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superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

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

&' Nor Adjunet reference was corrected editoriatly-in- April 2006-
—Table 15 corrected editorially in March 2009.

1. Scope *

1.1 These test methods cover the identification and description of test methods for determining the hardenability of steels. The
two test methods include the quantitative end-quench or Jominy Test and a method for calculating the hardenability of steel from
the chemical composition based on the original work by M. A. Grossman.

1.2 The selection of the test method to be used for determining the hardenability of a given steel shall be agreed upon between
the supplier and user. The Certified Material Test Report shall state the method of hardenability determination.

1.3 The calculation method described in these test methods is applicable only to the range of chemical compositions that follow:

Element Range, %
Carbon 0.10-0.70
Manganese 0.50-1.65
Silicon 0.15-0.60
Chromium +:35-max
Nickel 1.50 max
Nieket +:50-max
Chromium 1.35 max
Molybdenum 0.55 max
Copper 0.35 max
Vanadium 0.20 max

1.4 Hardenability is a measure of the depth to which steel will harden when quenched from its austenitizing temperature (Table
1). It is measured quantitatively, usually by noting the extent or depth of hardening of a standard size and shape of test specimen
in a standardized quench. In the end-quench test the depth of hardening is the distance along the specimen from the quenched end
which correlates to a given hardness level.

1.5 The values stated in inch-pound units are to be regarded as the standard. The values given in parentheses are for information
only.

1.6 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:?

E 18 Test Methods for Rockwell Hardness of Metallic Materials
E 112 Test Methods for Determining Average Grain Size

2.2 ASTM Adjuncts:

ASTM Hardenability Chart?

These test methods are under the _]ul’lSﬂlelOIl of ASTM Committee AOT on Steel, Stainless Steel, and Related Al oys and are the direct responst 3111fy of Subcommittee

" These test methods are under the jurisdiction of ASTM Committee AO1 on Steel, Stainless Steel and Related Alloys and are the direct responsibility of Subcommittee
AO01.15 on Bars.

Current edition approved Sept. 1, 2007. Published October 2007. Originally approved in 1942. Last previous edition approved in 2002 as A 255 — 02°' .

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.

* Standard ASTM Hardenability Charts (82 by 11 in. pads of 50 charts) are available from ASTM International Headquarters. Order Adjunct No. ADJA0255. Original
adjunct produced in 1945.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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TABLE 1 Normalizing and Austenitizing Temperatures”

Normalizing Austenitizing
Steel Series Ordered Carbon Temperature, Temperature,
Content, max, % °F (°C) °F (°C)
1000, 1300, 1500, 0.25 and under 1700 (925) 1700 (925)
3100, 4000, 4100
4300, 4400, 4500, 0.26 to 0.36, incl 1650 (900) 1600 (870)
4600, 4700, 5000,
5100, 6100,5 8100,
8600, 8700, 8800,
9400, 9700, 9800
0.37 and over 1600 (870) 1550 (845)
2300, 2500, 3300, 0.25 and under 1700 (925) 1550 (845)
4800, 9300
0.26 to 0.36, incl 1650 (900) 1500 (815)
0.37 and over 1600 (870) 1475 (800)
9200 0.50 and over 1650 (900) 1600 (870)

A A variation of +10°F (6°C) from the temperatures in this table is permissible.
B Normalizing and austenitizing temperatures are 50°F (30°C) higher for the
6100 series.

END-QUENCH OR JOMINY TEST

3. Description

3.1 This test method covers the procedure for determining the hardenability of steel by the end-quench or Jominy test. The test
consists of water quenching one end of a cylindrical test specimen 1.0 in. in diameter and measuring the hardening response as
a function of the distance from the quenched end.

4. Apparatus

4.1 Support for Test Specimen—A fixture for supporting the test specimen vertically so that the lower end of the specimen is
a distance of 0.5 in. (12.7 mm) above the orifice of the water-quenching device. A satisfactory type of support for the standard
1.0-in. (25.4-mm) specimen is shown in Fig. 1.

Note 1—A suitable support for other sizes and shapes of specimens is shown in Fig. X1.1.

4.2 Water-Quenching Device—A water-quenching device of suitable capacity to provide a vertical stream of water that can be
controlled to a height of 2.5 in. (63.5 mm) when passing through an orifice 0.5 in. (12.7 mm) in diameter. A tank of sufficient
capacity to maintain the water temperature requirements of 6.3 with a small pump and control valves will be found satisfactory.
The water-supply line shall also be provided with a quick opening valve.

