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ABSTRACT

A parachute system was designed and prototypes built to deploy atelemetry package
behind an earth-penetrating weapon just before impact. The parachute was designed to
slow the 10-Ib telemetry package and wire connecting it to the penetrator to 50 fps before
impact occurred. The parachute system was designed to utilize a 1.3-ft-dia cross pilot
parachute and a 10.8-ft-dia main parachute. A computer code normally used to model the
deployment of suspension lines from a packed parachute system was modified to model
the deployment of wire from the weapon forebody. Results of the design calculations are
presented. Two flight tests of the WBS were conducted, but initiation of parachute
deployment did not occur in either of the tests due to difficulties with other components.
Thus, the trgjectory calculations could not be verified with data. Draft drawings of the
major components of the parachute system are presented.
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NOMENCLATURE
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Minimum required breaking strength of a suspension line

Nominal full open drag area of the parachute

Parachute opening shock factor (or added mass factor)

Filling distance of a parachute canopy

Design Factor to ensure adequate safety margins in the design

Flying diameter of the parachute canopy

Energy stored in the tail cone gjection springs

Drag force

Force required to break the wire free from the packed
configuration (friction and mold release forces included)

Force dueto the inertial loads of the wire

Maximum expected load

Spring constant of an individual tail cone gection spring

Rate at which mass is being picked up by the parachute while
spooling from the dispenser

Mass of the tail-cone

Margin of Safety

Filling constant for a parachute canopy

Number of suspension lines

Number of tail cone gection springs

Dynamic pressure

Minimum required fabric strength (force/unit length)

Velocity of the parachute

Velocity of the tail-cone

Velocity change imparted to the wire as it leaves the dispenser

Weight of the TM package

Weight of the deployed wire

Amount the tail cone gection springs are compressed

Force reduction factor

Density of the air

Linear density of the wire



INTRODUCTION

This report documents the development of a parachute system for the Weapon Borne
Sensor program. This effort was undertaken on behalf of the Air Force as an Advanced
Concept Technology Demonstration within the Counter Proliferation Initiative. The
funding agency was the Air Force Wright Laboratory Armament Directorate located at
Eglin AFB, Florida.

The concept of the WBS program is to develop an enhanced conventional penetrator that
uses a parachute-deployed transmitter to convey information back to the delivery aircraft
about the nature of the impact/penetration. By deploying a parachute just before impact
that decelerates atelemetry package connected to the penetrator by a spooling wire,
accelerometer data can be transmitted back for evaluation. One of the challenges of such
a system is designing a spooling wire system that can function at wire-dispensing speeds
of ~900 fps and awire that will remain intact in the hole left behind the penetrator to
meaningful penetration depths. An important factor that influences wire survivability is
the velocity of the wire relative to the surrounding walls of the penetration hole. The
wire velocity is determined by the sizing of the parachute system.



WEAPON BORNE SYSTEM OVERVIEW

The Weapon Borne System (WBY) istargeted at providing real time data on target
structure. This data includes number of concrete, air void, and soil layers penetrated and
location and/or time of detonation. Being an Advanced Concept Technology
Demonstrator (ACTD) program, the system is envisioned to integrate mature
technologies in a minimum of developmental tests and with a number of units remaining
asaresidual capability. Because of this requirement the WBS was designed to interface
with the existing BLU-109, 2000-lbm penetrator and the GBU-24 tail kit with no or
minimal modifications.

The system is comprised of an accelerometer sensor subsystem, a spooling wire
subsystem, atelemetry and power (TM) subsystem, a parachute subsystem, a proximity
sensor/initiation subsystem and all the integrating hardware. The entire WBS is shown
schematically in cross section in Figure 1. The accelerometer subsystem is mounted
intimately on the aft bulkhead of the BLU-109. The wire dispenser is mounted just aft of
the accelerometer subsystem and contains over 700 ft of multi-conductor cable that
allows the accelerometer subsystem to communicate with and receive power from the
TM subsystem. A tube located within the void space in the center of the GBU-24 tail kit
houses the TM and parachute subsystems. The proximity sensor is located at the far aft
end of the fin kit. A dome cover on the tail is equipped to be released and propelled into
the trailing air stream by springs and explosive bolts and is hereafter referred to in this
report as the “tail cone.”

The system integrator for the WBS was the Albuquerque office of Applied Research
Associates (ARA). ARA was aso responsible for the wire dispenser and tail cone
gjection system. The Wright Laboratory/Armament Directorate at Eglin AFB, FL,
designed the accelerometer and TM systems. The Army Research Development and
Engineering Command (ARDEC) designed the proximity sensor. Personnel from the
Unsteady and Reactive Fluid Mechanics Department 9116 of Sandia National

L aboratories designed the parachute system.
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Figure 1. Schematic side view of WBS system components in GBU-24 tail kit.



SYSTEM REQUIREMENTS

The requirements for the parachute system were initialy specified, but considered to be
negotiable, within limits, recognizing that the initial specifications may have conflicted
with one another. Theinitial specifications were as follows:

Deploy atelemetry (TM) package from the aft end of a GBU-24 during flight.

Be fully deployed in 0.15 sec.

Reduce total velocity of TM package from 800-1000 fps to < 100 fps.

Deceleration should occur within 400 ft.

Weight of TM package and signal wire (when fully deployed) ~25 Ibs.

Parachute pack volume 200 in® (4.8 in. dia. X 11 in. long).

As the program progressed, some of these specifications changed and more were added:
Parachute pack volume was reduced by the amount required to accommodate a blade
antenna on top of the TM package.

Maximum deployed wire at time of impact increased to 600 ft.
Maximum TM acceleration of 365 g's was accepted.
Desired to have wire velocity w/r/t ground <50 fps.

Provisions needed to be made for routing a ribbon cable through the parachute
compartment.

The origina requirements of being deployed in 0.15 sec of deceleration in 400 ft was
deleted in favor of the requirement on maximum amount of deployed wire.

The combined weight of the TM package and wire was reduced to 13 |bs.

Based upon the revised set of requirements, a parachute system was designed using the
tail cone to deploy a pilot parachute that deployed a main parachute for the deceleration
of the TM package and deployment of the wire.



SYSTEM DESIGN

Sizing of the parachutes was done in stages. First the main parachute was sized. This
then allowed an estimate to be made of the main parachute weight, a parameter required
for the sizing of a pilot parachute.

Main Parachute

Aninitial estimate of the main parachute size was calculated from basic drag equations
for parachutes using steady state values for the descent velocity and wire strip out force.
As the main parachute design firmed up, a computer code was used to obtain more
accurate timing information and to estimate the peak loads in a dynamic environment.

The force required of the main parachute can be broken into individual components as
follows:
Foay = F

drag inertia + I:friction +Wwire +WTM (1)

where;

Faag iStherequired steady state drag force,
Freia 1S theforce required dueto the inertial loads of the wire,
Fricion 1S the force required break the wire free from the packed

configuration (friction and mold release included),
W, Istheweight of the deployed wire, and

W, istheweight of the TM package.

The main parachute was originally sized using a descent velocity of 40 fps and estimates
of the TM package weight (15 Ibs) and the inertial and friction forces of dispensing the
wire (10 Ibs.). Based upon this, arequired drag area of approximately 15 ft* was
calculated. However, as the problem was analyzed more carefully, it was learned that the
inertial loads of deploying the wire drive the size of the parachute more than the weight
of the TM package.

