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. ERRATA 

Technical Report 74-9-AD 

Development of a Total Trajectory SimUlation for Single Recovery 
Parachute Systems, Volume II: calculation 'Procedures and Computer 
Program by RQbert A. Noreen and David P. Saari, December 1973. 

(1) On page 22, Equation (4) 

(2) On page 35, in Euqation 47 

iL 

shoUld be /J.V = - f .,~ l?o S,. A. t 
~ ....... .$ . . 

term shoUld ~e 



:roREWORD 

Thi~ work was pel:"formed under US Army Natick Laboratories 

Contract No. DAAG17-72-G-003Q during the period 15 November 1971 
and 30 June 1973. The ~roject number was 1Fl62203AA33 and th~ 
task number was 04 ~nti tled '!Study of Dynamic Sta.bili ty 
Characteristics of Parachute-Load System 1

'. Mr. Edward J. Giebutowski 
served as Project Off;t.o,r. 

The objective of theeffort was to produoea computerized 
trajectory simulation which would describe the motion of a 
single parachute and its cargo from the time of release 
from the aircraft to the time of impact. 

This report i~ intended to serve as a user manual for the 
computer program developed in Volume I. It includes flow 
charts for the major routines, a listing of computer mnemonics 
and a program listing. Sample output for some. trial cases 
is also included. 

i 
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of mass in fully inflated configuration 

reference· distance from canopy ·skirt to parachute 
center of volume in fully inflated configuration 

nominal area 

time 

reefing ~utter delay time 

time at which extraction or pilot parachut~ is 
released or main parachute is disreefed to initiate 
inflation 

final filling .time; measured from.end of bag strip 
to first attainment of hemispherical canopy volume-

filling. ti~e for reefed· inflation period ... 

dimensionless time.scale; aerodynamic t~ngent 
force of parachute 

time at which reefing cutters are an;nea· 

dimensionless time scale for reefed inflation periods 

X-component of 2:' body fixed 

general velocity; velocity of parachute-load system 
mass center 

general ve1-gci,ty; magJ;litude of velocitY: of parachute
load system center of mass 

t ' 

snatch velocity, Eqn {16) 

· ·. voll1me; Y~componerit_ of v, body fixed 

Z-component of 2_, body fixed;. weight 
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X 

X 

y 

z 

z 

space- fixed coordl.nate·· direction; position of 
parachute-load system center of mass 

body-fixed coordinate 

space-fixed cobidi~at~·di~ection; pbsition of 
parachute-load system.cent~r of mass 

body-fixed coordinate 

space-fixed coordinate direction; position of 
parachute-load system center of mass 

body-fixed coordinate 

~ngle_,_of at~ack in XZ-_pl.ane 

trajectory angle 

arigle 0f attack in YZ-plarie 

angle b~twe,e~ velocity and XZwplane 

angle __ betweep veloqity and YZ-:-pl~ne 

____ a~lowable c;tbsoll;lte ~rror in integration 

~uler.angle~_system angle fpr .problems constrained 
to _;thtee degrees :of freedom - -- · - · - · ---

angle between parachute velocity ·-and systems axis 

±ritegrand '~in· Eqn (3o)· · ·, 

air dens'ity 

sea level air density 

air density ratio.= ~/p 
0 

< _, 

angular velocity of parachute-ldad system 

Euler angle 

• Euler angle 
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Subscripts 

a apparent 

B main parachute deployment bag 

ex extraction parachute(s) 

i included 

.P.. load 

o nominal, initial 

p parachute 

R · referring to inflation of the main parachute with 
reefing 

T value required for instantaneous trajectory 
calculation 

x component in space-fixed x coordinate direction 
. . ' X component in.body-fixed X coordinate direction 

.. 
y component in space-fixed y coordinate direction 

y component in. body-fixed y coordinate direction 

z. COJ11ponent in :space-fixed z coordinate direction 

Z component in body-fixed Z coor,dinate direction 

1 referring to end of reefed inflatibn stage 

I primary body 

II secondary body 

indicates vector quantity 
indicates matrix or tensor quantity 
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ABSTRACT 

A method of total trajectory simulation was established 

which is based on the governing equations of the various 

phases of an airdrop or recovery system. In view of these 
equations, a computer program capable of predicting the 
performance characteristics of a parachute ... load system from 

.the instant of initiation to the moment of landing was 
established. Calculations were performed for a number of 

different aerial delivery systems. The calculated results 
fall well within the broad ranges of expected performance, 

based upon a familiarity with field test results. 
In Volume I simulation methods and numerical calcula

tion results are presented; in Volume II details of the 

calculation procedures and computer program are presented. 

The system is ready to be used for overall prediction of 
parachute performance characteristics and an intensive com
parison of calculated and recorded field test results is 

i 

. highly desirable for validation and improvement of the 

technique of total trajectory simulation. 
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.' .~ I c..· INTRODUCTION 

.In this stuc:)y mechanical and mathematical models. have 

been selected to·provide·a.total trajectory simulation for 

four parachute separation-deployment systems. In Volume I 

of this report these simulation:methods are presented, and 

in this volume, Volume II, the calculation procedures for 

obtaining numerical results are shown~ 

The calculations were made using a Fortran IV computer 

program and a Control Data Corporation 6600 computer. Thus 

this.volume presents.the software documentation required for 

duplication and ·use of the computer program, beginning with 

a general description of the program and progressing to more 

detailed· information. :However, the various Sections cannot 

be considered independent; referring to later sections of 

the report may add to,the understanding of the early sections. 

The compile time with the standard Fortran compiler is 

approximately 5. 6 S'econds for the three. degree of freedom 

solution and 7.1 seconds for the solution.allowing six 

degrees of freedom for the free descent phase. The runoing 

time fqr the various trajectory calculations averaged about 

7 to 8 seconds~ ranging from 3 to 4 seconds for low altitude 

simulations to about 13 s.econds tor high altitude simulations. 

1 



II. GENERAL·. DESCRIPTION 

.The computer program for·tl:l.e total trajectory simulation 
can be considered to consist of three calculation phases 
organized to model four parachute separation-deploym~nt 
systems. The three·calculation phases correspond to the 
physical processes of an airdrop, and are: 1) separation and 
deployment, 2) inflation of the main parachute, and 3) free 
descent with consideration of dynamic characteristics. The 
first two phases have been limited to two dimensions; for 
free descent, the user can select two or three dimensional 
calculations. The program was organized with major subroutines 
directly related to physical processes so that calculation 
methods could be easily changed or improved by merely replac
ing a subroutine. 

The user must select inputs that specify the physical 
characteristics 0f his parachute-load system and whic;:hof the 
four separation-d~ployment systems he is modeling. .The 
separation-deployment systems are 1) static line, 2) static 
line deployed pilot chute, 3) extraction parachute, and 
4) reefed main parachute extraction~ . The user also can have 
a range of outputs:, from a nearly continuous print of t:t:a

jectory data to only a few results .. at significant occurrences 
during the simulation. 

A. Basic Program Organization 
'MAIN PR¢>GRAM is the first entry to the program; its 

basic functions are to read most of the input data, print 
some parameters of interest, sequence the calls to the major 
subroutines, and then either start the ne::x:t simulation or 
terminate the run. Very few calculations .are done in MAIN 
PR¢>GRAM itself, its major purposes are organization and 
sequencing. 
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The firs·t functional caTl. by MAI'N PR0GRAM·· is to Subrou
tine EXTRACT, 'which is the first major subroutine that d-irects 
calculations for the separation-deployment process. EXTRACT 
calculates· the proc·ess '()f -separation.· froni ·the· aircraft for all 
systems and informs MAIN ·PR0GRAM whether or not a call to sub
rou·tine SNATCH is''-required. SNATCH. is the second major sub-

. routine of the separa-tion-deployment phase, and calls subrou
tine B0DIES for calculating the{ separation betweeri primary 
and secondary bodies of the parachute-load system. 

After separation-deployment, MAIN PR0GRAM directs the 
simulation to the inflation of the main parachute, subroutine 
0PENING. 0PENING is primarily an organizatl:onal subroutine 
and calls FILLTIM for acalculation of filling time and CALC 
for trajectory calculations during inflation. 

The last phase is free descent, and since this can be 
two- or three-dimensional,. the appropriate integer inputs as 
well as the desired subroutine decks must be selected. by the 
user. Since the required aerodynamic force coefficients for 
three-dimensional calc:ula:tions have not yet. been measured, 
the majority of calculations will probably. be two-dimensional, 
and thus there is:no need to compile the three-dimensional 
subroutinesfor every calculation. Inboth cases subroutine 
M0TI0N is the major subroutine, and is. basically organiza
tional. M0TI0N calls subroutine INTGRAT for inte-gration of 
the equations ofmotion. INTGRAT requires subroutine F0RMULA 
for the integration and. subroutine EM¢>TI0N for numerical 
evaluation of the equations of motion. EM0TI0N.calls subrou ... 
tine DYNAMIC to ··evaluate terms ; in the equations of motion, 
and subroutine ct)EFFTS supplies values of the aerodynamic 
coefficients to EM0TI0N. Subroutines INTGRAT, F0RMULA, and 
DYNAMIC a:J:'e ident:ical for .two. or three dimensional calcula
tions; the others have. the same names· in both cases but are 
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different. Subroutine C0SINES is added to evaluate the terms 
of the direction cosine matrix in three-dimensional 
calculations. 

The subroutines DENSITY arn:l TRAJEQN are called by many 
of the other subroutines. DENSITYcalculates atmospheric 
density as~ .function of altitude and TRAJEQNevaluates the 
two-dimensional, point mass trajectory equations for use 
until the parachute is fully inflated. 

B. Computer. Program,Qutputs 
The output from the computer program in all sub~outines 

which include output statements can be divided into three 
categories; (1) all input data, (2) trajectory variables 
and other calculated information at points of interest 
throughout the program, and (3) continuous output of variables 
describing the calculated traject6ry. 

The first and second of these groups are ·always printed. 
All inputs are inunediately printed in the ·main program or in 
the particular subroutine in which they are read. The tra
jectory variables at the followingpoints during the trajec
tory simulation. are printed inunediately.before exit from.the 
following subroutines: 

Subroutine EXTRACT--static line stretch and main parachute 
canopy unfolded or initiation of main parachute deployment; 
or load leaves aircraft and initiation of main parachute 
deployment or inflation, 

Subroutine SNATCH•-snatch force occurrence, . 
Subroutine.0PENING--inflation of the main parachute to 

· any reefed st·age or to full inflation, 
Subroutine M0TI0N--the first three instances when the 

parachute-load system is vertical or near vertical. 
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In addition~ snatch force, snatch velocity, and primary and 
secondary body velocities at snatch are printed before exit 
from SNATCHo The projected diameter corresponding to the 
prescribed final reefing ratio, time of disreef (if applicable), 
filling time, and opening shock for each inflation are .printed 
before exit from 0PENING. 

The continuous output can be controlled by the program 
user. The variable NINT may be read into the program as a 
negative number, which '(:hen eliminates all continuous output. 
If NINT is positive, it represents the number of calculations 
which are to be made between successive printings of the tra
jectory variables in subroutines EXTRACT and SNATCH, and to 
some degree·in 0PENING and M0TI0No During the inflation 
periods in 0PENING, and if the automatically selected time 
increment in M0TI0N becomes too large, NINT does not affect 
the outputof trajectory variables if it is greater than 
zero. The trajectory variables are time, altitude, system 
angle, position components, total velocity and velocity com
ponents, and total acceleration. These variables refer to 

.· the mass center of the parachute-load system until the main 
parachute is fully inflated, and to the load during the free 
descent phase in M0TI0N. 

c. Separation-Deployment Systems 
.The values of the integer variables !STATIC and IEXTRAC, 

and the variable D0 Pilot control the selection of one of the 
four separation-deployment systems as shown in Fig 1. These 
variables are examined upon entry to EXTRACT, which then 
directs the simulation to the appropriate calculations., For 
the static.line deployed pilot chute or extraction parachute 
systems a snatch force calculation is required and EXTRACT 
sets !SNATCH to -1 which then directs the MAIN PR0GRAM 
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STATIC LINE 
SYSTEM 

EXTRACTION 
PARACHUTE 
SYSTEM 

STATIC LINE 
..__..,. DEPLOYED 

PILOT CHU'fE· 
SYSTEM 

REEFED 
MAIN 
PARACHUTE 
EXTRACTION 
SYSTEM 

FIG 1 Determination of the Separation
Deployment System in Subroutine 
EXTRACT 
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sequence to SNATCH. For the static line and reefed main 

parachute extraction systems no snatch force calculation is 

required and EXTRACT sets !SNATCH to +1 which directs the 

MAIN PR~GRAM sequence directly to 0PENING. 

The following ~Items include figures which show the 

separation-deployment process and the sequencing of the 

simulation through MAIN PR~GRAM, the values of the pertinent 

variables for selecting the separation-deployment system, and 

a list of the physical processes involved in separation and 

deployment with the name of the subroutine that models the 

process. 

1. Static Line System 

Figures 2 and 3 
!STATIC = -1 

DPIL~T • 0 
!SNATCH = +1 
Separation from aircraft 

Main Canopy Unfolding 
EXTRACl' 
EXTRACT 

2. Static Line Deployed Pilot Chute System 

Figures 4 and 5 

!STATIC = -1 

DPIL0T = D0 pilot 
!SNATCH = -1 
Separation from aircraft EXTRACT 

Suspension system deployment B0DIES 

Snatch force 
Main parachute unfolding 

SNATCH 
B~DIES 
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2 DEPLOYME·NT 

(I) 

·31NFLATION 

Fig 2 Static Line System 

a----

1 SEPARATION 

(DEPLOYMENT 
1 BAG 

4 FREE DESCENT 



~0 

STATIC LINE 
SYSTEM 

I SNATCH 

(to Subroutine EXTRACT) 

<o 
EXTRACTION 
PARACHUTE 
SYSTEM 

STATIC LINE 
DEPLOYED 
PILOT CHUTE 
SYSTEM 

REEFED 
MAIN 
PARACHUTE 
EXTRACTION 
SYSTEI-1 

FIG 3 Sequence of Computer 5~olution 

for Static Line System 
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~ 
0 

DEPLOYMENT 
BAG 

1 SEPARATION 

2 SUSPENSION LINE DEPLOYMENT 

3 CANOPY UNFOLDED 4 FREE ·DESCENT 

Fig 4 Static Line Depl~yed Pilot Chute System 



~0 

STATIC LINE 
SYSTEM 

(to Subroutine E/~TRACT) 

.s.o 
EXTRACTION 
PARACHUTE 
SYSTEM 

STATIC LINE 
DEPLOYED 
PILar CHUTE 
SYSTEM 

REEFED 
MAIN 
PARACHU'!E 
EXTRACTION 
SYST!:H 

FIG 5 Seq·uence of Computer Solution 
for Static Line Deploye:d Pilot 
Chute System 
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3. Extraction Parachute System 

Figures 6 and 7 
!STATIC = +1 
IEXTRAC =· 0 
!SNATCH = -1 
Separation from aircraft 
Suspension system deployment 
Snatch force 
Main parachute unfolding 

EXTRACT 
B0DIES 
SNATCH 
B¢>DIES 

4. Reefed Main Parachute Extraction System 

Figures 8 and 9 
!STATIC == +1 
IEXTRAC = ·+[ 

!SNATCH = +1 
Separation from aircraft EXTRACT 
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t-' 
(A 

EXTRACTION. PARACHUTE 

·~ 

1 SEPARATION 
SUSPENSON LINE DEPLOYMENT 

lDEPLOYMENT 
BAG 

3 CANOPY UNFOLDED 5 FREE DESCENT 

Fig 6 Extraction Parachute System 



~0 

STATIC LINE 
SYSTE~l 

(to Subroutine EXTF<tz..CT) 

5.0 
EXTRACTION 
PARACHUTE 
SYSTEH 

STATIC LINE 
DEPLOYED 
PILOT CHUTE 
SYSTEM 

REEFED l MAIN 
PARACHUTE · 
EXTRACTION. J SYSTEH 

FIG 7 Sequence of Computer Solution 
for Extraction Parachute System 
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too& 
VI 

· REEFED MAIN 
PARACHUTE 

1 SEPARATION 

2 REEFED INFLATION 

3 FREE: DESCENT-

Fig 8 Reefed M-ain Parachute Extraction -System 



1-;TATI.·c L~~. <. . 
~STEM· 

(to Subroutine EXTR.A.CT) 

·------- . . >Q . REEFED 

EXTRACTION . 
PARACHUTE 
SYSTEM 

STATIC J..INE 
DEPLOYED 
PILOT CHUTt: 
SYSTEM 

MAIN 
PARACHUTE 
EXl'RA.CTlON j SYSTEM 

--

·MAIN PR0GRAM ] 

FIG 9 Sequence of Computer Sol uti on 
for Reefed Main Parachute J 
Extraction System 
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III. DESCRIPTION OF COMPUTER PROGRAM 

This section describe~.the computer program;used for the 
total trajectory si.111ula_tions. · 'J;he ·format used in the follow

ing is to includ.e, for each program pr subprogram, the 
following information: 1) list of inputs, 2) list of outputs, 

3) list of formal parameters, 4) list of common blocks, and 

5) an explanation of the calculation methods. Computer 

mnemonics are used in the lists of inputs, outputs, parameters, 

and common blocks to aid later cross references with the 

program listing, Section VII. These and all other non
standard mnemonics.are defined in Section VI. The formal 

parameters and common blocks appear.as they are shown in the 

listing of the particular subroutine. For assistance in 
following the calculation methods, the calling parameters of 
all calls to eachsubroutine are shown in Section IV.c 

A. MAIN PR~GRAM 

·~· "· lThecmilemo~it>.,:symbol MA:IN~ __ PRt>GRAM. ·is· u:sed: ~n···the text to 

describe PR0GRAM TRAJSIM,.the name given by the authors to 
the main program for the total trajectory simulation. The 

name of the main program can be changed to any suitable form 

.IIDy the program.user without affecting the functioning of the 

computer program. The standard files INPUT and 0UTPUT are 
required for the MAIN PR0GRAM. 

1. Input 

NSIM, Cl, G2, C3, G4, CS, ALT, VO, MST, MP, MLS, MR, MRX, 

MBR, ML, Xl, X2, X3, X4., XS, IZ, IAZO, DN0T, LSS, CDP, CDSL, 

Ql, Q2, V0LUME, N, NNN, DTl, DT2, DT3, NINT, ETA, PCTERR 
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2. Output 

Cl, C2, C3, C4, C5, ALT, VQ, MST, ML, MP, MLS, MR, MRX, 
MBR, A8, B8, ALT, A9, B9, ALT, Xl, X2, X3, X4, X5, A4, B4., 
ALT, AS, B5, ALT, A6, B6,. ALT, A7, B7, ALT, DNVT, LSS, Al, 
Bl, ALT, A2, B2, ALT, A3, B3, ALT, Ql, Q2, V0LUME, CDP, 
CDSL, N 

3. Common Blocks 

/CVNST/:·ALT~ PI, G, DN0T, CDSL, LSS, ML, MP, MSS, MST, NINT 
/VARIABL/: RHf>, T, V, THETA, X, Z, ALPHAL, ALPHAP, Ll 
/DYNAM/:DYDN0T, Xl, X2, X3, X4, XS, MBR, DYML, MLS, DYMP, 

MR, MRX, IAZO, IZ, Ql, Q2, Vt>LtJl1E;,:.XN:U~:[, .XDEN0M 

4. Methods 

MAIN PRVGR.AM oversees the operation of the total tra
jectory simulation, providing for a specified number, NSIM, 
of trajectory simulations to: be accomplished in one ·run of 
the comp~ter program.· For each. total trajectory simulation, 
the operation of MAIN PR¢>GRAM is as follows~ The title. and 
most parachute-load system data. are read and printed. The 
parameters 

~ = mL sl + mRs2 + mEs3 + mBrs4 .. +_: mL s5 
. .S . . · .... 

XDEN¢>M = ~ _ + mR + IUE + mBr + m£.+.·mp.·· 
s ; . 

- m s p c 

are established for use in subroutine DYNAMIC.·. Note that 
common block DYNAM must have different names ·for its 
variab>les, even though some represent the same variablesas 
are in C0NST. To,bracket the variable parachute-load system 
dynamic characteristics to be .encquntered, subroutine 
DYNAMIC is called for mean sea level density and for release 
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altitude density and the results of these twocalls are printed. 

The necessary infonnation for ·calculation is transmitted via the 

calling parameter list and the common block DYN.A.Mo 
The first call of the actual trajectory simulation is to 

EXTRACT, following which MAIN.PRf>GRAM directs the calculations 
by calling SNATCH, 0PENING, and M0TI0N as detailed in Subsections 
IIA and IIC for the particul,ar separation-deployment system. 
When control is returned to·MAIN PROGRAM after the call to M0TI0N, 
the next.trajectory simulation begins or the program is terminated 

if the run is .complete. 

B. Separatiob-Deplo:yt!lent Phase 

Three subrou~ines perform.the calculations for the physical 

processes in the separation-~~ployment phase. The major sub
routine is EXTRACT, which c·alculates the separation from the 

aircraft.for all systems and contains all of the remaining 

deployment calculations for systems that do not have a snatch 

force. !f a snatch force is required, EXTRACT directs MAIN 
PRt>GRAM to sub~outines SNATCH and B0DIES, the other two subrou

tines for this.phase, SNATCH calculates maximum snatch force 
and call~ B0DIES for calculating the separation between the 
primary 'and secondary bodies of the parachute load system. 

1. Subroutine EXTRACT 

a. Input 

All Systems: 
!STATIC, IEXTRAC 

Static Line System: 
LSTATIC, CDSBAG, CDSP, DPILf>T, LSPILf>T, TD, LRXBR (CDSP = O, 
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DPIL0T = O, LSPIL(l)T = O, TD = 0) 

Static Line Deployed Pilot Chute System: 
LSTATIC" CDSBAG, CDSP, DPIL~T, LSPIL~T, TD, LRXBR. 

Extraction Parachute System: 
LENGTH, CDSBAG, CDSEX, ·TD. 

Reef~d Main Parachute Extraction System: . 
R, LENGTH, TD 

b. Output 

Static Line System: 
ALL NINT: LSTATIC, CDSBAG, Tl, TRAJl, Xl, Zl, Vl, T, TRAJANG, 

X, Z, V. 
NINT > 0: T, ALT~z, TRAJANG, TRAJANG, X, z, V, VX, VZ. 

Static Line Deployed Pilot Chute System: 
ALL NINT: LSTATIC, CDSBAG, CDSP, DPIL~T, LSPIL~T, TD, Tl, 

TRAJl, Xl, Zl, Vl, T, TRAJANG, X, Z, V. 
NINT > 0: T, ALT-Z, TRAJANG, TRAJANG, X, Z, V, VX, VZ. 

Extraction Parachute System: 
ALL NINT: LENGTH, CDSBAG, CDSEX, TD~ Tl, Xl, Vl, T, TRAJANG, 

X, Z, V. 
NINT > 0: T, ALT-Z, TRAJA~G, TRAJANG, X, z, V, V. 

Re'efed Main~ Parachute Extraction System: 
ALL. NINT: LENGTH, R, H'lcDN~T .. , TD, Tl, Xl, Vl, T, TRAJANG, X, 

z, v. 
NINT > 0: T, ALT-Z, TRAJANG, TRAJANG, X, z, V, V. 

c. Formal Parameters 

!SNATCH, IEXTRAC, VO, DT, TRCA 

d. Common Blocks 

/Cf!NST/: ALT, PI, G, CDP, DN~T, CDSL, LSS, ML, MP, MSS, MST, 
NINT. 
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/VARIABL/: RH¢>, T, V, THETA, X, Z, UNUSED, UNUSED2, UNUSED3. 

e. Methods 

i) Static Line System 

The governing equations for the parachute-load system 

during the periods of separation and deployment of the main 

parachuteby static line are the two-dimensional, point mass, 

trajectory equations, incorporated in subroutine TRAJEQN. 

Thus the procedure in subroutine EXTRACT is to call subrou

tine TRAJEQN with Galling parameters"representing the appro

priate mass and drag area with time increments ~t between 

successive calls. The duration of thefirst calculation 

phase is determined by the distance,~: between the release point 

in the aircraft and the recovery system mass center, given by 

(1) 

The main parachute is deployed, and control is returned to 

the main program., when 

The parameter !SNATCH is assigned the value +1 before control 

is returned to the main program. The value of the time at 

this point is the value given to the return.parameter tRCA' 

which is required if reefing will be required in the 

inflation phase. 

ii) Static Line Deployed Pilot Chute System 

The procedure for this case is the same as for static 

. line deployme-nt;· except that the pilot parachute is being 

deployed rather than the main parachute. The pilot parachute 
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is deployed when 

(3) 

At this point, the calling parameter for subroutine TRAJEQN 
representing the drag area must be increased by the drag area . 
of the pilot.parachute. The parameter ISNATCHis assigned 
the value -1. Successive ·calls to subroutine TRAJEQN are 

I 

made until the time exceeds the value t
0

• 

iii) Extraction Parachute System 

!SNATCH is set equal to.-1. The governing equation while 
the l0ad is in the aircraftis 

6.v= 
-e. vz c I) ST 

2 W'IV'"$ 
At (4) 

where c0STis the drag area of the extraction parachute(s). 
The condition which indicates that the load has left .the air
craft is 

(5) 

At this poi~t, the value of c0sTis increased by the drag area 
of the load and the packed main. parachute, c0s;..+ CDSB' and 
the trajectory, is simulated by successive calls to subroutine 
TRAJEQN with time increment &t. Control is returned to the 
main program when the time exceeds t 0 !' 

iv) Reefed Main Parachute Extraction System 

. !SNATCH is set to.+l. The drag area of the reefed main 
parachute is given by 

(6) 
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where 

4 (L,s~ I. A) \< + 2 R Do 

4 \Ls• l.f\) +·it R Do 
(7) 

The calculation procedure is the same as for standard·extrac

tion parachutes, with the value of c0sT from Eqn (6) used in 

Eqn (4). After the criterion (5) is satisfied, the value of 

c0 sT is increased by the drag area of the load, c0sl , and 

successive calls are made until t exceeds t 0 . The value of 

tRCA is set to zero. 

2. Subroutine SNATCH 

a. Input 

M}?BAG, CDS2, K, LRXBR 

b. Output 

ALL NINT: MPBAG, CDS2, K, LRXBR, TL, TRAJL, XL, ZL, VlL, V2L, 

PMAX, VF 

NINT >:0: T, ALT .... z, TRAJANG, TRAJANG, X, Z, Vl, VlX, VlZ 

c. Formal Parameters 

T:RCA, DT 

d. Common Blocks 

/C~NST/: ALT, PI, G, CDP, DN0T, CDSL, LSS, ML, MP, MSS, 

MST, NINT 

/VARIABL/: RH~, T, V, THETA, X, Z, UNUSEDl, UNUSED2, UNUSED3 

e. Methods 
The trajectories of the primary and secondary bodies and 
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the separation ! are calculated by calls to subroutine 
B0DIES for the periods before and after snatch. Subroutine 
B~DIES is called successively until 

(8) 

when snatch occurs. The snatch force equations are 

P = - \3 + B -·c;~ ~ 7. ' 
~~')( . ,.., (9) 

(10) 

(11} 

Q-\ [ Q+-\ 2 J C"' M:t Q Q (v,-vn) + '2vli lvs-Vn) (12) 

+ 'M p [ ( \1 $- \J:u:.) 'l + '2 V:u; ( V s-VIt)] 

(13) 

(14) 
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(15) 

M:z ": + ~ ~ vu 
Vs :. , -....-----:....--- (16) 

M"':-+ VV'~ 

The time tRCA is set to the time value at snatch. Subroutine 

B~DIES is then again called successively, after adjusting 

primary and secondary velocities to the value v , and chang-
.s 

ing the masses to (mp + m + mss) for the primary body, and 

to mPb for the secondary body. This continues until 

(17) 

at which time control.is returned to MAIN:PRt>GRAM. 

3. Subroutine Bt>DIES 

a. Input 

None 

b. Output 

None 

c. Formal Parameters 

Ml, CDSl, M2, CDS2, Vl, V2, L, DT 
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d. Conunon Blocks 

/Cr/JNST/: ALT:> PI, G, CDP.9 D~0T, CDSL, LSS, ML, MP, MSS, 
MST, N0USE. 

/VARIABL/ ~ RH0, T, V, THETA, X, z, UNUSED, UNUSED2, UNUSED 3. 

e. Methods 
This subroutine merely evaluates the equations 

(18) 

(19) 

(20) 

(21) 
/ ~- .' ... , 

(22) 

(23) 

C. Inflation of the Main, Parachute 

The second calculation. phase is represented by subrou
tines {l}PENING, FILLTIM:> and CALC. This calculation phaseis 
required for all of the separation-deployment systems, and is 
initiated by a call from MAIN,PR¢>GRAM to 0PENING, which then 
calls FILLTIM and CALC. This phase· represents inflation of 



the main parachute with provision for any number of reefed 

stages. The extent of the calculation phase is from.the point 

when the main parachute is deployed in a stretched-out manner, 

or at the time t ~ tn for extraction by the reefed main para

chute, until the main parachute is fully inflated. 

1. Subroutine 0PENING 

a. Input 

No Reefing: NREEF 
Reefing: NREEF, RO, Rl, TCD 

b. Quput 

No Reefing: 
ALL.NINT: 
NINT > 0: 

Reefing: 
ALL-NINT: 

NINT > 0: 

T, TRAJANG, X, Z, V, FO, TF 

ALT-Z, TRAJANG, 'TRAJANG, X, Z, V, VX, VZ, -FRCE/ML 

Rl, Hl*DN0T, TCD, TDR; T, TRAJANG, X, Z, V, FO, TF, 

at end of each reefing stage. 

T, ALT-Z, TRAJANG, TRAJANG, X·, Z, V, VX, VZ, 

-FRCE/ML 

c. Formal Parameters 

DQ, TRCA, N, F, VOLUMG, IEXTRAC, DTT 

d. Comm0n Blocks 

/C0NST/: 

/VARIABL/: 

ALT, PI, G, CDP, DN~T,- CDSL, LSS, ML, MP, MSS, 

MST, NINT 
RH0, T, V, THETA, X, Z, UNUSED, UNUSED2, UNUSED3,, 
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e. Methods 

The first input to subroutine ~PENING is the value NREEF, 
representing the number of reefing lines employed during the 
inflation. If the value of NREEF is zero,. i.e. if the infla
tion is without reefing,. no further inputs are made. If 
reefing is employed~ the reefing ratios at the beginning and 
end of each reefed inflation and the reefing cutter. delays 
must be read. Thus for the first reefed inflation stage, the 
initial value of the reefing ratio;is zero and the final value 
is the reefing ratio.corresponding to. the first reefing line. 
For the last reefed inflation stage~ the initial reefing ratio 
value corresponds to the final reefing line, and the final 
value is equal to the assumed projected diameter ratio for 
the fully inflated parachute, 2/n. 

The procedure for calculation of the simulated trajectory 
by subroutine 0PENING.is as follows •. For inflation of the 
main parachute without reefing, the volume increase e>f the 
parachute during inflation is given by the fully inflated 
volume V. The values for the initial and final projected 
diameter ratios are set by 0PENING to 

2 
7t 

(24) 

(25) 

The values of V, h
0

, and h1 are. used for determination of the 
final filling time tff by calling subroutine FILLTIM. The 
trajectory, is then calculated by successive calls to sub
routine CALC, and control is returned to the main program 
when T = 1. The opening force during the inflation is -found 
from 
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(26) 1 

the opening shock being the largest value of F0 • 

For inflation from one reefed stage t.o another, the 

increas: i; vol:.m .. ·(e i
3
s g~v.)en. b: ~ ·.~\ 1. (L l 1f"' D y 

~ r _ > 0 t \ ~ + '../ n . s+ ~ + D 0 /,. - ~: 4 o 
vR = lt l o : n, ""l')o o \ ' " '" 

ty,..__-2 -2. .... , 

h, 0 0 .. h; [ Ls~LR + Oofa- 71:\qD.,f- h~ o.?" l 
[R,z/lL!>•Lp_~t. r<,:oo'l. 

(27) 

The values of the projected diameter ratios are found from 

the reefing ratios R
0

.and R1 by 

h = 
• 

4 (Ls+Lr<,,) Ro + ZRo Do 

4 (L 5+LRJ + "M' R o Do 

4 (L~• Lf<) R, -t- '2 R, 0 o 

4(Ls+L~) ...- 7\t<,Db 

(28) 

(29) 

The filling time tfR is then calculated by calling FILLTIM 

with the values of ~R' h
0

, and h1 from Eqns (27) through (29). 

The trajectory during a reefedinflation is calculated by 

successive calls tG:':;.subroutine CALC until TR = 1. The opening 

force ·is found from (26) with tfR 8TR replacing tff SI. If the 

29 



parachute is not fully inflated, i.e. if another inflation 
stage is required~ there is in general a coasting phase before 
the next inflation begins. The length of this phase is 
determined by the input of the reefing cutter. de. lay, ten· The 
trajectory during the coasting phase is determined by succes.9'
ive calls to TRAJEQN, with the values of the parachute-load 
system mass and the drag area of the system in its partially 
inflated configuration, and time increments &t, until the 
time exceeds tRCA + ten· At this pointS) the values .of R

0
, R1, 

and ten for the next inflation stage are read. If the time 
already exceeds. tRCA -l~ teD when TR = 1, no coasting phase is 
included and these values are read immediately. If, at the 
point TR = 1, the parachute is fully inflated, i.e. at the 
end of the last inflation stage, control is returned to MAIN 
PR!l>GRAM. 

When the main parachute is inflated to a reefed configura
tion at the entry to the subroutine, i.e when the reefed main 
parachute extraction system is used, the number of inflation 
stages is equal to the number of reefing lines, NREEF. In 
the general case, the number of inflation stages is equal to 
NREEF + 1. Thus, to distinguish between the two possibilities, 
the process.described above·is performed NREEF+ 1- IEXTRAC 
times, the value of IEXTRAC.being. 1 for extraction by the 
reefed main parachute and 0 otherwise. Thenumber NREEF can 
assume any integer value up to. 9 in the present arrangement 
of the computer solution~ the restriction being due merely. to 
the input format for NREEF and the dimension of the.array 
REEF. 

2. . Subroutine FILLTIM 

.a. Input 
None 
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b. Output 

None 

c. Formal Parameters 

VO, XO, ZO, THETAO, MS, HO, Hl, N, VOLD~T, TF 

d. Common Blocks 

/Cf/JNST/: ALT, PI,· G, CDP, DN~T:t CDSL; LSS, ML, MP, MSS, MST, 

N~USE 

/VARIABL/: RH~, T, V, THETA, X, Z, UNUSED, UNUSED2, UNUSED3 

e. Methods 

The filling time is given by the equation 

( I [_ cA-t 1.] 
V.elLVIV\ e ::. 7{' tf~ )o v (\ ... z.ZeT -T)+ - I. I~ of J.TR (30) 

for the general reefed case. This formula appli.,es for the 

unreefed case by replacing the subscript R by r~< .'".'fl'l,e. fupc

tion of subroutine FILLTIM is 'to evaluate the ftltih~~ time 

by an iterative scheme as follows. 
An initial estimate f<:>r the filling time is made by 

FILLTIM from the formula 

-t.-fR :. 
. \ 

z ""' 0(1 
Vo 

(31) 

The estimate is based on the concept of a constant filling 

distance, adjusted for the projected diameterat the end 

of the inflation. An appro~imation to Eqn (30) is found 

by Simpson's rule with N increments, i.e. Eqn (30) is eval

uated for N values of TR. Tqe required information is found 

from calls to CALC, for the values of TR, '~TR, T, and ~T, 
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where 

{32) 

(33) 

Again, in the unreefed case the values TR and T are equal 
as well as the increments ~TR and ~T since h

0 
= 0 and 

h1 = 2rr. The effective porosity c is found from (Ref 1) 

c= c~ ~ V; (34) 

where c .is assigned the constant value 0.05. This value 
0 

was selected as representativeof the parachute cloths 
encountered in this study, MIL-C .. 7020, Types l and II, MIL
C-7350, Type I, and MIL-C-4279, Type lis; based on Ref 1. 
If 'J represents the quantity under the integral sign in (30), 
the volume increase corresponding to a given value of the 
filling time tf~ is approximately, by Simpson's rule, 

Vi25 L "" iH:~RV\ ~ R C '\1 0 + 4 v 1 + '?vz + · · ..r 11 N ') (35) 

The value of Vf/JL from Eqn {35) is comparedwith the parameter 
V0LUME, and a new filling time approximation is given.by 

-l: _ -t (V'RJL.UMe) 
-fR V"H \ - -fRY'\ V0L . (36) 

The abeve process is repeated until the value of ~fR is such 
that V(JL from Eqn (35) satisfies the condition 

fviZJt. -V0LvMel 
(37) 
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The. number tfR .. is then returned to subroutine 0PENING as the 

approximation to the filling time. 

3. Subroutine CALC 

a. Input 

None 

b. Output 

None 

c. Formal Parameters 

CAPT, TF, DCAPT, DCAPTR, M, DV, DP, D 

d. Common Blocks 

/C(JNST/: ALT, PI, G, CDP, DN0T, CDSL, LSS, ML, MP, MSS, MST, 
N(JUSE 

/VARIABL/: RH0, T, V, THETA, X, Z, UNUSED, UNUSED2, UNUSED3 

e. Method 

The function of subroutine CALC. is to evaluate the 

following equations. 
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d.lO.) = 
4-T 

ct. ( Oe) ::. Do 
ckT 1\ TVZ 

] 
d.lOp) [4 (L5+LR) + 2Dc.- 1iDp 4lL s+LR.) J. T 

. [+(L$"LR)+ZD~-"''(Dp1'Z 
+ 4lL5+L.tt)~ Op rAlOv)lclT 

( '\ll-s+L~)+ ZD.- ~ 10p]t 

i\ p ~ 3 - Dp 
I '2. I 
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(40) 

(41) 

(42) 

(43). 
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(48) 

(49) 

(50) 

D. Free Descent; Three Degrees of Freedom 

The final calculation phase, the free descent phase, is 

, required for all of the separation-deployment, systems. Due 

to the degree of complexity involved in the general case 
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whi\ch has six degrees of freedom, the computer solutl.ono was 
progranuned separately for the restricted problem of three 
degrees of freedom. The trajectory simulation is readily 
applicableoto either three or six degrees of freedom merely by 

' inserting the proper subroutines in the computer program and 
using the correctinput value for allowable·degrees of freedom 
in the main program. 

When the simulation is restricted to three degrees of 
freedom, the subroutines requiredby the s.pmputer program.for 
the free descent calculation phase are Mt>Tit>N, INTGRAT, Ft>RMULA, 
EMt>Tit>N, DYNAMIC, and Ct>E:FFTS. The function of this calcula
tion phase is to calculate the trajectory of the parachute-load 
system during the period from full inflation to a specified 
time thereafter or until a specified altitude iso reached, as 
defined by the program user. 

1. Subroutine M0Tit>N 

a. Input 

TST()P ,, ZST¢>P 

b. Output 

ALL.NINT: T, ALT-RZ, RX, RZ, V, VX, VZ, A at the first three 
0 instances the parachute-load system is vertical or 
near vertical 

NINT· > 0: T, ALT-RZ, SYSANGL, TRAJANG, RX, RZ, V, VX, VZ, A 

c. Formal.Parameters 

DQ, PGTERR, ETA, DT 

d. Conunon Blocks 
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/CfjNST/: ALT, PI, G,. CDP, DN0T, CDSL, LSS, M:L, MP, MSS, MST~ 
NINT 

/VARIAB~/: RH0, T, V, THETA, X, Z, ALPHAL, ALPHAP, Ll 

eo Method 

The problem during the free descent calculation phase is 

to solve the six differential equations of ~otion fbr u, W, 

Q, e, x, and z simultaneously. These quantities are repre

sented in.the computer solution by the six-dimensional.array 

Yc. The initial conditions ·for the free descent calculation 

phase are determined by the conditions which exist at the 

instant of full inflation. Thus M0TIWN first assigns the 

following values to Y: 

(51) 

YlZ)= W=v 
(52) 

(53) 

Yl4) ~ e (54) 

Y (s}=. x 
(55) 

(56) 
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where v, e, x, and z are the values of velocity, system angle, 
and position of the mass center determined by t>PENING at the 
time of full inflation of the main parachute. The array YD{/>T 

• t II I I I represents the time derivatives U, W, Q, e, x, and z. An 
• initial condition is assigned for Q such that 

'Z.. • e . e .1· YDnT (~) = & = ~ cos e ?.srv' + ,9S'V\ rl::'::f 
)0 " v c;\t (57) 

the value of dv/dt being given by the formal parameter DQ. 
Once ,the initial conditions have been established, the 

actual solution of the equations of motion is accomplished by 
means of subroutine INTGRAT. For the first call to INTGRAT, 
the calling parameter ID is set equal to)+l, and for subse
quent calls ID equals -1. The calls to INTGRAT are made as 
part:;::;of a Dt> loop which has a variable terminator, NUMB. 
OutJ!ut of the trajectory parameters is .exec.uted after the 
operations of the Dt> loop have been compl~ted; the loop is 
then e.xecuted again. This process continues until the free 
descent calculation phase is terminated. The original value 
of the Dt> loop terminator, fNINTI, is set by the program user 
via the main program. Since the integration routine INTGRAT 
automatically.selects time increments for the solution of the 
equations of motion, output could come at infrequent intervals 
of time as. the time increment is increased during phases 
which approach steady state conditions if the loop terminator 
were not allowed to vary. Thus, if at any time the product 
of NUMB .. with the time increment DX (assigned by INTGRAT) is 
larger than one second, the value of NUMB is adjusted so that 
trajectory parameters will be printed at roughly one second 
intervals. 

The parameters of the call to INTGRAT are T,, Y, TF, G, 
PCTERR, ETA, Xl, X2, X3, W, YDt>T, B, ID, DX, TI, and ·K. The 
parameter G.indicates the number of equations to be solved by 
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INTGRAT; Xl, X2, X3, W~ and B are arrays established for use 

in INTGRAT and F0RMDLA; and DX is the time increment set by 

INTGRAT. Tl is a temporary variable for the time values 9 and 

K is a signal which is positive if the solution of the equa

tions blowup due to the parachute angle of attack exceeding 

85°. The results of the call to INTGRAT are the values of 

the arrays Y and YD~T evaluated at the time TF, which is 

defined before each call to INTGRAT as TF = T + DX or~ before 

the first call, as TF = T + DT. 
After calling INTGRAT, the next step taken b)!MfDTI(>N is 

to evaluate the position, velocity, and acceleration compon

ents of the load, following the relations 

The value r.tz is first stored as a variable R2 for 

consideration of interpolation at the en.d of M0Tit>N. 
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(61) 

(62) 

(63) 



The load trajectory angle is given by 

(64) 

where /rx~ is available from the Common block /VARIABL/, having 
been calculated inEM¢>TI0N. 

In order to calculate the trajectory parameters at the 
first three instances when the system is vertical or near 
vertical, it is necessary to define the oscillatory behavior 
of the system in a quantitative sense. A counter, NMARK, is 
defined, initially equal to zero, such that it is- increased 

. by one each time that the sign of the system angle changes or 
the system angle reaches an extreme position. Then the 
parachute-load system will be vertical,. or near vertical, when 
NMARK equals one, three, and five, and the corresponding 

values of t, h0 - rJ..z' r~ x' r 1z' v,. VJ..x' v1 z' and ag,_ ,, which 
have been stored in the array VERTPAR, approximate the re-
quired trajectory parameters at the first three ·vertical 
positions. 

The final calculations performed by M¢>TI0N occur when the 
time exceeds TSTfbP or the altitude loss exceeds ZST0P. .The 
ttajec;tory~parameters at the p·oint t ·~ TST0P or z = ZST0P.,are 
then found by linear interpolation, using a correction given 
by 

or 

~ STfl) P - 'r):e 

R2- v-~~ 

I TST{l!P-t 1 ;C:.fl)RR -= ------
T\ -t 

(65) 

(66) 

The final .values of·the parameters are then printed, and con
trol is returned to the main program. 
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2. Subroutine INTGRAT 

a. Input 

None 

b. Output 

None 

c. Formal Parameters 

T, Y, TF, NN, PCTERR, ETA, TRYl, TRY2, TRY3, W, YD¢>T, Z, ID, 

DX, Tl, !SIGNAL 

d. Coinmon Blocks 

None 

e. Method 

This subroutine is ·arranged in the form of a general 

solution method fo.r a given number of simultaneous first .order 

differential. equations. The. numerical techni.que employed 

is the Runge-Kutta method, (Ref 2) and INTGRAT is based 

strongly on the University Computer Center library subroutine 

RK. The advantage of structuring the subroutine in the 

manner of a gene~al differential equation solving method is 

that the same subroutin.e can be: used without modifications 

to solve both the three and six degree o,f freedom cases. 

Furthermore, with slight modifications, the subroutine can be 

used to solve a system of differential equations which may 

arise at a future time if substitute methods. are to be used 

for any of the trajectory .calculation phases rather than those 

for which the tre1j~ctory simulation computer program.was 

originally written. 
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The formal parameter T represents the initial time, TF 
is the time at which the values of the arrays Y and YD0T are 
desired, and Tl is the running value of the time used by 
INTGRAT. When returned to M0TI0N, Tl and TF are equal. NN 
gives the dimension of the arrays Y, YD0T, TRYl, TRY2, TRY3, 
ETA, W, and Z, and physically represents the number of equa
tions to be solved. For the free descent calculation phase, 
NN is twice the allowable number of degrees of freedom. 
PCTERR and ETA are the relative and absolute error parameters 
input to the main.program. Values of these parameters are 
discussed. in·. Section IX. . ID and I SIGNAL are signals; ID 
signals to INTGRAT whether or not the call froDil M0TI0N is the 
first call and !SIGNAL. IndiCates to M0TI0N whether I apl > 85° 
(the variable Kin M0TI0N is equal to ISIGNAL). 

The basic functioning of INTGRAT is as follows. The 
variable IMD0NE indicates-whether or not the integration has 
proceeded successfully to a solution at the time TF. Ini
tially. IMD0NE is set equal to -1. If the call to INTGRAT is 
the first, indicated by a posftive value of ID, the time in
crement- for a first approximation to the integration with the 
Runge:...Kutta formula is. taken as TF-T. On subsequent ca'~ls, 
the time increment is taken as DX, which was a suitable time 
increment at the end of the previous call. 

The solution of the equations of motion is approximated 
by calls to subroutine F0RMULA, which evaluates the Runge
Kutta formula. For a given time increment, the equations are 
numerically integratedby F0RMULA, over the entire corres
ponding time interval and the results stored in the array 
TRYl. To evaluate the acceptability of these results,. the 
equations are then int~grated over half the time interval, 
the integrated quantities being stored in TRY2, and then over 
the other half of the time. interval, yielding results in the 
array TRY3. The. two separate integrations, yielding values of 
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the variables represented by Y at the initial time plus the 

time increment, are then compared. If any of the quantities 

in TRY3 and TRYl differ in absolute value by more than the 

prescribed relative or absolute errors (PCTERRand ETA), the 

solution is considered unacceptable. The time increment is 

then halved and the process repeated until satisfactory 

results are obtained for Yi at.the time TF. 

In this way, the actual time increment used in F¢>RMULA 

may become quite small., If, however, five consecutive calls 

to::· F¢>RMULA are made- without halving the time increment, the 

increment is doubled. The number of successful consecutive 

calls to F¢>RMULA is stored by the variable M, which contin• 

uously counts the calls to F¢>RMULA disregarding. the fact that 

control may revert to M¢>TI¢>N. Thus, the solution method for 

the free descent phase uses only as small a time increment as 

is required to meet the prescribed allowable error. If the 

time increment must be halved twenty times before a success

ful integration is made, as. indicated by MM, control is 

returned with a signal that the equations cannot be integrated. 

The last function of INTGRAT is to call subroutine 

EM¢>TI0N to evaluate the derivatives YD¢>Ti which correspond 

to the time TF. The third.· calling parameter of the call to 

EM0TI0N is 1, indicating that the call comes from INTGRAT 

rather than F~RMULA. Control is then returned to subroutine 

M¢>TI¢>N. 

