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Foreword—This Document has not changed other than to put it into the new SAE Technical Standards Board
Format.

1. Scope—This report lists approximate hardness conversion values; test methods for Vickers Hardness, Brinell
Hardness, Rockwell Hardness Rockwell Superficial Hardness, Shore Hardness; and information regarding
surface preparation, specimen thickness, effect of curved surfaces, and recommendations for Rockwell
surface hardness testing for case hardened parts.

The tables in this report give the approximate relationship of Vickers Brinell, Rockwell, and Scleroscope
hardness values and corresponding approximate tensile strengths of steels. It is impossible to give exact
relationships because of the inevitable influence of size, mass, composition, and method of heat treatment.
Where more precise conversions are required, they should be developed specially for each steel composition,
heat treatment, and part.

The accompanying conversion tables for steel hardness numbers are based on extensive tests on carbon and
alloy steels, mostly in the heat treated condition, but have been found to be reliable on practically all
constructional alloy steels and tool steels in the as-forged, annealed, normalized, and quenched and tempered
conditions, provided they are homogeneous. Such special cases as high manganese steel, 18% chromium—
8% nickel steel and other austenitic steels, and nickel base alloys, as well as constructional alloy steels and
tool steels in the cold worked condition, may not conform to the relationships given with the same degree of
accuracy as the steels for which the tables are intended.

All numbers in these tables given in bold face type were prepared jointly by the American Society for Testing
and Materials, the American Society for Metals, and SAE from carefully checked data. The values given in
regular face type were taken from the Army-Navy Approximate Hardness Tensile Strength Relationship of
Carbon and Low Alloy Steels (ANQQ-H-201) published in the 1943 SAE Handbook, with only minor
adjustments.

Documents

Document Sharing Hub

Full document details: SAE J417_201801


http://www.avadocuments.com/doc/sae-j417-201801
http://www.avadocuments.com/doc/sae-j417-201801

SAE INTERNATIONAL J417™ JAN2018 Page 2 of 10

2. References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified
herein. Unless otherwise indicated, the latest version of SAE publications shall apply.

2.1.1 SAE PusBLIcATION—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J423—Methods of Measuring Case Depth
ANQQ-H-201—Army-Navy Approximate hardness Tensile Strength Relationship of Carbon and Low Alloy
Steels (published in the 1943 SAE Handbook)

2.1.2 ASTM PuBLIcATION—AVvailable from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM E 10—Test Method for Brinell Hardness of Metallic Materials
ASTM E 18—Test Methods for Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials

3. Use of Conversion Tables—The conversions given in the accompanying Tables 1, 2, and 3 are
recommended for use in converting the results of one form of hardness test to another only on flat surfaces
and only when the specific test procedures and precautions outlined in the several hardness test methods are
followed. Attention is called to the limitation in ASTM E 10 (Brinell Hardness Tests) on the use of the standard
steel ball to hardness values less than 450 HB, and the use of a tungsten carbide ball to hardness values less
than 630 HB. The Rockwell Superficial and Vickers Hardness tests require especially smooth surfaces for
accurate results. In all tests, a specimen should be of sufficient thickness to avoid anvil effect—which thickness
is roughly 10 times the depth of the indentation. It is important that conversions from Brinell Hardness to
shallow impression type tests, such as Rockwell Superficial and Vickers Hardness tests, be made only on
materials that are of uniform hardness to a depth at least 10 times that of the indentation. Such hardness
conversions should not be made on surface hardened, coated, or decarburized surfaces. Although the
Rockwell Hardness and the Rockwell Superficial Hardness values in the tables are given to tenths of a point in
order to maintain exact relationships between the various scales, it is customary to report these values to the
nearest point. Experience has shown that even under carefully controlled conditions, some deviations from the
conversion relationships will occur.

The numbers given in parentheses in the tables are values beyond the practical range of usefulness of the type
of' test under which they appear and have no strict application. They are included in the tables as a matter of
information only, and should not be used for specifications.

