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Fig. III-7 PROGRAM TIMHST Logic Flow
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4. OVERLAY (3,0) PROGRAM PLOTER

The final overlay (Fig. III-8) is only called if tle optional
plot indicator so specifies. If it is called it reads plot titles
from tape. reads the plot variable time histories from tape, and
plots those time histories that have been previously specified.
(Fig. III-9).

Legend: =indicates subroutine from
FORMA library

SCALER

OVERLAY (390)
PROGRAM PLOTER

PLOT 1 ^-^ PLOTSS

Fig. III-8. PROGRAM PLOTER Calling Structure

C. PROGRAM INPUT DATA

The main program overlay, DOCK00, reads the initial program
data.. These data consist of three cards that are actually read
by Subroutine START. This subroutine is from the FORMA library
(Ref III-1). The first card sets a program run number (RUNNO);
the second and third cards are used as title cards. The user
may here indicate any comments applicable to the particular run.

The next card reads four integer variables with a 1615 format.
These variables are:

MINIC	 = 0 if intend to read entire state vector (e.g.,
continuing the simulation from a previous run)

= 1 if desire to read 6x3 array of minimum initial
conditions

IFPLuT	 = 0 if no time history plot output is desired
= 1 if plot output is desired. It will be neces-

sary to insert (in the proper location) as
many plot title cards as desired plots.
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(START

Rewind Time History Data Tape

Read Time H-; story Data

Rewind Time History Plot Title Tape

Read a Plot Title

Set Up Grid Variables

Plot a Variable Time History

END

Fig. III-9. PROGRAM PLOTER Logic Flow
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IFPER = 0 if no prespective or stereo pairs plots are
desired

- 1 if perspective plots are desire
- 2 if stereo pairs plots are desired

IFPNCH = 0 if do not want to punch state vector at end
of simulation

= 1 if desire to punch state vector at end of si-
mulation (e.g., want to read state vector in
as initial conditions for next run)

The next card reads two integer variables with a 1615 format:

NCNSYS the number of control system parameters (34
in the present version of the program)

NFORCS the number of contro l.. system forces (10 in
the present version)

The next card reads the simulation tire variables and certain
plot variables with an 8E10.0 format:

STARTT start time for the simulation

DELTAT time increment for numerical integration

ENDT end time fcr the simulation

XDLTA indicator for abscissa division on output plots.
The total abscissa will be XDLTA x NXPL x 10
wide.	 The variable NXPL is read individually

t for each plot on the appropriate title card.

XPRNT print interval indicator.	 Program will print
every XPRNT interval.

The next four cards read required program input scalars with
an 8E10.0 format.	 Refer to Appendix A for a description of these
data.

AA 2.25	 probe geometry

AB 0.85	 probe geometry

AD 0.708	 probe geometry

AE 0.965	 probe geometry

AF 3.085	 probe geometry

AP 4.25	 probe geometry
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DLB 14.48 probe geometry

DLD 12.90 probe geometry

DLE 17.59 probe geometry

DLF 4.75 probe geometry

DLI 14.10 probe geometry

DLP 3.30 probe geometry

DLQ 16.53 probe geometry

DLS 2.055 probe geometry

FDO 11.5 probe geometry

PEO 10.5 probe geometry

ALPHAD 42.75 drogue cone half angle

CSPHER 2.58 radius of probe head

RADCON 13.56 radius of drogue cone

AKD1 retract force constant

AKD2 retract force constant
a

AKD3 retract force constant

= RHOSO 2.08 stroke to open secondary orifice

FRETL	 1000.0 limiting retract force

EXTL 11.12 probe extended length

TLAG time lag for initiation of retract mode

TSTAR i_apture time-program will compute if cap-
ture achieved during the run; if contin-
uing a run where capture occurred during
the previous simulation, must read in
the correct value of capture time

HDMU coefficient of friction for probe head on
drogue

ARMMU coefficient of friction for pitch arms on
drogue

dINDMU binding friction coefficient

The next three cards read the initial components of the vector
from point T to point D in the T coordinate system (TDTO).	 These
data are read by Subroutine READ (Ref III-1).	 The initial compo-
nents of the vector from point C to point P in the C coordinate
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system (CPCO) ire read next. This array is followed by an array
that reads the initial angular position (SIGMA) of the three pitch
arms relative to the C coordinate system.

Vehicle inertia data are read next. Target vehicle mass and
inertia is followed by chase vehicle mass and inertia. Mass is
read by a scalar (AMT and AMC); the 3x3 inertia arrays (AIT and
AIC) are read by Subroutine READ.

The next data read concerns probe stiffness and damping char-
acteristics. There are eight of these arrays. They are, in order,

FSPROX	 probe barrel load stroke curve

FDMROX	 probe barrel damping-accounts for barrel
friction

FSPALL	 moment-rotation curve for probe loading

FDMALY	 damping for probe rotation coordinates (y axis)

FSPALU	 moment-rotation curve for probe unloading

FDMALZ	 damping for probe rotation coordinates (z axis)

FSPATT	 attenuator spring force curve-identical for
three attenuators

FDME.,TT	 attenuat.or damping curve-identical for three
attentuators

Note that in setting up these arrays, the 1,1 element of each must
be set to a floating point value one less than the number of col-
umns in the array. The 2,1 element is a dummy value and is not
used in the program.

With the exception of the first three data cards, the informa-
tion read to this point has been read by PROGRAM SETUP, the first
overlay. SETUP now calls Subroutine HSIG in order to read elastic
data. HSIG initially reads five variables with a 31.5,2E10.0 for-
mat. These variables are:

IFELAS	 - 0 no elastic properties to be read
- 1 read elastic properties

NMODET	 number of TV modes

NMODEC	 number of CV modes	 not required if

ZETAT	 TV modal damping (% critical) IFELAS - 0

ZETAC	 CV modal damping (% criticai)
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reads the necessary modal
Frequencies are read into

Subroutine REVISE, another
positioning vector., :.o take
am in an array. The b a '. ance

If IFELAS - 1, the subroutine now
data for the TV and Lhen for the CV.
a work space as are modal amplitudes.
FORMA subroutine, operates with three
only those desired modes and store th,
of the modal data is neglected.

Control now returns to SETUP and, depending on the value of

MINIC extablished previously, two options are available:

MINIC	 = 0 the complete state vector is read by READ.
This option provides for a continuous series
of runs; the output from one run is used as
input to the next.

1 a 6x3 array of minimum initial conditions are
read. These conditions have been previously
detailed (Table II-1). These data are actual-

ly read by a call to Subroutine MINYS.

If the parameter iFPLOT was previously set to 1 it is now ne-

cessary to read a plot title card for each individual plot that

is desired as output.	 This information will be written on a tape
and therefore will be available when the plot overlay (PRCCR,*1

PLOTER) is called.	 The following information is required on each

card.	 The format is	 (2I5,2X,Il,2X,2(A6,4X),tAlO).

NCX column indicator for abscissa variable.	 Beier
to Subroutine SETPLT for location of i-,dividual
variable in plot array.

NCY column indicator for ordinate variable

NXPL refer to description of XDLTA

XNAME variable name for abscissa

YNAME variable name for ordinate

PTITLE plot title

A more detailed description of these data and the required

format will be found under Subroutine PLOTi (Ref III-1).

This concludes the data read by PROGRAM SETUP. 	 The remainder

of the data is read by Subroutines CONSYS and SETPER w::en they are

called for the first time.
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Subroutine CONEYS reads all data associated with the several
control systems.	 This was done so that changes in control systems
could be made without impacting the entire program. 	 If	 is de-
sir.:d to change the control laws it is necessary only	 codify
CONSYS and read new data. 	 The basic program logic is u	 ltered
although it might be necessary to read a new value for NCNSYS or
NFORCS.	 Three data cards are required.	 The variables read here,
using the 8E10.0 format, are:

FXCSM CV axial thrust (400 lb in the current version)

AKRX CMG roll channel gain

AKRY CMG pitch channel gain

AKRZ CMG yaw channel gain

AKDX CMG roll channel gain

AKDY CMG pitch channel gain

AKDZ CMG yaw channel gain

OMFX CMG roll channel filter break frequency

OMFY CMG pitch channel filter break frequency

OMFZ CMG yaw channel filter break frequency

:
ZETFX CMG roll channel filter damping ratio

ZETFY CMG Ditch channel filter damping ratio

ZETFZ CMG yaw channel filter damping ratio

: AX CMG roll channel transfer function gain

AY CMG pitch channel transfer function gain

AZ CMr, yaw channel transfer function gain

BX CMG roll channel time constant

BY CMG pitch channel time constant

BZ CMG yaw channel time constant

TLIM total CMG torque limiting value

A detailed description of the CMG control system logic and
definition of the input variables will be found in Appendix B.
If the value of IFELAS is not equal to zero an array of modal
slopes at the CMG aensor locations is now required.	 There must
be as many modes here as target vehicle modes, NMODET.	 The input
data for the TACS control system and the RCS control system is
read as a 6x12 array CVEC by Subroutine READ.	 Definition of these
data will be found in Appendix B of this volume and in Appendix A
of Volume I.
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The final data are required only if the variable IF?ER is not
equal to zero. This information is re q uired for Subroutine SUPER
which plots perspective or stereo pairs views of the probe and
drogue. A complete descriptioi. of required data will be found
under the description of Subroutine PLOT3 (Ref III-1?.

There is no further data required. When the simulation reaches
F.NDT, control returns to Subroutine START. The rur. is terminated
with a STOP card.

Note that a consistent set of input units is used throughout
this program. These units are

time in seconds

length in inches

mass in lb-sect/in.

angle in degrees

A comprehensive summary of program input is detailed in
Table III-1.

D. PROGRAM OUTPUT

A summary of PROGRAM DOCKEL output is presented in this sec-
tion. Actual program output generated from the input listed in
Appendix D will be found in Appendix E.

The output begins with a print of all data. Data that were
read into the program by Subroutine READ is printed (by READ)
immediately after they are read. Other data are printed just before
the beginning of the numerical integration. The time history and
oth,r pertinent program output follows. This information is
printed at every XPRNT interval during the course of the simula-
tion. The following information is available at each print time:

SIMULATION TIME	 Docking simulation time

Y(I)	 Y DOT(I)	 State vector and state vector time deriva-
tive

U - TARGET	 Six velocity components for TV (See Equa-

tion II-143, Vol I)

X - TARGET	 Three components of TV position vector in
inertial space (see Equation II-135, Vol I)
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TAPt.0 Ill- l .	 umptRT OF INPUT DATA

3 r r, CALL 'TAWT

Inni FOR4A1 116I51
It1g 2 FO#;MA I 1315• 1E11WIS
inr" FO SPA1 1?I5. 2X0 110 2X0 21A6•MXI• 4A1L/
10^a ro)'MAT 18^1q.'tl
2nO1 FORMA T 10AIC1
2012 FORMAT 1I59SX.6FIC.01
2003 FORMAT WIC.r,l

READ (NIT01001) PINIC. IFPLOto IFPER• IFPNCt1

DEAD tNI101VOI), NCNSTSO NFOPCS

READ INIT01DO4i SIARTTO OELTAT• ENO*• XDL1Ao, XPRNT
P-LAD 4NJT010041 AA. A go AO• Ale AF. AP• Me OLD. OLE.

•	 DLF• Olt. OLP• 01.8. OLS ► F009 PEO.
•	 ALPMAD• CSPMER. RADCON• AA019 A902• AK039 RHOSO.
•	 FRETL. E X TL• TLAG• TSTAAs MOMU• ARMMU• BINOMU

CALL READ ITOTO • kit N29	 1•	 31

CALL READ ICPCC • N10 k 29 It 31

CALL READ ISIBMA . Nit N1•	 10	 31

DEAD (NIT0100 141 AMT
CALL rEAU (Alt	 . Nit N2•	 It	 31

R EAD 4NIT0IO041 AMC
CALL READ LAIC	 • N1• N29	 39	 31

DO 1S I = 10 04

CALL PEAR IFSPRNGII.1•II• Ni. N2. 29 KTABLEI
CALL READ (FD AM P 11•ioll. N1 ► N2• 29 KTABLE)

1S CONTINUE

READ (NIT•10021 IFELAS• NMOOET• NMODEC. ZETAT• ZETAC
IF IIFELAS .EO. 01 50 TO 200
00 101 L = 1 0 2
CALL READ IVYORK 0 NI•NCF• 191001
CALL READ (AM9RK • MR* NC•100.1001
CALL "EADTM (JVEC	 • NI•NCI•	 1.100)
CALL RCA r)IM IIYEC . MI0NC1 ►	 1.1001
CALL PEADIh IIYEC	 • N1•NC19	 191001

l0n CONTINUE
2nD CONTINUE

IF IPTNIC .EQ. CI CALL R EAD ('t	 • Nit N24o	 191001
TF (MIMIC .E0. 11 CALL READ (DATMIN. 6. 39 69 31

IF (IFPLOt •EC. 01 GO TO 90
1vn RFAn INl` • 1003) NCX• NCr. NXPL• XNAME • rNAME. PTITLE

IF INCX .4% 01 ;0 TO 10%0
°Q CONTINUE

DEAn INIT0lr0N1 FXCSM. AKPX. AKRT• AKRZ•
•	 AKOX. AKDY. A0102. OMFX. OMFr. OMF2•

ZFTFX. ZETFr. ZETF20 AX• AV* A2.

BX. Br• QZ. TIIM
IF (IFFLAS .En. 0) SO TO 9S
CALL READ (C1*GSLP•o9NMCDET.G.261

95 CONTINUE
CALL READ t	 CV!C.N1.M.^. 69121

IF (IFPER Ali * C1 60 TO 300
DEAD INIT020011 IPTIM E111•t-1.81
PEAO I4IT02CO2/ IFFIX09RANGLE.EE00CANGLE

RE AD IMIT9100.1 ICOELOC1110I=1011
READ 1 61I1920031 tVPLOC 1119I-1931

b0 TO 30G
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GAMMA TARGET Six direction cosines which orient TV body
x and y axes with respect to inertial space
(see Equation II-135, Vol I)

U - CHASE Six velocity components for CV

X - CHASE Three components of CV position vector in
inertial space.

GAMMA CHASE Six direction cosines which orient CV bod.,
x and y axes with respect to inertial space.

RHOS Six parameters that characterize the defor-
mation of the probe assembly (see Equation
II-136, Vol I)

MODE VEL -	 TARGET TV normal velocity coordinates

MODE DISP - TARGET TV normal displacement coordinates

MODE VEL - CHASE CV normal velocity coordinates

MODE DISP - CHASE CV normal displacement coordinates

CON SYS PARAI^TERS Attitude control system parameters (see
Appendix A, Vol I)

DSD VECTOR x, y, z components of vector from D (apex
of cone) to S (probe swivel point) in D
coordinate system

PHI Constraint displacement parameter (instan-
taneous di3tance between potential contact
points) for each of 10 possible constraints
(see Section II, Vol I)

LAMBDA Constraint force for each of 10 possible
' constraints (see Section II, Vol I)

MODE Constraint indicator; if zero constraint
is "out", if unity the constraint is "in"
(See Section II, Vol I)

RETRACT FORCE Magnitude of retract force acting on probe
barrel piston during the retract mode

E	 BINDING FRICTION FORCE 	 Binding friction force acting on probe
inner barrel.

FORCE AT PT D Three components of force at apex of drogue
cone

£_	 MOMENT AT PT D Three components of moment at apex o^
drogue cone
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FORCE AT PT P

MOMENT AT PT P

ELAPSED CP TIME

Three components of force at probe hard
point

Three components of moment at probe hard
point

Total elapsed CDC 6400/6500 Central Pro-
cessor time since beginning of run.
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IV. CONCLUSIONS

This volume has presented the graphical output from a series
of demonstration runs made with the digital computer program for
docking simulation (DOCKEL). The results have a common denomina-
tor in that the several runs all considered a fixed orbital con-
figuration. Also, the definition of the probe/drogue docking
mechanism was held constant throughout as were the initial condi-
tions. The intent wa:• to demonstrate the overall versatility of
the docking program and to present results that might indicate,
in a qualitative way, the variations in response due to the in-
cl •ision of typical control systems, CV axial thrust, and elastic
pr-)perties. A total of 12 cases were considered.

As the intent here was to demonstrate capability rather than
provide a complete parametric study, conclusions drawn from these
results must be limited to the particular configuration that was
considered.

Chase vehicle axial thrust is required for successful probe
capture. The effect of increasing thrust is to decrease time to
capture while increasing postimpact velocities and loads. There
appears to be no significant variation in probe deformation char-
acteristics. The addition of a CMG attitude control system has
little effect on probe deformation, cap ture success, and result-
ing loads. However, there is a sizable variation observed in
postimpact rotational velocities. The CMG system appears to have
a stabilizing effect, the degree of stabilization tends to in-
crease with increasing CMG torque capability.

Addition of a TACS has a small effect on capture time, probe
deformations, or vehicle rates. A slight increase in resultant
forces can be noted as the magnitude of the TACS thruster output
is increased. Increasing TACS capability tends to increase the
stabilizing efectiveness of the system. The results for the
case that considered a RCS show no great difference than the re-
sults for the case without this control system except that an
RCS does have a tendency to correct the initial CV attitude error.

The most important conclusion to be drawn regarding ti,e ex-
clusion of vehicle elastic effects is that the resultant forces
and moments actii,g on the TV are increased as elastic properties
are deleted. For;:e peaks may be as much as 10% greater for the
rigid case than for the case that assumed the TV to have all sig-
nificant elastic modes with frequency less than 5 Hz. Conversely,
the effect of omitting elastic properties is to radically de-

4	 crease computer running time. The computer time required for the
rigid case is only about 1/6 of that required for the case with
14 TV elastic modes.
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As all results were generated with the same vehicle and dock-
ing mechanism properties, no conclusions regarding variation in
vehicle geometry, inertial properties, or probe mechanism charac-
teristics can be established. A study of the effects on the dock-
ing response due to variations in these parameters would require
a more extensive investigation than was possible here.

As has been mentioned previously, the intent of the numerical
investigations conducted during the course of this study and pre-
sented in this volume was not to provide a complete parametric
study for a particular configuration or class of configurations.
Rather the intent was to provide an illustration of program capa-
bility and to illustrate tha various available options, particu-
larly those regarding control systems.

The program has, however, been formulated in a manner that
lends itself to a parametric study. Care has been exercised in
the formulation of the subroutines that read input data in order
to make the actual data required a minimum. Likewise, the pro-
gram output, particularly the time history plots, has been chosen
to reflect ghat information most useful to the analyst.

J
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This appendix presents a summary of several docking mechanism
characteristics that are necessary program input data. A descrip-
tion of probe geometry, friction characteristics, probe preload
calculations, attenuator and attachment structure force-deflec-
tion data, and retract mechanism characteristics are included.

A. GEOMETRY

Figure A-1 shows a line drawing of the docking probe. The
geometry defined on this figure is delineated in Table A-1. The
values, except where noted, are from Ref A-1.

i

Fig. A-1 Probe Mechanism Geometry
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Table A-] Probe Geometry

k I = 14.10 in. as - 2.25 in.

k p 
= 3.30 in. a*b = 0.85 in.

kf = 4.75 in. a*d = 0.708 in.

k	 ^ 2.055 in. a* = 0.965 in.
s e

4.25 in. kb* = 14.48 in.ap =

a£ = 3.085 in. z  =
12.90 in.

X	 = 17.59 in.
e

X	 = 16.53 in.
4

c = 2.58 in.

*Indicates value scaled from drawing,
Ref A-2.

Note that the analysis considers the probe head to be modeled as
a sphere with a radius of 2.58 in. (Ref A-3) .

}



P

6

MCR-70-2 (Vol II)

B. BINDING FRICTION

A side load on the probe resulting from probe/drogue contact
causes the probe motion to be influenced by a binding friction
force. This force can be determined from a static representation
of the probe and the pertinent forces, Fig. A-2.

A-3

Fig. A-2 Binding Friction Model

From statics it follows that

FL(q+ks) =RF(kq-px)

RA + FL = R 

k + k	 k + k
R 	 q	 s	 q	 s
RF FL k - p 	 RA FL k - p 

- 1
q	 x	 q	 x

and the binding friction force is

FA U

T

F + RA/

where u* is the binding friction coefficient. The ratio of forces
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FA X + 2Z + Px
FL R	 -

q
P x

can be written

F

FA : u*(T)f*(Px^
	

U(T) f (Px)

L 

where

u(T) = f*(P x 
o

) U *(T)

t 

and is a function of temperature (T),
t

and	 f 
(Px) 

= f* (px
)/f* (pxo) .

Evaluation of f(P x) is presented in Table A-2 and shown in Fig.

A-3. Values of u(T) are given in Ref A-1.

Table A-2 Calculation of f 
(P X)

Px

(in. )

°,q + 2Z  + P x

(in. )

91 q - Px

(in. ) f * (p x) f (Pxl
11.12 31.77 5.41 5.87 1.0

9. 29.65 7.53 3.94 0.672

7. 27.65 9.53 2.902 0.495

5. 25.65 11.53 2.223 0.379

3. 23.65 13.53 1.747 0.298

1. 2.65 15.53 1.394 0.238

0.54 21.19 15.99 1.322 0.226
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11.12	 PX (in.)	 0.54

Fig. A-3 Graphical Representation of f(PX)

C. ATTACHMENT STRUCTURE FORCE-DEFLECTION DATA

Probe attachment structure force-deflection data (moment ver-
sus angular deflection) is presented in Table A-3 and Fig. A-4.
The data are from Ref A-4.

Table A-3 Attachment Structure Force-Deflection Data

Tip
Deflection

(in.)
Load
(lb)

Unload
(lb)

Angular
Deflection

(rad)
Load Moment
(in.-lb)

Unload Moment.
(in.-lb)

0 0 C. 0 0 0

0.2 230 15U 0.00734 6,265 40085
0.4 475 305 0.01468 129940 89310
0.6 715 450 0.02202 199500 129280
0.8 960 630 0.02936 26,170 179180
1.0 1220 815 0.03670 33,220 229,200
1.2 1500 1040 0.04405 40,800 28,350
1.4 1800 1320 0.05135 499100 369000
1.6 2170 1725 0.05870 599150 471,000
1.8 2650 2390 0.06605 72,300 65,150
1.93 3000 3000 0.07080 81,750 81,750
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Fig. A-4 Graphical Representation of Attachment Structure

Force - Deflection Data

D. PRELOAD 3ALANCE CALCULATION

When the probe is in the extended position, the three atten-
uator spring forces, the three tension link forces, and the
probe extension spring force must be in static balance. These
forces can be determined from the expression for virtual power:

3

^B = FBv* +	 FA v J+3 + FT v J+61 .

j =1 i
The velocities v l , vj+3 , and vj+6 , expressed in terms of 6 X Y1•

Y2, and Y3 are (refer to Vol I):
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V 1 1

V 4 fl	 f7

V 5 f',	 fg

V 6	 - f3	 f9

V 7 f4	 f10

Vg f5	 fil

V 9 f6	 fl?

It follows that

A- 7

px

Y1

Y2

Y3

B = L
S FA FA FA FT FT FT 	1

1	 2	 3	 1	 2	 3
fl f7

f 2 	fa

f 3	 f9

f 4 f 10

f 5 	 f ll

f 6 	 f l,

P^x

Y1

Y2

Y3

Symmetry of the probe requires that

F = F = F	 F
A l	 A2	 A3	 T1

Y1 = Y2 = Y3*	 Y1

and therefore

	

^B = LB F
A FT	 I

1	 1

,(f l +f2+f3)

1(f 4 + 
f 5 + f6)

FTL = FT3,

Y2 = Y3,

1Px
k

(f7 + fg + f 9)	 lY1

(f10 + f ll + f12)
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The virtual power, expressed in another way, is

^B 	Fpx xp + FylYl

and the preload equilibrium equations are

F 
	 1 (fl + f2 + f 3)	 (f4 + f5 + f 6)	 F 	 0
x -	 F	 =

FYl	 (f 7+ fg +f9,	 (f1O+fll+fl2)	
FAl	

0
it

Again, symmetry of the probe implies that

f l =f 2 =f3,	 f 4 =f 5 =f6

f7 = f8 = f9,	 f1O = f ll = f12

and the equilibrium equations reduce to

1 3f 1 3f 4 	 F 	 0

3f 7 3f 10 F A 1 
=
 0

FT11

The coefficients f l , f 4 , f 7 , flo can be calculated using known
geometry. The notation used here is that of Volume I.

f l = fd	 iP/Ifdl

fd ip = z 	 z  + P  z  cosy - ad sing = 9.665

fd • i p = 0

fd kP = of - as - z  sing + ad cosy = -6.247

IfdI = 11.508

fl = uAlx = 0.84113, uAly = 0., uAlz = -0.5437

f7	 (~d sing - ad cosy) uAlx	 (P.d cosy + ad sing) uAlz = 11.8312
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f 4 = -pe	 ipl peg

pe • ip = z 

pe • j
P
 = 0

pe • k
P
 = a 

1 pe l = 10

z  + P  - k  cosy - a  sing = 7.187

- as - Z  sing + a  cosy = -7.657

.5012

f4 = -u
Tlx = -0.6844, u

Tly = 0., uTlz = -0.7292

f l o = -(Qe siny - a  cosy ) u
Tlx + (k

. cosy + a  siny ) uTlz 
= -17.683

Assuming now that the attenuator preload (Ref A-1) is

FA 1 = 65/2 = 32.5 lb

yields FT 
1 
= 21.8 lb and F  = -37.2 lb.

E. EXTEND SPRING LOAD-DEFLECTION DATA

The data presented in Table A-4 and Fig. A-5 for the probe
extend spring load-deflection are from Ref A-1.
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Table A-4 Extend Spring Load-Deflection Data

Deflection	 Load	 p x
(in.)	 (lb)	 (in.)

15. - 69. 11.12*
13.5 - 74.8 9.62
12. - 81. 8.12

10. - 89.3 6.12
9. - 93.75 5.12
7.5 -101. 3.62
6.5 -106.2 2.62

5.5 -112.5 1.62
4.75 -118. 0.87

4.44 -121. 0.56
4.2 -125. 0.32

4.07 -130. 0.19

Note:	 1. * indicates fully extended probe.
2. p x - 6 - 3.88 in.

3. Bottoming spring constant

40 x 10 3 lb/in.

Fia. A-5 Graphical Representation of Extend Spring Load-
Deflection Data
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2. Target Vehicle

The TV coordinate system is defined in Fig. I-3. Vehicle in-
ertial properties are shown in Table I-3. The elastic effects
of this vehicle are considered through the inclusion of signifi-
cant elastic modes with natural frequencies less than 5 Hz.

Fig. I-3 Target Vehicle Coordinate System

Table I-3 Target Vehicle Inertial Properties

M = 296.4 lb-sect/in.

I	 = 6.428x10 6 lb-in.-sec t	I	 = 1.622x10 `' lb-in.-sect
xx	 xy

I	 = 2.474x10 7 lb-in.-sec2
	

I	 = 3.528x10 6 lb-in.-sec2
yy
	

xz

I	 = 2.50X10 7 lb-in.-sec2
	

I	 - -1.575x10 5 lb-in.-sec2
zz	 yz

6
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F. ATTENUATOR LOAD-STROKE DATA

The attenuator load-stroke data shown in Table A-5 is from
Ref A-1. The data are shown graphically in Fig. A-6.

Table A-5 Attenuator Load-Stroke Data

Attenuator
Deflection, 

6A
(in.)

Load
(lb)

Unload
(lb)

^A
(in.)

Average Load
(lb)

0 65 0 11.5 - 32.5
0.25 56 21 11.25 - 38.5
0.5 63 28 11.0 - 45.5
1.0 78 47 10.5 - 62.5
1.5 103 70 10.0 - 86.5
2.0 140 107 9.5 -123.5
2.5 203 167 9.0 -185.0
3.0 330 280 8.5 -305.0
3.07 360 360 8.43 -360.0

Note:	 fd0 = 11.5, AA = fd0 - 6A.

a 
	 (in.)

08

	
9
	

10	 11	 12

-100

d

10O
W -200
Ot
IO
i
d

d

-300

-400

Fig. A-6 Graphical Representation of Attenuator Load-Stroke
Da t?
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G. ATTENUATOR DAMPING CHARACTERISTICS

The attenuator damping characteristics shown in Table A -6 are
from Ref A-1.

Table A-6 Attenuator Damping Characteristics

Attenuator
Velocity
(in./sec)

Load (lb)

T	 70°F - 250°F T	 -65°F T = -80°F

1.32 78 78 78
0.12 18 18 18

- 0.12 -	 18 -	 18 -	 18

- 0.24 - 210 - 500 - 690
- 0.60 - 405 - 680 - 915
- 1.20 - 630 - 890 -1205
- 2.76 - 910 -1240 -1710
- 4.8 -1175 -1610 -2210
- 7.2 -1435 -2005 -2770
- 9.6 -1680 -2370 -3335
-12.0 -1920 -2730
-14.4 -2170 -3115
-16.8 -2450 -3550
-18.25 -2685 -3850
-19.2 -2980

H. RUNNING FRICTION

r

	

	 The probe running friction data shown in Fig. A -7 are from

Ref A-1.
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r-

v
s
^° 100
0
+iU
i
Li

-12 -10

(-0.1, -44)—*k

	

\—(-12, -45)	 (-0.1, -91)--^

	

(-12 9, -92)	
-100

Fig. A-7 Graphical Representation of Running Friction

I. RETRACT FORCE

The flow rate of a compressible perfect gas through an ori-
fice can be expressed by the equation,

J'+1
2 y-1 AopB

W C 0 R CY + 1)	 T

Data from Ref A-1 indicate the following values for the dock-
ing probe retract system:

pB = Bottle pressure = 7.2 x 10 5 lb/ft2;

Bottle volume = 3.55 x 10-3 ft3;

TB = Bottle temperature = 530°R;

Bottle gas mass = 0.0827 lb-sect/ft;

A = Bottle orifice area = 1.35 x 10 -7 ft2;
0

Bottle secondary orifice area = 9.43 x 10-7 ft2;

Stroke to open secondary orifice = 0.7547 ft;

(0.1, 91)

(0.1, 44)

A-13

/-T = 250°F
F (12, 92)

T = -100°F 
f-(12 1 45)

2	 4	 6	 8	 10	 12	 14

p (in./sec)



0

A-14	 MCR-70-2 (Vol II)

y - Specific heat ratio = 1.05;

Retract piston area - 0.0328 ft2;

R - Gas constant - 55.16 ft/°R;

Co - Orifice coefficient - 0.62 (assumed).

The flow rates for the primary and secondary orifices are then:

W
primary - 

1.22 x 10-3 lb/sec;

Wsecondary  = 8.5 x 10-3 lb/sec;

An expression for the retract piston force time history can
be constructed from the flow rate and probe geometry, Fig. A-8.

5

z 

xp	 Px

do	 Rq

Fig. 8 Schematic for Retract Piston Force
Time History

The force acting on the piston is

F - 12WRT At = 12WRT At

p	 X 
	 k  - P 

Evaluating the above yields Fpl 
= 16.53 - p

428.22 0t	
for 2.08< P x < ll.12

x

(primary orifice open) and 2983.5 ^t - At*
for p x <Fp2	

Fpl + 16.53 - P
x

2.08 (primary and secondary orifices open).	 The value F* 1 is
p

F	 the value of Fpl at the time (At*) that the secondary orifice

opens.
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The output chosen for presentation represents only a fraction
of that output available from the program and was selected as being
most representative for the individual cases. A summary of the
output for each case is shown in Table II-3.

Table TI-3 Output Table

Case Con iguration

Output Set No.

Figure1 2 3 4 5 6 7 8 19 JIOA 110B 10C

SC-1

SC-2

SC-3

SC-4

SC-5

SC-E

SC-7

SC-8

^C-9

SC-10

SC-11

SC-12

Baseline Configuration (BLC)

BLC } Nomiral CMGs

BLC + "High" CMGs

PLC + "Low" TACS

BU' + "Moderate'	 TACS

BLC + Nominal TACS

BLC + Nominal RCS

BLC - Elastic Modes

BLC - Elastic Modes with f > hz

BLC - Axial Thrust

:LC + 200-1b Axial Thrust

BLC + Nominal CMGs, Nominal RCS,
Nominal. TACS, + Probe Retract
( Elastic ,Modes	 f <	 2 Hz)

II-1

II-2

II-3

II-4

II-5

II-6

II-i

II-8

II-9

II-10

II-11

II-12

II-3
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APPENDIX B

CONTROL SYSTEMS CHARACTERISTICS
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This appendix summarizes the attitude control systems con-
sidered in the docking simulation. Three control systems are
described; each system may be included or omitted at the user's
option.

A. CONTROL MOMENT GYRO ATTI1%7^'JE CONTROL SYSTEM

A block diagram for the CMG system acting on the target ve-
hicle is shown in Fig. B-1. The transfer function (1/F) for each
channel is of the form.

1 -	 1

Fx 0 y,z	 +	 + 1
Wf wf

with the parameters for the three channels shown in Table B-1.

Fig. B-1 Control Moment Gyro Attitude Control System Block Diagram
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II-5

5,000-01

o.

^. 000-ol

N

-+.000-00

-+.500-00

c	 -2. ooa00
J

-2.500.00
A

-3.000.00

-3.500.00

-0.000.OU

5.000-02

_	 0.

N

h

e 	 -5.000-02

?	 -+.000-01

^	 -+.500-0+
J

-2.000-01

-2.500-01

-3.000-01

s #10-11

4. 100-01

3.000-1+
_N

c 2.011-01

I.o11-el
V
>
c - 1. T7fi-IS

A

-2.000-01

-3.000-01

0. 2.000. 00	 4.000.00	 6.000.00
	

8.000.00	 + . 00

T +;ed

Fig. I1-1 Output for Case SC-1 (Sheet 1 of 15)
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Table B-1 CMG Attitude Control System Parameters

Parameter

Control Channel

x	 y	 z_

KD (in.-lb/rad) 5.57 x 10 5 27.18 x 10 5 53.8 x 105

KR (in.-lb sec/rad) 25 x 10 5 176 x 10 5 242 x 105

;, Filter Damping Ratio 0.5 0.5 0.5

Wf , Filter Break Frequency

(rad/sec) 2.2 1.25 1.9

	The transfer function L	 is
x,y,z

	

L	 L	 L	
a

x	 y	 z	 Ts + 1

with a = 0.61, T = 0.24. The total CMG output torque is limited
to 1440 in. -lb.

B. THRUSTER ATTITUDE CONTROL SYSTEM/REACTION CONTROL SYSTEM

A block diagram for the TACS/RCS is shown in Ftg. B -2. The
TACS is a control system acting on the target vehicle. The RCS
controls the chase vehicle. Significant control system parame-
ters for the two systems are presented in Tables B-2 and 1 -3.
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Table B-2 Thruster AtW	 Control System Parameters

Parameter

Control Channel

Pitch Yaw Roll

d, Displacement limit (deg) }2 ±2 ±2

al , Rate gain (deg/deg/sec) 20 20 20

ao, Displacement gain (deg/deg) 2 2 2

a2 , Mixer gain (volt/deg) 20 20 20

Ko , Feedback gain (volt/volt) 0 0 0

Kf , Feedback gain (volt/volt) 0 0 0

TV Time constant (sec) 0.5 0.5 0.5

Switch dead space (volts) -20 ±20 ±20

Ec , Switch output (volts) ±100 ±100 ±100

Minimum pulse width (sec) 0 0 0

Table B-3 Reaction Control System Parameters

Parameter

Control Channel

Pitch Yaw Roll

d, Displacement limit (deg) .±4 ±4 ±4

a l , Rate gain (deg/deg/sec) 1 1 1

a o , Displacement gain (deg/deg) 0.5 0.5 0.5

a2 , Mixer gain (volt/deg) 10 10 10

Ko , Feedback gain,	 (volt/volt) 0.007 0.007 0.007

Kf , Feedback gain (volt/volt) 1.0 1.0 1.0

TV Time constant (sec) 1.0 110 1.0

Switch dead space (volts) ±20 ±20 ±20

Ec , Switch output (volts) ±100 ±100 ±100

Minimum pulse width (sec) 0 0 0
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Each thruster is assumed to produce 100 lb of thrust. Using
known geometry for the TV and the CV yields the control forces
(torques) shown in Table B-4.

