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Abstract 

This is a thesis project done on behalf of BillerudKornäs in collaboration with Örebro 

University in a research project investigating grip stiffness of carton board packages. This is 

of interest because a better understanding of it would allow optimizing of the packaging 

design and result in a better product. In this thesis the mission has been to develop a setup for 

a sensor enabling a method of testing on packages. This has been carried out as a product 

development project. After a preparation study a specification of requirements was written. 

With the use of this a number of concepts were generated. Through evaluation one concept 

was chosen for further development and built as a prototype model. The prototype did not 

work satisfactory at the end of the project but could with some improvements be useful in 

testing packages with the intended sensor. 

Key words: Grip stiffness of carton board packages, Product development, Prototype model 
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Sammanfattning 

Detta är ett examensarbete utfört åt BillerudKorsnäs i samarbete med Örebro universitet inom 

ett forskningsprojekt där greppstyvhet hos kartongförpackningar undersöks. Det här är 

intressant eftersom att en djupare förståelse inom området skulle möjliggöra optimering av 

förpackningsdesignen och resultera i en bättre produkt. Uppgiften i detta examensarbete har 

varit att utveckla en testrigg för en sensor med syfte att möjliggöra en laborativ metod för att 

testa förpackningar. Detta har bedrivits som ett produktutvecklingsprojekt. Efter att en 

förstudie gjorts togs en kravspecifikation fram. Med hjälp utav vad som definierats i denna 

generades ett antal koncept. Genom utvärdering valdes ett koncept för vidareutveckling och 

byggdes sedan som prototypmodell. Prototypen fungerade inte tillfredställande vid projektets 

slut men skulle efter vissa förbättringar kunna vara användbar vid tester av förpackningar med 

den avsedda sensorn.  

Nyckelord: Greppstyvhet hos kartongförpackningar, Produktutveckling, Prototypmodell 
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Terminology 

3D-printer – Three-dimensional printer 

BCR - Box Compression Resistance 

CAD – Computer Aided Design 

FEM – Finite Element Method 

Grip stiffness – Perceived resistance to deformation when gripping 

Microcontroller – Small computer used for controlling of automated movement 

Multi axial – Operating in several axes 

Structural stiffness – Specific stiffness dependent of position and geometry  

Structural strength – Specific strength dependent of position and geometry 

Tactile sensor – Simulates human sensing abilities  

Uniaxial – Operating in one axis  
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1 Introduction 

1.1 The company 

BillerudKorsnäs is a Swedish company producing packaging material and providing 

packaging solutions. The company was founded in 2012 by the merging of Billerud and 

Korsnäs in order to become a leading company in their field. [1]  

The company has a total of eight production sites. Six of them are located in Sweden and the 

two remaining in Finland and England. In addition to these sites they also have sales offices 

in 13 countries. Their total number of employees is about 4200 and their net sales amount to 

21 billion SEK. They have 2000 customers in different branches including packaging 

manufacturers, brand owners and large retail and supermarket chains. Their business areas are 

packaging paper (39%), consumer board (37%) and corrugated solutions (15%). [1] [2] 

BillerudKorsnäs strives to be continuously innovative and challenge conventional methods for 

package solutions by bringing new products to the market. In their pursuit of doing this, the 

focus on sustainability is constantly present as a natural part of the process. [2]  

 

Picture 1 BillerudKorsnäs production unit located in Frövi, Sweden [3]. 

1.2 The project 

This has been a project in the field of product development where the mission has been to 

develop a test setup for a BioTac sensor. The BioTac is a sensor that simulates the human 

fingertip by having the same sensory capabilities [4]. A number of concepts of this setup were 

to be generated to finally result in a physical prototype. The goal of the setup was to enable a 

method of laboratory testing that would allow objectively assessing the grip stiffness of a 
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carton board package. Therefore it was the pressure sensitivity of the BioTac sensor that was 

to be utilized when performing the tests. An explanation of the term grip stiffness is presented 

in chapter 2.1.  

The purpose of this project has been to develop concepts for, and a prototype model of, a test 

setup for the recently acquired BioTac sensor. When designing the prototype model the goal 

has been to enable a method of laboratory testing that would allow performing repeated tests 

the same way every time. This gave the first delimitation. The focus for this project has been 

to develop a stable test method, rather than focusing on what the test results should be used 

for. A stable test method has for this project been defined as a method where the setup in 

relation to the packaging should be infinitively stiff and to the smallest extent possible be 

affected by disturbance in the surroundings such as vibrations. Another delimitation for the 

project was that only a physical prototype was to be developed and not the software or cables 

needed to connect the BioTac sensor. However, the prototype was to be designed in a way that 

would allow necessary cables to be connected.  

If the possibility to measure and thereby assess grip stiffness becomes reality this is 

something that would be useful not only to BillerudKorsnäs but to the entire industry of 

packaging manufacturing, and to their customers. The assessments could be used to optimize 

packages in order to save material without compromising the quality of the package. The 

designing of better packages would also be beneficial in term of less food waste. This extends 

to the aspects of environmental issues. That is because material use can be reduced and also 

the wasting of resources and thereby also the impact on the environment. [5] 
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2 Background 

2.1 The Problem 

When handling products such as carton board packages, the consumers’ experience of the 

packaging is essential for making the decision to buy a particular product. The packaging is 

the first thing the consumer notice when deciding which brand of product to buy. This ability 

to catch the attention of the customer is called the first moment of truth. If the decision is 

made to buy the product the customer get to experience the qualities of the packaging. Based 

on this experience the decision is made to either buy the product again or not. This is called 

the second moment of truth. [6]  

When it comes to estimating the feel of a carton board packaging it is referred to as the grip 

stiffness of the packaging when holding it [7]. This works as a subjective comparison method 

between two different carton board packages seeing how it can be registered that one of them 

offers more grip stiffness than the other. But the difficulty lies in assessing the magnitude of 

the grip stiffness of these packages compared to each other and compared to other packages. 

In other words, how is grip stiffness measured? 

2.2 What the company has done before 

BillerudKorsnäs have in collaboration with Örebro University and Tetra Pak conducted 

research in the project A New Model for Deformation of Carton Board Packages by Manual 

Handling [8], which this thesis is a part of. Results from testing done previous to the start of 

this project were in 2014 published in a paper called Damage to Carton Board Packages 

Subjected to Concentrated Loads [9]. The testing described in the report aims to simulate the 

damage caused by the forces carton board packages are exposed to by consumers. This work 

was continued by Alexander Bark and Fredrik Hygerth in their thesis work in 2014 called 

Searching a significant difference which proves how damage development occurs between 

concentrated loads and distributed loads regarding paper technology [10]. In the thesis carton 

board packages were tested with different loads of different geometries to investigate the 

structural stiffness and the structural strength of the packages.  

In the fall of 2015 tests were made with the BioTac sensor using an experimental setup at the 

University of Southern California (USC). These tests were performed on carton board 

packages and served as a first evaluation of the BioTacs suitability for this kind of testing. 

[11]  

2.3 What others have done before 

The conventional method of testing the strength of a box is through a Box compression test. 

