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ABSTRACT

Nowadays, digital technology and measurement are improving to measure some systems in accurate
conditions without errors. From these improvements and developments, it is necessary to analyse
performances and condition of bicycle and biker before high level computations. In this experimental
investigation, a high quality and very light bicycle and a well-equipped trained biker were trained to test
the system with different road and region conditions. The purpose of this investigation is to predict
unwanted conditions of bicycle before computations and activity. Otherwise, this kind of experimental
trained testing will give some information from unwanted bicycle accidents. Moreover, in this exper-
imental work, a power meter and measurement instrument with sensors are used to measure real time
parameters. As can be concluded from experimental results and the analysis, the proposed work has a
good design and analysis for good material bicycles. The displacement analysis is also outlined with load
of a 63 kg biker.

1. INTRODUCTION

Advanced digital technology is developing very fast and there are many improvements for
measurement of some parameters of systems in real time training and experimental works.
Especially, advanced sensor technology has superior performance to measure many system’s
parameters in real time for modelling and analysing.

Nowadays, there are many investigations on experimental works. These investigations
have been done by some researchers. However, some of the works have been researched by
using simulations software and laboratory works on bikes. Abagnale and his research group
have focused on investigating some environmental condition situation of the electric motor
actuated bicycle with experimental biking in their research laboratory. In their work, they
have tested a bicycle in close room conditions without any disturbances. They have tested and
measured the system for overcoming unwanted aspects from the bicycle systems [1].

On the contrary, there are also other studies on the e-bike systems, apart from real time
conditions. There were some experimental works related to electrical assisted bicycle by some
researchers in [2–4]. They included a well developed bicycle for improving without any
unwanted disturbances effect. Nowadays, e-bike systems are generally powered with
rechargeable batteries [5–8]. They have investigated the actuating performance. These have
been affected by using battery, motor power, road types, operation weight, control, and
particularly the management.

On the other hand, a pure electric bicycle has been designed, analysed, and used for
testing performance in [9–11]. This has been integrated driver such as electric motor into
bicycle frame. However, other type of investigation included a power-assisted bicycle, and
one called an e-bike in [12]. This system has been proposed as a kind of human–electric
hybrid bicycle integration in [13], that was supporting the bicycle driver with electric power
supply only when the driver was turning the pedals.
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2. THEORY OF BICYCLES DURING
TRAVELLING

Of all the components that can affect the character of a bike,
wheels arguably have the best ability to make or break the
way a bike rides. The best road bike wheels can all but
transform your ride from sluggish and difficult to lively and
exciting.

A light and stiff (but not too stiff) wheel will make your
bike feel like it’s gliding up a climb, help you effortlessly hold
speed along the flats, and also improve steering accuracy.
High-quality hubs keep things spinning along for years with
a bit of elbow (or waterproof) grease here and there, and,
most importantly, keeping the elements out [14].

There are many disturbances during travelling with
different road profile for testing the bicycle with a profes-
sional biker. These unwanted disturbances can be outlined
as the following: weather, temperature, roughness of road
conditions, speed and position of wind such as air drag. The
necessary equation of power PD is needed to overcome such
disturbances, which can be indicated in the following
equation:

PD ¼ 1
2
rv3aCDA (1)

where air density is denoted by r. The value of the air
density is nearly 1.225 kg/m3 at the sea level and 16 C 8, the
speed relative of the air is denoted by va, and characteristic
area is also denoted with drag coefficient CDA.

CD is depended on the configuration of the object and the
Reynolds number, this is depended on va. However, if cross

Fig. 1. A designed representation of the CAD model proposed bi-
cycle

Fig. 2. Displacement analysis of the bicycle frame by using ANSYS

Fig. 3. Total trajectory view of the bicycle on the map
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sectional area is denoted by A, CD can be used number value
of 1 for usual cycling speeds of a rider on an upright bicycle.

This power is produced to overcome the tires’ rolling
resistances. Furthermore, the applied power can be written
in the following (PR)

PR ¼ vrmg cosðarctan sÞCrr ≈ vr mgCrr (2)

The gravity is denoted by g, the value of g is almost 9,80,665
m/s2 and mass is denoted bym in (kg). The normal coefficients

of rolling resistance are denoted by usingCrr . In general, Crr is
assumed to be independent bicycle speed. The speed of bicycle
during biking on the roads is denoted by vr [14].

The climbing power on vertical axes PS on a slope s can
be written in the following equation [15].

PS ¼ vrmg sinðarctansÞ ≈ vr mgs (3)

The applied power on the bicycle is going to be increased
with potential energy of a bicycle rider. Furthermore, there

Fig. 4. Representing the road profile and roughness with photographs for each 1.5 km of 26.52 km distance
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should be some problems such as falling down or braking
troubles. There are other problems for a bicycle rider.
However, the professional rider should be very careful about
feeding himself with appropriate foods.

The accelerating power is denoted by using PA.
Furthermore, the bicycle and the rider having total mass m
with acceleration and rotationally also the wheels having
mass denoted by mw is:

PA ≈ vrðmþmvÞa (4)

The total power can be outlined in the following expression;

P ¼ ðPD þ PR þ PS þ PAÞ=h (5)

where h is the mechanical efficiency of the drive train.

3. EXPERIMENTAL ANALYSIS RESULTS

The model of the proposed experimental bicycle is shown in
Fig. 1. As can be seen from the figure, the bicycle has been
made of light material with 9.06 kg in total weight.

