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Sammanfattning 
RECCO AB är ett företag som utvecklar räddningssystem för lavinolyckor. Systemet fungerar 

genom en RFID tag (reflektor) och en detektor. Detektorn känner av reflektorn som sitter på 

jackan, hjälmen, skon eller pjäxan upp till 200 meters avstånd eller 30 meter genom snön. 

Detektorn används av erfaren lavinräddningspersonal. RECCO ska implementera reflektorer i 

vandringsskor för att söka efter människor som är i skogen och uppe i bergen.  

Syftet med examensarbetet är att utveckla en skotestmaskin som ska kunna testa livslängden på 

reflektorn. 

Bakgrundsundersökningen genomfördes genom en informationssökning om biomekanik i ben och 

fot, olika benrörelser som kan påverka skon, olika typer av vandringsskor och olika 

skotestmaskiner som finns ute på marknaden idag.  

Genomförandet av projektet inleddes genom ett test för att undersöka hur stora krafterna är som 

påverkar reflektorn i skon. Testet genomfördes med en tryckkänslig sensor och en Arduino UNO. 

Den maximala kraften på reflektorn blev 7.1 N. Därefter gjordes en brainstorming som resulterades 

i sju olika koncept. Koncepten vägdes emot varandra med hjälp av en PUGH matris, som 

resulterade i att ett koncept valdes att gå vidare med.  

Analysen av konceptet genomfördes med Solidworks, Matlab och ADAMS. Med SolidWorks 

gjordes detaljerade ritningar och ett montage av modellen. Med Matlab gjordes beräkningar på 

lagerhus, glidlager, kulbussning och motor. ADAMS användes för att simulera rörelsen och för att 

verifiera Matlab-beräkningarna.  

Resultatet av slutprodukten blev lyckat. Maskinens rörelse och de påverkande krafterna på 

reflektorn efterliknar testet som genomfördes i början av projektet. Eventuella förbättringar som 

kan utföras är inköp av en starkare motor för att uppnå en mer konstant hastighet eller ett svänghjul 

för att minska påfrestningarna på motorn.  

För vidare arbete på slutprodukten kan RECCO programmera en strömbrytare som stänger av 

motorn vid uppnått antal cykler.    

Nyckelord: Vandringsskor, Skotestmaskin, Prototyp, Livslängd, Reflektor. 
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Abstract 
RECCO is a company that develops rescue system for avalanche accidents. The system works by 

a RFID tag (reflector) and a detector. The detector senses the reflector that is attached to jackets, 

helmets, shoes and ski boots up to 200 meters or 30 meters through the snow. The detector is used 

by experienced avalanche rescue groups. RECCO will implement reflectors in hiking shoes to 

search for people who are in the woods and in the mountains. 

The purpose of this master theses is to develop a shoe test machine to be able to test the service 

life of the reflector. 

The background study was performed by an information search about the biomechanics of the leg 

and foot, different leg movements that may affect the shoe, different types of hiking shoes and 

several shoe test machines available on the market today. 

The implementation of the project began with a test to examine how large the forces are on the 

reflector acting in the shoe. The test was conducted by a pressure sensitive sensor connected to an 

Arduino UNO. The maximum force on the reflector was 7.1 N. This was followed by a 

brainstorming session that resulting in seven different concepts. The concepts were then evaluated 

against each other using a PUGH matrix, which resulted in a concept for further development. 

The analysis was conducted using SolidWorks, Matlab, and ADAMS. Detailed drawings and 

assembly of the model were made using SolidWorks. The calculations were made on bearing 

housings, plain bearings, linear ball bearing and the motor using Matlab. ADAMS was used to 

simulate the movement and to verify the Matlab calculations. 

The result of the final concept was succeeded. The machine's movement and the influencing forces 

on the reflector mimic the performed test that was made at the beginning of the project. 

Improvements that can be done is to change to a more powerful motor to achieve a more constant 

speed or a flywheel to reduce the strain on the motor. 

For further work RECCO can program a switch that turns off the motor when the number of cycles 

are achieved. 

Keyword: Hiking shoes, Shoe testing machine, Prototype, Lifespan, Reflector. 
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NOMENCLATURE 

In this chapter, the notations and abbreviations used for this master thesis are presented in 

alphabetic order. 

Notations 

Symbol Description 

a Center distance between the pulleys (mm) 

L Start position of slider (mm) 

L1 Position of slider (mm)  

L2 Length of slider arm (mm) 

L3 Position of slider arm in x-axis (mm) 

L4 Position of slider arm in y-axis (mm) 

L5 Length from center of bearing to slider (mm) 

L6 Length from center of bearing to slider (mm) 

L7 Length from center of bearing to big pulley (mm) 

Lbelt Length of belt (mm) 

Lin Length to force input (mm) 

R1 Radius of small pulley (mm) 

R2 Radius of big pulley (mm) 

α Angle of the leg (°) 

α1 Wrap angle of small pulley (°) 

α2 Wrap angle of big pulley (°) 

β Angle of slider arm (°) 

β1 Angle of belt (°) 

Abbreviations 

2D Two-Dimensional 

3D Three-Dimensional  

CAD Computer Aided Design 

FBD Free Body Diagram 

FSR Force Sensitive Resistor 

KTH Kungliga Tekniska Högskolan (Royal Institute of Technology) 

LED Light-emitting Diode 

MBS Multibody Simulation 
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P1 Position 1 

P2 Position 2 

P3 Position 3 

PCB Printed Circuit Board 

PDS Product Design Specification 

QFD Quality Function Deployment 

SEK Swedish Krona 

USB Universal Serial Bus 
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1 INTRODUCTION 

In this chapter the background of the master thesis is presented. The purpose, deliverables and 

delimitations are defined and stated. The development process is presented and described in the 

method section. 

1.1 Background 

RECCO develops avalanche rescue systems for more than 700 rescue organizations worldwide. 

This rescue system makes it easier and faster for rescue teams to find buried avalanche victims. 

The time is an important parameter when searching for avalanche victims. 

The rescue system works by using a RECCO detector and a RECCO reflector. The detector is used 

by an organized rescue group when searching for avalanche victims and the reflector is attached 

to the victims outerwear, helmets, protection gear and boots, see Figure 1. The reflector is 

permanently attached to the equipment and does not need any batteries. 

 

Figure 1. The rescue system in use (Left), RECCO detector (middle) and RECCO reflector (right), accessed from 

(RECCO, 2014b). 

The history behind RECCO AB was a terrible avalanche accident at Åre, Sweden, 30 December 

1973. The founder of the company Magnus Granhed was one of the searchers, but the two 

avalanche victims couldn't be rescued, so the idea of a more efficient device was born. The first 

prototype had a weight of 16 kg and had a range of 5 meters. Today the device have a range of 

200 meters, 30 meters through snow and weigh less than 1 kg (RECCO, 2014a). 

RECCO will implement reflectors in hiking shoes to be able to increase the chances of finding 

people who get lost when hiking in the mountains or in the forest. It is then important to know that 

the reflector has a longer lifetime than the shoe itself. 

1.2 Purpose and deliverables  

The purpose of this master thesis is to design and develop a test machine for wearable technology 

in footwear. The designed machine will be used by RECCO to perform tests on footwear and 

evaluate if the reflector still works after a number of cycles. The objectives of this master project 

are as follows: 

 To generate CAD models and 2D detailed manufacturing drawings of the designed 

machine which will serve to perform footwear tests. 

 To design a holder for the detector to be fastened on the test machine which will be used 

to investigate the lifetime of the reflector in the shoe. 
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 To generate a prototype of the final concept by 3D printing and actual manufacturing of 

the machine. 

 A practical test will be investigated if time is available, this test will focus on functions of 

the machine such as speed, variable angles, and if it fit different shoes. 

 To perform a test to simulate the forces acting on the reflector in different positions in 

hiking shoes. 

1.3 Delimitations 

For this master project some delimitations were defined and are as follows: 

This study 

 will not include any sensors in the final design. 

 will not perform any lifetime tests on the reflector and the shoe, this will be further 

investigated by RECCO. 

 will not manufacture a test rig for mass production, therefore no calculations on tolerances 

will be made and only one prototype will be manufactured. 

1.4 Product Design Specification 

When designing a product or a process it is important to meet the Product Design Specification 

(PDS). The PDS will be used as a reference when designing and can be used at any stage in the 

design process (Pugh, 1990, pp. 44-45). After discussion with the supervisor at RECCO (Berg, 

2016) the design specifications can be seen in Table 1. 

Table 1. Product Design Specification. 

Elements Specifications 

Functional performance 

 Ability to simulate a walking motion. 

 Fitting different types of shoes. 

 Fitting the detector in the design. 

 Adjustable angles. 

 Adjustable speed. 

Environment 
 Room temperature (25°C). 

 Atmospheric pressure. 

Life in service  10 Years. 

Maintenance  Use standard components (ISO). 

Target product cost  Below 15.000 SEK. 

Transportation 
 Preferably by normal sized car. 

 Can be lifted by one or two persons. 

Quantity  One prototype will be designed. 

Manufacturing facility 

 Preferably with the workshop available in Machine design 

department at KTH. 

 Facilities at RECCO. 

Size 

 Height: 0.7 m 

 Width: 0.6 m 

 Length: 1 m 

Weight  Less than 30 kg. 

Esthetics and appearance  Use two colors for the physical prototype. 

Product lifespan  10 Years. 
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Ergonomics  Suitable for standing and sitting position. 

Time for the project plan 
 Start date: 2016-01-18 

 End date: 2016-06-15 

Safety  Avoid sharp edges and corners. 

Installation 
 Install the machine to the workplace, around min 15 min. 

 Insert/remove shoe on the test machine, less than 10 min. 

Documentation  Basic instructions for operating the machine. 

