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Preface 
This master thesis is part of a one-year master’s degree in mechanical engineering at 
Halmstad University, and is completed in collaboration with the companies HRI Teknik and 
Robomatic. The aim of the project is to develop a basket cleaning machine for grocery stores.  

The thesis is executed by two mechanical engineering students, Martin Cavdarovski and 
Christopher Borg. We would like to thank the supervisor from Halmstad University, Aron 
Chibba, and the supervisors from the companies, Andreas Holmqvist and Markus Nilsson, for 
supporting us and giving us their point of views thru the thesis. 
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Abstract 
The following project is a collaboration with HRI Teknik and Robomatic AB, that found a 
possible market for improving cleanliness in grocery stores by improving the hygiene of 
costumer baskets. Bacteria and left over items in the basket builds up a health risk for the 
costumers, if not properly cleaned regularly. The dirt and bacteria from the basket is broth 
home thru the groceries coming in contact during shopping. The need has been strengthened 
by surveys for the two store managers and the customers of the grocery store. 

To reduce the spreads of diseases, the baskets should be cleaned better and more frequently 
by having the proper detergent and cleaning system. The aim of the study is to develop a 
concept of a cleaning machine for baskets used in grocery stores. This is done by a well-
defined technical driven development process, considering all six steps.  

The supportive research concerning framework has laid as a foundation for the construction 
of the cleaning machine. Research proves that framework creates a robust and safe 
construction, absorbing tensile and compressive forces in the longitudinal direction.  

The outcome from the technical driven process and the theoretical study is a visual, three 
dimensional model of concept. The concepts main function is to be driven by a belt with 
hooks, which is hanging on the machine. The baskets are then hanged on the movable belt in 
order to get cleaned. During the project, resources as material, working place and expertise is 
provided to sufficient degree so a concept can be developed. 

Since the project has a limited period of time, it was recognized the project would not be able 
to get to the production stages. The concept and function need to be tested and investigated to 
solve the remaining details. This is left for further development beyond the project, and is 
laying at HRI Teknik and Robomatic AB.  
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1. Introduction 
 
In this chapter, background for the thesis will be presented with a short presentation of the 
cooperating companies. The expectation and goal will be walked thru as well as the 
limitation. The aim is to give an understanding of why the thesis is being made.     

1.1. Background 
	
This project is a collaboration between Christopher Borg and Martin Cavdarovski with HRI 
and to some part Robomatic AB. The funder of both HRI Teknik and Robomatic AB 
discovered a possible market for improving cleanliness in grocery stores. The aim where to 
improve the cleanliness and hygiene of costumer baskets which should be solved by a 
machine that could either be put in the store or out in the stock. During the project, resources 
as material, working place and expertise is provided to sufficient degree to the students so 
they can create this machine. Main place of operation is placed at HRI workplace in 
Helsingborg.  

1.1.1. Presentation of the client 
 
HRI Teknik was founded in 2005 by Andreas Holmqvist in Helsingborg. They operate in 
three categories, these are machine development, glue appliance and consulting. Currently 
there are around 15 workers in which include technicians, automations engineers, productions 
technicians and constructors (HRI Teknik, 2017). 

	

Figure	1.	The	logo	of	HRI	Teknik.	

Robomatic AB focuses their business on automation in industrial application. They sell both 
established products and customize automatic related solutions. In automation, consulting and 
education within the subject is part of their business too. They also sell environmental 
friendly cleaning detergent for different application (Robomatic AB, 2017).  

	

Figure	2.	The	logo	of	Robomatic.	
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1.2. Aim of the project 
 
The aim of the study is to develop a concept of a cleaning machine for baskets used in 
grocery stores. By a well-defined product development process, the concept will be prepared, 
as a foundation when building a prototype. 

1.2.1. 	Problem definition 
 
The understanding is that there is a need in grocery stores to maintain the baskets. Bacteria 
and left over items in the basket builds up a health risk for the costumers if not properly 
cleaned regularly. The dirt and bacteria from the basket is broth home thru the groceries that 
come in contact during shopping. To reduce the spreads of diseases, the baskets should be 
cleaned better and more frequently by having the proper detergent and cleaning system.  

Today, there are two formats of baskets – the little one which are held in the hand, and the 
newer and bigger one with wheels, which is drag behind. The cleaning machine is supposed 
to be able to clean both formats of baskets. During the project, it should be evaluated where 
in the store the machine can be stationed.  

1.3. Limitations 
 
The project consists of developing a new basket cleaning machine to a non-existing market. 
It´s HRI Teknik and Robomatic AB wishes that the product goes all the way to production so 
it can be sold to the costumers. The limitations have been set that the focus is on the cleaning 
machine and the cleaning process, and not the surrounding associated products. By 
understanding the challenge of creating a market within the time frame, all details might not 
be solved. 

Because of time limitation, it was recognized this project wouldn’t be able to get to the 
production stages and limitation to the goals in this project where acknowledged. A joint 
decision from both parties determined that prototyping was the end goal of the project. The 
hope is that the prototype will come to a physical form but this is not a requirement.  

1.4. Individual responsibility and efforts during the project 
 
During the project, both Christopher Borg and Martin Cavdarovski are expected to respect 
the workload, planning brought forward and responsibility to ensure the success of the 
course. In case of sickness, or uneven workload of a more significant portion, it´s expected 
the lacking partner to recoup on other fronts of the project. Flexibility in meeting either for 
joint work or the company’s, is expected where other meeting opportunities should be 
presented if none of the presented times are acceptable.   

1.5. Study environment 
 
The project is made by a description from HRI Teknik, which a concept is to be developed 
with the outcome to satisfy the grocery stores owners and customers’ and fulfill the 
requirements from the company. The project team got offered to work in-house at HRI teknik 
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and will so at some occasions but most work will be done at other locations where updates is 
given at regular intervals to HRI Teknik.  

2. Method 
	
When developing a product, specific well-defined product development processes can be 
applied. The main process is the generic product development process, which this project is 
based on. The generic product development process is divided into six stages; planning, 
concept development, development on system level, detail development, testing and 
prototyping, and production, see figure 3 (Ulrich & Eppinger, 2014). 

	

Figure	3.	The	generic	product	development	process.	
	

2.1. Alternative methods 
 
Other alternative methods are processes for high risk products and customer adapted 
products. High risk product development process is symbolized by technical uncertainty or 
market uncertainty, which creates high risks for failure (Ulrich & Eppinger, 2014).  

High risk product development process consists of technical risks, market risks and risks for 
budget and time. This process entails big uncertainties which are related to the market or the 
technique. High risks entail big changes in the generic product development process, and the 
reason why this process is eliminated is that the time and resources are limited, because such 
big changes and adjustment are unwanted in this project.  

The customer adapted product development process comprises of small modifications of the 
existing configurations. Due to none existing or similar product, the development process is 
not relevant for this project. In this process, the customer has the permission to come up with 
changes or adjustments during the project.  

2.2. Chosen methodology for this project 
 
One variant of the generic product development process is technology-driven development 
process, where the used technology is matched against the possibilities in the market. When 
this match is made, the rest of the generic product development process can be resumed.  

This is the specific process that has been applied in this project. The reason for the selection 
is that the process is specialized for new technologies and new products, for an appropriate 
market. With this reason, the application of this process is appropriate for this project, where 
a new product in a new market is to be developed (Ulrich & Eppinger, 2014).  

The technology-driven product development process is redefined in an adapted and modified 
way for this specific project. The process consists of five main stages: planning, concept 
(function) development, design and system development, testing and prototyping, and 
production. An overview of the chosen process is presented in figure 4.  

Planning Concept	
development

Development	
on	system	

level

Detail	
developoment

Testing	and	
prototyping Production
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Figure	4.	Adapted	technology-driven	development	process.	

A method to get a comprehensive understanding of the problem can be achieved by 
triangulation, see figure 5. This include theoretical model, interviews and observations. These 
categories are three perspectives to understand and solve the problem. 

	

Figure	5.	Methods	of	collecting	data.	

2.2.1. Planning 
 
Ulrich & Eppinger (2014) describes the planning phase to start with identifying opportunities 
controlled by the strategy of the company, which also includes establishing market goals. The 
output in this stage is market goals, limitations, resources and decisive assumptions. A 
timetable is developed in this stage, covering the whole project time consisting of every 
stage, described in milestones, of the product development process. Timetables can be 
produced as Gantt schedule, critical line and PERT-diagram. 

2.2.2. Concept and design development 
 
In the concept development phases, costumer requirements for the market is identified. These 
are then translated into engineering specifications which helps filling the requirements when 
the product is being produced. After requirements and specification is established, concept 
generation starts. When generating concepts, the underlying problem and competition is 
needed to be successful. One method to create concepts is to find solutions to every function 
and then combine them into concepts.  

Costumer requirements are the voice of potential buyers for the product and says what the 
product need to do and for fill for the costumers to be delighted. To ensure that all 
requirements have been found and meet.  

With costumer requirements collected, engineering specification can be created. Costumer 
requirements need to be interpreted in a concise way and translated into clear goals and limit 
to reach for. Engineering specifications are measurable units or quantities that should 
represent the requirements so when the specification is for filled, so will the requirement also 

Planning Concept
development

Design	&
system

development

Testing	and	
prototyping Production

Theoretical	
model

ObservationsInterviews
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be. Ideally, the specifications are created in the beginning of the project. This can originate 
from specifications that affect each other where a positive effect on one will hurt the other. 
By weighing different option and priorities, specifications will help decide in the concept 
selection for later.  

