


DISCOVER TECHNOLOGY AND COMFORT UNITED

Flaxcarbon and absorption of microshock.
Carbon as a composite is an ideal material to build a highend race
frame. lt offers lightweight construction and can be made into
many exotic shapes and designs. The chemical composition of
carbon fibre affords a very high tensile stÍength, resulting in a very
stiff frame. The stiffer the frame, the faster you can ride (maximum
power transmission). However this stiffness conveys road micro-
shocks to the body. A carbon frame does not make tor a comfort-
able ride.

Other manufacturers attempt to solve this problem by adapting
the geometry of the frame or by mixing other chemical fibres with
the carbon fibre matrix to make a hybrid material. So far there has

not been much success. Museeuw Bicycles has achieved the
seemingly impossible by utilizing an exclusive patented hybrid
material in the construction process. Called flax-carbon, the
Museeuw hybrid material is made with a natural fibre (flax) mixed
with the carbon fibre that achieves optimum results never before
found in frame construction.

Comparative tests show that a Museeuw MFC (Museeuw Flax

Carbon) frame absorbs the microshocks, as well as increases the
natural strength of the base carbon fibre by more than 20olo in
comparison to the full carbon fibre frame. The scientific explana-
tion for this is that every natural flax fibre is unique (like a
snowflake) and in this, each offers differing characteristics. This
variation in the flax fibres, each with its own unique pÍoperties,
co-joined with the carbon fibre gives

us a completely new hybrid composite that absorbs the
microshocks effectively.

Comfort is an issue.
Where other manufacturers often emphasize the weight of the
frame as being the end all, we at Museeuw Bikes feel that
performance and comfort are issues of greatest importance.

Absorption of microshocks and enhanced performance. There is a
connection between a comfortable ride and the resulting perfor-
mance of the rider. ln the same way as a power plate, a frame
conveys microshocks to the body. Your muscles compensate
constantly the microshocks. But this also means you loose valuable
energy through muscle fatigue while riding a frame that provides

less absoÍption. A study at the University of Boston in '1966 also
confirms that microshocks do result in considerable loss of power.

On any average 3 hour ride the loss of power at a shock frequency of
20 Hz can be as much as 100 Watts. A frame that absoÍbs up to 20olo

more of these microshocks will benefit the rider with more power
because his muscles will be less fatigued. Less fatigue equals more
power and a better performance at the finish.

Discover technology and comfort united.
lf comfort and performance is important to you, then visit any
of our authorized MuseeuwTest Centres for the ride of your
life. Once you have experienced the superior ride quality and
increased performance that a Museeuw can offer you too will
discover technology and comfort united.
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Development of experimental methods for fatigue
testing of composite racing bicycle frames

Steven Styns

Supervisor(s): Wim Van Paepegem, Ives De Baere

Abstract- Even though there is a sbndard on the requirements
for fatigue testing on birycle frames. The fatigue behavior of
bicycle race frames caused by pedaling forces is a subject ftom
with not many data or literature is available. In this tlesis a sehrp
was build to execute the EN14781 standard with some additional
functionalities. A model to evaluate the fatigue behaviour of a
composite race ftame is proposed and evaluated The constructed
test seEp proved to be functional and oEendable for different
concepts. However, the model that was proposed could not be
clearly evaluated due to instabilities in the control system.

Keywords- Fatigue, racing bicycle, fatigue test setup,
reduction of stilfness

I. INTRODUCTION

fÍigh end race-bicycle frames are built from composite

I Imaterials, these materials tend to show fatigue
behaviour. Composites accumulate fatigue damage in a

different fashion than metals. Composites can fail in
numerous ways including fibre-breakage and matrix cracking,
debonding, transverse-ply cracking, and delamination. These

mechanisms can occur simultaneously or totally separated and

the predominance of one failure type over the other is strongly
affected by the type of material, production process and the

testing conditions.

Until recently, fatigue behaviour in structural designs - like
aircrafts and bicycle frames - has usually not been an issue,

because of the design strain levels dictated by the static
properties. A better understanding of the static properties of
composite materials has raised design strains to the point

where zero crack growth is no longer guaranteed [comp].
The life prediction of composites remains a difficult task,

which usually induces large safety factors in design resulting
in a heavier and more expensive structure than originally
required, in this way the composite is not used to its full
potential.

In this thesis the effect of pedalling force on the fatigue
behaviour of race bicycle frame was studied. The main goal

was to represent the pedalling forces as realistic as possible

under laboratory circumstances, and build a test setup that is
conform to ENl478l, and which can also be extended to serve

different concepts. A model based on the reduction of
stiffness of the frame was proposed as a means to asses

fatigue behaviour of composite bicycle frames.

