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Abstract

In this paper, will be shown and discussed the ebatt
performance of small Unmanned Aircraft Vehicles JA
based on the full electric power supplying. Theergcsmall-

UAV using the hybrid power systems based on power

electrochemical batteries to be energy efficierstyeh high

power density thus reducing weight to achieve tlaimum

ranges. This paper shows that temperature efferredsing

the conversion efficiency up to 50 %. This could ame
decrease in the power density and total capalufitsehicular

batteries. Therefore, use of UAV and range of apgibn is

affected by the variation in temperature. Papeegibrief

outline of the investigation of batteries versumperature
effects. The batteries are compared and investigaing

experimental method.

1 Introduction

The important issue of vehicular batteries of thés&V

Li-lorsystems is that the load of batteries is extrernehtinuously

high and pulsating, what can be seen in figure 1.
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Figure 1: Behaviour of Battery with Power Electimni

Outputs of batteries are highly distorted, whereghhi
harmonics of high level produce extra losses redyci
efficiency and increasing temperature stress dgélias.

2 Power Batteries

There are factually hundreds of types of batterigsently in

The UAV systems are widely use as a vehicular systgse Al of them is based on the chemical electeolio
without pilot on board in many military or civilianconduct electrical current through the positivegative ions

applications. This paper are considered the tecigyolof
small UAVs, where weight is less than 50 kg. Tradglly,
they are powered by combusting engine, where rarfgen
system run at a variable speed and output effigiéhoot so
high; dynamic behaviour of these are lightly dethyand
power density of these units are lower in comparisath
full-electric drive based on the electrochemicaltdrges.
These units with combusting engine are signifigahgavier
and noisy; there are power damping with a high tnate
loads. The reliability of these and their life egpancy

betweens electrodes. The efficiency and power terfi
battery depending on the quality of chemical etdgte,
including all effects of temperature charactersstior
characteristics of the changes of the internalstastes of
electrolyte materials. The electrodes of thesescetin be
based on the different types of material, for exam@m
positive part is formed by using of nickel oxide mickel
hydroxide and minus-part is cadmium (Cd). Electi®lpf
battery can be often based on potassium hydroxd@H{.
Technology of Lithium-lon, where a plus-part is ithibm

depends on the operating temperatures. We can m&imopalt oxide (LiCoO2) and minus-part is based ahiuim

these problems, at least in UAV, by using a eleatdncept jith graphite, where electrolyte of these is, fommple,

based on the electrpchemmal batteries. Conseqruelme_lre IS Lithium hexafluorophosphate (LiPF6) and organic puaar

a trend in the vehicular systems to move from géssel gsolvent. It is know and evident that species andlityuof

vehicles to hybrid or concept of full-electric desv based on electrodes materials, electrolytes have effectertaximum
the electrochemical batteries or fuel-cell. characteristics of the load-currents and lossespmiver

batteries. In additionally, the output voltage bése power
batteries is affected to be variable, for examplieCd make
1.2 V and Li-lon produce approximately 3.6 V with@uload
applied to the cell. On the grounds of these, pbaver
density of batteries or efficiency are variable adingly

output voltage and material of electrodes.

A battery can deliver power and peak-power to theVe
efficiently; nevertheless a optimum vehicle perfanoe with
a given battery can be obtained if the power sysiétdAV
limits the life-reducing stresses.



Even thought structure of the batteries are vemjlai of all discharging. That is reason why this concept hasvalue of
producers of batteries, there is no assumption tiwer density of UAV power source.

characterisiics of varies batteries from variehmetgies are yp, experimental test of results of Nickel-Cadmibattery
S|m|Iar_. One of the main charactensucs. of theswies ¢, battery-pack (8 1.2 V) are shown in figureg(F4). It can
behaviours are changes of battery-capacity Versueemt pe seen that discharge-currents reduce batteryitiagpérom

load. To draw a comparison between batteries caappéed 100 % (point A) to 40 % (point B), consequently tiesults of

method based on experimental test of the disch@rgifischarge-capacity changaQ) is 60 % for the process of the
batteries by means of the currentDf@r the duration 5 hours investigation effects of the current load 1 A andl.2

of discharging process. The example of the resolts

discharge-capacity versus value of current-loadbzaseen in Discharge characteristics (25T)
figure (Fig. 2). 115 AC
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Figure 2: Discharge Capacity versus Discharge @urreithium-lon batteries are suitable technology faghicular
(experimental results) systems. They are energy efficient and their palesisity is a
very good. Lithium-lon batteries are capable tochedhe

