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ABSTRACT

Emergency escape from gliders has traditionally in-
volved personal parachutes which rely on the pilot effect-
ing a timely exit from the cockpit, and manually releasing
his chute when clear of the aircraft. Problems with canopy
jettisoning, pilot egress from the cockpitand pilot incapaci-
tation warrants the consideration of alternate parachute
recovery solutions.

Irvin’s experience with emergency escape parachutes
and recovery systems forunmanned aircraft has been used
to present a comparative evaluation of alternative recov-
ery systems and a trade-off analysis of benefits and disad-
vantages.

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

In contrast to personal parachutes, such an integral
recovery systemneedsanairframe specifically designed to
provide 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 relevant
governing body so that retrofitting such a system to an
existing airframe is likely to be problematic. These factors,
together with theirlikely impact on cost and safety consid-
erations, are discussed.

A preferred system concept uses a drogue parachute to
stabilize the stricken glider and auto-extract the pilot who
then returns to earth via a conventional personal para-
chute.

GLOSSARY

AAD Automatic Activation Device

D Non-dimensional Drag Coefficient

Cof A Certificate of Airworthiness

FMECA Failure Mode Effectand Criticality Analysis
GRS Glider Recovery System

PPS Personal Parachute System

PRS Pilot Recovery System

RPV Remotely Piloted Vehicle

Specific Wt.  Parachute system weight/payload weight
UMA Unmanned Aircraft



1. INTRODUCTION

The personal parachute system (PPS) utilizing a round
canopy for maximum reliability has for many years been
the mainstay method of emergency escape from gliders
involved in airborne accidents, providing a light and cost
effective solution. However a recent review of emergency
escape situations (1) (3) indicates a likely survivability of
only 50% attributable to the PPS, encouraging consider-
ation of the alternative idea of recovering the whole air-
frame complete with pilot.

Total aircraft recovery applied to gliders - the Glider
Recovery System (GRS) - when characterized in compari-
son to the conventional PRS, is found to provide distinct
advantages in terms of response time, namely the time
takentoachieve asaferate of descent under a fully inflated
parachute. However significant disadvantages of weight,
costand ground impact problems also materialize prompt-
ing consideration of a further concept - the Pilot Recovery
System (PRS) in which the pilot is “auto-extracted” from
the cockpit by parachute to descend thereafterina conven-
tional manner. This revised system is shown to combine
theadvantages of the PPS and the GRS whilst avoiding the
attendant major disadvantages in each.

2. CONVENTIONAL PERSONAL
PARACHUTE SYSTEMS

In order to achieve the fastest possible opening charac-
teristics the PPS uses a small non-porous round canopy,
deployed in a canopy first configuration - one in which the
canopy is allowed to begin inflating before the lines are
fully paid out of the parachute container. Such canopies
will usually open within 1.5 seconds and less than 300 feet
distance from a dead drop, with improvement on this if
significant initial velocity exists at ripcord pull. The pen-
alty for such fast opening is high shock loads which, at
extremes of height and speed, may exceed 10 g as the

canopy opens. Opening shocks can be attenuated to some
extent by the use of porous fabric in limited areas of the
canopy typically at the crown. Nylon rip stop broadloom
fabrics of 35 grams per sq.m are commonly used for this
purpose.

Whilst the smallest possible canopy is desirable for good
specific weight and speed of opening, such a design is not
conducive to a good rate of descent performance when
acting as a pure drag retarder. Equally, the use of non-
porous fabrics results ina canopy with appreciable oscilla-
tory characteristics during the descent. Both these prob-
lems are overcome by shaping the canopy into a bi-conical
or multi-conical profile (see Figure 1) and providing drive
slots to cause the parachute to fly with some horizontal
motion, in order to develop a lift force to add to the drag.
Inthisway, lift todragratiosapproaching 1 canbeachieved
to good effect, providing an enhanced resultant force which
enables an acceptable low rate of descent (typically 5to 6
m/s) to be achieved by the smallest possible canopy. The
horizontal motion and drive slots have the added benefit of
stabilizing the canopy, preventing any undesirable pendu-
lum like oscillation during the descent.

Canopy deployment is most commonly achieved via a
ripcord which releases pins from the restraining pack
closure loops, allowing a spring assisted auxiliary canopy
to eject clear of the back pack, inflate and thereby deploy
the main canopy. This simple and effective release method
generally proves to be ideal for the purpose but can be
compromised by a mentally or physically incapacitated
pilothaving problemsin locating and actuating the ripcord.