S. Styns is a Master Student at the, Ghent University (UGent), Gent,
Belgium. E-mail: Steven.Styns@ugent.be

II. TTD DESIGN AND VALIDATIoN oF T}m FATIGI.]E TEST

SETUP

A. Determination of a realistic simulation of pedaling forces
Before starting the design of a test stand, a good

understanding of the pedal force needed to be obtained. It
was found that the force applied on the pedals has a sinusoidal
shape with an amplitude of around l.l kN and a frequency of
lHz if the rider pedals at 60rpm. It was also found that
depending on the cycling conditions (sprint, hill climb etc.)
the angle of the force changes. The forces that are applied to
the cranks are not simply vertical but can be at angles to the
vertical position and at angles from the plane of the frame.

The pulling force of the rear leg was also incorporated in
the design by a T shaped piece.

The way the frame is supported and the chain configuration
where a second aspect in determining real cycling conditions.
Here we work with the same type of vertical link and
connection rod of ENl478l, but there is a possibility to mount
the chain directly to the rear axle or at a certain height from
the rear axle, to simulate the rear cogs. The way the frame is
supported in real racing can be simulated by a balljoint at the
rear vertical link, and by a ball joint at the front fork.
However, when applying pedal forces the frame would simply
swirl from side to side. Hence, the frame needs to be fixed at
one point or a system that simulates the cyclist' arm forces
needs to be incorporated. In our setup the fixed option was
chosen. In Figure II-1 the frame support principle and the
application of pedalling forces (Fpf and Fpb), the chain force
Fc and the reaction force Rf on the frame can be seen.

Figure ll-lFrame support and pedaling forces

In figure I it can also be seen that the frame can be fixed at
the head tube of at the fork.

B. Design of the fatigue test setup

A standard on fatigue and impact requirements for racing
bicycles is available, this is the ENl478l: Racing bicycles -

Safety requirements and test methods' standard. Our setup
was build according to this standard. Although it is to our
understanding that this standard is a good approach, some



extra features where incorporated. Figure II-2 shows the final
design of the fatigue test setup.

Figure II-2 Final design of the fatigue test stand

The actuators that simulate the pedalling force are
controlled by an open loop control system. So there is no
feedback loop that controls the force. A load cell was made to
measure the force the actuator applies on the cranks, so a
close loop system can be implemented.

C. Fatigue crtterion based on the reduction of frame
sfifness.

For the fatigue behaviour of the frame the following
hypnotises is made. That the accumulated damage caused by
fatigue will come to show as a reduction of stiffness of the
frame. In this way, the deflection of the frame increases
monotonically as more fatigue damage accumulates. To
measure these deflections LVDT sensors are used. The
deflection of frame is measured in three points, the top tube,
down tube and bottom bracket. A second way to measure the
reduction of stiffness was done by applying strain gages in the
down tube of the frame. These sensors measured the strain
caused by torsion and the strain caused by bending. If a
increase of global strain can be seen this would also indicate a

reduction of stiffness. The application and position of the
strain

Figure II-3 Strain gages on the MFI frame

D. Validation of the fatigue test setup

A first fatigue test of 100 000 cycles was run with the front
force at the front of 550 N and the rear force at 183 N at a
frequency of lHz. With this test the functionality of the setup
together with measurements, control loop, and software was
investigated. After this test no visual damage or decrease in
stiffness could be seen.

III. FATIGUE TEST oN TTm MFI MUSEEUW BIKES FRAME

A second fatigue test of 100 000 cycles at I Hz with a force
of I 100N at the front actuator and 366 N in at the rear actuator
was run. In this run the concept of reduction of stiffness was

investigated. In Figure III-1 the strains caused by torsion
plotted against time data in the form of save points can be

seen. A safe point established is every 30 minutes. The
actuator force can also be seen in this hgure in function of the
same time data.
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Figure III-1 Fatigue test data from the second fatigue test

In ttris measurement no conclusive evidence of the
degradation of stiffness can be found, as the force of the
actuator is not held constant. After 60000 cycles however, the
frame started to show cracks, thus failing to pas the standard.

It should be noted that this was in the second fatigue test on
the same frame.

This inconstancy in actuator force could be from
temperature effects or wear effects in the pneumatic actuator.
This calls for a strong need to implement a closed loop control
system. Another problem wittr the gathering of data is the
instability of the software program when saving.

