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__ gitudinal axis on the CEM (Figure 1). Combined with
high speed deployment and the compartrr_nt orient_-

The pilot parachute system which extracts the Flll tion, the parachute system is vulnerable to the linesail ,
Crew Escape Module recovery parachute system must phenomenon and the results can be catastrophic. Un-
provide reasonable bag strip velocities throughout the der these conditions, deployment forces must be high
flight envelope (I0 psr to 300 psr). The pilot parachute enough to minimize linesaii, but still maintain rea..
system must,, therefore, have sufficient drag area at sonsble bag strip velocities, However, the same pilot
the lower dynamic pressures trod a reduced drag area parachute system must provide enough drag area at
at the high end of the flight envelope. The final de- low speeds to provide sufficient bag strip velocities to
sign that was developed was a dual parachute sys- rapidly deploy the main system. The requirements at
tem which consists of a 5-ft diameter guide surface the two extremes of the flight envelope nec_sitated
parachute tethered inside a 10-ft diameter fiat circu- the use of a variable drag area deployment device.
Inr parachute. The high drag area is sustained at the Hereafter, drag area will be simply referredto as drag.
low dynamic pressures by keeping both parachutes in-

tact. The drag area is reduced at the higher extreme Recovery System
by allowing the 10-ft parachute attachment to fail. Ejection
The discussions to follow describe in detail how the
system was developed, o_

S

A succemi'ul deployment of a parachute system

highly depends on the efficiency of the deployment _- j _'--,.-,,-J
device and/or method. There are several existing
methods and devices that may be considered for a de- - _ -
ployment system. For the Flll Crew Escape Module
(CEM), the recover)' parachute system deployment is
inititated by the firing of a catapult that ejects the Figure 1: Crew Escape Module at Zero Angle of At-
complete system from the CEM. At first motion of tack
the pack, a drogue gun is fired, which deploys the pilot

parachute system. The pilot parachute system then The variable drag problem was resolved with a dual
deploys the main parachute system, which consists parachute system. This system maintained the high
of a cluster of three 49-ft diameter parachutes. The drag when both parachutes remained intact. The low
design specifications of the CEM recovery parachute drag was achieved when the larger parachute's attacil-
system required successful operation of the parachute ments failed. This rekased the larger parachute and
system at dynamic pressures (Q) ranging from 10 psf drag was produced only by the smaller parachute.
to 300 psf. Wind tunnel drag data of the system and the indi-

The unconventional deployment of the F111 CEM vidual parachutes are presented in Table 1.
parar.hute system posed a challenge for the design and

development of the complete system [1]. Because of Table 1: Wind Tunnel Dra_ Data
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recovery system in the CEM, the system is deployed Q (psf)
at an angle of"attack under most conditions. The 5-ft Diameter 20 .....
compartment, is at 60 degrees with respect to the Ion- 10-ft Diameter 2
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_HUTE SY_J_M DESCRIPTION testa did not agree with previous tensile tests results.

The final pilot parachute system design consists of a The discrepancy between the steady-state and de-
S-ft diameter guide surface parachute tethered inside a ployment tests results may be explained by the me-
10-ft diameter flat circular parachute. The 10-ft diam- chanim and geometry of a steady-state _est versus a
eter flst-circu]at parachute (outer parachute) canopy dynamic deployment test. The conventionM ste_y-

has 12 goreswith5/16" x 800-1bKevlarsuspension statetestsubjectedthestitchpatterntoshearstress
lines.The canopy isNylon cloth,MIL-C-?020,1.I only(Figure3a). In b deployment _st,both shear

and tensileloadswere appliedo_lthe stitchpatternoz per squareyard. The 5-ftdiameterguidesur-

faceparachute(innerparachute)hasa 12-gorecanopy (Figure3b). Furtherinvestigationrevealedthatthe
stitchpatternwas asmuch as sn orderofmagnitudewithI"x 2400-IbKevlarsuspensionlines.The canopy

ismade ofMIL-C-7350,2.25ozpersquareyardNylon weakerintensionthaninshear.Ins deploymenttest,
cloth, theloopjointsfailedlargelydue totension,resulting

ina much lowerfailureload.By insertinga diamond

Drag was reducedby thefailureofthe 10-ftdiam- blockwithinthetestspecimen,thedynamicloadvec-

eterparachuteattachmentat an approximateloadof torwas modeled inthe steady-statetests(Figure4).

