Proceedings in

MANUFACTURING
SYSTEMS Proceedings in Manufacturing Systems, Volume 4ds3, 2017, 119-128 ISSN 2067-9238

1.

MATHEMATICAL MODEL OF A MULTI-ROTOR DRONE PROTOTYPE AND
CALCULATION ALGORITHM FOR MOTOR SELECTION

Mihai-Alin STAMATEY, Adrian-Florin NICOLESCU?, Cristina PUPAZA?

% PhD Student, Eng., Machines and Manufacturinge®ystDepartment, University "Politehnica” of Buctsar&omania
2 Prof., PhD, Machines and Manufacturing SystemsaBtegent, University "Politehnica” of Bucharest, Romia

Abstract: This paper presents the theoretical stages for ldpiweg the mathematical model of a
multirotor drone used for security applications aaplplicative works for development of the calcalati
algorithm necessary to determine the best choideraghless motors which will equip the drone, based
on the payload mounted onboard the drone and tleeifsp mission that the drone is going to perform.
First part of the paper presents the kinematics dpdamics modeling of the drone operation princple

It includes coordinates systems description, madgscription of roll-pitch - yaw individual and dlal
rotation motions, as well as appropriate forces aadjues acting on the drone system. Second part of
the paper presents full calculation algorithm footor selection, the procedure followed up to vetify
resulted configuration for hexacopter's driving teys as well as the virtual 3D prototype of the
hexacopter achieved using SOLIDWORKS CAD softwanal aspects including electronic wiring and
constructive - functional aspects related to hexdeds on the board electronics are included too.
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INTRODUCTION route the drone is to follow, this coordinate systeill

be used.

The paper presents the solution of a hexarotorejron

adopted for designing and practical implementation.

Following the elaborate calculation abstract and
considering the experimental data obtained, thetisol
chosen, presented in this article, is a hexaratoiXi
model, given that this solution exhibits much highe
stability due to the resulting lift force createg the
rotation of the six rotors (Fig. 1) [2, 6, 7, 8].

A multirotor UAV (unmanned aerial vehicle) is an
unstable dynamical six-degree freedom system dimgis
three-dimensional translation and rotational
movements (3 dimensions). The translation motion is

of

&

obtained by altering the direction and magnitudehef
vertical traction force [2, 3, 4, 5]. Fig. 1. Hexarotor in X, highlighting theotationaldirection of

For fixed rotor blades (relatively to those mount@d  {he propellers and the direction of the drone (evaitrow).

drones) the rotational movement for drone tiltirgy i
accomplished by individual variations of the rospeeds
to create rotation torques around the rotationerefithe

magnitude of the rotor speeds results in the madaiof

; Total lift force
the traction force vector [2, 3, 4, 5].
The movement of the multi-rotor vehicle in two
dimensions is illustrated in Figs-2.
To analyze the behavior of the drone, two cooréinat . . ..t Lift force generated
SyStemS were used to represent the pOSItlon aln by 1%t propeller by 2" propeller
orientation of the hexacopter on the three dimarssio 1

namely: the ground coordinate system and the h@teco

coordinate system [2, 3, 4, 7]. /
The ground coordinate system is a fixed reference

system, so that, for example, if it is desired &ire a

" Corresponding author: 313 Splaiul Independentestridt 6, . .
Bucharest, Romania, Fig. 2. The propellers rotate at the same angular velsathat

Tel.: 0040 21 402 9369 the total lift force vector is in the same direatio
E-mail addressestamyhay@yahoo.co(W.A. Stamate) as the force of gravity vector.
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Fig. 3. By varying the speed of rotation of the
propellers result in a torque of rotation.

Horizontal
acceleration

Fig. 4. The direction of the total thrust vector does not
coincide with the direction of the gravitationatde,
resulting in a horizontal acceleration.

Fig. 5. The hexacopter coordinate system and
numbering of the rotors.
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Pirch

"
Fig. 6. The hexacopter rotation axes.

The pitch is the rotational movement around the y-
axis and is achieved by increasing / decreasingeed
of the rotors 1 and 6 and simultaneously by inéreps
decreasing the rotation of the rotors 3 and 4.&the y-
axis direction coincides with the position of thears 2
and 5, They do not affect the pitch. The pitch dded
with 6 and is also measured in rad/s [2, 4, 7].