IV. CoNCLUSIoNS AND FUTT]RE woRK

The final setup that was designed and manufactured showed
to perform as was desired.

The results of the Online measurement where evaluated.
Although the frame showed visually damag, no reduction in
stiffness was found from in measured data. This was due to
unwanted force fluctuation of the actuators. That makes it
impossible to validate the reduction of stiffness model.This
needs to be solved with a closed loop control system. A load
cell is already foreseen, to be used as a feedback signal.

The instability of the control software to control and
measure at the same time, can compromise the test data. The
software stability needs to be evaluated and changed if
possible
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Determination of the static mechanical behaviour of
flax-carbon raceframes

Joeri De Thaye
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Abstract-Y,lhen designing raceframes, low weight, high stiffness and
high comfoÉ are very important. Potentially, Museeuw Bikes's flax-carbon
raceframes could provide the right mix ofthese properties. However, un-
til recently, no scientific datà wàs available to prove this. In this text, the
mechanical properties of both flax-carbon and flax IJD reinforced epoxy
are given, which is essential information to optimise the frame's lay-up
schemes. Moreover, the bracket and the torsion stiffness of the race-
frames are determined. Finally, a start to the numerical simulation of the
frame's behaviour is given, which could play an important mle in the futurt
frames's desig;n process.

Keywords- Museeuw Bikes, flax-carbon, flax IJD, material propeÉies,
static mechanical raceframe properties

I. INTRODUCTION

f,ILAX-CARBON raceframes by Museeuw Bítes could em-
I' body all necessary properties: low weight, high stiffness
and high comfort. However, until recently no scientific data was

available to prove this. Without knowing the mechanical pro-
perties of both flax-carbon and flax UD reinforced epoxy, it is
very unlikely that the advantages of flax fibres are fully used in
current frames. Without scientifically justifiable experimental
results on the frame's behaviour, it is difficult to know which
part(s) of frame need a new geometry and/or lay-up. Ultimately,
the design could go a lot faster and cheaper if the numerical si-
mulation of the frame's behaviour would play an important role
in the design process.

To counteract the lack of knowledge about flax-carbon race-
frames, the mechanical properties of both the materials and the
raceframes will be determined and a start to the numerical simu-
lation of the raceframes's behaviour will be given.

II. MECHANICAL PRoPERTIES OF FLAX-CARBON AND

FLAX UD REINFORCED EPOXY

A. Producing test specimens

The necessary test specimens were made by curing laminates,
consisting of stacked layers of pre-preg, in an autoclave at ele-
vated temp€rafure and pressure. To prevent the excessive out-
flow of expoxy resin, the laminate was surrounded by a cork
boundary and covered with a non-perforated release foil and a
metal 'countermould'. Storing pre-preg on a roll introduces in-
ternal stresses causing the laminates to warp. To prevent this,
a pressure of 3 bar was applied during curing and the layers of
pre-preg were stacked as follows: «(. ..»).

B. Results

The mechanical properties were determined in accordance
with the appropriate ASTM standards. Since the flax-carbon is a
balanced woven fabric, its properties should be the same in the

0o and 90" directions, so only 0" specimens were considered.
This is of course not true for flax UD.

Some properties could not be determined:

i) the maximum shear strain 1e,u11due to the large deforma-

tions in the t 45o tensile specimens so the strain gauges were

already saturated before failure.
ii) the maximum longitudinal and transverse strains in com-

pression (efr,ur, and e|z,a) since all compressive specimens

failed due to buckling. Only an estimation of the ultimate com-
pressive strengths (oÏr,ut and, ol2,u1) could be made: their ab-

solute values should be higher than the absolute values of the
stresses at which buckling occurred.

The results are shown in Table L

TABLE I: Mechanical properties of flax-carbon and flax UD

20.62 27.20
18.61 26.43
20.62 5.13
18.61 5.22
2765.8 2322.4
188.28 290.58

>82.@ >106.34
188.28 25.s2

>82.« >92.69
51.20

1.10

1.10
0.10
0.11

0.10
0.11

44.71

r.63
0.52
0.36
0.44
0.10

0.085

III. MECHANICAL PRoPERTIES OF RACEFRAMES

A. Design of a two-in-one test stand

Two important stiffness values of a raceframe, the bracket and

the torsion stiffness, have to be determined. For this, a two-in-
one test stand was designed, based on the design of the Dutch
magazine Fiets |l and Open University [2]. Since none of both
explain how their test stands were exactly built and how the
frames are clamped, it is impossible to obtain comparable re-

sults. Thus, only frames tested with the newly designed set-up
can be compared. The two most important differences between

the new and the example test stands are: i) an elecffomechani-
cal testing machine is used instead of calibrated weights, ii) the

