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ABSTRACT

Studies concerning motorcycle have been an overwhelming area of research interest since the past few years. This
trend of studies focuses on many issues relating to motorcycle including design, safety, accident preventions,
fatalities statistics, ergonomics and many more. In performing these studies, researchers have used many
methodologies, tools and also equipment in acquiring their data. In this study, the evolution of a new adjustable
motorcycle test rig is introduced. Combination of computer aided design (CAD) and finite element analysis (FEA)
software made it possible to design and simulates the test rig’s conceptual design before being fabricated. The test
rig was designed to provide full adjustability for researchers to replicate established motorcyclist riding postures
based on the Riding Posture Classification (RIPOC) system. The test rig setup also provides elements of
environmental effects to give a more real riding experience and better fidelity to motorcyclist respondents during
experiments. By having such test rig that is coupled with electronic data logger and telemetry devices, studies
concerning riding postures and fatigue can be done in a much proper method and controlled experimental setup with
better safety for both the respondents and researchers. Adjustable attributes provided on the test rig makes it a
unique design of its own and is being patented to protect the author’s Intellectual Property Rights (IPR) on the test
rig design.

Keywords: Motorcycle accidents, simulators, motorcycle test rig, motorcycle ergonomics, motorcyclist fatigue,
prolonged riding

INTRODUCTION

The increase of motorcycle accidents every year (Organization, 2013) had made this a very alarming issue amongst
motorcycle researchers to study more on how to prevent and reduce those accidents. Many factors has been
previously identified to cause such motorcycle accidents including age and gender, the use of safety devices,
weather and environment, road and highway designs, motorcycle and rider characteristics, influence of alcohol and
drug abuse and also other road users fault (Keall & Newstead, 2012; Pinto, Cavallo, & Saint-Pierre, 2014;
Schneider, Savolainen, Van Boxel, & Beverley, 2012). Apart from these factors, aspect of the motorcyclist or
human factors contributing to such motorcycle accidents were also been studied previously (Ampofo-Boateng,
Muzlia, Parnabas, Abdullah, & Sueb, 1999; Hurt & Dupont, 1977; Macdonald, 1985) and now becoming more
significant to motorcycle researchers.
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Not like other vehicle simulators that have been long established by many institutions and agencies, whether for
academic, industrial or commercial purpose, the bibliography of motorcycle simulators is quite lacking (Nehaoua,
Arioui, & Mammar, 2011). However, current trend has changed where a number of the studies have started to use
motorcycle simulators in collecting their data as a mean of replicating real motorcycle riding experience for their
respondents (Cossalter, Doria, & Lot, 2004; Crundall, Crundall, & Stedmon, 2012; Crundall, Stedmon, Saikayasit,
& Crundall, 2013; Huth, Biral, Martin, & Lot, 2012; A. W. Stedmon, Brickell, Hancox, Noble, & Rice, 2012).
Besides that, most of the current motorcycle simulators mainly offer one type of riding posture based on their design
or type of motorcycle being used on the simulator (see Figure 1, Figure 2 and Figure 3).

Figure 1. DIMEG riding simulator (Huth et al., 2012) Figure 2. MotorcycleSim simulator (A. W. Stedmon et al., 2012)

Figure 3. IFSTTAR motorcycle riding simulator (Benedetto et al., 2014)

These types of motorcycle simulators were mainly focused on studying the interactions between the motorcyclist
and the displayed surrounding environment according to different setups. Moreover, the motorcyclist were also
tested for their behaviors and response towards road hazards besides testing for new accident precaution measures in
preventing motorcycle accidents.