The yaw represents the rotation movement around the
z axis. In the case of this movement, each propelle
creates a torque around the z-axis when rotatihgs,T
this torque is directed in the opposite directitm the
rotation direction of the rotor. If the propelleotates
clockwise, it will create a trigonometric rotati@mound
the z-axis [2, 4, 7].

To maintain a stable hexacopter, it is necessary to
rotate the rotors in different directions so tha three
rotors rotate clockwise and the other three in the
trigonometric sense. The rotation movement is aeltie
by decreasing / increasing the speed of the rdtosand
5 and simultaneously increasing/decreasing theioota
speed of the rotors 2, 4 and 6. The rotation afggl¢he
rotation motion is noted witly [rad/s] [2, 4, 7].

The hexacopter coordinate system is chosen to be Rotation matrices. The coordinate system of the

aligned with the drone mounted sensors, so thatxthe
axis will be oriented in the forward direction (thed
mounting heads of the motors), the y-axis orientethe
left and the upward-facing axis, perpendicular he t
plane determined by the axes x and y [2, 3, 4Fig. ).

Rotation axes. The attitude of the drone is defined as
the orientation of the drone’s coordinate systenth®
Earth's coordinate system. This represents théantaf
the drone around its x, y and z axes, in this bgsesing
the right-hand rule, and consists of three movement
roll, pitch, and yaw (Fig. 6) [2, 4, 7].

The attitude is controlled by changing the speed of

the motors, implicitly by the speed of rotation thie
propellers, the rotors being numbered clockwiséh wie
rotor number 1 being in the right front position tbe
hexacopter (Fig. 5) [2, 4, 7].

The roll (roll) represents the rotation movement
around the x axis, obtained by increasing / deangabe
speeds 1, 2 and 3, and simultaneously by increasing
decreasing the rotation speed of the rotors 4,d @Gn
During this maneuver a torque of rotatiorousnd the

ground and the coordinate system associated tdrtre
fuselage can be expressed to each other by a sdries
rotation matrices [7].

Yaw rotation matrix is

cosyy sing O
RE(W)=|-sing cosy Of. (1)
0 0 1
Pitch rotation matrix is
[cosB 0 -sinB]
RE@)=| 0 1 0 @)
_sinG 0 cose_
Roll rotation matrix becomes
1 0 0 ]
RE(@)=|0 cosp sing|. 3)
|0 —sing cosp|

x-axis and thus an angular acceleration occurs. The By performing the three rotations, in the order

rotation angle for roll motion is noted with and is
measured in rad/s [2, 4, 7].

presented above, the fuselage-ground rotation xnestri
obtained:
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cospcosf cosPsinBsin@-sinPcosp cosPsinBcosp+ sinysing

RY =RE(W)RE(B)RE () =| sinycosd  sinysinBsing+cosPcosd  sinysinBcosp— cossing|, (4)
-sin@ cosfsing cosfcosp

where RE is an orthogonal matrix which means that its

Q
inverted matrix is equal to its transposed, so that O O

transformation of the groundfuselage rotation matrix is
done with the following relation:

(REJ" = (RE) = re. 5) :
O Oe
Forces and moments. The two main forces which leos6 =13
have impact on the drone during flight are: thecéoof
gravity (G) and the traction force generated by the
rotation of the rotors during rotation, by the airiment O O
of the air currents. Q, A
Also, against the multirotor acts the drag foraethe i
negative sense, with the tendency to oppose to théig.7. Distance of the rotors relative to drone centegratity.
forward or upward movement of the drone [1, 2, 5].

5

1sin60 =122

Gravity. It will always have the direction alorzpxis Drag. Drag force is the force created by air resistance
and oriented downward, can be emphasized with th@gainst the drone fuselage and it is proportionathte
following expression: square of the speed, shape and size of the object,

according to the following relation:
0 mgsin@ 1
c  _pC _ : ——CA(pLM
Foraviy = Rs| 0 | =| —mgcosBsing|. (6) %
-mg —mgcosbcosp = d(?ag = _ECA\JP"M , 9)
Lift. Traction represents the horizontal lifting force —%CAZpV\M

that allows the helicopter to fly horizontally atwhover

at a stationary altitude in the air. This force elegls on ~ whereC is friction constantd, — cross section area in
the sum of the revolutions of the six rotors thastain  n?,p - air density in kg/m) w - linear velocity along
the drone. To control the total traction force, th&ation 7 axis (referenced to fuselage).

