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ABSTRACT

Four RBLDT flights were conducted during the summer of 1972 over
? the White bnnds Misslle Range. The purpose of these tests was 6o
qualify the Viking parachule systom bohind the full-cenle Viking

] Eutry Vehiele over the maximum range of entry conditionn wnticipoted
in the Viking '(5 soft landing on Mars., ''est concorns cenboped on
the ability of the minimum weight parachute system to operate without
fabric dumage in the wake of the blunt-body entry vehicle.

This is the first known instance of purachute operation at supersonic

speeds in the wake of such a lurge blunt body. 'The flight tests

utilized the largest successful balloon-puayload weight combination

known Lo recach the earth's upper atmosphere where a varying number of

rocket engines were cmployed to boost the test vehicle to speeds and

dynamic pressures simulating the range of condilions on Murs. ,
This report presents a summary of the test scries. Test conditions ‘

ranged from a Mach number of 2.0 to 0.5 and dynamic pressure from 11.7

to h.h psf. This range of conditions covers the wncertainty in entry "

conditions ot Mars due to atmospheric and entry performance uncertainties.
; : The report emphasizes parachute performance and simulated Marg entry
: vehicle motions as influenced by the parachute performance. Conclusions

are presented regarding the ability of the parachute to perform within

eyt A

‘” the operational parameters required for a successful soft Martian landing.
A iist of references which covers all reports in the qualification test

program is included.,

; Jar~s L. Rapcer

- .
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T, INTRODUCTION

The puxpose of thia repork is to gummarize the results of qualifi-
cation flight tests of the Viking deaelerator system which were eonducted
as the Balloon Launched Decclerator Test (B1.DT) program at the White Sonds
Missile Range (WSMR) in the summaer of 1972. The_prime ebjective of these
tosts . was to verify the sutisfactory operat:on and performance of the
full-scale Viking decclerator in a simulated Mars environment and in the
wake of a full-sized Viking entry vehicle. 1In order to provide the velo-
city/atmospheric demsity equivalent of the Mars parachute deployment con-
ditions, the BLDY vehicle was 1ifted to approximately 120,000 feet in the
Earth. atmosphure beneath a large balloon system. The BLDT vehicle was
similar in size and shape to the Viking entry vehicle. Once at the proper
altitude over the White Sands Missile Range, the BLDT vehicle was boosted
by rocke: motors to the proper test conditions of Mach number and dynamic
pressure.

Three tcat points were originally gelected to bracket the range of
possible Mars deployment conditions. Test number 1 (vehicle degignation
AV-1) was to demonstrate performance and structural integrity at deployment
conditions that were in excess of the maxiwmum Mars e¢ffective dynamic pres-
gure and in exccss of Mach number cqual to 2.0. The first test velifcle
overshot its intended deployment dynawmic pressure by about 23 percent
because of vehicle damage incurred during launch. Although the pérachute
was deployed successfully, damage was sugtained in two of the gores. The
test was subsequently ruled a Mno-test” with {ts objectives reassigned to

a fourth test vehicle (AV-4).

O N
ey
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Teat: Namber 2 (AV-2) win to demonstrate performance ar deployment
conditiong in the trousonde region and at a dynamie preaaure lower than

eould bhe experienced on Mara,

Test Numbey 3 (AV-3) was to demonstrate performance at deplovment con-

ditiona reprenenting n velocity that 15 leas than the Mars envelope and a
nominal dynamic pressure.

The four tests were conducted on the dates shown below. Detailed
reports on each of thesc test flights have been published and are
referenced.  The readey who is interested in more specific information on
the -launch operations, thoe BLDT vehicle desigh and its instrumentation aund
operational procedures used durin, the flight is referred to these refoer-

)

cnee reports:

Flight Date Reference Report
Av-1 July 11, 1972 TR-3720289
AV-2 July 26, 1972 TR-3720291
AV-3 August 19, 1972 TR-3720293
AV-4 August 13, 1972 TR-3720295

This repovt will limit itself to a review of the decelerator perform-
ance for the four test flights and will attewpt to summarize the status of

parachute qualification for the Mars mission.

,k’,\. -
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1T, VIRING DECELERATOR SYSTEM

parachute with dimensions and general arrangement shown in Fipure )

Phe parachute ta fabricated entirely of Daeron Type %2 exeept for the
three=Tegged bridle which uaes a special Goodyear proprietary fibor.  The
band cloth material iu a 1.53 oz/sq yd vipestop material having o minimum
gpecified strength of 60 Ib/iu. ‘The disk cloth is a 2.25 oz/sq yd rip=stop
material having o minimum gpecified strength of 104 Lbg/in.  The minimum
gpecificd strength of the radial tapes, circumferentisl tapes and suspen-
sion lines arve 900 pounds, 1800 pounds and 880 pounds respoctively. The
above purachute strength numbers corrvectly reflect a change made during
development to fmprove the gtructural integrity of the canopy. The BLDT
AV-2 and AV-4 flight test reports crroncously reported the former develop-
ment strength values.

