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Preface 

In November 2016 Jonas Mazal reached out to the mechanical engineering 

department of Halmstad University looking for help with a project, thus giving 

two mechanical engineering students the opportunity to do a thesis for him. The 

thesis was executed during spring 2017 by Ludvig Böös and Tobias Schack. Jonas 

Mazal has been of great support throughout the project and provided us with 

insight and knowledge in areas where our knowledge was limited. The thesis 

involved methods and strategies for selection of a rotary table to be placed in 

FabLab, Halmstad University. With the help of the rotary table FabLab will have 

the possibility to perfor full body scans of people for applications like 

ergonomics, design, art, etc. 
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Abstract 

This report provides a recommendation for the purchase of a rotary table intended 

mainly for 3D body scanning. This recommendation is presented to FabLab, 

Halmstad University. The proposal is based on the needs and requirements 

discussed and defined among group members, clients and other stakeholders. The 

main requirement is that the product can be programmed and controlled by a 

computer. This requirement was strengthened through the execution of a pairwise 

comparison. A broad market research is described and methods that have been 

used to achieve the results. In order to better understand how much the load will 

affect the product, a force measurement test was performed and analyzed. Earlier 

reports about reverse engineering, different applications and scanning techniques 

provide a deeper understanding of factors that may affect the selection of the 

product. 
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Sammanfattning 

I denna rapport ges ett förslag till inköp av ett rotationsbord huvudsakligen avsett 

för 3D kroppsscanning. Detta förslag presenteras för FabLab, Halmstad Högskola. 

Förslaget baseras på de krav och önskemål som diskuterats samt fastställts mellan 

gruppmedlemmar, uppdragsgivare och andra intressenter. Det viktigaste kravet är 

att produkten kan programmeras och styras via en dator. Detta krav styrktes 

genom utförandet av en parvis jämförelse, vilket är ett verktyg som används i 

arbetet. En bred marknadsundersökning beskrivs och vilka metoder som har 

använts för att uppnå resultatet. För att förstå innebörden av hur mycket last 

produkten kommer utsättas för i praktiken har ett kraftmätningstest utförts och 

analyserats. Tidigare arbeten kring omvänd ingenjörstekniksprocess, olika 

användningsområden och scanningstekniker ger en djupare förståelse för faktorer 

som kan påverka valet av produkten.  
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1. Introduction 

This thesis was written by two students who studied their third year as mechanical 

engineers at Halmstad University, with knowledge in both the design and the 

production field. Our employer for this project was FabLab and our mentor was a 

research-engineer named Jonas Mazal. The thesis covered 15 credits and was 

made over a period of four months. 

1.1. Background 

FabLab is both a platform for creativity and a community of knowledge sharing in 

more than 78 countries. The FabLab network is hosted by the Fab Foundation 

which is a US non-profit organization formed in 2009 that emerged from MIT´s 

Center for Bits & Atoms FabLab Program. [1] 

The purpose of this program is to give people of all ages and different level of 

experience access to tools, knowledge and the financial means to educate, 

innovate and invent. All FabLabs around the world shares the same standard of 

tools, machines and software so that information and projects easily can be shared 

within the community. Each lab should contain a minimum of at least one laser 

cutter for 2D/3D design and fabrication, a high precision milling machine for 

making circuits and molds for casting, a vinyl cutter for making flexible circuits 

and crafts, an electronics workbench for prototyping circuits and programming 

microcontrollers and 3D printers with fair resolution. [1] 

The FabLab at Halmstad University also has a 3D scanning area with both a static 

camera and a camera that can be placed on a dynamic robot arm. Both of these 

cameras scan objects that need to rotate on a single axis to be able to get all the 

viewing angles of the object. FabLab in Halmstad is also looking for possibilities 

to develop other design areas where a rotary table might be useful. 3D scanning 

enables you to capture the shape of a physical object in a fast, accurate and non-

destructive way. The shape appears on the computer monitor as millions of points 

called a “point cloud” which then can be merged into a 3D representation of the 

object. To accomplish this, the camera need to either move around the object or as 

in our case have the object rotate in front of the camera. 

1.2. Purpose and Goal 

Our purpose is to find a flexible rotary table to be used in multiple areas. 
The goal of this project is to provide FabLab with a rotary table that will mainly 

be used for scanning 3D objects. The rotation must be able to be controlled by a 

control board or synced with a computer. If the selected product is not delivered 

and installed during the project, a detailed order specification must be presented. 

1.2.1. Problem definition 

Today FabLab has a rotary table that the users are not satisfied with. The rotary 

table is mainly used for 3D scanning but they also have an interest in being able to 
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use the rotational movement in other areas, such as in PLC systems, milling, axis 

to a CNC machine and external axis for robot etc. For the product to be used to a 

large extent it must contain the possibility to change the angular velocity and stop 

at an angular position with high accuracy. The angular velocity that may be 

required for such areas requires a stable product that also has fastening options for 

different objects, for example T-slots, threaded holes or brackets. These are 

characteristics that the existing table does not have today. 

1.3. Limitations 

The focus of our research will be towards 3D scanning since this is the main 

application, other areas will not be covered in this thesis. We have had to consider 

that various rotary tables on the market might already be optimized to fit certain 

requirements equal to ours. Modifications on existing products or an already 

complete system may be the best choice to fit our requirements and result in 

getting a less expensive product than to develop a new one from scratch. 

If the product is developed from scratch the focus will be the mechanism that will 

rotate the object. Due to the limited time and knowledge about motors and 

programmable controllers, parts that concern this area will be chosen to fit our 

design, and will not be modified or changed. Other standard components like 

bearings, screws and gears will be bought and not modified as far as possible due 

to extra costs. Physical products that are able to compare with are the rotary tables 

already placed in FabLab, but theoretical comparison can be made from product 

specifications supplied by rotary table manufacturers. 

Even though our product may be used in many different areas it will mainly be 

designed to fit the 3D-scanning area at FabLab. Users and future developers will 

have the opportunity to further optimize and change the product, if necessary. 

1.4. Individual responsibility and efforts in the thesis  

Individual searches for relevant information and articles have been made and 

reviewed, first individually and then together, for maximum input and 

understanding of the subjects. In this way the information was also processed 

more effectively. 

The report has been written in full consent and agreement of both authors. Minor 

parts in the introduction and theoretical framework have been written individually 

and then reviewed together. 
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2. Theoretical framework 

To get a deeper understanding of how the rotary table may be used, the theory 

around 3D scanning has been studied as well as why people use it and in what 

context. 

2.1. Reverse engineering 

The definition of the reverse engineering process in mechanical design can be 

described as a process that “initiates the redesign process wherein a product is 

predicted, observed, disassembled, analyzed, tested, experienced, and documented 

in terms of its functionality, form, physical principles, manufacturability, and 

assemblability’’ [2]. 3D scanning is used to get a more geometrical aspect of the 

product, the purpose of this is often to reconstruct a shape from measurements. 

This approach is called geometrical reverse engineering [3]. 

Designing a product today often requires a CAD model which is constructed from 

a physical part. Reverse engineering is a process where you take an existing 

component and use three dimensional digitizing to end up with a CAD model. It is 

a process opposite from the classic process of taking a CAD part to production 

and finally ends up with a real component (Figure 2.1). 

 

Figure 2.1 Classic production versus reverse engineering process [4].  

To decrease the time needed for prototype creation, production and for increasing 

competitiveness big companies are investing in reverse engineering. Many 

industries such as the automotive industry have more and more complex 

geometric shapes on their products for styling or aesthetic purposes. These 

products are very difficult and sometimes impossible to model, by making 

physical mockups or prototype models they can solve this problem and be able to 

generate a CAD model through reverse engineering [4], [5], [6], [7]. 3D scanning 

is a method that allows us to digitalize real part surfaces with an output in CAD 

software. The output is thousands or even millions of points called a “point cloud” 

[4].To get a good surface quality of the model it is important that the geometric 

information is acquired with high accuracy [6]. Final surface quality depends on 

the number of points collected, but high surface quality often comes with 

complicated shaped parts. 
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For parts where function is of higher importance than surface complexity, needed 

points are usually much less than collected, it can therefore be necessary to 

perform a point reduction. In [4] they used this technique to replace a damaged 

gear-wheel where a part of it was missing. Since the part was rotation symmetrical 

and they wanted a fast process they used a point reduction method to make a more 

solvable set of points, from which they could build up a mesh. With the mesh 

from approximately 1/5 of the gear-wheel they created a base geometry of the full 

wheel to compare with the original scan and found the result very satisfying [4]. 