To ensure the product will be successful, it´s necessary to understand what the costumer 
really want and how good the competition met these requirements. Quality function 
deployment (QFD) helps ensure these factors are being examined and thoroughly worked 
thru. QFD involves several parts which main emphasis is to understand what the product 
should do. In the QFD different sections contain information that need to be worked thru 
which gives a comprehensive view over the problem.  

The first step involves identify the costumers, this step should be done if requirements and 
specifications has already been done. When both requirements and specifications are put in, 
correlation between the two can be identified. The importance of every requirements is 
estimated and will play a part in which specifications is of the most importance. Chosen 
competition is examined with the customer requirements to understand what the present 
product solves. These will be compared with the developed concept and where the 
specifications are evaluated on their importance. The last section is what´s called the roof 
which examine what specifications that affect each other. This can be in a positive or 
negative effect which reflect an “+” or “-“ in the matrix. 

Within the QFD consist a step to identify competition to see how well they for fill costumer 
requirements. In this project, a new concept is developed where no known competition is 
found. What´s currently being used to maintain the baskets are spraying them with a high-
pressure hose outside. The closest product on the market is a general cleaning machine which 
is currently too big and expensive for usage on baskets.   

When the QFD is made, alternative concepts are about to be generated and evaluated, where 
one or a couple of concept are chosen to be further developed. A concept is a description of 
the form of the product, function and properties. To ensure all possible solutions have been 
thought of, five steps can be followed to make a thorough concept generation.  

A method to create concepts and get an overview of the idea, functions, sub-functions and 
solutions is a concept classifications tree. In this method, it starts with the problem it should 
solve. From the problem connections is drawn to functions. The functions connect with the 
sub-functions that will be connected to the solutions. This process will shape out like a tree 
where the outer branches will be solutions which will go down to the product. Concept 
classification tree will help give an easy view of solution created by sub-functions. It gets 
clear where more work needs to be done and how resources should be distributed. Concepts 
can be created with the combination of solutions to every sub-problem. One solution is 
needed for a sub-problem to be solved but in some occasions several solutions can be used at 
the same time.  

A morphologic matrix can be used to examine all possible concepts. The solutions are 
presented with the sub-problem they solve in the matrix where they can be combined into 
concepts. To use this method successfully, the solutions should be cut down. Even with 
relative few solutions to each sub-problem will generate a vast number of concepts. Some 
concepts can also be impossible or badly put together by the solutions so inspection is 
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needed. This method ensure that no combination of solutions is overlooked and will help get 
the best possible concept chosen.  

Concepts can be evaluated, eliminated and weighted against each other, and therefore, being 
selected as one or many winning concepts. The concept selection can be made by establishing 
a concept selection matrix where the concepts are evaluated and weighted against one 
reference concept, and evaluated in relation to criterions that are to be established upon the 
customer requirements, engineering specifications and the team’s resources. The evaluation 
can be made by multi-voting when weighting the concepts. 

The outcome of the selection is one or many winning concepts that have most potential. The 
concept selection matrix is established upon the following steps: 

1. Prepare the matrix by finding a reference concept, preferably a competitor, and by 
establishing criterions, which are distributed an amount of points.  

2. Grade the concepts by a weighting scale. Most used are the scale much worse (“1”), 
worse than (“2”), similar to (“3”), better than (“4”) and much better than (“5”). 

3. Rank the concepts by multiplying the weighted points with the weighted criterions. 
The total points for each concept is the sum of the weighted points. 

4. Combine and improve the concepts by controlling if the result seems reasonable, and 
by discussing if there is any way of combining and improving the concepts. 

5. Choose one or more concepts to further development. 

2.2.3. Material selection 
 
When determine material, a table can be created with the purpose to describe what the 
product should have, which limitations the product have, which goal is to be fulfilled with the 
material selection and which variables the product that can be varied (Ashby, 2011). The 
program CES EduPack (2016) can be used to create a material chart upon this table. The 
material charts visualize which materials are the most suitable for the determined constraints. 

2.2.4. CAD 
 
In some cases, it can be difficult to build and realize advanced or bigger physical 3D models. 
Therefore, computer aided product models (CAD models) are to prefer. With CAD, three 
dimensional models are created with the advantage that it is easy to visualize the prototype 
for the product solution, obtain photo realistic pictures for the appearance of the product and 
determine the physical properties such as mass and volume.  

The four purposes with CAD systems are developing the function of the product, developing 
to help refine the components and assemblies, verify both the geometry and the 
manufacturing process and last to verify the entire production process. These terms are 
traditionally applied only to physical models. However, CAD systems can often replace these 
prototypes with less cost and time (Ullman, 2010). 

CAD is also used to carefully plan the finished mount of the product and to discover 
geometric disturbance between components. Therefore, errors can be found earlier with CAD 
models made earlier in the process, compared when building a physical full scale prototypes 
(Ulrich & Eppinger, 2014). 
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2.2.5. Prototyping 
 
A prototype is a wide range of concept that can be categorized by how physical and 
comprehensive it is (Ulrich & Eppinger, 2014). With a prototype, information is gained if the 
concept is working. This can steam from a simple sketch or mathematical formula to a 
product that will go in production if everything works fine. A physical prototype of a concept 
can be created with the help of a three-dimensional CAD model. The CAD model can then be 
presented to the company in cooperation for evaluation and decision if a physical prototype is 
beneficial to be created (Ulrich & Eppinger, 2014). 

2.3. Preparations and data collection 
 
To present a trustworthy study and to satisfy the market needs, two separate surveys are sent 
out to the store manager and an amount of grocery customers, respectively. This preparation 
has been made and discussed in the team and together with HRI Teknik and Robomatic, in 
order to make it as precise as possible, but without any revealing.  

The questions were form so some key decisions could be determined how the product would 
be developed. Depending on location and who should interact with the product would affect 
how the product would evolve. The product is meant to benefit the grocery store´s costumers 
which make them the main costumer for the product. However, the investment must be made 
by the grocery store which will benefit from increased costumer delight.   

Twelve questions will be asked by two unrelated store managers, and eight questions by the 
grocery store customers, both thru surveys. A grocery visit with a store manager will be made 
to observe and get a perception of relevant possibilities and opportunities. 

The result of the data collection will be compiled and a statistic will be established. By the 
result of the data collection, possibilities, customer requirements and opportunities will be 
established and concretized.  



8	
		

3. Theory 
 
The literature of this thesis is concentrated around cleaning machines and the components 
that is used. However, the market investigation and the market pull is brought up. The basket 
cleaning machine is a new in its’ market but can be compared to other forms of cleaning as 
industrial cleaning machines. The components used will be explained in a broader way since 
some of the components are not determined during the thesis. Methods theoretical 
background will be clarified which will give a better insight to why the methods are chosen 
for this thesis. 

3.1. Design for manufacturing 
		
When developing a new product, it is important to take respect to the manufacturing 
processes. The manufacturing processes should be considered. This term is called design for 
manufacturing (DFM). The main purpose of DFM is specifying the best manufacturing 
process for the component and ensuring that the form of the component supports the 
manufacturing process that has been selected. For any component, many manufacturing 
processes can be used. For each manufacturing process, there are design guidelines that result 
in consistent components and little waste (Ullman, 2010).  

Matching the component to the manufacturing process includes tooling and fixturing. Ullman 
(2010) describes it as the components must be held for machining, released from molds, and 
moved between processes. The design of the component can affect all of the manufacturing 
issues. However, the design of the tooling and fixturing should be treated alongside with the 
development of the component. The design of tooling and fixturing goes thru the same 
process as the design of the component: establish requirements by customers’ voice, generate 
and develop concepts, and then determination of the final product.  

3.2. Design for assembly 
 
As the product or concept is getting developed, the respect to the assembly can be taken. 
Design for assembly (DFA) is the best practice used to measure the case with which a 
product can be assembled. DFM’s focus is to manufacture the product, and DFA focus on 
putting them together. Ullman (2010) describes that all products virtually are assembled out 
of many components and assembly takes time, there is a strong encouragement to make 
products as easy to assemble as possible. Ullman (2010) presents the process of components 
assembling to an entire product: 

1. A person or a machine must retrieve components from storage. 
2. A person or machine handle the components to orient them relative to each other 
3. A person or machine mate the components. 

Ulrich and Eppinger (2014) means that the assembly costs can be reduced by following 
guidelines for a well established assembly adapted construction. Components can be 
reconstructed to ease assembly or eliminate totally by the functions of the components are 
integrated in other components. Both Ulrich and Eppinger (2014) and Ullman (2010) presents 
similar guidelines for cost reduction in assembly.  
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3.3. Electric motor 
 
Motors uses some form of energy to produce motion, either rotational or linear. With 
electrical motors, electrical energy transforms to kinetic energy usually in a rotational motion. 
Today, motors are everywhere from drones to train. The two main electrical motors that exist 
are direct current (DC) and alternating current (AC). Most electrical motors are based on 
Lorentz force which need an electrical current and a magnetic field to produce a force. The 
magnetic field, electrical current and force are all perpendicular to each other. With motors, 
there need to be a stationary part, called stator, and a rotating part, called rotor.   

A simplified version of a DC electrical motor consists of a power source, conductive thread, 
usually brushes, commutator, wire loop and a magnet. The power source will provide the 
electrical current that will be turned into kinetic energy. The conductive thread will lead the 
electrical current to the brushes if used. These brushes are being pushed by springs to keep 
contact, this results in wear which is the reason motors with long life spans don’t use brushes. 
The brushes help conducts the electrical current from the thread to the rotating commutator. 
The commutator are rotating parts, separated from each other, allowing the current to switch 
which end of the wire loop to get fed by the current. A wire loop is connected with two 
commutators, one at each end of the loop. This switching allows the force working on the 
wire loop to continue rotating the loop. At least two commutators are needed to have a 
continuous rotation, however far more are common so the force working becomes even since 
the torque nears zero when the wire is reaching the top. The magnet helps creating the force 
which where explained by Lorentz (Mengelkamp et al., 2015). 

