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ABSTRACT

The driving social concern which motivated this project is the daily requirement for
Brazilian agricultural companies to transport thousands of workers, tools and cquipment,
and the fact that thus 1s currently done in unsuitable vehicles, not specifically designed for

the task.

The aim ol this rescarch is to improve the transportation of rural workers - sugar cane
cutters in particular - in off-road conditions. Appropriate design solutions will not only
mprove the workers” health, safety, welfare and consequently their everyday life, but also

reduce transportation costs and increase agricultural production.

It1s argued m this present thesis that a vehicle designed specifically for this purpose, and
relevant to this transportation context, would generate a better-performing vehicle in off-
road conditions. I suggest that a vehicle based on appropriate design solutions would
mcrease mobility, ensuring better journey conditions, fewer aceidents and consequent

social damage for both the Tamilies of the victims and the government.

T'o achieve the amm of this rescarch, account was taken of the role of the vehicle as a
mobile facility centre on the plantation, and key issuces were raised regarding not only the
vehicle and the workers m a transportation context. Additionally, rather than just
analysing the body ol the vehicle (the shell that accommodates the users), its platform (the
whole mechanical structure underncath the body) was also considered. In order to do so,
this thesis has been wiitten from an mterdisciplinary perspective, mapping the current
sttuation, and establishing key criteria for new vehicle types. The study was organized
around five mam issues: User Analysis. Vehicle Analysis, Terrain Analysis, Economic

Analysis and Design Solutions.

The rescarch concludes that there s evidence of improvements in the transportation of
sugar canc cutters m Brazil, partucularly m Sao Paulo State, duce to the substitution of
adapted trucks for buses. However, the current adaptations made to the buses are stll not
the answer to the problem. Therefore, T state that a solution to this situation 1s the
development of a vehicle orented towards real needs, trends and lunitations i the

context of this transportation.
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CHAPTER 1 - INTRODUCTION

[ was born i Macatuba i Sao Paulo State, Brazil, in a region domiated by sugar canc
mills. During my childhood, bad news regarding accidents with trucks transporting sugar
cane cutters was common, and consequently they became aceepted as the norm i the
local municipalitics and for the local people, but not by me. In the late 1960s, T was
alrcady mvolved with design activities, creating and making my own wooden toy cars,
acroplances and motorbikes. The new technological era, starting with man first landing on
the moon, scemed to me not to reflect the mitations around the daily transportation of
sugar canc cutters, or ‘cold food workers” as they were popularly called - due to the fact
that then food was always cold when 1t was caten on the plantations. As a result of this, I
grew up in midst of social, technological and cconomic gaps that sull exist nowadays, and
it scems that they will always do so, because they seem to be the counterpart of the

technological progress.

In Iate 1980s, alrcady a designer and having decided to do a MSc in Production
I'ngmeering, I found my first chance to use my professional skills to somchow address an
aspect of these gaps. Thus, the subject of my MSc rescarch was the transportation of sugar
cane cutters, looking at the problem from an ergonomic pomnt of view, considering the
body of the vehieles only. Towever, at the end of 1t, the results showed that in order to
make a real difference o this off-road type of transportation, it would be necessary to
consider not only the body, but most importantly the platform of the vehicle and the
relationship between the two. For this reason, I kept this idea m mind as a possible

subject for further rescarch.

In the carly 2000s, the decision to apply for the PhD m Vehicle Design at Royal College
ol Art in London came about as a natural confluence of ive factors: first, I wanted to
carry on my rescarch i this field i a vehiele design programune, and the RCA PhD
programme was, and still 1s, the fust and only one m this ficld m the world. Second, T had
been for a while professionally involved with clients from both the automotve mdustry
(bus manulacturing m particular) and the agricultural machmery mdustry. Third, new
legislation 1 Brazil started signalling that finally the transportation of rural workers would
be more clfecuvely regulated and mspected. Fourth, the Brazihan government, now more

mterested m this subject than ever before duce to the boom m the sugar cane mdustry, had
1




decided to sponsor my rescarch proposal to be developed abroad. 1alth, Twas sull

looking for ways to address these social and cconomic gaps mentioned carher.

Therelore, this rescarch 1s the consolidation ol over 30 years of personal aspiration to
contribute to the social 1ssucs faced by both companics and the government towards the

umprovement of workers’ everyday hife.

1.1  Statement of the Problem

Since the begmning of time the necessity of people to move themselves and their
possessions has driven the constant evolution of transportation and the history of the
humankind. Farly people had to travel on foot, as this was the only possible means of
transportation. Then, learning how to domesticate animals, these animals were then used
to carry goods and people from one place to another. Later on, motorized vehicles
evolved, opening a new era i transportation, with currently 180 million people in the US
depending on motor vehicles to commute daily. However, apart from the well known,
widely-addressed challenge of urban mobility all over the globe, there is another one just

as umportant as urban transportation but less widely-known: agricultural transportation.

According to the Food and Agricultural Organization (FAQO) (2007), n 1991 there were
£.9 billion hectares of planted arca m the world, with 2.5 billion inhabitants, rural workers
mostly, who need to be transported daily on unpaved roads and unsuitable vehicles from
onc point to another m plantations, as we can sce i Figure 2. Worse yet 1s that only 10%
of the roads m the world are paved, constituting a traditional paradox m transportation
which the largest proportion of rescarch and development m vehicle design 1s
overwhelmingly related to on-road, rather than off-road vehicles. This means that
significant technological improvements and solutions arc far more frequently related to
paved, rather than unpaved roads, even though the vast majority of the roads arce not only

unpaved, but also m poor condition.










Miunstry of Agriculture. This particular regulation determines the health and salety

conditions m agricultural, hvestock and forestry occupations.

Therefore, although this rescarch acknowledges the legal conditions allecting this
transportation, confirmed by recent moves and consequent improvements, the
madequacy of the vehicles used and the legislation about this context represents a serious
rescarch gap which needs to be filled. "This 1s why, on the basis of the rapid expansion of
the sugar cane mdustry during the last few years, the impact of accidents involved i this
kind of transportation, and the resulting social concern have forced the Brazilian
government to mvest m solutions to this problem by sponsoring rescarch which will tackle

it. This rescarch itsell1s an example.

In the present thesis, the transportation of Brazihian sugar cane cutters is analysed in
depth, and design solutions developed as a result of this analysis. The current challenge ol
transporting rural workers, m which Brazil is one of the biggest players i terms of its
requirements for off-road vehicles, 1s duc to two main factors: first, unlike elsewhere,
agricultural companies i Brazil are legally responsible for the transportation of their rural
workers, even if 1t 1s contracted out. Sccond, unlike other countries, such as Australia,
where agriculture 1s mainly based on small family-owned farms, in Brazil huge plantation
ficlds are owned by large sugar cane companies, resulting in significant numbers of

workers per company needing to commute.

Nevertheless, what about alternative options for this transportation? The sunple solution
would be to pave the unpaved roads. However, although building proper paved roads or
cven establishing a ratlwvay system are obvious options, they might be not cconomically or
technically viable solutions. There 1s the other possibility of using an amrcraft (a
helicopter) as a solution. This would solve many of the problems, but the cost 1s also
prohibitive, putting such a solution out of question. Therefore, we can conclude that the
development of a more appropriate and specific land-based vehicle for the transportation

ol sugar canc workers might be the most appropnate solution.




1.2 Objectives

In comparison with more traditional ficlds of knowledge and study, design 1s relatvely
young, as 1s rescarch i design, and particularly in vehicle design. Nonetheless, because
rescarch 1s not only about generating knowledge, but most importantly it is about creating
new opportunities and possibilitics capable of converting existing realitics into better onces,
this means that rather than merely studying the problem of transporting people over
rough terram, this rescarch, above all, 1s about improving the sugar cane cutters' everyday

life.

To achieve this, the wider context of this thesis is the creation of links between design,
technology and people. In theory, this seems (o be an casy thing to establish. ITowever, in
practice 1t 1s much more complicated than that. IHow can cultural and technological
knowledge be combined to umprove everyday life through design innovation? T'o answer
this question, I also argue, through more specific and comprehensive rescarch, for the
possibility of moving towards the adoption ol a cross-contextual analysis, instead of a
traditional consumer-led approach. In order to do so, the Rescarch Objectives are
outlimed as follows:

L. To mprove the transportation of people - particularly rural workers - in off-road

conditions, through appropriate vehicle design solutions
2. T'o mprove the cutters” health, safety, welfare and consequently their everyday hife
3. To offer the cutters a better transport experience

L. To reduce transportation costs

~

). To merease agricultural production

Although cutters constitute the core element of this mvestigation, it also mvolves the
consideration of other factors related to the problem, such as bus manufacturers,
agricultural companies and legislators. This makes the possibility of umplementing the
solutions casier, taking into consideraton the fact that by incorporating an awarencss of
legal aspects mto the rescarch, the legislation about this particular kind of transportation

i Brazil will be able to take on board more relevant manufacturing and cconomic issucs.
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1.3 Rescarch Design

Considering the fact that the results of this rescarch will lead to a design specification and
solutions, and based on the mformation presented so far, 1t 1s clear that the
mcthodological approach of this rescarch must to be interdisciplinary. This is because the
cvolving nature of the observed and discussed phenomena means that any aspiration to a
Imear and sequential methodological approach has to be compromised in favour of a

network of mter-connected approaches.

Because this rescarch is mvolved m tackling a new problem about which litle is known, 1t
could be classified as exploratory rescarch as referred to by Phillips (2005). This kind of
rescarch mvolves extendmg the imits of knowledge in the hope that something useful will
be discovered. Iowever, 1t 1s also problem-solving rescarch (Phillips, 2005) considering
that 1t starts from a particular and real problem, bringing together the available intellectual
resources to bear on 1ts solution. Thus, this rescarch is a combination of both problem-
solving and exploratory rescarch, and the result, referring to Evans (2007), 1s a mixture of
creative thinking based on both hypotheses and ratonal thinking, and founded on the
exccution of methods, mvestigation and analysis of the results m the light of existing

theory.

Taking mto consideration the fact that the vehicle for the transportation of sugar canc
cutters, rather than bemg merely a product, 1s mvolved in both production and a human
mterface, demanding a data-gathering process based not only on the vehicle’s key factor
of mobility, but also 1ts mteraction with the terram over which it travels and the people 1t
transports. According to Quarante (199 1) quoted by Camara et al. (2001), ... the
development of design projects, 1t 1s unportant to obscrve three factors: the mterpretation
of the termn product; the micrpretation of the tern user, and the context of the framing ol
the problem... For this reason, the structure of this present mvestigation 1s based on what
I name Rescarch Interactive Analysis (RIA) (sce Figure -1). It involves the three main
[actors as part of the transportation process as well as allowing an interaction among the

three.










imvolved, and describes their work procedures, habits, preferences and behaviour when
commuting and working on the plantation. Part of this data, when compared to the data
gathered by Rodrigues (1993), allows an analysis of the cutters” new habits to the evolution
ol transportation since then. This approach helps to visualise this transportation, not only

as an 1solated activity, but as part of the whole context.

Chapter 2 (Background) positions Brazil as the current international reference pomt for
management and technology regarding sugar canc production, and also the position of
this industry m the history ol the country. Regarding the transportation ol sugar cane
cutters, 1t argues that rather than analysing and discussing the adaptations incorporated
the vehicle, such adaptations need to be reconsidered as a whole. The chapter also
positions the Brazilian sugar cane industry in comparison to the conditions m other sugar
canc producing countries, and confirms the transportation of sugar cane cutters as a
worldwide problem that needs urgent attention. The chapter concludes by presenting the

hypotheses and rescarch question.

Chapter 3 (User Analysis) looks at the lives of Brazihan sugar canc cutters, pomting out
the problems encountered m commuting twice daily. It argues that the improvements
the transportation of cutters contribute to an mcrcase m their production capacity.
Regarding the mechanisation of sugar cane plantatons in Brazil, it argues that despite the
mtention of the sugar cance industry to mvest i mechansation, the need for the
transportation of sugar canc workers will remain for many years to come. This chapter
also presents the methods used for the field rescarch sessions which imform the user,

vehicele and terram analysis as well as forming part of the economic analysis.

Chapter | (Vehiele Analysis) explores the potentially suitable vehicles for off-road
applications and the current vehicles used m the transportation of cutters. Analysing the
off-road vchicles currently available on the market, ranging from hoverceraft to military
vehieles, it pomts out the pros and cons of cach technology, m particular thew capability
of dealing with rough terram. Second, 1t includes an analysis of the current vehicles used
for the transportation of the sugar cane cutters, the necessary adaptations to comply with
the NR-31, and an analysis of the most important mechanical parts. This analysis allows a

more comprehensive understanding ol how these parts work separately or together to

mfluence vehicle dynamies, shock and vibration.




Chapter & (Terram Analysis) points out general aspects of the types of terram in Brazil
assoctation with the clunate, and thewr benefits to agriculture. It argues that a potential
cconomy could be obtamed by reducing travel tme as well as the reduction of journey
mterruptions, usually caused by rain, il a vehicle more suitable for the terram conditions
that was used. It also not only points out the problem of the unpaved roads i relation to
the resulting motion resistance lunitations umposcd on the vehicles, but also the way i
which unpaved roads compromuse safety, allecting the dynamics of the vehicle, and also
its comlort. The chapter also presents the impact of soil compaction on agriculture,
caused mainly by trallic of vehicles over plantation arcas. Lastly, the chapter argues that
the current terrain conditions and level of road maintenance revealed during the field

rescarch are mappropnate for the current vehicle type.

Chapter 6 (Iconomice Analysis) comparces the costs of alternative solutions to tackle the
observed transportation problem, discussing different journcys, travel distances and road
types. As alternatives, the study examines the paving of the unpaved roads, the
establishment of a new railway system or even the adoption of aircralt in comparison with
the current method of transportation. It argues that apart from the inadequacy of the
current system, the urban bus 1s m a better position compared to other analysed vehicles
and 1t 1s by far the cheapest option for the transportation of sugar canc cutters. Thus, it

should be considered as a reference pomt in the development of design solutions.

Chapter 7 (Design Solutions) focuses on design of the vehicle, supported by technical
spectlications and based on the literature review and field rescarch. This chapter
combines specilic knowledge and approaches enabling the vehicle to fulfil the objectives
ol this rescarch. It argues the suitability of the current design and manufacture models not
only for the production of the vehicle design proposed by this study, but also for the
production of buses i general. Morcover, 1t also argues that there was no opportunity for

the cutters” vehicles to develop their own design language.

Chapter 8 (Conclusions) 1s dedicated to direct the hypotheses towards the fulfilment of its
mitial objectives. The results show that a combination of technical and ergonomic
unprovements developed specifically for this transportation can improve the everyday life

of the cutters as well as thewr economice productivity. This chapter also includes

recommendations related to the rescarch problem focused on three essential elements in




this context: the bus industry, the sugar cane companies and the government, and

suggestions for further rescarch.




CHAPTER 2 - BACKGROUND

2.1 Introduction

The amn of this chapter s to provide a contextualisation of the significance of the rescarch

problem, positionimg this problem both historically and geographically.

Although 1t 1s a subject of major importance, there has been little rescarch done i the
ficld of rural workers’ transportation. Conscequently, this rescarch covers other arcas such
as so1l mechanies and vibration m order to sustain the rescarch hypotheses. This will help
to make the rescarch arguments stronger and at the same time show that the problem is

not yet solved.

The chapter mtroduces the Brazilian sugar cane industry i a national and mternational
context, o provide a better understanding of the wider field in which the rescarch
problem may be scen. However, as Brazl is not the only producer in the world, 1t 1s
worthwhile to consider how the transportation of sugar canc cutters 1s managed in other
producing countries, to better situate and understand the Brazihan reality. The cross-
compartson of the data from thus analysis thus demonstrates in detail the current nature of

the rural workers” commute from and to the plantation.

2.2 The Transportation of Sugar Cane Cutters in Other Countries

Australia is another major player in the sugar canc industry, ranked 8" internationally.
[Towever, 1ts sugar cance ndustry differs greatly from the majority of other sugar-producing
countrics. While m Brazil and i many other countries the sugar cane companics own
cnormous arcas of plantation, in Australia the vast majority of sugar canc is grown i small
famuly-owned farms. According to the National Farmers™ Federation (2008) i Australia,
999% of the sugar cance industry in that country 1s based on mdividual family-owned and

operated farms. Because the harvesting machine is one of the most expensive assets i the

harvesting mfrastructure, when the cane is ready to be cut farmers use the service of













appropriate vehiele for this kind of transportation. Thailand would scem to be one of
these countries, for three reasons: First, because of the national programme of meentives
and subsidies for sugar cane production; sccond, because its sugar cane planted arca
(1,097 million ha), as in Brazl, 1s divided into medium and large farms with vast

plantation arcas; third, because ol its need (o transport a considerable number of workers.

[t 1s important to state here the difliculty of gathering information related to the
transportation of sugar canc cutters in other countrics. China, for example, is already the
world’s third biggest producer, and because ol the strict control of any published data and
formaton by the government, nothing was found relating to the transportation of its
sugar canc cutters and even consultation with experts was not fruitful. Perhaps because of
the social concern highlighted by the recent hugh profile of the sugar cane industry around
the world m relation to ethanol production, this 1s definitely not the kind of mformation

casily available i any published source.

Thercelore, as we can see, by looking at sugar cane employment in other countries we can
then confirm the transportation of sugar cane cutters 1s an urgent worldwide problem.
The nature of the Brazilian sugar cane industry structure, based on vast plantation arcas
owned by private companies, thus became a decisive element i this transportation
context, for two main reasons: furst, because 1t results n a concentration of a vast number
ol workers i cach company, requiring vehicles capable of transporting more than 30
people. Second, because m accordance with Brazihan law, the agricultural companies are
responsible for the transportation of their workers, and thus they have to acquire a fleet of

vehieles or contract the serviee [rom transport companics.

2.3 The Sugar Cance Industry m Brazl

Ornginating i Asia, sugar canc has been part of the range of Brazilian agricultural
resources since 1532, when it was first brought to the country by the Portuguese. Because
the sugar canc bagassce, generated after the process, 1s used by the mdustry to produce
clectite power, sugar cane companies are not only sclf-sufficient in encrgy, but arc also
able to sell part of 1t to energy companies. According to Iayes (2007), considering the

vast residucs of lignocelluloses present n the sugar cane bagasse, 1t could be an even



richer source of cthanol in the future. Thus sugar cane has become one of the most
important agricultural industries mn Brazil, serving as an example for other producers
around the world. With current annual production running at around 500 mullion tonnes
ol sugar canc, Brazil 1s currently the world leader in this ficld, followed by India and

China.

Although discussion about bio-fucls 1s part of the global political agenda nowadays, the
most umportant reason for Brazil’s current leadership i this particular technology started
over 30 years ago, with the o1l erisis i the 1970s. Aflected badly by the oil cnisis, Brazil
started developing other fuel alternatives m order to reduce 1ts mternational dependency
on oil, and alcohol was the most promising alternative. On account of this, an alcohol
national programme (Programa Nacional do Alcool - Prodlcool) was created. The result
ol 20 years” work, .L2.5 billion on mcentives, and technological development i tackling
o1l dependency, allowed the country to save 10 times the mvestment in oil imports alone.
At present, taking into account the fact that the number of vehicles i the world 1s
recachig one billion units, even the o1l companies are admitting that bio-fuels will be
crucial for serving the growing demand for fuel, predicting a figure of 10% ol the market

for this kind of fucl by 2030.

On account of this, no other country is better placed to cash m on the global quest for
bio-fucls than Brazil, where mvestors are planning to spend some USS 12.2 billion on 77
new cthanol plants over the next five years, as well as USS 2.1 billion to expand existing
ones. By 2012, a total of 112 distilleries will be producing 35 billion litres of ethanol (The
Fconomuist, 2007). Ulumately, Brazil would like to sce ethanol traded as freely and
widely as o1l because 1t could potentally boost exports from the current 3 billion litres to
as much as 200 billion litres by 2025. This would be enough to replace one tenth of the
world’s petrol consumption. Thus, because of the current position of sugar and cthanol

production m Brazil as a strategic mdustry mn the agricultural sector, the number of cutters

and thewr transport requirements have mcrcased proportionally, as we can see i Figure

10).







Burning 1s highly cfficient from the manual production pomnt of view, taking mto account

the fact that 1t cleans the plantation by climinating the dry sugar canc leaves, for example.
IHowever, sugar canc burning is undoubtedly not an environmentally friendly process,
duc to the resulting carbon emission. Iiven so, Brazil’s level ol carbon emission 1s one of
best in the world, ronically, due to the adoption of ethanol i its vehicle fleet, which
climmated 600 million tonnes of carbon emission between 197 1 and 2001, According to
Amorim (2008), quoted by Rumsay and Wheatley (2008), Brazil currently presents a per
capita carbon cnussion of 1.76 tonnes/year, while the average worldwide emission s 118
tonnes/yecar. Nevertheless, the carbon emission resulting [rom the burning process, and
the mherent harsh conditions of the manual cutting, are the most important factors i the
acceleration ol mechanization. This 1s simply because a harvesting machine can cut the

sugar canc without it bemg burned.

Despite the difliculties relating to transportation on plantations on ramy days, the sugar
canc, once burned, starts a fermentation process which demands that 1t reaches the mull
preferably within 2 thours after the burning. This means that in this period of tme the
sugar canc has to be cut, transported and crushed, making transportation and logistics
cructal mn this process. At present, there are agreements established between the
agricultural companies and the government focusing on the reduction of the burning of
sugar cane plantatons. Iowever, 1t 1s important to bear in mind that in order to achieve
this, the sugar cane mills have to umprove their resources, being able to work more and
morce with un-burned sugar cane, with a necessary investment i more environmentally-

friendly technologies to process the raw sugar cane with Ieaves and dust.

With an arca of 219,000 kim?, cquivalent to the arca of Switzerland, Sao Paulo State (SP
on the map below) is not the largest Brazilian State (it 1s the 12" largest in arca) as we can
sce n Figure 135 however, with 3.8 million hectares of sugar cance planted arca, 1t 1s far the

biggest producer m the country, responsible for 60% of the national production.
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possible to sce that this statement can be partially rejected. If current adaptations
implemented to the buses are still not the answer to the problem: 1f the manufacturer,
through its technology and resources, has conditions to produce the ‘right vehicle” for the
purposc, and the law has the power to request this ‘right vehicle” for the task, then the law
should wiscly usc its power to be more specific, including specilications which would lead
the manulacturer towards these more appropriate design solutions. The goal of the law, in
this case, would be to present ‘what’ to do, whereas the goal of the manufacturers would

be to present, in a form ol a vehicle, ‘how’ to do it.
Y

Thercfore, even though the best solutions i terms of the vehicles transporting sugar cance
cutters in the carly 1990s i Brazil were not adequate [rom the ergonomic, safety and
technical pomt of view, and despite the evident improvements using buses, this
transportation 1s currently sulfering from the same problems experienced decades ago.
This mcans that rather than analysing and discussing the adaptations mcorporated 1,

the current vehicle needs to be reconsidered as a whole.

2.5 Tlypotheses

Basced on the prelimmary mvestigation presented in this chapter, ncluding the rescarch
undertaken by Rodrigues (1993) in which the use of the adapted trucks transportung sugar
canc culters was analysed, there i1s an indication of an improvement in this transportation
in the last 15 years. If the benefits that result from replacing the adapted trucks by adapted
urban buses could improve these transportation conditions, and if adapted buses are sull
not good cnough, then the sequence of chapters of the present rescarch mtends to test
cach of the following hypotheses, as follows:
. TItis believed that the inadequacy of the vehicles for this task represents an
unminent risk to the rural workers, a challenge to the agricultural companies and
a social problem for the country
2. Ttis suggested that the current vehicles do not meet the specifications that both
workers and sugar canc companies need
3. Ttis suggested that the truck-based platform 1s inadequate for this transportation,
and that the current combination of a platform and a body produced by different

manufacturers for different purposes is even more madequate
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I Ttis suggested that a better-performing vehicle i off-road conditions mercases

mobility, ensuring at the same time a better ride, a reduction m travel time and,

most importantly, a reduction m the number of accadents

It is suggested that, land transportation using a bus-type vehicle remain the only

viable option that should be explored for this transportation

6. Itis behieved that a holistic analysis 1s needed, mvolving all stakeholders but with
focus on the users’ needs

7. It 1s believed that a more appropriate vehicle designed for this purpose waill
unprove not only the workers” everyday life, but also the sugar cane ndustry as

well.