2.1.1. Morphological design approach 

In a design phase designers use different methods such as brainstorming, function 

analysis and morphological charts to come up with design ideas. Morphological 

charts are made to generate a large number of conceptual designs in an efficient 

way. It is a method that makes hybrids of concept designs and functions based on 

characteristics and specifications [8]. Examples of this method are shown in 

Figure 2.2 and Figure 2.3. Researchers have looked into the possibility of using a 

parametric shape blending method to automatically generate different shapes from 

two original mock-up shapes. 

 

Figure 2.2 Models for shape generation [6]. 

 

Figure 2.3 Generated shapes from models with different set ratio [6]. 

This is a reverse engineering based approach for product form design where you 

combine the curvatures from two shapes and set a ratio between them to get 
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multiple shapes. In this way designers can develop their ideas in a shorter time 

just from making clay or foam models, and by scanning these be able to generate 

new shapes as digital 3D product models [6]. 

2.1.2. Complex geometry 

Thin-walled products can be difficult to get an accurate scan from, because the 

scanned models often contain deformations. To fix this problem a special fixture 

on a rotary table can be the solution for products with complex geometry as they 

need to be scanned from many positions. Making a fixture for just one specific 

object can be expensive and time consuming. But by using reverse engineering a 

fixture can be made from scanning the object from another direction, for example 

if the object has a surface where it can lie stable and the side you are scanning is 

where you want the fixture to hold the object. By scanning this side you will get 

output containing a surface, that even if it is very complex, can be useful to make 

support pillars for the object. These support pillars can then be connected and 

adjusted to fit the rotary table. In this way you can print a cheap and fast fixture 

that holds your object on a complex surface (Figure 2.4) [5]. 

 

Figure 2.4 Fixture for scanning thin-walled drill cover [5].  
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2.2. Applications for 3D-scanning 

There are many areas where the use of different scanning methods may be 

applied, from relatively simple structures that can provide insight of how people 

lived long ago to a more complex that will generate more confidence to people. 

Following cases only bring us a fraction of insight into the extent, both the 

methodology and areas where it might be used. Although there might be different 

technologies for the shown applications available the non-contact, non-destructive 

and very fast 3D scanning technology clearly shows advantages. 

2.2.1. Real-estate 

In today's society there is much focus on efficiency and constant interest in 

making products and services easier to handle. In a study which was sought by 

real-estate professionals, the value of using 3D laser scanning in the real-estate 

business was examined. The study was carried out to find an opportunity to 

automate the making of digital models to provide faster and better service for 

developers, sellers and buyers. The software used was CAD and BIM (building 

information modeling). Figure 2.5 shows a result of a scanned real-estate. The 

advantage of BIM is described to give clearer and better information on the 

specific material and its condition. Results found that height measurement of 

cantilever items such as balconies were very efficient with the use of 3D scanning. 

The technique was also suitable to measure cracks in walls, as it gave a more 

precise result than measuring by hand, which is the usual approach. A company 

that chose to implement this method proved to reduce costs by 40-50% [9]. 

 

Figure 2.5 3D-Scan of real-estate. Photo of the real-estate (left), Scanned model (right) [10]. 
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2.2.3. Reconstruction of historical objects 

Ancient pots 

Ancient objects can give today’s population insight into how people lived 

thousands of years ago. It can also raise understanding of how development has 

led us to today’s society and is an important part of preserving the world’s 

different cultures. 

In [11] Zvietcovich and his colleagues described how they went about to 

reconstruct ancient pots. They found single potsherds from pots called paicas used 

by the Peruvian people for at least 2,000 years, these were used for storage of 

liquid and food. Figure 2.6 shows a reconstructed model of a paica. [11] 

 

Figure 2.6 Reconstruction of ancient pot using potshard. Shard (left), shape for reconstruction 

(middle), reconstructed paica (right) [11]. 

They began with structuring a database consisting of 2D profiles from 35 pieces 

of existing paicas which was excavated during the past 25 years. The profiles 

were then cut by the same axis of rotation and compiled into six different groups 

depending on form. Individual profiles of pots which will be found in the future 

can be analyzed and linked to the group that match best, a reconstructed shape 

similar to the original can then be produced. The difficulty of analyzing the results 

is that there are no existing pots to compare the reconstructed with that are 

complete and exactly the same. [11] 

Madonna Pietranico 

After an earthquake in 2009, the Italian statue of the Madonna Pietranico was 

badly damaged and broken into many pieces. A team of scientists describe how 

they did to rebuild the statue digitally from all the pieces that was big enough to 

generate information from, but also how they constructed new parts that were too 

damaged to fix. They began with sorting and scanning the pieces. [12] 

The scanned models of the pieces were placed virtually in the computer software 

by distance measurement in relation to points marked out for each part. Based on 

these pieces they created a support structure which goal was to fill the void of the 

missing parts and to ease puzzling the pieces back together at the correct distance 
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from each other. They concluded that the digital model gave a great advantage to 

help modelling of the missing pieces. They also present a methodology which 

shows a good example of what modern technical work can look like, regarding the 

implementation and planning of 3D modelling. [12] 

For another example, the reconstruction of a traditional pillar can be found in 

Appendix E. 

2.2.4. Body part replacement 

Microtia is a deformation of the ear that affects newborn and occurs in different 

degrees of severity [13], [14]. Byoungjun Jeon and his colleagues describe a work 

in which they used a patient’s flawless ear with the help of 3D scanning, to 

reconstruct the misshaped ear. They began with casting the entire flawless ear, the 

mold was then used to cast a model which was scanned into CAD software. The 

ear model was then mirrored, to get a correct fit on the other side of the head. The 

virtual model of the ear now had the correct direction and was used to 3D print a 

physical model (Figure 2.7).  The print was used as a reference during surgery of 

the misshaped one. The results proved to deviate on average 2.31% from the 

patient's flawless ear. This can be compared with the average of 16.03% which 

was achieved with the traditional method, by using a 2D image. It also reduced 

unnecessary work during the surgery [15]. 

 

Figure 2.7 From scanning a mold of a right ear to reconstruction of left ear [15]. Laser scanning 

and casting of ear model (upper left), scanned and mirrored virtual model (upper right), 3D-

printing of a physical model (bottom).   
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2.3. Scanning techniques 

There are four common techniques used for 3D scanning. To be able to provide a 

rotation table that can operate in many different areas, more information about 

possibilities and limitations of each technique must be studied. 

2.3.1. Laser scanning 

3D laser scanning operates by projecting laser-beams at a surface and measure the 

travelled distance based on the time of flight (TOF) principle. The measurement 

points are given by capturing the returned reflection of the surface which contains 

information about the surface’s position and reflectance value. During just a few 

minutes laser scanning can capture tens of millions of measurement points with 

high accuracy (with a deviation of a few millimeters on a measurement range of 

up to a few hundred meters). The accuracy of the scan can be affected by texture 

and reflectivity of the surface and weather when doing outdoor scans, for example 

rain and wet surfaces caused by rain. Buildings with large windows can therefore 

not be accurately captured because the laser-beams will pass through the glass. 

