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Surnmary

Tlt paper "Evaluation of Canopy Jettisoring System
f orsailplanes', read at the OsTMongessin 1989, pointed
out dre magnitudes of the aerod)'namic forces and mo
ments acting on i]€ canopy. lhis paper now pres€nts
details of the motion andflight pa$ of the caropy after jls
release in anemergency. The tesis were performed with an
l-S 4 fuselage mountcd on fic roof of a car. Du ng these
iesls d1c influence of the speed, angle of attacl side slip
alr8le and the autom:tic raising of the front and the side
rvere investiSated. It becomes appareni that nonc of the
cxisiing nechnnical systems install€d in a today's glidcr

guarante€ a problem Fee jeltisoring of the canopv. Th.
cmopy do€s noi fly awa, it blocks the exit and there is a

high risk of injury to the pilot b)' dr moving canopy. The
mainreason forthis is a nose down pitchingand thc nosc'
inwards yawint moment actnrg on tlre canopy. Thc occu-
pant is unable to conirol the nrotion of the canopy during
jettisoning. To overcome dris problem dre nos€ doR'n
moment can be transformed into a nosc-up moncntby a

simple r€ar hinSe betw€€n dle top of fte canopy and the
tuselnBe. The hinge may take the form of a simple clasp.
fts clasp ensures dut a fter thc rclcasc thecanopy roiakrs
n round dns hinge h'idr a nose uprnoment,sepnr.lcs hdn
thcfusclrgeandpasseslrjghabove ttle rudder. Thc.e is.o
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FIGURE 1. Test rig.

risk of injury to the occupmt. Manual jettisoninS can be
p, r fnrmed w:drour Jnv {rouble u.int !irjc hinge.

l.Inrroduction

Over thc past twenty yeals there have becn a number of
tljder a.cidents in which dre occupants were kiled be-
cause theywere eithcr Luuble tojettison rhe canopy oitfuy
had difficulties in jettisoning the canopy in time. For this
reason dre CcnnanF€deral Ministry ofTraisport conmis-
sioned dle fachhocllschule Aachen to evaluate existing
canopy jeitisonnrS systems aid to provide a data base for
a future revision of theJoint AiNorthiness lRequirements
22. Part of the firsi paper on this pro$arn o was read at ih€
)C(I (XTIV Congess in 1989 nr Wiener Neustadt o. It
presented details of an accidentanalysi-s, thc time r€quired
to jettison d1c canopy and fic magnitudes and directions
of the acrod)-namic forces and moments acrjnS on the
canopy. This paper now presents the results of rlre furrher
progam in which $e motion, dlnanic behaviour and
flight path of d]e canopy during jettisoning were investi-
8ated. This was done usnrg a special testrit o. The influ-
encc of the airspeed, angle of attack, side slip angle aj]d the
nising of dre front part of the canopy as wel as a ]ateral
raising were cxamined. Due b the low magnitude of th€
aerodynami. force and the nose down pii.hing momerlt
on the canopyra)no satisfying rcsults with existingjettison
in8 systems could be achicvcd. Certain improvements
*'ere drerefore discussed and tested.ln additiorr rejts for
investigaling the handling of the canopy were caried out
to show the problems hvolved in maJlual jctisoninS.

2. Test rig

The testsweicperf ormedwith alllS4 tuselage mounted
on thc roof of a car (Figurc l) at the NATO Air Base nl
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Geilenkirchcn (Cer
tnany). The attitude ofthc
fuselage could bc varied
to adju5t the angie of at-
tack (1 $ deSrees) and
the side slip a4B1e (a 30
degrees). Lnorderio.om-
pare the resLrlls with the
valucs measured in the
wind tlumel, where most
of the tests were canied
out at the ma\im1m air
stream of 130 km/h (70
kt), the maximum speed
of the car was 140 km/h
(76 kt). The specd of the
test rig was measured by
a pitot-staric-prob€.

In these tests diffcrcnt
mechanisms were in-
stated to raise the canopy

at the front or side of the LS 4 cockpit. The release was
triggered by the front-seat passenger. The motion and rtre
flight padrofthe canopy were recordcd by videorameras.

