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Abstract

This report describes the conceptual design and development of a virtual prototype of 
a sustainable delivery vehicle for cities in the European Union. The project was carried 
out as a multidisciplinary project where one product design engineering student and one 
mechanical engineering student participated. The project’s design process was based on 
“The Mechanical Design Process” methodology by Ullman and secondary it was influen-
ced by the product process of Ulrich & Eppinger.

The initial phase of the project aimed to define the problem area and to set the require-
ments for the vehicle. This phase included: study of the problem, study of stakeholders, 
market research and an ergonomics study. When the requirements were set and clari-
fied, the concept generation phase followed. The generated design concepts were then 
assessed according to the fulfilment of set requirements. One final concept was chosen 
for further development in the following product generation phase. In this phase, the ve-
hicle was designed using virtual tools, and the design was developed and evaluated in 
further detail. The final concept is considered to fulfil most requirements, although there 
are some requirements that require further investigation and development.
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1. Introduction

In today’s world, contamination is an ever-growing problem that is increasingly beco-
ming difficult to tackle by modern society. This is caused largely because of the reckless 
trajectory that technology has undergone since the industrial revolution. Little consi-
deration was taken towards the environment, and so developed countries began to rely 
more and more on a developing style that further aggravated the issue. For example: fossil 
fuel power plants, unclean building processes, and developing and adapting cities to the 
main source of contamination: fossil fuel-based means of transportations (Guerreiro et 
al., 2018). The people too started to depend on these vehicles, to the point where nowa-
days it is impossible to imagine a world without them. While this problem is starting to 
get addressed via the development of numerous new electric cars and other vehicles, the 
majority of vehicles in the roads are still fossil-fuel based (“Global EV Outlook 2019,” n.d.). 
This would not be so much of an issue on itself, as fuel-based vehicles would be slowly 
replaced by electric vehicles (“Reducing carbon emissions,” 2018). 

The additional problems are two. One is today’s society life-style, in which e-commerce 
is rising without a foreseeable limit. This market model has no physical stores, instead 
relying on warehouses from where products are shipped worldwide to the doorstep of 
the online customer. Most people want to live in big cities where there is plenty of enter-
tainment. And businesses too want to locate themselves in these places, so they can reach 
the larger part of population in cities, be well-connected via roads, airports and ports 
and having the benefits of being in a well populated area: better services and emergency 
response time. And since many individuals wants to live in big cities and because of that 
businesses are located in them, there are many people who cannot find residence in the 
cities themselves, rather living in the outskirts and commuting every day to their jobs in 
said businesses. All this is a spiral that drives the flow of transportation to increase.

2. Description of the Project

This project aims to provide an alternative vehicle to bicycles or trucks used for delivery 
services. To cover the disadvantages of these vehicles that are already on the market, such 
as low stability, exposure to the elements, not being suitable for long journeys with high 
loads etc. 
The goal is to provide a virtual prototype, of the conceptual design of a delivery vehicle.
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3. Objectives

The stages of the project can be summarized in the following four objectives. 

• First, to carry out an assessment of the current delivery systems in cities and the im-
pact they have on air pollution. 

• Second, to study eco-friendly alternatives and select the most optimal option. 

• Third, to perform a study of the competition, from which to draw requirements and 
wishes for the next stage. 

• Fourth, carry out the design of the delivery vehicle. From this standpoint, some cha-
racteristics for the vehicle can be outlined:

• Maneuverability: which has an easy maneuvering option for tight bends. This 
helps with ease of driving in urban areas.

• Eco-friendly: it could be an electric vehicle, a hybrid vehicle or a vehicle with a 
hydrogen engine. This is one of the solutions to not increase pollution.

• Fast: possibility of having a built-in motor for the slopes. The high volume of deli-
veries and the large area of cities means a fast means of transportation is needed 
to timely perform the deliveries.

• Modularity: the delivery container can be removed and put into the sustainable 
vehicle. This helps the vehicle to be as eco-friendly as possible by reducing the 
waste of materials when a replacement is needed and will be an integral part of 
the delivery system.
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3.1. Methodology

The principal methodology followed in this project is The Mechanical Design Process by 
Ullman. This methodology has been chosen because its development involves the parti-
cipation of people from different disciplines working on the same project. In this case, a 
product design engineer student and a mechanical engineer student.
The methodology is focused on the development of the product and it has four phases 
(Figure 1).

•Project Definition
Before designing the product, the project must be defined, the first phase of the 
design process. Discover which projects are needed, choose the one you think 
you are able to develop successfully and plan the strategy to make the project 
(Ullman, 2016).
•Product Definition
During the product definition phase, the goal is to understand the problem and 
lay the foundation for the remainder of the design project (Ullman, 2016).
•Conceptual Design
In the Conceptual design phase, the goal is to generate concepts that will lead to a 
quality product. It is an important part of a successful product because new con-
cepts are generated and evaluated, and these decisions affect all the downstream 
phases.
•Product Development
This is the final phase, the vehicle is realized in a 3D model using computer pro-
grams. Once the 3d model is made, the vehicle is evaluated to verify its ability to 
meet the requirements.
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Figure 1: Methodology by Ullman
However, some of the stages of the product development process established in the book 
Product Design and Development (Ulrich & Eppinger) complemented and influenced the 
main methodology that guides the whole project. The stages are: concept development 
and system level design. The concept development begins with the identification of the 
stakeholders needs and wishes, then the product specifications are defined. By using a le-
vel design system is possible to break down the problem into different subsystems, which 
is very helpful to perceive it in a simpler way and solve it separately. The concept genera-
tion is done in order to finally make a selection.

In this project the responsibilities have been separated. In one side the product design 
engineer student has established the methodology of the project, has done the product 
definition phase, the conceptual design phase and finally generate the concept selection 
in a 3D model and evaluate it. In the other side, the mechanical engineer student has the 
responsibility to generate the chassis of the vehicle in a 3D model, evaluate it and select 
the material.
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4. Problem Analysis
For this project, it is important to consider the related literature and studies carried out 
in the field: the Air Quality in the cities and the Last Mile on Delivery will be described 
hereinafter. These two areas have been chosen for further investigation. It is important 
to understand these two areas because they will be very useful in taking the next steps.

On the one hand, Air Quality in the cities is one of the most important issues of the project 
because there has been an increase in vehicle restrictions that affects a large majority of 
delivery transport, particularly in urban areas and transport companies who must adopt 
new air pollution regulations.

Today, 41% of the European population live in cities, but this figure is expected to increa-
se significantly in the coming years (Nabielek et al., n.d.). As a result, the city’s logistics 
must guarantee the efficient and effective transportation of merchandise at the same time 
that they follow the urban air quality standards, but this data is not being followed: air 
pollution, particularly in urban areas, continues to have significant impacts on the health 
of the European population (Guerreiro et al., 2018).

One of the sectors that most contribute to air contamination is the sector of road trans-
port. This is the biggest contributor to total nitrogen dioxide emissions in the EU 
(Figure 2). 

Breathing air with a high concentration of NO2 can irritate airways in the human respi-
ratory system. It also has environmental effects such as causing acid rain and to nutrient 
pollution in coastal waters (US EPA, 2016). 
Hence, the importance of working on other more sustainable solutions that can be more 
respectful with the environment and human health.

Figure 2:  Sectors contributing to total NO2 emissions in the EU (Guerreiro et al., 2018).
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However, NO2 emissions caused by road transport are higher in urban areas. As shown 
in Figure 3, 98 % of the stations with values above the annual limit value of air pollution 
were located in urban or suburban areas (Guerreiro et al., 2018).

 

Figure 3: Concentration of NOx, 2016 (Guerreiro et al., 2018).

Regarding the problem the cities have with transport, cars and motorcycles, which are 
precisely the vehicles used by transport companies, produce 15% of the EU’s CO2 emis-
sions (European Parliament, 2018).
Carbon dioxide contributes not only to air pollution, but also to human health. (“The 
Effects of Carbon Dioxide on Air Pollution,” n.d.).
These vehicles account for 20% of all CO2 emissions in the EU and they are responsible 
for 70% of the total CO2 emissions from transport (“Reducing carbon emissions,” 2018).

Therefore the European Union is studying to create a legislation that hardens the emis-
sion limits of cars and one of these measures is to facilitate the change to electric or hy-
brid vehicles (Guerreiro et al., 2018). It is no coincidence that the number of electric and 
hybrid vehicles is growing fast. Many of the vehicle manufacturing companies are manu-
facturing these vehicles to comply with European Union Legislation of air pollution, but 
this process needs to be speeded up.

In summary, the European Commission is proposing to reduce the limit of emissions by 
15% in 2025 and by 30% in 2030 (“Reducing car emissions,” 2018).
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On the other hand, The Last Mile on Delivery is crucial as it represents a major choke 
point and severe operational challenge in the inner city. By using light commercial vehi-
cles for last mile operations and limiting the level of pollutants emitted, congestion and 
pollution in urban centers can be minimized. 

Last mile logistics refers to the final step of the delivery process from a distribution center 
or facility to the end user. As the name implies, actual last mile delivery can range from 
a few blocks to 80 or 169 km (It will be mentioned later). Most often, last mile logistics 
involves the use of a parcel or small package carriers to deliver products to consumers 
(Cerasis_IT, 2017).

Last mile delivery causes almost 16–50% of the transport-related emissions (Aljohani 
and Thompson, 2018). Moreover, it is estimated that a delivery van conducting last mile 
delivery would generate on average 21.7 kg of CO2 for an 80 km delivery trip (Aljohani 
and Thompson, 2018).

The problems generated by delivery transport in large cities are increasing due to a larger 
population of cities, greater demand for these services and higher expectations related 
to delivery time. All this causes an increase in congestion, pollution and noise in urban 
areas. Those who suffer most from the problems that affect the delivery of the last mile 
due to traffic congestion, limited parking, and unsustainable delivery vehicles, are freight 
forwarders, receivers, and citizens at the center of the city.

Also, the last mile is an important part of a delivery operation because it is depending 
on the experience that users have had with the purchase of the product, they will repeat 
with the same company or look for other delivery companies. In the last mile, there are 
three elements to consider: the delivery times, the place of collection and the possibility 
of refund.

Therefore, cities need to incorporate a system that effectively and efficiently solves this 
problem, evolving towards cities that are more sustainable and respectful of the environ-
ment.

Recent studies have proposed the possibility of incorporating UCC (Urban consolidation 
center) in large cities. UCCs are described as a logistic facility that is relatively close to the 
geographical area it serves, from which the last mile deals have been made with sustaina-
ble vehicles within the city.

In the theoretical studies, the UCC seemed to be the solution to the problem of transport 
companies in large cities, but in practice, it has failed many times (Veličković et al., 2018). 
This depends on many factors to which a complete study of logistics must be made.
To UCCs’ success, some researchers propose that UCCs should receive subsidies, at least 
for the initial investment and operational costs, whereas others argue that the short life 
of UCCs is directly related to their dependence on government subsidies (Veličković et al., 
2018).
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Here is an example of an application of the UCC in the city of Novi Sad:

 
Figure 4: Different urban consolidation center scenarios: Impact on external costs of Last- Mile Deliveries, 2017 (Veličković 

et al., 2018)

Based on some principles, it has been proved that UCCs can be detected in three different 
locations. The first one is in the Western part of the city, the second is in the north, and 
the third is in the southeast part of the city (Figure 4). Every location is dedicated to serve 
certain city entrance roads (illustrated with black arrows) in order to provide the distri-
bution to every point of the city (Veličković et al., 2018).
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4.1. Problem Statement
Once the background has been tackled, the problem that delivery companies have with 
pollution can be thoroughly studied.
Delivery companies should consider using more sustainable vehicles for last mile delive-
ries. Many of them use the same delivery vehicle for long and short distances, a fact that 
involves a waste of time in the deliveries, causes congestion in large cities and contributes 
to air pollution problems (as mentioned earlier in the Background).