3. Subroutine F0RMULA 

a. Input 

None 

b.- Output 
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None 

c. Formal Parameters 

Y, HS> YI 9 NN~ W, YDfDTS>, ZS> !SIGNAL 

d. Common Blocks 

None 

e. Method 

The only function of this subroutine :is to evaluate the 
Runge,.,Kuttaformula for each of the equations being solved. 
Thus F0RMULA provides.an approximati0n to the integration of 
the equations of motion by 

where 

Y L)Y\+1 = Yt,Y) • i (ko-t-Zk,+ '2 \(2 + k3 ) 

L-= I>~, ..... l NN 

ko= ~-t Yt_ lYt,~) 
k,= At YL lY~,Vl+-ik.) 
k~ • .At y' l Y· + J.._c,\(.) ·· ,_ . L. '-l 'f\ '1 •. 1 :: 

k'3 • ~t Yt l Y t,~ + '<o) 

(67) 

to yield k
0

S> k1 S> k2 ~ and k3 in successive steps of the program. 
The evaluation of Eqn (67) is accomplished by means of 

nested D~ loops. Initially the contents of Z are set equal 
to the content&of YD0TS> and the contents of W and of YI are 
set equal to Y. A D0 loop is then utilized to call EM¢>TI0N 
withWand Z as parameters fou~ times. Wis updated after 
each call by the relation 
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(68) 

where 1"'1 - A - " - J. -/..t ,.,,- '2.- ,.,S'_ ;z. ~ 

A3 = A-t= A1:. 

and YI is updated by the' relation 

(69) 

Relations (68) an:d (69) at"e carried out by a D~t loop such 

that i runs from one to NN. All calls to EM0Tit>N have the 

third calling parameter 2 to .indicate -that the call comes 

- from F¢>RMULA rather than INTGRAT. If !SIGNAL indicates that 

the solution blows up, control is returned to INTGRAT where 

the time increment is adjusted. After the equation (67) has 

been successfully evaluated, control is returned to INTGRAT. 

4. Subroutine EM¢>TI¢>N 

a. Input 

None 

b. Output 

None 

c. Formal Parameters 

Y, YDf>T, ISTf>P, !SIGNAL 
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d. Common Blocks 

/Cf/JNST/: ALTSl PI, G, CDP, DN¢>T, CDSL, LSS, ML, MP, MSS, MST, 
N!l>USE 

/VARIABL/: RH¢>, T, V, THETA, X, Z, ALPHAL, ALPHAP, Ll 

e. Method 

The function of EM¢>TI0N is to evaluate the newarray of 
derivatives YD~T from the given array of values Y and YD¢>T. 
The derivatives of U, W, Q, e, x, and z are not explicit 
functions of time, and thus the only required ;information is 

• the values of u, w, Q, e, x, z, and Q. 
The calculations made by EM0TI0N are. as follows. First, 

calls are made to DENSITY and DYNAMIC to determine the proper 
values of t 1, ,t 2, 13 , Ixx, I'i'Y·' liz~ Ixz'·· m·:t ang m~ •. IXx'· IZZ' 
and Ixz are not required in the three degrees of freedom 
solution •. The following equations are then evaluated in 
sequence. 
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(74) 

(75) 

Subroutine CVEFFTS is then called to give the values of Cr
0

, 

CN0 , and ~ corresponding to ~· Calling parameter IST¢>P 
indicates to C0EFFTS whether the call to EM0TI¢>N was from 

INTGRAT or F0RMULA, and !SIGN~ indicates whether ~~~ < 85°. 

If(apJ~s too large,.control is returned to the call:i.ng 

progra¢t. The equations.of motion are then evalua.ted if 

1 opl <5 .. ~·~_85 °, i.e. 

' 
'W= 

. 
Q: 

T D 
- ;:; cos oc1 + QV 

0 J., s\'n OL,& 

'Iyy 
+ 

_ l ~ .tl + Wle . .t/) 5 s\1"1e 

Iyy 
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(79) 

(80) 

(81) 

The relation between the quantities as exp'17essed above and 
the arrays Y.and YDt>T is 

YC\):U) YD0T"(\).::V 

Yl~) =W ) YDr6T(Z) = w 
. 

Y (~): Q , Y Dfl>T l~) = Q. 
• Yl4):. e, '[DR)T(~):e 

Yt6"): x, 
Y(") = ~ ' 

Yozr ls) = )< 

YD0T ((,) = i 

Control is then returned to the calling program, either 
INTGRAT or F¢>RMULA. 

5. Subroutine DYNAMIC 

a. Input 

None 

b. Output 
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None 

c. Formal Parameters 

RH¢>, Ll, L2;. L3, IXX, IYY, IZZ, IXZ, MI. 

d. Common Blocks 

/ DYNAM/ : DN¢>T, Xl, X2, X3,. X4, X5, 1.\'lBR, ML, ML.S, MP, MR., 

MRX, IAZO, IZ 

e. Method 

The equations programmed in DYNAMIC are: 

(82) 

5=---........... -----
XOEN0M +-ML 

(83) 

~,= . s~- :S ·. (84) 

(85) 

(86) 

(87) 
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(88) 

(89) 

{90) 

(91) 

(92) 

Thus the present arrangement of the. computer solution .. is for 
parachutes which are rotationally symmetric. For a parachute 
without rotational symmetry, subroutine DYNAMIC must be modi
fied for the. appropriate components of the inertia tensor. 
After evaluation of the above equation~ control i& returned 
to the calling program. 

6. Subroutine C0EFFTS 

a. Input 

None 

b. du·tput 

None 
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c. Formal Parameters 

ALPHAP, CT, CN, CM, !PRINT, !SIGNAL 

d. Common Blocks 

None 

e. Method 

The function of this subroutine is to evaluate the aero

dynamic coefficients corresponding to the parachute angle of 

attack. If ap, is larger in. ab.solute. value than 85°, the 

parameter !SIGNAL is set equalto +1 and control returned 

immediately. If IPRINT is 1 a message indicating this 

occurrence is printed, and the successive travel of parameter 

!SIGNAL will cause the parficuiar run to terminate. Other

wise, the only result will be to decrease the time increment 

in subroutine INTGRAT,.after control is returned by means of 

EM~TI0N and F~RMULA. 
If op is within the acceptable range, the following re

sults are calculated for solid flat circular or T-10 para

chutes:· 
Solid Flat Circular: 

for jop f < 30° 

CTo = 0.'-4 7 - l'· '2 X ,os) I o(. rl + ( 9.1S "\() -
4
) loerl 'Z 

-(?. '~ x 1 o-s-), 1 « r 1' + ( 1. 33 ~ 1 o (.) 1 oe ~ 1 ,4 < 9 3) 

C IV 
0 
= - (lb. 7 4 X l c) 

3 
) c{ p .,. cs.S 7 )( I 0-+ ) 01. p 2 

( -s ) 3 ( . ... 1 \ + 
- I. 53 X l 0 0( p + \1. 9 )( I 0 ) 0( f (94.) 

(Q(r >o) 
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{96) 

T-10: 

for I apl K 30° 

cNo = -(e.oss lC 10-t) o<. p + (1. 95'" to-~) ot..p2 

+ (E>. on K lo-s) tXf, - (b.SZ7 lC t07
) ot..p4 (100) 

( "'r ">'o) 
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(
,' . . :. . .. . "' '2 ·) : ·, ·1, a . , • 3 ) . '2 

C Mo = . L S~S.x \0 . 0( P: ... \.,.• 7Z9 X \0 . o<. V 

1. · •S) ·. . 3 f · . -7) 4 
+ \b.} s x lo _ "'f - \. s-.;o 9 x \o - o<r 
· · ( otf >o) 

(101) 

for 

. (102) 

(103) 

(104) 

The proper subroutine must be inserted for computer trajectory 

simulations-with ·a given parachute type so that the corres

ponding aerodynamic coefficients are used·: Any parachute type 

other than the solid flat circular or T-10 may be used by 

properly providing the aerodynamic coefflci,ents by means of 

subroutine C¢)EFFTS in the manner outlined here for solid flat 

circular and T-10 parachutes. 

E. Free Descent; Six Degrees of Freedom 

The free descent calculati~n phase follows the same 

organization when six degrees of freedom.are allowed as when 

the trajectory simulation is restricted to three degrees of 

freedom •. -.The names :of the subroutines are the same for the 

six degree of freedom ·solution as for-the solution allowing 
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only three degrees of freedom, with the exception of the 
addition of subroutine C¢>SINES_for the six degree of freedom 
case.-' The subroutines INTGRAT, F¢>RMULA, and DYNAMIC., are 
i9entical for both cases. Subroutines M0TI0N, EM0TI0N, and 
(]~EFFTS:are not the same when six degrees of freedom :are 
allowed.: In the following, only subroutines M0TI0N, EM0TI0N, 
C¢>EFFTS, and ·C¢>SINES are discussed. 

1. . Subroutine M0TI0N 

a. Input 

TST¢>P, ZST(JP 

b. Output 

ALL NINT: T,.ALT-RZ, RX, RY, RZ, V, VX,.VY, VZ,_AT, 
at the first three instances the parachute-load 
system is vertical or near vertical 

NINT > 0~ T,, ALT-RZ, SYSANGL, TRAJANG, RX, RY, RZ, V, VX, VY, 
. VZ,_ AT 

' ' 

c. Formal Parameters 

DQ, PCTERR, ETA, DT 

.d. Conunon Blocks 

/C(JNST/: ALT, PI, G, CDP, DN¢>T, CDSL, LSS, ML, MP, MSS, 
MST, NINT-

/VARIABL/: Rll¢>, T, .V, THETA, X, Z, ALPHAL, ALPHAP,. Ll 

e. Method 

The basic aspects of subroutine M0TI0N are the .same for 
the three·· and six degree of freedom cases. All input and out-
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put is the same, except that position and velocity components 

in they-direction are included when. all six.degrees of free

dom are. allowed. The procedures for output and for calling 

the solution routine INTGRAT with variable time increments 

are exactly the same •. After each call to INTGRAT, the posi

tion, velocity, and acceleration components of the load are 

evaluated by 

{105) 

(106) 

(107) 

(108) 

(109) 

. (110) 

(111) 

c4 = V+ RU- PW- PJ., • QRJ.., (112) 

• (.'Z ~) 
c8 = W- ~V' - C,XU - \.p +Q .. i 1 (113) 
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(114) 

(115) 

(116) 

For. the six degree of freedom case, the system angle and loa<;] 
trajectory angle are;r defined by 

(117) 

(118) 

The values of the trajectory parameters corresppnding to. the 
first three vertical positions are stored in the.:array VERTPAR 
and are detennined in the same manner as for the three degrees 
of:· fJ:eedom. ·_When the termination condition TST0P or ZST0P is 
exceeded, the trajectory p~rameters at the given condition are 

-approximated by linear interpolation and control is-returned 
to:the main program~ 

2-. Subroutine EM0TI0N 

a. Input 

None 
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b. Output 

None 

c. Formal Parameters 

Y,. YOOT, IST0P, !SIGNAL 

d. Common Blocks 

/C(JNST/: ALT,. PI, G, CDP, DN¢>T, CDSL, LSS, ML, MP, MSS, 

MST, N¢>USE 

/VARIABL/: RHf>, T, V, THETA, X, Z,. ALPHAL, ALPHAP, Ll 

e. Method 

The purpose of EM0TI0N is to evaluate the equations of 
motion, providing the array YD0T containing the time deriva
tives of the twelve variables given the previously existing 
values of Y and YDVT. The calculation procedure for subrou~. · 
tine EM¢>TI0N is as follows • The values of Q 1 , 1 2 , 1 3, Ixx~·::~ < 
Iyy, IZZ' IXZ' mi' and rna are determined by means of calls to 

·DENSITY and DYNAMIC. EM0TI0N then finds the following 
quantities: 

Up:;,\J+ Q~z 
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(121), 

{122) 

(123) 



2 ue vz a. Vp = p + f'-+- W (124) 

o(..l =·hvi'(- *} (125)' 

~-l: -e~.;' ( ~) (126) 

t1 = t~~·' t l u;: w~ )'1~ ~ (127) 

~ u~ 1 
61 == t~V')-1 1 LV/+ Wt)l/'2. ) 

(128) 

O(r= irAv-;'l- ~) (129) 

~F; t~~' ( ~) ' (130) 

B' r = cos·'\(u: ~ T: 2 + wt)'/J . . r r . ) (131) 
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e represents the angle between the systems axis and the para-
p . ' 

chute velocity in. the. plane formed ·by the systems axis and the 
parachute velocity. The aerodynamic coefficients are then 
found by calling C~EFFTS; op' Sp' and ep are supplied and 
Cr, Cx, Cy, CMX, and CMY are returned from C~EFFTS. The 

0 0 0 0 0 
signals ISTt>P and ISIGNAL in the call to C~EFFTS represent 
the same signals as in the three degree of freedom case. The 
aerodynamic forces and moments are given by 

(132) 

,... - J.. "" " ~ C· l'"f r-tt,J'Y - 2 >' p NYo Po {133) 

(134) 

(135) 

(136) 

The direction cosines are evaluated by a call-·t:o CVSINES,. and 
the equations of motion are then evaluated: 

; ( _W\1 +mss·~ ~f .. ) _· + u = ' ' 'y>n ' ' . ' 5 ~3 \ 
T . (137) 
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(138) 

W = f m1 + ""ss + W> P ~ a o. $!. -
0 ..t. e oS t 

1 
c.o s Ol.l 

~ ~T J ~T 

- ~ + l '("/\\~:"") lz (P1
+Q-z.) - N + QU 

(139) 

. 
Q= 
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~ = P + Q s\V) cy-t~""'e + RcoJ ~ *"'"" e 

~ = l ~ $.\V"t ~+ R Co$·-~) sec e 

Control is then returned to the main program. 

3. Subroutine Gf>SINES 

a. Input 

Nope 

h. Output 

None 

c • Formal Parameters 

. A, y 
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(145) 

(l46) 

(147) 

(148) 



d. Common Blocks 

None 

e. Method 

The formal parameters of C~SINES are A and Y. A is a 
3 x 3.array representing the direction cosine matrix, whose 
components are functions of the Euler angles. The subroutine 
merely evaluates the following relationships: 

(149) 

(150) 

(151) 

(152) 

(153) 

(154) 

(A31 = - s\...., e (155) 

(156) 
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(157) 

Control is then returned to the calling program. 

4 • Subroutine COEFFTS 

a. . Input 

None 

b. OUtput 

None 

c. Formal Parameters 

ALPHAP, BETAP, P¢)LANG, CT, CX, CY, CMX, CMY, !PRINT, !SIGNAL 

d. Common Blocks 

None 

e. Method 

This subroutine supplies the aerodynamic coefficients as 

functions of the parachute angles ap' f3P' and ep. At present, 

measurements of the functional relationships which are required 

are not avilable. -As an e~ample of. a possible arrangement 

for this subroutine, the following relationships are based on 

two-dimensional measurements for a solid flat circular para

chute (Ref 3) : 
. ~ 

Cro -= o.Gt:\7 - (L2x\o-5'") .. ler' + (9.tsx \o- 4 ) \e>r\ 

- (7.1'3-xto-
5

) lerl3 
+ 0·33>C\Or..}lerl

4 
, lerl" 3oo 

(158) 
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CN:x_
0 

= -{_G.74 x 103
) O(p + (5.57 xlo-4 )0(; - ( 7.13 x1ci5 ) at~ 

+(1.9 X.\0~7 )0(f 0~ O(f < 30b (159) 

c NY 0 = - c G..14 x 10-~) ~r + cs.s1x 104
) ~p -(.7. \3 x , o-5

) f3r3 

+ ll. ~ X I o -7) p f' 4 > 0 !. (3 I' '- 3 o • ( 169) 

C My
0 
= l4. S44 x 10"'~) O(r - ( 3.94 x lo-+) 0( f + (.1.043,.. t05 ) 0(~ 

-Q.3Z.x 107
) oi.p4 

l 0 ~ «p '- 30° <161
) 

) 

C N"X, 0 = l·OOS") l«p -30°) + . 0 4 
0(. f ~ 30 0 
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Crvy 0 = (.ooseo)(pp-'3c 0
) + .o4 

(3 p ~ 30° 

CMYo = ~.lco44) (01.r '"'3oo) .;. .0:>4 
0( r ~ '3o 0 

CMx
0

= -(.co44)(J3r .. 3o0
) -~034 

f3 r .z 3o 0 

(165) 

(166) 

(167) 

Limits must be set on the allowable magnitude of the angles 

to prevent the solution from blowing up. ; Whetl any of the 

angles are larger in absolute value than, for example, 85°, 

the parameter !SIGNAL so indicates. After the coefficients 

are determined, or the angles exce~d the limit, control is 

returned to the calling program. 

F. DENSITY and TRAJEQN 

i. . Subroutine DENSITY 

a. Input 

None 

b. Output 

None 

c. Formal .Parameters 
(~: 

RH0, H 
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d. Common Blocks 

None 

·e. . Method 

This subroutine provides the value of the air density at 
altitude h, as follows:· 

2. Subroutine TRAJEQN 

a. Input 

None 

b. Output 

None 

c. Formal Parameters 

c f \, ~ IS,ooo .ft 

(168) 

IS)ooo fi: -' ~ 
' 351 CJOO ~t 

T; V, THETA, X~ Z,. RH¢>~ CDS;.M, DT, G, ALT, DV 

d •. Common Blocks 

None 

e. Method 

This subroutine evaluates the following two-dimensional 
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point mass trajectory equa~io:ns := 

~v;: [ 9eose-

t.1 e = -

A 1 : " cos e A-t 

(169) 

(170) 

(171) 

(172) 

and then adds these finite increments to v~ e, x, z, and t. 
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IV. CALLING PARAMETERS 

The calling parameters for each call by the various call
ing programs to each subroutine are listed in the following. 
The formal parameter list of the particular subroutine is 
shown first for a reference, followed by the call statements 
in the indicated subroutine. 

A. EXTRACT (!SNATCH, IEXTRAC, VO, DT, . TRCA) 

MAIN PR¢>GRAM: 

CALL EXTRACT (!SNATCH, IEXTRAC, VO, DTl, TRCA) 

B. SNATCH 

MAIN PR¢>GRAM: 

CALL SNATCH 

c. B~DIES 

SNATCH: 

CALL Bf>DIES 
CALL B0DIES 

(TRCA, DT) 

(TRCA, DTl) 

(Ml, CDSl, M2, CDS2, Vl, V2, L, DT) 

(Ml, CDSl, CAP.M2, CDS2, Vl, V2, L, DT) 
(Ml, CDSl, MPBAG, CDS2, Vl, V2, L, DT) 
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D. f, Vf>LUMG, IEXTRAC, DTT) 

MAIN PR0GRAM: 

CALL 0PENING (DQ, TRCA,. NNN, SPACE, V0LUME, _IEXTRAC , DT3) 

E. FILLTIM (V~LUMEt VO, .XO:, ZO, THETAO, MS, HO,Hl, 
· N, .. V(>LD0T, ·rf). 

VPENING: 

CALL FILLTIM 

CALL FILLTIM 

F. CALC 

f>PENING: 

CALL CALC 
CALL CALC 

FILL TIM: 

CALL CALC 

(V0LUME, vo, xo, zo, THET.AO, MS, HO, Hl, 
N, . F, TF) 
(V~LUME, vo, xo, zo, THETAO, MS, HO, Hl, 
N, F, TF) 

(CAPT, TF, DCAPT, DCAPTR:. M, DV, DP, D) 

(CAPT, TF, DCAPT, DCAPTR, MS, DV, DP, D) 
(CAPT, TF, DCAPT, DCAPTR, MS, DV, DP, D) 

(CAPT, TF, DCAPT, DCAPTR, MS, PV, DP, D) 

G. M0TI0N (DQ, PCTERR, ETA, DT) 

MAIN PRf>GRAM: . 

CALL Mt>TI0N (DQ, PCTERR, ETA, DT3) 
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H. INTGRAT (T, Y, TF, NN, PCTERR, ETA, TRYl, TRY2, 
TRY3, W, YD0T, Z, ID, DX, T1, !SIGNAL) 

M0TI0N (fl'hree Degrees of Freedom): 

CALL INTGRAT (T, Y, TF, 6,. PCTERR, ETA, ··X1, 
X3, w, YOOT, B, ID, DX, T1, 

M0TI0N (Six Degrees of Freedom): 

CALL INTGRAT (T, Y, TF, 12, PCTERR, ETA, X1, X2, 
X3, W, YD0T, B, ID, DX~ Tl, K) 

I. EM0TI0N (Y, YOOT, IST0P, !SIGNAL) 

F~RMULA: 

CALL EM0TI0N (W, 

INTGRAT: 

Z, 

CALL EM0TI0N (Y, YD0T, 

2, !SIGNAL) 

1, !SIGNAL) 

J. DYNAMIC ( RH0, L1, L2, L3, IXX, IYY, IZZ, IXZ, MI) 

MAIN PR0GRAM: 

CALL DYNAMIC (0.002378, A1, A2, A3, 
CALL DYNAMIC ( . RH0, B1, B2, B3, 

EM¢>TI0N: 

~4, 
. B4, 

AS, 
B5, 

A6, 
B6, 

A7, A8) 
B7, B8) 

CALL DYNAMIC ( R.ll0, L1, L2, L3, !XX~ IYY, IZZ, IXZ, MI) 
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K. C¢>EFFTS (ALPHAP, CT, CN, CM, IPR.INT, lSIGNAL) 

EM0TI0N (Three Degrees of Freedom): 

CALL COEFFTS (ALPHAP, C'r, CN, CM, IST0P, !SIGNAL) 

L. C~EFFTS (ALPHAP, 8ETAP, P¢>LANG, CT, CX, CY, 
CMX, CMY, !PRINT, !SIGNAL) 

EM0TI¢>N (Six Degrees of Freedom): 

CALL C0EFFTS (ALPHAP, BETAP, P0LANG, CT.~ CX, CY, 
CMX, CMY, IST0P, ISIGNALJ 

M. C¢>SINES :(A, Y) 

M0TI0N (Six Degrees of Freedom): 

CALL C¢>SINES (A, Y) 

EM¢>TI0N (Si~ Degrees of Freedom): 

CALL C0SINES (A, Y) 
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N. DENSITY (RH¢>, 

MAIN PROGRAM: 

CALL DENSITY (RH0, 

B¢>DIES, TRAJEQN, CALC: 

CALL DENSITY (RH0, 

H) 

. ALI)> 

ALT;,.Z) 

EM¢>TI¢>N (Three Degrees ofFreedom): 

CALL DENSITY (RH0, ALT-Y(6)) 

EM¢>TI0N (Six Degrees of Freedom): 

CALL DENSITY (RH¢>, ALT-Y(12)) 

o. TRAJEQN (T, V, THETA, X, 
DT, G, ALT, DV) 

z, R.Ht>, 

EXTRACT: 

CALL TRAJEQN (T, V, THETA, X, 
DT, G, ALT, DV) 

z, RH¢>, 

CALL TRAJEQN (T, v, THETA, X z, RH¢>, 
DT, G, ALT, Dv5 

OPENING: 

CALL TRAJEQN (T, V, THETA, x
5 

z, RH0, 
DTT, G, ALT, DV 
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.CDST, MT, 

CDST, MT, 

CDST, MS, 



V. FLOW CHARTS 

This section includes flow charts for the main program 
and for all of the computer program subroutines. The order 
of presentation corresponds to the order in which they are 
discussed in Section III. All details of the input and out
put in the various subroutines are not indicated. Input 
and/or output are treated in detail only where required for 
a basic understanding of the computer program. 
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TT a 3 .14159·. • • 

g'a: 32.17 

J = 1 NSIM 

READ:· 
NSIM 

READ and PRINT: 
a description of·tpe 
p~rachute-l~~d system 

F~RMAT 5Al0 . 

READ: 
ALT, Vo·, ~s'' ~~ mLs ~' I~ 

msr, m.t, sl, s2, s3, s4, ss, .Iz~ Iaz>.o 

D0
, L8 

+ La• ·CD., CDS .t• Dp /D0 , 
p max 

· sc/D
0

, v, N, NNN, 6t1 , 6t2 , ·6t3 
NINT 

FIG 10 MAl N PR¢GRAM 
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Subroutine DYNAMIC. 
sea level density) 

Subroutine DENSITY, 
. (h -= ALT) 

Subroutine .DYNAMIC 
(release altitude density) 

PRINT: 
Parachute-load system· 
.inputs and data at 

· . h -=. ALT, h = 0 

FIG 10 MAIN PR¢GRAM (Continued) 
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READ: 
PCTERR, ETAi 
i • 1, 2N. . . 

Subroutine EXTRACT 

>0' 

Subroutine SNATCH 

. Subrouti,ne ~PENING 

. Subroutine MPTION 

J • l,NSIM 

FIG 10 MAIN PR¢GRAM (Concluded) 
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READ: . 

. . !STATIC, IEXIRAC 

<.Q 

READ: 
. ts ta tic' '1>5B' CDSp ilot 

Do)pilot'.Ls)pilot' tD, ~·+ Lsr 

· DISTANC • Lstattc 

t•x•z•O 
e • tr/2 
v • v0 

.so 

. lEAD:. 
L, CnSR 

Cn5ex' to 

FIG 11 Subroutine EXTRACT 
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Vx • \'sine 
Vy • VCOS9 

t - t· 1 
.e1.- e 
xi ... x 

z1 - z. 
v1 • v 

!SNATCH • +1 

PRINT: 
. tl' el, xl' zl, vl 

t; 9s x, z, ·v 

FIG 11 s·ubr.outine EXTRACT (Continued) 
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READ: 

. R, L, tn· 

. 4(1.5 + LR )R + 2RD0 . 

h • 4(L
6 

+ La,)+ nRD
0 

C S) • C nh Do 
. D ex __ Dp 4 

c0s)B • 0 

!SNATCH • +l 

t • X = Z ~ 0 
· e • n/2 

v • "'o 

v - v + AV 
x • x + Ax 
t - t + 6t 

CDS)T • CDSt + CDSB 
+ CD5ex 

FIG 11 Subroutine EXTRACT {Cant inued) 
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DISTANC = Lstatic + ~ + Ls 

+ Do/2 + LE + Lsr 

. D ISTAJ."iC = Ls tat ic 

+ Ls)pilo·t + ~Do)pilot 

P.RIN'I: 
tl,el,xl,zl~vl 

t, a, x, 

~0 

· ISNATCH = ... 1 

. CnS)T = CoSt + CnS)a 
+ q,s)pJ.lot 

Subrouti.ne 
TRAJEQN · 

[CnS)T, mT] 

Vx • VSi1.19 

- Vz = vcos9 

FIG 11 Subroutine EXTRACT (Concluded) 



Read: 
lllpb·' CnSII, k, LE + LBr 

mii = mp 
ml • mt + ljmss . 

MI a mt + mss . 

Mit = mp + mpb + \ross 

Cn~I a CDS.t 

VI- v 
vii • v, 

t- 0 

Subroutine BODIES 
mi ' CDSI ' Mil ' CDSII 

VIx - vr· sine 
vi~ • vi cose 

Ft·G 12 Subroutine SNATCH 
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v -= s 

~.t' = t 

9.(. a 9 

~=X 

Z.( ~ Z 

VI.t ~ VI 

' VII.i - VII 

Mrvi+ miivti 
MI + mrr· 

FAI·~' C0S1 , v 1 , vs)t Eqn (13) 

FAIIY' C~SII' vii' vs), ~qn {14) 

A = 1/k; B, Eqn (11); C, Eqn '(12) 

p ' ' - - B + I 'B'- C/ A max V n-

tRCA = t 
vr = VII - Vs 

FIG· 12 Subroutine SNATCH(Continued) 
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.. 

Subroutine BODIES 

mr ,CDS! ,npb ,CDSII 

VIx a vlsine 
v1z -= v1cose 

FIG 12 Subroutine SNATCH (Concluded) 
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Subroutine DENSITY 

AG-(9;. vi, At) eqn (1~) 

Av1(e, ~I' m1, ~t), eqn (19) 

- ~vii(e, v11,. mil' At)., eqn (20) 

Ax :. visine At 

. Az =i vicose At 

At = v1~t - v11At 

Add finite increments to 

· FrG 13 Subroutine BC/)DI ES 
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t = t 
0 

X a X 
0 ' 

zo- z 
v = v 

0 

-e 0 =a 

Subroutine FILLTIM · 
[V ,- ho, hl 4tff ) 

Fmax • 0 

~t- = tft AT 

T = 0 

NREEF = 

NREEF - IEA"TRAC 

NREEF + 1 

t .. t 
0 

tDR_• tRCA + t:co 
h = 4(Ls + LR)R0 + 2R0 D<! 

0 4 (L8 -+ La) + nR0 D0 _ 

Print: 

R1; h1·Do; ten; r:DR 

FIG 14 Subroutine ¢PENING 

8S 



T =. T + t.T 

t = tffT + t 0 

Subroutine CALC 

[T, tff' 6T, 6TR, m9 

----. ~v, Dp, d) 

.Fmax = max(Fmax' Fo) 

at = Fo/mt 

Vx -= VSin9 
vz == vcose 

Print: t, e, x, z, v, 

e 

v 0 = v 
x

0 
a:= X 

Zo ;.: -z 
·a 0 = a · J 

Subroutine FILLTIM 

C V1, ho~ h1---... tfR ] 

F = 0 max 
At = tfR • ~TR 

TR = 0 

FIG 14 Subroutine ¢PENING (Continued) 
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Subroutine CALC 

(T, tfR' AT, ATR,ms 

· ____. Av, Dp, d) 

F0 = mt(gcos9 - ~) 
At 

Fmax = max(F max' F o) 
vx -= vsina 
vz • vcose 

REEF(l,I) - t 
REEF(2,I) - 9 
REEF(J,I) • X 

REEF(4,I) - z 
REEF(5,I) - v 
REEF(6, I) =Fmax 
REEF(7,I) = tfa 

Subroutine TRAJEQN 

(CDST·' ms] 

a -= (geese - ~~-) t tlt. 

v = vsina 
X 

v • vcose z 

Print: REEF(I ,J) 

DQ • ~ L\t 

·FrG 14 Subroutine cbPENI NG (Concluded) 
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ATR =1/N 

tfR = 0 

v ~ v0 
X • x0 
,z- zo 

9 - ~0 
TR a 0 

TR • TR + /J.TR 
2 

. T c i [hfTa+ h~(l-TR)] 

~T = *2 (hl2 - ho2)/J.TR 

Subroutine CALC 
(T, tfR,ATR,6T ,m5 

t.v, Dp, d] 

J = 1, 3, .•. 1 N-1 
SUM = SUM + 4\:.J 

K • 2,4, ... ,N-2: J 
SUM = SUM. + 2'JK '-----.....,.------ . 

v = -vo 
X= x 0 
z • z0 

~ 
FIG 15 Subroutine FILL Tt·M 
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Evaluate Eqns (38) - (50) to find 

Dp• DPmax ' ddl>p) ' d, d£~} ' 

ina, flm8 , m1, t.mi, mr, M 

Av, tax, and.llz 

Add finite increments to 
·9, v,x, z 

·subroutine DENSITY 
· [ALT - z-.p] 

FIG 16 Subroutine CALC 
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Read: 

tstop' zstop 

AMARI< = 1 
1\TMARl{ a Q 

!VERT = 1 

ANG = 9 

ID = 1 

~--------------~-----------·----Y(l) = 0; = U 
Y(2) = v; = W 

Y(J) ~ _ g sine ; • Q 
v 

Y(4) • e 
Y(5) = x 
Y(6) • z 

YD¢r(J) • g2cos9Zin9 ·+ gco~e DQ; = Q 
v v 

tF • t + llt 
NUMB = I NINT) 

FiG 17 Subroutine M¢Tt¢N (Three Degrees 
o-f. Freedom) 
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Subroutine INTGRAT 
[r~turns: · the. value~ of 
Y (U~ W, Q, e,x~ z) and 
YJ>tiT (iJ, w, Q '· 9 , x, z) 
evaluated at t 1 • tF ; 

K; nx; .r.1 J 

z t - r c~RR - s op tz 
rz - r.t.z 

t - t 
· Cf>RR • stop 

tl -t 

2 NO 

FIG 17 Subroutine M¢TI¢N (Three Degrees 
of Freedorn) (Continued) 
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·.evaluate: 

TRAJANG = 9 - a.t, 

Eqns (58),. 
. (60) -{62) 

AMARI< = ... AH.J\Fl{ 

NMARK ~-= N!1ARK + l 

NMARK a= ? 

1 5 

!VERT D IVERT + 1 
ANG == 9 

VERTPAR (i, !VERT) 
= t, ALT - r.t ,rt ,v, 

Z X 

V.tx' V.t,z' a; 

(i = 1,2, •.. ,7) 
ANG • 9 

. FIG 17 Subroutine M¢Tfc/)N (Three Degrees 
of. Freedom) (Continued) · 
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.. 

·ID = ... 1 

NUMB - 1 NINTI 

NO 

t:f • t + DX 

Print:· Trajectory 
Variables 

NUMB=-

max {1, ~xl 

t •(tl ,.. t).1t C~RR + t1 
Evaluate rt , Vt , Vt 

X X OZ. 

•.r. .• at • v ' a J e , lX(, 
X Z 

corresponding to t1 ; 
Int~rpolate to tstop or 

Zt;.top 

Print:. Trajectory Vari:~;.;,;-1 
at t~top or zstop , ~rr~y 
· · VERTPAR -- __ 

FIG 17 Subro-utine M¢TI¢N (Three Degrees 
of Freedom) (Concl.uded) 
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M = 0 
.~NE··= -1 

6t -· ~6t 
·MM • MM +"1 

Subroutine F lllfiJI.A · 
[Yj(t)-... Y2j (t + ~!it)] 

j • l,NN 

Subroutine F JU.IDLA · 
[Y2 • (t+\6t) ........ Y3 . (t+6t)] . J J 

j = l;NN 

FIG 18 Subroutine INTGRAT 
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ERRl - IYJJ - ylJI 
ERR2 • max{nJ, EP •IY3JI 1 

· Y j • Y3 j , j • 1, NN 

M • 0 
IMDONE = -1 
At • l_z~t 

MM•MM+l 

!SIGNAL • 1 

Print: Cannot 
Integrate or 
Angle of Attack 
too. large 

. AG 18 ·Subroutine JNTGRAT (Concluded) 

9.5 



K = 1,4 

A(3) ~ A(4) • At 
A(l) a A(2) • A(S) • \6t 

j • l,NN 

Subroutine EMOTION 

Derivitives ZK evaluated . 

at YJ( • ·WI< 

C • j A(K + 1) 

L • 1 .NN 

W(i..) • Y(L) + A(K)--¥ Z(L) 

YI(L) -= YI(L) + C *-Z(L) 

FIG 19 Subroutine F<j)RMULA 
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Subroutine DENSITY 
. [ ALT - z ----. p] 

Subroutine DYNAMIC 
~YY' IZZ' Ixz, mi] 

YD;r(i), i=l,6;. Eqns(76)-(81 
(J ~ 

FIG .20 _Subrouti-ne EM¢TI¢N(Three 
Degrees of Freedom) 
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m1 -= pV 

XNUM- m1sc 
.x-=----

XDENOM + mi 

.t 1 -= xs ~x . 
.t2 - -x - sc 

.t3 = Do - X 

•3 2 
1

8 
• (0.13195)pDp-t2 

Iy , Eqn(88) 

Iyy • Iy + 18 

1az • 1~1 fo52378) 
1z Z • lz + 18z 
Ixz- o 

Fl G 21 Subroutine DYNAM I C 
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!SIGNAL = -1 

Print: Angle of 
Attack too larga 

[
Eqns (95) ~ (97) 

CT
0

, CN
0

, CM
0 

·· or 
Eqns (101) - (103) 

(98) - (100) 
or 

(104) - (106) 

FIG 22 Subroutine C(/)EFFTS (Three 
·oe.grees of Freedo·m) 
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Read: 

AMARK = 1 
NMARK = 0 
!VERT = i 
ANG • 9 
ID = 1 

Y(l) = Y(2) = Y(4) = Y(6) = Y(8) • Y(9) = Y(ll) = 0 
( U = V = P = R • <p • • = y s 0) 

YDar(S) 111 

Y(3) = v ; • W 
Y(S) = -gsin9 ; = Q 

v 

Y(7) • a 
Y(lO) - X 

Y(l2) • z 
YD¢T(4) = YD~T(6) = 0 ; 

g2cosesin9 + gsina DQ ~ 
. v2 v2 

1 

. 
11:1 Q 

RG 23 Subroutine M¢TlcpN (Six 
. Degrees of Freedom) 
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I = 1, NUMB 

Subroutine INTGRAT (returns: the values of 

Y(U, V, w~ P, Q, R, e, ~, t, x, y,· z) and 
YD~T(U, V, W, P, Q, . i, a, ~' • , x, ·y, i) . 
evaluated at t • tF; K; DX; tl] 

Subroutine C~SINES 

vo • -v 
r3 • z. + t1a33 

FIG 23 Subrqutine M¢TI¢N (Six Degrees of 
Freedom) (Continued) 
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t • t 1 , r .c, •_ r 3 
evaluate: , z 
r .t , r-t, , r-t, , V.t, , v.c, , V.t , at , at. , a.c, ; X y Z X y Z X y Z 

Eqns (107), (108), (110) - (115) 

NO 

V =Jv.(, 2 + V.(,.2 + V.t, 2 
X y . Z 

a= Jatx 2 +.a{- 2 + a.c,z 2 

VERTPAR (i, !VERT). 

= t, ALT-r.c, , rt , r.c, 
· Z X y 

AMARK • - AMARK 
NMARK • NMARK + 1 

NMARK = ? 

r.(, , V, Vt , V.t, , V.(, , a 
Z X y Z 

(i = 1, 2, ... , 10) 
ANG • SYSANGL 

FIG 23 Subr-outine M<t.>Tl<;DN. (Six 
Degrees of Freedom) (ContintJed) 
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·ID • 1 
.. NUMB • 

[.·· P.· ~~~~--T--r-a-je ... c_t_o_ry ___ __, Variables · 

·. 

NUMB • 

max fl. k) 

t - (t1 - t) * c;RR + t 1 
·Evaluate· trajectory 
variables at t1; 
interpolate to t 8 top 

or Zstop 

Print: Trajectory Variables 
~t t 1 top or zstop• array 

. R 1\R 

FIG 23 Subroutine M¢TI¢N (Six 
Degrees of Freedom) (Concluded) 
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· . 

Subroutine DENSI-TY 
[ALT - z--..p] 

Subroutine DYNAMIC J 
·[p-..tl, .(,2, t3, 1.xx' Iyy' 1zz' 1xZ' mi]i 

Ut, V-t, Up, Vp,. Vt , vp2,. Q(l , pJ.) ~ 
r, t, ap, · ap, eP 

Eqns (119) ~ (131) 

Subrou~ine C¢EFFTS 

a.p ," a p' 9p _,.. Cxo' Cyo, CMXc) CMYo, CTo 

Subroutine cqSINES 
e, ep, ~---+ aij 

. r YDI/!. (i ~ , • i. = ~· 1~; Eqns (136)- (147) 
1 [i.e!' U, W, V, P, Q, R, e, q,, ., i:, y, z] .. 

FIG 24 Subroutine EM¢TI¢f\J (Six C·egrees 
of Freedom) 
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~~::L--YES. Pri~t:- Angle ·Of -
Attack too large 

. ISIGNAL • -1 

CXo, CMy ; 
,' 0 

CXo'. CMyo ; 

Eqns (158), (160) ·Eqns (163), (165) 

·. 

FlG 25 Subroutine C¢EFFTS (Sfx 
Degrees of Freedom) 
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Cy ' eM ; 
0 xo 

Ens (159), (161) 

.YES 

>o 

ey , eM ; 
0 Xo . 

Eqns ·{164), (166) 

YES 

FIG 25 Subroutine C¢EFFTS (Six 
Degrees of Freedom ) (Cone lud ed) 
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FfG 26 

a11 - ec;>s&eost 

a12 • si~~stneeost - cos~sint 

a13 ~ ~os•sinecost + sia,sint 
a21 _-. eos9sln~ 

· a22_ • si•ain&eost + eos~ost 
a23 • eos•sin9sint - sin~eost 

a31 ·• -sine 

a32 _• ain•eoae 
a 33 • cos~coa8 

(Y(7) • 9, Y(S) • ~~ Y(9) • ,] 

Subroutine C¢SfNES 
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p = (~.002378)e-h/J2 ' 916 

NO 

YES 

p • (.002378)(1.07133)e~h/28 ' 593 

~--------~-------------------

FtG 27 Subroutine DENSITY 
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Subroutine DENSITY. 
I • 

.[ALT - z--.. p] 

·ax • vaine t.t 

t.z • vc:ose At 

Add finite increments to 
v, a, x, z, and t 

AG 28 Subroutine TRAJEQ N 



VI. COMPUTER PR6GRAM SYMBOLS 

Tables I through XIX explain the various mnemonic 
symbols used in the·computer program in terms of symbols 

'used in the text of Volumes I and II of this report, where 
applicable, and brief comments. The symbols are arranged 
in tables which correspond to the various subroutines and 
are pr~sented in the order of discussion in Section III. _ 
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TABLE I 
Computer Symbols for MAIN PROGRAM 

Mnemonic Symbol Comment Variation 

ALT ho release altitude 

Al tl ,f,l at mean sea level 

A2 :;f)£, 
,_.-2 t2 at mean sea level 

A3 ,f,3 .t3 at mean sea level· 

A4 Ixx IXX at mean sea level 

AS Iyy Iyy at mean sea level 

A6 1zz 1zz at mean sea level 

A7 Ixz Ixz at mean sea level 

AB m. 
~ mi at mean sea. level 

A9 m rna a at mean sea level 

Bl tl tl at ho 

B2 tz ,f,2 at ho 

B3 .t3 t3 at ho 

B4 Ixx Ixx at ho 

B.5 Iyy Iyy at ho 

B6 1zz 1zz at ho 

B7 Ixz Ixz at ho 

B8 ffi· ].. 
ffi· l. 

at ho 

B9 n:ta rna at ho 

CDP CD drag coefficient of parachute 
p based on projected area 

CDSL cbst drag area of load 
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Mnemonic 
Variation 

Cl-C-5 

DN~T 

DQ 

DTl 

DT2 

DT3 

DYDNf>T 

DYML 

DYMP 

ETA 

G 

I 

IEXTRAC 

!SNATCH 

TABLE I (Cont'd.) 
Computer Syrnbols for MAIN PR0GRAM 

Symbol 

dv 
err 
~t 

~t 

~t 

g 

Conunent 

A block of alphanumeric 
characters which form the title 
for a particular simulation 

nominal diameter 

acceleration at the moment of 
full inflation 

~t in EXTRACT 

8t in SNATCH 

~t in ~PENING, M~TI~N 

nominal diameter 

mass of load 

mass of parachute 

absolute errors allowed in 
INTGRAT - N dimensional array 

acceleration of gravity 

implied D~ loop index for reading 
ETA. 

Apparent moment of inertia about 
Z-axis at mean sea level 

Integer Variable; if !STATIC ~ 0: 
IEXTRAC > 0, Reefed.main parachu-te 
extraction system,IEXTRAC :S: 0, 
Extraction parachute system 

Integer variable; if !SNATCH > 0, 
no snatch force calculation 
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Mneil'lonic 
Variation, 

IZ 

J 

LSS 

MBR 

ML 

MLS 

MP 

MR. 

MR.X 

MSS 

MST 

N 

NINT 

NN 

NNN 

TABtlJ I . tcont' d.) 

Comput~r Symbols for MAIN PRt>GRAM 

Symbol 

Ls + LR 

mBr 

m· t 

mL s 
m p 

tna 

mE 

m ss 

~ Wl~.s. 

n 

Comment 

moment of inertia about Z-axis due 
to physical ·masses of load, para
chute, and .s~spension system 

D~ loop index for NSIM 

suspension line + riser length 

mass of load bridle 

mass of load-

mass of suspension lines 

mass of parachute 

mass of risers 

mass of riser extensions 

total mass 

number of degrees of freedom 
allowed in M~TI~N 

numbe.r of calculations between 
successive prints in EXTRACT, 
SNATCH. OPENING and M¢>TI¢>N 

J 

number. of steps used to approxi
. mate inflation :Lrt VPENING 
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Mnemonic 
Variation 

NSIM 

PCTERR 

PI 
Ql 

Q2 

RH¢> 
TRCA 

V¢>LUME 
vo 

XDEN¢>M 

XNUM 

Xl 

X2 

X3 

TABLE I {Gon't 'd.) 

Computer Symbols for MAIN PR0GRAM 

Symbol 

D 
Pmax/D

0 

p 

tRCA 

v 
v 

0 

Comment 

number of total trajectory simu
lations in 1 computer run 
Percentage et~or allowed in 
INTGRAT 

:3.141592653589793 
ratio of reference distance from 
canopy skirt to parachute center 
of volume in fully inflated con
dition to D

0 

projected diameter ratio in fully 
inflated configuration 

air density 
time at which reefing cutters are 
armed 
fully inflated volume 
initial velocity 

mp + ~s + UX + mE + mBr + m.t 

nt 8 1 + nxs2 + mE 8 3 "'!- mBrs4 
s 

+ m.ts 5 - mpsc 

reference distance from canopy 
skirt to suspettsion line center 
of mass in fully inflated con
figuration 
reference distance from canopy 
skirt to riser center of mass in 
fully inflated configuration 
reference distance from canopy 
skirt to riser extension center 
of mass in fully inflated con
figuation 
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Mnemonic 
Variation 

X4 

xs 

TABLE I (Cont'd.) 
Compute-r Symbols for MAIN PR¢>GRAM 

Symbol Comment 

reference distance from canopy 
. skirt t;:o load bridle center of mass 
in f~lly inflated configuration 
reference distance from canopy 
sk~rt to load center of mass in 
fully inflated configuration 
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Mnemonic 
Variation 

CDP 

CDS BAG 

CDS EX 

CDSL 

CDSP 

CDST 

DISTANC 

DNVT, 

DPILQJT 

DT 
DV 

DX 
G 

H 

ICQJUNT 

IEXTRAG 

!SNATCH 

!STATIC 

TABLE II · 
Computer Symbols for Subroutine EXTRACT 

Symbol 

CDSt 

CDSpilot 

CDST 

D· 
0 

DPilot 

8t 

&v 
l::.x 

Comment 

release altitude 

drag coefficient based on pr~jected 
area 
drag area of main parachute deploy
ment bag 
drag area of extraction parachute 

drag area of load 

drag area of pilot chute 

drag·area for calls to EXTRACT or 
for Eqn (4) 
distinct values of t where modeled 
physical process is changed 
nominal diameter 

fl~t diameter of pilot chute 

time increment 

:y~locity increment 
x ·~ncrement, vl::.t 
.a~celeration .of gravity 
D /D of reefed main extraction p 0 .· . 

parachute 
index for number of calculations 
made without'· print . 
IntegerVatiable; If ISTATIC~ 0, 
IEXTRAC > 0, Reefed main parachute 
extraction system; IEXTRAC ~ 0, 
Extraction parachute system 
Integer variable; !SNATCH > 0, 
no snatch force calculation 
Integer variable; ISTATIC < 0, 
static line used 
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Mnemonic 
Variation 

LENGTH 
LSP~ILVT 

LSS 

LSTATIC 

MST 

:MR 

NINT 

PI 
R 

RHO 
T 

TD 

THETA 

TRAJANG 
TRAJl 
TRCA 

Tl 

v 
vx 

vz 
vo 

TABLE II· (Cont' d·.) · 
Computer Symbols for s·ubroutine EXTRACT 

Symbol 

L 

L 8Pilot 

1static 

p 

t 

to 

e 
e 
81 

tRCA 

tl 

v 

Comment 

distance load travels in aircraft 
length of pilot chute suspension 
lines 

Ls + LR 

Static line length 

mass of entire recovery system 

mass used for calls to TRAJEQN 
or for Eqn (4) 

number of calculations to be made 
between successive prlnts; if 
NINT < 0, continuous p,utput is 
suppressed 
3.14159 .•. 
(~R/ rr) ex 

Do 

air density 
time 
coasting time at constant drag 
area 
system angle, radians 
system angle, degtees 
e at static line stretch 
time at which reefing cutters 
are armed 
t at static line stretch or when 
load leaves aircraft 
velocity 
x component of v 

z component of v 

initial velocity 

.. 117 



TABLE II (Gont'd.} 
Computer Symbols for Subroutine·EXTRACT 

Mnemonic Symbol Comment Variation 

Vl vl v at static line stret~h or when 
load leaves airvraft 

X X x position 

Xl xl x at static line stretch or when 
load. leaves aircraft 

z z z position 

Zl zl z at static line stretch 
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Mnemonic 
Variation 

A 

ALl' 

B 

c 

CAPMl 

CAPM2 

CDP 

CDSL 

CDSl 

CDS2 

DELTAV 

DN0T 

DT 

FAl 

FA2 

!COUNT 

K 

TABLE III 
Computer Symbols for Subroutine SNATCH • 

Symbql 

A 

ho 

B 

c 

MI 

Mrr 

CD 
p 

CDSt 

CDSI 

CDS II 

vs .... vii 

At 

k 

Comment 

inverse of spring constant, k 

release ~ltitude 

Equation (11) 

Equation (12) 

drag co~fficient based on pro
jected .area of parachute 

drag area of load 

drag area of primary body 

drag area of secondary body 

difference between velocity of 
parachute inunediately before 
.snatch and snatch velocity 

nominal diameter 

time· increment 

Equation (13) 

.Equation (14) 

index for number of calculations 
made without print 

suspension system spring constant 
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Mnemonic 
Variation 

L 

LRXBR 

LSS 

ML 

MP 

MPBAG 

MSS 

Ml 

M2 

NINT 

PI 

PMAX 

Q 

RH0 

T 

THETA 

TABLE III (Cont'd.) 
Comp~lter Symbols for Subroutine SNATCH 

~ 

Symbol 

m~ 

TT 

p 
max 

Q 

p 

t 

6 

Comment 

distance between load and secondary 
body. during deployment 

mass of load 

mass of parachute 

mass of pilot or extraction para
chute and main parachute deploy
ment bag 

m"_ + k2m 
'I; ss 

m 
p 

number of calculations to be made 
between succe~sive prints; if 
NINT < 0 continuous output is 
suppressed 

3.14159 ••• 

maximum snatch force 

mass ratio, Equation (15) 

air density 

time 

systems angle, radians 
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Mnemonic 
Variation 

TL 

TRAJANG 

TRAJL 

TRCA 

v 

VF 

Vl 

V1L 

V1X 

V1Z 

V2 

V2L 

X 

XL 

z 
ZL 

TABLE III (Cont'd.) 

