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1 Notation
A: Area
Cp: Drag coefficient
F: Drag force calculated
FA: Input force in Ansys
FD: Drag force calculated in Excel
HP: Horse power of the engine
I: Moment of inertia
MA: Moment obtained with Ansys
MS: Moment estimated when the speed change
Prepreg: Fibrous material pre-impregnated with a synthetic resin, in our
case it is carbon fibre with epoxy.
V²: Flow velocity
VNE: Never exceed speed
α: Angular rotation
θ: Angle
ρ: Air density
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2 Introduction
Blackwing Sweden AB in Eslöv is an aircraft manufacturing company.[1]
The first flight was realised in 2015 but the development process is still
ongoing. Due to the continuous research and development, this thesis is
considered confidential.

2.1 Background
Light aircraft attracts more and more pilots, eager to fly with an efficient
and reliable aircraft. It is an expanding market with a lot of competition.
Therefore, clients are looking for the most secure airplane with the best
performances.
Blackwing’s objective is to be the first on the market of ultra-light planes.
The company focuses on the safety and the innovation of the machine.
Insuring safety while reducing weight and increasing performances is the
main challenge. The aircraft is designed using carbon fibre which is a
material known for its lightness. The entire design of the plane is realised to
optimize its performances.
The landing gear is the system attached to the fuselage of the plane that
allow the machine to take-off and land safely from a runway. The system
can be fixed or retractable. A fixed system is a simple system to install but
it reduces the performance, due to the friction with the air. A retractable
system is a more complex system but it increases the performance. The air
does not generate turbulence since the landing gear is inside the body
during the flight.

2.2 Objectives
The goal of the thesis is to study the load case on the retractable landing
gear system.
The landing gear has been designed already by the company’s engineers
and the loads applied to it must be found. The first step is to identify those
loads, where they occur and when. Then, calculating the forces will allow
to find the best plane speed to retract the landing gear. It will also determine
if the system can support them. The loads were necessary to determine
before April, the date of the Friedrichshafen Aero Air show in Germany.

7

The issue is to find the value of the moment at a specific location of the
system. The hand calculation of the air loads will help to find this moment.
However, this project can be adapted as per the need of the company and
the timeline. Friedrichshafen Aero is a major deadline for example, the
future of the company depends on the outcome of the air show.
The air show being an important step for the company, the forces and air
loads on the landing gear must be calculated by April. The objective is to
obtain a hand calculation result that can be compared to a numerical
analysis executed with Ansys software. After the numerical analysis,
testing will be realised on the gears and the leg of the system as part of the
certification of the plane. The gear testing is to assure the good rotation of
the system and good function. The leg testing is a drop test part of the ultralight certification, realised to control the resistance to impact of the legs.

2.3 Methodology
In a design office or research and development department, the
methodology for a project is most of the time similar. To attain the
expected results about the air load forces, the coming steps are to be
followed.
The project must start with a state-of-the-art investigation. With an
appropriate literature study, the history and the design process of a landing
gear are approached. The review of the current system with the ones
existing helps understanding where the forces apply and how the structure
reacts under stress. The search is done on the internet and with the help of
books specialised on landing gears.
After the literature study, the identification of the forces and where the
moment is found leads to hand calculation for the load case. These results
are calculated for several positions of the landing gear.
Upon completion of the hand calculation, a numerical simulation with the
help of Ansys will be realised and the moment (or torque) is found. This
permits to verify the results previously calculated. All results and
simulations will be verified by the company’s tutor.
Finally, a test of the system is made to compare with the numerical solution
and improve the system if needed. The experiment will first involve the
rotation system, then an evaluation on the plane (drop test) will be
executed. Those tests will be completed by the engineers.
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3 Literature review
Landing gears were first created for a plane to taxi on the runway, but they
were not optimised for a long flight. Starting from 1920, industries became
more organised and developed new technologies for landing gears. As
planes went faster, the retractable version makes its appearance smoother
and help to reduce the drag. Several materials have been developed to
improve the technology, like high strength steel, carbon composites, or the
use of hydraulic control or electro-hydraulic system. [2]
Classically, landing gears are powered by a hydraulic system or an electrohydraulic one. Most of the big airliners and fighter jet have a hydraulic
landing gear system. Even ultra-light planes use this technology. However,
in case of failure, this technology can also be backed up by another
hydraulic system. If both hydraulic systems fail, what would happen to the
plane? That is why the system study here is innovative.
Blackwing has developed for its own landing gear a system that is neither
hydraulic nor pneumatic. The entire structure (patent pending) rely on a
simple electrical motor that activate gears, allowing the rotation of the legs
and a crank in case of emergency. A drawing of the system can be seen on
Fig 4.2 and Fig 13. As the rest of the plane, the system is made with several
layers of carbon fibre. The actual bearing and rotation part are made of steel
but the legs and the rest of the system are of carbon fibre. This is an
innovative design where no previous lecture has been found. A system
entirely without hydraulic and dedicated for ultra-light plane is not
common.
Carbon fibre’s behaviour is far more complex to predict than steel.
Equations and databases exist to predict the behaviour of high strength steel
but as composites are recent technologies, there is not the same knowledge
base. Therefore, the task requires testing to confirm the result. In this work,
carbon fibre will not be part of the analysis and hand calculation as the
objectives is to find the moment. The 3D model of the landing gear has
been developed by the company’s engineers and include the carbon fibre’s
properties.
As requested by my company’s tutor, the book from Pazmany, Ladislao
Landing Gear Design for Light Aircraft [4]is used to identify the forces and
equations to use in this case study. This a book used by the company to
design the landing gear and it presents forces that apply to it for several
cases (landing, take-off…).
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4 Hand calculation
Forces on the landing gear are applied on the side of the leg and are
distributed throughout the entire aircraft. The figure below presents the
usual forces applied on an aircraft during the flight. In a Galilean terrestrial
referential the sum of the forces below would be null, if the velocity vector
is constant and the altitude do not vary.

