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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:

. Using the time history of the forces and torques acting on the vehicle center
of gravity at the start of an interval A T, 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.

. 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.

o 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 to t + A t can be expressed in
the form

F(t) =f+at+bt 2 (i)

let

f = general force at time t

f-1 = general force at time t - At

1-1



f-2 = general force at time t - 2at

then from (1)

F(o) = f

F(-At) =f_l = f +a(-at) + b(-at) 2

= f- aat+bat 2

=f+a(-2at) + b(-2at) 2F(-2at) = f-2

=f- 2aat + 4bat 2

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

f- 2f-1 +f-2
b=

2at 2

and solving (2) and (3) for a gives:

3f - 4f_ 1 + f-2

a-
2at

The general form for the equation of motion is:

M_ = F (t)

or by substitution of equation {1)

- M F (t) =-_ f + at + bt 2

Integrating to obtain velocity

--_{ aat2 + bat3 != fat+ 2 3 + _I0

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

Cl - At I 23f - 16f-l+ 5f-2 } +Cl°12M

Integrating equation (7) to obtain displacement

1 { fat 2 aat 3 bat4 1q - M 2 + 6 + 1-----2 + c]o At + qo

1-2

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

I
I

I
I
I
I

I

I
I
I

I
I

I
I

I
I
I

I
I



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

&t2 ll9f " 10f-1 + 3 f-2/ + _oat + qo (10)q - 24M

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

= qo + At f rectangular
M

and

= q° + 12Ma---_t123f - 16f 1 + 5 f-2I- parabolic

q = qo + qo at + At2 f rectangular
2M

q = q° + q°at + 24Mat2 I 19 f- 10f 1+3f-21- parabolic

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

. 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.

1-3
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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 forr_.q 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 a T.

Parabolic integration is used for vehicle motion.

1 Next, all parameters are set for the start of the next time interval and tests
are performed to determine if the vehicle is stopped. Here, all velocities
_, _ 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.

. 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 A T = 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
XVEL4_ and YVEL4_ 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 _b and NQ4_.
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,
if NS = 19
if NS = 2,
if NS = 2,
if NS = 3,
if NS = 3,
if NS = 4,

eta.

NQ = 7 is stable, program sets NQ = 8
NQ = 8 is unstable, program sets NS = 2
NQ -- 8 is stable, program sets NQ = 9
NQ = 9 is unstable, program sets NS = 3
NQ = 9 is unstable, program sets NQ = 8
NQ = 8 is stable, program sets NS = 4
NQ = 8 is stable, program sets NQ = 9

Figures 1-4 through 1-17 are flow diagrams for the Landing Dynamics Computer Program
and its subroutines.
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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 - Identification and summary of input conditions

2 - Conversion of X and Y velocities to vertical and horizontal velocities

3 - Problem running time

4 - 6 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.

7 - 9 Self explanatory

10 - 12 Energy balance. If 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).

13 - Angle between vehicle centerline and a normal to the ground surface

14 - Final stability angle and its rate of change

15 - 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.
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MAIN LUNAR LANDING DYNAMICS PROGRAM II-4-64

Page 1

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

?
CALL SUBROUTINE INPUTI

Read input data

,1
CALL SUBROUTINE INCON

Convert input data to
proper form

1-10

Figure 1-4.

CALL SUBROUTINE INITSE

Initializeprogram for
series of runs

NUN=0

140
I_ncr.runno.I

CALL SUBROUTINE INITRU

Initializeprogram for
each run

CALL SUBROUTINE PRINTI (I) I
Print initialdata J

Main Lunar Landing Dynamics Program
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Figure 1-4.

BENDIX

MAIN LUNAR LANDING DYNAMICS PROGRAM

CALL SUBROUTINE STRANG IDetermine strut angles
I

_<0 _ 250

CALL SUBROUTINE STOREP
Store information for

final print

CALL SUBROUTINE PRINT1 (2)

Print on line output

with headings

280

CALL SUBROUTINE FOTPAD |

Determine strut forces -

Footpad forces, motion

and position

CALL SUBROUTINE VEHFOR

Determine forces acting
on vehicle

I

I CALL SUBROUTINE VEHMOTDetermine vehicle motion

Main Lunar Landing Dynamics Program (Continued)

11-4-64
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MAIN LUNAR LANDING DYNAMICS PROGRAM

NO

Incr. Time

CONS = CONS +I

PRBE = BETA (II)

Test nozzle ground clearance
Store minimum value

I Test Stability angleStore minimum value

_s Tes_ _k

Has vehicle>

topped? /

> 0 _ 668

CALL SUBROUTINE STABAN

Compute stabilityangle

<0

_<0

Stable

Unstable

__0 @Time

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

II-4-o4

Page 3

i
I

!
I
I

I
I
i

I

I
I
I

I
I

I
I
I

I
I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

MAIN LUNAR LANDING DYNAMICS PROGRAM

[ KM= KM +1 i

<0

I CONS = 0Compute BETADT I

CALL SUBROUTINE STOREP I
Store information for Jfinal print

! zM=o I

700

CALL SUBROUTINE PRINT1(3) ]

Print on line output ]

_ 710

CALL SUBROUTINE STGEOM [

Determine strut geometry ]

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

ic°m_u_e_HII

CALL SUBROUTINE ENERGY

Compute vehicle energy
dissipated

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

CA LL S UBROUTINE PRINT 1 (7)

Print general summary
775

l
CALL SUBROUTINE PRINTI(8)
Print stored output

I 830

CALL SUBROUTINE PROFIL (IPRO)
Choose new velocities

from array for )rofile

[GO TO (1,20,40), IPRO j

Figure 1-4. Main Lunar Landing Dynamics Program (Continued)
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Page 5

I
I

I
I
I

I
I

I
I

I
I

I
I
I
I

I
I



I

I

I

I

I

I

I
I

I
I

I
I
I

I

I
I
I

I
I

MAIN LUNAR LANDING DYNAMICS PROGRAM

I Compute PHI

CALL SUBROUTINE ENERGY

Compute vehicle energy

dissipated

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

Print summary (Time)

CALL SUBROUTINE PRINT I(7)

Print general summary
805

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

BENDIX PRODUCTS AEROSPACE D_VIS!ON

ii-4-64

Page 6

1-15



1-16

MAIN LUNAR LANDING DYNAMICS PROGRAM

Ic°mputeP_I

CALL SUBROUTINE ENERGY

Compute vehicle energy
dissipated

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

CALL SUBROUTINE PRINTI(7)

Print general summary
815

4825

CALL SUBROUTINE PRINTI(8)

Print stored output

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

11-4-64
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I

I

I INPUT I-READ INITIAL DATA

!
This subroutine reads input data from cards.

!

!

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

I

I

I
I

11-4-64

Page 1

Figure I-5. 8ubroutine-INPUTl

1-17
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S iiii!!i I

!

INCON-CONVERT INPUT DATA 11 - 4- 64 !Page 2

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

I

I

i

I

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

i

|

i

Figure I-5A. Subroutine-INCON
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INITSE-INITIALIZE FORSERIESOF RUNS

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

DEL (I) : 0.0
Compute EPSEN(I)

I Determine printout frequency iof stored output

Set starting point in ]velocity array

Initialize program
variables

Figure 1-6. Subroutine-INITSE

11-4-64

Page 1
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INITRU-INITIALIZE FOR EACHRUN 11-4-64
Page 1

This subroutine initializes program for eachrun.

STOP
]YES

I - <
I

I
L

!

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

Determine initial touchdown
conditions

Is run being duplicated?

t No
Initialize program variables

Zero out forces for parabolic

integration of footpad motion

Determine initial strut angles
and trigonometric relationships

Determine footpad positions
and velocities

Figure 1-7. Subroutine-INITRU

>
I

1
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INITRU4NITIALIZE FOR EACHRUN Ii-4-54

Page 2

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)
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STRANG-DETERMINE STRUT ANGLES

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

NOA / DO 240 I = 1, N, K

_" _ Is this footpad on ground? /
I YES

l Determine new strut angles ]for leg

240 Continue

Figure 1-8. Subroutine-STRANG

1-22
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STGEOM-DETERMINE STRUT GEOMETRY 11-4-64

Page 1

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

DO 730 I= I,N, K \
Is this footpad on ground? /

I YES

Determine new strut geometry
for leg

NO

v

Figure 1-9. Subroutine-STGEOM
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FOTPAD-DETERMINEFOOTPAD POSITION AND MOTION

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

YES A <

NO _

Is footpad on the ground? )

NO

Compute footpad velocity
relative to C.G. and determine

relative energy of footpad

Is footpad moving with the )vehicle ?

I Set pad forces equal to zero I

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

1-24

Figure 1-10. Subroutine-FOTPAD

II-4-64

Page 1
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I

!

I

I

I

I

I

I

I

I

I

I

I

I

!

I

I

I

I

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 J

1
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 ii-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
inertiato account for

pads moving with vehicle

Determine forces acting
on vehicle

l

Figure 1-11. Subroutine-VEHFOR

1-26
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VEI-IMOT-DETERMINE VEHICLE C.G. MOTION 11-4-64

Page 1

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

I

I

I

1

I

l

l

i

Determine vehicle c.g. motion
and position

Reset program constants ]

Index previous forces for
next integration of vehicle
motion

Figure 1-12. Subroutine-VEHMOT

v
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STABAN-COMPUTE STABILITY ANGLE 11-4-64

Page 1

This subroutine computes the stability angle and orients itin proper quadrant.

I Compute stability angle i

Orient in proper quandrant

Figure 1-13. Subroutine-STABAN

1-28
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STOREP-STORE INFORMATION FOR FINAL PRINT II-4-64

Page 1

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

Increment index M used

for storing values

I Store variables for finalprint

Figure 1-14. Subroutine-STOREP
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PRINT I-PRINT ALL OUTPUT ii-4-64

Page 1

This subroutine prints alloutput. Point of entry depends on value of IPR in call state-

ment - CALL PRINT1 (IPR)

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

@ _ I Print inputdata I

_ [ Print on line data with I"-- headings

Figure 1-15. Subroutine-PRINT1

1-30

I
I

I
I
I
I

I
I

I
I

I
I

I
I
I
I

I
I

I



I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

v

v

v

v

PRINTI-PRINT ALL OUTPUT

I Print on line data I

Print Summary (Unstable)

Print Summary (Time exceeded) ]

Print Summary (Stable) ]

Figure 1-15. Subroutine-PRINTl (Continued)

11-4-64

Page 2
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1-32

;_ _" _ i i_l ¸

_n

PRINTI-PRINT ALL OUTPUT

w Print general summary I

v Print Stored Output I

Figure 1-15. Subroutine-PRINTl (Concluded)

11-4-64

Page 3

I

I
I
I

I
I
I

I
I

I
I

I
I

I
I
I
I

I
I



++°

ENERGY-COMPUTE VEHICLE ENERGY DISSIPATED II-4-64

Page 1

This subroutine computes energy dissipated based on vehicle velocities and c.g. drop,
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 dissipatedbased on plastic stroke

1
Compute energy dissipated
based on plastic and full
elastic stroke

!

Figure 1-16. Subroutine-ENERGY
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PROFIL-DETERMINEINDEX VALUES FORVELOCITIES 11-4-64
Page 1

This subroutine determinesnew index values to choosenew velocities from inputed array
for the next run.

I

I
I

Go to (785, 824), IPRO ]

I
I

I

1-34

>0

_<0 _ 790

!
I_:_ -_]

>0

[ NS = NS+I [ =

Figure 1-17.

I

_o_ I
_<0 V 825

! _s_:_! l
t

_-o |

I

, _o:;ol, I

d> ,
Subroutine- PROFIL



I

i PROFIL-DETERMINE INDEX VALUES FOR VELOCITIES

]

I

]

, @>
l

>0'

_<0 833

>0 836

NQ = NQ-1

Test

(NS-NSMAX)

I

I

I
I

I

Figure 1-17. Subroutine-PROFIL (Concluded)

II-4-64

Page 2
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MAIN PROGRAM LUNAR LANDING DYNAMICS COMPUTER PROGRAM

R.BLACK,J,CADORET,J.GIBSON THE BENDIX CORPORATION

I0-25-64

THIS PROGRAM COMPUTES THE DETAILED VEHICLE MOTIONS

FOR A PLANAR LANDING

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC I107 COMPUTER

THROUGH LABELED COMMON

THROUGH LABELED COMMON

AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE

AS BIO(1). THE INSTANTANEOUS VALUE OF THE PARAMETER

IS DEFINED WITHOUT THE O AS BI(I}.

C TITLE

C

C AUTHORS

C

C DATE

C

C PURPOSE

C

C
C NOTE

C

C NOTE

C

C I NPUT

C

C OUTPUT

C

C NOTE

C

C

C

C SYMBOL DEFINITION

C
C A

C

C

C

C ALPHA

C

C BEPR

C

C BETA

CC BETADT

C BETAPR

C

C BIIMIN

C BJJMIN

C BI0

C

C B20

C

C B2PREV
C B30

C
C B3PREV
C CONS

C COSA

C COSB

C COSC
C COSD
C COSE
C COSG

C ClOtC2O,C30

C

C

C CIPREV

C C2PREV

C C3PREV

C D

C DEL

SYMMETRY FACTOR -- IF TWO VEHICLE LEGS ARE SYMMETRIC,

SET A=2.0 FOR ONE OF THE SYMMETRIC PAIRS AND A=O.0 FOR

THE OTHER TO SAVE ON COMPUTER TIME IE FOR 22 LANDING

A=2,0,2,0 FOR A 121 LANDING A= 192,1,0

ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)

SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE C.G.

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

USED TO ASSIGN BETA TO THE PROPER QUADRANT

VEHICLE STABILITY ANGLE

RATE OF CHANGE OF BETA WITH TIME

SIMILAR TO BEPR. USED IN THE DETERMINATION OF VEHICLE

STABILITY

MINIMUM STABILITY ANGLE FOR LEG SET IT

MINIMUM STABILITY ANGLE FOR LEG SET JJ

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION}

BETWEEN STRUT NO. 1 AND VEHICLE CENTERLINE

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. 2 AND VEHICLE CENTERLINE

VALUE OF B2 AT THE END OF THE PREVIOUS TIME INCREMENT

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. 3 AND VEHICLE CENTERLINE

VALUE OF B3 AT THE END OF THE PREVIOUS TIME INCREMENT

COUNTER FOR DETERMINING ON LINE PRINT FREQUENCY

COS(PSI}

COS(BI-PSI)

COS(THETA)

COS(BI)

COSITHETA-ALPHA/2.0)

COS(THETA+ALPHA/2.0)

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 1,2,3 RESPECTIVELY

VALUE OF C1 AT THE END OF THE PREVIOUS TIME INCREMENT

VALUE OF C2 AT THE END OF THE PREVIOUS TIME INCREMENT

VALUE OF C3 AT THE END OF THE PREVIOUS TIME INCREMENT

VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS

PROGRAM CONSTANT EQUAL TO ZERO

Figure 1-18. Main Program
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I
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I

I
I

I
I

I
I

I
I

I
I

I

I
I

C
C
C
C

C
C
C
C
C

C
C
C
C
C

C
C

C
C
C
C
C

C
C
C
C
C
C

C
C
C
C
C

C

C
C
C

C
C
C
C
C
C
C
C

C
C
C
C
C

C
C
C
C
C
C
C
C
C

C
C
C

DELTAP

DELTAT
DELTTT

DIO

DZl
El(1)

E2(1)

E3(1)

EGBALI

EGBAL2
EGBAL3

ENPRO( I )

EPSEN

EPS2

EPS3

EPS_

EPS5

NOTE

FA(1)

FB(1)

FC(I}

FINT

FLL

FVV

FXP( ! )

FX

FXPLGI

FXPLG2

FX1

FX3

FXPL31

FXPL33

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 C,G, TO UPPER HARDPOINT

POTENTIAL ENERGY STORED IN STRUT NO,I 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

COMPRESSION OR EXTENSION OF THE LEG

ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND C°G.
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 I

PROGRAM CONSTANT EQUAL TO i0 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 C.G° IN X DIRECTION

LIMITING MINIMUM VELOCITY OF VEHICLE C°G, IN Y DIRECTION

LIMITING MINIMUM ANGULAR VELOCITY OF VEHICLE C. G,

IF XVEL,YVEL AND PSIVEL ARE SIMULTANEOUSLY LESS THAN

EPS3,EPS4 AND EPS5 RESPECTIVELY AND THE FOOTPADS ARE ALL

LESS THAN i FT. FROM THE GROUND, THE PROGRAM TERMINATES

FORCE IN THE Z DIRECTION ACTING ON THE VEHICLE C.G. 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 C,G, AS THE RESULTANT OF THE STRUT FORCES IN

THE THREE STRUTS OF THE I TH LEG SET

FORCE, NORMAL TO VEHICLE CENTERLINE IN THE X-Y PLANE

ACTING ON THE VEHICLE C,G° 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)

................... _ .... H_ _=_TIv,_ IN THE FIXED
COORDINATE SYSTEM

SAME AS FXP

AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO,I

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

FX VALUE FOR LEG II STORED FOR FINAL PRINT

FX VALUE FOR LEG JJ STORED FOR FINAL PRINT

FXPLG3 VALUE FOR LEG II 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)

FXX(2)

FXX(1)

FYPLG1

FYPLG2

FYPLG3

FYPL33
FYPL31

FYY(3)

FYY(2)

FYY(1)

FI(I)
F2(1)

F3(1)

Fll

F22

F33

FZPLG1

FZPLG2

FXPLG3

FZPLG3

FZPL31

FZPL33

GRAV

GRDMU

GISTR1

GlSTR2

GISTR3

G3STR1

G3STR2

G3STR3
GIFRC1
G1FRC2

G1FRC3
G3FRC1

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C,G,

DURING THE CURRENT TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C,G,

DURING THE N-I TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C,G,

DURING THE N-2 TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO I

DURING THE TIME INTERVAL DTo THIS FORCE IS DEFINED BY

THE PARABOLIC INTEGRATION PROCEDURE

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

AVERAGE FORCE IN THE Y DIRECTIO_ ACTING ON FOOTPAD NO.3

DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY

THE PARABOLIC INTEGRATION PROCEDURE

FYPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

FYPLG3 VALUE FOR LEG IT STORED FOR FINAL PRINT

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C,G,

DURING THE CURRENT TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C.G.

DURING THE N-1 TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C.G,

DURING THE N-2 TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

PLASTIC STROKE FORCE IN STRUT NO.1 OF LEG I

PLASTIC STROKE FORCE IN STRUT NO,2 OF LEG I

PLASTIC STROKE FORCE IN STRUT NO,3 OF LEG I

PLASTIC STROKE FORCE FOR UPPER STRUT (NO, I)

PLASTIC STROKE FORCE FOR LOWER STRUT NO, 2

PLASTIC STROKE FORCE FOR LOWER STRUT NO, 3

AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO.I

DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY

THE PARABOLIC INTEGRATION PROCEDURE

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

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

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

FZPLG3 VALUE FOR LEG IT STORED FOR FINAL PRINT

FZPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

LOCAL GRAVITY

COEFFICIENT OF FRICTION BETWEEN VEHICLE FOOTPADS AND GROUND
SLIT

SL2T

SL3T

SLIT

SL2T

SL3T

F1

F2

F3

F1

VALUE FOR LEG II

VALUE FOR LEG IT

VALUE FOR LEG IT

VALUE FOR LEG JJ

VALUE FOR LEG JJ
VALUE FOR LEG JJ
VALUE FOR LEG II

VALUE FOR LEG II
VALUE FOR LEG II
VALUE FOR LEG JJ

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

Figure 1-18. Main Program (Continued)
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C
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C
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C
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C
C

C
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C
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C
C

C
C
C
C
C

C
C
C
C
C

C
C
C
C
C
C
C
C
C

C
C
C
C
C
C
C
C
C

C
C
C

C
C
C
C
C
C

C
C

G3FRC2
G3FRC3

H

HN

HVELO

IFLAG

II

IP

IO

IR

J

JJ

K

KCONMX

KM

KPRINT

LAND
LINE

LOTPRT

M

MULT

N
NOGR(II

NQO

NOMAX

NSO

NSMAX

NOTE

NST

NUN

PHI

PMASS

r _B_

PRXVEL

PRYVEL

PSI

PSIO

PSIVEL

PSVELO

Pl

P2

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 BEIWEEN VEHICLE C.G. 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 II

FLAG FOR LANDING MODE IF 1-2-i LANDING , K=I IF

2-2 LANDING. 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 DESIRED. COMPLETE OUTPUT PRINTING IS NOT NORMALLY

USED THEREFORE SET LOTPRT=O • IF SET LOTPRT=I, 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 EXCEEDED,

NUMBER OF LEGS ON THE VEHICLE
INDICATES IF FOOTPAD (1) IS MOVING WITH THE VEHICLE. IF

NOGR(1)=-I, FOOTPAD IS MOVING WITH THE VEHICLE. IF

NOGR(I} =+l, 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 BEPR. USED iN THE DETERMINATION OF BETADT
IN MULTIPLE RUNS, THIS IS THE INITIAL X VELOCITY OF THE

PREVIOUS RUN. IT IS USED TO PREVENT DUPLICATE RUNS.

IN MULTIPLE RUNS, THIS IS THE INITIAL Y VELOCITY OF THE

PREVIOUS RUN. IT IS USED TO PREVENT DUPLICATE RUNS.

INSTANTANEOUS VALUE OF PSIO

INITIAL PITCH ANGLE
INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE C.G.

INITIAL VEHICLE PITCH RATE

FRICTION FORCE IN STRUT NO. 1

FRICTION FORCE IN STRUT NO. 2

Figure 1-18. Main Program (Continued)
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C
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P3

RMOMGR

RMOMI

RMOMIT

RMOO(3)

RMOO(2)

RMOO(1)

RN

RP(1)
RUNNOO

R1

R2

SERNO

SINA

SINB

SINC

SIND

SING

SINI

SINJ

SINK

SINL

SKE1

SKE2

SKEB

SKS

SK1

SK2

SK3

SL1

SLIM

SL10

SLIPRE

SLIT

SLITO

SL2

SL2M

SL2PRE

SL2T

SL2TO

SL3

SL3M

SL3PRE

FRICTION FORCE IN STRUT NO, 3
MOMENT OF INERTIA OF THE INDIVIDUAL VEHICLE FOOTPADS,

THIS TERM INCLUDES ONLY THOSE FOOTPADS WHICH ARE OFF THE

GROUND AT THE INSTANT UNDER INVESTIGATION

VEHICLE MOMENT OF INERTIA

TOTAL MOMENT OF INERTIA OF THE VEHICLE MASS AND THOSE

FOOTPADS WHICH ARE OFF THE GROUND
TORQUE ACTING ON THE VEHICLE C,G. IN THE X-Y PLANE

DURING THE CURRENT TIME INTERVAL, THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE C.G. 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 C.G. IN THE X-Y PLANE

DURING THE N-2 TIME INTERVAL. THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE
EXHAUST NOZZLE RADIUS

RADIUS OF FOOTPAD (I}

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(BI-PSI)

SIN{THETA)

SIN(B1)

SIN(C1)

SIN(C3)

SIN(THETA-ALPHA/2.0)

SIN(THETA+ALPHA/2.0)

SIN(C2)

TENSIL ELASTIC SPRINGRATE OF STRUT NO. 1 (UPPER)

TENSIL ELASTIC SPRINGRATE OF STRUT NO, 2 (LOWER)

TENSIL ELASTIC SPRINGRATE OF STRUT NO. 3 (LOWER)

SPRINGRATE UNDER VEHICLE FOOTPADS

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO, 1(UPPER)

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO. 2(LOWER)

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO.3 (LOWER}

PROJECTED LENGTH OF STRUT NO.I IN PLANE PARALLEL TO

DIRECTION OF MOTION
MINIMUM LENGTH TO WHICH STRUT NO.1 HAS BEEN COMPRESSED

DURING THIS RUN

INITIAL VALUE OF SLI

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

INCREMENT

TRUE INSTANTANEOUS LENGTH OF STRUT NO,1

TRUE INITIAL LENGTH OF STRUT NO, I

INSTANTANEOUS LENGTH OF STRUT NO,2 oPROJECTED 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 tPROJECTED 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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C
C
C
C
C
C
C
C

C
C

C
C
C

C
C
C
C
C
C

C
C
C
C
C
C
C
C
C
C

C
C
C
C
C
C
C
C
C

C
C
C

5L3T

SL3TO

THETA

TMINBI

TMINBJ

TMINXN

VMASS
VVELO

X

XPl

XN

XNMIN
XO

XP(I}

XP3

XPVEL(1)

XVEL

XVELO

XVELOO

Y

YO

YP(1)

YP1

YP3

YPVEL(1)

YVEL

YVELO

YVELOO

ZETA

ZP{I)

ZP1

ZP3

ZPVEL(1)

TRUE INSTANTANEOUS LENGTH OF STRUT NO.3
TRUE INITIAL LENGTH OF STRUT NO.3

ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN

DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE

CENTERLINE AND UPPER HARDPOINT

TIME WHEN MINIMUM STABILITY FOR LEG SET II OCCURS
TIME WHEN MINIMUM STABILITY FOR LEG SET JJ OCCURS

TIME WHEN MINIMUM NOZZLE CLEARANCE OCCURS

VEHICLE MASS

INITIAL VEHICLE VELOCITY PARALLEL TO THE GRAVITATIONAL

FIELD. POSITIVE DOWNWARD

INSTANTANEOUS X POSITION OF THE VEHICLE C.G.

XP VALUE FOR LEG II STORED FOR FINAL PRINT

INSTANTANEOUS NOZZLE CLEARANCE NORMAL TO THE SURFACE

MINIMUM VALUE OF NOZZLE CLEARANCE

INITIAL X POSITION OF VEHICLE CENTER OF GRAVITY

X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

XP VALUE FOR LEG JJ STORED FOR FINAL PRINT

VELOCITY OF THE I TH FOOTPAD IN THE X DIRECTION IN THE

FIXED COORDINATE SYSTEM

INSTANTANEOUS X VELOCITY OF THE VEHICLE C.G.

INITIAL VERTICAL VELOCITY OF VEHICLE C.G.

SAME AS XVELO

INSTANTANEOUS Y POSITION OF THE VEHICLE C.G.

INITIAL HORIZONTAL POSITION OF VEHICLE C.G.

Y POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

YP VALUE FOR LEG II STORED FOR FINAL PRINT

YP VALUE FOR LEG JJ STORED FOR FINAL PRINT

VELOCITY OF THE I TH FOOTPAD IN THE Y DIRECTION IN THE

FIXED COORDINATE SYSTEM

INSTANTANEOUS Y VELOCITY OF THE VEHICLE C.G.

INITIAL HORIZONTAL VELOCITY OF VEHICLE C.G.
SAME AS YVELO

GROUND SLOPE

Z POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

ZP VALUE FOR LEG II STORED FOR FINAL PRINT

ZP VALUE FOR LEG JJ STORED FOR FINAL PRINT

VELOCITY OF THE I TH FOOTPAD IN THE Z DIRECTION IN THE

FIXED COORDINATE SYSTEM

COMMON/ABLOCK/N,KtNOGR(5)
COMMON/BBLOCK/H,DELTAP,D11(5),Rl(5),R2(5),RP(SI,THETA(SI,ALPHA(5},

1 D(SI,SL10(5)_D10(5)gBIO(5),B20(5),B30(5),C10(5),C20(5),C30(5)

COMMON/CBLOCK/SIND(5),COSC(5}_COSE(5),COSD(5),SINC(5),SINJ(5},

1 COSG(5),SINK(5}_COSB(5I,SINB(5),SING(5),SINL(5},SINI(5),COSA,SINA

COMMONIDBLOCKIDI(5),BIIS),B2(5)_B3{5},CI{5},C2(5},C3(5)_SLI(5),

1 SL2(5)_SL3(5),SLIT(5),SL2T(5),SL3T(5)_SLITO(5),SL2TO(5),SL3TO(5),

1 SLIM(5)_SL2M(5}_SL3M(5),SLIPRE(5),SL2PRE(5),SL3PRE(5),B2PREV(5),

1 B3PREV(5},ClPREV(5)tC2PREv(S),C3PREV(5},EPS2_EPS3_EPS4_EPS5

COMMON/EBLOCK/XP(5),YP(5},ZP(5),XPVEL(5)tYPVEL(5)_ZPVEL(5)

COMMON/FBLOCK/FX(5),FXPLG3(5),FYPLG3(5),FZPLG3(S},FXPLG2(5),

1 FYPLG2(5),FZPLG2(5)gFXPLGI(5),FYPLGI(5),FZPLGI(5)_

i FlIS)_F2(5),F3(5),EltS),E2{5),E3(5)
COMMON/GBLOCK/FII(5)_F22(5),F_3(5),SKS(5),SKI_SK2tSK3_SKEI,SKE2t

I SKE_
COMMON/HBLOCK/VVELO(14,8),HVELO(14,B),XVELO(14,8)_YVELO(14,8),

1 XVELOO,YVELOO,PSI,PSIO,PSVELO,X,XO,Y,YO,XVEL,YVEL,PSIVEL,GRAV,

i ZETA_KCONMX,DELTTT,DELTAT,GRDMU(5),A(5|,FXX(3),FYY(3}_RMOO(3),

1 VMASS,PMASS,RMOMIT,RMOMGR,RMOMI,FA(5),FB(5),FC(5),IP_IQ,IR,

1 EGBAL1,EGBAL2,EGBAL3,PI(5)'P215),P3(5),DEL(5),EPSEN(5),PHI,

Figure 1-18. Main Program (Continued)
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C
1

C
C

C

C
20

40

C

C

C
140

C

C
250

C

C
C

280
C

C
C
C

640

650

C
C

C
651

1-42

I ENPRO(5)

COMMON/IBLOCK/BETA(5I,BEPR(5),BETAPR(5)tLAND

COMMON/JBLOCK/BETADT,FLL,FVVgLINE,FINT,RUNNO_RUNNOO,SERNOtXNt

1 XNMIN,TMINXN,BIIMIN,BJJMIN,TMINBI,TMINBJ,HN,RN,KPRINT,NSO,NOO,

1 NSgNQ,NSMAX,NQMAX,LOTPRT,NST,NUN,II,JJ,J,CONS,IFLAG,PRBE,KM,

I MULT,PRXVEL,PRYVEL

COMMON/KBLOCK/M,TIMEtTME(402),XPI(402),YPI(402),ZPI(402},XP3(402),

1 YP3(402},ZP3(402},FXI(402},FX3(402)_FXPL31(402}tFYPL31(_02}t

I FZPL31(402),FXPL33(402),FYPLS3(402),FZPL33(_02)_GISTRl(402)t

1GISTR2(_02)_GISTR3(402),G3STRI(402),G3STR2(402},G3STR3(402),

1GIFRCI(402),GIFRC2(402),GIFRC3(402)_G3FRCI(402I,G3FRC2(402)0

1G3FRC3(402}

CALL INPUTI

CONVERT INPUT DATA TO PROPER FORM TO BE USED BY THE PROGRAM

CALL INCON

CALL INITSE

NST=O

NUN=0

RUNNO=RUNNO+loO

CALL INITRU

CALL PRINT1(1}

CALL STRANG

IF(IFLAG)250,250t280

CALL STOREP

CALL PRINTI(2)

CALL FOTPAD

CALL VEHFOR

CALL VEHMOT

INCREMENT TIME FOR NEXT

TIME=TIME+DELTAT

CONS=CONS+l°0

PRBE=BETA(II)

TEST NOZZLE = GROUND

XN=X-HN*COSA-RN*ABS (SINA}

IF(XN-XNMIN)650,651,651
XNMIN=XN

TMINXN=TIME-DELTAT

CALCULATION

CLEARANCE AND STORE MINIMUM VALUE

IF(TIME-2.0WDELTAT)653,653,651

TEST STABILITY ANGLE AND STORE MINIMUM VALUE

IF(ABS (BETA(II)}-ABS {BIIMINI)652,1653_I653

Figure 1-18. Main Program (Continued)
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652

1653
1654

C
C
C

653
656

660

663

665

668

C
C
C

C
C

C
C

6732

6734
6736

67_

C
C
C

675

680

687

C
688

C

C

700

C

710

C

C
C
C

770
C

BIIMIN:BETA(II)

TMINBI=TIME-DELTAT

IF(ABS (BETA(JJ))-ABS

BJJMIN=BETA(JJ)

TMINBJ:TIME-DELTAT

(BJJMINII165(,P653,653

TEST IF VEHICLE IS STOPPED

IFiABS (XVEL)-EPS3}656,656,668

IF(ABS (YVEL)-EPS4)660,660,66B

IF(ASS (PSIVEL)-EPS5)663,663,668

DO 665 I=ItN,K
IF(XP(I}-l,O)6659665,668
CONTINUE

GO TO 810

CALL STABAN

TEST IF VEHICLE IS UNSTABLE

DO 674 I:I,N�K

PROD:BETA(1)*BETAPR(I)

BETAPR(1)=BETA(1)

IF(PROD)6732,674,674

TEST WHETHER LANDING IS I=2=1 OR 2=2 . IF IT
STABILITY ANGLE DEFINED FOR MIDDLE LEGS

IF(LAND-IO01770,770,6734

IF(I-I)770,770,6736

IF(I-3)674,770,674

CONTINUE

IF(TIME-FINTI675,BOO,BO0

SET LINE COUNT AND STORAGE FOR PLOT ROUTINE

KM:KM+I

IF(CONS-KPRINT)71O,6BO,680

CONS:O.O

BETADT=(BETA(II)-PRBE)/DELTAT

IFIKM-MULT*KPRINT}700,6BB,688

CALL STOREP

KM=O

CALL PRINTI(3)

CALL STGEOM

IFLAG=I

GO TO !_0

VEHICLE IS UNSTABLE PRINT OUTPUT DATA

PHI:ZETA+PSI

CALL ENERGY

DO 775 I:I,2

CALL PRINTI(4)

Figure 1-18. Main Program (Continued)
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C
775 CALL PRINTI(7)

C
CALL PRINTI(8)

C
IPRO--I
GO TO 830

800 PHI=ZETA+PSI

C
CALL ENERGY

C
DO 805 I--I,2

C
CALL PRINT1(5}

C
805 CALL PRINT1(7)

C
GO TO 825

810 PHI--ZETA+PSI

C
CALL ENERGY

C
DO 815 I=I,2

C
CALL PRINTI(&)

C
815 CALL PRINTI(7)

C
825 CALL PRINTI(8)

C
IPRO--2

C
830 CALL PROFIL(IPRO)

C
GO TO (i,20,40),

END

IPRO

1-44
Figure 1-18. Main Program (Concluded)
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!
!

I

i!J

!

!
!

II

C TITLE

C
C AUTHORS
C
C DATE
C

C PURPOSE
C

C CALL
C

C
C NOTE

C
C NOTE
C
C INPUT
C

C NOTE
C

C
C

C SYMBOL
C

C A
C
C

C
C ALPHA
C
C D

C DELTAP
C

C DELTAT
C Dll

C EPS2
C EPS3
C EPS4

C EPS5
C

C NOTE
C
C
C

C FINT

C FI1
C F22
C F33

C GRAY
C GRDMU
C H

C
C HN
C

C HVELO
C
C IT

C
C J
C

C JJ

INPUT1

R.BLACK,J. CADORET,J.GI BSON

10-25-6/+

READ INITIAL DATA

INPUTI

THE BENDIX CORPORATION

THIS PROGRAM EXECUTES ON THE UNIVAC II07 COMPUTER

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

CARD (FORMAT)

AN INPUT PARAMETER FOLLOWED BY A 0 IMPLIES THE INITIAL VALUE

AS BIO(I}, THE INSTANTANEOUS VALUE OF THE PARAMETER
IS DEFINED WITHOUT THE 0 AS BI(1).

DEFINITION

SYMMETRY FACTOR -- IF TWO VEHICLE LEGS ARE SYMMETRIC,
SET A=2.0 FOR ONE OF THE SYMMETRIC PAIRS AND A=O.0 FOR
THE OTHER TO SAVE ON COMPUTER TIME IE FOR 22 LANDING

A=2,O,2JO FOR A 121 LANDING A= 1,2,1,0
ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)
SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE C.G.

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 C.G. TO UPPER HARDPOINT

MINIMUM ALLOWABLE FOOTPAD SLIDING VELOCITY
LIMITING MINIMUM VELOCITY OF VEHICLE C.G. IN X DIRECTION
LIMITING MINIMUM VELOCITY OF VEHICLE C.G. IN Y DIRECTION

LIMITING MINIMUM ANGULAR VELOCITY OF VEHICLE C. G.

