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ABSTRACT
Emertency escape from glid€rc has traditionally in-

volved personal parachuteswhich reiv on thepiloteffect-
ing a timely exit ftom thecockpit, and manua lly releasint
his chute when clearofthe aircraft. Problems with canopy
jettisonin& pilot egress from the cockpit and pilot incapaci-
tation warrants the consideration of altemate parachute
recovery solutions.

Irvin's experience wiih emertency escape paiachutes
and recovery systems for unmanned aircraft has been used
io present a compamtive evaluation of alternativ€ recov-
ery systems and a trade-offanalysis ofbenefits and disad,
vantages.

Concepts for recovering the whole aircraft, complete
with pilot, overcome many problemsbut introduce others.
These include extm weight, the need foireliable and safe
deployment systemsand the requirement for a crash wor-
thy cockpit and shock attenuation devices to protect the
pilot at ground impact-

In contmst to personal pamchutes, such an integral
recovery system needs an airframe specifically designed to
piovide suitable anchor points, load paths and resistance
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to opening shocks. In consequence it becomes subject to
scrutiny against airworthiness standards by the rclevant
Soverning body so that retrofitting such a system to an
existing airframe is likely to be problematic. These factors,
totether with their likely impact on cost and safety consid-
erationt arc discussed.

A preferred system concept uses a drogue parachute to
stabilize the stricken glider and auto-extract the piloi who
then ietums to ea h via a conventional personal para-
chute-
GLOSSARY
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l.INTRODUCTION
The p€rsonal parachuie system (PPS) uiilizing a round

canopy for maximum reliability has for many years be€'n

ih€ nainstay method of enertency escape from tliders
involved in airborne accidents, providinga liShi and cost

eff€ctive solu iion. Howevera recent leview of emergenry
escape situations (1) (3) indjcates a likely survivability of
only 50% attributable to the l'PS, encouradng consider
ation of the alternaiiv€ idea of recovering the whole air-
frame complete with pilot.

Total aircraft recovery applipd to gliders the Clider
Recovery Sysiem (GRS) when characterized in compari-
son to the conventional PRS, is found io provide distinct
advania8es in terms of resPonse time/ nam€]y the time
takentoachievea saferate ofdesceni undera fully inflated
parachute. However significani disadvaniatPs of weiSht,
cost and ground impact problems also materialize promPt
int consideration of a further concePt - the Pilot Recovery
Sysiem (PRS) in which the Pilot is "auto-extracted" from
lhecoclpir b) pdrd. hutero Je5.'end rhpredFlprrndLUnvLn
tional manner. This revised system is shown to combine
the advantatesofthe PPS andtheCRS !\hjlst avoiding the
attendant major disadvantates in each.
2.CONVENTIONALPERSONAL
PARACHUTE SYSTEMS

In order to achieve the fastest possible opening chaiac
ieristics the PPS uses a smau non-porous round canoPy,
d€ptoyed in a c,r1]opylrst conliswatian one in which the
canopy is allow€d to begin inflatinS before the lines are
fully paid out of the parachute container. Such canoPies
will usually open withjn l.5 seconds and less than S00 feei
djstance from a dead drop, with impiovemeni on this if
significant initial velocity exisis at ripcord pull. The pen'
alty for such fast opening is high shock loads hhich, at
exirpmes of height and speed, may exceed 10 I as the

canopyopens. opening shocks can be attenuated to some
exient by the use of porous fnbric in linliied areas of the
canopy typicall), at the crown. Nylon riP stoP broadloonl
fabrics of 15 $ams per sq.m are conlnronlv ttsed for this

PurPose.
Milst the smallest possible canopv isdcsir.lble fortood

specifjc rveighi and sp!'e.l ofopening, surh.r desiSn is not
conduciv€ to a tcxrd rnts'of clcscent perk)rm.nce whrn
actin8 as a pure drat reiarder E.lllrlly, the use of non-
porousfabricsresultsinacanopvwith.rppre.iableoscilla-
iory characterisiics during ihe des(nt B.ih these prob-
lems are overcomc by shaping the cinopv ink, a bi conical
or multi-conical profile (scc Figlrre l)and proljding divc
slots to cause the parachute to fly $ ith some horizont.l
motion, in order to devclop a lift forr€ to ndd to the drag.
Inthisway, litttodragratiostrppronrhinE I c.nbe achievcd
toSoodeffect,providintanenhancedresultantforcewhich
enables an.rccepiable 1o$, r.rtc oi clescent (t)/pjcally 5 to 6
m/s) io be achjeved by the smallest possitrle canopy. The
horizontal moiion an.i di\ e slots haveihen!ldedb(nclit of
stabilizin g t h e canopy, p re\' entint a ny u n drsn able pcnd Lr-

