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INTRODUCTION

This report supplements the Final Report on Lunar Landing Dynamics Systems Investi-
gation (Reference 1) and provides detailed information on the Digital Computer Programs
involved in that study.

The information supplied herein should be sufficient to permit the use of any of the

computer programs, All the programs were written in Fortran IV and will execute on
a Univac 1107 Digital Computer.

This report includes, in addition to program flow diagrams and listings, a sample run
for checkout purposes. This sample run may be used as an aid to the checkout of the
programs on any other digital computer. The sample runs were performed using single
precision on the Univac 1107 computer. Minor differences in computer results may be
experienced when using these programs on other computers because of the differences
in precision which may exist.

These programs have been checked out to the extent discussed in the particular section
pertaining to that program and in Reference 1.
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SECTION I

LANDING DYNAMICS COMPUTER PROGRAM

This program was written to study the detailed vehicle motions from the instant of touch-
down until the vehicle comes to rest. The program will handle only planar motion

although footpad motions and positions are determined in three dimensions. The general
program flow is illustrated in Figure 1-1,

The basic mathematical approach used in this program is as follows:

1. Using the time history of the forces and torques acting on the vehicle center
of gravity at the start of an interval AT, determine the c.g. motions during
and at the end of the time interval,

2. Using the time history of the forces acting on the footpad masses at the start
of the time interval, determine individual footpad motions during and at the
end of the time interval.

3. Knowing the positions of the vehicle c.g. and all footpads at the end of a time
interval AT, determine the lengths of all the landing gear struts and, knowing

the strut lengths, determine the stroking forces developed by each individual
strut.

4, Having determined the strut forces existing at the end of the time interval,

bring the time history of the forces up to date and repeat the procedure for
the next time interval,

A parabolic type of integration was used for the determination of both basic vehicle
motion and footpad motion.

In general form, the force during the time interval t tot + At can be expressed in
the form

F(t) =f+at+bt2 (1)
let

f = general force at time t

f_; =general force at time t - At

1-1




f_og =general force at time t - 24t
then from (1)
F(o) =f
F(-at)=f_y =1f+a(-at) + b(-at)2
=f-aat+bat?2

F(-24t) =f_g =f +a(-2 4t) + b (-2 at)2
=f-2a4t + 4bat2

Solving equations (2) and (3) simultaneously for b gives:

f-2fq+12
24t2

=

and solving (2) and (3) for a gives:
3f - 4fq + -9

a-=
24t

The general form for the equation of motion is:
Mg =F (t)

or by substitution of equation (1)

q ﬁlp(t)z=—]1\7[-f+at+btzz

Integrating to obtain velocity

)

2 3
£ At + aat . b At §+

2 3

which, upon substitution for a and b from equations (4) and (5) gives

: = _At )o3f - 16f 1+ 5f_ + g
S| lei -1 2 4

Integrating equation (7) to obtain displacement
1 (£at2  aatd bat?

qQ = = —

M) 2 6 * 12

1-2

+(ioAt+Qo

(2)

3)

4)

(5)

(6)

(7)

(8)

(9)



?ano’;/

and substituting for a and b from equations (4) and (5) gives

at?

a ='—2—4—Lz' 19f - 10f_1+3f_2}+q0At+qO (10)

A comparison of this force representation with simple rectangular integration shows the
similarity

a = q, + -%I— f rectangular
. _ . + At 1
q = QQ 1—2;/1- 23f - 6f_1 + 5 f_2 parabolic
and
. 2
q = Qg + gqo At 4+ Atz £ rectangular
2M
2
L t .
q = qg + Qo Ot + a ,19f—10f_1+3f_2 s parabolic

Using this representation of the forces existent during the time interval t to t +At

gives a much better approximation to the closed form solution than could be obtained
using rectangular integration.

These equations are used for determining the motions of both the main vehicle mass and
the footpad masses.

Referring to Figure 1-1, the general flow through the computer program is as follows:

1. Input data is read in. The initial detailed vehicle geometry is determined and
the input data printed for future reference.

2 The initial strut lengths of all the struts is determined from the input data.
3. The vehicle orientation relative to the ground surface is determined.

4, A test is performed to determine which footpads are in contact with the ground
surface. If any footpads are not in contact with the ground, a further test is
performed to determine if the footpad is moving relative to the vehicle. The
strut force vs. strut length is illustrated in Figure 1-2. As is shown, the
strut may develop an elastic force prior to actual plastic crushing of the
honeycomb. Thus, the footpads may be off the ground but still possess both
kinetic and potential energy relative to the vehicle itself. If this total energy
is less than ten percent of the maximum possible potential energy due to the
elasticity of the strut, the footpad is assumed to be fixed to the vehicle and
its motions described by rigid body equations.
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Figure 1-2, Strut Force Vs, Strut Length

If any footpads are on the ground or moving relative to the vehicle, the

forces developed in the landing gear struts are determined using the force
profile illustrated in Figure 1-2, The computer program is sufficiently
general so that all parameters of stroke force (i.e. friction, spring rates,
crush stroke force, etc.) may be varied from one strut to another as required.

The strut forces acting on each footpad and gravity, ground reaction forces
and ground friction plus the time history of these forces are considered in
determining the individual footpad motions. Since the footpad masses are
usually small and the forces large, it is necessary to use a smaller time
increment in integrating footpad motions. For this reason, an iteration loop
is used at this step in the program so that time intervals of AT/N may be
used. In practice, it has been determined that three iterations of footpad
motion (N = 3) are sufficient to produce accurate results.

Using the strut forces determined in step 5, it is possible to define all forces
acting on the vehicle c.g. Since geometry is known, torques can also be
determined. Again, using these forces plus their time history, the c.g.
motions can be determined during and at the end of the time interval AT.
Parabolic integration is used for vehicle motion.

Next, all parameters are set for the start of the next time interval and tests
are performed to determine i.f the vehicle is stopped. Here, all velocities
%, y and rotational velocity psi must be within epsilon's of zero. In addition,

1-5
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all footpads must be either in contact with the ground or within a distance
epsilon of the ground.

9. If all these tests can not be met simultaneously, the vehicle is still moving
and the program is repeated for another iteration.

It has been determined that a time increment AT = 0,002 seconds is sufficiently small
to adequately describe the vehicle motions for reasonable values of all the parameters.
If very small footpad masses (less than 0.5% of total vehicle mass) are used, a smaller
time interval would be required. Since, depending on the accuracy of the particular
computer used, smaller time increments may result in excessive computer round-off
error; this is not recommended for the program described here.

Refer to Figure 7-1 for system nomenclature used in this program.

Figure 1-3 illustrates the input data format required for this program. The input
variables are defined under "Input Definitions' in Figure 1-18.

When this program is used to define a complete stability profile as discussed in Reference
1, the following programming procedure should be followed.

In order to run a complete stability profile, an array of X and Y velocities is used. Both
XVEL® and YVEL @ are doubly subscripted variables where the subscripts NQ and NS
represent the column and row of the velocity array, This velocity array must be
rectangular (the same number of values in each row and the same number in each column).
The starting point in the array is defined by setting the input parameters NS ¢ and NQ¢.
This permits starting anywhere in the velocity array and not just at (1, 1).

The computer program is designed to develop a stability profile in as few runs as possible.
The following table illustrates a typical sequence of runs which the program will follow
automatically in defining the stability profile. As is indicated, the choice of the velocities
for succeeding runs is dependent upon the stability (or instability) of the preceding runs.

Assume NS =1, NQ =17 is stable, program sets NQ = 8
if NS =1, NQ = 8 is unstable, program sets NS = 2
if NS = 2, NQ = 8 is stable, program sets NQ =9
if NS = 2, NQ = 9 is unstable, program sets NS = 3
if NS = 3, NQ = 9 is unstable, program sets NQ = 8
if NS =3, NQ = 8is stable, program sets NS = 4
if NS = 4, NQ = 8 is stable, program sets NQ =9
etc.

Figures 1-4 through 1-17 are flow diagrams for the Landing Dynamics Computer Program
and its subroutines.

1-6
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Figures 1-18 through 1-31 are complete program listings of the program and its sub-

routines.

Figures 1-32 illustrates the "on-line' printout of a typical program run. The initial
printout is a summary of the input data for identification purposes. The following pages
contain printout of pertinent information during the run. Following completion of the run,
two additional outputs are printed. These include Figure 1-33 which is a summary of
pertinent information concerning vehicle stability. This includes:

Line 1 -
2 -
3 -
4- 6

10 - 12

13 -
14 -

15 -

Identification and summary of input conditions

Conversion of X and Y velocities to vertical and horizontal velocities

Problem running time

Maximum stroke of all struts.

Note - When symmetry is used, results for struts 2 and 4 are
identical to those for struts 1 and 3 respectively but the
printout indicates zeros.

Self explanatory

Energy balance. K little or no sliding occurs, the "'energy based on

vehicle velocities and C.G. drop' should be approximately equal to

the "energy dissipated' (lines 11 and 12).

Angle between vehicle centerline and a normal to the ground surface

Final stability angle and its rate of change

Percentage of vehicle energy absorbed by each legset.

Figure 1-34 illustrates the printout of information stored during the program run and
printed upon completion of the run.

1-7
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MAIN LUNAR LANDING DYNAMICS PROGRAM

11-4-64
Page 1

This program determines detailed planar motions from touchdown to rest or instability.

1-10

CALL SUBROUTINE INPUT1

Read input data

A

CALL SUBROUTINE INCON
Convert input data to

proper form

CALL SUBROUTINE INITSE
Initialize program for
series of runs

20

NST =10
NUN =0

v 40

Incr. run no.

CALL SUBROUTINE INITRU
Initialize program for
each run

CALL SUBROUTINE PRINT1 (1)

Print initial data

Figure 1-4. Main Lunar Landing Dynamics Program




MAIN LUNAR LANDING DYNAMICS PROGRAM 11-4-64
@ Page 2

CALL SUBROUTINE STRANG
Determine strut angles
|

Test >0 -
IFLAG

<0 ‘ 250

CALL SUBROUTINE STOREP
Store information for
final print

)

CALL SUBROUTINE PRINT1 (2)
Print on line output
with headings Y

l 280

CALL SUBROUTINE FOTPAD
Determine strut forces -
Footpad forces, motion
and position

l

CALL SUBROUTINE VEHFOR
Determine forces acting
on vehicle

l

CALL SUBROUTINE VEHMOT
Determine vehicle motion

Figure 1-4. Main Lunar Landing Dynamics Program (Continued)
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MAIN LUNAR LANDING DYNAMICS PROGRAM 11-4-904

Page 3

Incr. Time
CONS = CONS +1
PRBE = BETA (II)

'

Test nozzle ground clearance
Store minimum value

!

Test Stability angle
Store minimum value

Test

NO .
Has vehicle

\

<0
Stable

CALL SUBROUTINE STABAN
Compute stability angle

Unstable

<0 Test 20

675 (TIME -FINT) Time T\ %0

Figure 1-4. Main Lunar Landing Dynamics Program (Continued)
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MAIN LUNAR LANDING DYNAMICS PROGRAM 11-4-64
@ Page 4
| KM= KM +1 |

<0

CONS =0
Compute BETADT

<0

(KM-MULT*KPRINT)

CALL SUBROUTINE STOREP
Store information for
final print

y 700

CALL SUBROUTINE PRINT1(3) —
Print on lineoutput .

l 710

CALL SUBROUTINE STGEOM
Determine strut geometry

Figure 1-4. Main Lunar Landing Dynamics Program (Continued)
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1-14

MAIN LUNAR LANDING DYNAMICS PROGRAM

Compute PHI

l

CALL SUBROUTINE ENERGY
Compute vehicle energy

dissipated

DO 775 I=1,2
CALL SUBROUTINE PRINT1(4)
Print summary (Unstable)

'

CALL SUBROUTINE PRINTI1(7)
Print general summary

775
!

CALL SUBROUTINE PRINT1(8)
Print stored output

!

IPRO=1

{ 830

CALL SUBROUTINE PROFIL (IPRO)
Choose new velocities
from array for profile

¢

GO TO (1,20,40), IPRO

Figure 1-4. Main Lunar Landing Dynamics Program (Continued)

11-4-64
Page 5




MAIN LUNAR LANDING DYNAMICS PROGRAM

800

Compute PHI

CALL SUBROUTINE ENERGY
Compute vehicle energy
dissipated

DO 805 I=12
CALL SUBROUTINE PRINT1(5)
Print summary (Time)

i

CALL SUBROUTINE PRINT1(7)
Print general summary

805

Figure 1-4. Main Lunar Landing Dynamics Program (Continued)
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11-4-64
Page 6
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1-16

MAIN LUNAR LANDING DYNAMICS PROGRAM

Compute PHI

|

CALL SUBROUTINE ENERGY
Compute vehicle energy

dissipated

DO 815 I=1,2
CALL SUBROUTINE PRINT1(6)
Print summary (Stable)

!

CALL SUBROUTINE PRINT1(7)
Print general summary

815
‘ 825

CALL SUBROUTINE PRINT1(8)
Print stored output

Figure 1-4. Main

l

IPRO = 2

Lunar Landing Dynamics Program (Concluded)

11-4-64
Page 7
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INPUTI-READ INITIAL DATA 11-4-04
Page 1

This subroutine reads input data from cards.

€

Read input data from cards |
for single run or series of |
runs required to develop
stability profile

Figure 1-5, Subroutine-INPUT1
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INCON-CONVERT INPUT DATA 11-4-64
Page 2

This subroutine converts the input data to a form that is used in the program.

o

Compute SL10, D10, B10, B20
B30, C10, C20, and C30 from
basic vehicle geometry

input to program

Figure 1-5A. Subroutine-INCON
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INITSE-INITIALIZE FOR SERIES OF RUNS

11-4-64
Page 1

This subroutine initializes the program for a series of runs used in determining a

stability profile.

DEL (I) = 0.0
Compute EPSEN(I)

!

Determine printout frequency
of stored output

Set starting point in
velocity array

Initialize program
variables

Figure 1-6, Subroutine-INITSE
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INITRU-INITIALIZE FOR EACH RUN

This subroutine initializes program for each run.

Convert input velocities from
gravity coord., system to
surface coord. system

%

Determine initial touchdown

conditions

STOP

YES (

Is run being duplicated? >

1-20

Yy NO

Initialize program variables

Y

Zero out forces for parabolic
integration of footpad motion

1

Determine initial strut angles
and trigonometric relationships

!

Determine footpad positions
and velocities

Figure 1-7, Subroutine-INITRU

m
§\V
.
T
»

11-4-64
Page 1




INITRU-INITIALIZE FOR EACH RUN

Initialize stability angle

functions

Initialize program for strut
length calculations

}

Determine trigonometric relationships

for strut length calculations

&

Determine initial strut lengths

'

Compute stability angles
at touchdown

Figure 1-7. Subroutine-INITRU(Concluded)

11-4-64
Page 2
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STRANG-DETERMINE STRUT ANGLES

This subroutine determines new strut angles if footpad is on the ground.

NO DO 240 I =1, N, K
Is this footpad on ground?

‘ YES

Determine new strut angles
for leg

Y

w1 240 Continue

Figure 1-8. Subroutine-STRANG
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STGEOM-DETERMINE STRUT GEOMETRY

This subroutine determines new strut geometry if footpad is on ground.

NO DO 730 I=1 N, K
Is this footpad on ground?

YES

Determine new strut geometry
for leg

— 730 Continue

Figure 1-9. Subroutine-STGEOM

11-4-64
Page 1
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FOTPAD-DETERMINE FOOTPAD POSITION AND MOTION 11-4-64
Page 1

This subroutine determines strut forces and forces acting on footpads. It also obtains
footpad position and motion using parabolic integration.

YES
@ - < Is footpad on the ground?)
[ o

Compute footpad velocity
relative to C.G. and determine
relative energy of footpad

NO Is footpad moving with the
vehicle?

YES

\
Set pad forces equal to zero

Y
Find footpad positions and velocities
by rigid body motion with the
vehicle

Figure 1-10. Subroutine-FOTPAD
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FOTPAD-DETERMINE FOOTPAD POSITION AND MOTION

()

Footpad is moving independently
of the vehicle - calculate strut
forces and footpad energy

Calculate components of
strut force

Determine forces acting on
footpad and footpad motions

Index previous forces for next
integration of footpad motion

Figure 1-10. Subroutine-FOTPAD (Concluded)

11-4-64
Page 2
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VEHFOR-DETERMINE FORCES ACTING ON VEHCILE 11-4-64
Page 1

This subroutine determines the forces at c.g. of vehicle to be used in determination
of vehicle motion.

Adjust mass moment of
inertia to account for
pads moving with vehicle

Determine forces acting
on vehicle

Figure 1-11. Subroutine-VEHFOR
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VEHMOT-DETERMINE VEHICLE C.G. MOTION 11-4-64
Page 1

This subroutine determines vehicle c.g. motion using parabolic integration.

Determine vehicle c.g. motion
and position

\
Reset program constants

Index previous forces for
next integration of vehicle
motion

RETURN
N

Figure 1-12. Subroutine-VEHMOT
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STABAN-COMPUTE STABILITY ANGLE 11-4-¢64
Page 1

This subroutine computes the stability angle and orients it in proper quadrant.

Compute stability angle

\

Orient in proper quandrant

Figure 1-13. Subroutine-STABAN
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STOREP-STORE INFORMATION FOR FINAL PRINT

This subroutine stores variables for print to be made at the end of the run.

Increment index M used
for storing values

1

Store variables for final
print

Figure 1-14. Subroutine-STOREP

11-4-64
Page 1
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PRINT1-PRINT ALL OUTPUT

11-4-64
Page 1

This subroutine prints all output. Point of entry depends on value of IPR in call state-
ment - CALL PRINT1 (IPR)

1-30

Go to (10, 20, 30, 40, 50, 60, 70, 80), IPR

Print input data

T

Print on line data with
headings

i

Figure 1-15. Subroutine- PRINT1




Figure 1-15. Subroutine-PRINT1 (Continued)

PRINT1-PRINT ALL OUTPUT

Print on line data

‘.

Print Summary (Unstable)

Print Summary (Time exceeded)

Print Summary (Stable)

11-4-64
Page 2

1-31



PRINT1-PRINT ALL OUTPUT 11-4-64
Page 3

Print general summary

?

Print Stored Output

?

Figure 1-15. Subroutine-PRINT1 (Concluded)
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ENERGY-COMPUTE VEHICLE ENERGY DISSIPATED

This subroutine computes energ

based on plastic stroke and based on plastic and full elastic stroke.

Compute energy dissipated
based on vehicle velocities
and c.g. drop

Compute energy dissipated
based on plastic stroke

Compute energy dissipated
based on plastic and full
elastic stroke

Figure 1-16. Subroutine-ENERGY

5,

w BT ETAE B o SECEENS (O ol o o W o =¥ {”
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DIVISION

11-4-64
Page 1

y dissipated based on vehicle velocities and c.g. drop,

1-33



PROFIL-DETERMINE INDEX VALUES FOR VELOCITIES 11-4-04
Page 1

This subroutine determines new index values to choose new velocities from inputed array

for the next run.

Go to (785, 824), IPRO

- ©

790
NUN=1

NQ = NQ-1

[ NQ = NQ-1 |

NS = NS+1

NS = NS+1 [——4———

Figure 1-17. Subroutine-PROFIL
1-34
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endix”

PROFIL-DETERMINE INDEX VALUES FOR VELOCITIES 11-4-64

IPRO=1

(=

IPRO = 2 IPRO = 3
RETURN RETURN

Figure 1-17. Subroutine-PROFIL (Concluded)
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A
ernoliy”
TITLE MAIN PROGRAM LUNAR LANDING DYNAMICS COMPUTER PROGRAM
AUTHORS ReBLACK 3 JoeCADORET s JoGIBSON THE BENDIX CORPORATION
DATE 10-25-64

PURPOSE THIS PROGRAM COMPUTES THE DETAILED VEHICLE MOTIONS
FOR A PLANAR LANDING

NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN 1V

NOTE THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
INPUT THROUGH LABELED COMMON
OUTPUT THROUGH LABELED COMMON

NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
AS BlO(I)e THE INSTANTANEOUS VALUE OF THE PARAMETER
1S DEFINED WITHOUT THE O© AS Bl(I)a

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C SYMBOL DEFINITION
C
C
C
C
C
C
c
C
C
C
C

A SYMMETRY FACTOR -- IF TWO VEHICLE LEGS ARE SYMMETRIC»
SET A=2.0 FOR ONE OF THE SYMMETRIC PAIRS AND A=0.0 FOR
THE OTHER TO SAVE ON COMPUTER TIME IE FOR 22 LANDING
A=2+09290 FOR A 121 LANDING A= 1329190
ALPHA ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)
SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE CeGe
BEPR VALUE OF BETA AT THE END OF THE PREVIOUS TIME INCREMENT.
USED TO ASSIGN BETA TO THE PROPER QUADRANT
BETA VEHICLE STABILITY ANGLE
C BETADT RATE OF CHANGE OF BETA WITH TIME
C BETAPR SIMILAR TO BEPRe USED IN THE DETERMINATION OF VEHICLE
C STARILITY
C BIIMIN MINIMUM STABILITY ANGLE FOR LEG SET 11
C BJJUMIN MINIMUM STABILITY ANGLE FOR LEG SET JJ
C Bl0O ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NOe. 1 AND VEHICLE CENTERLINE
C B20 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
d BETWEEN STRUT NQOe 2 AND VEHICLE CENTERLINE
C B2PREV VALUE OF B2 AT THE END OF THE PREVIOUS TIME INCREMENT
C B30 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NOe 3 AND VEHICLE CENTERLINE
C B3PREV VALUE OF B3 AT THE END OF THE PREVIOUS TIME INCREMENT
C CONS COUNTER FOR DETERMINING ON LINE PRINT FREQUENCY
C COSsA COS(PSI)
C coss COS(B1-PSIY
C COoscC COS(THETA)
C cosD cos(sl)
C COSE COS(THETA-ALPHA/240)
C CO0sG COS(THETA+ALPHA/240)
C C10+C20+C30 ANGLE » IN PLANE FORMED BY STRUT AND A NORMAL TO
C THE DIRECTION OF MOTIONs BETWEEN STRUT AND A PLANE NORMAL
C TO THE VEHICLE CENTERLINE - FOR STRUTS 13%2s3 RESPECTIVELY
C C1PREV VALUE OF Cl1 AT THE END OF THE PREVIOUS TIME INCREMENT
C C2PREV VALUE OF C2 AT THE END OF THE PREVIOUS TIME INCREMENT
C C3PREV VALUE OF C3 AT THE END OF THE PREVIOUS TIME INCREMENT
C D VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS
C DEL PROGRAM CONSTANT EQUAL TO ZERO

Figure 1-18. Main Program
1-36

BENDIX PRODUCTS AEROSPACE DIVISI




alalaNaNoNaNaNaNaNaNaNaNaNaNaNaNaNaNaNa¥aNaNaNaNaNaNaVaNaNaXaYaRaXaXaXaRaXaXataNaalatataXaXaRaxataXaXaRaaketeaNaXaNate)

DELTAP

DELTAT
DELTTT

D10
D11
E1(I)
E2(1)
E3(I)
EGBAL1

EGBAL2
EGBAL3

ENPRO(I)

EPSEN

EPS2
EPS3
EPS4
EPSS

NOTE

FALI)

FB(I)

FC(I)

FINT
FLL
FVV
FXP(1)
FX
FXPLG1
FXPLG2

FX1
FX3
FXPL31
FXPL33

Bl

3

o G

(DX PRODUCTS

g

DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE
LEG STRUTS

TIME INTERVAL BETWEEN PROGRAM CALCULATIONS

TIME INCREMENT USED IN THE INTEGRATION OF FOOTPAD
MOTION. DELTTT= DFLTAT/KCONMX

INITIAL LENGTH (PROJECTED IN PLANE NORMAL TO DIRECTION
OF VEHICLE MOTION) OF THE COMPONENT (IN PLANE PERPENDICULAR
TO THE VEHICLE CENTERLINE) OF STRUT NO 1 LENGTH

VERTICAL DISTANCE FROM VEHICLE CeGe TO UPPER HARDPOINT
POTENTIAL ENERGY STORED IN STRUT NOel OF LEG I DUE TO
COMPRESSION OR EXTENSION OF THE LEG

POTENTIAL ENERGY STORED IN STRUT NO.2 OF LEG I DUE TO
COMPRESSION OR EXTENSION OF THE LEG

POTENTIAL ENERGY STORED IN STRUT NO. 3 OF LEG I DUE TO
CCMPRESSION OR EXTENSION OF THE LEG

ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND CeGe
DROP

ENERGY DISSIPATED BASED ON PLASTIC STROKE OF ALL STRUTS
ENERGY DISSIPATED BASED ON PLASTIC AND FULL ELASTIC
STROKE OF ALL STRUTS

PERCENT OF TOTAL ENERGY ABSORBED BY STROKING OF THE
STRUTS OF LEG SET 1

PROGRAM CONSTANT EQUAL TO 10 PERCENT OF THE POSSIBLE
POTENTIAL ENERGY WHICH COULD BE STORED IN A FOOTPAD

AS THE RESULT OF ELASTIC STROKING OF THE UPPER STRUT
MINIMUM ALLOWABLE FOOTPAD SLIDING VELOCITY

LIMITING MINIMUM VELOCITY OF VEHICLE CeGe IN X DIRECTION
LIMITING MINIMUM VELOCITY OF VEHICLE CeGe IN Y DIRECTION
LIMITING MINIMUM ANGULAR VELOCITY OF VEHICLE Ce G

IF XVELsYVEL AND PSIVEL ARE SIMULTANEOUSLY LESS THAN
EPS3,EPS4 AND EPS5 RESPECTIVELY AND THE FOOTPADS ARE ALL
LESS THAN 1 FT. FROM THE GROUNDs THE PROGRAM TERMINATES

FORCE IN THE Z DIRECTION ACTING ON THE VEHICLE CeGe AS
THE RESULTANT OF THE STRUT FORCES IN THE THREE STRUTS

OF THE I TH LEG SET

FORCE» PARALLEL TO THE VEHICLE CENTERLINE ACTING ON THE
VEHICLE CeGe AS THE RESULTANT OF THE STRUT FORCES IN

THE THREE STRUTS OF THE 1 TH LEG SET

FORCE» NORMAL TO VEHICLE CENTERLINE IN THE X-Y PLANE
ACTING ON THE VEHICLE CeGe AS THE RESULTANT OF THE STRUT
FORCES IN THE THREE STRUTS OF THE I TH LEG SET

MAXIMUM ALLOWABLE TIME FOR COMPUTER RUN

TOTAL FORCE ACTING ON THE VEHICLE IN THE LATERAL DIRECTION
(NORMAL TO THE VEHICLE CENTERLINE)

TOTAL FORCE ACTING ON THE VEHICLE IN THE VERTICAL
DIRECTION ( PARALLEL TO THE VEHICLE CENTERLINE)

FORCE ON THE FOOTPAD I IN THE X DIRECTION IN THE FIXED
COORDINATE SYSTEM

SAME AS FXP

AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO.1
DURING THE TIME INTERVAL DT. THIS FORCE Is DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO.2
DURING THE TIME INTERVAL DT. THIS FORCE 1S DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FX VALUE FOR LEG I1 STORED FOR FINAL PRINT
F X VALUE FOR LEG JJ STORED FOR FINAL PRINT
FXPLG3 VALUE FOR LEG I1I STORED FOR FINAL PRINT

FXPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

Figure 1-18. Main Program (Continued)
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FXX(3) FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGo
DURING THE CURRENT TIME INTERVAL. THIS FORCE 1S USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FXX{2) FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGe
DURING THE N-1 TIME INTERVALe THIS FORCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FXX(1) FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGe
DURING THE N-2 TIME INTERVALe. THIS FORCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FYPLG]1 AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO 1
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FYPLG2 AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO 2
DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FYPLG3 AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO.3
DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FYPL33 FYPLG3 VALUE FOR LEG J4J STORED FOR FINAL PRINT

FYpPL31 FYPLG3 VALUE FOR LEG II STORED FOR FINAL PRINT

FYY(3) FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
DURING THE CURRENT TIME INTERVAL. THIS FORCE IS USED
IN THE PARABOLIC INTEGRATICON PROCEDURE

FYY(2) FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGes
DURING THE N-1 TIME INTERVALe THIS FORCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FYY(1) FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
DURING THE N-2 TIME INTERVAL. THIS FORCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

F1(I) PLASTIC STROKE FORCE IN STRUT NO.l OF LEG I

Fa2(I) PLASTIC STROKE FORCE IN STRUT NOes2 OF LEG 1

F3(1) PLASTIC STROKE FORCE IN STRUT NOe3 OF LEG I

Fl1 PLASTIC STROKE FORCE FOR UPPER STRUT (NO. 1)

F22 PLASTIC STROKE FORCE FOR LOWER STRUT NO, 2

F33 PLASTIC STROKE FORCE FOR LOWER STRUT NO. 3

FZPLG1 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO.1

DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPLG2 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO.2
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FXPLG3 AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NOe3
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPLG3 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO.3
DURING THE TIME INTERVAL DT, THIS FORCE 1S DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPL31 FZPLG3 VALUE FOR LEG 11 STORED FOR FINAL PRINT

FZPL33 FZPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

GRAV LOCAL GRAVITY

GRDMU COEFFICIENT OF FRICTION BETWEEN VEHICLE FOOTPADS AND GROUND
G1STR1 SL1T VALUE FOR LEG II STORED FOR FINAL PRINT

GlSTR2 sLtarv VALUE FOR LEG II STORED FOR FINAL PRINT

G1STR3 SL3T VALUE FOR LEG !I STORED FOR FINAL PRINT

G3STR1 SL1T VALUE FOR LEG JJ STORED FOR FINAL PRINT
G3STR2 sLa2T VALUE FOR LEG JJ STORED FOR FINAL PRINT
G3STR3 SL3T VALUE FOR LEG JJ STORED FOR FINAL PRINT
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G1FRC1 F1 VALUE FOR LEG 11 STORED FOR FINAL PRINT
G1FRC2 F2 VALUE FOR LEG 11 STORED FOR FINAL PRINT
G1FRC3 F3 VALUE FOR LEG I1 STORED FOR FINAL PRINT
G3FRC1 F1 VALUE FOR LEG JJ STORED FOR FINAL PRINT

Figure 1-18. Main Program (Continued)
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G3FRC2
G3FRC3
H

HN
HVELO

IFLAG
11

IP
IQ
IR
J

JJ
K

C KCONMX
KM

KPRINT
LAND
LINE
LOTPRT

MULT

N
NOGR (1)

NQO
NQMAX
NSO
NSMAX

NOTE

NST
NUN
PHI
PMASS

[aYoRo¥ o
rRocC

PRXVEL
PRYVEL

PSI
PS10
PSIVEL
PSVELO
P1

P2
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F2 VALUE FOR LEG JJ STORED FOR FINAL PRINT

F3 VALUE FOR LEG JJ STORED FOR FINAL PRINT
DISTANCE FROM THE BOTTOM OF THE FOOTPAD TO THE VEHICLE
CENTER OF GRAVITY

VERTICAL DISTANCE BETWEEN VEHICLE CeGe AND THE LOWEST
POINT ON THE NOZZLE CONE

HORIZONTAL VELOCITY PERPENDICULAR TO THE GRAVITATIONAL
FIELD.

FLAG FOR INITIALIZING THE PROGRAM

PARAMETER SPECIFYING WHICH LEG SET DATA WILL BE

PRINTED AS OUTPUT

PRINT INDICATOR

PRINT INDICATOR

PRINT INDICATOR

INDEX ASSOCIATED WITH FIRST LEG TO STRIKE GROUND DURING
INITIAL IMPACT

SIMILAR TO 11

FLAG FOR LANDING MODE IF 1-2-1 LANDING » K=1 IF
2~2 LANDINGs K=2

NUMBER OF ITERATIONS OF FOOTPAD CALCULATIONS PER (DELTAT)
TIME INTERVAL

COUNTER FOR DETERMINING THE FREQUENCY OF THE STORED
PRINTING

COMPUTATION INCREMENTS BETWEEN PRINTOUT INTERVALS
SIGNIFIES LANDING MODE - SET FOR 22 OR 121 LANDING
PRINTOUT LINE COUNTER

FLAG TO DETERMINE IF COMPLETE SUMMARY PRINTING IS TO

BE DESIREDe COMPLETE OUTPUT PRINTING IS NOT NORMALLY
USED THEREFORE SET LOTPRT=0 IF SET LOTPRT=1s THE
COMPLETE HISTORY OF STRUT STROKES, AND STRUT FORCES wILL
BE PRINTED.

INDEX USED TO STORE VARIABLES FOR PRINT AT END OF RUN
INDICATOR FLAG USED TO PRINT STORED OUTPUT DATA AT LESS
FREQUENT INTERVALS IF FINT IS SUCH THAT THE DIMENSIONED
STORAGE CAPACITY FOR THE STORED VARIABLES WILL BE EXCEEDEDe
NUMBER OF LEGS ON THE VEHICLE

INDICATES IF FOOTPAD (I) IS MOVING WITH THE VEHICLE. IF
NOGR(1)=-1y FOOTPAD IS MOVING WITH THE VEHICLEe IF
NOGR(I) =+1s FOOTPAD IS MOVING INDEPENDENTLY

STARTING COLUMN IN VELOCITY INPUT ARRAY

ENDING COLUMN IN VELOCITY ARRAY

STARTING ROW IN VELOCITY INPUT ARRAY

ENDING ROW IN VELOCITY ARRAY

SEE WRITEUP FOR DISCUSSION OF VELOCITY ARRAY

FLAG FOR DETERMINING STABILITY PROFILE INPUT SEQUENCE
FLAG FOR DETERMINING STABILITY PROFILE INPUT SEQUENCE
ANGLE BETWEEN VEHICLE CENTERLINE AND GRAVITY VECTOR
MASS OF EACH FOOTPAD

SIMILAR TO BEPRe USED IN THE DETERMINATION OF BETADT
IN MULTIPLE RUNSs THIS IS THE INITIAL X VELOCITY OF THE
PREVIOUS RUNe IT IS USED TO PREVENT DUPLICATE RUNS.

IN MULTIPLE RUNS, THIS IS THE INITIAL Y VELOCITY OF THE
PREVIOUS RUNe IT IS USED TO PREVENT DUPLICATE RUNS.
INSTANTANEOUS VALUE OF PSIO

INITIAL PITCH ANGLE

INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE CeGe
INITIAL VEHICLE PITCH RATE

FRICTION FORCE IN STRUT NOs 1

FRICTION FORCE IN STRUT NO. 2

Figure 1-18, Main Program (Continued)
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P3
RMOMGR

RMOMI
RMOMIT

RMOO (3}

RMOO(2)

RMOO (1)

RN
RP(I)
RUNNOO
R1

R2
SERNO
SINA
SINB
SINC
SIND
SING
SINI
SINJ
SINK
SINL
SKE1
SKE2
SKE3
SKS
SK1
SK2
SK3
SL1l

SL1IM

SL10O
SL1PRE

SL1T
SL170
SL2
SL2M
SL2PRE
sL27
SL2T70
SL3
SL3M

SL3PRE
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.
Sondin’

FRICTION FORCE IN STRUT NOe. 3

MOMENT OF INERTIA OF THE INDIVIDUAL VEHICLE FOOTPADSe.
THIS TERM INCLUDES ONLY THOSE FOOTPADS WHICH ARE OFF THE
GROUND AT THE INSTANT UNDER INVESTIGATION

VEHICLE MOMENT OF INERTIA

TOTAL MOMENT CF INERTIA OF THE VEHICLE MASS AND THOSE
FOOTPADS WHICH ARE OFF THE GROUND

TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE CURRENT TIME INTZRVAL. THIS TORQUE IS USED
IN THE PARABOLIC INTEGRATION PRCCEDURE

TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE N~1 TIME INTERVAL. THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE N-2 TIME INTERVAL. THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCZEDURE

EXHAUST NOZZLE RADIUS

RADIUS OF FOOTPAD (1)

RUN NUMBER ( FOR IDENTIFICATION ONLY)

RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

SERIES NUMBER ( FOR IDENTIFICATION ONLY)

SIN(PSI)

SIN(B1-PSI)

SINITHETA)

SIN(B1)

SINICD)

SIN(C3)

SIN(THETA-ALPHA/240)

SIN(THETA+ALPHA/240)

SINIC2)

TENSIL ELASTIC SPRINGRATE OF STRUT NOe. 1 (UPPER)
TENSIL ELASTIC SPRINGRATE OF STRUT NOe. 2 (LOWER)
TENSIL ELASTIC SPRINGRATE OF STRUT NOe 3 (LOWER)
SPRINGRATE UNDER VEHICLE FOOTPADS

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NOe 1(UPPER)
COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NOe 2(LOWER)
COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO.3 (LOWER)
PROJECTED LENGTH OF STRUT NO.l1 IN PLANE PARALLEL TO
DIRECTION OF MGTION

MINIMUM LENGTH TO WHICH STRUT NC.1 HAS BEEN COMPRESSED
DURING THIS RUN

INITIAL VALUE OF SL1

LENGTH OF STRUT NO.1 AT THE END OF THE PREVIOQUS TIME
INCREMENT

TRUE INSTANTANEOUS LENGTH OF STRUT NOQO.1

TRUE INITIAL LENGTH OF STRUT NO.1

INSTANTANEOUS LENGTH OF STRUT NO.2 sPROJECTED IN A PLANE
PARALLEL TO THE DIRECTION OF MOTION

MINIMUM LENGTH TO WHICH STRUT NO.2 HAS BEEN COMPRESSED
DURING THIS RUN

LENGTH OF STRUT NO.2 AT THE END OF THE PREVIOUS TIME
INCREMENT

TRUE INSTANTANEOUS LENGTH OF STRUT NO.2

TRUE INITIAL LENGTH OF STRUT NO.2

INSTANTANEOUS LENGTH OF STRUT NOe3 »PROJECTED IN A PLANE
PARALLEL TO THE DIRECTION OF MOTION

MINIMUM LENGTH TO WHICH STRUT NO.3 HAS BEEN COMPRESSED
DURING THIS RUN

LENGTH OF STRUT NO.3 AT THE END OF THE PREVIOUS TIME
INCREMENT

Figure 1-18. Main Program (Continued)
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SL3T TRUE INSTANTANEOUS LENGTH OF STRUT NO.3
SL3TO TRUE INITIAL LENGTH OF STRUT NO.3
THETA ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE 1IN

OIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE
CENTERLINE AND UPPER HARDPOINT

TMINBI TIME WHEN MINIMUM STABILITY FOR LEG SET II OCCURS

TMINBJY TIME WHEN MINIMUM STABILITY FOR LEG SET JJ OCCURS

TMINXN TIME WHEN MINIMUM NOZZLE CLEARANCE OCCURS

VMASS VEHICLE MASS

VVELO INITIAL VEHICLE VELOCITY PARALLEL TO THE GRAVITATIONAL
FIELD. POSITIVE DOWNWARD

X INSTANTANEOUS X POSITION OF THE VEHMICLE CeGoe

XP1 XP VALUE FOR LEG 11 STORED FOR FINAL PRINT

XN INSTANTANEOUS NOZZLE CLEARANCE NORMAL TO THE SURFACE

XNMIN MINIMUM VALUE OF NOZZLE CLEARANCE

X0 INITIAL X POSITION OF VEHICLE CENTER OF GRAVITY

XP(I) X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

XP3 XP VALUE FOR LEG uJJ STORED FOR FINAL PRINT

XPVEL(I) VELOCITY OF THE I TH FOOTPAD IN THE X DIRECTION IN THE
FIXED COORDINATE SYSTEM

XVEL INSTANTANEOUS X VELOCITY OF THE VEHICLE CeGe

XVELO INITIAL VERTICAL VELOCITY OF VEHICLE CeGoe

XVELOO SAME AS XVELO

Y INSTANTANEOUS Y POSITION OF THE VEHICLE CeGe

YO INITIAL HORIZONTAL POSITION OF VEHICLE CoGe

YP(1I) Y POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM
YP1 YP VALUE FOR LEG I1 STORED FOR FINAL PRINT

YP3 YP VALUE FOR LEG uJJ STORED FOR FINAL PRINT

YPVEL(I) VELOCITY OF THE 1 TH FOOTPAD IN THE Y DIRECTION IN THE
FIXED COORDINATE SYSTEM

YVEL INSTANTANEOUS Y VELOCITY OF THE VEHMICLE CeGoe

YVELO INITIAL HORIZONTAL VELOCITY OF VEHICLE CeGe

YVELOO SAME AS YVELO

ZETA GROUND SLOPE

2P Z POSITION OF FOOTPAD 1 IN THE FIXED COORDINATE SYSTEM
ZP1 P VALUE FOR LEG 11 STORED FOR FINAL PRINT

ZP3 ZP VALUE FOR LEG JJ STORED FOR FINAL PRINT

ZPVEL(1) VELOCITY OF THE I TH FOOTPAD IN THE Z DIRECTION IN THE
FIXED CCORDINATE SYSTEM

COMMON/ABLOCK /NsK s NOGR (5 )
COMMON/BBLOCK/H’DELTAPQDII(5)9R1(5)9R2(5)’RP(S)’THETA(5)OALPHA(5)’
1 D(5)sSL10(5)9DlO(5)9BlO(5),820(5),830(5)’CIO(S),CZO(5),C3O(5)
COMMON/CBLOCK/SIND(S)’COSC(S)yCOSE(S)’COSD(S)vSINC(S)sSINJ(5)9
1 COSG(5)9$INK(5)§COSB(5)sSlNB(B)9SING(5)’SINL(S),SINI(S)¢COSA9SINA
COMMON/DBLOCK/DI(5)981(5);82(5)’83(5)vC1(5)9C2(5)9C3(5)’SL1(5),
1 SL2(5)9SL3(S)9SL1T(5)’SLZT(S),SL3T(5)ySLlTO(5)oSLZTO(S)’SLBTO(S)s
1 5L1M(5)’SL2M(5)95L3M(57’SLlPRE(5)95L2PRE(5)!SL3PRE(5)’BZPREV(S)9
1 BBPREV(S):CIPREV(S)oCZPREV(S)gCBPREV(E)eEPSZeEPSBsEPS4aEPSS
COMMON/EBLOCK/XP(5),YP(S)aZP(S)»XPVEL(S);YPVEL(S)vZPVEL(S)
COMMON/FBLOCK/FX(S)sFXPLGB(S),FYPL63(5)oFZPLG3(5)sFXPLGZ(E)o
1 FYPLGZ(5)vFZPLGZ(5)9FXPLGl(5),FYPLGI(5)9FZPLGI(5)’
1 F1(5)sF2(5)9F3(5)9E1(5)»E2(5)4E3(5)
COMMON/GBLOCK/FII(S)9F22(5)9F33(5)9SKS(5>aSKlySKZ;SK3oSKEIoSKEZ9
1 SKE3
COMMON/HBLOCK/VVELO(1498)9HVELO(1498),XVELO(IQoS)sYVELO(IQQS)9
1 XVELOO:YVELOO.PSIoPSIO'PSVELO’X»XO)Y;YO.XVEL.YVEL,PSIVEL9GRAV0
1 ZETAQKCONMXsDELTTT'DELTAT,GRDMU(S)’A(S)'FXX(B)oFYY(B)sRMOO(B)o
1 VMASS’PMASS’RMOMIT’RMOMGR9RMOMI’FA(S)yFB(5)9FC(5)’IPQIQ’IRg
1 EGBALloEGBALZ,EGBAL39P1(5)»P2(5)9P3(5)-DEL(S)’EPSEN(S)tPHI,

Figure 1-18. Main Program (Continued)
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1 ENPRO(5)

COMMON/IBLOCK/BETA(5)sBEPR(5),BETAPR(5)sLAND

COMMON /UBLOCK /BETADTsFLLsFVVsLINEsFINTsRUNNOSRUNNOO» SERNOs XN

1 XNMINs TMINXNsBIIMINsBJJMINSTMINBI » TMINBJUsHNsRN»KPRINT sNSOsNQO)»

1 NSsNQsNSMAX s NQMAX s LOTPRTsSNSTsNUNs T T 9JJsJsCONSsIFLAGSPRBE KM,

1 MULTsPRXVELsPRYVEL

COMMON /KBLOCK /Ms TIMEs TME(402) s XP1(402)9YP1(402)9ZP1(402)sXP3(402) >

1 YP3(402)+ZP3(402)sFX1(402)9FX3(402)sFXPL31(402)sFYPL31(402)
1 FZPL31(402)sFXPL33(402)sFYPL33(402)9sFZPL33(402)sG1STR1(402)
1 G1STR2(402)sG1STR3(402)sG3STRYI(402)9G3S5TR2(402)+G3STR3(402)
1 G1FRC1(402)9G1FRC2(402)9G1FRC3(402)9G3FRC1(402)9G3FRC2(402)
1 G3FRC3(402)
C
1 CALL INPUT1
C
C CONVERT INPUT DATA TO PROPER FORM TO BE USED BY THE PROGRAM
C
CALL INCON
C
CALL INITSE
C
20 NST=0
NUN=0
40 RUNNO=RUNNO+1,0
c
CALL INITRU
C
CALL PRINTI(1)
C
140 CALL STRANG
c
IF{IFLAG)250+2509280
C
250 CALL STOREP
C
CALL PRINT1(2)
C
c
280 CALL FOTPAD
C
CALL VEHFOR
c
CALL VEHMOT
C
C INCREMENT TIME FOR NEXT CALCULATION
C

640 TIME=TIME+DELTAT
CONS=CONS+1.0
PRBE=BETA(I1)

TEST NOZZLE = GROUND CLEARANCE AND STORE MINIMUM VALUE

[aNaXa!

XN=X-HN®#COSA-RN*ABS (SINA}
IF(XN=XNMIN)650+651+651

650 XNMIN=XN
TMINXN=TIME-DELTAT
IF(TIME=-2.0%DELTAT)6539653+651

TEST STABILITY ANGLE AND STORE MINIMUM VALUE

NN

651 IF(ABS (BETA(II))-ABS (BIIMIN))1652+1653+1653

1.4 Figure 1-18, Main Program (Continued)
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652

1653
1654

[aXaNa!

653
656
660
663

665

668

aNaNa)

aNaNaXa!

6732
6734
6736

674

[aNaNa!

675
680
687

688

700

710

770

[N aEa¥a]

(a)

;ég‘w a@g?‘xm@mﬁ
BIIMIN=BETA(II) FRER

TMINBI=TIME-DELTAT

IF (ABS (BETA(JJ))I-ABS (BJIMIN)) 165446534653

BJUMIN=BETA(JJ)
TMINBJ=TIME-DELTAT

TEST IF VEHICLE IS STOPPED

IF{ABS (XVEL)-EPS3)6565656,668
IF(ABS (YVEL)-EPS4)660+660,668
IF(ABS (PSIVEL)-EPS51663+663,668
DO 665 1=1sNsK
IF(XP(1)~140)6659665,668
CONTINUE

GO TO 810

CALL STABAN

TEST IF VEHICLE 1S UNSTABLE

DO 674 I=1sNsK
PROD=BETA(I)*BETAPR(])
BETAPR(I)=BETA(I)

IF (PROD)6732+6744+674

TEST WHETHER LANDING IS 1=2=] OR 2=2 .,
STABILITY ANGLE DEFINED FOR MIDDLE LEGS

IF (LAND-1001770+770+6734%
IF(I-1)770+770+6736
IF(I-3)674+770+674
CONTINUE
IF(TIME~FINT)675+8004+800

IF IT IS 1=2=1 +»DISREGARD

SET LINE COUNT AND STORAGE FOR PLOT ROUTINE

KM=KM+1

IF (CONS=KPRINT)710+680+680
CONS=0.0
BETADT=(BETA(II)}-PRBE)/DELTAT
IF (KM-MULT*KPRINT)700,688,688
CALL STOREP

KM=0

CALL PRINT1(3)

CALL STGEOM

IFLAG=1
GO TO 140

VEHICLE IS UNSTABLE PRINT OUTPUT DATA

PHI=ZETA+PSI
CALL ENERGY
DO 775 I=1,2

CALL PRINT1(4)

Figure 1-18. Main Program (Continued)
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775

o

800

805

810

815

825

830

1-44

CALL PRINTL1(T7)
CALL PRINT1(8)
IPRO=1

GO TO 830
PHI=ZETA+PSI
CALL ENERGY

DO 805 I=1,2
CALL PRINT1(5)
CALL PRINT1(7)

GO TO 825
PHI=ZETA+PSI

CALL ENERGY

DO 815 I=1,2

CALL PRINT1(6)
CALL PRINT1(7)
CALL PRINT1(8)
I1PRO=2

CALL PROFIL(IPRO)

GO TO (1,20540)s IPRO
END

Figure 1-18. Main Program (Concluded)

s
5
3
P

Y44

sy

PRODUCTS




- S 2 B B N T8

aEaNaXaNaNaNaVala¥aRaNa¥aNaNa¥a¥aNaNalaNalaNaRaa¥aXakalaXalakaXaXaNalaXaXaXeXaneRaXaiaaXateXaalaNaaXaNeXaa e XaTaNa)

TITLE
AUTHOR

DATE

PURPOSE

CALL

NOTE
NOTE
INPUT

NOTE

SYMBOL

A

ALPHA

D
DELTAP

DELTAT
D11
EPs2
EPS3
EPS4
EPsS5

NOTE

FINT
Fli1
F22
F33
GRAV
GRDMU

HN
HVELO

Il

JJ

®
i
z
o
4
.
pe
o
s

INPUT1

S ReBLACK»Je CADORET»J.GIBSON THE BENDIX CORPORATION
10-25-64
READ INITIAL DATA

INPUT1

THIS PROGRAM EXECUTZS ON THE UNIVAC 1107 COMPUTER
THIS PROGRAM WAS WRITTEN IN FORTRAN 1V
CARD (FORMAT)

AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
AS BlO(1). THE INSTANTANEOUS VALUE OF THE PARAMETER
IS DEFINED WITHOUT THE O AS Bl(l).

DEFINITION

SYMMETRY FACTOR —-- IF TWO VEHICLE LEGS ARE SYMMETRIC,
SET A=2.0 FOR ONE OF THE SYMMETRIC PAIRS AND A=0.0 FOR
THE OTHER TO SAVE ON COMPUTER TIME IE FOR 22 LANDING
A=250192+0 FOR A 121 LANDING A= 1525140

ANGLE (IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)
SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE CeGe
VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS
DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE
LEG STRUTS

TIME INTERVAL BETWEEN PROGRAM CALCULATIONS

VERTICAL DISTANCE FROM VEHICLE CeGe TO UPPER HARDPOINT
MINIMUM ALLOWABLE FOOTPAD SLIDING VELOCITY

LIMITING MINIMUM VELOCITY OF VEHICLE CoGe. IN X DIRECTION
LIMITING MINIMUM VELOCITY OF VEHICLE CeGe IN Y DIRECTION
LIMITING MINIMUM ANGULAR VELOCITY OF VEHICLE Ce Ge

IF XVELsYVEL AND PSIVEL ARE SIMULTANEOUSLY LESS THAN
EPS534sEPS4 AND EPS5 RESPECTIVELY AND THE FOOTPADS ARE ALL
LESS THAN 1 FTe. FROM THE GROUNDs THE PROGRAM TERMINATES

MAXIMUM ALLOWABLE TIME FOR COMPUTER RUN
PLASTIC STROKE FORCE FOR UPPER STRUT (NO, 1)
PLASTIC STROKE FORCE FOR LOWER STRUT NO, 2
PLASTIC STROKE FORCE FOR LOWER STRUT NO. 3
LOCAL GRAVITY

CCEFFICIENT OF FRICTION BETWEEN VEHICLE FOOTPADS AND GROUND

DISTANCE FROM THE BOTTOM OF THE FOOTPAD TO THE VEHICLE
CENTER OF GRAVITY

VERTICAL DISTANCE BETWEEN VEHICLE CeGe AND THE LOWEST
POINT ON THE NOZZLE CONE

HORIZONTAL VELOCITY PERPENDICULAR TO THE GRAVITATIONAL
FIELD.

PARAMETER SPECIFYING WHICH LEG SET DATA WwILL BE
PRINTED AS OUTPUT

INDEX ASSOCIATED WITH FIRST LEG TO STRIKE GROUND DURING
INITIAL IMPACT

SIMILAR TO I1

Figure 1-19. Subroutine INPUT1
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K FLAG FOR LANDING MODE IF 1-2-1 LANDING s K=1 IF
2-2 LANDINGs K=2

KCONMX NUMBER OF ITERATIONS OF FOOTPAD CALCULATIONS PER (DELTAT)
TIME INTERVAL

KPRINT COMPUTATION INCREMENTS BETWEEN PRINTOUT INTERVALS

LAND SIGNIFIES LANDING MODE - SET FOR 22 OR 121 LANDING

LOTPRT FLAG TO DETERMINE IF COMPLETE SUMMARY PRINTING IS TO
BE DESIREDs COMPLETE OUTPUT PRINTING IS NOT NORMALLY
USED THEREFORE SET LOTPRT=0 IF SET LOTPRT=1s THE
COMPLETE HISTORY OF STRUT STROKESs AND STRUT FORCES WILL
BE PRINTED.

N NUMBER OF LEGS ON THE VEHICLE

NQO STARTING COLUMN IN VELOCITY INPUT ARRAY

NQMAX ENDING COLUMN IN VELOCITY ARRAY

NOTE SEE WRITEUP FOR DISCUSSION OF VELOCITY ARRAY

NSO STARTING ROW IN VELOCITY INPUT ARRAY

NSMAX ENDING ROW IN VELOCITY ARRAY

PMASS MASS OF EACH FOOTPAD

PS10 INITIAL PITCH ANGLE

PSVELO INITIAL VEHICLE PITCH RATE

P1 FRICTION FORCE IN STRUT NO. 1

P2 FRICTION FORCE IN STRUT NO. 2

P3 FRICTION FORCE IN STRUT NC. 3

RMOMI VEHICLE MOMENT OF INERTIA

RN EXHAUST NOZZLE RADIUS

RP(I) RADIUS OF FOOTPAD (1)

RUNNOO RUN NUMBER ( FOR IDENTIFICATION ONLY)

R1 RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

R2 RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

SERNO SERIES NUMBER ( FOR IDENTIFICATION ONLY)

SKE1 TENSIL ELASTIC SPRINGRATE OF STRUT NO. 1 (UPPER)
SKE?2 TENSIL ELASTIC SPRINGRATE OF STRUT NO. 2 (LOWER)
SKE3 TENSIL ELASTIC SPRINGRATE OF STRUT NO. 3 (LOWER)

SKS SPRINGRATE UNDER VEHICLE FOOTPADS

SK1 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NOe. 1(UPPER)
SK2 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NOe 2(LOWER)
SK3 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO.3 (LOWER)
THETA ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN

DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE
CENTERLINE AND UPPER HARDPOINT

VMASS VEHICLE MASS
VVELO INITIAL VEHICLE VELOCITY PARALLEL TO THE GRAVITATIONAL
FIELD. POSITIVE DOWNWARD
YO INITIAL HORIZONTAL POSITION OF VEHICLE CaGa
ZETA GROUND SLOPE
OUTPUT THROUGH LABELED COMMON

SUBROUTINE INPUT1

COMMON /ABLOCK /NsK sNOGR(5)
COMMON/BBLOCK/HsDELTAPsD11(5)9sR1(5)sR2(5)9sRP(5) s THETA(S) sALPHA(S)
1 D(5)sSL10(5)sD10(5)9310(5)9B20(5)+B30(5)9C10(5)sC20(5)sC30(5)
COMMON/DBLCCK/D1(5)sB1(51982(5)sB83(5)sC1(5)9sC2(5)+C3(5)s5L1(5)»

1 SL2(5)98L3(5)sSL1IT(S5)sSL2T(5)sSL3T(5),SL1TO(5)+SL2TO(5)sSL3TO(S5)
1 SLIM(5)sSL2M(5)9sSL3M(5)sSLIPRE(S5) sSL2PRE(S5)sSL3PRE(5)+B2PREV(3),
1 B3PREV(5)+CIPREV(S5)sC2PREV(5)sC3PREV(5)9EPS2+EPS3EPS4yEPSS
COMMON /GBLOCK /F11(5)9F22(5)9F33(5) sSKS(5)9SK19SK29sSK39SKE19SKE2

1 SKE3

COMMON/H3LOCK /VVELO(148) sHVELO(1498) s XVELO(1498)sYVELO(14+8)>

Figure 1-19., Subroutine INPUT1 (Continued)
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XVELOO’YVELOO’pSIDPSIODPSVELOQX'XOOY’YO!XVEL’YVEL’pSIVEL’GRAV9
ZETAyKCONMXoDELTTT’DELTATaGRDMU(S)9A(5)’FXX(3)oFYY(3)9RMOO(3),
VMASSoPMASS’RMOMIT,RMOMGR;RMOMIvFA(5)vFB(S)oFC(S)oIP»IQoXR’
EGBALloEGBALZ:EGBALS’Pl(5)»PZ(S)vP3(5)9DEL(5)9EPSEN(5):PHI.
ENPRO(5)

COMMON/IBLOCK/BETA(5) sBEPR(5),BETAPR(5) s LAND

COMMON/JSLOCK/BETADT;FLLyFVVpLINEsFINT9RUNNO’RUNNOO,SERNO»XN9

1 XNMINQTMINXN!BIXMXN'BJJMIN’TMINBI’TM!NBJ’HN’RN’KPRINT!NSO’NQO’

1 NS’NQ’NSMAX’NQMAX’LOTPRT’NST,NUN’Ix’JJ!J!CONS’IFLAG’PRBE'KM'
1 MULTsPRXVEL sPRYVEL

bt bt o

READ INITIAL DATA

1 READ IOOOO(A(I)’I=1’5)’(ALPHA(I)’I*l’s,O‘D(1)9131’5)’(011(1)’131’5
1)9(F11(I)ol=1’5)o(F22(l)’I=1’5)9(F33(I)oI=1-5)9(GRDMU(I)9I=195),
2(pl(l)oI=195)o(PZ(I)oI3195)’(P3(I)oI=1!5)-(Rl(I)9I=195)’(RZ(1)91=1
395)’(RP(I)913195)9(5K5(1)’13195)9(THETA(1)II=1,5)

2

3
4

1000
1005
1010
1015

READ 10059DELTAppDELTAT9EPSZ’EPS3aEPS49EPS5$FINT’GRAVQHN9PMASSQ
IPSIO’PSVELOQRMOMI’RUNNOOsRN»SKl'5K205K3'5K5195K52v5KE3QSERNOQ

2VMASSsYO s ZETAWH

READ 1010.119JJ9J9K9KPRINT¢LAND;N9NSO¢NQO;NSMAX,NOMAX,KCONMX,
1LOTPRT

READ 1015 ( (VVELO(MLsNL ) 9HVELO (ML sNL) sML=1 9 NQMAX) sNL=1 s NSMAX)
RETURN

FORMAT(10X95F1245)

FORMAT(10X93F1245)

FORMAT(10Xs6110)

FORMAT(10Xs6F10e3)

END

Figure 1-19. Subroutine INPUT1 (Concluded) 147
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C TITLE INCON
C
C AUTHORS ReBLACK 9y JeCADORET »JoGIBSON THE BENDIX CORPORATION
C
C DATE 10-25-64
C
C PURPOSE CONVERT INPUT DATA TO PROPER FORM TO BE USED BY THE
C PROGRAM
C
C CALL INCON
C
C
C NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN IV
C
C NOTE THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
C
C INPUT THROUGH LABELED COMMON
C
C NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
C AS BlO(I)e THE INSTANTANEOUS VALUE OF THE PARAMETER
C IS DEFINED WITHOUT THE O AS Bl(l).
C
C SYMBOL DEFINITION
C
C ALPHA ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)
C SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE CeGo
C D VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS
C DELTAP DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE
C LEG STRUTS
C D11 VERTICAL DISTANCE FROM VEHICLE CeGe TO UPPER HARDPOINT
C H DISTANCE FROM THE BOTTOM OF THE FOOTPAD TO THE VEHICLE
C CENTER OF GRAVITY
C RP(I) RADIUS OF FOOTPAD (1)
C R1 RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE
C R2 RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE
C THETA ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN
C DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE
C CENTERLINE AND UPPER HARDPOINT
C
C OUTPUT THROUGH L ABELED COMMON
C
C SYMBOL DEFINITION
C
C B1l0O ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NOe. 1 AND VEHICLE CENTERLINE
C B20 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NOe 2 AND VEHICLE CENTERLINE
C B30 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NOe. 3 AND VEHICLE CENTERLINE
C C10+C20+C30 ANGLE » IN PLANE FORMED BY STRUT AND A NORMAL TO
C THE DIRECTION OF MOTIONs BETWEEN STRUT AND A PLANE NORMAL
C TO THE VEHICLE CENTERLINE -~ FOR STRUTS 14293 RESPECTIVELY
C D10 INITIAL LENGTH (PROJECTED IN PLANE NORMAL TO DIRECTION
C OF VEHICLE MOTION) OF THE COMPONENT (IN PLANE PERPENDICULAR
C TO THE VEHICLE CENTERLINE) OF STRUT NO 1 LENGTH
C SL10 INITIAL VALUE OF SL1
C
C
SUBROUTINE INCON
C
1-48 Figure 1-20. Subroutine INCON
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COMMON/ABLOCK /N 3K sNOGR(5)

COMMON/BBLOCK/HoDELTAPlel(5),R1(5)9R2(5)yRP(S):THETA(B)9ALPHA(5)’

1 D(S),SLIO(5)oDlO(S)9510(5)9820(5)o830(5)’C10(5)9C20(5),C30(5)
DIMENSION C1ANG(5)sC2ANG(5)5C3ANG(5)

DETERMINE VEHICLE GEGCMETRIC RELATIONSHIPS
1 DO 100 I=1sNsK
SLIO(I)=SQRT((H-DELTAP—Dll(I))*(H-DELTAP-DII(I))+((RP(I)-RI(I))*
ICOS(THETA(I)))*((RP(I)-RI(I))*COS(THETA(I))))
DlO(I)=(RP(I)—R1(I))*SIN(THETA(I))
BlO(I):ATAN((RP(I)-Rl(I))*COS(THETA(I))/(H—DELTAP—DII(I)))
BZO(I)=ATAN((RP(I)*COS(THETA(I))-RZ(I)*COS(THETA(I)'ALPHA(I)/Z-O
1)) /(H=-DELTAP=-D11(1)=DI(1)}))
BBO(I)=ATAN((RP(I)*COS(THETA(I))-RZ(I)*COS(THETA(I)*ALPHA(I)/Zoo
1))/ (H=DELTAP-D11(I1)=-D(I)))

10 CIANG(I)=ATAN(ABS(SLIO(I)/DlC(I)))
52X=RP(I)*COS(THETA(I))-RZ(I)*COS(THETA(I)‘ALPHA(I)/Z-O)
SL200=SQRT(SZX*52X+(H—DELTAP-DII(I)’D(I))*(H-DELTAP-DII(I)°D(I)))
CZANG(I)=ATAN(ABS(SL200/(RP(I)*SIN(THETA(I))-RZ(I)*SIN(THETA(I)'

1ALPHA(TI)/240))))
53X=RP(I)*COS(THETA(I))-RZ(I)*COS(THETA(I)+ALPHA(I)/2-0)
5L300=$QRT(S3X*53X+(H-DELTAP-D11(I)—D(I))*(H—DELTAP—DII(I)-D(I)))
CBANG(I)=ATAN(ABS(SL300/(RP(I)*SIN(THETA(I))—RZ(I)*SIN(THETA(I)+
1ALPHA(I)/240)) 1))
TZST WHICH QUADRANT CONTAINS THETA TO DETERMINE PROPER QUADRANT
FOR C10

64 IF (THETA(I1)) 68,70,72

68 Cl10(I)=3414159265359-C1ANG(1I)
GO TO 76

70 Cl10(1)1=1.,5707963
GO TO 76

72 Cl10(I1)=C1lANGI(TI)

76 IF (RP(I)*SIN(THETA(I))-RZ(I)*SIN(THETA(I)-ALPHA(I)/2.0)) 8058248

80 C20(1)=3414159265359~C2ANG(])

GO TO 88

82 C20(1)=1.5707963
GO TO 88

84 C20(I)=C2ANGI(1I1)

88 IF (Rp(I)*SIN(THETA(I))—RZ(I)*SIN(THETA(I)+ALPHA(I)/2-O)) 921949

92 C30(1)=3414159265359-C3ANG (1)

GO TO 100

94 C30(11)1=1.5707963
GC T0 100

96 C30(1)=C3ANGI(I)

100 CONTINUE

RETURN
END

Figure 1-20. Subroutine INCON (Concluded)
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TITLE
AUTHORS
DATE

PURPOSE

CALL

NOTE
NOTE

INPUT

SYMBOL
DELTAT
FINT
F11
K
KPRINT
N
RUNNOO
SK1
QUTPUT
SYMBOL

EPSEN

MULT

NQO

NSO

NOTE

PRXVEL

PRYVEL
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INITSE

ReBLACK s Je CADORET s JoGIBSON THE BENDIX CORPORATION

10-25-64

INITIALIZE PROGRAM CONSTANTS AND VARIABLES FOR
SERIES OF RUNS

INITSE

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER

THROUGH LABELED COMMON

NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE

AS B810(I)e. THE INSTANTANEOUS VALUE OF THE PARAMETER
IS DEFINED WITHOUT THE O AS B1l(Il).

DEFINITION

TIME INTERVAL BETWEEN PROGRAM CALCULATIONS

MAXIMUM ALLOWABLE TIME FOR COMPUTER RUN

PLASTIC STROKE FORCE FOR UPPER STRUT (NQO. 1)

FLAG FOR LANDING MODE IF 1-2=1 LANDING » K=1 IF
2=-2 LANDINGs K=2

COMPUTATION INCREMENTS BETWEEN PRINTOUT INTERVALS
NUMBER OF LEGS ON THE VEHICLE

RUN NUMBER ( FOR IDENTIFICATION ONLY)

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO, 1(UPPER)

THROUGH LABELED COMMON

DEFINITION

PROGRAM CONSTANT EQUAL TO 10 PERCENT OF THE POSSIBLE
POTENTIAL ENERGY WHICH COULD BE STORED IN A FOOTPAD

AS THE RESULT OF ELASTIC STROKING OF THE UPPER STRUT
INDICATOR FLAG USED TO PRINT STORED OUTPUT DATA AT LESS
FREQUENT INTERVALS IF FINT IS SUCH THAT THE DIMENSIONED
STORAGE CAPACITY FOR THE STORED VARIABLES WILL BE EXCEEDED.
STARTING COLUMN IN VELOCITY INPUT ARRAY

STARTING ROW IN VELOCITY INPUT ARRAY

SEE WRITEUP FOR DISCUSSION OF VELOCITY ARRAY

IN MULTIPLE RUNS»s THIS IS THE INITIAL X VELOCITY OF THE
PREVIOUS RUNe IT IS USED TO PREVENT DUPLICATE RUNS.
IN MULTIPLE RUNSs THIS IS THE INITIAL Y VELOCITY OF THE
PREVIOUS RUNe IT IS USED TO PREVENT DUPLICATE RUNSe.

SUBROUTINE INITSE

(o)

COMMON/ABLOCK /NsK sNOGR(5)
COMMON /GBLOCK/F11(5)3F22(5)9F33(5)9sSKS(5)95K19S5K29SK3sSKE1sSKE2)

1 SKE3

1-50

Figure 1-21, Subroutine INITSE
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12

15

COMMON/HBLOCK/VVELO(1498)sHVELO(14+8) sXVELO(16498)sYVELO{1498)»
XVELOOsYVELOOsPSIsPSIOsPSVELOsXsX0sYsYOsXVELsYVELsPSIVELSGRAVS
ZETASKCONMX sDELTTTyDELTATsGRDMU(S) sA(3) 9FXX(3)sFYY{3)sRMOO(3),
VMASSyPMASS s RMOMI T 9RMOMGR s RMOMI sFA(5) s FB(5)sFC(5)sIPsIQsIRS
EGBAL1EGBAL2,EGBAL3sP1(5)sP2(5)sP3(5)sCEL(S)sEPSEN(3)sPHI,
ENPRO(5)

COMMON/JBLOCK /BETADTsFLLFVVsLINESFINT yRUNNOSRUNNOO » SERNOsXN»

1 XNMINs TMINXNsBIIMINGBIIMINS TMINBI y TMINBJIsHN RN KPRINT sNSOsNQO

1 NSaNQeNSMAX s NQMAX s LOTPRT sNSTINUNSIIsJJsJsCONSsIFLAGIPRBEyKM,

1 MULTsPRXVELsPRYVEL
INITIALIZE PROGRAM CONSTANTS

e s b

DO 5 I=1sNsK
EPSEN(I)=F11(I)*¥F11(1)/(SK1%20.0)

DETERMINE PRINTOUT FREQUENCY OF STORED OUTPUT

FACTOR=FINT/402.0
IF(FACTOR-(DELTAT*KPRINT))7+8,8
MULT=1

GO TO 15
IF(FACTOR-2+.0%(DELTAT*KPRINT))9912512
MULT=2

GO TO 15

MULT=5

SET STARTING POINT IN VELOCITY ARRAY

NS=NSO
NQ=NQO

INITIALIZE PROGRAM VARIABLES

RUNNO=RUNNOO~-1.0
PRXVEL=10040
PRYVEL=100.0
RETURN

END

Figure 1-21. Subroutine INITSE (Concluded)
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C TITLE INITRU
C
C AUTHORS ReBLACK » JoCADORETsJ«GIBSON THE BENDIX CORPORATION
C
C DATE 10-25-64
C
C PURPOSE INITIALIZE PROGRAM CONSTANTS AND VARIABLES FOR
C EACH RUN
C
C CALL INITRU
C
C NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN 1V
C
C NOTE THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
C
¢ INPUT THROUGH LABELED COMMON
C
C NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
C AS BlO(1l). THE INSTANTANEOUS VALUE OF THE PARAMETER
C 1S DEFINED WITHOUT THE © AS Bl(l)e
C
C SYMBOL DEFINITION
C
C ALPHA ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)
C SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE CeGe
C B1l0O ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NOe 1 AND VEHICLE CENTERLINE
C B20 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NOe 2 AND VEHICLE CENTERLINE
C BZQ ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NOe 3 AND VEHICLE CENTERLINE
C COsSA COS(PSI)
C Cl0sC20sC30 ANGLE s IN PLANE FORMED BY STRUT AND A NORMAL TO
C THE DIRECTION OF MOTIONs BETWEEN STRUT AND A PLANE NORMAL
C TO THE VEHICLE CENTERLINE - FOR STRUTS 15253 RESPECTIVEL
C DELTAP DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE
C LEG STRUTS
C DELTAT TIME INTERVAL BETWEEN PROGRAM CALCULATIONS
C DloO INITIAL LENGTH (PROJECTED IN PLANE NORMAL TO DIRECTION
C OF VEHICLE MOTION) OF THE COMPONENT (IN PLANE PERPENDICULAR
C TJO THE VEHICLE CENTERLINE) OF STRUT NO 1 LENGTH
C D11 VERTICAL DISTANCE FROM VEHICLE CeGe TO UPPER HARDPOINT
C FXP(I) FORCE IN THE X DIRECTION ON THE FOOTPAD (1)
C F1l1 PLASTIC STROKE FORCE FOR UPPER STRUT (NO. 1)
C F22 PLASTIC STROKE FORCE FOR LOWER STRUT NO. 2
C F33 PLASTIC STROKE FORCE FOR LOWER STRUT NO,., 3
C HVELO HORIZONTAL VELOCITY PERPENDICULAR TO THE GRAVITATIONAL
C FIELD
CccC KCONMX NUMBER OF ITERATIONS OF FOOTPAD CALCULATIONS PER (DELTAT)
C TIME INTERVAL
C PRXVEL IN MULTIPLE RUNSs THIS IS THE INITIAL X VELOCITY OF THE
C PREVIOUS RUNe IT IS USED TO PREVENT DUPLICATE RUNSe
C PRYVEL IN MULTIPLE RUNSs THIS IS THE INITIAL Y VELOCITY OF THE
C PREVIOUS RUNe IT IS USED TO PREVENT DUPLICATE RUNS.
C PSIO INITIAL PITCH ANGLE
C PSVELO INITIAL VEHICLE PITCH RATE
C R1 RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE
C R2 RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE
C SINA SIN(PSI)
C SK1 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO. 1(UPPER)

Figure 1-22. Subroutine INITRU
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SK2 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NOe. 2(LOWER)
SK13 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO.3 (LOWER)
sL10 INITIAL VALUE OF sL1
THETA ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN

DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE
CENTERLINE AND UPPER HARDPOINT

TIME TIME AFTER TOUCHDOWN

VVELO INITIAL VEHICLE VELOCITY PARALLEL TO THE GRAVITATIONAL
FIELDe POSITIVE DOWNWARD

YC INITIAL HORIZONTAL POSITION OF VEHICLE CoeGe

YVEL INSTANTANEOUS Y VELOCITY OF THE VEHICLE CeGe

ZETA GROUND SLOPE

OUTPUT THROUGH LABELED COMMON

SYMBOL DEFINITION

BEPR VALUE OF BETA AT THE END OF THE PREVIOUS TIME INCREMENT.
USED TO ASSIGN BETA TO THE PROPER QUADRANT

BETA VEHICLE STABILITY ANGLE

C BETADT RATE OF CHANGE OF BETA WITH TIME

BETAPR SIMILAR TO BEPR. WUSED IN THE DETERMINATION OF VEHICLE
STABILITY

BIIMIN MINIMUM STABILITY ANGLE FOR LEG SET 11

BJJIMIN MINIMUM STABILITY ANGLE FOR LEG SET JJ

B2PREV VALUE OF B2 AT THE END OF THE PREVIOUS TIME INCREMENT
B3PREV VALUE OF B3 AT THE END OF THE PREVIOUS TIME INCREMENT

CONS COUNTER FOR DETERMINING ON LINE PRINT FREQUENCY
cosB CO0S(B1-PSI)

cosc COS(THETA)

cosd cos(Bl)

COSE COS(THETA-ALPHA/2.0)

COSG COS(THETA+ALPHA/240)

C1PREV VALUE OF C1 AT THE END OF THE PREVIOUS TIME INCREMENT
C2PREV VALUE OF C2 AT THE END OF THE PREVIOUS TIME INCREMENT
C3PREV VALUE OF C3 AT THE END OF THE PREVIOUS TIME INCREMENT

DELTTT TIME INCREMENT USED IN THE INTEGRATION OF FOOTPAD
MOTION. DELTTT= DELTAT/KCONMX
lm« E1(1) POTENTIAL ENERGY STORED IN STRUT NOel1 OF LEG I DUE TO
. COMPRESSION OR EXTENSION OF THE LEG
E2(1) POTENTIAL ENERGY STORED IN STRUT NOe.2 OF LEG I DUE TO
m COMPRESSION OR EXTENSION OF THE LEG
. E3(1) POTENTIAL ENERGY STORED IN STRUT NOe. 3 OF LEG I DUE TO
COMPRESSION OR EXTENSION OF THE LEG
FLL TOTAL FORCE ACTING ON THE VEHICLE IN THE LATERAL DIRECTION
{NORMAL TO THE VEHICLE CENTERLINE)
! FVV TOTAL FORCE ACTING ON THE VEHICLE IN THE VERTICAL
DIRECTION ( PARALLEL TO THE VEHICLE CENTERLINE)
F X SAME AS FXP
FXP(1) FORCE ON THE FOOTPAD 1 IN THE X DIRECTION IN THE FIXED
. COORDINATE SYSTEM
- FXPLG1 AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO.1

DURING THE TIME INTERVAL DTe. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FXPLGZ AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NOQ.2
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FYPLG1 AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO 1
DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FYPLG2 AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO 2
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Figure 1-22. Subroutine INITRU (Continued)
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DURING THE TIME INTERVAL DTe. THIS FORCE Is DEFINED BY
THE PARABCOLIC INTEGRATION PROCEDURE

FYPLG3 AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO,.3
DURING THE TIME INTERVAL DTe. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPLG1 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO.1
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPLG2 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO2
DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FXPLG3 AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO.3
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPLG3 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO«3
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FzpPL31 FZPLG3 VALUE FOR LEG 11 STORED FOR FINAL PRINT

FXX(3) FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGe
DURING THE CURRENT TIME INTERVALe THIS FORCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FXX(2) FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGe
DURING THE N-1 TIME INTERVAL. THIS FORCE 1S USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FXX{(1) FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGe
DURING THE N~2 TIME INTERVAL. THIS FORCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FYY(3) FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
DURING THE CURRENT TIME INTERVALe THIS FORCE 1S USED
IN THE PARABOLIC INTEGRATION PROCEDURE

Fyy(2) FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
CURING THE N-1 TIME INTERVALe. THIS FORCE 1S USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FYy(1 FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
DURING THE N-2 TIME INTERVAL. THIS FCRCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

F1(1) PLASTIC STROKE FORCE IN STRUT NO.1 OF LEG 1

Fa2(1) PLASTIC STROKE FORCE IN STRUT NO.2 OF LEG

F3(1) PLASTIC STROKE FORCE IN STRUT NO«3 OF LEG I

IFLAG FLAG FOR INITIALIZING THE PROGRAM

KM COUNTER FOR DETERMINING THE FREQUENCY OF THE STORED
PRINTING

LINE PRINTOUT LINE COUNTER

M INDEX USED TO STORE VARIABLES FOR PRINT AT END OF RUN

MULT INDICATOR FLAG USED TO PRINT STORED OUTPUT DATA AT LESS

FREQUENT INTERVALS IF FINT IS SUCH THAT THE DIMENSIONED
STORAGE CAPACITY FOR THE STORED VARIABLES WILL BE EXCEEDED.
N NUMBER OF LEGS ON THE VEHICLE
NOGR (1) INDICATES IF FOOTPAD (1) IS MOVING WITH THE VEHICLE. IF
NOGR(1)=-1s FOOTPAD IS MOVING WITH THE VEHICLE. IF
NOGR(I) =+1s FOOTPAD IS MOVING INDEPENDENTLY

PS1 INSTANTANEOUS VALUE OF PSIO
PSIVEL INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE CeGe
RMOMGR MOMENT OF INERTIA OF THE INDIVIDUAL VEHICLE FOOTPADS.

