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ABSTRACT

Fcur BLDT fiights were conducted during the summer of 1972 over the
White Sands Missile kange. The purpose of these tests was to qualify
the Viking disk-gap band parachute system behird a full-scale simulator
of the Viking Entry Vehicle cver the maximum range of entry conditions
anticipated iu the Viking '75 soft landing on Mars. Test concerns centered
on the ability of a minimum weight parachute system to operate without
structural damage in the turbulent wake of the blunt-body entry vehicle
{140°, 11.5' diameter cone). This is the first known instance of parachute
bperation at supersonic speeds ian the wake of such a large blunt body. The
flight tests utilized the largest successful balloon-payload weight combina-
tion known to get to high altitude (120kfi) wnere rocket engines were
employed to boost the test vehicle to supersonic speeds and dvmamic
pressures simulating the range of conditions on Mars.

This report presents the results of the first test in the series where
the test conditions were the most severe expected at Mars; Mach number of
2.0 and dynamic pressure of 1.25 psf. The report also contains uappendices
describing the test vehicle, parachute performance analysis, and parachute
dimensional description. The parachute sustained some fabric damage
because test design load conditions were 60 percent rather than 23 percent
greater than the design values. Parachute performance, however, was still
adequate to permit the performance of a soft landing on mars. A retest

successfully demonstrated prachute integrity at design load.
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I. PURPOSE OF REPORT

The purpose of this report is to document the pertinent events con-
cerned with the launch, float and flight of Balloon Launched Decelerator
Test Vehicle AV-1 and the performance of the Decelerator System installed
therein. The report will describe and provide data pertinent to the
flight trajectory and decelerator test points at the time of decelerator
deployment as well ss a description of the time history of vehicle evants
and enomalies encountered during the mission.

The final test reports for BLDT Vehicles AV-2, AV-3 and AV-4 are
corntained in the following MMC documents:

AV-2 - Document number TR-3720291
AV-1 - Document number TR-3720293

AV-% « Document number TR-~3720295
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II. MISSION OBJECTIVES

The prime objective of the RLDT Vehicle AV-1 was to provide flight
cenditions such that satisfectory operation and performance of the full-
scele Viking Decelerator System can be qualified in a simulated Mars
environment and in the wake of a blunt body, The flight conditions as
described in paragraph 3.3 of "Parachute Test Objectives and Requirements

Document for BLDT Program', (RD-3720247) are:

Angle of Atteck at Mortar Fire < e
Residual Spin Rate <1002/sec

Parachute Temperature at Mortar Fire <B0OF
Mach Number/"q" Conditions - See Figure II-1

It was a goal of this mission to separate the vehicle seroshell

following decelerator deployment in order to obtain a time/distance his-

tory of the separrtion function,

A description of the BLDT vehicle, which served as the qualification

test bed, is included in Appeudix A of this report. A description of the

BLDT mission i{s provided . n Appendir B.
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I1I. DECELERATOR QUALIFICATION SUMMARY

The following is a summary of program events, pertinent io the decel-
erator system, occurring from the time of decelerator system installation
in the BLDT vehicle through the recovery of the Jdecelerator system at the

point of payload impact.

A. Operations Summary

The decelerator system was installed in the base cover of vehicle
AV-1 prior to final vehicle assembly for Flight Readiness Test. The sys-
tem was Martin Marietta Corporation Serial Number 0000072 (GAC System S/N
12) with a system weight of 126.55# and an ejected pack weight of 90, 1#.

During vehicle stand time while awaiting satisfactory meteorological
conditions for launch, conditioned air was applied to the vehicle in order
to maintain the vehicle interior, including the decelerator cannister, at
a temperature below 80°F.

The decelerater system was subject to cooling during the ascemt and
float phases of the mission with pertinent decelerator temperatures just

prior to release from the load bar as follows:

Sensor Location Spec. Reg'd (°F)  Actual Temp (°F)
*Bridle #1 +210 to ~90 +35

*Bridle #2 +210 to ~9C +40

*Bridle #3 +210 tu -30 28

Movtar Cannister #1 +80 (No Min) +50

Mortar Cannister #2 +80 (No Min) +5Q

tomatic neater

Mortar Breach +175 to +23 +50 (A:ontrolled)
Mori.ar Breach Flangz +74 to +25 +50

*Temperature measured on the base cover interior beneath the
bridle leg.
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B. Vehicle Perforamance

The AV-1 vehicle performed rormally and provided all anticipated func-
tions with the exception that the vehicle did not attain the correct test
altitude at mortar fire because of low float altitude when the vehicle was
released from the load bar and decreased pitch zttitude at drop due to
vehicle damage sustained during launch. The damage to ..e aeroshell did -
not appear to effect the performance of the.\ehicle and the vehicle wake
characteristics were a valid simulation of the Viking Lauder Capsile. The
mortar fire command, generated by the ont ;ard programmers occurféd at a
dynamic pressure in excess of the required dynanmic pressure (See Figure JI-1)

due to the low test aititude. The mortar fire conditicns were:

TARGET ACTUAL
Mach Numbe - 2,23 2.1¢
Dynamic Pressure (PSF) 11.8. 14,583
Residual Spin Rate (Deg/Sec) + 100 -28
Angle of Attack {Deg) 17 -13

During the flight of AV-1, it w;s anticipated that the solid racket
motors could create a heating condition on the base cover and bridle legs
requiring thermal control. The base cover and bridle legs were protected
with passive thermal control materials. The recovered base caver provided

no evidence of base,heéting vwhich would have been detrimental to the bridle

legs.

C. Decelerator System Summary

Due to the previously aiscussed off test conditions, the parachute

-canupy sustained damage (described below) but despite the damage, the
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parachute maintained strﬁctural integrity and produced sufficient drag

and stability for a successful Mars Mission. Parachute drag was slightly
less than nomiﬁal but within the acceptable range at terminal conditions.
Supérsonic drag was higher than anticipated when compared with wind tunnel
tesi rasults.

Mortar performance was nominal and adequate despite the test dynamic

pressure being ?3% over the target dynamic pressure.

Parachute inflation time was normal and as a result of the cancpy
démage, the opening load was lower than expected. The parachute opening
‘ransient produced vehicie attifude rates as high as 148 degrees/second
initially, which damped to less than 75 degrees/second in 10 seconds. The
maximum rates were anticipated due to the degree of overtest compared with
Mars conditions, but the damping characteristics of the parachute do not
appeaf to be as good as expected.

Early in the inflation cycle, the parachute canopy sustained radial
tears from the vent to the edge of the disk in two gore panels (See érpen-
dix C - GAC Post-Test Failure Analysis). Analysis of the nature nf the
‘tears and the fact that the‘teérs occurred much before peak canopy loading
leads to the conclusion that the failed panels sustained frictional damage
as the parachute emerged from the bag. The areas of frictional damage were
then exposed to localized high pressure during an unsymmetrical canopy infla-
tion which caused the damage to bropagate.

heroshell separation was suécessfully demonstrated at a dynamic pressure

of 2.39 psf and a Mach Number of 0.91. The separation distance of 197 feet

in 3 secconds more than adequately fulfills the minimum system requirement

of 50 feet in 3 seconds.
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IV. MISSION OPERATION

The following is a description of the program events occurring from

the time of vehicle Flight Readiness Test through Recovery Operations:

A. Flight Readiness Test and Lauanch

BLDT Vehicle AV-1 completed Flight Readiness Test #1 on June 6,

1972 with data review being completed on June 7., Launch schedules were
delayed during tne time period of June 7 through July 11 due to uncertain
meteorological conditions at the launch site, A launch was initiated
during the evening of June 15 for a June 16 launch. This countdown was
aborted due to thunderstorms in the area with heavy rains during the
morning hours. A second countdown was Infitiated June 22 for a launch
attempt on June z3. This countdown was aborted due to thunderstorms in
the launch area.

Laurch readiness was cancelled on June 26 in order to replace the
airborne batteries which were approaching the 30 day maximum activated
life. Vehicle Flight Readiness Test #2 was completed on June 28 following
installation of new batteries with data review completed on June 30.

The final launch countdown was initiated July 10 for a launch attempt
on July 11. This launch attempt resulted in vehicl~ iaunch at 0835 hours
on July 11,

Balloon winch up and system launch were complicated by gusty surface
winds and steady state crosswinds which necessitated driving the launch
crane off the paved runwsy. Dur!ng the crane/system travel across the non-
paved surface, the crane intersected a grated drainage depression just

prior to system release. The resulting shock forcen applied to the vehicle/
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load bar interface structure resulted in damage to the structural inter-

face and loss of vehicle drop attitude integrity.

B. Ascent and Float

The balloon ground track during ascent and float was as shown in Figure
IV-1, The float track to range, range intersect point, float heading at
range intersect and range intersect time were in general agreement with
the preflight predictions for these parameters.

The ascent to float altitude was not completed until approximately
15 minutes prior to releasing the flight vehicle from the balloon load bar.
Preflight prediction for the balloon ascent rate was 1000 feet/minute, which
whould have provided approximately one hour at float altitude. The devia-
tion in ascent time can be accounted for by the ascent rate less thaa 1000
feet/minuce at altitules above 60 K feet. Figure IV-2 presents the pres-
sure altitude (Rosemont gauge) versus time for the AV-1 vehicle ascent.

Due to the slow ascent rate above 60 K feet and the ballast dumping
activities late in the flight, an anticipated porpoising motion did not
have sufficient time to damp out prior to vehicle release from the load
bar. Figure IV-3 shows the geometric altitude (radar) versus time for
final 18 mirutes of float just prior to releasing the flight v.icle from
the load bar. The porpoising shown on Figure IV-3 would normally damp out
prior to vehicle drop.

During the ascent/float phase, at approximately 80 K feet, a command
system checkou was completed to verify the ground station to flight vehi-
cle communications links. The communications check verified system opera-

tions by transmitting commands which did not change vehicle status, (i.e.
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vehicle safe, R, F. on) and monitoring command reception via the vehicie
to ground T.M. link.

Vehicle azimuth pointing operations during the float phase just prior
to vehicle drop are covered in Section VI - Vehicle Performance Analysis,
The azimuth pointing system installation and operation was required as
a range safety corstraint in order to assure that the vehicle azimuth at
drop wouid maximize the probability of vehicle impact on range in the event:

of a complete failure of the decelerator system.

C. Vehicle Flight

During the vowered flight, all vehicle functions occurred as programmed
with the exception that the ground mortar fire commgnd was pre-empted by the
issuance of the mortar fire command by the airborne programmers. The
sequence of flight events and actual event times from vehicle drop tc T™
off are provided in Table IV-1,

The major mission anomaly occurred during this phase of the mission in
that the flight vehicle 4id not attain the minimum predicted altitudes as
a result of flying a low trajectory. The low trajectory resulted in higher
dynamic pressures than predicted and the airborne programmers timed out and
issued mortar fire before the dynamic pressures reached a value which would
permi“ the ground computer to issue a ground mortar fire command based on
dynamic pressure. The analysis of this flight anomaly is covered in Section
VI-A - Flight Dynamics.

It was a requirement during this phase of the mission to seperate the
aerogshell from the BLDT vehicle, following decelerator deployment, in order
to obtain a time-distance history of the separation, The analysis of the

flight film for this function, covered in Section V of this report, reveals
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that the aeroshell separation rate exceeded the minimum requirement of 50
feet in 3 seconds.

The analysis of the decelerator deployment is also covered in Section V.

Inspection of the recovered vehicle indicated:

1. All -~dnance functions occurred with no damage to the vehicle due
to separation processes or vehicle ordnance function.

2. Base recirculation or SRM exhaust products during the boost phase

was minimal since there was no evidence of high temperature effect on the

base cover ablator.

D. Recovery Operations

As can be seen on Figure IV-1, the payload and separated aeroshell
impacted approximately 16 miles north-west of the vehicle dror point. The
point of impact on the range was in mountainous terrain which contributed
to extensive impact damage to the vehicle and difficulty in recovering the
expended hardware. The recovery portion of the mission was completed on
T+1 day with all subsystem parts being recovered except for the parachute
bag and some minor structurul metal and parachute material.

Discussion of the condition of the recovered hardware, including the

decelerator, is covered in later appropriate paragraphs,
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V. DECELERATOR SYSTEM ANALYSIS

A&, Mortar Fire Conditions

At mortar fire, the vehicle had a residual roll rate cf 26 degrees/
second and was coning about the velocity vector with a 3 - &4 degree angle,
Plots of angle of sttack and angle of sideslip in Figure V-1 show the mor-
tar fire values to be ~12 and -2 degrees respectively. Film dat. shows a
total angle of attack of 13 degreces, i.e., 4.5 degrees away from the vehi-
cle aercdynamic trim condition of 8.5 degrees. This deviation from trim
is slightly higher than the 3 degree deviation expected on Mars (Reference
2) and is therefore a good qualification of this important variable. The
pitch and yaw rates at mortar fire are shown in Figure V-2 to be 2 and -3
degrees/secoqd, respectively.

A summary of the important mortar fire conditions compared with expec-

ted nominal values are tabulated below:

Mortar Fire Conditions Nominal Flight
Mach No. 2,229 2.18
Dynamics pressure, psf 11,759 14,63
Velocity, fps 2375 2314
Axial Acceleration, g's -1.03 . -1.18
Alritude, ft, 147,800 142,025
Angle of Attack -8 -12
Angle of Sideslip 0 -2
Parachute Temperature at 80°F 50°F

Mortar Fire

e



The objectives of this tevt as specified in Section II are all
achieved by the above mortar fire conditions except the dynamic pressure
which was 24 percent above the nominal value and fell outside the desired
envelope of test conditions. Were it not for the damage sustained by the

parachute, the high dynamic pressure would not have compromised the quali-

fication of the parachute,

B, Mortar Performance

The mortar performance is evaluated by observing the bag siripping
process from the on-board camera., The time at which the canopy first
starts emerging from the bag (line stretch) can be clearly seen on the
film data. The time from mortar fire to line stretch is observed to be
1.03 seconds. 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

ines themselves. By simulating the mortar firiug process with complete
aerodynamic forces on the forebuldy and the deployment bag, the wortar
velocity can be a2stablished, The AV-1 flight conditions of Mach number,
dynamic pressure and flight path angle at mortar five are used. Assump-
tions were used as follows where flight data was not available:

1. Deployment Bag CDS = 1,6

2, Dynamic pressure gradient behind blunt body (Reference 3).