Therefore, the goal of improving this transportation through morce approprate design
solutions and specifications 1s paramount. This 1s demonstrated by new regulations and
rules introduced m Brazil i the last few years, such as the NR-31, the mercase of official
imspections on plantations to check workers’ transportation conditions, and the mterest of
the agricultural companies i tackling the problem. However, despite the clear
unprovements in recent years, the transportation of sugar canc cutters i Brazil 1s not yet
solved. As this chapter reveals, gaps in the theoretical framework were identified, and the
mtention of this rescarch 1s exactly to fill these gaps. If the current adaptations on urban
buses are sull not the answer for the transportation of sugar canc cutters, then the
rescarch question is: IHow would be possible for a vehicle to cross different kinds of
terrain, transporting over 30 people from one place to another safely, quickly,

comfortably and for an acceptable cost?

2.6 Conclusions

The analysis of the sugar cane mdustry m Brazil indicates that the problems regarding the

transportation of cutters is ironically a result of Brazl's agricultural mdustry’s success.

The current position of Brazil as the world leader in this field gives a completely different
dunension to this transportation problem. Two rcasons can be highlighted for this: first,
the fast growth of its agribusiness m terms of technology and productivity, elevating Brazil

from an cmerging country to a major player m the global scenario. Secondly, the ethanol
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produced from sugar canc is, in contrast with corn and maize, an efficient and
cconomically viable alternative as a bio-fuel. Tlowever, there still a huge lack of
mvestment in the transportation of workers. Third, a lack of studies i this field has been
identified, resulting i regulations that did not parallel the situation i the rapidly-changing

mdustry.

Analysing the situation regarding the transportation of cutters m other sugar cane-
producing countries, 1t 1s clear that cutters elsewhere have been facing the same
transportation problems found m Brazil. However, this analysis indicates that other
aspects, such as agricultural policy, governmental mnterest and the structure of the
plantations significantly affects this transportation. Furthermore, it shows that under the
force of appropriate laws, the production of more suitable vehicles can definitely make a

major difference to the workers” wellbeing.

This chapter also reveals that the number of sugar cane cutters i the last four decades
has soarcd, turning ther transportation into a significant challenge. As a result, this has
resulted i the number of traflic acadents m the sugar cane industry beimng by far the
highest among all the other agneultural industries in the country. Thercefore, by
comparing the data gathered from the literature with the preliminary rescarch, 1t s clear
that the madequacy of the vehicles for this task represents a serious risk to the rural
workers, and a challenge to the agricultural companies. Thus, based on this evidence, my

[irst rescarch hypothesis is confirmed.

In the next chapter Tanalyse the first, most important element of this rescarch: the users.
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CHAPTER 3 - USER ANALYSIS

3.1 Introduction

The aim of this chapter is to provide an understanding of the cutters’ everyday life, thewr

aspirations, behaviour, preferences and needs.

T'o achieve this, the chapter starts by looking at a group ol sugar canc cutters who 1s
crucial to this rescarch. For this reason, Hypothesis 2 1s tested by contrasting therr real
nceds and the specifics of the current mode of transportation in use. Hypothesis 2
suggests that the current vehieles do not meet the technical specifications which both

workers and sugar canc companics require.

Therelore, the chapter examines the behavioural context of the cutters i relation to the
transportation problem. Vibration is certamly onc of the most challenging aspects of
transportation, and by analysing its implications on the cutters’” health and comlort during
thewr journey, several 1ssues might emerge. This phase involves ficld rescarch i which
some aspects of the cutters during thewr journey and on the plantation will be analysed.
The method applied was chosen because 1t 1s believed that 1t 1s the most effective and

rchable way to gather data from the field.

3.2 The Brazihan Sugar Cane Cutter

The sugar canc cutter epitomizes the kind of agricultural worker who 1s an integral part of
the history of Brazil, having existed since the carly 16" century in the country. At that
time, Brazil was alrcady an important sugar exporter, and its sugar canc cutters produced
much of the sugar that supplied the world. The industry, the technology and the working
conditions have obviously changed since then. However, the last 20 years have scen the
most significant improvements i this arca. In Sao Paulo State the sugar cane cutters are
currently transported in buses mstead of trucks, and they are supplied with Personal

Protective Equipments (PPLs) which they did not have few years ago.







e The loss of production due to the fact that these machines are not able to cut
sugar cane as close to the ground as manual cutters, thus losing the 10cm sticks
with the highest concentration of sucrose

e I'he high operational and maintenance costs of the machines - they cost 309 of
the entire operation, compared to the cost of 19% of the manual cutting.

e Their limitation related to topography, because they are not capable ol operating
m oregular or hilly terram (127 angle 1s the limit)

e Thewr disuse (five months at Ieast) during out-of-harvest scasons.

Putting aside all the technical and economic aspects of the mechanization ssue, there is
another even more important issue, the social aspect of the mevitable and consequent
reduction of number of cutters replaced by machines. Even from a strategic point of view,
it 1s a logistic challenge, as a harvesting machine is not able to do any other agricultural
operation out of the harvest scason, whereas the cutters are usually transferred to other

activitics such as planting and plantation cleaning, according to the scasons.

Ioven if 1009 ol cutters are replaced by machines, sugar cane workers’ transportation
would remain necessary duc the arrival of new type of rural workers' transportation. This
1s the issue of the transportation of harvesting machme operators, truck and tractor
drivers, and all the extra and support workers. By increasing mechanisation, the mdustry
will be reducing the number of cutters, but increasing the number of other rural workers
on the plantation. At present, mnibuses for 20 to 25 people have being adopted for this
new transportation, doing at least three return trips per day i order to suit the needs of
three shifts/day of this occupational group. By confirming the mercase m this
transportation, the answer for the questions number 5 and 7 from the sugar cance
company survey (sce Appendix 1.3), show that, even though this new transportation
mcrcased fast only m the last 3 or | years with the mechanisation, the number of vehicles

uscd for 1t alrcady represent 509 of the fleet of buses.

With the proportion of this category of sugar canc workers growing last in Brazil due to
the mercase in mechanization, 1t 1s important to ecmphasise here that the design solutions
and technologies proposed in this rescarch could be shightly adapted and applied to this
new category of sugar cane workers. This 1s possible particularly because the design
solutions have to consider the option of changing the length of the vehicle, based on the

nced to serve a different number of workers according to different agricultural crops. For

33




example, while 60 1s the ideal number of workers in a sugar canc plantation, 10 workers 1s

the ideal number in an orange plantation.

Therelore, taking into account the fact that originally it was not envisaged that
mechanizaton would become such a large part of the industry, this means that even
though the Ievel of mechamsation will continue to increase, the industry, and
conscquently the Ievel of production, will be expanding as well. Thus, it 1s possible to
envisage that for years to come, the sugar cane industry i Brazil will still have sugar cance

cutters sharing production with the harvesting machines.

3.3 Transport Accidents

Irom a global perspective, every year traffic accidents cause about one million deaths
around the world. According to the World Health Organisation (WIIO) (Genceat, 2007),
i 2000 over 1.2 million people died in the world as a result of traffic accidents. Fxven
worsc 1s the fact that for cach registered fatality over 1,000 people arce lelt disabled or
sulfering the long-term conscquences of accidents, putting traffic accidents throughout the

world as the tenth most common cause of death for all ages.

In the European Union alone, over 120 people die every day as a result of traffic
accidents, resultng in 13,000 deaths and over 1,500 mjuries per year. A third of these
related to young people under 25. Unfortunately, it 1s anticipated that the number of

deaths i 2020 from wallic accidents will exceed 2.1 nuillion.

In Brazil, however, based on statstics from Brazilian Ministry of Transport showing that
mn 2,000, 17 1,316 vehicles were involved m accidents on unpaved roads, government
msttutions mvolved with transportation have stated that the current traflic accident rate
has alrcady became a difficult problem to solve. In Sao Paulo State for example, the
highest percentage (58%) of work accidents 1s related to transportation, confirming that
the transportation of workers 1s also a problem for Brazil, to be tackled not only i the

agricultural sphere, but also 1 other economic activities.

In this context, Article 455 of the ‘Consolidacao das Leis do Trabalho’ (CLT) (Brazilian
labour law), which legislates about responsibility for work accidents states that i the case
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ol a transport accident with a vehicle transporting workers, il the vehicle does not belong
to a company and the contractor cannot afford the consequences such as to pay for
damages and compensation, the responsibility is transferred to the company mvolved.
Therelore, this implies that any small amount of effort and/or initiative from the private
sector (forestry and agricultural companies, in the case of this rescarch, for mstance) could
constitute an important and fcasible way to tackle the problem, improving the current

salety context significantly.

3.1 Tealth and Comfort Implications of Vibration

Users’ perception of comfort 1s based on road shock and vibration. Thus, vibration
constitutes onc ol the biggest challenges [rom the technical point of view, as well as from
the ergonomic pomnt ol view. IHowever, vibration has not recewved the attention that 1t
deserves when compared to other occupational hazards. Thercefore, this rescarch looked
more closely at the transmissibility, effects and influence of shock and vibration to the
cutters during their transportation. This particular part of the study took longer than
expected because of its crucial importance to the sugar cane cutters” health, comfort and
salety, constituting once of main reasons motivating my decision to rescarch the platform

ol the vehicle rather than just the body.

I 1t were possible to see vibration in action and in slow motion, it would be possible to
sce movements i different directions. The speed and distance of these movements
determine some of the most important aspects of vibration, such as frequency, amplitude,
acceleration and resonance. No matter what the conditions of the suspension of the
vehicle, 1t s essential to muinimise the harmful effects of vibration upon the users. The
further the users arce from the vehicle’s Centre of Gravity (CG) the bigger the amplitude
of vibration movements tends to be. Consequently, this problem has an unportant bearing
on the decision about the number and distribution of people m the vehicle mnterior and,

as a result, the establishment of its dimensions.

Frequency can be defined as the number of cycles (inovement from one extreme position
to another, and back again) that a vibrating object completes m a period of one sccond
(sce Tgure 23). Its unit 1s the Hertz (112), so 111z equals one cycle per second. Amplitude

1s the maximum distance between these extreme positions and the mid positions and 1ts
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3.5 Mcthods

The ficld rescarch was divided into two sessions, in July/August 2006 and
January/February 2007, Iaving analysed the data from the first session, the indings
confirmed clearly the importance of an cthnographic study to this rescarch. It was now
appropriate to gather the most important data regarding the sugar cane cutters’ everyday
life, by sharing their daily journey as well as their working day. These sessions were
designed and undertaken to provide the right support not only for the user analysis in this
chapter, but also to the vehicle analysis in chapter 1, terrain analysis in chapter 5 and part

ol the cconomic analysis presented m chapter 6 of this thesis.

The documentation was carried out through filming, photography and surveys,
accompanying the sugar canc cutters from carly m the morning when the buses picked up
them in town until their return in the late afternoon. The reality of the sugar cane cutters’
lives recorded on video in the field constituted an essential part of the rescarch. Towever,
cven though video is important as a tool to capture this reality, offering evidence for
further analysis, it is important to state that it does not allow a full understanding of the
situation without the presence of the rescarcher n the ficld. In situations hike ths, the
camera can merely record the activities, requiring challenging work in further iterpreting
the film. So, rather than being edited, the five hours of video recorded during this
mvestigation was carcfully analysed and reviewed, selecting certain key moments, referred
to by Flanagan (1951) quoted by Ragmakers (2007) as “mcrdent analysis: an cvent

occurnng during a task perfornmance that relates to the subject”.

For this rcason, the footage produced during field rescarch sessions was used as a
language, in order to make the interpretation casier, as well as allowing access to the
relevant phenomena. As Ferguson (20060), quoted by Ragmakers (2007) explains,
phenomenology requires the researcher to perceive the phenomena she/he studies
intuitively, and consequently iterpret them, gaining isights from personal experience.
T'o better dlustrate this, during the observational studies 1t was revealed that some of the
cutters - women in particular - changed their clothes for working on the plantaton. This
could be mterpreted as absolutely normal behaviour; however, this behaviour was not
obscrved by Rodrigues (1993), and can be mterpreted as one of the positive
conscquences of the improvements of transportation conditions, such as a cleaner vehicle
mterior, for mstance. Thus, after having understood more clearly the agricultural reality,
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while they were preparing themselves and the tools for the job, during their breaks, and at
the end of their shift. All of these procedures (submitted in advance to the managers m
charge) were designed to disturb the cutters as little as possible. As a result, the attitude of
the cutters to the rescarch process was very welcoming and participative, with only one of
cutters declining to take part. Furthermore, it 1s also important to state that durmg the
entire session of field rescarch, only one of the mvited sugar cane companies, and one
agricultural labour union, both in the mterior of Sao Paulo State, declined the opportunity

to take part m this rescarch.

The interviews always started by creating a relaxed aunosphere between mterviewer and
interviewee, encouraging the latter to talk freely about general aspects of his/her
relatonship with sugar cance work and his/her experiences. Once the interviewee seemed
to be more relaxed and talking more spontancously, the mterviewer then started asking
more specific questions related not only to his/her commuting experience, but also about
his/her daily experience on the plantation, and the role of vehicle as a mobile facility
centre there. Finally, the interviewees were thanked individually and there was thus an
opportunity to explam a little bit more about the umportance of his/her mformation for

the purposc ol the rescarch.

This approach, with the rescarcher asking questions, rather than the cutters filling out the
questionnaires auned to make the survey as reliable as possible. The process was:

o Less embarrassing for the cutters due to their low level of education

e  Morc iformal, by adopting the cutters’ vocabulary

e  Morc mteractive, by adopting a ‘chatty” approach

Iven though rescarch based on user experience and observation is the best way to analyse
casc studies hike this, the survey based on 113 cutters (96 men and 17 women) and cight
drivers was important i supporting this rescarch. It helped to quanufy the data based on
observation, providing a broader dimension i terms of validation for the mterpreted data
as well as detecting pomts that for whatever reason needed to be clarified. It 1s important
to acknowledge here the fact that the number of drivers interviewed was small and

possibly unrepresentative, but it far exceeds the actual cutter/driver ratio, which s 50:1.

The questionnaire (sce Appendix 3) was divided mto three parts: The first part consisted

of questions relating to the vehicle, aiming to 1dentfy aspects ol the mterface between the
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cutters and the vehicle. The second part was dedicated to the transportation, aiming to
identify factors relevant to their experience as users. The third involved questions about
the cutters’ activity, and the aim here was to identify important aspects of their everyday

life that could be associated with either the vehicle or the transportation experience.

Comparing evidence related to the cutters” behaviour revealed in the rescarch carried out
by Rodrigues (1993) with new information gathered [rom an cthnographic study as part of
this present rescarch, it should be possible, through observing the cutters’ change of
habits for the better, to associate these improvements with the adoption of the bus-based
transportation. In doing so, it will then confirm that the mtroduction of a specific vehicle,
based on appropriate design solutions and the right specilications, 1s the best way to tackle

the problem.

Furthermore, to make this work as representative as possible, two sessions of interviews
(sce Appendix 2) were also undertaken mdependently, and 1t was thus possible to analyse
the viewpoints of the agricultural companies, the bus manufacturers and the legislators
(sce Appendices 3 and 1. In order to ensure the accuracy of the data resulting from the

information obtained, the mterviews were always recorded, when the interviewee agreed.

We can now conclude, then, that taking into consideration the level of specificity of both
the rescarch approach and the social group mvolved, an terpretation of the data
gathered by means of cthnography - recording with video and photos the daily activity of
the cutters and their habits - will contribute to design solutions which are focused towards
morc appropriate specifications. As IHeath and Hindmarsh (2002), supported by
Raymakers (2007), state, intensive rescarch analysing the mteraction between user and a
particular product 1s very useful because 1t allows us to “demonstrate the relevance of

cmvirorunent to actual courses of action.”

3.6 Field Rescarch

Sao Paulo State was chosen to represent the current best practice in terms of the
transportation ol sugar cance cutters, due to a combnation of factors that have combined

to produce improvements, for example:
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e The fact that the Constitution of Sao Paulo State in 1990 legislated for the use of
buses for this kind of transportation. This mecans that buses were already part of
the sugar cane companies’ working practices 13 years before the implementation
of the NR-31 Regulation, passed m 200

e The activity of better organised and more influential agricultural unions m the
state

e Morc access to power by the general attorneys Tor labour i this state

e The fact that agricultural companices here are currently far better equipped for

transporting their workers than any other state m Brazil.

The North West arca of the Sao Paulo State was chosen because of the diversity of sugar
canc companies in that arca. In this arca there are three major companies (Usina Barra
grande, Usina Sao Josc and Usina da Barra), not to mention dozens of other smaller
companics connected to the sugar cane industry. This diversity ensured that the rescarch
methods could be applied to different terrain and road conditions, different vehicles and
jJourneys and a range of agricultural activities with different groups of workers on
plantations. Thercfore, for all reasons presented above, the group of sugar cane cutters
from the North West of the Sao Paulo State in Brazil was the most representative of this
occupational group. If the conditions of this kind of transportation m Sao Paulo are better
compared with conditions in other states, and if the rescarch case study examines the
conditions m that state, then it follows that the design solutions will be based on current

best practice m terms of cutters” transportation conditions.

In order to opumise the rescarch resources, time mn particular, 1t was necessary to
undertake this ficld rescarch session i the same region. Fortunately, all the companies
contacted (sce Appendix 1) have many different plantations, covering a vast arca. This
allowed the study to combme different terramn types, surface conditions and vehicles
the same region, i order to provide not only a more clfective, but also a more rehable
data gathering process. As a result of this, plantatons located i arcas belonging to four
different towns i the same region were chosen, as follows:

e DBorchi

e Lcncors Paulista

e  Macatuba

e Pcrdernciras
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only unanimous approval among the cutters, but most importantly it has contributed to an

cven warmer environment on the vehicle, increasing the cutters’ sense of relaxation,
creating a more cnjoyable journcy and minimising the inherent negative effects of this

transportation.

Thus, the impact of the simple substitution of the vehicles used i this transportation was
morce than enough to cause a change in the cutters” behaviour m using the facilities.
According to this rescarch, 17% of the cutters enjoy the trip on the buses, sceing 1t as not
only part of the work activity or a simple necessity, but also as a transport experience,
again very diflerent from the findings of Rodrigues (1993). This 1s very unportant,
particularly considering that according to the results of the survey 709 of the mterviewees
had travelled on adapted trucks before, which means that the majority have a previous

experience to compare it with.

3.6.3 Users Looking after the Vehicle

The results of the field rescarch also indicate that the cutters are not only open and cager
for improvements to the vehicle, but they also look after the bus as if it were an extension
of thewr home. Contrary to the popular behief, stemming from pure ignorance, which
associates a low level of education with an mability to look after equipment properly, in
this casce the opposite 1s true. This might be the reason why this rescarch reveals that
currently the Brazilian sugar cane companies are much more mterested in improving the
conditions of the vehicles to transport sugar cane cutters than was anticipated. Therefore,
1t 15 an unportant clement to be considered m the establishment of the design solutions,

particularly related to matenals and finishing for the mterior of the vehicle.

3.6.4 Users’ Backpacks and Dnnking Water Containers

As the range of facilties available to the cutters on plantations does not include a
restaurant, cach of them takes thewr own food from home. Thus, backpacks and drinking
water containers constitute very umportant components in this context. Backpacks are

usced to carry the meal (100% of the cases), and also to carry among other things, PPEs
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part of their salary 1s related to therr production, they try to work up to their physical limit

in order to maximuse ther production and mercase their income.

Taking into account the fact that this behaviour was documented in both studies (1993
and 2007), it may be concluded that the improvement of their transportation by replacing
the adapted trucks (analysed i 1993) with buses, m conjunction with other factors, such
as stricter shilt timing control by the companies, has contributed to an individual mercase
in production. Thus, cven though the current adapted urban bus is not ideal for the
cutters' transportation, 1t 1s clear that looking for solutions to improve the cutters' health,
safety and comfort through a morce adequate means of transportation, has ideed been

demonstrated to be a good rationale for this rescarch.

3.6.11 Dilliculues Encountered duning the Field Rescarch

Iven though this rescarch has obtamed mvaluable support from different sugar cance
companics 1 Sao Paulo State m Brazil, 1t 1s important to state that to undertake any
rescarch regarding the sugar canc cutters 1s a difficult 1ssue i Brazil at the moment. This
is because of the current high international profile of the sugar canc industry, as a result of
cthanol production. As a conscquence, this imdustry has been more frequently and
clfectively inspected by federal government agencies, making many companies quite
uncomiortable about cither discussing the subject or allowing any rescarch related to this

topic on thew premises.

As the arcas chosen to undertake the rescarch were very wet taking mto account the fact
that some took place on ramy scasons, 1t was necessary to manage the dates m a different
way, swapping them according to more favourable weather conditions that would allow
the vehicle 1o reach the work places on the plantaton. In addition. the diversity of
agricultural activities taking place at that ime, mercased the level of difficulty in managing
the data gathering process among the cutters. This was because the distance between the
groups ol cutters and the plantation arcas arc on average 20ha cach. It meant that the
rescarchers were constantly on the move, spending a good part of thewr day reaching the

cutters i different locations on the same plantation arca.
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Also, as the most significant part of the cutters” income is determined by their level of
pr()(lu('lion, another problem was trymg not to mterrupt their work, using the times that
they spontancously took a break for cating, resting and drinking, which cost extra tunc for
(he rescarchers and, as a result, decrcased the number of surveys per day in comparison

with the number mitially planned.

Lastly, a certamn level of discomfort was perceived among the cutters during the interviews,
showing an nteresting combination of satisfaction n taking part in such important
rescarch direetly related to then needs, with the mdividual fear of saying anything that
could somchow compromise themselves or the company which he/she worked for,
jeopardising, as a result, their job. Alterwards, 1t was understood that the reason for this
was the constant mspection from the Brazihian Labour Ministry checking on standards
and regulations, and charactensing another strange paradox: on the one hand there 1s the
mspectors’ job, which 1s to protect and guarantece the workers' rights, and on the other
hand there 1s a nusinterpretation of their work by the cutters, who sometimes scen 1t as a

threat,

3.7 Conclusions

This analysis of progress m the sugar cance mdustry in Brazil reveals that sugar cane cutters
will continue to be part of this context for years to come. The analysis of the cutters
during thewr journey mdicates the effects of vibration during the current means of
transportation compromiscs the cutters™ health, comfort and welfare. This 1s mamnly
because of the range of [requencey of both the body of the cutters and the vehicle,

gencrating resonance which is harmful to the cutters.

The ficld rescarch reveals that even though the current adapted buses are stll not suitable
for this purpose, it 1s clear that the improvements made m the last 15 years have already
improved the cutters” experience, satsfaction and productivity. The umprovement m the
current level of productvity and behaviour among the cutters also imdicates that the
replacement of the adapted trucks by the adapted buses has contributed to this

improvement. This 1s maimnly duce to the consequent reduction m the energy expended by




the cutters’ bodies now, responding to better conditions of the buses compared to the
trucks.

"I'his, therelore, confirms that a more appropriate vehicle, designed specifically for this
purpose, can be really beneheial not only to the cutters, but also to the sugar canc

companics. As a resull, Hypothesis 3 has been supported.

In the next chapter Tanalyse the second parameter of this rescarch: the vehicle.




CHAPTER 4 - VEHICLE ANALYSIS

i.1 Introduction

This chapter amms to analyse the vehiele and its unportance as a means of transportation

to the sugar canc cutters.

Such an analysis will provide an understanding of the ofi-road vehicles currently available
on the market as potential alternatives. It will also imclude an examination of the bus
currently transporting sugar canc cutters, and the cutters’ position in relation to the
transportation context as the subject of this rescarch. Furthermore, Hypothesis 3 is tested
by contrasting current vehicle models and the real needs of the users. Hypothesis 3
suggests that the truck-based platform 1s inadequate for this transportation, as well as
noting that the current combimation of pladorm and body produced by different

manuflacturers for different purposes 1s even more madequate.

To achieve this, the chapter starts by comparing several off-road vehicles currently
avatlable on the market as potential alternatives for the transportation context studied
here. Towever, besides looking at other options, this study mcludes what T consider to be
the core of this chapter, the mechanical functioning of the bus transporting the cutters, in
the hght of the NR-31 Regulaton. While the analysis above considers the views offered by
the Iiterature review and transportation experts, the next stage mvolves field research n
order to compare the condiions of the vehicles and the transportation with the data
gathered from the Iiterature. The combination of data from both the literature and the

ficld rescarch will lead 1o a reasoned assessment of the technical implications of vibration.