of certain rotors varies by increasing the rotatafna Torques (moments). As mentioned above, rotation
specific number of rotors (usually 3) while redgihe  speeds around the x, y and z axes can be obtained b
rotation of the other rotors during the rotationpich  yarying the rotational speed of the rotors, resglin the
maneuvers. Since the rotors are fixed, the togatin yaw, roll, and pitch maneuvers.

force generated by the six rotors will have theection The moment of force, defines the product of force
in the z-axis direction (if we use the coordinaystem  ang arm of force, so that the rotors will influenite
associated with the drone as reference) and th@mwpw rotation of the drone after a certain axis accaydimthe
facing direction. During this hovering maneuveristh fgrce arm (the relative distance of each relativethe

traction force can be approximated by the equation: center of gravity of the drone).
Figure 7 shows the lengths and angles of the stippor
6 .
EC  —py 02 7 arms of the motors relative to the center of gsaweftthe
traction ! ( ) . A
o drone, which represents the distance from the rottine

axis of rotation, whereQ [rad/s] is the propeller
whereb is traction force constant, in Ris rotational speed|[m] is the length of the support arm of
Forward opposing force. During flight, a forward-  the propeller-motor assembly addNms? is a forward-
facing force pushes against the fuselage (framethef resistance factor.
drone. This force will affect the accelerationsxoand vy, Roll torque (moment). By decreasingQ,,Q,,Q,

and it can _be expressed, dur_ing the flight maneater _ 4 increasing,, Q,, Q, will result a positive roll
constant altitude, by the equation below:

torque.
H 2.02.1 A2 02.02+02
l:0(;:)posin gforce = | “HV |4 ®) Tron =bI(-Q2 +Q5 + E(_Ql -Q3+Q5 +Qf)). (10)
0
Pitch tor gue (moment). By decreasing?;,Q, and
where i - constant inkd ; u - linear velocity along x increasingQ,,Q, will result a positive pitch moment.
. = o . . Jé

axis (referenced to fuselage);- linear velocity alongy Tpiicn = bIX2(-02 + Q2 + 02 - 02). (12)

axis (referenced to fuselage). 2
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Fig. 8. Forces and moments that act on a propeller during
rotation.

Yaw torque (moment). By decreasing,,Q3,Q5
and increasind,,Q,,Q will result a positive yaw
moment,

Taw=d(-Q7 +Q3 - Q3+ Q7 - Q2+ Q7). (12)

Gyroscopic effect of the propeller . The rotation of
the propellers results in production of a gyroscagifect
defined by the following expression:

-3,0,6
1—gyroz JrQr(p ! (13)
0
Q =-0,+0Q,-Q;+Q, -Qs+Q,  (14)

where J, - inertial moment of the propeller, measures in
[Nms?; Q, - total rotational velocity of the propellers

[rad/s].
Rotor dynamics. A rotor generates three types of
forces and moments during rotation around its owis: a

M.A. Stamate, A.F. Nicolescu and C. Pup&Rroceedings in Manufacturing Systems, Vol. 42,3, 2017 / 11928

Geometrical elements of the propeller
Propeller diameterD represents the diameter of the

disk created by the rotation of the bladpss 2R.

The central part, the propeller hub does not preduc
lift and it is usually covered by an aerodynamiofie,
named crest. The propeller ardais the area of its disk:

nm?
Al e

Global fill coefficient o, represents the ratio
between the projection of the blade surface on the
propeller disk and the propeller surface, Eq. (#8erez
is the number of blades ai8is the surface of a blade.
The number of blades of a rotor may vary from two
blades to five blades. Since, in general, the glape
string, ¢, is variable across the radius, a local fill
coefficient, Eq. (20), is defined as follows:

(18)

Z
O¢ =—F 19
Y (19)
0:—25: G, (20)

wherer — current radius where we will find the blade
element with & string.