1.5 Method 

In this section, the method for this thesis is described and the tools that were used to accomplish 

the deliverables are also presented. The methodology used in this thesis was The Engineering 

Method, the process is illustrated in Figure 2. 

The first step is to define the problem which will give this project a purpose. Deliverables will also 

be specified to know what the customer expect from this project. 

The second step is to do a background research about biomechanics in the foot, different situations 

for footwear, different types of hiking shoes and shoe testing machines. This will be done through 

a literature research in databases such as KTH Primo, journals, and scientific articles. 

The third step is to specify the requirements for both customer and technical specifications. A 

Product Design Specification (PDS) will be identified and a Quality Function Deployment (QFD) 

will also be used. 

The fourth step is to do a walking test with the shoe to get knowledge about how the forces are 

acting on the reflector. Then a brainstorm session will be done to generate a number of possible 

ideas for the test machine, where a morphological matrix will be used during the session to 

generate new ideas. Then evaluation of the ideas and selection of a concept will be made with a 

decision-matrix method (PUGH matrix).  

The fifth step is to develop and manufacture a prototype. The tools to design will be done through 

Matlab (Matlab, 2015), CAD (Works, 2012), and ADAMS (View, 2015). For the conceptual 

prototyping part, manufacturing facilities at Machine Design department at KTH will be used and 

parts will be bought from manufacturers if necessary. 

The sixth step is to test the prototype and evaluate if the machine fulfills the requirements. If the 

requirements are not fulfilled, step three and four should be remade, which include making changes 

to the design in order to fulfill the requirements. 

The last step is to present the results at a final seminar and to deliver a technical report which will 

be published. 
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Figure 2. The engineering method, accessed from (Buddies, 2013). 

1.6 Thesis Outline 

The FRAME OF REFERENCE contains information regarding biomechanics of the human foot 

and different load cases for footwear like jumping, sitting and standing up. It also contains different 

types of hiking shoes and shoe testing machines. 

The IMPLEMENTATION contains information regarding the forces acting on a reflector in 

different positions in the shoes when walking. An ANALYSIS of the final concept was made by 

an analytical model and a multibody simulated model. The models were made using Matlab and 

MSC ADAMS respectively. 

In the PROTOTYPING chapter information about the manufacturing of parts and the assembling 

of the prototype is described and presented. 

In RESULTS the analytical model along with the multibody simulated model results are 

presented. The chapter also gives information about the final physical prototype and results from 

performed tests. 
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2 FRAME OF REFERENCE 

In this chapter, the existing knowledge about the subject will be presented. Knowledge of the 

biomechanics of the foot, situations for footwear, different types of hiking shoes and shoe testing 

machines will be described. 

2.1 Biomechanics 

Walking and running can be seen as human activities performed in order to move from one location 

to another. A step is one cyclic movement which also includes when the foot is not in contact with 

the ground (Warehouse, 2010). Figure 3 illustrates the cyclic movement with a stance phase where 

the foot is in contact with the ground followed by a swing phase where the foot is not in contact 

with the ground. 

 

Figure 3. Human cyclic movement, accessed from (University, 2010). 

The forces acting on the foot in the stance phase are described in Figure 4. The impact on the heel-

strike is the initial phase because this is when the foot makes contact with the ground for the first 

time. The force arrows illustrated are component forces from the ground which depends on the 

body weight. When running the impact on the heel-strike is two or three times higher than the 

runners body weight. The second phase is the support (mid-stance), this is the phase when the foot 

is at the natural position and the foot transitions from heel to toe. The third phase is the propulsion 

(toe-off), the force is then distributed on the forefoot/toe and the foot prepares to leave the ground 

(Warehouse, 2010). 

 

Figure 4: The three different stance phases when walking. The arrows illustrate the impact force, accessed from 

(Warehouse, 2010). 
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Joints in the foot 

The foot has two main bones which are called talus and calcaneus (heel), see Figure 5. The figure 

also shows two joints in the foot which are called ankle joint and tarsal joint. These joints help to 

perform activities like walking, running and jumping. (Easy, 2013). 

 

Figure 5. Joints and bones in the foot, accessed from (Easy, 2013). 

The ankle joint can be bent up and down. The upward bending is called dorsiflexion and can be 

varied between 0-20 degrees. The downward bending is called plantar flexion and can vary 

between 0-45 degrees, see Figure 6 for illustration. The horizontal line is set to zero degrees which 

is the starting point (Easy, 2013). 

 

Figure 6. Angles of the ankle joint, accessed from (Easy, 2013). 
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2.2 Different situations for footwear 

When the shoe is tightened and in use, different kind of stresses will occur on the shoe. The stress 

will depend on how tight the shoe is and what kind of activities are performed. For example, the 

activities can be walking, running, walking up a hill, jumping, sit down and climbing, see Figures 

7-9 for illustrations.  

 

Figure 7. The person sitting down, accessed from (TeachEngineering, 2016). 

 

Figure 8. The person standing up, accessed from (TeachEngineering, 2016). 

 

Figure 9. The person jumping, accessed from (TeachEngineering, 2016). 

 

 

 

 

 

 

 

 

 

 

 



8 

 

2.3 Different types of hiking shoes 

There are four different types of hiking shoes in the market. When choosing a shoe it is important 

to match 

 the person's ambition, for example hiking in the forest or high up in the mountain. 

 the person's feet, it needs to be comfortable.  

The different shoe types are hiking shoes, hiking boots, backpacking boots, and mountaineering 

boots, see Figure 10. The hiking shoe is a low-cut model with flexible midsoles and these shoes 

are suited for day-hiking. The hiking boots is a mid- or high-cut models and this model is used for 

light loads and is suited for backpacking trips. These are often easy to flex and are lightweight. 

The backpacking shoe is suitable for on- and off-trail traveling and designed to carry heavy loads 

and for multi-day trips. It has a high cut that supports the ankle and stiff midsoles. The 

mountaineering boots are designed to accommodate heavy loads and glacier traveling. These boots 

have stiff midsoles and possibility to attach glacier pikes (REI, 2016). 

 

Figure 10. hiking shoe (left), hiking boots (middle left), backpacking boots (middle right), and mountaineering boots 

(right), accessed from (REI, 2016). 

2.4 Shoe testing machines 

SATRA Pedatron test machine STM 528 

This test machine for footwear is designed by SATRA Technology and developed to give a 

realistic wear of the whole shoe, see Figure 11. To achieve the realistic action of walking, a 

biomechanical study on walking gaits was made. The machine can test flexibility, shear loads, 

impact and turning motions which are the most frequent causes of wear in shoes. (Technology, 

2016a) 

 

Figure 11. Test machine STM 528, accessed from (Technology, 2016a). 
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Key features 

 Can produce 48000 steps in 24 hours. 

 Different types of floor surfaces can be used to test different wear. 

 Combination tests with water resistance. 

SATRA STM 184 flexing machine 

This test machine is designed by SATRA Technology and developed to test flexibility in shoes, 

see Figure 12. A shoe is inserted into the machine and clamped at the front side (toe end) and the 

heel is secured to a flexible bar. When the machine is running, a number of flex cycles are preset 

by the operator and when that number of cycles has been reached the machines stops and the shoe 

can be inspected. (Technology, 2016b) 

 

Figure 12. Test machine STM 184, accessed from (Technology, 2016b). 

Key features 

 Tests in wet and dry conditions. 

 Adjustable flex angle up to 50 degrees. 

 For safety reasons, the machine is protected with a cover while in use.  
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Shoe bending waterproof tester 

This test machine is designed by Qualitest and developed to test water resistance and durability of 

shoes which are immersed into water, see Figure 13. The machine has sensors that detect when 

water enters the shoe. A number of cycles can be pre-set and the machine stops after that number 

of tests. (Qualitest, 2016) 

 

Figure 13. Shoe bending waterproof tester, accessed from (Qualitest, 2016). 

Key features 

 Can test shoes immersed into water 

 Two shoes can be tested at the same time with individual measurements. 

Boot Testing machine HP 

This test machine is developed by STEP-LAB and is designed for ski boot products, see Figure 

14. The machine tests the requirements of the ski boots. It is an electromechanical machine which 

enables high forces and velocity on the boots. (Step-Lab, 2016) 

 

Figure 14. Boot testing machine HP accessed from (Step-Lab, 2016). 

Key features 

 Maximum torque: 1600 Nm. 

 Maximum rotational speed: 180 degrees/s. 

 Identification of ski boot breakage and angle.  
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3 IMPLEMENTATION 

In this chapter, the working process will be described. A test to collect data will be presented, then 

the customer and functional requirements will be described. The concept development process, 

from idea to final design will also be presented. 

3.1 Collecting force data acting on the reflector 

A test was performed on a pair of hiking shoes to collect force data acting on the reflector. This is 

necessary data because the test machine will mimic the walking motion. For the test, a force 

sensitive sensor was calibrated and inserted into the shoe on different positions to find force data. 

This section will describe how the test was prepared, set-up and performed. 

3.1.1 Test equipment 

Arduino UNO 

A circuit board called Arduino UNO was used for this test, see Figure 15. Arduino is an open-

source prototyping platform which is able to read input signals from for example pressure sensitive 

sensors. The input signal is turned into an output signal which can be used for activating for 

example a motor or show data on a display. (ARDUINO, 2016b). 

 

Figure 15. Arduino UNO. 
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Force Sensitive Resistor 

The Force Sensitive Resistor (FSR) is a sensor that detects physical pressure. For the test, an 

Interlink FSR 402 was used which can measure forces (masses) in the range of 10 g to 10 kg. 

When squeezing the sensor a resistance changes depending on the applied force (Adafruit, 2015). 

The FSR sensor can be seen in Figure 16. The advantages are; easy to use, inexpensive and suitable 

for doing simple laboratory work. 