With bigger DC motors, it´s more common that an electromagnet produces the magnetic 
field. The electromagnetic field is powered with the same source as the motor and can be 
connected either parallel or in series. This creates two different motors called a shunt motor 
and a series motor. A shunt motor can rotate quickly but loses its speed with increased torque. 
A series motor runs at a lower speed but loses rotational speed slowly with increased torque.  

An AC motor works by feeding alternating current to electromagnets on the outside as the 
stator. On the inside is the rotor that is also an electromagnet. The current working on the 
stator comes in pair, creating a north and south pole for the rotor. The current will then 
change direction, which will change the magnetic field in the opposite direction. The rotor 
will get induction from the magnetic field created by the stator, this current will create its 
magnetic field according to Faraday´s law of induction. The changing magnetic field in the 
stator will create a rotational movement for the rotor that will align itself after the field (Giri, 
2013).  

3.4. Chains	
	

Chains are used to transfer forces between gears and are made up of identical elements that 
are connected (Mägi & Melkersson, 2014). Most commonly used material is steel, but rubber 
can be applied. By comprising of several small elements, the length of the chain can be 
changed, giving it flexibility. Chains can be used for high momentum working between the 
gears but usually at a slower speed. Some noise levels often occur but can be fairly low or 
basically none existent, especially when lubricated. Since the elements comprising the chains 
are straight, a polygon shape is form around the gear giving different parts of the chain 



10	
		

different speeds. This sets a restraint on the speed that chains can operate under and is also a 
reason for the importance of lubrication of the chain.  

3.5. Hand sanitizer 
 

Hand sanitizer is most commonly used in healthcare due to its bacteria killing effect. It come 
in liquid and gel form and have an alcohol percentage varying between 70% and up to over 
90%. With higher alcohol percentage, some sorts of viruses can also be killed but an 
increasing fire hazard risk emerges. Hand sanitizer kills over 99.9 % of the bacteria if the 
alcohol percentage recommendation of over 60% is being meet (Ochwoto et al., 2017). The 
bacteria killing effect works in a logarithmic way with drying time of around 30 seconds, 
depending on the volume used (Wilkinson, Ormandy, Bradley, Fraise, & Hines, 2016).     

3.6. Bearings 
 

Bearings are used to allow circular movement between components. The principal works by 
allowing rolling of small elements as ball, roller or needles transfer rotation (Mägi & 
Melkersson, 2014). The contacts and friction should be minimized and need high precision 
which is the reason bearings are very standardized. Steel is mostly used for material but other 
choices are available as plastic. A bearing consists of one or two rings, rolling element as 
balls, a roller body holder and seal to avoid particles getting in. The forces working on the 
bearing gets concentrated on the rolling elements and are usually meant to handle either an 
axial or radial force. In reality, a mixture of the two forces occurs where one is predominant. 
Some bearings can be created to also handle bending moment. The life span of the bearing is 
related to the fatigue of the material but is usually shortened by particles creating scratches 
and increasing surface irregularities. These circumstances can be calculated in so the actual 
life span is calculated. Bearings need to be lubricated to minimize or even eliminate the direct 
friction between the materials. This can be done either by grease lubrication at lower 
operations or oil lubrication at higher operating speeds.  

3.7. Framework 
 

When stabilizing a construction, a framework can be applied within the construction. The 
framework acts as a skeleton and is made of beams connected to each other by moment free 
points. This framework is set to hold every load applied on the construction. The points are 
often connected by screws, rivets or weldments (Nyberg, 2003). The beams are loadbearing 
element in lattice structures. By using this beam system, a big carrying ability is achieved as 
well as the weight is held down.  

The low weight is important by two aspects: the cost is held down due to small amount of 
material consumption, but also bigger part of the carrying ability is released to the payload. 
However, low material consumption is positive in environmental aspect (Ljung, Saabye 
Ottosen & Ristinmaa, 2007).  

A framework can be loaded in two ways, depending on if the system is build up by triangles 
or frames. The first way, with triangles, is that the beams can only transfer tensile and 
compressive force in its longitudinal direction. But, a frame is loaded with a moment, which 
results that this extern load of moment can be applied everywhere on the frame. The beams 
for the frame is often connected to each other in a rigid way even though movable points can 
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be used (Ljung, Saabye Ottosen & Ristinmaa, 2007).  
 

3.8. Material selection 
 

In order to select material, the software program CES Edupack can be utilized. The program 
shows a chart with relevant materials. In the program, different factors can be selected to be 
respected, such as price, friction, density, pressure or just different mechanical, thermal, 
electrical or physical properties. Ashby (2011) describes how the process should be used to 
find the best possible material for situations with different loads, which can be applied in 
CES Edupack (2016). 

By systematic material selection, according to Ashby (2011), its purpose is to determine the 
function and the limitations which the component have, see figure 6. The goal with the 
selection and which variables are to be changed have to be determined. By these setups, the 
material which not fulfill the requirements will later on be eliminated, in order to rank the 
remaining possible materials. In the end on the process, it’s about finding the best ranked 
materials to determine the final choice.  

	

Figure	6.	The	approach	of	material	selection	according	to	Ashby	(2011). 
	

One of the alternative material is steel, which is a commonly used alloy in a vast number of 
industries. The alloy consists of iron and often a few percent of carbon. Materials as nickel, 
manganese, molybdenum and many more can be used to improve corrosion, mechanical 
properties or decrease density of the alloy. Steel have great formability which is one reason 
for its use in such large variation of application. These include thin sheets to large beams. Its 
formability helps the production possibilities where smelting, rolling and forging are some 
productions used. When iron and carbon is together, several phases can be created depending 
on carbon content and temperature (Kalpakjian, Schmid & Vijay Sekar, 2014). The phases 
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have different mechanical properties and can be produced to be used in specific applications. 
Several heat treatments can be used to change the deformation properties and make it stiffer.  

In comparison to steel, aluminum is a lightweight metal with a density around two and a half 
times lighter than of steel. The metal needs large amounts of energy to get extracted and 
produced but can be completely recycled which takes a lot less energy. Aluminum is the most 
common metal in the earth’s crust and are becoming increasingly used in several industries as 
automotive and aerospace (Kalpakjian, Schmid & Vijay Sekar, 2014). The metal has great 
corrosion resistance which is a result from an oxidation layer being created at the surface, 
hindering further oxidation from happening. Aluminum alloys has improved the mechanical 
properties making the metal a benefit of using a lighter material that can still meet the 
requirements. The metals low weight and 100 % recyclability makes it environmentally 
friendly and good when weight plays a factor which is becoming more frequent.  

3.9. Product development process 
 

Technical driven products mean that the company starts with a new technique and searches 
for an appropriate market where this technique can be used. Many successful companies 
using this method consists of basic material or fundamental process techniques. The reason is 
that these material and processes already have been used within many categories and 
therefore, it’s more likely that new and uncommon properties for these material and processes 
can be utilized within an appropriate area of use. The part that differs technical driven 
products from others is the beginning of the process. It starts with a planning phase where the 
special technique is matched to a market opportunity. When this market opportunity has been 
done, the rest of the process can be followed by the original generic product development 
process (Ulrich & Eppinger, 2014).  

When a team or a company wants to develop a product without market demand, utilizing a 
new technology, they are forced to commit capital investment and possibly years of scientific 
and engineering time. Even though the resulting ideas may be innovative and clever, they are 
useless unless they can be matched to a market need or a new market can be developing for 
them. Some devices that have been successfully introduced without an obvious market need, 
such as sticky notes. These types of products have high finance risk, but they can reap a large 
profit because of the uniqueness (Ullman, 2010). 

3.10.  Position of the work 

	
The foundation of the problem comes from the hygiene of baskets used in grocery stores. As 
a costumer, if wanted, can examine and realize the dirt and uncleanliness of a basket. The 
problem, often ignored, as most costumer is selective with their choice of basket, gets 
furthered unhandled. The two companies involved, HRI and Robomatic, are working in the 
industrial application market with some variation of main business expertise but many other 
similarities. Both companies worked together, to introduce a new solution to the problem. 
The solution is a basket cleaning machine which is currently non-existing in the market. The 
aim is to clean the basket more frequent and effective, improving the hygiene in grocery 
stores.  
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The solution and competitor that are currently in place are both unspecific since the problem 
is mostly overlooked. The hygiene of the baskets is being uphold by several actions, these 
include washing the baskets with a high-pressure water beam, sending baskets for cleaning 
and buying new ones. The washing of the baskets is being performed by employees of the 
store and are often skipped making the baskets being washed less than once a day. Shipping 
away baskets for cleaning is inconvenient and is too expensive to do on a daily basis which is 
the reason why it´s usually is done every few months instead. Buying new baskets will only 
help uphold the hygiene for the short period ahead and is environmentally bad. 

Cleaning of the baskets should be done daily, and ideally after every encounter with a 
costumer. This is not being meet in grocery stores but is being tolerated based on lack of 
options and no competition pushing for a change. New solutions to the market would lay in 
the frontier if implementation and effectiveness is good enough.
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4. Results and analysis 
 

In this chapter, the result gathered during the thesis is presented bellow with some reference 
to appendix. Surveys, concept generation, detail development and CAD-model are some of 
the result presented. A Gantt schedule has been developed, taking the project time in relation 
to the product development process in consideration, see appendix A, table A1. 