Geometric pitch of the propelled represents the
distance measured along the rotation axis of tbpgdler
which, theoretically, any of the blade elements tramel
at a complete rotation. For illustration, we takeoi
consideration the fact that by developing the ddin
with H height and having the axis superimposed dher
axis of the propeller and tangent to the blade, tgps
rectangle with a base whose diagonal is precidaty t

the lit force, a horizontal force and a moment of length traveled by the blade tip at a rotation bé t

resistance (Fig. 8).

propeller, that is, the curve unfolded in plan. I€otly,

The lift force acts perpendicular to the plane the angle formed between the diagonal of the reéan
determined by the Tip Path Plane (TPP). It has theé2nd its base is called the pitch angle (Fig. 9).

expression:

T =C;pARQ?, (15)

where T - traction force (lift); C; - lift coefficient; p

- air density[kg/nf’J; A — area of the disk described by

the rotor [M]; R - rotor radius;Q - angular velocity of
the rotor [rad/s].

The horizontal force (forward resistance) is thecéo
parallel to the plane described by the propellerghps.
This force is non-existent during hovering or axiaht
maneuvers. Its expression is:

H = CpARQ?, (16)

whereH - drag;Cy- drag coefficient.

2. ALGORITHM FORMOTOR SELECTION

The calculation algorithm for haxacopter motor
selection includes as main specific steps:

1. Preliminary data definition / fixed values for
functional parameters settings.

2. Calculation of battery capacity capacity Ath,
based on flight time and motor speed fattoer

3. Calculation of lost motor rpm, based on voltage
based on voltage.

4. Calculation of aerial speed (tangential speed).

5. Calculation of geometric pitch angle of the
propeller.

6. Calculation of lift force, drag and traction der

7. Calculation of motor power.

Detailed calculation parameters and specific foasul

Resistant torque Q acts perpendicularly to theeplan are listed in Table 1.

described by the wingtips of the propeller, itsedtion
being dictated by the propeller direction of raiati It
has the expression:

Q =CupAR’Q?, 17
where Q - resistant torque;C; - resistant torque
coefficient

Distance travelled during a
complete rotation

Propeller cross section

=
Fig. 9. Geometric pitch of the propellét.

2
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Calculation algorithm for motor selection

123

Table 1

Preliminary data

Motor parameter in rpm, at a tension of 1V K, =62 1 .
V in
Maximum current voltage, input to motor [V] U nax = 148V
Maximum current intensity, input to the motor [A] I max = 175A
Actual current voltage input to the motor [V] U, =148v
Actual current intensity, input to the motor [A] I, =14A
Internal resistance of the spindle [Ohm] R, = 0126Q
Flight time of the hexarotor [s] t=480s
% of the engines running 60
X=—
100

Propeller pitch [m]

H pas = 13in = 03302m

Number of propeller blades n=2
Air density [kg/m] at sea level and 15°C
y [kg/n] 0= 1225 k%
m
Air density at 100 m altitude 100 42258
py =12231-—— = 12134
44308
Propeller diameter [m] D =13in

Blade radius [m]

R, =% =0.1651m

Lift calculation radius (without the hub)

R, = R, -~ 0006m = 0.1591m

Reference radius

r=2R, =01061m
3

Profile string

Cprofil = 0034m

Area of one propeller [

Sy = Rp [ 05 = 0.0054m°

Area of the entire rotor

Avgtor = TR, = 0.0795n”

Global fill coefficient

SP
Og =NE—2— = 01360

otor

Approximate mass of the hexarotor (with the paylq
installed)

a@ = masd g = 264780N

Mass one motor can lift with a 13in propeller itist on it

€XPrass = 158kg

Calculation of battery capacity in Ah, based on flight time and K

Current power of one motor

P=U; 0, = 2072W

Battery capacity needed for flight [Ah] Capacity= 6 K]
PacY= 3600 U;
Calculation of lost motor rpm, based on voltage
Ideal rpm PMgeq = Ky WU;
Lost voltage Up =R 0
Lost power on spool coil P, =R, 0.2
S I
Real rpm PMyeq =Ky, U ~U )
Lost rpm T, =K, 0; Ry

Real maximum rpm

rpmmaxim.rer:xl = 17976pm
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Calculation of aerial speed (tangential speed)

Revolutions per second

PSreal = MPMyeq = 1347053ps

Angular speed [radian/s]

