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Summary

This paper concerns soaring safety. The purpose of this
work is to evaluate the hazard and risk of the unintentional
glider stall (by pilot’s mistake). Special attention is paid to
the hazard model, which constitutes a main part of a risk
model. The probabilistic hazard model based on the event
and fault trees has been proposed. As a result of the hazard
model research the hazard distribution ina function of stall
altitude has been obtained.

Introducticn

The stall is the one of the most significant undesirable
events which may initiate glider accidents and lead to
losses. A decreasein glider speed to glider stall speed or the
effect of a gust of wind may cause a stall. A spinis often the
result of a stall.

Ascanbeseen inaccidentstatistics, the largest percent-
age (40%) of fatal accidents involve the stall/spin. Over
60% of all stall/spin accidents resulted in a fatality. Dur-
ing 1987-1996 in Poland 43 fatal or serious glider accidents
took place, and 21 accidents were stall initiated. Typical
events whichappeared insuch scenarios: a stall (resulting
from loss of flight speed), a pilot’s reaction to the stall, a
spin, a pilot’s reaction to the spin, instructor’s reaction on
the ground (by radio), a renewed pilot’s reaction to the
spin, recovery or ground crash, injury orloss of pilot'slife.
Usually, only a few of these mentioned events occur in a
single incident.

The aim of this presentation is to evaluate the hazard
level in relation to the unintentional stall (by mistake). The
assessment of the safety and risk requires a knowledge of
hazards. In many works, among others in [1,3,4,5],itwas
proved, that risk level is dependent on a reliability level
(possibility of undesired events occurrence) and a hazard
level (possibility of losses in consequence of those undes-
ired events) (Figure 1). The risk is usually defined as the
possibility of losses in consequence of undesired events
occurrence, which can occur in a considered fragment of
man-technology-environmentsysteminadetermined time
interval. It usually considers only human losses. Thus,
safety is defined as the opposite concept to the risk of
health and life to people.
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Figure 1. Factors determining risk level.
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The hazard model through the stall will be presented as
an illustration of theory discussed in reference 4. Their
study showed that the measure of partial risk A™ con-
nected with the undesired event A™ of k-form (for instance
a glider stall) can be formulated as:

AW = oW(&)-2®, (1)

where Q%(8) is the probability of occurrence of the event
A™ within the interval Of . The measure of the hazard Z®
connected with an event A is the probability of fatality on
condition that event A™ occurs:

z¥ = r{c>014Y),

where C means the loss of human life (fatality: C = 1,
otherwise: C = 0).
Assumptions

The most important assumptions are stated below.

1) It was assumed that the stall, denoted by A is
unintentional and occurs at altitude ki [m]. The intentional
stalls are characterized by different reaction times.

2) In this approach, no consideration is given to the fact
that after recovery from one stall the pilot can startanother
stall. In every one event sequences only one stall has been
considered. The possibility of second stalls has not been
investigated. Secondary stalls are often observed in real
flights; hence one should go into details of this matter in the
future.

3) It was assumed that events which follow the stall do
not depend on the past. The influence of dependency
between events before and after the stall has been ignored.

4) It was assumed that a glider starts spinning if there is
no correct pilot’s reaction within several seconds after the
stall. This time is treated as random variable characterized
by the uniform distribution function, denoted by T, ([ this
work the symbols of random variables are printed as bold). The
times connected with pilot reaction: T, T,,, T,, and in-
structor reaction: T, are taken as random variables. There
are sums of times introduced below:

raf

T,, - the time from a stall till start of pilot’s reaction
plus time of pilot’s reaction plus time of glider’s
reaction;

T,, - the time from start of spinning till start of pilot's
reaction plus time of pilot’s reaction (aimed at
stopping auto-rotation) plus time of glider reac-
tion;

T,, - the time from start of spinning till start of reac-
tion by the instructor on the ground (instruction
by radio) plus time of instructor’s reaction;

T, the time from ground instructor’s reaction till
start of pilot’s reaction to the spin plus time of
pilot’s reaction (aimed at stopping auto-rotation)
plus time of glider reaction.
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Figure 2. Flight phases following a stall.

5) We can distinguish three flight phases after the stall
(Figure 2):astallinstraight flight, steady spinand recovery
from deep diving. The transitional zones between distin-
guished phases have been neglected.

6) Consider constantglidersinkspeeds in first two flight
phases after the stall, denoted by: w, w, [m/s]. Hence result
linear functions of losses of glider altitude: /i, Ii [m]. The
altitude loss after spin stopped canalsobe a constant value.
Date values were assumed as follows: w =101/, w, =20m/
s, 1, =50 m. Nearer to real functions can be obtained from
glider motion equations.

Hazard model

The hazard measure through the stall, denoted by 2 is
the probability of fatality on condition that the event A"
occurs:

Pl =}"{C>0|A‘”}, (3)

But a hazard through a glider ground crash, denote by
Z, depends on the flight phase (see Figure 3):

Z= I’{C > 0| ground crash(flight phuse)} , (4)

In Figure 3we cansee the hazard models inconsequence
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Figure 3. Hazard models in consequence of the glider ground
crashing in selected flight phases after stall.
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of the glider ground crashing in selected flight phases after
stall. In phase | it is assumed that the hazard is a linear
function of the stall altitude /1. In phase 1l during steady
spin the hazard is constant, equals Z = (1.9. In phase 111
during recovery from decp diving the hazard is also con-
stant, but equals Z = 1. (. For example, if hazard Z = 0.9, it
means that the probability of fatality (C=l) equals 0.9 and
the probability of pilot survive (C=0) equals 0.1.