 

Figure 16. FSR Sensor 

Arduino software version 1.6.7 

The Arduino software was used for programming the Arduino circuit board. It is an open-sourced 

software which facilitates writing code and to upload it to the Arduino board. The programming 

language is called processing, which is based on the Java language (ARDUINO, 2016a).  

Fritzing 

Fritzing is an open-source software which is a tool to create circuit board prototypes and 

documentation for a project. The software offers schematic diagrams and possibilities to 

manufacture Printed Circuit Boards (PCB) (Fritzing, 2016).  

CoolTerm 

CoolTerm is a serial port (USB) terminal application which is useful for data collection from 

external hardware. The hardware can be circuit boards (Arduino UNO) for exchanging data. The 

software provides features such as storage of log files to the computer (CoolTerm, 2015). 

Footwear 

Two different hiking shoes were bought. The first one is Derby GTX model with the brand Meindl 

which is used for long walks and hiking in the mountains. This shoe is durable, waterproofed and 

suitable for backpacking trips. The second shoe is X-Ultra 2 GTX model which is designed by 

Salomon. This hiking shoe is lighter and smaller than the previous one. The shoe is suitable for 

daily walking/hiking, see Figure 17. 

           

Figure 17. Derby GTX, accessed from (XXL, 2016a) and X-Ultra 2 GTX, accessed from (XXL, 2016b). 
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3.1.2 The test setup 

To collect the data from the FSR sensor, a diagram was made to show the interface between the 

different components, see Figure 18 for illustration.  

 

Figure 18. Arduino test setup with FSR sensor. 

The FSR sensor is connected to the 5 Volt power supply (red wire) to the Arduino. The sensor is 

then connected to a 10 kΩ resistor (green wire) which is then connected to the ground (black wire) 

and input pin A0 on the Arduino (green wire). The signal from the FSR will be submitted to pin 

A0 which was then collected with the USB port on the computer that made the signal a readable 

value (A/D conversion). A software code was written and uploaded to the Arduino memory board 

for this to process, see Appendix A for the Arduino code. 

A schematic diagram was also made for the Arduino to understand how the FSR sensor behaves 

when putting pressure on it, see Figure 19 for schematic diagram. When the FSR is not subjected 

to any pressure, the resistance will be infinite. When starting to put pressure on the sensor, the 

resistance starts to decrease which leads to an increased voltage and gives a readable analog value. 

 

Figure 19. The schematic connection of the Arduino test setup. 

Interlink FSR 402 

sensor 

Arduino UNO 

Resistor (10 kΩ) 

Circuit board  

Cable 

USB port 
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Figure 20 shows the Arduino UNO and FSR sensor connected with all components. 

 

Figure 20. Arduino test setup with FSR sensor. 

3.1.3 Calibration of FSR sensor 

Before starting the test, the FSR sensor needs to be calibrated. Weights will be placed on the sensor 

and an analog value will be given. The analog value will represent the weight.  

Firstly a small red disc was placed on the sensor which will represent the RECCO reflector, see 

Figure 21. This disc has a weight under 1g which didn’t give any impact on the calibration. The 

disc was necessary to use during the calibration in order to position the different weights. Eight 

different weights were used during the calibration and approximately 150 analog values were 

measured for each one of them. This was done five times and then the mean value was calculated 

for each weight. Table 2 shows all the weights used for calibration. Note that some of the weights 

that were used were measured with a scale to know the weight of it before placing it on the sensor. 

 

Figure 21. Disc on the FSR sensor. 
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Table 2. Weights used in calibration of FSR sensor. 

Weight [g] 50 100 172 200 277 464 741 

Figure 22 shows the calibration graph of the sensor which will be used to estimate the force acting 

on the reflector. Note that the two red vertical lines are illustrating the interval that the sensor could 

register. The four extra dots outside the interval are added because the sensor could not register 

values with a lower weight than 50 gram. Since we only use the values between the two vertical 

red lines these dots only help the orange curve to straighten up, therefore these dots don’t have any 

impact on the result. The orange curve is made with the function polyfit in Matlab in order to find 

an equation to be used for calculating the force from the analog values, see equation 1. There were 

some uncertainties with the sensor when measuring multiple times. The small red horizontal lines 

and the small blue dots are the uncertainties for each weight and the blue circles in the orange 

curve is the mean value of the weight calibration data. See Appendix B for Matlab code for the 

calibration. 

 

 5 4 3 21.7884e-11 x -2.8089e-08 x 1.5327e-05 x -0.0031980 x 0.35688 x-1.2109y           (1) 

 

Figure 22. Calibration graph of the FSR sensor. 
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3.1.4 Position of the reflector 

There are many possible places for the reflector to be placed in the shoe. After discussion with the 

supervisor at RECCO AB, it was decided that three different positions on the shoe will be tested 

to find the force acting on the reflector (Berg, 2016). Figure 23 shows an illustration of the possible 

positions for the hiking shoes. Many different positions were discussed and some got disregarded 

for the following reasons: 

 Not in the shoe sole because of a too close contact with the ground that gives a decreased 

signal. 

 Not in the shoe heel because of when sitting down the reflector gets a too close contact 

with the ground that gives a decreased signal. 

 

Figure 23. Positions of the RECCO reflector, Derby GTX (Left) and X-Ultra 2 GTX (Right). 

3.1.5 The practical test 

To collect data at the selected positions as shown in Figure 23, the FSR sensor needs to be inserted 

in these positions. Note that the small red disc was used during the test to act as the reflector in the 

shoe. The shoes were cut open and this is shown in Figure 24 and 25. 

 

Figure 24. Derby GTX hiking shoe test positions. 
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Figure 25. X-Ultra 2 GTX hiking shoe test positions. 

Figure 26 shows the walking test when the sensor is inserted into the shoe. The wires shown in the 

figure are connected to the Arduino board.  

 

Figure 26. The test in KTH hallen. 

The data were collected using the CoolTerm software which could capture data from the USB port 

and save to text file for later use. 

The test was performed on the two hiking shoes on a treadmill at KTH Hallen. All the tests 

parameters are shown in Table 3 and 4. The test had a duration of two minutes and the Arduino 

UNO was set to capture every 100 ms. The speed on the treadmill was constant, but the angle was 

changed to 13.5° to illustrate an uphill walking and was the maximum angle of the treadmill. See 

Appendix B for Matlab code for the practical test. 

Table 3. Test parameters for the first test. 

Test 1 (Derby GTX) Position 1 Position 2 Position 3 

Speed [km/h] 5.5 

Gradient [°] 0 13.5 0 13.5 0 13.5 

Sensor 

inserted 

Wires 

1 

2 

3 
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Table 4. Test parameters for the second test. 

Test 2 (X-Ultra 2 

GTX) 
Position 1 Position 2 Position 3 

Speed [km/h] 5.5 

Gradient [°] 0 13.5 0 13.5 0 13.5 

Angle of the ankle joint 

Pictures were taken while walking on the treadmill in order to verify the ankle angles found in the 

Frame of reference “2.1 Biomechanics”. This extra activity during the test can be seen in Appendix 

C.  

3.1.6 Test results 

After performing the test, the equation from the calibration graph were used to calculate the force 

acting on the reflector. The results of the test for each shoe and the positions can be seen in Table 

5. From the first test, it can be seen that the force at position 2 (P2) when walking uphill got the 

highest force compared with the remaining results. This means that the reflector at this position is 

highly affected by force. This result will be considered when generating concepts. See Appendix 

D for histograms of the test results. 

Table 5. Test results with Derby GTX. 

 P1 [N] P1 Gradient [N] P2 [N] P2 Gradient [N] P3 [N] P3 Gradient [N] 

Maximum 1.3 4.4 1.7 7.1 1.8 1.4 

Minimum 0.14 0 0 0 0.79 0.46 

Average 0.54 0.82 0.41 0.81 1.2 0.95 

Difference 1.2 4.4 1.7 7.1 1 0.90 

From the second test (Table 6) the results were different. The maximum force was at position 3, 

this was expected because the X-Ultra 2 GTX is a low-cut model and therefore the pressure on the 

sensor was less. 

Table 6. Test results with X-Ultra 2 GTX. 

 P1 [N] P1 Gradient [N] P2 [N] P2 Gradient [N] P3 [N] P3 Gradient [N] 

Maximum 0.88 0.92 0.76 0.80 2.0 1.6 

Minimum 0 0 0.17 0 0.86 0.92 

Average 0.15 0.19 0.20 0.21 1.3 1.2 

Difference 0.88 0.92 0.59 0.80 1.2 0.64 
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3.2 Concept generation 

The initial step was to identify the customer and the customer requirements. This was done after a 

discussion with the supervisor at RECCO AB (Berg, 2016). The customer was identified as a 

company overview as shown in Table 7. 

Table 7. Identification of customer. 

Requesting customer RECCO AB 

Age 25-65 

Type Sporty 

Interests and habits Skiing and hiking 

Business Rescue system equipment 

3.2.1 Quality Function Deployment 

To understand the customer requirements, QFD is a method to translate these into functional 

requirements. Relations between them can be identified and the relation between each function is 

also important. The function properties will then be given a targeted value with an importance rate. 

Concepts or competitors can be included in the QFD to understand their relation to customer 

requirements and functional requirements (Ullman, 2010, p. 145-168).  

 

The customer requirements were discussed with the Supervisor at RECCO AB (Berg, 2016) and 

were then translated into functional requirements. The PDS from Table 1 was used as a reference 

at this stage to help fulfill the functional needs. Relations between the requirements was set and a 

targeted goal with an importance rate. The competitors from section “2.4 Shoe testing machines” 

was also taken into the QFD and compared with the requirements. The QFD can be seen in 

Appendix E. 

