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ABSTRACT

An amphibious vehicle is a vehicle that can run on land and water as well. Amphibious
characteristics of the vehicle were thought of first time, at the time of World War 1.
Several attempts have been made to make a military vehicle with amphibious
characteristics. Some of the models are very heavy, costly, and few in number. The
requirement for commercial amphibious vehicles is searched out by many marketing
organizations and good potential is claimed. There are few companies like Gibbs
Corporation, the USA who make Amphibious Jeeps. But they are few in number and
very costly. India is geographically blessed with rivers, lakes, and seas around it which
makes it a very versatile and rich area for use of amphibious vehicles. It can be a very
meaningful and efficient means of transport also. Tourism in India is one of the main
sources of revenue for many states. Water tourism and water-based tourism getting
more and more popular. Ecotourism requires a vehicle that is compatible with land,
water, and soft soil. It can provide added freedom of exploration also. There is a large
number of eco-parks in various states in India which are gifted with natural resources
and flora and fauna. In this thesis, an effort has been made to design and develop the
concept of amphibious vehicles for certain states of India to adopt and use the
amphibious vehicles for amusement purposes. From the state of Uttarakhand to Kerala
there are many places where water bodies, lakes, and rivers can be used for amusement
parks and use amphibious vehicles for a unique experience. Because of this, an effort
is made to build amphibious vehicles first for entertainment uses before exploring
applications in other fields. This thesis focuses on the design framework, including
HMI aspects and the emotional design process in designing the amphibious vehicle.
The process shows how "the inspiration of a “duck’ which is an amphibious animal can
visually influence the design of the amphibious vehicle. Thirty keywords for the
amphibious vehicle were

selected based on application. The keywords were explored with possible design
concepts and then they were rated by a group of prospective male and female different
users. The statistical analysis of the keywords becomes a base for concept
development. This process was repeated for concept development from frog as an
inspiration for an amphibious vehicle. The quantitative analysis of two concepts was
done by the statistical method using SPSS software. The effective parameters for AV
design were identified and user preferences were ratified. The design parameters for
AV design for amusement purposes were identified. This framework can be repeated

Vi



for other applications using AV.

In order to realize the concept, a CAD model is made and manufacturing aspects
were also worked out. Keeping sustainability in mind the AV is made to run on a
battery. The electric AV is suitable for future generations and is environmentally
friendly. AV as a separate category of avehicle can be designed for various applications
in India. Flood relief, disaster management, border patrol, forest guard applications,
etc. Amphibious characteristics can be seen as an essential requirement in the Indian
context. By using the Design Framework for AV, the design can be customized for

each application that users will feel comfortable with and like to own or purchase.

VIII



TABLE OF CONTENT

Declaration i
Certificate v
Acknowledgment \Y/
Dedication VI
Abstract VI
Content IX
List of Figures XVI
List of Tables XVII

CHAPTER 1: Introduction to Amphibious Vehicles and Eco-Tourism in India

1 Abstract 1
1.1  Introduction 2
1.2 Nature-based tourism (eco-tourism) 3
1.3 Nature-based tourism in Uttarakhand 4
1.4  Land —Water sites in Uttarakhand 5
1.5 Scope of adventure sports 7
1.6 Other National Institutes for Water sports 7
1.7 Chapter Synopsis 9
1.8 Brief of Chapter 1 10
1.9 Brief of Chapter 2 10
1.10 Brief of Chapter 3 11
1.11  Brief of Chapter 4 12
1.12  Brief of Chapter 5 13
1.13  Brief of Chapter 6 14
1.14  Brief of Chapter 7 14



1.15 Literature Survey Summery 15

1.16 Conclusion 15

CHAPTER 2: Theoretical Framework and Design Process Followed to Design an

Amphibian Vehicle

2.1 Abstract 16
2.2  Bio-Inspired Design 17
2.3 History of Amphibious Vehicles 17
2.4 Introduction and Background 19

2.5  Possibility of Applications of AVs for Recreational Purposes 19

2.6 Types of Amphibian Vehicles 19
2.6.1 Amphibian Bus 20
2.6.2 Amphibian Car 20
2.6.3 Amphibian Cycle 20
2.6.4 Amphibious Bike 21
2.6.5 Amphi Jeep 21
2.6.6 Amphi Submarine 21
2.6.7 Amphibious trucks and artillery vehicles 22
2.6.8 Hovercraft-based vehicles 22
2.6.9 Commercial Amphibious Vehicle 23
2.7 Design Philosophy of Existing Amphibian Vehicle 23
2.8  Current Design Strategies 24
2.9 Design Process developed from different Study 25

2.10 Different steps in framework design of an amphibious vehicle 25
2.10.1 Requirement Analysis 27

2.10.2 Conceptualization 27



2.10.3

2.10.4

2.10.5

2.10.6

2.10.7

2.10.8

2.10.9

Interior & Exterior Sketching

Design Evaluation

Preparation of Digital Mockup

Finalizing CAD Design

Human Machine Interface (HMI) Check Applying DHM
Final Styling Check and Modification

Prototype Construction

2.10.10Prototype Testing

2.11

2.12

2.13

2.14

2.15

CHAPTER 3: Design and Evaluation of Speed Forms for the

Research Gaps
Research Questions
Aim

Obijectives

Research Hypothesis

Design of an Amphibious Vehicle for amusement purpose

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

Abstract

Introduction

Vehicle form generation strategies

Speed Form and Aerodynamics

Speed Form and Vehicle Design
Importance of visual appeal and usability
Methodology

Participants

Speed Form Development for Amphibious Vehicles and

Xl

27

27

28

28

29

30

30

31

32

32

32

32

33

34

35

36

37

38

38

39

39



Clay Modeling 40

3.9  Aesthetics and Perceptual Evaluation of Speed forms 42
3.10  Selection of Keywords 42
3.11 Questionnaire for User Survey 44
3.12 Results and Discussion 45
3.12.1 Aesthetic Perception 45
3.12.2 Statistical interpretation for aesthetic variations 46
3.12.3 Dynamism Perception 46
3.12.4 Statistical interpretation for variation of Dynamism values 46
3.12.5 Speed Form Selection Based on Perception of Users 47
3.13 Conclusion 48

CHAPTER 4: Affective design analysis of interior and exterior of the amphibious

vehicle for amusement purpose

40  Abstract 50
4.1  Introduction 51
4.2 Biological Design principles 52
4.3 Methodology 53
4.4  Comparison of two concepts of AV (exterior & interior) 55
4.4.1 Results of Exterior Design Analysis 55
4.4.2 Results of Interior Design Analysis 57
4.5  Results & Discussion 59
4.6  Comparison of Exterior Design Data 60
4.7  Comparison of Interior Design Data 61
4.8  Conclusions 62

Xl



4.9  Practitioner's Summary 63

CHAPTER 5: The CAD-based Analysis for Feasibility of Design

Amphibious Vehicle for Recreation

5.0  Abstract 64
5.1  Introduction 65
5.2 About AV Design 66
5.3  Different Amphibious Vehicle Body Structures 67
5.4  Steps of the Design Process 68
5.5  Development of CAD model 69
5.6  Development of parts for amphibious vehicles 69
5.7  The Submerged Hull Volume 72
5.8  Static Stress Calculation on Frame 73

5.9 Range calculation 77

5.10 Conclusion 77

CHAPTER 6: Human Machine Interface (HMI) and Digital Human

(DHM) based Analysis of Amphibious Vehicle (AV)

6.0  Abstract 79
6.1 Introduction 80
6.2 Packaging of AV 81
6.3 HMI Considerations in AV Design 81
6.4 DHM method in AV Design 82
6.5 DHM Analysis of AV 85
6.5.1 Dashboard 85

Xi

of an

Model



6.5.2 The Ingress and egress of AV 86

6.5.3 Elbow space modification 86
6.6  Scaled down Model of AV for aesthetics Judgement 87
6.7  Discussion 88
6.8  Conclusions 90

CHAPTER 7: Conclusions, Final Design Recommendations, and Guidelines

7.0  Abstract 91
7.1  Introduction 92
7.2  Establishment of Hypotheses 93
7.3 Claims related to this thesis work 94
7.4  Final Design Recommendations 95
7.5 CAD Model of AV 96

7.6 Design guidelines for amphibious vehicles in India for

the amusement sector 97

7.7 Relevance of present research work 98

7.8 Recommendations for the AV in India 98

7.9  Conclusions 99
7.10 Limitations of the Present Research Work 100
7.11 Future Scope of The Vehicle 101
REFERENCES 102
I Brief Curriculum Vitae 115
I List of Thesis-related Publications 119
Il Awards & Recognitions 124
v Design Registrations 124

XV



\/ Conference proceedings

\% Certificates

APPENDICES

A Appendix1 —User Survey Reports

B Appendix 2- Visual Survey Aesthetic Data Form
C Appendix 3- SPSS statistical analysis Reports

XV

125

126

128

132

136



Figure 1.1.

Figure 1.2.

Figure 1.3.
Figure 1.4.

Figure 2.1.

Figure 2.2.

Figure 3.1.
Figure 3.2.
Figure 3.3.
Figure 3.4.
Figure 3.5.
Figure 3.6.
Figure 3.7.
Figure 4.1.
Figure 4.2.

Figure 4.3.

LIST OF FIGURES
India’s Direct contribution of travel and tourism to GDP.
Google locations of some places in Uttarakhand
which has water-based expeditions.
India's Government's policy on Eco-Tourism for all states.

Chapter Plan

5

8

9

Different types of AV usage in history in different countries in the world.

Design process suggested for design of amphibian vehicle (AV)
design.
Speed Forms in nature are adapted for aerodynamics.

Bio-inspired form transition for AV.

Clay Models of Speed Form used for Amphibious Vehicle Design.

Tools for Questionnaire Survey.

Variations of Aesthetics (left) and Dynamism (right) perception.
Speed Form Evaluation for Performance.

Form Selection Rates.

Nature-Based design process.

Affective Design of AV.

CAD model from inspiration of a duck.

18

26

37

40

42

44

45

47

48

52

52

53

Figure 4.4. Concept generation from Mood Board considering Bio-inspiration (Duck).

Figure 4.5.

Figure 4.6.

Figure 4.7.

53

Concept generation in 3D from Mood Board considering Bio-inspiration.

Concept development from the inspiration of a frog.

Interior concept 1.

XVI

55

55

57



Figure 4.8. Interior Concept 2.

Figure 4.9. Comparison of AV Exterior Design concepts.

Figure 4.10. Comparison of AV Interior Design concepts.

Figure 5.1. Affective Design process for AV design.

Figure 5.2. Interior and Exteriors aspects of AV.

Figure.5.3. CAD models of AV.

Figure 5.4. Floating Hull design was done using Fusion 360.

Figure 5.5. Stress Analysis of Frame Deformation 0.8 m. m.
(Distribution of load in water).

Figure 5.6. Total Deformation 8.6 millimeters (distribution of load in land).

Figure 5.7. The equivalent Elastic strain of the frame is 0.00050973.

Figure 5.8. Maximum Principal Stress 485.87 MPa.

Figure 5.9 HSLASteel Stress-Strain Curve

Figure 6.1. Human Dimensions for AV Interiors.

Figure 6.2. Indian anthropometric Dimensions for AV Design.

Figure 6.3. DHM Analysis of the dashboard.

Figure 6.4. The Modified CAD model after DHM analysis.

Figure 6.5. Ergonomic evaluation of CAD model using DHM method.

Figure 6.6. Final Model of AV for amusement parks.

Figure 6.7. Final finished Model of AV for Eco Park.

Figure 6.8. Structure of procedure of DHM process.

Figure 7.1. Schematic diagram of components of Electric AV.

Figure 7.2. CAD model of AV.

XVII

57

60

61

66

67

68

73

74

75

75

76

82

83

85

86

86

87

88

89

94

95



LIST OF TABLES

Table 1.1. Land —Water sites in India.

Table 1.2 Summery of Literature Survey

Table 4.1. Factor Analysis of Exterior Design.

Table 4.2. Factor Analysis of Interior Design.

Table 5.1. Dimensions for AV CAD prototype.

Table 5.2. Tentative components and initial specifications of electric AV.
Table. 5.3. Properties of Material.

Table 6.1. Postures and Dimensions for AV Interiors.

Table 6.2. Indian anthropometric Dimensions for AV Design.

Table 7.1. Claims related to this thesis work.

XVIII

15

56

58

69

72

76

83

84

96



CHAPTER 1

Introduction to Amphibious Vehicles and Eco-Tourism in India

Abstract

The attraction toward water and water-based activities has remained a favorite activity
of humans for a long time. Water-based vehicles existed for a long but not many
developments happened for these types of vehicles. Compared to land vehicles, there
are very few developments happening in boat design or ship design. The Waterside
has soft soil or sand where any land vehicle or water vehicle does not work. In order
to explore nature, especially where a water site is available, an amphibious vehicle
(which can work in water and muddy soil also) is thought of as a better option. India
is surrounded by sea on all three sides and has plenty of lakes, lagoons, rivers, etc. The
amusement parks and science parks are made for adventurous expeditions.
Uttarakhand has many tourist sides that can be developed as amusement sites. Tehri
dam site and Asan barrage site in Uttarakhand are some of the areas which can be
explored for amusement parks, and the application of amphibious vehicles can be tried.
Even though India has the infrastructure and does not have a previous record of usage
of amphibious vehicles, in this thesis, the possibility of use of the amphibious vehicle
in India is scoped out. Various social and ethnographic characteristics are taken into
consideration, and design possibilities are worked out and reported about the feasibility

of amphibious vehicles for amusement purpose in India.

Keywords: Amphibious Vehicle, Amusement Parks, Ethnographic Character, Water
expedition, Uttarakhand amusement sites,
Key Findings:
¢ India has suitable conditions to use the amphibious vehicle for amusement
purposes.
e Many states in India have suitable water bodies and nature parks where the

amphibious vehicle (AV) can bring newness and joy.



1.1 Introduction

The tourist industry is one of the most significant contributors to the state's service
sector in Uttarakhand. It has constantly moved up in recent times and improved in
diverse directions. More than 20% of the state economy is dependent on this sector, as
per the government audit. A wide variety of industries, services, and economic
activities are involved in tourism. Providing a trip experience includes providing
transportation, lodging, meals, retail stores, entertainment venues, etc. (Mathieson, A.,
& Wall, G., 1982). It also contributes to the socioeconomic development of the state.
The introduction of Amphibious Vehicle in Eco-Tourism of Uttarakhand can bring
new dimensions. It can offer innovation and attraction to tourists and provide users
comfort to travel in areas where water is around, like lakes, rivers, reservoirs, etc.
(Shirsath et al., 2015).

Amphibious vehicles had been a conscious effort on all the mobility front. The
wish to float on water with the same mobility device used on land had been tried out
in various forms. Recreational activity is perhaps the largest sector in AV. The 1950s
saw several variations of this vehicle documented in history (Wilfred, 1964). If we
look at the existing amphibian vehicles, we can see that all of them were converted
from land vehicles depending on user needs. There are three different car, Jeep, and
bike shapes. When we perform a job analysis on an AV that is not a land vehicle, we
find that the shape and structure are not suitable for a water vehicle. Bio-inspired
designs are those for which inspiration has been taken from nature or any natural
elements like creatures, insects, animals, etc. (Jones & Platzer, 2006). Natural elements

often reflect certain emotions.



1.2 Nature-based tourism (eco-tourism)
Since the beginning of time, people have relocated for a variety of reasons, including
exploration, adventure, recreation, taking advantage of nature's bounty, experiencing
climatic conditions that are different from their specific location, and having fun.
(Mathieson, A., & Wall, G., 1982). Tourism, economic, physical, and social effects of
tourism. According to Longman, tourism is "the temporary movement of people to
locations outside of their usual places of work and residence, the activities engaged in
during their stay in those areas, and the facilities established to accommodate to their

needs.” The effect of tourism on the Indian economy is depicted in Figure 1.1.

CONSTANT 2017 INRBN % OF WHOLE ECONOMY GDP
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Figure 1.1. India’s Direct contribution of travel and tourism to GDP (Mathieson, & Wall, 1982).

Nature-based tourism encompasses ecotourism, adventure tourism, extractive tourism,
wildlife tourism, and nature retreats since it depends on experiences directly connected
to natural characteristics. (PATA, 2004). The main approaches used by many
industrialized and developing countries to sustainably integrate national parks,
reservoirs, economic growth, and rural development in recent years have been the rise
of nature tourism and ecotourism (Christian, Potts, Burnett & Lacher, 1996). The term
"nature travel” (or occasionally "nature-oriented tourism™) is used to describe a type
of tourism that "combines education, enjoyment, and frequent adventure.” (Laarman

& Durst, 1987) (Boo, 1990) use the term "ecotourism™ interchangeably with "nature



tourism," which she defines as "traveling" to relatively undisturbed or uncontaminated
natural areas with the specific objective of studying, admiring, and enjoying the
scenery and its wild plants and animals, as well as any existing cultural

manifestations,” throughout their major study of Latin America. (Ceballos, 1996).

1.3 Nature-based tourism in Uttarakhand

India offers a wide range of opportunities for nature-based tourism due to its numerous
forest and grassland ecosystems, including alpine pastures, desert thorn forests, and
tropical rain forests, as well as unique geological landscapes, rivers, valleys,
breathtaking coastlines, and towering mountain peaks. The Asiatic elephant, clouded
leopard, tiger, snow leopard, Asiatic lion, and one-horned rhinoceros are just a few of
the thousands of species of wild animals and plants that call these forests home. Eighty-
seven percent of the state of Uttarakhand, which has a total area of around 53,483 sq
km and is located in the western Himalayan region, is made up of mountainous terrain
(Chen, & Chuan, 2011). Exceptionally beautiful Sages, pilgrims, and other tourists
have traveled to the state since ancient times. For a multitude of reasons, including
spiritual ones, to take advantage of its unique environment, to witness rare wild
animals and birds, and to escape the midsummer heat on the plains, millions of people
travel to this breathtaking Himalayan state. Although minimizing negative effects on
the natural environment and socio-cultural environment is an essential aspect of
ecotourism, it is also an essential strategy to protect natural regions, such as
Uttarakhand's geographical location and topography (Chaudhary, Kumar, Pramanik &

Negi, 2021).



Uttarakhand is the 27th state in India, having two major divisions, namely Kumaun
and Garhwal region, with 13 districts. There are 17 rivers and 31 lakes in Uttarakhand.
Three fourth of the area of the state have Hilly areas and jungles. This makes
Uttarakhand an ideal place for nature tourism. The lakes are the places of major
attractions, and surrounding natural places are ideal for nature-loving people. (Jaiswal

& Bisht, 2017).

(A) (B)

Figure.1.2 Google locations of some places in Uttarakhand which has water-based expeditions (Jaiswal

& Bisht, 2017) (A) Asan River near Dakpatthar and (B) Water Reservoir at New Tehri.

Millions of people visit these national parks, sanctuaries, and conservation zones
yearly. Additionally, it makes a substantial contribution to the preservation of these
areas and the growth of environmental awareness among residents and visitors. Six
national parks, seven wildlife sanctuaries, and four wildlife conservation reserves have
been established in the state for numerous biological regions.

14 Land —Water sites in India

Ecotourism depends on capacity development. It improves the socioeconomic status
in the area by generating income and giving the locals specialized skills. The initiatives
for skill development for this sector of the economy in the state are summarized below

(Kala, 2013).