IF XVEL_YVEL AND PSIVEL ARE SIMULTANEOUSLY LESS THAN
EPS3,EPS4 AND EPS5 RESPECTIVELY AND THE FOOTPADS ARE ALL
LESS THAN i FT. FROM THE GROUND, THE PROGRAM TERMINATES

MAXIMUM ALLOWABLE TIME FOR COMPUTER RUN

PLASTIC STROKE FORCE FOR UPPER STRUT (NO. I)
PLASTIC STROKE FORCE FOR LOWER STRUT NO. 2
PLASTIC STROKE FORCE FOR LOWER STRUT NO. 3
LOCAL GRAVITY

COEFFICIENT OF FRICTION BETWEEN VEHICLE FOOTPADS AND GROUND
DISTANCE FROM THE BOTTOM OF THE FOOTPAD TO THE VEHICLE
CENTER OF GRAVITY

VERTICAL DISTANCE BETWEEN VEHICLE C.G, 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

INDEX ASSOCIATED WITH FIRST LEG TO STRIKE GROUND DURING
INITIAL IMPACT

SIMILAR TO IT

Figure 1-19. Subroutine INPUT1
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C K

C

CC KCONMX

C

C KPRINT

C LAND

C LOTPRT

C

C

C

C

C N

C NOD

C NQMAX

C NOTE

C NSO
C NSMAX

C PMASS
C PSIO

C PSVELO

C Pl
C P2

C P3
C RMOMI

C RN

C RP(1)

C RUNNOO

C RI

C R2

C SERNO

C SKEI

C SKE2

C SKE3
C SKS

C SK1

C SK2

C SK3

C THETA
C
C
C VMASS
C VVELO

C
C YO

C ZETA
C
C OUTPUT

C
C

1-46

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

2-2 LANDING, K=2
NUMBER OF ITERATIONS OF FOOTPAD CALCULATIONS PER (DELTAT)

TIME INTERVAL

COMPUTATION INCREMENTS BETWEEN PRINTOUT INTERVALS

SIGNIFIES LANDING MODE - SET FOR 22 OR 121 LANDING

FLAG TO DETERMINE IF COMPLETE SUMMARY PRINTING IS TO

BE DESIRED. COMPLETE OUTPUT PRINTING IS NOT NORMALLY

USED THEREFORE SET LOTPRT=O . IF SET LOTPRT=I, THE
COMPLETE HISTORY OF STRUT STROKES, AND STRUT FORCES WILL

BE PRINTED.

NUMBER OF LEGS ON THE VEHICLE

STARTING COLUMN IN VELOCITY INPUT ARRAY

ENDING COLUMN IN VELOCITY ARRAY

SEE WRITEUP FOR DISCUSSION OF VELOCITY ARRAY

STARTING ROW IN VELOCITY INPUT ARRAY

ENDING ROW IN VELOCITY ARRAY

MASS OF EACH FOOTPAD

INITIAL PITCH ANGLE

INITIAL VEHICLE PITCH RATE

FRICTION FORCE IN STRUT NO. 1

FRICTION FORCE IN STRUT NO. 2

FRICTION FORCE IN STRUT NO. 3

VEHICLE MOMENT OF INERTIA

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)

TENSIL ELASTIC SPRINGRATE OF STRUT NO. 1 (UPPER)

TENSIL ELASTIC SPRINGRATE OF STRUT NO. 2 (LOWER)

TENSIL ELASTIC SPRINGRATE OF STRUT NO. 3 (LOWER)

SPRINGRATE UNDER VEHICLE FOOTPADS

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO. 1(UPPER}

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO. 2(LOWER)

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO.3 (LOWER)

ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN

DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE

CENTERLINE AND UPPER HARDPOINT

VEHICLE MASS

INITIAL VEHICLE VELOCITY PARALLEL TO THE GRAVITATIONAL

FIELD. POSITIVE DOWNWARD

INITIAL HORIZONTAL POSITION OF VEHICLE C.G.

GROUND SLOPE

THROUGH LABELED COMMON

SUBROUTINE INPUTI

COMMON/ABLOCK/N,K,NOGR(5)
COMMON/BBLOCK/H,DELTAP,D11(5),RI(5},R2(5),RP(5),THETA(5),ALPHA(5),

I D(5)_SLIO(5),DIO(5),BIO(5),B20(51_B30(5),CIO(5)_C20(5)_C30(5)

COMMON/DBLOCK/DI(5),BI(5),B2(5)_B3(5),CI(5)tC2(5),C3(5),SLI(5},

1 SL2(5),SL3(5),SLIT(5)_SL2T(5)tSL3T(5),SLITO(5)_SL2TO(5),SL3TO(5)t

1 SLIM(5),SL2M(5),SL3M(5),SLIPRE(5),SL2PRE(5),SL3PRE(5),B2PREV(5),

1 B3PREV(5),CIPREV(5),C2PREV(5),C3PREV(5),EPS2,EPS),EPS4,EPS5

COMMON/GBLOCK/F11(5),F22(5),F33(5),SKS(5),SK1_SK2,SK3'SKE1'SKE2'

I SKE3

COMMON/HBLOCK/VVELO(14,8),HVELO(14,8},XVELO(14,8)'YVELO(14t8)'

Figure 1-19. Subroutine INPUT1 (Continued)
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C
C
C

i000
I005

I010

1015

1 XVELOO,YVELOO,PSI,PSIO,PSVELO,X,XO,Y,YO,XVEL,YVEL,PSIVEL,GRAV,

1 ZETA,KCONMX,DELTTT,DELTAT,GRDMU(5},A(5),FXX(3),FYY(3),RMOO(3},

1 VMASS,PMASS,RMOMIT,RMOMGR,RMOMI,FA(5},FB(5},FC(5},IP,IQ,IR,

1 EGBAL1,EGBAL2,EGBAL3,PI(5},P2(5),P3(5),DEL(5},EPSEN(5),PHI,

i ENPRO(5)

COMMON/IBLOCK/BETA(5),SEPR(5),BETAPR(5),LAND

COMMON/JBLOCK/BETADT,FLL,FVV,LINE,FINT,R_NNO,RUNNOO,SERNO_XN,

1 XNMIN,TMINXN,BIIMIN,BJJMIN,TMINBI,TMINBJ,HN,RN,KPRINT,NSO,NOO,

1 NS,NQ,NSMAX,NQMAX,LOTPRT,NST,NUN,II,JJ,J,CONS,IFLAG,PRBE,KM,

I MULT,PRXVEL,PRYVEL

READ INITIAL DATA

i READ IO00,(A{I),I=I,5),(ALPHA(1),I=I,5),(D(I|,I=I,5),(DII(1),I=I,5

I},(FII(I},I=I,5},{F22(1),I=I,5),(F33(1),I=I,5),(GRDMU(I),I=I,5),

2{PI(1),I:I,5),(R2(1),I=I,5),(P3(I),I=I,5),(RI(I},I:I,5),(R2(1),I=I

3,5),(RP(1),I=I,5),(SKS(I},I=I,5},(THETA(1),I=I,5)

2 READ 1005,DELTAP,DELTAT,EPS2,EPS3,EPS4,EPS5,FINT,GRAV,HN,PMASS,

IPSIO,PSVELO,RMOMI,RUNNOO,RN,SKI,SK2,SK3,SKE1,SKE2,SKE3,SERNO,

2VMASS,YO,ZETA,H

3 READ 1010,11,JJ,J

ILOTPRT

4 READ 1015,((VVELO

RETURN

FORMAT(IOX,5F12,5

FORMAT(IOX,3F12,5

FORMAT(IOX,6110)

FORMAT(10X,6F10,3

END

,K,KPRINT,LAND,N,NSO,NQO,NSMAX,NOMAX,KCONMX,

(ML,NL),HVELO(ML,NL),ML=IgNQMAX),NL=I,NSMAX)

)

)

)

Figure 1-19. SubroutineINPUT1 (Concluded)
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C TITLE

C

C AUTHORS

C

C DATE

C

C PURPOSE

C

C

C CALL

C

C

C NOTE

C

C NOTE

C

C INPUT

C

C NOTE

C

C

C
C SYMBOL

C

C ALPHA

C

C D

C DELTAP

C

C D11

C H

C

C RP(1)

C R1

C R2
C THETA

C

C

C

C OUTPUT

C

C SYMBOL DEFINITION

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

INCON

R.BLACK,J.CADORET,J.GIBSON THE BENDIX CORPORATION

10-25-64

CONVERT INPUT DATA TO PROPER FORM TO BE USED BY THE

PROGRAM

INCON

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER

THROUGH LABELED COMMON

AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE

AS B10(I), THE INSTANTANEOUS VALUE OF THE PARAMETER

IS DEFIkED WITHOUT THE O AS BI(1).

DEFINITION

ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)

SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE C.G°

VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS

DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE

LEG STRUTS

VERTICAL DISTANCE FROM VEHICLE C.G. TO UPPER HARDPOINT

DISTANCE FROM THE BOTTOM OF THE FOOTPAD TO THE VEHICLE

CENTER OF GRAVITY

RADIUS OF FOOTPAD (1)

RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE
ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN

DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE

CENTERLINE AND UPPER HARDPOINT

THROUGH LABELED COMMON

1-48

BIO 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

B30 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION}

BETWEEN STRUT NO. 3 AND VEHICLE CENTERLINE

CI0,C20,C30 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 1,2,3 RESPECTIVELY

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 I LENGTH

SL10 INITIAL VALUE OF SL1

SUBROUTINE INCON

Figure 1-20. Subroutine INCON
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64
68

7O

72

"76
8O

82

84

88
92

94

96
lO0

COMMON/ABLOCK/N,K,NOGR(5)

COMMONIBBLOCK/H,DELTAP,DII(5I,RI(Si,R2(5),RP(5),THETA(5),ALPHA(S),

i DI5),SLIO(5),DIO(5),BIO(5),B20(5),B30(5),CIO(5),C20(5),C30(S)

DIMENSION CIANGI5),C2ANG{5i,C3ANG(5)

DETERMINE VEHICLE GEOMETRIC RELATIOMSHIPS

1 DO 100 I=I,N,K

SLIOII):SQRTI(H-DELTAP-DII{I)i*(H-DELTAP-DII(1))+IIRP(1)-RIII))*

ICOS(THETA(1)}I_((RP(1)-RI(I}I*COS(THETA(1)))}

DIO(1)=(RP(I}-RI(I}}*SIN(THETA(1))

glO(1)=ATAN((RP(1)-RI(1))*COS(THETA(I})/(H-DELTAP-D11(II))

B20(I}=ATAN((RP(I}*COS(THETA(Ii)-R2(II*COS(THETA(1)-ALPHA(1)/2°0

I))/(H-DELTAP-DII(1)-D(1)))

B30(1)=ATAN((RP(I)*COS(THETA(II)-R2(1)*COS(THETA(1)+ALPHA(I)/2.0

1)I/(H-DELTAP-D!I(II-D(1)))

10 CIANG(1)=ATAN(ABS(SL10(1)/DIC(III}

S2X:RP(1)_COS(THETA(III-R2(II*COS(THETA(1)-ALPHA(II/2,0)

SL2OO=SQRT(S2X_S2X+(H-DELTAP-DII(1)-D(1))*(H-DELTAP-DII(II-D(1)}I

C2ANG(1)=ATAN(ABS(SL2OO/(RP(1)*SIN(THETA(1)}-R2(II_SIN(THETA(1) -

IALPHA(I)I2.0)}})

S3X=RP(1)*COS(THETA(1))-R2(1)*COS(THETA(II+ALPHA(1)/2°0)

SL3OO=SQRT(S3X*S3X+(H-DELTAP-D11(1)-D(II)*(H-DELTAP-DII(1)-D(1)))

C3ANG(I}=ATAN(ABS(SL3OO/(RP(1)*SIN(THETA(1)I-R2(II_SIN(THETA(I}+

1ALPHA(1)/2,0})})
TEST WHICH QUADRANT CONTAINS THETA TO DETERMINE PROPER QUADRANT

FOR CI0

IF (THETA(I}} 68,70,72

CIO(1)=3°14159265359-CIANG(I)

GO TO 76

CI0(I):I.5707963

GO TO 76

CIO(I):CIANG(1)

IF (RPII}_SIN(THETA(1)}-R2(I}*SINITHETA(I}-ALPHA(1)/2.0}}

C20(1)=3.14159265359-C2ANG(I}

GO TO 88

C20(I)=1°5707963

GO TO 88

C20(I}=C2ANG(1)

IF {RP(1)*SINITHETAII))-R2(1)_SINITHETA(I)+ALPHAII)/2.O))

C30(1):3.!4159265359-C3ANG(1)

GO TO I00

C30(1)=I.5707963

GO TO I00

C30(1):C3ANG(1)

CONTINUE

RETURN

END

80,82,84

92,9 _,,96

Figure 1-20. Subroutine INCON (Concluded)
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C TITLE

C
C AUTHORS

C

C DATE

C

C PURPOSE

C

C

C CALL

C

C

C NOTE

C
C NOTE

C

C INPUT

C
C NOTE

C

C

C

C SYMBOL

C

C DELTAT
C FINT

C FII

C K

C

C KPRINT

C N

C RUNNOO

C SK1

C

C OUTPUT

C

C SYMBOL

C
C EPSEN

C

C

C MULT

C

C

C NQO

C NSO

C
C NOTE

C
C PRXVEL
C
C PRYVEL

C
C

C

INITSE

R.BLACKtJ.CADORET_J.GIBSON 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

AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE

AS B10(1), THE INSTANTANEOUS VALUE OF THE PARAMETER

IS DEFINED WITHOUT THE O AS BI(1),

DEFINITION

TIME INTERVAL BETWEEN PROGRAM CALCULATIONS

MAXIMUM ALLOWABLE TIME FOR COMPUTER RUN

PLASTIC STROKE FORCE FOR UPPER STRUT (NO, 1)

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

2-2 LANDING, 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, THIS IS THE INITIAL X VELOCITY OF THE

PREVIOUS RUN. IT IS USED TO PREVENT DUPLICATE RUNS,

IN MULTIPLE RUNS, THIS IS THE INITIAL Y VELOCITY OF THE

PREVIOUS RUN, IT IS USED TO PREVENT DUPLICATE RUNS,

SUBROUTINE INITSE

COMMON/ABLOCK/N,KtNOGR(5}

COMMON/GBLOCK/FII(5)_F22(5),F33(5),SKS(5}_SKltSK2,SK3,SKE1tSKE2t
i SKE3

1-50
Figure 1-21. Subroutine INITSE
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C

C

COMMON/HBLOCK/VVELO(I_,8),HVELO(14,8},XVELO(14,8),YVELO(14,8),
1 XVELOO,YVELOO,PSI,PSIO,PSVELOtX,XO,YtYO.XVEL,YVEL.PSIVELgGRAV9
1 ZETA,KCONMX,DELTTT,DELTAT,GRDMU(5),A(5),FXX(3),FyyI3),RMOO(3),

! VMASS,PMASS,RNOMIT,RMONGR,RMOMI,FA(5),FB(5),FC(5),IP,IQ,IR,

1 EGBAL1,EGBAL2,EGBAL3,PI(5),P2(5),P3(5),DEL(5),EPSENIS),PHI,

1 ENPRO(5)
COMMON/JBLOCK/BETADTgFLL,FVV,LINE,FINT,RUNNO,RUNNOO,SERNO,XN9

1 XNMIN,TMINXN,BIIMINgBJJMIN,TMINBI,TMINBJ,HN,RN,KPRINT,NSO,NQO,

1 NS,NQ,NSMAX,NQMAX,LOTPRT_NST,NUN,II,JJ,J,CONS,IFLAG,PRBE,KM,

1 MULT,PRXVEL,PRYVEL

INITIALIZE PROGRAM CONSTANTS

DO 5 I:I,N,K

5 EPSEN(1):F11(1)*FI1(1)/(SK1*20.O)

DETERMINE PRINTOUT FREQUENCY OF STORED OUTPUT

FACTOR:FINT/402.0

IF(FACTOR-(DELTAT*KPRINT))7,8,8

7 MULT=I

GO TO 15

8 IF(FACTOR-2,0*(DELTAT*KPRINT))9,12,I2

9 MULT=2

GO TO ]5
12 MULT=5

SET STARTING POINT IN VELOCITY ARRAY

15 NS=NSO

NO:NQO

INITIALIZE PROGRAM VARIABLES

RUNNO=RUNNO0-1.O

PRXVEL=IO0.O

PRYVEL=IO0.O

RETURN

END

Figure 1-21. Subroutine INITSE (Concluded)
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C TITLE
C
C AUTHORS

C

C DATE
C
C PURPOSE

C
C

C CALL

C
C NOTE

C

C NOTE
C

C I NPUT
C
C NOTE

C
C
C

C SYMBOL

C

C ALPHA
C

C BIO

C

C B20

C
C B30
C
C COSA

C
C
C
C

C
C
C

C
C
C

C
C
C
C
C

C
CC
C
C

C
C

C
C

C
C
C

C
C

INITRU

R.BLACK,J.CADORET,J.GIBSON THE BENDIX CORPORATION

I0-25-6_

INITIALIZE PROGRAM CONSTANTS AND VARIABLES FOR

EACH RUN

INITRU

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER

THROUGH LABELED COMMON

AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE

AS B10(I}. THE INSTANTANEOUS VALUE OF THE PARAMETER

IS DEFINED WITHOUT THE O AS BI(1)o

DEFINITION

ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)

SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE C.G°

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. 1 AND VEHICLE CENTERLINE

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. 2 AND VEHICLE CENTERLINE

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION}

BETWEEN STRUT NO. 3 AND VEHICLE CENTERLINE

COS(PSI)

C10,C20,C30 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 1,2,3 RESPECTIVELY

DELTAP DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE

LEG STRUTS

DELTAT TIME INTERVAL BETWEEN PROGRAM CALCULATIONS

DI0 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 C.G. TO UPPER HARDPOINT

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

F11 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

HVELO HORIZONTAL VELOCITY PERPENDICULAR TO THE GRAVITATIONAL

FIELD.

KCONMX NUMBER OF ITERATIONS OF FOOTPAD CALCULATIONS PER (DELTAT)

TIME INTERVAL

PRXVEL IN MULTIPLE RUNS, THIS IS THE INITIAL X VELOCITY OF THE

PREVIOUS RUN. IT IS USED TO PREVENT DUPLICATE RUNS.

PRYVEL IN MULTIPLE RUNS, THIS IS THE INITIAL Y VELOCITY OF THE

PREVIOUS RUN. IT IS USED TO PREVENT DUPLICATE RUNS.

PSIO INITIAL PITCH ANGLE

PSVELO INITIAL VEHICLE PITCH RATE

R1 RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

R2 RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

SINA SIN(PSI)

SKI COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO° 1(UPPER)
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Figure 1-22. Subroutine INITRU
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C SK2

C SK3

C SL10
C THETA

C

C

C TIME

C VVELO

C

C YO

C YVEL

C ZETA

C

C OUTPUT

C

C SYMBOL

C

C BEPR

C

C BETA

CC BETADT

C BETAPR

C

C BIIMIN

C BJJMIN
C B2PREV

C B3;)REV

C CONS

C COSB
C COSC
C COSD
C COSE

C COSG

C CIPREV

C C2PREV

C C3PREV

C DELTTT

C

C El(1)

C

C E2(1)

C

C E3(I}

C

C FLL

C

C FVV

C
C FX
C FXP ( I }

C

C FXPLGI
C

C

C FXPLG2
C

C

C FYPLGI

C

C

C FYPLG2

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO, 2(LOWER)

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO,3 (LOWER}
INITIAL VALUE OF SLI

ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN

DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE

CENTERLINE AND UPPER HARDPOINT

TIME AFTER TOUCHDOWN

INITIAL VEHICLE VELOCITY PARALLEL TO THE GRAVITATIONAL
FIELD, POSITIVE DOWNWARD

INITIAL HORIZONTAL POSITION OF VEHICLE C,Go

INSTANTANEOUS Y VELOCITY OF THE VEHICLE C,G,
GROUND SLOPE

THROUGH LABELED COMMON

DEFINITION

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

VEHICLE STABILITY ANGLE

RATE OF CHANGE OF BETA WITH TIME

SIMILAR TO BEPR. USED IN THE DETERMINATION OF VEHICLE
STABILITY

MINIMUM STABILITY ANGLE FOR LEG SET II

MINIMUM STABILITY ANGLE FOR LEG SET JJ

VALUE OF B2 AT THE END OF THE PREVIOUS TIME INCREMENT

VALUE OF B3 AT THE END OF THE PREVIOUS TIME INCREMENT

COUNTER FOR DETERMINING ON LINE PRINT FREQUENCY

COS(BI-PSI)

COS(THETA)

COS(B1)

COS(THETA-ALPHA/2,0)

COS(THETA+ALPHA/2,0)

VALUE OF C1 AT THE END OF THE PREVIOUS TIME INCREMENT

VALUE OF C2 AT THE END OF THE PREVIOUS TIME INCREMENT

VALUE OF C3 AT THE END OF THE PREVIOUS TIME INCREMENT

TIME INCREMENT USED IN THE INTEGRATION OF FOOTPAD

MOTION, DELTTT= DELTAT/KCONMX

POTENTIAL ENERGY STORED IN STRUT NO.1 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
COMPRESSION OR EXTENSION OF THE LEG

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)
SAME AS FXP

FORCE ON THE FOOTPAD I IN THE X DIRECTION iN THE FIXED

COORDINATE SYSTEM

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

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

AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO 2

Figure 1-22. Subroutine INITRU (Continued)
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FYPLG3

FZPLG1

FZPLG2

FXPLG3

FZPLG3

FZPL31

FXX(3

FXX(2

FXX(1

FYY(3

FYY(2

FYY(1

FI(1)

F2(I}

F3(1)

IFLAG

KM

LINE
M

MULT

N

NOGR ( I )

PSI

PSIVEL

RMOMGR

RMOO(3)

RMOO(2)

DUR'NGT, ,,ME,N,E,VALO,.TH,SFORCE,SOE ,,EOBY
THE PARABOLIC INTEGRATION PROCEDURE

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

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

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

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

AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO.3

DURING THE TIME INTERVAL DTo THIS FORCE IS DEFINED BY

THE PARABOLIC INTEGRATION PROCEDURE

FZPLG3 VALUE FOR LEG II STORED FOR FINAL PRINT

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C,G.

DURING THE CURRENT TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C.G,

DURING THE N-1 TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C,G.

DURING THE N-2 TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C.G,

DURING THE CURRENT TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C,G.

DURING THE N-I TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C.G.

DURING THE N-2 TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

PLASTIC STROKE FORCE IN STRUT NO.I OF LEG I

PLASTIC STROKE FORCE IN STRUT NO,2 OF LEG I

PLASTIC STROKE FORCE IN STRUT NO.3 OF LEG I

FLAG FOR INITIALIZING THE PROGRAM

COUNTER FOR DETERMINING THE FREQUENCY OF THE STORED

PRINTING

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)=-I, FOOTPAD IS MOVING WITH THE VEHICLE. IF
NOGR(1) =+i, FOOTPAD IS MOVING INDEPENDENTLY

INSTANTANEOUS VALUE OF PSIO

INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE C,G,

MOMENT OF INERTIA OF THE INDIVIDUAL VEHICLE FOOTPADS.

THIS TERM INCLUDES ONLY THOSE FOOTPADS WHICH ARE OFF THE

GROUND AT THE INSTANT UNDER INVESTIGATION

TORQUE ACTING ON THE VEHICLE C.G, IN THE X-Y PLANE

DURING THE CURRENT TIME INTERVAL, THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE C.G, 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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I
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I
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C
C
C
C

C
C
C
C

C
C

C
C
C
C
C
C
C
C
C

C
C
C
C

C
C
C

C
C

C
C
C
C

C
C
C
C
C
C

C
C
C
C
C
C
C
C
C

C
C
C
C

C

RMOO(1)

SINB
SINC
SIND

SINJ

SINK

SLI

SLIM

SLIPRE

SLIT

SLITO
SL2

SL2M

SL2PRE

SL2T
SL2TO

SL3

SL3M

SL3PRE

SL3T

SL3TO
X

XNMIN

XO

XP(1)

XPVEL(1)

XVELO

XVELOO
Y

YP(I}

YPVEL(1)

YVELO

ZP(1)

ZPVEL(1)

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE C.G. 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/2.0)

SIN(THETA+ALPHA/2.0)

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

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

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

TRUE INSTANTANEOUS LENGTH OF STRUT NO.1

TRUE INITIAL LENGTH OF STRUT NO.I

INSTANTANEOUS LENGTH OF STRUT NO.2 ,PROJECTED 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 ,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

TRUE INSTANTANEOUS LENGTH OF STRUT NO.3

TRUE INITIAL LENGTH OF STRUT NO.3

INSTANTANEOUS X POSITION OF THE VEHICLE C.G.

MINIMUM VALUE OF NOZZLE CLEARANCE

INITIAL VERTICAL POSITION OF VEHICLE CENTER OF GRAVITY

X POSITION OF FOOTPAD I 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 C°G°
SAME AS XVELO

INSTANTANEOUS Y POSITION OF THE VEHICLE C.G.

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 C.G.

Z POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

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

SUBROUTINE INITRU

COMMONIABLOCK/N,K,NOGR(5)

COMMONIBBLOCKIH,DELTAP,DII(5),RI(5),R2(5),RP(5},THETA(5),ALPHA(5)I

I DI5),SL10(5),DIOI5),B10(5),B20(5),B30(5),C10(5),C20(5)IC30(5}

COMMON/CBLOCK/SIND(5),COSC(5),COSE(5),COSD(5)ISINC(5),SINJ(5},
I COSG(5)ISINK(5),COSB(5),SINB(5),SING(5),SINL(5),SINI(5),COSA,SINA

COMMONIDBLOCK/DI(5)IBI(5),B2(5},B3(5),CI(5),C2(5),C_(5),SLI(5),

I SL2(5)ISL3(5),SLIT(5)ISL2T(5),SL3T(5),SLITO(5),SL2TO(5),SL3TO(5)I

I SLIM(5}ISL2M(5)ISL3M(5),SLIPRE(5),SL2PRE(5)ISL3PRE(5)IB2PREV(5),

Figure 1-22. Subroutine INITRU (Continued)

1-55

,_ENDIX _>RODUCT < ........



C
C

C
C
C

i B3PREV(5),CIPREV(5),C2PREV(5),C3PREVI5),EPS2tEPS3,EPS4,EPS5

COMMON/EBLOCK/XP(5),YP(5),ZP(5),XPVEL(5),YPVELIS),ZPVEL(5)
COMMON/FBLOCK/FX(5I,FXPLG3(5),FYPLG3(5),FZPLG3(5)tFXPLG2(5),

I FYPLG2(5)tFZPLG2(5),FXPLGI(5),FYPLGI(5),FZPLGI(5),

1 FII5),F215),FB(5)_E1(SI,F2(51,E3(5)
COMMON/GBLOCK/FI1(5),F22(5),F33(5),SKS(5),SKI'SK2,SK3'SKEI'SKE2'

1SKE3
COMMON/HBLOCK/VVELO(14,8),HVELO(14,B),XVELO(14'8)'YVELO(14_8)'

1 XVELOO,YVELOO,PSI_PSIO,PSVELO,X,XO,Y,YOtXVEL'YVEL,PSIVELgGRAV9

1 ZETA,KCONMX,DELTTT*OELTAT,GR_MU(5),A(5),FXX(3)tFYY(3)'R_O0(3)'

I VMASStPNASS,RMOMIT,RMOMGR,RNONI_FA(5),FB(5),FC(5),IP_IQ'IR'

I EGBAL1,EGBAL2,EGBAL3,Pl(5),P2(5),P3(5)_DEL(5)'EPSEN(5)'PHI*

1ENPRO(5)
COMMON/IBLOCK/BETA(5),BEPR(5),BETAPR(5),LAND

COMMON/JBLOCK/BETADT,FLL_FVV_LINE,FINT,RUNNO,RUNNOO,SERNO,XN,

1 XNMIN,TMINXN,BIIMIN,BJJMIN,TMINBI,TMINBJ_HN,RN,KPRINT,NSO,NQO,

1 NStNQ,NSMAX,NQMAX_LOTPRT,NST,NUN,II,JJ,J,CONS,IFLAG,PRBE,KH,

I MULT,PRXVEL,PRYVEL
COMMON/KBLOCK/MtTIME,T_E(402),XPI(402),YPI(402),ZPlI402)'XP3(402),

I YP3(_O2),ZP3(402),FXI(402),FX3(402),FXPL31(402),FYPL31(_02),

I FZPL_II402),FXPL33(402)*FYPL?3(_O2),FZPL33(402),GISTRI(402)'

i GISTR2(402),GISTR3(402),G3STRI{402I*G3STR2(_O2),G3STR3(_02)_

1 GIFRCI(_O2),GIFRC2(402),GIFRC3(402),G3FRCI(402),G3FRC2(402}'

1 G3FRC3(402)

CONVERT INPUT VELOCITIES FROM GRAVITY COORD,

COORD, SYSTEM

CHOOSE INITIAL TOUCHDOWN CONDITIONS

SYSTEM TO SURFACE

XVELO(NQ,NS)= HVELO(NO,NS)_SIN(ZETA)-VVELO(NQ,NS)_COS(ZETA)
YVELO(NQ,NS)=HVELO(NQ,NS)_COS(ZETA)+VVELO(NQ,NS)_SIN(ZETA}

XVELOO=XVELO(NQ,NS)

YVELOO=YVELO(NQ,NS)

XVEL=XVELO(NQ,NS)
YVEL=YVELO(NQ,NS)

Y=YO

X=SLIO(J)*COS(BIO(J)-PSIO)+RI(J)wCOS(THETA(J))WSIN(PSIO)+DII(J)*

COS(PSIO)+DELTAP

XO=X

PSI=PSIO

PSIVEL=PSVELO

TEST IF TOUCHDOWN VELOCITIES DUPLICATE THOSE OF PREVIOUS RUN.

IF SO, STOP. OTHERWISE CONTINUE

43
44

4.5

IF(PRXVEL-XVELO0)4A,43,44

IF(PRYVEL-YVELO0)44,845,44

PRXVEL=XVELO0

PRYVEL=YVELO0

INITIALIZE PROGRAM VARIABLES

TCONMX:KCONMX

DELTTT=DELTAT/TCONMX

SINA=SIN (PSIO}

COSA=COS (PSIO)

DO _5 I=],2

FXX(1)=O.O

FYY(1)=O.O

RMO0(1)=O.O

Figure 1-22. Subroutine INITRU (Continued)
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C
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C

C
c
C

C
C
C

C
C

C
C
C

ZERO OUT LINE COUNT

LINE=0
KM=O

ZERO OUT INITIAL FORCES FOR PARABOLIC INTEGRATION OF FOOTPAD
FORCES

DO 70 I=I,N,K

El I)=0.0
E2 I):0.O

E3 I}:0.O
FI I)=0,0

F2 I}=0,0
F3 I}=O,0
FX I)=0,0

FLL=0,0
FVV=O.O

4,B

INITIALIZE FORCES FOR PARABOLIC

FXPLG3 I :0.0

FYPLG3 I :0,0
FZPLG3 I =O.0

FXPLGI I =0,0
FXPLG2 I =0,0

FYPLGI I =0,0
FYPLG2 I =0,0
FZPLGI I =0,0
FZPLG2 I =0.0

INTEGRATION PROCEDURE

DETERMINE INITIAL STRUT ANGLES AND TRIGONOMETRIC RELATIONSHIPS

BI(I}=B10(1)
60 COSB(I}:COS

COSC(1)=COS

SINB(1):SIN
SINC(1)=SIN

SLI(1)=SL10(I
B2PREV(Ii=B20
B3PREV(1)=B30

ClPREV(1)=C10
C2PREV(I}=C20

C3PREV(1)=C30
70 DI(I}=D10(I)

(BI(1)-PSI}

ITHETA(I))
(BI(1)-PSI}

(THETA(1))

I)
I)
I)
I)

I)

DETERMINE FOOTPAD POSITIONS AND VELOCITIES

DO IO0 I=I,N,K

XP{I)=X-DII(1)*COSA-RI(1)_COSC(1)*SINA-SLI(1)_COSB(1)
YP(1)=Y-D11(I}*SINA+R1(1)_COSC(1)_COSA+SL1(1)*SINB(1)

_n ZP(1)=RIII)_ ...... I} .... I)_v T_o&

XPVELII)=X VEL+D11(1)_SINA_PSIVEL-RI(1)_COSC(1)_COSA_PSIVEL-
1SLI(1)*SINB(1)_PSIVEL

YPVEL(I}=YVEL-Dll(I)_COSA_PSIVEL-Rl(1)_COSC(1)_SINA_PSIVEL-SLI{I)t
ICOSB(1)*PSIVEL
ZPVEL(1)=0,0

INITIALIZE STABILITY ANGLE FUNCTIONS

90 BETA(I)=O,O

BEPR(II=ATAN ((YP(1)-YI/(X-XP(1)))-ZETA

Figure 1-22. Subroutine INITRU (Continued)
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C
C
C

BETAPR(1)=0.O

NOGR(1)=I

INITIALIZE PROGRAM FOR STRUT LENGTH CALCULATIONS

i00

SLlPRE(I)=0.O

SL2PRE(I)=0.O

SL3PRE(I)=0.O

SLIM(1)=F11(1)/SK1

SL2M(1)=F22(1)/SK2

SL3M(1)=F33(1)/SK3

TIME=0.O

CONS=0.O

XNMIN=IO0.0

BIIMIN=10.0

BJJMIN=-10.O

IFLAG=-I

BETADT=-PSVELO

M=0

RMOMGR=O.0

DETERMINE TRIGONOMETRIC RELATIONSHIPS FOR STRUT LENGTH

CALCULATIONS.

ii0

120

DO 130 I=I,N,K

SIND I =SIN BI(I)

COSD I =COS 91(I)

COSE I =COS THETA

COSG I =COS THETA

SINJ I =SIN THETA

SINK I =SIN THETA

I)-ALPHA(1)/2.0)

I)+ALPHA(1)/2.0)

I)-ALPHA(1)/2.O)

I)+ALPHA(1)/2.0)

DETERMINE INITIAL STRUT LENGTHS

SLITO(1)=SQRT (SLI(1)*SLI(1)+DI(1)*DI(I))

HALF3=(SLI(1)*SIND(1)+RI(1)_COSC(1)-R2(I)*COSE(I )_(SLI(1)*

1SIND(1)+R!(I}*COSC(I}-R2(1)*COSE(I})

HALF4=(SLI(1)_COSD(I}-D(1))_(SLI(1)*COSD(1)-D(I}

SL2(I]=SQRT(HALF3+HALF4)
SL2TO(1)=SQRT (SL2(1)*SL2(1)+(DI(1)+RI(1)*SINC(I -R2(1)*SINJ(1))*

I(DI(1)+RI(1)_SINC(1)-R2(1)*SINJ(1)))

HALFI=(SLI(I]*SIND(I}+RI(1)*COSC(1)-R2(1)_COSG(I))_

I(SLI(1)_SIND(1)+RI(1)wCOSC(I)-R2(I}*COSG(1))

HALF2=(SLI(1)wCOSD(1)-D(1))*(SLI(1)*COSD(I}-D(1))

SL3(1)=SQRT(HALFI+HALF2)

SL3TO(1)=SQRT (SL3(1)WSL3(1)+(DI(1)-R2(1)*SINK(1)+RI(1)_SINC(1))_

I(DI(1)-R2(1)_SINK(1)+RI(1)*SINC(1)))

SLIT(1)=SLITO(1)

SL2T(1)=SL2TO(1)

130 SL3T(1)=SL3TO(1)

COMPUTE STABILITY ANGLES AT TOUCHDOWN

270

845

935

950 FORMAT( 1H1 )
END

1-58

BETA(II)=ATAN ((YP(II)-Y)/(X-XP(II))}-ZETA

BETA(JJ)=ATAN ((YP(JJ)-Y)/(X-XP(JJ}))-ZETA
RETURN

PRINT 950

PRINT 935

STOP

FORMAT(98H X AND Y VELOCITIES ARE IDENTICAL TO THOSE OF THE PREVI

IOUS RUN. CHECK THE INPUT DATA FOR ERRORS )

Figure 1-22. Subroutine INITRU (Concluded)
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_ 4_,_̧

C TITLE

C

C AUTHORS

C

C DATE

C

C PURPOSE

C

C CALL

C

C NOTE

C

C NOTE

C
C I NPUT

C
C NOTE
C

C
C

C SYMBOL

C

C B2PREV

C B3PREV

C COSC

C COSD
C COSE
C COSG

C ClPREV
C C2PREV
C C3PREV
C D

C DIO

C

C

C K

C

C N

C NOGR (I )

C

C

C RI

C R2

C SINC

C SIND

C SINJ

C SINK

C SL1

C

C SL2

C

C SL3
C
C
C OUTPUT

C
C SYMBOL

C

C B2O

C

STRANG

R.BLACK,J.CADORET,J.GIBSON THE BENDIX CORPORATION

10-25-64

DETERMINE STRUT ANGLES AND ASSIGN TO PROPER QUADRANTS

STRANG

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC II07 COMPUTER

THROUGH LABELED COMMON

AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE
AS B10(I}, THE INSTANTANEOUS VALUE OF THE PARAMETER

IS DEFINED WITHOUT THE O AS BI(I}.