3.2.2 Brainstorming 

Brainstorming is a method to generate new ideas, it can be used individually or in a group. This 

method is better to perform with a group because each member generates ideas based on their point 

of view and therefore many ideas can be generated. During the brainstorming session, it is 

important to not criticize any ideas, evaluate them or be judgmental (Ullman, 2010, p. 190). 

 

A brainstorming session was conducted for idea generation based on the customer and functional 

requirements. After analysing the requirements it was identified that a walking motion was needed 

to be solved. The specific motion can be seen in Figure 3 which shows the leg changing the angle 

and puts pressure on the position where the reflector will be. 
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3.2.3 Morphological Matrix 

The Morphological Matrix is a method to generate new ideas. For this technique, there are three 

steps: 

1. Make a list of all functions that needs to be accomplished. The customer and functional 

requirements are important at this step. 

2. Find many concepts as possible that can fulfill each function with a brainstorming session. 

3. Combine the concepts to generate an overall concept that meets the functional needs 

(Ullman, 2010, p. 204-208). 

 

Functions were identified with QFD as guidance and concepts for each function were generated 

by using the brainstorming method, see Figure 27 and 28 for the Morphological Matrix with 

functions and concepts. The concepts were then combined to generate actual concepts. 

 

Figure 27. Morphological Matrix, part 1. 
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Figure 28. Morphological Matrix, part 2. 

The figures show the functions needed and under each function are concepts generated with 

solutions. To make a combination, a concept from each function were selected and put together 

with other functions. Actual concepts were then generated and further development can be made 

if more ideas trigger at this stage. 

3.3 Concept presentation 

In this section, the concepts will be presented and described. The concepts were generated by the 

Morphological Matrix method and brainstorming. The concepts are described with a functional 

description and with an illustrated figure.  

Concept 1 

The first concept has one motor which is connected to a belt gear. The belt gear is attached to the 

shaft that has two wheels. There are two arms that are connected from the wheels that will initiate 

a tilting movement on the leg, see Figure 29. The leg will be inserted into the testing shoe. The 

advantages of this concept are that standard components will be used and there is no complex 

component to manufacture. The disadvantage is the design that is not compact, no adjustable angle 

for the leg and not very safe while in use. 
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Figure 29. Concept 1. 

Concept 2 

This concept has three cams with a different diameter to gain different tilting angles for the arm, 

see Figure 30. The cams are attached to the shaft that rotates with an electric motor. The advantages 

of this concept are the different cams that can change the angle variation and the compact design. 

The disadvantage is the wear contact of the cams to the arm and the number of components needed. 

 

Figure 30. Concept 2. 
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Concept 3 

This concept has one motor that is connected to a bevel gear. The bevel gear implements rotation 

to the shaft which will make the pin rotate and initiate a tilting movement on the leg, see Figure 

31. When the sliding pin rotates clockwise it will provide an angular movement on the leg and 

then tilt back to starting position with a spring attached to the leg joint. The advantage of this 

concept is the low weight because of a few components needed. Standard components will be used 

such as the bevel gear. The motor can rotate in both directions and the same tilting angle will be 

applied on the leg. The disadvantage is that the design has an undefined frame and the angles 

cannot be adjusted and that the sliding pin will cause high wear because of the metal to metal 

contact. 

 

Figure 31. Concept 3. 

Concept 4 

This concept has two wheels that will be connected to an electrical motor. When the wheel rotates 

the link arm structure will perform a walking motion movement on the leg around a fixed joint, 

see Figure 32. This concept has also a platform for the leg which will move linearly. The advantage 

of this concept is the motion of walking. The disadvantage of this concept is the complexity with 

all components needed, cost, assemble all components and the design has an undefined frame. The 

mechanism is clever to simulate the walking motion, but it is still unclear about attachments of 

wheels, sliding platform and the arm structure.  

 

Figure 32. Concept 4. 
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Concept 5 

This concept has one motor that is connected to a shaft with a wheel. When the wheel rotates, the 

link arm that is connected to it will move along with it and apply movement to the second link 

arm. The second link arm is attached to the foot and will give the desired angular motion. This link 

arm is also attached to a sliding joint to get a better accurate motion with less deflection. See Figure 

33. The advantage of this concept is that the angle variation, compact design, and the standard 

components. The sliding joint makes the movement of the link arm more robust. The disadvantage 

is the manufacturing of the sliding joint that can be complex if too small parts are required, the 

design is unstable and needs more components to make it safer by for example applying a cover 

for the moving parts. The sliding pin will cause high wear because of the metal to metal contact. 

The mechanism is fairly simple and with some further development, this concept can improve on 

the weak side of it. 

 

Figure 33. Concept 5. 

Concept 6 

The motor for this concept is attached directly to the shaft with the wheel at the end of it. A pin 

from the wheel is sliding in the link arm to apply the angular motion. The pin can be placed in 

different positions on the wheel to get different angles and speed variation, see Figure 34. The 

advantages of this concept are the few components needed and the simple design which can reduce 

the cost. Manufacture and assembly of these components are fairly simple. The foot can be moved 

to change to different angles of the link arms. The disadvantages of this design are the attachments 

for the motor and the legs are not clearly defined which makes this concept unstable. The sliding 

pin will cause high wear because of the metal to metal contact. Further development is required to 

improve the concept. 

 

Figure 34. Concept 6. 
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Concept 7 

The last concept has the motor connected to a belt gear transmission. The small pulley is attached 

to the motor and the big pulley is attached to the shaft. The shaft has two link arms on each side 

of the pin, see Figure 35. When the shaft rotates, the pin will slide in the link arm that is attached 

to the foot to apply angular motion. In this concept, the bottom plate where the foot is attached can 

be changed to different positions and this will result in different angles of the link arm. The 

advantage of this concept is the low amount of components needed. The design is simple and easy 

to manufacture and assemble. The angle can also be adjusted to change the tilting angle of the link 

arm. The disadvantage of this design is the sliding pin in the link arm, this will cause high wear 

because of the metal to metal contact.  

 

Figure 35. Concept 7. 
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3.4 Concept evaluation 

The decision matrix or the PUGHs matrix is a simple and effective method for comparing 

generated concepts. This decision method is scoring the concepts with criteria that must be fulfilled 

for each concept. By making a PUGH matrix, the insight of the best alternative can be found 

(Ullman, 2010, p. 222).  

 

To evaluate all the concepts generated, a PUGH decision matrix was made. The purpose of this 

matrix is to understand which concept is the best by comparing them. This method was done in 

two iterations, the first one with a selected reference and the second to verify the winning concept. 

First iteration 

The approach is to first define relevant criteria that the concepts must fulfill in order to find the 

best concept. Secondly, a concept was selected as a reference to be compared with the remaining 

concepts. Each criteria were rated with an importance rate to understand how important the criteria 

is. In the comparing session, a value was inserted based on how good or bad the concept is 

compared with the reference. When the value is zero (same as reference), plus one (better than 

reference) or a negative one (worse than reference). See Figure 36 for the first iteration of PUGH 

matrix. 

 

Figure 36. PUGH matrix, first iteration. 

The results show that concept 2, 3 and 4 got a negative result. This means that the design of them 

do not fulfill the requirements or are complex compared to the reference. Concept 5, 6 and 7 got a 

positive result and indicate that there are possibilities for these concepts with some further 

development. Concept 7 won the first iteration because of most criteria were fulfilled. 

Second iteration 

In the second iteration, the same criteria and importance rate were used. The difference in this 

round was to select the winning concept from iteration one as a reference and comparing the 

concepts once again. The purpose with this iteration is to verify the winning concept. See Figure 

37 for the second iteration. 
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Figure 37. PUGH matrix, second iteration. 

In the second iteration, all concepts got a negative score which means the reference is the best 

concept. Concept 7 won both iterations and was verified as a winning concept. Further 

development and analysis of concept 7 are presented in the following chapter. 
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4 ANALYSIS 

From section 3.4, “3.4 Concept evaluation”, the selected concept were Concept 7 and were further 

developed in CAD and a detailed model of the final design will be presented. An analytical model 

of the final design was made to describe all the geometries and forces in the mechanical structure. 

Simulation with multibody dynamics was also made to investigate the forces and to verify the 

analytical model. 

4.1 Final Concept 

The selected concept was further developed in CAD to have a detailed model and to include all 

components needed. Attachments for components such as a motor, shafts and joints were 

developed in detail. The analytical model which will be presented in next section interacts with 

the CAD model. This is important for the manufacturing of the test machine to understand the 

number of components needed, see Figure 38 for a full view of the final design of the test machine. 

 

Figure 38. Full view of the test machine. 
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For the final design, a DC motor will be attached to a belt drive to transmit torque to the shaft, see 

Figure 39. The motor attachment has four threaded rods to the bottom plate which can be adjusted 

for pre-tensioning the belt.  

 

Figure 39. View of the motor attachment. 

The belt drive will transmit rotation to the shaft which is attached with three bearings. The bearing 

holder is attached with screws on the main frame. The rotation and the axial movement of the shaft 

will be locked with two locking screws on one bearing (the right one). The big pulley on the shaft 

will be fixed with two screws that will lock rotation and axial movement. The shaft is divided into 

five parts and four screws will be used to assemble it. See Figure 40 for the shaft. 

 

Figure 40. View of the shaft. 
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On the shaft, there is a slider that connects the leg and the shaft. There are two sliding bearings 

between the slider and the shaft to lower the coefficient of friction. On the slider, a ball bushing is 

fastened with screws to lower the friction and wear on the leg. This part will translate the rotational 

movement from the shaft to translational movement, see Figure 41. 

 

Figure 41. View of the slider. 

The leg shaft will be inserted into the ball bushing and it will be connected to the foot with a joint 

that will apply an angular movement. The joint in the foot has one sliding bearing inside to lower 

the coefficient of friction, see Figure 42. 