Table 1.1 Land water sites in India

ECOPARKS ECOPLACE ECOFAUNA

Kamala Bird Sanctuary Rabangla Rufous-Necked
Hombill

Parambikulam Wildlife Sanctuary ~ Clulka Lake Himalayan Tree Pie
Bheemeswari Wildlife Sanctuary Sangla Valley Red-Billed Blue Magp
Sunlipal Tiger Reserve Naggar Red Fox

Namdapha National Park Dalhousie Himalayan Black Bear
Neoravalley National Park Rishikesh Scarlet Miniet
Bharatpur Bird Sanctuary The Floating Islands Blue Mormon

Periyar S anctuary Nokrek Biosphere Blue Whistling Trush
Bandipur National Park Tawang Pass Himalayan Gorel
Sariska Tiger Reserve Simonga Himalayan Gorel
Ranthanbhor National Park Coorg Himalayan Musk Deer
Corbett National Park Connor Himalayan Musk Deer
Kanha Tiger Reserve Mahabalipuram Hoolock Gibbon
Dachigam National Park Sela Pass Lammer Geier
Dudhiwa National Park Sonmarg Malayan Giant Squitre
Nagarhole National Park Kumbhalgarh Raven




1.5 Scope of adventure sports

Due to its distinctive natural environment, which includes woods, alpine pastures,
steep mountains, and swift rivers, Uttarakhand also supports several adventure sports.
These activities help India's nature-based tourist industry (Lascurain, 1996). The
government's ecotourism website is depicted in Figure 1.3.

Water-based Tourism has been given prominent importance, and the trend is growing
rapidly. Building Adventure Park is one of the ways to improve the tourist attraction
in Uttarakhand. Adventure and water park vehicles are fun vehicles for a comfortable
tour of the tourist in the park. An amphibious vehicle is a vehicle that can run on water

and land and can be comfortably used by tourists (Borekgi, Kaygan, Hasdogan, 2016).

1.6 Other National Institute for Water sports

Many water-sports-based adventure institutes are trying to promote water-based
adventure sports in India. There are some examples of that given below. Some of the
organizations for the training of adventure sports are shown in Figures 1.3.A-E.
Amphibious tourist initiatives have been operating for many years in Brisbane,
Singapore, Ottawa, Montreal, Toronto, and Nova Scotia in Canada, New York,
Washington, Miami, Philadelphia, George, and many other American cities, which are
currently quite popular in industrialized nations. On Australia's gold coast, 36 maritime
professionals, including engineers from China, Australia, Italy, the United States, and
Germany, gathered in 2001. They continuously improved the speed, functionality, and
performance of amphibious vehicles. After five years of work, they eventually
produced the expensive, million-dollar Australia International Amphibious Cruise
Ship, also known as the "Adventure Duck™ Amphibious Sightseeing Ship. Amphibious

projects were also utilized in the tourism sector in Cairns, Brisbane, and other well-
7



known tourist destinations. (Pauw, Ingrid, Kandachar, Karana, Peck, and Wever,

2010).

A B C

NEAR CHRYSALIS SCHOOL

Kampty Fall, Mussoore, Inda

,&’\'»’*’\.
AR S

ﬁl Himalayan Adventure Institute

WATER
SPORTS

TAG A FRIEND AND DIVE INTO THE MOST
FUN YOU'LL HAVE THIS SUMMER

GET READY FOR A

509 to outward bound educational activities like Rock-Climbing,

fl exploration  treks, forest exploration, mountain  expeditions,
N vilderness, survival, nature and environment camps, rescue
¥ operations, map reading, navigation, jungle craft, river crossing,

e 1 0am upeated On: 712901

3 BAVS B9 Skl on Eokuien ECOTOURISM POLICIES

5 KOTOURISM DATABSE

Sports And Adventure Enthusiast? Now e !
Fnjoy Free Of Cost Adventure Sports it s R
Training At Tehri Lake, Uttarakhand Db o
U 2 00K In EWVIS Larry r-ws:,um,rawmmuxm isa»p'uil.\.mins‘wc»ww—csm:r-z:s:z:a:!

Figure 1.3. India's Government's policy on Eco-Tourism for all states: A) Conceptual model of NIWS,
Goa; B) Himalayan Adventure Institute, Tehri, Uttarakhand; C) Himalayan Academy of Water Sports;
D) Adventure Sports Training, Tehri, Uttarakhand E) India’s government’s policy on eco-tourism for all
states

1.7. Requirement Analysis using a Survey from Indian audience

A survey was conducted among Indian citizens to understand the necessities of amphibious
vehicle in Indian context for amusement purpose. A total of 73 participants participated in
this survey. Results of this survey reflect that around 68.6 % of people are aware of
amphibious vehicles and they (51.4%) mostly heard about it from social media. About 77.1
% Indians are interested to see amphibious vehicle in near future. The design of the vehicle
should be both minimal and tech oriented (62.9% people said that) and the vehicle should be
2-5 seater (52.9% people said that). Around 38.6% Indians suggested that amphibious
vehicle has future implementation possibility in India; in addition, 50% people said "May be’
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there are possibilities. Most of the people wants any kind of amphibious vehicle (54.3%) but
they want it for both under water and on water surface (27.1 % under water, 18.6% over
water). Approximately 31.4% Indian occupants want amphibious vehicle for luxury and
27.5% want it as essential commodity. Around 90% of users said that it will be required for
aquatic tourism. Around 41.4% users said that it should be using electric power as a type of

energy. Please see Appendix 1 for detail survey results.
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1.8 Brief of Chapter 1

India is surrounded by sea on all three sides. It has plenty of rivers, dams, lakes, and
inland waterways, making it suitable for exploring land and water vehicle for various
requirements. Land and water vehicles can be called amphibious vehicles, which have
various requirements in time. Amphibious Vehicle (AV) was used in defense
applications during World War 11 but was not reused. AV can be used for recreational
purposes as a human is attracted to the water, and water parks are becoming popular
in India. An AV can give freedom and newness to recreational activity when it is
designed suitably for mass usage in a commercial application. Apart from that,
Uttarakhand has an eco-tourism concept that is getting very popular in the state. AV
in Eco-Tourism can boost attraction, comfort, and innovation in the tourism sector for

recreational activity.

1.9 Brief of Chapter 2

Amphibious Vehicle was used first in World War Il for military requirements. Many
different ideas were executed in a small way after this. People have tried to convert
land vehicles to water vehicles; in many attempts, amphibious was made in India as a
trial attempt by Saidullah, which was a prototype to prove the idea.

An amphibious jeep, scooter, or car is made by Gibbs company in the USA. An
amphibious bus is made in The Netherlands and runs successfully. The overall
presence of AV in totality is not found as continuous and more in number. Many types
of AV are found in the history of AV (Borekei, N. A., Kaygan, P., & Hasdogan, G,
2016). Mostly it was an experimental result or small business.

The design of AV as per user requirements can help improve the aesthetic and
ergonomic aspects of design. The design aspects related to aesthetics and HMI of AV
are discussed in this thesis. An attempt is made to create a design framework for AV
that addresses specific requirements related to aesthetics, styling, and HMI aspects in
design (Bordegoni et al, 2012).

Many states in India have waterways as one of the most comfortable ways of
transportation. Kerala and West Bengal have many rivers and lakes, lagoons, etc.,
which makes a reasonable possibility of introducing AV for transportation.
Uttarakhand state has a tourism focus for the developing economy. AV has a good
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possibility for eco-tourism as a recreational vehicle. This can give freedom and privacy
and boost eco-tourism.The research done on Indian customers shows that there are
expectations and wants for AV.

1.10 Brief of Chapter 3

The visual design of amphibious vehicles consists of exterior form design and interior
design. In order to meet AV design with the user's psychological requirements, a
contextual design exercise was performed. The contextual mood board was created
based on bio-inspired creatures. Let us assume that Amphibious Vehicles are in some
way or other connected to amphibious creatures if you consider external form design.
A form design exercise was performed based on bio-inspired creatures. The external
look of a frog, a duck, and a dolphin was taken into consideration. A creative exercise
of abstraction from the design form of these bio-inspired creatures was performed.
This is called speed form design. The 3D models were created from the sketches, and
while creating speed forms, aesthetics were a significant consideration.

About 30 effective keywords were selected that matched users' psychological
requirements. A group of users (total of 22) which includes males and females, were
interviewed with these 3-speed forms. They were requested to evaluate the three-speed
forms about the 20 chosen keywords. SPSS software was used to evaluate the results
statistically. Descriptive and inferential statistics were employed. The Friedman
ANOVA and Wilcoxon signed test was carried out using SPSS software. It was
discovered that speed form 1 (inspired by a frog), out of the three-speed forms
examined in this study, was the most popular. Although the chosen speed forms all
included dynamic qualities, the speed form was more aesthetically beautiful than the
other speed forms. Therefore, when designing amphibious vehicles used for
amusement, speed form 1 may be taken into consideration.

Since the Friedman test's p-value is more than 0.05 [(2) = 2.564; p=0.28], there is
no discernible difference in the dynamism value of the speed variant. No significant
difference was discovered in repeated comparison tests for the mean values of
dynamism for different speed forms since p values are above 0.05 when comparing the
dynamism values in different combinations for three variations of speed forms.

The study, as mentioned above, demonstrates that when it comes to AV design,
use favor aesthetics over dynamism. The three models' Chi-Square Test results for
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0.035, which is less than 0.05, support the null hypothesis. The two characters differ
significantly from one another. In contrast to the dynamic character, which does not
influence how users choose their form, the aesthetic character is in charge of how users
ultimately choose their form. The results of the user survey also demonstrate that Form

1 is chosen by most users.

1.11 Brief of Chapter 4

The success of AV design largely depends on its exterior and interior design. The
design language of AV design depends not on its internal components but on the
related image of water-based amusement, which is in the user's mind. Bio-inspired
concept design is taken up as a concept for AV design. Here we have experimented
with bio-inspired concepts, which are mainly taken from amphibious creatures like
ducks &frogs. The body construction of frogs and ducks is studied, and speed concepts
are generated from those rated against aesthetic parameters by users (Davis, 2012).

The design functions of AV sometimes are very similar to some biological
organisms. It may match some aspects of creatures or birds or any other animal. AV
functions by nature are synonymous with creatures like ducks, frogs, etc., which are
amphibious (Wang, 1995) (Benyus, 2020). Here concepts are generated from frogs as
inspiration. Compare both concepts for user reactions. The final model was taken for
further detailing. The backward confirmation from the user-by-user survey conveys a
scope for improvement in aesthetics. The alternate concept AV form design inspired
by frogs was also tried out.

The process of AV form generation is iterative and depends on the user's reaction
to each feature. CAD design is used to model AV form generation and work out details
(Chen, Hoyle, Wassenaar, 2013). The practical design of AV was divided into two
parts—exterior and Interior design. Since the user interaction with AV is both in terms
of appreciating and owning, it is visually and psychologically connected with users
(Nagamachi, M., 2010). The methodology followed was known user reaction for two
types of concepts derived from Bio-inspired design. A Duck beak inspired one design,
and Frog inspired the other design. Both are amphibious creatures, but their designs
had varying amounts of design elements required for AV design (Baldovino, R. G., &
Garcia, G. R., 2016). Users were given 30 keywords, and they were asked to ratify on
a 1-7 scale, depending on their choice. A total of 81 target users (male and female) in
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the age group of 17-35 were taken into consideration. (Wang et al., 2018). Initially,
brainstorming on effective keywords related to AV was done. Since nature-based or
contextual design is considered here as a base, words related to the context of AV for
recreation were considered a base.

The detailed design for AV, which includes interior & exterior design, was made
for two sets of concepts. A duck inspired one, and a frog inspired the other. The visual
aesthetics of both are different. These concepts were ratified on a 1-7 scale by 38 users
of both genders aged 18-55. The users were given 30 appropriate attributes or
keywords. Users were asked to reflect on them with numbers. These numbers were
then taken for statistical analysis and ANOVA. By suppressing less significant
components, the comparison is made.

The Varimax rotation matrix was applied, and a component having a coefficient
less than 0.8 was suppressed. Maximum iteration of 25 applied. Through Factor
analysis and ANOVA, four parameters had significantly high values and were found

in concept 2.

1.12 Brief of Chapter 5

A CAD model was made based on a bio-inspired design, and extensive prototyping
was done. The vehicle's dimensions were determined by drawing design inspiration
from current electric land vehicles like the Nissan Leaf and Chevrolet Bolt. The first
phase is to model the mechanical parts after the ladder-type chassis, such as the
suspension, differential, motors, seats, and, eventually, the body. (Owen, J., and
Tovey, M. 2000).

A conceptual design for an amphibious vehicle was looked into for
contemporary leisure activities. The research was done on technical viability, various
user interface elements, and the design concept considered the psychological side of
the user's thinking. When designing AV, an amphibian animal such as a duck or frog
was considered an inspiration. Its body construction's form feature produced a unique
sort of vehicle. The distinctive visual design element invites and piques interest in
using the amphibious vehicle for leisure activities. This will help amphibious vehicles

regain market share, and its unique advantage will benefit humanity.
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1.13 Brief of Chapter 6

This chapter deals with the realization of a design into an actual prototype. Apart from
the CAD model, the validation is done using digital human modeling (DHM). The
ergonomic considerations and anthropometric considerations are taken into account.
The initial Design faced some issues as part of the analysis. Necessary modifications
are undertaken to make the AV design meet the design considerations. The Vehicle
interior and dashboard operations are evaluated using RULA and REBA
methodologies. The CAD model, along with the digital human model tested with
RULA. The neck position for visibility of the instrument panel needed modification.
The height of the instrument panel was increased, and the bend in the neck was
reduced. The space requirement for two persons in AV was less as the arm-to-arm
space interfered. The AV's width and the seat's space were increased to make it
comfortable. The ingress step was at a height that was causing leg muscle stress. An
additional step was designed to get into the AV. Additionally, a handle is provided
when ingress into the vehicle. With all this modification, a scaled-down (1:10) model

was done.

1.14 Brief of Chapter 7

The requirement of the amphibious vehicle in India and its interpretation as an
amusement vehicle was done as an exercise in this paper. The framework of AV design
and Bio-Inspired design approach was applied to create a design for Eco- Parks in
India. Evaluation of its interior & exterior design done for finalizing the design. It is
recommended for new applications and benefits. New and special-purpose
applications can be found with amphibious characteristics to provide an upper edge
for applications in rural India (Farr, D., 2011).

The present thesis only extended it once prototype creation and working model
creation—the exact specifications of the battery and electrical components. However,
the buoyancy and speed calculations, including structural finite element analysis, are
done. The prototyping and testing are kept for the future scope of work from the
present thesis work. Proposals are sent to DRDO for prototype creation for AV for
Border Patrolling.

14



1.15

Literature Survey Summary

Following are summary of literature survey done on this topic.

Table:1.1 Summary of Literature Survey

Findings

Inferences

Gap

Motorised Boats
structure is studied

Limitations on
shore/less depth
of water

Not suitable for land
and water movement

Customized design
heavy on technical
aspects. Visual and
ergonomic aspects
are missing

Design with focus
on Ergonomic &
Aesthetics
required

Mostly for military
applications and
bigger vehicle in

focus.

Automotive vehicle
heavily depends on
Form design

Form Design is
also applicable on
Amphibious
Vehicle

Amphibious Vehicle is
very few in number
and inconsistent

User research
methods for
automotive design

User research can
be done to know
more about AV
users

For AV user reserch
datais not found

For user comfort this
process is very useful
for automotive
design

Similar study can
be done for AV
which can benefit

the design of AV

Similar study for AV
design is not found

Themes Details
20 papers
Boat manufacturing pap .
are studied
Patents on AV
. 50 Patents
designs
Aestheti
es etlcs. & Form 50 Papers
Design
User Research 20 papers
HMI & Digital 10 pabers
Design pap
1.16 Conclusions

The application of Amphibious vehicles can be explored in India. It can be explored

in various applications, including adventurous sports and amusement parks. It can be

checked for use by the general public (Indian Males and Females) for easy operation.

The design of AV can be made attractive so that it can be inviting to the general crowd.

The design of AV can have a separate frame pertinent to its applications. Further deep

dive can be made to research the design process of amphibious vehicles for the Indian

context.
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CHAPTER 2

Theoretical Framework and Design Process Followed to Designan
Amphibian Vehicle

Abstract

An amphibious vehicle is not a new idea conceptually. The principle was tried out in
military vehicles during World War Il in 1939. Since then, AV has a military use in
many countries. The applications for cars, jeeps, trucks, and other applications were
tried out much later. In many countries, new attempts were made to convert land
vehicles into floating vehicles, mainly for surprise or tourist attractions. It was not
found to be made by the commercial method. The numbers of this kind of vehicle were
few and did not sustain for a long time. The attempt is made here to systematize the
process of AV production. Since this type of vehicle has potential commercial use and
can be required in large numbers, a design approach or theoretical framework is made,
keeping the specific requirements of amphibious vehicles in view. An approach to bio-
inspired concept design is introduced including consideration of aesthetic and HMI
evaluation to create the design occupant friendly. The AV is designed for amusement
purposes. Hence, user involvement and acceptance of the look of the AVs are
important. The ideation methods and evaluation methods are described in other

chapters of this thesis.

Keywords: AV for amusement purposes, Bio-inspired design concepts, Framework

Design of AV, Ideation Methods, User-friendly design,
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Key Findings:
o Traditional AVs were mostly used for military use.

o AV for common people's use requires a change in the approach to design.

2.2 Bio-Inspired Design

Bio-inspired designs are those for which inspiration has been taken from nature or any
natural elements like creatures, insects, animals, etc. (Jones & Platzer, 2006). Natural
elements often reflect certain emotions. This comes from the look of the organism or
functions of the same. The similarity in characters and mechanisms like body structure,
features, color, and texture are inspirations for product design. It is also called Bio-
mimicry. For example, the fast-moving two-wheelers are often inspired by leopards or
Cheetah, which is the fastest animal on earth. It brings a resemblance to the semantics
of product design. The amphibious vehicles found in history look wise uninspiring,
and technical. For the purpose of making it interesting to the users and giving
meaningful shape, a bio-inspired design process is selected. Here concepts are done
from Ducks and Frogs, which are amphibious in nature. The evaluation of concepts is
done by the user survey method. The user preferences are identified (Kozlov,

Chowdhury, Mustary, Loganathan & Alam, 2015).

2.3 History of Amphibious Vehicles

The amphibious vehicle was first found to be developed long back in history, in 1805.
Oliver Evan of the United States designed the self-propelled steam-powered and
wheeled dredging barge named Orukter. The objective was to travel around the world

on land and water (Woodside, Sood, & Miller, 2008).
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Until the late 1920s, the effort was to unify a boat and an automobile by simply
putting a wheel and axle to the boat and hull and, in other words, getting a rolling
chassis on water. One of the first well-documented cases of an amphibious vehicle was
in 1905 when a petrol-powered carriage was made on water: the three-wheeled
carriage where the front wheel for direction was used and the rear wheel for power.
Fins were provided on spokes for propelling water. Since the 1920s development of
amphibious vehicles has significantly diversified into other areas. Applications were
created for recreation, expeditions, search, and military applications (Ridden, 2015).
In some cases, it was just a conversion of a land vehicle into a floating body. In some
instances, integrating amphibious characteristics into the existing vehicle was central
to the theme (Ferreira, Furini, & Silva, 2007).