3. PForebody aefodynamic coefficients (Reference %),

4. Line and cancpy stripping forces of 2 and 6 1lbs. rgspeccively

(Reference 5),
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If the lines are assumed to follow a siraight line path between fore-
body and the deploymcnt bag, the mortar velocity would be 115 fps as seen

in the simulation sequence shown below:

Time - Seconds Relativz Vel - FPS
Mortar Fire 0 115
Line Stretch 1.03 74 .6
Bag Strip 1.41 64,9

Observation of the suspension line geometry during line deployment
(see picture sequence Figure V-3) shows that the lines are not in a
straight line as assumed above but are bowed as a result of aerodynamic
force on the lines., It is noted that mortar fire occurred when the vehi-
cle was at an angle of attack of -13 degrees. It is typical of Mars type
low dynamic pressure deployment for the deployment bag to proceed straight
back relatively uninfluvenced by the gerodynamic forces on it whereas the
lines, being of less mass per unit area, begin to line up almost immediately
with the relative wind. The extent of this line bowing effect shown in
Figure V-4 has been incorporated in the simulation of the AV-1 stripring
process, The results shown below indicate the mortar velocity was 112 F¥S

or very close to the middle of the expected nominal range of 112 + 3 FPS.

Time - Seconds Relative Vel - FRS
Mortar Fire 0 112
Line Stretch 1.03 72
Bag Strip 1.40 71.5

The relative velocity between bag #nd vehicle dips to a low point of

62 FPS between line stretch and bag strip, but has increased to 71.5 FPS at



bag strip., This increase resulte from the bowed " 'ue force not being
lined up with the bag relative motion direction and the fzct that the
bag mass is decreasing. 1In any case, the relative velocity at bag strip

is considered to be more than adequate to have achieved positive bag strip.

C. Decelerator Infilation Sequence

The on-beard Milliken and Pnotosonic camera films wzre examined in
detail to 2»stablish event times and as a means of unders*inding the para-~
chute panel rear mechanism. In the sequence of events shown below, certain
events such as peak load were obtained from telemetry data: C(ood correla-

tion of all three sources of data was achieved.

Sequence of Events Time - S-conds

Mortar Fire 0

Line Stretch 1,030
Bag Strip 1.320
Bag Behind Canopy 1.365
Damage Evident 1.390
First Full Open 1.57¢
First Peak Load 1,690
Deployment Bag Separation 2.880
Aeroshell Separation 9.680

Selected frames from the Milliker aft viewing camera show in Figure
V-3 some of the significant events during the inflation phase. The growth
of the canopy from line stretch was obtained by tracing the projected
area images from th2 Miliiken camera and integrating these images with a

planimeter. The open uamaged goic ar-a was consistently subtracted from
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the total projected area. The resulting canopy growth parameter shown
in Figure V-5 lcoks fairly typical of similer curves drawn for PEPP flights
(Refer- ice 6). What is significantly different, however, is the point
vhere bag strip occurs on the curve. All LADT and PEPP flight tests 6f
disk-~gap-band parachutes showed bag strip occuiring before the 50 percent
point of the normalized filling time, Tijill' it is evident also in the
visual inspection of the film data that a significant amount of band and
disk inflation has -occurred before bag strip.

A plot of the projected area ratio, S /S , versus time from line

Pfinal ’

stretch is presented in Figure V-6. The area oscillations after first full
inflation are typical for a DGB parachute deployed at this Mach anber. No
correction has been appiled to the projected area ratio to account fcr varia-
tion in the camopy imace tliic- under changing load conditions. The réw data
is felt to be a better basic data source than one which might be based on
a speculated amount of elongation under load. -

Farachute inflation time from line stretch to first full inflation is
seen in Figure V-6 to be .54 seconds. This value is plotted in Figure V-7
aloné with similar data from PEIP and LADI fiight tests. The filliag time
fo£ AV-1 falls toward the lower edge of but within the expected uncertainty .

in this parametef. The nominal and expected dispersio: envelope shown will

be re-established as a result of the tntal BLDT experience.

D. Ogentpg Load

Figufes V-8 and V-9 show the time-history of tne total longitudinal
parachute load recorded by the bridle attach point tensiometers for dif-
ferent time periods after mortar fire. The first pesk opening load is

seen to be 16,647 1bs, and occurs 1.69 seconds after mortar fire (.12

L
il
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seconds after first full inflation). The actual maximum load of 17,393
occurs at 2.23 seconds. The individual tensiometer readings are recorded
in Figures V-10, V-11 and V-12, By proper combination of the three tensio-
meter readings, the equivalent parachute pull angles in pitch and yvaw are
obtained and plotted in Figures V-13 and V-14. The large puil angles prior
to load buildup (0. to 1.5 seconds from mortar fire) are influenced by line
and swivel dynamics and do not reflect significant lcad conditious. The
maximum pull angle at substantial but not peak load ic 6 degrees. The peak
load pull angle, combining pitch and yaw values is 3 degrees,

The peak load of 17,393 1bs. is lower than would be anticipated for
the conditions experienced. Simulation of these conditions préduced an
opening load of 19,500 1bs. The difference between these values is atrri-
buted in-part to the canopy damage sustained prior to peak load.

The pull angles recorded in this test agree to within + 1 degree of
values shown for similar conditions in Reference 8.

Accelerometer readings in the X, Y and Z axis directions during the
opening phase are presented in Figures V-15, V-16 and V-17. The peak
lo~gitudinal acceleration at 2.23 seconds is ~11.2 g's which reflects a
parchute opening load of 18,260 lbs, This is based upon subtracting out
the aeroshell drag component using CD of 1.6, a dynamic pressure of 11.0, and
a paylcad mass of 55.8 slugs. The accelerometer reading, therefore, conf{irms

the opening load recoxrded by the tensiometers.

E. Vehicle Stability

The BLDT vehicle was coning about the velocity vector with an angle
of 3 -~ 4 degrees and a residual spin rate of 26 degreés/second at mortar

flvey The vehdele rotation rate time histories in pitch, roll and yaw



thereafter are ;hown in Figures V-18, V-19 and V-20. The roll rate is
seen to continue with little change in magnitude during the parachute
deployment and deceleration phase. The maximum pitch rate of 148 degrees/
second occurs 1.€4 seconds after mortar fire or very nearly at the time of
first peak load (1.69 seconds). The pitch rate oscillation damps to below
30 degrees/second in 10 seconds. Because of the residual roll rate, how-
ever, the energy of the transient is seen to transfer back and forth between
pitch and yaw, each time reducing in magnitude., The maximum rate of 148
degrees/second being greater than thc Mars specification limit of 100
degrees/second is not surprising when the degree of overtest from Mars
conditions is considered (q = 14.4 PSF compared with q = 8,62 on Mars).
The rotation rate data generated on this flight probably is typical
of what to expect on Mars. The damping characteristics of the parachute
do not appear to be as good as predicted in Reference 2. There is reason
to believe, however, that the damaged parachute generated a lift vector
which may have influenced the damping behavior. These flight results will
therefore have to be compared to undamaged parachute results and extra-

polated to Mars before they are applied as reauirements to Viking hardware.



F. Parachute Drag Performance

Parachute drag during the highly dynamic opening phase and decelera-
tion i{s determined in two different ways using first the on-board longi-
tudinal accelerometer znd secondly the summation of tensiometer loads.
The equations actually compute an axial force coefficient as indicated
below:

C, =A -wT/q-s -Cc, +8,/¢

where: Ax = longidutinal accelerometer, g's
W, = total weight of system, 1891 1lbs.
q = dyvaamic pressure, psf

S = parachute reference area, 2206 ftz

P
SA = aeroshell reference area, 103.8 ft2
CA = geroshell axial force coefficient, reference 4,
A
CAP = (Fx - 95 - Ax)/q SP

where: Fx = summation of tensiometers, os.

These parachute drag results, 8s plotted in Figures V-21 andAV-ZZ,
are superimposed over the expected dispersion of parachute drag from wind
tunnel results, (Reference 7). The supersonic drag coefficient {s observed
to be higher than anticipated, ind thers is little evidence of the typical
drag reduction near Mach 1.0 that was experienéed in the wind tunnel,

The quasi-steady state drag of the parachute plus base cover {is
determined from velocity and velocity differential data obtained from

radar. The equation used is as follows:

mT »
CDT = a4 Sp (V + gesiny)



where: o total mass of the system, 58.7 slugs.

v 31 from radar
ct

L}

Since the drag coefficient of the base cover is nearly constant in
this Mach number regime, it way be subtracted out of the total coefficient,

CD , leaving the parachute drag coefficient by itself:
T

This data added to Figurrs V-22 in the low Mach No. range shows a steady
state parachute drag that averages at 0.60 or just slightly below the
nominal wind tunnel prediction of 0.61. The drag deduced in this manner
neglects any 1lift from either the parachute or the vehicle,

The time-histories of Mach number and dynamic pressure from mortar

" fire are presented in Figures V-23 and V-24,

G. Aeroshell Separation

Aeroshell separation on this flight was intended to demonstrate satis-
factory system operation at a Mach number of 1.18 and dynamic pressure of
2.8 psf. Higher than expected parachute drag, howeQer, produced a separa-
tion Mach number of .92 and dynamic pressure of 2,42 psf. The objectives
of the separation demcnstration are: (1) to determine that there are no
unpredictable aerodynamic disturbances at separation that would compromise
the Viking mission and (2) to exercise the separation hardware and concept
to insure that analytical evalvations of separation forces are valid, and
(3) to determine that parachute drag 1s adequate to produce a minimum of

50 feet of separation between aeroshell and lancer in 3 seconds,



Photographic evaluation of the forward viewing Milliken camera film
indicated a well behaved separation with no tendency of the aeronhell to
recontact the lander, no significant aerodynamic or mechanical perturba-
tion imparted to the lander, little tendency of the aeroshell to move
laterally at the instant of separation and a stable zeroshell trajectory
after separation.

Separation distance versus time is obtained from the Milliken camera
film by knowing the diameter of the aeroshell to be 11.5 feet, the hori-
zontal field of view of the camera to be 54.9 degrees and the frame rate
to be 32 frames per second, Th2 separation distance may then be calculated
by measuring the aeroshell irrge size va a specific horizontal field of

view and correlating with the number »f frames since separation.
Separation Distance = 11.5 x H.F.V./.958 x Image Diameter

The separation Jdistance vercus time plot in Figure V-25 shows 197 feet of
separation in 3 seconds. Simulation of this separation using actual fiight
conditions including parachute drag shows excellent agreemett with the AV-1
separation data, The early motion is faster than anticipated probably as
a result of very high rigid body rail loads reflected in the simulation
model which probably were significantlv lower in the actual flexiole body
case. It is worth noting that aeroshell separation occurred at a time
(9.68 seconds after mortar fire) when the vehicle was pitching at 69
degrees/second. This is more than twice the specification rate of 30
degrees/second which was a design criteria for the separation guide rail
system design. The {ust early separation motion is seen in the extensio-

meter in Figure V-26 also.
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The geometry of the extensiometer unlts and the guide rail system
shown in Figure V-27 is required to interpret and analyze the extensio-
meter data. From the geometry and the extensiometer readings, the rela-
tive angular rotation between aeroshell and lander is computed and plotted
in Figure V-28. The amount of relative rotation while on the raiis is sur-
prising in view of the momen:t constraint applied to the two bodies by the
guide rail system. 1In the ground test of the AV-1 separation system a
peak relctive angle of 1.53 degrees was recorded by the extensiometers
when the system was subjected to a bending moment of 560 ft-1lbs (.87 x
design moment). This is =2bout one-half of the 3.1 degree relative angle
experienced 6n this flight at the point where total moment constraint is lost
(.105 seconds from separation). Of this amount, approximately .5 to 1.0
degree 1is accounted for by known tolerances in che mating parts. Figure
V-28 shows a plateau in the curve between .03 and .04 seconds that reflects
a bottoming out of these tolerances at 0,5 degrees. The rest of the relative
angle nmust be accounted for by elastic or permanent deformation.

Simulation of AV-1 aercshell separation conditions using 69 degrees/
second attitude rate at separation, indicates that guide rail loads were
approximately twice as high as the Viking design values associated with 30
degree/second rates. This is consistent with the amount of deformation
that is apparent from the extensiometer data, Based op the foregoing, it
would be logical to conclude that the deformation in the guide rail system
was all elastic were it not for one piece of evidence. The aeroshell ring
frame was slightly buckled et diaﬁetrically opposite points near extensio-
meter No. 2 and the rail ncarest the -Z ¢-is (see Figure V-27). This
damage was originally thought to have occurred at impact and this may still

prove to be so. However, the abnormal deformation in the guide rail system



was an indication of a bending moment about an axis that was within 9
degrees of an axis between the buckled points. Since there was no
noticeable permanent deformation in the rails, rollers or brackets, the
rail bending moment would have been shared at l-cast partially by the
buckled ring frame. This information needs further review and structural

analysis before being applied to the Viking hardware.

H. Parachute Recovery Assessment

A detailed assessment of parachute damage is presented in Appendix C
and graphically documented in Attachment 1 therein, In summary, the para-
chute canopy sustained radial tears from the vent to the edge of the disk
in gores 36 and 38 early in the inflation cycle. Analysis of the nature
of the tears and the fact that they occurred much prior to peak canopy
load, leads to the conclusion that the failed panels fustained frictional
damage as they emerged from the deployment bag. An argle of attack cf -13
degrees at mortar fire and excessive dynamic pressure which reduced the
relative bag stripping velocities, allowed a significant amount of canopy
inflation prior to bag strip. This behavior is felt to have caused the hag
stripping damage. These areas were then exposed to localized high pressure
during an unsymmetrical canopy inflation which caused the small initial
damage to propagate into large tears.

In spite of the damage sustained to the canopy, the parachute main-
tained structural integrity and produced sufficient drag for a successful
Mars mission,

A comparison of pra- and post-flight parachute dimensions is shown in
Appendix D, The suspension line length increase ranges from 4 feet 3 inches

on radial 3% to 5 feet Y inches on radlal 1. The disk radial dimension
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increase ranged from 6 inches on radial 36 to one-half inch on radlal 14,
These dimension changes are indicative of significant asymmetrical loading.
The bridle legs each gained 3/4 inch in length. All other dimensional

changes are minor.
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VI. VEHICLE PERFORMANCE ANALYSIS

The following is a summary assessment of the BLDT vehicle perfor-

mance, The summary is presented by subsystem/discipline:

A, TFlight Dynamics

The objective of the flight dynamics portion of the_report is to
establish the actual flight pertormance of the AV-1l wvehicle from the
command for vehicle release from the load bar through the command for
decelerator mortar fire. As part of ihis analysis, the intent is to
further establish the rationale for the overtest dynaﬁic pressure condi-
tion which existed at parachute deployment.

