Yu.M. Kemenyash, V.0. Gavrilenko Automated System for Discharging Fire-extinguishing Liquid from a ... 57

UDC 629.735.052.5(045)
DOI:10.18372/1990-5548.66.15232

'Yu. M. Kemenyash,
’V. 0. Gavrilenko

AUTOMATED SYSTEM FOR DISCHARGING FIRE-EXTINGUISHING LIQUID FROM A
FIREFIGHTER'S PLANE

Aviation Computer-Integrated Complexes Department, National Aviation University, Kyiv, Ukraine
E-mails: 'lindysik999@gmail.com, *vadymg.7@gmail.com

Abstract—The developed automated system of discharge of fire-extinguishing liquid from the firefighter's
plane has a number of advantages, namely due to automation and more exact hit of fire-extinguishing
liquid in a fire zone at zero visibility. It includes a sighting and navigation complex, which provides
automatic determination of the fire zone, accurate sighting of liquid and a control system for opening
tanks. The liquid discharge process is fully automated due to the implementation of the control algorithm
for calculating the delay time, the discharge command taking into account the height, wind and ballistics
of the discharged fluid, automating the decision on the number of open tanks. An algorithm for the
process of discharging fire-extinguishing liquid for the rational use of aircraft in firefighting has been

developed.

Index Terms—Sighting and navigation complex; liquid discharge; tanks.

I. INTRODUCTION

In Hundreds of thousands of square kilometers of
forest land are burned on our planet every year.
Forest fires cause great damage. In addition to
destroying the environment, firewood destroys
wood, animals and often people. In order to detect
fires in a timely manner and prevent the spread of
fires over large areas, special aviation fire brigades
have been set up in many countries. [1]

Serious dangers to the environment, economy
and population are fires in natural environments -
the so-called landscape fires. Depending on the
place of origin, they are divided into forest, steppe,
swamp, tundra, ghostly, savannah, steppe, reed, field
and others.

In essence, landscape fire expands spontaneously
during combustion, which leads to the destruction of
forests, shrubs, peat reserves and various vegetation
in its path. Elimination of natural fires often complic
ates the difficult availability in the department, their
remoteness from water sources, meteorological cond
itions, strong winds, unstable personnel and resource
s for water delivery.

Pets help find wallets from a variety of donations,
all the most promising donation collection devices
for use in the search for Australian goods, depending
on how long it takes to find cats on pets.

For the application of forest fires will be found
tanker aircraft (type MUL-76TD with a total
capacity of onboard drainage devices 42 tons of
water), AN-32P.

Having a number of historical advantages over
ground forces and fire extinguishing means, fire
aviation demands big expenses. Therefore, the

question of assessing the effectiveness of An-32P
aircraft and the feasibility of their involvement in the
localization of natural fires is relevant.

Therefore, there is an urgent task of developing
an automated system of discount fire extinguishing
classification from the firefighter's plane, how to
ensure the accuracy of the fire extinguishing
technique to create the necessary front to stop the
spread of fire.

II. PROBLEM STATEMENT

Extinguishing the fire from the plane is carried
out at low altitude and in some places with zero
visibility. When resetting manually, the statistics of
the exact hit of the extinguishing liquid in the fire
zone is about 30%. Except for high-class crews, of
which there are only a few in the world. Because
you have to go to the second circle or in general to
refuel. Additional fuel is consumed and the
efficiency of such extinguishing becomes low and
expensive.

Therefore, there is an urgent task of developing an
automated system for discharging fire-extinguishing
fluid from the aircraft firefighter AN-32P in order to
improve tactical and technical characteristics.
Improving the accuracy of the hit.

III. PROBLEM SOLUTION

The design of aircraft tankers and the tactics of
extinguishing fires differ in different countries, but
the discharge of the fire extinguishing liquid in this
case all over the world is still carried out mainly by
the operator manually by pressing the drain button.

