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The Capsule Parachute Assembly System (CPAS) project has increased efforts to demonstrate the performance 
of fully integrated parachute systems at both higher dynamic pressures and in the presence of wake fields using a 
Parachute Compartment Drop Test Vehicle (PCDTV) and a Parachute Test Vehicle (PTV), respectively.  Modeling 
the extraction and separation events has proven challenging and an understanding of the physics is required to 
reduce the risk of separation malfunctions.  The need for extraction and separation modeling is critical to a 
successful CPAS test campaign.  Current PTV-alone simulations, such as Decelerator System Simulation (DSS), 
require accurate initial conditions (ICs) drawn from a separation model. Automatic Dynamic Analysis of 
Mechanical Systems (ADAMS), a Commercial off the Shelf (COTS) tool, was employed to provide insight into the 
multi-body six degree of freedom (DOF) interaction between parachute test hardware and external and internal 
forces. Components of the model include a composite extraction parachute, primary vehicle (PTV or PCDTV), 
platform cradle, a release mechanism, aircraft ramp, and a programmer parachute with attach points. Independent 
aerodynamic forces were applied to the mated test vehicle/platform cradle and the separated test vehicle and 
platform cradle. The aero coefficients were determined from real time lookup tables which were functions of both 
angle of attack (α) and sideslip (β).  The atmospheric properties were also determined from a real time lookup table 
characteristic of the Yuma Proving Grounds (YPG) atmosphere relative to the planned test month.  Representative 
geometries were constructed in ADAMS with measured mass properties generated for each independent vehicle.  
Derived smart separation parameters were included in ADAMS as sensors with defined pitch and pitch rate criteria 
used to refine inputs to analogous avionics systems for optimal separation conditions. Key design variables were 
dispersed in a Monte Carlo analysis to provide the maximum expected range of the state variables at programmer 
deployment to be used as ICs in DSS.  Extensive comparisons were made with Decelerator System Simulation 
Application (DSSA) to validate the mated portion of the ADAMS extraction trajectory.  Results of the comparisons 
improved the fidelity of ADAMS with a ramp pitch profile update from DSSA.  Post-test reconstructions resulted in 
improvements to extraction parachute drag area knock-down factors, extraction line modeling, and the inclusion of 
ball-to-socket attachments used as a release mechanism on the PTV.  Modeling of two Extraction parachutes was 
based on United States Air Force (USAF) tow test data and integrated into ADAMS for nominal and Monte Carlo 
trajectory assessments.  Video overlay of ADAMS animations and actual C-12 chase plane test videos supported 
analysis and observation efforts of extraction and separation events. The COTS ADAMS simulation has been 
integrated with NASA based simulations to provide complete end to end trajectories with a focus on the extraction, 
separation, and programmer deployment sequence.  The flexibility of modifying ADAMS inputs has proven useful 
for sensitivity studies and extraction/separation modeling efforts. 
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Nomenclature 
A     =  Airborne 
Aref     = Reference Area 
AESM   = ADAMS Extraction and Separation Model 
AGL   = Above Ground Level 
Cx     =   Force aerodynamic coefficient associated with the direction 
Cxx    = Moment aerodynamic coefficient associated with the direction 

CDT   =  Cluster Development Test 
cm    = Center of Mass 
cp    = Center of Pressure 
Downdraft = Design variable with range of 2500±2000 lbs; dispersed during a Monte Carlo analysis. 
EDU   = Engineering Development Unit 
Fa     = Axial Drag 
Fn     = Normal, up and down 
Fy     = Side to side 
IMU   = Inertial Measurement Unit 
Lref    =  Reference Length 
Mll   = Moment about the roll axis 
Mm   = Moment about the pitch axis 
Mln    = Moment about the yaw axis 

   = Dynamic Pressure 
Rho    =   Atmospheric density. 

  =  Extraction parachute apparent drag area as a function of time. 
Vex    = Velocity of the extraction parachute. 
Vm   = Magnitude of the extraction parachute velocity  
Vmated   = Velocity of the mated CPSS/PTV cg. 
Vz    = z-component of the extraction parachute cm velocity vector 
 
 

I. Introduction 
NDERSTANDING the physics, dynamics and force interactions during extraction and separation events 
between an aircraft, test article, and platform are vital to the success of a Capsule Parachute Assembly System 

(CPAS) test campaign. Aerodynamics, atmosphere, vehicle configuration, mass properties, and the force interactions 
between these objects are key components that must be considered when designing for a drop test.  Optimizing test 
vehicle mass properties to support end-to-end flight stability is critical, but a vehicle separation solution is necessary 
to initiate a favorable deployment sequence. Without a good separation solution, the CPAS drop test campaign 
would be at increased risk of loss-of-test-vehicle (LOTV) malfunctions during deployment. 

The first test of a fully integrated CPAS system, Cluster Development Test 2 (CDT-2), occurred during the 
Generation I testing phase.  The configuration consisted of a capsule shaped vehicle called a Parachute Test Vehicle 
(PTV) mated to a Cradle and Platform Separation System (CPSS).  The approximately 30,000 lbs mated vehicle was 
extracted using a C-17 aircraft at an altitude of 25,000 ft.  The CDT-2 test resulted in a LOTV due to a programmer 
deployment malfunction that occurred during the initial stages of flight after the PTV/CPSS separation event1.  
Valuable test experience was gained from this effort that is implemented in subsequent flights.  To provide insight to 
the force interactions of test articles during the intricate extraction and separation flight phases, the development of 
the Commercial off the Shelf (COTS) tool Automatic Dynamic Analysis of Mechanical Systems (ADAMS) was 
employed.  Efforts were invested to model the extraction-separation event of CPAS test articles based on physics 
principles versus qualitative solutions or assumptions. 

Since the test execution of CDT-2, three successful Engineering Development Unit (EDU) capsule tests have 
been performed.  EDU-A-CDT-3-3 was the first baseline capsule test after the CDT-2 mishap.  The ADAMS 
Extraction and Separation Model (AESM) was used as the primary tool to provide nominal and Monte Carlo 
trajectories from aircraft extraction to PTV/CPSS separation through PTV programmer deployment.  The state 
vector of the PTV in the AESM was delivered to Decelerator System Simulation (DSS) as initial conditions to 
provide predictions through vehicle touchdown.  The preflight predictions were comparable to the flight test data.  
Post-test data reconstructions identified a delay in the cut command signal when the smart separation parameters 

U



 

were sense
ball and so

The AE
release me
separation 
provide a r
CDT-3-5 p
at the relea
simulation
due to the
experience
account for
 A conc
repeatable 
time, pitch
minimum/m
downdraft 
defined sm
rate windo
the time d
successful 
forward.    

