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ABSTRACT

Apart from the aesthetic value of automobile design, being safe and providing
comfort to the occupants are among the selling points of car manufacturers.
However, poor pressure distribution with constrained posture in terms of long driving
hours and cramping with limited space upon the vehicle packaging factor would lead
to musculoskeletal disorders. The present work was aimed at changing the
mainstream padding material for car seats to the concern on having greater pressure
distribution as well considering Malaysian anthropometry measurement to reduce
musculoskeletal disorders. First, the adequacy of driver seats from commonly used
vehicles in Malaysia was measured and the dimensions were compared with the
Malaysian anthropometric database. The result showed that the ergonomic aspects of
the driver seats designed are in compliance with the standard based on the database.
This finding was triangulated with previous studies that found that the dimensions for
most commonly used cars in Malaysia do follow the Malaysian anthropometry data.
Secondly, to scrutinize the finding, the common types of driving posture of
Malaysian drivers from the previous studies were extracted and assessed by an
ergonomic tool. The posture scores were analysed according to the Rapid Upper
Limb Assessment (RULA). These posture scores indicated that they were in the
medium risk range. Thus, the driver seat could be improved to make it more
ergonomic and comfortable. Lastly, the ergonomic improvement and driving comfort
were established through the modification of seat cushion foam. The designed seat
was analysed through pressure distribution and subjective assessment over 30
respondents who sat on the modified car seat for at least 60 minutes. The differences
in peak pressures recorded between the original and modified seats showed an
average of 2 kPa pressure reduction for the 95" percentile, 4 kPa for the 5™
percentile, and 3 kPa for the SO™ percentile. The improvement in the comfort level
was also proven when 23 of the 30 respondents commented on the comfortness over
sitting on the modified seat for 60 minutes. It is ascertained that the new seat foam
with the designed pressure distribution could be a niche for providing better

ergonomic posture and increasing drivers’ comfortness.
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ABSTRAK

Selain dari nilai estetik pada reka bentuk kereta, aspek keselamatan dan
keselesaan juga merupakan antara faktor yang menjadi daya tarikan oleh pengeluar
kereta. Taburan tekanan yang lemah daripada kekangan postur akibat pemanduan jangka
panjang, ditambah pula dengan ruang tempat duduk yang terhad berdasarkan reka bentuk
sesebuah kereta boleh mengundang kepada gangguan muskuloskeletal. Penyelidikan ini
adalah bertujuan untuk menukar bahan pelapik untuk kerusi kereta dengan
menimbangkan data pengukuran antropometri Malaysia. Sebagai langkah pertama di
dalam kajian ini, dimensi kesesuaian reka bentuk tempat duduk pemandu bagi model
kereta yang biasa digunakan di Malaysia telah diukur berpandukan kepada sistem data
antropometri Malaysia. Keputusan kajian mendapati bahawa aspek ergonomik reka
bentuk tempat duduk pemandu kereta adalah memenuhi piawaian berdasarkan kepada
data antropometri Malaysia. Keputusan ini juga telah ditriangulasikan dengan kajian-
kajian yang lepas yang menunjukkan bahawa kebanyakan dimensi reka bentuk kereta di
Malaysia mematuhi data antropometri Malaysia. Seterusnya, untuk meneliti hasil kajian
beberapa jenis postur pemanduan biasa pemandu Malaysia daripada kajian terdahulu
telah disaring dan dikaji dengan menggunakan alat ergonomik. Skor postur dianalisis
berdasarkan Rapid Upper Limb Assessment (RULA). Hasil skor postur mendapati
bahawa semua jenis postur berada dalam kategori sederhana. Oleh itu prestasi ini masih
boleh ditingkatkan untuk mendapatkan postur pemanduan yang lebih ergonomik.
Akhirya, penambahbaikan dari segi reka bentuk kerusi yang lebih ergonomik dan
menambah keselesaan pemanduan telah diusahakan melalui pengubahan pada kusyen
tempat duduk pemandu. Kerusi yang telah direkabentuk telah dianalisa melalui taburan
tekanan dan penilaian terhadap 30 responden yang menduduki kerusi kereta yang telah
diubah suai untuk sekurang-kurangnya selama 60 minit. Perbezaan tekanan yang
direkodkan antara kerusi asal dan kerusi yang diubah suai menunjukkan purata
pengurangan tekanan sebanyak 2 kPa untuk persentil ke-95, 4 kPa untuk persentil ke-5,
dan 3 kPa untuk persentil ke-50. Penambahbaikkan dalam paras keselesaan telah terbukti
dengan 23 daripada 30 responden mengakui keselesaan apabila duduk selama 60 minit di
kerusi yang telah diubah suai. Telah dipastikan bahawa kusyen tempat duduk baharu
yang diubah suai mempunyai taburan tekanan yang lebih baik dan ini memberikan
peluang untuk menghasilkan postur yang lebih ergonomik serta meningkatkan

keselesaan pemandu.
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1.1 Backgrou