THIS TERM INCLUDES ONLY THOSE FOOTPADS WHICH ARE OFF THE
GROUND AT THE INSTANT UNDER INVESTIGATION

RMOO(3) TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE CURRENT TIME INTERVALe THIS TORQUE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

RMOO(2) TORQUE ACTING ON THE VEHICLE CeGe IN THE X=Y PLANE
DURING THE N-1 TIME INTERVAL. THIS TORQUE IS USED

Figure 1-22. Subroutine INITRU (Continued)
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(@]

RMOO (1)

SINB
SINC
SIND
SINJ
SINK
SL1

SL1IM
SL1PRE

SL1T
SL1TO
St2

SL2M
SL2PRE

sL2T7
SL2TO
SL3

SL3M
SL3PRE

SL3T
SL3TO

X

XNMIN
X0

XP(I)
XPVEL(I)

XVELO
XVELOO
Y

YP(I)
YPVEL(I)

YVELO
ZP (1)
ZPVEL(I)

SUBROUTINE

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE N-2 TIME INTERVAL. THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

SIN(B1-PSI)

SIN(THETA)

SIN(B1)

SIN(THETA-ALPHA/240)

SIN(THETA+ALPHA/2.0)

PROJECTED LENGTH CF STRUT NO.1 IN PLANE PARALLEL TO
DIRECTION OF MOTION

MINIMUM LENGTH TO WHICH STRUT NO.1 HAS BEEN COMPRESSED
DURING THIS RUN

LENGTH OF STRUT NOs1 AT THE END OF THE PREVIOUS TIME
INCREMENT

TRUE INSTANTANEOUS LENGTH OF STRUT NC.1

TRUE INITIAL LENGTH OF STRUT NO.1

INSTANTANEOUS LENGTH OF STRUT NO.2 sPROJECTED IN A PLANE
PARALLEL TO THE DIRECTION OF MOTION

MINIMUM LENGTH TO WHICH STRUT NO.2 HAS BEEN COMPRESSED
DURING THIS RUN

LENGTH OF STRUT NO.2 AT THE END OF THE PREVIOUS TIME
INCREMENT

TRUE INSTANTANEOUS LENGTH OF STRUT NO.2

TRUE INITIAL LENGTH OF STRUT NO.2

INSTANTANEOUS LENGTH OF STRUT NO+3 sPROJECTED IN A PLANE
PARALLEL TO THE DIRECTION OF MOTION

MINIMUM LENGTH TO WHICH STRUT NO.3 HAS BEEN COMPRESSED
DURING THIS RUN

LENGTH OF STRUT NO.3 AT THE END OF THE PREVIOUS TIME
INCREMENT

TRUE INSTANTANEOUS LENGTH OF STRUT NO.3

TRUE INITIAL LENGTH OF STRUT NO.3

INSTANTANEOUS X POSITION OF THE VEHICLE CeGe

MINIMUM VALUE OF NOZZLE CLEARANCE

INITIAL VERTICAL POSITION OF VEHICLE CENTER OF GRAVITY
X POSITION OF FOOTPAD 1 IN THE FIXED COORDINATE SYSTEM
VELOCITY OF THE I TH FOOTPAD IN THE X DIRECTION IN THE
FIXED COORDINATE SYSTEM

INITIAL VERTICAL VELOCITY OF VEHICLE CeGe

SAME AS XVELO

INSTANTANEOUS Y POSITION OF THE VEHICLE CaGe

Y POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM
VELOCITY OF THE I TH FOOTPAD IN THE Y DIRECTION IN THE
FIXED COORDINATE SYSTEM

INITIAL HORIZONTAL VELOCITY OF VEHICLE Cl.G.

Z POSITION OF FCCTPAD I IN THE FIXED COORDINATE SYSTEM
VELOCITY OF THE I TH FOOTPAD IN THE Z DIRECTION IN THE
FIXED COORDINATE SYSTEM

INITRU

COMMON /ABLOCK /N sK s NOGR ( 5)
COMMON/BBLOCK/HsDELTAPsD11(5)sR1(5)9sR2(5)sRP(5) 9 THETA(5) sALPHA(S5)»
1 D(5)sSL10(5)+sD10(5)9B10(5)sB20(5)9B30(5)»C10(5)9C20(5)»C30(5)
COMMON/CBLOCK/SIND(5) 9COSC(5)9COSE(5)sCOSD(5)sSINC(5)sSINJ(5)»

1 COSG(5)9SINK(5)sCOSB(5)sSINB(5)sSING(5)9SINLIS)sSINI(5)9sCOSAsSINA
COMMON/DBLOCK/D1(5)9R1(5)sB2(5)sR3(5)4sC1(5)9C2({5)sC3(5)95L1(5)

1 SL2(5)sSL3(5)sSL1IT(5)sSL2T(5)sSL3TI5)sSLITO(5)sSL2TO(5)sSL3TO(5)
1 SLIM(5)sSL2M(5)9SL3MI(5)sSLIPRE(S5) 9»SL2PRE(5)9SL3PRE(5) sB2PREV(S ),

BENDIX PRODUCTS

Figure 1-22. Subroutine INITRU (Continued)
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C
C
C
C
C
C
C
C
C
43
44
C
C
C
45
1-56

@fﬁ@%ﬁfﬁ

1 B3PREV(5),C1lPREV(5)3sC2PREV(5) sC3PREVI(5)sEPS29EPS3,EPS4EPSS
COMMON/EBLOCK/XP (5) 9YP(5)5ZP(5) s XPVELIS5) s YPVEL(5)sZPVEL(5)
COMMON /FBLOCK/FX(5) s FXPLG3(5)4FYPLG3(5)sFZPLG3{5)sFXPLG2(5)

1 FYPLG2(5)sFZPLG2(5)9sFXPLG1(5)sFYPLG1(5)sFZPLGL(5)

1 F1(5)sF2(5)sF3(5)1+E1(5)sE2(5),E3(5)

COMMON /GBLOCK/F11(5)sF22(5)sF33(5)»SKS{5)9SK19SK2s5K3sSKE1sSKEZS

1 SKE3
COMMON /HBLOCK /VVELO(1498) sHVELO(1458) 9 XVELO(14+8)sYVELO(1458)>

1 XVELOOsYVELOOSPSIsPSIOsPSVELOsX9XOsYsYOsXVELsYVELSPSIVELsGRAV,

1 ZETASKCONMX sDELTTTsDELTATIGROMU(S5) sA(5)9sFXX(3)sFYY(3)sRMOO(3),

1 VMASSsPMASS sRMOMI T yRMOMGR sRMOMI sFA(5) 4FB(5)sFC(5)s1Ps QIR

1 EGBAL1sEGBAL2sEGBAL3,sP1(5)9P2(5)sP3(5)sDEL(5)sEPSEN(S)sPHI

1 ENPRO(5)

COMMON/IBLOCK/BETA(5)sBEPR(5)sBETAPR(5)sLAND
COMMON /JBLOCK/BETADTsFLLyFVVsLINEsFINTsRUNNORUNNOO s SERNOs XNy

1 XNMINgTMINXNsBIIMIN,BJIMIN, TMINBI,TMINBJUsHNyRNyKPRINT,NSOsNQO,

1 NSsNQyNSMAX sNQMAX o LOTPRT sNSTsNUN 1T 9J) 9 JsCONSsIFLAG,PRBEyKM,

1 MULTsPRXVEL sPRYVEL

COMMON /KBLOCK /M s TIME s TME(402)9XP1(402) 9 YPL11402)9ZP11402)sXP3(402)
YP3(402)9ZP3(402)sFX1(402)9FX3{402)sFXPL31(402)sFYPL31(402)>
FZPL31(402)sFXPL33(402)sFYPL33(402)sFZPL33(402)5G15TR1(402)>
G1STR2(402)9G1STR3(402)9G3STR1{402)sG3STR2(402)sG3STR3(402))
G1FRC1(402)9G1FRC2(402)3sG1FRC3(402)sG3FRC1(402)sG3FRC2(402)
G3FRC3(402)

—

CONVERT INPUT VELOCITIES FROM GRAVITY COORDe SYSTEM TO SURFACE
COORDe SYSTEM
CHOOSE INITIAL TOUCHDOWN CONDITIONS

XVELO(NQsNS)= HVELO(NQsNS)*SIN(ZETA)~VVELO(NGINS)*COS(ZETA)
YVELO(NQsNS)=HVELO(NQsNS)*COS(ZETA)+VVELOINQsNS)*SIN(ZETA)
XVELOO=XVELO (NQsNS)

YVELOO=YVELO (NQsNS)

XVEL=XVELO(NGQsNS)

YVEL=YVELO(NQsNS)

Y=Y0
X=SL10(J)1*COS(B10O(J)~PSIO)+R1(J)I*CCS(THETA(J))*SIN(PSIO)+D11(J)*
1 COS(PSIO)+DELTAP

X0=X

PS1=PSIO

PSIVEL=PSVELO

TEST IF TOUCHDOWN VELOCITIES DUPLICATE THOSE OF PREVIOUS RUN.
IF SOy STOP., OTHERWISE CONTINUE

IF(PRXVEL-XVELOO) 44543944
IF(PRYVEL-YVELOO)449845944
PRXVEL=XVELOO
PRYVEL=YVELOO

INITIALIZE PROGRAM VARIABLES

TCONMX=KCONMX
DELTTT=DELTAT/TCONMX
SINA=SIN (PS10)
COS5A=C0S (PS10)

DO 45 I=1y2
FXX(1)=040
FYY(1)=0.0

RMOO(1)=0.0

Figure 1-22. Subroutine INITRU (Continued)
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ZERO OUT LINE COUNT

LINE=0
KM=0

ZERO OUT INITIAL FORCES FOR PARABOLIC INTEGRATION OF FOOTPAD
FORCES

DO 70 I=1sNsK
E1(I)=0.0
E2(1)=0.0
E3(1)=0e0
F1(1)=0e0
F2(11=040
F3(I)1=0.0
FX(1)=0e0
FLL=0e0
FVV=0.0

INITIALIZE FORCES FOR PARABOLIC INTEGRATION PROCEDURE

FXPLG3(1)=0.0
FYPLG3(1)=0.0
FZPLG3(1)=0.0
FXPLG1(1)=0,0

FXPLG2(1)=0.0
FYPLG1(1)=0s0
FYPLG2(1)=0.0
FZPLG1(I)=040
48 FZPLG2(1)=0.0

DETERMINE INITIAL STRUT ANGLES AND TRIGONOMETRIC RELATIONSHIPS

Bl(I)=BlO(1I)

60 COSB(1)=C0S (B1l(I)-PSI)
COSC(I)=COS (THETA(I))
SINB(I)=SIN (B1(l)-PSI)
SINC(I)=SIN (THETA(I))
SL1(I)=SL10(1)
B2PREV(I)=8B20(1)
B3PREV(I)=830(1)
CIPREV(I)=Cl0(I)
C2PREV(I)Y=C20(1)
C3PREV(1)=C30(1])

70 D1(I)=plO(1I)

DETERMINE FOOTPAD POSITIONS AND VELOCITIES

DO 100 I=1sNsK
XP{1)=X-D11(I1)*COSA-R1(1)%¥COSC(I)*SINA-SL1(])*COSBI(1I}
YP(I)=Y-D11(I1)*SINA+R1(I)*COSC(1)*COSA+SL1(I)*SINB(1}
ZP(I1=RI{II%SINC{1+D1(])

XPVEL(I)=X VEL+D11(I)*SINA*PSIVEL-RI(I)*COSC(1)*COSA*PSIVEL~
1SLI(T)*SINB(I)Y*PSIVEL
YPVEL(I)=YVEL-D11(I1)*#COSA*¥PSIVEL-R1(1)*COSC(I)*SINA®PSIVEL=-SL1{]1)*
1COSB(I)Y*PSIVEL

ZPVEL(1)=040

e ]
O

INITIALIZE STABILITY ANGLE FUNCTIONS

90 BETA(I)=0.0
BEPR(I)=ATAN ((YP(I)=Y)/(X=XP(1)))=-ZETA

Figure 1-22. Subroutine INITRU (Continued)
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BETAPR(1)=0.0
NOGR(I)=1

[aNa!

INITIALIZE PROGRAM FOR STRUT LENGTH CALCULATIONS

SL1PRE(I)
SL2PRE(I)
SL3PRE(I)
SLIM(I)=F1 )/ S5K1
SL2M(1)=F22(1)1/SK2
100 SL3M(I)=F33(1)/SK3
TIME=C.O
CONS=0.0
XNMIN=100.0
BIIMIN=10.0
BJIMIN=-10.0
IFLAG=-1
BETADT=~PSVELO
M=0
RMOMGR=0.0

0.0
00
0.0
1(1

.
(

DETERMINE TRIGONOMETRIC RELATIONSHIPS FOR STRUT LENGTH
CALCULATIONS.

aNaNa X

110 DO 130 I=1sNsK
SIND(I)=SIN (B1(I))
COSD(I)=C0S (81(I))
COSE(I)=C0S (THETA(I)-ALPHA(I}/2.0)
COSG(I)=C0S (THETA(I)+ALPHAI(I)/240)
120 SINJ(I}=SIN (THETA(I)}-ALPHA(I)/2.0)
SINK(I)=SIN (THETA(I)+ALPHA(I)/2.C}

DETERMINE INITIAL STRUT LENGTHS

[aNaNa!

SL1TO(I)=SQRT (SLI(I)*SL1(I}+D1(I)*D1(1))
HALF3=(SLI(I)*SIND(I)+RL(I}*COSC(I)=R2({1)*COSE(I))*(SL1(1)¥%
1SIND(I)Y+RYI(I I *COSC(I)1~-R2(I)*COSE(I}))
HALF4=(SL1(1)*COSD(1)-D(I))*(SL1(1)*COSDI(I)=D(I))
SL2(I)=SQRT(HALF3+HALF4)
SL2TO(I)=SQART (SL2(I)*SL2(I)+(D1(I)+RI(II*SINC{I)I=R2(1)*SINJ(I))*
1(DI(I)+RI(II*SINCII)I-R2(II*SINJ(1)))
HALF1=(SLI(I)%*SIND(I)+R1(I)*COSC(I)-R2(I1)*COSG(I))*
1(SL1CII%SIND(T)Y+R1(I)*#COSCII)-R2(I)*COSG(1))
HALF2=(SL1(1)*COSD(I)~-D(I))*(SL1(1)*COSD(I}-D(I)}
SL3(I)=SQRT(HALF1+HALF2)
SL3TO(I)=SQRT (SL3(I)*SL3(I)I+(DI{I)-R2(II*SINK(I)+RI(II*SINC(]I))*
1(D1(I)=R2(I)*SINK(I)+R1I(T)*SINC(I)))}
SL1IT(I)=SL1TO(I)
SL2T(1)=SL2T0(I}

130 SL3T(I)=SL3TO(1])

COMPUTE STABILITY ANGLES AT TOUCHDOWN

[aNaXel

270 BETA(II)=ATAN ((YP(II)=Y)}/(X=XP(I1I)))-ZETA
BETA(JJ)=ATAN ((YP(JJ)=Y)/(X=XP{JJ)))=-ZETA
RETURN
845 PRINT 950
PRINT 935
STOP
935 FORMAT(98H X AND Y VELOCITIES ARE IDENTICAL TO THOSE OF THE PREVI
10US RUNe CHECK THE INPUT DATA FOR ERRORS )

950 FORMAT(1H1)

END Figure 1-22. Subroutine INITRU (Concluded)
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TITLE STRANG

AUTHORS ReBLACK 9 Je CADORET s JoGIBSON THE BENDIX CORPORATION
DATE 10-25-64
PURPOSE DETERMINE STRUT ANGLES AND ASSIGN TO PROPER QUADRANTS
CALL STRANG

NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN 1V

NOTE THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
INPUT THROUGH LABELED COMMON

NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
AS BlO(I). THE INSTANTANEOUS VALUE OF THE PARAMETER
IS DEFINED WITHOUT THE © AS Bl(I)e

SYMBOL DEFINITION

B2PREV VALUE OF B2 AT THE END OF THE PREVIOUS TIME INCREMENT
B3PREV VALUE OF B3 AT THE END OF THE PREVIOUS TIME INCREMENT
co0scC COS(THETA)

cosD COS(B1)

COSE COS(THETA-ALPHA/2.0}

COsG COS(THETA+ALPHA/240)

C1PREV VALUE OF C1 AT THE END OF THE PREVIOUS TIME INCREMENT
C2PREV VALUE OF C2 AT THE END OF THE PREVIOUS TIME INCREMENT
C3PREV VALUE OF C3 AT THE END OF THE PREVIOUS TIME INCREMENT
D VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS
D10 INITIAL LENGTH (PROJECTED IN PLANE NORMAL TO DIRECTION

OF VEHICLE MOTION) OF THE COMPONENT (IN PLANE PERPENDICULAR
TO THE VEHICLE CENTERLINE) OF STRUT NO 1 LENGTH

K FLAG FOR LANDING MODE IF 1-2-1 LANDING » K=1 IF
2=2 LANDINGs K=2
N NUMBER OF LEGS ON THE VEHICLE

NOGR (1) INDICATES IF FOOTPAD (I) IS MOVING WITH THE VEHICLE. IF
NOGR(I)=-1s FOOTPAD IS MOVING WITH THE VEHICLE. IF
NOGR(TI) =+1» FOOTPAD 1S MOVING INDEPENDENTLY

R1 RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

R2 RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

SINC SIN(THETA)

SIND SIN(BY1)

SINJ SIN(THETA-ALPHA/240)

SINK SIN(THETA+ALPHA/240)

SL1 PROJECTED LENGTH OF STRUT NOs1 IN PLANE PARALLEL TO
DIRECTION OF MOTION

SL2 INSTANTANEOUS LENGTH OF STRUT NO.2 sPROJECTED IN A PLANE
PARALLEL TO THE DIRECTION OF MOTION

SL3 INSTANTANEOUS LENGTH OF STRUT NOe3 »PROJECTED IN A PLANE

PARALLEL TO THE DIRECTION OF MOTION
QUTPUT THROUGH LABELED COMMON
SYMBOL DEFINITION

B20 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NOe. 2 AND VEHICLE CENTERLINE

Figure 1-23. Subroutine STRANG
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145

148
150
152
154

158
160

D OO

170
172
174

178

1-60

B30 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NOe 3 AND VEHICLE CENTERLINE

C109C20»C30

ANGLE s IN PLANE FORMED BY STRUT AND A NORMAL TO

THE DIRECTION OF MOTIONs BETWEEN STRUT AND A PLANE NORMAL

TO THE VEHICLE CENTERLINE

SUBROUTINE STRANG

COMMON /ABLOCK /N»KsNOGR (5)

FOR STRUTS 19293 RESPECTIVELY

COMMON /BBLOCK /HsDELTAPsD11(5) sR1(5)sR2(5)sRP(5) s THETA(5) sALPHA(S)
1 D(5)sSL10(5)sD10(5)sB10(5)sB820(5)sB3C(5),C10(5)+C20(5)9C30(5)
COMMON /CBLOCK/SIND(5)+sCOSC(5),COSE(5)sCOSD(5)sSINC(5)9SINJ(5)>

1 COSGI(5)sSINK(5)sCOSB(5)sSINB(S5)sSING(5)sSINL(5)sSINI(5)sCOSAsSINA
COMMON/DBLOCK/D1(5)9B1(5)9B2(5)983(5)5C1(5)9C2(5)5C3(5)sSL1(5)

1 SL2(5)9SL3(5)sSLIT(5)9sSL2T(5)»sSL3T(5)sSL1ITO(5)sSL2TO(5)sSL3TO(5)
1 SLIM{5)sSL2M(5)sSL3M(5)sSLIPRE(5) sSL2PRE(5)sSL3PRE(5) sB2PREV(5)
1 B3PREV(5)sClPREV(5)sC2PREV(5) sC3PREVIS5) sEPS29EPS3sEPS4EPSS
DIMENSION B2MI(5)sB2PL(5)»33MI(5)9B3PL(5)sCIMI(5)sCIPLI{5)>

1 C2MI(5)+C2PL(5)9C3MI(5)sC3PL(5)

DETERMINE STRUT ANGLES AND ASSIGN TO PROPER QUADRANTS

TEST IF FOOTPAD (I) 1S MOVING WITH THE VEHICLE

DO 240 I=1sNsK
IF(NOGR(1))24052409145

DETERMINE B2 ANGLE

B2(I1)=ATAN ((SL1(1)*SIND(I)+R1(T1)*COSC(I)-R2(I)*COSE(I))/(SLLI(I)*

1COSD(I)Y=D(IY))
B2MI(I11=B2(1)-3.14159265359
B2PL(I)=B2(1)+3.14159265359
DIFF1=ABS {(B2MI(I)}-B2PREVI(I})
DIFF2=ABS (B2(1)-B2PREV(I))}
DIFF3=ABS (B2PL(1)-B2PREVI(I))
IF(DIFF1-DIFF2)1504+152+152
IF(DIFF1-DIFF3)154+1585158
IF(DIFF2-DIFF3)1609+158+158
B2(I)=B2MI(1)

GO TO 160

B2(I1)=B2PL(1])}

B2PREVI(I)=B2(1)

DETERMINE B3 ANGLE

B3(I)=ATAN ((SLI(I)Y*SIND(I)+R1(I)*COSC(I)~-R2(I1)1*COSG(I))/(SL1(I)*

1COSD(IN-D(I)))
B3MI(I1)=B3(1)-34141592653%9
B3PL(I)=B3(1)+43414159265359
DIFF1=ABS (B3MI(I)-B3PREVI(I))
DIFF2=ABS (B3(1)-B3PREVI(I1))
DIFF3=ABS (B3PL(I)-B3PREVI(I))
IF(DIFF1-DIFF2)170+1725172
IF(DIFF1-DIFF3)174,178,178
IF(DIFF2-DIFF3)1804+1785178
B3(11=B3MI(I])

GO TO 180

B3(1)=B3PL(I)

Figure 1-23. Subroutine

STRANG (Continued)
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180

181

182
183

186

190
192
194

198
200

210
212
214

218
220

230
232
234

236
238
240

B3PREVI(I1)=8B3(1I)
IF{D1(1))182,182,182

DETERMINE C1 ANGLE

Cl(I)=1.5708

GO TO 183

Cl(I)=ATAN (SLYI(I)/D1(I))
CIMI(INI=C1(I)-3414159265359
CIPL(IN=C1(I)1+3414159265359
DIFF1=ABS (CIMI(I)=-C1PREVI(I))
DIFF2=ABS (Cl(I1)-C1PREVI(I))
DIFF3=ABS (C1PL(I)=~C1PREVI(I))
IF(DIFF1-DIFF2)190+192,.62
IF(DIFF1-DIFF3)194,198,198
IF(DIFF2-DIFF3)200+198,5198
Cl(I)=CIMI(I)

GO TO 2C0

Cl(I1)=ClPLI(T])

CIPREVI(I)=C1(I)

DETERMINE C2 ANGLE

C2(I)=ATAN (SL2(1)/(DICI)+R1I(I)I*SINC(I)-R2(I1*SINJ(1)))

C2MI(I1)1=C2(1)~-3414159265359
C2PLIIN=C2(1)+3414159265359
DIFF1=ABS (C2MI(1)-C2PREVI(I))
DIFF2=ABS (C2(1)-C2PREVI(I)}
DIFF3=ABS (C2PL(1)~C2PREV(I))
IF(DIFF1-DIFF2)210+2125212
IF(DIFF1-DIFF3)214+218+218
IF(DIFF2-DIFF3)220+218,218
C2(I)y=C2MI (1)

GO TO 220

C2(1)y=C2PLI(I)

C2PREV(I)=C2(1)

DETERMINE C3 ANGLE

C3(1)=ATAN (SL3(I)/{DI{II+R1I(I)®SINC(I)I-R2(I)*SINK(I1)))

C3MI(I)=C3(1)~-3.14159265359
C3PLI(IN=C3(11+3414159265359
DIFF1=ABS (C2MI(I)-C3PREV(I))
DIFF2=ABS (C3(1)~-C3PREVI(I))
DIFF3=ABS (C3PLI(1)-C3PREVI(I)}
IF(DIFF1-DIFF2)230+232+232
IF(DIFF1-DIFF3)2344236+236
IF(DIFF2-DIFF3)2384+2369236
C3(1)=C3MI(])

GO TO 238

C3(I)y=C3PLI(I)

C3PREVI(I)=C3(1)

CONTINUE
RETURN
END
Figure 1-23. Subroutine
BENDIX PRODUCTS

STRANG (Concluded)
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TITLE STGEOM

AUTHORS ReBLACK»J«CADORET»JoGIBSON THE BENDIX CORPORATION

DATE 10-25-64
PURPOSE DETERMINE STRUT GEOMETRY
CALL STGEOM
NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN IV
NOTE THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
INPUT THROUGH LABELED COMMON

NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
AS B1lO(1). THE INSTANTANEOUS VALUE OF THE PARAMETER
1S DEFINED WITHOUT THE O AS Bli{l).

SYMBOL DEFINITION

COSA COS(PSI)

cosc COS(THETA)

COSE COS(THETA-ALPHA/2.0)

C0SsG COSITHETA+ALPHA/240)

D VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS

D1lo INITIAL LENGTH (PROJECTED IN PLANE NORMAL TO DIRECTION
OF VEHICLE MOTION) OF THE COMPONENT (IN PLANE PERPENDICULAR
TO THE VEHICLE CENTERLINE) OF STRUT NO 1 LENGTH

D11 VERTICAL DISTANCE FROM VEHICLE CeGe TO UPPER HARDPOINT

K FLAG FOR LANDING MODE IF 1-2-1 LANDING » K=1 IF
2-2 LANDING, K=2

N NUMBER OF LEGS ON THE VEHICLE

NOGR (1} INDICATES IF FOOTPAD (1) IS MOVING WITH THE VEHICLE. IF
NOGR(I)=-1y FOOTPAD IS MOVING WITH THE VEHICLE. IF
NOGR(I) =+1y FOOTPAD IS MOVING INDEPENDENTLY

PSI INSTANTANEOUS VALUE OF PSIO

R1 RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

R2 RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

SINA SIN(PSI)

SINC SIN(THETA)

SINJ SIN(THETA-ALPHA/240)

SINK SIN(THETA+ALPHA/2.0)

X INSTANTANEQUS X POSITION OF THE VEHICLE CeGoe

XP(1) X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

Y INSTANTANEOUS Y POSITION OF THE VEHICLE CeGe

YP(I) Y POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

ZP (1) Z POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM
OUTPUT THROUGH LABELED COMMON

SYMBOL DEFINITION

YaYaXaXaXaXaNaXalataXaRaXatakataXaXaXaXaialaxaiakaXakaXeXaXaXaXaXalala¥aXaaXaXakaaNa¥aaaNaRaNaNaaNaNaNaNaNaRaXa Re )

810 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NOs 1 AND VERICLE CENTERLINE

cose cos(B1-PSI

cosD cosi(81)

SINB SIN(B1-PSI)

SIND SIN(BR1)

Figure 1-24. Subroutine STGEOM
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SL1 PROJECTED LENGTH CF STRUT NOe.1 IN PLANE PARALLEL TO
DIRECTION OF MOTION

SL1T TRUE INSTANTANEOUS LENGTH OF STRUT NO.1

SL2 INSTANTANEOUS LENGTH OF STRUT NO.2 sPROJECTED IN A PLANE
PARALLEL TC THE DIRECTION OF MOTION

sL2T TRUE INSTANTANECUS LENGTH OF STRUT NO.2

SL3 INSTANTANEOUS LENGTH OF STRUT NO.3 »PROJECTED IN A PLANE
PARALLEL TO THE DIRECTION OF MOTION

SL3T TRUE INSTANTANEOUS LENGTH OF STRUT NO.3

SUBROUTINE STGEOM

COMMON/ABLOCK/NsKsNOGR(5)
COMMON/BBLOCK/H’DELTAP9011(5)9Rl(5)0R2(5)9RP(5)!THETA(5)’ALPHA(5)’
1 0(5),SL10(5).010(5),810(5),820(5),830(5)¢C10(5),C20(5)'C30(5)
COMMON/CBLOCK/SIND(S)9C05C(5),COSE(5)9COSD(5)¢SINC(5)’SINJ(5)9
1 COSG(S)QSINK(S)’COSB(S))SINB(B)QSING(S)’SXNL(S)'SINI(S)’COSA)SINA
COMMON/DBLOCK/DI(5)951(5)982(5)953(5)9(1(5),C2(5)9C3(5)95L1(5),
1 SLZ(S)95L3(5)9$L1T(5)’5L2T(5)95L3T(5)ySLlTO(S)vSL2T0(5)9SL3TO(5)9
1 5L1M(5)¢SL2M(5)95L3M(5):SLIPRE(5)’SLZPRE(5)95L3PRE(5)'BZPREV(5)9
1 B3PREV(5)9C1PREV(5)9CZPREV(5)'CBPREV(S)aEPSZ;EPS3:EP54’EPS5
COMMON/EBLOCK/XP(5),YP(5)9ZP(5)’XPVEL(S)’YPVEL(S)aszEL(S)
COMMON/HBLOCK/VVELO(14’8)9HVELO(1498)9XVELO(1498)9YVELO(14’3)o
XVELOOoYVELOOoPSI’PSIO’pSVELO9X9XO’Y’YO’XVELOYVEL’pSIVEL’GRAVO
ZETA)KCONMX,DELTTT’DELTATvGRDMU(S)9A(5)tFXX(3)’FYY(3)’RMOO(3)9
VMASS!PMASS!RMOMIT’RMOMGRDRMOMI9FA(5)’FB(5)9FC(5))IPOIQ’IR,
EGBAL1sEGBAL2sEGBAL3sP1(5)sP2(5)sP3(5)+sDEL(5)+EPSEN(5) sPHI s
ENPRO(5)
COMMON/KBLOCK/M)TIMEoTME(402)9XP1(402),YP1(402),ZP1(402)’XP3(402)9
YP3(402)’ZP3(402)yFXl(QOZ)yFX3(402)’FXPL31(402)9FYPL31(402),
FZPL31(402);FXPL33(402)9FYPL33(402)9FZPL33(402)’GISTR1(402)’
GISTR2(402)yGISTR3(402)’G3STR1(402)!G3STR2(402)9G3STR3(402)9
GIFRC1(4OZ)961FRC2(402)9GIFRC3(402)vG3FRCl(4OZ)!G3FRCZ(402)’
G3FRC3(402)

s

[V P R S )

710 DO 730 I=1sNsK

IF(NOGRI{I))730»+730+715

IF FOOTPAD IS ON THE GROUNDs DETERMINE STRUT GEOMETRY

715 AA=Y+R1(I)*COSC(I1)*COSA-D11{1)*SINA

720

BB=X-R1(I)*COSC(I)*SINA-D11(])*COSA
SLI(IN=SQRT ((YP(I)=AA)*(YP(I)-AA)+(BB-XP(I1))*(BB=XP(1)})
B1l(I)=ATAN ((YP(I)-AA)/(BB~XP(1)))+PSI

RESET PROGRAM CONSTANTS

COSB(I)=COS (B1(I)-PSI)

COSD(I)=COS (B1(I))

SINB(I)=SIN (B1(I)-PSI)
=51

)
} (B1{1ij)

CALCULATE NEW STRUT LENGTHS

DI1(I)=ZP(I)-R1(I)*SINC(1I)

SLIT(I)=SQRT (SLI(II#SL1(I)+D1(1)*D1(1))
HALF3=(SL1(I)*SIND(I)+R1(1)*COSC(I)=R2(I)*COSE(1))*(SL1(I)*
1ISIND(I)+R1(I)*COSC(1)-R2(I)*COSE(1))

HALF4=(SL1 (1) *COSD(I)=D(I))I*(SL1(I)*COSD(I)}~D(1))
SL2(I)=SQRT(HALF3+HALF4)

SL2T(1)=SQRT (SL2(I)*SL2{I)+(DI{I)+RL(II*SINCLII=R2(I)I*SINJ(I)) *(

Figure 1-24. Subroutine STGEOM (Continued)
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ID1I(I)+R1I(II*SINC(I)-R2(II*SINJ(I)))
HALF1=(SL1(I)*SIND(I)+R1(I)*COSC(I)-R2(1)*COSG(I))*
1(SL1I(T)*SIND(I)+R1(1)*#COSCI(I)~-R2(1)*COSG(1))
HALF2=(SL1(I)*COSD(T1)-D(I))*(SL1(I)*COSD(I)-D(1))
SL3(I)=SQRT(HALF1+HALF2)
SL3T(I)=SQRT ((SL3(I)%SL3(I))+(D1(T)=R2(I1)*#SINK(I)+R1(I)*
1SINCOIN)*(DI(I)I-R2(II*SINK(I)I+R1I(TI%SINC(1)))

730 CONTINUE

RETURN
END
Figure 1-24. Subroutine - STGEOM (Concluded)
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TITLE FOTPAD

AUTHORS ReBLACK »Je CADORET s J.GIBSON THE BENDIX CORPORATION
DATE 10-25-64
PURPOSE COMPUTE STRUT FORCES AND FORCES ACTING ON FOOTPADS

DETERMINE FOOTPAD POSITION AND MOTION

METHOD PARABOLIC INTEGRATION USED IN DETERMINING FOOTPAD MOTION
CALL FOTPAD

NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN IV

NOTE THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
INPUT THROUGH LABELED COMMON

NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
AS B1O(I)e THE INSTANTANEOUS VALUE OF THE PARAMETER
IS DEFINED WITHOUT THE O AS Bl(I)e.

aNaNaNaNaNaNaNaNaNaNaNaN e N e NaNaNa Na e Ra Na e NaNA N NANA A NA YA

SYMBOL DEFINITION

B20 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NCe 2 AND VEHICLE CENTERLINE

B30 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NOe. 3 AND VEHICLE CENTERLINE

COSA COS(PSI)

cosB CCS(B1-PSI)

coscC COS(THETA)

cosD COS(B1)

C109C20+C30 ANGLE s IN PLANE FORMED BY STRUT AND A NORMAL TO
THE DIRECTION OF MOTIONs BETWEEN STRUT AND A PLANE NORMAL
TO THE VEHICLE CENTERLINE - FOR STRUTS 1+2s3 RESPECTIVELY

DELTAP DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE
LEG STRUTS

DELTTT TIME INCREMENT USED IN THE INTEGRATION OF FQOTPAD
MOTION. DELTTT= DELTAT/KCONMX

Dlo INITIAL LENGTH (PROJECTED IN PLANE NORMAL TO DIRECTION
OF VEHICLE MOTION) OF THE COMPONENT (IN PLANE PERPENDICULAR
TO THE VEHICLE CENTERLINE) OF STRUT NO 1 LENGTH

D11 VERTICAL DISTANCE FROM VEHICLE CeGe TO UPPER HARDPOINT

EPSEN PROGRAM CONSTANT EQUAL TO 10 PERCENT OF THE POSSIBLE

POTENTIAL ENERGY WHICH COULD BE STORED IN A FOOTPAD
AS THE RESULT OF ELASTIC STROKING OF THE UPPER STRUT

EPS2 MINIMUM ALLOWABLE FOOTPAD SLIDING VELOCITY

Fl1 PLASTIC STROKE FORCE FOR UPPER STRUT (NO. 1)

Fa22 PLASTIC STROKE FORCE FOR LOWER STRUT NO. 2

F33 PLASTIC STROKE FORCE FOR LOWER STRUT NO. 3

GRAV LOCAL GRAVITY

GRDMU COEFFICIENT OF FRICTION BETWEEN VEHICLE FOOTPADS AND GROUND
K FLAG FOR LANDING MODE IF 1-2-1 LANDING , K=1 IF

2-2 LANDINGs K=2

aEaNaNaNaNaNaRaNaNa¥a¥alaNalaXalala¥aXaXaNeXaNaXe XaNata e

C KCONMX NUMBER OF ITERATIONS OF FOOTPAD CALCULATIONS PER (DELTAT)
TIME INTERVAL
N NUMBER OF LEGS ON THE VEHICLE
PMASS MASS OF EACH FOOTPAD
PSIVEL INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE CeGe

Figure 1-25. Subroutine FOTPAD
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P1 FRICTION FORCE IN STRUT NO. 1

P2 FRICTION FORCE IN STRUT NOe 2

P3 FRICTION FORCE IN STRUT NO. 3

R1 RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

SINA SIN(PSI)

SINB SIN(B1=-PSI)

SIND SIN(B1)

SKE1 TENSIL ELASTIC SPRINGRATE OF STRUT NOe. 1 (UPPER)

SKE2 TENSIL ELASTIC SPRINGRATE OF STRUT NOe. 2 (LOWER)

SKE3 TENSIL ELASTIC SPRINGRATE OF STRUT NOe 3 (LOWER)

SKS SPRINGRATE UNDER VEHICLE FOOTPADS

SK1 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NOe 1{UPPER)

SK2 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO. 2(LOWER)

SK3 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NOe3 (LOWER)

SL1 PROJECTED LENGTH OF STRUT NO.l1 IN PLANE PARALLEL TO
DIRECTION OF MOTION

SL1M MINIMUM LENGTH TO WHICH STRUT NO.1 HAS BEEN COMPRESSED
DURING THIS RUN

SL1PRE LENGTH OF STRUT NO.1 AT THE END OF THE PREVIOUS TIME
INCREMENT

SL1T TRUE INSTANTANEOUS LENGTH OF STRUT NO.1

SL1TO TRUE INITIAL LENGTH OF STRUT NOe1l

SL2M MINIMUM LENGTH TO WHICH STRUT NO.2 HAS BEEN COMPRESSED

DURING THIS RUN
SL2PRE LENGTH OF STRUT NOe2 AT THE END OF THE PREVIOUS TIME

INCREMENT
SL2T TRUE INSTANTANEOQOUS LENGTH OF STRUT NOe2
SL2T0 TRUE INITIAL LENGTH OF STRUT NO.?2
SL3M MINIMUM LENGTH TO WHICH STRUT NO+3 HAS BEEN COMPRESSED

DURING THIS RUN
SL3PRE LENGTH OF STRUT NO.3 AT THE END OF THE PREVIOUS TIME

INCREMENT

SL3T TRUE INSTANTANEOUS LENGTH OF STRUT NO.3
SL3T0 TRUE INITIAL LENGTH OF STRUT NO.3
X INSTANTANEOUS X POSITION OF THE VEHICLE CeGe
XVEL INSTANTANEOUS X VELOCITY OF THE VEHICLE CeGe
Y INSTANTANEOUS Y POSITION OF THE VEHICLE CeGe
YVEL INSTANTANEOUS Y VELOCITY OF THE VEHICLE CeGe
ZETA GROUND SLOPE

OUTPUT THROUGH LABELED COMMON

SYMBOL DEFINITION

E3(1) POTENTIAL ENERGY STORED IN STRUT NO. 3 OF LEG I DUE TO
COMPRESSION OR EXTENSION OF THE LEG

E2(I) POTENTIAL ENERGY STORED IN STRUT NOe«2 OF LEG I DUE TO
COMPRESSION OR EXTENSION OF THE LEG

E3(I) POTENTIAL ENERGY STORED IN STRUT NO 3 OF LEG I DUE TO
COMPRESSION OR EXTENSION OF THE LEG

FA(I) FORCE IN THE Z DIRECTION ACTING ON THE VEHICLE CeGe AS

THE RESULTANT OF THE STRUT FORCES IN THE THREE STRUTS
OF THE I TH LEG SET

F8(I) FORCEs PARALLEL TO THE VEHICLE CENTERLINE ACTING ON THE
VEHICLE CeGs AS THE RESULTANT OF THE STRUT FORCES IN
THE THREE STRUTS OF THE I TH LEG SET

FC(I) FORCE» NORMAL TO VEHICLE CENTERLINE IN THE X-Y PLANE
ACTING ON THE VEHICLE CeGe AS THE RESULTANT OF THE STRUT
FORCES IN THE THREE STRUTS OF THE 1 TH LEG SET

FX SAME AS FXP

FXP(I) FORCE IN THE X DIRECTION ON THE FOOTPAD (1)

alaNaNaRoaNaNaNaNoaRaNANANaNa RS NaNaNaNaNaNaNaNaNaYaaNaNaRaNaNaNaaXaXakaXaXaaRaXaNaXaXaTaXaaXataXa N XaRaXaNaXaNatatake)

Figure 1-25. Subroutine FOTPAD (Continued)
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FXPLG1 AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO.1
CURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARAZSOLIC INTEGRATION PROCEDURE

FXPLG2 AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO42
DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FXPLG3 AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO.3
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FYPLGL AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO 1
DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FYPLG2 AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO 2
DURING THE TIME INTERVAL DT, THIS FORCE 1S DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FYPLG3 AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO.3
DURING THE TIME INTERVAL DT, THIS FORCF 1S NDFFINED RY
THE PARABOLIC INTEGRATION PROCEDURE

Fi(I) PLASTIC STROKE FORCE IN STRUT NO.1 OF LEG 1
Fa(1) PLASTIC STROKE FORCE IN STRUT NOe+2 OF LEG I
F3(I) PLASTIC STROKE FORCE IN STRUT NOe3 OF LEG I
FZPLG1 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO.1

DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPLG2 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO.2
DURING THE TIME INTERVAL DT. THIS FORCE 1S DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPLG3 AVERAGE FORCE IN THE 2z DIRECTION ACTING ON FOOTPAD NO,.3
DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

NCGR{(I) INDICATES IF FOOTPAD (I) IS MOVING WITH THE VEHICLE. IF
NOGR(1)=-1y FOOTPAD IS MOVING WITH THE VEHICLE. IF
NOGR(1) =+1» FOOTPAD IS MOVING INDEPENDENTLY

RMOMGR MOMENT OF INERTIA OF THE INDIVIDUAL VEHICLE FOOTPADS.
THIS TERM INCLUDES ONLY THOSE FOOTPADS WHICH ARE OFF THE
GRCUND AT THE INSTANT UNDER INVESTIGATICN

XP (1) X POSITION CF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

XPVEL(I) VELOCITY OF THE I T4 FOOTPAD IN THE X DIRECTION IN THE
FIXED COORDINATE SYSTEM

YP(I) Y POSITION OF FOOTPAD 1 IN THE FIXED COORDINATE SYSTEM

YPVEL(I) VELCCITY OF THE I TH FOOTPAD IN THE Y DIRECTION IN THE
FIXED COORDINATE SYSTEM

ZP (1) Z POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

ZPVEL(I) VELOCITY OF THE I TH FOOTPAD IN THE Z DIRECTION IN THE
FIXED COORDINATE SYSTEM

SUBROUTINE FOTPAD

COMMON/ABLOCK /NsKsNOGR(5)
COMMON/BBLOCK/HsDELTAPsD11(5)3R1(5)sR2(5)sRP(5)sTHETA(5)ALPHA(5),
1 D(5)sSL10(5)sD10(5)5310(5)+B20(5)»sB30(5)+C10(5)9C20(5),C30(5)
COMMON/CBLCCK/SIND(5)sCOSC{5)yCCSE(5)9sCOSD(5)sSINC(5)9sSINJI(S),

1 COSG(5)sSINKI(5)sCOSBI5)sSINB{5)+SING(5)sSINLI5)sSINI(5)9sCOSA»SINA
CCMMON/DBLOCK/D1(5)sB115)sB2(5)sB3(5)9sC1(5)5C2(5)9C3(5)9SL1(5)

1 SL2(5)9SL3(5)sSL1T(5)sSL2T(5)sSL3T(5)sSLITO(5)9SL2TO(5)sSLITO(S)
1 SLIM(5)sSL2M(5)9SL3MI5)9SLIPRE(S5) sSL2PRE(5)sSL3PRE(5) sB2PREV(5),
1 83PREV(5)sC1PREVI(5)9C2PREV(5)sC3PREV(5)9EPS2+EPS3,EPS4IEPSS
COMMON/EBLOCK/XP{5)sYP(5)9ZP(5) s XPVEL(5)sYPVEL(5)s2PVEL(5)
COMMON/FBLOCK/FX{5)9FXPLG3(5)sFYPLG3(5)sFZPLG3(5)sFXPLG2(5)

1 FYPLG2(5)sFZPLG2(5)9sFXPLG1(5)sFYPLGL(5)9sFZPLG1(5),

Figure 1-25. Subroutine FOTPAD (Continued)
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1 F1(5)9F2(5)sF3(5)4E1(5)5sE2(5)+E3(5)

COMMON/GBLOCK/F11(5)9F22(5)9F33(5)9SKS(5) sSK19SK2sSK3sSKE19SKE2
1 SKE3
COMMON/HBLCCK /VVELO(148)sHVELO(14+8) sXVELO(14+8)9sYVELO(14+8) s
1 XVELOOSYVELOOsPSIsPSIOsPSVELOsX+XOsY»YOsXVELsYVELsPSIVELsGRAV)
1 ZETAsKCONMXsDELTTTsDFELTATSGROMU(5) sA(S5)sFXX(3)sFYY(3)sRMOO(3)ys
1 VMASSsPMASS yRMCMI TyRMOMGR sRMOMI 3FA(5) sFB(S)sFC(5)»sIP»1Qs IR,
1 EGBAL1EGBAL2yEGBAL3sPL(5)sP2(5)sP3(5)sDEL(5)sEPSEN(5)sPHI,
1 ENPRO(5)
DIMENSION PADENGI(51sFXP{5)

280 DO 600 I=1sN»K

C
C TEST IF FOOTPAD IS ON THE GROUND
.
IF(XP(1)-DELTAP)330+330+290
C
C COMPUTE FOOTPAD VELOCITY RELATIVE TO CeGe AND DETERMINE RELATIVE
C ENERGY OF FOOTPAD
C

290 XPVELR=XVEL+D11([)*SINA®PSIVEL=R1(1)#COSC(1)*COSA#PSIVEL-SL1(])*
1SINB(I)*PSIVEL
YPVELR=YVEL=D11(I)*COSA*PSIVEL~R1(I)*#COSC(I)*SINA#PSIVEL-SL1(])#*
1COSB(1)*PSIVEL
PADENG(1)=PMASS/2+0%( (XPVELR-XPVEL(I))#*(XPVELR-XPVEL(I))+{YPVELR-
1YPVEL(I )R (YPVELR~YPVEL(I))+(ZPVEL(1))*(ZPVEL(I)))+EL1(I)I+E2(1)+
1E3(I)

TEST IF FOOTPAD 1S MOVING WITH THE VEHICLE

aNaNa)

IF(PADENG(I)~EPSEN(1))300+300,330

FOOTPAD IS MOVING WITH THE VEHICLE. SET FORCES EQUAL TO ZERO

[ANa NS

300 FA(1)=0.0
FEB(I)=0.0
FC(I1=0.0
FXPLG1(1)=040
FXPLG2(1)=0.0
FXPLG3(1)=0.0
FYPLG1(I
FYPLG2 (!
FYPLG3 (!
FZPLG1 (I
FZPLG2 (I
FZPLG3 (I
RMOMGR =RMOMGR+2 ¢« O*PMASS* [ (X-XP (1)) % (X=XP(I))+(Y=YP (1)) *(Y=-YP(I)))
NOGR(I)=-1

- e e -
NN

(e NoXeo Nw o Neo/

FIND FOOTPAD POSITIONS AND VELOCITY BY RIGID BODY MOTION WITH
THE VEMHICLE

aNaNaXa!

310 XP(I)=X-D11(I1)*#COSA-RY1(1)*COSC(I)*SINA-SL1(1)*COSBI(I)
YP(I)=Y-D11(I)%*SINA+R1(I)*COSC(I)*#COSA+SLI(I)*SINB(1I)
ZP(I)=RI(I)*SINC(I)+D1(])
XPVEL(I)=XVEL+D11(1)*SINA®PSIVEL~R1(1)*COSC(I)*COSA*PSIVEL~

ISL1(I)*SINB(I)#PSIVEL
320 YPVEL(I)=YVEL-D11(1)#COSA*PSIVEL-R1(I)#COSC(I)*SINA®PSIVEL-
1SL1(I I *COSB(I)Y*PSIVEL
ZPVEL(1)=0.0
FX{I)=0.0
GO TO 600

Figure 1-25. Subroutine FOTPAD (Continued)
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aNaNal

330

334
340
343

350

360

367
370

375
378
380

393
396
400

403
406
410

412

420

425
430

433
436
440

443

446

FOOTPAD IS MOVING INDEPENDENTLY OF THE VEHICLE » CALCULATE STRUT
FORCES AND FOOTPAD ENERGY

SL=SLITO(I)~SL1T(1)

NOGR(1)=1
IF(SL=SLIM(IY+F11(1)/5K1)334+334,375
IF(SL)340+367+367

IF (SL-SLIPRE(1))343,3605360
F1(1)=SKE1%*SL~-P1(])
E1(1)=SKE1#SL#*SL/2.0

GO TO 393

F1(1)=-P1(1)

EI(I)=OOO

GO TO 393

F1(I)=SKE1%SL+P1 (1)
E1(1)=SKE1*SL*SL /2.0

GO TO 3932

IF (SL-SL1PRE(1))35053705370
F1(I)=P1(I) |
E1(1)=0.0 |
GO TO 393

IF(SL-SLIM(1))378,390,390

IF(SL-SL1PRE(1))385,53805380

F1(I)=SK1#(SL-SLIM(I)+F11(1)/SK1)+P1(1)

E1(I)=(SK1/240)*(SL-SLIM(I)+F11(1) /SK1)*#(SL-SLIM(T)+F11(1)/SK1)

GO TO 393

F1(I)=SK1%(SL-SLIM(I)Y+F11(1)/SK1)-P1(1)
E1(I)=(SK1/240)*(SL=SLIMII)+F11(1)/SK1)*(SL=SLIM(T)4F11(1)/SK1)

GO TO 393

FI1(I)=F11(1)+P1(1)

SLOI)=(SK1/240)*(SL-SLIM(I)+F11(1)/SK1)*(SL=SLIM(I)+F11(1)/SK1)

IF (SL=SLIM(1))400+4005396 |
SLIM(I)=SL |
SL1PRE(1)=SL !
SL=SL2TO(1)=-SL2T(1)

IF(SL=SL2M(I)+F22(1)/5K216403+403+433

IF(SL)406+425,425

IF(SL-SL2PRE(1))410+4205420

F2(1)=SKE2%SL-P2(1)

E2(1)=SKE2%SL*SL/2,0

GO TO 450 ‘
F2(1)==P2(1) ‘
E2(1)=0.0

GO TO 450

F2(1)=SKE2*SL+P2(1])

E2(1)=SKE2*SL#*SL/2,0

GC TO 450

IF (SL-SL2PRE(1))1412+4305,430

F2(1)=P2(1)

E2(1)=0.0

GO TO 450

IF(SL-SL2M(1))436+446+446

IF(SL-SL2PRE(1))443+4405440

F2(1)=SK2%(SL~SL2M(T)+F22(1)/SK2)+P2(1)
E201)=(5K2/240)*%(SL-SL2M (1) +F22(1)/SK2) % (SL=SL2M(1)+F22(1)/SK2)

GC TO 450

F2(1)=SK2*(SL~-SL2M(1)+F22(1)/SK2)-P2(1)

E2(1)=(SK2/240)%(SL-SL2M(T)+F22(1)/SK2) *(SL=SL2M(T)+F22(1)/SK2)

GO TO 450

F2(1)=F22(1)+P2(1)

Figure 1-25. Subroutine FOTPAD (Continued)
1-69

BENDIX PRODUCTS AEROSPACE DIVISION




450
452
454

458
460
465

470

475

480
483

486
490
4912

496

500

505
507
510

NN O

[aNaNa!

514
51%

530
535
540

545
550

1-70

E2(1)=(SK2/2¢0)#(SL=SL2M(I)+F22(1)/SK2)*(SL-SL2M(1)+F22(1)/SK2)
IF(SL=SL2M(T1))45444544452

stamily=sL

SL2PRE(I)=SL

SL=SL3TO(IN=-SL3T(1]}

IF(SL-SL3M(I)+F33(1)/5K3)458+458+486

IF(SL)460,480,480

IF(SL-SL3PRE(1))465+475+475

F3(I)=SKE3*SL-P3(1I)

E3(1)=SKE3#SL#5L/2.0

GO TO 505

F3(1)=-P3(1)

E3(1)=040

GO TO 505

F3(I1)=SKE3#SL+P3(1])

E3(I)=SKE3*SL#*¥S5L/2.0

GO TO 505

IF(SL-SL3PRE(I))470,483,483

F3(1)=P3(I)

E3(1)=0.0

GO TO 505

IF(SL-SL3M{11)490+500,500

IF(SL=SL3PRE(1)1496+493,493
F3(I1)=SK3*(SL=-SL3M(I)+F33(1)/SK3)+P3(1])

E3(1)1=5K3/240 *(SL-SL3M(I)+F33(1)/SK3)*(SL-SL3M(I)+F33(1)/SK3)
GO TO 505

F3(I1)=SK3*(SL-SL3M(I)+F33(1)/SK3)-P3(1)

E3(1)=5K3/240 *(SL-SL3M(I)+F33()/SK3)*(SL-SL3M{I)+F33(1)/5K3)
GO TO 505

F3(1)=F33(1)+P3(1)

E3(1)=SK3/2e0 *(SL-SL3M(I)+F33(1)/SK3)%#(SL-SL3M(I)+F33(])/SK3)
IF(SL-SL3M(I))1510+510+507

SL3M(I)=SL

SL3PRE(I)=5L

CALCULATZ COMPONENTS OF STRUT FORCE

SING(I)=SIN (C1(I})

SINL(IN=SIN (C2(I}))

SINI(I)=SIN (C3(1))

FA(I)=F1l(I)*#COS (C1(I))+F2(1)%COS (C2(I))+F3(1)*COS (C3(I1))
FB(I)=Fl{I)*SING(I)®COSD(II+F2(I)*SINL(I1)*COS (B2(I))I+F3(I)*

1SINI(I)*COS (B3(1}))

FCUIV=FL{I)*SING(II®SIND(II+F2(I)1*SINL(1)*SIN (B2(I))+F3(])#*

1SINI(II®SIN (B3(I))

DETERMINE FORCES ACTING ON FOOTPAD AND FOOTPAD MOTIONS

KCON=0

KCON=KCON+1

SLVEL=SQRT ((YPVEL(IMI®(YPVEL(I))+(ZPVEL(I))I®(ZPVEL(I}))
1F(SLVEL-EPS2)5309535+535

SLVEL=EPS2
FXP(I)=SKS(I)®(DELTAP-XP (1))
IF (FXP(I)) 54095404545
FX{1)=040

GO TO 550

FX(I)=FXP(1)

TEMP2=GRDMU (I )*FX(1)/ (PMASS*SLVEL)

FYPLG3(I)=((FC(I) *COSA-FB(I)*SINA)/PMASS+GRAV*SIN (ZETA))*PMASS
YP(1)=YP(I)4YPVEL(II*DELTTT+(19.0%FYPLG3(1)-10+0%FYPLG2(1)+3,0%

Figure 1-25. Subroutine FOTPAD (Continued)
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C
C
C

1FYPLGL(I) ) *DELTTT*DELTTT/(2440%PMASS)~TEMP2*YPVEL(T)*DELTTT*
2DELTTT/2.C
YPVEL(II=YPVEL(I)+(23.0%FYPLG3(1)-16¢0%¥FYPLG2(1)+5.,0%FYPLGL(I))*
IDELTTT/(1240%PMASS) ~TEMP2*YPVEL () *DELTTT
FZPLG3(I)=FA(I)

580 ZP(I)=ZP(I)+ZPVEL(I)*DELTTT+(1940*FZPLG3(1)~10s0%FZPLG2{1)+3.,0%
1FZPLGL(I) ) *DELTTT*DELTTT/ (2440%PMASS)~TEMP2%ZPVEL( 1) *DELTTT*
2DELTTT/2.0

ZPVEL(I)=ZPVEL(I)+(230%FZPLG3(1)~1640%FZPLG2(1)+5,0%FZPLGL(1))*
IDELTTT/(124C*PMASS)-TEMP2*ZPVEL (1) *DELTTT
FXPLG3(I)=~FB(I)#COSA-FC(I)*SINA-GRAV*COS (ZETA)*PMASS
XPLI)=XP LIV +XPVEL (T )*DELTAT+ (19« 0*FXPLG3(1)=~100%FX PLG2(I)+3,0%
1FXPLGLI(I) ) *DELTTT*DELTTT/(2440%PMASS)+FX (T )*DELTTT*DELTTT/
2(2+.0%*PMASS)
XPVEL(I)=XPVEL(I)+(230%FXPLG3{1)=16¢0%FXPLG2(I)+5,0%FXPLG1(1))*
IDELTTT/ (12 0%PMASS)+FXITI¥DELTTT/PMASS
59C IF (KCON-KCONMX) B515560C»500
600 CONTINUE

INDEX PREVIOUS FORCES FOR THE NEXT INTEGRATION OF FOOTPAD MOTION

DO 639 I=1sNsK

IF(NOGRI(1))6395639,638
638 FXPLGL(I)=FXPLG2(1I)

FXPLG2(I)=FXPLG3(1])

FYPLG1(I)=FYPLG2(T)

FYPLG2(IV)=FYPLG3(1)

FZPLGLl(I)=FZPLG2(1)

FZPLG2(1)=FZPLG3 (1)
639 CONTINUE

RETURN

END

Figure 1-25. Subroutine FOTPAD (Concluded)
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1-72

E

AUTHORS

OSE

NOTE
NOTE

T
SYMBOL

A

COSA
Cosc
cosD
D11
Fa(l)

FC(I)

GRAV
RMOMI
RMOMGR

R1
SINA
SIND
sL1

VMASS
ZETA

ut
SYMBOL

FXX(3)

FXX(2)

FXX(1)

FYY(3)

st
i

VEHFOR
ReBLACK 9 Je CADORET»J.GIBSON THE BENDIX CORPORATION
10-25-64
DETERMINE FORCES ACTING ON VEHICLE
VEHFOR
THIS PROGRAM WAS WRITTEN IN FORTRAN IV
THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER

THROUGH LABELED COMMON

DEFINITION

SYMMETRY FACTOR =-- IF TWO VEHICLE LEGS ARE SYMMETRIC»
SET A=2.0 FOR ONE OF THE SYMMETRIC PAIRS AND A=0.0 FOR
THE OTHER TO SAVE ON COMPUTER TIME IE FOR 22 LANDING
A=2+0+2+0 FOR A 121 LANDING A= 15925140

COS(PSI)

COS({THETA)

cos(s1)

VERTICAL DISTANCE FROM VEHICLE CeGe TO UPPER HARDPOINT
FORCEs PARALLEL TO THE VEHICLE CENTERLINE ACTING ON THE
VEHICLE CeGe AS THE RESULTANT OF THE STRUT FORCES IN

THE THREE STRUTS OF THE I TH LEG SET

FORCEs» NORMAL TO VEHICLE CENTERLINE IN THE X-Y PLANE
ACTING ON THE VEHICLE CeGe AS THE RESULTANT OF THE STRUT
FORCES IN THE THREE STRUTS OF THE I TH LEG SET

LOCAL GRAVITY

VEHICLE MOMENT OF INERTIA

MOMENT OF INERTIA OF THE INDIVIDUAL VEHICLE FOOTPADS.
THIS TERM INCLUDES ONLY THOSE FOOTPADS WHICH ARE OFF THE
GROUND AT THE INSTANT UNDER INVESTIGATION

RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

SIN(PSI)

SIN(B1)

PROJECTED LENGTH OF STRUT NO.1 IN PLANE PARALLEL TO
DIRECTION OF MOTION

VEHICLE MASS

GROUND SLOPE

THROUGH LABELED COMMON
DEFINITION

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGe
DURING THE CURRENT TIME INTERVALe. THIS FORCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGe
DURING THE N-1 TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGe
DURING THE N-2 TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
DURING THE CURRENT TIME INTERVAL. THIS FORCE IS USED

Figure 1-26. Subroutine VEHFOR
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IN THE PARABOLIC INTEGRATION PROCEDURE

Fyy(2) FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
OURING THE N-1 TIME INTERVAL. THIS FORCE 1S USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FYy(1l) FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
DURING THE N~2 TIME INTERVAL. THIS FORCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

RMOO0O(3) TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE CURRENT TIME INTERVAL. THIS TORQUE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

RMOO(2) TORQUE ACTING ON THE VEHICLE CeGs IN THE X=~Y PLANE
OURING THE N-1 TIME INTERVAL. THIS TORQUE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

RMOO (1) TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE N-2 TIME INTERVAL. THIS TORQUE 1S USED
IN THE PARABOLIC INTEGRATION PROCEDURE

RMOMIT TOTAL MOMENT CF INERTIA OF THE VEMICLE

MASS ARND THOSE
FOOTPADS WHICH ARE OFF THE GROUND

SUBROUTINE VEHFOR

COMMON/ABLOCK /N sK yNOGR (5)
COMMON/SBLOCK/H’DELTAP9Dl1(5)9R1(5):R2(5),RP(S)'THETA(5)oALPHA(5)9
1 D(S)tSLlO(S),D10(5)o810(5),820(5)9830(5)9C10(5)9C20(5)9C30(5)
COMMON/CBLOCK/SIND(S)’COSC(S)pCOSE(S)9COSD(5)’SINC(5)ySXNJ(5)9

1 COSG(B)’SINK(S)9COSB(S):SINB(5)9SING(5)9SINL(5)sSINI(5)’COSA’SINA
COMMON/DBLOCK/DI(S)981(5)982(5),83(5)9C1(5)’C2(5)’C3(5)9SL1(5)9

1 5L2(5)9SL3(5),SL1T(5)¢SL2T(5)95L3T(5)9SL1TO(5);SL2TO(5)’SLBTO(S)9
1 SLIM(S);SLZM(S)95L3M(5)95L1PRE(5)oSLZPRE(5)9$L3PRE(5)’BZPREV(S):
1 63PREV(5),C1PREV(5),CZPREV(S),CBPREV(S),EPSZ’EP539EP549EP55
COMMON/HBLOCK/VVELO(14:8),HVELO(1498)'XVELO(1498)9YVELO(1498)t

1 XVELOO;YVELCO,PSI;PSIO9PSVELO»XaXO:Y:YO9XVEL’YVEL,PSIVEL'GRAV9
1 ZETAQKCONMX,DELTTT’DELTAT9GRDMU(5)9A(5)9FXX(3)’FYY(B)’RMOO(3)’
1 VMASS’PMASS9RMGMIT,RMOMGR9RMOMI,FA(5),FB(S)oFC(B)’IP;109IR0

1 EGBALI;EGBALZ:EGBALB’Pl(5),P2(5)sP3(5)9DEL(5)9EPSEN(5):PHI.

1 ENPRO(5)

DETERMINE FORCES ACTING ON THE VEHICLE

FXX(2)=040

FYY(3)=04,0

RMO0O(3)=0.0
RMOM]IT=RMOMI +RMOMGR

610 RMOMGR=0,0
DO 620 I=1sNsK
FXX(3)=FXX(3)+A(I)*FB(I)*COSA+A(I)*FC([)*SINA
FYY(3)=FYY(3)+A(I)*FB(I)*SINA~A(I)*FC(I)*COSA

620 RM00(3)=RMOO(3)+A(I)*FC(I)*(DII(I)+SL1(I)*COSD(I))*A(I)*FB(I)*
I(RI(I)*COSC(I)+SL1(1)*SIND(I))
FAX{3)=FXX{3)-VMASS*GRAV*COS (ZETA)
FYY(3)=FYY(3)+VMASS*GRAV*SIN (ZETA)

1-73

RETURN
END
Figure 1-26. Subroutine VEHFOR (Concluded)
DENDIX PRODUCTS ON




ﬁﬁﬁﬁ(\(\ﬂﬂﬂﬁ(\ﬁﬁﬁﬂﬂﬁﬁﬂﬁﬁﬁﬁf\ﬁﬁ(\ﬁﬁ(\ﬁﬁﬁﬁﬁﬁﬂﬁﬂﬁﬁﬁﬁﬁﬁ(\ﬁﬁqf\f\ﬁﬁﬁﬁﬁﬁﬁﬂﬁ

1-74

TITLE
AUTHORS
DATE
PURPOSE
METHOD
cALL
NOTE
NOTE
INPUT
SYMBOL
B1

DELTAT

FXX(3)

FXX(2)

FXX(1)

FYY(3)

FYY(2)

FYy(1l)

PS1
PSIVEL
RMOOQ (3)

RMOOQO(2)

RMOQ (1)

RMOMIT

X
XVEL
Y
YVEL
VMASS

BENDIX PRODUCTS AEROSPACE DIV

VEHMOT

ReBLACK s Je CADCRET»JoGIBSON THE BENDIX CORPORATION
10-25-64
DETERMINE VEHICLE CeGe MOTUON
PARABOLIC INTEGRATION USED IN DETERMINING VEHICLE MOTION
VEHMOT

THIS PROGRAM WAS WRITTEN IN FORTRAN 1V

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
THROUGH LABELED COMMON

DEFINITION

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NOe. 1 AND VEHICLE CENTERLINE

TIME INTERVAL BETWEEN PROGRAM CALCULATIONS

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGo
DURING THE CURRENT TIME INTERVAL. THIS FORCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CaGo
DURING THE N-1 TIME INTERVALe THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGs
DURING THE N-2 TIME INTERVAL., THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
DURING THE CURRENT TIME INTERVALe. THIS FORCE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGo
DURING THE N-1 TIME INTERVALe. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
DURING THE N-2 TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

INSTANTANEOUS VALUE OF PSIO

INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE CeGe
TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE CURRENT TIME INTERVALe. THIS TORQUE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE N-1 TIME INTERVALe. THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE CeGe IN THE X-~Y PLANE
DURING THE N=2 TIME INTERVAL. THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TOTAL MOMENT OF INERTIA OF THE VEHICLE MASS AND THOSE
FOOTPADS WHICH ARE OFF THE GROUND

INSTANTANEOUS X POSITION OF THE VEHICLE CeGe
INSTANTANEQUS X VELOCITY OF THE VEHICLE CeGe
INSTANTANEOUS Y POSITION OF THE VEHICLE CeGe
INSTANTANEOUS Y VELOCITY OF THE VEHICLE CeGe

VEHICLE MASS

Figure 1-27, Subroutine VEHMOT
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C
C
C
C
C
C
C
C
C
C
¢
C
C
C

C

[aNaNal

OouUTPUT THROUGH LABELED COMMON
SYMBOL DEFINITION
COSA COSI(PSI)
cOsB COsS(B1-PSI)
FLL TOTAL FORCE ACTING ON THE VEHICLE IN THE LATERAL DIRECTION
(NORMAL TO THE VEHICLE CENTERLINE)
FVV TOTAL FORCE ACTING ON THE VEHICLE IN THE VERTICAL

DIRECTION ( PARALLEL TO THE VEHICLE CENTERLINE)
STINA SIN(PST)
SINB SIN(B1-PSI)

SUBROUTINE VEHMOT

COMMON/CBLOCK/SIND(5) »COSC(5),COSE(5)9COSDI5)sSINC(5)sSINJ(5)

1 COSG(5)’SINK(5)’COSB(5)9SINB(5)’SING(S)9SINL(5)0SINI(5’9COSA'SINA
COMMON/DBLOCK/D1{5)sB1(5)sB2(5)sB3(5)4C1(5)+C2(5)+C3(5)s5L1(5)

1 SL2(5)sSL3(5)s5L1T(5)sSL2T(5)>SL3T(5)sSL1ITO(5)sSL2TO(5)+SL3TO(5)
1 SLIM(5)»SL2M(5)sSL3M(5)sSLIPRE(5) sSL2PRE(5)9sSL3PRE(S5) 9B2PREV(5),
1 B3PREV(5)’CIPREV(5)9C2PREV(5)iC3PREV(5)9Ep529EP539EP54bEP55
COMMON/HBLCCK/VVELO(14;8)’HVELO(1498)’XVELO(14’8)9YVELO(14!8)’

1 XVELOOsYVELOCsPSIyPSIOsPSVELOsXsXOsYsYOsXVELsYVEL sPSIVELsGRAV s

1 ZETAsKCONMX sDELTTTsDELTAT»GRDMUI(5) sA(5) sFXX(3)sFYY(3) sRMOO(3)

1 VMASS:PMASSoRMOMIT,RMOMGR9RMOMI)FA(5)sFB(5)9FC(5)9IP910!IR,

1 EGBAL1YEGBAL2sEGBAL3sP1(5)sP2(5)sP3({5)sDEL(5)+sEPSEN({5)sPHI

1 ENPRGCI(5)
COMMON/JBLOCK/BETADT o FLLsFVVSLINEsFINT yRUNNOSRUNNOO SERNOs XN »
1 XNMINs TMINXNsBIIMINsBJIMINSTMINBI s TMINBJUSHNyRNsKPRINT sNSOsNQO s
1 NSsNQINSMAX sNQMAX s LOTPRTINSTsNUN»IT19sJJsJsCONSsIFLAGSPRBEYKMS
1 MULTsPRXVELSPRYVEL

DETERMINE VEHICLE CeGe MOTIONS
X=X+XVEL*DELTAT+(19+0%¥FXX(3)-100%¥FXX{2)+3.0%FXX(1))*DELTAT*

IDELTAT/(24,4,0%YMASS)
XVEL=XVEL+(2340*FXX{3)~16C0*¥FXX(2)+50%FXX (1) )*DELTAT/(12.0%VMASS)

630 Y=Y+YVELXDELTAT+(19+0%FYY(3)-1040¥FYY{2)+3,0%FYY(1))%*DELTAT*

633
635

1DELTAT/ (244 0%VYMASS)
YVEL=YVEL+(23,0%FYY(3)-16.0%FYY(2)+5.0%FYY(1))*DELTAT/({12.0%VMASS)
PSI=PSI+PSIVEL*DELTAT+(19«0%RMOO(3)-10.0%RMCO(2)+3,0%¥RMOO( 1) )*
IDELTAT*DELTAT/ (244 0*RMOMIT)
PSIVEL=PSIVEL+(23+40%RMOO(3)-16¢0%RMO0(2)+5.0%RMOO(1))*DELTAT/
1(12.0%RMCMIT)

RESET PROGRAM CONSTANTS

CACA_rmAC o X 4

COSA=C0S (PSS
SINA=SIN (PSI)
DO 635 I=1sNsK
COSB(1)=COS (Bl(1)-PSI)
SINB(IY=SIN (B1(I)-PSI)

DETERMINE HORIZONTAL AND VERTICAL FORCES AT THE VEHICLE CeGs

FVV=FXX{3)*COSA+FYY{3)*SINA
FLL=FYY(3)*COSA-FXX(3)%*SINA

INDEX PREVIOUS FORCES FOR THE NEXT INTEGRATION OF VEHICLE MOTION

Figure 1-27. Subroutine - VEHMOT (Continued)
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637

1-76

DO 637 I=1s2
FXX{I)=FXX(I+1)
FYY(I)=FYY(1+1)
RMOO(1)=RMOO(I+1)
RETURN

END

Figure 1-27. Subroutine VEHMOT (Concluded)
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TITLE STABAN

AUTHORS ReBLACK 3 JeCADORET» JoGIBSON THE BENDIX CORPORATION
DATE 10-25-64
PURPOSE COMPUTE STABILITY ANGLE AND ORIENT IN PROPER QUADRANT
CALL STABAN

NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN 1lv

NOTE THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
INPUT THROUGH LABELED COMMON

SYMBOL DEFINITION

BEPR VALUE OF BETA AT THE END OF THE PREVIOUS TIME INCREMENT.