Computer Symbols for Subroutine SNATCH 

Symbol 

e 

v 

X 

z 

a orrune n t· 

t at snatch 

system angle, degrees 

e at snatch 

time at which reefing cutters are 
armed 

velocity 

velocity just after snatch 

velocity of primary body 

velo.city of primary body at snatch 

x ~ component of v! 

z· ... component of vi 

velocity of secondary body 

velocity of secondary body at 
snatch 

xposition 

x. at snatch 

z position 

z at snatch 
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TABLE IV 
Computer Symbols fot: Subroutine B~DIES 

Mnemonic 
Variation 

ALT 

CDSl 

CDS2 

DL 

DT 

DTtJETA 

DVl 

't>V2 

DX 

DZ 

G. 

L 

Ml 

M2 

RHO 

T 

THETA 

Vl 

V2 

Symbol 

CDS! 

CDS II 

At 

8t 

Ax 

g 

t 

e 

Connnent 

release ~ltitude 

drag area of primary body 

drag area of secondary 

increment in distance between 
bodies 

time increment 

system angle incr~ment 

primary body velocity increment 

secondary body velocity increment 

x increm~nt 

z increment 

acceleration of gravity 
,. 

separation distanc~ between bodies 

mo + 1:2m 
"" ss 

air density 

time 

system angle, degrees 

velocity of primary body 

velocity of secondary body 
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# 

f 

Mn~monic 
_Variation 

X 

z 

TABLE IV (Cont' d.) 

Computer Symbols· for Subroutine- B~DIES 

Symbol 

X 

z 

Con1Inent 

x position 

z position 
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Mnemonic 
Variation 

AL 

ALT 

CAPT 

CAPTR 

CDP 

CDS 

CDSL 

CDST 

D 

DC APT 

DCA;:g'IR 

DNf>T 

DP 

DQ 

DT 

DTT 

DV 

F 

TABLE V 
Computet Symbols for S9broutine (,JPENING 

Symbol 

d 

~T 

&t 

~v 

Corrunent 

acceleration 

release altitude 

dimensionless time 

dimensionless time for reefed in
flation 

drag coefficient of parachute bas.ed 
on projected area 

drag a~ea~6£ .. paraohute 

drag area of load 

canopy inlet diameter 

increment in T 

increment in TR 

nominal diameter 

projected diameter 

acceleration at full inflation 

time increment during inflation 

time increment for coasting stages 

velocity increment 

ar~ay established for V· in sub-
routine FILLTIM L 
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Mnemonic 
Variation 

F0 

FRCE 

G 

HO 

Hl 

I 

IC¢>UNT 

IEXTRAC 

J 

LSS 

ML 

MP 

MS 

MSS 

N 

TABLE V (Cont~d~) 
Computer :Symbols f.or Subroutine ·\l)PENING 

Symbol 

Fmax 

Fa 

g 

ho 

hl 

m~rs 

Conunent 

maximum opening force 

instantaneous opening fotce 

acceleration of gravity 

i~itial reefed Dp/D0 

final ~eefed Dp/D
0 

D~ loop index for loop encompassing 
the complete inflation with reefed 
stages 

number of calculations made without 
print during coasting stages 

integer variable, see MAIN PR0GB.AM 

D~ loop index for inflation per~. 
iods; implied D0 loop index for 
printing array REEF · 

Ls + LR 

mass of ·load 

mass of parachute 

mass of suspension system 

number of steps used to approxi-· 
mate inflation periods 
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Mnemonic 
Variation 

NINT 

NREEF 

PI 

REEF 

RH(l) 

RO 

Rl 

T 

TCD 

TDR 

TF 

THETA 

THETAO 

TNOT 

TRAJANG 

TABLE V · (Cont' d.) 
Computer Symbols for Subroutine 0PENING 

Symbol 

1i 

F> 

Ro 

Rl 

t 

ten 

tDR 

tff or tfR 

e 

9 . 
0 

to 

e 

Conunent 

number of calculations to be made 
between successive prints during 
coasting stages; if NINT < 0, 
continuous output is suppressed 

integer variable, number of reefing 
lines used 

3.14159 ..• 

array which contains trajectory 
variables, opening shock, and 
filling time at end of each reefed 
inflation period 

air density 
- tR/1i initial reefing ratio - ----

Do 

-·~R/11 final reefing ratio - ----
Do 

time 

reefing cutter delay time 

rime of disreef, tDR = tRCA + tCD 

filling time 

system angle, radians 

e initiai, at entry to FILLTIM 

t initial, at beginning of each 
inflation stage 

system angle, degrees 

126 



Mnemonic 
variation 

TRCA 

v 

Vl - VS 

VOLUME 

V0LUMG 

vx 

vz 
vo 

X 

xo 
z 

zo 

TABLE V (Cont'd.) 
Compuoer Symbol's for Subroutin·e ~PENING· 

Symbol 

tRCA 

v 

v 

X 

z 

Comment 

time·at which reefing cutters are 
armed 

velocity 

terms in Eqn (27) 

volume, V or VR' for call. to 
FILLTI;M 

v:olume of fully inflated parachute 

x component of velocity 

~ comportent of velocity 

initial velocity, at entry to 
FILL TIM 

:x: position 

initial ·x, at entry to fiLLTIM 

z position 

initial z, at entry ·to FILLTIM 
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Mnemonic 
Variation 

c 

CAPT 

CAPTR 

co 

D 

DC APT 

DCAPTR 

DNOT 

DP 

DTF 

DV 

HO 

Hl 

I 

J, K 

MS 

TABLE VI 
Computer Symbols for Subroutine FILLTIM 

Symbol 

c 

T 

TR 

co 

d 

&T 

8TR 

Do 

D p 

&v 

ho 

hl 

Corrnn.ent 

effective porosity 

dimensionless time 

dimensionless time for reefed in
flation periods 

effective pprosity at mean sea 
level 

canopy inlet di~meter 

increment of T 

increment 'of TR 

nominal diameter 

projected diameter 

filling time ~ncrement, 

(v~wm _ 1) tfJ\ 

velocity increment 

initial reefed Dp/0
0 

final reefed Dp/0
0 

D~ loop index for evaluation of 
continuity ~quation 

D~ loop indices. for evaluation of 
Simpson's rule formula 
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Mnemonic 
Variation 

N 

PI 

RH(6 

SUM 

TF 

THE'l'A 

THETAO 

VOLD~l' 

vo 

X 

xo 

z 
zo 

·TAB-L£ VI (C:ont' d.) 
Computer Symbols. fo.t Subroutine FILLTIM 

Symbol 

n 

p 

Cormnent~ 

number of steps used for integ:~:a
tion of continuity equation by 
S:i,.mpson'~ rul,e 

3.14159 .•• 

air density 

approximation to 

· ~ v ~ (l+2. 2cT-T) f.- - 1. 2c D~] dT 

tff or tfR filling time 

e 

v 

v 

X 

z 

system angle, r~dians 

initial 9, lilt ~ntry to FILLTIM 

velocity 

volume from integ_:ration of con
tinuity equation 

array wh!ch cont•ins integrand of 
Eqn (30) _ - . . 

volume increase for the particular 
inflat:lon 

initial velocity, at entry to 
FILLTIM -

x position 

initi?l x, at ep_try to FILLTIM 

z position 

initial ;z;, at ent;:ry to FlLLTIM 
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TABLE VII 

Computet Symbols for Subrou.tine CALC 

Mnemonic 
Variation 

, .... - - --- . .. .. ·'·""~ 

ALT 

CAPT 

CDP 

CDS 

CDSL 

D 

DC APT 

DCAPTR 

DDOT 

i>MA 

DMI 

DN0T 

DP 

DPD&r 

DPMAX 

DTHETA 

DV 

Symbol 

ho 

T 

CD 
p 

CDSt 

d 

&T 
\; 

6TR 

d£~) 

~m a 
~m. 

1. 

Do 

Dp 

d(D )/dT p 

D 
Pmax 

~9 

&v 

Comment 

release altitude 

dimensionless filling time 

drag coefficient of parachute 
based on projected area.· 

drag area of load 

inlet diameter 

increment in T 

increment in TR 

dfinensionless time derivative of 
d 

increment of rna 

increment of m. 
1. 

!}aminal. diameter 

projected diameter 

dimensionless time derivative of 
Dp 

projected diameter of fully 
inflated parachute 

increment in 8 

increment in v 



Mnemoaic 
Variation 

DX 

DZ 

G 

LSS· 

M 

MA 

MI 

MT 

PI 

RH~ 

SQ 

SQl 

TF 

THETA 

v 

X 

z 

TABLE Vli (Cant' d. ) 

CQJ.flpt,l'ter Symbols for Subroutine CALC 

symbol 

g 

'TT 

p 

Comment 

increment in x 

increment i1;1· z 

acceleration of gravity 

Ls + LR 

mt + mss + mp 

apparent mass 

included maes 

3.14159 ••• 

air density 

term used in Eqn (46) 

term used in Eqn (46) 

tff or tfR filling tLme 

a 
v 

x· 

z 

system angle, radians 

vetocity 

x position 

z J?O$ition 

13.1 



Mnemonic~.~ 
Variation 

A 

ALP HAL 

ALPHAl 

ALT 

AMARK 
ANG 
AX 

AZ 

Al 

A2 

B 

DQ 

DT 

DX 
ETA 

G 

I 

ID 

TABLE VIII 
Computer Symbols fo;- Subroutine M9)TI0N 

{Three Deg~ees of Freedom) 

Symbol 

dv 
dt 
At 

g 

Comment 

acceleration of the load 

load angle of attack, radians 

load angle of attack, degrees 

release altitude 

+ 1 
previ?us value of system angle 
x-component of a~ 

z-component of at 

at if t 1 > TSTOP or R2 > ZST~P 
X 

at if t 1 > TST0P or R2 > ZtT0P 
z 

dt1mmy array established for use. 
in call to INTGRAT 
correction for linear interpola~ 
tion 
accele~ation at the moment of 
full inflation 

, time ·increment set by MAIN 
Pl\0GRAM 
time increment set by iNTGRAT 
array containing allowabte abso
lute errori in the integration 
acceleration of gravity 
D~ loop index; implied D~ loop 
index for printing array VERTPAR 
if ID > 0 indicates INTGRAT has 
not been called previously · 
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Mnemonic 
Variation 

I VERT 

J 

K 

Ll 

NINT. 

NUMB. 

PC'tERR 

PI 
RX 

RZ 

Rl 

R2 

SYSANGL 
T 
TF 

TA8Li VIII (Cont'd.) 

Computer Sy~bols for Subroutine M0TI~N· 
(Th~ee Degre~s of Fre·edom) 

Symbol· 

-tl 

Comment 

1, 2, or 3-"" the number of times 
the system has been vertical or 
near vertical 
D~ loop index 
i£ K > 0 indicates the integra
tion cannot be completed 
distance from patachute-load 
system ma~s center to load 

the number of calculations made 
betw~en prints if tp~ time 
iricr~ment is small enough; if 
NINT < 0 continuous output is 
suppressed 
1, 2, 3, 4 or 5- .... NMARK = 1, 3, 
or 5 indicates the system is 
vertical or near vertical 
D~ loop inde~ for calculations 
without print 
allowable ;relative ~r:ror in 
integ,:ation 
3.14159.~. 

x position of load 

e po~ition of load 

:t~ if t 1 > TST¢P or R2 > ZST¢P 
.lt. . 

rt ; used to determine if r~ > 
~ z 

ZST~P 

system angle, degrees 
time 
time at which integrated values 
are.desired from INTGRAT 
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Mnemonic 
Variation 

THETA 
TRAJANG 

TST~P 

Tl 

v 

VERT PAR 

vx 

vz 

vo 
Vl 

V2 

w 

X 

Xl 

X2 

X3 

y 

TABLE VIII {Cont' d.) 
CoJtlputer Symbols for Subrouti.ne · M~TI~N 

(Three Degre~·S of Freedom), 

Symbol 

v 
,{,X 

v 
tz 

X 

Conunent 

system angle, radians 
trajectory angle of load 

ti..me at which simulation termi
nates; initially ~umber of 
s~conds after full inflation 
time 

velocity of load or mass center 

array containing information at 
the first three instances when 
the s~stem is vertical or near 
vertical 
x - component of load velocity 

z - component of load velocity 

velocity of the load 

vt. if tl > TST~P or R2 > ZST~P 
X 

vt if tl > TST0P or R2 > ZSTQP 
z 

array established for call to 
· 'lNTGRAT 

position of mass center at entry 
to MOTI0N 
array established for call to 
INTGRAT 
array established for call to 
INTGRAT 
array established for call to 
INTGRAT 
array of u,_w, Q, e, x, and z 
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Mn~monic 
Variat·~on 

YD0T 
z 

ZS'r¢>P 

. 'J'AB~~ '!III (Cont' d.) 

Comp4ter . Symbol~ fo·r Subrout'-:i~ne M0Tl<IN · 
(Thx-e~ ·De'grees of Freedom) · 

Symbol ·comment 

array of 0, ~' ~' i, i, and i 
ar~ijy established for oall to 
IN·TGRA'l' 
altitude mass at whic;h simula~ 
tion tetminates 
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Mnemonic 
Variation 

DT 
DX 

ERRl 

ERR2 

ETA 

I 
ID 

I MD ONE 

!SIGNAL 

J 

K 

L 

M 

MM 

NN 
PCTERR 

T 

TF 

.) TABLE I-X 
Computer.Symbols for Subroutine·lN'l'GRAT 

Symbol 

At 
~t 

T1· J 

Comment 

time increment 
· time increment; represents the ·· 
last successful time increment 
us~d, by INTGRAT on previous call 

I y3 . ; - y 1 . I j = 1 ' NN 

rna/ { 11j , ~P • IY 3 j I } j = 1, NN 

array containing sbsooute errors 
allowed in integration 
D~ loop index 
if ID ~ O, INTGRAT has been 
called previously 
IMD0NE ~ 0 indicates integration 
has been completed 
!SIGNAL > 0 indicates solution 
cannot be accomplished 
D~ loop index 
Dl> loop index 
parameter of calls to F0RMULA; 
L > 0 indicates time increment 
must be halved 
numbet of successful integrations 
without halving time increment 
number of times time increment is 
halved without successful 
integration 
number of equations being solved 
relative error allowed in 
integration 
time at entry to INTGRAT 
time to which integration is 
desired 



TAB,LEIX (Cpnt'd~) 

Computer Symbc:Jl~ fQt Subt:outine INTGRAT 

Ml:lemon1c 
variatlon 

TRYl 

TRY2· 

Tl 
w. 
y 

z 

·symbol·.· 

t 

Comment 

.array containing values of Y 
aft:er i,ntegration from t 1 to 

~l + At in one step 

array containing values of Y 
after integration from t 1 to 

. tl + .Ja. ~t 

array ~ontaini~S values of Y . 
aft~r l.ntegratl.on f,:r:om t1 + ~ At 
to t 1 + At 

time 
a.rt~Y useQ. in F¢)RMtJLA 
a~ray captaining vari1ble values 
fqr wbicb.solution is req~ired 
ar.~ay contaiq,ing der~vatives of 
y 

·aX'J;"ay· used in FORMULA 
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·Mnemonic 
Variation 

A 

c 
H 

!SIGNAL 

J 

K 
L 

NN 
w 

y 

YD0T 
YI 
z 

, . 'fABLE X ... , .. ·.·. 

Computer ·sy.mbols·: for Subroutine .F0RMULA 

Symbol Comment 

array containing constants for, 
the Runge-Kutta formula 
1/3 A(K + 1) 
time increment 
!SIGNAL > 0 indicates the call 

,to EM0TI0N could not be suc
cessfully completed 
0¢'-loqp index 
Dcb.loop index 

D0 loop index 
numb~r of equations being solved 
array containing values of Y 
for calls to EM0TI0N 
array, see INTGRAT 
array, :see INTGRAT 
final:values of Y at t = t + H 
array containing the V.alues of 
YD¢)T returned by calls to 
EM¢'TI~N 
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·coJU,pu.te:r ... SYtnbbl$· .. ···•· fQ1.7:::··sub~butine·•.•· EM()T'If>N 
· {Tbr.e~.· D.~gree e ·of' Free~om) ·. 

Mnen\orii.c. ·.· .. · 
Variation · 

A· 

AE~~M. 

A~l?HA 

1,\LPHAt 

ALPW\P 

~LT 

B 

c 

CM 

CN 

CT 

D 

E 

G 

I SIGNAL 

·.angle of attack of ~oad 

angle of attack of parachute 

~elease altttude 

· (rn; + m . •·· + m ) g .. 
·, :· .. I I II .• i1< ... ··• s,s · · p . ·, .. ······. , 

.- .. ·(m .+.· m . + m··. + m .• + m .. ) 
.. ·.··:t.· ·. ss · · · p _·1. · a 

· .. · ... : ... 2 ·A·r:r·p.···.· .. .. a . ·. o . 

. ··(..£ rr D 2.·) 
:S >. p·· 

• D 
'·0 

of load 

"ca~rodynami.o normal fo:t'ce 
coefficient 
a.~r'odynamtc · tang.e,nt force co~ 
e~.fi~~e'nt .· 
dr~g 6£ load 

· n.omi.nal d.ta·meter 
· 1 · c· · ·s 

'1. p JJ :;, 

aooeletatton.::9f.:gx-a:vfty:.:-
i.f .:I$XCSNt\LY·> 0, call to C¢>EFfTS 
ahowe(ll~l too. large 
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Mnemonic 
Variation 

IST¢>P 

IXX 

IXZ 

IYY 

IZZ 

Ll 

L2 

L3 

M 

MA 

MI 

ML 

MP 

MSS 

N 

PI 

RH~ 

TT 

VL2 

TABLE XI (Cont'd.) 
Computer Symbols for Subroutine EMi>TI0N· 

(Three-Degrees of Freedom) 

Symbol 

lxx 

Ixz 

Iyy 

Izz 
.tl 

m. 
1. 

m.t. 

mp 

m ss 

FN 

rr 

p 

;T 

Comment 

1 or 2; parameter indicating 
whethe-r the call to EM~TI¢>N comes 
from F0RMULA or INTGRAT 
moment of inertia about X-axis 

product of inertia 

moment.of inertia about Y-axis 

mOment of inertia about Z-axis 

distance from parachute-load 
system mass center to load 
distance from parachute-load 
system'mass center to p~rachute 
center of volume 
distance. from parachute-load 
system mass center to moment 

. center .. 

mt + m + mp + m. + m ss 1 a 
m. + m 

1 a 
included mass 

mass ·of load 

mass of parachute 

mass of suspension system 

aerodynamic normal force 

3 .. 14159 .... 
air density 
aerodynamic tangent force 

2 v 
. .t 
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Mnemonic 
Variation 

VP2 

V2 
y 

YD0T 

TABLE XI (Cont'd.) 

Computer Symbols· for· Subroutine EM0TI¢>N· 
(Three Degrees of Freedom) 

Symbol Comment 

2 v p 
f'' 

u2 + w2 

array containing U, W, Q, 9, x, z 
0 0 • " 0 

array containing U, W, Q, 9, x, z 

141 



TABLE XII 
Computer Symbols for Subroutine DYNAMIC 

Mnemonic 
Variation 

DN0T 

IA 

IAZ 

IAZO 

IXX 

IXZ 

IY 

IYY 

IZ 

IZZ 

Ll 

L2 

L3 

MBR 

MI 

MLS 

MP 

MR. 

Symbol 

I 
az) 

Ixx 

Ixz 
Iy 

Iyy 

Iz 

Izz 
.f.,l 

m. 
1. 

IILS 

0 

Comment 

nominal diameter 

apparent moment of inertia about 
X or Y-axis 
apparent moment of inertia about 
z-axis 
I at mean sea level 
az 

moment of inertia about X-axis 

product of inertia 

moment of inertia about Y-axis 
due to physical masses, Eqn (88) 

moment of inertia about Y-axis 

moment of inertia about Z-axis 
due to physical masses 

moment of inertia about Z-axis 

distdnce fr9~ ~arachute-load 
system mass center to load 
distance from parachute•load 
system mass ~enter to Parachute 
center of volume 
distance from parachute-load 
system mass center to moment 
center 
mass of load bridle 

included mass 

mass of suspension lines 

mass of parachute 

mass of risers 
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Mnemonic 
Variation 

MRX 

XNUM 

Xl 

X2 

X3 

X4 

xs 

TABLE XII (Cont'd.) 

Computer Symbols ·:for Subroutine DYNAMIC 

Symbol 

D /D 
Pmax 0 

p 

v 
-B' 

Comment 

mass of riser extension 

ratio of reference distance from 
canopy ~kirt to parachute center · 
of volume in fully inflated 
cpnfig~ration to D

0 

projected diameter ratio 

air den~ity 

volume of fully in~lated parachute 

distance of parachut~-load system 
mass ·center from canopy skirt 

m + ~ + mR + mE + mBr + mt 
p s 

m... O os' + IlLO s + m....o s 
LS 1 K 2 ~ 3 

+ mBr ·s4 + mt • s5 - mp ·sc 

reference distance from canopy 
skirt to suspension line center 
of mass in fully inflated configu
ration 

reference distance from canopy 
skirt to riser center of mass in 
fully inflated configuration 

reference distance from canopy 
skirt to riser exten~ion center 
of mass im fully inflated configu
ration 
reference distance from canopy 
skirt to load bridle center of 
mass in fully inflated configu
ration 
reference distance from canopy 
skirt to load center of mass in 
fully inflated configuration 
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Mnemonic, 
Variation 

A 

ALPHAP 

ALPHAPD 

CM 

CN 

CT 

!PRINT 

!SIGNAL 

TABLE XIII 
Computer Symbols for Subroutine C~EFFTS 

(Three Degrees of Freedom) 

Symbol Cormnent 

I~ I 
parachute angle of attack, 
radians 
parachute angle of attack, 
degrees 
aerodynamic moment coefficient 

aerodynamic normal force 
coefficient 
aerodynamic tangent farce 
coefficient 
1 or 2; indicates whether or not· 
to print message concerning 
parachute angle of attack 
if !SIGNAL > 1, indicates 
J ap ., > 85° 
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Mnemonic 
Variation 

A 

ALT 

AMARK 

ANG 

AT 

AX 

AY 

AZ 

Al 

A2 

A3 

G!>RR 

Cl 

C2 

C3 

C4 

cs 
DQ 

· 'TABLE XIV , 

Computer Symbols for Subroutine M0TION 
(Six Degrees·· of Freedom) 

Symbol 

A 

at 
z 

dv 
dt 

Comment 

· 3 x 3 array containing direction 
cosines 
·release altitude 

see M0TI0N (3DOF) 
pr~vious value of the system 
angle 

total acceleration of load 

x-component of load acceleration 

y-co~ponent of load acceleration 

z-component of load acceleration 

a 
tx::·' 

:Lf tl > TST~P or R3 > ZSTf)P 

at if tl > TSTcbP or R3 > ZSTcbP 
y 

at if tl > TSTf>P or R3 > ZSTVP 
z 

see Mf>TicbN (3DOF) 

U+ Q.ll 

• 0 

U + PW - RV + Q(.}. + PR~l 
• 

V + RU - QW - P !1 + QR~l 

W + QV - PU - (P2 + Q2)t1 

see ¥9>':FIJl>N (3DOF) 
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Mn'elrlon ic 
Vartation 

DT 
DX 
ETA 
G 

I 

ID 
I VERT 
J 

K 

Ll 

NINT. 
NMARK 

NUMB 
PCTERR 

PI 
RX 

RY 

RZ 

Rl 

R2 

R3 

SYSANGL 

TABLE XIV (Cont' d.) 

Computer Symbols for Subroutine M~TI~N 
(Six Degrees of Freedom) 

Symbol 

~t 

~.t 

Tl 
g 

Comment 

see M0TI0N (3DOF) 
see M0TI0N (3DOF) 
see M~TI~N (3DOF) 
acceleration of gravi.ty-
see M~Tiq)N (JDOF) 

see M0TI0N (3DOF) 
see M9)TI9)N (3DOF) 
see Mq)Tiq)N (3DOF) 
see M0TI0N (3DOF) 
distance from parachute-load 
system mass center t.o load 
~ee:Mq)Tiq)N (3DOF) 
see M9)TI0N (3DOF) 
see M~Tiq)N (3DOF) 
see M0TI9)N (3DOF) 

3.14159 •.• 
x-component of load position 

y-component of load position 

z-component of load position 

rt if t 1 > TST~P or R3 > ZST~P 
X 

rt .~ff :t1 > TST0P or R3 > ZSTC})P 
y 

r t ; used to determine if rt > z ' . .. z 
ZST0P 
system angle 
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Mnemonic 
Variation 

T 

TF 

THETA 
TRAJANG 
TST¢>P 
Tl 
VERT PAR 
vx 

VY 

vz 

vo 

Vl 

V2 

V3 

w 
X 

Xl 
X2 
X3 
y 

YD¢>T 

z 

TA~LE-XI~ (C6nt'd~) 

Computer Symbols for Subroutine .. M~TI¢>N 
(Six Degrees of Freedom)· 

Symbol 

t 

tF 

9 

t 

v.t 
X 

vt 
y 

VJ 
"'z 

vt 

vt 
X 

vt 
y 

vt 
z 

Corrunent 

time 
see Mt>TI!DN (3DOF) 

system angle at entry to M¢}TI¢>N 
trajectory angle of load 

see M(hTI~N (3DOF) 
time 
see M~TI¢)N (3DOF) 
x-component of velocity 

y-component of velocity· 

z-component of velocity 

velocity of load 

vt if t 1 > TST¢>P or R3 > ZST¢}P 
X 

vt 
y 

if t 1 > TST¢>P or R3 > ZST¢>P 

VJ if t 1 > TST¢>P or R3 >, ZST¢>P 
""z 

see WTit>N (3DOF) 
see M¢>TI¢>N (3DOF) 
see M(>TI¢>N (3DOF) 
see M¢>TI¢>N (3DOF) 
see M¢>TI¢>N (3DOF) 
array containing U, 
R, a, cp, $, x, y, z 

v' w' p' Q, 

a~~~y ggn;~~9~ng u; 
•· e ,. e o ·• e 

• 0 • • 

v? w, P, Q, 
R; e, ~; $' x, y-, z 

S2e M(l)T I ¢>N ( 3 DOF) 
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Mnemonic 
Variation 

ZST0P 

TABLE XIV. (Cont'd") 
Computer Symbol.s for Subroutine MDTI0N 

(Six Degree~ of Freedo~) 

Symbol Conunent 

see ~TI~N (3DOF) 
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Mnemonic 

TABi1E }01 

Compu:ter\'Symh9ls. for [Subroutine· EM!>TI0N · 
(Six Degrees of Freedom). 

Variation .. Symbol comment 

A 

AERcDMX 
AEROMY 
ALPHAL 

ALPHAP 

ALT 

B 

BETAL 

BETAP 

c 

CDN~T 

CDSL 

CMX 

CMY 

CT 

ex 

A 

M 

M 

a;.. 

~ 

h 
0 

st 

~p 

3 x 3 array containing direction 
cosines .· 
x-compop.ent ofjaerodyn5Jmic .moment 

Y-component of aerodynamic mome,nt 

angle·of attack of load in 
XZ-plane 

angle of attack of load in 
XZ~plane 

release altitude 

angle of attack of load in 
YZ-plane 
angle of attack of parachute 
YZ-plane 

p TT D 2. 
8 0 

<! TT Do2~ D 
. ·0 

drag area of load 

in 

coefficient of aerodynamic moment 
about Xaxis 

cqefficient of aerodynamic moment 
about Y axis 

aerodynamic tangent force 
· ' coefficient 

coefficient of aerodynamic 
normal force in X-direction 
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TABL~ XV (Cont'p.) 
Computer Symbols for Suhjroutine EM~TI¢)N 

(Six Degrees of Freedom) 

Mnemonic 
Variation 

CY 

D 

DEL TAL 

DN0T 

E 

FX 

FY 

G 

GAMMAL 

Hl 

H2 

H3 

H4 

HS 

H6 

I SIGNAL 

IS:TQP 
IXX 

IXZ 

IYY 

Symbol Conunent 

coefficient of aerodynamic 
normal force in Y-direction 

Cl.rag of load 

angle between load velocity and 
YZ-plane 
nominal diameter 

~ P CDS.t 

normal force in X-direction 

normal force in Y-direction 

acceleration of gr4vity 
angle between load velocity and 
XZ-pLane 

(Izz - Iyy) /Ixx 

( ixx ~-:. Izz) I Iyy 

(Iyy - Ixx)IIzz 

Ixz/Ixx 

Ixz/Iyy 

Ixzlizz 
see EM~TI~N (3DOF) 
see EM0TibN (3DOF) 
moment of inertia about X-axis 

product of inertia 

moment of inertia about Y-:axis 
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Mnemonic 
Variation 

IZZ 

Ll 

L2 

L3 

M 

MA 

MI, 

ML 

MP 

MSS 

PI 

P~LANG 

R 

RHO 
TT 
UL 

UP 

VL 

TABLE XV (Cont'd.) 

CompUter Symbol~: fo:r: Subroutine EM0Til>N 
(Six·' Degrees· of Freedom) 

. Symbol 

m. 
]_ 

mt 

mp 

mss 

1T 

eP 

p 

T 

Conunent 

moment of inertia about Z-axis 

distarice from parachute-load 
system mass center to load 

distance from parachute-load 
system ~ss center to parachute 
center of volume 

distance from parachute-load 
system mass center to moment 
center 

mt + mss + mp + mi + rna 

mi +rna 

included mass 

mass of load 

mass of parachute 

mass of suspension system 

3.14159 •.. 

polar angle of parachute velocity 

m. + m 
L a 

m + m + m + m. + m 
t · ss p 1. a 

air density 

aerodynamic tangent force 

u + Q1 
1 

u + Qi, 
2 

V - P£ 
1 



Mnemonic 
Variation 

VL2 

VP 

VP2 

y 

YD()T 

TABLE XV (Cont'd.) 
Computer Symbols for Subroutine EM¢>TI¢>N 

(Six Degrees of F+eedom) 

Symbol Comment 

2 
v.t 

V- PJ_ 
2 

v p 
2 

array cont~ining U, V, W, P, Q, 
R, e, cp, ~, x, y, z 

' . . . 
array contai~~ng u, v, w, P, Q, . . . . . . . 
R, e , ~, w, x, y, z 

152 



Mnemonic 
Variation 

A 

ALPHAP 

ALPHAPD 

B 

BE TAP 

BETAPD 

CMX 

CMY 

CT 

ex 

CY 

p 

P¢>LANG 

TABLE' XVI 

Computer Symbols for Subroutine C0EFFTS 
(Six Degrees of .. Freedom) 

Symbol 

sP 

sP 

eM 
Xo 

CMyo 

CT 
0 

Conunent 

angle of attack of parachute in 
· XZ-plane, radians 

angle of attack of parachute in 
XZ-plane, radians 

I sp I 
angle of attack of parachute in 
YZ-plane, radians 

angle of attack of parachute in 
YZ-plane, degrees 

coefficient of aerodynamic 
moment about X-axis 

coefficient of aerodynamic 
moment about Y-axis 

aerodynamic tangent force 
coefficient 
coefficient of aerodynamic 
normal force in X-direction 

coefficient of aerodynamic 
normal force in Y-direction 

I 9p I 
polar angle of parachute 
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TABL~ XVII 
Computer Symbols for Subroutine C¢>SINES 

Mnemonic Symbol Corrunent Variation 

A A 3 x 3 array containing direction 
cosines 

Y(7;) e Euler Angle 
Y(8) w Euler Angle 
Y(9) w Euler Angle 
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TABLE XVIII 
Computer Symbols- for Subroutine DENSITY 

Mnemonic Symbol Comment Variation 

H h altitude 
RH¢> p air density 
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Mnemonic 
Variation 

ALT 

CDS 

DT 
DTHETA 
DV 

DX 
DZ 

G 

M 

RH~ 

T 

THETA 
v 
X 

z 

TABLE .XIX::~ T 

Computer Symbols f.or Subroutine TRAJEQN 

Symbol 

ho 

CDS 

6t 

6.8 

b.v 

b.x 

b.z 

g 

m 

p 

t 

9 

v 

X 

z 

Comment 

release altitude 

drag area 

time increment 
system angle increment 
velocity increment 
x increment 
z increment 
acceleration of gravity 
mass 
air density 
time 

system angle 
velocity 
x position 
z position 
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VII. COMPUTER PROGRAM SOURCE.LIST 

The computer program is arranged in the form which 
will probably be the most useful at the present time, i.e., 
including the complete solution allowing three degrees of 
freedom, with aerodynamic coefficients for a solid flat 
circular parachute, and listed in Fig 29. In addition, the 
solution allowing six degrees of freedom for the free 
descent phase is listed in Fig 30. The only difference 
between the two solutions lies in the arrangement of the 
subroutines following subroutine DYNAMIC. The appropriate 
data cards are inserted immediately after subroutine C0EFFTS. 
All subroutine calls are indicated by arrows in the left 
margins of Figs 29 and 30 for aid when referring to these 
source lists. 
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P~OGHA~ TRAJSIM(INPUT•UJTPUT) 
C lrllS IS THE MAIN PR~GRA~ 

DIMENSION ETA(l2),SPACE<lorro> 
REAL !XXt!YY•ILZ•I~ltlAZO•~ZtLSS•LltL2•L3tMAtMBRtML•MLStMPtMR•MRXt 

lfvlSStMST 
CJMMON /CONST/ ALT•PI•G•CDP•ONuT•COSL•LSS•ML•MP•MSS•MSTtNINT 
COMMON IVARIABL/ ~HOtTtVtTHETA•X•L•AtPHAL•ALPHhPtLl 
COM~ON /DyNAM/ ~yQN0T,~l,X2tXltX4tX5tMBR,DyMLtMLS•DYMP,MRtMRXtiAZO 
ltiZ•~1•J2tVOLUME•XNUM,KOENOM 

Pl=3•14J59265358Y793 
G=32.,17 
RE:AD l0tNSP.1 
0 0 11 ,J: 1 , N 5 I M 
READ 9•C1•C2,c3,C4tC5 
P~INT 12tCltC2•C3tC4,C5 
READ 6tALftVOtMST,MPtMLSt~RtMRXtM8RtML•Xl•X2tX3tX4tX5t!ZtiAZOt 
lu~OTtLSStCUPtCUSL•Ql,Y2tVOLUMEtNtNNNtOTltOT2tDT3tNINT 
l)yl)NOf:D\JOT 
D'fML=ML 
DYr.JIP:MP 
X~U~=~LS*Xl+MR*X2+MRX*X3+MBH*X4+ML*X5•MP*Ql~O~OT 
X)ENOM=MP+ML~+~R+M~X+MBR+~L 
MSS=MLS+MR+MRX+~dR 

~ C~LL DYNAM!C(0,00231t;,AltA2•A3tA4tA5tA6tA'!,A8> 
A9=0.375*Ab 

---+ C 4 L L DE r~ 5 1 T Y ( R t-10 , A L r ) 
~ CALL DYi\JAMIC (RH0;3lt62ta3tA4,ts5,t:H,,b7tEIB) 

t:i:J=0.375*H8 
P~INT R,ALr.vo.~sr.~L,MP, MLs•MR,~Rx.~sR,Aa,se,ALT•A9,R9tALT•Xl• 

lX2•X3tX4,XStA4•84•ALftA5•85•ALTtA6td6•ALT•A7•87tALTtONOTtLSStAl,bl 
2tALTtA2tB2tALTtA3,83,ALT,QltO~tVOLU~EtCOP 
P~INT RltCLlSL•N 
N\1:2*N 
READ 7, <ETA(!) d=lt~''N) ,;:>CTERP 

----. CALL EXTRACT<lS~ATCH,IE>C.TRAC,Vo,DTltTRCA) 
Ji:''(lSNATCH) 4t4t5 

--+4 CALL SNATCH(l~CAtDT2) 
----.5 CALL OPEN!NG(OI~,TRCA,NNN,sPACEtV0LLJME.,IEXTRACtDT3) 
___.. CllLL MOliON(0ChPCTERR•ETA•OT3) 

11 CONTI NtJE 
sroP 

~ F~RMAT(2FlO,U/7FlO.U/7Fl0.0/7FlO.O/ll,IYt3FlO.O,l5) 
7 F~R~Af(6FlO•O/bFl0•0/Fl0•0) 
8 F3RMAT(3/t5Xt*fRAJECTORY SIMlJLATION--T=O•Z=O IS RELEASE POINT~t31t 

15Xt*kELEAst CONDTTID~JS*t/tlOx•*ALTlTuDE=*•FlO.O•* FT~tltlOXt~VELOC 
2ITY=*tFlOe2t~ FT/SEC~t/1/tSXt*MASSES--SLUGS~•IlOXt*TOTAL SYSTEM= * 
3t~10.3tltlOX,*LOAD= *•Fl0.3t/tlOX•~PARACHUTE= *•Fl0.3t/tlO~•*SUSP. 
4 ~lNES= *tFlo.J,/,lOX•*RISERs= *•Fl0,3,/tlOX•*RISER EXTENSIONS: *• 
~5Fl0•3•1•10Xt*l0AD HRit1LE= ~,Fl0.3•1•lOXt~!NCLUnED= *tFlO.lt~(SEA L 
6EVEL)*•F10.3t*(*tFJ.O•* FTl*tltlOXt*APPARENT= *•Fl0.3t*(SEA LEV~L 
7)*,Fl0.3•*<*tF7.,o,~ FT>*tll/tSXt*REFERENCE OISTANCES FRO~ SKIRT-
a ~T~~ItlOX•*Xl= *•FlOe3tltlOX•*X2= *•FlQ,J,/•lOX•*X3= ~•Fl0e3t/t 
9lOX•*X4= *tF10.3/lOXt*X5= *•Fl0.31//t5Xt*MQM.IPRO~. INERTIA--SLUG 
lFT*•3H**2tltlOX,•Ixx= ~,Fl5.3•*<SEA LEVEL)*tFlS.3t*(*tF7,0t* Fl>* 
2tltlOX•*IYY= *•Fl5.3•~<SE~ LEVEL~*•Fl5,3•*<*•F7.0•~ FT>*•I•lOX• 
3 *lZZ= *•Fl5,J•*<SEA LEVEL)*tfl5.3t*<*•F7•0•* FT>~•/tlOXt*lXl= *• 
4FlS.3,*<SEA LEVEL>*•Fl5e3t*(*tf7e0t* FT)*,///,5Xt*OIMENSI0NS-- FT 
5°•/•lOXt*O~OT= *•Fl0.3t/t]OX•*SUSP, SYSTEM= ~•Fl0.3t/tlOX•*Ll= *•F 
610.3t*<SEA LEVfL)*tFl0,3•*(*,F7.0•* FT>*•/tl0X•*L2= *tF10,3t*<S~A 
7 ~EVEL)*,Fl0,3t*(*tF7,0t~ Frl*t/tl0X•*L3= *•Fl0.3t*(SEA LEvEL>*•F 
Sl0.3•*<*tF7.0t~ FTl*t/1/tSX,*YC/ONOT= ~tFl0.3tlt5Xt~DPIONOT= *tfl 
90.3•/•SXt*VOLU~E= *•~l0e3t6H FT**J•ItSXt*PARACHJTE COP= ~•FlO,J) 

~~ FJRMAf(SKt*LOAO DRAG AREA= *•Fl0,3tbH FT*~2•1•5X•*DEGREES OF FREt 
lU:Ji-1: *tll0t5/) 

FIG 29 Computer Program for Three Degrees of Freedom 
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9 FORMAT<SAlO) 
10 FORMAT ( 13) 
12 FORMATC1Hlt/t5Xt*PARACHUTE•LOA0 SYSTEM(0EPLOYMENT)••*t5Al0) 

E\JO 

SUBROUTINE EXTRACTCISNATCHti!XTRACtVO~DTtTRCA) COMMON /C6N~T/ ALTtPitGtC6PtDNOTttOSLtLSStML~MPtMSStMSTtNlNT COMMON /VARlABL/ RH0tTtV'JTHETAtXtZtUNUSEOtUNUSE02tUNUSED3 
RE~L LENGTHtLSPIL'O·T tLSStLSTAT IC ,MST tMT ti..~XBR ICOUNT•O .. 
RE•D lStiSTATICti!~TRAC 
IP'!C-ISTATIC> lt8t8 

1 READ l6tL$TATICtCDS8AGtCDSPtOPlLOTti..SPlLOT,TDtLRXBR 
~JSTANC•LSTATIC . . . . . . 
PRlNT 22tLSTATIC~COSBAG . 
IF!(OPILOT ,GT • Oe 0) PRINT 23tCDSPtOPIL.OT t LSPIL0Tt TO 
IFI(NlNTeGT~O) PRIN!T 26 . . 
r·~·z•o.o 
TMETA•O~S*PI 
v•vo 
COST•COSL•CDSBAG 
MTiiMST. 

--.2 CAt..L: TRAJEQN ( T tV t THE TAt X t ZtRMOtCOST'tMTtOT tG·tAL.!T tOV) VXaV*SlNCTHETA) .. 
TRAJANG•THETA*l80,/PI 
VZ•V•COS(THETA) 
ICOUNT•ICOUNT•l 
AL,ITMZ•ALT•Z 
I F't( I C.OUNT ,£Q,NlNTl PRINT 19t T tAL TMZ t TRAJANGt TR'AJANG·tX tZt Vt VX.tVZ. IFt( I COUNT .EQ,NINTl lCOUNT•O 
lF'tCSQRT( Pi0*T•~O*'(V0*T•X>•z*·Z> eLTeDlSTANC) GO TO' 2 li'!(DISTANC,GTeL.STATIC) GO· TO 3 Tl•f ... 
TRAJlaTRAJANG 
xi•x 
Zl•Z 
Vl•V 
DIS1ANC•LSTATIC•LSS+Oe5*DNOT•LRXBR 
I FlCDPILOT eGT • 0• 0) DI STANC•LSTATIC+L,SPILOT+oe5*0P:tLOT 
GO· TO .2 

3 lFHDPILOT> 7t7t4 
4 ISNATCH••l 

CDS1aCOSL•C0SBAG•COSP 
S IF!CT .. TO:) 6~14tl4 

---.6 CALL TRAJEQN(TtVtTHf.:TAtXtZtRHOtCOSTtMTtOTtGtAL.ITtDV) 
TRAJANG•fHETA*lBO.IPI · 
VX•V*SIN CTHe>TA) 
vz•v•cos <tHETA) 
ICOUNT•ICOUNT+l 
AL.ITMZ•ALT•Z 
IF~ICOUNTeEQ•NlNT) PRINT 19tTtALTMZtT~AJANGtTRAJANG~XtZtVtVXtVZ IF!(ICOUNTeEQeNlNT) lCOUN~T•O 
GO' TO 5 .. 

7 ISNATCH•·l 
TRCA•T 
PRlNT 20tTltTRAJltXltZltVltTfTRAJANGtXtZtV 
RETURN , 

B IFI(IEXTRAC) 9,9,13 
9· READ 17, LENGTH~ CDSBAG t COSEX t TO 

PR1NT 24tLENGTH,COSBAG~CO$EX•TD 
lFI(NINTeGT~O) PR'lN 1T 26 

FIG 29 Computer Program for Three Degrees of Freedom 
(Continued) 
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ISNATCH••l 
10 T•:x=z=o.o 

T1'4ETA•0•5*PI 
TRAJANGa90, 
CDST=COSEX 
V•VO 

11 OV=•RHO*CDST*V*V*DT/l2e*M~T) 
oxav•oT 
v=v•ov 
X•X•OX 
T=:T•DT 
l COUNT• I CO.UNT•l· 
AI.TMZ=ALT..;z 
l~ICICOUNT,EQ,NINT) PRINT 19tTtAL1MZtlRAJANGtTRAJANGtXtZtVtV 
I FtC I COUNT • EQ • Nl NT) I COU~H=O 
I~I(VO*T•X•LENGTH> lltl2tl2 

12 CDST=CDSL•CDSBAG•CDSEX 
.MT•MST 
Tl•T 
¥l•X 
vl•V 
GO· TO 5 

13 READ lStRtLENGTHtTO 
H=:(4 • *L.SS*R•2 • *R*ONOT) I (4 • *LSS•Pl*R*ONOT> 
HTDNOT•H*DNOT 
PRINT 25tLENGTH 9 R9 HTONOT,TD 
IF\CNlNTeGTeO) PRIN:T 26 
CDSEXaCOP*Pl*H*H*DNOT*ONOTI4t 
COSBAGcO,O 
ISNATCHfll 
GO\ TO 10 

14 IF'I(JSTATlC•L.TeO) PRINT 20tTltTRAJltXltZltVltTtTRAJANGtXtZ~V 
IF'l(lSTATlCeGEeO) PRINT 2ltTltXltVltTtTRAJANGtXtZtV 
lF'tllEXTRAC.GT~O) TRCA•OeO 
RETURN . 

15 FORMATC212> 
16 FORMATC7F10e0) 
17 FORMATC8Fl0.0) 
18 FORMATC3Fl0,0) 
19 FORMATC1XtF8,2t4Fll•2•11Xt3Flle2tllXtFlle2) 
20 FORMATC//t60Xt*Tl~ECSECJ ANGLECO~Gj XCfT) ZCFT) VEL.OClTY<FT 

l/SEC)*tlt20Xt*STATlt LINE STRETCH*•l6Xt5Flle2/20Xt*PARACHUTE/Pl~OT 
2 CHUTE 1 DEPLOYMENT*·• 3X t SF'ill, 2). - . . . . 