Using the conservation of momentum, the force required by the parachute to deploy the
wire can be written as follows:

F .. =mDV )

inertia
where:

m isthe rate at which mass is being picked up by the
parachute while spooling wire from the dispenser, and



DV  isthevelocity change imparted to the wire as it leaves the
dispenser.

The rate of mass addition of the wire can be related to the mass per unit length of the
wire, r .., and the velocity change imparted to the wire such that equation (2) becomes:

wire !

F DV)? (3)

inertia r-vvire (

The drag area required to produce a given amount of force, at a specified steady
parachute velocity can be calculated as.

Fdrag

2 ' air

C,S=

where:

C,S istherequired drag area,
r, isthe density of the air, and

air

Vv isthe velocity of the parachute.

Initial estimates for the wire density were 6 Ibm/1000 ft. Using this density and a
differential velocity of 960 fps (penetrator velocity of 1000 fps and a steady state wire
velocity of 40 fps), the drag force required by the parachute just to overcome inertial
effectsis approximately 100 Ibf. Adding to thisa 17.5 Ibf estimate of the weight of the
TM package and wire (fully deployed) and an estimate of 10 Ibf for friction, yielded a
drag area requirement of 107 ft°>. Later more refined estimates of TM weight (10 Ibf) and
wire density (4.1 Ibm/1000 ft) led to a revised estimate of required drag area of 63.9 ft*.

Past experience with some prior programs that utilized a wire dispenser indicated that the
inertial loads would only be half that as dictated by equation (3). Using that in Equations
(1) and (4) yields arequired drag area for the parachute of 32 ft%. Unfortunately, this
resultsin avery large discrepancy in drag area. Sizing the parachute too small would
result in an excessive wire velocity relative to the ground. Too large of a parachute
would result in deploying all of the wire before the penetrator impacted the ground. Asa
compromise the two estimates were averaged, resulting in a required drag area of 48 ft°.

Various types of parachutes could be used to achieve thisdrag area. Given the
difficulties in and the short times available for the receiving aircraft to lock onto the
transmitted signal, it seemed prudent to utilize a parachute type that demonstrates very
stable behavior. It also seemed prudent to select a design that was simple and hence
inexpensive to fabricate. While guide surface parachutes are very stable, they are costly
to build. Flat circular or conical solids are relatively easy to build but typically
demonstrate oscillatory behavior during descent. A cross (or cruciform) parachute is
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both smple to build and, if designed properly, very stable. Thus, a cross parachute was
chosen for the main parachute design.

A cross parachute typically has a drag coefficient in the range of 0.6-0.85.* Using adrag
coefficient of 0.8, the desired drag area of 48 ft* dictates a 10.8-ft-dia cross parachute.
Knowing the size of the parachute, the dynamic pressure at the time of deployment, and
the payload weight, an initial estimate of the maximum load can be made using the
following equation.

I:max = qdeploy (CD S)CX xl (5)
where:

is the maximum expected load,
Quepioy 1S the dynamic pressure at the time of deployment initiation,

C,S isthenominal full open drag area of the parachute,
C,  isthe opening shock factor, and
X, isaforcereduction factor.

The opening shock factor (or added mass factor) is used to account for dynamic loads
that result from the initia inrush of air and its momentum when a canopy initialy opens.
It isan empirically derived coefficient and is usually considered to be constant for a
given parachute type. For a cross parachuteit is usually in the range of 1.1-1.2.

The force reduction factor is used to account for the fact that during the canopy inflation
process, the payload isitself Slowing down due to the drag produced by the canopy.

Thus, by the time the canopy has reached full open status, the velocity, and hence the
dynamic pressure, has already diminished from what existed at the beginning of the
inflation process. Thisfactor is determined empirically and is based upon the ratio of
included mass in the canopy and the payload mass. In the case of the WBS parachute and
payload, the force reduction factor is quite significant, something less than 0.1.

For lightly loaded, unreefed canopies, such as the WBS parachute, convention isto
disregard the opening shock factor®. In order to be conservative, a force reduction factor
of 0.1 was assumed. The nominal delivery velocity of 900 fps at sealevel conditions
yields a dynamic pressure of 963 psf. Using these values a maximum deployment force
for the main parachute is calculated to be 4622 | bf.
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With the maximum force known, simple membrane theory can be used to estimate the
required fabric strength for the canopy. By assuming the canopy inflates in a spherical
shape and that the maximum force occurs at the time of maximum flying diameter (a very
conservative assumption in this case of very low mass ratios), the following equation can
be used:

—_ Fmax
t —pT(D.F.) (6)

c
p

t. is the minimum required fabric strength (force/unit width),
D is the flying diameter of the parachute canopy, and

D.F. isthe appropriate design factor to ensure adequate safety
marginsin the design.

A 10.8-ft-dia cross parachute will fly at a maximum diameter of approximately 5.8 ft. A
typical design factor for single use parachutes in ordnance applicationsis 2.2. Using
these values and the previoudly calculated maximum force, yields a minimum required
fabric strength of 47 Ibf/in. This allows the use of 2.250z/yd* MIL-C-7350, Type |, nylon
canopy cloth that has a rated strength of 90 Ibf/in.

The suspension lines can be sized based upon the maximum force, the number of lines
and adesign factor aswell. This relationship can be written as:

BS. =\ m(DF) 7

s.l.
s.l.

where;

B.S., isthe minimum required breaking strength of a suspension
line, and
Ny,  isthenumber of suspension lines.

Choosing five lines per panel on the cross parachute results in atotal of 20 suspension
lines and ensures an intersection of lines at the very apex of the canopy. This intersection
allows for a centered attachment point for a vent break cord for the main parachute.
Using the same design factor of 2.2, resultsin a minimum required suspension line
strength of 508 Ibf. This allows the use of MIL-C-7515, Type Il, nylon cord (avery
common material) with a 550 Ibf breaking strength (Ib-brkg-str) for suspension lines.
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Given the material selection, the actual margins of safety (M.S)) can be calculated as:

M.S = (Actual Strength) - (Minimum Required Strength) )
- (Minimum Required Strength)

Thisresults in margins of safety of 0.9 and 0.1 for the canopy cloth and suspension lines,
respectively.

The full details of the construction of the main canopy can be found on draft drawings
included as Appendix A. Theinitial estimate of the weight of the main parachute was 2.2
Ibm for the canopy and 1.1 Ibm for the suspension lines for atotal weight of 3.3 Ibm.

Pilot Parachute

In order to keep bag strip velocities for the main parachute manageable (<400 fps), the
drag area for the pilot parachute was chosen to be 0.9 ft>. Once again for stability and
ease of manufacture, a cross parachute design was chosen for the pilot parachute. A
19-inch-diameter cross parachute is required to generate the desired drag area.

Using the same process as outlined previoudly for the main parachute, the maximum
force for the pilot parachute was calculated to be 312 Ibf. For thisload and an inflated
diameter of 0.84 ft, the minimum required fabric strength is 22 |bf/in. Since pilot
parachutes often encounter very harsh deployment conditions, they are typically over
designed to accommodate unforeseen excess loading. Thisis possible because their
small size resultsin adding very little to the overall system weight. Thus, the same
material used for the main canopy was chosen for the pilot parachute canopy as well.

