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FOREWORD

This work was performed under US Army Natick Laboratories
Contract No, DAAGL7-72-C-0030Q during the period 15 November 1971
and 30 June 1973, The project number was 1F162203AA33 and the
task number was 04 entitled "'Study of Dynamic Stability
Characteristics of Parachute-Load System". Mr, Edward J. Giebutowski
served as Project Officqr. '

The objective of the effort was to produce a 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 is 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. '
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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 airdropfor recovery system, In view of these
equations, a computer program cépable 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 1is
_highly desirable for validation and improvement of the
technique of total trajectory simulation.
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- .1,  INTRODUCTION -

. In this study 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 seconds 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 running
time for the various trajectory calculations averaged about
7 to 8 seconds, ranging from 3 to 4 seconds for low altitude
simulations to about 13 seconds for high altitude simulationms.



'II. GENERAL DESCRIPTION

~The computer program for the total trajectory simulation
can be considered to consist of three calculation phases
organized to model four parachute separation-deployment
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. . o ,

The user must select inputs that specify the physical
characteristics of his parachute-load system and which: of the
four separation-deployment systems he is modeling. The
separation-deployment systems are 1) static 1ihe, 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 tra-
jectory data to only a few results at significant occurrences
during the simulation. '

A, Basic Program Organization

'MAIN PROGRAM is the first entry to thekprogram;,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 néxt simulation or
terminate the run., Very few calculations are done in MAIN
PROGRAM itself, its major purposes are organization and

sequencing,



The first functional call by MAIN PRAGRAM is to Subrou-
tine EXTRACT, which is the first major subroutine that directs
calculations for the separation-deployment process. EXTRACT
caléulateé“thé.process"éf"éeparation'from'thé'aircraft for all
systems and informs MAIN PROGRAM whether or not a call to sub-
routine SNATCH is required. SNATCH is the second major sub-

- routine of the separatiOnédeploymént phase, and calls subrou-
tine BPDIES for calculating the separation between primary
and secondary bodies of the parachute-load system,

After separation-deployment, MAIN PRPGRAM directs the
simulation to the inflation of the main parachute, subroutine
@PENING, @PENING is primarily an organizational subroutine
and calls FILLTIM for a calculation 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 calculations have not yet. been measured,
the majority of calculations will probably. be twoédimensional,
~and thus there is. no need to compile the three-dimensional
subroutines for every calculation, In both cases subroutine
MATION is the major subroutine, and is basically organiza-
tional. M@TIPN calls subroutine INTGRAT for integration. of
the equations of motion., INTGRAT requires subroutine FPRMULA
for the integration and subroutine EMATIPN for numerical
evaluation of the equations of motion. EMPTIPN calls subrou-
tine DYNAMIC to-evaluate terms.in the equations of motion,
and subroutine CﬁEFETS~supplies values of the aerodynamic
coefficients to EMPTIPN, Subroutines INTGRAT, FPRMULA, and
DYNAMIC are identical for two or three dimensional calcula-
tions; the others have the same names in: both cases but are



different., Subroutine CPHSINES is added to evaluate the terms
of the direction cosine matrix in three-dimensional
calculations. | - v ,

The subroutines DENSITY ard TRAJEQN are called by many
of the other subroutines, DENSITY calculates atmospheric
density as a.function of altitude and TRAJEQN evaluates the
two-dimensional, point mass trajectory equations for use
until the parachute is fully inflated.

B. Computer Program Qutputs

The output from the computer prbgramfin_all subroutines
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 trajectory,

The first and second of these groups are always printed.
All inputs are immediately printed in the»main‘program or in
the particular subroutine in which they are read, The tra-
jectory variables at the following points: during the trajec-
tory simulation are printed immediately 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, R

Subroutine SNATCH--snatch force occurrence,

 Subroutine @PPENING--inflation of the main parachute to
any reefed stage or to full inflation,

Subroutine MPTIPN--the first three instances when the
parachute-load system. is vertical or near vertical,



In addition, smnatch force, snatch velocity, and primary and
secondary body velocities at snatch are printed before exit
from SNATCH, 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 @PENING.

The continuous output can be controlled by the program
user. The variable NINT may be read into the program as a
negative number, which then 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 @PENING and MATIPN. During the inflation
periods in PPENING, and if the automatically selected time
increment in MPTIPN becomes. too large, NINT does not affect
the output of 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 M@TI®N.

C. Separation-Deployment Systems
The values of the integer variables ISTATIC and IEXTRAC,
and the variable Dop;q,¢ 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 ISNATCH to -1 which then directs the MAIN. PROGRAM



REEFED
MAIN
PARACHUTE
EXTRACTION
SYSTEM

EXTRACTION

PARACHUTE
SYSTEM

STATIC LINE
# DEPLOYED
STATIC LINE PILOT CHUTE.
SYSTEM ’ SYSTEM

FIG1 Determination of the ‘Separation-
| Deployment System in Subroutine
EXTRACT



sequence to SNATCH, For the static line and reefed main
parachute extraction systems no snatch force calculation is
required and EXTRACT sets ISNATCH to +1 which directs the
MAIN PROGRAM sequence directly to @PENING,

The following Items include figures which show the
separation-deployment process and the sequencing of the
simulation through MAIN PROGRAM, the values of the pertinment
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

ISTATIC = -1
DPILAT *= O
ISNATCH = +1
Separation from aircraft EXTRACT
Main Canopy Unfolding EXTRACT

2, Static Line Deployed Pilot Chute System

Figures 4 and 5

ISTATIC = -1

DPILOT = Doni1ot

ISNATCH = -1 .
Separation from aircraft EXTRACT
Suspension system deployment B@DIES
Snatch force SNATCHv

Main parachute unfolding BODIES



Fig 2 Static Line System
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ISTATIC ?
- -1

" (to Subroutine EXTRACT)

>0

REEFED
MAIN
7
LEXTRAC 7\ | pARACHUTE
___ﬂ//// EXTRACTION
SYSTEM
<0
EXTRACTION
PARACHUTE
SYSTEM

STATIC LINE

STATIC LINE
SYSTEM

DEPLOYED
PILOT CHUTE
SYSTEM

MAIN PR@GRAM

r
EXTRACT

|

MAIN PR@PGRAM

OPENING

MAIN PROGRAM

SNATCH

jIN PROGRAM

MOTION

FIG 3 Sequence of Computer Solution
for Static Line System
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Fig 4 Static Line Deployed Pilot Chuté System



(to Subroutine EXTRACT)

REEFED
MAIN

| PARACHUTE

'EXTRACTION
SYSTEM

<0

PARACHUTE
SYSTEM

' EXTRACTION

SYSTEM

STATIC LINE

MAIN PREGRAM

'

EXTRACT

'

MAIN PRUGRAM

y

SNATCH

SYSIEM

| STATIC LINE
» DEPLOYED
PILOT CHUTE

MAIN PR@GRAM

'

" | @PENING

1

MAIN PR@GRAM

FIG 5 Sequence of Computer Solution
for Static Line Deployed FPilot

Chute System
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3. Extraction Parachute System

Figures 6 and 7

ISTATIC = +1

IEXTRAC = 0

ISNATCH = -1

Separation from aircraft EXTRACT
Suspension system deployment B@DIES

Snatch force SNATCH

‘Main parachute unfolding BODIES

4, Reefed Main Parachute Extraction System

Figures 8 and 9

ISTATIC = +1

IEXTRAC = 4+

ISNATCH = +1

Separation from aircraft EXTRACT
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" (10 Subroutine EXTRACT)

_ 0 REEFED
ISTATIC ? MAIN
= +1 PARACHUTE
B EXTRACTION
SYSTEM
_ >0 '
D ? EXTRACTION
o)pilot | PARACHUTE
SYSTEM
<0
STATIC LINE
- DEPLOYED
STATIC LINE PILOT CHUTE
SYSTEM SYSTEM
MAIN PR@GRAM r——&—1 MAIN PROGRAM
EXTRACT ' # ; @PENING
MAIN PR@GGRAM MAIN PR@GRAM
SNATCH > | mgrign

FIG 7 Sequence of Computer Solution
for Extractlon Parachute System
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Fig8 Reefed Main Parachute Extraction System




(to Subroutine EXTRACT)

_ >0] rezrep
ISTATIC ? IEXTRACT ? ’;‘zﬁcmm |
=+l o=+l EXTRACTLON
<0 — SYSTEM =
— S0
| >0
D) iroe ? EXTRACTION -
pllo ‘ PARACHUTE
SYSTEM = =
<0
STATIC LINE
DEPLOYED
STATIC LINE | PILOT CHUTE
SYSTEM SYSTEM
 MAIN PREGRAM ‘MAIN PROGRAM

v

~ |Extract | J—._— @PENING |
_ MAIN PRUGRAM  |—a MAIN PROGRAM

SNATCH | | mMgrign

'F!G_ 9 Sequence of Computer Solution

for Reefed Main Parachute /
Extraction System
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ITI. DESCRIPTION OF COMPUTER PROGRAM-

ThlS sectlon descrlbes the computer program used for the
total traJectory 31mu1at10ns. The format used. in the follow-
ing is to 1nc1ude, for each program or 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 1isting,_8e¢tion 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 each subroutine are shown in Section IV.c

A,  MAIN PROGRAM |

%~ . Thermnemonic symbol MAIN PROGRAM is used inthe text to
describe PROGRAM 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
By the program user without affecting the functioning of the
computer program. The standard files INPUT and @UTPUT are
required for the MAIN PROGRAM. ’

1, Input

NSIM, Cl, C2, C3, C4, C5, ALT, VO, MST; MP, MLS, MR, MRX,
MBR, ML, X1, X2, X3, X4, X5, 1Z, IAZO, DNPT, LSS, CDP, CDSL,
'Ql, Q2, VALUME, N, NNN, DT1l, DT2, DT3, NINT, ETA, PCTERR
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.2, Outﬁut

cl, €2, C3, C4, C5, ALT, VO, MST, ML, MP, MLS, MR, MRX,
MBR, A8, B8, ALT, A9, B9, ALT, X1, X2, X3, X4, X5, A4, B4,
ALT, A5, B5, ALT, A6, B6, ALT, A7, B7, ALT, DNPT, LSS, Al,
Bl, ALT, A2, B2, ALT, A3, B3, ALT, Ql, Q2, VALUME, CDP,
CDSL, N | |

3. Common Blocks

/CHNST/: ALT, PI, G, DNPT, CDSL, LSS, ML, MP, MSS, MST, NINT

/VARIABL/: RH§, T, V, THETA, X, Z, ALPHAL, ALPHAP, L1

/DYNAM/: DYDNOT, X1, X2, X3, X4, X5, MBR, DYML, MLS, DYMP,
MR, MRX, IAZO, IZ, Ql, Q2, VPLUME, XNUM, XDEN@GM

4, Methods

MAIN PROGRAM oversees the operation of the total tra-
jectory simulation, providing for a specified number, NSIM,
of tfajectory simulations to: be accomplished in one run of
the computer program.: For each total trajectory simulation,
the operation of MAIN PRPGRAM is as follows. The title and
most parachute-load system data.are read and printed.('The

parameters R i =
KNOM = my, 8 + mpsy + mgsy + mp, s, + my S5 - mps,
XDENPM = mLS +omp +omp 4 omp ml-i-mp

are established for use in subroutine DYNAMiC.' Note that
common block DYNAM must have different names?for its
variables, even though some represent the séme variables. as
are in CPNST. To- bracket the variable parachute-load system
dynamic characteristics to be encountered, subroutine
DYNAMIC. is. called for mean sea level density and for release
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altitude density and the results of these two calls are printed.
The necessary information for calculation is transmitted via the
calling parameter list and the common block DYNAM,

The first call of the actual,trajectory simulation is to
EXTRACT, following which MAIN PRAGRAM directs the calculations
by calling SNATCH, @PENING, and MPTIPN as detailed in Subsections
IIA and IIC for the particular separation-deployment system,
When control is returned to MAIN PROGRAM after the call to MPTI@ON,
the next trajectory simulation begins or the program is terminated
if the run is complete.

B. Separation-Deployment Phase

Three subroutlnes perform the calculations for the physical
processes in the separatlon deployment phase. The major sub-
routine is EXTRACT Whlch calculates the separatlon from the
aircraft ‘for all systems and contalns all of the remainlng
deployment calculations for systems that do not have a snatch
force. If a snatch force is requlred EXTRACT dlrects MAIN
PRAGRAM to subroutines SNATCH and B@DIES, the other two subrou-
tines for this phase, 'SNATCH calculates maximum snatch force
and calls BADIES fofdcalculatlngwthe”separatlon between the
primary:and’secondary bodies of the parachute load system.

1. Subroutine EXTRACT

a. Input

All Systems:
ISTATIC, IEXTRAC

Static Line System ‘ .
LSTATIC, CDSBAG, CDSP, DPILOT, LSPILﬁT TD, LRXBR (CDSP = 0,
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DPIL@YT = 0, LSPILHT = O, TD = 0)
‘Static Line Deployed. Pilot Chute System:
LSTATIC, CDSBAG, CDSP, DPILHT, LSPILAT, TD, LRXBR.
Extraction Parachute System
LENGTH, CDSBAG, CDSEX, TD.
Reefed Main Parachute Extraction System: .
R, LENGTH, TD

b. Output

Static Line System:
ALL NINT: LSTATIC, CDSBAG, Tl, TRAJ1, X1, Z1, V1, 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, DPILﬁT LSPILAT, TD, Tl
_ TRAJl Xl, zZ1, vl, T, TRAJANG X, Z, V.
NWT#O;T,MEZ,RMM&meMQ}QZ,m\m,W.
| Extraction Parachute System:
ALL NINT: LENGTH, CDSBAG CDSEX, TD, T1, X1, V1, T, TRAJANG
X, Z, V.
NINT > 0: T, ALT-Z, TRAJANG, TRAJANG, X, Z, v, V.
Reefed Main Parachute Extractlon System:
ALL NINT: LENGTH, R, H*DN@T, TD Tl, X1, Vl T, TRAJANG X,
-z, V,
NINT > 0: T, ALT-Z, TRAJANG, TRAJANG, X, Zz, V, V,

C, Formal Parameters

ISNATCH, IEXTRAC, VO, DT, TRCA

d. Common Blocks

/ C@NST/ : ALT, PI, G, CDP, DN{T, CDSL LSS, ML, MP, MSS, MST,
L 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
parachute: by static line are the two-dimensional, point mass,
trajectory equations, ihCorporated'in subroutine TRAJEQN.

Thus the procedure in subroutine EXTRACT is to call subrou-
tine TRAJEQN with calling parametersirepresenting’the appro-
priate mass and drag area with time increments At between
successive calls. The duration of the first calculation ‘
phase is determined by the distance: between the release point
in the aircraft and the recovery system mass center, given by

1.—. "/(Vo‘t‘ - X)Z‘P ZZ‘ B (1)

‘The main parachute is deployed, and control is returned to
the main program, when

Jl > VLS{o"‘:'\c. + 'Ls+‘ LR + ’Do/z 4+ LE + L - ' (2)

The parameter ISNATCH 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 deployment; except that the‘pilot‘parachute_is being
deployed rather than the main parachute. The pilot parachute

21



is deployed when
L2 Lsyaic * LSPi\;t + % Do pilst (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 ISNATCH is assigned
the value -1, Successive calls to subroutine TRAJEQN are
made until the time exceeds the value tpe
iii) Extraction Parachute System
ISNATCH is set equal to -1. The governing equation while
the lead is in the aircraft is : :
- . 2a.S
: o =pv CpoT
Av= F—-——-—-—"—-—- At (%)
Bvoyg |
where CpS.. is the drag area of the extraction parachute(s).
The condition which indicates that the load has left the air-
craft. is

Vo't'x 2 L- (5)

At this poipt, the value of CDST‘iS increased by the drag area
of the load and the packed main parachute, CDSL:+ CpSgs and
the trajectory is simulated. by successive calls to subroutine
TRAJEQN with time increment At. Control is returned to the

main program when the time exceeds the

iv) Reefed Main Parachute Extraction System

- ISNATCH is set to +1. The drag area of the reefed main
.parachute is given by

’ ; W\G‘LD} ,
CeSyrCop 3 (8
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where

4 (Lg+Lg) R + 2R Do
W= v — (7
4QL5*LR)-H“HZDQ

The calculation procedure is the same as for standard extrac-
tion parachutes, with the value of CpS; from Eqn (6) used in -
Eqn (4). After the criterion (5) is satisfied, the value of
CpSt is increased by the drag area of the load, Cn5, and
successive calls are made until t exceeds tpe The value of

tRCA is set to zero,

2. Subroutine SNATCH

a. Input
MPBAG, CDS2, K, LRXBR

b. Qutput

ALL NINT: MPBAG, CDS2, K, LRXBR, TL, TRAJL, XL, ZL, VIL, VZL,
PMAX, VF
NINT > 0: T, ALT-Z, TRAJANG, TRAJANG, X, Z, V1, VIX, V1Z

c. Formal Parameters

" TRCA, DT

d. Common Blocks

/CONST/ : ALT, PI, G, CDP, DN@T, CDSL, LSS, ML, MP, MSS,
MST, NINT
/VARIABL/: RHP, 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 f are calculated by calls to subroutine

BODIES for the periods before and after snatch., Subroutine
BPDIES is called successively until

L=Llg+lg+Lg+ Ly, | (8)

when snatch occurs, The snatch force equations are

Pwmx = - B+y »&2’_‘C/ﬂ ; ’ (9)

A= Vi (10)
2 | ? :
Be Fo | 1+Q ijij + Fag Q + Yz Q (l?l.)
s=Vg Vs~ Vxr
SRRV SN - TRV Ly
C=" Mg —Q—[ “"5" \P \'11’)'z + 2vq (stvﬂ)] ' (12)

+ ™, [ (V- V:;)1 ¥ 2vg (vs-vx)]

‘ C
Faz = f 4"51 (V2o v2 | (13)
Fap = ' (v +vs' (14)
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‘ 'M:m? | (15)

M:V: + W\? Vn_

Vg = (16)

’fﬁt-¥vw?

~ The time tp., is set to the time value at snatch, Subroutine
BPDIES is then again called successively, after adjusting
primary and secondary velocities’to the value VS, and chang-
ing the masses to(mp + m j+'mss) for the primary body, and
to mpb,for the secondary body. This continues until

L= Le+Llp* Le+lge + Do/z (17)‘

at which time control is returned to MAIN. PROGRAM.

3.  Subroutine BODIES

a. Input

None

"b. Output

2 None

C. Formal Parameters‘

M1, CDS1, M2, CDSZ Vl VZ L, DT
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d. Common Blocks -

/CONST/ : ALT, PI, G, CDP, DN¢T CDSL, LSS, ML, MP, MSS,
MST, N@USE. ,
/VARIABL/: RH$, T, V, THETA, X, Z, UNUSED, UNUSED2, UNUSED 3.

e, Methods
This subroutine merely evaluates the equations

i © '
A= - 32 At (18)
3 \1I ~ o
. : o ;‘ CDSI VI R

( Sbc,o.s,e% - f_______co S‘n V:Z— ) At S

LRI R Ewg 7 o |
Ax = Vg s'\v\n‘e ﬁ"b ' (21‘) :

AZ = Vg COs ® At | (22)

Ak = vpat-vg ot (23)

C. Inflation of the Main. Parachute

The second calculation phase is represented by subrou-
tines @PPENING, FILLTIM, and CALC. This calculation phase is
required for all of the separation-deployment systems, and is
initiated by a call from MAIN. PROGRAM to PPENING, which then
calls FILLTIM and CALC. This phase represents inflation of
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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 = tj for extraction by the reefed main para-
chute, until the main parachute is fully inflated.

1. Subroutine @PENING

a. Input

No Reefing: NREEF f _
Reefing: NREEF, RO, Rl, TCD
b. Ouput

No Reefing:

ALL NINT: T, TRAJANG, X, Z, V, FO, TF
NINT > 0: ALT-Z, TRAJANG,’TRAJANG, X, 2, V, VX, VZ,‘AFRCE/ML'
Reefing: | :
ALL NINT: R1, H1*DN@T, TCD, TDR; T, TRAJANG, X, z, v, FO, TF,
at end of each reefing stage.
NINT > 0: T, ALT-Z, TRAJANG, TRAJANG, X, Z, V, VX, VZ,
| ~-FRCE/ML

¢. . Formal Parameters

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

d. Common Blocks

/CONST/:  ALT, PI, G, CDP, DNéT, CDSL, LSS, ML, MP, MSS,
MST, NINT e
/VARTABL/ : RH$, 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/m,

The procedure for calculation of the simulated trajectory
by subroutine @PENING is as follows. For inflation of the
main parachute without reefihg9 the volume increase of 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 OPENING to

Ho=(D(>/D¢;>‘r=o:O | , (24)

2
W, = (DP/D;)T,\, < (25)

- The values of V, h s 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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= wy (gcos & - A¢ | ,
|:'°_ ] (3(—0»5. +-HAT') (26) »

the opening shock being the largest value of Fge
For inflation from one reefed stage to another, the
increase in volume is given by

S A ol e
Vo= 77 | O (hihd) + Do \«."\/(L;Lﬂy D°/2'_7T§h4:0°>

)\/

¥ ,hzo . thz"
‘4 ® - W LS+LR+DO/2 ]— 2 | (@7)

o

zRD

1/(}_ ”Lr{\ R. De

The values‘of thekprojéCted diameter ratios are found from
the reefing ratios Ro‘and Rl,by

4(Ls*Lg) Ro+ 2R, D,

- - - (28)
4(LS+LR) + T Ro,Do

n

[

4(L5*L§512\*'ZR\D° :
b, = S (29)
4(L5+LR) + 7—\‘?\‘30 '

The filling time tgp is then calculated by calling FILLTIM |
with the values of VR’ h,, and h; from Eqns (27) through (29).
The trajectory during a reefed inflation is calculated by
successive calls to.subroutine CALC until T = 1. The opening
force 1is found from (26) with tfRAT replacing tec AL If the
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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.delay, tCD.'vThe
trajectory during the coasting phase is determined by success-
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 At, until the

time exceeds tRCA +'tCD. - At this point, the values of R_, Ry,
and tep for the next inflation stage are read. If the time
already exceeds tpny T top when Ip = 1,_nq coasting phase‘is
included and these values are read immediately., If, at the

- point Tp = 1, the parachute is fully,ihflated, i.e. at the

end of the last inflation stage, control is returned to MAIN
PROGRAM, o _

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. The number 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, ,SubfouﬁinevFILLTIM

.a. 'Imput
None ‘ '
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b. Output

None

C. Formal Parameters

VO, X0, ZO, THETAO, MS, HO, Hl1, N, VOLDPT, TF

d." Common Blocks

/CONST/ : ALT, PI, G, CDP DN¢T CDSL, LSS, ML MP, MSS, MST,
NﬂUSE
/VARIABL/: RHH, T, V, THETA X, Z, UNUSED UNUSEDZ UNUSEDB-”

e. Methods

The filling time is glven by the equatlon

VBLUME = Tt S [\/(\-h??.c'l' T)ck L\_g_y],m'a )

for the general reefed case. This formula applles for the
unreefed case by replac1ng the subscript R by ff - The.
tion of subroutlne FILLTIM is to evaluate the fllllng tlme e
by an iterative scheme as follows. o

An initial estimate for the fllllng time is made by
FILLTIM from the formula

g 2%, N . o
<+ = |22 :
*R\, Ve o L (31)

The estimate is based ‘on theeCOncept,of a constant filling
distance, adjusted for the projected diameter at the end

of the inflation., An approximation to Eqn (30) is found

by Simpson's rule with N 1ncrements, i.e. Eqn (30) is eval-
uated for N values of TR. The requlred lnformatlon is found
from calls to CALC, for the values of Tps AT T, and AT,

31



where

T= X hete e v 0T (32)
'K’L 7 " ’

Again, in the unreefed case the valuesvT and - T are equal
as well as the increments ATp and AT since h =0 and
h, = 2w, The effective porosity c is found from (Ref l)

c=c, &/ O (34)

where o is a851gned the constant value 0.05. This value
was selected as representatlve of the parachute cloths
encountered in this study, MIL-C-7020, Types.I and II, MIL-
C-7350, Type I, and MIL-C-4279, Type II, based on Ref 1,
If v represents'the quantity under the integral sign in (30),
the Volume increase corresponding to a given value of the
fllllng time. tfRn is approx1mately, by Slmpson s rule,
_ ATg |

-\TSZ’L= “*;R“ = (y°+4v|+’2vz+«;-,+vN> (35)
The value of VL from Eqn (35) is compared with the parameter
V@LUME, and a new filling time approximation is given by

R +R
el AN VoL
The aboeve process is repeated until the value of ter is such
that VOL from Eqn (35) satisfies the condition
|veL - VoLume]|
VoLume

(36)

<00 - (37)
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The. number tfR is then returned to subroutlne ¢PENING as the
approximation to the fllllng time.

3. Subroutine CALC

~a., Input
None
b, Output

- None

C. Formal Parameters

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

d. - Common Blocks

/CPNST/:  ALT, PI, G, CDP, DN@T, CDSL, LSS, ML, MP, MSS, MST,
NPUSE
/VARIABL/: RH$, T, V, THETA, X, Z, UNUSED, UNUSED2, UNUSED3

€, Method

The function of subroutine'CALC,is to evaluate the
following equations. .

_ 2D v

Op= — T7% (38)
| 20

PPy = _ | (39)
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Os

4%) . W)
AT ©TY2

4 (L s"' LR) DP

) 4LL,+LR\+ZD,-WDF (41)
d (Dp)
d o) _ [4 (Ls*Lg) + 2D - TDp ] A(Ls+LR) ‘;’C‘IP’
al [4 (LerlrY+ 2D, - "Dp] " (42)
, AUs L) T D, A D)/ uT |
[4(Lstlr)+ 20, -A‘v-ﬁb\"'lz
wo = £ %0 (43)
sz (DPmmAz |
sxpDy
IR e SR ALT) Ry (44)

Bea ™ 5 (Oppne)  &T

. = “P 3 o Z,J Do * 2
mL— —"“é' { DF -+ DF (LS+LR+ _é_ - ‘;D?)

— | (45)
D 2 3 ?
} ‘;E -d '\/U-s“LR} - -:: }
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. o (D
Awmi = -—E {302 ':\?r) D F [Z e R) D° ' DF’] _?f)
e SR S [ (berlrs "w “D?m Dv/4] e

34
-T‘ZD‘, oT (L’*LR*—"Z"DP) '?'F 46)

= V!‘l"?"‘ss*‘“v \ 95w ,‘ (48)
A® _( ) v R ATR’ |
Ax= v sin © 4p AT - (49)
Az,= QCosQ t;g Afh . .(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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which has six degrees of freedom9 the computer. solutlon was
programmed separately for the restricted problem of three
degrees of freedom. The traJectory simulation is readily
applicable to either three or six degrees of freedom merely by
~inserting the proper subroutines in the computer program and
using the correct input value for allowable degrees of freedom
in the main program,

When the simulation is restricted to three degrées of
freedom, the subroutines required by the gomputer program.for
the free descent calculation phase are MPTIPN, INTGRAT, FORMULA
. EMPTIPN, DYNAMIC, and CPEFFTS. The function of this calcula-
tion phase is to calculate the trajectory of the parachute-load

3

system during the period from full inflation to a specified
time thereafter or until a specified altitude is reached, as
defined by the program user. '

1.  Subroutine M@TIPN

de Il‘lput ’
TSTPP, ZSTHP

b. Output

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

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

Ce Formal Parameters

DQ, PCTERR, ETA, DT

d,  Common Blocks
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/ C@NST/ : ALT, PI, G, €DP, DNHT, CDSL, LSS, ML, MP, MSS, MST,
| NINT | :
JVARIABL/: RHP, T, V, THETA, X, Z, ALPHAL, ALPHAP, L1

€ Method

The problem during the free descent calculation phase is
to solve the six differential equations of motion for U, W,
Q, 8, X, and z simultaneously. These quantities are repre-
sented in the computer solution by the six-dimensional array
Y. The initial conditions ‘for the free descent calculation
phase are determined by the conditions which exist at the
instant of full inflation. Thus MPTIPN first assigns the
following values to Y:

Yoy-U =0 | B (51)

| Y(z)= W’='v
(52)

Y3) = (Qﬁ,-' ¥%§1§
IR (53)
- Y4=6 : ‘ : (54)
Yi5)= x

I (55)
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where v, 6, x, and z are the values of velocity, system angle,
and position of the mass center determined by ¢PENING at the
time of full inflation of the maln parachute. The- array YD¢T
represents the time derivatives U , Q, e, x, and z. An
initial condition is assigned for Q such that

32‘(:0503'\‘«\6 + 9‘5;\'\3 v
h i3 v ot , (57)

YDpT(®3)= Q=

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 accompllshed by
means of subroutine INTGRAT. For the first call to INTGRAT,
- the calling parameter ID is set equal to +1, and for subse-
quent. calls ID equals -1, The calls to INTGRAT are made as
part=of a DP loop which has a variable terminator, NUMB.
Output of the trajectory parameters is .executed after the
operations of the DP loop have been completed; the loop is
then executed again. This process continues until the free
descent calculation phase is terminated. The original value
of the‘Dﬁ loop terminator, 'NINTl, 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 INIGRAT are T, Y, TF, G,
- PCTERR, ETA, X1, X2, X3, W, YDJT, B,aID, DX, TI, and K. The
parameter G.indicates the number of equations to be solved by
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INTGRAT; X1, X2, X3, W, and B are arrays established for use
in INTGRAT and FPRMULA; and DX is the time increment set by
INTGRAT. Tl is a temporary variable for the time values, and
K is a signal which is positive if the solution of the equa-
tions blow up due to the parachute angle of attack exceeding
8509, The results of the call to INTGRAT are the values of
the arrays Y and YDPT 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 by MOTIPN is
to evaluate the position, velocity, and acceleration compon=
ents of the load, following the relations

lez"x-l-l‘S'w-\e ~(58)

YRy = +1, cos® ‘ - GY

Vi = (T+QL) cos © + W sind o)
Vgg = -(UsRL) S8 +Weos® (e

o, =T+ QW+QL) cos § + (W-QU-G'L) smb 45,

ag,= - (U+QW+Q2,) sind + (W-0U-G 1) cos®  (63)

The value rlz is first stored as a variable R2 for
consideration of interpolation at the eﬁd of MOTION,
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The load trajectory angle is given by

dt)(: ef0(2 (64)
where @, is available from the Common block /VARIABL/, having
been ¢élculated in EMPTION. :

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 tokzero,‘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, ho = T, Tl l,s Vs V{gs V{,, and g, 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@PTION occur when the
time exceeds TSTPP or the altitude 1oés exceeds ZSTPP. The -
tfajéctoryfparametersrat the point t3¥ TSTPP or z = ZSTPP.are
then found by linear interpolation, using a correction given
by

LgrR = — R2-v, - (65)
or . ~ .t
| A TSTYP -
/e = -
CBRR Ti-¢ ~ (66)

The fihai.valuesvof‘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, TRYI, TRY2, TRY3, W YD@T Z, 1D,
DX, T1, ISIGNAL -

d. Common Blocks

None

‘e. Method

This subroutine is arranged in the form of a general
solution method for a given number of srmultaneous first order
differential equations. The numerlcal technlque employed
is the Runge -Kutta method, (Ref 2) and INTGRAT is based
..strongly on the Unlver31ty Computer Center library subroutlne
RK. The advantage of structurlng the subroutine in the
manner of a general dlfferential equation solving method is
that the same subroutlne can be: used without modifications
to solve both the three and six. degree of freedom cases.
Furthermore, with sllght modifications, the subroutine can be
used to solve a system of differential equations which may
arise at a future time if substltute methods are to be used
for any of the trajectory calculation phases rather than those
for which the trajectory simulation eomputer_programwwas
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 YD@T are
desired, and Tl is the running value of the time used by
INTGRAT. When returned to M@PTIPN, Tl and TF are equal. NN
gives the dimension of the arrays Y, YD@T, 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 ISIGNAL are signals; ID
signals to INTGRAT whether or not the call from MPTIPN is the
first call and ISIGNAL indicates to MTIPN whether | ap| > 85°
(the variable K in M@TIPN is equal to ISIGNAL).

The basic functioning of INTGRAT is as follows., The
variable IMDPNE indicates whether or not the integration has
proceeded successfully to a solution at the time TF. Ini-
tially IMDPNE is set equal to -1l. If the call to INTGRAT is
the fifst,’indicated by a positiVe 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 calls,
the time increment is taken as DX, which was a suitable time
increment at the end of the previous call,

The solution of the équations of motion is approximated
by calls to subroutine F¢RMULA, which evaluates the Runge-
Kutta formula. For a given time increment, thevequations‘are
numerically integrated.by FORMULA, over the entire corres-
ponding timeﬂintervél.and the results stored in the array
TRYl, To evaluate the acceptability of these results, the
equations are then integrated over half the time interval,
the integrated quantities-being stored in TRY2, and then over
the other half of the time interval, yiélding 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 TRY1l differ in absolute value by more than the
prescribed relative or absolute errors (PCTERR and ETA), the
solution is considered unacceptable. The time increment is
then halved and the process repeated until satisfactory
results are obtained for Y, at. the time TF.

In this way, the actual time increment used in FPRMULA
may become quite small, If, however, five consecutive calls
to: FORMULA are made without halving the time increment, the
increment is doubled., The number of successful consecutive
calls to FORMULA is stored by the variable M, which contin-
uously counts the calls to FPRMULA disregarding the fact that
control may revert to MPTIPN., 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
EMPTIPN to evaluate the derivatives YDPT, which correspond
to the time TF. The third calling parameter of the call to
EMPTIPN is 1, indicating that the call comes from INTGRAT
rather than FORMULA, Control is then returned to subroutine
MOTION.

3. Subroutine‘FORMULA

a, Input
None
b, Output
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None

Co Formal Parameters

Y, H, YI, NN, W, YDAT, z, ISIGNAL

d. Common Blocks

None

e, Method

The only function of this subroutine is to evaluate the
Runge-Kutta formula for each of the equations being solved.
Thus FORMULA provides an approximation to the integration of
the equations of motion by

YL_,nﬂ = th * 'é (ka*‘Zk,"eke*\g)
| L= 1,2,..., NN

(67)

where

ko= At ‘YL (Yi,h)

k= At Yy (Yoathk)
ke= At Y (Yinrdk)
w0t Vi AVinek)

to yield ko” kl’ kz9 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 contentsof YDPT, and the contents of W and of YI are

set equal to Y. A DP 1loop is then utilized to call EMPTI@N

with W and Z as parameters four times. W is updated after

each call by the relation
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Wee Yo+ AcBL ;o k=123,4 | (68)

where - Q‘g A, = Ag= -% At
A3= A*= At

and YI is updated by the relation

YI“ = YI{,."" 4 AKHZC . K=1,2,34 (69)

Relations (68) and (69) are carried out by a D@ loop such
that i runs from one to NN, All calls to'EMﬁTlﬁN have the
third calling parameter 2 to indicate that the call comes

_ from FORMULA rather than INTGRAT., If ISIGNAL 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, controlgis_returned to INTGRAT.

4.  Subroutine EM@TION

a. Input

None

b. Output

None

C. Formal Parameters

Y, YDPT, ISTPP, ISIGNAL
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d, © Common Blocks

/CONST/ : ALT, PI, G, CDP, DN@T, CDSL, LSS, ML, MP, MSS, Ms:r[;,
NOUSE | . |
/VARIABL/: RH@, T, V, THETA, X, Z, ALPHAL, ALPHAP, Ll

e, Method

The function of EMPTIPN is to evaluate the new array of
derivatives YDPT from the given array of values Y and YD@T.
The derivatives of U, W, Q, é, x, and z are not explicit
functions of time, and thus the only'required‘information is
~the values of U, W, Q; B, X, z,,and é. o

The calculations made by EMPTIPN are as. follows. First,
calls are made to DENSITY and DYNAMIC to determine the proper
values of 11, 12? 13, Iyxs Iyys lzzs Ixgs Mg and Mye Igxs Igzs
and Iy, are not required in the three degrees of freedom
solution. . The following equations are then evaluated in

sequence, . |
S, 2 : 2
VeV eW (70)
U
X = .EQ“-‘(—T-.)
AT IREY W (71)
vie vEe QU v 20 "
\/? = Vi ka + ’ZUQKZ 72
B - ;U@Q%:
oo = tow ( W ) (73)
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vl V1+Qil\z+2UQ9,. (74)

Sa® J““‘-%" Eéb)’ o (75)

Subroutine CPEFFTS is then called to give the values of Cr,
CNy» and Gy, corresponding to Oy e Calling parameter IST@P
1ndicates to CPEFFTS whether the call to EMATION was from
INTGRAT or FPRMULA, and ISIGNAL indicates whether | l < 85°,
If'ab'ls too large, control is returned to the calllng
program,  The equations of motion are then evaluated if

o .
Iap| <85,leo

. LAWY\ W+ Mg, + .
— - e———— - . .1 35 e
U=- - ) le & e ?> g s\ (76)

Fy D . '
* — + — sy - Q
e T A

AL

W= | \m.*w‘k\ Q,Q (mx'*:‘:*m?)gsm@

3 0 B
: e ;;T cos g 4 Q'U‘ \(”77)

It

C‘Q =‘ FN R:S - D.«L S'\\n 0(! s | .M_A.

IYY IYY B IW

(my 4, *"“P,'Qi\) 958 (78)
Tvy
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0=Q

(79)
.>‘(3= U"‘cos V) +W S'\f\e (80)
. T 5
2= -Usng +Wces - (81)

The relation between the quantities as expressed above and
‘the arrays Y and YDOT is

YW=U | YoprW)= T

Y)W , Y087 (=W

Y(®=Q , YooT(®) =Q
YW=0, YOrTW@ =6
VIS = X, VDRT(S)= X
Y =&, Yoor (6) = 2

Control is then returned to the calling program, either
INTGRAT or F@RMULA,

5. Subroutine DYNAMIC

a, Input

None

b. Outpuﬁv
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None

Ce

RHQ,

d.

Formal Parameters

1l, L2, L3, IXX, IvY, 12z, IXZ, MI.