The vehicle performance requirements for the supersonic vehicle are
established based on Mars anticipated environments and characteristics
of the BLDT vehicle which might differ from the actual VLC. Thes= per-
formance requirements are:

1. Resultant angle of attack at mortar fire <17 degrees.

2. Residual spin rate at deployment 5;100 degrees/second,

3. Mach Number and dynamic pressuvre at peak load within the test

envelope shown in Figure VI-1,

Figure V.-l provides the target mortar fire and anticipated peak load

conditions of:

MACH NUMBER DYHAMIC PRESSURE
) , (psf)
Mortar Fire 2.27 11,8
Peak Load 2,17 10,66
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The peak load requirements box i; established such that 2z 20 dis-
persion ¢llipse 6f dynamic pressure, based on BLDT performance parameters
tolerances, is adjacent to the 307 overload limit of the decelerator and at
a Mach number greater than 2.0.

The actual flight condition, also ;hown on Figure VI-1, is at a dynamic
pressure in excess of the established envelope which rcsulted in an over-

test condition necessitating the reflight of the supersonic mission.

1. Data Sources
The intent of this section is to evaluate the flight performance
of BLDT AV-1 by reconstructing its trajectbry using fiight test data. The
reconstruction is primarily based on three sources of data:
0 Meteorological data (density, velocity of sound, and winds);
0 Telemetry data (accelerometers and gyros); and

0 Radar data (slant range, azimuth and elevation).

a, Meteornlogical Data - Meteorological data were obtained by

standard WSMR radioronde observations (RAOB) and LOKI rocket prob-~. The
RAOB probe produced pressure, wind direction and velocity a remperature
at 5000 feet intervals from surface to approximately 110,000 feet. The
LOKI‘rocket probe produced temperature and wind data at 5000 feet intervals
from 80,000 fee: Lz spproximately 150,000 feet. The combination of the
RAOB and LOKY data defined the atmospheric parameters from surface to alti-
tude, Three atmospheric profiles were obtained for the AV-1 flight as
follows:

£-24 hr, data:

LOKI #0130 launched 10 July "972
RAOB #123 launched 1¢ Tuly 1972
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T-1 hr. data:

RAOB #125 "launched 11 Juily 1972
LOKI #0133 launched 11 July 1972

T+17hr. data:
RAOB #207 launched 11 Juvly 1972
LOKI #0133 ,launched 11 July 1972
. The T-24 hr. dafa were used by the real time computer during the
aétual'fiighé idyﬁ§édict 1mp§ct and command mortar fire. A comparison
of che. density bf the ébo?e:3 sets cf data shows thaf the T-1 hr. data
were the avéfage.: Tﬂefefore, the T-1 hr. data as shown in Table VI-lln

were used for all flight performance analysis.

" b. Telemetry Data - The flight vehicle telemetry (TM) data was

transmitted-via an S-band link to the WSMR receiving stations J-10 and J-67

where it was recorded and retransmitted via microwave links to the tlignt

~ operations control station at building 300. These receiving stations are

geographically located to provide continuous coverage of the real ti e

~ miszionm. Their lo-agions are shown in Figure VI-2. At Building 300, the

TM data were recorded for post-flight usage and also terminared 50U various
displayé for obs.rvaiion and control of the mission.

Due to the excessive noise level which was encountered on the Building

‘300 recorded data, all analysis is performed using the data which was

recorded at the J-10. receiving station.

The. condigiuned and smoothed TM accelerometer and rate gyro‘datd,
which wereused fur flight performance analysis, are show in Figures V1-3
through VI-6, Figures VI-3 and VI-4 are gyro and accelerometer data respec-
tively for the ctime period prior tou the vehicle release Jrom the load bar.

The effect of pointing comﬁénds are reflected {n the spin and yaw gyro data,

2
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Figures VI-5 and VI-6 are the same data duiing vehicle powered flight. It
is noted that all of the accelerometer and gyro data were smoothed and
conditicned except the accelerometer data prior to drop which was only
conditioned. These data were filtered with a seventy (70) point standard
least équares quadratic leading edge filter. The conditioning was based
on a two éigma (20) dispersion limit of the filtered data with wild points
replaced by the quadratic predicticn,

The initial estimates of instrumentation bias, were obtained from
these plcts by integrating the gyro data during the floaf period (Figure
VI-3 and adjusting the accelerometer data for zevo setting during the :iree
fall portion of flight 1mmediately after-relesse from the load bar (Figure
VI-4). The TM instrumentation system is designed to provide a 5% end to end
error tolerance limit but with the above biases it is judged that the instru-
mentation accuracies can be assumed to be 2%. This brovides the following

accuracies:

FUNCTION TOLERANCE
Gyros 6 deg/sec
Lateral Accelerometers 0.02 g's
Longitudinal Accelerometer 0.10 g's

c¢. Radar Data - The BLDT vehicle was tracked by (7) seven WSMR
-FPS-x- radar sets, fou. (4) were beacon track and three (3) were skin track.
The beacon track radars (R114, R123, R125 and R127) wpre used for continuovus
track cf the vehizle until loss of beacon (T + 40) sec) at which time they
switched to skin track, The skin track radars were utilized to track other
system components such as balivors, load bar and seroshell. The stated
accuracy of the FPS-16 radars is 0.1 to 0.3 mils in angles and 15 to 45 feet

in range, which is approximately 50 feet of space position,
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The radars provided slant range, azimuth and elevation data with
respect to the xadar site. Due to inherent accuracy, only the beacon
track radar data were used in performance analysis. These radar loca-
tions are shown in Figure VI-2,

The radar data were post flight corrected by WSMR for systematic
errors which were determined by pre-flight calibrations., Raw data of
range azimuth and elevation were smoothed by standard WSMR filter techni-
ques to produce velocity, altitude, flight path angle and azimuth. The
corrected and smoothed data from all four beacon sites were in close agree-
ment providing a high degree of confidence in the data. An example of the
close agreement is evidenced in the drop altitude which varied only 34 feet
between the four radars.

Velocity., flight path angle and altitude data are presented in Figures
VI-7 through VI-9 for radar site R123. These data are earth reference mea-

surements and are not ambient aercdvnamic conditions.

2. STEP Trajectory Reconstruction

The Statistical Trajectory Estimafion Program (STEP) (Reference
9) was used to determine the reconstructed trajectory. This program
solves for the initial conditiops (position, velocity, and attitude of
the vehicle) so that by integration of the gyros and accelerometers the
trajecfory matches the radar data (range, azimuth and elevation). Besides
solving for initial condition it has the capability of determining the
systematic errors (biases and scale factors) on the gyros and accelero-
meters, The program gives a minimum variance solution on the radar mea-
surements (range, azimuth end elevation). The trajectory is considered to

be the optimum when the radar data is randomly dispersed about the
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reconstructed trajectory and the variance of the range, azimuth ¢~d eleva-
tion is within the expected tracking accuracies of the radar.

STEP requires an estimate of the biases and scale factors on the gyros
and the accelerometers. 1In order to obtain there biases on the gyros, tae
telemetry data were examined from T-4S seconds to T+0 (vehicle drop).

These data ar- shown in Figure VI-3. Ar this time the vehicle had very

to be the biases con the gyros. These biases are:

Roll gyro (D) -2,09 degrees/second
Pitch gyro (Q) -2.05 degrees/second
Yaw gyro (R) -5.61 desrees/second

To determine the biases on the acceleromgters%the data between T+0 and T+1
second was analyzed. These are shown in Figure VI-4, At this time the
vehicle is in a near zero force field which permits establishing a new zero

setting. The average values of the accelerometers at this time were:

X-accelerometer -0.602 ft/sec2
Y-accelerometer -0.48 ft/sec2
Z-accelerometer —1.12'ft/sec2
The scale factors on the gyros and accelerometers were 7 *alized at

unity.
The infitial estimation of position and velocity at drop was obtained

from smoothed radar data as:

Latitude 33.2334 deg.
Longitude -106.2351 deg.
Altitude 120,536 ft,
Velocity 100 ft/sec
Flight Path Angle (gamme) ~«1.7 deg.
Azimuth ' 279, deg.
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The initial estimates of the body Euler angles are required for body
heading (PSI), pitch (THETA) ard roll angle (PHI). The initial Euler

angle estimates are:

PSI -13°
THETA 52°
PHI 0°

The initial estimate for PSI was taken from the magnetometer reading at
drop while THETA was estimated at 52° based on the results of previously pre-
formed 6 degree of freedom computer analysis.

Given these inigial conditions and previously established biases and
scale factors STEP was not able to provide a comparative fit to the radar
data between T+0 and T+38 seconds. STEP continued to give very poor
agreement with the radar data when attempts were made to revise the scale
fac-ors on the gyros. The most sensitive parameter was the scale factor on
the roll gyro (P). By varying the scale factor on P between 0.98 and 1.01,
STEP returned an initial theta (drop pitch attitude engle) between 47 and
57 degrees.

The reason STEP has difficulty in converging on an optimum trajectory
was because of the type of trajectory the BLDT vehicle was designed to fly.
Between T+2 and T+9 seconds the vchicle has a gyroscopic turn of about 13°.
During this turn STEP must have the proper roll angle history to be able
to integrate the measured forces in the proper direction. An error in PHI
of only a few degrees causes the reconstructed trajectory to diverge from
the radar track, During the time of drop, spin up, and main engire ignition
the instrumentation‘package is subject to high shock loads which amplify
the data noise level. It {s very difficult to remove only the noise due

to 1ac shogk without also adding biases to the data.
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In order to avoid this data noise problem, STEP was initialized at T+i2
seconds with the initial position and velocity being obtained from radar
data. Using Euler angles, obtained from the previous best STEP trajectories,
and radar data from Radar Site R123 for every 0.1 szconds between T+12 and
T+38 seconds, STEP was able to obtain a very good reconstructed trajectory.
The radar track data deviated from rhe reconstructed trajzctory by the
following standard deviations.
= 3,65 ft.

Os1ant range

= -3 ~ - .
Oazinuth 7.23 x 10-° deg 25 ft. (position error)

= -3 ~ .
Oclevation - 222 x 10 18 ft. (position error)

STEP was also programmed to compute the best estimate of the biases
and scale factors on the gyros and accelerometers. The following are the

biases and scale factor which STEP estimated compared with initial estimates:

STEP ESTIMATE INITIAL ESTIMATF

Roll gyro scale factor .99251 1.000

Pitch gyro scale factor 1.00025 1.0600

Yaw gyro scale facter 1.00000 1.0092

Roll gyro bias -2.12 deg ~2.09 deg
Pitch gyro bias ~1.92 deg -2.05 deg
Yaw gyro bias -5.60 deg -5.61 deg
X-accelerometer scale factor 1.001176 1.000
Y-accelerometer scale factor 1.00015 1,000
Z-accelerometer scale factor .999874 1.000
X-accelercmeter bias -0.60233 ft/sec?  -0.603 ft,’sec2
Y-accelerometer bias ~0.47968 ft/sec2 -0.48 ft/sec?
Z-accelerometer bias -1.1204 ft/sec2 -1.12 ft/sec2
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The fact that the STEP sysiematic exrors on the system data very closely
approximates the initial data scale factors and biases verifies that both
the radar data and the f}ight TM data accurately depict the vehicle flight
from T+12 seconds through mortar fire.

STEP recorstructed trajectory provides & very accurate measurement of
altitude and velocity. Combining this value with the met data, velocity
relative to the wind, Mach numbér and dynamic pressure wes compiled., Time
history of altitude, velocity, Mach Number and dynamic pressure are shown in
Figure VI-10 and VI-1l. Figures VI-12 and VI-13 show the body and velocity
vector orientation versus time. The conditions established by STEP at
mortar fire and peak 1oad%provided in Table VI-2,show that the flight per-
formance did nct meet the requirements for dynamic pressure as required in
Figure VI-1.

The angle of attack, sideslip and total angle of attack are shown in
Figures VI-14 and VI-15. The total angle of attack shown on Figure VI-15
never exceeds the value of 15° which is less than the required value of
L 17°. The value provided by STEP of 7° aé mortar fire differs from the
value of 13° derived froam analysis of the aft facing camera films. Small
roll errors integrated across the time period of T+12 seconds to T+38

seconds will cause small errors in the orientation of the body axis which
look like a time shift to the STEP program. This small shift at a time

when the angle of attack is changing rapidly provides a large difference

in the value of angle of attack.

3. Flight Anomaly Analysis
The major flight anomaly was the low flight trajectory which

was experienced in that the vehicle did not achieve the specified flight .
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altitude for decelerator deployment which in tura resulted in a high

dynamic pressure overtest during parachute inflation,

Other flight anomalies to be discussed in this and subsequent sec-

tions include:

C Spin rate, despin rate and spin rate decay
0 Aerodynamic moments
o Thrust inconsistencies

o Cg Offset

a, Dynamic Pressure Overtest - Sensitivity analysis reveals

that test altitude is most effected by variation in drop attitude. Analy-
sis of the launch films and inspections of recovered spent vehicle show
that the support structure was damaged during the launch process. Analy-
sis of the load bar camera film reveals that the vehicle has shifted be-
tween calibration and actual drop (See below), causing the support
structure configuration to have changed and drop attitude to be uncertain,
Comparison six-degrees-of-freedom (6 DOF) (Referemce 10) computer runs
were made, to determine if balloon launch operations damage to the support
structure could cause the overtest conditions, before retesting the super-
sonic condition with BLDT AV-4. These comparison data showed that the
most likely drop attltude was 52°, ‘The actual flight data were input to
the 6 DOF for the study. These data were:

o Atmospheric properties
0 Thrust properties (longitudinal accelerometer)

0 Initial drop heading (magnetometers)

o Event Times
o Actual Motor Alignment

The results of this analysis are compared with actual radar data in Figures

Vi-16 through VI-19,
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Figure VI-16 presents the predicted profile of flight altitude rate
versus time for a drop pitch altitude of 52° and 55°. Alsc shown in
dashed line is the actual flight altitude rate which was derived from
radar data which was verified by the STEP 2 analysis. Tlis shows that
the actusl altitude rate very closely approximates the predicted 52°
drop altitude trajectory.

The 52° drop altitude is further substantiated by the close correla-
tion cf actual to predicted values for the following parameters:

o Figure VI-17 - Altitude versus Time
o Figure VI-12 - Dynamic Pressure versus Time

o Figure VI-19 - Flight Path Angle versus Time
The above correlat’o. of data strongly establishes that the drop attitude
was the major contributor to the low altitude anomaly., Furthermore, vehicle
AV-2 and AV-4 establishes that system biases were within the dispersion
analysis ellipse while vehicle AV-1 was considerable outside the disper-
sion predicted by the 6 DOF program.