The parachute is packed in a deployment bag to a density of 43 1bs/
ft3 and stored in 4 mortar can aboard the BLDT vehicle in much the same
mamner as the Viking System, At mortar fire, the deployment bag is ejected
straight back by a mortar whose reaction force is nominally oriented through
the velicle co.gge A breakdown of the ejected weight is scen dn Figure 2 to
total 97 ibs. The relative veloeity fmparted to the deployment bag 1s
expected from pround wortar test expericence to be 112 4+ 3 FPS,

Additional geometric data on the parachute are tabulated in Table 1,

L2
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TABILE 1

PARACHIVIT, GUOMITRTC PROPERTIES

Atewm Relutive Value
Nowminual diameter !a‘
vooaetrle porosity® 0.12) S”
Total arca (SO)W* (w/a) l)n2
Disk arcat 0.53 S,
Disk diameter 0.720 Dn
Digk circumferoncy 2,285 Dn
GAY udrea 0.12 SD
SAP. width 0.042 Dy
Band areca 0.35 Sn
Band width 0.121 D0
Vent area 0.00Y Sn
Vent diameter 0.)/ Dn
Number of suspengion linesy .-

Length of sugpension lines 1.7 DU

* Ven€ plus pgap provide 12.5 percent geowmetyic porosity
*% Disk + gap + band

4 Includes vent

Virlne

5% toeuot

276 ftg

2200.2 1%
1169.3 (2
8.5 1t
121 £t
264.7 ftz
2.2 ft.
772.2 £

6.4 't

2

11.0 1t
3.7 tt
48

90 ft

4
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TIE. CEST SYSTEM DESCRIPTION

The desired test conddtions of dynamic pressure and Mach numher ox
velocity ocecur at Rarth aluitudes in the 140,000 oot altitude range. A
combinatior of ballcons and rockets, similar to that utilized for the PEPP
tests (Reference 6) were employed to reach the desired test altitude for
each test. TFour tests were conducted, two at supersonic conditions and onc
each at transonic and subsonic conditions. The supersonic and transonic
tests required propulsion units built into the test vehicle to reach the
desired Mach number., The typical powered flight mission sequence is shown
in Figure 3. The subsonic test did not nced propulsion units, but involved
simply a free fall drop from the balloon.

The test vehicle (Figures 4 and 5) was physically similar to the Viking
entry vehicle except for the protruding rocket motor nozzles required on the
powered vehicles. The test vehicle weighed approximately 1890 1bs at decelera-
tor deployment on cach of the flights. On-board instrumentation included
forward and aft looking cameras, bridle lep tunsiometers, rate gyros and
accelerometers. More detailed information on the test system, test system

performance and test operations is included in References 2 through 5.
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IV,  MARS QUALLFEICAVION

A, Test Point Seleetion

The BLDY test points will braecket the range of possible Mars deploy~
ment conditions as indicated in Figure 6,

Test Vehicle AV-1 will demonstrate pexr formance and structural inte-
grity at deployment conditions that are in excess of the maximum Marvs
effective design dynamic pressure and in excess of Mach 2.0 as in Figure
7.

rest Vehicle AV-2 will demonstrate performance at deployment condi-
tions in the tranmsonir region and at a dynamic pressure lower than the
lowest dynamic pressure shown for Mars in Figure 8,

Test Vehicle AV-3 will demonstrate performance at deployment condi-
tions representing a velocity that is less than the Mars envelope shown
in Figure 9,

Test Vehicle AV-4 is a re-f'ight of the maximum Mach and dvnamic

pressure objectives of AV-1 except that it reflects revised Mars peak

load envelope conditions of Figure 10 which were changed as a result of

Mariner 9 Mars atmosphere estimates.

B. General Parachute Performance Objectives

The general qualification ohjectives of all the BLDT flights are:

1. Verify that the mortar provides sufficient velecity to support
full deployment of the parachute.

2. Verify that ejection from mortar fire through line stretch, bag
strip and initial full inflation is relatively smooth and frec

of canopy "dumps" or other discontinuities.
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3, Verify rhat canopy maintaing a relatively stahle drag shape aftey
tnltial nflation and canopy arvea asedllation phase ia aver.

4. Verify that sufflcient drag por formanee is produced to support
Viking mission requirements of terminal velocity and acroshell
separation. The drag coef{iciont produced by the parachute in the
presence of the forebody should be within the envelope of CD versus
Mach number as defined in Figure 11, This reauirement refers to
quasi~steady state drag and does not apply to the highly dynanic
pulsations that occur during the parachute opening process.

5. pemonstrate that the parachute has an adequate structural margin to
sustain maximum opening loads for the Viking mission and maintain
an essentially damage free condition through the deceleration phase.

6. Vchicle oscillations shall be less than or equal to #25 degrees
amplitude in quasi-steady state Aescent with no wind when analy-
tically extrapolated to Mars conditions.

7. Vehicle attitude rates shall be less than or equal to 30 degrees/
second in quasi-steady state descent with no wind when analytically

extrapolated to Mars conditions.

¢. lLoads Criteria

The critical load test for the parachute is the supersonic case and the
objective for this test is to obtain peak load conditions that fall within the
Mach number and dynamic pressure envelope defined in Figures 7 and 10, T
establishing these load limits, the effective design dynamic pressure for
BLDT is adjusted downward to compensate for {ncreased aerodynomic heating
and load amplification effects and adjusted upward for the abgence of intev-

planectary cruise degradation, ‘These adjustments are made to compengate Lo
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relotive ehangen in the parachute structural eapahilivy hetween BLDT and

Marn as follown:

q [mnr] = @ o« @ Y - () o [Mars deatgn limic)
where:

W = Margin of overtest = 1.3 max,

X = Acrodynamic heating factor = .985

Y = Amplification Kffect = .95

7 = Intcrplanetary Cruise Degradation = 1.03

--
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V. PARACHUIE DECLOYMENT COMDITIONS

Parachute deplayment condiclong on the RLOT flightn differ from the
Viking condicionn dn peveral fmportant reapectn. The BLDT vehiele had to
accopt the conidual erfeetn of a powered f1ight phane which ineluded gpin-
up, despin and main enging thrugt tail=off,  Sceondly, the BLDT vehiele,
unlike the Viking entry vehicle, did not have un active attitude eontrol
gygtem and could not control attltude raten or ungles of ottuack and side-
glip at deployment,

The primary purpose ol cach BLDT vohicle was to achieve pavachute
deployment conditions which fell within the desired qualification envelopes
diseussed in Section IV. This way accomplished for cach test condition by
gelecting the proper drop attitude from the balloon, choosing the number
and type of rocket wotors for the desired thrust send firving the mortar
either by ground command or by airborne timer. Within these design cone
gstraints the actual deployment conoitions were further influenced by
numerous flight performance digpersions which were to some degree pre-
dictable but had to be controlled as tipghtly s possible.

