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Abstract. In this article we describe the influence of wind on the path of the aircraft during engineless landing and
discuss methods of approach path. In addition, the paper considers the general algorithm accounting influence of wind

on the approach path.
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1. Introduction

Ensuring of a high level of safety during approach is
a priority area of research for aviation. Approach
with complete failure of all engines is a very
complicated procedure.

Today automation of this procedure is a very
important task. Leading aviation design bureau
develop algorithms for flight management computer,
which are ensuring the implementation of this
procedure.

In domestic navigation systems have not engines
out mode for approach. It is necessary to develop
algorithms of the prediction of the flight path for this
mode. Particular attention should be paid to
influence of wind.

2. Analysis of last research and publications

Improving of piloting accuracy in the terminal area
is impotent problem for the aviation community The
theme of high-precision navigation automatic flight
was description in many studies [1, 2, 3].

Methods of indicating when approaching landing
path were described in [4, 5].

The accounting of influence of wind was
described in [6].

3. Purpose of work

Main Purpose:

— Description of influence of wind on the flight
path during engineless landing;

— Development of a general algorithm accounting
influence of wind on the approach path;

— Description of methods of approach path
indication.

4. Methods of indication of approach path

Aircraft vertical navigation (VNAV) systems
provide vertical guidance to a specified waypoint at
a particular altitude, often along a path defined by a
line joining two waypoints at specified altitudes [4].
Alternatively, the path may be defined by a vertical
angle from a given waypoint or be a fuel-use-
optimized curved path between waypoints [5]. Most
flight management system (FMS) equipped aircraft
and some area navigation (RNAV) equipped aircraft
have VNAYV capability. VNAYV displays allow the
pilot to plan and check a VNAV route, monitor
VNAV function when the autopilot or FMS is flying
the aircraft, or manually fly the computed approach
path. Graphic VNAV displays probably enhance
vertical situation awareness. VNAV systems that
incorporate some form of flight-path predictor
display have been popular among pilots. VNAV
capability and map displays are planned for the next
generation of GPS Wide Area Augmentation System
navigation receivers [5] to make it easier for pilots to
fly complex FMS arrivals and approaches within the
required narrow navigation performance envelopes.
The basic component of a VNAV display is a
vertical course deviation indicator (CDI), analogous
to an instrument landing system glideslope needle,
which shows vertical path error. Many displays also
include some form of flight-path prediction
information to offset the workload increase
associated with manually flying a glideslope needle
through an entire departure or arrival. Perhaps the
simplest method is to numerically display a
recommended vertical speed that will keep the
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aircraft converging with the desired path. On some
VNAV equipment, this is shown in numeric form.
Alternatively, it is sometimes presented as a symbol
on a moving map display used for lateral navigation
(LNAYV). For example, on Boeing—Honeywell FMS
displays, a moving green altitude range arc
continuously shows where the aircraft will reach the
preselected altitude. Pilots adjust vertical speed to
keep the altitude range arc on the display
superimposed over the next waypoint.

Many altitude deviation incidents have been
attributed to the lack of explicit vertical situation
information in the cockpit. Because moving map
displays do not depict the aircraft’s vertical situation
explicitly, some manufacturers have experimented

H, m

with supplemental profile displays that graphically
depict altitude versus distance en route in a manner
analogous to the profile (elevation) view on a paper
instrument approach plate. One model includes a
flight-path predictor vector. Typically, the profile
view has been located in a narrow area beneath the
moving map display, so altitude resolution has been
a concern.

5. Influence of wind on the flight path

It is necessary to bring the airplane to Non-
Directional Beacon on a certain height. This height
is significantly dependent of wind direction and
strength (see. Fig. 1).

>
L, km

Fig. 1. Influence of wind on the approach path

Approach time is determined by numerical
integration of the following expression:
A dH

oy,

where ¢ — time of flight;

Hc — height of the completion of mode;

Hj — the height of the beginning of mode.

dH- integration step;

Vy — vertical speed.

The range of the approach is determined by
numerical integration of the following expression:

V.dH
L= : x
0 Vy

b

where L — range;
H, — height of the completion of treatment;
H)j — height of the beginning of the regime.
dH — integration step;
V'y — vertical speed;
Vx — horizontal component of the true air speed.

Influence of wind is taken into account at each

step of the integration:

AL = (V. + U,) 4t,
where AL — the change of distance per one step of
integration;

At — change of time per one step of integration;

U, — equivalent wind;

Now consider in detail the calculation of
equivalent wind.

When solving navigation tasks can estimate
influence of wind on the ground speed, if we use the
equivalent wind entered the international Civil
Aviation Organization (ICAO). Conditional wind is
called the equivalent wind (U.), if its direction
coincides with the desired course, and the value of
its speed at a given path flight mode produces the
same ground speed, as well as the actual wind speed
[6] is the difference between the ground speed and
the true airspeed at a given point of the route of
flight:
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U, =w-v,

where U, — equivalent wind;

W — ground speed;

V- true airspeed.

Thus, the equivalent wind can only be favourable
(positive) or contrary (negative) (see fig. 2).