Common Blocks

/DYNAM/: DNOT, X1, X2, X3, X4, X5, MBR, ML, MLS, MP, MR,

MRX, IAZO, IZ

Method

The equations programmed in DYNAMIC are:

w,= pV (82)

KNUM - w; S¢

—

oo (83)
R @)
125 o (85)
- 0,5 | (86)

Ia= (0.18195) ¢ D 4, (87)
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2 ‘ -\
Ty= wel, + W (5-8) + we(se-5)

+ g (82-8Y 4wng (54-3)° 4 w27 (88)
Ty = Ty+Ta D

Tex = Iyy o © (%0)

Tyz=0 o | (92‘)‘)‘

Thus the present arrangement of the.computer solution is for
parachutes which are.rotatiohally 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 equations control is returned
to the calling program, |

6. Subroutine COEFFTS

a. Input

None

b, dﬁtput

None
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C. Formal Parameters

'ALPHAP, CT, CN, CM, IPRINT, ISIGNAL

d,.% Common Blocks

None

€. Method

‘The function of this subroutine is to evaluate the aero-
dynamic coefficients corresponding to the parachute angle of
attack, If is larger in absolute value than 85°, the
parameter ISIGNAL is set equal to +1 and control returned
immediately, If IPRINT is 1 a message indicating this
occurrence is printed, and the successive travel of parameter
ISIGNAL will cause the particular run to terminate. Other-
wise, the only result will be to decrease the time increment
in subroutine INTGRAT, after controlAis returned by means of
EMPTIPN and FORMULA, | | |

If is within the acceptable range, the followihg.fe-
sults are calculated for solid flat circular or T-10 para-
chutes:

Solid Flat Circular:
for |a, | < 30° B

CTO = 0.047 - Q? X \0'5) ‘O(F\ + (9 15" x \0-4)\0(‘3\2
_@3 ) \o’%) "’lfﬁ v (133 x ‘6")_" ‘?(?\:4‘ (93)

Cy, = -(674 xto’é) Ao - (5.57 X 10'4) ocff

(153 x16°%) g’ + (19x16") dF4 (94)
(o(F 50)
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Ch,= (4844 x16°) oty - (3.94 x16) o

+ (1043 x10°) a2 -(132x167) X 95)
_ (df>0)
for |Ob 2 30°‘ ‘
CT§= 0.62 (96)
Cng = (._o:osc,“) (&P-’So“’) + .04 (94‘,>o)‘ (97)
Cy,= -(.0044) (0p-30") -.034  (&(p20) | }(98) .
T-10:

for la%l < 30°
g / .
Cy,= 0570 - (248 0°>) \“f\ + (l.219xl§5) (O‘F‘ (99) '

- (.87 x16%) lap!® + (1279716¢) foplt

CN§= ' -(2.058 X\D.z)‘O(P + 0.95’(10-3) O(Pz
+(6.022 x 10'5) -drs - (6.827 X m")’;x; (100)
(qr>o)

52



Chm= v('i.eqéﬂx %) °§F' .'0-9294?4‘6.3) “;
+(.78 x107%) cc‘, - (8".709 X \0'7') °‘r4

(sp2o) BRI
for o, = 30°
Cro= = (0032)(ltpl-30%) + 653 (102)
= (0072 ) (&p-30°) + .0c4 (etp>0) (1035 |
- Cmes f(i_oocc)(de3°°) T 056 e‘~°‘P”‘°1>'~». (108

The proper subroutlne must be lnserted for computer trajectory
“simulations with a given parachute type so that the corres-l’
ponding aerodynamic coefficients are used. Any parachute type
other than the solid flat circular or T-lO may be used by
properly providing the aerodynamic coefficients by means of
subroutine CPEFFTS in the manner outlined here for solid flat
circular and T-10 parachutes.

E, TFree Descent; Six Degrees of Freedom

The free descent calculation 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 CﬁSINES for the six degree of freedom
case, The subroutines INTGRAT, FPRMULA, and DYNAMIC. are

‘ 1dent1ca1 for both cases. Subroutines MPTIPN, EMATIPN, and
C¢EFFTS are not the same when six degrees of freedom .are
allowed,. In the following, only subroutines MATIPN, EMOTION,
CPEFFTS, and CPSINES are discussed,

1.  Subroutine MPTIPN

a,. Input
TSTPP, ZSTPHP

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 Qertical or near vertical
NINT >105,YT ALT—RZ SYSANGL, TRAJANG RX, RY, RZ VvV, VX, VY
: VZ AT

Coe Forméi Parametérs

DQ, PCTERR, ETA, DT

d,  Common Blocks

/CONST/ : ALT, PI, G, CDP, DNPT, CDSL, LSS, ML, MP, MSS,
MST, NINT-
/VARIABL/: RHO T, V, THETA X, Z, ALPHAL ALPHAP, L1

e, MEthod

The basic aspects of subroutine MPTIPN 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 the y-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

"= ><+£|‘°«€s oy

rag= gt Liogs (106

| k“zz* Loz, 0 (107)

le=(U‘+Q9;,) <'1“:” ;_(V-P,Q,)' o, + W O3 (108)
R oy +(V-PLYon ¢+ Wo (09
w0 )an + (FPL) ang + Wagy 10
e VLRV AL L am
Cy=V+RU- PW - Px‘ éard, N (1125

cs =W - P,__vﬂ- CW - LP’+Q"5L (113)
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Oy = 0o, + Cay, + Coayy (114)

Qge= C3 Qs + Cq0g + Cg Oas | (116)

For the six degree of freedom case, the system‘angle;and’load
trajectory angle are' defined by

og= Cos' (GQss) B (117)

Vi
. S -
(=4 = C Ve (118)
w0 Turvg o va]”

The values of the trajectory paraﬁeters corresppnding,to,the
first three-vertical.pOSitions are stored in the:-array VERTPAR
and are determined in the same manner as for the three degrees
of”freedom. ‘When the termination condition TSTPP or ZSTPP is
exceeded the traJectory parameters at the given condition are
.approximated by linear interpolation and control lS returned
to the main program. o

2. Subroutine EMATION

a, . Input

None
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b. Output

None

C. Formal Parameters

Y, YDPT, IST@P, ISIGNAL

d. Common Blocks

/CONST/:  ALT, PI, G, CDP, DNPT, CDSL, LSS, ML, MP, MSS,
MST, NPUSE
/VARIABL/: RHP, T, V, THETA, X, Z, ALPHAL, ALPHAP, L1

e. - Method

The purpose of EMPTIPN is to evaluate the equations of
motion, providing the array YDPT containing the time deriva-
tives of the twelve variables given the previously existing
values of Y and YDPT., The calculation procedure for subrou-
tine EMOTIPN is as follows. The values of 219‘22"L3’ XX;
Iyys Izzs Igys Mmys and ma are determined by means of calls to
- DENSITY and DYNAMIC, EMATIPN then finds the following
quantities:

veveQL

:qug SJ_ PL, : (120)
V= V-PL, . - (122)
ULV W (123
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<7

_\?f el {(v PeVE AW
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(124)
(125).

(126)

(127)

(128)

- (129)

- (130)

(131)



6,. represents the angle between the systems axis and the para
chute velocity in the plané formed by the systems axis and the
parachute vélocity.' The aerodynamic coefficients are then
found by calling COEFFTS; o5 Bps and ep are supplied and

CTys CX,» CYys COMX,» and CMy, are returned from COEFFTS. The
signals ISTPP and ISIGNAL in the call to CPEFFTS represent
the same signals as in the three degree of freedom case. The
aerodynamic forces and moments are given by

Fax = * ¢V vy, So R ©(132)

PNY = 3 £ V¢ Cig, B - s (13“35-

=+ Fy‘,ﬁ,c.ro Sén 3l

Chax s bpvE Cw &0, a3

; May= 2 ‘P Cneo So Do S @

The dlrectlon cosines are evaluated by a call to CHSINES, and
the equations of motion are then evaluated: ‘

. D
U _ ( W\,l-fmss'\'me ‘) 3 0\3\ J iC,OSx S"VWOK
T DR LRNE s (137)

) 1. @+PR) - QW+ RV

+

W'\-r W
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WYt Mgt Wp

V= ( ) gasz - %T cos. 5@ s'\’\n By

Ml ¢ L (138)
B+ (T, (50 « PR
D A
W < (W‘JL*‘“ss*mP> 9(133 ,—Y-;fT cos b\,g eos g (139)
- I (__Lm> 1 U’ Q") PV + QU
™
‘5 _ FNY 1'3 “ MA}C_"_._ID’L coscgl SMFl L‘ » | T ” (140)
T T XX I
Ixx XX Ix.z QR(122-IYY) +PQ IXZ
L, v L,)+R Tex Txx X
Dl ¥ siv o L,
Fvx ls | May + Cos Oy S &y (141)
Q= 7 Tyy Iyy
Tyy oy Ing
9 a3 (m L+ ™Mp L2) -PR Iw Tyy
Tyy © & |
| | - IXZ 142)
~ Tvy-Txx) - QR (
R= .Q' Ixz _ PQ(T IZ'Z,

E7)
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0= Q coqu -Rsw CP | (143)

»_ C?% P Q S'M(?‘tf{WS + Rcos(?'(:owxﬁ ’ ' o ('144)‘
| ;b’= (Q’ s'\ﬁ @+ R co;;'(?)"scc CR o (145)
"( = U Qo + v&\z + W Q\s (146)

5 Y= U az1+Va,, *w%s (147;

- #Uag Vag #Wagy (148)

Control is then returned to the main programm'

3. = Subroutine CPSINES .

a, Input

None

b. Output

None

¢, Formal Parameters

A, Y
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d.

None

€.

Common Blocks

The formal parameters of CPSINES are A and Y, A is a

3 x 3 array representing the direction cosine matrix, whose

components are functions of the Euler angles.,

merely evaluates the following relationships:

‘ Q“'-f Cose Qosq’
aW.: S'\"ﬂ @ S'lhe‘ Cosﬂqf - CQS Q S;W \P

QA3 = Cos @ SO cos Y + S"\n(P sv ¥

Ap= CosD sint

QA= 5N Psind sinY - cosQ cos

Q%ﬁcwsqgneéw*-énQCuw

Og = =S O

Qg,= S'M(P cos ©
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The subroutine

(149)
(150)
(151)
(152)

(153)

(154)

(155)

(156)



Cga = cos Q cos® | (157)

Control is then returned to the calling program,

4, Subroutine COEFFTS

a, - Input

None

b. Output

None

Cs Formal Parameters

ALPHAP, BETAP, PPLANG, CT, CX, CY, CMX, CMY, IPRINT, ISIGNAL

d. Common Blocks

None

e. - Method

This subroutine supplies the aerodynamic coefficients as
functions of the parachute angles a5 Bp, and 6_. At present,
measurements of the functional relationships which are required
are not avilable., As an example 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): ‘ R ‘

Cro= 0647 - (12x15%) 18]+ (usx107*) \ef\z

- (130107 lepl” Q-S:sxm'“)\@f’!ﬁ , 1Bple 30’ (138

®
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o= ~

Cnx. = - (674 x162) op + (5.57 x\o'”')o(g - (713 x167) Ng

+(1-9 Xl,O_',.’)ot;' 0¢ oo < 30° (159)

)

Cnyo= - (674 x o) Bp *(:5'57"‘0-4),3(3 -(713x \O_S)FFS

+(19 x 1077) {3?4 , O¢ Pp ¢ 30° (160)

Crzo= (4844 x10%) p = (3943107 g + (1043 16%) o

-(zx167) wpt 0 ctp ¢ 30° (161)

Chag, = (4844 x102) p = (394 x16* ) BF +(1.043.x167) B¢

_ -7 4 . ®
(132 x\67) B’ |, 0% B30 (162)
Cro= 0.62 , [ep| 2 30° (163)

Cng, = L.oose)(aP-so°) + .04

O"F 2 30° (164)
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Cugy = (005Q)(Bp-0°) + 04 (169

Be 2 30°
Cug,= =(:0044) (ctp~30°) - .034 (166)
' O(P 2 30° ‘
Cmyg = - (:0044)(Bp-30°) -.0a4 (167)
p‘a 2 30° ' .

Limits must be set on the allowable magnitude of the angles
to prevent the solution from blowing up.  When any of the
angles are larger in absolute value than, for example; 85°,
the parameter ISIGNAL so indicates. After the coefficients
are determined, or the angles exceed the limit, control is
returned to the calling program,

'F. DENSITY and TRAJEQN

1.  Subroutine DENSITY

a. . Input

None

b, Output

None

c. . Formal Parameters

8

RHP, H

65



d. Common Blocks

None

‘e, . Method

This subroutine provides the value of the air density at
altitude h, as follows:
e (0.002478Y o= /32, |
?- QO.,OQZ:H%) e /32,90 y O£\ £15000 §¢
(168)
_ e /28,953
p= (o00zar8)om3z) e T 15,000 £ ¢\
' o ' £ 35,000 4t

)

2.  Subroutine TRAJEQN

a, Input

None

b. Output

None

" Ce Formal Parameters

T, V, THETA, X, Z, RHp, CDS, M, DT, G, ALT, DV

d.  Common Blocks

None

‘@,  Method

This subroutine evaluates the following two-dimensional
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point mass trajectory equations: .

A‘v"’: [ 3;65 © - ﬁz—E—D—S—-]A‘t

By

Ae. . 95m8
AfB - At

Ax = vsn® At

'Az ‘

v cos ® At

and then adds these finite increments to v, §, x,
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(170)

(171)
(172)

z, and t,



IV, CALLING PARAMETERS
The calling parameters for each cail 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 (ISNATCH, IEXTRAC, VO, DT, TRCA)

MAIN PRAGRAM: | |
CALL EXTRACT (ISNATCH, IEXTRAC, VO, DT1, TRCA)

B. SNATCH (TRCA, DT)

MAIN PROGRAM:
CALL SNATCH (TRCA, DT1)

C. BYDIES (M1, CDSL, M2, CDS2, V1, V2, L, DT)
SNATCH:

CALL BPDIES (M1, CDSl, CAPM2, CDS2, V1, V2, L, DT)
CALL BPDIES (M1, CDSl, MPBAG, CDS2, V1, V2, L, DT)
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D.  PPENING

MAIN PROGRAM:

CALL @PENING

E. FILLTIM

OPENING:
CALL FILLTIM
CALL FILLTIM

F. CALC

OPENING:

CALL CALC
CALL CALC

FILLTIM:
CALL CALC

G, MATIPN

MAIN PROGRAM:

CALL MATIPN

(pQ, TRCA, N, " F, VLUMG, IEXTRAC, DIT)

(DQ, TRCA, NNN, SPACE, VPLUME, IEXTRAC , DI3)

(VOLUME, VO, XO, zo THETAO, MS, HO,H1,
N, V¢LD¢T “TF) ‘

(VOLUME, VO, X0, z0, THETAO, MS, HO, HI,
N, F, TF
(VPLUME, VO, X0, zO, THETAO, MS, HO, HI,
N, F, TF

b

(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, DCAPIR, MS, DV, DP, D)

(DQ, PCTERR, ETA, DT)

(DQ, PCTERR, ETA, DT3)
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H, INTGRAT (T, Y, TF, NN, PCTERR, ETA, TRYl, TRY2,
TRY3 W, YD@T z, ID DX, Tl ISIGNAL)

MOTIPN (Three Degrees of Freedom) :

CALL INTGRAT (T, Y, TF, 6, PCTERR, ETA, X1, X2
X3, W, YD#T, B, ID, DX, TI, K}

¥

MATION (Six Degrees of Freedom):

CALL INTGRAT (T Y TF, 12 PCTERR ETA, | X1, X2,
x3 W, YD¢T B, ID DX, Tl K)

I. EMPTION (Y, YDPT, ISTP, ISIGNAL)

FPRMULA:

CALL EMPTION (W, Z, 2, ISIGNAL)

INTGRAT: , ,

CALL EMOTION (Y, YDOT, 1, ISIGNAL)

J., DYNAMIC ( RHY, L1, L2, L3, IXX, IYY, 1ZZ, IXZ, MI)
MAIN PROGRAM: " |

CALL DYNAMIC (0.002378, Al, A2, A3, A4, A5, A6, A7, A8)
CALL DYNAMIC ( RHP, B1, B2, B3, B4, B5, B6, B7, B8)
EMOTION:

CALL DYNAMIC ( RHP, L1, L2, L3, IXX, IYY, 1ZZ, IXZ, MI)
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K. CPEFFTS (ALPHAP, CT, CN, CM, IPRINT, ISIGNAL)

EMOTION (Three Degrees of Freedom):
CALL COEFFTS (ALPHAP, CT, CN, CM, IST@P, ISIGNAL)

L. CPEFFTS (ALPHAP,BETAP, PPLANG, CT, CX, CY,
CMX, CMY, IPRINT, ISIGNAL)
EMPTION (Six Degrees of Freedom):

CALL COEFFTS (ALPHAP, BETAP, PPLANG, CT, CX, CY,
CMX, CMY, IST@P, ISIGNAL

M. COPSINES (A, Y)

MPTIPN (Six Degrees of Fréedom):
CALL COSINES (A, Y): |
EMPTION (Six Degrees of Freedom):
CALL COSINES (4, ¥)
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N. DENSITY (RH,  H)

MAIN PROGRAM: |

CALL DENSITY - (RHH, ALT):
BODIES, TRAJEQN, CALC:

CALL DENSITY (RHO, ALT-%2)
EMPTIPN (Three Degrees of Freedom):
CALL DENSITY (RHP,  ALT-Y(6))
EMATIPN (Six Degrees of Freedom):
CALL DENSITY (RHP, ALT-Y(12))

0. TRAJEQN (T, V, THETA, X, Z, RHp, CDS, M,
DT, G, ALT, DV S
EXTRACT:

CALL TRAJEQN (T, V, THETA, X, Z, RHP, CDST, MT, -
DT, G, ALT, DV

CALL TRAJEQN (T, V, THETA, X, z, RHP, CDST, MT,
pt, &, ALT, DV D

OPENING:

CALL TRAJEQN (T, V, THETA, X, Z, RHP, CDST, MS,
DTT, G, ALT, DV |
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V. TFLOW 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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w= 3.14159...
g = 32,17

READ: ‘
NSIM

( :;). J = 1,NSIM

READ and PRINT:
a description of the
parachute-lqad system

FORMAT 5A10

T

| ALT, v, ?fs’ mp,;gLE mps Mp
Dprs My, S1, S2» 53, S4, S5, AIz.: Iaz)ho

D,s Lg A+VLR,-ch, CpSys meax/%’

‘'8 /D, V, N, NNN, at;, At,, Aty
NINT

FIG 10 MAIN PRPGRAM
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XNUM = m. Sy + mySo + M.Sq + My S
‘ "Lg®L T RS2 T TES3 T UBrfa
o 4+ msg - mp(sc/Do)Do
| XDENOM -.mP + my + mg + mg + mg,. + my

!

mgg = mLé + mp + mE+"mBr-

!

Subroutine DYNAMIC.
(sea level density)

!

" § Subroutine DENSITY,
(h = ALT)

y

.~ Subroutine DYNAMIC
 (release altitude density)

. PRINT:
Parachute-load system -
inputs and data at
- h = ALT, h =0

FIG 10 MAIN PRPGRAM (Continued)
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>0

FIG 10 MAIN PR$GRAM (Concluded)

:

READ: .
PCTERR, ETA{
i=1, 28

l

. Subroutineﬁ EXTRACT

ISNATCH 7= -

~ Subroutine SNATCH

L

' Subroutine @PENING

v

. Subroutine MﬂTION

(::)‘ " J = 1I,NSIM

&7
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~ READ: ‘
. ISTATIC, IEXTRAC

Lotatic’ “pSp» CpSpilot
Do)pilot’:Ls)piIOt' tD’ Lg + Ly

7T

' DISTANC = Lgeatic 3 . ISNATCH = -1
t=x=2z=0 | )
8= w/2 . ' ‘ L
V.VO . ' .

:

il SDS«L + CDSB

rs

FIG 11 Subroutine EXTRACT
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@
. * .
Subroutine TRAJEQN

- Lcpsy, mpd

vx = vsing
v, = veC
y osé@

YES, — _
\/(Vot - )2+ 22
< DISTANC ?

| tl =t ISNATCH = +1
f1.7 8 Y
‘xi = ¥ ’ tRCA- t
z1 = 2z ‘
Vl = v v
PRINT:

‘ T B Epy 2 Yy
e t’, e, x, 2’ ‘v

FIG 11 Subroutine EXTRACT (Continued)

78



READ: :
- : pv-CnS
| l R S ax = vat
. 4(Lg + Lg )R + 2RD, . . l
T+ ¥ TRD A vV =v+ AV
-“(vS LR)_‘“ o x = x + Ax
: t =t + At

™h?D§
CpS)p = 0

l'.

. ISHATCH = +1 ~ ‘
, CpS)y = CpS, + CpSp

. ' ' - - ' + chex
| _ . | mp™ Mpg

CpSlex = ch

tex=z=0 X l
-8 =nf2 ' : '
vey t, =t

o xi-x

[ vy =V

CpSt = CpSex | é

FIG 11 Subroutine EXTRACT (Continued)
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| DISTANC = Lstatic + LR + LS ‘I - ISNATCH = -1
+_D°/2 + LE + Lpy | _ : *

| CDS)T = CDSL + CDS)B
+ CyS)pilot

Ot

‘t - tD?

<0

Subroutine
TRAJEQN -

[CDS)T§ mT}

l

vx = vsing
vz = vcosh [P

DISTANC = Logapic 20
+ Lg)pilot + ¥o)pilot |

<4-

PRINT: | PRINT:
£1581:%1,215V] 1 XV

t, 8, x,-2, Vv

- t, 8, X, Z, V

FIG 11 Subroutine EXTRACT (Concluded)
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m11=mp
mp = m, + Amg
MI m, + Mgy
MII = mp + mpb T %mss
CpS1 = CpSe
vliv
vir = Vv
‘ t=0
> : |

{Subroutine BODIES
my 5 CpSp » Mpz » CpSix

Vix ™ vI'sinB
| Viz ™ YI cos®

<0

L - A(Ls + LR.)
N (LE'+ LBr)?

20

FIG 12 Subroutine SNATCH
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b =t

9& = O »
xl~= X

Zg = 2z

in = VI

Vi “;1

y

M
) Q:E:-[—

I.
+mII
Myvet mpgvry

'v t -}
8 MI + mII'

Av = Ve - Vg ,
FAI(f’ CDSI’ VI) VS)’ Eqn (13)
Farrlpr CpSips Vips Vg)s Ean (14)

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

P.x=-B +\BZ - c/a

¥
tRca = ¢
VI = Vi1 = Vg
| 33
(n]:=='nk+mp+mss )

CpSy = Cps, + (0.015)ch‘TDo

®

FIG 12 Subroutine SNATCH(Continued)
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.0

'| subroutine BODIES '
mp ,CpSt »Mpb »CpS1I

b

Vig = vIsi_.ne
Viz = vicoss

- (Lg+ LR)D
-(Lg + Iy )- ‘22

FIG 12 Subroutine SNATCH (Concluded)
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Subroutine DENSITY

[ (ALT - z)—p)

AG-(B,*‘Vi, At) eqn (18)
-~ avp(e, vy, mp, AE), eqn (19)
- Avyp(e, VII;bmiI’ At),veqq (20)
' . bx = vising At |
Az = vIcosé At

Add finite incremenﬁs to -

8, Vi Viis X 2 1, t

FIG 13 Subroutine B@DIES
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AT = 8Ty = 1/N
mg ='mL + mgg + my

T

Read:NREEF

NREEF =
NREEF - IEXTRAC

NREEF + 1

-

Read: R,, Ry, tep

}

Subroutine FILLTIM -

'. [V;‘ ho: ,hl’-—’tff ]

v

Fray = 0

T=20

hy

tpr = ®rca * tep
p = 4(Lg + LR)R, + 2R,D,

= t

© 4(Lg+ Lg) + "R,D,

_ 4(Lg + Lp)Ry + 2§D,

4(Lg + Lg) + ©R{ D,

l

Print:

R1; hyDy;i teps tpr

FIG 14 Subroutine @PENING
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0

[
T =T + AT

t = tffT“l"to

‘

Subroutine CALC

[T, tff, AT, AT m

R? s
— AV, Dp, d]

l

Fo= my (gcosg - -ﬁ{-

N

F = max (Fmax’ o

- max

Vg = vsing
v, = vcos$

®

Vy(hg,hy, (Lo + Lp), D)

eqn (27

Subroutine FILL':]ZM
[ V1, hoy hyj——etfg ]

—

Print: t, 6, %X, 2, V,

F

max® Cff

!

DQ = Av/At

Fmax =0
At = tfR * L‘.\TR

TR=-0

FIG 14 Subroutine QPENING (Continued)




J=1,N ;
._

.

‘TR = TR’+ ATR
t =tfRTR+ to

.9
nf 2 2
T = EE‘ITR + ho(L -

| 2 2 2
AT = g (h] - bo)aTy

TR)] '

CE@

NO

= + C_§
CDST CDS CDS£

, Z
CDS = CDP _n(hIDO)

Y

4

- Subroutine TRAJEQN

q
Subroutine CALC
- (T, tfR,'AT, ATR,ms

" e— AV, Dp, d)

|

F

= m, (gcosd - av
o 1 i)

F = max(Fmax, Fo)
= vsing

= vcos#h

max
Vx

v
z

D %

< N ¥ o ¢

REEF (1, I)
REEF (2, I)
REEF (3, 1)
REEF (4,1)
REEF (5, 1)
REEF (6, I)
REEF(7,1)

o n & % @
ct éﬂ
»

fR

[CDST., m ]

Av

a, = (gcos8 - AT

vsing
= vcosé

A
v
z

C@NT INUE

!

Print: REEF(I,J)

‘

Av

DQ = 3¢

1

xit

FIG 14 Subroutine QPENING (Concluded)
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o8

c.= 0.05
° . /7

e 1
e= %o [ —mo7375

ATR =1/N { 5
tfR =0 vy o= v[ (l +2.2CTR‘TR)_2
‘ _ l.chpz3
2hiD,
DTIF = {
V0 )
‘ 4— | SUM = v 1

y

V"’Vo
x-xo’
\z-zo
8 = 85
TR"O

b

| J =1, 3,..., N-1
SUM = SUM + by

K= 2,4,...,N-2:
SUM = SUM + 2vg

!

AT
VPL = —35 Ttep + SUM

;TR - TR + ARTR
2 2
T = 7 [hiTp+ h2(1-Tg))

AT = 2.2 (12 - ho?)aty

'

Subroutine CALC
[T, tfR’ ATR, AT ,ms

Av,Dp, d]

|véL - vgLumE|
" VPLUME

<10°° 2

FIG 15 Subroutine FILLTIM
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w

Evaluate Eqns (38) - (50) to find
Dpr Doy » 400 , ¢, 40,

| m,, Am,, mj, Ami, mT,
 Av, Ax, and Az

‘

Add finite increments to
‘8, V,x, 2

l

"Subroutine DENSITY
. [ALT - z—e0p])

N

FIG 16 Subroutine CALC
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>

Read:

tstop’ zstop

'

AMARK = 1
NMARK = 0
IVERT = 1
ANG = 8
D=1

Y(1) = 0;

Y(2) = v;
¥(3) = - g &85 < g

Y(4) = 8

Y(5) = x

Y(6) = z

nn

U
W

vDAT 2 8 .
YDAT(3) = g °°533i“e~+ gc:gl DQ; = Q

!

= t + At

iF
NUMB = | NINT|

®

FIG 17 Subroutine M@ TIPN (Three Degrees
of Freedom)
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- mn (D
©——]
Subroutine ‘ INTGRAT
[returns:~ the values of
Y (U, W, Q, 8,x, z) and
YogT (U, W, Q, 8, x, 2)
evaluated at ty = tg ;
K; DX; 41 |

CPRR = Z“stop ~ Tiz

Juve .

FIG 17 Subroutine M®TIPN (Three Degrees
. - of Freedom) (Continued)
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®

.évaluate:
T Vi Vi,s 2t ap,; Eqns (58),
* ot e T (60) - (62)
v.,=,f v"’x + V,Lz

a=V a,2 +a,2
Lx A

Z
r— a= =3|

TRAJANG = 6 - oy

AMARK = ~AMARK
NMARK = NMARK + 1

I

NMARK = ?

1 415

] ®]

IVERT = IVERT + 1

ANG = 6
'VERTPAR (i, IVERT)

3
= t, ALT - rLz,er,v, ‘
o v{,x’ v{,z’ a;
- d=1,2,...,7) C

ANG = 6

{18 - ANG [}-AMARK
207?

FIG 17 Subroutine MQTION (Three Degrees
of Freedom) (Continued)
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NUMB =

max {1, Dx}

1 | t =(t; - t)XCHRR + t3
- Evaluate ry , vy , vy
Print:. Trajectory . x X z
Variables : ay 281,V 3, 8, o
T ' corresponding to tj ;
' Interpolate to tstop OF
Zstop
) \ 4
Print: Trajectory Variables
at tst:op or zstop » array
~ VERTPAR .

FIG17 Subroutme MOTION (Three Degrees
of Freedom) (Concluded)
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MM =0
t]. =
IMD@NE = -1
<1 ——>1 .
¥ - ; C Y
Subroutine : M= 0
EM OTION | s
l Subroutine FQRIMULA
— (Y5(t)—s¥y;(t + A1)
PX ° max j=im
(DX, At) — ; — ,
| CIER
>— ; J O '
Subroutine FPRMULA’
[Yj(t)—= Y235(t + %at)]
j = 1,NN -
YES
—NO L0 q(2)
IMDONE = 1 o NO _
1 ' Subroutine FPRMULA -
’ \ @ [_Yzj(t+%At)--:Y3j(t+At) ],
M=20
- IMDNE = -1
At = %At

mower | GFRGGCIRE

| NOE'S

FIG18 Subrou’cine INTGRAT
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» J = %&NN ,<::)

[

ERRL = |Y33 - Y¥;,

ERR2 = max{nj, E,*|¥33] 1

. M-O
IMDONE = -1
At = LAt
MM =MM+ 1

Print: Cannot
Integrate or

Angle of Attack

too large

FIG 18 Subroutine INTGRAT (Concluded)
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AG) = A(4) = B¢
AQL) = AQ2) = A(S) = %t

3 —
2 =Yj ’ ‘
Wy = Yy j = 1,HN
YI; = Y ‘

= J 3

k=14, {

Subroutine EMOTION
Derivitives Zk evaluated
atyg = Wy

c=tax+

L= 'J.,NNt

| 3
& W) = Y(L) + A(K)¥ Z(L)
' YI(L) = YI(L) + c_*z(L)’

-— 4

FIG19 Subroutine FPRMULA
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Subroutine DENSITY
[ALT - z—s p]

Subroutine DYNAMIC

Ep—ety, 22, 23, Iyy, Lyys Lpp, Iyp, m;)

V2, (!,V 2, d 9 V"z, ab
_Eqns (70) - (75)

Subroutine CPEFFTS
Op "’CTQ’ CNo’ CMo

YD@r (i), i=1,6; Eqns(76)-(81)
(6, w, 9, 8, %, 2)

NS

FIG 20 . Subroutine EMATIN(Three
Degrees of Freedom)
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éEntry _\_

mg = vV
XNUM - mi_s'c
X = XDENOM ¥ my
"‘1_ = X5 =X .
' LZ e -X - Sc
"3, 2
I = (0.13195)DDP —LZ

IYY " IY + Ia
I‘ -1 N -
ag al’o .002378
IZZ- IZ + Iaz

Ingo

1

W

FIG 21 Subroutine DYNAMIC
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r

Print: Angle of

N | Attack too large
ISIGNAL = -1 ‘

¥

ISIGNAL = 1

=
N
Eqns (95) - (97)
Crys €N, CM { or

°( Eqns (101) - (103)

{

: No m -
. : , v CMy = -Cyp

YES

| {Eqns (98) - (100)
‘-—-——.CT » CN > CMO
| o Eqns (104) - (106)

(5 >0 )T
CMo - Oy

YES *
FIG 22 Subroutine COEFFTS (Three
‘Degrees of Freedom)
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Y(l)=Y(2)=Y(4)=Y(6)=Y(8)=Y(9)=Y(11)=0
(U= V= P= Re @ = =7y =0
Y(3) =v ; =W

Y(5) = -Esind ; - q
v

Y(7) =8
Y(10) = x
Y(12) = 2
YDPT (4) = YDPT(6) = 0 ;

' 2 $ .
YDOT(5) = o cosegme + &s%ne DQ; =Q
: v v

tF=t+At
NUMB = |wInT]

FIG 23 Subroutine M@TION (Six
Degrees of Freedom)

100



@ I=1, NUMB @P
Subroutine INTGRAT [returns: the values of
fY(u, v, w, P, Q, R, 6, ®, ¥, x, y, z) and
YDT(U, V, W, B, Q, R, 6, 9, ¥, X, ¥, 2) .
evaluated at t = tp; K; DX; 411

@ YES
NO

Subroutine C¢SINES

'

Vo = Vv
rq = z + {11a33

tstop
tl-t

-C¢RR =

.K2> zstop or -?
X t1> tstorp y

FIG 23 Subroutine MOTIAN (Six Degress of
' - Freedom) (Continued)
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t = tl, rL - r3
evaluate: . : z S
er’ r{,y’ r»{,z)‘ V{.xs V«Ly, VLzs a{x’ ap , a“z;
Eqns (107), (108), (110) - (115)
Y ) 2 2
v V/v‘x + VLy + YLz

(s

SYSANGL = cos_l(a33) I

TRAJANG = cos'l(v’?z ;= o

K . 1

. | IVERT = IVERT +1
SYSANGL| - !ANGR YES ANG = SYSANGL
VERTPAR (i, IVERT).

AMARK = 0 ? <iE)
= t, ALT-r, , r r
" Lz Lx’ L

y .
r v, Vv v v a
L2 7 Ty Ly’ L. -.-@

(i=1, 2,..., 10)
ANG = SYSANGL

FIG 23  Subroutine MCDTIQDN_ (Six
| Degrees of Freedom) (Centinued)
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tp = t+ DX
o~ I=1, NUMB 1 |
{6 CYNTINUE t=(t) - t) * CIRR + ¢}
l - ' -Evaluate’ trajectory
v variables at t1;
- Print: Trajectory - interpolate to t
Variables P stop
Or‘ zStop

it

Print: Trajectory Variables
at tstop Or Zgeops array
RTPAR

FIG 23 Subroutine M@TION (Six .
| Degrees of F-‘reedom) (Conclud ed)
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Subroutine DENSITY
[ALT - z—0pp]

I

‘Subroutine DYNAMIC ’
[P-—-'Ll, {,2, »{:3, Ixx 3 IYY,IZZ ,IXZ ’ mi]{

UL, Ve, UP’ VP’ VLZ, VPZ,_ Otl ‘P‘l’ b}
80> %ps Bps &

Eqns (119) - (131)

l

ap" BP’ Bp-*CXo, CYO’ CMX(’) _CMYQ, CTO

Subroutine C@EFFTS

Subroutine C@SINES
8, o, y—a;

| a ¥
i vogr (i), i=1,12; Eqns (136)-(147)
’.[i.e,- i’, V'l, ‘.,, i’,‘.Q, ﬁ, é: c.p, i’: ;(: &a é]

X/

FIG 24 Subroutine EMOTIPN (Six Degres
S of Freedom)

j
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1Print: Angle of ~
Attack too large

-

‘ C?Fo. CMYo T , o cxo’ CMYO :
Eqns (158), (160) | Eqns (163), (165)
NO NO
O = “Cxy
Oy, = Oy

FIG 25 Subroutine COEFETS (Six
- Degrees of Freedom)



3 ‘ . Cy , C H
ch’ CMxo H _ \_ Y, Mxo
Eqas (159), (161) Eqns (164), (166)

Cry» Eqn(157) b,

FIG 25 Subroutine CQEFFTS (Six
Degrees of Freedom) (Concluded)
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1) = cosdcoay |
8, = ainvainaéost_- coéméinv .
a3 i.cosvsinecOsv + singsiny
857 = cos@siny

‘agy = slpwuinécost + éosacost
a3 = cos¥sinésiny - sinw&osv
‘@47 = -8ing |
a3y = sin®cossd

a3 = cospcosd

[Y(7) = 8, Y(8) = 9, ¥Y(9) = y]

' FIG 26 Subroutine CPSINES
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AN

-h/32,916

p = (0.002378)e

NO

A

h> 15,000 ?

YES

- 5
p = (.002378) (1.07133)e /285393

4

FIG 27 Subroutine DENSITY
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‘Subroutine DENSITY.
TALT - z——»p]

o 2
av -_[ﬁcoae - £§2§Z. ] At
' A
pe = -B2208 ¢

Ax = vsing At

Az = vcosf At

Add finite increments to
v, 8, x, z, and t

-

FIG 28 Subroutine TRAJEQN
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VI, COMPUTER PROGRAM 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 cbrrespond to the various subroutines and
are presented in the order of discussion in Section III.
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 TABLE I
Computer Symbols for MAIN PROGRAM

Mnemonic

~ Bl

Variation ~ Symbol Comment

ALT h, release altitude

Al 4y 1, at meanbsea level

A2 %, &z'atﬁmean sea level

A3 44 aLS-at mean sea level

A4 Iyx :IXX at mean sea'ievel

A5 IYY Iyy at mean sea level

A6 ,IZZ | IZZ at mean sea level

A7 LIyz Iy, at mean sea level

A8 m; m; at‘mean-sea,levél

A9 | m, o mé at mean sea level
Y 4y athy

B2 1, ‘,&zyat\hé

B3 L3 13 at hg

B4 IiX Iy at h

B5 IfY - Iyy at hy

Bé Iz7 177 at by

B7 Ixz Ly, at h

B8 my m; at ho

B9 m, mé at h_

CDP Cb .drag cbefficiént of parachute
- p based on projected area

CDSL Cbs& drag area of load
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TABLE I (Cont'd.)
Computer Symbols for MAIN PROGRAM

Mnemonic o ”
Variation _ Symbol Comment
Cl-C5 A block of alphanumeric
: characters which form the title
for a particular simulation
DNOT D, nominal diameter
DQ dv acceleration at the moment of
dc - full inflation
DT1 At ot in EXTRACT
DT2 At At in SNATCH
DT3 At At in PPENING, MPTIGN
DYDNOT D, nominal diameter
DYML m, mass of load
DYMP m, mass of parachute
ETA n absolute errors allowed in
INTGRAT - N dimensional array
G ; g ~acceleration of gravity
I S , implied DY loop index for reading
ETA
IAZO I Apparent moment of inertia about
aZ)0 Z-axis at mean sea level '
IEXTRAC Integer Variable; if ISTATIC = O:
e IEXTRAC > 0, Reefed main parachute
extraction system, IEXTRAC < O,
{ Extraction parachute system
ISNATCH ' Integer variable; if ISNATCH > O,

no snatch force calculation
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TABLE I ' (Cont'd.)
Computer Symbols for MAIN PROGRAM

Mnemonic

Variation Symbql - Comment
| 1z IZ moment of inertia about Z-axis due
' to physical ‘masses of load, para-
chute, and suspension system

J | ' DP loop index for NSIM
LSS "LS + LR : suspénsion line\+ riser length
MBR S Mg, mass of load bridle
ML " m, - mass of load
MLS | m . mass of suspension lines
MP .  mp  ,' mass of parachute -
MR mp : mass of risers
MRX S mg mass of riser extensions
MSS o mg m mp bt
MST a5 M, o tdtal'maSS
N B number of degrees of freedom

‘ ~allowed in M%TlﬂN
NINT . . number of calculations between

: ' - ‘ successive prints in EXTRACT,

 SNATCH, OPENING and MPTION

NN o 2N
NNN n number of steps used to approxi-

‘mate inflation in OPENING
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TABLE I = (Cont'd.)
Computer Symbolsg for MAIN PROGRAM

Mnemonic

Variation }.Symbol | Cgmment
NSIM | number of total trajectory simu-
~ lations in 1 computer run
PCTERR  Percentage error allowed inm
INTGRAT
PI T '3.141592653589793
Ql ‘ sc/D : ratio of reference distance from
' o canopy skirt te parachute center
' of volume in fully inflated con-
dition to D,
Q2 D ' projected diameter ratio in fully
pmax/DO lnflated configuration
RHO | 0 air density
TRCA trea  time at which reeflng cutters are
armed :
VOLUME v fully inflated volume
VO v, initial velocity =~
XDEN$M | a m, + my +omp +omp + mp. + m,
XNUM : 'me + mps, + mpsy + mBr54
+ m,Sg - mpsc |
X1 s1 reference distance from canopy
skirt to suspetision line center
of -mass in fully inflated con-
figuration l
X2 sy, i reference distance from canopy
skirt to riser center of mass in
fully inflated configuration
X3 S3 ' reference distance from canopy

skirt to riser extension center
of mass in fully inflated con-
figuation
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_ TABLE I (Cont'd.)
Computer Symbols for MAIN PROGRAM

Mnemonic

Variation ‘Symbql | V'Commgnt |

X4 RV reference distance from canopy
skirt to load bridle center of mass
in fully inflated configuration

X5

Sg reference distance from canopy
o skirt to load center of mass in
fully inflated configuration
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TABLE II -
Computer Symbols for Subroutine EXTRACT

Mnemonic | ‘
Variation Symbélv Commgnt
ALT hO release altitude
CDP CD  drag coefficient based on projected
N P area R
CDSBAG 'CDSB drég area of main parachute deploy-
ment bag
CDSEX CpSex drag area of extraction parachute
CDSL CDS& drag area of load
CDSP CDSpilotn< drag area of pilot chute
CDST CpSe " drag area for calls to EXTRACT or
for Eqn (4)
DISTANC distinct values of 4 where modeled
physical process is changed
DNAT . Dy nominal diameter
DPILGT Dpilot flat diameter of pilot chute
DT At time increment
DV Av _yglocity'increment
DX Ax ’ ﬁ”indrément, vAt
G g  a§celeration‘of‘gravity
H (Dp/DO)ex Dp/D0 of reefed main extraction
! parachute
IC@UNT index for number of calculatlons
» made without: prlnt v
IEXTRAC IntegerVarlable, If ISTATIC = O
IEXTRAC > 0, Reefed main parachute
extraction system, IEXTRAC = O,
Extraction parachute system
ISNATCH Integer variable; ISNATCH > O,
' no snatch force calculation
ISTATIC 'Integer variable; ISTATIC < O,

static line used
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" TABLE II (Cont'd.)