 
Prior to 

sequence, 
The pallet 

separate ae
riser – on
payload. C
during extr
is also m
independen
PTV/CPSS
for test co
vehicle co
CPAS, and
hand-off c
of flight at
dynamics. 
assumed t
heritage a
preliminary

The anal
was to com
verify the A
start of the
well and v

ed by the avion
ocket interface 
ESM gained in
echanism geom
delay seen in f
representative 
proved the PTV
ase conditions d
s predicted thi

e aircraft wake
ed presumed d
r the effects of

ceptual three di
PTV heat shie

h, and pitch 
maximum valu
force variable 

mart separation 
w.  Test result

delay separated
during the thi
                 

integrating th
extensive traje
extraction sim

erodynamic ch
ne body being
Carrier aircraf
raction and tip

modeled.  The
nt bodies afte
S would demon
onfigurations t
onfiguration su
d/or a Crew Re
onditions were
t selected time

 The crude 
o be instantan

and fidelity it 
y trajectories p
lysis in this sec
mpare AESM 
AESM by com
e pallet (CPSS
verification wa

Figure 2:  P

Americ

nics system.  N
interaction prio
ncreased fideli
metry simulate
flight.  An avio
cut command 

V\CPSS contac
despite the opp
s behavior prio
e, on the extra
downdraft forc
f this new param
imensional sma
eld forward at
rate.  Each 

ues.  The intr
on the extract
window.  Ear

ts showed the m
d at lower rate
ird capsule tes

II. 

e ADAMS Ex
ectory compari
mulation, DSSA

haracteristics, 
g the parachut
ft ramp conta
off pitch motio

e simulation c
er the separat
nstrate in flight
that include a 
uch as a weigh
eturn Vehicle (
e generated us
s with favorab
separation ha

neous.  Due t
was used to

produced by the
ction was perfo
results to the 

mparison to a si
) extraction to
as successful. 

PTV/CPSS at

can Institute of

New release me
or to a full PTV
ity for the sec
ed the contac
onics system de
signal as seen

ct forces durin
posing aerodyn
or to both tests
action parachu
es and downd
meter.              
art separation w
ttitudes.  The t

dimension w
roduction of a
ion parachutes

rlier preflight p
mated vehicle s
es than predict
t, EDU-A-CD

Validating t

xtraction-Separ
isons were mad
A, is a FORTR

coupled by an
te, and the o
act with the 
ons at ramp cle
cannot track 
ion event, su
t.  Thus, it is o
single non-se

ht tub on a p
CRV) for X-38
sing the mated
ble pitch and p
and-off conditi
to DSSAs pro
o verify and 
e AESM. 
ormed prior to 
mated portion

imilar yet indep
o the PTV test 

Figure 2 show

t Extraction 

 
f Aeronautics a

 

 

3

echanism geom
V/CPSS separa
cond capsule te
t forces with 
elay of 90 ms w

n in test.  The t
g separation co

namic moments
s.  Post-Test da
utes that result
draft dispersion

  
window was th
three dimensio

was defined w
an avionics ti
s lead to a fami
predictions only
sensing smart s
ted.  The inclu
T-3-7, which e

the AESM w

ration Model (
de using Decel

RAN legacy sim
de
ad
D
pa
si

n elastic 
other the 

payload 
ear (RC) 
multiple 

uch as a 
nly used 

eparating 
allet for 
8.  Early 

d portion 
pitch rate 
ion was 
ven test 
validate 

the EDU-A-C
n of the DSSA
pendent simula
article separat

ws a diagram 

-50

-40

-30

-20

-10

0

10

( 
de

g
 )

30

40

50

60

70

80

( 
ps

f )

Figu

and Astronauti

metry was adde
ation.  
est, EDU-A-C
higher fidelit

was also includ
test execution 
onsistently ori
s that force the
ata reconstruct
ted in a better
n were include

he answer to d
ons used to bo
with an open 
ime delay, rel
ily of solutions
y showed case
separation para
usion of these
extracted from

with DSSA  

(AESM), into 
lerator Simula
mulation tool 
elivering prefl
ddition to the 

DSSA is a var
ayload extracti
ix degree-of-

DT-3-3 test ex
A pallet extrac
ation. The simu
tion trigger. Th
of the test ar

0 5
0

0

0

0

0

0

0
ALPHA (ASA aer

time (s)

0 5
0

0

0

0

0

0
Dynamic Pressure

 

ure 1: AESM 

ics 

ed to the AESM

CDT-3-5.  The 
ty to give a b
ded in the sma
of EDU-A-CD
ented the PTV
e vehicle apex 
tions introduce
r match to tes
ed in the Mon

elivering prefl
ound favorable 

and closed 
lease mechani
s triggering at 
es triggering at
ameter at inten

e parameters to
m a C-17 and s

the CPAS ma
ation System A
validated and 
light test predi
earlier NASA

riant of the D
ion capabilities
-freedom (DO

xecution. The i
ction simulatio
ulation interva
he two simulat
rticle and a sn

0
-80

-60

-40

-20

0

20

40

60

( 
de

g
/s

 )

10

ro) 

0
0

5

10

15

20

25

30

( 
kl

b
 )

10

e 
 

ATK Adams
DSSA

and DSSA Va

M to account f

development 
better match

art separation lo
DT-3-3 and ED

V heat shield fo
forward. The A

ed a downdraft 
st results.  Eac
nte Carlo analy

ight prediction
 PTV attitudes
window crite
sm geometry 
different sides 
t the maximum
nded rates, but 
o the AESM p
separated heat 

ainstream simu
Application (DS

used extensive
ictions for CP

A X-38 test pro
DSS tool with 

s. DSSA mode
OF) masses 

intent of this an
n3. The goal w

al was taken fro
tions compare

napshot of an 

5 10

Y-Body rate 

time (s)

5 10

Chute load 

alidation Resu

for the 

of the 
of the 
ogic to 
DU-A-
orward 
AESM 
force, 

ch test 
ysis to 

ns with 
s were 

eria or 
and a 
of the 

m pitch 
due to 

proved 
shield 

ulation 
SSA)2.  
ely for 

PAS in 
ogram. 
added 

els two 
with 

nalysis 
was to 
om the 
d very 
actual 

ults 



 

extraction 
plot trace e
system rem
comparison
be perform

ADAMS i
dynamics o
performanc
successfull
extraction,
modeling 
sequence. 
Parachute 
confidence
challenge t
modeling a
to a dart sh
its weighte
CPSS, 2) D
conditions 

A. Modeli

The sim
the aircraft
component
CPSS.   A
more relati
until a ½ g
translate 32
vehicle rea
CPSS to t
composite 
Window” a
6 DOF bod
the CPSS a
the Progra
distance be
 
 
 

Figure 3:

from CDT-2.  
ends at the plan
mains mated 
ns with DSS o

med as the test p

is a multi-bod
of moving part
ce of their sys
ly simulate the
 reorientation 
effort saved t
The next appl
Compartment 

e to apply the 
that was less d
a PTV is the fa
haped vehicle. 
ed nose. The P
Determine the 
to the DSS mo

ing Componen

mulation begin
ft ramp encomp
ts are constrai

As the time-var
ive motion bet

g load is applied
24 IN along th
aches the ramp
the ramp.  At 
extraction par

are met and sep
dy.  The Progr
attach point is g
mmer is its ow
etween the Pro

 ADAMS Mode

Americ

Figure 1 is a s
nned PTV sepa
past the sepa

of the PTV in f
program contin

II
dy dynamic an
ts, how loads a
stems. The sim
e extraction ev
and release of

the program m
ication of the 
Drop Test V
cutting edge 

dynamically fo
act that the cen
The ARES JD
PTV simulatio
interactive loa
odel, and 4) En

nts 

ns as two indep
passes all the m
ined relative to
rying simulatio
tween the bodi
d to the CPSS 
e rail restraints

p, the pitch con
the end of ra

rachute.  The P
paration of the
ammer Parach
greater than th
wn 6 DOF bod
grammer Conf

eling Componen

can Institute of

series of plots o
aration time. Th
aration time. 
free flight after
nues. 