Using sustainable delivery vehicles that circulate only in the cities would not only opti-
mize time, but also provide a better access to difficult areas and an unbeatable behaviour 
with the environment.

Companies are eager to use cleaner services too. When asked about logistics on an inter-
view last February, Angela Hultberg, IKEA’s Head of Sustainable Mobility stated “100% 
of our last mile deliveries will be zero-emission by 2025” (Helven, 2019). This reinforces 
the idea that a new sustainable delivery strategy is requested by companies and will only 
grow to be requested as time passes.

Some delivery companies are reacting by creating a new delivery model. In this new mo-
del, the shipments are placed in a shipping container. These containers are moved from 
their arrival point (by sea, air or land) to certain designated spots in the cities. The con-
tainers are modified so only the employees can open them using their mobile phones. The 
employees then placed the container on the delivery vehicle and begin the last stage of 
the delivery process (Figure 5).

 Figure 5: Logistic method to sustainable delivery in the last mile ((“Containerisation makes city logistics smart | Interna-
tional Cargo Bike Festival Groningen | 14 - 16 juni 2019,” n.d.)

The container has multiple packages, and the courier delivers each one to its rightful ow-
ner. When the container is empty, the delivery driver returns it to the designated spot in 
the city. When all the packages from the container are delivered, the container is returned 
and replaced by a new container with more packages inside. This practice complies with 
access restrictions while providing reliable and predictable delivery times.  
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5. Product Definition
Understanding the design problem is an essential foundation for designing a quality pro-
duct. “Understanding the design problem” means to translate customers’ requirements 
into a technical description of what needs to be designed (the engineering specifications) 
(Ullman, 2016).
In this section, the customers will be identified for the project. This activity serves as the 
basis to generate the requirements and wishes of the customers. Also, a small market 
study will be made to know the characteristics of the competitors’ products. The enginee-
ring specifications will be made to help in determining product quality. Finally, to measu-
re the quality of the product, the list of requirements will be set for its performance.
In this chapter, the focus is on understanding the problem that is to be solved. Once this 
is accomplished, the main results of this phase are useful to know the characteristics that 
the product must fulfill.

5.1. Fields of Applications
It is important to specify the type of packages that can be delivered with the sustainable 
delivery vehicle in the last mile, because this will affect the design of the container.
As described in the background, last mile logistics involves the use of medium or small 
packages to deliver products to consumers. But, what types of products are those?
These type of products are like the ones appearing in the graph below (Figure 6). 
There is an increase in the number of deliveries generated by online shopping. Conside-
ring that the products to be delivered will come in containers that have been transported 
from large distances, products like perishable goods will not be included because the 
container will not be prepared for these types of items.

Figure 6: Number of deliveries generated online in the UK in 2013 and 2018, by product type (“United Kingdom,” n.d.)

In conclusion, the sustainable delivery vehicle is directed at the delivery or collection of 
medium and small packages (as mentioned earlier by the last mile logistics) to consumers 
in the big cities.
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Maximum weight and dimensions for packages items
Product size tier Weight 

(kg)
Longest side 
(cm)

Median side
(cm)

Shortest side
(cm)

Length + girth
(cm)

Small standard-size 0.35 38.10 30.48 1.90 n/a
Large standard-size 9.00 45.72 35.56 20.32 n/a
Small oversize 31.75 152.40 76.20 n/a 330.2
Medium oversize 68.00 274.32 n/a n/a 330.2
Large oversize 68.00 274.32 n/a n/a 419.10
Special oversize Over 68.00 Over 274.3 n/a n/a Over 419.10

Figure 7: Maximum weights and dimensions for package items (“Product size tiers - Amazon Seller Central,” n.d.)

5.2. Identifying Stakeholders Needs
When a product is going to be created, before entering the concept generation phase it is 
essential to gather information to achieve an optimum result. 
This research has many points to fulfil, as study the needs of the users, a benchmarking 
of similar products, an ergonomics study, and setting these requirements into a requi-
rement list. In order to identify these customer needs it will be followed by a five-step 
method (Ulrich & Eppinger):

• Choosing Stakeholders
• Generate Personas
• Interpreting the raw data in terms of stakeholders needs.
• Organize the needs into a hierarchy
• Establish the relative importance of the needs
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5.2.1. Choosing Stakeholders
The identification and evaluation of project stakeholders are a key step in the preparation 
of a sound stakeholder relations plan. And for good reason: the ability to identify who 
really has the most and the least influence in the design of the vehicle.

A stakeholder is any group or individual who can affect, or is affected by, the achievement 
of a corporation’s purpose (Freeman, 2010). Stakeholders include employees, customers, 
suppliers, stockholders, banks, environmentalists, government and other groups who can 
help or hurt the corporation (Freeman, 2010).

At this stage, the potential groups that affect or are affected by the sustainable delivery 
vehicle will be searched. To make this study, all possible parts affected or affect the deli-
very vehicle have been searched.

• Possible affected groups
This step identifies possible groups that are affected or affect the delivery vehicle, whe-
ther they are directly or externally affected. Similar interest groups are grouped into large 
groups to rank them better.
In this case, there are ten groups, ones with an internal change and others with an exter-
nal one.

Internal change
By internal change we mean the group of people who has direct contact with the 
vehicle (Freeman, 2010). A brief description of those who are supposed to form this 
group is as follows.

Customer: this is the company that delivers the service of transportation through 
the sustainable delivery vehicle. It is one of the main groups that must be consi-
dered since it is the one who acquires the product. Therefore, the vehicle must be 
sufficiently attractive so that they value the relation Price / Earnings ratio. If this 
is too high, the possibilities of the acquisition will diminish.

Producer: this group affects directly to the production of the sustainable delivery 
vehicle. Typically, the producer wants a product which is easy to produce (both 
manufacture and assemble), uses available resources (human skills, equipment, 
and raw materials), standard parts and methods, existing facilities, and produces 
a minimum of scraps and rejected parts (Ullman, 2016).

Employees: employees are the ones using the vehicle during daily work, also, 
warehouse workers, who will be responsible for placing the packages in the con-
tainer. The employees are a very important group of any businesses. Many have 
argued that authoritarian management styles must be replaced with a more “hu-
man” approach. In addition, low productivity can seriously harm the company. 
Hence the importance of recognising the employees’ good working conditions.
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Consumers: this group is the one that is going to request the services of the de-
livery sustainable vehicle. It is important to include this group because they will 
have expectations about the vehicle that will transport their packages, and these 
expectations can be 
important to the design of the container.
Understanding this group is of paramount importance because based on the ex-
perience they have had with the delivery company, they will request or not the 
services again in the future.

External Change
By external change we mean the group of people who has not direct contact with the 
vehicle all throughout the process (Freeman, 2010).

Government Authorities:  this group interferes with the delivery vehicle in mat-
ters such as legislation, international laws, the environment. It is the legitimate 
role of the government to regulate business in the public interest, and to enforce 
anti-trust laws to insure adherence to market principles (Freeman, 2010).

Communities affected by the project: this group affects the delivery vehicle in 
matters regarding the environment, the accidents in the city. This is the collective 
who is not interested in acquiring any product, but whose existence of these ve-
hicles in the city can affect them.

Competitors: it is important to know the competition in order to establish a good 
market strategy preventing us of being in disadvantage.

Consumer Advocates: consumer advocates today affect almost every industry in-
volved in consumer goods marketing (Freeman, 2010). This group can be very 
important because companies can get information about whether something is 
wrong with the product.

Environmentalist: People are becoming more and more aware of the environ-
ment; clean air, water and land, as well as the conservation of natural resources. 
This is why today’s companies have to deal with these environmental defenders.

Social Media: thanks to the internet and social platforms, it is very easy to com-
ment on anything. This group plays an important role on the reputation of a com-
pany or a product.
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Figure 8 is a map that considers all those groups and individuals that may be affected by 
the sustainable delivery vehicle. Each of these groups plays a vital role in the success of 
the vehicle in the current environment.

Figure 8: Possible affected groups
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• Stakeholder mapping
Once the potential stakeholders have been identified, the next step is to analyse them, 
which means placing them in categories. This is because it is possible that some stakehol-
ders will be interested in the delivery sustainable vehicle, while others do not care, so it 
must be determined who needs to be prioritized. To prioritise the stakeholders identified 
in step one, they will be classified into four categories:

High Influence/High Interest: 
These stakeholders are the ones that need to be engaged regularly and managed 
closely. These are the key players. This group will require the most effort to keep 
satisfied (McDonald, 2016).
High Influence/Low Interest: 
Keep these stakeholders satisfied by striking a careful balance between keeping them 
informed, but not overloading them with too much information (McDonald, 2016).
Low Influence/High Interest: 
This group of stakeholders must be kept adequately informed.
Low Influence/Low Interest: 
This group of stakeholders will be the ones who must be informed but with general 
information.

A graph is made (stakeholder influence and stakeholder interest). In conclusion, the 
analysis has been selected the most important stakeholders that affect the project; the 
Technician, the Delivery Driver, The Online Shoppers, the Retail Businesses and finally the 
companies of Suppliers which are the group who will buy the delivery sustainable vehicle 
(Graph 1). 

 
Graph 1: Stakeholder strategy
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5.2.2. Generate Personas
In this phase, the Personas of the most important stakeholders identified in the previous 
step were done following the guidelines given by Lene Nielsen (2013). Delivery Driver 
(Figure 9), Retail Businesses (Figure 10), Technician (Figure 11), Online Shopper (Figure 
12) and Suppliers Companies (Figure 13). 

Personas are fictitious characters, which can be created from marketing research, inter-
views and stereotypes to represent the different types of users who might use a service, 
product, site or brand. With the Persona method, the purpose is to create empathy, enga-
gement, and identification with the users so that it becomes possible to understand their 
world and create solutions for them (Nielsen, 2013).
The personas table obtained from Lene Nielsen (2013) was very useful to this investiga-
tion Appendix 1.

The objective of this step is to interpret the raw data of the Personas in terms of Stakehol-
ders needs. The resulting Stakeholders needs are used to guide the team in establishing 
product specifications, generating product concepts, and selecting product concept for 
further development (Ulrich and Eppinger, 2012).

Figure 9: Delivery Driver Persona

Background
Adrian is a last mile delivery 
driver who is responsible for 
transporting various items from 
production areas to companies 
and end users. The usual du-
ties are to deliver goods in an 
efficient and educated manner, 
adapt 
driving to traffic conditions, 
collect payments, identify 
potential customers and do 
paperwork.

Typically he works alone, he 
has contact with people when 
he goes for the order and finally 
when he delivers it to his 
receiver.

The working method is always 
the same, but it constantly leads 
to different areas, so it is 
necessary to have a clear map of 
the city and the shortest route 
to reach the receiver.

He prefers to work in favorable 
climatic conditions because 
typically he drives on a 
motorcycle or bicycle without 
protection against the adversi-
ties of time.

Skills
•Customer service

•Safe driving

•Time managment

•Attention to details

Demographic

      Male             33    years
 
      Berlin

      Single

      Around 15000 €/year

Name
 Adrian Euler - Delivery Driver

Frustrations
• Very thight delivery time.
•Exposed to weather conditions.
•Exposed to a higher probability 
of accidents.

Motivations
• Contact with many different 
   people in each order.
• Know all the streets of the city
•Get fast to the delivery place

Statements

•”I would like to be protected to 
the environmental conditions”.