Alternative approachestorelease canincludeastatic line
which is provided in addition to the ripcord. This is at-
tached to the host airplane in order to automatically pull
out the canopy when the pilot and airplane separate one
from the other. Problems of entanglement are possible as

BICONICAL

Fabric Canopy

Drive Slots

Perlpheral Netting

FIGURE 1. Biconical and multiconical P.P.S. canopy designs.
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the canopy will inevitably be pulled outin closer proximity
to the stricken air vehicle, but the benefits to a disabled
pilot are self evident.

An additional safety feature available to aid canopy
release is the provision of an Automatic Activation Device
(AAD) which uses a barometric sensing/timing device to
actuate the ripcord and release the canopy at a given
altitude thereby safeguarding an incapacitated pilot once
adequate separation from the aircraft is achieved. It also
ensures that the canopy is opened at a safe height (not too
high or too low). Such AAD’s can be provided in addition
to the manual ripcord and are armed via a lanyard con-
nected to the aircraft to prevent inadvertent operation
during normal glider height and speed excursions.

These sensible and beneficial additional activation fea-
tures tend to be overlooked by recreational pilots in favor
of the simple ripcord pull release, primarily because of the
added cost involved. Equally, the possibility of an un-
planned canopy deployment as the pilot walks away from
his parked glider, caused simply because he forgot to
disconnect his staticline or activation lanyard, does little to
encourage the adoption of such a valuable additional
safety feature. This problem can in itself be overcome by
making the PPS an integral part of the seat and seat
restraint system such that when strapping into the glider
the pilot is also fastening his emergency parachute. In a
bale out situation the pilot pulls a toggle to disconnect the
parachute from the seat rather than unbuckling straps.

Once intlated, the horizontal (forward) motion of the
PPS provides the additional beneficial feature of steerage,
providing the pilot an opportunity to avoid undesirable
ground obstacles and also to arrange, if possible, a landing
into wind to negate drift effects. Finally, as a ground
impact shock absorber, the legs of a compus mentis pilot
provide a spring damper system which is of unsurpassed
performance in safeguarding him or her on landing.

3. TOTAL AIRCRAFT RECOVERY SYSTEMS

An idea which gets regularly aired is that of recovering
not only the pilot but the whole aircraft and pilot, when
faced with a flight failure situation. System concepts range
from the more improbable notion of recovering whole
airliners to those of recovering light airplanes, gliders (5)
and microlights, the latter two categories achieving func-
tional reality in one or two notable examples often referred
to as ballistic parachute systems. The field of total aircraft
recovery is well developed in its application to pilotless
aircraft (6) alsoknown as Remotely Piloted Vehicles (RPVs)
or Unmanned Aircraft (UMAs). Such aircraft are com-
monly used by Armed Forces world-wide for surveillance
work, target practice and even munitions delivery. Their
attendantrecovery systems typically feature either a single
or a cluster of parachutes depending upon the payload
weight involved (see Figure 4), and a shock absorbing
airbag (see Figure 5) to attenuate landing shocks and
thereby protect sensitive and usually very expensive on-
board equipment.

Parachute systems for RPVs/UMAs are technically rep-
resentative of the requirements for the emergency recov-

VOLUME XXI, NO. 1

-

FIGURE 5. RPV ground impact shock absorbing airbag,.

ery of sailplanesand light airplanesin mostrespects. Allup
weights to be recovered are in many cases surprisingly
heavy, as can be seen from the examples shown in Table 1.
They can often approach the weight of standard class
gliders and small light aircraft; a 350 kgm RPV is not
uncommon. However, in RPVs/UMAs the attitude of the
airframe at parachute deployment is not a random event
but a carefully pre-established situation, which ensures
that a reliable parachute deployment is achieved. Insucha
Glider Recovery System (GRS), the orientation of the air-
frame at system initiation is unpredictable, which experi-
ence in the development of RPV systems shows to be
highly undesirable.