3. Results with existing constru.tions

Without any nising the canopy rests on the tuselage
and a motion cannot be regisiered independent of the
magritud€ of $c angle of attack. This co inlls witl tlr
wind tunnel results, showing tln tup to a speed of 160 km/
h (86 kt) the aerod''nanric force is less than the weigirt of ihe
canopy. Above tllisspeed dr aerodiarmic forceisable ro
li ft off t\e canopy.

It is possible tojettison the canopy with a side sLip angle
greater dran 15 degr.'!:s. Separation liom the tuselage takes
place v€ry slowly and the canopy hirs the panel, occupant,
wing and finaly tl€ ndder. This is unacccptable since it
delays alld endangcrs the exit.

3. 1 Frorlt mising

Nowadays the.e are some systems which attempt to
increase the aerodlnamic forces by raising the fronipart of
dre canopy. ilhis shornd accelcrate the cockpitmotionafter
releasc and thecanopy should move upwardswiinoutany
danger ofhitting thepilot. figxre 2 shows the moiion ofihe
canopy h this case.

The mechanism at first lifts the lront of the canopy
(Figxre Z I) and th€n duc to the nose down piiching
moment the rear of the canopy comes up gI). In this nose
dorll attitude the nirsiream at first presses the froni and
then the rcar of the canopy down onto the tuselage (III). tt
remains in this position, slighily towards the rear of the
.o.lpil. dnd bl,(L the elil rtV,. nu. bphduou' h,,.
obs€Ned atal spedsup to 140 km/h and with all tested
maSnitudes of i1€ front raising up to H=200 nxn (8 nt.



FIGURE 2. Raising of the {ront part (H = 200 mm, (8in))

ln case of a sidewind with the canopy in the raised
pixitiorr it separates from $e fuselage but the front part
tums into th€ cockpit and rnay hit dr pilot (Figure 3).

This shows d1at a raisinS of the front part does not
automaticaly initiate a jetlisoning of the canopy and it
does notrepresent a satisfactory solution forjettisoning the
canoPy.

3.2l,ateral raising

h certain sailplanes the procedure for jettisonin8 tlr
.anopy is to release ttrc canopy on the left side, to njse dris
slighdy, and t\en to release
dr nght side and push the
€anopy away. This was tested
unrg a mechanism whichlifts
the canopy to an adjustable
opening angle, and releases
the nghthinge after dris angle
is reached. Figure 4 shows the
resulis of such a test. The
canopy at fi-rst rotates around
the righthinSe, $eriShthinSe
was then releas€d at dre pre
set opening angle and the
canopy moves free from tlle
fuselage. lt finally lifls offwith
a nose down movement
rvhereby the front pan simul
taneously turns back jnto Lhe

cockpii due to a nose inwards
ya$ ing moment o. lt then
Pnsses the cockpit on dre left

side without gainhg height, flies over dre left wing aj1d
nnally strikes the vertical tail on ttu right sidc, luvnlt
crosed orer tj]e rerr tu-el.r8e o,, ,ts wJy bJcl.

It goes without saynrg that this method camot be s€en
as a sadsfactory solution forjettisoning tlrc cartopy.

In a further test the ri8ht hinge was not released (Figurc
5). T}lecanopy rot a res a round $e righ I hinge to an opcnbts
angle of 180 degrees. The plastic screws of the hinges dren
broke and dte canopy flew back below d1e right wing and
hit dre tail. This mayb€ ihe ofrly way tojettison the canopy
widrno sk to the occupant.

