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Abstract  

The world is in a transitional phase, moving from fossil energy sources to renewable energy, and 

wind energy is a vital part of this transition. In this process there is a development of more efficient 

wind turbines, which include new technologies like a multirotor wind turbine (MR). This type of 

wind turbine consists of multiple rotors connected to a single support structure. With a multirotor 

setup an effect called blockage effect occurs and it is present when multiple rotors are placed 

close to each other. Questions linked to multirotor s is if the cost or weight will be improved in 

comparison with the singlerotor. This can lead to simpler transport and installations, which may 

impact the future development of wind energy.  

 

In this thesis there has been implemented drag force measurement on a multirotor with seven 

turbines (MR7), four turbines (MR4), and two single rotors (SR). With the measurements it is 

possible to compare the drag forces on several MR and SR-systems. In this small-scale experiment, 

the rotors are represented by one or multiple actuator discs. The tests are performed in a towing 

tank in the Marin Lab in Western Norway University of Applied Science, and the MR-system is 

tested with  different velocities and with several distances between the disc to assess how the total 

drag is affected by the inter -rotor diameter. In this thesis it will be investigated if there is an 

optimal distance between the discs which gives the greatest drag value.  
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Sammendrag 

Verden står fremfor et grønt skifte i energi produksjonen og vindenergi står sentralt i denne 

utviklingen.  Denne prosessen innebærer at det utvikles nye og mer effektive vindturbiner, og en 

multirotor vindturbin  (MR) er med på denne utviklingen.  Denne typen turbin består av flere 

rotorer  satt sammen ved en støttestruktur for å holde de på plass. Med en multirotor vindturbin 

oppstår det en effekt som kalles for blokasje effekten, og denne inntreffer når flere rotorer står 

samlet. Spørsmål knyttet til en multirotor er om det vil gi fordeler på kostnader og vekt i forhold 

til en singelrotor. Dette kan føre til enklere frakt og installering, som er med på å gjøre det enklere 

å bygge ut mer i fremtiden.   

  

I denne oppgaven er det gjort eksperimenter på en multirotor med syv turbiner (MR7), fire 

turbiner (MR4) og to ulike singelrotorer (SR). Målingene beregner drag krefter, som er 

motstanden som MR-systemet lager. Siden dette er et små-skala eksperiment er rotorene erstattet 

med aktuator disker. Testen gjennomføres i en vanntank på marinlaben på Høgskulen på 

Vestlandet, og MR-systemet testes på ulike hastigheter og distanser mellom diskene for å se 

hvordan dragkreftene øker. Det skal i denne oppgaven undersøkes om det finnes en optimal 

distanse mellom diskene som gir den største drag verdien.  
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Nomenclature  

ʍ = Density [kg/m 3]  

Fd = Drag force [N] 

Cd = Drag coefficient 

MR [X] = Multirotor  [Number of discs] 

SR = Singlerotor  

SMR =    Structure of multi rotor  

d = Diameter 

Cp = Power Coefficient 

A = Area 

CAD = Computer-Aided Design 

Re = Reynolds number 

‘ = Viscosity of the fluid 

l = Length  



 M. Hansen, C. Leikvoll, M. Vikse 

XIV  

 

 



  Multirotor wind turbine - drag 

1 

 

1. Introduction  

Global warming and climate change forces the world to think in new courses for a sustainable 

energy production.  The Paris Agreement developed by UN contains a goal to limit average global 

temperatures increasing to more than 2° C, preferably to 1.5° C, compared to pre-industrial levels 