L2 Alternative Vehieles for the Transportation of Sugar Cane Cutters

Olf-road vehicles could be delined as any type of vehicle which is designed specifically for
cross-country application on unpaved roads, travelling to terrain far away from paved

surfaces. Thew higher clearance levels and higher traction enables these vehicles to access
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(rails and temporary roads that have rough and low traction surfaces or consist of very soft
soil. A range ol mulitary vehicles were developed extensively for this purpose during
World Wars T and II, resulting the ercation of many heavy trucks and versatile small
vehicles, such as the Jeep. These off-road vehicles subsequently became available for
civilian use, becoming popular not only among farmers, for agricultural purposes, but also

for recrcational and hobby usc.

This type of vehicle ncludes wheeled, tracked and even non-wheeled ofl-road versions,
such as the air cushion vehicle. The adoption of wheels or tracks depends on three
factors: cost, suitability and viability. Generally speaking, although traditionally tracked
vehicles perform better i a cross-country context, they are morce expensive, requires a
more complex mamtenance, and present a limited ability to travel over paved roads,
whercas wheeled vehicles are cheaper, and also generally offer higher speeds. The next
pages thus present an analysis of different vehicle types for off=road applications, in order

to provide a better understandimg of thew strengths and weaknesses.

4.2.1 Air Cushion Vehicle (ACV)

[ started this rescarch with firm ideas about the adoption of this technology as a possible
solution for the rescarch problem. However, after months of rescarch, the limitatons of
hovereralt technology became clear, not only for land-based applications, but particularly

for the conditions mvolved m the transportation of sugar cance cutters i Brazil.

The working principle of a hovereraft (see Figure 1) 1s based on the adopuon of Tow-
pressure air beneath the vehiele that forms a cushion of air and thus hfts the vehicle. In
such circamstances, a hovercraft becomes amphibious and able to travel across land, soft
soil or water with mmumnal damage to the environment, precisely because of 1ts low-

pressure footprint.
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the vehicle. Airsuspension is another improvement for the SUV. By means of height
control, 1t not only guarantees extra ground clearance over rough terrain, but also ensures

a much-improved ride. This can be seen m the Porsche Cayenne, for instance.

Although the SUV combmes the majority of the attributes necessary for the transportation
of pecople n off-road conditions, 1t 1s stll not the ideal solution to the problem of
ransporting sugar canc cutters. Current SUV models provide an impressive off-road
performance, and at the same tme they are very comfortable, reliable and sale. They also
present an excellent Tevel of controllability, associated with a high level of shock and
vibration absorption. IHowever, all these attributes have a price, in that they depend
heavily on sophisticated and expensive technology, which makes this option an

unlavourable one.

4.2.4 Military Whecled Vehicle

The problem of the transport of people, ammunition, cquipment and supplies over
rough terramn has been rescarched by the military for centuries. Current technological
advances m terms of electronie controls and new materials have contributed significantly
to the development of A'TVs for military purposes. From the beginning of military
vehicle development, one of the most challenging aspects for designers has been the
reduction of weight. As we saw before, the performance of any vehicle, parucularly m off-
road operations, 1s directly connected with motion resistance and speed, which m turn 1s
mnllucnced by the vehiele’s weight, so that locomotion and weight coexist i this process.
Military vehieles are normally heavy, for the following reasons:
o Most of them have to be armoured, which means extra material and thicker walls
o Most of them have to carry weapons and ammunition
e They need to be quite robust, not only in order to deal with all the extra weight on
therr structure, but also to resist the harsh conditions (a range of terrains,
situations and weather) to which they are usually submitted whilst in combat
e In order for vehicles of this weight to achieve an aceeptable performance level by
military standards, they need more robust and heavier axles and suspension, along

with more powerful and heavier engines
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Nevertheless, the rubber tracks currently used in some vehieles are still vulnerable in
many situations, including the agricultural. According to recent observations by Beleboni
(2006), in Brazil, ractors with rubber tracks operating on sugar cane plantations need to
have somebody alongside the vehicle to remove rocks and the remains of trees m its path

in order to avoid serious damage to the tracks.

Thercfore, despite the advantages pointed out above, a tracked vehicle 1s not the answer
to the problem of transporting sugar cane cutters. Despite its excellent off-road
performance and chmbing capacity, the tracked vehicle 1s rather uncomlortable, offers
litde i terms of shock and vibration absorption and in addition is not straightforward to
maintain, due to the higher number of parts and components, thus mvolving both a high

start-up mvestment and a hugh operational cost.

Through this analysis ol a group of off-road vchicles currently available on the market,
this rescarch thus reveals that none of these alternatuves would be capable of fulfilling the
requirements for this transport context. However, military vehicles constituted a very
important source of data to this mvestigation, because this type of vehicle has to have
good cross-country performance, dealing at the same tme with significant weight, in
particular from armour and ammumition. This makes military vehicle design a very
important source of knowledge and mspiration regarding the coexistence of locomotion
and weight, having contributed significantly to the development of the design solutions n
this rescarch. The requirements related to mass production on the one hand and an
extensive use ol off-the-shell components on the other, are also a very mteresting

combination m order to achieve lower costs and ensure simpler maimntenance.

4.2.6 Vchicle Transporting Sugar Canc Cutters

The current vehicle used for transporting sugar cance cutters in Brazil 1s an ordinary urban
bus (sce Figure 53), with the following characteristics:
e A conventional ladder chassis, usually with the engine n the front
e A traditional steel body, 12m long, 2.3m wide, 3m high, weighing approximately
9.5 tonnes and with the capacity for 17 scated people, i many cases adapted for
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As we can sce, out of all the different meanings presented above only the manufacturers
consider the vehicle as a vehicle per se, confirming the current importance ol designing
not only the product itsell, but beyond that exploring a more holistic solution to the
problem. It is therefore important to emphasise that on the plantation there is nothing
except soil and plants, which means that the cutters depend on a physical structure to
serve and help them during thew shift. This means that the focus of this structure ends up
being the vehicle itself, justifying the regulations which highlight the vehicle's role i the

preservation ol the health, mtegrity and dignity of the cutters.

ITowever, this rescarch reveals that the sugar cane companies (the buyers, in this case) are
unsurce about the suttability of an urban bus for the ransportation of cutters, as may be
conlirmed by question 30 m the sugar cance companies’ survey (sce Appendix 1.3); even
though the bus 1s undoubtedly superior to the adapted trucks, 1t sull presents many

limitations, mostly mechanical, when operating m off=road conditions.

Lastly, during private communication, mterviews and surveys with managers and directors
ol sugar canc companies (sce appendices 2 and 1), 1t was confirmed that, mstead of a
vehicle based on adaptations to comply with the legislation, the ideal solution for the
companics would be to acquire a better-made vehicle designed specifically for cutters'
transportation. Thus, taking mnto account the fact that the average price of an urban bus
produced m Brazl 1s around .£60,000 (£25,000 for the body and .£35,000 for the
platform), this means that including .£12,000 (20% of the cost of the vehicle) for
adaptations, the final cost target would be around .£72,000. Tt wwould therefore allow the
development of an cconomically viable vehicle for both the manufacturers and the

agricultural companics as buyers.

[.3 Analysis ol Urhan Bus Mcechanical Parts

Inevitably the present study should address previous material on the subject of
transporting sugar canc workers, or at least on the subject of transporting over 30 people
or morce i oll-road conditons. IHowever, we should take into account the fact that the
work undertaken by Rodrigues (1993) 1s the only rescarch specifically dedicated to this

particular subject, and 1t does not mclude any analysis of the vehiele’s plattorm. The most










4.3.2 Weight of the Vehicle

Due to the signilicance of this aspect of the transport context it was necessary to obtain
data which 1s as accurate as possible. Regarding the weight of an ordinary urban bus,
Barduco (20006) presents some unportant figures, as follows:
e T'he weight of a chassis equipped with the engine Mercedes Benz 1722 as a
reference, 1s approximately 1,800kg
e T'he weight of an urban bus body based on an ordinary 2 axle 12m long vehicle,
is approxunately 1,700kg
e The weight of all side and rear windows, including metal and rubber frames is
101kg. This means that the weight represented by glazing, in this casc, 1s 9% of the

total weight of the vehicle’s body, which 1s quite significant

The problem hughlighted by Damada (2007) 1s that it 1s common to sce divergences m the
weight ol the buses transporting cutters. "This 1s mainly due to the fact that either the
chassis or the body of these vehicles can be casily replaced, which means that a heavier
body can be mounted over a chassis in which the engine and transmission, for example,

were previously operated with a much lighter body, resulting in overloading.

Weight and its distribution 1s a determimant component in the design of a bus-type
vehicle: the height and the concentration of weight m its side walls, which are highly
mmcreased by the weight of the glazing, have an unpact on the vehicle’s dynamics,
particularly i off-road conditions. Such conditions, m conjunction with a hugher CG
increase the chance of rollover. Because of this, a wider window arca obviously means
more weight, which in turn means more dynamic problems and, as a result, undesirable
suspension demands and vibratuon cffects. Taking into account the fact that this rescarch
has revealed that a wider glazed arca would be welcomed by the cutters, the adoption of a
material highter than glass must be considered m order to ereate the necessary weight
reduction. In addition, the current metal structures of the scats are the major cause of
excess weight on urban buses, constituting 30% of the weight of the body of the vehicle.
Thus, considering the observations addressed regarding the improvement of vehicle
dynamics and the mimimisation of vibration cffects, combined with the needs of the
cutters once on board, the weight of the scat structure must be reduced as much as

possible.
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In the relationship between vehicle dynamics and vehicle design, as this rescarch reveals,
an important part ol suspension design would be the initial establishment of the design of
the interior of the vehiele, 1ts ergonomic parameters and weight distribution. This 1s an
important consideration to take into account when looking for an appropriate internal
layout. However, the tradiional way is the reverse of this, with the design of Brazihan
urban buses based partly on an existing platform with specific mechanical characteristics,
and modified further once combined with a body mstalled over it, forming then a third
part unit with a different dynamie behaviour as a result of that combination. In this sense,
a rational change of form-size-weight relationship in off=road locomotion may casily
produce radical improvements only if both the platform and the body of the vehicle are
considered together. Otherwise, improvements in the body will not sufficiently affect the
performance of a new vehicle conceptif such an improved body 1s mounted on a

platform which remamed the same for decades.

In this context, ightness 1s just one of the objectives to be achieved among many others
a complex system m which the weight reduction conflicts with other design demands.
This 1s because the weight of a vehiele 1s important not only from a dynamic pomt of
view, but also from the commercial point of view. The necessary power for moving the
vehicle 1s proportional to its own weight plus the weight of its cargo, which means that the
lighter the vehicle, the bigger its load capacity. Morcover, n terms of production n the
automoutve mdustry, weight reduction means a reduction i energy consumption, which is

an obvious commercial advantage.

On account of this, there has been a huge development m terms of production processes
and m materials such as steel, metal alloys and plastucs, which have contributed
significantly to vehiele weight reduction. According to Larica (2003) m the carly
nincteenth century the maximum aceeptable tension for high quality steel was 9kg/mm?;
i the 1960s 1t was around 18kg/mum? and currently it 1s possible to reach 27kg/mm?.
This 1s a very umpressive achievement i the scarch for a combination of lightness and
resistance. In addition to this, there sull 1s a huge potenual for plastic application
vehicles, confirmed by the amount of plastic currently used in a normal car, which 1s
around 250kg on average, compared to just 70kg mn 1977 (Larica, 2003). Such an
achievement, among other benelits, according to the British Plastics Federation, has

resulted i cach 109% of plastic used in vehicles generating a fuel cconomy of 7.5%.
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Another very important consideration m this section is what is called the ‘modular
concept’ i bus manulacturing. In this concept, one third of the total weight of a bus is in
the front axle, wherceas the other two thirds are mn the rear axle, and the vehicle 1s divided
into hive different parts as follows:
e The furst part m the front 1s the ‘cockpit’ module where the driver, the chassis
front cdge, the mstrumentation cluster and the engine 1s positioned
e The sccond module 1s where the [ront suspension is located
e The third, the mtermediate module, has been the key module for changes i this
kind of industry, determiing the size of the vehicle
e T'he fourth module 1s where the rear axle is located

The fifth module 1s where the chassis rear edge 1s located

This modular concept will mevitably be crucial to this rescarch, offering the possibility of
developing a vehicle with different lengths, keeping the same scctional structure as part of
the vehiele design solution for the sugar cane cutters’ needs, taking into account not only
the dilferences m terms of workers’ needs for faciliues on the vehicle, but also the
differences m the number of workers transported, according to the crop (sugar, colfee or

orange, for example) and thew specific agricultural activitics.

4.3.3 Engine

Because the engme position is crucial for many aspects of vehiele design, directly affecting
the mternal layout, the first thing to do i relation to this design clement was to
understand why in Brazil 1s there a clear preference for an urban bus chassis equipped
with a front engme. Barduco (2006) explams that there are two mamn factors that jusufy
this preference: firstly, the variety of street and road surface conditions i Brazil, in
conjunction with the fact that the vehicle has to deal with a wide range of topography:.
Sccondly, the cost, taking into account that a chassis with an engine mstalled m the back 1s

morce CX})CI]Si\'C.

Taking mto account all the technical data gathered, the purpose of transport, conditions
ol usc, the terramn, and the vehicle’s performance, 20hp/tonne is the optimum engine

power of the proposed vehiele that should be auned for. This 1s the same power/weight
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ratio that has been established for a new range of mulitary trucks acquired by the British
Army. However, even though the performance level of military vehicles, particularly
combat, clearly has to be higher than vehicles transporting sugar cane cutters, 1t is
important to have this pomt ol reference to work from, because of the similarities

between these two ofl-road transport operations.

The power/weight ratio 1s obtained by dividing the engine power by the vehicle’s weight:
thus, considering the range of the most common diesel engines i urban buses in Brazl
and the weight of the vehicle m question (approximately 13.5 tonnes fully loaded) the
result 1s as follows:

e I[ngmne MB 1015 (10 tonne/150hp) means 150 + 13.5 tonnes 1 1.1hp/tonne

e [ngine MB 1620 (16 tonne/200hp) means 200 + 13.5 tonnes 1 L.8hp/tonne

e Lingine MB 1722 (17 tonne/220hp) means 220 = 13.5 tonnes  16.3hp/tonne

Therclore, the adoption of an engime able to develop at least 220 hp must be the target
for a vehicle to transport sugar cane cutters, which weighs from 13 to 15 tons resulting i a
power/weight ratio > to 16 hp/ton. This figure 1s between the 20hp/ton currently required

by military trucks and the current figure, which is from 12 to 13hp/ton.

At present, the automotive industry as a whole 1s looking for new propulsion alternatives
for 1ts vehicles. Recent developments m this arca have mvolved cither cleaner and more
cfficient alternative fucls, or the adoption of hybrid vchicles. Coincidentally, passenger
service vehicles have been the first to use hybrid technology on a commercial scale, and
both Fiat and Daunler-Benz were pioncers of this technology m the carly 1980s. In the
casc ol an clectric hybrid vehicle, part of the tracion energy 1s converted mto clectrical
cnergy, and then mto mechanical energy. In this way the clectiie motor s able to perform
quite cfficiently no matter what the load 1s upon 1t, optmizing engine operation, reducing
noisc and providing more flexibility in mechanical packaging, having the clectric motor
dircctly driving the wheels. Towever, one of the limitatons of hybrid vehicles 1s related to
the vehiale’s weight, as the batteries i this vehiele type currently represents around 25%

ol 1ts gross weight.

"This rescarch reveals that the preference of the sugar cane companies, expressed by their
managers and directors during the ficld rescarch sessions, would be for an ethanol/clectrice

hybrid engine cquipping the vehicle to transport workers. This 1s duc to the fact that sugar
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cane companies i Brazil currently produce both sources of energy, which would make
the transportation much cleaner and cheaper. However, there is no hybrid engine
avatlable on the market at the moment with the necessary capacity and power for a bus-
like vehicle. Morcover, hybrid engmes are in dechine m Brazil at present due to the
unlavourable combination of excessive weight and high cost. This problem could be
casily solved with the adoption of superconductor technology; its cost is still prohibitive,

however.

Another interesting alternative s the turbme engine, which has been successfully used to
power many coaches, particularly in the US and Canada. De Old (2008), states that this
engine oflers a smooth, quict ride (75% lower than a tracitional diesel engine) and most
importantly 1t vibrates much less, because 1t eliminates the up-and-down piston motion.
This kind of engine has few parts, never needs o1l or lubrication and burns fuel so
efficiently that its level ol emussions 1s so small that there is practically no air pollution. Its
weight 1s another advantage: a bus equipped with a turbine engie weighs as much as one
ton less than a vehicle equipped with diesel engine with the same capacity. This 1s because

a turbine engine uses no gearbox or propeller shalft.

As dicsel engines have a low specific power compared with turbines, it becomes evident
that the diesel engine has to be larger and heavier than a turbine engine, whereas turbine
engines also have no need of a radiator, water pump or belts. Ixamples of this alternative
arc the Capstone micro-turbines equipping the Designline buses, which demonstrate up
to 1009 unmprovement in fuel cconomy over a traditional diesel engine. As the turbine
engine can be run on virtually any lhiquid or gas fucl, 1t could use, for example, ethanol -
generating just one tenth of the nitrogen oxide generated by a conventional type of diesel

cngine.

[Towever, the disadvantages are the fact 1t 1s more expensive and 1t 1s not as robust as a
diesel engine. According to MacLaurin (2008), gas turbines are best run at high and
constant load when cfficiency 1s highest, and elficiency 1s partcularly low at idle,
compared to a diesel. There are ways (o ncrease efficiency at part load but these would
mncrease the cost of the engine even further. In addition, the air filters i this system also

tend to be large because its air consumption s high compared to diesel engines.

Therefore, despite all the strengths of a diesel engine, such as its lower operational cost,
casc of mamtenance and longer life compared with a petrol engine, and even despite the

fact that the vast majority of buses all over the world are equipped with diesel engines, as
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(o the fact that 1t has been part of the bus manuflacturing culture since the begining of the

twentieth century.

Although the adoption of a different ladder chassis for the same body requires many
adaptations, 1t 1s simpler and more convenient for the transport companies and the bus
manulacturers to have the chassis supplied by truck manufacturers. These supplicrs not
only provide the entire platform, mcluding the chassis, power tram, suspension,
wheels/tyres and mstrumentation cluster, but they are also able to offer technical
assistance and an auto part replacement service for the platform once the final product 1s
in operation. Despite the fact that improvements m the Brazilian bus chassis market are
evident, with a current wider range of options, these options are related much more to
changes 1 terms ol engine, transmission and size rather than changes in relation to the

concepl, particularly concerning the structure.

Many manufacturers i Furope have successlully adopted a tubular chassis for some of
therr buses and coaches, with many advantages for the final product. According to
Barduco (20006), an urban bus project was developed in Brazil m the carly 1990s based on
a tubular chassis. As a result of this experience, three prototypes were produced, which
arc stll m operation. IHowever, this model was not put mto production because of
concerns about after-sales service and also about the responsibility for auto parts, already

noted above.

In order to find a solution which would benefit users without compromising mechanical
requirements, a so-called "backbone’ frame was considered. This consists of one sigle
longitudinal tube in the centre of the vehicle, as we can see m Figure 56. However, the
engine and gearbox have o sit on the top of the frame, which means that this alternative
for the chassis would lead to even poorer package, significantly compromising the mternal

layout of the vehicle.
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involved, the design solution for the body structure must be able to provide a ighter
alternative, not only more compatible with the chassis, but also offering higher physical

interaction with 1t, forming one smgle integral structure.,

4.3.6 Suspension

Suspension based on mult-leal springs 1s attached to a ladder chassis as part of the same
platform. The system s currently adopted by the majority of the Brazilian urban buscs,
and contributes significantly to the problems related to the transmissibility of shock and
vibration. According to Costa Neto (2000), 1t 1s not possible for a scat design to
compensate for bad primary suspension design, and thus constitutes a highly demanding
and challenging problem to be addressed by rescarch and development i vehicle design.
[n simple terms, when automotive suspension deals with obstacles, the compressed spring
- as part of the suspension - starts moving, acquiring potential energy, and part of this
energy 1s transferred to the vehiele’s mass, even when the spring has returned to 1ts mitial
length. In this context, ‘1Longitudinal tyre forees act on the control of the vehicle,
particularly in acceleration and braking, whereas side forces are necessary m order to
achicve stability, rollover protection, and to obtamn the required directional control. This
means that variations of contact force because of road roughness tend to lower the
vehiele’s ability to be controlled. For this reason, suspension performance 1s usually
considered as a balance between ride, the extent of the dynamic movement of the
suspension (too much and the suspension will tend to hit the stops) and the amount of
dynamic vibration of tyre force (too much and the road holding will not be good on rough

roads).

The basic concept of stability 1s the capacity of a vehicle to mamntaimn all its wheels
contact with the ground at all tmes, under the influence of different forces acting on the
system as a whole. The unction of vehicle suspension s to absorb the unevenness of the
terrain, keeping the wheels i contact with the ground while sull providing an adequate
level of comfort to the users. However, 1t 1s unportant to bear m mund that the lower the

unsprung mass the casier it 1s for the suspension.

Perseguim (2005), who undertook an experiment to measure the frequency range of a

vehicle (a ight truck) when its shock absorbers were removed, and was able to report a
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vibration level approximately 30 tmes higher in comparison with the data gathered [rom
the same vehicle when equipped with shock absorbers. This explained the reason why,
during practical tests involving the evaluation by its users, they began (o [eel sick just a
couple of mmutes alter starting the tests m the vehicle without shock absorbers. The aim
of the shock absorbers then is to dissipate the energy accumulated in the suspension and
translerred to the vehiele’s mass, reducing as a result the movements generated by the

terrain’s uncvenness and/or obstacles.

Also, Perseguim (2005) states that the conversion from the clastic energy of a spring to the
kinctic encrgy of the vehiele’s mass also depends on the natural frequency of the system.
In a system with a lower natural [requency, the mass acquires less kinetic energy than the
system with a hugher natural [requency m the same time interval. In a system with a higher
natural frequency, the forces generated by spring deformation when crossing an obstacle
will be higher because 1t has a spring with higher stiffness. This confirms once again the
importance of keepimg the level of natural frequency of the system as low as possible. In
this case, a simple factor, suffness, ol a sunple suspension component (the spring) can
make a big difference m terms of final performance. The suffer the spring the lower the
absorption capability of the suspension and the higher the natural frequency, which
means that increasing the stiffness ol suspension springs would exacerbate the vibration

cffects and the level of comfort of the users would deteriorate.

On account of this, the balance between the suspension components and its variables 1s a
key factor, particularly when the suspension presents a higher level of demand, which 1s
truc 1 the casce of the vehiele type studied by this rescarch. The suspension here has very
high demands made on i, not only of the vehicle uself, the type of terrain covered and
the conditions of use, but most umportanty by the users' needs, taking mto account their
salety, wellare and comfort. The suspension ol the vehicle transporting sugar cane cutters
must imclude an option for paved road usage, and at the same tme the suspension should
be soft enough to deal with rough terramn. The soluttion must provide a higher level of
shock absorption, without maximising undesirable effects on the users, i particular those

generated by the lateral movements of the vehicle.

Therelore, three different types ol suspension have to be considered here: firstly, the rigid
axle suspension, because 1t 1s the most common type of suspension cquipping

commercial vehieles, including buses, today; secondly, independent suspension, because
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The absorption factor of a vehicle equipped with suspension based on rigid axle and
multi-leal springs can vary tremendously, depending on the position of the shock
absorbers = known m the literature as cither ‘outboard position” or ‘inboard position’
(externally or mternally to the multi-leal springs respectively). Studies conducted by
Perseguim (2005) confirm that shock absorbers positioned i outboard position present
an merecase of 88% m the vehicle’s absorption factor compared with a situation in which
they are positioned mboard. Fortunately, the vast majority of the analysed vehicles
ransporting sugar canc cutters m Brazil which were analysed have their shock absorbers

])osili()ncd outboard.