Amphibious vehicles had been a conscious effort in all the mobility front. The wish
to float on water with the same mobility device used on land had been tried out in
various forms. The following varieties of amphibious mobility devices have been

identified and shown in Figure 2.1.
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Boat (Adapted
from ([2]).p E (Adapted from [3]). (Adapted from [4]).

DUKW Amphibian Truck  Alvis Stalwart

Amphibian

cargo vehicle

(Adapted from [4]).
@

Amphi bus
(Adapted from [

, : s Amphibian
miews © . Vehicles

U-Boat Worx
(Adapted from [12]).

30-sec TECH: Amphibious nf

Amphibian Bike
(Adapted from [

overcraft Amphi Car ’ Amphl Jeep Amphlblan Quadblke

fAdantad fram Fan A Annbnd Fonen FOIN

Figure 2.1. Different types of AV usage in history in different countries in the world.
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2.4 Introduction and Background

It has been determined that the human race first began to colonize territory about
200,000 years ago, all over the world. The particular vehicle is capable of traveling
independently on land and in water. There have been very few attempts to move a car
both on land and in the sea. Engineers developed a vehicle that is capable of moving
on both land and water with an experience of their experience of bi-terrestrial
requirements. According to Borek¢i, Kaygan, and Hasdoan (2016), AVs are the kind

of vehicles that can travel over both land and sea.

2.5 Possibility of Applications of AVs for Recreational Purposes

Recreational activity is perhaps the largest sector in AV. In the 1950s, this vehicle
came in a variety of forms. Different types of the ferry that could go on highways were
produced by DUKW of Boston (Tovey, Porter, & Newman, 2003). The information
on several types of amphibious vehicles can be found on websites(Siddaiah, &

Menezes, 2016).

2.6 Typesof Amphibious Vehicles

Many military vehicles have been transformed into AVs in order to meet the demands
of the field. Several kinds of amphibious trucks with 6 X6 wheels carrying soldiers and
weapons through coastal areas were deployed during World War 1l by the German
company DUKW. About DUKW (Amphibian Truck) Amphibian trucks with 6x6
wheels were developed by Alvis Stalwart for use in military and cargo transportation

in the United Kingdom. Alvis Stalwart Amphibian Truck looks like a truck in Hull.
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2.6.1 Amphibian Bus

Another historical example of a leisure vehicle is the Amphibian Bus. In Rotterdam,
The Netherlands, a popular tourist destination is the splash tour. It seems to be a
standard bus and has a high floor. Water and roads function differently internally. On
water, the vehicle travels at a speed of 8 knots and can accommodate 25 passengers.
For a bus that can swim as described in website Wikipedia *Alvis Stalwart> on 7" Feb

2023, which is utilized in Rotterdam, Netherlands (Hajare, 2015).

2.6.2 Amphibian Car

This style of prehistoric Amphibian vehicle is fairly common in the USA and Europe.
One German corporation produced and distributed its goods; although it possessed a
4x4 drive and watertight construction, it had a car-like appearance. It had a Porche 356
transmission, a BMW control system, and a 43 HP engine. It might cross a road as
well as a river. It was popular because of how much the design resembled a car, as
described in *Amphicar’ on the website (Classic Traders, 1965). The Amphicar had a
low first-gear ratio and had better ground clearance than a jeep: large tires and power
steering. The Amphi vehicle is depicted in Fig. 2.1. the user-centric approach is not
well-established for AV design, despite the literature detailing numerous different AV
design methods. This study tries to provide a user-centric vehicle (Majumder,

Choudhury 2021).

2.6.3  Amphibian Cycle

This particular bicycle model can travel both on land and in water. The Discovery
Channel and BBC News provided the first coverage of the Amphibian cycle. It's

referred to as Saidullah's Bicycle. It used four rectangular air-filled tanks to provide
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buoyancy. A tricycle frame and a fan blade drove it. The manually pedaled bike could
go at a speed of 1.12 meters per second on the water. This was effective in urban

settings like floods and the leisure industry.

2.6.4 Amphibious Bike

Gibbs of the United States produces the most well-known amphibious bike. It has a
twin-cylinder engine with 55 HP. This travels at a 35 mph water speed and 80 mph on

land. The two-wheeled AV is 502 pounds heavy.

2.6.5 Amphi Jeep

The Amphibian Jeep, which resembles a jeep almost exactly but travels on water at a
speed of 44 mph, is the most widely used type of AV. It is now the fastest boat
available. The most well-known business is "Water Craft" from California, USA. Its
3.7-It V6 engine goes by the name "panther,” and it is for sale for an amphibian

quadbike and an amphibian jeep, respectively.

2.6.6 Amphi- Submarine

In 2011, the Scubster team in the USA used a model of an amphibian submarine called
Scubster for adventure and enjoyment. It participated in the world championship of
naval racing. There are two seats in this electric version of the car. It is driven by two
electric motors, and its top underwater speed is 8 kmph. For the Mini Subs model,
Similar to the aforementioned, there are numerous additional types of recreation

vehicles, mostly used for adventure and water sports.
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2.6.7 Amphibious trucks and artillery vehicles

In addition, other innovative amphibian military-based carrier designs were used
throughout the 1955-1975 Vietnam War. In the 1960s, the British created the 6X6
cargo ship Alvis Stalwart, which used water-jet power at 6 knots. German engineers
created the M3 Amphibious Rig, which can transport numerous soldiers and large
vehicles and goods.

The Sherman, a post-World War Il British vehicle with a rubberized screen that the
soldiers opened before entering the water to provide extra buoyancy, was named for
the Civil War leader William Sherman and was also known as the "Duplex Drive." It
used propellers as part of its propulsion system. The screen concealed the cannons,

making them unusable while afloat, which was a flaw in the design (Lin et al., 2016).

2.6.8 Hovercraft based vehicles:

These air-cushioned cars are also recreated for the big screen in movies like the James
Bond film Die Another Day 2002. It is based on levitation, where a low-pressure air
cushion separates the ground and the vehicle's base. They can quickly switch from land
to water or vice versa and can even travel at speeds of up to 150 mph while on the
water. It undoubtedly has disadvantages, such as the need for level ground and

excessive fuel consumption.
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2.6.9 Commercial Amphibious vehicles

Many AV designs are based on WWII amphibious vehicles that are still used as
amusement and tourism attractions today (Sitek & Yang, 2011). They are employed in
locations like Venice's waterways and other similar ones. Many concepts and
prototypes, such as the Rinspeed Squaba and Gibbs Aquada, have been created for a
limited consumer market as described on the website (Amphibious Splash Tour
Slashburg, 2016). Numerous individuals have attempted to alter and adapt their
wagons into fun, family-friendly amphibious automobiles (Stamov, 1990). Bert
Sandlin of New Orleans created an inexpensive, 40 mph capable homemade AV in his
garage. For added buoyancy, it incorporates fiberglass and Styrofoam reinforcing (Bo

et al, 2014).

2.7 Design Philosophy of Existing Amphibian Vehicle

All of the current Amphibian vehicles need-based modifications of land vehicles. As
shown by a look at their design philosophy (Mayyas, Qattawi, Omar & Shan, 2012),
for vehicles that are amphibious vehicle, land vehicle shapes like bike, Jeep, or
automobile shapes are available (Weber, 2009). When we perform a job analysis on
an AV that is not a land vehicle, we find the shape and structure unsuitable for a water
vehicle. Human desires are not considered when designing an AV (Edwards, Bhamra,
& Rahimifard, 2006). Because the Amphibian recreational vehicle has unique
characteristics and operations, a user wants a survey undertaken for its design.
(Awasthi, 2017).

The study of existing amphibious vehicles shows that a large portion of the

vehicle was in military applications, where it resembles too much of a war machine.
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After a long while, the occasional use of amphibious vehicles is found in some
countries for tourist attractions. Customized vehicles are made in small numbers for
tourist attractions. The road vehicle shapes are taken to convert into amphibious
vehicles like Buses, jeeps, Scooters, etc. AV can be treated as a particular segment of
the vehicle and can be designed keeping its user requirements and aesthetic
requirements into consideration. The framework may focus on Requirement Analysis,
Concept Design, Interior & Exterior Design, and design evaluations. This chapter
suggests a framework for an amphibious vehicle that can be useful for any AV design

for different kinds of applications.

2.8 Current Design Strategies

A literature review demonstrates that all amphibian designs turn land vehicles into
watercraft. For example, the Amphibian Jeep and Amphibian Car maintain their current
appearance. Compared to a land vehicle, a boat's hull design and ergonomic entry and
evacuation concerns differ. The aesthetics of amphibian vehicles should be distinct from
those of boats or other land vehicles because of their unique qualities. For instance, the
Amphibian Bus resembles a bus in appearance and construction. Although the spectators'
amazement that a bus can run on water is also considered, it still does not last long.
(Burchard, Ayers, Frey, & Sapidis, 1994).

Based on studies, many types of AVs were developed over time for specific uses.
AVs were typically sold for defense use, but a minimal number of specially designed
editions are now made available to the public (De Pauw et al., 2010). As aresult, AV design
has a user-centric standard and procedure. It is acknowledged that the complete spectrum
of human emotions affects purchasing decisions. Design elements that affect the senses
should match how the product looks. It might be challenging to define boundaries that are

meaningful to human perception (Gawande and Mali, 2016). A helpful technique for
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coordinating visual perception with the vehicle's form is the Kansei Engineering process.
This procedure enables the vehicle to be styled to meet the sensory requirements of the

user. (Nagamachi, Lokman, 2016).

2.9 Design Process developed from different Study

A framework represents product designers' choices and actions when developing it (Kalhari
et al., 2020). The process's depth depends on careful evaluations of factors that affect the
ultimate design outcome. A holistic design approach also considers the actual situation and
possible relevant factors (Borekci, Kaygan, Hasdoan, 2016).

Compared to a terrestrial vehicle, an amphibian vehicle will have different formal notions.
Moving on to water presents unique challenges for stability and buoyancy. Since it must
float on water and move through water, the propulsion requirement is also different.
Amphibious vehicles differ from land vehicles and boats in areas like how high-speed boats
calculate drag on the water (Koler, 2007).

Amphibian vehicles have various user considerations than cars or any other land
vehicle, such as egress and egress from the vehicle. The water-bouncing properties and
speed characteristics show that the seating arrangement can be adjusted to the proper
configuration needed for AV for recreation (Tovey, Owen, 2000). Figure 2.10 depicts the

design framework for the amphibious vehicle.

2.10  Different steps in framework design of an amphibious vehicle

Following chart shows different steps towards design of amphibious Vehicle.
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Design Process followed for designingamphibious vehicle
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Figure 2.2. Design process suggested for design of amphibian vehicle (AV) design.
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2.10.1 Requirement Analysis

A "User Survey" is carried out to obtain detailed information about user requirements and
goals. User desires and keyword surveys are carried out following the Kansei Method
(Wycoff, 1991). A questionnaire, direct interviews, and secondary research techniques are
used to perform this survey. The present situation exposes a two-seater vehicle that can go

on land, water, and undersea (Wycoff, 1991).

2.10.2 Conceptualization

AV design starts with ideation and sketching. According to the user survey, the primary
aim and mood board are formed as "Safety.” The vehicle's forms are entirely distinct from
those now on the road (Tovey, Porter, Newman, 2003).

"Helmet" was the initial source of inspiration for the energetic, secure, and elegant
elements. The primary form used to generate the forms was Helmet, which was then

changed into Amphibian Vehicle.

2.10.3 Interior & Exterior Sketching

Throughout the detailed sketching, ergonomic concerns and packaging ideas are
considered. Here, the Hull Design, Propulsion Method Selection, Stability, and Buoyancy

Criteria are considered (Sanjog, Karmakar, Patel, Chowdhury, 2015).

2.10.4 Design Evaluation

It is challenging to evaluate the finished design. Regarding the use of AV, design
processes involve emotional factors, which strengthen product identification.

Amphibian vehicles must adhere to aesthetic standards (Mugge & Dahl, 2013). It
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should not be combined with cars or boats. Unlike automobiles or boats, airplanes have
different operating and comfort requirements. As a result, the vehicle's design must
consider this application.

The framework includes the Kansei engineering (KE) approach, which may be
used to build an amphibian vehicle (AV) methodically while considering all relevant
elements. A user survey is used for this. The success of the product depends mainly on
its appearance and personality evaluation. The KE approach collects and applies

consumer feedback on vehicle aesthetics. (Yuhazri, et, al, 2018).

2.10.5 Preparation of Digital Mockup

Software such as CATIA, SolidWorks, Fusion 360, etc., turns car conceptions into
digital mockups. A vehicle's scaling and material distribution are also done
simultaneously. All vehicle engineering factors are considered at this phase, and
specific vehicle parts are also subjected to Finite Element Analysis depending on
vehicle design. The digital mockup also addresses adjustments needed due to
aesthetics and FEA results. The assemblies are created using both existing and freshly
developed elements. At this point, engineering and aesthetics converge. The use of
digital human models allows for ergonomic considerations to be tested (Riascos, Levy,

Stjepandi¢ & Frohlich, 2015).

2.10.6 Finalizing CAD Design

Packaging internal AV for entertainment system components is part of the CAD
design. The choice of the battery and the motor is the main task of an electric AV.
Choosing between the two is followed by considerations about the propeller, water jet

motor, shaft, chassis, and body measurements. The digital mockup replicates the real
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AV for ergonomics assessment using digital human models (Chaffin, 2001).

Other factors, like materials and procedure, might be considered when building the
digital AV mockup. For the purpose of calculating buoyancy during AV construction,
the lightweight and volume of water that is displaced by the "Hull" is taken into
account. Sturdy and lightweight carbon steel could be used for the frame. Expanded
polyurethane can be used as a filler material in the AV's body design to make it more
lightweight. A Hover Fan is available and is utilized for both beach and sea excursions.
A vital component of this AV's design is how the Hover fan is packaged, and its frame
is attached to the body.

When building the AV design, styling and aesthetics are crucial. The original
concept sketches are a reference for building the AV design's digital mockup.
Preliminary calculations for efficiency can be made manually. Advanced Design
validation may be done by utilizing this program. The first phase of design finalization
is package finalization. Another standard for determining when a design is finished is

the optimization of the materials and processes.

2.10.7 Human Machine Interface (HMI) Check Applying DHM

This capability is necessary for the tool's user to produce objective and repeatable
simulation results or outcomes unrelated to the DHM tool user's presumptions on the
postures and behaviors of drivers in particular circumstances. Such prediction abilities
may be based on optimization techniques, enabling the human model to automatically
generate an appropriate sitting position or motion within the existing constraints.

An AV cannot be considered designed if HMI Check is not performed. In this
case, the overall measurements, panel dimensions, door dimensions, etc., of a digital

mockup of the vehicle concept digital model. The concepts are developed through
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sketches and verified using digital mockups (Sanjog, Karmakar, Patel, Chowdhury,
2015). The Digital Human model aims to represent the human body with the ability to
apply any attribute, including height and gender, as necessary. A software model
determines the dimensions dependent on postures like sitting, standing, and contact
area in sitting, clutching, etc. DHM is necessary to develop AV for leisure—the inside
(Chang & Wang, 2007). Industrial shop floor layouts are now created using digital
human models. DHM can be used to illustrate and address the assembly line's
ergonomic and man-machine compatibility issues (Sanjog, Chowdhury & Karmakar,
2012). Human elements are more effectively incorporated in the design phase using
CAD and DHM. By including this, the balance between desired performance and user

comfort may be guaranteed (Sanjog, Chowdhury & Karmakar. 2010).

2.10.8 Final Styling Check and Modification

Since the design is developed with a specific theme in mind from the start, it endures
even after numerous changes are made for various factors, such as engineering
packing. (Zhang, Zhao, Zou, 2009). After every change, the styling check is carried
out to restore the original visual design's essence. Additionally, styling changes have
been made to the CAD models. To polish the incredibly minute features of visual
design, 1:1 scale clay modeling is finally used after making multiple dummy models—
the requirements for alteration related to style. The other adjustment was the

positioning of the rotor, wheels, and fan. (Stamov,1990).

2.10.9 Prototype Construction

The amphibian vehicle's full-scale prototype has to be ready for concept testing. This

document currently needs to cover it. Engineering characteristics are tested to ensure
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that the concept is sound. When the test results are satisfied, precise drawings will be
produced for pilot manufacturing (Du Plessis et al., 2019). Innovative construction
methods and materials that are lightweight and float in water were used to construct
the vehicle's body. Roto-molded plastic foam components can be used for simple and

straightforward forms (Babapour, 2012).

2.10.10 Prototype Testing

The last stage for result confirmation is prototype testing in real-world settings. At this
point, design adjustment is still dependent on improving results. After the prototype
has been built, testing can be carried out. Prototype testing is often how the reliability
of AV is determined. There are three forms of prototype testing. 1) Testing of virtual
prototypes 2) In-depth testing of the prototype in lab 3) Field testing of prototypes.
Analysis software and a digital mock-up are typically used for virtual prototype
testing. Static and dynamic stress assessments are carried out for chassis validation.
Software like Ansys, LS Dyna, and Abacus are just a few examples of what is utilized
for crash investigation. Software for fluid analysis, such as Fluent, Star CD, etc., can
be used to compute the drag on the AV body. Attaching instruments and running the
AV in simulated conditions are two ways to evaluate the actual prototype of an AV.
The measured and observed reading may be utilized to do additional life prediction
analysis. The final testing type involves running the AV on the ocean and a beach
multiple times while subjected to various load situations. All functional parameters are

susceptible to observation.
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2.11

2.12

2.13

Research Gaps

There are reports addressing the technology and development aspects of an
amphibious vehicle. However, significantly fewer studies have focused on an
amphibious vehicle's aesthetics, emotion, and human-centered design.

Minimal studies have focused on designing amphibious vehicles for amusement
purposes.

No study reported on an amphibious vehicle that considered Indian human
anthropometric body dimensions and their applications for amphibious vehicle

design.

Research Questions

Can we conduct studies on aesthetics, affect, and HMI aspects of AV that might
be useful for amusement purposes, such as children's parks, science parks, etc.,
in the Indian context?

Can we analyze the requirements of Indian users for designing amphibious
vehicles inspired by the morphology of biological organisms such as amphibian
animals?

What are the methods and strategies designers should follow for amphibious
vehicle design in the context of the amusement of the Indian audience?

Does the designed amphibious vehicle suitable in terms of Indian anthropometric
body dimensions and fitting to the aesthetics and affective requirements of

Indian occupants?

Aim

To design amphibian animal-inspired amphibious vehicles considering aesthetics,

affect, and HMI aspects in the Indian context for amusement purposes

2.14

1.

2.

Objectives

To analyze aesthetic and affective requirements of the amphibious vehicle
which helps to satisfy Indian occupants in the context of amusement

To design (bio-inspired) and check human anthropometric fitment and HMI
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aspects of the amphibious vehicle in the Indian context
3. To determine the vehicle dimensions and manufacturing feasibility of an
amphibious vehicle as an e-vehicle with limited speed for amusement purposes

2.15 Research Hypotheses

1. It could be reasonable to assume that if the amphibious vehicle is designed
from the inspiration of the morphology of amphibian animals, the design
might be acceptable from the point of view of aesthetics and affective
requirement by Indian users for amusement purposes.