[1] . This requires new technology, knowledge, and creative minds to make a transition from fossil 

fuels to renewable energy sources. According to the BPȭÓ ÓÔÁÔÉÓÔÉÃÓ from 2019, 84,3% of the world 

energy production comes from fossil fuels, 11,4% from renewable, and the rest from other 

sources, primarily nuclear energy [2] . If the Paris agreement is to be fulfilled, the usage of fossil 

fuels needs to be decreased. Over the last couple of years, the public and companies are taking a 

more active ÐÁÒÔ ÉÎ ÔÈÅ ȬÇÒÅÅÎ ÃÈÁÎÇÅȭ. This leads to people being more conscious about global 

warming, and the necessary actions to counteract it. One example of this is Equinor, the largest 

company in Norway, which has primarily  been an oil and gas company since it was established in 

1972. In 2018 they had a name change from Statoil to Equinor, to mark the change, where they 

will be focusing more on renewable energy sources. Today they are part of wind and solar projects 

around the world, such as the Hywind Scotland wind park and the Apodi solar plant in Brazil, 

marking a change in the wind [3] .  

Wind power is on the rise worldwide, and one of the fastest-growing renewable energy 

technologies. The latest data from IRENA an intergovernmental organisation shows that 16% of 

renewable comes from wind energy, both onshore and offshore [4] . The growth of wind energy 

has increased from 7.5 GW in 1997 to 564 GW by 2018, giving a growth of almost 7500%, or in 

other words, 75 times larger. [4]  The growth is increasing due to cost reduction in production of 

wind turbines, and the key parameters to this reduction are improvements in wind turbine 

technology, by enlarging the rotor diameter and hub height to access more power from the wind 

[5] . Today the larges wind turbine operating is Haliade-X, with a rotor diameter for 220 meter and 

a capacity of 14 MW [6] .  Meanwhile the largest wind turbine  launched is the Vestas V236-15.0MW 

with a rotor diameter of 236 meter, this is an offshore wind turbine with the ÉÎÄÕÓÔÒÙȭÓ largest 

swept area [7] . To get an idea of how big the rotors are reaching, the modern turbine has reached 

the length of two football pitches, illustrated in Figure 1-1 with  a Siemens Gamesa 14-222 DD [8] . 

Next to the single rotor from Siemens Gamesa there is an illustration of a multirotor with seven 

rotors. 
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Figure 1-1: Illustration of size compared to football pitches vs Siemens Gamesa 14-222 DD and a 
multirotor wind turbine  (MR7) 

Wind power has been a useful energy source for people, in some way, for thousands of years. In 

the early days it was used directly, such as in graining wheat and sailing boats. In later years, with 

the rise of electricity, there has been a transition f rom the more traditional windmills to the 

modern wind turbines. Even though it is widely accepted by the public to use the term windmill 

for all rotors harvesting wind, wind turbine  is the correct term for the modern type generating 

electricity . The amount of energy harvested from the turbine is dependent of the incoming wind 

speed and the swept area of the blades. Over the years the size of the wind turbines has increased 

in rotor  diameter, tower-height, and power output. The increasing diameter-size of wind turbines 

give new sets of problems, with more complex installation, increasing weight, transportation, 

pricing, decommissioning and maintenance.   

A solution to the problems stated above is to use a multirotor system, composed of smaller but 

more numerous rotors. The multirotor system is an old idea, but has never had the same success 

as the singlerotor.  In recent years, the interest for multirotors seem to increase, because of the 

sheer size the singlerotor blades are reaching. With a multirotor system the theoretical power 

output is unchanged compared to a singlerotor system. With the same swept area and power 

coefficient, will this count for the power output on a real multirotor? The downside is that there 

are no viable options for multirotor systems on the market today, but there are some prototypes 

available for testing purposes. Multirotor in the society may be met with doubt, but possible 

advantages with weight, cost and installation should be strong arguments for considering 

multirotor . Today, an argument against wind turbines is the noise. With a multirotor  the numbers 
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of components increases, this leads to the question if the noise will become a larger obstacle? This 

will need further research before a conclusion can be made.  The cost and installation are also a 

potential advantage, but this will need more extensive data for any conclusion. Decommission will 

be more manageable due to the reduction of blade size, and the main problem for the offshore 

wind turbines is the cost, time, and environmental impacts [9] . The large size of the blades 

requires heavy lift vessels which is expensive [10] , and post decommission is problematic due to 

the storage of the blades [11] . 