A review of physical evidence was conducted to determine anomalies in
the initial drop attitude. The scratches cn the aeroshell caused by rhe
disengaged stabilizing bars were found to principally indicate clockwise
and counter clorkwise vehicle rotation about the suspension axis. It was
impossible to determinc the position of the stabilizing bars at the time
of drop.

Overlays of the down looking load bar calibration and drop films were
made t. determine possible vehicle position changes with respect to the
load bar. Similer films from AV-2 and AV-4 were used to establish a bhase-

line. The overlays are shown i{n Figures VI-20, VI-21 and YI-22. Only

significant details have been included. The plumb bob was not useful
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Lbecause ii was moving prior to drop. Note that ftor AV-2 and AV-4 the
shifts are small and are attributable to differences in load bar deflec-
tion resulting from different ways the load bar is suspended during drop.
For AV-1, however, the position changes appear to be different in nature
and of much.larger magnitude.
Detailed analysis of the calibration and cdrop load bar fiims for
AV-1 revealed that the vehicle had rotated in the order of approximately
3 degrees about the suspension axi:z which changes azimuth but does not
change vehicle drop attitude, and also that it had rotated in the order of
approximately 1.8 degrees about an axis perpendicular to both the suspen-
sion axis and the vehicle Y-axis. This rotation results in a decrease in
the vehicle attitude in the order of 1.5 degrees, reducing the drcp atti-
tude to 53.5 degrees.
The above conclusion is qualitative in nature because of limitations
in the data, However, the evidence strongly supports a ncse down atti-

tude bias which could have been as low as 52 degrees as indicated above.
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b. Spin Rate - The spin rate decay was interrupted at 7 seconds
(see Figure VI-5) for about 3 seconds. This phenomenon can occur due to a
number of reasons. The most obvious is an externsal roll torque due to
either aerodynamic forces or propulsive thrust misalignment., A further
source was noted during € DOF simulations of the effect of cross products
of inertia. Previous predictions of flight performance, such as presented
in Reference )1 showed such tendency. The magnitude of cross products
necessary to duplicate the flight data is estimated to be less than 4
slug-ftz. The asywmmetric pitch/yaw oscillations are also indicative of a
principle sxes asymmetry of which the cross products of irertia are a mea-
sure, These gyro data can also arise from misalignment of the gyros rela-

tive to the principle axes of the vehicle,

c. Lateral Accelerations - The ¥ and Z axes show & bias during

powered flight which is piobably due to their offset from the center of
gravity. This causes centrifugal accelerations due to body motions  be
superimposed on their output, This effect, as well as the dynamic noise

level of the rocket motors masks any lateral thrust magnitude d=tecminaticn.

B. Capsule Aerodynamic Charscteristics

The aerodynamic characteristics of the wehicle agreed with predicticn
aftev thrusting end despin and before mortar fire. The aevodynamic forces
prior to this time cannot be seperated from thrust vectov etfects and
inertial cross coupling due to roll., Using a simplified inertial model with
no cross products of inertia, the total appiled moment on the vehicle was

X evaluated., This flight dats was quite noisy due to the required diffecen-

tiation of the flight data, and is not presented. However, when thesrs
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{flight moments were compared to the moments generated by a 6 DOF trajectory
simulation of the flighc, the amplitude of predicted moments compared well
with maximum total moments in pitch between +100 and -250 ft-1b (due to

the offset cg) 2nd yaw moments within + 200 ft-1b,

C. Thermal Control Subsystem

The design requirements for the BLDT Thermal Congrol subsystem were
based on mairtaining previcusly qualified hardware within the maximum and
minimum specified qualification temperatures, Except for several insolateu
electrical heaters, a passive thermal control system was utilized on the
BLDT vehicle for ascent ama rloat control., Tha passive system was based
on vehicle attitude and vehicle 2scent rate to float altitude with convec-
tion, solar radiation, reflected solar radiation and infrared radiation
veing the major heat transfer parameters being considered.

The design ascent profiles are shown in Figure VI-23 with the fast
ascent rate, wheun integrated with the above mentioned parameters, pro-
ducing the hot case and the slow ascent rate producing the cold case.
Figures VI-24, VI-25, VT-26 aud V1-27 show select hot and cold cace pre-
dicted temperature profiles for the base cover, rocket motor support
structure, aeroshell and S-band transmitter regpectively., Alsc shown in
these figures are discrete point actual temperatures, extracted from the
T™ data which were recorded at approximately half howr intervals. Tt s
noted that the actual temperatures generally remain within the hot and
cold case predictions and are generally closer to the hot case as would

he expected due to the actual ascent rate.

— m————
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Presented below is a table showing the temperatures meazured by
the "on-board" thermistors at the time of vehicle release from the load
8~ and at aeroshell separation compared with the specified requirement

at vehicle drop.

SPECI™ICATION aCTUAL TEMPERATURE (OF)
REQUI:EMENT (OF) . :
MAX HIN DRCP A/S SEPARATION
Rate Gyro 125 0 77 76
Boost Motor #1 165 -65 60 160
Equipment Ballast 165 0 82 81
S-Band Transmitter #1 165 0 103 105
Instrument Beams #1 125 0 62 63
Bridle #1 210 -90 35 36
Acroshell #1 175 -115 2" 32
Boost Motor #2 165 -65 58 169
Mortar Cannircer #1 . 80 No Min 51 85
Mortar Breech 75 25 55 58
Instrument Beam #2 125 ’ 0 61 60
Bridle #2 210 -90 43 4
Aeroshell #2 173 -115 8 16
Rocket Motor Support (No Prediction) 46 48
Structure '
Mortar Cannister #2 80 No Min 49 81
Mortar Breoch Flange 75 25 51 68
Bridle #3 210 690 41 45
#Main Battery 80 50 45 46

*The thermistor titled "main battery temperature'” is misuamed, it really
measures rocket motor support structure temperature.

pERat
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D, Structural Subsystems

The structural system provided adequate vehicle suppurt and aynamic
operation through all phases of the aission with the exception that the
-Z axis compression fitting, which forms part of the flight vehicle to
load bar support structure interface, was driven through t.e aeroshe..
supporting structure and into the payload portion of the vehicle,
There was no evidence of any structural €ailure in the load carrying
structure other than that previously noted, Also, the dynamic portions
of the structural system, 1Ac1ud1ng the eseroshell guide rail separation
system and the flipaway len. covers, functioned as required.
As pr.viously ncted, the ~Z compression fitting supporting structure
failed in compressira permitting the ball fitting to te forced through
the strﬁctupe and penetrating tne payload where it lodged for the duration
of the mission., The ball fitting was recovered with the parachute/payload
during the recovery operations. Review uf the launch films and visual
observations during lsunch indica.e thLat the vehicle was subjected to exces-
sive loeds as a result of launch crane travel across a grated concrete
depression just prior to leunch release, The films e£lsc show a pitch motion
betweenrthe vehicle and the load bar sﬁpport structure of approximately one
foot as thé crane crossed the dépresaion which indi{cates that the supportisg
$a11 failure occurred at this point otherwise the vehicle pitch motion would
be impossible. |
Post recovery inspection and matching of the aeroshell and load bar.
support structure indicsted that the loss of the .pjper compression fitting
allowed the 1-~d bar support structure to ssparate from the two lower compres-
sion fitting.> Scratciies and gouges on the aeroshell in the vicinity of the

lower fittiugs matched up with tha iload bar support ctructure legs indicating

R
S

“”‘;”
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that the lcad bar suppor* structure legs traveled approximately 7.5 inches

from their original positior.

The socket on the -Z axis of the load bar support structure penetra-

ted the

1.

2,

3,

aeroshell a minimum of tlcree times as follows:
When the structure supporting the compression ball failed.
When a piece of the structure adjaceut to the ball was broken

off.

When an inspection port cover was puncned out.

Inspection of the recovcred hardware indiceted tne following condition:

1.

Aeroshell - damage from cumrr wcjon >3d failure, buckling of the

inboard skins, nose c-+p poksd out, 31.5 inch ring frame buckled

slightly.

“All damage was ground impact damage except:

o . Compression pad failure was launch damsge.
Vh. Buckled ring frame could hawe been ground damagé or

flight s. Jratioﬁ load damage (See page‘v-ll)

wocet » ~= Su-port Structure - no visual damag .

Base Co..i - Extensive damage resultirg from imp .ct.

Parachute Trusg - no visual damage.

Equipment Beam - Damage resulting from impaét.

Lcad Bar Support Structure - nc visual damage.

E. Propulsion, Azimuth Pcinting ard Ordnance Subsyst.ms

The Propulsive sy:tem on the vehicle include 4 Rocketdyne solid rocket

motors and 10 spin/despin solid 1ocket motors made by Talley Industries.

The main mo:ors have classifled performance caaracteristics, and therefore

t' elr specific performance phfametgrs will not be given, In addition



SR R

L

RO R

b

o

4, - o
ﬁ$¥ TR M et v pimeeenge o et i,

[T
Bty
e PuER A

Vi-18

to the solid rockets, pyrotechnic ordnance was used to effect load bar
separation, aeroshell separation and camera lense cover opening. In addi-
tion, cold gas thrusters located on the AFCRL load bar were ccmmanded thru
the command system onboard the vehicle. These systems will be discussed in

this section.

1. Spin/Despin Motor Performance

The spinup signal which occurred at 1.01 seconde after rclease
from the load bar resulted in nearly simultaneous ignition of the six spin
motors. The resulting spin rate was 204 degrees per second indicating
approximately 47 high impulse. This rotation rate decayed during main
rocket motors burning tc a residual rate of 110 degrees/second, whereas
the 4 despin motors then produced an incremental rate of 136 degree/
second which is 6% higher than predicced. This higher effective perfor-
mance of the spin/despin motors is piobably invpart due to plume over-
expanding and recirculéting to produce a pressure force on the spin/despin
bracket. The base cover near the spin motors showed some evidence of plume

impingement,

2. Main Propulsion Svstem

The four so d rocket motors were ignited at 2.03 seconds after

release from the balloon load bar and produced no noticeable thrust differca-

tial, They produced a slightly higner thrust level with an attendant
shorter turn time which was well within their specification, There was no
ncticeable difference in their burn time and the thrust tgil off was as
expected. During motor support structure aligument verifica ion, a slight
distection in the structure was messured which would have caused the rocket

motors to have produced a voll torque. This led to a modificatior of the
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rocket motor imstallation shimming procedures which should have eliminated
this source of roll torque, The resulting change in roll rate during main
rocket motor burning is attributable to the thrust damping and is close to
the predicted change. The thrust vector alignment relative to the center
of gravity was escimated based on the pitch/yaw rates at ignition prior to
developing relevant aerodynamics forces and indicate the thrusg vector was
parallel to the X axis but displaced 0.050" from the center of gravity in
the -Z direction and 0.055" in the +Y direction. A portion of this dis-
placement was possibly due to the compression fitting ball which was broken
off during launch. This ball was lodged some place in the vehicle and its
mass could have shifted the center of gravity by as much as 0.010 inches.
A tﬁrust misaligument of this magnitude would cause an increase in dynemic
nressure at mortar fire of 0.5 psf.

The anticipated plume recontact and recirculation im the base regién
did not produce relevant base heating. The ablatjve heat shield on the
base and over the parachute bridle showed no evidence of heat either due
to mortar plume radiation nor due to convective {mpingement. The aft
camera lens covers also were not degraded by the rocket motor exhaust al-
though some eviden:e of a dust-like deposit was noticed.

Post-flight inspection of the blast tube on Rocket Motor 3 (+Y,+2)
showed significant paint blistering. This condition could imply a thrust
vector change due to blast tube deformation or nozzle erosion. The shock
loading during launch could have dislodged propeliant or caused separation
of the propellant which, in turn, could give a thrust vector shift or

thrust megnitude variation,

3. Azimuth Pointing Subsystem

The azimuth pointing system performed as predicted during flight.

Durirg asceﬁt, the wind shears and main balloon infliation produced erratic
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torques to the load bar which caused a maximum oscillation amplitude of
approximately 2.5 revolutions, peak to peak, at 90,000 ft. altitude, The
zero torque azimuth also varied during this period of time continuing
until drop with an apparently sinusoidal varisztion. (See Figure VI-28).
The pointing system cold gas thrusters were checked our during ascent

by pulsing at times which would reduce the oscillation amplitude. This
aided the natural damping of the system in reducing the oscillaztion ampli-
tude such that when float altitude was attined, residual oscillation was
the desired +180 degrees, Ballasting during ascent caused sume change in
the oscillations, however the torsional stiffness of the parachute suspen-
sion, based on the period of oscillatioa, agreed well with the cargo para-
chute torsional test measurements used for design, both before and after
ballast dump (Figure VI-29),

There was not sufficient float time to determine the system damping,
however, the oscillation amplitudes were not large enough fur the pointing
system to require damping assistance to reduce the oscillation energy.

When the requi.ed drop azimuth had been selected, pointing coumands were
given to stop the oscillation at the heading, however drift in the zero
torque azimuth causad some diffi~ulty in aoldiug the desired azimuth so the
vehicle heading was swung 360% and -r1d against the more predicéable resis-
ting torque. This azimuth was approximac:ly 180 degrees from null and the
torsion was approximately 3.75 ft~1b at drop, This tcrsion was resisted
by the peinting thrusters which produced &pp oximately 0.63 1b. thrust over
a 20 foot moment arm, The pointing preusc,e supply was consumed at 5.5
PSI per second of jet on time with a resiuuél pressure at drop of 1115 PSI.
A constant azimuth was maintained for 7 mioutes prior to drop with the last

pointing commands terminating 8 seconds ocfore drop. The proper szimuth
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was maintained to within 2 degrees during the time -eried and the rates
were within 0.5 degrees/secound.

During the flight, the magnetometer TM data were smooth and continuous.
The control center displays of magnetometer data, both digital and analog,

were adequate for steering the vehicle to the required heading.

4, Ordnance Subsystem

All pyrotechnic and pyromechanical devices performed such that
all vehicle functions occurred as programmed. Post-flight inspection of
the vehicle revealed that all ordnance functions occurred with no damage

to the flight vehicle.
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Eiectrical Subsystem

F.

during the complete mission.

remained within predicted/required limits.

Flight batteries we- e activated on 6-25-72 without problems.

The electrical power and sequencing systems operated satisfactorily

All battery voltages and timed everts

Battery

voltages were above mlnimum at lauach and as shown in Table VI-3 during this

flighe.

