is more important to position the
indenter accurately when testing shallow hardenability steels than when testing medium hardenability 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.
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3.7.1  Metric Distances Between Readings

Readings shall be taken at 1.5, 3, 5, 7, 9, 11, 13, and 15 mm, then at 5 mm intervals to 50 mm, or until 20 HRC is reached
(if less than 50 mm).

3.7.2 Distances Between Readings In Sixteenths of an Inch

Readings shall be taken at intervals of 1/16 in for the first inch. Distances between readings beyond 1 in may be at the
discretion of the tester, but usually are taken at intervals of 1/8 in until 20 HRC is reached. (Less frequent intervals may
be agreed upon between supplier and user.)

Hardness readings should be made on one flat, or preferably, two flats 180 degrees apart. When a flat on which readings

have been made is (
fixture is used which

has been relieved to accommodate the irregularities due to the indentations. \T

assist in the detection of errors in specimen preparation and hardness measurement. If the two-prot

differ by more than 4
two flats. If the retes

HRC points at any one position, the test should be repeated on newflats, 90
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

next higher integer.

3.8 Plotting of Test

[

Tests should be plotted on a standard chart prepared for this purpose(Figure 6A or 6B) in which th

hardness and the a
averaged and the reg

pscissas represent distance from the quenched end. Readings at identical
ultant values used for plotting.

Figures 6A and 6B arle Standard Forms for Plotting Hardenability Curves.

3.9 Construction o

Charts are provided
water quenched. Fi
cooling rates are the
these curves assumg
of temperature and ¢
Under production cor

Hardness U Curves

for using the hardenability-curve to predict hardness U curves in various size|
jure 7 shows these charts? The curves show the locations in various sizes
same as at various positions along the end-quenched hardenability test bar. It
good heat treatment practice—separation of parts in the quench, good agitat
leanliness of the(quenchant. The ranges given reflect variations found under
ditions, even.wider variations may be found.

sed as a base, the ridges around the hardness indentations shall be removed| by grinding unless a

l

sting on two flats will
es on opposite sides
Hegrees from the first

alues rounded to the

b ordinates represent
distances should be

d rounds when oil or
of rounds where the
should be noted that
on, and good control
aboratory conditions.
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DATC
LABORATORY
TYPE SPECIMEN
TEST NO.
NORMAL. QUENCH
TYPE | HEATNO. | GRAINSIZE | C {Mn|{ P | S {Si | Ni|Cr| Mo TEMP. °C [TEMP. °C
REMARKS
M i 1 I
65 t -
60
w
=
o 55
0
(&)
«w 50
[75]
wi
2
a 45
@
<
T
B 40
-
P !
Zz 35 T
O
o
@ 30
25 -
20
3 S 7/ve 1 13 15 20 25 20 35 40 45 50
DISTANCE FROM QUENCHED END - MILLIMETERS
FIGURE 6A - $TANDARD FORM FOR PLOTTING HARDENABILITY CURVES (MILLIMETER DISTANCES)
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ROCKWELL HARDNESS C SCALE

DATE —
LABORATORY
TYPE SPECIMEN
TEST NO.
NORMAL. |QUENCH
[TYPE | HEATNO. | GRAINSIZE [ C | Mn{ P |S |Si | Ni|Cr) Mo TEMP.°F | TEMPSF
REMARKS
65
60 :
55
50
45
40
35
30
25
20
2 4 BV 8 10 12 14 16 1B 20 22 24 26 28 30 p2
DISTANGE FROM QUENGHED END - SIXTEENTHS OF AN INCH
FIGURE 6B - STANDARD FORM FOR PLOTTING HARDENABILITY CURVES
(SIXTEENTHS OF AN INCH DISTANCES)
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FIGURE 7A  CORRELATION OF COOLING RATES IN JOMINY BAR AND QUENCHED RPUND BARS
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FIGURE 7B 1 CORRELATION-OF COOLING RATES IN JOMINY BAR AND QUENCHED RPUND BARS
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FIGURE 7C { CORRELATION OF COOLING RATES IN JOMINY BAR AND QUENCHED RDUND BARS
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16 20
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24

FIGURE 7D { CORRELATIGN;OF COOLING RATES IN JOMINY BAR AND QUENCHED RPUND BARS

3.10 Subsize Test Jpecimen

For determining hardenabllity of steel received in bars less than 26 mm (1-1/6 in) in diameter, the t¢st bar may be made

19, 13, or 6 mm (3/4 1/2 or 1/4 in) in diameter as desired and end-quenched as prescribed for the

Modifications in the Wwa

orifices for quenching specimens less than 25 mm (1 in) d|ameter are given in Table 2.

TABLE 2 - ORIFICES FOR QUENCHING SUBSIZE SPECIMENS

Test Specimen Orifice

Distance from
Orifice to
Quenched End  Free Heigh

t of

Diameter Size of Specimen Water Column
mm (in) mm (in) mm (in) mm (in)
19 (3/4) 13 (1/2) 13 (1/2) 63 (2-1/2)
13 (1/2) 6 (1/4) 10 (3/8) 102 (4)

6 (1/4) 3 (1/8) 6 (1/4) 203 (8)

25 mm (1 in) round.
eter. The details of


https://saenorm.com/api/?name=b0212eb0bebd8a856908fe09f301ceb5

SAE J406 Revised MAR2009 Page 14 of 47

Because of the greater air-cooling effect on test specimens less than 25 mm (1 in) diameter and especially in specimens
smaller than 19 mm (3/4 in) diameter, the cooling rates at various distances from the quenched end will not be the same
as in the standard test specimen.

Hardenability curves obtained from smaller specimens are not comparable with curves obtained from the 25 mm (1 in)
round specimen. If the standard hardenability curve is needed from subsize specimens, it becomes necessary to
determine the actual cooling rates on the subsize specimens.

4. HARDENABILITY TESTS FOR SHALLOW HARDENING STEELS

The 25 mm (1 in) standard hardenability specimen may be used to determine the hardenability of shallow hardening
steels other than the_carbon tool steels by a modification in _the hardness survey. The procedure for preparing the

specimen prior to hajdness measurement is specified in 3.1 to 3.9 for standard 25 mm (1 in) harden
anvil providing a megns of very accurately measuring the distance from the quenched end is essenti

Only two flats 180 d
indentations on the
does not have such
The two hardness su
4.1  Procedure for I
Hardness values are
each with hardness i

2 mm from the queng
is reached.