4.1. Pre-study 
 
Before establishing the QFD matrix, the customer requirements have been determined by 
surveys. Due to secrecy agreement, the questions in the survey have been formulated 
generally and not-precise when talking about the hygiene of the baskets. The questions in the 
survey is presented in appendix B, figure B1 and figure B2. 

The survey for the grocery store customers had 50 participants. The survey for the grocery 
store had two managers participate. Upon the answers from the managers and the grocery 
store customers, an analysis were made where the answers where concluded in a short term 
each. 

4.2. Concept development 
 
Upon the survey analysis, customer requirements are found. The requirements “be stable” 
and “be within budget” are requirements that can be translated into more engineering 
specifications. The summarization of the surveys is shown in appendix C, table C1. The 
engineering specifications established upon the customers and store managers’ requirements 
(named “requirements”) is shown in table 1. 

Table	1.	Requirements	from	grocery	store	customers	and	store	manager.	

Requirements Weighting 
  

Engineering specifications Unit 
Improve basket hygiene 25            >60 % 

Fast to use* 5           < 30 s 

Short waiting time 12 < 75  s 
Fast cleaning 13 < 60  s 

Be within budget 12 < 4 000 SEK/month 
< 15 000 SEK 

Easy to spot 2 - - 
Be compact 6 200x150x250 (LxWxH) cm 
Fast to use* * < 30 s 

Easy accessibility 5 0,75 > x < 1,5 m 
Easy to use 8 < 4 number of steps 

Be stable 3 < 50 % of the height 
100 N 

Be environmentally friendly 9 15 000 W 
Total 100 	  

 

All answers, or requirements, from the surveys are not able to be translated into an 
engineering specification. Therefore, it’s assumed that these requirements are observed as a 
market opportunity, meaning that the team sees a possibility and opportunity in taking respect 
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to these requirements. This difficulty has occurred due to not-precise surveys, with respect to 
the secrecy agreement with HRI Teknik. These market opportunities are translated to 
“Interpreted concepts” and could not be translated into customer requirements, see appendix 
D, table D1. Decisions for these opportunities are taken only within the team and the 
company, with the purpose to be the most beneficial. These unsolved categories are the 
position of the cleaning machine, friendly material and chemicals, ergonomic, intuitive and 
safe. Other opportunities require that the team finds and established them under “other 
opportunities” in appendix C, table C1. 

To see which answer belongs to which requirement, see the full table with the summary, 
analysis, market opportunities and requirements presented in appendix D, table D1. These 
requirements and other opportunities are put into a QFD matrix, in order to be weighted and 
related to each other, see appendix E, table E1.  

In the QFD matrix, the customer requirements and engineering specifications correlation can 
be seen. Since the product is new for the market with no known competitor, the QFD matrix 
needed to be adapted to a simpler version. Because of the nature of the specifications, no 
need was found to establish a so-called roof on the QFD matrix. The intent of the QFD where 
to identify the importance to the specifications.  

The most important specifications and requirements, according to the QFD matrix, are 
“Bacteria reduction”, “Time to clean basket” and “Total process time”. The specification 
“Total process time” is assumed to be the time when signaling when a basket is wanted until 
the basket is ready to be used.  

4.2.1. Concept generation and selection 
 

The functions of the upcoming cleaning machine have been identified by implementing 
reverse engineering. The reverse engineering is compiled with a morphological matrix with 
the purpose to get an easier, better and more understanding flow. This could be divided into 
two separate matrices. The matrix is presented in appendix F, figure F1.  

The functional concept combination resulted in 18 billion of variants of functional solution 
and the generation method for the solutions was brainstorming. Unrealizable functions and 
solutions were red marked and eliminated from further work, which resulted in 104 000 
variants of concepts left. Each function was given 1 point that would be distributed by 
importance to the sub-functions. Each sub-function group had 100 points that would be 
dispersed among the solutions, depending on how well the sub-function got solved. Solution 
with 20 points or lower got screened out and yellow marked to further decrease the number of 
concepts. This resulted in 2880 variants left of concepts. Solution marked green where still 
possible options and sub-functions where indicated with blue.  

Since the number of concepts where still too high to be evaluated each one separately, a 
second screening took place. A new solution tree was created where possible combination of 
solution was added to the tree, see appendix G, figure G1. While more solution got added 
temporarily that where marked with dark green, more solution could get sorted out that 
scored 20 points or lower. With 32 number of variants of solutions left, see appendix H, table 
H1, it was determined each solution and concept needed a closer evaluation before the 
process could continue.  
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For the remaining 32 variants of solutions, a solution concept weighting table where created, 
see appendix I, table I1. The score of each solution concept was calculated by multiplying the 
importance of sub-functions points with the score of each solution. With calculated scores, it 
was determined that concepts solutions with under 184 points would get eliminated, see 
appendix I table I1. This kept 13 concepts solution with a broader mix of solutions to the sub-
functions.  

With the remaining 13 concepts, eight criteria where established that each variant of solution 
would be weighed on, see appendix J, table J1. On each criterion, the variant of solution 
could score between 1 and 5. Since no reference product could be chosen it was agreed that 
the scores would compare to the different variant of solutions. With 5, it was regarded that 
the criteria were very well met compared with the other concepts solutions and 1 very badly 
met. The criterions are set to be cost, effective process, size, easy to use, easy maintenance, 
safe, manufacturability and energy efficient. These criterions are established by discussion 
with the company.  

The winning variants of solutions are number 19, 3, 20 and 23, see appendix K, table K1. 
These four highest ranking variants of solutions were presented to the company and discussed 
for further development.  

Three sketches were created by the winning variants of solutions (19, 3, 20 and 23) in 
connection to the meeting with the company, see appendix M, figure M1-M3. These were 
done to easier present the variant of solution created. It was determined together by the team 
and the company that the winning variant of solution, number 19 where chosen for further 
development.  

On the two concepts variants, a pro-con list was presented to the company, see appendix L. It 
was determined that number 19 was chosen to be further developed where basket would be 
hanged by hooks on a conveyer belt.  

4.3. System and design development 
 

When detailing the cleaning machine, a flow chart representing the process is established, see 
figure 7. By this flow chart, the suggestions for details and solutions for each category was 
developed. The process starts with emptying the basket, preferably by the costumer. The 
basket is then fed to the machine that has two stops. The first stop sprays detergent and 
washes it with high pressure water. The basket slides on to the drying section, where a fan is 
drying the basket. Immediately after the drying, a fog of sanitizer is being sprayed on the 
basket. Further, the basket slides out to be collected by the customer. 
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Figure	7.	Flow	chart	of	the	process.	

4.3.1. Hanging concept 
 
The chosen concept was with the solution to hang the basket in its handle with a dynamic 
start and stop function. By hanging the basket, the handle which is crucial part to clean gets 
easier to access. The concept got chosen after ideas and sketches it was reviewed and 
presented to the company. In accordance with the company, it was determined it would be 
easier to have a motor running a conveyer belt with hooks, instead of only having an angled 
bar which transport the basket, see sketches in appendix N, figure N1-N5. The chosen 
concept is based on figure N1 and the transport method is chosen to be figure N4. 

4.3.1.1. Before and during the process 
 
The customers are requested to remove bigger dirt’s in the basket, such as magazines or 
plastic bags. The customer is then requested to hang the basket on the hanger and press on a 
button. The process begins with the push of the button. The basket gets transported to the first 
station where it stops, then continuing to the second station and stops to be transported out of 
the machine for the costumer to grab the basket.  

At the first stop, a nozzle is used to spray the detergent. After, a high-pressure washer with 
water starts wetting to clean the hard fastened dirt as well as the detergent.  

On the second stop, there is a fan which blows away the water and dries the basket. While 
this is under process, a pressure machine is used a bit beside the fan to produce a fog of 
sanitizer, where the basket is to be transported thru. An electrical motor drives the hanger and 
strap.   

4.3.1.2. After the process 
 
After the cleaning process, the basket could either get picked from the hooks or pick up from 
a table in which the basket would fall onto if not taken in time. The hooks are design to drop 
of the basket when getting to the gear where an elevated table is placed to catch the basket.  

The used water and the eco-detergent is gathered by a groove to a tank, which is placed under 
the baskets while hanging. When the dirt tank is full, it's removed by the workers on the 
store, and a new empty supplied tank is placed. The tanks are constructed so they can easily 
be rolled out, using their wheels. The baskets that the cleaning machine is constructed for is 
shown in appendix O, figure O1-O2.  

4.3.2. Details 
 
The machine is driven by an electrical motor which is connected to a 240V socket. The 
machine is provided with water which a hose is directly connected to the machine. The 
detergent and sanitizer is provided with a tank with a volume of 10 liters respectively, where 
a high pressure washer respectively a pump is used to spray the liquids.   
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4.3.2.1. Safety assurance 
	
The safety is highly priority for the upcoming model. By the entrance of the machine, there is 
a cover sticking out and attached. This is selected due to preventing children to climb into the 
entrance of the machine. The level height of the hanger is selected to be ergonomically for an 
adult which also applies to the table to take the cleaned baskets. The level height of the 
hanger is selected to be around 1800 mm. 

At the entrance, sensors are placed. The sensors main task is to detect if there is a basket 
hanging on the current hook entering. If not, the machine should not continue after the latest 
basket have finished the cleaning cycle. This is done due to eliminate unnecessary water use, 
detergent use, sanitizer use and energy use. The sensors task is also to detect if some error or 
problem occur in the machine. In that case, the machine will stop until the problem is solved 
manually.  