DEFINITION

VALUE OF B2 AT THE END OF THE PREVIOUS TIME INCREMENT

VALUE OF B3 AT TIIE END OF THE PREVIOUS TIME INCREMENT
COS(THETA)

COS(B1)

COS(THETA-ALPHA/2.O)

COS(THETA+ALPHA/2.0)

VALUE OF CI AT THE END OF THE PREVIOUS TIME INCREMENT

VALUE OF C2 AT THE END OF THE PREVIOUS TIME INCREMENT

VALUE OF C3 AT THE END OF THE PREVIOUS TIME INCREMENT

VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS

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

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

NUMBER OF LEGS ON THE VEHICLE

INDICATES IF FOOTPAD (1) IS MOVING WITH THE VEHICLE. IF

NOGR(1)=-I, FOOTPAD IS MOVING WITH THE VEHICLE. IF

NOGR(1) =+I, FOOTPAD IS MOVING INDEPENDENTLY

RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

SIN(THETA)

SIN(B1)

SIN(THETA-ALPHA/2.0)

SIN(THETA+ALPHA/2.0)

PROJECTED LENGTH OF STRUT NO.1 IN PLANE PARALLEL TO

DIRECTION OF MOTION

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

INSTANTANEOUS LENGTH OF STRUT NO.3 ,PROJECTED IN A PLANE

PARALLEL TO THE DIRECTION OF MOTION

THROUGH LABELED COMMON

DEFINITION

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO, 2 AND VEHICLE CENTERLINE

Figure 1-23. Subroutine STRANG
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C

C
C
C

C
C

C

C
C

C
C
C

B30 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. 3 AND VEHICLE CENTERLINE

C10,C20,C30 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 1,2,3 RESPECTIVELY

SUBROUTINE STRANG

COMMON/ABLOCK/N,K,NOGR(5)

COMMON/BBLOCK/H,DELTAP,DII(5),RI(5),R2(5),RP(5),THETA(5)'ALPHA(5)'

I D(5),SLlO(5),D10(5),B10(5),B20(5),B3C(5),C10(5),C20(5)tC30(5)
COMMON/CBLOCK/SIND(5),COSC(5),COSE(5),COSD(5),SINC(5)'SINJ(5)'

1 COSG(5)tSINK(5}tCOSB(5),SINB(5),SING(5),SINL(5),SINI(5)'COSA'SINA

COMMON/DBLOCK/DI(5),BI(5),B2(5),B3(5)tCI(5)tC2(5),C3(5)'SLI(5)'

i SL2(5)_SL3(5),SLIT(5)tSL2T(5),SL3T(5),SLITO(5)_SL2TO(5)'SL3TO(5)'

1 SLIM(5),SL2M(5),SL3M(5),SLIPRE{5)tSL2PRE(5),SL3PRE(5)'B2PREV(5)'

1 B3PREV(5),CIPREV(5),C2PREV(5)tC3PREV(5)tEPS2_EPS3gEPS4'EPS5

DIMENSION B2MI(5),B2PL(5),B3MI(5),B3PL{5),CIMI(5),CIPL(5),

1 C2MI(5),C2PL(5),C3MI(5),C3PL(5)

DETERMINE STRUT ANGLES AND ASSIGN TO PROPER QUADRANTS

TEST IF FOOTPAD (I} IS MOVING WITH THE VEHICLE

140 DO 240 I=I,N,K
IF(NOGR(1))240,240,145

DETERMINE B2 ANGLE

145 B2(1)=ATAN ((SLI(1)_SIND(I}+RI(1)_COSC(1)-R2(1)_COSE(1))/(SLI(I) _

ICOSD(1)-D(1)))
B2MI(I}=B2(1)-3.14159265359

B2PL(1)=B2(1)+3o14159265359

DIFFI=ABS (B2_I(1)-B2PREV(1))

DIFF2=ABS (B2(1)-B2PREV(1))

DIFF3=ABS (B2PL(1)-B2PREV(1))

148 IF(DIFF1-DIFF2)150,152,152

150 IF(DIFFI-DIFF3)I54,158,158

152 IF(DIFF2-DIFF3)160,158,158

154 B2(1)=B2MI(I}

GO TO 160

158 B2(1)=B2PL(I}

160 B2PREV(1)=B2(1)

DETERMINE B3 ANGLE

B3(1)=ATAN ((SLI(1)_SIND(I)+RI(1)_COSC(1)-R2(1)_COSG(1))/(SLI(1)w

ICOSD(1)-D(1)))

B3MI(I}=B3(1)-3°14159265359

B3PL(1)=B3(1)+3.14159265359

DIFFI=ABS (B3MI(1)-B3PREV(1))

DIFF2=ABS (B3(1)-B3PREV(1))

DIFF3=ABS (B3PL(I}-B3PREV(1))

IF(DIFF1-DIFF2}170,172,172

170 IF(DIFF1-DIFF3)174,178,178

172 IF(DIFF2-DIFF3)180,178,I78

174 B3(1)=B3MI(I}

GO TO 180 '_

178 B3(1)=B3PL(1)

Figure 1-23. Subroutine
1-60

STRANG (Continued)
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I
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I
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I
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I

I

I

I

I

I

I

I

I

I

I

I

180

C
C
C

181

B3PREV(1)=83(1)

IF(DI(1))182,181.182

DETERMINE Cl ANGLE

C1(I)=1.5708

GO TO 183

182 CI(1)=ATAN (SLI(I)/DI(1))

183 CIMI(I)=C1(I)-3,14159265359

CIPL(I)=CI(I)+3,14159265359

DIFFI=ABS (CIMI(1)-ClPREV(1))

DIFF2=ABS (CI(1)-ClPREV(1))

186 DIFF3=ABS (ClPL(Ii-CIPREV(I})

IF(DIFF1-DIFF2)190t192t192

190 IF(DIFF1-DIFF3)194,198,198

192 IF(DIFF2-DIFF3}200t198,198

194 CI(1)=CIMI(I)

GO TO 20O

198 CI(I)=ClPL(1)

200 CIPREV(I}=CI(1)

C

C

C

210

212

214

218

220

C

C

C

23O

232
234

236

238
240

DETERMINE C2 ANGLE

C2(1)=ATAN (SL2(1)/(DI(1)+RI(1)*SINC(1)-R2(II*SINJ(1)))
C2MI(I}=C2(I)-3.14159265359

C2PL(I)=C2(I)+3,14159265359

DIFFI=ABS (C2MI(I}-C2PREV(1))

DIFF2=ABS (C2(1)-C2PREV(1))

DIFF3=ABS (C2PL(1)-C2PREV(1))

IF(DIFF1-DIFF2)210t212.212

IF(DIFF1-DIFF3)214.218,218

IF(DIFF2-DIFF3)220,218.218

C2(1)=C2MI(1)

GO TO 220

C2(I}=C2PL(1)

C2PREV(1)=C2(I}

DETERMINE C3 ANGLE

C3(1)=ATAN (SL3(I}/(DI(1)+RI(1)*SINC(I}-R2(1)*SINK(I)))

C3MI(1)=C3(1)-3.14159265359

C3PL(I}=C3(I)+3o14159265359

DIFFI=ABS (C3MI(1)-C3PREV(1))

DIFF2=ABS (C3(I}-C3PREV(1))

DIFF3=ABS (CBPL(1)-C3PREV(1))

IF(DIFF1-DIFF2)230.232.232

IF(DIFF1-DIFF3)234.236.236

IF(DIFF2-DIFF3)238t236,236

C3(1)=C3MI(1)

GO TO 238
C3(I!=C3PL(1)

C3PREV(I)=C3(1)

CONTINUE

RETURN

END

Figure 1-23. Subroutine STRANG (Concluded)
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C TITLE
C
C AUTHORS

C
C DATE
C

C PURPOSE

C
C CALL
C

C NOTE

C
C NOTE
C
C I NPUT
C
C NOTE
C
C
C
C SYMBOL

C

C COSA
C COSC
C COSE
C COSG
C D
C DIO
C
C
C Dll
C K
C
C N
C NOGR( I )

C

C
C PSI
C R1

C R2
C SINA

C SINC
C SINJ

C SINK
C X

C XP(1)

C Y
C YP(1)
C ZP(1)

C
C OUTPUT

C
C SYMBOL
C

C BlO
C
C COSB
C COSD
C SINB

C _IND

1-62

STGEOM

R,BLACK_J,CADORETPJ,GIBSON THE BENDIX CORPORATION

i0-25-6_

DETERMINE STRUT GEOMETRY

STGEOM

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER

THROUGH LABELED COMMON

AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE

AS BIO(1), THE INSTANTANEOUS VALUE OF THE PARAMETER
IS DEFINED WITHOUT THE O AS BI(1),

DEFINITION

COS(PSI)
COS(THETA)

COSiTHETA-ALPHA/2,0)
COSITHETA+ALPHA/2,0}
VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS
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 C,G, TO UPPER HARDPOINT
FLAG FOR LANDING MODE IF 1-2-1 LANDING t K=I IF

2-2 LANDINGt K=2
NUMBER OF LEGS ON THE VEHICLE

INDICATES IF FOOTPAD (1) IS MOVING WITH THE VEHICLE, IF
NOGR(1)=-lt FOOTPAD IS MOVING WITH THE VEHICLE, IF

NOGR(1) =+I_ FOOTPAD IS MOVING INDEPENDENTLY
INSTANTANEOUS VALUE OF PSIO
RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE
SIN(PSI)

SIN(THETA)
SIN{THETA-ALPHA/2,0)

SIN(THETA+ALPHA/2,0)
INSTANTANEOUS X POSITION OF THE VEHICLE C.G,

X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM
INSTANTANEOUS Y POSITION OF THE VEHICLE C.G,

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

THROUGH LABELED COMMON

DEFINITION

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)
BETWEEN STRUT NO, 1 AND VEHICLE CENTERLINE

COS(BI-PSI)
COS(B1)

SIN(BI-PSI)
SIN(BI)

Figure 1-24. Subroutine STGEOM
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I

I

I

I

I

I

I

I

I

I

I

I

I

C
C
C
C
C

C
C
C

C
C

C

C

SLI

SLIT

SL2

SL2T

SL3

SL3T

PROJECTED LENGTH OF STRUT NO,I IN PLANE PARALLEL TO

DIRECTION OF MOTION

TRUE INSTANTANEOUS LENGTH OF STRUT NO,1

INSTANTANEOUS LENGTH OF STRUT NO,2 ,PROJECTED IN A PLANE

PARALLEL TO THE DIRECTION OF MOTION

TRUE INSTANTANEOUS LENGTH OF STRUT NO,2

INSTANTANEOUS LENGTH OF STRUT NO,3 ,PROJECTED IN A PLANE

PARALLEL TO THE DIRECTION OF MOTION

TRUE INSTANTANEOUS LENGTH OF STRUT NO,3

SUBROUTINE STGEOM

COMMON/ABLOCK/N,K,NOGR(5)

COMMON/BBLOCK/H,DELTAP,DIII5),RI(5),R2(5),RP(5),THETA(5},ALPHA(5),

i D(5),SLIOI5),DIO(5),BIO{5),B20(5),B3OlS),ClO15),C20(5},C3OlS)

COMMON/CBLOCK/SIND(5),COSC(5),COSE(5},COSD(5),SINC(5),SINJ(5),

I COSG(5),SINK(SI,COSB(5),SINB(SI,SING(5I,SINL(5},SINI(5),COSA,SINA
COMMON/DBLOCK/DI(5),BI(5),B2(5),B3(5),CI(5),C2(5),C3(5),SLI(5),

I SL2(5),SL3(5),SLIT(5),SL2T(5},SL3T(5),SLITO(5),SL2TO(5),SL3TO(5},

I SLIM(5),SL2M(5),SL3M(5),SLIPRE(5),SL2PRE(5),SL3PRE(5),B2PREV(5),

1 B3PREV(5),CIPREV(5),C2PREV(5},C3PREV(5),EPS2,EPS3,EPS4,EPS5

COMMON/EBLOCK/XP(5),YPI5},ZP(5},XPVEL(5),YPVEL(5},ZPVEL(5}

COMMON/HBLOCK/VVELO(14,8),HVELO(14,8),XVELO(14,8),YVELO(14,8),

I XVELOO,YVELOO,PSI,PSIO,PSVELO,X,XO,Y,YO,XVEL,YVEL,PSIVEL,GRAV,

1 ZETA,KCONMX,DELTTT,DELTAT,GRDMU(5),A(5),FXX(3},FYY(3),RMOO(3),

i VMASS,PMASS,RMOMIT,RMOMGR,RMOMI,FA(5),FB(5),FC(5),IP,IQ,IR,

I EGBALI,EGBAL2,EGBAL3,PlIS),P2IS),P315),DELIS),EPSEN(5),PHI,

I ENPRO(5)

COMMON/KBLOCK/M,TIME,TME(402),XPI(402),YPI(402),ZPI(402I,XP3(402),

I YP3(402),ZP3(402),FXI(402),FX3(402),FXPL31(402),FYPL31(402),
1 FZPL31(402),FXPL33(402),FYPL33(402),FZPL33(402),GISTRl(402),

1GISTR2(402),GISTR3(402),G3STRI(402),G3STR2(402),G3STR3(_02),

1 GIFRCl(402},GIFRC2(402),GIFRC3(402),G3FRCl(402),G3FRC2(402),

I G3FRC3(402)

T10 DO 730 I=IoN,K
IF(NOGR{I))730,730,715

IF FOOTPAD IS ON THE GROUND, DETERMINE STRUT GEOMETRY

715 AA:Y+RI(1)*COSC(1)*COSA-D11(1)*SINA

BB:X-RI(1)*COSC(I}*SINA-D11(1)*COSA

SLI(1)=SQRT ((YP(1)-AA)*(YP(I}-AA)+(BB-XP(I))*(BB-XP(1)))

BI(1)=ATAN ((YP(1)-AA)/(BB-XP(I)))+PSI

RESET PROGRAM CONSTANTS

COSB(I)=COS
COSD(1)=COS

SINB(1)=SIN

SIND(1)=SIN

(BI(1)-PSI)

(BI(I))

(BI(1)-PSI)

(BI(I})

CALCULATE NEW STRUT LENGTHS

720 DI(I}=ZP(I}-RI(1)*SINC(I}

SLITIII=SQRT (SLI(1)*SLI(1)+DI(1)*DIII})

HALFp=(SLIIII*SINDII)+RIII)*COSCII)-R2II)*COSEII))*ISLIII)*

1SIND(I}+RI(I}*COSC(1)-R2(1)*COSE(1))
HALF_=(SLI(1)*COSD(I}-D(1)I*(SLI(1)*COSD(1)-D(1)I

SL2(1)=SQRT(HALF3+HALF4)

SL2T(1)=SQRT (SL2(I)*SL2(1)+(DI(1)+RI(1)*SINC(I}-R2(I}*SINJ(1))*(

Figure 1-24. Subroutine STGEOM (Co_inued)
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IDI(1)+RI(1)*SINC(1)-R2(1)*SINJ(1)})
HALFI=(SLI(1)*SIND(1)+RI(1)_COSC(I}-R2(1)*COSG(I))*

I(SLI(I}*SIND(1)+RI(1)*COSC(1)-R2(I)*COSG(1))

HALF2=(SLI(1)*COSD(I}-D(1))*(SLI(1)*COSD(I}-D(1))
SL3(I}=SQRT(HALFI+HALF2)

SL3T(1)=SQRT ((SL3(1)*SL3(1))+(DI(1)-R2(1)*SINK(1)+RI(1)*
1SINC(I}}*(DI(1)-R2(I}*SINK(1)+RI(1)*SINC(1)})
CONTINUE
RETURN

END

Figure 1-24. Subroutine STGEOM (Concluded)
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I

I C TITLE FOTPAD
C

C AUTHORS

C DATE

C

C PURPOSE

C

C METHOD

C

I C CALL FOTPADC

C NOTE

C

C NOTE|
C INPUT

C

I C NOTEC

C

C

I C SYMBOL DEFINITIONC
C B2O

C

I C B30C

C COSA

C COSB

I C COSCC COSD

C C109C20,C30
C

I c
C DELTAP

C
C DELTTT

C DIO

C

C DII

C EPSEN

C

C EPS2
C FII

C F22

I C F33C GRAV
C GRDMU

C K

CC KCONMX

C

C N

I C PMASSC PSIVEL

I

I

R.BLACK,J,CADORET,J.GIBSON THE BENDIX CORPORATION

10-25-64

COMPUTE STRUT FORCES AND FORCES ACTING ON FOOTPADS

DETERMINE FOOTPAD POSITION AND MOTION

PARABOLIC INTEGRATION USED IN DETERMINING FOOTPAD MOTION

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER

THROUGH LABELED COMMON

AN INPUT PARAMETER FOLLOWED BY A 0 IMPLIES THE INITIAL VALUE

AS BIO(1), THE INSTANTANEOUS VALUE OF THE PARAMETER

IS DEFINED WITHOUT THE 0 AS B](I},

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION}

BETWEEN STRUT NO. 2 AND VEHICLE CENTERLINE

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION}

BETWEEN STRUT NO. 3 AND VEHICLE CENTERLINE

COS(PSI)

COS(BI-PSI)

COS(THETA)

COS(BI)

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 1,2,3 RESPECTIVELY

DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE

LEG STRUTS
TIME INCREMENT USED IN THE INTEGRATION OF FOOTPAD

MOTION, DELTTT= DELTAT/KCONHX

INITIAL LENGTH (PROJECTED IN PLANE NORMAL TO DIRECTION

OF VEHICLE MOTION} OF THE COMPONENT {IN PLANE PERPENDICULAR

TO THE VEHICLE CENTERLINE) OF STRUT NO i LENGTH

VERTICAL DISTANCE FROM VEHICLE C,G. TO UPPER HARDPOINT

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

PLASTIC STROKE FORCE FOR UPPER STRUT (NO, I)

PLASTIC STROKE FORCE FOR LOWER STRUT NO, 2

PLASTIC STROKE FORCE FOR LOWER STRUT NO, 3

LOCAL GRAVITY

COEFFICIENT OF FRICTION BETWEEN VEHICLE FOOTPADS AND GROUND

FLAG FOR LANDING MODE IF I-2-] LANDING t K=! IF

2-2 LANDING, K=2

NUMBER OF ITERATIONS OF FOOTPAD CALCULATIONS PER (DELTATI

TIME INTERVAL

NUMBER OF LEGS ON THE VEHICLE

MASS OF EACH FOOTPAD

INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE C.G,

Figure 1-25. Subroutine FOTPAD

1-65

i_EN_':::{_X PRODUCTS AEROSPACE DIVISION



C Pl
C P2

C P3
C R1
C SINA

C SINB
C SIND

C SKE1
C SKE2

C SKE3

C SKS
C SK1
C SK2

C SK3
C SLI
C

C SLIM
C
C SLIPRE
C

C SLIT

C SLITO
C SL2M

C
C SL2PRE

C
C SL2T

C SL2TO
C SL3M

C
C SL3PRE

C

C SL3T
C SL3TO
C X

C XVEL
C Y

C YVEL
C ZETA

C
C OUTPUT

C
C SYMBOL

C
C E3(I}

C
C E2(1)
C
C E3(1)
C

C FA(I}
C

C
C FB(1)
C

C
C FC(I}

C
C
C FX
C FXP(I}

1-66

/_ _!_ ,_ •i °

FRICTION FORCE IN STRUT NO, 1
FRICTION FORCE IN STRUT NO, 2
FRICTION FORCE IN STRUT NO, 3

RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE
SIN(PSI}

SIN(BI-PSI)
SIN(B1)

TENSIL ELASTIC SPRINGRATE OF STRUT NO. 1 (UPPER}
TENSIL ELASTIC SPRINGRATE OF STRUT NO, 2 (LOWER)

TENSIL ELASTIC SPRINGRATE OF STRUT NO, 3 (LO#ER)
SPRINGRATE UNDER VEHICLE FOOTPADS

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO, 1(UPPER)
COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO, 2(LOWER}
COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NOo3 (LOWER}
PROJECTED LENGTH OF STRUT NO°l IN PLANE PARALLEL TO
DIRECTION OF MOTION

MINIMUM LENGTH TO WHICH STRUT NO°I HAS BEEN COMPRESSED
DURING THIS RUN

LENGTH OF STRUT NO, I AT THE END OF THE PREVIOUS TIME
INCREMENT

TRUE INSTANTANEOUS LENGTH OF STRUT NO,1

TRUE INITIAL LENGTH OF STRUT NO, I

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

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 NOo3

INSTANTANEOUS X POSITION OF THE VEHICLE C,G,
INSTANTANEOUS X VELOCITY OF THE VEHICLE C,G,
INSTANTANEOUS Y POSITION OF THE VEHICLE C°G.
INSTANTANEOUS Y VELOCITY OF THE VEHICLE C,G,
GROUND SLOPE

THROUGH LABELED COMMON

DEFINITION

POTENTIAL ENERGY STORED IN STRUT NO, 3 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
COMPRESSION OR EXTENSION OF THE LEG

FORCE IN THE Z DIRECTION ACTING ON THE VEHICLE C,G, AS
THE RESULTANT OF THE STRUT FORCES IN THE THREE STRUTS
OF THE I TH LEG SET

FORCEr PARALLEL TO THE VEHICLE CENTERLINE ACTING ON THE
VEHICLE C,G, AS THE RESULTANT OF THE STRUT FORCES IN
THE THREE STRUTS OF THE I TH LEG SET

FORCE_ NORMAL TO VEHICLE CENTERLINE IN THE X-Y PLANE
ACTING ON THE VEHICLE C,G, AS THE RESULTANT OF THE STRUT
FORCES IN THE THREE STRUTS OF THE I TH LEG SET
SAME AS FXP
FORCE IN THE X DIRECTION ON THE FOOTPAD (I}

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

C

C
C

C

C
C
C

C
C

C
C
C
C

C
C
C

C
C

C
C
C

C

C
C
C

FXPLG1

FXPLG2

FXPLG3

FYPLG1

FYDLG2

FYPLG3

FI(1)

F2(I)

F3(1)

FZPLG1

FZPLG2

FZPLG3

NOGR(1)

RMOMGR

XP(I}
XPVEL(I)

YP(1)

YPVEL(I)

ZP(1)

ZPVEL(I)

AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO,I

DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY

THE PARAgOLIC 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

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

AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO i

DURING THE TIME INTERVAL DT. THIS FORCE IS DEFINED BY

THE PARABOLIC INTEGRATION PROCEDURE

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

AVERAGE FORCE IN THE Y DIRECTION ACTING ON FOOTPAD NO,3

DURING THE TIME INTERVAL DT, THIS FORCF I£ DFFINEO BY

THE PARABOLIC INTEGRATION PROCEDURE

PLASTIC STROKE FORCE IN STRUT NO,1 OF LEG I

PLASTIC STROKE FORCE IN STRUT NO,2 OF LEG I

PLASTIC STROKE FORCE IN STRUT NO.3 OF LEG I

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

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

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

INDICATES IF FOOTPAD (1) IS MOVING WITH THE VEHICLE. IF

NOGR(I)=-I, FOOTPAD IS MOVING WITH THE VEHICLE. IF

NOGR(1) =+1, FOOTPAD IS MOVING INDEPENDENTLY

MOMENT OF INERTIA OF THE INDIVIDUAL VEHICLE FOOTPADS,

THIS TERM INCLUDES ONLY THOSE FOOTPADS WHICH ARE OFF THE

GROUND AT THE INSTANT UNDER INVESTIGATION

X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

VELOCITY OF THE I TH FOOTPAD IN THE X DIRECTION IN THE

FIXED COORDINATE SYSTEM

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

Z POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

VELOCITY OF THE I TH FOOTPAD IN THE Z DIRECTION IN THE

FIXED COORDINATE SYSTEM

SUBROUTINE FOTPAD

COMMON/ABLOCK/N,K,NOGR(5)

COMMON/BBLOCK/H,DELTAP,Dll(5),RI(5),R2(5),RP(5),THETA(5),ALPHA(5),
1 D(5},SL10(5},D10(5),310(5),B20(5),B30(5),C10(5),C20(5),C30(5}

COMMON/CBLCCK/SIND(5),COSC(5),COSE(5),COSD(5),SINC(5),SINJ(5),

1 COSG(5),SINK(5),COSB(5),SINB(5),SING(5),SINL(5),SINI(5)_COSA,SINA
CCMMON/DBLOCK/DI(5),BI(5),B2(5),B3(5),CI(5),C2(5),C315),SLI(5),

1 SL2(5),SL3(5),SL1T(5),SL2T(5),SL3T(5},SLITO(5),SL2TO(5|,SL3TO(5),
1 SLIM(5),SL2M(5),SL3M(5),SLIPRE(5),SL2PRE(5},SL3PRE(5),B2PREM{5},
1 g3PREV(5),C1PREV(5),C2PREV(5),C3PREV(5),EPS2,EPS3,EPS4,EPS5

COMMON/EBLOCK/XP(5),YP(5),ZP(5),XPVEL(5),YPVEL(5),ZPVEL(5)

COMMON/FBLOCK/FX(5)tFXPLG3(5),FYPLG3(5),FZPLG3(5),FXPLG2(5),
1 FYPLG2(5),FZPLG2(5),FXPLGI(5),FYPLGI(5),FZPLGI(5),

Figure 1-25. Subroutine FOTPAD (Continued)
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C
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1 F1(5),F2(5),F3(5),E1(5),E2(5),E3(5)

COMMON/GBLOCK/FI1(5),F22(5),F33(5),SKS(5),SK1,SK2,SK3,SKE1,SKE2,
1SKE3

COMMON/HBLCCK/VVELO(14,B),HVELO(14,BI,XVELOI14,B),YVELO(14,8),

I XVELOO'YVELOO,PSI,PSIO,PSVELO,X,XO,Y,YO,XVEL,YVEL,PSIVEL,GRAV,

I ZETA'KCONMX,DELTTT,DELTAT,GRDMU(5I,A(5I,FXX(3),FYY(3),RMOO(3),

I VMASS,PMASS,RMONIT,RMOMGR,RMOMI,FA(5I,FB(5),FC(5),IP,IQ,IR,

i EGBALI'EGBAL2,EGBAL3,PI(5),P2(5),P3(5),DEL(5),EPSEN(5),PHI,
i ENPRO(5)

DIMENSION PADENG(5I,FXP(S)

280 DO 600 I=I,N,K

TEST IF FOOTPAD IS ON THE GROUND

IF(XP(I)-DELTAP)330t330_290

COMPUTE FOOTPAD VELOCITY RELATIVE TO C°G° AND DETERMINE RELATIVE

ENERGY OF FOOTPAD

290 XPVELR=XVEL+D11(1)*SINA*PSIVEL-RlIII*COSC(1)*COSA*PSIVEL-SLI(II*
1SINB(II*PSIVEL

YPVELR=YVEL-D11(1)*COSA*PSIVEL-R1(1)tCOSC(II*SINA*PSIVEL-SL1(I)*
1COSB(II*PSIVEL

PADENG(1)=PMASS/2,O*((XPVELR-XPVEL(1)I*(XPVELR-XPVEL(II)+(YPVELR-

1YPVEL(1))*(YPVELR-YPVEL(1))+(ZPVEL(I})*(ZPVEL(1))I+EI(1)+E2(1)+
1E3(1)

TEST IF FOOTPAD IS MOVING WITH THE VEHICLE

IF(PADENG(I}-EPSEN(1))300,300,330

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

30O FA(1)=O,0

FB(1)=O.0

FC(1)=O°0

FXPLG1 l}:O,0

FXPLG2 l):O.O

FXPLG3 If=O,0

FYPLGI I)=O.0

FYPLG2 I)=O,0

FYPLG3 I)=O,0

FZPLG1 I}=O.O
FZPLG2 l)=O.O

FZPLG3 I)=O.O

RMOMGR=RMOMGR+2.0*PMASS*I(X-XP(1)I*IX-XP(1))+(Y-Yp(1))*IY-yp(1)))
NOGR(1)=-I

FIND FOOTPAD POSITIONS AND VELOCITY BY RIGID BODY MOTION WITH

THE VEHICLE

310 XP(1)=X-DII(1)*COSA-RI(1)*COSC(1)*SINA-SLI(II*COSB{I)

YP(II=Y-D11(1)*SINA+R1(1)*COSC(1)*COSA+SL1(1)*SINB(1)

ZP(II=RI(1)*SINC(II+DI(I)

XPVEL(I}=XVEL+D11(1)*SINA*PSIVEL-RI(II*COSC(II*COSA*PSIVEL-

ISLI(1)*SINB(1)*PSIVEL

320 YPVEL(Ii=YVEL-DIl(II*COSA*PSIVEL-RI(II*COSC(II*SINA*PSIVEL-

1$LI(II*COSB(II*PSIVEL

ZPVEL(I)=O°0

FX(1)=O.0

GO TO 600

Figure 1-25. Subroutine FOTPAD (Continued)
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FOOTPAD IS MOVING INDEPENDENTLY OF THE VEHICLE

FORCES AND FOOTPAD ENERGY

, CALCULATE STRUT

330 SL:SLITO(I}-SLIT(1)

NOGR(1)=I

IF(SL-SLIM(1)+FII(1)/SK1)334,334,375

33_ IF(SL)340,367,367

340 IF(SL-SL1PRE(1))343,360,360

343 FI(1)=SKEI*SL-PI(I}

EI(1)=SKEI*SL*SL/2.0

GO TO 393

350 FI(I}=-PICI)

El(1)=0.0

GO TO 393

_60 FI(1)=SKEI*SL+PI(I}

EI(1)=SKEI*SL*SL/2.0

GO TO _93

367 IF(SL-SLIPRE(1))350,370,370

370 FI(I}=Pl(1)

EI{I)=O.O

GO TO 393
375 IF(SL-SL1M(I})378t390,390

378 IF(SL-SLlPRE(1))385,380.380
380 FI(I}=SKI*(SL-SL1M(I)+Fll(I)/SK1)+PI(I)

E1(1):(SK1/Z,O)*(SL-SLIM(I}+F11(1)/SK1)*(SL-SLIM(1)+FlI(1)/SK1)

GO TO 393

$85 FI(1)=SKI*ISL-SLIM(I}+FII(II/SK1}-PI(I}

E!(1)=(SKI/2.0)*(SL-SLIM(1)+F11(1)/SKI)*(SL-SLIM(1)+FII(I}/SKI)

GO TO 393
390 FI(1)=FII(1)+PI(1)

Z1(1)=(SK1/2.0}*(SL-SLIM(1)+F11(1)/SK1)*(SL-SLIM(II+F11(1)/SKI}

393 IF(SL-SLIM(1)}400,400,396

396 SLIM(1)=SL

400 SLlPRE(1)=SL

SL=SL2TO(I}-SL2T(1)

IF(SL-SL2M(II+F22(1)/SK2)403_403,433

403 IF(SL)406,425,425

406 IF(SL-SL2PRE(I})410,420,420

410 F2(I)=SKE2*SL-P2(I}

E2(I}=SKE2*SL*SL/2.0

GO TO 450

412 F2(1)=-P2(1)

E2(I}=0.0

GO TO 450

420 F2II):SKE2*SL+P2(1)

E2(I}=SKE2*SL*SL/2.0

GO TO 450
425 IFISL-SL2PRE(1))412,430,_30

430 F2(I}=P2(1)

E2(1)=O,O

GO TO 450

433 IF(SL-SL2M(1))436,446,446

436 IF(SL-SL2PRE(1))443,440,440

440 F2(1)=SK2*{SL-SL2M(1)+F22(I}/SK2)+P2(1)

E2(1)=(SK2/2,0)*(SL-SL2M(1)+F22(1)/SK2)*(SL-SL2M(1)+F22(1)/SK2)

GO TO 450

443 F2(1)=SK2*ISL-SL2M(1)+F22{I)/SK2)-P2{I)

E2(1)=(SK2/2,O)*(SL-SL2M(I}+F22(1)/SK2}*(SL-SL2M(1)+F22(1)/SK2)

GO TO 450

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

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

C

1-70

_n

E2(1):(SK2/2.0)*(SL-SL2M(1)+F22(1)/SK2)*(SL-SL2M(1)÷F22(1)/SK2)

450 IF(SL-_L2M(1))454,454,452

452 SL2M(1)=$L
454 SL2PRE(I}=SL

SL=SL3TO(1)-SL3T(1)

IF(SL-SL3M(1)+F33(I}/SK3)458,458,486

458 IF(SL)460_480,480

460 IF(SL-SL3PRE(1))465,475o475

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

E3(1)=SKE3*SL*SL/2.0

GO TO 505

_70 F3(1)=-P3(1)

E3(1):0.0

GO TO 505

475 F3(1):SKE3*SL+P3(1)

E3(1)=SKE3*SL*SL/2,0

GO TO 505

480 IF(SL-SL3PRE(1))470,483,483

483 F3(1)=P3(1)

E3(1)=0.0

GO TO 505

486 IF(SL-SL3M{I))4909500,500

490 IF(SL-SL3PRE(1)}496,493,493

49? F3(1)=SK3*(SL-SL3M(1)+F33{I)/SK3)+P3(I}

E3(I}=SK3/2.0 *(SL-SL3M(1)+F33(1)/SK3)*(SL-SL3M(I}+F33(I}/SK3)

GO TO 505

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

E3(I}=SK3/2,0 *(SL-SL3M(1)+F33(1)/SK3)*(SL-SL3M(1)+F33(1)/SK3)

GO TO 505

500 F3(II:F33(I}+P3(1)

ES(1)=SK3/2.0 *(SL-SL3M(1)+F33(1)/SK3)*(SL-SL3M(1)+F33(1)/SK3)

505 IF(SL-SL3M(I})510,510,507

507 SL3M(I}=SL

510 SL3PRE(1)=SL

CALCULATE COMPONENTS OF STRUT FORCE

SING(I}=SIN (CI(I})

SINL(1)=SIN (C2(1)}

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

FA(I}=FI(I}*COS (CI(I}}+F2(1)*COS (C2(I}}+F3(1)*COS (C3(I|I

FB(I}=FI(1)*SING(1)*COSD(1)+F2(1)*SINL(1)*COS (B2(1)I+F3(1)*

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

FC(I}=FI(I}*SING(1)*SIND(1)+F2(1)*SINL(1)*SIN (B2(1))+F3(I)*

ISINI(I}*SIN (B3(1))

DETERMINE FORCES ACTING ON FOOTPAD AND FOOTPAD MOTIONS

514 KCON:0

515 KCON:KCON+I

SLVEL=SQRT ((YPVEL(1)}*(YPVEL(I|)+(ZPVEL(1))*(ZPVEL(1)))

IF(SLVEL-EPS2)530t535,535

530 SLVEL=EPS2

535 FXP(I}:SKS(I}*(DELTAP-XP(1))

IF (FXR(1)) 540,540,545

540 FX(1):0.0

GO TO 550

545 FX(1)=FXP(1)

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

FYPLG3(1)=((FC(I} *COSA-FB(I)*SINA)/PMASS+GRAV*SIN (ZETAI)*PMASS

YP(1)=YP(1)+YPVEL(I}*DELTTT+(19,0*FYPLG3(1)-IO,O*FYPLG2(IÁ+3.0*

Figure 1-25. Subroutine FOTPAD (Continued)
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I

I

580

59O

6OO

C
C

C

IFYPLGI(1))*DELTTT*DELTTT/(24.0*PMASS)-TEMP2*YPVEL(1)*DELTTT*
2DELTTT/2.0

YPVEL(1)=YPVEL(1)+(23,0*FYPLG3(1)-I6.0_FYPLG2(1)+5.0_FYPLG1(1))*

1DELTTT/(12.0_PMASS)-TEMP2_YPVEL(1)*DELTTT

FZPLG3(1)=FA(1)

ZP(I)=ZP(1)+ZPVEL(1)*DELTTT+(19.0_FZPLG3(1)-10.O_FZPLG2(1)+3oO*

1FZPLG1(I))_DELTTT_DELTTT/(24.0_PMASS)-TEMP2*ZPVEL(1)_DELTTT*

2DELTTT/2.0

ZPVEL(1)=ZPVEL(1)+(23.0_FZPLG3(1)-16,0_FZPLG2(1)+5.0*FZPLG1(1))*
IDELTTT/(12.C_PMASS)-TEMP2_ZPVEL(1)*DELTTT

FXPLG3(1)=-FB(1)wCOSA-FC(1)_SINA-GRAV*COS (ZETA)_PMASS

XP(1)=XP(II+XPVEL(I}WDELTAT+(19.0_FXPLG3(1)-10°O*FX PLG2(1)+3°0 _

IFXPLGI(I})WDELTTT*DELTTT/(24.0*PMASS)+FX(1)_DELTTT_DELTTT/
2(2.0_PMASS)

XPVEL(I)=XPVEL(1)+(23,0_FXPLG3(I}-16°O_FXPLG2(1)+5.0_FXPLGI(1))*
1DELTTT/(12_O*PMASS)*FX(!)*DELTTT/PMASS

IF(KCON-KCONMX) 515_60Ct600

CONTINUE

INDEX PREVIOUS FORCES FOR THE NEXT INTEGRATION OF FOOTPAD MOTION

DO 639 I:I,N,K

IF(NOGR(1))639,639,638

638 FXPLGI(1)=FXPLG2(1)

FXPLG2(1)=FXPLG3(1)

FYPLGI(1)=FYPLG2(1)

FYPLG2(1)=FYPLG3(1)

FZPLGI(1)=FZPLG2(1)

FZPLG2(II=FZPLG3(1)

639 CONTINUE

RETURN

END

Figure 1-25. Subroutine FOTPAD (Concluded)
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C TITLE

C

C AUTHORS

C

C DATE

C
C PURPOSE

C

C CALL

C

C NOTE

C

C NOTE

C
C INPUT

C
C SYMBOL

C
C A
C
C

C
C COSA
C COSC

C COSD
C DII

C FB(I}

C

C

C FC(1)

C

C

C GRAV

C RMOMI

C RMOMGR

C

C

C R1

C SINA

C SIND
C SLI

C

C VMASS

C ZETA

C
C OUTPUT

C

C SYMBOL

C

C FXX(3)

C

C

C FXX(2)

C

C

C FXX(1)

C

C
C FYY(3)

C

1-72

VEHFOR

R.BLACKgJ.CADORETtJ.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 SYMMETRICt

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=2,0t2t0 FOR A 121 LANDING A= 1,2,1,0

COS(PSI)
COS(THETA)

COS(B1)

VERTICAL DISTANCE FROM VEHICLE C.G. TO UPPER HARDPOINT

FORCE, PARALLEL TO THE VEHICLE CENTERLINE ACTING ON THE

VEHICLE C.G. AS THE RESULTANT OF THE STRUT FORCES IN

THE THREE STRUTS OF THE I TH LEG SET

FORCEr NORMAL TO VEHICLE CENTERLINE IN THE X-Y PLANE

ACTING ON THE VEHICLE C.G. 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 C.G.