II. AESM M
nd motion ana
and forces are 

mulation capabi
vents for the A
f the Jumbo D
money by elim
simulation wa

Vehicle (PCDT
modeling to a

orgiving comp
nter of mass (cm
TV and CPAS
n objectives a
ds between bo

nsure a predicta

Th
bodie

Th
constr
betwe
freedo
bodie
Confl
motio
mode
ramp 

attitude
pendent bodies
mass propertie
o one another.
on executes, p
ies can take pla
from the extra
s which are ins
nstraint is lifte
amp, the CPSS
PTV remains fi
e test vehicles t
hute remains fix
e length of the

dy.  The Progr
fluence and the

nts 

 
f Aeronautics a

 

 

4

of simulation o
he AESM plot
Visually, the 
r separation w

Modeling Prin
alysis software
distributed thro
ility was first 

ARES Parachut
Drop Test Veh
minating the n
as on CPAS.  A
TV).  Results 
a PTV configu
ared to a PCD
m) and center 
 PCDTV are b

are: 1) Determi
dies during ex
able and repeat

he main comp
s as depicted in
he interaction
raints, enforc
een bodies and
om (DOF) unt
s.  Initially 
luence and ram
on of the aircra
l.  The motio
relative to the
e angles.   
s, the extractio
es associated w
. The CPSS is

predetermined 
ace.  For exam

action line.  Aft
stalled along th
ed and pitching
S becomes an 
fixed to the CP
takes place.  Af
xed to the PTV

e static line, 31 
rammer Conflu
e PTV attach p

and Astronauti

output from AE
t trace follows 

two predictio
were also perfor

nciples 
e tool.  ADA
oughout mech
introduced on 

ute Drop Test4.
hicle (JDTV) f
need to redes
ADAMS was 
from this effo

uration. The P
DTV.  Another
of pressure (cp

both aerodynam
ine a point in 

xtraction/separa
table separatio

ponents of the
n Figure 3.  

n and motion 
ced motions, 
d gravity.  Eve
til the modeler

the PTV, C
mp are all cons
aft ramp is con
on statement d

ground for all 

on parachute an
with the mated
s fixed to the 
conditions are

mple, the CPSS
fter the ½ g load
he length of the
g motions can 

independent 
PSS until the co
fter separation

V until the dist
ft.  After the l

uence remains 
points exceeds t

ics 

ESM and DSSA
a hypothetical
ons are very 
rmed. Addition

AMS helps eng
anical systems
the ARES pro

.  The ARES m
from the aircra
sign the reorie
employed and

ort gave the C
TV test config
r challenge po
p) are in close 
mically stable w

time to releas
ation, 3) Provid
on between the 

e AESM are d

of the parts
external forc

ery AESM part
r enforces con

CPSS, Program
trained relative
nsidered an inp
defines the mo
6 DOF, i.e., th

nd aircraft ram
d vehicle.  This

aircraft ramp 
e met, constrai
S is fixed in all
d is sensed, the
e aircraft cargo
take place wh
6 DOF body 
onditions of th

n, the PTV beco
tance between 
ength of the st
fixed to the P

the length of th

A.  The green 
l trajectory whe

similar. Succ
nal comparison

gineers to stud
s, and to impro
oject. It was u
model simulat
aft and cradle.
entation and r
d tailored to m
CPAS analysis
guration prese
sed with testin
proximity com

when decelerat
se the PTV fro
de state vector 
PTV and CPS

defined by six

s are govern
ces, contact 
t has six degre

nstraints betwe
mmer, Progra
e to each other
put parameter 
otion of the a
he airspeed and

mp.  At initializ
s occurs becau
and the PTV 

ints are release
l 6 DOF to the
e CPSS is allow

o floor.  As the 
hile gravity hol

free falling un
he “Smart Sepa
omes an indepe
the Programm
atic line is exc

Programmer un
he harness legs

DSSA 
ere the 
cessful 
ns will 

dy the 
ove the 
used to 
ted the 
  This 
release 

model a 
s team 
nted a 
ng and 
mpared 
ting on 
om the 

initial 
SS. 

x rigid 

ed by 
forces 

ees-of-
een the 
ammer 
r.  The 
to this 

aircraft 
d ramp 

zation, 
use the 
to the 

ed and 
e ramp 
wed to 
mated 

lds the 
nder a 
aration 
endent 

mer and 
eeded, 

ntil the 
s. 



 

B. User D
There 

programme
contact for
1. Extract

Inflatio
has an equ
the aft end
degradatio
during the 
and has thr
equation o

The pr

Aerody
alone and 
the end of
forces are 
respectivel

The ma
intended to
3. Interna

Interna
categories,
forces betw
1) Extracti
Parachute 
Four Harn

Figur

Figure 4:  
Line Stretc

Defined Forces
are three type
er and extracti
rces between bo
tion and Progr
on modeling of
uivalent drag fo
 of the aircraft
n factor is app
extraction pha

ree translationa
f the three com

rogrammer par

ynamic forces 
PTV alone.  T

f ramp to the t
deactivated a

ly.  The genera

ated aerodynam
o account for th
al Forces 
al forces define
, tension repres
ween solid bod
ion Line.  Th
through the sin

ness Sling Legs

re 6:  PTV/CP
during

Programmer 
ch Event 

Americ

s 
es of user def
ion parachute, 
odies.  The fol

rammer Parach
f dual extractio
orce. The AES
. The cluster o
lied to account
ase.  The comp
al components

mponent extract

rachute inflati

are applied thr
There are a tota
time of separa
and the CPSS 
al equation of th

mic forces line
he wake effects

ed in the AESM
senting lines or

dies.  The lines 
his line runs fr
ngle attach poi
s between the 

PSS Contact In
g Separation 

Deployment 

can Institute of

fined forces a
an external fo
lowing forces 
hute Drag Forc

on parachutes in
SM starts when
f two extractio
t for any perfor
posite drag forc
s that act at the
tion parachute 

ion model diff
because a
characteristi
validated th
The program
still needs t
the CPAS 
independent
similar to t
This effort
parachutes
2. Aerodyn

roughout the d
al of six aerod

ation of the PT
alone and PT

he aerodynami

early increase 
s of the aircraf

M fall into two 
r slings and co
and slings inc

rom the Extra
int on the CPS
PTV attach p

nterference 

 
f Aeronautics a

 

