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A B S T R A C T

The purpose of this laboratory-scale study was to compare two possible approaches to reduce friction-induced
vibration and noise during the dry sliding contact of ferrous metals. These approaches were tested using a ball-
on-disc sliding apparatus in which the ball was composed of Cr-bearing steel and the disc was made from forged
steel. One approach was to blow air at the wear track using a hand-held rubber bulb with a nozzle, and the other
was to use a magnetic field to remove loose wear debris. Results from tests run under a limited set of sliding
conditions showed that although both approaches can remove wear debris, their effects on reducing unstable
vibration and noise differed. Magnetic debris removal worked better in reducing unstable vibration and noise
than did the alternate approach. In addition, wear debris particles accumulated in a different way for the two
approaches, and the operative phenomena are explained by analyzing third-body behavior. While limited in
scope to a laboratory situation, the current findings may help engineers to reduce unstable vibration and noise in
related tribosystems.

1. Introduction

A wide range of friction systems exist in the mechanical industry,
and some negative influences such as unstable vibration and noise are
common in these friction systems [1–5]. Unstable vibration increase
wear, greatly reduce the service time of a system, and eventually
magnify the safety risks [6,7]. Noise can interfere with people's normal
lives and reduce the quality of their life [8]. Considering that a friction
system is indispensable in some mechanical designs, it is useful to take
measures to reduce or suppress unstable vibration and noise from dif-
ferent aspects.

Researchers believe that the unstable vibration and noise caused by
friction is a complicated process. The friction interface morphology
(such as asperities, wear debris, and detachment) is considered to be
one of the factors that affects the unstable vibration and noise [9–14]. It
is suggested that the wear debris generated by a friction system in a
friction interface can easily cause unstable vibration and noise, for the
case in which the wear layer as the third-body leads to irregularity of
the interface [14–19]. Therefore, the removal of wear debris can be
considered as a method for reducing vibration and noise.

The methods for removing wear debris can be divided into two
types—irreversible and reversible methods. The irreversible method
changes the surface or structure of the friction pair, such as in the case
of surface texturing, in order to allow the wear debris to be collected

and discharged automatically to prevent or reduce unstable vibration
and noise [11,20–24]. In our previous studies [20,21], it was found that
a groove-textured surface can remove wear debris from the friction
interface into grooves, and the grooves play the role of a storage cavity
to trap wear debris. Similarly, Mosleh et al. [23] presented a radial
grooved disc that can throw wear debris away when it is rotating. At the
microscopic level, Varenberg et al. [24] machined a type of micro-pore
with a diameter of 100–120 µm on the specimen surface to gather wear
debris. Sheasby [25] used a brush to remove the wear debris in order
for more basic interactions between a pin and countersurface can take
place. These reports indicate that this type of irreversible method has a
certain ability to remove wear debris. However, it is worth noting that,
in this type of method, the surface or structure of the friction pair is
required to be changed and cannot be recovered, which is usually un-
suitable in industry because of certain limitations. By contrast, in the
reversible method, external factors are changed, which does not change
the structure of the friction pair or affect the system performance. This
method can be used whenever friction systems generate unstable vi-
bration and noise and stopped whenever necessary. Therefore, the re-
versible method seems more flexible than the irreversible method,
especially when the surface or structure of a friction pair cannot be
changed. It is worth studying and using the reversible method to reduce
the unstable vibration and noise in a friction system.

Several researchers have already verified that magnetic field as an

https://doi.org/10.1016/j.wear.2018.05.018
Received 5 February 2018; Received in revised form 25 May 2018; Accepted 25 May 2018

⁎ Corresponding author.
E-mail address: jlmo@swjtu.cn (J.L. Mo).

Wear 408–409 (2018) 238–247

Available online 30 May 2018
0043-1648/ © 2018 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00431648
https://www.elsevier.com/locate/wear
https://doi.org/10.1016/j.wear.2018.05.018
https://doi.org/10.1016/j.wear.2018.05.018
mailto:jlmo@swjtu.cn
https://doi.org/10.1016/j.wear.2018.05.018
http://crossmark.crossref.org/dialog/?doi=10.1016/j.wear.2018.05.018&domain=pdf


environmental factor can affect the wear and oxidation conditions of
the friction interface [26–28]. Considering that a magnetic field can
attract ferromagnetic wear debris, the use of a magnetic field may be a
useful idea for removing wear debris and reducing unstable vibration
and noise. Moreover, the blowing of air should be considered as a
traditional wear debris removal method that can also be conveniently
performed.