Using the maximum load, only two lines per panel on the pilot parachute (eight lines
total) and the same design factor of 2.2, the minimum required strength for the
suspension linesis 85.8 Ibf. While very small braided nylon cord is available with just
dightly higher breaking strengths, it is very difficult to work with. Thus, the more
manufacture friendly MIL-C-7515, Type XI, braided nylon cord with a breaking strength
of 300 Ibf was chosen. This also provided for additional safety margins for the pilot
parachute.

In the case of the pilot parachute, the margins of safety were calculated to be 3.2 and 2.5
for the canopy cloth and suspension lines, respectively. The weight of the pilot parachute
was estimated at approximately 0.1 Ibm. Construction details of the pilot parachute can
be found on draft drawings included in Appendix A.

Other System Components

The main parachute is packed into a two-leaf bag that allows high pack densities to be
achieved. Details of the bag construction can be found on draft drawings included in
Appendix A. The bag is laced together as shown in Figure 2. Thelacing is cut
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sequentially during deployment to allow the suspension lines and canopy to exit the bag,
but force it to do so in an orderly fashion.

Figure 2. Main and Pilot Parachutes Assembled

The pilot parachute is packed in a*pancake” configuration as shown in Figure 3.
(Drawings for the pilot parachute bag were never developed.) The pilot parachute pack is
then restrained to the aft end of the main parachute pack by means of restraint loops and a
retaining tie as seen in Figure 2. Theretaining tie is cut when the tail-cone is gected

from the aft end, allowing the pilot parachute bag to be pulled free from the main
parachute pack.

Figure 3. Pilot Parachute Packed in its Bag

The pilot parachute is connected to the main parachute bag handles via a 10-ft-long
towline. This minimizes the wake effects of the penetrator forebody on the performance
of the pilot parachute. The towline is made from MIL-C-7515, Type 1V, 1000 |b-brkg-str
braided nylon cord. This selection of material yields a margin of safety of 0.46 based
upon theinitial estimate of 312 Ibf as the maximum developed pilot parachute load.

The confluence of the main parachute suspension lines forms aloop that alows it to be
connected to a bridle placed around the TM package. This bridle is manufactured from
Kevlar webbing to very close tolerances. This assures that it fits around the TM package
and that the assembly fitsinto the tube that houses the TM package and parachute system,
but does not allow the TM package to dlip out of the bridle during the extreme
accelerations experienced upon deployment. The construction details of the bridle can be
found on draft drawings of the bridle included in Appendix A. The bridle can be seenin
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Figure 4 installed around a dummy TM package (no TM antennaisin place on the top of
the dummy TM package).

Figure4. Dummy Telemetry Package Installed in its Bridle (no TM antenna present)

No formal packing manual was developed for the parachute system. A draft of a packing
checklist was developed and is included in Appendix B. The procedure for attaching the
parachute system to the TM package and installing it into the housing tube was
documented in draft form and isincluded in Appendix B.
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TRAJECTORY ANALYSIS/EVENT TIMING

The intended sequence of events for function of the WBS parachute system is as follows.
Upon sensing the preset initiation altitude, the proximity sensor, initiates the firing of
explosive bolts that retain the tail-cone. Upon explosive bolt firing, springs force the
tail-cone off which, in turn, deploys the pilot parachute. The pilot parachute then inflates
and subsequently deploys the main parachute. The main parachute inflates, extracts the
TM package from the weapon, and begins to continuously deploy the wire from the
dispenser.

With the exception of the main canopy filling and TM package/wire deployment, each of
the events can be considered to occur serially, and the timing and atitude loss for each
event can be estimated separately. Timing for some of the events can be estimated using
simple calculations. Estimating the timing of events for the main parachute filling and
TM package/wire deployment combined event required a complex calculation. As
mentioned earlier, the inertia loads resulting from spooling wire from the wire dispenser
on the penetrator contribute significantly to the force on the parachute. These inertial
forces are highly dependent upon the rate at which the parachute decelerates the TM
package which, in turn, is afunction of how fast the parachute inflates. An existing
computer code called DEPLQOY S, originaly written to model deployment of parachute
suspension lines, was modified to model the wire deployment process. Thiswas
necessary since as originally written, the computer code modeled suspension lines being
deployed from a parachute pack , whereas in the case of the WBS, the wire deploys from
the forebody.

After the first few computer runs, it was realized that another modification to the
computer code was required. As originally written, afilling time was entered for the
parachute canopy. Thisis appropriate when the added mass of the air in the canopy is
small or comparable as compared to the mass of the payload. In that instance, afill time
can be calculated based upon a nominal number of diameters of travel by the payload and
the payload velocity. However, in the case of the WBS TM package, the required
parachute diameter resultsin a very large included air mass in the canopy as compared to
the weight of the TM package. This means the parachute decelerates drastically during
the inflation process. In thisinstance it is more accurate to calculate the canopy filling
process based upon the fraction of the nominal fill distance that the canopy has actually
traveled. With this modification a more accurate calculation of the timing of events
could be performed.

Tail-Cone Ejection/Pilot Parachute Deployment

An estimate of the tail-cone g ection velocity was made based upon the stored energy in
the springs and the mass to be gected. The energy stored in the springs can be found
from simple spring theory as:

E = 1N in0skX° ©)]

spring springs
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where:

Eqning 1Sthe energy stored in the springs,

Neyings 1S the number of springs,

k is the spring constant of an individual spring, and
X is the amount the springs are compressed.

Recalling the formulafor the kinetic energy of an object, the velocity can be solved for in
terms of the mass of the object and the kinetic energy as follows.

2E_,,
Vit cone = 4|20 (10)

tail - cone
rntajl— cone
where:

Vii-cone 1S the velocity of the tail-cone, and

My cone 1S the mass of the tail-cone.

The initial values supplied for the springs were a spring constant of 38 Ibf/in and 1.7
inches of compression. Thisresultsin 18.3 ft-Ibf of stored energy. Theinitial estimate of
the tail-cone mass was 6 |bm. Using this estimate of stored energy and mass, and
ignoring any aerodynamic drag, when released the tail-cone should achieve a velocity of
14 ft/sec. This gection process (just to release the compression in the springs) should
occur over 0.016 sec. Subsequent explosive bolts tests indicated that the tail-cone would
be gected at ~20 fps. Thisincrease in velocity could be a result of additional energy
being imparted to the tail-cone due to the explosive bolts themselves. Since the forebody
istravelling at nearly 1000 fps, it was estimated that there would be 16 ft of atitude loss
during the process of gecting the tail cone via the explosive bolts and springs.

Once the springs have released and the tail cone is free from the weapon, aerodynamic
forces will take over and further accelerate the tail-cone and deploy the pilot parachute.
Thiswill al occur in the wake of the weapon. However, in absence of anything more
accurate, free stream dynamic pressure will be used to estimate the timing of this event.
The tail-cone has a flat adapter plate affixed to the inside at nearly the front edge. Thus,
it can be estimated to have a drag area of aflat circular disk® with a drag coefficient of
1.17. Ihe base of the tail-cone is 12 inches in diameter resulting in a drag area of

0.92 ft°,

This drag area and the mass increments associated with deploying the pilot parachute
were input into the DEPLOY S computer code referred to earlier. The estimate for the
time to reach pilot parachute canopy stretch (the time the parachute is completely
deployed and ready to start inflating) was calculated as 0.082 sec. In thistime, the
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forebody has traveled 74 ft (71 ft of altitude loss at a flight path angle of 75°), and no
wire has yet to be deployed.

