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FEATURES OF LANDING APPROACH FOR AIRCRAFT IN AUTOMATIC
AND YOKE CONTROL MODES IN CONDITIONS
OF HORIZONTAL LATERAL WIND SHEAR

Introduction

The 38th Session of the International Civil Avia-
tion Organization (ICAO) Assembly identified five
strategic goals for [CAO, the main of which is Flight
Safety. The ICAO Global Aviation Safety Plan
states that «The continuous improvement of global
flight safety is essential to ensure that air transport
continues to play an important role as one of the
drivers of sustainable economic and social develop-
ment around the world. In the industry, which di-
rectly or indirectly employes 56,6 million people,
generates 2 trillion dollars in the global gross do-
mestic product and annually carries more than 2,5
billion passengers and cargo with a total value of 5,3
trillion dollars. The Flight Safety assurance should
be the most important task» [2; 7].

By the ICAO definition, flight safety is a condi-
tion in which the risks associated with aviation ac-
tivities relating to the operation of aircraft or the
aircraft maintenance are reduced to an acceptable
level and controlled.

Among the many factors that adversely affect the
Flight Safety, a wide range of atmospheric phenom-
ena takes place: fogs, thunderstorms, precipitation,
clouds, wind, in particular, wind shear at low alti-
tudes, etc. [8].

Definition of the issue

World statistics show that about 36 % of all acci-
dents in aviation transport take place at the landing
approach and landing stages. If you take into ac-
count that their average duration does not exceed
3—4 the average flight time, the flight safety level at
these stages is tens of times lower than the safety
level throughout the flight [9].

After all, the landing approach and landing stages
are the most complicated, as during their implemen-
tation, there is a significant change in the airplane
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configuration and most of flight parameters under
the psychological pressure that crew is expose to
such as ground proximity and small speed reserve in
time-shortage for the analysis of the situation and
taking correct decisions regarding airplane opera-
tion.

In [1] and others, the results are given of aircraft
flight dynamics study at the landing approach stage
on the glide slope signals under conditions of verti-
cal wind shear in the longitudinal plane.

But no less dangerous, from the point of view of
safety of flights at low altitudes, there is a lateral
wind shear.

Therefore, the study of its impact on the dynam-
ics and flight safety at the landing approach stage is
an important and urgent problem.

Analysis of scientific published devoted to the
issue

Ukrainian and foreign researchers have devoted
their research to various aspects of the problem of
wind shear at low altitudes: T. Buran, J. Dobrolensky,
A. Fudjito, P. Lazniuk, V. Lomovsky, V. Maximov,
M. Obidin, A. Obrubov, O. Trunov, A. Vasiliev,
O. Zdanov, A. Zuravlev and others.

In their writings, researchers consider both theo-
retical and practical aspects of meteorological basics
of wind shear and flight safety in the conditions of
its operation; the development and implementation
of on-board and ground-based equipment for the
wind shear areas detection, as well as methods and
manuals for aircraft crews training for taking correct
actions in this dangerous atmospheric phenomenon
zone, etc.

However, the grieving statistics of aviation acci-
dents in recent years have shown that the problems
associated with the impact of wind shear on flight
safety require further research.
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Purpose of the article

The purpose of the work is to study the impact of
the horizontal wind shear of the side wind of differ-
ent intensity on the dynamics and flight safety of the
medium-range aircraft at the landing approach stage
on the localizer signals (LOC) in the modes of
automatic and yoke control, as well as the time delay
of the pilot's intervention in aircraft control after the
wind shear start.

Presentation of the main material

As follows from the ICAO documents, the wind
shear, as an atmospheric phenomenon, is a vector
difference in wind velocities at two points in the air
space, related to the distance between them. Depend-
ing on the spatial orientation of the two points, be-
tween which the wind shear is determined, it is di-
vided into vertical and horizontal. The vertical com-
ponent of the wind shear is called a change in the
horizontal component of the speed and/or direction
of the wind when changing the flight altitude. Hori-
zontal component is the change of the horizontal
speed and/or direction of the wind when changing
the distance along the flight direction in the horizon-
tal plane [8].