5. Test Specimens

5.1 Wrought Specimens—End-quench specimens shall be prepared from rolled or forged stock and shall represent the full cross
section of the product. If negotiated between the supplier and the user, the end-quench specimen may be prepared from a given
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FIG. 1 Test Specimen in Support for Water Quenching
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location in a forged or rolled product or from a continuous cast billet. The test specimen shall be 1.0 in. (25.4 mm) in diameter
by 4.0 in. (101.6 mm) in length, with means for hanging it in a vertical position for end quenching. Dimensions of the preferred
specimen and of an optional specimen (Note 2) are given in Fig—2Figs. 2 and and+Fig—33. The specimen shall be machined from
a bar previously normalized in accordance with 6.1 and of such size as to permit the removal of all decarburization in machining
to 1.0 in. round. The end of the specimen to be water cooled shall have a reasonably smooth finish, preferably produced by
grinding. Normalizing may be waived by agreement between the supplier and the user. The previous thermal history of the
specimen tested shall always be recorded.

5.2 Cast Specimens—A separately cast end-quench specimen may be used for non-boron steels. Cast specimens are not suitable
for boron steel grades due to erratic results. A graphite or metal mold may be used to form an overlength specimen 1.0 in. (25.4
mm) in diameter which shall be cut to the standard specimen size. The mold may also be used to form a 1.25-in. (31.8-mm)
diameter specimen which shall be machined to the final specimen size. Cast tests need not be normalized.

Note 2—Other sizes and shapes of test specimens are described in Appendix X1.

6. Procedure

6.1 Normalizing—The wrought product from which the specimen is to be prepared shall be normalized to ensure proper
hardening characteristics. The sample shall be held at the temperature listed in Table 1 for 1 h and cooled in air. Tempering of the
normalized sample to improve machinability is permitted.

6.2 Heating—Place the specimen in a furnace that is at the specified austenitizing temperature (Table 1) and hold at this
temperature for 30 min. In production testing slightly longer times up to 35 min may be used without appreciably affecting results.
It is important to heat the specimen in such an atmosphere that practically no scaling and a minimum of decarburization takes place.
This may be accomplished by heating the specimen in a vertical position in a container with an easily removable cover containing
a layer of cast-iron chips with the bottom face of the specimen resting on the chips.

6.2.1 Other methods consist of placing the specimen in an appropriately sized hole in a graphite block or placing the specimen
in an upright tube attached to a flat base, both of a heat-resistant metal, with the collar projecting for a tong hold. Place a disk of
graphite or carbon, or a layer of carbonaceous material such as charcoal, in the bottom of the tube to prevent scaling.

6.2.2 For a particular fixture and furnace, determine the time required to heat the specimen to the austenitizing temperature by
inserting a thermocouple into a hole drilled axially in the top of the specimen. Repeat this procedure periodically, for example once
a month, for each combination of fixture and furnace.

6.3 Quenching—Adjust the water-quenching device so that the stream of water rises to a free height of 2.5 in. (63.5 mm) above
the 0.5-in. (12.7-mm) orifice, without the specimen in position. The support for the specimen shall be dry at the beginning of each
test. Then place the heated specimen in the support so that its bottom face is 0.5 in. above the orifice, and turn on the water by
means of the quick-opening valve. The time between removal of the specimen from the furnace and the beginning of the quench
should not be more than 5 s. Direct the stream of water, at a temperature of 40 to 85°F (5 to 30°C), against the bottom face of
the specimen for not less than 10 min. Maintain a condition of still air around the specimen during cooling. If the specimen is not
cold when removed from the fixture, immediately quench it in water.

6.4 Hardness Measurement—Two flats 180° apart shall be ground to a minimum depth of 0.015 in. (0.38 mm) along the entire
length of the bar and Rockwell C hardness measurements made along the length of the bar. Shallower ground depths can affect
reproducibility of results, and correlation with cooling rates in quenched bars.

6.4.1 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 cuts with water cooling and a
coarse, soft-grinding wheel are recommended to avoid heating the specimen. In order to detect tempering due to grinding, the flat
may be etched with one of the following etchant solutions:

Note 3—5 % nitric acid (concentrated) and 95 % water by volume.
Note 4—50 % hydrochloric acid (concentrated) and 50 % water by volume.
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FIG. 2 Preferred Test Specimen
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FIG. 3 Optional Test Specimen

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.

6.4.1.1 The presence of lighter or darker areas indicates that hardness and structure have been altered in grinding. If such
changes caused by grinding are indicated, new flats may be prepared.

6.4.2 When hardness tests 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 penetrator in accurate steps of V16 in. (1.5 mm). Resting the specimen in a V-block is not permitted.

6.4.2.1 The Rockwell tester should periodically be checked against standard test blocks. It is recommended that a test block be
interposed between the specimen and the indenter to check the seating of the indenter and the specimen simultaneously. For general
statements regarding the use of test blocks and surface conditions, reference should be made to 4.7 and 5.2, respectively, of Test
Methods E 18.

6.4.3 Exercise care in registering the point of the indenter in relationship to the quenched 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 impression and in checking the distance from center to center of the
succeeding impressions. 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 0.0625 = 0.004 in. (1.5 = 0.10 mm) 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-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.