Pilot Parachute Inflation/Main Parachute Deployment

As mentioned earlier, the DEPLOY S code was modified to use filling distance instead of
time to more accurately model the canopy filling process for comparatively light
payloads. The pilot parachute has a nominal diameter, D, of 1.28 ft. Thefilling distance
for a parachute is commonly considered to be a multiple of its nominal diameter so that
we can write:

dg =ng D, (11)
where:
dg  isthefilling distance and
ng,  isthefilling constant.

For a cross parachute, the filling constant has been identified as 11.7%. Given the
empirical nature of this constant, it was rounded to a factor of 12, and Equation (11)
yields afilling distance of 15 ft.

The other input needed for the DEPLOY S code is the mass distribution of the parachute
being deployed — in this case the main parachute. An estimate for the suspension line and
canopy mass can be obtained by using the maximum specification weights for suspension
line and canopy materials. For the materials mentioned earlier, the main parachute
suspension line mass should be about 1.1 Ibm equally distributed over the length of 13.5
ft. The canopy massis estimated as 2.2 |bm and is assumed to be equally distributed over
half of the canopy’s constructed diameter of 10.8 ft.

The DEPLQOY S code calculations estimate that the pilot parachute will be fully inflated in
0.018 seconds and will have deployed the main parachute to canopy stretch in 0.091
seconds. In thistime the forebody has traveled 82 ft and experiences 80 ft of altitude loss
(for a75° flight path angle). The only resistive forces on the suspension lines are due to
theinertial loads of the TM package. Since it has amass of only 10 Ibm, it will most
likely move some during the process of deploying the main parachute. Thus, another
calculation was made using a 10-Ibm forebody. The forebody travel distance was then
compared to the original calculation for the penetrator to determine how much the TM
package traveled with respect to the penetrator forebody and hence how much wire was
dispensed. The results were that the TM package had moved about 1.5 ft relative to the
forebody, dispensing alike amount of wire. The TM package had also decelerated from
an initial velocity of 900 fps (delivery velocity of the weapon) to 819 fps. This turns out
to be a necessary input to the next phase of the calculation — main parachute inflation/TM
package decel eration/wire dispensing.
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Main Parachute Inflation/TM package Deceleration/Wire Dispensing

Using Equation (11), afilling constant of 12 (the main parachute is also a cross
parachute), and a nominal diameter of 8.7 ft yields afill distance of 104 ft for the main
canopy. Using this asinput, the special version of the DEPLOY S code was used that
models the “suspension lines’” deploying from the forebody, rather than the more typical
deployment from a parachute deployment bag. Thus, the wire deploying from the
dispenser could be modeled. The wire design had been finalized by this time and the
actual density of 3.8 [bm/1000 ft was used for the calculation.

The forebody was calculated to hit the ground 0.61 seconds after the beginning of this
phase of the calculations. The initial altitude utilized for the entire suite of calculations
was 700 ft AGL. At the time of impact, the velocity of the parachute/TM package
combination was 50 fps, whereas that of the forebody was 902 fps. This means the wire
would be moving relative to the ground at 50 fps and spooling from the dispenser at 852
fps at the time of impact. The tension in the wire is at a maximum just below the TM
package, occurs at the time of impact, and was calculated to be 83 Ibf. The canopy of the
main parachute was calculated to not have completely filled by the time of impact,
having only achieved 80% of its full open drag area.

Full Trajectory Summary and Parametric Variations

The travel distance of both the forebody and the TM package, along with the amount of
line deployed and the velocity of the wire with respect to the ground, are shown in
Figure 5. The entire trgjectory can be found in tabular form in Appendix C. These are
the nominal values.

1000 |

800 | \ — Forebody Travel
- L Distance (ft)

600 1 // —— TM Pack Travel
i \ / /' Distance (ft)
400 v
i S i / ==_ine Deployed (ft)
200 + 7/———-
/ | T— ====\/elocity of Wire

0 wi/r/t Ground (fps)
00 02 04 06 08 10

Time (sec)

Dist. (ft) or Vel. (fps)

Figure 5. Weapon Borne Sensor Trajectory Parameters

Given the high velocity of the weapon, small variationsin timing could result in
significant variations in amount of wire deployed before impact. Variations in parachute
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inflation parameters could aso impact the amount of time the TM package was clear of
the tail section and available for acquisition of signal. Initial estimates indicated that the
available acquisition time for the nominal tragjectory would already be marginal. An
attempt was made to bound the problem by looking at two different off-nominal cases --
the “Slow” and “Fast” deployment cases. Inthe“Slow” case, the variationsin
parameters are considered that would produce smaller amounts of line deployed and
shorter amounts of time for the TM package to be clear of thetail section. Inthe *Fast”
case, parameter variations were considered that would produce larger amounts of line
deployed and longer available times for TM acquisition before impact.

The personnel developing the proximity sensor estimated its accuracy to be £10% about
the nominal trigger altitude of 700 ft AGL. Thus, in the“Sow” bounding case, an
initiation atitude of 630 ft was considered, since that would produce smaller amounts of
wire being dispensed and shorter acquisition times for the TM signal. Conversely, 770 ft
was used for the “Fast” case. The delivery velocity can be afunction of weapon release
atitude and target altitude. The customer supplied the nominal value of 900 fps and the
bounds of £100 fps.

The tail cone mass and the energy in the g ection springs determine the tail cone gection
velocity. The system-integrating contractor, Applied Research Associates (ARA),
estimated the nominal tail cone weight to be 6 Ibm, with a+2/-1 Ibm variation as
reasonable bounds. A variation in the spring constant of £15% was assumed. Using
these values, the nominal gection time of the tail cone was calculated, as shown
previoudly, to be 0.016 seconds. Using the bounding values of tail cone mass and spring
constant, the bounding values of 0.020 and 0.013 seconds were calculated for the tail
cone gjection time. The corresponding ejection velocities were 11 and 16 fps.

Variationsin tail cone drag area and the main and pilot parachute masses of +15% were
assumed. The pilot and main parachute filling constants were considered to vary by +2
diameters about the nominal value of 12, yielding the bounding values of 14 and 10. The
pilot and main parachute drag areas, main parachute mass, and the wire density and
break-out force were varied by +15%. The parametric variations used for the bounding
calculations can be seen in Table 1. These bounding values were used in calculations by
the DEPLOY S code to bound the timing and dispensed wire amounts. The elapsed time,
atitude loss, and amount of wire deployed for various events is shown in Table 2 for the
“Slow”, Nominal, and “Fast” deployments. In addition, the velocity of the wire with
respect to the ground at the time of forebody impact and the maximum acceleration of the
TM package are shown.
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Table 1. Parametric Variations Considered in Input Parameters for Trajectory

Calculations
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Variation considered | 10% | 100 | +2/-1 | 15% - - 15% | 15% 2,- 15% | 15% 2 15% | 15% | 15%
"Slow" 630 | 1000 15.6 | 0.020 11 0.78 | 0.25 | 14 (18) | 0.78 3.8 [14(122)| 4.4 41 35

Nominal 700 900 18.3 | 0.02 14 0.90 | 0.22 | 12 (15) | 0.92 3.3 | 12(104)| 3.8 48 3

"Fast" 770 800 21 0.01 | 16,5 | 1.06 | 0.18 | 10 (13) | 1.06 2.8 10 (87) 3.2 55 2.6

