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ABSTRACT

Two-wheel vehicle comfort is usually assessed bymseof subjective scorings or by measuring
physical quantities such as acceleration, sound ggere, etc. which do not depend on the human
response. This study has chosen a different apptgawhich is to use electromyography for
evaluating the levels of muscle activity. It focissenore specifically on comfort in relation to
aerodynamic loads. The loads were simulated by adaunnel. ANOVA statistical analysis was
used to establish the impact of aerodynamic loadasl @f various motorcycle models on muscle
activity levels. The results showed that aerodynareiads generally cause an increase of muscle
activity, although their impact varies in relatioto the design of the motorcycle: each model of
motorcycle produces a specific distribution of adty levels among muscles. The methodology
can be used for vehicle-design purposes as webm@snising motorbike training programmes.

Keywords: Motorcycle, Aerodynamic loads, SEM, Ergonomics, foom

INTRODUCTION etc.). Consequently, various output variables
Riding comfort in two-wheel vehicles is a rele-can be referred to as indices of comfort. They
vant issue since it results in a better drivingcan be subjective ratings (scores given by test
performance and less fatigue for both the drivepilots, filling in specific questionnaires), objec-
and the eventual passenger. The comfort of twe physical variables such as acceleration,
vehicle is related to three main aspectyibrations, sound pressures, temperature distri-
(Gameiro da Silva, 2002): dynamic factors suclbution, or quantitative physiologic measure-
as vibrations and accelerations; environmentahents. Subjective ratings together with objec-
factors such as noise, thermal comfort, air qualive physical quantities are the most widely
ity, visibility etc.; and ergonomic factors, moreused. The former allow taking into account
specifically, the interaction between the drivethuman subjective reactions and man-machine
and the vehicle (through the seat, the handleBjteractions, while the advantage of measuring
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physical quantities is that it provides objectivetwo different postures: the so-called standard
results. Physiological measurements are les&ling posture where the driver has a neutral
common although they can be interesting sincapright position with his back and neck ap-
they allow for an objective measurement ofproximately straight (torso angle is about 17°,
pilot response. Among the physiological measknee angle is about 60°, and hip angle is about
urements, electromyography can provide infor91° according to experimental measurements),
mation concerning muscle activity in relation toand the sport driving posture with forward lean
ergonomic aspects (Kumaat al, 1996; Al- and forward tilt of the pelvis, while the head is
Mulla et al, 2011) through non-invasive index in slight extension (torso angle is about 66°,
of the levels of muscular activity (Ducheeé knee angle is about 52°, and hip angle is about
al., 1993). Many examples can be found in36°). The forward leaning, in sport driving,
studies concerning sitting biomechanicamplies the operator is partially supporting his
(Harrisonet al, 1999), or comparing various upper body weight on his arms, and the mus-
kinds of seats in relation to occupational spineles on the back are supporting the head. How-
disorders (Makhsoust al, 2009; Nairnet al, ever, at higher speeds, the weight of the body
2013). may be partially supported by air pressure rush-
ing onto the torso for bike riders (Blocken
There are several studies concerning the conal., 2013) or it might get even worse, depend-
fort of 4-wheel vehicle drivers (Albert al., ing on the boundary layer as determined by the
2013; Anderssort al, 1974) while studies of windshield. The standard riding posture is per-
rider posture on two-wheel vehicles are lesseived as more comfortable by riders (see the
common. Karuppiatet al. (2012) analysed the optimal angles reported by Chou and Hsiao,
effect of backrests on the basis of subjectiv@005).The larger rider frontal area increases
scorings. One limitation of their study was thatdrag resistance (Blockest al,, 2013), therefore
the motorcyclists were sitting on motorcycles ina higher muscle work is required in order to
a controlled environment, and the weight loacdcounterbalance aerodynamics loads.
produced the interface pressures between the
men and the vehicles. In order to obtain thdhe information on muscular stress caused by
most realistic estimation of rider's muscle acvarious motorcycling postures can be useful for
tivity levels, on-the road tests would be re-designing new vehicles as well as for drawing
quired which would be difficult to repeat due toup specific training protocols for athletic com-
the various conditions such as trajectory, roagetitors.
surface, issues related to driving, meteorologi-
cal conditions, etc. thus making it difficult to MATERIALSAND METHODS
distinguish each specific contribution. A sim-Participants
plified approach, by simulating aerodynamicSix riders were chosen and they gave their writ-
loads, was used in this study. The study therden informed consent to the experiments. They
fore focuses on the rider’s posture rather thawere all male, aged 42 + 5 years, whose mass
evaluating other aspects such as manoeuvrabillas equal to 78 + 8 kg, their height was equal
ity or vibration comfort. A similar approach to 178.0 £ 8.5 cm, and their BMI was equal to
was followed in the case of other sports wher@4.25+ 2.9 kg/m2. They were all equipped with
the aerodynamic load is presumed to play athe same sensors. Each subject had anthropom-
important role with the aim of isolating it from etric characteristics that closely matched the
other factors: for example see the studies corb0th percentile MATD dummy used for 1SO
cerning ski jumping (Virmavirtat al, 2011) or 13232 testing. All the riders participating in the
cycling (Chapmart al, 2008) in wind tunnels. experiment had the same lifestyle: they were
healthy, they did not use drugs and they were
Two different motorcycles were analysed withnot addicted to alcohol. They were frequent
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motorcycle users, and therefore they were ableor analysing the upper trapezius, the elec-
to establish if their vehicle was comfortable atrodes were placed at a point two-thirds of the
first instance. A preliminary questionnaire wasdistance from the spine of the seventh cervical