Taking into account the aircraft speed, this
amounts to several seconds of its flight, during which
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the operator must timely press the liquid release
button. Therefore, the task of developing an aiming
device installed on board an aircraft carrier and
providing automatic detection of a fire source and
subsequent discharge of liquid onto it is very urgent.

The basis of the control part of the PNC are
automatic control systems that provide stability,
controllability, stabilization of flight coordinates
(altitude, speed, roll angles, pitch, etc.). These tasks
are solved by the autopilot part of the ACS, which
includes the contours of stabilization and lateral
movement of the aircraft.

Complexation of devices and systems. Complex
application of means of navigation is the most
rational use of all available superfluous information
for maintenance of exact and safe flight in the
conditions of a current meteorological situation.
PNO of modern aircraft allows you to get navigation
information in excess of the minimum amount
needed to solve navigation problems. This makes it
possible to use redundant information to improve the
accuracy and reliability of the determination of
navigation parameters.

The aircraft is equipped with 6 interconnected
tanks. Moreover, the discharge of fire-extinguishing
liquid can be carried out in different versions, as a
single volley from all tanks together and sequentially
from 4x, 3x, 2x tanks, depending on the area of the
fire and the target.

The automated system for discharging fire-
extinguishing liquid from a firefighter's aircraft
includes: an on-board model of the IR sight that
detects objects by temperature contrast, and an
automatic control system for water tank flaps that
receives a digital signal from the IR sight to turn on
the required number of tanks.

The automated system for discharging fire-
extinguishing liquid from a firefighter's aircraft is
the basis of the AANSC Pilot-Navigation Aiming
Complex.

This complex is designed for automatic, semi-
automatic or manual aircraft in simple and complex
weather conditions (especially in heavy smoke from
a fire), starting from the take-off stage; along the
route, providing access to a given point and
discharge of payload (landing or discharge of liquid
during firefighting) with a given accuracy; as well as
to return to the aerodrome and approach the landing
in automatic (up to a height of 60 meters) or in
director mode.

The main purpose of the aerobatic navigation
sighting complex:

— solving aerobatic and navigational tasks;

— automation of the system of discharge of fire-
extinguishing liquid from the aircraft;

— optimization of the propulsion system, tank
sash control system and other systems.

Distinctive features of ANC:

— availability of several, independent channels
for obtaining navigation data;

— complexation of navigation systems based on
the use of on-board digital computers (ODC);

— the use of special algorithms for information
processing in ODC, which allow to ensure higher
accuracy and reliability of navigation.

The close connection of navigation systems with
the ACS allows you to automate the control of the
aircraft at relatively complex and much longer stages
of flight (flight on the route, aiming at the fire).

Pilot-navigation sighting complex taking into
account the tank control system has the form of
Fig. 1 [2].

Fig. 1. Block diagram of the onboard automated complex:
ODC is the onboard digital computer; ANC is the
aerobatic navigation complex; AC is the aerobatic
complex; NC is the navigation complex; SiC is the

sighting complex; RC is the reconnaissance complex;

SiANC is the sighting aerobatic and navigation complex;

TOCS is the tank opening control system

The automated system of discharge of fire-
extinguishing liquid in the structure has an infrared
sight IS from which the signal to the electronic
decision-making device EDM it sends a signal to the
computer. The computer also receives signals from
ANC (road speed, air speed, true flight altitude),
ballistic parameter of the discharged liquid and the
delay time for discharging. Then the computer emits
two signals. One in ACS to stabilize the height, and
the second — the control system of the sash of the
tank of the firefighter. Water tank sash control
system that receives a digital signal from a computer
to turn on the required number of tanks and operates
automatically.

The block diagram of such an automated system
for discharging fire-extinguishing liquid has the
form of Fig. 2 [3].