2. Itisreasonable to assume that the amphibious vehicle would be feasible to
develop if stress and strain parameters are within the acceptable range in the

structural design of AV.

It is reasonable to assume that if AV fits the body dimensions of the Indian

population, it would be comfortable.
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CHAPTER3

Design and Evaluation of Speed Forms for the Design of
an Amphibious Vehicle for Amusement Purpose

Abstract

Speed Forms are abstract forms generated from various inspirations. They convey
various moods and meanings. Bio-inspired speed-forms are generated to bring
innovative forms of the vehicle. It is not found in the case of AV design. Various
inspiration has been taken from natural amphibious organisms like frogs, fish, and Birds.
The abstract forms were created from morphologies of these animals. The abstractions
are modified to generate forms which convey AV characteristics. Automotive clay is
used to make three-dimensional models in abstract forms. Twenty-two prospective users
have been surveyed to get feedback on three possible speed forms. A total of 8 adjectives
were selected, which are prospective for AV design. On a scale of 1 to 7, users were
asked to rate the speed forms according to their preferences. ANOVA was used to assess
the user replies statistically, and SPSS was used to analyze the results (Statistical
package for social sciences). The Wilcoxon test and Friedman ANOVA were performed
as part of a planned within-subjects investigation (wherein the same group of
participants reacted to three different speed forms for varied factors). Three keywords
had varying responses and having selected for maximum score. They were Attractive,
Beautiful, Dynamic, Fluidic, etc. The impact of these four keywords varies in models 1,
2, and 3. After the Wilcoxon test, Form 1 was found to be the most acceptable. Form 1
was inspired by the frog. Out of various speed forms from different sources, the designed
form which is inspired from the frog is most appropriate for designing an amphibious

vehicle.

Keywords: Amphibious organism, ANOVA, Speed Forms, SPSS, Wilcoxon
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Key Findings:

o The aesthetics of AV is judged by users whereas bio-inspired organisms can be
a design source.

o Speed Forms reflect the aesthetics and dynamic characteristics of AV design.
People's decision of selection is more influenced by aesthetics than dynamics in

the case of AV design.

3.1 Introduction

When creating vehicle exteriors, automotive design and styling are essential (Lai,
Zhang, Mao, Liu, & Chen, 2021). The designer employs intuitive techniques to create
intriguing forms that can be applied to the design of vehicles. Many studies are being
done in this area to develop accurate and intriguing types of vehicle design, including
market experience, consumer preferences, sales, etc. (Hamid, Hanifa, Abidin, &
Abdullah, 2013).

All vehicle parts easily visible to the buyer are included in the automobile design.
Examples include metal, glass, wheels, lights, mirrors, grilles, and emblems. The
radio, console, steering wheel, switches, soft trim, seats, door trims, instrument panels,
controls, and other interior components (Clements, porter, 2008). This section aims to
create and evaluate a speed form for designing amphibious vehicles. The goal is to
make amphibious vehicles more appealing and stylish for entertainment (Eves &
Hewitt, 2009). to monitor customer response to their selections and to quantify the
numerous aesthetic components (Ward, Rezadad, Fearday & Viyapuri, 2015). To
determine the optimal options for the user, apply statistical techniques. The basics of

vehicle shape development and other literature on amphibious vehicles are
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investigated. Here are descriptions of the case studies (Chen?, Kang! & Hung, 2007).

3.2 Amphibious Vehicle form generation strategies

The current automotive business places great importance on vehicle style and design
strategy. It works effectively for specialized areas of mobility design and upcoming
automobile designs. Additionally, the AV's aesthetic is crucial for selling the AV (Kim
et al., 2009). It is an effective communication tool. Users' preferences and psycho-
social factors should be considered while designing the vehicle's shape, proportion,
and surfaces. This medium enhances the product's user interface and overall user
experience. (Mezghani, Zayani, Amous, & Gargouri, 2012). This topic is discussed
and referred to as emotive design. Engineering Styling is one of the more specialist
parts of vehicle development; without it, vehicle design would lack a critical
component (Liem, Abidin, Warell, 2009). Numerous authors emphasized the value of
styling as a crucial task. The individual vision of the designer largely influences the
creative process. It mainly comprises graphic language and form creation (Chen, Kang
& Hung, 2007). Both pragmatic and semantic usage is considered when creating form
and graphic language. This medium is dependent on the facts and product usage. This
internship strikes me as comic relief. It is up for contention whether this process is
reflective within a specific context or a planned procedure instead of a structured
problem-solving approach. Numerous studies are being conducted in this area to
provide methodologies for vehicle design because form development affects the
product's visual appeal (Koler, 2007). It is challenging to standardize an all-inclusive
approach in contemporary design practice. However, character development and
interpretation of the character involve a lot of gestalt application (Liem, Abidin, &
Warell, 2009). They are concrete, abstract, and semi-concrete (Abidin, 2012). Most of

the tools used in this process are pencil and paper. Physical models are frequently
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created using foam, industrial clay, and physical clay. The designer will reflect on the
circumstances, the materials, the price, and the production techniques throughout this
process. The utilization of CAD and morphing in this project was highly effective.

(Seitz & Dyer, 1996).

3.3 Speed Form and Aerodynamics

Aerodynamics is a crucial component of the design process for vehicles. Automotive
aerodynamics is the study of the aerodynamic features of vehicle design that lessen
drag and wind noise and prevent unwanted lift forces from generating instability at
high speeds to use technical language. Designers imitate quick animals, birds, or other
natural objects to produce aerodynamic forms (Hamid, Hanifa, Zainal Abidin, &
Abdullah, 2013). There are many similarities between the design of an airplane and
that of a flying bird. Figure 3.1 illustrates how leopards' aerodynamic shapes and forms

are commonly replicated in the design of cars and bicycles (Benyus, 2020).

Fig.3.1. Speed forms in nature are adapted for aerodynamics.

37



According to a recent study, the aerodynamic qualities of speed forms inspired by
certain high-speed animals or creatures are substantially better than those of
traditional designs. This medium also gives the design a fresh aesthetic language

(Lurie-Luke, 2014).

34 Speed Form and Vehicle Design

Designers create speed forms in order to create one idea from multiple ideas. The
design is transformed through sketching and understanding. Transforming sketches
laterally and vertically is used (Pathak, 2019). Vertical transformations alter one
thought into a variation of the same notion, but lateral transformations change one idea
into a distinct idea. In general, sketching is the first step in creating a quick form to
identify characteristics or traits (Peters, 2011).

Newness and creativity in form design are predominant in the styling and design of
automobiles (Fan, 2012). By incorporating character into the form, newness can be
brought about. An inspiration board is used to study the character. A collage of like-
minded character objects or creatures is called an inspiration board. Character lines
from the mood board are first incorporated into the 2D designs. 3D entities are
sketched from 2D sketches. Sketches are frequently used to generate the 3D model.
The speed of the design process has a significant impact on both the outside and

interior of vehicles (Christian, Potts, Burnett & Lacher, 1996).

35 Importance of visual appeal and usability

The primary five sensory modalities on which human perception depends are as

follows. Due to these five sensory modalities, it is possible to interact with a product.
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Visual, aural, and kinesthetic are the most active sense channels for experiencing and
engaging with items in everyday life (Robinson-Riegler & Robinson-Riegler, 2008).

A product's visual appeal and interaction style are primary indicators of its use, safety,
and comfort. These three ergonomic factors influence consumer perceptions of product
value and selection (Creusen & Schoormans, 2005). These three characteristics should
be taken into account by designers when creating new products. However, historical
marketing research has shown this is different for anthropomorphic product design.

Because of this reality, designed products might not last very long on the market.

3.6 Methodology

Despite speed shapes being created to demonstrate personality and creativity in form,
they represent the designer's personal interpretation. The precision and accuracy come
through years of repetition of a similar practice. The three-speed forms, in this case,
were produced by nature. Frogs, fish, and birds are a few examples of bio-inspired
species.

Sketching produces abstractions and vehicle clay modeling (Krause, Bock, 1999).
Twenty-two users rate the 3-speed forms against seven keywords relevant to the
amphibious vehicle on a scale of 1 to 7. The terms in vogue were dynamic, fluid,
attractive, lovely, delightful to the eye, bionic, and cute. Statistical analysis is used to

examine the findings (Ungerer & Schmid, 2013).

3.7 Participants

In this instance, we rated the various features in the clay models using the user survey
approach. We rated items on a scale of 1 to 7. Between 1 and 7 represent "lowest

characteristic identified in model” and “extremely high characteristics found,"
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respectively. The sample size was 22 users, which is a fair number. Males made up
70% of the 18- to 35-year-old user base, while females made up 30%. After examining
the three clay models separately, they were asked to rank various characters: Bionic,
Dynamic, Fluid, attractive, Beautiful, Visual Delight, and Cute. The points were taken
note of, and an analysis using statistics was done on them (Mezghani, Zayani, Amous,

& Gargouri, 2012).
3.8 Speed Form Development for Amphibious Vehicle and Clay Modeling

Amphibious vehicles are those that can go both on land and in water. The AV should
have a different appearance from land vehicles and watercraft. Three-speed forms
were created using relevant keywords to find a new form. The three final forms were
chosen after the sketches were approved. 1:10 size clay models were created. Models
are not correlated with either (Rafeeq, Ahmad & Razib, 2021). They have utterly
different appearances from one another. Creating mood boards is the initial step in
the speed form-generating process. Choose a Bio item or inert substance to represent
the character. To arrive at a form ideal for the design of the antagonistic vehicle,
identify its essential visual character and sketch variations. Refer to Figure 3.2.

(Verlinden, Kooijman, Edelenbos, & Go, 2005).
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Figure 3.2. Bio-inspired form transition for AV: a) Speed form model concept from frog as an
inspiration; b) speed form model creation from dolphin as an inspiration; c) speed form model
creation from eagle as an inspiration.
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This medium also reflects user psychology and AV comprehension. This approach
gives the customer preference for personality and aesthetics for a novel product like
AV and a novel market (Wang, Li, Cao, Dey, Ashour & Shi, 2018). The following
characteristics are taken into account when developing a speed form for the

amphibious vehicle design.

Speed Form 1:

A frog served as the form's inspiration. The experiment examines the aesthetics and
dynamism of speed form's visual attributes. This form has characteristics of the word
"Frog" in it. It is "Dynamic™ as well. It indicates a particular feature of the movement.
Other characteristics of speed form, such as attractiveness and fluidity, are also

displayed on a range of scales (Wang, 1995).

Speed Form 2:

Dolphins served as the form's inspiration. This medium demonstrates the traits of
dolphins with speed form. A wave-like structure with an attribute like "Fluidic" mimics
the dolphin's fin-like anatomy. The second model illustrates the fluidic component of

the amphibious vehicle.

Speed Form 3:

The "Eagle" structure served as the model for this speed form. The Eagle flies swiftly,
smoothly, and high. A wing-like structure balances the body's structure. The
amphibious vehicle's characteristics, such as its rapid speed and fluid movement, are
similar to Eagle. It could also be considered dynamic (Ward, Rezadad, Fearday &

Viyapuri, 2015).
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3.9 Aesthetics and Perceptual Evaluation of Speed forms

These seven qualities cannot have one source of inspiration. Various natural items
elicit a certain kind of perceptual language (Kwong, Jiang, & Luo, 2016). The design
of a speed form combines all of these characteristics into a single form. There are
various techniques for producing multiple forms with different ratios of these
properties in a single model. The capacity of the designer to combine many perceptual
languages to maximize communication efficacy is necessary for the production of
speed forms. For the same perceptual form, the effects of cross-cultural, gender, and
age produce different findings. Therefore, it is crucial to conduct a user perception
mapping survey for these speed forms (Kozlov, Chowdhury, Mustary, Loganathan,
& Alam, 2015). Please consult Figure 3.3 to view the speed forms taken into

consideration for this investigation.

Form No 1 Form No 2 Form No 3

Figure 3.3. Clay Models of Speed Form used for Amphibious Vehicle Design.

3.10 Selection of Keywords

Seven keywords were chosen for this exercise's speed form evaluation. They were
cute, gorgeous, attractive, dynamic, fluid, and bionic (Lai, Zhang, Mao, Liu & Chen,
2021). Based on significant scores, four keywords were taken for analysis (Chen &

Chuan, 2011).
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Dynamic:

This character's ability to travel equally well on land and in water makes it an excellent
fit for the concept of AV. People prefer dynamism and quickness in the design of their
AVs. Various birds in nature or fast animals like cheetahs or deer might be visual
examples of dynamic qualities. They may serve as inspiration (Helander, Peng &

Khalid, 2007).

Fluid:

This medium fits how AV is built because it moves on water and makes ripples. The
performance of forms with streamlined bodies when moving in the water is more
remarkable. For instance, a fish's physical structure makes it very effective in the
water. The nature of the fluid is regarded as an attribute in the design of AV (Hartono

& Raharjo, 2015).

Attractive:
Being appealing is a necessary quality of the metaphor of speed form since the AV
will be an object of desire. This medium is a crucial consideration when making a

purchase.

Beautiful:

This medium is a broad term that is used to refer to all types of people who have
options. Being attractive is necessary while creating the metaphorical speed form for
AV because this design is inclusive (Kyffin, Feijs, Young, 2010). The speed shapes
are assessed in order to transform them into amphibious vehicles. The user considers

the technical aspects of the form when evaluating it. They begin equating "Form" and
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"Function.” (Kwon, Ahn, Kim & Yun, 2021,44). Users evaluate the form's aesthetics
by contrasting it with other AVs currently on the market. They consider whether it
will appear better than the current AV (Chen, Hoyle & Wassenaar, 2013). The
acceptance criteria are the combination of all the elements and the relative dominance
of each. It differs from person to person based on the individual's background (Kwong,

Jiang & Luo, 2016).

3.11 Questionnaire for User Survey

The purpose of the survey questionnaire is to get access to the physical model and
assess their acceptance criteria. Users were asked to rate the 3-speed forms using a
Google survey Form. They each received a demonstration of the speed using tangible
models created with automobile clay. At the conclusion, they were asked to choose
from a list of three-speed forms what they thought was the best (Please refer to

Figure.3.4).

User Evaluation of Speed Forms

Attractive O O O @) O O O
s O O O O O O O
F ) O O O O O O
Dynar O O O O O ®) @

Fig.3.4. Tools for Questionnaire Survey Statistical Analysis of Speed Form Data
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The SPSS application was used to analyze the data (Statistical package for social
sciences). Nonparametric statistics were employed since the sample data distribution
does not follow a typical distribution pattern (bell curve) (Ferreira, Furini, Silva, 2007).
The Friedman ANOVA and Wilcoxon tests were intended to be used in the within-
subjects study (where the same group of participants responded to different parameters

on three distinct speed forms) (Haas, 1991), (Andreasen, 2003).

3.12 Results and Discussion

The results of the feedback from the user survey are shown below. The speed forms
were mainly judged on Aesthetic parameters and Dynamic parameters. The individual

feedback is shown below in Figure.3.5.

8.00 8.00
5.13 4.68
4.78 4.50
6.00 308 6.00 -|-
4.00 4.00
2.00 2.00
0.00 0.00
Form 1 Form 2 Form 3 Form 1 Form 2 Form 3
(@) (b)

Figure 3.5. Variations of Aesthetics; (a) Dynamism; (b) Perception.

3.12.1 Aesthetic Perception

The Model survey asked about four different features. Attractive, Beautiful, Dynamic,
and Fluidic were the words. The typical response for "Visual Delight" and
"Attractive.”

to be an "Attractive Response.” A "Dynamic" reaction is the average of "Dynamic"
and "Fluidic" responses. According to the research above, Form 1 has more "Aesthetic

Traits" than "Dynamic" characteristics (Hekkert, 2006).
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3.12.2 Statistical interpretation for aesthetic variations

There is a substantial variance in the aesthetic value of speed shape in the Friedman
test since the p-value is less than 0.05 [Z (2) = 8.720; p=0.01]. No significant difference
was found between speed form 1 and speed form 2 when aesthetic values were
compared using multiple comparison tests, except the mean aesthetic values for each
speed form, where p - values are over 0.05. [Z (2) = -2.567. p = 0.01] (Worcester,

1966).

3.12.3 Dynamism Perception

All of the forms have dynamic properties. Compared to Forms 1 and 3, Form 2 has a
more "dynamic” nature. Except for "Dynamism,” Form 3 has the second-highest

percentage of all characters. Please refer to Fig.3.6 (Taylor, 1958).

3.12.4 Statistical interpretation for variation of Dynamism values

Since the Friedman test's p - value is more than 0.05 [X?(2) = 2.564; p = 0.28], there is
no discernible difference in the dynamism value of the speed variant. There was no
noticeable difference in the mean dynamism values for the various speed forms in
multiple comparison tests because p - values are over 0.05 compared to the dynamism
values in different combinations for three variations of speed forms. The research
above using SPSS software also reveals that users prefer "Aesthetics” and "Dynamic."
The speed form's characteristics determined their decision of the final chosen model.
Below is a breakdown of each keyword's score on the three-speed form models in

Figure. 3.6 (Chen, Kang, & Hung, 2007; Firat & Kocabicak, 2004).
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3.12.5 Speed Form Selection Based on the Perception of Users

Figure.3.6 displays the unique variations in features among the three models. The three
models' Chi-Square Test values are 0.035, less than 0.05, which supports the null
hypothesis. The two characters differ significantly from one another. In contrast to the
dynamic character, which does not influence how users choose their Form, the

aesthetic character is in charge of how users choose their Form.

495 455 435 415 46 335 35 475 535
TP = ﬁi ST
3 ﬁﬁ ;
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mForml mForm2 mForm3

Fig.3.6. Speed form evaluation for performance (individual variations in aesthetics and dynamics

related parameters).

The user survey results also demonstrate that most users choose Form 1 as their
preferred final Form. (Kim et., al., 2016). The final Model selection as per user Choice
is shown below in Figure.3.7. Form 1 is selected by a majority of users as the Final

choice.

Selec‘ion of Speed Form

Speed Form 3

2% 0% R

Speed Form 1

mForm1l mForm 2 m Form3

Speed Form 2

Fig.3.7. Form Selection Rates
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3.13 Conclusion

Analyzing speed from aesthetic languages was the purpose of this assignment. The
qualities of the speed forms varied in their degree of "attractiveness,” "dynamics,"
"beauty,” and "fluidity." According to the user survey, users chose the preferred speed
variants due to good aesthetic scores. Aesthetic tastes heavily influence their selection
choices. Users preferred Form 1 over the other two forms the most. According to the
statistical study, there was no discernible difference between the 'Dynamic,’
‘Beautiful,’ and 'Fluid' form character scores. However, the 'Aesthetic' character
revealed a notable distinction (Cai et al, 2015).

As a consequence, users have chosen the final set of forms. We can deduce
that people preferred aesthetic qualities over dynamic and other factors while choosing
speed forms. It was also demonstrated that user preferences might vary even when an
object is made from natural materials. The speed form derived from the frog was
preferred more in the amphibious vehicle concept. Form 1 can be expanded upon to
create the outside shape of the AV. This medium is a preliminary investigation, so the
intricate mechanics and ergonomics are not considered. Future design work for the
development of AV can take ergonomics and actual mechanics into account.