Adequate deployment reliability may be achieved by
resorting to high energy ejection of the recovery para-
chutes at initiation, in preference to using a simpler spring
actuated auxiliary system. Pyrotechnically or pneumati-
cally energized mortars as illustrated in Figure 7, or high
energy bullets can be used to deploy an auxiliary or the
main canopy(ies) as required, but with undesirable conse-
quences to cost, weight, system complexity and safety and
arming requirements. Such high energy deployment de-
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Table 1 Specific Weights of Various Recovery Systems.

System | Systeam Mass | AUM. [Specific] RoD
| Type Recovery | Kg |Welght m/s
| Systemn Kg | %
T10R Paratroop Reserve | 55 138 4.0 7.4
Ariane 5 Space Recovery | 1300.0 : 32000 41 | 250 |
Ariane1 Space Recovery 670.0 | 16000 42 | 125
Re-entry demonstrator |Space Recovery 4350 | 9000 4.8 6.0
PR7 |Paratroop Reserve 8.0 | 180 5.0 72
IRVIN EBBO Emergency Eacape 63 | 115 | 54 | 54 |
PARA-CUSHION Emergency Escape 6.5 115 57 | 57
HSP |Aorial Delivery B800.0 13300 6.0 10.0
GO SHADOW |Emergency Escape 7.0 115 6.1 55
Banshee {RPV 386 59 8.1 4.7
FLEXPACK |Emergency Escape 1.6 115 68 | 53
/I Ton Loads |Andl| Delivery 67.0 1000 | &7 100 |
MSP |Asrial Dellvery 540.0 BOOO | 68 @ 10,0 |
'Raven |RPV 5.0 | €5 78 | 40 |
Vector |RPV 3.2 38.6 | B2 | 41 |
PX4 IU.K.Troop ‘Chute 15.5 160 86 | 71 |
|Pheonix RPV 149 10 | 98 | 51 |
|T10 |U.S.Troop 'Chute 141 136 104 | 7.0 ]
S1mm Flare iFlare 0.1 045 | 111 ‘ 8.0
Low Level Parachute [U‘K‘Traop ‘Chute 18.5 160 | 116 58 |
|Crecerelle |RPV | 180 145 | 124 . 6.0
|Dragon IRPY | 18.0 130 | 13.8 5.3

NB: The above recovery sysisms are listed In order of Increasing Specific Weight

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

Although there are a variety of different round para-
chute designs which can be used for such applications, the

Cruciformor Cross design (see Figure4)is most commonly
chosen for its high drag performance (typical CD ap-
proaching 0.85, (2)) and simplicity of construction whichis
conducive to lower manufacturing costs. In contrast with
most other round parachute designs, Cruciform para-
chutes also perform well in clusters with minimal mutual
interference thereby enabling a number of small fast open-
ing canopies to be efficiently used in preference to a larger
single chute with much slower inflation characteristicsand
therefore greater height loss to safe rate of descent.
However, in practice the GRS is less able to benefit from
rapid chute(s) inflation to quite the same extent as the PPS
onaccount of the greater shock loads associated with faster
openings. A glideris vulnerable to high parachute opening
forces reacted along the longitudinal axis of the airframe.
In this respect the human body is much more resilient. A
shock load of 10g reacted along the fuselage is likely to
cause thewingspar to fail in the forward direction with the
risk of crushing the pilot in the process. Although it is
theoretically possible to get the parachutes for the total
recovery solution to inflate in the same filling distance as
the smaller personal parachute solution, in practice this
cannotberealized unlessa specially strengthened airframe
is provided which is able to react the forces generated by
rapid parachute inflation. For this reason
the GRS requires shock attenuation de-
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vices such as canopy reefing and/or a lines
| first deployment method, whichadversely
' effects filling distance.

Whilst aircraft recovery parachutes could
be arranged to have horizontal drive to
enhance stability and minimize oscillatory,
motion, produceliftand thereby minimize
canopy size, this generally proves to be
impractical, especially when clusters of

1. Mortar fires.._forcefully expelling the parachute

pack. Cover separates and falls away. tracted as the pack rotales 180,

3. Deployment bag, with sabot attached, strips off. Canopy
and lines are at "line stretch” condition

FIGURE 7. Anatomy of a mortar system.