This can also be called measuring Box Compression Resistance (BCR). In this type of test the 

box is exposed to a distributed load from above in order to determine its resistance to 

compression. This simulates the force acting on the box when several boxes are being stacked 

upon each other. [12]  

Other than performing physical tests on boxes successful attempts have been made at 

formulating a model enabling calculation of the expected BCR of a certain box given certain 

parameters. The model is based on simplified conditions but has proven to be useful in 

generating accurate predictions. [13]  
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Regarding the field of tactile sensors, Syntouch claims that the BioTac is the first of its kind 

with its ability to identify objects by touch [14].  

2.4 Description of the technical field 

This thesis is mainly within the field of product development. Methods within this area are 

needed to develop a usable solution for the setup. Through the development process other 

areas will be included, such as industrial design, methods for manufacturing, solid mechanics, 

and strength of materials.  

2.5 Theory and material 

2.5.1 Measurement technology 

The subject of measurement technology deals with the collecting of data and organization of 

it. Knowledge within the field is crucial when manufacturing products because it enables the 

producer to control the process. With expertise in measurement technology the producer is 

able to evaluate collected data allowing decisions to be made based on facts. Measurement 

technology is an attempt at quantifying qualitative features and is affected by the limitations 

of different measuring methods and various disturbances. After data has been collected it is to 

be interpreted in order to be useful. All these steps allow for mistakes to be made which can 

influence the results. Therefore it is important to log all information about the possible 

varying conditions when measuring. [15] 

2.5.2 The design process  

The design process provides a model for working with product development by defining a 

number of steps to follow. As defined by SVID (The Foundation for Swedish Industrial 

Design) the process can be divided into the following steps [16]:  

 Initiation, where the conditions for the project are established  

 User studies, where the needs of the user are examined and also the functions needed in a 
solution are understood  

 Developing concepts, where ideas corresponding to the earlier defined functions are 
generated and put together into concepts  

 Evaluation and selection of concept, where the concepts from the earlier stage are 

compared and the best one is chosen for continued development  

 Adjustment and implementation, where the design of the final product is completed  

 Production 

 Follow up and evaluation, where the product is analyzed in order to make future 

improvements 

2.5.3 The Pugh matrix method 

The Pugh matrix is a method used for evaluation in product development projects. It can be 

used to evaluate different alternatives in regards to specified requirements and requests. The 

alternatives are inserted on one axis and the requirements and requests are inserted on the 

other. In addition to the alternatives connected to the project the method also includes 

inserting a reference alternative. The alternatives are evaluated in comparison to the reference 

in regard to each point of assessment on a three-degree scale of – (minus), 0 (zero) and + 
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(plus). Minus means the alternative does not meet the request as well as the reference. Zero 

means the alternative meet the request as well as the reference. Plus means the alternative 

meet the request better than the reference. The evaluation of each alternative in regards to 

each request is then multiplied with the weight of the request. This results in a ranking of the 

alternatives and serves as a basis for decision-making. The process can be repeated with the 

highest ranked alternative as reference and the lowest one removed until the result converges. 

Figure 1 shows an example of a Pugh matrix. [17] 

Criterion Alternative       

  Ref 1 2 new 

Request (w=5)   - - 0 

Request (w=4)   0 - + 

Request (w=3)   - 0 + 

Requirement (w=5)   - + 0 

Request (w=3)    - - - 

Sum +   0 5 7 

Sum 0   4 3 10 

Sum -   16 12 3 

Net value 0 -16 -7 4 

Rank 2 2 3 1 

Further development yes no no yes 

Figure 1 Pugh matrix example [17]. 

2.5.4 Point load testing on carton board packages 

Carton board packages are subjected to forces when being picked up and held by consumers. 

Depending on the properties like the structural stiffness and the structural strength of the 

packaging it will react different to the forces applied to it. By applying loads with varying 

geometries this was simulated and examined in 2014 by Bark and Hygerth. With the use of a 

uniaxial tensile testing machine equipped with various spherical indenters, a force, P, was 

applied to packages according to figure 2. The placement of the package was made with the 

center of the indenter located in the 

middle of the package in the y-direction 

and 10mm from the edge of the package 

in the x-direction. Force was then applied 

to the breaking point of the package. The 

maximum force reached in the tests was 

30N and the maximum structural stiffness 

reached was 22kN/m. The carton used 

when this force was reached was 

BillerudKorsnäs White with a grammage 

of 290 g/𝑚2 with the measurements 

50x78x110mm according to ECMA 

standard found in appendix A. [10] 
Figure 2 Demonstration of package orientation and 
direction of force applied [9]. 
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2.5.5 The BioTac  

The BioTac, shown in figure 3, is a tactile sensor developed by researchers at the University 

of Southern California. The sensor is developed to simulate a human fingertip and is able to 

register similar information with the exception of pain [4]. The sensor can manage loads 

between 0-50N. The load is registered when pressure is applied on the fluid inside the sensor 

[14]. The BioTac has a total of 19 electrodes spread over the area, which enables it to identify 

where on the surface the information is collected [18]. These parts can be seen in the cross 

section of the BioTac in figure 4.  

 

Figure 3 The BioTac [4].   Figure 4 Schematic cross section of the BioTac [14]. 

 

2.5.6 Hooke’s law 

Hooke’s generalized law in three dimensions for linear elastic materials can be used when 

making calculations for isotropic materials. Equation (1,2,3) gives the normal strain, 휀. 

Equation (4,5,6) gives the shear strain, 𝛾. Equation (7) gives the shear modulus, G. It is 

formulated as follows: 

휀𝑥 =  
1

𝐸
 [𝜎𝑥 −  𝜈(𝜎𝑦 + 𝜎𝑧)] +  𝛼 Δ 𝑇    (1) 

휀𝑦 =  
1

𝐸
 [𝜎𝑦 −  𝜈(𝜎𝑧 + 𝜎𝑥)] +  𝛼 Δ 𝑇    (2) 

휀𝑧 =  
1

𝐸
 [𝜎𝑧 −  𝜈(𝜎𝑥 + 𝜎𝑦)] +  𝛼 Δ 𝑇    (3) 

𝛾𝑥𝑦 =
𝜏𝑥𝑦

𝐺
        (4) 

𝛾𝑦𝑧 =
𝜏𝑦𝑧

𝐺
        (5) 

𝛾𝑧𝑥 =
𝜏𝑧𝑥

𝐺
        (6) 

where  

𝐺 =
𝐸

2(1+𝜈)
        (7) 
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and 𝜎= Stress (N/𝑚2), E= E-modulus (N/𝑚2), 𝜈= Poisson’s ratio, 𝛼= temperature coefficient 

of expansion, Δ 𝑇= temperature change in relation to a reference temperature where the 

temperature stress is zero and 𝜏=Shear stress (N/𝑚2). [19]  

A simplified version of this, called Hooke’s law, can be used to calculate the relationship 

between tension and strain for a linear elastic material. It is formulated as follows: 

휀 =
𝜎

𝐸
        (8) 

where 𝜎= Stress (N/𝑚2) and E= E-modulus (N/𝑚2). [20] 

