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Summary

Now the concept of acceptable risk has taken destadsition in problems of safety management. Besithe new
direction - risk management has started to develop.the risk has a probability character, all medsoof the
impact analysis of catastrophic failures transmitfeom a reliability theory to operation of systemghe theory of
risk management. These methods have preventiveatbarand ensure admissible risk rate at a desitayes
However in a number of problems of potentially denogs engineering systems safety management seant
confirmation to requests of the maximum permissilerate probability up to 18...10° is required. Such requests
can be confirmed only with the use of statisticathematical simulation and tools of modern compdtieilities.
However the classical statistical theory does netide problems with midget probabilities. In exigtinormative
documents any evaluation procedures of such prdiiabiare also not regulated. Therefore researci @reation
of methods and algorithms of "measurement” of ntidgk rates is a new actual problem. In the asgiglerspective
directions of a solution of this problem on an egémof airplanes automatic landing systems corresiemce
confirmation to standards of the air validity arevealed.

Key words: Acceptable, maximum permissible risk, sudden aadhrpetric failures, probability distribution
functions, probability methods of the analysisediahbility, statistical estimation methods.
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1. INTRODUCTION

Requirements to precision characteristics of aplanes automatic landing are divided on two
groups: requirements to comfortable landing andiireqents to safe landing. According to the
modern concept of acceptable risk these requiresnarg set in the form of admissible values
precision characteristics with the indication oblpability of an output of limits of the tolerance
(risk). Thus to the first group of requirementsregponds acceptable risk of the order 0,05 (Table
1), and to the second - maximum permissible riskheforder 18 (Table 2). The estimation of
conformity of acceptable risk to standards of ftighlidity does not represent any difficulties atd
certification of the airplane can be conducted ediog to flight tests, but the estimation of
maximum acceptable risk represents the new taskabhiematical statistics and can be solved at a
stage of mathematical simulation which accordingn@omative documents should be recognized
legitimate at certification of an airplane.

Table 1. Requirements to precision characteristicthe automatic landing system of airplanes
[1-96 and Tu-204

Condition The Category Requirements
of a condition
Landing The Landing approach At least 95 % of landing approaches should meet the
following requirements:
1) With H = 150 m the landing approach should beg
completed without loss of functions by system.
2) Between H = 150 m and a flare initiation the
velocity of flight should be withstood within the
limits of +9, 3 km / h rather Vag without takingan
account the fast velocity modifications caused by
turbulence.
3) Below H = 90 m of deviation concerning
equisignal zones should not exceed:
- For automatic control: 0,0762 RGM on a
glide path up to H =30 m; 0,0206 RGM on a
course zone up to H = 0;
- For director control: 0,1 RGM on a glide
path up to H = 60 m; 0,026 on a course zone
up to
H=60m

conservation functions a <150m

pl  |AVy|<93km/h at 509
H=150m+H, ;
€] < £,4 at H <90m

Touchdown 1) Longitudinal dispersion of tangency points
concerning a nominal at symmetrical allocation with
P =0, 95 should not be more than 225 m\

P{AL,q| < 225m} > 095
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2) Side deviation with P = 0, 95 should not excégl
m

P{Z 00| < 82m} = 095

Run Automatic control postlanding up to a velocity & 7
km /p should implement run with the performance;
set for touchdown

P{z(t) < 82m} > 095

U7

Table 2. Requests of Uniform West-European airviroeds standards to maximum permissible risk

Criteria of performances Probabilities
of excess
Touchdown in a point arranged on longitudinal diseafrom a threshold of 10°
runway less than 200 ft.
Tangency of runway in a point arranged outsidet$igti illumination of a zone of 10°

touchdown, i.e. on longitudinal distance from a#fold of the runway,
exceeding 3000 ft.
Tangency of runway by a side wheel of a landing gea point arranged on side 10°
distance from a runway center line, exceeding 7@ith the supposition, that the
breadth of runway is 150 ft.

The vertical landing velocity corresponding theitation on strength. 10
Bank angle at which the tip of a wing touches rupweafore wheels of a landing 10°
gear.