€

FIG URE 3. Raising of the Font part (H = 200 nm1, (E in)) u'ith sid$vind Il om
the left.
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3.3 Manualjeftisoning

furher tcsts weftr carried out to detennnre wether dre
pilot ln m,selfcouid operate andjeitison dre canopy withno
risk of being hit. These tests were performed with an
occupant in the co.kpit of dre test ri8. Two htudles were
installcd on the left .nd right side of ihe calopy frame
whose position could be changed. There $'ere no prob
lcms with the aorces for raising the canopt but owinS to
$e nosc-down pitchnrg monent the front part of dre
c:ulopy always rLrsis on the ft,se]age. To overcome this
cflcct dre handles were positioned in froni of fte center of
gravity. This should infiate a nose up mornent during
manualraisinS. ItGfound
drat the pilot i.s able io raise
the canopy ai dre frontbut
fte canopy's nos€ is im-
mediately pushed down
by ihe airstream, and
wiihin40 ms ihe frontpart
strikes the fuselage. it is
impossible for the oc.u-
pani to conlrol dre canopy.
Tlisiswhyaplanned rcar
manual jettisoning was

Af tcr a lorit discussiorl
it was decided to jettison
thc canopy to thc right
marlually. The pilot wore
a leaiherjacket and crash
helnrctand thcsLrutof the
campy was padded. nle
piloi pushed tl€ canopy
as quickly as possible to

VOLUME XVII, NO. 2

d]l:rightbutdL,etodrenosc
down pitching and the
nos!-hwards yawhg n1(}
ment dr liont part lum.{
downwards to the cock
pit. The canopy slnl back
1va rd s, lrit the pibt wi th ihe
shart and st-d the pilots
arrrs as a chu tc. Fortu"itely
$e €cupant's arms were
in a protective position due
to theiettisoningoperation.
OtheMise the strut would
have injued his face.

It must bc ponlted out
that the pilot is uruble to
control dre canopy move-
ment during l]l.lnual jctti-
soning and ilut L\ere ;-s a
high risk of njunnS to d1e

pilot by drc calop),.

4. Possible improvements

There is ody on€ way io irnprove this situation: io
trarlsfom L\e nosc down inb a nose up pitching moment.
Thre€ different solution-s h:ve been suggested.

The first is an addition:l weight at the rear of the
canopy. ln order to prod uce a nose up momeni a weitht of
more ftan 80 N (18 lb) would be necessary. It goes widrout
saying that this alternative was quickly djsmjssed.

Ttu *:cond solu rion is a change of drc position md size
ofthe canopy.In a theoretical srudy (" calculations were
carried out for46 differeni shapesby means ofthe prcssure
disbbution measured in wind tumel tests. The re$ ts

l-lG( RE 5- I drc'dl rJi.ind $ rlh, 'ul rplp,r.c ur d)p ri8l,i hinrp

FIGURE 4. Lateral raisin8.
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Contigurotion

FIGURE 6. Shape of a canopy with a nos€ up pitching moment.

selage andjettisonirS d ocsnot take
plac€.

5.l Frontrais g

With the front rais!d ihe caiopy
comes away wi dl no helP from fte
pilot. The speed should be abovc
'100 km/h (s4 k0 wift a raisnrg

8r€ater dun 60 nlm (2.4 in) and
angle of attack hgher than -5 dc'
grces. The resulis of the whd run-
nel iL'st mustbe kept in mind: dr
normal force is lower dlan the
weight up to a mishg of around 60

Egrrc 8 shows the canopy mo-
tion and the flight pathat a speed of
130 km/h and raisnrg of200 mm.
Immedjately after release the
canopyrotatesupwards around the
hinge ard at an angle of around 30

deSrsrs fie canopy separates from

FIGURE 7. Rearhinge at top.

showed that fiere is only one shape which produces a

slight nose up moment over the total range of angle of
attackand airspeed. Figue 6 shows dris tlForeticat canoPy.
The canopy must shift backwards to the largest tuselage
diam€ter, the back should be upright to shift the centei of
gravity baclwards and the for aJld a{t opening should be
a' smaX a- possrble (ouo mm (21.6 ir)l s tlw minimum
value accordins to the OSTIV standards). Ihe front dis-
plays an angle of between 35 and 40 deSrees. Ihis shape
would only appearpossible for dre rear canopy ofa double
seaterbutimpractical f ora single

The third solution is a rear
hinge betw€en dre top of the
frame and ihe canopy. This
mat€sitpossibleford1ecanopy
to rotate with a nose up mo-
ment aftd the release. Such a
hinge can be realized as a clasp
(rigxre A. This solution was

5. JettisoninS with a hinge ar

Thes€ tests were carried out
at sp.€ds of between 75 km/h
(a0 kt) and 130 km/h (70 kt)
widr and widrout misiry.