4.3.2.2. Inside the machine 
 
Inside the machine, some decisions have been made. For example, between the two sections 
of stops, there is a screen placed, where the task is to prevent the splash of liquids from one 
section to the other. This is chosen because a couple of baskets are to be in the cleaning 
machine at the same time, but at different stops. 

The water and detergent is sprayed thru the same nozzle with the help of a high-pressure 
washer. The sanitizer pump is not supposed to create a hard beam, but smooth fog by using a 
pump. The nozzle for the water and detergent is placed to concentrate more on the inside of 
the basket but still washing the outside as well.  

4.3.2.3. Handle solution 
 
The handles of the baskets are the most critical with the cleaning process since it´s most 
frequently touched by the costumer and becomes the dirtiest. The bigger basket, see appendix 
O, figure O2, has two grips which both need to be elevated to allow a thorough cleaning. The 
solution is to hang the basket with the smaller handle and use a track inside the machine to 
raise the handle used for dragging the basket. 

4.3.2.4. After the cleaning process and process time 
 
After the process, sensors are placed to detect if the cleaned baskets are taken. If there is 
more room on the table or unloading tracks, the machine is supposed to take another basket 
for cleaning, if a basket is hanged on the hooks at first.  

The cleaning process time is set to be 21 seconds, divided to the different sections, including 
transport time and the time it takes for the basket to line up on the table/unloading tracks. 
Figure 8 presents the process time. The arrows represent the transportation of the basket. 

With the process before the cleaning process, such as emptying basket, hanging the basket 
and press the button to start, the total process time is at least 28 seconds, where 7-10 seconds 
are for preparation. The process before using the machine, is done by each customer that 
would like to use a clean basket. 
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4.3.2.5. Dirt tanks and regular tanks 
 
Based on the fact the high pressure washer consumes approximately 0.5 liter every 5 seconds 
(Clas Ohlson, 2017) the dirt tank has been developed to meet a days need. However, in this 
cleaning machine, the waste rate will be set to be lower. The cleaning process time is set to be 
5 seconds with detergent and water where the first seconds are a mixture of the two and then 
only water is being sprayed. On the sanitizer section, 1 second is being spent spraying the 
sanitizer and the rest is air drying. This results in 6 seconds of liquid usage, which means 
approximately 0.5 liters of liquid is consumed during the process since the sanitizer quantity 
is almost negligible.  

The tanks’ volume is set to be approximately 450 liters to cover a day’s need, which is 
calculated on the liquid consumption and number of customers using the machine. The tank 
has a hole beside the bottom, with a cover, to easily screw of the cover and release the water 
when the tank is full. The hole of the tank offers to connect a hose to this hole, leading the 
dirt water to a well. Therefore, the tank can stand on the same place as the used water is being 
released thru the hose into a well, connected to the bottom hole of the tank.  

The water from the machine is supposed to stream down from a tub, thru a top hole into the 
tank. The tank will have four lockable wheels, where it can be transported easily when it’s 
full.   

4.3.2.6. Hangers and hooks 
	
The hanger is held up by bars. The strap consists of a stainless steel chain. The hangers, 
attached to the chain, consists of rubber hooks, which removes the safety risk if something 
goes wrong during hanging of the basket, making the rubber hooks bend smoothly. It also 
removes the corrosion problem.  

After the cleaning process, the model is supposed to have a longer table or unloading tracks, 
where the baskets are supposed to fall off from the hanger onto the table/unloading tracks. 
The table or the tracks are angled with the purpose to use the gravity to have a couple of 
baskets lined up, ready to be used. 

4.3.3. CAD and prototyping 
 
The CAD-model created is made in the software program SolidWorks. The model is a visual 
prototype and lays as foundation for further development. The model consists of several parts 
which makes up the assembly of the machine, see figure 9. The surrounding environment and 
the on and off loading of baskets has minimal or non-existing representation in the assembly. 
The focus laid at the machines main parts and function to visualize position and space. 
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Figure	8.	An	overview	of	the	distribution	of	the	process	time. 
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Smaller components as hoses, fastening rings and lids are not represented in the CAD-model 
due to time limitation. However, left space and logistic, was thought of for the smaller 
components. 

	
Figure	9.	Overview	of	the	cleaning	machine.	

Imported components are used in the model to give visualization of possible selected 
components. These include the motor on the conveyer belt, the wheels on the machine and 
tanks, the sensor for the basket with more. Exploded views are presented in appendix O. 

The dimensions on the machine has gotten a lot of attention to allow proper function but to 
minimize the area. The dimensions were determined to 1800x1300x2200mm. The length of 
the machine was mostly determined by the fact that two baskets had fit in the machine at the 
two different stations with some space in between. The height of the machine had similar 
requirement where the basket had to be hanged by its handle and where room for water tanks 
under and nozzles over where needed. The depth where more flexible but was put to ensure 
proper space for the other components.  

4.3.4. Production 
 
When developing the concept and making detail development, great consideration was made 
of production possibilities. To save time and money, standardized product where 
implemented as much as possible. These include the electric motor, sensors, wheels, nozzles, 
pumps and switchboard. Other components were constructed to be easily manufactured with 
production methods as extrusion and rolling for the beams and sheets used for the structure. 
With planned positioning of components, other choices of standardized components can be 
implemented without big risk of being too small. This can include pumps, motors and nozzles 
which has spacious room around without making the machine larger than necessary. 

4.3.5. Material selection 
 
An overview is presented of the selected components which materials are to be selected, see 
table 2 and 3. To select materials, a chart is created in CES Edupack (2016). The company 
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suggests stainless steel. The material selection is an approximation, but yet precise. Further 
material analysis could be made.  
Table	2.	Function,	limitations,	goal	and	free	variables	the	material	consists	of	is	presented	for	the	framing.	

Function: Framing, holding up the construction 
Limitations: Length 

Young’s modulus E 
Goal: Minimizing cost 

Young’s modulus E 
Compressive strength σ 
Resist corrosion 

Free variables: Material 
	
By the material charts, see appendix P figure P1-P2, the material that is selected for the 
framing system is some sort of cast aluminum alloys. This is because the material fulfills the 
goals as having a low price with a relative high Young’s modulus and compressive strength.  

Different aluminum alloys have different corrosion resistance factors. However, the exact 
aluminum material is not selected more than it should be aluminum alloy (Kalpakjian, 
Schmid & Vijay Sekar, 2014).  

Table	3.	Function,	limitations,	goal	and	free	variables	the	material	consists	of	is	presented	for	the	cover.	

Function: Cover, protecting the surrounding 
environment 

Limitations: Length 
Strength σ 

Goal: Minimize cost 
Easy manufacturing 
Resist corrosion 

Free variables: Material 
 

The selected material for the cover is stainless steel. The material for the cover has been 
selected upon the material charts in appendix P, figure P3-P5. The selected material is 
determined by the requirements of low cost, easy manufacturing such as formability and 
corrosion resistance which the stainless steel fulfills. This material was selected in 
accordance with HRI Teknik. 

4.4. Discussion 
 
From the survey, “better hygiene” was interpreted to be a market opportunity by cleaning the 
baskets, which is counted as hygiene improvement area. However, the answer in the survey 
that the baskets could be cleaner strengthen the market opportunities. 

During the project, no competitors have been found. This resulted that in the QFD part with 
competitor’s comparison needed to be eliminated. It also entails a big challenge of arising a 
new interest in the current category and creating a market for it. Developing a new product 
from scratch by creating a marking is a big challenge. For this project in the current time 
frame, all details could not be solved. Some detail problems, such as how the detergent, water 
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and sanitizer should be sprayed, have not gotten any precise answer. There are a couple of 
techniques that can be used for solution, but it’s a matter of cost and time. In general, 
standard solutions were preferred during the project for details. The question is still open and 
unsolved, and is left for further development. 

Solutions of sub-problems where walked thru and confirmed with the company where some 
small uncertainties with solutions still existed. The only solution that was in direct conflict 
was if the machine would empty the basket or it would be done manually. If possible to the 
design, the basket would preferably be emptied by the machine. Automatic feeding to the 
cleaning machine were also discussed as a possibility.  

It was determined that two main concepts would be examined which solved accordantly to 
the winning solution variant number 19. The first concept was with hanging the basket by the 
handle as it would roll on ball-bearings with the help of gravity. The second would transport 
the baskets with some sort of dynamic motion. 

First, the hanging concept was to be driven by the gravity, by angling the bar. This might 
create disturbances, instability and vibrations during the process. It’s more reliable to 
program a computer processor, driven by an electric motor, to work in samples and time 
intervals, rather than having stops on the angled bar. Generally, the selected concepts of the 
details are chosen by the best possible solution and ease of creation within time limit, and 
these selections are made in accordance with the company.  

By discussions with HRI Teknik, a combination of the variants of concepts was made. The 
resulting concept of model was based on the conveyer belt solution. This variant of concept is 
combined with a hanging mechanism. The conveyer belt is hanged on bars and has hooks 
made of rubber. Then, the basket is hanged on the hooks, transported by an electric motor and 
the hooks will then bend off, releasing the basket after being cleaned.  

The primary focus has been on developing the machine, a cleaning process. Some of the 
decisions for the details have been taken at that point, without making a concept selection 
every time there are a couple of possible solutions, such as decision about the tanks and the 
“curtain” inside the machine.  