The example of the results of discharge-capacityugepulse- highest capacity of power source. The investigatiaf
current loading can be seen in figure (Fig. 3), iehere are parameters energy density and their comparing leoars in
an apparent effects of these discharging processms figure (Fig. 5). It can be seen, Lithium-lon battsrhave 3x

discharge-capacity of power battery. higher parameter of energy density then technotddyickel-
Cadmium.
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Figure 3: Discharge Capacity versus Discharge Folgeent

(experimental results) Figure 5: Battery Comparing versus Energy Density
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for several reasons: it lower operating costs, @tlice the Figure 6: Battery Comparing versus Power Density

need electronics to manage. It is a relatively higlue of

charge or discharge curren?s can be obtained.y ? AS menti_oned abo_ve, th‘? cell-voltage is h_igherua(b3,7 v
per cell, in comparison with for example Ni-Cd, wisuseful

The disadvantage of these is low voltage per ®&lltage is to improve value of power density of these powdtebis of

lower then 1V per battery-cell for process of @att UAV systems, see figure (Fig. 6).



Results of investigations of Lithium-lon batterieare

demonstrate in figure (Fig. 7) for pack of batterféx 3.7 V).
It can be seen that current 2 A reduces batterghibiy from

100 % (pointA of current 1 A) to 53 % (poirB). The results
of experimental verification of changing capaciyCj is 47 %
what is a slightly better results then result gtife (Fig. 4).
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Figure 7: Capacity-change of Lithium-lon Batteryrsus
Value of Current Loading (experimental results)

The focus of recent research has been upon HydrBgeh

Cell technology. A major advantage of using thegelfells
for vehicles system is their energy density (Wh/Kghergy
density is higher than, for example, Lithium-lorttbees, see
figure (Fig. 5). Additionally, next benefits of He@ells are a
cleaner technology enabling alternative fuels, sugh
methanol, hydrogen, etc. However, the power densitgirly

low in comparison with electrochemical batteriese digure

(Fig. 6).

Many types of Fuel-Cell are currently being resbadc
Alkaline Fuel-Cells can achieve efficiency highaan 60%,
but on the other hand, the life-time is usually éowthen
2000 hours. The main disadvantage of these alk&lirgd-cell
is a lower power density in comparison, for exampii¢h the
Fuel-cell based on the polymer electrolyte membi@&ieM).
Therefore, vehicular systems of UAV are based enREM
technology, where output efficiency is approximatiiwer
then 50%.
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Figure 8: Fuel-Cell Investigation versus Value ofir@nt
Loading (experimental results)

Results of investigations of Fuel-cell of power (8 and
tank of hydrogen for 10 |, is shown in figure (F&). It can be
seen that current 3 A reduces capability from 10(p&nt O

All figures above (Fig. 4, 7 and 8) show that tleerent-value
of discharging has an effect on results of changingattery-

capacity. It is also evident from these that thgpouvoltages
of batteries are, additionally, affected by meahwvalue of

discharge-current. The main resin why the batterdes

affected is that internal resistance is variable atep-up.
Consequently, output voltage and efficiency of drgttare
variable also. Therefore, the real battery capasitjependent
on the battery’s internal resistance, which greadlsies with

temperature or the value of discharge current. dditen,

reliability of the battery of capacity is reduceg dver-current
loading, where high level of current destroys thadtdry’s

internal resistance.