4.2 Procedure for I

Hardness values are
hardness traverses 4

quenched end, the otfher starting at 3/32 in from-the"quenched end. Beyond 8/16 in from the quench

be increased to a mir
For plotting test resul
5. NOTES

5.1

Marginal Indici

A change bar (l) loc3

rees apart need be ground if the mechanical fixture has a grooved bedwhich

i

bility specimens. An

vill accommodate the

at surveyed first. The second hardness traverse is made after turning the bar over. If the fixture

B grooved bed, two pairs of flats should be ground, the flats ofreach pair bein
[veys are made on adjacent flats.

Distance from the Quenched End in Millimeters

obtained from 1 to 15 mm in intervals of 1 mm. Forthis distance, two hardness
ndentations 2 mm apart, one traverse starting at t\mm from the quenched end
hed end. Beyond 15 mm from the quenched end, intervals can be increased t

Distance from the Quenched End in Sixteenths of an Inch

obtained from 1/16 to 8/16 in frem’the quenched end in intervals of 1/32 in.
re made, each with hardness indentations 1/16 in apart, one traverse startin

imum of 2/16 in until 20 HRC is reached.

s, the Standard Formfor Plotting Hardenability Curves (Figure 6A or 6B) should

127

tediin:the left margin is for the convenience of the user in locating areas wher

g 180 degrees apart.

traverses are made,
, the other starting at
o0 5 mm until 20 HRC

For this distance, two
g at 1/16 in from the
ed end, intervals can

| be used.

e technical revisions,

not editorial changes

have been made to the previous issue of this document. An (R) symbol to thg

b left of the document

title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in

original publications,

nor in documents that contain editorial changes only.

PREPARED BY THE SAE CARBON AND ALLOY STEELS COMMITTEE
OF THE SAE METALS TECHNICAL EXECUTIVE COMMITTEE
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APPENDIX A - METHOD FOR CALCULATING HARDENABILITY FROM COMPOSITION

A1 INTRODUCTION

This method of Jominy hardenability calculation from the chemical ideal diameter’ (D)) of a steel is based on the original
work of M. A. Grossman, Reference 18, and provides increased 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
thousands of heats of boron and non-boron 1500, 4100, 5000, and 8600 series steels encompassing a range of
compositions as shown in Table A1 and a range of D, as contained in Tables A9 to A12. The accuracy of this method and
the techniques used to develop it have been documented, Reference 26. For comparison of this method to others, or for
steel compositions outside the above-mentioned grades, the user should refer to other articles listed in Section 2.1, 17 to

20.

The succeeding parg
method and data tab
through SAE. The
graphical output of
program, contact the

T

A2 D, CALCULA
This calculation relie
multiplied together gi
D, in inches should b
another. A No. 7 au

graphs outline this method for calculating hardenability from chemical compes
es are also embodied in a computer program, EA406 "Hardenability Prediction
brogram runs on an IBM compatible PC with a 3-1/2 in disc drive:
bnd-quench hardenability data calculated from chemical composition. To d
SAE Customer Service Department, 400 Commonwealth Drive, M/arrendale, P4

ABLE A1 - COMPOSITION RANGE USED TO DEVELOP THE HARDENABILIT]
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

1. For element percentages outside the ranges shown, and for

elements not-shown (copper and vanadium), the original
Grossman factors are shown in Table A2.

TION FOR NON-BORON STEELS

5 on a series of\hardenability factors (Table A2) for each alloying element in th
Ve a D, valug)l_(For simplicity, only multiplying factors for D, in inch units are givé
b converted)) The effects of phosphorus and sulfur are not considered since th
stenitic™grain size is assumed since most steels with hardenability control are

tion. The calculation
Calculator" available

It provides both tabular and

btain a copy of the
\ 15096-0001.

Y

e composition which
en. For D, in mm, the
by tend to cancel one
melted to a fine grain
D this grain size. For

d about 8% for each
er than 7. Specific

practice where expelfience ‘has demonstrated that an extremely high percentage of heats conform t
austenitic grain sizeq éther than No. 7, Grossman's data suggest that the calculated D, be increass
grain size number Iwmm‘smm M Si
suggestions are:

a. For grain size 6 multiply D, by 1.083
b. For grain size 5 multiply D, by 1.172
c. For grain size 4 multiply D, by 1.270

An example of D, calculation is given in Table A3 for an SAE 4118 modified steel.

! D) (or DI in some computer programs) represents the diameter of a round steel bar that will harden at the center to 50% martensite when subjected to
an ideal quench (i.e., a Grossman quench severity H = infinity).
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A3

D, CALCULATION FOR BORON STEELS

With an effective steelmaking process, the boron factor (signifying 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.

A3.1

Actual Boron Factor

The actual boron factor is expressed by the following relationship:

_ Measured D 4 from Jominy Data and Carbon Content

B.F. =
Calculated D ; from Composition Excluding Boron

(Eq. A1)

Data for an actual bo

A.3.1.1 Step 1

Using Table A5, d
martensite occurs f
occurring at a "J" dis

A.3.1.2 Step 2

From Table A6 (mm)
(interpolation may be

A.3.1.3 Step 3

NOTE: Difference in
distances wo

A.3.2 Calculation

A.3.2.1 Step 1

ron factor determination are given in Table A4 for an SAE 15B30 modified steel

the actual carbon content. For the example heat with 0.29% carbon this
nce of 13 mm or 8/16 in from the quenched end.

(;Ermine the nearest location on the end-quench curve wherecalhardness cq

or Table A7 (in), a "J" distance of 13 mm or 8/16-inr equates to a measured D,
required).

76.4mm _

Boron Factor. = 2.43
31.5mm

or

Boron Factor = 297?” =24
1.24in

B.F. using inchlversus mm is due to the use of nearest standard "J" distan
uld resolve this\difference.

of D, with.Boron (D)

prresponding to 50%
hardness is 37 HRC

bf 76.4 mm or 2.97 in

(Eq. A2)

te. Use of exact "J"

Calculate the D, without boron. For the previous example, this D, is 31.5 mm (1.24 in).

A.3.2.2 Step 2

Calculate the alloy factor (the product of all the multiplying factors from Table A2 excluding carbon). For the previous

example:

or

Alloy Factor = Calculated D1.(wiFhout Boron) _ 1.24in _
Carbon Multiplying Factor 0.157in
Alloy Factor = 31.5mm - 80

0.157in x25.4mm/in

(Eq. A3)

(Eq. Ad)
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NOTE: For simplicity, alloy factors should be rounded to the nearest whole number.