This method can be applied to the creative AV form design. Currently, this
element is absent from AV design. Designing AV for some purposes may leverage
this. In this chapter's experiment on speed forms, we discovered that an aquatic animal,
like a frog, was the best candidate for a speed form. Three diverse bio-organisms in
nature were our inspirations, one of which was an amphibious animal like a frog.

Others included non-amphibious animals like dolphins and eagles. We assigned the

seven keywords "bionic,” "dynamic,” "fluid,” "attractive,” "beautiful,” and "cute."
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Users are limited to three marks per keyword. The basic terms for differentiation were
dynamic, fluid, and attractive. Based on statistical analyses (Friedman ANOVA and
Wilcoxon signed test), it was discovered that people preferred the Speed form 1, which
was modeled after a frog, as their amusing amphibious vehicle. The following chapter
will compare two CAD-based designs of AV created from two amphibious creatures

to determine which is best for the user.
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CHAPTER4

Affective design analysis of the interior and exterior of the
amphibious vehicle for amusement purposes

Abstract

Aesthetics is a strong determinant of vehicle choice and contributes to human pleasure.
Hence, it is very relevant to study the aesthetics of an amphibious vehicle (AV) (which
runs on both land and water), primarily when targeted for amusement purposes. The
aesthetics of an amphibious vehicle depends on its design elements (exterior and
interior). This study aims to design AV exterior and interior by applying practical
design principles to meet users' psychological expectations. Earlier, it was found in the
literature that the bio-inspired concepts which are generated from amphibious animals
had better user acceptability. In this study, one set of concepts was designed from the
inspiration of the duck beak. For the other set of concepts, the body form of the frog
was taken as a base for inspiration. Final concepts were presented to 81 users, and their
feedback was collected on a 1-7 scale using relevant keywords suitable for AV exterior
design and interior design. The AV Exterior design is associated with the perception
of three keywords that were critically identified for exterior design: Engaging,
Adventurous, and Luxurious, which are more associated with AV concept 1. Similarly,
AV interior concept 1 had significantly more mean values for keywords. The interior
design keywords with more significant values were Dynamic, Beautiful, Engaging,
Cheerful, Wonderful, Surprising, Adventurous, Splendid, Graceful, Luxurious,
Concurrent and exciting, etc. Therefore, the exterior and interior design concepts,
which are linked with the amphibious creature “frog' as an inspiration, were better than

the concept inspired by the duck beak.

Keywords: Affective Design, Amphibious Vehicle, Analysis of variances, Bio-

inspired Design.

Key Findings:

o The designer can generate concepts by considering Attractive, Engaging,
Adventurous, and Luxurious keywords for the exterior design of the AV

o Designers can explore concepts by considering Fluid, Delightful, Relaxed, and
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Graceful keywords for the interior design of AV.
o The applied effective design process can be followed to design amphibious
vehicles for amusement purposes.

4.1. Introduction

The exterior and interior design of Amphibious Vehicles are mostly dominated by
land vehicles and military vehicles (Helander, Peng & Khalid, 2007). The AV has
immense potential to be used as a commercially mass-produced vehicle for
entertainment, expedition, nature tour, border patrolling, and flood relief purposes
(Khalid, Opperud, Radha, Xu, & Helander, 2012). This study aims to design the
exterior and interior of AV for amusement purposes with a practical design approach
to meet user expectations. The methodology involves digging out users' latent choices
through the affective keyword-based survey from target users and determining the
fruitful affective expressions for AV (interior and exterior) using advanced statistical
techniques (Factor Analysis and ANOVA) (Akay & Kurt, 2009) (Schutte, Krus, &
Eklund, 2008, December). A total of 81 target users participated in this study. Two
interior and exterior design variations were created and compared per target users'
affective requirements (20 and 12 affective keywords were selected to study exterior
and interior appearances, respectively) (Schutte, 2002).

Exterior design concept-2 is significantly more engaging, adventurous, and
luxurious than design concept-1. For interior design concept-2, average fluidic,
relaxed, and graceful values were significantly higher than concept-1. This medium
shows that amphibious vehicles for amusement purposes can be designed to keep these
visual attributes in mind to be more acceptable to users (Suzianti, Apriliandary, &

Poetry, 2016).
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4.2.  Biological Design Principles

AV's design functions are sometimes very similar to some biological organisms
(Wang, 1995). It may match some aspects of creatures or birds or any other animal.
AV functions by nature are synonymous with creatures like ducks, frogs, etc., which
are amphibious, as shown in Figure 4.1. Here concepts are generated from frogs as an
inspiration. Compare both concepts for user reactions. The final model was taken for

further detailing, as shown in Figure 4.2.

BIO INSPIRED DESIGNS

TRANSLATE DISCOVER
Functions Model
Principles Brainstorm
Parameters strategy
DISTILL
Functions
Performance
Confirm \J\)
s
« \ p
EVALUATE
Nature/design EMULATE
Adapt Natfjre
Modify Design

Improve mechanism

Finalize

Figure 4.1. Nature-Based design process.
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EXPRESSIONS

| BACKWARD CONFIRMATION WITH USERS \

Figure 4.2. Affective Design of AV.
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4.3. Methodology

A few AVs' need-based conceptual designs were developed and linked with the
vehicle's aesthetic features for recreational use. For this concept, inspiration was taken
from the duck, as it is an amphibious bird. The body structure, especially the beak, has
a specialty in form and function. After preliminary sketches and models, a CAD model

was made, as shown in Figure.4.3
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Fig. 4.3 CAD model from the inspiration of a duck
The structural features were produced in a CAD model. ANSYS software was
used to analyze structural strength. Drag and surface shear stress was calculated using
the CFD analysis. It was determined how buoyant the CAD model of the AV was. As

a result, it offers a valuable method for building an amphibious vehicle for outdoor

leisure (Rieuf, Bouchard, Meyrueis, & Omhover, 2017).

Ideas to Transform in to product

m o ‘

Inspiration from /727 )
relevant subject 3/ "L—A\

Brainstorming for initial ideas

Final CAD Model in actual vehicle ideas

Figure 4.4. Concept generation from Mood Board considering Bioinspiration (Duck).
Initial 3D concepts were done by taking inspiration from the duck.
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The features are cross-checked with users for their opinions and modifications.
As we designed and detailed the AV with the necessary engineering details, we
surveyed this concept with experienced designers and prospective users. Even though
aduck inspired it, there was a requirement for improving the aesthetics of body design.
The practical design of AV was divided into two parts—exterior and Interior design.
Since the user interaction with AV is both in terms of appreciating and owning AV, it
is essential to have a design visually and psychologically connected with users
(Nagamachi, 2010). The methodology followed was known user reaction for two
concepts derived from Bio-inspired design. A Duck beak inspired one design, and Frog
inspired the other design. Both are amphibious creatures, but their designs had varying
amounts of design elements required for AV design (Baldovino & Garcia, 2016).
Users were given 30 keywords and asked to ratify on a 1-7 scale, depending on their
choice. Eighty-one target users (male and female) in the age group of 17-35 were
considered. (Wang et al., 2018). Initially, brainstorming on effective keywords related
to AV was done. Since nature-based or contextual design is considered here as a base,
words (Park, Jung & Im, 2019) related to the context of AV for recreation were
considered a base. A keyword interview is generally done to get user feedback on a
practical design. Since words do not give qualitative feedback, the visual design of a
based user survey was done (Nagamachi, Lokman, 2016). Two possible designs were
made based on the effective keywords. The creative designs were made based on
inspiration from nature. The finalized designs were tested against the effective
keywords. Prospective users, including males and females of the age group 18 to 50
years, were considered. They presented their reactions in Google Forms, and the
observation was analyzed by a statistical method using SPSS software (Bo, W, 2008),

(Frejek, Michael and Scott, 2008).
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4.4  Comparison of two concepts of AV (exterior & interior)

The detail detailed for AV, which includes interior & exterior design, was made for
two sets of concepts. A duck inspired one, and a frog inspired the other. The visual
aesthetics of both are different. These concepts were ratified on a 1-7 scale by a group
of 38 users, including both genders in an age group of 18-55. The users were given 30
appropriate attributes or keywords. Users were asked to reflect on them on a scale of
1-7, giving a particular number suitable to the concept. These numbers were then taken
for statistical analysis and ANOVA. By suppressing less significant components, the
comparison is made, which is explained below (Véstfjall, Gulbol, Kleiner & Gérling

& 2002).

Figure 4.5. Concept 1 of AV Exterior & Interior. Figure 4.6. Concept 2 of AV.

4.4.1 Results of Exterior Design Analysis
The Varimax rotation matrix was applied, and a component having a coefficient less
than 0.8 was suppressed. A Maximum iteration of 25 was applied (Chen, Hoyle, &
Wassenaar, 2013). Through Factor Analysis and ANOVA, three parameters had
significant high values and were found in concept 2 (De Pauw, Kandachar, Karana,
Peck & Wever, 2010)( Lurie-Luke, 2014)( Tovey, Porter & Newman, 2003)(
Wijegunawardana & de Mel, 2021)(Vincent, 2001), as shown in Table 4. 1.

The 30 keywords related to exterior design had choices given by 43 users,
consisting of males and females of preferred age groups. The factor analysis was done

by SPSS software, and the ANOVA test was done on the feedback (Benyus,
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2020)(Pathak, 2019)( Wijegunawardana & de Mel, 2021)( Fan, Wang, Duan, Xia &
Wang, 2012).

After conducting of Principal Component Analysis (PCA), it has been found
that component 1 is the principal component composed of splendid, ecstasy, cheerful,
wonderful, graceful, luxurious, concurrent, exciting, honest, addictive, nomadic, and
amazing. These parameters can explain 78.89% of AV design needs variations. In
addition, it is possible to explain 82.74% of design needs if component 2 is considered.
Therefore, both components 1 & component 2 have been considered to compare

proposed exterior design concepts (Lin, Chao, Hsieh, Tsai, 2016).

Table 4.1. Factor Analysis of Exterior Design.

ROTATED COMPONENT MATRIX FOR EXTERIOR DESIGN DATA

Keywords Componentl Component 2
Dynamic 0.748
Beautiful 0.723
Relaxed 0.798
Leaser 0.812
Refreshing 0.715
Hilarious 0.795
Cheerful 0.768
Wonderful 0.747
Surprising 0.742
Exploration 0.737
Splendid 0.773

Ecstasy 0.707

Graceful 0.782

Luxurious 0.780

Concurrent 0.84

Exciting 0.83

Honest 0.776

Addictive 0.781

Nomadic 0.811

Amazing 0.904

Eigen Values 23.666 1.155
% Variance 78.888 82.738
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4.4.2 Results of Interior Design Analysis

The two interior concepts are shown below in Figures 4.9 & 4.10.

Fig. 4.7. Interior concept 1. Fig.4.8. Interior Concept 2.

A set of 36 users’ (Male=86%, Female=14%) opinions on two given concepts were
checked by a user survey. The concepts were derived from biological organisms
(Bordegoni & Caruso, 2012).

The CAD models were developed from the initial concepts. The users presented the
two concepts and were asked to show their preferences against given keywords. They
were measured on a 1-7 scale, with one being the least preferred and seven being the
most preferred. The user feedback was analyzed in statistical software named SPSS.
The Factor Analysis and ANOVA tests were done on the given feedback on interior
concepts (Peters, 2011)( Senoz, Daughton, Gosavi & Cudney,2008)(Siddaiah &
Menezes, 2016).

A user survey checked a set of 38 users’ opinions on two given concepts. The
concepts were derived from biological organisms like ducks and frogs. The CAD
models were developed from the initial concepts. The users presented the two concepts
and were asked to show their preferences against given keywords. They were

measured on a 1-7 scale, with one being the least preferred and seven being the most
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preferred. The user feedback was analyzed in statistical software named SPSS. The
Factor Analysis and ANOVA tests were done on feedback on interior concepts

(Novak, 2012).

Table 4.2 Factor Analysis of Interior Design Data.

ROTATED COMPONENT MATRIX FOR INTERIOR DESIGN DATA

Keywords Component] Component 2

Flhud 0.920

Relaxed 0.901

Pleasant 0.887

Luxurions 0.840

Hilarious 0.823

Graceful 0,822

Leaser 0822

Delightful 0.814

Cheerful 0.811

Wonderful

Beautiful

Fun

Ecstasy

Nomadic

Enjoyable

Refreshing

Beautiful

Addictive

Surprising

Dynamic

Exploration 0.955
Adventurous 0.949
Gypsy 0.822
Interesting 0.810
Amazing

Splendid

Engaging

Concurrent

Honest

Eigen Values 22 833 2.369
% Varnance 76.109 84.005
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The component is fluid, relaxed, pleasant, luxurious, hilarious, graceful, leaser, and
delightful. These parameters can explain 76.11% of AV design needs variations. In
addition, it is possible to explain 84.00% of design needs if component 2 is considered.
Therefore, both components 1 & component 2 have been considered to compare
proposed interior design concepts (Vilau, Stoica, Constantinescu & Suci, 2019).

The Varimax rotation matrix was applied, and components having a coefficient
less than 0.8 were suppressed. Maximum iteration of 25 applied. Through Factor
analysis and ANOVA, eight parameters had significantly high values and were found
in concept 1, and 4 parameters had significantly high values and were found in concept
2. They were — 1) Fluid, 2) Relaxed, 3) Pleasant, 4) Luxurious, 5) Hilarious, 6)
Graceful, 7) Leisure and 8) Delightful. Component 2 has four attributes such as 1)
Exploration, 2) Adventurous, 3) Jeepsy, and 12) Interesting.

4.5 Results and discussion

The judging system is generally referred to as affect, whereas emotion is the conscious
experience of affect. Human behavior, though, is frequently unconscious. The
emotional system quickly and effectively assesses if the design is appealing and
practical and affective design, which takes into account human impressions when
developing, is beneficial for the interior and outside design characteristics of the AV
(Kwon, Ahn, Kim, & Yun, 2021)( Lin, Su, Chao, Hsieh & Tsai, 2016). Participants in
this research rated their emotional responses (how nice | feel), preferences for these
affective reactions (how much I enjoy how I feel), and affective evaluations on a range
of scales (how good the experience is). It also demonstrates how to incorporate
emotional design elements during the design stage to make the AV design more
palatable and improve the overall experience. Additionally, this guarantees that

customers' needs are taken into account during the practical design process (Ishihara,
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Nagamachi, Schutte, & Eklund, 2008)(Nagamachi, 2010).

4.6 Comparison of Exterior Design Data

Here the statistical data from the experiments are represented in Graphical form. Based
on the maximum F value and minimum p-value, the final differentiator for Exterior
designs is 4 (star marked). They are attractive, engaging, exploring, and luxurious.
These factors are responsible for user appreciation and selection. These are very high
in Design concept 2. Hence Design concept 2 is better than Design concept 1 in the

above experiment, as shown in Figure. 4.9.

COMPARISON OF EXTERIOR DESIGNS OF AMPHIBIOUS VEHICLE
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Figure 4.9: Comparison of AV Exterior Design concepts.

The above graph illustrates the interaction of various factors in the exterior
design of the amphibious vehicle. A significant difference is observed in the case of 1.
Attractive, 2. Engaging, 3. Adventurous, and 4) Luxurious attributes as shown in
Figure. 4.9. The F and p values are as under- Attractive [F (1, 44) = 6.037 and p =
0.016], Engaging [F (1, 44) = 6.471, p = 0.013], Adventurous [F (1, 44) =6.02, p =
0.016], Luxurious [F (1, 44) = 4.063, p = 0.047] (You, Ryu, Yun, & Kim, 2006)(

Mayyas, Qattawi, Omar, & Shan, 2012)( Attridge, Williams, & Tennant, 2007)( Lali,
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Zhang, Mao, Liu, & Chen, 2021).

4.7 Comparison of Interior Design Data

The below graph illustrates the interaction of various factors in the interior design of
amphibious vehicles in Figure. 4.10. From the principal component analysis (PCA),
factors having a maximum difference in F-values (F=5.005) and fewer p-values are
identified and plotted. The above experiment shows four components responsible for
the user's preferences and selection.

Fluid [F (1, 33) =10.056, p=0.002], delightful [F (1, 33) = 5.051, p=0.026],

relaxed [F (1, 33) =5.946, p=0.017], Graceful [F (1, 33) =5.929, p=0.017].

COMARISON OF INTERIOR DESIGNS OF AMPHIBIOUS VEHICLE

Figure 4.10 Comparison of AV Interior Design Concepts.

Users' behavior shows that they give maximum preference to aspects like
Fluid, delightful, relaxed, and graceful in the case of AV interior design concepts.
These attributes have higher values in Design concept 2. So, they liked and selected

Design 2 as a better interior design concept.
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These aspects of affective design apply to the amphibious vehicle's design for
amusement purposes. The methodology is based on a visual design approach and also
includes inspiration from features of amphibious animals like ducks and frogs. The
design concepts are explored with inspiration from the body structures of frogs and
duck beaks. The creative process of form design for engineering products like an
amphibious vehicle can make it look softer and more acceptable. The design of AV
has a variety of applications and diversities. The above exercise can make AV suitable

for individual application and acceptable to society.

4.8 Conclusions

In this paper, we experimented with a bio-inspired design process to create amphibious
vehicles, and designs were evaluated using the affective design technique. The
affective keywords and nature-based contextual design concepts were used to
determine the user's inclination towards form, shape, color, and other elements of AV
design. The visual design approach makes it easy to react precisely and get accurate
responses for AV exterior and AV interiors. We have seen that visual style
expectations for AV exteriors are different from AV interiors.

The above method successfully measured users' expectations using feedback
for affective keywords based on visual and illustrated options where they could
imagine the end product and rank more judiciously. The User's affective survey of AV
design successfully helped authors to shortlist affective parameters responsible for the
user's selection of the design of AV.

The process reported in this study can be taken forward for the detailed design
of AV based on the affective design method. The subject of amphibious creatures and

their body construction was used as inspiration for concept development, which users
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liked more. The different vehicle parts like body, lights, front view, and rear views are
coordinated to achieve the inherent theme. It also can be called styling language, which
establishes a link between the user's psychological profile and vehicle form. The
affective design methodology can be used for detailed design and design modifications
for amphibious vehicle design. This is also equally effective for any other amphibious

vehicle design.

4.9 Practitioner’s Summary

The Designer can generate concepts by considering attractive, engaging, exploration,
and luxurious keywords for the exterior design of AV and can explore concepts by
considering fluid, delightful, relaxed, and graceful keywords for the interior design of
AV. The applied affective design process can be followed to design amphibious

vehicles for amusement.
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CHAPTER S

The CAD-based Analysis for Feasibility of Design of an Amphibious

Vehicle for Recreation

Abstract

This chapter deals with the feasibility of implementation for the better concept
described in the previous chapter. In the Design Framework, CAD-based design and
analysis come after concepts are finalized with users. During CAD design, many
changes come due to the fitment of actual parts in the concept. The concept is divided
into different parts due to assembly and manufacturing constraints. The CAD details
are worked out, which is more towards the realization of actual AV design, Keeping
the essence of the concepts. The package and engineering specifications of primary
aggregates are found, and the CAD model represents the basic package. The Hull
Design and Frame design were analyzed for static stress analysis through ANSYS
software. The stress due to self-weight and water pressure was within the permissible
limit. The submerged hull volume was calculated using the hull's CAD model and the
weight of the AV. The planned materials and body part designs were within acceptable
limits; hence, the body chassis and hull could be useful for implementation of AV for

amusement purpose.