There will also be disadvantages with multirotors compared to the singlerotor s with the 

increased support structure that will cause a greater drag force on the turbine. This has led to 

the question: How much does the support structure increase the drag, and is there an optimum 

distance between the discs that will lead to greater power output? This is what this thesis will 

focus on, and to answer the question above, several experiments on different MR-setups and SR-

setups will be conducted.  
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2. Theory  

A multiro tor wind turbine uses the kinetic energy from the wind to extract power. In a small-scale 

experiment it is beneficial to observe a simple one-dimensional (1D) model of an idealized rotor 

as a non-rotati ng actuator disc. This simplification enables the small-scale experiment to find the 

drag forces working on a multirotor. 

 

2.1  Extracting energy from wind  ɀ 1D momentum theory  

Wind is a powerful natural resource that humans have been exploiting for many years, for 

example with sailing or windmills. Windmills used the wind to drive a millstone mechanically, but 

today wind turbines are used for generating electricity. Wind turbines converts kinetic energy 

from wind to electric energy, which can be used in more distant regions. From the formula for 

kinetic energy, the power formula can be derived, which makes it possible to calculate the power 

extracted from the flow through a wind turbine. To obtain the wind turbine's calculated electric 

output, an efficiency coefficient, called the power coefficient, must be added to the equation, 

formula (1).   

 

 
ὖ

ρ

ς
ὅὃ”ό (1) 

   

The outgoing wind, in addition to reduced velocity, experience a more turbulent flow than the 

incoming, caused by mixing of the wind passing the turbine. This flow is called a wake flow and is 

an important factor to have in mind when dealing with more than one wind turbine, such as in a 

wind farm. If the wake is not accounted for, the performance of a downstream turbine could be 

much lower than anticipated. Increased fatigue loads on turbine blades have also been observed 

in downstream turbines because of the more turbulent wake flow [12] . 
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To calculate the forces on a multirotor by 

performi ng a small-scale experiment, 1D 

momentum theory uses an actuator disc to model 

a turbine , which will be described in the following 

chapter 2.2. It assumes a frictionless, 

incompressible, and stationary flow around the 

disc. When using this theory, it opens for valuable 

insight to the mechanisms of a turbine , and it 

predicts thrust and power generated. It describes 

the outgoing velocity of wind harvested by a 

turbine.  As shown in the bottom graph in Figure 

2-1, the pressure spikes just before passing the 

disc. Just after passing the disc there is a drop in 

pressure. Given time the pressure will return to 

normal. It is also apparent that the wind velocity 

decreases after passing the disc, due to the 

extraction of kinetic energy. The theory gives a 

theoretical ratio for the most efficient extraction 

and through flow. This ratio is called Betz limit, 

from the German physicist Albert Betz, and is set 

to 16/27 and is approximated to 59%. 

 

2.2 Actuator dis c 

A modern wind turbine is usually composed of three blades with an aerodynamic shape that 

generates a lifting force. The lifting force sets the blades in motion, causing the turbine to start 

rotating. In small-scale experiments, an actuator disc also called a permeable disc may be used in 

place of the rotating rotor. To clarify, this is a circular plate with holes for the fluid to pass through. 

The permeable disc is modelled to have the same drag coefficient as the rotor it is representing. 

This is managed by varying the size of the holes, porosity, and disc thickness. The actuator disc 

will simulate a rotor as seen in Feil! Fant ikke referansekilden. Feil! Fant ikke referansekilden. . 