Figure 4.1: Forces on a plane [3]
During the final phase – when the landing gear is deployed, the drag has the
most impact on the system, while during the landing, the airplane weight is
the largest force on the legs.
As seen in the figure 4.2 below, the drag force hit the legs, wheels and
doors of the system. The weight is located in the centre of the system. The
red area is the surface to estimate and include in the calculation of the
forces. Outside this area, the geometry is not directly impacted by the drag
force. This area includes the door of the landing gear, the leg and the wheel.
The connecting system and rotation system are outside the red area, inside
the fuselage. As the system is being patented, the description cannot be
more detail and the figure 4.2 is presenting a simplified solution that help
visualise the system and air loads.
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Moment

Weight

Drag force

Figure 4.1 : Landing gear and forces
As the legs will go out of the fuselage, the red area will increase its surface.
With the help of the CAD software Pro/Engineer, it is possible to estimate
the surface area for each angle. The angle 0° means the system is fully out
of the fuselage. At 180°, the system is fully in the fuselage. The angles
chosen for the study are 0°, 40°, 60°,80°,90°,100°,120°,130°,150° and
180°. Angles have been chosen to have enough points to draw curves.
Once the surface (red part in fig 4.2) is calculated for each angle and for
one leg, it is then possible to calculate the drag force: [4]
(4.1)
Where A is the area, V² the flow velocity, ρ the air density and Cp the drag
coefficient. Here the flow velocity is the speed of the airplane, as we only
consider the drag force.
In this case the coefficient is set to 1 and the air density is 1.225 kg/m3.
At first, the force was calculated for a fixed speed at 100 km/h. The force
is, in that case, not dependent on the moment. The results have been
displayed in an Excel file, see Annex A Table A.1 for the drag force on the
leg. This force is then used in Ansys to calculate the moment.
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On a second thought, to have a scaled result, the drag force has been set to
100 N in Ansys. A scaled result means that we can use the values to find
the force when the moment changes. The velocity is not fixed during a
landing so it is interesting to estimate the moment with different aircraft
speed. On the Annex A Table A.2, the table presents the moment values
obtained with Ansys and a drag force of 100 N. Now the results use only
the fixed force 100N and not the speed. It is important to understand what is
happening when the speed changes.
The drag force is also calculated with the equation above and linked to the
speed. Then to estimate the moment when the speed changes, instead of
running another time Ansys, the moment value, the drag force calculated
and the input drag force are used with the following equation: [4][5]
(4.2)
Where F is the drag force calculated (FD in the excel table), MA is the
moment obtained with Ansys, FA is the input force on Ansys (100N) and
finally MS is the moment estimated when the speed changes.
The moment at the attachment point of the landing gear is normally the sum
of three moments.