Table B-4 TACS/RCS Control Forces and Moments

TACS

Tx = 28,320 in.-lb 	 (2 nozzles, 11.8 ft center
line to nozzle)

F = 200 lb	 (2 nozzles)
y

F z = 100 lb	 (1 nozzle)

RCS

Tx = 15,360 in.-lb

T = 15,360 i.n.-lb	
(2 nozzles, 6.4 ft center-

y	 line to nozzle)

T
z 
= 15,360 in.-lb

B-5
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APPENDIX C

PROGRAM DOCKEL LISTING
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Appendix C presents a complete listing of DOCKEL. Sample in-
put data appear in Appendix D. Sample output, using the input of
Appendix D, appears in Appendix E. Subroutines required by the
program that are included in the FORMA library are not included
in this appendix. A listing and a complete description of these
subroutines will be found in Ref III-1.

C-1
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SU qR0t_ITI'1F ATXBV (A•39cl
CIMENSICK	 A(393)• B(319 C(3)

C
C	 CCDEO BY CARL BOCLFY	 MARCH 1968
C

Do 1C I=1.3
C(I) = 910
00 IC K=1#3

10 C(II = C(I) + A(K•I1*3(K)
RETURk'
ENO

SUBROUTINE AVPBV (ALPvAv8FT+BvC)
DIMENSION A(3)v 8(31• C(31

C
C	 COOED 9Y CARL BODLEY 	 MARCH 1968
C

Do 10 I=1.3
10 C(I) = ALP*A(I1 + BETsB(I)

QE TUR%J
F ND

SUBROUTINE AXB3 (A•B*C)
DIMENSION	 A(393)9 9(3.3)9 C(3.3)

C
C	 CODED BY CARL BCDLEY	 JUNE 1968
C

re lC I=1.3
DO 10 J=1.3
C(I•J) = 0.0
00 10 K=1.3

IC C(IsJ) = C(I#J) + A(ItK)*B(KvJI
RETURN
ENO

SUBROUTINE AXBT3 (Ar89C)
CIMENSION	 A(3.3)• B(393)• C(393)

C
C	 CODED BY CRRL BODLEY	 M•APC'A 1968
C

00 1C' I=1.3
00 10 J=193
C(I•J) = O.0
00 10 K=193

10 C(IPJ) = C(I•J) + AtItK1*B(JrK)
RETURN
ENO

SUBROUTINE AXBV (AvBvC1
DIMENSION A(3.319 9(3)• C(3)

C
C	 COOED BY CARL BOOLEY 	 MARCH 1968
C

00 10 I :1.3
C(I) = 0.0
00 1C K:1 93

10 C(I1 = C(II + A(ItKIsB(X)
RETURN
ENO
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SUBROUTINE BAKOFF
C
C	 SUBROUTINE TO INCREMENT THE RHO COORDINATES IN SUCH A WAY THAT NO
C	 PHICON .LT. D.
C
C	 SUBROUTINES THAT ARE CALLED ARE --- INV2NP AND MULT
C
C	 COOED BY CARL BOOLEY9 JULY 1969
C

COMMON /BTOATA/ TRHO(99619 OL5(109619 BLV(79391
COMMON /PHILAM/ PHICON(10)9ALAM(10)9 MODE(101
COMMON /TRNFMS/ TRTI(39319TRCI(393)9TRTC(393)9TRHTt39319TRHC(393)9

•	 TRRT(39393)9TRRCt39393)97R PC(39319TRDT(393)9
•	 TRPD(393)9TRHD(39319TRRD(39393)9TRPT(3931
•	 9TRHP( 3931 9TRTP (3931 9TRRP 139393)
COMMON /VECTOP/ Y(150)9YOT(1501
COMMON /YPSTNS/ NUT 9NXT9N6AMT•NUC9NXC9NGAMC9NRH09

•	 NXITOT9NXIT9NXIC0T9NXIC9 NOELCS
C

DIMENSION DELPHI( 1019 DELRHO(619BC(696)9BCI(69619MKV(6)
DIMENSION	 IVEC(10)9 JVEC(6)

C
DATA EPSN/0.005
DATA JVEC/19293.49596/

C
00 10 I=1910
ANODE = MODE(I)

10 DELPHI(I) = AMOOE•(EPSN - PHICON(I11
C

IVEC(41 = 0
DO 15 1=193
IP4 = I + 4
IP7 = I + 7
IVEC(I 1 = MODE(I ►
IVEC(IP4) = 1100EtIP4)
IF (MODE(I) .E2, 0 .AND. MOOE(IP4) .EQ. 01 IVEC(IP41 = 1

1.5 IVEC(IP7) = l
C

NVAL = 0
DO 20 I=1910
IF (IVEC(I) -EQ. 0) 60 TO 20
NVAL = NVAL + 1
IVEC(1 ) = NVAL

20 CONTINUE
C

CALL REVISE (BL59IVEC9JVEC9BC910969696910961
CALL REVISE (DELPHI9IVEC9JVEC(1)9M1(V91C9 1969 19 109 6)

C
*F (MODE(%) .EQ. 0) 60 TO 50

C
DO 25 I=193

25 YKV(I+31 = -OELPHI(41•TRHT(29I1
C

50 CALL INV2NP (BC96CI96961
CALL MULT	 (BCI9MKV90ELRH09696919696)

C
no 60 1=196
L = I + NRHO - 1

60 Y(L) = Y(L) + DELRHO(I)
C

PETURN
ENO

C-3
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SUBROUTINE CONSYS
C

COMMON /RC1234/ BC1110.619 SC2(10.61• RC3(1092619 SC4(10926)
COMMON /CSFORC/ FOR CS(1[)• NFORCS

COMMON /CSYSTM/ CVEC(6.1519 EULR(619 f_OOTt61
COMMON /CM GOT A/ FXCSM• AKRX•AKRY•AKRZ•AKOX•AKDY•AKOZ•OMFX•OMFY•

•	 OMFZ•ZETFX•ZETFY•ZETFZoAX•AY•AZ•RX•BY•BZ•
•	 TLIM
COMMON /IFOUTS/ MINIC•IFPLOT•IFPER
COMMON /JBATCH/ JBA
COMMON /MISCNO/ ANUM
COMMON /NMODES/ NMODET9 NMO DEC• IFELAS
COMMON /PHILAM/ PHICON4101•ALAM(1019 MODE(101
COMMON /PULSES/ QPA(6)
COMMON /RETRCT/ A9019AK029AK039RHOSOeFRETL *EXTL•TLA69TSTAR•FRET
COMMON /TIMESSI STARTT•QELTAT• T. ENOT• TMST9 NSECS
COMMON /VECTOR/ Y(1SO)• YOT(1S01
COMMON /YPSTNS/ NUT •NXT•NGAMT•NUC•NXCvN6AMCvkRHO•

•	 NXITDT•NXIT•NXICOT•NXIC• NOELCS
C

DIMENSION 9MGG(3)
C

DATA NIT• NOT / S• 6
DATA I1ST• TEST / 0• 0.0

C
C	 SET FORCE TRANSFORMATIONS AND READ CONTROL AND ELASTIC INPUT.
C

IF (JBA -EQ- I .AND. I1ST .EQ. 0) 60 TO 3
GO TO 5

3 CALL ZERO (BC1• NFORCS• 6. 101
CALL ZERO (BC29 NFORCS• 6. 101
CALL ZERO (BC3• NFORCS• NMODET• 10)
CALL ZERO t8C4• NFORCS• NMODEC• 101
READ (NIT92001) FXCSM• AKRXeAKRYoAKRZ•AKDX•AKOY•AKOZ*OMFXIOMFYs

•	 OMFZ•ZETFX•ZErFYeZETFZ#AX@AYrAZ•BXoBYoBZP
•	 TLIM

2001 FORMAT (8E10.01
IF (IFELAS .EG. 0) GO TO 1S
CALL READ	 (8C3(2.11•N1•N1qOT•I0.261
IF (NMOT .EQ- NMODET) 60 TO 15
WRITE (NOT•1001)

lOCl FORMAT (25H1GYRO SIDS NOT COMPATIBLE)
STOP

15 SC211.11 = 1.a	
9C1(S•41 = 1.
BCI(6.21 = 1.
BCI t 7.31 = 1,
00 4 I = 1.3
BCI(I+19I+31 - 1.

4 BC2(1 4 79I+3) = 1.0

C
S CONTINUE
IF (I1ST .EQ. 1) GO TO 10

C

CALL READ (CVEC• NRC• NCC• 6. 15)
8C1t6.41 - —CVEC(3.12)
SC1(6.61 = CVEC(1.121

a	 BCI(7.4) = CVEC(2.12)
8C1(79S) = —CVEC(1.121
IF (MINIC .EQ. 01 GO TO 8
00 7 I=1.3

T	 Y(NDELCS	 +I1 = CVEC(I •1)•ANUM

6
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7 Y(NDELCS+I8+I) = CVEC(I+3 ► 1)*ANUM
C
C
	

COMPUTE CONSTANTS FOR THE CMG SYSTEM.
C

8 OMF4X = OMFX**4
OMP4Y = OMFY**4
OMF4Z = OMFZ**4
OMFZIX = 4.*ZETFX*OMFX
OMFZIY = 4.*ZETFY*004FY
OMFZIZ = 4.*ZETFZ*OMFZ
OMFZ2X = (49*ZETFX**2 + 2.)*OMFX**2
OMFZ2Y = (4.*ZETFY**2 + 2.)*OMFY**2
OMFZ2Z = (4.*ZETFZ**2 + 2.)*OMFZ**2
OMFZ3X = OMFZIX*OMFX**2
OMF23Y = OMFZIY*OMFY**2
OMFZ3Z = OMFZIZ*OMFZ**2

10 IIST = 1
C
C
C
	

COMPUTE CONTROL SIGNALS AND FORCES FOR THE CM6 SYSTEM.
C

6

OLT = T—(TSTAR—TLAGI
IF (MODE14) -EQ. 11 TEST = 1.
IF (MOOE(81 .EA. 1 .AND. OLT .6E. 0.4) TEST = 0.
FORCS11) = FXCSM*TEST
YOT(NDELCSI = FORCS(1)

C
OMGG(il = Y(NUT + 31
OMGG(21 = Y(NUT + 4)
OMGG(31 = Y(NUT + SI
CALL MULTAD ISC3(2. 1).Y(NXITDTI.OMGG939NMODETtlelOr1S0.3)

SNP = SIN(Y(NOELCS + 1))
CSP = COS(Y(NDELCS + 1)1
SNT = SIN(Y(NDELCS + 211
CST = COS(Y(NDELCS + 2))
YOT(NDELCS + 11 = OMGG(1)+OMGG(21*SNP'*SNT/CST

*	 +OMGG13)*CSP*SNT/CST
YOT(NOELCS + 21 = OMGG(21*CSP — OMGG(3)*SNP
TDT(NDELCS + 31 = OMGG(31
YOT(NOELCS + 41 = OMF4X*(AKRX*OMGG(11+AKDX*Y(NDELCS+Ii

•	 -Y(NDELCS* 7)1 — OMFZIX*Y(NDELCS+ 41
•	 -OMFZ2X•Y(NDELCS+ S1 — OMFZ3X*Y(NOELCS+ 61.
YOT(NOELCS + 51 = T(NDELCS + 41
TOT(NDELCS + 61 = Y(NDELCS + S1
YOT(NDELCS + 7) = Y(NDELCS + 6)
YOT(NOELCS + 81 = (AX*Y(NDELCS + 71 — Y(NOELCS + 8)1/BX
YDTINOELCS + 91 = OMF4Y*(AKRY*OMGG(2)+AKOY*Y(NOELCS+21

•	 —Y(NDELCS+1211— OMFZIY*Y(NOELCS+ 91
•	 —OMFZ2Y•Y(NDELCS+10)—OMFZ3Y•T(NOELCS+111
YOT(NOELCS +101 = Y(NDELCS + 91
YDT(NDELCS +111 = Y(NOELCS +101
YDT(NOELCS +121 = Y(NDELCS +111
YOT(NDELCS +131 = (AY*Y (NDELCS +12) — T (NDELCS +13111BY
YOT(NOELCS +141 = OMF4Z*(AKRZ*014GG(31+AKDZ*Y(NOELCS+31

*	 -Y(NDELCS+1711— 014FZIZ*Y(NDELCS+14)
*	 -004FZ2Z*Y(NOELCS+IS1—OMFZ3Z*Y(NDELCS+161
YDT(NOELCS +151 = Y(NDELCS +141
YOT(NOELCS +161 = Y(NDELCS +1S)
YDTINDELCS +171 = Y(NOELCS +161
YOT(NOELCS +181 = (AZ*Y(NDELCS +171 — Y(NOELCS +181118Z

C
FORCS(2) = —Y(NDELCS + 81



C
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FORCS13)	 =	 -YINDELCS +	 13)
FORCS M = -YINDELCS + 181
IF (FORCS(2) .LT. -TLIM) FORCS(21	 = -TLIM
IF (FORCS(21 .GT. TLIM) FORCS121	 = TLIM
IF (FORCS(3) .LT. -TL IMI FORCS(31	 = -TLIM
IF (FORCSI3) .GT. TLIMI FORCS(3)	 = TLIM
IF (FORCS(4) .LT. -TLIM) FORCS14)	 = -TLIM
IF IrORCS(41 .GT. TLIM) FORCS(41	 = TLIM

C
C
C
	

CALCULATE CONTROL SIGNALS (INCLUDING SIGNALS TO BE INTEGRATEDI AkI
C
	

FORCE` FOR TACS AND RCS.
C

DO 1 7 I=1.3
EVLRII ) = Y(NDELCS+T 1
EULR(I+31 = YINDELCS•!+191
EDOTIII = OMGG(I)

17 EDOT(I+31 = Y(NUC+I+21
SNP = SIN(Y(NDELCS + 19)1
CSP = COS(YINDELCS + 1911
SNT = SIN(YINDELCS + 20)1
CST = COS(Y(NDELCS + 2011
YOT(NOELCS + 191 = EDOT(4)+EOOT(51•SNP•SN7/CST

•	 +EDOT(61*CSP•SNT/CST
YDT(NDELCS + 20) = EOOT(5)•CSP - EDOT16)sSNP
YDT(NDELCS + 211 = EDOT(5)•SNP/CST + EDOT(61•CSP/CST

C
DO 50 I = 1.6

50 CALL CSLOOP (Ii

STOR = OPAl21
OPA(21 = OPA(31
OPA131 = STOR
00 65 I=1.6
FORCSII + 4) = -OPA(I)

GS TOT(NOELCS + 27 + It - ASS(OPA(Ill

RETURN
END
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SUBROUTINE CONTAK
C
C SUBROUTINE TO SET CONSTRAINT MODE BASED ON INPUT GEOMETRY ONLY.
C THE SUBROUTINE IS CALLED INITIALLY AND ONLY ON THE 4TH TIME OF THE
C RUNGE-KUTTA-GILL LOOP.
C
C SUBROUTINES THAT	 ARE CALLED ARE --- BAKOFF96EOM AND KINMAT.

C
C COOED BY CARL BODLEY• JULY 1969
C

COMMON	 /LIPARM/ FLAMCt 31 •QRMAG(31
COMMON /PMILAM/ PHICON(IO19ALAMt101r MOOE(101

C
DIMENSION IFTEST181

C
DATA NITvNOT/S*6/
DATA	 EPSU9	 IFCAP•	 MAXITR•	 I1ST

•	 0.010	 09	 150	 0/
C

IF	 (I1ST	 .GT.	 0)	 GO TO 5
DO	 8 I=1+8

8 MODE(II	 = 0
I1ST	 =	 1

5 ICOUNT = 0
1CD DO	 10	 I=198

IFTEST(I)	 = 0
IF	 (PHICON(I)	 .LE.	 EPSUI MODE4I1	 =	 1
IF	 (PHICON(II	 .LT.	 0.)	 IFTEST(11	 =	 1

10 CONTINUE
C

IF	 (IFCAP	 .EQ.	 1)	 MODE($)	 =	 1
IF	 (MODE(8)	 .EQ.	 1)	 MODEM = 0
IF	 (MOOE(8)	 .EQ.	 11	 IFCAP	 =	 1

= MODE(	 91	 =	 MODE(61
MODE(10)	 = 040DE(8)

C
00 15 I=1.3
IP4 = I • 4
IF (FLAMC(I) .LE. 0.01 PODE(IP41 = 0
IF (MODE(I) .EQ. 1 .AND. MODE(IP41 .EQ. 11 GO TO 20
60 TO IS

20 IF (PHICON(II .LE. PHICON(IP411 MOOE(IP41 = 0
IF (PHICON(I) .GT. PHICON(IP4)1 MODE(I 1 = 0

15 CONTINUE
C

IF (04OOE(8) .EQ. 1 .AND. PHICON481 .GE. EPSUI IFTEST(8) = 1
PHCN9 = ASSIPHICON19 ))
PHCN10	 ABStPHICON11011
IF (MODE(81 .EQ. 1 .AND. PHCN9 .6E. EPSUI IFTEST181 = 1
IF (MODE(81 .EQ. I .AND. PHCNIO .GE. EPSUI IFTEST(81 = 1

C
IFOUT = 0
00 25 1=198

25 IFOUT = IFOUT • IFTEST(II•MODE(l)
IF (IFOUT .EQ. 0 .AND. ICOUNT .GT. PI RETURN

C
ICOUNT = ICOUNT • I
IF (ICOUNT .EQ. MAXITRI GO TO 9S9

C
CALL SAKOFF
CALL GEOM
CALL KINMAT

60 TO 100
C

999 WRITE (NOT•10011
1001 FORMAT (31H1SUBR. CONTA* DOES NOT CONVERGE/

•	 17HOPROGRAM STOPPED0
STOP
END

C-7
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SUBROUTINE CSLOOP IMCHNLI
C
C	 SUBROUTINE CSLOOP COMPUTES THE SIGNALS AT NECESSARY POINTS It( THE
C	 CONTROL LOOPS FOR ALL CHANNELS.
C
C VARIARLE DEFINITION (PER CHANNEL 1
C	 01 THRU 05 — SIGNALS WITHIN THE CONTROL SYSTEM.
C	 ANGLE — ANGULAR M ENTATION IRAOIANS)
C	 TFL — CONTROL SYSTEM FIRST ORDER TIME CONSTANT.
C	 A09 Alt A29 C019 CFL — CONTROL SYSTEM 16AIN CONSTANTS.
C	 ANGVEL — ANGULAR RATE OF CHANGE OF BODY , (RAO/SEC1 e
C	 ANGLMT — ANGULAR ORIC14TATION ERROR LIMIT OF BODY /INPUT IN DEGREES).
C	 GP — OUTPUT FORCE RF.OUEST SIGNAL TO MINIMUM PULSING DEVICE.
C	 040 — OFRIVA71VE OF SIGNAL 04.
C
C

COMMON /CSYSTM/ CVEC16t1SIs EULR(619 EOOT(6)
COMMON /MISCNO/ ANUM
COMMCN /PULSES/ APA(61
COMMON /VECTCR/ Y(150)9 YOT11501
COMMON /YPSTR,-%/ t:UTtNXT•NGAMT*NUCtyXCrNGAMCoNRHO•

NXITOT•NXIT•NXICDT•NXIC• NOELCS
C

DIMENSION D5(6)
DATA DS /0.#O.I0efOe@Qe9O•

C
OY = Y(NDFLCS + MCHNL + 211

C
C	 INITIALIZE CONTROL SYSTEM VARIABLES,
C

S ANGLMT	 CVECIMCHNL#21 • ANUP
ECLMI	 CVEC(MCHNL93)
ECLMO	 = CVEC(MCHNL•41
FTRSTR = CVECIMCHNL*S)
lk^	 = CVEC(MCHNL961
Al	 = CVECIMCHNL971
A2	 = LVEC(MCHNL981/ANUM
COl	 = CVEC1MCHNLv91
CFL	 CVEC(MCHNL•101
TFL	 CV€C(MCHNL9111

C
AY, 6LF = EULR(MCHNLI
A"6VEL = EOOT(MCHNLI

C
IF (ANGLE .GT. ANGLMT( ANGLE _ ANGLNT
IF ( ANGLE .L T. —ANGLMT 1 ANGLE	 AN6LMT
01 = (AI • ANGVEL + AO • ANGLES • A2

C
C COMPUTE TSE COUPLING TERMS IN CASE OF THE YAW AND ROLL CHANNELS.
C

IF (MCHNL .Eo. 2 .Olt. MCHNL .EQs S1 60 TO 20
IF (MCHNL .Eli. 1 eOR. MCHNL .Eli. 41 MALT = MCHNL + 2
IF (MCHNL .Eli. 3 eOR. MCHNL .Elie 61 MALT	 MCHNL — 2
ANGLMT = CV IEC(14ALT•21 • ANUM

AO	 = CVEC(MALT961
Al	 = CVEC(MALT971
A2	 = CVEC(MALTsAf /ANUM
ANGLE = EULR(MALT1
ANGVEL = EOOT(MALTI
IF (ANGLE eGTe AN6LMT1 ANGLE = AN6LMT
IF (ANGLE .LT. —ANGLMT) ANGLE _ —ANGLMT
DALT = (Al • ANGVEL + AC 0 ANGLE( • A2
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IF (MCMNL .EO. 1 .OR. MCHNL .EO. 41 01 = 01 • OALT
IF 1MCHNL .EL. 3 .OR. MCMNL .EOo 61 01 = 01 — DALT

C
C	 COMPUTE REMAINING SIGNALS IN THE CONTROL LOOP.
C

20 02 = 01 - 04 • nStMCHNLI
D3 = 0.0
IF 102 .GF. ECLMI) 03 = ECLMO
IF 102 ALE. -ECLMII 03	 -ECLMO
OSIMCMNLI = COI • 03
DOD _ 1CFL • 03 - OMI / TFL
OP	 FTRSTR•03 / ECLMO
OPAIMCHNLI = OP
TOTINOELCS • MCMNL • 211 = 040

C
RETURN
ENn

6
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PROGRAM OOCK00 ( INPUT @OUTPUT@FILMPL9TAPES= INPUT* TAPE6=OUTPUT•
• PUNCH97APE19TAPE2@TAPE3)

C
C MAIN OVERLAY OF PROGRAM DOCKEL
C
C CODED BY BOOLEY/NERZ/PARK	 1969
C

COMMON /ANGLES/ ALPHA09SALP09CALP0@TALPC9 SSIGMA(3)9CSIGMA(3)
COMMON /9C1234/ BC1(109619	 SC2(1096)9	 SC3(1092619	 BC4110926)
COMMON /BINOFR/ FI98INDMU
COMMON /8TOATA/ TRHO(99619	 8LS(10@619	 BLV(7@391
COMMON /CHANGE/ Z(150)92DT(ISO)
COMMON /CMGDTA/ FXCS149 AKRX9AKRY@AKRL9AKOX@AKOY9AKOZ90MFX9000FY9

• OMFZ9ZETFX9ZETFV92ETFZ9AX9AY9AZ98X@BY9BZ9
• TLIM
COMMON /CSFORC/ FOR CSI Iri @ NFORCS
COMMON /CSYSTM/ CVEC(6@1S)•	 EULP1619	 EDOT(61
COMMON /FORMOM/ FANDNI121
COMMON / F UNGAM/ SGAMMA(319CGAMMA(3)@SGSS(319SGCS(31@

• CGSS(3)9000S(3)
COMMON /GEOMTY/ AA9A89AD9AE9AF@AP•OL890LD90LE90LF@DLI90LP9DLQ@OLS9

• TDTO(319CPCD(3)•RA000N•CSPHERsROTALP,PE09F00
COMMON /IFOUTS/ MINIC@IFPLOT•IFPER
COMMON /JBATCH/ JBA
COMMON /JCOUNT/ JIL
COMMON /L ATCHL / VL AM 161
COMMON /LIPARM/ FLAMC(319 QRMAG(31
COMMON /LOCLEN/ LOCI 121 9 LEN (12)
COMMON /LOCPTC/ CSC(319	 CAC(39319000(3@319

• CPC1319PSC(3)•PAC13.3)9PQC13931
COMMON /LOCPTD/ DSO(31@DHD(31906013)9DAD(393190R0(39319

• 0001393)9QR0(3@31
• 90HPO(319080139319DFD(393)90P0(3931
COMMON /IOCPTH/ DSH(3)
COMMON /LOCPTI/ OTI(319 OCI1319	 TCI(3)
COMMON /IOCPTP/ PSP13)@PAP(393)9PQP13.31
COMMON /LOCPTT/ THT1319TCT4319TST(31@TAT(39319TRT(393)@

• CST(3)@CAT(393)9	 QRT(39319	 TDT13)•
• OHT(3)@OGT(3190STi319	 OAT(3@31900T(39319ORT(3931
COMMON /LSTART/ RUN409DATE•NPAGE9UNAME(3)9TITLEI(12)9TITLE2(12)
COMMON /MASS/	 AMT•	 AMC@	 AIT(39319-AIC(3931
COMMON /MFREQD/ FREQT(26)9	 FREQC(26)9 IETAT9 ZETAC
COMMON /MISCNO/ ANUM
COMMON /MODATA/ HATD1392619SIGATD(3926)9	 HATp(3926)9SI6ATP13926)
COMMON /NCNTRL/ NCNSYS
COMMON /NEOTNS/ NEQTN
COMMON /NMOOES/ NMOOET@ NMODEC9 IFELAS
COMMON /PERTIT/ PTITL(8)9IFFIXO9RANGLE9EED9CANGLE9

• COELOC131@VPLOC(31
COMMON /PHILAM/ PHICON(10)@ALAM11019	 MODE	 10)
COMMON /PLTR	 / K1@NCOLS9NTIMES9XOLTA;9NPLTS
COMMON /PULSES/ QPA(6)
COMMON /PUNCHY/ IFPNCH
COMMON /QPRK T A/ QRK ( 150) 9 PRK ( ♦ 1
COMMON /RETRCT/ AK019AK029AK 039RHOS09FRETL@EXTL9TLAG9TSTAR@FRC-T.
COMMON /SKEMMS/ TOTS01 393)9THTSQ (393)9TRTSQ (393931 9	 DRTSQ13939319

• PSCSQ(39319PSPPSQf39319PQCSQ(39393)9PQPPS013939319
• CSCSQ139319000S01397@3)9	 OHTS01393)
COMMON /SLIOFRi HOMU9	 ARMMU9 BFV(6939)
COMMON /SPRDMP/ FSPRNG(29209419FDAMP(292E94!
COMMON /TAPED/ NTAPEI@ NTAPE29 NTAPP..3
COMMON /TIMESS/ STARTT@CELTAT9	 To ENDT9 TMST@ NSECS
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COMMON /TRNFMS/ TRTIl3.319TRCI13931 .7RTC43931•TRHT139319TRHCt3931•
• TRRTt3.3.31•TRRC(393#3/•TRPCt393$tTROTl3e31r
• TRPDt3.31• TRHD13.319TRRD13.3.31•TRPT13.31
• 9TRHP43t3ltTRTP139319TRRPI3r3931
COMMON /VECMAG/ FDMAGl31•	 PEMAG431
COMMON /VECTOR/ Y115019YOT41501
COMMON /YPSTNS/ NUTrN": vNGAMTvNUCvNXCsNGAMCvNRHOv

• NXITOT•NXIT•NXICDTsNXIC•	 NDELCS
C

DATA	 NTAPE19 NTAPE29	 NTAPE39 JBA.	 DOCKEL/

• It 29	 39	 0.6LOOCKEL/
OAT& NUT•	 NXT• NGAMTv NUC. NXC• NGAMC. NRHO. NXITDT

1	 / It	 79 109	 169	 22.	 25.	 319 37
DATA K1	 /30000/

c
c------------ -----------------------------------------------------------------
C
C PROGRAM DOCKEL
C COMMON MAP

C
C
C
C SUBROUTINE
C
C 8 0 0 0 0 F F 6 H H K L L M P P P R R R S S S S	 T V

C A 0 0 S 0 0 T E L S I A 0 I I L R E 0 U F E E E I E
C K N N L C R A 0 A I N M C N E 0 E T 0 N T T	 T T M C
C 0 S T 0 K F 8 M T G M R A Y R T E R T K P P T U H T
C F Y A 0 0 0 L	 C	 A H T S C E N A S T	 E L P P S R
C F S K P 0 N E	 H	 T 0 E	 E R T K A R T E T

C
C COMMON

' C ---------------------------------------------------------------------

c
C ANGLES X	 X	 X X X

C SC1234 X x X
C •BINDFR X	 X	 x X X

C 8TOATA X X X	 x	 x X
C CHANGE X	 X x

_ C CMGDTA X X
C CSFORC X X x x x x

- C CSYSTM X X	 X
C FORMOM x	 x	 X x x

C FUNGAM X	 x	 X X
C GEOMTY x	 x	 x x	 x x x

C IFOUTS x x	 X	 x x x
C JBATCH x x X X

C JCOUNT x	 X X	 X X X x

C LATCHL X	 x x x

C LIPARM x	 X	 x	 X
C LOCLEN X	 X	 X

C LOCPTC x	 I x	 X
C LOCPTD X	 x	 x	 x x x

C LOCPTH X	 X	 X
C LOCPTI x	 X x
C LOCPTP X	 X	 x	 x X
C LOCPTT x	 x	 x	 X x
C LSTART x

• C MASS x	 x x x

C MFREOD X	 x X x

C MISCNO x x x	 x	 X	 x	 x X x x
C MOOATA X	 X x x	 x

C-11
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C	 NCNTRL x x x
C	 NEQTNS x X x x	 x x X X
C	 NMODE S x x x	 x x x x x X x X
C	 PERTIT x x
C	 PHILAM	 x x	 x x x x x x x x x
C	 PLTR x X x
C	 PULSES x	 x x
C	 PUNCHY X X x
C	 QPRKTA x x X
C	 RETRCT x x x X x X X
C	 SKEWMS X x x

C	 SLIDFR X x x X
C	 SPRDMP x x x
C	 TAPED x x x x x
C	 TIMESS x x x	 x x x x x x x X X x x x

C	 TRNF MS	 x x x	 x x x x X x
C	 VECMAG x x x
C	 VECTOR	 x x	 x x x x X x X	 x x x x x X
C	 VPSTNS	 X x	 x x x	 x x X x x	 x x x x x
C
C
C----------------------------------------------- ----------------- -----
C
C	 THE FOLLOWING REQUIRED SUBROUTINES HAVE NO COMMON BLOCKS
C
C	 ATXSV
C	 AVPBV
C	 AX83
C	 AXBT3
C	 AXBV
C	 INV2NP
C	 MULT3
C	 MULTAD
C	 SKEWV
C
C	 THE FOLLOWING REQUIRED SUBROUTINES ARE FROM THE FORMA LIBRARM
C
C	 AABB
C	 MULT
C	 PAGEHO
C	 PLOT1
C	 PLOT3
C	 PLOTSS
C	 PUNCH
C	 READ
C	 READIM
C	 REVISE
C	 START
C	 VCROSS
C	 VOOT
C	 WRITE
C	 WRITIM
C	 ZERO
C
C-----------------------------------------------------------------------------

C
C

CALL SPLT(092HLC1
CALL INIT280

C
1 CALL START

C
J8A = JSA • 1

C
CALL OVERLAY (DOCKELeI.01
CALL OVERLAY IDOCKEL@2*Cl
IF (IFPLOT .NE. 01 CALL OVERLAY 1DOOKEL93.0)

C
GO TO i

C
ENO
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SUBROUTINE FTABLEIX•Y•SLOPErBINTR•TABLEePOINT•NOIR@MNI
C

DIMENSION TABLE(2.11
C

II - 1
JJ = 2
NPOINT = POINT + 0.1
NTABLF = NPOINT + 1
IF (NDIR .EP. 11 60 TO I
II = 2
JJ = 1

1 IF IX .GE. TABLE(II.211 60 TO S
MM = 2
GO TO 25

5 IF (X .LE. TABLE(I2•NTABLEII 60 TO 10
MM = NTABLE — I
GO TO 25

10 00 15 KK = 39NTABLE
IN = KK
IF (X .LE. TABLE(II•KK1) GO TO 20

15 CONTINUE
20 MM = IN — 1
25 LL = MM + 1

SLOPE = ( TABLE(JJ•LL) — TA8LE(JJ•MM11 1 (TABLE(II•LL; — TABLE
'^	 • (II•MM11

Y = TABLE(JJ•MMI • SLOPE • IX — TABLE(II.1(1411
BINTR = Y — X•SLOPE

C
RETURN
ENO

•T

1

1

6
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SUBROUTINE FORFUN
C
C
	

SUBROUTINE TO COMPUTE FORCING FUNCTION
C
C
	

COOED BY A C PARK	 SEPT 1969
C

COMMON /RTDATA/ TRHO(99619 BL5110.619 BLV(79391
COMMON /FORMOM/ FANDM112)
COMMON /PHILAM/ PHICON(1019ALAM11019 MODE(101
COMMON /SKEWMS1 707 SO 139319THTSO(393)9TRTSQ(3939319 ORTS0139 39 3 19

•	 PSCSO(3.319PSPPSQ(393)9POCSQ(3939319POPPS013.39319
•	 CSCSQ(393)9000SQ13.3t93)9 DHTS41393)
COMMON /TIMESS/ STARTT90ELTAT• To ENDT9 TMST9 NSECS
COMMON /TRNFMS/ TRTI(39319TRC1139319TRTC(393)9TRHT4393)9TRHC(39319

•	 TRRT13939319TRRC(3939319TRPC(39319TRDT139319
•	 TRPD13.3/9TRHD(393197RRD(39393)9TRPT(393)
•	 .TRHP(39319TRTP(39319TRRP(39393)

DIMENSION TLOS(79121

IF (TMST .EQ. 0.1 CALL ZERO 1TLOS(S9V19393971

DO 12 I=197
DO 12 J=193
J6 = J'6
TLDS(19J ) = BLV(19J 1

12 TLOS(19J61 = BLV(19J6)

CALL MULT3 1TRHT(291190HTSQ9TLOSt19 419193939393971
CALL MULT3 (TRHC(2*119PSCSQoTLDS(191D)919393939397)

DO 18 K=193
K1 = K+1
CALL MULT3 (TRRT12919K)9ORTS0(29190•TLDS(K19 41.1.3.3.393971
CALL MULT3 tTRRC12919K19PQCSO(1919K1:TLDS(K1910/9193939393971

16 ;ONTIPUE

00 20 I= 19 M
00 20 J=10912

20 TLDS(19J) = —TLOS(19J1

CALL MULT3: (TRTC9PSCS097LOS(59 101 9 39 39 39 39 39 7)

CALL MULT tALAM(41•TLDS9FANDM9197912v1971

RETURN
ENO
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SUBROUTINE GEOM

C
C	 COMPUTES GEOMETRY AND ROTATION TRANSFORMATIONS
C

COMMON /ANGLES/ ALPHAV•SALPD.CALPDvTALPD. SSIGMA(31#CSIGMAI3)
COMMO '.' / FUNGAM/ SGAMMA ( 3)+CGAMMA131 • SGSS1319SGCS13)•

•	 CGSS(3)rCGCS(3)
COMMON /GEOMTY/ AAtAdtAO•AE•AFeAP•OL89OLOoDLE•DLF.OLI.OLP90LOtOLS•

•	 7DTO(31•CPCOt31•RADC,DN.CSPHER *ROT ALPoPEO.FDO
COMMON /JCOUNT/ JIL
COMMON /LIPARM/ FLAMC(3)9 QRMAGl3)
COMMON /LOCPTC/ CSC(3)+ CAC(3.3)•CQC(3.31•

•	 CPC13)•PSC(319PAC(3#3)•PQC1393)
COMMON ri- nCPTO/ OSDt3)90HO(31•DGO(31 ► OAD(3931.ORO(3o31•

•	 OQD(3@3)vGRD(3.3)
•	 .DHPO(31PDB0(393190FD(3.3).OPD(3.3)
COMMON /LnCPTH/ DSH131
COMMON /LOCPTI / OTI(3). OCIt31 9 TCI(3)
COMMON /LOCPTP/ PSP(3)•PAP(3.3)•PAP(393)
COMMON /LOCPTT/ THT(3)rTCTt319TST(3)•TAT(3.31•TRT(3.31•

•	 CST(3)•CA7(3.319	 QRT(39319 TDT(3)9
•	 DHT(3)v0GT(3)v0ST(31. 0AT(3.3)•0QT(3.31.ORT(3.3)

CCM'MQN /MISCNO/ ANUM
COMMON /MOOATA/ HATDt3.26).SIGATO(3.2G)• HATP(39261.SIGATP(3.261
COMMON /NMODES/ NMODET• NMODEC• IFELAS