 

Figure 2-1: 1D momentum theory showing 
different forces relative to the actuator disc 
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Figure 2-2: Rotor represented as an actuator disc 
 

An actuator disc allows the flow to pass through while it is subject to the influence of the surface 

forces [13] . The model is based on the conservation of mass, momentum, and energy, which is the 

main components in 1D momentum theory. The actuator disc is considered ideal as a simulation 

of a rotating rotor because it is frictionless and there is no rotational velocity component in the 

wake. It also reduces the velocity of the stream, which causes drag. [13]  To calculate the drag on 

the disc or a general body, a dimensionless drag coefficient is used. The drag coefficient varies 

with different models and shapes. This will be explained further in chapter 2.3. 

 

2.3 Drag force  

Drag forces appear in any object moving through a fluid and can in aerodynamics be as resistance. 

It is a force that acts opposite of the relative incoming wind speed and is dependent on the 

aerodynamic qualities of the object. Drag force can be simplifi ed into two subcategories, skin 

friction  and form drag. Figure 2-3: Illustration of form drag and skin friction shows that the type 

of dominating drag force corresponds with the shape of the object. The form drag is very 

dependent on the shape of the object, while the skin friction is mostly affected by the shape of the 

boundary layer. 
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Figure 2-3: Illustration of form drag and skin friction. 

The equation for drag is linked with the Reynolds number, and makes it possible to scale up to full 

size. In the equation for drag (2) ” is the density of the fluid, u is the incoming velocity of the fluid, 

ὅ is the drag coefficient, and A is the surface area of the object facing the incoming fluid.  

 

 Ὂ
ρ

ς
”όὅὃ             (2) 

   

 

Drag caused by the support structure will be the factor that varies in comparison with a 

singlerotor. The support structure that will hold the rotors in a MR needs to be strong enough 

without being too large.  

 

The drag coefficient, as mentioned earlier, is a dimensionless factor that is based on both form 

drag and skin friction. Regularly the Cd is estimated through empiric data, because it varies with 

different  shapes and Reynolds number, and will be different for a cylinder and a disc. 

 

2.4 Blockage effect  

When rotors are placed close to each other, it occurs a blockage effect. The blockage effect gives a 

lower speed but higher force for a turbine due to the influence of surrounding structures or 

environment. This can happen in a wind farm or in a tidal range in shallow water. There are three 

ways to categorize blockage: local, array and global blockage. Local focuses on one rotor in a farm, 

range, or MR-system. Array is for the flow through the entire farm. Global is for the ratio of channel 

area to projected area covered by turbines. For a MR, the local blockage will be higher for the 
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centre turbine in an MR7, and lower for the surrounding turbines, making it possible for its 

efficiency to exceed the Betz limit [14] . For the global blockage this will not influence the effect 

considerably if the area outside of the surrounding turbines is infinite , because this will level out 

due to the lower efficiency of the outer turbines. There may be a greater fatigue on the centre 

turbines due to this effect. The blockage effect is investigated in an article by Nishino and Willden, 

where they tested to find an optimum spacing between the turbines in a tidal array.  By placing 

rotors close enough there will  occur a local blockage that slows the velocity. They discovered a 

local increase in Betzȭ limit due to the blockage, increasing to 0.798. [14]  

 

2.5 Multi rotor Wind turbines   

The concept of a multirotor is that it  has the same swept area as a singlerotor but has a different 

amount of turbines. With a multirotor wind  turbine, you split the swept area into smaller sections 

which add up to the same area as a singlerotor , the number of rotors needed is shown in equation 

(3). There are numerous advantages with the multirotor concept, such as reducing costs, 

installation complexity, and total weight may be influenced by using smaller and more numerous 

turbines. Transportation and maintenance are also possible advantage points, with smaller blades 

being easier to transport, and being able to still run parts of the MR during maintenance. This 

leads to the MR still generating power, and keeping a more stable flow of electricity, even during 

downtime for some of the rotors. Today there are no competitive multirotor s on the market, but 

there are some prototypes. Vestas have built a full scale multirotor in Denmark, with 4 rotors [15] , 

which is mainly used for research purposes.  