 

Figure 42. View of leg and foot. 
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4.2 Analytical model 

A numerical analysis was made of the final design to describe geometries and forces in the 

mechanical structure. A model in Matlab was therefore derived by using Free Body Diagrams 

(FBD) and kinematic analysis. See Appendix F for Matlab code. 

4.2.1 Kinematic calculations 

Calculations for leg 

The leg has a ball bushing that slides with translational movement in Figure 43. To calculate all 

positions, β will rotate between 0° to 360°, L is the start position and L2 is the length of the leg to 

centre of the shaft (slider arm). In Table 8 are the input values shown. 

Table 8. Input values. 

Variable L (mm) L2 (mm) Lcm1 Lcm2 β (°) 

Value 500 100 350 22 0-360 

 

Figure 43: Kinematic analysis of the leg. 

The position of the ball bushing (point B) is given by equation (2) and (3). Equation (4) calculate 

α which is the angle joint. Equation (5) will be used for the forces calculations which are presented 

in the next section. 
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Calculations for the belt 

Figure 44 illustrates the basic geometry of a belt gear (Olsson, 2006, p. 272-273). 

  

Figure 44: Kinematic analysis of the belt. 

Equation (6) is the belt angle and (7-8) is the wrap angle, the belt length (Lbelt) is calculated using 

equation (9).  

 1 2 1
1 sin

R R
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   (6) 

 1 1180 2      (7) 

 
2 1180 2      (8) 
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360 360
beltL a R R

 
               (9) 

4.2.2 Force calculations 

Force calculations based on data 

To calculate the shoe stiffness a test setup was designed, see Figure 45. During the test, a gray 

plastic shaft was used and inserted in the shoe to refer as the leg (Lin = 0.35 m, which is the length 

of the gray plastic shaft) and one luggage scale was attached on the top of the shaft (Fin) with duct 

tape. The luggage scale measures in kilograms and show two digits. The test was performed 20 

times by bending the shoe around 20° while holding the scale. Table 9 shows all the values from 

the test and Equation (10) will give the force in Newton and g is gravity.  

x 

y 
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Figure 45: Illustration of the test. 

Table 9. Results from luggage scale. 

Number 

of tests 
Values from luggage scale (KGinput) [kg] 

1-10 3.4 4.22 3.92 4.67 3.75 3.89 3.04 3.27 3.86 4.67 

11-20 4.32 3.04 3.86 3.46 3.84 4.05 3.28 2.24 4.16 4.79 

 

 
input inputF KG g    (10) 

To explain the shoe stiffness an assumption were made that the shoe behaves like a spring and the 

stiffness can then be explained with Equation (11-12). These equations will give the maximum 

length (11) and the spring stiffness k (12). The maximum force from Finput was divided with the 

maximum length to obtain the maximum spring stiffness of the shoe.  

 max
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inx L
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Since α (equation (4)) vary based on β, equation (13) will give a length for every α and then 

equation (13) will be multiplied by the spring coefficient (12) to get Fin (equation (14)). 

 2
360

inx L


      (13) 

 
inF k x    (14) 

Force and torque calculations on joints  

The force and torque were calculated using equations (15-22). Figure 46 illustrates the FBD of the 

foot, leg, and arm for the shaft. Equation (15) represent the sliding ball bushing (FB), equation (20) 

is the ankle joint of the foot (FA) and equation (22) were used to calculate the torque (Tc). Equation 

(16) and (21) were used for bearing force calculations. 

x 

y 
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Figure 46: FBD of the leg. 
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Force calculations on the belt 

Equations (23-25) are the force calculations on the belt gear. Assumptions made was that friction 

and belt pretension can be neglected. The timing belt that was selected doesn't need much 

tensioning in this case. R2 is the big pulley and R1 is the small pulley. TC is the torque from the 

shaft and Tmotor is the torque for the motor. FR1 and FR2 are the belt forces.  

 2
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Force calculations on the bearings 

Figure 47-48 illustrates the FBD of the shaft in yz-plane and xz-plane. Equation (26-30) show the 

calculations for the bearings. The assumptions that were made is that the force FC is divided 

equally between FRB and FRA. The mass force from the pulley is divided equally between FRA and 

FRC. In Table 10 the known length values are shown for the shaft.  

Table 10. Known length values on the shaft. 

Variable L5 (mm) L6 (mm) L7 (mm) 

Value 80 80 95 

 

Figure 47: FBD of the shaft in yz-plane. 
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Figure 48: FBD of the shaft in xz-plane. 
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Cycles and power on the motor 

To select the right electric motor, the speed (31) and the power (32) is two important factors. The 

speed of the shaft is set to 40 rpm.  

 2
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Verification of selected bearings  

To verify that the bearing load is under the required limits, the projected pressures (equation 33-

35) were calculated and then compared with the maximum pressure. Pbearing_A is the sliding bearing 

in the ankle joint, Pbearing_B is the ball bushing. 
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4.3 Multibody Dynamics 

From the analytical model a Multibody Simulation (MBS) was made in order to verify the 

calculations. MSC ADAMS was used to simulate the test rig and to predict joint forces and motor 

torque. This software can evaluate and manage complex models and is a tool to understand new 

designs. 

The MBS model 

Coordinates and geometries were taken from the CAD and analytical model in order to set up the 

MBS model. The model includes the mechanical structure with some simplifications in the system. 

Friction and inertia have been neglected. 

 

First, an origin point was defined in the ankle joint, see Figure 49. Afterward, coordinates for 

components could be defined in the model. The leg was represented as a cylinder with a rod with 

a translational joint inside. This was a simplification made to illustrate the ball bushings 

translational movement. The revolution joint FA is the ankle joint and FB represent the ball bushing. 

The force Fin and the centre of mass of the leg are illustrated in the figure. 

 

Figure 49. ADAMS model, leg view. 
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The shaft was modelled with multiple bodies put together into one to get the shape as the CAD 

model, see Figure 50. The three bearings, RA, RB, and RC are also shown in the figure which 

represents the reaction force from the bearings. The pulley is attached with a revolute joint on the 

shaft. Values of the centre of mass are presented in Table 11. 

 

Figure 50. ADAMS model, shaft view. 

Table 11. Centre of mass and coordinates. 

Variable Mass [kg] x [mm] y [mm] z [mm] 

Centre of mass for leg 0.7 0 350 0 

Centre of mass for shaft 0.6 -78 500 0 

Centre of mass for pulley 1.0 -100 500 175 
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5 PROTOTYPING 

A prototype of the final concept was made. First, the parts from resellers and the manufactured 

part will be mentioned. A guidance to assemble the prototype will be demonstrated and finally a 

test of the machine will be presented. 

5.1 Components for the machine 

The machine components that were obtained from resellers and parts manufactured can be seen in 

Appendix G. A short description of each component is described such as where it is was obtained 

and some technical data is mentioned. A project budget was also made with a list of all components 

and material needed. The budget shows the bought product, where it was obtained, brand, model 

and the price in SEK. The project budget can also be seen in Appendix G. 

5.2 Assembling of prototype 

An overview of the prototype can be seen in Figure 51. The figure illustrates all the parts that will 

be described to assemble the machine. For technical drawings of all the parts, see Appendix H. 

 

 

Figure 51. Overview of the prototype. 
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The assembling of the prototype started with the slider. Two sliding bearings were squeezed into 

the slider, see Figure 52. A slider shaft was then inserted into the slider which will then be used to 

attach the main shaft with. The linear ball bearing was inserted and screwed on the slider as shown. 

 

Figure 52. Assembly of the slider.  

The assembly of the main shaft could then be processed. The arms of the shaft were aligned 

properly in order to acquire both arms to be parallel. The ball bearings and the big pulley was then 

attached to the main shaft which could then be placed on the main frame of the machine with 

screws as shown in Figure 53. 

 

Figure 53. Assembly of the main shaft. 
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The next step was to assemble the ankle joint as shown in Figure 54. The sliding bearing was 

inserted into the ankle joint and afterward, the ankle shaft was inserted. The leg was inserted as 

shown and lastly four screws were used to attach the joint holder. 

 

Figure 54. Assembly of the ankle joint. 

To assemble the motor and the attachment an illustration for it is shown in Figure 55. Firstly the 

motor was attached to the motor frame, then the small pulley could be attached to the motor shaft. 

The motor frame and the small pulley was mounted with screws. To fix the motor frame with the 

wooden baseplate, threaded rods with nuts was used as shown in the figure. This mounting is 

adjustable and is used to tighten the belt.  

 

Figure 55. Assembly of motor attachment. 
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The final step is to attach the main frame, detector holder and shoe block on the wooden baseplate 

which is mounted with screws, see Figure 56.    

 

Figure 56. Attach the machine to the wooden baseplate. 

5.3 Testing the prototype 

The testing of the final prototype was made in order verify and to find out if the machine will 

simulate the same motion as the test described in chapter 3, “3.1 Collecting force data acting on 

the reflector”. The test was only performed on the horizontal surface build in the machine and the 

Derby GTX shoe was first set up with the machine and the same positions for the FSR sensor was 

used. The runtime for each test was also set to two minutes as the previous and each position was 

tested three times to see the machines repeatability. See Appendix D for histograms of the test 

results. 

 

Figure 57 shows the machine ready to be used and perform tests on the shoe. The starting position 

was adjusted so the leg was straight up and according to calculations, this will give an angle of 

around 22-23° of the leg. 

 

Figure 57. Testing the prototype. 
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Figure 58 shows a closer view of the machine with the shoe attached to the machine, the sensor 

inserted and connected to the Arduino UNO. The test results will be presented in chapter 6, “6 

Results”, and it will be compared with the previous test made. 