To select the optimal mode of water discharge
from the aircraft, it is necessary to create a model
that allows to calculate the surface distribution of the
discharged liquid according to the given input
parameters, which takes into account the spatial and
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ground distribution of liquid depending on weather
conditions (wind speed and direction) and discharge
conditions, volume of liquid discharge, etc.).
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Fig. 2. Block diagram of the automated system of
discharge of fire-extinguishing liquid: ACS is the
automatic control system; EDM is the electronic decision
maker; ANC is the aerobatic navigation complex; SCS is
the sash control system; U is the air speed; 0 is the
ballistic parameter of the discharged liquid; ® = V' + U'is
the road speed; H,;, is the true altitude (radio height); 4, is
the longitudinal removal of fluid; t, is the reset delay time

In determining the effect of different flight
parameters on the specific characteristics of the
ground distribution discharged from the aircraft, the
following parameters are used Fig. 3 [4].
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3. The course of the aircraftrelative to the
wind direction(in the wind, against the wind);
4. Drain in horizontal flight or in flight with
altitude;

5. Volley and sequential shower.
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Fig. 3. Parameters of water discharged from the aircraft

The decision of exact hit of liquid in a fire zone
should be based on the developed theory of bombing
taking into account wind. You need to calculate the
delay for the discharge of fluid [5].

If the horizontal range 1, detection of a fire will

be a more longitudinal purpose A, discharge at
point B of the liquid, then, as a parameter that
determines the time of its automatic discharge, you
can use, for example, a time delay t, issuance of a
reset command, which must be calculated from the
moment of detection of foci at point O.

The delay time for the reset in the assumption of
its instantaneous execution is calculated as

The scheme of aiming when discharging the
liquid has the form of Fig. 4.
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Fig. 4. Aiming scheme when discharging liquid

Here, the speed of the aircraft is defined as the
algebraic sum of its air speed V and wind speed U,
and

A=A, +UT,

where A4, is the longitudinal include liquids in the
absence of wind, and T is the time of falling of
liquid from height H of flight of the plane. Since the
counterflow reduces the value 4, and o, then with
such an event the plane at the fire center has a delay
time t, will increase, which facilitates the work of
the crew at the stage of withdrawal of aircraft into
combat. In addition, to eliminate the longitudinal
aiming error AX due to random oscillations of the
tank body around the Z axis at the pitch angles +v,
the sighting line of the OC must be stabilized in
space.

For the rational use of aircraft for firefighting it is
necessary to develop an algorithm for the process of
discharging fire extinguishing fluid. Therefore, the
block diagram of the process of the automated
system of discharge of fire-extinguishing liquid has

the form of Fig. 5.

Incorning data:
H- flight attitude
Data onthefire V- aircraft speed
with1s w=road speed
And data from IS

Calculationof delayon dischargeof
fire-extinguishing liuid

Deciding onthenumber of

Repeatthacicie
| P | opentanks

Discharge of liquidinto the fire
20ne

Fig. 5. Block diagram of the process of automated system
for discharging fire extinguishing fluid

IV. CONCLUSIONS

The developed automated system of discharge of
fire-extinguishing liquid from the firefighter's plane
has a number of advantages, namely due to
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automation and more exact hit of fire-extinguishing
liquid in a fire zone at zero visibility. It includes a
sighting and navigation system, which provides
automatic determination of the fire zone, accurate
sighting of liquid and a control system for opening
tanks.

The liquid discharge process is fully automated
due to the implementation of the control algorithm
for calculating the delay time, the discharge
command taking into account the height, wind and
ballistics of the discharged fluid, automating the
decision on the number of open tanks.

An algorithm for the process of discharging fire-
extinguishing liquid for the rational use of aircraft in
firefighting has been developed.