Lateral velocity or the yaw angle correspondingliimitation on strength. 10

2. ANALYSISOF MAXIMUM PERMISSIBLE RISK AT AUTOMATIC LANDING
OF AIRPLANES

Under the theory of ordinal statisticians betweenimum X0 and maximum™ values of sample

of a volumen there is a share of distributidd of the examined characteristi; determined by a
relation:

nR*-(n-1)R" =1-y
Where g- is a fiducial probability.

The necessary sample size, ensuring a share, distribution® cut off Xm  for
R= 0,999999(1- R= 10-6) makesn = 23 no°

n=39010°

, and the share taken betwe)é‘h and Xy demands
with a fiducial probability? = 99,

Considering that at optimization of control lawsanftomatic airplane landing over 10 adjustings
are made, holding of statistical simulation of suailumes of data seems inexpedient as on
temporal and on economic limitations. Thereforerghes a necessity of development of the
mathematical means allowing by results of the Bohivolume simulation to conduct the prognosis
of correspondence/discrepancy of precision chaiatits to the shown demands and thus to justify
the necessity of corrective actions at early stajassmulation. In mathematical statement the given
problem of proximate analysis of automatic landmgcision characteristics is reduced to a primal
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problem of unobservable "tails" of distributionsedearch of possible paths of a solution of the task
in view began with the analysis of possibilitieskabwn methods.

Classical mathematical statistics does not ensulkeng of problems, connected with the midget
valued risks. Nevertheless the research of posghths of the task solution started with the
analysis of capabilities of known methods.

The reviewed task of prediction can be solved dmyyparametric methods by exposition of
empirical laws of distribution by some analyticalsaciations, initial attempt of such exposition
rested upon the use of known sets of distributminBearson and Johnson. For of some precision
characteristics at a tangency of a run-way appraton by these methods has yielded satisfactory

outcomes [2].

In Table 3 seven types of Pearson’s allocationisettandard denotations are presented.

Table 3. The set of Pearson's allocations

Type The Equation The Zero referenge The Define area
datum for x
| (- allocation ™ % \™ Mode -, <x<a,
a a,

Il B- allocation %2 \" Mode (average) —a<x<a

Y=Yo (1 - _Zj

a
[ll y- allocation x\2 Mode —a<x<ow
Y= Y€ yx(l'*' _j
a
IV Special o 2\ ja —00< X<00
: -jarctg X + 7
allocation y=ye ga(1+ gj Average om =2
Vinversey - y=ye"*x" Has started a curve 0<x<o
allocation
Vlinversef - y=y,(x—a)"x® Offset point onla] a<x<o
allocation from the beginning
of a curve

VII Student's 2\"m Average, mode —o00 < xX<00
distribution y= y0(1+ gj

In Table 4 three types of the set of Johnson’sations [2] are presented.

Table 4. The set of Johnson's allocations

Lpe The Equation The Define area
2 y=y+Z|n(X_€j X>¢
A
> = ( X—€ j £<xX<e+A
y=y+{In Tre_x
S y=y+[|n(z+ 22+1)’ Z=XT—£ —0< X<
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Approximation by known distributions of sets of Pemn and Johnson is rather attractive, because
the selection of approximating distributions is dzhson use of the empirical moments of

distributions precision characteristics which afieat " = 3*10° have no statistical scatter, Table 5.

Table 5. Results of approximation of probabilitgtdbutions of precision characteristics
of automatic landing of airplane AM8lwith allocations of Pearson and Johnson [3]

Parameter of landing Type of allocation Prognoaisies| Experimental
on n=16 values on n=10
Angle of bank VIl type of Pearson's +5.05° 4,90
Allocation
Angle of drift - + 4.64° 4,75
Lateral deviation - + 8.438 7,79 m
Vertical velocity & Johnson's allocation 3,48 m\s 3,48 m\s

So in Table 6 the values of the empirical momefhtisiance of a tangency of an airplane AN-148
for various sample sizes [4] are given.