2.Riser deployed ...suspension lines being ex-

4. Fully effective chule working in approximately 1 second,

HYBRID ORIFICE .
sREECH B0OY AR small fast opening parachutes are used.
_ \ == - .
B e e T =i Clusters are anaturally stable non-oscillat-
gral with cartrdge N ; ¥ . . .
N\ _ ‘;ﬁ‘;:;’::; ing configuration but are not conducive to
N

exploiting the benefits of horizontal mo-
tion.Indeed, acluster of gliding parachutes
would be prone to unstable operation and
asingle gliding canopy could be adversely
effected by the destabilising aerodynamics
of the glider payload. Equally it is undesir-
able to have horizontal motion if the para-
chutes cannot themselves be steered into
wind or away from obstacles.
Itisthereforeinevitable that the GRS will
use parachutes which are pure dragretard-
ers of proportionally larger canopy area
than is the case for the smaller personal
parachute solution which can exploit the
benefits of lift generating horizontal mo-
tion. In consequence, the specific weight
will be greater in the case of the larger
system, i.e. there is no weight economy of
scale, indeed rather the reverse. Typically,
aPPSwill have a specific weight of some 5-
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6%, as compared to the GRS which the field of RPV's/
UMA'’s indicates will be closer to 8 - 10%, as illus-

ecovery System Response Times
Fersonal Parac i ger Hecoven

(RN 18

trated in Table 1.
The specific weight may be improved if the para-

chute system can be designed to a lower maximum
design speed, thereby enabling the use of lighter
weight materials. Such an argument may be relevant
to microlight applications where the inherent drag of
even a failed microlight wing will provide sufficient
drag to limit terminal velocity of the microlight and
pilot combination. However, the clean designs of
modern gliders make potentially high terminal ve-
locities possible driving the maximum design speed
to even greater values than the normal 150 knots
figure used for the PPS. This will require the para-

chute to be stronger and inevitably heavier, to cope
with the extra operating loads which are possible.

Ground impact shock loads are most effectively attenu-
ated by facilitating a significant deceleration distance as
illustrated in Table 3. In this respect a ‘crumpling’ body
achieves this much better than arigid glider when impact-
ing with the ground at 5to 7 m/sec. Lower descent speeds
than this are in practice not possible due to the debilitating
effect suchareductioninvariably has on oscillatory motion
leading to even greater problems. So for the cockpit seated
pilot to survive ground impact as well as he would if
landing on his own two feet, his supporting airframe
requires energy absorbing features such as a crash worthy
cockpit or an airbag or indeed, both! This further adds to
system cost and complexity of the GRS approach.

Once incorporated as part of the airframe the GRS will
inevitably become subject to the rigors of airworthiness
standards which are currently somewhat undefined for
such a new system concept. Regulatory consideration will
focus on reliability to ensure that the system will indeed
function when required, and perhaps more importantly,
will not function inadvertently. The full rigors of a Failure
Mode Effect and Criticality Analysis (FMECA)(7) needsto
be applied to demonstrate the safe and reliable functional-
ity of the design. Equally the implications of ground im-
pact stresses on the airframe during recovery will need to
be properly understood and defined by the airframe de-
signer whobecomes responsible for safeguarding the pilot
in this recovery mode.

Table3 Shock Loads (G) at Various Deceleration Distances

ACTION Conventional Glider
Personal Parachute | Recovery System
Decision to abandon Flight 11015 1t01.5
Undo Straps 1 N/A
Jettison Canopy 1.5 1020 N/A
Exit Glider 34 N/A
Puli Rip cord 1 1
Parachute Canopy open 1.5 25
Time to Safe Rate of Descent 1 1
TOTALTIME (S€C) 10 1o 30 55106

4. COMPARING PERSONAL PARACHUTES
WITH GLIDER RECOVERY SYSTEMS
Given the evident advantages of low cost, low weight
and performance of the PPS, one might be forgiven for
wondering why theidea of the GRS hasever emerged even
to the extent of being realized in a couple of notable cases.
Table 2 goes some way to providing an answer by analyz-
ing the cumulative actions and associated response times
involved, from the emergency instigating event, to the
achievement of a safe rate of descent under canopy.
These figures seek to suggest likely pilot response times
in an emergency and are necessarily based on a common
sense assessment of time scales considered likely in the
case of each action required. Actual experiments under-
taken by Prof.Dr.W. Roger et al suggest that the time taken
by the pilot to exit the cockpit can be well in excess of 3 to
4 seconds, depending upon the cockpit shape & size, age of
pilot and the flight loading at the time, see Figure 2.
Inboth system cases the pilot will have a sudden realiza-
tion that he has a problem which requires him to make the
unprecedented decision to abandon normal flight in favor
of parachute recovery. In the case of the PPS the pilot then
has to undo his straps, jettison 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 being
that of removing the canopy (as certified from the re-
counted experiences of a number of glider pilot escapes).
Pulling the parachute system actuator
or ripcord is a common action to both
systems but the subsequent parachute