According to the ICAO recommendation, the fol-
lowing classification of the intensity of the wind
shear (vertical — at 30 m altitude, horizontal — at
600 m distance) is adopted: weak wind shear —
0-2 m/s, moderate — 2—4 m/s, strong — 4—6 m/s,
very strong — more than 6 m/s [4].

The negative effect of the wind shear in the lon-
gitudinal plane on airplane flight safety is that the
aircraft, due to its large mass, has a large inertia that
does not allow it to instantaneously increase or de-
crease the ground speed when the wind speed is
changing, while the true airspeed changes according
to its change.

In this connection, the aerodynamic forces and
moments of the aircraft change, and it deviates from
the given flight path by altitude, which may cause
either its premature collision with the earth's surface,
or the later touching of the runway (RW), with sub-
sequent overrun out of its boundary.

In the article [1], it is noted that when solving
navigation problems during a flight of an airplane
on-route under wind conditions, for simplification, it
is considered that the true airspeed and ground speed
change simultaneously and instantaneously. This
assumption does not cause significant errors in navi-
gational calculations, since the time of aircraft attenua-
tion in the longitudinal and lateral planes is much
smaller compared to the time of its flight on-route.

In approaching for landing and landing in the
modes of both automatic and manual control, its
time of entering the landing course plane and the

glideslope plane is comparable to the time of fluc-
tuations damping in the lateral and longitudinal
planes.

Therefore, in our opinion, the study of wind shear
effect on the flight safety in landing approaches and
landing should be considered in dynamics, while
taking into account the airplane’s geometric, mas-
sive-inertial, aerodynamic and piloting characteris-
tics, as well as the nature, intensity and duration of
wind shear and the timeliness and correctness of the
crew's action when the aircraft hits the wind shear
action zone.

For the study of the lateral wind shear effect on
the dynamics and flight safety of the medium-range
aircraft at the landing approach stage and for the
achievement of the above-mentioned goal of re-
search, a digital mathematical model of the air-
plane’s flight dynamics was developed that allows
us to investigate the processes of the aircraft's entry
into the landing course and stabilizing on it by LOC
signals in automatic control mode with the subse-
quent transition to the manual control mode, both in
conditions of calm atmosphere and lateral wind
shear. The developed model also provides for the
possibility of conducting research at different initial
values of the course and lateral deviation of the air-
craft from the landing course plane in the Base Leg
and Final Leg zones, as well as at different values of
the navigational wind direction and the steepness of
the signal path of the LOC-LOCR (Localizer Re-
ceiver) in the range from minimum to maximum.

Taking into account that when an airplane is ap-
proaching for landing by LOC signals, at constant
airspeed, the angular parameters of its flight vary in
small ranges relative to their initial values in the
balanced mode, the authors of the article consider it
appropriate to use the mathematical model of the
flight dynamics of the plane in the lateral plane in
the form of such a system linearized differential
equations [5]:

Y =—ay —bgy —ap, — a8, —bsd,;
¥ =—agv—by—bp, —asd, —bd;

B=Vy+by+by—aB,—ad,;

B, =B+B,;
/4
=-—arct = |;
B g( VJ
V. ==V,

X =—Vcos(y, +P);
Z =Vsin(y, +B).
In the above system of linearized differential
equations, the designation of flight parameters is

used in accordance with the requirements of the
current standard in Ukraine [3].
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During the research of the approach of the me-
dium-range aircraft, the following initial values of
its flight parameters were adopted for the LOC sig-
nals: the aircraft weight was 73 tons; Holding Area
altitude — 500 m; the given true airspeed —
280 km/h; initial distance from the front runway
threshold along the landing course — 13 km; initial
lateral deviation from the landing course — 2,5 km;
angle of the glide path — 2,67°; the LOC-LOCR
(Localizer Receiver) signal steepness is 167 pA/deg;
landing course — 0°.