DURING THE CURRENT TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C.G.

DURING THE N-I TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C.G.

DURING THE N-2 TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C.G.

DURING THE CURRENT TIME INTERVAL. THIS FORCE IS USED

Figure 1-26. Subroutine VEHFOR
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C
C

C
C
C
C

C
C
C

C

C

C
C
C

C

C
C
C
C

C

FYY(2)

FYY(1)

R_OO(3)

RMOO(2)

RMOO(1)

RMOMIT

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C.G.

DURING THE N-I TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ._CTING IN THE Y DIRECTION ON THE VEHICLE C.G.

DURING THE N-2 TIME INTERVAL. THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE C.G. IN THE X-Y PLANE

DURING THE CURRENT TIME INTERVAL. THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE C.G. IN THE X-Y PLANE

DURING THE N-I TIME INTERVAL. THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE C.G. IN THE X-Y PLANE

DURING THE N-2 TIME INTERVAL. THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TOTAL MOMENT CF INERTIA nF THE VEHICLE MASS AND iHUSb

WOOTPADS WHICH ARE OFF THE GROUND

SUBROUTINE VEHFOR

COMMON/ABLOCK/N,K,NOGR{5)

COMMON/BBLOCK/H,DELTAP,DII(5),RI(SI,R2(5),RP(5),THETA(5),ALPHA(5),

I D(5),SLIO(5),D10(5),B10(5),B20(5),B30(5),C10(5),C20(5),C30(5)

COMMON/CBLOCK/SIND(5),COSC(5),COSE(5),COSD(5),SINC(5},SINJ(5),

I COSG(5),SINK{5),COSB(5),SINB(S),SING(5),SINL(5),SINI(5),COSA,SINA

COMMON/DBLOCK/DI(5),BI(5),B2(5),B3(5),CI(5),C2(5),C3(5),SLI(5),

1 SL2(5),SL3(5),SLIT(5),SL2T(5),SL3T(5),SLITO(5),SL2TO(5),SL3TO(5),

I SLIM{5),SL2M(5),SL3M(5),SLIPRE{5),SL2PRE{5),SL3PRE{5),B2PREVlS),

i B3PREV(5I,CIPREV(5),C2PREV(5),C3PREV(5),EPS2,EPS3,EPS4,EPS5

COMMON/HBLOCK/VVELO(14,8),HVELO(14,8},XVELO(14,8),YVELO(14,8),

1 XVELOO,YVELOO,PSI,PSIO,PSVELO,X,XO,Y,YO,XVEL_YVEL,PSIVEL,GRAV,

i ZETA,KCONMX,DELTTT,DELTAT,GRDMU(5},A(5),FXX(3),FYY(3),RMOO(3),

I VMASS_PMASS,RMGMIT,RMOMGR,RMOMI,FA(5),FB(5),FC(5),IP,IQ,IR,

I EGBALI,EGBAL2,EGBAL3,PI(5),P2(5),P3(5),DEL(5),EPSEN(5),PHIt

I ENPRO(5)

DETERMINE FORCES ACTING ON THE VEHICLE

FXXI_)=O.O

FYY(3)=O.0
RMOO(3)=0.O

RMOMIT:RMOMI+RMOMGR

610 RMOMGR=O.O

DO 620 I:I,N,K

FXX(3)=FXX(3)+A(1)*FB(1)*COSA+A(I)*FC(1)*SINA

FYY(3)=FYY(3)+AII)*FBII)*SINA-AII)*FC(1)*COSA

620 RMOO(3)=RMOO(3)+A(1)*FC(I}*(O11(I}+SL1(I}*COSD(1))-A(1)*FB(1)*

I{RI(I}*COSC(1)+SLI(1)*SIND(1))

FXXI3)=FXX(3)-VMASS*GRAV*COS (ZETA)

FYY(3}=FYY(3}+VMASS*GRAV*SIN (ZETA)

RETURN

ENO

Figure 1-26. Subroutine VEHFOR (Concluded)
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C TITLE

C
C AUTHORS

C

C DATE

C

C PURPOSE

C

C METHOD

C

C CALL

C
C NOTE

C
C NOTE
C
C I NPUT

C
C SYMBOL

C
C B1

C

C DELTAT
C FXX 3

C

C
C FXX 2

C

C
C FXX i

C

C

C FYY 3

C

C

C FYY 2

C

C
C FYY 1

C

C

C PSI

C PSIVEL

C RMOO (3 )

C

C

C RMO0 (2 )

C

C

C RMOO (i )

C

C

C RMOMIT

C

C X

C XVEL

C Y

C YVEL

C VMASS

C

1-"/4

VEHMOT

R.BLACK,J,CADORET,J.GIBSON THE BENDIX CORPORATION

10-25-64

DETERMINE VEHICLE C,G, MOTUON

PARABOLIC INTEGRATION USED IN DETERMINING VEHICLE MOTION

VEHMOT

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER

THROUGH LABELED COMMON

DEFINITION

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. I AND VEHICLE CENTERLINE

TIME INTERVAL BETWEEN PROGRAM CALCULATIONS

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C,G,

DURING THE CURRENT TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE
FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C.G,

DURING THE N-1 TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C,G,

DURING THE N-2 TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C.G,

DURING THE CURRENT TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C,G,

DURING THE N-I TIME INTERVAL, THIS FORCE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C,G,

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 C,G.

TORQUE ACTING ON THE VEHICLE C.G, IN THE X-Y PLANE

DURING THE CURRENT TIME INTERVAL, THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE C,G, IN THE X-Y PLANE

DURING THE N-I TIME INTERVAL, THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE C.G, 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 C.G,

INSTANTANEOUS X VELOCITY OF THE VEHICLE C,G,

INSTANTANEOUS Y POSITION OF THE VEHICLE C,G.

INSTANTANEOUS Y VELOCITY OF THE VEHICLE C,G,

VEHICLE MASS

Figure 1-27. Subroutine VEHMOT
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I

,I
I

I
i
I

I

I
I

I

I
I

I

C OUTPUT THROUGH LABELED COMMON

C

C SYMBOL DEFINITION

C

C COSA COS(PSI)

C COSB COS(BI-PSI)

C FLL TOTAL FORCE ACTING ON THE VEHICLE IN

C (NORMAL TO THE VEHICLE CENTERLINE)

C FVV TOTAL FORCE ACTING ON THE VEHICLE IN

C DIRECTION ( PARALLEL TO THE VEHICLE

C SINA SIN(PSI)

C SINB SIN(BI-PSI)

C

C

THE LATERAL

THE VERTICAL

CENTERLINE)

DIRECTION

63O

633

635

SUBROUTINE VEHMOT

CONMON/ABLOCK/N,KtNOGR(5)

COMMON/CBLOCK/SIND(5),COSC(5),COSE(SI,COSD(5)tSINC(5)tSINJ(5).

1 COSG(5).SINK(5).COSB(5}.SINB(5).SING(5),SINL(5).SINI(5).COSA.SINA

COMMON/DBLOCK/DI(5}.BI(5),B2(5).B3(5),Cl(5).C2(5),C3(5)tSLI(5).

1 SL2(5)'SL3(5I.SLIT(5).SL2T(5),SL3T(5).SLITO(5),SL2TO(5).SL3TO(5)t

I SLI_(5)'SL2N(5).SL3M(5).SLIPRE(5),SL2PRE(5).SL3PRE(5),B2PREV(5).

I B3PREV(5)'CIPREV(5)*C2PREV(5),C3PREV(5),EPS2,EPS3_EPS4tEPS5

COMMON/HBLOCK/VVELO(14,B),HVELO(14,8),XVELO(14,8),YVELO(14.8},

i XVELOO*YVELOO.PSI,PSIO.PSVELO,X,XO.Y.YOtXVEL.YVEL,PSIVELtGRAVt

i ZETA'KCONMX,DELTTT,DELTAT,GRDMU(5}.A(5),FXX(3)tFYY(3)tRMOO(BIt

1 VMASS,PMASS,RMO_IT,RMOMGR,RMOMI,FA(5),FB(5)_FC(5}_IP,IQ,IR_

1 EGBALI,EGBAL2,EGBAL3,PI(5),P2{5).P3(5),DEL(5)_EPSEN(5)tPHI.
1 ENPRO(5)

COFiMONIJBLOCK/BETADT,FLL,FVV,LINE.FINT.RUNNO.RUNNOOtSERNOtXN.

I XNMIN.TMINXN,BIIMINgBJJMIN,TMINBI,TMINBJ,HN,RN.KPRINTtNSOtNQO.

i NStNQ.NSMAX,NQMAX,LOTPRT.NST,NUNtII,JJtJ,CONS,IFLAG.PRBEgKM9

i _ULTtPRXVEL.PRYVEL

DETERMINE VEHICLE C.G, MOTIONS

X=X+XVEL_DELTAT+(19.0_FXX(3}-10.0_FXX(2)+3,O_FXX(1))_DELTAT_
1DELTAT/(24.O_VMASS)

XVEL=XVEL+(23,O_FXX(3)-lG,0_FXX(2)+5.0_FXX(1))_DELTAT/(12°O_VMASS)

Y=Y+YVEL_DELTAT+(19.0_FYY(3)-I0o0_FYY(2}+3.0_FYY(1))_DELTAT _

IDELTAT/(2_°O_VMASS}

YVEL=YVEL+(23.0_FYY(3)-I6.0_FYY(2)+5.0_FYY(1))_DELTAT/(12,O_VMASS)

PSI=PSI+PSIVEL_DELTAT+(19,0_RMOO(3)-10,O_RMOO(2)+3°O_RMOO(1))_

1DELTAT_DELTAT/(24,0_RMOMIT)

PSIVEL=PSIVEL+(23°0_RMOO(3)-16.0wRMOO(2)+5.0_RMOO(1))_DELTAT/
!(12,0_RMOMIT)

RESET PROGRAM CONSTANTS

COSA_COS (PSI)

SINA=SIN (PSI)

DO 685 I=I,N,K

COSB(1)=COS (BI(1)-PSI)

SINB(1)=SIN (BI(1)-PSI)

DETERMINE HORIZONTAL AND VERTICAL FORCES AT THE VEHICLE C,G°

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 l:It2

FXX(1):FXX(I+I)
FYY(1):FYY(I+I)

RMOO(1)=RMO0(I+I)

RETURN

END

Figure 1-27. Subroutine VEHMOT (Concluded)
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TITLE

AUTHORS

DATE

STABAN

R.BLACK,J.CADORET,J°GIBSON

i0-25-64

THE BENDIX CORPORATION

PURPOSE COMPUTE STABILITY ANGLE AND ORIENT IN PROPER QUADRANT

CALL STABAN

NOTE THIS PROGRAM WAS WRITTEN IN FORTRAN IV

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 INSTANTANEOUS X POSITION OF THE VEHICLE C,G°
XP(1) X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

Y INSTANTANEOUS Y POSITION OF THE VEHICLE C,G.

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

OUTPUT THROUGH LABELED COMMON

SYMBOL DEFINITION

BETA VEHICLE STABILITY ANGLE

SUBROUTINE STABAN

COMMON/ABLOCK/N,K,NOGR(5)

COMMON/EBLOCK/XP(5),YP(5),ZP(5),XPVEL(5),YPVEL(5),ZPVEL(5)

COMMON/HBLOCK/VVELO(14,8),HVELO(14,8)tXVELO(14,8),YVELO(14,8),
1 XVELOO,YVELOO_PSI,PSIO_PSVELO,X,XO,YtYOtXVEL,YVEL,PSIVEL_GRAV,

i ZETA,KCONMX,DELTTT,DELTAT,GRDMU(5),A(5)tFXX(3)_FYY(3),RMOO(3),
1 VMASS,PMASS,RMOMIT,RMOMGR,RMOMI,FA(5),FB(5),FC(5),IP, IQ,IR,
I EGBAL1,EGBAL2,EGBAL3,PI(5),P2(5},P3(5),DELIS)_EPSEN(5),PHIt

I ENPRO(5)

COMMON/IBLOCK/BETA(5),BEPR(5),BETAPR(5),LAND

DIMENSION BEMI(5),BEPL(5)

ORIENT STABILITY ANGLE IN PROPER QUADRANT

669

670

671

672

DO 673 I:I,N,K

BETA(1):ATAN ((YP(1)-Y)/(X-XP(I}))-ZETA

BEMI(1)=BETA(I}-3.14159265359

BEPL(1)=BETA(I}+3.14159265359

DIFFI=ABS (BEMI(1)-BEPR(1))

DIFF2=ABS (BETA(I}-BEPR(1))

DIFF3:ABS (BEPL(1)-BEPR(1))

IF(DIFFI-DIFF2)669,670,670

IF(DIFFI-DIFF3)672,671*671

IF(DIFF2-DIFF3)673,671,671

BETA(1)=BEPL(1)

GO TO 673

BETA(1):BE_I(1)

Fibre 1-28. Subroutine STABAN
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C
c
C

673

RESET BEPR FOR NEXT

BEPR(1)=BETA(I}
RETURN

END

ITERATION STEP

1-78
Figure 1-28. Subroutine STABAN (Concluded)
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C TITLE
C
C AUTHORS

C
C DATE

C
C PURPOSE

C

C CALL

C
C NOTE
C
C NOTE

C
C I NPUT

C

C SYMBOL

C

C FX

C FXP(1)

C
C FXPLG3

C
C
C FYPLG3

C

C
C FZPLG3

C
C

C FI(I)

C F2(I}

C F3(I}

C M

C SLIT

C SL2T

C SL3T

C TIME
C XP(1)

C YP(1)

C ZP(1)

C

C OUTPUT

C

C SYMBOL

C

C FXPL31

C FXPL33
C FYPL31

C FYPL33
C FZPL31

C FZPL33
C FXI

C FX3
C GISTRI

C GISTR2

C GISTR3

C G3STRI

C G3STR2

C G3STR3

STOREP

R,BLACK,J,CADORET,J,GIBSON

10-25-64

THE BENDIX CORPORATION

STORE INFORMATION FOR FINAL PRINTOUT

STOREP

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC ii07 COMPUTER

THROUGH IIIARF| FD COMMON

DEFINITION

SAME AS FXP

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

AVERAGE FORCE IN THE X DIRECTION ACTING ON FOOTPAD NO.3

DURING THE TIME INTERVAL OT. 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 IS DEFINED BY
THE PARABOLIC INTEGRATION PROCEDURE

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

PLASTIC STROKE FORCE IN STRUT NO.1 OF LEG I

PLASTIC STROKE FORCE IN STRUT NO.2 OF LEG I

PLASTIC STROKE FORCE IN STRUT NO.3 OF LEG I

INDEX USED TO STORE VARIABLES FOR PRINT AT END OF RUN

TRUE INSTANTANEOUS LENGTH OF STRUT NO.I

TRUE INSTANTANEOUS LENGTH OF STRUT NO.2

TRUE INSTANTANEOUS 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 II

FXPLG3 VALUE FOR LEG JJ

FYPLG3 VALUE FOR LEG II

FYPLG3 VALUE FOR LEG JJ
FZPLG3 VALUE FOR LEG II

FZPLG3 VALUE FOR LEG JJ

FX

FX

SLIT

SL2T

SL3T

SLIT

SL2T

SL3T

VALUE FOR LEG II

VALUE FOR LEG JJ

VALUE FOR LEG II

VALUE FOR LEG II

VALUE FOR LEG II

VALUE FOR LEG JJ
VALUE FOR LEG JJ

VALUE FOR LEG JJ

Figure 1-29. Subroutine

STORED FOR FINAL PRINT
STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT
STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STOREP

1-'/9



C GIFRC1 FI VALUE FOR LEG II STORED FOR FINAL PRINT

C GIFRC2 F2 VALUE FOR LEG II STORED FOR FINAL PRINT

C GIFRC3 F3 VALUE FOR LEG II STORED FOR FINAL PRINT

C G3FRC1 FI VALUE FOR LEG JJ STORED FOR FINAL PRINT

C G3FRC2 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 XPl XP VALUE FOR LEG II STORED FOR FINAL PRINT

C XP3 XP VALUE FOR LEG JJ STORED FOR FINAL PRINT
C YPI YP VALUE FOR LEG II STORED FOR FINAL PRINT

C YP3 YP VALUE FOR LEG JJ STORED FOR FINAL PRINT

C ZPI ZP VALUE FOR LEG II STORED FOR FINAL PRINT

C ZP3 ZP VALUE FOR LEG JJ STORED FOR FINAL PRINT
C

C

C
C

C
688

1-80

SUBROUTINE STOREP

COMMON/DBLOCK/DI(5},BI(5),B2(5),B3(5),CI(5),C2(5),C3(5),SLI(5),
1 SL2(5)tSL3(5),SL1T(5)*SL2T(5},SL3T(5),SL1TO(5)tSL2TO(5)tSL3TO(5)t

I SLIM(5},SL2M(5),SL3M(5),SLIPRE(5),SL2PRE(5)gSL3PRE(5),B2PREV(5)t

i B3PREV(5)tCIPREV(5},C2PREV(5)tC3PREV(5),EPS2tEPS3.EPSktEPS5

COMMON/EBLOCK/XP(5).YP(5),ZP(5),XPVEL(5),YPVEL(5),ZPVEL(5)

COMMON/FBLOCK/FX(5).FXPLG3(5),FYPLG3(5),FZPLG3(5),FXPLG2(5),

I FYPLG2(5)tFZPLG2(5),FXPLGI(5),FYPLGI(5),FZPLGI(5},

1 Fl(5},F2(5)tF3(5),E1(5),E2(5),E3(5)

COMMON/JBLOCK/BETADT.FLL,FVV.LINE,FINT,RUNNO,RUNNOO,SERNO,X_,

I XNMINtTMINXN,BIIMIN,BJJMINPTMINBI,TMINBJ,HN,RN,KPRINT,NSO,NOO.

I NS,NQ,NSMAX,NOMAX,LOTPRT.NSTtNUN,II.JJ,J,CONS,IFLAG,PRBE,KM,

I MULT,PRXVEL,PRYVEL

COMMON/KBLOCK/MPTIME,TME(kO2),XPI(402),YPI(_O2)tZPI(402},XP3(402},

I YP3(k02},ZP3(402),FX1(402)_FX3(kO2).FXPL31(_O2),FYPL31(402),

1 FZPL31(kO2),FXPL33(402),FYPL33(402),FZPL33(H02),GISTR1(402),

i GISTR2(HO2),GISTR3(H02),G3STR1(402),G3STR2(H02),G3STR3(402},

1 GIFRCI(402),GIFRC2(402),GIFRC3(HO2)PG3FRCI(H02),G3FRC2(402),
1 G3FRC3(402)

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

M=M+I

TME(M)=TIME

XPI(M)=XP(II

YPI(Mi=YP(II

ZPI(M)=ZP(II

XP3(M)=XP(JJ

YP3(M)=YP(JJ

ZP3(M)=ZP(JJ

FXl(M)=FX(II

FX3(M)=FX(JJ

FXPL31(M)=FXPLG3(II)

FYPL31(M)=FYPLG3(II)

FZPL31(M)=FZPLG3(II)

FXPL33(M}=FXPLG3(JJ)

FYPL33(M)=FYPLG3(JJ)

FZPL33(M)=FZPLG3(JJ)

GISTRI(M)=SLIT{II}

GISTR2(M)=SL2T(II}

GISTR3(M)=SL3T(II}

G3STRI(M)=SLIT(JJ)

G3STR2(M)=SL2T(JJ)

G3STR3(M)=SL3T(JJ)

GIFRCI(M)=FI(II)

Figure 1-29. Subroutine STOREP (Continued)
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GIFRC2(Mi=F2(II)

GIFRCB(M)=F3(II)

G3FRCIIM)=FI(JJ)

G3FRC2(M)=F2(JJ)

G3FRC3IM)=F3(JJ)

RETURN
END

Figure 1-29. Subroutine STOREP (Concluded)
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C TITLE

C

C AUTHORS

C

C DATE

C
C PURPOSE

C

C CALL

C

C

C

C

C

C

C

C

C
C NOTE

C

C NOTE

C

C INPUT

C
C SYMBOL

C

C NOTE

C

C
C A

C
C
C
C ALPHA

C

C BETA
CC BETADT
C BIIMIN

C BJJMIN

C BIO

C

C B20

C

C B30
C
C

C
C
C D

C DELTAP

C
C DELTAT

C DIO
C
C
C Dli

C EGBAL1

C

C EGBAL2

C EGBAL3

1-82

PRINTI

R.BLACK,J.CADORET,J.GIBSON THE BENDIX CORPORATION

10-25-64

TO PRINT THE OUTPUT DATA

PRINTI (IPR)

IPR:I ---

IPR:2 ---

IPR:3 ---

IPR:4 ---

IPR:5 ---

IPR=6 ---

IPR:7 ---

IPR=8 ---

PRINT INITIAL DATA

PRINT ON LINE OUTPUT WITH HEADINGS

PRINT ON LINE OUTPUT

PRINT SUMMARY (UNSTABLE RUN)

PRINT SUMMARY (TIME EXCEEDED)

PRINT SUMMARY (STABLE RUN)

PRINT GENERAL SUMMARY

PRINT STORED OUTPUT

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER

THROUGH LABELED COMMON

DEFINITION

AN INPUT PARAMETER FOLLOWED BY A 0 IMPLIES THE INITIAL VALUE

AS BIO(I}. THE INSTANTANEOUS VALUE OF THE PARAMETER

IS DEFINED WITHOUT THE 0 AS BI(1).

SYMMETRY FACTOR -- IF TWO VEHICLE LEGS ARE SYMMETRIC,

SET A=2.0 FOR ONE OF THE SYMMETRIC PAIRS AND A:O.O FOR

THE OTHER TO SAVE ON COMPUTER TIME IE FOR 22 LANDING

A:2,0,2tO FOR A 121 LANDING A: 1,2,1,0

ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)

SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE C.G°

VEHICLE STABILITY ANGLE

RATE OF CHANGE OF BETA WITH TIME

MINIMUM STABILITY ANGLE FOR LEG SET II

MINIMUM STABILITY ANGLE FOR LEG SET JJ

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. i AND VEHICLE CENTERLINE

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. 2 AND VEHICLE CENTERLINE

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. 3 AND VEHICLE CENTERLINE

CI0,C20,C30 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 1,2,3 RESPECTIVELY

VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS

DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE

LEG STRUTS

TIME INTERVAL BETWEEN PROGRAM CALCULATIONS

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 C.G. TO UPPER HARDPOINT

ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND C.G°

DROP

ENERGY DISSIPATED BASED ON PLASTIC STROKE OF ALL STRUTS

ENERGY DISSIPATED BASED ON PLASTIC AND FULL ELASTIC

Figure 1-30. Subroutine PRINT1
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C
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C
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C

C
C
C
C

C
C

C
C
C
C
C

C
C

C
C

C
C

C
C
C
C
C

C

C
CC

C
C

ENPRO(I)

EPS2
EPS3

EPS4

EPS5

NOTE

FINT

FLL

FVV

FXI

FX3

FXPL31

FXPL33

FYPL31

FYPL33

Fll
F22

F33
FZPL31

FZPL33
GRAV
GRDMU

G1FRC1
G1FRC2
G1FRC3

G3FRC1
G3FRC2
G3FRC3

GISTR1

G1STR2
GISTR3
G3STR1
G3STR2
G3STR3
H

HN

HVELO

II

IP

IO
IR
a

aa

K

KCONMX

KPRINT

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 VELOCITY OF VEHICLE C.G. IN X DIRECTION

LIMITING MINIMUM VELOCITY OF VEHICLE C.G. IN Y DIRECTION

LIMITING MINIMUM ANGULAR VELOCITY OF VEHICLE C. G.

IF XVEL,YVEL AND PSIVEL ARE SIMULTANEOUSLY LESS THAN

EPS3tEPS4 AND EPS5 RESPECTIVELY AND THE FOOTPADS ARE ALL

LESS THAN I FT. FROM THE GROUND, 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

DIMECTION ( PANALLEL TO THE VEHICLE CENTERLINE}
FX VALUE FOR LEG II

FX VALUE FOR LEG JJ

FXPLG3 VALUE FOR LEG II

FXPLG3 VALUE FOR LEG JJ

FYPLG3 VALUE FOR LEG II

FYPLG3 VALUE FOR LEG JJ

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

PLASTIC STROKE FORCE FOR UPPER STRUT (NO, I)

PLASTIC STROKE FORCE FOR LOWER STRUT NO. 2

PLASTIC STROKE FORCE FOR LOWER STRUT NO, 3

FZPLG3 VALUE FOR LEG II STORED FOR FINAL PRINT

FZPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

LOCAL GRAVITY

COEFFICIENT OF FRICTION BETWEEN VEHICLE FOOTPADS AND GROUND

F1

F2
F3

FI
F2

F3
SLIT

SL2T
SL3T
SLIT

SL2T
SL3T

VALUE FOR LEG II

VALUE FOR LEG II

VALUE FOR LEG II

VALUE FOR LEG JJ

VALUE FOR LEG JJ

VALUE FOR LEG JJ

VALUE FOR LEG II

VALUE FOR LEG II

VALUE FOR LEG II

VALUE FOR LEG JJ

VALUE FOR LEG JJ

VALUE FOR LEG JJ

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

DISTANCE FROM THE BOTTOM OF THE FOOTPAD TO THE VEHICLE

CENTER OF GRAVITY

VERTICAL DISTANCE BETWEEN VEHICLE C,G. 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 II

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

2-2 LANDING, 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

LINE

LOTPRT

M

N

NQO

NQMAX

NOTE

NSO

NSMAX

PHI

PMASS

PSIO

PSVELO

Pl

P2

P3

RMOMI

RMO0 ( 3 )

RMOO (2 )

RMOO (i )

RN

RP(1)

PSI

PSIVEL

RuNNv_,

R1

R2
SERNO
SKEI
SKE2
SKE3
SKS

SF-.1
SK2

SK3
SLIM

SLID

SL2M

SL3M

THETA

TIME
TME
TMINBI

TMINBJ
TMINXN

SIGNIFIES LANDING MODE - SET FOR 22 OR 121 LANDING

PRINTOUT LINE COUNTER

FLAG TO DETERMINE IF COMPLETE SUMMARY PRINTING IS TO

BE DESIRED, COMPLETE OUTPUT PRINTING IS NOT NORMALLY

USED THEREFORE SET LOTPRT=0 • IF SET LOTPRT=It THE

COMPLETE HISTORY OF STRUT STROKES. AND STRUT FORCES WILL

BE PRINTED,

INDEX USED TO STORE VARIABLES FOR PRINT AT END OF RUN

NUMBER OF LEGS ON THE VEHICLE

STARTING COLUMN IN VELOCITY INPUT ARRAY

ENDING COLUMN IN VELOCITY ARRAY

SEE WRITEUP FOR DISCUSSION OF VELOCITY ARRAY

STARTING ROW IN VELOCITY INPUT ARRAY

ENDING ROW IN VELOCITY ARRAY

ANGLE BETWEEN VEHICLE CENTERLINE AND GRAVITY VECTOR

MASS OF EACH FOOTPAD

INITIAL PITCH ANGLE

INITIAL VEHICLE PITCH RATE

FRICTION FORCE IN STRUT NO, 1

FRICTION FORCE IN STRUT NO, 2

FRICTION FORCE IN STRUT NO, 3

VEHICLE MOMENT OF INERTIA

TORQUE ACTING ON THE VEHICLE C,G, IN THE X-Y PLANE

DURING THE CURRENT TIME INTERVAL, THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE C,G, IN THE X-Y PLANE

DURING THE N-I TIME INTERVAL, THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

TORQUE ACTING ON THE VEHICLE C,G, IN THE X-Y PLANE

DURING THE N-2 TIME INTERVAL, THIS TORQUE IS USED

IN THE PARABOLIC INTEGRATION PROCEDURE

EXHAUST NOZZLE RADIUS

RADIUS OF FOOTPAD (1)

INSTANTANEOUS VALUE OF PSIO

INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE C,G,

RUN NUMBER ( FOR IDENTIFICATION ONLY)

RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

SERIES NUMBER ( FOR IDENTIFICATION ONLY)

TENSIL ELASTIC SPRINGRATE OF STRUT NO, 1 (UPPER)
TENSIL ELASTIC SPRINGRATE OF STRUT NO, 2 (LOWER)

TENSIL ELASTIC SPRINGRATE OF STRUT NO, 3 (LOWER)

SPRINGRATE UNDER VEHICLE FOOTPADS

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO, 1(UPPER)

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO, 2(LOWER)

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO,3 (LOWER)

MINIMUM LENGTH TO WHICH STRUT NO,I HAS BEEN COMPRESSED

DURING THIS RUN

INITIAL VALUE OF SL1

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

ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN

DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE

CENTERLINE AND UPPER HARDPOINT

TIME AFTER TOUCHDOWN

TIME STORED FOR FINAL PRINT

TIME WHEN MINIMUM STABILITY FOR LEG SET II OCCURS

TIME WHEN MINIMUM STABILITY FOR LEG SET JJ OCCURS

TIME WHEN MINIMUM NOZZLE CLEARANCE OCCURS

Figure 1-30. Subroutine PP, INT1 (Continued)
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I
I
I
I
I
!
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I
t

C
C
C
C
C

C

C
C
C

C
C

C
C
C

C
C

C
C
C

C
C

C
C

VMASS VEHICLE MASS

VVELO INITIAL VEHICLE VELOCITY PARALLEL TO THE GRAVITATIONAL

FIELD. POSITIVE DOWNWARD

X INSTANTANEOUS X POSITION OF THE VEHICLE CoG.

XPl XP VALUE FOR LEG II 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 CoG.

XVELO INITIAL VERTICAL VELOCITY OF VEHICLE C.G.

XVELOO SAME AS XVELO

Y INSTANTANEOUS Y POSITION OF THE VEHICLE C.G.

YO INITIAL HORIZONTAL POSITION OF VEHICLE CoG.

YPI YP VALUE FOR LEG II STORED FOR FINAL PRINT

YP3 YP VALUE FOR LEG JJ STORED FOR FINAL PRINT

YVEL INSTANTANEOUS Y VELOCITY OF THE VEHICLE C.G.