Et, [GPa]
Ei, [GPa]
EL, tGPal
83, [GPa]
G", tMPal

olt,utt [MPa]

loïr,,ul [MPa]
ol,z,utt [MPa]

lo3r,,ul [MPa]

'l.z,ut, [MPa]
e\r,rt, Ívo 1

"zz,rt, 
lvo)

'1., t-l
vf.z t-l

'1, t-I
Y3', t-I



front fork is not mounted.
For the bracket stiffness test, the frame is placed horizontally

and clamped at the head tube and at the rear dropouts. A vertical
upward force up to 300 N is applied to bracket. This is meant
to simulate a rider of up to 60 kg leaning the bicycle over by
27" when standing on the pedals.

For the torsion stiffness test, the frame is again positioned ho-
rizontally, a steel rod is inserted into the head tube and a vertical
upward force up to 150 N is applied to the end ofthe rod. This is
meant to simulate the rider pulling at the handlebar, which will
give information about the track consistency of the bicycle.

In both experiments, the frame's displacements are measured

by means of LVDTs. The test stands are shown in Figs. I and 2.

Fig. 1: Bracket stiffness test stand

Fig. 2: Torsion stiffness test stand

For a bracket stiffness test, the force on the bracket is given
as a function of the displacement on the bracket. As shown in
Fig. 3, the curve has a linear course while the frame was loaded.
The slope of the tangent to the data points is considered to be
the bracket stiffness of the frame.

For a torsion stiffness test, the torsional moment around the
head tube is given as a function of the rotation of the head tube.
This rotation is calculated from the displacements measured by
two LVDTs, each one at the end of the head tube. tn Fig. 4, the
curve has a linear course while the frame was loaded. The slope
of the tangent to the data points is considered to be the torsion
stiffness of the frame. The properties for both frames are listed
in Table II.

IV. NuuerucAI- srMULArroN

First, a CAD-model of the frames had to be drawn in Solid-
Works, because the available model with solid tubes could not

TABLE II: Bracket and torsion stiffness of Museeuw Bikes's
flax-carbon raceframes

Bracket stiffness Torsion stiffness

MFI 44.486 N/mm 108.37 Nm/'
MF5 43.060 N/mm 87.530 Nm/"

i 300
:I 250

i =200:4
I O lqn
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:r100
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i y= 44.486x+21.152
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Fig. 4: §pical results of a torsion stiffness experiment

be used directly. Secondly, it was impossible to allocate the cor-
rect lay-up to the frames, since the material properties were un-
known at that time and the lay-up schemes were only available
in Chhese. Therefore, only some simulations on an aluminum
frame with the same geometry as an MFI have been performed
to check if the CAD-model of the frame was good enough.

V. CoNCLUSIONS AND FURTHER RESEARCH

A new way of preparing an autoclave cycle was designed to
be able to produce high-quality flax-carbon and flax UD rein-
forced epoxy specimens, after which the mechanical properties
of these materials were determined. Moreover, the mechanical
properties of the raceframes have been determined using a newly
designed two-in-one test stand.

In future, there is still a lot of work to be done concerning
the numerical simulation. Moreover, investigating the frame's
behaviour upon fatigue loading is a must.

[1] Fiets,
stj- j fhej-dsmet ingen . asp? id:5, April 2010.

[2] Open University: Department of Materials Engineering, Bicycle frame
Esrtng at Open Universiry, http://materials.open.ac.uk,/
bikef rames,/bikef rame. ht.m, May 2010.
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Evaluation of the dynamic behaviour of composite
racing bicycles through outdoor field testing

F. Mortier
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Abstract-- This paper describes the research of the dynamic
behaviour of racing bicycles, in order to eventually determine the
effects of the use of hybrid flax-carbon reinforced composite as a
constructional frame rnaterial. The influence on the comfort of
the cyclist is one of the key variables, which is determined by
measuring force and accelerations at the contact points between
the human body and bicycle by means of field testing. This
requires the design, fabrication and calibration of several force
gauges. Field tests can then be conducted in order to cxamine the
influence of several parameters such as tire pressure and road
surface on the riders comfoÍ. The measured force distributions
at the saddle, handlebar and pedal can be used when designing
bicycle frames or parts. Thc pedal force distributions can be used
to assess the cycling eÍïiciency

Keywords- flax Íibre, composites, bicycle, dynamic behaviour,
comfort, Íield test, absorbed power

I. INTRODUCTIoN

HE bicycle has evolved from a simple means of
transportation to a high performance machine, capable of

letting the cyclist achieve higher top speeds with less effort
whilst still granting a proper handling. One of the key
components of a bicycle is the frame. A lot of research has
been done concerning reducing the overall weight by using
more exotic materials and production processes. A commonly
used material nowadays for both professional as amateur
racing bicycle frames is carbon fibre reinforced plastic
(CFRP).

