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Abstract. Timing chain tensioners are the elements whose damage may lead to serious failure of
an engine. In addition, damage to the tensioner in a motorcycle engine may cause uncontrolled
coming of the engine to a standstill, thereby putting the motorcyclist’s life or health at risk, should
the timing chain break. The paper discusses the possibility of diagnosing damage to the timing
chain tensioner in a motorcycle engine by means of the measurement, processing and analysis of
vibration signals. The vibration generated by an engine equipped with a new, used and damaged
tensioner was measured. By applying vibration signal processing by means of a continuous
wavelet transform, the ranges of the rotational speed and the frequency scale were identified, for
which monitoring of the condition of the timing chain tensioner should be conducted. Based on
the tests performed, the quantitative and qualitative vibration symptoms of damage to the timing
chain tensioner were identified.
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1. Introduction

The ensuring of the reliable operation of means of transport requires continuous monitoring of
their technical condition [1-16]. Newer and newer research methods using the measurement,
processing and analysis of vibration signals are being currently developed to diagnose the
technical condition of means of transport [17-39]. The sources of information include both the
vibration and noise generated by means of transport. The application of these methods allows
disassembly-free and often contactless determination of the technical condition. The vibroacoustic
methods enable performing the measurements during regular operation, as well as detecting
damage at an early stage of its development [11, 19]. Currently, a trend may be observed towards
implementing the methods for the measurement and processing of vibroacoustic signals in the
diagnostics of new objects [9, 10, 12, 24-26, 38, 40]. These include components of means of
transport, such as combustion engines or new materials applied in the construction of means of
transport.

Motorcycle combustion engines are drive units that are expected to operate safely and without
failure [28-33, 41-46]. Ensuring their operational reliability is also essential for the cyclist’s
comfort and safety, as the driver is in the immediate vicinity of the drive unit during movement.
The motorcycle user intensly feels any change in the technical condition of the engine, for the
vibration generated by the engine are transmitted directly to the other elements of the motorcycle
[43]. Such a change also contributes to an increase of noisiness of the motorcycle [41, 44, 46].

Motorcycle engine maintenance operations used until now, whose aim is to detect damage or
excessive wear of mechanical elements, reveal only major destructive changes in the engine.
Diagnostics are based among others on the description of symptoms of damage by owners and are
supported by local listening to an engine with a sounding rod. The application of new diagnostic
tools which use measurements, processing and analyses of vibroacoustic signals of motorcycle
engines should significantly expand the scope and accuracy of tests. These tools should enable
detection of early cases of mechanical damage to these engines, e.g. periodic inspections of a
motorcycle. Authors of other papers on the diagnostics of means of transport drew the same
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conclusions [11, 15, 18, 21-25, 28, 35, 37]. These activities may also help to stop further
destructive processes which lead to serious failures of these engines.

The motorcycle engine elements which in certain models are subject to premature damage are
tensioners in the timing chain system. Their damage is caused by the loss of tightness, which leads
to a temporary drop of the required oil pressure in the tensioner. This causes a loss of smoothness
of the timing chain operation leading, in consequence, to an increase of the motorcycle’s vibration
and noisiness, as well as reduction of its power. In critical situations, such a damage may lead to
breakage of the cam chain. The paper proposes the use of vibroacoustic methods to diagnose
damage to the timing chain tensioner.

The development of methods of early and contactless detection of damage to the cam chain
tensioner is also vital for another reason: it may protect the motorcycle user from unexpected
blocking of the engine while the motorcycle is running.

This paper presents the initial results of research whose purpose was to assess the possibility
of diagnosing damage to the hydraulic timing chain tensioner in a motorcycle’s combustion
engine. For the diagnostics, methods for the measurement, processing and analysis of the recorded
vibroacoustic signals were proposed.

2. Stand tests

The research object was a Honda CBR 600 F2 motorcycle in a good technical condition,
equipped with a combustion engine marked as PC 25 (Fig. 1). With a cam chain driven engine,
the motorcycle was also equipped with two camshafts in the head (Fig. 2).