The advantages of a rigid axle suspension are that it requires fewer parts, is smaller, and
its construction 1s also sunpler il compared with an mdependent suspension, which means
that its mamtenance 1s conscquently sunpler and cheaper. Also, due to the smaller change
in terms of wheel alignment, there 1s less tyre wear. However, 1t provides a poor level of
ride comfort duce to a greater unsprung weight, and the effects from shock and vibration
arc higher because the movements of the wheel at one end of the axle affect the wheel at
the other end. Motwvated by its sunplicity, new advances based on classic mult-leal spring
suspension have allowed promiusing design solutions, such as a system constituted by a
transverse single leal made from polymer composites, as well the development of lower
control arms connecting the wheel and hubs. Nevertheless, this development is stll

limited to car design, rather than commercial vehicles.

Therefore, even though 1t presents a better ground clearance, for all the reasons
demonstrated above, m addition to a lugher CG and roll centre, a ngid axle suspension
cquipped with mult-leal elliptic springs 1s madequate for the transportation of sugar cane
cutters. This combiation, becausce it leads to vehiele dynamies problems, particularly
when operating in off-road conditions, would result in directly compromising the cutters’

safety, wellare and comfort.

4.3.6.2 Independent Suspension

The mventon of mdependent suspension (Sce Figure 62) marked an important
milestone for the automotve mdustry. In place of the traditional and much heavier

system based on nigid axles, independent suspension, allowed a much more suitable
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Among other benelits, the adoption of independent suspension also allows a decrease in
the weight of the suspension, allowimg the adoption of lower stillness in the springs and a
reduction m the forees mvolved i the relationship between wheels and tyres, and
improving the behaviour of the latter in operation, which means, again, more safety and
comlort. As stated by Olley (1931) quoted by Perseguim (2005), mdependent suspension
is a way to keep the vertical stiffness as low as possible without compromising the stability

and control of the vehicle.

However, despite all the advantages of independent suspension, its application is more
related to cars than commercial vehicles. According to Costa Neto (2006), the most
important lmiting [actor 1s 1ts cost, taking into account the fact that the use of a rigid axle
and mult-leal springs sull constitutes the cheapest way to absorb shocks, which reminds
us that i Amernican ight trucks or SUVs, with priority given to the [inal cost of the
product, mdependent suspension 1s used only in the [ront, keeping the rigid axle
arrangement i the rear. Iiven though there is much discussion around the adoption of
independent suspension for commercial vehicles, particularly due to new regulations for
disabled people (Iow floors, for mstance), rigid axle suspension for commercial vehicles

remains the common design choice.

The adoption of an mdependent suspension for buses would therefore be of great help in
achieving an acceptable level of comfort and stability. We can conclude that despite a
much higher cost i comparison with rigid axle suspension, mdependent suspension is

wholly appropriate for a vehicle to transport sugar cance workers.

4.3.6.3 Air Suspension

Anr suspension (see Figure 6.1) 1s currently the best solution available, if lower vertical
stiflness 1s required. More importantly, it can maintain a constant ride height and an
approximately constant frequency level under a variation of load m the vehicle, also
providing adjustable control of its height as needed. According to Stayner (2001), vehicles
cquipped with an air suspension system exhibit vertical motions with natural frequencies
lower than 111z which s very beneficial indeed for the users in terms of vibration
transnssibility. Another important advantage of air suspension is the fact that 1t can be
part of cither ngid axle suspension or independent suspension systems. As we can see in
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4.8.7 Tyres

The fact that the wheel as a locomotion solution struggles to deal with anything other than
a hard and smooth surface, having difficulty with, for example, soft soil, snow, mud,
swamp, sand and rocks, has opened the way for another remarkable imvention to take
place, constituting another milestone i the automotive industry: the tyre. It is
undoubtedly the unmiversal and standard clement of any land-based vehicle, and its
purposc is (o minimisc some of the limitations of the wheel, and also to deal with
dynamic problems in order to improve locomotion capacity as a result. Tyres represent
then, a lughly significant component m transportation, and their construction influcnces
considerably some important attributes of a vehicle, such as load capacity, steering, spring

cffect and noise suppression.

In simple terms, the pncumatie tyre is a flexible rubber device attached to the wheel,
which acts as an air spring, reducing the cffects of vibration and in addition mitigating the
uncomlortable noise caused by not only vibraton but also by the contact between the
wheels and the road. However, the current level of tyre technology is astonishing, certified
by thousands of patents ranging from chemical improvements in rubber and its
compounds to structural solutions combining its level of performance with a broad range
of applications. "This mecans that the level of rescarch and development related to the tyre
has been as significant as vehicle development itsell, even though the most important
achievements remain unpublished and are kept as an mdustrial secret by cach tyre
manufacturer. This makes any attempt to conduct more comprehensive rescarch in this

ficld a dilTicult task.

Because of this high level of development in tyre technology, much has been achieved in
terms of motion resistance reduction for commercial vehicles, but engine output,
however, 1s sull mainly used to overcome such resistance. According to Popov (2003),
about one third of the energy produced by the engine of a heavy goods vehicle 1s used to
overcome motion resistance, explaming why vertical tyre force is typically 200 times
higher than longitudinal force. Inevitably, this 1s directly linked with fuel consumption.
Annual expenditure on fuel for heavy goods vehicles i the United Kingdom was

approximately £ 1 billion m 1992/93.







ol physical integrity. As the adhesion capacity of current tyres has been inereased by
20096, according to French (1989), this has allowed the production of tyres with minimal
side wall stillness and wider tread/ground contact, improving adhesion, braking and

steering, which leads to an improvement in controllability and safety.

Despite their valnerability, tyres with thinner side walls are able to provide a higher level
ol deflection, and consequently extra shock and vibration absorption. The literature
review shows the importance of tyres for the vehicle’s comfort factor because the lower
the vertical sullness of the tyre the higher its capacity for shock absorption. However, the
same thinner side wall of a tyre that allows better adhesion and controllability is
vulnerable to impact and damage from cuts, which demands extra care. This is a problem
for the vehicles transporting sugar cance cutters in Brazil, which are maimly equipped with

thin-walled radial tyres.

Iven though the absorption of the eflects of an uneven surface provided by tyres in a
vertical direction s very umportant from the vibration point of view, it is lower than the
absorption provided by suspension, because the value of tyre vertical stiffness is usually 5
to 10 tmes hugher than the spring stiffness in a suspension. Nevertheless, because vertical
stiffness depends on tyre size and mflation pressure, this umplies that tyre pressure
mmproves ride, which confirms that controlling the deflection of the tyre according to
terramn conditions and operation would be highly beneficial to the off-road transportation
of the sugar canc cutters. Thus, as greater tyre deflection so obviously improves ride,

controlling the tyre pressure, and consequently the deflection, can make a big difference.

In response to this, so-called Central Tyre Inflation (CTT) could be adopted. This 1s a
concept based mamly on controlling the pressure of the tyres of a vehicle according to the
different weights and terrain conditions mvolved, assuming that there is a specific
appropriate tyre deflection for any load and speed. According to the manufacturers, for
high speed operations tyre dellections should be in the 159% range, whereas for low
speeds tyre deflections should be m the 30% range. As a decrcase m tyre vertical stiflness
accompanies a slight reduction m the predommant vibration of suspended mass, this
conscquently reduces the vibraton of the whole system. This means that a controlled
deflection of the tyre according to both terrain and operation conditions, must be

recommended for the vehicle which is the subject of this rescarch.
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The tyres equipping the vehicles transporting sugar cane cutters i Brazil have to deal with
Joose, soft soils. In this situation, rut formation may be the most significant obstacle, and
its magnitude depends on the morsture levels of the mud. Taking into consideration the
importance ol the control of tyre pressure, and consequently deflection, when dealing
with conditions like this, calculations from Maclaurin (2007), using a Quarter Car model,
show that the level of vibration aceeleration could drop from 1.1 tm/s? on paved roads to
0.98m/s? on unpaved roads and 0.76m/s? on mud (with speed limited to 20km/h). This
means that the simple adoption of a C1T system would provide a much better ride on

tracks, much less damage to unpaved roads, and a much better performance on soft soil.

Therclore, based on mformation presented above concerning tyres, it is clear that the
current radial tyres are mappropriate to equip the vehicles transporting sugar cance cutters.
Although these tyres” side walls are unquestionably thinner than the previous cross-ply
tyres, they are unable to provide the high level of deflection required to deal with different
soll strength profiles revealed by the field rescarch with the vehicles operating in off-road

conditions.

4.3.8 Steering Capacity

The field rescarch revealed mterest from some companies i being able to transport a
larger number of cutters m the same vehicle. Such a solution would end up saving both
cnergy and money, and would be more environmentally friendly. However, the
combination of the terram conditions and the layout of the corridors through the
plantations make this solution unfeasible. The imitations m terms of manocuvrability
imposcd by the conditions above limit the adoption of a vehicle longer than 12 or 13m,
which 1s the current Iength of a bus. According to the bus drivers, even the current 12m
long buses face difficulties m terms of manocuvrability when travelling through the
plantations, duc to the narrowness of the corridors (see Figure 69), particularly i arcas
occupied by mature plantation (hagh plants). As the sugar cane grows, it invades part of
the corndors, reducing their original width of 3.5m substantially. According to the drivers,
under such circumstances the combination of a steering limitation, in conjunction with the
size of the vehicle, compromise the driving and damage the vehicles, in particular the side

walls and external miurrors which mevitably, are hit by the plants.
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dealing with the terram conditions and types was used. A better vehicle, presenting a
petter performance i such a transportation context, would provide the company with
more cfficient use of tme. This rescarch has noted that currently the production of sugar
canc cut manually depends directly on how well the time of the cutters on the plantation
is managed. This 1s because the sugar cane companies comply with Iabour law related to
this activity, which imposes an 8-hour shift. This means that any reduction m travel tiume is
directly benelicial to the cutters, who will have more time flexibility when on plantation,

because they would be able to mcrease their income by producing more.

I.{ T'echnical Implications of Vibration

Chapter 3 analysed vibration, focusing on its health and comfort implications, stating that
shock and vibration absorption s once of the weaknesses of the vehicles transporting sugar
canc workers. It has been proven that this issue is very important to this transportation
onc 1 this context and 1s consequently a crucial element to be considered in the
achievement of the objective of this rescarch. For this reason, in this chapter, the technical
implications ol vibration arc analysed, based mainly on an analysis of the mechanical

parts of the vehicle presented carlier i this chapter.

The study of vibration i the automotve dustry mvolves two complex systems, that of
the vehicle and that of the users. The first 1s a complex dynamic system able to transform
asimple exceitement signal from different sources (terrain, ride, power train, wheels/tyres,
cte) mto other vibration signals, whereas the sccond 1s another complex physical system
which reacts very differently according to these vibrations generated by the vehicle. The
engine 1s usually one of the most important on-board sources of vibration, mainly because
ol 1ts reciprocating imbalance m cach of s cylinders caused by the fluctuating inertia
force associated with the mass of its rotating parts. Thus, according to Zamberlan (1988),
the Tughest effect of vibration on the user’s body, in particular the vertebral column,
occurs when 1t vibrates at its natural frequency, which 1s the case here. This might be the
rcason why 1n some situations when bus drivers work i public transportation longer than

the recommended number of hours, they may become stressed and aggressive.

This 15 thus one more reason why trucks and buses equipped with diesel engines
normally present higher levels of vibration m shorter exposure times when travelling over
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roads with poor surfaces, as we can sce in Table 10. In this table, trucks and buscs are
represented by the numbers b and 15 respectively whereas roads 1 and 3 present fairly

sood surfaces and roads 2 and | present poor surfaces.
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Table 10: Whole-body vibration according to vehicle and road types: Cars and vans (1-11); light bus (12):
double deck bus (13); ruck (11); single deck Bus (15) and passenger train (16).
Source: Michael Grifhin (1996) in accordance with ISO 2631

As we can see, lookig at a single decker bus similar to those used to transport cutters
travelling over roads with poor surfaces, the exposure limit is less than 1le hours. Fatigue
begms without registering any discomfort at all. As the cutters” journey may last for 2
hours, with 509% of 1t taking place mn off-road conditions, the data presented above

conlirms how sertous this 1ssuc 1s i this particular kind of transportation.

The challenge of designing a vehicle to transport cutters is to achieve an optimum speed
on rough terramn, minumusing the effects of the consequent acceleration on the users. As
Maclaurin (2000) states: “For most velucles, acceleraton level incrcases fairdy incarly with
speed on a given terrain up to the it that the suspension starts to contact the limnit

stops”.This means that the higher the speed, the worse the effects of acceleration. This
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Looking at a design strategy and approach to minimize vibration, as well as ensuring
petter ride and comfort, this rescarch shows that there is not unified approach shared by
p1‘<)lbssi<)11;ds responsible for suspension design and by those responsible Tor body design,
a situation which could significantly compromise the development of the vehicle as a
whole. While vehicle suspension designers are usually much more focused on
mechanical ssues, vehicle body designers are usually much more mterested m
crgonomics and usability. The former group thus believes that any suspension design
improvement will inevitably ensure a better ride and better user comfort as a
conscquence, which s not actually true. T suggest that any vehicle platform development,
in particular mvolving the chassis and suspension, should consider the nature of the
vehicle body and vice-versa, i comunction, of course, with the specifics of the transport
activity. However, the Brazihan market for buses 1s based on two distinet industries: truck
manufacturers supplymg the platform and bus manufacturers producing the bus body to
be mounted on this platform. It 1s clear that different results i terms of performance,
dynamic behaviour and most importantly the variation in terms of vibration cffects end up
depending on the combmation of a platform and a body produced independently by two

different manulacturers.

Therclore, based on mformaton about the vehicle during the ficld rescarch, and
particularly from the analysis of its mechanical parts, the whole platform of the current
vehicle transporting sugar cane workers 1s also evidently madequate for this transportation

purposc, particularly from the pomt of view of shock and vibration.

.5 Ield Rescarch

Although the transportation aumn of a vehicle such as an urban bus is to serve a
considerable number of people, unfortunately user experience and usability arce not a
priority. The views of the bus designers interviewed during the field rescarch sessions
conlirm that m the design of an urban bus i Brazil functionality comes first, [ocusing
morc on wssucs that are unportant to the transport company (buyer) rather then the
passengers (users). This reinforces a common problem faced by designers whenever they
arc mvolved mn a project in which the people who pay for the product are not the people
who usc 1t. For the buyer, in this case, some of the important aspects to be considered i
this vehicle are:
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e [ow acquisition cost
e Icasc of parts replacement
e Sunple mantenance

o Durability

As we can see, putting aside their importance, these priorities are related much more to
the function of the vehicle as a machine than as a means of transporting pcople. These
aspects mevitably end up matching some of those currently considered important to bus
manulacturers, such as case of production and low technology cost. The adoption of
these priorities as part of the concept and manulacturing structure and philosophy of the
company 1s acceptable as long as the result fulfils the needs of both the buyer and the
users. However, the sugar cane workers” prioritics, scem to be very different, listed below:

e Comlort

o Salcty

e Support on the plantation

A4.5.1 Vchicle Adaptatons

Lven though much has sull to be observed and undertaken in terms of technical
unprovements m agriculture, Regulation NR-31 is the latest and the most comprehensive
regulation concerning agricultural policy ever published in Brazil. As one of its elements
relates to the transportation of rural workers, 1t worthwhile (o note the most important
points, as follows:
e l'o provide permanent or mobile shelter for the workers i bad weather
e T'o provide permanent or mobile toilets (one toilet for every 10 worker)
e T'o provide a specilic compartiment for the tools, separate from the workers
e l'o provide enough structural resistance for the vehicle m case of rollover and
crash
e l'o provide communication between the driver and the workers
e T'o nunmmise the impact on the workers” health and safety when travelling over
rough terrain

e To provide foam scats with backrests, cquipped with scat belts
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As urban buses need many adaptations to comply with the requirements of the NR-31,

bus manufacturers in Brazil, and more recently specialized garages, have provided such

T'o transport all the workers scated

adaptations. The mam motivation is the potential market, which involves not only the

sugar canc industry, but also other agricultural industries such as coffee, orange and

forestry production. However, it 1s also important to state that such adaptations have also

to take mto account the bus manulacturing issued in 1993 by the Conselho Nacional de

Mectrologia, Normatizacao ¢ Qualidade Industrial (CONMIETRO). This specified a

number of measurements to be adopted, as follows:

Maximum vchicle length — 13,200mm

Maximum vehicle width — 2,600mm

Maximum vchicle height  3,500mm

Minimum approach and departure angle 8 degrees
Mmummum number of emergency windows — three
Minimmum aisle width - 650mm

Maximum number of people per m? - five

Minmnmum distance between the seats — 300mum

The Brazilian bus manufacturer Induscar-Caio was one of the first to provide some

modifications to urban buses for the transportation of sugar canc workers according (o

particular specilications. Currently, the company has adapted an urban bus for 60

pcople, with a compartment m the rear for long-handled tools, such as hoes, and a

compartiment for short-handled tools, such as machetes, positioned at the bottom and at

the sides of the vehicle. Some of the other modifications incorporated into buses for this

particular transportation purposc arc as follows:

A washable material on the mterior, such as aluminium on the floor and pancls

with a layer of plastic used as a covering ol the mtemal walls
A speaial box to accommodate all the S-litre drinking water containers of the

cutters

A drmking water tank with a 12-litre capacity and another one for non-drinking

water with a 200-litre capacity, used mainly for washing purposcs
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Nevertheless, despite the achievements by the regulation NR-31, according to Maturana
(2007) problems sull exist. Te states that agricultural companies are concerned about
complying with legislaion merely m order not to be fined or even sued not because they
wish to oller better working conditions to their cutters, saying that: “Zhcre is no concern (o
scrve the man. The concern is (o seive the mspection™ The point here is the fact that the
NR-31 doces not mention a specilic type of vehicle for this kind of transportation, but
rather an "adapted vehiele’s this does not necessarily have to be a bus, and has made
decisions about the vehicle’s adaptations quite challenging. Morcover, [or the Brazilian
traffic authoritics a vehicle for the transport of rural workers also has to comply with the
normal traflic legislation, muluplying the number of achievements to be met before the

vehicle can obtain a licence.

Because 9196 of the roads are under the junisdiction of the municipalities (local
governments), 8% under responsibility of the State Government and only 196 under the
responsibility of the Federal Government, this represents a problem in terms of vehicle
imspection. As the authority of the road patrol is limited to paved roads, this means that
the majority of the roads, unpaved roads in particular are outside their sphere of
authority. On account of thus, the transportation of sugar cane cutters on unpaved roads
or on plantations depends on local police who are often not prepared to carry out
mspections. As a result, 1t facilitates the use of vehicles which do not comply with the
regulation, and are even without authorization for the work, travelling on roads in

conditions far below the requirements.

Finally, Maturana (2007), notes the age of vehicles explaining that it has been quite
common for contractors to acquire sccond-hand urban buses that were already falling
apart, having come to the end of themr usceful Iife after working regularly as part of a public
transport company fleet. I this vehiele has been disposed of because it has accomplished
its maxunum working tume i the aty, it should neither to be allowed to undertake the
task of transporting sugar canc cutters, nor operate in ofl-road conditions. This is not only
because of the rigour and the particularitics of this transportation, but also because of the

rapid mechanical deterioration likely when operating i such conditions.
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necessary accessories to comply with the Taw, was conlirmed by 100% of the sugar canc

companics, from question number 26 of their survey (see Appendix 1.3).

Therefore, despite the undoubted progress of having toilets on board, considering that

there were none untl recently, an adapted Dixie-type toilet is inappropriate as a totlet for
the vehicles transporting sugar cane cutters. Iowever, as the NR-31 does not specify what
kind of toilet should be adopted, unfortunately any toilet would theoretically comply with

the regulation.

4.5.8 Scats on board

As the part of the bus mterior n direct contact with the users” bodies, scats work as a
fronticr between the movement, shock and vibration inputs and the users’ bodies. For this
rcason, scats constitute a very unportant clement in this transportation context. Thus, this
means that comfortable scats are directly associated not only with the charactenstics of the
human body, but also with the long-term effects of sitting, as they should aum to reduce
postural stress and optimize muscular efforts. This means that besides comfort, the health

and safety of the users are also affected by scat design.

When sitting, 65% ol body’s weight 1s supported by two very small bones (ischial
tubcerosities) measuring approximately tem? (2em? cach) and then distributed over
approximately 25em? of skin on the seat cushion, as we can see m Figure 7.5. This means
that a flatter scat surface rawses the pressure under the ischial tuberosities, but a contoured
surface distributes the pressure under the users” soft tussues better. However, the suflness
i this case 1s far more important. Peacock and Karwowiski (1993) state that a slight scat
cushion deflection better distributes the pressure under the soft tussues provided by a
[irmer surface, on which the users’ position can be changed. As a higher Ievel of
deflection as a result of a softer maternial on the scat cushion makes changing position
more dillicult, mercasing muscular effort to change to the new position, this means that a
scat cushion with a slight deflection 1s far more appropriate, not only for long journcys,

but particularly for any transportaton in off-road conditions.
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popul:lli()n ol sugar canc cutters, this solution should be taken seriously when establishing

design solutions.

Because of their extreme simplicity in terms of concept, material and production, the
average cost of a plastic moulded scat 1s only .£21, according to Barduco (2006), which
means .L£1,260 for a bus with 60 scats, or 5% of the bus body cost (£25,000). Towever, the
proportion of its weight in comparison with the vehiele’s weight is quite significant. ach
of these scats weighs 24kg, totalling 1, 110kg for a bus with 60 scats, or an astonishing 30%

of the total body weight of the bus, which 1s 1,700kg.

Therelore, despite the low cost and sumplicity, and also for the reasons presented above,
scats without a foam layer, such as the plastic vacuum-formed seats found durig the
obscrvations, are definitely not suitable for use m a vehicle transporting sugar cane cutters.
Furthermore, this kind of scat does not comply with the NR-31 Regulation, because this

specilies the use of foam scats.

The urban buses are not normally equipped with seat belts, and consequently none of the
analysed vehicles were equipped with them. However, the majority of serious mjuries and
[atalitics n accidents mvolving buses are duce to the non-use of scat belts, so the adoption
of such a restramt system would be an important necessity. According to Barrios (2005),
impacts with rigid interior parts of the buses followed by passengers’ projection or ¢jection
[rom the scats represent 86% of fatalities and 18% of serious mjury cases. Since 1999,
Article 167 of the Brazilian Traffic Code (Codigo de Transito Brasilewro - C'TB) requires
the use of seat belts by all users of buses and minibuses, but there 1s no such specification

for the transportation of sugar canc cutters mcluded m the NR-31.

Nevertheless, despite the fact that the scat belts have effected a substantial overall
reduction m injury, Mackay ct al. (1995), quoted by Happran-Snuth (2002), poits out
that even using seat belts the contact of the passenger’s head and [ace with objects
immediately in front of the passenger, such as back of the scat m front, 1s almost certam to
occur in collisions of about 50kmy/h. This confirms that the adoption of scat belts m the
current bus, with its traditional seat positions would substantially reduce the number of
fatalitics among the cutters, but also that there will be a risk of njury due to the imminent
projection of passengers’ bodices (o the scat in the front of them m an accident unless

another scating arrangement 1s considered.
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questionable. It has been thus confirmed that the majority of the adaptations are cither

inappropriate or wrong in the context of the vehicle transporting sugar cane cutlers.

The detaled consideration of the technical implications of vibration in this transportation
reveals that the cutters are subject to harmful vibraton frequencies, amplified by the
vehicles” movement, and constitutes the major reason for discomfort and motion sickness
among the cutters. This 1s mamly due to the pladorm of the vehicle which is inadequate
for this transportation purpose [rom the shock and vibration point of view, and cven
more nadequate when operating m off-road conditions. Thus, by comparing the data
gathered from the Iiterature with that from ficld rescarch, Iypothesis 3 has been upheld.
[Towever, 1t1s also important to state that, from the mechanical point of view, vibration

can be considerably mmumised but not completely eliminated.

In the next chapter Tanalyse the third parameter of this rescarch: the terrain.
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CHAPTER 5 - TERRAIN ANALYSIS

5.1 Introduction

The aun of this chapter is to understand the impact of the terrain and unpaved roads on

the transportation of sugar canc cutters.

This chapter focuses on the technical implications of the terrain and unpaved roads to the
locomotion process and to the vehicle dynamies influencing the vehicle and its users. As a
result, this chapter tests Hypothesis -1, which suggests that a better performing vehicle
oll-road conditions mcreases mobility, ensuring a better ride and a reduction in both

travel tmes and accidents.