The use of these materials has lead to an increase in frame
stiffness while the weight has been reduced drastically. This
stiffness has led to a decrease in cyclist comfort due to the
increased vibrations transmitted from the wheel to the human
body. Museerw Bikes, a Flemish company which designs and
produces bicycle frames, tries to correct this problem by using
flax fibres instead of carbon. It is claimed that the vibration
damping properties of this material exceeds that of carbon
composite and leads to a better cyclist comfort.

This article describes the method of measuring and assessing
the level ofcomfort and the force distributions on the saddle,
handlebar and pedal on a scientific basis.

II. ASSESSMENT oF THE CYCLIST RIDE CoMFoRT

Two methods are commonly used to investigate the level of
comfort for human beings with regard to vibrations: the
IS02631 or the 836841 standard [, 2]. These are both based
on the principle that an increase in accelerations, measured at
the contact point between the human body and the vibrating
object, leads to a decrease in comfort. Since the human body
is more sensitive to low frequencies between 2 and l2Hz, the
acceleration signal is first filtered with a filter which
represents this frequency-dependency. As a form of

evaluation, a single scalar is computed for each acceleration,
such as the r.m.s. value. A problem with this approach with
regard to driving a bicycle is the fact that a commonly used

technique for improving the ride quality on a rough surface is

to clamp the handlebar less and let the handlebar move more
freely. This in tum increases the accelerations of the
handlebar since no restraining forces are exerted. This could
possible lead to false conclusions in terms of cyclist comfort.

A third possible method is the absorbed power approach,
which takes the contact force into account [3]. The amount of
power which is absorbed by the cyclist is calculated by
measuring the contact force and vibration velocity at each

contact point. The level of absorbed power is an indication for
the comfort level [4]. The average absorbed power for the
entire test duration at one contact point can be calculated as

followed:

,^* =+ [,rG).v(t)dt

III. INSTRUMENTATIoN oF THEBICYCLE

The implementation of the ISO or British Standard requires
the placement of accelerometers. The absorbed power method
however requires the measurement of both velocity and force.
This velocity can be calculated by integrating the acceleration
signal in time. Custom designed gauges are build to measure
the forces at the saddle, pedal and handlebar. These forces are
measured by mounting strain gauges in a Wheatstone bridge
configuration, which enables the measurement of the force
independent of the point of application.

Figure I shows the saddle force gauge, which decouples the
horizontal and vertical forces with the help of a U-shaped
aluminium piece.

Figure l: Saddle force gauge

The handlebar (Figure 2) and pedal spindle (Figure 3) are
instrumented with strain gauges in a similar way to decouple
the vertical and horizontal force components. Not only the
pedal force, but also the pedal position was measured, using a



self-made encoder. All of these sensors were calibrated before
use.

IV. FIELD TESTS

During field tests, the cyclist carried a backpack holding all
data-acquisition equipment. One of the field tests includes
measuring the force distribution at the pedal whilst cycling at
a constant speed.

The second test consisted of measuring the comfort level by
the absorbed power method and the 8S6841 method. This was
performed by cycling along a smooth asphalted road and
along a road paved with mild cobblestones at different tire
pressures. The goal was to investigate the possibility of
detecting minor and major changes in the comfort level of the
cyclist and to determine whether the absorbed power method
or the more conventional 8S684l method proves to be more
successful.

V. RESULTS

Figure 4 shows the pedal distribution along the crank angle
when cycling in regime.

Figure 4: Pedal force distribution

The largest tangential, propellant forces take place when the
pedal is almost horizontal. In the second half of the rotation,

the leg exerts a counteracting force, which reduces the cycling
efficiency.

Figure 5 demonstrates the absorbed power level when
cycling across mild cobblestones. It can be seen that the
absorbed power decreases when the tire pressure is lowered.
For these test, the absorbed power is around 12-16W, whilst
the body only absorbs around lW when cycling along a
smooth surface for all tire pressures.