6.4.4 Readings shall be taken in steps of Yie in. (1.6 mm) for the first 16 sixteenths (25.4 mm), then 18, 20, 22, 24, 28, and 32
sixteenths of an inch. Values below 20 HRC are not recorded because such values are not accurate. When a flat on which readings
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.

6.4.4.1 Hardness readings should preferably be made on two flats 180° apart. Testing on two flats will assist in the detection
of errors in specimen preparation and hardness measurement. 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° from the first two flats. If the retest also has greater than 4 HRC
points spread, a new specimen should be tested.

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

7. Plotting Test Results

7.1 Test results should be plotted on a standard hardenability chart prepared for this purpose, in which the ordinates represent
HRC values and the abscissae represent the distance from the quenched end of the specimen at which the hardness determinations
were made. When hardness readings are taken on two or more flats, the values at the same distance should be averaged and that
value used for plotting. A facsimile of the standard ASTM hardenability chart® on which typical hardenability curves have been
plotted is shown in Fig. 4.

8. Index of Hardenability

8.1 The hardenability of a steel can be designated by a specific HRC hardness value or HRC hardness value range at a given
Jominy (“J”) distance. Examples of this method are J %16 in. (6.4 mm) = 47 HRC min, J 76 in. (11.1 mm) = 50 HRC max, and
J %6 in. (7.9 mm) = 38-49 HRC.
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FIG. 4 Facsimile of Standard ASTM Hardenability Chart, Showing Typical Hardenability Curves
[Chart Size: 872 by 11 in. (216 by 279 mm)]

9. Report

9.1 Report the following information that may be recorded on the ASTM hardenability chart:

9.1.1 Previous thermal history of the specimen tested, including the temperature of normalizing and austenitizing,

9.1.2 Chemical Composition,

9.1.3 ASTM grain size (McQuaid-Ehn) as determined by Test Methods E 112, unless otherwise indicated, and

9.1.4 A prominent notation on the standard hardenability chart if any of the test specimens listed in Appendix X1 are used.

CALCULATION OF HARDENABILITY

10. Introduction

10.1 This method of Jominy Hardenability calculation from the chemical ideal diameter (DI) on a steel is based on the original
work of M. A. Grossman 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 follows and a range of DI as
contained in Tables 2-5. The accuracy of this test method and the techniques used to develop it have been documented. For
comparison of this test method to others, or for steel compositions outside the mentioned grades, the user should refer to other
articles concerned with calculating hardenability.

Element Range, %
Carbon 0.10-0.70
Manganese 0.50-1.65
Silicon 0.15-0.60
Nickel 1.50 max
Chromium 1.35 max
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Element Range, %
Molybdenum 0.55 max
Copper 0.35 max
Vanadium 0.20 max

10.1.1 Calculated DI and Jominy hardenability curves are valid only within the chemical ranges stated above. However, to
facilitate melting process control for higher alloy steels, Hardenability Multiplying Factors have been included for calculating the
DI within the following chemical composition ranges:

| Element Range, %

Carbon 0.01-0.90
Manganese 0.01-1.95
Silicon 0.01-2.00
Nickel 0.01-3.50
Chromium 0.01-2.50
Molybdenum 0.01-0.55
Copper 0.01-0.55
Vanadium 0.01-0.20
Zirconium 0.01-0.25

10.2 Tables 2-18 are to be used to calculate hardenability from the chemical ideal diameter for the grades shown in 10.1.
Hardenability results are to be reported for the first 10 sixteenth (16 mm), the 12, 14, 16, 18, 20, 24, 28, and 32 sixteenths of an
inch.

I Nore 5—The reporting of hardenability using the calculated method differs from the procedure as shown in 6.4.4,

10.3 DI Calculation for Non-Boron Steels—This calculation relies on a series of hardenability factors (Table 6) for each

alloying element in the composition which, when multiplied together, gives a DI value. (For simplicity, only multiplying factors

J] for DI in inch=-pound units are given. For DI in millimetres, use the metric value table.) The effects of phosphorous and sulfur

are not considered since they tend to cancel one another. A No. 7 austenitic grain size is assumed since most steels with

J] hardenability control areare melted to a fine-grain practice where experience has demonstrated that a high percentage of heats
conform to this grain size. An example DI calculation is given as follows for an SAE 4118 modified steel:

Element % Multiplying Factor
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+-7#560

1.75
Copper 0.10 1.04
Vanadium 0.05 1.09

DI = 0.119 X 3.667 X 1.126 X 1.036 X 1.929 X
1.75 X 1.04 X 1.09 = 1.95 in.

NN | I
‘2
=
@
=
@

10.4DI Calculation for Boron Steels— With an effective steel making process, the boron factor (signifying the contribution for
boron to increased hardenability) is an inverse function of the carbon and alloy content. The higher the carbon or alloy content,
or both, the lower the boron factor.