The Mair is cause by the air pressure forces, Mgravity is caused by the gravity
forces and Minertia is the moment that is created in the attachment point of
the landing gear to get an angular acceleration. This comes from the
formula
M=I*α

(4.4)

α=d²θ/dt²

(4.5)

I is the moment of inertia and α the angular acceleration. Θ is the angle.
In our case we neglect the Mgravity because Mair is more important. The
impact of the gravity on an ultra-light plane is negligeable when the plane is
in the air. In the rest of the report we will only talk about the Minertia and
Mair that is a resultant of the air loads applied to the landing gear.
The maximum value of the torque is then found in Nm.
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The air speed on the landing gear is approximately 120 -140 km/h,
depending on the wind and when the landing gear is descending. It is then
interesting to know the moment. Knowing this value help predicting the
behaviour of the system. With the known data about the carbon fibre, the
geometry and stiffness of the structure, the moment value determines if the
system will support such pressure on the leg when deploying the gears and
if it will break or not during normal conditions. [6]
The figure 4.3 below shows the evolution of the moment in function of the
angle. This curve is for an air speed of 40 m/s (144 km/h). The Excel file
allows us to change the speed and find the new moment.

Figure 4.3: Moment calculated with angle variation and fixed speed
The moment is negative because it goes in the opposite Y direction. In the
figure 4.3, the highest moment is 22 Nm at the angle 80°. During the test,
this value should be observed carefully to see if there is any critical
problem.
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Once all the values were found with Ansys and calculation, they were
summed up with the values of the moment of inertia calculated before by
another engineer. The sum is to represent the actual real load case on the
structure. The moment due to the drag is not only present but also the
moment at inertia.
The figure 4.4 below represents the moment of inertia on the system,
calculated by another engineer.

Moment jn Nm

Moment of the mass inertia of the landing gear

Angle in deg

Figure 4.4: Moment at inertia
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Moment jn Nm

The Annex B presents also the table with the values of the inertia. On the
Annex C, the table present the sum of the forces. The figure 4.5 below
represents the graph of the forces (moment of inertia added to the moment
from the drag force).

Angle in deg

Figure 4.5: Moment from the mass inertia and moment from the drag force
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5 Simulation on ANSYS
This part will describe the work done on the software Ansys.

5.1 Ansys simulation
After the drag force is obtained with the Excel files, it is time to implement
the numerical analysis. The hand calculation results are needed to calculate
the torque, the deformation and the stress on the system. First, it is
important to look at the geometry and the potential computational time, i.e.
the time the computer will need to calculate a result.
As the landing gear is a complex system but symmetric, it is easily assumed
that one side of the system can be removed. This will save time and
memory for the computer and the programme. Secondly, we can simplify
the geometry.
Simplifying means removing the part that are not important and will have
little to no influence on the result. Which means we can remove bolts and
screws and other part of the system. The remaining elements are also
simplified with the function “Simplify” of Ansys. Eventually we obtain a
geometry that looks like the original system but that does not need the same
time and memory use for calculation. It is important to keep in mind those
simplifications have a small impact, but in case of mistakes this should be
kept in mind. The figure 5.1 shows this geometry at the angle 0°, when the
leg is fully deployed.

Figure 5.1 : Simplified geometry and settings
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After simplification, the mesh of the system is realised. This discretises the
entire part in small nodes and creates a path for the software to run the
calculation. After meshing, the initial values and forces are applied to the
system in harmony with the reality. The rotation parts are identified, as well
as the fixed part, as visible on figure 5.1. The force is put on the leg and
fixed at 100 N, identified as F in the figure above. On the software, the
location of the moment is also defined, in the figure 5.1 this moment is
identified as A.
After completion of the values, the software runs the problem and finds the
moment. The software also determines the total deformation and equivalent
stress to show the points that are weaker and how the system handles stress.
In the figure 5.2 below, the total deformation is seen. The deformation is
calculated in consideration with the material. Composites materials have
specific reactions to stress and are more complex than steel and aluminium.
The engineers of Blackwing wrote a specific code for Ansys to implement
those specificities and they implemented it for me in this part.

Figure 5.2: Total deformation at 40°

As expected the leg is under stress and have a small deformation. The rod
that makes the liaison between the leg and the rotation system has a
deformation. The rest of the system is not deformed by the force.
In Fig 5.3, the equivalent stress is shown. As the torque is located at the end
of the bigger rod, it seems normal to observe a higher stress (light green) in
that part than in the others.
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Figure5.3: Equivalent stress at 40°
The location of the moment is as shown in the following picture. The arrow
shows the direction of the moment (-Y) but not the intensity. The moment
intensity for each angle is transcript in a table, available in Annexe D, Table
6.

