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Summary
Thispaperconcemssoaring safety. The Purposc of this

work is to eyaluate ihehazard and riskofthe unirtcntional
glidersiall (by pilot's mistake). Special att€ntion is Paid to
the hazard model, i{hich constitlrtcs a main Part of a risk
model. The probabilisiic hazard modelbased on the e!'ent
and fault irees hasbeen proPosed. Asa result ofthe hazard
model research thehazard distribuiion in a furlctionof siall
altitude has been obiained.

The stall is the one of the most significant undesirablc
events which may initiate glidcr .rccidents an.l lc.rd to
losses. A.lecrease in glid(]rspeed io gliderstall sPeed orthe
effect ofa gust ol wind may cnusc a siall. A sPin is olten dlc

As canbeseen in accidcntsiatisiics, the largcsiPercent
age (10%) of fatal accidenis ifvolve ihe stall/sPin. O!'er
60"i, of all stall/spin accidents resulted in a fat,rliiy DLIr-

ing 1987-1996 in Polancl.l3 fainl orserioLrs glicleraccidents
took place, and 21 accidents rveIe stall initiatcd. TyPical
events$'hich appeared in such scerrarios: a stall(resLrlting
from loss of flight speed), a piloi's r€action to ihe stall, .r

spin, a pilot's reaction io ihcsPin, insiructor's rc.rction on
the ground (by radio),.r ren€s'ed pilot's rcaction to the
spin, recovery orground crash, injury or lossofpilot's lil€.
Usually, only a fei' of thesc mcntion€d €vents occur in a

single incideni.
The aim of ihis pr€sentation is to evaluate ilre hnzarcl

level in relation to the unintentionalsiaU (by mistake). Tlrc
assessmeni ofthe safety and risk requires a kno$'ledgo of
hazards.ln many works, among oihers in I1,3,4,51, itwas
proved, that risk ]e!el is dep€ndent on a reliability lev€l
(possibility ofundesired events occurrence)and a hazard
level (possibility of losses in consequence of those undes-
ired ev€nts) (Fig1rre 1). The risk is usually d€fined as the
possibiliiy of losses in consequence of undesired events
occurrence, which can occur in a consider€d fragment of
man-t€chnology-environmentsystem in a determined time
interval. lt usually considers only human losses- Thus,
safety is defined as the opposite concept to the risk of
health and life to people.

Thehazard model through thesiallwillbe presented as

an illustration of th€ory discussed in rei€rence 4 Their
stucly showed that the measure of partial risk /rr con-
nect(]d with the undcsilcd e!ent AlLrofk-form (for instance
a glidcr stall)can be f(nmL,lated as:

^l) 
= Q(r)(s) z(r), {r)

" t', r. C' rd4 i. ll'e rohrbiliry ol oc' urren', ol rh. elenl
A wir,inrhLinrrr. , d/ . ttr".."rn .rtr(h.r/.rl,t./.
connectccl with nn e! elrt Alrris the probability of fatality on

condition that event A'rr occurs:

z'-t'c aa \ (2J-t)

where C neans thc loss of hunran life (fatalityi C = 1,

The most important assumptions are stated bcld{.
l) It h,as assunr.d that the stall, denoicd by ,,l1') is

uninti.ntional and occlrrs nt nllitudc lr Irrl. The intentionnl
st.lls are cll:rractcriz€d Lry Lliffcrcnt reaction tinres.

2)1n this appro.ch, no corlsiderniion is8i!en bihcfnct
that afi€r r.'coverv fronl one stitllthe pilotcan start.rnother
st.rll. Ine!ery ofec!cnts&tu€fcesonlyonestall hasbeen
consicloreLl. Thc possibiliiv ol sccond sialls h.s noi been
investigitc.l. Sc'conclnry stalls nr(r often obser!ed in rcal
flishts, heirci'oneshould go into cleta ils olthis m.rtter in the

3) li was rssLull&l ihnt events which follos' the siall do
not dcpcnd on tho P.st. Thc hfluenc€ oi dependency
bctrc'.'n e!.rris beforeand aftcrthesinll hasbeen ignorcd.