USED TO ASSIGN BETA TO THE PROPER QUADRANT

X INSTANTANEOQUS X POSITION OF THE VEHICLE CeGoe

XP(I) X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

Y INSTANTANEOUS Y POSITION OF THE VEHICLE CeGo

YP(I) Y POSITION CF FOCTPAD I IN THE FIXED COORDINATE SYSTEM

ZETA GROUND SLOPE
QUTPUT THROUGH LABELED COMMON

SYMBOL DEFINITION

BETA VEHICLE STABILITY ANGLE

669
670
671

672

Pt b i pd s

SUBROUTINE STABAN

COMMON /ABLOCK /N 9K sNOGR(5)

COMMON/EBLOCK/XP(5)sYP(5)32ZP(5) s XPVEL{5)sYPVEL(5)sZPVELI(5)
COMMON/HBLOCK /VVELO(1698) sHVELO(14+8) o XVELO(144s8)sYVELO(14+8) >
XVELOC» YVELOOsPSI sPSIOsPSVELOsXsXOsYsYOsXVELYVEL sPSIVELsGRAV s
ZETAsKCONMX sDELTTTsDELTATHIGRDMUIS) sA(5) sFXX(3)sFYY(3)sRMOO(3),
VMASS s PMASS s RMOMI Ty RMOMGR sRMOMI sFA(5) sFB(5)9FC(5),IPsIQsIRS
EGCBAL1sEGBAL2yEGBAL3sP1(5)9P2(5)9sP3(5)sDELIS5)sEPSEN(5)sPHI»

ENPRC(5)
COCMMCN/IBLOCK/BETA(5) sBEPR(5)yBETAPR(5) s LAND
DIMENSION BEMI(5),BEPL(5)

ORITENT STABILITY ANGLE IN PROPER QUADRANT

DO 673 I=1sNsK

BETA(II=ATAN ((YP(I)=Y)/(X=XP(1)))-ZETA
BEMI(I)=BETA(I)-3e614159265359
BEPL(I)=BETA(I)+3+14159265359
DIFF1=ABS (BEMI(I)~-BEPRI(1))
DIFF2=ABS (BETA(I)-BEPRI(I))
DIFF3=ABS (BEPL(I1)-BEPR(1}))
IF(DIFF1-DIFF2)669+670+670
IF(DIFF1-DIFF3)6724671+671
IF(DIFF2-DIFF3)673+671+671
BETA(I)=REPLI(I)

GO TO 673

BETA(I)=BEMI(I)

Figure 1-28. Subroutine STABAN
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C
C RESET BEPR FOR NEXT ITERATION STEP
C
673 BEPR(IY=BETA(I])
RETURN
END
Figure 1-28. Subroutine STABAN (Concluded)
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TITLE
AUTHORS
CATE

PURPOSE

CALL
NOTE
NOTE
INPUT
SYMBOL

FX
FXP(I)

FXPLG3

FYPLG3

FZPLG3

F1(1)
F2(1)
F2(1)
M

SLIT
SL2T7
SL3T
TIME
XP (I}
YP(I)
ZP(1)

OuUTPUT
SYMBOL

FXPL31
FXPL33
FYPL21
FYPL33
FzPL31
FZPL33
FX1

FXx3

G1STR1
G1STR2
G1STR3
G3STR1
G3STR2
G3STR3

STCREP

Re3LACK s Je CADORET s JoGIBSON THE BENDIX CORPORATION
10-25-64
STCRE INFCRMATICN FOR FINAL PRINTOUT
STOREP

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
THROUGH LARFELFD COMMON

DEFINITION

SAME AS FXP

FORCE ON THE FOOTPAD I IN THE X DIRECTION IN THE FIXED
COORDINATE SYSTEWM

AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO.3
CURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED By
THE PARABOLIC INTEGRATION PROCEDURE

AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO«3
DURING THE TIME INTERVAL DT, THIS FORCE 1S DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NQO.3
DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCECURE

PLASTIC STRCKE FORCE IN STRUT NO.1 OF LEG I

PLASTIC STROKE FCRCE IN STRUT NOW2 OF LEG I

PLASTIC STROKE FORCE IN STRUT NC.2 OF LEG 1

INDEX USED TO STORE VARIABLES FOR PRINT AT END OF RUN
TRUE INSTANTANEQUS LENGTH OF STRUT NO.1

TRUE INSTANTANEOUS LENGTH OF STRUT NCe2

TRUE INSTANTANEOCUS LENGTH OF STRUT NO.3

TIME AFTER TOUCHDOWN

X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM
Y POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM
Z POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

THROUGH LABELED COMMON

DEFINITION

FXPLG3 VALUE FOR LEG I1 STORED FOR FINAL PRINT
FXPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT
FYPLG32 VALUE FOR LEG 11 STORED FOR FINAL PRINT
FYPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT
FZPLG3 VALUE FOR LEG I1I STORED FOR FINAL PRINT
FZPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT
FX VALUE FOR LEG I1 STORED FOR FINAL PRINT
FX VALUE FCR LEG JJ STORED FOR FINAL PRINT
SL1T VALUE FOR LEG I1 STORED FOR FINAL PRINT
sLar VALUE FOR LEG 11 STORED FOR FINAL PRINT
SL3T VALUE FOR LEG 11 STORED FOR FINAL PRINT
SLIT VALUE FOR LEG JJ STOREC FOR FINAL PRINT
sLaT VALUE FOR LEG JJ STORED FOR FINAL PRINT
SL3T VALUE FOR LEG JJ STORED FOR FINAL PRINT

Figure 1-29. Subroutine STOREP
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C G1FRC1 Fi VALUE FOR LEG 11 STORED FOR FINAL PRINT

C G1FRCZ2 F2 VALUE FOR LEG 11 STORED FOR FINAL PRINT

C G1FRC3 F3 VALUE FOR LEG 11 STORED FOR FINAL PRINT

C G3FRC1 F1l VALUE FOR LEG JJ STORED FOR FINAL PRINT

C G3FR(C2 F2 VALUE FOR LEG JJ STORED FOR FINAL PRINT

C G3FRC3 F3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

C TME TIME STORED FOR FINAL PRINT

C XP1 Xp VALUE FOR LEG I1 STORED FOR FINAL PRINT

C XP3 XP VALUE FOR LEG JJ STORED FOR FINAL PRINT

C YP1 YP VALUE FOR LEG I1I STORED FOR FINAL PRINT

C YP3 YP VALUE FOR LEG JJ STORED FOR FINAL PRINT

C ZP1 P VALUE FOR LEG I1I STORED FOR FINAL PRINT

C 2P3 2P VALUE FOR LEG JJ STORED FOR FINAL PRINT

C

C
SUBROUTINE STOREP

C
COMMON/DBLOCK/D1(5)sB1(5)9B2(5)9sB3(5)9C1(5)9C2(5)9C3(5)sSL1(5)>
1 SL2(5)9sSL3(5)eSLIT(5)9SL2T(5)9SL3T(5)sSLITO(S) 9SL2TO(5)sSL3TO(S )
1 SLIM(5)9sSL2M(5)9SL3M(5)sSLIPRE(5)sSL2PRE(5)+SL3PRE(5) sB2PREV(S )
1 B3PREV(5)sC1PREVIS)sC2PREVI(5) sC3PREV(5) sEPS29sEPS34EPS4EPSS
COMMON/EBLOCK/XP{5)sYP(5)sZP(5) s XPVEL(5)sYPVEL(5)sZPVEL(5)
COMMON/FBLOCK/FX{5) sFXPLG3(5)sFYPLG3(5)yFZPLG3(5)sFXPLG2(5)
1 FYPLG2(5)sFZPLG2(5)+sFXPLGL(5) sFYPLGL(5)sFZPLGLI(5)
1 F1(5)9F2(5)4F3(5)sE1(5)9E2(5)+E3(5)
COMMON/JBLOCK/BETADTsFLLsFVVILINESFINTsRUNNOSRUNNOO Y SERNO XN »
1 XNMINyTMINXNoBIIMINGBIJUMINSTMINSI »TMINBJsHNSRNSKPRINT 9sNSOsNQO,
1 NSsNQINSMAX sNQMAX s LOTPRTsNSToNUNsI 19 JJsJsCONSSIFLAGsPRBEsKM,
1 MULTsPRXVEL sPRYVEL
COMMON/KBLOCK /Ms» TIMEs TME(402) o XP1{402)sYP1(402)9ZP1{402) 9XP3{402)
1 YP3(402)92ZP3(402)+sFX1(402)sFX3(402) sFXPL31(402)+sFYPL31(402)
1 FZPL31(402) sFXPL33(402)sFYPL23(402)sFZPL33(402)sG1STR1(402)
1 G1STR2(402)sG1STR3(402)sG3STR1(402)9G3STR2(402)9sG3STR3(402)
1 G1FRC1(402)»G1FRC2(402)9sG1FRC3(402)9G3FRC1(402)+G3FRC2(402)
1 G3FRC3(402)

C

C STORE VARIABLES FOR THE PRINT TO BE MADE AT THE END OF THE RUN

C

688 M=M+]1
TME(M)=TIME
XP1(M)=XP(I11)
YP1(M)=YP(II)
ZP1{(M)=ZP(11)
XP3(M)=XP(JJ)
YP3(M)=YP(JJ)
ZP3(M}=2P (JJ)
FX1(M)=FX(II)
FX3(M)=FX(JJ)
FXPL31(M)=FXPLG3(1I1I)
FYPL31(M)y=FYPLG3(II)
FZPL31(M)=FZPLG3(1I1)
FXPL33(M)=FXPLG3(JJ)
FYPL33(M)=FYPLG3(JJ)
FZPL33(M)=FZPLG3(JJ)
G1STRI(M)=SLITIII)
GISTR2(M)=SL2T(I])
G1STR3(M)=SL3T(II)
G3STR1(M)=SL1T(JI)
G3STR2{(M)=SL2T(JJ)
G3STR3(M)=SL3T(JJ)
G1l1FRCI{M)Y=F1(11)
Figure 1-29, Subroutine STOREP (Continued)
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GlFRC2(M)=F2(11)
G1FRC3(M)=F3(I11)
G3FRC1(M)=F1(J)
G3FRC2(M)=F2(JJ)
G3FRC3(M)=F3(JJ)
RETURN

END

Figure 1-29. Subroutine

STOREP (Concluded)
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1-82

E PRINT1
AUTHORS ReBLACK s Joe CADORET s JoGIBSON THE BENDIX CORPORATION
10-25-64
PURPOSE TO PRINT THE OQUTPUT DATA
PRINT1 (IPR)
IPR=]1 ==~ PRINT INITIAL DATA
IPR=2 =--- PRINT ON LINE OQUTPUT WITH HEADINGS
IPR=3 --=-~ PRINT ON LINE OQUTPUT
IPR=4 -—--— PRINT SUMMARY (UNSTABLE RUN)
IPR=5 ===~ PRINT SUMMARY (TIME EXCEEDED)
IPR=6 —--— PRINT SUMMARY (STABLE RUN)
IPR=7 —--- PRINT GENERAL SUMMARY
IPR=8 ==~ PRINT STORED QUTPUT
NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN IV
NOTE THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
T THROUGH LABELED COMMON
SYMBOL DEFINITION
NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
AS B1O(1}. THE INSTANTANEOUS VALUE OF THE PARAMETER
IS DEFINED WITHOUT THE O AS Bl(I)e
A SYMMETRY FACTOR == IF TWO VEHICLE LEGS ARE SYMMETRIC,
SET A=2.0 FOR ONE OF THE SYMMETRIC PAIRS AND A=0.0 FOR
THE OTHER TO SAVE ON COMPUTER TIME IE FOR 22 LANDING
A=2505250 FOR A 121 LANDING A= 1923140
ALPHA ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)
SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE CeGe
BETA VEHICLE STABILITY ANGLE
BETADT RATE OF CHANGE OF BETA WITH TIME
BIIMIN MINIMUM STABILITY ANGLE FOR LEG SET 11
BJJMIN MINIMUM STABILITY ANGLE FOR LEG SET JJ
B1O ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NO. 1 AND VEHICLE CENTERLINE
B20 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NOe 2 AND VEHICLE CENTERLINE
B30 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NQOe 3 AND VEHICLE CENTERLINE
Cl0sC205C30 ANGLE » IN PLANE FORMED BY STRUT AND A NORMAL TO
THE DIRECTION OF MOTION, BETWEEN STRUT AND A PLANE NORMAL
TO THE VEHICLE CENTERLINE - FOR STRUTS 1,293 RESPECTIVELY
D VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS
DELTAP DISTANCE FROM BOTTOM OF FQOOTPAD TO INTERSECTION OF THE
LEG STRUTS
DELTAT TIME INTERVAL BETWEEN PROGRAM CALCULATIONS
D10 INITIAL LENGTH (PROJECTED IN PLANE NORMAL TO DIRECTION
OF VEHICLE MOTION) OF THE COMPONENT (IN PLANE PERPENDICULAR
TO THE VEHICLE CENTERLINE) OF STRUT NO 1 LENGTH
D11 VERTICAL DISTANCE FROM VEHICLE CeGe TO UPPER HARDPOINT
EGBAL1 ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND CeGe
DROP
EGBAL2 ENERGY DISSIPATED BASED ON PLASTIC STROKE OF ALL STRUTS
EGBAL3 ENERGY DISSIPATED BASED ON PLASTIC AND FULL ELASTIC
Figure 1-30. Subroutine PRINT1
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ENPRO(I)

EPS?2
EPS3
EPS4
EPSS

NOTE

FINT
FLL

Fvv

FX1
FX3
FXPL31
FXPL33
FYPL31
FYPL33
F11
F22
F33
FZPL31
FZPL33
GRAV
GRDMU
G1FRC1
G1lFRC2
G1FRC3
G3FRC1
G3FRC2
G3FRC3
G1STR1
G1STR2
G1STR3
G3STR1
G3STR2
G3STR3
H

HN
HVELO

Il

KCONMX

KPRINT

BENDIX PRODUCTS A

STROKE OF ALL STRUTS

PERCENT OF TOTAL ENERGY ABSORBED BY STROKING OF THE
STRUTS OF LEG SET I

MINIMUM ALLOWABLE FOOTPAD SLIDING VELOCITY

LIMITING MINIMUM VFLOCITY OF VEHICLE CeGe IN X DIRECTION
LIMITING MINIMUM VELOCITY OF VEHICLE CeGe IN Y DIRECTION
LIMITING MINIMUM ANGULAR VELOCITY COF VEHICLE Ce Go

IF XVELsYVEL AND PSIVEL ARE SIMULTANECUSLY LESS THAN
EPS34EPS4 AND EPSS RESPECTIVELY AND THE FOOTPADS ARE ALL
LESS THAN 1 FTe FROM THE GROUNDs THE PROGRAM TERMINATES

MAXIMUM ALLOWABLE TIME FOR COMPUTER RUN

TOTAL FORCE ACTING ON THE VEHICLE IN THE LATERAL DIRECTION
(NORMAL TO THE VEHICLE CENTERLINE)

TOTAL FORCE ACTING ON THE VEHICLE IN THE VERTICAL

DIRECTION ( PARALLEL TO THE VERICLE CENTERLINE)

FX VALUE FOR LEG ITI STORED FOR FINAL PRINT
FX VALUE FOR LEG JJ STORED FOR FINAL PRINT
FXPLG3 VALUE FOR LEG I1 STORED FOR FINAL PRINT
FXPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT
FYPLG3 VALUE FOR LEG I1 STORED FOR FINAL PRINT
FYPLG3 VALUE FOR LEG uJ STORED FOR FINAL PRINT

PLASTIC STROKE FORCE FOR UPPER STRUT (NO. 1)

PLASTIC STROKE FORCE FOR LOWER STRUT NO. 2

PLASTIC STROKE FORCE FOR LOWER STRUT NO, 3

FZPLG3 VALUE FOR LEG I1I STORED FOR FINAL PRINT

FZPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

LOCAL GRAVITY

COEFFICIENT OF FRICTION BETWEEN VEHICLE FOOTPADS AND GROUND

F1l VALUE FOR LEG II STORED FOR FINAL PRINT
Fe VALUE FOR LEG ITI STORED FOR FINAL PRINT
F3 VALUE FOR LEG II STORED FOR FINAL PRINT
Fl VALUE FOR LEG JJ STORED FOR FINAL PRINT
F2 VALUE FOR LEG JJ STORED FOR FINAL PRINT
F3 VALUE FOR LEG JJ STORED FOR FINAL PRINT
SL1T VALUE FOR LEG 11 STORED FOR FINAL PRINT
SL27 VALUE FOR LEG 11 STORED FOR FINAL PRINT
SL3T VALUE FOR LEG II STORED FOR FINAL PRINT
SL1T VALUE FOR LEG JJ STORED FOR FINAL PRINT
SL27 VALUE FOR LEG JJ STORED FOR FINAL PRINT
SL3T VALUE FOR LEG JJ STORED FOR FINAL PRINT

DISTANCE FRCM THE B80TTOM OF THE FOOTPAD TO THE VEHICLE
CENTER OF GRAVITY

VERTICAL DISTANCE BETWEEN VEHICLE CeGe AND THE LOWEST
POINT ON THE NOZZLE CONE

HORIZONTAL VELOCITY PERPENDICULAR TO THE GRAVITATIONAL
FIELD

PARAMETER SPECIFYING WHICH LEG SET DATA WILL BE

PRINTED AS OUTPUT

PRINT INDICATOR

PRINT INDICATOR

PRINT INDICATOR

INDEX ASSOCIATED WITH FIRST LEG TO STRIKE GROUND DURING
INITIAL IMPACT

SIMILAR TO 11

FLAG FOR LANDING MODE IF 1-2-1 LANDING » K=1 IF
2-2 LANDINGs K=2

NUMBER OF ITERATIONS OF FOOTPAD CALCULATIONS PER (DELTAT)
TIME INTERVAL

COMPUTATION INCREMENTS BETWEEN PRINTOUT INTERVALS

Figure 1-30. Subroutine PRINT1 (Continued)
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LAND SIGNIFIES LANDING MODE - SET FOR 22 OR 121 LANDING

LINE PRINTOUT LINE COUNTER

LOTPRT FLAG TO DETERMINE IF COMPLETE SUMMARY PRINTING IS TO
BE DESIREDe. COMPLETE OUTPUT PRINTING IS NOT NORMALLY
USED THEREFORE SET LOTPRT=0 o IF SET LOTPRT=1s THE
COMPLETE HISTORY OF STRUT STROKESs AND STRUT FCRCES wlILL
BE PRINTED.

M INDEX USED TO STORE VARIABLES FOR PRINT AT END OF RUN
N NUMBER OF LEGS ON THE VEHICLE

NQO STARTING COLUMN IN VELOCITY INPUT ARRAY

NQMAX ENDING COLUMN IN VELOCITY ARRAY

NOTE SEE WRITEUP FOR DISCUSSION OF VELOCITY ARRAY

NSO STARTING ROW IN VELOCITY INPUT ARRAY

NSMAX ENDING ROW IN VELOCITY ARRAY

PHI ANGLE BETWEEN VEHICLE CENTERLINE AND GRAVITY VECTOR
PMASS MASS OF EACH FOOTPAD

PSIO INITIAL PITCH ANGLE

PSVELO INITIAL VEHICLE PITCH RATE

P1 FRICTION FORCE IN STRUT NO. 1

P2 FRICTION FORCE IN STRUT NO. 2

P3 FRICTION FORCE IN STRUT NO. 3

RMCMI VEHICLE MOMENT OF INERTIA

RMOO(3) TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE CURRENT TIME INTERVALe. THIS TORQUE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

RMQO(2) TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE N-1 TIME INTERVAL. THIS TORQUE IS USED
IN THE PARABOLIC INTEGRATION PROCEDURE

RMOO (1) TORQUE ACTING ON THE VEHICLE CeGe IN THE X-Y PLANE
DURING THE N-2 TIME INTERVALe. THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE '

RN EXHAUST NOZZLE RADIUS

RP(1) RADIUS OF FOOTPAD (1)

PSI INSTANTANEOUS VALUE OF PSIO

PSIVEL INSTANTANEOQOUS PITCH VELOCITY OF THE VEHICLE CaGe

RUNNCC RUN NUMBER ( FOR IDENTIFICATION ONLY)

R1 RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

R2 RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

SERNO SERIES NUMBER ( FOR IDENTIFICATION ONLY)

SKE1 TENSIL ELASTIC SPRINGRATE OF STRUT NO. 1 (UPPER)

SKE2 TENSIL ELASTIC SPRINGRATE OF STRUT NO. 2 (LOWER)

SKE3 TENSIL ELASTIC SPRINGRATE OF STRUT NO. 3 (LOWER)

SKS SPRINGRATE UNDER VEHICLE FOOTPADS

SK1 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO. 1(UPPER)

SK2 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO. 2(LOWER)

SK3 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO.3 (LOWER)

SL1M MINIMUM LENGTH TO WHICH STRUT NO.1 HAS BEEN COMPRESSED
DURING THIS RUN

SL10 INITIAL VALUE OF sSL1

SL2M MINIMUM LENGTH TO WHICH STRUT NO.2 HAS BEEN COMPRESSED
DURING THIS RUN

SL3M MINIMUM LENGTH TC WHICH STRUT NOe3 HAS BEEN COMPRESSED
DURING THIS RUN

THETA ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN
DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE
CENTERLINE AND UPPER HARDPOINT

TIME TIME AFTER TOUCHDOWN

TME TIME STORED FOR FINAL PRINT

TMINBI TIME WHEN MINIMUM STABILITY FOR LEG SET I1 OCCURS
TMINBJ TIME WHEN MINIMUM STABILITY FOR LEG SET JJ OCCURS

ﬁﬁﬁf\ﬁﬁﬂﬁf\ﬁ"\(\ﬁﬁﬁﬂﬁﬁﬁﬁf\ﬂﬁﬂﬁﬂﬁﬁﬂﬂ(\ﬁ(\ﬂ."\(\ﬂ(\(\(‘\ﬂf\ﬁﬁf\ﬁﬁ"\ﬂﬁ(\ﬁﬁﬁ(‘\(\f\f\f\ﬁf'\

TMINXN TIME WHEN MINIMUM NOZZLE CLEARANCE OCCURS

Figure 1-30. Subroutine PRINT1 (Continued)
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VMASS VEHICLE MASS

VVELO INITIAL VEHICLE VELOCITY PARALLEL TO THE GRAVITATIONAL
FIELDe POSITIVE COWNWARD

X INSTANTANEOUS X POSITION OF THE VEHICLE CeGe

xP1 XP VALUE FOR LEG I1 STORED FOR FINAL PRINT

XNMIN MINIMUM VALUE OF NOZZLE CLEARANCE

XP3 XP VALUE FOR LEG JJ STORED FOR FINAL PRINT

XVEL INSTANTANEOUS X VELOCITY OF THE VEHICLE CeGe

XVELO INITIAL VERTICAL VELOCITY OF VEHICLE CeGe

XVELOO SAME AS XVELO

Y INSTANTANEOUS Y POSITION OF THE VEHICLE CeGo

YO INITIAL HORIZONTAL POSITION OF VEHICLE CeGe

YP1 YP VALUE FOR LEG 11 STORED FOR FINAL PRINT

YP3 YpP VALUE FOR LEG JJ STORED FOR FINAL PRINT

YVEL INSTANTANEOUS Y VELOCITY OF THE VEHICLE CeGe

YVELO INITIAL HORIZONTAL VELOCITY OF VEHICLE CeGe

YVFLOO SAMF AS YVFLO

ZETA GROUND SLOPE

2P1 ZP VALUE FOR LEG I1 STORED FOR FINAL PRINT

ZP3 ZP VALUE FOR LEG JJ STORED FOR FINAL PRINT

OUTPUT PRINTED OUTPUT

SUBROUTINE PRINTI(IPR)

COMMON/ABLOCK /NsKsNOGR (5)
COMMON/BBLOCK/HsDELTAPsD11(5)sR1(5)9sR2(5)sRP(5)»THETA(S) sALPHA(S)
1 D(5)sSL1I0(S)sD1I0(5)sBLlO(5)sB20(5)sB30(5)+C1l0(5)+9C20(5)»C30(5)
CCMMON/DBLOCK/D1(5)9B1(5)9B2(5)sB3(5)sCLl(5)9sC2(5)9sC3(5)sS5L1(5)

1 SL2(5)sSL3(5)sSL1ITI5)sSL2T(5)sSL3T(5),SL1ITO(S)sSL2TO(5)sSL3TO(S)
1 SLIM(5)sSL2M(5)sSL3M(5)sSLIPRE(5) sSL2PRE(5)sSL3PRE(5) sB2PREV(S)
1 B3PREV(5)sC1PREV(5)sC2PREVI5) sC3PREVI(5)sEPS2+yEPS3,EPSG4EPSS
COMMON/GBLOCK/F11(5)9F22(5)9F33(5)3SKS(5)35K1+5K2sSK3sSKE1sSKE2

1 SKE3

COMMON/HBLOCK /VVELO(1498) sHVELO(14+8) sXVELO(1498)sYVELO(1498)

1 XVELOOsYVELOOSPSI sPSIQsPSVELOsX9XOsYsYOsXVELIYVELPSIVELYGRAV

1 ZETASKCONMX sDELTTTsDELTATIGROMUI(S) sA(5) sFXX(3)sFYY(3)sRMOO(3)

1 VMASSsPMASSsRMOMITsRMOMGR sRMOMI sFA(5) sFB(5)sFC(5)sIPsIQsIRy

1 EGBAL1YEGBAL2+EGBAL3sPL(5)9sP2(5)sP3(5)sDEL(S)»EPSEN(5)sPHI

1 ENPRO(5)

COMMON/IBLOCK/BETA(5)sBEPRI(5) yBETAPR(5)sLAND
COMMON/JBLOCK/BETADTsFLLIFVVeLINESFINT sRUNNOsRUNMOO» SERNGs XN

1 XNMINg TMINXN,BIIMINGBJIMINyTMINBI s TMINSJUsHN)RNsKPRINT s NSO s NQO,

1 NSsNQyNSMAX sNQMAX s LOTPRT sNSToNUN»I19JJsJsCONSGIFLAG,PRBELKM,

1 MULTsPRXVELPRYVEL
COMMON/KBLOCK/MsTIMESs TME(402) s XP1(402)sYP1(402)9ZP1(402)9sXP3(402)
YP3(402)9ZP3(402) oFX1(402)9FX3(402)9FXPL31(402)sFYPL31(402)
FZPL31(402)sFXPL33(402)sFYPL33(402)sFZPL33(402)sG1STR1(402)
G1STR2(402)9G1STR3(402)9G35TR1(402)9G3STR2(402)sG3STR3(402)
G1FRC1(402)9G1FRC2(402)2G1FRC3(402)9G3FRC1(402)sG3FRC2(402)»
G3FRC3(402)
GO TO (10520930940950+60+70+80)s IPR

bt et fd

PRINT INPUT DATA

DO 3042 KKK=192

PRINT 950

PRINT 1050s(A(1)sI=1s5)
PRINT 1061+ (ALPHA(I)sI=1s5)
PRINT 1062 (D(1)91=1s5)
PRINT 1063s{D11(11s1I=1s5)
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PRINT 10645 (F11(1)1,1=1+5)
PRINT 1065s(F22(1)s1=145)
PRINT 10665 (F33(1)s1=1s5)
PRINT 1058+ {GRDMU(I)s1=1s5
PRINT 1067s(P1(1)s1=145)

PRINT 1068, (P2(1)s1=155)
PRINT 10695 (P3(I)s1=155)
PRINT 1070s(R1(I)s1=1s5)
PRINT 10719(R2(1)91=1+5)
PRINT 1090+(RP(1)s1=1s5)
PRINT 1091 (SKS(I)sI=195)
PRINT 1060s (THETA(I)sI=1+5)
PRINT 1072sDELTAPSDELTATSEPS2
PRINT 1073 sEPS3sEPS4»EPSS
PRINT 1074 sFINT»GRAVsHN
PRINT 1075sPMASS,PSIOsPSVELO
PRINT 1076 sRMOMI s RUNNOO s+ RN
PRINT 1077 +5K1sSK2
PRINT 1078 s5K39SKE1sSKE2
PRINT 10799SKE3sSERNOsVMASS
PRINT 1080sYO»ZETAsH
PRINT 1081s11sJJsJsKsKPRINTsLAND
PRINT 1082 sNsNSOsNQOs NSMAX s NQMA X s KCONMX
PRINT 1089 sLOTPRT
PRINT 1083 ((VVELO(MLsNL)sHVELO(MLsNL) »ML=1sNQMAX) sNL=1sNSMAX)
PRINT 1059,s(SL10(1)s1=195)
PRINT 1057+(D10(1)sI=1+5)
PRINT 1051+{(810(1)sI=1s5)
PRINT 10525 (B20(1)sI=1s5)
PRINT 10535(B30(I1)s1=1,5)
PRINT 1054 (C10(I)sI=195)
PRINT 1055+ (C20(1)sI=1+5)
PRINT 1056s(C30(1})sI=195)
PRINT 1092 +XVELOO»YVELOO
3042 CONTINUE

RETURN
C
C PRINT ON LINE DATA
C
20 PRINT 950
PRINT 850+ SERNOSRUNNO»XVELOO»YVELOO »ZETASPSIOsPSVELOD
PRINT 851sVVELO(NQsNS) sHVELO(NQsSNS)
PRINT 902sI1sJJ
PRINT 9035 TIMEsXsYsPSIsXVELSYVELsPSIVELsBETADTSBETA(II)»
1 BETA(JJ)sFLLsFVVsRMCO(3)
RETURN
C
C RECORD LINE COUNT FOR PRINT HEADINGS
C

30 LINE=LINE+]1
IF(LINE=-49)7054+705,707

705 PRINT 903+ TIMEsXsYsPSIsXVELsYVELPSIVELBETADTSBETA(II))
1 BETA(JJ)sFLLsFVV,RMOO(3)
RETURN

707 PRINT 950
PRINT 902s11,JJ
LINE=0
PRINT 903» TIMEsXsYsPSIsXVELsYVELIPSIVELBETADTSBETA(II )
1 BETA(JJ)sFLLsFVVRMOO(3)
RETURN

40 PRINT 950

Figure 1-30. Subroutine PRINT1 (Continued)
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PRINT PAGE TITLES

PRINT 8504 SERNOSRUNNOsXVELOOYVELOOSZETA9PSIOsPSVELO
PRINT 851sVVELO(NQsNS)sHVELO(NQsNS)

PRINT 905,TIME

RETURN

50 PRINT 950

O N

PRINT 850+ SERNOsRUNNOsXVELOOs»YVELOOSZETASPSIOsPSVELO
PRINT 851sVVELO(NQsNS)sHVELO(NQsNS)

PRINT 906, TIME

RETURN

VEHICLE IS STABLE AND HAS STOPPED o PRINT OUTPUT DATA

60 PRINT 950

aNaNA]

PRINT 8505 SERNOsRUNNO s XVELOO» YVELOO»ZETAsPSIOsPSVELO
PRINT 851,VVELCING,NSI;HVELCING,NS}

PRINT 904, TIME

RETURN

PRINT SUMMARY OUTPUT

70 PRINT 907, (SLIM{I)sI=1sN)}

80

1822
1823

C

C

C
1824

—
[ 4]
[N)
wm

[aNa]

1826
2826

1827

PRINT 9083 (SL2M(I)sI=1sN)
PRINT 909, (SL3M(I)sI=1sN)
PRINT 910sXNMINsTMINXN
PRINT 936, 11+BIIMINsTMINBI
PRINT 9375JJsBJIMINS TMINBY
PRINT 917,EGBALL

PRINT 918,EGBAL2

PRINT 9344,EGBAL3

PRINT 9134PHI

PRINT 938, 11sBETA(I1)sIIsBETADT
PRINT 9395 (ENPRO(I}s1=1sN)
RETURN

IP=1

1Q=50

IR=-1
IF(M-1Q)1823+1822,1824
IQ=M

IR=1

PRINT STORED OUTPUT INFORMATION

PRINT 950

PRINT 930111191l sdJdsddsddsllsdJ

PRINT 931 ({TME(I)oXPL(I)sYPL(I)sZP1(I)sXP3(I)sYP3(1)sZP3(1)y
IFX1I(I)YeFX3(I)sI=IPsIQ)

IF(IR)1825491825+1826

1Q=1G+50
GO TO 1822

TEST FLAG LOTPRT T7TC SEE IF COMPLETE PRINTOUT IS DESIRED

IF (LOTPRT) 1836+1836+2826
IP=1

IQ=50

IR=-1
IF(M-1Q)1828+1828,1829

Figure 1-30. Subroutine PRINT1 (Continued)
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OO OND

1828

1829

1830

1831

1832

1833

1834

1835

1836

850 FORMAT(11H SERIES NOes F7e2s9H
1=9F6e2911H

851

902

903
904
905
906
907
508
909
910

911
912
913
914
915
916
917

I1Q=M
IR=1
PRINT 950

PRINT 932511110l lsJdJsJddsJJ

PRINT 933, (TME(I)sFXPL31(I)sFYPL31(I)sFZPL31(1)sFXPL33(1)s
1FYPL33(1)+FZPL33(1)»1=IP»I1Q)

IF(IR)1830,1830,18131

IP=IP+50
1Q=1Q+50
GO TO 1827
IP=1

1Q=50
IR==-1

IF (M=1Q)
1Q=M

IR=1
PRINT 950

1833,1833,1834

PRINT 960s119JJ

PRINT 961

PRINT 9629 (TME(I)9G1STR1(I)sGIFRC1(1)9»G1STR2(I)sGIFRC2(1)9G1STR3(I
1)9G1FRC3(I)sC3STRI(I)»G3FRCLI(T)9G3STR2(1)sG3FRC2(I)9G3STR3(1I)>
2G3FRC3(I) s I=1Py1Q)

IF (IR) 1835+1835,1836

IP=IP+50
1Q=1Q+50
GO TO 1832
RETURN

FORMAT STATEMENTS FOR OUTPUT INFORMATION

RUN NO+sF6e2s 144
ZETA=9F543+10H

XVELO

YVELO=9F6e2910H PSIO=sFbebsl

12H PSVELO=3sF6e¢4/)

FORMAT (47H VVELO=yF6e2s 11H
1 HVELO=3F642/)

FORMAT (78H TIME X Y PSI XVEL YVEL P
1SIVEL BETAVEL BETAsI1ls6H BETA,I1,30H FL FvV
2 TQ/1)
FORMAT(F8439F106e39F94352F84392F9e¢33F10e39F7e39F84353F10e1)

FORMAT (11H STABLEsF7e3s5HSECSe///)

FORMAT(13H UNSTABLEsF74395HSECS.///)

FORMAT (9H TIMEsF7e395HSECSe///)

FORMAT (32H MAXIMUM STROKE NOe 1 STRUTs5F12e3//)

FORMAT (32H NOe 2 STRUTs5F1263/7/)

FORMAT (32H NOe 3 STRUT»5F1243//7)
FORMAT(///32H MINIMUM CLEARANCE OF NOZZLE=sFT743555H

1TIME WHEN THE MINIMUM CLEARANCE OCCURS =9F7e3//77)

FORMAT (54H MINIMUM CLEARANCE BETWEEN SHOCK STRUT AND FRAME =)
FORMAT (32H s5F1243777)

FORMAT (43H FINAL ANGULAR ORIENTATION OF VEHICLE =+F744/7/7/)
FORMAT (32H MAXIMUM STROKE NOe 1 STRUTs4F1243/7/)

FORMAT (32H NOe 2 STRUTs4F12e3/77/)

FORMAT (32H NOe 3 STRUT»4F1243//)

FORMAT (66H ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND

1CeGe DROP=3F1163///)

e BB BB

a0

918 FORMAT(48H ENERGY DISSIPATED BASED ON PLASTIC STROKE =sFlle3//
1/)
930 FORMAT(21H TIME XP(sI1ly11H) YP(sI1s11H) P
1(911s12H) XP(s1lsllH) YP(sIls11H) ZP(s11913H)
1 FXCs11ls14H) FXCsI1le1H)/)
Figure 1-30. Subroutine PRINT1 (Continued)
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931 FORMAT(7F12.392F14,1)

932 FORMAT(24H TIME FXPLG3(s11513H) FYPLG3(sI1913H)
1 FZPLG3(s11413H) FXPLG3(s11913H) FYPLG3(sI1s13H) FZPLG
13(s1191H)Y /)

933 FORMAT(F124396F14e1)

934 FORMATI(65H ENERGY DISSIPATED BASED ON PLASTIC AND FULL ELASTIC
1 STROKE =9F1lle3///)

936 FORMAT(29H MINIMUM STABILITY ANGLE BsIllslH=9FT7e3+55H

1 TIME WHEN THIS STABILITY ANGLE OCCURS =9F7e3/77)

937 FORMATI(29H MINIMUM STABILITY ANGLE BsllslH=9sFT743955H
1 TIME WHEN THIS STABILITY ANGLE OCCURS =9FTe3/777)

938 FORMATI(27H FINAL STABILITY ANGLE BsIls2H =9F743,30H
1 FINAL BETAsI11s17H RATE OF CHANGE =4F7e3///)

939 FORMAT (48H ENERGY DISTRIBUTION BETWEEN LEGS - PERCENT =95F8s3//
1/7)

950 FORMATI(1H1)

960 FORMAT(37H LEG SET NOesIls56H
1 LEG SET NQOesl11/)

961 FORMAT(117H TIME LENGTH1 FORCE1l LENGTH2 FORCE2 LENGTH3 F
10RCE3 LENGTH1 FORCE1l LENGTH2 FORCEZ2 LENGTH3 FORCE3/)

962 FORMAT(FT7433F9¢39F10e23F8639F10023sF8e39F10e23F11e¢3sF10e29F8e39F10s
12sF8435F10.2)

1050 FORMATI(10X+10HA =35F15,5)

1051 FORMAT(10Xs10HB1O =35F15,5)

1052 FORMAT{10X»10HB20 =35F15,5)

1053 FORMAT(10X»10HB30 =45F15.5)

1054 FORMAT(10Xs10HC1D =35F1545)

1055 FORMAT(10X»10HC20 =95F15.5)

1056 FORMAT{10Xs]10HC30 =95F1545)

1057 FORMAT(10Xs10HD10O =35F1545)

1058 FORMAT{10Xs1OHGRDMU =s5F1545)

1059 FORMAT(/10Xs10HSL10 =95F1545)

1060 FORMAT(10X»10HTHETA =35F1545)

1061 FORMAT(10Xs10HALPHA =95F15,.,5)

1062 FORMAT(10Xs10HD =35F15,5)

1063 FORMAT(10X»s10HD11 =35F15,5)

1064 FORMAT(10Xs10HF11 =35F154,5)

1065 FORMAT(10Xs10HF22 =95F1545)

1066 FORMAT(10X»10HF33 =95F15.5)

1067 FORMAT(10Xs10HP1 =95F1545)

1068 FORMAT(10Xs10HP2 =95F1545)

1069 FORMAT(10X»10HP3 =35F1545)

1070 FORMAT(10X»s10HR1 =,,5F1545)

1071 FORMAT(10Xs10HR2 =95F1545)

1072 FORMAT(10X»s1OHDELTAP =9F15.5910H DELTAT =4F1545,10H EPS2 =yF
11545)

1073 FORMAT(10Xs10HEPS3 =9F15.5510H EPS4 =3F1545410H EPSH =sF
115.,5)

1074 FORMAT(10X»1O0HFINT =9F1545510H GRAV ~ =3F15.5,10H HN =,F
11545)

1075 FORMAT(10X»s10HPMASS =sF1545510H PSIO  =,F15.5,10H PSVELO =,F
115.5)

1076 FORMAT(10X»s1OHRMOMI =5F15.5510H RUNNOO =3F15¢55,10H RN =sF
11545)

1077 FORMAT(10X»10HSK1 =9F155910H SK2 =9F15e5)

1078 FORMAT(10Xs10HSK3 =3F1545510H SKE1 =9F1545510H SKE2 =yF
115.5)

1079 FORMAT(10Xs10HSKE?3 =3F15.5910H SERNO =»F1545510H VMASS =,F
11545)

1080 FORMAT(10Xs10HYO =sF15.5510H ZETA =sF15¢5510H H =F
11545)

Figure 1-30. Subroutine PRINT1 (Continued)
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1081 FORMATI(10X,s8H Il =41548H JJ =91548H J =9154+8H
1,8HKPRINT =,15,8H LAND =»15)

1082 FORMAT(10X,8H N =415,8H
1s8H NQMAX =31548HKCONMX =915)

1083 FORMATI(15H VVELO»s 15H HVELOs15H
1H HVELOs 15H VVELO s 15H
led))

1089 FORMAT(10Xs8HLOTPRT =,15/)

1090 FORMAT(10Xs10HRP =95F15,5)

1091 FORMAT(10Xs10HSKS =95F15.5)

1092 FORMAT(10Xs10HXVELO =9F1545915H YVELO =9F1545)
END

Figure 1-30. Subroutine
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TITLE
AUTHORS
DATE

PURPOSE

CALL
NOTE
NOTE

INPUT

ENERGY

ReBLACK»Je CADORET»JoGIBSON THE BENDIX CORPORATION
10-25-64
COMPUTE ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES
AND CeGe DROP s BASED ON PLASTIC STROKE AND BASED ON
PLASTIC AND FULL ELASTIC STROKE
ENERGY

THIS PROGRAM WAS WRITTEN IN FORTRAN 1V

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER

THROUGH LARELED COMMON

NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE

SYMBOL

A

F11
F22
F33
GRAV
PSIVEL
PSVELO
P1

P2

P3
RMOMIT

SK1
SK2
SK3
SL1M

SL2M
SL3M

VMASS
X

XVEL
XVELO
XVELOO
Y

YVEL
YVELO
YVELOO
ZETA

OUTPUT

BEN

AS BlO(I). THE INSTANTANEOUS VALUE OF THE PARAMETER
1S DEFINED WITHOUT THE O© AS Bl(I).

DEFINITION

SYMMETRY FACTOR -- IF TWO VEHICLE LEGS ARE SYMMETRIC,
SET A=2.0 FOR ONE OF THE SYMMETRIC PAIRS AND A=0.0 FOR
THE OTHER TO SAVE ON COMPUTER TIME IE FOR 22 LANDING
A=2+09250 FOR A 121 LANDING A= 1524+150
PLASTIC STROKE FORCE FOR UPPER STRUT (NO, 1)

PLASTIC STROKE FORCE FOR LOWER STRUT NO. 2

PLASTIC STROKE FORCE FOR LOWER STRUT NO. 3

LOCAL GRAVITY

INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE CeGe
INITIAL VEHICLE PITCH RATE

FRICTION FORCE IN STRUT NGO, 1

FRICTION FORCE IN STRUT NO. 2

FRICTION FORCE IN STRUT NO. 3

TOTAL MOMENT OF INERTIA OF THE VEHICLE MASS AND THOSE
FOOTPADS WHICH ARE OFF THE GROUND

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO. 1(UPPER)
COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NOe 2(LOWER)
COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO«3 (LOWER)
MINIMUM LENGTH TO WHICH STRUT NO.l1 HAS BEEN COMPRESSED
DURING THIS RUN

MINIMUM LENGTH TO WHICH STRUT NO.2 HAS BEEN COMPRESSED
DURING THIS RUN

MINIMUM LENGTH TO WHICH STRUT NO.3 HAS BEEN COMPRESSED
DURING THIS RUN

VEHICLE MASS

INSTANTANEOUS X POSITION OF THE VEHICLE CeG.
INSTANTANEOUS X VELOCITY OF THE VEHICLE CeGo

INITIAL VERTICAL VELOCITY OF VEHICLE CaGe

SAME AS XVELO

INSTANTANEOUS Y POSITION OF THE VEHICLE CeGe
INSTANTANEOUS Y VELOCITY OF THE VEHICLE CeGe

INITIAL HORIZONTAL VELOCITY OF VEHICLE CeGe

SAME AS YVELO

GROUND SLOPE

THROUGH LABELED COMMON
Figure 1-31. Subroutine ENERGY
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c

c SYMBOL DEFINITION

c

c EGBAL1 ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND CeGo

c DROP

c EGBAL2 ENERGY DISSIPATED BASED ON PLASTIC STROKE OF ALL STRUTS

C EGBAL3 ENERGY DISSIPATED BASED ON PLASTIC AND FULL ELASTIC

c STROKE OF ALL STRUTS

C ENPRO(1) PERCENT OF TOTAL ENERGY ABSORBED BY STROKING OF THE

C STRUTS OF LEG SET I

C

c
SUBROUTINE ENERGY

c
COMMON/ABLOCK /N sK sNOGR (5
COMMON/DBLOCK/D1(5)»B1(5)3sB2(5)5B3(5)sC1(5)sC2(5)5C3(5)»SL1(5)>
1 SL2(5)sSL3(5)sSLIT(5)sSL2T(5)sSL3T(5),SL1ITO(5)sSL2TO(5)sSL3TO(5)
1 SLIM(5)5SL2M(5)+SL3M(5) s SLIPRE(5)sSL2PRE(5)sSL3PRE(S) »B2PREVI(5 ),
1 B3PREV(5)sC1PREV(5)sC2PREV(5) sC3PREV(5) sEPS2+EPS3,EPS4EPSS
COMMON/GBLOCK /F11(5)sF22(5)5F33(5),SKS(5)»5K1sSK2sSK39SKEL9SKE2
1 SKE3
COMMON/HBLOCK /VVELO(1458) sHVELO(1458) sXVELO(1458),YVELO( 1458
1 XVELOOsYVELOOsPSIsPSIOsPSVELOsXsXO»YsYOsXVELsYVELsPSIVELsGRAV
1 ZETAsKCONMXsDELTTTsDELTAT»GRDMU(5) »A(5) sFXX(3)sFYY(3)sRMOC(3),
1 VMASSsPMASSsRMOMIT yRMOMGR sRMOMI 3FA(5)sFB(5)sFCI5)5IPs1QsIR
1 EGBAL1sEGBAL2,EGBAL3sP1(5)sP2(5)sP3(5)sDEL(5)sEPSEN(5)sPHI,
1 ENPRO(5)
DIMENSION ENGY(5)

c

C

c COMPUTE ENERGY TERMS FOR PRINTOUT PURPOSES ONLY

C
EGBAL1=VMASS*XVELOO*XVELOO/2+0+VMASS*YVELOO®YVELOO/2 ¢ 0+RMOM] T*
1PSVELO*PSVELO/240+( (XO-X)*COS (ZETA)+Y#SIN (ZETA))*VMASS*GRAV-
1(VMASS*XVEL*XVEL/240+VMASS*YVEL*#YVEL/24,0+RMOMIT*PSIVEL*#PSIVEL/
12.0)
EGBAL2=040
EGBAL3=0.0
DO 821 I=1,N

821 ENGY(1)=0.0

DO 822 I=1sNsK
ENGY(I)=A(I)*((F11(I)+P1(I))*(SLIM(T)-F11(1)/SK1)+(F22(1)+P2(1))%(
1SL2M(I)=F22(1)/SK2)+(F33(1)+P3(1))*(SL3M(I)-F33(1)/SK3))
EGBAL2=EGBAL2+ENGY (1)

822 EGBAL3=EGBAL3+A(I)* ((F11(I)+P1(I))*(SLIMII)I=F11(1)/(240%SK1))+(
1F22(1)+P2 (1)) *(SL2MIT)=F22(1)/(2.0%S5K2))+(F33(1)+P3(1))*(SL3M()~
2F33(1)/(2.0%5K3)))

DO 2822 I=1sN
c
C DETERMINE ENERGY ABSORPTION DISTRIBUTION BETWEEN LEG SETS
c
2822 ENPRO(I)=(ENGY(I)/EGBAL2)*10040
RETURN
END
Figure 1-31. Subroutine ENERGY (Concluded)
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TITLE PROFIL

AUTHORS ReBLACK e CADORETsJ,GIBSON THE BENDIX CORPORATION
DATE 10-25-64
PURPOSE DETERMINE NEW INDEX VALUES TO CHOOSE NEW VELOCITY

CONDITIONS FROM INPUTED ARRAY FOR NEXT RUN

CALL PROFIL (IPRO)

NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN 1V

NOTE THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER
INPUT THROUGH LABELED COMMON

NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
AS BlO(I). THE INSTANTANEOUS VALUE OF THE PARAMETER
IS DEFINED WITHOUT THE O AS B1(I).

SYMBOL DEFINITION

IPRO FLAG USED TO INDICATE ENTRANCE POINT

NQO STARTING COLUMN IN VELOCITY INPUT ARRAY

NQMAX ENDING COLUMN IN VELOCITY ARRAY

NSO STARTING ROW IN VELOCITY INPUT ARRAY

NSMAX ENDING ROW IN VELOCITY ARRAY

NOTE SEE WRITEUP FOR DISCUSSION OF VELOCITY ARRAY

NST FLAG FOR DETERMINING STABILITY PROFILE INPUT SEQUENCE

NUN FLAG FOR DETERMINING STABILITY PROFILE INPUT SEQUENCE
QUTPUT THROUGH LABELED COMMON

SUBROUTINE PROFIL(IPRO)

COMMON/ JBLOCK/BETADT»FLL sFVVsLINE sF INT sRUNNO sRUNNOO s SERNO» XN »

1 XNMINsTMINXNsBIIMIN,BJJIMINsTMINBI 9 TMINBJIsHNsRNsKPRINT sNSOsNQO s
1 NSsNQyNSMAX 9sNQMAX s LOTPRT 9yNSToNUNsI1sJJsJsCONSsIFLAGsPRBESKM,

1 MULT»PRXVEL sPRYVEL

DETERMINE NEW INDEX VALUES TO CHOOSE NEW VELOCITY CONDITIONS
FROM INPUTED ARRAY FOR NEXT RUN

GO TO (785s824)y IPRO
785 IF(NST) 790,790,796
790 NUN=1

NQ=NQ-1

IF(NQ) 7949794440
794 NQ=NQ+1
796 NS=NS+1

IF (NS=-NSMAX)20+20+840

824 IF(NUN) 825,825,796
825 NST=1
NQ=NQ+1
IF (NQ-NQMAX 140+40+830
Figure 1-31A. Subroutine PROFIL
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830

833
836

840

20
40

950

1-94

“&endi”

NQ=NQ-1

NS=NS+1

IF (NS-NSMAX)833,833,840
IF (NQ-NQMAX 1209205836
NQ=NG-1

GO TO 833

PRINT 950

IPRO=1

RETURN

1PRO=2

RETURN

IPRO=3

RETURN

FORMAT (1H1)

END

Figure 1-31A, Subroutine PROFIL (Concluded)
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SECTION II

DIGITAL COMPUTER PROGRAM FOR THE APPROXIMATE
DETERMINATION OF NOZZLE CLEARANCE

This digital compuiér program was writien to provide a simple means for determining
final nozzle clearance as a function of initial vehicle C.G. height and upper strut stroke
load.

In addition to this information, the program also defines additional vehicle geometrical

dimensions required for the landing dynamics computer program (Section I) and the
stowability index (STOW).

A DIGITAL COMPUTER PROGRAM FOR THE APPROXIMATE DETERMINATION OF
NOZZLE CLEARANCE

The mathematical model used in this program is illustrated in Figure 2-1. In deter-
mining the approximate relationship between vehicle geometry, upper strut stroke force
and nozzle clearance, it is assumed that total vehicle energy, both kinetic and potential,
is absorbed by stroking of the upper struts only. Further, it is assumed that all upper
struts, both on the front and rear legs, stroke equal amounts. This assumption approxi-

mates the real vehicle by one in which the lower struts are rigid or non-strokable, and
the coefficient of friction is zero.

The kinetic energy of the vehicle is given by the equation

KE=1/2M V2

where M is the total vehicle mass and V may be assumed to be the vehicle vertical
velocity., (This assumes the vehicle comes to rest.)

The potential energy of the vehicle may be broken into two parts:

1, The potential energy loss resulting from the vehicle tipping from its initial
contact configuration through an angle until all feet contact the ground. The
potential energy loss for this phase of landing is approximated by

P E; = MGH;y

Where M is the mass of the vehicle c.g. only, and H, is the vertical distance
the c.g. drops.

2. The potential energy loss resulting from stroking of the upper struts. This
energy term is a function of the final allowable nozzle clearance (FNC) and
is given by the equation,

P Eg = MGHy

2-1
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where M is again the mass of the vehicle c.g. only, and Hg9 is the vertical
distance the c.g. drops.

Here, the distance HQ is a function of FNC.

This total vehicle energy (which must be absorbed to bring the vehicle to rest) E = KE +
PE] + PEy is equated to the energy absorbed by stroking of the upper struts. The initial

strut length is given by Lg and its final length by L as indicated in the lower right of
Figure 2-1.

Equating the energy terms by the equation
E=4xF11x (Lo - Lg)

permits a solution for the required upper strut stroke load F11 as a function of initial
c.g. Height and final required nozzle clearance or, as was used for the parametric study,

the initial c.g. height, Ho, required to result in the proper nozzle clearance for a given
F11, Thus:

Ho = function of F11, FNC and overall vehicle geometry.

This computer program was also used to compute various geometric quantities for the
vehicle which are required inputs to the landing dynamics and weight analysis programs.
In addition to these parameters, the stowability for the vehicle is also determined.

It has been determined that a 2-2 landing configuration having infinite friction on the rear
legs and zero friction on thefront legs with Vv and VH the maximum values defined by the
landing specification set produces the most critical nozzle clearance conditions. Re-
peated comparisons between the results of the geometric program and complete dynamic
landing studies have shown good agreement.

Although not rigorous, this geometric computer program provided a consistent basis for
the determination of R and H for any given ratio of R/H during the parameter variation
studies. This approximate relationship between R and H for a given R/H, final nozzle
clearance and F11 provided a convenient means of systematizing the choice of R and H
during the parametric variation study.

Figure 2-2 illustrates the input data format required for use of the program. The input
quantities are defined in Figure 2-7 under "input definitions." :

The nro.

i T NTET Ay 11 X2
I'he program has two moedes of cperation defined by ¢

VUUD WA Upwa e lﬂp‘d araiy er if AALINT p s

this flag is set equal to -1, the program will compute the upper strut stroke force F11
necessary to produce a given final nozzle clearance for a given initial vehicle c.g. height.

-

If the flag is set equal to +1, the program will compute the vehicle c.g. height necessary
to produce the required final nozzle clearance for a given upper strut stroke load.

Figures 2-3 through 2-6 are a flow diagram of the program and Figures 2-7 through
2-10 are complete listings of the program and its subroutines.

2-3
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Figures 2-11 and 2-12 are summaries of the output data for a typical run. As is
illustrated, the input data is printed as part of the output record. The first sample run
has IFLAG = -1 as shown on card No. 8 of the input data. The output data is immediately
after the input data.

The sample data of Figure 2-12 is a run for control mode IFLAG = +1. Again, the input
data is printed out first. Since, in this mode, the vehicle c.g. height is interpolated to
converge on the desired value of F11, namely F @90, the output data is printed during the
convergence process for each new H (I) chosen by the computer. The final output is the
desired information and includes computation of the stowability index (STOW).

This program was written in Fortran IV and is currently being used on a Univac 1107
digital computer.

2-4
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GEOM GEOMETRY PROGRAM 10-20-64
Page 1

This program computes stroke force F11 vs vehicle C.G. height H(I) and final nozzle
clearance FNC,

CALL SUBROUTINE INPUT

Read input data and print as part of
the output record

>0

Disregard input H(I)
Derive min. H(I) from
vehicle geometry

| I |
Initialize program
constants and
counters

|

3 20
CALL SUBROUTINE FORCE

Compute vehicle geometry, energy terms and
stroke force F11 for required final nozzle
clearance and given H(I)
~ [ 7
Error test if

stroke < Epsilon
<0 for 20 consecutive 20 @
times - test < 0

otherwise - test > 0

Figure 2-3. Geometry Program
2-6
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GEOM GEOMETRY PROGRAM 10-20-64
Page 2
>0
Prinl ouiput data CALL SUBROUTINE INTER

IndexItoI +1

Compare F11 from (force) to
desired value FOO from input.
Adjust H(I) to converge on F00

YES NO
Return to 20 Input table Return to 20 Print output
with new H(I) exhausted with data
from input return to 1 adjusted H(I) return to 1
table for new trial

Figure 2-3. Geometry Program (Continued)
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INPUT SUBROUTINE TO GEOM PROGRAM 10-20-64
Page 1

This subroutine reads the input data cards and prints data as part of the output record.

READ INPUT DATA FROM CARDS

Print Input Data as Part
of output record

Figure 2-4. Subroutine To Geometry Program
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FORCE SUBROUTINE TO GEOM PROGRAM

10-20-64
Page 1

This subroutine computes the stroke force F11 as a function of vehicle geometry.

Compute vehicle geometry and
vertical component of velocity

l

Compute kinetic and potential
energy terms

Compute stowability index, strut
Length and strut force F11 based
on energy balance

RETURN

Figure 2-5. Subroutine To Geometry Program
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INTER

SUBROUTINE FOR GEOM PROGRAM

10-20-64
Page 1

This subroutine determines by interpolation the H(I) required to produce a given F11

and FNC,
No / Test J Flag \ Yes
\ is F11 > F00 /
Increase H(I) to Interpolate between
H(I) + 0.5 H(I) and H(I) previous
so F11 will converge
on F00O
Return
to GEOM at
20
Figure 2-6. Subroutine To Geometry Program
2-10
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I

FOR FORCE
TITLE

AUTHOR

DATE

PURPOSE

METHOD

NOTZ

INPUT

NOTE

FORCE =~ STRUT FORCE PROGRAM

BENDIX PRODUCTS AEROSPACE DIVISION — SOUTH BENDs INDIANA
JeCeGIBSON

AUGUST 3,1964

LUNAR LANDING DYNAMICS SYSTEM INVESTIGATION - THIS
PROGRAM RELATES VEHICLE CoGeHEIGHT ANC STRUT STROKE

FORCE TO FINAL NOZZLE CLEARANCEts COMPUTES THE

STOWABILITY INDEX AND BASIC GEUMETRIC INPUTS FOR THE
LANDING DYNAMICS AND WEIGHT PROGRAMS. REF. BENDIX REPORT
NO MM-64-9 NOVes 1964

PRCGRAM RELATFS | ANDING VEHICLE NCOMING KENETIC &MD
POTENTIAL ENERGY TO ENERGY ABSOURBED IN STROKING MAIN
SHOCK STRUT. THIS ENERGY SALANCE ALLOWS DETERMINATLION OF
FINAL CeGeHEIGHT AS FUNCTION OF GEUMETRY AND STROKE
FORCEZALSO COMPUTES SUPPLEMEMTAL GEOMETRIC DATA BY
TRIGOMETRIC RELATIONSHIPS

[F(IFLAG)=+»PROGRAM COMPUTES CeGeHEIGHT FOR A GIVEN
NOZZLE CLEARANCE AND STROKEZ FORCE

IF(IFLAG)Y=-,PROGRAM COMPUTES NOZZLE CLEARANCE FOR A
GIVEN CeGeHEIGHT AND STROKE FORCE

BY PUNCH CARD

INPUTS DEFINED FOR VEHICLE ORIENTED WITH ITS CENTERLINE
VERTICAL

ALL INPUTS REQUIRED REGARDLESS OF IFLAG CONTROL MODE

ALL UNITS ARE SLUGsFT»SECHIRADIAUS

INPUT DEFINITIONS

AN =NUM3ER OF LEGS ON VEHICLE (USUALLY &)

D =VERTICAL DISTANCE SBETWEEN UPPER AND LOWER HARD-
POINTS

D11l =VERTICAL DISTANCE BETWEEN VEHICLE CeGeAND

UPPER HARDPOINT

DELTA = ANGLEsPROJECTED IN PLANE PARALLEL -TO DIRECTION
OF MOTION FOR 1-2-1 LANDINGsBETWEEN LOWER
STRUTS AND VEHICLE CENTERLINE

DELTAP = VERTICAL THICKNESS OF FOOTPAD (FROM BOTTOM
SURFACE TO STRUT ATTACH POINT)

FNC = FINAL DESIRED NOZZLE CLEARANCE

Foo = REQUIRED UPPER STRUT STROKE FORCE

G = ACCELERATION OF LOCAL GRAVITY AT LANDING SITE

GAMMA = TRUE ANGLE BETWEEN UPPER (MAIN) STRUT AND
VEHICLE CENTERLINE

HN = VERTICAL DISTANCL BETWEEN VEHICLE CeGe AND
LOWEST POINT ON NOZZLE CONE

PMASS = MASS OF ONE VEHICLE FOOTPAD

Psl1 = INITIAL VEHICLE PITCH ANGLEs ANGLE BETWEEN

Figure 2-7. Nozzle Clearance Program
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SERNG
THETA

VMASS

XVEL

ZtTA

IFLAG

NOH

H{D)

nou

Send

LO7TAL VERTICAL NAD VEHICLE CENTERLINE

R/t RKATIO wrERL R = RACIUS OF VEHICLE FOOTPADS
H = DEFINED brlLOwW

IDENTe NUe COMPUTER RUN

ANGLE SBETWEEN VeRTICAL PLANE Ty DIReCTIUN UF

MOTICON AND VERTICAL PLANMNE THROUGH VEHICLE CeGe

AND UPPER HARDPOINT

PRIMARY VEHICLE MASS CONCENTRATED AT VEHICLE

Ce(re

VELOCITY NORMAL TO GRUUND SUKFACE. POSITIVE

AWAY FROM <SiRFACE

VELOCLITY PARALLEL TO GROUND SURFACE

WIDT OF BRASIC ATTACH POINTS ON VEHICLE FOR

STRUTS OMN NARROW TRACK VEHICLE NOR TRUSSWORK ON

WIDETRACK VEHICLE. THIS IS A PRUGRAM CCN3ITANT

WITH VALUE = 540

GROUND SLOPE ANGLE

FLAG Tu DETzRMInN PRUGKRAN MuDte IF +9 CALCULATE

CoeHEIGHT FOR GIVeN STRUT FURCE AND FNCe IF-y

CALCULATE STRUT FORCE FCR GIVEN CeGel2IGHT AND

FNCe

NUMBER GF H(T) VALUES IN INPUT LISTe PERMITS

MULTEIPLE RUNS UNDE=R IFLAG = - CUNTROL

INTTIAL VEHICLE Cefe —zlCHTa IMPUT AS LIST FOUR

MULTIPLE RUNS UNDER TFLAG = = CONT=OL

FRKINTED QUTPRUT

sY BEGUIVALENCE TC COMMUN STURAGE

INITIONS

RP
11
ALPHA
Lo

£
5L
EKE

Pl

PE2

m

STOwW

[T 1]

n itou

i

FOOTPAD RADIUS

UPPEK STRUT STROKE FORCE

ANGLE 2ETWEEN LOwWER HARDPCINTS

INITIAL UPPER STRUT LENGTH

TOTAL VZIHICLE ENERCY

FINAL UPPER STRUT LENGTH

VEHICLE INCOMING KENETIC ENERGY

POTENTIAL £NZRGCY Rz SULTING FRUM C G DROP FROw®
INITIAL UrIENTATION TU ALL FOOTPADS ON SURFACt
POTENTIAL ENEROY REZSULTING FROM C G DROP
CSULTING FROM STROKING CF UPPER STRUT

UPPER HARDPOINT 24ADIUS

LOWER HARDPOINT RADIUS

STOWABILITY INDEX

COMMON AN ALPHASD D119 DELTASDELTAP 9DIFF sz 9EKEsF11sFNCoFOOS

TALL INPUT

TJK=1
I=1

TFST PROGRAM MODF

1G s CAMMASHIPRE 95 (20) sHNos L 9 IFLAGY UK s JFLAGsLL sNOHIPE19PEZ29PMASSIP ST
21 oR2eRAYRP 9 EL o SLUSSTOW s THETASVMASS ¢y XVELsYVELSZs2ETA

Figure 2-7. Nozzle Clearance Program (Continued)
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IF (IFLAG) 20520415
CCVMPUTE HOT) MINIMUM BASED ON VEHICLL GEGHMETRY
15 H(I)=1e 01X (FNC+RN+DELTAP)

HIPREV=FNI+HAN+DELTAP
JELAG=]

6T TO (20515100} ,LL
TEST PROGRAM MUDE
170 IF (IFLAG) 11051105120
ODTINT OUTPUT DATA
117 PRINT 610,H(1)sRP  4F11  sALPHA
PRINT 6114SLOSE»SLSEKE
PRINT 612,PE1sPE2sR1sR2
PRINT 6185STCW
PRINT 530
IF STROKE FORCE 18§ NEGATIVFs INCRIASE H(I)

IF(F11)200+2G0s112
112 1F (IFLACG)I1154191

CmCOSE NEW I INDEX AND RETURN TC 20 IF A MULTIPLE LIsT OF H(1) IS
PRESENT

115 I=1+1
IFr (I-NOH) 2Cs2C»s1

TEST DIFFERENCE OF F11 FROM FQOO UNDER IFLAG = - MODE
120 DIFF=(F1l1 -FOC)
IF DIFFERENCE IS LESS THAN 50 LBSs STOP AND FRINT OQUTPUT DATA
[FABS(DIFF)= 5040)110s110s125
125 PRINT 610sH(1)sRPyF115ALPHA
PRINT 6115SLCsEsSLeEKE
PRINT 512+PE1sPE2sR1sR2
PRINT 617
130 CALL INTER
GC TC 2C

200 PRINT 6164F11
HII)=H(I)+Ce5

GC TO 20

530 FORMAT(1H1)

610 FORMAT (18H H =3F1545913H RP =9F 1555 12H
1F11 =9F1545912H ALPHA =,F1545)

611 FORMAT (18H <LO =3F15e5913H £ =9F15e5912H
1L =9F1545412H KE =3F1545)

612 FORMAT(18H PE1 =3F15e5913H PE2 =sF15e¢5912H
1R1 =sF15e5912H R2 =yF15e9)

Figure 2-7. Nozzle Clearance Program (Continued)
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616 FORMAT(61H Trk FORCE F11 IS NEGATIVE REPEAT USING A LARGER H
1 F11=9F1%4%77)

617 FORMAT(IHC)

518 FORMAT(18H STOw =sF1540)
END

Figure 2-7. Nozzle Clearance Program (Concluded)
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FOR INPUT
TITLE INPUT
AUTHOR ENDIX PRODUCTS AEROSPACE DIVISION - SOUTH BENDs INDIANA
JeCeGIRSON
DATE AUGUST 34,1964

INPUT DATA AS PART OF THE OUTPUT RECORD
PURPOSE THIS SUBROUTINE READS THE INPUT CARDS AND PRINTS THE

cattL CALL INPUT

INPUT RY PUNCH CARD

INPUT DEFINITIONS

AN
D

Cl1

DELTA

DELTAP

FNC
=GC
G

GAMMA
AN

pmass
PsI

RH

- (N
1m
m X

VMASS
VMASS

XVEL

YVEL
ra

ZETA
IFLAG

fl

i onn

H H N

NUMBER OF LEGS ON VEHICLE (USUALLY 4)
VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARD-
POINTS
VERTICAL DISTANCE BETWEEN VEHICLE CeGeAND

UPPER HARDPOINT

ANGLE »PRCUECTED IN PLANE PARALLEL TO DIRECTICN
CF MOTION FOR 1-2-1 LANDINGBETWEEN LOWER
STRUTS AND VEHICLE CENTERLINE

VERTICAL THICKNESS OF FOCTPAD (FRUM BOTTOM
SURFACE TC STRUT ATTACH PCINT)

FINAL DESIRED NOZZLE CLEARANCE

REWUIRED UPPER STRUT STROKE FORCE

ACCELERATION OF LCCAL GRAVITY AT LANDING SITE
TRUE ANGLE BETWEEN UPPER (MAIN) STRUT AND
VEHICLE CENTERLINE

VERTICAL DISTANCE BETwtEN VEHICLEZ CeGe AND
LOWEST POINT ON NGZZLE CONE

MASS OF ONE VEHICLEZ FOOTPAD

INITIAL VEHICLE PITCH ANGLEe ANGLE BETWEEN
LOCAL VERTICAL NAD VEHICLE CENTERLINE

R/H RATIO WHERE R = RADIUS OF VEHICLE FOOTPADS

H = DEFINED BELOW

IDENTe NOs COMPUTER RUN

ANGLE BETWEEN VERTICAL PLANE IN DIRECTION OF
MOTION AND VERTICAL PLANE THROUGH VEHICLE CeGe
AND UPPER HARDPOINT

PRIMARY VEHICLE MASS CONCENTRATZD AT VEHICLE
PRIMARY VEHICLc MASS CONCENTRATED AT VEHICLE
CeGo

VELOCITY NORMAL TO GROUND SURFACt. POSITIVE
AWAY FROM SURFACE

VELOCITY PARALLEL TO GROUND SURFACE

WIDTH OF BASIC ATTACH POINTS ON VEHICLE FOR
STRUTS ON NARROW TRACK VEHICLE OR TRUSSWORK ON
WIDETRACK VEHICLEe THIS IS A PROGRAM CONSTANT
WITH VALUE = 540

GROUND SLOPE ANGLE

FLAG TO DETERMIN PROGRAM MODEte IF +s CALCULATE
CeGoHe IGHT FOR GIVEN STRUT FORCE AND FNCe IF=-,
CALCULATE STRUT FORCE FOR GIVEN CeGeHEIGHT AND
FNCo

Figure 2-8. Subroutine INPUT
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)

h
-
s OUTPUT
-
SUBROU
COMMON

NOH = NUMBER OF H(I) VALUES IN INPUT LISTs PERMITS

MULTIPLE RIUNS UNDER IFLAG = -

D)

INITIAL VEHICLE CeGe HEIGHT

CONTROL
INPUT AS LIST FOR

MULTIPLE RUNS UNDER ITFLAG = - CONTROL

RY ZQUIVALENCE TC COMMON STCKAGE

TINE INPUT
ANsALPHA 2D 9D119DELTASDELTAP$DIFFsEsEKEsF 1

19FINCeFOQOY

1G9 CAMMASHIPRE sH(20) sHNo I s IFLAGs TUK s UFLAGLL asNUGHIPE19sPE2 9yPYASSsPS] »
2R1I9R29RHSRP o SL 9 SLUSSTUN I THETASVMASSyXVEL s YVEL S Zs2ETA

1 RcAD 5
1DELTAP
READ &
READ 8
PRINT

10 PXRINT
PRINT
PRINT
PRINT
PRINT
PRINT

00 s THETAWP ST 9 ZETAIRHIVMASSsPMASSsAN s XVEL s
9D11 9D Z s GAMVASZDCZLTASFOO s SERNC
10, NCH s TFLAGC

209 (F{K)9K=14NOH)

6124 SERNO

6CCs THETASPST 9 ZETA s RH

6CL s VMASSHPMASSsANSXVEL

6029 YVELsGosHNFNC
603,CELTAPsD114Ds2

604 s CAMMASZDELTALWFCO

614 9sNCHs IFLAG

RZTLRN
500 FORMAT(10Xs3F15.5
9510 FORMAT(10Xs3110)
520 FORMAT(10X96F1045
€13 FCRMATI(21H

)

)

SERIES NC =9F10e3//)

600 FORMAT(18H THETA =3F1545413H PsI
1ZETA =sF15e5912H R/H =yF1545)

601 FORMAT({18H VMASS =9F1545513H PMASS
1AN =sF1565912H XVEL =3F15e5)

602 FORMAT(18H YVEL =9F15e5913H G
1HN =sF15e45412H FNC =93F15e5)

603 FORMAT(18H DELTAP =4F1545,13H D11
10 =9F15e454912H z =9F15e5)

674 FORMAT (18H GAMMA  =4F1545,13H DELTA
1700 =9F1545)

614 FORMAT (18H NHO =s115913H [FLAC
END

YVEL s GoHNsFNCy

=9F15e5912H
=9F15e5912H
=9F1l5e5912H
=9F1545912H
=9F15e5912H

=9115777)

Figure 2-8. Subroutine INPUT (Concluded)
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AN ADNANAADIY DI NANDAINANANNDNN D

TN DY DY D

YYD

AT T T T e e T N B W T e e W T WA WV W W WP

FOR GFO™

TITLE GEOM - GEOMETRY

AUTHOR SENDIX PRODUCTS ALROSPACE DIVISION = SOUTH £ENDs INDIANA
JeCoeGIBSON

DATE AUGUST 3,1964

PURPOSE THIS SUBROUTINE COMPUTES THE BASIC GEOMETRY OF THE
VEHICLE

JALL CALL GEOM

INPUT BY EQUIVALENCE TO COMMON STORAGE

INPUT DEFINITIONS

AN =NUMBER OF LEGS ON VEHICLZ (USUALLY 4)

b} SVERTICAL DISTANCE BETWEEN UPPER AND LUWER HARD-
POINTS

011 SVERTICAL DISTANCE BETWEEN VEIHICLE CeGeAND
UPPER HARNDOINT

SELTA = ANGLESPKCJIZICTED IN PLANE PARALLEL TC DIRECTION

CF MOTICN FOR 1-2-1 LANDINGSBETAEEN LOWER
STRUTS AND VEHICLE CENTEZRLINE

DELTAP = VERTICAL THICKNESS GF FOOTPAD (FROUM 3CTTOM
SURFACL TO STRUT ATTACH POINT)

FNC = FINAL CESIRED NOZZLE CLEARANCE

FOG = REGQUIRED UPPER STRUT 3TRUKE FORCE

G = ACCELERATION GOF LOCAL GRAVITY AT LANDIAG SITE

GAMMA = TRUE ANGLE BETWEEN UPPER (MAIN) STIUT AND
VEHICLE CENTERLINE

HN = VERTICAL DISTANCE BETWEEN VEFICLE CeGe AND
LOWEST POINT ON NOZZLE CONE

PYMASS = MASS OF ONE VEHICLE FOCTPAD

P31 = INITIAL VEHICLZ PITCH ANGLEe ANGLE BETWEEN
LOCAL VERTICAL NAD VEHICLE CENTERLINE

RH = R/H RATIC WAERE R = RAUDIUS OF VEHICLL FOOTPADS

H = DLCFINED 8ELOW

SERNC = IDZNTe NCe COMPUTER RUN

THETA = ANGLc BETWEEN VERTICAL PLANE IN OIRECTION OF
MOTICN AND VERTICAL PLANE THROUGH VIEHICLE CeGoe
AND UPPER HARDPOINT

VMASS = PRIMARY VEHICLE MASS CONCENTRATED AT VEHICLE

VMASS = PRIMARY VEHICLZ MASS CUNCENTRATED AT VEHICLE
CeGe

XVEL = VELOCITY NORMAL TO GRCOUND SURFACE. POSITIVE
ANAY FRCM SURFACE

YVEL = VELOCITY PARALLEL TO GROUND SURFACE

z = WIDTH OF BASIC ATTACH POINTS CON VEHICLE FOR
STRUTS CON NARROW TRACK VcHICLE OR TRUSSWORK Ul
WIDETRACK VEHICLE. THIS IS A PROGRAM CONSTANT
WITH VALUE = 5.0

ZETA = GROUND SLOPE ANGLE

IFLAG = FLAG TO DETERMIN PROGRAM MODEe IF +» CALCULATE

CeGeHEIGHT FOR GIVEN STRUT FCRCE AND FNCe IF-
CALCULATE STRUT FORCE FOR GIVEN CeCeHEIGHT AND
FNC.

Figure 2-9, Subroutine GEOM
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= NUMopEx CF =H(1)
) = INITIAL VEHICLZ
MULTIFLE <UNS
ESUIVALENCL TC COMAMCH

el

Uhvoow

endi”

VALUES TN INPUT LISTe PERMITS
MULTIPLE RuUllS UNDEX

e ML IGNT e

IFLAC - LURNTRUL
TaPJT AL LIST FOR

[FLAG = CounT20L

STORAGE

TIONS
= ENNATEAD RADIUS
= YPPER STRUT STRCXE FORTE
HA = ANOLLE ZETwZuN LOSNIR AaRLPOINTS
= INITIAL JPPER STRUT LENGTH
= TOTAL VEHICLE “No<5Y
= FINAL UPPER STRUT - HGTH
= VEATCLE INCOMING o N TIC tht RGY
= POTENTIAL ENERTY RESULTING FRew (05 495P FRUM
INITIAL ORIENTATI U  To ALL FOUTRADZ ON SURFADL
= PCTaNTIAL ZNERGY RuSULTIANG FGly O G Ok

RFSULTING =ROV
= UPPER HARNDODIINT
= LCHER HARDPOINT

= STONARILITY

INDZX

RA

STROCING OF UPPZ™ ZTRUT
RANIUS

DR

FiieD e T 11l dulTAslSLTAR sl F s sk K sF 11 sFNCeaFUCH
sH(20) oriine L s IFLAGY T UKy JFLAGsLL oNUITePEL19RPLZaPiIIASS P STy
LoSlloaSTC s THETASYMALS e XVEILa YV EL s Z s ZCTA

ICLE GEOMITXY

A)
ETA)
FTA)

ETIC ENERGY

SI+ZFTAY
ZETA)
ETA)

)

SVMASS*¥G* (B1-Cl~-82+C2)

FNC)

PL2 SVMASS#GH*COS(ZETA) #DHS
R4=(H(I)=DELTAP-D11-D)*TAN{DELTA)

EKE=Z0eE¥ (VVASS+HAN®¥PMASS ) ¥ (VH-VV ) #(VH=VV)

L® RFTWFFN LOWER HARDPOINTS

- MO H
-
C SE!
C
r
- CUTPUT 2y
-~ NVITPUT DEFIMNI
-
-~ or:
- e
s LLP
. L
. F
. =L
. “KE
- oy
- e
~
. 21
~ I% ?
~ STO
SIUERCUTINE CEO
ZLWMON AMGALF
15 e CAMMA g IPRE
PP 1 4R2eRH R4 "
e Do TERMINE YEH
-

1 RDR=RH*H(])
Az=RPARCOS(THET
VV=XVEL#*CCS(Z
VH=YVEL*SIN{Z

C
C DETERMINE KiEN
~
20
~
c DETERMINE PE1L
-
Pl=H (] ) *#CO(P
Cl=A#*SIN(PSI+
R2=H(I)*CNS(Z
C2=A*SIN(ZFTA
4C PE1
DHS=(H(T)-HN-
-
s DETERMINE PF2
-~
R3=RP-R4
s NETFRMINF ANG
~

57 ALPHA=2.0¥ATA

2-18
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Figure 2-9. Subroutine GEOM (Continued)
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87
>

(3]

S

N

77

~

C
‘ 80
85

S

- ap U a4 S % S & W S au .
AR R

90

—

95

100

615

r—a

[F(ALPHA=1e5708)57+5795%
ALPHA=145708

DETERMINE LCWER HARDPCINT

RADTUS

R2=R3/CUS(ALPHA/24N)

UC=CORTURL*RE+{(H(T)~DILTAP="11-N )% (H{])=-DELTAP-D11-D))

RE= (H(T)=PFLTAP="T 1) % TAN (GAMYA )

NETERMINFE RANTLIS NF 1DPEE AN ATHT
R1=RP-RS
COMPUTE STOWARILITY INDEX

STOW=SQRT(RP¥RP+(H(T)=-DeLTAP-D11)*(H{I)-DcLTAP=-C11))

FIND INITIAL LENGTH OF UPPER STRUT

SLO=(m(]

)="FELTAP=-D11) /COS (GAVA)

FIND TOTAL VEHICLE

HUT)=H{1)+041
TJUK=1JK+1
IF(1JK=20)1N0s10",95
FIND UPPER STRUT STRCKE LOAD
F11=(EKE+PE1+PE2) / (AN*DS)
LL=3

RETURN

LL=2

RETURN

LL=1

RETURN
FORMAT (70H
.1 SLO-SL

END

THE DIFFLRENCE SLO=-SL
=yF15e5/7/)

IS TOO SMALLREPEAT USING H=h+0

Figure 2-9. Subroutine GEOM (Concluded)
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I

TIAANAIAAAN I NN AANNANTNAN YA D

endix”

FOR INTFER
TITLE INTFR - INTFRPOLATE
AUTHOR BENDIX PRCCUCTS AEROSPACE DIVISION — SOUTH BENDs INDIANA
JeCeGIBSON
DATE AUGUST 341964

PURPCSE THIS SUBROUTINE INTERPOLATES THE VEHICLE HEIGHT H(I1)
TC CAUSE F11 TO CONVERGE ON THE CESIRED UPPER STRUT
STROKE LOAD FOC

CAaLL caLL INTFR

INPUT 2Y EQUIVALENCE TC COMMON STORAGE

INPUT DEFINITIONS

H(I) = INITIAL VEHICLE CeGe HEIGHTe INPUT AS LIST FOR
MULTIPLE RUNS UNDER IFLAG = - CONTROL
oUTPUT RY FQUIVALENCE TO COMMON STCORAGE

SUBROUTINE INTER

COMMON ANsALPHASDsD11sDELTASDELTAPsLIFF9sEsEKEsF11sFNCsFOOS
1G9 GAMMASHIPRE oH(20) oHNs I s IFLAGs I UKs JFLAGSLL sNOH9PE1sPE29sPMASSIPSI s
2R13R2sRHIRP s SL s SLO s STOWNI THETASVMASS s XVELsYVELZsZETA
130 IF (JUFLAG) 1704+140+140
140 IF(DIFF 145914545160
145 IF(F11)147514749150C
147 HII)=r(I)+0el
PRINT 616sF 11
RETURN
180 JFLAG=-1
H2PREV=HI(T)
H{T1)=(HIPREV+H(I)) /2.0
RETURN
160 HIPREV=HI(I)
H(I)=H(I)+0e5
RETURN
170 IF (DIFF) 180418045190
180 H2PREV=H(1)
H{I)=(HIPRFV+H(I))/2.0
RETURN
19N H1PRFV=H(1)
H{T)=(H2PRFV+H(I))} /240
RETURN
200 PRINT 616,F11
H{I)=H(I)+0e5
RETURN
616 FCRMAT(61H THE FORCE F11 IS NEGATIVE REPEAT USING A LARGER H
1 Fl1=9F1l5.5/7)
END

Figure 2-10. Subroutine INTER
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H
‘” w

W s W .