Besides the aforementioned motorcycle related studies, aspect of ergonomics especially involving motorcyclist
fatigue can also best suit the use of motorcycle simulators. In a previous study reported by the Department for
Transport, London, (Horberry, Hutchins, & Tong, 2008), they concluded that there is a significant paucity of
motorcyclist fatigue study especially studies that employed appropriate experimental control. The few studies found
mainly relied on self-report data and more research to investigate correlation of motorcyclist fatigue and motorcycle
accidents are essential (Perez-Fuster, Rodrigo, Ballestar, & Sanmartin, 2013). This was mainly caused by the
inconsistent terminology and understanding of the motorcyclist fatigue itself. Despite this gap, efforts in
investigating this ergonomics aspect of motorcyclist were pioneered by several researchers but with the use of a real
motorcycle with different methodologies (Balasubramanian & Jagannath, 2014; Velagapudi, Balasubramanian,
Adalarasu, Babu, & Mangaraju, 2010). The aims of the studies were identifying motorcyclist fatigue through
several on road testing using a surface electromyography (SEMG) device and procedures. However, the motorcycle
used in the studies limit the researchers to perform various riding postures to be tested on their respondents and
exposes their respondents to real road hazards.

Hence, to investigate motorcyclist fatigue by using a motorcycle test rig that can be adjusted to suit various riding
postures is essential in narrowing this research gap. In contrast to a motorcycle simulator cost of development, a
motorcycle test rig provides lower cost of investment to develop. However, both means of replicating a real
motorcycle riding experience faces the same fidelity and validity issues when using either a simulator or a test rig
(Benedetto et al., 2014; Huang & Gau, 2003; Jamson & Jamson, 2010; A.W. Stedmon, M.S.Young, & Hasseldine,
2009). In compromising this issue, a new adjustable motorcycle test rig is introduced by researchers from the
Motorcycle Ergonomics Test Lab, Faculty of Mechanical Engineering, Universiti Teknologi MARA Malaysia to
provide better fidelity of motorcycle riding experience with a controlled environment effects for motorcycle
ergonomics research purpose especially for prolonged motorcycle riding.
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CONCEPTUAL DESIGN AND STRUCTURAL ANALYSIS

Motorcycle Test Rig Chassis Design

The primary design stage of this adjustable motorcycle test rig started with outlining several design concepts from
current motorcycle models. With the basis of different motorcycle provide different riding postures, the main
reference for designing this test rig chassis was based on the established Riding Posture Classification (RIPOC)
system (Ma’arof & Ahmad, 2012). Four types of riding postures namely as RIPOC Type 1 (forward leaning), Type
2 (upright), Type 3 (seatback-leg-forward) and type 4 (double forward) were respectively considered for the test rig
design concepts to be adjusted according to those riding postures.

Initial sketches of the chassis concept were brainstormed to generate ideas and finally being finalized using Pugh
decision matrix selection method with specific concepts criteria (Kuppuraju, Ittimakin, & Mistree, 1985; Thakker,
Jarvis, Buggy, & Sahed, 2009). Scores and ratings were determined and the highest total average score gained by
one of the design concepts was selected as the preliminary design. The preliminary design was modeled using
CATIA V5R20 computer aided design (CAD) software for better visualization (see Figure 4).

Figure 4. Initial CAD design concept of adjustable motorcycle test rig

Adjustability features were considered for the handle bar, seat and foot peg designs whereby the positioning of these
main parts on a motorcycle generally influences different riding postures on different models of motorcycles
(Ma’arof & Ahmad, 2012). Besides that, the chassis also advanced from the concept of human’s rib cage and spine
having it to be named as RISC™ (Rib and Spine Chassis) that gives room for an innovative collapsible motorcycle
tank to be included on it. The aforementioned characteristics of the test rig narrows down the fidelity issues of
replicating various motorcycle riding postures onto only one test rig.

Structural Finite Element Analysis (FEA)

This adjustable motorcycle test rig chassis went through a series of revisions to best suit the functionality and
fabrication constraints of the test rig. A detail design of the test rig chassis was modeled using the CATIA V5R20
CAD software to generate a finite element model for further structural FEA simulations. Concurrently, a free body
diagram (FBD) of the test rig chassis was produced to calculate all reacting forces acting on it and to identify
boundary conditions for limiting the degree of freedom (DOE) during the FEA simulations. The finite element
model was assigned with mild steel for the material property and meshed using a linear tetrahedron mesh before
being loaded with a 90kg weight for the FEA simulations using one of the Computer Aided Engineering (CAE)
packages provided in the CATIA V5R20 CAD software (see Figure 5).