COMMON /TIMESS/ STARTTrOELTAT• To ENOT9 TMST• NSECS
COMMON /TRNFMS/ TRTI( 3.3) •TRCI(3e3) rTRTC(3r3) •TRHT (3s3)vTRHC(3r3 )•

•	 TRRT(3.393)sTRRCt3.39319TRPCt393)•TRDT(3.3)9
•	 TRPDl3.31•TRHO(3.3)•TRRD(393.3)•TRPT(3.31
•	 •TRHP(39319TRTPt3931@TRRP(3@3r3)
COMMON /VECTOR/ Y11501•YDT(1501
COMMON /YPSTNS/ NUTPNXT*NGAMT*NUC*NXCeNGAMC*NRHO•

•	 NXITDT . NXIT.NXICOT .NXIC • NOELCS
C

DIMENSION UCI.P(3)•UCLD(3)•UCMD43)•UCN013)•SKENLD13.3)
DIMENSION EAP(3)•EA0t31
DIMENSION WV(3)•VY(3)

C
IF (TMST .GT. 0.0) GO TO 100

C
PSP(2) = 0.0
PSP(3) = 0.0

C
TRHO(I•i) = CALPO
TRHO(291) =—SALPO
TRHO(3e.11 = 0.0

C

DO 12 J=1.3
PAP(29J) _ —AA•SSIGMA(J)

12 PAP(3•Jl = AA•CSIGMA(JI
C
100 CONTINUE

C
CALL MULT ( SIGATPPY(NXIC)PEAPr3PNMODE)C • It3v1501
EAP(2) = EAP(2)+Y(NRHO.I)
EAP13) = EAP(31+Y(NRH0+21
CALL SKEIN (EAP97RPr)
CALL MULT ( SIGAT09Y ( NXIT)sEAD939NMODEtT 9 1.3.1501
CALL SKEMV tEADvTRDT)
00 11 I=193
7RPC(Ttl) = 1.0

11 TRDT(19I) = 1.0

C-15
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C
DO 6 I=192
IT = 3*I+NGAMT-4
IC = 3*I+NGAMC-4
DO 6 J=193
TR7III9J) = Y(IT+J)

6 TRCI419J) = Y(IC+J)
TRTI(3*1) = TRTItl921*TRTI(2931-TRTI1292)*TRTI(1*31
TRTIt3921 = TRTI(193)*TRTI42911-TRTIt1911*TRTIt2931
TRTI(3931 = TRTI( I*1 )*TRTI(2*2)-TRTI(291)*IR7I(1*21
TRCIt3911 = TRCI(192)*TRCIt2931-TRCI(2921*TRCI(1*31
TRCI(392) = TRCIt1931*7RCI(2*11-TRCI(191)*TRCI(2931
TRCIt3*31 = TRCIt1911*TRCI(2921-TRCI(2911*TRCI(1921
FNRMIT = SART(TRTI( 191)*TRTI1191)+TRTI(192)*TRTIt1921

«	 + TRTIt1931*TRTI(1*31)
FNRO43T = SrrRT(TRTI( 391)*TRTI(391)+TRTI1392)*TRTI(3*2)

«	 + TRTI(3931*TRTI(39311
FNRMIC = SGRT(TRCI( 191)*TRCII I91)+TRCI(192)*TRCII1921

•	 + TRCIt1931*TRCI(19311
FNRM3C = SQRT(TRCI13911*TRCI(3*11+TRCI1392)*TRCI(3921

«	 + TRCI(3*31*TRCI(39311
00 40 J=193
TRTI(I*JI = TRTI(19J1 / FNRMIT
TRTI(39J) = TRTI(3*J) / FNRM37
TRCI119J) = TRCI(1*JI / FNRMIC

40 TRCI(39J) = TRCI139J) / FNRM3C
TRTIt2911 = TRTI(3*21*TRTI(1931 - TRTI(3*31*TRTI(1*21
TRTI(292) = TRTI(393)*TRTI(1*1) - TRTI13*1)*TRTI1193)
TRTlt293) = TRTI(391)*TRTI(1921 - TRTIf3*2l*TRTI(1*11
TRCI4291) = TRC213921*TRCi(1*31 - TRCI(3*3)*TRCI11921
TRCI(2921 = TRCI(3931*TRCI(1*11 - TRCI(391)*TRCI(l*31
TRCI(293) = TRCI(391)*TRCI(192) - TRCI(392)*TRCIf191)
00 45 I=192
IT = 3*I + N6AMT - 4
IC = 3*I + N6AMC - 4
00 45 J=193
Y(IT+JI = TRTI(I*JI-

4S YIIC+J) = TRCI(19J)
3
	

C
00 14 1=193
INXT = I + NXT -1
INXC = i + NXC -1
OTI(II = Y(INXT)

14 OCI(I) = YtINXC)
C

00 15 I=193
II = I+NRHO+2
SGAMMAIII = SIN( Y(II))
CGAMMAIII = COS( Y(II11
SGSSII) = SGAMMA(I)*SSIENA(I)
SGCS(il = SGAMMA(I1*CSIGMA(ll
CGSSfI) = CGAMMA(I)*SSIGMA(I)

IS CGCS(Il = CGAMMA(I)*CSIGMA(I)
C

EXTN = OLI * Y(NRH01
PSPfl) = EXTN + OLS

C
CALL MULT (HATP9Y(NXICI*YV*39NMOOEC*I*3*15C)
CALL AVPBV t1.09CPC0*1.09YV9CPCI
CALL MULT (HATO * Y(NXIT) *YV93*NMOOET*-1*39150)
CALL AVP8V (I.0*TOT091.0*MV9TOT1
CALL ATXBV (TRPC9PSP9PSC1

t►
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C

CALL AVP9V (1.0+CPCv1.0#PSCrCSC1
C

00 18 J=193
PAP119J) = EXTN
CALL ATX8V (TRPL•PAP(1•J)rPAC(1#J1)

19 CONTINUE
C

6

CAL1. AX873 (TRTIPTRCI•TRTC)
CALL AXST3 (TRPCtTRTCrTRPT)
CAI-L AXST3 (TRPT•TRDT•TRPO)
CALL AVPBV (1.0.00I•-1.0.OTI9TCII
CALL AXBV (TRTI•TCI•TCT)
CALL AM (TRTC*CSC*CST)
CALL AVPBV (1.09TCTo 1.CPCST#YST!
CALL AVPBV 41.0•TST#-1.OtTOT•OST1
CALL AXBV (7RD790STrDSD)

C
C

PHIH = 0.0
IF (DSD(2).EO.D.O .AND. DSD13).E®.C.CI GO TO 21
PHIH = ATAN21OSD(3)• DSO(211

21 CONTINUE
SPHIH = SINIPHIH)
CPHIH = COS(4HIH)

C
TRHO(1.21 = CPHIH*SALPD
TRHO(1.31 = SPHIH*SALPO
TRHO(2.2) = CPHIH*CALPD
TRHD(2#31 = SPHlr;_CALPO
TRHO(392) =—SPHIH
TRHD(3931 = CPHIH
CALL	 AXBV (TRHD•DSD•OSHI
92GR = DSH(1)

C
CALL AX83 (TRHD•TRDT.TRHT1
CALL	 AX83 (TRHT#TRTCrTRHC)

C
DO	 22	 I=193

OHD(I)	 = SIGR*TRHD(1•II
22 DGD(I)	 = DSD(I) •	 CSPHER+TR H012•I)

C
CALL	 ATXBV (TRDTvDHD9DH7)
CALL	 ATXBV (TROT•OGD.OGT)
CALL	 AVPBV (1.DvTDTs1.0vDNTvTHT)
CALL	 AXBT3 (TRHCoTRPCrTRHP)
CALL	 AX873 (TRTC.TRPC•TRTP)

C
DO	 24	 K=1.3

C
UCLP(1)	 = —CGAMMA(K)
UCLP(21	 = —SGSS(KI
UCLP13)	 = SGCS(K)
CALL ATXBV ITRP09UCLPtUCLD)
CALL SKEWV (UCLD•SKEWLO)
CALL AVP8V (1.0 ► CPC9	 1.0•PAC(1*KItCA0(1vK1)
CALL	 AX3V (TRTC9CAC(1•K)•CAT11•K11
CALL	 AVPBV (1.0•TCT•	 1.0•CAT(1vK1•TAT11vK))
CALL	 AVPBV (1.1)rTAT(1*K)9-1.097DTrDATI1sK)1
CALL	 AX3V (TRUTsDAT(ItK1•DAO(1@K1)

C
C	 CHECK FOR PIERCE POINT

)

g
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CALL PIERCE tnADil•KI•UCLDoDSD•RACCON• ALP HAD *SALPOetALPOrTALPD•
t	 ROTALP@DL81

C	 IF NO PIERCE POINT• CONTINUE

C ALL ROOTS tDADI1•Ki•UCLO•RAOCONtROTALPoPHICeFLAMCIKI.ORMAGIKI•
•	 JIL •K 1

C
DR01 1 9K 1 = ROIALP
ORDf2991 = RAOCON•COSIPHICI
DRDf3vK1 = RADCON•SINIPHICI
CALL ATXSV ITROT•DRD11•KI.ORTI1•K11

C
CALL AVPBV I1.0•TOTr1.09DRTf1vK1•TRTI1•K11
CALL AVPBV t1.0tF AP11991• FLAMCIKI*UCLPoPOP119K11
CALL ATX8V ITRPC#POPI1•KI•POCIItKII
CALL AVP8V f1.0vCPC91.09POCI1vK19000t1*K11
CALL AVPBV I1.D@DADtItK1•FLAMCtKI•UCLO#DOOI1rK11
CALL ATXBV fTRDT•DODf 1tK1•DOTf1*Ktl
CALL AVPBV I1.0•DRTII@K1•-1.OtDGT11•Ki•ORTt1tK11
CALL AVPBV I1.DfDRDI1*K19-1.0@DODI1rK1.ORDI19K11

C
DO 26 I=1.3

26 UCMD(11 = ORDII•KI/ORMAGtKI
C

CALL AX8V ISKEML09UCMD*UCN01
C

00 28 J=1.3
TRRDf19J9K1 = UCLOtJ1
TRRDt2tJ•KI = UCMOtJI

78 TRR0139J*K1 =—UCN01J1
CALL AX83 ITRROt1@1vKIrTROT#TRRTIIt19K11
CALL A183 1TRRTi1t1vK1•TRTC9TRRCf1v1vK11
CALL AX9T3 tTRRCt1v1.K1•TRPCtTRRPI191vK11

C
24 CONTINUE

C
OETURN
END
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SUBROUTINE HLATCHIL )

C
C
	

SUBROUTINE TO APPLY MARC —LATCH CONSTRAINT FORCES AT DOCKING
C
	

COLLAQ• MODIFIES STATE VECTOR(S)P Y• YOT•
C
	

COOED BY CARL BOVLEY JAN, 29 1970
C

COMMON /JCOUNT/ JIL
COMMON /LATCHL/ VLAM(61
COMMON /LOCPTC/ CSC13)9 CAC139319000(393)o

	

•	 CPC(3)•PSC(319PAC(3.3)PPQC43.31
COMMON /LOCPTT/ 7HT13)oTCT(3)PTST13197AT13931PTRT(3.319

	

•	 CST(3)•CAT13.3)v	 ORT43.31• TOT(319

	

•	 DHT13)•DGT(3)#DST13/• OAT13P31•DQT(3P3)PORT(393)
COMMON /MASS/ AMT• AMC• AIT(39319 AIC(3931
COMMON /MO OAT A/ HATD(3P2619SIGA70(3.2619 HATP(3P2619SIGATP(3926)
COMMON /NMOOES/ NMODETP NMOOEC. IFELAS
COMMON /TRNFMS/ TRi1(393)•TRCI(393)97RTC(3931PTRHT(393)•TRHC(3.3)9

	

•	 TRRT(3.3P31PTRRC(393931•TRPC13931PTROT(3931.

	

•	 TRP D(3.31PTRHD(3.3)•TRRD(3P313)PTRPT(3P3)

	

+	 •TRHP439319TRTP(3.31•TRRP(3.3931
COMMON /VECTOR/ Y(150)PYOT11501
COMMON /YPSTNS/ NUTrNXTPNG ►.!(TPNUCPNXC•NGAMCPNRHOP

	

•	 NXITDT•NXITPNXICDTPNXIC• NDELCS
C

DIMENSION BA1(6.6)9 BA2(696)9 BA34692619 BA41692619

	• 	 OFT(3)PPFC(3)PTFT(319CFC(3)P CFT(319

	

•	 OFTSa439319PFCSQ(3.319TFTS01393)•CFCSQ(3.3)P M63(6P3)9

	

•	 AITI(3.31•AICI13.3)9 VFLAM(619
	• 	 CUT(696)•0004696)#CXT( 2696)•CXC(2696)PCLA1446P61PCLAMI(69619
	• 	 V1( 6)•V2(6)• V3(61•V4(61PRV( 61P VEC1(319VEC2(31•VEC3(3)PVEC%13)9

	

+	 TDOTR(3)#CPDTR(3190NOT(3190MPC(3).0MGO(3)90146P(3)

•

C
DATA IIST.DFDI / OP 28.1 /

IF (IIST .GT• 0) GO TO 5
CALL ZERO	 1RA196P6P61
CALL ZERO	 (BA2.696.6)
00 7 I=1.6

7 BA1(I.I) = I.
CALL INV2NP (AIT•AITIP3.31
ALL INV2NP (AIC•AICI.3.31

I1ST = 1
S CONTINUE
GO TO (10092001f L

ICO DO 10 1=1.3
OFT(I) = TROT(1PI1•DFO1
TFT(I) = TOTIII + OFT(I)

10 CFT(I) = TFTIII — TCT(I)
CALL MULT3 ICFT9TRTC9CFC91.3.3i,193P1)
CALL AVPBV I1.PCFCP-1•9CPCPPFCI
CALL SKEYV 'OFTPDFTSQ)
CALL SKEYV (PFCPPFCSQI
CALL SKEYV (TFT•TFTSQI
CALL SKEYV (CFCPCFCSQI

C

C

DO 20 I =1.3
I3 = I + 3
DO 20 J=1.3
J3 = J + 3
BAl( IPJ31 = TFTSQ(IPJ1
BA21 I• J) = TRTCII+JI

20 8A2(I39J31 = TRTC(IPJ)
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CALL MUL13 ITRTCoCFCS9•BA2(1t41.3.3.3,,393961
CALL MULT3 (TR7CrPFCSGvW6393*393s393vb)
CALL MULT3 (TRTC9HATP 9BA4 	 93.39M1010:C•39Is61
CALL MULT3 tTR7CrSIGATPeBA4t4rl ► o3r39N110'%7Cr3s,3961
CALL MULTAD (W63 9SIGATP•SA4	 •3.3•N140DEC•6.3.61

DO 30 I=1.3
13 = T	 3
00 30 J=1•NMOOET
BA3119J) = HATO	 (I•.)1

30 BA31I39JI = SIGATO(19J)
CALL MULTAD (OFTSG9S26ATDoBA393939NN,.,;ETo3@3t61

CALL M ULT3 t9A1t1v4)9AITI*M63+6*3t3v6*3#61
00 40 I=1.6
00 40 J=1 03
JP? = J + 3
CUT(J	 0I1 = PAI(I•JI/AMT

40 CUTIJP3tI1 = Y63(1tJI
CALL MULT3 tRA2t1.41•AICI•Y63o6.3v3.69396I
OO 50 I=1.6
nO SO J=1.3
JP3 = J + 3
CUCW 9I1 = PA2(19J)/AMC

SO CUC(JP39II = M63(I.J1
00 45 1=196
00 45 J=1•NMOOET

45 CXT(J92) = BA31I9J)
00 55 I=106
DO 55 J=1•NMODEC

SS CXC(JtI) = BA4(I1J1
CALL MULT3 1BAIvCUT*CLAM96r 	 69996` 6961
CALL MULTAD (BA2@000sCLAM969 696@6. 6961
CALL MULTAD (BA39CXT•CLAM96•NMODETo6.6o26961
CALL MULTAD IBA4.CXC.CLAM.6.NMODEC.6.6.26t6I
CALL INV2NP (CLAMeCLAMI#6961

IF (JIL .NE. 41 RETURN

C

C

C

C
C

CALL MULT3 IBA1•VtNUT	 )OV1969	 6.1.6.150961
`ALL 4ULT3 (9A2*Yt4UC ItV2 49 6*1t6*1S0s61
CALL MULT3 IBA39Y(NXITrT)9V3969NM0DET•1v6t1S0+6)
CALL MULT3 ISA4•Y(NXICDT)9V4e6#NM000Ctlo6a1S0*61
00 60 I=1.6

60 RV(II = — V1t11 + V2111 — V3(I1 + W11
CALL MULT3 4CLAMI•RVaVFLAMt6v6.1*6.6.6)
00 65 I=1.6

6S VI(I) = —VFLAM111
CALL MULTAO (CUT•VFLAM•Y(NUT	 It	 6t6sli 6969IS01
CALL MULTAD (CUCvVI	 vvgNUC	 )•	 696.1+ 696+1S0)
CALL MULTAD (CXT•VFLAM•'lt4XITOTt•NM0DET*6.192696+1S01
CALL MULTAD (CXC9V1	 9V(NXICOT)•NM0QEC969192696+1501
RETURN

200 CALL MULT3 (NATO 9V( NXITDT197DDTR939NMOOET •1+3t1S0#31
CALL MULT3 1HATP •YINXICDiltCPOTR*SoNM00ECol*3915093!
C*LL MULT3 ISIGATO.Y(NXITOT).OMDT 939NM00ETs1*3*&S0t31
CALL MULT3 (SIGATP9Y4NXICOT1vO4PC •3*N14OOEC.1v3v1S0.3)
DO 70 1:1.3
II	 NUT + I + 2
I2	 RUC + I + 2
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0041GO ( I1 = Y(I1) + OMOTM

70 OMGP M = 1( I21 + OMPC M
C

VECIti1=Y(NUT )*YINUT+41*TOT(31-TINUT+SI•TOT121+29*TOOTR(lI
VECI(21 =Y(NUT*1) *Y(NUT *S)*TOTIII-YIN11T+31*TD1 (31+2.*TODTR121
VECIt31=Y(NUT+2)*Y(NUT*31*TOT(21-Y(NUT*41*TDTt11+2**TDOTR(31
VEC2111 = 004Gn12)*DFTf31 - OP6013loDFT121
VEC2421 = OMGC!3)*DFTt1) - OM60411*OFT131
VEC2131 = ONGUIII O DFT121 - 00460121*OFTI11
VEC3t11ZY(NUC )*Y(NUC+41*CPC(31-TINUC+SI*CPCt21+2*$CPOTR(11
VEC3(2)=Y(NUC+1)*Y(MUC+Si*CPC(11-T(NUC*31*CPC131*2**C ►DTR121
VEC3t31=Y(NUC+21*YtNt)C+31*CPC(21-Y(NUC+41*CPC(11 *2.*CPDTR(3)
VEC4(1 1 = OMGP(2)*PFC(31 - 0146P131OPFC121
VEC4(21 = OMGP(31*PFC(1) - OM6P(ll*PFC(31
VEC4(31 = OMGP(l)*PFC(2) - ON 6P(21*PFC(1)

C
I = NUT * 3

J = NUT + 4
K = NUT + 5
RV(11 = -TtJI*VECt(31+YtKl*VEC1(21-0M60(21*VEC2(31+OM60(31*VEC2(21
RV(2) = -Y(K)*VECi:11+YIit*VEC1131-0M60131*VEC2111+011160111*VEC213)
RV(31 = -Y( II*VECI(2 1+T( jto^ECI(ll-ON60(11*VEC2121+0N60121 *VEC2111
I = NUC + 3
J = NUC + 4
K = NUC + 5
VECl( 11=Y(JI*VEC3t31-Y( KI*VEC3(2l*ONSP(21*VLC4ty)- ONGP(31*VEC4t21
VE cl(2) =YtK )*VEC3(11-V (I)*VEC3(3)+ONSP (31*VEC4 tl)-ON6P(1 )*VEC4131
VEC1(31=Y(II*VEC3(21-YIJI*VEC3(I1+0116P(l)*VEC4(21-OM6P(21*VECO(11
CALL MULTAD ITRTC*VECI*RV*393*I*3*396)

C
E:Vt4 ) - 0.0
RY(SI = 010
RV16) = 0*0

CALL MULT3 IBA1*YDT(NUT	 1*V196*	 6919691SO961
CALL MULT3 (BA2*YOT(NUC 19V2*69 69196*1S0961
CALL MULT3 (BA3*YOTINXITOTI*V396*NMOOET9196*1S0*61
CALL. MULT3 (BA4*YOT(NXICDT19V4*69NNODEC*1969150961
DO 80 I=116

90 RV(11 = RV(I) - V1111 + V21I1 - V34I1 + V WI
CALL MULT3 (CLA14I9RV*VLA1q*6*6*1*696'96)
DO as I=116

FS VIM  _ -VL AM (I )

CALL MULTAD ICUT*VLA149TOT(NUT 	 116	 9691* 69691501
CALL MULTAD ICUC*V1 9VOTINUC	 196	 9691* 69691SO)
CALL MULTAO (CXT*VLAM*TOT(NXITOTI*NNODET*691*2696*1501
CALL MULTAD (CXC*Vl *YOT(KXICOTI*NNOOEC969192696•1S01
RETURN
ENO

6
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SUBROUTINE HSIG
C
C SUBROUTINE TO SrLECT CERTAIN AMPLITUDES, IROMS)	 AND MODES	 (COLUMNS)
C CF THE	 CHASE	 AND TARGET	 VEHICLE	 VIBRATION MODAL MATRICES.
C
C SUBROUTINES CALLED ARE -- RrAD9 READIM AND REVISE.
C
C CODED BY CARL BCDLEY9 JULY	 1969
C

DIMENSION	 AMORK(100910019 VYORK{10019	 JVEC(10019	 IVEC(100)
C

COMMON	 /MFRE®D/ FRECT(26)9	 FREOC( 2619 ZE1AT9 ZETAC
COMMON /MODATA/ HATO(392619SIGATD(392619	 HATF(1926)9SIGATP(39261
COMMON /NMODES/ NMODET9 NMOOEC9 IFELAS

C
DATA NIT9NOT/596/

C
READ	 (NIT91002)	 IFELAS9 NMODET9 NMODEC9 ZETAT• ZETAC

1002 FORMAT	 43I59	 2EL0.01
C

IF	 (IFELAS .EO. 01	 GO TO 200
C

DO 100 L=192
CALL READ	 (V1(ORK9N19NCF9191001
CALL READ	 (AYORK9NR9NC•10091001
CALL REAOIM (JVEC9N19NC191910D1
IF (NC1 -NE-	 NC .OR- NCF .NE- NCI	 GO TO 999
NM = 0
DO 10 I=19NC
IF	 tJVEC(I)	 -NE-	 0) NM	 = NM •	 1

10 CONTINUE
60 TO	 ( 51 +52)9 L

51 ZF (NM -NE. NMOOET) 	 GO TO 999
60 TO 53

52 IF (NM .NE. NMOOECI GO TO 999
-_ 53 ,CALL REAOIM	 (TVEC9N19NC1919100)

IF	 (NC1 .NE.	 NR)	 GO TO 999
N3 = 0
00 20 I=19NR
IF	 (IVEC(I)	 * NE.	 0)	 N3	 = N3 .	 1
CONTINUE
IF	 (N3	 -NE-	 3)	 GO TO 999

C ------REVISE TO FORM H 	 (DEFL- AMPLITUDE) --------------
SO  TO	 (54.551•	 L

54 CALL C EVISE	 (AMORKvIVEC9JVEC9HAT0	 9NR9NC93 *NMODET9100931
GO TO 56

55 CALL REVISE (AMORK9IVEC9JVEC9HATP	 9NR9NCa394MODEC9100931
56 CALL READIM	 (IVEC9N19NC19191C0)

IF	 (NC1	 .NE.	 NR1	 GO TO 999
N3 = 0
00 30 I=19NR
IF	 (IVEC(I1	 .NE-	 0)	 N3	 = N3 .	 i

r 30 CONTINUE
IF	 fW3	 .NE-	 3)	 60	 TO 99°

C ------REVISE TO FORA SIG 	 SLOPE AMPLITUDE$ --------------
60 TO	 (57958)9	 L

57 CALL REVISE (AYORK9IVEC9JVEC9SIGATO9NR9NC939NMODET91009j1
CALL REVISE	 ( VNORK919JVEC9FREOT91 ►NC919NM0DET9191I
GO TO 100

56 CALL REVISE	 (AMORK9 IVEC9JVEC9SIGATP9#1R9NC939NMODEC ► 10093)
CALi- PEVTSF_	 ( VYORK919JVEC9FREOC919NC9I9NMODEC91911

1CD CONTINUE
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c
RETURN

C
200 NMOOET = 1

N M ODEC - 1
ZETAT = 0.13
ZETAC = 0.0
FREOT(11 = 0.0
FREGC(11 = 0.0
DO 210 I=1.3
HATD(1•1) = 090
HATP(Iv1) = 0.0
SIGATD(I.I) = 0.0

210 SIGATP(I.1) = 0.0
C

RETURN
C

999 WRITE (NOT91001)
1001 FORMAT (33H1DATA INTO HSIG IS NOT COMPATIBLE/

17HOPROGRAN STOPPED *$
C

STOP
C

ENO

i
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SUBROUTINF INV2NP (A.B.N•KRI
DIMENSION A(KR,1)• B(KR•1)• W115019'U115C)• IV 1150)9

•	 IRE(15019 BIN(1501
DATA NIT•NOT/Sr6/

C
C MATRIX INVERSION (A•• — 1 = 81 -- RANK ANNIHILATION METHOD.
C ALGORITHM FORMULATED BY CARL ROOLEY.
C THE INVERSION CHECK 80A IS CALCULATEC AND PRINTED.
C CALLS SUBROUTINE PA6EHD.
C THE MAXIMUM SIZE IS
C	 N = 150
C CODED BY	 CARL BODLEY	 JANUARY• 1967.
C
C	 SUBROUTINE ARGUMENTS
C A = INPUT MATRIX TO BE INVERTED. SIZE/N•N1.
C 8 = OUTPUT MATRIX INVERSE OF A. SIZEINvN).
C N = INPUT SIZE OF MATRICES A AND B. (14AX-1501.
C KR = INPUT ROW DIMENSION OF MATRICES A AND B IN CALLING PROGRAM.
C
1001 FORMAT 12SHIN EXCEEDS INV2 ALLOWABLE./ 17HOPROGRA04 STOPPED*)
1003 FORMAT (//ICX•45HSUBROUTINE INV2 HAS CALCULATED THE QATA BELOW

•	 //IIOX•40HTHE DIAGONALS OF INVERSION CHECK B*A ARE
•	 // 18197E16.81)

1004 FORMAT 1///IOX942HTHE MAXIMUM OFF-DIAGONAL ELEMENT OF BtA IS
•	 f_17.8. 2X• 4HAT ( 139 IN* 13. 1H) 1

1006 FORMAT 119HIMATRIX IS SINGULAR/ 17HOPR06RAN STOPPED.)
C

IF IN .61. 150) 60 TO 97
IF IN .EQ. 1 .AND. A(1.11 .E9. 0.01 60 TO 99
IF IN .E®. 1 .AND. A(1.1) .NE. 0.0) 60 TO 96

C
C	 GENERATE INITIAL ROW INDICES.

IT = 1
60 TO 90

91 IT =
90 DO 5 I=1.N

IRE(I1 = I
5 IV(I ► = I

C
C CONDITION A FOR MAXIMUM DIAGONAL ELEMENTS

NMI = N - 1
DO 6 L=19NM1
SMAX = 0.0
DO 8 J=L •N
LA = IRE(J)
I = L
K = LA
IF (IT -EQ. 2) 1 = LA
IF (IT .EQ. 2) K = L
IF (ASST A(K •I) l .LE. SMAX) 60 TO 8
JMAX = J
SMAX = ABSIA(K9I1)

8 CONTINUE
LS = IRE(L)
IRE(L) = IRE(JMAX)

6 IREIJMAX) = LS
00 7 L=1vN
LA = IRE(L)
BIN(L) - A(LA.L)
IF IIT .E®. 2) BIN(L) = A(LsLA)

7 If (BIN(L1 .EG. 0.01 BIN(L) = 1.0
C
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C FENERATE INITIAL B AND ABAR
00 10 L =ItN
LA = IRE (L )
I = L
K : LA
IF (IT .EQ. 21 I = LA
IF (IT .EQ. 21 K = L
DO 15 J=1•N
M = J
MI = LA
IF IIT .EQ. 2) M : LA
IF (IT .EQ. 21 M1 = J

15 B(Mtmll = 0.0

I0 AIKrI) = A(Krl) - BINIL)
C
C INVERSION LOOP• USES ROW OF ABAR WITH MAXIMUM S.

00 35 L=19N
SMAX = 0.0
DO 23 J =L•N
LA = IV(J)
S = 1.0
00 26 K =1 •N

26 S = S + A(LA•KI*8(K9LA?
IF (ABSISI .LE. SMAX) 60 TO 23
LMAX = J
' 4AX = ABS(S)

23 CONTINUE
IF (SMAX .GT. 1.0E-991 60 TO 60
IF (IT .EQ. 21 GO TO 99
60 TO 65

60 LS = IV(LI
IVILI = IVILMAX)
IV(LMAX) = LS
LA = IV(L)
DO 2S I719N
Will = 0.0
00 25 J=19N

2S WiIl = WiIl + AtLA•J)*B(J•I)
S = 1.0 + WMAI
00 30 I=19N

30 Utll = B(T@LA)
DO 35 I =1 .N
00 35 J=19N

35 BII•J1 = Bil•J1 — U(I)*W(J)/S
Z
C RESTORE A

65 00 40 L=1+N
LA = IREILI
I = L
K = LA
IF (IT .EQ, 2) I = LA
IF (IT .EQ. 2) K = L

40 A(K92) = A(Kelf + BIN(L)
IF (SMAX .LE. 1.0E-99) 60 TO 91

C
RETURN

C
98 B(191) = 1.O/A(1.1)

RETURN
99 WRITE (NOT910061

STOP

97 WRITE (NOT91001)
STOP
END

C-25

i
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SUBROUTINE KINMAT

C
C	 CMMPUTES KINEMATICS FROM ROTATION TRANSFORMATIONS

C	 AND GEOMETRY

C

C
COMMON /ANGLES/ ALPHAD9SALPO9CALP09TALP09 SSIGMA(319CSIGMAI3)
COMMON /BTOATA/ TRi4O(996) 9 8L5(109619' 8LV(79391
COMMON /FUNGAM/ SGAMMA(3)9CGA14MA13)9SGSS1319SGCS1319

•	 CGSS(3)9CGCS(3)
COMMON /GEOMTY/ AA9A8rACrAE9AF• Ap9 OLB90L09DLE90LF90LI9DLP9DLQ9DLS•

s	 TOTO(319CPCO(319RADCON9CSPHER9ROTALP9PE09F00
COMMON /LIPARM/ FLAMC(3) 9 QRMAE (3)
COMMON /LOCPTC/ CSC(319 CAC(3931.9000(39319

•	 CPC(3)9PSC(319PAC(393)•PQC13931
COMMON /LOCPTD/ OSO(3190HO1319DG01319DAD(39319DRO(39319

• 0QD(393)9QRD( 3931
•	 •OHP D(3190BD(393190FD(393)9DPD(393)
COMMON /LOCPTH/ DSH131
COMMON /LOCPTP/ PSP(3)vPAP(39319PQP(393)
COMMON /LOCPTT/ THT( 3) 9TCT (3/ 9TST (3) 9TAT 139319TRT 139 3) 9

•	 CST(3)9CAT(39319	 Q*T(39319 TOT(3)9
• CH7(3)•0GT(3)vDST(3). 0AT(393)9DQT(393)9DRT(393)

COMMON /MODATA/ HAT0(392619SIGATO(392619 HATP(3926)9SIGATP(39261
COMMON /NMODES/ NMOOET9 NMOOEC9 IFELAS
COMMON /PHILAM/ PHICON(1019ALAM(10)9 MODE(101
COMMON /SKEYMS/ TDTSQ(39319THTSQ139319TRTSQ(39393)9 ORTS 4(39393)9

•	 PSCSQ(3.319PSPPSQ(393)9PQCSQ(3939319PQPPSQ(3939319
•	 CSCSQ(393)9CQCSQ(39Y*319 OHTSQ13v3)

COMMON /SLIDFR/ HDMU9 ARMMU9 BFV(89391
COMMON /TIMESS/ STARTT90ELTAT9 T9 ENOT9 TMST9 NSECS

COMMON /TRNFMS/ TRTI(393)9TRCI13.319TRTC(39319TRHT139319TRHC(393)9
+	 TRRT(3.393)9TRRC13939319TRPC(39319TRDT1393)9
•	 TRPD(393)9TRHO(393)9TRRD(3939319TRPTf'a31
+	 9TRHP(39319TRTP (393) 9TRRP1393931
COMMON /VECMAG/ FOMA6(319 PEMA6431
COMMON /VECTOR/ T(150)9YD71150)

COMMON IYPSTNS/ NUT•NXT9NGAMT9NUC9NXC9NGAMC9N(tHO9
•	 NXITDT9NXIT9NXICOT9NXIC9 NDELCS

C
DIMENSION TEMP(392619 TEMQ(3926)9=CGAM1393)

C
DATA IFSF /1/

C
IF 1TMST. GT. 0901 GO TO 2

C
COSALP = CSPHER/SALPO
IF (HDMU.EQ.0.0 .AND. ARMMU.EQ.0.0) IFSF = 0

C
CALL ZERO (TRHO9696991
CALL ZERO (BL591096910)
CALL ZERO (BLV(5911939397)

C
DO 1 I=193
BLV (I+49I) =-190

1 TRHO( IoI1 = 1.0
C

2 CONTINUE
C

CALL SKEYV (TOT• 10!541
C

00 4 I=193
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I3 = I+3
C

TRM1 = OLOOSGAMMA(I) — ADsCGAMMA(I)
TR1q 2 = DLD*CGAMMAIII + ADOSGAMMA(I)
TRM3	 AF-AA-TRM1

C
FDI = OLI - DLF + Y(WRH01 - TRM2
FDJ = TR43*SSIGMAIII
FOX =—TR143*CSIGMA(II
FDMAG f I 1 = SO:tT (FDI*FDI+FDJ*FDJ+FDK•FOK)

C
UAJX = FOI/FDMAGII)
UAJY = FDJ/FOMAGIII
UAJZ = FDK/FDMAGIII

C
TRHO(I3. 1)	 = UAJX
TRHO(I39I31	 = TRMI*UAJX + TRM2*(UAJZ*CSIGMA(I) - UAJYOSSIGMA(Ill

C
TRM1 = DLE O SGAMMA(I/ - AE*CGAMMA(I)

TRM2 = OLE*CGAMMA(I) + AEeS6AMMA(I)
TRM3 = AP-AA-TRM1

C
PEI = OLI - OLP + Y(NRHOI - TRM2
PEJ = TRM3*SSIG14A(I)
PEK =-TRM3 *CSIGMAlI1
PEMAGII) = SORT1PEI*PEI +PEJsPEJ+PEK«PEK)

C
UTJX = PEI/PEMAGIiI
UTJY = PEJ/PEMAG(II
UTJZ = PEK/PEMAG(I)

C
SLS(I• 1) =—UTjX
BL5(I•I31 =— TRMIOUTJX — TRM2*lUTJ7*CSIGMA(I) — UTJY*SSIGMA(I))

C
4 CONTINUE

C
CALL SKEWW (TNT * THTS01
CALL SKEWV (CSC• CSCSO)
CALL SKEWV (OHT• DHTS01
CALL SKEWV (PSCP PSCSO)
CALL SKEWV (PSP• PSPPSO)

C
PSPPSO(1.1) = 1.0
PSPPSO(2911 = 000
PSPPSO(3.11 = 0.0

C
DO 10 J=1t3
IF (IFSF .EO. 0) GO TO 10
SFVI1•J) = TRHT(I#Jl
9FV12#J) = TRHT(3*J1

10 8LV(1vJ) = TRHT(2vJ1
C

CALL MULT3(TRHT(2.11vT'TSOrBLVtlr41t1+3*393.3971
IF (IFSF .NE. 0)

*CALL MULT3(TRHT(1.1)•THTSO•BFW(1•41.1+3.3.393.81
IF ( IFSF' .NE. 0)