lum like oscillation during the dcs.rnt.
Canopy deployrnent is nlost conrnlonl]- a.hjeved ria a

ripcord which releases pins from the r€strainint pack
closureloops, allowinga sp ng a ssisted a uxjliary ca nopy
to ej€ct clear of the back pa.k, infiate and thereby deploy
themain canopy. This simpleand effective release n1ethod
generally proves to be ideal for the purpose bui can be
compromis€d b), a mentally or physically incapaciiated
pilot havin 8 problerns in locatint n n.t a ci ua t ing the riPcord.

Alternaiive approa.hestoreleasecan includea static llne
whjch is provid€d in addiiion to thc ripcord. Thls is at-
tached to the hosi airplane in ordcr to ntrtodratically Pull
out the canopy whcn ihe pilot and airplan€ separate one
from the other. Problems of entanglement are possibl€ as
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th€ canopvwili inevitablybepulled out in closer proximity
b the stricken air vehicle, but the benefits to a disabled
pilot ar€ s€lf €vident.

An addiiional safety feature avajlalrle to aid canopJ
rr1e:rsc is th€ provision of an Automatic Activation D€vice
(AAD) r'hjch us€s a baronetic sensing./tjnljng device to
.ctuatc the ripcord and release ihf canopf ai a given
nltitude th€reby safeguarding an incapacjtaied pilot once
ndcquaie separation from the aircraft is achieved. lt also
ensures that the canopy is opened at a safe heitht (not ioo
hjgh or too loi\r. Such AAD's canbe provided in addiiion
to th€ manual ripcord and are armed via a lanvard con
nected to th€ aircraft to prevent inadvertent operation
durinS normdl glider herBhl and specd e\cur-ron..

These sensible and beneficial additional activation fea-
tures tend to be overlooked by recreational pilots in favor
of ihe simpleripcord pul release, primarily beca us€ ofthe
added cost invoived. Equally, the possibilitv of an un-
planned canopy deploymeni as the pilot walks away from
his parked tlider, caused simply because he forgoi io
ctiscon nect his static line or activation I anyard, does little to
encourage ihe adoption of such a valuable additional
safety feature. This problem can in itself be ovcrcom€ by
makint the PPS an jntegral part of ihe seat and seat
restraint system such that when strapping into the glider
the pilot is also fastening his emergency parachuie. In a
bale oul situation the pilot pulls a toggle to disconnect the
parachute from the seai rather than unbuckling straps.

Once inflated, the horizonial (forward) motion of the
PPS provides ihe additional beneficial featurc ofsieerage,
providing the pilot an opportunity to avoid undesirable
ground obstacles and also to alrange, ifpossible, a landinS
into wind to negate dift effects. Finaly, as a ground
impact shock absorber the legs of a cor?prs neatis pilot
provide a sprint damper system which is ofunsurpassed
performance in safetuardin8 him or her on landint.
3. TOTAL AIRCRAFT RECOVERY SYSTEMS

An idea which tets retularly aired is that of recoverint
not only the pilot but the whole aircraft and pilot, when
faced with a flight failure situation. System concepts rante
from the more improbable notion of recovering whole
airliners to those of recoveint litht airplanes, glidels (5)

and microljghts, the latter two categories achieving func-
tjonal reality in one ortwo notabie€xamples often refened
to as Ldllislic pamchute sysiems. The field of total aircraft
rF(overy r\ t\ell developed in its application to prlotle->
dir' rdh lbrdl.oknownarRenotel) Piloted Vehh le\rRlVsJ
or Unmanned Aircraft (UMA5). Such aircraft are com-
monly used by Armed Forces world-wide for surveillance
work, target practice and even munitions delivery. Their
attenda nt recovery systems typically fea ture either a sintle
or a cluster of parachutes depending upon the payload
weight involved (see Fi$re 4), and a shock absorbing
airbag (see Fi$re 5) to attenuate landing shocks and
thereb) protecl 5ensiti!e and usuall! very e\pen)ive on.
board equipment-

Parachute systems for RPVs/ UMA s are technically rep,
resentative of the requirements for the emergency recov-
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FIGURE 4. RPV recovery under a cruciform parachute.