4, Vickers Hardness (HV), Table I—Vickers Hardness is determined by forcing a square base diamond pyramid
having an apex angle of 136 deg into the test specimen under loads usually of 3-50 kg and measuring the
diagonals of the recovered indentations. The Vickers Hardness is defined as the load per unit area of surface
contact in kilograms per square millimeter as calculated from the average diagonal as follows:

2L sin%1
HV = ——— (Eg. 1)
d
where:

HV = Vickers Hardness

d = length of average diagonal in millimeters
a = apex angle = 136 deg

L = load in kilograms

For further information on standard methods of Vickers Hardness Testing, refer to ASTM E 92-72.
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TABLE 1—APPROXIMATE EQUIVALENT HARDNESS NUMBERS®FOR VICKERS HARDNESS NUMBERS (HV), FOR STEEL

Brinell Hardness No. Rockwell Superficial
10-mm Baill, Hardness No., Superficial
3000-kg Load® Rockwell Hardness No.® Brale P or
B-Scale,
A-Scale, 100-kg C-Scale, D-Scale, Tensile
60-kg Load, 150-kg 100-kg 15-N 30-N 45-N Shore Strength
Vickers Tungsten- Load, 1.6-mm Load, Load, Scale, Scale, Scale, Scleroscope | (Approximate) Vickers
Hardness Standard Carbide Brale (1/16-in) Brale Brale 15-kg 30-kg 45-kg Hardness in MPa Hardness

