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ABSTRACT

The state of the runway (RWY) under operating conditions, due to the possibility of formation of a layer of water, ice, slush, snow,
decreases the friction coefficient of the aircraft landing gear to RWY, and may cause the aviation events. In addition, the condition
of taxiways and airport runway affects the taxiing time of aircraft, which during high-traffic hours can lead to additional flight
delays. To study the effect of friction coefficient on the runway occupancy time the methodology of collecting statistical data about
the time of different types of aircraft spent on runway at various values of the friction coefficient is offered. The method is based on
a full-scale experiment. To conduct the experiment as the object of analysis the process of moving the aircraft from the holding
position up to reaching the height of 200 meters at Vnukovo airport was chosen. Since the observer cannot control the parameters
affecting the object of study during the flight, the friction coefficient is recorded as an input parameter during the experiment and as
the response — the time of moving aircraft from holding position up to reaching the height 200 meters after take-off on standard
departure procedure. As a result of the experiment, according to the obtained data, a graph of T,y versus friction coefficient was
designed. The greatest influence of the friction coefficient is observed when taxiing from the holding position on runway to line-up
position.
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INTRODUCTION

The state of the runway (RWY) under operating conditions, due to the possibility of formation
of a layer of water, ice, slush, snow, decreases the friction coefficient K¢, of the aircraft landing gear to
RWY, and may cause the aviation events. In addition, the condition of taxiways and runways affects
the taxiing time of aircraft, which during high-traffic hours can lead to additional flight delays [1, 2].

Regulatory documents prescribe the measuring of the runway friction for the next cases':

1. on dry RWY: they examine the wear of the surface of RWY and define the necessity of its
recovering;

2. on wet RWY: they measure the friction coefficient for verifying its acceptable limits;

3. if there is a water layer on the RWY: they check the coefficient when tendency for hydro-
planing is possible;

4. on slippery RWY in bad weather conditions it is necessary to perform additional measure-
ments for friction coefficient;

' Airport services manual. Part 2: Pavement surface conditions. ICAO DOC 9137-AN/898/ICAO. 4"ed. 2002.
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5. on RWY covered with snow, slush or ice: continuous and precise evaluation for friction co-
efficient is required.

Having the above-mentioned measures conducted provides the runways in use with very good
friction conditions and required flight safety even in case the runway is wet. Evaluation and mainte-
nance experience prove that surfaces designed in accordance with all requirements and made of asphalt
or cement or concrete meet the criteria listed in DOC 9157- AN/901, 3-rd edition ICAO”.

As soon as the runway surface condition gets worse, it may affect the aircraft accelerating, de-
celerating, subsequently influencing the takeoff distance available (TODA), rejecting and landing. The
lowering of the friction coefficient also has an effect on directional controllability of aircraft leading to
immediate action for correcting to the side of reading level of acceptable crosswind during take-off
and landing’.

Furthermore, friction coefficient reduced may change the time of taxiing on aerodrome and
rolling for take-off on the runway. In case of traffic congestion, this may cause additional flight delays
[3]. To analyze the influence of the friction coefficient on the time needed to occupy the runway by
aircraft an experiment was conducted while statistics of the time of occupying the runway by different
types of aircraft and different frictions parameters was chosen.

THE PROCEDURE OF THE EXPERIMENT

The Object of Analysis (OA) was chosen to be the process of movement of an aircraft from the
holding position on taxiway up to reaching the height 200 meters after take-off on standard departure
procedure at Vnukovo airport.