 

 

 
ὔόάὦὩὶ έὪ άόὰὸὭὶέὸέὶ ὸόὶὦὭὲὩί

ὃὶὩὥ έὪ ίὭὲὫὰὩὶέὸέὶ

ὃὶὩὥ έὪ έὲὩ ὶέὸέὶ Ὥὲ ὥ ὓὙ ίώίὸὩά
 

 

(3) 

 
The main difference between singlerotor turbines and multirotor turbines are the number of 

rotors per structure. The singlerotor is a large structure with huge blades driving a single 

generator. This may cause problems when it becomes too heavy for the structural material to 

sustain [9] , and is when the multirotor c an be a substitute. There are more components in a 

multirotor system, but the components are smaller and lighter. In the end this may make the 

multirotor setup lighter and with roughly the same power output. The equation for power output 

has one variable that is controlled by the structure, this is the swept area of the blades. If the swept 

area of the turbines is the same, it should not be any loss in the power output due to having 
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multiple rotors.  A turbine with four rotors costs approximately 15% less to construct than a 

turbine with one rotor, even though the blades cover the same area in total [16] . 

 

2.6 Scaling 

When testing a wind turbine, there is a need to make models due to the huge size off a full-scale 

turbine . To complete a small-scale experiment the construction needs a scaling factor. If the full-

scale wind turbine has a diameter of 200 meters and the test model 0,2 meters, the scaling factor 

would be 1000. This is the geometrical scaling and shows a constant difference in size. However, 

different fluids  can be used to get testing conditions as similar as possible to full-scale. To conduct 

an experiment with an actuator disc in water compared to a wind turbine in full-scale, it is 

necessary to apply scaling laws that ensures the similar behaviour.  

 

There are different dimensionless coefficients which can be used as a scaling variable, such as 

Froude-, Mach- and Reynolds number, and these make it possible to use scaling. When a body 

moves through a fluid, the forces that arises is inertia, elasticity, and gravity. These forces are 

directly represented by the various terms from the Navier-stokes equation. The gravity force is 

the force working on the fluid, and not on the body. When testing drag on a low-speed component 

in water, it is possible to compare results with a full-size model by matching Reynolds number. 

This coefficient is used because the model is stationary during testing. If a model experiment has 

about the same Reynolds number as the full-scale application, the model and the full-scale flows 

will be dynamically similar. The Reynolds number contains inertia force divided by viscous force 

as seen in equation (7). [17]  

 

 

Ὂ
ρ

ς
”όὅὃ 

 

(4) 

 

ὍὲὩὶὸὭὥ ὪέὶὧὩ ὴὰό 

 

(5) 

 

ὠὭίὧέόί ὪέὶὧὩ ‘όὰ 

 

(6) 
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 ὙὩώὲέὰὨί ὲόάὦὩὶ 
ὭὲὩὶὸὭὥ ὪέὶὧὩ

ὺὭίὧέόί ὪέὶὧὩ
 
”

‘
όὰ (7) 

   

Reynolds number can be used in scaling due to being dimensionless. Density, viscosity, velocity, 

and area are the components for calculating the Reynolds number. Velocity is the main changing 

factor over time. Density, viscosity, and area for the most part static and will not change after 

installation. Most experiments take place in labs without the spacing required to test full -scale. 

For instance, the modern wind turbines have breached the 200 m diameter mark, which makes 

testing inconvenient. By changing the fluid used in testing to something more dense and less 

viscous, gives the opportunity to make the test object smaller, and still getting around the same 

Reynolds number. 

Given these circumstances it is simpler to use scaling. Air has a lower density and viscosity than 

water, so by using a smaller area and a lower velocity in water, it is possible to use scaling. 

Equation (8) shows the Reynolds number for full scale. Equation (9) shows the Reynolds number 

for full  scale in water and equation (10) shows Reynolds number for small-scale in water. The 

velocity in equation (8) 12 m/s was chosen due to being standard rated wind speed among full -

scale wind turbines. The size of the wind turbine is set to 150 m, which is a normal industrial size, 

and a little smaller than the largest turbines. 