A.3.2.3 Step 3

Determine the boron multiplying factor from Table A8. For this example with 0.29% carbon and an alloy factor of 8.0, the
boron multiplying factor is 2.36 (interpolation required).

A3.24 Step 4

Calculate the D, with

boron as in the following equation:

D, = D, (without Boron) x Boron Factor

A4

With a predetermine
procedure:

A4A1 Step 1
The initial hardness
hardenability, and is
the initial hardness is|
A4.2 Step 2
The hardness at oth

the initial hardness b
(mm) or A12 (inch) fo

For the example sho
455 mm (1.79in), t
appropriate dividing

rounded to the neare
A.5 EQUATIONS

Tables A15 to A22 1

D), = 1.24in x2.36 or 31.5 mm x 2.36
D,, = 2.93in or 74.3 mm

HARDENABILITY CURVES FROM COMPOSITION

i D, (Djg for boron steels), the end-quench hardenability curvé can be comp

(IH) at the J = 1.5 mm or 1/16 in position is.a function of carbon content
selected from Table A5. For the example, non-boron SAE 4118 modified hea
45 HRC.

y the appropriate factor from Fable A9 (mm) or A10 (inch) for non-boron stee
r boron steels.

wn in Tables A13 and\A14, a non-boron heat of steel with an IH = 45 HRC 4
he hardness at the\respective end-quench positions can be calculated by
actor listed in Table A9 (mm) or A10 (inch) for non-boron steels. (For simpli
5t 0.5 mm or Q.1\in.)

FOR TABLES A2-A12

eprésent a least squares polynomial fit of data contained in Tables A2 to A1

equations to plot cuf

(Eq. A5)

ted by the following

and independent of
[ containing 0.22% C

er positions along the end-quench-specimen (termed distance hardness) is determined by dividing

Is or from Table A11

nd a calculated D, of
dividing 45 by the
Lity, the D, should be

P. The use of these

veS) may result in random inflection points due to the characteristics of the ¢

olynomial equations.

These inflections will

be minor, however, and should be disregarded.


https://saenorm.com/api/?name=b0212eb0bebd8a856908fe09f301ceb5

SAE

J406 Revised MAR2009

Page 18 of 47

TABLE A2 - HARDENABILITY MULTIPLYING FACTORS VS. % ELEMENT
(NON-BORON STEELS), INCH

% Carbon-

Element Grain Size 7 Mn Si Ni Cr Mo Cu \Y
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 1.021 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
0.07 0.038 1233 1.049 1.026 1.151 121 1.03 1P
0.08 0.043 1.267 1.056 1.029 1.173 1.24 1.030y1.14
0.09 0.049 1.300 1.063 1.033 1.194 1.27 103° 1.1p
0.10 0.054 1.333 1.070 1.036 1.216 1.30 1.04 11}
0.1 0.059 1.367 1.077 1.040 1.238 133 1.04 1.1p
0.12 0.065 1400 1.084 1.044 1259 ~1.36 1.05 1.2
0.13 0.070 1433 1.091 1.047 128 139 1.05 1.2p
0.14 0.076 1467 1.098 1.051 1302 142 1.05 1.24
0.15 0.081 1.500 1.105 1.055:1:324 145 1.06 1.2p
0.16 0.086 1533 1.112 4058 1346 148 1.06 1.28
0.17 0.092 1.567 1.119 | 1062 1.367 151 1.06 1.2p
0.18 0.097 1.600 1.126,* 1.066 1.389 1.54 1.07 1.3{
0.19 0.103 1633 1.1433 1.069 1410 1.57 1.07 1.3B
0.20 0.108 1.667 %3140 1.073 1432 160 1.07 1.3p
0.21 0.113 1700 1.147 1.077 1454 163 1.08 --
0.22 0.119 1.733  1.154 1.080 1475 166 1.08 --
0.23 0.124 1.767 1.161 1.084 1497 169 1.09 --
0.24 0.130 1.800 1.168 1.088 1.518 1.72 1.09 —]
0.25 0.135 1.833 1.175 1.091 1540 1.75 1.09 —]
0.26 0.140 1.867 1.182 1.095 1.562 1.78 1.10 —]
0.27. 0.146 1900 1.189 1.098 1.583 1.81 1.10 —]
0.28 0.151 1933 1196 1.102 1605 1.84 1.10 —]
0.29 0.157 1.967 1.203 1.106 1.626 1.87 1.1 —
0.30 0.162 2.000 1210 1109 1.648 190 1.1 —
0.31 0.167 2.033 1217 1113 1670 193 1.1 —
0.32 0.173 2.067 1224 1117 1691 196 1.12 —
0.33 0.178 2100 1231 1120 1.713 199 1.12 —
0.34 0.184 2133 1238 1124 1.734 2.02 112 —
0.35 0.189 2167 1245 1128 1.756 2.05 1.13 —
0.36 0.194 2200 1252 1131 1.776 2.08 1.13 —
0.37 0.200 2233 1259 1135 1.799 211 1.14 —
0.38 0.205 2267 1266 1139 1.821 214 1.14 —
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TABLE A2 - HARDENABILITY MULTIPLYING FACTORS VS. % ELEMENT
(NON-BORON STEELS), INCH (CONTINUED)