 

5

applied in the 
orce such as ae
have been defi
ce Modeling  
n the AESM is
n the extraction
on parachutes a
rmance loss du
ce is applied to
e cp in the dire
drag force vec

1
2

ffers from the 
time varying 
ics is applied.

hrough the prog
mmer phase o
to be anchored
mainstream si
t extraction pa
the programm
t would aid i

namic Forces
duration of the
dynamic forces
TV from the C
TV alone aero
ic force is: 

1
2

1
2

from zero at ra
ft.   

main 
ontact 
lude:  

action 
SS, 2) 
points 

and the Pr
Line.  This 
CPSS to th
This line r
Programme

Internal
Ramp and 
CPSS, and 
PTV and 
mechanism

Figu

and Astronauti

AESM.  The
erodynamic for
ined in the AE

s represented b
n parachute ba
are assumed to 
ue to cluster int
o the extraction
ection opposing
ctor model is: 

  
extraction pa
inflation cur

.  Currently, 
grammer deplo
of flight is in t
d to test data b
imulation sequ
arachutes usin

mer phase is be
in deriving in

e simulation on
s and moments
CPSS.  After s
odynamic force

,

,
amp clear to f

rogrammer Co
 line runs betw

he Programme
runs between 
er Confluence.
l contact force
the bottom of
3) three ball 
the CPSS w

m, Figure 5.  Th

ure 5:  PTV/C
Aero

ics 

ey include a d
rces, and an in
SM.   

by using a comp
ag is pulled int

inflate to full 
teractions and 
n parachute ce
g the velocity 

    
arachute drag 
rve based on 
the AESM is

oyment line str
the early deve
before it is off
quence.  The 
ng a time vary
eing integrated

nflation param

n the mated PT
s acting on the
separation, the 
es act on each

     

                        

full affect 0.75

onfluence, 3) 
ween the single
er Bag, and 4)
the Programm

es are defined b
f the CPSS pl
and socket int
which are p
he red ball is a 

CPSS Contact 
odynamic For

drag force fro
nternal force su

posite parachu
o the airstream
open and a dra
aircraft wake e

enter of pressur
vector.  The g

   
force vector
empirical in

s only execute
retch event, Fig
elopment phase
ficially introdu
capability to 
ying inflation 
d for future e

meters for extr

TV/CPSS, the 
e mated vehicle

mated aerody
h independent

   

                                   

5 s-RC later.  T

Programmer 
e attach point 
) Programmer 
mer Canopy an

between: 1) A
atform, 2) PT
terfaces betwe
art of the r
rigid member 

Interference a
rces 

om the 
uch as 

ute that 
m from 
ag area 
effects 
re (cp) 

general 

(1) 
model 
flation 

ed and 
gure 4.  
es and 

uced in 
model 
curve 

efforts.  
raction 

CPSS 
e from 
ynamic 
t body 

 (2) 

        (3) 
This is 

Static 
on the 
Riser.  

nd the 

Aircraft 
V and 

een the 
release 
of the 

and 



 

PTV geom
occurs betw
after separ

C. Atmos
The at

aerodynam
an importe
altitude (ft
local Yum
is held.   

The six
a similar m
and β, whe
aerodynam
the mated P

D. Sensor
AESM

program t
constraints
script runs
into the air
the differen
referenced 

E. Extrac
The ex

lines up ar
skirt.  The
and cm the

pressure fo
The tim

into the wi
the parach

at release i
out of cont
time to dep
unplanned 
enable the 

 An IM
acceleratio
release are
pitch rate 
clearance f

Figure 8:  

metry and aqua
ween the PTV 
ation as shown

phere and Ae
tmospheric de

mic and parachu
ed X-Y data ta
t-MSL).  For e
a Proving Gro

x aerodynamic 
manner except 
ere α is the ang

mic effects cons
PTV/CPSS, CP

rs and Logic S
is run from a 

to sense “trig
s or external fo
s the simulatio
rstream until th
nt triggers and
later as a cons

ction Parachut
xtraction parach
ound the surfa
center of pres

e extraction par

or the extractio
ming for the rel
ind.  This will 
ute lines, 2) th

is low enough 
trol before the 
ploy and infla
impact betwe

rest of the test
MU on board 
on, angular pos
e known as the
and time from

from the aircra

Motion of the

Americ

a socket is a ri
heat-shield an

n in Figure 6. 

ro Coefficient
ensity is requi
ute drag forces
able with the d
each drop test,
unds (YPG) at

coefficients, F
they are a fun

gle of attack an
sidered in the s
PSS alone and 

Scripts 
script, or a se

gger” conditio
orces and then
n from the tim

he PTV has fal
d store a “state”
stant in the pro

te Center of P
hute is assume
ace of the canop
ssure (cp) is 5 
rachute would 

n parachute an
lease of the PT
allow for a cle

he rotation rate

so the PTV wi
programmer p

ate, and 3) ther
een the PTV a
t to flow smoot

the CPSS m
sitions and an

e, “Smart Separ
m ramp clear. 
aft and, in the e

e PTV/CPSS a

can Institute of

igid member o
nd the front bum

ts 
ired in the ca
s. This is an in
density (slugs/
, this table has
tmosphere for 

Figure 7, are ta
nction of two i
nd β the side-s
simulation, six
PTV alone.  

quence of com
ons, pause an
n continue with
me the extracti
len under the P
” such as a tim
grammer inflat

Pressure 
ed to be a rigid
py.  The cente
inches aft of t
behave similar

nd at the attach 
TV from the CP
ean deploymen
e of the PTV 

ill not tumble 
parachute has 
re will be no 
and CPSS to 
thly.  
measures the 
gular rotation 
ration Window
 The time va

event of an IMU

after Exit from

 
f Aeronautics a

 

 

6

of the CPSS.  
mpers of the C

alculation use
nput into the A
ft3) as a functi
s been updated
the month whe

able look-ups h
independent va
slip angle.  The
x forces and mo

mmands that all
nd activate/de
h the simulatio
on parachute i
Programmer pa

me when progra
tion curve equa

d body from th
r of mass (cm)
the center of m
r to that observ

point of the ex
PSS is determi
nt of the parac

rates.  The co
w (SSW).”  Th
ariable was pu
U failure, relea

Pa

Ti

Pitc

Pitch 

m the Aircraft

Ta

and Astronauti

The most freq
CPSS right 

ed for all 
AESM via 
ion of the 
d with the 
en the test 

handled in 
ariables, α 
ere are 18 
oments on 

lows the 
eactivate 
on.  The 
is pulled 
arachute 14 sec
ammer line stre
ations.  

he confluence a
) is at the cente

mass.  By sepa
ved from video

F. S
T

AESM
cond
the C
mate
aircra
pend
abou

xtraction line a
ined such that: 
chutes and redu

onditions refer
hey included co
ut into the SSW
ase at the end o

arameter 

me (sec) 

h Angle (⁰) 

Rate (⁰/sec) 

Fi

able 1:  Smart

ics 

quent contact b

conds.  Sensor
etch occurs so 

at the bottom o
er of the circle

arating the dist
o.  