-

D‘DDDDDDUDDD‘UDDHDDDI

XQT FORCE

THE3MN 1 047854
RH 3n 2 1420
AN 320 3 4,0
G 30 4 5,32
PEL3D 5 Q.25
Z 30 6 5.0
FOO3n 7 700040
NCH30 8
H 220 9 14,1n
THE3C 1 0.7854
RH 37 2 1.20
AN 310 3 4,0
G 3N 4 5432
NEL30 5 0625
Z 30 6 5.0
FOO3C 7 700060
NOH3G 8
H 30 9 14410
FIN

SENDI

-0 34507

4000

-8.?‘5

1045

le915

0e349C7
212640
1

-Na34G07

40060

-84325

105

164915

NDe34907
212€ 40

-1

PRODUCTS AEROS

PA

e

P o

Figure 2-10. Subroutine INTER (Concluded)

DIVISION

2-21




#3

&
|
,

)

6 i

%

GgoerT0l
N0sL6°61L02
9g9€€0t

20U00*g
2QUQ0 2
N0VsC°g=
10002°t

I- = OVT4I 9poN 107 eyed ndmQ “I1-g 9In3ig

¢y

VHdY

NG
A3AX
H/d

96sL5°21
6L129°T1
0uh96°6856

00000°000L
000th°s
0000601
00000°*h
[1-A T4

™

T14

ond

NMH
NV
vi3zZ

oLE9L*892¢
02enc e
NQoZe*9t

T~
oonen*

00sT¢*1
0002€°s
0goQcC*n
LO6hE "~

23d

EE ]

9v 141
vii39
[ 4}

3SVAd
154

1350402
IGneL*IILS
g6s0L 2l
70cotent

1

Lo6nge
occgee
OCuoh L
0OCUQO°*CON
ohggL®

uco*elrTe

[N BB B I )

Civ

AVLS
*d
9T

My
YtV
dy4 3.
RELVN
SSVYWA
viauy

SaIAs

2-22

BENDIX PRODUCTS




6£%60°017
00LL6°61L02
0€9€0*Y

19960°01
cosiet8tTL02
L19¢0°T

ginso*or
008L6°61L02
nhoLot

n0660°01
00si6°61L02
68SL0*Y

2€680°01
N0LL6°6TL02
669€0°1

94807071
00€46°6T2L02
ognio*t

12821°07
o0fL6%6T1LO2
192€0°T

L9LhTe0T
00£L6°61L02
£nogo*t

g1L91¢%01
00£46°612L02
L2820°t

00000°*g
000002
0005€ %8~
00002°7

EE AR ap e Gu TH ms n m : -
~ / B I

(4]
3
YHd Y

(4]
ER]
YHdY

(4]
E)]
YHdY

(4]

VHdY

(4]
2]
vHdY

4]
3
vHdTY

ey
ER]
vHdY

(4]
vHdY
(4]

3l
vHdY

INS
RETY
H/Y

LIS T LAY
L1180°21
0TEENn 6969

T12690°<1
€nLLocet
0£066°09nL

LnTztegt
henot et
0426440899

96910°€T
00050271
ozZnet*es?L

L6G§2Z K1
1209121
090Ln*2569

96L08°21
Titnsell
0L6LB*0LYY

ne6ec 2l
TgLeLett
0LTIgI*hE2TT

€6TL6°17
6481511
00oLON*e6T6T

LLICTA B
IngIge Tl
0008C L2L60

00000°00n,
000th*S
00005°01
00000
ogt92e

T

114

™

114

Ty

114

L]
s
114

Ty
s
114

Ty
as
113

Ty
as
T4

™
as
T14

T
as
Ttd

ond

NH
\NY
v132

02954°596h
L2691°01
06596°L1T

02225° 1051
s2€t1°01
oog2s°LT

02066°6291
€2g22°01
oogoL* LY

OThsC*Cich
€otoc ot
0Cgss Lt

0592¢°9881
£henn°Cl
nogag LT

09181°650¢
s<6n5°6
ooggz LT

0g9gn*igae
8n0<CS B
00£59°91

08169°€091
2Lh95°¢L
00€sC*9T

ToLhe*sdlL
0L00¢4°9
nogsnest

1
oonegs*
00ste* T
00025 %4
00000 h
Lneng -

4 8oy

1+ = DYT4] 9PON 0] Bye dnQ Z1-g 2an3rg

23d

4y

¢3d

L]

Z23d

4y

¢3d

1

23d

EL ]

¢34

L]

234

23d

™

Qv 4l
viil)
111

SSVid
Is4

negL9tie
09806 nh10Y
otesg gt
s2leL*nl

[MAS YIRS T-ALh
sg6ece Ll
00069° 11

OoLENN*93107
LTI
ogesLent

0610£°03001
ngege sl
08L29°n1

Ongus® a0ty
EIY-T4 349
eLL8 Nl

098710°8066
62966°21
ogLLcnt

06Tan*L9G66
oz2honeet
0sLL8°5T

00sy8*8126
Tragectt
0sLL€CT

03gis*ninsg
2000011
nsLeecet

T

LConE
oQue2*
oouonN*L
0CUQO* 00N
nggLe

ccoeazte

- mvis
= $3d
l CJm
I

= *3g
us

= ‘34
09s

3

= ‘g
vIs

*3g
= uIs

=5 '3g
vas

= ' 34
0

™
09y

= »34
0y

LI
P

vy
vy
dvd My
i13AA
SSVWA
viIHL

¥ueER BN

= CN §3,87S

2-23/2-24

S

A%

£
o

BENDIX PRODUCTS A



SECTION HI

WEIGHT ANALYSIS DIGITAL COMPUTER PROGRAM

This computer program determines a gear system weight as a function of five landing
gear parameters R, H, o, B8, and stroke loads F11 in member 1-4 and F22 in members
1-2 and 1-3 which are input data to the program.

The program will handle five different structural configurations referred to as Cases
A, B, C,D, and E. See pages 3-1 through 3-5 in Section ITI of Reference 1

NOTE

All references to page numbers in this write-
up refer to pages in Section III of Reference 1.

The computer program first optimizes the design of the stroking members 1-2 and 1-4
(see pages 3-5 through 3-21), and second it optimizes the design of the truss members
(see pages 3-22 through 3-28).

Please note that Case A has no truss structure. Case E has a modified truss which
differs from Cases B, C, and D, and will require separate equilibrium equations.

The computer input data card consists of one set of the five basic parameters, a Flag B
to designate the particular Case in question, and a serial number.

INPUT DATA COLUMNS IN CARD
Serial Nos. 1 through 10
R 11 through 19
H 20 through 28
ALPHA 29 through 37
BETA 38 through 46
F(1) = F22 47 through 55
F(2) = F11 56 through 64
FLAGB 65 through 72

Note 1. Serial No. may be numeric and (or) alphabetic. Alphabetic is used for
the five test sets of parameters only.

3-1
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Note 2. Flag B = + 2.0 for Case A

Flag B = + 1.0 for Cases B, C, D
Flag B= - 1.0 for Case E

Note 3. If material other than aluminum is studied, then the five cards FTU(1),

FTU(2), FTU(3), E, and DENS in the subroutine INPUT must be changed
(see page 3-28 of Reference 1).

Note 4. See computer program listing (Figure 3-9) for identification of symbols.

COMPUTER OUTPUT DATA

1.

2.

7.

The input data is printed first and then the density of the material.
A table of leg radius, wall thickness, and the product of the two is now

printed as the program searches for the minimum point on the curve (see
Figure 3-16) for member 1-2,

Then the weight, length, radius, wall thickness is printed for member 1-2,
Steps (2) and (3) are now printed for member 1-4.,

For Case A only, a total leg weight, final total weight, weight of honeycomb,
and weight of one footpad is now printed and program returns to read next
set of data.

For the other four cases, the program now designs the truss members and
prints the weight, force, length, radius, and wall thickness of each truss

member for the particular case in question.

Then (5) is repeated for Case B, C, D, or E.

Note 1. The computer sample solution that follows gives the solution to a set

of parameters for each of the five cases. The serial number is replaced
by the words Test A, Test B, etc.

~
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LEGWT COMPUTER PROGRAM: Design of Legs to 9-1-64
Minimize Weight Page 1

This program minimizes the leg weight based upon a given leg configuration and also
calculates total leg weight including honeycomb and footpads. (See Reference 1.)

{ START )

4

Call: Input: This subroutine reads one
data card and prints the data and
sets material constants

102 {

Call: GEOM - This subroutine sets initial
values, calculates geometry and length of members 1-2 and 1-4

110 l

DO255 I=1,2,1 (T

Set Ty = .025, calculate E) max and XMTOT
114 ‘

Call: Curve - This subroutine finds the optimum
leg radius and wall thickness to minimize the weight

255 l

Calculate leg weight, honeycomb weight of member and print
WT(I), XL(I), leg radius and wall thickness

Figure 3-2. Computer Program: Design of Legs to Minimize Weight
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LEGWT 260 *
No

Page 2

Is this a Case A trus

Cases B,C, D, E

-\ Yes

300-320

Set unit vectors - calculate lengths
of members 4-2, 4-8, 2-8, 2-6, 2-5
and the cosine of the angle between
nine pairs of leg members and
zero 20 sum locations.

11: VECTOR.

323

N

/
265

Calculate and print total leg
weight and final weight
including footpads and

Yes

( Is this a Case E truss

325-345 l

Calculate the X, Y, Z components of reactions
R2X, R2Y, R2Z, R4X, R4Y, and solve the
equilibrium force equations and sum these
forces for five loadings. Call: EQBCD.

350-385 ‘

honeycomb

500-590

Do the same here
as boxes 325, 350,
390 at left except
for Case E truss -
for members 4-2,

weight of legs 4-2, 4-8, 2-8, 2-6, 2-5.

Calculate and print the leg radius and wall thickness and

4-8, 2-8, 2-17, 2-5, 8-5,
8-10, 8-14, 5-13, 5-10,

390-400 ‘

Calculate and print final total leg weight of
above 5 members plus symmetric members
and final grand total leg weight including

honeycomb and footpads

5-9 (11 members
instead of 5). Call EQE
instead of EQBCD.

Figure 3-2. Computer Program: Design of Legs to Minimize Weight (Concluded)
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INPUT SUBROUTINE: INPUT 9-1-64

Page 1

This subroutine reads and prints one data card and sets material constants

INPUT

101

Read and print one data card

Set material constants FTU(1) = FTU(3),

FTU(2), E, Density —p these 5 cards
are now set for aluminum

Note: These five cards must be changed
for different materials such as beryllium, etc.

Figure 3-3. Subroutine Input




GEOM SUBROUTINE: GEOM 9-1-64
Page 1

This subroutine initializes geometric constants, calculates lengths of members 1-2 and
1-4 and the weight of one footpad.

GEOM

103

5L

Set constants and point coordinate
locations common to all 5 Cases A, B, C, D, E

J-

+1 for Cases B, C, D +2 for Case A
Flag B
-1 for Case E
105 107 106
Set point coordinates Set point coordinates Set point coordinates
for Cases B, C, D for Case E for Case A

108y Y

Calculates lengths of members 1-2 and 1-4
and further constants - calculate
weight of one footpad

Return

'.__

Figure 3-4. Subroutine GEDM

3-7
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CURVE SUBROUTINE: CURVE 9-1-64
Page 1

This subroutine finds the optimum leg radius and wall thickness to minimize leg weight.

CURVE
115 139
Set Flag A= Flag C= -1, Flag D = O )
T = .010 RIPREV = O <4— inc. T

120 l
cal.initial value of Rl set A R1

125 l No

cal F1 = £(R1) _ﬂ_( R1 < (R1) max—>

130

R2 = R1

Yes
( F1=positive y————m AR1= 24R1
] inc R1
135 l

R2 + R3
R3=R1l, Rl-= 2

140 ﬁ

140 = cal F1 = f(R1)

145 '

Yes No
R2 = R1 <._< F1-= positive>_~ R3 = R1

Figure 3-5. Subroutine CURVE
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Page 2

150

RIPREV = R1
R1 -R2+R3

2
160 ‘

<Has R1 Converged %!.‘

1C=)

inc. Flag D & print R1, T, RT, P

late product of T and R1

186

CURVE
165
Calcu
) Yes
167 l
Flag A = +1

R1, T, RT, to prev. values

Yes/ T _(T No FlagC = -1
R17\R1l/ max

l 168

inec. T

172 Yes No
(BT < (RT) prev} @

174 176
R1, T, RT prev. 4 Flag C=-1
to 2nd. prev.
178
No / '
. lag > 2 -
180 N\ /
182 | inc.T | 184 y Yes
AT T=T-2(4T)
AT = — Y s R1, T, RT 2nd. prev.
5 ,Flag C=+1 back to prev,
Figure 3-5. Subroutine CURVE (Continued)
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190

set A R1, calculate initial
value of R1

195 ‘

——» Cal. F2 = {(R1)
Y

No

@ Page 3

245

set JJ = 2

205

F2 = positive )
C )

200 ‘ Yes

R2=R1 A4R1=2A4R1
A inc R1, inc counter

—4-33< Counter < 20 >

202 No

Print error comment that
F2 has no valid solution
setJJ=1

| R3=R1, R1 = R2+ R3

2
210 ‘
Cal F2 = f(R1) |=a——

Y

No Yes
F2 = positive
225 . 215
R3 = R1 R2 =R1
220 I

RIPREV = R1 A

R1=R2;R3

230 ¢
< Has R1 converged >£>_

Yes

235-240

Calculate final leg radius
and wall thickness & print

Figure 3-5. Subroutine CURVE (Concluded
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VECTOR SUBROUTINE: VECTOR 9-1-64
Page 1

This subroutine finds the cosine of the angle between any two leg members. Before
entering this subroutine N must be set between 1 and 33 so as to pick up the proper
set of 5 nos. in the data table that determines the 2 leg member in question.

1 (N, 1)
I (N, 2)
I (N, 3)
II (N, 4)
1 (N, 5)

ZHRS -
Wowounonn

Calculate cosine of the angle between
the 2 leg members - COSANG (M)

Figure 3-6. Subroutine VECTOR
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EQBCD

SUBROUTINE: EQBCD

9-1-64
Page 1

This subroutine solves a set of simultaneous equilibrium force equations for cases B
or C or D. They are solved for forces in members 4-2, 4-8, 2-8, 2-6, 2-5. Sum loca-
tions are zeroed before 1st entry.

3-12

calculate F42, F48, F28, F26, F25

TF42 = Z F42 + |F42|
and likewise for other four forces

Figure 3-7. Subroutine EQBCD




EQE SUBROUTINE: EQE 9-1-64
Page 1

This subroutine solves a set of simultaneous equilibrium force equations for Case E
only. They are solved for forces in members 4-2, 4-8, 2-8, 2-7, 3-5, 2-5, 8-5, 8-10,
8-14, 5-13, and 5-10. The sum locations are zeroed before the 1st entry.

calculate F42, F48, F28, F27, F35, F25, F85,
F810, F814, F513, F510

ZF42= T F42+ |F42|
and likewise for other 10 forces

Return
| S —

Figure 3-8. Subroutine EQE

3-13
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YT Y Y DY

YN

YOO Y DYDY )

[ T TR U TR WA N |

I TN TR BN I T'e HRe Y

3-14

L7 OF wad na NECTON NF LETSS T MINTM] 7T W [SHT
FUR o Co CRIK
a 0y =1-64
LEGWT
Flow TU MINIMIZE LSG WHIGHT HASEN UPOR & GIVEN INPUT
GECMETRIC CONFLCURATIOCN  ARD THEN TG CALJLATE TOTAL LEG

WETOUMT INCLUDING W I1GmT OF =UMEYCONS wlTHIN SACH LEG
AND THE WFTGHT OF ALL FCUR FCUTPARS
SEE OSENDIX REPORT wmiv=8-64
SEL FIGURES 3=1s 3=y 3=9y 3=11y 3~134 3=14s 5—16
THIS PROGRAM WILL HARDLE FIVe DIFFERLNT LEG TxUSS
DESTONS AS FOLLOWS,
CASE SERIAL NOe RANGH 555 DRAWING NO FL&AG B
i\ 22:00N0 TO 229999 A +240
n 2140070 TO 21,999 R +1e0
C 23s000 TO 234993 C +1e0
D 245000 TO 24,5959 >} +1e0
E 255000 10 2%5000 E -1e0

[NPUT DATA CARD { ONE

SYMRCL

CZRTAL NC. 1 7
R 11

H 20
ALPHA 29
BETA 38
F(1) = F22 47
F(2) = F11 56
FLAGR 65

LIST OF SYMBOLS FOLLOWSs

X(N)sY(N)sZ(N)
FOR N=1 THRU 14

SERIALI(L)
SERIAL(2)

CARD ONLY )

COLUMNS USED

HRU 10
THRU 19
THRU 28
THRU 37
THRU 46
THRU 55
THRU 64
THRU 72

DEFINITIONS

COORINATE LOCATIONS OF LEG JOINTS

INPUT CARD SERIAL NO
INPUT CARD SERIAL NO

R INPUT GEOMETRIC DATA - SEE DRAWINGS
H SAME

ALPHA SAME  (IN DEGREES)

SETA SAME  (IN DEGREES)

Figure 3-9.

Main Program




YYD YA DYDY Y YD

I T T W T T W Y T2 Wkan W WD YD TR W Ydn W WP T4 WAVI WA W S W T W TR N T WFED W TN A0 U0 TR TR N B Y

MNYAAYA NN D

oy
F22 STROKE LOAD IN MEMBER 1-4
F11 STROKE LOAD IN MEMRER 1-2 AND 1-3
FLAG R NEFINEPM  ABOVE
FURTHER SYMsCLS DEFINITIONS
ALPRD ALPHA IN RADIANS
2F TRD RETA IN RADIANS
PHI TRUSS ANGLE - SEE DRAWING FOR CASE NG
RONE GEOMETRIC DIMENSION - SEE DRAWING
RTWC SAME
Cavva SAME
XL (1) LENGTH OF VEMRER 1=2
XL(2) LENGTH OF MEVMBER 1-4
PEAR VERTICAL REACTION CN THE FUOTPAD
A1 DECELERATION FACTOR
A2 SAME
YA SAME
R2AR RADIUS OF FOQOTPAD IN INCHES
XV (1) BEAM MASS
XV (2) SAME
TMIN MINIMUM WALL THICKNESS OF LEGS
UM (1) ALPRN (SEE AROVE)
UM1(2) RETRN (SES ARQVE)
UM2 (1) ALPRN (SEE AROVE)
L2 (2) P1/2 RADIANS
XK1 =465 DYNAMIC TRANSIENT FACTGR FOR Me™MRER 1=y
XK2 = 240 SAME FOR MEMBER 1-4
NFP WEIGHT OF ONE FOOTPAD
FTU(1) ULTIMATE TENSILE STRENGTH IN WMEMSER 1-2
FTU(2) SAME IN MEMBER 1-4
FTU(3) SAME IN MEMBER 1-2
nENe DENSITY OF MATERIAL
= MODULUS OF ELASTICITY
S 1PRFYV FINAL RADIUS FOR MEMHERS 1-2 AND 1-4
TPREV FINAL WALL THICKNESS FOR SAME MCLM3ERS
XL(T) LENGTH OF MEMBERS 1-2 AND 1-4 FOR I = 1,2
F(l) STROKE LOAD IN VEMBERS 1-2 AND 1-64
F(I) = F22 FOR 1 =1 AND F11 FOR I=2
XMTOT TOTAL STRUT MOMENT
TRMAX MAXIMUM VALUE OF THE GUOTIENT OF wALL
THICKNESS TO RADIUS
COSANG (M) COSINE OF THE ANGLE BETWEEN TWO VECTORS I\
SPACE (FOR THE TRUSS LOADINGS)
R2XsR2Y»R2Z THE XsYsZ COMPONENTS OF THE REACTIONS
R&4X ¢ R4L4Y AT JOINTS 2 AND 4,
Fu2 sFUBsF28,F269F25 FORCE IN MEMBERS 4-234=832=852=62-5

FOR CASES B»sCHD

Figure 3-9. Main Program (Continued)
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o ﬁ’;};,f

N

EPDITIONAL FORCES FO CARY L ULy Flx
LANTRY =T imoeld =S el ==l 0sc~1490~

s 5=109s AND D=9

o SO SUM OF THE ARSCGLUTE VALULE OF THE Asovi
- FORZES FON FIVE DIEVIRCONT L0040

wT (1) AETCHT Ve MBEERS 1=2 AN 1-4
- WHT (D) WS TOHT FONEYCOW e Iy, «ary 2ERs
- STTOT TOTAL LEZG WEIGHT
- TLtI)Ye Izt LFNGTH OF VEADIRS FUr CAGTS Ly (a7
e RANTHIG OF CAME MOUNRERE
- XLEN(T)Yel=1=11 LENGTH OF  MEN:
- FINGT FINAL TOTAL

~ e
<O

YT

HERS FOR CAT

STCHT NCLUS TG all ey »iafy
HONCYCOHdwes v FOLUTPALS OF AL G

8 WITCI)eI=1ls2 AL TOMT OF Flve SLVuikS (C

s WITT(I)eI=141) sl 1CHT OF ZLEVEN wEMobkkS (LAS

DIVENSTION L2(2)s L3(BYy L&(I)

DATA (L2(T)YeI=192) / 3H1=Z9e251-4 /

DATA (L3(I)sel=195) / BH&G=233H4G=-533H2~8B 9 3AH2~Cs3H2=-5 /

DATA (LG(I)el=1911) / 3rib=293H4=5 932G 9 3M2 =T e300 =590m0=294HE~10
TGHB=T4 o HG =T33 4HE =1y 2HE =T/

NIMENSTON T1(22,5)

COVMMON/ST/ SERTAL(2) o ReHOALPHASIETASF(2) s FLAGUIFTU(3) oL s TN
COMMCON/S2/7X038) oY (30) 02130 sPHTI aRONS aRTHC AL 9A29 AL CAMMASXLLoaX L
IPCARsXMIZ) o R AR s TMIMNUMLIZ) s UMZ(2) s XK1 e XK2ZywFP

CUMMCN/33/T9k]l PREVITPREV T oTDIL s XL {2) s L e XMTOUT sAsP e RT»TRIMAX
TRTPREV SIS s dsK s Loy COTANG(30)

T vMON/SG/R0Y gRAX GR2Y yR2Z 9 R2XWF423F 4B 4F284F269F254F279F 354585,
IFO1CsFB8la4sF12sF51NsFEy s SF(30) 911
COMMON/ES/nTT(14) s WTTT L1 oaT(2) 9 4HC(2) 9L (14) 9 XLEN(1Y)
CONMMON/SH /N

COMMON/ST /7ALPRD S RETRD

THE FCLLOWING DATA STATEMENT COUNTAINS ALL THE JOINT
ENOPOINT NOSe REGUIRED TO CALCULATE TriE COSINE OF THZ
ANGLE BETWEEN ALL THE NECESSARY MEMBIRS FOR ALL FIVE
CONF IGURATIONS.

A SET OF FIVE NOSe IS REQUIRCD FOR EACH CALCULATION IN
THE SUBROUTINE VECTOR, THE FIRST SET (2+44+49851 ) FOR
EXAMPLE MEANS =-- THE ANGLE RETWEEN MEMRBERS 2-4 AND 4=0b
AND STORE 1T AS COSANGI(1)

A T U W TR T TR T T BN T T

DATACCTITANIM) oM=1498)9N=1933)/294+49891589292959236929721593349292
159049492927 42795985202792996943292T793097385292793N4896529276309797
2292793091097 9292959119598 92792991201098927929913+29898949145109392
3 7928915916989 279289159139502792991 793359597 918B9895959 79199139095
4792091005959 7 9219395927 928922910959590942341305959992492049byBs1y
559292959290 929295930L92 9290040 bsl927 929959892927 929960%9202793097
6B 9292793098969 297 793045/

CALL SURROUTINE (IMPUT) WHICH READS ONE DATA CARD
AND THEN PRINTS THIS DATAS

I T T B Y

1aN CALYL TNPUIT

Figure 3-9. Main Program (Continued)
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IYANOHND

AN AN

Y Y YYD

SR T YEa

TR TS IS A N WA T}

erndix”

THE NEXT SUBROUTINE (GEOM) SETS UP INITIAL VALUESS,
CALCULATES GEOMETRIC CONSTANTS FOR LEG CONFIGURATIGHK
CASE A OR 3 OR C OR D OR Ey CALCULATES LANGTH CF MLMBER

1-2 AND 1-4 AND CALCULATES WEIGHT UF ONE FOUTPAD

1n2 CaLL GEOM

110 DO 255 I=19291
PRINT 902
T="NgN?5
TRMAX=FTUIT) /(415%F)
XE1=XMUT)/12eC% (126 0¥XL(I))¥¥2/16e0%(A1+A2)¥COSIUMI(]1))%XK2
IF (I-=2) 11391124212

112 X¥TOT=XxM1
GO T0 114

113 UU'sATAN(S540/ (R=(RTWOX*¥COS{PHIY)))
SINLAM=(H=74575)Y/XL (1)
COSLAM=5,0/(XL{I)*SIN(UU))

XN2=0e2C/3e1416*PBAR¥RBAR*COSLAMX( TAN(GAMMA)+1e C/TAN(GAMMA) ) ¥XK 2

XVY2=0eON*RBAR/ (3e4N%341416)*¥PRAR*¥SINLAM®XK?
ETA=ATANC(XM]I4XM2) /XMY2)
XMTCT=(XM1+XM2)/SIN(FTA)

G2 TO 114

THE NEXT SUBROUTINE ( RTMIN) FINDS THE OPTIMUM LEG

RADIUS R1 = RIPREV AND WALL THICKNESS T = TPREV

114 CALL CURVE
GO TO (1009250)sJJ

NCW CALCULATE WEIGHT OF LEG (1-2 FOR I=1 AND 1-4 FOR
I=2)y WEIGHT OF HONEYCOMB AND PRINT WFIGHT OF LEG,

LENGTHs RADIUS =RIPREV » WALL THICKNESS = TPREV

250 WT(I)=(DENS)*2.0%R1IPREV#TPREV¥12+0%XL{I1)1%3,1416

WHC(I1)=1e0%3¢1416%#¥RIPREV¥*RIPREV/172840%0e45%1240%XL(1)/0e75/1273

1¥(F(I1)/(1e0%¥3,1416%R1IPREV*¥R1IPREV}I+300.0)
PRINT 930,L2(1)
255 PRINT 9C4suT(I)eXLII)sRIPREVsTPREV,P

NOW IF THIS IS A CASE A RUN THEN PRINT TOTAL LEG
WEIGHT AND THEN GO TO 100 TO READ NEXT DATA CARD
CASE A HAS NO TRUSS STRUCTURE

DUE TO SYMMETRY THERE ARE 8 MEMBERS LIKE 1-2 AND 4
MEMBERS LIKE 1-4 INCLUDING ALL FOUR LEGS

FOR CASES B,CsDsEy GO ON TO PART TWO TO CALCULATE
THE TRUSS LOAGS AND LEG SIZES

260 IF (FLAGB=-2e¢) 30092659265

265 WTTOT=8e0*WT (1) +4¢N*WT(2)
PRINT SO7sWTTCT
FINWT=WTTOT+4+sO*WFP+4 0 O*¥WHC(2)+80*WHC(1)
PRINT 9C8sFINWTsWFPeWHC (1) sWHC(2)
PRINT 1500

307 FORMAT(24HO TOTAL LEG WEIGHT =,F1045/)

Figure 3-9. Main Program (Continued)
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YD

3

YO

I TENY

3-18

FURMAT lehC FlInwT=3F1l0eSs7m  WFP =95 10D 99H  wriC(1)=9rl0eS90:i Will(2

:DF“QQV)//)
FORPMAT (1431
GO TO 1C0

CETUP POTKTT 27,28,527,30 TO GIVF UNIT VECTORS

X(27)=0e0
Y{2T7)=NnegN
7(27)=0en
Y(285)=0e0
2(28)=0e0C
X(29)=0e0
Y(2G)=1e"
Z(29)=C.0
X(20)=0Qe"
Y{30)=0e

Z(320)=1e"
MEMEER SYMBOL
CALCULATF LIC LENGTHS 4-2 = DLI(1)
FCR CASES & COR C CR D 4-8 =  DLI(2)
2-8 = DL{(3)
2-6 = DLI(4)
2-5 = DLI{3)

DLEL)=SSRTUIX(4)=X(2) Y ¥#24+ (Y (4)=Y(2))%%2+(2(4)=2(2))%*%*2)
DLA2)I=SGURTIIX(4)=X(B8))#H¥24+(Y(4)=Y(8))*%x2+(2(4)=2(8))%%2)
DLIZ3)=SURTIUX(2)=X(B) ) ##*24(Y(2)=Y(8))#*k2+(2(2)=2(8))%%*2
PLIGY=SORTOIX(Z)=X(EY ) *¥24+(Y(2) =Y (6 ))**¥2+ (2 (2) =2 (L)) %*2)
DLIB)=SURTIXA(2) =X (BN I RF24(YV(2) =Y (5 ) *¥24+(Z2(2)=Z2 (D)) *¥%2)

NOw CALTULATE  TeE COSINeg OF THE ANGLE  S5ETwibEN 9 PAIRS OF
VZCTORS IN ZPACE (LEG MIMUERS)

L VECTCR

L VFCT2R

CALL VECTOR

CRILL VECTOR

catL VECTCR

caLt VECTCR

cALL VECTOR

coapL VECTOR

caLL VECTOR

T 20 LOCATIONS FOR 3uUm CF FORCES SF{N) EQUAL TO ZERO

CRk CASLS #59CHyD THFE SUM SFIN) FOR N=1 THRU 5 EQUALS FCRCES F42y
48y F28s F26s F25 FOR LG MEMBERS 4-25 4-8ys 2-8s 2-6s AND -5

FOR CASE £ THE SUM SFIN) FOR N=1 THRU 11 EQUALS FORCES

Figure 3-9. Main Program (Continued)
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YYD

Y YYD DY Y DY

YDA DYDY

215
220

223

w
N
(93]

1an

240

(SN
Pa
W

Far2e Fhoyy o5 o s FSlds Folss FOLIDs B3y
FOROLES BT 0n R0 2=y E-=Za =109 B-1l4,

513y 2=1%y ~=7

TEFSE FORTFQ ARE  TeifAN QiimeD
CNOTHE TRUuCS,

NC 320 I=1492C,1
SF(I)=0eD

FLAG & FOQUAL TO -1 IMPLIES CASE £  CONLY
IF (FLAGB) 50045004325

NCw  CALCULATE THE XsYsd COMPONENTS CF REACTIUNS K2XsR2YsR2Z
R4Xe AND R4Y FUR JOINTS  TWO  AND FOUR  FOR  LOADINGS (1) UPPER

LFG STRCKS, (2) YPPFR LEG 2EAM ACTIGN, (2) LOWER LEG STROCESR,
(4) LOWtk LFG BEAM ACTICNs AND (5) ECCENTRIC IMPACT  AND THEN
FMNTER URROUT FR3Ch T CALULATE  SuM CF FORCES

v]

Py
I'\) NN

DO D

X=0e
Y O.
7=Nq

ll n

QQX'—F(Z)* ((“tTQﬁ)

R4y= F(Z)*QIN(LETR

CALL EGRCD

R2X=0NeN

RP2Y=NGN

R27=NeN

RaX = =XM(2)*XL(2)%COS(RETR DI*SIN(BETRD)*XK2/3e0%(A1/2eC+A4)
RGY = =X {2)%XLI2)¥ (COSIBETRD) )%%2%#XK2 /24 0% (A1/2 e 0+A4)

CALL EGBCD

R4X=Ce 0

RP4Y=0s0

RZX==F (1) *7GS(ALPRN)#COS(GAMIA)
REY=F{1)*COS{GAYAAY ¥ STIN(ALFRD)
R2Z=F(1)*COS (A PRD)#SINICANMMA)

TALL EQROD

RLX=0e0

R4Y=neN

R27=0."

R2X = =XM{1)¥XL{1)%COS(ALPRD)*SIN{ALPRN)*¥XK2/2, CH(AL/240+A2)
RZY = =XM(1)®XL{(1)% (COS(ALPRD) ) *#2% XK2/3 C*¥(Al/2e0+A2)

CALL EGQBCD

R&X=0e0

R4Y=0NeD

R2Z2=0.0C
R2X=P8AR*RBAQ/(2.0*12-O*XL(1))*(COS(ALPRD)*SIN(ALPRD)*(TAN(GAMMA)+
112/ (TAN(GAMNAY ) ) #XK2)
?2Y=P9AQ*R?AR/(ZoC*I?oO%XL(l))*((COS(ALPRD))**2*(TAN(GAMMA)+
11eN/(TAN(GAMMAY) ) ) %XK2)

TALL EQRAOR

THIS SUM OF FORCES FOK EACH MEMBE] 4=29 4-8By 2-8s 2-6,4 AND
2=5 1S NOW USED TO DESIGN EACH MEMBER BY EQUATING
ULTIMATE STRESS TO LOCAL BUCKLING ALLOWAHLE STRESS TO
FIND wALL THICKNESS T AND RADIUS RR

Figure 3-9. Main Program (Continued)
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350

255
260
3165
270
375

YYD YA NN

380

385
330
261

4n0

25 N5 N0 T TR T W T S T T WA N B B T TR |

500

AN YN N

505

3-20

DO 385 [=1,%91

RTMIN=1e5%SFU[)/(2.7%361416%FTU(3))

THIN=SQRT (145%SF (1) /(e30%3e1416%E))

IF (TMIN-4025) 36053659365

TMIN=,025
RR=((1e5¥SFII)*(12,0%DL (1)) *¥%2) /(EXRTMIN®¥(341416)%%3))%%(1e0/30)
IF (RR*¥TMIN-RTMIN) 37599380380

TPRIME=RTMIN/RR

TMIN=TPRIME

NCw CALCULATE AND PRINT WEIGHT OF MEMBER, FORCE IN MEMBERS
LENGTHy RADIUS, AND WALL THICKNESS FCR THE FIVE TIMES THRU
THE DO LOOP.

CALCULATE AND PRINT TOTAL LEG WEIGHT (DUE TO SYMMETRY

MEMBER 2-5 = 3=T7, 2-6 = 3-64y AND 2-8 = 3-8) OF ALL FOUR LECS.
THEN PRINT FINAL WEIGHT INCLUDING TOTAL LEG WEIGHTs TOTAL
HONEYZOMP WFIGHTs AND FOOTPAD WEIGHT

WTIT(T)=DENS*2¢0%341416*RR*¥TMIN¥1240%DL (1)

PRINT 930sL3(1)

PRINT Q06 sWTT(I)sSF(L1)sDLIT)9sRRyTMIN

WTTOT=4e 0% (2 0*(WT(I)+ATTIL)I+WTTI3)+ATT(4)+WTT(S) ) +WT(2)+WTT(2))
PRINT 907swWTTOT

FINWT=WITOT+4 4 0¥ (WFP+WHT(2)+242%wWwHC (1))

PRINT 908 sFINWTsWFPsWHC (1) swHC(2)

PRINT 150N

GO TO 100

CALCULATE MEMBER LENGTHS FOR CASE E MEMBERS ONLY

MEMBER SYM30L

4-2 XLEN(1)
4-8 XLEN(2)
2-8 XLEN(3)
2-7 XLEN(4)
2=-5 XLEN(5)
8-~5 XLEN{(6)
8-10 XLEN(T)
8-14 XLEN(8)
5-173 XLEN(9)
5-10 XLEN(10)
5-9 XLEN(11)

XLENCL)I=SQRTUAX(4)=X{2) ) *¥*2+(Y(4)~Y(2))¥X2+(2(4)=2(2))%**2)
XLEN(2)=SQRT((X(4)=X(8) ) *¥24+(Y(4)=Y(8))*¥*¥2+(Z2(4)=2(8))*%2)
XLEN(3)=SQRT({X(2)-X(8))*¥*¥2+(Y(2)-Y(8) ) *¥*¥2+(2(2)=2(8))**%2)
XLEN(4)=SQRT (X (2)=X(T))*#2+(Y(2)-Y (T))¥#2+(Z2(2)=2(7)) *%2)
XLEN(S)=SQRT (X {2)1=X(5) ) #%#2+(Y(2)-Y (D) ) ¥*¥2+(2(2)=2(5)) **2)
XLEN(6)I=SQRTL(X(8)-X(5) ) *¥%2+(Y(B)~Y(5) ) ##2+(Z2(8)=Z(5))#*2)
XLEN(11)=SQRT((X{S)=X{9) ) %*24(Y(5)=-Y(9))#*2+(2(5)-2(9) ) *%2)
XLEN{T7)=SART((X(B8)=X(10) ) ¥*¥2+(Y(8)-Y(10))#¥2+(2(8)-2(10})%*2)
XLEN(B8)=SQRT({(X(8)=X{14) ) %¥¥2+(Y(B)-Y(14))*%¥2+(Z2(8)~2(14))*¥%2)
XLEN(9)=SQRT((X(5)=X(13) ) %*2+(Y(5)~Y(13))¥*2+(2(5)-2(13))3%%2)
XLEN(1O0)=SQRT((X(5)=X(10))**¥24+(Y(5)=Y(10))*#*¥2+(Z(5)=2(10))**2)

NOW CALCULATE THE COSINE OF THE ANGLE BETWEEN 11 PAIRS OF

VECTORS (LEG MEMBERS) IN SPACE.
N=10

Figure 3-9. Main Program (Continued)
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CALL VECTOR
N=11

CALL VECTOR
N=12

CALL VECTOR
N=13

CALL VECTOR
N=14

CALL VECTOR
N=15

CALL VECTCR
N = 16

CALL VECTOR
N=17

CALL VECTOR
\N=18

CALL VECTOR
N o= 19

CALL VECTCR
N=20

CALL VECTOR
N=21

CALL VECTOR
N=22

caLL VECTOR
N=2173

CALL VECTOR
N=24

CALL VECTOR
N=25

CALL VECTOR
N=26

caLL VECTOR
N=27

CALL VECTOR
N=28

CALL VECTOR
N=29

CALL VECTOR
N=30

CALL VECTOR
N=31

CALL VECTOR
N=32

CALL VECTOR
N=133

CALL VECTOR

NOW CALCULATE THE XseYsZ COMPONENTS OF REACTIONS R2XsR2YsR2Z»
Raxs AND R4Y FOR JOINTS TwO AND FOUR FOR LOADINGS (1) UPPER
LEG STROKEs (2) UPPER LEG BEAM ACTIONs (3) LOWER LEG STROKES)

(4) LOWER LEG BEAM ACTION, AND (5) ECCENTRIC IMPACT AND THEN
ENTER SUBROUTINE EQBCD TO CALULATE SUM OF FORCES

R2X=0e0
R2Y=0e0
R22=040

Figure 3-9. Main Program (Continued)
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RLX==F (2)%*COS(RFTRN)
R4Y=F(2)*SIN(PLTRD)
CALL ECF

RZX=0e0

R2Y=040

R22=0.0

RaXx = —XM(Z)*XL(2)*CCS(“tTND)*SIN(bETRD)*KKZ/B-O*(A1/2-O+A4)
R4y = “XMO2)RXL(2) ¥ (COS(RETRD) ) %% 2%XK2/3eN*(A1/2e0+AL)

CALL EQE

RUX=NgN

R4Y=Ne N

R72X==F (1)% SCALPRMI#COS(OGAMVA)

“C O
RP2Y=F (1 )% 0 (GAMYAY*C ]! J(/‘[_F"."(“)
RPZ=F{1)*COSTALPRD)*SIN{GAMMA)
CALL EGE
R4X=0e0
R4yY=0e0
272=0e0
RZX = =XMEL1)*¥XL(1)#COS(ALPRD)I*SIN(ALPRD)*¥XK2/340%(A1/2e0+A2)
R2Y = =XNAL1)¥XL(1)% (CCE{ALPRD) ) ¥%¥2%XK2/3e 0¥ (A1/2eN+A2)
CALL EQGE
?AX:(‘.:"
RLY=Ngn
R2Z=0e0
Q?X=P5AR*R35R/(ZoC*IZoO*XL(1))*(CO?(ALPRD)*QIN(ALDQD)*(TAN(GAMMA)+
110/ (TAN(GAMIMMAY ) ) #XK2)
RZY=PEAR#REAR/(24CH 126 C¥XL L) ) ¥ ( (COSIALPRD ) ) ¥%2% [ TAN(GAMMA ) +
11eC/{TANIGAMMAY ) ) %XK2)
CALL EQ:C

THIS SUM OF FORCES FOsx FACH MENMBER  4-244~8, 2=8, 7z—T7s 2-5,
8-5y 8-10s B8-14,s 5=132s 5-10s AND 5-5 IS NOW USED TO DESIGN
EACH MEMRER BY EGUATING YLTIMATE STRESS TO LOCAL SUCKLING
ALLCWARLE STRESS TO FIND WALL THICKNESS T AND RADIUS 3R

DT 875 12141141

J=1+5

RTMIN=15%SF(J)/(2eN*3el&416%FTIU{3))
THNIN=SCRT(1e5%¥SF(J)/(e30%341416%E))

IF {(TMIN-e025) 550455549555

TIN=4025
RR=((1-5*5?(J)*(]7.0*XLEN(1))**2)/(E*TMIN*(Bolalé)**B))**(100/30)
[T (RR*TMIN=RTMIN) 5655570570

TPRIVE=RTYIN/RR

THIN=TPRIME

NOW  CALCULATS AND PRINT WEIGHT OF MEMRER, FORCE IN MEVSER,
LENCTHs RADIUS, AND WALL THICKNESS FOR EACH OF THI ELEVEN
TIMES THRU THIS DO LOOP.

CALCULATC AND PRINT TOTAL LEG WEIGHT CF ALL FCUR LEGSe THE!
PRINT  FINAL WtIGHT INCLUDING TOTAL LEG WEIGHTs TOTAL
HONEYCOMSZ WEIGHTs ANC TOTAL FOQTPAD WEIGHT

“

WITT(I)=DENS*240%3,1416*RR¥TMIN*1240%XLEN(T)
PRINT 930,0L4(1)

PRINT 906swTTT(I)sSF(J) e XLENCI) »RRy TMIN
WTITOT=4e0X (24 0% (hT(L)+dTTTIL)I+WTTT(3)+WTTT(S)+WTTT (L) +WTTT(6)+

IWTTTOLII A+ TTT 10 +WTTT IO AWTTTU8) Y +wT(2)+WTTT(2)+WTTT(7))

585

3-22

PRINT 907,wTT0T

Figure 3-9, Main Program (Continued)




FINNT=WTTOT+4 e D% (WFP+WHC(2)+2,0%wnC (1))
PRINT 208sFINWTsWFPyWHC(1)sWHT(2)

PRINT 15C0

59C GC TO 100

N1 FORMAT(6F204,10)

QCO FORMATI(AGs 24 9F9e53FF¢459F e sF7¢959F P61 9FFelsFT7el)

Q01 FORMATI(5H R=9F9e¢594XoZHH=9FB¢4 94X 96 HALPHA=9F 7 o3 34X s5HBETA=Z4FT7 42,
14X o4HF22=9F 701 94X st4HF11=9F 701 44X o6HFLAGR=3F4e194X9s8HDENSITY=9F8e4/
2/)

DrD EORVAT (44H R1 T RT P/}

SO03 FORMAT(F12e59F11e59F13e59F1265)

904 FCRMAT(10HD WEIGHT=9F10e5512H LENGTH=3F9e5410H RIPREV=4F 945
1+1CH TPREV=9FG 45, 7H P=yF9e5/77)

9376 FORMAT(190H WEICHT=9F10e5s11H FORCE=9F8elsl2H LENGTH=9F%e
154 7H R=9FSe5s10H TMIN=9FGe5)

9C9 FORMATI(SX9s8HFUNCTION2X s3HNOT 42X s BHNEGATIVE 92X 9 3HYET)
210 FORMAT(13H SERIAL NO =9A6ysAL//)
220 FORMAT(6HN  LEGs2X4A6)

END

Figure 3-9. Main Program (Concluded)
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¢ TITL: CF SUBROUTINE. INPUT
o AUTHOR tHe Co CARR
DATE 05-1-64
CALL INPUT
PURPOSE TC READ ONE OATA CARD AND THEN INITIALIZE MATERIAL
CONSTANTSE FTUCL)sFTU(2)s7TU(23) 929 AND DENSITY (THEZSt
FIVE CONSTANTS MUST 8E CHANGED FOR OIFFZRIAT MATZRIALS

YYD

SUCH AS ALUMINUMs SERYLLIUYsETCe) AND THIN PRINT THE
CATA CARD

SYMBROLS DEFINITION OF INPUT DATA
SERTALI(L) SERIAL NO GF DATA
SERTAL(2) SAME
f GEOMETRIC PARAMETER
H SAME
ALPHA SAME  ( IN DEGREES)
RETA SAME { IN DEGREES)
Fel) F22= STROXE LOAD IN MEVMBER 1-4
F(2) F11= STROkKE LOAD IN MEMRER 1-2 AND 1-3
FLAGR FLAG B DEFINTS THF LEG CONFIGURATION
IN GUESTIONe FOR CASES B,yCs3 FLAG B =+1.0
FCR CASE A FLAG 3 = +240
FOR CASE E FLAG 38 = =140
OTHER  SYMEZLS DEFINITION
FTu(l) ULTIMATE TENSILE STRENGTH IN MEMBRER 1-2
FTU(2) SAME IN MEMBER 1-4
FTu(3) REPEAT OF MEMRER 1-2
NENS DENSITY OF MATERIAL
F MODULUS OF ELASTICITY

AT YT AATAAYTTTANNYYDIYANN YA NN Y YN

SURROQUTINE  INPUT
COMMON/S1/ SERIAL(2)sRsHsALPHAYBETASF(2)sFLAGBsFTU(3)sEsDENS
COMMON/S2/7X(30)eY(30)sZ{30)sPHIsRONESRTWOsA19A23A4GAMMAZXL]1 sXL 2,
1PFARSXM(2) sRRAR S TMINSUMI (2)sUM2(2) 9XK1 ¢XK2ynFP
COMMON/S3/19R1 PREVITPREVTsTDELIXL{(2) sR19sXMTOTsAsPsRT s TRMAX
IRTPREVsJUIs JsKsLsMs CCSANG(30)
COMMON/SG/RGY sRGX sR2Y sR2Z9K2X9sF429F4B9F289F269F2543F279F354F85,
1F810sF8149F51343F51NsF59sS5F(30) 11
COMMON/SS5 /7 TTI14)Y s WTTTUILILYsWT(2)sWHCI2)YsDL(14) s XLEN(11)
COMMON/ST/ALPRDsBETRD

101 READ SOOsSERIAL(1)sSERIAL(2) sRsHIALPHAYBETAS(F(I)sI=192)sFLAGE
FTULL)Y = 6150040
FTU(2) 5300040
FTU(3) 6150040
E = 10000000

Figure 3-10. Subroutine INPUT
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DENS = «102
PRINT 910y <SERIAL(1)sSERIALI(2)
PRINT 901 3ReH ALPHAZRFETAS(F(I1)s1=142)sFLAGRZNENS

ANN FORMAT(AG s AL 94FTeS ¢FT¢195Tel195761)

901 FORMATI(SH R=sFOat st Xs2dH=9F8e4 94X 96HALPHA=9F74334Xs5HBETA=sF 763
14X s4HF22=9F T el p4Xoa4HF11=9F 7 el st X s6HFLAGS=9F4elstX s SHDENSITY=sF8 44/
27/7)

910 FORMAT(13H SERIAL NO =9A6sA4L//)

RETURN
END

Figure 3-10. Subroutine INPUT (Concluded)

i
bold

W
™

PRODUCTS AEROSPACE DIVISION

3-25



TITLE OF SU3ROUTINE GICM

AUTHRDR He 0o CARR

CALL GFOv

PURPOSE TC INITIALIZE GEOMETRIC CONSTANTS FOR CASE A OR b

OR C OR D OR

TO CALCULATE LENGTH OF MEMBFRS 1-2 AND 1-4
TO CALCULATE WEIGHT OF ONE FOOTPAD

SAAIOAO0OADIDNITATYTANYNNDYA NN DY DYDY Y YN D

SYMROLS DEFINITIONS
XIN) Y (N)sZ(N) COGRNINATE  LOCATIONS OF LEG JOINTS
FOR N=1 THRU 14
ALPRD ALPHA IN RADIANS
Bt TRD SETA  IN RADIANS
PHI TRUSS ANGLE - SEE DRAWING FOR CASE NO.
RONE GLOMLTRIC DIMENSION - SEZ DRAWING
RTWC GAME
GAVMA SAME
r
- XL(1) LENGTH OF MEMBER 1-2
- XL(2) LENGTH OF MEMBER 1-4
~
- paaR VFRTICAL REACTION ON THE FOOTPAD
- Al DECELERATION FACTOR
c A2 SAME
c ry SAME
c RBAR RADIUS OF FOOTPAD
c XV (1) BEAM MASS
c X () SAME
. THIN MINIMUM WALL THICKNESS OF LEGS
- UM1 (1) ALPRD
s Hr102) RFTRD
- UM2(1) ALPRD
c UN2(2) PI/2 RADIANS
c
c XK1 DYNAMIC TRANSIENT FACTOR FOUR MEMBER 1-2
c X2 SAME FOR MEMBER 1-4
c
c WFP WEIGHT OF FOOTPAD
C
‘
i
i

SUBRCUTINE GEOM

COMMON/S1/ SERIAL(2)sRaHsALPHASBETASF (2)sFLAGBIFTU(3)sEsDENS
COMMON/S2/X(30)sY(30)s2(3C)sPHIsRONESRTWOIAL9A293AL,GAMMAsXL1sXL 2y
1P AR XM(2) sRBAR Y TMINSUML(2) sUM2(2) s XK1 9 XK2 9y WFP

COMMON/S3/13sR1 PREVITPREVsTsTDELIXL({2)9R1sXMTOTsAsPsRT» TRMAX

Figure 3-11. Subroutine GEOM
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174

105

106

IRTPREVsJJsJsK gL oMy CCSANG (20

COVMMON/SU/REGY sRUX 9R2Y sR2LsR2X FUZ sFGBsF20sF 20 9F2543F2T7eF 255F &2,
1FE10sF8la4sFR13,F510eF5%sSF (20) 11
COMMON/SH/WTT(T14)Y s WTTTI1I1)aWT{2) eWHC(2)sCL(14)sXLEN{T1])
CCMVCON/ST/ALPRDYRETRD

THE FOLLOWING GEOMFTRY IS THE SAME FOR CASES AsBeCeDsE

X(1) = R

Y(1) = «250~H

Z(1) = 00

ALPRD =ALPHA%*2,1416/18040

P,I;TRD - BETA*BolQlé/lsolO

PHI = ATAN(5.00/(R-CCS(ALPRD)/SIN(ALPRD)*(H=74575)))
RONE = R-(H-24,165)%COS(BRETRD)/SIN(RETRD)

RTWC = (R=(H=-74575)%COS(ALPRLC)/SIN(ALFRD)) /COS(PHI)
X(2) = RTWO*COS(PHI)

Y(2) = =76225

Z(2) = 540

X(3) = RTWOXCOS(PHI)

Y{3) = =T74325

2(3) = =5,.0

X(4) = RONE

Y(4) = -1.915

Z{4) = 040

X(6) = 7408

Y{6) = -74325

Z(6) = 0anN

IF(FLAGR=-14011075105451C6

THESE POINTS ARE FOR CASES BslsD ONLY

X(5) = 54,0
Y(5) = -T74325
Z(5) = 5,0
X(7) = 50
Y{7) = =T74325
Z(7) = =540
X(8) = 7.08
Y{8) = -1.915
2(8) = Ne0
Al = 22544

A2 = 115492
A4 = 115492
GO T0 108

THESE POINTS ARE FOR CASE A ONLY.

X(5) = 540
Y(5) = -74325
Z(5}Y = 5.0
X(7) = 50
Y(7) = =74325
Z(7) = =540
X(8) = 7408
Y(8) = =14915
Z2(8) = 040

Al = 22544

A2 = 70484
A4 = 70484
GO TO 108
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THESE POINTS ARE FOR CASE E  ONLY.

X(5) = 14.%8
Y{5) = -7.3225%5
Z(5) = GebB1
X(7) = 14458
Y(7) = =Te325
7(7) = =4L4481
X(8) = 14458
Y(8) = =1.915
Z(8) = Cell
X(9) = 50
Y(9) = -7e4325
Z2(3) = 5eC
X(10) = 7408
Y(10) = ~7325
2(10) = Q060
X(11) = 560
Y{11) = =T74325
Z(11) = =540
X(12) = 54C
Y(12) = -1e915
Z(12) = 540
X{13) = 708
Y(13) = =1.915
Z(13) = 0.0
X(14) = 540
Y{1l4) = —-1e915
Z(14) = =540

Al = 22%.4
A2 = 144,9
MG = 144,09
GC TO 108

CONTINUE GEOMETRY CALCULATIONS COMMON TO ALL FIVE CASES.

GAMMA = ATAN(ARS(540/7(X{1)=X{2}1}))

XLEDY=SARTUAX (1) =X(2) ) #%24+ (Y (1)=Y(2))%*%2+(Z(1)~2(2))**2)
XLE2)Y=SGRTIIXIII=X(4) ) ¥ %24 (Y {1)=Y(4))**2+(2(1)=2(4)) % %2)
PLAR = FI2)*SIN(BETDI+2e0%F (1) *¥CCSIGAMMA)Y*¥SIN(ALPRD)

X#(1) = «0930
XM (2) = «0930
REAR = 1840
TMIN  =.025

UM1(1) =ALPRD

UmM1(2) =BETRD

JM2(1) =ALPRD

UM2(2) = 3414159265/240
XK1 =465

XK2 = 240

CALCULATE WEIGHT OF ONE FCCTPAD WFP

WFP = 1e0/172840%341416%¥REAR%¥2%6,0/127e3%(1e¢20%PBAR/ (1e0*RBAR*#2
1#261416) + 30040}

RETURN

END

Figure 3-11, Subroutine GEOM (Concluded)
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ITZRATION PROCESS.

THE VALUE CF TAf FUNCTION APPRUGACHES ZRRCe

TITLE OF SURROMTINE
AUTHOR
CALL
PURPOSE TO DE
CONF1
GIVE
METHOD THIS
CRITI
wALL
THE C
AKD R
THIS
FUNCT
15 <A
VART A
OuUTPUT VALUE
POINT
SYMBOLS
rR1
T
RIPREV
RIPR
TPREV
TPR
XL(D)
XK1
XMTCT
RZ
R3
RT
RTPREV

CURVE
He Qo CARR
CURVE
TERMINE Tht OPTIMUM LEG CRUSS SECTICN

GURATION UF WALL THICKNESS T AND RADIUS R1 TO
THE  MINIMUM WEIGHT.

IS FOUND bBY EQUATING ULTIMATE
CAL ALLOWAELE STR&SS™

STRESS TO THE
AND THEN BY INCREMENTING
THICKNLSS T UNTIL THE MINIMUM POINT IS FOUND OUN
URVE T VeSe RT WHERE RT IS THE PRODUCT OF T
1 THE LEG RADIUS

FUNCTION OF R1 IS BEST SOLVED BY THE NORMAL
INCREASE R1 UNTIL THE vALUEL OF THE
ION CHANGES SIGN AND THEN HALFE THE INTERVAL UNTIL
CONVERGENCE
TISFIED WHEN Twd SUCCESSIVE VALUES OF THE

CLE MEET A PERCENT ERROR TzS5Te

S CF R1 VeSe T ARE PRINTED UNTIL THE MINIMUM
ON THE T VeSs RT CURVL IS FOUND

DEFINITION

CURRENT LEG RADIUS

CURRENT  wALL THICKNZSS

PREVIOUS LEG RADIUS

SECOND PREVICUS LEG RADIUS

PREVIOUS WALL THICKNESS

SECOND PREVIQUS WALL THICKNESS

LENGT 1-2 FOR I=1
DYNAMIC TRANSIENT FACTOR"
TOTAL STRUT MOMENT

a

TH OF MEMRER AND 1-4 FOR 1=2

P
P

LAST VALUE OF VARIAwLE THAT GAVE A POSITIVe VALUE
TO FUNCTION BEING SOLVED BY ITERATION.
SAME AS ABOVE EXCEPT THE FUNCTION VALUE IS NEGATIVEL
CURRENT
PREVIOUS

PRODUCT
PRODUCT

OF R1 ANL T

Figure 38-12. Subroutine CURVE
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3-30

ﬁ@fg}/

NE

RTPR SECARD PRUVICHS  pRODUICT
COUNT THI® 1< 2 COLMTER THAT LIMITS TeL MO OF TI4CS
THIC LOOP I< 473N T2,
FLAGA THECL Tofi 0l FLAGS (FLAT A 9 FLAG T s FLAG D)
FLAGC CORTEDL Trin LUsICAL rLOW M lbESsSSARY Tu Do Taxstl
T

FLAGD

Trib MIRTEU PCINT Ow THt CUkVE e

CURVE

X{32) Y (37) 92 (3

DY) oPHToROMZ eRTUUSAL 9 A2 A4 s GAAMESXL 19 XL Zy

TN LAY LD) 9t

’:”.:'.“. ,I‘ ’

M202) s XK1 9 XX 2 40 FP

/o O CERTALIZ2) 9 xat1e 2LPHA S TA S {2) s FLAGCLsFTU(S) sz e
/

)

/

Iainl PRZVITEREVsToTOELaXL (2) oR1 e XMTUT 9AsPexXToTi:iAXY
.J-k.L, W TOGANL (A
I aY sR4X oR2Y( 9R2 s 2XaF L2 9F 4 e F 28 3F269F 259527 9F3 %9500

SEEIASER1A,FAG,GE(30) 511

/ TTOLa) oW ITTOLL) e aTL2) eatiCl2)y 9oL (14) s XLENILIL)

/ALPRDSZETRD

CLA'“”“.O
PREV=CeN

TD Fv=nen

RTPREV=N4N

AR~ _N
VRN =N,

ToFL= O.ul/

TC FIND THL DESIRLD ROCT
STARTING VALUE OF R1 IS

TLIT (et ®E (1012, EXL (1)
TIPRE=N.N

T1ERI1+enN?

RINEL=R] %540

Ur THIS FUNCTION K1 oY
NOw o COMPUTZC

ITERATICN A

YRID 7 (2414 16#%3XTHEXRXK] ) )% (1a0/260)

RLE HAS VALUS  R1

H (126 OFXLIT)Y)H¥*2/ (BalblOo#*37p XK 1¥TH*{RK1%*%3))

T/R1I+1e5/A% (T (1) +2eQ/R1IFXMIOT#( 140/ (1eC~P)))

INTREMENT R1 TO GET F1 TC APFROACH ZERO

ORI G HAVASIE =ih| WHEM VARTA
A =2e0%3 4 1416%RLHT
P =1e5*F (1)
Fl=—elb¥*E

TE (F1) 12541324120

IF F1 IS POSITIVE

R2=R1

RIDEL=RICEL¥*240
P1=R1+RIDFL
IF (R1-1N00.C)

12541225122

Rl GREATER THAN 1000 IMPLIES WALL THICKNESS T IS TOO SMALL
SC O IMCREMENT T AND  RESTART  ITERATION

T=T+TDEL

0 TC 115

F1 IS5 NOW NEGATIVES NCOw KEEP HALVING THE INTERVAL WUNTIL F1

CONVERGES AND

STAISFIES A& «01 OF ONt PERCENT

TEST.

Figure 3-12. Subroutine CURVE (Continued)
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145

120

155

160
nen

ca
o
m

166
167

168

170
172
174

176
178
18¢C
182

184

186

190

R2+R2)/2e0

=2:0%3¢1416%¥R1¥T

SleDHF (1 )% (120 0¥ XL (T ) ) %*2/ (3e1416%#x3%p #XC]#*TH (R]1¥%3))
1==e15%E*¥T/R1I+1eS/AX (FII)+260/R1¥XMTOT#(1eC/(1e0=P)))
F(F1) 15551555145
[~

1

1
GO 7O 16°
R2=R1
GO TO 15¢C
RFIN=ARS((RI1~-RIPRE)/R1)~-Ca0001
FORMAT(BF2N,10)

IF (RFIN) 165416545140

Now COMPUTZ  THE PRCODUCT R1 TIMES T wHICH cQUALS A POINT (TerT)
ON THE T VeSe RT CURVE, wE NOW INCREMENT T AND REPEAT

THE ITeRATICN PROCESS UNTIL WwWE FINC A MINIMUM POINT ON THIS
CLRVE wE PRINT THE POINTS ON THIS CURVE TO Sttt HOW WE ARE
PRCGRESSING STEP RY STEFP.

RT=R1*T
FLAGN=FLAGN+1a0
PRINT S03sR1sTsRT P
IF(FLAGA)Y167+1705170
FLAGA=140

R1PREV=R1

TPREV=T

RTPREV=RT

T=T+TDEL

GG TO 12¢

IF THE QUCTIENT T/R1 EXCELDS A T/R1 MAXIMUM FOUR THE SECOND
TIME (AS CONTRCLLED BY FLAG C ) THEN WE GO TO STATEMENT 190 AND
FIND R1 ®Y TTZRATION OF A SECOND FUNCTION F2

IF(T/R1-TRMAX)17251725186
IF{RT-RTPREV)17451769176
R1PR=R1PREV

TPR=TPREV

RTPR=RTPREV

GO TO 167

IF(FLAGC) 17842454245
IF(FLAGD-2.0)1805180+18¢%
T=T-TDEL

FLAGC=1.0

TORL=TOFEL/5 0

GO TO 168

T=T-(2.C*TDEL)
R1PREV=RIPR

TPREV=TPR

RTPREV=RTPR

GCC TC 182
IF(FLAGC)178519041090

STATEMENTS 190 THRU 240 NOw FIND A LEG RADIUS R1 BY KEEPING
THE RATIO T/R1 FIXED AND ITERATING UPON A SECOND FUNCTION F2
WHICH IS SIMILAR TO F1

RE2=(1e5*F (T1H(12e0¥XL{T))F¥D/ (3414 16%%AKEXXKIH¥TRMAX) ) *¥*(160/be)

Figure 3-12. Subroutine CURVE (Continued)
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3-32

COUNT=0e0C

R1IPRE=0e0

R1IPREV=0.0

P1zRC2+,4001

RINEL=R1I*%,0

A “2e0%341416#RLXX2XTRMAX

P =] e DHF ([ )% (126 CHXL (I ))%#*2/ (341416 #*¥BFEHXKIHXTHIAXRR] *%4 )
FOoz=FTU(I)+]1e5/4%(F(I)4+2e0N/RI¥XXMTOT*(140/(1e0-F)))
IF (F2) 27542054200

Rr=R1

RINFL =RINFL#*D2 4N

R1=R1+R1CcL

COUNT=COUNT+140

IF (COUNT=40e0) 19592024207

PRINT 9CO

PRINT 1500

JJ =1

RETURN

R3=R]

R1=(R2+R3})/2aN

A =2e0%341416%¥R]1XX2XTRMAX

F ST G SHF () (12 QFXLIT))#F2/ (3614 16%FAXKEFXLCIFTRVAXFR]*H4 )
Fozs=FTU(I)+1aS/A%(F (] )+2eN/RI*¥XMTUT*(1e0/(1a0-F1)))
IF (F2) 22592254215

RZ=R1

R1PR=Z=R1

RI=(R2+R31)/2.C

G0 TO 23¢

R2=R1

GG TO 220

RFIN=ABS((R1-R1PRE)Y/R1)~0.0001

IF (RFIN) 2354235,210

T=R]*TRMAX

RT=R1*T

DRINT GN3,R15T5RT P

R1IPRFV=R]1

RTPREV=RT

TPREV=T

SINCE MINIMUM  POINT ON T VeSe RT CURVE IS REACHED AT NEXT
TO  LAST VALUES CF  R1 AND Ts THSN  FINAL VALUES NeEwED FOR
CALCULATING LEC WEICHT AwrE THE PREVIOUS <SET RIPREV AND TPREV
FLAGD = =140

FORMAT(F12e59F11eb9F12e59F12e5)
FORMAT(EXs8HFIUNCTIONy2X s 3HNOT 3 2X 9 BHNEGATIVE 92X 9 3HYET)

ECRMAT(1H])

Jd =2
RETURN
END

Figure 3-12, Subroutine CURVE (Concluded)
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TITLE OF SUBROUTINE VECTOR

AUTHOR He Ceo CARR

CALL VECTOR

PURPOSF TO FIND THE COSINE OF THE ANGLE RETWEEN ANY TwWO LEG

MEMRERS CALLED COSANG

. ex 4 o & B B O & 92 A% B W S

AYANANAA YT AN N NN

TY DYDY AN

I A YA DD

VETHOR RY TAKING THE DOT PRODUCT BETWEEN TWO VECTORS IN

THREE DIMENSIONAL SPACE

BEFORE CALLING TH1S SUsROUTINE N MUST Bt SET BETWEEN
TAE NUMBERS 1 AND 33 SO AS TO PICK UP THe PROPER SET UF
FIVE NUMBERS IN TrE DATA TAWLE rOR THE TwWU LEG MEMBERS
IN GUESTIONe THIS DATA STATEMENT OCCURS AT THE
QEGINNING OF THE MAIN PRUGRAV,

SYMROLS DEFINITION

X{INYsY(N)9Z(N) COORDINATES IN SPACE
WHERE N CAN EGUAL

I CR J UR K CR L

N= 1 THRYU 130

COSANG (M) CCSINE OF THE ANGLE BETWEEN TwO
VECTORS IN SPACE

SURROUTINE VFCTOR

DIMENSIGON 11(33,5)

COMMON/S51/ SERIAL(2)9RsHIALPHASBETASF(2) sFLAGLsFTU(3) s sDENS
COMMON/S2/X(30)eY(30)92(30)sPHIsRONZ oRTVHUIAL A2 A4 4GAMMASXL1 yXLZ,
IPPARGXM(2) gREAR g TMINS UMI (D) o iM2(2) o XK1 ¢ XK2 4 WFP

COMMON/S53/13R1 PREVITPREV T s TDEL oXL (2) 9 R1 s XMTUTsAsPsRT s TRMAX
1RTPREV IS s L oMy COSANGI(30)

COMMCN/SG/RGY sRUX gR2Y sR2ZsR2XsF429FUBsF28sF269F2543F27sF354F 85
1FEI0sF8144F51343FE1NsF599sSF (301511
COMMON/SS/WTTLTI4) o WTTT(LI1)YsWT{2) oWHC({2)sNL (14 XLEN(11)
CCVMMCN/S6 /N

COMMON/S7/7ALPRDIBRETRD

Io= IIiN»1)
J o= 11(Ny2)
K = T1(Ny3)
L = I1(Ny4)
M = T1(N,5)

ALY = X(I)Y = X(J)
R2Y1= Y(I)=Y(J)
CCl= Z(1)=-2(J)

Figure 3-13. Subroutine VECTOR

BERNDIY #RODUCTS AEROSPACE DIVISION
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AA2= X(K)=XI(L)

BEZ2= Y(K)Y=Y(L)

CC2= Z(K)y-2(L)

AR = AALHRAAZHRRIHRA24CCIHCC2

AARS = SQRT(AAI#¥24BBIR#24+CCIR*2)
RABS = SGRT(AA2#*#2413B32%%24+CC2%%2)
COSANG (M) = ARS{AR)/(AARS*#RARGS)
RETURN

END

€

A S o

Figure 3-13, Subroutine VECTOR (Concluded)
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TITLF OF SURROUTINFE - QRBCD

AUTHOR He Os CARR

NDATE 0G-1-64

CALL FORCD

PURPOSE TS SCLVE A SET COF SIMULTAREOUS bwUILIBRIUM FURCE

EGUATICNS  FOR  FORCES  IN YEMBLRS 4-24 4-8, 2-8s 2-6,
AND 25 FOR CASES RB,CeD
VETHCD THE AHSOLUTE VALUE 2F THE FORCES AKE SUMMED FOR EACH
E SEPARATE LOADINGS Ui THE TRyYSS

SYMRCLS DEFINITIONS

RZXeR2YsR27 sR4X 4R G4Y THE XsYsZ COMPUNENTS AT JCINTS 2 + &

CCSANC (M) TRE COSINE OF Thi ANGLE SBETWEEN THE
DESIRED TWO VECTORS IN SPACE

FL2sF4BsF289F269F 25 FCRCE IN MEMBER 4-2y 4=8, 2-8y 2-65 2-0
FOR EACH GEPARATE LCADING

SF(1) ABSOLUTE SUM OF FURCE F42 FUR FIVE LOADS

2E(2) SAME FOR F48

SF(3) SAME FOR F28

SE(G) SAME FOR F26

“F(5) SAME FOR F25

CLRROUTINE EGRCD

COMMONY/ S/ SERIAL(Z)9R;HyALPHA$BETA9F(2),FLAGBaFTU(B)sEaDENS
COMVON/SZ/X(BO)sY(3O)92(30)sPHI9RONE9RTWU;A1’A29A4yGAMMA9XL1yXLZo
IPEARSXM(2) 9y RBAR s TMINSUMLI(2)91M2(2) 9XK1 e XK2 s WFP

COMMON/S3/1sR1 PREVsTPREVsTsTDELXL(2)9R1sXMTOTsAsPsRT s TRMAX s
IRTPREVsJJaJsKal 9Me CCSANG( 30)

COMMON/34/R4Y sRUX sR2Y sR2Z sR2X $F 42 sFLBIF28sF269F253F27sF354F85,
1FB810sFR1443F5134F910sF594SF(30)s11
COMMON/55/NTT(14)9WTTT(11)9WT(2)9WHC(2)yDL(lQ)aXLEN(ll)
COMMON/S7/ALPRDsBETRD

F&42 = R4Y/(2.0%COSANG(5))

SF(1) = SF{1)+ARS(F42)

F48 = R4X ~ 240#F42%¥COSANGI(1)

SF(2) = SF{2)+ARS(F48)

F28 = (-R2Y-F42%COSANG(5))/COSANG(6&)

SF(3) = SF(3)+ARS(F28) ?

F26 = (R2Z-F42%COSANGI(T7)-F28%COSANG(8))/COSANG(I)

SF(4) = SF(4)+ABS(F26)

F25 = RZX-FZS*COSANG(Z)-FZé*COSANG(3)+F42*COSANG(4)

SF(5) = SF(S)+ARS(F25)

RETURN

ENND

Figure 3-14. Subroutine EQBCD
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TITLL OF SUSROTIRE Fie

~ AUTHOR He Ce CARR

- DATE 06-1-64

- 7ALL =

COPURPLSE To SOLVE A SET Gk STMULTAREIUS EuUILI=RIUM FURCE

e EGUATICONS  FOR FORCES Tiv MEYRERS 4=2y 4=8s 2-£y 2-T32-b

- @=546-10y 8=16s 5=13y 5-10y AND 5-9 FuR CASL £ OMLY.

.

rONETRDT THE ASCOLUTE VALUE OF THS FORCES ARE SUMVEDS  FOX EACH

g CF THE FIVE SEPAKATS LOADINGS UN THE TRUGSS

-

:

C SYMBOLS DEFINITIONS

-

e R2XsR2Y sR2Z sR4X s R4Y THE XsYsZ CUMPUNENTS AT JOINTS 2 + 4

c

c COSANG (1) THE COSINE CF THZ ANGCLE SeTwWEEN THE

~ CESIRED TwO VECTORS IN SPaCE

-

- FUzsFUByFR8,F27 FORCE IN MEMRERS 4=23 4-8, 2-8s 2-7»

- F25,F25,F65,FE10 -5y Z=5s =5 8-1Cs5-16, 5-135 5-10»

c FE1LsFS12,F510,F5% ARD 5-9 FOX EACH SEPARKATE LOADINGs

;

- SF(6) AUSOLUTE SUM OF FORCE F42 FOR FIVE LOADS

¢ CELT) SAVME FOR  4-8

- “F(8) SAME FOR  2-8

c SFLS) SAME FOR 2-7

C SF(10) SAME FOR 3-5

s SF(11) SAME FOR 2-5

s <F (12) SAME FOR 8-5

- <E(17) SAMF FOR  8-10

s SF(14) SAME FOR &-14

s SF15) SAME FOR 5-112

f SF(16) SAME FOR 5-10

.

~

.
CLBROUTINE EGE
TUMMON/S1/ SERTAL(2)sRsHsALPHASRETASF(2)sFLAG3,FTU(3)sE9DENS
COMMON/S2/X(30) sY(30) 92 (30)sPHIyRONEsRTWUSALsA29A4 3GAMMASXLLsXL 2,
1PRARGXM(2) s RRAR s THIN UMY (2) 911M2(2) 5 XK1 9 XK2 o WFP
CCMMON/S3/T15R1 PREVSTPREVSTsTDELsXL(2) sR1sXMTOTsAsPsRT»TRMAX
1RTPRFVesJIsJsK sl s COSANGI(30)
COMMON/SL/RGY sRUXSR2Y sR2LsR2XsFU2sFLEsF28sF269F255F275F35,F85,
1F510sF814yF513,F5105F59,SF(30) 11
COMMON/SE/wWTT(14) s WTTT(L1)aWT(2) sWHC(2) »DL(14) s XLEN(1])
COMMON/ST/ALPRDSRETRD
F42 = R4Y/(2.0%¥CUSANG(5))

Figure 3-15. Subroutine EQE
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-y 3l

- S e e e

- s

SF(6) = SF(6)+ABRS(F42)

F48 = R4X =240%F42%#COSANGI(1)

SF(T7) = SF(7)+ABS(F48)

F28 = (=R2Y-F42%COSANG(5))/COSANG(6)
CF(8) = SF(B8)+ARS(F28)

F27 = (R2Z-F42%COSANG(T7)-F28*COSANG(3))/COSANG(10)
SF(9) = SF(9)+ABS(F27)

F35 = F27

F25 = RZX+F42%¥COSANG(4)-F28*COSANG(2)-F27%COSANG(11)
SF(10) = SF{10)+ARS(F25)

FES = ( —e40#F28%COSANG(6))/COSANG(12)

SF(11) = SF(11)1+ABS(F85)

FB10 = —eb60%2,0%#F28#COSANG(6)/COSANG(13)

SF(12) = SF(12)+ARC(FB10)

FE14 = (F4B + 240%F28%COSANG(14)=-F8I0#COSANG(15))/(2e0%COSANG(16)
)

SF(12) = SF(13)+ARS(F814)

FL13 = -FB5%COSANG(12)/7COSANG(1T)

SF(14) = SFU14)+ABS(F513)
F210 = (-F35%COSANG(18)~F65%COSANGI19)-F513%COSANG(20))/COSANG(21)
SF(15) = SF(15)+ARS(F510)

FS9 = F25 +F35#COSANG(22)~-F510%COSANG(23)=F513%C03ANG(24)
SF{16) = SF(16) +ARS(F59)

e TURN

£ND

Figure 3-15, Subroutine EQE (Concluded)
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SECTION IV

DIGITAL COMPUTER PROGRAMS FOR THE CONDENSED ANALYSIS
OF REAR LEG TOUCHDOWN AND FREE FLIGHT

DESCRIPTION

This computer program solves for the kinematical conditions involving the rear leg
touchdown period and free flight to front leg touchdown.

The two main parameters in this study are the ""coefficients of restitution' EX and EY.
The values of EX and EY that lead to a reasonable solution depend upon the other input
parameters in a very complex way. To avoid this complexity, ranges of EX and EY are
setupwith eleven increments of each one. Then a solution is attempted for all the 121
possible combinations of EX and EY. This program can be used to investigate the effect
of EX and EY on the landing,

A valid solution may not exist for two reasons. First, XN(30) and XN(44) may not converge
in the valid range of PS2 (-20° to 0°), and second, the function FF may have no solution
within this range. In either case, a comment is made accordingly, the present values of
EX and EY are printed, and then the problem continues with the next combination until

all 121 combinations are exhausted.

COMPUTER INPUT DATA

The input data requires two cards. For identification of the input data, see Figure 4-7.

INPUT DATA (CARD 1) DEFINITIONS COLUMNS USED
RUNNO See Figure 4-7 1 through 5
EXX Ref. 1, Section 6, Eq. 33 (EX)o 6 through 10
EXDEL See Figure 4-7 11 through 15
EXMAX See Figure 4-7 16 through 20
EYY Ref. 1, Section 6, Eq. 36 (EY)o 21 through 25
EYDEL See Figure 4-7 26 through 30
EYMAX See Figure 4-7 31 through 35
4-1
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INPUT DATA (CARD 2)

COMPUTER OUTPUT DATA

RUNNO
XDOT1
YDOT1
WONE
XKX
XKY
XKXP
XKYP
XKXDP
XKYDP

For identification of symbols, see Section VI

DEFINITIONS

See Figure 4-7

Ref.
Ref.
Ref.
Ref.
Ref.
Ref.
Ref,
Ref,
Ref.

1, Section 6, Eq.
1, Section 6, Eq.
1, Section 6, Eq.
1, Section 6, Eq.
1, Section 6, Eq.
1, Section 6, Eq.
1, Section 6, Eq.
1, Section 6, Eq.
1, Section 6, Eq.

NOTE

1 X3
1 Y1
1 wy

30
39
31
40
32
41

Kx
Ky
K'x
K'Y
K'x

Y

COLUMNS USED

1 through 5

6 through 10
11 through 15
16 through 20
21 through 25
26 through 30
31 through 35
36 through 40
41 through 45
46 through 50

of Reference 1 and computer program comments,
Figure 4-7, as indicated above.

4-2

The input data is printed first as part of the output record.

For every valid solution, the following is printed for that combination of

EX and EY:

a. FF, XN(30), XN(44), PS2, XN(42), EX, EY where XN(30) and XN(44)

have converged and FF is close to zero.

b. The function FFF = {(T) is now solved by iteration and the values of
FFF and T are printed for every 10th iteration. The final line is the
last value of FFF and T which meets the percent error test.

Cc. Now solve and print:

XN(30), XN(31), XN(32), XN(33), XN(34)
XN(35), XN(44), AT, X3, y3, (PSD)3, X3, Y3, B3.

