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201343 A1 HXH

TOGO Toshihiro: International standardization in ISO in the field of acupuncture 2009-2012
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AN ATTEMPT OF EVALUATION ON OIL INSUFFICIENCY
IN BALL BEARING WITH ULTRASONIC TECHNIQUE

AKkitoshi Takeuchi
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Osamu Yokota
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Abstract: The purpose of this study is to evaluate the lubrication condition in ball bearing with the
variation of ultrasonic echo height ratio Hy, reflected from a contact surface between an outer ring and a
ball. When sufficient oil is supplied to the inlet of contact surface between the outer ring and the ball, the
echo height ratio which is continued decrease as the ball approaches a sound axis of ultrasonic probe
increases locally. However, degree of its increase becomes lower when oil supply is insufficient, and does
not appear at all with running out of oil. Moreover, it is cleared that the area of closed curve formed by
the relationship between Hy; (reflected from the interface of housing and outer ring) and Hy, decreases
with passage of time, in early stage of operation. However, it is kept with almost constant value in case of
insufficient oil supply condition.

Keywords: oil insufficiency, ultrasonic technique, echo height, ball bearing, lubrication
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1. Introduction

In recent years, amount of lubricant supply to a bearing has been decreased for saving
energy of machine, and hazard of the damage in a bearing with sudden deterioration of
lubrication conditions under insufficient oil supply is increasing. Therefore, establishment of
the method to detect the insufficient oil supply is expected. Lubrication condition of bearing
has been usually diagnosed by vibration method, acoustic emission and shock pulse method
[1][2]. However, these are diagnostic methods which indirectly estimate the lubrication
condition from observed wave form, and are not direct detection methods of the damage and
of oil insufficiency.

Ultrasonic technique employed in this study have been used for estimating a
lubrication condition and operation abnormalities in ball bearing by the reflection echo height
variation from a contact surface between housing and outer ring [3][4][5][6]. Then, it became
possible to estimate the width of small and shallow indentation which has a geometry
approximately same with a real damage. In addition, estimation of oil film thickness less than
1um at the center of the elastohydrodynamic lubrication (EHL) region between ball and disc
became possible [7][8]. Where, EHL means a hydrodynamic lubrication condition which has
an elastic deformation of contact bodies and a sudden increase of viscosity, under extreme
pressure. (

In this study, the potential on the evaluation of insufficient oil supply by the reflection
echo height variation from the contact surfaces of housing, outer ring and baﬂ is investigated.
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Then, some simple and convenient indexes for the detection of deterioration of lubrication
condition were clarified.

2. Experimental equipment and observation principal

Figure 1 is a schematic view of the experimental equipment. Open type single row
deep groove ball bearing (6212) with 70[mm] pitch diameter was used for the oil lubrication
test, and experiment was performed under rotating speed of 1000[rpm] and pre load of 40[kN].
Oil insufficiency of the test bearings was examined by using 2[MHz] longitudinal wave probe
having a piezoelectric element diameter of 10[mm] attached on the outside of the steel
housing. The repetition frequency of the ultrasonic pulse was set to 10[kHz], and data was
collected every 100[us] by an A/D converter. In this experiment, the measurement of
vibration and bearing temperature was performed to compare the detectable sensitivity of
insufficiency of oil with ultrasonic method. And then, averaged vibration voltage was used
only for the evaluation of deleterious change of lubrication condition due to oil insufficiency.

Evaluation principle of insufficient oil supply in a ball bearing using an ultrasonic
technique is shown in Figure 2. A part of ultrasonic wave sent from a probe attached on a
bearing housing is transmitted to the outer ring of ball bearing through an interface of the
outer ring and the bearing housing, and arrives at a boundary surface with a ball. Those
interfaces are composed with slight solid contact parts and thin aerial layer when two dried
surfaces contacted each other, because there are roughness and waviness on machined
surfaces. Therefore, a part of ultrasonic wave sent from ultrasonic probe is reflected in
proportion to the solid contact area decided by contact pressure, and the difference of acoustic
impedance (included oil film) in ultrasonic irradiation region. And, first reflection echo
(height h,) reflected from the slightly rough machined interface of housing and outer ring, and
second reflection echo (height hy) from the mirror finished rolling surface of outer ring, are
observed on the display of flaw detector as shown in Figure 2.
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Figure 1 Schematic view of experimental equipment
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Figure 2 Evaluation principal of insufficient oil supply

These echo height are varied with the characteristic and mounting conditions of the
probe, and diffusion and scattering of the ultrasonic wave on propagation path. Then echo
height ratio Hr=(1-h/hg)x100 is employed to evaluate the lubrication condition without these
influences. In this equation, h corresponds to h; or hy, and hy is the echo height reflected from
the interface of housing and outer ring at the ball position that two neighboring balls are
equidistant from the sound axis of probe. Therefore the echo height ratio Hri=(1-hy/hg) x100
and Hpy=(1-hy/hg)*100 indicate the transmission ratio of the ultrasonic wave through each
interface. Since the echo height hy during operation increases and decreases with the variation
of contact condition between housing and outer ring, hy before the test was set to 0.5.

Supply condition of lubrication oil to the lubricating surface is observed with the
second reflection echo height ratio Hya, and the first reflection echo height ratio Hr; is used
for specifying the ball position and sound axis of ultrasonic beam.

3. Evaluation indexes of oil supply condition

Figure 3 shows the evaluation indexes of oil supply condition. (A), (B), (C) and (D) in
Fig. 4(c) are the ball positions as follows. (A): ball is separated enough from sound axis, (B):
there is sound axis at the entrance of ball as shown in Figure 4 (b), (C): there is ball on the
sound axis as shown in Figure 3 (a), (D): there is sound axis in an exit point of ball.

Transmission of ultrasonic wave from housing to outer ring is increased when a ball
supporting load approaches to the sound axis. However, ultrasonic wave arriving at inner
surface of outer ring is not transmitted to ball side in case of dry condition shown in Figure 3
(a) or roughening condition, even when ball is on sound axis. On this account, echo height h,
of reflected wave from inside of outer ring becomes large as ball approaches to sound axis,
and echo height ratio Hr, decreases as shown by dashed line. Subsequently, Hr, increase
again as a ball leaves from the sound axis, and it shows a concave in total.
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