 

Figure 58. Testing the prototype. 
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6 RESULTS  

In this chapter, the results will be presented. The analysis was made and will be compared with 

the existing knowledge presented in the frame of reference. 

6.1 Analytical model vs Multibody Simulation 

The results from the analytical model and the simulation model are presented in Table 12. The 

table shows forces from each joint in x- and y-axis. By comparing both models, the results are 

satisfying and this confirms that both models for the test machine are acceptable. 

Table 12. Matlab vs. Adams. 

Forces [N] 
FAx 

FAy 

FBx 

FBy 

FRAxz 

FRAyz 

FRBxz 

FRByz 

FRCxz 

FRCyz 

Matlab 

Equilibrium 
0 

-16.69 

0 

0 

0 

-12.77 

0 

-7.86 

0 

4.91 

Maximum 
27.54 

-5.72 

46.45 

18.91 

23.23 

-3.31 

23.23 

1.59 

0 

4.91 

Minimum 
0 

-16.69 

0 

0 

0 

-12.77 

0 

-7.86 

0 

4.91 

Adams 

Equilibrium 
0 

-16.69 

0 

0 

0 

-12.77 

0 

-7.86 

0 

4.91 

Maximum 
27.54 

-5.72 

46.45 

18.90 

23.22 

-3.31 

23.22 

1.60 

0 

4.91 

Minimum 
0 

-16.69 

0 

0 

0 

-12.77 

0 

-7.86 

0 

4.91 

The result from the Adams model was imported into Matlab to illustrate both results in one graph 

for each joint. Figure 59 shows the graphs for the joints with both models applied together. Note 

that each graph shows two iterations e.g. two cycles. These graphs illustrate the force on every 

angle in each joint. FA is the ankle joint and FB is the ball bushing. 

 

Figure 59. Forces in joint FA and forces in joint FB. 
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FRA, FRB, and FRC are the ball bearings (Figure 60-62) and it can be seen that FRA and FRB 

look very similar to each other while FRC has forces that are constant. The reason for this is that 

the system is over dimensioned and only the weight of the belt pulley will affect the bearing. 

 

Figure 60. Reaction forces in bearing FRA. 

 

Figure 61. Reaction forces in bearing FRB. 

 

Figure 62. Reaction forces in FRC. 
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Figure 63 shows the torque that the DC motor needs to accomplish for running the machine. The 

maximum torque needed is around 1.9 Nm and the DC motor that were selected has a nominal 

torque of 3.5 Nm. The maximum torque is 5.4 Nm and should not be exceeded. See Appendix I 

for data sheet of the DC motor. 

 

Figure 63. Torque needed to run the machine. 

The angle of the leg when designing the machine was set to 22° starting from a vertical plane. 

From the Frame of reference in chapter 2.1, “2.1 Biomechanics”, it was found that the ankle joint 

can have an angle of 20° (Figure 6). When the test was made with the treadmill at KTH Hallen to 

find the angle of the ankle joint (Appendix C) it was found that by comparing them together an 

ankle joint while walking is around 20°. From the walking test an angle of 16,4° were obtained 

(horizontal surface) and for walking on a surface with an angle (uphill) were 29,3°. The angle 

varies depending on what type of shoe is used. 
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6.2 Test results from physical prototype 

The result from testing the physical prototype versus the test at KTH hallen can be seen in Figure 

64-66. Figure 64 show position 1, Figure 65 show position 2 and Figure 66 show position 3 when 

waking with Derby GTX hiking shoe. The left graph is the test at KTH hallen and to the right is 

the test machine. Table 13 shows the values for position 1, Table 14 show the values for position 

2 and Table 15 show the values for position 3.  

 

Figure 64.The left graph shows the walking test and the right show the machine test for position 1. 

Table 13: Result for position 1 

 Walking test [N] Test rig [N] 

Maximum 4.36  1.04 

Minimum  0.0119 0.267 

Average  0.825 0.699 

 

 

Figure 65. The left graph shows the walking test and the right show the machine test for position 2. 
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Table 14: Result for position 2 

 Walking test [N] Test rig [N] 

Maximum 7.12 10.6 

Minimum  -0.0119 -0.0119 

Average  0.807 3.57 

 

 

Figure 66. The left graph shows the walking test and the right show the machine test for position 3. 

Table 15: Result for position 3 

 Walking test [N] Machine [N] 

Maximum 1.36 3.30 

Minimum  0.467 1.33 

Average  0.946 1.79 

When starting the machine, a speed of 48 rpm on the shaft is given by the motor. The analysis 

model was calculated to give a speed of 40 rpm. The number of cycles for a workday (8 hours) is 

23040 cycles and for a working week (5 days) it will be 115200 cycles. 
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7 DISCUSSION AND CONCLUSIONS 

In this chapter a discussion of the results and the conclusions drawn by the authors for this Master 

thesis are presented. The conclusion is based on the analysis with the intention to answer the 

formulation of questions that is presented in chapter 1. 

7.1 Discussion 

One of the goals of this master thesis was to collect data and see what impact the shoe can give on 

the reflector while walking. The difficult part of the testing was to pick a good sensor for this 

purpose. The FSR sensor was selected because it is easy to use, cheap and had a decent accuracy, 

this can be seen in Figure 22 from the calibration graph. The repeatability was good at low weights 

(between 50 g and 100 g) but as the weight increased the sensor accuracy got worse. 

When comparing the walking test data and the test data from the machine, it showed promising 

results. The main difference was at position 2 which gave a higher force result and this can depend 

on different factors such as tightening the shoe and the size of the shin. The average value was 

higher from the machine at position 2 and 3. This is a positive result in our opinion because we do 

not want a result under the average. In position 1, the average result was lower but this position is 

not the critical one for the reflector. The X-Ultra 2 GTX hiking shoe (low-cut model) was tested 

but did not show any good results because the shin of the machine could not reach the positions in 

the shoe. This can be solved by redesigning the ankle joint so the heel lifts up and push on the 

critical areas. But if the reflector can handle the forces acting in the Derby GTX hiking shoe (brown 

shoe) then we can assume that the reflector can manage the forces in the low-cut model. 

The components that we selected were cheap and easy to use for our purpose. For example, the 

ball bearings were easy to assemble on the main frame. It is also simple to adjust the bearings to 

align the shaft and fix it with the shaft with the two locking screws. These bearings have also 

lubrication pipes which allow lubrication of the bearings without removing any components. Three 

bearings were selected because the main shaft was divided into five parts and the forces from the 

leg and the pulley were different in x- and y-plane and varied a lot. The sliding bearings were also 

cheap and the strong side with them is that no lubrication is needed. 

The advantages of the DC motor is its strength compared to the size, it is easy to assemble and that 

it is inexpensive. The speed varies on the motor when the machine is running, which is because 

the force from the leg varies. To gain a more constant speed a stronger motor is preferred or to add 

a flywheel to the shaft. In the PDS a 10-year lifespan was required and this depends on the quality 

of the motor. To gain a longer lifespan, a brushless motor is recommended.  

The movement from the machine behaves remarkably well like the gait cycles because when the 

leg has reached the maximum angle, alpha is 22° and then angle beta will be 224°, this means that 

62% of the movement cycle is achieved. The remaining 38% is when the leg moves back to the 

starting position and on the gait cycle is when the foot is in the air, see Figure 3. The heel-strike 

impact we assume to not have any impact on the reflector since the reflector only weight 1 g and 

is not positioned in the shoe sole. 

The requirements for the size and weight have been fulfilled since the machine weight 25 kg and 

has a size of 0,6x1,05x0,65 m (W,L,H). The angle can be adjusted by changing the position of the 

shoe block. The total cost of the machine is 8300 SEK, which does not exceed the project budget 

that was 15000 SEK.  
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7.2 Conclusions 

 The shoe testing machine is working according to the design requirements. 

 The machine is user-friendly since it is easy to change the angle of the leg and easy to 

change shoes for different tests.  

 The machine is robust but with some small changes such as replacing the motor to a 

stronger one, the machine can be used to test ski boots if RECCO is interested.  

 The manufactured foot fit different shoe types with a size above 41 (European size). 
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8 RECOMMENDATIONS AND FUTURE WORK 

In this chapter, recommendations on more detailed solutions and/or future work in this field are 

presented.  

8.1 Recommendations 

Our recommendations to RECCO is to investigate how to acquire the signal from the detector so 

that it can be used to stop the machine if the reflector breaks in the shoe. Figure 67 illustrates a 

schematic diagram of how the signal can be used to stop the motor with a circuit breaker. A display 

is also connected to show the number of cycles the machine has completed. A hall sensor can also 

be inserted into the shaft for safety reasons, so if the shaft does not rotate, the hall sensor will turn 

off the power to the motor. 

 

Figure 67. Recommendation for detector signal output. 

8.2 Future work 

This is the first prototype made and there are some parameters this machine can be improved on 

if RECCO wants to mass-produce this machine. For example, instead of using a precision shaft 

(the leg), a pipe could have been used to reduce the weight and cost. Optimization of bearings and 

shaft can also be further investigated for weight reduction. If RECCO wants to test ski-boots, the 

motor can be replaced with a high torque motor. 
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APPENDIX A – Arduino code 

int fsrPin = 0;     // FSR and 10K resistor connected to a0 on the arduino. 

int fsrReading;     // Analog reading from the FSR. 

  

void setup(void) { 

  Serial.begin(9600);   // Serial monitor 

} 

  

void loop(void) { 

  fsrReading = analogRead(fsrPin);   

 

    } 

  } 

  Serial.print(fsrReading); //Analog Reading 

  Serial.print(','); 

  delay(100); 

} 
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APPENDIX B – Matlab code for test data 

Matlab code for calibrating the FSR sensor 

 
%% Calibration DATA, creates Calibration_graph1-5.mat 

  

clear all 

close all 

clc 

  

%% Input arguments 

Test_run=input('Test number: '); %change for each test to plot. 