Figure 5.4 : Moment at 40°
This calculation has been run for a drag force of 100N, which ables the
scaling of the value and the estimation if a parameter needs to be changed.
Those different steps are done for every angle of the system when open.
Therefore, the problem is run 10 times; for 0°, 40°, 60°, 80°, 90°, 100°,
120°, 130°, 150° and for 180°. The screenshots of the software, for each
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angle, can be found in Annex D. Each angle shows the total deformation
and equivalent stress, except for the angle 0°. This one displays the settings
as well and the moment. The other angles do not show the torque because
those values are not shown on the picture. All the other angles have the
same location and direction for the torque. The settings are also identical
for all of them.
The deformation and stress equivalent are checked during the Ansys
simulation to verify the coherence of the system and insure that the results
are realistic. It is possible in case of mistakes that the deformation takes
place in an odd location or have an odd shape. During the simulation, it is
important to check those data. This will ensure the validity of the moment.
It also gives the engineer an idea of how the material will behave under
stress. This behaviour will be then confirmed and analysed more in details
during the test certification.
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5.2 Explanation of the results
After hand calculation, the results have been input in Ansys. The simulation
gives a moment, for a given drag force, that is input in the Excel sheet as
explained in the previous paragraph, allowing to estimate the moment when
the speed changes. This value is important to determine if the system is stiff
enough to resist the torque. If not, the part should be redesigned in the
layout of carbon fibre.
The graph 5.6 and table 5.5 below present the moment obtained with Ansys
and a drag force of 100 N. Those are the values to scale and obtain an
estimate moment with the speed changes. From the figure, it is estimated
that the most important angle is located around 60-80° as it has the higher
moment.
Numerical values of the moment from Ansys
Angle (deg)
0
Moment (N)
0

40
-11,22

60
-16,6172

80
-17,415

90
-17,001

100
-15,521

120
-12,706

130
-6,6058

150
-1,3886

180
0

Table 5.5: Raw data from Ansys

(Nm)

Moment from Ansys

Figure 5.6: Representation of the moment
The Annex A table A.2 presents the moment when the speed is variable.
The highest moment is at 80°. The speed is changed in order to find a value
that is not to high and allows the system to be deployed safely. Retracting
the landing gear around 110 km/h (60 knots) for take-off and landing seems
an appropriate and safe value. The torque is set at 13 Nm. Testing will
confirm if the landing gear can support this value.
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6 Test of the landing gear
After the Ansys simulation, several tests have been realised on the landing
gear.

6.1 Gear testing
First, a test at Swedrive, the company that provide the gears, was
conducted. This test simulated the landing gear system on a bench test. The
gears were mounted with the flex shaft, the engine and the crank system,
like it would be on the plane. Then the legs were attached to the gears via a
cylinder. The aim is to make sure that the gears work synchronised to the
motor, the crank and shaft. It is a verification of the opening system of the
landing gear. As said earlier, this system does not include any hydraulic or
pneumatic. The testing at Swedrive allows the company to test the
mechanical system in case of engine’s failure.
The inertia load forces were simulated by the addition of 15 kg weight on
the legs part.

Figure 6.1 : Main leg attached with 15 kg
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The figure 6.1 above presents the leg and the gear system for the main gear.
This structure is then attached to the flex shaft, which is connected to the
nose gear, see Annex E, figure E.1 to E.4. The system is also connected to
the engine and a computer that records the voltage and electric current
given to the motor. This test is realised to confirm the results from the
simulation and make sure that the real torque equals the calculated torque.
During the test, some vibrations were observed as well as a slow movement
of the retraction (going inside the plane). This could be due to an engine
delivering a power too small compared to the need. The vibration could be
due to a play in the gears and with the flex shaft. The system is working fast
to deploy the system. An average time of 10 seconds is found for deploying
the gears. Retracting the gears is slower with a time of 14 seconds. This
could be due to the weight and the engine’s power.
The same test was done with a weight of 20 kg and it was observed that the
vibrations increase and there is not enough power to retract the gears. It is
more likely that the engine needs to give more power.
The torque was measured as well during the experiment. A torque meter is
installed on the transmission and measure the value for both the leg in and
the leg going out.