Advantages and disadvantages regarding the hangers, providing water (thru a hose or tank) 
and an unloading table have been made. The team found it very important and directly crucial 
that the advantages and disadvantages were precise for the different variants of solutions. As 
mentioned, this pro-con list was presented to the company, and a decision upon that was 
made. However, more time and deeper investigations and selections was desired. 

Thru the project, the mindset has been to design for manufacturing. The purpose with the 
mindset is to use as much standardized products as possible, talking about the strap, gears, 
nozzles and electrical motor. The mindset was to develop something new, used by 
standardized and existing products. This holds the costs down and eases the manufacturing.  

In the beginning of the project, a time plan and project plan was set in such way that much 
and intense work would be done as early as possible. This was done because of much time 
was desired to be put on developing a physical prototype on the later period of the time plan. 
Both the company, HRI Teknik, and the team agreed on creating and developing a physical 
prototype. The prototype and various costs would be supported by HRI Teknik. 
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During the project, disturbances in the communication with the companies have occurred. 
This steamed from several factors as both parties had stressful periods which hurt the 
communication. Both parties had too high of expectation on the timeframe of the project 
which ended in a more modest result.  

It was spoken that own baskets could be developed, adapted to the most efficient and new-
thinking solution particularly for this cleaning machine. However, this would bring up a new 
challenge with an existing competitor that the team have to surpass. It’s also a cost in matter 
of time and money to develop associate basket to the cleaning machine.  

A finite element analysis was planned to be implemented. After evaluation and investigation 
of the cleaning machine, it was found that the loads were not critical on the machine, 
therefore, such analysis was not relevant and was skipped.  
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5. Conclusions 
 

In this thesis, a concept and a 3D model of a basket cleaning machine have been developed. 
The process selected during the concept development were a technical driven product. The 
model was produced in Solidworks, and the assembly contains the essential parts to have a 
prove of concept.  

The machine is meant to fill a hole in the market where lacking hygiene of the basket lays as 
the foundation. Current application has short term solution, where the hygiene of the basket 
quickly worsened after usage which gives opportunities to improved solutions.  

The cleaning process starts with the costumer hanging the basket by its handle on a conveyer 
and pushing the start button. The basket will be transported inside, making its first stop for 
five seconds where detergent and water will be sprayed. After, the basket will start moving to 
the second stop where air will be blown to dry the basket. Lastly, a fog of sanitizer will be 
sprayed where the basket will continue out to the costumer.  

Future work will be to develop and try the prototype. There are details along the process that 
need to be specified as to which component to choose. The main testing in the beginning will 
be to ensure that the cleaning process gives a good result and that dimensions on everything 
works as it should. When testing and final detail is evaluated and determined, production for 
retail will be the final step. 

5.1. Recommendation to future activities 
 
All details have not been solved, but enough of them have, in order to go further with the 
development. Further development will solve the unsolved knots. For example, exactly which 
nozzle, with a unique spraying profile, and how many nozzles are desirable and enough 
efficient to as low cost as possible. These nozzles have then to be investigated and tested to 
see which angle and distance it is needed to achieve an efficient cleaning on the baskets. In 
general, tests and decisions should be made regarding exactly how the machine and the 
associated components should be fastened to each other. 

The focus has been set on the cleaning machine, but the unloading table can be tested, by 
testing if the baskets fall off properly and land on the table without any disturbances. Do the 
rubber hooks need to be more elastic, or do the baskets fall off freely by bending the hooks 
due to gravity. Such tests must be made to ensure proper result.  

The pumps for the detergent, water and sanitizer need to be selected and tested. There are 
different techniques of how two liquids are to be blended by using one pump with a valve. 
Maybe it is enough with one high pressure washer each. 

Decision regarding if the cleaned baskets is to be in a specific color or if the existing cleaned 
baskets are to be market in some way after the cleaning process is something that is left for 
further investigations. 
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6. Critical review 
This section looks at the concept from a critical perspective. The purpose is to acknowledge 
different standpoints such as health, environmental, economic and safety aspects. The 
universal perspectives can help finding improvements on the concept. 

6.1. Health and environmental aspects 
 
Improving the hygiene of the baskets has several advantages as less people gets sick, grocery 
shopping becomes a more pleasant experience and perhaps baskets will be thrown out in a 
slower rate. This will have a positive effect on environment. The concept is constructed in 
such way that material and the components can be extracted and decomposed in an easy way. 
The components and the materials can be reused for another purpose, or simply recycled.  

At winter time, with flu season, the improvement of risk areas is important. Elderly people 
with lowered immune system has probably most to gain from decreasing the risk of getting 
infected. As a society and from companies as well, a certain standard of responsibility for 
environmental and health standpoint should be meet and strived for. Current solutions for 
keeping baskets clean are lacking and need some sorts of change.    

6.2. Economic aspects 
 
The financial gain lays first at the producer of the cleaning machine, if done profitable. The 
grocery store sees the implementation of the machine as an inconvenience at first with more 
investment but will certainly gain costumer business if shown that improved hygiene is 
uphold, especially if the competition is not upholding the same standard. Eventually if 
successful enough, the cleaning machine will be adapted by multiple stores giving a non-
competitor advantage, making it a standard in the business.      

6.3. Critical review on the concept 
 
With implementing a new solution to the problem, great uncertainties play rolls. The problem 
can be tackled in many ways, as where the machine will be stationed, who will feed the 
machine, which sorts of cleaning solution will work and so on. These options of choices will 
determine to a degree the shape, cleaning solution and risk and regulation for the machine. 
The solution presented in this thesis is one solution that base its choice for most potential 
benefit for the grocery store as they can show to the costumer that the cleanliness of the 
basket is being uphold. The concept need to be approved and then tested to see if it will be 
successful.  

6.4. Safety 
 
Several factors can determine if the concept will fail and can also varies depending on the 
store. The size of the machine can prove to be a problem where either the cleaning concept 
need alterations or the availabilities of water need to be met to decrease the size. If the 
machine is stationed for the costumers to feed the machine, several problem factors arises as 
noise levels, steam or splash leakage and making it safe for children to be in its present. The 
benefit of the machine for the costumer need to exceed the investment, operation cost and 
occupying space it takes from the grocery store. Total process time for the basket to get 
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cleaned is a crucial factor if the costumer will feel that the process is worth it. Of course, the 
basket would need to clean the basket good after the process or the machine will lose its 
purpose.   

6.5. Possible improvements 
 
The goal of the thesis where to produce some sort of prototype of a basket cleaning machine. 
The hope of both parties where to come as far with prototyping as possible to get closer to the 
end line which where a workable and effective basket cleaning machine. The mistake of the 
parties could have been the magnitude of the project for the time given. As put forward 
planning, testing and prototyping where placed fairly quickly to have a bigger chance of 
getting something more physically as a result in the end. Because of time limitation, stressful 
periods for the company and lost time with ordering parts, the prototyping where conducted 
much more in a theoretical and conceptual way.   
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Appendix A – Gantt schedule 
The time schedule is presented in table A1. The time schedule is a Gantt schedule and represents the milestones and 20 weeks of project time. 

Table	A1.	Gantt	schedule.	

  
Hours w3 w4 w5 w6 w7 w8 w9 w10 w11 w12 w13 w14 w15 w16 w17 w18 w19 w20 

Milestone 1 - PLANNING Christopher Martin                                     
Gantt schedule 3 3                                     
Pre-study 22 22                                     
Project planning 10 10                                     
Milestone 2 - SYSTEM 
DEVELOPMENT                                         
Customer requirements 5 5                                     
Engineering specifications 5 5                                     
Benchmarking 2 2                                     
QFD matrix 5 5                                     
Concept generation 15 15                                     
Concept combination 5 5                                     
Concept evaluation and selection 10 10                                     
Testing of concept 5 5                                     
Milestone 3 - DESIGN 
DEVELOPMENT                                         
Design generation 17 17                                     
Design evaluation and selection 8 8                                     
Define details 25 25                                     
CAD 45 45                                     
Material selection 4 4                                     
FE analysis 5 5                                     
Estimate realization 5 5                                     
Calculations 5 5                                     
Milestone 4 - PROTOTYPING                                         
Establish a prototype 10 10                                     
Testing 40 40                                     
Safety measures 7 7                                     
Evaluate the prototype 10 10                                     
Improvements 25 25                                     
Milestone 5 - PRESENTATION                                         
Technical report 50 50                                   16-maj 
Opposition 3 3                                   16-18/5 
Oral presentation 4 4                 24-mars  24-mars               19-maj 
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Appendix B – Questions in the surveys 
The surveys are built up upon the questions below. Figure B1. is for the grocery stores 
customers and figure B2. are for the grocery store managers.  

Table	B1.	Questions	asked	to	the	grocery	store	customers.	

How old are you? 
Do you think that grocery stores in general are fresh? Do you think improvements could be 
made, or are you satisfied? 
Do you prefer going to specific selected grocery stores depending on the hygiene, or is it 
more or less unnecessary? 
If you could improve the freshness in some way in the grocery store, what or where would 
that be? 
Can you think of paying 1-2 SEK (like a plastic bag) to get a better hygiene experience in 
the store when shopping? 
Do you take your time when shopping, or would you rather do it fast? 
How often do you have coins when shopping at grocery stores? 
How do you experience the space by the entrance and exit/checkouts are? 

 
Table	B2.	Questions	asked	to	the	two	grocery	store	managers.	