Figure 5: Comfort assessment according to absorbed power

When the 8S684l is used, a large decrease in comfort level
is detected for cycling without loading the handlebar, as

shown in the last columns of Figure 6, which is inconsistent
with the actual comfort level of the cyclist.
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Figure 6: Comfort assessment according to B56841

These plots show that the altemative method of determining
comfort by the absorbed power can be successfully used to
assess comforl during field testing.

VI. CONCLUSIoNS

The tests reveal that small differences in comfort level can
be detected using the absorbed power method, whereas the
8S6841 may overrate the lack of comfort when a poor contact
exists between the human body and the vibrating object. The
test setup can be used to investigate the influence of several
parameters on the cyclist comfort or how an altered pedalling
style may influence the cycling efficiency.
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Abstract - Natural flax Íibres offer an ecological

alternative for synthetic Íibres in composites. In this

aÉicle, the damping of flax fibre-epoxy and carbon Íibre-
epoxy composites is compared, and linked to the Íibre-
matrix adhesion. The influence of the adhesion is further
investigated by comparing the damping behavior and

fibre-matrix adhesion of flax fibre-epoxy composites with
treated and untreated fibres.

Keywords - flax fibre, carbon fibre, Íibre-matrix

interface, material damping

I. INTRODUCTION

Composites are formed by combining matrix material and

reinforcing fibres, which work together to create unique

properties. Because of the need for more ecological

materials, natural flax fibres can be used instead of man-

made fibres. An interesting property of flax fibres is their

good damping behavior because of their porous multi-layer

structure [1]. Damping is an important parameter in the

design of structures in which vibration or acoustic emission

has to be controlled. The attempt is to compare the

damping behavior of a flax fibre-epoxy composite with a

classical carbon fibre-epoxy composite, and how this is

related to the fibre-matrix interface.

II. COMPARISON oF FLAX FIBRE-EPOXY AND

CARBON FIBRE.EPOXY COMPOSITES

A. Materials

Unidirectional composites with dimensions ul45 mm x 137

mm x 2 mm are made by the autoclave process, which is

based on the curing of prepregs. For the flax fibre-epoxy

composite, 9 prepreg layers are used, consisting of an

Araldite 1Y5150 epoxy matrix and treated flax fibres. For the

carbon fibre-epoxy composite, 18 layers of prepreg are

used, consisting of a M18 epoxy matrix and M55J carbon

fibres treated with sizing 508.

B. Measuring the damping

The damping ratio of the composites is determined by

acoustic wave excitation. A loudspeaker sends out sinus

waves with the natural frequency of the composite

specimen, which causes the plate to vibrate vibrate in its

corresponding mode shape. Then, the loudspeaker is

turned off and a laser Doppler vibrometer detects the

damping response.

The viscous damping ratio of the flax fibre-epoxy

composite is 0,011 in the torsion mode and 0,008 in the

bending mode, while for the carbon fibre-epoxy

composite the values are lower: 0,008 in the torsion

mode and 0,001 in the bending mode. Possible

parameters that could influence this behavior are the fibre

type and the fibre-matrix adhesion. The adhesion will be

further investigated.

C. Influence ofthe interfac

To investigate the fibre-matrix adhesion, the composite

samples are cut in specimens with size 100 mm x12,7 mrn

and polished. Then, they are broken by a transversal three

point bending test. This gives two types of fracture

surfaces (Figure 1), which can be further observed with

the scanning electron microscope (SEM) t1
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Figure 7: Fracture sudoces

The translaminar surface shows the fibre cross-sections.

Propagating of the crack along the interface indicates

weak adhesion. The intralaminair surface shows the fibres

in their longitudinal direction. Smooth fibres with little

remaining matrix material indicate a weak adhesion.

IV



For the carbon fibre-epoxy composite (Figure 2), the crack

propagates along the interface and the fibre surface is

smooth. This indicates a weak fibre-matrix adhesion [2].

For the flax fibre-epoxy composite (Figure 3), the crack

propagates along the interface and through the fibres. The

fibre surface is quite damaged also. This could indicate

strong adhesion. Though, for flax fibre-epoxy composites,

there was no literature found to make a comparison with.

Therefore, the adhesion is further investigated by comparing

flax fibre-epoxy composites that only differ in fibre sizing.

ruw
Figure 2 : Tronslomindr ond introlominor Írocture

surfoce of corbon fibre-epoxy composites.

wffi
Fígure 3: Trunslomínor ond introlomindr Írdcture

surface of fl ax fibre-e poxy composites.