10.4.1The actual boron factor is expressed by the following relationship:

measuredDI(fromJominydataandcarboncontent)

B.E= calculatedDI(fromcompositionexcludingboron) M
10.4.2An example of actual boron factor determination is given as follows for an SAE 15B30 modified steel:
| ] Composition, % C Mn Si Ni Cr Mo Cu B Calculated DI (boron excluded)
0.29 1.25 0.20 0.13 0.07 0.03 0.24 0.0015 1.35 in.
End-Quench Test Results, in.
“J” Position (Vs in.) 1 2 3 4 5 6 7
Hardness, HRC 50 50 49 48 47 45 41
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End-Quench Test Results, in.
“J” Position (Vs in.) 8 9 10 12 14 16
Hardness, HRC 38 33 28 25 22 20
10.4.3Using Table 7, determine the nearest location on the end-quench curve where hardness corresponding to 50% martensite

occurs for the actual carbon content. For the example heat with 0.29 carbon, this hardness is 37 HRC occurring at a “J” distance
of %6 in. from the quenched end (interpolation required).
10.4.4From Table 8 (in.), a “J” distance of ¥%is in. equates to a measured DI of 2.97 in. (interpolation required).

2.97 in.
Boronfactor=m= 2.4boronfactor (2)

2.97 in.
Boron Factor = w——=3—=2.4boronfactor 2)

1.35 in. = 2.2 boron factor

10.4.5 Calculation of DI with Boron (DlIy):

10.4.5.1 Calculate the DI without boron. For the example in 10.4.4, this DI is +:241.35 in.

10.4.5.2 Calculate the alloy factor (the product of all the multiplying factors from Table 6 excluding carbon). For the example
in 10.4.4:

Calculated DI (without boron) 1.24in.
Alloyfactor=—x= = =8 3)

1 EPEP o Fa e W~
Al OUIN MUt Py 1irg 1ac tot U TIT7 1L

Calculated DI (without boron)  1.35in.
Carbon multiplying factor ~— 0.157 in. *

Alloy Factor = 3)

=8.6

10.4.5.3 Determine the boron multiplying factor from Table 10. For this example with 0.29% carbon and an alloy factor of 8.6,
the boron multiplying factor is 2:362.31 (interpolation required).
10.4.6 Calculate the DI with boron as follows:

where:

DI, = DI (without boron) X boron factor
DI, = +24-in—<236-1.35 in. X 2.31
DI = 293-in3.12 in.

10.5 Hardenability Curves from Composition—With a predetermined DI (DIg for boron steel), the end-quench hardenability
curve can be computed by the following procedure:

10.5.1 The initial hardness (IH) at the J = V16 in. position is a function of carbon content and independent of hardenability and
is selected from Table 7. For the example non-boron SAE 4118 modified heat containing 0.22 % carbon, the initial hardness is 45
HRC.

10.5.2 The hardness at other positions along the end-quench specimen (termed distance hardness) is determined by dividing the
initial hardness by the appropriate factor from Table 2 (in.) or Table 3 (mm) for non-boron steels or from Table 4 (in.) or Table
5 (mm) for boron steels.

10.6 For the example non-boron heat with an IH = 45 HRC and a calculated DI of +-791.95 in., the hardness at the respective
end-quench positions can be calculated by dividing 45 by the appropriate dividing factor listed in Table 2 (in.) for non-boron steels.
(For simplicity, the DI should be rounded to the nearest 0.1 in.).

VA gitaiio O ao =10

10.7 Distance Dividing Hardness Factors in Tables 2-5 are calculated from the equations in Tables 15-18. Multiplying Factors
in Table 6 are calculated from the equations in Table 11. Jominy Distance for 50 % Martensite versus DI in Tables 8 and 9 are
calculated from the equations in Table 13. Boron Factor versus % Carbon and Alloy Factor in Table 10 are calculated from the
equations in Table 14. Equations representing a least squares polynomial fit of the data contained in Table 7 is listed in Table 12.
The use of these equations to plot curves may result in random inflection points due to the characteristics of polynomial equations.
These inflections will be minor, however, and should be disregarded.

11. Keywords
11.1 end-quench hardenability; hardenability


https://standards.iteh.ai/catalog/standards/sist/587aa706-8fd2-4b60-ba60-9fd82de2f6af/astm-a255-07e1

Al A 255-g2A 25507

i’

TABLE 2 Distance Hardness Dividing Factors for Non-Boron Steels, in.