For every non-valid combination of EX and EY one of two error statements

is printed and then EX is incremented and program continues with the next
combination of EX and EY.

The sample computer solution that follows gives
the solution for one set of input parameters. For

NOTE

this example, there are only 18 valid solutions out

of the 121 possible combinations of EX and EY.

Only the first 15 solutions are shown in Figure 4-12,
although a complete output would include all 121 trials.
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Since the EX, EY combination which corresponds to
the detailed digital computer solution cannot be
analytically determined, the solution which compares
most favorably is selected by visual inspection.

The first four lines of printed output consist of input data. The next 7 lines are invalid
cases and then three valid cases occur. The last four lines are also invalid cases. This

output is typical of the printout for the remaining 106 cases.
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LEM COMPUTER PROGRAM: Condensed Analysis For Downhill 9-1-64
Landing Dynamics Page 1

This program solves for the kinematical conditions involving the rear leg touchdown
period, and free flight to front leg touchdown, as described in Reference 1.

< Start )

\
Call "INCONT"

This subroutine reads two input cards and prints the data
and calculates leg geometry and sets initial conditions
130 l

Set EX = (EX)g and PS2 = -20° |-

135 l 140 No

145
Yes
135 $< EX >EXMAX >—— inc. EY ——<EY >EYMAX>

@ Yes

Call: FFIT. This subroutine solves the function
FF = {(PS2) by iteration

KK=
KK 1 135

—/

KK=2
315
Print: FF, XN(30), XN(44), PS2, XN(42), EX, EY

'

Figure 4-2. Computer Program - Condensed Analysis for Downhill Landing Dynamics
4-5
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LEM Page 2

320 ‘

Set T = 0, TDEL = .05
calculate FFF = f(T) for T = 0

325 l

Call: FTHREE. This subroutine solves the function FFF
by iteration

LIm2 Ll=1
{ { LL )

Iteration succeeds; calculate [iteration fails for this EX valuﬂ
and print XN(30), XN(31), XN(32), 480 | T
XN(33), XN(34), XN(35), XN(44), X3DOT increment EX
Y3DOT, PS3, X3, Y3, BETAS ’ P! reset PS2 = -20°

Figure 4-2. Computer Program - Condensed Analysis
for Downhill Landing Dynamics (Concluded)

4-6
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‘Rﬂo’j&/

\
INCONT SUBROUTINE: INCONT 9-1-64
Page 1

This subroutine reads two data cards, prints this data, initializes and sets basic con-

stants.

101

Read 2 required data cards
and print this data

110

initialize geometry

Set Flag D = -1.0
-1.0 implies no iteration steps printed for FF
change to +1.0 to get this temp. print

Figure 4-3. Subroutine INCONT

4-7
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FFIT

This subroutine solves the equation FF = £(PS2) by iteration. P82 is set initially to

7@&&}/

SUBROUTINE: FFIT

-20 degrees before entry.

4-8

?_T

9-1-64
Page 1

170 { NOT VALID FOR
inc. PS2

Call: N30N44 - This subroutine calculates FF = f(PS2) '—4———1
13 155
JJ=2 33 =]

XN(42) = NEGATIVE

THIS PS2

Set FFZERO = FF

160

PS5 = PS2

Print iteration step 165 Yes

Print: XN(30) and XN(44)

only if Flag D = +1
75 176 Yes does not converge in
inc, P82 PS2>0 valid PS2 range

180 y No
Call: N30ON44 - This subr. cals. FF = {(PS2)

Figure 4-4. Subroutine FFIT
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FFIT

& @II@V
9-1-64
Page 2
185
XN(42) = NEGATIVE
inc, PS2

If Flag D = +1.0 only, print FF, XN(30), XN(44),
PS2, XN(42), EX,EY for every 5th iteration

200 215
( FF = same sign as (FF)O)-Yi— PS5 = PS2
217 l No
Set AA=0
220 l
PS6 = PS2
225
PS5 + PS6
PS2 =~

230 ‘

Print: Iteration fails

Figure 4-4. Subroutine FFIT (Continued)
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FFIT 9-1-64
Page 3

( e

250 280 167
No . _
XN(30) - XN(44) ~ - inc. EX, set KK = 1
I XN (30) <1 FF = same sign as (FF)o > reset PS2 = -20°
Yes
Yes
No
KK =2 PS5 = PS2 )

()

Figure 4-4. Subroutine FFIT (Concluded)
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endi”

FTHREE SUBROUTINE: FTHREE

9-1-64
Page 1

This subroutine solves the equation FFF = £(T) by iteration FFF = {(To) is calculated

before entry.

330
' inc. T and cal.FFF
331 l 340 Yes 370 Yes
Print: FFF, T for —D-><FFF = same sign as (FFF)Z))-— T,=T T < 1.2
every 10th iteration o
380 No Print: T>1.2
Set LL=1
390 |
TPREV =T {
T,+T
=1 2 Return
- T '—T——
calculate FFF
| w
Yes
A (|W<E¥.setLL=2
T 2 i
\ L] v /
No
420

Ty=T ‘LGFF = same sign as (FFF)O> (Return >

No

-
Figure 4-5. Subroutine FTHREE
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endli”

N30N44 Subroutine: N30N44 9-1-64
Page 1

This subroutine calculates the value of FF which
equals XN(30 - XN(44) where FF is a function of
PS2 and WTWO.

( N30N44 )

1000 - 1220

Calculate A, B,C,D, E, F, G, and
XN(1) through XN(42)

YES 1225 ] NO

——-< Is XN(42) Negative ?\/

1226

SetJi=1 Cal XN(43) and XN(44)

Cal FF
{ Return )

Figure 4-6. Subroutine N30N44
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YYD MDY DYDY Y Y Y YN

DI}

Y

AR TR

DAY N NN

YA Y YYD Y DY Y YYD

YA D

]

ORI

[ AT

RUN CARRSZZN61C s3940
FOR LEM

MAIN PROGRAM TITLE

AYTHOR

DATE

CALL

PURFOSE

BCNDIX REPORT MM~

INPUT DATA
CARD 1

RUNNO
FXX

EXDEL
EXMAX
£Yy

EYDEL
EYMAX

CARD 2.

RUNND
XDOT1
YNOT1
WONE
XKX
XKY
XKXP
XKYP

XKXDP

XKYDP

SYMROL

EX
EY
EXX
EYY

endi”

CONDENSED ANALYSIS FOR DOWNHILL LANDING
DYNAMICS

He Os CAKRR

09-1-64

LEM

TC SCLVE FCR THE KINEMATICAL CONDITIONS
INVCLVING REAR LEG TCUCHDOwWMN PoRITDeFRE
FLIGHT TO FRONT LEG TOUCHDOWN,

[

SEE FIGURES 6-396-4+s6-54AND 6-6 INi
MAIN REPORT FOR VEHICLE CESMEITRY.

8-64

COLUMNS USED

1 THRU ©
6 THRU 10
11 THRU 15

16 THRuU 20
21 THRU 25
26 THRU 30
321 THRU 35

1 THRU 5

6 THRU 10
11 THRU 15
16 THRU 20
21 THRU 25
26 THRU 30
31 THRU 35
36 THRU 40
41 THRU 45

46 THRU 50

DEFINITION

COEFFICIENT OF RESTITUTION IN X DIRECTION
SAME BUT IN Y DIRECTION

INITIAL VALUL OF EX (INPUT DATA)
INITIAL VALUE OF EX (INPUT DATA)

Figure 4-7. Main Program

.
[
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Y MAN

YOI AN D

YYD D

DAY DYDY YD

Al

erdli”

AAIAODODITIIAIATAITIAANANADATYT Y TAAITAANDY NN YD YA D

EXDEL EX RANGE (INPUT DATA)

EYDEL EY RANGE (INPUT DATA)

EXMAX EX MAXIMUM (INPUT DATA)

EYMAX EY MAXIMUM (INPUT DATA)

XCOT1 (INPUT) INITIAL VELOCITY COMPONENT GCF REAR FCOTPAD

YDCT1 (INFUT) INITIAL VELOCITY COMPUNENT CF REAR FOCTPAD

WONE (INPUT) INITIAL ANGULAR VELCCITY  OF REAR FOCTPAD

XK X THESE SIX VARIABLES

X<Y ARE FUNCTIONS

XM XP OF MASS

XKYP AND VELOCITIES

XK XDP (SEE EGS. 30-31-32-

X<YDP 39-40-41)

Patl VEHICLE INTIIAL PITCA ANGLE (FIGURE 6-6) IN RADIAN

X1 LEG GEOMETRY ANGLE (FICURE €-5) IN RADIANS

ZETA SLOPE CF LUNAR SURFACE (FIGe6-56) IN RADIANS

Xt MASS OF FOCTPADS

XA, MASS OF VEHICLE EXCLUDING FOOTPADLS

X11 MOMENT OF INSRTIA

XG GRAVITY FORCE

XL1 LENGTH OF LEG ONE (FICURE 6-5)

XL2

EPONE CONVERGENCE ERRGR TEST FCR XN(30) AND XN({44)

EPTWO CONVERGENCE ERROR TEST FOR T AND TPREV.

FF FF = XN(30)=XN(44)

FFZFRO FFZERC EGUALS INITIAL VALUE OF FF

TPREY PREV VALUFE OF TIME

FFF FUNCTION CF T (SOLVED &Y ITERATICN)

FZERO INITIAL VALUE OF FFF

PS2 VEHICLE FINAL PITCH ANGLE (FIGURE 6-6) IN RADIANS

PS2NFG SAME AS Ps2 BUT IN DEGREFS

PS2DEL INCREMENT OF PS2

FLAGD TO PRINT OR NOT PRINT CONVERGENCEZ STEPS OF XN(30)

JJ CONTROLS LOGICAL EXIT FROM SUBROUTINE N30ON&&

K CONTROLS LOGICAL EXIT FROM SURRCUTINE FFIT

LL CONTROLS LOGICAL EXIT FRCM SU3RQUTINE FTHREE

Q0

RUNNO IPENTIFICATION OF RUN NUMBER

PS5 EQUALS PS2 VALUE WHEN FF OF PS2 HAS SAME SIGN A5
FFZERO.

PSe EQUALS PS2 WHEN FF OF PS2 HAS OPPISITE SIGN FFZERO

¥ TO PRINT EVERY FIFTH VALUE OF FF, XN(30)sXN(44),PS1
IF CONVERGENCE STEPS ARE DESIRED

AA2 IF CONVERGENCE OF FF DOESN=T DUCCEED WITHIN 20
ITERATIONS THEN ON TO NEXT EX VALUE

ALPHA1 A FUNCTION OF PS1sPS2sXIsZETA (SEE EQe46)

ALPHA2 SAME AS ABOVE (SEE EQ26)

2ETA] SAME AS AROVE (SEF FGe47)

GAMMA SAME AS ABOVE (SEE EQ.88)

A A FUNCTION OF INITIAL AND FINAL CONDITIONS.

B FOR A SEE EQe 34» FCR 5 SEE EQe 359 FOR C SEE EQ.

C 37, FOR D SEE EQe 38,

0

E A FUNCTION OF THE INTIIAL CCNDITIONS

Figure 4-7. Main Program (Continued)
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N

h]

IO OY YYD Y N Y D

B IR T R WA T VA0 NV T R T TR Y

AR W N W R

A I T B

2Ty NN

1170
137

135
140
145
146
147

148

315

F FCOR & SEh LTe17

G AND FC

XN(1) THRU XNCL) ThRU XN(44) ARE FUNCTIONS OF VERIGLE “ACS,

X (4s) INITIAL AND FINAL VELOCITIES, #T7Ce (223 EL%e 51-5%)
X300T VELCCITY COMPONENT whoh FRONT FOUTPAD TOUCHES

Y3DCT VELQCITY CCMPUNENT whch FROWNT FOUTPAD TOUUHLE

Fs3 ATTITUDE wHEN FRONT FUGTPAD TOUCHES -S04 110

W2 ANGULAR VELOCITY WHEN FRUNT FOOTPAL TOUCHES ~EGe1RGS
X3 X DISTANCE FROM AXCS AT CeCa A5 FOUTPAD TOUCHES

Y3 Y DISTANCE FROM AXES AT CeGe AS FOOTPAL TOUUCHES
RETAR FUNCTION OF PS2

Ps1n SAMI AS PSl 8UT IN DEGREES

XN SAME 88 X1 RUT [N NEGRFFS

ZETAN SAME AS 75TA RUT IN NCARFEG

Ps29 SAME AS PS2  BUT IN DEGRFES

PS2DFG SAME AS Ps2D

T TIME INTERVAL FOR REAR LEG TOUCHDOWN (SEE tle 69)
TOEL INCREMENTS OF T (T=DELTA T 35U3 2)

T? FQUALS T WHEN FFF OF T HAS SAME SIGN AS FZERO

FZFRO INITIAL VALUE OF FFF

COMMON/C1/RUNNOSEXX 3 FXDEL s FXMAX 3 FYY 9 EYDEL s FYMAX sEX 9 EY 9 XN(50)
COMMON/C2/XDCTLsYDOT1sWONE s XKX s XKY s XKXP s XKYP s XX XDP 3 XKYDP
COMMON/C3/PS1oXT 9ZETASPS2DEL o XMaXMMoXIT 9 XGeXL1eXL2sZPONESEPTWS
COMMON/C4L4/FF sFFZERO s Tos TDEIL s FFF9sFZEROSTPREV S PS29PS2DEG
COMMON/CS5/FLAGD s JJsLL s KK 985

CALL SUBRQUTINZ INCONT WHICH READS TwO DATA
CARDS AND SETS UP INITIAL CCNDITICNS AND 3ASIC
GEOMETRY

CALL INCONT

Ex = EXX

Pe2n==-20.0
PS2=PS2D%3414159265/150e0C
PS2DEG=PS2D
[F(EX-EXMAX)148+148,140
EY=EY+EYDEL

IF(EY-EYMAX)130,130, 1456

PRINT 912

GO TO 100
CALL SUBROUTINE FFIT wHICH SOLVES THE FUNCTIOAN
FF 8Y ITERATIONe FF=XN(30)=XN(44)

CALL FFIT

GO TO (1355315)sKK

A VALID SOLUTION IS REACHED FOR FF SO FINAL
VALUES OF FFy XN(30)sXN(44)sETCe ARE PRINTED

PRINT 901 2FFsXN(30)sXN(44) sPS2DEGyXN(42) sEXSEY
PRINT 913

Figure 4-7, Main Program (Continued)
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216 GC TO 220

THIS IS THE START OF THE SECOND PART OF THE
PROGRAM THAT SOLVES A SECOND FUNCTION FFF

BY ITERATIONs AN INITIAL VALUE IS CALCULATED
FOR AN INITIAL VALUE OF T

320 T = 0.0
B2=10.0
TDEL = CanN5
PRINT 913
PRINT 903
FFF = =XL2#¥SIN(PS2) +XN(31)*T = XG/240%T*T*COS(ZETA) =XLI*SIN(XI+
1IPS2+XN(30)*T)+ XL1*¥SIN(XI+PS2)
FZERO=FFF
PRINT 902+sFFF»T

CALL SUBROUTINE FTHREE WHICH THEN SOLVES THE
FUNCTION FFF BY ITERATION. THE ONLY VALID
SOLUTIONS ARE FOR T 3ETWEEN ZERO AND 1e2

225 CALL FTHRFEF
GO TO (480,458 )sLL
455 PRINT 9N24FFFHT

PRINT 913
CALCULATE FINAL VELOCITIES AND LENGTHS AND
PRINT THEM FOR THIS SET OF VALUES OF THE TwO
PARAMETERS EX AND EY.
460 X3D0T XN(31) -XG*T*COS(ZETA)

"o

Y3DCT XN{(32) +XG*»T#SIN(ZETA)

PS3 = PS2+XN{30)%*T

w3 = XN(30)

X3 = =XL1I*SIN(XI +PS3)

Y3 = XL1*¥COS{XI+PS&3)

BETA3 = ~3,14159265/240 +XI+PS3+ZETA

PRINT 909 sXN(30)sXN(31)sXN(32)sXN(33)sXN(34)
PRINT 910sXN(35)sXN(44)sTsX3DOTsY3DOT
PRINT 911sPS5S39X3sY3sBETA3
470 PRINT 913
PRINT 913
GO TO 480

INCRFMENT EX TO NEXT VALUE AND RESET Ps2D TO
-20 DEGREES AND LOOP BACK TO STATEMENT 135.

480 EX = EX + EXDEL
PS2D = =200
PS2 = PS2D*3414159265/18040
PS2DEG = PS2D

PRINT 913
GO TO 135
901 FORMAT(5H FF=yFB8e4s11H XN{(30)=sFBeb&y1lH XN(464)=9FTels8H
1PS2=9F842y11H XN(42)=9F16e2sTH EX=9F6e3s7H EY=9F6e3)
902 FORMAT(F15e49F15e¢4)
9032 FORMAT(29H FFF T /7)

Figure 4-7. Main Program (Continued)
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909 FORMAT(1CHOD N(30)=9F9etis10H

N(31)=9F9ets10H N(32)=9FFe64s10
1H N(33)=9FFe4,]10H N{34)=sFYeq )
910 FORMAT(10HO N(35)=9FYelyl0H N(44)=9F9e4s10H DEL T 2 =9F944,10
IH X3 COT =3F9e4,510H Y35 DOT =9F9el )
911 FORMAT(10HO PSI 3 =4F944s10H X3 =9FG44y1CH Y3 =9F%e4510

1H RETA 3 =,F0,4 )
912 FORMAT(1H1)
913 FORMAT(1H )

END

Figure 4-7. Main Program (Concluded) a1n
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FOR

4-18

INCONT

SUBROUTINE TITLE

AUTHOR
DATE

CALL

PURPOSE

NOTE

SYMBOL

EX

EY
EXX
EYY
EXDEL
EYDEL
EXMAX
EYMAX
XDOT1
YDOT1
WONE
XK X
XY
XKXP
XKYP
XKXDP
XKYDP
PS1
X1
ZETA
XM
XMM
XI1
XG
XL1
XL2
EPONE
EPTWO
PS2DEG
PS2DEL
FLAGD
RUNNC
PS1D
XID
Ps2D
PS2DEG

(INPUT)
(INPUT)
(INPUT)

[NCONT

He O+ CARR
03-1-64

INCONT

TO READ TwO DATA CARDS AND PRINT THIS DATA
AND THEN TC INITIALIZE AND SET BASIC CONSTANTS

FLAG D IS SET 7O MINUS ONE HERE. CTHANGE THIS
TO +1 IF INTERMEDIATE CONVERGENCE STEPS OF
XN(30) AND XN(44) ARE DESIRED

DEFINITION

COEFFICIENT OF RESTITUTION IN X DIRECTION
SAME BUT IN Y DIRECTION

INITIAL VALUE OF EX (INPUT DATA}
INITIAL VALUE OF EX (INPUT DATA)
EX RANGE (INPUT DATA)
EY RANGE (INPUT DATA)
EX MAXIMUM (INPUT DATA)
EY MAXIMUM (INPUT DATA)

INITIAL VELOCITY COMPONENT CF REAR FOOTPAD
INITIAL VELOCITY COMPONENT OF REAR FOOTPAD
INITIAL ANGULAR VELOCITY OF RcAR FOOTPAD
THESE <SIX VARIABLES

ARE FUNCTIONS

OF MASS

AND VELOCITIES

(SEE EQSe. 30-31-32-

39-40-41)

VEHICLE INTIIAL PITCH ANGLE (FIGURE 6-6) In RADIANS
LEG GEOMETRY ANGLE (FIGUREZ 6-5) IN RADIANS
SLOPE OF LUNAR SURFACE (FIGe6-6) IN RADIANS
MASS OF FOOTPADS

MASS OF VEHICLE EXCLUDING FOOTPADS

MOMENT OF INERTIA

GRAVITY FORCE

LENGTH OF LEG ONE (FIGURE 6-5)

CONVERGENCE ERROR TEST FOKR XN(30) AND XN(44)
CONVERGENCE ERROR TEST FOR T AND TPKEV.

SAME AS PSZ BUT IN DEGREES

INCREMENT OF PS2

TO PRINT OR NOT PRINT CONVERGENCE STEPS OF XN(30)
IDENTIFICATION OF RUN NUMBER

SAME AS PS1 BUT IN DEGREES

SAME AS XI BUT IN DEGREES

SAME AS Ps2 BUT IN DEGREES

SAME AS PsS2D

Figure 4-8. Subroutine INCONT
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N

101

108

115

9C6
G20
921
G24
Q2%
926

f?&f%

SUBROUTINE INCONT
CQMMON/CI/RUNN09EXX9EXDEL9EXMAX9EYV,5YDEL’EYMAX9EX9ﬁY9XN(50)
CCMMON/CZ/XDOTI’YDOTl9WUNthKX9XKY:XKXP)XKYP;XKXDP;XKYDP
CUMMON/C3/p51’XI9ZETA!PSZDEL9XM9XMM’XII9XQ;XL19XL2’EPONE9EPTWU
COMMON/C4/FF 9sFFZERO s To TRELFFF 3FZeROyTPREV s PS29PS2DEG
COMMON/ZS5/FLAGD s JJsLL 9KK 9 2R

READ 920 4RUNNCIEXXSEXDEL s b XMAX 9 FYY 9 EYNEL ok YMAX

READ 921’RUNNCQXDCTI9Y00719WUN59XKXsXKY9XKXP9XKY59YKXDPaXﬂYDp
PRINT 906 sRUNNO

PRINT 924 ¢EXXsEXDELsEXMAX

PRIMNT 925+EYYSEYDELSEYMAX

PRINT 926 sXDOT1sYDOTL s WONE s XKX s XKY XKXP g XKYP s XK XCP ¢ XKYDP
PS1D==-2040

PS1=PS1D%3414129265/18060

X1D=45,0

XI=XID*¥3,14159265/18040

ZZTAD=15,0

ZETA=ZETAD%*2414159265/1&040

PS2DEL = 1e40%3414159265/1500

X5/‘=8.0

XMM=400e0

XI1=7960C.0

X5=5632

XL1=20.0

XL2=28428

CPONE=0L.0001

EPTWO=0.0001

PS2D==20.,0

PS2=PS2D%3414159265/180e0

PS2DEG=PS2D

Y = EYY

FLAGD = =140

FORMAT (17HO RUN NUMBER =3F54.0//)

FORMAT(F54096F543)

FORMAT(FS4092F5e137F543)

CRMAT(7HO EX=9F6e339H EXDEL =3F6e299H EXMAX =4F6e3//)
FORMAT(7HO EY=9F6e33s9H LYDEL =9F6e299H EYMAX =sF6e3//)
FORMAT(9HO XDOT1 =4F5e299H YDOTL =9F542s9H W ONE =4F4e2y TH

PETURN
END

Figure 4-8. Subroutine INCONT (Concluded)

XKX
1=9F44247H XKY =4F4o248H XEKXP =3F 442 48H XKYP =4F442,9H XKXDP =,
2F 442 99H XKYDP =9F&a2//7)
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FEIT

He Ne CARR
06-1-64

FEIT

SCLVE EQUATION FF RY ITERATION IN TzRMS
OF THE VARITARLE 2824 FF 16 SATISFIZO
WHENM XN(30) DIFFERS FRDY XN(44) RY A
SMALL PERCENT DIFFERENCE o

IMNCREMENT PEZ2 UNTIL VALUz UF Fr CHANGE S

SIGN AND Tzt HALF INTERVAL UNTIL

COCNVERGENCE UUCLRS.

IF THE ConvoReenNCE T28T FAICS AFTzZR
HALVING TH: INTERVAL 2C TIMESs THEN
INCREMENT EX AND EXIT FROM SUBRCUTI NG

IF ZONMVERGENTZ DORS MOT OCCUR FOR

VALUSS OF 252 =hTwhinN =20 2ZGREES ARND
ZERQO DEGRZIEy THiM INCRZMENT X AND =XIT
FROM SUBRCUTINE

DEFINITION

COEFFICILENT CF ReSTITUTION TN X DIReCTICN
SAME RBUT IN Y DIR-CTICN

EX RANGE (INPUT DATA)
CCNVERGENCE ERRCR TEST FOR XN{30) AND XN(44)
FE = XN(20)=-XN(44)

FFZERKO EGUALS INITIAL VALUE OF FF

VEHICLE FINAL PITUH ANGLE (FIGURE 6-6) IN RADIANS

SAME AS PSZ upUT IN DEGRLES
INCREMENT OF PS2

TO PRINT OR NUT PRINT CUNVERGENCE STzZPS CF XN(30)

CONTROULS LOGICAL =XIT FRUM SUURUUTINZ N30ON&44
CONTRCGLS LOGICAL £XIT rRCM SURZROUTINE FFRIT
SQUALS PS2 VALULZ wHLN Fr UF PS2 HAS SAvZ >IOGN

EQUALS PS2 WHEN FF OF PS&S2 HAS QPPISITEZ SIGN FFZERC
TO PRINT ZVERY rIFTH VALUE OF FFs XN(30)sXN(44)4PS1

IF CONVERGENCz STEPS ARE DESIRED
TF CONVERGENCH OF FF DOCSN-T NYCCEED WITHIN 20
[ITERATIONS  THEN ON TU NEXT EX VALUE

XN(1) TAHRYU XN{44) ARE FUNCTIONS OF VEHICLZ MASS,

INITIAL AND FINAL VELOCITItESs tTCe (SED EUWSe
SAME AS PS2  BUT IN DEGRLES
SAMT AS Pg2D

Figure 4-9. Subroutine FFIT
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TN Y Y )

bl

-~
Y

i)

N

A

DY YN

170

a4~

-
AS LIRS}

176
150

185
190
195
196
197

198

770

SIIBRCUTINE FFIT

COMMCN/C2/XDCTIoaYDO T o WONE s XK X o XK Y s XXX g XKYP o XKXDD g XKYDP
COMMON/I3/PS1 o XTI s ZFETASPS2NT Ly XM e XM o X LT o X o XL Lo XL29or POMNE s EPT AU

COMMON/TL/FFsFFZIRC o Ts TOLL s FFE 3 F iU s TRRREV S PS29PS20E

CCMMON/ZCZE /525000 s LL e Ry 20

G

SMON/CY/RUNNG s EXX o EXDE Lo U XMAX 9 =YY 9 ZVDEL s EYMAX 3 EX 9L Y s AN{30)

CALL SUBROUTINE N30R&L AND CALCULATE XN(%0)

XN(aa)y AND rF

SUBROUT I SETS JJ=2 FU= NURMAT
ANS IT S2TS JJ=1 FCOR AZBNORMAL
XNUG42) 15 NEGATIVE

CALL N3ONG&

G0 TO (15551700 5JJ
PS2=PS2+FS2DEL
PS2DEG=PS2%18040/341461572€5
I (P52) 1%0,15C5165
PPINT 927,5XEY

GC TO 167

EX = EX +EXDEL

PC2D==204n
PSP=PS2D*2414159265/18040
PEINFG=PS2N

PRINT 9113

EXIT
SXIT wrizh

SUBROUTINE SETS KK=2 FOUR NORMAL EXIT

AND SETS KK=1 wroN ITERATION
DOESN=T OCCUR WITHIN PL2 RANGEL

KL =1

RZTURN

FFZERO=FF

PS5 = P52
AA TS A COUNTER THAT ALLOWS
FIVE TIMES THRU THIS LCGCP  (mi
OCCURS WHEN FLACD IS SET TU

AR=040

IF(FLAGD)Y17549173s173

PRINT S01sFFsXN(20) o XN(44) 3PS2DEGCyXN{42) 9EX9EY
PZZ2=PS2+PS2DEL

PC2DEG=PE2%18040/3414159265

IF (PS2) 13Nn,1805165

CALL N30ON4y

GC 7O (1854198)4.0)

PS2=PS2+PS2NFL

PS2DEG=PS2%180e0/341415%265

IF (P52) 180518049165

AL=AA+140
IF (AA=4,0) 2009200,197
AA=040

IF(FLAGD)2005158+158
PRINT 9G1sFF osXN(30) s XN(44)sPS2DEGIXN(42)sEXHEY
GG TO 200

Figure 4-9. Subroutine FFIT (Continued)
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YYD

et

T35
26"
245
246
247

&0
280
237
chls
210

255
91
513
014
927

4-22

ﬁ?ﬁ&%ﬁj&ﬁ

IF FF HAS 2% SIGN A% 87220 TnEN VALUF LF

FUNTTION rAS MOT ZFCOSes oV 22RO RPUINT.
It STOMS ARG CiRrFEReENTs THoN malf INTosVAL
CUNVERGET

i

ASATTEN
T2 (FEZERC)I27 0,
TE(FF)215,217,
15 (FF)217,22%,

pez=pe)

r
B
92
"
0
n
N

[SI B|

D= (PSE+PSA) /26N
SIDEG=PS2%160e0/ 214155265
ALL N3ON4a

COTO (2355240) 9JJ

ST 16°
TG 245
A

DN D

AN

m o> (Y
> D))

A2+1.0
B2-2040)250s250247
CYINT G114

ftTC 167

r2
(

_—

PERCENT CONVERGENCE TZST

TFLARGLIXNO20) XN (44 )/ XN(20) ) ~ERPONE 25092559480
IFA(FFZERGC)IZIC 9300, 200

TE(FF)310,2204,220

TFIFF)220.2105310C

Pce=PS2

GC TO 225

KK = 2

FORMAT(5H FF=4F8.4,11H XN{301=3F8ely11H XN{LG)=9F Tl g 8H
107245847251 1H XN(4?2)Y=9sF 1667 s TH FX=9Fh a3y 7H FY=3F6e?)
FORMAT (1K )

FURMAT(E1HO FF ITERATICN FAILSe INCREMENT EX AND CONTINUEe//)
FCRMAT(9GE XN(30) + XM(44) DO NOT CuNVe Iin VALID PSc INTERVAL (-£C
1 T2 0 DEGRELS)=—-=THIS VCIDED CASE FAS EX=9Fbe39TH EY=9F6e3)
RITURN

D

Figure 4-9. Subroutine FFIT (Concluded)
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FOR FTHREEL

ﬂ@{f}f@

SUBROUTINE TITLE FTHREE

AUTHOR He Os CARR

DATZ 09-1-64

CALL FTHREE

PURPOSE SCLVE EQUATION FFF BY ITERATION IN

TERMS OF THE VARIARBLE T=DELTA T SU5 2.

METHOD INCREMENT T UNTIL VALUE OF FFF CHANGES
SIGN AND THEN HALF INTERVAL UnTIL
CONVERGENCE NCCURS
NOTE 1. MAXIMUM T VALUE IS 14200
IF CONVERGENCE DOES NOT OCCUR BEFORE
THIS MAXIMUM T VALUE THEN £XIT FROM
SUBROUTINE
SYMBOL DEFINITION
ZETA SLOPE CF LUNAR SURFACE (FIGe6=06) IN RADIANS
XL1 LENGTH OF LEG ONt (FIGURE 6-5)
XLz
FPTWO CONVERGENCE ERROR TEST FOR T AND TPREV.
TPREV PREV VALUFE OF TIME
FZFRO INITIAL VALUE OF FFF
P52 VEHICLE FINAL PITCH ANGLE (FIGURE 6-6) IN RADIANS
LL CONTROLS LOGICAL EXIT FROM SUSROUTINE FTHREE
XN(1) THRU XN(1) THRU XN(44) ARE FUNCTIONS OF VEHICLE MASS,
XN (44) INITIAL AND FINAL VELOCITIESs ETCe (SEE EGSe 51-99)
ZETAD SAME AS ZETA BUT IN DEGREES
P52D SAME AS PS2 BUT IN DEGREES
PS2DEC SAME AS PS2D
T TIME INTERVAL FCR REAR LEG TOUCHDOWN (SEE EGQe 69)
TOEL INCREMENTS OF T (T=DELTA T SUB 2}
T1 EQUALS T WHEN FFF OF T HAS SAME SIGN AS FZERO
F7FRO INITIAL VALUE OF FFF

SUBROUTINE FTHREE

AN TN TR IS}

COMMON/C1/RUNNOsEXX s EXDEL s EXMAXSEYY sEYDELSEYMAX EX,EYsXN(50)

COMMON/C3/PS1 9 XTI s ZETASPS2DEL s XMy XMM o XTI s XGeXL1sXL24EPONESEPTWO
COMMON/C&4 /FF oFFZERO s To TDEL sFFFFZEROWTPREVY PS2yPS2DEG
COMMON/C5/FLAGD»JJsLL KK BB

JUST BEFORE ENTERING THIS SUBROUTINEsTHE MAIN
PROGRAM SET T=0 AND CALCULATED FFF FOR T=0.

NOW T IS INCREMENTED AND THE FUNCTION FFF 1S
SOLVED BY ITERATION

Figure 4-10. Subroutine FTHREE
4-23
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4-24

Ferdlix”

320 T = T 4+ TRLL
FRF = =XL2%SIN(PS2) +XNI31)#T = XO/2e0%T#TH*CUSILETA)=XLL1I#*#SIN(X]+
1PE2 +XN(3N0)#T) +XL1#SIN(XI+P<2)

A3 IS USFN AS A COUNTFR SO A& TO PRINT THF
VALUES OF FFF AND T FOR EVERY TENTH
ITERATION STEP

EE=Br+leD
TF(REB=1C4N)34N 434043373
B32=040

PRINT 902 4FFF T

G2 TG 340

20 JF(FZERC)ZENGI6HN 26N
250 TR (FFFYRTN 43309380
AT TP (SFFYIRRNGAT N, 270
270 TONF=T

271 IF(T=1e2)2309320+372
272 PRINT 915

W) )
w0 Ww
W N

LL =1
RETURN
SUBRUVUTINE SeTS Lii=]1 FUOR AHNURCSAL EXIT wHon
T IS INCREIMENT-D 2=YURT 162 “EFURST VALUE OF
FonlTION FFE UHANGES STON FRO% VALt AT T =Qe.
537 TTwC=T
A5C TPREV =T

T={TONE+TT®C) /260
FEF = =XL2%SIN(PS2) +XN(31)#T=XG/ 26 CHTHT*CUS(LETA)=XL1*STInt X+

r
&)
O

1IPS2 +XM{30)%T) 4+XL1I*SIN(XI+HS2)
all TF(ARSU(T=TPREV)I/T)I=EPTWOIL52,:4524420
42C IF(FZERC)I430s440044C
G20 TF(FFFYLEN3C09380
L4 TF(FFF)3B8N0s%4504450
450 TONE=T
GC TG 39¢C
SUBKRCUTINE SETS LL=2 FOUx wOKMAL EXIT wrely
ITEKATION SUCCLELS FUR T LESS THAIN le2
452 LL = 2
902 FORMAT(F15449F15e4)
91% FCRMAT( 25H DELTA T 2 GREATER THAN 1le25e )
RETURN
END

Figure 4-10. Subroutine FTHREE (Concluded)
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YOYTY DYDY
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YUY Y Y Y Y Y

YO Y Yy N

YA Y Y Y

T Y N

A

DYDY DYDY

FCR

N3ONGY

CHIRROUTINE TITLE
ALITHCOR
DATE

CALL

PURPOSE

METHCD

SYMRCL

EX

£y

XDCT1 (INPUTH
SCT (INPUT)
WONE (INPUT)
X< X

XY

YUXP

YLYpP

X< XDP

X ynp

DQI

X1

X7

yens

XI1

X%

XLl

xL2

FE

FFZERS

P
JJ
ALPHAL
ALPHA?
D!’TA]
GAMMA

>

9]

N7

BENDIX PRODUCTS

MACN4G

He Do TARR
09-1-64

N30N4g4

CALCULATE THE VALUE UF FF wHICH =QuAaLls
XN(30)=XN(44)s Fr IS A FUNCTIUN OF P&
AND WTWO

PS2 IS THE VARIAZLE IN THIS SET OF
EGUATIONS. THE ONLY VALID VALUES CUF P52
ARE FROM -20 DEGRFES TO ZERGC DEGREES,

FOR SOME VALUES OF P52 THE VALUE OF
XN(42) IS NEGATIVEe wHLN THIS OCCURS EXIT
FROM Tz SUUBRCUTINE o GET A Nbow VALUE oF
P52 AND RZI-LNTER SUSRKCUTINE

DEFINITION

COEFFICIENT CF RESTITUTION IN X DIRECTIOLN
SAME 2UT IN Y NIRECTICN

INITIAL vELOCITY COMPUNENT UF ReAx FCOTPAD
INITIAL VELUCITY LUmPORENT UF RoAx FUUTPRAD
INITLAL ANGULAR VILCGCITY UF REAR FUCTPRAD
THESE 35IX VARIASLES

ARE FUNCTIONS

oF MASS

AMD VELOCITIES

(Stb ELGS. 3n-31-32-

3G-40~-41)

VEHICLE INTITAL PITCH ANGL: (FIGURL 6-6) IN KRADIANS

LEG OEOMITRY ANGLE (FIGURE 6-5) 1IN
MASS UF FOOTPADS

MASS OF VEHICLS SXALUDING FOOTPADS
MOMENT OF INERTIA

GRAVITY FORCE

LENGTH OF LEG ONE (FIGURE 6-5)

RADTANS

FE = XN(30)=XN(44)

FFZERO EQUALS INITIAL VALUE OF FF

VeRICbe FINAL PITCOH ANGLE (FIGURE 6-6) I RADIANG
CONTROLS LOSTICAL IXIT FRC# SUBRUUTINE N3ONG4

A FUNCTION OF PS14PS24XT+2ETA (SEE EQe46)

SAME AS ARQVE (SEI FGe26)
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Figure 4-11. Subroutine N30N44

4-25

.




e
e
LA

51-99)

< A FUNCTION OF THE INTITAL ComDITIUNS
- £ FOR b SEL ¥Qe 12-70% F St tQel3

(- AND FUR O SEE £8e 14

X1y TrRu XML Ty XN(44) Ak FUNCTIONS UF VZHICLZ VMASS,
~ XM (4d) INTITLAL AmD FINAL VELUCITICSe ETCe (SEE EwSe

SUBRCUTINE N3ON&44

CCHMON/CL/RUNNC s EXX o EXDLEL o EXMAX o EYY 9T YDEL s EYMAX 9 EX 9EY 9 XN(50)
COMMON/ZC2/XDUT1aYOUTLawliilia XKY s XKY o XAXE ¢ XAYF ¢ XK ADP g XKYDP

~

VIMON/C3/R T La XT 28 TA P C20EL o XiAa XM o XTI T o XCoXL1 o XL2sEPUNE9EPT WY

COMMOM/CL/FE sEFZERD s ToTUEL s FFF s FZ0RUs TPIREVS P52 9P52DEG
COMMON/CS/FLAGD s Sy LL s KK o n

TAnA L PeA]=X]
ALPHAZ =X

—LETA-(PR1+PC2)/26C
+IFETA+(PRI+PE2) /2640

SETATSZETA+(PC14PEY) /240

,"_’ﬁlf"\_l:\':xl_".f\/l'j.lf\.\;(‘:"\1+:)(:"))

1AL AT (XVREXK

TXLAMP RS

3
1o~ n

"

YKYDPe
(XM {1
16 0=-XKY
(K42
1AIN F (XVM42,

(A‘:(XII‘*?.

o)

N
o~ 1+

[

N (2) =X
CIo(XI+P%

Nt

Beryy-yng

ThLT XL Ty (XY

X OEY OO+ XEXD ) ) RXD DT L+ X kX L T # G « (XKXD*CU5 (XTI -PS]) =
(XI+P<1))

(XNF% (1o 2= X<X )XY (Lo GmXRAP ) +X0% { La0=XX3F) ) #XDOTI+X4* XL 1#WOHE *
1o 0=XLKXP ) H 008 (XT=D8 1) +(1e 0= {XDP) #CHE(XT+PS1))
(K ik XA

YA UK YO XY D ) ) RY DO T L= XA XL 1A ONE* (XKYPESTA(X]=PS]
[ (XL+2e0 )

¢ D= XY )X (L CmXRYE ) 4X0% (1e0= XY 2P ) ) *YDUTL=XM* XL 1% 0 UivE ®
Pr#SINIXI=PE1 ) +(1e0=X<YDP) SN (AT+FST))

PEXYEXDOT LN ARXL I *R ONE# (CUL (X1 =27 1)=CLS (¥ 1+PS1))
CHNENHATIT LA XL T H R S HE S (S TR X T =20 1)+ 5 IN (X T+P51) )

MY EX TR EZ ) CRX RN 1 (XDOT L (LS (XTI =221 ) =COS(X]+
TIE(CIXTI=PAT) S IN(XT4PET) ) )

2R = (L e DHT X F (XMMR XX VE (XEXP XK XDD ) )

XL1# (= {le={1atEX)#XKXP) %O (XT=PT2)+(Lo—( Le+sX) ¥XKXDP) *
20

Y (3)= A-EX*5

1050 XN(4) = (XY

XM (£ )= Xdx
CINAXI+PC
X5N(6)=C-t
Xfo(7y= XN
ThEr YN (8) X
XN(S) = X
XML
XN(11)
107C XN(12)
XN(13)
xN(14)
1087 ¥N{15)

-

1t

F2e0RXI) = {1 aDHLY ) ¥ XFMHFXCYHFXE (X YP+HXKYDD) )
XLIR((1la—(la+SY)I*¥XKYPIHSIN(XI=FSZ2)+(Te=(1let+tEY)%XLYDP)*
211

Y %0

(2) /XM

N(3)Y/XN{1)

NS /ZXN(4L)

XM{5)Y/XN{(4)

XN(7) +XL1*¥C0S(XI-PSD)

XNLT) =XL1I*SINIXI-PS2)

XNAT) =XL1I¥COS(XI+PS2)

XN(P) =XL1I*¥SIN(XI+PS$2)

XTTHXMMEXLLI®F (XNAG)FSINI(XI=PS2) =XN(T7)*COSIXI=PS2) ) =Xm#*

IXL?2¥(XNILA)*STIN(PS2) +XN(13)%¥COS(PS2))

1790 XN(1l6) =
1-YCIT1% °

IX () # LS
1XL Y #WONE*
TN XN(17)
XH(13)

XM (17)

1110 XKN{20)
1COS(ZET
XN(21)

1120 Xht22)
1SIN(ZET
XN{(22)

)

)

[T = LR { B - [N { B T B 1

4-26

BEN

XTI HWONE+XMMEXLLIFOXN(LIO0) ¥ SIN(XI=PS2) =XN(8)*%CUS(XI-PS2)

IRAXT=PZ2) +XDUTLI*COS(XI=PS1)) —X&¥XL2%* (XN(10)*¥SIN(PS2)+

(PS2) = (YDOT1 —XLIXWONE#*SIN(XI+PS1))#4SIN(PS1) —-(XDOT1-

COSIXI+PS1 ) *COS(FSLY)

XMYEXCHEXLIRCOS(ALPHAL ) +XM¥XG*¥XL2#CCS(RETAL)
XNE18)/XN(1T)

XMETE)/XN(17)Y
XMHECXNETT)4XNELI3) YEXMMEXN (T )+ (XMM+2 e 0% XM) KXGHXN(18) *

(XFM+2 6 0#*XM) EXNLE) =FE +(XMU+240% X)) #XCEXN(1S)*COS(ZETA)

XVFCXNALZ2)+XNCLI4) ) +XMMIEXN () = ( XiiMi+2 o O%XM) #XGHXN(18)*

(XMM42 ¢ D¥XMY $XNI10) =F = {X#042 o C*XM) ¥XG¥XN(19) ¥SIN(ZETA)
Figure 4-11. Subroutine N30N44 (Continued)
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Figure 4-11. Subroutine N30N44 (Concluded)
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SECTION V

PROGRAM FOR COMPUTER SOLUTION OF EQUATIONS
FROM CONDENSED ANALYSIS OF FRONT LEG IMPACT

A set of non-linear, algebraic equations has been derived in the Final Report. These
equations, based upon rational analysis together with certain reasonable, simplifying
assumptions, describe the behavior of the vehicle during stroking of the landing gear.
This condensed analysis technique has been applied to examine vehicle motion during the
first forward leg impact for a downhill landing, 2-2 footpad orientation, with the rear legs
sustaining the initial ground contact. The applicability of the technique is not limited to
this specific situation, but the 2-2, back-pitched, downhill landing is likely to be the
critical landing configuration.

Due to the complexity of the set of non-linear equations describing the front leg impact,
a numerical method has been utilized for simultaneous solution of the equations. The set
of equations comprises three primary equations which must be solved simultaneously,
and a number of auxiliary equations which can be substituted directly in the primary
equations. The primary equations, derived in the previous section, are:

7 2
R R PR N A AL AT
B:\ = e :Zo»Ot ‘LO O Zo.lfglll‘,o I +

. (1)

(4P )b, (R.-n.)t.
Re =0+ 5 Lo+ r*'l'zf - (2)
1 _72 __,2 1( R 2(;2_‘_7\,“( Ar @ AN )_ w,8
3“ ot Vs )= slItl s )*; holegecef =2 qconftn —Z‘i i (3)

1
The unknowns in the primary equations, describing vehicle orientation and motion at the
completion of front leg stroking, are the stability angle (Bf ), time rate of change of
stability angle (8¢ ) and the distance in the plane of motion from the vehicle c.g. to the
forward footpads ([ £). Parameters used in these equations are defined in Table 5-1,
Once the set of equations is solved, the ultimate stability of the vehicle is predicted based
upon considerations of potential and kinetic energies.

The numerical procedure used is an adaptation of Newton's method for solving a set of
non-linear algebraic equations. The procedure is an automatized trial and error method
in which values of the unknowns are sought which simultaneously satisfy the three primary
equations. To facilitate the search for a solution, Equations (1), (2), and (3) are each
rewritten in terms of a difference function:
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Table 5-1. Summary of Important Parameters Used In Condensed
Analysis of Front Leg Impact

M Mass (Vehicle and Pads)

I Mass Moment of Inertia (Vehicle and Pads)

g Gravitational Acceleration

Fi (i=1,2,3) Crushing Force in ith Strut

i (i=1,2,3) Total Stroking of ith Strut

A,B,C,D,E Hardpoint Coordinates Relative to C.G.

o Ground Slope

XY 2 Initial Vehicle C.G. Coordinates (Ground Coordinate Axes)
Xo, Yo Initial Vehicle C.G. Velocities (Ground Coordinate Axes)
Xps Yp» Zp Initial Pad Coordinates (Vehicle Coordinate Axes)
Vo Initial Pitch Attitude

i Final Pitch Attitude

o Initial Pitch Rate

¢'0 Initial Pitch Acceleration

Bo Initial Stability Angle

Bt Final Stability Angle

Bo Initial Stability Angular Rate

Bt Final Stability Angular Rate

Bo Initial Stability Angular Acceleration

/%f Final Stability Angular Acceleration

o Initial Effective Leg Length

,l’ f Final Effective Leg Length
tf Duration of Front Leg Stroking
Voh Initial Horizontal Velocity of C.G.
Vih Final Horizontal Velocity of C.G.

Mo Initial Horizontal Acceleration of C.G.

LT Final Horizontal Acceleration of C.G.
Vot Initial Tangential Velocity of C.G.
aot Initial Tangential Acceleration of C.G.

Fot Initial Tangential Force on C.G.

mg, Initial Torque About C.G.

Foh Initial Horizontal Force on C.G.

Yo Initial Angle (in plane of motion)

Included Between Footpad, C.G., and Vehicle
Longitudinal Axis
Yt Final Angle (in plane of motion)

Included Between Footpad, C.G., and Vehicle
Longitudinal Axis

"Initial'* and ""Final" Respectively Refer to Conditions at Front Leg Impact
and at the Completion of Front Leg Stroking.
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_ (The work done to crush the honeycomb is written 2 Z Fjj §i to take advantage of the
symmetry of a 2-2 landing.) 1

Bit, Bft, and fft are trial values of the unknowns. Successive sets of trial values are
substituted until F, G, and H are sufficiently small.

Since F, G, and H are complicated functions, it is preferred to initiate the search for a
solution by choosing a set of trial values close to the trial solution. An acceptable initial
set of trial values is sought by choosing the ""best" set of trial values for a large number
of combinations of arbitrary values of B¢, 8¢, and {f. These arbitrary values are:

Bst)j =ajBo (aj= .6, .75, .8, .85, .9, .95)
Btk = bkBo (b = .6, .7, .8, .9, .95, 1.0, 1.05, 1.1, 1.15, 1.20, 1.30, 1.40)
(Us)n=cnlo (cn=.75,.775, .8, .825, .875, .95)

where Bo, éo, and,ﬁo are the known values of 8, 3, andxéat the time of front leg

impact. A total of 432 combinations are thus defined. The 'best' combination is chosen
by defining:

Index = F2? + G° + H2 (7)

Equation (7) is evaluated for each of the 432 combinations, and the set of trial values

which results in the minimum value of Index is used as the starting point in the search for
a solution.

To obtain subsequent sets of trial solutions, an extrapolation technique is used. Ignoring

terms of second order and above, F, G, and H can each be expanded in a truncated Taylor's
Series:
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where the subscript "t" denotes that functions and partial derivatives are evaluated using
the trial solution. It should be noted that the partial derivatives as well as the functions
are available in analytical form.

Since the objective of the extrapolation is to determine values of f,é f, and f f which
drive F, G, and H simultaneously toward zero, Equations (8), (9), and (10) are solved
for 8¢, bPf, and & [ by setting F, G, and H all equal to zero. This result is
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The next set of trial solutions is obtained from:

ST ' (14)
A Thy o o (15)

o -
or =

o
)iy

+ 58 (16)

The process is repeated until § 8¢, 6 B f,and ¢ ,Zf simultaneously satisfy some pre-
determined error criteria.

Details of the computer program are presented in Figures 5-1 through 5-14. Figure 5-1
is a sample of the input data used in this program. The FORTRAN nomenclature is defined
in the program and subroutine listings, Figure 5-8. Flow diagrams for the program are
presented in the following order:

Figure 5-2 Flow Diagram of Main Program
Figure 5-3 Flow Diagram of Subroutine INCOND
Figure 5-4 Flow Diagram of Subroutine GUESS
Figure 5-5 Flow Diagram of Subroutine FEVAL
Figure 5-6 Flow Diagram of Subroutine SOLN
Figure 5-7 Flow Diagram of Subroutine DEVAL

INCOND calculate various initial conditions of geometry and motion from the input data.
GUESS computes arbitrary trial solutions, from which will be determined a 'best' set
from which to initiate the extrapolation procedure. FEVAL evaluates the difference
functions for a particular set of trial solutions. SOLN conducts the extrapolation pro-
cedure which should result in the final solution. DEVAL computes derivatives of the

difference functions with respect to the independent variables.

The program listings are presented in the following order:
Figure 5-8 Listing of Main Program
Figure 5-9 Listing of Subroutine INCOND
Figure 5-10 Listing of Subroutine GUESS
Figure 5-11 Listing of Subroutine FEVAL
Figure 5-12 Listing of Subroutine SOLN
Figure 5-13 Listing of Subroutine DEVAL

A sample of the output data is presented in Figure 5-14.
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MAIN LUNAR LANDING DYNAMICS STUDY 10-30-64
CONDENSED ANALYSIS OF FRONT LEG IMPACT Page 1

Read Input Data From Cards

!

Print Input Data

I

Call Subroutine INCOND

Compute Initial Conditions (Vehicle Motions and
Configuration at Front Leg Impact)

\

Call Subroutine GUESS

Determine Arbitrary Trial Solutions:
BBF(J), 1<J <6 - Final Stability Angle (At
Completion of Front Leg

Stroking)
BEFV{K), 1€K¥ 12 - Final Stabilily Angular
Rate

LLF(N), 1<N<6 - Final Value of Distance
From C.G. to Vehicle
Footpad, Projected In
Plane of Motion

J=1,6
DO1K=1, 12
DO1N=1,6

Call Subroutine FEVAL

Evaluate Difference Functions F, G, H For All
Combinations of Trial Solutions

Y

Figure 5-2. Flow Diagram of Main Program
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G LT
MAIN !

Index=F xF +G*xG+H=xH

Index is a Measure of the Degree with which a set
of Trial Solutions Satisfies the Nonlinear Equations.
The smallest Value of Index Available is the Most

Desirable.
v
_Index < MINIDX Test Indexm Index > MINIDX
Minimum Previous
Value
Define Best Set of Trial
Solutions Found so far:
BETFT = BBF(J)
BETFVT = BBFV(K)
LFT = LLF(N)
' ¥
CONTINUE

'

Call Subroutine SOLN

Extrapolate Best Set of Trial Solutions in Search
of True Solution to Nonlinear Equations

Yes Test if Extrapolation No
Converged within 25
Iterations
'
Figure 5-2. Flow Diagram of Main Program (Continued)
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MAIN Page 3

‘ Yes LNO

Print Initial Conditions Print "Iteration Astray - Guess Again"

\ @

Calculate Critical Stability
Angular Rate BFVCR

Print Final Conditions

Yes Test If Stability Angular No

Rate Exceeds Critical

Stability Angular Rate
Calculate Stability Margin Calculate Stability Margin
(Stability Angular Rate when (Stability Angle when Stability
Stability Angle = 0) Angular Rate = 0)
Print Stability Margin Print Stability Margin

|

Print '"Vehicle Unstable" Print '"Vehicle Stable"

L J

Figure 5-2. Flow Diagram of Main Program (Continued)
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5-10

Compute Initial Vehicle Geometry
and Motion Based on Input Data

. |

Figure 5-3. Flow Diagram of Subroutine INCOND

O

Compute Arbitrary Trial Solutions

Final Stability Angle BBF(J) (J=1, 2,
Final Stability Angular Rate

BBFV(K) (K=1, 2, ...
Final Distance from Footpad to C.G. LLF(N) (N=1, 2, ...

.12)

.6)

&

Figure 5-4. Flow Diagram of Subroutine GUESS




’

Calculate CORK BasedonSet of Trial Solutions to
Nonlinear Equations. CORK Represents the Quantity
Under a Radical Which Should Be Tested to Prevent
SQRT Subroutine Error.

CORK < 0 /l\ CORK >0
| TEST CORK

~_

\

Define Difference Caleulate Final Values
Functions F, G, H= 0 (After Stroking) of Vehicle

Motion and Geometry, and
Calculate Difference
Functions F, G, H.

Figure 5-5. Flow Diagram of Subroutine FEVAL
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> Evaluate Difference Functions F, G, H Using

ENTRY,

Call Subroutine FEVAL

Latest Set of Trial Solutions
v

F+G+H=0 %GS\ F+G+H$0

Y

W
Arbitrarily 1

Define G= —
F

L

\

Call Subroutine DEVAL
Determine Partial Derivatives of Difference

Functions F, G, H with Respect to Independent
Variables

Calculate Extrapolation Increments Based On Truncated
Taylor Series Expansion of Difference Functions

J

Print Latest Set of Trial Solutions and Extrapolation Increments

l_Update Trial Solutioneﬂ

4

Count CC (The Number of
Extrapolations Performed So Far)

CC 225

Increments Extra :
polation Increments o
151y wrror Error Criteri
Criteria riteria RETURN
Figure 5-6. Flow Diagram of Subroutine SOLN
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BE

G

Evaluate Analytical Expressions
For Partial Derivatives

Figure 5-7. Flow Diagram of Subroutine DEVAL
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TITLE

AUTHGORS

DATE

PURPCSE

INPUT

endix”

LUNAR LANNING DYNAMICS STUDY
CONDENSED ANALYSIS CF FRONT LEG IMPACT

ReCeALPERSON ANU Lol « ANDzRSON sENDIX MISHAWAKA DIVISION

10-31-64
TO PREDICT THE STABILITY AND MCTION OF THE LUNAR vZIAICLE
A5 A FUNCTION OF COMDITIUNS AT FRONT LEG IMPACT

FROM PUNCHED CARDS

s i ¢ o T -
FOR DEFINITION CF TR i

SCOVETRY USID IN IHLIS PROGRAY,
REFER TO SECTIGN Vvi-P OF THE =%XALRU FINAL REPORT

SYMBOL DEFINITION

I MASS MOMENT OF IRERTIA (FT®La3%xSEC*SEC)
M MASS (LE*SECH*SEC/FT)

GRAV GRAVITATIONAL ACCELLERATIUON (FT/SEC/EECQ)
F11 STROKE FORCE IN MAIN STRUT (Lk)

F22sF33 STROKE FORCE IN LOWER STRUTS (L3)

A THESE GQUANTITIZS LOCATE THE UPPER ARD 1 OWl R
g HARD POINTS RELATIVE 1G THE VEHICLE CeGe
C A IS POSITIVE IF UPPELR HARD POINT 15 AZ0VE THE
D CeGe— B IS POSITIVE IFf LCwWER HARD POINTS ARE
£ BELOW THE CeGe= (9DsE ARE PCSITIVES UNITS (FT)
ALPHA GROUND SLOPE (RAD)
X X=COMPe OF CoGe INITIALLY (GROUND AXeS) (FT)
Y Y-COMPe OF CoGe INITIALLY (GRCOUND AXES) (FT)
z Z-COMPe OF CoeGe INITIALLY (GRCUNU AXES) (FT)
XVeL X=COMPo+ OF (aGe INITIAL VLLOCITY (GROUND
AXES) (FT/scC)
YVEL Y-COMPe OF CoGe INITIAL VELOCITY (GRUUND
AXES) (FT/SEC)
XPAD X-COMP, OF FQOTPAD (GRCOUND AXES) (FT)
YPAD Y-COMPe OF FCOTPAD (CGRUUND AXES) (FT)
ZPAD Z-C0OMPe OF FOCTPAD (GRUUND AXES) (FT)
PSSO INITIAL PITCH ATTITUDE (RAD)
PSOVEL INITIAL PITCH RATE (RAD/SEC)
PSOVV INITIAL PITCH ACCELERATION (RAD/SLC/StC)
PSF FINAL PITCH ATTITUDE (RAD)
SETO INITIAL STABILITY ANGLE (RAD)
BETOV INITIAL STABILITY ANGULAR RATE (RAD/SECQ)
B8£TOVYV INITIAL STABILITY ANGULAR ACCe (RAD/SEC/SEC)
RETAF FINAL VALUE OF STABILITY ANGLE (RAD)
RETAFV FINAL VALUE OF STARILITY ANGULAR RATE (RAD/SEC)

INITIAL AND FINAL REFER TO STATES BEFORE AND AFTER
STROKING OF THE FRONT LEGS

GAMMO INITIAL ANGLE INCLUDED BETWEEN FOOTPADsCeGs

AND VEHICLE LONGITUDINAL AXIS (RAD)
GAMMF FINAL VALUE OF GAMMC
VOH HORIZONTAL COMP. OF CeGe INITIAL VELe (FT/SEC)
vOoT TANGENTIAL COMP. OF CeGe INITIAL VEL (FT/SECQ)
VFH HORIZONTAL COMP, CF CeGs FINAL VELe (FT/S2C)
AOT TANGENTIAL COMP« OF CeGe INITe ACCe(FT/SEC/SEC)
vO ABSOLUTE VELOCITY OF CeGe INITIALLY (FT/SECQ)
XDOP X-COMP+ OF FOOTPAD RELATIVE TO CaeGe

(GROUND AXES) (FT)

Figure 5-8. Main Program Listing
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YDOP Y-COMPe OF FOOTPAD RELATIVE TO Cele
(GROUND AXES) (FT)

XLOo X=COMPe OF FOOTPAD RILATIVE TO CeGe
(VEAICLE AXES) (FT)

YRo Y-COMPe CF FOCTPAD RELATIVE TO CeGe
(VEHICLE AXEZS) (FT)

Z00 Z-COMPe OF FOOTPAD RELATIVE TO CeGa
(EITHER VEHICLE CR GROUND AXLS) (£T)

L1 LENGTH OF NOel STRUT (FT)

L? LENGTH CF NOe2 STRUT (FT)

L3 LENGTH OF NOe3 STRUT (FT)

LO INITIAL DISTANCE FROM FOUTPAD TO CeGe
(MEASURED IN PLANE OF MOTION) (FT)

LF FINAL DISTANCE FROM FGOTPAD TC CeGe
MEASURED IN PLANC OF MUTION (FT)

LCVEL TIME RATE OF CHANGE OF LU (FT/SECQ)

FX X-COMP+ OF INITIAL STROKING FORCES
(VEHICLE AXES) (LB)

FY Y-COMPs OF INITIAL STROKING FORCES
(VEHICLE AXES) (L3)

TG TORQUE INPUCID oY INITIAL STROKE FORCES (FT*LB)

FCH HORIZIe COMPe OF INITIAL STRUKE FORCES (Lb)

FOT TANGENTIAL COMPe OF INITIAL STROKE FOKCES (LE)

TF DURATION OF STROKING (SEC)

DEL1 STROKING OF NOe1 STRUT (FT)

DEL2 STROKING GF NOe2 STRUT (FT)

DEL3 STROKING OF NOe32 STRUT (FT)

W #ORK DONE AGAINST STRUKIMG FURCES (FT®LB)

BFVCR CRITICAL VALUE OF FINAL STABILITY ANGULAR RATE
(RAD/SEQ)

BFMIN STABILITY INDEX FOR STA3LE VEHICLE. THIS IS
THE MINIMUM STAEILITY ANGLE EXPERIENCED pASID
UPON RIGID BODY ROTATION AFTER STROKING. (RAD)

RFVMIN STABILITY INDEX FOR UNSTABLE VEHICLE. THIS Is
THFE STARII TTY ANGULAR RATE wHEN THE STAQILITY
ANGLE IS ZERO BASED UPON RIGID z0DY ROTATILN
AFTER STROKINGe (RAD/SEC)

ERRBF ERROR STANDARD FOR BETAF

ERRBFV ERROR STANDARD FOR BETAFV

ERRLF ERROR STANDARD FOR LF

RUN RUN NUMEER

R MULTIPLIER FOR NURMAL FORCE USUALLY SET=2

BETFT TRIAL SOLUTION FOR FINAL STABILITY ANGLE (RAD)

BETFVT TRIAL SOLUTION FOR FINAL STABILITY ANGULAR
RATE (RAD/SZC)

LFT TRIAL SOLUTION FOR FINAL DISTANCE FROM FOOTPAD
TO CG (PRCJUECTED IN PLANE OF MOTICN) (FT)

FsGoHy DIFFERENCE FUNCTIONS DENOTING DIFFERENCES
BETWEEN LEFT AND RIGHT SIDES OF PRIMARY
EQUATIONS AFTER SUBSTITUTION OF TRIAL SOLUTIONS

INDEX DIFFERENCE FUNCTION DENOTING QUALITY OF SET CF
TRIAL SOLUTIONS )

MINIDX MINIMUM PREVIOUS VALUE OF INDEX

OuUTPUT PRINT SUMMARY COF INITIAL AND FINAL VALUES OF PARAMETERS
METHOD SCLUTION OF THREE SIMULTANEOUS NONLINEAR ALGEBRAIC

EQUATIONS 1S ACCOMPLISHED RY A MODIFICATION OF
NFWTONS METHCD

REAL LLFsIsMsLOsLFTsL19L25sL3sLOVELsLFsMINIDXsLFQsINDEX
Figure 5-8. Main Program Listing (Continued)
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B

CUMMON ALPRA SXVELsYVEL s TGP ST s XY s Z s XPAL s YPAL 7P A0 sl sivisiissisuy
18 sF11sFZ24F339PSOVELSGRAVeSINASCILAIVOHsGAMMU sPGU s CUSPGUY ST NPLD
2VOTsZDCsCOLPUsSINPO L 1 9L 29 L3P ECVV aFUs SNBETU s CSur TUSFUT 9ADT
36TAOVV3LU,BETCV9LOVELyéETCVVQVOyFbUUXqFEUUY9U[TF@90EYFVQ9LFQ’R’
LETAFVVSTERMA S TERMB Y SIND sCOSTsVFR o TH oBF TFVV s RETAF oBETAFVIPSF 3 STNGF
S5COSGF oDEL I sDEL29DEL 39w CCoF 9GaHaF X aF YaF 7 305X 3GY 9G7 o HX sHY 9HZ s PAL 9y LF s
OGERKRBF sERRPFVIERRLF s B3RF(£) 92BFYV(12)sLLF(6) 9 XDUsYDOsXDOP s YDOPsF i3y
TFEVIFLaGRaGPV yGL 9 HR s HIRY 9HL

PART 1 CALCULATION ©F INITIAL CCONDITIONS

3 READ 100091 sMeGRAV G F119F229F339XsYsZsXPADSYPADSZPADIPSUIPCSUVEL S

1000 FORMAT(Z20X93F1745)

1nn2

2N6KQ

3060

30€1

3062

3Nn63

IN64

ANANaNaNA NG

RN

"N N

5-16

RLAD 1002+ sEsXVELSYVEL

FORMATI(20X92F17e5)

PRINT 951

PRINT 3059

FORMAT(11H INPUT DATA)

PRINT 3060 sMyGRAVSF119F229F 33

FORMAT (8H [=9F11e599H M=9sZ11e599H GRAV=9E11e599H
1 F11=9E11e595H F22=9E11e549H F33=9F11e5)

PRINT 3061sXsYesZsXPADSYPADSZPAD

FORMAT (8H X=9E11e59uh Y=9E11le559H Z=9sE11le599H
1XPAD=9Elle599H YPAD=9t11e599H ZPAD=9sE11e5)

PRINT 3062 +PSCyPSOVEL sBETUSERRBF yZRRBFV s ERRLF

FORMAT (8H PSO=3E11e599H PSCVEL=s211e599H BETO=9E211e599H £

1RRRF=3El1e5+s9H ERRBFV=9E11e549H ERRLF=4E1145)
PRINT 30633AsBsCeDsEeR

FORMAT(8H A=9E11e599H =yE11leD99H C=sE11e59914
1 D=sEl1le5s9H E=9211e5,9H R=3E11e5)

PRINT 3064 sALPHASXVEL s YVEL s RUIN

FORMAT (8H ALPHA=3E11e5s9t XVEL=9E115 YVEL=9E11le549H

1 RUN=sF11e5)
CALL INCOND

CALL GUES

PART 2 OBTAIN STARTING POINT FOR EXTRAPCLATION
CHOOSE BEST GUESS SET OF TRIAL SOLUTIONS. DECISION BASED ON
MINIMIZATION OF INDEXs A DIFFERENCE FUNCTIONe INDEX=F*F+G*G+H¥*H
WHERE FsGsH ARE DIFFERENCES SETWEEN RIGHT AND LEFT SIDES OF
PRIMARY EQUATICNS (AFTER SUBSTITUTION OF TRIAL SOLUTIORNS).

INITIALIZE MINICX (MINIMuM PREVIOUS VALUE OF INDEX)

MINIDX=1E20

DO 1 J=1s6

DO 1 K=1,12

DO 1 N=1,6
BETFQ=B8F (J)
BETFVQ=BBFV(K)
LFQ=LLF{N)

CALL FEvVAL
INDEX=F*¥F +G*G+H*H
IFCINDEX) 1091510

NOTE THE ABOVE TEST IS NECESSITATED BY A FEATURE OF THE FEVAL
SUBROUTINE. THIS FEATURE PREVENTS PROGRAM STOPPAGE DUE TO SQUARE

ROOT SUBROUTINE ERROR DURING THE SEARCH FOR THE BEST SET OF TRIAL
SOLUTIONSe WHEN THIS FEATURE FUNCTIONS FsGsH ARE ARBITRARILY SET

EQUAL TG ZEROe. THE RESULTING ZERO VALUE OF INDEX MUST THeh Bt

Figure 5-8. Main Program Listing (Continued)




NOYNDY MY

1N

D

I8}

YN

AN NN aNeWal

500

Al

950

100
2000
2001
2002
2003

2004

200

EXCLUDED FROM CONSICERATICN.
CHECK INDEX AGAINST MINIMUM PREVIOUS VALUE

IF (INDEX-MINIDX) 24141

RESET MININX AND DEFINE BEST <ET OF TRIAL SOLUTIONS FOUND SO0 FAKR.

MINIDX=INNEX

BETFT=83F(J)

SETFVT=88BFVI{K)

LFT=LLF(N)

CONTINUE

RETFQ=8B5TFT

RETFVQ=BETFVT

LFQ=LFT

PART 13 SOLVING ECUATIONS

CALL SOLN

IF(CC-25) 649747

THIS IS A TEST TO DETERMINE IF 25 ITERATIONS HAVE OCCURREDe IF
YESs THEL METAOD IS NOT CCNVERGING AND PRUGRAM IS TERMINATED. IT 15
POSSIBLE THAT CONVERGENCE CAN =2E OBTAINED BY GUESSING A DIFFERENT
SET OF TRIAL SOLUTIONS

PRINT 500

FORMAT(31H ITERATION ASTRAY - GUESS AGAIN )

STOP

PART 4 QUTPUT RESULTS

PRINT 950

FORMAT (1H1)

PRINT 1C0

FORMAT(19H INITIAL CONDITIONS )

PRINT 951

PRINT 2C00sVOHsVOT FSUBX sFSUBY yFOHSFOT

FORMAT (8H VOH=9F11e599H VOT=3E114599H FESUBX=9E1145¢9H F
1SUBY=9E11e549H FOH=3E11e¢549H FOT=9E11a5)

PRINT 2C01sL0sSINA,COSAIGAMMO 42GO s XDOP

FORMAT (8H LO=9E11le59SH SINA=sE114555H COSA=9E11le595H G
1AMMO=3E1145s9H PGO=sE11e%49H XDOP=9E1145)

PRINT 2G02sYDOPsZD0OsCOSPOsSINPOsXDD s YDO

FCRMAT (8H YDOP=9E1le599H ZD0=9211e599H CCSPO=9E11e5s9H S
1INPO=9E1lle599H XDO=9E11leb99H YDO=9E1le5)

PRINT 2003sL1sL29L3sPSOVVsPAO,SNBETC

FORMAT (8H L1=9yElle599H L2=3E11e5s9H L3=9sE11e599H P
150VV=43E114599H PAO=9E11e54s9H SNBETO=4F11e5)

PRINT 2004 sCSBETOsAOTHSETAOVVBETOV,LOVEL yBETOVYV

FORMAT(BH CSBETO=9El1e599H AOT=9E11e4539H ETACVV=9E11e549H B
1ETOV=9E11e599H LOVEL=9E11e559H BETOVV=sE1le5)

PRINT 951

PRINT 951

PRINT 200

FORMAT(17H FINAL CONDITIONS )

PRINT 951

CALCULATE CRITICAL STABILITY ANGULAR RATE

Figure 5-8. Main Program Listing (Continued)
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L.
 Fd :;‘g“

BFVCR=SURT (24 O*M*¥GRAV*LF* (1-COSIBETAF ) ) /(1 +M*LF*LF))
RETFQ=BETAF

RAETFVQ=8ETAFV

LFQ=LF

CALL FEVAL

PRINT 2005sBRETFTsBFTFVTsLFTsBETAFsBETAFVsLF

20C5 FORMATI(8H BETFT=9E11e5s9n BITFVT=9E11e5+9H LFT=9E11e599H

2006

1ETAF=9E11e599H BETAFV=9E11le599H LF=9E1lled)
PRINT 2006 sF sGsHs TFaVFHIPSF

FORMAT (B8H F=sF1lle5s%UH G H=sElled>s9H

u
-
mi
0V =
N
L]
o
-
O
I

1 TF=,E11.5,GH VFH= 1 11254 0H PSF=4F1145)
PRINT 2007sDEL1sDEL2sDEL3sWsVOsBFVCR
2007 FORMAT(8H  DEL1=sE1145s4H DELZ=9E11 855 9H DEL3=9E11e5s9H
1 W=sE1145,5H VO=3E11e5,9H  HBFVCR=sE1149)
PRINT 951
PRINT 951
081 FORMAT(1HN)
-
C TEST VEHICLE STABILITY BY COMPARING STABILITY ANGULAR RATE WITH
- CRITICAL STABILITY ANGULAR RATE
r
IF (BETAFV=3FVCR) 49545
c
C DETERMINE MINIMUM STABILITY ANGLE IF VEHICLE STABLE
c
4 BFMIN=-145707963+ASIN(( I+M*¥LF#*LF)*3ETAFV*BETAFV/ ( 2%M*GRAVHLF )
1+COS(BETAF))
PRINT 300sRFMIN
300 FORMAT(30H VEHICLE STABLE BFMIN = F1047)
GO TO 2
-
C DETERMINE MINIMUM STASILITY ANGULAR RATE I1F VEHICLZ UNSTABLE
c
5 BFVMIN=SQRT(BETAFVH*RETAFV=240*M*¥GRAV*LF*(1~COS(BETAF))/
1 (I+M*LF*LF))
PRINT 400,3FVMIN
400 FORMAT(33H VEHICLE UNSTABLE BFVMIN = F1047)
GO TO 2
END
Figure 5-8. Main Program Listing (Concluded)
5-18

-l N B am .