•”I would like to have an 
additional help to climb the 
slopes”.

•I would like to have an 
additional help to know the 
streets”.

•”I would like to be confortable 
when I have to drive”.

•”Easy to load and unload the 
container”

Goals

“Timely delivery of the order in 
good conditions, mainly having 
the client happy ith the service”
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Figure 10: Retail Businesses Persona

Figure 11: Technician Persona

Goals
“To offer my clients the best 
products of footwear on time.”

Background

Ariadna is an enterprising 
woman who owns a shoe store 
in the city centre.

All the shoes she sells come in a 
delivery truck, but this one has 
difficult access to reach the 
store.

She needs her products to arri-
ve on time to sell them to her 
customers and in good 
condition.

It may be that her clients ask 
her for a size of shoes that she 
doesn’t have in the shop, the-
refore, she will place an order 
of shoes and it should arrive as 
soon as possible.

Skills
•Good Temperament.

•Know what to buy.

•Attention to details.

•Empathize with the client.

Demographic

      Female             33    years
 
      Barcelona

      Single

      Over 70000€ /year

Statements

• “The packages arrives in good 
conditions will be essential”.

• “I would like the packages 
arrives during open hours”.

Name
Ariadna Valls - Retail Businesses

Motivations
•Personalized Treatment

•Finding new collections at a 
good price

•Satisfied customer

Frustrations
•The product arrives in poor 
conditions

•The product does not arrive 
on time

•The client finally makes the 
purchase online

Goals
“To solve problems efficiently 
in order to people can work.”

Background

Adam is a efficient work that 
many people depend on when 
something goes wrong.
Among its tasks is to repair the 
product that does not work, as 
well as its perfect maintenance.

Usually he works alone, and 
when the people of a company 
has a problem with some 
product, they contact with he.
When there is a hard problem 
with some product his schedule 
can variate.

Skills
•Efficient

•Time managment

•Attention to details

•Responsability

Demographic

      Male             38    years
 
      Brussels

      Married

      Around 20000 €/year

Statements

• “In case any piece will break, 
    I would like to exchange with 
    another one”.

• “Easy to clean the vehicle”.

• “Prevent the material of the 
    vehicle will deteriorate”.

Name
Adam Zimmer - Technician

Motivations
•Solve Problems

•New challenge everyday

•When everything is going     

good.

Frustrations
•Can’t solve a problem

•Limitation with the tools

•Difficult access to some areas   

of the product
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Figure 12: Online Shopper Persona

Figure 13: Suppliers Companies Persona

      Name
         Yilva Bentsen   - Online Shopper

Goals
“Buy at the best price and 
arrive in perfect conditions 
and time.”

Background
Yilva is a woman who does not 
have time to go shopping at a 
certain place for any type of 
product, therefore she saves 
time buying those items online. 

Compare prices on different 
websites, analyze the positive 
and negative comments of the 
product and verify the time it 
will take the order to arrive.

These shoppers mostly value 
fast transactions and express 
delivery.They need 100 percent 
clarity and follow-through of 
shipments, with strong 
customer reviews and ratings

Demographic

      Female              47     years
 
      Denmark

      Married

      Around 24000 €/year

Motivations
•Good Prices
•Good Comments
•Fast Transaction

 Skills
•Web pages management

•Patience

•Time management

Statements
•”I would like to know where is 

my package at all time”

•”The package does not arrive 

wet or damage”

Statements
•Not being able to follow the 

shipment online.

•The shipment does not arrive 

in perfect conditions.

Background

Leticia is a young business 
woman who has her own 
delivery company.

She is in charge of many 
employees so when she has to 
invest in a new product, she 
takes into account the 
environmental aspects.

Skills
•Empathy

•Time managment

•Persistence

•Motivation

 Demographic

      Female           35   years
 
      London

      Single

      High Income  (no data)

Statements

• “The container can be 
removed   and put in the 
delivery vehicle”

• “The vehicle should minimize 
as possible the pollutant 
emissions”.

• “I would like the vehicle be 
attractive”.

• “The vehicle must be used by 
a large number of people with 
different heights”.

• “The vehicle should circulate 
on cycle lines”.

• “The vehicle must comply 
with traffic rules”.

• “The price of the vehicle 
should be reasonable”.

Name
Leticia Smith - Suppliers Companies

Goals

“To reduce pollution and have 
access to difficult areas where 
cars cannot get in large cities”.

 Frustrations
•The product does not fulfil 
with the expectations.
•Lose money with the 
investment.

 Motivations
•Lower cost in gasoline
•Not cause polluting emission.
•Access the difficult urban 
areas
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5.2.3. Interpreting the raw data in terms of Stakeholders needs.

The next step is to interpret the raw data information of the Personas in terms of stake-
holders needs. According to Ulrich and Eppinger (2012). 

Stakeholders needs are expressed as written statements and are the result of interpreting 
the need underlying the raw data gathered from the Personas. To write these stakehol-
ders needs, it is important to follow five guidelines (Ulrich and Eppinger, 2012): 

• Express the need in terms of what the product has to do, not in terms of how it 
might do it.

• Express the need as specifically as the raw data.
• Use positive, not negative phrasing.
• Express the need as an attribute of the product
• Avoid the words ‘must’ and ‘should’.

Table 1: List of stakeholders needs

Stakeholders Statements Interpreted Need

Delivery Driver

“I would like to be protected to the 
environmental conditions”

The vehicle protects the employee to 
the weather

“I would like to have an additional 
help to climb the slopes” The vehicle provides an electric motor

“I would like to have an additional 
help to know the streets”. The vehicle provides a GPS

“I would like to be comfortable when 
I have to drive”.

the vehicle accomplishes with the ergo-
nomic postures at work.

“Easy to load and unload the con-
tainer”

The vehicle provides a mechanism to 
load and unload the container

Retail Businesses 

“The packages arrive in good condi-
tions will be essential”.

Container protects the fragile from the 
heavy packages

“I would like the packages 
have arrived during opening hours”.

The vehicle can be used in collaboration 
with a data device

Technician

“In case any piece will break, I would 
like to exchange with another one”.

The vehicle design provides replace-
ment parts

“Easy to clean the vehicle” Easy to clean
“Prevent the material of the vehicle 

will deteriorate” Material resist to oxidation

Online Shopper

“I would like to know where is my 
package at all time”. The vehicle provides a GPS

“The packages don’t arrive wet or 
damage”.

Material resist to oxidation and the 
container protects the fragile from the 

heavy packages.
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Suppliers Companies

“The container can be removed and 
put in the 
vehicle”.

The vehicle and the container have a 
modular design

“The vehicle should minimize as 
possible the 

pollutant emissions”
Do not use fuel-based vehicles

“I would like the vehicle be attractive Attractive design
“The vehicle must be used by a large 

number of people with different 
heights”.

Adapts to European population 

“The vehicle should circulate on cy-
cle lines”. The vehicle adapts on traffic rules

“The vehicle must comply with traf-
fic rules”

Safety devices (mirrors, tyres and brak-
ers)

“The price of the vehicle should be 
reasonable”.

Price optimization and save in produc-
tion costs

5.2.4. Organize the needs into a Hierarchy
According to the different answers, the goal of this step is to organize the different needs 
into a hierarchical list. According to Ulrich and Eppinger (2012).
The list can be done organizing the needs as primary and secondary needs. The primary 
needs will be the most general needs and the secondary needs express needs in more 
detail.

The hierarchy order:
• Primary needs: a design for European population (geometry), a resistant frame 

design, a container design (geometry).
• Secondary needs: aesthetic
• Tertiary needs: accessories for safety devices.

The complete hierarchical order can be seen in Appendix 2.

5.2.5. Establish the Relative Importance of the Needs
The outcome of this step is a numerical importance weighting for a subset of the needs. 
There are two basic approaches to the task, and one of them is relying on the consensus 
of the team members based on their experiences with the customer (Ulrich and Eppinger, 
2012).

Nevertheless, this relative importance will be analysed in the list of requirements, distin-
guishing between ‘demand’ and ‘wish’. ‘Demands’ are requirements that must be met un-
der all circumstances, while ‘wishes’, requirements that will be taken into consideration 
whenever possible. 
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5.3. Product Specifications
Customer needs are generally expressed in the “language of the customer”. 
They simply leave too much margin for subjective interpretation. For this reason, develo-
pment teams usually establish a set of specifications, which spell out in precise, measura-
ble detail of what  the product has to do (Ulrich and Eppinger, 2012).

The objective of this step is to represent an agreement on what the team will attempt to 
achieve in order to satisfy some of the stakeholders needs.

• Vehicle characteristics
The delivery vehicle must be usable by the widest array of individuals. This means that 
requiring a license or training severely reduces the size of this group. To ensure anyone 
can ride the tricycle we have to look at the European standard EN 15194:2017. This stan-
dard refers to the electric cycles, and the requirements for them to be treated as standard 
cycles: 

• Maximum continuous rated power of 250 W or less.
• The motor output is cutoff when the tricycle reaches the speed of 25 km/h.
• The motor only functions when the driver is pedaling.

Cycles that meet all these three conditions simultaneously are classified as Pedelec (pedal 
electric cycle) by the EU. Any vehicle that fails to meet any of the conditions is regarded as 
a moped cycle and requires a driving license to operate. The license required defers from 
countries, some requiring a car driving license and others requiring a motorbike driving 
license.

• Security
There are a number of security requirements the chassis has to meet. These are detailed 
in the European standard EN ISO 4210-6:2015. The security requirements include drop 
and shock strength and fatigue strength due to the alternating pedalling forces.

Table 2: Requirements and specifications of regulations and Standards

Requirement Specification
EN 15194:2017 compliant Top speed not higher than 25 km/h

Maximum rated power of 250 W
Assist only when the driver is pedalling

EN ISO 4210-6:2015 compliant Compliant with frame test methods
Engine output limitations and uphill driving Lightweight materials
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• Geometry of the chassis
Another of the customer’s needs is the vehicle should be able to circulate on cycle lanes. 
For this, it has been based on the width regulations of the cycle lanes, a minimum of 1’5m 
(Cycle Infrastructure Design, 2008).
Besides this, the following information is available:

 

Figure 14: Section of free space (Dofour, 2010).

The distance to obstacles must be 0.25 m and the distance to higher kerbstones must 
be 0.5 m. Additionally, the distance to the wall must be 0.625 m. (adapted from Dofour, 
2010). Since urban cycling paths are completely flat as they run along and intersect with 
traffic, all that remains are the outer boundaries, which can be understood as the limits of 
the cycling path. This means that a minimum width of 2 meters is needed.
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5.4. Benchmarking

‘An understanding of competitive products is critical to successful positioning of a new prod-
uct and can provide a rich source of ideas for the product and production process design’ 
(Ulrich & Eppinger, 2008). 
This search was done in order to have a general background of the aesthetic styles, to 
know the physical characteristics of this type of vehicles and to avoid any kind of plagia-
rism.

• UPS

Figure  15: UPS eBike (“UPS launches custom-made cargo 
e-bikes,” 2018)

Figure 16 : UPS eBike (Hu, n.d.)

‘The UPS cargo eBike is equipped with a battery-powered electric motor that can travel lon-
ger distances than traditional bikes, carry substantial loads and navigate the hills and other 
terrain. The modular detachable boxes on the trailer can hold up to 181’4 kg. and have a 2’7 
cubic metre capacity. The bikes can be operated by human pedal power or battery power, 
providing drivers with the flexibility they need to navigate changing terrain and energy ef-
ficiency’ (“UPS To Launch First-Of-Its-Kind U.S. Urban Delivery Solution In Seattle,” n.d.).