21 FORMATCI/e60Xt*TI~EC~ECf ANGLECDEG) XCFT) ZCFT) VEL.OClTY(FT 
l/SEC)*·tlt20Xt*I..OA0' OUT OF AlRCRAF'T*tl5XtFlle2t11XtFll,2tllXtFll.Z/ 
220Xt*Pil..OT CHUTE~EO(TRACTlON CHUTE RELE~SE OR*tlt20Xt*MAlN PAR4CHUT 
3E OISREEF*tl3Xt5Fll•2) 

22 FORMATC////t20Xe*STATIC LlNE• *tFlOe3t* FT4t1/t20Xt*PARACHUTE PACK 
lDRAG At~EA•: *t~lOe3tlXt5HFT**2) . . . 

~3 FORM~TC20Xt*PILOT CHUTE•~It25Xe•DRAG·AREA~o,FlOt3tlXt5HFT••2~/,2SX 
lt*DIAMETER• *t~lOelt* FT*llt25Xt*SUSP. L.lNES• *t,l0e3t*· FT*~It20Xt 
2*TIME OF· Pli,.OT CHUTE REL.EASE• *tFl0,2t* SEc*•////) 

24 FORMATC/ll/t20Xt*'RELEASE\ DISTANCE IN AlRCRAF'T= •·,F"lO,lt* FT*tlt20X 
1*PARACHUTE PACK DRAG ARE~•- *~FlOt3tlXtSH~T~*2t/t20Xt*EXTRAtT~ON CH 
2UTE DRAG AREA:i: *tFtl0,3tlXtSHF'T**2t/t20Xt*TIME OFt EXTRACTION CHUTE 
3REL.EASEj· *tFl~e2t*~SEC*t/l//) -

25 FORMATCI///i20Xt*RELEAS~ DtSTANC~ IN AIRCRAFT• *•F10•3t*· FT*tlt20X 
l*REEFING RATIO•· *tFlOe3ilt20Xt*REE'.:EO PROJ, DIAMETER=z *tFlOe.lt*:FT 
2*t/t20Xt*TIME OF< PA.RACHIJTE D!SREEF• -*tFl0,2t* SEC*t/1//). 

26 FOR~ATCS/ t4Xt*TlME•,sx;•At..TITUOEi,4Xt•SYSTEM•t3Xt*C~M, TRAJ,o,lOX 
lt*C•M• POS1TION*t26Xt*C•M• VELOCITY*tl8Xt*C•~•*tlt26Xt*ANGL.E*t6~~ 
2 *ANGL.E* t80Xt*ACCELERAT10N*~/4Xt*CSEC)*~6Xt*1FT)*t7~t~10E~~~ 
3t6Xt*COEG)*tl8Xt*·(FT)*t32Xt*1FT/SEC}*tl7Xt*(fT/SEC/SECl*t/tSOXt*X* 
4tlOXe*Y*tlOXt*Z*t8~~*TOTAL*t8Xt•XitlOXt*Y*tlOXt*Z*taXt*TOTAL*S/i 

E'IO 

FIG 29 Computer Program for Three Degrees of Freedom 
(Continued) 
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SJBROUTINE SNATCHCTRCA,OT) 
COMMON ICONST/ ALTtPltGtCOPtONOTtCDSLtLSStMI..tMPtMSStMSTtNlNT 
COM,MON 1\/ARIABI../ RH0tTtVtTHETAtXtZtUNUSEDtUNUSE02tUNUSED3 -
REAL KtLtLSStM~tMPtMPBAGtMltM2tMSStL.RXBR 
ICOUNT=O 
READ StMPBAGtCOS2tKtLRXBR 
P~lNT 7tMPBAGtCOS2tKtLRXBR 
l~i(NINT,GT,O> PRI~T 9 
M2•MP 
Ml=ML+O•S*MSS 
C4PM2•MP+MP8AG+O,S*MSS 
CAPMl=ML+MSS 
cost=cosL· 
Vl=V 
V2=V 
L•O•O 

~1 CALL BODIESCMltCDSltCAPM2tCDS2tVltV2tLt0T) 
TRAJAN6=THETA*leO,/PI 
VlX=Vl*SINCTHETAl 
VlZ=Vl*COSCTHETA) 
ICOUNT=ICOUNT+l 
AL.iTMZ=ALT•Z 
IF!CICOUNT,EQ,NINT) PRINT 6tTtALTMZtTRAJANG,TRAJANGtXtZtVltV1XtV1Z 
IF:(JCOUNT,EQ,NINT> ICOUNT=O 
lF!CL•LSS•LRXBR) 1 t2•2 

2 TL.•T 
TRAJL=·TRAJANG 
Xt.!=X 
Zl..b=Z 
VlL=Vl 
V2L=V2 
Q:CAPM1/CCAPMl+M2) 
VF=CCAP~l*Vl+M2*V21/CCAPM1+M2) 
DELTAV=VF•V2 
FAl•RHO*COSl*CVl*Vl+VF*VFl/4, 
F~2=RHO*COS2*CV2*V2+VF*Vf)/4, 
A•l,/K 
B=FAl*(l,+Q+2e*V2*Q/DELTAV)+FA2*(Q +2e*V2*Q/DELTAV) 
C=C~PMl*CQ•l,)/Q*((Q+l,)/D*D£LTAV•OELTAV+2,*V2*DELTAV) +M2*CDELTAV 

l*OELTAV+2,*V2*DELTAV) 
P~AX=~B+SQRTCB*B•C/A) 
T~C'~=T 
Vl=V2=VF 
~41 ;:MP+ML.+MSS 
CDSl=COSL+O,OlS*CDP*ONOT*ONOT*PI/4, 

__.3 CALL BODIESCMltCDSltMPBAGtCDS2tVltV2tLt0T) 
TRAJANG•THETA*l80,/PI 
VlX:Vl*SINCTHETAl 
VlZ•Vl*COSCTHETA) 
ICOUNT=ICOUNT+l 
AL;TMZ=AL T-Z 
IFtCICOUNT,EG,NINT) PRINT 6tltAI..TMZtTRAJANGtTRAJANGtXtZtVltV1XtVlZ 
IFlCICOUNT,EQ,NI"'T> ICOUNT:O 
IF'CL•LSS•LRXBR•ONOT/2,) 3t4t4 

4 V=Vl 
PRINT 8tTLtTRAJL~XLtZLtV1LtV2LtPMAXtVF 
RETUR"' 

5 FORMATC4fl0•0) 
6 FORMAT(lXtF8.2t4Fll•2•11Xt3Fll•2•11XtFll•2l 
7 F~RMATC////t20Xt*PARACHJTE PACK MASS= *tFl0,3t* SLUG*tit20Xt*PARA~ 

lHJTE PACK ANO PILOT/EXTRACTION CHUTE DRAG AREA: *tFl0,3tlXt5HFT**2 
2/2QXt*SPRING CONSTANT= *tflOe3•* L8/FT*•I•20X•*LfNGTH OF RISERS• E 
3XTENSIONS AND LOAD BRIDLE= *tFl0,3t* FT*tl///) -

8 FORMAT(//t50Xt*Tl~ECSEC) ANGLElDEG) XCFT) ZCFT) VELOCITYl 
lCFJ/SEC> VELOCITY2CFT/SEC)*t/t20Xt*SNATCH*t20Xt4Flle2t2Fl5e2t//t 

FIG 29 Comput:!er Program for Three Degrees of Freedom 
(Continued) 
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220Xt*SNATCH F-ORCE•· *tFlO,Ot* L.B*·tlt20Xt*SNATCH · VELOCITY• *tF10,3t' 
3* FT/SEC•> . 

9 FORMAT(5/ t4Xt*ll~E*t5X~*AL.TITUDE*t.Xt*SYSTEM*t3Xt*CeMe TRAJe*tlO~ 
lt*CeMe POSITION*t26Xt*CeM• VELOCITY*tl8Xt*CeMe*tlt26Xt*ANGL.~*t6lt 
2 *ANGLE* t80Xt*ACCELERAT10N*t/4Xt*(SEC)*t6Xt*(FT)*t7Xt•<DEG1* 
3t&Xt*(OEG>*tl8Xt*CFT)*t32Xt*(FT/SEC)*tl7Xto(FT/SEC/SEC)*t/~~0Xt~~~ 
••lOXt*Y*tlOXt*Z*tBXt*TOTAL*t8X~*X*tlOXt*V•,lOXt*Z*t8Xt*TOTAL.*5/) 
E~O . . 

SUBROUTINE BODIES<MltCDSltM2tCDS2tVltV2tltDT> 
COMMON /CONST/ ALTtPltGtCDPtDNOTtCOSL.tLSStML~MPtMSStMSTtNOUSE 
COMMON /VARIABL./ RHOtTtVtTHETAtXtZtUNUSEOtUNUSE02tUNUSE03 
REAL. "1ltM2tL. 

---... CALL. OENSITY<RHOtALT•Z) 
OTHETA=~G*SlN(THETA)*OT/Vl 
OVl=CG*COS<THETA)•RHO*COSl*Vl*Vl/C2,•Ml))*OT 
OV2•CG*COS(THETA>•RHO*COS2*V2*V2/(2,*M2))*DT 
OX:Vl•SIN(THETA>*DT 
OZ=Vl*COS(THETA>*OT 
DL.•Vl*DT .. V2*DT 
THETA=THETA+DTHETA 
vl=Vl+OVl 
V2=V2+DV2 
x=x•ox 
z=:Z+DZ 
L=:L+OL.: 
T=T+DT 
RE·TURN 
END 

SUBROUTINE OPENING(OQ,TRCAtNtFtVOL.UMGtiEXTRACtOTT) 
DIMENSION F(N)tREEFC7tlO> 
COMMON /CONST/ ALT,PltGtCOPtONOT,COSL.tLSStML.~MPtMSS~MSTtNINT 
COMMON /VARIABL/ RH0tTtV~THETA~XtZtUNUSEDtUNUSE02tUNUSEO) 
REAL. L.SStMLtMPtMStMSS . 
ICOUNT:O 
DCAPT=OCAPTR~l,/N 
MS=ML.+MSS+MP 
READ 6tNREEF 
lF'i(NREEFeEQ,O) GO TO 4 
NREEF•NREEF~IEXTRAC 
N~EEFl =NREEF:+l 
DO 3 l=ltNAEEFl 
READ 7,Ro,RltTCO 
T~OT=T 
TOR=TRCA•TCD 
HO•C4e*L.SS*R0+2,*RO*DNOT)/(4,*L.SS+PI*RO*ONOT) 
Hl~<4,•Wss~Rl+2,*Rl*ONOt)/(4i*LSS+Pl*Rl*DNOT> 
HTONOT=Hl*ONOT 
PRINT lltRlt MTONO~tTCOtTOR 
lFICNlNTeGT,O) PRIN:T 12 
Vl=<Hl*Hl*Hl•HO*HO*HO)*ONOT*ONOT*ONOT 
V2=Hl*Hl•SQRT(<~SS+DNOT/2~•PI/4•*Hl*ONOT>**2•Hl*Hl*DNOT*DNOT/4•) 
V3=HO*H~*SQRTC<L,SS+ONOT/2e•PI/4,*HO*DNOT)~*2•HO*HO*DNOT*DNOT/4e) 
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V~•Rl*Rl*SQRTCL.SS*LSS•Rl*Rl*ONOT*DNOT~4t) 
VS•RO*RO*SQRT<LSS*LSS•RO*RO*ONOT*ONOT/4,) 
VOLUME• ( Vl•ONO·T•DNOTi ( V2i~~JV3.;V4+V5)) *PI /l2e 
VO•V 
XO•X 
ZO•Z 
THETAO•THETA 

------. CAL.L F~Il.LTIM CVOL.UMEtVO ,xo tZO t THETAO tMStHO tHl tNtF1tTF) 
Fo.o.o 
OT•DCAPTR*TF 
CAPTRcO,O 
oo;l J•l•N 
ICOUNT•lCOUNT•l 
CAPiR•CAPTR•OCAPTR 
T•TF•CAPTFh TNOT 
CAPT•Pl*PI/,,*.(Hl*Hl*CAPTR•HO*HO*<le•CAPTR)) 
OCAPT•PI*Pl/4~*(Hl*Hl•HD*H0)*0CAPTR 

~ C AL.L CALC'( CAPT t TF'·t OCAPT t DCAPTFh MS; OV t DP t 0) 
FRCE•ML.*·(G•CoS~1HEWA>•OV/OT> 
FOaAMAXl(FRCE,F01 
TRAJANG•THEfA•lBO,/PI 
VX•V*SIN<THETA) 
VZ•V*COSCTHETA) 
IF'lCNINteLT.O> GO TO 1 
IF'!CICOUNT.LT.N/20) GO TO 1 
ICOUNT•O 

·AL,.fTMZ•AL.T•Z 
ACC••<G*COSCTHETA>•DV/OT) 
PRINT 8tT,AL.TM~tTRAJANG;TRAJANGtXtZtVtVXtVZtACC 

1 CONTINUE 
REEF<l•l>•T 
REEF12tl>•TRAJANG 
REEF<3tl>=X 
REEF u .. , I) •Z 
REEF(Stl)•V 
R£EF<6tl)•FO 
REEF ( 7t.l) •TF 
If~NRE£F•l•I> 3t3tZ 

2 ·IFt(T,GE.TOR) GO TO 3 
COS•CDP*PI*ONOT*ONOT*Hl*Hl/4, 
CDST•COS•COSL 

---+ CAL.L TRAJEQN(T,V,TH£TA,XrZtRI-f0tCDST,MS,OTT 1 GtALTtDV) 
AI..••G*COS<THETA)•OV/OTT 
TRAJANG•THETA*lBO,/PI 
VX•V*SlN(THETA) 
VZ•V*COSCTHETA) 
ICOUNT•ICOUNT•l 
AI.,!TMZ•AL.T•Z 
IF!ClCOUNT~EQ~NINT) PRINT 8tTtAL.TMZtTRAJANG,TRAJANGtXtZ~V•VXtVZtAL. 
IFICICOUNT;EQ,NINT) lCOU~·TaO . 
IF'ttT'-TDR) 2t3t3 

3 CJNTINUE 
P~tiNT 9; CREEF·(Jtl) •J•l•7> 
lF'I <NREEF,GTeO)PftiNT lOt C CREEF'(J,l) tJ•'lt7) ,I•2t~REEF1) 
OQ•DV/DT 
REiTVRN 

4 VOL.UME•VOLUMG 
HO•O,O 
Hli12 • /PI 
I'tCNINT.GT.O) PRINT 12 
T~OT•T 
VO•V 
XO•X 
ZOIIZ 
T~ETAOaTHETA 

____. CAL.L F'tl L.LT 1M ( VOL.UME • V 0' XO 'ZO tTHETAO t MSt HO tHl • N, ,,, TF.) 
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F'O•O,O 
on•OCAPT*TF 
c~PT•o.o 
oO· 5 J:l ,N 
ICOUNT•ICOUNT+l 
CAPT•CAPT•OCAPT 
T•1'F*CAPT•TNOT 

---.. CAL.L CAL.CCC·APTtTFtOCAPTtDCAPTRtMStOVtOPtO) 
,RCE•ML*CG*COSCTHE[l>•DVIOT) 
FOcAMAXlCFRCEtFO) 
TRAJANGaTHETA*180,IPl 
VX•V*SINCTHETA> 
VZ;mV*COSCTHETA) 
IFtCNlNTtLT.O) GO TO 5 
lF1ClCOUNT,L·T,NI20) GO TO• 5 
ICOUNT•O 
AL,!TMZ•ALT•Z 
ACC••CG*COSCTHETA>•OVIOT) 
PR1NT 8tTtAL.TMZtTRAJANGtTRAJANGtXtZtVtVXtVZtACC 

5 CONTINUE 
PR~NT 9tTtTRAJANG,XtZtVtFOtTF 
OQ•OVIOT 
RETURN 

6 FORMATCll) 
7 FORMATC~Fl0,0) 
B FORMATC1XtF8,2t4F11,2,11Xt3Fll,2tllX,2Fll,2) 
9 FORMAT(/It61Xt*Tl~ECSEC> ANGLECOEG> XCFT) ZCFT> V(F:TI.SEC) F~ 

1M~XCLS1 TFCSEC) *~lt20Xt*FULL OR REEFED INFLATION *tl2XtF10,2t-
2F 9.2t3FlOt2tFlO•OtFlOe2l . 

10 FORMAT(9(58XtFlOe2tF 9,2,3FlOe2tFlO,OtFl0.2t/)) 
11 F 0 R M A T ( II II t 2 0 X t * R E ~FE D. I NFL A T I 0 N * t I , 2 5 X ' *REEF '1 N G RAT I 0 •' * t F' 1 0 , 3 t I 

lt25Xt*REEFEO PROJ, btAM,• *tFlO,lt* FT*tlt25Xt*CUTTER DEL.AY•· *1~10 
2.3t* SEC *~lt2SX•*TIME OF OISREEF• *•F10,3,•· SEC••IIII) .. 

12 FORMAT(51 t4Xt*TI~E*t5Xt*ALT1TUDE*,4Xt*SYSTEM*t3Xt*C~M 1 TRAJ•*~lOX 
lt*C•M• POSITION*t26Xt*C,M• VEL.OClTY*tl8X•*C•M•*tlt26Xt*ANGLE*t6Xt 

1 

2 

2 *ANGL.E* t BOX t *ACCELERAT ION*t 14X t * C SEC> *t 6X t *C FT) *• 7Xt* C DE.'?>.* 
3t6X,*CDEG)*tl8Xt*CF'T)*t32x,ocFTISEC)otl7X•*CFTISEC/SEC>*•I•SOXt*X* 
4tlOXt*V*,lOXt*Z*tBXt*TOTAL.*t8Xt*X*tlOXt*Y*tlOXt~Z*taXt*TOTAL•SI) 

E'ID 

S\J8ROUT 1 NE F"l L.L T I~·( "'OLU~E tV 0 'XO, ZO t THETAO t MS • HO 'Hl 'Nt VOL.DOT t TF:) 
COMMON ICONSTI ALT~PltGtCOPtONOTtCOSLlLSStML~MPtMSStMSTtNOUSE 
C3MMON IVARIASL./ RHOtTtVtTHETAtXtZtUNUSEDtUNUSE02tUNUSE03 . 
RE~L L.SStMS . 
DIMENSION VOLOOTC~~ 
OC,APTR•l,IN 
TF't=O, 
OTF•2.0*Hl*ONOT/VO 
TF'!=TF•OTF 
V•VO 
x·~o 
Z•lO 
THETA•:THETAO 
C~PTRaO,O 

00' 3 I=:l ,N 
CAPTR•CAPTR•DCAPTR' 
CAPT•PI*Pll4t*(Hl*Hl*CAP~R•H0*HO*Cl,•CAPTR)) 
OCAPT=PI*Plllt,*(Hl*Hl;.HO*HO)*OCAPTR 
CAL.L CAL.C(CAPTtTF,OCAPTtDCAPTRtMStDVtOP,O) 
co=o.os 
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c~co•cRHO/o,oo237B)**•l42857 
3 VOLDOTCI)•V*1Cl,•2~2*C*CAPT•CAPT)*0*0/4e•l,l*C*DP*OP/2,) 

SJM•VOLDOTCN) . . 
N~l•N•l 
DO• 4 J•l tNMl t2 

4 SUM•SUM+4,*VOLOOTCJ) 
N~2•N•2 . 
00 5 Ka2tNM2t2 

S SUM•SUM+2e*VOLOOTCK) 
VOL•OCAPTR/3,*SUM*Pl*TF 
I F'!C ASS C VOL• VOLUME) /VOLUME•O, 00001) 1 t 7 t 6 

6 DTF•TF•CVOLUME/VOL~l,) 
GO· TO 1 

7 V•VO 
X•XO 
Z•ZO 
Tl-tETA•THETAO 
RErTURN 
END 

SJBROUTINE CAL.C·-(~APT t TFtDCAPT tOCAPTRt MtOV tOP t 0) 
COMMON /CONST/-ALTtPltGtCOPtONOTtCOSLtLSSt~L1MPtMSStMST tNOUS£, 
CO~MON /VARlABL/ RH0tTtVtTH£TAtXttt0NUSEOtUNUSE02tUNUSED3 . 
RE~L LSStMtMAtMitMT -
OP•2,•0NOT/Pl*SQRTCCAPT) 
OPMAX•2•*DNOT/PI 
OPOOT•ONOT/CPI*SQRTCCAPT)) 
o•:(4,*LSS*OP) I C4e*L.SS+2~*0NOT•Pt*OP) 
OOOTa.((4,*LSS+2,•0NOT•Pl*OP)~4,oL.SS*DPOOT+4,*LSS*DP•PI•DPOOT)/(4~* 

ll .. SS+2,*DNOT•Pl*OP) **2 . -
MAaPt*RHO*OP*OP*OP*OP*OPVC32~*0PMAX*OPMAX) 
OMAaS,•P1*RHO/C32,*DPMAX*DPMAX)~OP•QP•DP*OP•DPOOT•DCAPT 
SQ•SQRTCCL.SS+ONOT/2e•PI*OP/4;)**2•0P*0P/4t) 
SQiaSQRTCL.SS*LSS•D*D/4,) 
MI•Pl*RH0/12·*·COP*DP*D~+DP*DP*SQ•D*D*SQ1) 
D~1•PI•RH0/12~*(3,oDP•OP*DPOOT•DP*DP•CC2•*LSS+DNOT•Pl*OP/2t)*PI*DP 
lDOT14,+DP*OPOOT/2,)/(~,oSQ)+2•*DP*DPOOT*SQ+O*D~O*OOOT/C4t*SQl)•~•i 
2D*ODOT*SQl)oOCAPT 

MTaMtMA+Ml ·-
OTHETA••G*SlNCTHETA)oMoOCAPTR*TF/(V*MT) 
COS•COP*Pl•OP•bP/4~•CDSL 
OVa:( M*G*COS (THETA) /MT•Rf'iO*V*V*CDS/ C2, *MT) ) *DCAPTR*TF•V* ( DMl+OMA) 1/MT . . . 
OX•V•SINCTHETA)*OCAPTR*TF 
DZ•V*COSCTHETA)*DCAPTR*TF 
T~ETA•THEtA+OTHETA 
v•v•ov 
X•X+OX 
ZaZ+OZ 

---.. CALL OENSITYtRHOtALT•Z) 
RETURN 
E'IO 
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SIJBROUTlNE INTGRAT < T, V, TF t NNtPCTERRtE.TA t TRVlt TRV2 t TRV3 t W t VO.OT tZt IO 
l•OX•TltlSIGNA~1 

DIMENSION Y(NN),VOOT<NN)tTRVl(NN)tTRV2(NN) 9 TRV3<NN)tETACNN),W(NN)t 
1Z(NN) 

M\.1aO 
Tl•T 
11400NErm .. l 
I F't( I 0) 1 t lt 2 

1 OT•OX 
GO• TO 12 

2 OT=TF,..Tl 
M•O 

__... 3 CAL..t.. FORMUL..ACVtOTtTRVltNNtWtVOOTtZtL.l 
I F'l( L, G'T • 0) GO T 0 15 

--. t. CALL FORMUL.A(VtOeS*DTtTRV2tNNtwtVDOTtZtL.!) 
I Ft( L, G T • 0) GO T 0 15 

----. CAL.l FORMUL.A < TRV2, 0, S*OT • TRV3 t NNt W' VOOT t Z •L.) 
IF'I<L.,GTeO) GO TO 15 
DO· 5 J•l ,NN 
ERR1•ABStTRV3(J)•TRVl(J)) 
ERR2=AMAXlCETA(JltPCTERR*ABSiTRV3(J))) 
IFtfERRl•ERR2.) StStlO 

5 CONTINUE 
M\4•0 
DO 6 K:ltNN 

6 V(K)•TRV3(K) 
Tl•Tl+DT:-
1Ft( M, L.:T • S) 8 t 9 

B M•M•l 
GO· TO 12 

9 M•O 
DT=2,0*DT 
GO· TO 12 

10 M•O 
M\.1~MM+l 
IFI(MM,GT,20) GO TO· 16 
1 \100NE. = wl 
OT=DT•o,S 
DO• 11 J•ltNN 

11 TRYl<I>•TRV2<1) 
GO TO 4 

7 IF'I<Tl.,TF+DT> 3,13,13 
12 IF'i(IMOONE) 7tli+,ll•· . 
13 DX=DT 

DT•TF•·T1 
IF!COT,EQ,Q,) GO TO 14 
l\100NE•l 
GO< TO 3 . 

---...14 CAL.( Et-10TION<VtVDO•TtltiSlGNAl,.) 
OXaAMAXlCDXtOT> 
RE:TURN 

15 M=O 
M"i=MM+l 
IF'i(MM,GT,20) GO TO 16 
I'-100NE=•l 
DT=DTttO,S 
GO· TO 3 

16 ISIGNAI.=l 
P~INT 17 
REiTURN 

17 FORMAT<5115XtSH*~***~CANNO~·INTEGRAT£ OR ANGLE OF ATTACK LARGE*) 
E"1D . 
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SJBROUTlNE FORMULACYtHtYltNNtWtYOOTtZtiSlGNAL) 
DlMENSlONYCNN)tYDOTCNN)~Yl(NN)tW(NN)tZCNN),At5l 
A(3):A(4):H 
A(l)•Al2)=A(S)•O,S*H 
DO 1 J•ltNN 
Z<J>•YOOT(J) 
W(J)•Y(J) 

1 YICJ):Y(J) 
00 2 l<=lt4 

___... Cf\LL EMOT10N(WtZt2tlSlGNAL) 
lF'i(lSIGNALeGTeO) RETURN 
C•A<K•l>•0.333333333333333 
00 2 L::l ,NN 
WCL>•YCL)+ACK)*ZCLD 

2 Yl<L>=YICL)•C*Z(Ll 
RElTURN 
EI\JO 

SJBROUTINE TRAJEQ*CT~VtTHETAtXtZtRHOtCDStMtOTtGtALTtOV) 
REAL M , 

~ CA~L DENSlTY(RHOtALT~Z) 
DV•<G*COSCTHETA)•RHD*CDS*V*V/CZ,*M))*OT 
DTHETA••G*SINCTHETA>•OT/~ 
OX:V*SINCTHETA)*DT 
DZ=V*COSCTHETA>•DT 
v=v•ov 
T~ETA•THETA•DTHETA 
XcX+OX 
Z•Z•OZ 
T:T•DT 
REiTURN 
EI\JD 

SJ8ROUT1NE OENSITYCRHOtH) 
Rrl0•0,00237S*EXP(•H/32916e) 
1 F'f( He GT elSOOO •) RHO=O • 002378*1• 07133•EKP ( •H/28593 e) 

RETURN 
E'IO 

SJBROUT I NE OYNAMI C·( RHO tl.!l tL2 t'Ll t IXX t 1 YY t IZZt 1 XZ tMI) 
REAL 1AtlAZtlAZOtiYtiYYtlXXtfXZtlZtlZZtLltL2•1.3tM8RtML•MLStMRtMRXt 

lMP 1t M 1 
COMMON /OYNAM/ ONOTtXltX2tX3tX4tX5tM8RtMLtMLStMPlMRtM~XtlAZOtlZt 

lQl,Q2tVOLUMEtXNUMtXOENOM 
MI:RHO*VOLUME 
X•CXNUM•Ml*Ql*ONOT1/(XOENOM+Ml) 
Ll•X.S•X 
L2=•X•Ql*ONOT 
L3•DNOT•X 
IA=0~13195*RHO*Q2*Q2*Q2*DNOT*DNOT*DNOT*~2*L2 
I y:;MP*L2•L2+MLS*·( x;.X l) * ( X•X 1) •MR* ( X2•X) *·( X2•X) +MRX* ( Xl•X) •·c X3•X) • 

1M!R*<X4•X)*(X4•X>•ML*Ll*Ll 
IYY•IY•IA 
IXX.=IYY 
l~Z=IAZO*RH0/0,002378 
IZZ=IZ+IAZ 
IXZ•O.O 
RE:fURN 
EI\JO 
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SUBROUTINE MOTIONCOQ,P~TERRlETAtDT) 
DIMENSION YC6) tYDO·T(6) ,tltA(6) tXl (6) tX2(6) tX3('6) tW(6) .tlC6l tV~RTPA~C 18t3) ' .. . . ' .. . . 
RE~L: J.,.!l 
COMMON; ICONST I AL..1' t PltGtCOP t ONOT • C0$1...tl.SStML.itMPtMS$:tM.ST t~lNT 
COMMON IVARIABL/. RHOlT~V~THETAlXtZtALPHAL•AL..PHAP~I..l . PRlNT 8 . .. .·· . . .. ·. . 
READ 7tTSTOP1ZSTOP 
TSTOP•=TStOP•T 
IF!CNINTeGT.O) PRIN;T 6 
AMARK•:l ~0 
NMARKaO 
IVERT•'l 
ANG•THETA~lBO.IP1 
IO•l 
YCl)•O• 
v C2.) •v 
YC3)••G*SlNCTHETAliV 
YC4)aTHETA 
YCS)aX 
Y C6h:Z 
YOOT C 3) •G*G*COS C THETA) *S:IN (THETA) I C V•V) •GttSIN C THETA)/ ( V*Y) *DQ 
TF•T•OT . 
NUMB•I AB$.( NI NT) 

l DO~ 2 I•·ltNUMB . . 
------ CALL' I NTGRA'fC TtY t TF t 6t PC!fERR tltTA t X 1 t X2 t X3 t ~h YDO~ t B• ID• OXt T1tl<~ 

IF!CKeGTeO) RE 11'1JRN . . . VOaV . . .. ·~ ! 

/--R2!1RY C 6) +L,l *COS'C Y ( 4·> > 
. IF!CR2.Gf.ZSTOP:)' CORR•CZSTOP•RZ)I(R2•RZ) 
~ .. I FIC Tl. Gf ~ TSTOPi). . COR'R•l TSTOP~tTll.t't'l•T> 

lFtCA2 •. Gt.Z$TOP'e0ReT1.GT;TSTOP) GO· TO: 3. T•:Tl · - . .... .. . . 
RX•YCSl•Ll*SlN.CYC4l) 
RZ•R2 . 
v x •.. c v c 1, • v c 3.) •1..,1, •cos c v c 4, , •v c 2, •SI N c v c •, , 
V Z••·C Y C 1) + 'f ( 3) *t..!l) *S l N ( Y'( 4·) ) • Y C 2l*~OS C Y C 4)) 
AX•~YOOTCl)+YCa)*Y(3)+YOOtC3Y*Llj~COSCYC4))+iYOd'C2t•Y11)*YC3l•· 1YC3>*YC3l*L.l)*SIN(YC4)) . . . .·· .. 
AZ••·C Y00T ( 1) • Y C 2) *V C 3) •YDOT C 3) *1..1 > *Sl Ni( Y C 4·) ) • C YDOT C 2.) •Y C 1) •V C ~) 
l•Y(3)*¥C3)*Ld)*COS~Y~4)) . . . . . . 

V•SQRTCVX*VX•VZ*YZl 
AaSQRT(AX•AXtAZ~AZl 
IF!CVeL.rY'eVO) A••A . 
SYSANGL•Y14l*l80~1Pl 
ALPHA1~ALPHAL~l80t1Pl 
T~AJANG~SYSANGL~ALPHAl 
IFICIV!RT.GT.J) GO TO 15 
I F!C SYSANGL/ABS C SYSANGL) •ANGIABS CANG··)) 1~•12t 13 

12 I F!C CABS C SYSANGL-) •AB~ C ANGr)) *AMARK~GE• 0 • 0) GO TO· 13 
VERTPARC1tl~ERT>•,. 
VERTPAR<2~IVERt)•ALT•RZ 
vERTPARC3tiV£Rt)~RK-
VERTPARC4,IVEAT)•RZ 
VERTPARCStiVERf)•V 
VERTPARC6tiVERT)•VX 
VERTPARC7tiVERf>•VZ 
VERTPAFH 8t I VERT) •A · 
ANG•SYSANGL 
GO' TO 1 S . 

13 At.4ARK••AMARi< 
NMARK•NMARK+l 
GO; TOC14t12t14tl2t14) N~ARK 

14 IVERTaiVERT•l 
A~G•SYSANGL 
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1s I o=•l 
N\J'MB•IABS(N!NT) 

I -

lF!CNUMB*DXeGT,l,O) NUMB•MAX1C1etl~/0X) 
TF•T•DX 

2 CONTINUE 
AL.fTMRZ•At..T•RZ 
I FICNIN:T eGte 0) PRJ N1T • t TtALTMRZtSYSANGI.lt TRAJANG't RX tRZtV • VXeVZt A 
GO: TO l 

3 T•:CTl•"T) •coRR•T 
Rl•YC5')+Li*SlNCVC4·)) 
Vl•1YClt+V(3)•Li)*COSCYC4l)•VC2)*SIN.(Y(4)) 
V2••iYCl)+V~3)*Ld)*SINCYC•ll•YC2JiCOSCYC.)) 
Al•··C YDOT C 1) •Y C2) •v·c3) +YDOT C 31*1..1) *COS C Y c•·)) • CYDOT C2l•V C 1) *Y C3) • 

.1YC3.)*YC3)*Ll)*SINCVC4l) 
A2••·CY00T c'1) +Y C2) *¥ C3),+y00T C3) *Ll) *SlNCY (4)) • CYDOT'C2) •Y U) .. y (3) 

l•Y C3) *Y (3) *L·l) *COS:C Y (4)) 
RX•CRl•RX)*CORR+RX 
RZ•·C R2•AZ) •CORR+RZ 
VX•CVl•Vxr~ORR+VX 
VZ•1V2•VZJ•CORR+VZ. 
AX•dAl•AX) *CORR+AX 
AZI!;( A2•AZ) *CGRR+Az· 
V•SQRTCVX*Vi+VZ•VZl 
A•SQRTCAX*AX+AZoAZl 
IF!CV,Lo\TeVO; A••A . 
SYSANGL•CYC,)*lBOe/Pl•SYSANGUl*CORR+SYSANGL 
A1.PHA1~iALPHAL*180,/Pl•ALPHAl~~riOAR+AI.PHA1 
TAAJA~G•SYSANGL~A~PMAl 
AL.!TMRZ•AL.T•RZ; 
lF!CNlNTeGT, 0) · P~I Nif 4 t Tt AL'TMRZt SYSANGL.it TRAJANCh RXtRZt y; VXt VZ11 A 
PRilNT sf· 
I V£RT1•:1 VERT•-1 
DO• 31 J•l t I VERTl 

31 PR1NT 5t J tCVERTPARCitJ)tl•lt8l 
R!rrURN; . . 

4· FORMAT'( lXt F~~2t 4F'llt2t llX t 3F'll• 2:t 11Xt 2Fl1e2) s· FORMAT C 20X; I 1 t * VER11 CAI.VMt N.t MUM*1 F9e 2:t Fll2 1 Z:t 11'3.1• 2·t 3Fl 0 e2·t 2F12~t2l 
51 FORMATC//titOXt*TlMECSEC) At..:T!TUOE:•CP'1'). 'X(FT) ZCFT) VCFTIS!C) 

1 VXCFT/SEC·) vz.cFT/SEC) ·AcF·TISEC/S£C)*1 .. ·~. 
6 FORMAT15/ t4Xt•TlME•t~XtoALTtTUDE•~·X~•SYSTEM•,3Xt•~OAD !RAJ~••lOX 

lt*LOAO: POSITION*,26Xt*LOAO VE,OC~TY*~18Xt*~0AO*tlt26X•*ANGL£~,61t 
2 *AN$LE*' t80Xt*ACCELERATlON*~/4Xt•·cstcl*t6Xt*1FT1*~7X~•1DEG}~· 
3, 6'Xt •·c O!G) ttt 18Xt *'Cf'T) •·t 32X t • eFT /SEC)*' 17X • •·CFT/SEC/S£~~) •1 I tSOXt iJ(4t· 
•~lOXt*'*llOXt•Z•~ex;•10TAL•~e~t•Xi~l~Xt*'*'lOXt•Z•~ax~•ToTAL•51) 

1 FORMATC2Fl0•0) . . . 
B FORMATCSitS*t*NO~£~·· PO~tTlONSlVEL.OClTI!StACCEL!RATIONS•TRAJo ANGL 

lES: REFER TO I.OAO:t PREVIOUS RESULTS AR£ FOR MASS C!NTEA*·) . 
END' 

SVBROUT l NE' EMO·T I ONtC Y t YOO!l' t I STOP t 1St GNAt.) 
OIM!NSI0N·Y~6)tYD0,C6) 
R!•L.: ~~h MAt Ml tMLit MPit MSSt IXX t 1 VY t l ZZtl xz:. L!ltL2:t l.rJ t N 
CO.MMONi ICONST/. ALiT t Pl t Gt COPt DNOTt COSL.'t LSSt ML.lt MPt MSS:tMST t NO USE 
COMMON' /VARI ABL/. RHOt T t Vt THETA t X tZt AL.PHAL t ALP!otAP'tl.'l 

__ __.. CALL~· OEN.$1 TY C RHO:, AL. T•Y ( 6~) 
---+- c•LL' O¥NAMl C·C RHOt Lll t L..2 t Li3t I XM t I YYt I ZZ t l XZ t M1) 

MA•l.37S•MI 
Mt~ML'+MP+MSS•MA 

A•MA/M' 
B•:CML•MP+MSS') *GIM 

FIG 29 Computer Program for Three Degrees of Freedom 
{Continued) 

169 



C~RMO*PljDNOT*DNOT/$, 
CONOT~C*DNOT 
E•O • S•RHO*COSLl 
V2P~(l)~YC1)•Y<z)*Y(2) 
AL.PMA•ATANC•¥(l)/Y12)) 
VP2•V2•~{~)*YC3)*~2*~2•2~*Y.l)*Y13)*L2 
ALPHAP•ATAN((•~(l)•Y(3)~~2l/Y(2)) 
VL2•V2•YC31*YC3)~~~*Ll•2~~Y(l)*YC3)*Ll 
ALPMAL•ATAN((•YCl)•YC3l~Ll)/Y(2)) 

_.... CAL.t..: COEFFTS.( AL.PHAP t CT tCNt CMtiSTOPt ISIGNAI.t 
IF\CISIGNAI.,GT,O) RETURN .. 
N•C*CN~YP2 
TT'-C*CT*YP2 
A£ROM•CDNOT*CM*VP2 
o•E*VI.i! 
YOOT ( 1) ••A*YOOT ( 3) *1.2•8*51 N ( Y (4)) •NIM•D•SIN C AL..PHAL} /M•Y ( 2) *Y ( 3.) 
yOOT ( 2) a A*Y ( 3) *v C 3) *LI2.B*CO$ ( Y ( 4) ) •TT)M•D4tCOs·c AI.PMAL) IM•Y C 1) *Y C 3) 
YOOTCJJ•r ~*1.311YY•D*L1.SlNCALPHALl/lYY•AEROM/lYY•ML*G*SlN(Yl4i)•~t 

1/IYY•MP*G*S.IN<Y (4)) *1.2/lYY . . . . ... 
YOOTC4~~~(3) . 
YOOTC5)•·V(1)*C0S'(Y'(4) )•YC2)*SINCYC4·)) 
YOOT C 6·) ••Y ( l) *51 N C Y (4;) •Y C2 )•COS C Y C ito·) ) 
RE!TURN 
END 

FIG 29 Computer Program for Three Degrees of Freedom 
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c 
~~PROGRAM TRAJSI M ( 1 NPLIT •.OUTPUT) 
. THIS IS THE MAIN PROGRA~ 

DIMENSION ETAC12>tSPACEil0001 
RE~L IXXtiYYtlZZ•IXZtlAZO•!ZtLSStLltL2tL3tMAtMBRtMLtML5tMPtMRtMRX• 

lMSStMST . 
·'COMMON /CONST/ ALT•PI•G•CDP•DNOT•CDSL•LSS•ML•MP•MSS•MST•NINT 

COMMON IVARIABL/ RHOtTtV~THETAtXtZtALPHAL•ALPHlP~Ll 
COMMON /DYNAM/ DYDN0TtXltX2tX3tX4tXStMBRt0yMLtMLStDYMP,MRtMRXtlAZO 

l•IZtQl•Q2•VOLUMElXNUMtXDENOM 
PI=3•141592653589793 
G=32.17 
REAO 10tNSP1 

(DO 11 J:l,NSIM 
--H~An 9tC1 ,c2,c3,C4tCS 

PRINT 12tCltC2tC3,C4,CS 
'· RE~D 6~A~Tt~OtMSTtMPtMLStMRtMRX,MBRtML•*l•X2tX3tX4tXStlZtiAZOt 
lDNOT, LS'S' COPt COSL • CH • Q.2, VOL-IJME t-N tNNN • DT l• O-T2 • OT3 t N I NT 

,, DVDNOT:ONOT 
DYML=ML 
OVMP=MP 
XNUM:MLS*Xl+MR*X2+MRX*X3+M!R•X4+ML*XS•MP*Ql*DNOT 

\'~DENOM=MP+MLS+MR+~RX+MBR+ML 
'> MSS=MLS+MR+MRX+MdR 

~ \ CALL DYNAMICCOe002378tAltA2tA3tA4tA5tA6tA7,A8) 
A9=0.375*A8 

___. ' G.ALL .DENSITY (RHO, AL T) 
...._..... . CALL DYNAMIC CRHOtEH tB2tB3t84,85t86,87,88) 

89=0-. 375*88 
PRINT 8tALTtVOtMSTt~LtMP, MLStMR,MRXtM8RtA8tB8,AlTtA9,89tALT•Xlt 

1X2•X3tX4tX5tA4•84tALT•A51BS•ALTtA6tB6tALJtA7t97•ALT•ONOTtLSS•Al•Sl 
): 2, lL T tA2 • B2 • ALl' A3, 133' AL T • Q 1• Q~ • VOLUME, COP 
~RlNT BltCDSLtN -

I NN=2*N 
R!AO 7,CETA(J)•1=1•NN),PCTERR 

-----.. Cl,LL EXTRACT<lSNATCH,IEXTRAC,VO,OTl,TRCA) 
IF'!(ISNATCH) 4•4•5 

---+4 CALL S~"TCHCTRCA9DT2) 
---.. 5 ClLL' OPE-NING CDQ, TRCA ,NNr·h SPAC'E, VOLUME, I EX TRAC, OT3) 
~~ . C~LL MOTIO~tDQ•PCTERR•ETA•DT3) 

11 CON.T I NUE 
STOP 

6 FORMATC2Fl0,0/7F10.0/7Fl0.0/7FlO,O/Il,I9t3FlO.OtlS) 
7 FORMAT(6Fl0•0/6FlO•O/Fl6•0> 
8 Fd-RMAf(J/•SXt*TRAJECTORV SIMULATION••T=OtZ=O IS RELEASE POINT*t31• 

~5X•*RELEAsE CONOITIDNS*•I•lOX•*ALTlTUDE•*•FlO,O•* FT*tltlOXt*VELOC 
21 TY=*, F 10 • 2 • * FT /SEC* •Ill• SX, *MASSES••SL.UGS* •11 OX • *TOTAL· SYSTEM= * 
3tF'~0.3tltl0X•*LOAD~ *•Fl0e3t/tl0X•*PARACHUTE~ *•Fl0e3t/tlOX•*SUSP. 
4 L1NES• *•fl0.3tltlOX•*RlSERs= *tF10,3tltlOX•*RISER EXTENSIONS: *• 
5Fl0•3•1•lOX•*L0AD HRIOLE= *•FlOe3•1•lOX•*lNCLUDEO• *tFlOe3t*CSEA L 
6EVEL>*•Fl0,3•*i*•F~·O•* FT>*•I•lOX•*~PPARENT• *1Fl0,3•*«SEA LEVE~: 
7)*~Fl0,3•*<*~F7.0t* FT)*t/1/tSXt*REFERENCE DISTANCES FROM SKIRT~~ 
8 FT*~I•lOX•*Xl~ *tFlOe3t/tlOX•*X2= *•FlOe3tl•lOX•*X3= *tFl0.3t/t 
910Xt*X4= *tFl0e3/lOXt 0 X5= *•Fl0,3//lt5Xt*MOMe/PRO~. INERTIA••SLUG 
1FT*l3H**2t/tl0Xt*IKX= *•FlSe3t*(SEA LEVEL>*•Fl5.3•*<*•F7,0•* FT>* 
2tltlOX•*IYY= *•Fl5.3•*<SEA LEVELl*•Fl5e3t*C*•F7,0•* FT>*•ItlOX• 
3 *IZZ:: *•Fl5.3•*<SEA LEVEL>*tF1Se3•*<*•F7•0•* FT>*~ItlOXt*lXZ= *• 
4Fl5.3t*(SEA LEVEL>*•fl5,3t*C*tF7,0t* FT)*t/1/tSXt*OIMENSIDNs~- ~T 
S*tl•lOX•*ONOT• *•F''lOe3tltlOX•*SUSP, SYSTEM= *•FlOe3t/tlOX•*Ll= *tF' 
6l0,3t*fSEA LEVEL1*~Fl0,3t*f*tF7.0•* FT>*•I•l0W•*L2= *•Fl0,3t*CS~A 
7 LfVEL1*tF10.3t*(*•F7,0t* FT)*•I•l0X•*L3= *•F10,3t*CSEA LEVEL>*•F 
810.3•*·<*•F7eOt* FT>*•/1/tSXt*YC/DNOT= *•Fl0e3tlt5X•*DP/DNOT= *tF'i 
90e3tlt5K•*VOLUME= *•Fl0e3t6H FT**3tltSXt*PARACH0TE COP= *•F'lO,J)-

81 FORMAT<SXt*LOAO DRAG AREA= *•Fl0,3t6H FT**2tlt5X•*DEGREES OF FREE 
lOOM: •-,110•51) 

FIG 30 Computer Program Allowing Six Degrees of Freedom for 
Free Descent Phase 

171 



9 FORMAT(5Al0) 
1 0 F :)RM AT ( I 3) 
12 fORMAT!lHlt/tSXt~PARACHUTE•LOAO SVSTEM(0EPLOY~ENT)••~t5Al0> 

E\lD 

SJ8ROUT1NE EXTRACT<lSNATCH,IEXTRACtVO,OTtTRCA) 
COMMON /CONST/ ALTtPitGtCDPtDNOTtCDSL.tLSStML~MPtMSStMSTtNINT 
COMMON /VARIABL/ RHOtTtVtTHETAtXtZtUNUSEDtUNUSE02tUNUSED3 
RE~L LENGTHtLSPILOTtLSStLSTATIC,MSTtMTtLRXBR 
ICOUNT•O 
READ lStiSTATICtlE~TRAC 
IF 1CISTATIC) lt8t8 

1 READ l6tLSTATIC,COSBAG,COSP,OPILOTtLSPILOT,TDtLRXBR 
OISTANCaL.STATIC 
PRlNT 22tLSTATlCtC05BAG 
IF!(OPILOT,GT,O.O) PRINT 23tCOSP,OPIL.OTtL.SPt1.0TtTO 
lF!(NlNT,GT,O) PRlN'T 26 
r=x=z=o.o 
Tl"fETA•O•S*Pl 
vcvO 
CDST=COSL.+CDSBAG 
MT=MST 

----.2 CALL TRAJEQNCTtVtTHETAtXtZtRHOtCOSTtMTtDT•G•AI.rftOVl 
VX=V*SIN(THETA) 
TRAJANG=THETA*lBO,/PI 
VZ=V•COSCTHETA) 
ICOUNT=lCOUNT+l 
AL.iTMZ=AL. T•Z 
IF!CICOUNT,EQ,NINT) PRINT l9tTtAL.TMZtTRAJANGtTRAJANGtXtZtVtVXtVZ 
If'"!( I COUNT ,EQ,NINT) lCOUNT=O 
IF';(SQRT< cvO•T•X>*<VO*T•X>•Z*l) •LTeOISTANC) GO TO 2 
IF''<DISTANC,GT,L.STATlC) GO TO 3 
Tl=T 
TRAJl:TRAJANG 
xi=x 
Zl=Z 
Vl=V 
OISTANC=LSTATlC+LSS•O•S*ONOT•I..RXBR 
IF'<OPILOT.GT,Q.Q) DISTANC=LSTATIC+L.SPILOT•o•S*OPlLOT 
GO, TO 2 