AN AIADAIANAANDN NN I ANTAANA I IADIAANITOANAOOIIIAAAANAAATITON NN AN

TITLE
AUUTHORS
NATE

PURPOSE

CALL

INPUT

OUTPUT

INCGND
ReGeALDERSON AND LeE+ANDZIRSON BENDIX MISHAWAKA DIVISION
10-31-64

TO COMPUTE INITIAL CONDITIONSe THESE CONDITIONS ARE THE
VEHICLE MOTIONS AND CONFIGURATION AT FRONT LEG IMPACT

INCOND

FROM INPUT DATA TO MAIN PRUGRAM

SYMROL DEFINITION
vOH INITIAL HORIZONTAL CG VELCCITY (FT/SECQ)
GAMMO INITIAL ANGLE (PROJECTED IN PLANE OF MOTION)

INCLUDED BETWEEN FOOTPADs CG AND VERICLE
LONGITUDINAL AXIS (RAD)

vO INITIAL TANGENTIAL CG VELCCITY (FT/SECQ)

xbop X-COMPONENT OF FCCTPAD RELATIVE TO CG
(GROUND AXES) (FT)

YDOP Y-COMPONENT OF FOOTPAD RELATIVE TO CG
(GROUND AXCS) (FT)

XDO X-COMPONENT OF FUOTPAD RELATIVE TO CG
(VEHICLE AXES) (FT)

Yno Y-COMPONENT OF FQOTPAD RELATIVE TO CG6
(VEHICLE AXES) (FT)

ZD0 Z-COMPONENT OF FOOTPAD RELATIVE TO CG
{VEHICLE OR GROUND AXES) (FT)

L1 LENGTH OF KOel STRUT (FT)

L2 LENGTH OF NOe2 STRUT (FT)

L3 LENGTH OF NO«3 STRUT (FT)

FsuBX X-COMPONENT OF INITIAL STROKING FORCES
{(VEHICLE AXES) (LB)

FSURY Y-COMPONENT OF INITIAL STROKING FORCES
(VEHICLE AXES) (LB)

TG TORQUE ABOUT Z~AXIS INDUCED BY INITIAL STROKING
FORCES (FT-LR)

PsCOvyv INITIAL PITCH ANGULAR ACCELERATION(RAD/SEC/SEC)

FOH HORI1Z« COMPe OF INITIAL STROKING FORCES (LB)

FOT TANGENTe COMPe OF INITIAL STROKING FORCES (L2}

ACT INITIAL TANGENTIAL COMPONENT OF CG ACCELERATION
(FT/SEC/SEC)

ETAOVV INITIAL HORIZONTAL COMPCONENT OF CG ACCELERATION
(FT/SEC/SEC)

LO INITIAL LENGTH FROM FOOTPAD TO CG (PROJECTED IN
PLANE OF MOTION) (FT)

BETOV INITIAL STABILITY ANGULAR VELOCITY (RAD/SEC)

LOVEL INITIAL TIME RATE OF CHANGE OF LENGTH FROM
FOOTPAD TO CG (PROJECTED IN PLANE OF MOTION)
(FT/SEC)

BETOVYV INITIAL STABILITY ANGULAR ACCELERATION
(RAD/SEC/SEC)

VO INITIAL MAGNITUDE OF CG VELOCITY (FT/SEC)

GRAV GRAVITATIONAL ACCELERATION (FT/SEC/SEC)

THESE PARAMETERS USED FOR CALCULATIONS ELSEWHERE IN
PROGRAM. VALUES CF SELECTED PARAMETERS ARE PRINTED VIA
PRINT STATEMENT IN MAIN PROGRAM

Figure 5-9. Subroutine INCOND
5-19
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SURRCUTINE INCOND

RIAL LLF ol s ol TolFToallsl2oL3sLOVELILFsMINIDXsLFGsINDEX

COMMON ALPHA oXVELsYVEL sSETCePSOsXsY s Z s XPADSYPADSZPAD s sMyA3B (s Dy
1E9F119F223F333PSOVELsGRAVsSINASCOSAIVOH s GAMMUIPGDsCOSPGUSINPGO
2VOT9ZDOsCOSPOsSINPOsL1sLZ29L3sPSOVVsFOHsSNEETCsCSBETOSFOTHAOT
3ETAOVVLOSBETOVSLOVEL s2ETOVV VO s FSUBXsFSULY sBETFO s TFVESLFQ R
GETAFVV S TERMASTERMB 9 SIND s CUSE s VFH o TF o THVY s b TAF s ETAFV IPSF s STINGF s
SCOSGF sDELYI sDEL2sDEL3gw e CCoF 9GoaHIFXsFYIFZaGXsGY sGZoiiXesHY 0i=Z9sPAULF
6ERRBF s ERRRFVSERRLF ¢ 3RF {6 ) sBBFV(12) sLLF(6)sXDUsYDOsXDCP s YDOP,FBy
TFBVsFLIGBsGBVIGLsHRsHRV sHL

SINA=SIN(ALPHA)

COSA=COS(ALPHA)

VOH=XVEL*SINA+YVEL*CCSA

GAMMO=145708-ALPHA+RFTO=-FSO

PGO=PSO+GAMMG

COSPGO=COS(PGO)

SINPGCO=SIN(PGC)

VOT=XVEL*¥COSPGO+YVEL*SINPGO

XDOP=XPAD-X

YDOP=YPAD-Y

200=2ZPAD-2

COSPO=COS(PSC)

SINPO=SIN(PSO)

XD0=XDOP*COSPC+YDOP*SINFPOU

YNDC=YDOP#COSPO-XCCP#SINPU
L1=SGRT((A=XDC)I#(A-XDO)Y+(E~YDO)¥(E-YDO)+(E-ZDC)*(E-2ZD0O))
L2=SQRT((-B=XDO) ¥ (-B=XDO)+(D=-YDO)I*¥(D=YNDO)+(C=2ZDO)*¥ ((-2D0))
L3=SQRT((=B-XPO)*(-B=-XDC)+(C-YDOI*{C=YDC)+(D=ZDO)*(D=-2D0))
FSUBX=2eO¥XF11/L1I¥(A-XDO)+2eC#F22/L.2%(-B-XDO)+2e0%F33/L3%(-B-XDQ)
FSUBY=2eO0%¥F11/L1#(E-YDC)I+2e0%¥F22/L2%¥(C-YDU)+2e0#F33/L3%(D-YDO)
TC=XDO*FSUBY~-YDO*FSURBX

PSOVV=TQ/1

PAO=PSC+ALPHA

SINPAO=SIN(PAQ)

CUSPAO=COS({PAD)

FOH=FSUBX*SINPAC+FSURY*COSPAC

SINGO=SIN(GAMMO)

COSGO=COS(GAMMD)

SNRETO=SIN(RETC)

CSRETO=COS(RETO)

FOT=FSUBX*COSGU+FSUBY*SINGC+M*¥GRAV*SNBETO

AOT=FOT/M

ETAQOVV=FQOH/M

LO=SQRT((XPAD=X)*(XPAD-X)}+(YPAD-Y)®# (YPAD=-Y))

BETOV=VOT/LO

LOVEL=XVEL*SINPGC-YVEL#*CCSFGO

BETOVV=(ACT-2.0% OVEL*BETOV)/LO

VO=SGRT(XVEL*XVEL+YVEL*YVEL)

RETURN

FAD

Figure 5-9. Subroutine INCOND (Concluded)
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TITLE GuUrFsea
AUTHORS ReGeALDERSCN ANC LeE«ANDERSON BENDIX MISHAWAKA DIVISION
DATE 10-31-64
PURPOSE TO GUESS TRIAL SOLUTIONS TO THE NONLINEAR EQUATIONS SO
THAT THE EXTRAPUGLATION WILL COMMENCE IN THtE VICINITY OF
THE TRUE SOLUTION
CALL GUESS
INOPYUT FROM INPUT DATA TC MAIN PROGRAM
SYMBOL DEFINITION
BHF(I) ARSI TRARILY SELECTED TRIAL SOLUTION OF THE
NONLINEAR EQUATIONS FCR THE STARBILITY ANGLE
AT THE COMPLETION OF FRONT LEG STROKINGe (RAD
(VALUES OF PARAMETERS AT THIS INSTANT ARE
REFERRED TD AS FINAL VALUES)
BRFVI(I) ARBITRARILY SELECTED TRIAL SOLUTION FOR FINAL
STABILITY ANGULAR VELOCITY (RAD/SEC)
LLF(I) ARBITRARILY SELECTED TRIAL SOLUTION FOR FINAL
LENGTH FROM FOOTPAD TO CG (PROJECTED IN PLANE
OF MOTICN) (FT)
QUTPUT THESE GUANTITIES ARE USED ELSEWHERE IN ThE PROGRAM TO

DETERMINE THE BEST SET OF TRIAL SCLUTIONS WITH WHICH TC
BEGIN THE EXTRAPOULATION PROCESS

SUBROUTINE GUESS

REAL LLF oI sMolOslLFTolLlsl2sL3sLOVELSLFsMINIDXsLFQOsINDEX
COMMON ALPHA’XVELQYVEL93ETO!PSOOX9YQZQXPAD’YPADQZPAD9IQMQAQSQC’D’
1EsF119F224F334PSOVFLsGRAVISINASCOSASVOHsGAMMO sPGOsCOSPGY s SINPGO
2VOTsZDOsCOSPOsSINPOSL19L29L3sPSOVVsFOHySNBETOsCSBETOSFOT AT,
3ETAOVVILOIBETOVILOVELsBETOVVsVO s FSUBXsFSUBY sBETFQs3ETFVQsLFQsRy
QETAFVV;TERMA9TERMB¢SIN5’COSB;VFH;TF,BETFVV)BETAFQBETAFVQPSF’SINGFy
5COSGF sDeL1sDEL29DEL3sWoCCoFsGsHsFXsFY9sFZoGX9GY sGZsHX sHY sHZsPAOSLF s
6ERRBF yERRBFVERKLF oBBF (6) 9B88FV(12)sLLF(6)sXDOsYDOsXDOP sYDOPSF 5
TFEVsFLsGBsGRVsGLyHB yHBV sHL

BBF(1)=e6%BETO
BBF (2)=e75*BETO
BBF{3)=e8%BETO
BBF (4)=485%#2E70
BBF (5)=e9%¥BETO
BRF(6)=¢95%RETO
BBFV(1)=.6#BETOV
BBFV(2)=7#RETOV
BBFV(3)=,8%¥BETQOV
BBFVI{4)=4,9%*BETOV
BBFV(5)=e95%#BETOV
BBFV(6)=1%BETOV

BBFV(7)=1.05%BETOV
BBFV(8)=1,1%BETOV
BBFV(9)=1.15%BETOV
BBFV(10)=1420%BETOV
BBFV(111=1.3%8ETOV
BBFV(12)=144%RETOV
LLF(1)=e75%L0

Figure 5-10. Subroutine GUESS

BENDIX PRODUCTS AEROSPACE DIVISION
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LLF(2)=e775%L0
LLF(3)=e8%L0
LLF(4)=e825%L0
LLF(5)=e875%L0
LLF{6)=e95%LC
RETURN

END

5-22

Figure 5-10. Subroutine - GUESS (Concluded)
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TITLE

AUTHORS

NATE

PURPCSE

CALL

INPUT

OQUTPUT

FEVAL
ReGe ALDERSON AND LeFoANDERSON
10-31-64

TC DETERMINE VALUES OF THE DIFFERENCE FUNCTIONS FOR
VARIOUS SETS OF TKRIAL SOLUTIONS

FEVAL

EITHER FROM TRIAL SET OF SOLUTIONS (SUBROUTINE GUESS OR
SOLN) OR FROM FINAL SOLUTION

SYMBOL DEFIMITION

RETFT TRIAL SCLUTION FOR FINAL STABILITY ANGLE (RAD)

BETFVT TRIAL SOLUTION FOR FINAL STABILITY ANGULAR
RATE (RAD/SECQ)

LFT TRIAL SCGLUTION FUR FINAL DISTANCE FROM FCOTPAD
TO CG (PROJECTED IN PLANE OF MOTION) (FT)

BETFG THESE QUANTITIES ARE

BETFVQ DUMMY VARIABLES TOU ALLCW ENTRY

LFQ TO SUBROUTINE FROM DIFFERZINT POINTS

TERMA THESE QUANTITIES ARE COUNVENIENT

TERMB GROUPINGS OF PARAMETERS

ETAFvVYV FINAL HORIZONTAL ACCELERATION CF CG(FT/SEC/SEC)

R MULTIPLIER FOR NORMAL FORCE,USUALLY =2

VFH FINAL HCRIZONTAL VELCCITY OF CG (FT/SEC)

CORK ARTIFICIAL PARAMETER DEFINED TO ALLOW A TEST OF
A GUANTITY UNDER A RADICAL

FeGaHo DIFFERENCE FUNCTIONS DENOTING DIFFERENCES

BETWEEN LEFT AND RIGHT SIDES OF PRIMARY
EQUATIONS AFTER SUBSTITUTION OF TRIAL SOLUTIONS

BETFVV FINAL STABILITY ANGULAR ACC{RAD/SEC/SEC)

TF DURATION OF STROKING PERICD (SEC)

BRETAF FINAL STABILITY ANGLE (RAD)

BETAFV FINAL STABILITY ANGULAR RATE {(RAD/SECQ)

PSF FINAL PITCH ANGLE (RAD)

GAMMF FINAL VALUE OF ANGLE (PROJECTED IN PLANE OF

MOTION) OF ANGLE INCLUDED BETWEEN FOOTPADSCG
AND VEHICLE LONGITUDINAL AXIS (RAD)

XD X-COMPONENT OF FOOTPAD RELATIVE TO CG
(VEHICLE AXES) (FT)

YD Y-COMPONENT OF FOOQTPAD RELATIVE TO (G
(VEHICLE AXES) (FT)

DEL1 SHORTENING OF

DELZ2 NOSe 19253 STRUTS,

DEL3 RESPECTIVELY (FT)

W WORK DONE IN STROKING (FT-LB)

FsGsH ARE USED IN THE EXTRAPOLATION PROCESS. VALUES OF
SELECTED PARAMETERS ARE PRINTED VIA PRINT STATEMENT IN
MAIN PROGRAM.

SUBROUTINE FEVAL

REAL LLFsIsMsLOSLFTsL1sL2sL39sLOVELSLFsMINIDXsLFQsINDEX

COMMON ALPHASXVEL s YVEL 9BETOsPSOsXsYsZ s XPADsYPADSZPAD s I sMyAsB3sCs Dy
1EsF11sF22,F334sPSOVELIGRAVSSINASCOSA»VOH» GAMMOyPGOyCOSPGOsSINPGO »

BENDIX PRODUCTS AERC

Figure 5-11. Subroutine FEVAL
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ZVOTQZDO,CQSPO9SINPO9L19L29L3’pSOVVsFOH’SNBETOQCSBETO’FOTQAOT’
BETAOVVILOSBETOVsLOVEL sBETUVV VO sFSUBX s FSUBY s RETFQsBETFVQsLFQO Ry
GETAFVVSTERMA S TERMB, SINHE 9 COSByVFH s TF 9 BETFVV 9 RETAFsBETAFVsPSF s SINGF o
S5COSGFsDELYIsDEL2 sPEL3sWsCCoF sGoHIFXosFYsFZ9GX 9GY 9GZ sHX yHY s HZ s PAC s LF s
6ERRBFYERRRAFVERRLF sBEF(6)3BBFVI(12) sLLF(6)3sXDCsYDOs XDOP s YDOPsFE s
TFBVsFLIGBIGRVIGLyHR sHRY oHL

BETFT=BETFQ

BETFVTI=BETFVQ

LFT=LFQ

SINB=SIN(BETFT)

COSB=COS(BETFT)

TERMA=1e O/ (I +MXLFT*LFT)

ETAFVV=( R ~IT*#TERMAY*CRAV*SINB®COSE

VFH=LFT*PETFYT*COSR

TERMR=2,0# (VCH+VFH) / (ETACVV=-ETAFVV)

DEFINE AND TEST CORKe THIS IS A TEST OF THE GUANTITY WHICH APPEARS
UNDER THE RADICAL IN THE CALCULATION OF 7Fe THIS TEST HAS BEEN
INCLUDED TO ASSURE PROGRAM CCNTINUITY IN THE EVENT THAT ONE OF THE
SETS OF TRIAL SOLUTIONS (SUBKOUTINE GUESS) SHOULD PRUDUCE A
NEGATIVE QUANTITY AT THIS POINT (THIS IS NOT UNUSUAL)e THIS
FEATURE PEZRMITS AUTOMATIC REJECTION OF THAT SET OF TRIAL SOLUTIUNS
BEFORE A SURT SUBROJTINE ERROR IS ENCOUNTEREDe HOWEVERs [F THE
QUANTITY UNDER THE RADICAL SHOULD 6t COME NEGATIVE DURING THE
EXTRAPOLATICN (AS CAN HAPPEN IF THz PROCESS IS NOT CONVERGENT)
THEN THE PROCESS WwILL CAUSE OVERFLOWe

CORK=TERMB*#TERMB-12+0% (LO*¥SNBETO~LFT#SINB) /(ETAQVV-ETAFVV)
IF(CORK) 19292
1 F=0
G=0
H=0
GO TC 3

2 TF=-TERMB-SQRT (CORK)
BETFVV=TERMA®*MXGRAV*LFT*SINB
BETAF=BETC+(B3ETOV+RETFVT)/240*TF

1 +{BETOVV-BETFVV)/12.0*%TF#TF

BETAFV=TLRVMA* (M¥LO*VOT+ I *PSOVEL+M*GRAV* (LOXTF*SNRETO
1 (7o 0*VOII+3 e 0%VFH) /200 O¥TF#TF+ (34 0O*ETAGVV =24 0*¥ETAFVV )/
1 GO OXTFXTF*TF ) )

F=RETAF-RETFT

G=RETAFV-RETFVT

PSF=PSO+(PSOVEL+BET FVT}/2«0%TF

1 +{PSOVV=BETFVV) /12 0%TF*TF
GAMMF=145708-ALPHA+BETFT-PSF

SINGF=SIN(GANMMF)

COSGF=COS (GAMMF)

XD==LFT*SINGF

YO=LFT*#COSGF
DEL1=L1~-SQRT((XD~A)*(XD~A)+(YD-E)#(YD-E)+(ZDO=E)*(ZDO-E))
DEL2=L2-SQRT ((XD+B)* (XD+B)+{(YD=D)*(YD=D)+(ZDO-C)*(ZD0O=C))
DEL3=L3-SQRT((XD+B)* (XD+B)+(YD-C)*(YD~C)+(ZDO=D)*(2D0O=-D))
W=2eO¥(F11¥DEL1+F22%¥DEL2+F33%0DEL3)

H=1/2¢ 0¥ (I ¥PSOVEL¥PSOVEL+M#VO*¥VO)=BETFVT*BETFVT/(2.0%
1 TERMA ) +M¥GRAV* ( LO¥CSBETO-LFT*CUSB) -w

3 RETURN
END

Figure 5-11, Subroutine FEVAL (Concluded)
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TITLE SCLN

AUTHORS ReCeALDERSEON AND Leb o ANDCRSON

DATE 10-21-64

PURPCSE TO EXTRAPOLATE TRIAL SCLUTIUNS Tu TRUE SOLUTIONS

CALL SCLN

INPUT FROM BEST SET OF TRIAL SOLUTIONS AND FROM INPUT DATA
TO MAIN PROGRKAM
SYMBOL DEFINITICN
SETFT BEST TRIAL VALUE OF FINAL STASILITY ANGLE (RAD)
BETFVT BEST TRIAL VALUE OF FINAL STABILITY ANGULAR

RATZ (RAD/SEC)

LFT BFST TRIAL VALJE OF DISTANCE FROM FOOTPAD T7TC

VEHICLE CG (PROJECTED IN PLANE CF MOTION) (FT)

ccC COUNT OF NUMBER OF =XTRAPOLATIONS

RETFG THESE QUANTITIES ARE

SETFVQ DUMMY VARIABLES CEFINED

LFG FOR ENTRY INTO FEVAL SUBROUTINE
FaGoH DIFFERENCE FUNCTIONS CALCULATED BY FEVAL

Fe  FBV FL THESE QUANTITIES ARE THE PARTIAL

Gd GEV  GL DERIVATIVES OF FsGseH WITH RESPECT TO

HB  HBV  HL BETFTsBETFVTSLFT

FX FY FZ REDEFINITION OF

GX GY GZ PARTIAL DERIVATIVES
HX HY HZ FOR CONVENIENCE
XFOYFa7F  REDEFINITION OF HETET.BETEVT

CONVENIENCE
DXsDYsDZ INCREMENTAL CHANGE IN BETFTsBETFVTSLFT FOR USE
IN THE EXTRAPOLATION

ERRBF THESE QUANTITIES
ERRBFV ARE ERROR CRITERIA
ERRLF FOR THE EXTRAPOLATION
OUTPUT SOLUTICNS TO SIMULTANEOUS SET OF EQUATIONS ARE PKINTED AND

ALSO USED LATER IN THE MAIN PROGRAM

SUBROUTINE SOLN

REAL LLFsI sMoLOsLFToL1oL29L3s L OVELSLFsMINIDXsLFQsINDEX

COMMON ALPHAXVELsYVFEL sBETCIPSOsXsY sZsXPADSYPADIZPAD s sMesAs3 s sl
1EsF11sF229F33sPSOVELIGRAVISINASCOSASVOH» GAMMOsPGOsCOSPGOsSINPGO
ZVOTeZDO0sCOSPO s SINPOs L1 sLZ9L39PSOVVaFOHISNEETOYCSBETOSFOT sAOT s
3ETAOVVsLGHBETCVsLOVEL s BETOVV VO sFSUBX3FSUEY s S3ETFQsBETFVQILFQ R
GLTAFVV S TERMASTERMB s SINSsCOSEsVFH s TF 3y BETFVV ebETAF 3BETAFVsPSF 3 SINGF
SCOSGF s DLl sDEL2sDELZ oW s CCoFsGaHIFXsFYsFZ9GXoGY sGZsHXsHY sHZsPAO Y LF »
6CRRBFYERRBFVHIERRLF 9BBF (6) 9BEFV(12) sLLF(6)sXDOsYDOyXDOP s YDOPsF Ry
TFEBVSFLsGRyGRVsGLyHRyHRYV oHL

INITIALIZE CCyTHE NUMBER OF EXTRAPOLATIONS WHICH HAVE BEEN
PERFORMED
CcC=0

Figure 5-12, Subroutine SOLN
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.
C REDEFINE PARAMETERS FCR CONVENIENCE IN PRINTING
-
XF=RETFQ
YF=3ETFVQ
7F=LFQ
PRINT 951
PRINT 951
PRINT 77
77 FORMAT(15H ITERATION DATA )
GC TO 8
1 BETFQ=XF
SritrvesEYr
LFQ=ZF
8 CALL FEVAL
-
c TEST OF (F+G6+H) TO PREVENT OVIRFLOW IF THIS WUANTITY =0 EXACTLY
:
[F (F+G+H) 59645
6 G=1e0/F
5 CALL DEVAL
.
c DETERMINE FXTRAPOLATION INCREMENTS
C
DEL=FX*GY®HZ +FY*#GZ#HX +F Z ¥ GX*#HY —F Z¥ Y *HX ~F Y *GX¥HZ —F X * GZ *HY
DXz (—FXGY*HZ ~FY*¥GZ¥H-FZ*O*¥HY+F Z#OY*HAFY XG*nZ+F #G2%¥HY ) /DEL
DY = (~FXHGH*HZ [ #GZ#HX~FZ #OX XH+F 2 %G #HX+F#GX*#HZ+FX*GZ#H) /DEL
DZ=(=FXXGY % ~FY%OXHX—F ¥GX¥H Y +F¥GY #HX+F Y #OX ¥ H+F X #G*HY ) /DEL
PRINT 951
951 FORMAT(1HN)
PRINT 2008 sXFsYFsZF 4DXsDY sNZ
Znn8 FORMAT(8H XF=3F11e59%H YF=3E11e5s9H ZF=3E11e545H
DX=9E114599H DY=sE11e5,9H NZ=9F1145)
PRINT 2C09sF sGaH
2009 FCRMAT(8H F=yE11e5s9H G=9E11e599H Hzst1le5)
.
C DETERMINE NEw VALUE OF VARIABLES cASED CN HALF THE INCREMENT. THE
c FACTOR UF A HALF IS INTRUDUCED ARSITRARILY FUR STABILIZATION OF
c THE EXTRAPOLATICN PROCEDURE
~
XF=XF+DX%* 45
YESYF4DY *,5
IF=ZF+DZ2%45
RETAF=XF
RETAFV=YF
LF=ZF
c
C COUNT NUMBER CF EXTRAPCLATIONS AND STOP PROGRAM IF CONVERGLNCE
c DCES NOT OCCUR IN 25 STEPS
;
CC=CC+1
[F(CC=25) Tobsk
7 IF(ABS(DX)-ERRRF) 25251
2 IF(ARS(DY)-ERRBFV) 343,1
3 IF(ARS(DZ)=ERRLF) &4stsl
4 RETURN
END
Figure 5-12. Subroutine SOLN (Concluded)
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TITLE

AUTHORS

DATE

PURPOSE

CALL

INPUT

NOTE

NEVAL
Re5e ALDERSON

10-31-64

TO DETERMINE VARICUS PARTIAL DERIVATIVES OF THE TAREE

DIFFERENCE FUNCTIONS WITH RESPECT TO INDEPENDENT

VARTABLZS

DEVAL

FROM BEST SET OF TRIAL SOLUTIONS AND FROM QUANTITIES

EVALUATZD IN

ONLY PREVIOUSLY UNCEFINCC

AND LeEoANDERSON

MAIN PRCGRAWM

SYMROL DEFINITION
TERMC THESE GUANTITIES
TERMD

TZRVE ARE CONVENTENT
TERMF

TIRMG GROUPINGS OF
T=R™1

TERMZ PARAME TERS
TERM3

TFZ PARTIAL TF

TFE TF

VFHBYV VFH

VFHL VFH

VFHR VFH
ETVVR ETAFVV
ETVVL ETAFVV
BvVvyR BETFVV
BVVL BETFvV
TFL TF

Fisv F

FR F

FL F

G3V G

G3 G

GL G

GAaMaY GAMMF
GAMR GAMMF
GAML GAMMF
DELLRV DEL1
NEL2RYV DEL2
DEL3BV DEL3

HAY H

DEL1B DEL1
DELZ2RE DELZ2
DEL38B DEL3

HE H

DELLL DEL1
DEL2L DEL2
DEL3L DEL3

HL H

Figure 5-13. Subroutine DEVAL

BENDIX PRODUCTS AEROSP

TERIMS wlLL

WITH RuSPECT TO

st DekF INeEV HERw

BETFVT
BETFT
BETFVT
LFT
BETFT
BETFT
LFT
BETFT
LFT
LFT
BETFVT
BETFT
LFT
BETFVT
BETFT
LFT
BETFVT
BETFT
LFT
BETFVT
BETFVT
BETFVT
BETFVT
BETAF
BETAF
BETAF
BETAF
LFT
LFT
LFT
LFT
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C QUTPUT PAKTIAL DERIVATIVES Usfy IN SUSKCUTINE SULN
c

SUBRCUTINF DEvVAL

REAL LLF oI sMeLUSLFToL1sLZoL3sLOVELILF sMINIDX o LFQoINUEX

COMMON ALPHA ¢ XVEL ¢ YVEL 9032 TGP SCaX sY s Z o XPAL S YPADSZPAU s aMas3sCyiy
1EsF 11 sF22sF234P5CVEL 9ORAVSSINASCOSASVOHsGAMMUGPGO s CUSPGEU S SINPGU
2VOT s ZP0sCOSPOsSINPO s L19L29L3sPSOVVsFOHsSNRETOSCEHETOSFOTHAOT s
BETACVVLOsBETOVILOVEL s ZETUVV VO s FSUEBXsFIUEY 9B8ETFQsBETFVQeLFQ R
GETASVVSTERVASTERMBYSIN3sCOGByVFH s TR 9BZTFVVIRETAF 9BETAFVsPSF s SINGF
BCTGGF s DLLT s 2EL29DFELB3 9Nl ol 9GoaHsFXaFYsFZ9sGX9GY sGZsHX 9HY s HZsPAUSLF
EERRPF 9 CRRAFVIERRLF yBRF(6) 955 FV(12) sLLE(O6) s XDUsYDOs XDUP s YDUP sF K
TFEV sFLsGB e G3VeGL s HRSHBV oL

SETET=BETHG

RITEVT=3ZTFVG

LFT=LFG

TERMC=LO*SNBETO-LFT*SINE

TLRMD=ETAOVV-ETAFVV

TFAV==3¢ D% LFT*COUSR/TERMD =3 0% TERMbH*LFT*CUS3/
1(TERMD*SQGRT(TERMB#RTERMB =12 0¥ TERMC/TERIMD) )
TLRME=COSR® 0SR-S INR*SINR

TZR=34N¥ | CTHIETFVT#SINB/TERMD=TERME/TERMD %

TGFAVHTZRMER( R ~I#TERMA ) - (20 TERMAX (=234 C# FT*RETFVYT#SINR/
TTERMDHTERMRB/TERMDHCRAY¥TERNME®( R —I%TFRMA) ) +12O%LFT*
1COS3/TERMD =12 O¥TERMC/(TERMDH*FTERMD ) ¥GRAV¥*( R =] *TERMA) *

ITERME) /(2 e 0% SWURT (TERME¥TERMRB~-124 0¥ TERMC/TERME) )

VFRBV=LFT*#C0OS5SH

VFHL=BETFVYT*CCSH

VEHR== FT*RFTFVYT*S[NS

ETVVR=GRAV*( R =I*#TERMA)*TERME

ETVVL=2e N¥M*¥GRAVH* [ #LFTH*TERMA*#TERYMA*SINR®CULSE
RVVR=M*ORAVXLFT*COSB*¥TERNMA
PVVL=M*GRAV*¥SINB*¥TERMA~2 s O*M*M*_LF THLFT*GRAV*SINB*TERMA *
ITERMA

TFL==2eC/TERMD¥VFHL-TERMB/TERMD*ETVYVL-
1(2e0¥TZRMBH*¥(34Q0/TERMD*VFRL+TERIMB/TERMI*¥ETVVL)I+12e0/
1TZRMD*SINB=12e 0¥ TERMC/(TERMD¥TERMD I #¥ETVVL) /7 (2e0%
1SGRTITERMB*TERMEB~-12e 0¥ TERMC/TERMD) )
TERMF={(3ETOV+RBETFVT)}/2e0+(EETOQVV-BTFVVI*TF /660
FoV=TERMF*TFBV+TF /240

Fii==1+TERMF*TF3-TF*TF/12.0%3VVH

FL=TERMF*TFL-TF*TF/12.0%BVVL

GHV=~14 O+MU¥ORAVXTERMA* ( (LURSNBETO+ (7o 0¥ VUH+340%¥VFHI/10,0%
1T 4+ (2 0*ETAOVV =24 O%ETAFVV ) /204 0#TF#TF ) ¥ TFEV+3e 0% TF*TF/
1274 0%#VFHRYV )
GR=MA*CRAVH*TERMA% ( {LO¥SNRETCH( 7 e 0¥ VOH+30%VFH)/10.0%TF+
1 (2 OXETACVYV =2 ¢ CHETAFVV ) /2C e ORTFRTEF ) ¥TFR434D*¥TF*¥TF/200%
1IVFHR=TF*TE%*XTF /304 0%ETVVE)

e T W 4 s

N W

TAtE FOLLOWING OETuRMINATICN OF GL HAS BEEN SPLIT DUE TO COMPUTER
LIMITATIONS. HODGE AND PODGe ARE DUMMY VARIABLES

DO NN

HODGE=M*GRAV¥ TERMA* ( (LO*SNBETO+{7e0*VOH+3e0%VFH)/10e0*TF+(3,0%
1ETACVV-2 . 0¥ETAFVV) /20 O TF*TF ) #TFL+3 ¢0*TF*#TF /20 0¥ VFHL-TF*TF*TF /
230, N*ETVVL)

PODGE=2¢ O¥M* L FT* TERMAXTERMAX* (M¥*LO*VOT+] *¥PSOVEL+M#GRAV* (LO*TF *
1SNBETO+(7e0%¥VOH+3e0%¥VFH) /20 0% TF*TF+ (34 C*¥ETAOVV-2.0*%ETAFVV) /604 0%
QTE#TF*TF))

Gt =HODGE~PONGE

TERMG=(PSOVEL+BETFVT) /204 (PSOVV-BETFVV)/640%TF

GAMBV=-TERMG*TFBV=TF /240

GAMB=1-TERMG*TFB+TF*TF/12.0%BVVB

Figure 5-13, Subroutine DEVAL (Continued)
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CAML=~TERMOXTFL+TF*TF/12e0%3VVL

TERME‘SQRT((IFT*\IN%F =B HEFR2H(LFT*COSGF=C)*%¥2+(ZD0O=-D) %42 )
TZRM2=SGRT((LFT#SINGF- “3YHF2H(LFT#COSGF=D) #%#2+(Z2D0- C)**Z)
TLer-gu?T((LFT* [NGF+A)¥# 24 (LF T*COSGF-F ) #%24 (ZD0O—-F ) #%2)
DELIRV=~(AXLFT*#COGCF+*LFT*#SING F)*GAMBV/TERM]

DEL23V=— (3% FT#COSGF+D*LFTH*SINGF ) *GAMBY /TE RMD
DEL?FV=—(—R*LFT*COSGF+C*LFT*SINGF)*GAWRV/TERMB
HAV==RETFVT/TERMA=D 4 0% (F11¥DELIBV+F22%NEL2BV+
1F2AXNEL3RY)

DEL13=‘LFT*(A*COSGF+E*5INGF)*GAMB/TERMI

DEL2 B==LFT* (-0B*COSGF+0*SINGF ) #*GAMB/TERM2
DEL?E‘“LFT*(-U*CUS&F+K*SIwGF)*GAMD/TERMB
M¥GRAVH*¥LFT*SINKE -2, O¥ (FL1#DEL1S+F22%DEL2B+F23%DEL 35)
L (LFT*(”*&OQFF+E *SINGF ) *GAML+LFT+A#STINGF -
Q:F)/TEQV‘
L"(LFT*(—4*’C SGF+D*¥SINGF ) #GAML+LFT- B3*SINGF-D%¥COSGF )/
M2
AL==(LFT*(-B*COSGF+C*SINGF ) *GAML+LFT-8%SINGF-C*COSGF )/
M?

~MELFTHRETFVT*3ETFVT -M*¥GRAV*COSHE~ 2eN¥(F1IX¥DELILA+
1:22*“FL2L+F’3*WEL“L)

FX=FR

FY=FRV

FZ=FL

CX=GR

GY=GRV

57=GL

HX=HR

HY =HRYV

HZ=HL

RETURN

END
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Figure 5-13. Subroutine DEVAL (Concluded)
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SECTION VI

LANDING DYNAMICS COMPUTER PROGRAM FOR NON-PLANAR LANDINGS
WITH INFINITE GROUND COEFFICIENT OF FRICTION AND ZERO FOOTPAD MASS

THEORETICAL ANALYSIS OF NON-PLANAR MOTION

This section describes a six degree of freedom mathematical model for prediction

of motion and stability for the case of infinite friction between the feet and the lunar sur-
face. Sufficient runs have been made with this program to provide a comparison between
a theoretical and experimental stability profile. It is emphasized, however, that detailed
comparative studies of vehicle motion during the landing have not been carried out at this
time. Several areas in the program such as strut re-extension and foot contact conditions
are open to question and will have to be more thoroughly investigated before this program
could be used extensively. Results to date do indicate a reasonable correlation with drop
test results from the standpoint of gross stability predictions.

Discussion of Mathematical Model

The following is a brief discussion of the six degree of freedom computer nroosram which
is fully discussed along with definition of terms, flow diagram, and sample input and out-
put in the documentation of computer programs report.

The moving (vehicle) coordinate system and leg numbering system is as shown in Figure

The x axis is a line from the c.g. on the vehicle centerline. The y axis is a line through
the c.g., perpendicular to the x axis and in the direction and plane of the number one leg
of the number one leg set. The z axis passes through the c.g. and is perpendicular to
both the x and y axis and in the direction of the number 4 leg set. The struts are num-
bered clockwise from the y axis as shown in Figure 6-1.

The fixed (ground) coordinate system and output variables are shown in Figure 6-2. The
X axis is perpendicular to the slope, the Y axis is parallel to the slope and in the direction
of the principal slope. The Z axis is perpendicular to both the X and Y axis (i.e., across
the slope). The variables are defined as follows:

Input Variables

X B (i, j)

X of the ith strut of the jth leg set body attachment (hardpoint) in feet
Y B (i, j)

y of the ith strut of the jth leg set body attachment (hardpoint) in feet

6-1
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. g
?éw &?ﬁi}ggﬁg

No. 2 Strut
No. 3 Strut

A
No. 1 Strut g ]

\J
ﬂﬂ ,
No. 3 Strut -,
No. 1 Strut \ No. 4 Leg Set

WL No. 2 Strut &/ No. 1 Leg Set

No. 3 Leg Set

No.
0 2 Leg Set (Front Set in 0° Yaw

1-2-1 Orientation)

Figure 6-1. Moving (Vehicle) Coordinate System and Leg Numbering System

Z B (i, j) = z of the ith strut of the jth leg set body attachment (hardpoint) in feet.

X, ¥, and z are in terms of the vehicle coordinate system and relative to this
system.

Numbering of Leg Sets, Hardpoints, and Struts - See Figure 6-1

TYPE (i) = Type of strut i (e.g. Strut No. 1 is of Type 1, Strut Nos. 2 and 3 are
Type 2 on each leg set).
VASLUG = Mass of Vehicle in slugs.

Ul = Mass moment of inertia of vehicle about vertical, x-axis (yaw), ve-
hicle coordinate system, in slug ft2.

U2 = Mass moment of inertia of vehicle about the y-axis (roll), vehicle
coordinate system, in slug ft2.

U3 = Mass moment of inertia of vehicle about the z-axis (pitch), vehicle

coordinate system, in slug ft2.
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FOTAC or }

=Mode of action of the ith footpad where value
FOTAC 1(i) €0, acon P .

1 Corresponds to sliding on surface
2 Corresponds to stationary on surface

*
(*See note below) 3 Corresponds to off surface and thus moving with the vehicle.

V FOT (j, i) = ith component of the vector position of the jth footpad in terms of
vehicle coordinates and relative to this system.
i =1 is x component (in feet).
i = 2 is y component (in feet).
i = 3 is z component (in feet).
XCG or
XCG1
YCG or _ Position of vehicle center of gravity in fixed (ground) coordinate
YCG1 ~ system and relative to this system, in feet.
ZCG or
ZCGl1
V VEL = Initial vertical velocity of vehicle center of gravity parallel to
gravity vector, in ft./sec.
HVEL = Initial horizontal velocity of vehicle center of gravity, perpendicular

to gravity vector and in the direction of the principal slope in ft./sec.
ZDCG or} _ Horizontal velocity of the vehicle center of gravity across the

ZDCG1 f ~ slope, in ft./sec.
WIE or
W1E1l
W2E or Angular velocity components about the x, y, and z vehicle axes respec-
W2E1 = tively and expressed in terms of vehicle coordinate system in
Rads/sec.
W3E or
W3E1
PITCH or
PITCH 1
YAW or Initial vehicle orientation, in radians. See text on initial orientation
YAW 1 (= of vehicle.
ROLL or
ROLL 1
ETA or Ground slope, positive for downhill in positive X direction (fixed co-
ETA1l } ~ ordinate system) in radians.
Output Variables
TIME = Time after touchdown in seconds.
XCG
YCG } = Position of vehicle center of gravity in fixed ground coordinates, inft.
ZCG
PHI Angular orientation of the vehicle relative to the fixed coordinates
PSI } = system, in terms of the projections of the x and y vehicle axis on the
THETA XY, XZ, and YZ fixed (ground) coordinate system planes, in radians

(see Figure 6-2 and sketch on the following page).

* Appearance of "1 after any variable indicates the initial value of the
variable, Absence of the '"1" indicates instantaneous values.

6-4
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]

X Moving (Vehicle)
X Fixed Coordinate / Coordinate

l

Projection of

Projection of
X Vehicle Coordinate
"1 on XY Plane of Fixed

X Vehicle Coordinate PHI | PSI
on XZ Plane of Fixed [~
Coordinate System

Coordinate System

/Z

7 = Y Fixed
THETA Coordinate

Projection of y Vehicle

AY
Y

\\ y Moving (Vehicle)

Coordinate on Y Z Plane of Coordinate
Fixed Coordinate System
Analytically
¥ =tan-1 ( 421 \
\ L11 /
¢ =tan-1 (—_’Q31 )
L1
6 =tan-1 A3
L 22
XDCG Velocity of vehicle center of gravity in terms of the fixed coordinate
YDCG } = system, feet/second.
ZDCG

FORCEX = Net force acting on vehicle center of gravity in direction of X of the
fixed coordinate system, in pounds. (Includes gravity and footpad

action.)

TORQZ = Component, parallel to fixed coordinate Z-axis, of torque acting
about c.g.

BETA = Stability angle. See text on stability angle.

PX1

px2 = Height above surface of footpads one through four respectively, in

PX3 feet.

PX4

6-5
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FX1

FX2 _ Force acting perpendicular to the surface on footpads one through
FX3 " four, respectively, in pounds.

FX4

XBFT1 x component of VFOT for footpads one through four, respectively,
XBFT2 = in feet. Or the component of the distance from the vehicle center
XBFT3 of gravity to four footpads in the direction parallel to the vehicle
XBFT4 axis of syvmmetry,

ONMOON = Four digits representing FOTAC of footpads one through four,

respectively.
THEDT Components of vehicle angular velocity in the X, Y, and Z directions
PHIDOT} = for the fixed coordinate system. NOTE: These are NOT the rate of
PSIDOT change of THETA, PHI, and PSI previously defined except in the 1-2-1
landing configuration.
BETADT = Rate of change of BETA.
CRUSH = Twelve digits representing the force causing mechanism in the twelve
leg struts in the order

Leg Set No.1 Leg Set No.2 Leg Set No.3 Leg Set No.4
st e s,
Strut Strut Strut Strut

No.1,No.2,No.3 No.1,No.2,No.3 No.1,No.2,No.3 No.1,No.2,No.3

The digit code is as follows:

= No force because the footpad is off the surface.

= Elastic compression in strut.

= Plastic compression in strut.

= Strut re-extended from previously crushed position but is still shorter
than the original length.

8 = Strut streched beyond original length, but less than 10,000 1b. force.
9 = Strut in tension more than 10,000 lbs.

W N = O

The basic computational flow required to determine the trajectory of a non-planar lunar
landing is as follows:

6-6

1. From the geometry of the leg sets, calculate the forces in each leg set (see
subroutine FORCE) and lift from the surface any footpad with negative ground
force.

2. From these forces, at the footpads and center of gravity, calculate the forces

and torques acting on the vehicle and convert to moving (vehicle) coordinate
system.

3. Integrate (see subroutine INTEQM) the Euler and Newton equations to find the

new vehicle positions expressed in terms of center of gravity translation and
vehicle orientation, by direction cosines. (At is determined by the rate of
change of the torques and later checked in INTEQ.)
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4, Check to see if any footpads have just contacted the surface and compute
geometry of all the leg sets in contact with the surface.

5. Check stability and print sufficient information to reveal trajectory details
for analysis.

6. Returnto 1.

The infinite surface - footpad coefficient of friction used in the calculations significantly
simplified the process. No slip of any footpad on the surface is allowed. Footpads are
removed from the surface if the contact force between the surface and the footpad be-

comes negative. Any footpad not on the surface is assumed to move in rigid body rotation
with the vehicle,

Finite friction coefficient simulations have not been conducted as yet, because of the
difficulty of finding the pad motions satisfying the requirements or the constraints:

1.

Ffriction = M l Fnormal '

2 Direction of friction force = opposite to direction of motion.

Infinite surface friction, generally, is the most stringent (de-stabilizing) case and best
simulates the spike footpad experimental work.

Coordinate Transformations

Using the direction cosines which describe the relative position of the two coordinate
systeins, X, Y, and Z {ixed {gruund) courdinates and x, y, and z moving (fixed in vehicle)
coordinates as shown below (see also Figures 6-2 and 6-1, respectively), we can con-

vert quantities expressed in terms of one coordinate system to the other coordinate
system.

Fixed (Ground) and Moving (Vehicle) Coordinate Systems

6-7
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The equations are in matrix form

3 Xj %= [fij] Vi, c.g. s (1)

for conversion from vehicle to ground coordinate systems

Xij +

and

Xj % = [/eij ]T ;Xi - vi, c.g.f (2)

for conversion from ground to vehicle coordinate systems. The first equation is used to
find hardpoint and footpad positions in the ground coordinate system and the second to
convert footpad positions and torques into the vehicle coordinate system.

Initial Orientation of the Vehicle

Although direction cosines are used to define vehicle orientation throughout the computer
program, it was felt that a simpler input form would be preferable. Accordingly, the
vehicle initial orientation is specified by starting with the vehicle in a 1-2-1 position,
resting on the surface and with the number one leg set in the direction of the principal
slope. The vehicle is then rotated as follows:

1. A pitch rotation from Xy, Yr (fixed coordinate system),to a Xy, ¥1 position,
as shown below.

XF
X1
y1

_s—— Pitch Angle

»YF
Pitch Rotation
2. A yaw from x1, y1, z1, to X9, ¥2, Z2
z]
Zz *
y2

e Yaw Angle

——§1

Yaw Rotation

6-8
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3. A roll from x3, y2, z2 to vehicle coordinate final positions of xB, yB, zB.
X2
XB ‘
ZB

—.a—RoOll Angle

—~22

Roll Rotation

The preceding specification of the initial position is easier to visualize than the Euler
angles would be. The calculation of the initial direction cosines from the pitch, roll, and
yaw angles is easily carried out. The resulting formulas appear in the computer program.

Description of Subroutine INTEQM

This subroutine basically integrates the equations for motion of a six degree of freedom
(3 translational, 3 rotational) system to find the XK, VK, ZK, 0K, &K, YKposition from
the previous position and the forces and torques acting during a time increment dt. The
angular position is actually stated in terms of the direction cosines between a triad fixed

in the moving system and a triad fixed in the "ground' rather than in terms of the Euler
angles.

The following figure depicts the fixed coordinate system (X1, X2, X3) and the "vehicle"
coordinate system (x1, X2, x3). Both are right-handed triads and unit vectors (i, j, k) and
(I, J, K) will be used to indicate direction in the vehicle and fixed systems, respectively.

X1 x1

CG
X3

X
X3 2

6-9
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For computing translation of the vehicle, the forces will be expressed in terms of the
fixed coordinate system and the equations which are integrated are simply

Xcg= LFX/m ' (3)
Yog = LFY/m (4)
Fog= 2¥2/m {5)

For rotation, the equations are more complex. First, note that it is desirable to find
torques and rotations in terms of the vehicle coordinate system so that the moments of
inertia remain constant in the direction of the applied torques.

With this done these torques G1, G2, G3 which are the torques about the x1, x2, and x3
axes (positive clockwise looking at the origin) respectively, give rise to angular velocity
changes according to the Euler equations

. Uy - U
wq = Gl/Ul + 2 3 (wowg) (6)
U1
1
w2= — (G2 + (U3 -Up) wjwg) (7)
Uy
1
w3 =— (G3 +(Uy - Ug) w1 W) (8)
Us

whereUy,Ug,andUg are the moments of inertia of the vehicle body about its x1, x2, and
x3 axes and Wi, w2, and w3 are the angular velocities around these axes (positive clock-
wise looking at the origin).

Us-U
In Equation (6) the term ZU 3 (w 9w 3) is zero if X1 is an axis of symmetry. The diffi-
1

culty in transforming the torques to the vehicle coordinate system and the new position
resulting from the integration back into terms of the fixed coordinate system is resolved
by the use of the direction cosines, /@(i, j). Here, Z(i, j) is the cosine of the angle be-
tween the positive ith axis of the fixed coordinate system and the positive jth axis of the

vehicle coordinate system when the vehicle system is translated so that the origins of the
two systems coincide.

- - b -
If the G‘, J, k) triad is expressed in terms of the fixed triad (I, J, K) with components
expressed as i (ﬁ, i (J), etc., where i (ri{; is the I - component of i, etc.,thus for L, j):

L, =1 21,2)=i® £ (1,3) =k (1)
£(2,1) =1 (J) £(2,2)=j(J) £(2,3) =k (J)
£(3,1) = i (K) £(3,2) = j (K) £(3,3) =k (K)

6-10




In the program the motion of the vehicle body during one time step is expressed in terms
of the (i, j, k) triad as oriented at the beginning of the time step. Then the acceleration
of any point in the vehicle body is given by:

-

- - -5 . -
i; _w x(wxr)+wxrA
Radial Tangential
Component Component

t is where a vector originates at the C.G.

If we let T be, in turn, the 'i', T, and k vectors we can, by integrating, find the position of
the i, j, and k vectors at the end of the iteration interval. This is an especially convenient
choice of T because we can,from the new (i, j, K), easily find the new £(i, j) and thus any
point on the body can be located in the fixed coordinate system from its known position

on the vehicle body. (For example, the hardpoints can be found quickly.)

Considering that T is any vector expressed in terms of the vehicle coordinates, we have
at)2

Inew = { (Wavg X (@ avg xTold) + @ X rold} +Told At +Told (9)

_The symbol V (m, n) is introduced to denote the nth component in the G, _]\,_I;) triad G =1,
j = 2, k = 3) of the new position of the mth vector where m = 1 denotes the i vector, etc.

a 2 - - = =
For V(1,n): @x(dx7)=wx(wgj+ wzk) xi
- - - . Y - -
=@ x (-wgk +w3j) = (W11 +wzj +w3k) x (-wgk +w3j)
= w waj + W w3k - (W22 +w32) 7

Similarly, for V (2, n):

=2 A 2 .22 ... P ...

TEANTA Y] T TAWL T YOI T TLWOR T Tawg L
and

for V (3, n):

wx(ka)=w2w3]- - (w1 +we ) k+wiwgi
for V (1, n):

- - . — . -

wxi= - w9 k+w3j
for V (2, n):

—0\ —.\ . = o -

wxj= wik-wgi

6-11

BENDIX PRODUCTS A




for V (3, n):
— - o« = . -—
wxk= -01]+ Wy i
Also for V (1, n):

fold =lold= - w3j +w3 k

and for V (2, n):

.,

- 2 ™

]Old= w3l - wlk
for V (3, n):

2 s 2

kold= -w2i+ wy]

All of these quantities are combined to give the values of -I"new (denoted by V (m, n)) using
Equation (9),

- - -t A
The new T (that is, new 1, J, and k) are expressed in terms of the old (i, j, k) triad and,
thus, can be expressed in terms of the fixed coordinate system by means of the old | |
airegtion cosines, L(@, j). First, it should be noted that the components of the new 1, J,
and k in terms of the fixed coordinate system are exactly the direction cosines relating
the two systems when the origins are brought together by translation without rotation.
Thus

3
LG, new= 3 L6, o - v G, ) (10)
k=1

This equation states that the direction cosine between the ith fixed axis and the jth vehicle
body axis after an iteration interval, that is the new jth axis, is the sum of three terms
which are old direction cosines and the new i, j, or k vector, which is the desired result.
The direction cosines relating the '"'new" vehicle position, the fixed axes,and the new po-
sition of the center of gravity are based on integration of F = ma by the equations:

at2

XcG = XCG (prev) +Xcg Ot + FX — (11)
2 VASLUG
= ; at2
Ycg = Ycg (prev) + Yog At + Fy (12)
2 VASLUG
_ . at2
ZcG=ZcG (prev) +Zcg At+Fz _— - (13)
2 VASLUG |

These constitute the INTEQM Subroutine Outputs.

6-12
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An error check on the 3rd term in the Taylor series for the position change from the
previous position is made based on the torque equations.

s 2 3 3
— - vV
Viaew = Vold + —‘a—" dt + azv gt‘ + 97V g!" + .. (14)
at at2 2 atd 6
old old old
terms of the terms of the differences in —5 5
form T form wxwx T at .
and ox ¢ from present and previous
time increments divided
by at.

The error check was set up so that a total error of .1° per second was allowed.

Description of Subroutine FORCE

This subroutine requires as input the positions of the vehicle hardpoints in terms of the
ground (fixed) coordinate system, the footpad position, the just previous length, and
previous shortest length, of all the struts. It provides, as output, the net force acting
between the footpad and the surface in terms of the fixed (ground) coordinate system and
the strut lengths.

For each strut a static force vs. length relationship, as shown below, is assumed. To
this force is added a friction (Coulomb) force depending on the direction of the strut length
change in the previous interval.

Force Assuming Strut Re-extends
without force After Once Crushing
(This Form Used in Correlation Runs)

—\/

F—

FC ~ Compression
Force in Strut

W »
'go Length
. %
g - k
o ? ‘Bh™
o -
] 23
nn s O &
Q e
— w0
A

Force Assuming Ratchet
Mechanism on Strut.
(Present Program)

Static Force Vs. Length Relationship
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The subroutine calculates forces in only one leg set at a time. The first step in the
program is the calculation of the three strut lengths and direction cosines for the leg set
under consideration. Then the preceding curve is used to determine the strut forces.
Finally, these forces are summed to find the vertical, horizontal, and lateral components
in the fixed coordinate system.

Stability Determination

The basic idea of the instability check is simply that, if there are no footpads "in front of"
the vehicle center of gravity, then the motion is unstable. "In front of'' means ahead of
the vehicle center of gravity in the direction of its motion. As presently written, only
instability in the generally downhill direction is provided for an all-directional instability
check could be provided by simply adding an uphill stability criteria essentially identical
to the present downhill case described below.

The BETA value is derived as follows: (See Figure 6-3 for nomenclature.)

C
\ GCG (Z&Y Velocity Components

z B \ Fixed Coordinate System)
\
A \ \ /
Vehicle C.G.\ \
? \
\
ZCG . \
L \
\\ -—y
\
\
~————— YCG ———f \
XCG tan n \
| C
B

View Looking Down on X Axis - Fixed (Ground) Coordinate System
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- Mendir”

Pl

B-B is a line perpendicular to the vector Vg and through the vehicle center of gravity.
C-C is the projection of the line B-B onto the Y Z plane in the gravity direction.
AA is defined as

AA = arctan (22€C (15)
YDCG
Z
|
f o
4<
ZDCG
AA
¥
~—YDCG —
l
Now we can write an equation for the line B-B
Y =C1+C212Z (16)
C2 = -tan (AA) (17)
YCG = Cj - tan (AA) * ZCG (18)
..C1 = YCG + tan (AA) ZCG (19)
Y =YCG + ZCG tan (AA) - Z tan (AA) (20)
] ZDCG . .
Using AAA = (?D—CE)= tan (AA) and rearranging, we have the Equation of B-B;

Y = YCG + (ZCG-Z) - AAA (21)

Then the amount by which the Y-coordinate of a footpad with coordinates VFP and ZFP

exceeds the Y-coordinate of the plane through line B-B and perpendicular to plane Y Z is
given by

YFP - Y =YFP - [ YCG + (ZCG - ZFP) AAA ] (22)
YFP - Y = YFP + ZFP+AAA - (YCG + ZCG-AAA) (23)

If gravity were acting perpendicular to the YZ plane, then this quantity would be the

stability test. However, because the YZ plane is tilted with respect to gravity, we must
make a correction.

6-16
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/ End View of Line B-B

——— 70(; (Z&Y Components)

Y Z Plane

~

I Footpad with Greatest Value of

End View of /

Line C-C D [YFP + ZFP-AAA ]
D= [YFP + ZFP-AAA - YCG - ZCG-AAA ] Cos (AA) (24)
D = FPTEST- Cos (AA) (25)
BETA = f = arctan [;{I—ga ] - arctan [tan { Cos (AA) ] (26)

If BETA becomes negative the calculation of vehicle motion is stopped, instability being
evident.

Figure 6-4 illustrates the input data format required for use of the program. The input
quantities are defined in Figure 6-14 under "input definitions."

Figures 6-4 through6-13arz flow diagrams of the main program and its subroutines.
Figures 6-14 through 6-22 are complete listings of the program and its subroutines.

The output data for a sample run is shown in Figure 6-24, The input data is printed as
part of the output as shown in Figure 6-23. This is followed by "on line'" printing of
pertinent information. At the completion of the run, additional stored output is printed
as illustrated in Figure 6-25.
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LAND 3D THREE DIMENSIONAL LANDING DYNAMICS

10-5-64
Page 1

This program determines the detailed vehicle motions in three dimensions for a lunar

landing vehicle having four tripodal type legs as described in Reference 1.

999 - Start

|

Call "INPUT"

This subroutine reads the input cards and prints the
input data as part of the output record.

Call "INIT"

This subroutine initializes the program for the run
and sets all program constants.

|

Orient vehicle so one or more footpads touch the
ground and find C. G. position,

(o)

Are footpads 1—= 4

NO touching the ground?
Test each separately.
YES
221 |

Final positions of those footpads which are on the
ground in fixed coordinates system,

'

Figure 6-5. Three Dimensional Landing Dynamics
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LAND 3D
223

Page 2

Call "STAB"
Determine stability angle BETA.

NO Is vehicle stable YES
Stop run and 2

print summary —=e—

output.
NO / 1s this a print YES
\ interval ?
Print "ON LINE"
Data,
Call "DATA"
[ Store data for delayed
output,
Call "CONFIG"
Determine strut lengths torques
and forces acting on vehicle
Figure 6-5. Three Dimensional Landing Dynamics (Continued)
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-/ - _ -

LAND

3D

ground?

NO Are all four footpads off the \ YES

/

Set iteration interval
DT = 0.0005.

s more than one foot YES

NO/ 1
off the ground?

34

86

32 \

Page 3

Set iteration interval
DT = 0.05 sec.

Set iteration
interval DT = 0.01

34
NO

88

!

Will any footpad strike
surface during next DT
time interval?

YES

89

Set iteration interval

!

DT = 0.002 sec.

Adjust DT to occur at exact
print interval.

'

Figure 6-5. Three Dimensional Landing Dynamics (Continued)
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Page 4

LAND 3D
Call "INTEQM"
This subroutine integrates Newton's equations to
determine vehicle motion.
Index time to
T=T+DT
NO i YES
Is vehicle C.G. below surface STOP
of ground?
YES Is vehicle velocity in X-Y \ NO

plane zero or negative? /

NO Has time T reached YES
maximum time?

Return to Program start
and read new input data
on terminate run series.

Print time

PSIMAX and BTAMIN

|

@ Return to 98 for next
iteration interval

Print stored
output

6-22
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INPUT

& ot '%i%yﬁ

SUBROUTINE INPUT

10-5-64
Page 1

This subroutine reads the input data cards and prints this data as part of the output

record

( weur )

Read input data cards.

l

Print Input data as part of output record,

:
e )

Figure 6-6. Subroutine - INPUT
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INIT SUBROUTINE INITIALIZE 10-5-64
Page 1

This subroutine initializes the LAND 3D program and sets program constants.

Set Program Constants

|
Call LEGTYP

Set strut crush stroke forces
and springrates

83 Y

Determine strut lengths
at which plastic stroking begins

1

Set additional program
constants

1

Determine direction cosines
(SCOsS (1, J))for all footpad
positions

return

Figure 6-7. Subroutine - INIT
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LEGTYP SUBROUTINE LEGTYPE 10-5-64
Page 1

This subroutine sets crush stroke loads and springrates for the struts.

LEGTYP

No Is the strut (I) an Yes
upper (Primary) strut

Set indicator flag S¢ Set indicator flag S ¢
Crush force = 5411 1bs. Crush force = 1737 1bs.

3

Set Strut spring rates

RETURN

Figure 6-8. Subroutine - LEGTYP

6-25




STAB SUBROUTINE STABILITY

This subroutine defines the stability angle BETA.

STAB

!

Determine vehicle orientation and angular

relationships.

Determine stability angle
BETA

!

NO Is PSI greater than has occurred previously during \ YES
the run.

10-5-64
Page 1

¥

_NO Test BETA
is vehicle stable?

PSIMAX = PSI

YES

at 127

Return to LAND 3D Return to LAND 3D
at 1102

)

'
(reroa )

Figure 6-9. Subroutine - STAB
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DATA SUBROUTINE DATA STORAGE 10-5-64
Page 1

This subroutine stores output data for printing at the end of the run.

Store Output data
for later printing

RETURN

Figure 6-10. Subroutine - DATA
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CONFIG SUBROUTINE CONFIGURATION 10-5-64
Page 1

This subroutine determines the vehicle geometry in space.

CONFIG

est footpad motion
for each individual
footpad (I)

Sliding

off the ground

stationary Does footpad (I) Yes
Print leg number hit surface during
+ this interval DT
This branch provides for Set flags
a sliding mode if friction to indicate this information for
is not infinite. Not used output printing
at this time

l

No / Will footpad (I) strike surface \ Yes
during next interval

fix footpad
to surface

e

11 Y

Determine XH, YH, and ZH - the X, Y, and
Z components of strut lengths for all 3 struts
of all four legs

Figure 6-11. Subroutine - CONFIG
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CONFIG Page 2
pick up strut lengths SSTRT and SPR by
equivalence to common storage
Call FORCE
This subroutine determines leg strut forces
as a function of strut length
No Does the footpad (I) lift off Yes
the surface during this time interval DT
28 22
Reset strut length since Determines vector position
it is stroking of I th footpad
| Y ] |
find total forces and torques
acting on vehicle C. G.
Translate torques to vehicle
coordinate system |
RETURN
Figure 6-11. Subroutine - CONFIG (Concluded)
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FORCE

SUBROUTINE FORCE

10-5-64
Page 1

This subroutine determines strut stroke forces as a function of strut length.

6-30

roncs )

|

find lengths and direction cosines (in fixed coordinates
system) of the three struts of leg set "KRG"

Call LEGTYP

This subroutine sets plastic strut stroke forces
and springrates for upper(primary) and lower struts

is strut (I) in Yes

tension?
Is tension load Yes
greater than
10,000 lbs ?

Set tension load

equal to 10,000 lbs.

Figure 6-12. Subroutine - FORCE
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FORCE

set "ratchet' so strut may
not reextend and "'uncrush' the
honeycomb again

(o) Yot

Determine frictional effects

!

Determine the sum of the forces
acting on the vehicle in the X, Y, and
Z directions (QFSUM, VFSUM and WFSUM)

6
< RETURN >

Figure 6-12. Subroutine - FORCE (Concluded)
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INTEQM SUBROUTINE INTEGRATE VEHICLE MOTIONS

This subroutine integrates the equations of motion for the vehicle.

INTEQM

!

Set up the Euler Equations

.

find average values for vehicle
angular velocities

l

Calculate velocity Vectors

!

No . . Yes
Is Taylor series error excessive?

Reduce iteration
interval size
DT = DT/2.0

]

SN

Determine new velocity vector
components

Figure 6-13. Subroutine - INTEQM
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INTEQM

Find new direction cosines
SN (1, J)

Integrate to find angular
velocity at end of time interval DT

l

Integrate Newton's equations
by rectangular integration

RETURN

Figure 6-13. Subroutine - INTEQM (Concluded)
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LAN

TITL

AUTH
OATE

PURP

METH

NOTE

NOTE

SUBR

7 ﬁ%f

D3D

E AND3D THREE DIMENSIONAL LANDING DYNAMICS COMPUTER
PROCRAWN

CR DReRe DIX THE HENDIX CORPORATION

NOVEMBRER, 1964

OSE THIS PROGRAM DETERMINES THE DETAILED VEHICLE MOTIONS
IN THREE DIMENSICNS FOR A LUMAR LANDING VEHICLE HAVING
FOUR TRIPODAL TYPE LEGS A5 ITLLUSTRATEDS IN BENDIX REPCKT
NOe MM 64 - 9

oD THE PROGRAM DETERMINES LEG STRUT FORCES AS A FUNCTION
CF STRUT LENGTHe THESE FORCES PLUS GRAVITY DETERMINE
VEHICLE MOTIONS BY INTEGRATION USING VARIABLE TIME
INCREMENTS DETERMINED 5Y ALLOWARLE ERRCR TESTS

S PROGRAM WRITTEN IN FORTRAN IV
FXECUTES ON UNIVAC 1107 COVPUTER

THIS PROGRAM ASSUMES ZERO FOOTPAD MASS AND AN INFINITE
GROUND COEFFICIENT OF FRICTION

THE PROGRAM WILL NCT OPERATE IF VVEL AND HVEL ARc
INITIALLY ZERGC SIMULTANEOUSLY

THIS PROGRAM WILL NCT OPERATE FCR UPHILL LANDINGS

THIS PROGRAM HAS BEEN CHECKED OUT TO A LIMITED EXTENT

ONLYs FURTHER CHECX OUT AND CORRELATION WITH A PHYSICAL

DROP TEST MODEL ARE CURRENTLY IN PRCGRESS. AS THE
RESULT OF THIS LIMITED CHECKOUTs THE RESULTS OF THIS
PROGRAM SHCULD BE USED WITH CAUTION

ALL UNITS ARE FEETs SECONDS,RADIANS AND SLUGS

(M) DENOTES COURDINATE SYSTEM MOVING WITH THE VEHICLE
(F) DENOCTES CCORDINATE SYSTEM FIXED IN SPACE

APPEARANCE OF 1 AFTER ANY VARIABLE INDICATES THE

INITIAL VALUE OF THAT VARIABLZ.
ARSENCE OF THE 1 INDICATES THE INSTANTANEOUS VALUE .

OUTINES USED

INPUT - READS INPUT CARDS AND PRINTS DATA AS PART OF
THE OUTPUT RECORD
INIT = INITIALIZES LAND3D AND SETS PRCGRAM CONSTANTS
STAR - DETERMINES STABILITY ANGLE BETA FOR THREE
DIMENSIONAL VEHICLE
DATA - STORES OUTPUT DATA FOR PRINTING AT THE END OF
THE RUN

CONFIG - DETERMINES VEHICLE ORIENTATION IN THREE

Figure 6-14. Main Program
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DIMENSIONS

LEGTYP - SETS SPRING RATES AND PLASTIC STRUT FORCE
MAGNITUDE FOR ALL LEG STRUTS

FCRCE - DETERMINES LEG STRUT FORCES AS FUNCTION OF STRUT
LENGTH ANN SPRINGRATES » FTC.

INTEGM - INTEGRATES EQUATIONS OF MOTICON OF VEHICLE

INPUT INPUT BY PUNCH CARD
INPUT FORMAT IS TLLUSTRATEC IN BENDIX REPORT MM 64 - 9

INPUT DEFINITIONS
ETA1 (OR ETA) ANGLE OF SLOPE IN PRINCIPLE DIRECTION

FCTAC1(I) OR (FOTAC(1)) MODE OF ACTION OF THE I TH FOOTPAD
I 1 CORRESPONDS TO SLINING ON THE SURFACE
I 2 CORRESPONDS TO THE FOOTPAD STATIONARY ON THE SURFACE
I 3 CORRESPONDS TO THE FOOTPAD CFF THE SURFACE
NCGTE FOTACL(1) ARE PROGRAM INPUT CONSTANTS. SET THEM EQUAL
TC 340 FOR ALL RUNS

PITCH1 (OR PITCH ) INITIAL VEHICLE ORIENTATION - SEE BENDIX
REPCRT MM=-64-9

YAW1l (OR YAw) INITIAL VEHICLE ORILENTATION - SEE BENDIX
REPORT MM-64-9

ROLLY (OUR ROLL) INITIAL VEHICLE ORIENTATION - SEE BENDIX
RFPORT MM-64~G

H VEL HORIZONTAL VELCCITY OF THE VEHICLE CeGe ( NORMAL TO

Tl GRAVITY VECTOR) AND IN THE DIRECTION OF THE PRINCIPLE
SLOPEe (IN THE Y DIRECTION IN (F) COORDINATE SYSTEM)

ul MASS MOMENT OF INERTIA OF VEHICLE As0QUT X AXIS IN (M)
COORDINATE SYSTEM

U2 MASS MOMENT OF INERTIA OF VEHAICLE ABOUT Y AXIS IN (M)
COORDINATE SYSTEM

U3 MASS MOMENT OF INERTIA OF VEHICLE A30UT Z AXIS IN (M)
COORDINATE SYSTEM

VASLUG VEHICLE MASS

VVEL VERTICAL VELOCITY OF THE VEHICLE CeGs ( PARALLEL TO THE
GRAVITY VECTOK)

VFOT1(I»J} (OR VFOT(Isd)) I TH COMPONENT CF THE VECTOR POSITION

OF THE J TH FOOTPAD IN (M) COORDINATE SYSTEM

I = 1 IS X COMPONENT

I = 2 1S THE Y COMPONENT

I = 3 1S THE Z COMPONENT

WIE1l (OR WIE) ANGULAR VELOCITY OF VEHICLE ABOUT THE X AXIS IN THE
(M) COORDINATE SYSTEM :

W2E1 (OR w2E) ANGULAR VELOCITY OF VEHICLE ABOUT THE Y AXIS IN THE
{M) COORDINATE SYSTEM

W3E1l (OR W3E) ANGULAR VELOCITY OF VEHICLE ABOUT THE 2 AXIS IN THE
(M) COORDINATE SYSTEM .

XB(2+4) X COORDINATE (M) OF THE I TH STRUT OF THE J TH LEG SET
BODY ATTACH POINT (HARDPOINT)

YB(2s4) Y COORDINATE (M)} OF THE I TH STRUT OF THE J TH LEG SET
300Y ATTACH POINT (HARDPOINT)

ZB(294) Z COORDINATE (M) OF THE I TH STRUT OF THE J TH LEG SET
BODY ATTACH POINT (HARDPOINT)

xCG X POSITION OF THE VEHICLE CeGe IN (F) COORDINATE SYSTEM

Figure 6-14. Main Program (Continued) 6-35
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YCG Y POSITION OF THe VEHICLz CeGe IN (F) COORDINATE SYSTEM

2CG Z POSITION OF THE VEHICLE CeGe IN (F) COORDINATE SYSTEM

ZDCG1 (CR ZDCG)Y HORIZONTAL VELCCITY OF VEHICLE CeGe (NORMAL TO
GRAVITY VECTOR) NORMAL TO THE PRINCIPLE DIRZCTION OF
THE SLOPE ( IN Z NIRECTICN IN (F) COORDINATE SYSTEM)

CUTPUT PRINTED CUTPUT

OUTPUT DEFINITIONS

SCTA STABILITY ANGLE SEE 1EXI BENDIX REPORT MM=-64-9
BETADT RATE OF CHANGE OF THE STABILITY ANGLE BETA
BETAP PREVIOUS VALUE OF BETA AT LAST ITERATION INTZRVAL
BETAMIN MINIMUM 2=TA ANGLE RZACHED DURING THE COMPUTER RUN
CRUSH OUTPUT INDICATOR - TWELVE DIGITS » ONE FOR EACH STRUT»
RZPRESENTING THE FORCE CAUSING MECHANISM IN EACH STRUT
ORDER OF CUTPUT 1 2 3 4
STRUT 1 2 3 12 3 1 2 3 1 23
THE DIGITAL CODE IS AS FOLLOWS
0 NO FORCE BECAUSE FQOTPAD IS OFF SURFACE
1 ELASTIC COMPRESSION IN STRUT
2 PLASTIC COMPRESSION IN STRUT
3 STRUT RE-EXTENDED FROM PREVIOUSLY CRUSHED
POSITION BUT IS STILL SHORTER THAN ORIGINAL
LENGTH
8 STRUT STRETCHED BEYOND ORIGINAL LENGTH BUT
LESS THAN 10000 LBS FCRCE
9 STRUT IN TENSION MCRE THAN 10000 L8S
CT ITERATION TIME INTERVAL
3 QUTPUT INDICATCR E=0 IF LEG IS NOT COMPRESSING OR THE

FORCE IN LEC IS LESS THAN 10000 LBS. £=1 IF AT LEAST
ONE LEG IS IN TENSION GREATER THAN 10200 LBS
Ie SAME AS E

FC STRUT PLASTIC STROKE FORCE

FeumMx SAME AS FXP

FSUMY SAME AS FYP

Fsumz SAME AS FZP

FYGRAV GRAVITY FCRCE IN Y DIRECTION IN (F) COORDINATE SYSTEM

FXP FORCE IN THE X DIRECTION ON THE FCOTPAD

FYp FORCE IN THE Y CIRECTION ON THE FOOTPAD

FZpP FORCE IN THE Z DIRECTION ON THE FOOTPAD

FORCEX NET FORCE ACTING ON THE VEHICLE CeGe IN THE X DIRECTION
IN THE (F) COORDINATE SYSTEM

FORCEY NET FORCE ACTING ON THE VEHICLE CeGe IN THE Y DIRECTION
IN THE (F) COORDINATE SYSTEM

FORCEZ NET FORCE ACTING ON THE VEHICLE CeCe IN THE Z DIRECTION
IN THE (F) COORDINATE SYSTEM

IFORCX SAME AS FORCEX

IFORCY SAME AS FORCEY

[FORC2Z SAME AS FORCEZ

TORQZ COMPONENT CF TORGUE ACTING ON THE VEHICLE CeGe IN THE
X-Y PLANF

ITORG SAME AS TOROZ

FX1 GROUND REACTION FORCE PERPENDICULAR TO GROUND FOR FOOTPAD
NO. 1

Fx2 GROUND REACTION FORCE PERPENDICULAR TO GROUND FOR FOOTPAD
NO. 2

FX3 GROUND REACTION FORCE PERPENDICULAR TO GROUND FOR FCOTPAD

Figure 6-14. Main Program (Continued)
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NCe 3

FXa4 GROUND REACTION FORCE PERPENDICULAR TO GROUND FOR FOOTPAD
NOe 4

1X1 SAME AS FX]

IX2 SAME AS FX2

IX3 SAME AS FX3

IX4 SAME AS FX¢4

GSUM SUM OF THE TORGQUESe. USED TO CONTROL DT ( USED TO FIND IF

THE TORQUE IS CHANGING. [F THE DIFFERENCE SETWEEN GSUM

AND GSUMP 1S LARGE s TAKE SMALL DT TIME INCREMENTS

IF THE OIFFERENCE IS SMALL TAKE LARGE DT TIME INCREMENTS

CSUMP PREVICUS VALUE OF GSUM

GND INSICATES IF ANY FOOTPAD IS ON THE GRCUND
GND = 1 =-- OMNE OR MORE FEET ARE ON THE GROUNMND
GNP =0 ALL FEET ARE OFF THF GROUND

IFLAG INDICATOR FOR CONDITIONAL RETURN TOC MAIN PROGRAN

I TORE STCRAGE INDEX FOR FINAL OQUTPUT PRINTING

LINE LINE COUNT FOR OUTPUT PAGE ORDERING

LCOUNT MAXIMUM ALLOWABLE LINES PER PAGE OF QUTPUT DATA

ONMCON DIGITAL REPRESENTATION OF FOTAC FOR FOOTPADS 1 --4
RESPECTIVELY ( SEE INPUT DEFINITIONS FOR FOTAQ)

PHil ANGULAR ORIENTATION OF VEHICLE IN (F) COGRDINATE SYSTEM
SEE TEXT BENDIX REPORT MM=-64-9

PsS1 ANGULAR ORIENTATION OF VEHICLE IN (F) COORDINATE SYSTEM
SEE TEXT BENDIX REPORT MM-64-G

THETA ANGULAR ORIENTATION OF VEHICLE IN (F) COORDINATE SYSTEZIM
SEE TEXT RENDIX REPORT MM=-64-9

PSIDOT CCMPCNENT OF VEHICLE ANGULAR VELOCITY IN X-Y PLANE OF
(F) COORDINATE SYSTEM

PX1 HEIGHT OF FOOTPAD 1 A30VE THE SURFACE AND NORMAL TO IT

PX2 HEIGHT OF FCOTPAD 2 ABCVE THE SURFACE AND NORMAL TO IT

PX3 HEIGHT OF FOOTPAD 3 ABOVE THE SURFACE AND NORMAL TG IT

PX4 HEIGHT OF FOOJTPALD 4 AB0Vt THE SURFACE AND NORMAL TO IT

PHIDOT COMPONENT OF VEHICLZ ANGULAR VELOCITY IN X-Z PLANE OF
(F) COORDINATE SYSTEM

PSIMAX MAXIMUM PSI ANGLE REACHED DURING THE ENTIRE COMPUTER RUN

PRNI PRINT TIME ( 0e03s0e049004SECs ETC)

10) STRUT LENGTH

SSTRUT(IsJ) STRUT LENCGTH OF THE J TH STRUT OF THE 1 TH LEG SET

T SPRING RATE OF THE UPPER STRUT

T2 SPRING RATE OF THE LOWER STRUTS

THEDT COMPONENT OF VEHICLE ANGULAR VELCCITY IN Y-Z PLANE OF

(F) COORDINATE SYSTEM
5C0S CIRECTION COSINES RELATING FIXED (F) AND MOVING (M)
COORDINATE SYSTEMS

SPRR(I4J) PREVIOUS SHORTEST LENGTH OF STRUT I OF THE J TH LEG SET

SNTRVL PRINT FREQUENCY ( EVERY 004 SEC.)
TIME TIME AFTER TOUCHDOWN
TYPE(D) TYPE OF STRUT - STRUT NOes 1 IS TYPE 1
STRUTS NOSe2 AND 3 ARE TYPE 2
VEL VELOCITY OF VEZHICLE CeGe IN X-Y PLANE OF (F)
COORDINATE SYSTEM

XFEIF(I) POSITION OF THE FOOTPAD I IN THE J TH (XsYsZ) DIRECTION

IN THE FIXED COORDINATE SYSTEM
XCG1l (OR XCG) X POSITION OF VEHICLE CeGe IN (F) COORDINATE

SYSTEM

YCG1 (OR YCG) Y POSITION OF VEHICLE CeGe IN (F) COORDINATE
SYSTEM

ZCG1 (OR Z2CG) Z POSITION OF VEHICLE CeGe IN (F) COORDINATE
SYSTEM

XSFCTP PARTICULAR VALUE OF XFIF(IsJ)

Figure 6-14. Main Program (Continued)

6-37



C XFOT X CCORDINATE OF FCOTPAD IN FIXED COORDINATE SYSTEM

i XDCG VELOCITY OF VEHICLE CeGe IN X DIRECTIUN IN (F) COCRDINATE
c SYSTEM

C YOCG VELOCITY OF VERICLE CeGe IN Y DIRECTION In (F) COORDINATE
C SYSTEM b

C 20CG VELOCITY OF VERICLE CeGe IN Z DIRECTIGN IN (F) COORDINATE
c SYSTEM

s X=FT1 SAME AS VFOT(1lsl)

r XRFT2 SAME AS VFOT(2s1)

e XPFT3 SAME AS VFOT(3s1)

- XRET4 SAME AS VFOT(491)

s XXEX(I) X POSITION OF FOOTPAD (1) IN THE (F) CCORDINATE SYSTEM

- AT THE INITIAL VALUTZ X3IG1

c YFOTJ Y CCORDINATE OF FCOTPAZ IN THE (F) COORDINATE SYSTEWNM

-

-

c

C

DIMENSION XXFX(4)

DIMENSICN CG(3)
COMVON/LSI/BETApoﬁETTDT;ETAMIN;CRUSH(12)!DT,EoETA,FORCEZsFOTAC(4)’
1FXP(4) 9FORCEX9FORCEY9FCQFSUMZ,\:SUIV-Y9F§UMX9FXGRAV9FYGRAV)GI9629
2639GND96NDF91’ITORFsJ'pS[MAX9SCOS(393)9SPRR(493)9SSTRUT(493)9
35095019502)T1VE’TYPE(3]’TURGZ,ToTZsUl’U29U39VASLUGQVFOT(493)’Wlt’
LW 2F sWAE s XCGaXDCGaX{2) o XR (394 ) s XFIF(493) 9 XSFOTP(4)sYI3) s YB(394),
5YCGeYDCO Z2{3)+ZR2(394)92CGs2DCEG
COMMON/LS2/BETACT(500) s ICREHLI(500) » ICRSH2(50C) s ICRSH3(500) s
11CRSH4(5OC)9IE91FORCX9ITORQ;IX1(5OO)!IX2(5OC)9IX3(5OO)'IXQ(BOO)0
ZQNMOON(DOO)9PHIaPHIDOT(5OC)9PSIDOT(5UO)9PX19PX2)PX3&PX49THETA;
ITHEDT(5CO)s TIMEZ2(500)sXBFT1(500) s XBFT2{(500)sXEFT2(500)
4XBFT4(500) s IFORCY

COMMON/LS3/ETALSFOTACL{4) sAVELsPITCHISROLLLsVFOTL(493)sVVELS
1W1ET1sow2ET1sw3E19XCGlaYANL»YCG1,20G152DCG1

COMMON/LSS /GS5UMs LCOUNT s LINE 9 PRNT s SNTRVL

COMMON/LSH/3ETASIFLAGYPSI

EGUIVALENCE (VASLUGsVASS) s XH{ 1) s X (1)) s (YH{L1)sY{1) )

1(ZHIT)Y 9Z (1)) o (FSUMYSQFSUM) s (FSUMZsVFSUM) 9 (FSUMX s WF SUM)

996 CALL INPUT
CALL INIT

140 FORMAT(119H TIME XCG yCG 2CG PHI PST THETA xbcC
1G YDCG ZDCG FORCEX FORCEY TORQZ BETA PX1 PX2 PX3 PX4 E)

S

THIS STATEMENT PUTS THE LOWEST FOOT DOWN ON THE SURFACE

DO 105 1I=1s4

105 XXFX{I1)=5C0S(1s1)#VFOT(I91)+5SCOS({192)*¥VFOT(192)+SCOS(13)%¥VFOT
1 (I+3)+XCG
XCG=XCC=AMINL (XXFX(1) s XXFX(2)sXXFX{3)sXXFX(4))~0e001

c
CG(1)=XCG
CG(2)=YCC
CG(3)=2CG
DO 106 J=1s4
DO 106 I=1,3
-
C INITIALIZE FOOTPAD COORDINATES IN (F) COORDINATE SYSTEM
-

106 XFIF(Jsl)=SCOS(Is1)1%¥VFOT(Js1)+SCOS(152)%¥VFOT(Js2)

638 Figure 6-14. Main Program (Continued)




1+SCOS(I93)#VFOT(Js3)+CGI(])
950 FORMAT(1H1)