*CALL MULT3(TRHT(3.11*THTSO*BFVt2t4)e1.3t3e3t3t8)
C

00 11 J=1.3
IF (IFSF .EO. 0) 60 TO 11
BFV(1•J+61 = —TRHC(Itil
BFV129J+61 = —TRHC439J1
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11 8LVf1•J+6) = —7RHCt2rJ1
C

CALL "UL TMTRHC(2.11•CSCSO•BLVIIt10).l•393093.71
IF IIFSF .NE. 01

*CALL MULTMTRHCt loll •CSCSQ•BFV4to101.193.39393.81
IF IIFSF .NE. 01

*CALL MULTMTRHC13•ll•CSCSQ•BFV(2.10)•393939393961
C

CALL MULT (DHTSOPSIGATO•TEMP9393*NMO DET•393)
CALL AA88 11.0•HAT0s1.0•TEMP•TE140.39NM0DET*31
CALL MULT34TRHT(2.1)tTEM09BLV(1.13)91o3•NMODET9393.71
IF fIFSF * NE. 01

*CALL MULT3(TRHT(I.1)•TEMO•BFVfltl3)91939NM00ET•3.3981
IF (IFSF .NE * 0)

*CALL MULT3(TRHT(3.1)•TEMO•BFV(2913)r1o,39NMODET93.3o81
C

CALL MULT (PSCSQ•SIGATP•TE14P93o3oNMODEC*3.31
CALL AASS tl*0•HATP*1*09TEMP•TEMO939NMODEC931
CALL MULT3(TRHC(2.1)•TEM09BLVfI.13*NMODETI*1r39NMODEC*39397)
IF fIFSF * NE. 01

*CALL MIULT3(TRHC( 1.119TEM099FV(1913*NM00ET)91939NMODEC9393981
IF (IFSF * NE. 01

*CALL 04ULT3(7RHC(391)•TEMO•BFV12913+NMOOET)•1+3•NMODEC939396)
C

CALL MULT34TRTC•TEMO•BLV(S•l3+NMOOET)93.39NM00EC•393.71
C

CALL MULT3(TRHP(291)•PSPPSO•BL5(4.1)'o193.3o3o3o101
C

CALL MULTMTRTP•PSPPSQ•BLSf8.1)•3.3.3.3.3.10)
C

00 16 I=1.3
t	

C
	 I4 = I+4

00 14 J=103
J3 = J+3
JG = J+6
BLV(l4•J3) =—TDTSOtI.J)

14 BLV(I4•J6) = TRTCfI•J1
C

00 15 J=1•NMOOET
15 BLV(149J+121 =—HATD(I•J)

E	 C
16 CONTINUE

C
CALL MULT3ITRTC•CSCSQ•BLV(5.101.393*39393971

C
00 SO K=1.3
K1 = K+l
92 = 2*K+l
K3 = K2+1

C
CALL SKEYV (TRT(1•K1. TRTSO41.1•Kil
CALL SKEYV f CQCf l•K ) • COCS91191910 )
CALL SKEYV (DRT(1#K1• DRTSO(loliK11
CALL SKEYV (POC(1•K)• PQCSQ1I9IoK)1
CALL SKEYV (PQP(I.K1v POPPSQ(I•l•Kll

C
POPPSQ(l91•K) = 1.0
POPPSO(2.1•K) = 0.0
POPPSQt3.1•Kl = 0.0

C
00 20 J=1.3

6
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IF	 ( IFSF	 .E O.	 0) GO TO	 20
BFV(K2*JI	 =	 TRRT(1*J*K)
RFV(K3*J1	 =	 TRRT(3*J*K)

20	 BLV(K1*J)	 =	 TRRT(2*J*K1
j C

CALL	 MULT3(TRRTl2* 1* K)*TRTSO(I*1*K1*BLV(KI*4)*1*3*3*3*3*71
IF	 (IFSF	 .NE.	 01

*CALL	 MULT3(TRRT(1.1*KI*TRTSO(1*1*KI*BFV(K2*41*1*3*3*3*3*81
IF	 (IFSF	 .NE.	 01

*CALL	 MULT3(TRRT43*l*KI*TRTSO (1*1*K)*8FV(K3*41*1*393*3*3*81
C

00 22 J=1*3
IF	 (IFSF	 •EO.	 01 60	 TO	 22
BFV(K2*J+61	 = -TRRC(1*J*K)
BFV(K3*J*6)	 = -TRRC(3*J*K)

22 BLV(Kl*J*61	 = -TRRC(2*J*K)
C

CALL	 MULT3(TRRC(2*l*K1*COCSO(1*I *KI*BLV(K1*101*113*3*3 *3*TI
IF	 (IFSF	 .NE.	 01

*CALL	 MULT3(TRRC( 1*1* K)*COCSO(1*1*K)*BFV(92*101*1*3*3*3*3*81
IF	 (IFSF	 .NE.	 0)

8 *CALL	 MULT3(TRRC(3.1*KI*COCSO(I*1*K1*BFV(K3*101*1*3*3*3*3981
C

CALL MULT	 (ORTSO(1.I*KI*SIGAT0*TEMP*3*3*NMOOET*3*31
CALL	 AABB	 ( I.D*HAT0*1.0*TEMP*TE090*3*NM0DET*31
CALL	 MULT3(TRRT( 2* 1*K)* TE14O*BLV(KI*l3)*1*3*NMOOET*3*3*71
IF	 (IFSF	 .NE. 0)

*CALL	 MULT34TRRT( 1*1*KI*TEMO*SFV(K2*13I*1*3*NM00ET*3*3*8I
IF	 (IFSF	 .NE. 0)

*CALL MULT3(TRRT(3*1*K1*TEMO*BFV(K3*191*1*3*NMODET*3*3*8)
C

CALL	 MULT	 (POCSO(1*1*KI*SI6ATP*TEMP*3*3*NMODEC*.O*31
CALL	 AABB (1.0*HATP*1.0*TEMP*TEM0*3*NMOOEC*3)
CALL MULT3(TRRC( 2*1* KI*TEM0*1BLV(Kl*13+NMOOET)*1*3*NMODEC*3@3971
IF	 (IFSF	 .NE.	 0)

*CALL	 MULT3(TRRC( 1*l* K)*TEMO*BFV(K2*13*NMOOETI*l*3*NMOOEC*3*i*81
IF	 (IFSF	 .NE.	 01

*CALL MULT3(TRRC(3*1*K)• TEMO*BFV( K3*13+NlIOOETI*1*3*NMODEC*3*3*81
C

CALL	 MULT3(TRRP(2*1•KI*POPPSGII*1*K)*8LS(K+4.1)*1*3*3*3*3*101
C

CGAM(1*KI	 =	 FLAMC(K)*SGA14MA(K1
CGAM(2*K )	 =	 -FL AMC(K )*CGSS(K )
C6AM(3*KI	 =	 FLAMC(KI*CGCS(KI

C
CALL	 MULT3(TRRP42*1*KI*CGAM(1*KI*BLS(K*4*K+31*l*3*1*3*3*l0)

C
SO CONTINUE

C
JT =	 12+NMOOET

C
00 69 I=1*4
13	 =	 I+3
14	 =	 1+4

C
00 60 J=10.12_
IF	 (IFSF	 .EO.	 0)	 GO	 TO	 60
SFV(	 I*	 J1	 =	 BFV(	 I*	 J)
BFV(I4*	 it	 - -BFV(I4*	 J)

60	 BLVI	 I*	 JI	 =	 -BLV(	 I*	 JI
C

00 62 J=1•NMOOEC

A

1
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JJ = J+JT
IF IIFSF .EO. 0) 60 TO 62
SFV( IiJJ1 = -BFV( ItJJ)
BFV(14.JJ1 = -BFVtI4.JJ)

62 BLVi I•JJ1 = -BLV( I•JJ)
C

DO 64 J=193
64 BL51I39 J) = -BLS(13• J)

C
69 CONTINUE

C
DO 70 I=496
I1 = I+1

	

70 BLS(I1• I)	 BLS(1191)
C

DO 72 I=1.3
14 = I+4
PHICONI I) = PEG - PE14A6(I)

72 PHICON(I4) = ORMAG(II - AB
C

	

PHICON( 41	 DSH121 - CSPHER
PHICONt 8) = DSD(1) - COSALP
PHICON( 91 = DSD(2)
PHICON(10) _ DSO43)

C
RETURN
END

g

:r
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SUBROUTINE LAMRHO
C

COMMON /AINDFPI FIt9IN0MU
COMMON /97DATA/ TRHO199619 BL S110v61'• BLV179391
COMMON /GEOMTY/ AAsABoADtAEtAF#AP@OLB.OLO*DLE•DLFoOLIrOLP#OLO.OLS•

•	 TDT01319CPCO13 1•RADCON*CSPHER*RO7ALPrPEOPFD0
COMMON /IFOUTS/ MINIC9IFPLOT91FPER
COMMON /JCOUNT/ JIL
COMMON /MISCNO/ ANUM
COMMON /NMODES/ NMODET• NMOOEC• IFELAS
COMMON /PHILAM/ PHICON1101•ALAN1101• MODE1101
COMMON /RF.TRCT/ AKOl@AKC29AK039RHOSOeFRETLvEXTL@TL.AGoTSTAReFRE-
COMMON /SPROMP/ FSPRNG12920941tFOAMPI2920#41
COMMON /TIMESS/ START7.OELTAT9 To ENDT• TMST• NSECS
COMMON /TRNFMS/ TRTI1 3.319TRCII 3@319TRTC13#3$oTR04T13.319TRHC13.319

•	 TRR713.3x31•TRRC1393931.1RPCI39319TRD'13r319
•	 TRP01 3#31•TRH013#31#TRR013r3931•TRPT(3@3)
•	 9TRHP13#31•TRTP(393)•TRRP139393)
COMMON /VECMAG/ FOMAG131• PEMAG131
COMMON /VECTOR/ YI1501•YDTI1501
COMMON /YPSTNS/ NUT@NXTtNGAMTeNUCrNXC•NGAMCeNRHO•

•	 NXITOTrNXITPNXICDTONXIC• NOELCS
C

DIMENSION SCI 6.61 •BCI1 6 961 •MKV 161 PVM 1101 •FD 161 •0007 161 •
•	 IVEC1101•JVECI61•VCONIl01rFT1619SIOF121•YV3(31#ANVEC/31

C
DATA JVEC/1#2.39495#6/
DATA I1ST•CKV / 0. 0.9975
DATA BTOL•MAXITR/ S.r 15
DATA NIT#NOT 15. 6 /

C
IF II1ST .GT. 0) 60 TO 7
FROXU = IDL0+2.•DLS+EXTLI/IDLG—EXTLI
NALY = NRHO + 1
NALZ = NRHO • 2

C
ISCO = 13 • NMOOET
DO IS I=1.3

15 VM II1 = G.
C

I1ST = 1
7 CALL MUL73 (BLV	 •YI	 NUT1•VM 1 41.70	 69 I.79 150s301
CALL MULTAO I9LV11v ?ley( NUCIOVK 1 4/t7• 6tIv791SOt10)
CALL MULTAO IBLV(I• 13)oY1NXITDTIPVY 1 41.7•NMODET9197r1S0.101
CALL MULTAD (1LV11•iSCOI•YINXIC0T1.VIi 1 41•79NMODEC91.7.150.10:

C
100 IVEC141 = 0

DO 17 I=193
IP4 = I • 4
IP7 = I • 7
IVECII 1 = MOOEII 1
IVEC(TP4) = MODEIIP41
IF (MODEM .EQ. 0 .AND•

17 IVEC(IP7) = 1
MOOEIIPOO .EO. 01 IVECIIP4) = 1

NVAL = 0
00 20 I=1.10
VCONIII = —VY121
IF IIVECIII .E q . 01 GO TO 20
NVAL = NVAL + 1
IVECI11 = NVAL

20 CONTINUE

C

1

1
1
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C
CALL REVISE ( QLSiPIVECtiVEC#BCr10#696t6910o61
CALL R EVISE (VCON	 . IVECPJVEC1l)•YKV910911691910@61

IF 1MODE14) .EO. 1 .OR. MODEM .EO. 11 60 TO 105
MV3111 = 11.0 — CKVI•(EXTL•-YINRHO)I / DELI AT
NV3421 = ICKV-1901•YINALYI/GELIAT
WV3131 = ICKV-1.01•YINALZI/DELTAT
CALL MULT3 IBC 14.119MV3•MKV141#3.3.1.69:961
GO TO 50

ICS IF (MODE141 .EQ. It) GO TO 50

DO 25 1:193
2S YKVII+31 = VM141•TRHT12vI1

50 CALL INV2NP 19C99CI#696)
CALL MULT3 18CI#UK V• TO? IMP NO I.6.6er#6r6s1501
00 65 I=1.3
MGM = NRHO + 2 + I
IP4 = I + 4
IF IMODEIII .E®. 1 .OR. MODEtIP4) AGe 11 60 TO 6S
VDTINGMI = I1.0—CKV1•149.•ANUM— YIN6M11/DELTAT

FS CONTINUE
C

CALL MULT3 I TRHC•YDT(MRHO)tDDOT96.691.9.150.61
C
C	 •••••s••••••••••••••s•••••••+•••••
C

CALL FTARLE	 IYINRHO)•FOIiI+SLOPE98INTR.FSPRN611.1•ll.
•	 FSPRNG11r1tI1#ItM141
STEST = YINALYI•YOTINALYI
IF (STEST .GE. 00 CALL FTARLE IYINALY)#F01219SLOPE#8INTRv

•	 FSPRNG II.1e2loFSPRN6(1t192)919MMI
IF (STEST .LT. 00 CALL FTARLE (T1NALY)9F01219SLOPE.9INTR•

•	 FSPRNG11e1.3leFSPRNGi1t1t31.1rMM1
STEST = YINALZ)•YDTINALZI
IF ISTEST .GE. 0.1 CALL FTARLE 1YINALZI9F0(3)9SLOPE98INTR9

•	 FSPRNG11t1o21•FSPRNGIlr1t21.1o14M1
IF WEST .LT. 0.1 CALL FTARLE 1V1NALt191F0i319SLOPE99INTR9

•	 FSPRNG11#1931•FSPRNG11o1o3itteMM1
DO 40 2-1.3
IP3 = I + 3

40 CALL FT ABLE ( FDlIAG(I)•FOIIP3)•SLOPE•BINTR•FSPRN611r1•A)*
•	 FSPRNGII.1941.1914M)

C

CALL PETRAK
FO Ill = FD (l) + FRET

C
00 27 I=1•5
IL = r
IF 12 .LE. 31 IL = I
CALL FTARLE IODOTIII•FDD*SLOPE913INTRrFDAMp11e1•ILI•

•	 FOAMP11#l9ILto19MM1
27 FT(I) = FOII1 + FOO

C
00 600 I =1.7
IF (IVECIII .EO. 01 GO TO 600
NCN = IVECIII
ANVECIMCN) = 0400fil)

600 CONTINUE
C

CALL MUL T3 IFT•TRHO#F0v1+6s691.9.11

C

C

C
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CALL	 MULT3	 IFD (419SCI(4rl)#WV3+193939196911
DO 60S	 I=193

6C5 WKVII)	 :	 WV341ISANVECIII
00 610	 I=1.3
WV3111	 :	 FDIII
DO 610 J:1#3

610 WV3(I)	 : WVVII	 -	 W11V(JIsBC1J#I)
CALL	 MULT3	 (VV3.9CI(1.41•WKV(41.1.3.3.1+6.11
FI	 = 0.
IF	 (MOOE(41	 .EG.	 1	 .OR. MODEM	 .EG.	 11 GO TO 6S2
DO 61S I_4.6

615 WKV(II	 :	 0.
60 TO	 151

6S2 ROOMAG = A6S(DDOT(111
IF	 (RODMA6	 .LT.	 1.E-9)	 ED	 TO	 151
VALUE = 1OLG+2.sDLS+Y(NRH011/(OLG-Y(NRHO11
VALUE	 : BINOMU•VALUE/FROXO
ICNT = 0

153 CALL	 MULT3	 ITRPTI2 .119WKV1419SIOF92'9391#3t6t2)
FSIO :	 SART(SIDF(11sSIDF(11	 + SIOF(21sSIDF(211
FIP1	 : (000TH)/RODP1AG)sVALUEsFSID
FBOLT	 = FIP1	 - FI
IF	 (ASSIFBDLT)	 .LE.	 BTOL1	 60	 TO	 151
ICNT =	 ICNT	 +	 1
IF	 (ICNT	 .EG. MAXITR)	 60 TO 999
FI = FIP1
DO	 152 I=4.6

IS2 WKV(II	 = WKV(II	 +	 FBOLTsBCIII•Il
GO TO 153

C
151 00	 45 1:1910

IV	 =	 IVEC(11
ALARM = 0.
IF	 IIV	 .EQ.	 01	 GO	 TO 45
IF (MODEM .EG. 11 ALAP M = MKVIIVI

45 CONTINUE
IF	 (MODE141	 .EG.	 11	 ALA1414)	 = - TRHT(2+114WKV(41

s	 - TRHT(2.2)sWKV(S) -	 TRHT(2@31sWKV(61
C

IF	 (JIL .NE. 41	 RETURN
C

IF	 (ALAM(41	 .GE.	 0.1	 GO TO S7
MODE(41	 - 0
GO TO 100

57 !F!	 = 0
00 SS	 I=1.7
IF	 IALAMIII	 .GE.	 Li.)	 60	 TO	 SS
IFT	 =	 1
MOOEtII	 = 0.

SS CONTINUE
C

IF	 ( IF T .EG. 01 RETURN
60 TO 100

C
999 WRITE	 (WOT#10011

10111FORMAT (36H1SUBROUTINE LAMRHO DOES NOT CONVERGE;
17HOPROGRAM STOPPED.;

STOP

ENO

C-33
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SUBROUTINF LOCATE

C
C
	

SUBROUTINE TO ESTABLISH LOCATION OF KEY LEADING ELEMENTS
C
	

IN STATE VECTOR AND TO ESTABLISH LENGTH OF SUBVECTORS
C
	

OF STATE VECTOR
C

COMMP %1 /LOCLEN/ LOCI 12 ► 9 LEN 1121
COMMUN /NCNTRL/ NCNSYS
COMMON /NEQTNS/ NEOTN
COMMON /NMOOES/ NMOOET9 NMODEC• IFELAS
COMMON /YPSTNS/ NUT 9NXT9NGAMT9NUC9NXC9NGAMC*NRH09

•	 NXITOT•NXIT•NXICDT.NXIC• NDELCS
C

DATA	 NIT• NOT	 / S• 6
C

NXIT	 = NXITOT + NMODET
NXICDT = NXIT + NMOOET
NXIC	 = NXICOT + NMOOFC
NDELCS = NXIC + NMODEC
NEOTN = NOEL'S + NCNSTS - 1

C
IF (NE®TN .GT. 1501 60 TO 20

C
LOCI 11 = NUT
LOCI 21 = NXT
LOCI 31 = N6AMT
LOCI 41 = NUC
LOCI 51 = NXC
LOCI 61 = NGAMC
LOCI T/ = NRI40
LOCI 81 = NXITOT
LOCI 91 = NXIT
LOC1101 = NXICDT
LOC(111 = NXIC
LOC(121 = NDELCS

C
00 10 I=1911

10 LEN( I/ = LOC(I+11 - LOC(II
LEN(l2) = NCNSYS

C
CALL YRITIMILOC91912.Gm	 LOC91)
CALL YRITIM(LEN9191296H	 L EN911

C
GO TO 30

C
20 MRITE(NOT9211
21 FORMAT(/910X9 38HNO. OF EAUATIONS EXCEEDS 1509 STOP RUN)

STOP
C

30 RETURN
ENO

0
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SUBROUTINE MINTS
C
C

COMMON /GEOMTY/ AA*AB*AD*AE*AF*AP*OLB *OLD*OLE*DLF*OLI*DLP*DLO*OLS*
•	 TDT0131*CPCO(31 *RAOCON*CSPHER*ROTALP*PEO*FDO
COMMON	 /LOCPTP/ PSP(3)•PAP(3*3I*POP(3*31
COMMON /MISCNO/ ANUM
COMMON /NEGTNS/ NEQTN
COMMON /VECTOR/ Y(1SO19YrjT(1501
COMMON /YPSTNS/ NUT *NXT*NGANT*NUC*NXC*NGAMC*NRNO*

__ s	 NXITDT*NXIT*NXICOT*NXIC* NOELCS
DIMENSION	 TRIO( 313) *TRIT( 3931*TRTC(3931
DIMENSION OATMIN(6*31
DATA N!T*NO1/ S• 6/

C
LOCI FORMAT (/// IOX933HYNE DATMIN ARRAY IS AS FOLLOWS

*IOX*50H1 TARGET EULER ANGLES — PSI* THETA• PHI 	 (OEGREESIP
+1OX*5ON2 CHASE / TARGET EULER ANGLES — PSI* THETA* PHI 	 (DEGREES )/
*IGX*5GH3 CHASE ANGULAR VELOCITY — OMEGA X• OMEGA To OMEGA Z — (*
+	 124DEGREES/SEC)/
*ICX*SSHN Ca ASE C.G. VELOCITY IN X*T*Z DIRECTIONS REFERENCED TO*
+	 19H CHASE (LENSTNtSEC)/
*IOX*SSHS D TO S DISTANCE IN X*Y*Z DIRECTIONS REFERENCED TO TARGET*

t •	 9H (LENGTH)/
_ *1OX*SSH6 RHO(XI*	 (LENGTH!*	 GAMMA(I@2 *3)* 	 (DEGREES! *	--------i

C
C
C ROUTINE READS MINIMUM INITIAL CONDITIONS AND INITIALIZES THE Y(II VECTOR.
r
C READ MINIMUM INITIAL CONDITIONS AS FOLLOWS.

- C 1 TARGET EULER ANGLES — PSI* THETA• PHI — 	 (DEGREES)
C 2 CHASE / TARGET EULER ANGLES — PSI* TH Ir TA* PHI	 !DEGREES)

C 3 CHASE ANGULAR VELOCITY — OMEGA X• OMEGA To OMEGA Z — (DEGREES/SEC)
C 14 CHASE C-6- VELOCI T Y IN X*Y*Z DIRECTIONS REFERENCED TO CHASE	 (LENGTH/SEC)

C S D TO S DISTANCE IN X*Y*Z DIRECTIONS REFERENCED TO TARGET (LENGTH$
C 6 RHO — X* (LENGTH)* GAMMA (DEGREES)*	 ---------*	 REFERENCED TO CHASE
C

CALL READ	 (DATMIN*6*3.613)
C
C ZERO SPACES AND CHANCE DEGREES TO RADIANS.
C

DO S I	 = 1*NEOTH
_- S Y(II	 = 0.0

DATMIN(6*2)	 = DATMIN(6*21 •	 ANUM
DO 10 I = 113
00	 10 J = 1.3
TRITtI*J1	 = 0.0
TRICIT9J)	 - 0.0
TRTC(I*JI	 = 0.0

10 DATMIN(I*J)	 = OATMIN(I*J) •	 ANUM
C
C COMPUTE TRITtI*J1* TRTCII * J1* TRICtI*J) ROTATION TRANSFORMATIONS*
C

CS1IT	 = COS(DATMIN(1*l))
CS2IT = COS(OATMIN(1*211

( CS3IT	 = COS(DATMIN(1+3) )
SN1IT = SIN(DATMIN(1*111
SN2IT = SIN(DATMIN(1*2))
SN3IT = SIN(DATMIN(1*31)
CSITC	 = COS(OATMIN(29111
CS2TC = COS(DATMIN(2*211
CS3TC = COS(OATMINt2*311
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SN1TC = SINIDATMTNl2.111

SN2TC = SIN(DA)tiNI29211
D

SN3TC = SINIOATMIN(2r3))
TRIT11911 = CS1IT s CS2IT
TR T Cl1911 = CSITC s CS2TC
TRITl2911 = SN UT s CS2I1
TRTCl2ell = SN1TC s CS2TC
TRITI3+1i = — SN2IT
TRTCl3.11 = — SN2TC
TRIT11s2) = CNIIT s SN2IT s SN3I7 — SNITT s CS3IT
TRTCII.21 = CS1TC s SN2TC s SN3TC — SWITC s CS3TC
TRITl2921 - SNIIT s SN2IT s SN31T + CS1IT s CS3IT
TRTC(2921 = SMITC s SN2TC s SN3TC • CiS1TC • CS3TC
TRIT43.2) = CS2IT s SN3IT
TRTCl3.21 = CS2TC s SN3TC
TRIT(1931 = CS1IT s SN2IT s CS3IT + SNIIT a SN3IT
TRTCII.3) = CS1TC s SN2TC s CS3TC + SN1TC s SN3TC
TRITl2.31 = SNIIT s SN2IT s CS3IT — CSITY s SN3IT
TRTC(2.31 = SN1TC s SN2TC s CS3TC — CS1TC s SN3TC
TRIT1393) = CS2IT s CS3IT
TRTC(393) = CS2TC s CS3TC
CALL MULT (TRIT.TRTCoTRICs3939393931

C
C	 FILL IN THE YIII STATE VECTOR WITH INITIAL CONDITIONS.
C

PSPI1) = DLI + DLS + DATMINI6.11
PSP(2) = 0.0
PSP(3) = 0.0
YlNRH01 = DATMINt6911
DO 25 I = 1.>
Y(NGAMT + I - 11 = TRIT(1911
YINGAMT + I + 2) = TRIM92)
YINUC + I — 11 = OATMIN(+19I1
Y(NUC + I + 2) = DATMIM091)
00 20 J = 1.3

20 YINXC • I — 11 = Y(NXC + I — 11 + TRITIIvJ) s ITOTC(J) • DATMIN
s t5•JI1 — TRICII9J1 0 (CPCOIJI + PSP(JtI

YINGAMC + I — 1) = TRICII.11
Y(NGAMC + I + 2) = TRIC(1921

25 YlNRHO + I • 2) = DATMINl6.21
C

WRITE (NOT91001)
CALL WRITE tY•1.NEOTN9GHYINITL.11

C
RETJRN
END

0



r

0

MCR-70-2 (Vol	 II)

SUBROUTINE MULT3 (A.B•Z•NRAvNRBvNCB*KRA*KRB#KRZI
DIMENSION	 A(KRA91)9 B(KR89119	 ZIKRZrl)

C
00	 10 1=1 9NRA
00 10 J=19NCB
z(19j)	 =	 0.0
DO	 10 K=1vNRB

t 10 Z(I•J)	 =	 Z(I•J)	 • A(I•K)	 •	 B(K•J)
C

RETURN

i

'	 I

ENO

SUBROUTINE MULTAO IA*892*NRA*NR89NCBPKRAiKRB*KRZ1
DIMENSION A(KRA911• B(KRBv1)•	 Z(KRZ+1)

C
00 10 I=19NRA
DO 10 J=1*NCS
00 10 K_19NRB

10 Z(IPJ)	 = Z(I*J)	 • A(IvK)	 •	 BIKvJ)
C

RETURN
END

C-37



0

C-38 MCR-70-2 (Vol	 II)

SUBROUTINE	 PIERCE	 (DAtOL90S9R9ALPHA9SALP9CALP9TALr.

1 ROTALP90AB)

C
C SUBROUTINE TO ESTABLISH IF PIERCE POINTS (If
C BELOW DROGUE LIP
C OR IF PROBE HAS PIERCED DROGUE
C

DIMENSION	 OA(319OL43)•	 DS(31
DIMENSION DB(319DC1319DD(3)
DIMENSION	 PHIPP(2f9RPPI219SPHIPP(2.1•fPHIPP(21

C
DATA	 NIT# NOT	 /	 59	 6

C
IF	 ((DA(II.LE.0.01	 .OR.	 1DL(11.LE.0.01	 .OR.
1(SOR7(OA( 2)•DA(2) +DA(3) i 0A(3))/OAII ) .GE. TA LP I)	GO	 TO	 100

IF	 ((DSIII.LE.0.01	 .OR.	 ISARTIDS(21*DS(21*OS(31*0S(3/)/ OS(1).GE.
ITALPI)	 GO	 TO	 110

C
CALL	 AVPBV(1909DA9DAB9GL9OB)

C
IF	 ISART(08(2)*DB(2)*DB(3)*OBI3f1/06(11 	 .LT. TALP)	 RETURN

C
DO M = DA(21*08131	 - DA(3)*DB12)
DO M = DA(31 . 06(1) - OAI11+0801
DD13)	 = DA(II s DB(2f	 - OA(21*06111

C
E	 = -DDIl)/(TALPsSORT(DO(2)*00121+0013100D(3))1
DENOM = SORT(I.0 - EsEf
BETA = ATAN210021900(3))

C
PHIPPIII	 = ATAN2(E9	 DENOM)	 - BETA
PHIPP(21 = ATAN2(E9-OENOMI - BETA

C
00 12 I=I92
SPHIPP(I)	 = SINIPHIPP(I))

12 CPHIPP(I1	 = COS(PHIPP(I11
C

CALL	 AVPBY(1.090B9-1.09DA9DC1
C

IF	 (DD(1).EO.0.01	 GO TO 30
IF	 (DD(2).EO.0.0) 60	 TO	 40

C
30 DO 35 I=192
35 RPP M = OO(21/(DC(11 $ SALP*SPHIPP(I1 - DC(31sCALP1

GO TO 60
C

40 00 45 I=192
45 RP0 121	 = 00(11/(SALP 01 0C M 0CPHIPP(I)	 - OCl21•SPHIPP(I)11

C
50 RMAX	 =	 AMAX1(RPP(119RPP(211

C
IF	 (RMAX*CALP .LE. POTALP) 	 GO TO 106

C
RETURN

C
100 YRITEtNOT91011
101 FORMAT(/91019 37HPITCH ARM ORIENTATIDN ERROR• STOP RUN)

STOP
-{ 106 WRITE(NOT9107)

107 FOR04AT(/910X936HPITCH ARM HAS PIERCED OROGUE9 STOP RUN)
STOP

110 WRITE(NO79111)

III FORMAT(/910X9 34HPROBE HAS PIERCED OROGUE9 STOP RUN)

STOP
ENO
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PROGRAM PLOTER
C

COMMON	 /PLTR	 / K!tNCOLS•NTIMES•XDI_TA*NPLTS
COMMON /TAPED/ NTAPEI• NTAPE2( NTAPV3

COMMON	 /TIMESS/ STARTT.CELTAT• 	 T• ENDT9	 TMST•	 NSECS
4 C

DIMENSION Z1500.601r PTITLE10
C

REWINDN1APE1
REWIND NTAPE2

C
NCOLPI = NCOLS+1
I2 = 0
KPL = NTIMES/NPLTS+1
KCUNT = KPL-1

= C
DO 200 N1=19NTIMES
KOUNT = KOUNT*1
IF	 (KOUNT	 .NE. KPL) REAC(NTAPE11 	 DUMMY
IF	 (KOUNT	 .NE. KPL)	 GO TO 201
IZ	 = IZ+1
REAO(NTAPEII	 (Z(IZ•K)•K=I•NCOLPII

i KOUNT = 0
201 CONTINUE
2no CONTINUE

C
210 READ	 (NTAPE2) N CX•NCY•NXPL•XNAME•YNAME•PTITLE

IF (NCX.EO.01	 CALL FRAME
IF	 (NCX.EG.0)	 RETURN

_ C
XSTART	 = STARTT
XOELTA = XDLTA
IF	 (NXPL	 .GT•	 0)	 XDELTA = FLOAT (NXPL)sXDLTA
IF	 (NCX	 .GT.	 11	 CALL SCALER(Z(1•NCYI•Z(1•NCXI•IZ•XSTART•XOELTAI

C
CALL	 PLOT1	 (Z(IPNCXI@Z(f•NCY)#IZ•	 I•XSTART@XOELTA•

•	 XNAME•YK4ME•PTITLE•1.1.0.500)
C

60 TO 210
C

ENO
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6

SUBROUTINF PREENT

/%INDFP/
/CHANGE/
/FORMOM/
/IFOUTS/
/LOCLEN/
/LO CP T D/

/MISCNO/
/NEQTNS/
/PHILAM/
/PUNCHY/
/RETRCT/
/TIMESS/
/VECTOR/
/YPSTNS/

C
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

«COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

C

FI08INOMU
Z(1501020T1 1501
FANOM4121
PINIC9IFPL0791FPER
LOCI1210 LENI121
DSDI310DHD1310DGL13100A0(303)00RD13.319
000(303)tGR013031
• DHPDI 3100BD130 3100F0 i 3.31 •OPD 13.31
ANUM
NEQ TN
PHICON11010ALA1411010 MODE1101
IFPNCH
AKOI•AK029AK039RHOSOOFRETL •EXTL•T1AG•TSTAR•FRET
STARTTODELTAT• To ENDTO TMST• NSECS
Y115010YDTI1SO1
NUT •NXT •NGAMT 9NUC9NXC+N6AMC•NRHO•
NXITOTONXITONXICOT•NXIC• NOELCS

DIMENSION NAMES1361
C

DATA NITONOT	 /5.6/
DATA NAMES 16HU — TA96HRGET 06H 96HX - TA96MR6ET	 96H	 •

• 6HGAMMA 96HTARGET96H 96HU - C14•6MASE	 06H	 •
• 6HX - CH•6MASE 96H 96H6AMMA 96HCMASE 96K 	 •
+ 6HRHOS	 06H 06H 06HNODE V•6MEL - T•6MARGET •
• 6HMOOE D•6HISP - 96NIARGET96NM00E V96HEL - C•SMMASE	 •
• 6HMOOE D06HISP -	 9614CMASE •6HCON SY96HS PARA•6MMETERS/

C
IFITMST .EU. 0.01	 KOUNT = NSECS
IFITMST	 .EQ.	 0.01 60 TO	 10
KOUNT = KOUNT*1

IL CONTINUE
C
C ALTER Y AND TOT FOR PRINTING AND PLOTTING

DO 12 I= IONEQTN
Z(I)	 =	 Y(I)

12 ZDT1I1	 =	 YDT1I1
00	 13 I =103
JI = NUT*2*I
JJ = NUC*2*I
Z1JI1	 = YIJII/ANUM
ZDT(JI)	 = YOTIJII /ANUM
Z1JJ)	 = YIJJI/ANUM

13 ZDT(JJ)	 = YOTIJJI /ANUM
00 14	 1=10S
J = I*NRHO
ZIJI	 = YIJ1 /ANUM

14 ZDTIJI	 = YDTIJ)/ANUM
DO 15 I=103
J = NOELCS*I
K = NOELCS * I * 18
ZIK1 =	 Y(K) /ANUM
ZDTIKi	 = YOT1K1 /ANUM
ZiJ1	 = YIJIIANUM

1S ZOT1J1	 = TOTIJI /ANUM
C

M KOUNT .NE. NSECSI 60 TO 100
C

YRITEINOT0T301 T
730 FORMAY(INIo///• 37X917HSIMULATION 1114E =• E14.41
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C
WRITEINOT96001

GC0 FORMAT////•35X•4HVti193CX•7HVDOT(I11
DO S I = 1.12
K = tI - 11 • 2 • 1
L = K • ?.
WRITE (NOT•S001 INAMES(JI• J s 99L)

SOO FORMAT t1X• 3A61
NBEGIN : LOCIII
MEND = LOC(11 • LEN(11 — 1
00 S J : N9E6IN9NEN0

S WRITE (NOT•6OS1 ZIJI. 20T(JI
60S FORMAT 127X•E17.Q917X9E17.Q1

C
WRITE(NOT96101 (OSCII)• I 	 1•3)

610 FORMATI//•13HOSO VECTOR = • 31SX•E17.61)
C

WRITEtNOT961Si
61S FORMAT (1M0916X•3HPHI.22X95HL AMDA923X•4HMODE•/1

WRITE(NOT•6231 (19PHICONIII•ALAM(II9MODE4I19I = 1.101
620 FORMAT 43X•229SX9E17.Q•lOX•E17.3.1SX9231

C
WRITEINOT9630) FRET

630 FORMAT(///9 IOX916HRETRACT FORCE : 9 E17981
C

WRITE(NOT•6311 FI
631 FORMATI/• 10X9 24HBINDIN6 FRICTION FORCE =• E17.61

C
WRITEINOT9640) (FANOMIII9I-1.121

640 FORMAT(///•IOX•l6H FORCE AT PT 0 _• M X9E17.B1•/•
•	 1OX916HMOMEPT AT PT 0 =• 342X4179819/9
•	 IOX916H FORCE AT PT P :• 342X•El7.Ql•/•
•	 IOX916MM004ENT AT PT P =• 3(219E17.811

C
CALL CPWMS ICP/

C
WRITE INCT96351 CP

63S FORMAT(///•3OX91SHELAPSED CP TIME = •' E17.61
C

IF (IFPER .NE. 01 CALL SETPER
C

KOUNT = 0
100 CONTINUE

C
IF (IFPLOT .NE. 01 CALL SETPLTICP)

C
CALL SETTPE
IF (T.6E.ENOT .AND. IFPNCH9NE.0)

CALL PUNCH tT•1•NEQTN•6MTINITL•11
C

RETURN
ENO
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SUBROUTINE RETRAK

6

C
COMMON /PHIL AM/
COMMON iRETRCT/
COMMON /TIMESS/
COMMON /VECTOR/

COMMON /YPSTNS/
•

C

PHICON(10)9ALAKf10)• MODE410T
AKOI9AK02•AX03•RHOSO•FRETL•EXTL9TLAG9TSTAR@FRET
STARTTrDELTATP To ENOT• TMST• NSECS
Yt1S019TOTt1S01
NUT •NIT •NGAMT •NUCoNXCoNGAMCrNRHO•
NXITDTrNXITtNXICOT#NXIC• NOELCS

IF (MOOE(81 .EQ. 01 TSTAQ = T • TLAG
IF tT — TSTAR .LE. 0.01 GO TO 10

C
AA^ _ AKDI
IF t Y f NRHO 1 . L T. RHOS01 AK 0 = AK 02
FRET = AKD *IT — TSTARI/ABStAK03 • EXTL - TINRHOi1
IF IFRET .GT. FRETLI FRET s FRETL

C
GO TO 20

C
10 FRET = 0.0

C
20 RETURN

C
END

SUBROUTINE ROOTS IDA*DL•R•RCTNA•PHIC•FLC*FGCoNRKoNPA1
C

DIMENSION DAI31. OL131
C

DATA GESLAM• TOLER• MAXITR / S0.0. 0.01. ISO /
DATA NIT• NOT / S• 6

C
FLC - GESLAM
iC = 0

SO 6 - FLC
PHIL - ATAN2t0A431•GsDLt31• DA(21•G*OL42))
RCP	 R+COS(PHIC1
RSP	 ROSINIPHICI
61 = (RCTNA—OAIIII*DLtll#(RCP—OAf2114QLt21•(RSP—OA131loDL13)
IF tASSI6-611 .LT. TOLERI 60 TO 60
IC - TC a 1
IF 41C .EO. MAXIM GO TO 200
FLC : 61
GO TO SO

C
60 OR1 = RCTNA — OAt11 - 6*0011

OR2	 = RCP — DAf 21 — G • DL ( 2)
Oda	 = RSP — DAIS) — 6•OL(31
FGC = SORTtORI•Qk! • OR2•OR2 • OR3*OR3)

C
RETURN

C
2VO WRITEINOT910011

1001 FORMAT( /•IOX94SMSUBROUTINE ROOTS DOES NOT CONVERGE• STOP RUN)
STOP

C
END
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SUBROUTINE RUNKTA
C
C
	

SUBROUTINE TO NUMERICALLY INTEGRATE A SET OF FIRST ORDER
C
	

DIFFERENTIAL EQUATIONS
C
C
	

REFERENCE FOR GILL — RUNGS-KUTTA ALGORITHM ••-
C
	

MATHEMATICAL METHODS FOR DIGITAL COMPUTERS• ANTHONY RALSTON•
C
	

HERBERT S. MILF TART. BY MICHAEL J• ROMANELLIs PAGE 1111.
C
C
	

000£0 BY CA 14L BOOLEY# JULY 1969

C
C
	

SUBROUTINES INA' ARE CALLED ARE --- GEOM. KINMAT• CONTAK AND
C

COMMON /JCOUNT/ JIL
COMMON /NEGTNS/ NEGTN
COMMON /GPRKTA/ GRKl1S01t PR9141
COMMON /TIVESS/ STARTT•QELTAT• It ENDT• TMST9 NSECS
COMMON /VECTOR/ Y(1S01•YOTIISOI

C
DATA NT / 0 /

C
OO 120 J = 1.4
JIL : J
00 110 I=1•NEQTN
Z : YDTII)•DELTAT
GO TO (103.101.101.10S)• JIL

1C1 R : PRKIJILI*IZ — QRKMI
GO TO 107

103 R : PRK(JILI*Z — QRK(I)
GO TO 107

105 R = (Z — 2.*GRK(I1)/6.
107 Y(II : Y(I) • R
110 GRK (I ) : GRK 1 I 1 • 3 . •R — PRK (J IL ) O 2

IF (JIL -EG- 1 .OR. JIL .EG• 31 T = I t * UELTAT 12-
CALL GEOM
CALL KINMAT
IF IJIL -EG- 41 CALL CONTAK

120 CALL VECTR
C

NT : NT • 1
ANY : NT
TMST - ANT*OELTAT
T = STARTT ♦ TMST

C
RETURN
ENO

4
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SUBROUTINE SCALER (V•H,N• XSTART9SCALEI
C

DIMENSION V(1)#H(11
C

DATA	 NITrNOT	 /5• 61
C
10C1 FORMAT (54HIHORIIONTAL SCALE COULD NOT BE SHIFTED IN 10000 MOVES.