YVELO INITIAL HORIZONTAL VELOCITY OF VEHICLE C.G.
YVFIOO _AMF AS YVFLO

ZETA GROUND SLOPE

ZP1 ZP VALUE FOR LEG II STORED FOR FINAL PRINT

ZP3 ZP VALUE FOR LEG JJ STORED FOR FINAL PRINT

OUTPUT PRINTED OUTPUT

SUBROUTINE PRINTI(IPR)

COMMON/ABLOCK/NtK_NOGR(5)
COMMON/BBLOCK/HtDELTAP_D11(5)_Rl(5)_R2(5)_RP(5),THETA(5)_ALPHA(5)t

1 D(5)_SL10(5)tD10(5)_BIO(5)tB20(5),B30(5)tCIO(5)_C20(5)tC30(5)

COMMON/DBLOCKIDI(5)_BI(5)_B2(5),B3(5)_CI(5)_C2(5)_C3(5)tSLI(5),

I SL2(5)_SL3(5)tSLIT(5)_SL2T(5),SL3T(5)tSLITO(5)tSL2TO(5)_SL3TO(5)_

I SLIN(5)tSL2N(5)tSL3N(5)_SLIPRE(5)_SL2PRE(5)_SL3PRE(5)_B2PREV(5)_

I B3PREV(5)_EIPREV(5}_C2PREV(5)_C3PREV(5)_EPS2_EPS3_EPSk,EPS5

COMMON/GBLOCK/FIl(5)tF22(5)_F33(5)_SKS(5)_SK19SK2_SK3_SKEI_SKE2_

1SKE3
COMMON/HBLOCK/VVELO(14_B)_HVELO(14,8)_XVELO(14_8)_YVELO(14,8)t

1 XVELOO_YVELOO_PSItPSIOIPSVELO_X_XO_Y_YOtXVEL_YVELgPSIVELtGRAVt

1 ZETA,KCONMX,DELTTT,DELTAT_GRDMU(5),A(5),FXX(3),FYY(3)_RMOO(3)9

I VMASS_PMASS_RMOMIT_RMOMGR_RMOMI_FA(5)_FB(5)_FC(5)_IP_IQ_IR_

1 EGBALI_EGBAL2_EGBAL3_PI(5)_P2(5)_P3(5)_DEL(5)_EPSEN(5)_PHI_

1ENPRO(5)

COMMON/IBLOCK/BETA(5)_BEPR(5)_BETAPR(5)_LAND

COMMON/JBLOCK/BETADT_FLL_FVV_LINE_FINT_RUNNO_RUNNOO_SERNO_XN_

1 XNMIN_TMINXN_BIIMIN_BJJMIN_TMINBI_TMINBJ_HN_RN_KPRINT_NSO_NQO_

I NS_NQ_NSMAX_NQMAX,LOTPRT_NST_NUN_II_JJ_J_CONS_IFLAG_PRBE_KM_

I MULT_PRXVEL_PRYVEL
COMMON/KBLOCK/M_TIME_TME(402),XPI(402)_YPI(_O2)_ZPl(_02),XP3(402)_

I YP3(402)_ZP3(402),FXl(402)_FX3(402)_FXPL31(_O2)_FYPL31(402)_

1 FZPL31(_O2)_FXPL33(_O2)_FYPL33(402)_FZPL3_(_O2)_G1STRl(_02)_

1G1STR2(#O2)_G1STR3(kO2)_G3STRI(402)_G3STR2(_O2)_G3STR3(#02)_
1 GIFRCl(kO2)_GIFRC2(402)_GIFRE3(#O2)_G3FRCI(kO2)_G3FRE2(k02)_

1 G3FRC3(_02)
GO TO (10_20_30_k0_50_50_70_80)_ IPR

PRINT INPUT DATA

10 DO 30k2 KKK=I_2

PRINT 950

PRINT I050_(A(I)_I:I_5)

PRINT I061_(ALPHA(1)_I:I_5)

PRINT I062_(D(I)_I=1_5)

PRINT 1063_(Dl1(I)_I=1_5)

Figure 1-30. Subroutine PRINT 1 (Continued)
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C
C

C

C
C

C

1-86

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

I064,(Fl1(I),I=1,5)
1065,(F22(I),I=1,5)

1066,(F33(I),I=1,5)

105B_(GRDMU(1),I= ,5)

106?,(P1 I ,I=1,5

1068,(P2 I ,I=1,5

1069,(P3 I ,I=1,5

1070,(R1 I ,I=1,5

I071,(R2 I ,I=I,5

1090,(RP I _I=1,5

I091,(SKS( ),I=1_ )

1060,(THETA(1)_I=I,5)

IO?2,DELTAP,DELTAT,EPS2

IO?3,EPS3,EPS4,EPS5

IO?4,FINT,GRAVgHN

IO?5,PHASStPSIOtPSVELO

IO?6,RMOHI,RUNNOO,RN

1077,SK1,SK2

1078,SK3,SKE1,SKE2

1079,SKE3,SERNO,VHASS

IO80_YO,ZETA,H

1081,11,JJ_J_K,KPRINT,LAND

1082,N,NSO,NQO,NSMAX,NQHAX,KCONMX

I089,LOTPRT

I083 ((VVELO(ML_NL),HVELO(ML,NL),ML=I,NQMAX),NL=I,NSMAX)

I059,(SLIO(1),I=I,5)

I057,(DI0 I)_I=l,5

I051_(BIO I),I=l,5

I052,(B20 I),I=l,5

1053,(B30 I),I:I_5

I054,(CI0 I),I=l,5

I055,(C20 I),I=I,5

I056,(C30 I),I=l,5

I092,XVELOO,YVELO0

3042 CONTINUE

RETURN

PRINT ON LINE DATA

20 PRINT 950

PRINT 850_SERNO_RUNNOtXVELOO,YVELOO,ZETA,PSIOIPSVELO

PRINT 851,VVELO(NQ,NS},HVELO(NQ,NS)

PRINT 902tII,JJ

PRINT 903,TIME,X,Y,PSI,XVEL,YVEL,PSIVEL,BETADT,BETA(II),

I BETA(JJ),FLL,FVV,RHO0(3)
RETURN

RECORD LINE COUNT FOR PRINT HEADINGS

30 LINE:LINE+I

IF(LINE-49)705,705,?07

705 PRINT 903,TIME,X,Y,PSI,XVEL,YVEL,PSIVELPBETADT,BETA(II)_

I BETA(JJ),FLL,FVV_RMO0(3)
RETURN

707 PRINT 950

PRINT 902,11,JJ

LINE=O

PRINT 903,TIME,X,Y,PSI,XVEL,YVEL,PSIVEL_BETADT,BETA(II),

I BETA(JJ)_FLL,FVV_RMO0(3}
RETURN

40 PRINT 950

FLare 1-30, B_bro_tL_e PP,31N-_I (@ont_ed)



C
C

C

50

60

PRINT PAGE TITLES

PRINT 850,SERNO,RUNNO,XVELOO,YVELOO,ZETA,PSIO,PSVELO

PRINT 851,VVELO(NQ,NS),HVELO(NQ,NS)

PRINT 905,TIME

RETURN

PRINT 950

PRINT 850,SERNO,RUNNO,XVELOO,YVELOO,ZETA,PSIO,PSVELO

PRINT 851,VVELO(NQ,NS),HVELO(NQ,NS)

PRINT 906,TIME

RETURN

VEHICLE IS STABLE AND HAS STOPPED . PRINT OUTPUT DATA

C
C
C

70

PRINT 950

PRINT 850,SERNO,RUNNO_XVELOO,YVELOO,ZETA,PSIO,PSVELO

PRINT _..._.,_°_'.... c,_,.,_ NS, _.uV_L_,.,_..,_,,,_ _,,,_ yi1_ #

PRINT 904,TIME

RETURN

PRINT SUMMARY OUTPUT

80

PRINT 907,(SLIM(1),I=I,N}

PRINT 908,(SL2M(I},I=I,N}

PRINT 909,(SL3M(1),I=I,N)

PRINT 910,XNMIN,TMINXN

PRINT 936,11,BIIMIN,TMINBI

PRINT 937,JJ,BJJMIN,TMINBJ

PRINT 917,EGBALI

PRINT 918,EGBAL2

PRINT 934,EGBAL3
PRINT 913,PHI

PRINT 938,11,BETA(II),II,BETADT

PRINT 939,(ENPRO(I),I=I,N)

RETURN

IP=l

IQ=50

IR=-I

IF(M-IQ)1823,182_,1824

IQ=M

IR=I

1822

1823

PRINT STORED OUTPUT INFORMATION

1824 PRINT 950

PRINT 930,11,11,11,JJ,JJ,JJ,II,JJ

PRINT 931,(TME(1),XPI(1),YPI(II,ZPI(1),XP3(1),YP3(1),ZP3(1),
IFXI(1),FX3(1),I=IP,IQ)

IF(IR)1825,1825,1826

!825 !P=!P+50

IQ=IC+50

GO TO 1822

LOTPRT TO SEE IF

1836,1836,2826

C

C TEST FLAG

C

1826 IF (LOTPRT)

2826 IP=l

IQ=50

IR=-I
1827 IF(M-IQ}I828,1828.1829

COMPLETE PRINTOUT IS DESIRED

Figure 1-30. Subroutine PRINT1 (Continued)
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1828 IQ=M

IR=I

1829 PRINT
PRINT

PRINT

'_en

950

932,11,11,11,JJ,JJ,JJ

933,(TME(1),FXPL31(1),FYPL31(1)gFZPL31(1)tFXPL33(I),

IFYPL33(II,FZPL33(1),I=IP,IQ}

IF(IR}1870,1830,1871

1830 IP=IP+50

IQ=IQ+50

GO TO 1827

1831 IP=I

IQ=50

IR=-I

1832 IF (M-IQ) 1833,1833,1834

1833 IQ=M

IR=I

1834 PRINT 950

PRINT 960,11,JJ

PRINT 961

PRINT 962,(TME(1),GISTRI(1),GIFRC1(1),GISTR2(II,GIFRC2(II,GISTR3(I

ll,GIFRC3(1),G3STRI(II,G3FRCI(1),G3STR2(I},G3FRC2(II,G3STR3(1),

2G3FRC3(II,I=IP,IO)

IF (IR} 1835t1835,1836

1835 IP=IP+50

IQ=IQ+50

GO TO 1832

1836 RETURN

C

C

C FORMAT STATEMENTS FOR OUTPUT INFORMATION

C
850 FORMAT(11H SERIES NO., FT.2,9H RUN NO.,F6,2,

I:,F6.2,11H YVELO:,F6.2,10H ZETA:,FS.3,10H

12H PSVELO=,F6.4/)

851 FORMAT(47H

1 HVELO=,F6.2/)

902 FORMAT(TBH TIME X Y PSI XVEL

1SIVEL BETAVEL BETA,II,6H BETA,I1,30H FL

2 TOll
FORMAT(F8.3,F10o3,F9.3,2F8.3,2F9.3,F10o3tF7.3pFS.3,3F10.I)

14H XVELO

PSIO:_F6.4,1

VVELO:,F6°2,11H

YVEL P

FV

903

904 FORMAT(11H STABLE,FT.3_SHSECS,///}

905 FORMAT(13H UNSTABLE,F7°3,5HSECSol//)

906 FORMAT(9H TIME,F?.3,SHSECS.///)

907 FORMAT(32H MAXIMUM STROKE NO° 1 STRUT,5F12o3//)

908 FORMAT(32H NO. 2 STRUTo5F12.3//}

909 FORMAT(32H NO. 3 STRUT,5FI2.3///)

910 FORMAT(///32H MINIMUM CLEARANCE OF NOZZLE:,FT.3,55H

1TIME WHEN THE MINIMUM CLEARANCE OCCURS :,F7.3/l/)

911FORMAT(54H MINIMUM CLEARANCE BETWEEN SHOCK STRUT AND FRAME :)

912 FORMAT(32H ,5F12,3///)

913 FORMAT{k3H FINAL ANGULAR ORIENTATION OF VEHICLE =,F7°4///)

914 FORMAT(32H MAXIMUM STROKE NO. 1STRUTt4F12.3//)

915 FORMAT(32H NO. 2 STRUT,4F12.3//)

916 FORMAT(32H NO° 3 STRUT,4F12o3//)

917 FORMAT(66H ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND

1C.G. DROP=,F11,3///)

918 FORMAT(48H ENERGY DISSIPATED BASED ON PLASTIC STROKE =tFll.3//

i/)

930 FORMAT(21H TIME XP(,I1,llH) YP(tll_IIH) ZP

1(,11,12H} XP(,I1t11Hl YP(,II,11H) ZP(,I1,13H)

1 FX(tI1,14H} FX(gII,IH)/)

Figure 1-30. Subroutine PRINT1 (Continued)
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I
I
!
!
I

I
i

!
I
!
I

.... /

931 FORMAT(7FI2.3,2F14.1)

932 FORMAT(24H TIME FXPLG3(,II,13H) FYPLG3(,II,13H)

1 FZPLG3(,II913H) FXPLG3(,Ilt13H) FYPLG3(,II,13H) FZPLG
13(tIl,IH}/)

933 FORMAT(FI2,3t6FI4.1)

934 FORMAT(55H ENERGY DISSIPATED BASED ON PLASTIC AND FULL
1 STROKE =,F11.3///)

936 FORMAT(29H MINIMUM STABILITY ANGLE B,I1,IH=,FT.3,55H

I TIME WHEN THIS STABILITY ANGLE OCCURS :,F7.3///}

937 FORMAT(29H MINIMUM STABILITY ANGLE B,I1,IH=,F7.3,55H

THIS STABILITY ANGLE OCCURS =,F7.3111)

FINAL STABILITY ANGLE B,II,2H =,FT.3,30H

BETA,II,I7H RATE OF CHANGE =,F7.3///)

ENERGY DISTRIBUTION BETWEEN LEGS - PERCENT

I TIME WHEN

938 FORMAT(27H

I FINAL

939 FORMAT(48H

I/)

950 FORMAT(IHI)

960 FORMAT(3?H

I

961 FORMAT(II7H

ELASTIC

=,5F8.3//

LEG SET NO.,II,56H

LEG SET NO,,II/)

TIME LENGTHI FORCEI LENGTH2 FORCE2 LENGTH3 F

IORCE3 LENGTHI FORCEI LENGTH2 FORCE2 LENGTH3 FORCE3/)

FORMAT(FT.3,F9.3,F10.2,FB.3,F10.2,F8.3tF10.2,FI1.3,FlO.2tF8.3,FIO.

=,5F15.5

=,5F15.5

=,5F15.5

=,5F15.5

=,5F15.5

=,5F15.5

=,5FI5.5

=,5F15.5

=,5F15.5)

=,5F15.5)

=,5F15o5

=,5F15.5

=,5F15.5
=,5FI5.5

=,5F15.5

=,5F15.5

=,5F15.5

=,5F15.5

=,5F15.5

=,5F15.5

=.._F15.5

=,5FI5.5

12,F8.3,FI0.2)

FORMAT(10XtlOHA

FORMAT(10X,10HBIO

FORMAT(IOX,10HB20

FORMAT(IOX,10HB30

FORMAT(10X,lOHC13

FORMAT(IOX,10HC20

FORMAT(IOX,10HC30

FORMAT(IOX,IOHD10

FORMAT(10X,IOHGRDMU

FORMAT(/10X,10HSL10

FORMAT(10X,IOHTHETA

FORMAT(IOX,IOHALPHA

FORMAT(IOX,IOHD

=,FIS.5,10H DELTAT =,FI5.5,10H EPS2 =,F

=,FI5.5,10H EPS4 =,FISo5,10H EPS5 =,F

=,FI5.5,10H GRAV =,FIS.5,10H HN =,F

=,FI5.5,10H PSIO =PFIS.5,10H PSVELO =,F

=,FI5.5,10H RUNNOO =,FI5.5,10H RN =,F

=,FI5.5,10H SK2 =,FI5-5)

=,FI5.5,10H SKEI =,FI5.5,10H SKE2 =,F

=,FI5.5,10H SERNO =,F15.5,10H VMASS =,F

=,FI5.5,10H ZETA =,FIS.5,10H H =,F

Subroutine PILIINT I (Continued)

962

1050

1051

1052

1053

1054

1055

1056

1057

1058

i059

i060

i061

1062

1063
1064

1065
1066

1067
1068

1069
1070

1071

IOX,IOHDII

IOX,10HFII

IOX,10HF22

10X,10HF33

10X,10HPI

IOX,10HP2

IOXIIOHP3

10XtlOHRI

IOX,10HR2

FORMAT
FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

FORMAT

1072 FORMAT(IOX,IOHDELTAP

I15.5)

1073 FORMAT(10X,IOHEPS3

115.5}

1074 FORMAT(IOX,IOHFINT

115.5)

1075 FORMAT(IOX,IOHPMASS

115.5)

1076 FORMAT(IOX,IOHRMOMI

115.5)

1077 FORMAT(10X,10HSKI

1078 FORMAT(IOX,10HSK3

115.5)

1079 FORMAT(IOX,IOHSKE3

115.5)

I080 FORMAT(10X,IOHYO

I15,5)

Figure 140.
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1081 FORMAT(IOXt8H II =,15,8H

1,8HKPRINT :,15,8H LAND =.15)

1082 FORMAT(IOXt8H N =,15,8H

1,8H NQMAX =,I5,8HKCOM_X :,15)

1083 FORMAT(15H VVELO,15H

1H HVELO,15H

1,4))

1089 FORMAT(IOX,8HLOTPRT =,15/)

1090 FORMAT(IOX,IOHRP =,5F15,5)

1091FORMAT(IOX,10HSKS =,5F15,5)

1092 FORMAT(IOX,10HXVELO :,FI5,5,15H

END

JJ =,15,8H J :,15,8H K =J15

NSO =,15,8H NQO :,15,8H NSMAX :915

HVELOtlSH VVELOtI5

VVELO,I5H HVELO/(FIT,4,SFI5

YVELO =,F15,5)

1-90

Figure 1-30. Subroutine PRINT1 (Concluded)



C TITLE

C

C AUTHORS

C

C DATE

C

C PURPOSE

C

C

C

C CALL

C
C NOTE

C

C NOTE

C
r T NPl IT

C

C NOTE
C

C
C

C SYMBOL

C

C A

C

C

C

C Fll
C F22

C F33

C GRAV

C PSIVEL

C PSVELO

C Pl

C P2

C P3

C RMOMIT

C

C SK1

C SK2

C SK3

C SLIM

C

C SL2M

C

C SL3M

C

C VMASS

C X

C XVEL

C XVELO

C XVELOO
C Y

C YVEL

C YVELO

C YVELOO

C ZETA

C

C OUTPUT

ENERGY

R.BLACK,J.CADORET.J.GIBSON THE BENDIX CORPORATION

10-25-64

COMPUTE ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES

AND C.G. DROP . BASED ON PLASTIC STROKE AND BASED ON

PLASTIC AND FULL ELASTIC STROKE

ENERGY

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC 110? COMPUTER

THROUGH LABELED COMMON

AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE

AS BIO(1). THE INSTANTANEOUS VALUE OF THE PARAMETER

IS DEFINED WITHOUT THE O AS BI(1).

DEFINITION

SYMMETRY FACTOR -- IF TWO VEHICLE LEGS ARE SYMMETRIC,

SET A=2o0 FOR ONE OF THE SYMMETRIC PAIRS AND A:0.O FOR

THE OTHER TO SAVE ON COMPUTER TIME IE FOR 22 LANDING

A=2.0,2,0 FOR A 121 LANDING A= 1,2,1.0

PLASTIC STROKE FORCF FOR UPPER STRUT (NO. i)
PLASTIC STROKE FORCE FOR LOWER STRUT NO° 2

PLASTIC STROKE FORCE FOR LOWER STRUT NO. 3

LOCAL GRAVITY

INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE C.G.

INITIAL VEHICLE PITCH RATE

FRICTION FORCE IN STRUT NO. 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 NO. 2(LOWER)

COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO.3 (LOWER)

MINIMUM LENGTH TO WHICH STRUT NO°I 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 C,G.

INSTANTANEOUS X VELOCITY OF THE VEHICLE C,G,

INITIAL VERTICAL VELOCITY OF VEHICLE C.G.

SAME AS XVELO
INSTANTANEOUS Y POSITION OF THE VEHICLE C,G,

INSTANTANEOUS Y VELOCITY OF THE VEHICLE C°G,

INITIAL HORIZONTAL VELOCITY OF VEHICLE C.G.

SAME AS YVELO

GROUND SLOPE

THROUGH LABELED COMMON

Figure 1-31. Subroutine ENERGY
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SYMBOL DEFINITION

EGBAL1 ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND C.G.

DROP

EGBAL2 ENERGY DISSIPATED BASED ON PLASTIC STROKE OF ALL STRUTS
EGBAL3 ENERGY DISSIPATED BASED ON PLASTIC AND FULL ELASTIC

STROKE OF ALL STRUTS

ENPRO(I) PERCENT OF TOTAL ENERGY ABSORBED BY STROKING OF THE

STRUTS OF LEG SET I

SUBROUTINE ENERGY

COMMON/ABLOCK/NtKtNOGR(5)
COMMONIDBLOCK/DI(5}gBI(5)_B2(5)_B3(5)_CI(5)tC2(5)_C3(5)gSLI(5)9

I SL2(5)tSL3(5)_SL1T(5)_SL2T(5)_SL3T(5)gSL1TO(5)_SL2TO(5)_SL3TO(5)t

1 SL1M(5)_SL2M(5)tSL3M(5}_SL1PRE(5)_SL2PRE(5)gSL3PRE(5)982PREV(5)_
1 B3PREV(5)_C1PREV(5)_C2PREV(5)_C3PREV(5)gEPS21EPS3tEPSkgEPS5

COMMON/GBLOCK/F11(5}tF22(5)_F33(5)_SKS(5)_SKl_SK29SK3tSKEltSKE29

! SKE3

COMMON/HBLOCK/VVELO(14,8),HVELO(Ik_8),XVELO(14,8)_YVELO(14,8)9

1 XVELOO,YVELOO,PSI,PSIOtPSVELO_X,XO,Y,YOoXVEL_YVEL_PSIVELgGRAV_

I ZETA_KCONMX,DELTTTtDELTAT,GRDMU(5},A(5}tFXX(3}_FYYI3)_RMOO(3)t

I VMASS,PMASS,RMOMIT,RMOMGR_RYOMI,FA(5),FB(5),FC(5),IP,IQ_IR9

I EGBAL1,EGBAL2tEGB_L3,RI(5),P2(5)_P3(5),DEL(5},EPSEN(5),PHI,
1 ENPRO(5)

DIMENSION ENGY(5)

COMPUTE ENERGY TERMS FOR PRINTOUT PURPOSES ONLY

EGBALI=VMASS*XVELOO*XVELOO/2.0+VMASS*YVELOO*YVELOO/2,0+RMOMIT*

IPSVELO*PSVELO/2.0+((XO-X)*COS CZETA)+Y*SIN (ZETA))*VMASS*GRAV-
I(VMASS*XVEL_XVEL/2.0+VMASS*YVEL*YVEL/2,0+RMOMIT*PSIVEL*PSIVEL/

12.0)

EGBAL2=O.O

EGBAL3=0,O

DO 821 I=I,N

821 ENGY(1)=0.0

DO 822 I=ltN_K

ENGY(1)=A(1)*((F11(1)+PI(I))*(SLIM(1)-Fll(1)/SK1)+(F22(1)+P2(1))*(

1SL2M(1)-F22(1)/SK2)+(F33(1)+P3(1))*(SL3M(1)-F33(1)/SK3))

EGBAL2=EGBAL2+ENGY(1)

822 EGBAL3=EGBAL3+A(1)*((F11(1)+PI(I})*(SLIM(1)-F11(1)/(2°O*SK1))+(

1F22(1)+P2(1))*(SL2M(1)-F22(1)/(2.O*SK2))+(F33(I}+P3(1))*(SL3M(1)-

2F33(1)/(2.0*SK3)))

DO 2822 I:I_N

C
C

C
2822

DETERMINE ENERGY ABSORPTION DISTRIBUTION BETWEEN LEG SETS

Ef_PRO(1):IENGY(I}/EGBAL2)*IO0.0

RETURN

END

1-92
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I

!
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I

I

C TITLE

C
C AUTHORS

C
C DATE

C

C PURPOSE

C

C

C CALL

C

C NOTE

C

C NOTE

C

C I NPUT

C

C NOTE

C

C

C

C SYMBOL

C
C IPRO

C NQO

C NQNAX
C NSO

C NSMAX

C
C NOTE

C
C NST
C NUN

C
C OUTPUT
C
C

PROFIL

R-BLACK,J.CADORET,J.GIBSON THE BENDIX CORPORATION

10-25-64

DETERMINE NEW INDEX VALUES TO CHOOSE NEW VELOCITY

CONDITIONS FROM INPUTED ARRAY FOR NEXT RUN

PROFIL (IPRO)

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM EXECUTES ON THE UNIVAC 1107 COMPUTER

THROUGH LABELED COMMON

AN INPUT PARAMETER FOLLOWED BY A 0 IMPLIES THE INITIAL VALUE

AS BIO(1). THE INSTANTANEOUS VALUE OF THE PARAMETER

IS DEFINED WITHOUT THE 0 AS BI(1).

DEFINITION

FLAG USED TO INDICATE ENTRANCE POINT

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

THROUGH LABELED COMMON

SUBROUTINE PROFIL(IPRO)
C

COMMON/JBLOCK/BETADTgFLL,FVV,LINE,FINTtRUNNOtRUNNOO,SERNO,XN_

1 XNMIN,TMINXN,BIIMIN,BJJMIN,TMINBI,TMINBJ,HN,RN,KPRINT,NSO,NQO,

I NS,NQ,NSMAX,NQMAX,LOTPRT,NST,NUN,IItJJ,J,CONS,IFLAG,PRBE,KM,

i MULT,PRXVEL,PRYVEL
C

C DETERMINE NEW INDEX VALUES TO CHOOSE NEW VELOCITY CONDITIONS

C FROM INPUTED ARRAY FOR NEXT RUN
C

GO TO (785,82_)_ IPRO

785 IF(NST) T9O,?90t796

790 NUN=I

NQ=NQ-1

IF(NQ}794,794,40

79_ NQ=NQ+I

796 NS=NS+I

IF(NS-NSMAX)20,20_840
C

824 IF(NUN) 825,B25,796

825 NST=I

NQ=NQ+I

IF(NQ-NQMAX }40,40,830

Figure 1-31A. Subroutine PROFIL
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830 NQ:NQ-1

NS:NS+I
IF(NS-NSMAX)833,833.840

833 IF(NQ-NQMAX )20,20,836
836 NQ=NQ-1

GO TO 833
840 PRINT 950

IPRO:I

RETURN

20 IPR0:2
RETURN

40 IPRO=3
RETURN

950 FORNAT(1H1)
END

1-94
Figure 1-31A. Subroutine PROFIL (Concluded)
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J

SECTION II

DIGITAL COMPUTER PROGRAM FOR THE APPROXIMATE

DETERMINATION OF NOZ Z LE C LEARANCE

T,hlsdigitalCOmpu[er prugram was written to provide a simple means for determining
finalnozzle clearance as a function of initialvehicle 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

I
I

I
I

I

I
I

I
I

I

I

NOZZLE CLEARANCE

The mathematical model used in thisprogram is illustratedin Figure 2-I. In deter-

mining the approximate relationshipbetween vehicle geometry, upper strut stroke force

and nozzle clearance, itis assumed thattotalvehicle energy, both kinetic and potential,

is absorbed by stroking of the upper strutsonly. Further, itis assumed thatallupper

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 rigidor non-strokable, and
the coefficient of friction is zero.

The kinetic energy of the vehicle is given by the equation

KE = 1/2 M V 2

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:

. 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 1 = MGH 1

.

Where M is the mass of the vehicle c.g. only, and H 1 is the vertical distance
the c.g. drops.

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 E 2 = MGH 2

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

Here, the distance H2 is a function of FNC.

This total vehicle energy (which must be absorbed to bring the vehicle to rest) E = K E +
P E1 + P E 2 is equated to the energy absorbed by stroking of the upper struts. The initial

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

Equating the energy terms by the equation

E= 4xFllx(Lo- Lf)

permits a solution for the required upper strut stroke load Fll 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
Fll. Thus:

Ho = function of Fll, 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 bythe
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 Fll 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."

this flag is set equal to -1, the program will compute the upper strut stroke force Fll

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



Figures 2-11 and2-12 are summaries of the outputdata 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 Fll, namely F_, 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.
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GEOM GEOMETRY PROGRAM 10-20-64

Page 1

This program computes stroke force Fll
clearance FNC.

i|

vs vehicle C.G. height H(I) and final nozzle

CALL SUBROUTINE INPUT

r | ,

Read input data and print as part of
the output record

<0 _>0

Initialize program
constants and
counters

20

CALL SUBROUTINE FORCE

i

1
Disregard input H(I)
Derive min. H(I) from
vehicle geometry

I

Compute vehicle geometry, energy terms and
stroke force Fll for required final nozzle
clearance and given H(I)

i

t

Error test if )

stroke < Epsilon > 0< 0 for 20 consecutive

times - test < 0

,, otherwise - test > 0

Figure 2-3. Geometry Program
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I

I
GEOM

I

i

i <°

i I ..., '.... I
] Z'l'lIlt uu_pu__ta I

L II
I

I YES NO

I _we:: ble
• ew H(I) exhausted

II ftrb_ut retu_l

......_j_S _

GEOMETRY PROGRAM

>O

l
CALL SUDI_OUTINE INTER

10-20-64

Page 2

Compare Fll from (force) to
desired value FO0 from input.
Adjust H(I) to converge on FO0

_rnto201V
adjusted H(I) I
for new triall

Print output
data
return to 1

Figure 2-3. Geometry Program (Continued)
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__,_, _ I
I

INPUT SUBROUTINE TO GEOM PROGRAM 10-20-64 I
Page 1

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

I

,
I

Print I
of o art

I

I

I

Figure 2-4. Subroutine To Geometry Program
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I
I

I
I

I
I

I

I
I

I

FORCE SUBROUTINE TO GEOM PROGRAM 10-20-64

Page 1

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

Compute vehicle geometry andvertical component of velocity >

Compute kinetic and potential

energy terms

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

Figure 2-5. Subroutine To Geometry Program
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INTER

This subroutine determines by interpolation the H(I) required to produce a given Fll
and FNC.

I

'/' I

SUBROUTINE FOR GEOM PROGRAM 10-20-64 I

Page 1

I
Lhe H(I I

I

,!
Test J Flag _ Yes

, _=_.> _oo/ _ |

Interpolate between I
H(I) and H(I) previous

so Fll will converge
on F00 I

I

,

Increase H(I) to
H(I) + 0.5

No<

_GEOM at_

Figure 2-6. Subroutine To Geometry Program
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I
I

l

I
I

I
I

-I FOR FORCE

C

C TITLE
F

C AUTHOR

C

C

C DATE

C

C PURPOSE

C

C

C

C

C

C

C ME T HOD
C
C

C
C

C
C
C NOTE

C

r

C INPUT
C
C

C NOTE

C
C

C

C
C

c
C
C

C
C
C

C
C
C

C
C

C
C
C

C
C
C

C
C
C

FORCE - STRUT FORCE PROGRAM

BENDIX PRODUCTS AEROSPACE DIVISION - SOUTH UEND,INDIANA
J,C,GIBSON

AUGUST 3,1964

LUNAR LANDING DYNAMICS SYSTEM INVESTIGATION - THIS

PROGRAM RELATES VEHICLE C,G,HEIGHT AND STRUT STROKE

FORCE TO FINAL NOZZLE CLEARANCt, COMPUTES THE

STOWABILITY INDEX AND BASIC GEOMETRIC INPUTS FOR THE

LANDING DYNAMICS AN_ WEIGHT PROGRAMS, REF, BENDIX REPORT

NO MM-64-9 NOV,,1964

PROGRAM REI ATFS I ANteING \/;:HICI F K!C(-iMIN_ ICi.:Kt_TIF" B._l,".

POTENTIAL ENERL_Y TO ENERGY ABSORi'_ED IN STROKING MAIN

SHOCK STRUT, ThIS ENERGY EtALANCL ALLOWS DETI:KMINATION OF
FINAL C,G,HEIGNT AS FUNCTION OF GEOMETRY AND STROKE
FORCE,ALSO COMPUTES SUPPLEMENTAL GEOMETRIC DATA BY
TRIGOMETRIC RELATIONSHIPS

IF(IFLAG)=+,PRO_RAM COMPUTES C,G,HEIGHT FOR A GIVEN
NOZZLE CLEARANCE AND STROKE FORCE

IF(IFLAG)=-,PROGRAM COMPUTEg NOZZLE CLEARANCE FOR A
GIVEN C,G,HEIGHT AN_ 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 SLUG,FT,SEC,RADIAUS

INPUT DEFINITIONS

AN =NUMBER OF LEGS ON VEHICLE (USUALLY 4)

D =VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARD-
POINTS

Dll =VERTICAL DISTANCE BETWELN VEIIICLE C,G,AND

UPPER HARDPOINT

DELTA = ANGLE,PROJECTED IN PLANE PARALLELTO DIRECTION

OF MOTION FOR 1-2-1 LANDING,BETWEEN LOWER

STRUTS AND VEHICLE CENTERLINE

DELTAP = VERTICAL THICKNESS OF FOOTPAD (FROM BOTTOM

SURFACE TO STRUT ATTACH POINT)
FNC

FOO

G

GAMMA

HN

PMASS

PSI

= FINAL DESIRED NOZZLE CLEARANCE

= REQUIRED UPPER STRUT STROKE FORCE

= ACCELERATION OF LOCAL GRAVITY AT LANDING SITE

= TRUE ANGLE BETWEEN UPPER (MAIN} STRUT AND
VEHICLE CENTERLINE

= VERTICAL DISTANCL BETWEEN VEHICL_ C,G, AND

LOWEST POINT ON NOZZLE CONE

= MASS OF ONE VEHICLE FOOTPAD

= INITIAL VEHICLE PITCH ANGLE, ANGLE BETWEEN

Figure 2-7. Nozzle Clearance Program
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f-

C

C

C
C

C
C

C

r

z"

q
C

C
C

r

f-

£

f-

C
f

C

C
r

r

r

P

2-12

.c,r RN0
T -I E T A

V'_A SS

XVEL

YVEL
Z

HI _ )

LOC._L VE-RTICAL NAD VFHIqLE CENTrRLINE

= R /rl RATIO _VmERL R = RADIUS OF VEHICLE FOOTPADS

h = DLk INED _LLOW

= IDENT, NO. COi_PUT!:R NLI'_

= ANGLE .'IETI,EEN VERTICAL PLAINL li_ UI!<LCTI©r4 _F

MOTION AND VERTICAL PLALE IHNUuGH VEHICLE C.G.
AND UPPER HARDPOINT

= PRIYlARY VEHICLE MASS CONCENTRATED AT VEHICLE

C.G.

= VELOCITY NORMAL TO GRuUND SUI_,FACrL. POSITIVE

-_WAY FROM q_JRFACE

= VE[.UCITY PARALLEL TO GkOUND SURFACE

= WIDT'_ OF q__SIC ._TTArH POINTS ON VEHICLE FO_<

STRUT5, ON .NARROw','TRACK VEHICLE _R TRUSS,_'ORK ON

WIDETi_ACK VEHICLE. THIS IS A PRUGI@AM CONSTANT
WITH VALUE = 5,0

= GROUND SLOPE ANGLE
= FLAG TU DI-TzI£,_i_ P_,uGI_A_ .',':L;_)L.IF +_ CA!_CULATL

C.G.HizlGhT FOR ",'iIVLIX STRUT kGRCE AN9 F#'4C, IF-,
CALCULATE STRUT FORCE FOR GIVEN C.G.,I__IGHT _ND

FNC.

= NUiJGEI< bl- H(I } VALUES IN IAiPUT LIST. PERi,IITb

MULTIPLE RUNE UNDE-? IFI AG = - CUNT_,OL

= INIT|&L VEHICLE C°G. _:I_HT. INPUT AS LIST FO_<

MULTIPLE RUNS UNOE.t IFL_O = - CONT:<OL

OJTPUT

OUT PUT

PI_INTED O_TPUT

o',' E{_UIV_LENCL TO COF,II,IO_'_ 3T©RAUc

r)UTPUT DEFINITIONg

RP

P!1
_LPrtA

SLG
E
SL
EKE
PE !

PER

R]
m2
mTOW

= FOOTPAD RADIUS

= _IPP_--k CTRI!T _TRC)KE FORCE

= ANGLE 9ETWEEN UOwE :_,HAR'.DPCINTS

= INITIAl_ UPPER STRUT LENGTH

= TOTAL VEHICLE EN:-ROY

= FINAL UPPER STRUT LENGTH

= VEHICLE INCOMING KENETIC ENERGY
o

= POTENTIAL ENERGY R:.SUI_TING Fi_:(_M C G DiXOP FRUI_;
INITIAL dr:IENTAIION TU ALL t-OOTPAD5 ON 5URFACr_

= POTENTIAL ENERGY RESULTING FROM C G DROP
RESULTIN9 FROFI STROKING L:F UPPER STRUT

= UPPER H_RDPOINT RADIUS

= LOWER HARDPOINT RA,.r) IUS
= _TOWABILITY INDEX

COMMON AN ,ALP_A,D,D11,DELTA,DELTAP _D IFF, E ,EI<.E,F 11 ,FNC, FOG,

IG:GA'MMA_HIPRE,H(20) _HN, I , IFLAG,IJf.,JFLAG,LL,.NOM,PEI,PEZIP_'iASS,PSI

2[vI,R2,RrI,R,P_SL,5,L©,STO,V,THLTA,VMAbE_XVEL,YvEL,Z,Z.ETA

1 CALL INPUT

IJK=I

I=I

TFST PROGRAM MODF

Figure 2-7. Nozzle Clearance Program (Continued)
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I

I

I

I
I

!
I

I

I
!

i

I
!

