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UTILIZATION OF THE AIRCRAFT FLIGHT DATA FOR ASSESSMENT OF
THE AVIATION WHEEL BRAKES ENERGY STRENGTH

The utilization of flight data for assessing of the energy loading of aviation wheel
brakes is proposed. The operational ranges of the main characteristics of the air-
craft, which affect the load capacity of the wheel brakes, namely, landing speed,
landing mass of the different aircraft using the flight data on-board means of objec-
tive control and registration (FDR), are studied.
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Introduction.

The operational resource of the frictional unit of the aviation wheel brake is de-
termined by the intensity of wear of its friction elements (disks). This intensity de-
pends on the level of kinetic energy that the aviation brakes absorb during every air-
craft landing.

Method of analysis of loading friction units of aviation brakes.

Under the load of the friction unit, the aviation brake means the portion of the en-
ergy of the forward movement of the aircraft on the runway after touchpoint, which is
absorbed and dissipated by one brake device.

The aircraft, at the stage of the after-touch run, forms a so-called closed system
with a runway.

The change in the kinetic energy of a system from any of its displacement is equal to
the sum of the work of the external and internal forces active to this displacement [1].

dT = idAi ;
i1

where A; — the work of an i-th active force.

It is common knowledge that aerodynamic forces operate during an airplane run
F,, propeller reverse thrust or reverse thrust F, engines, braking force, which arises at
the expense of the work of the frictional unit Fj3, rolling force friction F,, gravity G
and lift force Y.

Thus, the change in the kinetic energy at the elementary displacement due to the
actions of these forces is determined as:

dT = {Fl [cos(FlA, XD + F, [cos(FzA, XD + F; [cos(F;, XD + F4[COS(F4A, XD +
+ G[cos{GA, XD + Y[cos(Y:xjﬂ.
Taking into account that

cos(GA,xj = cos(Y:xj =0, cos(FiA,xj =1

write down
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dT =(F, + F, + F, + F, Jdx.

The complete change in the kinetic energy of the translational motion will be
equal:

Ti _TZ = j(Fi +1;'2 +F; +F4)dx = Aaer +Arev +Ar +‘AT’
where 4, — work of aerodynamic forces; 4,., — reverse thrust screw or reverse thrust
turbofan engine (TFE); 4y — the work of braking force, which arises at the expense of
the functioning of the frictional unit; 4, — work of tires friction rolling force.
The purpose of load analysis is to determine the value 47

AT = (T{ - 712 ) - (Aaer + Arev + Ar )’
where T — kinetic energy of the aircraft at the moment of inhibition; 7, — kinetic ener-

gy of an aircraft at the calculated moment of time.
Thus, for a frictional node one brake can be written down

AT E %[MAIC (Vib — VVZ) - Aaer - Arev - Ar j;

where n — number of braking devices installed on an aircraft; M ;c — mass of the air-
craft at the moment of landing; V, ;. — braking start speed; V, — velocity of the aircraft;
A — work of aerodynamic forces; 4,., — the work of the reverse force of the propeller
or reverse thrust TFE; 4, — the work of the forces of gripping pneumatics with the
runway surface.

In order to determine the load of the brake, it is necessary to have data from: the
landing mass of the aircraft, the speed of the start of braking V ;. and steering V,, work
of reverse and work of aerodynamic forces. These data can be obtained on the basis of
the analysis of flight data, as well as characteristics of engines operating in reverse
mode.

The method of determining the work of aerodynamic drag forces is to calculate the
strength of the aerodynamic drag and to determine the length of the run at V. to V.

The aerodynamic drag at the stage of the run is determined by the known formula:

2

_c PV
Fi - anp 7
where C,,, — coefficient of aerodynamic drag at the aircraft landing configuration; p—
air density; V' — airplane speed; S — wing square.

The value C,,, during landing depends on the characteristics and configuration of
the aircraft, that is, on the angle of deflection of the flaps, the stabilizer, the angle of
deflection of the spoilers. The work of aerodynamic drag could be defined as follows:

C. pS ¢
4,, =2 [yl
2 %

In this case, we accept that C,, p, S are constant values.

Four types of aircraft were selected for the respective analysis:

AICR1 — medium-range aircraft (maximum take-off mass (MTOW) — 98-102
tons) with three turbofan engines (TFE);

AICR2 — medium-range aircraft (MTOW — 47-49 tons) with two TFE;

S
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AICR3 — short-haul plane (MTOW — 21-21,5 tons) with two turboprop engines
(TPE);

AICR4 — short-haul plane (MTOW — 17-17,2 tons) with three TFE.