With a built-in camera, measurement points can be complemented with color data 

generated from photos taken. To capture a complete object or environment at least 

two scans from different positions are required. For combining these scans into 

one dataset reference objects are often needed. With a reference object such as 

white spheres, chessboards or features in the environment, scanner can be 

calibrated using these references. Data from different positions can then be 

combined into one dataset containing all the measurement points presented as a 

“point cloud”. The main limitation with this technique is the high costs for 

equipment and training of the operators. Laser scanning can be very time 

consuming depending on size of the object and “point cloud” analyzation requires 

more time compared to photogrammetry. Transportation and movement of 

equipment can be hard due to size and installation. [16] [17] 

 

Figure 2.8 Illustration of laser scanning [18]. 
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2.3.2. 3D range camera 

A 3D range camera, also called laser range camera, works in a similar way as a 

laser scanner by using the TOF principle. It projects a codified image or a line to 

gather information about the objects surface. This operation produces real-time 

images which are beneficial for dynamic scenes such as detecting, tracking and 

modeling moving objects. It is not as accurate as the photo- and videogrammetry 

technique but is not affected by light conditions. Because of the technique of 

projecting a line or image, materials with dark inclusions can get mistaken for 

voids instead of surfaces [16]. The technique has a wide area of use such as face 

detection, mobile robot search and rescue, manufacturing, automatic vehicle 

guidance, person tracking for airport security and guidance for blind people to 

name a few [19]. 

National Institute of Standards and Technology (NIST) has been studying the 

potentials of using a 3D range camera with light recognition. They proved that the 

camera SwissRanger2 (SR2) was able to detect standard size objects detailed in 

British and American standards. Bostelman and his colleagues wanted to test if 

this technique even could be useful for blind or visually impaired, by detecting 

and giving audio feedback on travel paths and other environmental things. The 

camera was placed on a powered lift-wheelchair called RoboChair and the test 

was to see if the robot could find its way out the door with obstacles blocking the 

path, a simulation of a blind person finding its way out. The system was able to 

detect the standard size objects in its path and successfully plan a path that could 

be translated as audio feedback, providing a guidance system for the blind. 

Problems for the system were when objects came to close to the camera and 

getting weak signals when scanning dark-colored objects. They also meant that a 

development of a more advanced system for object recognition and classification 

is required. [20] 

2.3.3.  Photogrammetry 

By taking 2D photographs from different positions a 3D model can be constructed 

through a triangulation procedure. The cameras position can defined by 

calculation from features in the photographs or by knowing camera rotations and 

translations. A single 2D photo will capture multiple points of reflected light, 

direction of where the reflections came from gets known but not how far. Multiple 

photos from other angles and locations will be able to define the position of the 

points with the triangulation principle in a 3D space [21]. Figure 2.9 illustrates 

this principle. Photogrammetry has been used since the development of the digital 

camera and is a non-destructive method performed at a low cost with good 

portability [22]. Software packages use three main steps of geometric information 

to generate a 3D “point cloud” structure from images: locating common features, 

calculate camera orientation/position and information from intersecting feature 

point locations [16]. 

In a paleontological study they wanted to analyze mounted specimens in a 

museum exhibition by using photogrammetry. Studies had shown that 
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photogrammetry would be able to maintain the same high quality as a laser 

scanner would have when reconstructing isolated elements. Their conclusions 

were that photogrammetry is sensitive to photos taken against the light or in 

places where light is lacking. But with the camera they used and the commercial 

software Agisoft Photoscan they were able to get results comparable with a high 

quality surface scanner. Photogrammetry can therefore be a reliable method for 

quantitative analysis. [22] 

Limitations with this technique are that it most of the time requires natural 

lighting and little difference in texture might not be obtained. When using 

photogrammetry outside on for example buildings, things in the environment 

might limit wide angle shots due to nearby structures and moving objects such as 

cars, people and swaying trees that can affect the geometry features. Artificial 

visual markers might be needed to increase the number of featured points. [16] 

 

Figure 2.9 Illustration of photogrammetry [23]. 

2.3.4. Videogrammetry 

The technique of videogrammetry works in the same way as photogrammetry, but 

capture and measures the points by video frames instead of images. The 3D 

measurement results captured by many video frames in a video sequence have 

better accuracy then photogrammetry but lower resolution. It is a sensitive 

technique due to abrupt motion and changes in light conditions. But if these errors 

can get minimized, photorealism and high accuracy can be achieved [16]. When 

performing this process with the use of two cameras they need to be calibrated to 

one another. In the frames of the camera target points are either measured or 

tracked, depending on if the point is considered as a not detected point in the 

previous frame. If both cameras detect the same point, the point will be matched 

and automatically processed. Automatic multi-image matching is the most 

essential part of videogrammetry. This technique is useful for surface modeling of 
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human movement, automatic industrial product inspections and other dynamic 

surfaces [24]. 

José Herráez and his team compared the accuracy of videogrammetry with an 

architectural laser scanner and a high resolution portable 3D scanner. For 

videogrammetry they used a camera in a fixed position and had the object rotating 

at a constant speed, and for the scanners they rotated the object manually to scan 

from several angles. The accuracy of the measurements obtained from 

videogrammetry had much more reliability compared to the architectural laser 

scanner but was equal to the high resolution scanner, with an accuracy of 1-2mm 

for videogrammetry and high resolution scanner and 3-6mm for the laser scan. 

Also time spent for recording/scanning and processing was much less for the 

videogrammetry which took 5 minutes when laser scanning took two and a half 

hours, where two hours spent for filtering and processing data. [25] 

2.3.5. Comparison 

To compare these four techniques several specifications and characteristics has 

been looked into. 

 A Laser scanner is automated, most accurate, has long range, is not 

affected by light and has a high resolution. On the negative side it is very 

expensive, hardly portable and does not have real-time retrieval. 

 A 3D range camera is not as accurate as photo- and videogrammetry but 

is portable. It is also automated, has real-time retrieval and can be 

operated regardless if there is a light source or not. But it has short range, 

low resolution and comes at a medium cost. 

 Photogrammetry is cheap, lightweight, accurate and has a medium range. 

It can be manual or semi-automated with low resolution, no real-time 

retrieval and is sensitive to changing light conditions. 

 Videogrammetry has similar specifications and characteristics as 

photogrammetry but is automated, has higher accuracy, lower resolution 

and real-time retrieval. 

2.4. Outcome of study 

Our study shows that reconstruction of objects and shapes using 3D-scanning can 

be a time and cost efficient method and also enables otherwise impossible shapes 

to be virtually generated. Scanning technology is used to facilitate processes and 

to receive better results than what has been possible to achieve before, it is also 

useful for work that involves modelling of complex parts, creating support 

structures and to digitalize and analyze large objects. To get a correct analysis, all 

objects need to be scanned from at least two different angles. This means that 

either the scanner needs to have at least two different positions during the scan or 

the object needs to be rotated. 
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For best results when using laser scanning, referencing objects need to be existing. 

The reference object or pattern needs to be either placed on the table or nearby for 

calibration purposes. Reflective surfaces will have a negative effect on the results. 

3D range cameras have difficulties of detecting dark inclusions in materials and 

often mistake the inclusions as voids. It might therefore be beneficial to have a 

matte dark colored platform where the object is placed. Photogrammetry is 

sensitive to moving objects, lack of light or light against the camera. 

Videogrammetry is sensitive to abrupt motion and sudden light changes. This 

means the rotary table presented in this thesis need to have both angular 

positioning and continuous rotation at a set velocity. It is also important to take 

light conditions into account when using photo- or videogrammetry. 

2.5. Qualitative research – Ethnographic interview 

Ethnographic interview works as a friendly conversation where the interviewer or 

interviewers meet with the interviewee in its natural work environment. It is a 

good method for collecting user experience data with an open mind and in a non-

formal matter. The open framework lets the interviewee speak freely about the 

subject and often leads to information about related areas. By interviewing with 

this soft approach, the original questions asked often results in more informative 

answers. [26] Interview results are shown in 4.1. 

2.6. Pairwise comparison 

The matrix used for pairwise comparison shows relations between characteristics. 

This method provides a score and rank, which makes it easier for the user to 

define the importance of characteristics during the product development or 

selection process. Each row and column are compared individually and scored on 

three levels, in this thesis 2, 1 and 0. These are represented in the same order as; 

row is more important than column, row is equally important as column, row is 

less important than column. Score in each row are added up together with a 

correction factor, highest score is ranked as most important. [27] 
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3. Methods 

A flowchart of this project’s process is illustrated in Figure 3.1. It shows relations 

between methods and results for this thesis. Methods and how they are used in 

this project are explained in this chapter. 