For the vibration and noise generated from a rolling guide apparatus
and ball bearing system, which are typical friction-induced vibration
and noise phenomena, can be simulated using a ball-on-disc (flat)
configuration. Therefore, in this work, friction tests were performed
using a ball-on-disc test setup, which can be a good response to prac-
tical problems. Moreover, although friction-induced vibration and noise
can occur in various contact configurations (ball-on-disc, pad-on-disc,
ball-on-flat, etc.) or real applications (brake system, lead screw system,
bearing system, etc.), the generation mechanism is similar, and its
generation is strongly related to the contact states, friction behavior,
and wear debris accumulation. Therefore, an effective method for re-
ducing friction-induced vibration and noise should be applied to a wide
range of systems rather than a special test setup. This paper presents
two possible approaches for clearing wear debris by air or magnetic
attraction, which can be performed conveniently without changing the
structure of the friction pair. The vibration and noise signals were re-
corded and analyzed to study the noise characteristics and to evaluate
the ability of these two approaches in reducing unstable vibration and
noise. The wear debris behaviors at the friction interface were analyzed
to understand the mechanisms of the two approaches in reducing vi-
bration and noise.

2. Experimental procedures

2.1. Experimental setup

The tribological test setup and the two types of approaches for
clearing wear debris being proposed in this work are illustrated in
Fig. 1. In the tribological test setup, a ball is fixed to the upper specimen
holder, which connects to the suspension and can be moved on a 2D
moving stage. A disc is mounted on the lower specimen holder, which
can be driven by the rotational motion drive. A 2D force sensor (sen-
sitivity: 0.025 N; measurement range: 5–500 N) is mounted on the

suspension for the acquisition of force signals, a 3D acceleration sensor
(measurement range:± 150 g; frequency response: 0.5 Hz–7 kHz) is
fixed to the upper holder for the acquisition of vibration signals, and a
microphone (sensitivity: 50mV/Pa; measurement range: 15–146 dB;
frequency response: 3.5 Hz–20 kHz) is held by a tripod near the friction
interface for the measurement of noise signals. As shown in Fig. 1, a
hand-held rubber bulb with a nozzle is controlled near the friction
surface to blow away wear debris while using approach 1. When ap-
proach 2 is used, two horizontal sliding boxes with magnets are
mounted on the magnet base, which is fixed to the top platform of the
frame. The boxes are bolted in order to secure their position such that
they can support a stable static magnetic field and can be used to attract
wear debris.

2.2. Materials and test parameters

In this study, the ball specimen is fabricated using GCr15 (GB/
T18254-2016) bearing steel and has a diameter of 10mm and a hard-
ness of 1104.42 HV. The disc specimen has a diameter of 25mm and
thickness of 3mm and is fabricated using forged steel with a hardness of
243.71 HV. Both the ball and disc are ferromagnetic materials, and the
magnetic field can thus attract the generated wear debris irrespective of
which component generates it. The discs are polished using silicon
carbide abrasive paper and a polishing cloth under a water stream to a
surface roughness Ra of approximately 0.2 µm. The ball and disc sam-
ples are cleaned using alcohol and acetone before the test. Furthermore,
the samples were degaussed before every test. After a series of previous
tests have been conducted with various loads and speeds, a large
number of the results are found to exhibit a similar property and can be
used to obtain a similar conclusion. Therefore, only one set of test
parameters is selected to demonstrate the vibration and noise reduction
and to explain its mechanism. The test parameters are listed in Table 1.
Before the test, the 2D moving stage was moved down slowly to ensure
that the ball made contact with the disc under a normal load of 30 N,
which can be controlled by a computer. The disc then started to rotate
at the configured speed of 6.28 rad/s and a friction radius of approxi-
mately 8mm. That is, the linear velocity is approximately 50.24mm/s.
The acquisition system recorded signals at a sampling frequency of
20 kHz. The entire test was performed in an atmospheric environment
at a temperature of 26 °C and relative humidity of 60 ± 10%.

Fig. 1. Schematic of experiment setup for two approaches.
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