Figure 5. Finite element model for the FEA simulations
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The structural FEA simulations were done to predict the behavior of the test rig chassis under certain loading of the
motorcyclist. This enabled the research team to identify possible maximum stresses and deflections that may lead to
structure failure (Mingzhou, Qiang, & Bing, 2002) during operation. By this, an optimum design of the test rig
chassis can be developed with better factor of safety. Results from the FEA simulations shown a slight Von Mises
stress on both end supporters of the test rig with minimal deflection and a 1.07 acceptable factor of safety (see
Figure 6).

Figure 6. Maximum Von Mises stress, maximum deflection and deformation results from FEA simulations

FABRICATING THE PROTOTYPE

Acquiring of Material

The material used in the fabrication works to build the adjustable motorcycle test rig prototype was mild steel. It
was the same properties of mild steel that was used to simulate the FEA in CATIA V5R20 CAD software (see Table
1). Other materials used range from different types of bolts and nuts, ready stock motorcycle seat, handle bar clip on
and foot peg, and other few motorcycle accessories as an effort to provide better replication and fidelity.

Table 1: Mild steel material properties (Riley, Sturges, & Morris, 2006)

Structural Mechanical Property Value
Young Modulus 2.1 x 10" N/m?
Poisson Ratio 0.28
Density 7800 kg/m?
Thermal Expansion 1.4 x 10° Kdeg
Yield Strength 200 x 10 N/m?

Fabrication Works

The adjustable motorcycle test rig was fabricated in-house at the Machine Shop, Faculty of Mechanical Engineering,
Universiti Teknologi MARA Malaysia to protect its IPR. Prior to the fabrication, series of FEA simulations and
design revisions were done to confirm the strength and sturdiness of the test rig chassis. Mild steel was extensively
used to build the first prototype of this test rig due to its strength and low cost consideration. Weight of the test rig
was not a substantial factor as for the design was not meant to be mobile. Metal inert gas (MIG) welding was used
to bond the structures together giving the prototype a rigid and robust chassis quality (see Figure 7).
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Figure 7. Fabrication works of the test rig prototype

During the fabrication works, the test rig design also went through some design revisions due to fabrication
constraints. The revised designs were analyzed again using FEA to observe any obvious changes to its maximum
Von Mises stress and deflection on the structure. It was found that the revisions on the design did not affect much
on the strength of the structure but only a minimal increase in total weight that was not substantial to the design
criteria.

HUMAN-MACHINE-ENVIRONMENT-INTERFACE (HMEI) SETUP

Environmental Elements

Amongst the risk factors that contributes to motorcycle accidents is the surrounding weather and environment
(Jones, Gurupackiam, & Walsh, 2013; Keall & Newstead, 2012; Schneider et al., 2012). Environmental effects
including wind gust, heat, and noise are elements that motorcyclist directly experience when riding motorcycles.
Hence, it is crucial to include these effects in the adjustable motorcycle test rig setup to provide a near-to-real riding
experience for the respondents during the experiments. This effort will also narrow the fidelity issue by providing a
better replication of on-road motorcycle riding experience into an indoor simulation. Apart from that, including the
elements of environment into the test rig setup will complete the interfaces between human-machine interfaces
(HMI) into another extent of human-machine-environment interfaces (HMEI) (Ma'arof, Ahmad, Abdullah, &
Karim, 2012).

Environmental elements that were considered to be included into the test rig setup are elements of visual, wind gust,
heat and noise. A projector and a screen are used as the visual aid to project real video of motorcycle riding activity
that was recorded in prior to the setup. To acquire this, a JVC Adixxion action camera was used to capture real
footage and sound on a real motorcycle. The projector is placed on an overhead projector stand and the screen is
located in front of the test rig providing a clear visualization of what does a motorcyclist sees in front of him/her
when riding a real motorcycle.

