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Abstract: The multi-copter UAV landing gear is used for ground station and shock damping
for landings. The materials used in the construction of landing gears are selected by using a
simple criterion: minimal mass versus maxim resistance at shocks. Article contains an evaluation
of a kinematics mechanism quadrilateral landing gear is mounted on a multicopter.
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Symbols:

n  The number of elements for the mechanism, p The number kinematic couplings of the
including fixed elements mechanism

m  Movement restrictions ¢;  Constrain level for kinematic couple

g Number of independent outlines of the b  The number of free space for the gradations
mechanism that are used (mobility number)

bj  The number of free space for the gradations fi  The connectivity of kinematic couple (the
used in the closed chain number of free space for the gradations)

1. INTRODUCTION

The multi-copter UAV’s are one of the most stable and fast unmanned aerial
vehicles which offers a large applicability in all types of missions, such as: data
acquisition, registration, direct transmissions, and flight at low altitude, all at a low cost.
The actual development rate proves the fact that they are especially used in data
acquisition due the variety of sensors on it. [3, 7].

The imagery sensors are usually mounted in the center of the aerial vector for a wide
range in the field vision. Fixed landing gear does not offer an advantage for the sensor
mounted, see figure 1, thus the constructors resorted to retractable landing gear which
enhanced data acquisition, see figure 2.

The multi-copter UAV landing gear is used for ground station and shock damping for
landings. The materials used in the construction of landing gears are selected by using a
simple criterion: minimal mass versus maxim resistance at shocks. Some of the materials
used are: duralumin, glass fiber and carbon. The elements for the landing gear could have
a pipe or rod shape, with a circular or square section [7].

Looking at the landing gear functions (turnover, station and shock damping) we will
present a series of data and an analysis of a landing gear for a UAV type multi-copter.
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(@) (b)

FIG.2 UAV type multi-copter with retractable landing gear, a.DJI Inspire 1 [1], b. DJI S1000 [4]
2. THEORETICAL REFERENCES

From the constructor’s point of view, the landing gear chosen for analysis is the one
with a linkage mechanism (quadrilateral mechanism) which has 4 closed kinematic
couples, where the contact between the two kinematic elements is realized through
permanent steerage, see figure 3.

FIG. 3 Kinematics scheme for the landing gear mechanism

A plan mechanism with a high rate of mobility requires four fundamental kinematic
couples. The chosen landing gear represents a determined kinematic chain (desmodromic)
in which the position of the components depends on the position of one kinematic
parameter (angle or movement), and the mobility rate for the plan mechanism (Grubler-
Cebisev-Kutbah equation) is accordance with the fast calculation method, [11] which is
written (equation 1, 2, and 3):
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M =6-(n-1)-c, 1
M =b(n-p-1)+ 3, @
M:iﬁ—im 3)

For plane mechanism with b=3 the mobility rate is (equation. 4):

M=-3+3F, 4)

i=1

3. THE ANALYSIS OF A RETRACTABLE LANDING GEAR FOR UAV
TYPE MULTI-COPTER

3.1. Landing gear type parallelogram with four support points

This type of landing gear could be equipped with wheels for the realization of
turnovers or sled, both cases offering a high stability on the ground. The support base on
the sole for a light weighted multi-copter is optimized in the following way: components
versus a high stability at station on ground, respecting the minimal ground fuselage (e)
which will be adopted according to the standard dimensions of the video sensor (see
figure 4b)

FIG. 4 Dimensions and the extreme positions of the landing gear

a- base dimensions for multi-copter, b- ground clearance and the semi-angle of the retractable landing gear

The design process includes the conceptual stage where the mechanism of the landing
gear is analyzed through a series of parameters: dimensional, positional, angular and
kinematic, depending on the mobility rate that it has. For movement element for the
landing gear we use a servomechanism with the following characteristics, see table 1.
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Table 1. Servomechanism characteristics [6]

Servo model Futaba 3153 Tension 48-6V
Modulation Digital Torsion 1.4-1,7 kgcm
Motor type Brushless Mass 9,6¢

3.2. The analysis of the quadrilateral landing gear
The kinematic analysis of the mechanism is reduced to the study of the structural
groups, so it can determine the trajectories for some points in the mechanism, the position
of the mechanism for the know data of the leader element, speed and angular
accelerations for head elements, speed and angular accelerations for some random point

in the mechanism.