Smart Separat
The main objec
M was to det

ditions of relea
CPSS.  The ge
d PTV/CPSS 
aft is similar 

dulum.  The 
ut a point n
and CPSS as de

1) The PTV h
uce the risk of 

renced to dete
onditions for th
W parameters 
of the time win

1

10

igure 7:  Mate
Definitions an

Syst

t Separation P

between the ve

s are set up to 
that this time c

of all the susp
e forming the c
tance between 

tion Condition
ctive for adopti
termine the o
asing the PTV
eneral motion 
 after it exi
to that of a d
PTV/CPSS s

near the cent
epicted on Figu
heat shield will
f the PTV tangl

ermine the tim
he pitch attitud
to ensure suf

ndow to give th

Inputs 

.0 < time < 4.0

-25o ≤ θ ≤ -3o

0o/s ≤  ≤ 25o/

ed Aerodynam
nd Coordinate
tem5 

Parameters 

ehicles 

define 
can be 

ension 
canopy 
the cp 

ns 
ing the 
ptimal 

V from 
of the 
ts the 
double 
swings 
ter of 
ure 8. 
l rotate 
ling in 

ming of 
de, the 
fficient 
he test 

0

/s 

mic 
e 



 

a chance t
Separation

When th
forces occu
vehicle pro

separates, 
socket join
rate attitud

Shortly a
10(b).  The
heat shield

G. Progra
The Prog

CPSS and 
seen in Fig
body.  Wit
canopy an
the Progra
four harne
harness le
connect th
the PTV. 
inches in 
When one 
its free len
deploymen
body, Figu
between th
to pull on 
the Progra
This even
11(c).  Sen
of line stre
curve in a 

Post test
EDU-A-CD
the extract
winds whic

 
 

Figure 9: 

to proceed and
n Window as sh
he separation o
ur. The aerody
operties.  The 

a level of cont
nt.  The PTV b
de as the CPSS,
after the ball a
e interaction an

d first attitude.  

ammer Parach
grammer Para
Programmer d

gure 11(a).  Af
thin the Progra
d risers, the se
ammer conflu
ess legs to the 
egs are tension
he confluence t
 Two of the h
length and t
or more of th

gth, the conflu
nt bag and be
ure 11(b). Th
he CPSS and 

the Programm
ammer riser (

nt is known a
nsors within th
etch and veloci
similar manner

t data reconstr
DT-3-5.  Each 
ion parachute p
ch enabled var

 Interactive F

Americ

d be successfu
hown in Error
of the PTV fro

ynamic forces a
once mated ve

tact is maintain
ball slides away
, Figure 10(a). 

and socket clea
nd aerodynam
 

hute Impleme
chute is stored

deployment bag
fter the 31 ft st
ammer deploym
econd mass (2

uence which j
single riser.  
n only spring
to the attach p
harness legs a
wo are 189.3
he harness leg
uence is pulled 
comes an ind

he static line 
programmer c

mer until the l
(48.8 ft) is d
as line stretch
e AESM store
ity of the progr
r as described i

IV
ructions of the 

test was uniqu
performance, f

rying downdraf

Forces Prior to

can Institute of

ul.  The AESM
! Reference so
om the CPSS 
acting on the te
ehicle becomes

ned between th
y from the soc

ar each other, t
ic effects indu

ntation 
d on the side o
g exceeds the l
tatic line length
ment bag are tw
22 lbs) is 
oins the 
The four 

gs which 
points on 
are 198.8 
3 inches.  
gs exceed 

from the 
ependent 
attached 

continues 
length of 
deployed.  
h Figure 
 the time 
rammer at line
in the section f

V. Data Rec
extraction and

ue and did not 
force interactio
ft forces.    

o Separation

 
f Aeronautics a

 

 

7

M simulation h
ource not foun
takes place th

est articles chan
s independent 

he surfaces of t
cket on the CPS

the front bump
uce a moment a

of the PTV unt
length of the s
h has been exc
wo masses, on

 stretch to be u
for extraction p

construction 
d separation ev
provide the sa

ons, system eve

Figure 1

Figure 11

and Astronauti

helped us deter
nd.. 
he following s
nge from the m
6 DOF object

the release me
SS and mainta

per slide along 
about the PTV

til the distance
static line conn
ceeded, the Pro
ne weighing 51

used for calcul
parachute infla

Results 
vents were per

ame separation 
ent cut triggers

10:  Interactiv

1:  Programme

ics 

rmine the con

sequence of ev
mated propertie
ts, Figure 9.  A

echanism in the
ains about the s

the heat shield
V cm to keep th

e between the 
necting the two
ogrammer beco
.6 lbs represen

lations of the p
ation.  

rformed for E
solution. Ther

s, vehicle attitu

ve Forces duri

er Inflation Se

ditions of the 

vents and inter
es to the indepe
As the mated v

e form of a bal
same pitch and

d of the PTV, F
he PTV rotatin

attach points 
o markers toget
omes its own 6
nting the mass 

programmer in

DU-A-CDT-3-
re were deviati
ude and day of

ng Release 

equence 

Smart 

ractive 
endent 
vehicle 

ll-and-
d pitch 

Figure 
ng in a 

on the 
ther as 
6 DOF 
of the 

flation 

-3 and 
ions in 
f flight 



 

A. Avioni
A time

and CPSS
overcome 
time delay
the PTV/C
separation.
was includ
conditions 

B. Extrac
A clust

C. Extrac
Action 

The ex
action (EF
exerted t
risers and 
Extraction 
attach poin
The pre-t
EFLA wa
ground at 

Figure
Activat

Figure 14

ics Time Delay
e delay or time

S, respectively
internal interf

ys was the imp
CPSS vehicles a
.  To account f
ded in the sm
were satisfied 

ction Parachut
ter of two 28 

ction Force 

xtraction forc
LA) is the tens
hrough the 
suspension lin
Parachutes 

nt on the mate
test orientatio
as set horizon
extraction.  Up

12:  Avionics
ted by Pin-Pu

4:  Reduced C
Efficiency 

Figure 16: 