 

 

ὙὩ  ρȢςσzρπ
 ρȢςςυ

ὯὫ
ά

ρzς
ά
ί ρzυπά

ρȢψz ρπ
ὔί
ά

 

 

(8) 

 

ὙὩ χȢυz ρπ
 ρπππ

ὯὫ
ά

πzȢυ
ά
ί ρzυπά

ρz ρπ
ὔί
ά

 

 

(9) 

 

ὙὩ ρz ρπ
 ρπππ

ὯὫ
ά

πzȢυ
ά
ί πzȢςά

ρz ρπ
ὔί
ά

 (10) 
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3. Method 

In this project there will be a theoretical approach and an experimental part. The theoretical 

approach contains calculations for drag, Reynolds number, and drag coefficient, and these results 

will be compared with results from the experiments conducted. The results from both approaches 

will be placed into tables or graphs for an easier comparison between them. Reynolds number will 

from now on be measured for a single disc with a diameter of 20 cm as reference. 

 

3.1 Theoretical approach  

The theoretical method is a calculation of all drag forces on a MR-structure + support. It contains 

an excel sheet with all the components chosen for calculating the drag forces, in Attachment 1. 

The aim for the theoretical approach is to estimate the drag forces the MR-system will be exposed 

to during the testing. A multirotor should, with the same conditions, only get slightly higher forces 

compared to a singlerotor due to the increase in support structure area.  The explanation for this 

is that the drag force equation does not account for any small variables that may distinguish the 

two approaches. For instance, the blockage effect, the shape of the MR system, and the boundary 

conditions are some of the variables that the force equation does not differentiate.  

 

The equation and variables for drag in a fluid were determined to find the theoretical approach 

for the drag forces influencing a multirotor. The equation was derived in chapter 2.3. A thing to 

notice is the area of the support structure will be calculated as a rectangle, due to the cross-section 

of the cylinder pipes facing the incoming fluid . The drag force was calculated for the disc and 

support structure separately, and multiplied with the corresponding number of discs, and 

structures. By summing up the drag for the discs and support structures the result will be a sum 

of total drag for the MR-system, seen in equation (11). The first calculation was the theoretical 

drag forces that the structures were exposed to. There were calculations for each model with the 

three different distances between the discs, and with different velocities. 

 

 

  

Ὂȟ Ὂȟ Ὂȟ   

 

 

(11) 
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Furthermore it was debated how much of the support structure should be used to calculate the 

drag forces, since parts of the support structure is set behind the disc and would not be exposed 

freely for incoming velocity. For this case, the whole length of the support structu res was used, 

since the values and differences are small. The values are also used for comparison, meaning that 

how the values change according to each other are more important than exact values. The length 

of the support structures will be discussed more in chapter 5.  

There has also been calculated drag forces for different MR-systems, with only changing numbers 

of rotors. A total drag coefficient was also calculated by restructuring the formula for drag. For an 

estimation of force, the drag coefficient of the actuator discs was initially set to a value of 0.82, 

from Karlsen and Sætrans experiments from 2019 [18] , because of the matching area of Reynolds 

numbers at 104-105.  

 

 

3.2 Experimental method  

The experiment was conducted in the Marin Lab at Western Norway University of Applied Science 

in Bergen. The model was dimensioned by the theoretical forces calculated in the theoretical part. 

This was a small-scale experiment determining the drag forces that will be compared with the 

theoretical results. 

 Marin Lab  

The experiment took place in the Marin Lab which consists of a large tank with water and a 

carriage that runs over the tank. The tank dimensions are 50 m long, 3 meters wide and 2.2 

meters deep, and is considered large enough for the MR experiment. The carriage is built like a 

rig where different equipment can be fixed or installed. To run the carriage there is a control 

panel connected to a computer where the speed and position can be chosen.  