A summary of actual parachute d.plcyment conditions achieved on each

of the BLDT flights is prescuted in Table 2.

I
4
§
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TABLE 2
BLDT PARACHUTE DEPLOYMENT CONDITIONS
- Av-l AV-2 AV-3 AV-4
- Mach Number 2.18 1.133 47 2.126
? Dynamic Pressure, psf 14.63 5.00 6.9 10.90
) - Velocity, FPS 2314 1194 464 2290
_1* Axial Acceleration, G's - 1.18 - .40 - .34 - .93
,4’ Altitude, Feet 142025 135368 87027 147186
Angle of Attack, degrees - 12 5.4 3.5 - 4.1
1T Angle of Sideslip, degrees - 2 - 4.9 - 4.5 - 3.1 E
_}: * '} N Total Angle of Attack, degrees 13 7.28 5.7 5.2 , tlﬂ
i parachute Temperature, °F 50 47 26 46 g
Residual Spin Rate, deg/sec - 26 - 62 - .5 - 3 ‘i
Pitch Rate, deg/sec 2 13 2.1 - 14 ‘
» Yaw Rate, deg/see - 3 3 - 5.8 4
A Trim Angle of Attack, degrecs - 8.5 - 3.7 - 4.3 - 9.
’ 5 Deviation from Trim, degrees 4. 10.4 9.1 6. |
(I |
' i
L ¥
o
§ 1
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The actual deployment conditions are compared to the qualification
envelopes in Figuree 7, 8, 9 and 10. FExamination of these figures reveals ?
that with the excepttoh of AV-1 which was subsequently ruled a "no test", i
all flight test peak load points fell within the desired qualification i
envelopes. In some cases, such as AV-3 (Figure 9),deviation in the planned
drop altitude accounted for much of the difference between targeted and f
actual deployment conditions. An overview of all the test points plotted
with relation to the latest Mars euwvelope i Figure 6 shows that the dece-
lerator has truly been tested at conditions thot encompass upper and lower
1imits of Mach number and dynamic pressure.

i-il A review of some of the other deployment conditions from Table 2
‘ reveals additional qualification data. The maximum BLDT total angle of S o
;o attack of 13 degrees compares favorably with the Mars nominal trim con-

dition of 11.9 degrees at Mach 2.0. Stowed parachute temperature condi-

tions on all flights were lower than the 5C°F requirement to limit aerodynamic

heat degradation of the canopy at the higher Mach number conditions.

The attitudes and attitude rates for BLDT are indicative of vehicle
dynamic motions which are significantly higher than what is expected on

Mars. An indication of how far each vehicle was away from its trim condi-

tion at depleyment is obtained by computing the vector difference between

total angle of attack at deployment and at aerodynamic trim. This vecter

difference, shown as deviation from trim in Table 2 was as high as 10.4

R et e

degrees on BLDT whereas the Viking vehicle oscillation about trim is expec-
ted to be #3 degrees (Reference 17), Attitude rates as high as 14 degrees/
second on BLDT compare with Viking rates that arc controlled by an attitude

R control system to approximately 1 degree/sccond,
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VI. MORTAR PERFORMANCE

The minimum.mortar velocity required for the Viking decelerator was

established by requiring a positive velocity margin of at least 5 FPS at

bag strip under the most adverse deployment conditions. The Viking entry

wehicle is decelerating at 23 ft/sec2 in the worst case at parachute deploy-

ment.

Additional assumptions used in establishing a minimum mortar

velocity are:

1'

2.

5.

The maximum ejected weight is 100 1bs.

The deployment bag drag is zero during canopy and line strip. This
assumption more than adequately accounts for dynamic pressure degrad-
ation behind the blunt aeroshell.

Line stripping friction is assumed to be a constant value of 2 lbs.
(Ref. 8).

Canopy stripping friction is assumed to be a constant value of 6

lbs. (Ref. 8)

A 2-body ejection simulation method (Ref. 9) is used which considers
varieble mass distribution and momentum exchange between deployment

bag and lander.

The minimum Viking mortar performance defined by the above conditions

{s 94 ¥PS (Ref. 7). On the supersonic BLDT flight tests (AV-1 and AV-4)

where a 1.3 overload in dynamic pressure is targeted, the increased BLDT

decelerdation adds approximately 10 FPS to the mortar velocity requirement

for equivalence between BLDT and Viking during the bag strip process. A

e
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!‘ mortar design was chosen which had the additional margin of ejection ¥
velocity to make it suitable for both BLDT and Viking. Mortar development
tests (Ref. 8) conducted in a chamber where altitude and temperature could
be simulated showed a mean mortar velocity of 110.6 FPS with a standard
deviation of 4,42 FFS.