Computer Symbols for Subroutine EXTRACT

Mnemonic

Variation ‘SYWP9L.H_ , Qomment’

LENGTH L - distance load travels in aircraft

LSPILAT Lg length of pilot chute suspension

‘ Pilot lines. :

1SS L, + Lp

LSTATIC LStatic Static line length

MST m, g mass of entire recovery system

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

NINT ‘number of calculations to be made
between successive prints; if
NINT < O, continuous output is

, - suppressed

PI m 3.14159...

R Rox (&R/ﬂ) ex

RHO P air density

T t time

TD =) coasting time at constant drag

» area _ ‘ .

THETA e system angle, radians

TRAJANG ) system angle, degrees

TRAJL 61 8 at static line stretch

- TRCA treca time at which reefing cutters
are armed

Tl ty t at static line stretch or when
load leaves aircraft

\' \Y velocity

VX Vg x. component of v

VZ v, z component of v

Vo v, initial velocity
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TABLE IL  (Cont'd.)
Computer Symbols for Subroutine EXTRACT

Mnemonic v '

Variation Symbol Comment

V1 vy : v at static line streteh or when
load leaves airvraft

X X x position

X1 . Xy X at static line stretch or when
load. leaves aircraft

Z z -z position

z1 zq : ' z at static line stretch
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. TABLE III
Computer Symbols for Subroutine SNATCH

Mnemonic - Symbol

Variation Comment
A o A ' ~ inverse of spring constant, k
ALT h, | release altitude
B B '~ Equation (11)
C C Equation (12)
CAPM1 MI " m, + mg g
. : ' ' S
CAPM2 M1 | m,p + m o + mpy
CDP , :.’  Cp ~drag coefficient based on pro-
' P - jJected area of parachute
CDSL - CpS, m ‘ drag area of load
cpsl CDSi  drag area of primary body
CDS2 | CpSt1 | drag area of secondary body
DELTAV L VgtVrT difference between velocity of
' T - parachute immediately before
-snatch and snatch velocity
~ DN@T | N kDO: 'nominéi diameter
DT A time increment
FAl ‘ Fy - Equation (13)
I
FA2 vFA ‘Equation (14)
ICHUNT ~ index for number of calculations
: made without print
K k sﬁspension system spring constant

119



TABLE III (Cont'd.)
Compyter Symbols for Subroutine SNATCH
Y

Mnemonic | “

Variation Symbol Comment -

L o1 ' distance between load and secondary
body during deployment

LRXBR LE’+ LBR

LSS | Lg + Ip

ML m, mass of load

MP m, mass of parachute

MPBAG Mo . mass of pilot or extraction para-

P " chute and main parachute deploy-

ment bag

MSS m mLS +'mR + mp + mp .

M1 - mp m, + %mss

"p - |
NINT = . number of calculations to be made
: - between successive prints; if

NINT < O continuous output is
suppressed

PI i 3.14159...

PMAX Pax - maximum snatch force

Q Q mass ratio, Equation (15)

RHG )  air density

T N ch .. - time

THETA 6 systems angle, radians
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TABLE III (Cont'd.)
CompufeiiSymbols for Subroutine SNATCH

Mnemonic

Variation Symbol | COmment
TL ‘_ | t at snatch
TRAJANG = = 6 ‘ | system.angle, degrees
TRAJL | | e‘at snatch
TRCA trea | time at which réefing cutters are
. T armed-
\Y ' v velocity
VF Vg | velocity just after snatch
V1 ‘VI , veloqity of primary body
V1L S _ vélQCity of primary body at Snatch
V1X v]._X | X - component of‘vI '
V1z VIZ 3 z--'component of Vi
v2 | 4VII‘ . Velocity of secondafy_body
V2L o velocity of secbndary body at
- snatch , o
X X x position
XL % at snatch
Z | z | z position
ZL o ’ ,mz_at snatch
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- TABLE IV ‘ :
Computer Symbols for: Subroutine B@DIES

Mnemonic

Variation Symbol Comment

ALT hov release‘alfitude

CDS1 CpSt - drag area of primary body

CDS2 CpS11 drag area of secondary

DL Ay increment in distance between
bodies

DT ot time increment

DTHETA A8 . systém angle increment

DV1 Avy primary body velocity increment

v2 AVII'L. * secondary body velocity increment

DX Ax x incremgnt

DZ Az z increment

G g acceleration of gravity

L S £ - sepéfation distance between bodies

M1 my m&v+ Bm o

M2 m, Somy

RHD P alr density

T ' t ~ time

THETA 8 '~ system angle, degrees

V1l Vi velocity of primary body

V2 Vit velocity of secondary body
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TABLE IV (Cont'd.)
Computer Symbols for Subroutine B@DIES

Mnemonic

Variation ﬁSymbpl‘ y C°mm?“t
X X - x position
Z z | z position
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TABLE V
Computet Symbols for Subroutine @PENING

Mnemonic

Variation Symbol Comment

AL ' acceleration

ALT hO release altitude

CAPT T dimensionless time

CAPTR Tp dimensionless time for reefed in-

flation

CDP Cp drag coefficient of parachute based
P on projected area

CDS , (CDS)p drag area of parachute

CDSL CDS& drag area of load

CDST - | (CpS), + CpS,; for call to TRAJEQN

D d canopy inlet diameter

DCAPT AT increment in T

DCAPTR ATR increment in TR

DNOT D, nominal diameter

DP Dp projected diameter

DQ Av/At acceleration at full inflation

DT time increment during inflation

DTT At time increment for coasting stages

DV Av velocity increment

F » arvay established for v; in sub-

routine FILLTIM

124



TABLE V (Cont'd.)

Computer Symbols for Subroutine @PPENING

Mnemonic

Variation Symbol Comment‘

F¢ Frax maximum»opening force

FRCE FO instantaneous opening fotce

G acceleration of gravity

HO h, initial reefed Dp/D0

H1 hy  f;na1 reefed Dp/Do

I D¢~loop index for loop encompassing

the complete inflation with reefed

stages

ICPHUNT number of calculations made without
-print during coasting stages

IEXTRAC integer variable, see MAIN PRAGRAM

J D@ lobp index for inflation per-.

iods; implied D@ loop index for

- printing array REEF

LSS LS»+ LR

ML m, - mass of load

MP m, mass of parachute

MS m, +_mSS + mp

MSS Mg mass of suspension gystem

N number of steps used to approxi-

mate inflation periods
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TABLE V ~ (Cont'd.) .
Computer Symbols for. Subroutine @PENING

Mnemonic

Variation Symbqll Comment
NINT _ number of calculations to be made
‘ between successive prints during
coasting stages; 1f NINT < O,
continuous output is suppressedv

NREEF . integer variable, number of reefing
lines used

PI T 3.14159..

REEF -  array which contains trajectory
vdriables, opening shock, and
filling time at end of each reefed
inflation perlod

RHQ p - -air density

: . ‘ ‘R

RO . R, - initial reefing ratio = D

o
R | | L T
R1 R final reefing ratio = ==~
_ 1 , : D,

T . ot : time

TCD tep reefing cutter delay time 3

TDR thR rime of disreef, tDR = tRCA + top

TF . tgg or tgp f£illing time

THETA 6 system angle, radians

THETAO 6, g initial, at entry to FILLTIM

TNOT t, : t initial, at beginning of each
inflation stage

TRAJANG ] system angle, degrees
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TABLE V. (Cont'd.)
Computer Symbols for Subroutine @PENING.

Mnemonic

Variation Symbol Cqmment
TRCA 'tRCA . time-at which reefing cuttérs are
' ~armed :
\ | \% o ; veiocitj
VI - V5 AR  termstinAEqn (27)
VOLUME \Y or,VR : volume, V or VR’ for call to
FILLTIM
VOLUMG V- volume of fﬁlly inflated parachute
VX Vo x component of velocity
VZ v, - z component of velocity
\Y¢ | ' ~ initial velocity, at entry to
‘ FILLTIM
X b4 - b4 pbsition
X0 D initial x, at entry to FILLTIM
V/ ' z ~ z position | |
Z0 . initial z, at entry to FILLTIM
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TABLE VI
Computer Symbols for Subroutine FILLTIM

Mnemonic

Variation Symboly Comment

C c : effective porosity

CAPT T dimenéionless time

CAPTR IR dimensionless time for reefed in-
flation periods '

co C, ‘effective porosity at mean sea
level

D , d » canopy inlet diameter

DCAPT AT ‘ increment of T

DCAPTR 0Ty increment of T,

DNOT . D, . - nominal diameter

DP Dp projected diameter

DTF .. s v filling time increment,
(V¢LUME - 1) ¢
\"VQL fR

bv -~ - Av velocity increment

HO hg initial reefed Dp/Do

H1 hy final reefed Dp/Do

I ~ DP loop index for evaluation of
continuity qquation

J, K D@ loop indices for evaluation of
Simpson's rule formula

MS m, + mg g + mP
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TABLE VI (Cont'd.)
Computer Symbols: fot Subroutine FILLTIM

Mnemonic

Varlation  SYmbol  Comment _
N number of steps used for integra--
tion of continuity equation by
Slmpson s rule .
RHO 0 air density
SUM épprbximation to
d2 l.1lc ﬁz
-S v I (l+2.2cT-T)-Z~ - =P - dT
TF Leg OF tep filling time
THETA 9 ‘system angle, radians,
THETAO 60 initial e, at entry to FILLTIM
v v ’velocity
V@L v volume from integration of con-
tinuity equation |
VOLDOT array which contains integrand of
o . Eqn (30) A
VOLUME V or VR volume inctrease for the particular
e ~inflation .
VO - initial velocity, at entry to
FILLTIM .
X X x position
X0 initial x, at entry to FILLTIM
Z z z position | | V
Z0 initial z, at entry to FILLTIM
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'TABLE VII
Computer Symbols for Subroutine CALC

Mnemonic

. Variation Sy?bol Comment
ALT ho release altitude
CAPT T dimensionless filling time
CDP Cp drag coefficient of parachute
: ‘ - p | based on projected area-
CDS (CpS)p+ CpS,,
CDSL : CDS& drag area of load
D d inlet diameter
DCAPT AT increment in T
DCAPTIR AT# : increment in Ip
DDOT d(d d%ﬁensionless time derivative of
: T d
DMA: sm, “anregent;of m,
DMI Amg increment of my
,DN¢T D, nominal . diameter
DP 'Dp projeéfed diameter
DPDOT d(Dp)/dT " dimensionless time derivative of
D
P
DPMAX .D prOJected diameter of fully
: Pnax inflated parachute
DTHETA AB - increment in 8
DV Y increment in v
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TABLE VII (Cont'd.)
Computer Symbbls.for-Subroufine CALC

Mnemomic  gymbol Comment

Variation
DX o o bx " increment in x

DZ : f bz ‘lva g 'in¢rement in z

G g acceleration of gravity
LSS R Ly * Ir

M - S m, + me g + mpv

MA  m " apparent mass

MI mi  included mass

ML oomp MMt mp Ty oy
PI ‘ : TT ) 3.14159009

RHO o air density

sSQ - L ‘ _" N term‘used'in Eqn (46)
sqQl © . term used in‘EQn (46)
TF , Leg orﬁtfR fill;ng.time

THETA. ) o system angle, radiéns

v . v velocity |
X IERRRTR x- x position

z z -~z position
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TABLE VIII © .

Computer Symbols for Subroutine MPTIGN
- (Three Degrees of Freedom)

Mnemonic..

Variation Symbol. - Comment
A a, aéceleration of the load
ALPHAL o, load angle of attack, radians
ALPHA1 aéy load angle of attack, degrees
ALT hO releaéé altitude
AMARK + 1
ANG 8 C previous value of system angle
AX a ' x-component of an*
tx _
AZ a, zécomponent of aLT
-z . | -
Al . a | ‘a, if t; > TSTOP or R2 > ZSTPP
2" Lx 1 ;
A2 a, a, if t; > IST@P or R2 > Z§TEP
z Lz : .
B R = . dummy array established for use.
S in call to INTGRAT
CORR e correction for linear interpola-
tion
DQ dv "~ acceleration at the moment of
dt full inflation
DT ' At o o time Increment set by MAIN
| 4 PROGRAM
DX At time increment set by INTGRAT
ETA ng - array containing allowable abso-
lute errorg in the integration
G g ' acceleration of gravity
I D@ loop index; implied D@ loop
: index for printing array VERTPAR
ID 1f ID > 0 indicates INTGRAT has

not been called previously
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TABLE VIIT (Cont'd )

Computer Symbols for Subroutine M@TION

(Three Degrees of Freedom)

Mnemonic

T

 Variation (Sy,“-“-’?l” Somment -
IVERT 1, 2, or 3-- the number of times
. the system has been vertical or
j ~ near vertical
J ~ Dp loop index - |
K if K > 0 indicates the integra-
, tion cannot be completed
L1l 19 ‘distance from patachute-load
o ‘system mass center to load
NINT the number of calculations made
; between prlnts if the time
increment is small enough; if
NINT < O continuous output is
E ~suppressed
NMARK 1, 2, 3, 4 or 5--NMARK = 1, 3,
or 5 indicates the system is
vertical or near vertical
NUMB DY loop index for calculations
. without print
PCTERR E allowable relative error in
' : ' P integration
PI "o 3. 14159.,.
RX Ty b4 posxtlon of 1oad
‘X
RZ r, ~z~position of load .
zZ : ' ,
R1 r,. r, if t; > TST@P or R2 > ZSTEP
Ly L 71 Re Zas
R2 rL' "rts;‘hsed‘to determine if r, > -
1 Tz ' ; ' z
- ZSTY@P ,
SYSANGL 9 system angle, degrees
t time '
TF tp time at which integrated values

are desired from INTGRAT
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TABLE VIII (Cont'd.)

Computer Symbols for Subroutine MATION
(Three Degrees of Freedom),

Mnemonic

Variation Symbol Comment

THETA 8 : system angle, radians

TRAJANG . e-a@ § - trajectory angle of load

TSTPP S time at which simulation termi-
nates; initially number of

’!'seconds after full inflation

Tl ty | Flme

\Y VsV, " velocity of load or mass center

VERTPAR | R afrayAéontaining information at

: the first three instances when

the system is vertical or near
vertical

VX v, ~x - component of load velocity

VZ vy z - component of load velocity

Vo ) | velocity of the load

vi . v, v, if t, > TSTPP or R2 > ZSTPP

. Ly 2y 1
V2 v, v, 1f t; > TSTPP or R2 > ZSTQP
Z : Z -
W | | ~array established for call to
 INTGRAT |
X . S ox ' pOSltlon of mass center at entry
| ﬁ e o MOTI@GN
X1 o : array established for call to
IR : . INTGRAT
X2 : array established for call to
| - INTGRAT

X3 ‘ array established for call to
INTGRAT

Y oo b A‘~  * array of U, W, Q, 8, x, and z
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TABLE VIII (Cont d. )

Computer Symbols for Subroutine M¢TI¢N
(Three Degrees of Freedom)

B oo comew
YD¢T1‘Y ff ; »_-'_f" ” ’array of U, W, Q, 8, x, and z
-z .. . -array establlshed for call to
. INTGRT |
zstpp  altitude mass at wh;ch slmulaJ-

Q_tlon terminates
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_TABLE IX

Computer Symbols for Subroutine.INTGRAT -

Mnemonic P ,
Variation Symbol Comment
DT At time increment
DX At - time increment; represents the
: last successful time increment
used; by INTGRAT on previous call
ERR1 EEER l j =1, NN
J J .
ERR2 max {nj, Ej °|Y3jl‘§ j = 1,NN
ETA Ns array containing sbsooute errors
J allowed in integration
I \ D@ loop index
ID if ID < 0, INTGRAT has been
called previously
IMDONE IMDPNE > O indicates integration
has been completed
ISIGNAL ISIGNAL > O indicates solution
cannot be accomplished
J D@ loop index
K DP loop index
L parameter of calls to FPRMULA;
L > 0 indicates time increment
must be halved
M numbet of successful integrations
without halving time increment
MM number of times time increment is
halved without successful
integration
NN number of equations being solved
PCTERR E relative error allowed in
P integration
T time at entry to INTGRAT
TF tp " time to which integration is

desired
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. TABLE IX (Comt'd.) |
- Computer Symbols for Subroutine INTGRAT

o e, Symbol
TRYL  3k Y1jg--»f~?,-array,qontaihihg va1ues of Y
: : 73 . after integration from ty to
TRY2 Yé,- ' array containing values of Y
. . %3 -after integration from t; to
| gt e
 TRY3 ~3’7Y3  array containing values of Y
R "3 after integration from £y + % At
o L R Ry A A R
B time
W . . array used in FORMULA
Y . array containing variable values
S e '-.er.whichasolutiQnVLS‘required
ypéT;, . array containing derivatives of

z .“i]f,‘  ‘ ”:  ' ‘a#rayquediin FORMULA
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... TABLE X

Computer Symbols' for Subroutine F@RMULA

‘Mnemonic

Variation Symbol Comment
A ‘. array-containing constants for.
:  the Runge-Kutta formula
C _ - 1/3 AR + 1)
H At time increment _
ISIGNAL .~ ISIGNAL > O indicates the call
‘to EM¢TI¢N could not be suc-
cessfully completed
J ' Dp loop index :
K D loop index
L D@ loop index
NN , numbet_of equations being solved
'8 array‘containin values of Y
~ for calls to EMOTIGN
Yy array, see INTGRAT
YDOT array, 'see INTGRAT
YI final :values of Y at t =t + H
Z array containing the values of

YDPT returned by calls to
EMPTIPN
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Computer Symbols”

fdrySubroutine EM¢TI¢N
(Three Degrees of Freedom)

“‘”g'{°Mnemonic ?'”\‘

:.T-,'Varxacion ‘
e
e g
oA

o coNMgT Gy
gPEL.

ic@mmédt-;;a i

P m + m v
O (m +mp+ m +m) | |
e aerOdynamLc mom@nt of parachute L

("-)

,ujgzbf%ffijkf;angle of attack of 1oad |
| ‘ffdéffff  kfffangle of attack of parachute e
v“;ffﬁhfﬁgf[g;ﬁfffreleasa altitude e s

(m o+ m + m ) g

sl '."?(rn + m + mp + m + m. )

SEnn ;,;w‘g_s, L

CD’S& ;f:’f"iff‘drag area Qf 1oad

” 5fy?fgCﬁﬁif§ ffif}aerodynamic mament coefficlent %

~;ff{?aerodynamlc normal force
-~ coefficient :

”w,;ﬂ lf aerodynam1c tangent force co-
.o cefficlent L

fﬂ&f drag of load‘v |
- }ff;{nomlnal dlameter ;f
kG,

Gy :f‘ j;fg{f{f;ﬁ1;ff accal$rati0n of grav;ty
. IsGNAL

 if TSICNALI> 0,call to CPEFFTS |
/xjﬁ‘showad|ap|too 1arge L
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TABLE XI (Cont'd.)

Computer Symbols for Subroutine EMOTION.
(Three Degrees of Freedom)

Mnemonic

Variation Symbol Commentw
ISTHP : -1 or 2; parameter indicating
S . whether the call to EMJTIPN comes
from FORMULA or INTGRAT
IXX IXX ‘moment of inertia about X-axis
IXZ IXZ 'product;of inertia
Yy Loy moment of inertia about Y-axis
1zZZ 1 IZZ moment of inertia gbout Z-axis
L1 vy distance from parachute-load
~ system mass center to load
L2 / %2'~ ~~distance from parachute-load
: '~ system mass center to parachute
center of volume
L3 23 distance from parachute-load
‘ system mass center to moment
. center
M m, + més + mp + m; + m,
MA o mi"+ ma‘
MI - mi* " included mass
ML ~.m&‘ - mass of load
MP ;m.p mass'df parachute
MSS m mass of suspension system
N Fy aerodynamic normal force
PI ™ 3.14159...
RHO 0 air density
TT T aerodynamic tangent force

VLZ il an e A
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 TABLE XI = (Cont'd.)

Computer Symbols for Subroutine EM@TIPN
(Three Degrees of Freedom)

Mnemonic ,
Variation Symbol Comment'
2
P2 g
\Y ’ . VR‘
V2 | v+ w?
Y array contalnlng U, W, Q, e, x, z
YD@T | . array containing U W, Q, 8, x, é
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TABLE XII
Computer Symbols for Subroutine DYNAMIC

Mnemonic Symbol

Variation Comment
DNOT - D0 nominal diameter
IA Ia apparent moment of inertia about
- X or Y-axis
IAZ Ia apparent moment of inertia about
Z Z-axls
IAZO I : I at mean sea level
: az) az
o
IXX . IXX moment of inertia about X-axis
IXZ IXZ product of inertia
Iy IY moment of inertia about Y-axis
~due to physical masses, Eqn (88)
Ivy IYY ’ moment of inertia about Y-axis
1z ‘ IZ moment of inertia about Z-axis
due to physical masses
1ZZ IZZ‘ moment of inertia about Z-axis
L1 ' 1, distdnce from parachute-load
_ system mass center to load
L2 2 distance from parachute-load
system mass center to parachute
center of volume
L3 14 - distance from parachute-load
‘ system mass center to moment
center
MBR mp.. mass of load bridle
MI m, included mass
MLS m mass of suspension lines
s :
MP mp mass of parachute
MR mp mass of risers
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TABLE XII - (Cont'd.)
Computer Symbols for Subroutine DYNAMIC

Mnemonic L L
Variation Symbol Comment
MRX mﬁw~ ‘mass of riser extension
Q SC/DO ratio of reference distance from
; canopy skirt to parachute center -
of volume in fully inflated
. configuration to D
Q, D_ /D0 projected diameter ratio
Phnax ‘
RHO 0 air density |
V@LUME v volume of fully inflated parachute
X s - distance of parachute-load system
mass center from canopy skirt
' XDEN@M m, +mL +mp + mp + mp. +m,
XNUM '8y + mye s, + m
%S‘ 1T MR Sy T Mg
+ Mp.. *Sy + m, ..85 - mp "8,
X1 Sq - reference distance from canopy
; skirt to suspension line center
of mass in fully inflated configu-
ration
X2 Sg reference distance from canopy
skirt to riser center of mass in
_ fully inflated configuration
X3 83 reference distance from canopy
skirt to riser extension center
of mass im fully inflated configu-
ration
X4 Sy, reference distance from canopy
skirt to load bridle center of
mass in fully inflated configu-
ration
X5 Sg reference distance from canopy

skirt to load center of mass in
fully inflated configuration
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TABLE XIII

Computer Symbols for Subroutine CPEFFTS
(Three Degrees of Freedom)

Mnemonic:

Variation Symbol, Comment
A el
ALPHAP o ‘parachute angle of attack,
P radians
ALPHAPD % parachute angle of attack,
‘ v degrees
CM Cy " aerodynamic moment coefficient
o)
CN : CN aerodynamic normal force
‘ o coefficient
cT Cor aerodynamic tangent force
"o - coefficient
IPRINT 1 or 2; indicates whether or not-
to print message concerning
, parachute angle of attack
ISIGNAL ' if ISIGNAL > 1, indicates

lapl > 85°
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TABLE XIV -+ &

Computer Symbols for Subroutine M@TION
(Six Degrees of Freedom)

Mnemonic

Variation . Symbol ,C°mment
A A '3 x 3 array containing direction
- ‘ - . cosines
ALT hg A release altitude
AMARK | see MOTION (3DOF) |
ANG N previous value of the system
: angle
AT a, total acceleration of load
AX a, ’x-compdnent of load acceleration
AY a, y-component of load acceleration
Ay 1 o |
AZ | a, i z-component of load acceleration -
Al » a, ~a, #if t; > TSTPP or R3 > ZSTPP
: X o X :
A2 a, a, if t; > TST@P or R3 > ZSTEP
' Ly &y 1 :
A3 | a " a, if t, > TSTOP or R3 > ZSTHP
She TR s
CCORR ~ see MTIGN (3DOF)
cl | : U+ Qh,
C2 | : » V- R%J
c3 | U+ B - RV + QR + PR
Cl V+ RU - QW - Py + QRfy
PR AT 2 . o2
c5 | W+ QV - PU - (P°+ Q7)1
DQ | dv ~ see MQTIPN (3DOF)
dt ' '
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TABLE XIV (Cont'd.)

Computer Symbols for Subroutine M@TI@PN
(Six Degrees of Freedom)

— ’

Mnemonic S
Variation Symbol Comment
pT At see MBTIGN (3DOF)
DX At ‘see M@TIPN (3DOF)
ETA n see MPTI@N (3DOF)
G g acceleration of gravity
1 : see MPTIPN (3DOF)
1D : see MJTIPN (3DOF)
IVERT see MJTIPN (3DOF)
J o _— see MPTIQPN (3DOF)
K see M@TIPN (3DOF)
L1 R 41 ~  distance from parachute-load
| ‘ system mass center to load
NINT . S '~ see :M@TI@N (3DOF)
NMARK see M@PTI@GN (3DOF)
NUMB see MJTIQN (3DOF)
PCTERR Ep see MJTIQN (3DOF)
PI oom _ 3.14159...
RX r, x-component of load position
RY r, y-component of load position
y : .
RZ _ r, - z-component of load position
- _ ;
Rl - r r, 1if t, > TST@P or R3 > ZST@P
R2 r r, .if t, > TST@P or R3 > ZST@P
oty ty 1
R3 r&z‘ ‘r&z;~us§d to determine if rg,>
ZST@P
SYSANGL system angle

146



TABLE XIV (Cont'd.)

Computer Symbols for Subroutine MPTIPN

(Six Degrees of Freedom)

~Mnemonic

Variation Symbql, C°mment‘
T time
TF ty see MPTIPN (3DOF)
THETA ) system angle at entry to MPTIPN
TRAJANG trajectory angle of load
TSTHP see MPTIPN (3DOF)
Tl t time
VERTPAR see MPTIPN (3DOF)
VX v, x-component of velocity
X
VY 3 y-component of velocity
y
VZ v, z-component of velocity
‘2z :
VO v, velocity of load
V1 v v, 1if t; > TSTPP or R3 > ZSTPP
&x &x 1
V2 v v, if t, > TSTPP or R3 > ZSTPP
&Y &y 1
V3 v, v, if t; > TSTPP or R3 >'ZSTPP
z ‘'z
W see MPTION (3DOF)
X see MPTION (3DOF)
X1 see MPTION (3DOF)
X2 see MPTION (3DOF)
X3 - see MﬂTIQN (3DOF)
Y array containing U, V, W, P, Q,
R, 8, 9 ¥, X, ¥, 2
YDOT array containing U, V, W, P, Q,
R} 85 © U5 X3 5 2
Z see MPTIPN (3DOF)
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TABLE XIV (Cont'd.)

Computer Symbols for Subroutine MOTI@N
(Six Degrees of Freedom)

Mnemontc Symbol Comment

Variation

ZST@P see MPTIPN (3DOF)
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' TABLE XV

Computer ‘Symbols for: Subroutine EMATION
(Six Degrees of Freedom)

. Mnemonic Symbol

Variation. _ Comment
A A 3 x 3 array contalnlng direction -
= cosines . .

AER@MX M X~component of saerodynamic moment : :
AEROMY M ~ Y-component of aerodynamic moment
,ALPHAL . "‘aﬂ : : angle of attack of load in ”

. - XZ-plane
ALPHAP angle of attack of load in

Sh

XZ-plane
ALT ho,~ | release altitude
B o ; ( (ml +m o+ mp) g
| o ((mf + mSS + m, +m; +m )
BETAL , ._B&_ _angle of attack of load in
YZ-plane :
‘BETAP ' B . angle of attack of parachute in
, P : YZ-plane
c R W% ﬂ D,2,
CDSL CDSL drag area of load
CMX Cy coeffchent of aerodynamic moment
X5 about X axis
CMY | Cy . coefficient of aerodynamlc moment .
MYG v - :fabout Y axis ‘
CT ’ CT:' '  "aerodynamic tangent force
- To . it coefficient y
CX CN‘ : .. coefficient of aerodynamic
X normal force in X-direction
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TABLE XV (Cont'd.)

Computer Symbols for Subroutine EM@TIPN
(8ix Degrees of Freedom)

Mnemonic

Variation Symbol Comment
cy - Cy coefficient of aerodynamic
Yo‘ normal force in Y-direction
D D& Hrag'of load
DELTAL 6& angie between load velocity and
e YZ-plane
DN@T D, nominal diameter
E % 0 CpS,
FX FNX normal force in X-direction
FY FNY normal force in Y-direction ‘
G g acceleration of grgvity |
GAMMAL ‘ Y, angle between load velocity and
7 XZ~-plane
H2 (Iyx :VIZZ)/IYY
H3 (Iyy = Ixx) /1y
H4 ‘.IXZ/IXX‘
H5 IXZ/IYY
H6 Lyy/ 1,5 |
ISIGNAL see EM@PTIQN (3DOF)
ISTQP | see EM@TIPN (3DOF)
IXX IXX moment of inertia about X-axis
IXZ ‘}i’ IXZ’ product of inertia
IYY IYY moment of inertia about Yjaxis
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TABLE XV (Cont'd.)

Compﬁtéf Symbolé’f6r SqBroutiné EMATIPHN
(Six Degrees of Freedom)

ynemon..c ‘Symbol ~ Comment -

Variation
1ZZ IZZ moment of inertia about Z-axis
L1 a1 distance from parachute-load
system mass center to load
L2 19 distance from parachute-load
system mass center to parachute
center of volume
L3 13 . ~ distance from parachute-load
; “ '~ system mass center to moment
"~ center
M m, + Mg + mp + mg + m,
MA my + m,
ML m, : included mass
ML m, mass of load
MP mp : mass of parachute
MSS mg o mass. of suspension syStem
PI m 3.14159...
PPLANG ep polar angle of parachute velocity
R e . m + m,
| m& + msé + mp + m; + m,
RHO o air density
TT ’ T - aerodynamic tangent force
UL U+ Q4
1
UP | | U+ Qg
2
VL V - PJ
1
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TABLE XV (Cont'd.,)

Computer Symbols for Subroutine EMATIPN
(Six Degrees of Freedom)

Mnemonic Symbol Comment

Variation
2

VL2 v,
VP V- Pg

/ 2
VP2 v 2
\'6 : array contdining U, V, W, P, Q,

R, 8, v, ‘3’ Xy Yo 2.

YDOT ‘ : array containing U, V, W, P, Q,

R»s e, ®, W’ X, ¥ 2
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TABLE XVIL

Computer Symbols for Subroutine CPEFFTS
(Six Degrees of Freedom)

Mnemonic . _ h _
Variation Symbol Comment
o
A || |
ALPHAP o, angle of attack of parachute in
" XZ-plane, radians
ALPHAPD o, - angle of attack of parachute in
XZ-plane, radians
B | %l
BETAP B angle of attack of parachute in
P YZ-plane, radians
BETAPD B angle of attack of parachute in
P YZ-plane, degrees
CMX Cy coefficient of aerodynamic
Xo moment about X-axis
CMY C coefficient of aerodynamic
: MYO moment about Y-axis
CT CT  aerodynamic tangent force
o coefficient
CX Cy - coefficient of aerodynamic
X, normal force in X-direction
CY Cx ' coefficient of aerodynamic
Y, normal force in Y-direction
P |~ep|
POLANG % polar angle of parachute
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TABLE XVII
Computer Symbols for Subroutine CPSINES

‘Mnemonic - ‘Symbol

Variation Comment

A A 3 x 3 array containing direction
- cosines

Y(7) 5 Euler Angle

Y(8) ® . Euler Angle

Y(9) Y - Euler Angle
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| TABLE XVIII
Computer Symbols. for Subroutine DENSITY

Mnembnic

Variation Symbol | _COmment

H h : altitude
RHP p air density
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TABLE XIX. i
Computer Symbols. for Subroutine TRAJEQN

Mnemonic

Variation Symbol Comment

ALT h0 release altitude

CDS CDS drag area

DT At time increment

DTHETA Y] system angle increment
DV Av velocity increment

DX _ Ax X increment

DZ Az z increment

G g ; acceleration of gravity
M m  mass

RHP 0 air density

T t time

THETA ¢ system angle

\' v velocity

X X X position

Z 'z 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 CQEFFTS.
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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PROGRAM TRAJSIM(INPUTIQUITPUT)Y
' THIS 1S TrE MAIN PROGRAM

DIMENSTON ETA()2) oSPACE(1000).