  

  

%% Script to run 

folder = ['C:\Users\Gabriel\Documents\Exjobb 2016\Calibration of 

sensor\Test' num2str(Test_run) '\']; %Folder location. 

filePattern = fullfile(folder,'*.asc'); %Find files in that 

folder. 

ascFiles = dir(filePattern); %Make a structure of the files in 

an arrey. 

  

for i = 1:length(ascFiles) 

    baseFileName = ascFiles(i).name; %Current file in a string. 

    fullFileName = fullfile(folder, baseFileName); %File 

location for a specific file. 

    L=load(fullFileName); %Loads the file. 

    AR_values(i)=mean(L(:,1)); %AR mean values in a string for 

all files. 

    save_data=['Calibration_graph' num2str(Test_run)]; 

    save(save_data,'AR_values'); 

end 

  

W=[50 100 172 200 277 464 741]; %Weights used [g]. 

figure(1)  

plot(AR_values,W) %Plots figure 1 

string_title=['Calibration test ' num2str(Test_run)]; 

title(string_title) 

xlabel('Analog values') 

ylabel('Weight [g]') 

 

Matlab code for the calibration graph 
 

%% Calibration graph of FSR sensor 

  

clc 

clear all 

close all 

  

%% Input argument 

number=input('Number of Calibration graphs: ') 
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%% Script to run 

for i=1:number 

    load_data=['Calibration_graph' num2str(i)]; %Filename to 

string with data values from calibration.m file. 

    load(load_data); %Loads the file. 

    AR(i,:)=AR_values; %Saves each file in this matrix. 

end 

  

for y = 1:size(AR,2) 

    AR_mean(y)=mean(AR(:,y)); %Takes the mean of the column 

values. 

end 

  

W=[0 10 20 40 50 100 172 200 277 464 741]'; %Weights used [g]. 

W1=[50 100 172 200 277 464 741]; %Weight to plot for uncertainty 

of sensor. 

AR_mean=[0 75 150 250 AR_mean]'; 

  

p=polyfit(AR_mean,W,5); %Find coefficients for the graph to 

plot. 

save('Equation','p'); 

  

x2=0:1:1000; 

y2=polyval(p,x2); % Evaluates the polynomial. 

  

figure(1)  

plot(AR_mean,W,'o',x2,y2) %Plots the calibration graph. 

hold on 

%Line for interval 

x1_interval=290; 

y1_interval=[-500:2500]; 

plot(x1_interval,y1_interval,'.r') 

hold on 

x2_interval=880; 

y2_interval=[-500:2500]; 

plot(x2_interval,y2_interval,'.r') 

%line for unccertainty 

plot([min(AR(:,1)):max(AR(:,1))],W1(1),'.r') 

plot([min(AR(:,2)):max(AR(:,2))],W1(2),'.r') 

plot([min(AR(:,3)):max(AR(:,3))],W1(3),'.r') 

plot([min(AR(:,4)):max(AR(:,4))],W1(4),'.r') 

plot([min(AR(:,5)):max(AR(:,5))],W1(5),'.r') 

plot([min(AR(:,6)):max(AR(:,6))],W1(6),'.r') 

plot([min(AR(:,7)):max(AR(:,7))],W1(7),'.r') 

plot(AR,W1,'.b') 

  

title('Calibration graph of FSR Sensor') 

xlabel('Analog Value') 

ylabel('Weight [g]') 

grid on 
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Matlab code for the practical test (indata) 
 

clc 

clear all 

close all 

  

%% Input argument 

file_name=input('Enter file name with format: ','s'); 

disp(' ') 

  

%% Script to run 

file = ['C:\Users\Gabriel\Documents\Exjobb 2016\Test 

results2\Test1\' num2str(file_name)]; %File location. 

load_file=load(file); %Loads the file. 

AR_test=load_file(:,2); %Analog values in column vector. 

load('Equation.mat'); %Loads equation p from calibration_plot.m 

  

x=AR_test; %Change the name. 

gram=p(1)*x.^5+p(2)*x.^4+p(3)*x.^3+p(4)*x.^2+p(5)*x+p(6); 

%Calculates the weight in [g] by using the equation p. 

f=(gram/1000)*9.82; %Calculates the force [N]. 

t=0:0.1:(length(AR_test)/10)-0.1; %Run time for the test. 

  

figure(1) 

plot(t,f) %Plots time vs force of test results. 

axis([0 (length(AR_test)/10)-0.1 -0.1 8]) %Axis scale. 

title('Test results') 

xlabel('Time [s]') 

ylabel('Force [N]') 

  

max_v=max(f); %Max value. 

d1=['The maximum force is: ' num2str(max_v) ' N']; 

disp(d1) 

min_v=min(f); %Min value. 

d2=['The minimum force is: ' num2str(min_v) ' N']; 

disp(d2) 

mean_v=mean(f); %Mean Value. 

d3=['The mean force is: ' num2str(mean_v) ' N']; 

disp(d3) 

diff=max_v-min_v; %Differance between max and min value. 

d4=['The differance between max and min force is: ' 

num2str(diff) ' N']; 

disp(d4) 

 

Matlab code for the test machine 

 
clc 

clear all 

close all 

  

%% Input argument 

%file_name=input('Enter file name with format: ','s'); 
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%disp(' ') 

  

%% Script to run 

%file = ['C:\Users\Gabriel\Documents\Exjobb 2016\Test of 

machine' num2str(file_name)]; %File location. 

load_file=load('brown_shoe_P3.asc'); %Loads the file. 

AR_test=load_file(:,1); %Analog values in column vector. 

load('Equation.mat'); %Loads equation p from calibration_plot.m 

  

x=AR_test; %Change the name. 

gram=p(1)*x.^5+p(2)*x.^4+p(3)*x.^3+p(4)*x.^2+p(5)*x+p(6); 

%Calculates the weight in [g] by using the equation p. 

f=(gram/1000)*9.82; %Calculates the force [N]. 

t=0:0.1:(length(AR_test)/10)-0.1; %Run time for the test. 

  

figure(1) 

plot(t,f) %Plots time vs force of test results. 

axis([0 (length(AR_test)/10)-0.1 -0.1 4]) %Axis scale. 

title('Test results') 

xlabel('Time [s]') 

ylabel('Force [N]') 

  

max_v=max(f); %Max value. 

d1=['The maximum force is: ' num2str(max_v) ' N']; 

disp(d1) 

min_v=min(f); %Min value. 

d2=['The minimum force is: ' num2str(min_v) ' N']; 

disp(d2) 

mean_v=mean(f); %Mean Value. 

d3=['The mean force is: ' num2str(mean_v) ' N']; 

disp(d3) 

diff=max_v-min_v; %Differance between max and min value. 

d4=['The differance between max and min force is: ' 

num2str(diff) ' N']; 

disp(d4) 
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APPENDIX C – Ankle joint positions 

The figure shows different positions of the ankle joint and how it’s changed during the walking 

motion. The activity was performed on a horizontal surface. 
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APPENDIX D – Histogram of test results 
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APPENDIX E – Quality Function Deployment 

Full view of the QFD. 

 

Customer and functional requirements and their relations are shown below. 
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The relationship between the functional requirements is shown below. 

 

The target for functional requirements and the comparison is shown below. 
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APPENDIX F – Matlab Code for analytical model 

clc 

clear all 

close all 

  

%% FINAL CONCEPT 

  

%% INPUT DATA 

load('Adams_all.mat'); %Loads values from MSC ADAMS. 

beta=0:1:719; %[deg] 

L=0.5; %[m] 

L2=0.10; %[m] 

R2=0.09427/2; %[m] 

R1=0.04653/2; %[m] 

a=0.50165; %[m] 

Lin=0.35; %[m]   

m1=1.7; %[kg] 

m2=1.6; %[kg] 

Lcm1=0.350; %[m] 

Lcm2=0.022; %[m] 

g=9.82; 

  

%Part 1 - Shaft 

L3=L2-cosd(beta).*L2; 

L4=L+L2.*sind(beta); 

alpha=atand(L3./L4); 

alpha_max=max(alpha); 

  

%Part 2 - Leg 

L1=sqrt(((L4).^2)+(L3.^2)); 

L1_max=max(L1); 

L1_min=min(L1); 

L1_diff=L1_max-L1_min; 

  

%Part 3 - Belt 

beta1=asind((R2-R1)/a); 

alpha1=180-2*beta1; 

alpha2=180+2*beta1; 

L_belt=2*a*cosd(beta1)+R1*pi*2*(alpha1/360)+R2*pi*2*(alpha2/360)

; 

  

MA=20*pi*30; 

  

%% INPUT FORCE (LUGGAGE SCALER) 

  

input_kg = [3.4 4.22 3.92 4.67 3.75 3.89 3.04 3.27 3.86 4.67 

4.32 3.04 3.86 3.46 3.84 4.05 3.28 2.24 4.16 4.79]; 

input_N =  input_kg.*g; 

input_N_max = max(input_N)*1.6; 

input_N_mean= mean(input_N)*1.6; 

  

x_max=pi*0.35*(alpha_max/360)*2; %[m] 
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k=input_N_max/x_max; 

  

x=pi*0.35*(alpha/360)*2;  %[m] 

Fin=k*x; 

Fin_max=max(Fin); 

  

%% FORCE CALCULATIONS 

  

FB=((Fin.*Lin)-(m1*g).*sind(alpha).*Lcm1)./L1; 

FBx=cosd(alpha).*FB; 

FBy=sind(alpha).*FB; 

FC=sqrt(FBy.^2+FBx.^2); 

