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The given paper deals with the wear of the tensioner which is produced from aluminium alloy and used
of the motorcycle timing chain. This component was made due to the unavailability on the spare parts
market. The AIMgSil alloy was chosen for this purpose, taking into account the requitements for produ-
cing of the tensioner. After production, the tensioner was put into operation where its functionality was
regularly controlled. The suitability of the selected material was checked after the tensioner was removed.
Possible damages and structural changes in the material were assessed using a scanning thermoemission
electron microscope. Detection of the chemical composition of foreign particles trapped on the surface

of the tensioner from engine oil during the operation was performed by EDS analysis.
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1 Introduction

In a four-stroke combustion engine, one of the
most important systems is a timing mechanism. This
mechanism controls the operation of the valves to en-
sure that the air-fuel mixture is supplied to the engine
and discharging exhaust fumes. The movement of this
mechanism is ensured by a crankshaft and subse-
quently transmitted to the camshafts by a timing chain.
To ensure efficient and silent transmission of torque,
proper tension of the timing chain is required,
achieved by the timing chain tensioner. Insufficient
tension of the timing chain due to damage to the ten-
sioner is manifested by increased chain noise and vi-
bration. Ignoring these warning signals often results in
the timing chain being skipped and resulting in engine
damage. The principle of working the tensioner with
lock nut is to manually tighten the chain by unscrew-
ing the shaft with thread and locking the nut. This type
of tensioner does not automatically eject, the chain
tensioning is done by means of a tensioner manually,
while the tension must be checked regularly - ideally
every 15 hours. Inadequate tensioning of the timing
chain can be prevented by regular inspection. A great

Tab. 1 Chemical composition of the alloy AIMgS71

advantage of this type of tensioner is its very long life-
time, as it does not cause such widespread wear, which
would limit its functionality. Thanks to this advantage
it is possible to use it also for highly stressed motorcy-
cles in sport [1]. The investigated tensioner was sub-
jected to operation for 180 hours and subsequently re-
moved from the timing mechanism. The most
stressed part of the tensioner with the locknut is the
front of the tensioner and therefore this work is fo-
cused on the study of its surface wear by the SEM
method.

2 Material characteristics

The subject tensioner is made of a hardenable alu-
minum alloy AIMgSil. This material is used in pro-
ducts requiring a combination of properties such as
low weight, good strength and corrosion resistance. It
is used in manufacture of transport equipment, in con-
struction, in the food and chemical industries. Impro-
ved corrosion resistance under normal atmospheric
conditions is possible by applying anodic oxidation
[2]. The chemical composition of the AIMgSil alloy is
shown in Table 1.

Si (%) Mg (%) Mn (%) Cu (%) Fe (%)
0.70 — 1.30 0.60 -1.20 0.40 — 1.00 0.10 max. 0.50 max.
Cr (%) Zn (%) Ti (%) Other (%) Al (%)
0.25 max. 0.20 max. 0.10 max. 0.15 max. remaining
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The microstructure of the tensioner (Fig. 1) is cre-
ate by aluminum matrix in which two types of phases
are present. These two phases based on the elements
Al, Fe, Mn (Fig. 2) and Al, Si, Mg (Fig. 3) [3]. In a
detailed view, the rounding of the edges of both types
of phases is visible. This indicates that the material has
been heat treated prior to further processing [4]. Heat
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Fig. 2 Phases based on the elements Al Fe, Mn
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treatment is applied to improve the properties of the
alloy. A semiproduct for the tensioner was made by
the forming technology because the directed phases
are present in the microstructure. Thanks to its
microstructure, this material is suitable for dynamically
loaded applications [5].
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Fig. 3 Phases based on the elements Al Si, Mg
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3 Surface wear of the tensioner face

The front of the tensioner forms a contact surface
with the guide which causes it to wear due to cyclic
force transmission depending on the timing chain mo-
vement. Surface wear resulting from 180 hours of ope-
ration was evaluated by SEM and EDS methods. The
significant microrelief is visible on the surface of the
tensioner face at its edge part in secondary electron

|
SEM HV: 20.0 kV

View field: 3.46 mm
SEM MAG: 40 x

WD: 14,31 mm
Det: SE, BSE
Date(midly): 02/26/18

SEM HV: 20.0 kV
View field: 138 pm
SEM MAG: 1.00 kx

WD: 15.05 mm
Det: SE, BSE
Date{m/diy): 02/26/18

mode. This microrelief is caused by the pressing of fo-
reign particles. In the back scatered electron mode, the
material contrast of these particles is observable,
which are formed by chemical elements with a larger
atomic number than the base material of the produced
tensioner (Fig. 4). Superficial scratches were also ob-
served at the front of the tensioner. These surface de-
fects are caused by contaminating particles with gre-
ater hardness than the base material (Fig. 5) [5,0].
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Fig. 5 Superficial scratches at the front of the tensioner

There were also small particles pressed into surface
containing nickel, copper and zinc on the edge of the
tensioner face. Oil filling of this type of engine serves
for lubrication of crankshaft parts and at the same
time in the gearbox part of the engine. The particles
carried by the engine oil could be released from any
parts exposed to abrasions located in these areas. The
particles were pressed into the material of tensioner

front face by tapping the timing chain guide [7].

The nickel particles (Fig. 6) could be released from
the surface of the parts that had been modified to in-
crease surface hardness or to improve sliding proper-
ties. This may be due to abrasion of the surface layer
of the cylinder, this layer being called Nikasil. The cop-
per-zinc-containing particles (Fig.7) could in turn be

indexced on: http:/ | www.scopus.com

465



October 2020, V0l. 20, No. 4 MANUFACTURING TECHNOLOGY ISSN 1213-2489

released from the brass components. Such compo- drum pin in the shift mechanism, the gear housing in
nents are pins located on the control cylinder. They the starter lever mechanism, the connecting rod shim,
serve for sensing the engaged gear, from the exchange or the connecting rod eye housing [7, 8].
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A local presence of particles composed primarily
- of Cr was observed on the shaft head (Fig. 8, 9). These
o particles were also embedded in the shaft head mate-
ﬁ“ : rial. Because of their greater hardness and smaller di-

mensions, they were pressed into the surface of this
material. There is an intermittent contact between the
front end of the tensioner and the timing chain guide.
Particles on the surface appeared as part of the ten-
sioner material during evaluation in secondary elec-
tron mode. The particles could be released from any
worn-out engine component present in the engine oil-
lubricated area. These components have a chrome
layer on surface [8].
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Fig. 8 Particles composed primarily of Cr
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Fig. 9EDS analysis of particles

4 Conclusion

The visible impact of the tensioner wear with the
lock nut was in the area of the front face of this com-
ponent. At this site, foreign particles have been de-
tected. These particles have been trapped on the sur-
face of the tensioner during 180 hours of operation.
SEM and EDS methods were used for detection.
These particles caused shallow scratches, while some
of the particles remained in the surface. These were
mainly Ni, Cr, Cu and Zn based particles in terms of
chemical composition. Probably these particles were
on the surface of the tensioner from the engine oil in
which they are contained. Material and engineering de-
sign of this tensioner type seems appropriate. To in-
crease the lifetime of this type of tensioner, it is nec-
essary to check its setting regularly and also to change
the oil regulatly, which extends the life of the engine.
When replacing the tensioner, it is necessary to thor-
oughly clean the threaded parts to prevent them from
being damaged by engine oil particles. These particles
have a greater hardness than the base material of the
tensioner.
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