• DHL

Figure 17: the DHL Cubicycle (“Mar 01, 2017,” n.d.) Figure 18: the DHL Cubicycle (“More City Containers in 
new pilot with DHL Express in Frankfurt and Utrecht,” n.d.)

‘The DHL Cubicycle is a customized cargo bicycle able to carry a container with a load of 
up to 125 kg (one cubic meter in volume). The reclining seat for the courier allows great-
er comfort, safety and speed. It boasts electric pedal assistance for additional speed and 
support in climbing hills, and it is easy to handle with a tight turning cycle. The removable 
containers are secure, waterproof and offer a large volume while not impairing the view of 
other cyclists. They can be equipped with GPS or Internet of Things transmitters to facilitate 
real-time shipment tracking and to ensure they can be monitored for security purposes. 
Moreover, they are self-powered through the use of solar panels’ (“Mar 01, 2017,” n.d.).
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• RYTLE

Figure 19: the Rytle MovRs (“MOVR – RYTLE – the smart 
move,” n.d.)

Figure 20: the Rytle MovRs (“MOVR – RYTLE – the smart 
move,” n.d.)

‘The MovRs are virtually free of pollutants. They are easy to use, flexible and low mainte-
nance. A driver’s license is not required. The MovR can be equipped with various sensors like 
GPS and can display information such as engine power. The driver always has everything 
in view and can react accordingly. Some of the technical specifications are: dimension (2 
700mm W: 1 200mm H: 2 000mm), from 134kg + 180kg additional loads, electrical drive 
unit up to 25km/h with handy starting aid 5km/h and a total output of 250 W, reverse gear’ 
(“MOVR – RYTLE – the smart move,” n.d.).

Some conclusions have been drawn from this market study, which will be useful to carry 
out some of the requirements:

• A length not exceeding 2 700mm. There are no data on the structure of this type 
of vehicle, so to ensure good manoeuvrability, the vehicle will be respected this 
length.

• Based on the competition, the container must hold up a weight of 134 kg.
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5.5. Assessment of the possible vehicles
Based on the market study, there are two types of vehicles that adapt the need for a mo-
dular container. At this point a pro-con analysis of a tricycle and a quadricycle will be 
conducted according to Ullman. 
The Pro-Con analysis follow these four steps (Ullman, 2016):

• Make two columns, one “Pros” and the other “Cons”.
• Fill in the columns with all the pros and cons of an alternative.
• Estimate the importance of each pro and each con (values between 1-5, “1” un-

important and “5” very important).
• When one or the other column becomes dominant, the election will be made.

Table 3: Pro-Con Analysis decision

Tricycle

Figure 21: 3-wheel cargo bike (“2018 24” Three 
Wheel Cargo Tricycle Bike For Sale,” n.d.)

Pros Imp.
The tricycles can take sharper turns than 
the quadricycle. 3

11
The vertical seat can be adjusted upwards, 
which does not influence the horizontal 
length.

4

Low price, there are many models with dif-
ferent prices. The tricycle shown in Figure 
21 costs 150 €.

4

Cons
Less stable than quadricycle. 4

6Less work space than the quadricycle. 2

Quadricycle

Figure 22: 4-wheel cargo bike (“Sprint Standard | 
VierBike,” n.d.)

Pros
Safer: 4 wheels are more stable than 2 or 3 
wheels.

4

9Recumbent seat which is more comfortable 
than a vertical seat. 3

It has more work space than the tricycle 2

Cons
Needs more length at the front. 4

12

High price, there aren’t many models on 
the market. The tricycle shown in Figure 22 
costs 2 200€.

4

very little information about the construc-
tion of the chassis 4

Once the analysis is made and the values are added, the team members has chosen the 
tricycle as the best option for this project.
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5.6. Requirement list
This is an essential stage of the project, as it states the needed conditions which have to 
be completed in order to achieve a successful result. 

In this phase, the objective is to establish a list with the product requirements. To reach 
these requirements, the study has been based on collecting information from the Stake-
holders’ needs, the Product Specifications and the Benchmarking.

All the requirements are explained in detail with their evaluation method. Besides the 
differentiation between wishes and demands, the requirements are divided into eight di-
fferent groups: geometry, ergonomics, materials, appearance, maintenance, functionality, 
security and production. A summary of all the information is listed below Table 4:

Table 4: List of Requirements

LIST OF REQUIREMENTS
No. Requirement D/W Evaluation Method

Geometry
1 A length not exceeding 2 700mm D Measurement
2 Be able to circulate on cycle lanes (<1.5m) D Measurement

3 Container be able to contain medium and small 
packages (<330’2cm length and girth) D Measurement

Ergonomics

4 Adapts to European population (woman and 
men between 20 and 60 years) D Measurement (European Anthro-

pometry Standards)
5 Easy to load and unload the container W Time and user test

6 Comfortable driving (based on the position of 
the delivery driver when he/she is driving) D Human measurement data in the 

workspace
Materials

7 Oxidation resistance D Material characteristics
8 Recyclable W Material characteristics
9 No toxic W Material characteristics

10 Low weight D Material characteristics
Appearance

11 Attractive W Users vote
12 Timeless Design W Users vote

Maintenance
13 Easy to clean W Time and user test

Functionality
14 Protect the employee to the weather D Yes/No

15 Container protect the fragile from the heavy 
packages. D Yes/No

16 Modular vehicle D Yes/No

17 Reduce polluting emissions to the atmosphere
(do not use fuel-based vehicles) D Yes/No

18 The vehicle provides a GPS W Yes/No



26 27

19 The chassis support the container weight 
(>134 kg) as a uniform distributed load D FEM Simulation

Security

20 No licence or training required D

Top speed not higher than 25 km/h

Maximum rated power of 250 W 

the electric motor only helps when 
the driver is pedalling

21 Resistance of the chassis to drop, shock 
strength and fatigue strength D FEM Simulation

22 Safety devices (mirrors, tyres and brakers) W Comparation
Production

23 Price optimization W -
24 Save in production costs W Comparation
25 Replaceable parts W -



28

6. Conceptual Design
After identifying a set of customer needs and establishing the target product specifica-
tions, it is time to produce an approximate description of the technology, the working 
principles, and the form of the product (Ulrich and Eppinger, 2012).
The aim of this step is to provide a final concept about the delivery tricycle taking into 
account the list of requirements.

6.1. Problem decomposition
So that the design of the delivery tricycle could be made, the problem has been divided 
into three different parts. This is because the design of the delivery tricycle is too complex 
to treat as a single problem. Using this methodology, the problem can be usefully divided 
into several simpler subproblems (Ulrich and Eppinger, 2012).

The three subproblems are the design of the roof structure, the design of the container 
and the design of the chassis. 
The design of the chassis, in turn, has been divided into being safe and supporting the 
container (this problem will be solved later); the design of the roof structure into an at-
tractive appearance and to protect the employee from environmental conditions; and fi-
nally, the container design has been divided into an attractive design and a design which 
protects the packages.

Figure 23: Problem decomposition

SUSTAINABLE 
DELIVERY 
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6.2. Mood Board
A Mood Board is a collection of textures and images related to the design and used as a 
reference point. It is a tool that helps designers to find out the right direction to create 
a solid foundation for the emotional experience they want to create (“Mood Boards for 
Product Designers - Designmodo,” n.d.). The main purpose of this method is to have an 
overview of ideas that can help inspire the design.

The images collected in the Mood Board (Figure 24) are been selected to inspire the pro-
duct design.  These images have been chosen because they have some characteristic that 
has been a source of inspiration to the design of the product. Some of these characteristics 
are about the life in the city, the colours that represents the city and those who reflect the 
nature.

Figure 24: Moodboard
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6.3. Conceptual design of overall vehicle design
In this phase, the first idea of the delivery tricycle design will be made. 
The sketches will be divided into two parts: the structure of the tricycle and the modular 
container of the delivery tricycle.
The aim of this step is to give as many ideas as possible, regardless the detail of the 
drawing.

• Container
   

Figure 25: Container sketches

For the sketches of the container, several external design features have been taken into 
account: the shape of the container, the door and the handles.

• Roof Structure

Figure 26: tricycle Sketches
A combination of structure and container has been made for a better interpretation of the 
general idea. The profile view has been used as it is the best view to see the structure, the 
chassis, and the container.
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6.4. Final Concepts
Once many ideas have been generated, some of them should be chosen as possible final 
designs. In this phase, the goal is to provide the final design sketch. 

• Roof Structure
For the first selection, the sketches have been selected with a voting .
Thirty people of different European nationalities selected three sketches from the seven-
teen. The requirement for the selection was an attractive and timeless design. Finally, the 
three most voted sketches of the seventeen are chosen. The three most voted sketches can 
be seen in table 5.

Table 5: Concepts selection

CONCEPT A CONCEPT B CONCEPT C

6 votes 7 votes 9 votes

Once the three concepts have been voted, the sketches are drawn in more detail, provi-
ding more information about the parts that integrate the structure of the roof.
The sketches have evolved into a design with more details, but the three final concepts 
have started from their original sketches.
As final concepts, these will be considered for further analysis where a final design will be 
obtained to be taken as the prototype.
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CONCEPT A
The concept A has three different 
parts. On the one hand,  there are 
the pillars in contact with the chas-
sis. On the other hand, there is the 
roof that protects the delivery dri-
ver from environmental conditions 
and finally, the front glass that has a 
structure that protects against pos-
sible accidents.
The tricycle has a very straight aes-
thetically in the pillars and in the 
structure of the roof, but when the 
structure reaches the part of the 
front glass, it makes a significant 
curve.
The structure of the roof is sepa-
rated with the container, it has no 
contact, a fact that could remind 
merchandise trucks.

Figure 27: Concept A

CONCEPT B
The concept B, as well as concept 
A, has three different parts. The 
pillars that get the stability of the 
structure of the roof; then the roof 
which protects the delivery driver 
from environmental conditions; 
and finally the front glass which is 
in contact with the front frame of 
the chassis.

The structure of the roof has a very 
curved shape. The pillars are inte-
grated with the profile of the con-
tainer, giving extra protection. The 
pillars are thin and have been ins-
pired by the branches of the trees.

Figure 28: Concept B
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CONCEPT C
Concept C has also three different parts: 
the pillars which are in contact with the 
chassis, the front glass which protects 
the delivery driver from environmental 
conditions and the support which puts 
in contact the pillars with the front glass.
The aesthetic of this design is more 
closed than the others. The container 
and the pillars are very integrated.

The pillars have a very curved shape. 
They extend to the front glass which has 
also a very curved shape. Unlike the oth-
er two designs, this concept has no roof. 
Instead, the front glass also serves as a 
roof.

Figure 29: Concept C

• Container
The container design is closely conditioned by the structure of the roof. For this reason, 
the simplest form of the container design has been chosen. The objective is to perfectly 
integrate the container with the three final concepts.
The final design is a container with a rounded finish on the top. The simple aesthetics and 
the purity of forms have been respected. The door is collected at the top of the container, 
integrated with the rounded shape of the top. An integrated handle on the side of the con-
tainer has been designed to load the container into the tricycle. This handle adapts to the 
minimalist aesthetics of the container.
The final container design can be seen in Figure 30. In this image, the closed container 
and the open container are shown.
In the following image (Figure 31), a diagram of the parts that will be made in the prototy-
ping part can be seen. These parts are the Slatwall panel, the shelves, the wheels, and the 
roll up door. The Slatwall panel and the shelves will be studied later (ergonomic concept).
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Figure 30: Container final concept

Figure 31: Parts of the Container
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6.5. Concept Selection
Finally, to choose one of the three final concepts, a Concept Screening has been carried 
out.
Concept Screening is based on a method developed by the Stuart Pugh in the 1980s. The 
purposes of this stage are to quickly narrow the number of concepts and to improve them 
(Ulrich and Eppinger, 2012).
The objective of the Concept Screening is to select the best design for the problem des-
cribed above and finally bring it to prototyping.
To prepare the matrix, some of the requirements and wishes are selected from the list 
of requirements. With this, the three final concepts will be compared with a competing 
product.
The principal requirements are the ones which compare the aesthetic characteristics of 
the design because that is what makes them different.