III. COMPARISON oF FLAX FIBRE -EPoxY CoMPoSnES

WITH TREATED AND LTNTREATED FIBRES

A. Materials

A UD flax fibre-epoxy composite with treated fibres and a

UD flax fibre-epoxy composite with untreated fibres (no

sizing) are made by the resin transfer molding process

(RTM), which is based on the curing of 9 layers dry fibre-

fabric, impregnated by a RIMR 135 epoxy resin.

B. Measuring the damping

The damping behavior is measured on composite plates

with dimensions 265 mm x 265 mm x 2 mm. The viscous

damping ratio of the composite with treated fibres is 0,011

in the torsion mode and 0,009 in the bending mode. For the

composite with untreated fibres, the values are higher:

0,018 in the torsion mode and 0,012 in the bending mode.

C. Influence of the interface

After the bending test, the fracture surfaces are observed

with the SEM. ln case of treated fibres (Figure 4), the crack

propagates along the interface and through the fibres, and

the fibre surface is also quite damaged.

ln case of the untreated fibres (Figure 5), the crack

propagates almost only along the interface and the fibre

surface is less damaged. Hence, it can be concluded that

the untreated fibres have a weaker adhesion.;ru
Figure 4 : Trdnslominar ond introlominor Írocture

surloce offlox fibre-epoxy without sizing

=LFigure 5 : Tro nsldmina r and intral o m i nor Írocture
surfoce of flox fibre-epoxy with sizing

IV. CONCLUSION

From the comparison between the RTM-made flax fibre-

epoxy composites with treated and untreated fibres, it

can be concluded that flax fibre-epoxy composite with

untreated fibres has a weaker fibre-matrix adhesion, and

therefore has a better damping behavior. From the

comparison between the autoclave-made flax-fibre epoxy

composite and carbon fibre-epoxy composite, it can now

be concluded that the flax fibre-epoxy composite has a

good fibre-matrix adhesion and the carbon fibre-epoxy

composite has a weak adhesion. As observed within this

study corresponds a weak adhesion with a better damping

behavior, because of friction [3]. gut the damping behavior

of the flax fibre-epoxy composite is better than the

damping behavior of the carbon fibre-epoxy composite,

despite the weak adhesion of the latter. This probably

indicates that the natural flax fibre is the determining

parameter for the better damping behavior.
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Abstract-This article is about tle use of flax-carbon reinforced compos-
ite as a frame material for Museeuw Bikes' racing bicycles. Three different
methods to define/measure the cyclist's comfort and the effect ofthe bicycle
frame on comfort are discussed. The results from a numerical computer
model of a racing bicycle frame (Museeuw Flax 1, MFI) are corr€lated to
experimental results on that frame. No correlation between both is found
yet because of the use of another frame material at the computer model.
From experiments to assess material damping of different bicycle frame
materials, it is obvious that aluminum has a much better material damping
than steel,
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damping

I, INTRODUCTIoN

rf'tHE need for better bicycles is growing with the years. All
I types of cyclists ask for the best material, from profession-

als up to bicycle dabblers. Especially the market frames based

on composite material is growing because of its good mechani-
cal properties. A high specific strength and stiffness is possible
with this material, and these are two important parameters when
designing a bicycle frame.

Museeuw Bikes, a Flemish company who designs and pro-
duces bicycle frames for race applications, has used a new type
of composite material for racing bicycle frames. Not the classi-
cal carbon fibre is used as reinforcement, but a flbre from natural
oigin, flax fibre is applied. This article studies the shock- and
vibration absorbing abilities of this material. Because the need
for better bicycle frames goes hand in hand with frame optimiza-
tion, a numerical and experimental study has been assessed on
the MFI (Museeuw Flax l) and MF5 frames.

II. RIDE CoMFoRT AND BODY VIBRATIoN

Vbration and shock damping are two important factors that
affect the cyclist in its performance. Damping measures the rate
at which vibrations dissipate. Damping gives a vibration free
ride, as road shock vanishes within the frame. For cyclists, this
ffanslates to a smoother and longer ride with less fatigue of the
cyclist []. Shock- and vibration damping can be assessed in
three different ways, each of them is discussed below.

A. The frame as a shock absorption system

Every frame acts as a shock absorption system, the frame is
placed between (i) the rider (who is connected to the frame by
the hands, feet and the seat) and (ii) the vibration input of the
road [1]. Some of the vibration energy is already absorbed by
the bicycle, what is left must be absorbed by the cyclist. This sit-
uation is depicted at Figure l. At this situation, a lower stiffness
or a higher mass of the cyclist leads to more comfort because
road vibrations are then strongly reduced.