- Actual BLDT mortar pérformance is evaluated by observing the bag

stripping process from on-board cameras. When the suspension lines are

é*'H fully payed out of the deployment bag, line stretch occurs and the canopy

starts emerging from the bag. This eveat causes an identifiable spike

to occur on the telemetered tensiometer loads and can readily be identified

on the on-board film. The time from mortar fire to line stretch is there-

il

gh  ¢ fore accurately determined. The actual distance the deployment bag must
travel for the suspension lines to be pulled from the bag is defined by

the length of the lines themselves. For most of the low dynamic pressure

iee
e et n T T (2
4

E
!
t
applications that are typical of the Mars deployment, the lines may be w
{
i

assumed to follow a straight line between lander and the bag. For higher

r e —

,; : dynamic pressure and angle of attack conditions such as were experienced p
on AV-1, a line bowing correction was applied to account for the aerodynamic
b § influence on the lines. By simulating the mortar firing process with com-

wx% plete aerodynamic forces and momentum exchange between the forebody and J
; the deployment bag, a mortar velocity can be deduced. A summary of the {
mortar performance determined from a review of the flight data and simula-

tion is presented in Table 3.

- - e e - o ' e | R e S Lo "‘""W—”—"’“
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TABLE 3

BLDT MORTAR PERFORMANCE

AV-1 Av-2 AV-3 AV-4

Mortar Velocity, FPS 112 106.5 106 114.2
Time to Line Stretch, Sec. 1.03 1.015 1.02 .99 E
Relative Velocity at Line Stretch 72 92.6 91.8 86.4
Time to Bag 8trip, Sec. 1.40 1.31 1.32 1.30
Relative Velocity at Bag Strip 71.5 83.9 84.3 83.6

All the BLDT flight mortar velocities exceed the minimum Viking
,i requirement of 94 FPS and show a substantial relative velocity remaining
%E ; at bag strip to assure positive bag strip. There appears to be a fair
amount of variation in mortar velocity from flight to flight. If we com-
bine all the ground and flight mortar data of a common design, the mean
mortar velocity ls 110 FPS with a standard deviation of 4.0 FPS. The

chance of the mortar velocity being as low as 94 is seen to be extremely

Ty
gL e i oo

remote.

‘2
g
:
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¢
s
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VII. PARACHUTE INFLATION CHARACTERISTICS

The on-bBoard Milliken and Photosonics aft-viewing camera films were

examined in detail to establish event times and to document the character
of the parachute inflation., Filling times from either line stretch or

= bag strip are summarized in Table 4.

Table 4

Parachute Inflation Characteristics

AV-1 AV-2 AV-3 AV-4
Filling Time from Line Stretch, sec. .56 .64 .81 56

Filling Time from Bag Strip, sec. .25 .35 .52 312 )

Vehicle Velocity at Line Stretch, fps 2250 1160 459 2245

H
Vehicle Velocity at Bag Strip, fps 2218 1150 458 2235 ;
't

The £illing times for the BLDT flights are plotted in Figure 12 along ?

with flight test data from the low altitude bomb drop development tests ' )

and Planetary Entry Parachute Program (PEPP) results (Reference 10). The

data which uses bag strip as a zero reference more nearly reflects classi-
cal filling time since less than 10 percent {nflation occurs before bag
strip. The handbook design £111ing timc equation for parachutes with
inherent geometric porosity (tgy = .65 - A(;- Do/V - Reference 11) agrees

reasonably well with the Viking parachute test data in Figure 12, The

envelope of test data thus established provides good assurdnce that large

uncertainties in filling time are unlikely.
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The growth of the canopy from line stretch was obtained by integrating
the projected area images from the Milliken camera, A canopy growth para-
meter curve of normalized area versus time for each parachute test is
includeé in Figure 13. The projected arca at any time is divided by the

projected area in the final seconds of airborne film coverage (50 scconds

after mortar fire). The time scale is normalized by the total filling €time.
C-mparison of the BLDT canopy growth curves shows them all to be well be-

haved and vecy similar. The curve for AV-1, as might be expected, showed

the effect of a damaged canopy by deviating most significantly from the
U others. That part of the inflation curve from bag strip to full open is

geen to be approximated very closely by a cubic function of time.

After first full inflation the canopy typically goes through a short
oo period of unstable inflation shown in Figure 14, The BLDT canopy behavior

is very similar to that shown on previous Disk-Gap-Band tests in the PEPP ;

578
J

geries, and like PEPP showed increased {nstability at the supersonic

)

deployment conditions. Two dips in projected area, one at 2.0 seconds on A

if AV-2 and another at 2.5 seconds on AV-4 are more pronounced than previously
seen on PEPP. These appear to be caused by the canopy moving across the
wake of the blunt forebody which unlike PEPP remained in place after para-
c hute deployment. After the short period of area oscillations shown in
Figure 14, the canopy achieved steady inflation and remained stable

thereafter. No correction has been applied to the parachute projected area

ratio to account for variation in the canopy image plane under changing load

1 conditions.
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VIIT, OPENING LOAD AND PREDTCTION METHODS

Opening, load prediction han made rapid atrides in recent yeard with
the aid of high speed digital computers. The work of Heinrieh (Roferenee
12), Beradt and DeWecse (Reference 13) and Toni (Referecnee 14) have con-
tributed notably towards an understanding of the parachute opening load
problem. 1In spite of all this progrves, opening load prediction is still
very difficult becausec the non-rigid structure is made of textiles with
complex visco-clastic propertics. General practice has been to verify the
analytical predictions with load factors determined from full scale tests.
The Viking problem, howuver, involves an atmosphere which we cannot simn-
late very well herc on Earth., We ave dependent therefore upen our simula-
tion tools for Mars opening load predictiom. Part of the qualifieuntion
process, then, is tu compare our predicted opening loads with the actual
BLDT results and from this comparison to make an assessment of how well
we can predict Mars opening loads.