It requires much patience and energy to drive a car than it does to be driven,
therefore the driver’s seat is the utmost importance in the manufacturing process so
the driver will be alert and conscious to control their vehicle (Deros et al., 2015). It is
the driver who gets more fatigue than the passenger which is a serious issue for
drivers (Jhinkwan and Singh, 2014). Automotive seat design do challenge engineers
in every way as increasing parameters are applied to design on every day basis

(Shivakumar, Kamat and Prakash, 2016). Figure 1.1 shows an overview of the

CHAPTER 1

INTRODUCTION

nd of Study

existing automobile seat market (Shivaji, 2013).

Automobile Seat
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L

Passenger Car

Y

v
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¥

Single Seated Seat

Bench Type Seat

Figure 1.1

Flowchart of existing automobile seat in market (Shivaji, 2013).




Design parameters can be categorized into three main categories, fit
parameter, feel parameter and support parameter (Rajeshkumar, 2008). Fit
parameters are related to populations. Secondly, feel parameters are related to
physical contact including pressure distribution. Finally, the contours of the seat and
its adjustment affect the posture of the occupant. Driver body height influences
anthropometric measurements and surrounding that are essential to safe car control.
For instance, tall drivers than the averaged ones will feel cramped due to safety belts
for a possibility of injury. The number of airbags is increased and possible head and
spine injury can occur (Pdbiad, 2010). Some of the eftects on driving posture are seat
height, steering wheel position, and seat cushion angle which essentially independent

of body composition and gender. (Reed et al. 2000).

Automotive car seat are seats that are built with major objectives in mind;
they must be visually attractive, safe, supportive and pleasant (Mike Kolich, 2014).
The primary function of a vehicles driver’s seat is to allow the driver to safely and
comfortably complete the driving job within reach of hand (Smith, Mansfield, and
Gyi, 2015). The frame, cushioning, seat belt, height adjustment, fore and after
modification, as well as seat pan, head restraints system, reclining system with lever
trim (seat cover) and suspension., are all major components of the driver seat as

depicted in Figure 1.2 (Kale and Dhamejani, 2015).

The adjustability capacity of the seat with steering wheel is closely dependent
to two extreme human sizes; 5™ percentile woman and 95" percentile man
(Mircheski, Kandikjan, and Sidorenko, 2014). Adjustable backrest, adjustable seat
top and bottom are recommended. This is to ensure drivers with shorter stature can
reach accelerator and brake pedals while the seat back is adjustable for shorter and

taller person (Rifano et al., 2018).



HEAD
RESTRAINTS

SEAT FRAME
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SEAT BACK | e

SUSPENSION
SPRINGS

Figure 1.2 Cut section of driver seat components and systems (Kale and

Dhamejani, 2015)

Part of automobile seat which has been illustrated in Figure 1.3, whereby
vehicle package is a primary determinant defined by roominess, headroom, leg room,
shoulder room and hip room (Rajeshkumar U. More, 2008). Thighs, buttocks, lower
and upper back, and head support are all supported by a conventional vehicle seat.
When it comes to creating a vehicle seat, it's critical to fulfil a number of OEM
criteria (Shivakumar et al., 2016). Several measurements, such as eyellipse, H-point
and others are used to describe driver’s position. The H-point is defined by the
eyellipse which represents the field of vision. The H-point, also known as hip point,

is the junction of the torso and thigh lines (Shivakumar et al., 2016).
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Figure 1.3 Factors affecting automobile seat comfort (Rajeshkumar U. More,

2008).

Existing seats are mostly composed to fit driver with comfort. Open cell
polyurethane (PUR) has become the ideal material for automotive seat cushion
manufacturing as compared to traditional steel spring support structures since it has a
much lower weight/performance ratio (Patten, Sha, and Mo, 1998). Discomfort is
more related to experience, emotion, unexpected features and luxury (Kamp, 2012).
Comfort has always been a major concern, especially for those who work in the
transportation industry. Seats with firm cushions, especially those with significant
side lumbar support, may be considered "sporty," whilst seats with softer cushions
may be considered "luxurious" (Beard and Griffin 2016). Therefore, foam
manufacturers must figure out the most suitable foam for comfort as well keeping in

mind support and safety of the driver.