To replicate the wind gust and heat to the motorcyclist on the test rig, industrial fan blower and heater are installed
into the test rig setup. Wind speed and heat intensity are based on motorcycle speed and also the typical surrounding
climate and weather of Malaysia. The overall layout concept was drafted using Google SkecthUp 2013 to have an
overview of how should the placements of the test rig setup looks like (see Figure 8).
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Figure 8. Layout concept of the test rig setup

Integration of Adjustable Motorcycle Test Rig and Surrounding Elements

To create another near-to-real riding experience on the test rig and to give the respondents the feel of controlling the
test rig like handling a real motorcycle, the throttle on the test rig acts like a real motorcycle throttle. Simplified
electronic controller made it possible to use the throttle as the fan blower and video speed controller. By having
this, when the respondent’s starts to rotate the throttle (accelerate), the speed of the fan blower will start to build up
supplying sufficient wind gust to the respondents and the video will also start to speed up. The throttle also controls
the sound level of the surrounding speakers that includes the sounds of other vehicles, motorcycle engine, exhaust
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and other sounds captured in the footage. These conditions replicate how wind gust starts to blow back the
respondent as if when accelerating on a real motorcycle and the video shows that the motorcycle is in a moving
condition, while the surrounding sounds add up the near-to-real riding experience on the test rig setup. Heat from
the heater is controlled and monitored during experiments to give the right heat intensity as if the respondents are
really riding under the sun.

MEASURING MOTORCYCLIST FATIGUE

It is known that body posture, muscle fatigue and musculoskeletal disorder (MSD) are three main elements that are
related to one another especially in a sitting condition (Abdul Hadi Abdol Rahim & Ibrahim Othman, 2010;
Balasubramanian & Jagannath, 2014; Balasubramanian, Jagannath, & Adalarasu, 2014; Karmegam et al., 2009;
Morl & Bradl, 2013; O'Sullivan et al., 2010; O’Sullivan, McCarthy, White, O’Sullivan, & Dankaerts, 2012;
Srinivasan & Balasubramanian, 2007; A. W. Stedmon, 2007; Velagapudi et al., 2010). However, studies related to
motorcyclist fatigue that employs proper method and experimental setup are lacking (Horberry et al., 2008). Hence,
introducing this adjustable motorcycle test rig is significant to help researchers to understand more on this
motorcyclist fatigue matter.

As for muscle fatigue is best being measured using a surface electromyography (sEMG) device, motorcycle
researchers has started to use this device in acquiring muscle activity patterns on motorcyclist (Balasubramanian &
Jagannath, 2014; Velagapudi et al.,, 2010). In those studies, different procedures were used to measure their
respondent’s muscle activity using the SEMG device, but the motorcycle that they used apparently limited to one
type of motorcycle model. This limit the exploration of muscle activity patterns using various riding postures that
constitutes from different types of motorcycle models. However, it is still possible if they have the access to various
types of motorcycle models to be used and tested. This will require a big group of motorcyclist to lend their
motorcycle and will surely be a big constraint to the researchers to gather such a big group together for this purpose
(A.W. Stedmon et al., 2009). Henceforth, using this test rig makes it possible to replicate various riding postures
based on various motorcycle models. This gives motorcycle researchers the opportunity to study muscle activity
patterns using various riding postures that relates to muscle fatigue.

Pilot tests have been done using this test rig setup coupled with a SEMG device where results of the muscle activity
show different patterns when assuming different riding postures (see Figure 9). Further tests were done to validate
the muscle activity patterns consistency when sitting on the test rig with certain riding posture compared to sitting
on a real motorcycle with the same riding posture. Prior to these SEMG data collection and experiments, issues
concerning ethics in the study have been approved by the UiTM Research Ethics Committee.

Figure 9. Pilot tests in measuring muscle activity patterns

CONCLUSIONS

Risk factors contributing to such motorcycle accidents have been identified previously listing from many factors
including the motorcyclist themselves (Keall & Newstead, 2012; Pinto et al., 2014; Schneider et al., 2012). In
studying the aspect of motorcyclist that includes their behavior, response, physiology and interactions during riding
a motorcycle, human factors or ergonomics studies relating to these aspects are essential. It is now becoming an
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interesting research area to explore in an effort to help reducing motorcycle accidents that are keeping on increasing
every year.