With no raising of the front
part thc canopy rests on the fu

/\\ \\r

FTGURE 8. Automaiic jetisoning with rear hingc.
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FIGURE 9. Pitching momc'nt on a canopy as a function oI angle oI attack.

With a side slip angle the
canopy also roiates around
t]rc hinge widr the diffcLerce
that d]e flight path is now
displaced to ihe lce side.

This hinge produces an
ideal canopy fli8ht path with
a nose-up moment.

The nose up pitch.hg mo
ment durjry t\e tuee flight of
dre canopy was proven in a
ft,rher wind Lumel test (4.
The aerodyumic forccs and
dre momcnLs as well as the
aerodynamic coefficients
were measured as a function
oI the angle of a ttack. FiSure
9 shows tlle results of the
pitching momcnt. Ther€ is
only a srnall range between
25 and 50 degrees angle of
attack wifi a nose up mc>

the fuselage. Thc normal force now pulls the c;Lnopy
uprvards widr a slight nose up pit.hing moment. The
canopy passes fi e rudder ataheightof approximately4m
(13 ft). Thc time required for fie canopy to separate from
dre co&pit is approximately 0.,1 s. Therc is no isk of injuy
to the pilot.

FIGURE 10. Manual jettisoning with a hinge

ment. This is the an8le atwli.'h the hingc nustbe released
b produce a hjgh flight path wiih a nose up rotation
during jettisonnrg.
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5.2 Manual Jettisoning

T}Ie t€sts with *rc clasp were very encoura$rt and it
was decided to test some manual jettisoning with such a
clasp. Two handles were iruhlled on the left and right
frame in a good handLing position. Iour persons to{rk part
jn these tests at different speeds. During a[ tests no diffi
culties were experienced witl jettisoning. Figure 10 shows

The pilot pushs the canopy upwards and as soon as the
canopy rcaches an antle of approximately 25 degrees the
aerodlramic forces tear the canopy out of the lxcupant's
hands, the canopy rotates around the hinge, separates
from the fuselage and flies high above t]€ rudder. Aner0.4
s the cockpit is free for an emergency evjt.

A furdrer test was carried out to determine whetherany
difficulties can bc expected witl a neSative value of drc
angle of attack and to check fie for.e the pilot must
provide. The angle was adjusted to -10 degrees. L'r this
position fte normal force is much lower than dr weight.
It would appear tlEt fiere js no problem in jettisoning dre
cmopy. The pilot is able to raise the canopy with litde
effort. AJter raising it slighdy the ailsllram lifts the canopy
autonaticaly. In ftiscas€ the occupantne€ds two handlcs
on dre canopy frame to initiate raisinS.

6. Conclusion

It is clear that none of the existing m€rhanisffs in
today's Sliders Suarantee a problem-freejettisoning of the
canopy and drat there is a high risk of injury to the pilotby
the moving canopy. The main reason for this i.s the nose
down pitching and nose inwards yawing moment on the
canopy. Thjs is due to tlrc position of &e center ofprcssure
which is behnrd $e center of $avity. This Do6e down
moment can be transformed into a nose up pjtching mo-
mentby a rearhinge between dr top ofthe canopy and fte
tuselage. Ilris hinge can take dre form of a simple clasp. ln
such cases the hinge must be reieas€d at aJt angle of

approximat€ly 10 degrees between the canopy and ihe
cockpit. This simple improveme'nt means that afler the
releas€ fie canopy rotates wiih a nose up pitching mo
ment, separates quickly from ihe cockpii and passes high
above the rudder. There is no nsk of injuy to tlrc pibt.

An alltomatic jettisoning assumes a raising of dre front
pa!t. At low speeds and a low angle of attack ihe raising
does not nntiate the separation of L\e caropy. For this
reason thcre should bc two hanclles on fie right and lcft
6ame of the canopy which Lhe pilot cd use io ass;st
jettisoning. Thes€ handles should also be used to release
tl'e canopy. This is why there should be iwo handles h any
c.nopy jettisoning system.
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