FIGURE 5. RPV glound impact shock absorbing airbag.

ery of sailplanes and light airplanes in most respects. A up
weithts to be recovered are in many cases surpdsingly
heavy, as canbe seen from the examples shown in Table L
They can often approach the weight of standard class

diders and small light aircrafi; a 3s0 kgm RPV is not
uncommon. However, in RPVS/UMAs the attitude ofthe
airframe at parachute deployment is not a random event
but a caretully pre-established siiuation, which ensures
that a reliableparachute deployment is achieved.In such a
Clider Recovery System (CRS), the orieniation of ih€ air-
frame at system iniijation is unpredictable, which €xperi-
ence in the development of RPV systems shows to be
hithly undesirable.

Adequate deployment reliability may be achieved by
resorting to high energy ejection of the recovery para-
chutes at initiation, in preference to usinga simpler spring
actuated auxiliary system. P''roiechnically or pneumaii'
cally enetgized marlarc as illustrated in Fi$re 7, or hith
energy blrllets can be used to deploy an auxiliary or ihe
maincanopy(ies) as required, butwith undesirable con se-
quencestocosi/weight,sysiemcomplexityandsafetyand
armint requirements. Such hith energy deployment de-
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Cruciform or Cross d€sitn (see Figure,l) is most commonly
chosen for its hiSh ctra8 performance (t)'pical CD ap'
proachin80.85,(2))andsimplicjt),of construction whichis
conducive to lower ma nu facturing costs. In contrast l\'iih
mosi other round para.hute designs, Cruciform para-
chutes aiso perform well in clusters with nlinimal mutual
interference thereby enablint a n u berofsmallfastopen-
ingcanopies to be efficienily used in prefer€nce to a larger
single chuie with much slower inflation cha racterj stics and
therefore greater height loss to safe rate ofdescent.

However, in pmctice the CRS is less able to benefit from
rapidchute(s) inflaiion to quite ihe same exient asthePPS
on account of the greater shock loa d s a ssocia ted wi th faster
openings. A gliderisvulnerable iohiSh parachuieopening
forces reacted along the longitudinal axis of ihe aifframe.
In this respect the human body is nu.h more resilient. A
shock load of 109 reacted alont the fuselage is likely to
causethewingspar to fail inthe fonvarddjrection withth€
risk of crushin8 the pilot in the process. Alihough it is
theoretically possible to get the parachutes for the total
recovery solution io inllate in ihe samc fillint distance as

the sma er personal parachute solution, in praciice ihis
cannotbe realied unless a specially strengthen€d airf rame
is provided which is able to react the forces Senerated by

liPv ,.0 r$ r. a3- -nB:-E-Er @{.y.rid.r rl. dh.ddn! sP.chc wdsnl

vices clearly represent a significant hazard on the g]ound
requiring a foolproof approach io inhibition when not
required. Equally a suitably rigid reaction point must be
found in the aidrame to adequately react deployment
loads.

Alihouth there are a variety of differ€nt round para-
chute designs which canbe u sed for suchapplications, the rapid parachute inflation. For this reason

the GRS requires shock attenuation de-
vices such as caropy /eerrg and/or a lir€s
filsl deployment method, which adversely
ef fects fi llinS distance.

Whilst aircraft recovery parachuies could
be arranted to have horizontal drjve to
enhance stability and minimize oscillatory,
motion,produc€ lift andtherebyminimize
canopy sizel ihis tenprally proves to be
impractical, especially h'hen clusiers of
small fast opening parachuhs are used.
Clusterc area naturallystablenon-oscillat-
ing conli$rraijon bui are not conducive to
eaploiting the b€nefits of horizontai mo-
tion. Incleed, a clusteroiilldhgparachutps
wouldbe prone to un stable opera tion and
a sin gle Slidi nt ca nopy coul d be adversely
effeciedbl,th€ desiabilising aerodynanrics
ofthe Sliderpayload llqu.rllyit is undesir
able to hav€ horiront.rln1oiion ifihe para
.hutes crnnot thcmsrlvrs bc steered inio
wind or ahtry ffom obstaclcs