Figure 6.2 : One value from the torque meter: 5.1 Nm
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When the leg comes in, the torque is 5.1 Nm on the transmission block.
When the leg is out, the torque is 2 Nm. The block has a reduction of 1 to 2
(ratio 1/2), which means that on the shaft the value is twice the value from
the block.
Crank with torque meter

Nose gear with weight
7N

Transmission block
Reduction 1Î 2

Main gear with weight
65N

Figure 6.3: Drawing of the experiment
The torque was also measured on the main gear and nose gear
independently, as described in the drawing figure 6.3. Which means the
shaft linked to the nose gear was detached to measure the torque just for the
main gear and in return the main gear was detached to measure the nose
gear. The values of the torque are for the shaft.
The value for the nose gear shaft is 4 Nm (2 Nm on the torque meter). For
the main gear, the value is 8 Nm in the shaft (4 Nm on the torque meter).
On the handle, the twist is 220° for the main gear and 45° for the nose gear.
The shaft is designed for a 45° twist. That might not be enough margin.
Those values are smaller than the one calculated on Ansys because it is not
possible to get a measurement of the torque at each angle in this
experimental set-up. However, it does indicate that the shaft might need
more margin for the torsion and the engine needs more power to properly
retract the system. The overall system works and the crank system, in case
of emergency, function properly. The problems to solve are now the
vibration and the speed of retraction.
To reduce the vibration, the gears had been remade to reduce the play in the
gears. Cardans and spring have been added to reduce the friction. Another
system with gas strut was also tried in hope to improve the system. It
appears as well that the system creates problem when retracting at around
20° which was not seen on the numerical analysis. It makes noise, vibrate
and go slower than expected, the torque seems to increase around that
angle. An extra Ansys simulation should be carried out at 20° to see how
the leg should react and compare to the reality. It is not clearly understood
why around this angle there is a vibration and a speed reduction. Logically
it would have been at the higher moment that the system would be slower.
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In section 5.2, however the higher moment was located around 60° -80°.
This angle of 20° needs to be further investigate and the test did not show
problems between 60° and 80°.

6.2 Drop test
Another type of test was realised later on the landing gear: a drop test. For
the certification of ultra-light, the plane must go through several tests
(around 40) to insure the strength and resistance of the plane to shock.
Those tests include electrical and mechanical tests. For the last one, weight
is added on the fuselage, wings and tail till it cracks (or not if the plane
resists high loads). The experiment took place at the workshop for four
days.
On the landing gear, the test consisted in dropping the plane from a certain
height at a certain angle. The fuselage is loaded with sand bags to recreate
the G forces at the impact and it is held at a position of 52 cm above the
floor. The floor is not straight: the wheels will hit a surface inclined at 14°
(see Annex E, fig 40). A plane never lands parallel to the ground but always
with the nose wheel up to avoid giving too much pressure on that part and
have a smoother landing. This test is set up by the certification’s engineers.
The plane is then dropped with no speed and hit the floor. At the time of the
impact, the leg of the landing gear did not hold the pressure as expected and
broke. There was no instrument to measure the G force at the impact but it
has been estimated at more than 5g. The leg must be redesigned and
improved to withstand the impact force better. As the leg broke, the
certification test needs to be realised another time, after a new leg design.
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7 Future work
At first, I had a hard time with the calculation and how to simplify the
geometry. It was difficult at first to identify the parts that are not
influencing the system so much. It is important to take a step back and start
from a simple model before progressing to a more complex and realistic
model. My contribution to the company, with this project, was a help and
support to the engineers by doing a work that takes times but is not an
emergency for them. It helps identify the improvement needed on the
landing gear.
On the landing gear, the future work is to enhance the strength of the leg by
using a layer of glass fibre. Other tests will be done to insure the solidity of
the system. The vibrations while operating the system must be reduced for
the safety of the plane (less vibration equals less stress and fatigue on the
part) but also for the comfort of the pilot. It is important to start from this
simplified work and expand the complexity of the calculation and
computational engineering to get more accurate results.