submitted to all subjects. vertebra (C7) to the lateral edge of the ac-
romion (Jensert al. 1993). Electrodes for the
Materials biceps and triceps were located on the muscle

Aerodynamic loads were simulated by mean$ellies, and the electrodes of the pectoralis ma-
of the wind tunnel located at the Department ojor (sternal fiber) were placed on the chest wall,
Engineering of the University of Perugiahorizontal from the rising muscle mass
(2200x2200 mrh Fig.1). Two different vehi- (approximately 2 cm out from the axillary
cles were considered (Fig. 2). The first vehicldold).
is a sport touring naked motorcycle. This vehi-
cle provides minimal wind protection for the The EMG activity has been digital band-pass
rider and its experimentally measured drag cdiltered at 10-500 Hz; it was sampled at 1 kHz,
efficient is equal to 0.61. It is designed for ghorand digitised at 16 bits, in compliance with
trips out of town. The driving posture is moder-recommendations from European SENIAM
ately bent forward. The second vehicle is a higiiSurface Electromyography for the Non-
performance sport bike. The driving posture idnvasive Assessment of Muscles) project
aimed at obtaining the best possible perform- (Stegeman and Hemens, 2012). Data analysis
ance of the vehicle in spite of comfort of the  was performed by means of Myolab software.
driver. The driver must be leaning forward in
order to be protected from the wind. The exThe riders underwent various tests before data
perimentally measured drag coefficient is equahcquisition in order to get them acquainted with
to 0.28. This vehicle was specifically designedhe instrumentation; each test lasted 75 sec-
for competitions on racetracks. onds. During each stationary phase (with/
without wind), the average RMS of each EMG
These models were chosen because they repsgnal (ARMS) was calculated.
sent motorcycles designed for different pur-
poses and requiring different driving posturesThe statistical analysis of data was performed
They were put at our disposal by the kind conby means of two-way within subjects ANOVA,
cession of their manufacturer. The speed of thafter having checked the normality of ARMS
air was equal to 43 m/s. This high speed wadata distribution, and their Sphericity’ (Norman
chosen in order to maximize the aerodynamiet al, 2008), and established a level of confi-
load contribution, and it was considered a posdence equal to 95% (p<0.05). Two factors were
sible top speed on the slower sport touring moeonsidered: the first factor was the model of the

torcycle model. motorcycle on two levels: the sport touring
motorcycle or the sport bike. The second factor
M ethods was the aerodynamic load; this factor also has

Surface electromyography was carried out withtwo levels: 0 wind speed and 43 m/s wind
a 16 channels device (PocketEMGby BTS). speed. All riders performed all four tests (2
The sensors were positioned carefully in ordemotorbikes x 2 aerodynamic load levels), in a
to achieve a high level of repeatability, with arandomized order.

distance of 20 mm between the electrodes. The

following muscles were monitored bilaterally:

the biceps, the triceps, and the upper trapezius,

the pectoralis major; the electrodes were ap-

plied over the muscle bellies, after shaving,

scrubbing and cleaning the skin with alcohol.
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Fig. 1: Sequencein wind-tunnel (arrows show the streamline at 90 km/h)
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Fig. 2 : Motorcycles used in the tests: sport touring naked motorcycle (left); high perform-
ance sport bike (right); note the differences between driver postures (photos published cour-
tesy of the Piaggio group)

Fig. 3: Example of EM G electr odes positioning on atest rider

RESULTSAND DISCUSSION their interaction.