Keywords: AV Package, CAD model, hull volume, Powertrain, Submerged Static

Stress Analysis.

Key Findings:

o The digital mockup of the virtual prototype is presented and described.
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o The specifications of major components of electric amphibious vehicles are

finalized. The basic confirmation of concept approval is done.

5.1 Introduction
An amphibious vehicle can go across both land and water. Because an amphibious
vehicle must have the ability to function on both land and water, the vehicle design
should not compromise the requirements for a good boat and a promising land vehicle.
Even if amphibious vehicles were utilized for military operations, there is still no
mention of their use for leisure activities like visiting nature parks, eco-parks, and
science parks. In addition, due to the depletion of fossil fuels and all the adverse effects
on marine life, an effort is being made to create an electric amphibious vehicle for
leisure purposes and to use it for transportation within Science & Technology Parks,
Eco-Parks, and tourism purposes. A conceptual design was created, and it is in keeping
with the aesthetic traits of an amphibious creature that resembles a duck. The structural
features were produced in a CAD model. ANSYS software was used to analyze
structural strength. In order to determine buoyancy and surface shear stress, a CFD
analysis was performed. As a result, it offers a valuable method for building an
amphibious vehicle for leisure. The findings of the CAD study demonstrate that the
buoyancy requirements are satisfied and that the stress on the Frame was within the
permitted range.

Additionally, it predicts a 40kmph top speed on the water. The vehicle's
appearance and feel, which were inspired by the duck beak, reflect amphibian traits in
addition to its sporting appearance. In Science & Technology Park, the prototype car

may thus be used on land and in water.
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5.2  About Amphibious Vehicle Design

In AV design, affective design can also be done by considering the user's views (Kwon,
Kim, Yun, 2021). Minute detail choices on vehicle interiors and exteriors are made
using this method. This will make it more acceptable and user-friendly to customers
(Khalid, H.M et al., 2012). This is done by using various user survey methods and
questionnaires (Rafeeq, Toha, Ahmad, Razib, 2021). Customer needs can be grouped
into different categories on different levels. In 1980 the Kano Model was discovered
(Kano et al., 1984), where product properties are considered, and different functional

characteristics can be obtained, shown in Figure 5.1. (Tovey, Bull, & Osmond, 2010).

DESIGN OF AV
EXTERIOR INTERIOR
DESIGN DESIGN

INSPIRATION LINK WITH
FROM NATURE CONTEXT

VISUAL KEY
STIMULI WORDS

USER SURVEY FOR AFFECTIVE
DESIGN

Figure 5.1. The affective Design process for AV design.
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5.3 Different Amphibious Vehicle Body Structures

AV has been mainly used in military applications where consumer aspects were
absent, as shown in Figure 5.2. Here we are discussing making AV a social and
adventurous vehicle for the common mass. Here, it is essential to bring affective design
aspects to it as users will drive themselves. The visual form and features of the vehicle
contribute to understanding applications and their performance (Ranscombe, 2012).
Aesthetic choices influence the decision of appreciation and acceptance

(Wijegunawardana & Mel, 2021).

Figure 5.2. Interior and Exteriors aspects of AV.

There are more than 150 amusement parks in India. Many more are coming up
as it is growing in demand (Roach, 1960). Most of the parks have water amusement
facilities. It is in terms of Boats in lakes or Water Park or any other (Suzianti,
Apriliandary, & Poetri, 2016). Experiencing water and land travel in the exact vehicle
is not there. This is a new activity where tourists and fun-loving people will explore
freedom and excitement (Ouellette, 2012). The vehicle form and style should be
inviting and not have a mechanical look or look like a gadget. The slow-moving and

safe vehicle for any terrain and water surfing is an exciting idea checked by many
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users. An experiment was conducted to arrive at a user-friendly look and comfortable
features. The numerical analyses were done using statistical methods and SPSS

software. The results are shown in this paper (Nagamachi, 1999).

5.4 Steps of the Design Process

5.4.1 Ideation

5.4.2 User Survey (Secondary Research)
5.4.3 Inspiration / Mood Board creation
5.4.4 Conceptual Design

5.4.5 CAD Model Preparation in CATIA V5
5.4.6 Validation of body Design

5.4.7 Component selection

5.4.8 Weight finalization

5.4.9 Dimension Finalization

5.4.10 Buoyancy Calculation

5.4.11 Chassis design by FE Analysis

Figure.5.3 CAD models of AV.
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5.5 Development of CAD Model.

A CAD model was created, and thorough prototyping was carried out based on a Bio-
inspired concept. Figure 5.3 contains the CAD model of the AV for personal
amusement. The vehicle's dimensions were chosen by drawing design cues from
existing electric land vehicles like the Nissan Leaf and Chevrolet Bolt. The mechanical
components such as the suspension, differential, motors, seats, and body are modeled

after the ladder-type chassis as the following steps (See Table 5.1) (Tovey & Owen,

2000).
Table 5.1: Dimensions for AV CAD prototype
Part Name Dimension
(mm)

Wheelbase 2700
Total height of the car 1900
Ground Clearance 200
Body length 5200
Body width 2200
Wheel diameter 550
Hull beam 2240
Hull LOA 5350

5.6 Development of Parts for amphibious Vehicle

Research has been done on designing AVs for leisure activities. Here, CAD software
has been used to examine, optimize, and improve the material and feasibility. Software
were used to make the model and analysis. Catia and Fusion were used for modeling,
while FE analysis tools such as Ansys were used to assess stress on the chassis and
fluid flow pressure on the body. This has improved the design aspect considerably.
Other AVs that are intended for recreational usage could be designed using a similar

methodology. (Hajare, et al.2015), (Ragi et al. (2013).
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The followings are the major elements of the Amphibious Vehicle:

a)  The Hull

The hull of a wheeled amphibian is the container that holds the crew compartment,
cargo compartment, engine compartment, and several other vehicle components. The
amphibian hull is essentially different from the body of other military car assemblies
in that it must adhere to particular marine design criteria. It must, in particular, have
the essential buoyancy, stability, and configuration qualities to provide an appropriate
speed-power relationship for aquatic operations. In summary, the amphibian hull may
serve as both a truck body and a boat hull (Zahir, Razali, and Halid, 2013). The body
and hull can be assembled using an inboard flange, and the hull is sealed by dousing it

in epoxy resin (Wenshan, Zheng, 2010).

b) The Propulsion System

Amphibious vehicles are divided into two groups based on how they are propelled on
land and in the water. Here, both continue to share the majority of the system. It
includes a technology that allows it to move over various surfaces, including water.
The mechanics of this kind of vehicle can include tracks, screw mechanisms, water jet
propulsion, or even regular propellers (Millward, 1987).

The propulsion system now employed for tiny electric automobiles in other
applications served as the foundation for the propulsion technology used in this
investigation. A jet-based propulsion technology will propel the Watercraft. However,
depending on economic constraints, the design may alter in the future to include jet
and other rotor-based hybrid propulsion or a conventional rotor-based propulsion

system (Frejek, Nokleby, 2008).
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c) Power Train (Electric Vehicle)

Electric technology offers a broader range of torque, quieter operation, reduced
running costs, and minimum maintenance compared to internal combustion engines.
Electric technology is also ecologically friendly and has a rapidly increasing
infrastructure. Most hobbyists concur that controlling the vehicle and putting it in and
out of the water are complex tasks (Hay et al., 2017). It also provides green technology
to save the environment. As the fossil fuels pass through the sea, they have an effect

on aquatic life (Atienza et al., 2015).

d) Electrical components of AV

Electrical components were chosen after considering the General Motors electric car,
the "Bolt." For information and specs on the electrical components, please see Table 2.
(Garud, & Pandey, 2018). The vehicle's powertrain was chosen following land-based
electric vehicles like the Nissan Leaf or Chevrolet Bolt (Zahir, Razali, and Halid,
2013). The project consists of an electric vehicle (EV) with all necessary modules
mounted on board and a complete motors assembly powered by a primary battery pack.

(Dubey, & Dwivedi, 2003) (Hassan, Razali & Halid 2013).
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e)  Component Finalization

Table 5.2: Tentative components and initial specifications of electric AV

Component selected

Specification

Remarks

Battery

Motor for wheels

Hull
Frame

Body

Tires

Water jet
propulsion
system

Rigid
expanded
polyurethane

LG 40 Battery module
pack, 60KWh

100 KW synchronous
motor by Siemens
(model

SIVETEC MRS)
Flat-bottomed glass fiber
reinforced plastic hull
Ladder-type frame made
by Carbon steel

Body made out of 5052
Aluminum alloy

20in Michelin tires
Berkeley Jet Drive
Model 12IC

CORAFOAM®

Same as GM Bolt

Also used in Volvo S60 Hybrid

5052 is an Aluminum alloy,
primarily alloyed with
magnesium and chromium.

Made out of high-
strength aluminum alloy

comes as two liquids to be mixed
and poured in

5.7 The submerged hull volume

Volume is calculated using Fusion 360 software, shown in Figure 5.4.

The buoyancy of the amphibious hybrid vehicle depends on the parameter of the

bottom hull body to keep it afloat every time. Based on the Archimedes Principle, the

weight of the floating object is equal to the volume of water displaced (McCauley.

2018).

To calculate the appropriate water line length of our hull, we used the following

approach:

Slicing the hull an arbitrary LWL and calculating the lower part’s volume (Tran,

2010). The obtained value is inserted in the formula:

Fb = pw g V (Buoyancy Formula)
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Fb =997 kg/m3 * 9.81 kg m/s2 * 0.205 m3 (using Fusion 360 software) Fb=19.2 KN

* pw value at 250 C was considered

rrrrr

Figure 5.4. The floating Hull design was done using Fusion 360.

The submerged hull volume is calculated using Fusion 360 software. The obtained
values should be close to the values of mog as pwVg = mog. Necessary changes to
the hull dimensions are made if the values differ for the Floating condition.

Waterline length = 5141mm Hull draft = 250mm

5.8 Static Stress Calculation on Frame

New boundary conditions were used in the stress analysis of the Frame, and the
findings were deemed to be safe and within bounds. Here, a conventional ladder frame
chassis is taken into account in the static analysis (Huang et al., 2007). For analysis,
various load considerations are used (land and water). An analytical beam with a

rectangular cross-section is used to design the chassis (Baldovino & Garcia, 2016).
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The process of structurally assessing a component involves a number of
processes. Here, the body's gross weight is estimated to be 862.5 kg. Since von Misses
stress is within the allowed range, and factor safety is considered 4, the design is

acceptable (Colton, Ouellette, 1994).

The main steps are -

1. Geometric model design
2. Mesh generation

3. Fixed supports

4. Application of loads

5. Evaluating result

The stress plots are shown in Figure. 5.5, 5.6, 5.7, 5.8

10 aMessages Mo Selection Metric (m, kg N5V, A) Degrees rad/s Celsius

Figure. 5.5. Stress Analysis of Frame Deformation 0.8 m. m. (distribution of load in water).
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Figure 5.6. Total Deformation 8.6 millimeters (distribution of load in land).
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Figure 5.7. The equivalent Elastic strain of the frame is 0.00050973.
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Figure 5.8. Maximum Principal Stress 485.87 MPa.
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Table 5.3. Properties of Material.

Property HSLA Steel
Mass density (Kg/m3) 7850
Yield strength (Mpa) 552
Ultimate tensile strength (Mpa) 630
Poisons ratio 0.3
Shear Modulus (Gpa) 76.9
Young's Modulus (Gpa) 200

Yield strengths of HSLA steels are more than 550 MPa (Ritchie, 1973).
Acicular ferrite (low-carbon bainite) steels are low-carbon (less than 0.05% C) steels
that have a great mix of high yield strengths, weldability, formability, and strong

toughness (as high as 690 MPa, or 100 Ksi) (Hofheins, et al., 1944).
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Figure 5.9. HSLA Steel Stress-Strain Curve (This graph is a modified version of
the one that can be seen at
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5.9 Range calculation

For calculating the range in which the battery can work is calculated by using the
following approach (Cai, Chen, He, & Huang, 2015).

No. of modules= 40

Voltage of each module= 3V, Total battery voltage=120 V, Current drawn= 60 Amp

at 40 kmph, the formula used here is:

I*V/Speed= Range at 40kmph= 360 Wh/m.

Also, Range= Total battery capacity/ (Wh per mile usage); therefore, at 20 mph
Range=155.67 miles = 270Km Similarly, at 50mph range=255 Km
It must be noted that the actual value may be up to 55% to 79% of the ideal value in

the case of a Lithium-ion battery (Tovey, 1997) (Gao, Pan, Cai & Yang, 2010).

5.10 Conclusions

It was investigated to design an amphibious vehicle conceptually for modern
recreational activities. Technical feasibility and many user interface aspects were
researched, and the design concept took into account the psychological side of the

user's thinking.

The possibility of creating an amphibious vehicle using the concept above is tested in

this study, and its actual manufacturing limitations are taken into account. Engineering
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calculations are made for structural strength, fluid dynamics, buoyancy, and the
creative and aesthetically pleasing design process. The body's strength allows for both
on-land and underwater movement. The intended vehicle can be used for recreational
activities in an "Eco-Park,” where it can move both on land and in water and is
appropriate for recreation by the water. Additionally, it does not harm the environment.

So, it will be perfectly acceptable in various locations, such as jungles and nature parks.
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CHAPTERG

Human Machine Interface (HMI) and Digital Human Model (DHM)
based Analysis of Amphibious Vehicle (AV)

Abstract

This chapter deals with the realization of a design into an actual prototype. Apart from
the CAD model, the validation is done using digital human modeling (DHM). The
ergonomic considerations (postural and anthropometric considerations) are taken into
account. The initial Design faced some issues as part of the analysis. Necessary
modifications are undertaken to make the AV design meet the design considerations.
The Vehicle interior and dashboard operations are evaluated using RULA technique.
The neck position for visibility of the instrument panel needed modification. The
height of the instrument panel was increased, and the bend in the neck was reduced.
The space requirement for two persons in AV was less as the arm-to-arm space was
interfering. The width of the AV and the space of the seat were increased to make it
comfortable. The ingress step was at a height that was causing leg muscle stress. An
additional step was suggested to get into the AV. Additionally, a handle is provided at
the time of ingress into the vehicle. With all this modification, a scaled-down (1:10)

model was 3D-printed to get the look and feel of the AV for adventure park.

Keywords: Digital Human Modeling (DHM), Egress, Human Machine Interface

(HMI), Ingress, RUL A, REBA.

Key Findings:
o AV design when analyzed with digital human models, accurate judgment can be

taken.
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o Regarding human interface in design and modifications, a digital model can be
used.

o Regarding human interface also RULA and REBA can be performed.

6.1 Introduction

Digital human models are a digital representation of the human body, which helps
create a virtual environment per actual needs. Space, safety, and human body
movements can be judged in operating conditions (Demirel & Duff, 2007). Here the
AV is anew vehicle designed for four people to travel on water and land. The operation
is similar to driving a car but not exactly the same. There are different operations and
different ingress and egress heights. The front portion of an AV is extended, and the
seat height is different from that of a car (Martin, 1978). In the design stage, when the
CAD model is done, the operation by humans also can be judged by using digital
human models (Rangaraj & Raghuram, 2007).

The society of Automotive Engineers and many other similar bodies in the world do
practice the use of DHM in designing automotive and product designs at the design
stage. The Human Factors and Ergonomics Society (HFFS) was formed as an
international body, and they do annual conferences on this matter to improve the
design aspects of products. HCI (Human-Computer International Society also does
annual conferences on DHM. Exhaustive research is being done to make it advanced
and reduce hazards and improve safety. DHM is more required in the areas where more
interactivity is observed (Lavie, Gilad, & Meyer, 2011). It is finally resolved in an
actual prototype where humans drive or operate the product. In the preliminary design
stage, DHM gives the opportunity to check human parameters, both physical and

cognitive-based on the software used (Karmakar, 2011), (Gkikas, 2016).
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6.2 Packaging of AV

The cad model of AV was analyzed with the components that will go into realizing the
product of AV physically. A list of components was worked out, and the model of each
was made to be installed in AV. The schematic diagram below shows the layout of the
component that goes into AV (Ouma, Hayombe, & Agong, 2014), (Thaneswer,

Sanjog, Chowdhury, Karmakar, 2013).

6.3 HMI Considerations in AV Design

Human-centered design approaches have replaced technology-centered and feature-
driven approaches in developing human-machine interfaces (i.e., applying human
factors and usability Knowledge). Considering the users' perspective to create a
useable system, User-centered design has emerged as the industry standard for
automobile HMI design among human-centered methodologies. The HMI of AV
considers users' and drivers' participation in AV operations into account (Bekker,
Long, 2000). This has various advantages, including sustaining physical ergonomics
and information systems and enhancing user comfort. In contrast to previous
approaches, the participatory design strategy used by the HMI designers might allow
access to users' mental models and preferences (Spinuzzi, 2005). According to
participatory design, users should actively participate in all process stages, including
concept design activities (Moraes, Padovani, 1998). Several internal and external
factors can impact healthy interactions (Leplat, 1981). Driver characteristics are
internal variables (e.g., experience level, motivation, age, emotional status, time
pressure, etc.). The context (such as the degree of emergency, task implications,
lighting conditions, etc.) is seen as an external component, together with the

characteristics of the interface itself. (For instance, speech recognition, colors, menus,
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the mode of operation, etc.). Driver and context components are primarily outside the
control of human-machine interface designers. However, by designing interface
elements, HMI designers can directly influence how a user interacts with a device and
completes the primary task. To develop interfaces that are in line with human
capabilities and limitations, HMI designers use cognitive ergonomic principles as

design principles and assessment criteria (Cannan & Hu 2011).

6.4  DHM method in AV Design

The ergonomic data for the required postures were taken for consultation for “Indian
Anthropometric Data’ (Chakrabarti, 1997) depending on various human postures in
the AV as shown in Figures 6.1 & 6.2. The Human model was constructed in CATIA

software (Ergonomics Module)for DHM analysis.

128
A)

Figure 6.1 Postures and Dimensions for AV Interiors: A) Knee Reach of Human Figure in AV B)
Arm Reach of Human Figure in AV.