The simulation of the landing approach of the
aircraft was carried out in accordance with the fol-
lowing technological sequence of processes: in the
Base Leg zone, the aircraft gains the landing course
and stabilizes in the automatic control mode with the
simultaneous stabilization of the given holding area
altitude and indicated airspeed; After entering the
landing course plane and intercepting glideslope at a
distance of 10430,3 m from the front threshold of
the runway its «capture» occurs with the transition
of the aircraft from the mode of automatic stabiliza-
tion of the given holding area altitude to the auto-
matic stabilization mode on the glide path; starting
from the distance to the front threshold of the run-
way 3000 m, the horizontal wind shear of the side
wind with given intensity is simulated with a linear
dependence of its speed from the horizontal distance
to the end of the runway; simultaneously with the
beginning of the wind shear effect, there is a transi-
tion from the mode of automatic control of the posi-
tion of the aircraft in the landing course plane to the
yoke control mode with different delayed pilot inter-
vention into the control after the beginning of the
wind shear action.

It is believed that the effect of the lateral wind
shear on the motion of the aircraft on the glide path
in the longitudinal plane (the change in the true air-
speed and aerodynamic forces and moments) is
compensated by the corresponding aircraft’s controls
deviations and the aircraft precisely moves along the
glide path.

Below are the results of research for different
conditions of approaching the aircraft on the LOC
signals.

Fig. 1 shows the line of the airplane's path in the
mode of automatic approach on the LOC signals in
calm atmosphere conditions until the crossing the
front threshold of the runway.

The process of aircraft’s landing approach on the
LOC signals meets the standard requirements for its
entrance the landing course plane and the accuracy
of the stabilization in this plane [5].

In particular, the process of entrance into the
landing course plane is close to the aperiodic with
the current overflow of the Localizer Receiver
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(LOCR) +22,2 pA (less than the permissible + 42
pA) and ends with the moment of «capturing» the
glide path. When moving in the landing course
plane, the airplane is in the «tube» of the LOCR
current within the limits, significantly less than the
permissible = 35 pA.
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Fig. 1. Landing approach in calm
atmosphere conditions
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Fig. 2 shows a fragment of the aircraft's trajecto-
ries in the Final Leg of the approach stage with the
transition from the automatic control in the landing
course plane to the yoke control mode at a distance
of 3000 m to the front threshold of the runway with-
out pilot interference in the airplane control in the
conditions of the horizontal wind shear of the side
wind on the right to the airplane movement course
with a navigation direction of 270° of different in-
tensities (at 600 m distance): there is no wind shear
(1), weak wind shear with intensity of 1 m/s (2),
moderate — 3 m/s (3), strong — 5 m/s (4).
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Fig. 2. Landing approach with lateral
wind shear of varying intensity

The research results shown in Fig. 2, confirm the
main trends of the airplane without pilot intervention
in the control when it hits the lateral wind shear
zone. After all, if in the wind shear absence, the
lateral displacement of the aircraft relative to the
landing course plane (the runway axis) at the pas-
sage of the front threshold of the runway is equal to
+0,2 m (+0,4 pA by the LOCR current) (1), then this
displacement under the lateral wind shear action, is
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already —54,4 m (-127,6 pA) with a weak wind
shear (2), -162,2 m (250 pA — the current reached
the limit) — at moderate wind shear (3), —266,1 m
(=250 pA) — with strong wind shear (4).

From the mentioned above, it follows that the lat-
eral wind shear during uncontrolled movement of
the aircraft causes its significant displacement rela-
tive to the landing course plane (RW axis), which
makes it impossible to land on the runway and leads
to the need of Go-around Execution to prevent land-
ing aside of the runway.