2500|bs(_'.21 G's).The pointoffailurewas atthe This setupprovidedmore reliableresultsas verified
loopjoints(sewnontothebridle)towhichthesuspen- by thedeploymenttests.

sionlineswereattached(Figure2).Failureoccurred

when the stitchpatternon theloopjointsyieldedto

thesuspensionlineloads.
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Figure 2: Loop Joint Bridle (a) (b)

LOO P Joint Description Figure3:Steady-state(a)and Deployment(b)'Tests
Load Vectors

The loopjointsystem isconstructedof a I" x

13500-IbKevlarbridlewith2-inchIot.)sateachend

havinga f>-inchstitchpattern.The loopjointsare
sewn to the bridlewith FF Nylon threadwith a 2- !

inchlong,3-pointstitchpatternwith9 stitchesper
inch.The desiredfailureloadcan alsobe obtained

with Kevlarthreadwith a differentpatternlength,

but Nylon threadprovidesa more consistentfailure.

A summary ofthestitchpatternstestedisincludedin

Table2. The geometryof thetwo parachutesdeter-

mined theloopjointlocationand thebridlelength.

Sincethethtr--pointstitchpatternhasbeen known

tofailinamore consistentmanner compared toother

patterns,itwas chosenforthisapplication.Loop

jointswithdifferentstitchpatternlengthsand threads !

werefirsttestedat steady-stateon a tensiletestma-
chine.Iftheaveragefailureloadwas within2500-i-50

Ibs,theselectedpatternwas thenimplementedinthe Figure4: ModifiedSteady-stateT__t
systemand consequentlysubjectedto a deployment

test. However, the process became a trim and error
approach because failure loads from the deployment



_..DESCPdpTIQ_ combined trajectory simulations of the rocket stage
and vehicle bee-flight. The simulations were obtained

The design was tested in two phas_ to verify that from the sL_-degree_of-freedom code, AMEER [3]. In
the requirements were met. The first phase was low Q addition to the main parachute high Q tests data, one
tests and the second w_s high Q t_ts. A different test test provided the confidence in the system's structural
method was employed for each of the test phases, but integrity at high speed deployments.
the sequence of events were the sin_ar. The terms low
and high Q will be used interchangeably with low and Test Equlpme__nt

hig_J speeds, respectively, to refer to the deployment
conditions.

Test Objectives and Meth_pds " //_- ....

The primary objective of the low Q te_ts was to _ ""
determine the transition point at which the stltch-
ings failed, releasing the 10-ft parachute. For the
low Q tests, the test unit ws_ released from a heli-
copter at a predetermined release condition, which
was obtained from the point rous trajectory sim-
ulation code, PBODY [2]. Simultaneously at re-
lease, a pin was pulled from the test unit, activat- Figure 6: T_st Unit Configuration
ing the time delay programmed into the onboard in- The pilot parachute sytem was deployed from a 9-
strumentation. A pyrotechnic cutter was then elec- inch diameter parachute test vehicle (Figure 6). The
trically fired when the time delay expired, initiating complete test unit weighed about 118 lbs, with the

the parachute system deployment sequence: a com- exception of the last two tests (22 psf and 41 psr) in
pressed spring was ejected, deploying a 2-ft guide sur- which the unit weighed 116 |bs. The total weight
face parachute which extracted the pilot parachute of the test unit simulated the weight of the main
system (Figure 5). This canopy-first deployment slm- parachute pack. Simulated trajectories showed that
ulated the deployment from the main parachute for the two-pound difference did not have significant ef-the CEM.
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Figure 5: Deployment Sequence
2

The purpose of the high Q tests was to verify the fects on the results. The onboard instrumentation,
structural integrity of the pilot parachute system, depicted in Figure 6, was the Stored Data Acquisi-

: This required l_unching the test unit with an HVAR tion System (SDACS) [4] which recorded deceleration
rocket to achieve the higher dynamic pressure,s of the and _tivated the deployment mechanism. Three ac-

flight envdope. After rocket burnout, drag plates at- celerometers within the SDACS unit measured the
tached to the rocket (Figure 7) forced separation from three compoltents of deceleration in G's.
the test vehicle. The sequence of events alter sep-
aration (free-flight) was similar to that in the drop
tests, except the pin was pulled prior to rocket ig-
nition. Parachute deployment was determined from
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i .... Plates T Test
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Figure 7: Rocket Test Setup Sideview and Endview

DATA ACQUISITION AND REDUCTION eration other than what was recorded may have been
mined. With that premise, it is entirely possible that

