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Abstract

With the advent of micro-sized unmanned helicopters and airplanes weighing under 250 g
certain needs for measurement instruments and setups are emerging. The authors have identified the
lack of micro-motor measurement instruments and more specifically a static thrust gauge device. For
this reason, a scales to measure static motor thrust was advised and further developed as a
laboratory setup.

The motors that are subject to testing with the described instrument are the brushed micro-
sized coreless electric motors, well suited for micro-drones with total weight under 250 g. The scale
is fitting different sizes of micro-motors and appropriate control of the input voltage is provided. The
instrument is measuring simultaneously the applied voltage to the motor and the current it consumes,
along with the static thrust the motor generates. The scale is versatile — it measures both pusher and
tractor propeller configurations. Pusher propellers in micro-drones are gaining significant attention
lately due to their better efficiency characteristics.

Introduction

The miniaturization of unmanned aerial vehicle avionics in the last few
years has led to increased interest in the design of drones having maximum total
weight less than or equal to 250 g [1]. Further, in the legislation of several
countries, a registration requirement was recently introduced, applying to drones,
as well as drone owners of machines weighing over 250 g.

There is a long list of benefits the micro-UAVs offer in comparison to
larger drones. Most important of these are:

e Low cost for manufacturing and maintenance.

e Lower risk for damaging objects and living beings due to less weight
and decreased kinetic energy of the rotors.

Ease of transportation and storage.

Low visibility due to small dimensions.

Reduced RADAR signature [2—6].

Reduced acoustic signature.

Negotiability through windows and manoeuvrability inside buildings.
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The current paper discloses a test instrument, developed by the authors,
used to measure the static thrust generated by coreless brushed micro-motors,
suitable for micro-drones. The test setup is shown in Fig. 1. The proposed device is
a weighing scale with three arms and is designed to be implemented in examining
micro-motors having 7 mm diameter of the motor body. There are different motor
sizes according to motor body length: 17 mm, 20 mm, etc. Motors with different
body diameter are also suitable to be tested with the proposed equipment after
minor modifications.

Fig. 1. Scale for measuring static thrust of micro-motors

Fig. 2 presents some of the most frequently used coreless micro-motors for
small UAVs. All of the motors up to 8.5 x 20 mm are powered with maximum
supply voltage of 3 V. The motor mounted on the scales in Fig. 1 is a 7 x 20 mm
type motor (Fig. 2 — left).
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Fig. 2. Brushed coreless micro-motors, frequently employed in micro-UAVs.
From left to right: 7 x 20 mm, 7 x 16 mm, 6 x 14 mm, 8.5 x 20 mm.

Construction

The construction of the scales is based on the balanced scales principle —
the scales arms have equal length, pivoted on a fulcrum. Nevertheless, unlike the
classic balance scales, the instrument proposed here has three, instead of two arms
with equal length. The arms are positioned in one plane and are at 90 degree angles
from one another.

Fig. 3. Static thrust scales in equilibrium
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Applying the same moment of force, but with inverse signs, to two of the
arms would keep the scales in equilibrium. Due to arms’ equal length, in order to
generate equal moments of force one should apply equal forces to arms’ ends, such
that each force is perpendicular to the given arm and lies in the plane, defined by
the three arms.

The moving part — the arms structure — is secured to the scales base
through a bearing, acting as the scales fulcrum. The friction of the bearing
introduces an error of less than 0.1 g.

The instrument in balance is shown in Fig.3. Two of the arms are
horizontal and have weighing dishes where weights may be placed. The third arm
is vertical and employs a motor mount.

Electrical schematic

The scales instrument has a socket for supplying electrical power through a
cable. The voltage delivered to the device is 3.6 V, coming from a single cell
Li-lon battery. The motor voltage is filtered by a 100 nF capacitor. Further, the
voltage is manually regulated by means of a powerful (2 W) 10 ohm potentiometer,
connected in series with the motor.
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Fig. 4. Scales electrical schematic

A digital voltmeter measures the voltage applied to the motor and displays
the result in volts on a red coloured LED digital display (Fig. 1, 4 and 6). The
current flowing through the motor is measured by a digital ammeter, displaying the
current in amperes on a blue coloured LED digital display (Fig. 1, 4 and 6). Both
metering instruments were laboratory calibrated. The electrical circuit is powered
on and off using a master switch (the red coloured switch on the right-hand side of
the scales — Fig. 1).
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Measurements

In Fig. 3 and 6, the motor mount was populated with a 7 x 20 mm coreless
brushed motor having shaft diameter of 0.9 mm. On the shaft, a 55 mm tractor
propeller was mounted (black coloured propeller). This propeller is standard for the
attached motor and generally delivers maximum static thrust in the range of
20-22 g. A common rule for multi-rotor helicopters is to fly at 50 % of the
maximum static thrust a rotor is capable of generating. For this reason the given
motor has been tested at 10 g static thrust.