Figure 32: the rytle MovRs (“MOVR – RYTLE – the smart move,” n.d.)

The reference product is the MovRs (Figure 32) whose characteristics are described in a 
previous step. This product has been selected because it is the most similar to the three 
final concepts.

Table 6: Selection Matrix

Selection criteria
Concepts

A B C D (Reference)
Protect the 

employee to the 
weather

+ + + 0

Attractive + + 0 0
Timeless design 0 + + 0

Sum +
Sum 0
Sum -

2
1
0

3
0
0

2
1
0

0
3
0

Net Score
Rank

2
2

3
1

2
2

0
4

By this matrix, the final design has been chosen. Concept B is the winner with the best 
score. Concept B with the final container design will bring to prototyping.
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6.6. Ergonomic concept
In this phase, the aim is to provide an insight into how the ergonomic requirements of the 
delivery tricycle can be solved. In this case, there are two problems to resolve:

• A mechanism to help the employee load and unload the container into the 
tricycle.

• An easy system to change the height of the shelves inside the container.
The method to select one option will be the pro-con analysis according by Ullman. The 
method is explained before (point 5.5).

The vehicle needs a mechanism in the back to be able to easily raise and lower the contai-
ner. Several types of ramp have been studied very often for people with reduced mobility. 
Of these ramps, the most commonly used are the “In-floor ramp” and the “Bifold ramp”. 
They are characterized because they are ramps that are deployed manually and are incor-
porated in the vehicle.

Table 7: Pro-Cons Analysis Ramp

In-floor ramp

Figure 33: In-floor Ramp(“BraunAbility Entervan Xi In-
floor Ramp Wheelchair Van New York | Fenton Mobility 

Products Inc.,” n.d.)

Pros Imp.
The in-floor ramp is stored under the 
floor of the vehicle, this does not interfere 
in the available space where the contai-
ner will be placed

3

8
With this ramp the delivery driver can 
open the container door without any im-
pediment.

5

Cons
More maintenance is needed as debris 
can enter the rails, making it difficult to 
open the ramp. 3 3

Bifold ramp

Figure 34: Bifold Ramp(“BraunAbility Entervan Xi In-
floor Ramp Wheelchair Van New York | Fenton Mobility 

Products Inc.,” n.d.)

Pros
Debris tends to fall from the ramp to the 
ground outside the vehicle. 3

7There are more manufactures that sell this 
conversion, leading to more diversity in 
choice and price.

4

Cons
The Bifold ramp is stored on the edge of 
the vehicle floor, this removes space whe-
re the container will be placed.

3

8The delivery driver needs to deploy the 
ramp every time he/she wants to open the 
container door.

5
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 The analysis selected the In-floor ramp as the best choice. This ramp is the best option for 
the needs of the delivery tricycle because it is easy to apply and remove from the chassis, 
and it does not hinder the aesthetic design of the tricycle. Finally, this mechanism ensures 
that the employee does not make any effort to place the container in the tricycle.

  
Second, to get the packages safe inside the container, it is interesting to include a system 
of adjustable shelves. These shelves protect fragile packages from the heavy ones.

Table 8: Pro-Con Analysis Adjustable shelves

Slatwall Panel

Figure 35: slatwall panel with shelve (“Taiwan 
slatwall panel wooden shelf gondola wooden 

shelf | Taiwantrade,” n.d.)

Pros Imp.
Easy to install
(“Slatwall Installation - Slatboard & Slatwall,” 
n.d.)

2

9To change the shelves the employee simply has 
to slide them and then put them in a different 
height.

5

Many different materials 2
Cons

Difficult to clean the groove 2 2

Floating shelves
Figure 36: 

Floating shelves (“Fleximounts 3-Tier Storage 
Wall Shelves,” n.d.)

Pros
Very resistant, over 45 kg 
(“Fleximounts 3-Tier Storage Wall Shelves,” 
n.d.)

4

6
Easy to install 
(“Fleximounts 3-Tier Storage Wall Shelves,” 
n.d.)

2

Cons

To change the shelves the employee first has 
to change the shelf brackets and then place the 
shelves on top.

5 5

The system chosen is the Slatwall panel. With this system, the warehouse employee and 
the delivery driver can place the shelves according to the measures of the packages.
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7. Product Development

7.1. Ergonomic Calculation
The aim of this stage is to know the measurements of the European population to make 
the design of the delivery tricycle. 
This is an important step because the tricycle will be used by people of different height, 
gender and age.
The 3rd design of the tricycle will be based with these measures.
A study will be carried out to determinate the height of the tricycle’s roof. To make this 
possible, two calculations have to be made:

• The maximum height of the adjustable seat
• The height of a sitting person

The product focuses on a European Union market, so to make the study, anthropometric 
measures will be taken from the tallest population of European men and shortest popu-
lation of European women. Because the tricycle is wanted to adapt to the largest number 
of the targeted user population so they can work on it.

Anthropometric data often are best presented in percentiles. They provide a convenient 
means of describing the range of body dimensions to be accommodated, making it easy 
to locate the percentile equivalent of a measured body dimension (Kroemer et al., 2001). 
However, it is not customary to design for everyone. The few at either end of the percen-
tiles could be expensive to produce (Tilley, 2002). For this reason, the team of the project 
chose to exclude 5% (5 percentile) at the small end of women and 5% (5 percentile) at 
the large end of men.

A recent study says that the highest male population of European countries is Dutch and 
the lowest female population is Maltese (Harris, 2016).

To determinate the height of the adjustable seat, the difference between the 95% (95 per-
centile) of men and the 5% (5 percentile) of women at crotch height has to be calculated. 
The body measures between those percentiles will be covered.

To determinate the crotch height, the total height will be subtracted from the sitting hei-
ght of both Dutch and Maltese population.
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• Dutch men (Figure 37 and Figure 38), this data has been collected from an an-
thropometric databases (“DINED,” n.d.)

 

Figure 37: Stature of Dutch men (“DINED,” n.d.)

 

Figure 38: Sitting height of Dutch men (“DINED,” n.d.)
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From this database, the 95% population of Dutch men is chosen with an aged of 20 to 60, 
because it is the occupational age of people. Therefore, the data are a stature of 1 954 mm 
and a sitting height of 1 008mm.

1 954mm-1 008mm=946mm (crotch height)

• Maltese women, this data has been collected from an article of Maltese women 
(Abou-Hussein et al., 2011).

Figure 39: Stature and Sitting height of Maltese Women

From this database, the minimum population of Maltese women is chosen because there 
is not a study of Maltese population anthropometric measures with percentiles, so the 
standard height is 140cm and the sitting height is 59 cm.

1 400mm-590mm=810mm (crotch height)

Finally, the crotch height of the Maltese population is subtracted to the crotch height of 
the Dutch population. In conclusion, the seat can be adjusted to a height of 136mm. 

946mm-810mm=136mm

The second step is to determine the sitting height because the height of the tricycle roof 
will depend on this. For this height, the sitting height of Dutch men with 95% is selected. 
The body measures below this percentile will be covered.
As shown in Figure 38, the sitting height of Dutch men with 95% is 1 008 mm.
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7.2. Product Generation
The aim of this step is to generate the 3D delivery tricycle to get a first view of the virtual 
delivery tricycle. To this effect, the process will be divided into two parts: first the chassis 
will be designed, and then the structure of the roof and the container will be created in a 
3D model.

7.2.1. Chassis
The design of the tricycle can be divided into two different parts. These parts can and 
should be designed independent of one another and be joined later. The parts in question 
are:

• The front of the tricycle. This part is to be designed as a bicycle. Here the geome-
try of the seat and fork tubes as well as the main body is designed.

• The back of the tricycle. This is the supporting frame that will carry the load of 
the packages and container.

7.2.1.1. Front Frame Design

For ease of use when mounting and dismounting the tricycle, it has been decided to use a 
step through frame: 
   

Figure 40: Step-through frame (Keith, 2011) Figure 41: Diamond frame (Dressel, 2007)
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The geometry of the frame depends on the anthropomorphic data of the user, these are 
recommendations based on experience and the team have chosen to follow these recom-
mendations to get a design project closer to reality. The data required are the lower limb 
length and the upper torso (Talbot, 1979):

Column 1 Column 2
Lower 
Limb (A) 
(cm)

Seat 
Tube 
Length
(cm)

Upper 
Torso 
(B+C)
(cm)

Top Tube 
Length
(cm)

80 51 100 53
81 51.7 101 53.4
82 52.4 102 53.8
83 53.1 103 54.1
84 53.7 104 54.4
85 54.3 105 54.7
86 54.9 106 55
87 55.5 107 55.3
88 56.1 108 55.6
89 56.7 109 55.9
90 57.5 110 56.2
91 57.9 111 56.5
92 58.9 112 56.8
93 59 113 57.1
94 59.5 114 57.4
95 60 115 57.7
96 60.5 116 58
97 60.9 117 58.3
98 61.3 118 58.6
99 61.7 119 58.8
100 62.1 120 59

121 59.2
122 59.4
123 59.6
124 59.8
125 60

Figure 42: Anthropomorphic definitions (Talbot, 1979) Figure 43: Geometry and anthropomorphic data 
correlation  (adapted from Talbot, 1979)
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From this point onward, all notations referring to the front frame geometry will be in ac-
cordance with the following figure:

Figure 44: Frame geometry definitions (Talbot, 1979)

The geometry data refer all to a diamond frame, but once a diamond frame is set as a base 
geometry, it can be modified to a step-trough frame. The two dimensions to obtain from 
table 2 are the most important ones and the rest of the frame depends on them. The next 
step is to determine the angle of the head tube, which as seen in figure 45, is parallel to 
the angle of the seat:

 
Figure 45: Head tube angle, fork rake and steering (Talbot, 1979)

One of the main goals of the tricycle is to be comfortable to ride. This means that accor-
ding to Figure 45 the optimal solution would be to aim for the neutral steering. The deci-
sion taken was to use the head tube angle of seventy-two
degrees. The reason for choosing this neutral steering was because the fork of the tricycle 
needs not to be custom designed, but rather purchased from the market. The purchase 
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of this kind of parts separately from the tricycle is that the rider can decide which for-
ks is the most comfortable for him or her. Not all forks have the same fork rake, which 
means that the selected head tube angle is within the neutral steering lines for fork rakes 
of 21/8 inches (5.4 cm) or less. For fork with rakes under 13/8 inches (3.4 cm), the re-
sult is a quick steering frame. This is, as the requirements state, more desirable than an 
under-steering frame. A quick steering frame means that the tricycle can make sharper 
turns, which means it is more manoeuvrable and preferable over under-steering rakes 
with wider turns.