Table 2. Variationsin Trajectory Parameters from Input Variable Parametric Study

Elapsed Time Altitude Loss Wire Deployed
Time Period "Slow" Nominal| "Fast" "Slow" |Nominal| "Fast" "Slow" | Nominal |"Fast"
Tail Can Ejection to 0.020 0.016 |0.013 20 14 11 - - -
End of Spring Stroke
Pilot Chute Deployed to 0.090 0.082 | 0.081 87 71 63 - - -
Canopy Stretch
Pilot Chute Fill 0.019 0.018 | 0.017 18 16 13 - - -
Main Canopy Deployed to 0.078 0.076 | 0.078 72 64 58 1 1 1
Canopy Stretch
TM Package @ 110% of 0.36 0.44 0.53 352 385 408 279 323 359
Terminal Velocity
TM-Out to Impact 0.45 0.61 0.80
Release to Impact 0.66 0.8 | 0.99 630 | 700 | 770 356 | 465 | 571
"Slow" |Nominal| "Fast"
Velocity of Wire wi/r to 68 50 37
Ground at Impact (fps)
Maximum Acceleration 320 328 333
on TM Pack (g's)
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The acceleration of the TM package in excess of 300 g's disturbed the personnel
developing that component. Thus, another series of computer runs were made in an
attempt to reduce the maximum acceleration by reducing the size of the parachute. The
drag area of the main parachute was reduced to 60% of the drag area of the nominal case.
This resulted in a reduction in the maximum acceleration to 277 g's, but also increased
the velocity of the wire at the time of impact to 58 fps. Four options were considered at
this point:

1) Leavethe system design as originally proposed and expect the TM system to
withstand the short-lived high-acceleration pulse,

2) Reduce the main parachute size at the expense of greatly increased wire velocity,

3) Reef the main parachute momentarily to limit the drag area at first and thereby
reduce the acceleration loads on the TM system, and

4) Ballast the TM package to reduce peak accelerations.

Option 4 was dismissed since the entire system was already exceeding the allowable
weight. Option 3 was discounted since very short reefing cutter delay times would be
needed (which typically have large variations associated with them) that would lead to
large variations in amount of wire dispensed and TM acquisition time. Since the original
acceleration pulse was very narrow, the TM package would have to only survive it, not
operate in it. Since the threat to wire survivability in option 2 was considered to be too
great, option 1 was chosen.

Late in the program the estimate for TM package weight was greatly reduced to 6 lbm.
There was concern that the lighter TM package would result in attempting to dispense
more wire than the dispenser held. Thisdidn’t seem likely, since the mgjority of the load
on the parachute is inflicted by the inertial loads of dispensing the wire. However, an
additional computer run was made to verify this observation. Indeed, when using a 6-lbm
TM package, 472 feet of wire was dispensed compared to the 465 feet estimated for the
nominal case. Thus, no changes were made to the parachute system to accommodate the
lower estimate of TM weight. (The final weight for the TM package was 6.5 [bm.)
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TEST RESULTS

Two static gection tests were made of the tail-cone and pilot parachute. In each the
tail-cone adequately deployed the pilot parachute. In the first test, a knife lanyard
attached to the tail-cone proved to be adequate to cut the electrical ribbon cable that
connected the TM package to the proximity sensor and explosive bolts in the tail-cone.
Suspicion that this knife could have shorted the electrical cable and led to failure in the
first full-scale flight test resulted in a design change. In the revised design, an in-line
separable connector was installed in the electrical ribbon cable to eliminate the need for a
knife. A second static test, on a unit that had been subjected to a full-scale vibration fly-
around test, verified that the tail-cone separation would lead to pilot parachute
deployment and cable connector separation.

Two flight tests of the WBS were conducted at Eglin AFB, Florida. Unfortunately, in
neither of the tests did the tail-cone deploy before impact. Thus, the parachute system
was hever deployed and datais not available to verify the calculations. The program was
terminated after the second flight and at this time no further work is planned in this area.
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CONCLUSIONS

A parachute system was designed for the Weapon Borne Sensor to deploy the telemetry
(TM) package and signal wire. The major system components include a 19-inch, cross
pilot parachute and bag, a 130-inch, cross main parachute and bag, and a bridle for the
TM package. It isestimated that when the system is deployed at 700 ft AGL, the TM
package will be extracted and free of the tail section for 0.61 seconds prior to impact and
experience amaximum of 365 g's. The parachute would have extracted 465 feet of wire
at the time of impact and the velocity of the wire, with respect to the ground at impact,
would be 50 fps.

Unfortunately, in neither of the two flight tests that were conducted was there a
successful deployment of the tail-cone. The program was terminated after the second
flight test. The tail-cone initiates the deployment of the parachute system, thus no
comparison of the calculated values to experimental data was possible. If the program
were to be resurrected in the future, close attention should be paid to verifying the
modeling of the filling process of the two parachutes, especially the main parachute.

One complete system and ten pilot parachutes (packed in their bags) remained at the

termination of the program. These assets were returned to the customer upon their
request.
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Draft Drawings of Parachute System Components
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10.8-Ft-Dia Cross, Main Parachute Drawings
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Main Parachute Bag Drawings
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424
416
409
402
395
388
382
375
369
363
357
351
345
340
335
329
324
319
314
309
305
300
295
291
287
283

Main
Parachute
Drag Area

(ftr2)

13.3
13.5
13.7
13.9
141
14.3
14.5
14.7
14.9
15.0
15.2
15.4
15.6
15.7
15.9
16.1
16.2
16.4
16.6
16.7
16.9
17.0
17.2
17.3
17.5
17.6
17.7
17.9
18.0
18.1
18.3

Event



Time from
Initiation

(sec)

0.246
0.247
0.248
0.249
0.250
0.251
0.252
0.253
0.254
0.255
0.256
0.257
0.258
0.259
0.260
0.261
0.262
0.263
0.264
0.265
0.266
0.267
0.268
0.269
0.270
0.271
0.272
0.273
0.274
0.275
0.276
0.277
0.278
0.279
0.280
0.281
0.282
0.283
0.284
0.285
0.286
0.287
0.288
0.289
0.290
0.291
0.292
0.293
0.294
0.295
0.296
0.297
0.298
0.299
0.300
0.301
0.302
0.303
0.304
0.305
0.306
0.307

Forebody
Travel
Distance

(f)

221
222
223
224
225
226
227
228
229
230
230
231
232
233
234
235
236
237
238
239
239
240
241
242
243
244
245
246
247
248
248
249
250
251
252
253
254
255
256
257
257
258
259
260
261
262
263
264
265
266
266
267
268
269
270
271
272
273
274
275
275
276

TM Pack
Travel
Distance

(f)

194
194
194
195
195
195
195
196
196
196
196
197
197
197
197
197
198
198
198
198
199
199
199
199
199
200
200
200
200
200
201
201
201
201
201
202
202
202
202
202
202
203
203
203
203
203
203
204
204
204
204
204
204
205
205
205
205
205
205
205
206
206

Wire
Deployed

(f)

Main
Parachute
Diameter

77

(f)

Velocity of
Wire w/r/t
Ground

(fps)

279
275
271
267
263
260
256
253
249
246
243
239
236
233
230
228
225
222
219
217
214
211
209
206
204
202
199
197
195
193
191
189
187
185
183
181
179
177
175
174
172
170
169
167
165
164
162
161
159
158
156
155
153
152
151
149
148
147
146
144
143
142