Based on the opinion of the literature reviewed, combined with data from the field
rescarch, this study allows a better understanding of the technical unplications of soil
quality and road conditions. It also analyses the influence of climate and rain to the

unpaved roads and terram i this transportation context.

5.2 Terram

Taking mnto consideration the country’s vast dimensions, and the fact that 6 19 of the 8.6
million kin“of its arca is farmland, Brazil includes many different types of climate and
soils i which the mtensity of diversity varies according to regional differences. Sao Paulo
State, m the Southeast region, where the ficld rescarch took place, mamly consists of
platcaus and highland arcas, with several peaks over 2,000m. The soil consists
predominantly of argissolos and latossolos types (Brazilian nomenclature) or rodhic &
haphe acrisols and xandic, rodhic & haplic ferrasols (FAO nomenclature) representing

21% and 56% respectively.

As Brazil has been favoured with a good share of sun, soil and water, this has resulted in
rapid plant grouwth. For example, a pie tree m a Finmish forest takes 50 years before 1t
can be pulped and milled mto paper. A cucalyptus tree in Espirtto Santo State, located on
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the coast of Brazl, 1s ready m seven. Growers in Pernaumbuco State, in north-cast of
Brazil, harvest grapes twice a year, twice as often as their competitors in France (The
cconomist, 2007). Likewise, sugar cane has been also favoured by the Brazilian climate.
Such favourable weather 1s a significant advantage m an environmental context due to the
casc of managing agriculture during both scasons (harvest and non-harvest scasons) using
natural resources not only more cffectively, but also more wisely. In addition, there is a
government incentive for what s called “family culture”,; small farms run by [amilics

which have been adopting some new agricultural programme.

As approximately two-thirds of Brazil’s farmland constitutes of pasture, and occupicd by
about half a cow per hectare, this means that a significant part of the land is unproductive.
I ranchig were made more intensive, crops could expand into empty pasture, which
means that Brazil need not reduce its forests to expand its arable land. As we saw before,
the evolution of the sugar cane planted arca in Sao Paulo State in the previous five
decades has been based on the replacement of different crops by sugar cane and on the
usc ol unproductive pasture arcas. Morcover, according to the FAQO (2003), 5.1 million
ha arc taken up by sugar canc m Brazil, which represents 99 of the country’s planted arca
as a whole. Also, according to Beleboni (2006), sugar canc is not a threat to rainforests,
particularly because the soil and climate conditions for these are unsuitable for sugar

canc.

Lastly, putting aside the current international discussion about the umpact of the
production of bio-fuels on the environment and food production, as 1t 1s out of the scope
of this rescarch, 1t 1s evident that the sugar cane mdustry i Brazil has contributed
extensively to the ereation of millions of jobs, a reduction m vehicle enussion and 1n

pushing the mits of technology m this arca beyond boundaries.

5.3 Off-road Transportation

Unul 10,000 BC, the vast majority of the plancet was covered by ice, forest or desert - and
this 18 probably the recason why the invention of the wheel comeides with the agricultural
exploratory period of mankind and its particular need for transport. Curniously, the wheel

sull constitutes the most important element of locomotion on land. Towever, 1t sull docs

123

h*—ul




not have a good relattonship with rough terrain, snow, sand or mud. To minimisc the
limitations of the wheel, roads eventually became as important as the wheel ttself in the
Jocomotion process. Nevertheless, as wheel improvement had been relatively marginal
until the nineteenth century, this means that even in the context of current technology,
off-road transportation stll presents the same questions around the relationship between

wheels and roads raised m the [800s and 1900s.

In on-road transportation the vehicle can rely on developments and improvements in
strect or motorway technology, whereas m olf-road transportation the vehicle depends
entirely on 1ts own improvements (o progress, simply because in many cases there is no
proper road to be developed or improved. For this reason, in order to be able to achieve
adequate levels of performance m ofl-road conditions, some of the technical [eatures of
the vehicle have to be very different from street vehicles. As success in off-road
transportation relies on the vehiele’s capacity to deal with the terrain, the locomotion
clfccts m this process are directly connected with the combination of vehicle and terrain.
IHowever, paradoxically, even though 90% of the roads m the world are unpaved, the
proportion of rescarch and development i vehicle design and automotive technology is

overwhelmingly concentrated on on-road vehicles, rather than on off-road vehicles.

According to Bekker (1960), the ability of a medium (terrain, 1 this case) to support a
vehicle statically or mn motion, as well as providing thrust, can be assessed only by a
combination of relevant physical gecometrical values pertaining to both the terrain and the
vehiele. Put sunply, in any terrain there are conditions which allow the vehicle to utilise
the properties of the ground for propelling itself, which are directly dependent on vertical
forces (Iift), horizontal forces (thrust) and motion resistance. The problem is that when
designing arreraft or boats, operating in air and water respectively, it 1s possible to consider
air and water m the calculations, wherceas the surface roughness of the terrain or unpaved
roads present random profiles which can be predicted by an average of several different
measurcments but not calculated with precision. This means that the consideration of
terrain as a medium mvolved m transportation 1s not possible mn the same straightforward
way as 1 the design of an aireraft or a boat. This 1s particularly due to the diversity of soll
types and also the even greater diversity i terms of their physical composition,
multiplying the number of variables to be considered and making an accurate analysis

extremely difficult.
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On account of this, the 1deal situation for a vehicle i operation would be that the ground
presents cnough strength to support the vehicle’s weight without much motion resistance,
providing the required thrust for propulsion for the vehicle, resulting in locomotion.
[However, whist motion resistance exerts an influence on transportation, 1t is not as high

on paved roads as 1t 15 1 ofl-road conditions.

The particular problem is that different soil types require different designs to maximize
the vehiele’s performance. As an example, Machado et al. (1997) says that rescarch
undertaken i Africa and i the United States shows that a damaged unpaved road is able
to offer motion resistance varying from 90 to 180kg per tonne of gross weight ol a vehicle.
On the same road, once 1t has been graded with an extra layer of gravel, the level of
moton resistance of the same vehicle can be casily reduced to 30 to 15kg per tonne. The
adoption of alternative design criteria combining good vehicle performance on different
terramn, for different purposes i olf-road transportation, should therefore be one of the

most important issucs for rescarch in vehicle design.

Thercfore, the road and terramn conditions and performance in transportation are directly
connected with the motion resistance of the vehicle, which m its turn interferes with
vehicle speed. Also, such conditions are direetly connected with shock absorption and
vibration, which m 1ts turn mterferes with comfort, and as these arc also directly
connected with the dynamies of the vehicle, they end up compromising safety. As a result,
the better the road surface conditions the better the vehicle performance, and
conscquently, the better the road surface conditions the better the fuel consumption of
the vehicle. Thus, as 50% of the cutters” transportation takes place i off-road conditions,
these conditions constitute an unportant component, compromising not only motion

resistance, but also the cutters” safety and comfort.

5.3.1 Unpaved Roads

According to Allelor & MeNell (1989), the proportion of unpaved roads in developed
countrics i 1978 varied from 5% to 63%, whercas m developing countries the proportion
varted from 70% to 97% of the total network. The World Bank (1981) supported by
Viviani (1998), states that the total length of unpaved roads m developing countries was
approximately six million kilometres. Towever, as transportation demands roads, and
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Another important aspect to be considered here relates to the safety of the corridors
crossing the sugar plantations consisting of a single carriageway. It is often argued that
since single carriageways are mherently dangerous, wider roads should be built for safety
reasons, even with low tralfic levels. Tlowever, according to Ellis and Hine (199 1)
supported by Lebo & Schelling (2001), a vehicle at a speed of 10kim/h (the same speed of
a bus transporting sugar canc cutters) operating on unpaved roads with a single
carriageway and traffic of 10 vehicles per day has the possibility of 0.05 accidents/day.
Taking mto account the fact that the majority of the corridors on the plantation arc used
only for short periods during the year, and the low level of traffic (Irom 20 to 30 vehicles
per day), even i busiest times during the harvest scason, it would not be necessary (o
double the width of the current corridors. Nevertheless, it would be desirable to enlarge
the current width by 1m, offering more flexibility for manocuvre to the vehicles travelling

on the plantation.

Thercfore, considering the dunension of the sugar cane plantations, in association with its
necessary division mto smaller arcas, results i a requirement for a gigantic network of
unpaved roads surrounding such arcas. As this rescarch found at one of the 10 farms in
Teenocana where the field rescarch took place, there 1s a total of over 190km of unpaved
roads, which means that the imitations regarding unpaved roads presented above become
even more problematic and challenging. Part of the solution of course includes a vehicle
better capable ol dealing with off-road conditions, with consequently reduced travelling

tumes and fuel consumption.

5.3.2 Soil Compaction

In agriculture, there 1s a direct connection between soil compaction and transportation.
As this rescarch reveals, soil compaction s a serious issuce, particularly on plantation arcas
combining solt soil and rain, which characterises sugar cane plantations in Brazil during
spectfic pertods of the year. Thus, this constitutes another reason for the aum of reducing
the weight of the vehicle transporting cutters. Ironically, i this case the shorter part of the
Journcey (109%) i which the vehicle travels over plantation arcas or other rough terrain can
become the most demanding, not only for the vehicle and its performance, but also for

the cutters.
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e Lack of transversal convexity, allowing a rapid escape of the rain water to the side
gutters

e lLack ol side gutters

e Lack of water exits alongside the road in order to ofler an appropriate direction

for the water on both sides of the roads

The rescarch indicates that where the proportion of clay is higher than sand, the
conditions arc, as lollows:

e Inramy scasons, 1f the surface layers of an unpaved road is not robust enough to
cope with heavy trallic conditions, it becomes damaged, making the road
unpassable for traflic for some time

o In ramy scasons, if the quality of soil 1s weak and the drainage is sullicient, the
basc of the unpaved road gets damaged and 1t becomes necessary to add an extra
layer of better soil in order to reduce the damaging effects of tralfic, which,
mcidentally 1s not usually done as part of the maintenance

e In the dry scasons, excessive generation of dust was noted and confirmed by
footage recorded from a vehicle immediately behind a bus transporting the cutters

o Muany surlaces present a crocodile-skin appearance during the dry scason causing
vehicles to shake a lot and produce excessive dust, whereas in rainy scasons the
samc roads become smooth and shippery

e The accumulation of soil m the centre and at the sides of the unpaved roads
forming tracks due to the action of weight of the vehicles concentrated on its
wheels was also noted. In this case, a complete deliciency of drainage was also
obscrved, allowing the water to remain on parallel ditches on the road, normally

called “W” format, mstead of the water being guided out of the road

In regions where the opposite was noted, (e.g. a higher proportion of sand than clay), the
conditions arc as follows:
o Surfaces of the roads and/or corridors throughout the plantations showed an
excessive loss of granular material
e Durning the dry scason, the formation of a layer of fine sand on the surface was
noted due to traffic, generating unevenness and potholes as a result
e The more sandy the soil the more casily damaged the road surface, particularly

potholes and depressions caused by surface material disitegration
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Furthermore, as the majority of these unpaved roads are in bad condition, they become
even worse between October and December when the level of rain is high and coincides
with the end of the sugar cance harvest scason that usually occurs from April to December.
As this rescarch shows, this 1s the period in which the technical capabilities of the vehicles
arce really tested, facing all kinds of locomotion limitations. The ficld rescarch indicates
that flooding, combmed with natural road surface wear caused by tralfic, normally results
in big potholes on unpaved roads. This happens when the water s able to travel across
the surface layers without appropriate protection or drainage, and some kinds of clay soil
in arid arcas can form cracks on the surface due to the contraction caused in the dry
scason, making the formation ol potholes even casier. Gravelling the unpaved roads
would be a suitable and allordable solution, particularly because Brazil has abundance of
gravel that could casily be used for this purpose. However, the distance between the
source of the material and the working point on the road to be repaired needs to be
considered, taking into account the fact thatif this distance 1s longer than [0km 1t ccases
to be cconomically viable. Most unportantly, as gravel 1s a finite natural resource, this

option 1s not environmentally sound.

This rescarch found that the unpaved roads under the responsibility of municipality were
in a worsce condition than those belonging to the sugar cane companies. This suggests that
these companies have tried hard to keep ther roads m acceptable condition. However,
the size of the whole unpaved road network, combmed with the effects of traffic and
weather, make the mamtenance task very challenging indeed. This means that unpaved
roads, with different conditions and surfaces, conspire to mcrcasce the task of the vehicle
transporting sugar canc cutters from one place to another safely, quickly and comfortably.
The combination of these linitations and the difficulty of paving the unpaved roads on
plantations makes the mvestiment i a more appropriate and specific designed vehicle for
this transportation purposc not only a more cconomic option, but also a very sensible

one.

5.5 Conclusions

The analysis of the types of unpaved roads and terram mdicates that a vehicle more

capable of coping with these conditions 1s required. Despite the best mamtenance cflorts,




a single rainfall, combined with the traffic of heavy trucks, 1s enough to ruin the road
surlaces, becoming i some cases unpassable. The combination of rain with the softness
of the terram on the plantation during the planting scason results in the vehicles getting

stuck 1 the mud casily.

It was [ound that m order to be able to achieve satislactory performance levels, the vehicle
must have some technical features appropriate to the task. The level of motion resistance
of the vehicle travelling over unpaved roads can be reduced by 3 to ' times, comparing a
road without mamtenance to a graveled road. However, the literature shows that constant
maintenance of unpaved roads 1s not cconomically viable. Morcover, the field rescarch
pointed out that the unpaved roads and terram conditions are not favourable for the type
ol vehicle currently mn use, mercasing the accidents exponentially. Therefore, Hypothesis

1 1s confirmed.

In the next chapter, I compare the costs of other transportation alternatives as the last step
to confirm whether or not a bus-type vehicle is the best alternative for the transportation

ol sugar canc cutlers.




CHAPTER 6 - ECONOMIC ANALYSIS

6.1 Introduction

The aim of this chapter is to analyse the costs of other transport alternatives m relation to
the problem of the sugar cance cutters’ commuting in comparison with the current

solution.

This chapter tests Hypothesis b, which suggests that, land transportation using a bus-type
vchicle remam the only viable option that should be explored for this matter. Like the
user, vehicle and terram analysis, the economic analysis was also based on data gathered

{rom the field rescarch.

Several alternatives were considered m this analysis, from the suggestion of paving the
roads to the construction of a railway network to the adoption of an aircraft. The
comparative analysis, based on productivity, demonstrates what would be the best

solution from the cconomic pomt of view.

6.2 Mcthods

This study considers not only the start-up ivestment and the operational cost of cach
option, but also the impact of such mvestments amortised over 10 years. In order to
provide a more accurate and comprehensive result, data relating to the transportation of
sugar cance cutters as well as sugar cane 1s considered. Morcover, the current system for
the transportation ol sugar canc cutters using urban buses has been adopted as a
reference to be compared to the other alternatives, which imclude:

e A new paved road mfrastructure to be used by the existing fleet

e A new rallway mfrastructure, including tramns

e An acnal alternatve using high load capacity helicopters
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optimizing the start-up mvestments and their consequent amortizing costs. For this
reason, this study considers not only the costs of transporting the cutters, but also the

sugar canc 1tsell,

The transportation cost 1s analysed m the light of literature relating concepts based on
traditonal micro-cconomic theory. Thus, transportation costs are considered as similar to
any other consumer goods production costs. This analogy is acceptable up to a point. In
companics that produce consumer goods, [or example, it is possible to plan production
observing only average demand. In this case, the manulacturing process can be constant,
so that when supply 1s higher than demand the goods are put in stock, and are delivered
when the opposite 1s true. However, mn the case of services, this approach fails, duc to the
impossibility of putting services m stock, generating as a result an under-usage of
cquipment and/or mstallations 1 peak periods when the company tries to match supply
to demand. The use of any road mfrastructure, including unpaved ones, as a scrvice
anywhere around the world, , faces exactly the same problem, remaining one of the
biggest challenges for international [inancial institutions such as the World Bank and
governments, particularly the municipalties involved with road maintenance and

construction.

When a particular company 1s responsible for the implementation, maintenance and
conscrvation of the roads, which is the case with many sugar cance companics, 1t 1s
recommended that at least three variables be considered, as {ollows:

o The distance travelled by the flect

e T'he operation tme of the fleet

e T'he length of the road

Thus, this part of the study adopts concepts and calculation guidance from Kawamoto
(1993), who uses ‘lunction production’ as a base for cost determination i transportation,
mcluding rail transport. According to this method, a unit reflects the quantity or amount
transported as well as the distance and also mcludes aspects related to vehicles, roads and
termunals. The cost of rallway implementation, i particular, depends basically on
topography and project speed, considering cach type of surface condition translated mto

costs per kilometre, materials, quality of soil and so on.
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In order to keep the same level of accuracy for the railway analysis, Queiroz (2006) and
Barbicri (2006) were consulted, and through their expertise it was possible to identify the
suitable alternative for this particular case. Thus, having looked at the problem [rom a
Brazilian point of view, the construction ol a wider gauge (1.6m) railway has been
considered for analysis. It would cross the maimn plantation arcas as directly as possible,
with the position of the rails m accordance with standard railway design requirements.
Iowever, it 1s umportant to address the fact that in terms of payment in instalments
(amortising), it would not be possible to imagine the use of the railway by anyone other
than rural workers, sumply because there are scarcely any people living on sugar cance
plantations in Brazil at the moment. The majority are currently living in towns

surrounding the plantations.

Another alternative for moving cutters from their homes to the plantations considered in

this analysis 1s by air, using a Chinook helicopter, which has a capacity of 15 scats.

While the cost of cach alternative is presented m percentage terms in relation to the daily
production of sugar canc on the reference farm (345 tonnes x.L11.12/ton

L£3,83 1.68/day), for the amortsing of the start-up mvestments the lifespan of cach
alternative 1s considered nstead. Thus, as underlined by Salgado (20006), a calculation
amortising the start-up costs for over ten years was undertaken, as we can sce in Table 21,
and 1t 1s based on the Equivalent Annual Cost (KAC) method (Samancez, 2001), which 1s
the cost per year of owning and operating an assct over its entire lifespan. This is
particularly appropriate when comparing investiments of uncqual lifespans, which 1s the
casc ol the comparison here, considering the expected lifespan of cach option (80% for
buses, H0% for paved roads and railways and 70% for helicopters). Also, two different
Brazilian annual mterest rates were used in this case, due to the considerable difference
between them: the Brazilian Economical and Social National Development Bank

(BNDLS) with an annual rate of 7%, and the treasury bonds (T11) with a rate of 13%.

0.3 Comparative Cost Analysis of Alternative Solutions

With a view to catching up with more developed countries, some decades ago the

Brazihan government decided to invest massively in road construction. For this reason
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road transportation became by far the most common mode of transportation, as opposcd
(o rail and shipping. Iowever, as this unfortunately led to high transportation costs, some
questions have been raised since this rescarch began. Instead of urban buses, why not
simply pave the unpaved road network on the plantation, or why not build a new railway
throughout the sugar field, or even why not adopt an acrial solution, making this
transportation problem completely redundant® "This chapter has been written in order to

answer these questions.

The first stage of this analysis involves travel distances and travel times, and took place
during the same sessions of field rescarch used for the previous analysis involving the

cutters, the vehicle and the terram. The results are presented below as follows:

Journey 1 = Bela Vista plantation arca:

e Picking the cutters up mn town  9km (25 minutes) 18%
e  On paved roads 32k (35 minutes) 63%

e  On unpaved roads  8km (20 mimutes) 16%

e  On plantation corridors — 2km (5 minutes) 1%

Total  Slkim (85minutes)

Journey 2 - Limociro plantation arca:

e Picking the cutters up m town  9km (25 miutes) 1 19%
e On paved roads 32k (35 mimutes) 50%

e  On unpaved roads 10k (25 mmutes) 16%

o On plantation corndors — [3km (15 minutes) 20%

Total  6lkm (100minutes)

The second stage mcludes all necessary mformation for the caleulauons, imcluding also
the resources (assets) to operate m the analysed farm, as follows:

e Farm arca: 1,793.10ha

e Daly sugar canc production: 3:15 tonnes

e Sugar canc cutters: 450

e Drivers, machine operators and supporters: 176

o Adapted urban buses for sugar cance cutters' transportation: 10

e  Minibus for drivers', machine operators' and supporters' transportation: |




o Ilcavy duty trucks: 10

e Paved roads: 8.3k

e [npaved roads: 79.6kim

e Cornidors: 112.1km

e [Unpaved roads + corndors through plantations: 191.7km
o lIravel distance (average): 52.3km

e Iravel ime (average): 85 minutes

The third stage 1s based on data presented above, caleulating the current cost of
transporting the cutters from thewr home to the plantation using the current adapted urban
buscs, as lollows:

10 buses with capacity for 15 to 60 people  .£150,000 (start-up)

The operational and mamtenance cost 1s £0.33/ton of sugar cane, which means:

315 tonnes/day x.L£0.33  .L113.85/day or £35,521.20/ycar

10-1.6km (return trip) x 10 buses — 1,0-16kim/day

L113.85+ 1,016k L0.11/kim

The cost ol transporung the sugar cance itself from the plantation to the mull using heavy-
duty trucks (tractor + 3 semi-trailers) 1s calculated as follow:

10 trucks with capacity for 15 tonnes .£2,500,000 (start-up)

The operational and mamtenance cost 1s .£0.81/ton of sugar cane, which means:

315 tonnes/day x.L0.81 - .£280.31/day or .£87,156.72/ycar

805, ki (return trip) x 10 trucks 8,05 tkim/day

L£280.31 = 8,051 L£0.03/km.

6.3.1 Paved Road System

To begin with, i order to obtain accurate road cost calculations, with reference to the
Brazihan situation, Macedo (2000), was consulted, and with his support and advice 1t was
possible to determine the most appropriate kind of paved road with the minimum cost.
Taking mto account the conditions of the terrain and the activity, serving not only cutters

but also sugar canc transportation, a compacted lower layer is proposed, followed by
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300mm ol stable soil with rocks, 25mm ol asphalt, superficial treatiment plus [inishing,

costing £100,000/km (start-up) with a maintenance cost approximately 1% per year.

6.3.1.1 Journcy A

With reference to the map presented carlier, 79.6km of unpaved road around the
plantation arcas would need to be paved. This mecans a total start-up cost of £10,910,000
(79.6km of paved road (£7,960,000) + 10 buses (£1450,000) + 10 trucks (£2,500,000). In
addition, the total operational and maintenance cost of £202,577.92/ycar or £619.29/day
(road mamtenance cost (£79,600) + operational and maintenance cost of buses
(£35,521.20) + operational and maintenance cost of trucks (£87,156.792), calculations

include six days/week, or 312 days/ycar).

6.3.1.2 Journcy B

Taking mto account i this case not only pave the main unpaved roads around the
plantation arcas (the green lines on the map), but also all the corndors through them (grey
lines on the map), 191.7kim of paved road would be necessary. As we can see in Table
20, this means a total start-up cost of .£20,120,000 (191.7km of pavement (£19,170,000) +
10 buses (£150,000) + 10 trucks (£2,500,000). In addition, the total operational and
maintenance cost of L31 1,677.92/ycar or £1,008.58/day (road maintenance cost
(L191,700) + operatonal and mamtenance cost of buses (£35,521.20) + operational and
mamtenance cost of trucks (£87, 156.72). Calculations also mclude six days/week, or 312

days/year.

6.3.2 Railway System

Rail transport has been used for many years on sugar canc plantations in Australia (sce
Iigurce 96), where, according to James & Ruhle (2006) 36 million tonnes (95%) of the

sugar cane harvested m 1999 was transported by rail, with over 1,300k of track. Putung
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5% lor 159 ol the whole plantation arca used for roads. Considering the current
plantation arca of 1,793ha from the farm adopted as a reference here, it means an
approximate reduction of 179ha mn its plantation arca, and consequently:

e 3l tonnes ol sugar canc less m its daily production (5,712 tonnes per year) or,

o L108 less per day (L68,544 per year ) injust one single farm

Building a new railway would cost also 26% of the daily production, but this solution
would not offer the necessary level of flexibility, as it is unable to reach all parts of the
plantation. This mecans that 1f a railway system were adopted as a solution for
transportation on sugar canc plantations, it would still be necessary to keep part of the
current fleet of trucks and buses m operation in order to move the cutters and sugar cane
from different parts ol the ficld to the termunals. For this reason, it would be necessary to

include the extra cost for this additional activity.,

The adoption of an aircraft (the Chinook helicopter, in this case) would be completely
out of question. Iiven though 1t would be a much more up-to-date way to tackle the
problem, 1t would cost 120 times more to transport the cutters and 360 times more to

(ransport sugar canc.