A helical spring can be used as a model for a linear elastic material. The relationship between 

an applied force and an achieved deformation for a helical spring can be formulated as 

follows:  

𝑘 =
𝐹

𝛿
        (9) 

where k is the stiffness (N/m), F is the force (N), and 𝛿 is the deformation (m). [21] 

 

2.5.7 Stiffness matrix in FEM 

A helical spring can serve as an example to describe a force acting on an element with two 

nodes. This element can be described as follows, with [k] being the stiffness matrix: 

[𝑓] = [𝑘][𝑑]       (10) 

where [k] is the stiffness matrix, [d] is the nodal displacements and [f] is the nodal forces. If 

instead several elements are to be described a global stiffness matrix is used, which is 

formulate as follows: 

[𝐹] = [𝐾][𝑑]       (11) 

where [K] is the stiffness matrix of all the elements described, [d] is the global nodal 

displacements and [F] is the global forces. [22] 
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3 Method 

The project has been carried out with a method based on the design process as defined by 

SVID [16] and the methods of Wikberg Nilsson Å. et al. [23]. For parts of the process the 

methods presented by Johannesson, H. et al. [17] have been used.  

3.1 Preparation studies 

The preparation studies consisted of a literature study. This included reading about the BioTac 

sensor, the design process and methods connected to product development, measurement 

technology and previous work made within the research project this thesis is a part of.  

3.2 Specification of requirements 

The specification was developed based on the knowledge acquired from the preparation 

studies. The underlying methods used to produce this specification are the ones defined by 

Wikberg Nilsson Å. et al. [23] and Österlin K. [24]. The requirements and requests were 

chosen as a result of verbal communication with Christer Korin, Daniel Eriksson and 

Christophe Barbier. The requirements defined in this document are to be achieved by a final 

solution. It also included a number of requested features with varying importance. The 

specification can be found in chapter 4.1. The motivation for the content and the weighing of 

it can be found in chapter 4.1.1. 

3.3 Generating concepts 

With the requirements established the process of generating ideas and concepts was initiated. 

By breaking down the requirements into functions it was possible to find solutions enabling 

the functions. The solutions were found by a combination of brainstorming done by the 

project group members, sketching as seen in figure 5, and searching for standard components 

that satisfied the needed functions. These functions and solutions are presented in table 2 in 

chapter 4.2 as function/solution matrix. An evaluation of the functions was made where each 

one was given a number between 0 and 1 with the interval of 0,25. This number was then 

multiplied with the weight of the corresponding request. This was used to evaluate the 

solutions in relation to each other. This was based on methods used in a course part of the 

project group’s education [25]. Three concepts were then generated by combining the 

different solutions. The first concept was generated by combining the solutions given the 

highest scores. The second concept 

was generated by using the same 

combination of solutions as the first 

concept with the exception of the 

first function, which was replaced 

with the solution given the second 

highest score within its category. 

The third concept was created using 

a combination of solutions with 

varying scores. The concepts are 

presented in table 3 called Concept 

matrix.  Figure 5 Sketches from the generating of concepts. 



  

Rev 27, 2016-08-08 J Wesslén, O Lundberg  15 (37) 

3.4 Selecting a concept 

The concepts created were evaluated using a Pugh matrix. This method was used because it 

enables processing of several alternatives in relation to a reference alternative. The evaluation 

was made in two steps with different reference solutions. The first reference was the setup 

used at USC mentioned in chapter 2.2. The second reference was the concept ranked as 

number one in the first evaluation. Each concept was evaluated with regard to the reference in 

their fulfillment of the requirements and requests. When evaluating the potential to fulfill the 

requirements the degree of how well it is met was not assessed seeing how it is a requirement. 

It was only assessed as being fulfilled or not. The requests were assessed with the three-

degree scale defined in the Pugh method. This is presented in chapter 4.3 in table 4: Pugh 

matrix 1 and in table 5: Pugh matrix 2.   

3.5 Development of concept 

The concept ranked as number one in the Pugh matrix was chosen for further development. 

This was carried out by a combination of hand sketching, modeling using CAD-software 

(Computer Aided Design) and FEM-analysis (Finite Element Method). The CAD-software 

used was Creo parametric 2.0 student edition by PTC. The FEM-software used was 

Workbench 17.0 student edition by Ansys. These software applications were used because the 

project group had previous experience in using them. The solutions for the various functions 

defined for concept 1 was put together into a complete solution. The components intended for 

use were here specified. Some parts were modeled using measurements of the existing 

components that were intended for use in the prototype while others were modeled by own 

design to later be manufactured for the prototype. This included defining the measurements of 

the various components.  

Both members of the project group where involved in the discussions regarding the 

development of the concept. One member handled the CAD-modeling and FEM-analysis. The 

results from the FEM-analyzing were used to calculate the achieved stiffness of the 

construction in the critical areas. This was calculated using Hooke’s law [21]. An estimation 

of the costs of the parts needed to build the concept was made using quotations from retailers 

and online price lists. This estimation can be found in appendix C.  

3.6 Making of prototype model 

The making of the prototype model took place in the lab of Örebro University with their 

resources. The building of the prototype model consisted of gathering material as consistent 

with the concept idea as possible and modifying it to suit the needs. The tools used were 

chosen because they were the ones available in the lab that were suited for the type of work 

required. The level of accuracy achieved by the tools used varied. The equipment used: 

Ultimaker 2 3D-printer with a 0,4mm nozzle; Machine drill on a mounted stand; Machine 

saw; Handsaw; Digital caliper; Measuring tape; Spirit level; Hex keys; Wrenches; 

Screwdrivers. 

3.7 Testing of prototype model 

After the prototype was finished tests were made to see if the functions of the setup was in 

order. The tests were not performed on carton board or with the BioTac mounted. The reason 
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for this was that the movement of the cartridge did not work well enough for it to be worth to 

test with the BioTac mounted. 
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4 Results 

4.1 Specification of requirements  

Table 1: Specification of requirements 

 The setup must fulfill the following requirements:  

A Fulfilling the health and safety regulations of the machinery directive  

B Function in standardized test climate and regular indoor climate  

C Be compatible with a BioTac sensor  

D Guarantee objective execution of repeated tests   

E Be able to measure the total force in the setup, while performing tests  

F Be able to test packages in varying sizes, (AxBxH), ECMA appendix A,   

 From 60x30x60mm To 150x150x400mm  

 The setup may preferably fulfill the following requests:   

 Higher number means more important request  (1-5) 

G Be at least 100 times more rigid than the package  5 

H Allow measuring of the position of the sensor in the z-direction 5 

I Not allow displacement of the package during test 5 

J Allow the sensor to be angled, maximum ±30° around the y-axis* 3 

K Allow the support plate for the package to be angled, maximum ±10° around the 

y-axis*  

3 

L Allow the support plate for the package to be angled, maximum ±10° around the 

x-axis*  

2 

M Allow for the tests to be videotaped  3 

N Allow utilization of the vibration measuring abilities of the BioTac sensor 2 

O Allow measuring of tangential forces when testing 1 

P Automated movement of the sensor in the z-direction 3 

Q Be movable 2 

R Be able to test packages in varying sizes, (AxBxH), ECMA appendix A,  

From 40x10x50mm  

2 

 *The angle is 0° when the part is parallel to the surface the setup is standing on. A 

reference within the setup will be defined when possible. The stability of the angle will 

be big enough to not affect the test results more than the rigidity of the setup. 