Before beginning to design the frame, the seat tube and top tube lengths must be defined. 
The seat tube length does not need to be so restricted, as the seat height can be adjusted. 
This means that the shortest length can be used as the tube length, and riders with longer 
lower limb can adjust the height of their seat to a more comfortable position. The top tube 
length is both easier and harder to determine. This tube cannot be adjusted in length, me-
aning that a compromise must be reached. Despite this, there is still some room to adjust 
the length, since the handlebar of the tricycle can be adjusted closer or further from the 
seat, effectively shortening or lengthening the top tube length. For this purpose, it was 
decided to use the mean measure for the upper torso, as that would allow for the same 
length to be used to shorten and lengthen the top tube for the same amount. 
To summarize, the following basic geometry data has been reached:

• Head tube and seat tube angle: 72º.
• Seat tube length: 51 cm.
• Top tube length: 56.65 cm.

 

Figure 46: the basic geometry of the frame.

Once this setup reached, the head tube length must be decided. This is an arbitrary num-
ber, but plenty of space is needed to connect the outer cover of the frame. This cover is 
the one that will protect the rider from the weather and small impacts. Since it was an 
arbitrary decision that does not really affect the loads or steering, it was decided to make 
it 235 mm long. In addition to that, the frame was modified to step through the configura-
tion. In addition to these changes, one of the cornerstones of the design was set. 
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The geometry to accommodate an electrical motor was designed (Figure 47). 

Figure 47: front frame final design.
In the sketch, a vertical line is seen connecting the two down tubes. This is in place to 
increase the stiffness along the yz-plane. This is quite important as all the load on the 
tricycle will be aligned with that plane.

7.2.1.2. Back Frame Design

The design of the back frame is completely different from that of the front frame. This 
structure’s purpose is to withstand the much higher loads it will bear. The design, there-
fore, is much simpler. The only requirement is to have the axis of the wheels closer to the 
back end than the centre of gravity of the container loaded with packages. This is easily 
achieved by placing the geometrical centre of the container coincident with the geome-
trical centre of the back frame, and then bringing the rear wheel axis closer to the back:

Figure 48: back frame basic geometry.
The dimensions of the back frame are decided based on the following two points:

• Container size, which in turn is decided based on the package sizes aimed at 
(“Product size tiers - Amazon Seller Central,” 2019).

• Be able to circulate on cycle lanes (<1.5m).
The frame can be seen to have a sort of wall to the sides. These are in place mainly to pro-
vide support for the outer cover of the tricycle, but also to provide extra stiffness to the 
frame.
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7.2.1.3. Joining the front and back frame

Once both frames are designed, all that remains is joining them. This must be done before 
the simulation, as the interaction between the two loads must be accounted for. One of 
the links between both parts is pre-defined by the front frame. To help support the rider’s 
load, in bicycle frames the seat tube is connected to the wheel by the seat stay. In bicycles, 
this is because the rear wheel is one of the external links and can be seen as a boundary 
condition (Covill et al., 2014). In the tricycle, the rear wheels are too far away for a seat 
stay, and the stiffeners will be linked to the union between the two frames. This takes us 
to the next stage: the union of the two parts. 

Figure 49: the union between the front and back frame.
It was decided to use two bars that would join both parts. These bars are in place mostly 
to provide increased lateral strength. However, these straight lines reduce the clearance 
when making a turn, so it was decided to change them for curved bars. These are conside-
red more aesthetically pleasing and they increase the clearance too:
 

Figure 50: frame with curved segments showing a 19 cm increase in maximum clearance.
At this point, it is important to note that the front frame needs an adjustment change in 
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geometry. Bicycle frames use a single frame of bars contained in a single plane. This is be-
cause there is not any oversized geometry, as the crank system and gear system are a very 
small size. Mid drives, on the other hand, are quite large in size and require significantly 
bigger or wider frames to accommodate them (“2019 Editor’s Choice for Best Electric 
Bikes,” 2019). Instead of going for this approach, it was decided to use the two stiffeners 
and create a frame whose lower part would be divided into two frames: 

Figure 51: back and front frames joined together, double frame, as well as seat stay, can be seen.

In the picture above (Figure 51), it can be seen the double frame geometry, as well as the 
seat stay previously mentioned in the text. These stays are in place to help distribute the 
weight of the rider on the whole frame and to decrease the displacement of the seat under 
load by acting as stiffeners.
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7.2.2. Structure of the Roof and Container
To generate the roof of the structure and the container, first, the chassis is imported into 
the Solidwork program. This program is used to generate 3D pieces.
from the 3d chassis design and the previously calculated ergonomic measurements, the 
roof structure will be generated.

In section 7.1 the sitting height has been defined (1 008 mm), the next step is to determi-
ne an appropriate distance between the sitting height and the vehicle roof.
There are no regulations about the minimum distance between the sitting height and ve-
hicle roof, so the team has been chosen a distance of 76 mm based on the distance shown 
in figure 52.

Figure 52: Constant factors in vehicle sitting (Tilley, 2002)

Figure 53 shows the design of the roof structure considering the ergonomic measures. A 
total sitting height of 1 084 mm and a total length of 2 660 mm.

Figure 53: 3d design Solidwork
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Also, the tricycle meets the requirement of having a width less than 1.5m (Figure 54).

 
Figure 54: 3D model  design Solidworks

Second, the 3rd design of the container has been generated taking into account the struc-
ture of the roof, the chassis and the dimensions of the requirement list. Figure 55 shows 
a perspective view of the container and figure 56 shows the inside dimensions of the 
container (910 x 744 mm). 

 

Figure 55: 3D model design container Figure 56: 3D model design container
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7.3. Product evaluation
In this point the parts developed in the previous point (Product Generation) will be eva-
luated for two reasons, the first to achieve the requirements and the second to be sure 
that a quality product is developed (Ullman, 2016).
Two tests will be carried out:

• Ensure that the tricycle bears the load uniformly.
• Check the design of the roof structure with a virtual human.

7.3.1. FEM simulation
The software FEM (finite element method) used to carry out was Autodesk Nastran 2020, 
an in-cad FEA (finite element analysis) tool for Autodesk Inventor.

The first thing to decide was how to carry out the FEM analysis since there are two ways 
to tackle this design. One of them is using solid elements, and the other is to use line ele-
ments. It was decided to use line elements and simulate the frame elements as a beam. 
The reason for this is what kind of results the engineering is interested in obtaining, and 
what results each element provides. A FEA analysis of the entire tricycle under load using 
solid elements would provide with results on how each section of the tubes behave, in 
addition to how the frame behaves. This study case is interested in how the whole system 
behaves. Since it is good practice to reduce the computing power requirements to a mini-
mum and in how the tubes behave individually is not relevant, a FEA analysis using line 
elements is the most optimal solution for this simulation.

Based on the competition study, it is possible to see how the vehicles in existence support 
a load of around 200 kg on average, with a case supporting up to 324 kg, besides the 
rider’s weight. The maximum weight was decided to be 140 kg, because the vehicle is ai-
med at a job that requires constant physical exercise, and it was decided to leave the limit 
at 140 kg assuming riders with overweight would not be keen on taking the job. For the 
packages load, it was decided to go a bit higher than 324 kg to offer a more attractive pro-
duct that could beat the competition in more areas, and as such, it was settled at 350 kg. 

There is one factor to consider: the state of the road. On a road in a perfect maintenance 
state, the loads are static, and the tricycle would withstand the maximum weight without 
any problem. However, roads are usually irregular to some extent, and in the urban areas 
the tricycle is aimed to be deployed, there are numerous deliberate irregularities. From 
speed bumps, to control traffic velocity or small steps in pedestrian areas; it is unpredic-
table what the maximum dynamic load the tricycle will have to withstand in every city it 
is deployed. Not using any safety factor also means that any accidental overload on the 
vehicle would destabilize it and incur a permanent deformation, so a safety factor of 3 
was introduced to account for all these possibilities (Wilson, 2004). This means that the 
maximum weight of the rider would be 420 kg and the maximum load on the back frame 
would be 750 kg. Each of the two bars supporting the load on the back frame is 1 640 mm 
long, meaning that the 1 050 kg maximum load would translate into 3.2 N/mm in an even-
ly distributed load. This was further increased to 3.5 N/mm, to account for the cover’s 
weight, which has not been specified or approximated, and the extra load introduced by 
anything the rider would carry with him or her.
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The material for the frame was decided to be Alclad aluminium 2024. One of the materials 
widely used when designing and building bicycle frames is aluminium 6061, but it has 
very low yield and ultimate strengths, sitting at 48.3 and 117 MPa respectively (Matweb, 
2019a). Even the 6061-T6 has yielded and ultimate strengths of 255 and 290 MPa, res-
pectively (Matweb, 2019b), a very low resistance to the loads the frame has to withstand. 
Aluminium 2024 on the other hand, has quite higher strengths, 95 MPa yield strength 
and 173 MPa ultimate strength (Matweb, 2019c). But it is the heat-treated 2024 alloys 
which really have the upper hand, with the 2024-T3 having 310 MPa yield strength and 
448 MPa ultimate strength (Matweb, 2019d). The Alclad aluminium is also treated to be 
more resistant to corrosion (as opposed to the regular aluminium), which is one of the 
requirements.

Optimization was carried out: the tubes used for the tricycle are standard ISO 10799-2 
tubes. This means easy access to the parts and standard sizes. The optimization started 
with the smallest size, 21.3 mm of diameter and 2 mm of thickness. The optimization 
procedure is as follows:

• To detect the most critical bars.
• To increase the thickness of those bars.
• If not enough, to increase the diameter, but decrease the thickness to the 

minimum.
• To repeat.

It is worth noting that while some bars did not require an increase in diameter, they re-
ceived for either cohesion or being more pleasing to the eye (aesthetic requirement). The 
cohesion refers to, for instance, the physical impossibility of having tubes with different 
diameters aligned. While welding them with different diameters is possible, it is prefe-
rred both to be the same size, so the transversal faces align with each other and stresses 
are fully transmitted. There were two simplifications made to the model. Since linear ele-
ments only accept straight beams and bars, the curves in the frame had to be approxi-
mated by several straight lines. A small convergence analysis was run by hand for these 
approximations. The curves were divided into straight segments, starting from one seg-
ment and increasing until the results did not vary in a meaningful way. This meaningful 
way was defined as no increase in stress in the proximity of critical areas. This means that 
an increase in Von-Mises from 100 MPa to 110 MPa while being a 10% increase, is so far 
from the yield strength of 310 MPa. Initially, both the linear and the non-linear analysis 
were performed for each optimization stage. However, it quickly became clear that the 
linear solution was far from accurate, and only the non-linear simulation was carried out:
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Figure 57: frame generator settings
The frame member insert and configuration window are shown in figure 57. In this win-
dow, the dimensions, the standard, the family and the material can be chosen. Additio-
nally, the frame members can be placed in the sketch line at their centre, displaced or 
rotated.

Once all the idealizations are set in the program, before boundary conditions (Covill et al., 
2014) and loads are applied the model needs to be meshed. The initial mesh element size 
was set to 33 mm (Figure 58). A convergence analysis was run, and the final simulation 
was run with a mesh element size of 2 mm (Figure 59). For more details on the conver-
gence analysis, consult Appendix 3.

Figure 58: initial mesh element size Figure 59: mesh settings for the final simulation
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Figure 60: point force load, rider’s weight with a safety 
factor of 3, applied on seat tube

Figure 61:  distributed load, container, and packages 
weight with a safety factor

Three boundary conditions were used to evaluate this model. These boundary conditions 
would be the three wheels, and in the FE model, they translate as fixed translation and 
free rotation. One of the boundary conditions is situated on the head tube, where the fra-
me-fork assembly is located. The other two boundary conditions were situated in the spot 
on the side supporting beams, where the rear-wheels axis-frame union is located.
 

Figure 62:  final frame, including optimized members.
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Figure 63: FEA results, displacement.