REAL IXXoIYYsILZo IXLoIAZOOIquh99L1QLZqL39MA9MRR.ML;MLS,MP9MR9MQX;
1MSSyMST

COMMON /CONST/ ALTOPI*GYCOPIDNOTICOSLILSSIMLIMPIMSSeMSTONINT

COMMON /VARTABLZ RRUIToVITHETAIXoZs ALPHALY ALPRAPL]

COMMON /DYNAM/ QYDNUTnklyxasxd9x4~xSoWHR,DyMLoMLS'DYMP,WnoMRX9IAZO
19TZ2WY Q29 VOLUME « XUMe XDENQOM

PI=3.141592693589793

6=32,17 '

READ 1U9NSIM

DD 11 J=lyNSIM
READ 94C1sCRaC3yCheCH

PRINT 12+C1eC2+C39C44CH

READ 6eALToVOIMST o MP oML SeMRIMRXsMBROML o X1 o X29X 39 X4 XBeI1Z91AZ20
LuNOT 9 LSSICOPICUSL o) e l29 VOLUME «NeNNN9OTL1sDTZ2eDT3oNINT

DYDNOT=DNOT

DYML =ML

DYMP=MP

XNUM= WLS*KJ*MR*Xd*MHX“XS*MHH*X4+ML*XD-MP*Q1“DVOT

XVENOMIMP + ML S+ MR+ MR X + MBR+ ML

MSSZMLS+MR+MRX+MHR \

CALL DYNAMIC(0s0023760AL0oA2e039A49A59AB9ATAR)

A9=0,375%A8

CALL ODENSITY(RHOeALT)

CoLl DYNAMIC(RMDIR)9B2e33eR49B9.B6eB788)

BI=0,3754R8 _

PRINT HeALToVOIMSToMLIMPy MLGIMRIMRXIMBRRIARIBB AL TeAQsBI9ALT X1
I1X29X39X49X50A49B40sALTIASIBSIAL ToIABIBOIALTIATeB7yALTIDNOTILSSsALeB]
2oALT AR B2 sALTsA3sB830ALT 0] 1029 VOLUME o CDP

FRINT 81+CDSLIN

NN=Z#N

READ 74 (ETA(I)sI=19MN) 4PCTERR

CALL EXTRACT(ISNATCHGIEXTRAC,VU4DT1yTRCA)

IF(TISNATCH) 49445

CALL SNATCHUTRCADTZ)

CALL OPENING(DUyTRCASNNNySPACE 9 YOLUYME 9y TEXTRACDT3)

CaLl MOTION(DQsPCTERRYETAIDTI)

CONTINIE

STOP

FORMAT(ZFL10LU/TFL0 U/ TFLUL0/TFL0,0/T1141943F10,0415)

FORMAT(OF100/6F10e0/F100)

FORMAT(3/ 95Xy #TRAJECTORY SIMULATION==T=0sZ=0 IS RELEASE POINT#43/
15X 9 *KELEASE CONDITIONS¥9 /o 1UXe*ALTITUDESY2F10,ne% FTH#e/e]0Xxs%VELOC
2ITYS#9F10ece% FT/SEC®9/// 95X s #MASSES==SLUGS#*9/10Xe#TOTAL SYSTEM= #
3971043979 10Xe#L0aD= #oF10.39/010Xs#PARACHUTES #oF10.39/910X9#S1SP,
4 _INES=T #9F Ll0a39/ 910X #RISERGE #9F10,34/010Xs#RISER EXTENSIONS= ¢,

BF10e39/910X0# QAN RRIDLE= #9F10+39/910Xo#INCLUNDED= %9F10.39%(SEA L

R1

BEVEL)#oF10a30(#t9F7a00% FT)#e/el0Xo¥APPARENTS #9F10.39%(SEA LEVEL
TYHgF 1039 (4 gF 7,00t FT)®9///795Xe#REFERENCE DISTANCES FROM SKIRT==
B FTo9/9l10Xe#X]1= #oF101e30/010X0#X2% #oF10e30/910Xo#X3= #9F 10439/
PLOXe¥X4T HeFlQ0a3/)10Xe#¥X5= #9F10.3///95Xe#MOMK/PROND. INERTIA==SLUG
LF T e 3H#"2 9 /910X o #T XX #9F 15,304 (SEA LEVEL)#9F 18 .39# (#9FT7,00% Fl)#
29/910Xe%IYYs #eF 15,30 (SEA LEVEL)®9F 10,308 (#eFT,00% FT)#e/910Xy

3 #1772 ¥9F15.39#(SEA LEVEL)#9FlGe39% (#9F7a0et FT)He/9l0Xe#IXZ= %y
GF15.39% (SEA LEVEL)#9F 15,395 (#9F7,09% FT)#e///9SXe#DIMENSIONG== FT
BHe /e 1OXIHONDTE #9F10a39/35]10Xe#SUSP, SYSTEM= #eF10e39/910X0# 1= #oF
610e30% (SEA LEVEL)*9F1l0a3e¥ (#4F7,09% FT)#e/el0xe# 2= #9F10,39%(SEA
T LEVEL)#oF 10,308 (#eF7,00% FT)se/110Xeo8#L 32 #9F 10,398 (SEA LEVEL) #F
BlOa3e® (*gFTaatt FTI®e///9S5XKe#YC/ONOTE #9F10a30/95Xe#DP/DNOT= #9f ]
GNe3s/eSXe#VOLUMES #op10e306H FT##34/ 95X #PARACHUTE CNP= #4F10.3)
FORMAT(SXe#L0DAD DRAG AREAZ #4F1l0,390H FT##29/95Xe#DEGREES OF FREE
100M= #911095/)
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9 . FORMAT(5A10)

10 FORMAT(I3)

12 FORMAT (1HY /95Ky #PARACHUTE=LOAD SYSTEM(DEPLDYMENT)--*'SAIO)
END

"SUBROUTINE EXTRACT(ISNATCHy IEXTRACsVO¢DTsTRCA)
COMMON - /CONST/ ALT-PIquCDPoDNOToCDSLoLSS.MLaMP.MSSoMSToNINT
COMMON: /VARIABL/ RHOyT .VoTHETAoXoZnUNUSEDvUNUSEDZ.UNUSEDB
REAL’ LENGTH.LSPILOT’L359LSTATIC.MSToMTuLRXBR
ICOUNT=0
READ 15+ISTATICHIEXTRAC
IFCISTATIC) 19898
1 READ 169LSTATIC, CDSBAG.CDSPoDPILOT'LSPILOTsTDoLRxBR
DISTANC=LSTATIC
PRINT 229LSTATIC+COSBAG
IFADPILOT«6GT.040) PRINT 239CDSP.DPILOT.LSP1L0T ™
IFUNINT«GT40) PRINW 26
TX2Z=040
THETA=Q) «5%P]
vay0
COST=COSL*CDSBAG
MTEMST
—» 2 CALL TRAJEQN(TovoTHETA'XvZoRHOoCDSYoMToD?:GoALN'DV)
, VXBV#SIN(THETA)
TRAJANG=THETA#180,/P1
VZEV#COS(THETA)
ICOUNT=ICOUNT#]
ALTMZzAL T=Z
IF(ICOUNTEQ.NINT) PRINT l9oTeALTMZvTRAJANGoTRAJANGonZonVXvVZ
IFCICOUNTLEQ.NINT) ICOUNT=0
IFKSQRT((VO“T~X)“(V°"TOX)*Z*Z).LT-DISTANC) GO 702
IFNDISTANC.GT.LSTATIC) GO TO: 3
T1sT
TRAJI=TRAJANG
X1lsX
Z1l=2
Viey
DISTANC=LSTATIC4LSS*0.5%DNOT«RXBR
IF(DPI;OT.GT.O-O) DISTANC-LSYATIC*LSPILOToo-S*DP!LQT
60 TO
IFDOPILOT) IERAYY
ISNATCH=m1
CDST:CDSLtCDSBAGoCDSP
IFAT=TD) 69149146
CALL: TRAJEQN(TOV07HETA9X|ZoRHOOCDSTuMToDTvaALHODV)
TRAJANGRTHETA®180,/P1
VX3VESIN (THETA)
VZBVSCOS (THETA)
ICOUNT=ICOUNT#]
. ALTMZ=AL TeZ
IFCICOUNTEQeNINT) PRINT 190TvALTMZ:TRAJANG'TRAJANGcX|ZwV9VXoVZ
IF(ICOUNT<EQeNINT) ICOUNT=0
G0 TO 5
7 ISNATCH®]
TRCA=T
PRINT ZO-TloTRAJIoXloZlchoToTRAJANG. XoZsV
RETURN C
8 IF(IEXTRAC) 999,13
9 READ 17,LENGTH,CDSBAG,COSEX,TD
PRINT 249LENGTHsCDSBAGICDSEXsTD
JFUNINT«GT.0) PRINT 26

ow Prw
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- ISNATCH==]
10 TBX=2Z2040
THETAZQe5%P] - -
TRAJANG=90,
COST=CDSEX
veyQ

11 DV=-RHO“CDST“V“V'DT/(2.'MST)

DX=V&#DT
veveDy
X=X*DX
TeT+DT
ICOUNTSICOUNT01

- ALTMZ=ALT=Z
IFCICOUNT L EQ NINTY" PRINT 19’TQALTMZ9TRAJANG9TRAJANG9X9Z0V0
IFKICOUNTEQeNINT)Y . ICOUNT=0
IF(VORT=X«LENGTH) 11912912

12 CDST=CDSL‘CDSBAG‘CDSEX

MT=MST

- T1=aT
X1=sX
vizy
G0 TO &

13 READ 189RILENGTH YD

HE{4 o # | SSPR*2HRYDONOT) /(4 o #| SS*PI#R®DNOT)
HTONOT=H#DNOT ‘
PRINT 25¢LENGTHyRyHTDNOT,TD
IFUNINTGT.0) PRINT 26
COSEXzCOP#PIa#He e DNOT#DNOT/ 4,
ISNATCHEL

. 6d:TO 10

16 IFCISTATICaLTe0) PRINT ZD’TlfTRAJIQXIQZl’VIOT'TRAJANGOXQZOV
IFUISTATICWGE«Q) PRINT ZloTloxlyVI,TvTRAJANGox'Zn
'IF'(IEXTRAC GTe0) TRCA'OQO

RETURN

15 FORMAT (212)

16 FORMAT(TF1040)

17 FORMAT(BF10,0)

18 FORMAT(3F10,0)

19 FORMAT(IXoFSQZan1102|11Xo3Fllo2ollX9F11.2)

20 FORMAT(//960Xy#TIME (SEC) ANGLE (DEG) X(FT) Z(FT) VELOCITY(FT
1/SEC) %5 /320Xe®*STATIC LINE STRETCH*h16Xg5F11.2/20Xo'PARACHUTE/PIL§T
e CHUTE*DEPLOYMENT'-BX-SFQlcE) .

el FORMAT(//960X0“TIME(SEC) ANGLE (DEG) XA(FT) Z(FT) VELDCITY(FT
1/SEC)#4/520X %L 0AD OUT OF AIRCRAFT#915X9F1142+11%sF11, 2311X9F1l, 2/
220X+ 4PILOT CHUTEVEXTRACTION CHUTE RELEASE QR®9/+20Xe#MAIN PARACHUT
- 3E DISREEF#9]13Xe5F11e2)

22 FORMAT(//77/920X9#STATIC LINE= BeFl0e39% FT*!/'ZOXo“PARACHUTE PACK

: 1DRAG AREA=: #4F10,391X95HFT®#2)

23 FORMAT (20X 9 #PILDT CHUTE#y /925X #DRAG - AREAI»,F10.39IX.SHFT“’Z;/nZSX
19#DIAMETER= ®eF10e39% FT®s/925XKe#SUSPe LINES® #9F106¢30% FT#5/920X%
2%TIME OF: PILOT CHUTE RELEASE= #4Fl0429% SEc%#9////)

26 FORMAT(////920Xy#RELEASE: DISTANCE IN AIRCRAFT& B9F 1030 FT*./;ZDX
1#PARACHUTE: PACK. DRAG AREA= “VFIO-S'IXosHFT#“2|/.ZoX'*EXTRACTION CH
2UTE DRAG AREA= ®&yFl0, 391X!5HFT““2’/020X!“TIME OFt EXTRACTION: CHUTE
3RELEASEZ #9F 10,299 SEC®#y//7/)

25 FORMAT (////920Xy#RELEASE: DISTANCE IN AIRCRAFTa *9F10-3.“ Fleg/e20X
1%REEFING RATIO= %9F10e39/920Xy*REEFED PROJ. DIAMEYER= ®9F10e30% FT
299/920X9#TIME OF: PARACHUTE DISREEFB SyFl0.20% SECEY////) :

26 FORMAT (5/ 9oXo#TIME®SXy#AL TITUDE#¢4Xy#SYSTEMa 93X guCoM, TRAJ.'mlox'
To#CeMe POSITION®y26XKe#CoMe VELOCITY® 9 18Xo#CoMets/ 926X s #ANGLES 96X

2 *ANGLE™ '80X'“ACCELERATION“v/4XoGtSEc)'oeXo*(FT)“o?X!“(DEGI'
396Xe# (DEG)#9 1BXy#(FT)®932Xew (FT/SEC)#91TXo8(FT/SEC/SEC)%9/950X0s#x#
4'10x!'Y’!lOX9*2‘98X0“TOTAL'.BX9'X“11OX9*Y’vIOX'°Z*b8X’¢TOTAL°5/)

END
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SUBROUTINE SNATCH(TRCA,DT)

COMMON /CONST/ ALTOPI!G’CDPODNOTICDSL’LSS'MLIMPQMSS’MSTONINT
COMMON /VARIABL/ RH09Tov’THETAoX9ZoUNUSEDoUNUSEDZoUNUS&DB
REAL KoLoLSSeMiLyMPyMPBAGIM] ¢M29MSSyLRXBR

ICOUNT=0

READ 5¢MPBAGYCDS2+KsLRXBR

PRINT 7yMPBAGICDS2+KsLRXBR

IFANINT,GT.0) PRINT 9

M2aMP

M1=ML+0e5%MSS

CAPMZ=MP+¢MPBAG*0 ,5#MSS

CAPM]1=ML+MSS

c0S1=CDSL

visv

va=vV

L.20s0 ;

CALL BODIES(MlyCDS1eCAPM29CDS29V1eV29eL+0T)
TRAJANG=THETA#1g0,/P1

ViX=VvI#SIN(THETA)

V1Z=V1#COS(THETA)

1COUNT=TCOUNT+1

ALTMZ=ALT~Z

IF(ICOUNTJEQeNINT) PRINT 6sT9ALTMZyTRAJANG 9 TRAJANGX9ZoV2oVIXoVIZ
IF(ICOUNTLEQ4NINT) ICOUNT=0

1F(L=L5S=LRXBR) 14292

TLeT

TRAJL=TRAJANG

XLeX

ZLi=2

Vik=vl

vaL=ve :

Q=CAPM]/ (CAPM1+M2)
VFE(CAPML#VI+M2#V2) / (CAPM] ¢M2)

DELTAV=VF=y2

FAL=RHO®COS1#(V1svl+VFeVF) /6,
FA2=RAO®COS2# (V2¥Vv2+VF#VF) /64,

AZ1l./K

BEFAL#(1e4Q+2,#V22Q/DELTAV) +FA2H(Q +2.#V2¥%Q/DELTAV)
C=CAPML# (Q=l,4)/Q"((Q+¢1l,) /R¥DELTAV#DELTAV*2,#V24DELTAV) +MZ#(DELTAV
1#0ELTAVS2,0v20DELTAVY)

PUYAX=z=B+SQRT (B#B8=C/A)

TRCA=T

Vli=V2=VF

Ml'MP#ML#MSS

C0S1=CDSL+0,0154COP#DNOT#DNOT#P /4, ,

CALL BODIES(MlsCDS1sMPBAGSCDS29V19V2sLsDT)
TRAJANG=THETA#180,/P1

VIX=V14SIN(THETA)

V1Z=2V14COS(THETA)

1COUNT=ICOUNT+]

ALTMZ=ALT=Z

IF(ICOUNTLEQNINT) PRINT 69ToALTMZoTRAJANG,TRAJANGoXoZononXonZ
IF(ICOUNT,EQ,NINT) ICOUNT=0Q

IF(L=LSS~LRXBR=DNDT/2+) 394s4

vsvl

PRINT SoTLoTRAJLoXLoZLvVIL'VZLoPMAXoVF

RETURN

FORMAT(4F10¢0)

FORMAT (1XoFBe294F1102911X93F11e2911X0F1142)

FORMAT (////920Ky#PARACHUTE PACK MASS= #9F10s39#% SLUG®s/+20X9s*PARAC
1HJTE PACK AND PILOT/EXTRACTION CHUTE DRAG AREA=z #,F10,391XsSHFT#&2
2720X2¥SPRING CONSTANT= #9F10,39% LB/FT#e/920Xe# ENGTH OF RISERSY E
3XTENSIONS AND LOAD BRIDLE= #9F10s30% FTHy////) «

FORMAT (//+50Xe#TIME(SEC) ANGLE(DEG) = X (FT) - Z(FT) VELOCITY]
1(FT/SEC) VELOCITYZ(FT/SEC)*o/ozoxoGSNATCH“920Xo4F11.292F15.2o//’

i
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220X #SNATCH FORCE! #9F10. 0'“ LB#9/ 920X 9 #SNATCH VELOCITY= ®#9F10,3¢
34 FT/SECH)

9 FORMAT(S/ o4Xc“TIWE“vSXO“ALTITUDE“94K.“5Y$TEM“93X9“C0M- TRAJ-“OIOX
19#CoMq pOSITION“’?ﬁx’“CQMQ VELOCITY“’IBXO“CQM.“’/926X9“ANGLE“!6X'
2 *ANGLE® 1BOXI*ACCELERATION®9/4X 0% (SEC)#96Xs® (FT) #9TX9# (DEG) *
396X (DEG)# g 18X o # (FT) % 932X 98 (FT/SEC)#91TXo# (FT/SEC/SEC) #¢/950Xy@X0
Gol0XetYR 10Xg#ZtgBXo#TOTALS 9B XS] 0X9#YH,)10XytZyBXy#TOTAL#S/)
END

SUBROUTINE BODIES(M14CDS14M24CDS29V19sV29LsDT)

COMMON /CONST/ ALTQPIOGOCDpoDNOTyCDSLvLSSvMLoMPvMSSyMST'NOUSE
COMMON /VARIABL/ RHOsToVeTHETA9X9ZyUNUSEDsUNUSED29UNUSED3
REAL MleM2eL

——» CALL DENSITY(RHO»ALT~Z)

DTHETA==G#SIN(THETA) #DT/V]
DV1=(G*COS(THETA) =RHO®CDS14V1#vl/ (2,4M1)) #pT
DVE2=(G*COS(THETA) =RHO#CDS2#V24V2/ (2,4M2)) #pT
DX=VI#SIN(THETA) #0T

DZ=V]1#COS(THETA) #DT

DLEV18DT=V2¥DT

THETA=THETASDTHETA

vi=vlepvl

va2sve+Dve

X2X+DX

Z222+D2

L=L+DL:

T=T+DT

RETURN

END

SUBROUTINE OPENING(DQy TRCAsN4F 9 VOLUMGY IEXTRACHDTT)
DIMENSION F(N)sREEF(7+10)
COMMON /CONST/ ALTo+PI9GyCOP¢DNOTCDSLoLSSoML9MP ¢MSS9yMSTyNINT
COMMON /VARIABL/ RHO’T’V’THETAOX!Z’UNUSED’UNUSEDZ'UNUSEDS
REAL LSSoMLIMPaMSyMSS
CICOUNT=0
DCAPT=DCAPTR=]1,/N
MS=ML +MSS+MP
READ 6sNREEF:
IFUNREEF+EQe0) GO TO 4
NREEF=NREEF=TEXTRAC
NREEF1=NREEF#]
DO 3 I=1yNREEF)
Rgﬁo TeROIR19TCD
TNOT=T
TOR=TRCA+TCD '
H0=(4.“LSS’RO*2.“RO“DNOT)/(4.*LSS‘P1°R000N0T)
Hls(4,4LgS#R1+2, #R14DNOT) / (4, “LSS’PI“RI*DNOT)
HTDNOT’HI“DNOT
RRINT 11yR}ly HTDNOT!TCD’TDR
IFUNINT«GT#0) PRINT 12
V1=(H1“H1“H1'H0*HO*H0)“DNDT“DNOT”DNDT
VE=HI#H1I#SQRT ((LSS+DNOT/2,~P1/4%, *HI“DNOT)““2‘H1“H1“DNOT”DNOT/4.)
V3= HO“HO*SQRT((LSQ‘DNOT/Z.”PI/4.“H0*DNOT)““Z“HQ‘HO“DNOT*DNOT/‘ )
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Vé!Rl“Rl“SQRT(LSS‘LSSQRI“Rl“oNOT*DNOT/#.
VSBRO*RO“SQRT(LSS*LSS-RO*RO“DNOT“ONOT/# )
VDLUMEI(VIODNOTiDNOT“(VEnV3-V5*V5))“PI/lZ.
. V0=V ’
X0=X
20=7 :
THETAO=THETA :
— CSLL 1LLTIM(V0LUMEOV0’XOOZooTHETA09M59H0'H1oNoF'TF)
=0 o
DT=DCAPTR®TF
CARPTR=z0,0
DO 1 . JmsleN
ICOUNTSICOUNTe]
CAPTR=CAPTR«DCAPTR
T=TF&CAPTR+TNOT
,CAPT=PI“PI/4.‘(Hl“Hl*CAPTRoHo“HO“(lo—CAPTR))
DCAPT=PI#PI/4 % (H1¥HI=H0®HO) 8)CAPTR

——» . CALL' CALCACAPTsTF+DCAPT+DCAPTRIMS»DVsDPsD)

~ FRCE=ML*( G“COS(THEW&)—DV/DT)
CFo=AMAX] (FRCE4FO)
TRAJANGETHETA®180,/P1
VXBVH#SIN(THETA)
VZeV#COS(THETA)
IFUNINTCLT.0) GO TO 1
IF(ICOUNTLT4N/20) GO TO 1
JCOUNT=0
ALTMZ=ALT=Z
L ACCEw(G*COS (THETA)»DV/DT)
“PRINT 8;TuALTMZ.TRAJANsoTRAJAN@pXoZvV,vxoVZoAcc
1 CONTINUE
"REEF (191) 2T
REEF(291)=TRAJANG
REEF (3e0]) =X
REEF (49 1) =27
REEF(5s1) =V
- REEF (69 I)=FO
REEF(7:1)=TF
« IFANREEF«1=1) 34392
‘2. IF(T+GE.TDR) GO TO 3
S EDSECDPRPTHDNOT#ONOToHI #KH1 /6,
CD5T=CDS+COSL
——»  CALL TRAJEQN(T, V.THETA'va'RHO.cDST MSyDTTyGyALT,OV)
‘ ALEwG#COS(THETA) «DV/DTT
TRAJANGETHETA®180,/P]
VX=V#SIN(THETA)
VZey#COS(THETA)
TCOUNT=ICOUNT#1
ALTMZ=ALT=2 .
CIFKICOUNTSEQGNINT) PRINT BoT sALTMZoTRAJANGy TRAJANGIX9ZoVoVXoVZrAL
IFI(ICOUNT (EQ4NINT) ICOUNT-o ‘ '
IFUT-TDR) 29393
3 CONTINUE
PRINT 99 (REEF(Jsl)aJmleT)
IF (NREEFeGT«0)PRINT 100((REEF(JoIJoJ*lo?’oIHZoNREEFl)
DA=OV/DT
RETURN
4 VOLUME=VOLUMG'
- HO=0,0
Hl=2./P1 1
IFANINT.GT0) PRINT 12
TNOT&T
Voay
X0=X :
20s8Z - 4
THETAosTHETA ~
— CALL FiLLTIM(VOLUMEoVOvXO-ZOoTNETAOoMSoHOoHl'NoFoTF)
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Fo=0,0
DT=DCAPT®TF
CAPT=0,0

D05  JsleN
ICOUNT=ICOUNT#]
CAPT=CAPT+DCAPT
T=TF#CAPT+«TNOT

— CALL CALC{CAPTyTF+DCAPTsDCAPTRIMS9DVIDPsD)

FRCE=ML“(G“COS(THETA)*DV/DT)
FO=AMAX1 (FRCEFO) ¢
TRAJANGETHETA®180,/P1
VXSVSSIN(THETA)
VI=V#COS(THETA)
IFUNINTWLT.0) GO TO S5
IF(ICOUNTLTaN/20) GO TO 8
ICOUNT=0 ‘ -
ALTMZ=ALT~Z
ACC=» (G*COS(THETA) =DV/DT)
PRINT BoToALTMZ'TRAJANGtTRAJANG!XtZOV.VX'VZOACC
5 CONTINYE
PRINT 9eToeTRAJANGyXeZ9eVeFO,TF o o 1
0Q=DV/DT
. RETURN
FORMAT (1)
FORMAT (3F10,0)
FORMAT(IX9FBe294F1142911Xy3F11,2011%,2F11,2) : el
FORMAT(// 961X #TIME (SEC) ANGLE (DEG) X(FT) ZAFT) ~V(FT[5EC)‘ F:
IMAX(LB) TF(SEC) we/920Xs®FyLL OR REEFED INFLATION oplzxoﬁlo.as
2F 94293F10429F10409F1062)
10 FORMAT(9(S58XsF10.2F 9, 2:3F10.2;F10 0sF104297)) ~ '
11 FORMAT (////7+20Xs#REEFED INFLATION®y /925X s #REEFING RATIOB “'FIO Jev/
1925X9#REEFED PROJ, DIAMe= #9F10,39% FT%9/925X9#CUTTER DELAYR “cflo'
2 9%t SEC #9/925Xe#TIME OF DISREEF=® #4Fl0e34% SECHs////) = -
12 FORMAT(5/ Y4XeRTIME# 9 SXo#ALTITUDE® 94X o #SYSTEM# 9 IXg#CeM, TRAJS® glOX
1e#CeM, POSITIDN*’Z&X'“C.Mt VELOCITY®418Xe%Ce M.“o/!?&XO“ANGLE“!ﬁX’
2 SANGLE® 9BOX 9 #ACCELERATION#9/4X s (SEC) s 6Xe®(FT) 5 7X9 9 (DEG) »
396X o # (DEG) #e 18Xy # (FT)#93I2X9 4 (FT/SEC) 091 TXo# (FT/SEC/SEC)#9/ 950X s8%#
4010Xv“Y“9IOXo“ZGQBX'“TOTAL“QBXo“X¢9IOXvGY“Q10Xo“2“v8X!‘T0TAL“5/)
END |

O X~

SUBROUTINE FILLTIM(VOLUME sVOyX0eZ09THETAOIMSsHO»H1sNsVOLDOTy TF)
COMMON /CONST/ ALTsPIsGyCDP9DNOTHCOSLLSSIMLsMPIMSSeMST 9 NOUSE.
COMMON /VARIABL/ RHO» T.VoTHETA'XolyUNUSED;UNUSED?.UNUSED3
REAL L5SeMS
DIMENSION VOLDOT (N
DCAPTR=1 /N ‘
TFEO,
DTF=2,0%H1#DNOT/VO
1 TFETFeDTF
vay0
X=X0
=0
THETASTHETAD
CAPTR=0,0
2 ‘00 3 I=1yN -
CAPTR2CAPTR+DCAPTR:
CAPT=PIWPI/4,# (Ml #H14CAPTRIHOOHO® (1 4 mCAPTR) )
DCAPT=PI#P[/4¢*(H1¥H1=HO*H0) #DCAPTR

——  CALL! CALC(CAPT!TF’DCAPT'DCAPTRvMSODV’DP’D)

C0=0.05
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. C=CO0#»(RHD/0,002378)%#,142857
3 VDLDOT‘I)'V“((1o‘aoa'C“CAPT'CAPT)“D'D/@o’l I’C“DP*DP/ZO
SUMsVOLDOT (N)
NM]=N=»]
DO 4 J=leNM1+2
& SUMESUM*4,#VOLDOT(J)
Nv2aNw»2
S s 1o B KIZQNMZQZ
5  SUM=SUM+2,#VOLDOT (K)
VOLEDCARPTR/ 3. #SUMRPI#TF
IFICABS(VOL=VOLUME) /VOLUME=0,00001) 74746
& DTF=TFR(VOLUME/VOLm1,)
GO 10 1
7 VsV
X=X0
2%Z0
THETA=THETAOD
RETURN
END

SUBROUTINE CALC(CAPTsTF9DCAPTIDCAPTRIM9DVIDP D)

COMMON /CONST/ ALTsPIsGoCDPsONOToCDSL9LSSoMLIMPsMSSyMST +NOUSE,
COMMON /VARIABL/ RHOsT9VeTHETAsX9Z9s UNUSEDUNUSED20 UNUSED3.

REAL: LSSeMeMAIMI o MT

DPE2,#DNOT/PI#SQRT (CAPT)

DPMAX=2 4 #DNOT/PT

DPOOT=DNOT/ (FI#SQRT (CAPT))

DB(4 o #SSHDP)/ (442 SS+2.*DNOT=PI*0P)

DDOT=( (4,#LSS+2,#ONDT=PI#DP) 064, SLSSPDPDOT+4 4 #,SSHDPHPI#DPDOT) /(4o
1L5502.“DN0TPPI“DP)““2

MABPI#RHO*DPHOP#OPHDP#DPY (32, $OPMAX#DPMAX)
DMaIS.*PIORHO/(32.“DPMAK“DPMAX)“DP’DP'DP'DP’DPDDT“DCAPT

SABSART ( (LSS*DNDT/2.=P1%*DP/4; )’“E'DP“DP/40
SAL=SQART(LSS#LSS~D%D/4,)

MIZPIORHO/12.% (DP#DP#DOP+DP#DP#SQR=D#D#SQ] )

DﬂIlPI'RHO/IZo“(30‘DP“DP‘DPDOTODP*DP“‘(Zo'LSS*DNOT'PI'DP/Z.)“PI‘DP
IDOT/Q.ODP’DPDOT/Eo)/(ZQ'SQ)02o’DP“DPDOT'SQOD*D“D“DDOT/(40“501)*20
ZD*DDOT*Sﬁl)'DCAPT ;

MTaMeMAM]

DTHETA==G#SIN(THETA) #M#DCAPTRUTF/ (VOMT)

COSECOP#PI#DP#DP/ 4, +COSL
DVI(M.G“COS(THETA)/MT-RHO“V'V°CDS/(Zo*MT))0DCAPTR.TP~V*(DMI’DMA)
WA R ‘
DX=VRSIN(THETA) ®DCAPTR®TF
DZaV4COS(THETA) *DCAPTR#TF

THETASTHETASDTHETA

vsyeDy

XsX*DX
ZaZe+D?

—» CALL DENSITY(RHO+ALT=Z)

RETURN
END
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10

11
12
13

— 14

15

16

17

'SUBROUTINE INTbRAT(TvYoTFoNNvPCTERRQETA:TRYl TRYZ.TRY39N:YOOT|Z'ID
140X T1o ISIGNALY

DIMENSION Y(NN)'YDQT(NN)’TRYI(NN)QTRYZ(NN) TRY3(NN);ETA(NN)9W(NN)’
1Z (NN)

MM=0

Ti=T
" IMDONE==]

IFCID) lele2

DT=DX

Gd YO 12

DT=TF=T1

M=l

CALL FORMULA(YtDT;TRYlvNN-WaYDOTvle)
IFLeGT«0) GO TO 15

CALL FORMULA(Y'005*DTOTRYZONNovaDQTOZ'LO
IFLL.GT«0) GO TO 15

CALL FORMULA(TRYZQO.S*DT!TRY31NN;W|YDOTvaL)
IFHL.GT 0) GO TO 15

DO 8 Us1yNN

ERR1=ABS(TRY3(J) =TRYL (J))

ERRZ2=AMAX] (ETA()) yPCTERR#ABS {TRY3(J)))
IFHERRI=ERRZ). 545410

CONTINUE'

Mv=(Q

DO 6 K=1lsNN

Y{(K)=TRY3 (K)

Tl=TleDT-

IFUM.LTe5) By9

MeM+ ] »

GO0 70 12 -

M=Q

DTHZQO*DT

GO To 12

Mzl

MMEMMs )

IFMMGT, 20) GO TO 16

IMDONE: = =l

DT=DT®#0,5

DO 11 I=]yNN

TRY1 (D) =TRY2(I)

60 TO 4

IFUTI=TF#+0T) 3+13,13
IFI(IMDONE) 7.1«.14
Dx=Dt

DT=TF=Tl

IFADTWEQe Qo) GO TO 14
IMDONE=1

G0 T0. 3

CALL EMOTION(YsYDOT) 1¢ISIGNAL)
DX=AMAX1 (DX9DT)
RETURN

mM=Q

MM=MMe ]

IFI(MM,GT.20) GO TO 1le¢
IMOONE=~=]

DT=DT#0.5

GO To 3

ISIGNALE]

PRINT 17

RETURN
FsRMAT(5/-5X.5H“***““CANNOT INTEGRATE OR ANGLE OF ATTACK LARGE®)
END
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SUBROUTINE FORMULA(Y;HQYIQNNQWOYDOTIZOISIGNAL)
'DIMENSIONY(NN)OYDOT(NN)’YI(NN)vW(NN)OZ(NN)’Afsf‘"
A(3)=A(4)=H
ALL)=A(2)=A(5)=0,5%N
DO 1 J=1oNN
Z(J=YDOT (W)
Wi =Y (J)
1 YI(h=y())
DD 2 K=lyé

——» CALL EMOTION(W9eZ»s29 ISIGNAL)

IF(ISIGNAL+GT+0) RETURN
C=A(Kel)#0,333333333333333
DD 2 Li=1¢NN
WL Y (L) *A(K)®Z (L)

2 YL(L)Y=sYI(L)+C#Z (L)
RETURN
END

SUBROUTINE TRAJEQNAToVsTHETAsXsZsRHOsCDSsMeDT9GeALT9DV)
REAL M

— CALL DENSITY(RHO9ALT=»2)

DVS‘G“COS(THETA)»RHO“CDS%V*V/(Zo*M))“DT
DTHETAZ=G*SIN(THETA) #DT/V
OX=VESIN(THETA) #DT
DZ=VeCOS(THETA) #DT

vaveDy

THETA=THETA+DTHETA

X=X+DX

2=Z+D2

T=T+DT

RETURN.

END

SJUBROUTINE DENSITY(RHOwH)

RHO=0,0023TB#EXP (=H/32916.)

IF(HeGT«15000,) RHO=0,002378%1,071334EXP(=H/28593,)
RETURN

END

SUBROUTINE DYNAMIC(RHO»LL9L2sLI3eIXXe 1YY IZZoIXZIMI) ’
REAL IAoIAZoIAZOoIY’IYYvIXX»!XZ;IZyIZZleOLZoLSvMBRoMLwMLSOMRoMRXo
IMPyMI : N

COMMON /DYNAM/ DNOToX19X29X3 9 Xbs XSoMBRy ML IMLSIMP9MRIMRX 0 TAZ0 12
101 9Q2 9 VOLUME 9 XNUM s XOENOM: :
MI=RHO%*VOLUME

X2 (XNUMaMI#Q1#ONOT) / (XDENOMeMT)

L1=X5=X

L2==X=Q1#DNOT

LI=ONOT=X ,
14=0,13195%RHO*Q2#Q2*Q2*ONOT#DNOT#DNOT# 2% 2
IY=MP°L2°L2*MLS'1X~X1)“(X"Xl)*MR“(XZ-X)“(XZ-X)OMRX“(X3'X)Q1X3~X)’
IMBR® (X4=X) ® (X4=X) sML#L1%1 ‘
1YY=SIY+1A

IXX=1vyY

1AZ=1AZ0#RM0/0,002378

1ZZ=1Z+1A

1Xx2=20,0

RETURN

END

FFIG 29 Computer Program for Three Degrees of Freedom
(Continued) o
167



SUBROUTINE - MOTION (DQsPCTERRIETADT)
DIMENSION’ Y(b)vYDOT(G)oEﬂA(é)0X1(6)|X2(6)0X3(6)'W(6)03(6)OVERTPARt
18+3)
REWL L
COMMON: /CONST/ ALTOPI9GvCDP'DNOToCDSLoLSSoMLwMPQMSSOMSTleNT
COMMON' /VARIABLY, RHOoTvVoTHETAoXchALPHﬂLOALPHAP%Ll
PRINT 8
READ T+TSTOP#ZSTOP
TSTOP=TSTOP+T
IFUNINT 6T 0) PRINW 6
AMARK:J.O
NMARK=0
IVERT=]
ANﬁﬂTHETA'IBO /71
I1D0=1
Y(l)=Q,
Y(2)my
Y{(3)2eGRSIN(THETA) ZV
Y (4) =THETA
Y(5)=X
Y(6)=Z
Y?DT(S)HG‘G”COS(THETA)*SIN(THETA)/(V‘V)OG'SIN(THETA)/IVOV)'DQ
TF=TeDT
NUMBBIABS(NINT)
: 1 DO 2 I=)oNUMB
—= CALL: INTGRAT]TOY.TF'GQPCTERR 'ETAOXI-XZ;X3.W:YDDT.BQIDaDXcTRoK)
IF(Ke6T0) RETURN
Vo=y
SRemY (6) ¢ I'COS(Ytbil
~ IFR24G6T+ZSTOP) CORR-(ZSTOP»RZ)/(RE'RZ)
. 1FUT1,6T,TSTOP). CORRNITSTOP-T)/(TI-T)
"IFK??QGT ZSTOP.QR.Tl.GT TSTDP) GO TO- 3.
T=T
RX2Y (5) +LA¥SIN(Y (4))
RZ=R2
VXY (1) Y (3)#L1)#COS(Y(4)) oY (2)SSIN(Y (6))
VZR-(Y(1)#Y(3)*L0>951N(Y(4))&Y(E)*COS(Y(#))
AXD(YDOT(I)07(2)'7(3)*YDOT(3Y“L1)“COS(Y(4))O(YDOT(z)hYll)*Y(3>-
1Y(3)8Y(3)#L1I#SIN(Y(4))
AZH*(YDbT(l)*Y(Z)*Y(B)OYDOT(S)’LQ)“SIN(Y(‘)!*(YDDT(Z)'Y(I’“Y(B)
1»Y(3)“Y(3)“Lﬁ)’c05(¥(4))
VBSQRTGVX’VX*VZ“VZ)
AsSQRT (AX#AXeAZRAZ)
IFIV,LTeV0) Azmp
SYSANGL3Y (4) #1B804/P1
ALPHAI®ALPHALY180,/P1
TRAJANGSSYSANGL=ALPHAL
‘IFWIVERT«GT.3) 60 TO 15
IFMSYSANGL/ABS(SYSANGL)-ANG/ABS(ANG)) 3012013
12‘IFN(ABS(SYSANGL)'QBS(ANSO)'AMARKoGEu V) 60 TO 13
VERTPAR(1 9 IVERT) =T
VERTPAR (29 IVERT)sALT=RZ
VERTPAR (3 IVERT) mRX
VERTPAR (44 IVERT) ®RZ
VERTPAR (5 IVERT) &mv
VERTPAR (69 IVERT) mvX
VERTPAR(Ty IVERT)myZ
VERTPAR(ByIVERT) %A
ANGESYSANGL
G0: T0 18
13 AMARK=wAMARK
NMARK=NMARK ¢ ]
GO TO(14912014912914%) NM‘RK
16 IVERTSIVERTe}
ANG=SYSANGL.:

FIG 29 Computer Program for Three Degrees of Freedom
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15 1Dm=i
NJMB=TIABS(NINT)
IFUNUMBRDX¢GTel,0) NUMBSMAX1(le9le/DX)
TFmTeDX
2 CONTINUE
ALTMRZEALTwRZ
I;N:gNIoGT.O) PRINT 4oToALTNRZoSYSANGL»TRAJANG.RXoRZoVoVXoVZ'A
6
3 Te(T1~T)aCORReT
R12Y (5) ¢L1#SIN(Y(4))
VIe(Y (1Y eY (314, 1) COS(Y(&))ey(2)#SIN(Y(4))
V2Ee (Y (1) oY (3)®LA)OSIN(Y(4))eY(2)PCOS(Y(4))
Ala(YDOT(I)OY(Z)“Y(3>¢YDOT(37’L1)°COS(Ytﬁ))*(YDOT(Z)-V(I)'Y(3)-
1Y(3) 8y (3)*L1)*SIN(Y(4))
AZ'»(YDOT(I)OY(2)OY(3)0VDOT(3)“L1)¢SIN(Y(0))O(YDOT(21~Y(1)QY(3)
1=Y (3) %y (3)#L1)#COS(Y(4)) ,
RXB(R1=RX) ®*CORReRX
RZ=(R2~RZ) #CORReRZ
VX®(V]=VX)#CORR+VX
© VZmr(V2mVZ) #CORReVZ
: AXB(A1~AX)“CORR0AX
AZH(AznAZ)*CORRaAZ
VESORT(VXOVXeVZRY2)
AnSORT (AX®AXeAZ#AZ)
IFUV.LTeVO) Aswp =~
SYSANGL-(Y(4)»130./P1~SYSANGL>*connoSYSANeL
ALPHAlz(ALPHAL®180,/PI=ALPHAL ) #CORRALPHAL
TRAJANGESYSANGL=ALPHAL
ALN”RZ!‘LT-RZ
IFIININT, GT.O) PRINT 4vToALTMRZoSYSANGLoTRAJANG&RXQRZ'VOVXQVY@A
PRINT S1°
IVERT1sIVERT=1
DO 31 J=1sIVERT]
31 PRINT 59  J o (VERTPAR(IsJ)91m198)
RETURN:
4 FORMAT(IXoFB.ZokFlloZo11X93F11.2011X03F11o2)
8 FORMAT(20XeIle® VERTICALVMINIMUM*aF9.2o712 29F114293F10e202F12,42)
51 FORMAT(//:&OXo“TIME(sEC) ALTITUDELFT) X(FT) Z(FT) V(FT/SEC!
1 VX(FT/SEC) VZ(F¥/SEC) A(FTISEC/SEC)’%
& FORMAT(S/ 94Xy®TIME®oSXo#ALTITUDE®4X o #SYSTEMay 33Xy #LOAD TRAJo®510%
19#L0AD: POSITION®926X9#L0AD VELOCITY®518Xe# L 0AD®Y /926X #ANGLE®26Rs
2 *ANGLE®: 0BOXO*ACCELERATION*OIQX'“(SEc)“vavQCFT)“v?xs*(DE@)“
a.bxoO(DEG)uolaxot(FT)Oosaxuo(FT/SEC)G.17Xoo(FT/sEC/sEC)Os/eSOXonO
Gy l0XyaY0y10Xo0ZuyBXyaTOTALS)BXguX8910XgaY0y10XonZ8oBXo#TOTALNE,)
7 FORMAT(2F10.0)
8 FORMAT(5795Xs¥NOTEmm POSITIONSoVELDCITIESOACCELERATION$oTRAJo ANGI,
1ES: REFER TO LOADy PREVIOUS RESULTS ARE FOR MASS CENTER®)
END:

SUBROUTINE EMOTION(YoYDOToISTOP ISTIGNAL)

DIMENSION Y(6)9YDOT(6)

REMAL: MoMAIMI oML yMPMSSo IXXo 1YY o IZZ2IXZaLA oL 29LBN

COMMON: /CONST/ ALT-PIoG-CDPoDNOToCDSLoLSS|MLunPoMSSvMSToNOUSE
COMMON: /VARIABLY/. RHOsToVyTHETA9 X9 Zo ALPHAL s ALPHAPYL]

~——s  CALL! DENSITY (RHO9ALTwY (8))
i CALL DVNAMIC(RHOOLEOLZOLQ.IXIOIYYOIZZ.IXZ!MI)

MAzl,375eM]
MaMLeMPEMSSeMA

ASMA/M.
BE(ML+MP+MSS) #G/M

FIG 29 Computer Program for Three Degrees of Freedom
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CERHO#PI#DNOT#DNOT/B,

CONOT=C#*DNOT

EsQ,5#RHO4CDSL!

vasyY (1) #y (1) sY(2) #y(2)

ALPHASATAN (=Y (1) /Y(2))

vn2=v2¢v(3>*Yta)oLawLaoz.ov(1)»v¢3)oLz

ALPHAP=ATAN( (=¥ (1) wY (3)#L2) /Y (2))

VLREV2+Y (3)8Y(3) 0L Q%L 1e2,%Y (1) PY(3) 0]

ALPHALEATAN( (=Y (1)eY (3)#1)/Y(2))

CALL COEFFTS(ALPHAP-CT.CN.CMvISToP-ISIGNAL)

IF(ISIGNAL ,6T,0) RETURN

NSCHCN#VR2.