IF (IFLAG) 20,20,15

{-

C CO_IPUTE H(I) MINIMUm1 DASLD ON VEHICLE GEOhIETRY

r

15 H(II:I.O!_(_NC+MN+_LTAP)

HIPREV=F_C+HR+DELTaP

.JFL_G=]
7

2n C_LL GFOM

G3 TO (2P,I,!RO),LL

c T_ST PROGRAm! _ODE

C

ICO IF (IFLAG) 110,110,120

r D?!NT GL;TPt:T D_TA

!I_ PRINT 610,H(1),RP ,FII _ALPHA

PRINT 61],SLO,E,SL,EKE

PRINT 6!2,PEI,PE2,RIDR2

PRINT 618,STOW

PR:INT 530

C

r I_ STROKE FORCE IS NEGATIVF, INCREASE HI1)

IF(FII)200,2O0,112

]12 IF (IFLAG)IIS,I,I

C C_OOSE NEW I INDEX _ND RETURN TO 20 IF A MULTIPLE LI_T UF H(1) IS

r PRESENT

r

!15 I=I+]

IF (I-NOH) 20,20,1

r

C TLST DIFFERENCE OF Fll FROM FO0 UNDER IFLAG : - MODE

120 DIFF=IFII -FOG)

C

C IF DIFFLRENCE IS LESS THAN 50 LBS, STOP AND PRINT OUTPUT DATA

IFIABSIDIFF)- 50o0}110,110,125

125 P_INT 610,HII),RP,FII,ALPHA

PPINT 611,SLO,E,SL,EKE

PRINT 612,PEI,PE2,R1,R2

PRIN T 617
r

130 CALL INTER
r

GO TO 2C

200 PRINT 616,Fll

H( I )=H(I )+C.5

GO TO 2O

530 FORMAT(IHI)

6]0 FORMAT(18H H =,FI5.5,13H RP :,FIS.5,12H

1FI! :,FI5.5,12H ALPHA :,F15.5}

6]1 FORMATII8H SLO :,FI5.5,13H E :,FI5.5,12H

1EL :,FISo5,12H KE :,F15.5)

612 FORM_T(18H PEI :,FI5.5,13H PE2 =,FIS.5,12H

IRI =,FI5.5,12H R2 :,F15.5}

Figure 2-7. Nozzle Clearance Program (Continued)
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616

617

2-14

FORMAT(61H TmL FORCE FII IS NEGA]IVL

=!I=,F15.5//)

FORM_TI!HC)

FO,RNAT(1BH STOW =,F15.5)
END

REPEAT USING A LARGEN

Figure 2-7. Nozzle Clearance Program (Concluded)
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I
I

I

I

!
I

I

I

I

I

I

I

i

I

i

I

I

I

i

-I FOR INPUT
C
r TITLE
r

r AU T HOR
C
r

C DATE
C
C

C PURPOSE
c
r

r CaLL

C INPUT

r-

C

C

C
C
C
r

C
r

C
C

C
C

r

C
C
C

C
C
C

C

C

c

C
C
C

INPUT

n=NDIX PRODtJCTS AEROSPACE DIVISION - SOUTH BEND,INDIANA
J.C.GI_SON

AUGUST 3,1964

INPUT DATA AS PART OF THE OUTPUT RECORD

THIS SUBROUTINE READS THE INPUT CARDS AND PRINTS THE

CALL INPUT

_Y PUNCH CARD

INPUT DEFINITIONS

AN =NUMBER OF LEGS ON VEHICLE (USUALLY 4)

D =VERTICAL DISTANCE bETWEEN UPPbR A;_D LOWER HARD-

POINTS

Dll =VERTICAL DISTANCL _ETWLEN VLHICLE C.G,AND
UPPER HARDPOINT

DELTa = ANGLE,PROJECTED IN PLANE PARALLEL TO DIRECTION
OF MOTION FOR 1-2-1 LANDING,BETWEEN LOWER

STRUTS AND VEHICLE CENTERLINE

9ELTAP = VERTICAL THICKNESS OF FOOTPAD (FRO!I BOTTOM

SURFACE TO STRUT ATTACH POINT)

FNC = FINAL DESIRED NOZZLE CLEARANCE
=OC = REqUiRED UPPER STRUT STROKE FORCE

G = ACCELERATION OF LOCAL GRAVITY AT LANDING SITE
GAMMA = TRUE ANGLE BETWEEN UPPER (MAIN) bTRUT AND

VEHICLE CENTERLINE

mN = VERTICAL DISTANCE BET_LEN VEHICL: C.G. AND

LOWEST POINT ON NOZZLE CONE

PMmSS = MASS UF ONE VEHICLE FOOTPAD

PSl = INITIAL VEHICLE PITCH ANGLE. ANGLE BETWEEN

LOCAL VERTICAL NAD VEHICLE CENTERLINE

RH = R/H RATIO WHERE R = RADIUS OF VEHICLE FOOTPADS

H = DEFINED BELOW
SERNO = IDENT. NO, COMPUTER RUN

T4ETA = ANGLE BETWEEN VERTICAL PLANE IN DIRECTION OF

MOTION AND VERTICAL PLANE THROUGH VmHICL_ C,G.
AND UPPER HAROPOINT

VMASS = PRIMARY VEHICLL MASS CONCLNTRATEO AT VEHICLE
VMASS = PRIMARY VEHICL_ MASS CONCENTRATED AT VmHICL_

C.G.
XVEL = VELOCITY NORMAL TO GROUND SURFACm, POSITIVE

_W_Y FROM SURFACE

YVEL = VELOCITY PARALLEL TO GROUND SURFACE

Z = WIDTH OF BASIC ATTACH POINTS ON VEHICLE FOR
STRUTS ON NARROW TRACK VEHICLE OR TRUSSWOR_ ON
WIDETRACK VEHICLE, THIS IS A PROGRAM CONSTANT

WITH VALUE = 5,0
ZETA : GROUND SLOPE ANGLE

IFLAG = FLAG TO DETERMIN PROGRAM MODE. IF +, CALCULATE

C.G.HcIGHT FOR GIVEN STRUT FORCE AND FNC. IF-,

CALCULATE STRUT FORCE FOR GIVEN C.G.HEIGHT AND

FNC.

Figure 2-8. Subroutine INPUT
2-15
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:)_ qTPt,:T

NOH = NU'_IBER OF H(1) VALUES IN INPUT LIST, PER,V ITS

:MULTIPLE ,KINS UNT)ER IFLAG = - CONTROL

ri(1) = INITIAL VEHICLE C.G. HEIGr_T. INPUT AS LIST FOR

MULTIPI_E RUNS LJNDER IFLAG = - CONTROL

r-!Y EQUIVALENCE TO COMMON STCP, AGE

SUBROUTINE Ir'jPLIT

COMMON AN,ALPHA,D, D11 ,DELTA,DELTAP ,DI FF, E, EKE, F 11 ,Fi'_C,FOO,

IG,GAMi'!A,HIPRE,H(20) ,HN,I ,IFLAG,IJK,JFLAG,LL,N(JH,PEI,PL2,P4ASS,PSI,
2R I ,R2, RH, RP ,_L ,5LO, STUA ,TrIE TA ,V_'IAS S ,XVEL, YVLL, Z ,ZETA

i Rc-AD 500 ,TiIETA,PSI,ZETA,RH,\'MASS,P_'4ASS,An,,XVFL,YVEL,G,HN,FNC,

IDELTAP ,DI 1 ,D,Z ,G-A.TzVA,DELTA, FOO, SERNC

RE&D

RE_D
PRINT

10 P_INT

PRINT
PRINT
PRINT

PRINT
PRINT 614,NOH,IFLAG

RETbRN

500 FORMAT(10X,BFI5.5)

51n FORMAT(10X,3IIO)

520 FORMAT(10X,6F10.5)
613 FC, R_AT(21H
600 FORMAT(18H

1ZETA =,F15.bi12H
601 FORMAT(18H

1AN =,FI5.5,12H

602 FORMAT(18H

IHN =,FIS.5,12H

603 FORMATI18H

1D =,FIS,5,12H

6m4 FORMAT(IBH

1=OO =,F15.5)

614 FORMAT(18H

END

51O,NOH,IFL_G

520,(H(F),K=],NOH)

613,SERNO

600,THETA,PSI,ZETA,Rm

6CI,VK_ACS,PMASS,AN,XVEL

602,YVEL,G,HN,FNC

603,DELTAP,D11,D,Z

604_GAHMA,DELTA,FOO

SERIES NO =,FI0,3//)

THETA =_F15,5,13H PSI =,F15,5,12H
R/H =,F15.5)

VMASS =,F15.5,13H PMASS =,FIS.5,i2H

XVEL =,F15.5)

YVEL =,F15.5,13H G =,F1b.5,I2H

FNC =,F15.5}

DELTAP =,F15.5,13H Dll =,F15.5,12H

Z =,F15.5)

GAMMA =,F15.5,13H DELTA =,F15.5,12H

NHO =,115,13H IFLAG =,115///)

2-16
Figure 2-8. Subroutine INPUT (Concluded)
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I
!
II
l
i
It
I
!
!
I
It
II

-I FOR GFO _
C

C TITLE

C

C AUTHOR

C

C

C DATE

C
C PLJRPOSE
r

t-

r C_LL
(-

C INPUT

C

C
C

(-

r

C
r-

c

r

r-

C
C
r"

C
C

C
("

r"

r-

r"

P

C

C
C

C
C

r"

f-

r"

c

r-

f-

C
C
c

(--

GEOM - GEOMETRY

5ENDIX PRODUCTS ALROSPACE DIVISION - SOUTH _END,INDIANA
J,C°GIBSON

AUGUST 3,1964

THIS SUBROUTINE COMPUTES THE BASIC GEOMETRY OF THE

VEHICLE

CALL GEOM

BY EQUIVALENCE TO COMMON STORAGE

INPUT DEFINITIONS

AN =NUMi4ER OF LEGS ON VEHICLE (USUALLY 4)

D =VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARD-

POINTS

D]l =VERTICAL DISTANCE _ETW_EN VLIilCLE C.G.AND

UPPER HARD_OINT
DELTA = ANGLE,PI<CJECTED IN PLA_E PARALLEL TO DIRECTIOn<

OF MOTION FOR i-2-I LAN_ING,SETWEEN LOWER

STRUTS AND VEr!ICLE CENTERLINE

DELTAP = VERTICAL THICKNESS Ok FOOTPAD (FRO;,; dOTTOM

SURFACE TO STRUT ATTACH POINT)
FNC = FINAL DESIRED NOZZLE CLE_RA_CE
FOO = REGUIRED UPPER STRUT STROKE FORCE

G = ACCELLRATION OF LOCAL GRAVITY A[ LAIDIi_G SITL

GAMMA = TRUE ANGLE BETWEEN UPPER (_'IAIN) STRUT A,_D

VEHICLE CENTERLINE
HN = VERTICAL DISTANCE BETWhEN VE_ICLE C.G. AND

LOWEST POINT ON NOZZLE CONE

PMASS = MASS OF ONE VEHICLE FOOTPAD

PSI = INITIAL VEHICLE PITCH ANGLE. _NGLE L_ETWEEN

LOCAL VERTICAL NAT} VE_,ICLE CLNIERLINE

RH = R/H RATIO _HERL R = RADIUS OF VEHICLE FOOTPADS

H = DEFINED bELOW

SERNO = IDENT. NO. CO_PUTER RUN

THETA = ANGLE BETWEEN VERTICAL PLAiNE IN DIRLCTION OF

MOTION AND VERTICAL PLANE THROGGrl VEHICLE C.G.

AND UPPER dARDPOINT

VMASS = PRIMARY VEHICLE MASS CONCENTRATED AT VEHICLE

VMASS = PRIMARY VEHICLE HAgS CONCENTRATED AT VEHICLE

C.G.

XVEL = VELOCITY NORMAL TO GROUND SURFACE. POSITIVE

AWAY FROM SURFACE

YVEL = VELOCITY PARALLEL TO GROUND SURFACE
Z : WIDTH OF BASIC ATTACH POINTS ON VEHICLE FUN

STRUTS ON NARROW TRACK VmHICLE OR TRUSSWOR< ON

WIDETRACK VEHICLE. THIS IS A PROGRAM CONSTANT

WITH VALUE = 5.0

ZETA = GROUND SLOPE ANGLE

IFLAG = FLAG TO DETERMIN PROGRAM MODE. IF +, CALCULATE

C°G.HEIGHT FOR GIVEN STRUT FORCE AND FNC. IF-,

CALCULATE STRUT FORCE FOR GIVEN C.C.HEIGrlT AND

FNC.

Figure 2-9. Subroutine GEOM
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r

t"

]

(-

C

f-

3O

t"

f-

f-

4O

r

r

5O

;.;(:r_ = NU;_SFi-< CF -4( I ) VAL_'.Jf .% I;_ INPUT LIST, P£PtKI TS

,'.1ULTIPLE I=JNS UNd£2 IFL. AG = - Coi4TdUL

n(1) = INITI_L VF,qI'CLL u.,'_, mi_i_!:T. INPUT AS LI_[ FOR

MULT I PL E r<UNS Ui',.)c-P, [ b LAG = CJ , [ i_ O L

f'i m '.... P_T

")'JT p,/T

:_'_' EOUIVt, LENCL TO C}DN.v,O ,'' STORAGE

DEf'- I X I T I ',ON q

or: = CO'_I'P/'-P RA_blIJ£

:: I _ = !JPPER _.TRUT STRO<E F(-)R,'-E

ALP_I, _- = ArQ,JLL :_!LT;_E!LN LO::__;< rl,_I<BPL, I,'iT2

:,LC = INITIAL_ jPPFLI_ 5T;_LiT LEX,STn

F = TOTAL VLHICLE '1:_ _";Y

.'::.L. = F I ;'i A L U P P i: R S T P.U' I _ : i',!G T l'fl

:'KL = VEHICLE INCO:4I;'.,, d{N_:TIC ENE R,_JY

, _ • " T :_..: _,PFi = _,3T=NTI.AL ENEt;C_Y _L.-.U__ I FR','.' C 3 A_95P

INITIAL ORIEN F_,TI'.J,,, r._ ;,L.L I-2!;TP,_,:',5 C.

P(2 = PCTE_;TI#.L _NF_RGY :_L%ULTI!',",_ FI,.Ov C S OF.'I."

RF_':ULTING =ROv 5T'R(.'.'_:I"'G_ C,F _,ppz-._. _TRLJT

P,I = UPPEi-_ I-_ARO:)OI-,IT ¢.A;)[U2

;_2 = t._O't_E['_ HAiRr)p/)I,_IT RAbII_b

STOw -- 3TO,_ARILITY INF)EX

-:1 '!-RCUT I ,2E CEOV

".1._:/51ON At'.: , AL Pbl;: ,,rt _. 1 1 ,-)LL- T,z ,I.LE LTAP ,.) I F-F:, L ,b_KL ,F 1 1 _ Fi'\C ,FOO,

]C" , ._ A,4D'A, F1iPR £ ,M (20) ,,raN, ] , I F L,A,_, I .J I<.., JFLZU , LL ,f_,Jit ,PE 1 , PF2 ,_P;IASb ,PSI

2P ] , R2 , RH ,RP , .5 L , FL:0 _ .STC,I , THcTA ,'7:'4A c, 5 • X'/EI_ _ YV'LL , Z , Z S TA

')r.:TERt_INE VE_4ICLE G!:OV_-TRY

RD:RH*H( I )

/',=PP_CO_(TH_TA)

VV:XVEL_CC -(ZETA)

VH=YVE Lxs I!I ( ZETA )

L)ETER_INE KLNETIC ENERGY

EKE=O 5*( v ,-_, V' A,s b +/_ N _'P"4A SS ) 'x" ( VH-VV ) * ( VH-VV )

DETERMINE PE1

r_ =H( I ]*CO_ (P¢,I +Z_-TA )

CI=A*$IN(PqI+ZETA)

q2:H(I )*CO_(ZETA)

C2=A_SIN(Z_TA )

PE1 = V,_4ASS*G* ( E I-C l-b2 +C2 )

DHS=(H( I )-t-tN-FN",._)

DETERMINE PE2

PL2 =V_IASS*G*COS ( ZETA ) *DdS

F_z+= (H( I )-DELTAP-D1 ] -D )*TAN [ DELTA )

PB=PP-PZ+

.m,_:TFRr,'INF ANGLc mFTW_FN LOWER HARDD()INT£

ALPHA=2° C)*A T AN ( Z/R3 )

9.-18
Figure 2-9. Subroutine GEOM (Continued)
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8O

85

9O

95

100

615

IF(ALP_,_-I.5706)57,57,5-5
,\LPHA= I. 570_

DETERPINE LC_,,ER HAI4DPCILT _-:ADI!JS

:(2=R_/COS (ALPH_/2o n )

LIO=_,CRT (RZ+_Ra+(H( I )-DELTAP-m!]-rb _(H( I )-DELT;_P-_II-D) )

R5 = (H (I )-m,FL T AP-[",] [ )-X-TAN _L:,"_M_/A)

RI=RP-R5

COI,'_PUTE STOv, A_ILITY INDE×

STOW=SORT(RP<'RP+(H( I )-DLLTAP-DII )-x-(r-i{T )-D_LTAP-DII ) )

FIPD INITI.nL LEIIGT_-_ OF UPPER STRUT

c-l_O= ( _, ( I ) __,,c LT_P-D] ] ) /CC,,c_ ( ,':A_Z'_ )

rIND T..'3,T_L VFHICL_ FNriRGY

E=SQRT (UO_UO-(H( I )-Dll-D-Df_S)<- (H( i ) -D1 1-,.)-Dr_S ) )
SL= SORT ( ( E+R 3-R 1 ) * ( E+R 3-14i )+(H ( [ )-D 1 i-D_S ] ..x-( M ( I )-D 1 I-DHS ) )
DS=SLO-SL
IF:(DS-O.005)85,85,90

P_INT 615,D5

H( I)=_(l )+0,1
IJK=IJK+I

I_-( IJK-2n)InO,lO".,95

FIN r) UPPER STRUT STROKE LOAD.

Pl ! = ( EKE+PE I+PE2 ) / ( AN_DS )
LL=3
RETURN

LL=2

PETU_N

LL=I

RETURN

FORMAT(70H THE DIFFLRENCE SLO-SL IS TOO SMALL,REPEAT USING

] .! SLO-SL =,F15.5//)

Et,,:rh

H=h+O

Figure 2-9. Subroutine GEOM (Concluded)
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FOR

2-20

INTER

TITL m INTmR

AUTHOR

DATE

PURPOSE

- INTPRPOLATE

BENDIX PRCDUCTS AEROSPACE

J.C,GIBSON

AUGUST 3,1964

THIS SUBROUTINE INTERPOLATES THE

TC CAUSE FIt TO CONVERGE ON THE

STROKE LOAD FOO

DIVISION - SOUTH BEND, INDIANA

VEHICLE HEIGHT H(1)

DESIRED UPPER STRUT

FALL CALL INTFR

INPUT BY

INPUT DEFINITIONS

H(1)

OI ITPtIT

EQUIVALENCE TO COMMON STORAGE

= INITIAL VEHICLE C.G. H_IGHT. INPUT AS LIST FOR

MULTIPLE RUNS UNDER IFLAG = - CONTROL

my EQUIVALENCE TO COMMON STORAGE

,cUBROUTINE INTER

COMMON AN,ALPHA_D,D11,DELTA_DELTAP,DIFF_E,EKE,FI1,FNC_FOO,

IG,GAMMA,HlPRE_H(20),HN_I,IFLAG,IJK,JFLAG,LL_NOH,PE1,PE2,PMASS,PSI,

2R1,R2,RH,RP,SL,SLO,STOW,TMETA,VMASS,XVELtYVEL,Z,ZETA

130 IF (JFLAG) 17_,140,140

!40 IF(DIFF)145,]45_160
145 IF(F]l)147,]47,]50
147 H(I)=HII}+O,!

PRINT 616,F!i
RETURN

I _n JmL__G=-!

H2PREV=HII)
H(I)=(HIPREV+H(I))/2°O

RETURN
160 HlPREV=H{I)

H(I)=H(I)+O,5
RETURN

]7A IF (DIFF) 180,180,190

180 H2PREV=HII)

H(I)=(HlPRFV+HII))/2,0
RETURN

19_ HlPRFV=H(I)

H(I):(H2PR_V+H(I))/2,O
RETURN

200 PRINT 616,Fll
H(II:HII)+O°5
RETURN

616 FORMAT(61H THE FORCE Fll IS NEGATIVE REPEAT USING A LARGER H
l FII=,FI5.5//)

END

Figure 2-10. Subroutine INTER
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!

- XQT FORCE

THF3# ! 0,7854

qH In 2 1.20

m AN 3_ 3 4.0

G 30 4 5,32

m mrL30 5 0.25

m Z 30 6 5,0

B FOO30 7 7000.0

m NOH30 8

H 3n 9 14,]_

m THE3C I 0.7854

n RH 3 m 2 1,20

= G _ 4 5.32

_FL_n 5 0.25

Z 3C 6 5,0

m FOO3_ 7 7000,0

B NOH3@ 8

H 30 9 14.10

- FIN

-0,34907 0,2618

400,0 4,0

-8,35 7,4

10.5 2,0

1.915 5.41

0,54907 0.894

2126.0

1

-n'_ag07 0.2618

400,0 4°0

-8.35 7,4

10.5 2,0

1.9!5 5.41

0,34907 0,894

2126,0

-i

Figure 2-10. Subroutine INTER (Concluded)
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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, _ , 8, and stroke loads Fll in member I-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 III of Reference 1

NOTE

All references to page numbers in this write-
up refer to pages in Section HI 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) -- Fll 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. 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.

3. Then the weight, length, radius, wall thickness is printed for member 1-2.

4. 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.

7. Then (5) is repeated for Case B, C, D, or E.

Note I. 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.

3-2
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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.)

255

START >

1
Calh 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

II0 I
l

D0255 I= 1, 2, 1 {T_ ]Set T O = .025, calculate _R] max and XMTOT
I

114

I Call: Curve - This subroutine finds the optimum 1leg radius and wall thickness to minimize the weight I

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

3-4
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I

I

I

I

I

I
I

I

I

I
,I

I

I

I
I

260

LEGWT

Cases B, C, D, E

No

300-320

325-345

26o
Is this a Case A truss

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.
Call: VECTOR.

323 i
a Case E truss >

l®
Yes

Is this

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.

Yes

265 I
Page 2

350-385 i

Calculate and print total leg
weight and final weight
including footpads and
honeycomb

I 500-590

Do the same here

as boxes 325, 350,
390 at left except
for Case E truss -

for members 4-2,

Calculate and print the leg radius and wall thickness and 4-8, 2-8, 2-7, 2-5, 8-5,weight of legs 4-2, 4-8, 2-8, 2-6, 2-5. 8-10, 8-14, 5-13, 5-10,
5-9 (11 members

instead of 5). Call EQE390-400

]Calculate and print final total leg weight of i instead _3CD.

labove 5 members plus symmetric members
land final grand total leg weight including

honeycomb and footpads

Figure 3-2. Computer Program: Design of Legs to Minimize Weight (Concluded)

3-5
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INPUT SUBROUTINE: INPUT

This subroutine reads and prints one data card and sets material constants

INPUT )

I01

I print one data cardRead and

I

Set material constants FTU(1) = FTU(3),
FTU(2), E, Density _ these 5 cards
are now set for aluminum

Note: These five cards must be changed
for different materials such as beryllium, etc.

3-6

Figure 3-3. Subroutine Input

9-1-64

Page 1
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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 I

Set constants and point coordinate

locationscommon to all 5 Cases A, B, C, D, E

+1 for Cases B, C, D

Set point coordinates
for Cases B, C, D

FlagB

107 1-1

Set point coordinates
for Case E

>
for Case E

Calculates lengths of members 1-2 and 1-4
and further constants - calculate

weight of one footpad

I

+2 for Case A

106

Set point coordinates
for Case A

Figure 3-4. Subroutine GEDM
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CURVE

3-8

o J

SUBROUTINE: CURVE 9-1-64

Page 1

Tl_s subroutine finds the optimum leg radius and wall thickness to minimize leg weight.

<_v_>

115

Set Flag A = Flag C = -1, Flag D = OT=.010 RIPREV=O

12o I

125

cal F1 =

F1

145

135

R3 = R1,

f(R1) ]_-_ Yes

\ Yes

= positive /

R2+R3 iRI = 2

132

-_ inc. T i

No

R1 < (R1) max

130

_RI = 2ARI

inc R1

14oI

Yes

'- < >R2 = RI ]i.. F1 = positive R3 = R1

>

Figure 3-5. Subroutine CURVE
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I

CURVE
Page 2

15o< 
RIPREV = R1 |

[R1 _ R2 + R3

2

165

160

Has R1 Converged >

Calculate product of T and R1inc. Flag D & print R1, T, RT, P
ii

166
Yes

167 170

R1, T, RT, to prev. valu R1 - (_1)

< (RT) prev. X,/

R1, T, RT prey.
to 2nd. prev.

max

No

186

Flag C = -1

Yes

176 1

_Yes

18o _-
I inc.T j 184

182

aT- 5 , Flag C = +1

T = T -2 (_ T) I
R1, T, RT 2nd. prev. [back to prey.

Figure 3-5. Subroutine CURVE (Continued)
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3-10

I
S

_a_e I

Is°tJJ--2 I

_oo _e_ "_o _ I
I inc RI, inc counter I I

No _ Yes

Yes / _ _F-< F2=p°sitive >-_u
\ Counter< 20 > 225 _ . 215 _ I

Print error comment that 220 _ I

F2 has no valid solution RIPREV = R1
set JJ= 1 R2+R3

R1- 2

230

_v

<Return>

Has R1 converged

I Yes
235-240 I

Calculate final leg radius

and wall thickness & print I

; ,
g

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.

< Vector >

I = II(N, 1)

J = II (N, 2)
K= II (N, 3)
L = H (N, 4)
M = II (N, 5)

Calculate cosine of the angle between Jthe 2 leg members - COSANG (M)

Return >

Figure 3-6. Subroutine VECTOR

3-11
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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 Ist entry.

EQBCD >

calculate F42, F48, F28, F26, F25 I

ZF42= ZF42+ IF421
and likewise for other four forces

3-12

Figure 3-7. Subroutine EQBCD
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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.

EQE >

l
calculate F42, F48, F28, F27, F35, F25, F85,
F810, F814, F513, F510 I

and likewise for other 10 forces

Return
• 1

Figure 3-8. Subroutine EQE

3-13
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Ok-I-64

L [-fG '.^;T

TL; vILI_'IZF LL(.I WEIGHT :":ASE'B UPOK L GIVEh, INPUT

GEC_._ETRIC COr,.I-IGURATIC;I AM:L',THEK TC C,_,L.JL,_TE T:)TAL LEG

V,'LI_,_r_TINCLUL?I,'i'5 v,=IG_TT SF i,L:LLYC©:.':_ _',.ITdIt,:E,'_CH LEG

f!',i"T,-17 V'FIC]_IT OF ALL I:C',,.F__ _=CC._Fp,,',D<.

or. F _-F _.,-,,,.__ - mL;IX ,'4EPORT ;",,'":-8-64

SE{:I FIGU;<LS 3-1, 3-5, _-_, 3-11, _-iJ, _-lZ+, _-16

THIS PR'DSR.a.,1 _,ILL HAh.C>LE ,r'-IVL r,'.IFFLRL. NT LEG T;-_LJSC_
(,ECIGNS _5 FOLLOv, S.

SERIAL NO. RANGE SEE DRA_ING NO FLLG B

22,00n TO 22,'_7g A +2.0
?l,OOq TO 21_999 B +I,0
23,000 TO 23,999 C +l,O

24,000 TO 24,990 D +i*0

25,000 TO 25,000 E -1-0

ItlPUT D_T_ CARD ( ONE CARD ONLY )

q Y ",'B C'L COLUMNS USED

CERIAL NO, 1 THRU I0

R II THRU 19

H 20 THRU 28

ALPHA 29 THRU 37

BETA 38 THRU 46

F(1) = F22 47 THRU 55

F(2) = Fll 56 THRU 64
FLAGR 65 THRU 72

LIST OF SYMBOLS FOLLOWS,

X(N),Y(N),Z(N)

FOR N:I THRU 14

SERIAL(l)

SERIAL(2)

R

H

ALPHA

_ETA

DEFINITIONS

COORINATE LOCATIONS OF LEG JOINTS

INPUT CARD SERIAL NO

INPUT CARD SERIAL NO

INPUT GEOMETRIC DATA - SEE DRAWINGS

SAME

SAME (IN DEGREES)

SAME (IN DEGREES)

Figure 3-9. Main Program
3-14
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I
I

I
I

I

I
I

I

r22

F!I
FLAG R

STROKE LO_AD IN MEMqER 1-4

STROKE LOAD IN MEMF_ER ]-2 _,_',0I-B

DEFINEn ABOVE

FURTHER SY:AL;GLS

_,LPRD

r, FTRD
PHI

ROME

RTWO
C AM'VA

XL(1)
XL[2)
PEAR

A2
Az.l.

2BAR
X"4( ]
XV(2
T',,' I N

L!M 1 ( I )
UMI(2)

U;,_2 ( 1 )
:!,v2 { 2 )
XKI =.65

X,<:2 = 2,0

DEFINITIONS

ALPHA IN RADIANS
BETA IN RADIANS

TRUSS ANGLE - SEE DRA_ING FOR CASE NO.

GEOMETRIC DIMENSION - SEE DRAWING

£AME

SAME
LENGTH OF vE_49ER 1-2
LENGTH OF MEVBER 1-4

VERTICAL REACTION CN THE FOOTPAD
DECELERATION FACTOR

SAME

SAME
RADIUS OF FOOTPAD IN INCHES
BEAM MASS

SAME
MINIMUM WALL THICKNESS OF LEGS
ALPRn (SEE APOVE)

nETRm (_E_ APOVE)
ALPRn (SEE ABOVE)
PI/2 RADIANS
DYNAMIC TRANSIENT FACTOR FOR tAc!.!F_ER l-Z

SAME FOR MEfABER 1-4

'.','F P

FTU(1)

FTU(2)
FTU ( 3 )

F)ENS

g!!PRFV

TPREV

XL(I}

F(1)

X!_TOT

TRM_X

CO SANG ( M )

R2X,R2Y,R2Z

PAX,RAY

','!EIGHT OF ONE FOOTPAD

ULTI_4ATE TENSILE STRENGTH IN I<E_I£ER I-2

SANE IN NE_IBER i-4

S_ME IN MEMBER 1-2
DENSITY OF MATERIAL

MODULUS OF ELASTICITY

FINAL RADIUS FOR MEMBERS 1-2 AND 1-4

FINAL WALL THICKNESS FOR SAt.IE I,,;r_;.13ERS

LENGTH OF MEML_ERS 1-2 AND 1-4 FOR I = 1,2

STROKE LOAD IN r,'E_,ABERS 1-2 AND 1-4

F(I) = F22 FOR I =1 AND Fll FOR I=2
TOTAL STRUT MOMENT

_AXIMUM VALUE OF THE GUOTIENT OF WALL

THICKNESS TO RADIUS

COSINE OF THE ANGLE BETWEEN TWO VECTORS IN

SPACE (FOR THE TRUSS LOADINGS)

THE X,Y,Z COMPONENTS OF THE REACTIONS

AT JOINTS 2 AND 4.

Fa2,F48,F28,F26,F25 FORCE IN MEMBERS 4-2,4-8,2-8,2-6,2-5

FOR CASES B,C,D

Fi6q_re 3-9. Main Pro6ram (Continued)
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r

r

r-

r

P

C

',?

r-

f-

r

(-

c

C

f_

l"

q

c

C

,'*': i<_;=RS Z-7, _-_, "'-_ ,5-_,_--IO,c;-]A,D-13,

5-I0, AhD _-9.

"_:[:I ( [ } {']I-"_q OF THE La%SCLU'T"-- VALLIaL!:' OF THE AzOVL
F_.-:R_[::< F'3r_ k IV:V [,It ....'::_i_'r:Ll" "_".'L:I'i':3

;_.r(I ) _EIC:HT :L); V=".!::ERS !-2 Ai'.!"> !-A

'.,'._i." ( I ) .¢,=I':aT.,. ()F HONFYr''. ._v........• I". ca ,_ .... 'E'"orp_

".TROT TC, T;.L LEG ','.'EI,OHT
-',. (I),I:1 ,"5 L=I_I'ST _......OF '..'= 1;_rR¢ gt;,_ (] r̂._<.. _:,r;_-..

., _I r r _,YLF:':(I),I--=ll L:: _.._Til OF '4E'.'!i_ERS] FOi, CASE _": -_',LY
[:I,"Iv.'T FI,%aL TOTAL '.'.,':{IbiiT Ib_CLLr.:.IFiG :kLL :.'£. DE==:":,

t.) _1 : Y ( iO;/, L_ 9 ;_ i *!., P' _w.]] T P s119 :'_ ,_,' r ]:,LL z+ l_ ":_ ;3 :, ii

";TT(1),,I:I,5 ,_.[::IG_aTOF FIV5 :.iL:'."L_LI'_S(rJASL_S :,C,,,)

DI:¢[NSIC3k L2(21, L _, 5), LZ,-(l!}

h._.TA (t2(1),I=l,2) / 3_I-2,2HI-4 I

F)?.rA (L3(1),I=I,5) / 3Hq--2,3H_+-q,a. H2-8,3}_2-6_3h2-5 /

D_T_ (L4(1),I=I,!I) / 3rl'a--2,3_4-i_,a._2-6,:';r_2-7,2.'-'7-5,3":b-:7,"_r_8-!.':,

14H8- ]/+,UHS- ! "_,/+Hg- l q ,_ H".;-"_ /

r_I_'.'=/'ISION II ('a_,5)

CC'vMON/SI/ SERIAL(2),R,H,ALPH._,:3ETA,F(2),FLAGL:.,FTU(3) .E,S?NL:
CC:MMCNIS21X(30) ,Y(301 ,L (30) ,PHI ,R'.)<E,RTv, C,AI,A2,A4,GA:"IiviA,XLL,Xi;',

1F":JAR ,XF_ (2) ,'<sAR , TMIi'q,,LIbll (2) , UI"IZ ( }- ) ,, X _.1 ,X<Z ,,vFP

CL:'<MCt\/S3/I,F<I PREV,TPREV,T,TDEL,XL(2) ,RI,K.V%TOF,A,O,RT,TR:/.AX,

] RTPREV,J.],J,<,L,L',COSA,NG (30)

".7.'.,2_CNIS4/";:UY ,R4X ,P2Y ,R.2Z ,<2X ,F42 ,F:4U ,F28 , F26, F-25 , F:27, F35, =89 ,
IFSIO,F8!4,F" !3,FS]q,FSg,SF(30) ,I I

CO_'_:)N IS 5 Iv,iTT ( 14 ) ,k'TTT (11 ) , 'aT ( 2 ) , ,*_H¢ (2 ) ,i)L ( 14 ), XLEN( 11 )

COWvON 156 It,.
COMMON/S7/_ LPR9 ,_ETRD

THE FOLLOWING DATA STATEkENT CONTAIKS ALL THE .]OI_aT

_TN!3POINT NOS. RE,.UIREO TO CALCULATE THE COSINE OF Fqi

ANGLE BETWEEN ALL THE NECESSARY >IE,V,UERS FO{ ALL FIVE

CONFIGURATIONS.

A SET OF FIVE NOS. IS REOUIRFD FOR EACH CALCULATIOiN I;i

THE SUBROUTINE VLCTOR. THE FIRST SET (2.4,4,8,1 ) F09

EXAMPLE MEANS --- THE ANGLE BETWkEN MEMF:',ERS 2-4 ,_ND 4-b

aNb STORE IT AS COSANG(1)

DATA((II(N,M),M:I,5),N=I,33}I2,4,4,8,1,8,2,2,5,2,6,2,P,5,X,G,2,2,

15,_,4,2,27,29,5,8,2,27,29,6,a,2,27,30,7,8,2,27,30,8,6,2,27,_,9,7,

22,27,30,I0,7,2,2,_,Ii,5,0,27,2'#,12,10,8,27,29,13,2,8,8,_,I_,i0,8,2

3 7,28,15,I_,8,27,28,15,13,5,27,29,17,3,5,5,7,18,8,5,5,7,19,13,9,5,

47,20,i0,5,5,7,21,3,5,27,28,22,10,5,5,0,23,15,5,q,9, _ ,2,&,a,_4 ,8,1,

58,2,2,5,2,6,2,2,u,3,4,2,2,5,4,4,2,27,2_),_,8,2,27,2o,6,4,2,27,30,7,

68,2,27,30,8,6,2,27,30,9/

CALL SUBROUTINE (INPLIT) WHICH READS ONL 9,"TA CARD

AN9 THEN PRINTS THTS [)AT,",,

I #_m rkl I. I _','DIIT

3-1B
Figure 3-9. Main Program (Continued)
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THE NEXT SU'GROUTINE (GEOM} SETS UP INITIAL VALUES,

CALCULATES GEOY, LTRIC CONSTA,"_TS FOR LEG COI,,FIGURATI(JI_

CASE A OR 3 OR C Oft D OR F, CALCULATES L_NGTH OF "4EM[IER
]-2 AND 1-4 AND CALCULATES WEIGHT OF ONE FOOTPAD

!_2 CALL GEOM

1]O DO 255 I=1,2,

PRINT 902

TRMAX=FT[!(I)/ .15"_)
Xf_:I=XMII)/12.0_(1Z.O_XL(I))**2/16.0*(AI+A2)*COS(UMI(1)}*XK2
IF (I-2) 11B,112,1]2

112 Xt_TOT=XMI

GO TO 114

113 UI,=ATANI5.n/IR-IRTWO_COS(PHI))))
SINLAM=(H-7.575)/XL(I)

COSLAM=5°O/(XL(I)_SIN(UU))

XM2=0o20/B.1416_PBAR*RBAR_COSLAM_(TAN(GAMMA)+I.0/TAN(GAMMa))_XK2
XvY2=O.6n*RBAR/(3.n_B.14t6)_PqAR_SINLAr4*XK2
ET_=ATAN(IXPI+XM2)/XMY2)
Xr4TOT=(XMI+XM2)/SIN(FTA)

GO TO 114

THE NEXT SUBROUTINE ( RTMIN) FINDS THE OPTIMUr_ LEG
RADIUS R1 = RIPREV AND WALL THICKNESS T = TPREV

]14 CALL CURVE

GO TO (100,250),JJ

NOW CALCULATE WEIGHT OF LEG Ii-2 FOR I=l AND 1-4 FOR

I=2), WEIGHT OF HONEYCOMB AND PRINT WEIGHT OF LEG,

LENGTH, RADIUS =RIPREV _ WALL THICKNESS = TPREV

250 WT(I)=(DENS)_2,0#R1PREV_TPREV_12.0_XLII)_3,1416

WHC(I)=l,O*3,1416_R1PREV_RIPREV/1728,O*O°45*12,0_XL( I)/0,75/127,3
l_(F(I)/(1,0_3,]416_R1PREV_RlPREVl+300,O)

DP[NT QBC,L2(I)
255 PRINT 904,_T(I),XL(I),RIPREV,TPREV,P

NOW IF THIS IS A CASE A RUN THEN PRINT TOTAL LEG
WEIGHT AND THEN GO TO 100 TO READ NEXT DATA C,ARD
rA._E _ H_.q NO TRU5_ .<TRUCTURE

DUE TO SYMMETRY THERE ARE 8 MEMBERS LIKE i-2 AND 4

MEMBERS LIKE i-4 INCLUDING ALL FOUR LEGS

FOR CASES B,C,D,E, GO ON TO PART TWO

THE TRUSS LOADS AND LEG SIZES

260 IF (FLAGB-2.) 300,265,265

265 WTTOT=8.C*WTI])+4._*WTI2)

PRINT 907,WTTOT

FINWT=WTTOT+4°O*WFP+4.0*WHC(2)+8.O*WHC(1)

PRINT 908,FINWT,WFP,WHC(1),WHC(2)

PRINT 1500

907 FORMAT(24HO TOTAL LEG WEIGHT =,F10,5/)

Figure $-9. Main Program (Continued)

TO CALCULATE
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c#C_[sF'YR>_AT(0h( FIJ'_I,'+T=,FI0°5,7m V,+FP :,FLO°5,VH
] )'+F_O°5//I

!_C F{}PMt, T ( 1H! )
6b TO 1 Re,

r

" _-!-TUP POIt,:T r" 27_28,P0,9'3 TO GIVE 1)NIT
r"

_'+r C(1)=,F'O,5_o:i ,','ilC(2

_,_e X ?7

v o7

7 P?

x 28

Y 28

Z 28

X 29

Y 29

Z 29

X _0

Y 30

Z _0

=,q,_

=t]. r"
=1.(]

=0.0
=O.r_
=e.O

=O,e

= 0. t',,
=l.e

VECTC, R c

CALCULATE L!G LENGTflS

FCR CASLS ;2 OR C OR D.