 

 

Figure 6 The BioTac with coordinate system for reference [4]. 
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4.1.1 Motivations for requirements and requests  

The requirements and requests are motivated as follows: 

 A: In order for the final test setup to be used for standard testing it must meet the 

regulations defined by SIS in the machinery directive 2006/42/EC. [26]  

 

 B: The setup including all its components need to function in regulated climate 
according to standards for testing of carton board packages [27]. It must also function 

in unregulated indoor climate.  

 

 C: The setup is designed to fit a BioTac sensor which includes, in addition to the 
sensor, the adaptor for its mounting as well as the necessary cables. 

 

 D: The test results should, to the extent possible, not be affected by who is performing 

the tests or how many times they are done.  

 

 E: In addition to the force measuring capabilities of the BioTac another device is 
needed to measure the total force in the setup when performing tests.  

 

 F: The setup needs to be able to perform tests on packages of varying sizes. The 
smallest dimensions are 60x30x60mm, (AxBxH). This is the approximate size of a 

carton board package for a perfume bottle. The biggest dimensions are 

150x150x400mm, (AxBxH). This is a generous approximation of a carton board 

package for whisky bottles.  

 

 G: The setup should be at least 100 times more rigid than the package being tested in 

order to avoid deformation of the setup, which otherwise might affect the test results. 

This is rated as a value 5 request because it is directly connected to requirement D.  
 

 H: The possibility to measure the position of the sensor in the z-direction is a necessity 

to be able to repeat tests. The z-direction is the sensors direction of travel towards the 

package. This is rated as a value 5 because it is connected to requirement D.  

 

 I: The package must not be displaced while performing a test or the test will be 
useless. This is rated as a value 5 because it is connected to requirement D. 

 

 J: The possibility of angling the sensor around the y-axis allows the test method to be 

customized to be better suited for testing. The limits ±30° is estimated to cover the 

needed range of angles. This is rated as a value 3 request. Because, if fulfilled, it 

would allow more advanced testing but it is not crucial to the functionality of the 

setup.   

 

 K: Angling of the package support plate around the y-axis would, similar to request J, 

allow customization of the test method. The limits ±10° is estimated to cover the 
needed range of angles. This is rated as a value 3 request. Because, if fulfilled, it 

would allow more advanced testing but it is not crucial to the functionality of the 

setup.   
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 L: Angling the package support plate around the x-axis could be useful and allows 

further customizations in additions to request J and K. It is rated as a value 2 request 

because it is similar to J and K, but does not add as much value seeing how the 

angling is around the x-axis.  

 

 M: In order to analyze and repeat tests it is useful to be able to videotape the 
procedure. This is rated as a value 3 because it connects to parts of requirement D by 

enabling repetition of tests.  

 

 N: The BioTac sensor has the capability to measure vibration, which could be an 
interesting feature to use in future testing. However this setup is supposed to be 

designed in order for the BioTac to measure force which is why this request is valued 

as a 2.  

 

 O: The BioTac also has the ability to measure tangential forces. This could be 

interesting in the future which justifies including it in the requests. The value of this 

request is 1 because it is not the focus of the project.  

 

 P: Automated movement of the sensor in the z-direction would minimize the influence 
of the human factor imposed on the tests. This is rated as a value 3 because it is 

connected to request D. 

 

 Q: The request that the setup should be movable comes from the idea that the setup up 
could be brought to different locations to perform test rather than being stationary lab 

equipment. This is rated as a value 2 because it is regarded as a good feature but not in 

any way crucial to the testing.  

 

 R: The setup could preferably be able to handle packages with the minimum 
dimensions 40x10x50mm, (AxBxH). This is the approximate size of a pastille box. 

This request is rated as a value 2 because, if fulfilled, it could be a useful feature but 

generous dimensions are already defined as requirements.   

4.2 Generating concepts 

In table 2 on the next page the function/solution matrix is presented. Each defined function 

corresponds to one or several of the requirements and requests. The functions are not 

necessarily limited to meeting only one requirement or request each, but can be connected to 

several. The functions presented are physical functions identified from the specification of 

requirements. It only includes the functions to which solutions have been found. This is the 

reason why not all of the requirements and requests are reflected in the functions. The weight 

of each solution is determined by the most relevant corresponding requirement or request in 

the specification of requirements. The rating is multiplied with the weight, which results in 

the value. The values of the functions were used to put together three concepts. The function 

Plate angling did not make it into any concept because it was considered to be incompatible 

with the more important function Packaging placement. The concepts are presented in table 3 

later in this chapter. An explanation of the various solutions is presented after table 2 on the 

next page. 
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Table 2: Function/solution matrix 

Movement z-axis Weight Rating Value 

Ball screw 5 1 5 

Pneumatics 5 0,25 1,25 

Machine drill stand 5 0,5 2,5 

Height gauge 5 0,75 3,75 

Position measuring z-axis Weight Rating Value 

Mounted digital caliper 5 1 5 

Manual measuring scale 5 0,25 1,25 

Laser sensor 5 0,25 1,25 

Ultrasound 5 0,5 2,5 

Packaging placement Weight Rating Value 

Parallel measuring scales 5 0,75 3,75 

L-square 5 0,25 1,25 

Total force measurement Weight Rating Value 

Multi axial load cell 5 0,75 3,75 

Uniaxial load cell 5 1 5 

Sensor angling Weight Rating Value 

Free rotational pin 3 0,75 2,25 

Fixed step rotation 3 0,5 1,5 

Plate angling Weight Rating Value 

Screw feet 2 0,5 1 

Ball lock pin 2 0,5 1 

Ball joint 2 0,25 0,5 

 

Function/solution explanation 

Movement z-axis 

 Ball screw; enabling linear movement by translating rotational movement into linear 

movement.  

 Pneumatics; Enables movement through controlling of air pressure.   

 Machine drill stand; Intended for enabling the uniaxial movement required for drilling. 

Operated by hand.  

 Height gauge; Intended for measuring height with a built in digital measuring device. 

Movement enabled by uniaxial movement operated by hand.  

Position measuring z-axis 

 Mounted digital caliper; Digital measuring device moving along a rail. The device is 

mounted on the part of which the movement is intended to be measured while the rail 

is mounted on a non-moving part.  

 Manual measuring scale; This would be a measuring scale used as reference for the 

movement of the part desired to measure. It would be read manually. 
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 Laser sensor; The laser sensor would be mounted on the moving part and measure the 

distance to a non-moving surface by sending out laser beams and receiving a 

reflection. 

 Ultrasound; The ultra sound sensor would be used in a similar way as the laser sensor. 