This section presents the proposed CAD model of
trained and tested bicycle. Moreover, the displacement of
bicycle frame is represented in Fig. 2 with 63 kg biker weight,
the proposed by CAD model is exactly match to

experimental bicycle system parameters. The material of
bicycle frame is carbon-fiber.

The bicycle was tested along the distance of 26.52 km on
icy and dry road with small roughness asphalt material (see
Fig. 3). Green arrow shows the starting point of travel.

The training process was also photographed to show
road conditions and profile completing the distance of 26.52
km for each 1.5 km (see Fig. 4). As can be seen from pho-
tographs, the road surface and profile are changing for each
1.5 km.

As can be outlined in Fig. 5, starting elevation level was
1,159m above sea level. The finishing elevation level was
1,160m. It seems that these points are on the same level, but
there were very changeable road elevations. The maximum
elevation was 1,470m above sea level.

When the speed of the bicycle was analysed, initial speed
was 26.9 kph at 5 s. The last speed of the bicycle was 19.5
kph at 24 min of travelling. Furthermore, maximum speed
of bicycle was 70.2 kph (see Fig. 6). These results proved that
the speed was very reliable for computations.

The proposed bicycle was also analysed for cadence on
the road of 26.52 km with roughness on icy and dry asphalt
profile. However, the bike cadence was 76 rpm at 5 s near
the starting conditions (see Fig. 7). Nevertheless, the
maximum bike cadence was 11 rpm at 18 min of travelling.

Fig. 5. Time – elevation variations during the travel of bicycle

Fig. 6. Time–speed of bicycle variations
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The results proved that the speed of bicycle was matching
the road profile from the initial to final position.

The supplied power is very important to keep the calories
constant. Furthermore, the supported power to drive bicycle
by a biker should be very reliable for finishing the final point
of computations. The measured initial power that is
measured from the power meter was 24 W at 2 s of trav-
elling. Furthermore, the maximum power was very high

during travelling of 26.52 km. As can be seen the results of
power variations, the maximum power was 1,237W at 20
min 9 s (see Fig. 8).

However, the weather conditions also affected the per-
formance of a biker during a bicycle race. The systems were
also analysed for weather temperature. Initially, the tem-
perature was 25 8C at the starting point, but the temperature
suddenly changed from 25 to 5 8C. For that reason, the

Fig. 7. Bike time-cadence variations during travelling of 26.52 km

Fig. 8. The power–time variations during travelling of 26.52 km

Fig. 9. Time-temperature variations during travelling all trajectory
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performance of biker was slightly changed for the speed and
cadence. Fig. 9 represents the temperature variations during
travelling all trajectory of 26.52 km.

The power zones of the bicycle and biker are indicated
with 7 zones as shown in Fig. 10. It is easy to see from the
figure that Zone 7 has very high percentage of 47 with active
recovery. On the other hand, zone 6 anaerobic has very low
percentage.

4. CONCLUSIONS AND DISCUSSIONS

This paper has presented an experimental investigation for
analysing the performance of a race bicycle with a well-
trained biker during travelling on different road conditions.
In this, the performance and power conditions of the

proposed bicycle have been analysed inn different aspects,
such as cadence, elevation, temperature, speed, and road
conditions with the length of 26.52 km.

Full travelling time of the 26.52 km distance was 1 hour 7
min and 36 s. Total moving time was 24 s less than full
travelling time. Moreover, the elapsed time was also
measured with 1:35:55. Average pace time for each km was
2:33 min/km. There was also the best pace time, such as 0:49
min/km. Furthermore, the biker has lost nearly 660 calories
along the whole travelling distance. Left and right torque
effectiveness was 70% L/0% R. Left/Right Pedal Smoothness
were 19% L/0% R. It is easy to see that due to road profile,
the right side has 0%. But the left side torque and pedal
smoothness have some percentage.

On the other hand, some effects to the biker were
measured during the completion of the distance of 26.52 km.

Fig. 10. The times in zones of the bicycle and biker

Fig. 11. Elevation, speed, bike cadence and temperature variations during travelling
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Moreover, intensity factor (IF) was 0.696 measured.
Training Stress score was 54.2 measured from system. The
total work was measured at 661 Kj. This work is reliable for
this distance and road profile. Furthermore, the total strokes
were measured as 4,914 because of road roughness and icy
surface of asphalt road.

The main aim and purpose of this experimental work
was to predict and analyse the cycling performance of a
professional bicycle and a well exercised professional bike
rider. As can be outlined and depicted from experimental
results, the bicycle performance was adopted to icy and
rough road profiles, weather conditions such as tempera-
tures, cadences, elevations. Additionally, average power of
163 W is acceptable for this purpose.

Evaluation and comparison of power zones can be
described as follows; zone 1 (Z1) active recovery has good
performance (%47) with the time of 32:08 min. There is also
good performance with the zone 2 (Z2) with the time period
of 18:00 min has also acceptable performance of %26.

On the other hand, the time period decreased with the
time of 1:12 min, the performance with power zone was %1.

Fig. 11 presents the Elevation, Speed, Bike Cadence and
Temperature variations during travelling.

In future work, a neural network predictor analyser will
be employed to predict such parameters in real time appli-
cations for the exact analysis of this kind of systems. How-
ever, the proposed system can be employed on different road
conditions, such as dry without asphalt.
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