Camera batteries opersted satisfactorily as evidenced by "on-beard"

camera operation during flight sequence,
Observation of batteries recovered from the vehicle following recovery

showed a very small amount of electrolyce leakage.

were still within the normal tolerance range.

All battery voltages

It is noted that the tran-

sient battery had been partially caved in at tae electrical connector area.

The actual programmer sequence times are provided in Table VI-i,

The vehicle command system operated as required and received the

following commands subsequent to the C8:35:07 launch,

Time

15:47 hrs 2

Command

Safe (Command System Ck.)
Start Azimuth Pointing (Pointing

17:20 hrs 2
Continued intermittently till just

prior to drop)
Arm Vehicle (Power Programmer cn

17:31:15.5 hrs 2
‘Next Pointing Command)

17:37:13:79% hrs Z

Vehicle drop

17:37:52:33 hrs 2 Mortar Fire

Instrumertation Subsystem

G.

The 53 commutated dats channz2ls and the 16 continuous data channels

performed without malfunction and provided useable data for each phase of

the mission.

The magnetometers supplied azimuth pointing data during the
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float phase; the rate gyros, accelerometers, and tensiometers indicated
vehicle motion and decelerator loads for the flight phase after drop from the
balloon load bar. The displacement transducers provided data during the
aeroshell separation phase. A tempereture profile was acquired by 18 tempera-~
ture probes and other commutated channels provided information for vehicle
performance such as reception of range commands, programmer events, battery
monitofs, and other vehicle system monitors.

Although the instrumentation system performed without malfunction

there were two anomalies which required investigation prior to the flight

7 of the second vehicle,

The first anomaly involves the AGC measurzment for the command recelvers.
During flight, the ground transmitter acquired the airborne receivers with
a strong signal which should have caused the control room meters and the
telemetry data to read full scale, however, the meters and TM data indicated
a loss ofrAGc voltage. Investigstion of this anomaly indicated chat the
ground decommutatcr sensed the airborne signal and reached a saturated
condition. The ground system is designed such that it provides & zers output
when a satursted condition is sensed. It was also determined that wher this -

condition existed the Command Reception Indicator Pamel indicated & slightly :

_ negative AGC voltage. Since this indics*ion had no effect on the missioa and

vehicle status could be determined, no revisions wese ;equired for subsequent
£lights. ‘ : _ — é

The second anomaly involved noise on varicus telemetry channels., There
was excessive noise on four continvous data channels (IRIG 15 through 18) ’ K
and intermitten: noise spikes on all channels. 1In order to determine the "

cause of this noise, the Ffollowing areas were investigated:-

o
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1. Receiver Signal Strength
2., TM Transmitter Deviation
3. SCO Pre-emphasis Schedule

4, WSMR Microwave Link

The results of the above investigation revealed the following:

- 1. Receiver Signal Strength

The recordings of veceiver AGC levels for each WSMR receiving
station throughout the flight were ex~nined and the noise_spikes were cor-
‘related ;ith signai drop outs. There were considerably more @rop outs
éxperienced early in thg flight and were attributed to normal vehicle
rotation and the associated changeAin antenna look angie. Also, the
noise level on the four continuous channels (15--18) wac correlated with low
AGC levels. The 1ncreaéed noise in these channels at low AGC levels was
attributed to a dip in the SCO pre-emphasis taper and an over deviation of
the 1M transmitter. The SCO pre-emphasis taper and the transmitter devia-
tion will be a&justed to reduce this noise suscepcabliiity for subsequent
flights. wAlso,.che procedure for selecting the t:lemecrv receiving station

having the best AGC is being reviewed.

~ 2., TM Transmitter Deviation

It was reported in-flight that the AV-1 TM transmitter was devia-
ting above its + 600 KHz limit st approximately 750 KHz and that this could
account for some of the noise problems, Post flight investization at NASA-

Langley with the recovered A"-" transmitter and SCO package and at Roswell

:‘on AV-2 and AV-3 vehicles indicated that_the transmitter could have bheen over

deviating. Additional tests conducted at Langley with special test equip-

ment dqtermin;d that optimum performance would be obtained at lower
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deviations (+ 300 KHz) and adjustment of the SCO pre-emphssis schedule.
The snecial test equipment(Telemetry Indicator and De-emphasis Amplifier)

was shipped to Roswell for adjustment of the other vehicles.

3. SCO Pre-emphasis Schedule

1t was reported during the AV-1l flight that there was a dip in
the pre-emphasis taper which could accouunt for the increased noise suscep-
tibility of channels 15 through 18, The Langley tests confirmed that thecc
channels were not properly adjustes and were dropping out before the lower
channels. Addit onal tests, with the speccial test equipment, =stablished za
new pre-emphasis schedule to impr~ive the sigral to noise ratic in the upper
S8CO channels and to oprimize the spectrum utilization. Also, the amplifice-
tion factor of the SCO mixer amplifier was reduced to providec for J2ss trans-
mitter deviation and a more stable operating poin*., Thuse changes were
verified on AV-3 at Roswell with the test equ’ ment sent fiom Langley,
After verification on AV-3, the adjustments “ere incorvorated into AV-2 and

a speciai CST was run at reduced signal ctrength to verify system improvement.

4, WSMR Microwave Link

The video portion of th. telemetry signal is traunsmitted from the
receiving stations to the WSMR Teiemetry Data Cepter (TDC) via a series of
microwave d;ta links., The one inch magnetic tapes that were recorded at
stations JIG 10 and JIG 67 were processed at Langley and compared with the
data recorded at TDC. The data quality at TDC was apparently degraded by

the microwave link. Tests are now being conducted at WSMR to determine

what can be done to imnrove the transmission links to TDC,
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H. R. F, Subsystem

The S-Band Telemetry, C-Band Tracking and the Command Control RF sub-
system performed within specificatlion requirements tnroughout the mission,
Signai acquisition for all frequencies occurred within 30 minutes of balloon
launch,

Zvaluation of the flight data indicates that the signal levels for the
tracking and command systems were at or near saturation throughout the flight.
The S-Band TM strength was considerably lower, howeve+, useabie telemetry
data was obtained for each ph-se of the missfon, 1the telemetry AGC records
show signal strength variation as the vehicle rotated and ewept the antenna
pattern nulls past the various ground receiving stations., This modulatior
caused some dropouts in the telemetered  aca, but not to the extent of
invalidating the data. rne only RF anomaly occured during the pre-flight
checkout cf the commend stations, when the C-station transmitter "A" sent
dual tones 1 and 11 when only tone 1 should have been triggered and tones
2 and 12 when keying tone 2. No explenriion for this was available, so the
test conducted specified that C-Station ﬁtilize transmitter "B" for the

mission.
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I. ISE/OSE

The Test Support Equipment and Operationail Support Equipment performed
within the design requirements for this equipment.

The OSE Command Reception Indicator Panel located at the WSMR Contrel
center 1indicated many false command tones and commands :during the early
portion of the float phase. These were not faults in the CRIP but rather

TM dropouts at the WSMR receivers which drove the CRIP to false indications.

J. Mass Properties

The BLDT vehicle mass property requirements, at decelerator mortar fire,
were established “ased on the Viking Lander Capsule, to be as followe:
Vehicle Weight - 1888 + l.#
Y Axis cg Location - 0 Offs.t
Z Axis cg Location - -1.41 + 0.030"

X Axis c¢g Location - 31.7" to 33.7"

In order to fulfill the Y and Z axis cg location requirement, the AV-1
vehicle was subject to a spin balance operation at Sandia Corporatlion
Leboratories, Albuquerque, New Mexico. During this operation, lead balance
weights were fastened io the vehicle to precisely lorate the vehicle cg
with r-9pect to the Y and Z axis.

The AV-1 vehicle mass properties are summarized in Table VI-4.
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TABLE VI-1
BLDT AV-1 ATMOSPHERIC PROPERTIES

EAST- NORTi-
WEST SOUTH SPEED
ALTITUDE WIND WIND OF SOUND DENSLTY

(5000 FT) (¥T/SEC) (®T/SEC) (FT/SEC)  (SLUGS/FTZ)
l. -3. De 1i88, .13569-02
24 -3 l. 1115, -167“2'02
3. ~8. -5e 10910 015530'02
§e e 9 1072- .12&“6'02
S5e 6. et 1 1052. .10610‘02
6a 1l. -2 1030. Q90189‘03
Te 33, ’13- 1005. -75139‘03
8a 35. ~26Ge 980. .63813‘03
9. 2o ~%8. 962. .52093'03
10. -53. -Te. 980. .42708-03
11. -33. -1Ge 335. e 3X355-03
12. -19. ~R, 938. .25710-03
13. ~36. -8, 354, .193256-03
1%. -510 -2le 3730 -1“511‘03
1S. -89, 5, 975. +11506-03
16, -51. 18. 977. 308220
i7. ~52, ~12 983. .T70898-04
18. -T7. 2. 993. .55222-0%
19. -68. 8, 997. -~3712-04
200 -81. G. 1001 +34677-0%
21. -97. 21. 1031, .27280-08
22« -36. 8. 1022, .2:%83~-04
23. -85. -3 1030, +17157-08
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Altitude (h) - ft 120530.
Velocity (V) - It/sec .-
Gamma (r) - deg. -
PSI (9&) - deg 13,
Theta (&) - deg. 52,
Mach No, ( MN) -
Dynamic Pressure (q) - ib/ft2 C e
Angle of Attack (0() - deg. --
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VII. CONCLUSIONS

The conclusions reached {rom the in-depth analysis of the AV-1 mission

data and films and r - st-flight inspection of the flight hardware are as

follows:

A. The flight vehi.le suffered structural damage due to forces imposed
during the balloon/vehicle launch process which resulted in the loss of
the structural integrity cf the interface between the load bar support
structure apd the flight vehicle and change to the flight vehicle drop

attitudc.

B. The revised vehicle drop attitude coupled with a low balloon float
altitude was responsible for the vehicle altitude at mortar fire being
lower than was required for the mortar fire ground command to be

issued within the specified Mach number/dynamic pressure performance box.

C. The decelerator mortar fire command was issued by the airborne pro-
grammer which timed out while the dynamic pressure was 247 in excess of

the nominal test requirement.

D. The excessive dynamic pressure test condition was cause for declaring
the flight of vehicle AV-1 & ''no test" for the qualification of the Viking
Decelerator System since two gores of the parachute failed during the para-

chute inflation process.



E. Despite the parachute canc -y damage, the decelerator system performed

within the requirements for a successful Mars landing and the missicn pro-
duced much useful data concerning the decelerator and flight vehicle per-
formance, Except for dynamic pressure, the flight vehicle performance pro-
vided the proper qualification test conditions as follows:

ingle of Attack at mortar fire < 17°

Residual Spin Rate .j;100°/sec

Parachute Temperature at M.F, ELSOOF

F. The aeroshell separation time-distance history was more than adequate

to meet the requirement of 50 feet of separation in 3 seconds.
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B.

Abbreviations

A/B Airborne

AGC Automatic Gain Controel

A/S Aeroshell

AV BLDT Flight Vehicle Designator
BLDT Balloon Lsunched Decelerator Test
Cg Center of Gravity

CST Combined System Test

DGB Disk-Gap-Band

GAC Gocdyear Aevrospace Corporaticn
g's Gravitational acceleration - 32,2 FP82
IRIG Inter Range Instrumentation Group
K 1060

Kiz Kiloherta

LADT Low Altitude Drop Test

MMC Martin Marietta Corporation

NASA National Aeronautics and Space Administration
P Roll Rate

PSF Pounds per Sguere Foot

PSI Pounds per Square Inch

PEPP Planetary Entry Parachute Program
q Dynamic Pressure

0 Pitch Rate

R Yaw Rate

RAOB Radiosonde Observations

RF Radio Frequeursy

RMSS Rocket Motor Support Structure



VLC

WSMK
X,¥,2

Z,Zuler

Aerodynamic Reference Area
Subcarrier Oscillation

Serial Number

Time

Telemetry Data Center

Telemetry

Viking Laander Capsule

Time Rate of Change of Velocity
White Sands Missile Range

BLDT Vehicle Axis Designators

Greenwich M2an Time

VIII-3



APPENDIX A

DESCRIPTION OF
BALLOOR LAUNCHED DECELERATOR
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APPENDIX A
ZSCRIPTION OF BALLOON LAUNCHED DECELERATOR TEST VEHICLE
The BLDT Vehicle utilized for the high altitude qualification tests of

the Viking Mars Lander Decelerator consisted of six (6) major subsystems

which were:

0 Structural Subeystem

o Electrical Scbsystem

0 Instrumentation Subsystem

0 R, F. Subsystem

o Propulsion/Pyrotechnic Subsystem

© Thermal Control Subsystem
The BLDT vehicles are designed to be flown as supersonic, transonic
and free fall vehicles in order to simulate the various anticipeted Mars

entry conditions for decelerator deployment.

A, Structural Subsystem

The vehicle structural configuration provides an external envelope
which simulates the Viking Lander Capsule in order to qualify the Decelera-
tor in the wake of a blunt body similar to the actual Mars VLC, The
general configuration of the BLDT vehicle is shown in Figures A-1 through
A-7,

At the initiation of the BLDT vehicle design, the test bed was to
match the Mars VLC Cg and mass properties at decelerator deploy command.
insofar as practical. The requirement was for the BLDT vehicle to have a
weight of 1888 prunds with a Cg offset of 1.41 inches in the -2 airection

at the time of decelerator mortar fire command. The final mass properties
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for each vehicle, included {in the individual reports, indicates the revi-

sions which were made to the mass properties subsequent to the BLDT

vehicle design.

The structural subsystem consisted of six (6) major components asg

follows:

1. Rocket Mctor Support Structure

The rocket motor support structure is a cylindrical componeut,
approximately 64 inches in diameter, which provides the major vehicle
internal longitudinal support structure as well as providing the motor

mounts for the supersonic and transonic vehicles.

2. Instrument Beam

The instrument beam is & structural beam which was tied to the
forward surface of the RMSS and ran symmetrically alcag the Y, -Y axic.
It elso contained an aft facing pylon to mount the »ccelerometers and

rate gyros at or near the vehicle longitudinal Cg.

3. Base Cover

The base cover is a lightweight external shell providing an aft

configuration similar to the Mars VLC.