It would be mounted on the moving part and measure the distance to a non-moving 

surface by sending out, and receiving, ultra sound.  

Packaging placement 

 Parallel measuring scales; Two parallel measuring scales would be placed on bars. 

Between these bars the package would be placed. This would enable measuring of the 

package position in one axis.  

 L-square; The l-square would be a 90° bracket enabling measurement of the package 

placement in two axes. 

 

Total force measurement  

 Multi axial load cell; This would be able to measure loads in several axes, which 

would be of interest if the setup allowed applying loads from more than one direction.  

 Uniaxial load cell; This allows measuring of loads in one axis, which is all that is 

required of the setup since it is only able to apply loads from one direction.  

Sensor angling 

 Free rotational pin; This would mean a rotation where the angle can be set to any 

value within a given range.  

 Fixed step rotation; This would mean a rotation where the angle can only be set to 

previously defined values within a given range.  

Plate angling 

 Screw feet; This would mean that the plate arrangement is mounted on screw feet 

which, when regulated, would change the angle of the plate in two axes to any angle 

within a given range.   

 Ball lock pin; This would mean that the plate arrangement is mounted with legs that 

can be regulated in previously defined steps through ball lock pins. This would enable 

changing the angle of the plate in two axes to previously defined angles within a given 

range.  

 Ball joint; This would mean that the plate arrangement would be mounted on a ball 

joint that would enable angling of the plate in two axes to any given angle within a 

given range.  
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In table 3 the concept matrix is presented. This matrix demonstrates the three concepts with 

their solutions to each corresponding function. Note that the plate angling was not included in 

any concept. Concept 1 is put together by the solutions with the highest values from each 

category of functions. Concept 2 is put together with the same combination as concept 1 with 

the exception of the solution for the movement in the z-direction, which instead features the 

second best alternative. Concept 3 is put together by a combination of solutions with varying 

values.  

Table 3: Concept matrix 

Function Concept 1 Concept 2 Concept 3 

Movement z-axis Ball screw Height gauge Machine drill stand 

Position measuring 
z-axis 

Mounted digital 
caliper 

Mounted digital 
caliper 

Manual measuring 
scale 

Packaging 
placement 

Parallel measuring 
scales 

Parallel measuring 
scales 

Parallel measuring 
scales  

Total force 
measurement Uniaxial load cell Uniaxial load cell Uniaxial load cell 

Sensor angling Free rotation pin Free rotation pin  Free rotation pin 
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4.3 Selecting a concept 

Table 4 demonstrates Pugh matrix 1 with the first concept evaluation made according to the 

Pugh method with the USC-setup as reference. The USC-setup is mentioned in chapter 2.2. 

Note that the criterions listed as requirements are not included in the summation.  

Table 4: Pugh matrix 1 

    Alternative       

Criterion Weight Reference Concept 1 Concept 2 Concept 3 

A requirement USC-setup + + + 

B requirement USC-setup + + + 

C requirement USC-setup + + + 

D requirement USC-setup + + + 

E requirement USC-setup + + + 

F requirement USC-setup + + + 

G 5 USC-setup + + + 

H 5 USC-setup + + + 

I 5 USC-setup + + + 

J 3 USC-setup + + + 

K 3 USC-setup 0 0 0 

L 2 USC-setup 0 0 0 

M 3 USC-setup 0 0 0 

N 2 USC-setup 0 0 0 

O 1 USC-setup 0 0 0 

P 3 USC-setup + 0 0 

Q 2 USC-setup + + + 

R 2 USC-setup + + + 

Sum +     25 22 22 

Sum 0     5 6 6 

Sum -     0 0 0 

Net value   0 25 22 22 

Rank   3 1 2 2 

Develop           
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Table 5 demonstrates Pugh matrix 2 with the second concept evaluation made according to 

the Pugh method with concept 1 as reference. Using the highest ranked alternative from a 

previous round as reference in a second round of evaluation is recommended in the Pugh 

method. Note that the criterions listed as requirements are not included in the summation.  

Table 5: Pugh matrix 2 

    Alternative     

Criterion Weight Reference Concept 2 Concept 3 

A requirement Concept 1 + + 

B requirement Concept 1 + + 

C requirement Concept 1 + + 

D requirement Concept 1 + + 

E requirement Concept 1 + + 

F requirement Concept 1 + + 

G 5 Concept 1 - - 

H 5 Concept 1 0 - 

I 5 Concept 1 0 0 

J 3 Concept 1 0 0 

K 3 Concept 1 0 0 

L 2 Concept 1 0 0 

M 3 Concept 1 0 0 

N 2 Concept 1 0 0 

O 1 Concept 1 0 0 

P 3 Concept 1 - - 

Q 2 Concept 1 + + 

R 2 Concept 1 0 0 

Sum +     2 2 

Sum 0     9 8 

Sum -     7 12 

Net value   0 -5 -10 

Rank   1 2 3 

Develop   yes no no 

 

4.4 Development of concept 

The concept that was developed consists of a ball screw with a moving cartridge. The BioTac 

sensor is mounted on this cartridge with an arm, with the possibility of angling +/-30°. The 

ball screw is driven by a servomotor, which handles the movement of the cartridge in the z-

direction. This motor is operated with a Genuino microcontroller. The measuring of the 

cartridge movement is done by a digital caliper, which is mounted on the side of the ball 

screw frame. The moving part of the caliper is mounted on the cartridge on the ball screw. 

The information registered by the caliper is sent by cable to a computer where it is saved.  
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The total force measuring is ensured by a uniaxial load cell, which is located underneath the 

plate on which the package is supposed to be placed. The package placement is managed with 

two parallel bars with measuring scales, which move above the plate in the x-direction. These 

scales ensure the measuring in the y-direction and measuring scales on the package plate 

ensure the placement in the x-direction. The whole setup is mounted on the same aluminum 

frame with screw feet. These screw feet enable adjusting the whole setup to the surface it is 

standing upon and are not to be confused with the screw feet mentioned in connection to the 

plate angling. The beams in the CAD-model are all made as solid parts, which demonstrate 

the right measurements. The exception is the arm holding the finger, which is modeled as a 

hollow beam. The reference for the angling of the arm holding the sensor is the package 

placement plate. 

Figure 7 is showing a rendered picture of the concept CAD-model. The measurements of the 

setup can be found in the drawings in appendix E. A cost estimate for the concept can be 

found in appendix C. 

 

Figure 7 CAD-model of concept for setup with the BioTac mounted and coordinate system for 

reference. The close up is showing the arm with an adapter holding the BioTac. 
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4.4.1 FEM-analysis of arm and support plate 

The FEM-analysis demonstrated in figure 8 simulates the force acting on the mounting arm 

for the BioTac sensor. The FEM-analysis is made with the material set as steel and with the 

back plate fixed and the force applied at the tip of the arm in the positive z-direction 

according to figure 8. The force applied was a remote force of 50N applied 0.05 mm from the 

tip of the mountain arm. This force was chosen because it is the maximum force the BioTac 

can handle [14]. The number of nodes uses in the calculation was 31340 and the number of 

elements was 13098. The E-modulus used was 200 GPa, as the material used was steel. The 

Poisson value was 0,3. The simulation was not performed with a CAD-model of the BioTac or 

with values simulation it. The reason for this is that a CAD-model with the right properties 

was not available, neither was the values to simulate it. Figure 8 shows the simulation of the 

total deformation reached when applying the force. The values are deformation measured in 

millimeters and are connected to the color scale, which correspond to the colors of the model.  