Road surface

Fig. l. The frame as a shock absorption system

B. Whole-body -and hand-arm vibration

Another possibility to quantify comfort is by means of the
whole-body vibration and the hand-arm vibration, respectively
in the standards 150-2631 [2] and ISO-5349 [3]. These stan-

dards define methods to evaluate the influence of vibration on
the human body, and more specif,c at the hands and arms. For
both, a frequency weighting function is given. From 150-2631
it is seen that the human body is most sensitive to vibrations be-

tween 0.5 Hz and 80 Hz. In case of hand-arm vibration, frequen-
cies between 8 Hz and L6Hz are felt as the most uncomfortable
for the cyclist.

C. Absorbed power - power loss of the cyclist

When a cyclist applies an increasing force on the handlebars,
more vibration energy is transferred to the hands and the percep-
tion of discomfort increases, and the acceleration level decreases

drastically. Another technique to evaluate vibrations is absorbed
power. In this theory feeling of comfort is not only influenced
by the frequency but also by the force between the contact points
cyclist-bicycle.

III. EXPERIMENTAL MODAL ANALYSIS ON COMPOSITE
BICYCLE FRAMES

Experimental Modal Analysis (EMA) is a method to define
the dynamic properties of a structure. These are natural fre-
quency, mode shape and modal damping. When evaluating the
dynamic properties, it is observed how a structure (e.g a bicycle
frame) reacts on a force with varying frequency. This can be

done through computer simulations (Finite Element Analysis,
.AbaqusrM) of through experimental analysis. The obtained
mode shapes from both are visualized at Figure 2 respectively
Figure 3. Because of the complex and incomplete data sheet of
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the composite lay-up of the frame, aluminum is applied as mate-
rial at the FEA model. This is the reason why there is no match
between both.

Fig. 2. MFl: first mode shape fromFEAwith AbaqusrM

measure material damping, because this method makes no con-
tact with the structure. This is necessary because every element
which makes contact with the structure will influence the damp-
ing properties of the tested material itself. Until so far, damping
from aluminum and steel could be measured adequately. The
damping proflle from both materials is visible at Figure 4. Ma-
terial damping of aluminum is twice better than that of steel.
Damping properties of flaxUD and flax-carbon reinforced com-
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Fig.4. Acoustic wave excitation: damping profile ofsteel (blue) and aluminum
(yellow)

posite are not yet available because it is not clear how to evaluate
the damping profiles of these materials. In the near future, more
results will be obtained on this subject.

V. CoNCLUSIoN

Different methods on how to measure and interpret the per-
ception ofthe cyclist on comfort are possible. Two ofthem are
frequency related, the third one includes a second parameter:
contact force between cyclist and bicycle. The latter leads to
the concept absorbed power, this is the power loss of the cy-
clist due to cycling on a rough surface. The dynamic behaviour
of the MFI frame has been assessed in a numerical (FEA) and
experimental (EMA) way. The mode shape from EMA is realis-
tic but no correlation is found yet with the computer simulation
because another frame material is used. Finally, the damping
of the bicycle frame material will have an influence on comfort
observed by the cyclist. This makes it necessary to know the
damping properties of frame materials. Measuring damping can
best be done with contactless excitation and response measur-
ing. Using such a setup, it could be concluded that aluminum
has twice better damping characteristics compared to steel.
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Fig. 3. MFl: first mode shape from EMA

IV. DAMPING PRoPERTIES oF ISOTRoPIC AND
ORTHOTROPIC MATERIALS

Damping is an important parameter of a structure which is
subjected to a force. The origin of the force can be due to an

unbalance in a rotating structure, a time-varying load, a repeat-
ing shock, etc. One parameter which determines the damping
property of a structure is the material damping. The type of
material used for the structure will have an influence because
each material has other damping properties. Within this scope,
the material damping from aluminum, steel, flaxUD and flax-
carbon composite has been assessed. Three different kind of
methods are used, two of them measure response with an ac-
celerometer and excitation takes place with an electrodynamic
shaker. The shaker can generate a shock or a random vibration,
the response of the material due to this excitation is measured
with an acceleration sensor. These methods are found not to
be adequate to measure damping because of the contact making
elements shaker and accelerometer.

The test setup based on acoustic wave excitation and mea-
suring response with a laser vibrometer has more potential to

Oamdir8protiL of ,|ffi itrum öod stëel