TTeCeCTOVP2

AEROM=CDONOTHEMHYP2

DRESVLE
DOT(I)'-A“YDOT(3)*L2-8'SIN(Y(4))*N/M*D*SIN(ALPHAL)/M*V(2)'7(3)

YDOT (2) = A®y (3) ey (3)#L2+BRCOS(Y (4) ) =TT/MmD4COS(ALPHAL) /MeY (1) 8y (3)

YDOT (3)3: N“LS/IYY*D'LI“SIN(ALPNAL)/IYY*&EROMIIYY-ML‘G'SIN(Y(4))“Ll

I/IYYnMP“G“SIN(Y(GD)'LE/IYY

YDOT (4) =¥ (3)

YDOT (5)mY (1) RCOS(Y(4) )Y (2)*SIN(Y(4))

YDOT(6) =wY (1) #SINAY(4)) ¢¥Y(2)#COS(Y (4))

RETURN

END

SUBROUTINE COEFFWS(ALPHAPQCT.CN.CM IPRINT» ISIGNAL)
ALPHAPDSALPHAPH#5T,295779515

IFI(ABS (ALPHAPD) 4L T+854) GO 70 2

IFUIPRINTEQe1) PRINT 19ALPHARD

ISIGNAL=] ,

RETURN: :
FORMAT (5Xs#ANGLE: OF ATTACK=: #9F9439% 4 TOO LARGE®)
ISIGNAL®=~1 .

A=ABS (ALPHAPD)

IFI(Am3040) 306494 (//
CT2,647=142E~050A49,1 5E-o¢*A~A-7 13EmQSeABARAL] (33EmQORARARARA
CNS-G.74E-03“A*5-57E-04“A’Aw1.536*05“A’A“At1o9E-07*A“A'AOA ~—
CM24 BY4E=03#AwI (F4E=04RA®ASY ,043E050ABAGAR] (32E=DTHARASARA
IF(ALPHAPDGT40,) RETURN:

CN==CN

CMzmCM

RETURN:

cT=0,6 \/

CN=, 00568 (A=30,0) 4,04

CuE» 00444 (Ae30,0)me034

IFI(ALPHAPD,GT+0,) RETURM

CN=wCN

CurmCM

RETURN

END

FIG 29 Computer Program for Three Degrees of Freedom
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/_PROGRAM TRAJSIM(INPUTSQUTPUT)
C ) THIS IS THE MAIN PROGRAM
DIMENSION-ETA(12)9SPACE(1000)
REAL IXXQIYYvIZZ9IXZoIAZO-IZvLSSOLl9L29L3oMAoMﬁR’MLsML59MPoMRoMRXo
1MSSyMST
.~ COMMON. /CONST/ ALTOPIGYCOPIDNOTICOSLILSSIMLYMPIMSSIMSTININT
- COMMON /VARIABLZ RHOsToVeTHETAIX9Z9sALPHAL 9 ALPHAPY L]
_ COMMON- /DYNAM/ DYDNOTsX19X29x39X49XSoMBRIDYMLIMLS+DYMPIMRIMRX s 1AZ0
7 19I1Z9@1 Q29 VOLUME s XNUMe XDENOM
P1=3,1641592653589793 i
6G=32.17 ’
: QE%D 109NSIM
’DO 11 Us1yNSIM
~READ 99C19C29C34C49CH
. PRINT 124C19C2+4C39C4,4CH
READ 69ALTIVOIMST ¢yMP o MLSeMROMRX 9sMBRIML XL 9X29X39X49XS5912Z91AZ0y
IUVOTOLSSQCDPvCOSLoﬁl9Q2'V0tUMEoN9NNN,DT1’DTZODT3QNINT
Y DYDNOT=DNOT
DYML=ML '
DYMP=EMP -
XNUMSM| S#X 1 +MR# X2 +MRX#X3+MBRUX4+ML#X5=MP#Q1#DNOT
i XDENOM=MP +MLS+MR+MRX + MBR+ ML,
Y MSSZMLS+MR+MRX+M8R
— . CALL DYNAMIC(0¢0023789A1eA29A39A49A59A69ATHAB)
- A9=20,375%A8
— ‘CALL DENSITY (RHO9ALT)
—» - CALL. DYNAMIC(RH0091¢829539B4 BSyB864B79B8)
B9=0,375488
PRINT BvALTOVOQMSToMLQMPo MLGsMRIMRX s MBRIABIBBALTeAGyBI9ALT X1y
1x2'x30X4’XS’A4-BAoALTvASvBSvALT’AbvaboALToATQB7oALTODNOToLSS'A1061
2,ALToAEoB?oALToASoBBoALTle90&0V0LUME,CDP
“PRINT B19CDSLN
L NN=2#N
READ 74 (ETA(1)eI=19NN)yPCTERR
— CALL EXTRACT(ISNATCHZIEXTRAC,V04DT1,yTRCA)
' IFISNATCH) 49445
—+ 6 CALL SNATCH(TRCA+DT2)
s =B CALL OPENING (DG, TRCA yNNNy SPACE ¢ VOLUME y TEXTRACDT3)
JK—  CALL MOTION (DGsPCTERRYETASDT3)
11 CONTINUE.
STOP

6 FORMAT(2F10,0/7F10,0/7F1G, 0/7F10 0/11, 1993F10 0,1I5)

7T FORMAT(6F100/6F10.0/F1040)

8 FORMAT(3/95Xs#TRAJECTORY SIMULATION==T=0¢Z=0 IS RELEASE POINT®#93/)
15X s *RELEASE CONDITIONS#9/910xs#ALTITUDE=#9F10,09% FT#9/910X9#yELOC
2ITYS®FlOedr¥ FT/SEC*'///QSX,“MASSES--SLUGS“9/10X0“TOTAL SYSTEM=: #
39F10439/910Xe8.0ADE *oF1l0e3¢/910Xe#PARACHUTER #9F10439/910X9#SUSP
4 LINES= #9Fl0s39/7910Xe#RISERSS #9F10,39/910Xs#RISER EXTENSIONS= ¢y
SF10e39/910X0% L 0AD BRIDLES #9F1l0439/910Xe#INCLUDED=: #9F10e39%(SEA L
GEVEL)#9F 104308 (#oFTa0o® FTI#e/910Xo*APPARENTZ #9F10,39%(SEA LEVEL
TI®eF 104398 (#yFT7,09% FT)%e///e5Xe#REFERENCE DISTANCES FROM SKIRT=w=
8 FTH9/010Xo#X1= ®#9F10e39/910X9%X2= #9F10,39/910Xo#X3= #9F 10039/
910Xe#X4= “0F10.3/10X09X5=-“0F10.3///y5XyﬁMoM./PROﬁ. INERTIA==SLUG
IFTHo3H##29 /910X #IXXE #9F15,39# (SEA LEVEL)#IF15,39%(#9FT,09% FT)#
29/910X9BIYYS #9F15,30% (SEA LEVEL)I®oF15.30#(#eFT7,00% FT)®e/910Xs
3 917272 #9Fl5.39%(SEA LEVEL)#eF15e39%(#eFT7a0o¥% FTIH9/9l0X9o#IXZ= #y
GF 15,39 (SEA LEVEL)#sF15,39# (#9F7,09% FT)®9///95X9#DIMENSIONS== Fr
Sé9 /910X #DNOT *0710.30/’10XO“SUSP. SYSTEM= ®#9F]10e39/910Xe% 12 #9F
610439 (SEA LEVEL)#9F1043e%(#9gF7,00% FT)ste/9)l0xe® 2= ®9F10,39%(SEA
7 LEVELO#oF10,308(#eF 7,098 FT)#y/010Xe#L32 #9F10,39%(SEA LEVEL) #F-
810.39% (*9yFT7e00% FT)“o///oSX-“YC/DNOTa #9F10e39/95Xe#DP/DNOT= #9F1
9039/ 95Xe#VOLUMES @ eF10e396H FTH®#3 /95X #PARACHUTE CDP= #9F1043)

A1 FORMAT(SX9#L0OAD DRAG AREA= #,F10,396H FT##29/95X 9 #*DEGREES OF FREE
100M= #411045/)

FIG 30 Computer Program Allowing Six Degrees of Freedom for
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9 FORMATI(5AL0)

10 FORMATI(13)

12 FORMAT(1H19/ 95Xy #PARACHUTE=LOAD SYSTEMtDEPLDYWENT)-—ﬁ'SAIO)
~END

SJEROUTINE EXTRACT(ISNATCHoIEXTRACIVO4DTy TRCA)
COMMON - /CONST/ ALT-PIyG9CDPoDNOT9CDSL9LSSoMLvMPoMSSoMST NINT
COMMON /VARIABL/ RHOeToVeTHETA9XsZeUNUSEDUNUSEDZ2 s UNUSED3
REAL LENGTHoLSPILOTILSS)LSTATICIMSTIMTHLRXBR
ICOUNT=O
READ 159ISTATIC,IEXTRAC
IFCISTATIC) lsB98

1. READ 16¢LSTATIC,COSBAGyCDSPyOPILOTILSPILOT,TDyLRXBR
DISTANC=LSTATIC
PRINT 22+LSTATICeCDOSRAG
IF(DOPILOT.GTe0e0) PRINTY 23OCDSPODPIL0T|LSPIL0T 0
IFUNINTZGTH0) PRINT 26
TEX2Z=040
THETAz0.5%P]
veyl
COST=CDSL+*CDSBAG
MT=MST

—»2 CALL TRAJEQAN(ToVeTHETAsXsZsRHOICOSTIMToDTGALTIDV)

VX=V#SIN(THETA)
TRAJANG=THETA®#180,/P1
VZ=V#COS(THETA)
ICOUNT=ICOUNT#]
ALTMZ=ALT~Z
IFAICOUNTSEQeNINT) PRINT 199 ToALTMZ s TRAJANGY TRAJANGIX9ZsVoVX9VZ
IFCICOUNTLEQeNINT) ICOUNT=0
IF(SQRT((VO#TaX)#(yO#TaX)eZ®7) L TeDISTANC) GO 1O 2
IF(DISTANC«GT.LSTATIC) GO TO 3
Ti=T
TRAJL= TRAJANG
Xi=X.
Zl=2
Vi=y
DISTANC=LSTATIC+LSS*0.5%DNOT«LRXBR
IF(DPILOT-GT.O 0) DISTANC=LSTATIC*LSPILOT¢0oS“DPILOT
GO TO 2

3 IFUDPILOT) TeTr4

4 ISNATCH=wl
‘CO8T=CDSL+CDSBAG+CDSP

5 IFUT=TD) 69l4el4

—»b6 CALL TRAJEQN(T'VOTHETA'X02|RH09CDST.MT’DTOGOALWODV)

TRAJANG=THETA#180,/P1.
VX=V#SIN(THETA)
VZ=EVH#COS (THETA)
ICOUNT=ICOUNT+]
ALTMZ=A[T=Z
IF(ICOUNT.EQeNINT) PRINT 190T’ALTMZOTRAJANGvTRAJANGoX’Z!V'VX’VZ
JFUICOUNTSEQeNINTY: ICOUNT=0
60 TO 5 :

7 ISNATCH=]
TRCA=T- .
PRINT 20, T19TRAJ10X1iZlonoTtTRAJANGoXOZoV
RETURN i

8 IF(IEXTRAC) 999o13

9 READ 174LENGTH.CDSBAG,COSEX,TD
PRINT 240LENGTH9CDSBA69CDSEX TD
IFANINT«GTa0) PRINT 26

FIG 30 Computer Program Allowing Six Degrees of Freedom for
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ISNATCH==]
10 TEXSZ5040
THETAEQ«5%P] -
TRAJANG=90,
COST=CNSEX
vEvo
11 DVS=RHO#COSTHVUYSDT/ (2,4MST)
DX=V#DT
ERYY)
XaX*DX
T=T+DT
{COUNT=ICOUNT#]
ALTMZ=ALT=Z
IFICICOUNT ,EQ NINT) PRINT 199T9ALTMZ 9y TRAJANGy TRAJANGX9Zo VoV
IFCICOUNT EQ.NINT) ICOUNT=0 :
IF(VOsT=X=LENGTH) 11912912
12 COST=CDSL+CDSBAG+CDSEX
MT=MST
Tl=T
¥1=X
vl=vy
G) TO &
13 READ 1B9RILENGTHTD
HE (4o B SSHR42,#R¥DNOT) / (4 4 #| SS+PI#R#DNOT)
HTDNOT=H#DNOT
PRINT 254LENGTH,RyHTDNOT, TD
IFUNINT«GT.0) PRINT 26
CISEX=CDP#P#H#H{#DNOT*DNOT/ 4,
CISBAG=0,0
ISNATCHE]
69 TO 10
14 IF(ISTATICsLT0) PRINT 209T14TRAJL9X19Z19V1eToTRAJANGIX9Z 0V
IF(ISTATICeGEeO) PRINT 2l9TloX1leVieToTRAJANGIX9ZoV ~
IS IEXTRACeGTe0) TRCA=0,0
RETURN

15 FORMAT(212)

16 FORMAT(TF1040)

17 FORMAT(8F10,0)

“18 FORMAT(3F10,0) '

19 FORMAT(1XvF8-2o4F11o2¢11X,3F11-2’11X0F1102) :

20 FORMAT(//960Xe#TIME(SEC) ANGLE (DEG) X(FT) Z(FT) VELOCITY(FT
'1/SEC)®9/920Xs#STATIC LINE STRETCH®»16X+5F1142/20X9#PARACHUTE/PILOT
2 CHUTE DEPLOYMENT#93Xs5F11,2)

21 FORMAT(//960Xs#TIME (SEC) ANGLE (DEG) X(FT) Z(FTY . VELOCITY(FT
1/SEC) #9/420X9%L0AD OUT OF AIRCRAFT#915XsF1142s11XsF1)e2911X9F11,s2/
220X9#PILOT CHUTE/EXTRACTION CHUTE RELEASE OR®+/920Xs#MAIN PARACHUT
3E DISREEF®#913X95F1142)

22 FORMAT(////+20Xs#STATIC LINE= #9F10430% FTo#s/920Xs#PARACHUTE PACK
1DRAG AREA= #4F10,391IXsSHFTH®2)

23 FORMAT(zox,aPILoT CHUTE®#y /925Xy #DRAG AREA-u.Flo.3.lx.SHFTD-z./,zsx
19#DTAMETER=T #9F10,39% FT®9/925X9#SUSPe LINES® #9F10e39% FTH#9/920Xs
2%TIME OF PILOT CHUTE RELEASE=Z #9Fl0,20% SECH*e///7)

24 FORMAT(////920X¢#RELEASE: DISTANCE IN ATRCRAFT= #9F 10,398 FT®#y/420%
1#PARACHUTE PACK DRAG AREAZ #4F10e301Xe5HFTe#29 /920X s #EXTRACTION CH
2UTE DRAG AREA= #9Fl0, JleuSHFT“*iv/cdox'“TIME OF EXTRACTION CHUTE
3RELEASE= #4F10.,29% SEC¥#4////) "

25 FORMAT(////+20Xs#RELEASE: DISTANCE IN AIRCRAFT= ®4F10e¢3y% FTay/920X%
1#REEFING RATIO= #4F10e39/920X9*REEFED PROJ, DIAMETER= #4F10439% FT
2%9/920X9#TIME OF PARACHUTE DISREEF= #9Fl0429% SECH#9////)

26 FORMAT (S/ -4X9*TIME°o5X9“ALTITUDE“94Xo°SYSTEM“03Xa#C My TRAJ,#® ,10X
19#CeMe POSITIONS 26X 9 #CoMe VELOCITY“o18Xv“c.M.*o/vZGXo*ANGLE“o6Xo
2 "#ANGLE® . 9BOXe*ACCELERATION®9/4Xo# (SEC) ®epXo#(FT)®yTXe# (DEG)#
396Xo# (DEGI# 9 1BX o (FT)# 932X 4 (FT/SECIBo1TXo# (FT/SEC/SEC) %9/ 950X esx#

Gy 1gx,~Y».1ox.»z~.ax.»TOTALo.ex.oxuv1ox.»Y#.1ox.o2¢,sxo»TOTAL»5/)
EN
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SUBROUTINE SNATCH(TRCA DTY
COMMON /CONST/ ALToPIoG’CDP|DN0T'CDSLuLSSoML0MP'MSS'MSToNINT
COMMON /VARIABL/ RHO9ToVITHETAXeZoUNUSED Y UNUSED2 yUNUSEDI
REAL K.LnLSSoML.MPoMPBAGaMlcMZoMSSoLRxBR
ICOUNT=0 ;
READ 5+MPBAGYCDS2+K9LRXBR
PRINT 7-MPBAG.CDSZ; 2 LRXBR
IFUNINT.GT.0) PRINT 9
M2aMp
M1=M{ +0 ¢ 5*MSS )
CAPMZEMP+MPBAG*0 , 5¥MSS
CAPM1l=M|_¢MSS
cDS1=CDSL,
visy
va2aV
L2000
—» 1  CALL BODIES(M10C051oCAPMZvCDSZOVlOV?vLoDT)
TRAJANGSTHETA®180,/P1
ViXsV14SIN(THETA)
VIZ=V1“COS(THETA)
. ICOUNT=ICOUNTel
ALTMZ=ALT=Z o
IFHICOUNT EQeNINT) PRINT 69T ¢ALTMZ 9 TRAJANGy TRAJANG X0 ZsV1sVIXoV1Z
IFHICOUNTWEQGNINT) ICOUNT=s0 - ; 4 :
IFL=L8S=LRXBR) 102-2
2 TiL=sT
TRAJL'TRAJANG
XLRX
ZLi=2
Vitsvl
vapsve:
QeCAPM1/ (CAPM] +M2)
VFR{CAPM1#Y]eM20V2)/ (CAPM] ¢M2)
DELTAVEVE=V2.
FAIIRHO*CDSI*(VI*VIOVF“VF)/4.
FﬁZlRHO'CDSZ*(VZ“VZ‘VF*VF)/4
A®] /K
BEFAL#(144Q42.%V24Q/DELTAV) ¢FA2#(Q OZ.'VZ'Q/DELTAV)
CECAPMI ¥ (Qwl,) /708 ((Qel, ) /QUDELTAV#DELTAVe2, *VE“DEL?AV) OMZ'(DELTAV
I*DELTAV‘Zo“Vz“DELTAV)
PM&X&*B*SQRT(Bﬁawch)
TRCA=T
ViavesyF.
Ml=MP e ML #MSS:
CDS1=CDSL 0, 015#COP#DNOT#DNOT#PY /4,
—»3 CALL BODIES(M19CDS1yMPBAGICDS29V19V29LiDT)
TRAJANGETHETA®180,/P1
VIXSVI#SIN(THETA)
V1Z=aV14COS(THETA)
ICOUNTRICOUNT#1 _
ALTMZaAL T2 ‘
IFUICOUNTEQeNINT) PRINT 6'T¢ALTM20TRAJANG@TRAJANG-XoZoVIonXoVIZ
IFI(ICOUNT EQ NINT) ICOUNT=mO
IF(L*LSS-LRXBR'DNOT/Z-) 30404
4 vsyl
PRINT SOTLoTRAJL»XLoZLvVlLoVZL!PMAXQVP
RETURN
FORMAT(#FIO-O) .
FORMAT(1XoF8, 294F1102'11X93FlI-ZOIIXQFll-Z)
FORMAT(Z///+20X+"PARACHUTE. PACK MASSw: 29F10e300 SLUG':/.ZOXo‘PARAO
1HUTE PACK AND PILOT/EXTRACTION CHUTE DRAG AREAw: “0F10.3p1X05NFT.'2
2/20Xs#SPRING: CONSTANT= #vyF)10,30% LB/FT%9/920X9# ENGTH OF RISERSY E
IXTENSIONS AND LDAD: BRIDLEB GoF10:30% FTO////) :
8 FORMAT(//+50Xe#TIME(SEC) ANGLE(DEG) XAFT) . Z(FT) VELOCITY!L
1 (FT/SEC) VELOCITYZ(FT/SEC)*o/oZOXoOSNATCH“oEOKoQFlIoZoZFISoZ'//v

~Nouwn
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220X9#SNATCH FORCE= “oFl0.0r“ LBGv/vzoxo“SNATCH VELOCITY= #9F1043y
34 FT/SEC#)

9 FORMAT(S/ o4X9°TIWE‘,SXQ“ALTITUDE“|4K9“5Y5TEM“93X0“C0M0 TRAJ- 210X
198CeMs POSITION®926X9#CoeMe VELOCITY#918X0#C M9/ 926X 2ANGLE® 916X
2 SANGLE® 'oQOXo“ACCELERAYION*o/4Xu“(SEc)“.ﬁXo'(FT)"7X"(DEG)'
306Xo“(DEG)*019XQ“(FT)“v32Xo“(fT/SEC)’ol7XoG(FT/SEC/SEC)*OIOSOXO.X“

IOX;“Y“QIOXo“Z# BX.“TOTAL“,BX,'X*Q10X9°Y“oIOXQDZ”BXi*TOTALGS/)

EVD

SUBROUTINE BODIES(M1yCDS1+4M24COS29V1gV2seLeDT)

COMMON /CONST/ ALTsPI1oGeCDPoDNOTICOSL+LSSyMLIMPIMSSIMST9NOUSE
COMMON /VARIABL/ RHOsToVeTHETA9X9Z 9 UNUSED+UNUSED2 9 UNUSED3I
REAL MleM2eL

. —— CALL DENSITY(RHO»ALT=Z)

DTHETA==G#SIN(THETA) #DT/V]

DV1=(G*COS(THETA) =RHO#CDS1aVievl/(2,4M1)) #pT
DV2= (GRCOS (THETA) =RHO®*CDS2%V24V2/ (249%M2) ) #DT
DXsV14SIN(THETA) #DT

- DZ=V1I#COS(THETA) #DT

Di=V]1#DT=V24DT

THETA=THETACDTHETA

vliavlepvl

va=vasDve

XzX+DX

Z=Z2*D2Z

L=L+DL

T=T+DT
RETURN

END

SUBROUTINE OPENING(DQ TRCA,N.F.VOLUMG.IExTRAc.DTT)
DIMENSION F(N)¥REEF (7910)
COMMON /CONST/ ALTsP19GsCOPsDONOTCDSL9LSSoMLYMP oMSSMSTyNINT
COMMON /VARIABL/ RHO9ToVeTHETA9XsZsUNUSED s UNUSED29UNUSED3
REAL LSSIMLIMPIMSMSS
ICOUNT=0
DCAPT=DCAPTR=],/N
MS=ML +MSS+MP
READ 6sNREEF:
IFIUNREEF +EQe0) g0 TO 4
NREEF =NREEF~TEXTRAC
NREEF1=NREEF#]
D0 3 I=1yNREEF]
READ 74ROsR1,TCD:
TNOT=T
TORSTRCA4TCD
HOZ (44 #LSS*RO+2,#ROYDNOT) /(4 ,# SS*PI#RO*DNOT)
H1Z(6,%LSSHR]1+2,#R1DNOT) /(4 ¥LSS*PI#R1#DNOT)
HTDONOT=H14DNOT
PRINT 119Rls MTDONDTHTCDsTOR
IFANINT«GTo0) PRINT 12
lk(HIGHI“Hl-HO*HO’HO)*DNOT“DNOT“DNOT
EH]#H1®SQRT ((LSSSDNOT/24wP1/4, *H1#DNOT) $#2<H] #H1#DNOT*DNOT /4 )
;HO*HO“SQRT((LSS*DNOT/Z.-PI/#.“HO“DNOT)““Z-HOGHO“DNOT“DNDT/# )
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 V4BRI®R1I®SQRT(LSSH.SS»RI*RI*DNOTHONOT744)
VSBRO®*RO®SQRT (LSS#LSS=RO*RO*DNOT*DONDT/4,)
VDLUMEi(VIODNOTiDNOT*(V2~V3-V4OV5))*PI/IZ.
vosy
X0=X
' ZO‘Z : ) T
. THETAO-THETA R
— CALk SILLTIM(VOLUME|V°.X0oZOoTHETAﬂoMSoHOoHlQNthTF)
Fom0,
DT=DCAPTR®*TF
CAPTR20,0
DOl JUmlyN
ICOUNT=ICOUNT+]
CAPTR2CAPTR¢DCAPTR
TeTF#CAPTR«TNOT
CAPTEPI#PI/4o® (HI#HINCAPTReHO®HO® (1 emCAPTR))
DCAPT=PI#PI/4 % (H14#HI=HO#HO0) 9 (CAPTR -
—=  CALL' CALC(CAPTsTF9DCAPTsDCAPTRsMSsDV9DPsD)
FRCE-ML“(G'COS(THEWA)-DV/DT)
FO=AMAX1 (FRCEFOQ)
TRAJANG'THETA#IBD-/PI
VXaV#SIN(THETA)
VZEV#COS (THETA)
IFUNINTLT40) GO TO 1
IFCICOUNTLToN/20) GO TO 1
ICOUNT=0
ALTMZ=ALT»Z .
Acctw(G“CDS(THETA)»DV/DT)
PRINT 897 ALTMZ.TRAJANG'TRAJANG.xoz.v.vx.vzoAcc
1 CONTINUE
REEF(191) =T
REEF (29 1)aTRAJANG
REEF (39 1)sX
REEF(441) =7
REEF(5¢1) =V
REEF (6+1)=F0
REEF (79 1) =TF
IFANREEF+1=1) 34392
2. IFUT,GE.TDR). GO TO 3
CDS=CDP“PI*DNOT*DNOT'HI'HI/A,
CDST=COS+COSL
—>  CALL TRAJEQN(TyVyTHETA,X .Z.RHO.CDST MS,DTT, G.ALT.DV)
AL'*G“COS(THETA)*DV/DTT
TRAJANGETHETA®180,/P]
VXaVaSIN(THETA)
V2eV#COS (THETA)
ICOUNT=ICOUNTe1
ALTMZaA[ T=2Z
CIFHICOUNTSEQeNINT) PRINT BoToALTMZ s TRAJANG: TnAJANGox-ZoVovx.vzoAL
IF(ICOUNT.EG NINT) ICOUNT=O
IFUT=TDR) 29393
3 CONTINUE |
PRINT 99 (REEF:(Js1)oJmlsT)
1F1 (NREEF»GTo0)PRINT lOo((REEF(J91)0J31|7) InZ,NREErl)
DA=DV/DT
RETURN:
4 VOLUME®RVOLUMG
H0=0,0"
H1=ZQ/PI
IFUNINT«GT.0) PRIMW 12
TNOT=T
vo=y
x0=X
20s2
THETAQ=THETA
—=  CALL FILLTIM(VOLUME!VOtKOvZOaTHETAOOMSoHoyHloNoF%TF)

5
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FD%O.O

DTBDCAPT#TF

CAPT=20,.0

DO 5  J=mlN

ICOUNT=ICOUNT+1

CAPT=CAPT+DCAPT

" TaTF#CAPT*TNOT
—  CALL CALC{CAPTs»TF9DCAPT9DCAPTRIMSIDVsDP D)

FRCE=ML® (G*COS(THETA) =DV/DT)
- FO=AMAX1 (FRCEYFO)

TRAJANGETHETA®180,/P1

VXSV#SIN(THETA)

VZI=V#COS (THETA)

IFUNINTWLT.0) GO TO 5

IFCICOUNTLT(N/20) GO TO: 8

ICOUNT=0

ALTMZsALT=Z

ACCe=(G*COS(THETA)=DV/DT)

PRINT B9ToALTMZs TRAJANGS TRAJANGIX$Z9VsVXIVZrACC

S CONTINYE

PRINT 94Ty TRAJANG x.z.v.ro.?r

0Q=DV/DT

RETURN:
6 FORMATI(I1)
T FORMAT(3F10,0)
B FORMAT(1XsFB296F11,2911X93F11,2911X92F11,2)
9. FORMAT(//o&lx’“TIHE(SEc) ANGLE (DEG) X(FT) Z(FT)  V(FT/SEC) F:

IMAX(LBY) TF(SEC) #9/920Xs#FyLL OR REEFED INFLATION ’leX!ﬁio.zOW
eF: 9¥293F10.29F10.09F10.2) } ‘

10 FORMAT(9(58XsF10e29F 9, 203F10020F10 09sFl0e29/))

11 FORMQT(////OEOXo‘REEFED INFLATION'O/QZSX!“REEFWNG RATIO=: #9F10,39/

125X *REEFED PROVe DIAMy= *0F1003O” FY®9/925X9@CUTTER DELAY® “OFJO

2.30% SEC %9/925X9*TIME OF DISREEF® #9F10,3,% SEC*v////)

12 FORMAT (57 Y4XyOTIMER9SXeBALTITUDES®y 40X y#SYSTEM®y IX 9 #CeM, TRAJG#910X"
1o#CoeM, POSITION0026XO’C Mo V!LOCITY“\IQX’“C.Mo‘o/!26X9’ANGLE“O6X'
2 SANGLE® ’80XQ“ACCELERATION”/4X|“(SEC)'OGXO"FT)’97XO.(DE53“
SOEXO*(DEG)“OIBX,*(FT)“|3ZXO.(FT/SEC)"17X”(FT/SEC/SEC).9/950K|’X’
4’lox’“¥"1ox"l.‘BXD“TOTAL’!BX..X.’IOX'“V..IOXQ.Z*OBXD“TOTAL”BI,

END

SUBROUTINE FILLTIH(VOLUMEqvovxo.ZOaTHEWAO-MSoHOoHIoNoVOLDOToTF)
COMMON: /CONST/ ALToPI’GucoP.oNovoCDSLaLSS;ML»MP.MSSoMST.NOUSE
COMMON: /VARIABLY RHOvToVaTHETA'xoloUNUSED:UNUSEDZoUNUSED3 ’
REAL’ LSSoMS
DIMENSION VOLDOT (N)
DCAPTR=I 4 /N
TFRO,
DTFR2,0#M1#DNOT/VO
1 TFETFeDTF
vayo
XaX0
Zs20
THETABTHETAO
CAPTRs0,0
2 DO 3 I=milyN
CAPTR=CAPTR«DCAPTR!
CAPT=PI®#PI/6, ’(Hl'HlOCAPﬁntHD’HO*(lo*ChPTR))
DCAPT=PI#PI/44®(H14H1=HO®HO) ®#DCAPTR
— CALL' CALC(CAPTyTFi DCAPT;DCAPWR;MSoDVoDPoD)
CO=0.0%
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C=CO® (RHD/0,002378) %% ,142857
3 VILDOT(II=VH( (1,42 2%CHCAPT=CAPT)#DH#D/bem],1#C#DPHDP/24)
. SJIM=VOLODT (N)
NM1=N=]
DD 4 J=19NM]ls2
6 SUMESUMe4 . #VOLDOT (J)
NM2=ENe2
DO 5 K=Z2yNM2e2
5 SUMESUM«2,#V0OLDOT(K)
VOL=DCAPTR/ 3 #SUMBP I #TF.
IF(ABS (VOL=VOLUME) /VOLUME=0,00001) 79746
6 OTF=TF#* (VOLUME/VOL™],)
GO TO 1
7 V=vNO
X=X0
2=Z0
THETAsTHETAD
RETURN
END

SJBROUTINE CALC(CAPTsTF9DCAPTIDCAPTRoM9DVIDP D)

COMMON /CONST/ ALTePI+GoCDPIDNOTICDSLILSSIMLIMPIMSSyMST oNOUSE

COMMON /VARTIABL/ RHOsToVeTHETA9X9Z s UNYSED s UNUSED2»UNUSED3

REAL LSSeMsMAIMT 9 MT

DP=2,#DNOT/PI#SQRT(CAPT)

DPMAX=2+ #*DNOT/P1

DPDOT=DNOT/ (RPI#SQART(CAPT))

DEA JHLSSHDP)/ (4o W SS42,#ONOT=PT*0DP)
- DDOT=((4,9LSSe2,#DNOT=PI#DP) ué, BLSSHOPDOTo4,#LSS#DP#PLRDPDOT) / (4, ¥
1L55+2,¥DNOT=PI®#DP) %42

MA=P T #RHO®DPRDP#DPHDPHNIP/ (32, “DPMAX“DPMAX)

DMASS  #PT#RHO/ (32, #DPMAX#DPMAX) #DP#DP#DP#OPRDPDOT#DCAPT

SQA=ZSQART ((LSS+DONDT/2.=P1%DP/4; )*~z-opﬁop/a.)

SA1=SQART (LSSHLSS=D#D/4,)

MIZPI®RHO/12.% (DPRDPH#DP+DP#DP#SQ=D#D¥5Q1)

owq=P1*RH0/1a.»(3.*DP¢DP~DPDOT-DP~DP»«(e.uLss«puor—thop/z.)nPl«oP
100T/4¢*DPYDPDOT/24) 7 (24%SQ) 2. #DP*DPDOTHSR4D¥D#D¥DDOT/ (40 #5QAL) =20 %
20%DDOT#SQl) #DCAPT

MTzMeMASMI

DTHETAz=G#SIN(THETA) M#DCAPTR#TF/ (V4MT)

CDS=CDP#PI#DP#DP/ 64, +CDSL

DV=(M®G#COS (THETA) /MT=RAO#VEVECDS/ (2 #MT) ) #DCAPTR*TF=V# (DMI+DMA)
1747

DX=V#SIN(THETA) #DCAPTR®TF

DZ=V#COS(THETA) #DCAPTROTF

TﬂETAlTHETA0DTHETA

veyeDy

XEX*DX

2zZ+D2
——» CALL DENSITY(RHOsALT=Z)
- RETURN
END
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‘SUBROUTINE INTORAT(ToYoTFoNNtPCTERRcETAoTRVl TRY29TRY3|W.YDOToZ!ID
19DX9T19 ISIGNALY

DIMENSION Y(NN),YDOT(NN)QTRYI(NN).TRYB(NN),TRY3(NN).ETA(NN)9N(NN).
1Z (NN)

MM=0

Ti=T

IMDONE==]

IFID) 1ele2

DT=DX

GD TO 12

DT=TF=T1

M=0

caLb FORMULA(YODTQTRYI’NNQWOYDOT'ZQL)
IFKL+GTe0) GO TO 15

CALL FORMULA(Y90e5#DToTRY2eNNsWeYDOTeZoL)
IF(L.GT«+0) GO TO 15 }

CALL FORMULA(TRY290e5%DToTRY3IaNNoWsYDOTeZo()
IFL.GT«0) GO TD 18

DD 5 JUslyNN

ERRI=ABS(TRY3(J) =TRY1 (J))

ERRZ= AMAXI(ETA(J)oPCTERR*ABS(TRV3(J)))
IF{ERR1=ERR2) 595410

CONTINUE

My=0

DO 6 K=1sNN

Y(K)=2TRY3(K)

Tl=TleDT

IFIM,LT«5) Be9

M:M&l

GO TO 12

M=Q

DT=2,0%#0T

GO To 12

M=l

MM=MMae 1

TFIUMMeGT, 20) G0 To 16

IWDONE z =l

DT=DT#0.5

DD 11 I=1eNN

TRY1(1)=TRYZ2(1)

GO TO «

IF(TI=TF+DT) 3913,13

IFICIMDONE) Toléyls

Ox=D7 ,

DT=TF=Tl

IFUNDTEQeQe) GO TD 14

IVDONE=] :

GY> T0 3 :

CALL EMOTION(Y, YDOTol ISIGNAL)

DX=AMAX1 (DXeDT)

RETURN

M#0

MM-MM*I : . .
IF(MM,GT.20) GO T8 le

IVMDONE==]

DT=DT#0.5

Gd) Tpo 3

I1SIGNAL=1

PRINT 17 ) 4
RETURN

FgRMAT(5/-5X05H*““*““CANNOT INTEGRATE OR ANGLE OF ATTACK LARGE%) .
EVD
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SUBROUTINE FORMULA(YoHeYToNNgWoYDOTsZoISIGNAL)
DIMFNSIONY(NN)oYDOT(NN)oYI(NN)'N(NN)oZ(NN).A(S)
A3 =A(4) BH
Al1)=A(2)=A(B) =0, S“H
DO 1 J=1oeNN
Z2(J)=YDOT ()
Wi =Y (J)
1 yrth=y ()
DD 2 K=leé
— CALL EMOTION(WeZs2sISIGNAL)
IF(ISIGNALGT.0) RETURN
C=A(K+1)#0,333333333333333
DO 2 Li=lsNN
Wil =Y (LY*AlK) #Z (L)
2 YI(L)sYI(L)+C¥*Z (L)
RETURN
CEND

SUBROUTINE TRAJEQN(TvVQTHETAo 9 ZosRHOWCDSaMeDT oG ALTDV)
REAL M
—= CALL DENSITY(RHOsALT=2)

) DV=(GHCOS(THETA) »RHO#CDSHVEY/ (2,%M) ) DT
DTHETAs-G*SIN(THETA)*DT/V
DX=V#SIN(THETA)#DT
DZ=V#COS(THETA) #DT
VEVeDV
THETA=THETA*DTHETA
X=X*DX

~2=leDZ
T=T+0T
RETURN
END

SJUBROUTINE DENSITY(RHOsH)

R4020,00237B#EXP (=H/329164)

IF(HeGT#15000,) RHO=0,002378%]1,07133%EXP (=H/28593,)
RETURN

END

SUBROUTINE DYNAMIC(RHO 9L 9L2¢LIgIXXoIYYWIZZoIXZoMI)

REAL IAiIAZcIAZO.IYtIYYoIXXﬂIXZoIZQIZZOLI0L20L3’MBR’MLQMLSOMRQMRX|
IMPeMI

COMMON /ZDYNAM/ DNOTOXl9X2|X3gx4'X59MBRQMLOMLS,MP’MR'MRX!IAZOOIZ’
1019029 VOLUME ¢ XNUM 9 XDENOM

MI=RHO4VOLUME

X=(xNUM-MI“Ql“DNOT)/(XDENOM*MI)

L1=X5=X

L2==X=Q1#DNOT

L3=DONOT=X

1A=0, 13195“RHD“QZ“QZ“QZ’DNOT“DNOT“DNOT'LE“LZ
IY=MP”L2”L2*MLS“(X-Xl)“(X'XI)*MR“(XZ*X)“(XZ'X)OMRX“(XavX)“(X3~X)0
IM3R® (X4=X) # (X4=X) oML ¥ ]

IYY=IY+IA

IXX=1YY

1AZ2=1A20%RH0/0,002378

122=12+1A2

I1XZ2=040

RETURN

END
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L)SUBROUTINE MOTION(DQoPCTERRIETASDT)
DIMENSION Y (12),YDOT (12)ETA{12)9X1(12)9X2(12) X3(12)0W(12)'A(303)
DIMENSION B(12) ¢ VERTPAR(10193)
REAL L1
COMMON: /CONST/ ALT.PI96.CDP9DNOToCDSL’LSS’MLoMPvMSS,MSToNINT
COMMON. /VARTABLY. RHO9»ToVeTHETA9XsZ9ALPHAL s ALPHAPsL]
PRINT 8 ' v
READ 79TSTOPZSTOP
TSTOP=TSTOPT
IFUNINT6T+0) PRINT 6
AMARK®],0
NMARK=0
IVERT=1
ANG=THETA®180./P]
10m]
Y(L)=y(2)mY (4)=sY(6) =Y (8)=Y (9)mY(1ll)m0,.0
Y{(3)my
Y(5)8=GH*SIN(THETA) /V
Y(7)=THETA .
Y(10) =X
Y(12)=Z
YDOT (4y5YDOT(6)=0,0
YDOT(S)HG“G*COS(THETA)'SIN(THETA)/(V'V)tG“SIN(THETA)/(V*V)*DG
TFRTeDT
NUMB=TABS (NINT)
1 D02 1=lsNUMB