•	 //9H HMIN = E1508
•	 9H HMAI = E 1S.8
•	 9H SCALE = E15.8 1

C
VMAX = Vill
VmT y = Vill
HMAX = Hill
WIN = Hill
00 10 I=10N
IF (ViIl .LT. VMIN) VMIN = ViIl
IF (ViIl .GT. VMAXI VMAX = Vill
IF (Hill .LT. HMIN) HMIN = HiIl

10 IF (Hill .GT. HMAX/ HMAX = Hill
C

CALL PLOTSS (VMAX•VMIN•VTOPtVBOTI
CALL PLOTSS (HMAX•HMIN•HTOP#HBOT)
SCALE = (VTOP-VBOTI/10.000
HS	 = (HTOP-HBOT1/10.D00
IF (HS .GT. SCALE) SCALE = HS
XSTART = -5.•SCALE
XS	 = XSTART

C
I = 0

15 I = I+1
IF (I .GT. 100001 GO TO 999
IF (HMIN .GE. XSTART) 60 TO 20
xSTART = XS - FLOAT(II•SCALE
60 TO 15

C
20 I = 0
2S I = I+1

IF (I .G:. 1000C) 60 TO 999
If (HMAX .LE. XSTART+10.•SCALE) RETURN
XSTART = XS + FLOAT(I)•SCALE
60 TO 25

C
C

999 WRITEINOT910CII HMIN•HMAX.SCALE
STOP
ENO
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SUBROUTINE SETPER
c

C	 SUBROUTINE TO COMPUTE PROBE POINT LOCATIONS AND
C	 PLOT FRAME IN PERSPECTIVE OR STEREO

C
C	 COOED? BY BOOLEY /PARK 	 OCTOBER 1969
C

COMMON /ANGLES/ ALPHAO9SALP09CALP09TALP09 SSIGNA1319CSIGNA131
COMMON /FUNGAM/ SGAMMA4319CGAMMA(319SGSS(3)9SGCS(319

•	 CGSS13)9000S(3)
COMMON /GEOMTY/ AA9AB9AD9AE9AF9AP90LB90L090LE@DLF9DLI@OLP90LO90LS•

s	 TOT 0( 3) 9CPCC(31 9RADCDN 9CSPHER9ROTALP*PE0•FDO
COMMON /IFOUTS/ MINIC9IFPLOT9IFPER
COMMON /JQATCH/ JBA
COMMON /LOCPTO/ OSC(3)9DWD(319DGD(319DA0(393190RO(39319

•	 D#m.:' ?93) 9OR0( 3931
•	 . DHPD(3)9060(393190FDt393)9DPDt3931
COMMON	 /LOCPTI/ OTI(3)9 OCI1319	 TCI(3)
COMMON /LOCPTP/ PSP(3)@PAP(39319POP(393)
COMMON	 /LOCPTT/	 THT( 3) 9TCT1319TST 1319TAT 139319TRT 13#319

+	 CSTt3)9CAT(39319	 OWTt39319	 TOT(319
•	 DHT(3)9DGT(3)9DST1319 OAT(393190OT(393)90RT1393)
COMMON /MISCNO/ ANUM
COMMON /PERTIT/ PTITL18)•IFFIXD9RANGLE9 EEC #CAN6LE9

+	 COELOC(319VPLOC(31
COMMON	 /TRNFMS/ TRTI(3.3)9TRCIt3.319TRTC139319TRHT13931*TRRC(393)9

•	 TRRT(39393)9TRRC(3939.319TRPC(39319TROT(393)9
•	 TRPD(3.319TRH01393)9TRR0(3939319TRPT(3931
+	 9TRHP(393)9TRTPt39319TRRPt393931
COMMON	 /VECTOR/ Y( 150) tYDT(IS0)
COMMON /YPSTNS/ NUT•NXT9NGA14T9NUC9NXC9NGAMC9NRHO9

•	 NXITOT9NXIT9NXICDT9NXIC• NDELCS
C

DIMENSION	 DPCO13)90FC013)9DBBD43)9DDDt393)90EDt393)90DI(3)
0I14ENSION WVt319	 VN(319	 ILOCtSO1
DIMENSION SHP(18693)9RS(2)9HS(2)9FINOT(2)
DIMENSION	 TRDI(3931.OVIt3190EIt31
DIMENSION CLOC13339319MLOC(34S92)

t DIMENSION COEYLC(319 VPNTLC(3)
c

DATA	 NIT• NOT	 / 59 6
DATA INTL /0/
DATA	 (ILOC(I)9I=19501

•	 /	 I.	 49	 49	 49	 6.	 79	 Be	 69	 79	 89219229239129139149
s	 99109119	 29	 29	 29	 39	 39	 39•	 So	 69	 79	 89	 79	 8 ► 	 69219229239189199209159169179
+	 189199209	 9910.11.12913914

C
IF	 (JBA.GT .11	 GO TO 98
IF	 (INTL	 .NE.	 01	 GO	 TO	 98
READ	 (NIT910011	 !PTITL	 (I19I=1.81

]OCI FORMAT	 (SAID)_
READ	 (NIT910021	 IFFIXO ► RANGLE9EE09CANGLE

1002 FORMAT	 (I595X96EI0.0)
READ	 (NIT910031	 (COELOC(I)9I=1931
READ	 4NIT910D3)	 (	 VPLOC(119I=193)

1003 FORMAT	 (8E10901
98 CONTINUE

IF	 (INTL	 .NE.	 01	 GO TO 81
DO 82	 I=193
COEYLC(I)	 = COELOC(I)

P2 VPNTLC(I)	 = VPLOC	 (II

C-45
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c
81 IF IIFFIXD .NE. 01 GO TO 97

C ESTABLISH ODI9 TROI
CALL ATXBV ITRTI9TOT9YV1
CALL AVPBV 11.090TI91.09YV900I1
CALL AX83 (T1OT9TRTI9TRDI)

97 CONTINUE
C

IF (INTL .NE. 01 60 TO 99
C

DO 90 I =1.25
MLOC(191) = ILOCIII

90 MLOCII92) = XLOCII+251
C

If IIFFIXD .WC. 0) 60 TO 96
C ESTABLISH OVI9 OEI

CALL ATXBV ITRDIPCOEYLC#WVI
CALL AVP8V 11.0900I91.09YV•OEII
CALL ATXBV ITRDI9VPNTLC9MVI
CALL AVPBV 11.0900I91.09YV90VI1

S6 CONTINUE
C
C	 COMPUTE PROBE HEAD COORDINATES

OLFI = ANUM*6.
DO 10 L=192
L1 = 1 • 31*1L-11
L2 = Ll + 30
AL = L
FI = ANUMs180.s(AL-1.1
00 10 I=L19L2
SHPII91) = 0.
SHP(1921 = CSPHER*COSIFI ►
SHP(193) = CSPHER*SIN(FI)
FI = FI	 OLFI

10 CONTINUE
L2 = 62
FI =-135.•ANUM
00 20 J=194
00 20 L=192
OLFI = 180+1L-11 - 135*12-LI
FI = FI • OLFI*ANUM
L1 = L2 + I
L2 = Ll + 16 - L
AL = 6*11 + 14s(2-L)i
AL = ANUM+AL
OLAL = 12*1L-11 - 6
OLAL = ANUM*DLAL
DO 20 I=L19L2
SHP(191) = CSPHERsCOS(AL)
SHPlI921 = CSPHER*COSlFE1*SIN(AL)
SHP(1931 = CSPHER*SINIFI)+SIN/AL)
AL = AL • OL AL

20 CONTINUE
C
C	 COMPUTE DROGUE-CONE COORDINATES

RS111 = CSPHER*CALPO
HS111 = RSIl)/TALPD
RS(21 = RADCON
HS42) = ROTALP
FINOT M = 0.
FINOT(2) = ANUM*180.
OLFI = ANUMs6.
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L2 : 209
DO 30 L:1 92
00 30 J=1*2
FI = FINOTIJI
L1 = L2 + 1
L2 = Ll + 30
DO 30 I=L1*L2
CLOC(I*1) : HS(L)
CLOC11921 = RS(!1*COS(FI1
CLOC1I*31 = RS(L)*SIN(FI)
FI=FI+OLFI

30 CONTINUE
C
C	 COMPUTE MLOC ARRAY

IR : 25
IS = -8
00 40 L=1.10
IS = IS+31
IT = IS
DO 40 J=1930
IT = IT+1
IR = IR+l
MLOC(IR*11 = IT
MLOC(IR*2) = IT+1

40 CONTINUE
L2 = 11
IR = 325
ISI = 210
IS2 = 272
DO 50 L=192
ISI = ISI+34*(L-11
IS2 = IS2+34*(L-11
L2 = L2-2*(L-11
DO 50 1=1*L2
I1 = ISI+3*(I-11
I2 = IS2+3* (I-1 )
IR = IR+1
MLOC(IR*!) = I1
MLOC(IR*21 = I2

SO CONTINUE
C

INTL = 1
99 CONTINUE

C
IF (IFFIXO .NE. 01 60 TO 9S

C MODIFY COEYLC* VPNTLC
CALL AVPBV (1.0*OEI*-1 *O*0OI*MV)
CALL AXBV ('(ROI*YV*COCVLCI
CALL AVPBV (1.0*OVI*-1*O*OOI*YV)
CALL AXBV (TRDI*MV.VPNTLC)

9S C.JNTINUE
C
C ESTABLISH OHPD

CALL ATXBV (TRPO*PSP*MV)
CALL AVPBV (1*O*OSD*- 1*0*YV*0HPDI

C
YV(21 = 0*0
MV(31 = 0*0

C
C ESTABLISH OPCO

YV(11 = OLP
CALL ATXBV ITRPD*MV*VYI

C-47
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CALL AVPBV (1.D0DHPD01.00VW*DPCD)

C
C ESTABLISH DFCD

NV(11 = OLF
CALL ATXBV ITRP00MV0VM)
CALL AVPBV (I.D00HPD01.00VM90FC0)

C
C ESTABLISH JBBO

WV(11 = DLI+Y(NRHO)
CALL ATXBV (TRPD0MV0VY1
CALL AVPBV 11*00DHPO01.CrVMODBBDI

C
C DSD COMPUTED BY GEOM
C DAD COMPUTED BY GF_OM
C

00 100 9=103
C
C ESTABLISH OPO

WV(I) = DLP
YV(21 = -AP*SSIGMA(K)
YV(3)'= AP*CSIGMA(K)
CALL ATXBV	 (TRPDOYV@VM)
CALL AVPBV	 (1.O.DHPD0I.00VWv0PD(1*K)')

C
C ESTABLISH DFD

MIS = OLF
MV421 =	 -AF*SSIGMA(K)
MV(31 =	 AF*CSIGMA(K)
CALL ATXBV	 (TRPO•MVOVY)
CALL AVPBV	 (1.000HP001.00VN0DF04IvK)1

C
C ESTABLISH 000

TRH = AA+DLD*SGAMMA(K)-A0*CGAM04AIK)
MV(1) = DLI+Y(NRHOI- DLO*CGA4MA(KI-AO*SGAMMA(K1
MVt2) = -TRM*SSIGMA(K)
MV(31 =	 TRM*CSIGMA(K)
CALL ATXBV	 ITRPD0YV0VM)

CALL AVPBV	 I1.0•DHPD01.O0VY00D0t10K11
C
C ESTABLISH OED

TRM = AA+OLE*SGAMMA(K)-AE*C6A14MAtK)
MV(11 = OLI +YINRHO )-OLE*CGAMMA(K)- AE*SGAMMAIKI
MV(2) - -TRM*SSIGMAIK)
YV(31 =	 TRM*CSIGMA(KI
CALL ATXBV	 ITRPD•NV*VY1
CALL AVPBV	 (I.00DHPD0I.0•VM00ED41•K11

C
C ESTABLISH 080

TRM = AA+OLB*SGAMMA(K)
MVtll = DLI+Y(NRH01-DLB*CGA04MA(K)
YVt21 = -TRM*SSIGMA(K)
MV(31 =	 TRM*CSIGMA(K)
CALL ATXBV	 (TRPDtWV0VY1

CALL AVPBV	 (1.000HPO01.00VM0D80(10K)1
C
100 CONTINUE

C
C ROY 1-23 OF CLOC

DO 20C J=103
CLOCt 10	 J)	 =	 OHPD(J1
CLOC( 20	 J)	 =	 DPCO(JI
CLOC( 39 J)	 = DFCD(JI
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CLOG( 49 J) : DSSDtJ1
CLOCI St JI : DSO(JI

=	 DO 20D 1:10
CLOG( 5+It JI : OADIJ#II
CLOCI 8.19 J) : DPDIJ#ll
CLOC(11•I9 JI : OFOIJtI1
CLOC(14+19 J) : DDDIJ9I1
CLOCII7•I9 J1 : OEOIJ911
CLOC(20+19 JI = DBD0911

200 CONTINUE
C
C ROM 24-209 OF CLOC

DO 210 1=10186
II = I.23
00 210 J=1.3
CLOCIII9J1 = OSOIJI
DO 210 K=1.3

210 CLOC(119J)	 CLOC(II•J/ • SHPIItKI•TRPO(K*JI
C

CALL PLOTS ICLOC.MLOC.COEYLC9VPNTLC@WANGLE*IFPER909TFPER•
•	 EED•CANGLEePTITL •333934S933393451

C
RETURN
ENO

3

1
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SUORC'UTINE SETPLT(CPTME)
C
C
	

SUBROUTINE TO WRITE DATA ON NTAPEI SO THAT IT CAN
C
	

BE RECALLED FOR PLOTTING
C
c
	

CODED BY A C PARK	 AUG 1969
C

COMMON /BINDFR/ FI961NOPU
COMMON /CHANGE/ Z(150192DT(1501
COMMON /CSFORC/ FORCS11C19 NFORCS
COMMON /FORMOM/ FANOM(121
COMMON /LATCHL/ VLAM(6)
COMMON /LOCPTO/ OSD(31. OH04319060(319DA01393190RO(393)9

•	 0001393)9oRD(3931
•	 •OHPO (319080(393190FO(393)9DP0(3931
COMMON /NMODES/ NMODET9 NMODEC• IFELAS
COMMON /PHILAM/ PHICON(1019ALAM(10)9 MOOE(101
COMMON /RETRCT/ AKDI9AK029AK039RHOS09FRETL9EXTL9TLAG9TSTAR*FRET
COMMON /TAPED/ NTAPEI• NTAPE2• NTAPE3
COMMON /TIMESS/ STARTT9CELTAT9 To ENDT9 TMSTv NSECS
COMMON /YPSTNS/ NUT9NXT9NGAMT9NUC9NXC9NGAMC9NRHO9

•	 NXITOT•NXIT•NXICDT9NXIC9 NOELCS
C

IF (7"ST 967. 0.01 GO TO 10
LS1 = NUT
LEI = LSI+S
LS2 = NUC
LE2 = LS2+5
LS3 = NRHO
LE3 = LS3+5
N1 = NOELCS+1
NT = NDELCS+2
N3 = NDELCS+3
N4 = NDELCS+19
NS = NDELCS+20
N6 = NDELCS+21

10 CONTINUE
C

WRITE (NTAPEI) To
•	 (ZIII.I=LS19LE1)9(Z(I)9I=LS291E2)9
•	 (Z(I)92=LS39LE319
•	 (OSO(I)9I=1.319
•	 (ALAM(I19I=1.1019 (VLAM(I)9I=1.61•
•	 (FANOM(I)9I=196)9
*	 Z(N1)9Z(N219Z(N3)9Z(N4)9Z(N51•Z(N61•
•	 (FORCS111•I=29101

C
RETURN
ENO

SUBROUTINE SETTPE
C
C	 CODED BY A C PARK	 SEPT 1969
C

COMMON /CSFORC/ FOR CS(1C19 NFORCS
COMMON /FORMOM/ FANDMI121
COMMON /LATCHL / VL AM (61

COMMON /TAPED/ NTAPEI• NTAPE29 NTAPE3
COMMON /TIMESS/ STARTT9CELTAT9 T• ENOT9 TMST9 NSECS

C
WRITE (NTAPE31	 To (FANCM(I1 ► I=196)9 IFORCS4119I=29719

•	 (VLAM(I19I=19619 (FAND14(I19I= 791219
•	 FOR CSI1)9 (FORCSII19I=8910)

C
IF (T.GE.ENOT) ENOFILE NTAPE3

C
RETURN

s	 £ NO
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PROGRAM SETUP
C
C	 CODED BY CARL	 BODLEY•	 FRED NERZ AND COLT PARKP JULY 	 1969,

C
OTMENSION PTITLE14)t	 SIG14A131

C
COMM014 /ANGLES/	 ALPHA09SALPD*CALPOPTAIPO• SSIONA131005IGNA131
COMMON /HINOFR/ FloBIND14U
COMMON /CSFORC/ FORCS1 IV * NFORCS
COMMON /GEOMTY/	 AArAB#ADrAE*AF#AP90LBoOLOoDLE•OLFrOLIoOLP90LO.OLSt

• TOTOI31 •CPCOl31•RAOCON•CSPHER. ROT ALPtPEO#FOO
COMMON /IFOUTS/ NTNIC•IFPLOTtIFPER
COMMON /JBAICH/ JBA
COMMON /JCOUNT/ JIL
COMMON /MASS/	 AMT•	 AMC•	 AIT13931•	 AIC13.31
COMMON /MPRE001 FRECT1261• FREOC1261# ZETAT• ZETAC
COMMON /MISCNO/ ANUM
COMMON /NCNTRL/ NCNSYS
COMMON /NEOTNS/ NEOTN
COMMON /NMOOES/ NMOOET• NMOOEC•	 IF ETAS
COMMON /PLTR	 / K19NCOLSoNTINESrXDLTA•NPLTS
COMMON /PUNCHY/ IFPNCH
COMMON /GPRK T A/ ORK ( ISO) 9 PRK 1141
COMMON /RETRCT/ AKOI•AKD2•AK039RHOS09FRETL•EXTL•TLAG•TSTAReFRET
COMMON /SLIDFR/ HDMU• ARMMU• SFV18.391
COMMON /SPROMP/ FSPRNG12920#41*FOAMP12920941
COMMON /TAPED/ NTAPEI• NTAPE29 NTAPE3
COMMON /TIMESS/ STARTT•DELTAT# To ENOT• 	 TMST•	 NSECS
COM'AON /VECTOR/ Y11S01r	 VOT11501

C
DATA NIT:NOT/5.6/
DATA NTMHST	 /58/
DATA	 NPLTS /500/
DATA KTABLE	 1201

C
1001	 FORMAT 116I51
1003 FORMAT t2I5+2x•I1.2X921A694X194A101
1004 FORMAT 18E10.01
7001 FORMAT 1//I /1SX940H THE	 INPUT SCALARS TO PROGRAM OOCKEL ARE 	 •

• //23X•	 ION STARTT = r10.6•
• /23X•	 ION DELTAT	 = F10969
• /23X•	 ION ENOT	 = F10.69

a • /23X•	 ION XDLTA	 = F10.6•
s /23X9	 ION XPRNT	 = FI0.69
• /23X•	 ION ZETAT	 = F10969
• /23X•	 ION ZETAC	 = F10.6.
• 123X9	 ION IFELAS =	 I59
• /23X•	 ION IFPLOT = I59
• 423X•	 ION IFPER	 =	 I59
• /23X•	 ION JBATCH = IS•
• 123X•	 ION MINIC	 =	 ISe
• 123X.	 ION IFPNCH = IS	 i

2005 FORMAT t	 23X9	 1014 NCOLS	 =	 IS•
• /23X•	 ION NCNSYS = IS*
• 123X9	 ION NFORCS = IS•
• /23X.	 ION NEOTN	 = IS•
• 123X9	 IOM NMOOET = I59
• 123X.	 low NNOOEC = IS	 1

2002 FORMAT 1//	 23X•
• ION AA = E1S.89/23X•IOH AS	 = E1S.89/2339
• ION AD = EIS.89/23X@IOH AE	 = E1S98t/231.

I •	 ION AF = E1S.89/23XvIOH AP	 = E1S.89123X9

C-51
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* ION OLB	 = E15 * 89/23X91ON OLD = E1S*89/23X•
* ION OLE	 = E15.89/231910H OLF = E1S*89/23X.
• ION OLI	 = E15 * 89/231910H 01.P = E15.89/23X•
• ION OLO	 = E15.89/23X9
* 10M BLS	 = E15.89/231•lOH F00 = E15.89/23X9
* InH PEO	 = E15.89/23X910H ALPHAD = E1S.89/23X*
• ION CSPNER	 = E15 * 89/23Xt1OH RADCON = E15*89/23X9
• ION AKOI	 = E15.89/23X910H AK 02 = EIS*8+/23X•
• ION A903	 = EIS.8•/23X91OH RHOSO = EIS*89/23X9
• ION FRETL	 = E1S.89/23X910H EXTL = FIS*89/23X9
• ION TLAG	 = EIS * 891231910H TSTAR = E1S*89/23X9
• ION RINOMU = E15.89123X9
• ION HOMO	 = E15.89/23X910H ARMI4G = EIS *8	 1

2003 FORMAT	 I////// 2SX93014TWE TARGET VEHICLES MASS IS	 EIS*81
2004 FORMAT	 1////// 2SX93ONTHE CHASE	 VEHICLES MASS IS	 EIS*81

C
3001 FORMAT	 I24H1ERROR CHECK	 AT NERROR = 139 IN FAILED*

* /17HOPROGRAM STOPPED*1
3002 FORMAT	 I52HIPECHANISM SPRIN69DAPPING OR FRICTZOW NOT COMPATIBLE/

• 17HOPROGRAM STOPPED*1
C

REMIND NTAPEI
C

IF IJBA .GT. 11 GO TO SO
C

REMIND NTAPE2
REMIND NTAPE3

C
READ INIT910011 MINIC9IFPLOT9IFPER9IFPNCM
READ INIT910011 NCNSYS9NFORCS

C
READ INIT910041 STARTT.OELTAT9ENOT•X0LTA9XPRNT
NSECS = XPRNT
NTIMES = IENOT—STARTTI/OELTAT • 1.1

C
READ INIT•10041
• AA9AB9ADvAEvAF9AP9DL89OL09DLE90LF90LI90LP90LooDLS9FD09PEO9
• ALPHAD9CSPHER9f,,ADCON9AKO19AK029AK039RHOS09FRETL9EXTL9
• TLAG9TSTAR9BIt`:DMU9HDKU9ARMMU

C
CALL READ	 ITOTO 9N19	 N29 19 31
CALL READ	 ICPCO 9N19	 N29 19 31

C
ANUM = ATAN2/1.91.1/45*
SALPO = SINIANUM•ALPHA01
CALPO = COSIANU14*ALPHA01
TALPO = SALPO/CALPO
ROTALP = RADCON/TALPO
CALL READ	 ISIGMA9Nls4291931
00 10 I=193
S"• IGMAII I = SINI ANUM•S 16MAI I11

10 CSIGMAIII = COSIANUM*SI6MAlI11
C

READ INIT910041 AMT
CALL READ 1AIT9 N19 W29 39 31
WRITE INOT920031 AMT
READ INIT910041 AMC
CALL READ IAIC9 N19 N29 39 31
WRITE INOT920041 AMC

C
00 15 I=194
CALL READ	 IFSPRNGI1919I19N19N2929KTA8LEi
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NFSPR - FSPRNG(191#I1 F 1.1
IF (NFSPR .NE. N21 60 TO 900
00 17 J=39N2
JM1 = J - I
IF (FSPRNG(I#Jttl .LE. FSPRN6(IvJMltt-11 00 TO 900

17 CONTINUC
CALL READ	 (FOAMP(ItIvI1•NItM2v2t%TABLE1
MFOMP = FOAMP(lelet) + 191
IF ( NF OMP * ME * N21 00 TO 900
00 is J_3•N2
JMl = J — I
IF IFOAMP(19J91) .LE. FOAMP419JI41ollI 60 TO 900
IF (FOAMA(29J9I) .LE. F0AMP(2.JNIt111 60 TO 900

IS CONTINUE
IS- CONTINUE

C
2S CALL HSIG

C
NCOLS = NTHHST
NCOLPI = NCOLS • 1

C
CALL LOCATE

C
SO IF ( MIMIC . EQ. 0) CALL READfT9MIvN2rI91501

IF (MIMIC .EQ. 11 CALL MINTS
C

IF (J9A.GT.11 GO TO 90
IF (IFPLOT.EQ.01 60 TO 90
NERROR 0
LIMPLT = NPLTS •NCOLPI
IF (LIMPLT .GT. K11 GO TO 901

180 READ (NIT91003) NCX9NCT9NXPL9XNAME9YNAMEoPTITLE
NERROR = NERROR • 1
IF (NCX .GT. NCOLPI .OR. NCY .6T. NCOLPI 1 60 TO 901
WRITE (NTAPE21 NCX@IICY#NXPL*XNAME#YNAIMEsPTITLE
IF INCX.NE.01 GO TO 180

C
C PRINT INPUT SCALARS,

90 CALL PAGEHD
WRITE INOT92001) STARTT9DEL TAT vENOTsXOLTA*XFRNT • ZETATvZETACv

•	 IFELAS9IFPLOT9 IFPERtJl3A• MINK• IFPNCH
WRITE INOT920051 NCOLSoNCNSTSoNFORCS*NEQTMoNMOOET*NMOOEC
WRITE (NOT#20021

• AAv Age AD@AE@AFeAPeOLSoOL.DoDLE@OLFOOLIOOLPPDLQ*DLSeFO09PE0•
• ALPHA09CSPHER*RAOCONtAKO19AK029AK039RHOS09FRETL*EXTLe
• TLAGvTSTARv9INDMU9H0MUvARMMU

C
C SET INTEGRATION CONSTANTS.

PRKIII = .S
PRK12) = 1. — SQRT1.51
PRK431 = 1. + SQRT(.S)
PRK1^1 = .5

C
C SET INITIAL VALUES.

JIL =
T = STARTT
TMST = 0.0
00 30 I=19NE07N

30 QRK(I1 = 0.
C

RETURN
900 WRITE INOT930021

STOP
901 WRITE (NOT0001) NERROR

STOP
ENO

•
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SUBROUTINE SKEYY 1YEC@SKVI
DIMENSION	 YEC131• SKVI3.3S

C
C	 CODED BY C
C

SKY12r31
SKY13*11
SKY11•21
SKY( 3r 2)
SKY11e31
SKY12.11
SKY11•l)
SKYt29 21
SKY13.31
RETURN
END

ARL BODLEY	 JUNE 1966

YEC111
VEC121
YECt31

_ —SKY12.31
_ —SKYt3.11
— —SKY11.21

0.0
0.0
0.0

PROsRAM TIMMST
C

COMMON /TIMESS/ STARTT•DELTAT• To ENOT• TMST• NSECS
C

C ALL r EOM
CALL KINMAT
CALL CONTAK
CALL VECTR
CALL FORFUN
CALL PREENT

I CALL RUNKTA
CALL FORFUN
CALL PREENT
IF IT .GE. ENDT1 RETURN
GO TO 1
END
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SUOROUTINE VECTR
C

C COMPUTES TIME DERIVATIVE OF STATE VECTOR
C

COMMON /BC1234/ 8C11109619	 8C2(109619	 8C341092619	 BC%410#261
COMMON /6TDATA/ 1RH0(9961v	 BL5(109619	 BLV(79391
COMMON /CSFORC/ FORCS(1019 NFORCS
COMMON /JCOUNTI JIL
COMMON /MASS/	 AMT• AMC•	 A11139319	 AIC(3931
COMMON INFRE001 FREOT(2619	 FRFOC(2619	 ZETAT9	 xFTAC
COMMON /MISCNO/ ANUM
COMMON /NEGINSI NE0TN
COMMON /NMOOES/ NMOOET9 NMOOEC9	 IFELAS
COMMON /PHILAM/ P HICON11019ALAM11019	 MODE410)
COMMON /SLIDFR/ HOMU9	 ARMMU9	 BFV(8939)
COMMON /TIMESS/ STARTT9DELTAT9	 T9	 ENO T 9	 TMSTt	 NSECS
COMMON /TRNFMS/ TRTI(39 3):TRCI(3. 3)9TRTC(39319TRHT(39319TRHC(39319

• TRRT(39 3.3)9TRRC(3o39319TRPC1393)9TROT139319
• TRPO( 3.319TRH0439319TRR0(39393°9TRPT(3931
• • TRHP(393)rTRTP13v3)•TRRP1393931
COMMON /VECTOR/ Y11S019	 YOT(iS0)
COMMON /YPSTNS/ NUT 9N IT 9N SAM T9NUC9NXC9NGAMC9NRHO•

• NXITOTPNXIT9NXICOT9NXIC9 NOELCS
C

DIMENSION GAMOTT(3.3)96AMOTC(393190MEGT4393190ME6C13931
DIMENSION AITI(3 * 3)9 AICI(39319 TZO MT(2619 014SOT(2619

1	 TZ014C12619 OMSOC(26)
DIMENSION V116)9 V21619 V3(6)9 V%A(319 V4813)9 VSA(319 VS81319

I	 V26A(2619 V268(2619 T33(3931
DIMENSION VEL(8)9FOR18)98IGF1391
DATA ILATCH9ROV/ 09 1.0 /

C
IF (T MST .RT. 0.01 60 TO S

C

CALL INV2NP(AIT• AITI9 3. 3!
CALL INV2NP(AIC ,, AICI9 3. 31
CALL ZERO (BIGF93991939)

C

PT	 = 180.*ANUM
FPI	 = 4. •PI
FPISO	 *.•PIo*2

C
FPIZT = FPI+ZETAT
FPIZC = FPI•ZETAC

C
00 2 I =19NMODET
TZ004T(I1 = FPIZT*FREOT(I1

2 OMSOT(I) - FPISO*FREOTIII*•2
C

00 4 1=19NMOOEC
TZOMC(I) = FPIZC*FREOC(I1

t OM59CII) = FPISO•FREOC(I1**2
C

IST = 36*2•NMOOE7
KO = 12•NMODET#NMOOEC

C
C

NOMT = NUT • 3
NOMC _ NUC • 3

S CONTINUE
C

IF ( V (NRNO ) . I.E. ROV * AND * JIL .EO. 4 .ANO.