 

Figure 8 FEM-analysis of the arm intended for mounting of the BioTac sensor. 

The maximum deformation was used to calculate the stiffness of the arm. The stiffness k was 

calculated with the use of equation 9 found in chapter 2.5.6. The applied force and the 

achieved deformation were inserted in the equation, which gave a value for k. This is 

presented in equation 12. 

𝑘 =
50𝑁

10,428∗10−6𝑚
= 4,8 ∗ 103kN/m        (12) 

𝑘 is the stiffness (N/m). 
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This value was used in comparison to the stiffness value of the package presented by Bark 

and Hygerth [10]. This comparison gives a ratio, which is presented in calculation 13.  

𝑆𝑎𝑟𝑚

𝑆𝑝
=

4,8∗103 kN/m

22 kN/m
= 218         (13) 

𝑆𝑎𝑟𝑚 is the stiffness of the arm (N/m), 𝑆𝑝 is the stiffness of the package (N/m). 

The FEM-analysis in figure 9 demonstrates the force acting on the plate supporting the load 

cell from underneath. The analysis was made with the material of the plate set as steel and the 

material of the load cell as aluminum. All the meeting points of the parts are fixed. The force 

was applied on the topside of the load cell and the magnitude of the force applied was 50N. 

Again, this force was chosen because it is the maximum force the BioTac can handle [14]. 

The number of nodes used in the calculation was 31340 and the number of elements was 

2500. The E-modulus used was 200 GPa for the steel parts and 71 GPa for the aluminum. The 

Poisson values where 0,3 for the steel and 0,33 for the aluminum. The plate for the package 

placement is mounted on the small supporting area of the loading cell and is held in place by 

two screws. The simulation was not performed using the whole frame seeing how Ansys was 

not able to process it all.  

 

 

Figure 9 FEM-analysis of the plate intended for mounting of the load cell. 

The maximum deformation was used to calculate the stiffness of the plate. The stiffness k was 

calculated with the use of equation 9 found in chapter 2.5.6. The applied force and the 

achieved deformation were inserted in the equation, which gave a value for k. This is 

presented in equation 14. Note that the deformation value used is the one of the support plate, 

which in figure 9 belongs to the turquoise area.  

𝑘 =
50𝑁

16,049∗10−6𝑚
= 3.12 ∗ 103 kN/m        (14) 
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𝑘 is the stiffness (N/m). 

This value was used in comparison to the stiffness value of the package presented by Bark 

and Hygerth [10]. This comparison gives a ratio, which is presented in calculation 15.  

𝑆𝑝𝑙𝑎𝑡𝑒

𝑆𝑝
=

3,12∗103 kN/m

22 kN/m
= 142        (15) 

𝑆𝑝𝑙𝑎𝑡𝑒 is the stiffness of the plate (N/m), 𝑆𝑝 is the stiffness of the package (N/m). 

 

4.5 Making of prototype model 

The base of the prototype is a frame made out of various aluminum profiles. The 

measurements of the bottom rectangle are 520*650 mm and the total height is 1120 mm. 

Mounted on the frame is a ball screw module with an original total operating length of 750 

mm. This length is limited to 300 mm by the digital caliper mounted on the cartridge of the 

ball screw module. The ball screw module is mounted with a screw from the bottom and is 

supported near the top by an aluminum profile beam attached to the bottom frame. Two 

brackets also support the module by its foot. On the top of the ball screw is a servomotor 

placed which handles the rotation of the screw. This motor is operated with a Genuino Uno 

microcontroller. The Genuino was programmed to repeatedly run the motor counterclockwise 

half a revolution and then half a revolution clockwise. The clockwise rotation is of a higher 

speed than the counterclockwise rotation. The motion is repeated until the operation aborts. 

See appendix D for specifications of the Genuino Uno. 

On the cartridge of the ball screw module is the arrangement for the mounting of the BioTac 

sensor attached. This mounting consists of an angled plate connected to the cartridge with an 

opposite plate attached with two screws. Between these plates is the arm for the BioTac 

placed. The arm, which is made out of a steel beam with rectangular cross section, rotates 

around a screw with an angle of +/-15°. The reference for the angle is the package plate and 

the angle is controlled with a digital angle measurement device. On the tip of the arm are two 

3D-printed parts for the BioTac. One part is inserted in the arm and the other is attached to the 

first part with screws. The frame of the setup also holds the plate on which the package is 

supposed to be placed. This plate is mounted on an aluminum beam, giving it the required 

height needed to meet the BioTac sensor when it is in its lowest position. All the aluminum 

beams were put together with the use of screws and brackets connected to bolts placed in the 

tracks of the beams. Picture 2 on the next page shows the setup. 
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Picture 2: Showing: whole setup, ball screw with caliper, arm and adapter for BioTac sensor. 

4.6 Testing of prototype 

In the testing of the prototype the ball screw was rotated with the servomotor controlled by 

the Genuino microcontroller. This was successful in the sense that the rotation resulted in 

movement of the cartridge in negative and positive z-direction. The digital caliper mounted on 

the cartridge moved along and registered the distance. However the running of the motor 

resulted in noticeable vibrations in the setup detectable when touching it.  
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5 Discussion 

5.1 Specification of requirements 

When composing the specification of requirements the main goal was to define what was to 

be expected of the solution. Another goal was to cover all the possible aspects that could be 

relevant when evaluating the concepts. This refers to the criterions connected to the features 

of the BioTac that was not really needed for the kind of testing the setup was intended to 

enable. Seeing how several of the criterions were not met by any solution it can be argued that 

the specification of requirements aimed too high. However these criterions could be useful in 

the possible continuation of this work.  

5.2 Evaluation of Pugh matrix results 

When the concepts were evaluated using the Pugh matrix the first round resulted in a number 

one concept. However the margin to the lower rated concepts was only by a few points. For 

this reason a second round of evaluation was made according to the Pugh method. This time 

the number one concept from the first round was used as reference with the result of it still 

being the highest rated one.  

In the first round of evaluation, Pugh matrix 1, all the concepts got the same grading in 

relation to the reference, except for concept 1 which got a higher grading than the other 

concepts on criterion P. The reason why the grading is this similar between the concepts is 

believed to be because the concepts to some extent consist of the same partial solutions. 

Another reason is that the assessment is only made on a three-degree scale where all the 

solutions that are graded as better than the reference receive the same score, + (plus), in the 

matrix. This would explain the criterions where the concepts have been graded as better than 

the reference solution.  