Next the event tree for a stall has been constructed (see
Figure 4). Other event sequences not shown in Figure 4
have been ignored.
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Figure 4. The event tree for the glider fall.

The Rasmussen human reliability model taken from
reference [2] has been used in order to describe the time of
the pilot’s reaction and time of instructor’s reaction. Let us
now assume that these reaction times are treated as ran-
dom variable and are characterized by a Weilbull distribu-
tion function, given by:

A
=¥

7

T
Tu.:

Flr)=1-exp| -

F(1) - the Weibull distribution function;

T - the reaction time;

T, .- the estimated median time taken by the crew to
complete the task (assessed by expert opinion);

b, ¢, h-the Weibull distribution parameters used in this
analysis are given in Table 1.

Table 1. Weibull distribution parameters (following the
Rasmussen classification [2]).

Type of cognitive B ¥ 1
processing

Skl I3 | 0720 0388
Rule 127 0,148 1,14
Knowledge 0.795 0,389 0.969

According to Rasmussen classification there are three
types of human cognitive processing: skill, ruleand knowl-
edge based. For example, pilot’s reaction to a stall (moving
the stick forward) is simple and can be determined as a
skill-based reaction, but the reaction to a spin (apply full
opposite rudder and then move the stick steadily forward
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until the glider stops spinning) is more complicated and
should be determined as rule-based. The instructor’s reac-
tion is suitable as knowledge-based.

The method and results

To the research model computer simulating method
was applied. Many experiments have been carried out on
the model instead of the real object. In this case every
experiment is a simulated stall according to an event tree
shown in Figure 4. The determined sequence appears
depending on time values: T, , T, T, T, T, and altitude
ji. Random time values are selected using a random num-
ber generator and the appropriate distribution function of
the random variable: Weibull and uniform. Following this
operation event sequence is already known, hence also
corresponding hazard Z. Based on this information, ran-
dom loss value C is determined (pilot killed or not). A
special computer program has been created to run the
above procedure.

Simulated results of individual cases of stall for random
altitudes I are presented in Table 2. Stalls number 1 and 5
resulted in recovery (C=0), while stalls number 2, 3 and 4
resulted in fatal crashes (C=/). There was a spin in cases 3,
4and 5 (spin recovery only in case 5) while in case number
3 the glider crashed in steady spin in phase Il (Z=0.9), in
case 4 the glider crashed during spin recovery in phase I11

(Z=1.0).

Table 2. Random event sequence for a number of stalls.

stall no. 1 stall no. 2 stall no. 3 stall no. 4 stall no. 5
stall stall stall stall stall
pilot’s reaction | pilol’s reaction | spin spin spin
event alttude loss altiude loss pilot's reaction in>'..n_:|.‘m:'5 reacnion| pilor’s reaction
sequence recovVery ground crash wround crash E:iﬁ‘,,;:j‘:;::m roCoy Ly
i fm] 1078 s (TR 178 & 104 2
hy (m] (3] 61 ETT FY
7 (hazard) i 134 i K0 0
" (loss) i 1 | [ 1 0

But even more interesting are the results of the investi-
gation of many stalls, as this makes it possible to determine
a whole population of stalls. As a result of conducting
many (N_ = 2000) computer simulated experiments for
selected altitude /i in 0 + 200 metres range a following
sequence of losses has been obtained:

.
/ "\~\*
for example: C= {0,0,0,0,0,1,0,0,0,0,0,0, 1, 0,0,0,0,1,...},
W J

~
Ns

where n denotes number of experiments in which loss C
equals 1°(for established altitude h)

The sequence of losses was subject to statistical analysis.
Estimated hazard through the stall Z'" can be calculated by

following equation: o h
20(h) = fs_(__) (6)
5

Figure 5 shows the hazard distribution as a function of
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the stall altitude.
Conclusions

Consequently, it can be said that the variation of hazard
assessed on the basis of presented model in the function of
astallaltitude 2" = f{li) is significant. Figure 5shows that the
maximum hazard value is achieved for an altitude of about
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Figure 5. Hazard through the stall as a function of stall attitude.

20 m. In the 30 - 100 m range this means the hazard value
equals Z"'=0.14. [t means that the probability of pilot’s death
resulting from an unintentional stall in this altitude range
equals 0.14. It seems that this value and the character of this
curve corresponds with the common pilot’s intuition.
Hence, the risk connected with a stall in the 30 - 100 m
range can be determined as follows (see reference [4])

Al :P{A'”}-Z{”‘ (7)

where P{A"'} - is the probability of glider stall per unit time
(forexampleas perone flighthour) in a determined altitude
range. Therefore, to determine the risk, it is necessary to
assess the hazard.

The majority of this work has been concentrated in the
area of quantitative hazard evaluation. Numerical results
presented for the glider stall solution shows the effective-
ness of this method. The proposed model may be applied
successfully to several another problems connected with
gliding safety.
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