Fig. 1. Location of the cam tensioner installation Fig. 2. Simplified schematic diagram
of the timing gear system

The element of the engine that is exposed to damage is the hydraulic chain tensioner, which
shows a tendency for a momentary decrease of the required pressure caused by wear of its piston
and sleeve (Fig. 3). As a result of using a damaged timing chain tensioner, the timing chain loses
its tension to produce sagging, which manifests itself in the uneven work of the engine, its reduced
power, and the possible instantaneous rubbing of the chain against the housing of the timing
mechanism.

To assess the possibility of diagnosing damage to the timing chain tensioner using methods
for the measurement and processing of the vibration signals, a new tensioner was installed in the
engine, as well as a tensioner used for a longer period of time (in working order), and a damaged
tensioner.

The measurement system used in the tests consisted of:

— an Ometron laser vibrometer (Fig. 4),

— 3 accelerometers (Fig. 5),

— a National Instrument Data Acquisition Card NI 4472,

— a computer with the LabView 8.6 software.
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Signals were recorded at a frequency of 20 kHz. Matlab-Simulink Signal Processing software
was used for processing.

Fig. 4. Laser vibrometer

Fig. 5. Distribution of measurement points: 1 — accelerometer no. 1, 2 — accelerometer no. 2,
3 — accelerometer no. 3, 4 — point of contactless measurement with a laser vibrometer

The measurements were made in the following conditions:

— coasting of the engine from a rotational speed of idling of ca. to 1,400 rpm to the maximum
rotational speed,

— at the rotational speed of idling,

— at a rotational speed of ca. 2,500 rpm.

In assessing the possibility of applying the method of early damage detection for the timing
chain tensioner in the motorcycle engine, the time-scale distributions of the vibration signal
frequencies were determined by means of a continuous wavelet transform [47, 48] from the
dependence:

s —b
cabfOw) = [ f(t)\/iaw*(t )a, (1)

where a — scale parameter, b — shift parameter, f(t) — analysed signal, 1) — wavelet.
Based on the initial tests it was assumed that the calculation of the distributions would be
conducted using the Daubechies 2 wavelet in the frequency-scale band of 2-20.

3. Test results and their analysis

Fig. 6 presents some examples of the time-scale distributions of the vibration signal
frequencies recorded during coasting of the engine in which a good and a damaged tensioner were
installed.
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As results from the obtained distributions in the frequency scale of 2-20, a local increase is
observed in the vibration amplitude in the lowest range of the rotational speed, when the damaged
tensioner was installed in the engine, which is marked in the figures as “R“. In the evaluation of
the condition of the engine, the range of this speed was identified as ca. 2,500 rpm. In that case
resonance occurred in the timing mechanism, which was caused by the poor condition of the
tensioner. However, it should be pointed out that although in the motorcycle engine a very fast
increase in the rotational speed occurs during coasting, the identification of the resonance
phenomena should be performed, however difficult it seems, at a slow increase of the rotational
speed of the engine.
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Fig. 6. Time-scale distributions of the vibration signal frequencies at coasting of the motorcycle engine
(rpm — rotational speed of the engine, R — the range of the rotational speed at which resonance occurs):
a), b) vibration measurement with an accelerometer no. 1, c¢), d) vibration measurement with a laser

vibrometer on the tensioner housing

By analysing the changes in the vibration amplitude values of the presented distributions it can
be noted that the measurement of the vibration speed of the tensioner housing, taken using a laser
vibrometer, shows a more explicit change in the vibration amplitude, which is a symptom of the
incorrect work of the tensioner. The much higher sensitivity of measurements of this type is caused
by the fact that they are made directly on the damaged component, and thus, the closest to the
source of the generated vibration.

In further study, the changes in the vibration amplitude of an engine with a new and a damaged
tensioner were analysed. Fig. 7 shows some examples of the vibration course at a rotational speed
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0f 2,500 rpm.