The criterions where the concepts have been graded as equal to the reference, 0 (zero), are 

either not fulfilled at all by the concepts or fulfilled as well as the reference. If the criterion is 

not fulfilled at all it means that a function connected to the criterion is not featured in the 

concept. If all the criterions where the concepts have received the same score were to be 

removed the ranking of them would not change. However the evaluation of these criterions 

made in relation to the reference would be lost.  

In the second round of evaluation, Pugh matrix 2, where concept 1 is used as reference, the 

results differ more than in the first round. The criterions where the concepts are valued as 

equal to the reference are for the most part connected to functions not featured in the 

concepts. If these criterions were to be removed the ranking of the concepts would not 

change. However when keeping them in the evaluation it is shown that the three concepts in 

relation to each other fulfill these criterions to the same extent with the use of the three-degree 

scale, which motivates keeping them in the evaluation. With the two rounds of Pugh matrix 

evaluation completed concept 1 was ranked as the best concept.  

Apart from the described problems with the method there is also the problem of the 

objectivity of the Pugh matrix method. The ranking is not to be regarded as an absolute truth 

just because it offers a division of things with a number value. One must remember that the 
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ranking is based on subjective assessments. However the Pugh matrix method does offer the 

possibility to divide the evaluation into several assessments, which makes it easier to be true 

to each criterion. Even when evaluating one criterion at a time total objectivity is impossible 

to achieve. This is a problem beyond the Pugh matrix method. That is because the problem is 

made up of the preferences of the person evaluating as well as the person’s understanding of 

the criterions and alternatives being evaluated. Therefore this problem is something that 

would affect any evaluation method. If the evaluation is made through a discussion between 

several people the preferences and the personal understanding of things can be questioned. 

This is something that promotes the objectivity seeing how the evaluations are based on the 

wider knowledge of several people.  

With the reasoning motivating the similar results on several of the criterions and the reasoning 

regarding the objectivity of the Pugh method and the objectivity of the people doing the 

evaluation the results from the matrix served as a satisfactory basis for making the decision to 

develop concept 1.  

5.3 Evaluation of concept  

The development of the concept was made with the requirements and requests in mind. The 

theories of measurement technology were also present in the development with the aim to 

enable a test method that quantifies qualitative features.  

The ball screw that is part of the concept is operated with the use of a servomotor. This is to 

serve the requirement of guaranteeing objective execution of repeated tests because a motor, 

operated by a program, handles the movement. A digital caliper mounted on the same moving 

part as the sensor registers this movement. This combination makes sure that the movement, 

and the measuring of it, will not depend on the person performing the test.  

However the deformation that occurs on the fingertip when performing tests is not measured. 

The setup registers how far the cartridge holding the sensor has travelled when performing a 

test and the sensor will react differently depending on the type of package being tested. Even 

though measuring of the finger deformation could be interesting the information about the 

cartridge movement and the reaction in the sensor is considered to be sufficient to perform 

and document repeated tests, which was the goal of the setup.  

The placement of the package is handled by two parallel bars equipped with measuring scales, 

which moves above the plate that the package lies upon. The plate is also equipped with 

measuring scales perpendicular to the ones moving above. This enables measuring of the 

package placement in order to be able to repeat the test. Seeing how the adjustment of the bars 

and the placing of the package is made by hand this setting is, to a greater extent than the 

sensor movement, affected by the person performing the tests. However the solution does 

provide the possibility to register the measurements and repeat the tests. These bars also 

serves as supports keeping the package in place during testing, which serves the requirement 

of not allowing displacement of the package during tests.  

The total force measurement of the setup is performed by a uniaxial load cell placed under the 

package placement plate. The uniaxial load cell is suited for the intended use seeing how the 

load applied is uniaxial. The information registered by this load cell can be used to evaluate 
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individual tests. It can also be used when doing repeated testing to ensure that the total force 

does not differ when it should not. Thus this also helps guaranteeing objective execution of 

repeated testing.  

The bottom frame on which the whole setup is standing was dimensioned to be able to 

support the package plate as well as the rails for the parallel bars with measuring scales 

intended for placing the package. The bottom frame is also the base for the ball screw, which 

is attached in the bottom and on the side by a support. The stiffness of the setup was requested 

to be 100 times the stiffness of the package. The critical parts in achieving this were the arm 

holding the BioTac sensor and the plate supporting the load cell from underneath. These parts 

both exceeded the value requested, as seen in the results in calculation (13) with the value 218 

and (15) with the value 142. 

All the parts of the concept are functioning in standardized test climate and regular indoor 

climate. As for the health and safety regulations of the machinery directive the setup would 

have to be covered up in a shell in order to not allow for the user to possibly get stuck in the 

moving parts. The setup would also need an emergency break system. As for the ergonomics 

the setup does allow a comfortable working situation seeing how it can be placed on a table of 

desired height. The movement required for performing tests would be placing the package, 

while the actual movement during the test would be controlled with a computer. Thus the 

setup does not require any heavy lifting and allow for adjustments to suit the length of the 

operator.  

5.4 Evaluation of prototype model  

An evaluation of the prototype in regards to the specification of requirements gives the 

following: 

 A: The prototype does not fulfill the health and safety regulations of the machinery 

directive. The machinery directive does not apply to temporary lab equipment, which 

excludes the prototype from having to comply with it. However a final setup for 

testing would have to fulfill this requirement.  

 B: The prototype does meet the requirement of functioning in standardized test climate 

and regular indoor climate seeing how all the components are functioning in specified 

climates.  

 C: The prototype does meet the requirement of being compatible with a BioTac sensor 

seeing how it includes a mounting for the BioTac and allows necessary cables.  

 D: The prototype does not meet the requirement of guaranteeing objective execution 

of repeated tests seeing how it does not include all the equipment intended to for 

measurements of the tests. The missing components are the load cell and the parallel 

bars for package placement. 

 E: The prototype does not meet the requirement of being able to measure the total 

force in the setup when performing tests seeing how the load cell intended for the total 

force measuring is not installed.  

 F: The prototype does meet the requirement of testing packages in sizes varying from 

60x30x60mm to 150x150x400mm seeing how the package plate allows the requested 
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measurements and the BioTac movement in the z-direction allows for the sensor to go 

as low as requested. 

 G: The request of the setup being 100 times stiffer than the package cannot be 

assessed as fulfilled, as it has not been thoroughly tested.  

 H: The request of allowing measuring of the sensor position in the z-direction is met 

by the prototype with the use of the digital caliper mounted on the cartridge for the 

arm holding the BioTac sensor.  

 I: The request of not allowing displacement of the package during testing is not met by 

the prototype because the measuring scales for package placement are missing. 

 J: The request of allowing angling of the sensor +/- 30° is not met. However the 

prototype does allow angling of the sensor within the range of +/- 15°.  

 K: The request of allowing angling the package plate around the y-axis is not met by 

the prototype. Neither was it featured in the concept. 

 L: The request of allowing angling the package plate around the x-axis is not met by 

the prototype. Neither was it featured in the concept. 

 M: The request of allowing the tests to be videotaped is assessed as being partially met 

by the prototype. The prototype does allow videotaping from 270° around the 

package, but not from the point of view of the finger.  