4, Decelerator Support Structure

The decelerator support structure is a three leg structure,
similar to the Mars VLC decelerator support structure, with a cylindri-
cal center section for mounting of the decelerator cannister parsallel to
the BLDT longitudinal centerline. The decelerator support structure assem-

bled into the base cover to provide an intermediate assembly,



5. Aeroshell
The Aerostell which is the forward surface of the vehicle pro-
vides & conical blunt aerodynamic surface spproximately 11.5 feet in dia-
meter with a 140° included angle. The aseroshell provides a forward con-

figuration similar to the Mars VLC,

6. Load Bar Support Structure

The load bsr support structure is a tubular structeral member
which provides the interface with the Air Force Cambridge Researck Labora-

tory (balloon) load bar as well as pioviding the cecrrect hanging pitch

attitude.

B. Electrical Subsystem

The electrical subsystem provides the flight power, cabling erd
switching/sequencing devices required to properly sequence and activate
the various functions. The electrical subsystem is shown schematically
in Figure A-8,

The vehicle is powered by five (5) silver zinc batteries as follows:

1. Main Battery - 60 AH - MMC P/W PD94S0026

Provides power for telemetry, command system 4 and A/B heaters.

2. Transient Battery - 16 AH Engle Pitcher Medel 4332

Provides power for timlug correlstor, C-band transponder and

command system B,

3. Pyro Battery A - 1,0 AH - iSB Model 392

Provides power tu all pyrc A circuit ordnance devices snd sir-

borne programmer A.
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4. Pyro Battery B - 1,0 AH - ESB Model 392

Provides power to all Pyro B circuit ordnance devices and air-

berue programmer B.

5. Camera Battery - 1.0 AH - ESB Model 393 (Similar to model 392
except tapped at ¢ cells and 18 cells),

Provide +13 volts power to onboard high speed cameras.

The electrical subsystem provides completely redundant airborne
sequencing programmers and completely redundant pyrotechnic circulcs.
In addition, the electrical subsystem provides all power switching

relays, motor driven switches, power limiting resistors and airborne heaters.

C. Instrumentatior Subsystem

The BLDT Instrumentation subsystem provides for the real time measure~
ment and conditioning of the parameters listed {in Table A-1 and provides
tuming correlation for the real time measurements and alrborne camera. The
instrumentation subsystem utilizes a PAM/FM/FM configuration as shown sche-
matically in Figure A-9,

Additionally, the instrumentation subsystem provides the following
photographic coverage:

1. Aft Looking Photoscnics

Approximately 450 frames/second to record the decelerator

deployment sequence,

2, Aft Looking Milliken

Sixty-four frames/second to record the decelerstor deployment

sequence,
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3. Torward Looking Miliiken

Thirty-two frames/second to record the Aeroshell separaticn

sequence and obtain a time/distance history.

D. R. F., Subsystem

The R. F. Subsystem consists of the TM transmitter, the C-Band trans-
ponder and the redundant command receiver/deccders with all of the required
antenna systems.

1. T Transmitter

The telemetry transmitter provides for the FM transmission of the
composite FM data from the Instrumentation Subsystem mixer amplifier. The

transnitter provideg 5 watts power output in the S-Bend (2285.5 MHZ)

range, The TM transmitte and antenna system is shown schematically in

Figure A-10.

2. GC-Band Tracking Transponder

The GFE tracking transponder was provided by White Sands Missile
Range aud is compatible with tracking radar AN/FPS-16 utilized at WSMR,

The transpcnder and antenna system ls shown schematfcally in Figure A-10,

3. Coamand Receiver/Decoder

The vehicle command system, including antenna, multicoupler,
receivers and decoders, 1s shown schematically in Figure A-11
The redundant recefiver/decoders operate on an assigned frequency of
541 MH, and provide a 28 volt nominal decoder output for command inputs

with seven command tones selected from IRIG-103-61 channels 1 through 20,
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The system coding 18 such that triple tone ground commands xesult in

the following sirborne functions:

Functjon Commands
Primsry Backup Redundant

Release from load bar X X
Mortar Fire X X
Arm Ordnance Bus X X
Safe Ovdnance Bus X X
Turn RF on X

Turn RF off X

Pointing, Clockwise X X

Polnting, Counterclockwise x

E. Propulsion/Pyrotechnic Subsystem

The propulsion/pyrotechnic subsystem consists of the solid rocket
motors required on the eupersonic and transonic vehicles, the azimuth
pointing system required on the supersonic and transonic vehicles and the
pyrotechnic devices rcguired on all three coufiguvations,

The main propulsicin assembly consists of a set of Rocketdyne RS-B-

535 solid propelianc rocket motors each having the following characteristics:

Nouinal 3 g Variation

Total Impulse, lbf-sec Classified 0.6%

Byrn Time Avg. arust, 1bf ‘lasgified 1.9%
noizle Cant Angle, deg 35 c.1

Thrust Vector Alignment, degh* 0.2
Ignition Interval, msec 49 +27, ~17
Burn Time, sec Classifiea 1.8%
Loaded Weight, lbm 461.2 0,25 kk4
Burnout Weight, 1lbm 91,7 3, 7Hdok
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The supersonic configuration vehicles are provided with 4 of the
above motors with the transonic vehicle containing 2,

The spin/despin system is required to reduce trajectcry dispersions
during booster burn and despin after burnout. Spin Motors having the

following characteristics are used:

Nominal* 30 Varfation
Totsl Impulse, lbf-sec 76.5 3.0%
Burn Time Avg. Thrust, 1bf 86.2 8.0%
Ignition Interval, msec 10.0 +10.0, -5.0
Burn Time, sec 0.87 +11.0%
Loaded Weight, lbm 1,2 9.1
Burcout Weight, lbm 0.9 0.1

* Vacuun Conditions, 70°F
** Aljpnment with respect to nozzle geometric centerline.
#xk Actual weighing tolerance.
*kk* Variation from predicted value,
The supersonic and tranconic vehicles utilized 6 each of the above motors
for spin-up and 4 each of the ahcove for despin,

Other pyromechanical and pyrotechnic functions included in the

vehicle are:

Runction Supersonic Transonic Subsonic
Aerochell Sep. Nuts 3 3 3
Load Bar Relzase Nuts 0 0 3
Tension Rod Separator 1 1 0 ]
Cable Cutters i 2 0 ;
Decelerator Mortar¥ 1 1 1

* Payt of Decelerator System



JR N

t m ey

.

v
LB 2 g

A-20

Also included in the propulsion subsystem 1s &n azimuth pointing
system which is .sed to orlent the supersonlc and trsuasonic vehicie
azimuth at dvop in order to assure impact within the White Sen. s
Missile Range in the event of a complete decelerstor failure,

The pointing system is comprised of & gaseous nitrogen thruster system
located on the balloon 1lsad bar., ..ie sygtem provides paired clockwise or
counterclockwise rotational moments in response to ground commands. The

azimuth pointing system is shown schematically in Figure A-12,

F. Thermal Control Subsystem

The thermal contros subsystem consists of those passive and active
components required to maintain vehiclz components within tne requived
temperature levels. These componeats were generally: 1

1. Internal and externai blankets,

2. Active heaters,

3. Base cover ablative material,

A
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APPENDIY B

A, Description of BLDT System Mission

1. Purpose of the System

The BLDT System is desigrned to subject the Viking Decelerator
System to Qualification Test Requirements at simulated Mars Entry atmos-

pheric conditions.

2, Svstem Requirements

The Viking Decelerator System earth atmospheric test conditions
which result from consideration of the variation in probable Mars atmos-

pheres are:

Supersonic Supersoniv Trezusonic Subsonic

Case | Case 2 __Case Case
Peak Load Mach No. 2.17 +0.17 2,06 4+ 0.16 1.15 + 0.10 0,46 + 0.03
Feak Load Dyn. Press. 1C.09 + 0.57 9.39 + C.55 4.52 + 0.20 6.46 + 0.80
(PSF)
Angle of Attack at <17 Q7 £0 {17

M/F (Degrees)

The design of the BLDT test bed is constraiaed by the Viking Lander Cap-
sule design to the following. -

0 Vehicle weight at mortar fire - 1888 pounds,

o Cg offset in minus Z direction - 1.41 inches,

0 Vehicle external envelope similer to VLC (See Appendix A)

o
o Decelerator Temperature at mortar fire - 80°F

P

)
S-S

e e .
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3. Svstem Descripiion

The BLDT System design which evolved from the above test require-
ments provides fur a large volume, high lift balloon system capable of
floating the BLDT Vehicles at altitudes from which the test conditions
can be achieved with reduzed cor no propulsion capability. The predicted

test altitudes and balloon lift capability involved in the system design

are:

Supersonic  Supersonic  Transonic Subsonic

Case 1 Case 2 Case Case

Balloon Float 119,00C 119,600 120,500 62,000
Altitude (FD)
Decelerator Mortar 147,800 148,600 137,500 89,30¢C
Fire Alt. (FT)
BLDT Vehicle 3,556 3,550 2,800 2,050

Launch Weight (LES)

The system concept provides for the launch of the balloon/€light
vehicle system from the Roswell Industrial Air Center, Roswell, New
Mexico with the system ascending to float altitude during the approxi-
mately 100 mile westward flight to the White Sands Missile Range. Unce
over the range, the flight vehicle is released from the balloon load
ber to complete its flight sequence.

For the powered flight tests, the vehicle concept provides for spin
rotation of the vehicle prior to solid rocket motor boost to minimize
thrust dispersiow effects. Following the boost phase, the vehicle is
dezpun und allowed to coast to the correct dynamic pressure condition.
For the subsonic case, the vehicle is released from the load bar and

allowed to free fall until the correct velocity ig attaiped.

nK

* . U8862 Pressure Altitude
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At the White Sands Missile Range, a ground computer system is pro-
grammed tc receive tracking data which when integrated with predicted
meteorological parameters provides the intelligence for the computer to
issue a mortar fire command at the required test dynamic pressure for
the powered flights. For the non-powered flight, the computer issues a
timed mortar fire command following a delay for the correct velocity
test conditions to be attainred. In both powered znd non-powered flights
the vehicle incorporates an on-board programmer which provides a backup
mortar fire command. Figure B-~1 and B-2 depicted a typical powered and
non-powered flight,

The systom design includes all of the handling, checkout and control
equipment necessary for prelaunch checkout, flight control and recovery

of the system components.

4. Operations Descriptlon

A typicel sequence flow of the mission operations from assembly
and checkout at Roswell, New Mexico through vehicle flight and recovery
at WSMR, is sghown in Figure B-3, FEach of the sequence events i: described
belcw:

a. BLDT Vehicle Assembly and Checkout - This phase of the

miscion operation encompasses the assembly and checkout of the various
gystem components. The BLDY vehicle, while comnected to ground electri-
cal pcwer and in partially assembled condition, is esubjected to subsystem
and combined system testing in a close loop and open loop mode., The
vehicle is then assembled {ncluding airborne batteries and subjected to

¢ full flight readiness test on airborne power and in an open loop mede,
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cargo chutes, the baitoon winch and the launch crace.:

While the flight vehicle is undergoing checkout and .ssembly, the balloon
system is alco being partially assembled and subjected to flight readiness
testing. These checkoutrand assembly events were performed at the Roswell
Irduscrial Air Ceater.

Coincident with the cherkout of the flight system, the ground control
system at the White Sands M;ssile Range is readied for the mission by
assuring that:

1). The flight TM dats is routed to the correct terminal
data stations,

2) The grou&d command system is capable of transmitting
acceptabdle ¢ ommands .

3) The communications links a?é correctly activated.

4) The command station personnel are prepared to accept
vehicle control.

b, BLDT Vehicle/Balloon Intepration - When the prerequisite

flight vehicle balloon system and VSMR. Controi Center chieckoui are com-
pleted und ¢ e meteorological constraiats at the launch site and WEMR

(Launch winds, float winds, local ueacher etc.) are satiefastory, the

fligh: vehicle and balloon systems are moved from the checkout hanger

to the laungh runvay wh«re system integration and final checkout is made.

The- fiight vehicle is cunnected to ground power and final subsystem

testing is completed to ‘sssure all subsvstems sre functioning The

N

— vehicle ordnarce is elec*rically connected and the veh tcle access panels

are installed. In this time period the launch bal’oon and float balloon

are layed-out ;ndiintegrated with the flight vehic}g, Fheiabort recovery
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When the system integration is completed, the launch stand is removed
from the flight vehicle leaving the fligat vehicle suspended from the
balloon load bar which in turn is suspended irom the launch crane. Also,
the launch balloon is filled with a precisely metered quantity of helium,

¢. System Launch Following the integration of the flight

vehicle and balloon into the BLDT system, the system is ready for launch.

The launch process begins with a ground winching cperation in which
the launch balloon is permitted to rise and which upon rising takes the
float balloon (uninflated) and the cargo abort chutes from a horizontal
attitude to a vertical attitude above the launcﬁ Erane. Once the system
igs in the vertical attitude, the winch cable is separated from the balloon
system through the use of an ordnance device. - At thig point, the two
balloons with the abort cargo chutes are fIAACing above and tethered to
the launch crane with the balloon load bar and flight vehicle suspended
from the crane beneath the tethered balloon, At this point, the total
system for a powered flight extend from ground level to approximately
1000 feet above ground level (800 féet for a non-powered flight).

With all of the preceeding operations complete, it only remains to
release tﬁe'flight system from t“2 launch crane. To do this, the launch
crane is driven down wind at : velocity necessary to position the crane
approximatély under the balloon at which point the crane release device
{s actuated and the ballocn floats f.ee of the ground system taking with

it the baliocon load bar and flight vehicle,

d. Ascent and Float Phase - During the ascent and float phase,<

the balloon aystem, floating freely, responds to the wind directions and

velocities encountered as it ascends to the design float altitude.

‘Generally, once clear of low altitude wind 1n£iuence, the balloons float

ina wea:eriy direction intersecting the WSMR et about mid-range. .
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As the systom ascends, the helium which was loaded in the launch
balloon is forced down 1into the float balloon which slowly inflates the

fleoat balloon and causes the system to ascend. This process continues

until the fioat balloon becomes fully inflated at which point no further
lift can be obtained. The balloon ascent to float altitude is rapid
enough to arrive at the float zltitude prior to intersecting the WSMR.

The balloon ascent and direction is somewhat controllable through
tha use of ballast dumping operations to control floating altitude and
rise rates in order to take advantage of winds at the upper levels,

The control of the balloon during the asccont and float phase is from
the Air Force Cambridge Research Laburatory cogtrol center at Hollamsn
Air Force Base. Alamagordo, New Mexico.