The system expands the range of available
tactical techniques when searching for a target,
reaching the target, aiming and using weapons at
ground targets. According to the manufacturer, the
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IO. M. Kemensim, B. O. T'aBpnjieHKko. ABTOMATH30BaHA CHUCTEMAa CKUJAAHHS BOTHEracHoOi piAMHM 3 JiTaka
TOJKeKHIKA

Po3pobnena aBToMaTn3oBaHa cUCTeEMa CKUJIAaHHSI BOTHEraCHOI PiJIMHU 3 JIiTaKa MOKe)KHUKA Mae psifl IepeBar, a came 3a
paxyHOK aBTOMaTH3allii Ta OUIBII TOYHOTO BIIyYaHHS! BOTHEI'aCHOI PiAVHM B 30HY MOXKEXI1 IPU HYIbOBiH BHAUMOCTI. [lo
Hel BXOAWTH NPUIUIBHO-HABITaIliHHUN KOMIUIEKC, SKMi 3a0e3redye aBTOMaTHYHE BH3HAYEHHS 30HH IOXKEXKi, TOYHE
NPUIIbHE CKUJAHHSA PIIMHM Ta CUCTEMa KepyBaHHS BILAKpUTTSIM OakiB. IIpomec CKUOaHHS piJUHU TTOBHICTIO
aBTOMATHU30BaHUH 332 PaXyHOK peaizalii Kepylvoro allropuTMy po3paxyHKy 4acy 3aTPUMKH, KOMaHIW Ha CKHIAaHHS 3
ypaxyBaHHSM BHCOTH, BITpYy Ta OalliCTUKM CKMHYTOI DiJMHH, aBTOMAaTH3allii NPUHHATTSA PIIIEHHS MIONO KUIBKOCTI
BiKpUTHX OakiB. Po3po0ieHO airopuT™ Mpolecy CKUAAHHS BOTHETACHOI PiAMHM Ul PalliOHaJILHOTO BHKOPHCTAHHS
aBiaIliifHOT TEXHIKU MPH TOXKEKOTaCiHHI.

Kiro4oBi ciroBa: npuIiiIbHO-HABITAIIHHUEN KOMIUIEKC; CKHIAHHS PiTHHU; OaKH.
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IO. M. Kemensim, B. O. I'aBpuiieHKo. ABTOMAaTH3HPOBAHHAs cHcTeMa cOpoca OrHerymaumeil >KHAKOCTH ¢
caMoJieTa MOKAPHUKA

Pa3paboTanHas aBTOMaTH3UpPOBaHHAs cucTeMa cOpoca OTHETyMIAIleH >KHIKOCTH C caMoieTa IOXKapHHKa MMeeT A
MPEUMYIIECTB, 2 UMEHHO 3a CYeT aBTOMATH3alWK M 00Jee TOYHOro IMONaJaHHs OTHETYIIAIeH >KUIKOCTH B 30HY
nokapa IpH HYJIEBOH BHAMMOCTH. B Hee BXOJMT NpUIIENbHO-HABUTAIMOHHBIA KOMIUIEKC, OOECHeYHBaIOIINiI
aBTOMAaTHUYECKOE OIpe/IeieHHe 30HBI MOXKapa, TOYHBIA IPUIEIBHBIA COPOC KHUIAKOCTH M CUCTEMa YIpaBIICHUS
oTkpbITHeM OaxoB. Ilpomecc cOpoca >KHIKOCTH IOJHOCTHE aBTOMAaTH3MPOBAH 3a CUET pealu3alldM YIPaBILAIOIIETO
aIropuTMa pacueTra BpPEMEHH 3aJIep)KKH, KOMaHJbl Ha cOpOC C Y4eTOM BBICOTHI, BETpa M OaJUTMCTHKU COpOIICHHON
BOJIb, aBTOMATH3AI[MM IPHUHITHS PELICHUS OTHOCUTENBHO KOJHMYECTBA OTKPHITHIX OakoB. Pa3paboran airopurm
mporecca cOpoca OrHeTymiamed >KUAKOCTH ISl PallMOHANBHOTO HCIOJNB30BAHUS aBHALIOHHOW TEXHUKU MpPHU
MOXAPOTYILIEHUH.
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