According to [2-5] coefficients C,,, corresponding to the regular landing configu-
ration are:
for AICR1 — C,,; = 0,188, for AICR2 — C,,,> = 0,145, for AICR3 — C,,,3 = 0,166,
for AICR4 — C,s = 0,172.

On the basis of the foregoing, it follows that the proportion of kinetic energy after
the landing, which is absorbed by the forces of aerodynamic resistance, is for AICR1 —
16%, AICR2 — 10%, AICR3 —21%, AICR4 — 12%.

To determine the operation of the engines reverse device on the stage of the run
the formula [1] could be used:

| 3 Viw ¥ Voor
Arev :IFz COS(E,del EFZUOH—W_t .
0

2 rev?

where / — a path that corresponds to the working time of the engines reverse device;
N
COS(FZ ,xj — cosine of the angle between the direction of the action of the force and

the longitudinal axes; F, — traction power of all engines in the reverse mode, taking
into account the speed characteristics of the engines; V,,,, — the speed of the aircraft,
which corresponds to the moment of the reverse “on”; V,,;— the speed of the aircraft,
which corresponds to the moment of the reverse “off”; ¢,., — active reverse time.

Under the definition of the level of energy load of the brakes, it was assumed that
the share of energy absorbed by the friction force of the pneumatics is 3% of the total
landing power of the aircratft.

Necessary data obtained as a result of the processing of oscillograms of flight data
records with using of FDR (so-called “Black Boxes”) according to the Flight Data
Monitoring Program (FDMP) to be implemented in accordance with Annex 19 to the
Chicago Convention [6-8].

This method of determining the level of energy load of the braking devices is one
of the components of the simulation model of the formation of the flow of breakage of
aviation brakes in flight operation [9].

Results of analysis of operational loading of friction units of aviation disk
brakes. The purpose of the analysis of energy load of the brake equipment of the air-
craft of civil aviation was to clarify the operating spectrum of load of friction elements
for further use in the simulation model of the formation of the flow of breakage of
brake devices [10-12].

According to the developed methodology of carrying out research, the volume of
data collection of objective flight information made up 150-200 decoding of landing
stages and after landing run for each chosen aircraft type.

The method of post-flight run analysis, which was developed on the basis of [2-
5], allowed some assumptions to be made. In particular, an analysis of the crew's ac-
tions has shown that intense braking is carried out at the speed of the aircraft, which is
40-60 km / h. Therefore, the calculations did not take into account the share of energy
absorbed by the braking devices due to the slow motion of the aircraft to the apron.

The speed of the aircraft when brakes are on is taken as

V=V =15
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where V; — landing speed at the point of contact with the runway, km / h.

The level of energy absorbed by the friction unit depends to a large extent on the
landing mass and the landing speed of the aircraft. It is established that the distribution
of these quantities (Fig. 1, Fig. 2) is well suited to the normal law.
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Fig. 1. Distribution of landing masses of some types of civil aviation aircraft: AICR1 —
x=74, =206, B=0.99; AICR2 - x=38.5, & =14, §=0.99; AICR3 -
x=19.6, ¢=1.00=099; AICR4—-x=13.6, =1.1, 5=0.99.
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Puc. 2. Distribution of landing speeds of some types of civil aviation aircraft: AICRI —
X =246, 5 =10, B=0.99; AICR2 — x =245, 5 =10, #=0.99; AICR3 - ¥ =208, 5 =12,
£=0.99; AICR4 - x=176,5 =8, f=0.99.
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In fig. 1 the parameters of the laws of distribution of landing mass and velocities
are given ( X,0 ), as well as confidence probabilityf3.

For AICR1 these values are on average, respectively 74 tones and 246 km / h, for
AICR2 — 39,5 tones and 245 km / h, for AICR3 — 19,6 tones and 208 km / h, AICR4 —
13,6 tons and 176 km / h.

The obtained results allowed determining the complete kinetic energy of aircraft
at the landing stage, considering it as a stochastic magnificent (Fig. 3). for AICR1 this
value is 18,2-107 J, which is about 2 times the kinetic energy AICR2 obtained, which
is9,7-10"J.