When the ascending system passes through approximately 30 K feet,
the WSMR tracking radar, command networks‘énd TM recelving stations are
able to acquire the flight vehicle and étart checkout. Part of the float
checkout assures operation of the command nets by sending commands which
do not change vehicle configuration (i.e. safe ordnance circuits, turn
R.F. on, etc.) and verifying receipt of the commands through flight vehi-

cle TM data being received at the control center.

e. Vehicle Release from Load Bar - Once the BLDT system reaches

Athé proper float altitude and intersects the range, the vehicle ordnance

circuits are armed, the vehicle flight szimuth is sttained using a cold
gas pointing system and the vehicle release from the load bar is commanded,
All of these functions occur &s a result of ground commands issued by

the flight vehicle control crew at WSMR,

f. Vehicle Flight -~ The vehicle flight events are a function

of the type of mission being flown, Table B-1 presan:ts a sequence of

~

4
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events and event times for the Supersonic, Transonic and Subsonic missions.
All of the event times in Table B-1 are times from release of the flight
vehicle from the balloon load bar with the exception of the ground mortar
fire command for the powerad flights. This command is time variable

and is issued by the ground computer during the vehicle coast following
despin when the venicle achieves the correct dynamic pressure.

For the powered flights following release of the vehicle from the
load btar, the vehicle is under contrcl of the redundant airborne pro-
grammers with the exception ~f the issuance of the decelerator mortar
fire., The vehicle functions provide a flight profile as shown in Figures
B-1 and B-2.

During the vehicle powered flights, the vehicle is tracked by the

WSMR tracking devices to provide the ground computer with the intelle-

~ gence for issuing the mortar fire command. For all fiights, tracking

devices provide data for post fligﬁt analysis and to support vehicle
recovery operations,

For the non-powered, free fall mission, the vehicle functions are
commanded by the on-board redundant programmers except for the mortsar fire
which is issued as a timed ocutpuc from the ground computer.

g. .Recovery Operations - During this ph-e vf the mission, all

of the system components are located and moved to WSMR facilities for post
flight inspection. A4lso during this phase the various system cameras

ave reco :red and the film processed for post flight analysis.
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GAC Post Test Fallure Analysis

Excerpts from Reference: GAC Report RSE-20726-22, July 26, 1972

This report is the primary post test analysis and reports the combinesd

efforts aad concurrence of MMC and G«C personnel.
I. INTRODUCTION

The post test analysis of the decelerator system from the AV-1 vehi-
cle was conducted to determine the damage, cause, and effects of sesme. The
analysis consisted of veview of telemetry data, on-board films, MMC film
and data reducticn, a visual examination of the test .rticle, physical
testing of the chute material and reviesw of manufacturing specimens made
at the time of the parachute assembly,

MMC film and data reduction was reviewed and concurred with by analy-
sis of the films thenselves. (Reference MMC IDC 8943-72-158).

The flight profile as reported was approximately on target for Mach
number with a lower altitude and associated higher q. The load traces and
accelevrometer date exhitited nothing unexpected except that peak load
occurred approximately 0.2 seconds later than anticipated and the peak
load was a little less then anticipated (500-1000 pounds less) based on
the actual test point,

Overall parachute performance was scceptable with the structural inte-
grity of the parschuce meintained with the descent rate acceptshle and

even somewhat better than anticipsted.
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decveleTaton - . wes exaunined and ihe following anomalies

18

existed on the psrachute with rone noted on the mortar, bridle, thermal
protective components or swivel: See Parachute Defects Plot, attachment

1 of this report.

Pl
.

Smudges (see defects plot)

2. Deployment bag missing

3. Retention pins missing

4. Pierced hnles (see defects plor)

5. Min-K buffer abraided

6. Gore length damage .see defects piot)

7. Small damage areas (see defects plot)

8. Broken vent tape reinforcement (see defects plot)

9. Local tears at vent band (see defects plot).

A. Incidental Anomalies

The following is an analysis of the f;rst five items.

The smudges all occurred in an ares of the band end are presumed
to be residue from products of combustion of the mortar., The areas of
the amudge exhibited no evidence of haviwLg seen exzcessive heast either hy
visual or feel., Aireas of smudge varied from dime size to hslf dollar.
The Nomex deployment bag is porous and is expected to pass some residue
without damage to the psrachute. The Nomex paper previously wrapped
around the deployment bhag in LADT tests was not uscd because of the
absence of the funneling effect typical of the LADT test vehicle, and
sas shown to be unnecessary in this test by virtue of the very minimal

pessage of residue. Resldue on the bridle legs and noted on the bag 1in

the film verify the source of the smudge.
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The missing deployment bag was not totally unexpected since no
attempt had been made lo structurally protect it from the supersonic
buzzing effects of the deployment, The bag was seen to disappear approxi-
mately 2.88 seconds after mortar fire which was well after peak load and
indicated the attachment of the bag to the chute was adequate to maintain
integrity through the initial chute filling stages which 1s all that {s
reguired.

The abraised Min-X buffer is assocfated with the missing deployment

bag. The attachment of this to the chute {s as follows:

Reinforcement — Retention Cords
Web
x— Center Plug Edge )
Reinforcement

LU —

Keeper

(/ | ﬁ\ \_ Vent Tape = \
\ -
o

~ Deployment Bag

Wit (e R el ezl

L 5k s L LR RSP R V0 FEL Y < 4
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The bufter was severeiv abraided leaving the edge reinforcement held
to the reinforcement web on the buffer with the quartz threads that make
the buffer sandwich. The retention cords holding the buffer to the chute
were all intact. The abrasion of the buffer is as expected in the super-
sonic environment and happens well after the purpose of the buffer has
been served; that {s to act as a buffer between the pack restraint straps
and the pack and as additicnal thermal protectiom,

Twc areas 2xhibited miniscule punctures of approximately less than
pencil point size, These are attributable to ground damage.

The suspension line locking vins (see Section D-D drawing 3064110-100,

" sheet 2) were missing, The lccking pins are located approximetely eight

feét from taoe swivel, Both pins were missing and in one case the -7 tie
line was attached to the Loop on the suspension iine &nd in the other the
tie-line was also missing. The tie-line that was left appeared to be
untied at the pinrather than broken and the loss of the pins is attributed
to high speed shipping of the pin and attachment. The pins were satisfac-
torily pulled as evidenced by the fact that there was no damage to the band
area which would have been in evidence if the pins had not pulled properly
and the band been forced-to be drawn through the loop formed by the reten-
tion cords and unpulled pins. Pins have previously been lost on LADT

tests. with no damage in evidence.

B, Areas of Damage

There are three distinct areas of damsge in the disk (reference the

damage chart herein) and Item 6, 7, 8 of page 7.
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Cc-5

1. 7Two mejor gore length tears in gorzs number 36 and 38 vith loss

of cloth in panels C and D in both gores.

2. In each of four gores (numbers 14, 15, 16 and 18} the-e are
iocal tears from threz inches to 18 inches in length that arc parallel
to each other, They are located at approximately the same areas in the
gore, i.e., mid-gore and three tears at the same locals in panel C with
the fourth tear in panel D, Theres are two siznificant observstions con-
cerning these tears,

a. They are not adjzcent to panel or to gore seams.

b. There is evidence of abrasion adjacent to the tears in
gores 14, 16 and 18 ss manifested by surface roughress and
local areas having the loss of one set of woven threads
but not the other,

3. Seven rndial tapes to circumferential vent band connections
(gore numbers 39 through 45) had failed by tensile fallure ol the sewing
threads connecting the tape and webbing followed by abrasion failure of
the doubler tapes at these joints. The radial tspes and vent band remained
intact. The cloth failed adiacent to the vent tape as a ;eault of the

above joint faflures.

Study of the physical damAge, the two on-board high speed camera
films, the packing procedure of GER-15133, Revision B along with con-
siderations of the tensiometer traces has lead to the following, "most
probable’ fallure hypothesis:

Immediate subsequent to emergence of the disk skirt from the

deploymert bag, abrasion damage war induced in panels C and/or D

of gores 36 and 38 as well &s in these same panels of gores 14,
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15,16 and 18. The resulting strength reduction in these cloth
areas facilitated the origins of subsequent unsymmetrical pressure
stress failures as the dir¥ inflated. The inflation of the disk
started early, i.e., before ell of the disk had emerged from the
bag. The disk also filled unsymmerrically so that the gore num-
bers 36 and 38 regions were subjected to higher pressures than
were the gores 14 through 18 regions that were last to inflate.
For this reason, it is believed that the energy of tear propoga-
tion was much higher in gores 36 and 38 than in gores 14, 15, 16,
and 18. In fact, the former two tears propogated both directions,
i.e., towards the vent as well as the skirt thrsughout the entire
gore length. The seven radial to vent band juncture fallures
occurred last as a result of the unsymmetr’-<al pressure loading
on gores 39, 40, etc. that transferred circumferential membrsne
forces to radial tape number 39. This tape was a free edge
because of the full gore tear. The tension in this tape sub-
jected its terminal joints located at skirt end vent bands to
"kick" loads of sufficient magnitude to fail the vent band joint,
e.g., per design, this joint 1is of lesser strength than is the
radial tape to skirt band juncture. Subsequent to failure of the
number 39 joint, the 40 through 45 numbered joints failed progres-

sively due to load transfer,

The above failure hypothesis is based upon the following listed cbserva-

ticns:

1. On-Boara High Speed Films

Event frame numbers and corresponding times from mortar fi:e

weve successfully correlated between the two cameras and the load cracs |
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documented ir MMC IDC 8943-72-158.

On the whole, the suspension system appears rather lightly

loaded from mortar fire until full open.

All suspension lines appear to have tension wheu th:

leading edge of the disk emerges from the bag. Frinr to

this they have little load. Subsequent to this time, the
lines are very slack and fleil about considerably ae the
canopy inflates in a very unsymmetrical mede.

The mouth of the disk starts to inflate while a large
amount of disk is still packed in the bag. The appearance
here ig that of an inflating "cone" with its base at the
disk edge with a definite amount of uninflated disk out

of the bsg and 2 majority still packed, see Figure C-1,
During the perlod from mortar fire uatil bag strip, the path
of the suspension lines and the chute describes & curve due
to the angle of attack of the vehicle, i1.e., the system is
ejected at an angle to the ajrstream. Due to the slack
lines and because of inilation prior to bag strip, the
total distance that the bag traveled rearwards along this
curved path was less than intended and lees than in eny
other prior Viking flight test, Rearward movement slong
this curved path yields the appearance in the motion pie-
tures of the bag traversing from right to left. Subsequont
to bag scrip, the apparent motion of the bag is from lefr
to right that indicates the bag has stopped with relation
to the vehicle and that it ieg being pulled forward, by the

vehicle and by the inflating chute, along the approximate

ci.rved path cof deployment,
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BAG

AIR .
PRESSURE — ~ -—‘_N‘<::::\ GORES NUMBER
X~ ~ 36 AND 38, ETC.
~ AN

GAP

GORES NUMBER
i4,15,16, ETIC.

FIGURE C-1 SKFTCH OF DISK DEPLOYMENT FROM THE BAG
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2. Physical Damage

c-9

4s the bag reverses direction and apparently moves from
left to right, the disk is inflating. At approximately
1/30 of a second after the bag disappears behind the infla-
ting disk, the major gore tears begin to come intc view,
These are located on the cancpy side that f£ills fi;s'

and {s most rearward in the field of vicw so that the
nearer canopy regilons must subsequently -unfurl and inflate
in ecrder to bring the farAside into view. First evidence
of the above major tear is seen at ore o'clock on the
film whereas the apparent left to right movement of the
bag 1is horizontal‘on the film and, the at:ached bsg is
never observed on the right of the caropy epex or has the
bag had sufficiént time to travel to the vicihity of the
teaxr. ‘lence, impact of(thé bag upon the canopy iisk is
cﬁnsidered inprobable,

The 18 inch tear in gore number 15 can be obsecrved on the
film. Although itxis first seen after full canony 1nf1at;0n,

it is believed tq'have initi{ated earlier.

The following éignificant bbSurvat;ons support 1) the location

of failure initiation and. 2) “he type of failure, Location:

a.

Zoth tears along radials number 37 ﬁnd 39 wefé‘hovtng
towards the vent as they croééed the & to B panel‘ééémgf

1f tbey had been traveling in the opposite d;xectioﬁ, the
tetrsrwould have most likely follownd the gore and/or the
panel aeana;‘this ;as not the case, The tears followed only
the éota seans with no damagé ﬁarpilel §a ghe A+ .4 B panel

seéams, : , _ -
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Cc-10

The tesrs along radfal aumbers 37 and 39 were very clean in

both panels A eand B which indicates & progressing (or rapidly

traveling) tear parallel to the seam as opposed to a pure

tensile failure normal to the seam.

The tear along radial 36 was moving towards the skirt in the

D panel sinqg;

1) Both paorent disk cloth and cloth reinforcement were

2)

cleanly torn aéay: .

The tear moved & ong the ‘skirt tape frcm radial 36 to

the cl¢ & rednforcement on radial 37.

3) The feat traveled around the number 37 cloth reinforce-

-4

-

K . T o .
~area.- . - - IR :

‘ent and. was certainly directed towards tue vent as it
moved along radial number 37 Had the direction been

Opposite there would be no rema'niag piece of parent

.cloth at tha top«of»the number_37-cloth reinforcement.

. 4) f?;egeice of the 20 inch tiiangular piece of cloth im-

pliéé;;hht tears travele. sevecal ditgctions from this

S) 'Iears did -oceur in panels C nnd D of gores numbered 14,
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. evetything to be normal. - fr;;

' thnt were flb:icatod during fabrication of the BLDT #1 parachuce wa

c-12

8. Complete absence of any signs of excessively loaded seams.
Tue scams suduld cake prior to feilure; nc seem raking
could be found,

b. The post test>structural integrity of material in vicinity
of gores 36 and 38 and in particular, gore 37 was surpri-
singly intact.

c. Thc fact cnat the tears in gores 14, 15, 16 and 18 were
remote from either pénel or gore seamé certainly indicates
failure other than bﬁre tension. This 1s‘further evidenced
by the abr#sion damagé adjacent ¢c thess tears as stated at

» the outset of this discussion.

C. Materials and Manufacturing

The foilowing_supmarizes the material gﬁa manufacturing investigation

relating to BLDT #1 flight.

Along the edge of tape 3%, on gore 38;1was'g clean severance of éloﬁh

from tape. Its appearence is not ome that would be associated with a

pure tensile failure.- It could, however, be assqciated with other factors

such as severe needle dnmage causing a clean r:z rforation upon--londin, or

a rapid tearing action.

In investigating the possibility of needie damage, the sewing at the.