Although it is beyond the scope of this discussion to go into the
detalls of our opening load prediction methods, a few points can be made.
The methods used represent the joint efforts of Goodyear Acrospace (GAC).
Langley Research Center (LRC) and Martin Marietta Corporation and therefore
consider most of the usual state-of=-the-art features. Of particular con-
cern on the Viking application are the blunt forcbody effects on the para-
chute drag coefficient. Wind tunnel data (Reference 15) shown in Figure
15 show a dramatic difference between chute alome drag and dfap in
the wake of the Viking lander. The difference has been attributed to

mutual interference effects between parachute and forebody. For the

purpose of opening load determination, the chute alone data has been

PR R
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used on the asenmption that interfereneo drng losnen take a finite length
of time to bo established after firot tnflation, The ansumed valuo of
drag cocfficlent uped in load pe-diction may, of course, ba rvoviewed to
incorporate BLDT tooc resulte,

Load/elongation testing of the Dacron 52 suspengion line material
has revealed some interesting properties, Firet, stress/strain curve
non-linearities have led us to imclude these effects in our simulation
model rather than using a simple spring constant, Sccondly, teating of
the suspension lines at different load onsct rates hag revealed a strong
sensitivity to this effect. The lower load/clongaiien curve in Figure
16 wag obtained where the strain rate was 1.67 percemt per sccond,

The upper curve was gonerated by a strain rate of 100 percent per sccond.
1t became apparent that the difference between the upper and lower curve
simply reflected viscous damping and could be related to the relative
velocity between lander and parachute during the inflation process.
Another interesting property of textiles is the change in apparent elas-
tic properties after peak load during the unloading cycle as noted in
Figure 16. This hysteresis effect is time dependent and resulus in per-
nanent deformation when the load is removed.

The . parachute opening loads experienced on ELDT are recorded by ten-
siometers in caeh of the three pridle legs and by on-board accelerometers.
The tensiometers are summed directly to obtain the total parachute load
whereas the accelerometer readings {nclude aeroshell drag which must be
subtracted out to obtain parachute loads. The conditions at peak load

are summarized in Table 5.
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Table 5

BRLDT PEAK LOAD CONDITIONS

AN-1 A2 AV=3 AVeh

Maech Number 1.91 1,06 46 1.89
Dynamie Pressure, psf 11.60 4,55 7.18 8,50
Peak Axial Acecleration, G'o ©11,2  =5,62 -7,86 =9.728
Peak Load (Tcusiometer), 1bs. 17393 9009 12906 16196
Peak Load (Acevloeromoter), 1lbe. 18260 9408 13400 16050
Preticted Load for above condi- 19500 7029 12558 17123
tions, 1bs,

Effective Drag Coefficlent, F/4qS 717 .897 .815 .863
Filling Time frem Line Stretch, sec .56 . 64 .81 .56

One must keap in mind that the opening loads recorded by the ten-
siometers or the accelerometers can be in error by as much as 5 percent.
A comparison of the actual versus predicted load data in Figure 17
ghows the in-flight measurements, however, agreeing reasonably well vith
cach other. The predicted loads, on the other hand, seem to show a
systematic error band which underpredicts at lew load and overpredicts
at high loads, This is a more desirable situation than the other way
around and may simply reflect unduc conservatism that creeps into worst
case analyses, There are several other possible explanations, however,
that scem more likely., The phase relationship between load application
and the natural frequency of the system may be different in reality than
{n the medel. This is the old problem that shows up occasionally oven
in two tests at identical dynamic pressurc because no two inflations are

the samc dynamically. Another explanation for the error band way lie in
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our aspumed lond/elongation and damping propercies ahown in Flgure 16,
This 16 ougpeated by tha ahape of hath the actual and predicted load
cugves in Figure 17, Noto the upper Bend in the eurven appears at a
single linc load tevel of 330 ibs, which io whore ehe 100 percont nerain
ratc curve bonds alse. Imdeed, if we plot the olastie portien of the
opening load from our oimulation in Figure 17 it rceombles the shape ef
the actual load more elosely than the simulation total load which in-
cludos damping. This may imply that the shape of our assumed damping
curve i8 in cveor. This last cxplanation secms to be the most reason=
able and suggests an adjustment of our medel to more nearly agree with
BLDT results.

Fven with no modification to our load prediction model, the BLDT
results imply that we will certainly be able to predict the Mars opening
load for a given set of conditions to within 42000 lbs. At the Mars
maximum predicted load level of 13500 1bs,.,the uncertainty in load
prediction will be closer te +1000 lbs. and we will more likely over-
predict than underpredict.

Since the character of an opening load curve {s often of interest,
the BLDT opening load curves are presented in Figures 18, 19 and 20,

One of thc benefits of having individual load cells at cach of three
bridle legs, is the ability to determine the pull angle that the parachute
load makes with the longitudinal axis of the vehicle. The valuc moat sig-
nificant for structural design purposes is the pull angle value occurring at
peak load. This value was amazingly consistent on BLDT in spite of the wide
variety of deployment conditioens. The four flight values were 3.0 (AV=1),

3,0 (AV-2), 3.5 (AV=3), and 3,2 (AV-4) for an average of 3.17 degrees.
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IX. PARACHUTE AND VEWICLE STABLLITY

One of the concerns of the decelerator qualification process is the
determination of attitudes and attitude rates induced into the lander by the
parachute., The following specification from Reference 16 applies to the Mars
application:

"Combined parachute/Viking Lander body response shall be
such that lander attitude excursions shall not exceed 5 degrees
from a no-gust trajectory and attitude rates shall not exceed 100
degrees /second with an oscillatory frequency of not less than 1,75
cps at opening shock with requirements decreasing linearly to +25
degrees and 30 degrees/second by six seconds after mortar fire (4
seconds after parachute full open) and remaining within these latter
bounds until terminal engine ignition."