% Carbon-

Element Grain Size 7 Mn Si Ni Cr Mo Cu \Y
0.39 0.211 2300 1.273 1142 1.842 217 114 —
0.40 0.213 2333 1280 1.146 1.864 220 1.15 —
0.41 0.216 2367 1287 1150 1.886 2.23 1.15 —
0.42 0.218 2400 1.294 1153 1907 226 1.15 —
0.43 0.221 2433 1.301 1157 1929 229 1.16 —
0.44 0.223 2467 1308 1.160 1.950 2.32 1.16 —
0.46 0.228 2533 1322 1168 1.994 238 1.17 =
0.47 0.230 2567 1329 1171 2.015 241 11L —
0.48 0.233 2600 1336 1175 2.037 244 148 —]
0.49 0.235 2.633 1.343 1179 2.058 24740 1.18 —
0.50 0.238 2.667 1350 1.182 2.080 250 1.18 —]
0.51 0.242 2700 1357 1186 2.102 ~2.53 1.19 —]
0.52 0.244 2733 1364 1190 2.123 256 1.19 —]
0.53 0.246 2767 1371 1193 23145 259 1.19 —]
0.54 0.249 2.800 1.378 1197V 2.166 2.62 1.20 —
0.55 0.251 2.833 1385 4201 2.188 265 1.20 —]
0.56 0.253 2.867 1.392 | 1204 2.210 — — —
0.57 0.256 2.900 1.399,* 1.208 2.231 — — —
0.58 0.258 2933 1406 1.212 2.253 — — —
0.59 0.260 2967 1413 1.215 2.274 — — —
0.60 0.262 3000 1420 1.219 2.296 — — —
0.61 0.264 3.033 1427 1222 2.318 — — —
0.62 0.267 3.067 1434 1226 2.339 — — —
0.63 0.269 3.100 1441 1.230 2.361 — — —
0.64 0.271 3.133 1448 1.233 2.382 — — —
0.65 0.273 3.167 1465 1.237 2.404 — — —
0.66 0.275 3.200 1.462 1.241 2.426 — — —
0.67 0.277 3.233 1469 1.244 2.447 — — —
068 0279 3 267 1476 1248 2 469 — — —
0.69 0.281 3.300 1483 1.252 2.490 — — —
0.70 0.283 3.333 1490 1.255 2.512 — — —
0.71 0.285 3.367 1497 1.259 2.534 — — —
0.72 0.287 3.400 1504 1.262 2.555 — — —
0.73 0.289 3433 1511 1.266 2.577 — — —
0.74 0.291 3.467 1518 1.270 2.596 — — —
0.75 0.293 3.500 1525 1.273 2.620 — — —
0.76 0.295 3.533 1532 1276 2.642 — — —
0.77 0.297 3.567 1539 1.280 2.663 — — —

0.78 0.299 3.600 1546 1.284 2685 — — —
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TABLE A2 - HARDENABILITY MULTIPLYING FACTORS VS. % ELEMENT

(NON-BORON STEELS), INCH (CONTINUED)

% Carbon-

Element Grain Size 7 Mn Si Ni Cr Mo Cu
0.79 0.301 3.633 1553 1.287 2.706 — —
0.80 0.303 3.667 1560 1.291 2.728 — —
0.81 0.305 3.700 1567 1294 2.750 — —
0.82 0.307 3.733 1574 1298 2.771 — —
0.83 0.309 3.767 1581 1301 2.793 — —
084 — 0340 3800 1588 1308 2814
0.85 0.312 3.833 1595 1.309 2.836 — —
0.86 0.314 3.867 1602 1.313 2.858 — —
0.87 0.316 3.900 1609 1.317 2.879 — £
0.88 0.318 3.933 1616 1.320 2.900 — <
0.89 0.319 3.967 1623 1324 2.922 — —
0.90 0.321 4,000 1.630 1.327 2.944 — —
0.91 — 4.033 1637 1.331 2.966 — —
0.92 — 4.067 1.644 1.334 2.987 — —
0.93 — 4100 1.651 1.338 3,009 — —
0.94 — 4133 1.658 1.343 3.030 — —
0.95 — 4167 1665 1345 3.052 — —
0.96 — 4200 1.672 | 349 3.074 — —
0.97 — 4233 1.679," 1.352 3.095 —
0.98 — 4267 1.686 1.356 3.117 — —
0.99 — 43001693 1.360 3.138 — —
1.00 — 4333 1700 1.364 3.160 — —
1.01 — 4,367 1.707 1.367 3.182 — —
1.02 — 4400 1.714 1.370 3.203 — —
1.03 — 4433 1.721 1.375 3.225 — —
1.04 = 4467 1.728 1.378 3.246 — —
1.05 — 4500 1.735 1.382 3.268 — —
1.06 — 4533 1.742 1.386 3.290 — —
1.07 — 4567 1.749 1.389 3.311 — —
1.08 — 4 600 1.756 1393 3333 — —
1.09 — 4633 1763 1.396 3.354 — —
1.10 — 4667 1.770 1400 3.376 — —
1.11 — 4700 1.777 1403 3.398 — —
1.12 — 4733 1.784 1406 3.419 — —
1.13 — 4767 1.791 1411 3.441 — —
1.14 — 4800 1.798 1.414 3.462 — —
1.15 — 4833 1.805 1418 3.484 — —
1.16 — 4867 1.812 1.422 3.506 — —
1.17 — 4900 1.819 1426 3.527 — —
1.18 — 4933 1.826 1.429 3.549 — —
1.19 — 4967 1833 1.433 3.570 — —
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TABLE A2 - HARDENABILITY MULTIPLYING FACTORS VS. % ELEMENT

(NON-BORON STEELS), INCH (CONTINUED)

% Carbon-

Element Grain Size 7 Mn Si Ni Cr Mo Cu
1.20 — 5.000 1.840 1.437 3.592 — —
1.21 — 5.051 1.847 1440 3.614 — —
1.22 — 5102 1854 1444 3.635 — —
1.23 — 5153 1.861 1.447 3.657 — —
1.24 — 5204 1868 1450 3.678 — —

125 525656 1875 1454 3700
1.26 — 5306 1.882 1458 3.722 — —
1.27 — 5357 1.889 1461 3.743 — —
1.28 — 5408 1896 1.465 3.765 — £
1.29 — 5459 1903 1470 3.786 — <
1.30 — 5510 1910 1.473 3.808 - —
1.31 — 5.561 1.917 1476 3.830 — —
1.32 — 5612 1924 1481 3.851 — —
1.33 — 5663 1931 1.484 3,873 — —
1.34 — 5714 1938 1.487 »\3.:984 — —
1.35 — 5765 1.945 1.491" 3.916 — —
1.36 — 5816 1952 1495 3.938 — —
1.37 — 5867 1.959 | 1498 3.959 — —
1.38 — 5918 1.966," 1.501 3.981 — —
1.39 — 5969 1973 1.506 4.002 — —
1.40 — 6.020-1.980 1.509 4.024 — —
1.41 — 6,071 1.987 1512 4.046 — —
1.42 — 6.122 1994 1517 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 1527 4.132 — —
1.46 — 6.326 2.022 1531 4.154 — —
1.47 — 6.377 2.029 1535 4.175 — —
1.48 — 6.428 2.036 1.538 4.197 — —
149 — 6479 2043 1541 4 217 — —
1.50 — 6.530 2.050 1.545 4.239 — —
1.51 — 6.581 2.057 1556 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 1569 4.326 — —
1.55 — 6.785 2.085 1.574 4.348 — —
1.56 — 6.836 2.092 1.578 4.369 — —
1.57 — 6.887 2.099 1.582 4.391 — —
1.58 — 6.938 2.106 1.586 4.413 — —
1.59 — 6.989 2113 1591 4.434 — —
1.60 — 7.040 2120 1595 4.456 — —
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TABLE A2 - HARDENABILITY MULTIPLYING FACTORS VS. % ELEMENT