- fellure was closely examined fér‘stitch'coun:. needle hole size, and

" evidence of a damsged needle (bgérqd or dull). This exemination showed

To turther 1nwestigate tha above situatton, the deily. sewing aamplea
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~ tlon of the gorg seam, ~

examined for the same flaws. Again, there was no evidence of abrnormality,
One of the deily sewilng samples was then used to try to dunlicate & tear
that would produce a clean separation as was observed on the chute., The
test consisted of starting a small tear along the seam edge, and with a
rapid motion, tearing the cloth. This test resulted in a failure alwmost
identical ic that observed in the parachute. -Consequently, tie clean
severance of cloth and tape has been atrributed to a high speed, running
tear action, rather than excessive sewing machine damage.

In order to determine whether or not the parachute materials had been
degraded 14 strength beycnd expéct;tions; physical tests were conducted on
various segments of the chute. The four main areas of concern were:

1. Gore seams

2, Panel seams

3. Basic cloth {warp di?ection)
4. Basic clotﬁ (f1{11l direction)

In the case of the gore seum, however, tect specimens fros the fabricated

chute would involve testing with the seam on the bias. All former testing

has been conducted with the seam normal to the yarn direction. Conse-

" quently, there would be no meaning’:l base 1ine data with which to compare

the results, NKASA personnel yﬂihbﬁéfréd to perform a cylinder burst test

of & gore seam. Again, there would be:no way of correlating the dats with

7present1y known strengths. It was decided that testing of the qthef three

eleméﬁts would produce trends that could be related to the strength reten-

Conseduently;:tesc s@eclmens were cut from :hé chute as shown in

Figure C-3,
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All test specimens were ravelled down to an effective width cof one
inch. The gage length was siy Inches sand the jaw separaticn rate was

12 inches per minute.

The test results are sunmarized {n Table I.

TABLE I

STRENGTH OF MATERIAL FROM BLDT #1 CHUTE

Strength (1b/in)

Gore 35 Gore 37
Disk Cloth (warp) 112 105
106 86%*
110 117
112 168
114 111
Average 111.4 105.4
Disk Cloth {£fili) 111 102
108 102
, 110 9z
111 109
109 95 _
Average 109.8 100.0
Disk Panel Seam 91 95
T 93 al
94 87
95 77% net iucluded
84 _b6x* in averages
Average 91.4 91.0

* Specimen failure was a tearing &éction. This is
due to the difficulty in installing the wrinkled
specimens oroperly in the jaws causing & non-
uniform stress distribution across the width of
the specimen. In the case of the seamed speci-
mens, the fsi ure was not near the sesm.
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Based on receiving inspection tests, the average strength uvf the
cloth used in fabrication cf the chute was 117 1h/in in the warp direc-
tion and 112.9 1b/in in the £411 direction. Using these values, a cloth
strength reduction in gore 35 (adjscent to demaged gores) of 2 to 4.5
percent is evident, A percentage of this magnitude ir preaictable as a
rrsult of heat compatibility e#posure. Gore 37 (between damaged gores)
resulted in a strength reduction of 10 to 11 percent. The difference
between gores 35 2nd 37 becomes obvious upon examination of the films.
Gore 37 undcrwent & violent f£legging action throughout the flight while
gore 35 saw minimal flagging.

From previcus development testing, the average strength of the disk
panel seam is 94 1b/in., Test resuits from both gores show & strength
raduction of spproximately 3 percent which can be attributed to the heat
compatibility exposure.

It should be pointed out that all specimens were quite wrinkled
which causes difficulty in aligning the specimens in the grips‘for

testing. Consequently, the test values are considered minimem,

Based on the test results, it is conclua:d that the material strengths

had not degraded below expecration.

D. Aerodynamic Heating

Aerodynemic heating effects on AV-1 (BLD1 1) were investigated as

folilows:

Reference: (1) RSIZ-10208-16 dated 08 February 1971,
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=nce: (Lomtinued)
(2) Bobbitt, P.J,: "Theoretical Analysis of the Aero-
dynamic Heating at the Flow Stagnation Line of a
Disk-Gap-Band Parachnte at Supersonic Speede",
NASA/LRC, UWP-748, Ol May 1969.
An estimate of the temporestures at first full open for the first
BLDT test was made using the method discussed in Reference (1). Essen-
tially, this method consists of using heating rates generated in accor-
dance with Reference {Z) in a one-dimensional heat transfer computer
simulation. For the present case the following known or assumed condi-

{ions were used:

h = 140,000 feet
Y=0
".F. = 2.17
HP.L. - 204 l.inear decey

Time to line stretch - 1.03 seconds

Time from line stretch to first full open = 0.55 seconds
Since **rase conditions closel, approximate ccnditions assumed in Refer-
ence (1), the results of that memorandum were extended to the present
case. The results are shown in Figure C-4 and tudicate the tempera-
ture effect to be relatively minor especilally considering the fact that

damage wes apperent from the films ﬁrior to the time of first full open,

It is noted, however, that very limlited hesting is assumed to occur during

line stretch and that the inflation time {s very short. An estimate of
Bobbitt assumiﬁg an equllibrium surface temperature is achieved produces
a temperature of 189°F, TIf it {5 essumed that even kigher heating ratns
exist prior to full-npen than do sfter full open at a given set of

conditions (& posaibiiitvy snggehteé by Bobbitt), ‘then even higher
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temperatures could be expected. The stagnaticn tempcrature in a Mach

2 flow 2t 140,000 feet is 375°F. This, of course, represents an upper

limiting value.

E. Conclusions of Analysis

1. Damege encountered on this test did not

compiomise LhC
turel integrity of the parachute or the required performance of the decei-

erator system.

2, Primary disk damage originated from small localized damege in

the lower panel regfons as those regions emerged from the deployment bag.

3.. The small arecas of damage ip gores 30 and 38 saw pressure early
epough and high enough to cause significent damage. By the time other

damaged areas saw the environment, the energy was insufficient to propa-

gate damage.

4, Angle of attack phenomena combined with excessive ~ynamic pres-
sures and lower tham MARS design relative bag strip velocities crented

frictional conditiors which were responsible for the panel {nitial damage.

5. Reduction.in dynamic pressure and its associated improvement on

bag strip characteristics should significantly impyove the probability of -

k)
a normal deployment. 4

6, Damage to the radial tape reinforcements is considered sccondary

and would not have rccurred without gore dsmage,

R U e R T St e
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7. Smudges on the canopy, loss of the deployment bag and damage to

the buffer are considered incicental to the test and are in no way detri-

mental to the performance of the decelerator system.

8. The absence of the suspension line retention pins does n -t appear

to relate to any visible parachute damage.

9, There does not appesar to be any basis to suspect manufa: “uring

or material assoclated problems,
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PARACHUTE DZIMENSIC 3
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PRE-FLIGHT
©  RADIAL  A(DISC) B(GAP)  C(BAND) D(DISC) F(3AND) F(BAND)  $(SUSP)
¥ NO. FT-INCHES INCHES INCHES INCHES INCHES Il SHeos FT-ICHES
i;
? 1 17-31/4 251/, 75 307/16 301/, 301/, 90 - 2
3 ] ,
v% 2 31/4 : 1/2 754/, Y, 3/g 3736 11/2
¢ 1 1 p :
i > 3 g 2 /16 Y16 L4 2/,
% . R
& 4 l/g Y, .y 17, 1/, 3/16 2
, % 6 3l/g 5/16 Yy 1, 1/, L, 1,
g 7 31/4 . - 3 /g B 3/8 1/a ‘3/16 2/,
% _ )
{ 8 31/y - 316 S/ye 3/g Y, 1/, 13/,
ok 9 31/, Y1y b, 1, Ly 3/g 13/,
i 10 4 319 - 1Y, 1/4 5/46 3/8 11/,
& : Y : ' -9 - 3
N 11 37/g 3/8 S/g /16 /e /g 1,
t‘ . ' .
; 12 -y, 1, 1/, he  She /i y
% 13 3y, . 1y, 38 1/, Y 7/16 a7,
E ' v 33/g 3/8 Y2 3 1/, Y ey,
. E ' 15 3 s, g 1’& 3/q H, 2
M ‘ = -~
. 16 - 31/4 i /4, ] 1/, /16 1/, 1/8 <
17 sl 56 71y 716 5/16 3116 11/
18 3 1 318 /g g 3/8 13/,
19 3l/g 1y, 3tg 1Y 1y 1/, 2
20 3Ly, 1 g 36 ¢ 16 2
21 3Y/2 3 5/g 7/16- 3/8 1"8 9
22 . 31y, Y, . iy /16 3/ ?
13 35/ Ly St 1/, 1/, 3g Yy,

24 3y, 1/4 1y, l 3"'6 516 3/16 : 2
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RADIAL

NO.

A{DISC)
PT-INCHES

B{GAP)
INCHES

PRE-FLIGHT_(CONTINUED)

C(BAND)
INCHES

D(DISC)
INCHES

E(BAND)

INCHES

F(BAND)

G (SUSP)

.25

347

‘ 35

17 - 3k/g 251/,

~

BN R /2

3y - Shye

INCHES

755/1¢
S/
378
1,

31

303/

316
-

g

3/51

1,
14
g

116

. 301/5_

3716

57 2

’ _,1/:,-' .

My

90-21/,,
3/16 11/,
3g -i
,1/8 o 2‘
21/,

b ]
<

i, 13,

g 21/g

3/16
3/16 21/,
1, 13/4

319 . 21,

21/4

1/8 21/2

g - 13,

21/8 B

FTI-INCHES

‘1,14 | i3/4 E

LY}

13/,
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PRE-FLIGHT: (CONTINUED)

D-4

VENT DIAMETER

RADIAL

S/N 40
S/N 41

S/N 42

901/,
- 903/g

901/,

J

1/25
7/31
13/37

19/43

1
42/,
421/2
4214,

1
421/,



‘ ) ‘ . S . ) . sam, o, g R AL
4 R T A PSS i Ao R AN T N O R M T AN A AT i S0 S e RO b SRl AR,
,

B

P T ]

EREFIAPI I o P B 18 vt

Bfesns,

D-5
POST FLIéﬂT
RADIAL  A(DISC) B(GAP)  C(BAND) D(DISC) E(BAND) F(BAND)  G(SUSP)
NO. FT-INCHES  INCHES  INCHES  INCHES  INCHES  INCHES  FI-INCHES
1 17 - 571y 25ty T, 30375 30-0 - 30, 95 - ulys,
2 17 -5 255/ 17214 1/, -1, /¢ 10
3 " a7-sllg 25t 18l 306 3/g 1/g 41/,
4. 17 - 5 255 78l L1, 0 1/, 51/,
5 17 - 55/ 251/, :,'81/2 Ly 3/g 3/8 43/4
6 17 - s/, . 251/2 785/g -3/8 174 3/ 8
7 17 - $3/g 25315 - 791/, 3g 3/g 34 6ty
8 17 - 5715 251/ 19l/g 1/, 1/, 5/16 4
9 17 - 51/, . 2519 ‘731/2 l, 1, LA 51/,
10 17 - 537, -251/,  78Y/g 174 1/, /g 6
11 17 5374 253/5 773/8 3/16" 5/16 1, 91/,
12 17 - 43/, 253/ (771/8 17, 3/g 1/, 91/,
“13 17 '.43/¢ 253/g ;31/3 1/5 5/16 1/, 8
14 ';7 ails’: 255/g 761/g 1, Uy 3/16 10 -
15 17 - al/g 253g 77 /g Y4 3/8 7
16 17 41/; A253/8 771/, /g 38 116 7
17 17 - 5/ 251/, 7733 3. 1My 1 53/,
18 17 - 43/ 2513 . 173/3 l(é-J Y, 1/, 20
19 17 - 41, 2538 T 1815 1, /g . 1ig 4
20 17 - 55/g ;;251/2 V7S LY 1/, LN 37,4
21 17 - 43/g 251/, 77Y/, Y, o ] 1/5 2
22 17 51/, 2sl/g T 773/ - 3g S/16 | 17, 21/,
23 17 - 53/, 283l 17, g 1y 1/, 10
24 17 - 5l/g 251/, 77 3/18 YV, Yy 103/,

L RE.
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POST FLICHT (CONTINUED)

g RADiAL A(DISC) B(GAP)  C(BAND) D(DISC) E(BAND) F(iASD)  G(SUSP)
?, NO. FT-INCHES INCHES INCHES INCHES INCHES ICHES FT-INCHES
g 25 17 - s5l/g 251/ 763/ 301/, 30l/4 361/2 95 - 11/4
5 2 17 - 435 25315 765/3 1 3g 1/g 31/,
"% 27. 17 - 5{/2 2sliz 763/, 1/, 1/, 5/16 3
% 28 175 25l 6l/g 1Y, . 314 /g = 4l
% 29 . 17 -5l/4 251/, 763/ 5/16 - 2. /g 53/4
g 30 -5 sl 76ly, o . Mg 2 23/4
% | 31 17 - 6. 253/g 7618 ~ 0 Ly, 1y 1, © 53,
§ 32 - 17 -8l 251/7  763/g 5/ g 1/, 43/,
% 33 17 - 61/ 251/ 761/, 3/16 l/, 1/2 11
E 34 17 - 7Y/, 251/, 64 1, 5/16 3/g v
% 35 17 - 73/, . 253/4 763/g 3/16 1/, 38 9
% 36 17 - 91/, 26-0 757/ 1/ 1, . /7 10
’ % 37 17 - 5314 2514 751/, f 1/, /g 34 103/,
, é 38 17 - 53/, 2514, 755/g 1/, -1, 17, 8
% 39 17 - 81/ 263719 763/,  S/ye 1/4 3/g - sl
% 40 17 - 63/ 25175 761/, /16 by 3, 83/,
: 41 17 -73/g 255/ 76575 1, 38 1, 91/,
§ 42 17 - 61/, 251/, 761/, Y, - 0 1/, 101/,
% .43 17 - 67/g 259/ 767 /g 174 Y, 1/, 9
‘ ; 44 17 - 617y 251/2 77 0o 3/g 1/, 1/2
S R 2V g Uy Sl 312
% 46 17 -6 LI 77 313 lg 0 51/,
§ 47 17 - 61/, 255/ 1713/, 3/g 1/, 1, 3

48 17 - 5172 255/3 773/3 1/(. 1/2' 3/8 6
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POST FLIGHT(CONTINUED)

D-7

VENT DIA.
BRIDLE LEG H - INCHES S RADTAL J - INCHES

S/N 40 911/, 3/4 1/25 427/g
S/N 41 913/3 31, | 1131 a2l/g
SIN 42 911/, 3/, 13/31 w2t/

19/43 43-0