25

8 Discussion and conclusion
8.1 Technical conclusion
During this work, a patent-pending landing gear system was studied in
order to find a moment value and an ideal speed of retraction. The moment
is located on the rotation bar of the system and has its highest value around
80° according to the simulation. The speed of the plane to retract the
landing gear should be around 110 km/h.
This value was found after hand calculation of the forces, which was then
implemented on Ansys to find the moment values according to the angle of
the system during retracting. During deployment, the system will have the
highest moment at 80° of angle between the fuselage and the earth. This is
the most fragile period and a potential shock with a projectile could damage
the system as the moment value and deformation would increase. Finding
this value is important so it can be watch carefully during testing.
Two types of test were done after the simulation. One to confirm the
moment and the good function of the system. Another to certify the aircraft
for flight. The first test shows some disparities with the simulation and gave
points to redefine such as vibration, power of the engine and angle where
the system handles the most stress.
The drop test in the other hand shows a need to redesign entirely the
structure of the leg. As it broke from the landing gear system during impact,
the certification is on hold. The aircraft needs to withstand a rough landing
or a crash. The engineers at Blackwing, after analysis of the leg, decided
that reinforcement with carbon fibre and other composites should be added
in the structure of the leg, and probably another design of the leg will be
executed. Another drop test will then be carried out at the company to
continue the certification.
This thesis work found the speed needed for retraction and the moment. It
also shows some other problematics to address.
It is probable that other methods could have been found to find the moment,
such as only using Ansys or the hand calculation, but this work was
requested by Blackwing. It allowed to use both theoretical and numerical
model, then have a practical application with the test to correlate the results.
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8.2 General discussion
This thesis has been constructive on a technical point view as well on a
human point of view.
Working for Blackwing brought an opportunity to enter the aeronautical
world and a better view of the engineering environment. The opportunity to
use, in a professional environment, tools learned during the study is a great
opportunity. With just a six months’ internship it is impossible to be qualify
as an expert on Ansys but it did give the opportunity to increase the
knowledge on the software from more experienced engineer.
Structural mechanics modules from Ansys and this experience was a good
time to use in a professional environment. A lesson learn with this
opportunity is that Ansys is a very complex software that needs years of
practices to comprehend all its subtleties. At our level, adding the
complexity of composites into the simulation is almost impossible and need
the help of an Ansys expert. This was a great experience to learn from
engineers that have deep knowledge about this software.
Being able to test also help put in perspective the results found during
theory studies and simulation. This thesis was more practical and design to
help the company find a result and improvements for the aircraft.
Additionally, the configuration of the thesis improves the communication
skills and the aeronautical knowledge. A thesis helps build maturity and
gain confidence in the education received. It is not only theory but the
reality.
Regarding the landing gear system itself, there is still some improvement to
be done but in general the light weight of the system keeps the weight of
the aircraft in the ultra-light regulation which is 472.5 kg. This weight
limits allow the plane to reduce its fuel consumption and its impact on the
environment. The carbon fibre is a long-lasting material and its strong
resistance to impact limits the maintenance time. There is no risk of rust
and there are few assembly points compared to an aluminium-based plane.
Which also has a positive impact on the environment.
A future path for this plane will be an entire electric plane or powered with
sustainable renewable energies. Ultra-light aircraft are not a new
technology but the strict limitation makes the innovations on those planes
greater. A vision could be to use those planes as a new transport method
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and could replace cars and trains on a long-term vision. Blackwing is a
company that thrives and researches a lot on new and innovative solutions
to make a better and safer future for light aircraft.
It would be possible as a potential work related to this study to add an
aerodynamics study of the flow around the legs, to check the turbulences at
landing and take -off for the set speed. It would be also interesting to add a
comparison with similar landing gears made of steel and aluminium, to
check if the carbon fibre as such an impact on the deformation and moment
found.
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Appendices
A. Appendix A – Hand calculation
flow velocity v
Cp (drag coefficient)
air density
Angle in degree
Area in m^2 door open
Area in m^2 door closed
FD (drag force) door open
FD door close

RESULTS FROM ANSYS
Angle
Moment middle tube ( first
remote displacement) N.mm
X
Y
Z
Total Nmm
Equivalent stress (Pa)
Total deformation (m)

27,7778 m/s (100 km/h)
1
1,225 kg/m^3
0

40
0,118476

55,9927979

60

80
90
100
120
130
150
180
0,140101 0,143812 0,138327 0,149739
0,12733
0,12955 0,026633 0,025104
0,011679 For the right leg
56,81135633 66,21296281 67,96681 65,374555 70,767966 60,177276 61,226468 12,58694 11,86423
Newton
5,519598
0,120208