Maximum and minimum displacements (shown labelled in the picture, not clear):
• Minimum displacement at the side bar of the back frame, equal to zero.
• Maximum displacement in the centre of the back-frame structure, 32.43 mm.

 
Figure 64:  FEA results, VM stresses.

Maximum and minimum stresses (shown labelled in the picture, not clear):
• Minimum stress at the top of the head tube, approximately equal to zero.
• Maximum stress at the ends of stiffeners of the back-frame structure, 243.67 MPa.
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During the optimization, a maximum Von-Mises stress of 310 MPa was pursued. This is 
the yield strength of the alclad aluminium 2024-T3. Stresses below the yield strength 
mean no permanent deformation when the tricycle is under its maximum load and hits 
a road bump. At the end of the simulation, the frame is comprised of the bars outlined in 
table 9 (below). The real number of bars is not the same as the model’s number of bars, 
as due to how the model had to be constructed, certain bars, for instance, the curved 
segments, had to be divided into several bars, while in the real product it would be one 
continuous element.

Table 9: bars dimensions and number per type

Dimensions (mm) Nº of bars
21’3x2 8
21’3x3 6

26’9x2.5 2
26’9x3 2
33’7x3 1
42’4x3 4
42’4x4 13
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7.3.2. Check with users
The second case of product evaluation is to check the design of the tricycle with a virtual 
human, by using the NX program, which helps to simulate the interaction between the 
product and users in a real and equal scale for both.
Once the 3D model was exported from the SOLIDWORKS program, the following activi-
ty resided in creating the corresponding virtual humans of the selected measures. Two 
virtual humans were created, one man and one woman, the measures were taken from 
point (7.1). A man with a sitting height of 1 008mm and a woman with a sitting height of 
590mm. 
Once the virtual humans are created, they are correctly placed on the seat of the tricycle 
(Figure 65,66,67,68):

Figure 65: virtual man in perspective Figure 66: virtual man

Figure 67: virtual woman in perspective Figure 68: virtual woman
   
The adjustable seat has been used in the tallest positioned for the man (136mm) and the 
shortest positioned for the woman (0 mm). The calculation can be seen in point 7.1.
With this check, the design of the roof structure of the tricycle has been considered 
adequate. 



56 57

8. Components Selection

The sustainable delivery tricycle needs some components to complete the requirement 
list.
The objective of this point is to provide a general idea of the accessories that the vehicle 
must have to be able to circulate in the cities and to compare them by their characteristics 
and their cost.

• Electric motor
There is a wide range of manufacturers selling the drives, ranging from well-known ma-
nufacturers like the Yamaha drive (Figure 69) or Bosch, to specialized manufacturers like 
Bafang or Impulse while passing by other well-known manufacturers in the cycle scene 
like Shimano.
It was finally decided to go for the Yamaha family of motors, as it offers the widest range 
using the same geometry. This way, with only one design, the tricycle can mount three 
different drives, each with a different power curve and performance which increases the 
personalization of the tricycle to the rider’s wishes:
 

Figure 69: Yamaha PW series drive line-up (Yamaha, 2019)
As seen above, out of the four drives Yamaha offers to the public, three of them meet the 
previously mentioned requirement of maximum speed equal to or lower than 25 km/h 
(EN 15194:2017).

• Handlebars mirror
For the choice of handlebars mirrors, several types have been studied. On the one hand, 
there are the mirrors that are placed at the end of the handlebars (Figure 70), these mi-
rrors have the advantage that they are easy to place, but are subject to the vibrations of 
the handlebars and are generally of short length, so the driver would not have a good vi-
sion of the container (“What You Need to Know About Cycling Mirrors,” 2015). The same 
problem of the vibration has the mirror shown in (Figure 71)
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Figure 70: Handlebar Mirror (“What You Need to Know 
About Cycling Mirrors,” 2015)

Figure 71: Handlebar Mirror (“Bicycle Back Mirror Hand-
lebar Rear View Rearview Cycling Bike Safe Mirrors US | 

eBay,” n.d.)

Finally, the criteria for the election of the handlebar mirror was that the driver must to 
see the container and positioned it in the structure of the tricycle. With this, the handle-
bar mirror will not be subject to the vibrations of the handlebars. The handlebar mirror 
will not be automatic because it is not necessary and would increase the price. The driver 
must position the mirror before driving. An example of this type of mirror shown below 
(Figure 72), but the extreme of the handlebar mirror would be different to be placed on 
the structure of the tricycle.

 
Figure 72: Handlebar mirror (“Amazon.com : MEACHOW New Scratch Resistant Glass Lens, Handlebar Bike Mirror, Rota-

table Safe Rearview Mirror, Bicycle Mirror (Sliver Left Side) ME-002LS : Gateway,” n.d.)
• Tyres

The tyres have been chosen to take into account the environmental conditions in the di-
fferent countries. To carry out this study, it has been consulted in different cyclist forums 
(“is there such a thing as a non slip tyre,” n.d.) and (“Slippery Tyres - BikeRadar Forum,” 
n.d.) So, for the countries where it rains more frequently, the election is a non-slip tyre 
(Figure 73). This example of tyre is called Durano and it offers great grip for training on 
wet winter roads (“Amazon.com : Schwalbe Durano HS 399 Racing Bicycle Tire (700x23, 
Dual Compound Folding, Black-Skin) : Bike Tires : Gateway,” n.d.).
On the other hand, for countries where it is less frequent to rain, the tyres have been 
chosen with the criterion that tricycle will circulate on flat terrains with no stretches of 
the footpath, but with a minimum to grip for rainy days (Figure 74). This study has been 
consulted in the forum (“What’s the Best Commuter Bike Tires 2019,” 2019).
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Figure 73: Durano Tire (“Amazon.com : Schwalbe Durano 
HS 399 Racing Bicycle Tire (700x23, Dual Compound Fol-

ding, Black-Skin) : Bike Tires : Gateway,” n.d.)

Figure 74: Continental Gatorskin Bike tire (“Amazon.com : 
Continental Gatorskin Bike Tire - DuraSkin Puncture & Si-
dewall Protection, Road Bike Replacement Tire (23c, 25c, 

28c, 32c) : Bike Tires : Sports & Outdoors,” n.d.)

  

• Brakes
The choice of brakes is discussed in (“Bike Brakes | Types of Brakes | Buying Guide | Evans 
Cycles,” n.d.) This website differentiates various types of brakes and their characteristics. 
The final election is the disc brakes because they provide controllable and predictable 
stopping power regardless of the condition. An example of disc brake (Figure 75):

 
Figure 75: (“Shimano Saint M820 Hydraulic Disc Brakes - I-spec B Compatible | BIKE BRAKES,” n.d.)

However, the regenerative brake has been consulted because the tricycle has an electric 
motor incorporated and this type of brake could be beneficial. Regenerative braking is 
an energy recovery mechanism which slows a vehicle or object by converting its kinetic 
energy into a form which can be either used immediately or stored until needed (“Rege-
nerative brake,” 2019).
When consulting the characteristics of this type of brake, has concluded that it would 
not be useful for a flat driving, however, in cities with many hills would be the best op-
tion(“Regen braking on eBikes - is it worth it?,” 2017).
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• GPS
Nowadays, with all the technology that surrounds people, it is strange to think about not 
investing a little money in the installation of a GPS. With the use of GPS, the driver would 
know to perfection where to go to the next order and the people who have to receive their 
package would be informed at all time. There are a lot of competition and prices nowa-
days, so the company would be the one that would choose the final GPS.
Here is an example:

Figure 76: (“Best bike computer for 2019 | GPS cycle computers for riding, training, touring and navigation,” n.d.)
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9. Renders of the final product
To have a better understanding of the final form, the CAD model previously made with 
the SOLIDWORKS Program is imported this time into the Keyshot program to make the 
renders with the appropriate finishes.
This process does not include 3d designs for handlebars mirrors, brakes and GPS.

Figure 77: Tricycle on keyshot

Figure 78: Tricycle on Keyshot
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Figure 79: Render 1

Figure 80: Render 2
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Figure 81: Render 3 Figure 82: Render 1

Figure 83: Render 5 Figure 84: Render 6
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10. Conclusions and Discussion

10.1. Requirement list
The requirements fulfilled are marked in green, and the ones that require further develo-
pment and testing are marked in red in the Table 10.

Table 10: Fulfilled requirements

LIST OF REQUIREMENTS
No. Requirement D/W Evaluation Method

Geometry
1 A length not exceeding 2 700mm D Measurement
2 Be able to circulate on cycle lanes (<1.5m) D Measurement

3 Container be able to contain medium and 
small packages (<330’2cm length and girth) D Measurement

Ergonomics

4 Adapts to European population (woman and 
men between 20 and 60 years) D Measurement (European Anthropom-

etry Standards)
5 Easy to load and unload the container W Time and user test

6 Comfortable driving (based on the position of 
the delivery driver when he/she is driving) D Human measurement data in the 

workspace
Materials

7 Oxidation resistance D Material characteristics
8 Recyclable W Material characteristics
9 No toxic W Material characteristics

10 Low weight D Material characteristics
Appearance

11 Attractive W Users vote
12 Timeless Design W Users vote

Maintenance
13 Easy to clean W Time and user test

Functionality
14 Protect the employee to the weather D Yes/No

15 Container protect the fragile from the heavy 
packages. D Yes/No

16 Modular vehicle D Yes/No

17 Reduce polluting emissions to the atmosphere
(do not use fuel-based vehicles) D Yes/No

18 The vehicle provides a GPS W Yes/No

19 The chassis support the container weight 
(>134 kg) as a uniform distributed load D FEM Simulation

Security

20 No licence or training required D

Top speed not higher than 25 km/h

Maximum rated power of 250 W 

the electric motor only helps when 
the driver is pedalling
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21 Resistance of the chassis to drop, shock 
strength and fatigue strength D FEM Simulation

22 Safety devices (mirrors, tyres and brakers) W Comparation
Production

23 Price optimization W -
24 Save in production costs W Comparation
25 Replaceable parts W -

The project fullfils the requirements that were demanded, even though some fields are 
debatable. In the case of comfortable driving, a virtual person has been placed in the ve-
hicle to get a view of its position, but the comfort angles have not been studied. This in-
creased the length of the project, but it can be easily solved by using the proper software.

The “system to make easy to load and unload the container” requirement has been stu-
died by comparing different ramp mechanisms and selecting the best option but to eva-
luate it in a good way a user test should be done to check the easiness and speed of this 
mechanism. But this evaluation cannot be done with a virtual version of the vehicle.

The safety standards compliance are no longer solved. While simulations were possible 
to certain extent (no fork was designed, and certain test methods outlined in the SS-EN- 
SO 4210-6:2015 required a fork), the development cycle turned to be longer and due to 
time constraints had to be postponed. However, a study has been carried out on the safety 
components that the vehicle must have.

Fatigue study is not accomplished. While simulation was possible and did not require 
non-designed parts, the fatigue study required data not found with reliable sources. For 
the fatigue study, the data about the load, the rider exerts on the pedals and by extension 
of the frame are required. This data includes maximum and minimum loads and frequen-
cy, and no data was found to configure the simulation. 