Fig. 3 shows a fragment of the aircraft's trajecto-
ries in the final leg of the approach stage with the
transition from the automatic control in the landing
course plane to the yoke control mode at a distance
of 3000 m to the front threshold of the runway at the
effect of a moderate lateral wind shear on the right
to the airplane flight at an intensity of 3 m/s on
600 m distance, which begins at a distance of
3000 m to the front threshold of the runway, with
different delayed pilot interference in the control

after the beginning of the wind shear.
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Fig. 3. Landing approach with delayed
pilot intervention in control after
the beginning of the lateral wind shear

As indicated in [1], the coincidence in time of the
beginning of the wind shear action with the moment
of transition from the automatic control of the air-
craft movement to the yoke control mode was cho-
sen during the research because, in the real flight
conditions, this coincidence significantly compli-
cates the landing approach, because during the tran-
sition to the yoke control mode is changing the sen-
sory-minded activity of the pilot on the sensor-
motor, which requires a certain amount of time in
time shortage conditions.

According to the results of the study, it was
found that when the pilot intervenes in the control of
the aircraft attitude in the landing course plane at the
same time as the the lateral wind shear occures, the
aircraft is in the «tube» of the LOCR current in the
range of less than permissible £35 pA, with a maxi-
mum lateral displacement relative the landing course

plane —12,9 m (-25,7 pA by the LOCR current) at a
distance of 602,4 m from the front threshold of the
runway and —10,1 m (-24,2 pA) — during its inter-
section (1).

In case of time delay, pilot intervention in the
control of 10 s duration (2) the aircraft during the
movement is in the «tube» at the LOCR current in
the limits, less than the permissible +35 pA, al-
though close to them, with the maximum lateral
displacement relative to the landing course plane
—18,7 m (-34,1 pA by the LOCR current) at a dis-
tance of 1308,5 m from the front threshold of the
runway and —10,2 m (-24,3 pA) — during its inter-
section.

In case of time delay of pilot interference with
the duration of 15 seconds (3), the maximum dis-
placement of the airplane relative to the landing
course plane is —30,7 m (-56,6 pA by the LOCR
current) at a distance of 1215,3 m from the front
threshold of the runway and —10,4 m (24,3 pA) —
during its intersection. That is, the aircraft went be-
yond the «tube» +35 pA of LOCR current, although
it crossed the front end of the runway with a slight
displacement relative to the landing course plane.

In case of delayed pilot interference in the control
of the duration of 20 s (4) and 25 s (5), the maxi-
mum displacement of the airplane relative to the
landing course plane is —50,1 m (-96,7 pA) and
-77,8 m (-160,4 pA) at a distance of 915,3 m and
565,2 m from the front threshold of the runways,
that is, the aircraft went beyond the «tube» £35 pA
of LOCR current. At the same time, at a delay of 20
seconds the aircraft crossed the front threshold of the
runway with a displacement of —18,1 m (—44,3 pA)
relative to the landing course plane, at a delay of
25 s — with a displacement of —43,9 m (-106,8 pA),
which is inadmissible.

Thus, at the aircraft landing approach at the LOC
signals, the delayed pilot intervention in the landing
course plane after the onset of the horizontal wind
shear of the side wind, even of moderate intensity,
significantly reduces the flight safety level. If the
delay is more than 15 seconds, the accuracy of the
aircraft stabilization in the landing course plane does
not meet the established requirements, which makes
the flight of the aircraft on the final leg and its land-
ing problematic. The aircraft in these cases should
go-around for flight safety [5; 6].

Conclusions

A digital mathematical model of the flight dy-
namics of a medium-range aircraft is developed,
which allows to simulate its landing approach in
automatic and yoke control modes according to LOC
signals in conditions of calm atmosphere and hori-
zontal wind shear of lateral wind.
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The influence of the horizontal wind shear of the
side wind of different intensity on the flight dynam-
ics on the approach stage, as well as the time delay
of the pilot's intervention in the control after the
wind shear onset of the moderate intensity, has been
studied.

