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Discussion on Hardness Measuring of Bearing Steel
by X-ray Diffraction

Han-Young Lee’

Department of Materials Engineering, keimyung University, Daegu, Korea

Abstrac — The half-value breadth of X-ray diffraction profile line is generally used for a factor in nondestructive
hardness measuring method of steel. In this paper, the problem in using the half-value breadth for the hardness
measuring method is evaluated in strain hardened steel. And new hardness measuring method using residual
stress is proposed X-ray diffraction test after rolling contact fatigue test of ball bearing with inner race of various
hardness are carried out to measure the distribution of residual stress and half-value breadth from surface. The
result of this study shows that there is little correlation between half-value breadth and hardness in the higher
strength region and in the region increasing the hardness by strain hardening. But the magnitude of residual stress
on/under race after rolling contact fatigue test becomes clearly to be correlative with hardness. Thus, it is con-
cluded that the hardness of strain hardened steel can be estimated by this relationship between residual stress and

hardness.

Key word — X-ray diffraction, hardness, half-value breadth, residual stress.
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Table 1. Conditions of X-ray diffraction

Tube of X-ray Crka

Diffraction plane aFe(211)

Current and voltage in tube 10 mA, 30 kV

Irradiation area 2X2 mm’

Time constant 4 sec

Scan speed 2° 26/min
p=10°90°

*
Angle of ¢* and y* w=0°, 12°, 27°, 42°, 57°
*angle between the incident angle of X-ray and the rolling
direction.
**angle between the specimen normal and the normal of
the diffracting plane.
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Fig. 1. Schematic digram of rolling contact fatigue
tester for bearing.

Table 2. Conditions of rolling contact fatigue test
2,000 r.p.m

11.6X10° N (60% of BDLR¥)
5.8x10° N (30% of BDLR¥)

0.6C test : 38.6 hr
0.3C test : 308.6 hr

Lubricant oil Turbine oil #68

*BDLR(Calculating Basic Dynamic Load Rating) :
10° N)

Rotation speed

Load

Rating life (Lio)

19.4x
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Fig. 2. Variation of half-value breadth on surface with
hardness after heat treatment.
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Fig. 3. Distribution of residual stress below contact
surface after test.
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Table 3. Comparison of hardness calculated by half-
value breadth and residual stress with measuring
hardness

0.1 mm depth 0.2 mm depth
M HVB RS M HVB RS
03C 783 785 792 790 783 792
0.6C 803 755 807 78 768 818
No2 03C 721 713 710 709 715 710
06C 743 679 752 733 705 738
No3 03C 614 581 627 608 589 620
0.6C 672 515 652 643 545 665
Nod 03C 565 466 547 541 445 552
06C 634 485 559 590 471 567
*M : by measuring
HVB : by using the half-value breadth
RS : by using the residual stress
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