From Fig. 3 it is seen that the total kinetic energy of AICR3 is 6 times smaller
than AICR4. Accordingly, the indicated value, as indicated in the table in Fig. 3, for
the aircraft AICR4 differs from the AICRI by more than 10 times (1,7-10” J in com-
parison with 18,2-10" J). Relatively low values of mean-square deviations (2,2-10" J —
for AICR1; 1,0-10" J — for AICR2; 0,48-10” J — for AICR3; 0,54-10" J — for AICR4)
due to the narrowness of the ranges of permissible velocities and masses relative to the
mean values of the indicated quantities.
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Fig. 3. Distribution of complete kinetic energy of some types of civil aviation aircraft:
AICR]1 -x =182, ¢ =22, =0.99; AICR2-x=9.7, ¢ =1.0, f=0.99; AICR3 —
¥=3.0,5 =048, f=0.99; AICR4 - ¥ =17, 5 = 0.54, B=0.99.

The equipment of the aircraft with different types of brake, aecrodynamic or re-
versible devices, as well as the intensity of their application for the absorption of ki-
netic energy of the translational motion, have a significant effect on the level of opera-
tional loading of the frictional knobs of the wheel brakes. Taking into account the be-
fore mentioned, the distribution of the average working time of the reversing device or
the reciprocating action was determined. For example, (Fig. 4) for an aircraft AICR1,
the mathematical expectation of this value is 14 seconds, respectively for AICR2 — 12
seconds, AICR3 — 28 seconds, AICR4 — 18 seconds.
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Fig. 4. The distribution of the duration of operation of the of the reversing device (reverse
thrust propellers) of some types of civil aviation aircraft: AICRI — x =0.064, ¢ =0.016, f=

0.99; AICR2 — ¥ = 0.063, & = 0.017, B=0.99; AICR3 — ¥ =0.039, 5 = 0.017, = 0.99;
AICR4 — ¥ =0.148, & = 0.024, 8= 0.99.

The difference in average reverse time (reciprocating action) is due to the operat-
ing limit on the speed of the aircraft, at which the crew is obliged to turn off the re-
versing device. For aircrafts AICR1 and AICR2 this speed is within range 105...115
km / h, which explains the comparatively low value of the mathematical expectation
of the specified value for these types of aircraft (12 ... 14 sec.).

The specificity of the reciprocal arrangement of the AICR4 aircraft prevents it
from being switched on until the touch of the runway, and the pick-up - at a lower
speed of the aircraft on the run. This explains the longer work of the reverse on this
type of aircraft.

For aircraft AICR3 equipped TPE, this restriction is not available. Because of
this, the time of reciprocating thrust is not at the stage of its run quite significant
(28 s).

As a result of studies on the intensity of the use of reverse AICR1 and AICR2 de-
vices, the share of the transmitted airborne actuator energy absorbed by them is 7%
smaller than the share of AICR3 and is 28% of the value of their total kinetic energy at
the start of the run. This is due to the presence of a limit on the speed of the aircraft,
on which it is necessary to turn off the reverse device in order to prevent the entry of
foreign objects into the gas engine airway.

Conclusions.

Determination of the total kinetic energy of the forward movement of the aircraft
at the stage after the landing run, as well as the share of energy absorbed by the aero-
dynamic means of braking and the reversing device (the effect of reverse thrust) al-
lowed, taking into account assumptions, to determine the load of the friction unit of
the disc brakes in the real conditions of operation of air of the vessel. These data can
be applied in the future to determine the technical and economic efficiency of the
braking devices by means of the imitation simulation.



ISSN 03702197 Problems of friction and wear, 2019, 2 (83) 91

References

1. Detlaf A.A., Javorskij V.M. Kurs fiziki, t.1. — M: Vysshaja shkola, 1973. — 356 s.

2. Ligum T.I., Skripchenko S.Ju., Shishmarev A.V. Ajerodinamika samoleta Tu-154B. —
M.: Transport, 1985. — 262 s.

3. Ligum T.I., Ajerodinamika samoleta Tu-134A. — M.: Transport, 1975. — 318 s.

4. Bogoslavskij L.E. Prakticheskaja ajerodinamika samoleta An-24. — M.: Trans-port,
1972. - 195 s.

5. Bogoslavskij L.E. Prakticheskaja ajerodinamika samoleta Jak-40. — M.: Trans-port,
1975. - 152s.

6. Taran G.V., Maksy'mov V.A. Integraciya sy stem bezpeky" pol otiv i yakosti. AVIA-
2017: XIII Mizhnarodna naukovo-prakty'chna konferenciya, 19-21 kvitnya 2017r.:K., 2017. —
s.17.34-17.37.