Ideal Jominy End-Quench Distance (Vs in.)
Diameter
(D1), in. 2 3 4 5 6 7 8 9 10 12 14 16 18 20 24 28
1 115 150 214 246 272 281 292 307 322 349
11 112 142 199 232 260 270 280 294 307 334
12 110 135 185 220 248 259 269 281 294 320 332 344
13 108 129 174 209 238 248 258 269 281 307 319 330 353
14 107 124 164 199 227 238 247 258 269 295 306 317 337 350 3.79
15 105 119 156 189 218 228 237 247 258 283 294 305 322 335 361
1.6 104 116 149 181 209 219 228 237 247 273 283 294 309 321 345 367 377
1.7 103 113 143 173 200 210 219 228 238 262 273 28 29 3.07 330 351 363
18 102 11 137 166 192 202 211 219 229 253 263 273 28 295 317 337 349
1.9 102 109 133 160 1.8 194 203 211 220 244 254 264 274 284 304 324 336
2 10t 108 129 154 178 18 195 203 212 235 245 255 265 274 293 312 324
2.1 101 107 126 148 172 18 18 196 205 227 237 247 256 2.65 2.8 300 313
22 1.00 | 1.07 123 144 1.65 174 1.82 1.90 1.98 220 230 239 247 256 274 290 3.3
23 100 | 1.06 121 139 160 168 176 1.88 191 213 222 232 240 248 265 281 293
24 100 [ 1.06 118 135 155 162 170 177 185 206 216 225 232 241 257 272 284
25 100 [ 1.06 147 18 150 157 1.65 172 180 200 209 219 226 234 250 264 276
26 100 | 1.06 115 129 145 152 160 1.67 174 184 208 2138 219 227 243 257 268
27 100 [ 104 113 126 141 148 156 1.62 1.69 188 1.97 207 214 221 237 250 261
28 100 | 1.04 112 128 137 144 152 158 1.65 183 1.92 202 208 216 231 243 254
289 100 | 108 141 121 134 140 148 154 161 178 18 197 2038 210 225 237 248
3 100 [ 102 110 119 131 137 144 150 156 173 182 192 198 205 220 231 241
3.1 100 | 10t 109 117 128 134 141 147 153 168 177 187 194 201 215 226 236
32 100 1.00 [ 1.08 115 125 131 1.38 143 149 1.64 173 1.83 1.89 196 210 221 230
33 100 100 [ 1.07 118 128 128 135 140 146 160 1.69 179 185 192 205 216 225
34 100 100 | 106 112 120 126 1.2 1.7 143 156 165 175 181 187 201 211 220
35 100 100 [ 106 110 118 124 130 135 140 158 161 171 177 183 196 207 215
36 100 100 | 1.06 108 147 122 128 182 187 149 158 168 173 179 192 202 210
37 100 100 | 104 108 115 120 126 180 135 146 154 164 170 176 187 198 206
38 100 100 [ 104 107 114 118 124 128 182 143 151 161 166 172 183 194 201
39 100 100 [ 1.08 106 142 147 122 125 130 140 148 158 1.63 1.68 179 190 1.97
4 100 100 | 102 105 1M 115 120 124 128 137 145 155 160 165 175 1.86 198
41 100 100 | 101 104 110 114 118 122 126 135 142 152 157 162 171 182 1.89
4.2 100 100 100 | 1.08 109 143 117 120 124 132 139 149 154 158 1.68 178 1.85
43 100 100 100 | 1.02 108 112 115 118 122 130 187 146 151 155 164 175 182
44 100 100 100 | 1o 107 110 114 147 120 128 135 144 148 152 160 171 1.78
45 100 1.00  1.00 1.00 | 1.06 1.09 143 145 119  1.26 1.32 141 145 149 157 167 1.75
4.6 100 100 100 1.00 ( 1.05 108 111 114 118 124 130 139 142 146 154 164 171
a7 160 100 100 100 | 104 107 110 113 116 122 128 136 140 143 150 1.60  1.68
48 100 100 1.00 1.00 | 1.08 1.06 1.09 1i1 115 121 126 134 137 140 147 157 165
4.9 100 100 100 100 | 1:02 1.056 1.08 110 148 119 124 182 185 137 144 154 162
160 100 100 100 [ 101 104 1.07 109 142 118 123 130 132 135 141 151 1.59
100  1.00 1.00 1.00 1.00 [ 1.08 1.06 1.08 111 147 121 1.28 1.80 1.82 1.39 148 156
1.583
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6.6 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.05 1.07 1.08 1.09 1.15 1.17
6.7 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.04 1.06 1.07 1.08 1.14 1.16
6.8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.03 1.05 1.06 1.07 1.12 1.15
6.9 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.02 1.04 1.05 1.06 1.1 1.14
7 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.03 1.04 1.05 1.08 1.13
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TABLE 3 Distance Hardness Dividing Factors for Non-Boron Steels, mm

Ideal Jominy End-Quench Distance (mm)