(NON-BORON STEELS), INCH (CONTINUED)

% Carbon-

Element Grain Size 7 Mn Si Ni Cr Mo Cu
1.61 — 7.091 2127 1600 4.478 — —
1.62 — 7142 2134 1604 4.499 — —
1.63 — 7193 2141 1.609 4.521 — —
1.64 — 7224 2148 1613 4.542 — —
1.65 — 7295 2155 1.618 4.564 — —
1.67 — 7.397 2169 1.627 4.607 — —
1.68 — 7448 2176 1.631 4.629 — —
1.69 — 7499 2183 1.636 4.650 — £
1.70 — 7550 2190 1.640 4.672 — e
1.71 — 7601 2197 1644 4.694 — —
1.72 — 7652 2204 1648 4.715 — —
1.73 — 7.703 2211 1652 4.737 — —
1.74 — 7.754 2218 1.656 4759 — —
1.75 — 7.805 2.225 1.660-:4:780 — —
1.76 — 7.856 2232 1.664 — — —
1.77 — 7.907 2.239 . 1668 — — —
1.78 — 7.958 2.246, 1.672 — — —
1.79 — 8.009 2253 1.676 — — —
1.80 — 8.060 *2260 1.680 — — —
1.81 — 8.111~ 2.267 1.687 — — —
1.82 — 8162 2.274 1.694 — — —
1.83 — 8.213 2.281 1.701 — — —
1.84 — 8.264 2.288 1.708 — — —
1.85 — 8.315 2295 1.715 — — —
1.86 = 8.366 2.302 1.722 — — —
1.87 — 8.417 2309 1.729 — — —
1.88 — 8.468 2316 1.736 — — —
1.89 — 8.519 2323 1.743 — — —
190 — 8570 2.330 1.750 — — —
1.91 — 8.671 2337 1.753 — — —
1.92 — 8.672 2344 1.756 — — —
1.93 — 8.723 2.351 1.759 — — —
1.94 — 8.774 2.358 1.761 — — —
1.95 — 8.825 2364 1.765 — — —
1.96 — — 2372 1.767 — — —
1.97 — — 2379 1.770 — — —
1.98 — — 2386 1.773 — — —
1.99 — — 2.393 1.776 — — —
2.00 — — 2400 1.779 — — —
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TABLE A3 - EXAMPLE OF D, CALCULATION (FOR A MODIFIED SAE 4118 STEEL, GRAIN SIZE 7)

Multiplying Factor

Element % (Table A2)
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
Molybdenum 0.25 1.75
Copper 0.10 1.04
D;=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 A4 - DATA FOR AN ACTUAL BORON FACTOR DETERMINATION (FOR AN SAE 15B30 STEEL)
Compodgition, % C Mn Si Ni Cr Mo B Calc DI (Boron Excluded)
029 1.25 0.20 0.13 0.07 0.03 0.6015 31.5 mm (1.24 in)

End-Quench Test|Results, mm

"J" Position (mm 1.5 3 5 7 9 ™" 13 15 20 25

Hardness, HRC 50 50 49 48 46 41 37 30 24 20
End-Quench Test|Results, inches

"J" Position

(1/16 in) 1 2 3 4 5 6 7 8 9 10 12 14 16

Hardness, HRC 50 50 ,49 48 47 45 41 38 33 28 25 22 20
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TABLE A5 - INITIAL HARDNESS AND 50% MARTENSITE HARDNESS VS. % CARBON

Initial Initial Initial
Hardness— Hardness— Hardness— Hardness— Hardness— Hardness—
% HRC HRC % HRC HRC % HRC HRC
Carbon 100% 50% Carbon 100% 50% Carbon 100% 50%
Content Martensite  Martensite Content Martensite  Martensite Content Martensite  Martensite
0.10 38 26 0.30 50 37 0.50 61 47
0.1 39 27 0.31 51 38 0.51 61 47
0.12 40 27 0.32 51 38 0.52 62 48
0.13 40 28 0.33 52 39 0.53 62 48
0.14 4 28 6-34 53 40 654 63 48
0.15 4 29 0.35 53 40 0.55 63 49
0.16 4p 30 0.36 54 41 0.56 63 49
0.17 4p 30 0.37 55 41 0.57 64 50
0.18 48 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 4% 32 0.41 57 43 0.61 64 51
0.22 4% 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 A6 - D, VS. JOMINY DISTANCE FOR 50% MARTENSITE (mm)

"J" D, "J" D "J" D,

mm mm mm mm mm mm

1.0 7.9 18.0 94.5 35.0 137.3
2.0 15.8 19.0 97.7 36.0 139.3
3.0 23.2 20.0 100.8 37.0 141.2
4.0 30.2 21.0 103.7 38.0 143.0
5.0 36.6 220 106.6 39.0 144.8
6.0 42.7 23.0 109.3 40.0 146.6
7.0 48.4 24.0 112.0 41.0 148.3
8.0 53.8 250 114.7 42.0 149.9
9.0 58.9 26.0 117.2 43.0 151.5
10.0 63.7 27.0 119.7 44.0 153.1
11.0 68.2 28.0 1221 45.0 154.6
12.0 72.5 29.0 124.5 46.0 156(1
13.0 76.6 30.0 126.7 47.0 167.6
14.0 80.5 31.0 129.0 48.0 159.0
15.0 84.3 32.0 131.2 490 160.5
16.0 87.8 33.0 133.3 500 161.9
17.0 91.2 34.0 135.3 — —

TABLE A7 - D, VS. JOMINY DISTANCE-FOR 50% MARTENSITE (inch)

"J" D, "J" D, "J" D,
1/16 in in 1/16.n in 1/16 in in
0.5 0.27 115 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 13.5 413 24.5 5.69
3.0 1.37 14.0 4.22 25.0 5.74
3.5 1457 14.5 4.32 25.5 5.80
4.0 175 15.0 4.40 26.0 5.86
4.5 1.93 15.5 4.48 26.5 5.91
50 212 16.0 4.57 27.0 5.96
55 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
7.0 2.72 18.0 4.87 29.0 6.16
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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TABLE A8 - BORON FACTORS VS. % CARBON AT SPECIFIC ALLOY FACTOR LEVELS

Alloy  Aloy  Alloy  Alloy  Alloy  Alloy  Alloy  Alloy  Alloy
Factor” Factor'” Factor” Factor” Factor” Factor” Factor” Factor” Factor!”