W=IPSreq) 2OT; Wmaxim = MPMmaxim.real 2T

Tangential speed at propeller wingtip

Viang.atwingtip = @Ry

Tangential speed at reference radius

Viang = wl

Dynamic air viscosity

u= 1|10‘5ﬂ
mis

Calculation of geometric pitch angle of the propeller

Geometric pitch angle calculation using ideal gemim@itch

H pas

e=ata ————
{2 MD75(R,

Calculation of lift force

Lift coefficient at a 10-degree incidence angle

C_=098

Lift generated by a single motor

1 2
Liotor = 2 P Viang” B5p (€L

Total mass that can be lifted by the hexarotor

Mrotor = 6E] rc;]tor

Calculation of drag

Drag coefficient at a 10-degree incidence angle

Cp = 009

Drag generated by one rotor

1
Drag =E o) N/tangz [Sp [Cp

Calculation of traction force

Traction coefficient

G

C+ =
T 60p Agger R, f

Traction needed for one motor

Traction=Cy [p Aior [ﬁwDRp )2

Calculation of power

Maximum available power for one motor Prax.av = 207W
Total resistance coefficient Cx —CD +CL
Power coefficient

CP - CT -t 0-el

Maximum mechanical power needed for the entire totza

Phrec =P Protor |jﬁol:Rp) (Cp

Table 1(Continuatior

J Preq = 6deg=0.1047ad

Fig. 10. The hexacopter dimensions.
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The hexacopter prototype. The above presented The virtual 3D hexacopter prototype was
calculations, correlated with another set of caltiahs  realizedusing SOLIDWORKS CAD software (Figs. 11
(which are not presented in this paper) were d@ezido  and 12).

analyze the drone in all flight modes (hover, adasn Figure 12 illustrates the fully equipped PROTOTYPE
flight, forward flight, rotation around the centexis, of the hexacopter including: 13" carbon fiber piitgrs,
lateral flight). brushless motors, 4S LiPo battery, ESCs (Electronic

Also, the calculations were correlated with theadat Speed Controller), main controller, gimbal, camera,
obtained and checked using the platform on the iteebs PMU (Power Module Unit), GPS antenna and receiver
www.ecalc.ch, which allows, based on the user'siigp [6].
to verify if the chosen version of the drone isreot, to Figures 1317 illustrate the data obtained from the
be able to fly without errors [1]. simulations performed on the www.ecalc.ch platform,

Figure 10 presents the main hexacopter dimensiongssing the chosen variant of the equipment mounted o
(2D drawings created with SOLIDWORKS CAD the hexacopter, to identify any inconsistenciesmwors
software). that may occur during the flight of the hexarotbf.

front view)
=
]

e et
=
y
151 oty = e
L

W)

Fig. 11. The CAD prototype of the hexacopter.

Fig. 12. Hexacopter PROTOTYPE fully equipped.

General Motor Ceoling #ofRotors:  Model Weight Frame Size FCU Tilt Limit Field Elevation:  Air Temperature:  Pressure (QNH)
good v B 2800 g incl Drive v 895 mm no limit ¥ 500 mASL [25 °c 1013 hPa
flat bl 988 oz 27.36 inch 1640 fASL (77 " 2991 inHg
Battery Cell Type (Cont / max. C)- charge state- Configuration: Cell Capacity max. discharge.  Resistance. Voltage C Rate: Weight
LiPo B000mA - 20/30C ¥ |-| normal ¥ 4 s 1 P 6000 mAh 85% v |0.0038  Ohm la7 \ 20 Ccont 142 a
8000 mAh total 30 Cmax 5 oz
Controller  Type: Current: Resistance: Weight: Accessories Current drain: Weight
max 30A v 30 _A cont 0.008 Ohm 40 g 0 A 45 g
30 A max 14 oz 16 oz
Motor Manufacturer - Type (Kv): KV (wfo torque) no-load Current Limit (upto 16s).  Resistance: Case Length: #mag. Poles Weight
Tarot v || 4006/620KV (520) ¥ 620 pmy 08 A@148 NV |426 Wrv| 0126 |Chm 30 mm 2 82 a
| search.. || Prop-Kv-Wizard | 118 inch 29 oz
Propeller Type - yoke twist: Diameter: Pitch. # Blades PConst/ TConst: Gear Ratio:
APC SlowFly SF vi-[ot * 13 inch 65 inch 2 11 o 1 1 calculate
3302 mm 165.1 mm