ARG NA N

98

N

PRINT 950
PRINT 140

THE PRIMARY INTEGRATICN DO LOOP STARTS HERE

THE PROGRAM RETURNS HERE AT THE START OF EACH INTEGRATION TIME STEP

DO 223 I=1s4
UPDATE VFOT

FOTAL=FOTAC(I)
IF(FOTAL=-2e5)221+2234+223

221 DC 222 J=13

222 VFOT(IsJ)=SCOS(1eJ)#(XFIF(]s1)~XCG)+SCOS(29J)¥(XFIF(I+2)-YCG)+

1

SCOS(3, L) ¥ (XFIF(1,3)-2CG)

223 CONTINUE

S

AN

127
122
132

141

1003

1004

121

NN

86
87

32

CALL STAB

GO TO (11029127)sIFLAG
IS THIS A PRINT INTERVAL
IF(PRNI-TIME)121,1225121
PRNI=PRNI+SNTRVL
CONTINUE

CALL DATA

FORMAT(F6e293FBe392F6e29FTe293F7e293189sFTa394F4els]2)
s XDCGy YDCGs2ZDCGy
1IFORCXsIFORCY s ITORGIRETAWPX1sPX2sPX39PX4s]E

PRINT 141 TIMEsXCG,YCGsZCOsPHI ZPST,THETA

ITCRE=ITORE+]
IF(LINE-LCOUNTI10035100451004
LINE=LINE+1

GC TO 121

PRINT 950

PRINT 140

LINE=1

CONTINUE

E=0e0

CALL CONFIG

GND=0 IF ALL FEET OFF GROUND
IF(GND-e5) 32533,33

DT=e00C5

GNDF=0.0
GSUM=01+G2+G3

IF(ABS( (GSUM-GSUMP+42)/(GSUM+.1))~el}

DT=.01
CONTINUE
GSUMP=GSUM
GO TO 34
DT=e05

GNDF=0 UNLESS A FOOT WILL STRIKE' IN NEXT INTERVAL

Figure 6-14. Main Program (Continued)
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IF (GNDF=¢5) 88989,89
89 DT=,002
88 CONTINUE
34 CONTINUE

GND=0e0

S

CAUSE CALCULATION TO CCCUR EXACTLY AT THE PRINT INTERVAL

IF(TIME4DT~PRNT) 11191115112
112 DT=PRNI-TIME
111 CONTINUE

CALL INTFQM

TIME=TIME+OT

~

CHECK TU RE SURE MOTIONS ARE MEANINGFUL

IF (XCG) 97597596
97 STOP

A}

CHECK TO RF SURE VFEHICLE CeGe IS MOVING

96 VEL=SQRTIXNDCG*XNDCG+YDCG*YLCG)
IF(VEL) 95995554

95 PRINT 651,VEL

951 FCRMAT(1ICH VEL =9F10e5)
GO TO 996

(@]

TEST TO SEE IF PROBLEM TIME EXCEEDS MAXe ALLOWABLE TIME

94 IF(TIME=-240198+98,+92
92 PRINT 952, TIME
952 FORMAT(10H TIME =9F10e5)
PRINT 9534PSI“AXsB3TAMINS TIME
953 FORMAT(10H PSIMAX =4F1Ce5910H BTAMIN =3F 1055104 TIME =9F10e5
1)
1102 PRINT 950

IF RUN IS OVERs PRINT THE FINAL SUMMARY PRINT

NN

PRINT 146

LINE=1

ITORE=ITORE~1

DO 1000 N=1,ITORE

PRINT 1459 TIME2(N) s IXLIIN)sIX2(N)sIX3(N)YsIX4(N)sXBFTIIN) 9 XBFT2(N)y
1XBFT3(N)»XBFT4(N) sONMOON (M) o THEDT(N) sPHIDOT(N) s BETADT(N) »
2PSIDOT(N)» ICRSHLI(NY s ICRSH2(N) s ICRSH3(N) » ICRSH4(N)

IF(LINE-LCOUNT) 1001100251002

10C1 LINE=LINE+1

GO TO 1000
1002 PRINT 650
PRINT 146
LINE=1
1000 CONTINUE
PRINT 950
GO TO 999
145 FORMAT(F6e2s4]1735FT7a292F8e33F9e39F8439159314)
146 FORMAT(114H TIME FXx1 FXx2 FX3 FX4 XBFT1 XBFT2 XBFT3
1 XBFT4 ONMOON THEDT PHIDOT BETADT PSIDOT CRUSH)
END
Figure 6-14. Main Program (Concluded)
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TITLE INPUT SUBRCUTINE INPUT
AUTHOR JeCoGIBSON BENDIX CORPORATION
DATE NOVEMBER s 1964

PURPOSE THE SUBROUTINE READS THE INPUT DATA CARDS AND PRINTS
THE INPUT DATA AS PART OF THE OUTPUT RECORD

CALL CALL INPUT

NOTE ALL UNITS ARE FEETs SECONDSs»RADIANS AND SLUGS

(M) DENOTES COORDINATE SYSTEM MOVING WITH THE VEHICLE
(F) DENOTES COORDINATE SYSTEM FIXED IN SPACE

APPEARANCE OF 1 AFTER ANY VARIABLE INDICATES THE
INITIAL VALUE OF THAT VARIABLE.
ABSENCE OF THE 1 INDICATES THE INSTANTANEOUS VALUE

INPUT PUNCHED CARDS
INPUT DEFINITIONS

ETA1l (OR ETA) ANGLE OF SLOPE IN PRINCIPLE DIRECTION
FOTACL(I) OR (FOTACI(I)) MODE OF ACTION OF THE I TH FOOTPAD
I 1 CORRESPONDS 70 SLIDING ON THE SURFACE
[ 2 CORRESPONDS TO THE FOOTPAD STATIONARY ON THE SURFACE
I 3 CORRESPONDS TO THE FOOTPAD CFF THE SURFACE
NOTE FOTAC1(I) ARE PROGRAM INPUT CONSTANTS. SET THEM EQUAL
TO 2.0 FOR ALL RUNS

n o n

PITCHI (OR PITCH ) INITIAL VEHICLE ORIENTATION - SEE BENDIX
REPORT MM=-64-9

YAW1l (OR YAw) INITIAL VEHICLE ORIENTATION - SEE BENDIX
REPORT MM-64-9

ROLL1 (OR ROLL) INITIAL VEHICLE ORIENTATION =~ SEE BENDIX
REPORT MM-64-9

H VEL HORIZONTAL VELOCITY OF THE VEHICLE CeGe ( NORMAL TO

THE GRAVITY VECTOR) AND IN THE DIRzCTION OF THE PRINCIPLE
SLCPEe (IN THE Y DIRECTION IN (F) COORDINATE SYSTEM)

ul MASS MOMENT OF INERTIA OF VEHICLE ABOUT X AXIS IN (M)
TOORDINATE SYSTEM

12 MASS MOMENT OF INERTIA OF VEHICLE ABOUT Y AXIS IN (M)
CCORDINATE SYSTEM

u3 MASS MOMENT OF INERTIA OF VEHICLE ABOUT Z AXIS IN (M)
COORDINATE SYSTEM

VASLUG VEHICLE MASS

VVEL VERTICAL VELOCITY GF THE VEHICLE CeGe ( PARALLEL TO THE
GRAVITY VECTOR)

VFOT1(IsJ) (OR VFOT(IsJ)) I TH COMPONENT OF THE VECTOR POSITION

OF THE J TH FOGTPAD IN (M) COORDINATE SYSTEM
I 1 IS X COMPONENT
I 2 IS THE Y COMPONENT
I 3 IS THE Z COMPONENT
W1E1l (OR WI1E) ANGULAR VELOCITY OF VEHICLE ABOUT THE X AXIS IN THE
(M) COORDINATE SYSTEM
W2E1 (OR W2E) ANGULAR VELOCITY OF VEHICLE ABOUT THE Y AXIS IN THE

Figure 6-15. Subroutine - INPUT 6-41
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C (M) COORDINATE SYSTEM
C wWw2Z1l (OR wW29) ANGULAK VLLOGCITY OF VEHICLE ABOUT THE Z AXIS IN THo
C (M) CCORDINATE SYSTeM
C K121 (OR wle) ANGULAR VELOCITY OF veHICLro ApOUT THE X AXIS InN THE
C (M) COORDINATE SYSTEM
C w2E1 (OR w2E) ANGULAR VELCCITY OF VEHMICLE ABOUT THz Y AXIS IN THEt
c (M) COCRDINATE SYSTEM
. w3E1l (OR w3E) ANGULAR VELOCITY OF VEHICLE AROUT THE Z AXIS IN THE
s (M) COORNINATE SYSTEM
c X2 2sL) X COCRNINATF (M) OF THF I TH STRUT OF THE J TH LEG SET
. PODY ATTACH POINT (HARDPCINT)
¢ Y3(2s4) Y COORDINATE (M) CF THF [ TH STRUT OF THE O Th LEG otT
s 500Y ATTACZH POINT (HARDPCINT)
- 2 (294) 7 COCRDINATE (M) OF THE I TH STRUT OF THE J TH LEG SET
c RCDY ATTACH POINT (HARDPOINT)
C XCG X POSITION OF THE VEHICLE CeGe IN (F) COGRDINATE SYSTEM
C YCG Y POSITION OF THE VEHICLZ CeGe IN (F) CUOORDINATE SYSTEM
C 27G Z POSITION OF THE VEHICLE CeGe IN (F) COORDINATE SYSTEM
C Z072G1 (OR Z°CG)Y HORIZONTAL VELOCITY OF VEHICLE CeGe (NORMAL TO
C GRAVITY VECTOR) NORMAL TO THE PRINCIPLE DIRECTION OF
s THE SLOPE { IN 2 DIRECTION IN (F) COORDINATE SYSTEM)
-
c OUTPUT le PRINTED OUTPUT
c 2¢ EQUIVALENCE TC COMMON STORAGE
-
SURROUTINE INPUT
-

COMMON/LS1/BETAPSRETTDT oBTAMIN yCRUSHI(12) sDTsEsETASFURCEZSsFOTAC(4) s
1FXP(4) sFORCEX sFORCEY o FZ o FSUMZ s FSUMY oF SUMX s FXGRAV sFYGRAVG1sG2s
2G3 9sGNDsGNDF 91 9 ITORE s JsPSIMAX 3 SCOS(393) 9SPRR{G493)sSSTRUT(493)
26045019502 s TIMESTYPE(3) s TCRGZ »TsT2sULlsU29U39VASLUGSVFOT(493) 9Wlky
GU2E 9 W3ESXCGaXDCGOoX(3) 9XB(394) o XFIF(493)sXSFOTP(4)sY(3)sYB(3s4)y
EYCGesYDCGy Z(3)+s2R(394)92CGZINDCG

CCMMON/LS3/ETALsFOTACLI(4) sHVELSPITCHLIsROLL1sVFOT1(493) sVVEL)S
IWIEL1sW2ELswW3E1 9 XCGleoYAWLsYCG192CG192DCG1

-

C READ INPUT CARCS BY FORMAT SHOWN IN BENDIX REPORT MM-64-9

(.
1 READ 1003 ((XB(I19JJ)sIl=193)sJJ=194)e((YB(IIsJJ)sII=193)eJJ=1s4),
1({ZRBITIT9JJ)sl1=193)9JU=194)s((VFCTI(JJsII)eJU=194),s11=1s3)

READ 10Cs(FOTACI(IT)sII=1s4)sVVELIHVEL

READ 100+UlsU2sU39sXCG1sYCG19ZCG1sWIEL1sW2ET1+W3ELsPITCH1sYAWL
IROLLYIS(TYPE(II)aII=13)sVASLUGZDCG1»ETAL

-
C PRINT INPUT DATA AS PART OF QUTPUT RECORD
(

PRINT 200s ((XB(IT9oJdJ)slI=193)sJU=12)

PRINT 201 ( (X3 (I1sJJ)elI=193)yJJ=3+4)

PRINT 202s((YB{IIsJJ)sII=193)sJdU=1,s2)

PRINT 2035 ((YB(IT9JJ)slI=193),JU=3y4)

PRINT 2044 ((ZB(I19JJ)sll=153)yJd=1,2)

PRINT 2055 ((ZB(11sJJ)s11=1+93)4sJU=354)

PRINT 206 s(VFOT1(ITe1)sll=194)s(VFOT1(1Ts2)911I=142)

PRINT 2073 (VFOT1(I192)911=394)s(VFOTL1(I193)s1l=144)

PRINT 208 (FOTACLI(II)s1I=194)sVVELSHVEL

PRINT 209+U19U29U3sXCG19YCG1»2CG1

PRINT 210,74 1F14W2E1 s W2F19PITCHYLsYAW1sROLLL

PRINT 211 (TYPE(II)sTI=193)sVASLUG»ZDCGLlsETAL

170 FORMAT(10X96F10e5)
200 FORMAT(10H XR({191)=9F10e5910H XB(2s1)=sF10e5510H XB(3s1)=9F10s5
1510H XB5(192)=9F10e5910H XB(292)=9F10e5910H XB(342)=sF10e5)
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201 FORMAT(IOCH XB(192)=9F10e3s10H XB(293)=9F10e45910H XB(393)=9F10e5
141NH X5(1s4 29510459 10H XB(2s4)=9F10.5910H XB(3y1*)=9F1005)

202 FCRMATIINH  YP(151)=9F10e55104 VYB(251)=9sF10e5+10H YB(3s1)=9F10.5
1s10H  YE{1s2)=9F10e2910H YRB(252)=,F10es5910H YB(3452)=9F10e5)

203 FORMAT(1INH  YB(133)=9sF10e591NnH YB(293)=3F10e55310H YB(393)=9F1Ce5
1910H  YE(194)=9F10e5910H YE(2s4)=9F10e5910H YB(344)=9F10e5)

204 FORMAT(ICH ZB(191)=9F10e5910H ZB(291)=9F1Ce5910H 2ZB(331)=sF10e5
1s12H ZR(1+2)=9F10e5s10H ZB(2+2)=sF10e5310H ZB(3,2)=9F10e5)

2C5 FORMAT(UINH ZRB(193)=9F10e%s10H 2ZB(293)=sF10ea%5s10H 2ZB(333)=9F10e5
191CH ZB(1ls4)=9F10e5¢10H ZB(29s4)=9F10e5910H ZB(344)=3F10e5)

206 FORMAT(10OH VFCT 151=9F10e5s10H VFOT 251=9F10e55s10H VFOT 3s1=4F1l0e5
1910H VFOT 491=9F1045510H VFOT 1+2=3F10e5910H VFUT 292=3F10e5)

207 FORMAT(10H VFOT 392=3F1Ce5s10H VFOT 492=3F10e5910H VFOT 1+3=9F10e%
1s20H VFOT 293=3F1065+s10H VFOT 343=3F10e59s10H VFOT 493=9F10e5)

208 FCRMAT(10H FOTAC 1 =49F10e5s10H FOTAC 2 =9F10e5910H FOTAC 2 =4F10e5

1+10H FCTAC 4 =4F10e5910H VVEL =9F10e55s10H HVEL =9F10e5)

205 FCRMAT(19H U1 =9F1062510H U2 =3F10e2510H U3 =9F10e2
15195 XCG1 =9F10454104 YCG1 =9F10e5910H ZCG1 =9F10e5)

210 FORMAT(1"H Wwl1E1 =9F1Ce5910H W2E1 =9F10e5910H W3E1 =sF10s5
19510H PITCHI =9F10e5910H YAW1 =9F10e5910H ROLL1 =5F10e5)

211 FORMAT(10H TYPE 1 =9F1Ce5s10H TYPE 2 =9F1Ce5s10H TYPE 3 =,F10e5
1510H VASLUG =3F10e591CH ZDCG1l =9F1l0e59s1CH ETAL =9F10e5)
RETURN
END

Figure 6-15. Subroutine - INPUT (Concluded)
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TITLE INIT SUBRCUTINE INITIALIZE
AUTHOR JeCeGIRSON BENDIX PRODUCTS AEROSPACE DIVISION
NATE MOVEMRER 4, 1964

PURPCSE THIS SUBROUTINE INITIALIZES THE CONSTANTS FOR THE LAND3D

PRCGRAM

METHOD THE SUBROUTINE COMPUTES PROGRAM PARAMETERS FROM
GEOVETRIC RELATICNSHIPS

chLL CALL INTT

NOTES THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PRCGRAM EXECUTES ON UNIVAC 1107 COMPUTER
NOTE ALL UNITS ARE FEFET»s SSCONDSsRADIANS AND SLUGS

(M) DENCTES CCORDINATE SYSTEM MOVING wITH THE VEHICLE
(F) DENOTES COCKDINATE SYSTEM FIXED IN SPACE

APPEARANCE OF 1 AFTER ANY VARIABLE INDICATES THE
INITIAL VALUE OF THAT VARIABLE.
ARSENCE OF THE 1 INDICATZS THE INSTANTANZOUS VALUL .

SURROUTINES WSED

LEGTYP SETS SPRINGRATES AND STRUT FORCES FOR ALL STRUTS
INPUT BEY EGUIVALENCE TC COMMON STORAGE
INPUT DEFINITIONS

ETALl (OR ETA) ANGLE COF SLOPE IN PRINCIPLE DIRECTION

FC STRUT PLASTIC STROKE FORCE

FOTACT1(I) OR (FOTAC(I)) MODE OF ACTION OF THE I TH FOOTPAD
I = 1 CORRESPONDS TO SLIDING ON THE SURFACE
I = 2 CORRESPONDS TO THE FOOTPAD STATIONARY ON THE SURFACE
I = 3 CORRESPONDS 7O THE FOOTPAD CFF THE SURFACE

NOTE FOTACI(I) ARE PROGRAM INPUT CONSTANTS. SET THEM EGUAL
TO 340 FOR ALL RUNS

H VEL HORIZONTAL VELCCITY OF THE VEHICLE TeGe ( NORMAL TO
THE GRAVITY VECTOR) AND IN THE DIRECTION OF THE PRINCIPLE
S.OPEe (IN THE Y DIRECTION IN (F) COORDINATE SYSTEM)

PITCHL (CR PITCH )y INITIAL VEIHICLE ORIENTATION -~ SEE BENDIX
REPCRT MM-64-9

T SPRING RATE OF THE UPPER STRUT

T2 SPRING RATE OF THE LOWER STRUTS

YAW1 (OR YAW) INITIAL VEHICLE ORIENTATION - SEE BENDIX
REPORT MM=-64-9

ROLL1 (OR ROLL) INITIAL VEHICLE ORIENTATION - SEE BENDIX

RFPORT MM=64-9
TYPE(IL) TYPE OF STRUT - STRUT NQOe 1 IS TYPE 1
STRUTS NCSe2 AND 3 ARE TYPE 2
VASLUG VEHICLE MASS
VVEL VERTICAL VELOCITY OF THE VEHICLE CeGe ( PARALLEL TO THE
GRAVITY VECTOR)

Figure 6-16. Subroutine - INIT
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VECTI(IsJ) (OR VFOT(1,J)) I TH COMPONENT UF THE VECTUR PUSITION
CF THE J TH FOOTPAD IN (M) COCKDINATE SYSTEM

I 1 IS X COMPONENT

I 2 I& THE Y COMPONENT
1 3 I35 THE Z COMPONENT

W1E1 (OR W1E) ANGULAR VELOCITY OF VEHICLE ABOUT THE X AXIS IN THE
(M) COCRDINATEZ SYSTEM

W2El (OR wW2E)} ANGULAR VELCCITY OF VEHICLE ABCUT THE Y AXIS IN THE
(M) COCRDINATZ SYSTEM

N3E1 (OR W3E) ANGULAR VELOCITY OF VEHICLE ABOUT THE 2 AXIS Ii THE
(M) COORDINATE SYSTEM

won

xCG X POSITION OF THE VEHICLE CeGe IN (F) COORDINATE SYSTEM
YCG Y POSITION OF ThE VEHICLE CeGe IN (F) COORDINATE SYSTEM
ZCG Z POSITION OF THE VEHICLE CeGe IN (F) COORDINATE SYSTEM

XB(2s4) X CCORDINATE (M) OF THE I TH STRUT OF THE J TH LEG SET
RODY ATTACH POINT (HARDPOINT)

YR(294) Y COORDINATZ (M) OF THE I TH STRUT OF THE J TH LEG SET
8CDY ATTACH POINT (HARDPOINT)
ZE(2s4) Z COORDINATE (M) OF THE I TH STRUT OF THE J TH LEG SET

20DY ATTACH POINT (HARDPOINT)

OUTPUT 8Y EQUIVALENCE TO COMMON STORAGE

CUTPUT DEFINITIONS

RETA STABILITY ANGLE SEE TEXT BENDIX REPORT MY=-64-9
[ETAP PREVIOUS VALUE CF BETA AT LAST ITERATION INTERVAL
RETAMIN MINIMUM BETA ANGLE RZACHED DURING THE COMPUTER RUN
CRUSH CUTPUT INDICATOR =~ TWELVE DIGITS s ONE FOR EACH STRUTS
REPRESENTING THE FORCE CAUSING MECHANISM IN EACH STRUT
ORDER CF OUTPUT 1 2 3 4
STRUT 1 2 3 12 3 1 23 123
THE DIGITAL CODE IS AS FOLLOWS
0 NO FORCE BECAUSE FOOTPAD 1S OFF SURFACE
1 ELASTIC COMPRESSION IN STRUT
2 PLASTIC COMPRESSION IN STRUT
3 STRUT RE-EXTENDED FROM PREVIOUSLY CRUSHED
POSITION BUT IS STILL SHORTER THAN CRIGINAL
LENCTH
8 STRUT STRETCHED BEYOND ORIGINAL LENGTH BUT
LESS THAN 10000 LBS FORCE
9 STRUT IN TENSION MORE THAN 10000 LBS

ITERATION TIME INTERVAL

OUTPUT INDICATOR E=0 IF LEG IS NOT COMPRESSING OR THE
FORCE IN LEG IS LESS THAN 10000 LBS. E=1 IF AT LEAST
ONE LEG IS IN TENSION GREATER THAN 10000 LBS

1E SAME AS E

ETAL (OR ETA} ANGLE OF SLOPE IN PRINCIPLE DIRECTION

mQ
-

FORCEX NET FORCE ACTING ON THE VERICLE CeGe IN THE X DIRECTION
IN THE (F) COORDINATE SYSTEM

FORCEY NET FORCE ACTING ON THE VEHICLE CeGe IN THE Y DIRECTION
IN THE (F) COORDINATE SYSTEM

FORCEZ NET FORCE ACTING ON THE VEHICLE CeGe IN THE Z DIRECTION
IN THE (F) COORDINATE SYSTEM

IFORZTX SAME AS FORCEX

IFORCY SAME AS FORCEY

IFORCZ SAME AS FORCEZ

TORQZ COMPONENT OF TURGUE ACTING ON THE VEHICLE CeGe IN THE

Figure 6-16. Subroutine - INIT (Continued) 645
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c X~-Y PLANE
- [TORQ SAME AS TORQZ
. FXGRAV GRAVITY FORCE IN X DIRECTION IN (F) COORDINATE SYSTEM
' FYGRAV GRAVITY FORCE IN Y NIRECTION IN (F) COORDINATE SYSTEM
c GND INDICATES [F ANY FOOTPAD 1S ON THE GROUND
C GNC = 1 =-- ONE OR MORE FEET Akt ON THE GRCUND
C GND = 0 ALL FEET ARE OFF THE GROUND
C GSUM SUM OF THE TORWUESe USED TO CONTRUL DT ( USED TO FIND IF
C THE TORQUE 1S CHANGING. 1F THE OIFFERENCE BLTWEEN GSUM
C AND GSUMP 1S LARGE o TAKE SMALL DT TIME INCREMENTS
C IF THE OIFFERENCE IS SMALL TAKE LARGE DT TIME INCREMENTS
C GSUMP PREVICUS vaLUE OF CSUM
C 1TORE STORAGE INDEX FOR FINAL CUTPUT PRINTING
c LINE UIND COUNT FOR GUIPUT PACE ORDERING
r LCCUNT MAXIMUM ALLOWABLE LINES PER PACE OF OUTPUT DATA
C PRNI PRINT TIME ( CeDes0eN4sQeNGSECY ETCQ)
C PSIMAX VAXIMUM  PSI ANGLE REACHED DURING THE ENTIRE COMPUTER RUN
C SNTRVL PRINT FREQUENCY ( EVERY 0404 SECe)
C SC STRUT LENGTH
c SFRR(1s4) PREVIOUS SHORTEST LENGTH OF STRUT I OF THE J ThH LEG SET
C SETRUT(TsU) STRUT LENGTH OF THE J TH STRUT OF THE I TH LEG SET
C SCOs DIRECTION COSINES RELATING FIXED (F) AND MOVING (M)
. COCRDINATE SYSTEMS
C TYPE(I) TYPE OF STRUT - STRUT NUe 1 IS TYPE 1
o STRUTS NOSe2 AND 3 ARE TYPE 2
. TIME TIME AFTER TOUCHDOWN
s XCCG VELDCITY OF VEHICLE CeGe IN X DIRECTION IN (F) COORDINATE
r SYSTEM
C YOCG VELOCITY OF VEHICLE CeGe IN Y DIRECTION IN (F) COORDINATE
C SYSTEM
C 20CG6 VELOCITY OF VEHICLE CeGe IN Z DIRECTION IN (F) COOKRDINATE
C SYSTEM
C XSFOTP PARTICULAR VALUE OF XFIF(IsJ)
-
SUBRQUTINE INIT
~
s INTTIALIZING
-

COMMON/LS1/BRETAPSBETTDT sBTAMINSCRUSHI(12)sDTsEsETASFORCEZSFOTAC(G)
1FXP(4) sFORCEXsFORCEY s FCoF SUMZ yFSUMY s FSUMX 9 FXGRAVSFYGRAVIGlsG2y
2G3sGNDsGNDF s I s ITORE 9 JsPSIMAXsSCOS(393)9SPRR(493)sSSTRUT(493)
350950195029y TIMESTYPE(3) 9 TCRWZsTsT2sUlsUZsU3sVASLUGSVFOT(493)9W1ED
GU2E sW3E s XCO s XDCGoX(3) s XCE(304) o XFIF(493) s XSFOTP(4)sY(3)sYB(394)y
5YCGsYDCG, Z(3)923(394)92C5920CG

COMMCN/LS3/ETALsFOTACL(4) oHVELSPITCHLISROLLL19VFOTL1(493) 9VVEL
IWIETsW2E1swW3E19XCGLlaYAWLYCG14Z2CG1,2D0CG1

COMMON/LS5/GSUM s LCOUNT s LINE9PRNI 9 SNTRVL

-
C PREPARE LINE COUNT, ETCe FOR PRINTOUT
-
ITORE=1
's PRINT INTERVAL IS SNTRVL
SNTRVL=e04
LINE=1

IF(SNTRVL-.05)1101,110051101
11C0 LCOUNT=40

GO TO 1103
1101 LCOUNT=50
1103 DO 441 I=1y12

C INITIALIZE CRUSH AND FOTAC(I) AND VFOT
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CRUSH (1)=9
DO 20C I=1ls4
FOTAC(I)=FOTAC1(1)

INITIALIZE INPUT PARAMETERS FOR THE RUN

D0 200 J=1+3
VEOT(I+J)=VFOT1(1,J)
XCG=XCG1
YCG=YCG1
2CG=2CG1
ZINCG=ZDCG1
WlE=W1E1
W2E=w2E1
W3E=W3E1l
PITCH=PITCH1
ROLL=ROLL1
YAW=YAW1
ETA=ETAL

CONVERT THE VELOCITY VECTOK OF THE CeGe TU THE (F) COORDINATE
SYSTEM

YDCG=HVEL*COS(ETA)+VVEL*SINI(ETA)
XDCC=VVEL*(=COS(ETA))+HVEL*( SIN(ETA))
F=Ce0

INITIALIZE XSFOTP

DO 38 I1=1y4
XSFOTP(II)=040

INITIALIZE SPRRs THE SHORTEST PREVIOUS STRUT LENGTH AND SSTRUT»
THE PRESENT STRUT LENGTH

ND 82 JI=1+4
NC 83 1=1,43

CALL LEGTYP

SPRR(II,I)=SQRT((VFOT(II,1)-XB(IoII))**2+(VFOT(II,2)-Y6(1911))**Z
1 +H(VFOT(IT93)=ZB(1s11))%%2)=FC/T
SSTRUT(II91)=SQRT((VFOT(II»l)—XB(I,II))**2+(VFUT(II;2)—YB(I,II))
1##2+(VFCT(T153)=2ZB(1y11))%%2)

RETAP=D

GND=0n

GNDF =0

FORCEX=0

FORCEY=0

TORQZ=0

DTMIN=1E2

PSIMAX=-10

TIME=Q

GSUM=+1E20

PRNI=0

DT=40005

RTAMIN=1E?2

THF GRAVITY FORCES ARE CONSTANT

Figure 6-16. Subroutine - INIT (Continued)
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FXGRAV==(2242/040) ¥*VASLUG*COS(ETA)
FYGRAV= (3242/600)#VASLUG*SIN(ETA)

COMPUTE SCUS FROUM ROLLSPITCH AND YAW

SCCS(191)=COS(PITCH)*COSIRCLL)+SIN(PITCHI*SINIYAW)#STIN(ROLL)
SCOS(251)==-SIN(PITCH) #CUS(ROLL)+COS(PITCH) *SIN(YAW)*STiN(ROLL)
CCCH(351)=—COS(YAW)*SIN(RULL)

SCOS(142)=SIN(PITCH)I®COS(YAW)

SCOS12+2)=COS(PITCHI*¥COS(YAW)

SCOS(342)=CTIN(YAW)
SCOS(193)=COS(PITCHI®*SIN(RCLL)=SIN(PITCH)*SINC(YAW)#COS(ROLL)
SCOS(293)==SIN(PITCH)¥SINIROLL)-COSIPITCH)*#SIN(YAW)*COSIROLL)
SCOS(3493)=COSIYAR)*COS(RGLL)

SC1=85TRUT(1s1)

SO02=8STRUT(1,2)

SO03=SSTRUT(1+3)

RGNS
- NN E N e

RE TURN
END
6-48 Figure 6-16. Subroutine - INIT (Concluded)
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TITLF aTAR THREE DIMENCIONAL STARILITY DETERMINATION
ALITHCOR JeCeGIRENN BENTIX PRODUCTS AERCSFACE DIVISION
DATE NCVEMRBER s 1964

PURPOSE THIS SUBROUTINE DETERMINES THE MINIMUY VEHICLE STASILITY
ANGLE BETA FOR A THREZ DIMENSIONAL VEHICLE LANDING

Mz THCD SUBRCUTINE DETERMINES THE MINIMUM ANGLE BETWECLN A GRAVITY
VECTOR THROUGH TriE VEHICLE CeGe AND A LINE THROUGH THE
SURFACE CONTACT REGION IN THE DIRECTIUN OF “uTiOUNe 5Stf
IENDIX RFPCRT MM 64 - 9 FCR DETAILS

caLL CALL STAR
NOTES TAIS PRCGRAM wAS WRITTEN IN FORTRAN v
THIS PROGRAM EXECUTZS DN UNIVAC 1107 COMPUTER

NOTE ALL UNTITS ARE FEET: CECOHNDCIRADIANS ARD SLUGS

(¥) DENOTES CUURDINATE SYSTEV MOVING wITH THE VERICLE
(F) DENOTES COURDINATE SYSTEM FIXED IN SPACE

APPFARANCE OF 1 AFTFR ANY VARIARLF INDICATES THE
INITIAL VALUE OF THAT VARIABLE
AZSENCE OF THE 1 INDICATZS THE INSTANTANEOUS VALUE

INPUT BY EGUIVALENCE TC COMMUN STORAGE

INPUT DEFIKITICAS

ETAYI (OR ETAa) ANGLE CF SLGPE IN PRINCIPLE DIRECTION

PSIMAX VYAXTMUM  PST ANGLE REACHID DURING THE ENTIRE COMPUTeR RUM
eroe NIRECTICN COSINES RTELATING FIXED (M) AND MOVING (%)

TDORDINATH <YSTEWMS

VEGTI(Is ) (OR VFOT(1sJ)) I Td COMPONENT CF THE VECTOK POSITION
CFOTHE J TH FCOTPAD IN () COOROINATE SYSTEM

I =1 IS X COMPONENT
I = 2 1S T4E Y COMPONLNT
I = 3 1S THE 2 COMPONENT
xCG X POSITION CF ThE VIHICLLE CeGe IN (F) COORCINATE SYSTEM

YCG Y PCSITION OF THE VEHICLZ CoGe IN (F) COORDINATS SYSTEM

7CG Z PCSITION OF THE VEHICLE CeGe IN (F) COORDINATE SYSTEM

X7CG VELOCITY COF VLHICLE CoGs IN X DIRECTION IN (F) COORDINATE
SYGTEM

Y200 VELOCLTY OF VEHICLE CeGe IN Y DIRECTION IN (F) COORDINATE
SYSTEM

2006 VELOCITY OF VEHICLE CeGe IN Z DIRECTION IN (F) COORDINATE
SYSTEM

OUTPUT BY EQUIVALENCE TGO COMMON STORAGE

Figure 6-17. Subroutine - STAB
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OUTPHT DEFINITIONS

AA NIRFCTION OF THF VFLOCITY VECTOUR

LY RATIC OF Z AND Y VFLOZITIES

BETA STARILITY ANGLL  SEE TEXT BENDIX REPURT MA4-64-5

GLTAMIN  VINIMUM SETA ANGLE REACHEL DURING Tt COMPUTER RUN

BUTADT RATE OF CHANGE UF THE STAGILITY ANGLE BETA

2ETAP PRLVICUS VALUE OF HETA AT LAST ITZRATION INTERVAL

TELAG INSTCATOR FOR CUNDITIONAL RETURN TG MATN PROGRAM

Ph1 ANGULAR CRIENTATIOM OF VEHICLE IN (F) COCRDINATE 5YoTEM
SEE TEXT BENDIX REPCRT MM=64-=9

pel ANGILAR DRIENTATION OF VEHICLE IN (F) COORDINATE SYSTEM
CEE TEXT RENDIX REPORT MM=64-S

TriF TA ANGULAR ORIENTATION OF VEHICLE IN {F) COORDINATEL SYsieMm

SEE TEXT RENDIX REPORT  MM=K4-9

SUBROUTINE STAB

COMMON/LSl/QETAPsBETTDT)BTAMIN9CRU5H(12)§DT9EQETA,FURCEZ9FOTAC(4)9
FXP(Q)’FURCEXQFORCEY,FCoFSUMZsFSUMY9FSJMX9FXGHAV;FYGRAV;GIsGZ:
GByGNDoGNDF9IQITORE9JyPSIMAX9SCOS(3’3)’5PRR(493)555TRUT(493)9
90;5019502;T1ME9TYPL(3)9TURQZ,T9T29Ul9U20U39VASLUG,VFOT(493)sﬂlty
w259W359XC69XDC69X(3)’X5(394)9XFIF(493)9XEFUTP(4)9Y(3)sYB(B;@)’
YOGeYDCG, Z(3)YsZR(3s4)92CHe2D0CG

CONMVON/LSE/TETASIFLAGsPS]

NIMEMSTION YYED(4) s 2ZFP(4)

EPTEST IS TrE INSTABILITY TEST

AA=ATAN(ZDCG/YDCR)

DC 125 1I=1s4

77EP(1)=SCOS(351)¥VFOT(151)+5C05(3,2)*¥VFUT(152)+SCOS(3,3)¥VFOT
(19314206

125 YYFP(I)1=2SCOS(2s1)%VFOT(191)+5COS(252)%VFOT(152)+5COS(253)*VFUT

A

130
140
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(153)+YCG
AAA=ZDCG/YDCE
FPTEST=AMAXT((YYFP(1)+2ZFP (1)%AAA) s (YYFP(2)+ZZFP(2)*AAA) s (YYFP(3)
L7ZFP(3)%AAA) o (YYFP(4)+22FP (L) ¥AAA) )= YCG=ZCG¥*AAA

EVALUATE STASILITY PARAMETERS FOR PRINTING

DETA=ATAN(FPTEST*COS(AA)/XCG)—ATAN(SIN(ETA)*CUS(AA)/COS(ETA))
BET=ARS(BFTA)

BTAMIN=AMIN] (BETsBTAMIN)

PST=ATAN(SCOS(291)/SCOS(1s1))

PSIMAX=AMAX]1(PSIsPSIMAX)

RETTOT=(BETA-BETAP) /DT

AETAP=2LTA

IF(RFTA)130,130,140

IFLAG IS A FLAG FOR AN ERROR EXIT WITHIN THE MAIN PROGRAM
IFLACG=1
IFLAG=2

RZTURN
END

Figure 6-17. Subroutine - STAB (Concluded)

RDIX
005 RDIX
N05 RDIX
DIX
DIX
LDIX
DIX
DIX
ERJ
ERJ

0D

005 RDIX

005 RDIX



Y D)

YOI AN NN

Y

)

AR I

AEA e

Al

R BN Bl T N N e We WA T DA C AN YYD A YA Y Y D

TITLE
AUTHCR
DATE

PURPCSE

MITHOR

INPUT

o
ey’

INTEGM SURRQUTINE INTEGRATION

JeCoGIBSON BENDIX PRODUCTS AEROSPACE DIVISION
NOVEMRER o 1964

THIS SUBROUTINE DETERMINES VEHICLE MOTION AS THE RESULT
CF ThE FORCES IMPOSED ON THE VEHICLE AND SZTS ITERATION
INTERVAL ON THE RASIS OF ERROR TESTS

SIMPLE RFCTANGULAR INTEGRATION I ''SFD TO TETORMINA
VFHICLE PCSITION AT THE END OF THE TIME INTERVAL DT
AN ERROR TEST ON THE THIRD TERM OF THE TAYLOUR SERIZS
SERIES IS USED TC DETERMINE THE 1TERA IO INT=xVAL 5120
CALL INTEQWM

THIS PROGRAM WAS WRITTTN [N FORTRAMN IV

TrilS PROGRAY EXECUTES ON UNIVAC 1167  COMPUTER

ALL UNITS ARZ FEETs SECONDSSRADIANSG AND SLUGS

(V) DENOTES CCCGRDINATE SYSTEM MOVING wITH THE VEHICLE
(F) DENOTES CCORDINATE SYSTEM FIXED IN SPACE

APPEARANCE OF 1 AFTER ANY VARIABLE INDICATES THE

INITIAL VALUE OF THAT VARIASLL.
AISENCE OF THE 1 INDICATES THE INSTARNTANECUS VALUE o

Y EGUIVALENCE TC COMMON STORAGE

INPUT DEFINITIONS

nT
FCRCEX

FCRCLY

FCRCEZ

IFORCX
[FORCY
IFORCZ
TCRQZ

ITORG
FXP
Fyp
Fzp

d
<CoS

Ul

BENDIX PRODUCTS AEROSPACE

ITFRATION TIMF INTERVAL

NET FORCE ACTING ON THE VEHICLE Cele IN THE X DIRECTICN
IN THE (F) COCRDINATE S$YSTEM

NeT FORCE ACTING ON THE VEHICLE CeGe IN THE v DIRECTICN
IN THE (F) COORDINATE SYSTEM

NET FORCE ACTING ON THE VEMHICLEL CeGe IN THE 2Z CIRECTICN
IN THE (F) COORDINATZ SYSTEM

SAME AS FORCEX

SAME AS FORCEY

SAME AS FORCEZ

COMPONENT CF TCRUUE ACTING ON THE VEHICLE CeGe IN THE
X-Y PLANF

SAME AS TORGZ

FORCE IN THE X DIRECTION ON THE FOOTPAD

FORCE IN THE Y DIRECTION ON THE FOOTPAD

FORCE IN THE Z DIRECTION ON THE FOOTPAD

TCRQUES IN THE (M) COORDINATE SYSTEM

DIRECTION COSINES RELATING FIXED (F) AND MCVING (M)
COORDINATE SYSTEMS

MASS MOMENT OF INERTIA OF VEHICLE AHOUT X AXIS IN (M)
COORDINATE SYSTEM

MASS MOMENT OF INERTIA OF VEHICLE ABOUT Y AXIS IN (M)
COORDINATE SYSTEM

MASS MOMENT OF INERTIA OF VFHICLE ABOUT 7 AXIS IN (M)

Figure 6-22. Subroutine - INTEQM 6-65
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CCCRNDINATE SYSTEM
wlEl (OR W1E)

ANGULAR VELCCITY OF

(v) COCRDINATE G5YSTIM

w2E1l (OR w2E)

ANGULAR VILOCITY OF

(M) COORDINATE SYSTEM

w3E1l (CR W3E)

ANGULAR VELOCITY OF

(M) COORDINATE SYSTEM

XDCG VELOCITY OF VEHICLE CeCGe
SYSTEM

YDCG VELOCITY OF VEHICLE CeGe
CYQTFM

2DCG VELOCITY OF VEHICLE CeGe
SYSTEM

OUTPUT RY EGUIVALENCE TO COMMON

QUTPUT DEFINITIONS

XCG X POSITION OF THE VEHICLE

Ylo Y POSITION OF THE VEHICLE

2CG Z POSITION OF THE VEHICLE

SUBROUTINE INTEQM

veEHICLE ABCGUT THE X AXIS IN THE
VEHICLE ABOUT THe Y AXIS IN THE

VEHICLE ABOUT THE Z AXIS In THE

IN X DIRECTION IN (F) COORDINATE
IN Y DIRECTICN IN (F) COURDINATE

IN Z DIRECTICN IN (F) CUCRDINATE

STORAGE

CeGe IN (F) COORDINATE SYSTEM
CeGe IN (F) COORDINATE SYSTEM
CeGe IN (F) COORDINATE SYSTEM

DIMENSION BRKT(353)sVID(393)sVIO(393)sVIN(393)sSN(393)s8KP(343)
COMMCN/LSL1/SETAP+BETTDT s BTAMIN s CRUSH(12) 9D T sEsETASFORCEZSsFOTAL(G)
1FXP(4) yFURCEX s FURCEY g FC ot SUMZ oF SUMY o FSUMX s FXORAVIFYSRAV9G19G2y
2G33GNDsUONDF 9 [ o TTORE 9 JoPSIMAXISCOS(393) 9SPRRI4G493)9SSTRUT(463)
250435019502 TIMESTYPE(3) s TURWNZ s ToT2sULlstU29U3 s VASLUGHIVFOT(493)ewWlt,
LW2ESWBE s XCGoaXDCC X (2) o XR{304) 9 XFIF(493)9XSFOTP(4)sY(3)9YB(394)

5YCGsYDCO,

L03) 973 (394)92CGy2DC0
EQUIVALENCE (VASLUGIVASS) o (XH{1)eXT1))alYH{I)eY (1))

THZHEY) 9 Z (1) ) o (F QUMY 9 QFSHUM) 9 (FQUMZ s VFSIIM) o ( FSUMX s WF SUM)

EULER EQUATIONS

wD1=G1l/Ul

WD2=(1/U2)¥(G2+(U3-Ul)*WlEX¥W?2E)
WO3=(1/U) ¥ (33+(UI-U2)*W2E*K]1E)

FIND THE AVERAGE VALUES OF ANGULAR VELOCITY IN THE TIME INTZRVAL

CF LENGTH DT

W1=WIF+WNT#nT /0
W 2=W2E+UN2¥NT /2
W3=W3E+WD3%*DT/2

CALCULATE NEW

BRPKT (1l )=~ (W2 HWD+W3X*W3)
BRKT(1e2)=n1%W2+4WD3
BRREKT(193)=W1*#W2-wD?2
ARKT (291 )=W2%W1-wD?2
RRKT(292)==(W1*¥W]l4+W3*W3)
RRKT(293)=W2¥W3+WD1
BRKT(391)=A3%¥W1+wD?
ARKT(242)=W2%¥W2-WD1
RREKT (393 )==(W2*W2+W1%W]1)

V-VECTOR (I»JsK

AXES)

Figure 6-22. Subroutine - INTEQM (Continued)
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TWRCR=TLD
Do 3 T=1,2
L% U143
S RRCR=TRRU H*lr’(QJ“T(IQJ)"(P(IyJ))*“T*WT*PT/écn
IE(ERRCR =™ N2XNTY S44 44
~NT=nyT o
PIINT 120,07
FORMAT {17+ ~T Zeflhed)
TG &
CTORE ANGULAW ACCELERATIUNS FOR USt Ia MNEXT ERsUW LnbEe< on uT

TMTERVAL STZ2F

2 [=143

RN S

SR Ia ) =RRAT(T 4 U

VIT(141)="6"
Ty )= =RE

\/.!\(T,‘%) wWOE

\I“(?91)—A?r

VID(292)=

VTP(Zyo)——-
/su(%;l)‘—”
VIZ(292)=1

VID(2y2)=r
JIC(1e1)=1a"
VIS(1e2)=rg"
VIG(193)=renr
la}

a0 5 e
Y M N ke D
m m

VIO(2s1)=n,
VIN(240)51,
VIN(253)=0,0
VIGI291)=20,0
VIO(392)=04C
VIS(3s3)=140
NG o4l T=1,73
N4 =1,

THIS OIVES Tmb POSITION CF THE NZw V. VECTOR AT THE =KD CF THE
TRTEGRATICN INTERVAL EXPRESSED IN TERMS UF THt CGORCINATC AXz S MUVING
AITH TH: RODY AS THEY wiRk ORIENTED AT Tho PREVICUS [NToRVEL

VINCIs O)=aRKT (Lo J)¥DTRDT/24VIN( ] ) ¥DT4+VIO(] 9 J)
~LO42 [=1,7

CALCULATE NEW DIRECTION CCSINES FROM SYSTEM RUTATION

Dy 42 |

1 4

SN(Ted)= CUE(Islf%VIN(Jyl)+SCOS(I;Z)*VXN(J92)+SCUS([93)*VIN(J,j)
0o 42 I=1,7

PO 47 gzl

AVCID €7C3 GREATER THAN UNITY

TF(APSISNITsJ) ) =1) 439434544

SHAT9UY=ON(T 9 J) /ARS(EN(T»J)

TCOS(IsJ)=SN{TsJ)

INTECGRATE TO FIND ANGULAR VELOCITY AT THE END OF THe TIME INTERVAL DT

MlE=WI1E+WD1*DT

Figure 6-22. Subroutine - INTEQM (Continued)
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WOF=W2E WP D AnT
WIE=WAE N2 %0 T

s INTEGRATE NEWTING FGUATIUONS
~

XTGEXCCHXN TSR T+FURCEXKNTENT /(24 0%V ASS)
NCGEXNCCHFSROFX*DT/VATS
FASYCGHYTACKNT4ECRCEY AP THCT /(2 ARV ASS)
YOCG=YDTG+EGROFYHXDT /VASE

2622 CO+ZNCERDT #FCRCTZHOTHOT/ (24 0*¥VASE)
20C5=2 )CCHFORCEZ¥DT/VASS

ETURN

Lo~

>

3

1y
C

Figure 6-22. Subroutine - INTEQM (Concluded)
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SECTION VII

GENERAL NON-PLANAR LUNAR LANDING COMPUTER PROGRAM

INTRODUCTION

This computer program is basically an extension of the Planar Lunar Landing Computer
Program. An attempt was made to use as much of the original planar program as possi-
ble and to keep the flow of the non-planar program about the same.

METHOD

The motion of the vehicle and that of the footpads is computed in the ground coordinate
system while the geometry is computed in the vehicle coordinate system. These two
coordinate systems are related by a set of direction cosines.

The following procedure is used to set up the initial orientation of the vehicle.

First, consider the vehicle oriented in the ground coordinate system with leg No. 1 in the
"+Y" direction, leg No. 3 in the ""-Y" direction and leg No. 4 in the "+Z" direction. A
right-handed coordinated system is used. From this basic orientation, the vehicle is
rotated through a pitch angle, yaw angle, and roll angle in that order. This sets the
initial direction cosine matrix relating the vehicle coordinate system to the ground co-
ordinate system. This matrix of original direction cosines is:

(cos a cos v -

(cosa sinY +
sin & sin B sin v )

(-sin @ cos B ) sina sin B cos v )

[XL]) = | (sina cos v + (sina sinvY -
cos a sin B sin v ) (cos & cos B ) cosa sin § cos ¥ )
(-cos B sin v ) (sinf ) (cos B cos v)

g —

where for this matrix
a = pitch angle
B = yaw angle

Y = roll angle

7-1
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NoTE:  [x1] [XL]T = [1]or [XL]T = [XL]—1

That is, the transpose of this matrix is equal to the inverse of the matrix.

The vehicle coordinate system and the ground coordinate system are related by the
following matrix equations:

be) - b i - )

Xp, Yp, and zp are pad coordinates in the ground coordinate system.

where

Xpv, Ypv, and zpy are pad coordinates in the vehicle coordinate system.
X, Y, and Z are vehicle coordinates in ground system.
The vehicle is initially set so that the lowest leg is into the ground .001 feet.

The initial velocities are given in the ground coordinate system. The right hand rule is
used to determine the signs of the angular velocities (See Figure 7-1),

The strut geometry is computed in the vehicle coordinate system. This part of the pro-
gram is therefore basically the same as the planar program.

The footpad motion is computed in the ground coordinate system as was the case in the
planar program. This portion of the non-planar program is again very similar to the
planar program.

Since some computations are done in the ground coordinate system and others are done

in the vehicle coordinate system, a set of directions cosines relating the two sets of axes
must be kept updated. This is done for every time increment after the equations of motion
are integrated. The updating of direction cosines and the integration of the equations of
motion are handled in subroutine INTEQM. A description of this subroutine can be found
on page 5-36 (Reference 1),
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NOZZLE CLEARANCE

XN = X-HN {XL(l, 1)} - RN {smn}

SIN11 = V1.0 - XL(1, 1)2

STABILITY CHECK

XGrav. X

i

T

o YGrav.

Ground

Yerav. sin{ cos{ 0 Y

{):(grav_} cos § -sin o {X}
Zgrav. 0 0 1 Z

BENDIX PRODUCTS AEROSPACE DIVISION




YGrav.; = [sin{ cos{ 0 Y

{XGrav.} cos{ -sin{ 0 {X}
ZGrav. 0 0 1 Z

{XPGrav.} cos{ -sinf 0 {XP}

YPGrav.p = |[sin{ cos{ 0] {YP
ZPGray. 0 0 1 ZP
ZGrav, .
ZGrav. YM (Direction of
Zm Motion)
¢ .
C.G. ™ YGrav.
—— YGrav.

¢v = tan'l [iG!‘aV. ]

YGrav.
M [ 1 0 0 | XGrav.
{YM} = |0 cos¢' sing' {Y Grav.
Zm | 0 -sin¢’ cos d)'J ZGrav.

-

XPMm [1 o 0 XPGrav.
YPM/= |0 cos¢' sing' { YPGrav.}
0

-sin¢' cosé' | ZPGrayv.

L

where
X, Y, and Z are coordinates of vehicle in ground coordinate system.
5(, 'ﬁ.{, and Z are vehicle velocities in ground coordinate system.

XGrav.;YGrav.,and ZGrav., are vehicle coordinates in the gravitational coordinate
system.

XP, YP, and ZP are pad coordinates in the ground coordinate system.
7-5
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XM, YM, and ZM are vehicle coordinates in the coordinate system of motion,
XPM, YPM, and ZP) are pad coordinates in the coordinate system of motion.
Using these basic relationships between coordinate systems, the following is obtained.
YM=Xsin{ cos@' +Y cos? cos¢' +2Z sin¢)'
YPM(i) = XP(i) sin § cos(P' + YP(i) cos § cosd)' + ZP(i) sin¢)’
If YPM(i) > YmMmfor all legs, the vehicle is considered unstable.

The stability angle tabulated in the output (BETAF) is computed for the leg with the
largest value of YPM.

XM‘

YPy (IFRONT)

YMm

C.G.

Bfile

= YM

Bp = tan-1 | YEMUFRONT) - Yy
XM - XPM (IFRONT)

where

IFRONT = index of front leg in direction of motion.

CONCLUSIONS

This non-planar program has not been completely checked out.

The planar run included in this report is the same run that is included in the Planar

Lunar Landing Program. Some of the differences in these two runs would be due to the
different integration routines used.

Perfect symmetry is not maintained in this planar run. Some of this can be attributed to
roundoff error. For instance, the initial Xp values are slightly different and thereforethe

7-6
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forces developed in the two legs on the ground will not be completely symmetrical.

In non-planar runs made, the motion looked reasonable although no detailed studies were
made. No comparisons have been made with non-planar test data.

Figure 7-2 illustrates the input data format. Figures 7-3 through 7-6 are flow diagrams
for the program and its subroutines. Figures 7-7 through 7-10 are complete program
listings. Figures 7-11 through 7-18 are sample output data from the program. Figure
7-11 is a printout of the input data used. Figure 7-12 prints out some auxiliary inputs
required by the main program. These are computed by the subroutine INCON., Figure
7-13 output data indicates the instantaneous vehicle orientation. Figure 7-14 is a sum-
mary printout of pertinent information for the run. Figure 7-15 presents the footpad

positions andforces for footpads 2 and 3. Figure 7-16 presents the forces acting on the
footpads from the struts.

Figures 7-17 and 7-18 are similar to Figures 7-15 and 7-16 but present this information
for footpads 1 and 4.
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MAIN GENERAL NON-PLANAR COMPUTER PROGRAM

11-10-64
Page 1

This program determines detailed non-planar motions of Lunar Landing
Vehicle from touchdown to rest or instability.

o
Sy
ey
i 1

Read initial data

l

Call Subroutine INCON
Convert input data to proper form

J

Initialize program constants and variables

¥

Choose initial touchdown conditions

;

Form initial direction cosine matrix refer-
ring ground axes to vehicle axes

'

Print input data

Figure 7-3. Main Computer Program
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued) Page 2

®

Yes - .
STOP \/Es run being duplicated?)

No

Zero out initial forces for parabolic
integration of footpad motion

'

Determine initial strut angles and
trigonometric relationships

l

Determine initial footpad positions and
velocities

Determine initial coordinates and
velocities of vehicle C.G.

'

Determine initial strut lengths

140

Determine strut angles and assign to
proper quadrants
+ Test
(IFLAG)
@)’

Figure 7-3. Main Computer Program (Continued)
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued) Page 3

Store information for final printout

!

Call Subroutine STABAN
Compute initial stability angle

+ Test
- (TIME)
0
V Print data for time = 0
l 277

—— Print on LINE data with initial headings

Do 600I=1, N YES
Is footpad on ground?

NO

Compute footpad velocity relative to C.G.
and determine relative energy of footpad

Figure 7-3. Main Computer Program (Continued)
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued) Page 4

I NO
<{s footpad moving with vehicl

YES

300

Set footpad forces equal to zero

Y
NOGR(I) = -1

Find footpad positions and velocities by
rigid body motion with vehicle

@

NOGR(I) = 1

]

Footpad is moving independently of the
vehicle, calculate strut forces and footpad

energy
y

600 Continue

Figure 7-3. Main Computer Program (Continued)
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued) Page 5

Determine forces acting on the vehicle

Call Subroutine INTEQM

Determine vehicle C.G. motion and
update direction cosines

Index previous forces for the next integration
of footpad motion

A

Increment time

!

CONS = CONS + 1.0

Test nozzle clearance and store minimum
value

A

Test stability angle and store minimum
value

Figure 7-3. Main Computer Program (Continued)
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued)

YES

<Has vehicle stopped }

668 NO

Call Subroutine STABAN
Compute stability angle

t \ YES
<Is vehicle unstable? )

NO
YES
( Has final time been exceeded? )———-’800
675 l NO
Kv=KMm+1
+ <o ~
<I‘est (CONS -KPRINT
20
680
| CONS = 0.0 )

(Test (Ky-MULT * KPRINT) y——~

[Zo

Y 688
M=M+1
Store variables for final print V

l 700

Print ON LINE output

Figure 7-3. Main Computér Program (Continued)
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued) Page 7

<DO 7301=1, N\

TEST (NOGR(I))/

>0
715

IA
o

Footpad is on the ground, determine
strut geometry

\ !

Calculate new strut lengths

730 Continue =

IFLAG=1

Figure 7-3. Main Computer Program (Continued)
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued) Page 8

Compute PHI

IFLAGX = -1

Vehicle is unstable
Print output data

l

Assign 785 to MM

800

L Compute PHI
¥
L, IFLAGX =0 \l

Time limit has been exceeded
Print output data

Figure 7-3. Main Computer Program (Continued)
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued)

Compute PHI

IFLAGX =1

Y

Vehicle is stable
Print output data

819

819 —e= Assign 824 to MM

|

Compute energies dissipated and print
general summary output

1831

<Test (IFLAGE))—2-2 Go to MM

<0

Y

IFLAGE =1

Y

I=Ix
JJ = JJX

Figure 7-3. Main Computer Program (Continued)
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued) Page 10

Store data for legs indexed IIX and
JJX for output

<0 \/ Test (IFLAGX) /¥ e

800

Figure 7-3. Main Computer Program (Continued)
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Concluded)

- m
<o

790

NUN=1

Y

NQ=NQ -1

0

<o
794

NQfNQ+1

Y 796

v >0
Test

LI NS=NS +1 =&

NST =1

1

NQ=NQ +1

Y
<0
Test
<(NQ-NQMAX)

>0 ‘ 830

NQ = NQ -1
Y

NS=NS +1

Test
(NQ-NQMAX)

Figure 7-3. Main Computer Program (Concluded)
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INCON

INCON CONVERT INPUT DATA

This subroutine converts the input data to a form that is used
in the program.

Compute SL10, D10, B10, B20, B30,
C10, C20, and C30 from basic vehicle
geometry input to program

Figure 7-4. Subroutine - INCON

11-10-64
Page 1
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STABAN

7-22

STABAN COMPUTE STABILITY ANGLE

This subroutine determines the critical leg for stability and
calculates the stability angle for this leg.

<>

Find footpad positions in
direction of motion

i

Determine front leg in
direction of motion

Y

Calculate stability angle for
this critical leg

Figure 7-5. Subroutine - STABAN

11-10-64
Page 1




INTEQM

INTEQM INTEGRATE EQUATIONS OF MOTION 11-10-64
Page 1

This subroutine integrates the equations of motion for the vehicle
and updates the direction cosines relating the ground coordinate
system to the vehicle coordinate system

Integrate equations of motion
obtaining new vehicle positions
and velocities

l

Determine new set of direction
cosines relating the ground coordi-
nate system to the vehicle coordinate
system

Figure 7-6. Subroutine - INTEQM
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TITLE MAIN PROGRAM GENERAL THREE DIMENSIONAL LUNAR LANDING
DYNAMICS COMPUTER PROGRAM

AUTHOR Je CADORET BENDIX PRODUCTS AEROSPACE DIVISION
DATE NOV. 1964

PURPOSE THIS PROGRAM COMPUTES THE DETAILED VEHICLE MOTIONS FOR
A THREE DIMENSIONAL LUNAR LANDING

NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN 1V
NOTE THIS PROGRAM WAS COMPILED ON THE UNIVAC 1107 DIGITAL
COMPUTER

THIS PROGRAM HAS BEEN CHECKED OUT TO A LIMITED EXTENT
ONLY. FURTHER CHECK OUT AND CORRELATION WITH A PHYSICAL
DROP TEST MODEL ARE CURRENTLY IN PROGRESSe. AS THE
RESULT OF THIS LIMITED CHECKOUTs THE RESULTS OF THIS
PROGRAM SHOULD BE USED WITH CAUTION

6 DEGREES OF FREEDOM
LUNAR LANDING DYNAMICS COMPUTER PROGRAM

FOR ASSYMMETRIC VEHICLE LANDING GEAR CONFIGURATION
USING PARABOLIC INTEGRATION ON FOOTPAD MOTIONS

INPUT BY EQUIVALENCE TO COMMON STORAGE

NOTE AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
AS B1O(I)e. THE INSTANTANEOUS VALUE OF THE PARAMETER
1S DEFINED WITHOUT THE O AS Bl(I)e

ALPHA ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)
SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE CeGe

BETAF STABILITY ANGLE FOR FRONT LEG IN THE DIRECTION OF MOTION

BETMIN MINIMUM STABILITY ANGLE

B10O ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NO. 1 AND VEHICLE CENTERLINE

B20 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. 2 AND VEHICLE CENTERLINE
B2PREV VALUE OF B2 AT THE END OF THE PREVIOUS TIME INCREMENT
B30 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NOe 3 AND VEHICLE CENTERLINE
B3PREV VALUE OF B3 AT THE END OF THE PREVIOUS TIME INCREMENT

CONS COUNTER FOR DETERMINING ON LINE PRINT FREQUENCY

cosc COS(THETA)

cosD €os(8l)

COSE COS(THETA-ALPHA/2.0)

C0sG COS(THETA+ALPHA/240)

C10»C205C30 ANGLE s IN PLANE FORMED BY STRUT AND A NORMAL TO
THE DIRECTION OF MOTION, BETWEEN STRUT AND A PLANE NORMAL
TO THE VEHICLE CENTERLINE -~ FOR STRUTS 1923 RESPECTIVELY

C1PREV VALUE OF C1 AT THE END OF THE PREVIOUS TIME INCREMENT
C2PREV VALUE OF C2 AT THE END OF THE PREVIOUS TIME INCREMENT
C3PREV VALUE OF C3 AT THE END OF THE PREVIOUS TIME INCREMENT
o} VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS
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DELTAP

DELTAT
DELTTT

D1lo
D11
EGBAL1

EGBALZ2
EGBAL3

ENPROI(I)
EPSEN
EPS2
EPS3
EPS4

EPSS
NOTE

E1(1)
E2(I)
E3(I)

FA(D)

FAG(I)

FBI(I)

FBG(I)

FC(l)

FCG(I)

FINT
FX
FXP(1)
FXPLG1

FXPLG2

Fe
wfgﬁgﬁ
DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE
LEG STRUTS
TIME INTERVAL BETWEEN PROGRAM CALCULATIONS
TIME INCREMENT USED IN THE INTEGRATION OF FOOTPAD
MOTION.,. DELTTT= DELTAT/KCONMX
INITIAL LENGTH (PROJECTED IN PLANE NORMAL TO DIRECTION
OF VEHICLE MOTION) OF THE COMPONENT (IN PLANE PERPENDICULAR
TO THE VEHICLE CENTERLINE) OF STRUT NO 1 LENGTH
VERTICAL DISTANCE FROM VEHICLE CeGe TO UPPER HARDPOINT
ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND CeGe
DROP
ENERGY DISSIPATED BASED ON PLASTIC STROKE OF ALL STRUTS
ENERGY DISSIPATED BASED ON PLASTIC AND FULL ELASTIC
STROKE OF ALL STRUTS
PERCENT OF TOTAL ENERGY ABSORBED BY STROKING OF THE
STRUTS OF LEG SET 1
PROGRAM CONSTANT EQUAL TO 10 PERCENT OF THE POSSIBLE
POTENTIAL ENERGY WHICH COULD BE STORED IN A FOOTPAD
AS THE RESULT OF ELASTIC STROKING OF THE UPPER STRUT
MINIMUM ALLOWABLE FOOTPAD SLIDING VELOCITY
LIMITING MINIMUM VELOCITY OF VEHICLE CeGe IN X DIRECTION
LIMITING MINIMUM VELOCITY OF VEHICLE CeGe IN Y AND 2Z
DIRECTIONS
LIMITING MINIMUM ANGULAR VELOCITIES
IF XVEL IS LESS THAN EPS3»s YVEL AND ZVEL ARE LESS THAN
EPS4 AND THE ANGULAR VELOCITIES ARE LESS THAN EPSS
SIMULTANEOQUSLY ANC THE FOOTPADS ARE ALL LESS THAN 1 FT.
FROM THE GROUND»s THE PROGRAM TERMINATES
POTIENTAL ENERGY STORED IN STRUT NO.1 OF LEG I DUE TO
COMPRESSION OR EXTENSION OF THE LEG
POTIENTAL ENERGY STORED IN STRUT NOe2 OF LEG I DUE TO
COMPRESSION OR EXTENSION OF THE LEG
POTIENTAL ENERGY STORED IN STRUT NO.3 OF LEG I DUE TO
COMPRESSION OR EXTENSION OF THE LEG
FORCE IN THE Z DIRECTION ACTING ON THE VEHICLE CeGe AS
THE RESULTANT OF THE STRUT FORCES IN THE THREE STRUTS
OF THE I TH LEG SET
FORCE IN THE Z DIRECTION ACTING ON THE VEHICLE CeGe AS
THE RESULTANT OF THE STRUT FORCES IN THE THREE STRUTS
OF THE 1 TH LEG SET (GROUND COORDINATE SYSTEM)
FORCEs PARALLEL TO THE VEHICLE CENTERLINE ACTING ON THE
VEHICLE CeGe AS THE RESULTANT OF THE STRUT FORCES IN
THE THREE STRUTS OF THE I TH LEG SET
FORCE IN THE X DIRECTION ACTING ON THE VEHICLE CeGe AS
THE RESULTANT OF THE STRUT FORCES IN THE THREE STRUTS
OF THE I TH LEG SET (GROUND COORDINATE SYSTEM)
FORCE» NORMAL TO VEHICLE CENTERLINE IN THE X-Y PLANE
ACTING ON THE VEHICLE CeGe AS THE RESULTANT OF THE STRUT
FORCES IN THE THREE STRUTS OF THE I TH LEG SET
FORCE IN THE Y DIRECTION ACTING ON THE VEHICLE CeGe AS
THE RESULTANT OF THE STRUT FORCES IN THE THREE STRUTS
OF THE I TH LEG SET (GROUND COORDINATE SYSTEM)
MAXIMUM ALLOWABLE TIME FOR COMPUTER RUN
SAME AS FXP
FORCE IN THE X DIRECTION ON THE FOOTPAD (1)
AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO.1
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE
AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO.2
DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

Figure 7-7. Main Program (Continued)
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FXPLG3 AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NQO.3
DURING THE TIME INTERVAL DTe. THIS FORCE 1S DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FXPL31 FXPLG3 VALUE FOR LEG 11 STORED FOR FINAL PRINT

FXPL33 FXPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

FXPL35 FXPLG3 VALUE FOR LEG 11X STORED FOR FINAL PRINT

FXPL37 FXPLG3 VALUE FOR LEG JJX STORED FOR FINAL PRINT

FX1 FX VALUE FOR LEG I1 STORED FOR FINAL PRINT
FX3 FX VALUE FOR LEG JJ STORED FOR FINAL PRINT
FX5 FX VALUE FOR LEG I1IX STORED FOR FINAL PRINT

FX7 FX VALUE FOR LEG JJX STORED FOR FINAL PRINT

FYPLGL AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NC 1
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED By
THE PARABOLIC INTEGRATION PROCEDURE

FYPLG2 AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO 2
DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FYPLG3 AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO,3
DURING THE TIME INTERVAL DTe. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FYpPL31 FYPLG3 VALUE FOR LEG 11 STORED FOR FINAL PRINT

FYPL33 FYPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

FYPL35 FYPLG3 VALUE FOR LEG IIX STORED FOR FINAL PRINT

FYPL37 FYPLG3 VALUE FOR LEG JJX STORED FOR FINAL PRINT

FZPLG1 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO.1
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPLG2 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO.2
DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPLG3 AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO«3 l

DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

FZPL31 FZPLG3 VALUE FOR LEG Il STORED FOR FINAL PRINT

FZPL33 FZPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

FZPL35 FZPLG3 VALUE FOR LEG 11X STORED FOR FINAL PRINT

FZPL37 FZPLG3 VALUE FOR LEG JJX STORED FOR FINAL PRINT

F1(I) PLASTIC STROKE FORCE IN STRUT NO.l1 OF LEG 1

F2(1) PLASTIC STROKE FORCE IN STRUT NO.,2 OF LEG I

F3(I) PLASTIC STROKE FORCE IN STRUT NO.3 OF LEG 1

F11 PLASTIC STROKE FORCE FOR UPPER STRUT (NO. 1)

F22 PLASTIC STROKE FORCE FOR LOWER STRUT NOs 2

F33 PLASTIC STROKE FORCE FOR LOWER STRUT NO, 3

GRAV LOCAL GRAVITY

GRDMU COEFFICIENT OF FRICTION BETWEEN VEHICLE FOOTPADS AND GROUND

GRFX FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGe
(GROUND COORDINATE SYSTEM ) THIS FORCE IS USED
IN THE INTEGRATION OF EQUATIONS OF MOTION

GRFY FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGo
(GROUND COORDINATE SYSTEM ) THIS FORCE IS USED
IN THE INTEGRATION OF EQUATIONS OF MOTION

GRFZ FORCE ACTING IN THE Z DIRECTION ON THE VEHICLE CeGe
(GROUND COORDINATE SYSTEM ) THIS FORCE IS USED
IN THE INTEGRATION OF EQUATIONS OF MOTION

H DISTANCE FROM THE BOTTOM OF THE FOOTPAD TO THE VEHICLE

CENTER OF GRAVITY
HN VERTICAL DISTANCE BETWEEN VEHICLE CeGe AND THE LOWEST
POINT ON THE NOZZLE CONE
IBEMIN INDEX OF CRITICAL LEG FOR MINIMUM STABILITY ANGLE
IFLAG FLAG FOR INITIALIZING THE PROGRAM
IFLAGE FLAG USED TO PRINT ADDITIONAL OUTPUT

Figure 7-7. Main Program (Continued)
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IFLAGX

IFRONT
Il
11X

IP
IQ
IR
JJ

JJIX
K CONMX
KM

KPRINT
LINE

M

MULT

N
NOGR (1)

NQO
NQMAX
NSO
NSMAX
NOTE
NST
NUN
PHI
PITCH
PITCHO
PITCHV
PMASS
PRXVEL

PRYVEL

PRZVEL

PTCHVO

RMOMGX

RMOMGY

RMOMGZ

FLAG USED IN FINAL PRINT IFLAGX=+1 VEHICLE WAS STABLE,
IFLAGX=0 MAXIMUM ALLOWABLE TIME WAS EXCEEDED,

IFLAGX=-~1 VEHICLE WAS UNSTABLE

INDEX OF FRONT LEG (THE FRONT LEG IN THE DIRECTION OF
MOTION IS THE CRITICAL LEG FOR STABILITY)

PARAMETER SPECIFYING WHICH LEG SET DATA WILL BE

PRINTED AS OUTPUT (INITIAL SUMMARY QUTPUT)

PARAMETER SPECIFYING WHICH LEG SET DATA WILL BE

PRINTED AS OUTPUT (ADDITIONAL SUMMARY OUTPUT)

PRINT INDICATOR

PRINT INDICATOR

PRINT INDICATOR

PARAMETER SPECIFYING WHICH LEG SET DATA WILL BE

PRINTED AS OUTPUT (INITIAL SUMMARY OUTPUT)

PARAMETER SPECIFYING WHICH LEG SET DATA WILL BE

PRINTED AS OUTPUT (ADDITIONAL SUMMARY OUTPUT)

NUMBER OF ITERATIONS OF FOOTPAD CALCULATIONS PE {DELTAT)
TIME INTERVAL

COUNTER FOR DETERMINING THE FREQUENCY OF THE STORED
PRINTING

COMPUTATION INCREMENTS BETWEEN PRINTOUT INTERVALS
PRINTOUT LINE COUNTER

INDEX USED TO STORE VARIABLES FOR PRINT AT END OF RUN
INDICATOR FLAG USED TO PRINT STORED OUTPUT DATA AT LESS
FREQUENT INTERVALS IF FINT IS SUCH THAT THE DIMENSIONED
STORAGE CAPACITY FOR THE STORED VARIABLES WILL BE EXCEEDED.
NUMBER OF LEGS ON THE VEHICLE

INDICATES IF FOOTPAD (1) IS MOVING WITH THE VEHICLE. IF
NOGR(1)=~-1s FOOTPAD IS MOVING WITH THE VEZHICLE. IF

NOGR (1) =+19 FOOTPAD IS MOVING INDEPENDENTLY

STARTING COLUMN IN VELOCITY INPUT ARRAY

ENDING COLUMN IN VELOCITY ARRAY

STARTING ROW IN VELOCITY INPUT ARRAY

ENDING ROW IN VELOCITY ARRAY

SEE WRITEUP FOR DISCUSSION OF VELOCITY ARRAY

FLAG FOR DETERMINING STABILITY PROFILE INPUT SEQUENCE
FLAG FOR DETERMINING STABILITY PROFILE INPUT SEQUENCE
ANGLE BETWEEN VEHICLE CENTERLINE AND GRAVITY VECTOR
INSTANTANEOUS PITCH ANGLE OF THE VEHICLE

INITIAL PITCH ANGLE OF THE VEHICLE

INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE

MASS OF EACH FOOTPAD

IN MULTIPLE RUNSs THIS IS THE INITIAL X VELOCITY OF THE
PREVIOUS RUNe IT IS USED TO PREVENT DUPLICATE RUNS.

IN MULTIPLE RUNSs THIS IS THE INITIAL Y VELOCITY OF THE
PREVIOUS RUNe IT IS USED TO PREVENT DUPLICATE RUNSe.