% Carbon 5 7 9 11 13 15 18 22 26
0.10 6.18 5.38 5.09 4.61 4.28 4.14 3.72 3.68 3.55
0.11 5.76 5.07 4.77 4.35 4.05 3.88 3.54 3.48 3.35
0.12 5.38 4.78 4.48 4.10 3.84 3.65 3.37 3.30 3.18
0.13 5.04 4.52 4.22 3.88 3.64 3.44 3.21 3.14 3.03
0.14 4.72 4.28 3.98 3.68 3.47 3.26 3.07 2.99 2.88
0.15 4.44 4.06 3.77 3.50 3.31 3.09 2.94 2/86 2.76
0.16 4.19 3.86 3.57 3.34 3.16 2.94 2.82 274 2.64
0.17 3.96 3.68 3.40 3.19 3.03 2.81 2.71 2063 2.54
0.18 3.75 3.51 3.24 3.05 2.91 2.70 261 2/53 2.44
0.19 3.57 3.36 3.10 2.93 2.80 2.59 2.52 2044 2.36
0.20 3.40 3.22 2.98 2.82 2.70 2.50 2.43 235 2.28
0.21 3.25 3.09 2.86 2.72 2.60 2.42 2.35 2028 2.20
0.22 3.12 2.98 2.76 2.63 2.52 2.34 2.28 2020 2.13
0.23 3.00 2.88 2.61 2.55 2.44 2.27 2.21 214 2.07
0.24 2.90 2.78 2.59 2.47 237 2.21 2.15 207 2.01
0.25 2.81 2.70 2.52 2.40 2.30 2.15 2.09 2001 1.95
0.26 2.73 2.62 2.45 2.34 2.24 2.10 2.03 1196 1.89
0.27 2.66 2.55 2.39 2.28 2.18 2.05 1.98 1(91 1.84
0.28 2.60 2.49 2.34 2.23 2.13 2.00 1.93 1186 1.79
0.29 2.54 2.43 2.29 2.18 2.08 1.96 1.88 181 1.74
0.30 2.49 2.38 2:24 2.14 2.04 1.92 1.83 1176 1.70
0.31 2.44 2.33 2.20 2.10 1.99 1.88 1.79 172 1.65
0.32 2.40 2,28 2.16 2.06 1.95 1.84 1.74 1168 1.61
0.33 2.36 2:24 2.12 2.02 1.91 1.80 1.70 1164 1.57
0.34 2.32 2.20 2.09 1.98 1.87 1.76 1.66 1160 1.53
0.35 2,29 217 2.05 1.95 1.84 1.72 1.63 1156 1.49
0.36 2.26 2.13 2.02 1.92 1.80 1.69 1.59 1].52 1.45
0.37 2.23 2.10 1.99 1.89 1.77 1.65 1.55 1.49 1.42
0.38 2.20 2.07 1.96 1.85 1.74 1.62 1.52 1.46 1.38
0.39 2.18 2.04 1.93 1.82 1.70 1.58 1.49 1.42 1.35
0.40 215 2.01 1.90 1.79 1.67 1.55 1.46 1.39 1.32
0.41 212 1.98 1.87 1.76 1.64 1.52 1.43 1.36 1.29
0.42 2.09 1.96 1.84 1.73 1.62 1.49 1.40 1.34 1.26
0.43 2.06 1.93 1.82 1.70 1.58 1.46 1.37 1.31 1.23

0.44 2.04 1.90 1.78 1.68 1.56 1.43 1.35 1.28 1.21
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TABLE A8 - BORON FACTORS VS. % CARBON AT SPECIFIC ALLOY FACTOR LEVELS (CONTINUED)

Alloy  Aloy  Alloy  Alloy  Alloy  Alloy  Alloy  Alloy  Alloy
Factor” Factor'” Factor” Factor” Factor” Factor” Factor” Factor” Factor!”

% Carbon 5 7 9 11 13 15 18 22 26
0.45 2.01 1.87 1.75 1.65 1.53 1.40 1.32 1.25 1.19
0.46 1.98 1.85 1.72 1.62 1.51 1.38 1.30 1.23 1.17
0.47 1.94 1.82 1.69 1.59 1.48 1.36 1.28 1.21 1.15
0.48 1.91 1.80 1.67 1.57 1.46 1.34 1.26 1.19 1.13
0.49 1.89 1.77 1.64 1.54 1.43 1.32 1.24 1.17 1.10
0.50 1.87 1.75 1.61 1.51 1.41 1.30 1.22 115 1.08
0.51 1.83 1.72 1.58 1.48 1.39 1.27 1.20 1112 1.06
0.52 1.80 1.70 1.56 1.46 1.37 1.26 1.18 1110 1.04
0.53 1.77 1.67 1.53 1.44 1.34 1.24 116 1107 1.02
0.54 1.74 1.65 1.51 1.42 1.32 1.23 1.44 1105 1.00
0.55 1.71 1.62 1.48 1.39 1.30 1.21 1.12 1102 1.00
0.56 1.68 1.60 1.46 1.37 1.28 1.20 1.10 1100 1.00
0.57 1.65 1.57 1.44 1.35 1.26 1.18 1.07 1100 1.00
0.58 1.62 1.55 1.42 1.33 1.24 1.17 1.05 1100 1.00
0.59 1.60 1.52 1.40 1.31 122 1.14 1.02 1100 1.00
0.60 1.57 1.50 1.38 1.29 ¥.20 1.12 1.00 1100 1.00
0.61 1.54 1.48 1.36 1.27 1.18 1.09 1.00 1100 1.00
0.62 1.51 1.46 1.34 1.25 1.16 1.06 1.00 1100 1.00
0.63 1.49 1.43 1.32 1.23 1.13 1.03 1.00 1100 1.00
0.64 1.47 1.41 1.30 1.21 1.11 1.00 1.00 1100 1.00
0.65 1.45 1.39 1.29 1.19 1.08 1.00 1.00 1100 1.00
0.66 1.42 1.37 1:28 1.17 1.05 1.00 1.00 1100 1.00
0.67 1.40 1.35 1.26 1.15 1.02 1.00 1.00 1100 1.00
0.68 1.38 1.38 1.24 1.14 1.00 1.00 1.00 1100 1.00
0.69 1.36 1:81 1.22 1.12 1.00 1.00 1.00 1100 1.00
0.70 1.35 1.28 1.20 1.10 1.00 1.00 1.00 1100 1.00
0.71 1:88 1.26 1.18 1.07 1.00 1.00 1.00 1100 1.00
0.72 1.32 1.25 1.16 1.05 1.00 1.00 1.00 1100 1.00
0.73 1.30 1.22 1.14 1.02 1.00 1.00 1.00 1.00 1.00
0.74 1.29 1.20 1.12 1.00 1.00 1.00 1.00 1.00 1.00
0.75 1.27 1.17 1.08 1.00 1.00 1.00 1.00 1.00 1.00
0.76 1.26 1.15 1.05 1.00 1.00 1.00 1.00 1.00 1.00
0.77 1.24 1.12 1.02 1.00 1.00 1.00 1.00 1.00 1.00
0.78 1.22 1.10 1.00 1.00 1.00 1.00 1.00 1.00 1.00