As_stated in Section IV, the object of the qualification procedure is
to assess these parameters on BLDT and analytically extrapolate them to Mare

conditions. The BLDT AV-4 attitude rates from on-board rate gyros in pitch,

yaw and roll are shown in Figure 21, At opening shock, the peak attitude
“““ rate is 110 degrees/second at a frequency of 2,2 cps. The peculiar beating
characteristic in pitch and yaw is simply the projection on the itch and
yaw axis of a rolling vehicle of an attitude transient that is initially
occurring in a specific plane. The other three BLDT flights had attitude

transient respomse very similar in frequency, damping and general character

e s e e an W5 W S it M,

to that shown for AV-4, Because of the differing load énd initial conditions

et oo

on the other flights, however, the peak attitude rates in degrees/second were
148 (AV-1), 90 (AV-2) and 120,
In order to have confidence in the analyticel extrapolation to Mars

process, we first must demonstrate confidence in our ability to simulate
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the BLDT flight results., To achicve good dynamic gimulation, the paraehute
aerodynamic moment coefficient between static trim points had to be roduced
to zero and a fictitious pin-connected riser had to be inserted between the
bridle and the parachute suspension line apex. Both of these changes allow
less constraining influence on the lander by the parachute. The pitch and
yaw attitude rates for AV-4 gencrated by simulation are shown in Figure 22.
Very good agreement with the BLDT results in Figure 21 is achieved except
at the peak pitch rate point where the error is as high as 35 degrees/second.
The diffcrences in peak rates as time progresses gets smaller until the dif-
ference practically disappears. The extrapolation process can proceed, how-
ever, with this error tolerance in mind.

The BLDT.vehicle was aerodynamically similar to the Viking lander, but

had different physical properties as indicated in Table 6,

Table 6

PHYSICAL PROPERTY COMPARISON

BLDT AV-4 Viking Lander
Weight - 1bs 1890 1960.6
C. G. offset - Z inches 1.41 1.83
Moment of Inertia - slug-ftz, X 437/262 537/333
(Before/after aeroshell Y 335/227 285/154
separation) 7z 322/214 345/246

Another difference is the fact that the Viking lander has an active
attitude control system with 40 ft-1bs torque and capable of controlling
the vehicle at deployment to within #3 degrees of aerodynamic trim in the
presence of wind gusts (Reference 17).

The Mars maximum load case (Mach 1.9 deployment) and the mean deploy-

ment have been simulated in detail (Reference 18). The tesults show the

i
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zj -l" Viking maximum atti, .de ratea to be emaller than the BLDT peak rates
largoly baecause of the lower loads, slower f111ling time, and eoffeet of r
the attitude control aystem in controlling doployment conditions and pro-

viding rate damping thereafter. A revicw of the BLDT deployment conditions

i
!
1
1

{n Table 2 ehow that none of the variables in the Table have a good cor-
relation with the variation in peak attitude rates. First peak load, how-

ever, shows a strong correlation with the peak rates in Figure 23. The

Mars peak rates and loads from simulation are plotted in the same figure and

show a consistent trend, By adding an error band of uncertainty associated

with our simulation, a peak attitude rate line for Mars extrapolated eondi-
;% tions is genarated. If we attaech a 1000 1b uncertainty to the maximum pre-
% : : dicted Mars opeaing of 13500 lbs., we observe an extrapolated peak rate

hl iy of 100 degrees/second which is in agreement with the parachute specifica-

' %% . tion (Reference 16).

?i The Mars and BLDT simulations both show attitude excursions and rates f
Eﬁé ;é less than 25 degreas and 30 degrees/second during steady state descent and
while experiencing wind gust conditions, BLDT attitude oscillations during

i descent are shown qualitatively to be within specification in the Figure 24

4 £ilm sequences taken from the recovery helicopter.
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i X, AEROSHELL SEPARATION

The aeroshell separation system on all BLUT vehicles is similar in :

design and construction to the system to be used on the Viking lander. The b

396 1b, aeroshell is separated 7 seconds after mortar fire in the Viking
sequence. On BLDT aervshell separation is timed to occur when specific k
Mach number and dynamic pressure conditions occur. Since separation is
achieved primarily by virtue of a favorable relative acceleration between
bodies, the qualification test conditions should encompass the range of
Mach number and dynamic pressure expected on Mars. The BLDT flight con-
ditions at aeroshell separation tabulated in Table 7 are seen to ade-
quately bracket the Mars envelope conditions in Figure 25, ;

Decelerator qualification is concerned with aeroshell separation pri-

marily from the standpoint of whether parachute drag performance is adequate
to meet the qualification requirement of 50 fect of separation in 3 seconds.,
Observation of the airborne camera film shows no measurable change in the
parachute projected area at or shortly after separation. Separation versus
time data is obtained from a forward looking Milliken camera which records the

aeroshell moving away from the parachute payload, The separation results

from all four BLDT flights are seen in Figure 26 to more than adequately

meet the qualification requirement. There is little evidence of any para-

chute drag degradation in the separation data except for a slight change in

the slope of the separation curve of AV-1 betwcen 1 and 2 seconds after

ol | S separation, The Mars envelope shown is predicted by simulation using the

nominal predicted parachute drag per formance.