.1) lt lvas.ssunlccl ihnt n Slider starts spirlninB if there is

no correct piloi's rc.rction within several scconds afier the
stall. This time is tre.rted as rnndom variable characterized
by the u iform (listribLrtion flrnction, denotecl byTr, fI| irts
a,rrlr itr svr"l,r)lr ()/rl,r,lr)t i'nrinbl'l nrc pri,tlcd ns bDit).The
times connected with piloi r€action: Tr,,, Tp2, Tpr and in'
structor reaction: Tx, are taken asrandom variables.There
are sums of iimes introduced beloiv:

TD 'the tim€ from a stall till start ofPiloi's rea.tion
plus iime of pilot's reaction pLus tim€ of glider's

Tp, - th€ time from start of spinning till sta of pilot's
reaction plus time of pilot's r€action (aimed at
stoFping auto-rotation) plus tim€ of Slider reac'

TKr th€ time from start of spinning till start of reac-
tion by the instructor on th€ Sround (instruction
by radio) plus time of instructor's reactioni

Tpr- the time from Sround instructor's rpa.rion rill
start of pitot's reaction to the spin Plus time of
pilot's reaction (aimed at stoppjng auto-rotation)
plus time ofglider reaction.Figu.e 1. Factors dctermining risk level.
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of the gliclerground clnshing in selected flight phasesafier
si.rll. ln phisc 1 it is issumecl that thc haz.rrd is a lin€ar
function of lhc stnll altitLrdc lr. 1n phase 1l during steady
spin tho h.rzir(l is c,rnslrnt, cquals Z = 0.9. In phasc III
dLrring rcco\,ery nun dccP diving the hazard is:lso con-
sirnt, bot cqu.rls Z = I 1). For example, if hazard Z = 0.9, it
mc.lns thnt lhr. prob.rtrility of faiality (C=/) equals 0.9 and
the probibility of pilot survn e (C=u) equals 0.1.

Ncxt the L'!ent trce fora stall has been constructed (see

Figurc .1). ()iher event scquenc€s not shown in Figure 4
have bccn igrored.

t"'t'' '::

Figur€ 2. Fl,ght ph.s.s finbwinS a si.rll.

5) We can disiinguish three flight phises after the st.rll
(Figure 2):a stallin straight flight, stc.rdy spinand recovery
ironr deep diving. Thc transitionnl zones beilveen disijn
glrishe.l ph:rscs h.rre bcen neglecied.

6) Consi.lerconstnni glidersinkspceds in f irst h{o fl ight
phases atter the stnll, denotect Lry: tu'J, r,,,/rr,4l He,lceresl,lt
linear functions of losscs of glidcr .rltiiudei /r,, ,, /rri Thc
aliiiud€ loss aftersph stoppcd c.rn also bea constant value.
Daie \?lucs wcrc assumc{ as folkNs: ft', =1i)trls, r'r =2(l,r/
s, ,JJJ = 5lr Ne rrer ti) r€nl fLrnctions can be obtained fronr
glider moilon equntions.

The haz.rrd nrc.rsurc through thr.st.rll, clenoted by ZI is

thc prob:rbility of f.rt.rlity on condition that the event AJ

y't=p\c,ott't\. (3)

But a hazard ihrolrgh r gjider ground crash, denotc by
Z, depe,rds on ih.'ilighi phase (see Figurc 3):

z= r{. > o ground qNh(fl,shr phase)} (1)

In Figure 3 wcr:rn sce thehnznrd mod€ls inconsequence

"' '*[+]' (s)

F(r) - thc Weibu ll d istribution function;
r'the reaction timej
T,/, ihe estimated medinn tinle taken by the crew io

compl€te the task (assesscd by expert opinion),
lr, S,lrlhe Weibull disiribution parameters used in this

Figu.e 4. Tho c\.nt tr.c f()r thc glidcr i.ll

The ltasnlussen human reliabiliiy modal taken from
reference l2lhas been uscd h c,rder todescribe the iime of
thc pilot's rcr.tion and tim€' oi instructor's reaction. Letus
now assume that these renction tinles are tr€atcd as ran'
dom variable and arr. characterizcd by a weilbull distribu
tion functi0n, given by:

an.lysis are given inTable l.
Tible 1. Woibull disiribution pi..nct.rs (iollo$ing
lt.smusscn classif icatn,n l2l).