Lastly, if'a more accurate and comprehensive cconomic analysis is required, and if there
1s a prototype to be tested, the PABAC computer program, developed by Crossley
(1987), could be used. This program can processes motion resistance factors, gradient
resistance and wheel loads, enabling the generation of cost outcomes in conjunction with
vehicle performance. Because the variables considered in this chapter have been
formulated to the way mn which they may be used according to the PABAC procedure, it

will thus be a suttable program for this context.

0.1 Other Transportation Costs

Shifting the focus of the rescarch from the technical and social to a business context,
accordimg to Zanctti, 2001 supported by Idea News (200-1), from 62 to 65% of the costs in
the sugar and cthanol mdusty are related to its agricultural aspect, meaning that after the

quality of soil, and the ramy scason, transportation represents the remainder of those










This rescarch confirms therefore that despite all the limitations, the current solution
(adapted urban buses), remains by far the cheapest option for sugar cane cutters'
transportation, costing 19 (on average) of the daily production cost of the company. As a
result, despite the fact that the current buses are inappropriate for this purpose, the
development ol a new concept based on a bus-type vehicle structure appropriately and
specifically designed for the transportation of sugar cance workers 1s a sensible, viable and

afTordable solution.

6.5 Conclusions

The comparatve cost analysis of other alternatives (o solve the rescarch problem reveals
that all of them present serious limitations. The analysis shows that neither paving the
roads, nor constructing a rallway system, nor using helicopters is the most suitable and

cconomical solution.

The field rescarch reveals that the transportation of cutters represents 329 of the total
transportation costs of a sugar canc company. As a result, this might be the reason why
many transport companices arc olfering a transport service for cutters, spotting a good
busiess opportunity. Thus, it has been confirmed that any improvement in these
transportation conditions 1s also cconomically beneficial to the sugar cance companics as

well to the bus mdustry.

The significance of this 1ssuc 1s argued by the following examples:

e A single farm of sugar cance demands on average 1.3 million m? of asphalt. If we
consider that the sugar cane company mvolved m this study has over 10 farms, if
cach company decaide to pave the entire road network i all of 1ts farms, would be
nccessary to mvest around .£900 mullion cach.

e Iven though the mvestiment reaches a pomt where 1t would be feasible, paving the
unpaved roads would be solving the problem only partially, as the vehicle would

still madequate to the demand.
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e The unsuitability of a new railway system is mainly because it would be necessary
to keep the current road mfrastructure and fleet to compensate the lack of
flexibility of this alternative in terms of mobility.

e Costing 120 times more than the current investment, the cost of adopting a cargo

helicopter 1s out of question i this casc.

Thercfore, by comparing the data gathered from the comparative cost analysis and the

data from the field rescarch, Hypothesis 5 is supported.

In the next chapter I present design solutions [or a more appropriate vehicle to transport

sugar canc cutters.




CHAPTER 7 - VEHICLE DESIGN

7.1 Introduction

According to Camara ct al. (2001), a vehicle constitutes a systems with one of the most
significant numbers of social factors. In this context, this chapter aims to present design
solutions for a vehicle to transport sugar cance cutters safely, healthily and comfortably, at a

reasonable cost.

These solutions are provided i the light of ergonomic issues involved in vehicle design
technology, particularly for bus manufacture. Furthermore, Iypotheses 6 and 7 arce tested
through a combination of up-to-date technology and existing off-the-shelf components
and parts, produced ongmally for different purposes but suitable for achieving the
necessary level of usability. Hypothesis 6 suggests that a holistic analysis is needed,
mvolving all stakcholders, but with a particular focus on uscrs’ needs, whereas Hypothesis
7 suggests that a more appropriate vehicle designed for this purpose will improve not only

the conditions of the workers’ everyday life, but also productivity in sugar canc mdustry.

To achieve this, the chapter starts by outlining important issues relating to ergonomics,
matenals and production processes. As the cutters’ vehicle operates as a source of
transportation, as well as a mobile facility centre, the establishment of design solutions are
based on princples of usability. Following the same structure as the vehicle analysis field
rescarch, this chapter presents the design solutions firstly from the point of view of the
parts and systems of the vehiele’s platform, and secondly from the pomt of view of the
parts and systems of its body. The result is a vehiele which fulfils the mital objectives of
this rescarch while at the same tune proposing a new design language for agricultural

vehicles.
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7.2 Vehicle Design Analysis

Successlul vehicle design has much to do with imposcd constramts and the achievement
ol optimum compromises where necessary. At present, in a more competitive arena than
ever before, vehicle manufacturers are striving to produce better designed and more
rcliable vehicles by focusing not only on the technology, but also on designs based on user
experience. For instance, the vehicle under discussion should be considered as something
much more than a mere means ol transportation, and as part of the users’ everyday life.
ITowever, agricultural and mdustrial vehicles generally are stll considered primarily as
tools. According to Tovey (1992), quoted by Happian-Smith (2002), even today
traditional procedures adopted by many manulacturers i the development of new
commercial vehicles are sull sequential, and may be described as examples of an ‘outside-
in’” design, with development moving from the exterior to the mterior of the vehicle. This

is definitely the case for the vehicles transporting sugar cane workers.

For this reason, this project was based on ‘inside-out’ design, in which the cellular concept
of development moves from the mterior to the exterior, focusing, in this case, on user
needs mside the vehicle. Through this approach, the definition of the volume of the
vehiele’s mtertor and 1its layout was based on variables such as users’ body dunensions
(anthropometrics), age, posturces, space required for possessions, interaction with the

vehiele and mterpersonal behaviour.

Despite the importance of the mterior design of this vehicle that communicates so
mtimately with the users mside, the exterior, through its developed design language,
communicates and mteracts with the outside world. The question here is: what 1s the
general design language of the cutters’ vehiele? Or even further, what 1s the design
language of agricultural vehieles generally? Unlike car design, which has changed
throughout history, with consequent design 1ssucs around brand and identity, agricultural
vehicles, have not developed i the same way. Vehicles transporting cutters have
tracdiionally always been based on adaptations, and the basic structure of most agricultural
vehicles has remained unchanged since thewr carly stages. In the same way that 1t 1s
accepted mn engineering that the relationship between the form, weight and size of a
vehicle 1s direetly connected with its performance, and m design the same relationship is
dircetly connected with its design language, T argue that for both types of vehicle there has
been no opportunity to develop a specilic design language, answering the question raised
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above. Thus, this project is also an opportunity to introduce an example of what may be
the beginning of a design language for agricultural vehicles following on from actual

;lgri(‘,ulllu‘:ll transportation nceds.

7.9.1 Mcthods

In design, the combimation of cither unidentfied or identified needs and cither undefined
or delined solutions can help the choice of appropriate rescarch approach (either
qualitative or quantitative), according to cach particular situation. Based on data
previously presented in Chapters 2 to 6, it is possible for this rescarch to unpack
important points contributing to the establishment of suitable vehicle design solutions. In

order to do so, a method 1s needed.

In design, process and method are discussed as interchangeable. 1Towever, even though
they co-exast, they are different. As the word ‘process’ means movement, it 1s therelore
related to a sequence of actvities when designing, whereas a method concerns the
systematic way of carrying out these activities. This means that a design method 1s within
the design process, adopted consciously or unconsciously as a tool by the designer. There
arc a large number of published design models, and the majority of them are based on a
more straghtforward structure, when the pioncers wanted to break with an unimaginative
and static technical society, and combine exploration and collaboration. On account of

this, design process generally was divided mto four basic phases:

o [Feasibility
e Prehmimary design
e Dectaled design

e Planning

As the users constitute an essential part of this mvestigation, 1t 1s unportant to refer to
some author who's the design work and approach has been profoundly relating to user
nceds. Dreyfuss (1955, was responsible for a method focused on the user in product
design and transportation design. In his ‘Designing for People’, it 1s possible to sce clearly
the influence and exploration of ergonomics i his design. The industrial designer Jay
Doblin, professor at the Illinois Institute of Technology (II'T) 1 Chicago who worked for
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Raymond Locwy [rom 1912 to 1955, was once of the strongest supporters of specialization
in design, and his methods mvolved critical and at the same time synthetic skills,
delending principles which have sumilarities in relation to my rescarch approach, as

follows:

e Investigation of human circumstances to draw out impressions
e Involvement by both client and end-user in the design process

e Articulation of the multiple disciplines explored by design

Although these principles were well established and widely acknowledged, it is also
important to note the later development of the approach. However, as in the examples
above the user-centered approach was mcorporated to the basic four stages structure
presented above, other authors started question this. For example, Herbert Simon (1969),
professor at the Carnegie Mellon University, established the foundations for ‘a science of
design’. In hus work “The Sciences of the Artficial’, he proposes the use of scientific
mecthods for man-made products, ecmphasising the combination of behavioural
obscrvation, making and uscr-experience mn order to mclude the users i the process.
IHowever, i 1970s 1t sull was not the case as the design writer Christopher Jones
advocated ergonomics and user-centered issues was not part ol design and engineering

practices at the tune.

The pomt s that despite the fact that all the approach discussed above have been used
resulting i many examples of successful products m design history, even the use of
crgonomic approach was related more to physical and measurable aspects than
behavioural ones. Although [unctionality 1s a crucial 1ssue m this project, m this case it 1s
necessary to break the legal, social, technical and commercial aspects down mto
managcable parts in order to exccute 1. The format of this mvestigation therefore should
be based on end-users without neglecting the buyer, for mmstance. On account of this, like
the method proposed by Julius Lengert (Biirdek, 1991), the design method of my
rescarch could be defined as ‘man-machine system designing’, which auns to achieve
mternal compatbility between the human and machme clements and the external

compatibility between the system and the environment m which 1t operates.

At present there 1s an ongoing debate about rescarch i design, and the design writer

Nigel Cross has recently discussed methods not only for design practice, but also for




design rescarch. Tis view 1s that the discussions of the 1960s regarding design methods is
a path towards the mtegration of rational methods to design, defending, the view,
however, that design 1s not a science, but is an arca that is scarching for mrcllectial

mdependence.

In the context of putting together design and production in the automotive industry,
according to Leancy (1995), quoted by Happian-Smith (2002), in Europe and in the US
there has been a shift from product development practices to integrated systems
engineermg. Due to the high requirement for flexibility, the bus industry in Brazil is
mostly based on Integrated Product Process Development (the IPPD model), which
integrates all the essential activities, through the use of multidisciplinary teams, to
optimize the design and manufacturing processes. According to appian-Smith (2002),
some ol the key factors of this model are:

e Customer focus

e Concurrent development of processes and products

e  Maximuzation of the flexible optimization process in manufacturing, including the

suppliers

However, the same advantage of the IPPD model - its flexible manufacturing method
based on 1ts ability to cope with changes in products and in production volumes - in the
casc of bus development paradoxically turns into a disadvantage when the power and
mflucence of the buyer on this {lexibility ends up bemg detrimental to the needs of the
other sectors mvolved. This has also happened with design models i which their
structure mdicates a consideration of the user and the client, but not necessary an

mteraction.

IFor this reason, a specific design model 1s being proposed here, and 1t s termed BLUM -
Buyer, Legislator, User and Manulacturer. As we can sce 1 Figure 98, the main vertical
axis of this model 1s constituted by the key elements of the given design process,
strategically mtersected by horizontal axes representing the strategic communication
between the other clements with the main vertical axas. In this model, the analysis of the
design problem therefore focuses on the system mstead of focusing on the object or
product; the user and the buyer are not studied as mdependent factors but as an interface.
However, fullilling the needs of the users and the expectations of the buyers 1s not enough

il the legislation does not allow the implementation of the project, or if the manufacturer
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evaluation, the latter will allow a full evaluation of all aspects analysed in this investigation
- vibration mn particular - as the rehability of this method would depend on the vehicle’s

performance as a whole.

7.3 Design Brieling

Taking mnto account the fact that this rescarch mvolves knowledge from different ficlds,
extra care was taken when processing the data i order to build up a solid base for the
bricfing and consequently for the design solutions. Although the current adapted urban
buses do not fully serve the needs of the cutters, it remains the best option compared with
all the other analysed vehicles. For this reason the urban bus concept is considered as a
reference pomt, with the amm of improving its well-established strengths and minimising its

weaknesses. The design briefing 1s therefore divided imto three parts, as presented below:

7.3.1 Ergonomic Aspects

e As amobile facility centre, the vehiele must enhance the support offered to the
uscrs on the plantation

e It must take mto account the cutters” everyday life, on board as well as on the
plantation

e It must provide a homely feeling as much as possible

e [t must improve the level of comfort, safety and satisfaction for the users

o [t must facilitate socialization among users on board

e Its mtenor must be based on a Iiving room-like layout

e It must provide two toilets (imale and [emale)

e It must maimntamn both natural and artificial ighting, as well as a noise level in
accordance with the limits addressed by specific standards

e It must provide a wider glazed arca

o [t must be equipped with awning(s)

e It must offer accommodation for the users’ belongings

e It must be able to mimimusc the harmful effects of shock and vibration
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3.

As onc of the most important parts of this vehicle, its seats must be designed as a
mult-functional system rather than as a mere component

Using and interacting with the vehicle must be casy to learn

Its mterior and its emergency exits must be casily accessed by the users

[t must have specific compartments for tools and tanks for drinking and non-
drinking water

It must be casy to clean

[t must be able to provide a sufficient number of tables and chairs (o

accommodate the whole group of users

T'echnical Aspects

[t must comply with the NR-31, NR-17 and CONMETRO standards

[t must be able to be operated m both on- and ofl-road conditions, dealing with all
kinds of terrain as part of its transportation context

When travelling off-road it must provide a satsfactory performance without,
however, causing damage to the unpaved roads or to plantation soils

Its body structure and chassis must be formed by one single integrated unit

[t must be able to umprove its own manocuvring capacity

It must offer good controllability m both on-road and off-road situations

Its weight must not superior to 13 tonnes

It must adopt not only ofl-the-shelf components as much as possible, but also
ready-made parts from different industries

As well as being appropriate for the sugar cane cutters, 1t must be suitable for use
by different categories of rural workers, and be able to offer a vehiele with
different capacities

Its parts must be casy to replace
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7.3.3 conomic Aspects

o Its fmal price must be compatible with the price of a current urban bus plus 209
extra for adaptations.

e It must have a competitive cost when taking in consideration all items above
requested.

e It must have a life-cycle of 10 years (minimum) for technical reasons.

7.1 Krgonomics

The mportance of ergonomics to this rescarch, is to offer the possibility of providing a
preventative approach to the design solutions instead of a more complex and difficult
corrective one. This means that solutions can be established from the beginning without
the mevitable clumsy adaptations adopted i existing products, which constitute the main
current problems of the adapted vehicles for sugar cane cutters. However, the
preventative approach m ergonomics usually demands a higher level of knowledge, not
only because 1t ends up mvolving an interdisciplinary approach, but also because some of
the solutions tend to be new. This justifies the reason why this rescarch has been as

comprchensive as possible i all arcas of its data-gathering.

The ergonomic model 1s as important as the ergonomic approach. Traditionally, there

arc (wo types of ergonomic models, normative and descriptive. In the normative model 1t
15 assumed that there 1s a normal behaviour pattern involved, which works perfectly
according to standardized parameters. This means that 1t 1s established determinstically,
presuming that the effects can be predicted and then modelled. In contrast, the
descriptive model considers changes i behaviour due to varations of variables which are
olten used for simulation, representing actual behaviour conditions. Thus, considering the
charactenstics of the transportation of sugar cane cutters, the desceriptive model 1s
obviously the most suitable. As the behaviour of the sugar cane cutters 1s not based on
lincar and predictable human behaviour response, the adoption of a normative model

would be a mustake mn this case.
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[Lowever, as the normative model 1s more deterministic, and consequently more
straightforward to work with, the vast majority of the new generation of human-machine
interface soltware has been based on a normative model. COMBIMAN, CSERIAC,
CAR and SAMMILS are examples. Despite the unquestionable advantages in this ficld,
determining some of the characternstics involved and allowing an interaction with other
CAD/CAM platlorms, they fal to predict the dynamic aspects of anthropometry and
biomechanies. In addition, the effects of stress, [atigue and environment are sull not
adequately quantified, and henee not able to be modelled. This position is also stated by
Krocmer (1993), supported by Peacock & Karwowski (1993). For this reason, instead of
computer-arded design procedures, the ergonomic analysis here relies more on data
gathered Irom observations. The cthnography and user-experience studies provide
dynamic gecometry, whereas the anthropometric data from the occupational group

mvolved, and already available, provides static gcometry.

7.4.1 Salcty

The potentially harmful and risky mterface between the users and the vehicle during a
crash has been another big challenge for design, ergonomics and engineering. This 1s
mainly because of the mitations of the human body when submitted to rapid
deceleration lasting in many cases onc tenth of a sccond. Thus, among other measures,
the adoption of crumple zones to dissipate energy while mamtaining the structural
mtegrity of the passenger compartment constitutes an important factor to be considered

vehiele design from the safety perspective.

Lxisting safety approaches fall mto two general categories: active and passive. An active
system, such as brakes and traction control, act directly to prevent an accident taking
place, and most of them do not depend on the action of the user; a passive system, on the
other hand, such as air bags and scat belts, has the [unction of mantaming the physical
mtegraty of the occupants, providing protection, m some cases, without any action on the
part of the users. The United States has one of the hughest levels of non-use of active
vehicle safety systems in the world, and efforts to encourage the use of such systems have
been mellective. In Brazil, however, m the last 15 years the use of scat belts, for example,
has became a habit by force of the law and by mecans of massive public and government

campaigns showing the benefits of 1ts use. However, based on users’ behaviour on board
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through cthnographic study, the adoption of scat belts by the cutters will not be simple
and straghtforward, due to the fact that they will need some time to adjust to using a

device such as this.

The concept of the ‘friendly mterior” 1s an example of a passive safety approach. This
approach focuses on appropriate materials and carcful design of surfaces and shapes that,
once damaged by a crash, are less harmiul to the users. Although such measures have not
proved cffective m protecting unrestramed passengers in crashes at 30mph or higher, this
approach has clearly reduced the sk of ijury caused by contacting solid protruding

objects m the mterior.

An essential finding of the field rescarch focusing on the vehicle’s interior is the fact that
cven though most of the sugar cane cutters do not know much about their rights, they are
awarce of 1ssues such as salety, comfort and health. Thus, basic ergonomic issucs, such as
the adoption of cfficient and more appropriate postures for the users in this particular
kind of transportation, nced to be resolved at a very carly stage, as there 1s limited scope
for modifications later in the process without financial consequences. The most common
problem is the design of scats, in which the body size and proportions of potential users
may not have been accurately envisaged. The quality of the accommodation provided by
a vehicle 1s an extremely important issue, m particular in the case of cutters’

transportation, in which long journeys mn ofl-road conditions arc involved.

7.4.2 Anthropometrics

Anthropometrics 1s onc of the disciplines which support ergonomics, defined as the
mecasurcment of human body duncensions. For many years, the expression ‘average man’
(a hypothetical human figure at the centre of a given anthropometrie spectrum) has been
common writing in crgonomics. The ‘average man’ represents a mathematical standard
for human body weight and dunensions, harmonically correlated with each other in order
to be adopted as a design reference. In enginecring, when developing universal engine
components, a 100% success rate 1s expected for fiting a particular component mto the
engine because they are all made to an identical specification. Towever, this standard

approach does not work when human beings are mvolved, and, as time goes on, 1t has

165




become clearer that even though this has been the basis for most product design focusing

on 90% of the population, the ‘average man’ concept simply does not exist.

The most important reason for this is the fact that it 1s almost impossible to find a human
body which exactly conforms to this type, combining perfectly the huge number of
variables mvolved. This means that m the automotive industry, if the variability of human
body 1s not acknowledged, 1t Ieads to poor design. Thus the use of percentiles (the
percent of observations m a sample that have a value below a given score) (o assess
human dimensions has to be considered carefully, as the people of the same stature have
dilferent arm lengths, leg lengths and so on. For this reason, new up-to-date technologics,
such as the 3D scanner, have currently allowed not only a completely new approach to
anthropometric data-gathering, but have also made the interaction of this data with virtual

modelling systems much casier.

This was amply demonstrated m the rescarch project ‘Anthropometric Analysis of Rural
Workers m Sao Paulo State’, undertaken by Rodrigues (1992). In this study, the
dimensions of 243 sugar canc cutters from Sao Paulo and three other States (Minas
Gerais, Bahia and Parand), working on plantations in Sao Paulo, were measured (sce
Appendix 5) and cach average category was calculated. The analysis showed that of the 10
dimensions measured, none of them was ‘average’ . Therefore, taking into account the
fact that this anthropometric study 1s the only one specifically dedicated to this
occupational group and 1its ethnic origin, mstead of adopting once of the sources of
anthropometric data available m the hiterature, 1t has been decided to use the data from
the analysis above for the first stage of the development of the design solutions of this

current rescarch.

An example that may dlustrate the importance of a specific anthropometrice study of the
occupational group under discussion 1s the design of scats. While studies undertaken by
Grandjean (1980) and Gordon ct al. (1989), both quoted by Peacock and Karwowiski
(1993), show the distance from the buttock to popliteal region as approximately LEOmm
for the Sth percentile female, the measurement of the same variable and percentile
obtamed i the anthropometric study mvolving the population of sugar cane cutters shows
a distance ol 128 mm. Although the difference scems to be small, ergonomically speaking,
12mm difference m the scat’s length would be more than enough to compromise the

users’ comfort n relation to the considered percentile.
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"Therefore, as this rescarch has progressed, itis clear that after further developments in
algorithms, animation 1s the Key issue in improving the latest human-machine mterface
software. This would cnable the presentation of the algorithmically processed results of
some [unctions to be more biodynamically realistic. THowever, it 1s important to state here
that even a hugher level of computer-based data processing and advanced animation
resources will not be enough to compensate for the current lack of knowledge about the
cognitive process. This means that besides the need for rescarch related to more
sophisticated tools, hittle 15 stll known about basic [unctions, duc to the complexity of the

human body.

7.5 Materials and Production Processes

At present, good design 1s partly a matter of the night choice of materials, which also
includes the combimation of a more efficient structure and the explontation of multuple
functons through more complex and sophisticated material properties, which naturally
results m the consideration of compounds. Despite current advances i the development
of steel, metals and polymers m terms of composition as well i terms of production
processes, according to Hodkinson & Fenton (2001) the future may e in the wider
meaning ol composite construction, with a combination of metals and polymer
compounds fullilling complementary roles. In this context, a new advance developed by
Bayer allows the bonding of metal and plastic in an mjection moulding process. In this
mnovation, the use of reinforced plastics combined with metals heralds a new era i the

production of parts with thinner walls and much lighter structures.

[However, such approaches and advances are unfortunately out of the scope of the bus
industry, duc to the lower production scale of the bus i comparison with a normal car.
This has been the major reason motvating this industry in the development of its own
solutions m the arca of improvements i technology, materals and production processes.
As this rescarch reveals, the lower level of accuracy i bus production, as a result of the
flexibility necessary to produce variations ol the same model serving different briefings
and client specifications, makes clear that materials selection mevitably ends up being

dominated by thosce which are more suitable to this lower level of precision. This means
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that materials with reduced contraction and thermal stresses, such as fiberglass reinforced

plastics, arc suitable, explaining the wide-ranging adoption of this material in this industry.

Another mmportant process suttable for bus manufacturing is vacuum-lorming, due to the
low cost of tooling for small-scale production, combined with the possibility of producing
Jarge parts. However, even though this mdustry already uses this process extensively, it 1s
clear that 1t 1s not currently exploring all the opportunities already available in terms of
cither process or material. For example, advances in the production of plastic sheets by
means ol the co-extrusion process have made it possible to extrude up to 16 different
materials mn the same sheet. This means a significant reduction in cost, using only the
required amount of material for cach application, and, most importantly, the possibility of
combining different charactenstics and specifications in one single sheet. As an example,
in order to provide extra protection against harmful UV rays and at the same time (o
ensurce a glossy surface limsh for the component, a thin layer of acrylic could be added
over a layer of Acrylonitrile, Butadiene and Styrence (ABS) on the external surface of the
part. To provide extra protection against oil and grease, a layer of Polyvinyl Chloride
(PVC) could provide a facing for the parts’ interior surface. Lastly, in the middle, because
ol the need for a hugh level of mouldability and low cost, a thicker layer of 1Tigh Density

Polystyrene (HDPS) could be used.