 

Figure 3.1 Project process flowchart. 
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3.1. Gantt-chart 

To get a better visualization of different tasks and key dates, a GANTT-chart was 

made (Appendix K). GANTT-charts are beneficial for understanding the timeline 

of the project and for letting everyone in the project know what task should be 

done, when and how the tasks relates to each other. It is also a strategic way to be 

able to ease decision making and to estimate resources needed for the project. 

3.2. Logbook 

A logbook was used to weekly establish a timeline of what we had accomplished 

and what we should do next time. It is a simple and helpful tool to see what tasks 

has been done and also as a reminder if there were any task that needed to be 

looked further into. By comparing the logbook with a Gantt-chart it is easy to 

check if the project keeps up with the original plan and to see if something has 

been forgotten or missed. 

3.3. Theoretical framework 

Articles from various databases were collected and read to get knowledge about 

the field for this thesis. Peer reviewed articles are a very valid sources for 

information and to get up-to-date information, mainly articles published after 

2005 were collected, with a few exceptions. Theoretical framework provides 

understanding of what level researchers have reached in the field at the start of the 

project. All important and cited literature can be found in the bibliography. 

3.4. Market research 

Market research was the main method used for this project, as analyzation of the 

market was essential. By collecting a broad range of products within different 

areas, grouping and comparison can easily be done. For our first search Google 

was used, a lot of different search words were used to get different results. 

Example of search words that were used are: rotary table, rotation table, turntable, 

3d-scanner, full body scan, rotation device, rotary stage, milling table, etc. 

Problems with using this method is that google search results often show well 

established websites and companies at the first pages. This makes it harder to find 

smaller websites and companies that still may be better match for what you are 

searching for. 

For our second search we tried to avoid this to find other products that would fit 

our requirements better. By using Google picture search other websites were 

found because the results are not generated the same way as the standard search. 

Using the same search word as before, but also other better defined search word 

for example “rotary table load capacity 2000N”, more accurate websites for our 

purpose could be found. As a compliment to English search words, Swedish 

words were used. Our mentor Jonas Mazal could also provide us with some 

results using German. 
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Companies that had similar products, products that did not match criteria or 

products meant for other applications were contacted with a request with our 

criteria stated. Companies within this area usually have suppliers or contacts that 

they can refer to, smaller companies that otherwise would be almost impossible to 

find. 

3.5. Force measurement test 

A test is good for simulating and analyzing a situation that may occur. Simulation 

is recreation of a real situation in a controlled environment .When simulating, 

predictions about features or circumstances that may or may not affect the real 

situation have to be taken in to account. To get more accurate results more than 

one subject should perform the test, since one person cannot represent a whole 

population. Multiple tests make deviating data easier to detect, additionally an 

average of data can be calculated, which is useful in some cases. 
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4. Results 

4.1. Interviews 

We spoke to Sarah Fischer, a German exchange student who had been working 

with the 3D scanner and robotics in FabLab, to collect user-experience data. The 

topic of this interview was evaluation of the existing rotary table and to define 

requirements for our development. The biggest problems with the one she used 

was the lack of settings and ability to operate it with high precision, containing 

only one on/off switch, one speed and not being able to determine which direction 

it rotated. The main improvements she thought to be most important were ability 

to do most settings from a computer, for example speed, angle, height and 

direction. She also pointed out that automatic operation would be very helpful. 

Soft criteria such as portability, non-interfering fastening, stability, other areas of 

use and a more trustworthy design were mentioned. 

Stefan Rosén, CEO at Toponova is an expert in measurement and characterization 

of surfaces. In his work he uses 3D scanning devices and rotary tables to analyze 

and develop standardized surface quality measurement metrology. Today he has 

to rely on his own capability to manually repeat a scanning procedure. This limits 

the ensuring of the results. If he had an automatic or semi-automatic rotary table 

that could be programmed to perform specific operations, he could guarantee the 

costumer that the repeatability could be trusted. 

4.2. Market research 

A market research was done to get a better understanding of what products could 

solve our problem. Information and data was gathered from various types of 

rotary tables, since there were no specific data limiting our search range. Only 

criterion was that the product should be a useful rotary device for many different 

operations. Without these limitations in our search a wide range of products could 

be found, but mainly rotary tables made specifically for either 3D scanning or 

CNC operation. A list were compiled that represented the total range of available 

products together with various data, presented in Appendix A. Specifications 

about these products differed a lot in what was provided on their websites, all data 

that was decided to be relevant was added to the list. Data was categorized as 

primary and secondary, where primary was considered as key factors. 

Primary: 

 Outer diameter (O.D) 

 Weight (W) 

 Load capacity (L.C) 

 Top rotation speed (T.S) 

Secondary:  

 Height (H) 



  

18 

 

 Different motor compatibility 

 Fastening options (F.O) 

 Price (P) 

 Rotation torque (R.T) 

 Accuracy 

Accuracy was the data that differed mostly in what was provided, this was given 

as: index accuracy, flatness, resolution, repeatability and incremental motion. 

Other specific characteristics were added as comments.   

A complete list of 44 products helped us to group and compare on specific data. 

For a lot of products specifications were limited or lacking, for example price will 

only be provided upon request. Some of the products could be ordered in up to ten 

different sizes, in most cases the smallest, the largest and a medium were chosen. 

Many of the products also had the option to be optimized in terms of motor and 

accuracy to meet customer needs. 

4.3. Evaluation of data 

By choosing a specification or data as a limiting factor, groups could be made that 

showed what range of other data was available for different options. A 

visualization of this method is show in Figure 4.1. This was done to better 

understand relations and limitations between different data. The list shown in 

Appendix A, together with a chart of the groups were used at the meeting with 

Stefan Rosén and Jonas Mazal.  

 

Figure 4.1 Visualization of grouping method (motors). The figure shows for example that a DC 

motor, among the products in our list, would not be capable of loads more than 65kg. 

4.4. Requirements and criteria 

After discussions and interviews with Stefan Rosén, Sara Fischer and Jonas Mazal 

who all have knowledge in the technical field, requirements and needs for the 

product were able to be collected. Our thoughts from an environmental aspect 

were also added to get a more sustainable product. Figure 4.2 summarizes these 

criteria. 
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Figure 4.2 Summary of needs and requirements for rotary table. 

To be able to scan a person with gear and equipment the outer diameter should be 

at least 400mm and have a minimum load capacity of 200kg, at any point on the 

platform. Two persons must be able to lift and carry the product to table height. 

According to § 4 (AFS 2012:2) [28] a person should not lift or carry weights over 

25kg, weight limit of the product will therefore be set to 50kg. To easy operate the 

table it must be controlled by a device that allows automatic controlling and have 

the ability to set programs for positioning and rotation speed. There must be a 

reference point for both the placed object and the angular positioning of the table, 

to ease the possibility to repeat a procedure with high accuracy. 

It has to be designed in a way that allows the table to be used to a very broad 

extent, standardized options to fasten different fixtures, plates and height 

adjustments must therefore exist. The price limit was not given but must be 

justifiable to the accuracy and quality of the product. The product should be 

robust enough to handle minor impacts and with the ability to add protection from 

water, dust, larger impacts etc. Also low maintenance is a relevant factor. The 

product should be sustainably developed, but not necessarily. 

4.5. Force measurement test 

The criterion of 200kg load capacity was defined, but we wanted to test what this 

meant in practical terms. To ensure what maximum weight a person stepping on 

to the table platform can have, a test was made to compare the difference between 

the dynamic load and the static. Since we had no experience from the 

measurement software, Joris Carmona helped us with the computer part, as we set 

up the “step-up” test. Joris Carmona was an exchange student who worked on a 

project where he analyzed forces from jumping and landing [29]. 

Any requirements or limitations for the height of the table were not given, 

therefore forces were measured when stepping on to four different sized boxes 

(Figure 4.3). A test without any box was also performed to compare if the height 

had any significant affect. These boxes were supposed to represent different 

heights of rotary table platforms. 

Min. Outer diameter 400mm Programmability Reference point(s)

Min. Load capacity 200kg Module-built Robust

Max. Weight 50kg Low price Low maintenance

Min. Top speed 15rpm High accuracy Sustainable developed
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Figure 4.3 Boxes used for force measurement test. Box A, B, C, D. E marks the force measurement 

platform. 