Main
Parachute
Drag Area

(ftr2)

18.4
18.5
18.6
18.8
18.9
19.0
19.1
19.2
19.4
19.5
19.6
19.7
19.8
19.9
20.0
20.1
20.2
20.3
20.4
20.5
20.6
20.7
20.8
20.9
21.0
211
21.2
21.3
214
215
21.6
216
21.7
21.8
21.9
22.0
221
221
22.2
22.3
224
225
225
22.6
22.7
22.8
22.8
22.9
23.0
23.1
23.1
23.2
23.3
23.3
23.4
235
23.6
23.6
23.7
23.8
23.8
23.9

Event



Time from
Initiation

(sec)

0.308
0.309
0.310
0.311
0.312
0.313
0.314
0.315
0.316
0.317
0.318
0.319
0.320
0.321
0.322
0.323
0.324
0.325
0.326
0.327
0.328
0.329
0.330
0.331
0.332
0.333
0.334
0.335
0.336
0.337
0.338
0.339
0.340
0.341
0.342
0.343
0.344
0.345
0.346
0.347
0.348
0.349
0.350
0.351
0.352
0.353
0.354
0.355
0.356
0.357
0.358
0.359
0.360
0.361
0.362
0.363
0.364
0.365
0.366
0.367
0.368
0.369

Forebody
Travel
Distance

(f)

277
278
279
280
281
282
283
284
284
285
286
287
288
289
290
291
292
293
294
294
295
296
297
298
299
300
301
302
303
303
304
305
306
307
308
309
310
311
312
312
313
314
315
316
317
318
319
320
321
321
322
323
324
325
326
327
328
329
330
330
331
332

TM Pack
Travel
Distance

(f)

206
206
206
206
206
207
207
207
207
207
207
207
208
208
208
208
208
208
208
208
209
209
209
209
209
209
209
209
209
210
210
210
210
210
210
210
210
211
211
211
211
211
211
211
211
211
211
212
212
212
212
212
212
212
212
212
212
213
213
213
213
213

Wire
Deployed

(f)

111
112
113
114
115
115
116
117
118
119
119

Main
Parachute
Diameter

78

(f)

Velocity of
Wire w/r/t
Ground

(fps)

141
140
139
137
136
135
134
133
132
131
130
129
128
127
126
125
125
124
123
122
121
120
119
119
118
117
116
116
115
114
113
113
112
111
111
110
109
109
108
107
107
106
105
105
104
104
103
102
102

Main
Parachute
Drag Area

(ftr2)

23.9
24.0
241
241
24.2
24.3
24.3
24.4
24.4
245
24.6
24.6
24.7
24.7
24.8
24.9
24.9
25.0
25.0
251
251
25.2
25.2
25.3
254
254
255
255
25.6
25.6
25.7
25.7
25.8
25.8
25.9
25.9
26.0
26.0
26.1
26.1
26.2
26.2
26.3
26.3
26.4
26.4
26.5
26.5
26.6
26.6
26.6
26.7
26.7
26.8
26.8
26.9
26.9
27.0
27.0
27.0
271
271

Event



Time from
Initiation

(sec)

0.370
0.371
0.372
0.373
0.374
0.375
0.376
0.377
0.378
0.379
0.380
0.381
0.382
0.383
0.384
0.385
0.386
0.387
0.388
0.389
0.390
0.391
0.392
0.393
0.394
0.395
0.396
0.397
0.398
0.399
0.400
0.401
0.402
0.403
0.404
0.405
0.406
0.407
0.408
0.409
0.410
0.411
0.412
0.413
0.414
0.415
0.416
0.417
0.418
0.419
0.420
0.421
0.422
0.423
0.424
0.425
0.426
0.427
0.428
0.429
0.430

Forebody
Travel
Distance

(f)

333
334
335
336
337
338
339
339
340
341
342
343
344
345
346
347
348
348
349
350
351
352
353
354
355
356
357
357
358
359
360
361
362
363
364
365
366
366
367
368
369
370
371
372
373
374
375
376
376
377
378
379
380
381
382
383
384
385
385
386
387

TM Pack
Travel
Distance

(f)

213
213
213
213
213
214
214
214
214
214
214
214
214
214
214
214
215
215
215
215
215
215
215
215
215
215
215
215
216
216
216
216
216
216
216
216
216
216
216
216
217
217
217
217
217
217
217
217
217
217
217
217
217
218
218
218
218
218
218
218
218

Wire
Deployed

(f)

120
121
122
123
123
124
125
126
127
127
128
129
130
131
131
132
133
134
135
136
136
137
138
139
140
140
141
142
143
144
145
145
146
147
148
149
149
150
151
152
153
154
154
155
156
157
158
158
159
160
161
162
163
163
164
165
166
167
168
168
169

Main
Parachute
Diameter

79

(f)

Velocity of
Wire w/r/t
Ground

(fps)

Main
Parachute
Drag Area

(ftr2)

27.2
27.2
27.3
27.3
27.3
27.4
274
275
275
27.6
27.6
27.6
27.7
27.7
27.8
27.8
27.8
27.9
27.9
28.0
28.0
28.0
28.1
28.1
28.2
28.2
28.2
28.3
28.3
28.3
28.4
28.4
285
285
285
28.6
28.6
28.6
28.7
28.7
28.8
28.8
28.8
28.9
28.9
28.9
29.0
29.0
29.0
29.1
29.1
29.1
29.2
29.2
29.3
29.3
29.3
29.4
29.4
29.4
29.5

Event



Time from
Initiation

(sec)

0.431
0.432
0.433
0.434
0.435
0.436
0.437
0.438
0.439
0.440
0.441
0.442
0.443
0.444
0.445
0.446
0.447
0.448
0.449
0.450
0.451
0.452
0.453
0.454
0.455
0.456
0.457
0.458
0.459
0.460
0.461
0.462
0.463
0.464
0.465
0.466
0.467
0.468
0.469
0.470
0.471
0.472
0.473
0.474
0.475
0.476
0.477
0.478
0.479
0.480
0.481
0.482
0.483
0.484
0.485
0.486
0.487
0.488
0.489
0.490
0.491
0.492
0.493
0.494
0.495

Forebody
Travel
Distance

(f)

388
389
390
391
392
393
394
394
395
396
397
398
399
400
401
402
403
404
404
405
406
407
408
409
410
411
412
413
413
414
415
416
417
418
419
420
421
422
422
423
424
425
426
427
428
429
430
431
432
432
433
434
435
436
437
438
439
440
441
441
442
443
444
445
446

TM Pack
Travel
Distance

(f)

218
218
218
218
218
219
219
219
219
219
219
219
219
219
219
219
219
219
219
220
220
220
220
220
220
220
220
220
220
220
220
220
220
221
221
221
221
221
221
221
221
221
221
221
221
221
221
222
222
222
222
222
222
222
222
222
222
222
222
222
222
222
223
223
223

Wire
Deployed

(f)

170
171
172
172
173
174
175
176
177
177
178
179
180
181
182
182
183
184
185
186
187
187
188
189
190
191
192
192
193
194
195
196
197
197
198
199
200
201
202
202
203
204
205
206
207
207
208
209
210
211
212
212
213
214
215
216
217
217
218
219
220
221
222
222
223