Diameter

©l), mm 3 5 7 9 1 13 15 20 25 30 35 40 45 50
25 113 162 211 262 282 296 315 352
275 i1 154 199 250 270 284 301 337
30 109 147 18 238 258 272 289 324 348
325 107 141 178 227 248 261 276 311 334 358
35 106 135 169 247 237 251 265 299 320 343
375 105 130 161 207 228 241 254 288 308 328 352
40 104 126 154 199 219 231 244 277 296 315 337 356
425 103 122 148 191 210 222 285 267 28 308 323 341 355
45 102 119 142 18 202 214 226 257 275 2982 310 327 341 354
475 102 116 1387 176 195 206 217 248 266 281 298 314 328 34
50 101 143 13 170 18 199 210 240 257 271 287 303 316 329
52.5 101 11 120 164 18 182 202 282 248 262 277/ 29 305 318
575 100 | 108 128 153 1.6 179 189 217 233 246 260 273 28 297
60 100 | 1o7 121 148 163 174 18 210 226 239 252 265 276 288
62.5 100 | 106 118 144 158 168 177 204 219 2832 245 257 268 279
65 100 | 105 116 140 154 168 172 198 2138 226 238 250 260 270
67.5 100 | 104 115 13 149 150 167 182 208 220 282 243 253 262
70 100 | 104 118 133 145 154 163 187 202 214 226 237 246 255
725 100 | 108 112 180 141 150 158 182 197 200 220 231 240 248
75 100 | 108 i1 127 188 146 154 177 192 204 245 225 234 241
775 100 [ 108 110 124 18 143 151 172 18 199 210 220 228 235
80 100 | 102 109 122 182 140 147 168 183 195 206 215 222 229
82.5 100 [ 102 108 120 129 13 144 164 179 18 201 210 247 228
85 100 | 102 107 148 126 134 141 160 175 186 197 205 212 = 217
875 100 | 102 1oz 116 124 181 188 167 171 18 192 201 207 212
90 100 | 102 106 114 122 129 18 158 167 178 18 19 208 207
925 100 [ tof 105 148 120 127 18 150 164 175 184 192 198 = 202
9% 100 | 1ol 105 1At 118 124 181 147 160 171 181 18 19 198
975 100 | 1ot 104  1i0 116 122 128 144 15/ 167 177 18 180 193
100 100 [ 1ot 104 109 115 121 126 141 154 164 173 180 186  1.89
102.5 100 | 1ol 108 108 113 119 124 189 151 161 170 176 18 18
105 100 | 1of 108  1o7 112 17 128 13 148 158 166 173 178 181
107.5 100 100 | 1.02 106 141 146 121 134 146 155 163 169 174 177
110 100 100 | 102 105 110 145 119 18 148 151 150 165 171 178
1125 100 100 | 102 104 108 148 118 129 141 149 156 162 167 170
115 100 100 | 101 104 107 112 116 127 1.8 146 158 159 164 167
175 100 100 | 101 108 107 111 115 126 18 143 150 155 161 163
120 100 100 | 101 108 106 110 114 124 134 140 147 152 158  1.60
122.5 100 100 | 101 102 105 108 112 122 181 188 144 149 185 157
125 100 100 100 [ 102 104 108 111 121 120 135 141 146 152 154
127.5 100 100 100 | TOf 104 107 110 119 127 133 139 143 149 152
130 100 100 100 | for 108 106 109 148 125 131 136 141 146 149
1325 100 100 100 [ for 102 105 108  1i6 124 128 134 138 144 147
135 100 100 100 | 101 102 104 107 115 122 126 182 186 142 144
137.5 100 100 100 100 | 101 104 106 114 120 124 130 134 139 142
140 100 100 100 100 | 101 108 105 118 119 122 128 132 137 140
1425 100 100 100 100 100 | 102 104 142 147 121 126 130 135 138
145 100 100 100 100 100 | 102 103 141 116 149 124 128 133 136
1475 100 100 100 100 100 | 101 108  1i0 114 147 128 126 182 134
150 100 100 100 100 100 100 | 102 109 113  1d6 121 125 130 133
162.5 100 100 100 100 100 100 | 1o1 108 112 115 120 128 129 131
185 100 100 100 100 100 100 | Toi 107 110 148 149 122 127 130
157.5 100 100 100 100 100 100 100 | 106 109 112 118 121 126 128
160 100 100 100 100 100 100 100 | 105 108 1A 1iz 120 124 127
162.5 100 100 100 100 100 100 100 | 105 1oz 1o 116 149 128 126
165 100 100 100 100 100 100 100 | 104 106 109 115 Ti7 122 125
167.5 100 100 100 100 100 100 100 | 108 105 108 114  1d6 121 124
170 100 100 100 100 100 100 100 | 102 104 107 118 145 120 128
172.5 100 100 100 100 100 100 100 | 1oi 103 106 112 114 118 122
175 100 100 100 100 100 100 100 100 | 102 105 #1142 147 121
177.5 100 100 100 100 100 100 100 100 | 1Of 104  T10 110 15 120
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TABLE 4 Distance Hardness Dividing Factors for Boron Steels, in.