3 lF' 1(DPIL.0f) 7t7t4 
4 ISNATCH=•l 

CDST=CDSL•CDSBAG+COSP 
S H'!(T•TO) btl.4tl4 

--.6 C4LL TRAJEQN(TtVtTHETAtXtZtRHOtCDSTtMTtOTtGtA~~~OV) 
TRAJANG=THETA*lBO,/PI 
V)(:V*SIN<THETA) 
VZ=V*COS<THETA) 
ICOUNT=lCOUNT•l 
A~ITMZ=AI..T•Z 
IF'(!COUNT~EQ.NINT) PRINT 19tTtALTMZtTRAJANGtTRAJANGtXtZtVtVXtVZ 
lF'I(JCOUNTeEQ.NINT) ICOUNT=O 
GO TO 5 

7 I SNATCH=l 
TRCA=.T 
PRlNT 20tTltTRAJltXltZl•VltTtTRAJANGtXtZtV 
REiTURN 

8 lF'I(It)(TRAC) 9,9,13 
9 READ 17ti..ENGTH,CDSBAG,COSEX,TD 

P~lNT 24tLENGTH,COSBAGtCDSEX,TD 
lF''(NlNTeGT.O) PRINT 26 
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ISNATCH••l 
10 ra=x=z=o.o 

T~ETAcO•S*PI · 
T~AJANG=90, 
CJST=CDSEX 
V=VO 

11 O~=·RHO*COST*V*V*DTIC2e*MST> 
OX•V*OT 
v=v•ov 
X•X+I.)X 
T=·T•DT 
ICOUNT•ICOUNT+l 
A~TMl:ALT•Z 
I~!CICOUNT,EQ,NINT) PRINT 19tTtALTMZtTRAJANGtTRAJANGtXtZtVtV 
IF''CICOUNT,EQ,NINT> ICOUNT•O 
I~•CVO*T•X'"'LENGTH> lltl2tl2 

12 C)ST=COSL+CDSBAG+COSEX 
MT•MST 
Tl•T 
~l=X 
vl=V 
GO TO 5 

13 READ l8tRtLENGTHtTD 
H= (4, *L5S""R•2, *R*ONOT) l (4, *LSS•·PI*R*ONOT) 
HTDNOT=H•DNOT 
P~INT 25tLENGTH,R 9 HTDNOT,TD 
IF' 1CNINTeGTe0) PRlr..!T 26 
CJSEX:CDP*Pl*H*H*DNOT*DNOT/4, 
COSBAG•O,O 
ISNATCHFl 
G:l To 10 

14 t~·CISTATICeLT,O) PRINT 20wTltTHAJlwXlwZlwVltTtTRAJANGtXtZtV 
IF''( ISTATICeGEeO) ~RINT 21 tTl ,Xl;Vl tTtTRAJANGtXtZtV 
tr:;(IEXTRACeGTeO) TRCA•O,O 
RE•TURN 

15 FORMATc212) 
16 FORMATC7Fl0e0) 
17 FORMAT(8Fl0,0) 
18 FORMATC3Fl0,0) 
19 FORMATC1XtF8,2t4Fll•2•llXt3Flle2tllXtFlle2) 
20 FORMATCI/t60Xt*Tl~ECSEC) ANGLECOEG) X(FT> ZlFT) VELOCITY(FT 

'l1SEC>*tlt20Xt*STATIC LINE STRETCH*•l6XtSFlle2120Xt*PARACHUTE/PlL0T 
2 CHUTE DEPLOYMENT*~3X~SF1le2) 

21 FORMATC//toOXt*TIMECSEC) ANGLECOEG> XCFT) ZCFT) VELOClTY(FT 
l/SEC)*llt20Xt*LOAD OUT OF AIRCRAFT*tlSXtFlle2tllXtF11,2wllXwFll,2/ 
220Xt*PILOT CHUTE/EXTRACTION C~UTt RELEASE OR~•Iw20Xl*MAlN PARACHUT 
3E DISREEF*l13Xt5Fll•2) 

22 FORMATC////w20Xt*STATIC LINE• *tF10e3t* FT*tlt20Xt*PARACHUTE PACK 
lDRAG AREA• *tFl0,3tlXtSriFT**2) 

23 FORMATC20Xw*PILOT CHUTE*tlt25Xw•ORAG AREA•o,FlOe3wlXw5HFT**2w/w25X 
lt~DIAMETER= •,FlOe3t* FT*tltZSXt*SUSPe LINES= *tF'lOe3t* FT*l/t20Xt 
2~Tl~E OF PI~OT CHUTE RE~EASE• *wFl0,2t* SEc*w////1 

24 FORMATC////t20Xt*REL..EASE: DISTANCE IN AIRCRAFT: *tFl0,3t* FT*tlw20X 
l*~ARACHUTE PACK DRAG ARE~= *tFlOt3t·l~t5HFT**2t/t20Xt*EXTRACTION CH 
2UTE DRAG AREA= *•F~O,JwlXtSHFf**2tlt20Xt*TIME OF' EXTRACTION CHUT£ 
3REL..EASE= *tF10,2w•· SEC*;////) 

2S F::lRMAT(////t20X,•REL..EASE' DISTANCE IN AIRCRAFT: *tFlO•lt* FT*tlw20X 
l*REEFING RATIO• *tFlOe3tlt20Xt*REEFEO PROJ, DIAMETER= *~Fl0•3•* FT 
2*tlt20Xt*TIME OF PARACHUTE DISREEF=-*tFl0,2t~ SEC*t/1//) 

26 FORMATCS/ i4Xt*TlME*tSX9•ALTITUOE~t4Xw•SYSTE~••3Xw*C~M, TRAJe*llOX 
l•*C•M• POSITION••2~Xt*C,M, VELOCITY*ll~Xt*C•Me*tFt26Xt*ANGLE*w6Xt 

.2 *ANGL£* t80Xt*ACCELERATION*t/4Xt*CSECl*t6Xt*CFT)*t7X•*COEG>* 
3t!>X•*CDEG>*tl8Xt*(F'T)*t32Xt*CFT/SECl*tl7X•*<FT/SEC/SEC)*tltSOX•*X* 
4tlOXt•Y*tlOXt*Z••BXt•TOTAL..*•8Xt*X~tlGXt*Y*•l0Xt*Z*t8Xt*TOTAL..•S/) 

E\10 
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SJBROUTINE SNATCMCTRCA,O~) 
COMMON ICONST/ A~T~PitGtCOPtONOTtCOSl.tLSSt~LtMPtMSStMSTtNlNT 
COMMON /VARIABL/ RH0tTtVtTHETAtXtZtUNUSE0tUNUSE02tUNUSt:D3· 
REAL Ktl.t~SStMLlMP~MP~AG~MltM2tMSSlLRXBR 
ICOUNT•O . 
R!AD StMPBAGtCOS2tKtLRXBR 
P~1NT 7tMPBAG~COS2tKt~RX8R 
lF!CNINT,GT,O) PRIN'T 9 
M2111MP . . 
Ml•ML.•O•S*MSS 
CAPM2•MP+MP8AG+O,S•MSS 
CAPMl•ML.+MSS 
CDSl•CDSL. 
Vl•V. 
V2•V 
L.•O•O 

--+ 1 CAL.L BODIESCMltCOS1tCAPM2tCDS2tVltV2tL·:tOT> 
TRAJANG•T~ETA*leO,/Pt' 
VlX•Vl•SINCTHETA> 
viz=Vl*COSCTHEfA> 
ICOUNT•ICOUNT+l 
Ai-tr'MZ!!=AL.T.,z 
IFICICOUNT,EQ~NlNT) PRINT 6tTtALTMZtTRAJANGtTAAJANGtX~Z~VltV1XtV~Z 
IF!CICOUNT,EQ·,NIN.'f) ICOUNfi'•O 
lF'!(L.•L.SS""LRXBR> 1 t2t2 

z n.•r 
TRAJL.a:TRAJANG 
X~FIX 
zL•z 
VlL•Vl 
v21.,..-v2 
Q~CAPM1/CCAPMl+M2l 
VF•~CAPMl*Vl+M2*V2l/CCAPMl+M2) 
O!LTAV•VF•V2 
FAl•RHO*CDSl*iVl*Vl+VF*VFl/4, 
FA2•RHO~CDS2•CV2*V2+V~*Vfl/4, 
A•i,/~ . . . 
B•FAl •·< le +Q+2e*V2*Q/DEL.TAV) +FA2*•CQ +2e*V2*Q/0EL. TAV) 
C•CAPMl •·c Q•l,) IQ•·c (Q+l,) /Q*DEL.TAV*OELTAV+2., *V2•DELTAV> +M2~·C OEL.T ~V 
l•O£LTAV+2,*V2*DEL'A~) · . 
PM~X••B+SQRTC8*B•C~A) 
TRCA•T 
Vl•V2•VF 
MlaMP+ML+MSS· 
CDS1•COSL•0,015*CDP*ONOT*ONOT*Pt/4e 

--+ 3 CALL; BODlES.CMl tCDSl tMPBAGtCDS2t Vl t V2.t LttO·T) 
TRAJANG•T~ETA*180,/Pl 
VlX•Vl*SINCTHETA> 
VlZ•Vl*COSCTHETA> 
ICOUNTi!tlCOUNT+l 
AI.ITMZ•ALT•Z 
IF~ICOU~T.EQ~NlNT> PRINT 6tT•ALTMZtTRAJANGtTRAJANGtXtZtVltVlXtV1Z 
If'!( I COUNT ,EQ,N INT) ICOuN:T•O 
I Ft( L.•L.SS~LRXBR•ONO•T /2 •) 3 t 4 t 4 

4 v•~l 
PR~NT 8tTLtTRAJL~XLtZL~V1LtV2LtPMAXtVF 
RETURN . 

S FOAMAT(4FlO~O) . . . 
6 FORMAT<1XtF8.2t4Fll•2•11Xt3Fll•2•11XtFlltil 
7 FOA.MATC////t20Xt*PARACHIJTE.PACK MASS• *tFlOelt* SLUG*tlt20Xt*PARAC 

lHuTE P'ACK· AND PIL.O·TlEXTRACT.lON CHUTE ORAG AREA•· *tFlO.ltlXtSHFTtt*Z 
2/20Xt*SPRING CONSTANT•.*lFl0•3•* I..B/FT*t/t20X•*LENGTH OF RISERS• E 
3XTENSIONS ANO L.OA'.Ot SRJOL.E.i *tF.l0,3t* Fif*·t////) 

8 FORMAT(//tSOXt*TlMECSEC) ANGL~.COEG> . XCFT') ZtF'T> . VEL.OClTYl 
l<F~/SEC) VELOCITY2(FT)SEC)*tlt20~t*SNATCH*t20Xt4Fll•2t2Fl5•2t//t 
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220Xt*SNATCH FORCE•· *tF'lO.Ot* L.8*'tlt~0Xt*SNATCH VELOCITY•· 0 tF10e3t 
3• F'T/SEC*) .. 

9 FORMAT(S/ t~Xt*TI~E*t5Xt*AL.TtTUOE*t4Xt*SYSTEM*t3Xt~C.Me TRAJe*~lOX 
lt*C•M• POSITION*t26Xt*CeMe VEL.OCITY*tl8Xt*CeMe*tlt26Xt*ANGL.E*t6it 
2 *ANGLE* t80Xt*ACCELERAT10N*ti4Xt*CSEC)*t6Xt*CFT)*t7Xt~COEGl* 
3t6Xt*CDEG)*tl8Xt*(FT)*t32Xt*CF'TISEC)*tl7Xto(F'T/SEC/SEC)*t/t~OXt~~~ 
4tlOXt*Y*tlOXt*Z*t8Xt•TOTAL*t8Xj*X*tlOXt*Y*tlOXt*Z*t8Xt*TOTAL*5/) 
E~O · 

SUBROUTINE BOOIES(MltCDSltM2•tOS2tVltV2tLtOT) 
COMM6N /CONST/ AL.TtPltGtCDPtDNOTtCDSLtLSStML~MPtMSStMSTtNOUSE 
COMMON /VARIABL./ RHOtTtVtTHETAtXtZt0NUSEOtUNUSE02tUNUSE03 
REAL. ~ltM2tL. 

_____. CALL OENSITVCRHOtALTwZ) 
OTHETA=~G*SlN(THETA)*OT/Vl 
OVl=CG*COSCTHETA)•RHO*CDSl•Vl*Vl/C2e*Ml))*OT 
OV~•<G*COStTHEfA)~RHO*COS2*V2*V21t2e*M2))*0T 
OX;Vl•SlNCTHETA>*OT 
OZ•Yl*COS(THETA>*OT 
DL.•Vl*DT•V2*DT 
THETA=THETA+DTHETA 
vl=Vl+OVl 
V2=V2+DV2 
X•X•DX 
z=z+oz 
L:L.+DL. 
T=T+DT 
RE:CTURN 
E~O 

SUBROUTINE OPENING,( OQ t TRCAt N tF' t VOL.UMG t I EX TRACt OTT) 
DIMENSION F(N~tREEFC7tl0) 
COMMON ICONSTI ALT,PltGtCOPtONOTtCOSLtLSStML~MPtMSStMSTtNlNT 
COMMON /VARIABL./ RHOtTtVtTHETAtXtZtUNUSEOtUNUSE02tUNUSED3 . 
REAL. L.5StMLtMPtMStMSS . 
ICOUNT•O 
DCAPT=DCAPTR•l•/N 
MS=ML+MSS+MP 
READ btNREEF 
IJ'ICNREEF.EQ.O) GO TO 4 
N~EEF=NRE£F•tEXTRAC 
N~'EEFl=NREEF'•l 
DO 3 l=ltN~EEFl 
R;AO 7,ROtRltTCQ 
T\JOT=T 
TOR•TRCA•TCO 
HO•l4e*L.SS*R0+2.*RO*ONOT)/(4~*L.SS+Pl*AO*ONOT) 
vHl=«4.*LSS*Rl+2.*R1*DNOt)/C.i*~SS•PI*Rl*DNOT) 
HTONOT=Hl*DNOT . 
PRINT lltRlt MTONO~tTCOtTOR 
I~<NINT•GT.O) ~RIN~ 12 
Vl~(Hl*Hl*Hl•HO*HO*HO)*ONOT*DNOT*DNOT 
V2~Hl*Hl•SQRT((L.SS+DNOTI2.•PII4.*Hl*ON0Tl**2•Hl*Hl*ONOT*ONOT/4~) 
V3.HO*HO*SQRf((L,SS•DNOTI2.~PII4~*HO*ONOT>**2•HO*HO*DNOT*ONOT14.). 
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1 

2 

3 

V4•Rl*Rl*SQRTC~SS*LSS•Rl•Rl*DNOT*ONOT~4•) 
VS•RO*RO*SQRTCLSS*LSS•RO*RO*DNOT*DNOT/4,) 
VOt..UME•<Vl+ONOT•DNOtiCV2•V3~V4+V5))*PI/l2• 
VO•V 
xo•x 
ZD•Z 
THETAO•THETA 
CALL. F\ILL;TIM CVOLUMEtVO tXO tZO f THETAO tMStHO ttd tNtFitTF) 
FOa0'• 0 
OT•D,CAPTR*TF 
CAPT,R•O .o 
oo~ 1 J•l ,N 
ICOUNT::ICOUNT+l 
CAPTRaCAPTR +DCAPTR' 
T•\TF•CAPTR+ TNOT 
CAPT•PI*Pl/4·*·<Hl*Hl*CAP~R•HO*HO*fle•CAPTR)) 
OCAPT•PI*Pll4t*(Hl*Hl•H0*H0)*0CAPTR .· 
cAt.L cAL.C<CAPT•Tf,DCAPT.DCAPTRtMs;ov.oP,o> 
FRCE•ML*'( G°COSlTHEIT A) •OVIOT) 
FOaAMAXl(FRCEtFO) 
TRAJANG•T~£tA•i80e/Pl 
VX•V*SINCTHETA) 
VZ•V*COS(THETA) 
IF'tCNINTeLTeO) GO TO 1 
IF'!CICOUNT.LTeN/20) GO TO 1 
ICOUNT=O 
AI.ITMZ•ALT•Z 
ACC••·( G*COS (THETA) •OV/OT> 
PRiNT BtTtAL.TMt,TRAJANGiTRAJANGtXtZtVtVXtVZtACC 
CONTINUE 
REEFCltl)•T 
REEFC2ti>•TRAJANG 
REEFC3tl)•X 
REEF u., I) •Z 
REEFCStl)•V 
REEF'C6tl)•FO 
REEFC7tl)aTF 
IF~NREEF•l•l> 3t3t2 
lF't(T.GEeTOR> Go~ TO 3 
COS•tOP*PI*ONOT*ONOT*Hl*Hl/4, 
COST•COS+COSL 
CAL.L TRAJ~QN( T tV t TH;TAt XtZ t RHOt cl)ST t MSt OTt, G·, AL T, OV) 
AL••G*COSCTHETA)+OVIOTT 
TRAJANG•THETA*lBO.IPI 
VX•V•SINCTHETA) 
vz•v•cos c THE·TA> 
ICOUNT•ICOUNT•l 
AL.!TMZ•:AL.T•Z 

, IF~CICOUNTtEQ,NlNT) PRINT 8tTtAL. TMZtTRAJANG,TRAJANGtXtZtV'tVXtVZtAL. tFtCICOUNT;EQ.NlNT) lCOUN,T•O , 
I F t( T • T DR ) . 2 t 3 t 3 
C~NTINUE . 
P~ilNT 9t CREEF''(J.tl) •J•1t7) 
IF! CNREEF.GTeO)PRINT lOt C CREEF<Jtl) •J•'lt'7) ti•2tNREE,il) 
OQ~OV/DT . . 
REITURN; 
VOL.UMEIIIVOLUMG 
HO•O,O 
Hh=2 e/PI 
IF'!CNINTeGT.O) PRl~rf 12 
T~OT•T 
VO•V 
XO=rX 
ZOaZ 
THETAOaTHETA 
CALL F~LLTIMCVOLUMEtVOtXOtZO•THETAOtMStMO•HltN~'~TFl 
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FO'fO,O 
DT•'OCAPT*TF 
CAPT•o,o 
oO· 5, J•l ,N 
ICOUNT•lCOUNT•l 
CAPT•CAPT•OCAPT 
T•TF*CAPT+TNOT 

----. CAL.L. CAl.CCCAPTtTFtOCAPTtDCAPTRtMStOVtOPtO) 
,RCE•ML~CG*COSCTHE~AJ•OVInT) 

. FO•AMAXl CFRCEtF'O) 
TRAJANG~'HETA*180,IP1 
VX•V*SINCTHETA) 
VZ;mV*COSCTH£TA) 
IFtCNINTeL.T~O) GO TO 5 
I F!C 1 COUNT • L.·T • N/20) llO TO• 5 
ICOUNT•O 
AL,!TMZ•AL.T•Z 
ACO••CG*COS.CTHETA)•OV/OT) 
PR~NT StTtALTM~tTRAJANG~TRAJANGtXtZtVtVX~VZtACC 

5 CONTINUE . . 
PRlNT 9;T,TRAJANG,XtZtVtFOtTF 
OQ•OV/OT . 
RE:!TURN· 

6 FORMATCll) 
7 FORMATC~F10,0) 
8 FORMAT.·( 1 X t F8,2 .. ,4p11,2 t 11 X tlF11,2:,11 Xt2Fll,2) 
9· FORMATC//t61Xt*Tt~ECSEC) ANGL.ECDEG) XCFT) ZCFT> VCFTIS!C) Ft 

lMAXU ... S'l Tf.CSEC) •·t/t20Xt*FUL.L. OR REEF~O INFLATION *t12Xt~lO,?t-
2F 9J2t3F10e2tF:lO,OtF''l0t2;) 

10 FOR~ATC9C58itFlOe2lF 9,2~~FlOe2tFlO,OtF10e2t/)) 
11 FORMATCI///t20Xt*REEFE[) INFL.ATION*·t/t25Xt*REEF+ING RATIO•: *tF'l0,3t/ 

lt~SXt*REEFEO PROJ. btAM,• *•FiO,lt*' FT*tlt25Xt~CUTTER DELAY• *t~ao 2,·3~* SEC *tl.t2SXt•·TlME OF OISREEF• •·9Ftl0,3,•· SEC-·t/1//) .• 
12 FORMAT ( S/ t4Kt *T I ME*tSXtiALTl tUDE•·• ~X •*SYSTEM•·• 3X t*C,,M~ TRAJ,o·, 1 OX 

lt*C•M• POSitiON~t2~·•*C•M~ V!LOCITY*118Xt*C•M•*tlt26Xt*ANGLE~l6~t 
2 *ANGL..E* t SOX t*ACCELERATION*t /4X t* cs;c) *• 6X t * C FT) *• 7X t*fOE~·>. •· 
3 t 6~t * ( OEG) o-, 18X, •·c FT) *·• 32Xt •·c fT /SEC>*' 17X •* C FT /SEC/SEC) •·• It SOX t*X*· 
4,1 OX, •·Y•·, 1 OX t *i*t B·X • *TOTAL*'' 8X t *X*t 1 OX t *Y*·tl OXt ttl*t 8Xt •TOTAL.*S/) 

END · 

SVBROU,Tl NE F·1L..t..Tl ~~( VOLUHEt VO tXO tZO t THE1TAO tMSt HO tHl t NtVOI.DOTt TFi) 
COMMON°/CONST/ ALT~-~~GtCOPlONOT•CO$L•L5StML~~PtMSSlMSTtNOUSE· 
COMMON: lVARlABI..V RM0tTtVtTMETAtXtZtUNUS;DtUNUSE02tUNUSE03 -. 
RE~L· L.SStMS . . 
DIMENSION VOLDOTCN~ 
OCAPT'R•~l,/N 
TF•o .• 
OTF•2.0*Hl*DNOT/VO 

1 TF•TF•OTF . 
V•VO 
xa~O 
Z"iO 
Ti1ETA•!fHETAO 
C~P.TR•O, 0. . 

2 DOt 3 },a:l ,N 
CAPTR•CAPTR•OCAP;TRi 
CAPT•Pl~PI/4·, tt·( Hl•Hl*CAPITR-•HO*HO•·C 1••CAPTR·) ) 
DCAPT•Pf~P ll4e*'CH1 o,;n;HO*HO) *OCAPTR' 

__,... CALL.~ CAL.C:(CAPT tTF:,OCAPTtDCAPTRtMStDV tOP tO) 
CO•O·O~ -
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C=CO*CRHOI0.002378)**•142857 
3 VJ~DOTCI)=V*t(l,+2e2*C*CAPT~CAPT>*D*DI4.~l.l*C*DP*OP/2e> 

SJM=VOL.DOTCN) 
N\.1l=N•l 
O:> 4 J=l•NMlt2 

4 SJM=SUM+4e*VOL.DOTCJ) 
N'<42=N•2 
00 5 t<:2,NM2,2 

5 SJM=SUM+2e*VO~OOTCK) 
·VOL~DCAPTRI3.*SUM*Pl*TF 
IF!( ABS ( VOL•VO~UME) IVOLU~E·O • 0000 l) 7' 7, 6 

6 OTF=TF*CVOL~MEIVO~•l,) 
G:J· TO 1 

1 v=vo 
X::XO 
z~:zo 

T~ETA:THETAO 
RETURN 
E\JO 

SJBROUTINE CA~CtCAPT,TFtDCAPT•DCAPTRtM,QV,OPtO) 
C 0 M M 0 N I C 0 N 5 T I A L. T , P I ' G t CD P t ON 0 T t CDS L.· t L S S ' M L t M P t M S S , M S T t N 0 USE 
COMMON IVARlAB~I RHO,T,VtTHETAtXtZtUNUSEDtUNUSED2•UNUSED3 
REAL L.SStMtMAtMl•MT 
OP=2e*DNOTIPI*SQRTtCAPT) 
D~MAX=2e*ONOTIPI 
OPOOT=DNOTitPI*SQRTCCAPTl) 
o=i4e*L.SS*DP)/(4e*LSS•2,*0NOT""Pt*DP) 
DDOT:((4,•LSS+2,*DNOT•PI*OP)o4,oL.SS*OPOOT+4e*LSS*DP•Plo0~00T)I(4,* 
1LSS•2.~0NOT•Pl*OP)*o2. 
MA=PI*RHO*DP•OP*O~*DP*D~/(32,*0PMAX*OPMAX) 
D~A=S,•PI*RHOit32.*DPMAX*OPMAX)*bPoOP•DP*DP*DPOOT•DCAPT 
SQ=SQRTttLSS+ONOTI2e•~l*DP14il**2•0P*OPI4e) 
SJl=SQRTt~SS*~SS•D*DI4e) 
Ml=PI*R~O/l2e*<DP*OP*DP+DP*DP*SQ•D*O*SQ1) . 
0~1=PI*RHOI12e*(3e*DP*D~*DPDOT•OP*DP•CC2e*LSS+ONOT•Pl*DPI2el*Pl*D~ 
lOOT14,+0P*DPDOTI2e)l(2e*SQ)+2e*OP*DPOOT*SQ+O*D*D*DOOTit~.*SQll•2•* 
2D*ODOT*SQll*OCAPT 
, MT=-M+MA+Ml 

DTHETA=•G*SINtTHETA)oMoDCAPTR*TF/(V*Mf) 
CDS•CDP*P I•DP*OP14 • +CD St..: 
OV:,(M*G*C0S(THETA)IMT-R~O*V*V*CDSit2e*MT)l•OCAPTR*TF•V*tOMl•DMA) 

11 "4T 
DX=V*SINtTHETA)*OCAPTR*TF 
OZ=V~COStTHETA)*DCAPTR*TF 
T~ETA•THETA+OTHETA 
v•v•ov 
X•X•DX 
Z:Z+OZ 

---.. CALL OENSITVtRiiOtAI..T•Z) 
RETURN 
E\JO 
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SJBROUTlNE INTGRAT<TtYtTFtNN.PCTERRtETAtTRYltTRV2~TRY3tWtYOOl•ZtiO 
1 tOXtTl t I SIGNAL.·) 
OIM~NSION Y(NN),VOOT(NN)tTRYl<NNltTRY2(NN) 1 TRY3<NN),ETA(NN)eW(NN)~ 

lZ<NN) 
M\1=0 
T1=T 
l\100NE=-l 
IF1(10) 1,1.,2 

1 OT•DX 
GO' TO 12 

2 OT=TF .. Tl 
M=O 

~ 3 C~~L FORMULA(YtOTtTRYltNNtWtYOOTtZt~) 
1 Fl( L, G T • 0 l GO T 0 1 5 

----. t. CA~L FORMUL..ACVtOe5*DTtTRY2tNNtWtY00TtZtl,.) 
H"!(L,GTtOl GO TO 15 

____..... CALL FORMUL..A<TRY2tOt5*0TtTRY3tNNtWtY00TtZtL) 
I Ff< ~ • G T • 0 ) GO T 0 1 5 
DO 5 J=l,NN 
E~Rl=ABSCTRYJ(J)•TRYl<J)) 
ERR2:AMAX1(ETA(J),PCTERR*ABSCTRY3(J))) 
I F!(ERR1•ERR2) 5 ,s, 10 

5 CONTINUE 
M'!!1=0 
DO 6 K=ltNN 

6 Y(Kl:TRY3(K) 
T1=Tl+DT . 
IF't(M,~.T.Sl Bt9 

8 M:M+l 
GO· TO 12 

9 M=o 
DT=2•0*0T 
GO· TO 12 

10 M=O 
M\i=MM+l 
I:F'!(MM,GT,20) GO TO· 16 
Ii\iOONE = .... 1 
OT=DT*O,S 
DO• 11 1•1 ,NN 

11 TRYl<Il=TRY2<I> 
GO TO 4 

7 lF't(fl.,fF+OT) 3t13,13 
12 IF'i(IMOONE) 7,1,.,14 
13 Ox=Dr 

DT=TF•Tl 
IF'\(DT,EQ,Q,) GO TO· 14 
l\100NE•l 
GO TO 3 

~ 14 CALL EMOTION tV tYOO·T • 1 t I SIGNAL) 
OX:AMAXl<DXtOT> 
RE<TUR~ 

15 MfO 
M\4=MM+l 
IF'!(MM,GT,20) GO TO 16 
I\100NE=•l 
DT=OTttO,S 
G·O To 3 

16 lSlGNAL=l 
PRINT 17 
RE:TURN 

17 FORMAT(51t5Xt5H******CANNOT INTEGRATE OR ANGLE OF ATTACK LARGE*) 
E'JD 
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SJBROUTlNE FORMULA<YtHtYltNNtW~YOOTtZtlSIGNAL> 
6IMENSIO~Y<NN>tVDOT<NN)tVI<NN)tW(NN)tZ<NN),A(5) 
A(3):A(4):H 
A<l>=A<2>=A(5)=o.S~H 
00 1 J=l•NN 
Z<J>=YOOT<J> 
W(J);:'((J) 

1 Yl(J):.Y(J) 
DO 2 K=lt4 

---tJoo CALL EM0TlON<WtZt2tlSIGNAL) 
lFitlSIGNAL.eGT,O) RETURN 
C=A<K•l>*0,333333333333333 
DO 2 L.,::l ,NN 
W<L>=Y<L>•A<K>*Z(LJ 

2 Yl<L>=Yl<Ll+C*ZlL) 
RETURN 
E"D 

SJBROUTINE TRAJEQN(TtVtTHETAtXtZtRHOtCOStMtOTtGtALTtOV> 
RE~L M 

~ CALL OENSITY(RHOtAL..T~Z> 
DV=<G*COS<THETA>•RHO*CDS*V*V/t2,*M>>*OT 
OTHETA=•G*SlN(THETA>*DT/V 
OX=V*SJN(THETA)*DT 
OZ=V*COS<THETA>*DT 
V=V+DV 
T~ETA=THETA•DTHETA 
X:X+OX 
Z=Z•DZ 
T=T•DT 
RE;TURN 
E\10 

SJSROUTINE DENSITY<RHOtH> 
R~0=0,00237B*EXP(•H/32916,) 
liO"!(H,GTelSOOO,) RH0=0,00237B*l,07133ttEXP (•H/28593,) 
RE'TURN 
E\10 

SJBROUTINE OVNAMIC,<RHOtLiltL2•L3tlXXtlVVtlZZtlXZtMl) 
REAL 1AtlAZtiAZOtiVtlYYtlXXtlXZtiZtlZZtLltL2t~3tM8RtML~MLStMRtMRXt 

lMPtMl 
COMMON fOVNAM/ ONOTtXltX2tX3,X4tXSiMaRtMLtMLStMPtMRtMRXtlAZOtlZt 

1Ql,Q2tVOLUMEtXNUMtXOENOM 
MI=RHO*VOLUME 
X=<~NUM•MI*Ql*ONOT>I<XOENOM+Ml> 
Ll=X.S•X 
L2=•X•Ql*ONOT 
L3=DNOT•X 
IA=0~1319S*RHO*Q2*Q2*Q2*DNOT*DNOT*DNOT*L2*L2 
IY=MP*L2•L2+MLS*<X~Xl)tt(X~Xl)+MR~(X2•X)*(X2•X>•~RX*<X3·~)*(X3•X)+ 

1M!R*<X4•X)*(X4•X)+ML*Ll*Ll 
IY'Y=IY•IA 
IXX=IYV 
IAZ=!AZO*RH0/0,~02378 
IZZ=IZ+IAZ 
IXZ=O,O 
RETURN 
E\JD 
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~SUBROUTINE MOTION CDGtPCT~RRtETAtO!) 
DIMENSION YC12),YOOT<12)tETAtl2)tX1(12ltX2c12JtX3(12)tW(12)tA(3tl) 
DIMENSION 8Cl2)tV!RTPARC16tll . 
~E-L L~ . 
COMMO~ ICONSTI ALTtPltGtCOPtONOTtCDSL•LSStML~Mp,MSStMSTtNlNT 
COMMON IVARIABLI RH0tTtV~THETAtXt%tALPHALtA~PHAP~Ll . 
P~IINT 8 
R£~D 7~TSTOP~ZSTOP 
TSTOPalSTOP•T 
lF~NlNl~GTeO) PRJN~ 6 
AMARK•l•O 
Nt14ARK•O 
lVERTal 
ANG•THETA*l80e1Pl 
10•1 
YCl)•YC2>•YC4l•YC6l•YC8)•YC9t•Ylll)•OeO 
Y(J)•V 
Y(~1••G*SINCTHETA)IV 
Y C?) •THE:TA 
YClO)aX 
Y C12) •Z 
Y00TC4l•YD0TC6l•Oe0 
YODTCSl•G*G*COS~THETA)*SlNCTHETA)I(V*V)+G*SlNCTHETAJICV*V)*OQ 
TF•~•OT . . 
NUMS•IABSCNINT) 

1 00' 2 t•ltNUMB 
___.. CA"L 1NTGRATCTtYtTF'tl2tPCTERR tETAtXltX2,X3tWtVDOTtBtlOt0XtTltK) 

I Ftet< • GT • 0) AEfURN . 
---+- CA.L.L COSINES C A • Y) 

VD•V . 
R3•YC12)+Ll*AC3t3) 
IFt(R3,GT ,ZSTOP) CORRc CZSTOP,.,RZ) I (Al·RZl. 
I FtC Tl.G 1 • TSTOP:) CORR• ( TSfOP,.T) I C Tl•T) 
IFt<RleGT.ZSTOPeO~eTl.GTeTSTOP) GO TO 3 
Ta1fl 
RXaYClO)+Ll*ACltl) 
RY•YCll~+Ll*AC2t~) 
RZi=R3 
Cl•Y ( 1) +Y ( 5) •L.:l 
C2•Y C2) •Y C4l*L.ll 
VX•Cl*ACltl)+C2*AClt2l+YC3l*ACltll 
VY•Cl~Al2tl)+t2~AC2•2)+Y(~)*AC2t~) 
VZ~Cl*ACltl)+C2*AClt2)+YC3)*AC3~3) 
C3aYOO~T C i) • V C 5) f,y C 3) •Y C ~) *Y C 2) +vDOT C 5) *Ll•y (4) *Y f6) *Ll 
C4•VDOT (2) +Y (6) 6¥ ( 1) •V (4·) tt¥ (3; •VDOT C4l*L1•V CS).6y (6) *Ll 
CS•¥DbTC3J+V(4)~¥12>•~1§1*Y<l~·~YC4)iYC4~•YCS)•YCS))*L1 
AX•C3*ACltl)•Cit*AClt2)+CS*A<lt~) 
AY•C3*A(2•l)+C.6AC2t~)+C6~A(2tl) 
AZ~C3•AC3tl)+C4•AC3t2)+¢6~AC3ti) 
V•SQRTCVi*VX+VY•VY•VZ•VZ) 
AT•SQRTCAX*AX+AY*AY+AZ*AZ) 
IF!CVeL.!TeVO) AT••AT' 
SYSANGLjAC0SCAC3~31>•1BO.IPl 
T RAJANG•ACOS C VZ/V) •·leo ,IP I 
IF!ClVERT.GT.3) GO TO 15· 

12 IF!( (ABS:CSYSANGL.l•ABS CANG•)) *AMARf<:tG!:.OeO) GO TO 13 
VERTPARCltlVERT>•t· 
VERTPARC2tlVtRf)I!I•L.T•RZ 
VERTPARC3tlVERft•RX 
VERTPARC4tlVtRf>•RY 
V!RTPARCS•IVE~f)•R2. 
VEATPARl6tiVEAT>•V 
VERTPARC7tlVERf)•VX 
V£RTPARC8tlVERT)•VY 
yERTPARC9llVERT)•VZ 
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V!RTPARClOtlVERT)•AT 
ANG•SYSANGL. 
GOi TO 15 

13 A\1ARK••AMARK 
N~ARK•NMARK+l 
GOl T0(14tl2tl4tl2tl't) N~ARK. 

14 I v,ERT•:t VERT+l 
ANG•SYSANGL. 

1 S IO••l 
NUM8•:1A85 CNINTJ 
IF!CNUMB*OX,GT.l ~0) NuMB•MAXl C le; le/OX) TFJ!IT+OX .. - . 

2 CONTINUE 
Al.,ITMRZ•AL.:T•RZ 
IFI(NJNTeGTeO) PRINJ 4~TtALTMRZtSYSANG~tTRAJANGtRXtRYtRZtVtVXtVYtVZ lt AT .. , 
GO, TO 1 

3 T•:CTl~f) *CORR+T 
Rl•YC10)+'l*AC1tll 
R2•Ycll)+Ll~AC~t3) 
Cl•VCl)+y(SJ*L1 . 
C2•Y C2) •·Y C4) *L'l 
Vl•Cl*ACltl)+C2*A(lt2)+YC3l*A(lt3J 
V2•Cl*AC2tl)+C2•AC2t2)+YCll*AC2t3) 
V3•C1*AC3tl)+t2~AC3t2)+Y(3)*A(3ti) 
Cl•VOOT C 1) +Y C5) •Y C3)·•Y (6:) iy (2) +YDO·T CSJ *L.;l+Y (4) •Y C6) *Ll 
C4•YDOTC2)+YC6)*Y<i>•YC4l~YC3)•VOOT14J~~a+y(5l*YC6)*Ll 
cs•voo·T c 3 > • v c 4 > •v c 2, •Y c 5·> ~v '1, "'c v c •, *v c •. , •v c s > •v t s, , •L.l 
Al•C3*ACltl)+C4*AClt2)+C5*AC1~3) 
A2•C3*AC2tl)+C4*AC2t~)+C5~AC2tl) 
A3•C3•AC3tl)+C4•AC3t2J+C&•AC3t3) 
RX•;C FH•RX) *CORR+RX 
R'fa;( R2•RY >•CORR+RY 
RZ~·C Rl..,RZl *CORR+RZ 
VX,:(Vl•VX) *CORR+VX 
Vlfll:( V2wVY) *CORA+VY 
vz•<V3•VZ>•tORR+VZ 
AXa1Al•AX)•CORA+AX 
AY•1A2•AY)*CORR+AY 
AZ•CAJ ... AZl*CORR•AZ 
V•SQRTCVX*VX+VY*VY+VZ*VZ) 
AT~SQRTCAX*AX+AY*AY+AZ*AZ) 
IF'tCV,L.iT.VO) AT=•AT 
SVSANGL•1ACOS(ACle3lJ*180t/Pt•SYSANGLl*CORR•SYSANGL 
TRAJANG•ACOSCVZ/V)*je~,IPI 
Al.trMRZ•AL.T•RZ 
I FICNINT • GTe 0) PRl NiT Itt TtALnt4RZ t SYSANGL.t TRAJANG,, RX tRY tRZ tV t VXt VYt VZ ltAT 
PR 1INT 51 
IVERTl•IVERT•l 
DO 31 J•ltiVERTl 

31 PR;lNT s,J, CVERTPARtCltJ) tl•lt10) 
R!!TURN 

4 FORMATC1X~F8•2tll~~l,2J 
5 FORMATC5Xtilt* VERT/MIN*l3Fl2e2t3Fl0,2t4Fl2e2) 51 FORMAT(//20X,ttTlME!CSECJ AL.TITUDEC~T) -, X(FT) YtFf) ZCF,f) 1 VCFT/SECJ VXCFT/S£C) VYCFT/SEC) VZCFT/SECJ ACFT/SEC/SEC)*J 6 FORMATCS/ t4Xt*Tl~E*t~Xt*ALTttUDE.t4Xt*S~STEM*t3Xt*LOAO tRiJ,~t-OX lt*LOAO POSITION*t26Xt*LOAO V!LOCITY*ll8Xt*L0AO*tlt26Xt*ANGL~*t6Xt 2 *ANGLE*,· t BOX t *ACCELERATlON*t /It X t * C SEc>*' 6Xt •·C FTJ *' 7.X• ~ C DEG). ~-3 t 6Xt* C OEG) *t 18X t*'CF'T) •932X •* (FT /SEC)* t 17X '* CFTISEClSEC) *'I t50Xt*X*· 4t10Xt*V.tlOXt*Z*~8Xt*TOtAL*tBit~XitlOXt*"f*ll0Xt*Z*v8XtftTOTA~*5/~ . 7 FORMATC2F10t0) 
8 FORMATC51t5~t*NOTE~•· POSlTIONStVELOClTI!S•ACCELERATIONStTRAJ. ANGL: lES: REFER TO LOAOt PREVIOU~ R!~UL,rS jRE, ~OR MASS CENTER*l 

£~0 

FIG 30 Computer Program Allowing Six Degrees· of Freedom for 
Free Descent Phase (Continued) 
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Ls,· SU8ROUTIN~ !MOTI ONt( Y tYD01T t I STOPtlSIGNAL) 
DIMENSION. YC12l tYDO·T(l2) tAC3i3) 
RE~L: M:tMA.tMI tML't MP!tMSS't IXXt i YYtiZZt 1 XZ:t&.! tL2tLB 
COMMON• /CONST/ AL~~PltGlCDPlDNOTtCOSL~LSStM~~~P,MSStMSTtNOUSE 
COMMONr iVARIABL.I RH0tTtVtTHETAtXtZtALPHAL•ALPHAPitl.1 

--+ CALL OfNStTV CRHO•t ALT•V (12;) . 
--+ CAL.I.• ,OYNAMiC,CRHO•tL.!l tL2tL.Bt IXXt lYYt IZZt IXZt'Ml) 

MAal.375*MI. . 
M•ML+MP+MSS+MA 
R•MA/M: 
B•~ML.tMP+MSSl*GIM 
Hl•:fl zz..;.·l YY) /I XX 
H2•~IXX•llZl/IYY 
HJ•:C I YY"'·l XX) /I lz 
H4•tXZ/IXX 
H5t~:l XZ/ I YY 
H6•:I XZ/1 ZZ 
C•RHO*Pl*DNOT*ONOT/Be 
CONOT!C*ONOT -
£•0 • S*RHO*COSLI 
UI.PIYCl)+YC$)oL,!l 
VI.IIIVC2l•YC4)*L.il 
UPw·Y C 1) +Y (5') *1.2 
VP•YC2l•VC4l*L.2 
VL.f!•ULIIUL•VL._.VL~~rc3l ity C3) 
V-2•UP.0P~VP*V~+VCJ~oy(j) 
AL.PHAL•ATAN(•ULIYC3l). -
B!IJ'AL.•ATAN·CVL./YC3)). 
GAMMAL.•ATANCVLVSQRrCUL•UL+VC3l*VC3))) 
OELJAL•AtAN1+ULISQ.TCY~*VL.•YC~~·Yi3l)) 
A~PHAP•ATANC•UP/YCJ))-
~!~AP•AfAN(VP/Y(3)). 
P0LANG•~COSCYC3)/SQRTCUP~UP+WP•VP+VC3}*YC3})) 

___... CALl.t COEFFtSCALPHAPtBE·TAPtPOijANGj.C'I"tCXtC¥t·CMXtCMVtlSTOPtlSlGNAj.l 
lFtCISIGNAL•GT.O) RETURN 
FX•C*C«*VP2 
FY•C.•Ctt*VP2 
TT•C*C1T*VP2 
AEROMX•CONOT*CMX*VP2 
AEROMY•tDNOT*CMY~VP2 
D•E*VL.2 
CALL, COSlNESCAtY) 
YOOT Cl) iS*A ( 391) •D•CO~ C (;AMMAL;l*S1N CALPHAL) IM•FK/M•R*t.2•·( YOOT C 5) •· 
1YC4l*VC6Ji~YC5l~VC3J+~(6t•YC2) . . 
Y00TC2l~8*AC3t2)•0•Co.cOE~TALj*SlNC8ETA~t/M+FY/M•R~L2*iY00TC4}• 
1Y(5l*YC6lf+Y(4l*V(~J·~C6itVCt) . . 
VOOJ13)i8*A(3t3)•0*COSCG.MMALl*COSCALPHAL)/M•TTIM•R*L2*1Yt4l*YC4l 

l+YC5)*YCS))•VC4)*YC2)4ry(S)*YC1) . . . .. 
Y00TC4t••~Y*L3/lXX+~~ROMX/~XK~0*~0SCOELTA~)*SlNCB!TALl .. ~1(lXX•ML.,G• 

l*A·C 3-t 2') *L1/ tXX•MP*G*A Clt 2) *L.21l XX+VDOT C 6•) *H'•Y C 5') *Y C6J *Hl+Y C 4) •"' ( 5: 2) *H4 . , . . . . . .. . 
VOOT C s·l•FK*LG/1 YY+AEROMY/lYY•D*COS·c GAMMAL) •SlN·C ALPHAL) OLll/IYY+ML.'G; 
l*A~3tl>*Cl/lYY+MP.GiA(3tl)*L211YY•Vt4titYC61*H2~1YC4t•vt4l•YC6l*YC6 2l) *HS . . . . . . 

YDOT (~) •YDOT'C4) OH6•Y C4) *V (5) OH3•·Y CS·) •v C 6,) *H6 
YOOTC7l•YCS1•COSCY1$))•YC6l*SlNCY18J) . 
YOOT (8) •Y C4·) •TAN C Y C7)) •·CY C5·) f~INCY C.)) +Y'C6·) *COS CY C8))) 
yDOT C9')•;CY C5') tt~INCY'CS) i•Y (6·) ttCOSCY C8l-)) /COSCY CT)) 
Y DOT C 1 0 ) • if C 1 ) *A C 1 t i J • Y ( 21 *A t 1 , 2 ) + Y C .l ) *A C l t 3) 
YOOTCll)•YCl)*.C2~lf•YC2l~AC2t2l+YC3)•At2t3) 
YDOTC12)•YC1)*~(3•lj~yczJ~~ilt2l+YCll*AC3t3i 
RETURN 
END . 

FIG 30 Computer Program Allowing Six Degrees of Freedom for 
Free Descent Phase (Continued) 
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SiJBROUT IN£ COSl NES·c A, Y) 
OIMENSI6N.YCl2ltAC3t3) 
ACltl>•COStYC7))*C~S~YC91) 
ACltl)#$INCYt~))•StNCYC7))*~0StY19))•COStY~81)~51NCYC9)) 
A C 1 t 3) •COS C Y t8) ) •si N C Y C 7) ) *COS ( Y C 9) ,.•SI N C Y C 8)) t.si N C Y t9l) 
At2tl>•tOSCYC7))*SINCYC9i) 
A c z, 2) •SIN c v C8) , •si N c v ,,, , •siN c v c 9, > •cos c v c a>>'*cos c v c·9·), 
A C 2' 3) •COS C Y C 8) ) *51 N C Y C 7) ) *s l N C Y C 9) ) •SI N C Y c 8) ) 4t¢0StY·C 9 )·) 
AC3e1>••$1NCYC7)) 
AC3t2)•5INCYC8))*COSCYC7)) 
A Clt3) •COS·C Y cB)) *COS CY CT)) 
R£rt'URN~ . 
E~O 

~SUBROUTINE COEF,TS1AL.PHAPtBETAPtPOL.ANG~C,rCXtC¥tCMX•CMYt1PRINTt 
1 I S~GNAL.,) 

AL.PHAPO•ALPHAP*57e295779515' 
8E~APO•BETAP•S7,29517~51~ 
P•POLANG•57•29S779SlS 
IFICABSCAL.PHAPO) ,L,rr,es,) GO To 1 
I ,!C I PRJ NT • E.Q,l) PR1 NT ... 2t AL.PHAPO 
1 SICINAL.•l ... .. . . 
R!!TURN 

1 IFICABSCBETAPO) ~L.IT ,as.) GO TO 3 
IFIUPR'INT~EQ,,l) PRtiNT 2tBETAPD 
1 SlGNAL.•:l 
RE!TURN' 

2 FORMATC5Xt*ANGI..E1 OF ATTACK• •·tF6e3t*' t TOO L.AR&£•·> 
3 ISIGNAL.••l 

A•ABS C AL.PHAPD) · 
IF!CA•lOt~O> 4tSt5' . . . .· , 

4 CK••6 1 74E•03•A•S•57E•04*A*A•I,S3E•05*A*A~A.l,9E•07*A*A*A~A 
CMYw4,844E•Ol.A•3,04E•04•A~A•l,043E•05~A~A4tA•l 1 32E~O?*A*A*A*A 
IF!CAL.PHAPO,Gt,O,()) Go TO~ 6 
CX••CX . . . 
Ct-1¥••c~n· 
GO~ TO 6 

s cx-~oos••CA•JO,O>•.o• 
C'1tt••• 00'44* C A•30, 0 )·:,.., 034, 
i FtC AL.fi'HAPO. GT. 0. 0) GO TO! 6 
CX••CX . 
CM¥••CMY 

6 B•ABSCBETAPO) 
IF!CB•30~0) 'tt8t8 

1 CY••6~7~E~03•8•S~S7~~04•B•B•ie53~•05•s•e~B•1•9!•01*Bj&•B•B 
C~Xa4,844E~~3*B•a,94E•O,•B•B•1•043E•GS•B~8·8~1.32E~07*B*B*S*8 
IF!CBE.TAPO;GTeO•O) GO TO 9 . 
CV••CY . 
CMX•.;,CMX 
GO~ TO 9 

8 CV•~OOS6*18•30e0)•~04 
C~X••t0044*CB•lOtOl••Ol~ 
IFt<BETAPO,GT,O.O) GO TO. 9' 
CY'••CY 
CMX••CMX 

9 1Fl(P•30,0) lOtll•ll 
10 CT•• 641.;..1, 2E•OS*P•9·.15E•04•P•P•t.l3E•05*P*P*P•l• 33E•06*P*P*P*P 

R!ITURN> 
11 CT•0•62 

R!!TURN' 
ENO 

FIG 30 Computer Program Allowing Six Degrees of Freedom for 
Free Descent Phase (Concluded) 
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VIII. INPUT DATA CARD FORMAT 

Input to the computer program is provided on punched 

data cardso Somewhat different data is required for each of 

the four separation-.deployment systems. Tables XX through 

XXIII detail the data cards which are required for the four 

separation-deployment systems. The numbers listed as card 

numbers correspond to the order and total number of cards 

which are required for two-dimensional trajectories with no 

reefed inflationso Data cards which must be inserted only for 

three-dimensional trajectories are denoted by 7a and 7b. 