IN MULTIPLE RUNSs THIS IS THE INITIAL Z VELOCITY OF THE
PREVIOUS RUNe IT IS USED TO PREVENT DUPLICATE RUNS.
INITIAL PITCH VELOCITY OF THE VEHICLE

FRICTION FORCE IN STRUT NO, 1

FRICTION FORCE IN STRUT NO. 2

FRICTION FORCE IN STRUT NO. 3

MOMENT OF INERTIA OF FOOTPADS ABOUT X AXIS (YAW)

THIS TERM INCLUDES ONLY THOSE FOOTPADS WHICH ARE OFF THE
GROUND AT THE INSTANT UNDER INVESTIGATION

MOMENT OF INERTIA OF FOOTPADS ABOUT Y AXIS (ROLL)

THIS TERM INCLUDES ONLY THOSE FOOTPADS WHICH ARE OFF THE
GROUND AT THE INSTANT UNDER INVESTIGATION

MOMENT OF INERTIA OF FOOTPADS ABOUT Z AXIS (PITCH)

THIS TERM INCLUDES ONLY THOSE FOOTPADS WHICH ARE OFF THE
GROUND AT THE INSTANT UNDER INVESTIGATION

Figure 7-7. Main Program (Continued)
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C RMOMX TOTAL MOMENT OF JNERT VEHICLE AND FOOTPADS) ABOUT X AXIS
C RMOMY TOTAL MOMENT OF INERTIA (VEHICLE AND FOOTPADS) ABOUT Y AXIS
C RMOMZ TOTAL MOMENT OF INERTIA (VEHICLE AND FOOTPADS) ABOUT Z AXIS
C RN EXHAUST NOZZLE RADIUS

C ROLL INSTANTANEOUS ROLL ANGLE OF THE VEHICLE

C ROLLO INITIAL ROLL ANGLE OF THE VEHICLE

C ROLLYV INSTANTANEOUS ROLL VELOCITY OF THE VEHICLE

C ROLLVO INITIAL ROLL VELOCITY OF THE VEHICLE

C RP(I) RADIUS OF FOOTPAD (1)

C RUNNOO RUN NUMBER ( FOR IDENTIFICATION ONLY)

C R1 RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

C R2 RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

C SERNO SERIES NUMBER ( FOR IDENTIFICATION ONLY)

C SINC SIN(THETA)

C SIND SIN(B1)

C SING SIN(C1)

C SINI SIN(C3)

C SINJ SIN(THETA-ALPHA/2.0)

C SINK SIN(THETA+ALPHA/2.0)

C SINL SIN(C2)

C SKE1l TENSIL ELASTIC SPRINGRATE OF STRUT NOe. 1 (UPPER)

C SKE2 TENSIL ELASTIC SPRINGRATE OF STRUT NQe 2 (LOWER)

C SKE3 TENSIL ELASTIC SPRINGRATE OF STRUT NOe 3 (LOWER)

C SKS SPRINGRATE UNDER VEHICLE FOOTPADS

C SK1 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO. 1(UPPER)

C SK2 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO. 2(LOWER)

C SK3 COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NOe3 (LOWER)

C SL1 PROJECTED LENGTH OF STRUT NOe.1 IN PLANE PARALLEL TO

C DIRECTION OF MOTION

C SL1M MINIMUM LENGTH TO WHICH STRUT NOel HAS BEEN COMPRESSED
C DURING THIS RUN

C sL10 INITIAL VALUE OF SL1

C SL1PRE LENGTH OF STRUT NOe1 AT THE END OF THE PREVIOUS TIME

C INCREMENT

C SLAT TRUE INSTANTANEOUS LENGTH OF STRUT NO.1

C SL1TO TRUE INITIAL LENGTH OF STRUT NO.1

C SL2 INSTANTANEOUS LENGTH OF STRUT NO.2 sPROJECTED IN A PLANE
c PARALLEL 70 THE DIRECTION OF MOTICN

C SL2M MINIMUM LENGTH TO WHICH STRUT NOe«2 HAS BEEN COMPRESSED
C DURING THIS RUN

C SL2PRE LENGTH OF STRUT NO.2 AT THE END OF THE PREVIOUS TIME

C INCREMENT

c sLaTv TRUE INSTANTANEOUS LENGTH OF STRUT NO.2

C SL270 TRUE INITIAL LENGTH OF STRUT NO.2

C SL3 INSTANTANEOUS LENGTH OF STRUT NOe3 »PROJECTED IN A PLANE
C PARALLEL TO THE OIRECTION OF MOTION

c SL3M MINIMUM LENGTH TO WHICH STRUT NO.3 HAS BEEN COMPRESSED
C DURING THIS RUN

C SL3PRE LENGTH OF STRUT NO.3 AT THE END OF THE PREVIOUS TIME

d INCREMENT

C SL3T TRUE INSTANTANEOUS LENGTH OF STRUT NOe3

C SL3TO TRUE INITIAL LENGTH OF STRUT NO.3

C THETA ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN
C DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE
C CENTERLINE AND UPPER HARDPOINT

C TIM TIME STORED FOR FINAL PRINT

C TIME TIME AFTER TOUCHDOWN

C TIMBMI TIME WHEN MIMIMUM STABILITY ANGLE OCCURS

C TMINXN TIME WHEN MINIMUM NOZZLE CLEARANCE OCCURS

C VEMX TORQUE ABOUT THE X AXIS OF THE VEHICLE

C (GROUND COORDINATE SYSTEM ) THIS TORQUE IS USED

Figure 7-7. Main Program (Continued)
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VEMY

VEMZ

VMASS
X
XL(TIsJ)

XMIN

XMOMX
XMOMY
XMOMZ
XN
XNMIN
XP(I)
XPVI(I)
XPVEL(I)

XPVVEL(I)
XPVVLR (1)

XP1
XP3
XP5
xXP7
XVEL
XVELO
XVELOO
Y

YAW
YAWO
YAWV
YAWVO
YP(1)
YPV(I)
YPVEL(I)

YPVVEL(1)
YPVVLR(I)

YP1
YP3
YPS
Ye7
YVEL
YVELO
YVELOO
Z

ZETA
ZP(I)
ZPV (1)
ZPVEL(I)

ZPVVEL(1)
ZPVVLRI(1])

ZP1

o
e

IN THE INTEGRATION OF EQUATIONS OF MOTION

TORQUE ABOUT THE Y AXIS OF THE VEHICLE

(GROUND COORDINATE SYSTEM ) THIS TORQUE 1S USED

IN THE INTEGRATION OF EQUATIONS OF MOTION

TORQUE ABCUT THE Z AXIS OF THE VEHICLE

(GROUND COORDINATE SYSTEM ) THIS TORQUE IS USED

IN THE INTEGRATION OF EQUATIONS OF MOTION

VEHICLE MASS

INSTANTANEQOUS X POSITION OF THE VEHICLE CeGe

SET OF DIRECTION COSINES RELATING VEHICLE COORDINATE
SYSTEM TO FIXED COORDINATE SYSTEM

MINIMUM VALUE OF XP (USED ONLY FOR INITIAL POSITIONING
OF VEHICLE)

MOMENT OF INERTIA OF VEHICLE ABOUT X AXIS (YAW)

MOMENT OF INERTIA OF VEHICLE ABOUT Y AXIS (ROLL)

MOMENT OF INERTIA OF VEHICLE ABOUT Z AXIS (PITCHI
INSTANTANEOUS NOZZLE CLEARANCE NORMAL TO THE SURFACE
MINIMUM VALUE OF NOZZLE CLEARANCE

X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

X POSITION OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM
VELOCITY OF THE 1 TH FOOTPAD IN THE X DIRECTION IN THE
FIXED COORDINATE SYSTEM

X VELOCITY OF FOOTPAD 1 IN THE VEHICLE COORDINATE SYSTEM
X VELOCITY OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM
WITH RIGID BODY MOTION

XpP VALUE FOR LEG I1I STORED FOR FINAL PRINT
XP VALUE FOR LEG JJ STORED FOR FINAL PRINT
XP VALUE FOR LEG I1X STORED FOR FINAL PRINT
XP VALUE FOR LEG JJX STORED FOR FINAL PRINT

INSTANTANEOUS X VELOCITY OF THE VEHICLE CeGe

INITIAL VERTICAL VELOCITY OF VEHICLE CeGo

SAME AS XVELO

INSTANTANEOUS Y POSITION OF THE VEHICLE CeGe
INSTANTANEOUS YAW ANGLE OF THE VEHICLE

INITIAL YAW ANGLE OF THE VEHICLE

INSTANTANEOUS YAW VELOCITY OF THE VEHICLE

INITIAL YAW VELOCITY OF THE VEHICLE

Y POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

Y POSITION OF FOOTPAD 1 IN THE VEHICLE COORDINATE SYSTEM
VELOCITY OF THE I TH FOOTPAD IN THE Y DIRECTION IN THE
FIXED COORDINATE SYSTEM

Y VELOCITY OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM
Y VELOCITY OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM
WITH RIGID BODY MOTION

YP VALUE FOR LEG I1 STORED FOR FINAL PRINT
YP VALUE FOR LEG JJ STORED FOR FINAL PRINT
YP VALUE FOR LEG 11X STORED FOR FINAL PRINT
YpP VALUE FOR LEG JJX STORED FOR FINAL PRINT

INSTANTANEOUS Y VELOCITY OF THE VEHICLE CeGe

INITIAL HORIZONTAL VELOCITY OF VEHICLE CeGe

SAME AS YVELO

INSTANTANEOUS Z POSITION OF THE VEHICLE CeGe

GROUND SLOPE

Z POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

Z POSITION OF FCOTPAD I IN THE VEHICLE COORDINATE SYSTEM
VELOCITY OF THE I TH FOOTPAD IN THE Z DIRECTION IN THE
FIXED COORDINATE SYSTEM

Z VELOCITY OF FOOTPAD 1 IN THE VEHICLE COORDINATE SYSTEM
Z VELOCITY OF FOOTPAD I IN THE VEHWICLE COORDINATE SYSTEM
WITH RIGID BODY MOTION
ZpP VALUE FOR LEG II STORED FOR FINAL PRINT

Figure 7-7. Main Program (Continued)
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ZP3 P VALUE FOR LEG JJ STORED FOR FINAL PRINT
ZP5 ZP VALUE FOR LEG I1IX STORED FOR FINAL PRINT
ZP7 P VALUE FOR LEG JJX STORED FOR FINAL PRINT
ZVEL INSTANTANEOQUS Z VELOCITY OF THE VEHICLE CeGs
ZVELO INITIAL TRANSVERSE VELOCITY OF VEHICLE ClGo

ZVELOO SAME AS ZVELO

DIMENSION B1(5)9B2(5)9B3(5)9C1(5)9C2(5)9C3(5)9sSLITO(5)sSL2TO(5)
1SL3TO(5)+SLIT(5)sSL2T(5)sSL3T(5)sSLIIS5)9SL2(5)sSL3(5)9B10(5)
1SL10(5)9sD10(5)9D1(5) s THETA(S5) s XP(5)sYP(5)+ZP({5)9B20(5)9»B30(5)
1C10(5)9C20(51sC30(5) e XPVEL(5)sYPVEL(5)+ZPVEL(5)sF1(5)sF2(5)5F3(5)»
1FA(S)sFBI(5) 9FCI5)sSLIMIS)»SL2M(5)sSL3M(5)»
1B2MI(5)9B2PL(5) sB2PREV{5)9B3MI(5)9B3PL(5)+B3PREVI(5)sCIMI(51],
1C1PL(5)sCIPREV(5)+C2MI(5)9C2PL(5)sC2PREV(S5)+C3MI(5)sC3PLI(S)
1C3PREV(5)sSLIPRE(5) sSL2PRE(5)»SL3PRE(S5) +GRDMU(S5) sFX{5)
1XVELO(1448) 9 YVELO(14+8)9sZVELO{14,+8)» PADENG(S5)+E1(5)
1E2(5)E3(5)sTIM(200) +XP3(200) sYP3(200) »ZP3(200) sNOGR(5)

DIMENSION FXPLG3(5)sFYPLG3(5)sFZPLG3(5))
1COSC(5)9SINC(5)9SIND(5)9COSD{5) sSING(5)9SINJ(5)»
1SINI(5)+COSE(5)9COSG(5)sSINKI5)sSINLI(S)
1FXPLGY(5)+sFXPLG2(5) sFYPLGY(S)sFYPLG2(5) +FZPLG1(5)sFZPLG2(5)

1 R1(5)sR2(5)sD11(5)sD(5)9F12(5)3F22(5)9F33(5)sPL(5)sP2(5)sP3(5),
1XP1(200) »sYP1(200) +ZP1(200) sFX1(200) 9FX3(200) +FXPL33(200) »
1FYPL33(200) +FZPL33(200) sFXPL31(200) »FYPL31(200) sFZPL31(200) »
1XP5(200) »YP5(200) +ZP5(200) sXP7(200) sYP7(200) +ZP7(200) »
1FX5(200) sFX7(200) sFXPL37(200) »FYPL37(200) »FZPL37(200)

DIMENSION FXPL35(200)sFYPL35(200)sFZPL35(200)
1ENGY {5) sENPRO(5) EPSEN(5) ALPHAI(5)
1XL{(393)9XPV(5)9YPVI(5)4Z2PVI(5)sXPVVEL(5)sYPVVEL(5)s2PVVEL(5))
1FAG(5)sFBG(5)sFCG(5) s XPVVLR{5) s YPVVLR(5)+sZPVVLR(5)sRP(5)sSKS(5)

READ INITIAL DATA

1 READ 10009 (ALPHA(I)sI=195)9(D(I)sI=195)s(D11(I)sI=195)>
1 (FI1(I)sI=195)9s(F22(1)s1=195)9(F33(1)sI=1s5)s (GRDMU(TI)sI=195])>
2 (PLEI)sI=195)9(P2(I)sl=195)9(P3(1)sI=195)s(RI{I}sI=195)>
3 (R2(I)sI1=195) e (THETA(I)9I=195)s(RP(I)sI=195)s(SKS(I)sI=1s5)
READ 1005+DELTAPSDELTATSEPS29EPS3sEPS4»EPS5sFINTsGRAVIHNIPMASS
1 RUNNOOSRNSISK19SK29SK39SKE19sSKE2Z2 s SKE3+sSERNO »VMASSs2ETASPITCHO,
2 YAWOSROLLOSPTCHVO s YAWVO SROLLVO 9 XMOMX 9 XMOMY 9 XMOMZ o H
READ 1010sI10JJslIXsJIXsKPRINTsNaNSOINQOsNSMAX s NQMAX 9 KCONMX
READ 10159 ({ (XVELO(MLNL)sYVELO(ML sNL) sZVELO(MLyNL) sML=1sNGMAX ) yNL=
1 1sNSMAX)

CONVERT INPUT DATA TO PROPER FORM TO BE USED BY THE PROGRAM
CALL INCON(R]1sR24RPsHsD11sDsDELTAP s THETAsALPHA$SL10+D10)
1 B10sB20+B3C»C10sC20sC30sNy 1)

INITIALIZE PROGRAM CONSTANTS

DO 5 I=1,N
5 EPSEN(I)=F11(1)*F11(1)/(5K1%20.0)

DETERMINE PRINTOUT FREQUENCY OF STORED OUTPUT
FACTOR=FINT /2000
XPRINT=KPRINT
IF(FACTOR-(DELTAT*XPRINT) 179848
7 MULT=1

Figure 7-7. Main Program (Continued)
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GO 70 15

IF (FACTOR-2+ 0% (DELTAT*#XPRINT)) 91212
MULT=2

GO 70 15

MULT=5

SET STARTING POINT IN VELOCITY ARRAY

NS=NSO
NQ@=NQO

INITIALIZE PROGRAM VARIABLES

IFLAGE=-1
RUNNO=RUNNOO-1,0
PRXVEL=100.0
PRYVEL=100.0
PRZVEL=10040
XMIN=100.0

NST=0

NUN=0
RUNNO=RUNNO+1.0
LINE=0

ZERO OUT LINE COUNT
KM=0
CHOOSE INITIAL TOUCHDOWN CONDITIONS

PITCH=PITCHO
YAW=YAWO
ROLL=ROLLO
PITCHV=PTCHVO
YAWV=YAWVO
ROLLV=ROLLVO
XVELOO=XVELO(NQsNS)
YVELOO=YVELO(NQsNS)
ZVELOO=ZVELO(NQsNS)
XVEL=XVELO(NQsNS)
YVEL=YVELO(NQsNS)
ZVEL=ZVELO(NQ,NS)

FORM INITe DIRECTION COSINE MATRIX GROUND AXES TO VEHICLE AXES

XL(1+1)=COS (PITCH)*COS (ROLL)~SIN (PITCH)*SIN (YAW)*SIN (ROLL)
XL(291)=COS (PITCH)*SIN (YAW)*SIN (ROLL)I+SIN (PITCH)*COS (ROLL)
XL{3:1)==C0S (YAWI*SIN (ROLL}

XL(192)=~SIN (PITCH)*COS (YAW)

XL(292)Y=COS (PITCH)*COS (YAW)

XL(3+2)=SIN (YAW)

XL(193)=COS (PITCH)*SIN (ROLL)+SIN (PITCH)*SIN (YAW)*COS (ROLL)
XL(293)= SIN (PITCH)®*SIN (ROLL)~COS (PITCH)*SIN (YAW)*COS (ROLL)
XL(3+3)=C0S (YAW)*COS (ROLL)

PRINT INPUT DATA

PRINT 1066

PRINT 10255, (ALPHA(I)sI=1+5)
PRINT 1026s(D(I1)s1=1+5)
PRINT 10275(D11{(1)s1=1s5)

Figure 7-7. Main Program (Continued)
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PRINT 10285 (F11(I),1
PRINT 1029s(F22(1)s1
s

)

PRINT 1030, (F33(1)
PRINT 1031, (GRDMU(I 1+5)

PRINT 1032,(P1(I)s1=1,5)

PRINT 10335(P2(1)s1=1+5)

PRINT 1034,(P3(I)sI=1s5)

PRINT 10355(R1(I)s1=1s5)

PRINT 10365(R2(I)9s1=1+5)

PRINT 1037,(RP(I)s1I=155)

PRINT 1038 (THETA(I)s1=1+5)

PRINT 10395 (SKS(I)sI=155)

PRINT 1045,DELTAPDELTATSEPS2

PRINT 1046/EPS3sEPS4EPSS

PRINT 1047FINT sGRAVsHN

PRINT 1048+sPMASSsRUNNOOSRN

PRINT 1049,SK1sSK2s5K3

PRINT 1050sSKE19sSKE2sSKE3

PRINT 1051sSERNOsVMASSSZETA

PRINT 1052sPITCHO»YAWOSROLLO

PRINT 1053+sPTCHVOsYAWVOSROLLO

PRINT 10549 XMOMX s XMOMY s XMOMZ

PRINT 1055sH

PRINT 1056

PRINT 1060sIIsJJsIIXsJJXsKPRINTSN
PRINT 10619sNSOsNQOsNSMAX +sNQMAX s KCONMX
PRINT 10659 ( (XVELO(MLSNL) s YVELO(MLsNL) »ZVELO(MLNL) »ML=1+sNQMAX) sNL
1=1+NSMAX)

PRINT 1020

PRINT 1021» (XL (TsJ)sJ=193)91=1+3)

TEST IF TOUCHDOWN VELOCITIES DUPLICATE THOSE OF PREVIOUS RUN.
IF SO»CHOOSE NEXT POINT IN VELOCITY ARRAYe OTHERWISE CONTINUE

IF (PRXVEL=XVELOO) 44143144
IF(PRYVEL-YVELOO) 44,50+44
IF(PRZVEL-ZVELOO) 44484544
PRXVEL=XVELOO

PRYVEL=YVELOO

PRZVEL=ZVELOO

INITIALIZE PROGRAM VARIABLES

TCONMX=KCONMX
DELTTT=DELTAT/TCONMX

ZERO OUT INITIAL FORCES FOR PARABOLIC INTEGRATION OF FOOTPAD
FORCES

DO 70 I=1sN
E1(I)=0.0
E2(I)=0.0
E3(1)=0.0
FXPLG3(I1)=0.0
FYPLG3(1)=0.0
FZPLG3(1)=0.0
FXPLG1(I)=0.0
FXPLG2(1)=0.0
FYPLG1(I)=0.0
FYPLG2(1)=0e0
FZPLG1(1)=0.0

Figure 7-7. Main Program (Continued)
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70

75

77
78

79

82

100

FZPLG2(1)=0.0
DETERMINE INITIAL STRUT ANGLES AND TRIGONOMETRIC RELATIONSHIPS

B1(1)=B1O(I)
COSC(1)=C0S (THETA(
SINC(IN=SIN (THETA(
St1{1)y=SsL10(1)
B2PREV(I)=B20(1)
B3PREV(I)=B30(1)
CIPREV(II=C10(])
C2PREV(I1)=C20(1)
C3PREV(I)=C30(I)
D1(I)Y=D10(1)

I
1

— o~

)
)

DETERMINE FOOTPAD POSITIONS AND VELOCITIES

DO 75 I=1sN

XPV(1)=-D11(I}-SL10(I)%#COS (B1O(I})
YPV(I)=R1(I)*COSC(I)+SLIOC(II*SIN (B10O(I1))
ZPV(I)==R1(I)*SINC(])=-DI1O(I)

XPUI)=XL 1ol ) ®XPVIII4XL(192)¥YPV(I)+XL(193)%ZPVI(])
YPUI)=XL{2s1)%XPVII)I+XL(2s2)%YPV(I)+XL(293)%ZPV(])
ZP{I)=XL{391)%¥XPV{I)+XL(392)%YPV(I)4XL(3+3)%#ZPV(])
DO 78 I=1sN

IF(XP(I)~-XMIN) 77478,78

XMIN=XP (1)

CONTINUE

DO 79 I=1sN

XP(I)=XP{(I)=-XMIN+DELTAP ~e001

FIX COORDINATES OF VEHICLE CeGe

=~XMIN+DELTAP
Y=0.0
2=0.0
X0=X

XPVVEL (

1 -PITCHV*YPV (1)+ROLLV*ZPV (]}
YPVVEL(]

I

)

’
= PITCHV*XPV(I)=YAWV*ZPV(I])
ZPVVEL(I)= YAWVXYPV(I)-ROLLV*XPV(I)}
XPVEL(I)=X
1  +XVEL
YPVEL(I)=XL (291 )%#XPYVEL(TI)4+XL(2s2)%YPVYVEL(I)}+XL(2,3)%ZPVVEL(])
1 +YVEL
ZPVEL(II=XL{3s1)%¥XPVVEL(I)+XL(3+2)%YPVYVEL(II+XL{353)%ZPVVELI(])
1 +ZVEL

INITIALIZE PROGRAM FOR STRUT LENGTH CALCULATIONS

DO 100 I=1,N
NOGR(I)=1
SL1PRE(I)=0.0
SL2PRE(I1=0.0
SL3PRE(1)=0.0
SLIM(IN=F11(1)/SK1
SL2M(I)=F22(1)/SK2
SL3M(1)=F33(1)/SK3
TIME=0,0

CONS=0.0
XNMIN=100.,0

Figure 7-7. Main Program (Continued)
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BETMIN=10.0
IBEMIN=0
IFLAG=-1

DETERMINE TRIGONOMETRIC RELATIONSHIPS FOR STRUT LENGTH
CALCULATIONS.

DO 130 I=1sN

SIND(I)=SIN (B1l(I))

COSD(I)=COS (B1(I})

COSE(I)=COS (THETA(I)-ALPHA(1)/2.,0)
COSG(I)1=COS (THETA(I)+ALPHA(I)/2.0)
SINJ(I)=SIN (THETA(I)-ALPHA(I)/2.0)
SINK(I)=SIN (THETA(I)+ALPHA(I)/2.0)

DETERMINE STRUT LENGTHS

SL1TO(I)=SQRT (SLI(II*SLI(I)+D1(I)I*D1(1))
HALF3=(SLI(I)*SIND(I)+R1(I)*COSC(II~R2(I1)*COSE(I))*(SL1(1)*
1SIND(I)+R1I(I)*#COSC(I)-R2(I)*COSE(I))
HALF4=(SL1(T)*COSD(I)-D(I))*(SL1(I)*COSD(1)-D(1))
SL2(1)=SQRT(HALF3+HALF4)

SL2TO(I)=SQRT (SL2(I)y*SL2(I)+(DI(I)+R1(II*SINC(I)~R2(I)*SINJ(1))*
1(DI(IY+RI(I)I*SINC(I)I-R2(II*SINJ(1)))
HALFI=(SLI{I)*SIND(I)+R1(I)*COSC(I)~-R2(I)*COSG(1))*
1(SLI(I)*SIND(I)+RI(I)*COSC(I)~R2(1)*COSGI(I})
HALF2=(SL1(I)*COSD(IN-D(I))*(SL1(I)*COSD(I)Y=D(I))
SL3(I)=SQRT{HALF1+HALF2)

SL3TO(1)=SQRT (SL3(I)*¥SL3(1)+(DI(I)=R2(I)*SINK(I)+R1(I)I*SINC(]) )%
1(DL(I)=R2(II*SINK(I)+R1(I)*SINC(I)))

SLIT(I)=SLITO(I)

SL2T(I)=SL2TO(1)

130 SL3T(I)=SL3TO(I)

[aNaXa!

DETERMINE STRUT ANGLES AND ASSIGN TO PROPER QUADRANTS

140 DO 240 I=1sN

145

150
152
154

158
160

170

7-34

IF (NOGR(I))240+240+145
B2(I)=ATAN ((SL1(I1)*SIND(I)4+R1{I)*COSC(I)-R2{I)*COSE(I))/(SL1(])*
1COSD(IN=-DI(I)))
B2MI(I)=B2(1)-3414159265359
B2PL(I)=B2(1)+3.14159265359
DIFF1=ABS (B2MI(I)1-B2PREVI(I))
DIFF2=ABS (B2(1})-B2PREVI(I))
DIFF3=ABS (B2PL(1)-B2PREVI(I1))
IF(DIFF1-DIFF2)1504+1525152
IF(DIFF1-DIFF3)154,158,158
IF(DIFF2Z-DIFF3)160,158,158
B2(I)=B2MI(I)

GO TO 160

B2(1)=B2PLI(I)

B2PREVI(I1)=B2(1)

B3(I)=ATAN ((SL1(I)®*SIND(I)+R1(I1)*COSC(I)-R2(1)*COSG(I))/(SLLI(])®
1COSD(I)=D(1)))
B3MI(1)=B3(1)-3414159265359
B3PL(I)=B3(1)+3414159265359
DIFF1=ABS (B3M] (1)-B3PREVI(I))
DIFF2=ABS (B3(1)-B3PREVI(I))
DIFF3=ABS (B3PL(1)-B3PREVI(I))
IF(DIFF1-DIFF2)170s172+172
IF(DIFF1-DIFF3)174,178+178

Figure 7-7. Main Program (Continued)
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172
174

178
180

181

182
183

o)
150

192
194

198
200

210
212
214

218
220

230
232
234

236

238
240

250

IF(DIFF2-DIFF3)180+178+178
B3(I)=B3MI(1])

GO TO 180

B3(1)=B3PLI(1)

B3PREV(I)=B3(1])
IF(D1(1))182+181,182
Cl(I)=1.5708

GO TO 183

Cl(I)=ATAN (SL1(I)/D1(1))
CIMI(IN=C1(1)-2414159265359
ClPL(II=C1l(I1+3.14159265359
DIFFI=ABS (CIMI(I)-C1PREVI(I))
DIFF2=ABS (Cl1(1)=-C1PREVI{I))
DIFF3=ABS (C1PL(I)-C1PREVI(I))
IF(DIFF1-DIFF2)190+1925192
IF(DIFF1-DIFF3)1194,198,198
IF(DIFF2-DIFF3)120051985198
Cl{I)=CIMI(])

GO TO 200

Cl(I)y=ClPLI(I)

CIPREVI(I)=C1(1)

C2UI)=ATAN (SL2(I)/(D1CII+R1(I)I*SINC(I)I=R2(I)I*SINJ(1)))
C2MI(I1)=C2(1)-341415926535G
C2PL(I)=C2(1)43414159265359
DIFF1=ABS (C2MI(1)-C2PREVI(I))
DIFF2=ABS (C2(1)=C2PREVI(I))
DIFF3=ABS (C2PL(1)~C2PREVI(I))
IF(DIFF1-DIFF2)21052129212
IF(DIFF1-DIFF3)214,218,218
IF(DIFF2-DIFF3)220+218,218
C2(l)y=Ca2MI (1)

CO TO 220

C2(1)=C2PL(])

C2PREVI(1)=C2(1)

C3(I)=ATAN (SL3(I)/(DI(I)+R1(I)I*SINC(I)=R2(I)I*SINK(I)))
C3MI(11=C3(1)~3414159265359
C3PLIINI=C3(11+43414159265359
DIFF1=ABS (C3MI(1)-C3PREVI(I))
DIFF2=ABS (C3(I1)-C3PREVI(I))
DIFF3=ABS (C3PL(I)-C3PREV(I))
IF(DIFF1-DIFF2)230+232+232
IF(DIFF1-DIFF3)234,236+236
IF(DIFF2-DIFF3)23842369236
C3(I)=C3MI (1)

GO TO 238

C3(1)=C3PL (1)

C3PREVI(I)=C3(1)

CONTINUE

IF(IFLAG) 25092505280

STORE INFORMATION FOR FINAL PRINTOUT

M=1
TIM(M)=TIME
XP1{M)=XP(1I1)
YP1(M)=YP(I1)
ZP1(M)=2ZP(I1)
XP3(M)=XP (JJ)
YP3(M)=YP(JJ)
ZP3(M)Y=ZP(JJ)
FX1(M)=040

Figure 7-7. Main Program (Continued)
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FX3(M)=0.0
FXPL31{(M)=FXPLG3(1I])
FYPL31(M)=FYPLG3(I])
FZPL31(M)=FZPLG3(11)
FXPL33(M)=FXPLG3(JJ)
FYPL33(M)=FYPLG3 (JJ)
FZPL33(M)=FZPLG3(JJ)
XP5(M)=XP(11IX)
YPS{M)=YP(]IIX)
ZIP5{M)=ZP(11IX)
XPT{M)=XP (JJX)
YPT(MY=YP(JUX)
ZP7(M)=ZP (JJX)
FX5(M)=0.,0
FX7(M)=0.0
FXPL35(M)=FXPLG3(11IX)
FYPL35(M)=FYPLG3(IIX)
FZPL35(M)=FZPLG3(11X)
FXPL37(M)=FXPLG3(JJUX)
FYPL3T(M)=FYPLG3(JJX)
FZPL37(M)=FZPLG3(JJX)

C

C COMPUTE INITIAL STABILITY ANGLE

c
CALL STABAN(XVELsYVELsZVELsXsY»ZsXPsYPsZPsZETAsNsBETAF s IFRONT)
IF(TIME)275+2759277

C

C PRINT INPUTED ANGLES AS CALCULATED BY THE COMPUTER AT TIME = 0

C AS CHECK ON DATA PROGRAMMING

C

275 PRINT 940
PRINT 10845(B10(I)sI=1sN)
PRINT 1085,(B20(1)sI=1sN)
PRINT 10865(B30(1)sI=1sN)
PRINT 1087+(C10(I)sI=1sN)
PRINT 1088,(C20(I)s1=1sN)
PRINT 1089s(C30(1)sI=1sN)
PRINT 10905 (SL10(I)sI=1sN)
PRINT 1091»(D10(I)sI=1sN)
PRINT 1056
PRINT 1070s(XP{I)s1=1sN}
PRINT 1071s(YP(I)sI=1sN)
PRINT 10725{ZP(I)sI=1,sN)
PRINT 10734 (XPVI{I)yI=14sN)
PRINT 1074+(YPV(I)yI=1sN)
PRINT 1075+(ZPV(I)sI=14N)
PRINT 1056
PRINT 10765 (XPVEL(I)yI=1,N)
PRINT 1077 (YPVEL(1)sI=1sN)
PRINT 1078 (ZPVEL(I)sI=1sN)
PRINT 1C79,(XPVVEL(I)»I=1sN)
PRINT 1080s (YPVVEL(I)sI=1sN)
PRINT 1081, (ZPVVEL(I)s1=1,sN)

PRINT ON LINE DATA

[aXala!

277 PRINT 1066
PRINT 1095+SERNOsRUNNO
PRINT 1096

PRINT 1097sTIMEsXsYsZsXVEL>YVEL +2VELsPITCHVsROLLV s YAWV »BETAF »
1 IFRONT

Figure 7-7. Main Program (Continued)
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280

290

300

RMOMGX=0,0
RMOMGY=0.0
RMOMGZ=0.0
DO 600 I=1sN

TEST IF FOOTPAD IS ON THE GROUND
IF(XP(I)-DELTAP 133093305290

COMPUTE FOOTPAD VELOCITY RELATIVE TO CeGe AND DETERMINE RELATIVE
ENERGY OF FOOTPAD

XPVVLR(I)= ~PITCHV*YPV (1)+ROLLV*ZPV (1)
YPVVLR(I)= PITCHV*XPV(I)~-YAWV*ZPV(I)
ZPVVLRI(I)= YAWV*YPV (1) -ROLLV#XPV(])

PADENG(1)=PMASS/24 0% ( (XPVVLR(T)=XPVVEL (1))} #%2+(YPVYVLR(I)~
1 YPVVEL(I1))%¥%24(ZPVVLR(I)=ZPVYVEL(1))%*%2)+E1 (1) +E2(1)+E3(])

TEST IF FOOTPAD IS MOVING WITH THE VEHICLE
IF (PADENG(I)~EPSEN(1))300+300+330

FOOTPAD IS MOVING WITH THE VEHICLEe SET FORCES EQUAL TO ZERO

¢ o
(o N

FXPLG3!(
FYPLG1(
FYPLG2(
FYPLG3 (I
FZPLG1(I)
FZPLG2(1)=0.,0

FZPLG3(1)=0.0
RMOMGX=RMOMGX+PMASS* (YPV (1) *%2+ZPV (1) *%2)
RMOMGY =RMOMGY +PMASS*(XPV (1) *%2+ZPV () #%2)
RMOMGZ=RMOMGZ+PMASS* (XPV (1) *%24YPV (] )%*#2)
NOGR(I)=~1

-t e s 0 OO0
it nunnn n"nooo

[eNeNeoNoNoNoNel
e o o o @
[~ NoNeXeoNeo]

FIND FOOTPAD POSITIONS AND VELOCITY BY RIGID BODY MOTION WITH
THE VEHICLE

XPV(I)==D11(I)=-SL1(1)*COS (Bl(I))
YPV(I)=R1(1)*COSC(I)+SLI(I)*SIN (B1l(1))
ZPV(I)=-R1(II*SINC(1)=-D1(1)

XPVVEL(I)= =PITCHV*YPV(I)+ROLLV*ZPV(I])
YPVVEL(I)= PITCHV*XPV(I)~YAWV®ZPV(])
ZPVVEL(I)= YAWVH*YPV (I )-ROLLV*XPV(])

XPLI)=XL(192)¥XPVII)+XL(102)#YPV(I)+XL(193)%2PV(]I})+X
YP(I)=XL(2'1)*XPV(I)+XL(2s2)*YPV(I)+XL(2o3)*ZPV(I)+Y
ZP(I)=XL(3o1)*XPV(X)+XL(3v2)*YPV(I)+XL(3’3)*ZPV(I)+Z
XPVEL(I)=XL(1,1)*XPVVEL(I)+XL(1-2)*YPVVEL(I)+XL(193)*ZPVVEL(I)
1 +XVEL
YPVEL(I)=XL(2s1)#XPVVEL(1)4XL(2+2)*YPVVEL(TI)4+XL(2,3)%ZPVVEL(])
1 +YVEL
ZPVEL(I)=XL(3,1)*XPVVEL(I)+XL(3’2)*YPVVEL(I)+XL(3;3)*ZPVVEL4I)

Figure 7-7. Main Program (Continued)
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330

334
340
343

350

360
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370

375
378
380

385
390
393

396
400

403
406
410

412

420

425
430

433
436
440

443
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1

+ZVEL
FX(I1)=0.0
GO T0O 600

FOOTPAD IS MOVING INDEPENDENTLY OF THE VEHICLE o CALCULATE STRUT
FORCES AND FOOTPAD ENERGY

SL=SL1TO(I)=-SL1IT(I)

NOGR(I)=1
IF(SL-SLIM(I)+F11(1)/5K1)334+3344375
IF(SL)340+367,367
IF(SL-SLIPRE(I))343+3605»360
F1(1)=SKE1*SL~P1(I)
E1(1)=SKE1#SL#*¥SL/2.0

GO TO 393

Fl(Iy=-P1(1I)

E1(1)=060

GO TO 393

F1(I)=SKE1*SL+P1(I)
E1(I)=SKE1*SL%¥5L/2.0

GO TO 393

IF(SL=-SL1PRE(I))350+370+370

F1(I)=P1l(I)

E1{1)=040

GO TO 393

IF(SL-SLIM(I))37845390+390
IF(SL-SLIPRE(1))385,380+380
F1(I)=SK1*{(SL-SLIM(I)+F11(1)/SK1)+P1(])
E1(I)=(SK1/2¢0)%(SL-SLIM(I)+F11(1)/SK1)*(SL=-SLIM(I)1+F11(1)/SK1)
GO TO 393
F1(I)=SK1#(SL=SLIMIII+F11(I)/SK1)=-P1(I)
EL(I)=(SK1/20)%(SL-SLIM(I)+F11(I)/SKL)*¥{(SL-SLIM(I)+F11(1)/SK1)
GO TO 393

FI(INV=F1l1(1)+P1(1])
E1(I)=(SK1/240)%(SL-SLIM(I)+F11(1)/SK1)*(SL=SLIM(I}+F11(I)/5SK1)
IF(SL-SLIM(1))400+400,396

SLIM(I)Y=5SL

SL1PRE(I)=SL

SL=SL2TO(I)=SL2T(1)
IF(SL-SL2M(I)+F22(1)1/5K21403+403+433
IF(SL)4065425+425
IF(SL=SL2PRE(1)1410+420+420
F2(I1)=SKE2#SL~-P2(1)
E2(1)=SKE2%SL#S5L/2.0

GO TO 450

F2(I)==-P2(1)

E2(1)=0.0

GO TO 450

F2(I1)=SKE2#SL+P2(1)
E2(1)=SKE2#SL#SL/2.,0

GO TO 450

IF(SL-SL2PRE(1))412+430+430

Fa(ly=P2(1)

E2(1)=0.0

GO TO 450

IF(SL=SL2M(1))436+446+446
IF(SL-SL2PRE(1))4435440+440
F2(1)=SK2*%(SL-SL2M(I)+F22(1)/SK2)1+P2(1])
E2(1)=(SK2/2¢0)%(SL-SL2M(I)+F22(1)/SK2)#(SL-SL2M(I)+F22(1)/5K2)
GO TO 450
F2(I)=SK2#(SL-SL2M(I1+4F22(1)/5K2)~-P2(1)

Figure 7-7. Main Program (Continued)
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446
450

452
454

458
460
465

470

475

480
483

486
490
493

496

500

505

£07
510

515

530
535

E2(1)=(SK2/240) % (SL-SL2M(I)1+F22(1)/SK2)*#(SL=SL2M(T)+F22(1)/5K2)
GO TO 4590

F2(I)1=F22(1)+P2(1)

E2(1)=(SK2/2¢0) % (SL-SL2M(T1)+F22(1)/SK2)%*(SL=SL2M(T)+F22(1)/5K2)
IF(SL~-SL2M(I))454 94549452

SL2M(TI)=SL

SL2PRE(I)=SL

SL=SL3TO(I)=SL3T(])

IF SL=SL3M(I)+F33(1)/SK3)458,458,486

IF(SL)Y460+480,5480

IF(SL=-SL3PRE(I))465+475+475

F3(I1)=SKE2#SL-P3(1)

E3(1)=SKE3*SL#%#SL/240

GO TO 505

F3(I)==P3(1)

E3(I)=0.0

GO TO 505

F3(I)=SKE3*SL+P3(])

E3(I)=SKE3*SL#*#SL/2,.0

GO TO 505

IF(SL-SL3PRE(I))470+483+483

F3(I11=P3(1)

E3(I)=0.0

GO TO 505

IF(SL-SL3M(1))1490+500+500

IF(SL=-SL3PRE(I))496+,4934493
F3(I)=SK3%(SL-SL3M(I)V+F33(1)/SK3)4P3(1])

E3(I1)=5K3/2.0 ¥(SL=-SL3M(I)+F33(1)/SK3)%(SL-SL3M(T)+F33(1)/5K3)
GO TO 505

F3(I1)=SK3%(SL~-SL3M(I)+F33(1)/5K3)~P3(1])

E3(1)=5K3/2.0 *(SL=SL3M(I)+F33(1)/SK3)#(SL-SL3M(I)+F33(1)/SK3)
GO T0O 505

F3(1)=F33(1)+P3(1)

E3(1)=SK3/2.0 *(SL=SL3M(I)+F33(1)/SK3)#(SL-SL3M(T1)+F33(1)/5K3)
IF(SL=-SL3M(1))510+510+507

SL3M(1)y=SL

SL3PRE(I)=SL

CALCULATE COMPONENTS OF STRUT FORCE

SING(II=SIN (C1(I})

SINL(I)=SIN (C2(I)}

SINI(I)=SIN (C3(I})

FACI)=F1(I)*COS (C1(I))+F2(I1)*COS (C2(1)1+F3(I)*COS (C3(1))
FBUI)=F1(I)*SING(I)*COSD(I)+F2{1)%*SINL(])I*COS (B2(I)})+F3([)*
ISINI(I)*®COS (B3(1))
FCII)=F1(I)*SING(I)*SIND(I)+F2(1)*SINL(I)*SIN (B2(1))+F3(1)»
ISINI(II*SIN (B3(1))
FBG(IN==XL({1s1)*FB(I)+XL(192)%FC({I1)-XL(1s3)%FA(])

FCGUIN==XL (291 )*¥FB(I)+XL{2s2)%FC(I)=XL(2+3)%FA(1}

FAGUIN= XL(391)*FB(I)-XL(3s2)%FC{I)+XL{393)%#FA(])

DETERMINE FORCES ACTING ON FOOTPAD AND FOOTPAD MOTIONS

KCON=0

KCON=KCON+1

SLVEL=SQRT ((YPVEL(I))}*(YPVEL(I))+(ZPVEL(I))*(ZPVEL(]})))
IF{SLVEL-EPS2)5304535+535

SLVEL=EPS2

FXP=SKS(I)*(DELTAP=XP(I))

IF(FXP)540+540+545

Figure 7-7. Main Program (Continued)
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540 FX(I1)=0e0

GO TO 550

545 FX(I)=FXP
550 TEMP2=GRDMU(I)*FX(I)/(PMASS*SLVEL)

FYPLG3(I)=(FCG(I)/PMASS+GRAV*SIN (ZETA))*PMASS
YP(I)=YP(I)+YPVEL(I)*DELTTT+(190%FYPLG3(1)-10s0%FYPLG2(1)+3.0%
LFYPLGL(I ) ) *DELTTT*DELTTT/(24«0%PMASS)~TEMP2#YPVEL(T)*DELTTT#*
2DELTTT/2.0
YPVEL(I)=YPVEL(I)+(23.0%FYPLG3(I)-16e0%FYPLG2(I1)+5,0%FYPLGL(]))*
1DELTTT/(12.0%PMASS) ~TEMP2*YPVEL (1) *DELTTT

FZPLG3(1)=FAG(1)
ZP(I)=ZP(I)+ZPVEL(I)*DELTTT+(190%FZPLG3(1)1~10+0%FZPLG2(I)+3.0%
1FZPLGYI(I) ) *DELTTTH*DELTTT/ (24« C*PMASS)~TEMP2*ZPVEL (1) *DELTTT*
2DELTTT/2.0
ZPVEL(I)=ZPVEL(1)4(23.0%FZPLG3(I)-16.0%FZPLG2(I)+5.0#FZPLG1(1))#*
1DELTTT/(12.0%PMASS) -TEMP2*ZPVEL(T)*DELTTT
FXPLG3(I1)=FBG(I)~-GRAV*COS (ZETA)*PMASS
XP(I)=XP(I)+XPVEL{I)*DELTAT+(19.0%FXPLG3(1)-10.0%FX PLG2(1)+3.0%
1FXPLGI(I ) ) *DELTTTH*DELTTT/ {24« 0*PMASS)+FX (1 ) *DELTTTHDELTTT/
2(240%PMASS)
XPVEL(I)=XPVEL(I)+(23.0%FXPLG3(I)-16+0%FXPLG2(1)+5,0%FXPLG1(1))*
IDELTTT/ (12, 0#PMASS)+FX( 1) *DELTTT/PMASS

XPV(I)=XL(1s1) ¥ (XP(I)=XI+XL (2,1 )%¥(YP(1)=Y)+XL(31)#(2P(1)~2Z)
YPVII)=XL{192) % (XP(I)~X)4+XL(2s2)%(YP{I)=Y)+XL(352)%#(2P(])=2)
ZPVIINI=XL{193 )% (XP(I)=X)+XL{2s3)*(YP(I)=Y)+XL(3s3)#(2ZP([)~2)
XPYVEL(I)=XL(191)#(XPVEL(TI)=XVEL)+XL(2,1)%(YPVEL(I)-YVEL)
1 +XL(3s1)*¥{ZPVEL(I)-ZVEL)

YPVVEL(I)=XL (1921 % (XPVEL(I)=XVEL)Y+XL{2+2)%(YPVEL(I)=-YVEL)
1 +XL(392)%(ZPVEL(I)~2VEL)

ZPVVEL(I)=XL (193)%(XPVEL(I)=XVEL)+XL(2+3 )% (YPVEL(I)=-YVEL)
1 +XL(3s3)*(ZPVEL(1)-2ZVEL)

IF (KCON-KCONMX) 51596005600

600 CONTINUE

aNaXal

DETERMINE FORCES ACTING ON THE VEHICLE

GRFX=-FBG(1)-FBG(2)=FBG(3)~FBG(4)-VMASS*GRAV*COS (ZETA)
GRFY=-FCG(1)~-FCG(2)-FCG(3)=FCG(4)+VMASS*GRAV*SIN (ZETA)
GRFZ= FAG{1)+FAG(2)+FAGI(3)+FAG(4)

VEMX=0e0

VEMY=0.0

VEMZ=0.0

DO 610 I=1sN

VEMX=VEMX-FA(I)*(SL1(I)*SIN (B1(I))+R1(1)*#COSC(I})+FC(1)*
1 (RICI)*SINC(I)+D1(1))

VEMY=VEMY-FA(I)*(SL1(I)*COS (B1(1))+D11(I1))1+FB(I)*

1 (RI(IY®SINC(I)+D1(1I))

610 VEMZ=VEMZ+FB(I)*(R1(I)*COSC(I)+SLI(I)I%#SIN (B1(1)))=-FC(I)*

aXaNa!

7-40

1 (SLYI(I)*COS (BI1(IN)+D11(I))
RMOMX=XMOMX + RMOMG X
RMOMY=XMOMY +RMOMGY
RMOMZ =XMOMZ +RMOMGZ
RMOMGX=040
RMOMGY=040
RMOMGZ=04.0

DETERMINE VEHICLE CeGe MOTIONS
PITCHV==PITCHV

YAWV==-YAWV
ROLLV=-ROLLV

Figure 7-7. Main Program (Continued)
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638

650

651
652

653
654
655
656
657
658

&6 72

[od e ling

665

668

674

CALL INTEQM(VEMXsVEMY»VEMZ s> YAWVSROLLVIPITCHVsDELTATsXsXVEL»GRFX»

1 YsYVELSGRFYsZsZVELGRFZ sXL s VMASS » RMOMX s RMOMY 9 RMOMZ)
PITCHV==PITCHYV

YAWV=-YAWV

ROLLV=-ROLLYV

INDEX PREVIOUS FORCES FOR THE NEXT INTEGRATION OF FOOTPAD
MOTION

DO 639 I=1sN
IF(NOGR(1)1639+639,638
FXPLGL(I)=FXPLG2(I)
FXPLG2(I)Y=FXPLG3(1])
FYPLG1(1)=FYPLG2(I)
FYPLG2(1)=FYPLG3(1I)
FZPLGL(I)=FZPLG2(1)
FZPLG2(1)=FZPLG3(1I)

 CONTINUE

INCREMENT TIME FOR NEXT CALCULATION

TIME=TIME+DELTAT
CONS=CONS+1.0

TEST NOZZLE = GROUND CLEARANCE AND STORE MINIMUM VALUE

XN=X=HN*XL{191)-RN#*#SQRT (1e0-XL(1s1)%XL(1s1))
IF (XN=XNMIN)650+651+651

XNMIN=XN

TMINXN=TIME-DELTAT
TF(TIME-2.0%#DELTAT)I6539653+651

TEET ST

BILITY ANGLE AND STORE MINIMUM VALUE

J>

IF(BETAF-BETMIN) 6524+653+653
BETMIN=BETAF
TIMBMI=TIME-DELTAT
IBEMIN=IFRONT

TEST IF VEHICLE 1S STOPPED

IF (ABS (XVEL)-EPS3) 65446544668
IF(ABS (YVEL)-EPS4) 6554655668
IF(ABS (ZVEL)-EPS4) 65696564668
IF(ABS (YAWV)-EPSS5) 657+657,668
IF (ABS (ROLLV)-EPS5) 658+658,668
IF(ABS (PITCHV)-EPS5) 663+663,668

ND &48 1=1 ’N

AR A S Sl §

IF(XP(1)-1401665+665+668
CONTINUE
GO 7O 810
COMPUTE STABILITY ANGLE

CONTINUE
CALL STABAN(XVELSYVELSZVELsXsYsZ s XPsYPsZP+sZETAsNIBETAF+IFRONT)

TEST IF VEHICLE IS UNSTABLE

IF(BETAF) 770+6T74+674
IF(TIME-FINT)675+800+800

Figure 7-7. Main Program (Continued)
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[aXaXA)

YN

aNa¥a)

C
c
C

SET LINE COUNT AND STORAGE FOR PLOT ROUTINE

675 KM=KM+1

I1F (CONS-KPRINT)710+680+680
680 CONS=0.0
687 IF (KM=MULT#KPRINT)700+688,688

STORE VARIABLES FOR THE PRINT TO BE MADE AT THE END OF THE RUN

688 M=M+1
TIM(M)=TIME
XP3(M)=XP(JJ)
YP3(M)=YP(JJ)
ZP3(M)=ZP(JJ)
XP1(M)y=xXP(I1])
YPL(M)=YP(II)
IP1(MY=ZP(IT])
FX1tMy=FX(I1)
FX3(M)y=FX{(JJ)
FXPL33(M)=FXPLG3({JJ)
FYPL33(M)=FYPLG3(JJ)
FZPL33(M)=FZPLG3(JJ)
FXPL31{M)=FXPLG3(II)
FYPL31 (M)=FYPLG3(II)
FZPL31(M)=FZPLG3(I1)
XP5(M)=XP(IIX)
YP5(MY=YP(I1IX)
ZP5(M)=ZP(11X)
XPT(MY=XP(JJIX)
YPT(M)=YP(JIX)
ZPT(M)=ZP(JUX)
FX5(M)=0.0
FX7(M)=0.,0
FXPL35(M)=FXPLG3(IIX)
FYPL35(M)=FYPLG3(IIX)
FZPL35(M)=FZPLG3(11IX)
FXPL37(M)=FXPLG3(JIX)
FYPL37T(M)=FYPLG3(JJX)
FZPL37({M)=FZPLG3(JJX)
KM=0

RECORD LINE COUNT FOR PRINT HEADINGS

700 LINE=LINE+1
IF(LINE=-49)705,705,707
705 PRINT 1097+ TIMEsXsYsZ s XVELSYVELsZVELSPITCHVIROLLVYAWVIBETAF
1 IFRONT
GO TO0 710
707 PRINT 1066
PRINT 1066
PRINT 1097 +sTIMEsXosYs2Z s XVELsYVELsZVELsPITCHVIROLLV,,YAWVBETAF,
1 IFRONT
LINE=0
710 DO 730 I=1sN
IF(NOGR(I11)730+730+715

IF FOOTPAD IS ON THE GROUNDs» DETERMINE STRUT GEOMETRY

715 SLU{I)I=SQRT ((YPV(II-RI(I)®COSC(I))##2+(XPV(I)+D11(1))*%2)
B1(I)=ATAN ((YPV(I)}=-R1(I)*#COSC(I))/(~D11(1)=XPV(I}))

Figure 7-7. Main Program (Continued)
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720

730

770

785
790

794
796

800

810

819

RESET PROGRAM CONSTANTS

COsSD(1)=COS (B1(I))
SIND(I)=SIN (B1l(I}))

CALCULATE NEW STRUT LENGTHS

D1(IY==ZPV(I)-R1(I)*SINCI(])

SLIT(I)=SQRT (SLI(I)#SL1(1)+D1(1)1%*D1(1))
HALF3=(SL1(I)*SIND(IV+R1(I)*COSC(I)-R2(I)*COSE(I))*(SL1(I)*
1SIND(I}+R1(I)*COSC(I)I~R2(1)*COSE(I})
HALF4=(SL1(I}*COSD(I)-D(1))*(SL1(I)#*#COSD(I)-D(I))
SL2(I)=SQRT(HALF3+HALF4)

SL2T(I)=SQRT (SL2(I)1%SL2{I)+(DI(I)+RI(II*SINC(I)I~R2(T)I*SINJ(I)) *(
1D1(I)+RI(II¥SINC(I)-R2(II*SINJ(I)))
HALF1=(SL1(I)*SIND(I)+R1(I)*#COSC(I)-R2(1)*#COSG(]))+*
1(SLI(II*SIND(I)+R1(I}*COSC(I)-R2(1)#COSG(I))
HALF2=(SLI(I}*COSD(T1)~D{I) ) *(SL1(I)*COSD(I)-DI(]1))
SL3(I)=SQRT(HALF1+HALF2) .

SL3T(IN=SQRT ((SL3(I)*SL3(IN)I+(DI(I)I-R2(II*SINK(T1)+R1(])*
ISINCUII ) *(DI(I)-R2(I)*SINK(I)+RI (T} *SINC(]I)))

CONTINUE

IFLAG=1

GO TO 140

VEHICLE IS UNSTABLE PRINT OUTPUT DATA

IFLAGX=-1

PRINT 1066

PRINT 1095 SERNCSRUNNO
PRINT 905, TIME

ASSIGN 785 TO MM

GO 7O 820

CHOOSE NEW VELOCITY CONDITIONS FROM INPUTED ARRAY FOR THE NEXT
RUN .

IF(NST) 79047905796
NUN=1

NQ=NQ-1
IF(NQ)T794,+794,40
NQ=NQ+1

NS=NS+1

IF(NS-NSMAX 12020840
IFLAGX=0

PRINT 1066

PRINT 1095»SERNOsRUNNO
PRINT 9065 TIME

GO TO 819

VEHICLE IS STABLE AND HAS STOPPED . PRINT OUTPUT DATA

IFLAGX=1

PRINT 1066

PRINT 1095sSERNOsRUNNO
PRINT 904 TIME

ASSIGN 824 TO MM

PRINT SUMMARY OUTPUT

Figure 7-7. Main Program (Continued)
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C
C
C

820 PRINT 907,(SLIM(I)sl=1sN)
PRINT 908y (SL2M(1)sI=1N)
PRINT 9095 (SL3M(I)sI=1sN)
PRINT 910sXNMINsTMINXN
PRINT 936, IBEMINsBETMIN» TIMBMI
EGBAL1=VMASS/2¢ 0% (XVELOO®%2—XVEL®%2+YVELOO#%2-YVEL¥¥2+ZVELOO%%*2
1 =ZVEL**2)+XMOMX /24, 0% (YAWVOR¥2—YAWY *¥%2 ) +XMOMY /24 0% (ROLLVO**2
2 —ROLLV*%2)+XMOMZ /24 0% (PTCHVO*¥2-PITCHY#%2)
3 +((XO-X)*COS (ZETAY+Y*SIN (ZETA))*¥VMASS*GRAV
EGBAL2=0,0
EGBAL3=0.0
DO 821 I=14N
821 ENGY(1)=0.0C
DO 822 1=1yN
ENGY(I)= ((F1I(I)+PIAI) I *(SLIMITI)=F11(I)/SK1)+(F22(1)+P2( 1} )#*{
1SL2MITI)-F22(1)/SK2)+(F33(I)+P3(1))*(SL3M(I)=F33(1)/SK3})
EGBAL2=EGBAL2+ENGY (1)

822 EGBAL3=EGRAL3+ ((F11(I)+P]
1F22(1)14+P2(I)Y )% (SL2M(I)=F22(1)/
2F33(1)/7(2.0%5K3)))

DO 2822 I=1sN
2822 ENPRO(I)=(ENGY(1)/EGBAL2)*100.0
PRINT 917+.EGBALL
PRINT 918,EGBALZ2
PRINT 934,EGBAL3
PRINT 938+1FRONTBETAF
PRINT 939, (ENPRO(I)sI=1sN)
IP=1
1Q=50
IR=-1
1822 IF(M-1Q)1823,18244,1824
1823 1Q=M
IR=1

(1)) *(SLIMIT)I=F11(1)/(2.0%SK1) 1+
(2.

I
2¢0%SK2))+(F33(1)+P3(1) ) *(SL3M(])~

PRINT STORED OUTPUT INFORMATION

1824 PRINT 1066
PRINT 9301111 sIlsdJsddsddsllul
PRINT 931, (TIM(I)sXP1(I)sYPL(I)»ZP1(I)sXP3(I1)sYP3(1)sZP3{1),
1FXI(I)sFX3(I1s1=IP,IQ)
IF(IR)1825+182541826
1825 IP=IP+50
1Q=1Q+50
GO TO 1822
1826 IP=1
1Q=50
IR=-1
1827 IF(M-1Q)1828+1829,1829
1828 1Q=M
IR=1
1829 PRINT 1066
PRINT 932511 s11s1le0UsddsJJ
PRINT 933, (TIM(I)oFXPLIY(I)sFYPL31(1)sFZPL3LI(I)sFXPL33(I)
1FYPL33(I)sFZPL33(1)sI=IP,IQ)
IF(IR)1830+1830,1831
1830 IP=IP+50

19=1Q+50
GO TO 1827
C
C PLOTS MAY BE INSERTED HERE
Figure 7-7. Main Program (Continued)
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NOONNONONN

1831
1905

1910

1935

824
825

830

833
836

840

845

S04
905
906
907
908
909
910

IF(IFLAGE) 190551935,1935
IFLAGE=1

IT=11IX

JI=J4IX

DO 1910 I=1sM
XP1(I)=XP5(1)
YP1(I)=YP5(])
ZP1(1)=ZP5(1)
XP3(1)y=XP7(1)
YP3(1)=YPT(I)
ZP3(1)=ZP7(1)
FX1(I)=FX5(1)
FX3(I)=FX7(1)
FXPL31(I)=FXPL35(1])
FYPL31(1)=FYPL35(I)
FZPL31(I1)=F7PL35(1)
FXPL33(I1)=FXPL37(1)
FYPL33(I)=FYPL37(1)
FZPL33(1)=FZPL37(1)
IF(IFLAGX) 77C»800,810
GO TO MM

CHOOSE NEW VELOCITY CONDITIONS FROM INPUTED ARRAY FOR THE NEXT
RUN .

IF(NUN) 825,825,796

NST=1

NQ=NQ+1

IF (NQ-NQMAX 1409409830
NQ=NQ-1

NS=NS+1

IF (NS-NSMAX)833,+833,840
IF (NQ-NQMAX 1204209836
NQ=NQ-1

GO TO 833

PRINT 1066

GO 10 1

REMEMBER INITIAL STARTING VELOCITIES TO PREVENT DUPLICATE
RUNS BECAUSE OF INPUT ERRORS

PRINT 1066

PRINT 935
STOP

FORMAT STATEMENTS FOR OUTPUT INFORMATION

FORMAT(11H STABLEsF7e395HSECSe/7/)

FORMAT(13H UNSTABLEsFT7e3s5HSECSW///)

FORMAT (9H TIMEsFTe395HSECSe//7)

FORMAT (32H MAXIMUM STROKE NOe 1 STRUT5F1243//)
FORMAT (32H NOe 2 STRUT»5F1243//)
FORMAT (32H NOe 3 STRUTs5F12437//)

FORMAT(///32H MINIMUM CLEARANCE OF NOZZLE=4F743,55H

1TIME WHEN THE MINIMUM CLEARANCE OCCURS 23F7e3/777)

911 FORMAT(54H

Figure 7-7. Main Program (Continued)
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912 FORMAT(32H +5F12e3/777)

914 FORMAT(32H MAXIMUM STROKE NCe 1 STRUT#4F1243/7/)

915 FORMAT (32H NOe 2 STRUT»4F1243/7/)

916 FORMAT(32H NOe 3 STRUT»4F1243/7/)

917 FORMAT (66H ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND
1CeGe DROP=3F11e3///)

918 FORMAT (48H ENERGY DISSIPATED BASED ON PLASTIC STROKE =+sF11e3//
1/7)

930 FORMAT(21H TIME XP(s11y11H) YP({sI1s11H) ZP
1(9s11912H) XP(911911H) YP(sI1ls11H) ZP{s11s13H)
1 FX(sI1s14H) FX(sI1s1H)/)

931 FORMAT(7F12e392F1441)

932 FORMAT (24H TIME FXPLG3(»11s13H) FYPLG3(sI1s13H)
1 FZPLG3(s11913H) FXPLG3(s11»13H) FYPLG3(sI1913H) FZPLG

13(s1191H) /)

933 FORMAT(F124296F1401)

934 FORMAT(65H ENERGY DISSIPATED BASED ON PLASTIC AND FULL ELASTIC
1 STROKE =+F11e3///)

935 FORMAT(98H X AND Y VELOCITIES ARE IDENTICAL TO THOSE OF THE PREVI
10US RUN. CHECK THE INPUT DATA FOR ERRORS )

936 FORMAT(29H MINIMUM STABILITY ANGLE BsIlslH=sFT743+55H
1 TIME WHEN THIS STABILITY ANGLE OCCURS =9FTe3/77)

938 FORMAT(27TH FINAL STABILITY ANGLE BsIlslH=sF7e37//)

939 FORMAT (48H ENERGY DISTRIBUTION BETWEEN LEGS - PERCENT =s5F843//
1/}

940 FORMAT(//26H1 CALCULATED INPUT VALUES//)

1000 FORMAT(10Xs5F1245)

1005 FORMAT(10X+3F1245)

1010 FORMAT(10X»6110)

1015 FORMAT(10X»6F10e3)

1020 FORMAT(63H0 INITe DIRECTION COSINE MATRIX GROUND AXES TO VEHIC

1LE AXES/)

1021 FORMAT(3F20.8)

1025 FORMAT(10Xs 10HALPHA =95F15.5)
1026 FORMAT(10Xs10HD =95F1545)
1027 FORMAT(10Xs10HD11 =95F15.5)
1028 FORMAT(10Xs10HF11 =95F1545)
1029 FORMAT(10X»10HF22 295F1545)
1030 FORMAT(10X»10HF33 =35F1545)
1031 FORMAT(10Xs10HGRDMU =95F15.5)
1032 FORMAT(10X»10HP1 =95F15.5)

1033 FORMAT(10Xs10HP2 =95F1545)

1034 FORMAT(10Xs10HP3 =95F15.5)

1035 FORMAT(10Xs10HR1 =95F1545)

1036 FORMAT(10Xs10HR2 295F15.5)

1037 FORMAT(10Xs10HRP z295F15,5)

1038 FORMAT(10Xs10HTHETA =95F154.5)

1039 FORMAT(10Xs10HSKS =95F1545)

1045 FORMAT(10Xs10HDELTAP =9F155510H DELTAT =9sF1545510H EPS2 =,F
11545

1046 FORMAT(10Xs10HEPS3 =3F15459104H EPS4 =9F155410H EPSS =yF
115.5) ‘

1047 FORMAT(10Xs10OHFINT =9F1545910H GRAV =9F15e5910H HN =yF
115.5)

1048 FORMAT(10Xs10HPMASS =9F15.5910H RUNNOO =3F15¢5910H RN =yF
11545)

1049 FORMAT(10Xs10HSK1 =9F1%.5910H SK2 =9F1545+10H SK3 =y F
115.5)

1050 FORMAT(10Xs10HSKE] =9F1565910H SKE2 =9F1545510H SKE3 =4F
11545)

1051 FORMAT(10X»10HSERNO z9F1545910H VMASS =3F15¢5410H ZETA =sF

Figure 7-7. Main Program (Continued)
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11545)

1052 FORMAT(10Xs1O0HPITCHO  =3sF1545,10H YAWO  =3F15.5,10H ROLLO =F
11545)

1053 FORMAT(10Xs10HPTCHVO  =3F1545510H YAWVO =9F15¢5,10H ROLLVO =,F
11545)

1054 FORMAT (10X s 10HXMOMX =3F1545510H XMOMY =,F15.5,10H XMOMZ =,F
11545)

1055 FORMAT (10X s10HH =3F1545)

1056 FORMAT(1HO)

1060 FORMAT(10X»10H 1T =+15510H JJ =+15510H IIX =515510H
1 JIX =515510H KPRINT =,15,10H N =215)

1061 FORMAT(10X»10H NSO =s15510H NQO =315510H NSMAX =»15510H
1 NQMAX =3I5510H KCONMX =,15)

1065 FORMAT (15H0 XVELO s 15H YVELO,15H ZVELO,15
1H XVELO»15H YVELOs15H ZVELO/(F17¢435F15
2e41)

1066 FORMAT (1H1)

1070 FORMAT(10X»10H XP  =+5F15,8)

1071 FORMAT(10X»10H YP =35F15,8)

1072 FORMAT(10X»10H ZP  =45F15,8)

1073 FORMAT (10X »10H XPV  =35F15,8)

1074 FORMAT (10X s10H YPV =35F15,8)

1075 FORMAT(10Xs10H ZPV  =45F15,8)

1076 FORMAT(10Xs10H  XPVEL =»5F154.8)

1077 FORMAT(10Xs10H  YPVEL =+5F15.8)

1078 FORMAT(10Xs10H  ZPVEL =»5F15,8)

1079 FORMAT(10Xs10H XPVVEL =»5F15,8)

1080 FORMAT(10Xs10H YPVVEL =»5F15.8)

1081 FORMAT(10Xs10H ZPVVEL =,5F15,8)

1084 FORMAT(10Xs10H B10 =35F15,8)

1085 FORMAT (10X »10H B20 =s5F15,8)

1086 FORMAT (10X s10H B30 =+5F15,8)

1087 FORMAT (10X »10H C10 =+5F15,8)

1088 FORMAT (10X s 10H C20 =+5F15,8)

1089 FORMAT (10X »10H C30 =15F15,8)

1090 FORMAT (10X »10H SL10 =35F15.8)

1091 FORMAT (10X 10H D10 =+5F15,8)

1095 FORMAT(13H  SERIES NOwsF742510H RUN NOesFT7e2///)

1096 FORMAT(114H TIME X Y z XVEL YVEL
1 ZVEL PITCHV ROLLYV YAWV BETAF LEG NOe/)

1097 FORMAT(F64393F94357F10e3518)

END

Figure 7-7. Main Program (Concluded)
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C

C TITLE INCON SUBROUTINE INCON

C

C AUTHOR Je GIBSON BENDIX PRODUCTS AEROSPACE DIVISION

C

C DATE NOV. 1964

C

C PURPOSE THIS SUBROUTINE CONVERTS THE INPUT DATA TO THE PROPER
C FORM FOR USE IN THE MAIN PROGRAM

C

C CALL CALL INCON

C

C NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN 1V

C

C NOTE THIS PROGRAM WAS COMPILED ON THE UNIVAC 1107 DIGITAL

C COMPUTER

c

C INPUT BY EQUIVALENCE TO COMMON

C

C SYMBOL DEFINITION

C

C ALPHA ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)
c SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE CeGe

C D VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS

C DELTAP DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE
C LEG STRUTS

C D11l VERTICAL DISTANCE FROM VEHICLE CeGe TO UPPER HARDPOINT
C H DISTANCE FROM THE BOTTOM OF THE FOOTPAD TO THE VEHICLE
c CENTER OF GRAVITY

C RP(I) RADIUS OF FOOTPAD (1)

C R1 RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

C R2 RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

C THETA ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN
C DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE
C CENTERLINE AND UPPER HARDPOINT

c

C OuTPUT THROUGH LABELED COMMON

c

C SYMBOL DEFINITION

C

C 810 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NO. 1 AND VEHICLE CENTERLINE

C B20 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NO. 2 AND VEHICLE CENTERLINE

C B30 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
C BETWEEN STRUT NOe 3 AND VEHICLE CENTERLINE

C C10+C209C30 ANGLE » IN PLANE FORMED BY STRUT AND A NORMAL TO
C THE DIRECTION OF MOTION, BETWEEN STRUT AND A PLANE NORMAL
C TO THE VEHICLE CENTERLINE -~ FOR STRUTS 19293 RESPECTIVELY
C Dio INITIAL LENGTH (PROJECTED IN PLANE NORMAL TO DIRECTION
C OF VEHICLE MOTION) OF THE COMPONENT (IN PLANE PERPENDICULAR
C TO THE VEHICLE CENTERLINE) OF STRUT NO 1 LENGTH

C sL10 INITIAL VALUE OF sL1

C

C

SUBROUTINE INCON(R1sR2sRPsyHsD11sDsDELTAPSTHETASALPHASSL109D10
1810982098309 C109C209C309NsK)
DIMENSION R1(5)9R2(5)sRP(5)s THETA(5) sALPHA(5)9SL10(5)sD10(5)+B10(5

1)+B20(5)9B30(5)9C10(515C20(5)9C30(5)sD11(5)sD(5)1+sC1ANG(5)>
1C2ANG(5)sC3ANG(5)

Figure 7-8. Subroutine INCON




1

10
11

64
68

70
72
76
80
82
84
88
92
94

96
100

“ ﬁ@%}f’

DO 100 I=1sN»sK
SL10(I)=SQRT((H-DELTAP=D11(1))*(H-DELTAP-D11(I))+((RP(I)=R1(1))*
1COSITHETA(I) ) )I*((RP(I)=R1(1))*COS{THETA(I))))
D10O(IN=(RP(I)-R1I(I))I%*SIN(THETA(I})
B1O(I)=ATAN((RP(I)=R1(I))*COS(THETA(1))/(H-DELTAP=-D11(1)))
B20(I)=ATAN((RP(I)*COS(THETA(I))=R2(I)*COS{THETA(I)-ALPHA(1)/240
1)) /(H=DELTAP-D11(I)=-D(I)))
B30(I)=ATANC(RP(I1)*COSITHETA(I))-R2(1)*COS(THETA(I)+ALPHA(1)/24.0
1)) /(H-DELTAP-D11(1)~-D(1}))

IF (D10(I)) 10s11410

CIANG(I)=ATAN(ABRS(SL10(1)/D10(1)))
S2X=RP(1)*COS(THETA(1))-R2(1)%#COSITHETA(I)-ALPHA(I)/240)
SL200=SQRT(SZX*52X+(H—DELTAP-011(I)—D(I))*(H-DELTAP-DII(I)-D(I)))
CZANG(I)=ATAN(ABS(SL200/(RP(I)*SIN(THETA(I))-RZ(I)*SIN(THETA(I)-
1ALPHA(I)/2.01))))
SBX*RP(I)*COS(THETA(I))'RZ(I)*COS(THETA(X)+ALPHA(I)/200)
SL300=SQRT(SBX*53X+(H-DELTAP‘D11(I)—D(I))*(H-DELTAP—DII(I)-D(I)))
C3ANG(I)=ATAN(ABS($L300/(RP(I)*SIN(THETA(I))-RZ(I)*SIN(THETA(I)+
1ALPHA(I)/240))))

IF (THETA(I)) 68+70,72

C10(1)=3414159265359-C1ANG (1)

GO TO 76

Cl0(11)=1.5707963

GO T0 76

Cl0(I)=C1ANGI(I)

IF (RPUI)®SIN(THETA(I))=R2(II*SIN(THETA(I)~ALPHA(I)/2.0}) 8098284
C20(1)=3414159265359-C2ANG (1)

GO TO 88

C20(1)=1.5707963

GO TO 88

C20(1)=C2ANG(1)}

IF (RP(I)*SIN(THETA(X))—RZ(I)*SIN(THETA(I)+ALPHA(I)/2.0)) 92494996
C30(1)=3414159265359-C3ANG (1)

GO TO 100
C30(I)=1,5707963
GO TO 100
C30(1)=C3ANGI(1)
CONTINUE

RETURN

END

Figure 7-8. Subroutine INCON (Concluded)
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TITLE STABAN SUBROUTINE STABILITY ANGLE
AUTHOR Je CADORET BENDIX PRODUCTS AEROSPACE DIVISION
DATE NOVe 1964

PURPOSE THIS SUBROUTINE COMPUTES THE VEHICLE STABILITY ANGLE

CALL CALL STABAN

NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN IV

NOTE THIS PROGRAM WAS COMPILED ON THE UNIVAC 1107 DIGITAL
COMPUTER

INPUT BY EQUIVALENCE TO COMMON

SYMBOL DEFINITION

N NUMBER OF LEGS ON THE VEHICLE

X INSTANTANEOUS X POSITION OF THE VEHICLE CeGe

XP(1) X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM
XVEL INSTANTANEOUS X VELOCITY OF THE VEHICLE CeGe

Y INSTANTANEOUS Y POSITION OF THE VEHICLE CeGe

YP(I) Y POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM
YVEL INSTANTANEQUS Y VELOCITY OF THE VEHICLE CeGo

ZETA GROUND SLOPE

Z INSTANTANEOUS Z POSITION OF THE VEHICLE CeGoe

ZP(I) Z POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM
ZVEL INSTANTANEOQUS Z VELOCITY OF THE VEHICLE CeGe

OUTPUT BY EQUIVALENCE TO COMMON
SYMBOL DEFINITION

BETAF STABILITY ANGLE FOR FRONT LEG IN THE DIRECTION OF MOTION
IFRONT INDEX OF FRONT LEG (THE FRONT LEG IN THE DIRECTION OF
MOTION IS THE CRITICAL LEG FOR STABILITY)

SUBROUTINE STABAN(XVEL sYVELSZVELsXsYsZsXPsYPsZPsZETAINsBETAF,
1 IFRONT)

DIMENSION XP(5)sYP(5)+sZP(5)sXPM(5) sYPM(5)
YVELGV=XVEL*SIN(ZETA)+YVEL*COS(ZETA)

ZVELGV=ZVEL

PHIPR=ATAN(ZVELGV/YVELGV)
YM=X%SIN(ZETA)*COS(PHIPR)+Y*COS(ZETA)*¥COS(PHIPR)+Z*SIN(PHIPR)
DO 10 IX=1sN

10 YPMUIX)I=XP(IX)*SIN(ZETA)*COS(PHIPR)+YP(IX)*COS(ZETA)*#COS(PHIPR)

[aXa XA

1 +ZPUIX)*SIN(PHIPR)
FIND LARGEST VALUE OF YPMI(I)

IFRONT=1
DO 20 IX=2sN
IF(YPM{IX)-YPM{IFRONT)) 20+20,18

18 IFRONT=IX
20 CONTINUE

7-50
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XM=X#COS(ZETA)-Y®SIN(ZETA)
XPM({IFRONT)=XP(IFRONT)*COS({ZETA)-YP(IFRONT)*#SIN(ZETA)
BETAF=ATAN{ (YPM(IFRONT)=YM)/ (XM=XPM(IFRONT)))

RETURN

END

Figure 7-9. Subroutine STABAN (Concluded)
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fen

TITLE INTEQM SUBROUTINE INTEQM

AUTHOR Re DIX BENDIX PRODUCTS AEROSPACE DIVISION
DATE NOVe. 1964

PURPOSE THIS SUBROUTINE INTEGRATES THE EQUATIONS OF MOTION

CALL CALL INTEQM

NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN 1V

NOTE THIS PROGRAM WAS COMPILED ON THE UNIVAC 1107 DIGITAL
COMPUTER

INPUT BY EQUIVALENCE YO COMMON

SYMBOL DEFINITION

G1 TORQUE ABOUT THE X AXIS OF THE VEHICLE

(GROUND COORDINATE SYSTEM )
G2 TORQUE ABOUT THE Y AXIS OF THE VEHICLE

(GROUND COORDINATE SYSTEM )
G3 TORQUE ABOUT THE Z AXIS OF THE VEHICLE

{GROUND COORDINATE SYSTEM )
Q1 TOTAL MOMENT OF INERTIA (VEHICLE AND FOOTPADS) ABOUT X AXIS
Q2 TOTAL MOMENT OF INERTIA (VEHICLE AND FOOTPADS) ABOUT Y AXIS
Q3 TOTAL MOMENT OF INERTIA (VEHICLE AND FOOTPADS) ABOUT Z AXIS
XMASS VEHICLE MASS

ouUTPUT BY EQUIVALENCE TO COMMON
SYMBOL DEFINITION

DT TIME INTERVAL BETWEEN PROGRAM CALCULATIONS

FORCEX FORCE ACTING IN THE X DIRECTION ON THE VEHICLE CeGe
(GROUND COORDINATE SYSTEM )

FORCEY FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE CeGe
(GROUND COORDINATE SYSTEM )

FORCEZ FORCE ACTING IN THE Z DIRECTION ON THE VEHICLE CeGoe
(GROUND COORDINATE SYSTEM )

W1E INSTANTANEOUS YAW VELOCITY OF THE VEHICLE
W2E INSTANTANEOUS ROLL VELOCITY OF THE VEHICLE
W3E INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE

XCOS(1sJ) SET OF DIRECTION COSINES RELATING VEHICLE COORDINATE
SYSTEM TO FIXED COORDINATE SYSTEM

XCG INSTANTANEOUS X POSITION OF THE VEHICLE CeGe
XDCG INSTANTANEOUS X VELOCITY OF THE VEHICLE CeGe
YCG INSTANTANEQUS Y POSITION OF THE VEHICLE CeGe
YDCG INSTANTANEOUS Y VELOCITY OF THE VEHICLE CeGe
2CG INSTANTANEOUS Z POSITION OF THE VEHICLE CeGe
ZDCG INSTANTANEOUS Z VELOCITY OF THE VEHICLE CeGe

e YaNaNaNataNalaYaRNetatataRaXaYaalaXalaiaXatataXaXaXaXanaXexaka¥eaXaXalaNaXaXakataEaXaRaRaNaNaNaNaRaNaNaaNa e

SUBROUTINE INTEQM(G19G29G3sW1EsW2EsW3EsDT»XCGsXDCGsFORCEX)

1 YCGsYDCG9sFORCEY92CG2»ZDCGIFORCEZ 4 XCOSsXMASS91Q1+Q2+Q3)
INTEGRATE EQUATIONS OF MOTION

DIMENSION BRKT(393)sVID(393)sVIO(333)4VIN(393)sXN(3+3)9sXCOS(3+3)
C INTEGRATE EQUATIONS

(a}

Figure 7-10, Subroutine INTEQM
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41

42

44
43

wD1=G1/Q1 :
WD2=(140/Q2)%(G2+(Q3-QL)*W1E*W3E)
WD3=(1.0/Q3)%(G3+(Q1-Q2)%*W2E*W1E)
W1=W1E+WD1%DT/240

W2=W2E+WD2#%#DT /240

W3=W3E+WD3%¥DT/2.0
XCG=XCG+XDCG*DT+FORCEX*DT#DT/ (24 0%*XMASS)
XDCG=XDCG+FORCEX*DT/XMASS
YCG=YCG+YDCG*DT+FORCEY*DT®DT/ (2. 0*XMASS)
YDCG=YDCG+FORCEY#DT/XMASS
ZCG=ZCG+ZDCG*DT+FORCEZ*DT®DT/ (24 0% XMASS)
ZDCG=2DCG+FORCEZ*#DT /XMASS

CALCULATE NEW V-~VECTOR (IsJsK AXES)
BRKT(191)==(W2%¥W2+W3#W3)
BRKT{1+2)=W1%*W2+WD3
BRKT(1+3)=W1%*W3-WD2
BRKT(2s1)=W2*#W1-WD3
BRKT(252)==(W]IX*W1+W3%*W3)
BRKT(293)=W2*W3+WD1
BRKT(3s1)=W3*W1+WD2
BRKT(3+92)=W3*W2-WD1
BRKT(393)=-(W2¥W2+W1%*Wl)

VID(1s1)=0.0

VID(1s2)=-W3E

VID(1s3)=wW2E

VID(2s1)=W3E

VID(2+2)=0.0

VID(2+3)=-W1E

VID(3s1)=-W2E

VID(3+2)=W1E

VID(3+3)=040

VIO(1s1)=1e0

VIO(192)=0.40

VIO(1s3)=0.0

VIO(2+1)=0.0

VIO(2+42)=140

VI0(2+3)=040

V10(351)=0.0

VIO(352)=0.0

VIO(3s3)=1.0

DO 41 I=1s3

DO 41 J=1+3
VIN(IsJ)=BRKT(1sJ)%DT*DT/204+VID(15J)%DT+VIO(IsJ})
DO 42 I=1,3

DO 42 J=1s3
XN(TsJ)=XCOS(Is1I*VIN(J»1)+XCOS(I92)1RVIN(J92)+XCOS{I93)RVIN(Js3)
DO 43 1I=1,3

DO 43 J=1,3

AVOID LCOS GREATER THAN UNITY

IF(ABS (XN(I9J))=1e0) 4394344
XN(I»JI=XN(I»J)/ABS (XN(I,J))
XCOS(1sJ)=XN(IsJ)

WI1E=W1E+WD1#DT

W2E=W2E+WD2%DT

W3E=W3E+WD3%DT

RETURN

END

Figure 7-10. Subroutine INTEQM (Concluded)
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