How many customers are shopping in the store per day? 
How many baskets do you have access to? 
Are all the baskets in constant use? 
Approximately, how much do you spend on hygiene/cleaning in the store? (Comprises 
salaries for staff whom cleans, detergent, cleaning machines etc.) 
Do you think that the hygiene can/should be improved in some way? If yes, where? 
How much money would you be able to invest in order to improve the hygiene for the 
customers (One-time sum)? 
Do you think it’s of great value that the customers finds it hygienically in your store? 
Do you think it’s important that the customer gets the perception that improved hygiene 
maintained? Or will the result of a good hygiene be the same even if the customer does not 
see that the hygiene is being maintained? 
Do you think the customer would be willing to pay a very small sum for an improved 
experience of hygiene during the shopping? 
Is there any available space in the stock? 
How much space do you have by the entrance? 
How much space do you have by the exit/checkouts? 
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Appendix C – Survey summary  
The summarized answers from the surveys, both from customers and store managers, are summarized in table C1. 

 

  Customers 
No. Customers voice     
1 90 % think improvements can be made regard hygiene 
2 84 % get affected of the hygiene when choosing which grocery store to shop at 
3 Fruit and vegetables, baskets, shells and floors are sections where customers think improvement could be made 
4 60 % are willing to pay for improved hygiene  
5 76 % do rarely or never have coins when shopping 
6 52 % prefer to shop quickly, 48 % prefer to take their time when shopping 
7 80 % consider that it's spacious in the entrance and exit/checkout 

	 Store manager's voice 
8 Available baskets are constantly used 
9 In average 20 000 SEK/month is spent on maintenance at the store 

10 Between 5000 and 10 000 SEK is the store ready to invest for improved hygiene 
11 Improvement by a third part is beneficial 
12 The store manager thinks it's of a great value for the customers' that good hygiene is maintained 
13 It's of a great value that the customers' see actively that the hygiene is maintained 
14 The store manager does not think the customers' are willing to pay a small amount for improved hygiene experience 
15 It's assess that there is space for a compact object in the stock, entrance or exit/checkout 

  Other opportunities 
16 Ergonomic machine 
17 Intuitive machine 
18 Safe machine 
19 Environmentally friendly     

Table	C1.	Summary	of	the	surveys.	
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Appendix D – Summary, requirements and engineering specifications 
Each number in the table below is connected to the number in appendix C, table C1. The answers were interpreted to requirements, which was 
established to engineering specifications, see table D1.  
Table	D1.	Interpreted	answers,	requirements	and	engineering	specifications.		

 

 No. Summary of customers' Interpreted concepts Customer requirements Weighting 
Engineering 
specifications 

1 Cleaning product Washing machine for baskets Improve basket hygiene 25 > 60  2 
3 Clean basket 
4 Pay system Fast payment Fast to use* 5 < 30  5 
6 Fast process Short process time Short waiting time 12 < 75  

7 
Possible position for cleaning 
product 

Positioning by the entrance or 
exit       

            
8 Effective cleaning Short cleaning time Fast cleaning 13 < 60  
9 Cost for a cleaning product Cost effective product Be within budget 12 < 4 000 

10 < 15 000 
11 Cleaning product Basket cleaning product       
12 Visible placed product Visible color Easy to spot 2 x 
13 Dimensions Be compact 6 200x150x250 (LxWxH) 

14 
No payment for hygiene 
maintenance Fast payment  Fast to use* * < 30 

15 
Possible position for compact 
cleaning product 

Positioning by the entrance or 
exit       

            
16   Level height  Easy accessibility 5 0,75 > x < 1,5 
17   Offer options Easy to use 8 < 4 

18   Stable Be stable 3 < 50 
100 

19   Energy efficient Be environmentally friendly 9 15 000 
Friendly material and chemicals       

	    100 	
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Appendix E – QFD matrix 
QFD matrix was established by the requirements and engineering specifications. A relation 
between these have different strength, see table E1. The most important specifications are 
“Bacteria reduction”, “Total process time” and “Time for cleaning the basket”.  
Table	E1.	QFD	matrix.	
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Requirements 
  > 60 < 30 < 75 < 60 < 4000 < 15000 2x1.5x2.5 0.75>x<1.5 < 4 < 50 > 100 15000 
  % s s s SEK/month SEK m m quantity % N W 

Improve basket hygiene 25 9  1 1          

Fast to use 5 	 9           

Short waiting time 12 	 3 9 3         

Fast cleaning 13 	 1 3 9         

Be within budget 12 	    9 9       

Easy to spot 2 	      9      

Be compact 6 	      9      

Easy accessibility  5 	       9     

Easy to use 8 	 3      1 9    

Be stable 3 	      1    9 9  

Be environmentally friendly 9 	           9 

Ranking of specifications 225 118 172 178 108 108 75 53 72 27 27 81 

Importance (%) 18 9 14 14 9 9 6 4 6 2 2 7 
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Appendix F – Reverse engineering 
The reverse engineering was developed, and the outcome was the following functions and 
subfunctions, see figure F1. The rest of the tree, which are possible solutions, have been 
removed due to small space on the arch.  However, the possible solutions are presented later 
in the appendices.  

	

Figure	F1.	Reverse	engineering	tree.	The	grey	box	shows	the	main	function	and	the	blue	boxes	represents	the	sub	functions. 
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Preparation	1

Transport	machine	
0,2

Prepare	Machine	
0,8

Use	of	energy	0,2

Refill	water	0,3	

Ready	to	use	0,3

Place	basket	0,05

One	by	one	0,05

Manage	basket	0,2

Start	machine	0,05

Feed	machine	0,1

Empty	basket	0,2

Clean	basket	0,3 Liquid

Dry	basket	0,1

End	of	process	1

Transport	basket	
0,4

Stop	machine	0,5

Empty	leftovers	
0,1
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Appendix G – Solution screening 
The possible solutions (green) in figure G1 are the outcome after filtering irrelevant solutions 
from the reverse engineering.   

			 													 	

Figure	G1.	Solutions	screening.	The	blues	are	functions,	the	greens	are	possible	solutions	and	yellows	are	eliminated	due	to	
low	points.
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Preparation	1
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Prepare	Machine	0,8

Use	of	energy	0,2 Cable	100

Refill	water	0,3	

Manually	40	

Hose	60

Ready	to	use	0,3
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Motion	indicator	10

Light	and	motion	
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Place	basket	0,05 One	by	one	0,05

Up	side	down	45
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Static	basket	30
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Start	machine	0,05
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motion	start	60

Feed	machine	0,1 Manually	100
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Air	5	
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Water	and	liquid	15

Water	and	brush	10
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Liquid
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Detergent	5

Dry	basket	0,1

Air	pressure	80

Heat	20

End	of	process	1

Transport	basket	0,4

Conveyer	belt	60

Static	40

Stop	machine	0,5

Button	20

Sensor	20

Button	and	sensor	
60

Empty	leftovers	0,1 Manually	80
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Appendix H – Functional concept combination 
The concept combination table is presented in figure H1. The blue boxes are the functions which the grey boxes (sub functions) are connected to. 

Table	H1.	Concept	combination	matrix.	

 
Preparation	 Process	

End	of	
process	

Variant	
of	
solution	

Transport	
machine	

Use	of	
energy	

Refill	
water	

Ready	to	
use	

One-
by-
one	

Manage	
basket	

Start	
machine	

Feed	
machine	

Empty	
basket	

Clean	
basket	

Dry	
basket	

Transport	
basket	

Stop	
machine	

Empty	
leftovers	

1	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	

Up	
side	
down	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

2	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	 Width	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

3	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

4	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	 Width	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

5	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	

Up	
side	
down	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

6	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	 Width	

Static	
basket	

Press	to	
start	and	 Manually	

By	
gravitation	

Water,	
liquid	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	
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motion	
start	

and	
brush	

7	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

8	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	 Width	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

9	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	

Up	
side	
down	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

10	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	 Width	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

11	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

12	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	 Width	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

13	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	

Up	
side	
down	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

14	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	 Width	

Static	
basket	

Press	to	
start	and	 Manually	 Manually	

Water,	
liquid	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	
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motion	
start	

and	
brush	

15	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

16	 Wheels	 Cable	 Manually	

Light	and	
motion	
indicator	 Width	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

17	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	

Up	
side	
down	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

18	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	 Width	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

19	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

20	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	 Width	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

21	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	

Up	
side	
down	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

22	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	 Width	

Static	
basket	

Press	to	
start	and	 Manually	

By	
gravitation	

Water,	
liquid	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	
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motion	
start	

and	
brush	

23	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

24	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	 Width	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

25	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	

Up	
side	
down	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

26	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	 Width	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

27	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

28	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	 Width	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

29	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	

Up	
side	
down	

Static	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

30	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	 Width	

Static	
basket	

Press	to	
start	and	 Manually	

By	
gravitation	

Water,	
liquid	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	
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motion	
start	

and	
brush	

31	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	

32	 Wheels	 Cable	 Hose	

Light	and	
motion	
indicator	 Width	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	
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Appendix I – Further screening with score 
The screening table where the the variants of solutions below 184 points are eliminated. 

 
Table	I1.	Further	screening	with	calculation	by	functional	and	solution	points.	