i Stopping | Rate of Descent prior to ground impact (m/s) canopy inflation is estimated to be slower
,L=LH"“(;‘$' m f!..____—-——:éz‘a — 25 = ' 15-5 1:3 I 25155 5 2'570 | 27-57 for the GRS than for the PPS, at 2.5 sec-
: : : 54 3 | 21. : 8. o ) i
I 0.2 55 654 77 92 T 108 125 | 143 c_)nds as 'compared to 1.?.5ec0nFib (assum
| 0.3 34 4.2 5.1 61 | 7.2 83 | 96 ing similar start conditions) in order to
| 04 2.6 3.2 39 4.5 54 62 72 attenuate opening shock loads. Descent
|05 | 21 s a1l aF | A3 | B0 | & time under canopy to a safe rate of de-
; 0.6 1.7 i 241 2.6 3.1 3.6 4.2 4.8 i dtobesimilaiatl sscond
i 0.7 156 | 1.8 22 26 21 X 4.1 scentis as.sume obe s:r.m ar}a .
[ 08 1.3 1.6 1.8 23 2.7 31 3.6 In totaling these reaction times a clear
| 08 1.1 1.4 1.7 | 20 2.4 2.8 3.2 advantagesof atleast4.5secondsin favor
] 1 1.0 1.3 1.5 1.8 2.2 2.5 29

[ Typical situation for Personal Parachute System
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of the GRS can be seen - a time period
which can make all the difference be-
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FIGURE 2. Pilot egress time vs. pilot age and cockpit dimensions.

tween life and death. In other
wordsitis thedifficulty of the
pilotto quickly vacate his air-
frame to a free fall situation
which s the design driver for
an alternative system to the
PPS. Thisis wellillustrated in
the case of microlights where
successful abandonment of
the aircraft in an emergency
may actually beimpossible to
achieve due to the extreme
difficulties involved in get-
tinginand out of theairframe
whilst in flight. Since
microlights have the further
advantages of drag limited
terminal velocity, low all up
weight and ground impact
absorbing undercarriage ele-
ments it is perhaps under-
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standable that the application of total aircraft
recovery systems has predominantly been in
the microlight field.

Table 4 seeksto provide a qualitative analysis
of the relevant benefits inherent in both recov-
ery systems. The scores applied are somewhat
arbitrary and the reader might prefer to add
different values but the table does suggest an
advantage in favor of the PPS. However, given
the close nature of the scores it is not surprising
that the PPS has predominated in the world
gliding market mainly driven by the fact that it
represents the lowest cost and simplest solu-
tion. Equally, with a likely all up weight of
some 30 kgms (70 Ib.), the GRS for a standard
class glider would clearly be punitive to its
performance in weak lift conditions so that the
PPS at less than 1/4 the weight is likely to be
preferred by the keenest soaring enthusiast.

Whilst the PPSis relatively free of regulatory
approvals and constraints, this will not be the
case for GRS where the operational conse-
quences are inherently tied in with airframe
airworthiness standards. This will inevitably
become an additional cost driver to the manu-
facturer of sailplanes since the recovery system
will become a significant aspect of the airframe
design, and on going C of A considerations.

5. AN ALTERNATE APPROACH

Although the PPSisalight weight, cost effec-
tive solution for emergency escapeitisanines-
capable fact that thetime taken to exit the glider
canbelife threatening. While the advantages of
moving towards a GRS type solution may not
be sufficient to overcome the inherent disad-
vantages of extra cost, weight and system com-
plexity, there is perhaps a middle ground ap-

Table 4 Qualitative Analysis of Recovery Systems
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proach of providing a parachute assisted method of ex-
tracting the pilot from his damaged airframe, which pro-
videsasimilar performanceadvantage-the Pilot Recovery
System (PRS) - see Figure 6.