Ball Ball Penetrator Dia Ball Penetrator | Penetrator Load Load Load No. (1000 psi) No.
Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col. 6 Col. 7 Col.8 | Col.9 | Col 10 Col. 1 Col. 12 Col. 13
940 — — 85.6 — 68.0 76.9 93.2 754 97 — 940
920 — — 85.3 — 67.5 765 93.0 748 96 — 920
900 — — 85.0 — 67.0 76.1 92.9 742 95 — 900
880 — (767) 84.7 — 66.4 75.7 927 73.6 93 — 880
860 — (757) 84.4 — 65.9 753 92.5 731 92 — 860
840 — (745) 84.1 — 653 748 9223 722 91 — 840
820 — (733) 83.8 — 647 743 92.1 71.8 90 — 820
800 — (722) 834 — 64.0 738 91.8 71.0 88 — 800
780 — 710 83.0 - 63.3 733 91.5 70.2 87 - 780
760 — (698) 826 — 625 72.6 9.2 69.4 86 — 760
740 — (684) 822 — 61.8 721 91.0 79.1 68.6 84 — 740
720 — (670) 818 -_ 61.0 7.5 90.7 784 671.7 83 - 720
700 —_ (656) 813 - 60.1 70.8 90.3 77.6 66.7 81 -_ 700
690 — (647) 811 — 59.7 705 90.1 7.2 66.2 — — 690
680 b (638) 80.8 — 59.2 70.1 89.8 76.8 65.7 80 - 680
670 - 630 80.6 — 58.8 69.8 89.7 764 65.3 — —_ 670
660 — 620 80.3 — 583 69.4 89.5 75.9 647 79 — 660
650 — 611 80.0 — 57.8 69.0 89.2 755 64.1 - — 650
640 - 601 79.8 — 57.3 68.7 89.0 75.1 77 — 640
630 -_ 591 79.5 -— 56.8 68.3 888 746 63.0 _ -_ 630
620 —_ 582 79.2 —_ 56.3 67.9 88.5 742 624 75 - 620
610 - 573 78.9 —_ 55.7 67.5 88.2 73.6 617 — _ 610
600 — 564 78.6 - 55.2 67.0 88.0 732 61.2 74 — 600
590 — 554 78.4 —_ 547 66.7 87.8 727 60.5 —_ 2055 (298) 590
580 - 545 78.0 —_ 54.1 66.2 87.5 721 59.9 72 2020 (293) 580
570 _ 535 77.8 - 53.6 65.8 87.2 nz 59.3 — 1985 (288) 570
560 — 525 77.4 —_ 53.0 65.4 86.9 n2 58.6 n 1950 (283) 560
550 (505) 517 77.0 —_ 52.3 64.8 86.6 70.5 57.8 - 1905 (276) 550
540 (496) 507 76.7 - 517 64.4 86.3 70.0 57.0 69 1860 (270) 540
530 (488) 497 764 — 511 63.9 86.0 69.5 56.2 - 1825 (265) 530
520 (480) 488 76.1 —_ 50.5 63.5 85.7 69.0 55.6 67 1795 (260) 520
510 (473) 479 75.7 - 49.8 62.9 854 547 - 1750 (254) 510
500 (465) 471 75.3 - 49.1 62.2 85.0 67.7 53.9 66 1705 (247) 500
490 (456) 460 74.9 — 484 61.6 84.7 67.1 53.1 - 1660 (241) 490
480 448 452 745 - 477 613 84.3 66.4 52.2 64 1620 (235) 480
470 441 442 741 —_ 46.9 60.7 83.9 65.7 51.3 - 1570 (228) 470
460 433 433 736 -_ 46.1 60.1 83.6 649 50.4 62 1530 (222) 460
450 425 733 — 45.3 59.4 83.2 64.3 494 —_ 1495 (217) 450
440 415 415 72.8 - 4.5 58.8 82.8 63.5 48.4 59 1460 (212) 440
430 405 723 — 43.6 58.2 823 62.7 474 - 1410 (205) 430
420 397 397 71.8 — 427 57.5 81.8 61.9 46.4 57 1370(199) 420
410 388 388 714 - 418 56.8 81.4 61.1 453 - 1330 (193) 410
400 379 379 70.8 _ 40.8 56.0 81.0 60.2 4. 55 1290 (187) 400
390 369 369 703 — 39.8 55.2 80.3 59.3 42.9 — 1240 (180) 390
380 360 360 69.8 (110.0) 388 54.4 79.8 58.4 407 52 1205(175) 380
370 350 350 69.2 — 377 53.6 79.2 57.4 40.4 — 1170 (170) 370
360 34 n 68.7 (109.0) 36.6 52.8 78.6 56.4 39.1 50 1130 (164) 360
350 331 331 68.1 —_ 355 51.9 78.0 55.4 37.8 — 1095 (159) 350
340 322 322 67.6 (108.0) 344 511 7.4 544 365 47 1070 (155) 340
330 313 313 67.0 — 333 50.2 768 53.6 352 —_ 1035 (150) 330
320 303 303 66.4 (107.0) 322 49.4 76.2 523 33.9 45 1005 (146) 320
310 294 294 65.8 —_ 310 48.4 75.6 513 325 - 980 (142) 310
300 284 284 65.2 (105.5) 29.8 47.5 749 50.2 311 42 950(138) 300
295 280 280 64.8 — 29.2 47.1 74.6 497 30.4 — 935 (136) 295
290 275 275 64.5 (104.5) 285 46.5 742 49.0 295 4 915(133) 290
285 270 270 64.2 — 27.8 46.0 73.8 48.4 — 905 (131) 285
280 265 265 63.8 (103.5) 271 453 734 4a7.8 40 890 (129) 280
275 261 261 63.5 —_ 26.4 4.9 73.0 47.2 — 875(127) 275
270 256 256 63.1 (102.0) 25.6 443 72.6 464 38 855(124) 270
265 252 252 627 —_ 248 a7 721 457 — 840(122) 265
260 247 247 624 (101.09) 24.0 43.1 71.6 45.0 243 37 825(120) 260
255 243 43 62.0 — 23.1 42.2 711 44.2 23.2 — 805(117) 255
250 238 238 61.6 99.5 22 a7 70.6 43.4 222 36 795(115) 250
245 233 61.2 — 213 4.1 70.1 425 211 —_ 780(113) 245
240 228 228 60.7 98.1 203 40.3 69.6 a7 19.9 34 765(117) 240
230 219 219 — 96.7 (18.0) _ —_ - —_ 33 730 (106) 230
220 209 209 -_ 95.0 (15.7) - — —_ —_ 32 695(101) 220
210 200 200 —_ 93.4 (13.4) —_ — —_ -_ 30 670( 97) 210
200 190 190 —_ 9?15 (1.0) - —_ —_ —_ 29 635( 92) 200
190 181 181 —_ 89.5 { 8.5 — -_ — — 28 605( 88) 190
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