Load Hover Flight Time: electric Power. est. Temperature: Thrust-Weight specific Thrust Configuration

Fig. 13. Choosing the components that equip the drone [1].
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Remarks:
Battery Motor @ Optimum Efficiency Motor @ Maximum Motor @ Hover Total Drive Multicopter
Load: 1944 C Current. 844 A Current: 19.44 A Current 400 A Drive Weight. 1430 g All-up Weight 2845 g
Voltage: 13.03 V Voltage: 13.96 V Voltage: 1287 v Voltage: 14.39 V 504 oz 1004 oz
Rated Voltage: 1480 V Revolutions*: 7941 rpm Revolutions™ 6331 rpm Revolutions™ 3504 rpm Thrust-Weight 26:1 add Payload: 3482 g
Energy: 88.8 Wh electric Power. "8 w electric Power: 2503w Throtile (log): 36 % Current @ Hover: 2453 A 1229 oz
Total Capacity: 6000 mAh mech. Power: 900 W mech. Power: 1923 W Throtte (linear) 47 % P(in) @ Hover: 3630W  max Tt 63 °
Used Capacity 5100 mAh  Efficiency 84.0 % Power-Weight 527.8 Wka  electric Power. 588 W P(out) @ Hover. 2752 W max. Speed 45 kmdh
min. Flight Time: 26 min 239.4 Wilb mech. Power. 459 W Efficiency @ Hover: 758 % 28 mph
Mixed Flight Time: 9.0 min Efficiency 76.8 % Power-Weight 1276 Wikg  Current @ max: 11666 A est rate of climb: 85 mis
Hover Flight Time: 125 min est Temperature: 50 °C 579 Wilb P(in) @ max: 17265 W 1673 f/min
Weight: 568 g 125 Efficiency 779 % P(out) @ max: 115637 W Total Disc Area 51.38 dm?
20 oz est. Temperature: 31°C Efficiency @ max 66.8 % 796.39 in?
Wattmeter readings 8 °F with Rotor fail O
Current: 116.64 A
Voltage: 13,03V specific Thrust 8.06 gW
Fower 15198 W R

(the green circle with white check mark indicatest tthe actual configuration has been properly ehps

Fig. 14. Verifying the actual configuration [1]

Range Estimator

14min T Sk
(€) by eCalc \';33/ —— Ztaax
— | —
o e —
3000m
12min 0
10min
| 2000m
8min i 1.24mi
® |
H -
&min 1 | Froad
i 1000m
4min 0.62mi
@
Jivin © Flight Time (no drag) 500m
- 031
B @ Range (no drag) 031mi
Ml 3 Range incl: std, Drag
@ Flight Time incl. std. Drag } « best range ;
Omin - o
Okmh Skmh 10kmh 15kmh 20kmh 28kmh 35kmh 40kmh Omi
Omph 3imph 6.2mph 93mph 12 4mph 15 5mph 21.8mph 243mph
Air Speed
Fig. 15. Hexacopter range estimator [1].
Motor Characteristic at Full Throttle
@
@ el. Power[in W]
@ Eficiency [%]
M| & max Revolutions [in 100rpm]
250 || @ waste Power [W]
| ® Motor Case Temp [°C]
M| Motor Case Temp. overimit ['C]
200
150
100
< @
®
50 @
Motor @ Hover
0
00 25 50 75 100 125 150 25

Ampere

Fig. 16. Brushless motor characteristics at full throttlg [1

Prop-Kv-Wizard

All-up Weight:
#of Rotors 6 | [flat v
Frame Size: 5 mm
Battery - Rated Violtage 14.8 v
Propeller - Diameter: 13 7_ inch max. 13.6"
Propeller - Pitch 6.5 inch max. 8.6
Propeller - # Blades; ji I
\V-ca\cu\ate |

recommended KV:
min. Motor Power:
min. ESC size:

4860 ... 870 pmi |_F£rd_!
250 ... 435 W+
20 .. 35A+

Fig. 17. Choosing the right motor-propeller combination [1].
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LED
.