Many aspects should be considered while optimising the design of a seat,
including the form, breadth, and height of the seat pan and backrest, as well as seat
cushioning, all of which have the ability to affect both the static and vibration
discomfort of seat passengers (Beard and Griffin, 2016). Electromyography, disc
pressure measurement, vibration transmissibility, pressure distribution at the
occupant-seat interface, and microclimate at the occupant-seat interface have
historically been used to quantify physiological variables that deal with muscles,
spinal discs, joints, and skin (Fazlollahtabar, 2010). The seat or bed must provide
enough body support while also contouring to provide an equal distribution of
contact pressure on the body (Hénel, Dartman, and Shishoo, 1997). Skin intolerance

to pressure sensitivity could lead to less discomfort.



Figure 1.4 shows the element of importance of driving seat. First is the
driver's seat should provide clear vision and ability to reach all vehicle control.
Secondly, provide proper back support, head rest, and thigh support, but there should
be no limitation during arm or leg movement. Thirdly, the driver's seat should
provide adequate back support, head rest, and thigh support, and there should be
freedom during arm or leg movement and fit the drivers’ body composition.
Fourthly, it should become comfortable with time. Lastly, provide safety zone for the

driver in the event of an accident (Mandal, Maity, and Prasad, 2015).

Figure 1.4 The model of criteria to be considered for driver to fit driver’s seat

ergonomically (Marek and Siebertz, 2014).

Measurement for seat width, pan length and backrest height to design an
automotive car seat would be influenced by anthropometry data such as the shoulder
height, hip breadth, and popliteal height. A number of limitations are strictly
geometrical, resulting from the dimensions of the human body, which is a separate
study known as "Anthropometry." (Wilson 2014)(Wilson, 2014). Although both seat
dimension and anthropometry measurement have been considered in Table 1.1 and
Figure 1.5 to design a seat, the seats could not provide comfort as well remedy for

backache.



Table 1.1 Seat dimensions and related anthropometric measurements (Reed,

2000)

Seat Dimension Anthropometric Measurement
Cushion Width (A) Seated Hip Breadth (A)
Cushion Length (B) Buttock-to-Popliteal Length (B)
Seat Height (C) Popliteal Height (C)
Backrest Width (D) Chest Breadth (D)
Interscye Distance*
Backrest Height (E) Shoulder Height (E)

*Distance across back between the armholes of a garment

Figure 1.5 Related anthropometric dimension (Reed, 2000)



1.2 Problem Statement

Sitting can be main posture for many individuals, whom involve in office
works, trucks and taxi drivers as well wheelchair users (Al-Dirini, Reed, and
Thewlis, 2015). It is well recognized that constrained posture for a long-term
exposure can risk health and lead discomfort (e.g., back, neck, and shoulder pain).
This has a high societal cost in terms of lost work and lower job
effectiveness/productivity, independent of the task or vibration exposure
(Sammonds, Fray, and Mansfield, 2017) (Gruyjicic et al., 2009). According to the
findings of a prior exploratory study, most drivers experience low back pain after
driving (Rhimi, 2017). Adjustability factor, cushion material, headrest and cushion
length are factors influencing comfort (Deros et al., 2015). Also, the presence of

vibration induces a faster start of discomfort.

Material used to design a seat should not be neglected. Rigidity, pressure
difference, and shape, as well as dynamic factors, are all important considerations
produced by the seat's immediate environment (vibration). All has been taken into
account while installing foam in the seat (Sammonds, Fray, and Mansfield, 2017).
Comfort has been defined as a prevailing opinion concept with a static and dynamic
component that can be objectively manifested in the context of automotive seating. A
significant number of delegate people (aligned to the target customer/market in terms
of diversity, anthropometry, and values) interpret the seat in the same way.
Consistently quantifiable in support of his own experimental research (Mike Kolich,

2014).

According to a study, there is a link between low back pain and discomfort
generated by sitting posture, which is explained by the fact that the intradiscal
pressure imposed in this position is higher than the pressure created by standing
(Rhimi, 2017).There are two technical paradigms of posture that may relate to
musculoskeletal disorders (MSDs) including low back pain which is static posture
involving maintaining the same posture for relatively long periods of time and

awkward posture deviated from neutral position in search of comfort (Fadhli, 2016).



The combination between appointment carrying mode and vehicle seat design might

be one source of pain (Filtness, Mitsopoulos-Rubens, and Rudin-Brown, 2014).

Even though the designed seat is examined to provide comfort and
ergonomically fit humans, repetitive exposure to the vibration from the road does
lead to some backache diseases. Many studies have found that whole-body vibration,
as well as postural stress from uncomfortable and sedentary postures, may increase
the risk of low back discomfort (Yokoyama et al., 2007).A good car seat design can
increase driver comfort, performance, well-being, and safety by reducing
musculoskeletal fatigue (Varela et al., 2019). The amount of knowledge of driver's
seat design was compared, and virtually all participants (85%) reported to being

aware on the level of comfort due to the seat design (Deros et al., 2015).