When reefed inflations are desired, the user must insert the 

required number of appropriate cards at the points indicated 

in Tables XX through XXIII. 
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TABLE XX 

Input Data for Static Line System 

Card Column Format Mnemonic Symbol Comments Number Number Representation 

l 1-50 5Al0 Cl, C2, C3, title of simulation 
c4, C5 

2 l--10 FlO.O ALT h 
0 

r~lease altitude 

ll-20 FlO.O vo release velocitY _ . 

h ·mass of load and ;;ked \ l-10 FlO.O MST 
recovery system , 

ll-20 FlO.O MP m, ·:mass of parachute ___ p _____ 
21-30 FlO.O MLS mL, mass of suspension lines 

~ 31-40 FlO.O MR ·m---JL mass of rise-rs 00 
0\ R· 

41-50 FlO.O MRX mE~ mass of riser exterisions 

51-60 FlO.O MBR 
~ 

mass of load bridle ~-
61-70 FlO.O ML E!t--·-· mass of load 

4 l-10 FlO.O Xl sl reference distance from 
canopy skirt to suspen-
sion line center of mass 
in fully inflated con-
figuration 

ll-20 FlO.O X2 s2 reference distance from 
canopy skirt to riser 
center of mass in fully 
inflated configuration 



TABLE XX (CONT.) 
Input Data for Static Line System 

Card Column Format Mnemonic Symbol Comments Number Number Representation 

21 .... 30 FlO •. O X3 s_J reference distance from 
canopy ~kirt to riser 
extension center of mass 
in fully inflated con-
figuration 

31-40 FlO.O x4 SJL. reference distance from 
canopy skirt to load 
bridle center of mass 
in fully inflated c6n-
figuration 

1--:' 41--50 FlO.O X5 s reference distance from 00 :,5 __ ...... canopy skirt to load 
center of mass in full$~ 
inflated configuration 

51-60 FlO.O IZ Iz moment of inertia about 

(/lZ_~ 
z-axis due to masses of 
load, parachute, and 
suspension system 

61-70 FlO.O IAZO I apparent moment of 
az)o inertia about Z-axis at 

mean sea level 

5 l-10 FlO.O DN¢T Do nominal diameter 
ll-20 FlO.O LSS L s + LR 
21-30 FlO.O CDP CD drag coefficient of 

p parachute based on 
projected area 



1-' 
00 
00 

Card 
Number 

6 

7 

Column 
Number 

31-40 

41-50 

51-60 

61-70 

l 

2.,..10 

ll-20 
21-30 
31-40 

41-45 

.l-10 

TABLE XX (CONT. ) 

Input Data for Static Line System 

Format 
Representation 

FlO.O 

FTO.O 

FlO.O 

FlO.O 

Il 

I9 

FlO.O 
FlO.O 
FlO.O 

I5 

FlO.O 

Mnemonic 

CDSL 

Ql 

Q2 

VOLUME 

N 

NNN 

DTl 
DT2 
DT3 

NINT 

ETA(l) 

Symbol 

SJS:,t 
~/-no 

_n_--~-~·-1~ 
Pmax 

¥----

[1t 

~t 
~t 

~l 

Comments 

drag area of load 

ratib of reference dis
tance from canopy skirt 
to parachute center of 
volume infutlyinflated 
condition to D 

0 

projected diameter ratio 
~n fully inflated con
figuration 

volume of fully inflated 
parachute 

numbe.r of degrees of 
freedom 

number of steps used to 
approximate inflation 
~tages in 0PENING 

6t in EXTRACT 
6 t in SNATCH 
6 t in ¢PENTNG, M¢TI¢N 

number of calculations 
made without print; if 
~ 0 suppresses continuous 
output 
allowable absolute error 
in integration for U 



J-l 
00 
\Q 

Card Column 
. Number Number 

ll-20 

21-30 

31-40 

41-50 

51-60 

7a. l 1-10 

ll-20 

21-30 

TABLE XX (CONT. ) 

Input Data for Static Line System 

-·· 
Format Mnemonic Symbol Representation 

FlO.O ETA(2) ~2 

F10.0 ETA(3) ~3 

FlO.O ¥TA( 4) 
j 

~4 

FlO.O ETA(5) ~5 

FlO.O ETA(6) ~6 

FlO.O ETA( l) ~l 

FlO.O ETA( 2) ~2 

FlO.O ETA(3) ~3 

Comments 

allowable absolute error 
in integration for W 

allowable absolute error 
in integration for Q 

allowable absolute error 
in integration for e 
allowable absbiute error 
in integration for ~ 

allowable absolute error 
in integration for z 

allowable absolute error 
in integration for U 

allowable absolute error 
in integration for V 

allowable absolute error 
in integration for W 

1 these cards are required in place of card 7 when six degrees of freedom are 
allowed, i.e. N = 6 

-~:-



·1-l 
\0 
0 

Card Column 
Number Number 

31~40 

41-50 

51~60 

7b 
l l-10 

ll-20 

21-30 

31-40 

41-50 

51-60 

TABLE XX ( CONT $ ) 

Input Data for Static Line System 

Format Mnemonic Symbol Representation 

FlO.O ETA(4) 11'\4 

FlO.O ETA(5) ~5 

FlO.O ETA(6) "'6 

FlO .. O ETA(7) ~7 

FlO.O ETA( 8) ~8 

FlO.O ETA(9) "\9 

FlO.O ETA( 10) ~10 

FlO.O ETA( 11) "\ll 

FlO .. O ETA( 12) ~12 

Comments 

allowable absolute error 
in integration for P 

allowable absolute error 
in integration fbr Q 
allowable absolute error 
in integration for R 

allowable absolute error 
in integration for e 
allowable absolute error 
in- integration fdr ' 

allowable absolute error 
in integration for t 
allowable absolut~ error 
in integration fdr x 

allowable absolute .error 
in integration. for y 

allowable absolute error 
in integratioh for z 

1 these cards are required in place of card 7 when six tegrees of freedom are 
allowed, i.e. N = 6 



J-1 
\0 
J-1 

TABLE XX ( CONT c. ) 

Input Data for Static Line System 

Card 
Number 

8 
~. 

9 

'10 

Column 
Number 
1~10 

1~2 

3-4 
1~10 

11-20 

21~30 

31-40 

41-50 

51-60 

61-70 
11 1 

2 lla 1-10 

11-20 

21-30 

Format 
Representation 

FlO.O 

I2 

I2 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

Il 

F]lO. 0 

FlO.O 

FlO.'O 

2 . . . . 
required only when NREEF 1 0; 

Mnemonic 

PCTERR 

ISTATIC 

IEXTRAC 

LSTATIC 

CDSBAG 

CDSP 

DPII.¢T 

LSPIL¢T 
TD 

LRXBR 

NREEF 

RO 

Rl 

TCD 

Symbol 

~···E 
p 

Lstatic 
GDSB 

DDSpilot 
· Do·-·pt·lot 

--..!:s~·- pi 1o t 
.tD 

R 
0 

Rl 

tCD 

Comments 

allowable relative error 
in integration 
~1 

0 

length of static line 

drag area of main para
chute deployment bag 

0 

0 

0 

0 

tE + L:sr 
number of reefing lines 

initial reefing ratio 

final reefing ratio 

reefing cutter delay 
time 

must have NREEF cards of type lla 

.... 



~ 
\0 
N 

Card 
Number 

12 

TABLE XX ( CONT ~ ) 

Input Data for Static Line System 

Colu.mn ~. Format 
Number Representation Mnemonic Symbol 

l-10 FlO.O TST0'P. tstop 

ll-20 FlO.O ZST¢P 2 stop 

\. 

Comments 

number of seconds after 
full inflation when s~m
ulation is to terminate 

altitude loss at which 
simulation is to terminate 



~ 

"" w 

Card 
Number 
1~8 

9 

10 

ll 

TABLE XXI 

Input Data for Static Line Deployed Pilot Chute System 

Column 
Number 

l-2 
3~4 

l-10 

ll-20 

21-30 

31-40 

41-50 

51-60 

61-70 
l-10 

ll-20 

Form.at 
Representation 

I2 

I2 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

Mnemonic 

ISTATIC 

IEXTRAC 

LSTATIC 

CDSBAG 

CDSP 

DPILOT 

LSPILOT 

TD 

LRXBR 

MPBAG 

CDS2 

Symbol 

______ Ls--tat ic 

-cCDSB 

-cnsp.1io"t 

D-o--pilot 

L ·--r t ------=-s---p ~ 0 

tD 

:mpb 

_CDS II 

Cornm.ents 

see Table XX 

-1 

0 

static line length 

drag area of main para~ 
chute deployment bag 

drag area of pilot chute 

flat diameter of pilot 
chute 

length of suspension 
lines of pilot chute· 

time at which coasting 
period ends; if no coast
ing period,= 0 

0 

mass of pilot parachute 
and main parachute de-
ployment bag · 

drag area o~ pilot chute 
and main ~rachute de
ployment bag 



:f.' 
\0 
.p. 

TABLE XXI (CONT.) 

Input Data Static Deployed Pilot Chute Sys 

Card 
Number 

12 

13 

Column 
Number 

21-30 

31-40 

l 

l-10 

-30 

l-10 

Format 
Representation 

.o 

FlO.O 

Il 

FlO.O 

.o 

.0 

FlO.O 

.o 

Mnemonic 

K 

LRXBR 

NREEF 

RO 

TST¢P 

ZST¢P 

1 required only when NREEF 'I= 0; must have 

Symbol 

=-k----·-······--.. , 

Ro 

Rl 

tstop 

zstop 

cards 

Comments 

spring constant sus-
pension tem 

+ LBr 

number of lines 

initial reefing ratio 

final reefing ratio 

ing cutter lay 
time 

number of seconds &fter 
full inflation when sim
ulation is to terminate 

altitude loss at which 
simulation to terminater 

type l2a 



J-l 
\0 
V1 

Card 
Number 

l-8 

9 

10 

ll 

Column 
Number 

l-2 

3-4 
1.;..10 

ll-20 

21-30 

31-40 

l-10 

ll-20 

21-30 

31-40 

TABLE XXII 

Input Data for Extraction Parachute System 

Format 
Representation 

12 

12 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O 

FlO.O. 

FlO.O 

Mnemonic 

1ST.AT1C 

1EXTRAC 

LENGTH 

CDSB.AG 

CDS EX 

TD 

MPB.AG 

CDS2 

K 

LRXBR 

Symbol 

L 

CDSB 

CDS ex 

tD 

mpb 

CDS11, 

k 

Comments 

see Table XX 

+l 

0 

distance load travels 
in aircraft 

drag a~ea of main para
chute deployment bag 

drag area of extraction 
parachute 

time at.whiqh coasting 
period ends; if no 
coasting period,= 0 

mass of extraction para
chute and main parachute 
deEt-loyment bag 

drag area of extraction 
parachute and main para
chute deployment bag 

spring constant of sus
pension system 

LE + ~r 



t-' 
\0 
0\ 

Card 
Number 

12 
l l2a 

13 

Column 
Number 

1 

l-10 

ll-20 

21-30 

l-10 

ll-20 

TABLE XXII (CONT.) 
Input Data for Extraction Parachute System 

Format Mnemonic Representation 

Il NREEF 
FlO.O RO 
FlO.O Rl 
FlO .• O TCD 

FlO.O TST¢P 

FlO.O ZST¢P 

Symbol 

Ro 

Rl 

tCD 

tstop 

2 stop 

Comments 

number of reefing lines 
initial reefing ratio 
final reefing ratio 
reefing cutter delay 
time 
number of seconds after 
full inflation when sim
ulation is to be ter
minated 
altitude loss at which 
simulation is to be 
terminated .. 

1 required only when NREEF f: 0; must have NREEF cards of type l2a 



TABLE XXIII 

Input Data for Reefed Main Parachute Extraction System 

Card Column Format Mnemonic Symbol Comments 
Number Number Representation 

l-8 see Table.XX 

9 l-2 I2 I STATIC +l 

3-4 I2 ·IEXTRAC +l 

10 l-10 FlO.O R Rex reefing ratio of main 
parachute during ·ex-
traction 

ll-20 FlO.O LENGTH L distance load travels 

21-30 FlO.O TD tD time at which coasting 
1-1 period ends; if no coast-
\0 ing period, = 0 
""-J 

ll l Il NREEF number of reefing lines 

121 l-10 FlO.O RO Ro initial·r~efing ratio 

ll--20 FlO.O Rl Rl final reefing ratio 

21--30 FlO.O TCD teD reefing cutter delay time 

13 l-10 FlO.O TST~P number of seconds after 
full inflation when sim-
ulation is to terminate 

ll-20 FlO.O ZSTC/JP altitude loss at which 
simulation is to terminate 

1 NREEF cards of this type are needed 



IX. SAMPLE OUTPUT 

Figures 31 through 35 include portions of the computer 
output related to those calculations which are presented 
graphically in Volume I of this report. Portions of the 
data during the .free descent phase are omitted since the 
intent of this Section is only to indicate the type of output 
which is produced by the computer program. 

All physical input data related to the parachute-load 
system is printed on the computer outputs. Those input values 
which are required for the specific systems have been dis
cussed in Section VIII. The remaining inputs are left to the 
discretion of the program user, and the particular values 
which were used in all of the calculations shown. in this 
section are listed.in the following: 

NNN = 100 
DTl = 0.001 
DT2 -. 0.001 
DT3 = 0.001 
NINT =· 50 (determines 
ETA(l) = 0.001 
ETA(2) = 0.001 
ETA(3) = 0.00001 
ETA(4) = 0.0001 
ETA(5) = 0.01' 
ETA(6) = 0.01 
PCTERR = 0.001 

print increments) 

The above values were chosen after experimentation with a 
typical calculation showed that smaller values (larger for NNN) 
did not significantly alter the numerical results but required 
significantly more computer time for the calculations. These 
.values must, of course, be estimated for the particular 
application the program user intends. 
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PARACHUTE-LOAD SVSTEM<OEPLOVMENT)•• T•lO<STATIC LINE> 

TRAJECTORY SIMULATION••T=o,z=o IS RE~EASE POINT 

RELEASE CONDITIO~~ 
ALTITUDE= 6000. FT 
VELOCITY• 220.00 FT/SEC 

MASSES•-SLUGS 
TOTAL SVSTE~= 
LOAD• 7.770 
PARACHUTE• 
SUSP. LINES= 

·364 
·075 

RISERS= .031 
RISER EXTENSIONS• 0 
LOAO BRIDLE• 
INC~UDED• 
APPARENT• 

{) 

7e889<SEA LEVEL) 
2•958 <.SEA l.EVEL) 

6e574( 60tO. FT) 
2•465( 6000, FT) 

REFERENCE 
Xl• 
X2= 
X3• 
X4• 
xs= 

DISTANCES 
11.520 
24.170 

0 
0 

27.800 

FROM SKIRT•• FT 

~OM./PROD. INERTIA••SLUG FT**2 
TXX• 3339eSOO<SEA LEVE-L) 
IYY• 3339.SOO<SEA LEVEl.) 
tZZ• O<SEA LEVEL) 
!XZa 0<SEA l.EVEl.l 

FT 
35.000 

DIMENSIONS•• 
DNOT• 
SUS!', SYSTEM• 28eOOO 
Ll= 
L2= 
L3• 

16e689(SEA LEVEL1 
•15.166(SEA LEVEL> 

23eB89(SEA LEVE~l 

YC/DNOT• ,133 
DP/ONOT• e6B6 
VOLUME• 3317e500 FT**3 

-PARACHUTE COP= le 487 

l.OAO. DRAG AREA•;. 6t000 Fr**2 
DEGREES OF FRE£~00~• 3 

15.29'1 ( 
-17.164( 
22.4~1( 

STATIC LINEa: 15.000 FT. 
PARACHUTE PACK DRAG AREA• 

2994.494( 
2994.494( 

0 ( 
0 ( 

6000• FT) 
6000. FT) 
6000e FT)· 

6000. FT) 
6000. FT) 
6000, FT) 
6000, FT) 

FIG 31 Sample Output for the T-10 Parachute with Static 
Line System 
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TIME AL TITUOE SYSTEM C.M. TRAJ. C•f'l• POSITION C.M. VELOCITY' CeM• ANGLE ANGI.E ACCELERATION (SEC) (F"T) (OEG) (OEG> (F"T) <FTISEC) <FT ISECISEC·l 
X y z l'OTAL X '( z TOTAL. 

1-rj 
H 
Gj 

w .05 5999.96 89.58 89.58 10.96 ,04 218.20 218,.20 1.60 
j--1 .10 5999.84 89.16 89,16 21e82 .16 216.44 216,42 3.19 

• 15 5999.64 88.73 88.73 32.60 .36 214.73 214.67 4.77 
t""400 .zg 5999.37 88e~O 8,.3g 43.~9 :S~ ~n=~~ ~~~:~2 bn33 .2 5999.r>1 87. 6 8 .a 53. 0 7.~8 }-'·~ 

.30 5998.58 87.43 87.43 64.4~ 1,42 209.81 209.59 9.42 p s 
(1)"0 .35 5998.('7 86.99 86,99 74.86 1•93 208.24 zo7.95 10.9!) 

j--1 .40 5997.49 86.54 86.54 85.22 2,51 206.71 206.34 12.47 C/)(t) .45 5996.t:l3 86.10 86.10 95.49 3.17 205.22 204.75 13.97 '< .so 5996.!19 85.65 BS.65 1o5.69 3.91 203.77 203e18 15.,.7 mo ,55 5995.28 85.19 85.19 115.81 4.72 202.34 201.63 16.95 rtS: • 60- 5994.40 84.74 84.74 125.86 5.6o 280.96 200.11 1~.43 (l)rt .65 5993.44 84.28 84.28 135.83 6.56 1 9.60 198,61 19.~9 8"0 .7o 5992.41 83.B2 83.82 145.72 7,.59 198.28 197.13 2!-35 s: .75 5991o31 83.36 83.36 155.54 8,69 196.99 195.67 i:!2e79 rt .so 5990ol3 82o89 82.89 165.29 9.87 195.73 194.23 24·22 ,......, 
("')H1 .as 5988.89 82.42 82.42 174.97 11.11 194.51 192.81 25o65 
00 .9o 5987.57 8}e95 8!.95 184.57 12.43 193e31 191.41 27.07 p ti .95 5986.18 81,48 8}.48 194ell 13.82 192e15 190.02 2Bo47 
rt 1.oo 5984.72 81.00 81.00 2o3.58 15,28 191.01 188.66 29.87 N }-'•rt 1.05 5983.20 8Qo53 8o.53 212.98 16.80 189.90 187,31 3!.26 0 o::r 1.1o 5981.60 ao.os so.o5 222.31 18,40 188. 8_3 185.98 32.64 0 s: (!) 1.15 5979.93 79,56 79.56 23}.58 20.07 187.78 184.67 3lf.e0l (!) 1,20 5978.20 79.08 79,08 240.78 21.80 186.76 183.37 35.3~ 0..8 1.25 5976.40 78,59 78,59 249.92 23.60 185.76 182.09 3&.13 ~· 1.30 5974.53 78.11 78.11 258,99 25,47 184.80 180.83 3~.08 j--1 

1,35 5972.59 77.62 77.62 268.00 27.41 183.86 179.58 39.42 0 
1.40 597().59 17.13 17ol3 276.95 29.41 182.94 178.34 40.75 

t-0 l. 45 5Qb8,52 76,64 76.64 285.84 31.48 182.05 177.12 42.0~ 
Al I.5o 5966.38 7b.l4 76.14 294,66 33,62 181.19 175.92 43.39 
ti 1.55 5964.18 75,65 75.65 303.43 35.82 180.35 174.72 44.70 Al 1.60 5961.91 75.15 75.15 312.14 38.09 179.54 173.54 4&.00 n t.65 c;qS9,5B 74.66 74,66 320.78 40,42 178,75 172.38 47.30 P"' 
c 
rt TIMECSEC) ANGL.E(DEG) X(FT) ~(FT) VELOCITY(FTISECl (!) 

STATIC LINE STRETCH eB1 82.77 167,81 10.18 195.41 
~ PAR~CHUTE/PILOT CHUTE DEPLOYMENT }.68 74.35 326.12 41.90 178.27 
}-'• 
n-
::r' 

00 
rt TIME ALTITUDE SYSTEI\IJ CoMe TRAJ. C•M• POSITION C•M • VEI.OCIT'f co I"! o Al ANGLE ~NGLE ACCELERATION rt (SEC) (FTl (OEGl (OEG> <FT> ( FT /SEC) ( F T /SECI.SEC·l ...... 

X y z TOTAl. X y z TOTAL.' 0 

1. 7(>, ~954.18 73.53 73.53 339.80 45.92 163,54 156,82 46.37 •212.41 

• 



1.85 5950.46 72,.67 72.67- 352.13 49.54 145.22 138.63 43.25 ~239;4:0-
1.93 5947.02 11.74 11.74 362.93 52.98 126.42 l20e06 39.60 •234.05 
2.01 15943.88 70.73 70.73 372.24 56.12 109.04 102.93 35.99 •211.69 
2.09 5941.03 69.60 69.60 380.21 58.97 93.88 87,.99 32.73 •·183. 70 
2.18 5938.43 68.35 &8.35 3~7.02 61.57 81.08 75.36 29.91 •·156.32 
2.26 5936.04 66.97 66.97 3 2.87 63.96 70.43 64,.82 27.55 •·132.22 
2.34 5933.84 65.46 65.tt6 397.91 66.16 61.64 56.07 25.60 •112.07 to,:j 2.42 5931.79 63.82 63.82 402.28 68.21 54.39 48.80 24.00 ·115.68 H 2.5o !;929.86 62.04 62.04 406.09 70.14 48.39 42.74 22.68 ·82.53 C) 2.59 5928.02 60.15 60.15 409.lt3 71.98 43.41 37.65 21.61 ·:'72.07 

v.> 2.67 5926.28 58.15 58.15 .412.39 73.72 39.26 33.35 20.72 ·63.78 
1--' 2.75 5924.59 56.06 56.06 415.01 75.41 35.79 29.6.9 19.98 •57.22 

2.83 5922.97 53.89 53.89 417.35 77.03 32.87 26.56 19.37 ·62.ott 
2.92 5921.39 51.66 51.66 419.45 78.61 30.41 23.~5 18.86 •47.95 

t'"'Cil 3.co 5919.85 49.39 tt9.39 421.33 80.15 28.31 21.50 18.43 ·44.72 
t-'•Sll 3.08 5918.35 47.10 47.10 423.03 81.65 26.53 19•44 18.06 •42.20 p !3 3.16 5916.~7 44.81 44.81 424.57 83.13 25.01 17e62 17.74 •40.22 ro"'' 3.25 5915.42 42.54 42.54 425.97 84.58 23.70 16.02 17.tt6 ·38.68 1--' 3.33 5913.99 40.30 4o.Jo 427.24 86.01 22.57 14e60 17.21 ·37.48 C/)CI) 

'-<:: mo 
TIME<SEC) ANGLE(OEG) X<FT) ZCFn VtFT/SEC) F'MAX ('LB) TF <SEC) nr= 

ron FLILLl OR REEFED IN.F'LATIO"J' 3.33 40.30 427.24 86.01 22.57 1868. 1.65 
!3"'0 

c:: 
rt ,.... 

(")J-h 
00 NOTE•• POSITIONStVELOCITIEStACCELERATIONStTRAJe ANGLES REFER TO LOAD• PREVIOUS RESULTS ARE FOR ~ASS CENTER Pt1 
rt 

1\..) t-'•rt 
0 ::s::r 
1--' c:: ro 

ro 
P..t-:3 TIME ALTITUDE SYSTEM LOAD THAJ. LOAD POSITION LOAD VELOCITY I.OAD "-/ I ANGLE ANGLE ACCEI.ERATION 

1--' (SEC) (FT) <oEG) <oEG) (FT) <FT/SEC) (FT/SEC/SEC) 0 X y z TOTAL X '( z TOTAl.! 
"tf 
ill 
t1 
ill 
() 
:;:r 3.61 SR95.33 24.34 -15.89 436.69 104.67 23.41 -6.41 22.52 •35.64 s: 4.09 5887.29 -4.11 •48.48 431.55 112.11 16.37 -12.26 10.85 •22.22 
rt 4.60 5883.53 -28.21 -35.24 426.95 116.47 7.50 -4.33 6.12 •21.06 ro 5.24 5877.01 -39.67 28.4(t. 428.44 122.99 18.25 8.69 16.0ft 28.46 

~ 
6.27 5852.81 -13.64 47.25 4tt7.46 147.19 37.71 27.69 25.60 16e01 
7.55 5829.61 35.41 38.24 478.77 170.39 19.9it- 12.34 15eb6 •26.59 ..... 8.19 5816.78 39.06 -7.01 481.65 183.22 25.27 -3.08 25.08 28.18 

" 8.5t 5806.18 31.69 -22.23 478.74 193.82 31.8~ •12. 07 29.52 24.38 ::r 9.34 t:;784.40 2.A8 -44.t37 463.81 215.60 34.24 -24.16 24 • .!6 -15.23 
"J) 10.30 5766.66 -31.87 -30.57 ft4S.tt7 233.34 19.18 -9.76 16.52 •24.46 
M' 1 o.87 5755.32 -36.88 8.53 4it3.7'3 2it4.68 23eA8 3.54 23eb1 26e67 
Sll 11.39 5741.t>4 -28.01 27.12 4it8.tt4 258.36 32.45 lit.BO 28.~8 22.04 
rt 12.15 5720.HO .06 47.02 464.63 279.20 33.60 24.58 22.91 ·13. 77 ..... 13.24 5700.97 33.63 1q.,ss 483.76 299.03 19.51 6.53 18.38 24.99 () 14.01 5683.22 3o.S7 -20.86 482.18 316.78 29.41 •10.47 27.49 23 .lit 

14.78 Snb2.o6 6.1tl -42.46 468.68 337.94 33.71 -22.76 2tt.86 •13. 91 
15.80 5~42.!~1 -27-.9 3 -33.o5 448.81 357.99 20.41 •11.13 17.10 •21.77 
16.31 5632.23 -33.91 .34 446.00 367.77 21.83 .13 21.82 2ite80 
16.95 S616.d -25.57 25.93 ttc;o.42 383.97 30.B6 13.50 27.76 20.03 
17.72 r;s95,.1H -.23 44,.bO 4&5.19 404~13 31.9~ 22.~t-4 22.75 -11.33 
1R.68 c;r:;77.73 28.32 27. 16. 4A2.00 422.27 20.06 9.15 17 .. 86 -2l.it6 
1'1_?f.o Ci">65.99 3;.'.03 -7_._~8 41H~ 71 43lt _n 1 ?3_._6_lt .. ).08 23.4lt 23.65 



19:77 5552.81 24.05 •25,99 479.49 447,1Q 30.34 -13.30 27.28 18.89 
2o,S4 5533.04 -.22 -43,78 465.16 466,96 31.13 •21.54 22.48 -10.25 
21,50 5514.74 •27,15 -25,61 449,08 485,26 20.17 .. 8,72 18,19 -20.54 
22.07 5502.91 -3o,S5 7,57 447,47 497,09 23.53 3.10 23.33 22.&9 
22,59 5489,90 -22,88 25,78 451,63 510,10 29,75 12,94 26,79 17,99 
23,35 5470,44 ,26 42,89 465,1+8 529,56 30,48 20.75 22.34 •9.33 
24.38 5450.76 26,79 21.38 481.57 549,24 20.15 7,34 18,76 -20.13 

t".Ej 25,05 5436,32 27,93 •13.62 482.04 563,68 25.18 -5,93 ·24,47 20e82 
H 25,56 5423.10 18,25 -29,42 476,64 576,90 30.20 ~14.83 2&.30 15.55 
(t) 26.20 5407,38 -.B2 -42,05 464,96 592,62 29.71 -19.90 22.06 -8.40 

27,23 53A7,57 -25.67 ·19.~7 449,63 612,43 20.25 -6.88 19,04 -19.37 
\.I.) 27,87 r:;373,136 -26,86 12.31 449.11 626,14 24.58 5.24 24.02 20o11 
t-' 28,25 5364.21 -20,96 24,76 452.44 635,79 28.48 118 93 25,86 i6.52 

29,02 5345,26 -.16 40,d3 465.~0 654,74 29.34 19.18 22.20 -7.76 

t':'tll 3e.o4 S325,16 23,87 21,33 480,48 674,84 20,47 7,45 19.07 -18.38 

I""'·Ol 
3o~62 5313,14 26.27 -7,55 4i31. 75 686,86 23.17 -3,04 22e97 19.52 

PE 31,;13 5300,61 19,5B •24,70 477.92 699,39 27,97 -1l.68 25,tt1 15.60 
tD"d 31.90 Ci281,99 -.20 -39,85 465,60 718,01 28,63 •18.35 21.98 •6.90 

t-' 32.~5 5261,)4 -23,00 -18,66 450,79 738,86 20.51 -6,57 19.44 ""17.79 
(I) ('I) 33,5Q 5247.!::)0 .-24,16 11,10 450,17 752,50 23,83 4.59 23.38 18,09 
~· 33.98 -5?38.17 -19.06 23.32 453.14 761,83 27.10 10.73 2ft.,89 15o13 
CllO 34,75 5:;:>19.74 -.69 38,41 464.69 780,26 28,15 17,tt9 22.06 •6.30 
rf'S: 35.~3 SJ~A.OO 21,49 18,47 479,53 802,00 20,67 6,55 19,60 -lb. 91 
CDrt 36.41 5]85,89 23,15 •7,Bl 480.51 814,11 22.88 -3.11 22.67 17.42 
S.·~ 36,92 CH73,71 16,99 -24,05 476,86 826.29 26,76 ·10,91 24,44 13,82 s: 37.69 5155,71 -,53 ·37.42 465,60 844.29 27,25 ·16,56 21.64 -5.28 

" 38.~1 5131,33 -21,34 •10,19 451,31 868,67 20.74 -3,67 20,41 16,59 ,-.. 
C'1Hl 39,67 5114.26 -18,17 19.09 453,16 885,74 25.12 8,22 23.7ft. 14.35 
0·0 40,44 5()96,23 -3.12 34.b6 462,77 903,77 27,06 15,39 22.26 J5,73 
~·. ti 41,21 c;oao.27 12,46 31.18 473,94 919,73 23.18 12.00 19,84 •l'oe20 
,f"t 41,91 So66,16 19.96 6.42 479.19 933,84 20.97 2,34 20.84 15.68 
)-1•(1' 42.68 5049,03 15.60 •20,33 476.63 950,97 24.94 -8,66 23.38 1ii!.70 

N :::l!J"' 43.45 Sr31.45 1.27 -33,58 467.20 968,55 26.07 •14.42 21.72 -tt.19 
0 s:ro 44,22 5ol5.61 •12,23 •27.77 457.07 984,39 22.66 •10,56 20.05 .. 9.78 
·N ro 45,11 4997.15 •17 .9ij 2,86 452.56 1002,85 21.73 1,08 21.71 14.24 

~·t-3 46,14 4974,02 -6,22 28,53 460,06 1025,98 25.45 12.16 22.36 6.39 
'-"' I 

t-' 46,91 4957.66 7.00 29.~8 469,83 1042,34 23.59 11 •. 79 20,ft.3 -5.B5 
0 47.~0 4939,29 15,06 9,00 477.02 1060,71 21.27 3,.~3 21,00 •·12.11 

48,57 4922,59 12,67 •14.34 476,02 1077,41 23.05 .. s.:n 22,33 10,53 
1-d 49,34 4905,55 2,74 •26,84 469,23 1094.4-5 24,25 •10,95 21,64 •3.47 
Pl 50,11 4889,45 -7.25 •24,42 461,02 }110 ,55 22,58 -9,34 20.56 .. 5,16 
ti 51,13 4867.98 -10.18 -3,98 455.33 1132,02 21.63 -1.50 21,58 7.81 
Ill 51.90 4851.19 -4.73 8,12 456.14 1148,81 22.12 3,12 21ti90 3,81 
(') 52,79 4R32,20 6,34 6,11 459,18 1167,80 20,46 2.18 20,34 •5,65 

·P" 53.50 4817.91 11.73 •8,65 458,97 1182.09 20,82 .3.13 20.58 8,80 s: 
rt 54.01 4807.15 11.17 •19,52 456.22 1192.85 22,73 -7,60 21.43 8,56 
ro 55,03 4785,22 ,55 -31,98 445,04 1214,78 24,45 •12.95 20,74 -2.42 

ss.so 4769,81 ·8,0& ·28,61 435,60 1230,19 22•41 •10,73 19;.67 ~5.84 

~ 56,57 4 754,5.5 -9,70 •14,67 429,40 i245,45 20.83 -5.28 20~15 •7.17 
.t-'• 57,59 4733,97 -,69 -3.13 426,76 1266,03 19,75 ·1.08 19,72 •1.02 
rt 58,3.6 4718,97 7,10 -9,02 425,43 1281,03 19e81 -3.11 19,56 5,09 

,::J 59,1'3 4703,59 9,03 ·21,23 421.23 1296,41 22.07 .. 1,99 20.57 6,78 
60,41 4677 .o.9 •1.43 -31,95 4o7.o6 }322, 91 23,70 •·12.54 20,11 .. 1.62 

(/) 61.18 4661,98 -7,75 -26,.92 398,21 )338,02 21.82 .. 9,88 _19,-46 •S.ift.5 
rt 62.46 4.636.79 -4,47 -8.67 390,33 1363,21 19,97 -3.01 19,74 •3.25 
Pl 63.23 -4621.76 2.69 -7.b4 388,42 1378,24 19,01 -2.61 19.44 1.80 
rt 63,99 46·06 .. 11 7,38 -15.86 385,42 1393,29 20,69 -5.65 19.90 !;.40 
)-1• 
(') 64.76 4591,11 6,13 ·25,20. 379,48 1408.89 22,78 •9,7o 20,61 4 •. 74 

66.04 4565.16 -4.07 •29,52 365.12 1434,84 22.59 •11.13 19,66 •2.11 
66.81 4550,17 •7,38 •21,83 357,72 1449,83 21.02. .7.82 19o51 .. s.u 
67.83 453.0. 08 -3.30 •10.23 352.18 1469,92 19.92 -3.54 19,60 •2.37 
68,60 4515.10 2. 71 •10.14 349,69 1484,90 19.78 •3,48 19.47 1e85 
69.37 4500,01 6.29 .-17.22 346,11 }499,99 20,86 -6.17 19,92 4,50 
70,14 4484.47 4.87 oo25.oo 340.04 1515.53 22.53 .-9,52 20,42 3.81 
71.67 4453.73 •5.14 •26.29 323.83 1546,27 21.75 .9,63 19.50 •3.43 
T? 44 44~8.76 -6.10 -18.24 317.6? 1§61.~_4, __ 2_0.57 .•. 6.44 19.53 .~4.26_ 

• • ... 



tozj· 
H 
G'l 
VJ 
I-I 

t-'Cil 
..... cu 
::l8 
(1)'0 

I-I 
t/)(1) 
~ 
CllO 29(),(14 ?Hfl.~3 

rtt:: 29·:;. sc;, ?.79.47 
ron 291. f17 ?70.q 
9'0 ·292,09 ?51.10 
·S:: 293,11 ='32.i:O 

rt 294,14 213.3() ,...... 
295. lfl 1 94,4(} (")H'} 

00 296.19 175.51 
::lf1 297.2] l5F>.63 
0 299.26 l]A,PB 

N l-IM' 3on.?R }('O,rl 

0 c::::r . 301.31 R1,14 
w o.ro 302.33 62.;.-9 

f1) 303.35 43.44 
o.t-3 3(15.40 r;.75 ......., I 

305,71 .~o 
I-I 

-,3'! -20,21 -1201.74 sn 1.o1 19.&8 -6.1;0 18,47 -.01 
-.32 -20.18 •1205.22 5720.53 19.68" -6.79 }ij.47 -.o2 
-.32 -2.J.l5 -1208.69 c;,"f29.99 19.67 -6.78 1B.4t6 -·03 
-.3P -2(~.10 -1215,6? c;748,9n 19.&6 -6.715 1~.46 -. 01 
-.?6 -20.11 •J222.S3 c;,767,8(l 19.65 -6.76 18 ... 1) -.o1 
-.?5 -20,17 -1229.46 c;7Ro.7o 19.66 -6.78 lB.'+S .02 
•c0 i?9 -2~;.21 -1236.41 c;Bo5,6n 19,ft6 -6.79 18.45 -.o1 
-.32 •2r. Pl •1243o3h 5824.49 l9o64t -6.78 18.44 ··02 
-.31 •21'\o]i? -12150.29 5R43,37 19.63 -6.75 18.43 ··02 
-.2S •2n .u •. -1264.11 5AA1,1? 19.63 -6.76 18.43 -·01 
-.?7 •2<). 19 -1?71.04 5~99.9q 19.63 -6.78 JB,42 .o1 
-.31 -2n.1~ -1277.98 15QJ8,Bt'. 19.62 -6.77 u~.41 -.01 
-.31 -20.15 -1?.84.91 S9:H. 71 19.61 -6.75 18.41 -.o2 
-.29 -2<'.11 -1291.81 S95o,Sn 19.60 -6.74 18.40 -.01 
-.:?F. •2tlol7 ·13o5.62 c;,9C)4.2" 19.60 -6.76 }8.39 ·01 
-.27 -2n.l'B -1307.74 6000,00 19.&0 -6.76 18.39 ... ol 

0 

~ 
IU 

TI ~·1E C c;EC l AL Tt TUDE I FT) X IFTl Z IFTl V<FTISECl VXIf'T/SECl vZ<FTISECl A(FT/SEC/SEC> 
1 V RTICAL/~lNIM0~ ~.9(1 588~.44 432.74 111.156 1~.04 -12.42 13.09 •24.60 

li 
Dl 
0 

2 V QTJCALI~T~lMU~ b.S? 5846.66 454,84 153.34 37.00 29.60 22.20 ·16.26 
3 V PTJCAL/~INJMV~ ~.34 57R4e 40 463.81 215.60 34.24 •24.16 24.26 -15·23 

::r 
a 
rt 
CD 

~ -... 
...... 
n· 
p· 

tr.! 
rt 
Ill 

" ..... 
Q 



/ 

PARACHUTE-LOAD SYSTEM(~EP~OVMENT>·{~·12DCSTATIC LINE+ PILOT CHUTE) J 

TRAJECTORY SIMULATIONM·T•o,z=o IS RE~EASE POINT 

RELEASE CONDITIONS 
ALTITUDE= 
VELOCITY= /SEC 

MASSES••SLUGS 
TOTA.L SYSTE~= 
LOAO• 68,386 

7?..870 

PARACHUTE: 2,3A3 
SUSP, LINES• .867 
RISERS= .147 
RISER EXTENSIONS= ·280 
I,.OAO BRIDLE= 
INCI,.UDED= 
APPARENT• 

;@ 
4l•l43<SEA LEVEL> 
15~429(5EA LEVELl 

34•287( 6000. FT) 
12~858( 6000, FT> 

REFERENCE 
Xl• 
X2= 
X3= 
X4= 
xs= 

DISTANCES FROM SKIRT•• FT 
23.750 
so.ooo 

0 
56•230 
57.21:') 

MQM,/PROO, INERTJA•·S~UG FT**2 
!XX~ 84525.1;47<SEA LEVEL.> 
IYY= 84525el47(SEA LEVEL) 
TZZ= O<SEA LEVEL> IXZ= O<SEA LEVEL.> 

FT 
64.000 

DIMENSiONS•• 
ONOT= 
susp, 
L}l= 

SYSTEM• 56,420 

L2= 
L3= 

25e57B<SEA LEVELl 
•39.888(SEA LEVEL) 

32e368(SEA LEVEL) 

YC/DNOT= ,1?.9 
DP/DNOr= e648 
VOLUME= 17301,500 FT**3 
PARACHUTE COP• le786 

LOAD DRAG AREAc 18,900 FT**2 
OEGREES OF FREE DO~= 3 

23.006( 
•42o460( 

29,796( 

STATIC LINE• 15,000 FT 

71+577 &364 ( 
74577.361+( 

0 ( 
0 ( 

6000· 
6000. 
6000, 

FT) 
FT) 
FT) 

oooo. 
6!)00• 
6000. 
6000, 

PARACHUTE PACK DRAG AREA• -·- _____ 'l!~_}~~ __ fJ_~-~?-

FT> 
FT> 
FT> 
FT) 

FIG 32 Sample Output for the G-12D Cargo Parachute with 
Static Line Deployed Pilot Chute Syfltem 

204' 



PIL~T CtiUTE 
DRAG AREA= 18,870 FT**l 
DIAMETER= 5.6&0 FT 
SUSP• LINES= 14•750 FT 

TI~E OF PILOT CHUTE RELEASE= 0 SEC 

l2j 
H 
en 
w 
1'..) 

Clltn 
TIME 1\L TITUOE SYSTE~ CeMe TRAJ. C•"'• POSITION C•M• VELOCITY rtlll C•""• 

Ill s ANGLE ANGLE ACCELERATION 

rt"' CSF.:Cl CFT) COEG) CnEG) CFT) CF'TISEC) CFT/SECISEC) 
1-'· ...... X y z 
Oct> 

TOTAL X y z TOTAL. 

t-to 
1-'•C 
::Srt '-(1)"0 

·C .os ;999,96 89.Sb 89,58 10.98 .04 219.15 219.15 1e61 

~rt • 10 5999,84 89,16 89,16 21.92 .16 218.32 218.30 3.20 
CD ,15 5999,64 8ei.74 88.74 32.81 .36 217.51 217.46 4.Bo 

"'Hl ,20 5999,36 88,31 88,31 43,&() .&4 216.72 216.62 6.38 
J-10 .25 5999.01 87,89 87.89 54,47 .99 215.94 215.79 7.97 
01'1 .3o 5998.57 87,46 87.4() 65.24 1,43 215.18 214,97 9.54 
'< .35 ~998,05 87,03 87.03 75,97 1,95 214.'t4 214.16 11.11 

N CDrt 
0 p..:::r .40 5997.46 86.60 86.60 86.66 2,54 213.72 213.35 12.67 

U1 CD ,45 5996.79 86.17 86.17 97,31 3.21 213.02 212.54 14.23 

"'d .so 5996,04 85.74 85.74 107,91 3.96 212.33 211.74 15.78 

1-'· G"l .ss 5995.21 85.30 B5.3o 118,48 4,79 211.66 210.'!5 17.33 
J-1 I ,6o 5994.31 B4.B7 84.87 129,01 5.69 211.00 210.16 18.87 
OJ-I ,65 5993.33 84.43 84.43 139.50 &.67 210,37 2o9.38 20.40 
rtl'..) .7o 5992.27 84.00 84,00 149.95 7.73 209,75 208.60 21.93 
~ ,75 5991.13 83,56 83.56 160.36 8,87 209.15 207.~3 23,46 

n .so 59R9,92 83.12 83,12 170.73 1o.os 208.56 2o7.o6 24.98 
::rn ,85 598R.64 B2.6H 82.68 181.07 11,Jf, 207.99 206,30 26.tt9 
~~ 
rtl; .90 5987.28 82.2'+ 82.24 191.36 12.72 207.tt4 2o5.54 28.oo 

CDCJ'Q ,95 5985.84 81,81J B1.AO 201.62 11+.16 206.90 2o4.78 2~.50 

0 1.oo 5984.33 81.3b 81.36 211.84 15.67 206.38 204.04 31.00 
((.) 1.0~ 5982.74 Btl• 92 so.92 222.02 17.?.6 205.87 203.29 32.49 

'<1-C 1,10 5981.;}8 8().48 B0.48 232.17 1ij.,92 205.38 202.55 33.98 
rnlll 1.15 5979.34 61.1.03 so.o3 242.28 20.66 204.91 201.82 35.4b 
rtl; 1.20 5977.53 79.59 79.59 252.35 22.47 204.1+5 201.09 36.94 
CDPJ 1.25 5975.65 79.15 79.15 262.39 24.35 204.01 200.36 38.1+1 
!3 0 1.-30 5973.70 1a.1o 78,7() 272.39 26.30 203,58 199.64 39.88 

::r 1.35 5971.67 78.2o 78.2& 282.36 28.33 203.17 198,92 41.J4 r:: 
,...... rt 
nCD TlMECSECl ANGL.E(DEG) X (f'T) Z<FT) VELOClTYCF'T/SEC) 0 
::s ~ STATIC Ll~E STRETCH .92 82.06 195.68 13.32 207.21 
rt ...... P~RACHUTE/PILOT CHUTE DEPLOYMENT 1•36 7A•l3 285e34 28e96 203•05 
1-'·rt 
::SP"" r:: 
CD 
p,. P~RACHUTE PACK ~ASS• •303 SLUG .._, 

PARACHUTE PACK AND PILOT/EXTRACTION CHUTE DRAG AREA• 2~.016 FT 0 *2 
SPRING CONSTA~T= 4777, 000 LBIFT 
LENGTH OF HISERSt EXTENSIONS AND LOAD BRIDLE= a.ooo FT 



TIME ~LTITUOE SYSTEM CeMe TRAJ, C•M• POSITION C•M• VELOCITY C•M• 
ANGLE ANGLE' ACCELERATION (SF.:C) (FT) (OEG> (OEG> <Fn <FT/SEC) <FT/SECISEC) 

X y z TOTAL X y z TOTAL. 
l'%j 
H 
G1 

w 
!'..) 1,41 5968,92 77,68 77 ~68 295,26 - 31,08 202.83 198.16 43.27 

1.46 5966,72 77,24 77,24 3o5.15 33,28 202.62 197.61 44.76 
(/)(I) 

1,51 5964,44 76,80 76,80 315,02 35,56 202.42 197.07 46.24 
1.56 5962.09 76,35 76.35 324,86 37,91 202.24 196,53 47.72 r-tP.l 1. 61 59!?9.67 75,91 75,91 334,67 40,33 202.07 195,99 49;,19 ~ s 1,66 5957,18 75.-47 75,47 344.46 42,82 20i.91 195~45 50-,;67 r-t"' 1,71 5954,61 75,03 75,03 354,22 45,39 201.77 194,92 52.13 t-'·. J-1 

() fD 1.76 5951.96 74,58 74, 5.8 363,95 48,04 201.b4 194,38 53,60 
1.81 5949,25 74,14 74,14 373,66 so, 75 201.52 193.85 55.06 

~0 1;86 5946,46 73,71 73,71 383,34 53,54 201,41 193.32 5b.51 
t-'•C 1,91 5943.60 73,27 73,27 392.-99 56,40 201.32 192,79 57.96 
Pr-t 1. 96 5940;,6,7 72,83 72,83 402,62 59,33 201,24 192,27 59.41 CO"' 2.-0l 593?,6f) 72,39 72,39 412,22 62,34 201,17 191,74 6Q,B6 

-~ 2;,Q6 5934,58 71,95 71,95 421.79 65,42 201.11 191.22 62.30 tirt 2.11 5931.43 7},52 71•52: 431,34 68,57 201,07 190,70 63,73 ro 
"0 .Hl 2,lf:l 5928.21 11.09 71;,~0 9 440.86 71,79 201.03 190,18 65,17 
t-'0 2,2l 5924,92 70,65 70,65 450.-36 75,08 201.01 189,66 6&.59 
0 li 2,26 5921.56 70,22 70.22 459,79 78,44 196,84 185.22 66.;62 

'<: 2.31 5918,2:2 69.78 69,78 468,99 81,78 . 194;,61 182,62 67,28 
N fl)r-t 2;,36 11§9.1't·,84 69.33 69,33 478;,06 85,16 192,46 180,07 67.94 
0 O..·!:T' 2,41 5911,42 68.88 68,88 487,00 88, 58. 190.38 177~59 68.6Q 
0\ ro 2.46 5907.-98 68,43 68,43 495,8.2 92,02 I 188.37 175,17 69.26 toO 2.51 5904,50 67 ,,97 67,97 So4,52 95,50 186.,·42 172.81 &9e92 ,...o~cn 

1-' I 
01-' 

TIMECSEC> ANGLE<DEG) XlFT> z (fT) VELOCITY1(FT/SEC> VELOCITY2(FT/SEC) rtl'..) 
ti S'l.fATCH 2,25 70,31 457,94 77,77 201,oo 88,92: n 

::rn .S"ATCH FORCE• 8293. LB 
~ Al S'lofATCH VELOCITY= 197.294 FT/SEC 
rtli 
(I)OQ 

0 
(/.) 