Main
Parachute
Diameter

80

(f)

Velocity of
Wire w/r/t
Ground

(fps)

Main
Parachute
Drag Area

(ftr2)

29.5
29.5
29.6
29.6
29.6
29.7
29.7
29.7
29.8
29.8
29.8
29.9
29.9
29.9
30.0
30.0
30.0
30.1
30.1
30.1
30.2
30.2
30.2
30.2
30.3
30.3
30.3
30.4
30.4
30.4
30.5
30.5
30.5
30.6
30.6
30.6
30.7
30.7
30.7
30.7
30.8
30.8
30.8
30.9
30.9
30.9
31.0
31.0
31.0
31.0
31.1
31.1
31.1
31.2
31.2
31.2
31.3
31.3
31.3
31.3
31.4
31.4
31.4
315
315

Event



Time from
Initiation

(sec)

0.496
0.497
0.498
0.499
0.500
0.501
0.502
0.503
0.504
0.505
0.506
0.507
0.508
0.509
0.510
0.511
0.512
0.513
0.514
0.515
0.516
0.517
0.518
0.519
0.520
0.521
0.522
0.523
0.524
0.525
0.526
0.527
0.528
0.529
0.530
0.531
0.532
0.533
0.534
0.535
0.536
0.537
0.538
0.539
0.540
0.541
0.542
0.543
0.544
0.545
0.546
0.547
0.548
0.549
0.550
0.551
0.552
0.553
0.554
0.555
0.556
0.557

Forebody
Travel
Distance

(f)

447
448
449
450
450
451
452
453
454
455
456
457
458
459
459
460
461
462
463
464
465
466
467
468
468
469
470
471
472
473
474
475
476
477
477
478
479
480
481
482
483
484
485
486
486
487
488
489
490
491
492
493
494
495
496
496
497
498
499
500
501
502

TM Pack
Travel
Distance

(f)

223
223
223
223
223
223
223
223
223
223
223
223
223
224
224
224
224
224
224
224
224
224
224
224
224
224
224
224
224
225
225
225
225
225
225
225
225
225
225
225
225
225
225
225
225
226
226
226
226
226
226
226
226
226
226
226
226
226
226
226
226
227

Wire
Deployed

(f)

224
225
226
227
227
228
229
230
231
232
232
233
234
235
236
237
238
238
239
240
241
242
243
243
244
245
246
247
248
248
249
250
251
252
253
253
254
255
256
257
258
259
259
260
261
262
263
264
264
265
266
267
268
269
269
270
271
272
273
274
275
275

Main
Parachute
Diameter

81

(f)

Velocity of
Wire w/r/t
Ground

(fps)

Main
Parachute
Drag Area

(ftr2)

315
315
31.6
31.6
31.6
31.7
31.7
31.7
31.8
31.8
31.8
31.8
31.9
31.9
31.9
31.9
32.0
32.0
32.0
32.1
32.1
32.1
32.1
32.2
32.2
32.2
32.3
32.3
32.3
32.3
32.4
32.4
32.4
32.4
325
325
325
32.6
32.6
32.6
32.6
32.7
32.7
32.7
32.7
32.8
32.8
32.8
32.9
32.9
32.9
32.9
33.0
33.0
33.0
33.0
33.1
33.1
33.1
33.1
33.2
33.2

Event



Time from
Initiation

(sec)

0.558
0.559
0.560
0.561
0.562
0.563
0.564
0.565
0.566
0.567
0.568
0.569
0.570
0.571
0.572
0.573
0.574
0.575
0.576
0.577
0.578
0.579
0.580
0.581
0.582
0.583
0.584
0.585
0.586
0.587
0.588
0.589
0.590
0.591
0.592
0.593
0.594
0.595
0.596
0.597
0.598
0.599
0.600
0.601
0.602
0.603
0.604
0.605
0.606
0.607
0.608
0.609
0.610
0.611
0.612
0.613
0.614
0.615
0.616
0.617
0.618
0.619

Forebody
Travel
Distance

(f)

503
504
505
505
506
507
508
509
510
511
512
513
514
515
515
516
517
518
519
520
521
522
523
524
524
525
526
527
528
529
530
531
532
533
533
534
535
536
537
538
539
540
541
542
542
543
544
545
546
547
548
549
550
551
551
552
553
554
555
556
557
558

TM Pack
Travel
Distance

(f)

227
227
227
227
227
227
227
227
227
227
227
227
227
227
227
227
228
227
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
228
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
229
230
230
230
230
230
230
230
230
230
230

Wire
Deployed

(f)

276
277
278
279
280
280
281
282
283
284
285
286
286
287
288
289
290
291
291
292
293
294
295
296
296
297
298
299
300
301
302
302
303
304
305
306
307
307
308
309
310
311
312
313
313
314
315
316
317
318
318
319
320
321
322
323
324
324
325
326
327
328

Main
Parachute
Diameter

82

(f)

Velocity of
Wire w/r/t
Ground

(fps)

Main
Parachute
Drag Area

(ftr2)

33.2
33.3
33.3
33.3
33.3
33.4
33.4
33.4
33.4
335
33.5
33.5
33.5
33.6
33.6
33.6
33.6
33.7
33.7
33.7
33.7
33.8
33.8
33.8
33.9
33.9
33.9
33.9
34.0
34.0
34.0
34.0
34.1
34.1
34.1
34.1
34.2
34.2
34.2
34.2
34.3
34.3
34.3
34.3
34.4
34.4
34.4
34.4
34.5
34.5
34.5
34.5
34.6
34.6
34.6
34.6
34.7
34.7
34.7
34.7
34.8
34.8

Event



Time from
Initiation

(sec)

0.620
0.621
0.622
0.623
0.624
0.625
0.626
0.627
0.628
0.629
0.630
0.631
0.632
0.633
0.634
0.635
0.636
0.637
0.638
0.639
0.640
0.641
0.642
0.643
0.644
0.645
0.646
0.647
0.648
0.649
0.650
0.651
0.652
0.653
0.654
0.655
0.656
0.657
0.658
0.659
0.660
0.661
0.662
0.663
0.664
0.665
0.666
0.667
0.668
0.669
0.670
0.671
0.672
0.673
0.674
0.675
0.676
0.677
0.678
0.679
0.680

Forebody
Travel
Distance

(f)

559
560
560
561
562
563
564
565
566
567
568
569
570
570
571
572
573
574
575
576
577
578
579
580
580
581
582
583
584
585
586
587
588
589
589
590
591
592
593
594
595
596
597
598
598
599
600
601
602
603
604
605
606
607
608
608
609
610
611
612
613

TM Pack
Travel
Distance

(f)

230
230
230
230
230
230
230
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
231
232
232
232
232
232
232
232
232
232
232
232
232
232
232
232
232
232
232
233
233
233
233
233
233
233
233
233
233
233
233
233
233
233
233
233

Wire
Deployed

(f)

329
329
330
331
332
333
334
335
335
336
337
338
339
340
340
341
342
343
344
345
346
346
347
348
349
350
351
352
352
353
354
355
356
357
357
358
359
360
361
362
363
363
364
365
366
367
368
368
369
370
371
372
373
374
374
375
376
377
378
379
380

Main
Parachute
Diameter

83

(f)

Velocity of
Wire w/r/t
Ground

(fps)

Main
Parachute
Drag Area

(ftr2)