Finally, the production requirements have not been carried out because the project is 
conceptual, however it’s thought to be affordable, then the materials used will not be 
expensive.
Therefore, the maneuverability of the delivery vehicle is appropiate. The different vehicle 
types were assessed and the appropiate compromise between maneuverability and ver-
satility was found in the tricycle. 
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10.2. The Project, The Process and Conclusions

This project has been a great opportunity to improve team-working, as two engineering 
students from different disciplines have been involved in it. Nevertheless, there have been 
differences because the report was different for each student which has difficulted the 
project elaboration. The most difficult task was to stablish a methodology accorded to 
both disciplines: Mechanics and Product Design, but we finally solved it with Ullman’s 
Methodology, which we have considered it a great tool for projects that mixed a creative 
and a technical part. The combination of Ullman’s methodology with Ulrich & Eppinger’s 
has been a good election because Ullman’s need more objective data that Urich & Eppin-
ger’s don’t. As we didn’t have an industry facilitating all the data that Ullman’s methodolo-
gy required, Ulrich and Eppinger’s methodology was the correct way to make the creative 
part of the Project.

This methodology admits making changes in the Project. One of the changes was made in 
Project definition’s part: The focus of the project changed from a delivery vehicle where 
the products to be delivered left the city itself to a delivery vehicle where the products to 
be delivered came from long distances because in the literature review and on the stake-
holder side there was a market interested in buying sustainable delivery tricycles for the 
last mile. This sector is the transport companies that currently have problems accessing 
certain areas of the city due to air pollution restrictions. They need alternative transport 
that can reach recipients who are in the city center and are difficult to access.
Another change was done in Product Development’s part: Initially a roof height of the 
vehicle of 1008 mm was defined from the distributor’s seat. When the virtual man of the 
95th percentile Dutch population was checked, there was not enough distance between 
the head and the roof of the vehicle, which led to a redesign. This time a study was made 
of the minimum distance between head and ceiling and finally the ceiling was redesigned 
with a height of 1084 mm. from the dealer’s seat.

In conclusion, the purpose of this project has helped to understand the importance of fo-
llowing a correct methodology, especially when it comes to incorporating students from 
different disciplines. Having not previously worked with methodologies of this type, the 
project has required more execution time and developing all parts of this methodology 
has been a really complex activity. The realization of a conceptual project has been con-
sidered by the team an activity that constantly requires practice to gain experience and 
continue to gain more knowledge of each project.
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12. Appendices

12.1. Appendix 1: Generate Personas

Who generated the personas? Maria Vilaplana
What information was used? Data taken of marketing research, forums 

and stereotypes.
When did generating the personas take 
place?

Personas was generated during the pro-
cess of searching the stakeholders.

Photo Private information
•	 Name

•	 Age

•	 Gender

•	 Occupation

•	 Marital status

•	 Location

•	 Salary
Goals
the goal of the Personas is related to the product or service provided. Defining personal 
goals is important to satisfy the needs of stakeholders.
Background
This includes personal and professional data related to the product or service. There 
must be a balance between adding enough details and making the Persona realistic.
Skills
skills section is a way to visually highlight the differences between the Personas.
Statements
Persona statements refer to the product or service. This section is very important to 
interpret the stakeholders’ needs.
Other relations to the focus area

•	 Motivations: what drives and incentives the persona to start or continue us-
ing the service or the product. It is necessary to think of all the things that can 
increase efficiency, effectiveness and user satisfaction. Each motivation in this 
block should provide some ideas on how the product/service can be improved.

•	 Frustrations: it ruins the Persona experience and avoids the use of the product 
or service. What prevents the person from achieving its goals?
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12.2. Appendix 2: Hierarchy of the needs

Who generated the hierarchy of the 
needs?

Maria Vilaplana

What is the procedure? The needs have been classified into three 
levels. the first level is general needs the 
second level is needs related to aesthetics 
and the third level are detailed needs

When did the hierarchy of the needs take 
place?

During the requirement list

Primary needs
The vehicle protects the employee to the weather
Container protects the fragile from the heavy packages
Adapts to European population
The vehicle accomplishes with the ergonomic postures at work
Secondary needs
Attractive design
The vehicle and the container have a modular design
Tertiary needs
The vehicle provides an electric motor
The vehicle provides a GPS
The vehicle provides a mechanism to load and unload the container
The vehicle can be used in collaboration with a data device
The vehicle design provides replacement parts
Material resist to oxidation
Easy to clean
The vehicle provides a GPS
Do not use fuel-based vehicles
The vehicle adapts on traffic rules
Safety devices (mirrors, tyres and brakers)
Price optimization and save in production costs
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12.3. Appendix 3: Convergance analysis 

12.3.1. Mesh element size convergence analysis
The convergence analysis was performed once the first combination of bars that produ-
ced stresses and displacements below the yield strength and maximum displacement set 
was reached. Up to that point, an element size of 33 mm was used. The elements size was 
decreased to 23, 13 ,5 and 2 mm. This produced very interesting results, as the maximum 
stresses increased up to and surpassed the yield strength, meaning an increase in the 
bars’ diameter or thickness was required. Below, maximum stress vs element size graph 
and some images of the maximum stress increasing as the mesh was refined:

Figure 85: VM stresses, 33 mm element size
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Figure 86: VM stresses, 23 mm element size

Figure 87: VM stresses, 13 mm element size
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Figure 88: VM stresses, 5 mm element size

Figure 89: VM stresses, 2 mm element size
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Graph 2:  convergence analysis
Performing simulations with increasingly finer mesh require exponentially higher com-
puting power. Most notably, performing simulations using 2 mm element size required 4 
times longer than using 5 mm element size. For this reason, for the rest of the optimiza-
tion, 13 mm element size was initially used, as the increment is not very high, and once a 
satisfactory result was obtained, a 2 mm element size simulation was carried out to make 
sure the maximum stress fell below 310 MPa. The minimum element size was 2 mm be-
cause elements of size equal to or inferior to 1 mm created singularities and the results of 
the simulation would not converge.

12.3.2. Curved Segments Convergence Analysis
As mentioned in the main body, the curved segments of the frame were approximated by 
straight beams, as linear elements do not accept curved elements. This analysis was per-
formed once the optimization was over, to check if further work was needed. All the initial 
simulations were run with a 33 mm mesh element size.

12.3.2.1. Electric Motor Assembly Curved Segment

Figure 90: electric motor curved segments, 1 beam
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Figure 91:  electric motor curved segments, 2 beams

When the straight beam was substituted by 2 beams, the maximum Von-Mises stress in-
creased to over 310 MPa. This meant further optimization was required. The bars initially 
used for that segment were 21.3 mm diameter with 3 mm thickness, and had to be repl-
ced by 26.9 mm diameter with 2.5 mm thickness:

Figure 92: electric motor curved segments, 2 beams, fixed

To check if further refining of the mesh was required, or if convergence had been reached, 
the analysis continued:
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Figure 93: electric motor curved segments, 4 beams
As the maximum stress is located on the lower segments, only those two were further 
refined:

Figure 94:  electric motor curved segments, 4 beams

As an increased security measure, the mesh was refined to 2 mm element size and the 
simulation was run again:
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Figure 95:  electric motor curved segments, 5 beams, 2 mm mesh element size

Graph 3: refinement of the electric motor curved segment

In the above graph, it can be seen how increasing the number of segments from one to 
two increases the maximum Von-Mises stress from 170 MPa to 320, over the yield limit. 
After this results a further step of optimization was taken, increasing the size of the tube 
from 21.3x3 mm to 26.9x2.5 mm (increased diameter and decreased thickness). The re-
sult of the simulation that followed is point 2.5, using two segments and the bigger tube. 
After this extra optimization step, the number of segments was increased from two to 
four, which saw another increase in maximum Von-Mises stress from 220 to 245 MPa. 
For the following step, instead of dividing all segments, only those with the highest stress 
were further refined. The increase in segments from four to five resulted in a maximum 
Von-Mises stress decline to 215 MPa, indicating convergence had been reached. For a 
final simulation, the mesh element size was decreased to the minimum of 2 mm, and the 
resultant Von-Mises stress was 240 MPa.
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12.3.2.2. Connectors Curved Segment

Now, the refinement of the connector curved segment follows. Because of the design of 
the frame, the refinement had to start with 2 beams. This is because of the seat stays and 
vertical stiffeners of the frame:

Figure 96: connector curved segment, 2 beams

Figure 97: connector curved segment, 4 beams

After the refinement, the most critical point shifted from the bottom connector to the top 
connector. Since the most critical segments were the ones closest to the back frame, only 
those 4 were further refined:
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Figure 98:  connector curved segment, 5 beams, 2 mm mesh element size
Further refining saw diminishing returns, even when refining the element size to 2 mm. 
The refinement of this curved segment is also stopped at 5 beams.

Graph 4:  refinement of connector curved segment
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12.4. Appendix 4: Detailed Optimization
As mentioned in the main body, optimization was carried out, starting with the smallest 
bars in the whole frame and increasing the thickness and diameter of the most critical 
bars. Some bars received an increase in diameter and thickness despite not needing it as 
they were not aesthetically pleasing. Furthermore, further optimization steps had to be 
taken as the convergence analysis ran revealed certain critical points that had remained 
undetected because of the coarser mesh:

Figure 99: VM stresses, linear analysis, 21.3x2 mm bars in all frame

This was the first stage of the optimization, from here the critical bars would see an in-
crease in thickness and diameter. While each diameter has several thicknesses available, 
the lowest thickness and highest thickness were used first, and in the case, the maximum 
thickness was too high, a lower one would be applied to the over-sized bar(s):
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Figure 100: VM stresses, linear analysis, 21.3x3 mm critical bars

Figure 101: VM stresses, non-linear analysis, 21.3x3 mm critical bars
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Figure 102: displacement U, linear analysis, 26.9x2 mm critical bars

Figure 103: displacement U, non-linear analysis, 26.9x2 mm critical bars

Here it can be seen how the maximum displacement of the linear analysis is significantly 
higher than the one in the non-linear analysis. Linear analyses do not consider the increa-
se in stiffness as a result of the deformation of the material, and as such is not suitable 
here, where very high loads are expected. From this point onwards, only non-linear analy-
ses were performed, except for the final solution as an additional security measure.
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Figure 104:  VM stresses, linear analysis, 26.9x2 mm critical bars

Figure 105: VM stresses, non-linear analysis, 26.9x2 mm critical bars
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Figure 106: displacement U, non-linear analysis, 26.9x3 mm critical bars

Figure 107: VM stresses, non-linear analysis, 26.9x3 mm critical bars
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Figure 108: displacement U, non-linear analysis, 33.7x2 mm critical bars

Figure 109: VM stresses, non-linear analysis, 33.7x2 mm critical bars



88 89

Figure 110: displacement U, non-linear analysis, 33.7x3 mm critical bars

Figure 111: VM stresses, non-linear analysis, 33.7x3 mm critical bars
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Figure 112: displacement U, non-linear analysis, 42.4x2 mm critical bars

Figure 113: VM stresses, non-linear analysis, 42.4x2 mm critical bars
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Figure 114: displacement U, non-linear analysis, 42.4x4 mm critical bars

Figure 115: VM stresses, non-linear analysis, 42.4x4 mm critical bars
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Figure 116: displacement U, non-linear analysis, 48.3x4 mm critical bars

Figure 117: VM stresses, non-linear analysis, 48.3x4 mm critical bars
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Figure 118: VM stresses, non-linear analysis, 48.3x5 mm most critical bars, 48.3x4 mm critical bars,
21.3x2 mm rest

It was at this point that it was found out that the tricycle had been in fact overloaded. A 
distributed load of 6 N/mm was applied, when the actual requirement was 3.5 N/mm. 
This was a perfect showcase of what happens when there is a miscommunication be-
tween the design and mechanical parts. Once the load was modified, the biggest bars 
were reverted to 42.4x4 mm. The second stage of optimization started as a sort of reverse 
process. There were certain bars that had been increased in size together with the most 
critical bars but were now oversized. The final design was reached with the bars outlines 
in table 9 in the main body.