ME_BER SYbIBOL
4-2 = DL(1)
4-8 = DL(2)

2-8 = DL(3)
2-6 = DL(4)

2-5 = DL(5)

_'_5 DL( I)=S:}RT((X(4)-X(2))_-*2+(Y(4)-Y(2) )**2+(Z(4)-Z(2))*'2)
DL (?)=SGRT( (X (a.)-X(8))"_;_-2+(Y(._)-Y( 8 ))*-x-2+ (Z (z+)-Z(8)) -r*2 )
'bL (,)=,q,f;R T((X(2)-X(8) )-_*2+(Y (?l-Y(8) )+_*2+(Z (2)-Z (B))++*2)

r'L (z_)=SQRT( (X (2)-X(6))**2+(Y(2)-Y(6))**2+(Z (2)-Z (_.)) _"2)

"L (5)=S_.,#RT( ( X (2)-X ( _r.'.) ] ;'"t2_+(Y (2)-Y (5))*_'-2+(Z (2)-Z (5)) *'7" )

_C_. C&LCUL/,TE TdE CO-%,IN, :nF TIdE ANGLE 5ET_,_ELN 9 PAIRS OF
VECTOR _o IN SPACE (LEG '_,__<GERS)

"_] ") ,\I=1

CAt L VECTCr_
N:'2

C:l L VFCTOF
h_=3
C/_LL VECTOR

X=4
_-_-I_L VF-CTOR
N = 5
Ct_LL VECTCR
r':--6
C/_LL VECTOR

K=7
CALL VECTOR
N=8

C_LL VECTOR
;',=9

C,". L L VECTOR

C:T 20 LOCATIONS FOR StY. _ CF FORCES SF(N) EQUAL TO ZERO

FOR CASLS },,C,D T_tF SLiM SF(N) FOR N=I THRU 5 EQUALS FORCES FZ_2,
F4B, F28, F26, F25 FOR L_-G MEMBERS 4-2, 4-8, 2-8, 2-6, AND ,'-5

FOR CASE E THE SUM SF(N) FOR N=I THRU il EQUALS FORCES

Figure 3-9. Main Program (Continued)
3-18
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(-

'i

r

f-

r-

t-

(-

E-

e-

l-

i-

t

¢-

c-

F

c-

C

C

C
c-

T L- F c"E',. . FOR _Fc /_ F?[- T"_ _7_"_ cl ;_%',IL-';7"D _-(',_ r_,, :- r" TIF!, ,, __, ,<: c " T LOADING<

C'N "rH_: T2,JcSo

B15 r_c 320 I:],20,1

a20 SF( I):O.O

FLAG i7 FCUAL TO -I IMPLIES CASE _ ONLY

_23 IF {FLAGB) 50 '_4,500,_z25

NOW CALCULATE THE X,Y,Z CO',_PONENTS OF REACTIONS R2X,R2Y,R2Z,

R4X, AND Rz+y FOR JOINTS T.VO Z_ND FOUP, FOF, LOADINGS (11 UPPER

L_G _TRC,<=, (2) !]PPFR LEq _EA",! ACTION, (3) LOWER LEG STROKE<,

{41 LOWER LF-IG REAM -ACTION_. AN, m, (51 ECCEKrRIC I_,!.OACT AND THEiXl

r: P'.T F R S' ,_;_R O/IT i ,NF _(_ S C _ TO CALULATE S IJ _,I CF FORCES

325 q2X=O.O

R2Y=O.O

q27=m.Q

R_X=-F(2)*COS(RETR9}

qaI_L EQBfm

_aq R2X:0.n

_?Y:_._

R_X : -XM(2)*XL(2)*COS(_ETI<D)_SIN(_ETiRD)*XK2/3,O*(AI/2,C+A_)

k_Y = -XI<(2)*XL(2)*(COS(SETRO))**2*XK2/9,0e_(AI/2,0+A_)

CALL EQSC3

B35 q_X=O.O

_Y=O.O

R2X=-F(1)_C)S(AI_PR_).COS(GAMMA)

R 2 Y:F { 1 ) *COS ( G A!IK:_A ) "5 I N (A L PK9 )

R2Z=F(].)*COS(_I.PRD)_FIN(&AI'_A)

_AIL EQA_U

_C RLX:O.O

R4Y=q.0

R2Z=0._

R2X = -X_(1)*XLI1)*COSIALPRD)*SIN(ALPRDI*X<2/3.C*IA1/2.0+A2)

R2Y = -XK(1)*XL(1)_(COS(ALPRD) )_*2_XK2/3.0*IA1/2.0+A2)
C_LL EQBCD

3_5 R_X=O.O

_4Y=O.O

R2Z=O.C

R2X=PBAR*RB_R/I2.0_I2.0*XLIIII_ICOSIALPRDI*SIN(ALPRDI_ITAN(GAMMA)+

ll.O/(TAN(GAMVA)))*X<2)

R2Y=PBAR_R_AR/I2,0_12°O_XL(1))_(ICOS{ALPRD))_2_(TAN(GANHA)+

]].0/{TAN(GA_MA)))*XK2)

_AIIL _©q¢_

THIS SUM OF FORCES FOI4 EACH MEMBER 4-2, 4-8, 2-8, 2-6, AND

2-5 IS NOW USED TO DESIGN EACH MEMBER bY EQUATING

ULTIMATE STRESS TO LOCAL _UEKLING ALLOWAI_LE STRESS TO

FIND WALL THICKNESS T AND RADIUS RR

Figure 3-9. Main Program(Continued)
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C
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f-

F"

r"

#-
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(T"

C

C

(-

C

C

B5.P, DO 385 =I,5,1

RTMIN:!.5_SF(1)/I2.9*B.1416*F U(3) }
T_'IN=SQRT( ] .5"¢F (I )/( . BO*3. la 6_E})

"_55 IF (TM N-.C)P5) B60,BAS,B65

B 6 .")TVIN=.r)25

365 RFR=((I.5*SF(1)w(12.0-W-DL(1))**2)/(EWTMIN*(5.1AI6)**B) )*_-(I.0/3.0}

370 IF (RR;_TMIN-RTP. IN) 375,380,380

?75 TPR I_E=RTtV IN/RR

T,_IN=TPR I ME

NO_ CALCULATE ANL) PRINT WEIGRT OF MEP4bER, FORCE IN MEMBER,

LENGTH, RADIUS, AND WALL THICKNESS FCR TmE FIVE TIMES THRU

THE DO LOOP,

CALCULATE AN[) PRINT TOTAL LEG WEIGHT (DUE TO SYMMETRY

MEMBER 2-5 = 3-7, 2-6 = B-6, AND 2-8 = 3-8) OF ALL FOUR LEGS,

THEN PRINT FIN_,L WEIGHT INCLUDING TOT/_L LEG WEIGHT, TOTAL

HONEYCOMP WFIGHT, AND FOOTPAD WEIGHT

BSO WTT(I)=DENS*2.0*3.1416*RR*TMIN*12.0*DL(I)

PRINT 930,L3{I)
385 PRINT 906,WTT(I),SF(I),DL(I),RR,TMIN
390 WTTOT=4.0_(2.0*IWT(1)+WTTI1)+_ITTI3)+WTT(4)+WTT(5)}+WT(2)+WTT

BQ1 PRINT 907,WTTOT
FINWT=WTTOT+4.0_IWFP+WHC(2)+2.O_WHCII))
PRINT 908,FINWT,WFP,WHCII),WHC(2)

PRINT 15On

_o0 GO TO 100

2))

CALCULATE _IEMBER LENGTHS FOR CASE E MEMBERS ONLY

MEMBER SYMBOL

4-2 XLEN

4-8 XLEN

2-8 XLEN

2-7 XLEN

2-5 XLEN

8-5 XLEN

8-]0 XLEN

8-14 XLEN

5-1B XLEN
5-10 XLEN
5-9 XLEN

1
2
3

4
5
6
7
8
9

10)
11)

500 XLEN(1

XLEN(2
XLEN(3
XLEN(4

XLEN(5
XLEN(6
XLEN(1
XLFN(7
XLEN(8
XLEN(9
XLEN(IO)=SORT

=SORT

=SQRT

=SQRT

=SQRT

=SORT

=SORT

)=SORT

=SORT

=SQRT

=SQRT

X(4)-X(2))**2+ Y(4)-Y(2) **2+(Z 4)-Z(2 )_'2

X(4)-X(8))**2+ Y(4)-Y(8) **2+(Z 4)-Z(8 )_2

X(2)-X(8))**2+ Y(2)-Y(8} **2+(Z 2)-Z(8 )**2

X(2)-X(7))_*2+ Y(2)-Y(7) **2+(Z 2)-Z(7 )*'2

X(2)-X(5))**2+ Y(2)-Y(5) **2+(Z 2)-Z(5 )_-2

X(8)-X(5))**2+ Y(8)-Y(5) **2+(Z 8)-Z(5 )*'2

(X(5)-X(9))**2+(Y(5)-Y(9))_*2+(Z(5)-Z(9))*_2)

( X(8)-X(10))**2+(Y(8)-Y(ID))*_2+(Z(8)-Z(IO})_2

( X(8)-X(14))**2+(Y(8)-Y(]4))**2+(Z(8)-Z(14))**2

( X(5)-X(13)}**2+(Y(5)-Y(13))w*2+(Z(5)-Z(13))*He2

(X(5)-X(IO))*_2+(Y(5)-Y(10))**2+(Z(5)-Z(IO))*_*2)

NOW CALCULATE THE COSINE OF THE ANGLE BETWEEN ii PAIRS OF

5n5 N=I0

3-20

VECTORS (LEG MEMBERS) IN SPACE.

Figure 3-9. Main Program (Continued)
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f-

r

C

C
C
C
F"

c

CALL VECTOR

N=11

CALL VFCTOm
N=12
CALL VECTOR

N:13
CALL VECTOR

N=14
CALL VECTOR

N=!5

CALL VECTOR

N = 16
CALL VECTOR
_!=_7

CALL VECTOR
q=!8
CALL VECTOR
N : 19

CALL VECTOR

N=20

CALL VECTOR

N=21

CALL VECTOR

N=22

C_LL VECTOq

CALL VECTOR

N=24

CALL VECTOR

N=25

CALL VECTOq

N=26
C_LL 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=33
C_LL VECTOR

NOW CALCULATE THE X,Y,Z COMPONENTS OF REACTIONS R2X,R2Y,R2Z,

R4X, AND R#Y FOR JOINTS ..... _l_A_'m lFm''Og_I\ FOR , mAmTM_C t 1 I IIDDF#

LEG STROKE, (2) UPPER LEG BEAM ACTION, (_) LOWER LEG STROKES,

{4) LOWER LEG BEAM ACTION, AND (5) ECCENTRIC IMPACT AND THEN

ENTER SUBROUTINE EOBCD TO CALULATE SUM OF FORCES

5]_ R2X:O,O

R2Y:O,O

R2Z:O,O

Figure 3-9. Main Program (Continued)
3-21
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515

52_

525

5m_

¢
C

C

f

¢

54r

545

550

555
562

565

F

r

C

C

C

c

C
57n

575

58O

585

3-22

R4X=-F (2)_,"CC)9(PFTRrh)
R4Y=F(2}*SIbI(PETRD)
Ct, LL EOF

RZX:O.0

P2Y:@.C

R2Z:O.O

R4X = -X;,;(2)_XL(2},_CO2, IL,LI,<D)_,-SIN(BETRD)_XL2/3.0*(AI/2.0+A4}

R4Y = -XM(2)*XL(2)_,_ICCS(Y, ETRD) )_2_,'-XK2/3.O*IAI/2.0+A4)

CALL EOE
;RLX:n.

Ray:0. ,'?

R2X:-F (1 )":-COS (ALP#4", )_,:,'2.O S (OA.,"/'_!;\ )
R2Y:F ( ] ) -x-,tO _-( G _ r."'.' A ) _c I _,1( A L PP" )
R?Z:F ( 1 ) -_'COS ( ,:",LPR D ) *SIN ( GA_Zf"A )
CALL EQE

R4X=O.0
R4Y=O.O
P,2f:O.0
R2X = -X_,i(1)*XL(I},_COS(ALPI<D},"SIN(/'LPRD)_XK2/3.0",'-(AI/2°0+,a2)

R2Y = -XK(1)_:-XL(1)_(COS(ALPRD))*_-2":-XK2/3.0*IAI/2.t_+A2)

CALL EQE

Rz.X:p. _"

P4Y:n.C

r_2f--0.O
'R2X=P:_AReRa;"R/(2°r_12.0"XL(1 )

1].r/(TAN(G&_'st"_) ) )_XK2)
R2Y=P6_R',"RL,,t',i</(2°C<-12.0<-XL(I}

11 • O/( TAN (G;_'.IYA) ) ) -,',_X K 2 )

CALL EQE

*(CO2(nLPRD)*SIN{_LDRD)<(TA,N(GAK_4A)+

<-( (C©S(AL k,ji) (TAN(GA:.I51AI+

THIS SLII' OF FORCES FO:-_ EACH F"iF_!_:BEr_4-2,4-8, 2-6, 2-7, 2-5,

8-b, 8-10, 8-14, 5-12, 5-10, AND 5-9 IS hOW USED TO DESIGN

EACH !,'5_',',A:ER5Y EGU_TING 'JLTIi<ATE 5TRE5, _ TO LOCAL BUCKLI:NG

ALLCW_:_LE _T_4=$5 TO F[_-,',mWALL THId<NESq T S_',ir)_<_DIUq 92

?£, 575 I=l,l!,!

,J:I+5
RTMIN=I.5_SF(J)/(2.0_3.I41_FTU(3)

T_IIN=SQRT(I.5_SF(J}/(.BOe_3.14]6_£)
IF (TMIN-,025} 550,555,555
T_"IN:.025

RR=((1.5_SF(J)*(]P.O_XLEN(I))_2)/
IF (RR_T_IIIi-RT_IK) 565,570,570

TPRI_:E=RT!.'IN/RR

TYIN=TPRI_'E

,_=*TMIN*(3.1416)_*31 )-_*( 1.0/3.

NOW ,"/_LCULATE AND PRINT WEIGHT OF NE"-_..r!ER, FORCE IN ".IE',"BER,
LENGTH, RADIUq, .AND ',,','ALL THICKNES_ FOR EACH OF THE ELEVEN

TIMES THRU THIS r)o LOOP.

CALCULATE AND PRINT TOTAL LEG wEIGHT OF ALL FOUR LEGS.

PRINT FINAL WLIGHT IKCLUDING TOTAL LEG WEIGHT, TOTAL

HONEYCOMB WEIGHT, AND TOTAL FOOTPAD WEIGHT

THEL

WTTT(II=DENS*2.0*3.1416*RR*TMIN*I2.0*XLEN(II
P_!NT g3n,L4(I)
PRINT 906,_TTTIII,gFIJ},XLEN{I},RR,TKIN

WTTOT=4,O_i2.0*IwT(1)+WTTT(1)+WTTTI3)+WTTTI5)+WTTT(4)+WTTT

IWTTT(11)+WTTT(IO)+WTTT(9)+WTTT(8))+_vT(2)+WTTT(2)+WTTT(7))

PRINT 907,_,'TTOT

Figure 3-9. Main Program (Continued)
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I
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FINWT=WT
PRINT 90

PPINT 15
59C GO TO 10

qCO FORMAT(A
QP! FOqMATI5

14X,AHF22
2/)

_P2 _CR_AT(4
903 FORMAT F

904 FORMAT l

I,IOH

9q5 FORMAT !

15_7H

9C9 PORMAT(5

a]o FORMAT(t

c?q FORM&TI6HQ

END

TOT+4.O*(WFP+_HCI2)+2.C*WmC i)

8,FINWT,¼FP,WHC(1)_WHC(2}
O0

0

F20.1C)

6_4,F9.5,Fg.5,Fg.t,Fg,5,Fg.1_F9.1_F7.1)

H R=_Fg.5,AX,2HH=_FS.4,4X,6HALPHA=,F7°3,4X,5HBETA=,F7.3,

=,F7°],4X,AHFII=,F7-!,4X,6HFLAGB=,F4.1,4X,8HDENSITY=,F8°4/

4H R! T RT
]2.5,F].I.5,F]B.5,FI2.5)

OHO WEIGHT=,FIO.5,12H LENGTH=,F9.5,10H

TPRFV=,Fg.5,TH P=,Fg.5///)

OH WEIGHT=,FIO.5,11H FORCE=,F8.1,12H

R=,Fg.5,10H TMIN=,Fg.5)

X,SHFUNCTION,2X,3HNOT,2X,8HNEGATIVE_2X,BHYET)

3H SERIAL NO =,A6,Aa//)

LEG,2X,A6)

P/)

RIPREV=,Fg.5

LENGTH=_Fg.

Figure 3-9. Main Program (Concluded)
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r

r T I TL:--

r A'.JTH()R

.... _}AT _!

C

r" CALL
r

C PURPE'SE

q
q

¢

r

q
¢

f

C
r

(-

¢

d

q
¢

r

t_

F

C
¢

d
C

C

I01

3-24

DF 5L'_Rr}I JT I NE, I NPt_JT

H, C, CARR

09-1-64

I f".P UT

TO READ OI,;E b_TA CArD AN2; THLN INITIALIZE HATLRIAL

CONSTANT3. FTU(1),FT.J(2I,-TU(3),L, AND DENSITY (THESE
FIVE CO,_I£.TANTS faUST BE CHANGED FOR DIFF--REXT :.IATERIALS
SUCH AS ALU:,4INL;t_,BEITYLLIU_.!,ETC,) AN[7 THZN PRINT THE

DATA CARD

OLD DEFINITION OF INPUT DATA

SERIAL(1) SERIAL NO OF DATA

SERIAL(2) SAME

R GEOMETRIC PARAMET

H SAME

ALPHA SAME ( IN DEGREE

_ETA SAME ( IN DEGREE

F(1) F22= STROKE LOAD IN ME

F(2) FII= STROKE LOAD IN _.IE
FLAG = FLAG B DEFINES TH

IN qUESTION, FOR

FOR CASE A FLAG

FOR CASE E FLAG

ER

S)

S)

VBER 1-4
N'_ER 1-2 aNfb 1-3
F LEG CONFISUR.ATION
CASES B,C,O FLAG B =+I.0

:_ = +2,0
!_ = -i,0

OTWER SYr/,-_C LS DEFINITION

FTU(1) ULTIMATE TENSILE STRENGTH

FTU(2) SAME iN !_;EMf3ER I-4

FTU(_) REPEAT OF MEMPER i-2

_FNS DENSITY OF MATERIAL

MODULUS OF ELASTICITY

IN MEC, BEI4 1-2

¢UmROUTINE INPUT

COMMON/St/ SERIAL(2),R,H,ALPHA,BETA,F(2),FLAGb,FTU(3),E,DENS

COMMON/S2/X(30),Y(30),Z(30),PHI_RONE,RTWO,AI,A2,A4,GAMMA,XLIiXL2,

IPRAR,XM(2),RBAR_TMIN,UMI(2)iUM2(2) _XKI,XK2,WFP

CO_MONIS311,RI PREV,TPREV,T,TDEL,XL(2),RI,XMTOTiA,PiRTiTRMAX,

]RTPREV,JJ,J,K,L,M_CCSANG(30)

EOMMON/S4/R4Y,R4X,R2Y,R2Z_R2X,F42,F48,F28,F26,F25,F27,F35,F85_
!F810,F814,F613,F5]_,_59,SF(BO),II

COMMON/S5/WTT(14)_WTTT(11I,WT{2),WHCI2)_DLI14i,XLEN1111

COMMON/ST/ALPRD,BETRD

READ 900,SERIAL(II,SERIALI2),R,H,ALPHA,BETA,(FIII,I=I,21,FLAGb
FTU(1) = 61500.0

FTUI21 = 53000.0

FTUIB} = 61500.0

E = 10000000.

Figure 3-10. Subroutine INPUT
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DENS = .102

PRINT 910, <ERIAL(1),SERIAL(2)

PRINT OO],R,H,_LPHA,nmTA,{F(I},I=t,2},mLAG_,OEN5
Onn _ORM_T{A6,_a,4_9.5,_O.1,Fg.]9_7.l)

901 FORMATI5H R=,Fgo5,4X,2NH=,FS.4,4X,6HALPHA=,F7,3,4X,5HBETA=,F7o3,

14X,4HF22=,F7.1,4X,4HFII=,F7.1_4X_6HFLAG_=_F4.1,4X,SHDENSITY=_F8.4/
2/)

910 FORMATII3H SERIAL NO =gA69A4//I

mETURN

E_D

Figure 8-10. Subroutine INPUT (Concluded)
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r

C TITLE OF 5UBROLrTINE

r _LJTH©q

r ral_L

C

C PURPOSE

C
c

c

C
c
C SYMBOLS
t_

C X(N) ,YIN) ,ZIN)
r- FDR N=I THRU 14

C ALPRD

C BETRD
C PHI

C RUNE

r RTWO

C GAMMA

5 XL(1)

," XL(2)
t"

r P_._R

," A1
C A2

C- 4,4
C

C RRAR
C X'.t(1)

C X_4(2)
C T t'/IN
r

r U_'._1 (! )

" IF"l (2)
c UM2 (1 }

C U_.'2(2)

C

C XKI

C X<2
C
C WFP
(-

r

r

GE 0,".I

H, O. CARR

G _-0'.'

TO INITIALIZE GEOMETRIC CONSTANTS FOR CASE A OR b

OR C OR D OR E.

TO CALCULATE LENGTH OF MEM,BFRS 1-2 AND 1-4
TO CALCULATE WEIGHT OF ONE FOOTPAD

DEFINITIONS

COORhINATE LOCATIONS OF LEG JOINTS

ALPHA IN RADIANS

BETA IN RADIANS

TRUSS ANGLE - SEE DRAWING FOR CASE NO.

GLOMLTRIC DIMENSION - SEE DRAWING

SAME

SAME

I-j __R 1-2LENGTH OF MEM _

LENGTH OF MEMBER I-4

VFRTICAL REACTION ON THE FOOTPAD

DECELERATION FACTOR

SAME

SAME

RADIUS OF FOOTPAD

BEAM MASS

SAME

MINIMUM WALL THICKNESS OF LEGS

ALPRD

RFTRD

ALPRD
Pl/2 RADIANS

DYNAMIC TRANSIENT FACTOR FOR MEMBER 1-2
gAME FOR MEMBER 1-4

WEIGHT OF FOOTPAD

SUBROUTINE GEOM
COMMON/S1/ SERIAL(2),R,H,ALPHA,BETA,Fi2 ,FLAGB,FTU(3),E,DENS

COMMON/S2/XI30),Y(30),Z(30),PHI,RONE_RTWO,AI,A2,A4,GAMMA,XLIpXL2,

IP_AR,XM(2),RBAR,TMIN,UMI(2),[IM2(Z),XKI,XK2,WFP

COMMON/S3/I,RI PREV,TPREV,],TDEL,XL(21,RI,XMTOT,A,P,RT,TRMAX,

3-_-6
Figure 3-11. Subroutine GEOM
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I

i
i

I
|

I

i
I

!
!

I
I
I

I

i
i

I

I
l

f.-

f-

c

I03

c

105

C

C

C
106

1RTPREV,JJ,J,K,[ ,M,CQS-_NGIBO)

CO_ION/S4/R4Y,R4X,R2Y,R2Z,I_2X,F42,F48,F2o,F26,F25,F27,F35,FSm,

]FSIO,F814,FS].B,FS]O,F59,SF (30) ,I I

CO!¢'MON/S5/I','TT ( ] 4 } _.WTT T ( ! ] ) r..WT ( 2 } ,WHC (2) ,DL ( ] 4 ) ,XLEN{ ] ] )
CC"'vON / g7 / A[ PRD,PETRD

THE FOLLOWING GEOMETRY IS THE SAME FOR CASES A,B,C,D,E

X(1) : R
Y(1) : .250-H

Z(1) = 0.0
ALPRD :ALPHA_3.1416/180.O

BETRD : BETA_3.1416/180.O
PHI :

RONE =
RTWO :
X 2 :

Y 2 :
Z 2 =
X 3 :

Y 3 :
Z 3 =
X 4 :

Y 4
Z 4
X 6
Y 6
Z 6
IF(

ATAN(5.00/(R-COS(ALPRD}/SIN{ALPRD)*(H-7,575)) )
R-(H-2.!65)_COSIBETRD)/S!NIRETRD)

(R-(H-7.575)_COS(ALPRD)/SIN(ALRRD))/COSIPHI)
RTWO_COS(PHI)

-7.B25

5.0

RTWO*COSIPHI)

-7.325

-5.0

RONE

: -1.915

= 0.0

: 7.08

= -7°325

: 0._

FLAGB-I.O)]07,105,106

THESE POINTS ARE FOR CASES B,C,D ONLY

X 5 = 5.0

Y 5 = -7.325

Z 5 = 5.0

X 7 = 5.0
Y 7 = -7.325

Z 7 = -5.0

X 8 = 7.08

Y 8 = -1.915

Z 8 : 0.0

= 225.4

A2 = i15,92

A4 : 115.92

GO TO 108

THESE POINTS ARE FOR CASE A ONLY.

X 5 = 5.0

Y 5 = -7.325

Z 5 - 5.0

X 7 = 5.0

Y 7 = -7.325

Z 7 = -5.0

X 8 : 7.08
Y 8 : -1.915

Z 8 = 0.0
A1 = 225,4

A2 = 70.84

A4 = 70.84

GO TO 108

Figure 3-11. Subroutine GEOM (Continued)
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C
c

C

107

TI_ESF POINTS. ARE FOR CASE E ONLY,

X 5 = 14,58

Y 5 : -7.225

Z 5 = 4.81

X 7 = 14,58

Y 7 = -7,325

Z 7 = -4,81

X 8 : 14.58

Y 8 = -1.915

Z 8 = _,0

X 9 : 5.0

Y g : -7.325

Z 9 = 5,C

X I0 : 7,08

Y i0 = -7.325

Z I0 : 0.0

X ii : 5.0

Y !] : -7,325

Z II : -5.0

x 12 : 5.0

Y 12 = -1.915

Z 12 : 5.0

X !3 : 7,_8

Y !3 : -1.915

Z !? : 0.0

X 14 : 5.0

Y 14 = -1.915

Z 14 : -5,0
1 : 225.4

A2 = ]44.9

A4 = ]44,0

GO TO I08

CONTINUE GFOMETRY CALCULATIONS COMMON TO ALL FIVE CASES,

GAMMA = AT aNIamS[5,0/(X(])-X(2)I))

XL(]):SORTIiX(I)-X(2))_*2+(YII]-YI2)I*_2+IZII)-Z(2)i*_2}

XLI2]=SGRT( [XI1}-XI4})_2+(YI1}-YI4}I_2+(ZI1]-Z(4})_2}
D£.AR = F(2}_S[KIgET[{D)+2.0<F(1}_COSIGAMMA}_SIN(ALPRD}

XZ4(1) : .0930

XM[2) = .0930

RBAR = IB,O

]_IN :.025

U_'I(1) =ALPRD

Uml(2] :BETRD

UM2(!] =ALPRD
UM2(2] : q.14159265/2.0

XK! =,65

XK2 : 2.0

CALCULATE WEIGHT OF ONE FOOTPAD WFP

WFP = I,O/1728,0_3,1416*RBAR_*2*6.0/127,3*(I,20*PBAR/II,O_RBAR**2

]_3,1416) + 300,0]

RETURN

END

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

3-9.8
Figure 3-11. Subroutine GEOM (Concluded)
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_ TITLE OF Su_RO,_TINF

r

..'2 AUTHOR
C
C CALL

C
C
C PURPOSE

C
c
o-

r

r

r

r

C
C _-4E THOD
f-

C
C

C

c
r
L

r

r

C
r

7

C OUTPUT
q
r

r

f qYqBOLS
C
C R1

C T
r RIPREV

C RIPR
r

C TPREV

C TPR

f- vl__(I)

r XKI

C X_,'!TOT
C
C R2

.r"
C R3
r

C RT

C RTPREV

CURVE

H, O, CARR

CURVE

TO DETERMINE THE OPTIMUM LEG CROSS SLCT ON

CONFIGURATION OF WALL THICK,'4ESS f AND RADIUS
GIVE THE MINIMUM WEIGHT,

R 1 TO

THIS IS FOUND mY E©UATING ULTIP1ATE STRESS TO THE
CRITICAL ALLOWAi._LE STRLSS' AP,D TiiEiN UY INCREHEiNTING

WALL THICKNESS T UNTIL THE MINIMUM POIKT IS FOUND UN
TNIE CURVE T V,S, RT WHERE RT IS THE PRODUCT OF T

AND R1 THE LEG RADIUS

THIS FUNCTION OF R1 IS BEST SOLVED BY THE NORMAL
ITERATION PROCESS, INCREASE R1 UNTIL THE VALUE OF THE
FUNCTION CHANGES SION AND T!li-N HALF THE INTERVAL UNTIL

Tile VALUF OF Tree FUNCTIDN APP_4¢JACHES ZERO, CONVERGE,'_CE
IS SATISFIE:; '_,HEN TWO SUCCESSIVE VALUES OF THE
VARIABLE ,,"4ELT A PERCENT ERROR TEST,

VALUES OF R1 V,S, T ARE PRINTED UIr'ITIL THE MINIMUM
POINT ON THE T V,S, RT CURVE_ IS FOUND

DEFINITION

CURRENT LEG RADIUS

CURRENT WALL THICKNESS

PREVIOUS LEG RADIUS

SECOND PREVIOUS LEG RADIUS

PREVIOUS WALL THICKNESS

SECOND PREVIOUS WALL THICKNESS

I_M_TM m_ MrMD[D I--3 _P f:l Aklh l--& _NR T=9

DYNAMIC TRANSIENT FACTOR
TOTAL STRUT MOMENT

LAST VALUE UF VARIAmLE THAT GAVE A POSITIVE VALUE
TO FUNCTION BEING SOLVED BY ITERATION,
SAME AS At_UVE EXCEPT THL FUNCTION VALUL IS J_EGATIV_

CURRENT PRODUCT OF R1 ANU T

PREVIOUS PRODUCT

Figure 3-12. Subroutine CURVE
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RTPR 5_cr_R n P'<FVI C" tq P r:t i._D.' ; G T

CO!]N T THI c I _ _ C(I,_iTEN THAT LIVI T_ Tti! F'.?. _>_ TI ,"LS

T!H I { LOOk; I c 3)P!:- T_!_U,

FL_.GA TFt':{cL T_ii-!::f FLAr:S (EL."_G A _ FLA"J C , FLAG ? }

FLAGC CCNT::OI_ Tt:L LL:GICAL _ LC'v,' P:t L. LSSf_IXY Tu 9_.TE_<:'II,NL

FL,_.q[" Tr_L '.':Ihi; U;' P'OINI :)_i TmL i<T CUkVL.

.-'--L:= 20L) T [ _,:E CURVE

CCFI,_O:,,/S1/ _-E2IAL(?),:s,,_I,_LPH,_,:SL FA,r(2),PLAG..),FTU{:_I,:,:#_,_5

C:..,','_,_C..N/S2/X ( ?n ) ,y ( _ 1 ,Z (3n) _PHI , R'Oi,_ : , RT_,U, ;_,l, A2,/_4 ,GA -'1;'.it-,, XL 1 _XL2,

].F AR,X'_t(2 i ,[.:::AI<,T'{I":,,!T;11 I 2) ,!..5/2{2 } ,_XK1 ,XK2,',',FP

.'-- '"_CF, / 3! / I ,k 1 Pl_ :V, TI:J, LV, T , T-)LL ,XL ( 2 } , R 1 , Xr'PTOT ,A , P, XT , TF_ • 4, X ,

C_:'<_.ISL/E4/[-L4YgR4X,R2Y,R2Z,,*2X,F42,Fqo,F2b,F26,F25,F27,F35,Fo_

[ -':"_ I N, F_. 14, "z5 I"_,, Fr'l !.a, F:"%' _.q'F (30) , I I

C',2_/51C.h/CS/.,'.,TT (tz+) ,'/,.: 1 T] ( 1 ]. ) , ,,,T ( 2 ) ,;,tic ( 2 ) ,:.;L ( 14 ) , XLEN( 1 1 )

C:L;:'4cr,/$7 / _,LFRD _2. E T:._D

!!5 rL_G_=-!, _

F_GC=-I.¢

rLAGD=¢.O

qlPREV=O.m

TPmEV=9.m

PTDRFV=C.q

TPR=O.O

RTPX=O.O

T.}EL=O.{;iC

TC FIND THL DESIRE? ROOT uF THIS FLJhLTIL;h F1 :_Y ITLRATIC:_; A

CTCRTING V,'LUE OF 21 I."-,i"_O_ CO:V,PLIT-[).

3;]F:RE=C,C

::_:RC!+.gq]

:'_REL=RI _:5.0

L_"'.: ¢OLV r" F! V.t_'_'] V/'RIAnLE HA,¢ VALUm R]

] 25 =2,0*3,1416*RI*T

P =I,5*FII)_(12,0*XL(II}*_eZ/(3,141b**3*E_XAI*T*(II*_3}}

FI=-.15_E_T/XI+I.5/A_(F(1)+2.0/RI*X':IOT*(I.O/(I.O-P} }}

T = (_!) !25,135,12q

IF F] IS POSITIVE INCREP4ENT R1 TO GET F1 Tu APPROACH ZEI_:O

13 _ A2=RI

R!DEL=R1DEL*2.C

>I=RI+R!DFL

IF (Rl-lnO0.O) 125,1B2,172

R1 GREATER TmAN I000 II_PLIES 'wALL THICKNESS T IS TOO SMALL

SO IKCRLMENT T AND RESTART ITLRATION

!32 T=T+TDEL

GO TO 115

F1 I'g NOW NE(-,ATIVE. NOw KELP HALVING THE! INTERVAL UNTIL F1

COt"VERGES. _i',It) STAISFIES a .01 OF ONE PERCENT TEST.