Urethanes have also established new paradigms in this industry by enabling interior parts
and components to be produced [rom mjected polyurethane, through the Reaction
Injection Moulding (RIM) process. Like vacuum-forming, this process allows the
production of large and complex parts without high mvestment i tooling, as it works
under low pressure. Although the use of this material and process 1s growing fast i the
bus mdustry compared to vacuum-forming, 1t 1s still not exploited appropriately m terms
ol diversity, as only a small number of components and parts have been produced by this

process m the bus mdustry.

Resin Transfer Moulding (RTM) 1s another very uscful process for this industry. This
process relies on a closed mould being filled with fiberglass also receving the mjected
resin under low pressure. The process and conjunction of qualities of polyester or epoxy
resins provide dimensionally stable parts with low volume shrinkage of between 1- 3%,
together with good mechanical properties, which can even be pamnted at temperatures up

to 150" C 1f necessary. However, the production ol most of the reinforced plastic parts stll
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relies on manual and toxic processes based on open moulds, such as hand-lay-up or
spray-up. Because in these traditional processes the control of the glass or resin depends
on operators” ability, this means that 1t 1s impossible to have the same thickness all over
the part and normally a Iugher amount of material is needed. Thus, with the current
reduction of tooling costs, i particular for low pressure applications, an cconomic
viability study should be carried out, considering the impact of the economy of material,
reduction of production time and the high quality provided by RTM for some parts, in

comparison with tradiional processcs.

Another important aspect to be considered here 1s related to metalwork. This rescarch
could not determine whether or not the steel used i the body structure of the existing
buses 1s based on the Ultra Light Steel Auto Body (ULSAB) project (Iappian-Smith,
2002). However, this project, a result of the concemed cfforts of major steel industries
worldwide, has been able to develop lightweight steel which 1s more ductile and stronger,
giving thinner sheets and channel sections, reducing body weight by 25%, which i the

casc of an urban bus would mean a reduction of approxamately 1,200kg.

Thus, considermg the size, weight and height of the body structure of a bus, balancing the
usc of some matertals and processes 1s unquestionably crucial to dynamics of the vehicle,
and cven more crucial when operating in off-road conditions. The result of this balance
would improve controllability, and consequently safety, and 1t would minimise

undesirable effects resulting from movements of the body structure to the users.

Lastly, i terms of manufacture, there are two basie principles that have guided the
developments of products: ‘Sustamable Innovation” and ‘Disruptive Technology”. With
sustainable mnovation, development is based on the product or service, umproving the
quality of cither as a result. The use of disruptive technology - a concept developed by
Professor Clayton Christensen from Harvard Busiess School (Larica, 2003) - enables
development to be based on different ways of adding new attributes, to provide a better
service through conventional products. T argue that the development of any product for
new comunercial markets depends on the combination of both principles, and the design

solutions i this study were developed with this combination.
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7.6 Design Solutions

Alter all these considerations, the conclusion is that for this kind of transportation, the
vehicle must be designed as an integrated product. It has to bring together the right
dynamic and shock absorption capabilities for the chassis and the right human-interface
concept for the body, combming both design and engineering. In this thesis I therelore
explore the mtegration of the arcas above towards better design solutions. From previous
analyses about the impact of both platform and body of the vehicle on the users, design
solutions arc proposcd and conclusions are drawn. In this section, all the findings of this
rescarch are translated mto solutions for the vehicle involved with the transportation of
sugar cane cutters. As a result, the design solutions presented here are not only relevant to
the needs of all stakcholders, but arc also feasible. Thus, the whole range of solutions can
be implemented ummediately by any bus manufacturer m Brazil or abroad.

In providing design solutions for this transportation, the first question was raised
relation to the use of the vehicle when not transporting cutters. Why not use the vehicle
for other transport purposes mstead of it being stationary on the plantation all day? This
1s unfortunately impossible, because of two important reasons: first, because the mobile
facility centre that the vehicle offers 1s as unportant as the transportation role uself, the
vehiele has to be available to the cutters all day on the plantation. Second, even if a more
complex and expensive multi-functional vehicle allowed the body structure to be
detached from the platform whenever necessary, it would be necessary to go back to the
current system ol having a chassis independent of the body, which has been proved wrong
for this transportation purposc. I‘urthermore, it has been confirmed by the sugar cane
company survey that none of the companies are currently considering any alternative use

for the buses when they are not transporting the cutters.

Thercfore, as it was confirmed in Chapters 5 and 6 that an urban bus could reasonably be
usced as a reference, or starting point, for the development of the vehiele design proposed
here, this chapter presents design solutions which take mnto account this point of reference

for both the product and its production.
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7.6.1 Power Train

As the platform of the buses currently in use is supplied by another separate
manufacturer (from the truck mdustry, in this case), more so than in any other vehicle,
the choice of a power tram 1s heavily influenced by what is available on the market. As the
power train is constituted by the engine and the driveline together, it consequently affects
the layout and the weight distribution of the vehicle. The driveline includes all of the
asscmbly between the output of the engine and the wheel hubs. It obviously includes the
ransmission, which essentially transfers the power [rom the engine to the wheels - thus
ensuring the main objective of any transportation process: mobility. IHowever, another
important aspect of the power tramn for this transportation purposc is the stiffness of its
assembly which 1s important to the integrity of the vehicle m accidents, as well as

determuining the magnitude and [requency of the vibrauon from the engine.

With regard to the position of the engine, this proposal considers the front engine rear
wheel arrangement, as scen in the normal layout adopted by trucks and buses currently
production m Brazil. In this layout, the engine and the transmission are aligned and
mounted longitudmally, with a propeller shaft connecting to a separate rear mounted final
drive. Although a front engine 1s not the best solution for the design of the mterior of the
vehicle, 1t s a much cheaper, simpler and more straightforward solution. This factor
becomes very important indeed from the maintenance pomnt of view, once 100% of the
analysced vehicles are equipped with a manual transmission. The advantage of providing
more weight on the rear axles and conscequently more traction for the vehicle by having
the engine positioned m the rear can be casily obtained by other solutions, such as by
redistributing the weight of the vehicle on the axles or by changing the position of the
axles, for mstance. This advantage thus doces not compensate for the disadvantage of
having a more complicated and not straightforward connection between the rear engine

and the transmission, and a more difficult and expensive maintenance as well.

In addition, the position of the engine 1s also important from the commercial pomnt of
view. One of the mam reasons why the vast majority of urban buses i Brazil are
cquipped with a front engine 1s because 1t 1s a better choice for the buyer, on two counts:
furstly, due to the lower acquisition cost of a new vehiele with this configuration, and
sccondly duc to 1ts higher resale value. This means that the [ront engine position is thus

better cconomucally, rather than technieally.
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With regard to the weight distribution and axle loadings, and taking into account the total
length and weight of the vehicle, 13m and 15,000kg (Tully loaded) respectively, the
following conliguration is proposcd: One [ront axle and two rear axles (distance between
the front axle and the mid pomt of the two rear axles  7.7m) and a front engine
positioned forward of the front axle, and 7.7m of distance between the front axle and the
middle of the second and the third axle. Rescarch into distributed vehicle loads by
Maclaurm (2008) has shown that it would be possible to distribute 35% of the total weight
on the front and 65% on rear axles. An improvement compared to 10/60 ratio of the
current urban buses. Part of the solution in order to obtain a more favourable ratio was
based on simply moving all the axles forward in the proposed vehicle by about 0.6m. This
new weight distribution will markedly increase the traction of the vehicle, which combined
with other aspects, such as the proposed tyres and CTT system, will improve signilicantly
the off-road performance of the vehicle, not only on solt soil and mud, but most

importantly on shippery surfaces.

7.6.3 Suspension

In this particular case, the suspension for this vehicle needs to be reasonably soft, with a
low natural frequency, combming a good level of damping and an adequate travel
suspenston. Thus, avoiding the limitations of long travel suspensions duc to their
weakness related to lateral movements and controllability, while at the same time trying to
ensure the appropriate level of suspension performance, safety and comfort, a
combination of an air and an mdependent suspension must be adopted. The design of
the air suspension, i particular, 1s based on rubber bellows and shock absorbers, ispired
by the model developed by Goldschmitt, presented i section 1.3, This solution would be
able to reduce significantly the effects of shock and vibration, thanks to the absence of
springs and 1ts stillness, generating a low natural frequency m association with its usual
height control. In addition, 1t will be able to offer a travel suspension 150mm higher in

comparison with the onc actually presented m the urban buses.
[However, despite the lower height of the air suspension compared to traditional

suspensions, 1t 1s stll not possible to achieve a flat floor and to climmate completely the

mconvenient protuberances in the mterior caused by the wheel arches (sce Figure 102).
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study from Vulcan (1990) quoted by Happian-Smith (20092), in general, passengers sitting
on the edges of the bus mnterior are less [requently injured i accidents. Second, taking
mto account the lower tolerance of the human body mn relation to lateral head movements
(common i oll-road situations), the proposed scat arrangement, with the scats positioned
side by side longitudinally, would turn the lateral movement of the vehicle into horizontal
or vertical movements for the users. Theoretically, this would provide more comfortable
and healthy conditions for the cutters from a vibration point of view. This might be the
rcason why the majority of military trucks for transporting troops adopt a similar scating

arrangement, even though there 1s no hard evidence to support this.

Lastly, the only mitation that applics to scating arrangement in buses is determined by
the natonal CONMITTRO standard in Brazil. This standard stipulates the transversal

positioning of rear-facing scats over the wheel arch (wheel box) of the vehicle.

7.6.7 Scats

The practical accommodation of the workers on board the vehicle mvolves issues related
to the dimension of the scats and thewr position, whercas the issuc of comfort mvolves the

shape and relative stiffness of the scats.

In accordance with the requirements of the NR-31, a feasible and appropnate solution for
the trum of the scats would be the adoption of moulded self-skinned foam scats (see
Figure 113) mstead of laminated foam secats (Figure 11 1). When the scat 1s very soft, like
the latter, changing position 1s difficult, making the rehief of discomfort from pressure or
Jomt position impractical. This means that the proposed scat cushion would not only
provide more comfort, but would also minimise the shock and vibraton cffects on the
uscrs. It must use high density foam (about 10kg/m?), of an appropriate thickness (about
20mm). The combmation of these two would reduce the maximum pressure of the body
on the scat by about £00%, making t the cutters’ journcy more pleasant, comfortable and

healthy.
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for the flooring, nstead of plywood, the new option of MDF boards made from sugar
canc bagassc could be used. They are cheap, resistant to impact, waterproof and

environmentally [riendly.

7.6.10 Windows

As revealed by the field rescarch, besides being more welcoming to the cutters when
contemplating the landscape, a broader glazed arca would allow the cutters to feel that the
interior of the vehicle 1s bigger than it actually s, improving comfort and welfare as a
result. For this reason, respecting the technical and safety limits, it is possible to mercase
the arca of the side windows of the vehicle by 250mm i a vertical direction, as we can sce
further m Figures 158,159 and 160. However, because keeping these windows as glass
would mcrease the weight of the side walls by 209, and this would increase the vehiele’s

dynamic problems, the glass must be replaced by plastic (Polycarbonate - PC).

I'ven though bus manulacturers from Lurope and South America are sull not as
confident about the use of PC for the glazed arca as car manufacturers, it has alrcady
been successfully and broadly adopted by American bus manufacturers. Among the
advantages of PC some arce as follows:

e Iransparcncy ol around 90%, sunilar to best-quality glass.

o Thermal resistance of over 100°C.

e Appropriate for harsh environments.

e  Virtually unbreakable, duc to the fact that its high mechanical resistance to unpact.

s 250 higher than glass and 30 tunmes higher than acrylic.
g g : )

As polymers have recently reached an impressive level of umprovement, the use of PC for
automotive application is not exception. The PC produced by SABIC Innovative
Plastics, under the trade name LEXAN Margard, 1s an example of these specialist
products, and 1t has been used in the automotive industry for many years. Although this
material was not specifically tested in the sugar cane environment, 1t 1s already part of the
agricultural context, used for equipping cabins for tractors and forestry equipment.
Margard can sclectively absorb rays near the mira-red part of the spectrum, thereby

reducing the level of solar transmission by 60%, conscquently also reducing heat mside
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based mtertor lighting system requires 24 lamps (two parallel lines of 12 lamps cach - one
per metre) as part of the solution, it would generate in total 900W of light, whercas the

fluorescent lamps on current vehicles generate 600W.

Lastly, the improvement of the natural light in the mterior of the vehicle, duce to the
increase m the glazed arca, means that the artificial lighting can be less diffused and more

directional Tor the cutters’ actuvities.

7.6.12 Aur Conditioning

The field rescarch showed that none of the analysed vehicles was equipped with neither
air condiioning nor a ventillation system. Because the thermal conditions inside the
vehicles transporting cutters during the summer far exceed the temperature of 29°C
crgonomically determined as the limit when air conditioning 1s necessary, the mstallation
of this system m this vehicle 1s mandatory. However, traditionally air conditioning units
developed for buses have mvolved equipment with considerable dimensions, weight and
cost. Equipment normally weighs up to 600kg (including insulation, attachment structure,
compressor and gas), positioned on top of the vehicle, which causes a significant problem

i relation to vehicle dynamics.

The compact air conditioning units currently used m caravans and motor-homes are a
possible solution. They would be able to produce 10.000 Btu/h; they are cheaper, lighter
(from 30 to 15Kkg), and based on small modules with scaled compressor units already
filled with 1-7 L1 gas, harmless to the environment. The problem, according to Goedert
(2007), 1s that a vehicle like this requires equipment capable of delivering 1,000m/h.
Taking mnto consideration the dimensions of the vehiele, the materials, the number of
pcople on board and the average external temperature of approximately 35 C, a thermal
capacity of 75.000Btu/h 1s required. This means that even if three of the caravan-type air

conditioning units were uscd, they would hardly reach 509 of the total capacity necessary.

Traditional air conditioning manufacturers have been looking for new solutions for
automotive applications along the same lines as this rescarch, and since 2003 they have
been presenting new developments based on almost the same features as these models
caravans and motor-homes. One of these systems 1s the Carrier AC-82222 Split System
(sce Figure 125), basced on split free-blowing, and thus 1s the one recommended 1n this
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In order to save water, thus reducing the amount of water in the tank and its weight, the
design solution ncludes shower-type taps. In addition, a small, simple water pump such
as the Flamma Aqua 8 system or similar, should be installed. As the ideal situation would
be to re-use the same water again mstead of having the used water simply draining out of
the smks, the design solution also mcludes the adoption of one of the domestic reeycling
systems currently available on the market. With this environmentally [riendly system, it
would be possible to turn the water used in the sinks to be reused again for the sinks and
for the totlets. In countries such as Australia, these systems, equipped with appropriate
filters, are commonly used for reusing ramwater for a number of purposes, including

drinking and cooking,.

Finally, another important observation relates to the position of both the drinking water
and non-drimking water tanks. For dynamic reasons, they should be positioned as closc as
possible to the platform of the vehiele, which would not then cause problems with using

the water pump, regardless the lower height of the tank.

7.6.18 T'ool Compartment

The tool compartment in the sugar cance cutters’ vehicle must accommodate the machetes
properly, posiioning them m such away that they are not damaged, and are casy to
identfy mdividually, enabling the cutters to get themr tools and replace them quickly and
casily. As 1t 1s necessary (o have the compartment in a lower part of the vehicle, because
ol package and dynamic reasons, the mital 1dea was to accommodate the machetes on
the mside of the compartment door, as we can sce n Figures 11 and 1 1. Once opened,
the door of the compartment would be posttioned as a horizontal table-like surface. with

the machetes on 1t
















Morcover, as cach of the existing tables weighs Skg and cach the chair weighs 2.8kg,
whereas, the proposed system weighs 10kg, this design solution would provide a weight
reduction of 399% with a mncrcase of the cost by 7% compared to the current tables and

chairs (scc Appendix 7 for more details).

Lastly, more unages of the design solutions, can be scen i Appendix 6.1,

7.6.22 Vchicle Exterior

As mentioned before, this vehicle design has been based on inside-out design, starting
from the mtenor and progressing to the exterior. Therelore, once the mterior layout, and
the design solutions regarding the interior were defined and established in association
with the design of the body structure, 1t was time to deline the exterior design. Two of the
most important purposcs of the exterior design for this vehicle are not only to establish a
communication with the mterior, but most importantly, to create a design language for the
vehieles As the briefing is usually presented i a more general way in order not to limit the
creative process, Iargue that as a starting point of the establishment ol a design language,
a group of more specific requirements for parts or components of the product (the
vehicle transporting cutters, i this case) should be pomted out. Therefore, for this
particular vehicle, key clements of its exterior which emphasise an extra protection against
olf-road conditions as well as the agricultural environment were formulated, as follows:

L. Texagonal section of the body structure

2. Mectal protection for the front and rear ends
3. "Tubular protection for the vehiele's corners
L. Skids m the front and m the rear
S, Shields attached to the top of the front and rear

0. Side protection bumpers attached to the body

In order to confirm the umpact and mfluence ol these elements on the definition of a
design language for the vehiele, three vehiele designers were mvited to be part of this
study. In order to give more credibility to the experiment, I decided not to play an actve
part m 1, allowing the designers to work mdependently, with no contact with the work of

the others, and consequently without any ifluence from the others’ ideas.
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More images ol the design solutions for the exterior design of the vehicle, can be seen i

Appendices 6.2, 6.3 and 6.1,

As we can see i Appendix 7, the table comparing the cost and weight of the previous and
the proposed vehicle shows that it was possible to reduce the weight of the vehicle by
about 209, whereas the cost inercased by 10%, which is much higher than was previously
expected. However, it 1s important to state that the costs of cach solution were based on
retail prices rather than bulk rates. This means that the final manulacturer price, taking
mto account the cost reduction because of purchase of parts and components in bulk, will
be 15% more expensive than the inital target instead of 10%. Nevertheless, taking into
account the importance of truly appropriate vehicle for this transportation context,
associated with the benelits which would be offered to the cutters because of the design
solutions, this velucle will definitely have a multiply beneficial cost-benefit for the sugar

cance (T()l]l})?l]]i(‘s.

Finally, as the design of the vehicle has been computer modelled, tri-dimensional images
and drawings arc avalable and can be requested anytime according to different needs and

purposcs.

7.7 Conclusions

This analysis shows that the proposed design model should be oriented by integrated
systems mstead of bemg ortented by product development practices only. This 1s for tvo
reasons: first, an mterface must be established between users and buyers, m a situation in
which the buyer 1s not the user. Second, a closer interaction between the legislation and
mdustry must be created m order to improve the level of legislators” knowledge of

manufacturing issucs, and vice-versa.

In viewing the specific characteristics of the transportation of sugar canc cutters, instead of
a normative model, based solely on determustic data, the ergonomic descriptive model
15 more suitable. As the behaviour of the sugar cane cutters 1s not lincarly predictable, the

adoption ol a normative model would be a mustake m this casc.
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The analysis of the hustory of the vehicles used for the transportation of cutters, detailed
in Chapter 1, indicates that, contrary to what has been seen in the car mdustry, there 1s no
developed design language for these vehicles, or indeed for agricultural vehicles in
general. The design briefing presented in this chapter shows that a significant part of 1t
relates to the legal, technical and cconomic aspects of the project. However, as the
identification of the key design elements contributing (o the establishment of a design
language (moted carlier) 1s the responsibility of the designer, il he/she just refers to the
design bricfing only, he/she will be able to produce a design, but not a design language [or
the product. Therelore, for the establishment of a design language, these key design
clements are crucial to mform and guide the designer in the right direction. On account
of this, T'also question Sullivan’s ‘Form follows function’ principle, proposcd i the 1930s,
because il'it were applied here, it would be likely to guide the designer in a different

direction, again relating to the briefing only.

Morcover, remnforcing this scenario, for this type of vehicle values like branding and user
pereeption have traditionally been more related to reliability and performance than
usability and human-machine interaction. This means that, naturally, design and product
development m this sector still focus more on the vehicle as a product or machine than as

an mtegrated system. Hypotheses 6 and 7 can therefore be scen to be supported,

In the next chapter I present the final conclusions and recommendations of this rescarch.
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CHAPTER 8 - CONCLUSIONS

The present study challenges a range of issuces related to the transportation of sugar cane
cutters. The whole process was based on the Rescarch Interactive Analysis (RIA) model.
"The analysis consisted of three sessions of mvestigation involving different groups of
users, vehicle and terrain in Brazil. Through this analysis, it was possible to combne the
users’ (sugar cane cutters’) needs, the transportation trends for this agricultural sector and
the sugar cane companies’ expectations. The result offers vehicle design solutions and
specifications capable of providing mutually benelicial situation for the cutters, as well as
the sugar cance companies, manufacturers and legislators. In addition, this rescarch
confirmed that knowledge is not something rigid and unchangeable constituted by a
progressive accumulation of data, but subject to a flexible, continuous and adaptable
process of change, generating a living and independent system, quite different [rom a

sunple database.

In comparison with more traditional ficlds of knowledge and study, design, and vehicle
design in particular, is a relatively new arca for rescarch. Nonctheless, the purpose of this
rescarch 1s not only to generate knowledge, but most umportantly to create new
opportunitics and possibilities for converting and improving an existing product (in this
case a vehicle) and context, meaning that rather than just studying the transportation of
people over rough terrain, this rescarch, above all, 1s about improving the sugar canc
cutters' everyday life. Besides, this rescarch has been an opportunity to focus on a delined
arca of study, and also to imvestigate new ideas about extending the language of mobihty
through new approaches, trends and technologies. This means that although both the
design solutions and the specifications were established for the purpose of transporting
sugar canc cutters, they could be applied equally to other services related to the

transportation of people n off-road conditions.

By looking at the situation for both the workers and the bus drivers, it can be concluded
that the current vehicles which transport sugar cance cutters are inappropriate for the
purposc. It is necessary to note three points in relation to this: firstly, the bulk of the
ficldwork took place in sugar cance plantations in the interior of Sao Paulo State in Brazil,
so the transportation of rural workers was studicd essentially from a Brazilian perspective.

Sccondly, for a number of operational and cconomic reasons, the Brazilian authorities
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are not sufficiently equipped to inspecet this type of transportation, as it operates mostly in
the countryside. Thirdly, a study of the body of the vehicle only would be msullicienc to
fulfil the objectives, test the hypotheses and answer the rescarch question. Thercelore, this
rescarch reveals that in most of cases legislators have a major influence m bringing about
improvements to the transportation of people to and from the plantations. However,
there still s a significant difference between the legislation produced by and the real needs

ol the cutters, which means there are gaps which need to be filled.

"This study proves that through the establishment ol design solutions and mnovation,
based on interdisciplinary analysis, it s possible to combine cultural and technological
knowledge to create products truly capable of improving the workers” everyday life.
Without an in-depth study of the technical aspects of the vehicle and the terram, it would
not be possible to achieve a high level of interpretation of user-experience data from the
sugar cane cutters. Furthermore, the depth of understanding about user-experience
evident in this rescarch would not be effective if the technical support were not central.
As a consequence, the technical approach of this rescarch was the most challenging,
because it involved different, specialised fields of knowledge beyond my own expertisc.

IHowever, the results turned out to be highly rewarding.

From its carly stages, this mvestigation explores the possibilities of transporting people
[rom onc place to another safely, quickly, comfortably and for an acceptable cost. It 1s
certainly possible. It was confirmed by the results of the ethnographic and user-
experience studies, in association with the involvement of all stakeholders. A good
solution is possible as long as the vehicle designed for this purpose fulfils a series of
recommendations combining the users’ needs and the way they interact with the vehicles
with a better understanding about the business context, vehicle manufacture and current
legislation. From a wider perspective, this approach can also be viewed at a micro level
(the rescarch problem), and at the same tume at a macro level (the rescarch context). 1
firmly believe therefore, that through interdisciplinary and broader rescarch, it is possible

(o olfer people not only what they ‘want’, but also what they really ‘need’.

In this chapter, the tested hypotheses are answered m the light of the objectives of this

rescarch.
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Hypothesis 1: ‘It is believed that the inadequacy of the vehicles to this task represents an
imminent risk to the rural workers, a challenge to the agricultural companies and a social

problem for the country.”