'<t-O 
Cll $U TIME ALTITUDE SYSTEM C,M, TRAJ, c,M, POSiHON c.M, VELOCITY c.M. rtl1 
ro Ill ANGLE ANGLE ACCEi..ERA TlON 
!3 () CSEC) (FT) <oEG) (OEG> CFT) <FT/SEC) (FT/SEC/SEC) 

::r X y z TOTAL X y z TOTAL; c 
~rt nro 
0 
p ~ 
rt t-'• 2,61 5897,78 67.09 67,09 520,82 102,22 176,90 162,94 68,86 •·136. 00 1'-'•rt 
~::r 2,69 !5892,19 66,33 66,33 533.86 107,81 165.44 151.52 66,42 •160.76 
c 2,78 5886,83 65,54 65,54 545,92 113,17 152.66 138,96 63,21 •171.93 
ro 2,86 !5881, 74 64,71 64,71 556,93 118,26 139,55 126.18 59,61 •172.34 
0.. 2,94 5876,96 63,84 63,84 566,90 123,04 126.82 113.83 55,91 •165,50 
'-" 3.02 5872,48 62.-91 62,91 575,88 127,52 114.92 102.31 52.32 •·154e51 

3.10 !5868,29 61,93 61,93 583.95 131,71 104e06 91.82 48.97 •141e70 



3".19 5864.36 6o.88 60,88 591.19 135,64 94.32 82 .... 0 45,91 •128.57 
3,27 5860.~7 59,76 59.76 597.69 139.33 85.68 74.02 43.15 ·116.05 
1.·35 5857.21 58.58 58.58 ·6o3.53 142.7Q 78e07 66.62 40.70 •104e59 
3,43 5853.93 57.32 57,32 608.79 146,07 7le38 60~09 38.54 •94.38 
3,52 !5850,82 56.01 56,01 613.54 149,18 65,53 54.33 '36.63 ·85,45 
3,60 SR47e87 54.63 54,63 617,84 152.13 60.40 49.25 34.96 ··77. 71 
3,68 5845,04 53.20 53.20 621.74 154,96 55.90 44.76 33.48 -·71. 07 

t2j 3,76 !5842,33 51.72 5,1. 72 625.29 157,67 51.96 40.78 32.19 ·65,40 
t-1 3,85 5839.72 50.19 5o.19 628.52 160,28 48.49 37.25 31.04 •60.57 
C'l 3,93 5837,20 48,63 48,63 631.48 162.80 45 .. 44 34.10 30.03 -56.48 

4,01 5834.76 47.03 47.03 634.19 165,24 42.75 31.28 29.14 •53.02 
w 4,09 5832.39 45,42 45.42 636.68 16-7.61 40.37 28,76 28.34 .. so.o9 
I'.) 4,17 5830,08 43,79 43. 7.9 638,97 169,92 38.27 '2_6,48 27.62 ·47.62 

tllCil /~-~ 
"Pl 

TIME<SEC) ANGLE<DEG> X<FT> Z (FT) V<FT/SEC> FMAX(L8) (TF ,-;EC> 
~a FULL OR REEFED INFLATIO~· 4.17 43.79 638.97 169e92 38,27 11847. \_ 1. 65 
rt~ 

/' 

t-'• ..-
0 CD 

~0 
1-'•S::::: NOTE•• POSITIONStVELOCITIEStACCELERATIONStTRAJ• ANGLES REFER TO LOADt PREVIOUS RESULTS ARE FOR MASS CENTER 
::lrt 
CD "a 

s:: 
t::1rt 
CD 
~H'\ TIME ALTITUDE SYSTEM LOAD TRAJ, LOAD POSITION LOAD VELOCITY LOAD t--0 
Ot1 ANGLE ANGLE ACCELERATION 
'< <SEC) (F'T) <nEG> (OEG) <Fl) <FT/SEC) (FTISECISEC) 
mrt X y z TOTAL X y z TOTAL I-V P..P"' 0 CD ....... '"d 
t-'-C'l 
t-- I 
Ot--

4.39 rtl'.l 5805.53 36.14 12.37 657.59 194,47 36.07 7,73 35,23 --39.83 
0 4.94 5788,65 15,23 •15,45 657,18 211,35 26,84 -7.15 25,d7 -25.99 

n 5,51 5777 .oo -5.73 -29.53 651,96 223,00 17.69 .. 8,72 15.39 --14.76 
::TO 6.28 5766,62 -24,69 11,18 649.22 233,38 -14,74 2.86 14.46 20.31 
t::Pl 7.o5 5751.71 -29.03 33,47 656.77 248.29 30.23 16.67 25.22 23.68 M't1 7,82 5728,39 -19.43 40.41 674~.48 271.61 44.86 29,08 34.16 16.10 CDQQ a. 11 5697.88 1.71 48,30 7o4.52 302,12 47.52 35.48 31.62 -8.73 0 
Cll 9.48 5675.72 19.03 46.04 729.55 324,28 38.66 27.83 26,84 •16.61 
"<'"0 10.41 5650.23 30.80 17,01 747,05 349,77 31.53 9.22 30.15 23.18 
CllPl 11.18 5624.05 28,73 -10,09 747.96 375.95 38.42 -6.73 37.d3 21.81 
M't1 11.94 5593.62 16.53 -27.06 737.26 406,38 44.76 •20.36 39.85 15.02 
(I) Pl 12,71 5564,78 -.9o •36.51 718.88 435.22 42.94 -25.54 34.51 -9.29 a o 13,86 5530.06 •24.38 -22.21 695,39 469.94 30.77 -11.63 28.'+9 •19. 62 

::T 14.63 5506.37 •29.08 6,78 692.45 493,63 34.27 4,05 34.03 22.40 
t:: 15,27 5482.81 •23.83 22.74 699.06 517.19 42,37 16.38 39,08 19.07 

"" 16,55 5434.17 2.07 40,16 730.6.} 565,83 44.18 28.50 33.77 -8.59 nm 17.93 5393.05 26.31 19,05 760,03 606,95 31.17 10.17 29.46 -20.35 0 18,76 5365.83 27.50 -9.89 761.61 634,17 36,84 -6.33 36.29 21.10 ::3 ~ 
rt ..... 19.53 5336,25 17.78 •26.55 751.39 663, 75· 44.12 -19.72 39.47 15.27 
t-'•rt 2o.55 5?98.47 -3.45 -38.os 726.35 701,53 42.22 -26.02 33.C!5 -8.24 
l:lP"' 21.77 5262.07 •24.51 •19.43 7o2.33 737.93 31.08 •10.34 29.31 .-19.13 
~ 22.54 5237.57 •27 .11 7.30 7oo.os 762.43 35.22 4.47 34.93 20.87 
(J) 23.1A 5213.77 •21.20 22.37 7o6.&e 786.23 41.96 15.97 38.S1 17.11 
p.. 24.46 5]66.37 3.32 38.05 736,26 833,63 42.01 25,90 33.08 -7.63 
~ 25.74 5127,96 24.17 18,20 761.15 872,04 31.15 9.73 29.59 -18.75 

26.57 5101.02 25.79 -9.30 762.79 898.98 35.98 -5.81 35.50 19.84 
27.34 5072.18 17.18 •25.71 753.22 927.82 '+2.75 •18.55 38.52 1'+.53 
28.36 5n34.91 -2.38 -36.94 729.46 965.09 41.59 -25.00 33.25 -6.86 
29.70 4994.31 -23.46 -16.,78 7o4.2f. 1 005._~9 31.12 -8.98 29.79 .. }8 .18 



t-%j 
H 
GJ 

VJ 170.92 654.88 .62 21.35 1562.43 5345.12 30.83 lle22 28.71 -.37 
N 171.43 640.18 .76 20.89 1568.11 5359.82 30.69 10.94 28.67 ... 51 171.94 625.50 .75 20.37 1573.64 5374.50 30.56 10.64 28.64 ~.59 172.46 610.83 .6{) 19.90 1579.01 5389.17 30.45 10.36 28.63 ... 49 en en 172.97 596.17 .35 19.56 1584.27 5403.83 30.39 10.18 28.64 ··31 rte> 173.99 1566.81 -.27 19.51 1594.63 5433.19 30.43 10.16 28.68 .12 £1l!3 174.50 552.11 -.51 19.79 1599.88 5447.89 30.51 10.33 28.71 .39 rt"' 175.02 537.40 -.64 20.22 1605.23 5462.60 30.63 10.58 28.74 .51 ~·a----a 175.53 522.67 -.64 20.69 1610.72 5477.33 30.74 10.86 28.76 .s3 0 CD 176.04 1507.94 -.51 21.12 1616.35 5492~06 30.83 11.11 28.76 .45 

~0 177.06 478.49 .01 21.57 1627.88 5521.51 30.88 11.35 28.72 .14 
t-'•C 177.58 463.79 .29 21.51 ·1633.69 5536.21 30.82 u.3o 28.67 ··18 ::trt 178.09 449.12 .52 21.26 1639.44 S55o.8A 30.72 11.14 28.&3 -.3& CD"' 178,60 434.46 ,64 2o.BB 1645.08 5565.54 30.60 1 o .• 91 ·28.59 -.48 c: 179,11 419.82 .AS 2n.44 1650.60 5580.18 30.49 10.65 28.57 ... so t:'rt 180.14 390.57 .32 19.73 1661.27 5609.43 30.34 10.24 28.56 ... 31 CD 180,65 375.94 .o6 19.60 1666.49 5624.06 3o.33 10.17 28.57 ... o9 "'t-h 181,16 361.30 -,.20 19.66 1671.71 5638.70 30.36 10.21 28.51 .14 ...-.ao 181.67 346.65 .... 41 19.89 1676.97 5653.35 30.43 10.35 28.62 .32 011 

"<: 182.18 331.98 -.53 20.24 1682.32 5668.02 30.53 10.56 28.64 .43 
N CDrt 183.21 302.63 -.44 21.01 1693.37 5697.37 30.70 11.01 28.6& .39 
0 p..::r 183.72 287.95 -.25 21.29 1699.05 5712.05 30.74 11.16 28.65 .2& 
00 ro 184.23 273.28 -.01 21.'+-2 17o4.7B 5726,72 30.74 11.23 28.o2 ··10 ~ 184.74 258.63 ,23 21.38 1710.53 5741.37 30.70 11.19 28.58 - .1~ ...... G") 185.26 244.00 .43 21.18 1716.23 5756.00 30.61 u.o6 28.55 -.30 t-'1 186,28 214.79 .56 2(1.49' 1727.35 5785.21 30.41 10.65 28.tt9 -.40 Ot-' 186.79 200.20 .47 2o.l4 1732.75 5799.80 30.33 10.44 28.48 -.37 rtN 187.30 185.61 • 30 19.88 1738.05 5814.39 30.28 10.30 28.48 -.25 t:' 187.82 171.02 .os 19.75 1743.30 5828.98 30.27 10.23 28.49 -~. 09 C":: 

::rn 188.33 156.43 -.15 19.,79 1748.54 5843.57 30.29 10.25 28.50 .10 
~Ill 189,35 127.21 -.44 20.25 1759.16 5872.79 30.42 10.53 28.54 .31. 
M'l1 189.86 112.58 -.46 20.59 1764,61 5887.42 Jo.51 10.73 28.56 .33 
fDO'Q 190.38 97.95 -.38 20.92 1770.15 s9o2.o5 30.57 10.91 28.56 .34-

0 190,89 83.33 -.22 21.16 1775.78 5916.67 30.61 11.05 28.55 ,23 til 191,40 68.11 -.02 21.28 1781.45 5931.29 30.61 ll.ll 28.53 .o9 '<'"d 192.42 39.52 .35 21.11 1792.80 5960.48 30.51 10.99 28.46 -.20 Clllll 192,94 24.95 .46 2o.B5 1798.38 S975.o5 30.43 10.83 28.43 -.33 rtl1 193,45 10.39 .48 20.54 1803.88 5989.61 30.34 10.64 28.41 -.36 CD Ill 193.81 .oo .43 20.32 1807.74 6000.00 30.29 10.52 28.40 •• 34 so 
::r 
c 

T!ME'<SEC) ALTITUDE<FT> X <FT) Z<FT) V<FT/SEC) VXCFT/SEC) VZ<FTISEC> ACFT/SEC/SEC> ""'rt 
C"::CD 1 VERTICAL/~INIMUM 5.32 5780.22 653.74 219.78 20.67 •9 .. 68 18.26 •17.22 0 2 VERTICAL/MINIMUM a.5a 5702e00 699.97 298.00 48.31 35.57 32.69 •6·20 ::l~ 3 VERTICAL/~INIMUM 12.58 5569.28 722.16 430.72 43.85 ·25.52 35.65 -8.78 n ,.... 
t-'rt 
C:P" 
A.. 
ro 
p.. 
'-' 



PARACHUTE-LOAD SYSTEM<DEPLOYMENT)•• G•llA<EXTRACTtON) UNREEFED 

TRAJECTORY SIMULATION--T=OtZ•O IS RE~EASE POINT 

RELEASE CONDITIO~S 
ALTITUDE= 2000• FT 
VE~OCITY= 220,00 FT/SEC 

MASSES••SLUGS 
TOTAL SYSTE~a 
LOAD= lOB.BOO 

116.697 

PARACHUTE• 4.156 
SUSP. LINES• .643 
RISERS= 1.200 
RISER EXTENSIONS• 
LOAD 9RID~E• 
INCLUDED= 
.~PPARENT= 

·342 
158•613<SEA ~EVELl 
59e480<SEA-LEVE~l 

149.262( 2000. FT) 
55•973t 2000, FT) 

REFERENCE 
x1= 
X2= 
X3= 
x4= 
xs= 

DISTANCES FROM SKIRT•• FT 
16.450 
61.100 
99.300 

113.300 
119.300 

MOM,IPROD. INERTIA••SLUG FT**2 
fXX= 936191.60BCSEA LEVELl 
IYY= 936191.608(SEA LEVEL) 
IZZ~ O(SEA LEVELl 
IXZ~ O(SEA ~EVE~l 

DIMF.:NSlONS•• FT 
. ONOT~ 100.000 

SUSP. SYSTE~= 95e000 
Ll= 79.08l<SEA LEVE~) 
L2• •53el19(SEA LEvEL> 
L3= 59e7Sl(SEA LEVEL) 

YCI~NOT= ,129 
DP/D~OT: .648 
VOLUM~= 66700t000 FT**3 
PARACHUTE COP= le786 

LOAD ORAG AREA: 76.800 FT**2 
OEGREES OF FREE 00~= 3 

77.203( 
.. 5"4. 997 ( 
57.903( 

907066.874( 
907066.874( 

0 ( 
0 ( 

2000. FT) 
2000, FT) 
2000. FT) 

2000· 
2ooo. 
2000. 
2000. 

FT) 
FT) 
FT) 
FT) 

FIG 33 Sample Out_put f_or the Unreefed G-llA Cargo Parachute 
with Extraction Parachute System 



RELEASE DISTANCE IN AIRCRAFT: 15.000 FT 
PARACHUTE PACK DRAG AREA: 2,330 FT**2 

~ EKT~ACTION CHUTE DRAG AREA= 62.200 FT**2 
H TIME OF EXTRACTION CHUTE RELEASE= 0 SEC 
G"l 

w 
w 

~(I) 
J-'•Sll 
nS 
::J"t:l 
~ TIME ALTITUDE SYSTEM CeMo TRAJ, CoM• POSITION CoMe VELOCITY c.M. 

txj{l) ANGLE ANGLE ACCELERATION 

Ho <SEC) <FTl <DEGl (OEGl IFTl 1FT/SEC> (F'T/SEC/SECl 

ti c: X y z TOTAL X '( z T-OTAL 

Dlrt 
()"0 
rtC: 
J-l·rt 
0 
::SH1 .os 2000;.00 9o.oo 90.00 10.96 0 218.57 218.57 

0 ,10 2000,00 90.00 90,00 21.86 0 217.15 217.15 
'"Uti ,15 2000.00 90.00 90,00 32.68 0 215.75 215.75 
Sll ,20 2000.00 90.00 90,00 43,44 0 214.37 214.37 
tirt ,25 2000 .•. 00 90.00 90,00 54,12 0 213.01 213.01 

~ Pl::r' ,30 2000.00 90,00 90.00 64,74 0 211.67 211. b7 

b 
n ro 
::r ,35 2000,;00 90,00 90,00 75.29 0 210,34 210,34 
c:c:: ,40 2000.00 90,00 90,00 as. 77 0 209,03 209.03 
rt::S .• 45 2000.00 90.00 90,00 96.19 0 207.73 207.73 
ro ti .so 2000.00 90,00 90,00 106,55 0 206.'45 206,45 

ro .55 2000.00 90,00 90,00 116.84 0 205.19 205,19 
Cf.l(l) ,60 2000.00 90.00 90,00 127.07 0 203,94 203.94 
'<t"h .65 2000,00 90,00 90,00 137,24 0 202.71 202.71 en ro ,70 2000.00 90,00 90,00 147,34 0 201,49 2o1.49 rtO.. 
ro ,75 2000i.OO 90,00 90,00 157.3Q 0 200.29 200.29 

sen ,80 2000.00 90.00 9o,oo 167.37 0 199.10 199.10 
I ,85 2000.00 90.00 90,00 177.30 0 197.92 197.92 
~ ,90 2000,00 90,00 90,00 187.17 0 196.76 196.76 

r--. ~ .95 2000.00 90,00 90,00 196,98 0 195.61 195.61 
n> 1,00 2000,00 90,00 90,00 206.73 0 194.48 194-.48 
0 1,05 2000.00 9o.oo 9o,oo 216.43 0 193.36 193.36 
::J(') 
rtrl3 
J-l•ti TIME:<SEC> ANGLE(DEG) X (FT) z (fi'T) VELOCITY <FIT /SECl PQQ 
c: 0 LOAD OUT OF AIRCRAFT 1.07 219.52 .193.00 

ro PILOT CHUTE/EXTRACTIO~ CHUTE RELEASE OR 
p_, '"d MAl~ PARACHUTE DlSREEF 1.07 90.00 219.52 0 193.00 

""-/Sll 
ti. 
Sll 
() 

::r PARACHUTE PACK MASS• 1e432 SLUG c: PARACHUTE PACK AND PILOT/EXTRACTION CHUTE DRAG ARE~• 64e520 FT**2 
rt SPRING CONSTANT• 910.700 LB/FT ro LENGTH OF RISERSt EXTENSIONS AND LOAD BRIDLE• 28,000 FT 

• 



TIME ALTITUDE SYSTEM CeMe TRAJ. C•M• POSITION c.~. VELOCITY c.M. 
tozj ANGLE ANGLE ACCELERATION 

s (SEC) . (FT) <OEG) <OEG) CFT> CFT/SEC> ( FT /SEC/SEC) 
)( y z TOTAL )( y z TOTAL 

VJ 
VJ 

.:oo 

..... su 1.12 1999.96 89.52 89.52 229.13 • 04 191.56 191.56 ·1. 60 

rtS 1.17 1999.84 89.04 89.04- 238.67 .16 190e16 190·13 3.19 

::rpO 1.22 1999.64 88.55 88.55 248~15 .36 188.79 188.73 4.77 

~ 1.27 1999.37 88.0& 88.o& 257.55 .63 187.46 187.35 6e34 
1:%:1('1) 1.32 1999.01 87.57 87.57 266.88 .99 186.15 185.99 7e90 

X 
rtO 1.37 )998.58 87.1l7 87.07 276.15 1· 4-2 184.88 184.&4 9e44 

ti c 1. 42 1998.07 86.57 86.57 285.35 1.93 183eb4 183.32 10.98 

SUrt 1.47 1,997. 48 86.07 86.(17 294.48 2.52 182·44 182·01 12·50 

O"t:S 1.52 1996.82 85.57 85.57 3o3.55 3.1R 181.26 180.72 14.01 

rtr: 1.57 )996.!)8 ss.o6 85.o& 312.56 3.92 180·12 i79.45 15.52 

J-l•rt 1.62 }995.27 84.55 84.55 321e50 4.73 179.00 178.19 17·01 

0 1.67 1994.38 84.03 84.03 330.38 5.62 177.92 176.95 18.50 

::lHl 1· 72 \993.42 83.5?. 83.52 339.19 .6.58 176.86 175.73 19.97 

0 1.77 )992.39 83.00 83e00 347.95 7.61 }75.84 174•52 21·44 
1"tP1 1.82 }991·28 82o48 82e4B 356·65 8.72 174e84 173•33 22e89 

tu 
tirt 1eA7 }990e10 81.95 81.95 - 31,5. 29 9.90 173.87 172·15 24•34 

su::r 1.92 19AA.i35 81.43 8Je43 373e87 lle15 172.92 170e99 25e7d 

0 (I) 1. 97 }987.52 so.9o 8o.9o 382.39 12.4R 112.·o 1 169.84 ~7.21 

t-o) ::r 2.02 1986.13 R~e37 B0e37 39o.as 13.87 171·12 168.71 28.63 

.... cc:: 2.07 }984.66 79eR4 79.84 399.26 15.34 170· 26 167.58 30.04 

.... n: ::JI 2.12 )983.12 79.30 79.30 4o7.61 16.88 169.42 166.48 31.45 

Cb ti 2.17 }91:l1e52 78.77 78.77 415.91 18.4-8 166.&1 165.38 32.84 

ro 2.22 1979.84 78.23 78.23 424 e15 20.16 167.82 164.29 34.23 
ti)('J) 

"<:·J-h 2.27 1978.10 77.69 .77 .69 432.34 21.90 167.06 163.22 35.61 

Cll (I) 2.32 }976.28 77.15 77.15 440 .• '+7 23.72 166.33 162e16 3be98 

f"'t.(:l. 2.37 }974.40 76.61 76.6} 448.56 25.60 165.61 161·11 38.35 

C\) 2.42 j972.45 76.07 76.!17 456.59 27.55 164.92 160.07 39.70 

sen 2.47 1970.43 75.53 75.51 464.56 29.57 1&4-.26 159e05 '+1•05 

I 2.52 1968.36 74.98 74.98 47?..4-4 31.64 158.9'+ 153.51 4le 19 

~ 2.57 }966.28 74.41 74.41 4Ao.o3 33.72 155.90 150.17 41e89 

~I-' 2.62 1964.17 73-~4 71.84 487.46 35.83 153.01 146.97 4-2.58 

n> 2.67 1962.02 73.26 73.26 494.73 37.98 150eC:6 143.89 43.28 

0 2.72 }959.84 72.67 ·72.67_ Sot. 85 40.16 147.63 140.93 43.99 
::JC") 2.77 1957.63 72.07 12.o1 5o8.83 42.37 145.13 138.08 44-.69 

rtSU 
J-l•ti 2.82 \955.38 7le46 7].46 5}5.67 44.62 142.74 135.33, '+5.39 

::l(JQ 2.87 }953.09 70-84 7t-.• b4 522.37 46.91 140~46 132e6R 46.09 

t: 0 2.92 1950.17 7v.22 70.22 528.94 49.23 138.28 130.12 4b.80 

CD 2.97 1948.41 69.59 69.59 535.3A 51.59 136.21 127.65 47.50 

~I'-d 3.02 )946.02 68.Q5 68.95 541· 71 53.98 134.22 125.27 ttB.21 

~su 3.07 )943.59 68.31 68.3} 547.91 56.41 132.33 122.96 48.91 

ti 
su 
0 TIME (SEC) ANGLE COEG) X(FT) Z lFT> VELOCITYl<FT/~EC) VELDCITY2lFTISEC) 

::r S'JIITCH 2.50 75.-12 .4-70.44 31·11 163.78 52e04 

c 
rt S'IATCH FORCE= 23&5. L~ 
(I) 

S'IATCH VELOCITY= 1.59.753 FT/SEC 



TIME ALTITUDE SYSTEM C,M, TRAJ, CeMe POSITION c.M, VEL.OCIT'f c.M. 
ANGLE ANGLE A CCEL.ER A TI ON 

~ <SEC) <FT> <DEG) <DEGl <FT> <FT/SECl ( FT /SEC/SEC,) 
H 
G") 

X y z TOTAL X '( z TOTAL,: 

v.> 
w 

~(/) 3,37 1928,75 64.45 64.45 582.44 71,25 113.21 102.14 48,83 •84.95 
t-t•P> 3e64 1915.82 6Q.B3 60.83 607.89 84,18 94.35 82.38 45.99 •82.64 
rtS 3,91 1903.74 56.94 56,94 628.28 96,26 78.15 65.50 42.63 •72.28 
::r"' 4,18 1892.55 52.79 52.79 644.47 107,45 65.43 52.11 39.57 ·61.52 

1-"' 4.45 i882.13 48.43 48.4) 657.39 117.87 55.81 41.76 37.03 •52.93 t%j('l) 4.72 1872,35 43,98 43.98 667,78 127,65 48,61 33.76 34,98 .. tt6.7ft. X 4~,99 1863.07 39.57 39,57 676.21 136,93 43.23 27.53 33.32 •42.51 rtO 5.26 1854 •. 21 35,30 35,30 683.10 145,79 39.16 22.63 31,96 •·39. 69 li c 
P> rt 5.53 1845.&9 31.28 31.28 688 •. 78 154.31 36.05 18.72 30.81 •37.85 
()'"0 5.80 1837,47 27.57 27.57 693.49 162,53 33.62 15,56· 29,80 .. 36.66 
rt~ 6,07 1829.50 24.21 24.21 697,41 170. so 31.69 12.99 28-.90 ·35.89 
t-t•rt 6,34 lR21.78 21.20 21.20 7oo.69 178.22 30.11 10.89 28.07 ·35.38 
0 6,61 1814.27 18.53 18.53 71)3,44 185,73 28,1:SO 9,15 27,31 .. 35,04 
:;:lt-h 6.88 1806,96 16,17 16,17 705,75 193,04 27.68 1.11 26,58 ·34,80 

0 7.15 1799,84 14.11 14,11 101,10 200,16 26.71 6,51 25,90 ·34,62 t-01"1 7,42 1792,91 12.31 12.31 7o9.35 207,09 25,84 5,51 25.25 w34,47 P> 7.70 17B6,14 10.74 10,74 710.-75 213-,86 25,07 4,67 24,63 ... )4,36 11 rt 
P>P" 7.97 1179.54 9.38 9.38 711.93 220,46 24.37 3,97 24~04 ·34.25 

1\.l n ro 8.,24 }773.1 0 8,19 8,19 712.94 226,90 23.72 3,38 23,48 ·34.15 
J-1 ::r 8,51 1766.81 7,16 7.16 713 .so 233,19 23.12 2,88 2.2. 94 -34,06 
N c:c:: 

rt::l 
ro 11 TIME(SECl ANGLE<DEGl X<FTl Z <FT> V(FT/SECl FMAX(L8l TF< SECl ro FJLL OR REEFED INFLATIO~ 8.51 7~ 16 713.80 233~19 23.12 9331. 5e41 (f.} (I) 

'<'H1 
rn ro 
rtO.. ro· 
!3G") NOTE•• POS!TlciNStVELOCIT!EStACCELEAATIONS,TRAJ• ANGLES REFER TO LOAo,-PREVIOU~ RESULTS ARE FOR MASS CENTER I 
~ 

~-1-:-' 

n:> 
0 
::JC') 
rt·~ TIME ALT !TUDE SYSTEM LOAD TRAJ. LOAD POsiTION LOAD VELOCITY L,OAD J-1•11 ANGLE ANGLE ACCEt.ERATION ::;l()Q 
c 0 fSF:C> (F'Tl 10EG> (OEGl 1FT) ( FT /SECl <FT/SEC/SECl 
ro X y z TOTAL X '( z TOTAL. 
P..'"'d 
._,.~. 

1"1. 
P> 
0 
::r 8.72 1684.o8 4,Q6 -25.41 721.06 315.32 26.60 -11.41 24.02 •4.67 c CJ.27 1672.07 ... 1} -28.57 714,54 327,93 25.36 •12.13 22.28 .. 3,46 

" 9.91 1658.44 -7.08 -25.87 707.33 341,56 22.&4 -9.88 20.37 •6.13 ro 10.42 lfl48.22 -11.44 -17.08 703.19 351,78 20.60 -6.05 19.69 •8.77 
11.19 fF>32.1H -15.94 5,33 701.47 367.13 20.71 1.92 20.62 11.60 
11,.96 1616. uB -17.35 25!45 7o6.43 383~92 25.70 11.04 23.21 12.51 

-. 



N ,.. 
w 

~
t-f en 
UJ 
UJ 

~til ..... ~ 
rtE3 
::T't:J 
~ 

t'%1CD 
~ 
rtO 
t1 J;::: 
Plrt 
O't:J 
rtJ:: 
J..&•rt 
0 
::SH'l 

0 
t-c;tt; 
~ 
lirt 
~::r 
0 fl) 
::r 
J;:::c::! 
rt:;:l 
rot; 

CD 
CllfD 
'<Hl 
m fD 
rtO.. 
CD atn 

I 
1-' 

,..... 1-' 
n> 
0 
::sn 
0 Cb 
1-'t; 
COQ 
0..0 ro 
.t:la 1-d 
.._,~-

11 
ll) 
0 
:::r c 
n 
fl) 

73.46 
74.48 
75.00 
76.02 
77.04 
77.81 
78.58 
79.35 
79.R6 
79.90 

}47.45 
124.55 
112.95 
89.34 
65.51 
47.81 
30.31 
12.82 

1.03 
.oo 

5.24 33.91 1220.03 
7.13 23.80 1232.90 
7,23 17.35 1237.26 
5,75 s.oo 1241.84 
2.49 •2.72 1242.10 
-,53 -3.90 1240.97 

-3.44 -.75 1240.15 
-5.75 6.09 1240,89 
-6.73 11.78 1242,73 
-6.77 12.27 1243.00 

TIME(SEC) ALTITUOECFl) 
1 VERTICAL/MI~IMUM 9el4 1674.95 
2 VERTICAL/MINIMUM 14e52. 1550.58 
3 VERTICAL/MINIMUM 20.40 1410.30 

}852.55 26.93 15,02 22,35 .4.11 
i875,45 21t,57 9,92 22.48 •5.44 
1887,05 23,85 7.11 22.76 •5.48 
1910,66 23.33 2.03 23.24 •4.32 
}934,49 23.20 -1.10 23.17 •1.83 
1952,19 22,93 .1.56 22.87 -.61 
1969,69 22.70 -.30 22.70 •2.55 
i987,18 23.00 2,44 22,87 4,24 
t998,97 23,66 4,83 23.16 4,85 
2000,00 23,74 5,05 23.19 4e88 

XCFT) ZCFTl VlFT/SECl VXCFT/SEC) VZC~T/SEC) ACFT/SECISECl 
716e10 325.05 25.77 •12.19 22e70 .. a.34 
766e50 449.42 39.50 30.93 24•5.7 3•36 
817.25 589.70 28.49 •14.07 24.77 •2.90 



PARACHUTE•LOAD SYSTEM<uEPLOY~ENTl•• G·llA(EXTRACTION> MULTIPLE REEFING 

TRAJECTORY SP1ULATtON..;-T=C·,z=O IS RELE~Sf POL'H 

RELEASE CONDTTIO~S 
hLTJTUOF= 2000• FT 
VELOCITY= 169.00 FT/SEC 

MASSES•""St..UGS 
TOTAL SYSTE"1= 
LOAD= lOB.EH;O 
PARACHUTE= 4,156 
SUSP, LINES= .~4l 
RISERS= 1.200 
RISER EXTfNST,NS: ·124 
LOAD qRJOLE= 
1 NCLlJDED= 
APPARF.NT= 

.34? 
158·613<SEA LEVFL> 

59.4d01SFA LEVELl 
14~•?6~( 2000. FT) 
~5.973< 2000, FT> 

REFF.:RFNCF 
Xl= 
x2= 
X3= 
X4= 
'115= 

DISTANCES FROM SKIRT•• FT 
l6•4t;O 
6l.lfl0 
99,300 

113.300 
119.300 

MQM,/PROD. tNEPTIA-·SLUG FT*~2 
!XX: 93~191•60R(SEA LEVEL) 
IVY: 93~191.60R<SEA LEVELl 
IZZ= 20700000.000<SEA L(VELl 
TXZ= O<SEA LEVEL) 

FT 
100.000 

SYSTE"1= 95.00~ 

907066·874( 
90'7066.874( 

c06t:;A733.1:iAH( 
0 ( 

I)TMEt\ISlO"JS•• 
nNOT= 
SUSP. 
Ll= 
t2= 
L3= 

79,0~11SEA LEVEL) 
•53.11Q<SEA LEVEL> 

59,7Al<SEA LEVEL> 

7'7.203( 
•54,997( 

b7.903( 

2000· fT) 
2000. Ff) 
2000. FT) 

YC/Ot-.JOT= .129 
DP/ONOT= .648 
VOLUMF= ~6700t000 FT**3 
PARACHUTE COP= 1,786 

LOAD nRAG .AREAa: 
DEGREES OF FREE DO~= 

76.800 FTa-*2 
3 

?000• FT) 
2000• FT> 
2000, FT> 
2000, FT> 

RELEASE DISTANCE IN AIRCRAFT=. 15.000 FT 
PAR~CHUTE PACK DRAG A~EA= 2,330 FT**2 

FIG 34 Sample:output for the Reefed G-llA Cargo Parachute 
with Extraction Parachute System 
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TIME AL TITUIJE SYSTEM C.M. TRAJ, C•M• POSITION (:.M. VELOCITY' C•M• 
ANGLE ~1\JGLE ACCEL.ERA TION 

<Sr:Cl (FTl <oEGl (OEG) <FTl <FTISEC) <F'TISEC/SEC) 
X y z TOTAL X Y' z TOTAL. 

l'%j 
H 
G") 

·w 
}999,96 89,38 89.38 226.95 ,04 147.41 147.40 1,60 ~ 1,44 

1,49 }999 .• 84 88,75 88,75 234,30 ,16 146,59 146,56 3.20 
l,S4 }999,64 88.12 88,12 241.61 ,36 145.80 145,72 4,78 

~. C/.) 1. 59 }999.36 87.49 87,49 248.87 ,64. 145.04 144~90 6.36 
J-'•SU 1.64 1999.01 86,85 86,ti5 25&.10 ,99 144.30 144.08 7,93 rtS 1,69 }998,57 86.21 86,21 263,28 1,43 143.59 143.27 9,49 
0""0 1. 74 1998,(}6 85,57 85.57 270.43 1,94 142.90 142.47 11.04 ~ 1,79 1997,47 84,93 84,93 277.53 2,53 142,24 141.68 12.58 trj·ct> 1,84 1996,80 84.?.8 84.28 284,60 3,20 141.60 140,90 14.12 Ho 1. 89 . 1996, (16 83,63 83,63 291,62 3,94 140.99 140.12 15,64 

. ti t: 1, 94 i995.24 82.98 82,98 298,61 4,76 140.40 139,35 17.16 
Plrt . 1. 99 }994,35 82.33 82.33 3o5.56 5,65 139,84 138.59 18.67 
(')"0 2,04 1993.38 81.67 81.67 3}2.47 6,62 139.30 137.84 20.17 
rtt: 2.09 .1992,33 81.02 81.02 319.34 7,67 138.79 137.09 21.67 
.J-'• rt 2.14 l991,21 8Q.36 80.36 326.18 8,79 138.30 136,35 23.16 0 2,19 1990,02 79.70 79.7{1 332,98 9,98 137,83 135,61 24.63 Pt-h 2.24 1988,75 79.05 79.05 339.74 11.25 137.39 134,89 26.11 0 2,29 1987.41 78.39 78.39 346.47 12.59 136.97 134.17 27.57 ~ti 
Ill 2.34 1985,99 77.73 77.73 353.16 14,01 136.57 133.45 29.03 
lirt 2,39 1984,51 77.07 77.07 359,81 15,49 136.19 13t.74 30,48 

N SUO" 2.44 }982.95 76.. 41 76,41 366.43 17.o5 135.84 13Z,Q4 . 31,92 
~ n ro 2,49 }981.32 75.75 75,75 373.02 18,68 135.51 l3J.l4 33e36 
0'\ E~ 2.54 1919.61 75,09 75,09 379,57 20.39 135.19 l3q,~4 34.78 

2,59 1977.84 74.43 74,43 386.08 22.16 134.90 12'1-.~6 36.2i rtro 2,64 1975.99 73.77 73.77 392,56 24.01 134.63 12i.a1 37.62 ro· ro 2,69 }974, OB 73,12 73,12 399,01 25,92 134,39 128,59 39,03 J-h 2,74 i972.o9 72.46 72,1t6 4o5.42 27,91 134,16 127,,92 40,4~ CJ)(D 

"<::P... 2,79 i970,04 71.81 71,81 411,80 29,96 133,95 127.25 41,82 
Cll 2.84 i967,91 71.15 7},15 418.15 32.09 133,76 126•,i9 43,20 
rtG"l 2,89 }965.72 7o.5o 7o.so 424.46 34,28 U3,59 1~5:.,3 44;Ts 
ro I 2.94 \963,46 69,A5 69,85 430.74 36,54 133•43 125."27 45,96 
s~ 2.99 1961.13 69.21 69,21 436.99 38.87 133.30 124-.62- 47e32 
~ 3.04 1958,73 68,56 68,56 443.21 41,27 133.18 123-.97 48,68 
:x> 3·.09 1956.26 67,92 67,92 449.39 43,74 133.09 12.t~)3" 50,03 ,...... 3,14 }953.72 67,28 67,28 455,54 46,28 133.01 122.68 51,38 ('")(':) 3.19 i951.12 66,64 66,64 461.66 48,88 132~94 12~:;15 nm OPl 3,24 1948,45 66,01 66,01 467.74 51.55 132.90 121.+1 54.04 ::J 1'1 3,29 1945.79 65,36 65.36 473.63 54,21 128.19 116~&1 53.45 rt()'Q 3,34 1943.10 64 .. 70 64.70 479.41 56,90 126e60 11-4:.•• 54.10 t-'•0 3.39 }940.38 64,04 64,04 485.08 59,62 125.09 112;46 54.76 p 

C"'d 3,44 i937,63 63,38 63.38 490.66 62,37 123e64 uo.53 55.41 
CD ~ 3,49 }934,84 62,71 62.71 496.14 65,16 122.26 to•-:-•6• 51»~0-6 
0..1'1 3,54 \932.02 62.04 62.04 so1.53 67,98 120.94 1ot~81 56,71 
'-'Pl 3,59 l929 0 H 61,36 61.36 506.82 70,83 119,68 1os·,o3 57,36 

(') 3.64 1926.29 60,68 60,68 512.03 73,71 118.4 7 103.30 58,01 ::r 3,69 1923,37 60,00 60,00 517 e16 76,63 117.33 ·1oi~61 58,66 s:: 3,74 1920,42 59,32 59,32 522.20 79,5R 116,23 9"9197 59,30 rt 3.79 1917.44 58,64 58.64 527.15 82,56 ns.r9 91;36 -sr.~ ro 3.84 1914,43 57,96 57.96 532.03 85,51 114.20 96,80 60,59 
3.89 1911.39 57.27 57,27 536.84 88,61 113.25 9!;~27 61.23 
3,94 1908.31 56,59 56,59 541e56 91,69 112.35 93[1 78 61.87 

~ 

-



l'1j 
1-f 
Gi 

VJ 
~ 

~Cil 
t-'•Pl 
rt!3 
::r'"' 

J--1 
t:r:::tro X .. 
1'1'0 
t1 ~ 
illrt 
0"0 
l'"t~ 
1-'•l'"t a· 
PHl . 0 
l-Oti 
ill 
til'"t 
Pl· ::r' 
n CD 
::r 
~~ 
rtCD 
CD CD 

Hl 
CllCD 
'<P.. 
Cll 
rtGi 
CD i 
St--~ 

J--1 
> 

"""' nn 
Oil> 
::St1 
rt()Q 
t-'·0 
p 
~1-t:J 
CDPl 
P,.ti 
~Pl 

(") 

::r' 
~ 
l'"t 
CD 

TIME 

(SEC) 

4,05 
4.13 
4e21 
4.30 
4,38 
4•47 
4,55 
4,63 
4,72 
4,80 
4,89 
4,97 
5,05 
5.14 
5.22 
5.31 
5.39 
5e48 
5.56 
5,64 

TIME(SEC) AN6LE<OEG) X (FT> 
468.23 

~ 

SNATCH 

St>.!ATCH FORCE• 
SNATCH VELOCITY• 

REEFED INFLATION 

3,24 65.95 

2084. 1.8 
129.716 FTISEC 

REEFING RATIOil • 064 
REEFED PROJ, OIA~~·· 9e231 FT 
CUTTER DELAY• 2e000 SEC 
TIME OF· OfSREEF• 5,242 SEC 

ALTITUDE 

(FT) 

SYSTE~ 
ANGLE 
(OEG) 

C•M• TRAJ• 
ANGL.E 
(DEG) 

C•M• POSITION 

X CFT) 
y 

i901.58 55,13 55,13 551.52 
1896.11 54.01 54.01 559.25 
t890e46 52·91 52e91 566e89 
1884.65 5}eA4 51e84 574·46 
iB78e69 5o.7B 5o.7B 58}e93 
iB72e57 49.75 49.75 589.32 
}866.30 48.73 48.73 596.61 
iB59,90 47.74 47,·74 603e81 
iA53e36 46.76 46.76 610.91 
i846.68 45.80 45.80 617,91 
1839,89 44.87 44.87 624e81 
t832,98 43.95 43,95 631.60 
iB25~95 43.04 43.04 638.28 
18.18· 83 42e16 42·16 644e86 
t81le60 41e29 41.29 651e32 . 
l804e27 40e44 40e44 657.68' 
t796.86 39.6o 39.60 663·92 
i789e37 38e78 38e78 670•05 
i781e80 3Te97 37.97 676·06 
1774.16 37e18 37e18 681.95 

REE,ED INFLATION 
REEFING RATIO• •127 
AEEF~O PROJ, DIA~.. . 17e582 FT 
CUTTER DELAY•· 4•000 SEC 
liME OF DISREEF• 7,242 SEC 

z 

98,42 
103,89 
109.54 
us. 35 
121.31 
12't.43 
133.70 
140,10 
146,64 
153,32 
160,11 
167,02 
114.05 
181.17 
188,40 
195,13 
203.14 
210.63 
218.20 
225,84 

ZCFTl ~ELOCITYl(FT/SECl VELOCITY2lFf/SECI 
51.76 132.90 44.71 

TOTAL 

112.39 
112• eo 
113•19 
113·55 
113e8? 
114·17 
114·43 
114.66 
ll4e85 
115.00 
115.12 
115.21 
115.26 
115e27 
115·24 
115•18 
115!08 
114· 95 
114• 79 
114.59 

C•M• VELOCITY 

(FT/SEC) 
X y 

92 .. 21 
91.27 
9.0. 29 
89.28 
88,.22 
87.13 
86•01 
84-.85 
83.67 
82.45 
81.22 
19,95 
78.67 
77~36 
76~04 
74~71 
73~36 
72~00 
70.63 
69~25 

z 

64.25 
b6e29 
68e26 
70.16 
72.00 
73.77 
75.48 
77 ell 
78,68 
80.17 
81.60 
82.95 
~4.23 
85.45 
86,59 
87.67 
88,67 
89.&1 
90e49 
91e30 

C•l<t• 
ACCEL.ERA TION 

C FT /SEC/SEC) 
TOTAL. 