Such a system would require merely the operation of a
dual action (e.g. twist and pull) instrument panel mounted
control knob to actuate a high energy ejected drogue, and
simultaneously releaselocking clampsonthe glider canopy
and the pilot harness. On inflation the drogue would
remove both the cockpit canopy and pilot in turn from the
glider, the latter subsequently reverting to a ripcord or
static line actuated PPS for the final descent. A barometric
sensing device could be incorporated to inhibit system
operationbelow a given safety altitude and the pilot would
retain the option of a conventional exit from the glider and
use of the PPS if preferred.

Thedrogue chute would be eithera conical ribbonorring

slot circular design featuring significant geometric poros-
ity toenableittosurviveand produce dragefficiently at the
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 chutes used for test flying
modern jet fighters.

Having postulated the idea of a similar concept
Dr.W.Roger et al (4) have highlighted the importance of the
drogue chute imparting a stabilizing force upon the glider
structure for an instant before releasing the glider and
extracting the pilot. Such a sequence of events is shown to
beimportant to provide satisfactory exit conditions for the
pilot given all the likely motions of the damaged glider. It
is also shown to reduce the glider height loss during the
few critical moments of pilot egress from the cockpit.

Althoughitis further suggested that the same parachute
canopy could be used toreturn the pilot safely to earth, this

is only likely to be achievable with sub-

(1) Glider in normal fiight.

= X
\\

(3) High energy deployed

drogue parecy

(4) Drogue force stabilizes ghder
' and removes canopy.

(5) Drogue cut-away from
ghder and extracting piot.

}-%:Jpe:scnal parachute slatic

line deployed.

FIGURE 6. Proposed pilot recovery system.

w

(&) Airborne accident disables glider.

stantial, non-optimal compromises be-
ing madeto the design to favor structural
considerations. This would be tothe det-
rimentof functionand weight; even when
the possibilities of reefing control for
load attenuation is considered. For this
reason the idea of two separate opti-
mized parachutes (i.e. the drogue and
the PPS) remains favored for this appli-
cation.

Dr.Roger and his team have deter-
mined (1)&(3) that following the loss of
the stabilizer or even the tail assembly
and part of the rear fuselage cone, the
damaged glider will perform a negative
G pitch or “bunt” maneuver to the in-
verted (see Figure 3 (3)). While such a
motion favors pilotegress from the cock-
pit, it results in a rapid and undesirable
loss of height, and less thanideal deploy-
ment conditions for the drogue para-
chute.

Equally they have shown that a glider
withawholly or partially damaged wing
will result in a spinning motion with
some positive G's on the pilot which will
inhibit egress although this motion will
be more conducive to satisfactory de-
ployment of the drogue, albeit with the
attendant risk of possible entanglement.

These two failure modes and the re-
sulting motion of the damaged glider
determine the need for a high energy
deployment system for the drogue chute
to ensure satisfactory function. A power-
ful spring, a pneumatic gun or a pyro-
technic mortar are possible options and
careful design backed by a Failure Mode
and Criticality Analysis (FMECA)(7) to
demonstrate adequate reliability will be

VOLUME XXI, NO. 1
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7.RECOMMENDATIONS

The alternate PRS described herein
should be subject toan optimizing design
study to size and define the various com-
ponentsrequired and to determine a suit-
able performance from an appropriate
dynamic model. A test program should
thenbe conducted to confirm the validity
of the theoretically predicted results.

The design stud%' should incorporate a
rigorous FMECA(?) to ensure that the
proposed system detail will satisfy air-
worthiness regulatory requirements for
system reliability.

Particular attention should focus on
the high energy deployment system re-
quired, since this is the key design driver

1 second

0 -200

T

empennage.

o R
-400

FIGURE 3. Glider flight path following damage to rear fuselage/tail

to functionality, reliability and cost. Ex-
isting Ballistic Recovery Systems may
offer the basis of a suitable low cost and
proven ejection system.
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critical part of the design. With the two canopy approach
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6. CONCLUSIONS

The GRS is not a practical proposition for gliders due to
significant weight and cost ‘ncreases as well as inherent
shock loading problems at parachute opening and ground
impact.

The PRS is the ideal solution to emergency escape from
gliders utilizing an energetically deployed drogue para-
chute to remove the cockpit canopy and stabilize the
stricken airframebefore auto-extracting the pilot who com-
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Improvements in emergency escape survivability from
gliders will inevitably carry a cost and weight penalty,
which in the past has been resisted by glider pilots.
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