Equivalent Wind speed is determined by the
parameters of the actual wind (ground speed):

W =V cos(DA)+U cos(WTA).

where DA — drift angle;

WTA — wind track angle.

From the equation

sin(DA) _ sin(WTA) _ sin(DA+WTA)

U V w
follows that

2

sin(DA) = Usm(WTA),

.q

Drift Angle

W

from where

cos(DA) = \/ 1- (WJ ,

7

and ground speed can be represented as
. 2
W =U cos(WTA) + V\/l {%j ’

In view of this relationship can be written:

Usin(WTA)T L

e

Equivalent wind (see. Fig. 2) is approximately
equal to

U, =Ucos(WTA)+ V\/l—[

U, = AU =U cos(WTA).
The concept of equivalent wind associated with a

specific actual wind and the direction of flight. It is
valid only for a limited area and time.
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Fig. 2. Equivalent wind Equivalent wind is especially useful in cases where it is necessary
to consider the influence of the wind around the flight route or a certain part of it

6. Conclusions

In this article we describe influence of wind on the
trajectory of the aircraft during engineless landing.
Methods of approach path indication are also
discussing in this work.

In addition, we have developed a general
algorithm accounting influence of wind on the
approach path.
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M.B. Kopmynos. IIporuo3yBanHsi TpaekTopii moJiboTy JiTaka mija yac 6e3M0OTOPHOI0 3aX0/1y Ha MOCAJKY

JI1 "AnToHoB", Byn. Akanemika Tymonesa, 1, Kuis, Ykpaina, 03062

E-mail: master512@ukr.net
VY crarTi ommcaHO BIUIMB BIiTPY Ha TPAEKTOPIIO TOJBOTY JITaKa MPOTATOM OE3MOTOPHOTO 3aX0xy Ha mocanky. s
PO3paxyHKy TpPOHIEHOTO MUIAXY BHUKOPHCTOBYETHCS MOHSATTS €KBIBaJICHTHOTO BiTpYy. IIOHATTA Tpo eKBiBaJCHTHHMA
BiTEp IOB’sI3aHO 3 KOHKPETHUM 3HAYCHHAM (PaKTHYHOTO BIiTPY ¥ HAIPSMKOM IOJILOTY. EKBiBaNeHTHUI BiTEp 0COOIMBO
3pyYHO BHKOPHCTOBYBAaTH y THX BHIIaJKaX, KOJM HEOOXiTHO BpaxyBaTH BIUIMB BiTPYy Ha MapmipyTi abo Ha OKpeMHX
oro yactuHax. OOroBOPIOIOTBCS Pi3HI crmocobW IHAMKALIl TpaekTopii mocagku. TakoXX PpO3TIAHYTO 3arajbHHUN
AITOPHUTM YpaxyBaHHS BIUIUBY BITPY Ha TPAEKTOPIIO MOJIBOTY JITAKA.
Karw4osi cioBa: rpadiunuil auciuiell BepTHKAIbHOI HAaBiraiii, €KBIBaJCHTHHI BITEp; HaBiramidHuil 00YMCIIOBAY;
NPUBOJHUI paioMasiK; TPAEKTOPIs MOCaAKU

H.B. Kopurynos. IIporHo3upoBanne TPaeKTOpMM I0JieTa caMoJieTa BO BpeMsi 0e3MOTOPHOIro 3axojaa Ha
NMOCAIKY

I'TI "AntonoB", yn. Akagemuka Tynonesa, 1, Kues, Ykpauna, 03062

E-mail: master512@ukr.net
B crarpe onuchiBaeTCs BIHSHUE BETPa HA TPACKTOPHUIO MOJETAa caMOJIeTa BO BpeMsl OE3MOTOPHOTO 3aX0/a Ha IOCAJIKY.
Jis ydeta TpOWICHHOTO MYyTH HPUMCHSETCS NMOHSATHE 3KBHBAJCHTHOTO BeTpa. [loHsTHe 00 SKBHBaJICHTHOM BETpE
CBSI3aHO C KOHKPETHBIM 3HA4YCeHUEM (PAKTHUYECKOTO BETpa M HAIMPABICHHEM I0JieTa. DKBHUBAJICHTHBINA BeTep 0COOCHHO
yIOOHO MCIIONIB30BATh B TEX CIyYasx, KOTJa HaI0 YUUTHIBATH BIUSHHE BETpPa MO BCEMY MapIIPYyTy IOJIeTa WIKA Ha €ro
ompeneneHHoH 9acTH. OOCYXIAIOTCS CIIOCOOBI MHIWKAIMK ITOCAIOYHON TpaeKTopuu. TakKe pacCMOTpeH OOImumit
AITOPHUTM y4eTa BIHSHUS BETPa HA TPACKTOPHIO TIOJIETa CaMOJIeTa MPH MOCAIKE.
KiroueBble ciaoBa: rpaduyeckuii TUCILICH BEPTHKAIBHOW HABUIAIIMH; HABHTAILIMOHHBIN BBIYHCIUTE/b, HPUBOIHON
pannoMasik; TpaeKTOPH TOCAIKH; SKBHBAJICHTHBINA BETEP
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