e e AR s i B
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Table 7
BLDT AEROSHELI, SEPARATION €ONDITIONS
o AV-l AV-72 AV-3 AV-4
Time from Mortar Fire, sec. 9.68 9.1 13,76 7.65
Mach Number .92 615 .193 1.18
Dynamic Pressure, p3f. 2.42 1,43 1.38 3.18
Time for 1 foet separation, sec. .15 .18 .21 .16
Time for 50 feet separation, sec. 1.34 1.9 2.05 1.40
Separation Distance in 3 sec. 192 120 97 206
i
: Pt
!
i
— — — e AP i . - - - Bt
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XI. PARACHUTE STRUCTURAL QUALIFICATION

The Viking decelerator was designed for a design limit load of 17,300
1bs., the pre-BLDT best estimate of maximum Mars opening load. This load
readily defines the individual strength requirements for the 48 suspension
lines after applying safety and design factors. The determination of
canopy materials requires a more sophisticated method of determining stress
levels in the disk and band during inflatiom. In addition, the Viking pro-
gram must develop enough confidence in the stress prediction capability to
allow subsonic development test stress results in the Earth atmosphere to
be applied to supersonic qualification flights on BLDT and Mars.

For these reasons, a computerized stress prediction simulation program
was developed to predict dynamic stress levels within the parachute as a
function of meridian station and time. The basic principle involved equa-
ting the work done by the inflation gas during opening of the parachute to
the strain energy absorbed by the primary structural components. The work
done consists of two additive parts: (1) the differential pressure across
the canopy times the change in volume; i.e., PAV, and (2) the longitudinal
pressure force acting through a distance equal to the stretch in the suspen-
sion lines combined with the change in canopy height during inflation.

A series of subsonic drop tests were first carried out with the full
scale system at altitudes of about 50,000 feet. In ticse tests careful
attentfor was given to establishing dynamically similar environments,
inc~far as possible, to those postulated for operation on Mars. Design
conditions for these tests were also eatablished by taking into account.
possible differences in subsonic and supersonic effective drag coefficient.
Thur these tests were a practical means of approaching near Mars ultimate

gtress conditions in a cos . -effective manner.

il s
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A predicted stress plot for the Viking structural design case is pre- !

gented in Figure 27, As indicated, working stress (1.e,, with no design or

safety factor) is presented both as a function of non-dimension inflation

time, y, and meridian location. The plots are characterized by high stresses

in the disk cloth near the vent during early inflationm. As time incrcases,
however, the outboard locations increase in load. A peak working stress of
about 42 1b/in. is achieved in the disk and 22 1b/in. in the band, Disk and
band material strengths are 115 and 72 1b/in respectively., Similar sub-
gonic drop test predictions have been made. Typically, a relatively
higher loading is produced in the crown area of the canopy for limit load
tests owing to the comparatively slower inflation. For over-load tests,
however, a comparatively higher indicated stress was produced in the band.

Comparative results are shown in the table below.

Table 8

Comparative Subsonic Test Data and Stress Predictions

Subsonic Peak Load Peak Load Disk Stress Band Stress
Test No. (1bs) (% _of Viking) (% of Viking) (% of Viking)
LADT 1 17,650 100 98 88
LADT 2 9,300 53 94 88
LADT 3 26,318 149 157 162
LADT 4 24,225 137 131 157
LADT 5 23,900 135 129 154
LADT 6 18,600 105 103 93
LAQT 2 22,200 126 121 136

LAQT 3 23,200 131 126 146

)
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5 XII, PARACHUTE RECOVERY SUMMARY

The parachute was successfully recovercd on cach of the BLDT Flights.
Detailed post flight imspection data is ineluded in References 2 through
5. The only significant damage occurred on AV-1 at an overtest load condi-
tion. The AV-1 prachute canopy sustained radial tears from the wvent to
the edge of the disk in gores 36 and 38 early in the inflation cycle.

Analysis of the nature of the tecars and the fact that they oecurred much

prior to peak canopy load leads to the conclusion that the failed panels

sustained frictional damage as they emerged from the deployment bag. The

excessive dynamic pressure reduced the bag stripping velocity, allowing

oy ) a significant amount of canopy inflation prior to bag strip. This behavior

]

{s felt to have caused the bag stripping damage. These areas were then

exposed to localized high pressure during an unsymmetrical canopy inflation i

o

which caused the small initial damage to propagate into large tears. In i

i
]

v spite of the damage sustained to the canopy, the parachute maintained struc- ;

tural integrity and produced sufficient drag for a successful Mars mission,

i
. boo
e e

On the powered flights, a few small holes and black smudge marks were
ﬁﬁ i attributed to hot rocket exhaust particle impingement on the canopy. Par-
ticles can be scen in the airborne camera film proceeding aft from the

vehicle during rocket motor tail-off prior to and during the deployment

process. There was evidence that a few minor cuts may have resulted from

B
| m—— . T e AT

S friction burns along fold lines during bag strip.
! s Complete pre-flight and post-flight measurements (References 2-5) show

interesting permanent deformations in gtructural components., The suspension

g lines show the most significant permanent set which is of interest to the

opening load simulation model. Between pre-flight measurement and




post-£light measurement, the parachuto undergoes a heat aterilization eyele
which tests have shown caugesn 4 2 percent shrinkage in auepension linea.
After allowing for this effect, the test rcsults show an avexage 7 foot
suspension line lemgth increase on the maximum load case (AV-1), a3 foot
average length inercase on the next highest load case (AV-4) and little,