34.8
34.8
34.9
34.9
34.9
34.9
35.0
35.0
35.0
35.0
35.1
35.1
35.1
35.1
35.2
35.2
35.2
35.2
35.3
35.3
35.3
35.3
35.3
35.4
35.4
35.4
35.4
35.5
35.5
35.5
35.5
35.6
35.6
35.6
35.6
35.7
35.7
35.7
35.7
35.8
35.8
35.8
35.8
35.9
35.9
35.9
35.9
36.0
36.0
36.0
36.0
36.0
36.1
36.1
36.1
36.1
36.2
36.2
36.2
36.2
36.3

Event



Time from Forebody TM Pack Wire Main Velocity of Main Event

Initiation Travel Travel Deployed Parachute Wire wir/t Parachute
Distance Distance Diameter Ground Drag Area
(sec) (f (f (v (f (fps) (it"2)
0.681 614 233 380 5.8 52 36.3
0.682 615 234 381 5.8 52 36.3
0.683 616 234 382 5.8 52 36.3
0.684 617 234 383 5.8 52 36.4
0.685 617 234 384 5.8 52 36.4
0.686 618 234 385 5.8 52 36.4
0.687 619 234 385 5.8 52 36.4
0.688 620 234 386 5.9 52 36.4
0.689 621 234 387 5.9 52 36.5
0.690 622 234 388 5.9 52 36.5
0.691 623 234 389 5.9 52 36.5
0.692 624 234 390 5.9 52 36.5
0.693 625 234 391 5.9 52 36.6
0.694 626 234 391 5.9 52 36.6
0.695 626 234 392 5.9 52 36.6
0.696 627 234 393 5.9 52 36.6
0.697 628 234 394 5.9 52 36.7
0.698 629 234 395 5.9 52 36.7
0.699 630 234 396 5.9 52 36.7
0.700 631 234 397 5.9 52 36.7
0.701 632 235 397 5.9 52 36.8
0.702 633 235 398 5.9 52 36.8
0.703 634 235 399 5.9 52 36.8
0.704 635 235 400 5.9 52 36.8
0.705 636 235 401 5.9 52 36.8
0.706 636 235 402 5.9 52 36.9
0.707 637 235 402 5.9 52 36.9
0.708 638 235 403 5.9 52 36.9
0.709 639 235 404 5.9 52 36.9
0.710 640 235 405 5.9 52 37.0
0.711 641 235 406 5.9 51 37.0
0.712 642 235 407 5.9 51 37.0
0.713 643 235 408 5.9 51 37.0
0.714 644 235 408 5.9 51 37.1
0.715 645 235 409 5.9 51 37.1
0.716 645 235 410 5.9 51 37.1
0.717 646 235 411 5.9 51 37.1
0.718 647 235 412 5.9 51 37.2
0.719 648 236 413 5.9 51 37.2
0.720 649 235 414 5.9 51 37.2
0.721 650 236 414 5.9 51 37.2
0.722 651 236 415 5.9 51 37.2
0.723 652 236 416 5.9 51 37.3
0.724 653 236 417 5.9 51 37.3
0.725 654 236 418 5.9 51 37.3
0.726 655 236 419 5.9 51 37.3
0.727 655 236 419 5.9 51 374
0.728 656 236 420 5.9 51 374
0.729 657 236 421 5.9 51 374
0.730 658 236 422 5.9 51 374
0.731 659 236 423 5.9 51 375
0.732 660 236 424 5.9 51 375
0.733 661 236 425 5.9 51 375
0.734 662 236 425 5.9 51 375
0.735 663 236 426 5.9 51 375
0.736 664 236 427 5.9 51 37.6
0.737 664 236 428 5.9 51 37.6
0.738 665 237 429 5.9 51 37.6
0.739 666 236 430 5.9 51 37.6
0.740 667 237 431 6.0 51 37.7
0.741 668 237 431 6.0 51 37.7
0.742 669 237 432 6.0 51 37.7
0.743 670 237 433 6.0 51 37.7
0.744 671 237 434 6.0 51 37.8
0.745 672 237 435 6.0 51 37.8



Time from
Initiation

(sec)

0.746
0.747
0.748
0.749
0.750
0.751
0.752
0.753
0.754
0.755
0.756
0.757
0.758
0.759
0.760
0.761
0.762
0.763
0.764
0.765
0.766
0.767
0.768
0.769
0.770
0.771
0.772
0.773
0.774
0.775
0.776
0.777
0.778
0.779
0.780
0.781
0.782
0.783
0.784
0.785
0.786
0.787
0.788
0.789
0.790
0.791
0.792
0.793
0.794
0.795
0.796
0.797
0.798
0.799
0.800
0.801
0.802
0.803
0.804
0.805
0.806
0.807

Forebody
Travel
Distance

(f)

673
673
674
675
676
677
678
679
680
681
682
682
683
684
685
686
687
688
689
690
691
692
692
693
694
695
696
697
698
699
700
701
702
702
703
704
705
706
707
708
709
710
711
711
712
713
714
715
716
717
718
719
720
720
721
722
723
724
725
726
727
728

TM Pack
Travel
Distance

(f)

237
237
237
237
237
237
237
237
237
237
237
237
238
238
238
238
238
238
238
238
238
238
238
238
238
238
238
238
238
238
238
238
239
239
239
239
239
239
239
239
239
239
239
239
239
239
239
239
239
239
239
240
240
240
240
240
240
240
240
240
240
240

Wire
Deployed

(f)

436
437
437
438
439
440
441
442
442
443
444
445
446
447
448
448
449
450
451
452
453
454
454
455
456
457
458
459
460
460
461
462
463
464
465
465
466
467
468
469
470
471
471
472
473
474
475
476
477
477
478
479
480
481
482
483
483
484
485
486
487
488

Main
Parachute
Diameter
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(f)

Velocity of
Wire w/r/t
Ground

(fps)

Main
Parachute
Drag Area

(ftr2)

37.8
37.8
37.8
37.9
37.9
37.9
37.9
38.0
38.0
38.0
38.0
38.0
38.1
38.1
38.1
38.1
38.2
38.2
38.2
38.2
38.3
38.3
38.3
38.3
38.3
38.4
38.4
38.4
38.4
38.5
38.5
38.5
38.5
38.5
38.6
38.6
38.6
38.6
38.7
38.7
38.7
38.7
38.8
38.8
38.8
38.8
38.8
38.9
38.9
38.9
38.9
39.0
39.0
39.0
39.0
39.0
39.1
39.1
39.1
39.1
39.2
39.2

Event



Time from
Initiation

(sec)

0.808
0.809
0.810
0.811
0.812
0.813
0.814
0.815
0.816
0.817
0.818
0.819
0.820
0.821
0.822

Forebody
Travel
Distance

(f)

729
730
730
731
732
733
734
735
736
737
738
739
739
740
741

TM Pack
Travel
Distance

(f)

240
240
240
240
240
240
240
240
241
241
241
241
241
241
241

Wire
Deployed

(f)

489
489
490
491
492
493
494
494
495
496
497
498
499
500
500

Main
Parachute
Diameter
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(f)

Velocity of
Wire w/r/t
Ground

(fps)

Main
Parachute
Drag Area

(ftr2)

39.2
39.2
39.2
39.3
39.3
39.3
39.3
39.4
39.4
39.4
39.4
39.4
39.5
39.5
39.5

Event
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