The test was performed by both of the project members. Instructions were set up 

for making the step-up motion as similar as possible. 

Instructions:  

1. Start position must always be the same, with both feet close to the force 

measurement plate. 

2. Right foot must be placed first on the platform or box, followed by the left 

foot 

3. Body must be kept on platform or box until stabilization has been reached 

4. Walk onto the platform or box in a calm motion 

Our assumption that the force would increase when person was stepping on to the 

box were proven correct. As shown in Appendix B, most tests show a peak when 

both feet land on the platform, followed by stabilization, as the force goes towards 

a static phase. The majority of the tests show that the force never increases more 

than 10% of the static force. Two deviating results were found and can be 

explained due to several factors mentioned in 5.1. Graph B.3 in Figure 4.4 shows 

an increment of almost 25%, which is twice as much as the second most. During 

that test the subjects did not notice any deviating movement, but with the subject 

trying to balance on the small sized box, a flicking movement might have been 

made.  

A   B   C   

D   

E   
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Figure 4.4 Chart of force measurement test results. Height and Width were measured from the 

boxes (mm). Static force was the person’s weight in Newton with highest force measured as 

Maximum force. The percentage between Maximum and Static forces shows as Difference. 

In Graph B.11 and Graph B.12 instruction number 4 was changed from calm to a 

medium rough motion when walking on to the platform. As expected, maximum 

force was greatly increased. 

For an extreme situation where a person would jump on the platform, Joris 

Carmona´s tests showed that the maximum force would increase at least 200% 

when landing on the platform [29]. Visualization of this test can be found in 

Appendix C. 

4.5.1. Conclusion 

Even though the boxes differed in height any significant difference in maximum 

force could not be seen. Height of the table would therefore not be a critical factor 

for picking a rotary table. Static force did not affect the percentage increment, 

instead the motion when stepping on to the platform together with the possibility 

to stand steady had bigger impact. With a load capacity at 200kg (1964N) and an 

increment of 30% (maximum from test 25,4%) it was safe to say that a person 

with a weight of 153kg can step on to the platform with a “normal” step. Flicking 

movements can easily occur when both feet does not fit on the platform which 

results in peak forces. Graphs also showed that when width of the platform 

increased, stabilization was regained better. A platform where both feet fit and a 

Force [N] 
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person could stand in a normal upright position was therefore needed. As 

Carmona´s test showed the maximum increment of force was 260%, a person with 

a weight over 50kg could easily break the platform when jumping. 

4.6. Pairwise comparison 

A comparison matrix was done to find out the relations between the criteria and 

also rank of importance presented in Appendix D. 

Some criteria only have a few options when others have a minimum or maximum 

limit. For example programmability is either none existing, has one or a few 

sources, or open source/free programmability. Another example is weight, which 

has an upper limit of 50kg but as low as possible was preferred. When making a 

comparison between these two, programmability got “Score 0” because freely 

programmable was a must be criterion while a weight lower than 50kg was just 

preferred. In Figure 4.5 this is visualized.  

 

Figure 4.5 Visualization of mindset when scoring in pairwise comparison. Gradient from white to 

black visualizes importance, where white is most important. Score 2 represents a scenario where 

lower weight is of higher importance than programmability. If lower weight is equally important 

as programmability Score 1 would be given. Score 0 represents a scenario where free 

programmability is of higher importance than lower weight. 

The matrix showed that programmability was the most important criteria, as 

mentioned before this was the most central part for the rotary table already from 

the start of the project. Load capacity was the second most important and weight 

together with price was ranked as number three. Lowest ranked criteria were 

accuracy and a sustainably developed product. 

4.7. Filtering 

When filtering our product comparison table on outer diameter, load capacity, 

weight and top speed, no products matching all requirements were found. To 

solve this problem, three options were taken into account: 

1. Design a complete product ourselves 

2. Search for other size alternatives that could match the requirements better 

3. Filter on only some of the requirements and look for possible adjustments 

for the others  
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After consulting with our mentor Jonas Mazal the conclusion was that designing a 

complete product ourselves was not an option, as our task was to fulfill the need 

of having a working rotary table in FabLab at the end of our project. Time 

assigned was not enough for time required to fully develop, manufacture and test 

a rotary table of this complexity. Furthermore requirements for a developed 

product could not be assured until assembled and tested. 

As information about programmability and price were lacking in a lot of cases, 

these were not considered. Also other criteria that would be hard to measure were 

skipped at this stage. 

The second strongest criterion was the load capacity of at least 200kg. The weight 

limit of 50kg was the third most important criterion. Top speed below 15 rpm is 

not acceptable and is a limiting criterion. Outer diameter can be easily adjusted in 

most cases by adding or changing the top plate to preferred size. Because of this 

outer diameter was not a limiting criterion for the filtering process. 

Nine possible options from our table were now remaining; some of these did not 

have full information available on their website, one had data that needed to be 

ensured due to deviant load capacity and some had a broader product range then 

the ones listed. 

Sizes of products that were not on the original list and matched the requirements 

were, together with missing data after contact with suppliers added and 

highlighted in Table 4.1, except for Weiss (#5) who did not reply at this stage. 

Table 4.1 List of remaining products after filtering on criteria. Highlighted cells represent added 

content. 

 

When investigating these products further other relevant data were discovered. A 

factor that had not been thought about earlier was that maximum load capacity 

defines maximum load at the center of the rotation axis. Loads that are not 

centered on the axis are far less than the stated maximum load capacity. 

Information about another motor type called direct drive was also found. 

Following products were eliminated from the list: 

# Supplier/Brand Name O.D (mm) W (kg) L.C (kg) T.S (rpm)

5 Weiss NR750 750 ? ? ?

11 eviXscan 1000 1000 ? 1000 ?

11 eviXscan 200 500 ? 200 ?

13 IEF-Werner DT100/140 80 5 500 60,0

19 Yukiwa JNC170 170 38 500 33,3

19 Yukiwa JNC140 140 27 400 41,6

20 Intellidrives RR-18-14 450 ? <200 60,0

20 Intellidrives RR-14-10 355 ? <200 80,0

20 Intellidrives RR-10-6 254 ? <200 120,0

26 PBA systems PDDR150 150 10 530 300,0
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11. Was only sold as a package of a full 3D scanning station and rotary table 

could not be ordered separately. This product was therefore not an option 

to be further considered. 

13. Did not meet the requirement of a non-centric load of 200kg 

20. Did not meet the load capacity requirement 

4.8. Non-centric load and moment of inertia 

The criterion for the non-centric load of 200kg at 0,2m were calculated to a 

requirement of 400Nm, listed as tilting moment (T.M) (Table 4.2). This is for an 

extreme situation where the center of gravity is located at the edge of the 400mm 

platform, for example when a person is stepping onto the rotary table. As 

suppliers needed more information to be able to recommend a motor for their 

products, moment of inertia also had to be calculated. To calculate moment of 

inertia, information about a person’s size had to be collected. Measures from 95 

percentile man were collected to ensure that the majority of people can be scanned 

[30]. Figure F.14 in Appendix F shows how these measures were used to calculate 

moment of inertia. Appendix F also shows how the modelling of the problem was 

made (Figure F.15), together with calculations in Figure F.16 which resulted in 

moment of inertia of 10,71kgm
2
. 

4.9. Additional search 

With only 3 remaining options and with more knowledge and understanding about 

the criteria, a second market research was done. This time only products that 

matched the requirements of weight, load capacity, tilting moment and top speed 

were collected. 

Weiss finally responded and explained that product 5 did not match the criteria, 

instead they gave us three other options 51, 52 and 53. 

Additional information about product 26 was never provided by PBA systems 

after several attempts of contact. Both were eliminated together with 19, 28 and 

29 which did not match the new defined criterion of tilting moment.  

With price information acquired, 32 and 33 were found to be a lot more expensive 

than the others and were therefore eliminated. A price of over 100,000SEK could 

not be justified when cheaper, similar products fulfilled our needs. 
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Table 4.2 Updated list after second market research. Highlighted cells represent unfulfilled 

requirements. 