Itisth€refor€ ine!ilahl. lh.ri theCRS will
useparachuteswhi(h ir {,pur c dragretard
€rs of prop()riionrlly lirgrr crnopv arca
than is the..sr i.)r tbr snrillcr pcrsonal
par:r.h1rte solLrljon !\hirh r.n cxploji the
bcncijts.i Ilit tcn€r.rtjng horironial mo'
tion. In.onsrqu(n.r', lh€ 5fecific ra'eitht
iliU be tL..rtcr in the r.15! of the larter
sysrcm, i c. there rs no w€itht econonry of
scale, nrd€ed raiher lh€ rev€rse. Typically,
a FI'S'\ ill have a speriiic $ right of soDle 5'

:
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6%, ascompared to the GRS which the field ofRPV's/
UMA'S indicates will be closer to 8 - 10%, as illus-
hared in Tabl€ 1.

The specific weight may be improved if the para-
rhule (ystem can be desiSned lo d lower ma\imum
desitn speed, thereby enablint the use of lighter
weitht materials. Such an artument mayberelevant
to microlight applications where the inherent drag of
ev€n a failed microlight wint will Provide sufficient
drag to limit terminal velocityof the microlight and
pilot combination. However, the clean desiSns of
modem gliders make potentially high terminal ve-
locities possible drivinS the maimum desiEr speed
to even grcater values than the normal 150 knots
6gure used for the PPS. This will require the para-
chute to be stronter and inevitably heavier, to cope
with theextra operatint loadswhich are possible.

Ground impact shockloads are most effectively attenu-
ated by facilitatint a significant decelemtion distance as

illustrated in Table 3. In this resp€ct a 'crumPlins' body
achieves this much better than a gid Slider when impact-
ingwith the Bround at 5 to 7 m/sec. Lower descent speeds
thanthisare inpracticenot possible due to the debilitatint
effect such a r€duction invariably has on oscillatorymotion
leadingto evengeaterproblems. So for the cockpit seated
pilot to survive gound impact as well as he would if
landing on his own two feet, his supporting airframe
requires energy absorbing features such as a cmsh wodhy
cockpit or an ai$at or indeed, both!This turther adds to
systemcost and complentyofth€ CRS aPProach.

Once incorporated as part of the airframe the GRS will
inevitably become subject to the rigors of airworthiness
standards which are curently somewhat undefined Ior
such anew systemconcePt. ReSulatory consideration will
focus on reliability to ensure that the system will indeed
function when required, and p€rhaps more importantly,
witl not function inadvertently. The full riSors ofa Failure
ModeElfect and Cdticality A;alysis ( FMEaA)(7) needsto
be applied to demonstmtethe safeandreliable functional-
ity oI the design. Equally the implications of Sround im-
pact stresses on theairframe during recovery will need to
be prcperly underctood and defined by the aiframe d€-
sitnerwhobecomes responsible for saf eguardingthe pilot
in this rccovery mode.

lable 2 Racovery Syatam Rcaponaa Tin.r
@

4. COMPARING PERSONAL PARACHUTES
WITH GLIDER RECOVERY SYSTEMS

Given the evid€nt advantages of low cost, low weight
and pe ormance of the PPS, one miSht be forFven for
wondering why the idea of the GRS hasever emerged even
to the extent ofbeing realiz€d in a couple of notable cases.

Table 2 goes someway to providin8 an answerby analyz-
in8 thecumulative actions and assooated responsetimes
involved, from the emergency instiSatint event, to the
achievement of a safe rate of descent undercanopy.

These fi8ures seek to sutt€st likely pilot response times
in an emergenry and are necessarily based on a common
sense ass€ssment of time scales considered likely in the
case of each action required. Actual exPeriments under-
takenbyProf-Dr.W. Rog€r et al suggest that thetime taken
bythe pilot to exit the cockpit can be well in excess of3 to
4 seconds, depending upon the cockpit shape & size, a ge of
pilot and the tught loading at the tim€, see Fi8ure2.

ln both system cases the piloi will have a sudden realiza-
tionthat he has a problem which requires him to make the
unprecedented d€cisionto abandon normal flithiin favor
ofparachute recovery.ln the case ofthe PPS the pilot then
has to undo his straps, ietiison his canopy and exit the
airframe, combined actions which can take from between
5 to well in excess of 20 seconds to achieve - the most
significant and potentially time consuming action beint
that of removint ihe canopy (as certified from the re-

counted expedenc€s ofa number ofSliderpilot escapes).