As mentioned, changing the fluid can be used as an action taken to handle scaling, such as 

changing the fluid  from air to water. The reason why this is possible is described in chapter 2.6. 

The benefit of using water for this experiment was the easy access of a water tank, the testing 

requires less energy, and generates less noise than in a wind tunnel. Ideally, a full -scale test 

would have been done, but as mentioned earlier, the sheer size of models makes it difficult. It 

would have been interesting to have the test models in a wind-tunnel, to see if the results would 

have been any different. The tank with the rig is shown in Figure 3-1. 
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Figure 3-1: Experimental tank at the MarinLab with  the carriage 

 

 Model design  

In preparation of the experiment several MR setups were considered from both the report  of the 

wind energy conference in Cork [19] , and through a brief creative workshop with in the group. The 

final decision was to use a MR7 with a hexagonal structure, and a MR4 with a squared structure 

as shown further down in Figure 3-10 and Figure 3-11. The experiment needed a support structure 

to combine the actuator discs, and the structure used for this model is shown as a CAD sketch in 

Figure 3-2 and Figure 3-3. The support structures are shaped as a hexagon with pipes going into 

the centre, and as a square with a cross in the middle. For time and material reasons, it was not 

possible at the given time to test MR-systems with more than seven discs.  
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Figure 3-2: CAD sketch of support structure for MR7 

 

Figure 3-3: CAD sketch of support structure for MR4 

 

The design included self-designed plastic joints to connect support structure and discs to each 

other. For the structure, 10 mm diameter pipes of stainless steel (4401) were assumed to be 

strong enough, according to the forces that was calculated in the theoretical approach in chapter 

4.1. The plastic joints were designed in Creo and exported as a Stereolithography file, to be used 

in the printer Flash Force Adventure 3, through the printer program Flash Print. First there was 

made a test-model in Creo which was printed, to check if the connector-sizes were adequate. A 10 

mm test pipe was used to test the tolerance of the connector, and later in a destructive test to 

check the strength of the joint . The tests were repeated with adjusting the cad model, until the 
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pipe fit the holes, and the module was tough enough, and ready for production. The inside 

diameter of the joint connectors for the pipes was set to 10.3 mm and the hole to attach the disc 

was set to 6 mm. To make sure the strength of the 3D part was sustainable the infill was set to 

25% and verified by the destructive test. Images of the CAD-drawings of the joints are shown 

underneath in Figure 3-4 and Figure 3-5. The CAD drawings can be found in Attachment 2 . 

 

Figure 3-4: CAD drawing of connection joints for MR7 

 

Figure 3-5: CAD drawing of connection joints for MR4 

 

 Experimental model  

The experimental model for the MR7 involved seven actuator discs, twelve pipes and six joints for 

the sides in the hexagon, and one joint for the middle. The MR7 was built  with three different 

distances between the discs. The chosen distances were 1.0, 1.1 and 1.4 diameter. 1.0 diameter 

means that there is one diameter from the center between to discs. The MR4 model involved four 

discs, eight pipes, four outer joints and one centre joint. The distance between the discs in the MR4 
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is 1.1 diameter. All parts for building the MR7 is shown in Figure 3-6, and Figure 3-7 shows the 

finished support structure and the actuator disc ready to be assembled together.  

 

Figure 3-6: Construction parts for the multirotor model 

 

Figure 3-7: Structu re and actuator disc 

The solidity of the actuator disk is calculated by equation (12) using the dimensions of a 60 cm actuator 

disc, this will make no difference since the 20 cm disc is structural the same, with a scaling factor of 3.  
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 ρφρτωυ άά

“z φππ άά
πȟρτςψρτȟσϷ 

(12) 

 

Picture of the experimental model, MR7 1.0D is shown in Figure 3-8 from both sides to see how 

the support structure is connected. Figure 3-9 shows the MR7 1.0D and the SR 60 cm compared 

next to each other.  

Figure 3-8: MR7 1.0D test model 

.  






















