 N: The request of allowing utilization of the vibration measuring abilities of the 

BioTac is not met by the prototype. Neither was it featured in the concept. 

 O: The request of allowing measuring of tangential forces when testing is not met by 

the prototype. Neither was it featured in the concept. 

 P: The request of having automated movement of the sensor in the z-direction is met 

by the prototype with the use of the ball screw driven by the servomotor managed by 

the Genuino microcontroller.  

 Q: The request of the setup being movable is met by the prototype seeing how it can 

be picked up and moved by one person.  

 R: The request of testing packages from the size 40x10x50mm is met by the prototype 

seeing how the package plate allows the requested measurements and the BioTac 

movement in the z-direction allows for the sensor to go as low as requested. 

The prototype model that was built differs from the one specified in the concept. It does 

feature the ball screw module with the mounted digital caliper, which enables movement of 

the sensor in the z-direction. The arm for the mounting of the sensor is of greater thickness 

and greater cross sectional area than the one tested in the FEM-analysis and therefore should 

be stiffer. However the prototype mounting of the arm differs from the concept in such ways 

that the stiffness could be negatively affected. The adapter for the BioTac is a 3D-printed 

plastic version and not the one supplied by Syntouch. This could also affect the stiffness 

negatively.  

The angle range for the arm is not as wide as the one specified in the concept. This is because 

the arrangement for the mounting of the arm was made different from the concept as an affect 
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of time shortage in the project. However the arrangement does allow angling of the arm. 

The arrangement for the mounting of the package plate is more robust than the one in the 

concept and should therefore be of a higher stiffness. This arrangement does not feature the 

load cell because it had not been delivered when the project was due. The parallel bars 

intended for the package placement are not part of the prototype either due to time shortage.  

The test run of the Genuino and motor resulted in noticeable vibrations in the setup. This is 

considered a major fault in the prototype because it can affect the outcome of the test results 

from the BioTac. Due to lack of time at the end of the project a solution to this problem was 

not implemented. However various solutions to the problem were discussed. To reduce the 

vibrations observed during the tests the motor should be replaced by another motor. This 

should be installed in combination with gears allowing the motor to operate at higher speeds 

while still maintaining a low speed for the ball screw. This would result in a smoother 

movement causing less vibration. The motor could also be mounted using rubber spacers, 

which would absorb some of the vibrations.   

5.5 Overall Evaluation  

The setup works on a concept level but when built as a prototype model is has some major 

flaws causing it to not meet the requirements. Some of the flaws are an effect of parts not 

being delivered. Others are flaws caused by included solutions not working satisfactory.  

Therefore the setup does not at this stage enable a method for objective measuring of grip 

stiffness with the use of a BioTac sensor. However the features of the setup have the potential 

to be improved to work satisfactory. If the prototype is corrected it should be useful in testing 

packages with the BioTac. Therefore this project is to be viewed as a step closer to measuring 

grip stiffness of packages.  

As a step forward in this quest the project will hopefully have promoted optimization of 

packages. If so, a reduced use of material will have been promoted which benefits the 

environment and is to be viewed as sustainable development. 

The concept could with some modification allow testing with the BioTac on products other 

than carton board packages. These products would have to be within the size limits defined 

for the smallest and largest packages the concept allows. If needed the plate intended for 

package placement could be replaced by various attachments suited to fit the needs of various 

products.  

5.6 Continued work 

The continued work should consist of optimizing the features of the prototype and testing it 

thoroughly. In addition to this the continued work should also consist of finding solutions to 

the requests that was not included in the concept.  

This means correcting the problems with the vibrations from the motor and writing a proper 

code for the Genuino microcontroller. This also means fixing a the proper mounting of the 

arm for the BioTac, the parallel bars for placing of the package and the load cell for 

measuring of the total force.  

The specification of requirement contains several criterions not met by the concept or the 

prototype and is therefore a good basis for possible improvements. 
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6 Conclusions 

 Several concepts of a test setup for the BioTac were generated  

 A concept of a test setup for a BioTac sensor enabling a laboratory method for 

repeated tests objectively assessing grip stiffness of packages was successfully 

developed  

 A prototype model of a test setup for the BioTac was built  

 The prototype model was not successful in enabling a laboratory method for repeated 

tests objectively assessing grip stiffness of packages with the BioTac 

 The prototype model could with some improvements enable a method for testing 

packages with the BioTac 
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Appendix A: ECMA Carton measurement standard 

 

ECMA. European Carton Makers Association Code of Folding Carton Design Styles. 

Retrieved: 27-5-2016. URL: http://www.ecma.org/publications/code-of-folding-carton-

design-styles.html 
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Appendix B: Vetek load cell specification 

 

Specification: 

Measurements: 130x25,4x22 mm (Length*Width*Height) 

Accuracy: +/- 0,033%  

Load cell material: Aluminium IP66 

Load cell type: Single point (off center) 

Capacity: 6,00 kg 

Vetek. Load cell 6 kg, Single point, Aluminium. Retrieved: 27-5-2016. URL: 

http://www.vetek.com/load-cell-6-kg-oiml-single-point-aluminium-/article 
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Appendix C: Cost estimate for concept 

This shows the cost estimation that was made for the parts needed to build the concept model. 

It is a combination of quotations from companies and online price lists. The specific products 

of which the prices have been taken are not necessarily the ones to be used in a final setup. 

Cost estimate  

Part Price SEK 

Ball screw module (Quotation from Aluflex) 17000 

Digital caliper (Online price list) 6000 

Uniaxial load cell with transmitter (Quotation from Vetek) 2400 

Arduino/Genuino components (Online price list) 900 

Aluminum and steel profiles (Online price list) 1000 

Remaining components, screws, feet (Online price list) 500 

Total  27800 
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Appendix D: Genuino Uno microcontroller 

 

Arduino/Genuino Uno board anatomy 

1. Digital pins Use these pins with digitalRead(), digitalWrite(), and analogWrite(). 

analogWrite() works only on the pins with the PWM symbol. 

2. Pin 13 LED The only actuator built-in to your board. Besides being a handy target for your 

first blink sketch, this LED is very useful for debugging. 

3. Power LED Indicates that your Genuino is receiving power. Useful for debugging. 

4. ATmega microcontroller The heart of your board. 

5. Analog in Use these pins with analogRead(). 

6. GND and 5V pins Use these pins to provide +5V power and ground to your circuits. 

7. Power connector This is how you power your Genuino when it’s not plugged into a USB 

port for power. Can accept voltages between 7-12V. 

8. TX and RX LEDs These LEDs indicate communication between your Genuino and your 

computer. Expect them to flicker rapidly during sketch upload as well as during serial 

communication. Useful for debugging. 

9. USB port Used for powering your Genuino Uno, uploading your sketches to your Genuino, 

and for communicating with your Genuino sketch (via Serial. println() etc.). 

10. Reset button Resets the ATmega microcontroller.  

Arduino. Arduino/Genuino Uno Board Anatomy. Retrieved: 27-5-2016. URL: 

https://www.arduino.cc/en/Guide/BoardAnatomy 
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Appendix E: Concept drawings 
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