——» CALL INTGRAT(TsYsTF912yPCTERR oETAvKIoXZ'KSvHoYDOToBle’DXoTI9K)

1FI(KeGT«0) RETURN

— CALL COSINES(AsY)

voay
R3aY (12) eL1®A(3,3)
1F(R3,6T,ZSTOP) CORR=(ZSTOPwRZ)/ (R3=RZ).
IFKTI.GT.TSTOP) CORR=(TSTOP=T)/(T1eT)
IFUR3+GTeZSTOP«ORsT1.GT,TSTOP) GO TO 3
TaTl
RX3Y (10)+L1#A(]43)
RYBY (11) ¢L1#A(243)
RZ=R3
Clay(l)+Y(S)eL]
CamY (2)=Y (4)#L]
VXSCL®A(191)+C2%A(192)¢Y(3)®A()3)
VYRCL®A (20]1) ¢CRPA(292)+Y(3)#A(2+3)
VZRC1®A(391)+C2#A(392) ¢Y(3)%A(3)3)
'C3=YDOT(1)*Y(S)#Y(3)-Y(6)'Y(2)0YDOT(5>“L1‘Y(4)OY(6)'L1
cbuVDOT(a)OY(6)lY(l)-Y(b)‘Y(a)wYDOT(b>*L1‘V(5)0Y(6)*L1
C5'YDOT(3)OY(A)*V(2)«Y(5)“Y(1)~(Y(4)“Y(6)OYCS)'Y(S))“Ll
AXSCB“A(1!1)¢C4Oh(102)0C5'A(193)
AY2C3#A (291) +CABA(202) +CE9A(243)
AZ=C38A (391)+CeBA (392) ¢COWA (393)
VSSQRT(VX’VX‘VYNVYOVZ“VZ)
ATGSQRT(AX“AX*AY“AY*AZ*AZ)
IFVeLTeVO) ATE=AT
SYSANGLEACOS(A(393))%180,/P1
TRAJANGZACOS(VZ/V)*1804/P1
IF(IVERT.GT+3) GO TO 15

12 IF((ABS(SYSANGL) =ABS (ANG) ) *AMARKOEs0,0) GO TD 13
VERTPAR(1sIVERT)=T
VERTPAR (24 IVERT) ®AL T=RZ
VERYPAR(391VERT)=RX
VERTPAR (49 IVERT) =RY
VERTPAR (59 IVERT) mRZ
VERTPAR (69 IVERT) BV
VERTPAR{ 79 IVERT) mYX
VERTPAR (85 IVERT) mvY
VERTPAR(9!IVERT)IV1

FIG 30 Computer Program Allowing Six Degrees of Freedom for
Free Descent Phase (Contlnued)
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VERTPAR(105 IVERT) =AT
ANG=SYSANGL
© 6O TO 15
13 AMARK=m=AMARK
NMARK=NMARKsY = .
GO TO(149124164912914) NMARK.
14 IVERT=IVERT+l
ANG=SYSANGL
15 10=m]
NUMB=IABS (NINT)
IFIINUMB#DX ,GT41,0) NUMBEMAX1{(1l491./0X%)
TFET+DX
2 CONTINUE
ALTMRZ=A| T=RZ : Lo -
IiKNINT!GTQO) PRINT 4oT’ALTMRZvSYSANGLoTRAJANG@RX;RY.RZoVuVX;VYoVZ
1aAT '
60: 70 1
3 Tm{T1eT)9CORReT
RI=Y (10) ¢ 1%A(1,3)
R2RY (11) +L1%A(243)
Clay (1) +y(S)al]
C2=Y (2) =Y (4)eL]
VISCI%A(19))+CR2%A(192)¢Y(3)®A(]43)
V2aCl#A(291)+C20A(202) ¢Y (3)%A(2,3)
V33C1*A(301)902'A(302)tY(3)“A!393)
C32YDOT (1) Y (S)8Y (3)mY (6)®Y(2) ¢YDOT(S) L34y (4)0Y (6)#L]
C4BYDOT (2)+Y (6)8Y (1) =Y (4)8Y (3) wyDOT(4) w1 %Y (5) ey (6)# ]
CSRYDOT (3) oY (4) 8y (2) mY (5)8Y (1) m (Y (4)BY (4) +y(5)aY(5))oL]
A1=C3#A(191)+CawA(192) +C5%A (193) :
A2=C3#A(291) +ChuA (292)¢CE%A(243)
A3=C3RA(391)+CamA(302)¢CE0A(343)
RXm(R1=RX)#CORRsRX
RY=(R2=RY) #CORR¢RY
RZ=(R3=RZ) *CORR*RZ
VXB{V]1eVX) #CORRS VX
VYR(V2wVY)#CORROVY
VZr(V3eV2) #CORReV?Z
AXz(AlwAX)#CORR4AX.
AYa(A2=AY) ®CORRsAY
AZ®(A3=AZ) ®*CORReAZ
VESQRT (VX#VX+VYRYYSVZRYZ)
ATSSQRT (AX*AX®AYSAYSAZHNZ)
IFV4LToVO0) ATs@wAT s
SYSANGL’(ACOS(A(3|3))QIBQQ/P!"SYSANGL)*CORR*SYSANGL
TRAJANG=ACOS(VZ/V)*1804/P] ' '
ALTMRZ=ALT*RZ . S
IFIININT«GT«0) PRINT 49T|ALTMﬂZoSYSANGLvTRAJANG»RXoRYvRZvVvVXoVYoVZ
10AT » ’
PRINT 51
IVERT1SIVERT=1
00 31 JUs1,IVERT1
31 PRINT S59Js (VERTPAR(I¢J)9Imly10)
RETURN:
& FORMAT(1X9sFBe2911F11,2)
5 FORMAT(5XsI1y® VERT/MIN®93F124243F10,294F1242) :
S1 FORMAT(//20Xs®*TIME(SEC) ALTITUDE(FT)  X(FT) - YFT) - ZAFT)
1 V(FT/SEC)  VX(FT/SEC) VY(FT/SEC) VZ(FT/SEC) A(FT/SEC/SEC)®)
& FORMAT(5/ 94X RTIME® 9SXe®ALTITUDE® 94X s 2#SYSTEM® 93X s #L0AD TRAJo %9 10X
19#LOAD POSITION®#426X,#L0AD VELOCITY®y 18X 9% OAD®y /926Xy #ANGLE® 96X
2 ®ANGLE®  980Xs®ACCELERATION®»/4Xy® (SEC) ®96Xo#-(FT)#97X9® (DEG) ®
396Xe# (DEG) @9 18Xy #(FT)#932Xe#(FT/SEC) #9 17X s# (FT/SEC/SEC) #9/950Xs#X®
4.10Xi*¥“l10!0“2*1BXO’TOTAL“QBX.'X‘VIOX0“Y'vIOKOOZOVBXO'TDTAL95/)
7 FORMAT(2F1040) ’ , S
B FORMAT(5/95X9®NOTEmw POSITIONSsVELOCITIESsACCELERATIONSs TRAJ.. ANGL
IES\REFER TO LOADy PREVIOUS RESULTS ARE: FOR MASS CENTER®)
ND :

FIG 30 Computer Program.Allowing Six Degrees of Freedom for
: Free Descent Phase (Continued)
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L?SUBROUTINE EMOTION(Y o YDOT9ISTOP o« ISIGNAL)
DIMENSION. Y(12)+YDOT(12) 0A(3¢3)
RERAL: MaMASMI oMLy MPyMSSoIXXo 1YY IZZoIXZoL1 oL 2sLB
COMMON: /CONST/ QLT.PI.G.CDP.oNOT.CDSL%LSSoML%NPoMSS.MST.NOUSE

COMMON: /VARIABLY RHDoToVoTHE?Aox.Z:ALPHALaALPHAPbLi
—» CALL DENSITY(RHOwALT«V(12))

—» CALL DYNAMIC(Rno-LnoLZoLBo:xx,xvvorzz-Ixzou1>
MAm] ,3754M]

MsMLoMPoMSSoMA

RaRMA/M:

BR:AML+MP+MSS) #G/M

H1a(12Z=1YY)/1XX

H2m{ IXX=12Z) /1YY

H3=(TYY=IXX) /122

HeRIXZ/IXX

MS=IXZ/71YY

H621XZ/122

C=RHO*PI#DNOT#ONOT/8,

CONOT®C*DNOT

E=0,S*RHO*COSL

ULBY (1) oY (S)eLl

vhimy (2) =y (4) el

UPBY (1) Y (S) a2

VPRY (2)eY (4)0L2.

VLERULBULSVLSVLeY'(3) oY (3)
VPREUPHUPSVPBVP Y (3)8Y (3)
ALPHALSATAN{=UL/Y (3))

BETALEATAN(VLZY (3))
GAMMALbATAN(VL/SQRT(UL*UL‘Y(3)'Y(3)))
DELTALnATAN(tUL/SQRT(VL*VL»Y(B)*Y(3)))
ALPHAPSATAN (=UP/Y(3))

BETAP=ATAN(VR/Y (3)) :
: POLANG=ACOS (Y (3) /SQRT (UPHUP+¥PHYPeY (3)8Y(3)))
— CALL: COEFFTS(ALPHAP!BETAP!PDL&NGOCTOﬁX'C*YoCMXoCMY’ISYDP.ISIBNALO

IFISIGNALGT.0) RETURN

FXsCelx®yp2

FYnCoCYWYP2

TTRCACTHVRR. '

AEROMX:CDNOT'CMX*VPE

AEROMYSCONOT#CMY#VP2

DsEfV2

CALL COSINES(Asy)

YDOT (1) mB#A(391) +D#COS (GAMMAL ) ®STN(ALPHAL) /MeFX/M=R#L2%(YDOT (5) ¢
1Y (4) @Y (6) Yoy (S)uy (3)eY(b)eyY(2)

YDOTte)uB»A(3-2)-owC05(DELTAL)051~(BETALa/n«FY/MoROin(YDOT(O)-
1Y (5)#Y (6))+Y (4)8Y (3)eY(6I8Y (1)

YDDTta)“B'A(303)-D“COS(GAMMAL)‘COS(ALPHAL)/M-TT/MOR*LZO(Y(t)‘Y(b)
1eY(S)#y(S)) ey (4)®y(2)aY(5) 0y (])

YOOT (4) mmFY®L3/1XX+AEROMX/IXX#D#COS (DELTAL) *SIN (BETAL) #L1/IXX=ML#G
1~A(3-z)~La/rxx-MP~6~A<3.2>~L2/1xxovootcs)~H~-v(s>'v(aioulov(4>ov(5
2) *Hé.

YDDT(5)'FX*LB/IYYOAEROMY/IYYOD’COS(GAMMAL)OSIN(ALPHAL)'L&/IYY*MLPG
1'A:3;1)’LI/IYYOMPGG*A(3v1)“LZ/IYY*Y(b)OY(G)'Hen(Y(b)OY(b)-Y(6)*7(0
2))*H

YDOT(6)BYDOT(4) #HEmY (4) %Y (5) #H3wY (5) #Y (6) #H6

YOOT(7)®Y (S)#COS(Y(B) )Y (&) *SIN(Y(8))

YOOT (B)mY (&) «TAN(Y(T) ) # (Y (5)#SIN(Y (8))¢Y(6)*COS(Y(8)))

YDDT (9) (Y (5)®SIN(Y(8) )oY (6)8COS(Y(8)))/COS(Y(T))

YOOT(10)®Y (1)9A(1el)eY(200A(102)0Y(3)%A(1e3)

YOOT(11)mY (1) ®A(291)¢Y (2)%A(292) Y (3)RA(243)

VDOT(IZ)-Y(1)'A(3»I)OY(Z)OA{3'Z)0Y(3)OA(303)

RS;URN

E

FIG 30 Computer Program Allowing Six Degrees of Freedom for
Free Descent Phase (Contlnued)
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SUBROUTINE: COSINES(AyY)

DIMENSION Y(12)9A(343)

A(l91)=ECOSCY(T))*COSIY(9)) -
A(I’Z)=SIN(Y(8))*SIN(Y(7))'COS(Y(9))CCOS(Y(Bi)iSIN(Y(9))
;A(103)nCOS(Y(B))*SINCY(?))OGGS(Y(Q))OS!N(Y(B))'SIN(Y(9))
A(291)=COS(Y (7)) ®SIN(Y(9))
A(ZQZ)HSZN(Y(B))*SIN(Y(Y))'SQN(Y(Qi)OCOS(Y(B))’COS(V(O))
Ata.a)-COS(v<a))oSIN(v<7))'er(v<9)»-stcv(a>)~c05(V(9))
A(341)#»SINIY(T))

A(3¢2)3SIN(Y(8))®COS(Y(T))

A(393)8C0S(Y(B))*COS(Y(T))

RETURN:

END

l>SUBROUTINE COEFFTS(ALPHAPBETAP ¢POLANGCT oCXsCYICMXoCMY 9 IPRINTy
11ISIGNAL)
ALPHAPD!ALPNAP*57 295779515
BETAPDRBETAP#ST, 29577951%
P-POLAN6057-295779515
IF(ASS(ALPHAPD).LT.BS. GO: To 1
IFI(IPRINT, EG.I) PRINT ZoALPHAPD
I1SIGNALS]
RETURN:
1 I?KABS(BETAPD)-LT.BS.) GO T0 3
IFUIPRINTLEQ. 1) PRINT ZOBETAPD
ISIGNAL=]
RETURN:
2 FORMAT(SXs#ANGLE' OF ATTACKs #9F6e39% o TOO LARGE®)
3 ISIGNAL®=] :
A=ABS (ALPHAPD):
IFAe30,0) 69545
& CX3mB,TGEmO38As5,STE=Q4#ASA=] ,SIE=0SARANAL]L ,FERQTRA®ASARA.
CMYR4,B44EmDINAT,FE=Q4sANALL, 043E~05“A“A*A-1 325-070A0ﬂ*ﬁﬁk
IFNALPHAPD.GT.O 0) 6o TO: 6
CRamCX
CMYBeCMY
GO 70 &
5 CXme00566(An30,0)e,04
CMY".OO““(A”QO'O)'IGS‘
IFWALPHAPD GT.O 0) 60O TO 6
CXumCX ‘
CHYEmCMY
6 BSABS(BETAPD)
[FI(Bw30e0) 79898
T Cyswb,T4E=(Q30Be5, 575-04'.68-1.53E-o§*8#8*8a1 SE=0TaBuB#ERB
CMX®4y 344E-oaa8-3.9ae-obosnao1.osae-os-auaoa-l.325bo7*8*8*9'3
I?KBETAPD.GT.O 0)80 T0 9
CYEnCY
CMXE=CMX
GO T0 9
8 CY’.OOSG.(B’3°¢°)‘n°4
CUREwy 0044% (Bm30e0)®y 034
IF(BETAPD.GT.0.0)GO TO 9
CyYmwCY
CMXEwCMX
9 IF{P=3040) 10y11sll
10 CTnv647-1 2Eb05ﬁ9n9o15E~0#“POP-7.IBE-OSGP*PDPai.335-ogupcpop»p
RETURN:
11 CT=0.62
" RETURN:.
END

FIG 30 Computer Program. AlloWLng 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 cards. Somewhat different data is required for each of
the four separationtdepldymént 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 inflations., 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. | '

1185
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TABLE XX
Input Data for Static Line System

Card Column Format

Number Number Representation Mnemonic N Symbo L Comments
1 1-50 - BA10 cl, C2, C3, . title of simulation
. ch, ¢5 , ,
2 1-10 F10.0 ALT h, release altitude

11-20 F10.0 VO v release velocity

é 3 1-10 F10.0 MST . M. . mass. of load and packed

,-recovery system

11-20 ~ F10.0 MP my ‘mass of parachute
21-30 _ F10.0 MLS ﬁi‘ ~ mass of suspension lines
31-40 - F10.0 MR ‘m§§- mass of risers
41-50 ~ F10.0 MRX ‘ﬁg- ~mass of riser extensions.
51-60 F10.0 MBR m,, ~ mass of load bridle
61-70 F10.0 ML my mass of load
l 1-10 ‘F10.0 X1 =N reference distance from
; canopy skirt to suspen-.
sion line center of mass
in fully inflated con-
figuration i
11-20 F10.0 X2 S, ~ reference distance from

canopy skirt to riser
center of mass in fully -
inflated configuration
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TABLE XX (CONT.)
Input Data for Static Line System

Card Column - Format

Number Number Representation Mnemondic Symbol  Comments |
21-30 ~  F10.0 X3 83 reference distance from

= canopy skirt to riser
extension center of mass
in fully inflated con-=
figuration

31-40 F10.0 X4 s) reference distance from
: B canopy skirt to load ‘
bridle center of mass
in fully inflated con-

figuration
h41-50 F10.0 X5 s reference distance from
2 canopy skirt to load

center of mass in full%:
inflated configuration

51-60 - F10.0 17 ‘ I, moment of inertia about
N7z} Z-axis due to masses of
ile load, parachute, and
; {xz) suspension system
61-70 F10.0 ; TAZO I, apparent moment of
o Z)O inertia about Z-axis at .
; o N : mean sea level
5  1-10 F10.0 - DN@T D, nominal diameter
11-20 F10.0 , LSS LS + LR
21-30 F10.0 ; Chp CD , drag coefficient of
: P parachute based on

projected area
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TABLE XX (CONT.)
Input Data for Static Line System

Card Column Format

Number Number Representation Mnemonic Symbol Comments
31-40 F10.0 CDSL CySye, drag area of load
41-50 F10.0 Ql ,ﬁélDﬁ ratio of reference dis-
tance from canopy skirt
to parachute center of
volume in fully. 1nflated
L : ‘ condition to Dy,
51-60 ~ F10.0 Q2 wD.,NWW,ZDO projected dlameter ratio
Pmax in fully inflated con-
. figuration
61-70 © F10.0 VOLUME Y ~ volume of fully inflated
P— ' ‘ parachute.
6 1 Il N | number of degrees of
~ freedom :
2-10 : 19 . NNN number of steps used to
' ' : - approximate inflation
stages in @PENING
11-20 F10.0 DT1 At - At in EXTRACT
21-30 F10.0 - DT2 At At in SNATCH ~
31-4o - F10.0 DT3 At At in PPENING, M¢T1¢N
41-45 - I5 © NINT " number of calculations
- - ' made without print; if
£ 0 suppresses continuous
output
7 1-10 F10.0 ETA(1l) ™y allowable absolute error

in integration for U
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TABLE XX (CONT.)

Input Data for Static Line System

Card Column

- Format

1 these cards are re
allowed, i.e. N =

guired in place of card 7 when six degrees of freedom are . . ...

.Number' Numbe Repres¢n§ation Mnemon;c Symbol Comments
11-20 F10.0 ETA(2) U allowable absolute error
o 3 : - ‘ in integration for W
21-30 Fl0.0 ETA(3) M3 allowable absolute error
- ‘ . ' , : in integration for Q
31-40 v F10;O ‘ ETA(4) Ny allowable absolute error:
g S o in integration for ©
41-50 F10.0 ETA(5) W\5 allowable absolute error
R L ' » in integration for x
51-60 F10.0 ~ ETA(6) Mg allowable absolute error
L in integration for z
7a T 1-10 F10.0 ETA(1) mq allowable absolute error
. : v in integration for U
11-20 F10.0 ETA(2) Mo, - allowable absolute error
S in integration for V
21-30 F10.0 ETA(3) /h3 allowable absolute error
o in integration for W

#
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TABLE XX (CONT.)
Input Data for Static Line System

Card Column . Format

Number Number Representation lnemonic kSymbol Comments 7 :
31-40 F10.0 ~ ETA(4) My - allowable absolute error
‘ v in integration for P
41-50 F10.0 ETA(5) M 5 - allowable absolute error
e - in integration for Q ‘
51-60 - F10.0 ETA(6) Mg allowable absolute error
S L in integration for R
To ' 1200 F10.0 ETA(T) M 7 allowable absolute error
g . S R . in integration for © ‘
11-20 - F10.0 - ETA(8) Mg allowable absolute error
. SRt ' B in integration for @
21-30 - F10.0 ETA(9) M allowable absolute error
: _ e 9 - in integration for ¢
31-40 F10.0 ETA(10) ™M, allowable absolute error
‘ _ : in integration for x
41-50 - Fl0.0 - ETA(31) My allowable absolute error
’ ‘ ‘ : - 1n integration for y -
51-60 ~ F10.0 ETA(12) My, allowable absolute error
, in integration for z
1

these cards are required in place of card 7 when six degrees of freedom are
allowed, i.e. N = 6
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TABLE XX (CONT.)
Input Data for Static Line System

Card

Column

Format

Number Number Representation Mnemonic Symbol Commegts ‘
8 1-10 - F10.0 PCTERR —E allowable relative error
~ b in integration
9 1-2 L I2 ISTATIC -1
L 3-4 I2 IEXTRAC 0
10 1-10  F10.0 LSTATIC  L,...;.  length of static line
11-20 F10.0 ‘CDSBAG - QDSB” drag area of main para-
' chute deployment bag
21-30 F10.0 CDSP CpSpitor O
31-40 F10.0 DPILAT Bspiiot - ©
41-50 F10.0 LSPIIPT Ly 10t O
51-60 F10.0 D - 0
61-70 F10.0 LRXBR Lp + Ly, |
11 1 T1 NREEF number of reefing lines
1la = 1-10 FL0.0 RO 5 initial reefing ratio
11-20 - F10.0 R1 ‘Ri final reefing ratio
21-30 FlQ.Qg TCD Cop reefing cutter delay

time

° required only when NREEF # O; must have NREEF cards of type 1lla
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Input Data for Static Line System

TABLE XX (CONT.)

Columh‘

Card Format ' .
Number Number Representation Mnemonlc Symbol Comments
12 1-10 F10.0 TSTPP toto number of seconds after
i ‘ P full inflation when sim-
, ulation 1s to terminate -
11-20 F10.0 ZST@P Zstop altitude loss at which

simulation is to terminate
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Input Data for Static .

TABLE XXT

Line Deployed Pilot Chute System

Card Column Format .
Number Number Representation Mnemonic Symbol Comments
1-8 ; see Table XX
9 1-2 12 ISTATIC -1
3=4 I2 IEXTRAC ¢) : i
10 1-10 F10.0 LSTATIC«~WMLstatic static line 1ength:A‘j;
11-20 F10.0 CDSBAG QCDSB, , drag area of main para-=
‘ : chute deployment bag
21-30 F10.0 CDSP “CDSBTTSE drag area of pilot chute
31-40 F10.0 DPILOT Dy pilor rlat diameter of pilot
' P chute
41-50 F10.0 LSPILOT L. 470t length of suspension
o P lines of pilot chute -
51-60 F10.0 TD ’tD time at which coasting
o : : period ends; if no coast-
ing period,= O
1 61-70  F10.0 ~ LRXBR 0
11 1-10 - F10.0 - MPBAG M mass of pilot parachute
‘ s and main parachute de-
ployment bag '
11-20 F10.0 Cbhbs2 'CDSII drag area o; pilot chute

and main parachute de-
ployment bag
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TABLE XXI (CONT.)
Input Data for Static Line Deployed Pilot Chute System

Card Column Format

Number Number Representation Mnemonic — Symbol Comments
21-30 - F10.0 _ K - e spring constant of sus-
_ 7 pension system
31-L0 - F10.0 LRXBR ‘ o Igt Iy |
12 1 I1 NREEF number of reefing lines
12al  1-10 F10.0 RO R, initial reefing ratio
11-20 F10.0 R1 Rl final reefing ratio
21-30 - F10.0 TCD top ‘reefing cutter delay
: time
13 1-10 F10.0 TSTPP toio number of seconds after
‘ P full inflation when sim-
} ulation is to terminate
11-20 ~ F10.0 ZST@P Zg top altitude loss at which

simulation is to terminate

1 required only when NREEF # O; must have NREEF cards of type 12a
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_ TABLE XXII
Input Data for Extraction Parachute System

Card Column Format .
Number Number Representation Mnemonlc Symbol Comments
1-8 : o ‘ see Table XX
9 1-2 12 ISTATIC +1
- 3-h I2 IEXTRAC 0
10 1-10 F10.0 LENGTH L distance load travels
' in aircraft ’ :
11-20 ~ F10.0 CDSBAG CpSy drag area of main para-
‘ ' - chute deployment bag
21-30 F10.0 CDSEX CpSex drag area of extraction
parachute
31-40 F10.0 TD oty ~ time at which coasting
. : period ends; if no
coasting period,= O
11 1-10 F10.0 MPBAG m 1w mass of extraction para-
o - ) P chute and main parachute
g : . deployment bag i
11-20 F10.0 CDs2 CDSII drag area of extraction

parachute and maln para-
- chute deployment bag

21-30 F10.0 K T k. sprlng constant of sus-
. o pension system

31-40 F10.0 LRXBR _ Ly + Ly,
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TABLE XXII (CONT.)
Input Data for Extraction Parachute System

Column

Format

Card : f o
Number Number  Representation Mnemonlc Symbol kComments
12 1 - I1 NREEF ~number of reefing lines
122t 1-10 F10.0 RO R, initial reefing ratio
11-20 F10.0 R1 Ry final reefing ratio
21-30 F10.0 TCD tCD reefing cutter delay
: time '
13 1-10 'F10.0. TSTEP beto number of seconds after
b full inflation when sim-
‘ ulation is to be ter-
minated - '
11-20 . F10.0 ZST@P Z g top altitude loss at which

simulation 1s to be
terminated.

L required only when NREEF # O; must have NREEF cards of type 1l2a
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TABLE XXTIIT
‘Input. Data for Reefed Main Parachute Extraction System

card  Column Format

Number Number Representation Mnemonlc Symbol Comménts
-8 | ' ~ see Table XX
9 1-2 12 ISTATIC +1
| 3-4 - I2 - IEXTRAC | +1 o
10  1-10 -~ F10.0 R Rgy reefing ratio of main
R parachute during ex-
_ , traction ;
11-20 F10.0 ~ LENGTH L aistance load travels
£1-30 F10.0 TD by time at which coasting
I ‘ , , period ends; 1f no coast—
7 ing period, = O :
11 1 1 NREEF number of reefing lines’
121 1-10 F10.0 - RO ' Ro initial reefing ratio
11=20 F10.0 Rl Rl final reefing ratio
21-30 F10.0 TCD top reefing cutter delay time

13 - 1-10 ~ Fl10.0 TSTGP number of seconds after
‘ , : ; full inflation when sim-

) ulation is to terminate
11-20 F10.0 - zsTdP - 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 computér 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

DT1 = 0.001

DT2 = 0,001

DT3 = 0,001

NINT = 50 (determines print increments)

ETA(1) = 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
The above values were chosen after experimentation with a

I

i

]

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 SYSTEM(DEPLOYMENT) == T=10(STATIC LINE)

TRAJECTORY SIMULATION==T=0y2%0 1S RELEASE POINT

RELEASE CONDITIONS
ALTITUDE= 6000 FT
VELOCITY=s 22000 FT/SEC

MASSES~=5 UGS
TOTAL SYSTEM= Be343
LOAD= T.770
PARACHUTE= 0364
SUSP. LINES= « 078
RISERS= «031
RISER EXTENSIONS= 0
LOAD BRIDLES. o
INCLUDED= 7.889(SEA LEVEL) 6.574( 6000, FT)
APPARENT= 2+.958B(SEA LEVEL) 20465( 6000, FT)

REFERENCE DISTANCES FROM SKIRT== FT

xls 11,520
Xe= 244170
x3= 0
X4= 0
X5= 27.800

MOMs/PROD. INERTIA==S| UG FT##2

CTXX= 3339.500(SEA LEVEL) 29944494 ( 6000, FT)
1YY3 © 1 3339,500(SEA LEVEL) 29944494 ( 6000, FT)
12Z= D (SEA LEVEL) 0( 6000, FT)
IX2= 0(SEA LEVEL) 0( 6000, FT)

DIMENSIONS== FT

DNOT® 35.000 :
sUSP, SYSTEM= 28,000
L1= 16.689(SEA LEVEL) 15.291( 6000« FT)
L2= 15,766 (SEA LEVEL) =17.164( 6000, FT)
L3= 23.889(SEA LEVEL) 22.491( 6000+ FT)
YC/DNDT= 0133
- DP/DNOT= '686
VOLUME= ~ 3317.500 FT##3
PARACHUTE CDP= 1.487
LOAD DRAG AREA®: ° 64000 FTne2
3

DEGREES OF FREE: DOM=

STATIC LINE=: 15,000 FT
PARACHUTE PACK DRAG AREA=. ¢330 FT#e2

FIG 31 Sample Output for the T-10 Parachute with Static
Line System
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TIME

(SEC)

.05
.10
.15

TIME
(SEC)

1.76

ALTITUDE SYSTEM

ANGLE
(FT) (DEG)
5999,96 89,58
5999, 84 89.16
5999 .64 88,73
9 :
T
5998,58 87.43
5998407 86.99
5997.49 86454
£996,83 86410
5996,n9 85,65
5995, 28, 85,19
§994,40 . Ba.T4
5993, 44 84.28
5992,41 83.82
5991431 83.36
5990413 82.89
5988, 89 82442
5987457 8].95
5986418 81,48
5984, 72 81400
5983.20 80.53
5981.60 83005
5979,93 79,56
5978,2¢ 79.08
5976440 78,59
5574.53 78.11
5972,.59 77.62
5970459 77413
5968, 52 T6e64
5966, 38 76414
5964,18 75,65
5961.91 75,15

5959,58 T4.66

CoMe TRAJ,
. ANGLE
(DEG)

89,58
89,16
88,73
89:38
87.43
86,99
86.54
86,10
85,65
B5,19
B4,28
83,82
83.36
82.89
82442
81.95
Bl.48
81.00
80453
80405
79.56
79,08
78,59
78411
TTeb2
7713
76.66
76416
75465
75,15
Taea66

STATIC LINE STRETCH ,
PARACHUTE/PILOT CHUTE DEPLOYMENT

AL TITUDE SYSTEM

ANGLE
(FT) (DESG)
5954,18 73,53

‘C-Mo TRAJ.

ANGLE:
(DEG)

73.93

10,96
21.82
32460
43.59
53,90
64042
T486
85.22
95.49
105469
115,81
125.86

- 135.83

14572
155454
165.29
17497
184457
194411
203.58
212.98
222431
23158
240478

249492

258,99
268,00
276495
285484
294,66
303443
312414
320.78

339,80

CeMe POSITION

(FT)
Y

TIME{SEC) ANGLE (DEG)

+81
168

CeMe POSITION

{(FT)
Y

82.77
74435

45,82

TOTAL

218,20

- 216444

214.73
511:4

209.81
208,24
206471
205.22
203,77
202.34
20096
199,60
198.28
196499
195.73
194451
193431
192415
191.01
189,90
188,83
187,78
186,76
184,80
183.86
182.94
182.05
181.19
180,35
179,56
178,75

X(FT)
167,81
326412

TOTAL

163,54

CeMe VELOCITY

(FT/SEC)
X

218,20
216442
214467
o9
51%.22
209.59
207.95
206434
204475
203.18
201.63
200,11
198,61
197,13
195.67
194.23
192.8]1
191.41
190.02
188.66
187,31
185,98
184,67
183,37
182,09
180,83
179.58°
178434
17712
175.92
174,72
173.54
172.38

Y

1,60
3.19
4,77
be
7088
9442
10.95
12.47
13.97
15047
16.95
18.‘3
19.89
21435
22.79
24e22
25.65
27407
2Be47
29.87
31426
32464
34401
35,38
36073
38,08
39.42
40475
42,08
43,39
§4.79
46400

47430

Z(FT) VELOCITY(FT/SEC)

10.18
41.90

195,41

178.27

CeMe VELOCITY

(FT/SEC)
X

156,82

Y

46,37

CeMe
ACCELERATION
(FT/SEC/SEC)
TOTAL

CeMe

" ACCELERATION

(FT/SEC/SEC)
TOTAL

=212441
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1.85
1,93
2.01
2.09
2.18
2.26
2,34
2.42
2,50
2.59
2,67
2.75
2.83
2.92
3.00
3.08
3.16
3,25
3.33

NOTE== POSITIONSsVELOCITIES+ACCELERATIONSyTRAJe ANGLES REFER TO LOADs PREVIOUS RESULTS ARE FOR MASS CENTER

TIME

(SEC)

3,61
4,09
4,60
5,24
6,27
T7.55
8,19
8,87
9,34
10,30
10,87
11,39
12,15
13,24
14,01
14,78
15,80
16,31
16,95
17.72
1R, 68
19.26

5950,46
5947,.02
5943,88
5941.03
5938,43
5936,04
5933,84
5931,79
5929,86
5928.02
5926,28
5924,59
5922,97
5921.39
5919.85
5918,35
5916,87
5915,.42
5913.99

ALTITUD
C(FT)

8R95,33
S8BT .29
5883,53
8§877,01
58%2.81

. 5829.61

5816,78
5806,18
BT84 4,40
5766 ,66
5755.32
5741,64
5720.80
5700.97
5683,.22
8662,66
Ska2. 1
5632,.23
561613
§595,87
$577.73
5565,.99

72‘67

T1.74

70,73
69,60
68,35
66,97
65,46
63,82
62,04
60,15
58,15
56406
53,89
51.66
49,39
47,10
44,8]
42,54
40,30

FULLI OR REEFED INFLATION

E SYSTEM
ANGLE
(DEG)

2‘ L] 3“
4411
28,2}
=39,67
~13.64
39,08
. 31.69
2.88
'31-87
=36,.,88
-28,01
.08
33,63
30,57
6.18
-27.93
=33.91
=25457
-,23

28,32

372.03

72,67
T1.74
70,73
69,60
68,35
66,97
65,46
63,82
62,04
60,15
58,15
56,06
53,89
51,66
49,39
47.10
44'91
42,54
40430

LOAD TRAJ.
ANGLE
(NEG)

=-15,89
48,48
=35,24
28,44
47.25
38.24
T =701
-22.23
=44 ,87
=30,57
8,53
27,12
47,02
19,55
-20,86
42,46
=33,05%
o34
25,93
44,60
27,18
7,48

352,13
362.93
372.24
380,21
3p7.02
392.87
397,91
402,28
406,09
409.43

412439

415.01
417,35
419445
421433

423,03

424,57
425,97
427.2%

436,69
431,55
426,95
428,44
447.46
478,77
481.65
478,74
463,81
445,47
443,73
448,44
464,63
483.76
482,18
468,68
448,81
446,00
450.42
465,19
482,00
483,73

49,54
52,98
56,12
58,97
61,57
63,96
66,16
68,21
70,14
71,98
73,72
75.41
77,03
78,61
80,15
81,65
83,13
84,58
86,01

145,22
126,42
109,04
93.88
81,08
70.43
61.64
54,39
48,39
43,41
39,26
35,79
32.87
30.41
28,31
26,53
25.01
23,70
22.57

TIME(SEC) ANGLE(DEG) X(FT)

3.33

'LOAD POSITION

(FT)
Y

40430

104.67
112,71
116,67
122,99
147,19
170,39
183,22
193,82
215,60
233,34
244,68
258,36
279,20
299,03
316,78
337.94
357,99
367,77
383,97
404,13
422,27
434 ._n1

427.24

TOTAL

23.41
16,37
7.50
18,25
7.7
19,94
25.27
31.89
34,24
19,18
23.88
32,45
33,60
19.51
29,41
33,71
20.41
21.83
30.86
31,95
20,06
?23.64

138,53

120,06

102,93
87,99
75b36
64,82
56,07
‘aoeo
42.74
37,65
33,35
29.69
26,56
23.85
21.50
19.44
17.62
16,02
14,60

ZAFT) VIFT/SEC)
86,01 22,57

LOAD VELODCITY

(FT/SEC)
X

=6,41
=12.26
-4,33
8,69
27,69
12.34
=-3.08
=12,07
24,16
=9,76
3.54
14,80
24,58
6453
=10.47
-22.76
=11.13
13
13.59
22.44
9,15
~3.u8

43,25
39.60
35,99
32.73
29.91
27.55
25.60
26,00
’22.68
2l.61
20,72
19,98
19,37
18,86
18,43
18,06
17.74
17,46
17,21

FMaX(L8)
1868,

22.52
10.85

6,12
16.064
25.60
15.66
25.08
29.52
24426
16,52
23.61
28,488
22,91
18,38
27,449
24.86
17410
21.82
27.76
22.75
17,86
23.44

«239,40
=234.05
'211.69
«183,70
«156,+32
132,22
~112.07
 «95,68
-82053
«72.07
«63,78
=57.22
«52.0¢
.47095
b4 ,T2
42420
«40.22
.38.68
«37,48

TF (SEC)
1465

LOAD
ACCELERATION
(FT/SEC/SEC)
TOTAL:

'35.6‘
=22.22
21,06
28446
16401
«26459
28.18
26038
=15.23
=24 446
26467
22404
13,77
24499
23,14
.13097
'21.77
24.80
20.03
=11433
=21,46
23.65
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19,77
20,54
21,50
22,07
22,59
23,35
24,38
25,05
25,56
26,20
27,23
27,87

28,25

29,02
35,04
36,62
31,13
31,%0
32,95
33,59
33,98
34,75
35,83
36,41
36,92
37.69
38,91
39,67
40,44
41,21
41,91
42,68
43,45
44 22
45,11
46,14
46,91

47,86

48,57
49 34
50,11
51,13
51,90
52,79
53,50
56,01

55,03

55,80
56.57
57,59
58,36
59.13
60'41
61,18
62,46
63,23
63,99
64,76
66,04
66,81
67,83
68,60
69,37
70,14
71,67
12 44

5552,81
5533,04
5514,76¢
5502,91
5489,90
5470 ,464
5450,76
5436 ,32
5423,10
5407,38
5387,57

5373,86

5364,21
.5345,26

5325,16

5313,14
5300,61
5281 ,99
5261,.14

'5247,50

5238,17
5219,74
5198,00
5185,89
5173,71
5155,71
5131,33
5114,26
5096 ,23
5080,27
S066,16
5049.03
§n31,45
5015,61
4997,.15
4974,02
4957,66

 4939,29

4922,59
4905,55
4889 .45
4867,98
4851,19

4B32,20

4817,91
4807,15
4785,22
4769 81
4754,55
4733,97
4718,97
4703,59
4677,09
4661,98
4636,79
“621076
4606,71
4591,11
4565,16
4550,17
4530,08
4515,10
4500,01
4484,47
4453,73
«638.76

710
9,03

«7,75
4,47
2.69
- T.38
6,13
-4 ,07
-7,38
-3,30
2."1
6,29
4,87
«5,14
wb_.10

'25.99
-43,78
=-25,61
T.57
25,78
42,89
21,38
=13,62
-29,42
=42,08

 =19,87

12,31
24,76
.21,33
-7,55
24,70
=39,85
-18,66
11,1¢
23,32
38,41
18,67
=7,81
-24,08
«37,42
=10,19
19,09
34,66
31.18
6s.42

*20q33'