1f any, permanent set on the lower load cascs (AV-2 and AvV-3), The impli-
cation of this data is that the deformation up to some load level may be
almost entirely elastic. This information may help improve our opening load

prediction technique.

ey o -
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, XIIT. PARACHUTE DRAC PERFORMANCE

The parachute incromental drag cvaluation ia based on the definition

of a drag coeffiecient:

c 2ma T

where: m = Vehicle mass, slug

[~
a

Acceleration, fps
P = Freestream density
V = Vehicle zelative velocity, fps

S = Reference area, 2206 ftz

CDF sF = Forebody drag area, ft2

The vehicle mass was given in the BLDT vehicle performance reports,
References 2 to 5, as was atmospheric data and forebody drag coefficient,
The vehicle acceleration, although measured with on-board instrumentation,
5; was obtained primarily from radar, since the inertial attitude of the vehicle
;3 was not reconstructed during descent. The radar tracking data was differen-
‘ tiated twice to give position, velocity and acceleration using a least squares

filter over various time intervals depending on the noise level in the radar

data. The relative velocity vector was obtained by subtracting the wind com-
ponents whereas the derodynamic acceleration vector was obtained by adding
gravity to the inertial accelerations, The component of this aerodynamic

accelerdtion vector along the velocity vector was caused by drag and the nors

mal component is lift, During the carly deployment stages where the accelera-
tion was varying, the accelerometer data was used to obtain the drag, The

composite drag coefficient curves for the flights are shown in Figure 28,
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The 1ift coefficient which was ohbtained ia shown in Figure 29, The 1ift doen
not appear to he significant until subsonie apeeda are reached, The AV-1 para-
chute did not produce as much 1ift as the other three parachutes probably duo
to the damage which oceurred during deployment, The 1ift which was produced by
the parachutes shows up quite clearly in the trajectory during the vertical
desceat, Figures 30 thru 33 show how the horizontal velocity components of
the trajectery oscillate about the wind, This relative velocity is caused by
a 1ift acceleration which is rotating abeut the velocity vector. The phasing
between the dircctions {ndicate a somewbat constant lift vector which

18 moving in a eircular pattern rather than a swinging from side to side. -
This shows up when the horizontal relative velocity components are plotted
against each other as in Figures 34 and 34, The direction of this 1lift
vector is alse presented in Figure 36. The evaluation of the 1ift is
strongly dependent on the accuracy of the winds data especially at low
altitudes wherc the descent velocity is low. Small errors in the winds

data is reflected in the evaluation of both dynamie pressure and the lift
vector. Due to this uncertainty in the magnitude of this 1lift, this por-
tion of the trajectory was analyzed by assuming zero lift, and the descent
rate wag converted to a dynmamic pressure. This terminal dynamic pressure

{s shown in Figure 37 for the four flights together with the altitude and
Mach number. The data shows a reduction in dynamic pressure below approxi-
mately 40,000 ft. M £0.05) vhich {s indicative of a risc in the incremen-
tal parachute drag coefficient, which is also shown. This drag variation is
compdred to the low altitude bomb drop tests (LADT) in Figure 38, These low
altitude tests included ballast which was dropped at approximately 20,000 ft.
Prior to ballast dump, the total vehicle weight was higher than the BLDT

weight (= 2600 lbs) and after ballast dump it was lower (=~ 600 lbs). A
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aimilar drag rise helow M~ 0,05 wan indicated during these teats, Since
this drag change oceura in the tropoaphere, 1t has heon speculated that
the deviation in drag coefficient from the nominal could be caused by a
parachute ecloth elongation with temperature under load, This would
explain the higher supersonic drag since the cloth temperature would be
high due to aerodynamic heating. Although the unst.essed length of
Dacron fibers tend te shrink at higher tempvratures, this trend can be
easily reversed by the increase in resiliancy with temperature, snis
drag rise occurs at a Reynolds number = 5 x 10° based on Dy, hewever
there is no known reason why the drag should increase either below such
a Mach number, nor above this Reynolds number. The Mars flight conditions
will be above this Mach number, below this Reynolds number and at colder

temperatures which diminishes the imnortance of this drag rise,
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XIV. CONCLUSTONS

The following majer conclusions support the decelcrator qualification

objectives of the Viking program.

A. The mortar provides sufficient velocity and margin to support

full deployment of the parachute.

B. Parachute ejection from mortar fire through line stretch, bag strip

and. initial inflation is free of significant anomalies,

C. The parachute maintains a very stable drag shape after a short

period of initial inflation area oscillations.

D. Sufficient drag performance is produced to support Viking mission
requirements and to achieve satisfactory aeroshell separation, The drag
coefficient produced by the parachute in the presence of the Viking forebody
falls within the required envelope of Figure 28 with few minor deviations of
no significance. There is evidence of drag degradation in the wake of the

entry vehicle at transonic velocity as was expected,

E. Lander oscillatiens in quasi-steady state descent with no wind will
be less than +25 degrees on Mars. Attitude rates during terminal descent on
Mars will be less than 30 degrees/second. The maximum attitude rate at para-

chute opening shock will be approximately 100 degrees/second.

F. Parachute structural integrity has been proven supersonically at
load conditions approximately 30 percent greater than Mars peak load condi-
tions. Additionally, subsonic development and qualification bomb drop tests

have proven the structure at stress levels equivalent to 1.5 times the Mars

design values.
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The results of the BLDT program and low altitude development and
qualification bomb drop tests show that the performance objectives of

the Viking decelerator qualification program have been successfully met,
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