When analysing the recorded vibration signals of the engine with a damaged tensioner, local
maxima can be observed in the time distributions, which occur with a frequency of ca. 0.5 Hz for
transducers 1-3 and ca. 80 Hz for the laser vibrometer. Such explicit changes in the vibration
signals were not observed when analysing the signals recorded at the rotational speed of idling.

Further study focused on the influence of the technical condition of the tensioner on a change
in the vibration level values. Fig. 8 presents the calculated Root Mean Square values (marked

RMS) of the recorded vibration signals at the rotational speed of idling and at a speed of ca.
2,500 rpm.

2 3 3
Time [s] Time [s]
a) New tensioner b) Damaged tensioner
Fig. 7. The recorded vibration acceleration and speed signals at a rotational speed of 2,500 rpm
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Fig. 8. RMS values of the recorded vibration acceleration and speed signals
at the engine’s rotational speed of idling a) and at ca. 2,500 rpm b)

At the rotational speed of idling the signals recorded by two transducers only showed an small
increase in the vibration values caused by the damage to the tensioner. The highest increase in the
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level of engine vibration caused by damage of the tensioner occurs at a rotational speed of ca.
2,500 rpm. This change was recorded in each measurement point.

As part of the study, the influence was also analysed of the tensioner’s damage on the
qualitative changes in the time-scale CWT distributions of the frequency at a constant rotational
speed of 2,500 rpm. Fig. 9 presents examples of the time-scale CWT frequency distributions for
engines with a new and damaged tensioner. The measurement was performed with transducer 1
and with a laser placed on the housing of the tensioner.

For the purpose of a qualitative evaluation of the changes occurring in the above-mentioned
distributions, their effective values were determined. The calculations were made on the basis of
averaged distributions in the frequency scale domain from the dependence:

!
1
Cang (L) = mz Can (i), 2
=

where: Cyp,(t) — time-scale frequency wavelet distribution of the vibration signal, a — scale
parameter, b — shift parameter, k — lower range of the frequency scale, [ — upper range of the
frequency scale.

New-tensioner Damaged tensioner

Scale [-]

o Time [s] 25 Time [s]
a) b)
New-tensioner Damaged -tensione

Scale [-] Scale [-]

0 ’ Time [s]
<)
Fig. 9. Examples of time-scale signal frequency distributions for the vibration recorded
at a constant speed of 2,500 rpm: a), b) vibration measurement with an accelerometer no. 1,
¢), d) vibration measurement with a laser vibrometer on the tensioner housing

The results of the calculations provided in Table 1 show explicitly that the adopted range of
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the frequency scale and of the rotational speed of the engine includes information about the change
in the technical condition of the tensioner, and the diagnosing of the damage should be conducted
in such a range.

Table 1. Change of RMS value of time-scale frequency distributions

RMS of Cypy(t) [-] 240+ | WNew
Measurment New | Damaged | _ :’0 i D :
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= 180 1 _
g 160+
o 140
. o 120 -
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4. Conclusions

Motorcycle engines require the development of measurement systems which do not require
disassembling them, and methods of automatic diagnostics of damage and excessive wear of
mechanical elements. A change in the technical condition of mechanical elements of these engines
contributes, among others, to an increase in clearances and, in numerous cases, to an increase in
vibration and noise. According to the research presented in [2, 5, 16-19, 23-25,37] and the
author's own studies [4, 21, 36], the application of methods of measurement, processing and
analysis of vibroacoustic signals can be useful in diagnostics in such cases.

The experimental research described in this paper makes it possible to conclude that
application of vibration measurements and processing their results enable diagnosing damage to
the hydraulic cam chain tensioner in the motorcycle engine. The results of an analysis of time-scale
distributions of the frequencies of vibration signals recorded when accelerating an engine indicate
that damage to a timing chain tensioner causes vibration resonance at a speed of ca. 2500 rpm.
Quantitative and qualitative changes of the vibration signal in the rotational speed range of the
engine within which resonance occurs allow drawing conclusions as to the condition of the
tensioner and deciding about its possible replacement. In this case, the use of systems having the
capacity to measure and analyse vibration signals to monitor the motorcycle engine may enhance
the operational reliability and safety of the motorcycle.
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