-33,58
-27,77
2,86
28,53
29,98
9,00

-14.34

=26,84
=24 ,42
=3,98
8,18
6.11
-8,65
-19.52
=31,98
«28,61
=-14,67
=3,13
=9,02
-21,23
«31,9%
26,92
=-8,67
7,94
=15,86
-25,20
=29,52
21,83
-10.23
=10,1%

-17,22

=25,00
=26,29

=18.24

479,49
465,16
449,08
447447
451,63
465,48
481,57
482,064
476,64
464,96
449,63

469,11

482,44
465,20
480,48
481,75
477,92
465,60
450,79
450,17
453,14
464,69
479,53
480,51
476,86
465,60
451,31
453,16
462,77
473,94
479,19
476,63
467,20
457,07
452,56
460,06
469,83
477,02
476,02
469,23
461,02
455,33
456,14
459,18
458,97
456,22
445,04
435,60
429,40
426,76

"250‘3 |
421,23
407,06

398,21
390,33
388,42
385,42
379,48
365,12
357,72
352,18
349,69
346,11
340,04

323,83
317.62

647,19
466,96
485 26
497,09
510,10
529,56
549,24
563,68
576,90
592,62
612,43
626,14
635,79
654,74
674,84
686,86
699,139
718,01
738,86
752,50
761,83
780,26
802,00
814,11
826,29
844,29
868,67
885,74
903,77
919,73
933,84
950,97
968,55
984,39
1002,85
1025,98
1042,34
1060,71
1077,41
1094 .45
1110,55
1132,02
1148,81

1167,80

1182,09
1192,85
1214,78
1230,19
1245,45
1266,03
1281,03
1296,61
1322,91
1338,02
1363,21
1378,24
1393,29

" 1408,89

1434 84

1449,83

1669 ,92
1484 ,90
1459 ,99
1515,53
1546,27

1561 .26

30.34
31,13
20.17
23,53
29,75
30,48
20015
25.18
30.20
29.71
20425
24,58
28,48
29,34
20,47
23.17
27,97
28,63
20451
23,83
27.10
28,15
20,67
22.88
26,76
27,25
20,74
25,12
27,06
23.18
20.97
24494
26,07
21,73
25.45
23,59
21,27
23,05
24,25
22,58
21,63
22.12
20,46
20,82
22,73
24,45
22,41
20,83
19,75
19,81
22,07
23,70
21.82
19,97
19,61

20,69

22,78
22,59

21.02

19.92
19.78
20,86
22,53
21.75

L. 20.57

«13,30
=21.54
-8,72
3.10
12,94
20.75
7,34
-5,93
=14.83
-19-90
-6,88
5,24
11,93
19.18
T.45
-3,04
-11063
=18,35
=6,57
4,59
10673
17,49
6,55
=3,11
«10,91
=16,56
w3 67
. 8,22
15,39
12,00
2.34
-8,66

=14,42

=10,56
1,08
12(16

! 11;79

3.;3
-5.71
'10095
9,34

27.28
22,48
18,19
23.33

26,79

22434

18,76
26,07

26.30

22006

19,04
24402
25,86
22.20

219,07
122497

25,41
21.98
19,44
23,38
244,89
22.06
19,60
224,67
24,44
21,64
20,41
23.7‘
22.26
19,84
20+84

23,38

21,72
20,05
21,71
22,36
20,43
21,00
22,33
21,66
20,56
21.58
21.90
20,36
20,58
21,43
20,74
19,67
20015
19,72

19,56
20457

20,11

.19,46
19,74

19,44
19,90
20,61
19,66
19,51

19,60
‘19447

19,92
20,62
19,50

-19.83

18.89
=10.25 "
«20,54

22469

17,99
"9133
=20.13
20482

15.55

»8,40
=19,37
vQOmll

16452

-7.76
«18,38

19,52

15.60

=690
=17.79

18,09

1513
. =6e30
=16,91

17.42

13,82

=5,28

16,59

54.35»

Q5073
=10420 -

-15.68

12070
4419
=9.78
14424
6439
-5065
‘12.11
10,53
*3,47
=5,76
T.81
3.81
«5,65
" B480
8,56
.2.‘2
" m=5,864
7417
"1002
5409
- 6478
=1,62
«5,45
.3.25
1480
Se40
4o74

.2011

‘o518

T wRe37

1.85
‘.50
3.81
»3,43
o4a26_
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29n,04
294,55
291 .07

292,99

293,11
294 14
295,16
296,19
297,21
299,26
300,28

- 301,32

302,32
303.35
305,40

305,71

288,93
279,47
270451
?51.10
232,¢2¢
213.3¢0
194 ,4¢
175,51
156463
11R.R8
160,01
R1,16
62,29
43,44
%75
o0

-e3n
'¢32
=32
’.30
-.?26
=28
-e?9
-e32
=31
=e25
-.27
=33
=31
=29
-e2h
-e27

-20,21
=-20.18
=23.15

=20,10

-20,11
20,17
“25421

=201 R

-2n,12

“20.14

-2:1419
=2i1419
=20.15
=-2¢.11
-20a17
«20.1%

=-1201,74
=1205%.22
=12084+69
~1215,67
=-1222,53
=-1229,46
=1236441
=1243436
~1250.29
- =1264411
=1271,04
=1277.98
=12R84.91
-1291.81
-1305+62
=1307.74

TIME(SEC) aLTITUDE(FT)

1 VERTICAL/MINIMUM
2 VERTTICAL/MTNIMUM
3 VERTICAL/MINIMUM

3.99 S888,.44
6.52 SR46,66
3.34 STR4e 40

§711,07
5720,52
5729,99
5748 ,90
5767,80
5786,70
5805,6n0
5824 ,49
5R43,37
S8R1 .17
5R99,99
5918 ,B6
5937.71
59%0,56
58994, 2%
6000,00

XAFT) Z(FT)
432,74 111,56
454,86 153,34
463,81 215.60

19,68
19.68°
19.67
19,66
19.65%
19,66
19.66
19.64
19.63
19.63
19,63
19,62
19.61
1960
19.60
19.60

VIFT/SEC)
18.04
37.00
364,24

=-6,80
=6,79
=-6.78
-6,75
6,76
-6.78
=6,79
=6.78
=6,75
=6.76
=6.78
=6.77
=675
-6.74
=6.76
=6.76

VX(FT/SEC) VZI(FT/SEC)
~12,42 13,
29.60 . 22.20
=24016 24426

18,47

'.01
18,47 ~a02
18.46 =03
18,46 -a01
18,405 - =Dl
18,45 02
18,45 -a01
184446 .02
18.43 0?2
18043 '001
18,42 01
18,41 =01
18441 -.02
18440 =01
18.39 e01
18,39 =01
A(FT/SEC/SEC)
24,60
«16.26 -
'15'23



!

PARACHUTE=LOAD svsrsm(bEPtovMENT)-{as-lzntsrATIC LINE ¢ PILOT CHUTE) |

TRAJECTORY SIMULATION=«T=045730 1S RELEASE POINT

RELEASE CONDITIONS
ALTITUDE=
VELOCITY=

6000, FT
220400 FY/SEC

MASSESm=5 UGS

TOTAL SYSTEM= 72,870

LLOAD= 68,386

PARACHUTE= 24383 ‘
SUSP, LINES= 867

RISERS= a147

RISER EXTENSIONS= 280

ILOAD BRIDLE= 9 ‘

INCLUDEDE  41.143(SEA LEVEL) 3442870 6000, FT)

APPARENT= 150429 (5EA LEVEL) 12.858( 6000, FT)

REFERENCE DISTANCES FROM SKIRT== FT

x1= 23,750
x2= 504000

X 3= 0
X4= 560230
x5= 57.219

MOM./PROD, INERTIA==SLUG FT##2

TXX=2 B4525.147 (SEA LEVEL) 74577.364( 5000 FT)
1YY= 845254147 (SEA LEVEL) T4577.364( 6000e FT)
122= C0(SEA LEVEL) 0( 000 FT)
IXZ= . D(SEA LEVEL) 0( 6000, FT)

DIMENSIONS== FT

ONOT= 64000
SUSP, SYSTEM= 564420 _
Li= 25¢57B(SEA LEVEL) 23:006( 6000 FT)
L2= =39.8B8(SEA LEVEL) ~42,460(  6000s FT)
1.3= 32,368 (SEA LEVEL) 29,795( 4000, FT)
YC/DNOT= 129
DP/DNOT= 0648
VOLUME=  17301.500 FT##3
PARACHUTE CDPs= . le786
LOAD DRAG AREA= 18,900 FT##2
DEGREES OF FREE DOMe= 3
STATIC LINE= 15,000 FT

PARACHUTE PACK DRAG AREA= . 7,146 FT#e2

FIG 32 Sample Qutput for the'GQIZDlCargoyParachute with
Static Line Deployed Pilot Chute System

204
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TIME

(SEC)

1,10

1.20
1,25
1,30
1,35

alLTITUD

(FT)

5999,96
5999, 64
5999, 64
5999 ,36
5999,951
5998,57
R998, 05
5997 .46
5996,79
5996,04
5995,21
5994 ,31
5993,33
5992,27
5991,13
5989,92
59138 64
5987,28
5985,84
5984 ,33
5982,74
5981,08
5979,34
§977,53
§975,.65
5973,7¢0
§971,.,67

PILDT CHUTE
DRAG AREA=
DIAMETER=

SUSP. LINES=

18,870 FTaep
5.660 FT

16750 FT

TIME OF PILOT CHUTE RELEASE=

E SYSTEM CeMe TRAJS

ANGLE
(DEG)

89,58
89,16
88,74
88,31
87,89
87,46
87,03
86,60
86,17
85,74
85,30
84,87
84,43
84,00
83,56
83,12
82,68
82,24
81,81
81,36
80,92
83,48
B80.03
79,59
79,15
78.70
78,26

ANGLE
(DEG)

89,58

89,16

88,74
88,31
87,89
87,45
87,03
86,60
86,17
85,74
85,30
84,87
84,43
84,00
83,56
83,12
82,68
82.24
81,80
81,36
80,92
80,48
80,03
79,59
79.15
78,70
78.26

STATIC LINE STRETCH ;
PARACHUTE/PILOT CHUTE DEPLOYMENT

PARACHUTE PACK MASS=

PARACHUTE PACK AND PILOT/EXTRACTION CHUTE DRAG AREA®

SPRING CONSTANT=

10,98
21,92
32.81
43,66
54,47
65,24
75,97
86,66
97,31
107,91
118,48
129.01
139,50
149,95
160436
170,73
181,07
191,36
201.62
211,84
222.02
232,17
242,28
252,35
262,39
272.39
282,36

303 SLUG

4777,000 | B/FT
LENGTH OF RISERSs EXTENSIONS AND LOAD BRIDLE=

0 SEC

CeMe POSITION

(FT)
Y

TIME (SEC) ANGLE (DEG)

92
136

W06
16
.36
.64
.99
1,643
1,95
2,54
3,21
3,96
4,79
5,69
6,67
7.73
8,87
10,08
11,36
12,72
14,16
15,67
17,26
18,92
20,66
22,47
24,35
26,30
28,33

82.06
78413

8,000 5T

TOTAL

219.15
218,32
217,51
216,72
215,94
215,18
214,464
213,72
213,02
212.33
211,66
211.00
210,37
209,75
209.15
208,56
207,99
207,44
206,90
206,38
205,87
205,38
204,91
204445
204,01
203,58
203,17

CXAFT)
195,68
28534

25016 FTH#®2

CeMe VELOCI

(FT/SEC)
X

219.15
218.30
217,46
216,62
215,79
214,97
214,16
213.35
212.54¢
211,74
210,95
210.16
209,38
208,60
207,83
207,06
206,30
205,54
204,78
204,04
203,29
202,55
201.82
201,09
200,36
199,64
198,92

TY

Y

1.61

3,20

4,80

6,38

T7.97

9,54
11,11
12,67
14,23
15,78
17,33
18,87
20,40
21.93
23,46
24,98
26,49
28,00
29,50
31,00
32,49
33,98
35,46
36,94
38,41
39.88
41.34

ZAFT) VELOCITY(FT/SEC)

28496

207.2
20305

CeMe
ACCELERATION
(FT/SEC/SEC)
TOTAL
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TIME

(SEC)

1,41
1,46
1,51
1,56
1,61
1,66
1,71
1,76
1,81
1,86
1,91
1,96

2,01

2506
2,11
2,16
2,21
2,26
2,31
2,36
2,41
2,46
2,51

TIME

(SEC)

2,61

2,69
2.78
2,86
2.94
3,02
3.10

ALTITUDE S
(FT)

'5968,92

5966,72
5964 ,44
5962,09
5959,67

. §957,18

§954,61
5651.96
5949,25
5946,46
8943,60
5940,67
5937,66
5934,58
5931,43
5928,21
§924,92
§921,56
5918,22
5914,84
5911,42
5907.,98
5904.50

" SNATCH

__SNATCH FORCEs
" ..SNATCH VELOCITY= 197,294 FT/SEC

ALTITUDE s
(FT)

5897,78
5892,19
5886 ,83
5881, 74
5876,96
5872,48
5868,29

YSTEM
ANGLE
(DEG)

77.68
77,24
76.80
76,35
75.51
75,47
75,03
74,58
T4,16
73,71
73,27
72,83
72,39
71,95
71,52
71,09
70,65
70,22
69,78
69,33
68,88
68,43
67497

YSTEM
ANGLE
({DEG)

67,09
66,33
65,54
64,71
63,84
62,91
61.93

CeMs TRAJ,
ANBLE
(DEG)

- 17.68
77,24
76,80
76.35
75,91
75447
75,03
74,58
T4,14
73,71
73,27
72,83
72,39
71.95
71,52
71,09
70,65
70.22
69,78
69,33
68,88
68,43
67,97

8293, LB

CeMe TRAVJ.
ANGLE:
(DEG)

67,09
66.33
65.54
64,71
63,84
62,91
61.93

295.26
305.15
315,02
324,86
334,67
344,46
354,22
363,95

CeMe POSITION

(FT)
Y

373,66 -

383,34
392,99
402,62
412,22
421,79
431,34
440,86
450,36
459,79
468,99
478,06
487,00
495,82
504,52

TIME (SEC) ANGLE (DEG)
2,25 78,31

520,82
533,86
545,92
556,93
566,90
575.88
583,95

CeMs POSITION

(FT)
Y

31,08
33,28
35,56
37,91
40,33
42,82
45,39
48,04
50,75
53,54
56,40
59,33
62,34
65,42
68,57
71,79
75,08
78,44

81,78

85,16
88,58
92,02,
95,50

102,22
107,81
113,17
118,26
123,04
127,52
131,71

X(FT)
457,94

TOTAL

202.83 - -
202462
202.42
202.24%
202407
201.91
201,77
201564
201,52
201,41
201,32
201,24
201,17
201,11
201,07
201,03
201,01
196,84
194,61
192,46
190,38
188,37
1B6442

Z(FT)
T7.77

TOTAL

176,90
165.44
152.66

. 139,55

126.82
114.92
104406

CeMe VELOCITY

(FT/SEC)
X Y

198,16
197,61
197.07
196,53
195,99
195445
194,92
194,38
193,8%
193,32
192,79
102,27
181,74
191.22
190,70
190,18
189,66
185,22
182,62
180,07
177459
175,17
172.81

VELOCITY1 (FT/SEC)
) 201,00

CsMs VELOCITY

 (FT/SEC)
X Y

162,94
151,52
138,96
126,18
113.83
102431

91.82

C.M'
ACCELERATION
(FT/SEC/SEC)
z TOTAL
43,27
44,76
46,24
7,72
49,19
50.67
52,13
53,60
55,06
56,51
57,96
59,41
60,86
62.30
63,73
65,17
66459
66,62
67,28
67,94
68,60
69,26
69,92
VELOCLITYR2(FT/SEC)
38.92
CeMe
ACCELERATION
(FT/SEC/SEC)
r4 <~ TOTAL
68,86 »136,00
66.42 -160.76
63.21 '171093
5%9.61 *1T72434
55.91 »165.50
52432 =154451
48,97 14170
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3,19 5864,36 60,88 60,88 591.19 135,64 94,32 82.%0 45,91 «128,57

3,27 860,67 59,76 59,76 597,69 139,33 85,68 74,02 43,15 «116,05
3.35 5857,21 58,58 58,58 603.53 142,79 78407 66462 40470 104459
3,43 5853,93 57.32 57,32 608,79 146,07 71,38 60,09 38,54 =94,38
3,52 850,82 56401 56,01 613,54 149,18 65,53 54,33 © 36,63 «85,45
3,60 §847,.87 54463 56,63 617,84 152,13 60.40 49.25 34,96 aT7eT1
3,68 5845,04 53,20 53,20 621,74 154,96 55,90 46,76 33,48 «71,07
3,76 5842,33 = S51.72 51,72 625,29 157,67 51,96 40,78 32.19 65,40
3,85 839,72 50,19 50619 628,52 160,28 48,49 37.25 31,04 «60,57
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 31l.28 29414 «53,402
4,09 5832.39 45,42 45,42 636,68 167.61 40437 28076 28,34 «50409
4,17 830,08 43,79 43,79 638,97 169,92 38,27 ‘26448 27.62 «47,62
: TIME (SEC) ANGLE(DEG) X(FT) Z(FT) VIFT/SEC) FMAX(LB) jTF(Sé;;\\>

FULL OR REEFED INFLATION 4017 43,79 638,97 169492 38,27 11847, L le65

NOTE=~ POSITIONSsVELOCITIES,ACCELERATIONSsTRAJe ANGLES REFER TO _OADs PREVIOUS RESULTS ARE FOR MASS CENTER

TIME aLTITUDE SYSTEM  LOAD TRaJ, “ -L0AD POSITION LOAD VELOCITY L0aD

ANGLE ANGLE ACCELERATION

(SEC) (FT) (DEG) (DEG) (FT) ' (FT/SEC) (FT/SEC/SEC)
X Y z TOTAL X Y z TOTAL
4,39 5805,53 36,14 12,37 657,59 194,647 36407 T.73 35,23 =-39,83
4.9 5788,65 15,23 =15,45 657,18 211,35 26,84 -7,15 25,87 =25.,99
5,51 5777,00 =5,73 =29,53 651,96 223,00 17,69 -8,72 15,39 =-14,76
6,28 5766,62 24,69 11,18 649,22 233,38 164,76 2.86 164,46 20,31
7,05 5751.71 =-29,03 33,47 656,77 248 29 30.23 16,67 25,22 23,68
7.82 5728,39 -19,43 40,41 674,48 271,81 44,86 29.08 34,16 16410
8,71 5697,88 1.71 48,30 704,52 302,12 47.52 35,48 3l.62 8,73
9,48 5675,72 19,03 46,06 729,55 324,28 38,66 27.83 26,84 =16,61
10,41 5650,23 30,80 17,01 747,05 349,77 31.53 9,22 30,15 23.18
11,18 5624,05 28,73 =10,09 747,96 375,95 38,42 - mb6,T3 37.83 21.81
11,94 = 5593,62 16,53 «27.06 737.26 406,38 44,76 =20,36 39,85 15,02
12,71 5564,T8 -,90 =36,51 718,88 435,22 42,94 =-25,54 34,51 =9,29
13,86 5530,06 =24 ,38 =22,21 695,39 469,94 30.77 =11.,63 28,49 =19,62
14,63 5506,37 -29,08 6,78 692,45 493,63 34,27 4,05 34,03 22440
15,27 5482,81 -23,83 22.74 699,06 517.19 42,37 16,38 39,08 19,07
16,55 5634,17 . 2,07 40,16 730.61 565,83 44,18 28,50 33,77 «8,59
17,93 §393,05 26,31 19,05 760,03 606,95 31,17 10,17 29,46 «20,35
18,76 5365,83 27.50 -9,89 761.61 634,17 36.84 =6,33 36,29 21,10
19,53 §336,25 17,78 -26,55 751,39 . 663,75 44,12 =19,72 o 39.47 15.27
20,55 5298,47 «3,45 w38,05 726,35 701,53 42,22 -26,02 33.25 -8,24
21,77 5262,07 =24,51 =19,43 To2+33 737,93 31,08 =10,34 29.31 =19,13
22,54 5237,57 -27.11 T.30 T00.05 762,43 35,22 4,47 34,93 20,87
23,18 5213,77 =21,20 22,37 706,68 786,23 41,96 15,97 38,81 17.11
24,646 5166,37 3.32 38,65 736,26 833,63 42,01 25,90 33,08 «1,63
25,74 5127,96 . 24,17 18,20 . 761415 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 42,75 ~18,55 38,52 164,53
28,36 5034,91 =2,38 -36,94 729,46 965,09 41,59 -25,00 33,25 6,86

29.70 4594,31 23,46 =16,78 . 704,26 1005 .69 31.12 -8,98 29,79 -18,18
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170,92
171,43
171,94
172,46
172,97
173,99

174,50
175,902

175,53
176,04
177,06
177,58
178,09
178,60
179,11

180,14

180,65
181,16
181,67
182,18
183,2)
183,72
184,23
184,74
185,26
186,28
186,79
187,30
187, 82
188,33
189,35
18986
199,38
190,89
191,40
192,42
192,94
193,45
193, 8]

654,88
640,18
625.50
610,83
596,17
566,81
552,11
537,40
522,67
507.94

478,49

463,79
449,12

T 434,46

419,82
390,57
375,94
361,30
346,65

331,98

302.63
287,95
273,28
258.63
244,00
214,79
200.20
185,61
171,02
156,43
127.21
112,58

97,95

83,33

68,71

39,52
24.95
10,39

<00

=51

. $5
.32

.35

21.35
20489
20037
19,90
19l56
19,51
19,79
20,22
20,69
21,12
21.57
21.51
21,26
20.88
20,44
19,73
19,60
19,66
19,89
20,24
21,01
21,29
21,42
21,38
21,18

20,49

20,14
19,88

-19,78

19,79
20,25

20,59

20,92
21,16
21.28
21,11
20,85
20,54
20,32

TIME(SEC) ALTITUDE(FT)

1 VERTICAL/MINIMUM
2 VERTICAL/MINIMUM
3 VERTICAL/MINIMUM

1562443
1568411
1573,64
1579,01
1584,27
1594,63
1599,88
1605,23
1610.72
1616435
1627,88
-1633,69
1639,44
1645,08
1650,60
1661.27
1666,49
1671,71
1676,97
1682,32
1693,37
1699,05
1704,78
1710,53
1716.,23
1727.,35
1732,75
1738,05
1743,30
1748,54
1759,16
1764,61
1770.15
1775,78
1781,45
1792.80
1798,38
1803,88
1807,74

5.32 5780422
8.58 5702.00
12,58 5569,28

5345,12
5359,82
5374 ,50
5389,17
5403,83
5433,19
5447,89
5462,60
5477,33
5492,06
5521,51
5536,21
5550,88
5565,54
5589,18
5609,43
5624,06
5638,70
5653,35
5668,02
5697 ,37
5712,05
5726,72
5741,37
5756,00
5785,21
5799,80
5814,39
5828 ,98
5843,57
5872,79
5887,42
5902,05
5916,67
5931,29
§960,48
5975,05
5989 ,61
6000,00

X(FT) Z(FT)
653,74 219,78
699,97 - 298.00
722,16 430,72

30.83
30469
30.56
30,45
30439
30,43
30.51
30.63
30,74
30.83
30,88
30.82
30,72

- 30,60

30,49
30,34
30.33
30.36
30,43
30.53.
30.70
30,74
30.74
30,70
30,61
30441
30,28
30,27
30,29
30,42
30 .51
30,57
30.61
30.61
30,51
30.43
30,34
30,29

11.22
10.94
10.64
10,36
10.18
10.16
10,33
10.58
10,86
11,11
11.35
11.30
11.14
10,91
10,65
10.24
10,17

‘10,21

10.35
10,56
11.01
11,16
11.23
11,19
11.06
10,65
10,44
10,30

10,23

10,25
10,53
10,73
10,91
11,08
11.11
10.99
10,83
10,64
10,52

28,71
28,67
28,64
28,63
28,64
28,68
28,71
28,74
28.76
28,76
28,72
28,67

- 28,463

28,59

28,57
28.56
28,57

28,59

- 28462

28,64
28,66
28,65
28,62
28,58
28,55

28,49

28,48
28,48
28,49
28,50
28,54
28,56
28,56
28,55
28,53
28446
28,43
28,41
28,40

.37

~e57
9059
o453
-031
el2
« 39
51
«53
45
ol4
-.18
»e36
-, 48
=e50
- 31
e 0%
216
32
043
.39
28
=e10
=el%
=e30
=40

. =37

- 25
- 09
«10
031
«33
38
23
« 05
»e20
=33
we3b
o34

VIFT/SEC) VX(FT/SEC) VZ(FT/SEC) A(FT/SEC/SEC)

20467
48.31
43,85

=968
. 35.57
»25,52

18426
32469

35,65 .

17.22
8,20
-8,78



PARACHUTE=LOAD SYSTEM(DEPLOYMENT) == G=11A(EXTRACTION) UNREEFED

TRAJECTORY SIMULATION==T=0y220 IS RELEASE POINT

RELEASE CONDITIONS

ALTITUDE= 2000, FT
VELOCITY= 220,00 FT/SEC
MASSES==SLUGS
TOTAL SYSTEM= 116,697
LOAD= 108.800 :
PARACHUTE= 44156
SUSP, LINES=: 0643
RISERSE 1.200

"RISER EXTENSIONS=
LOAD BRIDLE®

v1264
°342

INCLUDED= 1584613(SEA LEVEL) 149.262( 2000s FT)
APPARENTS 59.480 (SEA LEVEL) 55.973( 2000, FT)
REFERENCE DISTANCES FROM SKIRT== FT
x1= 16,450 '
x2= 61.100
X3= 99,300
X4= 113.300
X5= 119,300
MOMe/PROD, INERTIA==S_UG FT##2
IXX= 936191.608 (SEA LEVEL) 907066.874( 2000« FT)
1YY= 936191.608(SEA LEVEL) 907066+874( 2000e FT)
122= 0(SEA LEVEL) 0(. 2000, FT)
IXZ= 0(SEA LEVEL) 0( 2000. FT)
DIMENSIONS== FT
DNOT= 100.000
SUSP, SYSTEM= 954000
L1= 79,081 (SEA LEVEL) 77.2030 2000« FT)
L2s= =53,110(SEA LEVEL) =5%.997( 2000, FT) .
L3= 594781 (SEA LEVEL) 57,903( 2000, FT)
YC/DNOT= $129
DP/DNOT= .648
VOLUMEE 667004000 FT#®3

PARACHUTE CDP=

LOAD DRAG AREA=

DEGREES 0OF FREE DOM=

1786
T6.800 FT##2

3

FIG 33 Sample Output for the Unreefed G-11A Cargo Parachute

with Extraction Parachute System

209
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TIME
(SEC)

RELEASE DISTANCE IN AIRCRAFT=

PARACHUTE PACK DRAG AREA=

15000 FT

2,330 FTesp

ALTITUD
(FT)

2000400

2000,00

2000400
2000.00

2000.00
2000.00

2000400

2000.,00
2000400
2000,00
2000.,00

2000.00

2000,00
2000,00
2000,00
2000400
2000400
2000,00
2000,00

2000,60:
2000.,00:

EXTRACTION CHUTE DRAG AREA=

TIME OF EXTRACTION CHUTE: RELEASE=

E SYSTEM
ANGLE
(DEG)

90400
90.00
90,00
90400
90,00
90,00
90,00
90,00
90,00
90.00
90400

90.00
90.00
90.00
90.00
90400
90.00
90.00
90,00
90.00

90.00

CeMe TRAJS
ANGLE
(DEG)
X

90.00 10.96
90,00 21.86
90,00 32.68
90,00 43,44
90,00 54,12
90,00 64,74
90,00 75.29
90,00 85,77
90,00 96,19
90,00 106,55
90,00 - 116.84
90,00 127,07
90,00 137.24
90,00 147,34
90,00 157.39
904,00 167437
90,00 177.30

90,400 187,17
90,00 196,98
90,00 206.73
90.00

LOAD OUT OF ‘AIRCRAFT
PILOT CHUTE/EXTRACTION
MAIN PARACHUTE DISREEF

PARACHUTE PACK MASS=

PARACHUTE PACK AND PILOT/EXTRACTION CHUTE DRAG AREA=
SPRING CONSTANT=

216443

CHUTE RELEASE OR

62,200 FTa#p

0 SEC

CeMs POSITION

(FT)
Y 4 T0TaL

218,57
217.15
215.75
214,37
213,01
211,67
210,34
209,03
207,73
206,45
205,19
203,964
202,71
201,49
200429
199,10
197,92
196,76
195,61
194,48
193.36

DOO0OO0OODOODOOO0OODOOODO0OO0O0ODOOOQ©

TIME(SEC) ANGLE(DEG) X(FT)
1,07

14432 SLUG

910,700 LB/FT

LENGTH OF RISERSs EXTENSIONS AND LOAD BRIDLE= 28,000 FT

219.52
1.07 90,00 219,52

6644520 FTaR2

CeMs

VELOCITY

(FT/SEC)

218.57

- 217,15

215.75
216,37
213,01
211,67
210,34

.209.03

207.73
206,45
205,19
203,94

202,71

201.49
200,29
199,10

- 197.92

196,76
195.61
194,48

193,36

CZ(FT) VELOCITY(FT/SEC)

1
193400
0 193,00

CeMe
ACCELERATION
(FT/SEC/SEC)
TOTAL
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1u

TIME

(SEC)

1,12
1.17
1.22
1.27
1.32
1.37
1442
1.47
1.52
1.57
1462
1.67
1.72
1.77
1.82
1.87
1.92
1.97
2.02
2.07
2.12
2.17
2.22
2.27
2.32
2437
2.42
2447
2.52
2.57
2.62
2.67
2.72
2.17
2.82
2.87
2.92
2.97
3.02
3.07

ALTITUDE SYSTEM CeMe TRAJ.

(FT)

1999,96
1999.84
1999.64
1999.37
1999.01
1998,.,58
1998.07
1997.48
1996,82
1996.98
1995.27
1994.38
1993.42
1992.39

1991.28

1990010
19884135
1987.52
19686413
1984466
]983.12
1981.52

1979.84

1978.10
1976028
1974440
1972.45
1970443
1968436
1966.28
1964417
1962.02
1959,.84
1957.63

1955.38

1953.6G9
1950.77
1948,41
1946402
1943.59

ANGLE
(DEG)

89,52
8904
88,55
88,06
87457
87.0n7
86457
86.07
85,57
85,06
84.55
84,03
83.52
83.00
82048
81.95
81e43
80¢9¢
8?.37
79.R4
79.3¢
1877
78.23
T7.69
7715
7661
76.07
75.53
T4e98
Tae4)
73.84
T73.26
T72.67
T72.07
T1.46
T0.84
Tie22
69.59
68.°5
68431

SNATCH

SNATCH FORCE=
SNATCH VELOCITY=

ANGLE
(DEG)

89,52
89,04
88,55
B8, 06
87457
87.07
86457
86407
85,57
85,6
84. 55
84,03
83,52
83.00
820“8
81.95
51063
80490
80,37
79.84
79.30
78,77
78,23

17,69

77415
T6.07
75453
7“.98
T4e6]
T1.84
73,26

’72-61

T2.07
T1.46
Trebb

T0.22

69,59
68,95
68,31

2365,

229,13
238467
248,15
257455
266488
276.15
285435
294,48
303.55
312.56
321.50
330.38
339.19
347495
356465

. 365.29

LB

373.87
382.39
39¢.85
399,26
407461
415,91
424.15
432434
440447
448,56
456459
464456
47244
480.03
487446
494,73
501.85
508.83
515467
522.37
528,94
535,38
564171
547491

TIME(SEC)

CeMe

2450

159.753 FT/SEC

POSITION

(FT)
Y

ANGLF (DEG!?
75.12

« 04
16
«36
63
«99
o642
1,93
2.52
3.1R
3,92
4,73
5,62
6,58
7.61
8,72
9,90
11.15
12,48
13.87
15.34
16,88
18,48
20,16
21,90
23,72
25,60
27.55%
29.57
31,64
33.72
35,83
37,98
40,16
42,37
44,62
46,91
49,23
51,59
53,98
56.41

X(FT)
470,644

ToTAL

191,56
190416
188.79

187446

186415
184,88
183464
182+44
181.26
180+12
179.00
177.92
176.86
175.84
17484
173.87
172492
172401
17112
170.26
169.42
16B.61
167.82
167406
166433
165.61
164492
166426
158.94
155.90
153.01
150426
147.63
16513
142,74
140.46
138,28
136.21
134.22
132.33

Z(FT)
3111

CeMs VELOCITY

(FT/SEC)

X

191,56
190.13
188.73
187.35
185.99
184.64
183.32
182.01
180.72
179.45
178.19
176495
175.73
174452
17333
172415
170.99
169.84
168,71
167.58
166.48
165.38
164,29
163.22
162.16
16l.11
16007
159.05
153.51
150(17
146497
143,89
140.93
138.08
135433
132.68
130.12
127,65
125.27
122.96

VELOCITYY(FT/SEC)

163,78

Y

CoeMe
ACCELERATION
(FT/SEC/SEC)
4 TOTAL

‘1460
3019
4eT7
6034
Te90
9.44

10.98
1250
14401
15.52
17.01
18.50
19,97
2letet
22489
24436
25.78
2721
28463
30.04
31.45
32.8¢4
34,23
35.61
- 36498
38.35
39.70
41405
41419
41.89
42458
43.28
43.99
44,69
45,39
46409
46,80
47450
48.21
48,91

VELOCITY2(FT/SEC)
52064
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TM

TIME ALTITUDE
(SEC) (FT)

3,37 1928,75
3,64 1915.82
3,91 1903,74
4,18 1892.55
4,45 1882,13
4,72 1872,35
47,99 1863,07
5,26 1854,21
5,53 1845,69
5,80 183747
6,07 1829,.5¢0
6434 1821.78
6,61 1814,27
6,88 1806,96
7.15 1799,84
7.42 1792,91
7.70 1786,14
7.97 1779,.54
8,24 177310
8,83 1766,81

FULL OR REEFED INFLATION
NOTE== POSITIONSsVELOCITIESsACCELERATIONSTRAJs ANGLES REFER TO LOAD»s PREVIOUS RESULTS ARE FOR MASS CENTER

TIME ALTITUDE

(SFEC) COFTY

8,72 1684,08

9,27 1672,07
9,91 1658 .44
16,42 1648,22

11,19 1632,.87
11,96 1616,u8

SYSTEM
ANGLE
{DEG)

64,45
60.83
56.94
52.79
48,43
43,98
39,57
35.39
31.28
27.57

24421

21429
18,53
16,17
14,11
12.31
10,74
9.38
8,19
Telb

SYSTEM
ANGLE
(DEG)

CeMs TRAJ,
ANGLE
(DEG)

64,45
60,83
56,96
52.79
48,43
43,98
39,57
35,30
31.28
27.57
24.21
21,20
18,53
16,17
14,11
12,31
10,74
9,38
S 8,19
7.16

LOAD TRAJ.
ANGLE
ADEG)

=25,41
«28,57
=25,87
-17.08
5,33
25,45

58244
607.89
628,28
644447
657,39
667,78
676,21
683,10
688.78
693,49
697,41
700,69
703,44
705,75
707,70

- 709,35

710,75
711,93
712.94
713.80

721.06
714,54
707.33
703.19
701.47
706443

CeMe POSITION

(FT)
Y

TIME(SEC) ANGLE(DEG) X(FT)

8451 713.80

LOAD POSITION

(FT)
Y

71.25

84,18

96,26
107.45
117,87
127,65
136,93
145,79
154,31
162,53
170,50
178,22
185,73
193,04
200,16
207,09
213,86
220,46
226,90
233,19

7.16

315,32
327,93
341,56

351,78

367,13

383,92

TOTaAL.

113,21
94,35
78.15
65,43
55.81
48,61
43,23
39.16
36.05
33.62
31.69
30.11
28,80
27.68
26,71
25.84
25,07
24,37
23,72
23.12

TOTAL

26,60
25,36
22+64
20460
20.71

25.70

CeM, VELOCITY

(FT/SEC)
X

102.14
© 82.38
65450
52,11
41,76
33.76
27.53
22,63
18,72
15,56 -
12.99
10,89
9.15
7.71
6,51
5,51
4,67
3,97
3,38
2.88

Y

‘8083
45,99
‘2.63
39.57
37.03
34,98
33.32
31,96
30,81
29,80
28,90
28,07
27,31
26,58
25,90
25,25
26,63
26,04
23,48
22,94

2(FT) V(FT/SEC)  FMaX(LB)

233.19 23.12

“LOAD VELOCITY

(FT/SEC)
X

=11.41
=12.13
-9,88
=6,05
1.92

- 111,94

n

Y

9331,

24.02
22,28
20,37
19.69
20.62
23.21

CeMe
ACCELERATION
(FT/SEC/SEC)
TOTAL!

'840 95
.82064
»T72.28
«6]1,52
-52093
46,74
0‘20 51
=39,.69
«37.85
=36,66
=35,89
»35,38
35,04
«34,80
«34,62
«34447
=364 ,36
«34,25
«34,15
=34,06

TF(SEC)
54l

L0AD
ACCELERATION
(FT/SEC/SEC)
TOTAL

4467
»3,46
65613
=8.77 .
11,60
-"125).
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73,46
74,48
75,00
76,02
77,04
77.81
78,58
79,35
79,86
79.90

147,45
124,55
112,95
89,34
65,51
47,81
30,31
12,82

1,03

« 00

5,24
7.13
7.23
5,75
2.‘9
«,53
-3,44
5,75
-6,73
6,77

33,91
23,80
17,35
5,00
=2.72
=3,90
- 15
6,09
11,78
12,27

TIME(SEC) ALTITUDE(FT)

1 VERTICAL/MINIMUM
2 VERTICAL/MINIMUM
3 VERTICAL/MINIMUM

1220,03
1232.90
1237,.26
1241,.84
12642,10
1240,97
1240415
1240,89
1242,73
1243,00

916 1674.95
14¢52 - 1550458

20440 1410430

1852,55
1875,45
1887,05
1910,66
1934 ,49
1952,19
1969 ,69
1987,18
1998,97
2000,00

X(FT) Z(FT)

716410 325.05

766450 449,42
817.25 589,70

26,93
24,57
23,85

23,33

23.20
22,93
22.70
23,00
23,66
23,74

V(FT/SEC) VX(FT/SEC)

25.77
39.50
28449

15,02
9.92
7.11
2.03

--1.10

=1,56
=30
2.44
4,83
5,05

~12.19
30.93
=14,07

22,35
22,48
22.76
23.24
23,17
22,87
22,70
22.87
23,16
23,19

b, 17
w5, 44
'5.‘8
4,32
=1,83
e, 61
«2,55
4,26
4,85
4.88

VI(FT/SEC) A(FT/SEC/SEC)

2270
24457
24077

334
3436
*2+90



PARACHUTE=LOAD SYSTEM(DEPLOYMENT) == G=11A(EXTRACTION) MULTIPLE REEFING

TRAJECTORY STHULATIONi-T=Gy]#U IS RELEASE RPOINT

RELEASE CONDITIONS
ALTITUDE= 2000 FT
VELOCITY= 169,00 FT/SEC

MASSES==5| UGS

TOTAl SYSTEM= 116697

LLOAD= 1084860

PARACHUTE= 4,156

SUSP, LINES= : e 4

RISERS= 16200

RISER EXTENSTONS= 124

LOAD BRIDLE= s 347

INCLUDED= 158.613(SEA LEVFL) 149262 2000, FT)

APPARFENT= 59,480 (SFL LEVEL) 55,973 2000, FT)

REFERENCE DISTANCZES FROM SKIRT== FT -

X1= 16450
x2= 6la100
X3= 99,300
X 4= 113,300
Y5z " 1l9,370

MOMe /PROD, INERTIA==S| UG FT##2

IXX= 936191608 (SEA LEVEL) VOTN66.8T74( 2000 FT)
TYY= 93619160R(SFEA LEVEL) 907066874 ( 2000e FT)
124= 207000004,000(SEA LEVEL) 20658733.8680 2000, FT)

IXZ= 0(SEA LEVEL) 0( 20006, FT)

DIMENSTONS== FT
NPNOT= 100.000

SUSP., SYSTEM= 9%.00" - _
L1= 794081 (SEA LEVEL)Y 77,203 2000e FT)
Le= =53,119(SEA LEVEL) =544,997( 2000, FT)
L3= 59,781 (SEA LEVEL) 57,903( 2000 FT)
YC/DNOT= 129
DP/DNOT= 648
VOLUMF=  A6T00000 FT®##3
PARACHUTE CDP= l.786
LOAD NRAG AREAz 76,800 FTaug
DEGREES 0OF FREE DOwe 3
RELEASE DISTANCE IN ATRCRAFT=.  15.000 FT
PARACHUTE PACK DRAG AREA= 2,330 FT““?