Ideal Jominy End-Quench Distance (Vs in.)
Diameter
(D1), in. 2 3 4 5 6 7 8 9 10 12 14 16 18 20 24 28 32
15 110 114 188 252 291 3823
16 1.08 112 165 220 270 3.02
17 107 110 147 195 250 282 299
18 106 109 134 174 231 263 283 300
19 105 108 125 158 213 245 267 284 308
2 104 107 119 146 187 228 251 268 288 333
21 108 106 114 136 183 212 236 253 270 315 3.69
22 102 105 111 129 170 188 221 238 253 298 348 386
23 102 104 109 124 158 184 208 224 238 282 329 365
24 1.02 104 108 120 148 172 195 211 224 267 311 345 363
25 101 108 107 117 140 161 183 199 212 254 295 327 345 362 405
26 100 | 1.08 1.06 115 132 152 172 1.87 200 241 279 309 328 346 386 423
27 100 | 108 105 114 126 143 162 177 190 229 265 293 312 330 367 400
28 100 | 102 105 118 121 186 153 1.67 180 218 252 278 297 315 350 378 427
29 100 | 101 104 112 147 130 144 159 172 208 240 265 283 301 334 359 401
3 100 1.00 | 104 1M1 118 125  1.87 151  1.64 199 229 252 270 288 319 341 378
31 100 100 [ 108 110 1i1 120 131 144 157 190 219 240 257 275 304 325 357
32 100 1.00 [ 1.08 109 109 117 126 138 150 1.82 209 229 246 263 291 310 3.39
33 100 100 | 102 108 108 114 121 188 145 176 201 219 285 251 278 297 322
34 100 100 | 102 107 107 1Al 147 128 140 1.68 193 210 225 240 266 284 3.07
35 100 100 | 101 106 106 110 114 124 135 162 185 201 216 230 256 273 294
36 100 1.00  1.00 [ 1.06 1.06 1.08 112 121 131 1.56 178 1.93 207 221 245 263 282
37 100 100 100 | 104 106 108 110 148 127 151 172 186 199 212 28 253 271
38 100 100 100 | 104 106 107 108 116 124 146 166 180 192 204 226 244 261
39 100 100 100 [ 1.08 105 1.06 1.08 114 121 142 160 174 185 196 218 236 252
4 100 100 1.00 | 1.02 105 1.06 1.07 113 119 138 155 1.68 179 189 211 229 244
41 100 100 100 | 102 105 106 107 142 147 135 150 163 1738 182 208 222 237
42 100 100 1.00 | 1.01 104 1.06 1.06 111 115 131 146 158 1.68 176 197 215 230
43 100 100 100 | 101 108 105 106 140 118 128 142 154 168 171 191 209 223
44 100 100 100 | 101 103 105 106 1.09 111 125 138 150 158 166 1.85 208 217
45 100  1.00 1.00 1.00 [ 1.2 1.04 1.06 1.09 110 1.23 1.35 147 154 1.61 1.80 1.98 211
46 100 100 100 100 | 101 104 106 1.08 109 121 132 143 151 157 175 193 206
47 100 100 100 1.00 | 1.01 1.08 1.05 1.08 1.08 119 129 140 147 158 171 188 201
48 100 100 100 1.00 | 1.01 108 105 107 1.07 117 126 187 144 150 1.67 183 1.96
49 100 100 100 100 | 102 102 104 1.06 106 115 124 135 141 147 168 179 191
5 100 1.00  1.00 1.00 1.00 [ 1.02 1.04 1.06 1.06 114 121 1.32 1.38 144 159 175  1.87
51 100 100 100 100 100 [ 1.02 103 1.05 105 112 119 130 136 141 156 171 1.82
52 100 100 100 1.00 1.00 [ 1.02 102 1.04 105 1M1 117 128 133 139 152 167 1.78
5.3 100 100 100 100 100 100 | 1.02 103 104 110 116 126 131 136 149 164 174
54 100 100 100 1.00 1.00 1.00 | 101 103 104 109 114 124 129 134 146 160 170
55 100 100 100 100 1.00 1.00 | 101 102 104 108 113 122 127 132 144 157 167
5.6 100 100 100 100 1.00 100 | 101 102 103 107 112 120 125 130 141 154 163
57 100 1.00 1.00 1.00 1.00 1.00 1.00 [ 1.02 1.08 1.06 111 119 1.23 128 138 151  1.60
58 100 100 100 1.00 1.00 1.00 1.00 | 1.02 1.02 106 110 147 122 126 136 148 156
59 100  1.00  1.00 1.00 1.00 1.00 1.00 1.00 | 1.02 1.04 1.09 116 1.20 1.24 133 146  1.53
6 100 100 100 100 1.00 1.00 1.00 1.00 | 1.01 1.04 1.08 114 118 123 131 143 150
61 100 100 100 100 100 100 100 1.00 | 101 108 107 13I8 117 121 128 141 147
62 100 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00 [ 1.02 1.07 142 145 119 126 1.38  1.44
63 100 100 100 100 100 100 100 1.00 1.00 | 1.02 106 110 114 117 123 135 141
64 100 100 100 100 1.00 1.00 100 1.00 1.00 [ 1.01 1056 109 112 115 121 133 1.38
65 100 100 100 1.00 1.00 1.00 1.00 1.00 1.00 | 1.01 1.04 1.08 141 143 118 130 1.35
66 100 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 [ 1.08 1.07 1.09 112 146 127  1.82
67 100 100 100 100 100 1.00 1.00 1.00 1.00 1.00 [ 1.02 106 1.08 110 114 125 1.9
68 100 100 100 100 100 100 100 1.00 100 1.00 | 101 105 107 108 1i1 121 125
69 100  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 | 1.056 1.06 1.07 1.09 118  1.21
7 100 100 100 100 100 100 100 1.00 100 100 100 | 104 105 105 107 114 117
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TABLE 5 Distance Hardness Dividing Factors for Boron Steels, mm

