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Abstract

Hybrid unmanned aerial vehicles are vehicles that employ more than one type of energy
delivery system for powered flight. Hybrid drones are not restricted to using electrical power.
Nevertheless, most such drones employ electric propulsion by implementing brushless three-phase
electrical motors in their rotors due to the inherent high efficiency and ease of control of such devices.

Electrical energy for the motors is supplied by various sources such as batteries, hydrogen
fuel cells, internal combustion engine electrical generators, etc. The current battery technology offers
flight times from 10 minutes to 2 hours, depending on the payload and drone design. For longer flight
times, a hybrid power system is required. The common hybrid drone design involves a combination of
batteries and an internal combustion engine electrical generator.

The current article introduces two novel hybrid unmanned aerial vehicle designs. The first
exhibits improved efficiency due to the implementation of a hybrid power system powering two
horizontal tandem counter-rotating direct driven rotors and at least four electrically driven smaller
horizontal attitude control rotors. The second presented herein invention offers the addition of a
horizontal rotor or rotors, rendering the design a compound multicopter. The vertical rotor or rotors
are also direct driven improving efficiency.

Introduction

Hybrid unmanned aerial vehicles (UAVS) are drones that utilize more than
a single type of energy delivery system to enable the powered flight of the vehicle.

Although hybrid UAVs are not limited to electrical propulsion systems, most
such vehicles rely solely on electric propulsion based on brushless three-phase
electric motors. Brushless electric motors exhibit high efficiency and are easy to
control.

The electrical energy supply for the motors is delivered from different
sources such as batteries, hydrogen fuel cells, internal combustion engine electrical
generators, etc. The current battery technology, most commonly used, is Li-ion or
Li-poly batteries, securing energy densities in the range of 200-250 Wh/kg and flight
times from 10 minutes to 2 hours, depending on the payload and drone design.
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The most common hybrid drone combines batteries with an internal
combustion engine generator [1-3]. The second most common variant employs a
hydrogen fuel cell [4-5].

Internal combustion engine-based generators are cheaper in comparison
with hydrogen fuel cells. Hence, these are implemented in the overwhelming number
of hybrid drone cases. Two-stroke and four-stroke engines are common in such
scenarios, although the four-stroke solutions are heavier. Despite their higher energy
efficiency, they offer shorter flight times than the two-stroke designs. By running the
internal combustion engine, the coupled electrical generator produces electrical
energy that powers the electrical motors. The excess electrical energy produced by
the generator is stored in a buffer on-board battery. During power surges, high
currents are drawn from the battery. The latter is also employed in cases of
emergency when the generator of the internal combustion engine fails.

It should be mentioned that besides hybrid unmanned aerial vehicles, land
and sea-based drones powered by hybrid power supplies exist [6].

The current article introduces novel hybrid unmanned aerial vehicles
employing improved efficiency due to not only a hybrid power system but also a
hybrid propulsion system.
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Fig. 1. Double-hybrid unmanned aerial vehicle, model XZ-15
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Double-hybrid UAVs

A hybrid drone has many power sources and a single propulsion, namely
brushless electrical motors. A double-hybrid adds a multitude of propulsion systems.
The current material introduces two novel hybrid drone designs offering not only
hybrid power sources but also hybrid propeller propulsion systems involving both
propellers driven by brushless electrical motors and direct drive propellers. The
efficiency of the power output of the directly driven propellers is significantly higher
than that of the electrical motors coupled propellers due to the lack of power
conversion through generators and motors, but their controllability is poor. On the
other hand, the control of the brushless electrical motors is superior. By combining
both types of propulsion and implementing the brushless electrical motor-driven
propellers only for attitude control of the drone, we achieve higher flight efficiency,
which translates into longer flight times, heavier payloads, longer ranges, etc.

Herein, we present two innovations: a hybrid multicopter having a tandem
of direct-driven rotors and four electrically driven rotors [7] (see Fig. 1). The second
invention is a similar design but with added vertical rotors for high-speed flight, thus
creating the so-called compound multirotor [8] (see Fig. 2).