 

4.10. Final selection 

From all collected data and knowledge about both products and companies our 

recommendation will be a system from MotionUSA. The product RDS-080E, 

visualized with motor in Figure 4.6, does not only have the best load capacity and 

allowable tilting moment but also comes with a controller that can be operated 

through various common interfaces. This product would definitely be a very good 

choice for 3D-bodyscanning but it is also a compact product that can be useful for 

a lot of other applications. See Appendix G for application examples provided by 

this supplier. A load capacity of 800kg allows not only one but a few people to be 

scanned together and a tilting moment of 1700Nm will enable these people to be 

fit on a large diameter top plate. There are options to adjust the motors mounting 

angle if needed, for this quote it is mounted vertical below the rotary device. Even 

with all these additional possibilities this system is in the lower price range among 

similar products. 

A detailed quotation with all the including components is provided in Appendix 

H. Shipping is not included in this quotation. Their estimated shipping costs to 

Halmstad University were 4850SEK ($540). For comparison we checked with a 

global shipping company, Kuehne + Nagel and received an estimated price 

quotation for 2228SEK (Appendix H). Additional taxes and customs charges may 

occur and are not included in the quotation. 

 

# Supplier/Brand Name O.D (mm) P (kr) W (kg) L.C (kg) T.M (Nm) T.S (rpm)

5 Weiss NR750 750 ? ? ? ?

19 Yukiwa JNC170R 170 ? 38 500 238 33,3

19 Yukiwa JNC140R 140 ? 27 400 140 41,6

26 PBS systems PDDR150 150 ? 10 530 300,0

28 Standa 8MRB240-152-59 200 40000 5 500 <400 120

29 Aratron TMS74 300 65000 39 800 360 120

30 Mekom RT1 300 300 60000 27,5 500 1000 36

31 Festo Custom 100 51000 <50 200 >400 15

32 Aerotech ARMS-150 250 >130000 44 230 650 250

33 Intellidrives SRT67 225 110000 23 300 250

34 Holmarc Custom 300 35000 <50 200 >400 15

35 MotionUSA RDS-080E 160 43500 22 800 1700 >15

51 Weiss NC 150TB 150 75000 23 550 500 >15

52 Weiss TO 150C 155 68000 16 600 600 60

53 Weiss TW 150 140 60000 27 550 500 80
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Figure 4.6 Visualization of selected product. 

4.10.1. Optional suggestion 

Our secondary suggestion would be a Scandinavian supplier of Weiss NC150T, 

this system is provided with a rotation device from United Components and motor 

and controller from Bosch Rexroth. It has a high load capacity of 550kg a tilting 

moment that is slightly higher than our lower limit but is a bit more expensive 

than our primary suggestion. This system is ensured to be working for 3D-

bodyscanning and also has a safety module, but might be limited to areas where a 

vertical rotation is of use as the supplier have adjusted the system to fit this 

application. The controller can be operated through LabVIEW and is not ensured 

to be working with any other programs. The quotations for this system can be 

found in Appendix I and also includes a 400mm top plate made to fit this system. 

Shipping of the rotation table with components is made from Germany and motor, 

controller and safety module from Sweden. This might result in lower freight and 

customs charges compared to our primary suggestion. 

Additional quotations for Festo, Holmarc and Mekom can be found in Appendix I 

and contact information in Appendix J. Festo could not confirm that the product 

would handle the tilting moment. Holmarc did not seem reliable, provided very 

little information and the quotation did not state if components were included. 

Mekom was a Swedish supplier and seemed very trustworthy, but only the rotary 

table was included in the quotation and it was already very expensive. 
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5. Discussion 

This thesis is a market based approach of finding and selecting a rotary table that 

handles certain criteria. Its method could be applied, modified or used as a guide 

to other similar projects where selection of a product in an unfamiliar field is 

needed. 

5.1. Method discussion 

In the beginning of the project our understanding was that designing a fully 

functional rotary table would be the main focus. The GANTT-chart we made for 

our project were based on that assumption, as the project took a turn in another 

direction this plan was hard to follow during the project. Instead a logbook was 

the most helpful method of keeping track of what we had done and what was next. 

It was helpful for a short term planning but harder for the long term perspective. 

Even though our planning methods had some flaws we managed to maintain a 

continuous workload throughout the project. 

As our project was not fully specified when we started to collect information from 

articles, we tried to cover a wide range of information. Specific articles about 

rotation tables was very problematic to find, instead we changed our angle of view 

to look for purposes and techniques involving 3D-scanning. The knowledge we 

gained from these articles turned out to be very helpful to understand limitations, 

possibilities and characteristics, which then could be translated into requirements 

for the rotary table. 

During the force measurement test we came up with our own method. The 

instructions we made for this method made it possible to compare the results. We 

were happy with the results and were able to make some conclusions. Factors that 

may have affected the result could be: repeatability of “step-up” motion, box sizes 

differing in width, subjects did not have same length, shoes and balancing skills 

etc. Also the instructions of a calm, normal or medium rough motion could have 

been perceived differently. 

Market research is a well-known method that can be applied in many cases. For 

each case it has to be adjusted to fit the specific task. Even though we tried to 

search using many different words, combinations and conjugations we can never 

be assured of covering the total market range. When using keywords that involved 

our product’s area of use we found better matching rotary tables, areas that we are 

not aware of could have given us even more and better search results. 

The pairwise comparison has been used by us in other projects and is a tool that 

we find helpful and easy to use. Results are depending on how we evaluate the 

criteria and might not be the same for other users. 
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5.2. Result discussion  

Our aim was to find a flexible rotary table to be used in multiple areas. 
We have provided FabLab with a detailed order specification and quotations for 

what we suggest to be the best solution. This product is ensured to be working for 

3D body scanning and comes with a controller that is compatible with ASCII, 

CANopen and RS232 interfaces. This lets the user set-up rotation programs that 

work for several other applications where an external axis is of interest. The rotary 

table has not been ordered and delivered yet, therefore installation and using 

experience was not covered during this project. The output from the theoretical 

framework strengthened some characteristics for what we already had in mind for 

the product and also motivated the products necessity. If the product is ordered, 

further work concerning calculation of freight charges, installation, table top 

diameter, referencing patterns or objects, fixtures for objects, programming of 

rotation procedures and instructions for usage would be recommended. As all the 

rotary tables we found had a much higher accuracy than what we needed for our 

product, this was never an important factor. This explains why accuracy got a 

very low rank in the pairwise comparison. 

5.3. Critical review 

The background of this project was to find a better product than what does exist in 

FabLab today. This product would not be limited to one area and as it is 

impossible to predict future changes in interacting devices, a product with this 

flexibility most certainly has a greater chance to be useful on a long term 

perspective. 

The external test made by Joris Carmona cannot be ensured to have been correctly 

executed but the test was made in the same environment and with the same 

equipment as our force measurement test. 

Knowledge gained during this project gave us a greater insight in a product 

selection process. As the project seemed very easily executed at the start we were 

worried that the amount of work needed would not be enough for a complete 

thesis. Soon we realized the complexity of finding a product when given criteria is 

very limited. We learned that a project involving the need of a deeper 

understanding in a subject can be very time consuming. Knowledge from this 

project will give us an advantage in future purchasing processes. 

Our results and knowledge from this project are very satisfying to us as we are 

convinced that the suggested products are the best choice for our employer. 

Unfortunately we were not able to physically operate and test the system which 

would have given us better knowledge about that area.  

Economical 

This project has proceeded during 4 months and if we had been employed by a 

company this would have been a very expensive and inefficient progress for 
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selecting and buying a needed product. Therefore it is not always the best 

approach to spend a lot of time searching for the best and cheapest product as this 

does not always results in the most cost-efficient process. Suggested product has a 

long life span and is flexible enough to not be outdated. 

Social 

We would not be able to ensure end user safety and that it is operated correctly. 

Even though suppliers are aware of the applications, certificates or CE marking 

has not been analyzed to secure usage of having a person standing on the product. 

The programming of the rotary table requires some technical skills and 

experience, users will then be able to operate it without any special skills in the 

field. 