7. Maksymov V. O., Yurchenko O. I. Forecast of Demand for Aviation Maintenance and
Air Navigation Specialists for the Next 20 Years / V.O. Maksymov, O.I. Yurchenko // 2018
IEEE 5th International Conference “Methods and Systems of Navigation and Motion Control
(MSNMC)”  Proceedings. — K.: Ocsita Vxkpaimm, 2018. — pp. 267-270. DOI:
10.1109/MSNMC.2018.8576268.

8. Maksymov V.O. Influence of the New Paperless Maintenance Procedures on the Con-
tinuing Airworthiness Personnel Training / V.0.Maksymov, O.l.Yurchenko // The Eighth
World Congress “Aviation in the XXI-st Century” “Safety in Aviation and Space Technolo-
gies”. Proceedings. — Kuis, NAU; 2018. —pp. 1.2.24-1.2.26.

9. V.0. Maksymov, O.I. Yurchenko, R.M. Salimov. The simulation model for the for-
mation of the aircraft brake repair flow during flight operations / Matepianu XIV MixHa-
poxHoi HaykoBO-TexHIYHOI KoH(pepenii «ABIA-19», 23-25 ksitus 2019 p., Kuis — K.: HAY,
2019.

10. Burlakov V.I., Maksimov V.A., Popov O.V., Popov D.V., Zimin V.E. Obespeche-nie
kachestva tehnicheskogo obsluzhivanija aviacionnoj tehniki // Visnik Inzhenernoi akade-mii
Ukraini. — Kiiv, 2018. — Ne3. —S. 32-37.

11. Dmy triyev S.O., Burlakov V.I., Yurchenko O.I. Model" texnologichnogo procesu te-
xnichnogo obslugovuvannya aviacijnoyi texniky'. // Visny'’k NAU.—K.: —2005. — # 3(25). -S.
64-68. DOI: 10.18372/2306-1472.25.1205.

12. A.Tugarinov, E.Yurchenko, A.Pogrebniak, M.Regulski. Calculation method of aero-
technics products fatique strength subject to cyclic loading // Proceedings of the National Avia-
tion University. — Bun-Bo Han. Asiam. yH-Ty «HAY-1pyx», 2014.—Ne 4 (61). — C.111-115

The paper was received by the editorial office on the 23.05.2019.

B. O. MAKCHMOB, O. I. OPYEHKO

BUKOPUCTAHHA HOJII)QTHOi TH®OPMAIIIL ITPH OLIHIIT
HABAHTAXEHHSA ©®PUKIIMHUX BY3JIIB ABIAHIMHUX I'AJIBM

B cratTi 3anportoHOBaHO BUKOPUCTAHHS TOJIBOTHOI iH(OpMAIIii A7 OIiHKH €HeproHaBaH-
TaXCHOCTI aBiallifHUX KONICHUX TaiabM. MeETOI MPOBEACHHS TaKOTO aHANi3y €HeproHaBaHTa-
JKEHOCTI TaIbMIBHHUX HPHUCTPOiB moBiTpsHOro cyanaa (IIC) Oymo yTouHeHHS eKCITyaTariifHoro
CHEKTPY HABAHTAKEHOCTI (DPUKIIHHUX €JIEMEHTIB IS MOJABIIOr0 BUKOPHUCTAHHS B iMiTaIlii-
Hilt Mozemi pOopMyBaHHS TIOTOKY 3HOMiB TalbMiBHUX IIPUCTPOIB