C-55
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MODE(8) .EA. 11 IL kTCH = 1
IF (ILATCH .EO. 11 CALL HL ATCH11)
CALL SKEWV (Y(NOMT)9 OMEGT)
CALL SKEWV (Y(NOMC19 OME6C)

C
CALL ATXBV ITRTI9 Y(NUT19 YOTINXTII
CALL ATXBV ITRCI9 Y(NUC)9 YOTINXCII

C
CALL AX83 (OMEGT9 TRTI9 GAMOTT)
CALL AX33 IOMEGC9 TRCI9 6AMOTCI

C
00 30 I=192
IT = 3*I+NGA14T-4
IC = 3•I+NGAMC-4
00 30 J=193
YOT(IT+J1 = GAMOTT(I•J)

30 YDT(IC+J)	 G A140TC(19J)
C

CALL LAMRHO
C

IF (HDI!U.E0.0.0 .AND. ARMMU.E9.0.0) 60 TO 90
C

00 100 I=198
VEL(I1 = 0.0
CALL MUL T AOI BFV1 1911 9Y (NUT) 9VEL (I191'9691989150981
CALL MULTADtBFVlIs7/9YINUC/9VEL1I19196919891S0981
CALL MULTADtBFV(1913).Y(NXITDTI9VELCI)919NNODE(o1989150981
CALL MULTA^tBFV(1913•NNO OETI9YINXICDTI9VEL(I1.19NNODEC9198.1SO.81

1C0 CONTINUE
C

NLAM = 3
CJ 200 I=19792
I1 = I+1
NLAM = NLAM+1
COF = HOMU
IF (I.GT.11 COF = ARMMU
VELMA6 = SORTIVEL(I)*VEL(I)*VEL(III*VEL1I111
FOR( I1 = —COF*VEL1 I)*ALA1MJLA1fI/VELMA6

2C0 FORM) _ —COF • VELII11 • LAMINLAMI/VELMA6
C

CALL MOLT (FOR9BFV9BIGF91989KD9198)
C

°0 CONTINUE
C

CALL CONSYS
C

CALL MULT (FORCS9BC19V1919NFORCS96r1'910)
CALL MULT tALAM14198LV(191)9V39197969:1971
CALL AX83 (O14EGT9AIT9T33)
CALL AXRV tO14EGT9Y(MUT)•V21111
CALL AX8V (T339Y(NOMT)9V2141)

C
00 60 I=193
I3 = I.3
V4AII) = V21I1 + (V1(I)*V31I)+BI6F(I))/AMT

60 V48(I) = V M31 + V2(I31 • V3(I31 • BIGF(I31
C

CALL AXRV IAITI•V4BrVS81
C

00 61 I=193
13 = I*3
YOT( To = V4A(I1

i
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51 YOT (I31 = V58(I)
C

CALL MULT (F0k?C;.3C3oV26A•19NFO4CS#NMIDET•1r101
CALL MULT (ALAM(4)9BLV(It13)•V268r1.79NMOCET9197)

C
00 62 I=19NMODET
II = I+35
IJ = TI*NMCCET
YnT(II) = V26A(I) + V263 ( I) — TZOMT ( I)•Y(III — OMSOY M OY(IJ)

•	 * BIGF(I+121
ĉ 2 Y^T(IJ) = Y(II)

C
CALL PULT (FORCS•RC2•VI.1•NFORCSs6.1.10)
CALL MULT (ALAM ( 4)•9LV ( 1.7)•V39I.7.6.197)
CALL AX31 (OMFCC•AIC•T33)
CALL 4X ,-V (OMrGC•Y(NUC)•V2(1))
CALL AVIV (T33•Y (NOMC) • V2(4))

C

DO 63 I=I#J
I3 = 7+3
V4A(I) = V2(I) + (v11I1 + V3(I)+3IGF ( I+6)1/AMC

E3 V4?(I) = V1(I3) + V2(I3) + V3(13) + BIGF(I+9)
C

CALL AX ? V (A1CI*V4BvV5B)
C

00 64 I=1.3
I15 = .+IS
119 = I*18
YOT(I15) = V4A(I)

E4 YDT(II8) = V5M)
C

CALL MULT (FORCS• BC49V26At19NFORCSPNMODEC919101
CALL MULT ( AL4M ( 4).BLV ( 1.13+NMOOET).VZ68 • 1.7.NMODEC9197)

C
DO 65 I=1.:.MOOEC
II = I+IST
IJ = TI+NMODEC
YDT(IT) = V26A(I) + V26P(I) — TZOMC(I)+Y(II) — OMSGC(T).YaIJ)

•	 + EIGF(1J+12+NMOOET)
FS YOT(IJ) = Y(II)

r

IF (ILATCH •EQ. 1) CALL HLATCh(2)
2ETUPN
E ); D

6
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PROGRAM DOCKEL INPUT DATA
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This Appendix presents a listing of required DOCKEL input
data. These data are for the Baseline Configuration and were
used to generate the results presented in Chapter II. Numerical
output obtained from these data are shown in Appendix E.

D-1
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SC-1
NASS-21280
BASELINE C04FI3URATION

I	 1	 1	 C
34	 10

06	 C.C1	 1C.	 105	 5C.
2.25 .85 1708 .965 3.395 4.25	 14.48	 12.90
17.S9 4.7S 14.1C ?.30 16.5: 2.C55	 11.5	 10.5[
42.75 2.58 13.56 Q.0 300 5.41	 2.08	 1000.0
11-12 10.15 C.0 C.28 .2E -2E

TOTO	 1 3
1	 1 417.88 C.E3C°_ 36.167

0000000000
CPCO	 1 3

1	 1 134.7 -7.7 -7.7
DOCCOCCCOC
SIGMA	 1 3

l	 1 181. 3CC. 6C.
0000000000
296.4000

AIT	 3 3 INERTIA FOR CLUSTER ONLY
1	 1 +6.428E+06 +1.622E+C4 +_.528E+C6
2	 1 +1.622E+04 +2.474+07 -1.575E+05
3	 1 +3.528E+C6 -1.575E+CE +2.512E+07

0000000000
78.8577

AIC	 3 3
1	 1 IS524C. 1E956. 16932.
2	 1 16956. 539016. - 79212.
3	 1 16932. -79212- 539C28-

0000000000
FSPROX	 2 8

1	 1 7. 0. 0.32 097
1	 5 2.62 8912 11.1 11.12
2	 1 0- -2000. -125. -118.
2	 5 -106.2 -810 -E90 7310C

0000000000
FOMROX	 2 5

1	 1 400 -12. -0.1 0.1
1	 5 12.0
2	 1 000 -92. -910 91.
2	 5 52.

0000000000
FSPALL	 2 19

1	 1 1960 -000708 -0.06605 - 000587
1	 5 -0.05135 -000367 -0.02936 -0-C22C2
1	 9 - 0001468 -0.00730 0.00734 0.01466
1	 13 0.022CZ C-02936 O.C367C 0.05135
1	 17 0.05870 0006605 0.07080
2	 1 C.0 -81.75	 +C? -72.3	 +03 -59.15 +C3
2	 5 -4911	 +03 -33.22	 +03 -26.17	 +03 -19.5 +03
2	 9 -12.94	 +03 -6.256	 +C3 6.256	 +03 12 -°4 +C3
2	 13 19.5	 +03 26.17	 +03 33.22	 +03 49010 +03
2	 17 59.15	 +03 72.30	 !C3 81075	 +C3

0000000000
FDPALY	 2 3

1	 1 2.0 0.0 100
2	 1 0.0 0.0 1.0	 -06

0000000000
FSPALU	 2 19

1	 1 1800 -000708 - 0006605 -0.0587
1	 5 -0.05135 -C-0367 -[.02936 -0.122C2
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1	 9
= 1	 13

1	 17
2	 1
2	 S
2	 9
2	 13
2	 17

COCCOOe000
FOMALZ	 2

1	 1
__	 I 2	 1

000cocccoo
FSPATT	 2

I	 1
1	 5
1	 9
2	 1
2	 S
2	 9

OQOCO00000
FOMA TT	 2

1	 1
1	 5
1	 9

j 1	 13
2	 1
2	 5
2	 9
2	 13

OOCCOO0000
^' 1	 14

FREA	 l

1	 S
_ 1	 9

1	 13
1	 17
1	 21
1	 25
1	 29
1	 33
1	 37
l	 41

-0.01468 -0000734 0900734 0901468
0902202 0.02936 0.0367 O.OS13S
0.05870 0.06605 090708
0.0 -81.75 +03 -6S01S *03 -47.0 +03

-1600 +03 -22.2 *C3 -17016 *03 -12.21 *C3*
-8031 +03 -40085 +03 40085 +03 $031 *03
1248 *03 1701e *C3 22202 *03 360C *C3
4700 +03 6S015 *03 61.75 +03

1	 4S
1	 49
1	 53
1	 S7
1	 61
1	 65
1	 69
1	 73
1	 77
l	 81
1	 85
1	 89
1	 93

Occcocccoo
RTMODE	 6

1	 1
1	 S
1	 9
1	 13

3
2.0
0.0

10
9.0
9.5
11.2E
0.0

-123.5
-38.5

1	 0.01
06

0.
2.5923C144E-C1
4.08638136E-01
4.08678774E-01
S. 37976914E-01
5.86IS685SE-01
6.18829615E-01
8.767528°.2E-01
9.88036352E-01
1.11870753E+00
1.11876SO6E*00
1.3006CSSCE+00
1.36672613E+00
1.810085°.6E+00
2.11352028E*00
2.14928675E+00
3. 31360816E+00
4.47363853E+00
6.65320423E*00
8.94704OC6E+00
1.03479378E+01
1.23364923E+01
2.52185445E+01

96
3.37C96783E-C2
3.57812083E-02

-4.80510784E-04
7.546IC732E-C7

C00
000

8.43
10.0
11.50

-760.0
-86.5
-32.5

0.01

0.
2.63558032E-C1
4.08671735E-01
4.08875139E-C1
S.381S63S2E-Ol
5.86943106E-E1
6.1884057*£-01
9.04248565E-EI
1.02627491E+00
1.11875!$6E+CC
1.11889359E*00
1.3CC91S12E+CC
1.37554721E+OD
1.81094561E+CC
2.13162065E*00
2.78612394E*CC
3.85170624E+00
4.68029637E*Ct
7.50817221E+00
9.38847C45E+CC
1.11819072E+0:1
1.25791755E*Cl
f4.39829177E+01

1.2353966VE-C2
-2.43781212E-02
2.6612484YE-06
1.13132248E-66

1.0
1.0	 -06

8.5
10.5

-305.0
-62.5

2.S4996194E-01
2.66530243E-01
4.0867S934E-01
5.10929768E -01
5.74922575E-01
6.17050186E-01
7..15880147E-01
1-CS85786CE-01
1.06010342E+00
1.I1876104E *00
1.2S392463E*00
1.36216324E*00
1.37958881E+00
108110794 7E *00
2.13181872E*00
2.88460197E +00
4.1Z990059E+00
6.124 80919E *00
709S936849E*00
9.79S88804E+00
1.17654872E+01
1.47431405E *O1
5.26482614E*O1

-1.59449945E-02
2.35864798E-03
S,9S13S#&S3E-04
1.95837124E-07

2.56654233E-01
3.1636321SE-Cl
400867847OC-01
5.13945264E-C1
5.81649117E-01
69181CC411E-CI
8 . S 7194 S4 9E-01
9.2C249224E-C1
I eO97S776$E+00
1911816459E*CO
1.259090 2E+00
1.36281889E+CO
i .73465346E+00
1.6225237SE*CO
2.13471946E*00
2.9061C1C4E*CO
#4 *141
6.33019624E*CC
8.30724494E+00
1.00854614E*Cl
1 .22070S18E*O1
1.7521281$E*CI
8.88177531E*01

-4.341117!2E-C4
5.93297350E-04

-7.72296766E-OS
2.09693215E-C7

90C
11.0

-18500
-4505

16	 ATTEN. DAMPING IT=TEMP= +70 THRU +250 DEG F 1
1590 -19.2 -18025 -16.8

-1444 -1290 -9.6 -7.2
-408 -206 -102C -0060
-0.24 -0.12 0.12 1.32
00 -2980. -226859 -2450.

-2170. -1920. -1680. -1435.
-1175. -9100 -6300 -4050
-210. -18. 18. 7$.
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

17
21
25
29
33
37
41
4S
49
53
57
61
65
69
73
77
81
85
89
93

1
S
9

13
17
21
25
29
33
37
41
4S
49
S3
57
61
65
69
73
77
61
85
89
93

1
S
9

13
17
21
25
29
33
37
41
4S
49
S3
57
61
65
69
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7.9395516CE-CB
2.0160S904E-05
2.46479748E-06
3.06015576E-05
3.97618063E-03
4.81624098E-03
5.95146487E-06
1.25060419E-07

-5.62123889E-07
2.60864 398E-0 3
3.15612193E-05
1.68447020E-03
7.24354186E-04
6.06747606E-06

-3.789C3618E-04
-2.59390862E-04

4.75644775E-05
-1.98280055E-03

2.04984887E-03
1.28418761E-03
5.12305849E-C2

-4.77465311E-03
7.0548C541E-03

-4.02767476E-05
-5.31044093E-06
-1.06291004E-04

4.74056828E-07
-7.S2210968E-05
-2.27800082E-02
-1.38663972E-02
-8.01084343E-05
-1.13274068E-05
-3922884382E-05
4.64187617E-04
9..27369053E-05
9. 30544 874E-03
1.39814868E-02
3.636294120E-03

-4.41588856E-03
7. 31403070E-02

-2.1264473CE-02
1.18435727E-02

-3.40669164E-03
3.26548153E-03

-2.11585247E-02
-3.60273501E-02

2.81078096E-03
9, 395348OSE-06
2.79969117E-07

-1.77733337E-OS
-5.99149926E-06
-4.23221267E-04

I.73807862E-03
3, 87151615E-03
1.30523402E-05
1.4 3176900E-06

-1.29462024E-05
5. 22249285E-04

-E 12031620E-05
4.2 371 S659E-03
3.91863542E-03
2.S7811648E-03

1.92548456E-CS
2.91987366E-05
2.1CC84411E-14
1.52113891E-06
6.17778992E-C6
2.75076466E-03
2.23030764E-CE
2.71882806E-05

-4.12844677E-06
1.74962268E-04
7.03016400E-C6
1.17703399E-03
3.0617788IE-05

-4.21192149E-04
1.02142122E -C4

-2.6S493979E-04
9.00861691E -C4
6.17674589E-02
4.42937788E-C4
7.4287.9220E-04

-9.38024557E-C2
1.85895868E-02

-2.81927842E-CE
-8.44746263E-05
-1950324529E-C3
1.65694373E-04

-2.48415143E -C3
- 9. 35274382E-06

9.07101958E-C7
4.57833566E-02

-2.16464105E-C4
-1.72692110E-03

4.00262597E--CS
1.25919799E-02
1.19602774E-C3

- 7.50081000E-04
1.42695203E-C4

-1.508134,37E-02
-1.32801Q69E-C2
-3.958986SOE-02

3.16180286E-[4
- 6.31011ME-CM
-3.72410981E-C2
-3.91671271'E-04
-1.46326584E-C2
- 8.58750492E-03
-6.63618234E-C6
2.45356634E-06
4.83999644E -CS

-5.64411234E-05
-3.389819211 JL3
-1.00276S10E-05
-1.18390157E-05
2.02442955E-03
2.86476C85E-CS
2.45000441E-04

-5.17450306E-[5
5.47823067E-OS

-4.52914706E-C4
-5.84963413E-03
-1928264833E-C4
8.73291314E-02

6.170252CSE-05
5.86912477E-03
2.30859386E-03
2.02330550E-02
7.712078.04E-04
5.85791268E -04
4.75653357E-07
8.50025176E-05
1.07137173E-05
6.04076638E-04
4.08273876E-04
3.47239825E-04

-5979596544E-04
5.05314330E-05

-2.56064876E-04
8.67187204E-04
7.73672058E -04
4.15375434E-03
2.788CO581E-03
3.302794610E-04
3902482483E-03

- 7.12965330E-03
-7.57665369E-03
-1.23409744E-OS

1.57474057E-03
-5.04402141E-OS
-3.15687166E-04
4.45609851 E-03

-3.08334ME-03
1.64751749E-02

-2.56562958E-05
6.98141186E-04
3.12055788E-05
2.OS44 3035E-03
1.33604028E-03

- 2.44707813E-04
-2.11763155E-03
1.82029141E-01

-6.45I30556E-02
-3.28627S34E-02
-7.44669028E-03
1.28152957E-02
4.36326396E-04

- 3.132903SI E-04
-9.31244414E-02
3.17591518E-03

-8.67791524E-03
1 .38114974 E-06

-2.17516492E-04
5.21399193E-03
2.19304817E-03
1.82785419E-02

-4.20914862!-03
S.71S66533E-OS
3938002610E-06

-2 .41877551 E-04
-4.%4193955E-05
1.21926002E-02
5.80743529E-OS

-1.88011752E-03
=.289C641IE-03
1.32490167E-02

1.2497711E-C4
7.94923731E-05
1.098554ECE-C4
4.81375751 E-0 3
6.67015316E-(3
4.82502094E-04
3.03211252E-C7
I .17011 31 SE-04
1.389392'-IE-C4
4.28118908E-03
1.421)C91SE-CS
2.45452095E-03
2.260153CSE-C4
2.23933093E-04
5.71255238E-05
2.84514 565E-0 3

-6913259-226E-04
3.37380770E-04

-2.087515CIE-C3
1.27781896E-04
1.135415COE-C2

-6.77275097E-03
-8.18171770E-[3
-1 .52574010E-05
-1.28803286E-C3
-4.56511191E-03
-1.63810216E-C3
8.98498502E-0 3
9.25577219E -[4

-1.54098939E-02
-3.64312972E-CS
-4 993337 74 SE-04
-1.54029350E-C3
-6.26650 314 E-0 3
-2.99914515E-C4
7.64415830E-04
6.869C65C6E-C4
6.3S89201SE-02

-1.4981001SE-C1
1.08226046E-02

-2.23929926E-[3
4.67712916E-03

-7.248CC95SE-[3
1.00457022E-04

-2.01675918E-C3
6.7744164 3E-04
2.05171220E-[3
0: .,1S99S360E-07

-1.50126558E-C4
9.02113934E-04
1.627776CCE -C4

-2.80294086E-03
S.9141C353E-C3
2.55949822E-03
4.7C5515i1E-C6
i .56480255E-04

-1.70417615E-C3
-6-17464979f--03
-7.47069014E-[4
4.7241182 2E-0 3
7.26 718985E -C4
5.52847365E-03
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73 -3.47557168E-02
77 1.39919243E-C1
91 -3.S334OS64E-03

	

85	 1.23432852E-03

	

89	 3.34002997E-02
93 -2.80716917E-02
1 -8.9341S9S2E-05
S -3.45607720E-07
9 -8.61620263E-OS

	

13	 4.330683 8E-07

	

17	 S.68267388E-08

	

21	 8.70371213E-07
25 1.6651IS? I  E-06
29 -7.16749S29E-06
33 -6.06633040E-OS
37 -9.54997450E-05
41 -1.01314596E-06
4S -1.14215576E-07
49 -1.74198528E-06
53 -2.26817197E-06

	

S7	 1.42294181E-07
61 -1.19561416E-06

	

6S	 3.76019298E-0S
69 -2.78048204E-06

	

73	 8.96926103E-06
77 -1.58839741E-05
81 6.69216094E-04
8S -2.88796664E-04
89 -6. SS122870E-06

	

93	 1.31602059E-04

	

1	 1.02183012E-04
S -2.15430359E-05
9 -1.65605342E-OS

13 -1.53522060E-08
17 -3.83000922E-10

	

21	 2.26327656E-07

	

25	 5.02943364E-09

	

29	 8.36185062E-07
33 -2.87508835E-06
37 -8.84079359E-06
41 -1.99116097E-10
4S -2.53344827E-09
49 -1.54388979E-07
S3 -8.57796957E-07
S7 9.37232854E-08
61 -S.76687833E-06
6S -7.58710747E-06
69 -1.6S7SS093E-OS

	

73	 9.2142OS22E-OS

	

77	 6.7203C479E-04

	

81	 1.86838462E-OS
8S -1.88613366E-06
89 -4.52437275E-04

	

93	 2.37830910E-04

	

1	 4.76396242E-OS
S -1.62114099E-05

	

9	 1.16881227E-05
13 -6.19088436E-08
F -8.15008043E-09
21 -1.62428SS8E-07
2S -2.7S436674E-09
29 -1.63774916E-07

2.08432504E-01
-2.07244730E-3:2
-1.97234480E-02
-5.92216145E-C4
-3.81946911E-03
-1.03347817E-C2
IaSS241722E-04

-5.30425150E-CS
197S803543E-08
9.06960409E-C7
1.62046315E-OS

-1.SC9C945CE-.C6
- 8.6S963986E-07
-4.33837206E-C8
3. 35099469E-08
9.11613406E-05

-2.16815703E-06
-1.81152441E 1 S
2.65528163E-06
5.11630313E-05

-1.95153930E-06
6.74967040E-C7

-7.06738308E-07
-2.25906648E 1 S
-1.941321 OSE-06
-3.24326203E-C4
8.6014 62 64 E-O5

-3.2889C383E-.C6
-1.42473673E-04
-2.S0006673E-CS
6.14775207E-03

-1.53093243E-05
S. 70711648E-09

-5.77712911E-C°
-1.29362846E-MY

4.48352372E 17
3.32046519E-OS
1.97771122E -.C. 8
1.280493SSE-08
2.71912021E-C6

-5.03258206E-08
-3.99690263E .C7
1.82861751 E-07'
1.22314384E-C7
4.32177631 E-07
1.266496SIE-CS

-1.87042565E-06
-5.03973732E -C 4
-8.60706584E-04

9.71086634E°CS
1.52246500E-04
1.58469387E-9 S
4.07025564E-Q5
1918757856E-1 4

-1.92321805E-04
-6.83422694E-CS
-1.OS06SO77E-08
-1.29501851E-C7
-2.28900753E-06

2.S386S46SE-C7
-6.84902704E-06
-1.51471046E-C8

-7.2694727SE-02
-9.99155049E-04
-S.38S367d9E-03
-8.87614287E -04
-2.48992180E-03
-6.25110713E-03
-7.89469238E-06

•1.56814891E-06
-1.03930S72E-OS

1.32282933E-07
-1.53817201E-03

1.02755587E-06
1.32326402E-06

-6.97736674E -06
-6.67214830E-07

7.S2470318E-05
-2.73362939E-07

2.38784693E-OS
6.20921358E-08

-4.32653442E-06
7.71425467E-07

-2.SS157711E-C7
-1.45321163E-05
-1.6049844 7E -04
6.44527863E-OS

-9.9292S184E-04
-7.276266S9E-05
-2.13124281E-05
-2.89849238E-04
-1.15230946E-OS
1.64926485E-04

-7.48192471E-06
6.S9998080E-06

-2 -06S302S3E-09
1.367S1OSSE-06

-1,20642163E-CS
-4.98332774E-06
-4.10665447E-05
4.86933640E-06
5.96268958E-06

- 3.97403024E-09
-1.80274203E-07
1.11692905E-07

-2.17772630E-OS
-1.64465741E-07

4.03392305E -06
- 3.10103897E-OS
-6.7832934CE-OS
3.40795306E-04

-1.15828719E-OS
4.47292369E-OS

-2.53133594E-05
3.2SS24272E-05
7.32310828E-OS
3.428S$309E-OS

-1 .80612386E-OS
-1 .88619584 E-OS
-1.8942164SE-08
2.30175076E-06

-3.4S668679E-07
-8.75246359E-07

9.7520886CE-06

-3.65157930E-02
1.42645257E-C2

-5.58437218E-04
8.7674SI14E-CS

-1.09488268E-02
-2.SOS9CS66E-C3
4.05163293E-04
1.44918000E-CS
1.02789918E-04
1.633269C6E-C7
1920S64434E-OS

-2.OS3S3+!64E-CS
-8.72062029E-06

7.94473003E-CS
- 7.87958766E-07
-1oS12SS75CE-C4
- 3.6062794 3E-07
-2.26452917E-CS
1.21554186E-07

-7.33685352E-C6
-1 .1842111 SE-f,7
-1.08855286E-C6
-5.33550108E-OS

3.92336142E-C4
1.12072829E-04
4.06000168E-C4

-691131012SE-06
-1.40758312E-C3
-3.22982410E-04

39IC234628E-CS
1.02137621E-06
1.88631953E-C6

-1 .42711977E-OS
-8.40538813E-10
1.68919011E-06

-1.735149CSE-C6
-3.93624S37E-07

6.63712519E-C6
-1.24403550E-05
-2.66516232E-C6
-8.7S486731E-09
-1.192e!719E-C6
1.50935382E-06
9.79375010E-C6
5.64589302E-07

-5.82954152E-C6
-1.0212S718E-OS
-3.01052375E-CS
1 .66454611 E-04

-1.23063416E-C4
1 .47849693E-04

-4.33034942E-C6
6.9361401 SE-OS
2.6302825SE-CS
1 -64299459E-0S

-1.12956142E-CS
-1.22076663E-OS
-2.34219179E -CO
-1.86806692E-06
-693031C881E -C6
-2.3S43101OE-d6
-1.701C36COE-16

3
3
3
3
3
4
M
4
4
4
q
4
q
q
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
S
5
5
S
5
5
5
S
S
S
5
S
5
5
S
S
5
S
S
S
S
S
5
S
6
6
6
6
6
6
6
6
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	6	 33 -4.30797683E-OS -6.27490920E-C9 -7.37695132E-06 	 6.31291151E-C7

	

6	 37 -S.77S14646E-06	 8.311666S1E-OS	 29736739S1E-OS -2446S0660E-OS

	

6	 41 -9.88C4668SE-C8 -3.19709432E-C7 -3.6SG6722CE-08 -5.44171057E-08

	

6	 4S -1.67650292E-08 -2.47715272E-46	 7.24731882E-01 -2.57722296E-07

	

6	 49 -44190676CE-08	 3.79463867E-C8	 5.98114400E-C8 -3.163C3218E-06

	

6	 53	 9.8S11S469E-07	 199S231668E-03	 3.99452721E-06 -9.90464587E-06

	

6	 57	 1.46514564E-C7	 2.07342643E-CF	 1.6967617CE-06 -3.589216 8E-C7

	

6	 61	 1.49506284E-05	 2.34629SOSE-06	 7.94984771E-07 -198S423S16E-06

	

6	 65	 2.01834373E-05 -3.49299599E-C7 -1.33288665E-OS 	 2.04S97369E-05

	

6	 69	 2.06284689E-OS -7.26241060E-OS	 8.43336884E-04	 2.95370420E-04

	

6	 73 -2.42927781E-CS -5.33902708E-CS -2.91409169E-04 -6.99210076E-C4

	

6	 77	 3.S7077277E-04 -1.99783042E-04 -1.70726467E-04 	 4.249S8S10E-0S

	

6	 81 -8.80366283E-05	 1.2C824SO4E j5 -1.38882395E-04 -2.198278CSE -CS

	

6	 85	 1.73717650E-04 -2.90861643E-01	 1.45813036E-04	 6.27014304E-OS

	

6	 89 -4.36324202E-OS -4.63S22378E-C4	 6.05549064E-OS -9.79977440E -CS

	

6	 93 -9.S9324927E-06 -1.S136396SE-OS -4.7S292S73E-06 	 2.S601138SE-OS
OOCCOCCC00
JT	 1	 96

	

1	 31	 1	 C	 2

	

1	 37	 3	 4	 S	 6

	

1	 S4	 7	 8

	

1	 65	 9

	

1	 70	 10	 11	 12	 13	 14
0003000000
IHT	 l	 6

	

1	 1	 1	 2	 3	 0	 0	 0
OCCEOCCCOO

	

ISIGT	 1	 6

	

1	 1	 0	 C	 0	 1	 2	 3
0000000000
FREOSC	 1	 1

	

1	 1	 0.0
OOOOOCCCOC
MOOESC	 6	 1

	

1	 1	 0.0

	

2	 1	 0.0

	

3	 1	 0.0

	

4	 1	 0.0

	

5	 1	 0.0
	6	 1	 0.0

OOOCO00000
JC	 1	 1

	

I	 l	 1
0000000000
IHC	 1	 6

	

1	 1	 1	 2	 3	 0	 0	 0
OO0000C000

	

ISIGC	 1	 6

	

1	 1	 0	 0	 0	 1	 2	 3
0000000000
INCOND	 6	 3

	

2	 1	 1800	 3.	 180.

	

3	 1	 08	 C.l	 co

	

4	 1	 6.	 00	 -20

	

S	 1	 1301	 09	 9015

	

6	 1	 11.12	 36.38	 000
DOOCOGCODO

	

1	 2 2 To SEC	 UT	 TARGET LIM VEL (I COMP/T TRIAD$@ IPS

	

1	 3 2 To SEC	 VT	 TARGET LIN VEL tJ COMP/T TRIAD)* IPS

	

1	 4 2 To SEC	 VT	 TARGET LT4 VEL tK COMP/T TRIA019 IPS

	

1	 S 2 T. SEC	 ONXT	 TARGET ROT VEL tI COMP/T TRIA01• CPS

	

1	 6 2 To SEC	 OMYT	 TARGET ROT VEL W COMP/T TRIAD$# OPS

0
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1 7 2 T. SEC OMIT TARGET RAT VEL	 IN COMP/T TRIA01# OPS

1 e 2 To SEC UC CHASE LIN VEL	 11 COMP/C TRIAD)# IPS

1 9 2 To SEC VC CHASE LIN VEL	 IJ CONP/C TRIAD$# IPS
1 10 2 It SEC YC CHASE LIN VEL	 IK CONF A TRIAD)* IPS

1 11 2 To SEC OMXC CHASE ROT VEL	 It COMP/C TRIA01# OPS
1 12 2 It SEC OMTC CHASE RAT VEL	 IJ CON► /C TRIAOI# CPS
1 13 2 To SEC OMZC CHASE ROT VEL	 IK COMP/C TRIA01# OPS

1 14 2 It SEC ROX PROBE DItTENSION	 IP TRIAOI# 7N*

1 1S 2 To SEC ALT PROBE ROTATION ABOUT Y	 IP TK AO1# DEG
1 16 2 It SEC ALZ PROBE NATATION ABOUT 2	 IP TRIA01# DEG
1 17 2 To SEC GAM1 PITCH AN" 1 ROTATION	 IP IRIASI# OEQ
I Is 2 It SEC GAP2 PITCH ARM 2 ROTAT JN	 IP TRIA019 DEG

1 19 2 To SEC GAA3 PITCH ARM 3 ROTATION	 IP TRIAO19 DEG
1 20 2 To SEC OSOX IECTOR 'DSC	 II COMP/ 0 TRIAD) * IA#
1 21 2 To SEC 0SOY VECTOR 060	 IJ COMP/ 0 TRIAO19 IN*
1 22 2 T• SEC OSOZ VECTOR OSC	 IN COMP/ 0 TRIAO19 IN#
1 23 2 To SEC LAM I CONSTRAINT FORCE# TENS LINK It LIS
1 24 2 It SEC LAM 2 CONSTRAINT FORCE* TENS LINK 29 LOS
1 2S 2 To SEC LAM 3 CONSTRAINT FORCE# TENS LINK 39 LOS
1 26 2 To SEC LAM 4 CONSTRAINT FORCE• PROBE NO CONYACT# LOS
1 27 2 To SEC LAM S CONSTRAINT FORCE• PITCH ARM It LIS
1 28 2 It SEC LAM 6 CONSTRAINT FORCE• PITCH ARM 2# LOS
1 29 2 To SEC LAN 7 CONSTRAINT FORCE# PITCH ARM 3+# LOS
1 3C 2 To SEC LAM a CONSTRAINT FORCE* PROBE NO CAPTURE# LIS
1 31 2 It SEC LAN 9 CONSTRAINT FORCE# PROSE NO CAPTURE * LIS
1 32 2 To SEC LAM	 IC CONSTRAINT FORCE# PROBE NO CAPTURE# LIS
1 33 2 To SEC LAMLFX LATCH CONSTRAINT FORCE 	 IFNI I.B.
1 34 2 To SEC LAMLFY LATCH CONSTRAINT FORCE	 IF T) LB#
1 3S 2 To SEC LAMLFZ LATCH CONSTRAINT FORCE	 IFZI LB#
1 36 2 Is SEC LAMLPI LATCH CONSTRAINT MOMENT INN) IN—LB.
1 37 ^1 T# SEC LAMLMY LATCH CONSTRAINT MOMENT INYI IN—LB#
1 38 2 To SEC LAMLPI LATCH CONSTRAINT MOMENT IMZI IN—LB#
1 39 2 To SEC FXO FORCE AT 0# X COMP# LIS
1 40 2 It SEC FTC FORCE AT 0# Y COMP# LOS
1 41 2 To SEC F ZO FORCE AT O# Z COMP# LIS,
1 42 2 It SEC "NO MOMENT AT 0# X COIN► # IN. LOS
1 43 2 T• SEC MYO MOMENT AN 0# Y COMP* IN. LOS
1 44 2 It SEC M20 MOMENT AT 0# 2 COMP# IN. LOS
I 4S 2 To SEC PHI EULER ANGLE ROLL# DEG	 CMG STATION
1 46 2 To SEC THETA EULER ANGLE PITCH* DEG	 C06 STATION
1 47 2 To SEC IOMEGZ INTEGRAL OF OME6A Z# DEG CMG STATION
1 48 2 It SEC PHICSM EULER ANGLE ROLL	 CSM ATTIT. ERROR	 DEG.
1 49 2 T# SEC THECSM EULER ANGLE PITCH CSM ATTIT. ERROR 	 DE6.
1 SO 2 To SEC PSICSP EULER ANGLE VAM	 CSN ATTIT. ERROR	 OE6.
1 SI 2 It SEC TOROX CPS TORQUE# X COMP# IN. LGS
1 S2 2 To SEC TORG Y CM6 TORIoUE# Y COMP # IN. LIS
1 S3 2 To SEC TOROZ CM6 TARaUF# 2 COMP# IN * LOS
1 54 2 To SEC TXTACS TACS CONTROL TONGUE X IN—LB#
1 SS 2 7# SEC FYTACS TAGS CONTROL FORCE	 T	 LB#
1 S6 2 To SEC FZTACS TAGS CONTROL FORCE	 Z	 LB.
1 S7 2 To SEC TXRCS RCS CONTROL TONGUE X	 IN—LB.
1 SO 2 To SEC TYROS RCS CON4RCL TONGUE Y	 IN—LB#
1 S9 2 To SEC T RCS RCS CONTROL TONGUE Z	 IN -LB.

oeecoee000
400. 0160 000. 000	 0.0	 000	 000	 2.2
1.25 199 0.5 0.5	 0#S	 0061	 00SI	 [.61
09216 0*211 0.24 144000

CMG5LP 6 14
1 1 — 7.2637SBSSE— OS	 1.14622S89E-04	 4 * 27000728E-06	 2.73991S03E-04
I S - 59S8963318E — C4 2972SO118SE —C4	 1.3120915#E —OS	 3011969468[—CS
1 9 — 2.0910SO69E-04	 —6e 3447S302E—OS	 2.S713168SE-04	 4.79394787E—OS
1 13 —4 * 8603SO21E-04 —S#9IS27SC9E?1 4

6
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r10 2:0 2C.0

26320.0 2.0 20.0
0.0 0.0 0.5
0.0 2.0 20.0

10000 2.0 20.0
0.0 000 0.5
000 2.0 20.0

- 200.0 2.0 2000
010 0.0 C95
0.0 4.0 20.0

1536C.0 0.5 100
00007 1.0 1.0
-3.0 400 2090

15360.0 O.S 100
00007 1.0 1.0

0.0 400 20.0
1S360.0 0.5 1.0
01007 1.O 1.0

C.0	 2.5 309
300.	 0.

0.	 0.

0-8
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6

2	 1
2	 5
2	 9
2	 13
3	 1
3	 S
3	 9
3	 13
4	 1
4	 S
a	 9
a	 13
5	 1
5	 5
5	 9
S	 111

6	 1
6	 5
6	 9
6	 13

CCCCOCCOOD
CVEC	 6

1	 1
1	 s
1	 9
2	 1
2	 5
2	 9
3	 1
3	 5
3	 9
4	 1
4	 S
4,	 9
s	 1
5	 s
S	 9
6	 1
6	 S
6 9

OOOCO00000
SC-1

a
100.
12.