The results of the research suggest that the timely
intervention of the pilot in the control of the airplane
in the lateral wind shear zone, in the conditions of
time deficit, to detect this dangerous atmospheric
phenomenon, analysis of its features and making the
right decision for further operation of the aircraft,
plays a significant role in ensuring flight safety.

The obtained qualitative and quantitative results
of the flight dynamics research of the medium-range
aircraft at the landing approach stage by the LOC
signals in the conditions of horizontal wind shear of
the lateral wind are well correlated with the flight
safety level with the results of research on the flight
dynamics of the aircraft at the approach stage by the
glide slope beacon signals under conditions of verti-
cal wind shear in the longitudinal plane, given in [1].
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FEATURES OF LANDING APPROACH FOR AIRCRAFT IN AUTOMATIC AND YOKE CON-
TROL MODES IN CONDITIONS OF HORIZONTAL LATERAL WIND SHEAR

World statistics show that about 36 % of all accidents in aviation transport take place at the landing approach and

landing stages. If you take into account that their average duration does not exceed 3-4 % of the average flight time, the
flight safety level at these stages is tens of times lower than the safety level throughout the flight It’s been shown that
flight safety provision for aircraft in landing approach and landing stages under wind shear conditions is important
and crucial issue and requires deep research.

Flight dynamics research has been conducted for mid-range aircraft at landing approach stage under horizontal
lateral wind shear conditions.

Keywords: aircraft; wind shear; landing approach; safety of flights.

oayxin A. B., Octranenxo O. C.

OCOBJIUBOCTI 3AXOAY HA INOCAJKY JITAKA B PEXKUMAX ABTOMATHUYHOI'O TA
HITYPBAJIBHOI'O YIIPABJIIHHA B YMOBAX I'OPU30OHTAJIBHOI'O 3CYBY BIYHOI'O
BITPY

Csimosa cmamucmuxa cgiouums, wo 0auzbko 36% ycix kamacmpog na asiayivinomy mpauncnopmi 8i06y6acmocs
Ha emanax 3axo0y Ha Nocaoky i nocaoku. Axwo s epaxysamu, wjo ix mpuganicms y cepeoHbomy He nepesuuyye 3—4 %
4acy noabomy cepeoHbOMAICMpPAIbHO20 IMAKA, Mo Qakmuynull pieeHb 6e3neKu NoaIbOmy HA Yux emandax y 0ecsimKu
paszie menwul, HIJC pigeHb De3neku npomsizom ycbo2o noavomy. Ceped bazamvox YUHHUKIG, AKI HE2AMUBHO GNIUBAIOND
Ha pieeHb Oe3neKku NOIbOMIE, 3HAYHe Micye 3aUMaromv PISHOMAHIMHI amMOCQepHi sguwa: mymaHu, 2posu, onaou,
xmapu, gimep, 30Kpema, 1020 3Cy8 Ha MAAUX UCOMAX MOUO.

Cymna cmamucmuxa agiayitinux Kamacmpogh ocmanHix poxie ceiouums npo me, wo npodiemu, nog A3ani 3 6NiU-
80M 3CY8Y 8impy Ha 6e3neKy NoibOmis, NOMpPeOYIMb NOOATLUUX OOCTIONHCEHD.
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s npogedenHss Q0CHIONHCEHHs 6NIUBY 2OPUBOHMANLHO20 3CY8Y OIYHO20 8IMpYy HA OUHAMIKY ma Oe3neKy Noabomy
cepedHbOMAa2iCMpanbHO2O AIMAKA Ha emani 3axo0y Ha NocadKy asmopamu cmammi Oyaa po3pobnena yugposa mame-
MAMUYHA MOOeNb U020 OUHAMIKU HObOMY, SIKA 00380JIAE QOCIOUMU NPOYecu UX00y IIMaKa 6 NIOUUHy HoCA0K08020
Kypcy ma cmabinizayii Ha Hitl 3a CUSHALAMU KYPCOBO20 PAOIOMASIKA 8 PENCUMAX ABMOMAMUYHO20 MA WMYPEATbHO20
VIPAGIIHHA 5K 8 YMOBAX CROKIHOI ammocgepu, mak i 3¢y8y 6iunozo eimpy. Y pos3pobieHiti modeni makooic nepedbaye-
Ha MOACIUBICI NPOBEOCHHS OOCTIONCEHb NPU PI3HUX NOYAMKOBUX 3HAYEHHAX KYPCYy ma OiuH020 GIOXUNeHHs NimaKa 6io
NIOWUHU NOCAOKOB020 KYPCY 8 30HI UeMBEPMO20 PO36OPONLY, a MAKONC NPU PI3HUX 3HAYEHHSX HABI2AYIIHO20 HANPSIMKY
eimpy ma kpymusznu cuenany mpaxmy KPM-KPII y dianasoni 8i0 MiniMansHOi 00 MAKCUMATLHOI.