Double-hybrid hexa-rotor

The double-hybrid design shown in Fig. 1 is the model XZ-15 of the XZ
unmanned aerial vehicle series developed at the Space Research and Technology
Institute — Bulgarian Academy of Sciences in 2019. The model is a hexa-rotor
multicopter having two major rotors positioned in the middle of the fuselage in
counter-rotating co-planar tandem and four smaller rotors mounted at the airframe’s
corners. The large centre rotors are driven directly by the on-board internal
combustion engine. This engine may be any type, but for higher efficiency, a two-
stroke diesel engine or a four-stroke petrol variant may be employed. The XZ-15
UAV may be used for camera observations, remote sensing, cargo delivery, etc.

Another innovation is the positioning of the two large rotors, which are
mounted under the fuselage, thus ensuring higher flight efficiency. This higher
efficiency is due to unobstructed by the fuselage’s high-speed airflow accelerated by
the two major rotors. The two major rotors create the majority of the lift. They
employ fixed-pitch propellers for simplicity, reliability, and weight savings and thus
are unable to offer attitude control. The latter is secured by adding a minimum of
four electrically driven rotors (in Fig. 1, there are four additional rotors). These
electrically driven rotors are powered by the hybrid drone’s power system. An
electrical generator is coupled to the internal combustion engine and generates
electrical power. The electrically driven rotors, using brushless three-phase motors,
offer fast response and appropriate attitude control of the aerial vehicle.

Earlier inventions of double-hybrid UAVs do exist, such as the hybrid
unmanned aerial vehicle having a single major rotor directly driven by an internal
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combustion engine and an additional four smaller electrically driven rotors [9]. This
design is inferior to XZ-15 due to the implementation of a single major rotor instead
of a counter-rotating tandem of rotors. This configuration offers lower efficiency.
Another drawback of the previous designs is the standard mounting of the rotors over
the fuselage, which yields lower efficiency.

Another earlier invention of a hybrid power plant for UAVs is presented in
[10], where the concrete drone design is not disclosed.

The major drawback of previous designs is the lower efficiency due to the
mounting of rotors over the airframe. Such an approach predisposes the high-speed
rotor airflow to create drag in a downward direction when meeting the fuselage.
Thus, the drone exhibits increased dynamic pressure, and consequently, higher
power is required to sustain flight. A number of drawbacks follow, such as shorter
range and flight times, less payload weight available, etc. The previous design’s
single major rotor approach creates a reactive moment that needs to be counteracted
by the smaller electrically driven rotors, but their efficiency is much lower; thus,
power is wasted. The tandem counter-rotating design creates virtually no reactive
moment in the vertical axis.

XZ-15 (Fig.1) is based on a rectangular airframe constructed in the
horizontal plane. All rotors are horizontal. The major tandem rotors are directly
driven through shafts from the internal combustion engine. The latter also drives two
electrical generators. Two generators are proposed, instead of one, for redundancy
and reliability. The generators provide electrical power for the four corner-mounted
rotors and also to charge a buffer secondary battery. The drone also carries a payload.

Double-hybrid compound multicopter

In Fig. 2 is presented the double-hybrid compound multicopter design
XZ-15C of the XZ unmanned aerial vehicle series. This model was developed in
2023 again at Space Research and Technology Institute — Bulgarian Academy of
Sciences. The model is a septa-rotor multicopter design that differs from the XZ-15
in that it only has an additional seventh vertical rotor mounted at the tail of the
fuselage. This additional rotor is directly driven from the internal combustion engine
through a shaft and a clutch. The benefit of mounting vertical rotors in multicopters
is that such multicopters achieve higher horizontal speeds. This type of multicopters
is called compound multicopters. Another benefit is that the efficiency of horizontal
flight increases due to lower aerodynamic drag of the fuselage and increased
efficiency of the production of horizontal aerodynamic propulsion forces.
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Fig. 2. Double-hybrid compound unmanned aerial vehicle XZ-15C