We will take into consideration the fact that the balance mechanism contains a RRR
diode, with the geometry presented in figure 5, and the analysis data in table 2. The
kinematic mechanism has three mobile elements (m=3) and four inferior kinematic
couples (i=4), see figure 5. The mechanism is analyzed with the help of a software, SAM
6.1 [5, 9, and 12], and the values are from table 2. This software allows design, analysis
and optimization of simple and complex plan mechanisms.

Table2. Parameters for kinematic mechanism

Training element 6 30 mm Execution Element 4 49 mm
Element 2 49 mm Element 3 230 mm
Element 1 230 mm Actuation lever angle 60"
Analysis time 6 sec

FIG.5. Extreme positions of the kinematic mechanism for the landing gear [9]

The analysis shows a series of position and speed parameters in figure 6 and figure 7

and table 3.

Table3 Kinematic characteristics

Time | Xx(6) y(6) | x(5) y(5)
[s] [ [mm] | [mm] | [mm] | [mm]
0 243 501 | 470 527
3 239 517 503 411
6 244 532 475 297
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Tims [5] 5.21875

@ (b)

Time [s]
]

©) | (d)

FIG. 6 Theoretical position parameters for the landing gear

Absolute speeds of input nodes (N6) and output (N5) can be seen in Figure 6¢ (node 6
constant speed, node 5 having quasi-linear variation). It is seen in Figure 6d a
development parallel angle (Al and A3) of the two arms (1 and 3) of the mechanism to be
analyzed.

3. CONCLUSSIONS
SAM 6.1 integrates pre-processing, numerical analysis, post-processing and

optimization mechanisms (only professional module) in an easy to use software
environment, mechanisms can be designed free or module wizard.

169



REMOTELY AND PILOTED AIRCRAFT SYSTEMS/LAW AND POLICIES

To minimize errors and optimize kinematics mechanisms shaping plane and spatial
systems in UAVs composition may require a dimensional study developed at the spare
parts or assemblies.

The software kinematics analysis of the mechanism is the base of dimensional design
of the chain command for a landing gear (for UAV). A complete analysis would be
realized in a further research where we will optimize mass and kinematics for the landing
gear using a minimal time for retraction.

ACKNOWLEDGMENT

The current article benefited from the documentary support of “Henri Coanda” Air
Force Academy of Bragov and ITSC-SVFP of Medias, Romania, [8].

REFERENCES

[1] http://www.dji.com, consulted at 04.03.2016

[2] http://www.directindustry.com/prod/birdpilot-gmbh/product-162555-1691172.html, consulted at
04.03.2016

[3] Fahlstrom P.G., Gleason T.J., Introduction to UAV systems, fourth edition, aerospace series, 2012 John
Wiley & Sons Ltd., ISBN 978-1-119-97866-4, 280p

[4] http://www.dji.com/product/spreading-wings-s1000-plus, consulted at 02.03.2016

[5] Luculescu D., Prisacariu V., Method for determining the failure of flaps mechanism, Review of the Air
Force Academy, 2(26)/2014, Brasov, Romania, ISSN 1842-9238; e-ISSN 2069-4733, p41-44.

[6] Futaba catalog, 24p, copyright 2009-3002065, Brochure No. FUTZ2009 disponible at
http://downloads.hobbico.com/catalogs/futz2009-futaba-catalog.pdf , consulted at 15.04.2016

[7] Backer A., Dutton S., Kelly D. (2004), Compozite Materials for Aircraft Structures, AIAA, Editura
American Institute of Aeronautics and Astronautics, ISBN 978-1563475405

[8] http://vehiculefarapilot.ro/despre-noi, consulted at 01.04.2016

[9] Artas, SAM 6.1 The ultimate mechanism designer, manual 2010, 160p.