Object of analysis, in accordance [4, 5] appears as the “black box with some quantity of input
and output (fig. 1).
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Fig. 1. Block diagram of the analysis object
The figure shows:

e input parameters:
X = [|x1,%2, ..., xn|| — the vector of variable controlled and operated parameters;
Z =||z1, z2, ..., zn||- the vector of controlled but non-operated parameters;
E = |lel, e2, ..., en||- the vector of non-controlled and non-operated parameters;
e output parameters:
Y =|ly1,y2,...,yn| — the vector of data or quality of the object analyzed. This figure re-
mains dependent variable of the object and also forms feedback of the system to the entering
actions. We accept the dependence of feedback on pending variable remains function of
feedback, and geometric standpoint of feedback function — is the surface of feedback.
Airport Vnukovo was chosen as the place for the conducting of the experiment. This airport
has number three in rating among the Russian Federation airports, after Sheremetyevo and Domod-
edovo including the quantity of passengers and non-passengers and other kind of flights. The average

* Aerodrome Design Manual. Part 1: Runways. ICAO DOC 9157-AN/901 / ICAO. 3 rded. 2006.
3 Assessment, Measurement and Reporting of Runway Surface Conditions. ICAO circulars CIR 329-AN/191/ ICAO.
2012.
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number of passengers at Vnukovo was 15815000 in 2015, and it has more, than 170 directions all over
the world. Airport Vnukovo provides more than 170000 flights of Russian and foreign air companies.

There are three passenger terminals and “Vnukovo-Cargo” complex at the airport. The main
passenger terminal “Vnukovo-1” contains of “A”, “B”, “D” terminals. The “Vnukovo-2" is a terminal
for VIP flights, special government flights. “Vnukovo-3” terminal services business flights, Moscow
government and other special flights including “Roscosmos”.

There are 2 intersecting runways at the airport:

e runway | — magnetic RWY heading 238° and 158°;

e runway 2 —magnetic RWY heading 193° and 13°.

Considering that during the process of flight operations, the observer cannot change the param-
eters, which can affect the object of analysis, only passive experiment could be conducted [6]. The
friction coefficient will be as a parameter of the Z group. Ty time will be the output parameter. This
time is between movements of an aircraft from the holding position on taxiway up to reaching the
height 200 meters after take-off on standard departure procedure.
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Fig. 2. Map of aerodrome surface movement with an active runway with magnetic heading 238°

For equal conditions during conducting of an experiment, the sample will include only those
events that meet the following criteria:

e aircraft types: Airbus A320, Boeing B737, Boeing B767, Boeing B777 and Yakovlev
YAK 40;

e active runway with magnetic heading 238°;
e the holding position on taxiway is A2.
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As seen from fig. 2, when taxiing from the holding position up to line-up position on taxiway
A2, the aircraft has to make an about 90° turn. To perform such a maneuver, it is very important for
flight deck crew to consider the friction. For better analysis, the Ty, will be divided into several parts:

e T is the time of aircraft taxiing from the holding position to line-up position;

e T, is the time between of ATC clearance for departure of aircraft and its starting of take-off

run;
e Tjs is the time between starting of take-off run of aircraft and its take-off;
o T, is the time between take-off of aircraft and reaching the height of 200 meters.

ANALYSIS OF THE OBTAINED DATA
During the conducting of the experiment, a sample of values of time intervals T, T,, T3, T4 and

Tt Was obtained for different values of the friction coefficient. For each of the aircraft types that meet
the requirements of conducting of an experiment, a table was designed. In it, each value of the friction

coefficient corresponds to the expectation of time intervals M (T,), M (T3), M(T3), M(T4) and M(Ty).