Bascd on an analysis of the mechanical parts of the vehicle, 1t 1s clear that the
combination of some ol its systems associated with its size and weight seriously
compromisc the vehicle’s dynamics, which, in turn, combined with the conditions of the
terrain, imcreases exponentially the possibility of accidents. Therefore, the urban bus
currently in use, put into service straight from the manufacturer, is not capable of fulfilling
the requirements of the transportation of sugar cane cutters. This 1s supported by
Regulation NR-31 and also by the fact that the bus was initially designed to serve another,
quite different, transportation purpose. This is also supported by references such as Costa

Necto (2006), Maclaurin (2006 and 2007), Perseguim (2005) and Rodrigues (1993).

Could the adapted and modified bus, meeting Regulation NR-31, comply with these
transportation requirements? The answer to this is also no. The ficld rescarch shows
clearly the problems and limitations regarding such adaptations. In addition, the core of
the problem with the adapted vehicle is its overall concept, and the current range of
adaptations cannot by itself change the concept of the vehicle. This 1s supported by
relerences such as Damada (2007) and Antunes Jr. (2007). These constitute some of the
reasons why the bus manufacturers are not carrying out any formal rescarch on improving
this transportation towards achieving a better product as a result. This will happen only
when the approach moves from mere adaptations to a new and specific concept for the

vehicle.

Take, for example, an accident with 30 fatalitics, based on field rescarch information, the
number of people affected becomes more like at least 105 (30 cutters directly, and 75
relatives indirectly), the real number to be taken into consideration mn terms of damages.
“T'his constitutes not only an enormous social problem for the families of the victuns,
compensation claims and legal work for the companies, and an impact on national social
sccurity payment, but most importantly, damage to society as a whole. This hypothesis

can thus be confirmed.
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Iypothesis 2: “Itis suggested that the current vehicles do not meet the specifications that

both workers and sugar canc companics need.’

One ol most important findings of the rescarch is that rather being just a velicle, the
urban buses are currently recognised by the cutters as a mobile facility centre. The
vehicle’s status as a shelter, shed and workshop on the plantation s thus confirmed. Apart
from the inadequacy of many of the current adaptations in the vehicle as part of these
facilities, both the ficld rescarch sessions and the analysis of shock, vibration and
movement, conlirmed that the inappropriatencess of the vehicle for off-road usc,
combined with the conditions of the terrain, compromises the cutters” health, comfort
and welfare in this transportation context. Despite the evidences [rom the field rescarch,
this 1s also supported by references such as Griflin (1996 and 1998), Machado ct al.

(1997), Pastore ct al. (1986), Tensche, K. et al. (1999) and Zamberlan ct al. (1988).

Furthermore, it was found that the sugar cane companices themselves are not satsfied with
their mvestment in vehicle adaptations, and are more mterested m acquiring more
appropriate vehicles for the transportation of their workers. This, then, constitutes a clear
signal that the industry has already begun to understand the importance and benefits of
improvements in this transportation, for both the cutters and the company. The proof of
this is the fact that in 2007 a group of six sugar cane companics {rom Sao Paulo State n
Brazil decided to move further than their involvement with the field rescarch in this study,
and Tormalize their financial support for the production of the prototype of the vehicle
proposed in this rescarch. This is also supported by references such as Beleboni (2000),
Damada (2007), Ribeiro (2006) and Sacomani (2007). This hypothesis therefore, 1s
largely supported, and Objective 3 is fulfilled, confirnung that it 1s definitely possible to

offer the cutters a better transport experience.

Hypothesis 3: ‘Itis suggested that the truck-based platform is inadequate to this
transportation, and that as well the current combination of a platform and a body

produced by different manufacturers for different purposes is even more inadequate.”

Putting aside the unquestionable importance of the body of vehicle as the cell for
accommodating uscrs, this rescarch confirms the significant influence of the platorm of

the vehicle in the transportation process, in particular in off-road conditions. This
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obscrvation led the rescarch to conclude that even a supposedly high quality platform can
be harmlul and compromising to workers” health, comfort and welfare if the right
combination ol clements in real transportation needs were missed or neglected. This 1s
supported by references such as Costa Neto (2006), Maclaurin (2006 and 2007) and

Perseguim (2000).

The literature review confirmed that the range of frequency (from 5 to 25112) within
which a diesel engine operates, in conjunction with the flexibility of the truck ladder
chassis, can be very harmful indeed to the cutters. Also, the truck multi-leal spring
suspension type of the platform, combined with the physical characteristics of the body of
the bus, can be very risky i olf-road conditions. This is supported by relerences such as
Griffin (1996 and 1998), Stayner (2001) and Zamberlan (1988). This hypothesis 1s thus
also upheld, and Objective 2 is fulfilled, conlirming that it 1s possible to improve the

cutters” health, safety, welfare and consequently thewr everyday Iife.

Hypothesis 4: ‘It is suggested that a better-performing vehicle in off-road conditions
increases mobility, ensuring at the same time a better ide, a reduction n travel times and

most importantly a reduction in the number of accidents.’

By studying off-road transportation and conducting an analysis of terrain, it becomes clear
that the level of motion resistance exerted on a vehicle operating in off-road conditions 1s
much higher than the level experienced by vehicles on paved roads, and most
importantly, different designs would be necessary to deal with different types of soil, n
order to maximize the vehicle's performance. As these conditions are directly connected
with the vibration absorption capacity and the dynamies of the vehiele, this ends up
sceriously compromising salety. Thus, as 50% of the cutters” transportation takes place i
ollzroad conditions, this constitutes an important issuc to be tackled n terms of accidents
involving this type of vehicle and transportation. This 1s supported by references such as

Maclaurin (2007 and 2008), Popov ct al. (2003) and Viviani (1998).

A better-performing vehicle would be able to reduce the number of tunes in which the
vehicle is immobilised in mud following the frequent ramfalls. It would consequently
reduce journey mterruptions, not only allowing the cutters to arrive at their destination on

time, but also reducing their travelling time. In additon, it would save the companies
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moncey, by helping to minimize the effect of ramy days on harvest and production levels.
This 1s supported by references such as Antunces Jr. (2007), Damada (2007), Maclaurin
(2006 and 2007) and Ribeiro (2006). This hypothesis is therefore confirmed, as well as

fulfilling Objective 1, showing that 1t 1s possible to reduce transportation costs.

If we consider that the current conditions of the transportation of sugar cane cutters in
Brazil arc directly associated with the success of the country’s agribusiness, m particular
the sugar cane scctor, both the sugar cane companies and the government must embrace
this transportation issue by adopting improvements and solutions. I the current vehicle
docs not perform well for this task, again the fault is not with the manufacturers or the
legislation but duc to the lack of a rescarch approach capable of offering a more
substantial informational background, and conscquently proposing the right design
specilications and solutions for a more appropriate vehicle. As this rescarch shows,
neither current manufacturing methods nor legislation have led to a desirable solution.
Therefore, despite the fact that the current adapted urban bus used for the transportation
ol cutters undoubtedly represents a huge advance in this arca compared with the previous

means ol transportation, it is still not an appropriate vehicle for the task required of 1t

Iypothesis 5: ‘It is suggested that land transportation, using a bus-type vehicle, remain the

only viable option that should be explored for this transportation.”

By analysing different alternatives of transportation, it 1s clear that the natural solution
would be paving unpaved roads. Iowever, the comparative cost analysis revealed that
although building a proper paved road, or even a railway system, are options, they are not
cconomically or techmeally viable solutions. This can be supported by references such as
Beenhakker (1993), Barbieri (2006), James & Ruhle (2006), Kawamoto (1993), Macedo
(2006), Queiroz (2006), Salgado (2006) and World Bank (1981). In addiuon, the usc of
an aircraft (helicopter) was also considered, as this would scem to solve the problem
cffectively, but the cost is also prohibitive, putting this solution out of question. This 1s
supported by references such as Boeing (2006), British Army (2006) and US Army
(2006). Therclore, the present rescarch confirms the development of a more appropriate
and specifically designed vehicle for the transportation of sugar cane workers as the most

suitable solution for the task.
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Hypothesis 6: ‘Itis believed that a holistic analysis is needed involving all stakcholders but

with focus on the users’ needs.

A review of off-road vehicles currently available on the market, an analysis of the
prevailing terrain types and a study of the effects of the journeys on the users have
expanded this rescarch. This rescarch confirmed that the involvement of specific
knowledge from different fields, such as soil mechanies and vibration, was crucial for the
design solutions. This multdisciplinary nature of this work has been emphasised by the
approach adopted, which analyses the problem in its legal, social, technical, cconomic

and cnvironmental aspects.

The rescarch approach which was confirmed as appropriate and relevant to the
conceptualisation of this particular problem focused on observation, compilation and
intervention. The basic idea was to establish a strong connection with the users’ context,
to be able not only to identify and discuss the problems, but most importantly, to present
design solutions which could be implemented. The films of the cutters, made during the
cthnographic sessions of the field rescarch, proved to be a good way of establishing such a
connection with the transportation situation question, contributing considerably to this
investigation, particularly during the open conversations. The three-part structure of this
rescarch - the user, the vehicle and the terrain - proved to be fruitful, establishing a
triangular communication between the three, allowing the investigation to see, understand
and present the problem in a different way, fusing design and rescarch i one single piece

ol work.

Generating more appropriate vehicle design solutions and specifications, rather than
improving the vehicle as just a means of locomotion, would improve the vehicle’s
usclulness as a mobile facility centre for the cutters. Among other things, a more
dynamically balanced vehicle would provide more stability and controllability, which
means better safety. A vehicle capable of dealing with rough terrain or mud more
clfectively would reduce travel times, which means tme saved. A vehicle with an
appropriate interior layout and ambience would provide a homely atmosphere for the
cutters, leading to a more comfortable experience. This hypothesis is therefore

supported.




IHypothesis 7: “Itis believed that a more appropriate vehicle designed for this purposc will

improve not only the workers” everyday life, but also the sugar canc industry as well.’

The documentation and analysis of a range of different aspects allowed me to argue that a
new vehicle type is required for this kind of transportation. Among other things, 1t was
possible to confirm not only that the consideration of the platform of this vehicle can
make a dilference in terms of locomotion, but also that it is a determining factor in the

success of the ndustry as well.

Being unable to fulfil all the expectations imposed upon the current urban buses m
comparison with the trucks they replace, on one hand they have slightly frustrated the
objectives of the government, failing to ensure safer and healthier transportation for rural
workers. On the other hand, they have frustrated the expectations of the agricultural
companices regarding a good cost-benelit relationship to the financial mvestment.
According to the agricultural companies, the adaptations and modifications necessary for
the vehicles in order to comply with the NR-31 make the cost-benelit even worse. This 1s
because at the end of the day the vehicle still remains a simple adapted vehicle, costing
209% more, and because a vehicle designed specifically for this purpose does not exist.
Although the move to transport sugar cane workers in buses, rather than adapted trucks,
was forced by the challenge of complying with the NR-31, the field rescarch demonstrated
that the replacement of the trucks with urban buses clearly presented additional benefits
(o the sugar canc industry through an improvement in the cutters’ production levels over

the last 1) years.

It was observed that a single message was coming from all stakcholders: for this kind of
transportation the vehicle must be designed as an integrated product. Thus 1t has to bring
together the right dynamic and shock absorption capabilities for the chassis and the nght
human-interface concept for the body, combining design and engineering. Throughout
this thesis T have investigated the integration of the arcas above towards better design
solutions. ITow is it possible to achieve this combination of cultural and technological
knowledge in order to improve everyday life through design innovation? Part of the
answer is beeause there is a wide gap between the ‘expectation’ of the buyers (the sugar
cane companies), who barely understand the needs of the users and the ‘needs’ of the
users (the rural workers) who rely on the vehicle as a means of transportation as well as a

source of support on the plantations. For this reason, in order to fullil the objectives,
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support the hypotheses and answer the rescarch question, the present thesis proposcs not

just a hist of recommendations, but also a range of solutions.

Iypotheses 6 and 7 can be seen to be supported by Hypotheses 1 to 5, and Objectives 1
and 5 are fulfilled, thus confirming that it is possible to improve the transportation of
people in off-road conditions by way of appropriate vehicle design solutions, increasing
agricultural production at the same time. Iowever, it is important to state that if the best
way 1o test and prove these hypotheses is through a prototype, which 1s outside the scope

of this rescarch, both hypotheses 6 and 7 might be considered as a provisional.

Finally, the undertaking of this rescarch olfered me opportunity to present own
interpretation of the problem that has been investigated. During the development of the
studies, it was possible to present my work on many different occasions, ranging from
tutorials to presentations at conferences, lectures and exams. This of course has made the
rescarch stronger. However, as with any rescarch, this project will lead not only to a
continuation, but most importantly it will thereby move the investigated problem steps
ahead. Therefore, Tsincerely hope that this investigation is a possible answer to the issue
discussed, as it will improve considerably the workers” conditions. It may well be a uscful
reference, not only for the establishment of new technical speatlications and company

policy, but also as a basis for new regulations, not only i Brazil, but worldwide.

8.1 Recommendations

Bascd on the results of this rescarch, with the intention of improving of rural workers’

transportation, all the stakeholders should consider my recommendations, as follows:

8.1.1 The Automouve Industry

e Designing and developing the vehicle: although the bus industry is far more
{lexible in terms of product development compared to the car industry,
paradoxically it is not paying as much attention to new opportunitics and the

creation of market niches as it should be. Thus I recommend that this mdustry
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combines the current IPPD (the Integrated Product Process Development model)
with the BLUM (the Buyer, Legislator, User and Manulacturer model) in order to

establish a real man-machine system design.

Defining a design language: the design solutions presented i this study should be
considered as a starting point for a new design language, not only for the vehicle
for the transportation of sugar cane culters, but also for agricultural vehicles

generally.

Developing a more holistic view: as the meaning of the vehiele transporting cutters
is quite different in cach of the contexts involved in this study, the bus mdustry
must not only understand this concept, but also be able to reconcile these

meanings, positioning the vehicle beyond a mere means of transportation.

Using crgonomic principles: as a bus-type vehicle is basically designed and
manulactured to serve people, the bus industry must review its ergonomic /
anthropometric approach, incorporating principles of usability m the design
solutions of their products. This can be achieved by combining the methods of
investigation used in this rescarch, based on ethnographic and user-experience
studies, and design based on an mside-out approach. Thercefore, as the behaviour
of vehicle users, sugar cane cutters in particular, 1s not lincar and predictable, 1
recommend that the bus industry adopts a descriptive ergonomic model, instead

ol a normative onc.

Manufacturing the vehicle: as the development of the vehicle which s the subject
of this rescarch not only focuses on an improvement in quality, but is also based
on new attributes improving a conventional product, the bus mdustry should base
its manufacturing strategy on two different principles: “Sustamable Innovation” and

‘Disruptive Technology.

Delining a mechanical concept: the chassis and the body of the bus are usually
considered as independent and separate systems, but I 'strongly recommend that
the bus industry rethink this approach, whether or not the vehicle 1s equipped

with a chassis supplicd by a manufacturer from another industry. Otherwise, this
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would present an insurmountable obstacle to considering, designing and

manulacturing the vehiele as an mtegral product.

e Using production resources: because the bus industry adopts a less progressive
strategy than the car industry in relation to material and process exploration, it
ends up by not exploring the full possibilitics of this ficld. Thercefore, due to the
necessary level of flexibility in product development and production, the bus
industry should mvest more extensively in resources for the exploration of existing

materials and processes for its needs.

e Rescarching vehicle design: rescarch in vehicle design is stll at an carly stage of
development, and consequently the automotive industry has little experience of
design rescarch. As the previous expericnces of some manufacturers as far as
adaptations arc concerned have not been based on rescarch, the bus industry as
well as the automotive industry, as a whole, should be supported by rescarch such

as this project.

e Improving the business model: lastly, instead of merging or acquiring a competitor
as a solution to sharing components, parts and technology, the automotive
industry should open up new avenues in starting to fully explore the use of off-the-
shelf components and parts produced by other types of industry. A similar
approach has already been successfully taken in other industries: for example,
Apple Computer Inc., and its ‘design chain” model, but not by the automotve
industry. This model would ensure a massive reduction m mvestment in this
industry and consequently the opportunity to serve market niches as yet
uncxplored, due to both high costs and lack of flexability in terms of product

development and production.

8.1.2 The Sugar Canc Industry

e Showing an cxample: the sugar cane industry in Brazil is the best in the world in
terms of production and technology, acting as a reference pomt for the other

producing countries. This means that this sector must also being scen as a
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relerence interms of environmental, social and, most unportantly, labour
practices. With this international profile, any level of improvement mevitably ends
up being viewed and considered by others. For this reason, as a leading player in
the agricultural arena, particularly in the context of sugar canc production, the
Brazilian industry must show an example, and take responsibility for promoting
the importance of the transportation of workers to a level more compatible with

its hugh level of production and technology.

e Combining improvements and benelits: the sugar industry should adopt the
recommendations of this rescarch, for several reasons: reduction of fuel
consumption through more efficient travel and less immobilization of the vehicle,
cven on rainy days; reduction of cutters’ [atigue during transportation, mncreasing
production as a result; reduction in the number of accidents and consequently the

amount of compensation and social damage.

e Pushing technological boundaries: lastly, the sugar cane industry mn Brazil should
lead and support the progress of development ol a hybrid electrie / ethanol
engine, as 1t did m the late 1970s and carly 1980s with diesel engines running on
cthanol. An clectric / ethanol engine would utilise well two abundant resources of

cnergy associated with this mdustry.

8.1.3 The Government

e Icading policy in sugar canc practices: as there 1s a discrepancy between the
technology and production and labour practices regarding the bio-fuel programme
in Brazil, the government policy for the sector should melude practices more

compatible with the country’s leading position i agribusiness.

e Matching practices nationally: the government should take on board many of the
better practices and experiences in the sugar cance industry i Sao Paulo State, thus
creating a national stitutional mechanism to requure that the same conditions

apply m other States.
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e Investing in design rescarch: the government must continue to mvest i studies
like this in order to create a local rescarch resource based on technical and
scientific studies capable ol improving the working conditions 1 the country’s
agribusiness, as well as starting to create a proper literature m thus ficld, also

provide a global rescarch basis.

e Improving legislation though design rescarch: despite the fact that legislative
power could rapidly change the context of this transportation, the lack of rescarch
and technical work in this ficld have compromised the legislators’ work when they
have tried to update or create new regulations. On account of this, Regulation NR-
31 was not based on any previous rescarch. Therefore the government, through
its Labour Ministry and general attorneys, should aun to update and create new,
more specifie, regulations, based on design solutions and technical specifications

proposcd by rescarch such as this one.

e Thinking outside the box: Lastly, instead of only investing in new paved roads in
agricultural arcas, the government should allocate funding for roads mto
incentives and support for the development of more appropriate vehicles capable
to operate successfully in off-road conditions and specifically designed for the

transportation of rural populations.

8.2 Suggestions lor Further Rescarch

Taking into account the fact that the construction of a prototype will be the next step,
alter the conclusion of this rescarch, the first stage would naturally be to carry out
rescarch for testing, proving or disproving the hypothesis regarding the design solutions
presented in this study. This might be achieved by a continued collaboration between
design and engineering. An experimental user-experience approach to vehicle design

might help to resolve some of the problematie subtleties of performance and design.

This study has raised interesting questions about the ways m which a specific
(ransportation activity as part of a non-Furopean work activity context might use a vehicle

to commute to and [rom sugar canc lields. The fact that the person who buys the product
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is not the same person who uses the vehicle resulted in the need for a new method and
approach. In this sense, there 1s much to be gained from observing, documenting and
even participating i its development. Thus T suggest that new studies in this direction

might be usclul for the automotive industry as a whole.

There is also scope o develop new projects which are designed to explore specilic aspects
of ergonomics that combine technical and social issues. However, it would be advisable to
try to make projects as small and sclf-contained as possible, as they mevitably end up
dealing with large amounts of data in order to establish and communicate 1deas and

arguments.

Finally, T would like to finish this study by raising one more question: What 1s design? As
a multidisciplinary creative activity, it could be answered in different ways, as many
authors have already done. However, i looking for the best definition that truly reflects
what has been proposed and defended in this rescarch, T suggest that design 1s the scarch
for ways to achieve the best solutions for a group of real-life needs m the hight of a given

set of circumstances.
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I - SUGAR CANLE COMPANILES INVOLVED

2005

Company: Quata

Tel: 00 55 18 33661221
Venue: Quata SP

Contact: Osvaldo Resende

Date of rescarch: 25/08/2005

2006

Company: T'ecnocana

Tel: 00 55 1132681533

Venue: Borebi SP and Macatuba SP, respectively
Contact: Fabio Alves / Dito Camilo

Date of rescarch: 17/08/2006 - 03/09/2006

Company: Guarani

Tel: 00 55 17 32801000

Venue: Olimpia SP

Contact: Josce Donizete Ribeiro / Ademar

Date ol rescarch: 30/08/2006

2007

Company: Agricana

Tel: 00 55 1132681927

Venue: Agudos SP and Macatuba SP
Contact: Iirieca Martins / Alessandro
Number of buses: 5

Number ol rural cutters: 250

Date of rescarch: 16/01/2007 and 16/02/2007




Company: Centro Empresarial Agricola
Tel: 00 55 1132691600

Venue: Lencois Paulista SP

Contact: Nelson Antunes

Number of buses: 144

Number of rural cutters: 600

Date of rescarch: 17/01/2007

Company: T'ecnocana

Tel: 00 55 14 32681533

Venue: Borebr SP

Contact: Fabio Alves / Dito Camilo
Number of buses: 11

Number of rural cutters: 150

Date of rescarch: 23/01/2007




2 - INTERVIEWS

2005

Jualino Belebont - Usina Santa Candida - Bocama - SP (agriculture)
Warwick Jacobs - (IHovercraft Muscum) - Gosport = UK

Wouter Castendyk - (IToverholic) = The Netherlands and

Rodd Westwood - (Victorian Hovereralt Club) - Torquay Victoria - Australia
Allan Jonas - Vchicle Safety Standards (ATRS) - Camberra - Australia
William Handke - Corporate Governance (DAFF) - Barton - Australia

Christopher Baker - Australian Greenhouse Office (D) - Adcelaide - Australia

2006

Dr. Peter Crossley - Cranficld University - Silsoce, Bedfordshire - UK (so1l)
Dr. Dick Godwin - Cranficld University - Silsoe, Bedfordshire = UK (so1l)
Dr. Rubismar Stolf - Universidade de Sao Carlos = Sao Carlos - SP (so1l)
Osvaldo Resende - Companhia Agricola Quata - Quata - SP (cutters)

Leandro Sanches Ferreira = UDOP - Aracatuba = SP (sugar cance company)

2007

Marcelo Castilho - Busscar

Roberto Barduco - Induscar (recorded)

Antonio Sacomani - Induscar (recorded)

Abimacl Parcjo - Irizar

Dr. Rudney Querroz = Unesp (railways)

Dra. Eliane Viviani - Unesp (unpaved roads)

Professor Antonio Carlos Barbiert = Unesp (ratlways)

Professor Scrgio Macedo - Unesp (paved roads)

Dr. Hennque Salgado - Unesp (statistics)

Dr. Alvaro Costa Neto = USP (vehicle dynamics) (recorded)
Juliano Belebont - Usina Santa Candida - Bocaina SP (recorded)
Sergio Artiol = Teenocana - Macatuba SP

Claudio Sentinari = Agricana - Macatuba SP

Mario Nunes - Centro Eimpresarial Agricola - Lencois Paulista SP

Nelson Antunes - Centro Empresarial Agricola




Larton Brigido - Centro Empresarial Agricola

Marcos Geraldi - Centro Empresarial Agricola

Lus Capelart = Centro Empresarial Agricola

Carlos Damada - Usina Sao Manocl - Sio Manucl SP (recorded)

Luiz Riberro - Usina Guarani = Olimpia SP

Valeria Sestinn - Departamento de Estradas de Rodagem - DER - R. Preto SP

Icloisa Gomes - Departamento de Estradas de Rodagem - DER - R. Preto SP

Dr. Fernando Maturana - Procuradoria Regional do Trabalho - MPT - Bauru SP
(recorded)

Briz Albertinn - Federacao dos Trabalhadores da Agricuitura do Iistado de Sio Paulo -

FIETALSP - Sao Paulo SP (recorded)
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