Bimomo, mo excmryaTamiitauii pecypc (GppHuKIiitHOro By3Ja aBialiifHOro KojliCHOTrO TajabMa
BH3HAYAETHCS IHTCHCHUBHICTIO 3HOITYBAHHSA HOro (PpUKIIITHUX eleMeHTIB (IMCKIB) i IS iHTEH-
CHBHICTB 3aJISKUTH BiJl PiBHI KIHETUYHOI €HEPTii, SIKY TalbMO MOTIIMHAE TIPH TTOCAIIl TIOBITPS-
HOT'O CyIHa.
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HapanTaxkeHicTh QpUKIIHHOTO BYy3JIa aBiaIlifHOTO TajlbMa IIe YacTKa €Heprii MOCTyHalb-
Horo pyxy I1C Ha eTarmi micisImocagKoBOro Mpooiry, sika MOTITHHAETHCS T4 PO3CIFOETHCS OHUM
rareMiBHUM TpucTpoeM. I1in wac mpobiry Ha TOBITPSHE CYAHO MIFOTH CHJIM aepOIUHAMIYHOTO
OIIOpY, 3BOPOTHA TATA TBHUHTIB a00 peBEpCHA TATA JABHUTYHIB, TaJbMiBHA CHJIA, KA BUHUKAE 32
PaxyHOK poOOTH (PUKIIHHOTO By3Ja, CHJIa TEPTSI KOUEHHs, CHIIa Bard MOBITPSHOT'O CYIHA Ta
IMiIAOMHA CHIIa.

Jl1st BU3HAUEHHS HABAaHTAXXCHOCTI raibMa 3 00’ €KTUBHOI HOJIBOTHOI iH(opMarlii Oyio Bu-
3HAYCHO MOCAJKOBY MAacy HOBITPSHHUX CYIEH, MIBUIKOCTI MOYaTKy rajJbMyBaHHS Ta PYJIIOBaH-
HS, poOOTY peBepcy i aepoANHAMIYHUX CHIL.

Jmst mocmimkernHss OyIlo 0OpaHO YOTHPH THITA MOBITPSHUX CYACH i3 Pi3HOI0 MAKCHMAalh-
HOIO 3JIITHOIO MAacolo, Pi3HOi KOH(Iryparii Ta pi3HIMHU THUIAMH 1 KUTBKICTIO ABHT'YHIB. 3aCTO-
COBYIOUH II€BHI MaTEMATHYHI 3aJIEKHOCTI OYIIO IPOBEICHO PO3PaXyHKH U JOBEICHO, III0 YacT-
Ka eHeprii, SKa IOTJIMHAEThCSA CHIOI TEPTS KOYCHHS IMHEBMATHKIB cKiamae 3% Bix MOBHOI
MTOCAJIKOBOI €HEPTii MOBITPSHOTO cymHa. Takok, Oyno BH3HAYEHO PO3IIOILT CEPEIHBOTO Yacy
poOOTH TIPHUCTPOIO peBepcy ado il 3BOPOTHOI TATH.

Ocnamenicts 1IC pi3HUMH THIIAMU TJIBMIBHHX, a€pPOJHMHAMIYHUX a00 PEBEPCUBHHX MPH-
CTpOiB, @ TaKOXX IHTCHCHUBHICTh iXHBOTO 3aCTOCYBaHHS IJISI TOTJIMHAHHS KIHETWYHOI €Heprii
MOCTYNaJbHOIO PyXy MaroTh 3HAYHUH BIUTMB HA PiBEHb EKCILIyaTaliifHOi HaBaHTa)XEHOCTI
(PUKLIIHHIX BY3IIiB KONiCHUX TallbM.

BusHadeHHs MOBHOI KiHETHYHOI €HEPril MOCTYIAaIBHOTO PYXY HOBITPSIHOTO CyJHA HA €Ta-
i TS ITOCaaKOBOTO MPOOIry, a TAKOXK YacTKa €HEeprii, sSka MOTTIMHAETHCS aepOJHAMITHIMHA
3acobaMu TalbMYyBaHHS i IPUCTPOIO PEBEPCY (€0 3BOPOTHOI TATH) JO3BOIUIIO, 3 YpaxyBaH-
HSM IPUAHATH JOMYIIEHb, BU3HAYUTH HABAaHTAXXEHICTh (PPHUKIIIHHOrO By3/1a IUCKOBOTO TAJIbMa
B peabHMX YMOBaX EKCIUTyaTallil MoBiTpsHOro cyaHa. OTpuUMaHi JaHi MOXYTh OyTH 3aCTOCO-
BaHi B TIOAJBIIOMY JUISI PO3PaXyHKY MTOKA3HUKIB TEXHIKO-EKOHOMIYHOI €()eKTUBHOCTI TaIbMi-
BHHUX IIPUCTPOIB 32 TOIMTOMOT OO iMITAllifHOr 0 MOACTIOBaHHS.
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