Ideal Jominy End-Quench Distance (mm)

Diameter

©l), mm 3 5 7 9 1 13 15 20 25 30 35 40 45 50
40 107 125 192 256
425 106 121 173 2.34
45 105 118 157 214 264
475 104 144 145 197 244
50 103 142 135 183 226 257
52.5 108 109 128 170 210 240
57.5 102 106 147 149 18 240 237
60 102 106 114 141 171 197 228
62.5 101 104 111 18 161 18 210
65 101 108 109 129 153 175 199 256
67.5 100 | 108 108 124 145  1.66 188 243
70 100 | 102 107 120 188 157 178 282
725 100 | 102 106  1d7 182 150 170 221
75 100 [ 1ot 106 114 127 143 162 211 253
775 100 | 101 105 142 123 137 155 201 242 271
80 100 100 | 105 141 119 182 148 183 231 259 282
82.5 100 100 | 105  1i0 116 127 143 18 221 247 270 289 306 326
85 100 100 | 104 109 113 128 188 178 211 287 289 277 292 31
87.5 100 100 | 104 108 11 120 18 171 208 227 248 266 280 298
90 100 100 | 108 107 109 147 120 165 195 218 238 255 269 286
925 100 100 | 108 107 108 115 126 150 187 209 229 246 259 275
95 100 100 | 102 106 107 118 128 154 18 201 220 237 250 265
975 100 100 | 101 106 106 111 120 149 174 194 212 228 242 256
100 100 100 100 [ 106 105 109 118 145 169 187 205 221 234 248
1025 100 100 100 [ 105 104 108 116 141 1638 181 198 213 227 241
105 100 100 100 | 105 104 107 114 187 188 175 191 207 221 234
107.5 100 100 100 | 105 104 106 118 13 154 170 18 201 215 227
110 100 100 100 [ 104 103 106 112 131 150 165 180 195 209 = 221
1125 100 100 100 | 104 108 105  1i1 128 146 161 175 189 208 216
115 100 100 100 [ 108 108 105 110 125 148 156 170 184 198 210
175 100 100 100 [ 108 103 105 109 128 139 153 166 180 193 205
120 100 100 100 | 1038 108 104 108 120 136 149 162 175 18 201
1225 100 100 100 | 102 102 104 108 119 134 146 158 171 184 19
125 100 100 100 | 102 102 104 107 147 131 143 155 167 180  1.91
127.5 100 100 100 | 101 102 104 107 115 129 140 152 164 175 187
130 100 100 100 | for 102 108 106 114 127 1388 149 160 172 188
132.5 100 100 100 100 | 1.02 103 105 118 125 135 146 157 168 179
135 100 100 100 100 | 102 108 105 141 128 133 144 154 164 175
137.5 100 100 100 100 | 101 102 104 110 121 131 141 151 161 172
140 100 100 100 100 | 101 102 104 109 119 129 139 148 158 168
1425 100 100 100 100 | 101 102 108 108 118 127 18 145 156 165
145 100 100 100 100 | 101 1ot 103 107 116 125 134 143 152 162
1475 100 100 100 100 100 | 101 102 106 115 124 182 141 149 159
150 100 100 100 100 100 | 10f 102 105 114 122 130 138 147 156
152.5 100 100 100 100 100 100 | 102 105 112 120 128 136 144 153
155 100 100 100 100 100 100 | 101 104 111 18 126 134 142 151
157.5 100 100 100 100 100 100 | 1o 108  1f0 147 124 131 140 148
160 100 100 100 100 100  1.00 100 | 108 109 115 122 129 187 145
162.5 100 100 100 100 100 100 100 | 102  1o7 148 120 127 136 143
165 100 100 100 100 100 100 100 | 102 106 112 118 125 133 140
167.5 100 100 100 100 100 100 100 | 101 105 10 116 122 130 137
170 100 100 100 100 1.00 100 100 100 | 104 108 114 120 127 133
1725 100 100 100 100 100 100 100 100 | 108 107  1i2 147 128 129
175 100 100 100 100 100 100 100 100 | 102 105 110 144 119 125
177.5 100 100 100 100 100 100 100 100 | TOf 104 108 T 114 120
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