•-13.28 
•14·11 
•14e94-
•15· 77 
•16.61 
-'1 7. 44 
•18e28 
•19.11 
•19.93 
•20.74 
•1!1. 55 
•22.34 
•·23·12 
-~3.89 
•24e64 
•·25e38 
•·26·10 
•26· 80 
•·27.i4B 
•·2Be1 ft. 



t-lj 
H TIME ALTITUDE SYSTEM CeMe TRAJ. CeM• POSITION CttMa VELOCITY C·a M• 0 ANGLE ANGLE ACCELERATION w (SEC) <FT> <oEGl (OEG) !FT> <FTISEC) !FTISECISECr 
+' X y z TOTAL k y z TOTAL 

~(f) 
)-'•f.U 
rtS 
0"'"'0 5,69 i769. 77 36.74 36.74 685e26 230.23 113·93 681a15 91•31 •39.93 f-1 5.74 1765.39 36.30 36.30 688a51 234e61 113·22 6 7', 02 91.25 •41.31 t:r::f(l) 5,79 1761.01 35.86 35.86 691· 71 238,99 112e45 65.87 9lel3 •42e59 ~ 
rtO 5,84 1756.63 35.43 35.43 694e85 243,37 111.62 64,70 90.96 •43.79 li, c 5,88 1752.27 35.00 35.00 697.93 247,73 110.75 63,52 90.72 •44.89 ~rt 5,93 1747.92 34.57 34.57 700e96 252.08 l09e83 62.J2 9Qe44 •45e91 0"'0 5,98 }743.58 34el5 34.15 7o3.93 256,42 108.88 6lel2 90•10 •46e83 rtC 6,03 1739.26 33.73 33.73 7o6.85 260,74 107.89 591!91 89,72 •lt7e67 )-'•rt 6,,08 1734.96 33.31 33.31 7o9.7o 265,04 106.86 58~69 89e30 •48e43 0 6~ f2 i730.67 32.90 32.90 712.50 269,33 l05e8l 57.48 88.&4 •49el0 ::St-h 6.17 1726·42 32e49 32e49 7}5a23 273.58 l04e74 56e26 88.35 •49e70 0 
'1jli 6,22 1722.18 32e08 32.08 717.91 277,82 103.64 55.05 87.82 •50e21 
~ 6.27 1117.98 31.67 31.67 720e53 282,02 102.53 53,84 87~26 •50e66 lirt 6,32 1713.80 31.27 31.27 723.10 286,20 101.40 52.64 86,67 •5le04 N ~0"' 6,36 1709.64 3o.B7 3o.B7 725.60 290,36 100.27 51.44 86e06 •5le35 f-1 n ro 6,41 l705a52 30e47 30e47 728e05 294,48 99e12 50e26 85.43 •5le61 ~ ::r 6,46 1701.43 30e07 30e07 730.44 298,57 97.97 49', 09 84.79 •51,80 r: .·:::0 6,51 }b97 .37 29.67 29.67 732.78 302,63 96.82 47.93 84.12 •5le95 rtro 6,56 1693.34 29.28 29.28 735.06 306,66 ' 95,67 46~e79 83,44 •52.04 ro ro 6,60 1689.35 28,89 28.89 737.28 310,65 94.52 45.66 82,76 •52e09 t-h 6,65 i685a22 28.42 28e42 739.54 314,78 93.71 44.60 82e42 •43e95 cr.:· ro 6,70 }681ell 27.95 27e9S 741.74 318,89 92,95 43~57 82·11 •43e24 ~~ 6,75 1677.01 27.49 27.49 743,90 322,99 92.23 42 .• 57 8la82 •42e58 CJl 
rtG1 6,Bo }672.92 27a03 27.03 746,00 327.08 91,55 41.61 BleSS ~41~96 ([) I 6.85 1668.85 26a58 26.58 148.06 331,15 90.90 40,67 81.30 •4le37 Sf-1 6.90 i664.79 26.12 26.12 750.07 335,21 90.29 39,75 81.06 •40e82 f-1 6.95 1660.75 25.68 25.68 752.04 339,25 89,71 38·,87 ao,85 •40e30 :t> 7.oo 1656.71 25e23 25.23 753.96 343,29 89.16 3Be0l so.65 •·39e81 ,-..., 7.os 1652.68 24.79 24.79 755.84 347,32 88,64 37 i7 80.47 •39e35 CJ(') 7,10 i648.66 24.36 24.36 757.68 351,34 88,14 36 ~6 ao.29. •38;92 0~ 7.15 1644.65 23·93 23o93 759.48 355,35 87,68 35 57 80.14 •·38e 51 ::Sii 7.20 1640.65 23e51 23.51 76le24 359,35 87.23 34 eo 79,99 •38el3 rt(JQ 
}-'•0 
p 
r::~ 
(0 PJ 
P..ti .REEFED INFLATION 

"""'Pl REEFING RATIO• .191 (') REEFED PROJe DIAM,• 25el76 FT ::r CUTTER DELAY• 6•000 SEC r:: TIME OF DISREE,• 9c242 SEC rt 
(0 

" 



TIME AL T ITIJDE SYSTE'M C.r-1. TH4Je Ceil4e F»OSITION CeMe VEI.OCITY CeMe· 

ANGI.E ANGL.E ACCElERATION 

CSF.Cl <FT) CoEG) CQEG) CFT.l CFT/SEC) CFTISECISEC) 
}( y z TOTAl X y z TOT At.· 

i'%:;1 
....... 
G;) 

7.~5 t637,i)4 23.14 23·.14 762,79 362,96 86.74 34.08 19,1& -53.91 
w 7.2~ )634.19 22.~8 22.88 764.00 365,81 85.86 33.38 79.10 •54.24 

~ 7 .3'2' 1631.36 22.63 22e63 76Sel9 368,64 84,97 32.69 78,43 ·54.58 

7 .3'6 l"~a.~ 22e37 22.37 766e3S 371.44 8~e08 32.00 77.75 •54.85 

CCil 7.!9 \fJ25.78 22.12 22~12 767.49 374.22 83.17 31.32 77,05 -55.o7 
7 ., )62'3,_03 2},8'7 21.87 768.60 376,97 82.26 30,64 76.3lt ·55.24 

... ~ 7:46 i 62'0 .31 21.62 21.&2 769.69 379,69 81.35 29.98 75,63 -55.35 na 
::r""' 

7,t;o 1617.61 2}.38 21,38 770.76 382.39 80.44 29.32 74,91 ·55.42 

..... 7. 5'4 161'4.93 21.13 21.13 771.80 385;o7 79,53 28,67 74,18 ·55.44 

Pitl> 7.57 161'2.2tt 2:o,89 2o.e9 772.82 3A7,72 78.62 28,03 73,45 ... 55.42 

ao 7.~1 1&1'l9.o6 2o.64 20.64 173.81 390,34 77.71 27.40 72.72 -55.37 
7,64 16()7 ··J7 2o.4o 2o.r.o 774.78 392,93 76,81 26.78 71.99 .. s5.28 

t-tC 7.68' 16~4.~0 2o.l6 2o.l6 775.73 395.50 75.91 26.17 71.26 -55.16 . 
P,rt 7. 'f2 }61\1,95 1~.92 19,92 776,66 398,ns 75.02 25.57 70,53 -s5.o2 

n"' 1, '15- ]1599.44 19,69 19,69 777.57 400.56 74.14 24.98 69,8o --54.84 
rtr: 7.19' 15:96.95 19.45 19.45 778.46 403.05 73.26 24.40 69.08 ·54.65 
~--rt 
0 1,!f1 ~~~4.48 1'9.22 19.22 779.32 405,§2 12.r.o 23.83 68.36 .54.43 

Pt-n 7,ff6 l'li92. 0'4 18.99 18,99 780.17 407,96 71.54 23.ii!7 67.&5 ... 54.20 

0 7,89 t-5'89.63 18,75 18.75 781.00 410,37 70.69 22.73 66.94 -53~'15 

tott· t1 7.93 1587 .• 24 18.52 18.52 781.80 412,76 69.86 22.20 66.24 -53.68 

D1 s.o1 158'2.33 17.96 17.96 783•42 417.67 68·53 21el3 65e20 -44e62 

rtrt a.ot. 1579.{)9 17.55 17.55 784.46 420.91 67.86 20.46 64.70 •43.75 
N. o,\· ::r 8,11 151,5,86 17.14 17.14 785.47 424,14 67.23 19,81 64.24 ·42.94 
}-l n CD 8.,~6: 1572.66 16.74 16.7-tt 786.44 427.34 66e64 19.19 63.81 •42e19 
'-0 a~ 8~f'i \~69.48 16.34 16.34 787e39 430.52 66e09 18e60 63.42 •41 ~-so 

rttD 8,2'6 1566.32 15.9S 15e9S 788.31 433,68 65.57 18e02 63.05 •40e86 

t'DcCD 8.l't' ]563.}7 15.57 15.57 789e19 436.83 65e09 17.47 62.71 •40e27 

t-h 8,36 1560.()5 15.19 15•19 790•05 439.95 64e65 16.94 62.39 •39.72 

_fl)• CD 8.41 j$56.93 14.82 14e82 790e89 443.07 64•23 16e43 62e09 •39•21 

'<t:l. 8.46 1553.84 14.46 14•46 79}.70 446.16 63.83 15.94 61.81 •-38.74 
m e.s-t 1550.'75 14.10 14.10 792e48 449.2S 63e47 15e46 61.55 ·38.30 
nr·<n s.s6 i!547,68 13.75 13.75 793.24 452.32 63.12 15.00 _61.32 -37.89 
fD I 8,61 1544,62 13,41 13,41 793.98 455.38 62.80 14.56 61.09 ... 37.51 
St- 8,66 1541.57 13,07 13,07 794.70 458.43 62.50 14.14 6o.B8 -37.15 

..... B, 71 -1~38.!'3 12.74 12.74 795.4o 461.47 62.22 13.72 60.69 •36.82 
> 8,16 t53S.so 12.42 12.42 796.o7 464.50 61.96 1l.32 60.51 -3~.51 

" nn s.et 1~32~48 12.10 12.10 796.73 467,52 61.71 12.94 '60.34 ·36.23 

OS» 8~86 tS29e47 l},79 11.79 797.37 470.53 61.48 12.56 60.18 -a5.96 

::211 8,91 1526 ... 6 11,49 11.49 797.99 473.54 61.27 12.20 60,04 -35.11 

l"t'OQ 8,96 tS23.·-IJt;- 11.19 11.19 7ca8.59 476.54 61.06 11.85 59.90 ·35-.48 

..... o 9.01 1~20.47 10.90 1o.9o 799.17 479.53 60.87 11.51 59.78 •35.26 
:;) 9.06 }51'?.49 1o.62 10.62 799.74 482~51 60.70 11.1$ 59.66 •35.06 

C:'"'d 9.11 t!H4,51 1o.34 10.3~ 800.29 485.49 60.53 10.87 59-.ss 834-.87 

(I)~ 9,16 i5ll.S3 10,07 10,07 800.83 488.47 60.37 10.56 59.44 ·34.69 
~1'1 9~21 i'i08.56 9,81 9.81 aot.35 491.44 60.23 10,26 59.35 ·34.53 
'-'~ 

0 
:::r 
r: 
" REEFEO INFLATION m 

REEFING RATIO• .637 
REEFED PROJ. DlA'4e• 63.661 FT 
CUTTER DElAY•- •0 SEC 
TYu~ n~ nTeo~~~- '\\.~ ... , cr:r-



TIME ALTITUDE SYSTEM C.M, TRAJ. C•M• POSITION C.M, VELOCITY C•'-'• ANGLE ANGLE ACCEL.ERA TION CSEC> <FT) <OEG> (OEG) <FT> <FT/SEC> <FTISECISEC) 
X y z TOTAL X '( z TOTAL 

~ 
J-1 
G1 

w 9,28 1503.99 9,46 9.·46 Bo2,13 496,01 59.25 9,74 58,45 ·53,57 .p... 9,4_8 1492.61 8.72 8,72 8o3e96 5o7.39 55.02 8.34 54.39 •52i4l 
9.68 1482.02 8.03 8-oJ 805eS4 517 • 9A 5le09 7 .. !4 5o.S9 .;so;'r6 

~en 
9.88 1472.16 7.38 7.38 8('6e88 527,84 47.53 6•10 47el4 .;48e87 

t-'•fll 10,08 1462.97 6.76 6. 76 808•03 537.03 44-37 Se23 44.06 •46e98 
rt!3 10.28 1454.36 6.19 6.19 8o9e02 545,64 41aS7 4elt8 4le 33 •45·22 
::r""' 

10,48 i446.28 5.66 5.66 8o9.86 553,72 39·12 3.86 38.92 •43•64 
!--! 10,69 1438.65 5 .. 16 5.16 810. 5·9 561,35 36.96 3.32 36.81 •42e25 

trj(l) 1 o-. 89 }431.43 4,7o 4.7o 811.22 568.57 35.-06 2.87 34.94 •41e05 
X 11.09 14l4.56 ,4 •. ~8 4.28 811•77 575.44 33.39 2.49 33.30 •40e02 rtO 11.29 i 418'. 'H 3'.89 3,89 8}2·24 58J.99 3le91 2.16 31e84 •·39·13 li ~ 11.49 1411e74 3.53 3.53 8]2.65 588.26 30.59 1.88 3'0.54 •·38· 38 Ill rt 11.69 1405.71 3.20 3.20 813·01 594.29 29.42 1.64 29.37 •;37.73 0"0 11,89 1399.91 2e91 2.91 813~32 600.09 28.36 1'.44 28.33 •·37 el8 rt~ 12.09 1394.31 2e64 2.64 8t3e59 605.69 27.41 le.26 27.38 •·J(H 7 0 t-'•rt 12.29 1388,89 2·39 2e39 8J3e83 611.11 26.55 1ell 26.53 .•36· 29 0 
~_H) 12._49 1383•64 2el7 2.17 814• 04 616,36 25.76 ,97 25.74 •35.93 

0 12.69 1-378.54 1e96 1•96 814•23 621,46 25·04 .86 25e03 •·35· 62 
l'tlli l2.89 1373.58 le78 }.78 814e39 626.42 24.38 .76 24.37 .. 35,35 
Ill 13.09 i368.75 1e6l 1·61 814e54 631.25 23e77 .67 23· 7_6 -35•11 N li rt 

N ru::r 
0 o ro TIME<SEC) ANGLE<DEG) .lUFf) Z (FT) V<FT/SEC> FMAX(L8) TF (SEC·) E:;o FULL. OR REEFED INFLATIO~ 5e64 37.18 681· 95 225.84 114.59 3062. 1e68 

rt(l) 6.60 28.89 737.28 310.65 94.52 5667. .96 
(I) ro- 7,96 18.34 782.44 414.6~ 69.20 6032. .72 

t-h 13·25 1.49 814.64 635.04 23.32 5828. 4.01 
CJ)(\) 
~p.. 
m· 
rt<n 
ro I, 

s !--!' 
!--! NOTE•• POSIT!ONStVELOCITIEStACCELERATIONStTRAJ• ANGLES REFER TO LriADt PREVIOUS RESULTS ARE FOR MASS CENTER > ......... 

C)CJ 
OSll 
::J li~ 
rrQ'Q 

LOAD TRAJ, LOAD POSITION LOAD VELOCITY LOAD t-'·0 TIME AL,TITUDE SYSTEM 
p ANGLE ANGLE ACCEI.EAATION S:'"'d CSEC) CFT> <OEG-> COEG) Cfi'T) <Fif'/SEC) ( 'TISECISEC·> CD Sll )1. y l TOTAL X '( z . -toTA-l.. O..li 

'-"Sll 
(') 

::r 
~ 
('"!' 

13,47 1282,06 1.03 •5.67 8}6,17 717.94 23.72 23,60 1.0. CD •ZeJ4t 
14.Q1 i269,ll •.18 •5.72 8t4.86 730,89 24.04 ·2.40 23,9Z ,49 
14.78 f250,66 •1.88 •3,85 813.25 749,34 24.08 •le62 24.02 •1•61 15,55 i232.21 -3.-32 .15 812.60 767.79 24.00 .06 24.00 .. 2.62 
16,32 i213.75 •4,28 5,71 813,52 786,25 24.15 2,40 24.03 3.30 
16,83 1201.43 •4.56 9.79 815.19 798,57 24,45 4,16 24,10 3,45 

~ 



t2j 
H 
Cl 

w 
~ 

~Cfl 
~·Pl 
nS 
::T"tl 

t-' 
~(1) 

Ho 
tiC: 58.AJ 219.3?. Plrt 
0"0 59.32 207.56 
nr: 59.84 195.79 
~·1"1' 60.35 184. 01 
0 60.86 )72.21 
:::St-h 61.88 ]48.52 

0 62.40 }36.62 
'"dt1 62.91 l24.b8 
Pl 63.42 112.73 

N 111"1' 63.93 1 oo. 76 
1\) su::r 64.96 76.88 0 (1) ~ ::r :65.47 64.99 

c ::;c. 65.98 53.16 
nn> 66.49 41.37 
(1)(1) 67.00 29.62 

t-h 68.03 6.20 
CllCD 68.30 .oo 
'<P. 

le04 14·03 1165·23 1780.68 23.65 5.73 2Ze'i4 -1·00 
.40 13.31 1168.08 1792.44 23.59 5.43 22.96 -.45 

-.2R 13·19 1170.84 1804.21 23.60 5.38 22.91:1 .o7 •• QS 13.b7 1173. bit- 1815.99 23.68 5.59 23.01 .56 
-1.54 14.69 1176.61 1827.79 23.83 6.04 23.05 leOO 
-2.34 17·. 89 1183.48 \851.48 24.36 7.48 23.18 1e52 
-2.49 1~.77 1187.54 1863.38 24.71 8.36 23.25 1.73 
-2.45 21.63 1192.04 1875.32 25.08 9.24 23.31 1e70 
-2.23 23.33 1196.99 1887.27 25.42 10.07 23.34 1.54 
-·1.85 24~76 12o2.33 1899.24 25.71 10e76 23.34 1e26 
-.74 26.51 1213.84 1923.12 2Se96 11· 59 23.24 .s7 
-.11 26.71 1219.80 1935.01 25.91 lle64 23.15 •e19 

.5} 26.44 1225.73 i946.84 25.74 lle46 23.05 ··53 
1·07 25.70 1231·50 1958.63 25e48 11eOS 22.96 ··92 
le52 24.55 1237.01 1970.38 25·16 10e46 22.89 •le2S 
1·98 21.34 1246.96 1993.80 24.50 8.92 22.82 •leSS 
1.93 20.40 1249.16 2000.00 24.35 8.49 22.83 •1.52 

en 
rtG"J 
(1) I 
E3t-a 

t-' 
> 

TIME<SECl ALTITUDECFT) X CFr> Z CFT> VlFTISEC) VX(FT/SEC) VZ tFTISEC> ACFT/SEC/SEC> 
1 VERTICAL/~INIMUM }3e-88 1272·17 815·17 727.83 24·00 -2.43 23e87 e46 
2 VERTICAL/MINIMUM 19.39 1139.43 836·00 B6o.c:;7 26.49 l1e08 24.06 1e36 
3 VERTICAL/MINIMUM 25.53 994.69 882.28 1005.31 23.56 2.62 23.42 ··10 ,-... 

nn 
OPl 
::J 11 
OQQ 
1-'0 
r: 
0.1-d 
(1)~ 
P,.ti 
'-'I» 

() 
::r 
r: 
rt 
CD 



PARACHUT!•LOAD SVSTEM<DEPLOYMENf)•• G•llACMAIN PARACHUTE EXTRACTION) UNREEFED 

TRAJECTORY SIMULATION••T,:O,Z:O IS ~ELE4SE POINT 

RELEASE CONDITIO~S 
ALTITUDE: 2000• FT 
VELO~ITY= 220.00 FTISEC 

MASSES--SLUGS 
TOTAL SYSTE~= 
LOAf): lOB.qoo 

115·265 

PARAC~UTE= 4.156 
SUSP. LHJES= .64~ 
RISFRS= 1.200 
RISER EXTENSinNS: .124 
LOAD RRIOLE= 
JNCLUDED= 
APPARENT= 

·342 
158,613<SEA LEVEL> 

59,48nCSEA LEVEL> 
149,262( 2000, FT) 

5Se973( 2000. FT) 

REFERENCE DISTANCES FROM SKIRT•• FT 
><1= 16.45n 
X2= 6le100 
X3= 99.300 
)C4= 113,300 
xs= 119,3no 

MOH,/PRO~. INERTI~·-SLUO FT*~2 
JXX= 93~191.6D8(SEA LEVELl 
IYY= 93619le608<SEA LEVELl 
TZZ= 20700000.000(SEA LEVEL) 
JXl• OCSEA LEVEL) 

FT 
100,000 

SYSTE~= 95,QOO 

907066.874( 
907066•874( 

20658733,868( 
0 ( 

DP1F:NSI0NS·
DNOT= 
SUSP. 
L.1= 
L2= 
1_3= 

79,0Rl<SEA LEVEL) 
-53,119cSEA LEVEL> 

59,781 CSEA LEVEL> 

77,203( 
-54.997( 

S7,4o3< 

2000, FT) 
2000, FT> 
2000. FT) 

YC/DNOT= ,129 
OPIONOT= e649 
VOLUMF= 66700.000 ~T*~3 
PARACHUT~ COP= 1.7~6 

LOAD DRAG AREA= 76.800 FT~*2 
OEGREFS OF FREE DO~= 3 

2000. FT> 
2000, FT) 
2000, FT> 
2000. FT> 

RELEASE DISTANCE IN AIRCRAFT: 15,000 FT 
REEFING HATIO= .064 

FIG 35 Sample Outpu't for the G-llA. Cargo Parachute with 
Reefed ~~in Parachute Extraction System 

222. 



REEFED PROJ. DIAMETER• 9e23l FT 
TIME' OF PARACHUTE OISREEF• 4.00 SEC 

tsj 
H 
Cil 
w TIME ALTITUDE SYSTE"' CeM• TRAJ• C•M• POSITION C•M• VELOCITY c.M. 
V1 A114GLE ANGLE ACCELERATION 

(SECl <FTl <oEG) <nEG> CFTl CFT/SEC) CFT/SECISEC) 
X y z TOTAL X y z TOTAl. 

lX'Cil 
·ro Dl 
f1) s 
HlrcJ 
fl)~ 
p..ro .05 2000.00 9o.oo 90.00 10.93 0 217.23 217.23 

~~ 
.1o 2000.00 90.00 9o.oo 21.73 0 214.52 214.52 
.15 2000.00 90.00 90.00 32.39 0 21leij9 211.89 

,....rt .20 ?.000.00 9o.oo 9o.oo 42.92 0 209.31 209.31 

:;l"' .25 ?OOO.oOO 90.00 9o.oo 53.32 0 206.80 206.80 
~ .30 2000.110 90.00 90.00 63.60 0 204.35 204.35 

'"drt .35 2000.00 90.00 90.00 73.76 0 201.95 201.95 
Dl .40 2000.00 90.00 90.00 83.80 0 199.61 199.61 
t1Hl .45 2000.00 90.00 90.00 93.73 0 197.33 197.33 
Dl 0 .so 2000.00 90.00 90e00 103e54 0 195e10 195.10 
Ot1 
::r .55 2!'00.00 9o.oo 90·00 1}3.24 0 192.91 192.91 

~rt .60 2000.00 90.00 9o.oo 122ed3 0 190e78 190.78 

"' rtP" .65 2000.00 9Q.OIJ 9o.oo 132.32 0 188.69 188.69 

1\,) f1) (I) .7o 2ooo.oo 9Q.OO 9o.oo 141•70 0 1B6e64 186e64 
w .75 2000.00 9o.oo 90.00 150e99 0 184.64 184.64 

trjG') .so i999.99 89.7f:J 89.78 160e16 .o1 182.14 182.14 .7o 
X I .as 1999.92 89 •2'7 89.27 169e19 .oe 179· 05 119· 03 2·29 
rt~ .90 ]999.77 8~;i.75 88.75 178e07 .23 176.07 176.03 3etl'+ 
t1~ .95 i999.54 88.22 88.22 186.80 .46 173·21 173·12 5e38 
ill' ;l> 
0 1.oo }999.23 87.69 87.69 195.39 .77 170e45 170·31 6.88 

rtn 1.os }998.85 87.14 87.14 203.84 1.15 167.79 167.59 8.37 
,....p, 1.10 1998.40 86.59 Bb.S9 212.15 1. 60 165.24 164.95 9.83 

Oti 1.15 -}997. 87 86.03 86.03 220e34 2.13 162e78 162.39 11.28 

p(JQ 1 .2f1 1997.27 85.4b 85.46 228.39 1!.73 160.41 159.91 12.70 

0 l. 25 1996.&(1 84.88 84.88 ?36.33 3.40 1S8e13 157.50 14.10 
(/) 1. 30 }995.86 84.30 84.30 244e15 4.14. 155.93 155.16 15.49 

'-<:t,:J 1. 35 1Q95.05 83.71 83. 7l 251.85 4.95 153.81 152.88 16.8b 
CllPl 1. 4(l ·} Q94.18 83.11 83.11 259.44 5.82 151.77 150.67 18.21 
rtt1 le45 1993.23 82~Sn 82.51) 266.92 6.77 149.80 1'+8.52 19.55 
COP> 1. so ]Q92.22 8}.89 8}.!.i9 274e29 7.78 147.91 l'+b· 43 20.87 an 1.55 1991.15 81.?.7. 81.27 2R1e57 a.8s 146·08 144.39 22.lti 

::r 1.60 1990.01 8Q.64 BO.b4 288.74 9.99 14'+.33 142elt1 23.'+7 
~ 

,..... rt 1.65 }OBA.80 80.01 80.01 295.81 11.20 142.63 140.47 24.75 

nro 1.70 1987.53 79.37 79.37 302.79 12.47 141.01 138.58 2&.01 

u 1.75 19B6.20 78.72 78.72 31)9.67 13.80 139.44 136.74 27.27 

::J~ 1.ao }QA4.Bl 78.07 78.07 3}6.46 15.19 137.93 i34.95 28.51 
rt ,..... 1. as 1983.35 77.42 77.42 323.17 16.65 13&.47 133.19 29.73 
,....rt 1.90 1981.84 76.75 76.75 329.78 18.16 135.07 131.48 30.95 
PP" 1.95 1980.26 76.09 76.09 336.32 19.74 133.73 129.81 32.15 
~ z.oo 1978.62 75.42 75.'+2 342.17 21.38 132.4lt 128.17 33.35 
CD 2.05 }976.93 74.74 74.74 349.14 23.07 131e19 126.57 3'+.53 
p.. 

.......... 2 .10. 1975.17 74.06 74.06 3S5.~t3 24.83 130·00 125.00 35.70 

2.15 1973.36 73.38 73.38 361e64 26.64 128.85 123.47 36.8b 

2.20 1971.49 72.69 72.b9 367.78 2tt.51 127•75 121.97 3B.01 
2.25 1969.56 72.00 72.00 373.84 30.44 126.69 1~0.'+9 39.i5 

2.30 1967.57 71.31 n~_31 379.83 32 ... '+3 l2S.fJ8 119.05 40.28 



·2,35 1965,53 70 .• 61 70,61 385,74 34~47 124.11 117,64 41,40 
2,~0 1963,43 69,91 69,91 391,59 36,57 123,78 116,25 42,51 
2,45 \961,28 69,21 69,21 397,37 38,72 122,89 ii4,89 43,61 
2,50 1959,07 '68,51 68,51 403.08 40,93 122.04 113.56 44,71 

~ 2.-5·5 f956,81 67.,81 67,81 408,73 43,19 121.23 112,'25 45, 79· 
t-1 2,60 1954,50 67.10 67.10 414.31 45,50 120.45 110.96 4.6.86 
~ 2,65 1952~13 66.40 66,40 419~83 47,87 119.71 lo9,7o 47;~3· 

2,70 t:49. 70 65.69 65,69 425.28 50,30 119eOO 108elt5 48.98 
w 2,75 1 47,23 64,99 64,99 430.67 52,77 118.33 107.23 50.03 
U1 2,80 }944,.70 64,28 64-.28 436.01 55,30 117,69 106.03 51,07 

2,85 i9'42,12 63,58 63,58 441.28 57,88 111 .oa 104.85 52••10 
:;a en 2,90 }939,49 62,87 62,87 446,49 60,51 116.50 103,69 53~12 
(l)Ql 2,95 1936,81 62.17 62.17 451.65 63,19 115.95 102.54 '54~1'4 
(1) i3 3,00 }934,08 61,47 61,47 456,75 65,92 115.44 101.41 55,14' 
t-h'O 3,05 1931,30 60,77 6o,77 461,79 68,70 114.95 100.31 56,}'4 
CD~ 3,10 t-928,47 60,07 60,.07 466,78 71',53 114,48 99,21 57,13 
P,.CD 3,15 19.25,59 59.37 59,37 471· 71 74,41 114e05 98,14 58,11 

~-~ 
3,20 i922,66 58,68 58.,68 476.59 77,34 113,64 97,07 5~.oa 
3,25 1919.68 57.98 57.98 481.42 80,32 113.25 C16.03 60. 0'4-
3.30 i916,66 57,30 57,30 486,20 83,.34 112.89: 95,00 61,00 J-l•rt 3,35 i913.58 56.61 56.61 490.92 86,42 • 112·55 93.98 61.94 

::S"' 
~ 

3,40 i910e46 55.93 55.93 495.60 89,54 112• 24 92.9.7 62.88 
"drt 3,45 1907.30 55.25 55.25 5oo.22 92,70 111.95 91.98 63.81 
~ 3,50 1904.08 54.58 54.58 504.80 95",92 111.68 91.01 64.73 
i'il-h 3,55 1900,82 53,91 53,91 509,32 99,18 111.43 90,04 65,65 
~0 3,60 1A97,52 53.24 53,24 513.80 102,48 111.20 89.09 66',S5 
0 i'i 3,65 i894,17 52,58 52,58 518.23 105,83 110.99: 88,15 67,45 
::r' 3,70 f.B90,78 51,92 51,92 522,62 109,22 11.0.80 87,22 68,34 
Crt 3,75 }887.34 51,27 51,27 526,96 112,66 110.63 86,30 69,22 N rt::r' 3,80 1883,85 50,62 50,62 531.25 116,15 llO,tt7 85,39 70,09 N ro ro ..p. 3,85 1AB0,33 49,98 49,98 535,50 119,67 110.33 84,49 70.95 
J::rj~ 3,90 1~76,76 49,34 49,34 539,70 123,24 110.21 83,61 71,81 
X I 3,95 1873,15 48,71 48,71 543,86 126,85 110.10 82,73 72,66 
rt~ 4,00 1869,50 48,08 48,08 547,97 130,50 110.01 81,86 73,49 
i'i~ 
Pl:t> 
0 TIME<SECl ANGL£lOEG) X <FT) Z(FT) VELOCITY(F:f/SEC) 
·rt n L~~O OUT OF AIRCRAFT e78 156.14 183.54 
J-I·Ol PIL,T CHUTE/EXTRACTION CHUTE RELEASE OR 
0 i'i MAI'I PAHAC11UTE DISREEF'· 4e00 48.07 548.05 130.58 110.01 p(]Q 

0 
t/) 

~~ 
(I) •.$l) 

REE~ED IN~LATION rtf'1 
ro Pl REEFING RATIO= e637 
8 n REEFED PROJ. OIA~.=· 63.661 FT 

::::; CUTTER DELAY= 0 SEC 
~ TIME OF DISREEF• 0 SEC 

~rt 
nro 
0 
::;:1 ~ 
rt J-1· 
J-l·rt 
p::; 
~ 
ro 
0.. ..._, TIME AL TITUOE SYSTEM CeMe TRAJ. C•~• POSITION CeMe VELOCITY c.M. 

ANGLE ANGLE ACCELERATION 
CSEC) (FT) (OEG> (OEG) (FT) (FTISEC> (FT/SECISEC) 

X ·y z TOTAL X '( z TOTAL 

" 



4.26 1A51.09 45.09 45.09 51)7.&5 148. 1H 9&.77 68.54 bB.Jl ·76.46 
4.51 11134.26 42.11 42.11 583 .H7. 165.74 83.35 55.eq blob3 -74.39 
4.77 IFH9.o9 39.08 39.08 597.03 180.91 n.:;8 45.12 ~5.57 ·67.64 
5.02 1A05o44 36.00 3&.00 &o7.64 194.56 6lo9& 36.'+1 SOol3 -&o e32 
5.28 }793.(19 32.91 32.91 6}6.23 206.91 54.33 29.52 '+5obl -stt.o1 
5.54 ]781.81 29.87 29.87 623e20 218.1Q 48.34 24.08 4leGI2 •49e07 
5.79 1771.40 26.93 26.93 628.90 22B.&O 43o64 19· 77 38.~0 •45o36 

"%j 6.n5 1761.71 24.15 24.15 633.59 238.29 39.91 16.33 36.'+2 ·4~.62 

H 6.3n 1752.60 21o55 21.55 &37.48 247.40 36.~3 13.56 34.35 •40e60 
C) 6.56 1744.()0 19.16 19.16 640.71 256.00 34.51 11.32 32.60 •39.11 

w 6.82 1735.81 1&.98 11,.98 643.'+1 2,4.19 32·51 9.49 31ol0 •3Bo00 
lJ1 7.07 1727.99 15.01 15.01 645.68 272.01 30.84 7.99 29.79 -37.16 

7.33 1720.48 13.25 13.2~ b47e60 279.52 29.43 &.75 28.64 •36.52 
7.58 1713.26 llofld 11.68 649.21 28&.74 28e20 5.11 27.()2 •36.01 

~C/) 7.84 17f\fle29 1uo29 10.~9 650.58 293.71 27•14 '+o85 2&.70 •35.61 
CDSU 8.1o 1699.54 9.07 9e07 651o75 300.46 26·20 4ol3 25eiH •3Se28 
CDS 8.35 1&93.oo 7.99 7.99 652'· 74 307.00 25.35 3.52 25.11 •35.01 
1-h"d 8.61 1fiH6o64 7.03 7.03 653o59 313.36 24.59 3o01 24e'+1 •3tt.78 
([)J--1 8.86 lfiB0.46 6.20 &.2o 654.31 319.54 23e90 2.58 23.7b •34.59 
o..ro 9.12 1~74.44 5.46 5.46 654e93 325.56 23.27 2o21 23.lb •34.42 

~g 
X IFf) V<FT/SEC> F't.1AX(LcU TF<SEC) t-'•rt TIME(SECl ANGLEIDEG) Z IFf) 

P"d FULL' OR REEFED INFLAT 10"1 9.12 5.46 654.93 325.56 23.27 8348. 5o12 
s:: 

1-drt 
~ 
11t-h 
~ 0 
0 11 NOTE·- PoSITIONStVELOCITlESoACCELERATlONS,TRAJ. ANGLES REFER TO LOADt PREVIOUS RESULTS ARE FOR ~ASS CENTER 
P" 

I'> 
C:::rt 
rtP" 

N CD CD 
V1 

tz:!G"l 
X I Tl~E ALTITUDE SYSTEM LOAD TRAJo LO.AO POSITION LOAD VELOCITY LOAD 
rtt--1 ANGLE ANGLE ACCELERATION 
111--1 (SE'C) CFT) IOEG> <nEG> 1FT) IFTISEC> <FT/SECISEC> 
~> X y z TOTAL X y z TOTAL: 
0 
rtO 
t-'•SU 
0 11 
POQ 

0 
en 9.34 1592.05 3.79 -19.95 660.50 407.95 25.35 -8.65 23.B2 •3.08 

ot..c:::l-d -9.88 }579.33 -.55 •21.81 655.57 420.67 24.66 -9.16 22.89 •1.85 
cnsu 10.65 15fl2 ,17 -6.39 •17,32 649.21 437.83 22.91 -6.82 21.87 •5.13 
rtl1 11.42 1545.45 -1o.97 -3.97 645.86 454.55 21.88 ·1.51 21.82 •8.26 
([)~ 12.19 1528.29 •13.46 13.50 647.32 471.71 23.64 5.52 22.98 9,86 
8 0 --. 12.95 1509.97 ~13.43 27.73 654.43 490.03 27.88 12.97 24.&8 9.72 

j.J 
13.47 i497.o8 •12.03 34.51 662.27 502,92 31.02 17.57 25.56 8.75 c:: 

,.-.... rt 14.49 1470.63 -&.58 43.39 684.05 529.37 35.34 24.28 25.68 4.67 
CJ(t) 15.oo 1457.64 -3.01 45.98 696.92 542.36 35.84 25.78 2~.91 2e67 
0 16.03 1433.29 4.29 47.22 723.12 566.71 33.26 2~.41 22.59 •4.34 
p ~ 16.54 1421.94 7.45 44.89 734.97 578.06 30.78 21.72 21.81 •&e19 
rt ...,. 17.56 1399.66 11.66 31.89 753 • .36 600.34 26.00 13.73 22.08 •8.88 
1-'•rt 18.07 1388.14 12.42 21.59 759.21 611.86 24.69 9.08 22.96 •9.39 
::l::J 19.10 1363.59 11.06 ,07 763.78 636.41 24.83 .03 24.83 8.23 
c::: 19.87 1344.26 7.81 •11.90 761.63 655.74 25.82 -5.33 25.27 5,76 
CD 20.63 t325.o5 3.23 •1B.ij4 7S6,20 674,95 25.94 -8.37 2tt.55 •2.65 p.. 
'-" 21.40 }306.66 •1.89 •20.01 749.52 693·.34 24e80 -8.49 23.31 •2.31 

22.17 1289.08 •6.65 •14.14 743.91 710,92 23e28 •5.69 22.58 •5.23 
22.94 1271.67 -1o.22 •1.49 741.37 728.33 22.89 •.&o 22.88 7.64 
23.71 1253.70 •11.93 ll.&e 743·.33 746,30 24.66 5.83 23.96 8.85 
24,73 12?.8.31 •10.A9 29.67 753.83 771,69 29.32 14.51 25.48 7.9tt 



t'%j 
H 
G') 

w 
Ul 

~CI.l 
ro PJ 
ro a 
J-h"t:$ 
(Of-1 
p,.ro 

~g 
~·rt 
::l"tl 

c:: 
t-Ort 
Ill 
liJ-h 
Ill 0 72.99 91.23 n t1 ::r 74.01 68.03 
Crt 74.52 56.52 

N rr::r 75.03 44.98 
N rom 75.55 33.35 
0'\ 76.'57 9.d5 

t:r:iG') 77.00 .oo 
>: l 

2.06 35.20 1170.09 -1908.77 "28-. 0-4 16.16 22.91 •leC15 
4.Bo 30.27 1185.25 }931.97 26.01 13.11 22.46 •3,78 
s.6o 26.06 1191.43 1943,48 2s.o1 10.99 22.'+7 •4.32 
5.94 21.05 1196.48 1955.02 24.22 8,70 22.60 •4.51 
s.eo 15.70 1200.34 }966,65 23.66 6.40 22.78 •4,41 
4.17 6.17 1204.78 1990,15 23.16 2.49 23.03 -3.16 
3.05 3.40 1205.57 2000,.00 23.07 1.~7 23.03 •2,32 

rtf-1 
tit-1 r:u> 
0 
rtn 
~·PJ 

TIME I SEC> ALTITUDE (FTl X(FTl Z (FT> VIFT/SECl VXCFT/SECl VZ(FT/SECl ACFT/SEC/SECl 
1 VE~TlCAL/~INIMUM 9.75 1582.28 656.75 417.72 24.88 •9.21 23e12 •·1· 76 
2 VERTICAL/~INIMUM 15·00 1457.64 696.92 542.36 35.84 25.78 24e9i 2.67 
3 VERTICAL/~JNIMUM 21.02 13}5.73 752-87 684.?.7 25.50 •8.81 Z3e93 ··1.&9 

OJi 
:,:l(JQ 

0 
C/) 

~t-O 
enOl 
rtli 
CD Ill so 

P" 
~ 

.-...n 
- (") (1) 

0 
::I~ 
0 ~· 
J-IM' 
C::P'" 
p.. 
(l) 
p. ._., 

~ 



2. 

3. 

X. REFERENCES 

Heinrich~ H. G.~ The Effective Porosity of Parachute 
ClothS> USAF Technical Report No. AFFDL""TR=65-102S> 
January$) 1966. 

Hildebrand, F. B.: Introduction to Numerical Analysis~ 
McGraw-Hill Book Company~ 1956, pp. 236=239. 

Heinrich~ H. G. and Noreen!> .R. A.: Wind Tunnel Drag 
and Stability of Solid Flat Circular 2 T=lOa and 
Rin~slot Parachute Models with Centerlines~ USAF 
Tec~nical Report No. AFFDL~TR-73=17~ DecemberS> 1972. 

227 





Director .of Defense 
Research and Engineering 

Department of Defense 
Washington, DC 20315 

Department of the Army 

Office of the Chief of 
Research and Development 

ATI'N: DARD-DDA 
Washington, DC 20310 

Department of the Army 

DIS'rRIBuriON LIST 

US Army Advanced Materiel Concepts Agency 

ATTN: AMXAM-AC 
Washington,· DC 20315 

Commander 
US Army Foreign Science and Technology Center 

220 Seventh Street, NE 
Federal Building 
Charlottesville, VA 22312 

Commander 
US Army Materiel Command 

ATTN: AMCRD-FS 
Washington, DC 20315 

Commander 
USA Test and Evaluation Command 

ATTN: AMSTE~BG 

Aberdeen Proving Ground, MD 21005 

President 
USA Airborne Communications 

and Electronics Board 

Fort Bragg, NC 28307 

Commander 
Yuma Proving Ground. 
Air Test Division 
ATTN: SfEYP-TAT 
Yuma, A~ 85364 

No, of Copies 

1 

1 

1 

1 

1 

1 

1 

1 



DI§TRIBuriON LIST <CQNT'D) 

USA CDC Institute of Land Combat 
ATTN: Technical Library 
301 Taylor Drive 
Alexandria, VA 22314 

Commander 
USA Combat Developments Command 
Institute of Advanced Studies 
Carlisle Barracks, PA 17013 

Connnander 
US Army Combat Developments Connnand 
Institute for Strategic and 

Stability Operations 
ATTN: ISSO-A 
Fort Bragg, NC 28307 

Chief, Systems and Equipment Division 
Eustis Directorate 
US Army Air Mobility R&D Laboratory 
Ft. Eustis, VA 23604 

Cbnnnander 
US Army Materiel Laboratories 
ATTN: Technical Library 
Fort Eustis, VA 23604 

Connnander 
USA Aviation Systems Command 
ATTN: AMSAV-FBTD 
P. o. Box 209 
St. Louis, MO 63166 

COnnnander 
USA Aviation Systems Command 
ATTN: AMSAV-L-QRE 
P. o. Box 209 
St. Louis, MO 63166. 

COnnnander 
US Army Aviation Systems Command 
ATTN: AMSAV-R-R 
P. o. Box 209 
St. Louis, MO 63166 

2 

1 

l 
• 

l 

l 

1 

1 

• 
1 

l 



Commander 
US Army Aviation Systems Command 

ATTN: SAVDL-8 

St. Louis, MO 63166 

Commander 
US Army Aviation Systems Command 

ATTN: AMSAV-SA (CE) AMRDC 

St. Louis, MO 63166 

Commander 
US Army Aviation Systems Co~and 

ATTN: AMCPO-LSE 
St. Louis, MO 63166 

Director 
US Army Mobility R&D Laboratory 

AMES Research Center 
Moffett Field; CA 94035 

Commander 
US Army Missile Command 

ATTN: Technical Library 

Redstone Arsenal, AL 35809 

Commander 
US Army Munitions Command 

ATTN: Technical Library 

Dover, NJ 07801 

Commander 
US Army Weapons Command 

Research & Development Directorate 

ATTN:· Technical Library 

Rock Island, IL 61201 

Commander 
Frankford Arsenal 
Bridge and Tacony Streets 

ATTN:· Technical Library 

Philadelphia, PA 19137 

Commander 
Redstone Scientific Information Center 

US Army Missile Command 
ATTN: AMSM:I-RBLD 
Redstone Arsenal, AL 35809 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 



DISTRIBTJriON LIST (CONT'D) 

COmmandant 
Quartermaster School 
Airborne Department 
ATTN: ATSQM-EA 
Fort Lee, VA 23801 

Commandant 
Quartermaster School 
ATTN: ATSQM'-AR-T 
Fort Lee, VA 23801 

Commandant 
Quartermaster School 
ATTN: ATSQM -AR-D 
Fort Lee~ VA 23801 

Commander 
Readiness Command 
A'ITN: STRJ4-T 
MacDill Air Force Base 
Tampa, FL 33608 

Commander 
Aeronautical Systems Division 
US Army Natick Laboratories Liaison Office 
A'ITN: ASDL-8 
Wright Patterson Air Forc'e Base, OH 45433 

COmmander 
Army Research Office (Durham) 
ATTN: Information Processing Office 
Box CM, Duke Station 
Durham, NC 27706 

US Army Standardization Group, UK 
ATTN: Research/General Materiel Representative 
Box 65 
FPO New York 09510 

Department of the'Air Force 
Hq, 6511 th Test Group (Parachute) (AFSC) 
Naval Air Facility 
Army Liaison Office, ATQ 
El Centro, CA 92243 

4 

1 

1 

1 

1 

6 

1 

• 

1 

1 



DISTRIBUTION Lisr (CONT'D) 

Director 
Air University Library 

Maxwell Air Force Base, AL 36112 

Headquarters 
Tactical Air Command 

ATTN: TAC-OA 
Langley Air Force Base, VA 23365 

Commander 
USAF Tactical Airlift Center (TAC) 

ATI'N: DAL 
Pope Air Force Base, NC 28308 

Commander 
Military Air Lift Command 

ATTN: MAORD 
Scott Air Force Base, IL 62225 

Director 
Naval Research Laboratory 

ATTN: Technical Information Officer 

Anacostia Station 
Washington, DC 20390 

Chief 
Office of Naval Research 

Department of the Navy 

ATTN: Code 423 
Washington, DC 20390 

US Naval Air Systems Command 

Department of the Navy 

ATTN: AIR 5315A 
Washington, DC 20360 

Director 
Development Center 
Marine Corps Development and Education Command 

Quantico, VA 22134 

Marine Corps Liaison Officer 

US Army Natick Laboratories 

Natick, MA 01760 

Commander 
US Army Natick Laboratories 

ATTN! STSNL-AOP 
Natick~ Mass 01760 

5 

1 

1 

1 

1 

1 

1 

1 

1 

1 



Conunander 
US Army Nat~ck Lab~ratories 
ATTN: srSNL-RTL 
Natick,MA 01760 

Connnander 
Defense Documentation Center 
Cameron Station 
5010 Duke Station 
Alexandria, VA 22314 

Sandia Laboratories 

DI SfRIBUTION !rl!ST (OOtg'D) 

Deceleration & Recovery ~stems Division 
Albuquerque, NM 87115 

Conunander 
Naval Aerospace Recovery Facility 
ATTN: Code ENMT 
El Centro~ CA 92243 

Connnander 
Hdqs Edgewood Arsenal 
A'ITN: Mr. A, Flatau 
Aero Research Group 
Aberdeen Proving Ground, MD 21005 

Conunander 
Aero System Division 
A'ITN: AFFDL/FER (Mr. James De Weese) 
WPAFB, OH 45433 

' Prof. Helmut G. Heinrich 
Department of Aeronautics 

and Engineering Mechanics 
University of Minnesota 
Minneapolis, MN 55455 

6 

12 

1 

1 

1 

3 

20 



Unclassified 
Secunty Classification 

DOCUMENT CONTROL DATA. R & D 
(Security claasllicatlon ol title, body of abstract and lndexlrtg annotation must be en.tered wh.en the overall report Is elafellledJ 

L ORIGINATING ACTIVITY (Corporate author) Za. REPORT SECURITY CLASSIFICATION 

Unclassified 
University of Minnesota 2b, GROUP 

3. REPORT TITLE 

DEVELOPMENT OF A 'IOTAL TRAJEC'OORY SIMULATION EOR SINGLE RECOVERY PARAaiurE SYSI'ElVIS -

VOLtME II: CALCULATION PROCEDURES AND OOMPurER PROGRAM. 

4. DESCRIPTIVE NOTES (Type ol report and lncluelve'Clates) 

Final Report 15 Nov 1971 - 30 June 1973 
ll· AU THOR(S) (First name, middle initial, last name) 

Robert A. Noreen 
David P. Saari 

&. REPORT DATE ?a, TOTAL NO. OF PAGES 

2hl 
8a. CONTRACT OR GRANT NO. Oa,·ORIGINATOR•s REPORT NUM'BER(S) 

DAAG 17-72-C-0030 None 
b. PRO.JECT NO. 

c. 1Fl62203AA33 tb. OTHER REPORT NO(S) (Any other numbers that may be assl1Jned 
this report) 

d. 
74-9-:AD(II) 

tO. DISTRIBUTION STATEMENT 

Distribution of this document is unlimi tedo 

t 1. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTI"ITY 

US Army Natick Laboratories 

13. ABSTRACT 

A method of total trajectory simuJ.atbn was established which is based on the 
governing equations of the various phases of an airdrop or recovery system. In 
view of these equations, a computer program capable of predicting the performance 
characteristics of a parachute-load system from the instant of initiation to the 
moment of landing was established. CaJ.culations were performed for a number of 
different aerial delivery systems. The calculated results fall well within the 
broad ranges of expected performance, based upon familiar! ty with field test 
results. 

In Volume I, simuJ.ation methods and numerical calculation results are 
presented; in Volume II details of the calculation procedures and computer 
program are presented. The system is ready to be used for overall prediction of 
parachute performance characteristics and an intensive comparison of calculated 
and recorded field test results in highly desirable for validation and improvement 
of the technique of total trajectory simulation. 

DD .'!~ .. 1473 .. KIII'LACKS CD ,.O .. M t.na, t JAN t•, WHICH IS 
oaaoLKTK ,.o,_ A .. wv u••· Unclassified 

Security Classification 

I 



Unclassified 
Security Classification ,.., 

KEY WOROS 

" 

Ex. traction 

Cargo 

Aircraft 

Recovecy 

Parachutes 

Low Altitude Drop 

Airdrop Operations 

Tests 

Equations 

Data 

Oomputer Programming 

Aerial Delivery 

Loads 

LINK A LINK B 

ROLE WT ROLE WT 

8 

2 9 

1 

10 " 4 

10 

4 

4 9, 4 

8 

8 

8 

10 

9 

9 

Unclassified 
Security Classification 

LINK C 

ROLE WT 

\ 
\ 

.. 