[10] Tao Wang, Tao Zhao, Hao Du, Mingxi Wang, Transformable aerial vehicle, US Patent —
US20140263823 A1, disponible at http://www.google.com/patents /US20140263823 consulted at
04.04.2016

[11] Cretu Simona Mariana, Mecanisme — Analiza structurald. Teorie si aplicagii, Editura Sitech, Craiova
2010, ISBN 978-606-11-0760-5, 160p

[12] Luculescu D., The driveline analysis of hyper sustentation devices, International conference "Scientific
Research and Education in Air Force” AFASES 2014, ISSN 2247-3173, Brasov, Romania.

170


http://www.dji.com/�
http://www.directindustry.com/prod/birdpilot-gmbh/product-162555-1691172.html�
http://www.dji.com/product/spreading-wings-s1000-plus�
http://downloads.hobbico.com/catalogs/futz2009-futaba-catalog.pdf�
http://www.google.com/patents%20/US20140263823%20consulted%20at%2004.04.2016�
http://www.google.com/patents%20/US20140263823%20consulted%20at%2004.04.2016�

	Alin-Andrei CIORUŢA, Bogdan CIORUŢA
	Keywords: Environmental Informatics, population dynamics, growth models
	1. INTRODUCTION
	FIG. 2. Mathematical models as a relation between real and mathematical world
	FIG. 3. The generalized logistic curve and its derivative models [11]
	concluSions
	REFERENCES
	Alin-Andrei CIORUŢA, Bogdan CIORUŢA
	Keywords: Environmental Informatics, population dynamics, growth models
	1. INTRODUCTION
	FIG. 2. Mathematical models as a relation between real and mathematical world
	FIG. 3. The generalized logistic curve and its derivative models [11]
	concluSions
	REFERENCES
	Alin-Andrei CIORUŢA, Bogdan CIORUŢA
	Keywords: Environmental Informatics, population dynamics, growth models
	1. INTRODUCTION
	FIG. 2. Mathematical models as a relation between real and mathematical world
	FIG. 3. The generalized logistic curve and its derivative models [11]
	concluSions
	REFERENCES
	REFERENCES
	[2] Fred Block: The Tenacity of the Free Market Ideology, Uhttps://www.youtube.com/watch?v=Qw4M8t1cuJoU, accessed March 1, 2016, 19:24
	[4] Gareth Dale, “Karl Polanyi: Diagnosing Liberal Extremism”, E-International Relations, 7 December 2015, Uhttp://www.e-ir.info/2015/12/07/karl-polanyi-diagnosing-liberal-extremism/U, accessed March 6, 2016, 17:52
	[9] Nuno Miguel Cardoso Machado, Karl Polanyi and the New Economic Sociology: Notes on the Concept of (Dis)embeddedness, Translated by João Paulo Moreira, CCSS Annual Review, Issue No.3, 2011, Uhttps://rccsar.revues.org/309U, accessed March 1, 2016, 2...
	[40] Onur Ozlu, Iraqi Economic ”Reconstruction and Development, Center for Strategic and International Studies”, Washington, (2006): 13-16
	[48] Immanuel Wallerstein, The Development of an Intellectual Position, 2000?, Uhttp://iwallerstein.com/intellectual-itinerary/U, accessed March 6, 2016, 17:39

	[53]Introduction speech of the NWO, George H W Bush from 9 11 90 (speech), Uhttps://www.youtube.com/watch?v=lzzVHXSJl9sU, accesses March 5, 2016, 12:32
	[55] Introduction speech of the NWO, George H W Bush from 9 11 90 (speech), Uhttps://www.youtube.com/watch?v=lzzVHXSJl9sU, accesses March 5, 2016, 12:32

