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A Study on a Quantitative Measurement of Contact Pressure Between two Rough
Flat Surfaces by Means of Ultrasonic Waves.
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ABSTRACT

It is important to have exact information about the contact pressure distribution
in the design of connected parts of machines and structures. In previous works,
stress analyses on a two body contact problem have been carried out in large numbers.
Besides, the measurement of contact stress is important to confirm the adequateness
of the theoretical analysis, to verify appropriateness of Hertzian contact theory and
to know the practical pressure distribution, but an excellent measuring method con’t
be found at present.

Therefore, a quantitative measurement of contact pressure by means of ultrasonic
waves using a normal probe and an angle has been proposed to measure the contact
pressure distribution between two rough flat surfaces. At first, in a new proposed
calibration method, the relation between mean contact pressure and sound pressure
of reflected waves is obtained by using calibration blocks with various surface rough-
nesses made of the same material as the rectangular section beams And then, this
experimental results are compared with the analytical ones, and the utility of this
method is discussed.
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Fig. 1 The deformation model of an elastic solid
in the contact region
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Fig. 8 Schematic diagram of experimental apparatus using normal probes of ultrasonic waves.
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Fig. 9 Schematic diagram of experimental apparatus using angle probes of ultrasonic waves.
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Fig. 15 Influence of hysteresis in already comp-
ressed contact surface under loading.
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Fig. 17 Calibration curve of the characteristic
Ex* to the nominal contact pressure P
according to height variation of calib-
ration blocks.
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Fig. 18 Relation of the characteristic Er* with
the nominal contact pressure under the
first loading and unloading in logarith-
mic plane by means of angle probe.
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Fig. 19 Relation of the characteristic Ex* with
the nominal contact pressure under the 1st and
2nd loading in case of Ra=0.17pm.
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Fig. 20 Relation of the characteristic E with
the nominal contact pressure under the 1st and
2nd loading in case of Ra=0.26um.
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Fig. 21 Experimental and theoretical value of

the contact pressure distribution in case

of Ra=0. 17um(ho/h;=5.0).

Table 3 Experimental values and theoretical of Pmax.

P(MPa) Theoretical Experimental value
h/h Qn(kN) value Ra=0.17(ym) Ra=0.26 (um)
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50 20 439 46.9 295
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10 14.8 173 10.5
33 20 29.6 340 19.7
30 439 432 326
10 11.0 153 5.5
2.5 20 22.0 27.7 9.9
30 327 352 225
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Fig. 22 Experimental and theoretical value of
the contact pressure distribution in case of
Ra=0. 17um(hs/h,=33).
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Fig. 23 Experimental and theoretical values of
the contact pressure distribution in case
of Ra=0. 17um(ho/hi=25).
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Fig. 24 Experimental and theoretical values of
the contact pressure distribution in case
of Ra=0. 26}1m(h2/h1:5.0).
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Fig. 25 Experimental and theoretical values of

the contact pressure distribution in case

of Ra=0. 26pm{hs/h;=3.3).

T I T T ] T T T T

h2/b=25
o Qn =30kN
o8n =20kN
o0Bn =10kN

w
(=3
T
]

——~theor curve
——  exper curve

Pressure P(MPa)

~

<

BN
1

W20 20 k60
Bistance X (mm}

Fig. 26 Experimental and theoretical values of
the contact pressure distribution in case
of Ra=0. 26pm(h/h,=2.5).
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