(€]

e -.
i Wiring diagram ﬁ -
} 1 USB to PC
uss =
PoWer\Iodule Unit GIMBAL

]

=i
| - oe Gimbal + camera

[ romicy b

LiPo 48 (\6\)(!\1\1\\\ Batte

56 - s
o7y — E
2.4 Ghz Receiver
L ©»

);
WWW GPS Antenna
M1 M2 M3 M4 M5 Mé

Fig. 18. Wiring diagram.

Constructive-functional aspects of the hexar otor installed, it will require an OSD- On Screen Display
Figure 18 shows the wiring diagram, where the equipment, which will also connect to the LED / OSD
connection of the avionics components is highlighte slot on the controller.
They connect to the central element of the hexareto In the following, the components used for the
the main controller, which provides the procesgioger  practical realization of the above mentioned hetaro
required for the evolution of the drone during liligand  solution are briefly presented.
is equipped with intelligent computing and navigati For the frame side, carbon fiber tubes were usksl, |
control systems, 32-bit processor, integrated anti-the landing gear arms for engine mounts due to the
vibration sensor, metal housing, supports dual SBU reduced weight of the material. As a support of the
reception, sends warnings in case of failure. above-mentioned arms, landing gear and avionics and
Power is provided by a 4S LiPo battery pack with acameraequipment, two carbon fiber plates (upper and
capacity of 6600 mAh, voltage14.8V. From the battery lower) were used, which arassembled with screws.
(indicated on the Battery 2-6S circuit diagramfragtion ~ After checking the obtained data, the next step twas
of the voltage is distributed through the uppertepla equip the drone, as shown in the following linesr F
(which also acts as the voltage distribution bododthe  propulsion, the hexarotor was equipped with Tarot
6 Electronic Speed Controllers (ESC), which, inntur 4006/620KV brushless electric motors. To contra th
through the engine control software distributes theengine start/stop phases, speed and rotating idinect
voltage to brushless electric motors. ESCs (Electronic Speed Controller) were mountetthet
The other fraction of the voltage supplied by the bottom side of the motors. The type of the ESC ehads
battery passes through the power distribution medul Hobbywing XRotor 40A-OPTO.
(PMU) from where it is divided into 2 bus linesetbV To produce lift 13" carbon fiber propellers, Tarot
bus provides the voltage required for the main rodiet 1355 type, were used, and as a power source the
(coupled to the PMU-5V slot) and the other, a 1R-vo hexarotor was equipped with a 4 cell LiPo 6600 mAh
bus system provides power to the gimbal-camerasyst battery, Multistar 6600mAh Lipo type.
For the 3-axis gimbal control part, the gimbal eald For the avionics part, the drone was equipped with
inserted into the gimbal slot on the controller. main controller (the central component that alsovjates
Engine control is achieved by coupling servo cablesthe automatic pilot function and controls the flighodes
to the M1-M6 ports on the controller (corresponding of the drone), Tarot ZXY-M model, a GPS antenna, a
the 6 ESCs). At the other end of the controlleg, servo  voltage distribution module, to supply power from
cables are inserted into the appropriate CH1-Cle&sl battery to consumers, a USB module to program the
and the opposite end of the servo cables is irdénte drone, and, of course, the Tx-Rx radio frequency

the slots on the receiver. transmission equipment pack, Turnigy TGY 9x model.
In the case of the hexarotor, the control of thearso Considering the purpose of this hexacopter, namely,
is made through channel 3 on the receiver. perimeter surveillance, it is mandatory to equip dinone

The GPS antenna connects to the GPS slot on thwith a surveillance camera. For this purpose, i$ wsed
controller. To program the different flight modesdaset a 3-axis steering and position control system fram
the control limits on the 3 axes: pitch, roll, rida, via a integrated Tarot T4-3D controller. Surveillance is
USB cable, the drone is connected to the PC and thachieved with a Turnigy Action Cam video camera,
software can be programmed (on the pink cable sehrem which can shoot at a resolution of 1080 p, and its
Cable to PC). To indicate the operation modes With  autonomy is ensured by a battery.
help of light signals, a LED unit has been insthlle As an auxiliary solution, the drone can be equipped
connecting it to the LED / OSD slot on the contgnll  with infrared surveillance camera (FLIR — Forward
Optionally, if a FPV - First Person View system is Looking Infrared) or thermal imaging camera for
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surveillance in difficult visibility conditions (atight or REFERENCES
in dense conditions).
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