FI1G 34 Sample Output for the Reefed G-11A Cargo Parachute
with Extraction Parachute System

214
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th Extraction Parachute System (Continued)
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TIME

(SEC)

1,44
1,49
1,56
1.59
1,64
1,69
l1.74
1.79

1,84
1,89
1,94

. 1,99
2,064
2,09
2.14
2,19
2.24
2.29
2,34
2.39
2.44
2,49
2,54
2,59
2,64
2.69
2.74
2,79
2.84
2.89
2.9
2.99
3,04
3,09
3,14

© 3,19

3,24
3,29
3,34
3,39
3,44
3,49
3,54
3,59
3,64
3,69
3,74
3,79

3,84

3.89
3,94

ALTITUDE

(FT)

1999,96
1999, 8%
1999,664

1699.36

1999,41
1998,57
1998,06
1997,47
1996,80

©1996,06

1995, 24
1994,35
1993,38

11992,33
'1991,21

1990,02
1988,75
1987,41
1985,99

1984,51

1982,95
1981,32
1979,61
1977.84
1975.99
1974,08
1972,09
1970,04
1967,91
1965,.72

i96304§

1961.13
1958,73
1956,26
1953,72
1951.12
1948,45
1945,79
1943.10
1940,38
1937,63
1934 ,84

11932.02

1929,17
1926,29

1923,37

1920,42
1917, 44
1914 ,43
1911,.39
1908,31

SYSTEM

ANGLE
{DEG)

89,38
88,75
88,12
87.49
B6485
86421
85,57
84,93
84,28
83,63
82.98
82,33
81h67
81,02
80.36
79.70
79.05
78,39
77,73
17.07
76,41
75,75
75,09
74,43
73,77
73,12
T24.46
71.81
71.15
70.50
69,85
69,21
68,56
67,92
67,28
66,64
66,01
65,36
64070
64.04
63,38

62,71

62,04
61,36
60,68
60,00
59,32
58,64
57,96
57.27
56,59

CoMe TRAJ,
ANGLE
(DEG)

89,38
88,75
88,12
874,49
86,85
86,21
85,57
84,93
84,28
83,63
682,98
82,33
81.67
81,02
80.36
79.70
79,05
78,39
77.73
T7.07
76441
75,75
75,09
T4,43
73,77
- 73,12
T72.46
71.81
7115
70,50
69.85
69,21
68,56
67,92
67,28
66,64
66,01
65,36
84,70
64,04
63,38
62,71
62,06
61,36
60,68
60,00
59,32
88,64
57,95
57.27
56,59

226,95
234,30
241,61
248,87
256,10
263,28
270443

277,53

284,60
291,62
298,61
305,56
312447
319.34
326.18
332,98
339.74
346447
353,16
359,8)
366,43
373,02
379,57
386,08
392,56
369,01
4050‘2
411,80
418,15
424,46
430074
436,99
443,21
449,39
485,54
461,66
467,74
473,63
479441
485,08
490,66
496,14
50153
506,82
512,03
517616
522420
527.15

532,03

536,84
541456

CeMe POSITION

(FT)
Y

W04

.16
36

54 .

1,43
1,94
2.53
3,20
3,94
4,76
5,65
6,62
7,67
8,79
9,98
11,25
12,59
14,01
15,49
17,05
18,68
20,39
22,16
24401
25,92
27,91
2996
32,09
34,28
36,54
38,87
41,27
43,74
46,28
48,88
51,55
54,21
56,90

59,62

62,37
65,16
67,98
70,83
73,71
76,63
79,58
82,56
85,57
88,61
91,69

TOTAL

147441
146,59
145,80

165,04
144,30

143,59
142,90
142,24
141,60
140,99
140440
139,84
139,30
138,79
138930
137,83
137.39

136,97

136,57
136,19
135,84
135,51
135,19
134,90
134,63
134,39
134,16
133,95%
133,76
133,59
133.43
133,30
133,18
133,09
133,01
132,94
132.90
128419
1264680
125,09

123,64

122,26
120.94
119,68

118,47

117,33
116.23

115.19

116,20
113,25
112435

CeMe VELOCITY

(FT/SEC)

Y

CoMe
ACCELERATION
(FT/SEC/SEC)
TOTAL:
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M

TIME
(sec)

- 4,05
S 4el3

4021
4,30
4,38
4,47
[ 3911
4,63
4,72
4,80
4,89
4,97
5,05
Se14
$,22
5031
5.39
Se48
5.56
.64

TIME (SEC) ANGLE{(DEB) X(FT)

SNATCH ) C 3426

SNATCH FORCE= 2084, LB
SNATCH VELOCITY= 129,716 FT/SEC

REEFED INFLATION

REEFING RAT]O= o064

REEFED PROJe DIAMe=: 94231 FT.
CUTTER DELAY=® 2000 SEC

TIME OF DISREEF= 5,242 SEC

ALTITUDE SYSTEM CeMe TRAJS
ANGLE ANGLE
(FT) (DEG) (DEG)
X
1901,58 55,13 55,13 551,52
1396011 54001 54001 559.25
1890+ 46 52491 82491 566089
1884.65 5184 5184 574446
i878069 50.75 S0.78 581.93
187257 49.75 4975 589¢32
1866.30 48,73 48473 596461
1859.90 47.74 4774 603.81
1R53.36 46,76 46476 610091
1846468 45,480 45,80 617.91
1839,89 44,87 44,87 624481
1832,98 43,95 43,95 631,60
1825.95 43.04 43,064 638,28
‘1318.83 42416 4216 644486
1811460 41.29 41.29 65132
1804¢27 40066 40046 687,68
179&086 39.60 39,60 663092
1189037 38478 38.78 670405
1781080 ‘3797 37.97 676006
1774016 37.18 37.18 681495
REEFED INFLATION

REEFING RATIOm .27

REEFED PROJe DIAMe=m . 17.582 FT

CUTTER DELAYS. 4000 SEC

TIME OF DISREEFs T.242 SEC

65.95

CeMe POSITION

(FT)
Y

468423

98,42
103,89
109,54
115,38
121,31
127,43
133,70
140,10
166,64
153,32
160,11
167,02
174,05
181,17
188,40
195073
203.14
210.63
218,20
225,86

Z(FT)
5le76

TOTAL

112,39
112.8¢
113,19
11355
113.87
114417
116443
114,66
114.85
115400
115.12
115.21
115.26
115.27
11524
115018
115303
114495
11479
114,59

VELOCITY1(FT/SEC)

132.90

C.Mo VELOCIT

(FT/SEC)
X

92.21
91.27
90429
89.28
88,22
87.13
86401
84485
83,67
824,45
8l.22
79),5
78,67
77.36
76,04
TéeT]
73,36
72000
70263
69,25

Y

Y

VELOCITY2(FI/SEC)
44471
CeMe
ACCELERATION
(FT/SEC/SEC)

Z TOTAL
66,25 -13,28
66.29 *l4ell
68426 =14+94
T0el6 1577
72400 =16e61
73.77 =1Teb4
75448 «18,28
77,11 =19.11
78,68 =19.93
80,17 =20eT4
81,60 =21455
82.95 “22.34
84,23 *23e12
85445 23489
86.59 .24.6‘
87.67 =25.38
88,67 =26.10
89.6]1 «26480
90¢49 =27448
91.30 *28.146
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TIME

(SEC)

5,69
5.74
5,79
5.84
5,88
5,93
5,98
6,03
6,08
6,12
6417
6422
6,27
6.32
6,36
6441
6,46
6.51
6,56
6,60
6,65
6.70
6,75
6.80
6.85
6.90
6.95
7.00
7.05
T.10
7,15
7.20

ALTITUD
(FT)

176977
176539
176101
1756463
1752.27
174792
1743.58

1739.26 -

1734.96
1730.67
1726442
1722.18
1717.98

1713.80

1709.64
1705452
170143
169737
1693.34
1689.35
1685422
168111
1677.01
1672492
1668485
1664.79
1660.75
1656671
1652468
1648,66
1644465
1640.65

E SYSTEM CeMe TRAJ,

ANGLE
(DEG)

3674
36430
35.86
35443
35.00
34.57
34015
33.73
33.3)
32.9¢0
3249
32.08
31.67
30.87
30047
3007
2967
29.28
28.89
28642
27.95
2749
27403
26458
26.12
25068
25423
2479
24436
23493
23451

‘REEFED INFLATION

REEFING -RATI
REEFED PROJ.

ANGLE
(DEG)

36074
36430

35.86

35443
35.00
34457
34415
33.73
33,31
32.90
32449
32.08
31.67
31.27
30.87
30647
30.07
29.67
29.28
28,89
28442
27.95
27449
27.03
26.58
26.12
25.68
25.23
24.79
24436
23.93
23,51

O=
DIAM, =

CUTTER DELAY=
TIME OF DISREEF=

CeMe POSITION

685426
688.51
691.71
694,85
697.93
700496
703.93
706.85
709p70
712450
71523
T17.91
720453
723.10
725460
723105
730e44
732.78
735.06
737.28
73954
T41e74
743,90
746400
748,06
750407
752404
753496
755.84
757468
759.48
T61e24

o191
254176 FT
64000 SEC
9.242 SEC

(FT)
Y

230,23
234461
238,99
243,37
247,73
252,08
256,42

260.74

265,04
269,33
273,58
277,82
282,02
286,20
290,36
294.48
298,57
302,63

306,66

310,65
314,78
318,89
322,99
327.08
331,15

335,21

339,25
343,29
347,32
351,34
355,35
359,35

TOTAL

113.93

‘113+22

112.45
111e62
11075
109.83
108.88
107.89
106.86

10581

10474
10364
102.53
101.40
100,27
99,12
97.97
96.82
95,67
94452
93.71
92495
92423
91.55%
90490
90.29
89,71
89,16
88,64
88414
87.68
87.23

CeMs VELOCITY

(FT/SEQ)

68015
6T.02
65.87
64,70
63,52
62432
6le¢l2
59,91
584,69
57.48

‘56426

55405
53.84
52.64
S5l.44
50+26
49%09
47,93
46,79
45466
44060
43,57
42,57
41.61
40,67
39,75
38,87
38401

37,17

36i 6
3Sb 7
36480

Y

91431
91.25
91413
90496

. 90.72
9q.44'

9010
89,72
89430
88.84
88435
87.82
87,26
86,67
86406
85.43
84479
84412
83,44
82.76
B82.42
82.11
dl.82
81455

. '8le30

31.06
80.85
80465
80447
80,29
80.14
79.99

CeaMe
ACCELERATION
(FT/SEC/SEC)™
ToTAL

«39.93
w4131
42459
*43.79
*44,89
“5!91
*46483
=47.67
*48¢43
49410
?49.70
*50¢21
«50466
«51.064
#51,35
*5]1e¢61
=51480
‘51095
52,04
*52409
«43,95
43424
«42,58
41096
41437
-40.82
«40e30
=39,8]
=39,35
38,92
=38451
=38.13
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TIME
(SgC)

ALTITUDE
(FT)

1637 .04
134,19
1631.36
1528456
1625,78
1623,03
1620,31
1617.61
1614,93
1612.28
1619 ,656
16ﬁ7oﬂ7
1604 ,50
1601,95
1599, 44
1596,95
1594 .48
1592,04
1589,63
15687, 24
1582433
15879, 69
1575,886
1572\66
1569, 48

1566432

1563417
1560405
i556o93
1553.84
1850,75
1547,68
1544 ,62
1541.57

1538,53

1535,.50
1532, %8
1529.47
1526,46
1523,46
1520.467
1517,49
1514,51
1511,53
1508,56

REEFE

SYSTE™ CoMe TRAJ,

ANGLE
(DEB)

23.1‘
22.R8
22463
22437
22.12
21,87
21.62
21438
21,13
20,89
20.64
20,50
20,16
19,92
19,69
19,45
19,22
18,99
18,75
18,52
17.96
17.55
17.14
16. 74
16434
15495
15457
15.19
14482
14.46
14,10
13,75
13,41
13,07
12.74
12,642
12,10
11019
11,49
11.19
10.90
10,62
10,34
10,07
9,81

D INFLATION

ANGLE
(DEG) -

233]“
22.88
224,63
22437
22,12
21487
21462
21,38
21.13
29689
20464
20440
20,16
19,92
19,69
19.45
19,22
18,99
18,75
18,52
1796
17.55
17,14
1674
1634
15.95
15457
15419
14482
14066
14410
13,75
13,41
13,07
12,74
12,42
12,10
11.7%
11,49
11,19
10,90
10.62
1034
10,07
9,81

REEFING RATIO=

REEFED PROJe DIAMes:

CUTTER DELAY=

ot APF NNTeOoRCCrw

CeMa

762,79
764400
765419
766435
767449
768,60
769,69
770476
771,80
772.82
773,81
774,78
T15.73
776,66
777,57
779,32
780,17
781,00
781.80

. T83e42

784446
785,47
786444
787439
788,31
789.19
790405
790.89
79170 -
792.48
793,24
793,98
794,70
795,40
796,07
796,73
797,37
797,99
798,59
799.17
799,74
800.29
800,83
301035

637 -
634661 FT
=0 SEC

L - T% B J-d e

POSITION

(FT)
Y

362,96
365,81
368,64
371,64
374,22
376,97

379,69

382,39
385 07
IR7.72
390,34
392,93
395,50
398,05
400,56
403,05
405,52
407,96
410,37
412,76
417,67
420,91
426 14
427,34
430,52
433,68
436,83
439,95
443,07
446,16
449,25
452,32
455 38
458,43
461,47
464,50
467,52
470,53

473,58

476,54
479,53
482,51
485,49
488,47
491,44

TOTAL

86,74
85,86
84,97
8¢.08
83,17
82.26
81,35
B0+ 44
79.53
78.62
77.71
76,81
75.91
75402
Téels
73,26
T2.%0
71.54
70,69
69,86
68453
67.86
67.23
66464
66409
65457
65409
64.65
64¢23
63.83
63047
63,12
62,80
62,50
62.22
61,96
61.71
61.48
61,27
61,06
60.87
60,70
60,53
60,37
60,23

CoMe VELOCITY

(FT/SEC)
X

34,08
33.38
32,69
32400
31,32
30,64
29.98
29.32
28,67
28,03
27.40
26,78
26,17
25,57
24,98
24,40
23,83
23,27
22,73
22,20
2l.13
20.46
19,81
19.19
18'60
18,02
17.47
16.94
16043
15.94
15.46
15,00
14,56
14,14
13.72
13,32
12,94
12.56
12,20

- 11,88

11.51
11.18
10.87
10,56
10,26

79.76
79.10
78,43
77.75
77.05
T6.34
75,63
76,91
74,18
T3.45
T2.72
71.99
71.26
70.53
69,80
69,08
68,36
67,65
66,94
66,264
65420

~6‘o70

64,24
63,81
63,42
63.05
62.71
62039
62.09
61.8]
61455

61,32

61,09
60,88
60,69
60,51

60,34

60,18
60,04
59,90
59,78
59,66
59,55
59,44
59,35

CeMe’ .
ACCELERATION
(FT/SEC/SEC)
TOoTAL:

w53,91
=54426
«564,58
«54485
«55,07
’55-2“
. =55,35
=55,42
w55, 44
«55,42
«55,37
=55,28
«55,16
«55,02
w564,864
«54,65
54,43
«54,20
=«53,95
«53,68
=44e62
‘w4375
wh o9
«42019
«41.50
=40.86
=40¢27
39,72
=39.21
’3801‘
«38.30
«37,89
«37,51
37,15
-36082
«36,51
«36,23
«35,96
»35,71
«35,48
«35,26
«35,06
*34,87
w3b, 69
34,53



0czT

wa3s£S 93INYORIBI UOTIOBIIXY YITM

)

(penutzuo)
@3Inydeied 081BD VI1-D P9399Y o243 Io0j anding o1dwes +¢ 914

TIME
(SEC)

9,28

9,48

9.68

9.88
10,08
10,28
10,48
10,69
10}89
11,09
11,29
11,49
11,69
11,89
12,09
12.29
12.49
12,69
13,09

ALTITUDE SYSTEM
ANGLE

(FT) (DEBG)
1503,99 9,46
1492461 8.72
1482, 02 8403
1472416 7438
166297 676
1456436 6019
1446428 5466
1438,65 5416
1431443 4,70
16424456 4028
1418411 3.89
16411.74 3.53
1405.71 3.20
1399.91 - 2491
1394031 2+64
1388.89 2439
1383464 217
1378.54 196

FULL OR REEFED INFLATION

CeMs TRAJ.
ANGLE
(DEG)

9,46
BaT2
8403
Te38
6e76
6419
S.66
S.16
4,70
- 428
3. 89
3.53
2.91
-1-13
2.39
2.17
1096
1.78
1.61

802,13
803496
805454
808003
809002
809486
810459
811.22
311077
812.24
812,65

813401

813,32
813,59
B813.83
814404
814423
814054

CeMs POSITION

(FT)
Y

496,01
507,39
517.98
527,84
537,03
545,64
553,72
561,35
568,57
575.44
581.99
588,26
594,29
600,09
605,69
611,11
616,36
621,46
626,42
631,25

"TOTAL

59.25
55402

51+09

47453
44437
41457

:39.12

36.96
35406
33.39
3191

30459

29.42
28.36
27.41
2655
25.76
2504
24438
23.77

TIME(SEC),ANGLE(DEG) X{FT)

564
6.60
7.96
13.25

37.18
28,89
18434

1649

681.95
737.28
7182444
Blo.64

CeMs VELOCITY

(FT/SEC)
X Y

9,74
8.34
Tél6
6410
S.23
4448
3.86
3.32
2487
2449
2.16
‘188
164
l.46
126
1.11
.97
+«B6
76
«67

V(FT/SEC)
114459
94,52
69.20
23.32

Z(FT)
225.84
310.65
414,66
635.04

58,45
54.39
50459
4714
44. 06
4)e33
'38.92
36.8]
34.94
33.30
31,84
30.54
29.37
28.33
27.38
26453
2574
25+03
26437
2376

FMAX-(1L2)
3062+
5667, .
6032,
5828,

NOTE== POSITIONS:VELOCITIESoACCELERATIONSyTRAJo ANGLES REFER TO LOAD' PREVIOUS RESULTS ARE FOR MASS CENTER-

TIME
(SEC)

13,47
14,01
14,78
15,55
16,32
16,83

ALTITUDE  SYSTEM
: ANGLE

(FT) (DEG)
1282, 06 1,03
1269,11 -.18
1250.66 «1.88
1232,21 -3,32
1213.75 .4,28
1201.43 4,56

LOAD TRAJ,
ANGLE
(DEG)

5,67
5,72
3,88
ol5
5,71
9,79

816,17

814,86

813,28
812,60
813,52
815,19

LOAD POSITION
(FD
¥

717,9¢
730,89
749,34
767,79
786,25
798,57

TOTAL

23.72
244,04
24.08
24.00
24.15
26,45

LOAD VELOCITY
 (FT/SER)

wndedb
w2e40
=],62
06
2.40
4,16

23,60
23,92
24,02
24,00
24.03
24,10

CeMe
ACCELERATION
(FT/SEC/SEC)
TOTAL

=53,57
=524 41
“50.76
=4Be87
=46498
45422
'43.6‘
42425
=41405
=40602
=39¢13
’38038
-37,73
«37,18
=36e70
*36¢29
L'35|93
*354,62
»35435
#35.11

TF(SEC)
1e68
.96
72 -
4,01

LOAD _
ACCELERATION
(FT/SEC/SEC)

TOTAL

1e06
T o 49
®];:61
w2462
3,30
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58,8}
59,32
59,84
60,35
60,86
61,88
62.40
62.91
63,42
63,93
64,96

- 65447

65,98
66,49
67.00
68,03
68,30

219.32
207.56
195.79
184,01
172.21
148452
136,62
124.68
112.73
100.76
76.88
64,99
-53.16
41,37
29.62
6‘2O
.Go

le04

14403
13.31
13.19
13.67
14069
17.89
19.77
21.63
23.33
24.76
26451
26071

2644

25.70
2455
2134
20440

116523
1168, 08
1170.84
1173.64
1176461
1183.48
1187454
1192.04
1196.99
1202433
1213.84
1219.80
1225.73
1231450
1237.01
1246496
1249.16

-1760.63
1792, 644
1804,21
1815,99
1827.79
1851,48
1863,38
1875,32
1887,27
1899,24
1923,12
1935,01
1966 ,84
1958,63
1970,.38
1993,80
2000,00

TIME{(SEC) ALTITUDE(FT) X(FT)

1 VERTICAL/MINIMUM
2 VERTICAL/MINIMUM
3 VERTICAL/MINIMUM

13.88 1
19.39 1
25.53

272.17 815417 7
139.43 836400 8
994,69 8B82.28 10

2365
23.59
23.60
23.68
23.83
26.36
24071
25.08
25.42
25.71
25.96
25.91
25.74
25448
25016
24450
24435

Z(FT) VI(FT/SEC) vX(FT/SEC)
=243
11.08
2062

27.83 24400
60457 26449
05.31 23.56

S.73
5.43
5.38
5.59
6,04
T.48
8,36
9.2‘
10,07
1076
11.59
11.64
11.46
11,05
10046
8,92
8.49

22494
22.96
22.98
23.01
23.05
23,18
23.25
23,31
23,34
23.34
23.24
23.15
23.05
22496
22489
22482
22483

“l¢00
.45
L] 07
56’
1.00
1+52
1.73
1e70
1.5%
1¢26
57
=e19
*e¢53
.92
*]1e25
1455
@1e52

VZ(FT/SEC) A(FT/SEC/SEC)
046

23.87
24406
23442

1436
=10



PARACHUTE=LOAD SYSTEM(DEPLOYMENT)== g=114(MAIN PARACHUTE EXTRACTION) UNREEFED

TRAJECTORY SIMULATION==T=0,Z20 IS RELEASE POINT

RELEASE CONDITIONS ‘
ALTITUDE= 2000« FT
VELOCITY= 229.00 FT/3EC

MASSES==SLUGS

TOTAL SYSTEM= 115.268

LOAD= 1084860

PARACHUTE= 44156

SUSP, LINES= 4643

RISFRS= 1.200

RISER EXTENSTONS= 124

LOAD BRIDLE= «347

INCLUDED= 158,613 (SEa LEVEL)  1494262( 2000, FT)

APPARENT= 59,480 (SFA LEVEL) 554973( 2000, FT)

REFERENCE DISTANCES FROM SKIRT== FT

X1= 160450 :
Xg= hlel0D
X3= 99.300
X4z 113,300
x5= 119,300

MOMo/PRON, INZRTIA=wSLUG FT#¥*?

TXX= 936191.608(SEA LEVEL) . 907066.874( 2000, FT)
1YY= 936191.608(SEA LEVEL) 907066,874( 2000, FT)
122= 20700000,000(SEA LEVEL) 20658733,868( 2000, FT)
I1XZ= .

- 0(SEA LEVEL) 0( 2000« FT)

DIMENSIONG== FT

ANOTE 100,000
SUSP, SYSTEu= 95,000 .
L1= 79, 0R1 (SEA LEVEL) 17.203( 2000, FT)
L2z =53,119(SEA LEVEL) «54.997( 2000, FT)
1.3= 59,78) (SEA LEVEL) S7.903¢( 2000, FT)
YC/DNOT= 129
DP/DONOT= « 648
VOLUMF= 66700,000 FTHs3
PARACHUTE CNHP= 1.786
LOAD DRAG AREA= T6.800 FTwap
DEGREFS OF FREE D0OV= 3
RELEASE DISTANCE IN AIRCRAFT= ~  '15.000 FT

REEFING RATIN= ' 064

FIG 35 Sample Output for the G-1lA Cargo Parachute with
Reefed Main Parachute Extraction System

222
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TIME

(SEC)

1-00
1.05
1,10
1,15
1,20
1.25
1.30
1.35
1.40
1445
"1.50
1..55%
1,60
1,65
1,70
1,75
1,80
1.85
1,90
1,95
2,00
2,05

2,10,

2,15
2.20
2,2%

2.30

ALTITUD
(FT)

2000,00
2000,00
2000400
2000400
2000.00
2000,00
2000490
2000,00
2000400
200000
2000460
2000.00
2000400
20600400
2000400
1999.99
1999492
1999.77
1999,.54
1999.23
1998.85
‘998.40

_]997.87

1997427
1996460
1995486
1995.105

1994.18

1993.23
1992.22
1991.18
1990,901
1988,8¢
1987,53
1986 ,20
1984,8]
1983,35
1981,84
1980,26
1978,62
1976,93
1975.17
1973.36
1971,49

© 1969,56

1967,57

REEFED PROJ. DIAMETER=

TIME OF PARACHUTE OISREEF=

E SYSTEM

ANGLE
(DEG)

90.00
90,00
90.00
9000
90,00
90.00
90400
90.00
9000
9000
90400
9300
9000
9000
9000
89.78
89.27
88.75
88.22
87469
B87.14
86,59
8603
85,46
84,88
84430
83671

8311 -

B2:50
81.89

81?7

80.64
80.01
79437
78,72
78,07
T7.42
76,75
76,09
15442
T4, 74
74,06
73'38
T2.69
T2.00
71,31

CeMe TRAJ-
ANGLE
(DEG)

90,00
90.00
90400
90.00
30400
90.90
90400
90400
90400
9000
9000
9000
90600
9000 .
90.00
89,78
89.27
88,75
B8,22
B87.69
87.16
86,59
86,03
85446
B4,88
B4430
B83.71
83,11
82.50
81489
81.27
Bn.b4
80,01
79437
78,72
78,07
TT442
T6,75
76,09
TS 42
TéaT6
T4a06
T73.38
T2.69
72.00
71.31

9.231

FT

4,00 SEC

10.93

21,73

32.39

42092

53,32

6360

73,76

B3.80

93.73
10354
113.2¢4
122483
132.32
141.70
150499
160.16
169.19
178407
186,80
195439
203.34
212,15
220930
228439
73633
2464415
25185
259044
266.92
27429
281457
288474
295,81
302.79
309.67
316446

CeMe POSITION

(FT)
Y

323.17

329,78
336,32
342,77

349.14

355,43
361.64
367.78
373,84
379.83

O 00O DOO

e o o o o
~NeNO O
~No W E

1.15

-
.

o
=]

- 2413

w
*

~
w

3440
4,14
4495
5,82
6,77
7.78
8,85
9,99
11,20
12,47
13,80
15,19
16,65
18,16

19,74

21,38
23,07
24,83
26,64
28,51
30,44
32,43

TOTAL

217.23
214,52
211.89
209+31
20680
204435
20195
199.61
197.33
195410
192.91
19078
188.69
1B6e 64
184.64
182.14
179.05
176407
173.21
17045
16779
165.24
16278
160441
158.13
155.93
153.81
15177
149.80
147.91
146408
144433
162.63
141.01
139,44

©137.93

136,47
135,07
133,73
132.44
131,19
130400
128.85
127475
126,69

125.68"

CeMs VELOCITY

(FT/SEC)
X .

217.23
214,52
211.89
209.31
206480
204435
201.95
199.61
197.33
195,10
192.91
190.78
188469
18664
184,64
182.14
179.03
176,03
173.12
170431
167+59
164495
162039
159.91
157.50
155,16
152.88
150467
148,52
146443
146439
142441
140,47
138,58
136,74
134,95
133,19
131,48
129,81
128,17
126.57
125,00 -
123.47
121.97
119,08

Y

«70
229
3.84
5.38
6.88
8.37
9,83

11.28
12.70
14.10
15,49
16.86
18.21
19.5%
20.87
22.18
23,47
264,75
26401
27.27

28451

29.73
30,95
32.15
33,35
34,53
35,70
36.86
38,01
39,15
40,28

CeMe

ACCELERATION
(FT/SEC/SEC)

ToTAL
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(penuijuc)) we3sAS UOTIOBIIXY 9INYOBIBJ UIELK poJooy

‘2,35 1965,53 70,61 70,61 385,74 34,67 126,71 117.64 41,40

2,40 1963,43 69,91 69,91 391,59 36,57 123,78 116,25 42,51
2,45 1961,28 69,21 69,21 397,37 38,72 122,89 114,89 43,6]
2,50 1959.07 168,51 68,51 403,08 40,93 122,04 113,56 : 44,71
2,55 1956,81 67,81 67,81 408,73 . 43,19 121,23 112,28 45,79
2.60 1954.50 67.10 67,10 414431 45,80 120445 110.96 46,86
2,65 1952.13 66440 66440 419,83 47,87 119.71 109.70 : 47,93
2.70 1949.7¢ 65469 65,69 425.28 50,30 119400 108445 48,98
2,78 1947,.23 64,99 664,99 430467 52,77 118,33 107.23 50,03
2.80 19464,70 64,28 64428 436401 55,30 117,69 106403 51,07
2,85  1942,12 63,58 63,58 441,28 : 57.88 117.08 104,85 52910
2.90. 1939,49 62,87 62,87 446,49 60,51 116,50 103,69 53,12
2,95 1936,81 62,17 62.17 451,65 63,19 " 115495 102.54 ‘84,14
3,00 1934,08 61,47 61,47 456,75 65,92 115.44 101,41 55,14
3,05 1931,30 60,77 60,77 461,79 68,70 114,95 100,31 56,14
3,10 1928,47 60,07 60,07 466,78 71,53 114,48 99,21 - 57,13
3,15 1925,.59 59,37 59,37 47171 74,41 114405 98414 58,11
3,20 1922,66 58,68 58,68 476,59 77,34 113,64 97.07 © 59,08
3,25 1919.68 57.98 57.98 4B)e42 80,32 113.28 96,03 60,04
330 1916,66 57,30 57,30 486,20 83,34 112,89 95,00 61,00
3.35 1913.58 56461 56461 490.92 86,42 5 112455 93,98 61.94
3.40 i9100‘6 55.93 55493 495.60 89,54 11224 92.97 62.88
3,45 1907430 55,25 55,25 50022 92,70 111.95 91.98 63,81
3,50 1904,08 54458 54,58 504480 95,92 111.68 91,01 64473
3,55 1900,82 53,91 53,91 509,32 99,18 111,43 90,04 65,65
3,60 1897,.52 53,24 53,24 513,80 ) 102,48 111,20 89,09 66,55
3,65 1894,17 52,58 52,58 518,23 © 105,83 110,99 88,15 . 67,45
3,70 1890,78 51,92 51,92 522,62 109,22 110.80 87,22 , 68,34
3,75 1887,3¢ 51,27 51,27 526,96 112,66 110,63 86,30 69,22
3,80 1883,85 50462 50,62 531,25 116,15 - 110,47 85.39 70,09
3,85 1880.33 49,98 49,98 535,50 119,67 110,33 84,49 10,98
3,90 1R76,76 49,34 49,34 539.70 123,24 110,21 83,61 ‘ 71.81
3,95 1873,15 48,71 48,71 543,86 126,85 110,10 82,73 72,66
4,00 1869,50 48,08 48,08 - 547,97 130,50 110,01 81,86 73,49
‘ TIME(SEC) ANGLE(DEG)  X(FT) _Z(FT) VELOCITY(FT/SEC)
LOAD OUT OF AIRCRAFT «78 . 156416 . 183.54
PILOT CHUTE/EXTRuCTION CHUTE RELEASE OR

MAIN PARACHUTE DISREEF 4400 48407 548405 130,58 110401

REEFED INFLATION

REEFING RATIO=S 0637
REEFED PROJe DIAM.= 634661 FT
CUTTER DELAYE 0 SEC
TIME OF DISREEF= 0 Sec
TIME ALTITUDE. ~ SYSTEM  CeMs TRAJ. CeMs POSITION CeMs VELOCITY : CoMe
ANGLE ANGLE , ACCELERATION
{SEC) (FT) (DEG) (NEG) ~ (FT) : (FT/SEC) (FT/SEC/SEC)
; o X Y Lz TOTAL X Y z TOTAL



[Srad
-9 9y xo03 andanQo aIdWES GE 9Id

4,26 1851,09 45,09 45,09 567,65 148,91 96.77 68,54 08.31 =T6446

4,51 1834 ,26 42,11 42.11 583,87 165,74 83,35 55,89 ol.83 «74,39
4,77 1819,09 39,08 39,08 597,03 180,91 T71.58 45412 95,57 =67,.664
5,02 1805. 44 36400 36400 60764 194,56 61496 36441 50e13 ~60e32
5,28 1793.09 32.91 32.91 616,23 206,91 54.33 29.52 . 45,61 =54,01
S5.54 1781.81 29.87 29.87 623.20 218,109 48434 24408 41492 =49407
5.79 1771640 26493 26493 628.90 228,60 43.64 19.77 38.90 =454 36
6405 1761.71 26415 24415 633459 238,29 39.91 16433 36442 “42e62
6,30 1752.60 2155 21455 637.48 247,60 36493 13.56 34435 =40e60
6,56 1744.060 19.16 19,16 640,71 256,00 344591 11.32 32.60 =39,11
6,82 1735.81 16498 16498 643441 . 264,19 32.51 9449 31.10 «38400
T.07 1727.99 15,01 15.01 645,68 272,01 30.84 T.99 29.79 =37.16
7.33 1720448 13.25 13,25 647,60 279,52 29.43 6,75 28,64 =36e¢52
7.58 1713.26 11.68 11.68 649,21 286,74 28420 S5.71 27.52 «36401
7.84 1766429 1029 10e29 650458 293,71 27414 4485 26.70 ~3546]1
8,10 1699.54 9.07 9,07 65175 300,46 26.20 4.13 2587 »35.28
8,35 169300 1.99 T7.99 652 T4 307,00 25435 3.52 25.11 »35,01
8,61 168664 7403 7.03 653.59 313,36 24459 3.01 26041 =34.78
8,86 1680446 6420 6420 654,31 ’ 319,54 23490 2458 23.76 «34.59
9.12 1674.44 5.46 Se46 654493 325,56 23.27 221 23.16 »34e42
TIME (SEC) ANGLE(DEG) X(FT) Z(FT) V(FT/SEC) FMAX(_8) TF(SEC)
FJULL' OR REEFED INFLATION 9.12 5.46 654493 325456 23.27 8348, 5e12

NOTE== POSITIONSsVE| OCITIES,ACCELERATIONSsTRAJe ANGLES REFER TO _0ADs PREVIOUS RESU| TS ARE FOR MASS CENTER

TIME ALTITUDE SYSTEM LOAD TRAU. LOAD POSITION LOAD VELOCITY LDOAD

(penuijuo)) wo3sLS uo

131o®BI1XY 93nyoeied UIEBW pPoIooy

y3IMm o3nyoeaeg o3aev) VI

ANGLE ANGLE ACCELERATION

(SEC) (FT) (DEG) (NEG) (FT) : (FT/SEC) (FT/SEC/SEC)
’ X Y z TOTAL X Y 4 TOTAL:
9,34 1592,05 3,79 -19,95 660,50 407,95 25.35 =8,65 23,82 3,08
-9,88 1579,33 -¢55 =21,81 655,57 420,67 24,66 9,16 22,89 »]485
10,65 1562,17 6,39 17,32 649,21 437,83 22.91 =6,82 21.87 5413
11,42 1545,45 =10,97 =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
12,95 1509.97 =13,43 27,73 654,43 490,03 27.88 12,97 24,68 9.72
13,47 1497.08 «12,03 34,51 662427 502,92 31.02 17.57 25,56 8,75
14,49 1470,63 =6,58 43,39 684,05 529,37 35,34 24.28 25.68 4467
15,00 1657,64 =3,01 45,98 696,92 542,36 35484 25.78 26,91 267
16,03 1433,29 4429 47.22 723,12 566,71 33,26 26441 22,59 b o34
16,54 16421,94 7.45 44,89 734,97 578,06 30.78 2l.72 21.81 6419
17.56 1399,66 11,66 31.89 753,36 600,34 26400 13,73 22,08 -8,88
18,07 1388,14 12,42 21.59 759.21 611,86 24469 9.08 22,96 9,39
19,10 1363,59 11,08 .07 763.78 636,41 24.83 -~ .03 24,83 8,23
19,87 1364,26 7.81 11,99 761,63 655,74 25482 =5,33 25.27 5476
20,63 1325.05 3.23 =18,86 786,20 674,95 25,94 8,37 24,55 2,65
21,40 1306466 -]1.89 =20401 749,52 693,34 24480 8,49 23.31 231
22,17 1289.08 6465 ~l4slé 743491 710,92 23.28 «5,69 22.58 *5,23
22,94 1271,67 =10+22 -1,49 741,37 728,33 22.89 60 22.88 T.64
23,71 1253,70 =11.93 13,68 743,33 746,30 24,66 5,83 23,96 8,85
24,73 1228,31 =10,89 29,67 753,83 771,69 29.32 14,51 25,48 T.96
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w
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o
o
o
o
o
e
th
g 72,99 91,23 2.06 35,20 1170.09 1908,77
74,01 . 68,03 4.80 30,27 1185,25 1931,97
et 74,52 56,52 5.60 26,06 1191443 1943,48
75,03 0 7 44,98 5.94 21,95 1196448 1955,02
o 75.55 33.35 5,80 15,70 1200.34 : 1966 ,65
76,57 9.85 T 4,17 6417 1204.78 1990,15
QD 77,00 .00 3.05 3.40 1205,57 2000,00
. TIME(SEC) ALTITUDE(FT)  X(FT) ZFT)
1 VERTICAL/MINIMUM 9,75 1582.28 656,75 417.72
2 VERTICAL/MINIMUM 1%.00 1457.64 696.92 542436
3 VERTICAL/MINIMUM 21,02 1315.73 752.87 684,27

28,04
26,01
25.01
24.22
23.66
23416
23.07

V(FT/SEC) VX(FT/SEC)

24.88
35.84
25450

16.16

13,11

10.99
8,70
6.40
2.49
1.37

=9,21
25.78
«8,81

22491

22,46
22447
22.60
22,78
23,03
23,03

®] .95

T w3,78

»4,432

S @b e51

446l
~3.16
~2.32

VZ(FT/SEC) A(FT/SEC/SEC)

23.12
24491
23.93

=1.76
2467
=1e69
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