Variant of 
solution Calculated 

points Check/Elimination 
1 179,75 Elimination 
2 179 Elimination 
3 183,75 Check 
4 181,75 Check 
5 175,75 Elimination 
6 171 Elimination 
7 183,75 Check 
8 175 Elimination 
9 173,75 Elimination 

10 181 Check 
11 185,75 Check 
12 185 Check 
13 171,75 Elimination 
14 171 Elimination 
15 175,75 Elimination 
16 177 Elimination 
17 187,75 Check 
18 187 Check 
19 189,75 Check 
20 189 Check 
21 177,75 Elimination 
22 179 Elimination 
23 183,75 Check 
24 183 Check 
25 185,75 Check 
26 185 Check 
27 189,75 Check 
28 191 Check 
29 179,75 Elimination 
30 179 Elimination 
31 181,75 Check 
32 183 Check 
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Appendix J – Functional concept weighting 
The concept weighting matrix presents that variant of solution 19, 3, 20 and 23 are the winning concepts. The concepts are weighted upon the 
criterions cost, effective process, size, easy to use, easy maintenance, safety, manufacturability and energy efficient. 

 
Table	J1.	The	concept	selection	matrix.	

 
Cost	

Effective	
process	 Size	

Easy	
to	
use	

Easy	
maintenance		 Safe	 Manufacturability	

Energy	
efficient	 	  

Weight	
factor	 30%	 25%	 5%	 10%	 5%	 10%	 12%	 3%	 100%	 	
Variant	
of	
solution	 Point	 Score	 Point	 Score	 Point	 Score	 Point	 Score	 Point	 Score	 Point	 Score	 Point	 Score	 Point	 Score	 Result	 Rank	

3	 4	 1,2	 4	 1	 2	 0,1	 3	 0,3	 2	 0,1	 2	 0,2	 3	 0,36	 3	 0,09	 3,35	 2	
7	 4	 1,2	 2	 0,5	 4	 0,2	 3	 0,3	 2	 0,1	 3	 0,3	 4	 0,48	 4	 0,12	 3,2	 4	
11	 3	 0,9	 4	 1	 2	 0,1	 3	 0,3	 1	 0,05	 2	 0,2	 4	 0,48	 4	 0,12	 3,15	 5	
12	 3	 0,9	 3	 0,75	 2	 0,1	 4	 0,4	 1	 0,05	 2	 0,2	 2	 0,24	 3	 0,09	 2,73	 7	
17	 2	 0,6	 2	 0,5	 3	 0,15	 4	 0,4	 3	 0,15	 2	 0,2	 2	 0,24	 3	 0,09	 2,33	 9	
18	 2	 0,6	 2	 0,5	 3	 0,15	 4	 0,4	 2	 0,1	 2	 0,2	 1	 0,12	 3	 0,09	 2,16	 10	
19	 4	 1,2	 5	 1,25	 3	 0,15	 3	 0,3	 3	 0,15	 2	 0,2	 4	 0,48	 3	 0,09	 3,82	 1	
20	 4	 1,2	 5	 1,25	 3	 0,15	 3	 0,3	 3	 0,15	 2	 0,2	 4	 0,48	 3	 0,09	 3,23	 3	
23	 4	 1,2	 2	 0,5	 4	 0,2	 3	 0,3	 3	 0,15	 4	 0,4	 3	 0,36	 4	 0,12	 3,23	 3	
25	 3	 0,9	 3	 0,75	 3	 0,15	 3	 0,3	 4	 0,2	 2	 0,2	 3	 0,36	 3	 0,09	 2,95	 6	
26	 3	 0,9	 3	 0,75	 3	 0,15	 3	 0,3	 4	 0,2	 2	 0,2	 3	 0,36	 3	 0,09	 2,95	 6	
27	 3	 0,9	 4	 1	 3	 0,15	 3	 0,3	 4	 0,2	 2	 0,2	 3	 0,36	 3	 0,09	 3,2	 4	
28	 2	 0,6	 3	 0,75	 2	 0,1	 3	 0,3	 2	 0,1	 2	 0,2	 2	 0,24	 3	 0,09	 2,38	 8	



	 K1	

Appendix K – Winning concepts 
Table K1. is a summary and an overview of the winning variants of solutions.	

Table	K1.	The	winning	concepts	concluded	in	the	table.	

Rank	

Variant	
of	

solution	
Transport	
machine	

Use	of	
energy	

Refill	
water	

Ready	to	
use	

One-
by-
one	

Manage	
basket	

Start	
machine	

Feed	
machine	

Empty	
basket	

Clean	
basket	

Dry	
basket	

Transport	
basket	

Stop	
machine	

Empty	
leftovers	

1	 19	 Wheels	 Cable	 Hose	

Light	
and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

2	 3	 Wheels	 Cable	 Manually	

Light	
and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

3	 20	 Wheels	 Cable	 Hose	

Light	
and	
motion	
indicator	 Width	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	 Manually	

Water,	
liquid	
and	
brush	

Air	
pressure	

Conveyer	
belt	

Botton	
and	
sensor	 Manually	

3	 23	 Wheels	 Cable	 Hose	

Light	
and	
motion	
indicator	

Up	
side	
down	

Movable	
basket	

Press	to	
start	and	
motion	
start	 Manually	

By	
gravitation	

Water,	
liquid	
and	
brush	

Air	
pressure	 Static	

Botton	
and	
sensor	 Manually	
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Appendix L – Advantages and disadvantages 
The procon-list, advantages and disadvantages, for both the concept with the conveyer belt 
and the concept with gravity movement is presented in table L1 and L2. This list was 
presented to the company and a decision in accordance was taken. The concept with the 
conveyer belt was decided to be further developed.  

Table	L1.	Procon-list	for	the	concept	with	conveyer	belt.	

Concept with conveyer belt  
Pro + Con - 
Flexibility, feed manually or autonomously More expensive if automated  
Reduced waiting time if automated  Longer waiting time if manually feed 
Greater possibility to empty basket Easier to drag out liquids with conveyer belt 
More variant of feeding baskets  Baskets harder to clean 
Continuous process Can get more wasteful with resources  
Conclusion: Safer choice with more options but more expensive  

	

Table	L2.	Procon-list	for	the	concept	with	gravity	movement.	

Concept with gravity movement  
Pro + Con - 
Lower cost without a conveyer belt Harder to make automated  
Possibility to both have automated and 
manual feeding 

Harder to empty basket 

Easier to control  Harder on and off feeding of basket 
Easier cleaning accessibility  None continuous process  
Easier to focus resources    
Conclusion: Cheaper alternative but fewer options 
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Appendix M – Sketches by functional concepts 
The following sketches are generation of different possible solutions. Solutions for bars, 
basket locks, stops and hooks have been done. 

	
Figure	M1.	First	sketch	for	variant	of	solution	number	19. 

	
Figure	M2.	Sketch	for	variant	of	solution	number	23.      Figure	M3.	Another	sketch	of	variant	of	solution	23. 
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Figure	M4.	Sketch	for	variant	of	solution	19,	for	an	
angled	bar	with	computer	controlled	obstacles. 

 

	
Figure	M6.	Another	type	of	controlled	doors. 

	
Figure	M8.	Sketch	for	variant	of	solution	19	with	angled	bars. 

Figure	M5.	Another	sketch	for	variant	of	solution	19,	with	computer	
controlled	door	which	stops	the	basket	from	falling	downwards.	

Figure	M7.	Angled	bars	with	a	profile	that	holds	the	basket	in	
place.	
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Appendix N -  Ideas and sketches for the hanging concept 
Sketches for the winning concept, the hanging concept, is presented. The focus is now on the 
hanging concept, in accordance with HRI Teknik. Hooks, bars, stops, locks, strap and 
overview is presented. 

	
Figure	N1.	Overall	overview	of	variant	of	solution	19,	where	the	hangers	are	angled,	consisting	of	processor	controlled	
hooks.	Two	sections	and	tanks	are	visualized	in	the	sketch. 

 

	
Figure	N2.	Angled	bars	with	computer	controlled	
	hooks.	Basket	falls	by	gravity.	The	bar	in	the	
	middle	is	driven	by	an	electric	motor.	

 

 

Figure	N3.	Sketch	for	off-hanging	
solution.	Flexible	hook	on	the	end	
bend	by	gravity	and	weight	from	the	
basket. 

Figure	N4.	Selected	sketch	with	angled	rubber	hooks,	driven	
by	electric	motor. 

Figure	N5.	Sketch	for	angled	bars,	where	baskets	falls	by	
gravity,	into	a	standing	with	spring	which	compresses	with	
weight.	The	end	of	the	angled	bar	i	computer	controlled,	
where	it	angles	when	baskets	are	incoming. 
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Appendix O – Resulting CAD model 
The resulting CAD model with it’s belonging components are presented in figure O1-O6. 

	

		
Figure	O1.	The	big	basket	with	two	grips	and	with	wheels.	

		 	 	 	 Figure	O2.	The	big	basket	with	two	grips.	

		
Figure	O3.	Beneath	the	skin.	The	skeleton	is	the		
carrying	construction.	This	beams	are	made	of		
cast	aluminum	alloys.	
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Figure	O4.	Exploded	view	of	the	machine.	

	

	
Figure	O5.	View	from	the	exit	of	the	machine.	
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Figure	O6.	Placement	of	the	components	on	the	backside	of	the	machine,	showing	dirt	tanks,	pump,	detergent	tanks	and	an	
water	proof	switchboard	.	
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Appendix P – Material selection 
The material charts for the cover is presented in figure P1-P2. Charts for the framing is presented in figure P3-P5. The axis is determined by the 
requirements as yield strength, price, compressive strength, formability, density and Young’s modulus. 

	
Figure	P1.	Material	chart	with	price	and	yield	strength.	
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Figure	P2.	Material	chart	with	formability	and	price. 
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Figure	P3.	Material	chart	with	price	and	Young's	modulus. 
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Figure	P4.	Material	chart	with	Young's	modulus	and	density. 
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Figure	P5.	Material	chart	with	Young's	modulus	and	compressive	strength. 
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