Ethical 

Any ethical aspect has not been touched in this thesis and was not a factor during 

the selection process, neither has any of the suppliers ethical values been checked. 

With the suggested product people of all size and weight can be scanned, due to 

the high load capacity and other capacities no person should be offended for being 

too heavy or too small when being scanned. 

Environmental 

The supplier of the suggested product is located in the USA, this leads to long 

transportation and fuel consumption which is a treat to the planet. If the product 

breaks or is defect additional transportation across the Atlantic Ocean might be 

needed. Our hope is that the product will attract more people to learn and discover 

interesting areas in the technical field, to visit FabLab and to choose study at 

Halmstad University. 
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6. Conclusion 

From the research, comparisons, tests and evaluations performed in this thesis a 

summary of the results are: 

1. A detailed order specification has been presented to FabLab of what we 

suggest to be the best choice. 

2. Methods used gave a positive outcome and are useful for this type of 

work. 

3. Given criteria were strengthened from both research and tests performed. 

4. When stepping on to a platform with a “normal” motion, force will 

increase by up to 30%. This does not depend on the height of the platform. 
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Appendix A – Product compilation 

Table A.1 List representing total range of products (1 of 4). 

  

Supplier/Brand Name O.D (mm) W (kg) L.C (kg) T.S (rpm)

1 Vertex Vertex 200 25 150 ?

2 Sherline 8700 CNC 100 4 25 8,3

3 Troyke NC-42-C 750 630 1800 ?

4 Nikken CNC321T 320 200 500 16,6

5 Weiss NR750 750 ? ? ?

6 Rangevision Rangevision 125 0,5 4 4,0

7 Thingiverse Thingiverse 50 1 6 ?

8 Physikinstrumente PRS-200 200 8 50 12,5

8 Physikinstrumente PRS-200 200 8 50 5,8

9 Physikinstrumente M-061 100 2 55 3,3

9 Physikinstrumente M-060 60 1 50 6,0

9 Physikinstrumente M-062 120 3 65 2,7

10 Physikinstrumente L-611 80 3 10 8,3

11 eviXscan 1000 1000 ? 1000 ?

11 eviXscan 200 500 ? 200 ?

11 eviXscan Standard 210 ? 20 ?

12 IEF-Werner TP-004 140 ? 120 ?

13 IEF-Werner DT100/140 80 5 ? 60,0

14 JVL TMA12 1500 15 150 25,0

14 JVL TMA11 1000 15 75 20,0

14 JVL TMA10 750 15 50 15,0

15 Ganro DR-800R 800 1150 3000 11,1

15 Ganro DR-250R 250 125 300 27,7

15 Ganro DR-120R 120 35 75 27,7

16 TJR HHR-500 500 510 600 16,6

17 GSAplus CNC-800R 800 1200 1500 11,1

17 GSAplus CNC-320R 320 210 350 22,2

17 GSAplus CNC-120R 120 28 75 33,3

18 GSAplus APCR-630 630 920 1200 ?

18 GSAplus APCR-400 400 450 500 ?

18 GSAplus APCR-1000 1000 1400 3000 ?

19 Yukiwa JNC250 250 86 800 33,3

19 Yukiwa JNC140 140 27 400 41,6

20 Intellidrives RR-18-14 450 ? ? 60,0

20 Intellidrives RR-10-6 254 ? ? 120,0

21 Intellidrives PSR-300 290 10 80 150,0

21 Intellidrives PSR-150 140 5 30 330,0

22 Intellidrives PSR-180UT 167 3 30 150,0

23 Intellidrives RTLA-280-300 300 12 60 5,0

23 Intellidrives RTLA-280-560 560 30 100 1,0

24 Intellidrives RTHPB-350 450 8 100 200,0

25 Zaber X-RST-DE 120 3 50 4,0

26 PBA systems PDDR150 150 10 530 300,0

27 Yukiwa NCR410 410 245 ? ?
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Table A.2 List representing total range of products (2 of 4). 

  

H (mm) P (kr) R.T (Nm) F.O DC Step Servo Index accuracy (deg)

1 100 3000 ? Yes No No No ?

2 50 3300 8,13 Yes No Yes No ?

3 200 ? 4000 Yes No No Yes ?

4 240 ? 576 Yes No No Yes 0,00420

5 105 ? ? Yes No No Yes 0,00500

6 60 9000 ? No Yes No No ?

7 ? ? ? Yes Yes Yes Yes ?

8 75 ? 4 Yes Yes No No ?

8 75 ? 4 Yes No Yes No ?

9 30 ? 6 Yes Yes Yes No ?

9 25 ? 4 Yes Yes Yes No ?

9 40 ? 8 Yes Yes Yes No ?

10 50 ? 3 Yes No Yes No ?

11 ? ? ? Yes ? ? ? ?

11 ? ? ? Yes ? ? ? ?

11 ? ? ? Yes ? ? ? ?

12 150 ? ? Yes No Yes Yes ?

13 80 ? 40 Yes No No Yes ?

14 ? ? ? Yes No Yes Yes ?

14 ? ? ? Yes No Yes Yes ?

14 ? ? ? Yes No Yes Yes ?

15 340 ? 3728 Yes No No Yes 0,00042

15 200 ? 440 Yes No No Yes 0,0055

15 162 ? 118 Yes No No Yes 0,017

16 295 ? ? Yes No No Yes 0,0042

17 340 ? 3500 Yes No No Yes 0,0042

17 240 ? 780 Yes No No Yes 0,0042

17 170 ? 120 Yes No No Yes 0,0083

18 505 ? 3300 Yes No No Yes ?

18 370 ? 1220 Yes No No Yes ?

18 550 ? 4500 Yes No No Yes ?

19 ? ? ? Yes ? ? ? 0,008

19 ? ? ? Yes ? ? ? 0,011

20 56 ? 30 Yes No Yes Yes ?

20 37 ? 10 Yes No Yes Yes ?

21 42 ? 110 Yes No No Yes ?

21 40 ? 23 Yes No No Yes ?

22 22 ? 28 Yes No No Yes 0,017

23 ? ? ? Yes No Yes Yes ?

23 ? ? ? Yes No Yes Yes ?

24 71 ? ? Yes No Yes Yes ?

25 50 45000+ 10 Yes No Yes No ?

26 85 ? 15,7 Yes ? ? ? 0,0083

27 220 ? ? Yes ? ? ? 0,00550
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Table A.3 List representing total range of products (3 of 4). 

  

1 ? ? ? ?

2 0,0125 ? ? ?

3 ? 0,0014 ? ?

4 0,001 ? ? 0,001

5 ? 0,00055 ? ?

6 1 ? ? ?

7 ? ? ? ?

8 0,0001 0,002 0,002 0,001

8 0,01 0,002 0,002 0,001

9 0,00063 0,003 0,011 ?

9 0,0011 0,003 0,011 ?

9 0,00051 0,003 0,014 ?

10 0,02 0,002 0,02 0,02

11 ? ? ? ?

11 ? ? ? ?

11 ? ? ? ?

12 ? ? ? ?

13 0,05 0,025 ? ?

14 ? ? ? ?

14 ? ? ? ?

14 ? ? ? ?

15 ? 0,0011 ? 0,001

15 ? 0,0011 ? 0,001

15 ? 0,0022 ? 0,001

16 ? 0,0011 ? 0,001

17 ? 0,0011 ? 0,001

17 ? 0,0011 ? ?

17 ? 0,0011 ? ?

18 ? 0,01 ? 0,001

18 ? 0,01 ? 0,001

18 ? 0,01 ? ?

19 ? ? ? ?

19 ? ? ? ?

20 0,0004 0,0004 ? ?

20 0,0005 0,0005 ? ?

21 ? ? ? ?

21 ? ? ? ?

22 0,00055 0,0027 ? ?

23 0,00028 0,01 ? ?

23 0,00017 0,02 ? ?

24 0,003 0,02 ? ?

25 ? ? ? ?

26 ? 0,0005 ? ?

27 ? ? ? ?

Minimum incremental 

motion (deg)

Resolution 

(deg)

Repeatability  

(deg)

Backlash 

(deg)
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Table A.4 List representing total range of products (4 of 4). 