ANOVA Results

Fig. 4, Table 1 and Table 2 shows the results dvaluation of muscle activity

experimental tests. The peculiar pattern of muscle activity during
blowing in the wind tunnel has been reported in

ANOVA analysis has been reported in Table 2Fig. 5.

For all muscles, the influence of motorcycle

model and of the wind is significant as well as

Journal of Science and Technology © KNUST August 501



55 Rossiet al.

Fig. 4. EMG results; differential readings are given with reference to the respective muscle
activity of each rider on the sport touring motorcycle, in the absence of wind
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Upper arm muscles highest level of activation, which occurred on

Both the presence of wind and the motorcyclehe sport bike without aerodynamic loads. This
design proved to influence muscle activations a reason of concern since it can lead to a
levels. There was also a significant interactiorigher level of fatigue for the rider when travel-
between these two factors. More in detail, botling at moderate speed.

the biceps and the triceps activation levels more

often increased in the presence of wind: aerdJpper trapeziusand major pectoralis

dynamic loads make trunk control more diffi- Both the presence of wind and the model of the
cult, and both upper arm muscles are activategiotorcycle proved to influence the upper trape-
in order to guarantee stability. In the presenceius and pectoralis major activation levels. The
of wind, the biceps activation level was highelinteraction between the wind and the motorcy-
on the sport touring motorbike, probably due tacle model only appeared to be relevant for the
a tendency of the trunk to rotate backwards agpper trapezius.

an effect of the pressure difference between the

trunk and the back. In the absence of windBoth muscle activity levels increase in the pres-
differences in the biceps activation levels werence of wind: aerodynamic loads make neck
not significant. Opposite trends were observedontrol more difficult and both muscles are
regarding triceps activation levels in the presactivated in order to guarantee its stability. In
ence of wind: the muscle activation level waghe presence of wind, the upper trapezius acti-
higher on the sport bike than the touring bikevation level is higher on the sport bike, proba-
due to the tendency of the trunk to lean forbly due to the tendency of the neck to bend
ward. It is interesting to note that the tricepsdownwards. In the absence of wind, the activa-
activation level was higher on the sport bike irtion level of this muscle is low for both motor-
the absence of wind and therefore aerodynamitycle models, and no significant differences
loads play a beneficial role as they help to supwvere observed. Opposite trends can be ob-
port the rider's weight. The triceps showed theerved concerning the pectoralis major activa-
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Fig. 5: Sample patter ns of muscle activity during the blowing in the wind-tunnel (0-140 km/h)

tion level in the presence of wind. This muscle2008). A reduction in exposure to muscle-pain
activation level is higher on the sport touringrisk factors and fatigue can be achieved by fol-
motorcycle, probably due to a greater tendenclpwing an ergonomic redesign (Keyserlieg

of the neck to rotate backwards. In the absenad., 1993).The protocol introduced in this study
of wind, the highest activation level of the peccould be useful as it allows for the measure-
toralis can still be observed on the sport touringnent of objective physiological quantities that
motorcycle; therefore, the interaction betweerare directly related to human response.

the wind and the motorcycle model did not

prove to be significant. This study presents a scientific protocol for
analysing ergonomics in relation to aerody-
CONCLUSIONS namic loads with reference to two-wheeled

EMG data could be normalised by referring tovehicles. This protocol yields objective physi-
the maximum voluntary contraction (MVC), ascal measurements describing human response
carried out in most studies in literature. How-and, more specifically, muscle activation levels.
ever, the reference contraction to be used fofhe protocol proved to be effective in deter-
EMG amplitude normalization would be con-mining the performance of various motorcycle
troversial as can be seen in the observatiomaodels concerning comfort and assessing the
concerning the definition of reference contracimpact of aerodynamic loads. The results con-
tions in cycling (Fernandez-Pe#a al, 2008). cerning muscle activation levels can be useful
The level of activation of neck and upper limbinformation for ergonomic design and for draw-
muscles is relevant since the bio-mechanicahg up specific training programmes, in order to
workload proved to play an important role inalleviate muscle fatigue thus improving safety
musculoskeletal disorders which cause pain andsues.

functional impairment in the neck and shoul-

ders (see, for example, studies concerning wolkUTURE DEVELOPMENTS

-related musculoskeletal disorders described byhis study wants to focus on future research on
Buckle et al, 2002). Moreover muscle fatigue neck muscles stress of the rider in order to cre-
can have an effect on safety (Straketnal, ate bikes that are more comfortable for riders
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themselves.
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