The SDACS was the primary source of raw data. the peak load for the 22 psf test may be higher than
The maximum loads were computed from the SDACS 1181 lbs.
data by multiplying the deceleration magnitude by
the test unit weight. Trajectory data were also pro- Typical SDACS data plots are shown in Figures 8
vided by a laser tracker, but reduction of the data and 9. Figure 8 shows the load history when the outer
to obtain the loads (dynamic pressure multiplied by parachute remains intact while Figure 9 presents the
the steady state drag area) was not as accurate as load history when the outer parachute fails. In Fig-
the SDACS because of the uncertainties in the effec- ure 8, the first peak is at line stretch and the second
tire drag area and inaccuracies in computing the dy- peak is at full canopy inflation of the outer parachute.
humic pressure. The laser tracker data reduction had 'The magnitude of the second peak was taken as the
the added error associated with differentiation while maximum load listed in Table 2.
the SDACS data did not. In addition to numerical

data, photometric coverage was also provided for vi- Table 2: Test program Data Summary .....
sual evaluations. Stitch Pattern Computed Max Load Joint

. _ _ Q(psf).._ (Ibs) Failure
T_E._T R_SULT_ 2", 3-pti 18 806 No

9 api, E Kevlar 39 1789 Yes
A summary of the flight test program results is 43 2400 Yes

shown in Table 2. With respect to the dynamic pres- 57 1907 Yes
sure,the loadsappearinconsistentinsome cases. 79 2133 Yes

There are several possible reasons for the discrepan- 2 3/4", 3-pt, 33 1778 Yes
cies.One explanationmay be attributedto theun- 9 api,E Kevlar 35 2275 Yes
certaintiesassociatedwithdynamicpressurecalcula, 51 2358 Yes

tions.Winds could,_otbemeasuredthroughoutany 2",3-pt, 20 1825 No
ofthetrajectoriessothevelocityprofilewaswithre- 9 api,FF Nylon 22 1181 No
specttosl_,illair.The absenceofwindsinthedynamic 39 3145 Yes
pressurecomputationsbecomesadditionalerror,since 41 3305 Yes

Q is a fur,tction of velocity squared. Typical deploy- 242 4681 Yes
meritaltitudeswerebetween1200to 1500AGL and
windswerecommon agthetestareaatthesealtitudes.

One m_t alsoconsidertheinherentvariablesina The firsttwopeaksinFigure9 havethesame in-

canopy-firstdeployment.Theseultimatelyaffectthe terpretationasinthepreviousfigure.The thirdpeak
stitchingsand theloads.Considerthelikelihoodof indicatesfullinflationof theinnerparachute.Al-
s non-uniformcanopyinflation.Thisproducesan thoughthe10-ftdiameterparachutewas "released",

itwas stillattachedtothesystematthevent.Theasymmetricloadingon thesuspensionlinesand on
thetwoloopjoints'stitchings.Additionally,thevari- parachutewasthenallowedto0utterbehindthe5-ft

diameterparachute.The flagdragcouldhavecon-abilityinthesewnloopjointscannotbeoverlookedas
a sourceofwhat appeartobe anomaliesinthedata. tributcdtothedragfluctuationthatoccursafterthe

thirdpeak.
The measuredloadsatthe20psfand22psftestsfor

thefinalloopjointdesignarenotconsistent,perhaps
becauseofreasonsexplainedearlier,ltisconceivable
that,evenwiths 400Hz samplingrate,s peakdecel-

4



Test data for the final design provide evidence that
the main objective of the low Q tests has been sat-
isfied. Figure 10 indicates that the desired 2500 lb
failure load will occur at a dynamic pressure between _rsoo..... ,..... .-..• ............,_ - -*-_ -,_ '-- -
20 psr and 40 psf. The actual Q at which the loop [-'_'_
joints fail will vary between these two conditions due I " s,,_s, F_ I

---- ii
However,a linear approximation of the data indicates
that failure will occur at about 32 psf. _

._ONCLUSIONS
....

Developing a variable drag device was not an easy
task, but the efforts proved to be worthwhile with the
dual parachute system. At low Q, the dual parachute _¢0 ..........

geometry provides th_ necessary high drag profile to i • :
deploy the main system rapidly. At the other extreme,
the outer parachute is released, leaving only the guide moo _ _ ' ...., ::L_ ' ..... " - _ • -0 lO _0 _ 40 50

surface parachute to exert the drag. With a lower Dyrmn__ossure qDsO
drag at high speeds, bag strip velocities are kept to
reasonable levels, minimizing lines_,il. As the data can Figure 10: Loop _loint Transition Point
attest, the dual pilot parachute system has proven to
be a viable variable drag device to deploy the Flll
CEM recovery parachute system.
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