1 No motor, flatness 0,00015mm

2 Comes with controller for 6000sek, EMC2 software already set up, flatness 0,0055mm

3 Vertikal mount might be cut of for height modification, pneumatic break (1506Nm)

4 Oil needed for lubrication

5 Weiss software, options to cosumize size, controller, motor etc.

6 Simple

7 3D printed from thingiverse, motor is required

8 Recommended controller SMC Hydra (two-channel)

8 Recommended controller SMC Hydra (two-channel)

9 Accuracy numbers based on stepmotor, Recommended controller C-864

9 Accuracy numbers based on stepmotor, Recommended controller C-863

9 Accuracy numbers based on stepmotor, Recommended controller C-865

10 Recommended controller C-663

11

11

11

12 Easy to Modify, IP 64

13

14 Oldschool software, easy to modify/build?, weight atleast 15kg 

14 Oldschool software, easy to modify/build?, weight atleast 15kg 

14 Oldschool software, easy to modify/build?, weight atleast 15kg 

15 Different brands for motors, more sizes avaliable

15 Different brands for motors, more sizes avaliable

15 Different brands for motors, more sizes avaliable

16

17 Different brands for motors, more sizes avaliable

17 Different brands for motors, more sizes avaliable

17 Different brands for motors, more sizes avaliable

18 Square plates, incremental motion optional from 1 - 0.001 deg, different sizes avalible, 

18 Square plates, incremental motion optional from 1 - 0.001 deg, different sizes avalible, 

18 Square plates, incremental motion optional from 1 - 0.001 deg, different sizes avalible, 

19 Waterproof, probably servo motor, best mounted vertical

19 Waterproof, probably servo motor, best mounted vertical

20 Air bearings, Ring, probably very expensive

20 Air bearings, Ring, probably very expensive

21 Ring

21 Ring

22

23

23

24 Belt driven, Ring, Step motor standard (100rpm)

25 Built-in controller, stage accuracy 0,01 deg, can be operated manually

26 Data does not seem legit

27 Dual lead worm gear, probably servo motor, max load probably 200+

Comments
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Appendix B – Force measurement (step-up) 

 

Figure B.1 First subject, no box, calm motion (Graph B.1). 

 

Figure B.2 Second subject, no box, calm motion (Graph B.2). 
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Figure B.3 First subject, box A, calm motion (Graph B.3). 

 

Figure B.4 Second subject, box A, calm motion (Graph B.4). 
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Figure B.5 First subject, box B, calm motion (Graph B.5). 

 

Figure B.6 Second subject, box B, calm motion (Graph B.6). 
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Figure B.7 First subject, box C, calm motion (Graph B.7). 

 

Figure B.8 Second subject, box C, calm motion (Graph B.8). 
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Figure B.9 First subject, box D, calm motion (Graph B.9). 

 

Figure B.10 Second subject, box D, calm motion (Graph B.10). 
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Figure B.11 First subject, no box, medium rough motion (Graph B.11). 

 

Figure B.12 Second subject, no box, medium rough motion (Graph B.12). 
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Appendix C – Force measurement (jump) 

 

 

Figure C.13 Force measurement jumping test, graphs and motion [29].
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Appendix D – Pairwise comparison matrix 

Table D.5 Pairwise comparison matrix. 

Outer diamter

Load Capacity

Weight

Top Speed

Programability

Module-built

Price

Accuracy

Robust

Maintenance

Sustainable developed

Coefficient correcting

Total score

Importance

Rank

O
uter diam

eter
0

0
0

1
0

1
1

2
2

1
2

1
11

9,09%
4

Load Capacity
0

1
2

1
2

1
2

2
2

2
3

18
14,88%

2

W
eight

-1
2

0
1

1
2

1
1

2
5

14
11,57%

3

Top Speed
-5

0
1

0
2

0
1

1
7

7
5,79%

7

Program
ability

-1
2

2
2

2
2

2
9

20
16,53%

1

M
odule-built

-7
1

1
1

1
2

11
10

8,26%
5

Price
-6

2
1

2
2

13
14

11,57%
3

Accuracy
-13

1
1

2
15

6
4,96%

8

Robust
-10

2
2

17
11

9,09%
4

M
aintenance

-13
2

19
8

6,61%
6

Sustainable developed
-19

21
2

1,65%
9
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Appendix E – Reconstruction of a traditional pillar 

At a University in China the base of a historically traditional pillar is broken and 

in a work by a group they rebuild the broken component. Since there was no 

documentation they decide to make use of reverse engineering on one of the bases 

with simple curved geometry. They started with scanning an already existing, 

intact base with a handheld scanner which they rotate around the object.  After 

scanning the total geometry they uploaded the data to the computer. They used 

this virtual model to generate a 3D-printed version of the item. The material used 

for printing was a mixture of cement and polypropylene. The mixture was used to 

repel water more efficient than just cement. They found that the reproduced base 

did not have the exact visual similarity, due to the material and the printing 

technique, not the scan [31].
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Appendix F – Moment of inertia calculations 

 

Figure F.14 Body measurements for modelling of cuboid. [32] 

 

Figure F.15 Modelling moment of inertia problem for calculation. 
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Figure F.16 Mass of inertia calculation. 

Explanation to calculation in Figure F.16 

First row in Figure F.16 inserts the dimensions in meters of the simulated cuboid 

(a=width, b=length and c=thickness). d represents the distance (meter) between 

axis of rotation platform and axis of cuboid as can be seen in Figure F.15 . m is 

equal to a mass of 200kg. 

In the second row the mass of inertia for the cuboid (x) is calculated using the 

mass of inertia formula (Equation F-1) for a rectangular plate. X is solved and 

named cuboid and is equal to 6.21333kgm
2
.
 

  
 

  
             (Equation F-1) 

The third row solve a problem where the cuboid is 0.15m from the center of the 

platform. Using the formula Equation F-2 and inserting x using the name of 

previous equation (/.cuboid) the total mass of inertia was calculated to 

10.7133kgm
2
. 

           
   (Equation F-2) 

A full formula for this calculation is shown in Equation F-3. 

     
 

  
              

   (Equation F-3)

1. 

2. 

3. 
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Appendix G – Example of applications 

 

Figure G.17 Application examples [33].
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Appendix H – Selected product quotation 

 

Figure H.18 Quotation MotionUSA (1 of 2).
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Figure H.19 Quotation MotionUSA (2 of 2).
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Figure H.20 Freight quote for selected product.
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Appendix I – Other quotations 

 

Figure I.21 Quotation United Components (1 of 2).
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Figure I.22 Quotation United Components (2 of 2).
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Figure I.23 Quotation Bosch Rexroth (1 of 2).
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Figure I.24 Quotation Bosch Rexroth (2 of 2).
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Figure I.25 Quotation Festo (1 of 4).
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Figure I.26 Quotation Festo (2 of 4).
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Figure I.27 Quotation Festo (3 of 4).
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Figure I.28 Quotation Festo (4 of 4).
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Figure I.29 Quotation Holmarc.
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Figure I.30 Quotation Mekom (1 of 2).
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Figure I.31 Quotation Mekom (2 of 2). 
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Appendix J – Supplier contact information 

MotionUSA 

Griffin Hodnett 

Phone: +1-614-487-1417 

Email: ghodnett@motionusa.com 

www.motionusa.com 

United Components 

Michael Persson 

Phone: +46-705 86 27 64 

Email: mpe@ucdk.com 

www.ucdk.com 

Bosch Rexroth 

Bjarne Restedt 

Phone: +46-42 38 88 84 

Email: 

bjarne.redstedt@boschrexroth.se 

www.boschrexroth.com 

Festo 

Jonas Tibblin 

Phone: +46-40 38 38 83 

Email: Jonas.tibblin@se.festo.com 

www.festo.se 

Holmarc 

Vinod R 

Phone: +91-484-2540075 

Email: sales@holmarc.com 

www.holmarc.com 

Mekom 

Petter Johansson 

Phone: +46-36 38 78 68 

Email: petter@mekom.se 

www.mekom.se 
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Appendix K – GANTT-chart 

Table K.6 GANTT-chart from project planning. 
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