Table 1
Expectation of time intervals of taxiing for various values of friction coefficient
for aircraft A 320
K T, T, T Ty Tiot
0.42 1:41:38 0:14:07 0:42:30 0:20:30 2:58:00
0.45 1:46:20 0:11:40 0:28:20 0:16:20 2:42:40
0.5 1:06:00 0:14:00 0:46:00 0:16:00 2:22:00
0.6 1:03:24 0:16:24 0:35:12 0:17:36 2:00:36
Table 2
Expectation of time intervals of taxiing for various values of friction coefficient
for aircraft B 737
Kse T, T, T; T, Thot
0.45 1:32:24 0:23:12 0:34:36 0:13:12 2:43:24
0.6 1:19:34 0:13:34 0:32:34 0:21:26 2:27:09
Table 3
Expectation of time intervals of taxiing for various values of friction coefficient
for aircraft B 767
K T, T, T5 T, Tiot
0.4 1:34:00 0:11:00 0:42:00 0:38:00 3:05:00
0.42 2:02:00 0:14:00 0:46:00 0:14:00 3:16:00
0.5 1:51:30 0:09:00 0:47:30 0:18:30 3:06:30
0.6 0:47:40 0:15:20 0:40:00 0:17:40 2:00:40
Table 4
Expectation of time intervals of taxiing for various values of friction coefficient
for aircraft B 777
K T, T, T; T, Tiot
0.5 1:00:00 0:44:00 0:31:00 0:10:00 2:25:00
0.55 1:31:30 0:27:30 0:38:00 0:14:00 2:51:00
0.6 1:29:36 0:13:36 0:37:18 0:18:48 2:39:18
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Table 5
Expectation of time intervals of taxiing for various values of friction coefficient
for aircraft JAK 40
Kt T, T, T; T, Tiot
0.4 1:34:00 0:11:00 0:42:00 0:38:00 3:05:00
0.42 2:02:00 0:14:00 0:46:00 0:14:00 3:16:00
0.45 1:28:00 0:09:00 0:40:00 0:49:00 3:06:00
0.5 1:51:30 0:09:00 0:47:30 0:18:30 3:06:30
0.6 0:47:40 0:15:20 0:40:00 0:17:40 2:00:40

Figure 4 shows a graph of Ty versus friction coefficient.
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Fig. 4. Graph of Ty, versus friction coefficient

As it can be seen from the graph, with an increase in the friction coefficient, Ty decreases. It
should be noted that the greatest influence of the friction coefficient is noted when taxiing from the
holding position to line-up position. The influence of the friction coefficient on the remaining time in-
tervals is insignificant. Taxiing is carried out on a complex trajectory close to a sinusoidal curve,
which can be explained by the second-order dynamic equations. Speed and features of movement on
taxiways depend on the condition of the coating. When the surface is dry, the taxiing speed may be
higher than when it is wet. This can be explained by the fact that the longitudinal and transverse re-
sistance forces to movement, which determine the longitudinal and ground stability and controllability
of the aircraft, have large values on dry surfaces. The speed of the aircraft on the taxiway also depends
on the pilot qualification [7-10].

As it can be seen from fig. 2, at Vnukovo airport there are quite a lot of taxiway intersections
where the aircraft has to maneuver at large angles. Therefore, the friction coefficient can have a signif-
icant impact on taxiing time on the airfield, which in turn should be taken into account, especially dur-
ing “peak hours” when the intensity movement is the highest. At the same time, the presence of high-
speed taxiways used as runway exits and entries, the trajectory of movement along which allows you
to perform a maneuver faster than from the taxiways that are perpendicular to the runway. This could
significantly increase the capacity of the airport.
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It is practically impossible to predict the condition of the runways and taxiways. However, it is
possible to accumulate statistics on the friction coefficient in different calendar months. The use of
such statistics in flight planning to adjust airport capacity rates will help to reduce flight delays.
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BJIMAHHUE COCTOSHUS ITIOBEPXHOCTH PYJIEZKHBIX TOPOZKEK
N B3JIETHO-ITOCAJOYHOMU ITOJIOCBI HA BPEMA BBUIETA
BO3AYIHIHBIX CYAO0B

1 1 2 1
B.B. Bopooses , A.C. Xapaamon', C.1O. AAnuyrun’, III.®. N'anunen
1 o« o« ~ ~
Mockoeckuii 2ocyoapcmeenHblli meXHU4eCKull YHU8epcumem epaxcoanckol asuayuu,
2. Mockea, Poccus
2 o«
Buyroeckuii yenmp obcnysicusanus 8030yuino2o 0gudxcenus, 2. Mockea, Poccus