STOP

-2.91474528E-OS
5.20392374E-OS
3.44388233E-05
1.41511359E-OS
1.211368CSE-OS
7.79460617E-OS
2.34721117E-04
2.6430993SE-OS
-7.17712332E-06
7.47866263E-OS
4.08274S98E-OS
4.06192304E-OS
-5.07791649E-03
-7.15160868E-03
-6.28S6 1112E-03
-9.10841690E-04
-2.14941189E-02
5.7S17S3SOE-03
2.3317C332E-04
5.12837618E-03

-1.52660247E-CS
2.77615483E-07
1.09246492E-05
192763S64SE-aS
-1.15872227E-05
-1.54271345E-OS
7.93266971E-05
2.11170183E -Q4
-6.1331211SE-CS
-1.44918745E-04
-2.74983309E-CS
-S.S711S100E-06
1.43951491E-.C2
2.2S92S616E-03
-4.30982556E-C3
-1.3S16436SE-CM
-1.30899041E-C3
- 9.86934598E-04
4.06231986E-C2
S.56S40263E-0:3

7.94852302E-C4
2.3S689672E-OS
-5.56375182E-04

19941C9146E-05
•7.817S4333E-Oft
-9.32890174E-06

-0..90614064E-05
5.24854656E-OS
8.83878113E-OS

-7.920S8377E-03
-4.69875981 E-03
3.1660928CE-02

-3.04784146E-03
8.609291S7E-04
3.43828044E-03

2.66242646E-CS
2.17862838E-04
-2.35773047E-[4

-3.9993!026E-05
-2.26373116E-04
-9.90918914E-CS

99735c4723E-45
-4.54864112E-06
-4.09595955E-C4

-2.61401214E-C2
-3 a 31 %ZS63SE-0 3
190725135SE-C2

1.526791'-9E-C3
-i.744Sl64ZE-02
1.597C5814E-C3

1c0.G
0.0

-484.0
100.0

0.0
0.831
1CO.o
0.0

36.17
100.0

O.O

100.0
0.0

100.0
0.0
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APPENDIX E

PROGRAM DnCKEL OUTPUT
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E-1

Appendix E presents sample outs-. from DOCKEL. This output
was obtained using the input data of Appendix D. Although the
program is capable of printing output at each integration inter-
val, only a small percentage of that information is pre&-ated
here.

t

d

f

i

3

L

l

0
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E-1	 MCR-70-2 (Vol II)

RUN N0. SC-1	 WE IEFE70
RUN 9v

NASO-21280
BASELINE CONFIGURATION

CARD INPUT MATRIX TOTO	 l	 i X	 3 1

1	 1	 4.07880000E +02	 8.30900000E-01	 3.61670000E+0i

ENO OF READ.

FARO INPUT MATRIX CFCO	 (	 1 X	 3 1

i	 1	 1.34700000E+02 -7.70000000E+00 -7.70000000E+00

END OF READ,

CARD INPUT MATRIX SIGMA 	 (	 1 X	 3 1

1	 1	 1.80000000E+02	 3.00000000E+02	 6.00000000E+01

END OF READ,

CARD INPUT MATRIX AIT 	 t	 3 X	 3 1	 INERTIA FOR CLUSTER ONLY

1	 1	 6.42800900E+06	 1.62200000E+04	 3.5200000E+06
2	 1	 1.62200000E+04	 2.47400000E+07 -1.57500000E+05
3	 1	 3.52800000E+06 -1.57500000E+05 	 2.51200000E+07

ENO OF READ.

THE TARGET VEHICLES MASS IS 	 2.96408000E+02
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E-3

RUN N0. SC-1	 DATE 16FITO
RUN Ar

NASS-21280
BASELINE CONFIGURATION

CARD INPUT MATRIX AIC 	 t	 3 X	 3 1

i	 1	 1.93240000E+05	 1.69560000E+04	 1.69320000E+04
2	 1	 1.69560000E+04	 5.39516000E+05 -7.92120000E+04
3	 1	 1.69320000E+04 -7.9't12000AE+04	 50390?6000E+05

END OF READ.

THE CHAISE VEHICLES MASS IS 	 Y.86577000E+01

CARD INPUT MATRIX FSPROX t	 2 X	 8

1 1 2.00000000E+00 09 3.20000100E -01 0.70000000E-01
1 5 2.62000000E+00 8.12080000E+00 1.11000000E +Oi 1.11200000E+01
2 1 0 1 -2.00000000E+03 -1.25000000E+02 -1.18000000E+02
2 5 -1.06200000E+02 -8.10000000E+01 -6.90000000E +01 7.3i000000F+02

END OF READ.

CARD INPUT !MATRIX FOMROX t	 2 X	 5 1
1

1	 1	 4.00009000E+00 - 1.20000000E+01 -1.00000100E-01	 1.00000000E-01
1	 5	 1.20000000E +01
2	 1	 0.	 -9.20000000E +01 -9.10000000E+01	 9.1000000E+01
2	 5	 9.20000000E+01

END OF READ.



r

E-4
	 MCR-70-2 (Vol II)

6

RUN N0. SC-1
	

DATE 16FE70
RUN 8Y

NASS-21280
BASELINE CONFIGURATION

CARD INPUT MATRIX FSPALL ( 	 2 X 19 1

i 1 1.80000000E+01 -7.08000000E-02 -6.60500000E-82 -S.87000000E-12
1 5 -5.13500000E-02 -3.67000000E-02 -2.93600000E-82 -2.20200010E-02
1 9 -1.46800000E-02 -7.34000000E-83 7.34000000E-03 1.46800000E-02
1 13 2.20200000E-02 2.93601000E-02 3.67100010E-02 5.13500000E-02
i 17 5.87000000E-02 6.60500000E-02 7.08000000E-02
2 1 0 1 -8.17509820E+ 04 -7.23080080E+04 -5.91500000E+04
2 5 -4.91000000E+04 -3.32200000E+04 -2.61700000E+04 -1.95000000E+04
2 9 -1.29400000E+04 -6.25600000E+03 6.25600800E+03 1.29400000E+04
2 13 1.95000000E+04 2.61700000E+04 3.32200000E+04 4.91000000E+04
2 17 5.91500000E+04 7.23000000E+04 8.17500000E+04

END OF READ.

	

CARD INPUT MATRIX FOMALT ( 	 2 X	 3 1

1	 1	 2.00000000E+00	 8,	 1.00000000E+00
2-	 1	 0.	 0.	 1.00100001E-06

END OF READ,

	

CARD INPUT MATRIX FSPALU (	 2 X 19 )

1 1 1.80000000E +01 -7.08000000E-02 -6.60500000E-02 -5.87000000E-02

1 5 -5.13500000E-02 -3.67000000E-02 -2.93600000E-02 -2.20200000E-82

1 9 -1.46800000E-02 -7.34000000E-03 7.34800000E-03 1.46880000E-02
1 13 2.20200000E-02 2.93601000E-02 3.67080000E-02 5.13500000£-02

1 17 5.87000000E-02 6.60500000E-02 7.00800008E-02
2 1 00 -8.17500000E+04 -6.51500008E+04 -4.70000000E+04
2 5 -3.60000000E+04 -2.22000000E+04 -1.71800080E+04 -1.22800000E+04

2 9 -8.31000000E+03 -4.08500000E+03 4.88500000E+03 8.31000000E+03
2 13 1.22800000E+04 1.71800000E+04 2.22000000E+04 3.60008000E+04
2 17 4.70000000E +04 6.51508080E+04 8.17500000E+04

ENO OF READ.

CARD INPUT MATRIX FOMALZ (	 2 X	 3 1

1	 1	 2.00000000E+00	 0.	 1.80000000E+00
2	 1	 0.	 00	 1.80000000E-06

END OF READ.



8.43000000E+00
1.00000000E+01
1.15000000E+01

-3.60000000E+02
-8.65000000E+01
-3.25000000E+01

	

0.50000000E+00	 9.00000000E+00

	

1.05000000E+01	 1.10000000E+0!

-3.05000040E+02 -1.85000000E+02
-6925000000E+01 -4.55000000E+81

r

MCR-70-2 (Vol II)
	

E-5

6

RUN N0, SC-1
	

DATE 16FE70
RUN Ar

NASS-21200
BASELINE CONFIGURATION

CARD INPUT MATRIX FSPATT t 	 2 X 10 )

1 1 9.00000000E+00
1 5 9.50000000E+00
1 9 1.12500000E+01
2 1 0.
2 5 -1.23500000E+02
2 9 -3.85000000E+01

ENO OF READ.

CARD INPUT MATRIX FOMATT ( 	 2 X 16 )
	

ATTEN. DAMPING (T=TEMP= +70 TNRU +250 DEG F )

-1.92000000E+01
-1.20000000E+01
-2.76000000E+00
-1.20000080E-01
-2.98000000E+03
-1.92000000E+03
-9.10000000E+02
-1.80000000E+01

END OF READ.

CARD INPUT MATRIX FREQ	 t	 1 X 96 )

0.
2.63558032E-01
4.08671735E-01
4.08875139E-01
5.38156352E-01
5.86943106E-01
6.18840570E-01
9.04248565E-01
1. 02627491E+00
1.11875306E+00
1.11889359E+00
1.30091512E+00
1.37554721E+00
1.81094561E+00
2.13162065E+00
2.78612394E+00
3.85170624E+00
4.68029637E+00
7.50817221E+00
9.38847045E+00
1.11819072E+01
1.25791755E+01
4.39829177E+01

ENO OF PEAO.

-1.82580000E+01
-9.60000000E+00
-1.20000040E+00
1.20008000E-01

-2.60500040E+03
-1.68000008E+03
-6.30080000E+02
1.00800000E+0i

2.54996194E-01
2.66530243E-01
4.08675934E-01
5.10929768E-01
5.749?2575E-01
6.17050186E-01
7.15088147E-01
9.05057860E-01
1.06010342E+00
1.11876104E+00
1.25392463E+00
1.36216324E+00
1.37958881E+00
1.81107947E+80
2.13181872E+00
2.88460197E+00
4.12990059E+00
6.121#80919E+00
7.95936849E+00
9.79588804E+00
1.17654872E+01
1.47431405E +01
5.2848?614E+01

-1.68000000E+01
-7.20060000E+00
-6.00000000E-01
1.32000000E+00

-2.45000000E+03
-1.43500000E+03
-4.05000000E+02
7.80000000E+01

2.56654233E-01
3.16363216E-01
4. 0867 8470E-01
5.13945264E-01
5.81649117E-01
6.18100181E-01
8057194549£-01
99 20249224f-01
1.09757768E+00
1.118761659E+00
1.25909082E+00
1.36281089E+00
1.73465346E+00
1.82252375£+00
2.13471946E+00
2.90610104E+00
4.14176135E+00
6.33019624E+80
8.30724444E +00
1.00894674E+01
1.22070518E+01
1.75212818E+01
8.88177531E+0i

i	 i 1.50000000E•01
1	 5 -1.44000800E+01
1	 9 -4.80000000E+00
1	 13 -2.40000000E-01
2	 1 O.
2	 5 -2.17000008E+03
2	 9 -1.17500000E+03
2	 13 -2.10000000E+02

1	 5 0.
1	 9 2.59230144E-01
1	 ±3 4.08638136E-01
1	 17 4.08678774E-01
1	 21 5.37976914E-01
1	 25 5.86156855E-01
1	 29 6.18829615E-01
1	 33 8.76752892E-01
1	 37 9.880363552E-01
1	 41 1.11870755E+00
1	 45 1.11876506E+00
1	 49 1.30060590E+00
1	 53 1.36672613E+00
i	 57 1.81008596E+00
1	 61 2.11352028E+00
1	 65 291492fb?5E+00
i	 e9 3.31360816E+00
1	 73 4.47363853E+00
1	 77 6.65320423E+00
1	 at 8.94704006E+00
1	 85 1.03479378E+01
1	 89 1.23384923E+01
1	 93 2.52185445E+01



MCR-70-2 (Vol II)
E-6

4

DATE 16FE70
RUN 1Y

RUN N0, SC-1

NASS-21280
BASELINE CONFIGURATION

CARD INPUT MATRIX RTMODE t	 6 X 96 1

1.23539660E-02
-2.43781212E-02
2.86124847E-06
1.13132248E-06
1.92548456E-05
2.91987366E-05
2.10084411E-04
1.52113891E-06
6.17778992E-06
2.75076466E-03
2.23030764E-06
2.71882806E-OS

-4.12844677E-06
1.74962268E-04
7.03016400E-06
1.17703399E-03
3.06177881E-05

-4.21192149E-04
1.02142122E-04

-2.65493979E-04
9.00861691E-04
6.17674589E-02
4.42937788E-04
7.42829220E-04

-9.38024557E-02
1.85895868E-02

-2.81927842E-06
-8.44746263E-05
-1.50324529E-03
1.65694373E-04

-2.48415143E-03
-9.35274382E-06
9.07101958E-07
4.57833566E-02

-2.16464105E-04
-1.72692110E-03
4.00262597E-05
1.25919799E-02
1.19602774E-03

-7.50081000E-04
1.42695203E-04

-1.50813437E-02
-1.32881069E-02
-3.95398698E-02
3.16180286E-04

-6.31011855E-04
-3.72410981E-02

-1.59449945E -02
2.35864798E-03
5.95135453E-04
i.9S837124E-07
6.1T0?5205E-05
5.86912477E-03
2.30859386E-03
2.02330550E-02
7.71207804E-04
5.85791268E-04
4.75653357E-07
8.50025176E-05
1.07137173E-05
6.04076638E-04
4.08273876E-04
3.47239825E -04
-5.79596544E-04
5.0531433OF.-05

-2.56064876E-04
8.67187204E-04
7.73672058E-04
4.15375434E-03
2.78800581E-03
3.30279460E-04
3.02482483E-03
-7.12965330E-03
-7.57665369E-03
-1.23409744E-05
1.57474857E-03

-5.04407141E -05
-3.15687166E-04
4.45609851E-03
-3.08334165E-03
1.64751749E-02
-2.56562958E -05
6.98141186E-04
3.12855788E-05
2.05443035E-03
1.33604028E-03

-2.44707811E-04
-2.11763155E-03
1.82018141E-01
-6.45130556E-02
-3.28627534E-02
-7.44669028E-03
1.28152957E-02
4.36326396E-04

-4.34111732E-04
5.93297350E-04

-7.72296766E-05
2.09693285E-07
1.24977151E-04
7.94923731E-05
1.09894480E-04
4.8137575iE-03
6.67019316F-03
4.82502094E-04
3.03218252E-07
1.17011315E-04
1.38935231E -04
4.28118908E-03
1.42170985E-05
2.45452045E-03
29?6075309E-04
2.23933095E-04
5.71295238E-05
2.84514565E-03

-6.13299226E-04
3.37380770E-04

-2.08751501E-03
1.27781896,E-04
1.13541500E-02

-6.77275097E-03
-8.18171770E-03
-1.52574010E-05
-1.28803286E-03
-4.56511191E-03
-1.63810216E-03
8.98498502E -03
9.25577209E-04

-1.54098939E-02
-3.64312972E-05
-4.93337745E -04
-1.54029390E-03
-6.26650314E-03
-2.99914585E-04
7.6441501OF-04
6.86906506E-04
6.35892015E-02

-1.49810078E-01
1.08226046E-02

-2.239290?6E-03
4.67712016E-03

-7.24800995E-03

1	 1 3.37096783E-02
1	 5 3.57812083E-02
1	 9 -4.80510784E-04
1	 13 7.54610732E-07
1	 17 7.93955160E-08
1	 21 2.01805904E-05
1	 25 2.46479748E-06
1	 29 3.06015576E-05
1	 33 3.97618063E-03
1	 37 4.81624098E-03
1	 41 5.95146487E-06
1	 45 1.25060419E-07
1	 49 -9.62123889E-07
1	 53 Z.60864398E-03
1	 57 3.15612193E-05
1	 61 1.68447020E-03
1	 65 7.24354186E-04
1	 69 6.06747606E-06
1	 73 -3.789036i8E-04
1	 77 -2.59390862E-04
1	 81 4.75644775E-05
1	 85 -1.98280055E-03
1	 89 2.04984887E-03
1	 93 1.28418761[-•03
2	 1 5.1230S&k9 -02
2	 5 -4.774653?1E-03
2	 9 7.05480541E-03
2	 13 -4.02767476E-Os
2	 17 -5.31044093E-06
2	 21 -1.06291004E-04
2	 25 4.74056828E-07
2	 29 -7.52210968E-05
2	 33 -2.27800082E-02
2	 37 -1.38663972E-02
2	 41 -8.0i084343E-05
2	 45 -1.13274068E-05
2	 49 -3.22884382E-05
2	 53 4.64187617E-04
2	 57 9.27369053E-05
2	 61 9.38544874E-03
2	 65 1.39814868E-02
2	 69 3.63629420E-03
2	 73 -4.41588856E-03
2	 77 7.31403070E-02
2	 61 -2.12644730E-02
2	 85 1.18435727E-02
2	 89 -3.40669164E-03



2	 93 3.26548153E-03
3	 1 -2.11585241E-02
3	 5 -3.60273501E-02
3	 9 2.81070096E-03
3	 13 9.39534005E-06
3	 17 2.79969117E-07
3	 21 -1.77733337E-05
3	 25 -5.99149926E-06
3	 29 -4.23221267E-04
3	 33 1.73807862E-03
3	 37 3.87151615E-03
3	 41 1.30523402E-85
3	 45 1.43176900E-06
3	 49 -1.29462024E-05
3	 53 5.22249285E-04
3	 57 -6.72031620E-05
3	 61 4.23715659E-03
3	 65 3.91863542E-03
3	 69 2.57811648E-03
3	 73 -3.47557168E-02
3	 77 -1.39919243E-01
3	 81 -3.53340564E-03
3	 85 1.23432852E-03
3	 89 3.34002997E-02
3	 93 -2.80216.917E-02
4	 1 -8.93415952E-05
4	 5 -3.45607720E-07
4	 9 -8.61620263E-05
4	 13 4.33068938E-0?
4	 17 5.68267388E-08
4	 21 8.70371213E-07
4	 25 1.66511971E-08
4	 29 -7.16749529E-08
4	 33 -6.06633040E-05
4	 37 -9.54997450E-05
4	 41 -1.01314596E-06
4	 45 -1.142i55?6E-07
4	 49 -1,04198528E-06
4	 53 -2.26817197E-06
4	 57 1.42294181E-07
4	 61 -1.19561416E-06
4	 65 3.76019298E-05
4	 69 -2.78048204E-06
4	 73 8.96926103E-06
4	 7? -1.58839741E-05
4	 81 6.69216094E-04
4	 65 -2.88796664E-04

F

6

MCR-70-2 (Vol II)
	

E-7

RUN N0, SC-1
	

DATE 16FE7 O
RUN BY

NASS -21280
BASELINE CONFIGURATION

CARD INPUT MATRIX RTMODE
	 6 x 96 t	 CONTINUED

-3.91671271E-04
-1.46326584E-02
-8.50750492E-03
-6.63618234E-06

2.45356634E-06
4.83999644E-05

-5.64411234E-05
-3.38981921E-03
-1.00276510E-05
-1.18396157E-05
-2.02442955E-03

2.86476085E-05
2.45000441E-04

-5.17450306E-05
5.47623067E-05

-4.52g1&706E-04
-5.84963413E-03
-1.28264833E-04
0.73291314E-02
2.08432504E-01

-2.07244730E-02
-1.97234480E-02
-5.92216145E-04
-3.81946911E-03
-1.03347817E-02
1.55241722E-04

-5.30425150E-05
1.75803543E-03
9.06960409E-07
1.62046315E-05

-1.50909450E-06
-8.65963986E-07
-4.33837206E-08

3.35099469E-08
9.11613486E-05

-2.16815703E-06
-1.81152441E-05
2.65528163E-06
5.11630313E-05

-1.95153930E-06
6.7496?040E-0?

-7.06738308E-0?
-2.25906640E-05
-1.94132105E-06
-3.24326203E-04

0.60146264E-05
-3.28890383E-06

-3.13290351E-04
-9.31244414E-02
3.17591518E-03

-8.67791524E-03
1.38114974E-06

-2.17516492E-04
5.21399193E-03
2.19304817E-03
1.82785419E-02

-4.20914862E-03
5.71566533E-05
3.38002610E-06

-2.418??551E-04
-4.44193955E-05

1.21926002E-02
5.00743529E-05

-1.88011752E-03
3.28906411E-03
1.32490167E-02

-7.26947275E-02
-9.99155049E-04
-5.38536789E-03
-8.87614287E-04
-2.48992180E-03
-6.25110713E-03
-7.894$9238E-06

1.56814891E-06
-1.03938572E-05
1.32282933E-07

-1.53817201E-05
1.02755587E-06
1.32326402E-06

-6.97736674E-06
-6.67214.830E-07
7.52470318E-05

-2.73362939E-07
2.38784693E-05
6.20921358E-00

-4.32653442E-06
7.?1425467E-07

-2.55157711E-07
-1.45321163E-05
-1.60498447E-04
6.44527863E-05

-9.92925184E-04
-7.27628659E-05
-2.13124281E-05

1.00457022E-04
-2.01675968E-03

6.77441643E-04
2.05171220E-03
4.OS995360E-07

-1.80126598E-04
9.02113934E-04
1.6277760 0E-04

-2.80294086E-03
5.91410353E-03
2.55949822E-03
4.70551521E-06
1.56480255E-04

-1.70417615E-03
-6.17484979E-03
-7.47069084E-04

4.72411822E-03
7.26718985E-04
5.52847365E-03

-3.65157930E-02
1.42645257E-02

-5.58437218E-04
8.76749164E-05

-1.09488268E-02
-2.50590566E-03
4.05163293E-04
1.44918000E-05
1.02784918E-04
1.63396906E-07
1.20564434E-'I5

-2.05353464E-05
-8.72062029E-06
7.94473003E-05

-7.87958766f-0?
-1.51295750E-04
-3.60627443E-0?
-2.26492917E-05

1.21554106E-0?
-7.3368535?E-06
-1.18421115E-07
-1.08855286E-06
-5.33550108E-OS

3.92336142E-04
1.12072029E-04
4.06000168E-04

-6. 11310125E-06
-1.40250312E-03



MCR-70-2 (Vol II)

RUN H0. SC-1
	

GATE 16FE70
RUN er

NASS-21260
BASELINE CONFIGURATION

CARD INPUT MATRIX RTMODE t	 6 X %	 CONTINUED

6

E-8

4	 89 -6.99122670E-06
4	 93 1.31602059E-04
5	 1 1.02183012E-04
5	 5 -2.iS430359E-05
5	 9 -1.65605342E-OS
5	 13 -1.53522060E-06
5	 17 -3.83800922E-10
5	 21 2.26327656E-07
5	 25 5.02943364E-09
5	 29 8.36185062E-07
5	 33 -2.6750863SE-06
5	 37 -8.04079359E-06
5	 41 - 1.99116097E-10
5	 45 -2.53344827E-09
5	 49 -1.54368979E-07
5	 53 -8.57796957E-07
5	 57 9.37232854E-08
5	 61 -5.76687833E-06
5	 65 -7.58710747E-06
5	 69 -1.65755093E-05
5	 73 9.21420522E-05
5	 77 6.72630479E-04
5	 81 1.86838462E-OS
5	 8S -1.68613366E-06
5	 89 -4.S243727SE-04
5	 93 2.37830910E-04
6	 1 4.76396242E-05
6	 S - 1.62114099E-05
6	 9 1.16881227E-OS
6	 13 -6.19088436E-08
6	 17 -8. iS008043E-09
6	 21 - 1.62428558E-07
6	 2S -2.75438674E-09
6	 29 - 1.63774916E-07
6	 33 -4.30797683E-05
6	 37 -5.77514648E-06
6	 41 -9.88046685E-08
6	 45 - 1.676SO292E-08
6	 49 -4.01906760E-08
6	 53 9.85115469E-87
6	 57 1.46914564E-07
6	 61 1.49506284E-OS
6	 6S 2.01834373E-05
6	 69 2.06284689E-0S
6	 73 -2.42927781E-05
6	 77 3.5707727 7E-04
6	 61 -6.80366283E-OS
6	 6S 1.737176SOE-04
6	 89 -4.36324262E-OS
6	 93 -9.59324927E-06

-1.42473673E-04
-2*50006673E-05

6.14775207E-OS
-1.53093243E-OS
5.70711640E-09

-5.77712911E-09
-1.29362846E-07
4.48352372E-07
3.32046519E-06
1.97771122E-08
1.280693SWE-06
2.71912021E-06

-5.032!6206E-06
-3.99690263E-07
-1.82861751E-07

1.22314364E-07
4.32177631E-07
1.26649631E-65

-I*8704256SE-06
-5.03973732E-04
-8.60706584E-04
9.71086634E-OS
1.52246900E-04
1.58469307E-OS
490702SS64E-05
1.16797896E-04

- 1.92321605E-04
-6. 83422694E-05
-190506SO77E-08
-1929SCIOSLE-07
-2.28900753E-06

2.5366946SE-07
-5.64902704E-06
-i.S1471046E-06
-6.27490920E-09
6.311666SiE-05

-3.19709432E-07
-2.47715272E-06

3.79463067E-08
109S231O68E-05
2.07342643E-06
2.34629SOSE-06

-3.49299599E-07
-7.26241060E-09
-5.33902706E-OS
-1.99783042E-04

1.24624SO4E-09
-2.90861643E-06
-4.63522370E-04
-1.51363965E-OS

-2.89849230E-04
-1.15230946E-05

1.6492648SE-04
-7.48192471E-06
6.59998080E-06

-2.06530253E-09
1.36791055E-O6

-1.20642163E-09
-4.98332774E-06
-4.10665447E-0S
4.66933640E-06
5.96268950E-06

-3.97403024E-09
-1.80274203E-07
1,1169290SE-07

-2.17772680E-OS
-106446S741E-07
4.0339230SE-06

-3.16103697E-05
-6.78329340E-05

3.4079530C E-04
-1.1S626719E-8S
4.47292369E-05

-2.53133594E-05
3.2SS24272E-0S
7.32310820E-05
3.428S6389E-05

-1.80612386E-09
-1686619SO4E-OS
-1.89421649E-06
2.3017S076E-06

-3.45668679E-07
-89752463S9E-07
9.7S208860E -06

-7.37695132E-06
2.73673951E-OS

-3.65667220E-08
7.24731862E-07
5.98114400E -06
39994S2721E-06
1.69676170E-06
7.94984771E-07

-1.33288665E-OS
8.43336884E-04

-2.91409169E-04
-1.70726467E-04
-193866239SE-04

1.4S813036E-04
6.OSS49864E-OS

-4.7S292S73E-06

-3.22902410E -04
3.1023028E-05
1.02137621E-66
1.88631453E-66

-1.42711977E-OS
-6.4AS38883E-10

1.68919011E-06
-I *  7350490 9E-06
-3.93624537f-IT

6.63712519E-06
• 1.2440 35S Of-IS
-2.66516232E-06
-8.75488731E-09
-1.19209719E-06

1.50935382E-06
9.79375070E-06
5.64589302E-07

-S. 82954152E-06
-1.02125718E-65
-3.01052375E-05

1.66454611E-64
-1. 23063476E- 04

1.4784 9693E- 04
-4.33034942E-06

6. 93614015 E- 0 S
2.63028255E-OS
1.64299459E-OS

-1.129S 6142E- OS
-1.22076663E-05
-2.34219179E-08
- 1.86696692E-06
-6.30310881E-06
-2.3S431010E-06
-1.7010 360 0E• 06

6.38298151E-07
-2.04650660E-OS
-5.44178057E-08
-2.57722296E-07
-3.1630 321 BE- 06
-9.90464587E -06
-3.S8928608E-07
-1.8542 3S 16E-/6

2.04597369E-OS
2.95370420E-64

-6.99210076E -04
4.2495851 OE-OS

-2.19427408E-65
6. 27914394E-IS

- 9.7997 744 OE- IS
299601138SE-09

ENO OF READ.



RUN NO. SC-1

NASD-21200
BASELINE CONFIGURATION

DATE 1FFE10
RUN 9T

MCR-70-2 (Vol II) 	
E-9

6

CARO INPUT INTEGER MATRIX JT 	 l	 i X 96 1

1 31 1 0 2 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0 -0

1 37 3 4 5 6 -0 -0 -0 -0 -0 -0 -0 -0 -O -0

1 54 7 !! -0 -0 -0 -0 -O -0 -0 -0 -0 -0 • 0 -0

1 65 9 -0 -O -0 -O -0 -0 -0 -0 -0 -0 • 0 -0 -0

1 70 10 11 12 13 14 -0 -0 -0 -0 -0 -0 -0 -O -0

ENO OF REAOIM.

CARD INPUT INTEGER MATRIX INT	 i X	 6 1

i	 1	 1	 2	 3	 0	 0	 0

ENO OF REAOIM.

CARD INPUT INTEGER MATRIX ISIGT	 (	 i X	 6

1	 1	 0	 0	 0	 1	 2	 3

ENO OF REAOIM.

CARD INPUT MATRIX FREOSC l	 i X	 1 1

1	 1	 O.

ENO OF READ.

CARD INPUT MATRIX MODESC (	 6 X	 1 1

1	 1	 0.
2	 1	 O.
3	 1	 0.
4	 1	 0.
5	 1	 O.
6	 1	 O.

EVn OF READ.
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RUN N0. SC-1	 DATE 16FE70
RUN B'r

NASS-21260
BASELINE CONFIGURATION

CARD INPUT INTEGER MATRIX JC	 t	 i X	 1 1

1	 1	 1

END OF REAOIM.

CARD INPUT INTEGER MATRIX INC 	 t	 1 X	 6 1

1	 1	 1	 2	 3	 0	 0 * 0

ENO OF REAOIM.

CARD INPUT INTEGER MATRIX ISIGC	 i	 i X	 6 1

1	 1	 0	 0	 0	 1	 2	 3

END OF REAOIM.

OUTPUT MATRIX	 LOC t	 i X 12 l

1	 1	 1	 7	 10	 16	 22	 29	 31	 37	 51	 6S	 66	 61

END OF NRITIM.

OUTPUT MATRIX	 LEN	 1 X 12 1

1	 1	 6	 3	 6	 6	 3	 6	 6	 14	 14	 1	 1	 .'%

TEND OF WRITIM.

E-10
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RUN NO$ sc-1
	

DATE 1FFETI
RUN 9Y

0

E-11

NASS-21280
BASELINE CONFIGURATION

CARD INPUT MATRIX INCOND ( 	 6 X	 3 1

2	 1 1.80000000E+02 3.00000000E +00
3	 1 0. 1.00000000E-01
4	 1 6.00000000E +00 01

5	 1 1.38000000E +01 0.
6	 1 1.11200000E+01 3.63800000E+01

END Or' READ*

1.00008080E+02
0.
-2.00080800E+00
9.15000080E+00
0.

THE DATMIN ARRAY IS AS FOLLOWS

i TARQ T EULER ANGLES - PSI * THETA, PHI (DEGREES)
2 CHASE / TARGET EULER ANGLES - PSI, THETA, PHI (DEGREES)
3 CHASE ANGULAR VELOCITY - OMEGA X• OMEGA V, OMEGA Z - (DEGREES/SEC)
4 CHASE C.G. VELOCITY IN XgYgZ DIRECTIONS REFERENCED TO CNASF (LENGTH/SEC)

5 0 TO S DISTANCE IN X,Y,Z DIRECTIONS REFERENCED TO TARGET (LENGTH)
6 RHO(Xl t (LENGTH)q GAMNA(1 * 2 9 3) 9 (DEGREES19 --------

1
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RUN N0. SC-1
	

DATE 16FE70
RUN BY

NAS8-21280
BASELINE CONFIGURATION

THE INPUT SCALARS TO PROGRAM DOCKEL ARE

STARTT =	 0.
OELTAT =	 0010000
ENOT = 5.000000
XDLTA = .500000
XPRNT = 50.000008
ZETAT = .010000
ZETAC s .610080
IFELAS = i
IFPLOT = 1
IFPER = 1
JAATCH = 1
MIMIC = i
IFPNCH = 0
NCOLS = 58
NCNSYS = 34
NFORCS = 10
NEQTN = 100
NNOOET = 14
NMOOEC = i

s
a

T
3

1

AA = 2.25000000E +00
AB = 8.50000000E-01
AO = 7.00000000E -01
AE = 9.65000000E-01
AF = 3.00500000E +00
AP = 4.25000000E +00
OLS = 1.44000000E+01
OLD = 1.29000000E+01
OLE = 1.75900000E+01
OLF = 4,75000000E+00
DLI = 1.41000000E+01
OLP = 3.30000000E +00
OLQ : 1.65300000E +81
OLS = 2.05500+a80E +00
FDO s 1.15000000E+01
PEO = 1.05000000E+01
ALPHAD = 4.27500000E+01
CSPHER = 2.50000000E +08
RADCON = 1.35600000E+01
AK01 s 0.
AK02 = 0.
AK03 = 5.41000000E+00
RHOSO s 2.00000000E+00
FRETL = 1.00000000E +03
EXTL = 1.11200000E.01
TLAG = 1.01500000E+01
TSTAR = 0.
8INDMU = 2.80000000E-C:
HOMU = 2.60000000E -01
ARMMU = 2.60000000E -01



	4.27000728E-06
	

2.73991503E-04

	

1.1.1209158E-05
	

3.11969468E-05

	

2.57131685E -04
	

4.79394787E-05

	

7.94852302E-04	 2.66242646E-05

	

2.35689672E-05	 2.17862838E-04
-5.56375102E-04 -2.35773047E-04

1.94109146E -OS -3.99939026E-05
-7.81754333E-04 -2.26373116E -04
-9.32891174E-06 -9.909880A4E-OS

-9.90614064E-05
5.24854656E-05
8.E3A78113E-05

-7.92058377E-03
-4.69875901E-03
3.16609208E-02

-5.04784146E-03
8.60929157E-04
3.43828044E-03

9.13504723E-05
-4.54864112E-06
-4.09545955E-04

- 2.61401214E-02
-3.31425635E-03
1.07251359E-02

1.52679139f-03
-1.74451642E-02
1.59705874E-03

MCR-70-2 (Vol II)

RUN N0. SC-1
	

OATS 16FEIO
RUN AY

6

E-14

NASO-21280
BASELINE CONFIGURATION

CARO INPUT MATRIX CMGSLP t	 6 X 14 1

1.14622589E-04
2.72508185E-04

-6.34475302E-05
-5.91527509E -04
-1.52660247E-05
2.77615483E-07
1.09246492E-05
1.27635643E-05

-1.15872227E-05
- 1.54271345E-05
7.93266979E-05
2.11170183E-04

-6.13312115E-05
- 1.44918745E-04
-2.74983309E-05
-5.57115100E -06
1.43951491E-02
2.25925616E-03
-4.30 982556E-03
- 1.35104385E -04
-1.30899041E-03
-9.86934598E-04
4.06231986E-02
5.56540263E-03

ENO OF READ,

1 1 -7.26375859E•OS
1 5 -5.58963318E-04
1 9 -2.04105069E-04
1 13 -4.86035021E-04
2 1 -2.91474528E-05
2 5 5.20392374E-05
2 9 3.44388233E-05
2 13 1.41511359E -05
3 1 1.21136805E-05
3 5 7.79460617E-05
3 9 ?.34721117E -04
3 13 2.84309935E-05
4 1 -7.17712332E-06
4 5 7.47866263E-05
4 9 4.08274598E-05
4 13 4.06192304E -05
5 1 -5.07791649E-03
5 5 -7.15160868E-03
5 9 -6.28561112E-03
5 13 -9.10841690E-04
6 1 -2.14941189E -02
6 5 5.75175350E-03
6 9 2.33170332E-04
6 13 5.12837618E-03

CARO INPUT MATRIX CVEC	 t	 6 X 12 1

1	 1 0.
1	 5 2.83200000E+04
1	 9 0.
2	 1 0.
2	 5 1.00000000E +02
2	 9 0.
3	 1 0.
3	 5 -2.00000000E+02
3	 9 0.
4	 1 0.
4	 5 1.53600000E+04
4	 9 7.00000000E•-83
5	 1 -3.00000000E+00
5	 5 1.53600000E+04
5	 9 7.00000000E-03
6	 1 0.
6	 5 1.53600000E+04
6	 9 7.00000000E-03

ENO OF READ.

2.00000000E+00
2.00000100E+00
O.
2.00100010E+00
2.00000000E+00
0.
2.00000000E+00
2.00000000E+00
O.
4.00000000E+00
5.00001000E-01
1.00010001E+00
4.00100000E+00
5.00000000E-01
1.00000000E+10
4.08000000E+00
5.00000000E-01
1.00000001E+01

2.00000000E *01
2.00100000E+01
5.00000000E-01
2.00000000E +01
2000000000E+o1
5.00000000E-01
2.00100000E +01
2.00000000E +01
5.00000000E -01
2.00000000E +01
1.00100000E+00
1.00000000£+00
2.00000 000E+01
1.00000100E+00
1.00000000E +00
2.00000000E+01
1.00000000E+00
1.00000000E +00

1.00000000E+02
no

-4.84000000E+02
1.00000000E+02
0.
8.31000000E-01
1.00000000E+02
0.
3.61700000E+01
1.00000000E+02
0.

-0.
1.00000000E+02
0.

-0.
1,00000000E+02
0.

-0.
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SIMULATION TIME

Y(I)

I*
o,
o.
o.
o.
o.