Occupational factors such as whole-body vibration, long working hours,
limited driving space, total mileage, long distance driving, monotonous driving, time
employed as a taxi driver, job dissatisfaction, and job stress may contribute injuries
on low back pain and also related to MSD generally (Irwan Syah et al., 2020). Table
1.3 shows that the most prevalent musculoskeletal disorders during the past year
were in the neck and waist for bus drivers and in the lower back, knee and shoulder
areas for 275 bus drivers and 272 truck drivers based on the number of cases reported
in a study at Ishafan, Iran. (Sadri, 2017). Numerous complaints obtained from past
researchers among taxi drivers related to MSD especially on low back pain (Irwan
Syah et al., 2020). Most of the MSD complaints received from both heavy vehicle

drivers and taxi drivers are mostly on the lower back pain issue.

Despite the pressure distribution, posture analysis was also reviewed which
may also lead to musculoskeletal disorder. MSDs increase significantly, possibly
because longer work hours results in a longer period of maintaining a poor posture,

increased exposure to high-pressure forces and more repetition (Dong et al., 2019).



Table 1.2 The prevalence of musculoskeletal disorders in different areas of the

body among bus drivers and truck drivers (Sadri, 2017)

NO OF CASES
BODY PARTS PREVALENCE (%)
REPORTED
NECK 143 14.8
SHOULDER 134 13.92
ELBOW 38 3.95
HAND/WRIST 38 3.95
UPPER BACK 78 8.11
LOWER BACK 162 16.84
HIP AND THIGH 31 3.22
KNEE 134 13.93
LEG AND
61 6.34
ANKLE

Therefore, this research will be an attempt to reduce problem faced by drivers

upon pressure distribution. As well, this study also investigates the existing seat

measurement with anthropometry measurement as the difference could also lead to

discomfort for a prolonged duration.

1.3

(a)

(b)
(©)

Research Questions

The research was carried based on the research questions below:

Does Malaysian anthropometry data of common car seat design is adequate
for proper driving comfort level?

What are the typical driving postures of Malaysian drivers?

Does use of expanded polystyrene as car seat material improves driving
comfort experience through subjective assessment and pressure distribution

analysis?



1.4 Objective of Research

Manufacturers of car seats are concerned with the hardness of their seat
cushions, mostly for user comfort. Moulding techniques developed for low density
flexible foams have changed seat foam. The materials used in existing seat are
polymers expanded by isocyanates. This foam has a latex/rubber-like feel, improved
inherent flammability resistance, higher support factor, and most importantly
maintains its resilience over the long term as well lower production temperature
concluding less energy consumption. Isocyanate components do influence the

hardness of foam.

This research will be an improvement method in changing the material to a
much softer material which is Expanded Polystyrene (EPS) for the similar concern of
each car manufacturers regarding comfort. This research is to change the mainstream
padding material for car seats. To the concern of considering Malaysian

Anthropometry measurement, the objectives of the study below will be achieved.

(a) To determine the adequacy of common car seat designs based on the
anthropometry of Malaysian drivers for proper driving comfort level.

(b) To assess the typical driving postures of Malaysian drivers using RULA
ergonomic analysis tool.

(c) To investigate the driving comfort improvement from the use of expanded
polystyrene as the car seat material through experimental subjective

assessment and pressure distribution analysis.

1.5  Research Scopes and Limitations

The scopes of work are as follows:

(a) The most driven car on Malaysian road is identified and the design principles

are used to manipulate the foams.

10



(b)

(©

(d)
(e)

1.6

The driver seat changed with foams is later compared with over the pressure

distribution where:

The seated hip breadth will be compared with the cushion width.

The buttock-to-popliteal length as well popliteal height will indicate the
cushion length and seat height. The popliteal is the point of intersection
between the knee and the back of the leg.

Backrest width and backrest height seat dimensions are compared with chest
breadth and shoulder height.

The head rest angle as well knee angle was not considered in this study.

Malaysian Anthropometry measurement is used as guideline to be compared
on its suitability of other existing seats of commercial vehicle.

The posture analysis was conducted based on ergonomic tools analysis.

The seat of a commonly driven automobile has been modified and tested with

respondents.

Summary

This chapter have explained the problem statement and the objective of this

research. The details were then referred with some of previous studies which were

mostly explained in next chapter. This research of finding an alternative foam that

would replace existing foams could probably be an option to reduce MSD reported.

11
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