122

121

129

B)

Table 6.1. Human Anthropometric Dimensions Considered to Build DHM in CATIA.
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Mos Parameters Min Percentile Max  Mean

5 255 50 75" g5t

120 Thigh clearance Ht. Male 479 530 564 S87 610 644 710 588
With raised knee Fernale 480 300 525 540 555 596 622 542
121 Popliteal Male 335 380 406 425 443 471 540 426
Female 305 365 386 399 417 441 455 399
122 Vertical arm Male 484 623 675 701 736 774 854 704
Female 476 576 613 638 670 740 Ti2 B39
128  Buttock to Leg Male 639 640 654 719 779 779 780 699
129  Same with Raised Toe Male 520 569 599 659 699 769 960 658
130 Extended Male B85 758 869 923 989 1086 1210 926
Fernale 660 719 809 851 S04 979 1086 852
131 Buttock to Leg Male 870 971 1039 1088 1133 1209 1350 1088
Female 865 910 964 999 1035 1106 1230 1071

138

ﬂ 132

| 133
134

135

136
137

A B
Figure 6.2. Indian anthropometric Dimensions considered for AV Design: A) Posterior View B)
Anterior View

Table 6.2 Indian anthropometric Dimensions for AV Design
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Nos Parameters Min Percentile Max Mean

= 25" S0 75" 95

132 Bi-acromion Male 307 341 364 380 394 422 455 380
Female 225 298 322 334 355 378 442 338
133 Bi-deltoid Male 350 379 407 426 449 482 672 430
Female 276 319 352 369 394 449 490 376
134 Chest (on bust) Male 241 259 282 298 319 356 596 303
Female 203 217 255 277 293 313 355 274
135  Abdomen Male 205 227 244 260 283 327 428 268
Female 182 201 215 234 253 270 334 236
136 Waist Male 150 216 241 259 279 317 453 264
Female 192 197 216 231 247 289 470 237
137 Hip Male 209 272 309 331 355 405 550 334
Female 220 259 296 314 341 429 520 323
138 Thigh Extd M Male 82 99 116 129 142 164 204 131
Female 53 75 9% 105 116 136 145 107
139  MidThightoThigh  Male 285 289 339 369 399 449 490 373
Female 273 274 309 379 394 529 530 363
140  Elbw to Elbow Male 296 346 375 409 435 489 746 411

Female 257 282 325 364 399 435 510 363

The CAD model of AV and the DHM of Indian male 95th percentile value was selected
for analyzing the dimensional check of interiors. Design development using a digital
human model (DHM) can be done for AV design. The interaction between driver and
passengers inside the AV can be observed concerning the ingress and egress of the
AV. The clear line of sight for the driver can be decided accurately by using DHM.
This technique allows the driving wheel and control pedals to be reached comfortably.
Using the ergonomic module in the CATIA program, one can also assess the strain
placed on the muscles during extended driving. Virtual techniques like Digital Human

Modelling (DHM) are frequently employed for these verifications. A DHM tool is
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important to be able to represent the postures and motions that varied persons are most
likely to adopt under specific circumstances when validating that design supports the
variety of users and tasks. In order to accomplish our objectives and generate reliable
simulation results, we require this functionality. The DHM and theories involving
drivers' postures and movements under specific conditions did not impact the result.
Such prediction abilities may be based on applying optimization techniques, enabling
the human model to automatically generate an appropriate sitting position or motion

within the existing constraints.

6.5 DHM Analysis of AV

6.5.1 Dashboard
The digital human model on a 1: 10 scale is implanted in AV and all the critical

operations were analyzed in CATIA software (Chang, & Wang, 2007).

Figure 6.3. DHM Analysis of the dashboard.
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The position of the dashboard and instrument panel was lower and causing neck
movement of 9.3 degrees which can result in fatigue (see Figures 6.3, 6.4, and 6.5).
This aspect was rectified by improving the height of the IP and reducing the neck angle

(Burchard, Ayers, Frey, & Sapidis, 1994).

Figure 6.4. The Modified CAD model after DHM analysis: A) Front View B) Isometric View with
RULA results.

6.5.2  The Ingress and egress of AV

The ingress and egress of AV were analyzed with the DHM model in CAD. Due to
more height of the AV, a step and Handle were provided to relax the leg muscle during

that (Kozlov, Chowdhury, Mustary, Loganathan, & Alam, 2015).

[ D T S - ]

Figure 6.5. Ergonomic evaluation of CAD model using DHM method (Ingress-egress analysis).
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6.5.3 Elbow space modification

The elbow space for two side passengers was falling short. This is taken care of by
increasing the space for seating (Bhise, 2016).

The DHM method was useful in validating the AV design concerning user-
friendliness and comfort. This led to the next process of making scaled-down models
in actual material (Senoz, Daughton, Gosavi, & Cudney, 2011). 3D printing was used
to make a physical AV Model to get the Product's actual look and feel (Liem, Abidin,

Warell, 2009).

6.6 Scaled Down Model of AV for Aesthetics Judgment

The scaled-down model is made in specific colors and graphics to give the look and
feel of AV. This was to give the actual color and finish of the product and get feedback.

It is shown in Figure 6.6. and 6.7.

Figure 6.6. Final Model of AV for amusement parks.
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Figure 6.7 Final finished model of AV for Eco Parks.

6.7 Discussions

Hogberg, Castro, Moérdberg, Delfs, Nurbo, Fragoso, and Hanson (2018) claim that it
is quick and affordable to construct a digital human modeling (DHM) based test
method concept for evaluating physical ergonomics conditions in virtual phases of the
automotive interior design process. This is in line with lean product development
(LPD), and ergonomics are taken into account proactively. As a result, it ensures that
three factors—the product (amphibious vehicle), the users, and the task (functioning
of the amphibious vehicle)—interact appropriately. AV Hoégberg, Castro, Mordberg,
Delfs, Nurbo, Fragoso, and Hanson (2018) claim that it is quick and affordable to
construct a digital human modeling (DHM) based test method concept for evaluating
physical ergonomics conditions in virtual phases of the automotive interior design
process. Ergonomics are actively considered, which is in line with the lean product
development (LPD) concepts. As a result, it ensures that three factors—the product
(amphibious vehicle), the users, and the task—interact appropriately (Jung, Cho, Roh,

& Lee 2009).
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Manikin Family | Design Geometry

Test Tasks Control Geometry

Simulation 1,2,3.. I

Ergonomics ° Assessment of fulfilment
requirements of constraints
~

EResults 1,2,3... J Visualization of
results

Figure. 6.8 Structure of procedure of DHM Process.

Figure.6.8 depicts the procedure. Comparing the test procedure to current
methods of employing DHM in the AV interior design process, the main goal is to
improve the quality, efficiency, and objectivity of ergonomics assessments. The desire
to run simulations using various thoughtful digital human models is related to the
quality goal and will improve user diversity consideration. It also has obvious
advantages in simplicity and cost-effectiveness to iteratively adapt and test various
design options in the virtual world instead of the real world. Another quality-related
goal is to replicate more frequently performed actions like a natural person would carry
out such tasks, i.e., by including the anticipated human motions needed to carry out
those jobs. This will make it easier to examine new design suggestions and ensure that
all crucial activities, including related motions and force exertions, are considered. It
will also help us better understand these tasks' aggregate and combinatorial impacts,
lowering the likelihood of suboptimizations. The DHM-based conceptual test
technique must also be able to quickly evaluate and contrast various design suggestions
to promote quality and efficiency. The DHM-based conceptual test technique must

produce the same or very similar results regardless of who conducts the tests to achieve
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the objective goal of objectivity (Von, 2021).

Additionally, if tests are repeated, the test technique should produce identical
or reasonably similar results. The DHM-based test procedure concept's supporting
reasons are consistent with LPD's goal of having stable processes. Acquiring
consistent simulation results during design processes, independent of who uses the tool
or when, and comparing findings when comparing various design ideas is supported
by reliable procedures for using DHM tools. The primary parts of the DHM-based test
technique are shown in Figure 6.8, where each part can be swapped out to reflect other

simulation and evaluation scenarios.

6.8 Conclusions

The present Thesis work focuses on scoping the new amphibious vehicle in the Indian
context for various unique and exciting applications. The inspiration-based design
work for the amphibious vehicle is carried out, resulting in multiple options varying in
aesthetics. Aesthetic evaluation is carried out through a user survey. The CAD model
and DHM analysis are carried out for validation. The engineering analysis is done for
structural members. The details for the working prototype and specifications are

worked out for making a prototype for testing.
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CHAPTERY

Conclusions, Final Design Recommendations, and Guidelines

Abstract

The electric amphibious vehicle for amusement will have the added advantages of
environmental friendliness and soundlessness in a quiet environment. The Hull design
has two options in terms of materials. A steel frame with a sheet metal body is
recommended. It can be a steel frame with an FRP body also. The power source is the
battery. Options can be both, Lithium-ion or dry batteries of 750 AH. The prime mover
is a centrally located 5KWH BLDC motor connected to 4 wheels by belt drive. The
motor is also alternately connected to the propeller when it requires to move on water.
These are the proposals for making an 1:1 prototype for testing. The suggested design
is recommended for amusement purposes. However, actual validation can be done
after making a prototype and testing with real users. In addition, the diversification of
amphibious vehicles can be done for various other applications in India. Design of AV
can be done considering the context and user’s psychological preferences. User-based
design of AV can make the application easier and more acceptable for general people.
Adopting technical configuration and electrical power for AV applications can make

them environment-friendly and sustainable.

Keywords: FRP body, Hull Design, Prototype, Technical Configuration, User-based

design.

Key Findings:

o The final technical specifications for the components and prototype are reported
in this chapter.

o However, it requires validation and testing after making the actual prototype.

91



7.1 Introduction

India is mainly a rural area-based country. About 70% of India’s population stays in
rural India. About 70% of roads in India are kutcha roads. There are 15000 water
bodies like lakes, reservoirs, and more than 400 rivers in India (Chaudhary, Kumar,
Pramanik, & Negi, 2021). There are many natural disasters like floods and earthquakes
where the amphibious vehicle can be used in many situations better than a regular
vehicle. Research is being taken place for Amphibious Ambulance and Amphibious
Cycle in India. In this thesis, the effort is made to design amphibious vehicles for
amusement and Eco-parks in India. Many other applications, like National Border
Patrolling vehicles in watery areas, can be considered for new vehicle design.
Integration of AV characteristics provides a unique usability factor to the regular
vehicle in India. The design characteristics of AV and design can be used in the design
of special-purpose vehicles for rural applications and areas where watery applications
are needed. In states like Kerala, Bihar, UP, and West Bengal, where the usage of boats
is typical for daily passengers, the design of AV can add value to regular vehicles and
be a unique advantage for the people living there.

The requirement of the amphibious vehicle in India and its interpretation as an
amusement vehicle was done as an exercise in this paper. The framework of AV design
and Bio-Inspired design approach was applied to create a design for Eco-Parks in
India. Evaluation is done for its interior & exterior to complete the exercise. It is
recommended for new applications, and benefits are shown. New applications and
special purpose applications can be found with amphibious characteristics to provide

an upper edge for applications in rural India (Farr, 2011).
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7.2 Establishment of Hypotheses
From the first study (reported in chapter 3) of aesthetics and speed forms generated
from inspiration of various animals (Bird, Fish, and Frog), it is clear that the
aesthetically favorable speed form was derived from amphibian (Frog). Hence,
hypothesis 1 is supported by this study result. On the other side, when scholars tried
to implement the amphibious vehicle design inspired from morphology of a duck
(another amphibious animal as reported in Chapter 4), they have realized that it might
not be aesthetically favorable as much as it is favorable in case of amphibious vehicle
inspired from morphology of a frog (as reported in chapter 4). Therefore, it could be
argued that morphology of all kinds of amphibian animals are not suitable for design
inspiration and implementation of amphibious vehicle. This kind of results partially
supports hypothesis 1.

Stress strain parameters were studied in chapter 5, and it was evident that
HSLA Steel is suitable for development of amphibious vehicle as all stress-strain
parameters were with acceptable limit. Hence, hypothesis 2 is supported by these
results.

The Indian anthropometric considered for the design of cad model of
amphibious vehicle. When we tested the cad model with digital human model in
simulated environment using CATIA ergonomics module, it was evident that the
seating arrangement and car interior space are suitable for seating of four Indian
occupants including the driver. However, as there is no step to raise on the vehicle,
the awkward and uncomfortable leg posture was observed for ingress procedure in to
the vehicle. Hence, a pedal to ride up to the vehicle has to be implemented in near
future, in real life scenario, highlighted as recommendation by scholars. Therefore,
hypothesis 3 is mostly supported by DHM simulation results as reported in chapter 6.

Please refer to Table 7.1. to see claims related to this thesis work and Table 7.2 for
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7.3

overview of establishment of hypotheses.

7.3

Claims Related to this Thesis Work

Table 7.1. Claims related to this thesis work.

No

Experiments/User
Survey

Findings

Claims

Contributions

on aesthetics of the
interior of AV

better than other designs
and meets user
requirements.

be implemented along
with the AV design
which is inspired by
Frog to get a better
chance of acceptance.

1 |Requirement of People do like the idea of  |An amphibious
Amphibious Vehicle [the amphibious vehicle and jvehicle with User requirements were
for amusement want to use it for specific  [recreational use is analyzed using survey
purpose (Chapter 1) |purposes like recreation,  novel in the Indian  |method, generally used for

adventure, and general- context. The planned |yser need analysis. Hence,
purpose vehicle vehicles are designed |Amphibious Vehicle can be
with inspiration from |4esigned to suit Indian user
Bio forms. Thisis  |heeqs in the context of
aesthetically good and Recreation.
comfortable to use.

2 |Aesthetic speed The best and most basic The identified basic  [The process of evaluation of
Form Generation for jaesthetic speed form of AV [speed form is unique [aesthetics and speed form for
amphibious vehicle |has been identified out of [to the context of AV,

(Chapter 3) all explorations by amphibious vehicle
subjective rating by target (design.
users using a 7-point
semantic differential
scheme.

3 Design of The speed form was fitting |Although, this Functional requirements of
amphibious vehicle [to the context but it was not [contextual design is  [Electric AV are determined.
inspired by Duck aesthetically up to the mark |based on bio-inspired |Aesthetics is identified as one
Beak (Chapter 5).  [and there was scope for objects and is of the important criteria for

improvement. functional in nature, it|designing of AV.
is not necessary that it
gives more
acceptability to
the user, because of
poor aesthetics.

4 Design of The AV Form inspired by |If the AV has The bio-inspired aesthetic
amphibious vehicle [Frog is more acceptable as [improved aesthetics |design process for AV.
inspired by Frog it has aesthetic look along fand is inspired by
(Chapter 4). with speed form. Frog, is more

acceptable for
recreational usage.

5 Evaluation of AVs  |Anthropometric fit and The AV design which [The way of application of
using Digital Human [comfort were more in the |is inspired by Frog Is [DHM for packaging of AV to
Modeling software to|case of the AV design more comfortable for jpptimize the comfort of
check vehicle inspired by Frog than the  joccupants as well as  |occupants.
packaging in AV design which is aesthetic in nature.
simulated inspired by Duck Beak.
environment
(Chapter 6).

6  |Comparative study [Design 2 is aesthetically |Interior Design 2 can |Car interior design has an

overall acceptance of the
\vehicle. The method of
aesthetic design and
implementation of interiors in
designing AV has been
demonstrated.
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Table 7.2. Status of Establishment of Hypotheses.

Serial No Hypothesis Status
1 It could be reasonable to assume that if the amphibious vehicle is Partially
designed from the inspiration of the morphology of amphibian animals,  Established
the design might be acceptable from the point of view of aesthetics and
affective requirement by Indian users for amusement purposes.

2 It is reasonable to assume that the amphibious vehicle would be Established
feasible to develop if stress and strain parameters are within the
acceptable range in the structural design of AV.

3 It is reasonable to assume that if AV fits the body dimensions of the Nearly
Indian population, it would be comfortable. Established
7.4 Final Design Recommendations

The AV for Eco-Park is lightweight and for four persons. Since, it is a recreation
vehicle, the speed limit in water and land is kept low for safety. Here people enjoy
freedom and experience. The current design is without a canopy. We can also modify
the design with a canopy without increasing much of the vehicle weight. The wheels
of AV are selected for an off-highway drive. Tyre of 255/70 R18 size is selected. The
driveline is of 4X4 type, which helps travel in soft soil. The body is designed as a type
of hull of a boat. The shafts come out of the body with flanges that are tightly fitted
with a gasket for leak-proof ness. The suspension is fixed with the body from the
outside. All the controls and batteries are packed in watertight plastic boxes. The
driving operation is with steering and few controls. A Brushless DC motor operates
the main drive shaft. The detail of the circuits and specifications are out of the scope
of this document. In the future, it will be worked out for prototype development, as

shown in Figure 7.1.
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, Dash Board
/ Accelarator

Start/Stop

x

Differential

Figure 7.1. Schematic diagram of components of Electric AV.

List proposed Components for Prototype

a. Battery: 130 AH, 5 Nos

b. Motor: 5 KW BLDC 72V, 3000rpm, Class F,

c. Differential: Hypoid gear differential, 2 Nos. Marine Propeller shaft: 1 No
d. Tire: 235/75 R15, Universal Joint, Ackerman Steering, and leaf & spring

suspensions.

7.5 CAD Model of AV
From the previous analysis done on various concepts, one final model was shortlisted
and the CAD model was done to show the vehicle exterior and interiors (Lavie, Oron-

Gilad, & Meyer, 2011).
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Figure 7.2. CAD model of AV.

7.6 Design guidelines for amphibious vehicles in India for the

amusement sector

Indian amusement sector is in its starting stage of developing amusement parks and
water parks. The response is excellent for going ahead to bring innovation and
diversity. They can think of amphibious vehicles in amusement parks. The landscaping
and water bodies can be natural or artificial. The form and shape design of an
amphibious vehicle depends on the geography and nature of the people. The design
and construction of materials can be brought in, depending on the cost structure
suitable to the places in India. Primarily it is designed for Electric operated AV,
however, depending on speed and terrain, design changes can be brought in. The AV
is high torque and low-speed vehicle where the drive train can be selected for the 4-
wheel drive, which can be suitable for uneven terrain and soft soil.

97



7.7 Relevance of present research work

The present research set a context and deep dive into the amusement sector for
applying the amphibious vehicle. A user study has been carried out for user reactions.
Perceptions of the amphibious vehicle and possible variations of form and shape have
been worked out to get the psychological acceptance factors. The speed form exercise
has been carried out to explore and incorporate bio-organism-oriented form structures
for the AV and evaluate their preference for one. The details of CAD designs were
worked out, and vehicle structural analysis was done to see the feasibility of making a
prototype for a working amphibious vehicle. A scaled-down model with a mannequin
was presented to get the look and feel of the final amphibious vehicle. The DHM
analysis was done for ergonomic evaluations and fine-tuning certain assembly designs.
However, detailed technical specifications are outside the scope of the present thesis.

It is left to be done in the future.

7.8 Recommendations for the AV in India

India is a country full of natural resources and plenty of water bodies are there which
include lakes, reservoirs, rivers, seas, lagoons, etc. Owing to people’s habitation and
natural calamities, there are plenty of applications of AV that could be taken up for
development. To start with tourism sector is a big area of development where AV can
be used to upgrade the quality of nature-based tourism. Flood relief vehicle is a particular
requirement where AV ambulance is a special requirements that can be done for some
rural sectors in India. Border protection vehicle is another application where the border
falls on water or rivers. AV can be developed for patrolling the border. There are states

like Kerala and West Bengal where people have to cross rivers for daily commutes.
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AV can find applications there to create a vehicle which is convenient for land and
water applications. There are other researches carried out for other potential areas also.
It has a bigger and wider application in India if it is designed suitably for the
application considering people’s affective design considerations. The affective design
considerations for an amphibious vehicle for amusement purpose are derived here to

systematically consider the necessary steps for designing an AV for that purpose.