0.
0.
0.

1.00000100E*00
0.
0.
0.
1.0000000,E+00
0.

6,00000000E+00
D.

-2.00000000E+00
O.
1.00000000E-01
O.

5.83836006E+02
8.53090000E+00
4.61046691E+01

-9.98629535E-01
-3.42554796E-15
-5.23359562E-02
-3,25072364E-15
1.09000000E+00

-3.42554796E -15

1.11200008E+01
0,
0,
3.63623627E+01
3.63623627E+0i
3.63623627E+01

9.
0.
0.
D.
0.
0,
0.
7.
0.
0.

D.
0.
o.

0.
o.
D.
0.
0.
0.
0.
D.
o.

0.

YCOTtII

00
o.

o.
o.
o.

0,

0,
0,
0.

D,
0.
0.
0.
0.
as

3.49065850E-03
D.
1.04719755E-02
7.07047821E-05
-1.78223662E-06
3.00732500E-06

-6.09644912E+00
-1.40518405E-14
1.68324333E+00

-9,13434754E-05
5.67358305E -18
1.74293734E-03
D.
D.
0.

D.
0.
0.
0.
0.
0,

0,
0,
D,
0.
8,
0.
9.
0.
0.
0,

0,
o,
D.
O.

0.
0.
0.
0.
0.
0.
9,
0.
D.

U - TARGET

X - TARGET

GAMMA TARGET

U - CHASE

X - CHASE

GAMMA CHASE

RHOS

MODE VEL - TARGET

t

MODE OISP - TARGET

E-15
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0.
0.
0.
0.
0.

MODE VEL - CHASE
0.

MODE DISP - CHASE
0.

CON SYS PARAMETERS
0,
0.
0.
0.
0.
O.
O.
Be
o.
a.
0.
00
o.
Of
0.
o.
0.
o.
0.
Do

-3.00000000E+00
0.
0.
O.
0.
0.
0.
0.
as
0.
0.
0.
0.
0.

0,
0.
0.
0.
0.

0,

0.

0,
O.
0.
0.
0.
0.
0.
0.
0.
0.

0.

0.
Do
0.
0.
0.
0.
0.
1.00000400E-Oi
0.
0.
0.
0.
0.
0.
0.
Be
0.
0.
0.
0.
0.

9.15000000E+00

MODE

1

i
1
0
Q
e
0
0
0
0

DSD VECTOR 1.38000000E+01 -1.84741111E-13

PHI LAMOA

1 4.99981392E-03 2.20643691#E+51
2 4.99981392E-03 2.20643694E+01
3 4.99981192E-03 2.20643694E+01
4 6.83993270E-02 0.
5 1.41487526E+00 0.
6 3..96042096E+00 00
7 3.96042096E+00 01

8 9.99917919E+00 00

9 -1.84741111E-13 00
10 9.15000000E+00 0,

RETRACT FORCE =	 0.

BINDING FRICTION FORCE =	 00

FORCE AT PT 0 s 0. 0, 00

MOMENT AT PT 0 = 0. 0. 00

FORCE AT PT P s O. 0. 0.
MOMENT AT PT P s 0. 0. 0.

ELAPSED CP TZME s	 9.90900000E+00
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SIMULATION TINE •	 1.0000E+00

rtit r00Tt11
U - TARGET

•6.53045006E -01 1.04489443E-03
- 2.15296265E-02 -2.93016913E-05
4.21112870E-01 1.61880245E-03
8.07355482E-03 9.53540921E-06

- 1.417666S3E -01 -6.05199704E-07
- 7.77701543E-03 1.61410641E-0S

X	 TARGET
- S. 21302477E-01 -6.S3877036E-01
- 1.S3S49218E-02 - 2.15089943E-02
3.34713360E -01 4.19820841E -01

GAMMA TARGET
9.99998047E -01 -4.89715037E-06

-9.81799367E-05 -1.35990022E-04
1.97379776E -03 2.47431090E-03
9.79759316E-05 1.35456131E-04
9.99999990E -01 •2.70767074E-08
1.03453033E-04 1.41177751E -04

U - CHASE
8.58759832E+00 5.05363808E+00

= 1.15379688E -01 5.57880229E-02
v - 4.86358729E-01 -3.10536303E-01

-49400330i0E-02 3.09762860E-02
- 2.12584033E+00 - 1.43167297E-03
-3.69721167E -01 7.28028V90E-04

X - CHASE
5.77267510E+02 -8.59916630E+00
8.58538920E+00 6.95529936E-02
4.63857310E+01 -2.14950036E-01

GAMMA CHASE
-9.96660732E-01 3.05757500E-03
-5.28755205E-03 -6.42089657E-03
- 8.14826775E-02 -3.69822766E-02
-5.33994329E -03 •6.49386014E-03
9.99985652E -01 -3.47793193E-05
4.25067020E-04 2.39652990E-04

RHOS
1.10982264E +01 5.44330967E-03

- 3.7439605SE-02 9.35990137E-03
- 3.78674898E-02 9.46687245E-03
3.6411630SE+01 - 1.22738947E-12
3.64116305E +01 - 1.22738947E-02
3.64116305E+01 - 1.22738947E-12

MODE VEL - TARGET
1.06025029E+00 -2.62472549E+00
2.38658132E-02 -1.69005590E+00

-1.11416716E-01 - 1.29515334E+00
- 2.94527082E -01 -3.72909725E+00
-6.81610420E- 02 -?,20357223E-91
1.37123926E -01 8.19891655E -01

- 3.31043875E-02 1.89194079E-01
3.02133007E-01 -5.55055817E+00
8.94793303E-02 1.06823524E+80

=- - 1.12393072E+00 - 2.62309029E+01
4.14524264E -02 4.46126669E+00
9.79290972E-03 1.66462476E+0a

- 1.97302413E-01 -2.4384937SEi-00
5.08066735E -01 -1.51734524E+21

MODE OISP - TARGET
1.25016579E -01 1.06025829E+00
5.56075022E -02 2.30658132E-02
3.39648506E -02 -1.11416716E -01
9.05978327E-02 - 2..94527082E -01
1.64411383E-02 •6.81610420E-tat

- 1.76372356E -02 1.37123926E -01
- 2.45617058E-03 -3.3104387SE-02
7.29899271E-02 3.82133007E -01

-S09901019GE • 03 8.94793303E-02
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4.57153438E-02 -1.12393872E+00
-6.65745031E-03 4.14524264E-02
-2,46SSS221E-03 9.79290972E-03
3.22669945E-03 -1.47302413E-0i
1.72004539E-02 5.00066735E-01

MODE VEL - CHASE
p. 0.

MODE DISP - CHASE
0. 0.

CON SYS PARAMETERS
3.92000000E+02 4.00004000E+02
5.65873300E-03 -3.91342984E-03

-1.10428639E-01 -1.46326056E-01
-6.12930603E-03 -6.56164437E-03
O. 0.
0, 0.
0. O.
0. O.
0. O.
n. 01
o. as
o. 0.
0 1 o,
o * o.
as 0.
p . 0.
0. 0.
0. 0.
p . p.

-2.44350025E-02 -1.38510451E-02
-4.67379510E+00 -2.12599782E+00
-3.03966600E-01 -3.70044953E-01

0. 0.
0. O.
as 0,
0, 0,

0. 0.
0. 0.
as 0.

0. co
• p. 0.

0. 0.
O. 8.

0. 0.

DSO VECTOR s	 7.98777814E+00	 -7.57267305E-01 3.50936341E+00

PHI LAMOA MODE

1 4.96503952E-03 2.20013015E+0i 1

2 4.96503952E-03 2.20013015E+01 1
3 4.96503952E-03 2.20013015E+01 1
4 2.04232503E-01 01 0

5 1.74266263E+00 00 0
6 7.17706798E+0O 0. 0
;r 6.02014051E+00 01 0

t^ 4.10695733E+20 Be 0
9 -7.67267305E-Oi 0, 0

10 3.50936341E+00 0. 0

RETRACT FORCE s	 O.

BINDING FRICTION FORCE s	 0.

FORCE AT PT 0 s 0. 0. 0•
MOMENT AT PT 0 : 0, 0, 00
FORCE AT PT P s 0. 0. no

MOMENT AT PT P : 00 01 0.

ELAPSED Co TIME s	 1.15869000E+02



MCR-10-2 (Vol II)
	

E-19

I

SIMULATION TIME a	 2.0000E+00

6

I

Y(I) TDOT(1)
U - TARGET

- 2.92500222E+00 -4.33237595E+00
-6.21314193E -02 8.32196263E-02
4.88168815E -03 1076284667F+00
1.62787922E -02 -1.11940089E-02

- 4.39953601E -02 -6.28986819E-01
-1.8419i350E-02 2.25111596E-02

X - TARGET
-1.83395271E+00 -2.92504233E +00
-1.19475142E-Oi -6.01361284E-02
5.25535528E-01 -5.75612441E-03

GAMMA TARGET
9.99993202E-01 -5.53155289E-06

-6.83185793E-04 -3.22392058E-04
3.62349628E-03 1.46578365E-03

6.80913035E-04 3.20442742E-04
9.99999571E-01 -3.47471657E -07
6.28424448E-04 2.85281463E-04

U - CHASE
4.99497071E+00 - 10050798?5E+01
2.10683254E -Oi -3.60982604E-01

-1.40371155E+00 8.11409280E+00
-8.57522487E-02 - 3.99648551E-01
-4.11412849E-01 -9.12065775E +00
-4.99507286E -01 -2.91502002E +00

X - CHASE
5.68619289E +02 -5.11133096E +00
8.94968806E +00 1.85372586E -01

4.67962378E+0i 3.96916267E-01
GAMMA CHASE

-9.94968176E -01 7.60701381E-04

-4.73674784E -03 -8.70951159E-03
-1.00079427E -01 -T.1S05O959E-03
-4.83047918E-0 3 -8.82395718E-03
9.99988092E-01 - 4.70525708E -05
6.94264842E -04 6.16647518E-04

RHOS
8.20638651E+00 - 2.05405689E+00

-7.58542247E -01 1.03977408E+00

-1.56254770E-01 1.11011733E+00
4.10404460E +01 8.028091T6E-01
4.20344247E+01 3040905A73E+00
4.20344247E +01 3.4O9D5873E+OQ

MODE VEL - TARGET
-4.43161043E -01 4.09308404E+01
-9.12136389E -01 9.48114713E +00
2.34052872E -01 1.10555415E+01
To67400712E -01 -2.40921423E+01
2.92187S39E -01 -7.94078383E+00
5.19550647E -01 1.01759708E+01

-5.98328746E -01 -5.24617638E+00
1.66697353E+00 2.02652547E+00
7.73582901E -01 1.15723822E+01

- 1.72509066E+00 -1.60914665E+02

-2.95066004E+00 6.817197T3E+01
-9.69809800E-01 2.54266010E+0i

4.64002381E-01 9.89043?4%E+00
1.31710399E-01 -7.32339196E +01

MODE OISP - TARGET
-2.803594296E+40 -4.43161843E-01
-4.65378222E -01 -911?136399E-01
-4.02792647E-01 2.34052672E -01

4.93559802E -01 7.67400712E -01

1.69878818E -01 2.92187539E -01

- 2.08999272E-01 S.19S50647E -01

7.33686795E -02 -5.98328746E -01

4.77347900E -02 1.6669735 ?E•0O
-5.60180494E -02 7.73562qO1E -01



6.41747786E=03

SAMOA

e.
3.76651241E+02
3.766S1241E+02
as
6.46690023E+0?
0.
0.
6.95229810E+0Z

-5.31269046E+01
-2.05737772E+Ot

3.74669515E-03

"mf

0
1
i
0
1
0
e
i
1
i

OSD VECTOR s
	

3.80411719E+00

PHI

1 3.07473570E-01
2 4.99953621E-03
3 4.99953621E-03
4 -3.21926415E-03
5 3.887477b7E-03
6 2.36642718E+00
.7 20633490SSE000
8 3.29637900E-03
9 6.41747786E-03

10 3.74669515E-03

E-20
	

MCR-70-2 (Vol II)

6

	

3.65051603E-01
	

-1.72509866E+00

	

-0.13327322E-02
	

-2.95066004E+00

	

-2.99760800E-02
	

-9.69009600E-01

	

-3.67700301E-02
	

4.84002381E-01

	

2.22264970E-01
	

1.31710399E-01
MODE VEL - CHASE

	

0,	 0.
MODE DISP - CHASE

	

0.
	

0.
CON SYS PARAMETERS

7.92000000E+02
3.52701194E-02

-2.15662279E-61
-4.15467460E-02
0.
0.
0,
0.
0.
0.
0.
o.
as
0,
0.
6.
0.
0.
o.

-3.997g16b0E-02
-5.74374428E+00
-2.727661EIE-01
0.
0.
6.
0.
0,
0.
0.
0.
o.
0.
o.
0.

4.00000000E+02
-4.15467504E-02
5.83503235E-02
-1.566282SH-03
0.
0.
0,
0.
Of
0.
0.
as
0.
0.
e.
0.
0.
to
0.

-3.55384869E-02
-4.11761289E-01
-9.01739099E-01
0.
0.
0.
0,
as
0.
0.
0.
no
0.
as
8*

RETRACT FORCE =	 00

BINDING FRICTION FORCE s -4.74062187E+01

FORCE AT PT 0 s
MOMENT AT PT 0 :
FORCE AT PT P s

MOMENT AT PT P s

-1.17206661E+03
-9.20642973E-01
-1.18430733E+03
-8.61647180E+61

5.66752393E+61
-1.26738567E+04
-6.31690269E+01
-7.48037662E+03

6.42949632E+02
1.03S8S98ZE+02
7.s2s62961E+02

-1.51873024E+03

ELAPSED CP TIME =	 to 16633660E+02
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MCR-10-2 (Vol II) 	 E-21

SIMULATION TIME •	 3.0000E+08

rill vt30Tti1
U - TARGET

•3.62879327E+00 2.70251822E-82
-1.75869214E-01 5.16717i20E•02
-3.49752468E-02 •a.78589248E-81
4.68304968E-02 •1.63764519E•02

-9.29079562E-02 1.08454253E-01
-5.32219661E-02 1.82182093E-02

X - TARGET
-5.32837713E+00 -3.62879586E+00
-2.44423909E-01 -1.70883862E-01
4.85512855E-01 -5.41588080E-02

GAMMA TARGET
9.99985412E-01 -9.73769205E-86

-1.36196067E-03 -9.306735SBE-84
5.22699523E-03 1.62038350E-83
1.355547i5E-03 9.24604383E-84
9.99998324E-01 -2.26492818E-86
1.23034784E-03 8.22189888E-94

U - CHASE
2.73072373E+00 -4.53267738E-02
6.30877772E-01 -1.98772924E-81
-1.33118432E+00 -1.49516564E+80
-6.70345066E-02 5.30127509E-82
-1.48337410E-01 1.93569898E+00
-1.07332872E-01 9.87035153E-83

X - CHASE
5.65268230E+02 -2.86147718E+80
9.37671927E+00 5.99684441E-01
4.77835806E+0i 1.03890974E+88

GAMMA CHASE
-9.94453609E-91 2.90496188E-84
-1.02263966E-02 -1.86676585E-83
-1.04677795E-01 -2.5773e168E-83
-104307166E-02 -1.98537978E-83
9.9944612E-01 -2.20691216E-85
1.40463839E-03 9.67519348E-84

RHOS
8.37660599E+00 1.03794276E+89
1.88430323E-01 7.02326801E-01

-2.67195890E-0? -1.68203285E+00
4.17529626E+01 -1.7SS78215E*00
4.17402037E+81 -1.75572786E+08
4.17492837E+81 -1.75572786E+00

MODE VEL	 TARGET
-8.48283488E+80 -2.38460302E+81
-1.73386868E+00 4.47581672E+80
2.54073656E-01 9.89725666E+00

-1.79007689E+90 -1.869y9728£+01
-8.60054831E-81 -6.61594444E+88
1.69674172E+00 2.12469809E+00

-2.67295307E-01 1.26195189E+01
-2.9S72S061E+80 -8.58976865E+88
1.48549871E+00 -5.03240224E+00
2.78579583E+00 -7.44506274E+01
1.43460451E+00 1.38094067E+01
6.30906045E-01 4.20387732E+00
-3 73477736E-01 3.22S33826E+88
5.09202102E-01 -5.32548574E+01

MODE OISP - TARGET
1.12492445E+80 -8.48283400E+89

-1.58933329E-01 -1.73306068E+00
-2.7395488AE-01 2.54873656E-01
4.79335407E-81 -1.79007b89E+08
1.57722293E-01 -8.60054031E-01

-6.09399816E-02 1.69674172E+09
-1.65634717E-01 -2.67285387E-81
1.83154881E-01 -2.9572S081E+09
2.42287191E-02 1.44549871E+00

1



OSO VECTOR s	3.80622547E+00

PHI

1 39OS436SOSE-03
2 4.99999726E-03
3 4.99999726E-03
4 -7.42852841E-04
5 6.85731769E-02
6 2.20270029E+00
7 2.66874148E+00
e 5.40466020E-03
9 5.78355412E-03

10 1.62S47141E-03

A,

1.

E-22
	

MCR-70-2 (Vol II)

	5.07390255E-01
	

2.78579583E+00

	

- 1.82560721E-02 	1.43460451E+00
	-6.08773430E-03

	
6.30906045E-01

	

1.02606917E-03
	

-3.73477736E -01

	

3.35090330E-02
	

5.09202102E -01
MroE VEL	 CHASE

as
	

0.
MODE DISP - CHASE

0.
	 D.

CON SYS PARAMETERS
8.23333333E+02
6.41124241E-02

-3.10641358E-01
-7.03380026E-02
0.
1.
0.
8,
0.
0.
0.
0.
0.
8.
0.
0.
0.
0.
0.

- 8.09240010E-02
-6.00860329E+00
-5.09176516E-01
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.

0.
7.921343F3E-02

-1.57736440E-01
2.52527251E-02
0.
0.
0.
0.
0.
as
0.
0.
0.
co
0.
0.
0.
0.
0.

-S.57631357E•02
- 1.48480850E -01
- 1.0771502SE-01
0.
0,
0.
0.
co
0.
0.
0.
0.
0.
0.
0.

5.78355412E-03

LAMOA

2.34957342E+0i
2.35153451E+01
2.35153491E+01
0.
0.
0.
0.

-7.9786531-,E+00
-1.632311694+01
1414800S54E+0?

1.62547541E-03

MODE

i
i
1
0
0
0
0
i
i
i

RETRACT FORCE s 8.

BINDING FRICTION FORCE =	 1.95888442E+01

FORCE AT PT 0 : 7.97865314E+00 1.63230605E+01
MOMENT AT PT 0 s D. 1.
FORCE AT PT P : -3.2093931,E+00 -1.62009962E +01

MOMENT AT P1 P s -9.19489462E-ii 2.80303706E+03

-1.14000554E+02
0.

- 1.14251718E +02
-3.97473172E+02

ELAPSED CP TIME s	3.28106000E+02
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MCR-70-2 (Vol I1)
	

E-L"3

SIMULATION TIME •	 4.0000E#Q0

^tIt ^OOTtII
U - TARGET

-3.63513070E+00 -1.598SO124E-02
-1.19115700E-01 1.48101404E-01
-4.23676731E-02 1.93284810E-02
3.00057000E-02 -40016793?0E-02

-8.92711041E-02 -3.8935259?E-03
-3.45333401E-02 4.712123SeE-02

X - TARGET
-9.95941947E+00 -3.63499696E+00
- 3.75145S36E -01 - 1 .114900162E -01
4.19$67796E-01 -6.72743896E-02

GAMMA TAAGFT
9.99974181E-01 -1.18302356E-05

-2.07605079E-03 -6,05604303E-04
6.79079997E-03 1.55691113E-03
2.06342020E-03 5.99042596E-04
9.99996129E-81 -2.24981474E-66
1.86643464E-03 59431368P3E-64

U - CHASE
2.69960005E+00 -5.0711474E-02
4.23458183E-01 -5.45114168E-61

-1.30343445E+00 5.02415241E-02
-1.53S28338E-02 -2.71163543E-02
-1.26681752E-01 -1.86776523E-01
-4.04383186E-01 -1.09263142E-61

X - CHASE
5.62415196E+02 -2.83816931E+00
9.82762236E+00 3.76362724E-01
4.88656633E+01 1.08820687E+00

GAMMA CHASE
-9.94164229E-01 3.47870608E-04
-1.54914371E-02 -7,04856351E-03
-1.06759076E-01 -2.21665587E-03
-1.560ST664E-02 -7.15697436E-03
9.99812676E-Oi -1.14299010E-04
2.09873006E-03 5.54149785E-04

RHOS
9.29262926E+00 7.803456b3E-01

-1,15015668E-02 1.i2586096E+00
-1.16949325E-01 1.15759076E+00
4.41234SSSE+01 -1.45667304E*06
4.61197275E+61 -1.45666210E+00
4.01191275E*01 -1.4566621"E+00

"DOE YEL - TARGET
6.30142317E+00 -3.06627026E+01
-2.54146413E+00 -607504147gE*60
-5.53676645E-01 6.69022484E+00
1.8S21951SE-01 -1.34456243E+61

-2.46999759E-01 -3.50563153E*00
6.90697636E-01 -3.79254521E*00
1,44267166E+66 -1,161871%8E*81
1,63113TZ7E+60 2.09245514E+01
3.46404366E - 01 -1.464?1920E +01
3.1490.9936E+00 -2,9,4373693E+00
2.01430591E-01 1.20114253E+01
1.9.3,186756E-31 1.60560661E+00
2,43161261E-01 1.62561961E460
8,10344627E-Pt -9.85685043E-01

MODE OISP - TARGET
1.49566746E+00 6.36192317E+00
1.97634414E-0i -2.54148413E+00

-2.49922636E-01 -5.53616645E-81
3.71343166E-61 1.65215515E-01
9.6?6644469-02 -2.46999759E-01
6.34740962E-02 6,90697636E-01
1.60S09794E-01 1.44267108E+60

-2.60411336[-01 1,63113727E*60
6.32i9lii7E-02 3.4640436PE-01
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E-24 MCR-70-2 (Vol	 II)

1.91430918E-03 3.14999536E+00
-S.93205931E-03 2.81430891E-01
1.72618161E -03 1.53180756E-01

-1.89518660E-03 2.4318426bE-01
8.75546279E-04 6.10344621E-01

MODE VEL - CHASE
0. 0.

MODE OISP - CHASE
0. 0.

CON SYS PARAMETERS
8.23333333E+02 01
1.04272T5TE-01 -3*IS406827E-02

-4.04773933E-01 -1.08489396E-01
-1.20964483E-01 -8.8r4g8S93E-02
0. 0.
0. 0.
0. 0,
0, 0.
0. 0.
0. 0.
0. 8.
0. to
0. 0.
0. 01

a. o.
o. t.
o9 o.
o. o.

o. o.
•1.2o94e1e5E-o1 -3.M19646E•92
-6.12852397E*1e -1.27735042E-e:
-8.92731941E -01 -4.t6437t8SE•ei
0. e.
0. o.
as o.
0. 0.
0 * o1
to e.
00 t.
o. e.
o. t.
00 to
o * t.
o. o.

USD VECTOR 3.806304SOE+00 8.46132SSGE•03 •4.OS9364SSE-03

PHI LAMOA Mlof

1 3.85436506E-03 1.79662685E*01 1
2 4,99999?ZIE-03 1.79691363E+01 1
3 4.99999727E-03 1.79851363E+61 1
4 -3.18230618E-03 t. 0
5 3.98380408E-01 0. t
6 2.S8092571E*00 to 0
7 3.20S72S33E+00 e. A
8 S.48368S53E-83 4.73968908E+00 1
9 8.46132556E-93 -4.4SS34282E*11 1

10 -4.05936459E-03 -4.03117801E+00 1

RETRACT FORCE s 09

SINOINC FRICTION FORCE =	 6.84836SSM 60

FORCE AT PT 0 = -4.73968908E +00 	4.465342IF1+11	 4.e311T818E*0e
MOMENT AT PT 0 s 01	 00 0.
FORCE AT PT P = -3.S2171880F+08	 -4.46324239E+01	 4.38444726E•O0

MOMENT AT PT P = 3.S969877FE-11 	-101171967TE6e7	 -1.13598105E #13

ELAPSED CP TIME s	 4921651090E#02



-1.E3518153E+00
4.10P36619E-01

-2.1;558864E-01
4--1357425GE-01

'/5'-868i4074E-02
^' b.58597709E-02
-4.13320757E-03
2.91179860E-01
6.19632979E-02

4.92428797E+00
-1.01583405E.v80
-5.8146233 7-01
-4,82587239E-01
-5.63955707E-01
4.22686815E-01

-2.01302575E+00
4.430958E 1E---i
-4,95037024E-01

I

6

U - TARGET

X - TARGET

GAMMA TARGET

U - CHASE

MCR-10-2 (Vol II)

SIMULATION TINE •

Y4 1)

-3.61778613E+00
-1.48646556E-01
-4.05588650E-02
3.81064695E-02

-8.77866404E-02
-4.29508000E-02

-1.25901880E+01
-5.02332046E-8!
3.59314S70E-01

9.99961074E-01
-2.76451757E-03
8.37902250E-03
2.74381182E-03
9.99993156E-01
2.48162950E-03

E-26

9.0000E+00

TOOT t I1

1.22062597E-02
•4.42768697E•82
-8.63700772E-05
1.1086333SE-02
1.79324042E-03

•1929944181E-02

-3.61771304E+00
-1.38544309E-01
-7.12397133E-02

-1.49053278E-05
-7.53394641E-04

1.53024710E-03
7.44026423E-94
•3.70750892E-06
6.71339155E-04

	

2.75428341E+80
	

3.51061527E-02

	

5.43896005E-01
	

1.71208112E-01

	

-1.41126653E+00
	

-2.87300756E-02

	

-7.08268001E-02
	

7.09483171E-03

	

-7.96960270E-02
	

6.48559926E-02

	

-2.54976510E-01
	

2.24187312E-91
X - CHASE

	5.59561134E+02
	 -2.90313383E+08

	

1.02607277E+01
	

4.70051063E-01

	

4.99286076E+01
	

1.10311121E+00
GAMMA CHASE

RHOS

MODE VEL - TARGET

MODE DISP - TARGET

-0.93776021E-01
-2.12363496E-02
-1.09353722E-01
-2.16686897E-02
9.99761370E-01
2.76663758E-03

1.02862428E+01
3.58392749E-03
3.37410710E-C2
3.81659166E+01
3.81659166E+01
4.81659166E+01

4.92428797E+00
-1.01583405E+00
-5.81462339E-01
-4.82587239E-01
-5.63955707E-01
4.22686815E-01

-2.01302575E +00
4.43095861E-01

-4.95937024E-01
1.73644194E+00
5.92913919E-01
1.72191023E-01

-1.67267085E-01
1.17750559E-01

2.48417906E-04
-4.44199743E-03
-1.39492305E-03
-4.55755578E-03
-1.00033440E-84
7.42099013E-04

7.54185667E-01
1.03300166E-01

-2.86906526E-01
-1.56117499E+08
-1.56117499E+00
-1.56117499E+00

3.26271309E+01
-1.20396352E+01
9.44762534E+00

-1.726881! 6E+01
-4.03357421E+00
-3.95456432E+00
5.02221007E-01
-2.19992791E+01
-1.13423527E+01
3.86531306E+01
-4.29851166E+80
-4. " '85901E+00
-20 ,,557083E+00
1..,5622357E+0!
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E-26 MCk-10-2 (Vol	 II)

-6.7369695SE-02 1.73644194E+00
2.56537833E-03 5.92913919E-01
4.6S839625E-03 1.72191023E--01
2.92573057E-03 -1.672670PSE-01
-10451742SE-02 1.17750559E-01

MODE VEL - CHASE
0. 0.

MODE DISP - CHASE
0. 0,

CON S1'. PARAMETERS
5.23333333E+02 no
1.57186380E-01 3.62969420E-02

-4.84128762E-01 -1.42489829E-01
-1.63557133E-01 4.42073401E-02
D. D.
o. 0.
0. 0.
no 0.
0. o.
0. 0.
0. 0.
as 0.
0. 0.
0. 00

o. e,

D• D.
0. 0.
0. e.
0. 0.

-1.5947323EE-01 -4.28004576E-02
-6.27806185E+00 -8.04054027E-02
-1.22418736E+00 -2.56290703E-01
0. 8.
0. D.
no 0.
0. 0.
0. 0.
D. 0.
D. 0.
0. 0.
0. 0.
D. 0.
0. 0.
0. 0.

DSO VECTOR =	 3.80583337E+00	 6.1789527E-03 2.40133614E-03

PHI LAMDA MODE

1 4.99499026E-03 9.87387283E+00 1
2 4.99998952E-03 9.87387282E+00 1
3 4.99998952E-03 9.87387282E+00 1
4 -1.46469479E-03 0. 0
5 8.63436510E-01 0. 0
6 2.99601116E+00 00 0
7 3.73557109E+00 8. 0
8 5.01255920E-03 -3.60332659E+90 1
9 6.17789527E-03 1.23118286E+01 1

10 2.40133614E-03 i.697016273E-- 1 1

RETRACT FORCE = 09

BINDING FRICTION FORCE =	 0.

FORCE AT PT 0 z 3.60332659E+00	 -1.23114285E+Oi	 -1.69716273E+00
MOMENT AT PT 0 : 00	 no 01

FORCE AT FT P = 3.11405905E+00	 1.23969433E+01	 -2.01649594E+00
MOMENT AT PT P = -1.08952344E-02	 5.33135042E+01	 3.27742100E+02

ELAPSED CP TINE =	 5.23678000E+02
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III. DIGITAL COMPUTER PROGRAM

The digital computer program for the docking simulation of two
elastic vehicles (PROGRAM DOCKEL) was developed to provide numeri-
cal evaluation of the analytical formulation presented in Volume
I. It was used to generate the results presented in this volume.
A summary description of this program is presented in the following
sections.

A. APPLICABILITY AND LIMITATIONS

Although the program has been verified through an extensive
analysis of a typical Apollo Applications Program (AAP) configura-

tion, it is not restricted t any particular orbital configuration.
The program was designed wit complete versatility to the user as
a primary objective and ther fore many options have been included.
These options may be exercis d at the user's discretion as best

benefits his requirements.	 .lso, because of the great complexity
of the overall dynamics program, it was necessary to impose several
limitations on the program.

The first limitation is strictly a hardware-imposed restraint;
the program was developed on, and as such is limited to, the Control
Data Corporation 6400/6500 series computers. This is a relatively
minor restriction in that modification to any other current digital
computer could be made with a minimum of effort. Primarily, the
uniqueness lies in the use of the plotting subroutines for the res-
?onse time histories and the optional perspective/stereo pairs plots.

A far more severe restriction is the assumption of a known and

relatively invariant description of the probe and drogue docking
mechanism. Although consistent variationp in geometry and stiffness
or damping characteristics are permitted, no deviation from either
the overall geometrical configuration or the basic kinematical re-
lationships of the probe-drogue are permissible. However, the gen-
eral description of both the target and chase vehicles are quite

arbitrary. Input parameters describing the location of the drogue
cone on the target vehicle and the probe on the chase vehicle are
arbitrary as are the inertial characteristics of both vehicles.
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Several of the user selected input options are itemized:

1) The location of the drogue cone apex (D) with respect
to the target vehicle center of mass (T) is defined
with an input vector;

2) The location of the probe hard-point (P) with respect
to the chase vehicle center of mass (C) is defined with
an input vector;

3) The orientation of the probe pitch arms with respect
to the drogue at the initiation of the simulation are
defined with an input vector;

4) The target vehicle total mass and inertial properties
about the center of mass are defined with an input sca-
lar and input matrix, respectively;,

5) The chase vehicle total mass and inertial properties
about the center of mass are defined with an input sca-
lar and input matrix, respectively;

6) Stiffness and damping characteristics of the probe bar-
rel and the three pitch arms are defined by input ma-
trices;

7) Modal characteristics for the target and chase vehicles
are defined by an input vector of structural frequencies
and input matrix of normal modes. Additional input
data required here are three integer vectors that select
the desired frequencies and modes from the complete ar-
rays;

8) Control system parameters are defined at the user's op-
tion. As many as three control systems can be included.
Chase vehicle axial thrust can be varied through the
input data.

B. OVERLAY STRUCTURE AND LOGIC FLOW

The requirement for a large amount of core storage locations,
especially to store the Lime history data for plot output, dictated
the necessity to use an overlay structure in the formulation of the
program. The program comprises four overlays (Fig. III-1).
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Legend:	 indicates  subroutine from
FORMA library

PROGRAM DOCKEL

OVERLAY (090)
PROGRAM DOCK00

OVERLAY (290)
PROGRAM TIMHST

OVERLAY (1,0)
	

OVERLAY (3,0)
PROGRAM SETUP
	

PROGRAM PLOTER

Fig. III-1 PROGRAM DOCKEL Overlay Structure

1. OVERLAY (0,0) PROGRAM DOCK00

This overlay (Fig. III-2) is the control overlay for the entire
program. Its basic function is to allocate sufficient storage
locations for program variables through definition of several
COMMON blocks. These COMMON blocks are then available to the
other three overlays which are called, in turn, by this overlay.
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Legend: M indicates subroutine from
FORMA library

START

OVERLAY

OVERLAY (0,0)

	 (DOCKEL, 1,0)

PROGRAM DOCKOO	
OVERLAY

(DOCKEL, 2,0)

OVERLAY

(DOCKEL, 390)

Fig. III-2 PROGRAM DOCK00 Calling Structure

DOCK00 also initializes several program variables with DATA
statements, initializes systems plotting subroutines, calls a
FORMA subroutine to read a program run number and two title cards,
and increments a batch indicator that allows the operator to run
several jobs under the same run without the necessity of rereading
an entire new set of input data. The overlay (Fig. III-3) then
calls the overlay whose function is to read input data and compute
program variables (SETUP); the overlay that computes the docking
simulation time history (TIMHST), and, if so indicated by the plot
option indicator, the overlay that plots docking program variable
time histories (PLOTER). Control then returns to the beginning
of the overlay and, if data are available, begins another simula-
tion run. If no more data are available, the run is terminated.

2. OVERLAY (1,0) PROGRAM SETUP

The main function of this overlay (Fig. III-4) is to read a
majority of required program input data, compute several variables
that will be required in the time history evaluation, read and
write the t itle cards on tape for the plot overlay and set inte-	 d
gration constants for use in the time history integration subrou-
tine. The subroutine also prints input data. The logic flow for
the program is shown in Fig. III-5.
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START

Initialize Systems Plot
Routines

Read Run Number, Title

Cards

Increment Batch Indicator

CALL OVERLAY (DOCKEL, 1,0)
[PROGRAM SETUP]

CALL OVERLAY (DOCKEL, 290)
[PROGRAM TIMNST]

CALL OVERLAY (DOCKEL, 3,0)	
If p lot Option so Indicates

[PROGRAM PLOTER]

END

Fig. III-3 PROGRAM DOCKOO Logic Flow
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I	 READ	 I

Legend:	 indicates subroutine from
FORMA library
	

I READIM I

I REVISE

I	 NSIG	 I

I	 MI NYS	 I

I	 MULT	 I

I PAGEHD I

READ
	

1	 WRITE I
.

Fig. III-4. PROGRAM SETUP Calling Structure

3. OVERLAY (2,0) PROGRAM TIMHST

PROGRAM TIMHST, as the name indicates, is the overlay that com-
putes the docking simulation time histovy. The program calling
structure is indicated in Fig. III-6. The overlay begins by com-
puting and printing the state vector and all other pertinent vari-
ables for the initial time. It then proceeds through the time
history integration, using the Runge-Kutta numerical technique,

until time reaches the specified final time. The time history
variables are written on a tape so as to be available for plotting.
The output may be printed at each integration interval if desired.

	 I

This logic is indicated in Fig. III-7.
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START

Set Data

Time History Data Tape
Rewind Time History Title Tape

lForcing  Function Tape

Read Input Data
Compute Program Variables
Print Input Data and

Variables

7T77
Read Elastic Data

Establish Key State Vector
Locations

Read Initial Conditions or
State Vector from Prior Run,

I	 Read a Plot Title	 I

If Plot Option so Indicates

I	 Write Plot Title on Tape

Print Input Scalars

Set Integration Constants

Initial Values

END

Fig. III-5 PROGRAM SETUP Logic Flow
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