CocrostaEe B3neTHO-TI0ca104HO# nonock! (BIIIT) B skcITyaTallmOHHBIX YCIOBHSIX, 00YCIOBICHHBIX BO3MOKHOCTBIO 00pa30BaHMs
Ha TI0JI0CE CII0S1 BOIBL, JIb/1a, CISIKOTH, CHETa, MPUBOJUT K CHIDKCHHIO KO3((HUIIMEHTa CIIEIIIEHNs] THEBMATHKOB IIIACCH CaMOJIETa C
BIIIT 1 MoxeT OBITh MPUYMHON aBHAIMOHHBIX cOOBITHIA. Kpome Toro, coctostHue pynexHbIx nopoxkek u BIIIT aspormopra Bimsier
Ha BpeMsi PyJIEHUsI BO3IYILIHBIX CyZOB, YTO B Yachl BBICOKOW WMHTEHCHBHOCTH BO3/YIIHOTO ABIDKEHUSI MOXET INPHBECTH K
JIOTIOJTHATEILHBIM 33/IepyKKaM  peiicoB. [t mccnenoBaHust BIHsSHES KOG HIMEHTa CLUCIUICHHS Ha Bpems 3amsToctn BIIIT
BO3/IYIIHBIM CYJHOM IIPEIUIaraeTcsi METO/IMKA, 3aKIIOYaoIIascs B cOOpe CTATMCTHMYECKUX IaHHBIX MO BPEMEHH HaXO)KICHUS
Pa3HBIX TUIOB BO3AYIIHBIX cynoB Ha BIIII npu pasnuuHbIx 3HaueHHsIX KoddduimenTa cuerieHus.. B ocHoBe METOMKY JIEKHUT
HaTypHBII DKCIIepuMeHT. J[ist poBeieH sl SKCIIEPUMEHTa B Ka4ecTBe 00BEKTa HUCCIIEZI0BaHUs ObUT BBIOPaH IPOLIECC JIBHIKEHUS
BO3/IYIIHOTO Cy/HA OT IIpelBapHUTeIbHOrO crapra a0 Habopa M BbicoThl 200 MeTpoB B asporiopty BHykoBo. Tak kak npu
NIPOM3BOJICTBE IOJIETOB HAOJIFOATENb HE MOXKET YIPaBISITh IapaMeTPaMH, BIIMSIOIIMMKE Ha OOBEKT HCCIEOBAHMS, TO B XOJIC
9KCIEpUMeHTa (PUKCUpYETCsl B KauecTBE BXOAHOTO HapaMerpa — KOod((HUIMEHT CLEIUIEHHs], B KauecTBe OTKJIMKA — UHTEpPBAI
BPEMEHH, 3aTpaueHHBII BO3YIIHBIM CYIHOM IIPH JIBIKCHHH OT MPEIBAPUTEIHHOTO CTapTa 10 HaOOpa 3THM BO3IYIIHBIM CYIHOM
BeIcOTHl 200 MeTpoB. B pesysnbrare sKcmeprMeHTa MO MOMyYEHHBIM AAHHBIM OBUT MOCTPOEH TpaduK 3aBHCHMOCTH 3TOTO
HHTEepBaNa OT Kod(QuImenTa cueruieHns. Hambompiiee BimsHHEe KO3(D(UIMEHTa CIEIJICHHS OTMEYAeTCs TMPH PYJICHHH OT
MPEIBAPHUTENILHOTO CTAPTa K UCTIOJHUTEIIEHOMY.

KnroueBble ciioBa: K03(p(UIMEHT CIEIUICHHUS, POIYCKHAsA CHOCOOHOCTh a3pOIOPTOB, YIPaBJE€HHE BOAYIIHBIM IBIDKCHHEM,
TUTAHUPOBAHMEC MCIIOJIb30BaHMA BO3AYIIHOI'O IIPOCTPAHCTBA, MECTOAMKA TPOBECACHUA SKCIICPUMEHTA.
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