4 Experimental Investigations of Power

Batteriesvs Temperature

Several approaches can be applied to investigdtavim of
batteries versus temperature effect. The experathapproach
to test batteries is more complicated due to réguisr many
tests to establish proof of battery behaviors. i@nather hand,
these approaches of the experimental investigatonfd be
more reliable in compare with modeling method o€ th
investigations. More than hundreds tests we dithibugh
system on automatic-test based on the GPIB stasdartie
test set-up of control software, where VEE Pro fgbneal
language environment) was applied, is shown in régu

(Fig. 9).
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Temperature

The test-battery is loaded by means of temperasiness
between -60°C to +80°C. Loading of the battery admit by
using of the electronic load (6063B). The programntml of
experimental set-up has process of using: chargiogle,
discharging mode and investigation of internal dogtt
resistance.

The results of temperature investigations of Ni-Qattery

versus temperature effects can be found and obvious

comparing results of figures (Fig. 7 and 10). Thesalts of
the temperature investigations were obtained exmerially at
the temperatures +25°C and +10°C.

of current 1 A) to 13 % (poinP). The results of these |N® next temperature investigation for -10°C was

investigations confirm that properties of power slgn of
character from the figure (Fig. 6).

irresponsible due to battery behaviors.
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Figure 10: Capacity Investigation of Nickel-Cadmiattery
versus Temperature Stress (experimental results)

It can be seen that behavior of batteries undepéeature
stress is also variable. If the results are compait can be
seen that the change of battery capacity was chéoge
100% to 30% for 1 A current load and from 40% t&@23 A
current load during temperature change from the°@2t®
+10°C.
acceptable only for load current up to 1 A. Higleeirrent
loading of the batteries (Ni-Cd) was poorly relald present
the output behavior. These effects of the temperatnd load
stress make changes of the internal structure @f
electrochemical material. That is reason why tHeevaf the
internal resistance of battery can be interestmgléscribe
running conditions of battery.

The results of test for -10°C for 1 A current i®wa in figure
(Fig. 11), where capacity of battery was a bit ioyar from

point C (30 %) to pointE (38 %), what is a bit strange and

untypical behavior of battery under temperaturesstr on the
other hand, these behavior is repetitive duringdesck.
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Figure 11: Capacity Investigation of Nickel-Cadmiattery
versus Temperature Stress (experimental results)

Nickel-Metal technology is comparable to Nickel-Gadm,

where cadmium is replied by means of metal-hyddde to
environmental issues. On the other hand, theseskioid
batteries can be characterized by means of highkre vof
internal resistance, therefore the dischargingciefiicy and
capacity are lower in comparison with batteriesNia¢kel-

Cadmium, what can be seen in figure (Fig. 12). Tégacity
varies with the temperature from polat(100 %) to pointG

(22 %), where drop of capacity versus temperattness is
higher then previous case of Ni-Cd power battechnelogy,
compare figures (Fig. 11 and 12.).
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Figure 12: Capacity Investigation of Nickel-Metalydtid
Battery versus Temperature Stress (experimentalksgs

Lithium-lon batteries could be suitable technolodyr
vehicular electric-drive systems due to parametgfrsthe
energy and power density, see figures again (Figné 6).
The results of experimental investigation of Li-lbatteries
versus temperature stress are shown in figures 1Bidl4, 7).

The results for temperature stress -10°G wa
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Figure 13: Capacity Investigation of Lithium-lon tBay
versus Temperature Stress under 1A (experimental

results)
Discharge characteristics (2 A)
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Figure 14: Capacity Investigation of Lithium-lon tBay
versus Temperature Stress under 2 A

Lithium-lon batteries are more energy efficientcomparison
with previous kind of batteries, as can be seerpwbel
discussion. Batteries are also affected by temperaitress
and a high value of discharging current. The resui

experimental verifications of capacity changes are:

from 100 % (+25°C; 1 A), poind, to 53 % (+25°C; 2 A),
point CH of figure (Fig. 5).

The effects of temperature investigations are:
to 74 % (+10°C; 1 A), poini;
to 40 % (-10°C; 1 A), poirk;



to 34 % (+10°C; 2 A), point/;
to 47 % (-10°C; 2 A), point N.

The results of test for -10°C and 2 A current logdiepresent
again very strange battery behaviors, where tertymerander
zero Celsius helps to improve capacity of battery.

The results of tests to the hydrogen fuel-cell (FBMrsus
temperature variations are shown in figures (Figand 8).