0.79 1.20 1.07 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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TABLE A8 - BORON FACTORS VS. % CARBON AT SPECIFIC ALLOY FACTOR LEVELS (CONTINUED)

Alloy  Aloy  Alloy  Alloy  Alloy  Alloy  Alloy  Alloy  Alloy
Factor” Factor'” Factor” Factor” Factor” Factor” Factor” Factor” Factor!”

% Carbon 5 7 9 11 13 15 18 22 26
0.80 1.18 1.05 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.81 1.15 1.02 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.82 1.12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.83 1.08 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.84 1.04 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.85 1.02 1.00 1.00 1.00 1.00 1.00 1.00 11.00 1.00
0.86 1.00 1.00 1.00 1.00 1.00 1.00 1.00 11,00 1.00

1. Alloy factor is the [product of all the multiplying factors (Table A2) excluding that for carbon.
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TABLE A10A - DISTANCE HARDNESS DIVIDING FACTORS VS. JOMINY DISTANCE
FOR A SPECIFIC CALCULATED D, (NON-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 Critical  Distance Distance Distance Distance Distance Distance Distance Distance
Diameter (1/16in) (1/16 in) (1/16in) (1/16in) (1/16 in) (1/16in) (1/16in) (1/16in)
3 4 5 6 7 9

(D), inch 2 8
1.0 115 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 1.0 1.29 1.74 2.0Y 2.90 2.40 Z2.p8 2.69
1.4 1.07 1.24 1.64 1.99 2.27 2.38 2h7 2.58
15 1.05 1.19 1.56 1.90 2.18 2.28 2.87 2.47
1.6 1.04 1.16 1.49 1.81 2.09 2.19 2.p8 2.38
1.7 1.03 1.13 1.43 1.73 2.00 290 2.19 2.28
1.8 1.02 1.10 1.37 1.66 1.92 2.02 2.f11 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 1.54 1.78 1.87 1.5 2.03
2.1 1.01 1.07 1.26 1.48 1571 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.J0 1.77
2.5 1.00 1.05 1.16 132 1.50 1.57 1.5 1.72
2.6 1.00 1.05 1.15 1.29 1.45 1.52 1.50 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 1.2 1.23 1.37 1.44 1.51 1.58
2.9 1.00 1.03 1171 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 1.09 117 1.28 1.34 1.41 1.47
3.2 1.00 1.00 1.08 115 1.25 1.31 1.58 1.43
3.3 1.00 1,00 1.07 1.13 1.23 1.29 1.5 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 1.00 1.04 1.09 1.17 1.22 1.08 1.32
3.7 1.00 1.00 1.04 1.08 115 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 1.12 117 1.22 1.26
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
42 1.00 1.00 1.00 1.03 1.09 1.13 1.17 1.20
43 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
45 1.00 1.00 1.00 1.00 1.06 1.09 1.13
4.6 1.00 1.00 1.00 1.00 1.05 1.08 1.11
47 1.00 1.00 1.00 1.00 1.04 1.07 1.10
438 1.00 1.00 1.00 1.00 1.03 1.06 1.09
4.9 1.00 1.00 1.00 1.00 1.02 1.05 1.08
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TABLE A10A - DISTANCE HARDNESS DIVIDING FACTORS VS. JOMINY DISTANCE
FOR A SPECIFIC CALCULATED D, (NON-BORON STEELS), inch (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 Critical Distance Distance Distance Distance Distance Distance Distance Distance
Diameter (1/16in) (1/16 in) (1/16in) (1/16in) (1/16 in) (1/16in) (1/16in) (1/16in)
3 4 5 6 7 9

(D), inch 2 8
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 1.00 1.00 1.02 1.05 1.07
53 1.00 T1.00 T1.00 1.00 1.00 T1.07 TP4 1.06
5.4 1.00 1.00 1.00 1.00 1.00 1.00 p3 1.05
5.5 1.00 1.00 1.00 1.00 1.00 1.00 1.p2 1.04
5.6 1.00 1.00 1.00 1.00 1.00 1,00 1.p1 1.03
5.7 1.00 1.00 1.00 1.00 1.00 1100 1.p0 1.02
5.8 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.01
5.9 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.00
6.0 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.00
6.1 1.00 1.00 1.00 1.00 1$00 1.00 1.p0 1.00
6.2 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.00
6.3 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.00
6.4 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.00
6.5 1.00 1.00 1.00 100 1.00 1.00 1.p0 1.00
6.6 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.00
6.7 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.00
6.8 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.00
6.9 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.00
7.0 1.00 1.00 1.00 1.00 1.00 1.00 1.p0 1.00
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TABLE 10B - DISTANCE HARDNESS DIVIDING FACTORS VS. JOMINY DISTANCE
FOR A SPECIFIC CALCULATED D4 (NON-BORON STEELS), inch

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 (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in)