For a weight of 10 g two coins of 50 Bulgarian Lev cents (see Fig. 5) were
adapted. According to Bulgarian National Bank, each such coin weighs 5 g.

Fig. 5. Used scales weight of 10 g

The process of searching for equilibrium starts by placing the 10 g weight
in the right-hand side scales dish (Fig. 6 — left), turning the potentiometer to
minimum voltage and switching on the master switch. The pot is then slowly
turned such that voltage is increased. The motor is measured to generate 10 g of
thrust when the scales has just left balance — but instead of inclining to the side of
the weight, it falls to the other side — left inclination — lifting the 10 g weight up.
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Fig. 6. Tractor versus pusher propeller configuration

The same measurement is taken after mounting a pusher propeller (green
coloured propeller) of the same type to the motor shaft (Fig. 6 — right). Now, the
weight is moved to the left weighing dish and the process of searching balance is
repeated.

The results of the measurements show a definite benefit from using a
pusher instead of a tractor propeller. The measurement results are summarized in
Table 1. A 14.7 % savings in power drain is observed, which translates directly
into the same increase in fight time and range of the unmanned aerial vehicle. On
the other hand, this power economy may be used to increase the payload of the
UAV.

The decrease of power consumed for creating the needed static thrust
comes from the lack of aerodynamic drag (form drag and skin friction) against the
beam, holding the rotor — in this case this is the scales arm — and the motor body.
In real scenario, a pusher propeller’s accelerated airflow will avoid any parts of the
aircraft it might encounter, which would, otherwise generate unwanted parasitic
drag.

Table 1. Generating 10 g static thrust in tractor and pusher propeller configurations

Voltage | Current | Power Thrust efficiency

Tractor propeller configuration | 1.9V 0.86 A | 1.634W | 6.12 g/W

Pusher propeller configuration | 1.7V 0.82A | 1.394W | 7.17 g/W

Power gain: 14.7%

Conclusions

The authors have been in development of unmanned aerial vehicle models
since 2014 and have intentions in future continuation of their work [7]. The advent
of micro UAVs as a branch of unmanned vehicles is posing significant challenge,
but also giving pleasant rewards for the large area of their possible implementation.
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BE3HU 3A UBMEPBAHE HA CTATUYHATA TAT A
HA MUKPO/IBUT'ATEJIM 3A BJIA

C. 3aoynos, I. Mapoupocsan

Pesrome

C HaBim3aHeTo Ha Oe3mmioTHMTe serarenHu amapatu (BJIA) ¢ mumkpo-
pasmepu u Maca He moBeue oT 250 g, ce TosiBSBa M HYXJa OT M3MEPBATEIIHU
CpeACTBA, aJaNTUPAaHU KbM TE€3H MAIIMHU. TyK € KOHCTaTupaHa JIMIca Ha MOJO0HH
CpeACTBa M MO-KOHKPETHO BE3HU 3a M3MEPBaHE Ha CTaTMYHATa Tsra, reHepupaHa
or neurarenure. [lopamm ToBa € paszpaboTeHa IJlabopaTopHa Be3Ha C
TOpPEeoIMCcaHoTO TpeAHa3HayeHne. MoraT Ja ce TecTBaT KOJEKTOPHH [IBUTATENH
0e3 chplLEeBHHA B pOTOpA.

JBurarenure, KOUTO ca MpeAMET HA W3MEPBAHUS M TECTBAHE C OMUCAHHS
WHCTPYMEHT, ca C MUHHATIOpHU pa3Mmepu. llocnegnure ca mogxomsmu 3a
npuioxkeHue B BJIA ¢ muxpo-pasmepu u maca g0 250 g.

Besnata paboTH C pa3nuyHM pa3MepH Ha JIBUTATENUTE M INPEIOCTaBs
KOHTPOJI Ha 3aXpaHBallOTO UM HaIpeXeHHe, TOKa Ha KOHCyMallus W CTaTHYHaTa
Tsara. Ta e mpwioknma 3a U3MepBaHe, KaKTO Ha TErJIeIlW, Taka W Ha TIacKally
BUTJIAa. Trackamure BHTIA 3a MHKpPO-APOHOBE NPUAOOMBAT BCE IO-TOJSIMA
HOMYJSPHOCT MOPaIH MO-BUCOKATA CH €()EKTUBHOCT.

102