As can be seen, the internal resistance of a PEMsvalso
with temperature and value of current loading.ddigonally,
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behavior of PEM dependents also on numerous factp;aure 15: Battery Comparing versus Change of Garfrem

including operating conditions such as pressurejaantity of
hydrogen in the storage units.
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5 Conclusions of Batteries I nvestigation

Battery investigation of experimental test can bmmmarized
into figures (Fig. 15 — 17), where effects of cuatreand
temperature can be shown as a drop of battery-itgpac

Nickel-Cadmium concept of UAV can create a gooditiah

for using of power-buffer of small-UAV. Nevertheseshese
technology of batteries are heavy, bulky and endemgysity is
not a good enough in comparison with Lithium-lomcept,
see figure (Fig. 5 and 6).

Nickel-Metal Hydride battery are less efficient ammpare
with Nickel-Cadmium batteries, see figure (Fig..IB)e drop
of capacity is a slightly higher in comparison wittickel-
Cadmium batteries, see figure (Fig. 16 and 17)yTieve a
high self-discharging and temperature effects ihigher,
figure (Fig. 17).
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Figure 16: Battery Comparing versus Change of Teaips
from +25°C to+10°C by 1 A Discharge Current
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Figure 17: Battery Comparing versus Change of Teaips
from +25°C to+10°C by 2 A Discharge Current
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Figure 18: Battery Comparing versus Efficiency

Lithium-lon batteries are good at parameters ofgndensity
due to a higher voltage per cell to help to achimwesiderable
weight reduction for the whole systems of UAV. Ihist
context, it is of interest to mention cell life-@nbehavior. If
these batteries cell are discharged down to 2.5h&h the
operating time of the cell can be approximately 6@€es. If
the discharge process is stopped around 3 V pértheh



more than 1500 cycles can be achieved. Howevesethe electrical GEN-SETS", In12th European Conference

operating battery cycle properties are affectedraddced by on Power Electronics and Applications (EPE 2007),
the temperature of the operating environment andmsr- (2017).

currents loading also, see figure (Fig. 17). [7] J. Leuchter, P. Bauer. “Review of Power Elentco
Fuel-Cell technology is able to efficiently covequirement Concepts of Hybrid Power Source®, 187th Annual

of the parameters of energy density in comparisith w  Conference of the IEEE Industrial Electronics Society
electrochemical batteries. On the other hand, Badllcannot (IECON 2011), (2011).

be used as a fully replacement of the electrocherbiatteries [8] A. Senyshyn, M. J. Muehlbauer, O. Dolotko. “Low
due to parameters of power density, figure (Fig.A6)mix- temperature performance of Li-ion batteries®, In:
concept of Fuel-Cell and electrochemical battegas be Journal of Power Sources, volume 282, pp. 235-240.
helpful to improve parameters of power densitywal as set [9] M. Tooley, D. Wyatt. “Aircraft Electrical anélectronic
up a power-buffer of UAV to cover pulsating loadiscéently. Systems: Principles, Maintenance and Operation!, In

Elsevier, ING, (2011).
[10] Thomas, K., Eismin, “Aircraft-Electricity& Elgronics”,
. In: McGraw-Hill, (1994).
6 Conclusions [11]1. M. Allan, “Aircraft Systems: Mechanical, estrical,

This paper discusses the performance of electrochm ~ @nd —avionics subsystems integration”, InJohn

batteries and fuel-cell; and shows experimentalfizations Wiley&Sons, ING, (2008). _
based on temperate tests of vehicle battery cajyabihe [12] H. Oman. “Advances in L'th'}‘m and Nickel-Metal
concept of power buffer of UAV with Lithium-ion haties Hydride Battery Performance®, InMRS Bulletin,

are suitable for UAV system due to effieciency anergy and volume 24, Issue 11, pp. 33-39, (1999).
power density in comparing with Nickel-Cadmium, kit [13] http://www.battex.info/?id=220

Metal Hydride or Fuel-Cell technology concept ofweo

buffer.

A comprehensive investigation of Lithium-lon bagtstability
versus temperature and versus high-load curreatgegrthe
efficiency of Lithium-ion batteries as they are theost
efficient energy storage currently available fowneehicular
systems.
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