Conclusions

The introduction of directly driven tandem horizontal rotors in hybrid
multicopters increases the efficiency of flight and thus prolongs flight time, extends
range, and makes possible the transport of larger and heavier payloads. Further, by
implementing vertical directly driven rotors in hybrid multicopters established the
class of hybrid compound multicopters exhibiting superior performance to any other
hybrid multicopter in terms of horizontal speed and efficiency of the horizontal
flight.
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KOHCTPYKIUU HA XUBPUJIHU MYJTUKOIITEPU
C. 3a0yHos, I'. Mapaupocsn

Pe3iome

XI/I6pI/I)_'[HI/ITe 663HI/IJ’IOTHI/I JICTATCJIHU allapaTy U310JI3BAaT MOBCYC OT CAUH
BH/JI U3TOYHHUIM Ha MOIIIHOCT 3a OCUT'YpsIBaHE Ha rmojieta. XUOpUIAHHUTE APOHOBE HE
Ca OrpaHHMYCHU OO0 HU3MO0J3BAHC CaAMO Ha CJICKTPHUYCCKA MOIIHOCT. B’preKI/I TOBa
MOBCYCTO TaKMBa APOHOBEC pa3yuTAT HAa CJICKTPHUYCCKA CHCPIUAd U 663KOJ’IeKTOpHI/I
Tpuda3HU eNeKTPOJBUTATENIM 3a 3aJIBIXKBAHE HA POTOPHUTE, TOPATU BHCOKHSI
KOG(i)I/IIII/IeHT Ha ITOJIC3HO HCfICTBI/IG HA TO3W BHUJ ABUTATCIIN U HE CIOXHOTO UM
YIpaBJICHUC. EHCKTpI/I‘leCKa MOIIHOCT 34 3aIBU’KBAHC HAa MOTOPUTC CC MTPEAOCTABA
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OT pa3HOOOpa3HM H3TOUYHUIM KaTo OaTepuH, BOAOPONHU TOPHUBHHU KIETKH,
JBUTaTeN C BBTPEIIHO TOpEHE, CBBbP3aHH C EJIEKTPUYECKH TEeHepaToph U Jp.
Texymure TEXHOIOTHU Ha €IEKTPUYECKH MYITHKONITEPH ITPEAJIarat MoJeTHO BpeMe
or 10 MuHYTH 10 2 HYaca, B 3aBHCMMOCT OT JW3aifHa Ha JIETATENHHA amapar. 3a
MOCTUTaHe Ha TO-IBJTO TOJIETHO BpPEME Ce Hajara HM3IOJI3BaHETO Ha XHOpHIHa
eHepruiiHa cucrema. CTaHIAPTHUAT AN3AiH Ha XUOPHICH APOH BKIIFOUBA JIBUTATEI
C BBTPEIIHO TOPEHE, 3aIBIKBALL CIICKTPHIECKN TCHEPATOP.

HacrosmaTa cratust npeacTass JBa MHOBATUBHU XUOPHUIHN MYJITHKONTEPA.
[IepBOTO M300pEeTeHHE rapaHTHpa MOJOOpEH KOS(PUIHUEHT Ha IOJIE3HO ACHCTBHE
MOpaJIM U3MOJI3BaHE Ha XMOPU/IHA CHEPTUifHA CUCTEMA U IBa XOPU30HTAIHU POTOpa,
BBPTSAIIM CE B MPOTHUBOIOJIOKHN [TOCOKH W 33JBI)KBAHH JIUPEKTHO OT JABHIATENA C
BBTPEIIHO TOpeHe. YTPaBICHUETO Ha MOJeTa ¢ M3BHPIIBA OT HAN-MAaNKO YETHPH
JOIBJIHUTEIHU POTOPA, 3aJJBIKBAHU OT EJIEKTpOABHraTesn. Broporo n3obperenue
npejsara JOMBIHUTENICH BEPTHKAIECH POTOP M Taka IPEeBPbIIAa KOHCTPYKIUATA B
XHOPUICH CBHCTaBEH MYJTHKONTEp. BEpTUKANHUAT POTOp € ChHINO AUPEKTHO
3aABUKBAH OT ABUTATCIIA C BTPCIIHO 'OPCHE.
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