  

figure(1) %Plot joint FB 

plot(FBx,'color',[1 .5 0],'LineWidth',2) 

hold on 

plot(Deg_adams,Fbx_adams,'b--','LineWidth',2) 

plot(FBy,'g','LineWidth',2) 

plot(Deg_adams,Fby_adams,'k--','LineWidth',2) 

hold off 

title('FB') 

legend('FBx','FBx Adams','FBy','FBy Adams') 

xlabel('Angle (deg)') 

ylabel('Force (N)') 

grid on 

  

FAy=-(m1*g+FBy-Fin.*sind(alpha)); 

FAx=-(FBx-Fin.*cosd(alpha)); 

FA=sqrt(FAy.^2+FAx.^2); 

  

figure(2) %Plot joint FA 

plot(FAx,'color',[1 .5 0],'LineWidth',2) 

hold on 

plot(Deg_adams,Fax_adams,'b--','LineWidth',2) 

plot(FAy,'g','LineWidth',2) 

plot(Deg_adams,Fay_adams,'k--','LineWidth',2) 

hold off 

title('FA') 

legend('FAx','FBx Adams','FAy','FBy Adams') 

xlabel('Angle (deg)') 

ylabel('Force (N)') 

grid on 

  

FCy=m2*g-FBy;  

TC=FBx*L2.*sind(beta)-FBy*L2.*cosd(beta)+m2*g*Lcm2.*cosd(beta); 

FD=TC./L2; 

FC_max=max(FC); 

FD_max=max(FD); 

TC_max=max(TC); 

TC_min=min(TC); 

  

figure(3) %Plot TC 

hold on 
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plot(TC) 

hold off 

title('TC') 

legend('TC') 

xlabel('Angle (deg)') 

ylabel('Torque (Nm)') 

grid on 

  

figure(4) %Plot FC 

plot(FBx) 

hold on 

plot(FCy) 

hold off 

title('FC') 

legend('FCx','FCy') 

xlabel('Angle (deg)') 

ylabel('Force (N)') 

grid on 

  

%% BELT 

FR2=(TC)./R2; 

FR1=FR2; 

TR1_motor=FR1.*R1; 

  

TR1_motor_max=max(TR1_motor); 

TR1_motor_min=min(TR1_motor); 

T_adams_Nm=T_adams./1000; 

  

figure(5) %Plot T for motor 

plot(TR1_motor,'color',[1 .5 0],'LineWidth',2) 

hold on 

plot(Deg_adams,T_adams_Nm,'b--','LineWidth',2) 

title('Torque motor') 

legend('Torque motor','Torque motor Adams') 

xlabel('Angle (deg)') 

ylabel('Torque (Nm)') 

grid on 

  

%% BALL BEARINGS 

L5=0.08;   %exakt värde mellan 0.167 

L6=0.08;   %0.167 

L7=0.1;    %CAD 0.055 masscentrum Lmc3 

m3=1;      %[massa hjul till motor R2] 

  

% yz_plan 

F_RC_yz=((m3*g)/2);  %+remkraft 

F_RA_yz=(-FCy.*L5-(F_RC_yz.*(L5+L6)))./(L5+L6);  

F_RB_yz=-(FCy+F_RA_yz+F_RC_yz);  

  

% xz_plan 

F_RA_xz=(FBx*L5)./(L5+L6); 

F_RB_xz=(FBx)-F_RA_xz; 

F_RC_xz=0; 
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F_RA=sqrt(F_RA_yz.^2+F_RA_xz.^2); 

F_RB=sqrt(F_RB_yz.^2+F_RB_xz.^2); 

F_RB=sqrt(F_RC_yz.^2+F_RC_xz.^2); 

  

figure(6) %Plots reaction force FRA 

plot(F_RA_xz,'color',[1 .5 0],'LineWidth',2) 

hold on 

plot(Deg_adams,FRax_adams,'b--','LineWidth',2) 

plot(F_RA_yz,'g','LineWidth',2) 

plot(Deg_adams,FRay_adams,'k--','LineWidth',2) 

title('FRA') 

legend('F RA xz','F RA xz Adams','F RA yz','F RA yz Adams') 

xlabel('Angle (deg)') 

ylabel('Force (N)') 

grid on 

  

figure(7) %Plots reaction force FRB 

plot(F_RB_xz,'color',[1 .5 0],'LineWidth',2) 

hold on 

plot(Deg_adams,FRbx_adams,'b--','LineWidth',2) 

plot(F_RB_yz,'g','LineWidth',2) 

plot(Deg_adams,FRby_adams,'k--','LineWidth',2) 

title('FRB') 

legend('F RB xz','F RB xz Adams','F RB yz','F RB yz Adams') 

xlabel('Angle (deg)') 

ylabel('Force (N)') 

grid on 

  

A(1:beta(end))=F_RC_xz; 

B(1:beta(end))=F_RC_yz; 

  

figure(8) %Plots reaction force FRC 

plot(A,'color',[1 .5 0],'LineWidth',2) 

hold on 

plot(Deg_adams,FRcx_adams,'b--','LineWidth',2) 

plot(B,'g','LineWidth',2) 

plot(Deg_adams,FRcy_adams,'k--','LineWidth',2) 

title('FRC') 

legend('F RC xz','F RC xz Adams','F RC yz','F RC yz Adams') 

xlabel('Angle (deg)') 

ylabel('Force (N)') 

  

  

%% DIAMETER OF THE SHAFT 

  

Sigma_y=250*10^6; 

E=210*10^9; 

  

MB_max=max(F_RB.*L5); 

TC_max=max(TC); 

  

Von=sqrt((32*MB_max)^2+3*(16*TC_max)^2); 
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D=((Von/(pi*Sigma_y))^(1/3))*1000; %[mm] 

  

D_safe=D*1.6; 

  

I=(pi*D_safe^4)/64; 

phi_A=(FC_max*(L5+L6)^2)/(16*E*I); 

  

arc_min_A=phi_A*3437.75; 

  

phi_B=((m3*g)*(L7^2))/(2*E*I); 

  

arc_min_B=phi_B*3437.75; 

  

  

%% MOTOR 

RPM = 40; 

Gear_ratio= R2/R1; 

RPM_R1=RPM*Gear_ratio; 

  

P=(TR1_motor_min*RPM_R1)/9550;   %kW 

  

%% CYCLES 

  

varv_timma=RPM_R1*60; 

varv_arbetsvecka=varv_timma*40; 

varv_year=varv_arbetsvecka*52; 

  

varv_timma_sko=RPM*60; 

varv_arbetsvecka_sko=varv_timma_sko*40; 

  

P_max_FA=max(FA./MA); %N/mm^2  

P_max_FB=max(FB./MA); %N/mm^2 
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APPENDIX G – Machine components and the project 
budget 

3D printing 

Some components were printed and using a 3D printer at KTH, components such as a frame for 

the detector, the foot that is inserted into the shoe and the shin etc. The foot was found on 

GRABCAD community and used as reference and modifications were made to it (community, 

2016). 

Ball bearing 

From the reseller Mecmove in Skogås, Stockholm, three ball bearings were bought with model 

name UCP-204 and 20 mm in shaft diameter. These are bearing units which mean that the 

bearing and the housing is of the same design. Good advantages are the grease nipple that easily 

can lubricate the bearing if needed. The holes to attach the bearing housing is wide which makes 

the attachment with screws more adjustable.  

Sliding bearings 

The sliding bearing was also bought from Mecmove. Four of these were bought with the model 

name BK1 2030 but only three were used, the last one will be reserved if any of them breaks. 

The dimensions are 20/23 mm in diameter with a length of 30 mm. 

Ball bushing 

One ball bushing was bought from Aratron in Solna, Stockholm. This bushing as a flange that 

can be attached with four screws. The model name is LMEF-20 with 20 mm in inner diameter. 

Precision shaft 

A precision shaft was also bought from Aratron for the ball bushing. The tolerances for the ball 

bushing and the shaft must fit perfectly to get the smooth movement without any deflection. The 

shaft is 0,8 meter long and was cut down to 0,6 meter. 

Belt drive transmission 

The transmission system was also bought from Aratron. The pulleys ordered were 28AT5/30-2 

and 28AT5/60-0 with 30 and 60 teeth respectively. The belt ordered were one AT5/1230 GENIII 

which is 16 mm wide and 1230 mm long. This will give a gear ratio of 2. 

Project Budget 

 

Product Store Brand Model Price (SEK)

Hiking shoe XXL Meindl Derby GTX 1699

Hiking shoe XXL Salomon X-Ultra 2 GTX 1199

Arduino Starter Kit Kjell & Company- Arduino UNO 899

FSR Sensor Conrad Interlink FSR-402 228

Plywood Happy homes - - 50

M6 nuts 16x Happy homes - - 13

Threaded rod Happy homes - - 16

Bracket (vinkeljärn) Happy homes - - 12

Switch Kjell & Company- - 20

DC motor Conrad Modelcraft - 308

Ball bearings 3x MecMove - UCP 204 (FK) 390

Sliding bearing 4x MecMove - BK1 2030 60

Timing belt pulley Aratron - 28AT5/30-2 186

Timing belt pulley Aratron - 28AT5/60-0 263

Belt Aratron - 16 AT5/1230 GENIII 610

Ball Bushing Aratron - LMEF20 265

Precision shaft (L=0,8 m) Aratron - D20STD 440

Screws (M3-M8) Happy homes - - 109

Belt, frame legs Clas Ohlson - - 267

Screws and disc (M12) Clas Ohlson - - 100

Spray paint 2x Clas Ohlson - - 200

Material cost (KTH) KTH - - 900

Total cost 8234

Project budget
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APPENDIX H – Technical drawings 
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APPENDIX I – DC motor data sheet 

 



88 

 

 



89 

 

 



90 

 

 