7.9 Conclusions

The amphibious vehicle for amusement purpose and its form design requirement and
ergonomic design requirements are experimentally derived in the above thesis. This is
done considering an innovative process of bio-inspired amphibious creatures. The
validation of the process is done considering Indian prospective users. Different inspiration-
based designs were tried out from birds, fishes and amphibious creatures. The designs that
could get maximum people acceptance was from amphibious creatures.

The ergonomic evaluations were done by using DHM methods. Digital human models
were used in designing interiors and space design for AV for Eco-Park. Material and
operational feasibility were worked out for AV for Eco-Park. The same process can be
followed for other applications also.

The practical feasibility for prototype were checked by making a CAD model and a scaled down
model in actual material. Battery as a power source was taken for Eco-Park. However,
hybrid power also can be taken into consideration. Battery-operated AV for Eco-Park
will be suitable as it will not pollute the environment and noiselessly it can work in
reserve forests. A prototype was proposed to be made in fiber-reinforced plastics (FRP)
with metal inserts For the necessary speed and floatability, necessary calculations were

done for AV for Eco-Park (Tahera, Earl, & Claudia, 2014).
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This establishes the need to realize amphibious vehicle requirement for Indian
society. The water-based amusement sector was taken as a area of application to start
with. The thesis deals with a affective design process applicable for amphibious
vehicle. The affective design process considering Indian customers considers their
choices of forms for amphibious vehicle. The form-based analysis was done
considering bio-inspired process. The CAD based modeling and DHM process ensures
the ergonomics considerations are evaluated for particular application. The
construction of model and prototype further reconfirm structural and engineering

confirmations towards realization.

7.10 Limitations of the Present Research Work

The present thesis did not extend it till prototype creation and working model creation.
The exact specifications of the battery and electrical components. However, the
buoyancy and speed calculations including structural finite element analysis are done.
The prototyping and testing are kept for the future scope of work from the present thesis
work. Proposals are sent to DRDO for prototype creation for AV for Border Patrolling.
Below is the form for that.

Since it is not a land vehicle or a boat, the design considerations are different
from the existing vehicle. The specific design depends on the amount of travel on land
and water and also the number of occupants. Apart from the land and water
consideration, it has soft soil, mud, and grassy area applications attached to it. The
design of wheels and the number of wheels will be done based on application

(Mezghani, Zayani, Amous, Gargouri, 2012).
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7.11 Future Scope of the Vehicle

The amphibious vehicle has a wide range of cutting-edge uses in modern culture. The
potential uses are endless. The current vehicle, however, might require additional
visual enhancements and suitable placing in the market. The real creation and testing
of the vehicle will support the viability of mass production and cost containment. To
facilitate mass production, detail manufacturing and material selection can be done in

the future. (Wright, 2003).
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aspects of design. This framework can represent the AV design process in a better
way considering ergonomics and styling aspects. This framework will help to
customize AV for different areas of applications like military application, flood
rescue operation, etc. This framework is useful to improve aesthetics, styling and
ergonomics (comfort and safety) of AV, apart from engineering.

Keywords Amphibian Vehicle -+ Automobile - Concept - Design + Emotion

119



2)  Best Paperin IPDIMS, Published in Springer LNME

Majumder, D., & Chowdhury, A. (2021). Design and Evaluation of Speed Forms for
Design of an Amphibious Vehicle. In Advanced Manufacturing Systems and
Innovative Product

Design (pp. 21-31). Springer, Singapore.

Design and Evaluation of Speed Forms for Design of an
Amphibious Vehicle

Debashis Majumder & Anirban Chowdhury

Conference paper | First Online: 18 February 2021
240 Accesses

Part of the Lecture Notes in Mechanical Engineering book series (LNME)

Abstract

Amphibious vehicles (AV) are vehicles that can operate on land as well as on water. Historic
evidences of different models of amphibious vehicles show that it has been lacking aestheti
and styling aspects in its design. An effort has been made in this paper to derive bio-inspire
speed forms considering aesthetic and dynamism characteristics to design the AV for
amusement purpose. Aesthetics based on visual characteristics or expressions that are
created in 2D and 3D by taking inspirations from biological organisms are called speed
forms. Speed Forms for AV are evaluated to know the user choices. User survey was
conducted for understanding aesthetic preferences, perception of dynamism and their
selection criteria. A total of 22 users participated (age range: 18-35 years; 70% males, 30%
females) in this study and they like to explore AV for amusement purpose. The data was
analyzed by using SPSS software using descriptive and inferential statistics (Friedman ANO\
and Wilcoxon signed test). It was observed that speed form 1 (inspired from frog) was most
preferable among three speed forms explored in this study. The speed form 1 was
aesthetically better than other speed forms; however, all the selected speed forms had
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Abstract: Ar amphibious vehicle & the vehicle thar olfows
accupanrts fo fravel on both land ond water. Since an amplibious
vehicle musi inherenily possess botlh Irnd and water copabilities,
dexign of the velricle shonld nef compromise the reguiremenis for
@ govd boat as well ox @ good Load vehicle, Although, amphibions
vehicles were wsed for different purposes, still there is e mertion
af application af amplib velicle in rec farnal prrposes
srch ax beach riding and surfing on witer. Market rexearch shows
that there is @ growing fremd for recreatiovmal velicle for which ol
e big mamfactrrers ore gearing up. With depletion af fossil fuel
and for mll the megotive effect on marire life, mitempt s made i
dexigm an eleciric amphibions vehicle for rec foral sparss. The
fterafure review, pilol wser survey revenl user espirations ard
meeds for such vehicle Conceptnal dexign of few aptions were
worked ot and mafched with vivuel aspecty af vehicle thal match
recrentionsl sports. A CAD model was prepared with struciural
defaily. Structural stremgth sy analyzed with Amsys soffsware.
CFID anelysiz was condirched for calcaloting drey and sarfioce
shear strevy Calowlmtion for baoyancy was calowdmied. Thus i
gives a procticel oppreach fo o fiom of @ e
vehicle for recrentionsl sports. Therefore, the aim of thiz study iv
o design an Amphibian velvicle that can be used for recreational
purrpose (for beach riding end surfing on water) af the seore fime,
i is zofe for possengers The resalrs of the CAD baved amnlysiv
shows thard the stress on the Frame was within ecceptoble Gmit ard
the broyancy condifions are fulfiffed. It olse swggest for o
meximum speed of J0kmph on water. Thus the conceptral velicle
i suritable for wse on lond ood oa walerIn the mext step this dexign

can be takew up for building o proseype for festing in eotual
i

Keypwords: Electric Amphibious  Vehicle, CAD Meodel, CFD
Analysis, Protetype, Concepinal Design

L INTRODUCTION

T]l.ch: were oocasional examples of use of amphibious
nature of vehicle. Sometime it was bicycle some time it was
car etc. These were very fow in number and in a specific area.
Vichicles such as Amphicar which was built by CQuandt group
in the 6ls was a remsarkable feat in amphibious vehicle
production and an early inspiration. Although this rear
wheeled wonder was soon out of production dwe to cost issues
and several parts made of steel which was prone to rost and
required high maintenance, it had various design aspects like
high ground clearance for better maneuverability and traction
contrel on land. Also a large buolge around the engine
provided better hydrodynamic as well as ground effect [1].

Mamy films like Pontiae Moon and a 60s Pepsi Commercial
featring Amphibian vehicles at high speed on water also
miotivated us to build a similar recreational molti wtility
vehicle. Gibbs Aquada is also a prototype design which

incorporates a thrust jet propulsion technology m
speed mobility on water, an achievable feat. Its desi;
can be an employed in our amphibian vehicle for ld
and speed allowances inowater [2].

II. LITERATURE REVIEW

Al Amipleibions kuman poewered cyeles

These are some independently made homan powere
having capability to move both on land and water. A
primitive design of a human powered bicycle made |
Saidullah, an innovator from Bilar incorporates four
floats for achieving buoyancy and propulsion is don
fins attached to the spokes of the wheels. It was also
documented by Discovery Channel.

B. Amphibiows trncks and artillery vehicles

Dwiring the World War 11, the US military used DUK
which had a 6X6 wheel drive. Germany's Schwimm
and Russia's GAZ 46 were also some similar prienit
amphibious truck design used in the war [4].

The Vietnam war which spanped from 1955 to 19
saw many unigue amphibian military-based carrier ¢
The British developed a 6X6 cargo carrier namoed A
Stalwart in the 60s capable of achieving 6 knots witl
of water-jet propulsion technology. Germans devels
M3 Amphibious rig capable of carrving multiple are
personnel along with beavy vehicles and cargos.

Aovery unique design was seen inthe British desig
the wake of World War 1 named Sherman (after the
general William Sherman) which was also dubbed as
Drive™ due to the fact that it consisted of rubberized
which was opencd by the soldiers before entering the
provide additional buoyancy. It had a propeller base
propulsion system. The design was flawed as it was
when afloat due to the covering of the guns by the s

C. Hovercrafi based velicles

These are air cushion based wvehicles which

reimagined on the big sereen in the flicks such as
James Bond flick Die Another Day. It is base
principle of levitation based on an air cushion of low

air between vehicle base and the
They have an advamtage of Pl "‘-\%
transition from land to water Q
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Abstract

The exterior and interior design of Amphibious Vehicles are mostly dominated by land
vehicles and military vehicles. The AV has immense potential to be used as a
commercially mass-produced vehicle for entertainment, expedition, nature tour, border
patrolling and flood relief purposes. This study aims to design the exterior and interior
of AV for amusement purposes with an affective design approach to meet user
expectations. The methodology involves digging out users’ latent choices through the
affective keyword-based survey from target users and determining the fruitful affective
expressions for AV (interior and exterior) using advanced statistical techniques (Factor
Analysis and ANOVA). A total of 81 target users have participated in this study. Two
interior design variations and two exterior design variations were created and compared
as per the affective requirements of target users (20 and 12 affective keywords were
selected for the study of exterior and interior appearances respectively). Exterior design
concept-2 is significantly more engaging, adventurous, and luxurious than design
concept-1. For interior design concept-2, average values of fluidic, relaxed, and
graceful were significantly high than concept-1. This sows that amphibious vehicle for
amusement purpose can be designed keeping this visual attribute in mind so that it will
be more acceptable to users.

The significant difference is found based on the ANOVA test observed in
Exterior and interior design. 12 out of 30 keywords have shown a significant
difference. Similarly for AV interior out of 30 keywords only 3 keywords have shown
significant difference based on customers’ choices. The F value and P values are as
below based on ANOVA. The attributes which had p value less than 0.05 were 12 in
case of AV Exterior (Dynamic, Beautiful, Engaging, Cheerful, Wonderful, Surprising,
Adventurous, Splendid, Graceful, Luxurious, Concurrent, and Exciting). Taking
Maximum Mean value difference the 3 keywords were critically identified for exterior
design. Engaging (P=0.000409), Adventurous (P= 0.001604) and Luxurious
(P=0.008235). Similarly for AV interior design there were 3 key words which had been
identified as having maximum mean value difference. The words were "Fluid’
(P=0.002935), 'Relaxed’ (P=0.004991), ‘Graceful’ (P=0.012817). This process
shows that users liked these
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attributes in the two concepts and the reason of selecting conceptl as final were these
3attributes in exterior design and 3 keyword in case of interior design. Thus strategizing
visual inputs for AV interior and AV exterior makes it more acceptable and selectable
for buying by carrying out this exercise. This exercise can be applied for any other
vehicle also especially when it is introduced for the first time.

Keywords: Affective Design, Amphibious Vehicle, Amusement
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ANNEXURE 1
User Survey Results for Amphibious Vehicle

1) Have you ever heard about the term of AMPHIBIOUS VEHICLE before? 73
Respondents

Mayhe
71%

No
o

Yes
58.6%

2) ifyes, where?
Count of if Yes, where ?

Haven't
1.4%

Friendship / Relative /
43%
Friends / Relative /

17.1%

News Papers
5.7%

Social Media

you have seen it
15.7%

3) Would you like to see this kind of vehicle in near Future?

Yes




4) Should vehicle be.....

Minimal
57%

Tech Oriented

31.4%

Both ( Minimal and

62.9%

5) Does this kind of vehicle have a future in India?

No
11.4%

Yes
38.6%

Maybe

50.0%

6) How many seater would this vehicle be??

T+
11.4%

2-5
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7) Would you prefer under water or over water category of this vehicle?

over water
18.6%
any category is fine
54.3%
under water

271%

8) What would be preferred characteristics for a future transportation ??

fast, commodity
2.9%

luxury
fast, luxury, commodity 20.3%
5.8%
fast, luxury
Fast and luxury
1.4%
fast
commodity 29.0%
9) Should the vehicle be used for aquatic tourism ??
no
10.0%
yes
90.0%
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10) Type of energy this vehicle would be using??

fossil fuel

86%

nuclear

14.3%

any other future tech

35 7%
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APPENDIX-2
Visual Survey Aesthetic Data Form

1=} [ S S R~ N L B L L [hy] LL NS - A B R | o T w B

Visual Survey Aesthetic Data Form

Theze are Amphibious Yehicles which means it can go on water as well as run on land. It iz electric Amphibious Yehicle.

In arder bo check its visual aesthetics some "Visual attributes’ are given, You are required bo rate these, 1is poorest, 2is bad,

Jiz fair, 4 iz medium, §is good, Bisverygood, Fisepcelent. [ | ] ] ] | | | | | |

Yo haye bogive visual judgement as how much impressession da these vehicle give aesthetic impreszion an the Fallowing criteria,

. |

Yehicle 1 Yehicle 2

12 3 4/ 6 &7

Attributes 123 4] B[ &7

Diynamic

Eeautiful

Fluid

Fluidy

Attractive

Dielightful

Relaged

Leisure

Fun

Enjouable

=1 2 E=0 == e e R o N )

Inkeresting

Engaging

Refreshing

Hilariouz

Cheerful

Wanderful

Surprising

Explorations

Adventour

Splendid

Eztazy

Jeapsy

Graceful

Lugurious

Concurrent

Exciting

Honest

Addictive

Momadic

S| e | S | 30 3 | SR 3E | SE | 3E | 3E 3 3 3 S | 30 |

Amazing

Total Variance Explained
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APPENDIX 3

[Com pone nt

Initial Eigenvalues

Fxtraction Sums of Squared

133

Loadings
T % of Varianc eCumula tive % [ot al % of Varianc e
ot al
23 23,
1 62 78.888 78.888 666 78.888]
1.
2 15 3.850 82.738 1.1 3.850
5 55
9
3 11 3.035 85.773
8
4 43 2.809 88.582
.6
I5 47 2.155 90.738
5
le 87 1.958 92.695
3
7 51 1.170 93.866
3
3 09 1.029 94.894
2
Io 24 747 95.642
2
10 05 .685 96.327
N
11 66 553 96.879
N
12 40 468 97.348
N
13 30 432 97.780
N
14 19 .396 98.176
N
15 00 .335 98.510
.0
16 88 .295 98.805
.0
17 70 232 99.037
.0
18 56 .186 99.223
.0
19 48 158 99.381




Squared Loadings

20 0 135 99.517
41

2] 0 J11 99.628
33

22 0 .087 99.715
26

23| 0 078 99.793
23

24 0 .052 99.845
16

25 0 .049 99.893
15

26| 0 .045 99.938
13

27 0 .026 99.964
08

28| 0 021 99.985
06

29 0 012 99.996
04

30 0 .004 100.00
01 0

Total Variance Explained
|component Extraction Sums of [Rotation Sums of Squared Loadings

Cumulative %

78.888
82.738

Total % of Variance| Cumulative %
14.119 47.063 47.063
10.702 35.675 82.738
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Inverse of Correlation Matrix

lAMmazing.l

348YU. 7 19

=2Z2Y9Z2.( (4

434U3.138

-10Z80.Z204

JPieasantt Relaxearl  |Leaserl FunL Enjoyaniel

Dynamicl -20544.801| 1217.879 -25855.766) 8526.270 -16228.207
Beautifull -78102.848 5044.942 -97863.011 33896.066 -62517.937
Fluid1 37206.904| -2385.339 47700.854] -16094.219 30304.145

ttractivel 39772.171] -2826.537 49328.412| -18062.413 32198.572
Delightfull -43052.434 2656.289 -54368.419 18220.264 -34317.826
Pleasantl 80538.720] -4885.357 100401.352] -33917.235 63403.905
Relaxedl -4885.357 428.688 -6069.286 2382.457 -4102.290]
Leaserl 100401.352| -6069.286( 126711.784| -42227.190 79728.814;
Funl -33917.235 2382.457 -42227.190 15379.439 -27487.382
Enjoyablel 63403.905| -4102.290 79728.814] -27487.382 50889.265]
Interestingl 28070.108] -2027.163 35404.666| -12874.357 23135.870
Engagingl -139147.461] 8744.229| -174581.803] 59726.950 -110940.208]
Refreshingl 140194.132| -8370.266 176107.731] -58649.335 110727.024]
Hilariousl -10094.792] 568.656 -12992.927 4165.721 -8097.395
Cheerfull -46126.653| 2767.697 -58286.014 19400.375| -36660.124
Wonderfull -83643.185| 5270.688| -104153.514( 35803.297 -66226.987
Surprisingl 134.485 -29.895 212.543 -139.699 179.516
Explorationl -49083.471| 2633.986 -61665.970| 19506.896 -38030.187
Adventourousl 27964.910| -1156.566 35933.452| -10006.987 21229.580
Splendidl 22900.617| -1215.746 28379.461 -9044.457 17498.484]
Estasyl 64977.444] -4147.982 81530.680| -28144.664] 51948.694
Jeepsyl 82910.392| -5187.919] 104121.331| -35514.400 66083.979
Gracefull -30958.362| 2002.579 -39355.256 13473.054] -25064.324
Luxuriousl -18502.432] 725.990 -23526.255) 6554.717 -13856.500)
Concurrentl -30237.865| 1981.230 -38311.757| 13213.179 -24472.514
Excitingl -113187.518| 6823.558 -142472.229| 47600.381] -89745.342]
Honest1l -22990.457| 1481.905 -29058.830 9976.849 -18543.794
Addictivel -16989.363] 991.436 -21111.018| 7037.990| -13204.793]
Nomadicl 20784.224] -1232.940 26536.466 -8719.190 16629.421

Z/(9VUV. Y1/
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APPENDIX 4

Seed Fund Project Done on Amphibious Vehicle
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APPENDIX 5
Seed fund project done on amphibious vehicle for border patrolling applications

U UPES

UNIVERSITY WITH A PURPOSE

Dear, Date: July 7,2021
Debashis Majumder
Ashish R Thulkar

UPES-R&D is pleased to inform that your proposal ‘Design and Develop of an Amph
Vehicle for National Border protection, where boredr falls on watery land or rivers,"

under the UPES-SEED Grant progr has been ded by the Committee for sy, i

w::hfngcnmbuedon initial findings on above mentioned project, you and your team
2 the h I for | grants. | ]

* Total Approved budget: “INR 90000"

Capes Ope: Total
190000 [0~ 90000 |

Comments:
Approved
Ambitious proposal, scale down model can be developed.

W’mwﬂlmwmmmv

Thesis-Debashis-1st March23

ORIGINALITY REPORT

10, 8. 5y, Tu

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.ijitee.or,
Internetsblurce g 3%
dokumen.pub
Internet Source p 2%
"Innovative Product Design and Intelligent 1
%

Manufacturing Systems", Springer Science
and Business Media LLC, 2020