IHoxkazano, wo 3ab6e3neyenns 6esnexu NOILOMIE 1MAKI6 HA emanax 3ax00y Ha NOCAOKY I NOCAOKU 8 YMOBAX 3CY8Y
8IMPY € 8ANCIUBOIO MA AKMYATLHOIO NPOONEMOI0 | nompebye eMubOKUX 00CIi0NHCEHD.

Ilposedeno 0ocnioxncenHss OUHAMIKU NOAbLOMY CEPEeOHbOMAZICMPANbHO20 NIMAKA HA emani 3axo0y Ha NOCAOK)Y 6
YMOBAX 2OPUZOHMANBHO20 3CY8Y OIUHO2O 8imp).

KnrouoBi cnoBa: nitak; 3cyB BiTpY; 3axig Ha nocaaky; 6e3neka nonboTiB.

Hoayxun A. B., Ocranenxo A. C.

OCOBEHHOCTHU 3AXO/JA HA ITIOCAJAKY CAMOJIETA B PEXXUMAX ABTOMATHYECKOI'O
U HITYPBAJIBHOTO YIIPABJIEHUS B YCJIOBUSIX TOPU30HTAJIBHOI'O CABUI'A BOKO-
BOI'O BETPA

Muposas cmamucmuka ceudemenvbcmeyem, ymo okono 36 % ecex kamacmpog Ha ABUAYUOHHOM MPAHCHOPME NPO-
UCX00Um Ha dMAanax 3axo0d Ha NOcadky u nocadku. Ecau owce yuecmb, umo ux npooondcumenbHOCmMb 6 CPeOHeM He
npesviuiaem 3—4 % epemeHu nonema CpeoHeMacUCmpAaIbHO20 CamMoaemd, Mo (aKxmuyecKuti yposeHb 6e30nacHOCmu
Noiema Ha IMux SManax 6 OeCImKU pa3 MEHWUL, Yem YPO8eHb Oe30NaACHOCMU HA NPOMSIICEHUU 8Ce20 NONemd.

Ioxaszano, umo obecneuenue 6e30nACHOCU NOLEMOE CAMOLEMO8 HA IMANAX 3aX00d HA ROCAOKY U NOCAOKU 8 YC0-
BUAX CO8U2A 8eMPA ABNIAETNCA BANCHOU U AKMYATbHOU NPoOIeMOoll U mpedyem 21yOOKUX UCCAeO008AHU.

Ilposedeno uccredosanue OUHAMUKYU NOJEMA CPEOHEMASUCMPATIbHO20 CAMONIeMA HA dMane 3axo0d Ha NOCaoKy 6
VCI0BUSX 20PUBOHMANILHO20 CO8U2a OOKOB020 6empd.

KnroueBble crnoBa: camoneT; caBur BeTpa; 3axo[ Ha NoCaaKy; ©e30MacHOCTb NoNeToB.

Cratts Hagidmma 1o pemakii 27.11.2018 p.
[MpwuitasTo go npyky 28.11.2018 p.
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