o.2
0.3
0.4
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0.7
0.8
0.9

1

6,7

Pulling the parachute system actuator
or npcord is a common action to both
systems but the subsequent parachute
canopy inflation is estimated to be slower
for the CRS than for the PPS, at 2.5 sec'

ondsas compared to 1.5 seconds (assum'
ing similar start conditions) in order to
attenuate openint shock loads. Descent

time under canopy to a safe mte of de-

scent is assumed to be similar at 1 second.
ln totalingthese reaction times a cleai

advantages of at least 4.5 seconds in favor
of the GRS can be seen - a time Period
whi.h .an make all the difference be-

2.3

T--------- 'Iypi€lsluadon t6{ PsBonal Pamchd€ Sysi6m
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FIGURE 2. Pilot timp vs. pilot age and cockpit dimensions.
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standable ihat the application of total aircraft
rerovery \y\tem< h rs Predominanll\ been in
the microliBht 6eld.

Table4 seekstoprovidea qualiiativeanalysis
of the relevant benefits inhereni in both recov-
ery sysiems. The scores apPlied are somewhat
arbitrary and ihe reader mjBht prefer to add
different values but ihe table does sug8est an
ad! anldSe in ld\ or oI lhc lls. Hoh e\ er. F\ en
ihe close natu re ofrhe., orp- il r. nol -urpri.int
that the PPS has predominated in th€ world
Slidint market mainly driven by thefacithaiit
represents ihe lowest cost and simplest solu-
tion. Equally, wiih a likely all up weight of
some 30 kgms (70Ib.), the CRS for a standard
class Slider would clearly be punitive to its
performance in weak lift condiiions so that the
PPS at less lhan 1/4 the weight is likely to be
preferred by the keenest soaring enthusjast.

Whilst the PPS isrelaiively freeofregulatory
approvals and constraints, this will noi be the
case for CRS where the operational conse'
quences are inherently tied in with airframe
airworthiness standards. This will inevitably
become an additional cost driver to the manu
f acturer of sailplanes since the recovery system
willbecome a significant aspect ofihe airftame
design, and on going C of A considerations.
5- AN AI-TERNATE APPROACH

AllhouBh th( IPS i5 i liShl wciShl co.leffF.-
tive solution for emerSency escapeit is an ines-
capablefactthat thetimetakentoexii the glider
canbelifethreatening. While lheadvantaBesof
movint towards a CRS type solution may not
be sufficient to overcome the inher€ni disad-
vantatesofextra cost, weitht and sysiem com-
plexity, there is perhaps a nliddle Sround ap-

tween life and death.Inother
words it is the difficultyof the
piloi to quickly vacate his air-
frame to a frPe fall situation
which is the design driver for
an alternative system to the
PPS. This is weI illustrated in
the case of microlights where
suc€essful abandonment of
the aircraft in an emergency
mayactualybe impossible to
achieve due to the extreme
difficuliies involved in get-
tintinandoutof theairframe
whilst in flighi. Since
microli8hts have the furiher
advantages of drag limited
terminal velocity, low all up
weiSht and gound impact
absorbint undercariate ele-
ments it is PerhaPs under-

I
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proach of providint a parachute assisted melhod of ex-
tracting the pilot from his damated airframe, which pro-
vides a similar performance adva ntaSe - the Pilot Recovery
System (PRS) - s€e Fiture6.

Such a syst€m would require merely the operation ofa
dual action (e.t. twist and pull) instrument panel mounted
control knob to actuatea hith enerty ejected droSue, and
simultaneouslyreleaselockingclampsonthetlidercanopy
and the pilot harness. On inflation the drogue would
remove both the cockpit canopyand pilot in tum from the
glidet the latter subsequently rcvertint to a pcord or
static line actuated PPS for the 6nal descent. A barometric
sensing device could be incorporated to inhibit system
operationbelowa given safety altitudeand the pilotwould
retain the optionofa conventional exit from the gliderand
use ofthe PPS if preferred.

The drogue chute would be either a conical ribbon or rint

slot circulardesiSn fea turint siSnifica nt geometric poros-
itytoenableittosurviveandproducedragef ficientlyatthe
relatively high speeds of operation likely (typically in
region of 50 to 200 knots). Essentially this canopy would be
similar in design to anti-spin chut€s used for test flying
modern jet fighters.