Americ

y 
e lag observed 

p
s
r
t
P
c
o
c

C
T
s

.  The ball a
ference prior to
plementation o
and allowing b
for the known 
mart separation

and execution

te Inflation M
ft Extraction P

made
calcu
recon
was 
reduc
extra
phase
intera
clust

Line of 

ce line of 
sion that is 
simulated 

nes of the 
about the 

ed vehicle.  
on of the 
ntal to the 
pon further 

 System 
ll at RC 

Cluster 

 Downdraft F

can Institute of

in measured f
preflight predi
sensors to mea
rigged pin-pull
test reconstruct
PTV/CPSS sep
cut command t
observed avio
configuration 

CPSS. 
The release me
socket geomet
and socket int
o complete sep

of an AESM re
ball/socket inte
avionics time 
n logic to all

n of the cut com

Modeling 
Parachutes are
e for modeling
ulated withou
nstruction resu
reduced 15% 
ced due to clu
action parachu
e due to inter
action can be s
ter efficiency a

Force Variatio

 
f Aeronautics a

 

 

8

flight test data
ictions.  The 
asure time, pitc
l mechanism at
tion compariso
paration criteri
to the pyrotech

onics time del
shown in Figu

echanism is co
try which is i
terfaces requir
paration.  A r
elease mechan
erferences to oc
lag a conserva
low for proce

mmand signal. 

e simulated as 
g the drag for
ut consideratio
ults confirmed 

in a cluster o
uster parachute
ute did not inf
rference and c
seen in Figure 
re the aircraft w

Figure 15

on 

and Astronauti

a was evidently
on-board CPS

ch, pitch rate p
t the ramp clea
ons identified t
ia on a delay d
hnic cutter sys
lay was attrib
ure 13 that is 

omprised of a b
installed on th
re additional 
result of the o
nism geometry 
ccur prior to a 

ative 90 ms tim
essing time on
   

a composite p
rce produced b
on of cluste
that the extrac

of two.  The 
e interactions d
flate to full op
crowding relat
 14.  Other fac
wake, which is

examinati
determine
between t
initial osc
of the pa
predicted 
for EDU-
respective

The p
CDT-3-5 

5:  PTV Attitu

ics 

y missing com
SS avionics sy
parameters and
ar event as seen
that the avionic

due to processin
stem.    Anoth
buted to the 
used to secur

ball and 
he PTV 
time to 

observed 
joining 

a cleared 
me delay 

nce the 

parachute.  Th
by dual extrac
er efficiency.
ction parachut
magnitude of 

during the infl
pen during th
tive to one an
ctors that contr
s currently not 

ion of the mo
ed there is a
the EFLA and 
cillation.  The 
allet at the ram

by a magnitu
-A-CDT-3-3 an
ely as shown in
ost-test video v
EFLA appear

Fi

ude Dynamics

mpared to the A
ystem includes
d are activated 
n in Figure 12.
cs system sens
ng and executi

her contributor 
release mech

re the PTV on

he initial assum
ction parachute
  However,
tes cluster effi

the drag forc
ation process. 

he chaotic extr
nother.  This c
ribute to the re
directly quanti

del behavior, 
a direct corre
the amplitude 
downward pitc
mps edge was
de of 30% and
nd EDU-A-CD
n Figure 15.  
verified the ED

red oriented low

igure 13:  Rel
Mechanism

s 

AESM 
s IMU 
with a 
  Post-

sed the 
ing the 
to the 

hanism 
nto the 

mption 
es was 
 data 
ciency 

ce was 
 Each 

raction 
cluster 
educed 
ified.   

it was 
elation 
of the 

ch rate 
s over 
d 60% 

DT-3-5 

DU-A-
wer in 

ease 
m 



 

relation w
extraction 
the extract
converges 
downward 
relative to 
the first m
applied for
plane.  A n
the extracti

The do
value set t
positioned 
A-CDT-3-
As the dow
magnitude
release has

D. Vehicle
Predictin

instantaneo
the AESM
EDU-A-CD
the actual m
forces exp

intended to
approach w
bounding 
dynamics t
in the AES
experience
ramp clear
altitude wa

The MC
trajectory 
solution th
malfunctio
extraction/
preflight M
CDT-3-7 o
considered

Figure

with the ramp 
parachutes a n

tion parachute 
behind the ai
than the no w
the ramp plan

motion of the m
r a one second 
nominal peak v
ion parachute d

owndraft force 
o 2500 lbs.  E
either over an
5 produced a 

wndraft force in
of the pitch ra

s proven to be e

e Dynamics 
ng vehicle dyn
ous separation 

M with represen
DT-3-3.  Data 
measured true 

perienced betw

o cover all the
was implemen
extreme attitu
that could be s
SM at ramp cl
ed in test by the
r were 3.5˚ an
as set to ±500 f
C capability p
variations and

hat required sa
on risks 
/separation ph
MC prediction
only entered th
d a satisfactory

e 17:  Vehicle 

Americ

plane compar
new variable ne
travels in the w

ircraft in the r
wake airflow. T
ne.  It is applie
mated vehicle o

duration eithe
value for the co
drag force is 

seen in the tw
Each test had d
nd under or sid
good match to
ncreases, the m
ate was differen
exceptional.   

namics and the
of bodies to m

ntative initial c
comparisons 
airspeeds.  The

ween the CPSS

e C-130A and
nted to averag
udes and rates
seen when extr
lear.  Post test
e C-17.  The ac
nd 2.0˚/sec, res
ft.   
provided insig
d introduced a 
afeguarding to 

during 
hases of flight
ns prior to E
he Smart Separ
y solution if th

Acceleration 

can Institute of

ed to EDU-A
eeded to be int
wake of the ai
region of the 

The downdraft 
d in the simula
on the aircraft 
r pushing the e

omposite drag 

wo flight tests w
different extrac
e by side as se

o the measured
magnitude of th
nt during the in

e time sequen
modeling inter
conditions was 
showed that th
e slower flight

S pallet and C-
resulted 
forces b

A Mo
unknow
paramet
band fo
paramet
on-board
included

conservati
[0˚-10˚] pi

d C-17 data ex
ge the aircraft 
.  This appro
acting from a C
t analysis dem
ctual C-17 airc
spectively.  A

ght into 
unique 
reduce 

the 
t.  All 

EDU-A-
ration Window
he PTV pitch r

C‐1

 
f Aeronautics a

 

 

9

A-CDT-3-3, Fig
troduced in the
rcraft, there is 
extraction para
force is used to
ation as a time
ramp.  As the

extraction para
force is about 

was 800 lbs an
ction parachute
een in Figure 1
d test data as s
he pitch and pit
nitial descent o

nce of the initi
rnal force inter

the first lesso
he preflight pre
t test extraction
-17 ramp.  Th

in a faster e
etween the pal

V.
onte Carlo (M

wn trajectory ty
ters.  To initial
r the aircraft r
ters were defin
d C-130A and
d due to limit
ive dispersion d
itch and [0˚/s-
xperience.  Th

flight test pit
oach delivered 
C-17.  The foll

monstrated that 
raft pitch and p
ll other mass 

w (SSW) from 
rate at separat

17 Aircraft Init

Ramp Pit

Ramp Pitc

Table 2

and Astronauti

gure 16.  In 
e AESM and w
 an airflow tha
achute, driving
o control the p
e step function
e PTV/CPSS is
achutes below, 
39,000 lbs.  Th

nd 4100 lbs, re
e orientations. 
6.  The 4100 l
shown in Erro
tch rate will de
of the payload

ial phases of f
ractions.  The 
on acquired dur
ediction reach
n of the PTV/C
he initial AESM
extraction sequ
llet and ramp im