(D1), inch 10 12 14 16 18 20 24 28 32
1.0 3.22 3.50 — — — — — — —
1.1 3.07 3.34 — — — — — — —
1.2 294 3.20 3.32 3.44 — — — — —
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 3745 B.67 3.77
1.7 2(38 2.62 2.73 2.83 2.96 3.08 3.30 B.51 3.63
1.8 2[29 2.53 2.63 2.73 2.85 2.96 3.17 B.37 3.49
1.9 2(20 2.44 2.54 2.64 2.74 2.85 3.05 B.24 2.36
2.0 212 2.35 2.45 2.55 2.65 2.74 2.94 B.12 3.24
2.1 2[05 2.27 2.37 247 2.56 2.65 2.83 3.00 3.13
2.2 1198 2.20 2.30 2.39 247 2.56 2.74 .90 3.03
23 1191 2.13 2.22 2.32 2.40 2.48 2.65 P.81 2.93
24 1185 2.06 2.16 2.25 2.32 2.4 2.57 P72 2.84
25 1180 2.00 2.09 2.19 2.26 2.34 2.50 .64 2.76
2.6 1174 1.94 2.03 213 2.19 2.27 2.43 .56 2.68
2.7 1169 1.88 1.97 2.07 2.14 2.21 2.37 .50 2.61
2.8 1165 1.83 1192 2.02 2.08 2.16 2.31 .43 2.54
2.9 1160 1.78 1.87 1.97 2.03 2.10 2.25 p.37 2.48
3.0 1157 173 1.82 1.92 1.98 2.05 2.20 P.31 2.41
3.1 1153 1.68 1.77 1.87 1.94 2.00 2.14 .26 2.36
3.2 1149 1.64 1.73 1.83 1.89 1.96 2.10 p.21 2.30
3.3 1146 1.60 1.69 1.79 1.85 1.92 2.05 .16 2.25
34 143 456 +65 5 484 487 2-06 .11 2.20
3.5 1.40 1.53 1.61 1.71 1.77 1.83 1.96 2.07 2.15
3.6 1.37 1.49 1.58 1.68 1.73 1.80 1.92 2.02 2.10
3.7 1.35 1.46 1.54 1.64 1.70 1.76 1.87 1.98 2.06
3.8 1.32 1.43 1.51 1.61 1.66 1.72 1.83 1.94 2.01
3.9 1.30 1.40 1.48 1.58 1.63 1.69 1.79 1.90 1.97
4.0 1.28 1.38 1.45 1.55 1.60 1.65 1.76 1.86 1.93
4.1 1.26 1.35 1.42 1.52 1.57 1.62 1.72 1.82 1.89
4.2 1.24 1.32 1.39 1.49 1.54 1.58 1.68 1.78 1.86
43 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 1.71 1.78



https://saenorm.com/api/?name=b0212eb0bebd8a856908fe09f301ceb5

SAE J406 Revised MAR2009 Page 34 of 47

TABLE 10B - DISTANCE HARDNESS DIVIDING FACTORS VS. JOMINY DISTANCE
FOR A SPECIFIC CALCULATED D4 (NON-BORON STEELS), inch (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 (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in)

(D1), inch 10 12 14 16 18 20 24 28 32
4.5 1.19 1.26 1.32 1.41 1.45 1.49 1.58 1.67 1.75
4.6 1.18 1.24 1.30 1.39 1.42 1.46 1.54 1.64 1.71
4.7 116 1.22 1.28 1.36 1.40 1.43 1.50 1.60 1.68
4.8 1115 1.20 1.26 1.34 1.37 1.40 1.47 1.57 1.65
4.9 113 1.19 1.24 1.32 1.35 1.37 1.44 1.54 1.62
5.0 112 1.18 1.23 1.30 1.32 1.35 1.4 1.51 1.59
5.1 1411 1.17 1.21 1.28 1.30 1.32 138 1.48 1.56
5.2 1110 1.16 1.20 1.26 1.28 1.30 1.36 1.45 1.53
5.3 1109 1.15 1.18 1.24 1.26 1.28 1.33 1.42 1.50
54 1108 1.14 1.17 1.22 1.24 1.25 1.31 1.39 1.48
5.5 1107 1.13 1.16 1.21 1.22 1.23 1.30 1.37 1.45
5.6 1106 1.12 1.15 1.19 1.20 1.21 1.28 1.34 1.43
5.7 1105 1.10 1.14 1.18 118 1.20 1.26 1.32 1.41
5.8 1104 1.09 1.13 1.16 1.17 1.18 1.25 1.30 1.38
5.9 1103 1.08 1.12 1.15 1.16 1.16 1.24 1.28 1.36
6.0 1102 1.07 1.11 1.13 1.14 1.15 1.22 1.26 1.34
6.1 1{01 1.06 1.10 1.12 1.13 1.14 1.21 1.24 1.32
6.2 1100 1.05 1.09 1.11 1.12 1.13 1.20 1.23 1.30
6.3 1100 1.04 1.08 1.10 1.11 1.12 1.19 1.21 1.28
6.4 1100 1.03 1.07 1.09 1.10 1.11 1.18 1.20 1.27
6.5 1100 1<02 1.06 1.08 1.09 1.10 1.17 1.18 1.25
6.6 1100 1.01 1.05 1.07 1.08 1.09 1.16 1.17 1.23
6.7 1100 1.00 1.04 1.06 1.07 1.08 1.14 1.16 1.21
6.8 1100 1.00 1.03 1.05 1.06 1.07 1.12 1.15 1.19
6.9 166 166 +62 1-64 +-65 166 +46 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 A12A - DISTANCE HARDNESS DIVIDING FACTORS VS. JOMINY DISTANCE
FOR A SPECIFIC CALCULATED D, (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 Critical Distance Distance Distance Distance Distance Distance Distance Distance
Diameter (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in) (1/16in)
9

(Dig), inch 2 3 4 5 6 7 8
15 1.10 1.14 1.88 2.52 2.90 3.22 — —
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 2.8 3.00
1.9 1.05 1.08 1.25 1.59 2.14 2.45 2166 2.83
2.0 1.04 1.07 1.19 1.46 1.98 2.28 2.51 2.70
2.1 1.03 1.06 1.14 1.36 1.83 2.42 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 1.07 117 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 1.48 1.20 1.36 1.53 1.69
2.9 1.00 1.01 1.04 12 1.16 1.30 1.45 1.59
3.0 1.00 1.00 1.04 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 1.10 117 1.25 1.37
3.3 1.00 1.00 1.02 1.08 1.09 1.14 1.20 1.32
3.4 1.00 100 1.02 1.07 1.08 1.12 1.17 1.28
3.5 1.00 1.00 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
3.7 100 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 1.09 117
3.9 4-60 460 4-60 463 4-04 106 4-68 1.15
4.0 1.00 1.00 1.00 1.02 1.04 1.06 1.08 113
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
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 1.04 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 1.01 1.03 1.04 1.06



https://saenorm.com/api/?name=b0212eb0bebd8a856908fe09f301ceb5


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