Ha!ing postul3ted lhe idea of a similar concepl
Dr.W.Rogeretal la,hdvehighhghied lhe inportanceof the
droguechut€ impartinta stabilizing force upon the glider
structure for an instant before releasing the glider and
extracting the pilot. Such a sequence ofevents is shown to
beimportant to providesatisfactory exit conditions for the
pilot given all the lik€ly motions ofthe damaged glider. It
is also shown to reduce the 8lider heitht loss during the
few cdtical moments ofpilot egess from the cockpit.

Although itis tutthersuggested that the same parachute
canopy couldbe used to return the pilot safely to earth, this

is only likely to be achievable with sub-
stantial, non-optimal compromises be-
inSmadeto thedesign to favorstructural
considerations. Thiswould be tothede!
rim€ntof fu nction and weiShl; even when
the possibilities of reefing control for
load attenuation is considered. For ihis
reason the idea of two separate optj-
mized parachutes (i-e. the drogue and
the PPS) r€mains favored forlhis appli-
cation.

Dr-Roser and his team have deter-
min€d ([&(3) thar fouowing rhe loss of
the stabilizer or even lhe tail assembly
and pan of the rcar fuselat€ cone, the
damaged gliderwill peiform a negative
C pitch or "bunt" maneuver to the in-
vert€d (s€€ Figure 3 (3)). While such a

motion favo6 pilot etress ftom the cock-
pit, it results in a rapid and undesirable
lossof height,andlessthanidealdeploy-
ment conditions for the drotue Para-
chute.

Equally they have shown that a glider
with a wholly orpafiially damaged wing
will result in a spinning motion with
somepositiveC'son the pilot whjch will
inhibit egress althouth this motion will
be more conducive to satisfactory de-
ployment of the drogue, albeit with the
attendant risk of possible entanSlement.

These two failure mod€r and the re-
sultint motion of the damaged dider
determine the need for a high enerty
deplo)'rnent system for the drotue chute
to ensure satjsfactory fu nction. A power-
ful sprin& a pneumatic g]ln or a pyro-
technic mortar are possible options and
caretuI desrgn bacled by a Farlure \1oJe
and Cnl'calily Analysrs (tMECA){'I lo
demonstrate adequa te reliability $illbr'
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required toachieve a safe andcosteffective solution to this
criticalpalt of the desitn. With th€ two canopy approach
thesizeof the stabilizintdrogue canbe minimized requir-
ing less energy for deployment enabling a simpler and
inheiently safer initiation system to be adopted perhaps
based on a powertul sprint or pneumatic 8un.

Wrth Laretul de{tn it should be possible io en$neer dn
extraction systemwhichadds no more thanthe weitht of
an additional PPS to achieve the PRS solution. The all up
weithtshouldthereforebe nomore thanhalf theweight of
the CRS approach, at typically 30 to 35lbs. Table4 Soes on
to su8gest the PRS to have I significant advantate over
both the GRS and the PPS.
rt. coNcl-ltsIoNs

The CRS is not a pmctical proposition for gliders due to
sigrificant weitht and cost ncreases as well as inherent
shock loading problems at parachute opening and ground
impact.

The PRS is the ideal solution to emer$ncyescape from
Sliders utilizing an energetically deployed drogue para-
chute to remove the cockpit canopy and stabilie the
stfckenairftamebeforcauto extracting the pilot who com-
pletes his descent usingan automatically deployedPPS-

By solving the problems of Pilot egress from the cockpit
the PRS offers significant perfomance benefits over the
PPS &the GRSwithanacceptable smallincreaseinsystem
weight.

Improvements in emergency escape survivability faom

diders will inevitably carry a cost and weitht penalty/
which in the past has been resisted by tliderpilots.

7. RECOMMENDATIONS
The alternat€ PRS described herein

shouldbesubjecttoanoptjmizingdesign
studytosizeand define the vaIious com'
ponentsrcquired and todeierminea suii-
able performance from an appropriate
dynamic model. A test program should
then be cond ucted to confirm the validity
of the theoretically predicted resulis.

The design study_should rncorporate a
rigorous FMECAI/r to ensure that the
proposed system detail will satisfy air-
worthin€ss reSulatory requirements for
system reiiability.

Particular attention should focus on
the hiSh energy deployment system te-
quired, since this is the key design driver
to functionality, reliability and cost. Er-
isting Ballistic Recovery Systems may
offer the basis of a s itable low cost and

Proven ejection system.
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