Table 6. The empirical moments of distance of geany

Sample size | Expected value, Standard Asymmetry Kurtosis
n m deviation
3*10° 400,713 40,374 0,02 4,72
6*10° 400,72 40,317 0,02 4,73
10° 400,689 40,339 0,022 4,65

However, some airplanes had the "complicated" dbariatics limiting safety of landing for which
the given methods could not discover a possiblatisol (for example, for a vertical velocity of
airplane 11-96, for distance of a tangency of air@ An-148).

The further researches have shown, that, for exanipt distance of a tangency a "discord" is
characteristic when owing to nonlinearity of a cohsystem there is a modification of probability
law from normal for a central part to unknown faail" parts of the distribution. In these conditson
the exposition of the empirical law of distributiamall range of a modification random precision
characteristics by any one "pure" distributiompossible.

The researches of a feasibility of a mixture oftrdbsitions have been carried out (known in
practical solving of similar tasks in the USA aragpdn) [2, 4]:

F(X) =ZK:ai F(xxm,o)

i=1

Where:
K -is a number of components of a mixture,
K
a . weighting coefficientsEai =1),
i=1
F

I - making mixtures,
and also possibilities of exposition of the limitédal (initial) part of distribution by truncated
distributions (Pareto, truncated normal) [4].
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On the basis of comparison of these methods thigiguicy of these restricted final (initial) padé

a full empirical distribution of probabilities fahe purposes of an extrapolation on unobservable
"tails" of statistical exposition is shown. Thustib@f the considered methods yield approximately
equal outcomes (Table 7), therefore as a basimapprmore simple approximation by distribution
of Pareto has been selected.

Table 7. Outcomes of forecasting (prediction) statice of a tangency

Number The Method Forecasting result
Implementations Approximatings

3*10° Pareto 839,673 Experimental value on
Mixtures 857,746 1 million

6*10° Pareto 830,435 implementations -
Mixtures 848,35 8149 m

10° Pareto 815,865

Mixtures 829,842

Let's reveal the algorithm of calculation that uséslistribution of Pareto. Distribution of
Pareto looks like:

FPareto(X) =1- (%j , At x= Co .

The estimation by the method of moments of the umigparameter @ s the

2
. . A 1 . . .. )
estimationy =1+, /1+ (V) , Wwhere an estimation of factor of a variation is

5 S — 1 e 1 e —\2
V=—X=— ;SZZ - .
X %;x nyc-lg( =

r]sample - ntruncated

The extent of truncation = ,
Iéruncated n + 1

sample

Where:
Nyuncateg- NUMber of measurements in an examined tail part.

The coordination of distribution of Pareto with tinencated initial distribution is made by formula
F=Fepeoll—F +F

Pareto( truncated) truncated *

Prediction on110° is carried out at substitutioR = 0,999999
Possibility of using of Pareto distribution for dretion of all precision characteristics of landing
(table 8) has been examined.

Table 8. Outcomes of prediction for AN-148 airplagomatic landing

Parameter of a| Exp. values on| Exp. values on | Prognosis on 0| Results of flight
tangency 6%10° 10° tests
Dist. of tangency 802,39 m 8149 m 815,865 m 684,8
Vertical velocity 3,37 m\s 3,48 m\s 3,48 m\s 1S
Angle of bank 4,89 4.9 4,98 3,1°
Lateral deviation 7,32 m 7,97 m 7,69 m 512 m
Angle of a drift 4,75 4,75 4,83 2,26
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It is natural, that outcomes of the simulation asetdd in a full range of random disturbing factors,
give the worst values, than outcomes of the limit@iume of the flight tests conducted in
conditions close to nominal.

The conducted statistical simulation of automatanding of airplane AN-148 confirms
correspondence of precision characteristic of lagpdd standards of the flight validity and has been
used at deriving the certificate of the flight dily of the airplane. As a result of the conducted
researches the universal technique of proximatlysisdas been generated.

3. FINAL NOTICE

Deviation of "tails" of laws of allocation from noil is characteristic for a lot of tasks of a dyal
management and safety (research of concentratidraiwhful additives in water, key cards at a
disorder of technological processes, a methodgqufadity management “six sigmas”). Therefore the
offered approach can discover a wider circulatiban for tasks of aircraft construction.
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