Henceforth, researchers at the Motorcycle Ergonomics Test Lab, Faculty of Mechanical Engineering, Universiti
Teknologi MARA Malaysia had made another breakthrough in motorcycle ergonomics studies by introducing a new
adjustable motorcycle test rig for studying motorcyclist posture and fatigue matters. As part of the experiment
equipment to be used in another study framework that focuses on measuring motorcyclist muscle fatigue in
prolonged riding, this test rig provides another alternative of an experimental setup that is much proper within a
controlled environment. The unique attributes that the test rig comprises enabled it to be patented to protect the
authors Intellectual Property Rights (IPR) upon the test rig’s design.

The idea of developing a means of platform to measure motorcyclist fatigue that causes motorcycle accidents started
to evolve from this study. Knowing that cost of development to build a motorcycle simulator is highly expensive for
such studies, the authors opt to develop only a motorcycle test rig that is much lower in cost. Benchmarking and
referring to current motorcycle simulators that are available, apparently most of them only provide one possible
riding posture that is based on the type of motorcycle model that they acquire in their simulators. This opens
another opportunity for the authors to design and develop a motorcycle test rig that can be adjusted to suit various
riding postures, mainly the riding postures established by the RIPOC system (Ma’arof & Ahmad, 2012). Although
the test rig can be adjusted, maximum and minimum adjustments to the handle bar, seat and foot pegs are still based
on real motorcycle dimensions to avoid any odd riding postures that are impossible to be performed on existing
motorcycle type of models.

Fidelity of the test rig in replicating a near-to-real motorcycle riding experience is sustained through the
environmental element effects included in the test rig setup. Effects of wind gust, heat and noise during real
motorcycle riding are created with the aid of various equipment and control system. Besides that, the test rig chassis
itself is being specifically designed to look like a motorcycle that uses several motorcycle accessories on it to give a
better feel of motorcycle riding experience to the respondents. By having all these attributes, a better fidelity of a
motorcycle test rig was successfully developed for the use of various potential motorcycle ergonomics studies.

However, ongoing studies are still being done by the researchers at the Motorcycle Ergonomics Test Lab to enhance
the capability of this test rig to another extent. Elements of vibrations will be included in the test rig setup as
another package of creating another near-to-real riding experience on the test rig. This decision will need a big
investment of cost to implement. Sophisticated control systems coupled with high tech hardware involving
hydraulics and pneumatics systems will contribute most to the high investment cost of implementation. However, it
will be worth it to invest in such a big cost as for more exploration on motorcyclist interactions towards their
surrounding and body response can be performed. Besides that, the test rig interface is also being considered to be
upgraded to use a programmable and fully interactive system for instance the STISIMS Drive system and interface.
By using such system, the respondents riding the test rig have the opportunity to have better control and interaction
with the displayed interface. This system has been proven to be very supportive and good in simulating road
conditions with the capability of setting up own hazards preferences for any condition (Crundall et al., 2013; A. W.
Stedmon et al., 2012). The throttle control, brakes and clutch can also be synchronized with the interface making it
another big advantage to have such system integrated into the test rig. Thus, it does not only limit the use of the test
rig for studies concerning motorcyclist postures and fatigue, but also opens other opportunities for further
motorcycle ergonomics studies in the mere future.

However, to replicate a rainy day riding environment using the test rig setup is impossible and very risky as for the
electronics devices used on the test rig setup is not meant to be used outside during raining condition. Hence, the
environment being replicated is only limited to non-raining condition and an assumption is made that riding
motorcycle in a rainy day increase the risk of the motorcyclist to get involved in a road accident. Therefore, it is
clear that this risk is high enough to forbid motorcyclist to ride during raining condition and allows researchers not
to consider raining condition in their studies. Nevertheless, how high does raining condition risk the lives of
motorcyclist on the road that contributes to motorcycle accidents can be further studied and explored.
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