0

40

0
2407
0
2407
235310000
0,02203

0
-7428,9
0
7428,9
41324000
0,0026879

60

80

90

100

120

130

150

180

1kg = 9.8 N

0
0
0
0
0
0
0
0
-11037
-11836
-11113
-10983
-6563
-4044,1 -174,78
0
0
0
0
0
0
0
0
0
11037
11836
11113
10983
6563
4044,1
174,18
0
399610000 31453000 272930000 292020000 119550000 290480000 48639000 31084000
0,02397 0,001675 0,023029 0,024742 0,0044813 0,021445 0,00459 0,002064

Table A.1: Hand calculation, moment calculated with the area and forces
If the input force in Ansys is 100 N for each angle force is 100 N and apply on x
flow velocity v
Cp (drag coefficient)
air density

30 m/s
1
1,225 kg/m^3

108 km/h

1M/S=3K.6M/H
Force applied

Angle
Moment middle tube ( first
remote displacement) N.mm
X
Y
Z
Total Nm
Angle in degree
Area in m^2 door open
Area in m^2 door closed
FD (drag force) door open
Moment when speed change
Max torque en N.m
en kg .cm
We can then change the speed

100 Newton

0

40

60

80

90

100

120

130

150

180

0
4299
0
4,299

0
-11222
0
-11,222

0
-16672
0
-16,672

0
-17415
0
-17,415

0
-17001
0
-17,001

0
-15521
0
-15,521

0
-12706
0
-12,706

0
-6605,8
0
-6,6058

0
-1388,6
0
-1,3886

0
0
0
0

0
40
60
80
90
100
120
130
150
180
0,118476 0,120208 0,140101 0,143812 0,138327 0,149739 0,12733 0,12955 0,026633 0,025104
0,011679
65,3099 66,26466 77,23068 79,27637 76,25276 82,54362 70,19066 71,41444 14,68139 13,83841
2,807672 -7,43622 -12,8759 -13,806 -12,9637 -12,8116 -8,91843 -4,71749 -0,20387
0
2,807672
28,62984

Table A.2: Hand calculation – Moment calculated depending on the area and with F=100 N
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Figure A.3: Graph of the moment depending on the angle
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B. Appendix B - Inertia
Angle
Moment with inertia N.m

0
0

40
-7,2051

60
6,60E-02

80
8,7735

100
17,542

120
23,902

130
25,394

140
24,993

150
22,348

160
16,659

170
8,6211

180
0

Table B.1: Moment of inertia calculated before the hand calculation

Moment from the mass inertia

Figure B.2: Representation of the moment from the mass inertia depending on the angle
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C. Appendix C – Moment and Inertia

SUMM OF THE AIR LOAD AND INERTIntertia 1G
Angle
sum

0
40
60
80
100
120
130
150
180
2,807672 -14,6413 -1,28E+01 -5,03248 4,730404 14,98357 20,67651 22,14413

Table C.1: Addition of the moment and inertia

Figure C.2: Representation of the forces
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0

D. Appendix D - Ansys Analysis
Numerical values of the moment from Ansys
Angle (deg)
0
Moment (N)
0

40
-11,22

60
-16,6172

80
-17,415

90
-17,001

100
-15,521

120
-12,706

Table D.1: Results of the simulation with an input force of 100 N

Figure D.2: 0° settings of displacements and forces

Figure D.3: Total deformation at 40°
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130
-6,6058

150
-1,3886

180
0

Figure D.4: Equivalent stress at 40°

Figure D.5: Moment at 40°
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Figure D.6: Total deformation for 60°

Figure D.7: Equivalent stress for 60°
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Figure D.8: Total deformation for 80°

Figure D.9: Equivalent stress for 80°
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Figure D.10: Total deformation for 90°

Figure D.11: Equivalent stress at 90°
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Figure D.12: Total deformation for 100°

Figure D.13: Equivalent stress for 100°
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Figure D.14: Total deformation for 120°

Figure D.15: Equivalent stress for 120°
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Figure D.16: Total deformation for 130°

Figure D.17: Equivalent stress for 130°
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Figure D.18: Total deformation for 150°

Figure D.19: Equivalent stress for 150°
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Figure D.20: Total deformation for 180°

Figure D.21: Equivalent stress for 180°
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E. Appendix E – Experiment

Figure E.1: Experimental set up
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Figure E.2 Rotation of the system
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Figure E.3: System deployed - position IN

46

Figure E.4: Droptest set up
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