Monte Car
MC) capability
ypes that could
lize the MC an
ramp pitch an

ned using a lim
d C-17 aircraf
ted availability
derived from t
10˚/s] pitch ra

his proved to b
tch and pitch 

d a more repre
lowing criteria
the derived d

pitch rate value
property inert

the maximum
tion was above

tialization Para

tch Angle (⁰) 

ch Rate (⁰/sec)

2:  Ramp Initi

ics 

order to vary 
was called the d
at streamlines 
g the extractio

position of the 
n that is activat
s extracted, th
in-line, or slig

he equation for

      
espectively wit
 The orientati

lbs downdraft 
or! Reference
ecrease.  For E
, but the overa

flight has evo
understanding
ring the post t
ed the end of 

CPSS was a con
M assumed no
uence.  The a
mproved the ex

rlo Analysis 
y was develo
d be triggered 
analysis a repre
nd pitch rate w
mited test data s
ft sensor tray.
y of C-17 on
the diverse data
ate band.  The 
be too conserv
rate values a

esentative disp
a were used to 
dispersion band
es seen during 
tias were dispe

m pitch rate sid
e 0˚/sec and h

ameter  Min

0

0

ialization Para

the position 
downdraft forc
over the aircra
on parachute f
extraction par
ted 1.2 second
e downdraft fo

ghtly above the
r the z-compon

   
th the nominal
on for each te
force used for 

e source not fo
EDU-A-CDT-3
all timing of th

lved from ass
g of how to ini
test reconstruct
the ramp faste
nsequence of c
o frictional lo

addition of fric
xtraction timin

oped to analyz
with a unique 
esentative disp

was required.  
set acquired fr
  C-130A dat

nly data.  An 
a points resulte
dispersion ban
vative and a s

at ramp clear 
persion band 
initialize the a

d captured wha
EDU-A-CDT-

ersed ±10% an

de.  A MC cyc
had a α ≥ 95˚.

nimum  Maxi

0.0  5

0.0  5.

ameters 

of the 
ce.  As 
aft and 
further 
achute 

ds after 
orce is 
e ramp 
nent of 

 (5) 
l input 

est was 
EDU-

ound..   
-3, the 
e PTV 

suming 
itialize 
tion of 
er than 
contact 
ss and 
ctional 
ng.       

ze the 
set of 

persion 
These 

rom an 
ta was 
initial 

ed in a 
nd was 
second 
versus 
of the 

aircraft 
at was 
-3-5 at 
nd the 

le was 
  This 

imum 

5.0 

.33 



 

requiremen
parachute t
draft force
classificati
(MaxPR), 
Minimum 
progressive
supported 
conditions 
identify t
outside the

A new 
observed w
force and a
conditions 
SSW from
trajectory 
attributed 
4300 lbs c
inputs belo
ramp initi
below 1, s
Under thes
apex forwa
by the ora
separations
apparently 
points.   

The seco
forces asso

slope of th
acquired a
assumption
The SSW 
command 
18.   
 Earlier AE
attributed t
are activat
for EDU-A

Figure

nt helped oppo
to recover cont
e variable tra
ions of trajecto

Minimum 
Pitch Angle 

ely been anc
analysis effo
that produce

he possibility
e defined SSW 

trend of M
with the impl
avionics time d
now could pot

m the MinPR an
class that ente
with having 
oupled with ra
ow 2˚ and 1˚/s
alization param
such as a 0.7
se conditions, i
ard at separatio

ange case show
s.  This scenari
motionless, un

ond novel traje
ociated with its

he acceleration
and implement
n of instantane
event was now
signal event th

ESM predictio
to the delays in
ed, a period of

A-CDT-3-5 wa

e 19:  Trajecto
Separati

Americ

ose any apex fo
trol authority o
ansformed how
ories.  Each tra
Pitch Rate 
(MinPA).  T

hored to test
orts to disclos
e unfavorable
y of trajecto
using MC ana
onte Carlo tr
ementation of

delay.  Trajecto
tentially enter 

nd MinPA wind
ered the MinP
downdraft fo

amp pitch and 
sec, respective
meters usually
˚/sec pitch rat
if the MinPR w
on with high ri

wn in Figure 1
io orients the P
ntil the force o

ectory class wh
s inputs.  The r

n curve.  An u
ted in the AE
eous separation

w split into two
hat is executed 

ons have mode
n the separation
f time has pass
as approximatel

ories Entering 
ion Window 

can Institute of

forward attitude
of the vehicle a
w AESM traj
ajectory class i
(MinPR), an

The AESM ha
t data and ha
se the physica
e attitudes an
ries separatin

alysis.       
rajectories wa
f the downdra
ories in the righ
the non-optima
dow.  The nove

PR window wa
orces exceedin

ramp pitch rat
ely.  One of th
y had an inpu
te or 0.4˚ pitc
window was se
isks of snaggin
9.  Extreme d

PTV as it sits o
of the inflating 

hich entered th
ramp initializa

understanding 
ESM. Acquirin
n and was rep

o visible featur
a delta time af

eled higher pi
n event.  From 
sed resulting in
ly 10˚/sec.  Th

the Smart 

 
f Aeronautics a

 

 

10

e at separation
and re-orient he
jectories enter
is defined by t

nd 
as 
as 
al 

nd 
ng 

as 
aft 
ht 
al 
el 
as 
ng 
te 
he 
ut 
ch.  
et too low, suc
ng lines and tu
downdraft force
on the CPSS w
programmer p

he MinPA win
ation inputs we

window.  Th
than 2˚ an
initialization 
pitch and pi
shield forwa
results.  Ca
susceptible 
executing th
SSW.  This
acceleration 
time lag.  T
reaching the
separated an
Conversely, 
the SSW co
decelerate u

of the system
ng an insight t
placed with a s
res, a trigger ev
fter the system

itch rates at se
when the cond

n different pitc
he predicted sep

F

and Astronauti

n and allowed 
eat shield forw
red the SSW
the SSW plane

ch as at 0˚/sec,
umbling withou
es also produc

with an α=90˚ a
parachute is ap

ndow, like the 
ere contributors
he MinPA ramp
nd 2˚/sec, re

values affecte
itch rate at ex
ard PTV attitu
ases that ente
to triggering 

he separation c
s behavior w
and implemen

The SSW con
e systems pe
nd accelerated
trajectories en

onditions when
under the extra
ms trigger and 

to the system
separation obs
vent in which t

m senses the de

eparation than
ditions are sen
ch angle and pi
paration pitch 

Figure 18:  Tr

ics 

adequate time 
ward.  The intro

W and aided i
e it enters:   M

, the PTV wou
ut recovery.  A
ced cases with
and slides off w
pplied to the PT

MinPR class, 
s to entering a 
p inputs were b
espectively.  
ed the oscillatio
xtraction, but 
udes with sat
ered the MinP