B

Accorrling to Rasmusscn clnssification thcrc are three
typcsof hLrnran cogniti!e proccssnl!i: skill, ruleand kno'vl'
cdge brslrd. For exanrpl€, pilot's reactbn io a st.rll(movint
thc siick fo .rrd) is sinlplc and can be deternrnled as n

skill-ba\c.t rcaction, Lrui ih€ reaction to a spin (iPPly full
oppositc rlrddcr.rnd thcn mo!e thesticksteadily forward

-;r.el14, 1?-t7-
Figure 3- Hizar.l m ols in consc!!.ncc.f lhe tlidc, $,.nnrl
c.;rshnrg in s.lccicd lliBht ph.scs iitc, still
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until the !ilider stoPs sPinning) is nore comPlicated and

should bedetermined asrul€ based The instructor's renc-

tion is suiiatrle as knowledge'basecl.
Th€ method and results

To the research nodel conputcr simul.rting method
was aFplied. Manv exPeriments have bec'n c.rtied oui on

I R. mod,I rn.te.ro rl rhF redl ooje.r. lr lhi- cFe e\erv
experiment is a simullted stall according to an eveni tree

shoi{'n in Figure L The det€rmined seqlrcnce aPPears

dependingon tinre valucs: Tr,, Trl Tf ,, Tr., Tvand aliiiude
/]. Random time valLtas are select€d usnlg a random num
ber generator and ihc appropriate distriblriion function of
the random variabl€: lveibullancl uniform. Following this
operation e\cnt sequence is already known, hence also
corresponding hazard Z. Based on this informaiion, ran'
dom loss !.rlue C is determincct (pilot killed or not). A
special computer program hns been created to nm the

Simulated results of individual cases of stall for random
altitLrdes/, are presented in Tablc 2. Stalls nunlber I and 5
resulted in recovery (C=O), while stalls nunrber 2, 3 and-l
r€sulted in fatal crashes (C=/). There was a spin in cas.'s 3,

-land 5 (sph recoveryonly jn c.sc s) \'hile in case nunrt er
3 the glider crashed in sieady sph in ph.rse ll (Z=0.9), in
casc.l the glider crashed dLrring sPin recovery in Phasc III
(z=l.o).

Table 2. R.ndon.rcnt sc.l!.ncc hn i nunlbor oI st.lls.

ihe stall altitLrcle.
Conclusions

Consequcntly, it c.n bc said th.rt the vnriation of hazarll
asscssed on the basis ofpresented model in the fonciion of
a stallaltitucle Z'J'=//,1is significant. r'.igurc5shol\'s th:rt the
nr.rinrim h.7ird v.kre is a.hievecl for an altitude ofabo t

But even more interesting are the results of th(] investi
gation ofmany stalls, as ihis makes iipossible todetermine
a whole population ol stalls. As a result of conducting
many (N = 2000) computer simulated exp€riments for
selected altitude /r in 0 * 200 meires range a following
sequence of losses has bc€n obiainedi

'zl-=.-,/-.\-=-_
forexMple:C= {0,0.0,0,0, 1,0,0,0,0,0,0, t,0,0,0,0, 1,...},

.-.'---\-
NJ

where n denotes numb€r of€xperiments in which loss C
equals 1'(for established altitude ir)

The s€quence of losses was subject to statistical analysis.
Estimaied hazard through thestall Z"'can becalculatedby
following equdtion: - n-thl

Z r(h\ ' :!:::: (6),N-

Fjgure 5 shows the hazard distribution as a function of
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FiBure 5- HiTird lh,ough thr st.llas a l!nctn)n ofslrlLaltjtr(1..

20 m. ln thc 3tl' 10(l m rnnge this nreans ihe hazard v.luc
cquals Zo= 0.11.Itrreans that the Frobibility olpilot'sdc.rtlr
rcsulting frofl an rnintentionalstlll in this.ltitude rnnge
equils 0.11. lt s{rems lhai this !aluc rnd the character of thls
curvc corresponds * ith ilrc comnlon piloi's intLritior.

Hcnce. thc risk confeci.'d $ ith a siall nr the 3(l - 100 nr

rxngr cnrr Lre deternlined as ldlows (sce rcfcrence Ill)
,\, = j,tA'|,]}.Za. Q)

shoo/{,4"} -istheprctr.rbilit!oiBliderstallpcrunittinrc
(idexa pl(r.rs pffone fl]ghlhour)in a dctcrnrincd aliitude
r.nge Thcrefore, io dcierminc thc isk, it is neccss.rry n)

The majo.itr' of this work has been concentratccl in the
arelr of quantitatlve hnzad evaluation. Nunrc.ical rcsults
presented for ih€ 8lider stall solLrtion shows thc cffccti\'€
ness of this method. The proposcd moctel may be applied
successfully to se!eral anoihcr problems connected i{'ith
glidhg salety.
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