within the w
cut command 

was due to th
ntation of the 9
nditions were 
ak acceleratio
d outside the
ntering the Ma
n the system h
action parachu
release cut co

ms timing sequ
served in post-
the conditions 
fined separatio

n actually exp
sed to when th
itch rate states
rate was 15˚/se

rajectory Clas

for the Progra
oduction of the
in identifying 

Maximum Pitch

uld tend to acce
An example is 
h flat or transla
with small rates
TV at the four 

had large dow
a different side 
both typically g

The larger 
on magnitudes 

still produced
tisfactory sepa
PA side were
window limit
outside the d

he systems po
90 ms avionic s

being met pr
on and as a 
e defined wi

axPR window 
has already beg
utes on the ne
ommand timin
uence eliminate
-test reconstruc
are sensed and

on conditions, F

erienced.  Thi
he actual strap c
s.  A typical ra
ec and the actu

ssifications 

ammer 
e down 

three 
h Rate 

elerate 
shown 
ational 
s, as if 
attach 

wndraft 
of the 

greater 
ramp 

of the 
d heat 
aration 
e also 
ts and 
defined 
ositive 
system 
rior to 

result 
indow. 
satisfy 
gun to 
egative 
ng was 
ed the 
ctions.  
d a cut 
Figure 

is was 
cutters 

ate loss 
ual test 



 

data showe
and rates.  
to 10˚/sec 
enhanceme
performanc
now be co
rate seen in

The dev
mainstream
extraction/
fidelity of 
simulation
separation 
convention
internal fo
been adopt

Compari
data recon
PTV/CPSS
contact phe
vehicle du

pitch rates
assumed th
window de
forces abo
initial pha
sequence.  
 

Fig

ed we separate
Protecting from
to safeguard 

ent of the AE
ce for the extra

orrelated to tes
n flight tests at

VI.
elopment and 

m simulation s
/separation an
state vectors re
s.  The ass
of CPAS test

n that accounts
orce interaction
ted with except
isons alongsid
struction effor

S extraction-sep
enomenon that

uring the free f

s and α<95˚ th
hat any non-n
emonstrated ca

ove 4100 lbs.  
ases of flight h

       

gure 21:  PTV

Americ

ed at approxima
m pitch rate re

from unfavor
ESM and MC
action and sepa
st data and sim
t separation.     

 Conclusion
integration of 
sequence has i
nalysis techniq
equired to initi
sumption of 
t articles has b
s for 90 ms avi
ns, and down
tional test resu

de established 
ts have been p
paration event 
t occur during 
fall flight phas

hat result in ap
negative pitch 
ases accelerati
The overall f

has improved.

 

V Separating H

can Institute of

ately 5˚/sec, Fi
aching the 0˚/s
rable trajector

C capability ha
aration phase o

mulate the pitc
     

n 
the AESM into
introduced stat
ques and imp
iate primary NA

modeling in
been replaced 
ionics system t

ndraft forces. T
ults.       

NASA simula
performed to v

has been estab
release.  The m
se are better u

pex forward at
rate would re

ing outside the
fundamental un
 This allowed

Heat Shield Fo

 
f Aeronautics a

 

 

11

igure 20.  The 
sec threshold h
ries that enter 
as resulted in
of flight can 
ch and pitch 

o the CPAS 
te-of-the-art 
proved the 
ASA driven 

nstantaneous 
with a new 
time delays, 
These have 

ations and test
erify and valid
blished with th
moment-forces 
understood and

ttitudes at prog
esult in favorab
e defined wind
nderstanding o

d CPAS to ov

orward 

and Astronauti

same behavio
has prompted an
r from the Ma
n flight-like pr

t 
date the AESM
e insight attain
 generated by t

d can now be h
window for 
attitudes.  In
shield and 
favorable at
moments th
forward. 
 The add
enhanced ou
new trajecto
separation w
window lim

10˚/sec to prot
grammer deplo

able PTV attitu
dow.  These c
of the vehicle 
vercome challe

Figure 20

ics 

or was seen for
nalysts to raise
axPR and Mi
reflight predic

M.  A physics-b
ned of the force
the extraction p
harnessed with
optimal PTV 

nterferences be
CPSS front

ttitudes by opp
hat tend to or

dition of the d
ur thinking an
ory classes th
window.  As a
mit was shift
tect from PTV
oyment.  Earli
ude.   Cases 
cases were attr

dynamics exp
enges in this h

:  Extraction-
Heritage

r all measured 
e the MinPR w
nPR window. 

ctions.  The s

based solution
e interactions a
parachute and 
h a smart sepa
heat-shield fo

tween the PTV
t bumpers su
posing aerody
rient the PTV

downdraft forc
nd shed light o
hat enter the 
a result, the M
ted from 0˚/s

V cases with ne
ier defined win
entering the M
ributed to dow
perienced durin
highly comple

Separation Te
e 

angles 
window 

  The 
system 

to the 
and re-
mated 

aration 
orward 
V heat-
upport 

ynamic 
V apex 

ce has 
on two 

smart 
MinPR 
sec to 
egative 
ndows 

MinPA 
wndraft 
ng the 
ex test 

est 



 

 
American Institute of Aeronautics and Astronautics 

 

 

12

References 
 

1 Machin, Ricardo A. and Evans, Carol T., “Cluster Development Test 2 an Assessment of a Failed Test,” 20th AIAA 
Aerodynamic Decelerator Systems Technology Conference and Seminar, Seattle, Washington, 4 – 7 May 2009, 
AIAA paper 2009-2902. 
 
2Cuthbert, P.A. and Desabrais, K.J., “Validation of a Cargo Airdrop Software Simulator,” 17th AIAA Aerodynamic Decelerator 
Systems Technology Conference, Monterey, California, May 20-22, 2003, AIAA Paper 2003-2133.   
 
3Cuthbert, P.A., “A Software Simulation of Cargo Drop Tests,” 17th AIAA Aerodynamic Decelerator Systems Technology 
Conference, Monterey, California, May 2003, AIAA Paper 2003-2132.   
 
4King, Ronald, Wolf, Dean, and Hengel, John., “Ares Decelerator System Heavy Air Drop Test Program,” 21st AIAA 
Aerodynamic Decelerator Systems Technology Conference, Dublin, Ireland, March 2011, AIAA Paper 2011-2504.   
 
5Stuart, Philip,“CPAS Aerodynamic Database Application Programming Interface User’s Guide,” Version 2.0.0b2, CPAS 
Analysis IPT, NASA-JSC EG Document, December 2011. 