Figure 3-12. Subroutine CURVE (Continued)
3-30



_i__ ,,_#_iii_i

RI=(R2+R3)/2°O
]40 A =2.0*3.1416*Rl*T

P =l.5*F(I)*(12°O*XL(I))**2/(3°1416**3*L_XK1_T*(Rl**3})

FI=-.15-_E*T/RI+I°5/A*iFII )+2.0/R1 <Xi':_OT*(1.0/(I°O-P) ))

IF (FI) 155_155,145

145 R2=R!

150 R!PRE:R1
R!:IR2+RZI/2,n
GO TO 160

]55 R3:RI
GO TO 150

160 RmIN=&BSIIR!-RIPREI/RII-C.O001

]OPO FORMAT(BF20.I_)
IF (RFIN} 165,165,140

f

f

t"

(-

r

F"

NOw COMPUTE THE PRODUCT RI TIMLS T WHICH LL_UALS A POINT ([,I4T)

ON THE T V.S. RT CURVE. '_E NOW INCREY, L,NT T AND REPEAT

THE ITLRATICr,, PROCESS UNTIL WE I-I;'_D A Iv,Ir',lI_.',UY_ POINT ON THIS
CLRVE ,,,E PRINT THE POINTS ON THIS CUNVE TO SEE HOW ,';E ARE
PPOGRESSIt,]G STEP ny STEP°

]65 RT:R]*T

FL.AGm:FLAGm+IoO

PRINT 903,R],T,RT,P

]66 IF(FLAGA)167,170,170

167 FLAGA=I°O

RlPREV=R1

TPREV=T

RTPREV=RT

]68 T=T+TDEL

GO TO 120

IF THE QUOTIENT T/R1 EXCELDS A T/R1 MAXIMUM FOR THE SECOmD

TIME (AS CONTRCLLErb BY FLAG C ) THEN WE GO TO STATEMENT 190
F!N,D 31 F_Y iTERATION OF A SECOND FUNCTION F2

AND

170 IFIT/RI-TR_ZAX)I72,172,186

172 IF(RT-RTPREV)I74,176,176

17_ RIPR=RIPREV

TPR=TPREV

RTPR=RTPREV

GO TO 167

176 IFIFLAGC)I78,245,245

178 IF(FLAGD-2,O)I80,180,184

180 T=T-TDEL

182 FLAGC:I.O

TmrL=T_EL/5.O
GO TO 168

]84 T=T-I2°C*TOEL)

RIPRPV=R]PR

TPREV=TPR

RTPREV=RTPR

GO TO 182

186 IFIFLAGC)178,190,190

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

!gO RC2=(].5*F(I)*(12.0*XL(I))**2/(_.1416**3*E*XKI*TRMAX))**(1.O/4.)

Figure 3-12. Subroutine CURVE (Continued)
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195

2n2

215

220

P30

2"_5

P40

C
F"

C

245

on3

go9

3-32

COUNT=O.O
RiPRE=O.O

RIPREV=O.O

o] =Rr2+.Cr !
PI'DEL=RI*5.0

=2.0*3.!416*RI**2*TR>4AX
P =].5*F( )*(]2.C_XLII) )**2/(3.!416**3*E*XKl*T!_;'I,_X*I_,I**4)

F2:-FTLJ( I )+I.5/A*(F( I )+2._/R!_XMTCT*(!.O/(1.0-W) ) )
IF (=2) 2rS,2nS,2, ''n

RF=R]

_]_=l =P !r_FL"_9 • _

R] =RI+RIDFL

COUNT=COUNT 4-1• 0

IF (COUNT-40.0) 195,202,202

PRINT 90 c,

PRINT 1500

JJ = 1

RFTURN

"R3=R]

Ol =(R2+q3)/2.r _
A =2,0_3, 1416"R1"_2 _TN'._AX

F" =l • 5_F ( I ) * ( ! ? • 0*XL ( I ) ) *-x'2 / ( 3. ] 416 *'_-'_ _E*XK t "x"Tr<r< &X'_'b( 1"'4 )

FP=-FT',I( I )+! ,5/A*(F ( I }+2.0/K!'*X'4T"dT*(1.O/ (1.0-#) ) )
IF (_-2) 225,225,21

RZ=RI
RLPRE=RI

RI=(R2+R3)/2,C

GO TO 230
'_?,=R !

GO TO 220
RFIN=ABS( (qZ-R1PRE /R!)-0.O001

IF (RFIN) 235,235,2]r_

T=R]*TRVAX

pT=RI*T

DRI.NT 903,R1 ,T,RT,P
R!PRFV=R1
RTPREV=RT

TPREV=T

SINCE ,'41NIrV,Ur< POINT ON T V.S. RT CURVE IS REACHED AT NEXT

TO LAST VALUES OF Rl AN,_) T, THL_: FINAL VALUES NLEt)LD FOR

C,',LCULATING LEG WEICHT A_4E THE PREVIOUS SET RIPREV AND TPREV

FLASC = -I."

FORMAT (FI2,,5,F!!.!_ ,FI q. :_,F ] 2.5 )

FORM# T ( 5X, 8 HFUNCT ION, 2 X ,3mNOT, 2X, 8HNEGAT IVE, 2X, 3HY ET

cOR",IAT ( !HI )

.JJ = ?

R[--TURN

E_,iD

Figure 3-12. Subroutine CURVE (Concluded)
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C
C TITLE OF SUBROUTINE

C

C AUTHO_

C CALL
C
(-

c PURPOc. F
r

r

C VETHOI?
C

C
C
C

C

r

r

r

r cy_nOL S
r

r X(N) ,Y(N),Z(N)
C WHERE N CAN; ECvUAL

C I OR J OR K OR L
C k,= 1 THRU 30

C CDSANG ( M )
r

r

t"

r

t-

r

VECTOR

H. C. CAPR

VECTOR

TO FIND THE COSINE OF THE ANGLE r?ETWEEN ANY TWO LEG

"E/,m FR._ CALLED COS&NG

PY TAKIK ',n.... THE DOT PROFbL/CT D':TWEktl.. TWO VECTORC.. IN
Ti_REE DIMENSIONAL :'-,PACE

_EFORE CALLINL; TMIS SUuROUTINE N MUST br_ SEI BET#,EEN
THL NtJMSERS i AJN[} 33 SO AS TO PICK UP THE PRUPER SEI uF

FIVE NUMqERS IN T_E DATA TAL_.LE POR THE TWO LEG i,IE_iuERS
I,_,;QUESTION° lmIS DATA _TATL#ILNT OCCURS AT THE

9EGINNI."4 OF TME MAIN PROG£^ v,

DEFINITION

COORDINATES IN SPACE

COSINE OF THE ANGLE
VECTORS IN SPACE

UET_EE:N TwO

SLJBROUT!NE VFCTOR
DIVENSION II(33,5)

COr'I_MON/S1/ SERIAL{2),I-4,H,ALPHA,BETA,kI2),FILAGb,FITU(3I,F_,[)ENS

COMMON/S2/X ( 30 ) ,Y ( 30 ) ,Z ( 30 ) _PHI , RONE , RTWU, A1 , A2 ,A4, GAr.!MA, XL 1 ,XL2,

] PmAR ,XM ( 2 ) 9 RBIAR _ T.M I N,LIM ] ( 2 ) ,IJM2 ( 2 ) _ X 4.]_ ,XK2 .WFP
COvM.ONIS31I,R1 P:_EV, TP!'_EV ,T , TDEL ,XL ( 2 ) , R 1, XMTOT, A,_ P, RT , TRi'_iAX ,

1R TPREV, J J, J,K, L,'_,COSANG (30)

::-OVMOI'_/S4/RAY,R4X ,R2Y ,R2Z,,R2X,F42 ,F48, F28 _ F26, F25 , F27, F 35, F85,
IFSIO,F8]I4,FB!3_F510,FBg,SF(30),I I

Fr'_MOB_/c5 /WTT ( ] 4 } ,WTT T ( 11 ) _ WT ( 2 } ,WHC ( 2 ) _ DL ( 1A ), XLEN( ]. ] )
CCVMON/$6/_.'
COMMON/S7/ALPRD,BETRD

I = II(N,I)

J = II(N,2)
K = If(N,3)
L = II(N,4)
M = II(N,5)

AAI = Xll} - X(J)

P_I = YII)-YIJ)

CC]= ZII)-ZIJ)

Figure 3-13. Subroutine VECTOR

BENDIX PRODUC_c_ AEROSPACE DIVISION
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3-34

AA2: X(K)-X(L)

i=,E2= Y(K}-Y(L)

CC2: ZIK)-ZIL)

_r_ : AA!,AA2+_I.B_2+CCI-x-CC2

A,',BS : SgRTIA,AI**2+BPI**2+CCI**2)

L_#_n_ : SC_RT(AA2**2+i_B2*'_2+CC2**2)

COC. AN.G(!_ ') : Ar_c.IAr,,)/I,".ApS*_A_S)

RETL!_P

E_9

Figure 3-13. Subroutine VECTOR (Concluded)
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C
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C
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C

C
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c

,?
C

C

C
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TITLF OF Sr'BROI!TINE EQBCD

AUTHOR H. O, CARR

DATE 09-1-64

CALL ECgCD

PURPOSE TO SCLVE A SET UF SIVUL]A_.L()US Lt,.UILIL_RIUr.'i FH'-<C£

E©UATICN r. FOR FORCES IN ';LM._L[_S 4--2, 4-U, 2-8, 2-6,
/_.<D 2-5 FOR CASES B.,C,D

V[Ti-iC _'. THE .-'.t_SOLUTE VALUE OF THE FORCES _IXL SUMMED FUI£ EACH
OF THE FIVE SEPANATE LOADI;',:GS U;_, THE TRUSS

SY,L"RCLS

22X ,R2Y ,R2Z ,,R4X ,R4Y

CC.C.A NE ( v, )

Fu2 , F4,5 ,F28 ,= o6,_- ,F25

DEFINITIONS

TtIE X,Y,Z CO;.'IPGNLNTS AT JOINTS 2 + 4

Tree CO?INE OF Tree ANGLE BET;,_EEN Tile
[7 _ _" CDESIRED TWO V.:LTCR.:, IN SPACE

FORCE IN r.tE".!_Ei:< a-2, 4-8, 2-U, 2-6, 2-5
FOR EACH SEPARATE LOADING

SF(1 ) ABSOLUTE SU.'.'I
.<r'=(2) SAME FOR F48

cE-(.3) SAME FOR F28

-_ (4) S_ME FOR F26
<F(5) S_NIE FOR F25

OF FORCI: F42 FOR FIVE LOADS

c.UDROUTINE EOmCD

CD_MON/S1/ SERIAL(2),i£,H,ALPHA,BETA,F(2),FLAGB,FTU(3),E,DENS

CO_4_ON/S2/X(30),Y(30),Z(30),PHI,RONE,RTWO,AI,A2,A4,GAiIMA,XLI,XL2,

IP_AR,XM(2),RBAR,TMIN,UMI(2),UM2(2),XK1,XK2,WFP

COMMON/S3/I,R1 PREV,TPREV,f,TDEL,XL(2),RI,XMTOT,A,P,RT,TRMAX,
IRTPREV,JJ,J,K,L,M,COSANG(30)

COHMON/S4/R4Y,R4X,R2Y,R2Z,R2X,F42,F48,F28,F26,F25,F27,F35,F85,

IF8!O,FSZ4,FSI3,F510,F59,SF(30),II

COMMON/S5/WTT(14),WTTT(II),WT(2),WHCI2),DL(14),XLEN(II}
CO_4MON/S7/A[PRD,BETRD
Fa2 = R4Y/(2,0_COSANG(5))

<F(1) = SFII)+ABSIF42}

F48 = R_X - 2.0_F42_COSANG(1)

SF(2) : SF(2)+ARS(F48)

F28 : (-R2Y-F42*COSANGI5))/COSANG(6}
SF(3) : SFI3)+_BSIF28)

F26 = (R2Z-F42_COSANGI7)-F28_COSANG(8))/COSANG(9)
SF(4) = SF(4)+ABS(_26)

F25 = R2X-F28*COSANG(2)-F26_COSANG(_}+F42_COSANG(4)
SFIS) = SF(5}+ARS(F25)

PETURN

Ek9

Figure 3-14. Subroutine EQBCD
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"ft. O. CARR

OC;-1-6z+

:?E

T;_ '.]©LVL A 2, El ul-: '.-I:v, ULTA_L,Jt)S L.._LIILI:'.NILIi"_ FUR (£

Ei::U.f_TIC,',;S FO[4 FCi,_C,LZS Ir, rii:_:,"RE:i<? 4-2, /-+-8_ 2-.g, 2-7,2-5,,,

L_-5,,8-]O, 8-1 z-', "]>-!:_, D-]O, AND 5-"9 FU',_ CASE E O:tLY.

THE A":5.C, LI!TL \.',_LL!E ,')F T-_; F:r}l-_'CE5 ,-_iRE SUM",'tE'_ FOR EACH

.'-:F THE FIVE SI/PAI<AT£ LOADING c-, ON THE TRUSS°

SYMBOLS DEFINITIONS

R2XoR2Y,R2Z,RAX,R4Y THE X,Y,Z COAPUNENTS AT J()I,'_TS 2 + Q.

COSANO ( i',I ) THE "_,_IP,_E (;F THS AN{.LF 5LTWEEN THE

DESIRErD TWO VECTORS IN SPACE

F42,F&8,F28,F27

F25,_25,F65,F:EI0

FS1L.F512_FS10.F__?

FORCE IN _'IEMr4E',RS 4-2, 4-8_ 2-8_, 2-7,

"$.-5, 2-5, b-5,., 8-10,b-14, m-!3', 5-10,,

ANO 5-9 ' '"r',..,',:< EACI'i SEHAi-<#.TE LO_DING-

.S F

_-F

CF

_F 11

_-F ]2

c._ l'_

cF IA

SF 15

?F 16

6)

7)

8)

9)

I0

AJSOLUTE SU_'_ OF FORCE F42 FOR FIVE LOADS

SAreE FOR _-8

SAME FOR 2-8

SAME FOR 2-7

SAME FOR 3-5

SAME FOR 2-5

R_ME FOR 8-5

SAM_ FOR 8-]0

SAME FOR 8-1_

SAME FOR 5-1

SAME FOR 5-10

_I!P.ROUTINE ECE

CO_ON/SI/ SERIAt_I2),R,H,ALPH&,BETA,F{2 ,FLAGB,FTUI3),E,DENS

COMMON/S2/XIBOI,YI3OI,Z(3OI,PHI,RONE_RTWO,AI,A2,A4,GAt4MA,XLI,XL2,

]PmAR,XM(21,RmAR,TI.'IN,UMII?)_t!M2(21 ,XKI,XK2,WFP

COMMON/S_/I,RI PREV,TPREV,T,TDEL_XLI21,RI,XMTOT,A,P,RT,TNMAX,

IRTPRFV,JJ,J,K,L,_4_OSANGI30)

COb'MON/S#/R_Y,RAX,R2Y,R2L,R2X_F#2,F#U_F28,F26,F25,F27,F35,F85,

IFSI0,F814,FSI_,F510,F59,SF130},II

COHMON/S5/_TT(I¢),WTTT(11),WT(2},WHC(21,DL(I4),XLENIll}

CO'#MON/ST/AI_PPD,BETqD

F42 = R4Y/(2,0*COSANG(5))

Figure 3-15. Subroutine E_E
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|

_n

F,F(6i

F48 =

CFC71

F28 =

c_IS)

F27 =

SF (9)

F35 =

F25 =

SF ( I0

F65 =

SF(II)

F810 =
CF(]2)
F_. 1_4 =

)
cF(!3)

F5 13 =

S.,F (IL)

F5 lO =

_F(15)

F59 :
_F(16)

q L T UR

: SF(6)+ABS(F42)

R4X -_,O*F42*COSANG(I}

: SF(7)+ABSIF48)

(-R2Y-F42*CO£ANGIS))/CO<ANG 67

: qF(Sl+AB£(P28)

(R2Z-F42*C©SANG(7)-F2_COSANG(8))/COSAN6(IO}

: SF(gI+ABS(F27)

F27

R2X+F42*COSANGI4)-F26*COSANG(2)-F27_COSANG(ll)

) : SF(IO)+ABS(F25)

( -,40*F28*COSANG(6}}/COSANG(12)

= SF(II)+ABS(F85)

-,60_2,0*F28_COSANG(6)/COSANGlI3)

= SF(12)+ARC(FS]O)

(Fa8 + 2,0_F28_COSANG(14)-F8]O*COSANG(15))/(2,0_CO_ANG(16)

: <F(Ig)+_B?(F814)

-F65 _'COSANG ( 12 }/COSANG (17)

: SF(Z4)+ABS(F513)

(-F35*COSANG (18)-FB5*COSANG (19)-Fbl 3_COSANG (20))/COSANG(21)

: SF(15)+AB${F510)
F25 +F35*COSANG(22}-FSIO*COSANG(23)-FblS_'COSA,_G(2Z_)

= SF'(16) +#,9S(F59)

N

Figure @-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) DEFINITIONS COLUMNS USED

RUNNO
XDOT1
YDOT1
WONE
XKX
XKY
XKXP
XKYP
XKXDP
XKY'DP

See
Ref
Ref
Ref
Ref
Ref
Ref
Ref
Ref
Ref

Figure 4-7
1, Section 6, Eq. 1 _1
1, Section 6, Eq. 1 Y1

1, Section 6, Eq. 1 _1
1, Section 6, Eq. 30 KX
1, Section 6, Eq. 39 Ky
1, Section 6, Eq. 31 K' x

1, Section 6, Eq. 40 K'y
1, Section 6, Eq. 32 K'_
1, Section 6, Eq. 41 K'_

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

NOTE

For identification of symbols, see Section VI
of Reference 1 and computer program comments,
Figure 4-7, as indicated above.

COMPUTER OUTPUT DATA

1. 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 = f(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.

C. Now solve and print:

XN(30), XN(31), XN(32), X_(33), XN(34)
XN(35), XN(44), A T, X3, Y3, (PSI)3, X3, Y3, _3.

. 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.

NOTE

The sample computer solution that follows gives
the solution for one set of input parameters. For
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.

4-2
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I
I

I
I

I
I

I
I

I

I
I

I
I

I
I

Since the EX, EY combination which corresponds to

the detailed digitalcomputer solution cannot be

analyticallydetermined, the solutionwhich 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

Landing Dynamics

9-1-64

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

i Set EX = (EX) o and PS2 = -20 °

/

135 140 145 No

_/ EX>EXMAX _inc. EY_-_EY>EYMAX>w\

I Call: FFIT. This subroutine solves the function |

!

FF = f(PS2) by iteration I
,

315

_KK=I __/_

Print: FF, XN(30), XN(44), I_2, XN(42), EX, EY i

Figure 4-2. Computer Program - Condensed Analysis for Downhill Landing Dynamics
4-5



LEM

4-6

325

Call:

s,.o

Set T = 0, TDEL = .05 [calculate FFF = f(T) for T = 0 I

FTHREE. This subroutine solves the function FFF

by iteration

l

Page 2 I
II

II

Iteration succeeds; calculate [
and print XN(30), XN(31), XN(32), |
XN(33), XN(34), XN(35), XN(44), X3DOT,[

Y3DOT, PS3, X3, Y3, BETA3 [

LI_-I

1 I
I iteration fails for this EX value I I48o

..J increment EX ]

WE rese_ -20 ° I

!

Figure 4-2. Computer Program - Condensed Analysis
for Downhill Landing Dynamics (Concluded)
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INCONT SUBROUTINE: INCONT 9-I-64

Page 1

This subroutine reads two data cards, prints this data, initializes and sets basic con-
stants.

101

Read 2 required data cards I
l

and print this data I

110 1

I

initialize geometry 1
Ii I

Set Flag D = -1.0
-1.0 implies no iteration steps printed for FF Ichange to +1.0 to get this temp. print

I

_Return)

Figure 4-3. Subroutine INCONT

4-7
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I

FFrr SUBROUTINE: FFrr 9-1-64
Page 1 I

This subroutine solves the equation FF = f(PS2) by iteration. PS2 is set initially to I

-20 degrees before entry.

!

V '!
_, 155

JJ-2 , j JJ-1 "-_2_ V-_ I

• _n _. i NOT VALID FOR THIS

,-_ r l inc. ps= |
_et''"=_°="I ' _6'o; (_0)-- I

Print iteration step| 165 i Yes I

i only if Flag D = +1 |
_175 t 176 .. iPrint: XN(30) and XN(44)

inc. 1_2 _ PS2 N "_esId°eso not converge in

> 0 _--_valid PS2 range I

180 I

JJ=| _ I

Figure 4-4. Subroutine FFrr

4-8
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I
I

FFIT

[XN(42) = NEGATIVE
inc. PS2

190

PS2> 0i

9-1-64

Page 2

|
!l If Flag D = +1.0 only, print FF, XN(30), XN(44), I

[ PS2, XN(42), EX, EY for every 5th iteration

! _o0 1
I < FF=samesignas(FF)o > Vesq =_1

217 _ No

| I so_o I
220

| _)--_' _°:_ 1
225

230

N30N44 - This subroutine calculates FF = f(PS2)I Call:

I

I
I

I

I

• T

246 & 247

No ( AA > 20 ) --iPrint:

Yes

"-] , Iteration fails.

Figure 4-4. Subroutine FFIT (Continued)
4-9
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FFIT

250

(

4-I0

XN(30)-XN(44)I<
i

XN(30) I

Yes

\ 280

e I_FF = same sign as (FF)o>

I KK=2J

<Return>

No

Figure 4-4. Subroutine FFIT (Concluded)

BENDIX PRODUCTS AEROSPACE

9-1-64

Page 3

l inc. EX, set KK = 1reset PS2 = -20 °

Return >

DiVISiON

i

I

I
I
I
I

I

I
I
I

I
i

I

I
I
I
I

I
I



I .....

I

I FTHREE SUBROUTINE: FTHREE 9-1-64

Page 1

I This subroutine solves the equation FFF = f(T) by iteration FFF = f(To) is calculated

i before entry.

I
. I_no_n__ b

I I

331 340 Yes 370 _Yes

i_r_-t:_,_'or_'_F_:s_e_nas_F_o_T.--T_ T <_._
I J every lOth iteration J " , ' , , , , -, )

380 ( J Print: T > 1.9. I

I " __oL_ TJ I Set LL{
' I

I _1 ;P_E/+=TT J Return J
2

I --I calculateFFF

410

= ]_ = same as Return )

I _
Figure 4-5. Subroutine FTHREE

4-11
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N30N44

4-12

Subroutine: N30N44

This subroutine calculates the value of FF which

equals XN(30 - XN(44) where FF is a function of
PS2 and WTWO.

N30N44

/

I000 - 1220

Calculate A, B, C, D, E, F, G, and
XN(1) through XN(42)

YES 1325 , NO

, IS, XN(42)Negative?

1226
I'

IsetJJ=l I Cal XN(43) and XN(44)

Cal FF
Set JJ = 2

Figure 4-6. Subroutine N30N44

9-1-64

Page 1

I
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i

- RUN CARR,ZZP61C,3,AO

- FOR LESfi
C

r

F

r

C

C AUTHOR

C

C DATE

£

C CALL

7 PL_RPOSE

C

C

C BENDIX REPOR

c

C INPUT DATA
r

c CARD 1.
r

r R(JNNO
r FXX

r _XDFL

r EX_AX

c EYY

C EYDEL
r EYMAX

r CARq 2.
r

r PUNNO

X_OTI

r Y_OTI

C WONE
C XKX

C XKY
C XKXP

r XKYP
C XKXDP

C XKYDP

r

r SYMPOL
r

EX

r EY
C EXX

C EYY

_AIN PROGRAM ITLE

''L ....

"#'_.,_j

CONDENSED ANALYSIS FOR DOWNHILL LANDING

DY NA_',_I Cq

H, O. CARR

09-1-64

LEM

TO SOLVE FOR THE KINE_ATICAL CONDITIO,'4S
INVOLVING REAR LEG TOUCHDOWN PE;41OD,FREE

FLIGHT TO FRONT LEG TOUCHDOWN°

MN'- 8-64

SEE FIGURES 6-3,5-4,6-5_AND 6-6 II'4
MAIN REPORT FOR VEHICLE GEOi":_TRY.

COLUqNS USED

1 THRU 5

6 THRU 10
11 THRU 15
16 THRU 20
21 THRU 25

25 THRU 30

31 THRU 35

1 THRLI 5
6 THRU 10
11 THRU 15
16 THRU 20
21 THRU 25

26 THRU 30
31 THRU 35

36 THRU 40
¢1 _U "_i i II\ _J

#6 THRU 50

DEFINITION

COEFFICIENT OF RESTITUTION IN X DIRECTION

SAME BUT IN Y DIRECTION
INITIAL VALUE OF EX (INPUT DAfA)
INITIAL VALUE OF EX (INPUT DATA)

Figure 4-7. Main Program
4-13
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C

C

f-

C

¢-

C

C

C

C

C

c

c

C

C

C
C

C

C
r

C
C
C

C
C

c
l"

r

F

C
C

C
C
C

r

C

C"

C

C

C

c

C
C

C

C

4-14

EXDEL

EYDEL

FXM_X

EYMAX

XDOT1

YDOT1

WONE

XKX

XKY

XKXP

X.£YP

XKXDP

XEYDP

PS!
XI

ZETA

X !..I

X_iM

Xll

XG

XL1

XL2

EPONE

EPTWO

FF

F_ZFRO

TPRFV
FFF

FZERO

PS2

p S 2r'b,FG
PS2DEL
FLAGD
JJ

KK
LL
L_ t')

R/.'NNO

PS5

PS6

AA

AA2

ALPHA1
_'LPHA2

arTA]

GAMMA

A

B

C

D

E

EX RANGE

EY RANGE

FX MAXI MUM

EY MAXI MLIM

(INPUT DATA)

(INPUT DATA)

(INPUT DATA)

(INPUT DATA)

(INPUT)
(INPUT)

(INPUT)

INITIAL VELOCITY COMPONENT OF REAR FCOTmAD

INITIAL VELOCITY COMPONENT OF REAR FOOTPAD

INITIAL ANGULAR VELOCITY OF REAR FOOTPAD

THESE SIX VARIABLES

ARE FUNCTIONS

OF _ASS

AND VELOCITIES

(SEE ECS. 30-31-32-

39-40-41)

VEHICLE IHTIIAL PITCr_ ANGLE (FIGURE 6-6] IN RADIANS

LEG GEOMETRY ANGLE [FIGURE 6-5) IN RADIANS

SLOPE OF LUNAR SURFACE (FIG.6-6} IN _xADIANS

MASS OF FOCTPADS

MASS OF VEHICLE EXCLUDINu FOOTPADS

MOMENT OF INERTIA

GRAVITY FORCE

LENGTH OF LEG ONE (FIGURE 6-5]

CONVERGENCE ERROR TEST FOR XN(30) AND XN(44)

CONVERGENCE ERROR TEST FOR T AND TPREV,

FF : XN(BO]-XN(44}

FFZERO EQI,AL£ INITIAL VALUE OF FF

PREV VALU = OF TIME

FUNCTION OF T (SOLVED _Y ITERATION)

INITIAL VALUE OF FFF

VEHICLE FINAL PITCH ANGLE (FIGURE 6-5) IN RADIANS

SAME AS P_2 BUT IN DEGRFES

INCREMENT OF PS2

TO PRINT OR NOT PRINT CONVERGENCE STEPS OF XN(30)
CONTROLS LOGICAL EXIT FROM SUBROUTINE N30N44

CONTROLS LOGICAL EXIT FROM SUBROUTINE FFIT

CONTROLS LOGICAL EXIT FROM SUGROUTINE FTHREE

IDENTIFICATION OF RUN NUMBER

EQUALS PS2 VALUE WHEN FF OF PS2 HAS SAME SIGN AS
FFZERO.

EQUALS PS2 WHEN FF OF PS2 HAS OPPISITE SIGN FFZERO

TO PRINT EVERY FIFTH VALUE OF FF, XN(30),XN(44),PS1

IF CONVERGENCE STEPS ARE DESIRED

IF CONVERGENCE OF FF DOESN-T DUCCEED WITHIN 20

ITERATIONS THEN ON TO NEXT EX VALUE

A FUNCTION OF DSI,PS2,XI,ZETA (SEE EQ,46)

SAME AS ABOVE {SEE EQ.26)

£A'AE A£ A_OVF [SEm mO.47)
SAME AS ABOVE (SEE EQ,88)

A FUNCTION OF INITIAL AND FINAL CONDITIONS.

FOR A SEE EQ. 34, FOR 6 SEE EQ. 35, FOR C SEE EQ.

B7, FOR D SEE CO, 38,

A FUNCTION OF THE INTIIAL CONDITIONS

Figure 4-7. Main Program (Continued)
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I
I

I

I
I

I
I

I
I

I
I

I
I

I

I
I

I
I

I

XN(1) TMR[I
X& ( 4.A )

XbDOT
YODGT

F'-S3
W2

×3

Y2
':'-.:: T A 3

XTm

ZFTA _

PS2D

PS2DFG

T

TDEL

T_

FZFRO

FOR E SEE CO, _2-r-OR F '._-t.. L::,:,!3
_r'4rb FOR G c:-_ i_.,........ ]4,

XN(1) TmRU XN(Uq) AkE FU_'.ICTIO,"3 OF VE_-!CLE '.lASS,
INITIAL _',iD FI,"_AL VELJCITI_-S, ;::TC. (,_E- EL.S, 91-!,9)

VELOCITY CO;4PONENT wmr_r< FI-<C;NT FOOTPAD TOUCHE5
VELOCITY CC_4PL_,',,ENT _hLN FRO_.,T FOOTPAD TL)UCttE5

ATTITUDE WHEN FRONT FOOTPAD TOUCHES -E©. 1!0

ANGULAR VELOCITY ',,'HEN FR(.,NT FOOiPAD TOdCHES -EC.]__9

X DISTANCE FROM AXES AT C,O. Aq FOOTPAD T:SUCHES
Y DISTANCE FRO V _ -.k _.XLS AT C.O. AS FOOTPLL: TOUCH.;S
FUNCTION OF PS3

£_".'i[ AS. PCl RUT IN DEGREE-S

SAMF AR XI '_UT IN r_rT'SRrmq

c#'4-'- llc ZCT A R'_T IX _c-GRrcq

SA',,I.F AS PS2 J..T IN I)EGREE _-
.SAME AS PS2D

E /,m .....TIME INTERVAL FOR R._,_-, LEG TOUCH30,,,'i% (bEL _._;. 69)
INCREMENTS OF T. (T=DELTA T SdJ 2)

FQUALS. T WHEN FFF OF T. H^S S,_PqF SI,._"',, AS FZERO
INITIAL VALUE OF FFF

COMMON/CI/R[INNO,EXY,_XDEL,FXHaX,=YY,EYDEL,EYM&X,EX,EY,XN(50)

COMMON/C2/XDCTI_YDOTI_WONE,XKX,XKY,XKXP,×KYP,XKXDP,XKyDP

COMMON/CO/PSI_XI,ZETA,PS2DEL,XM,XMN,XII,XG,XLI,XL2,EPONE,EPTWG

COMMON/C4/FF,FFZERO_T,TDEI_,FFF,FZERO,TPREV, PS2,PS2DEG
COMMON/C5/FLAGD,JJ,LL,KK,BB

CALL SUBROUTI;NE INCONT WHICH READS TWO DATA

CARDS AND SETS UP INITIAL CCNDITIO;4 C_ AND :;ASIC
GEOMETRY,

ICO C_L_L INCONT

]DO FX = EXX

P¢2_=-20,0

PS2=PS2D_B,iqI59265/IbO,O

PS2DEG=PS2D

135 IF(EX-EXMAX)148,148_I_O

140 EY=EY+EYDEL

]_5 I_(EY-EYMAX)I30,IBO,]u6

146 PmINT 912
147 GO TO i00

CALL SUBROUTINE FFIT WHICH SOLVES THE FUNCTION

FF _Y ITERATION, FF=XNIO0)-XN(44),

148 CALL FFIT

GO TO (135,315),KK

A VALID SOLUTION IS REACHED FOR FF SO FINAL

VALUES OF FF, XN(30},XN{44),ETC, ARE PRINTED

315 PRINT 901,FF,XNI30),XN(44),PS2DEG,XN{42),EX,EY
PRINT 913

Figure 4-7. Main Program (Continued)
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4-16

ql6 GO TO q2O

THIS IS THE START OF THE SECOND PART OF THE
PROGRAM THAT SOLVES A SECOND FUNCTION FFF

BY ITERATION° AN INITIAL VALUE IS CALCULATED
FOR AN INITIAL VALUE OF T,

320 T = 0,0
BB=IO,O

TDEL = O,n5
PRINT 913
PRINT 903
FFF = -XL2*SINIPS2) +XNI31)*T - XGI2,0*T*T*COSIZETA) -XLI*SINIXI+

IP£2+XN(30)_T)+ XLI*SIN(XI+PS2)

FZERO:FFF

PRINT 902,FFF,T

CALL SUBROUTINE FTHREE WHICH THEN SOLVES THE

FUNCTION FFF BY ITERATION, THE ONLY VALID

SOLUTIONS ARE FOR T 3ETWEEN ZERO AND 1,2

q25 CALL FTHREF
GO TO (480_&55),LL

L55 PRINT 9n2,FFF,T
PRINT 913

CALCULATE FINAL VELOCITIES AND LENGTHS AND

PRINT THEM FOR THIS SET OF VALUES OF THE TWO

PARAMETERS EX AND EY,

460 X3DOT = XN(31} -XG*T*COS(ZETA)

Y3DOT = XN(32) +XG*T*SIN(ZETA)
PS3 = PS2+XN(30)*T

W_ = XN(_O)
X3 = -XLI*SIN(XI +PS3)
Y3 = XLI*COS(XI+P£3)
BETA3 = -3.14159265/2.0 +XI+PS3+ZETA

PRINT 909,XN(30),XN(31),XN(32)_XN(33),XN(34)

PRINT 9109XN(35),XN(44),T,X3DOT,Y3DOT
PRINT 911,PS3,X3,Y3,BETA3

470 PPINT 913

PRINT 913

GO TO 480

INCREMENT EX TO NEXT VALUE AND RESET PS2D TO

-20 DEGREES AND LOOP BACK TO STATEMENT 135,

480 EX = EX + EXDEL
PS2D = -20°0
PS2 = PS2D*3,14159265/180,O

PS2DEG = PS2D
PRINT 913
GO TO 135

901 FORMAT(5H FF=,F8,_,11H XN(30)=,F8,4,11H
IPS2:,F8,2,11H XN(42):,FI6,2,7H EX:,F6,3,TH

902 FORMAT(FI5,4,F15,4)

903 FORMAT(29H FFF T //)

Figure 4-7. Main Program (Continued)

XN(4_):,FT.4,8H
EY=,F6.3)

I
I

I
I
I
I

I
I

I
I

I
I

I

I
I
I
I

I
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909 FORMAT(]OHO N(30)=_Fg.4,]OH NI3])=,Fg,4910H

IH N(33)=,F9.4,]O_I NI34)=_Fg.4 )

910 FORMAT(IOHO N(35)=,FN.4,10H N(44)=,F9.4,10H

1H X3 DOT :,F9,4,10H Y3 DOT =,F9.4 )

911 FORMAT(IOHO PSl 3 =_Fg,4,10H X3 =_Fg,_,ICH

]H _ETA 3 =,F9.4 )

912 FORMAT 1H1)

913 FORMAT 1H )

EN P.,

N(32)=_F?,4,10

DEL T 2 =,F9.4,10

Y3 =,F9°4,10

I

I

i

I

I
I

I

I
I

i
I

I

I

Figure 4-7. Main Program (Concluded)
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r"

- FOR INCONT

C
C

C
r"

C

C

c

C
¢-

C

C

C
C

C
C
C
c

c
c

C
C
C
C

C

C
C
C
C

C
C

C

C
C
C

C
C
C

C
(-

C
C
C
C

C
C
C
C

C
¢

SUBROUTINE TITLE

AUTHOR

DATF

CALL

PURPOSE

NOTE

SYMBOL

EX
EY

EXX

EYY

EXDEL

EYDEL

EXMAX

EYMAX

XDOT1

YDOTI

WONE

XKX
XKY
XKXP
XKYP
XKXDP

XKYDP
PSI

XI
ZETA

X_
XM_

XII
×G
XL1

XL2
EPONE

EPTWO
PS2DEG

PS2DEL
FLAGD

RUNNC

PSID

XID

PS2D

PS2DEG

(INPUT}
(INPUT)
(INPUT)

4-18

_FJ

INCONT

H, O, CARR

09-1-64

INCONT

TO READ TWO DATA CARDS AND PRINT THIS DATA

AND THEN TO INITIALIZE AND SET dASIC CONSIANTS

FLAG D IS SET TO MINUS ONE HERE, CHANGE THIS

TO +i 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

INITIAL VALUE OF EX

EX RANGE

EY RANGE

EX MAXIMUM

EY MAXIMUM

(INPUT DATA)
(INPUT DATA}

(INPUT DATA)
(INPUT DATA}
(INPUT DATA}

(INPUT DATA}
INITIAL VELOCITY COMPONENT OF REAR FOOTPAD

INITIAL VPLOCITY COMPONENT OF REAR FOOTPAD

INITIAL ANGULAR VELOCITY OF REAR FOOTPAD

THESE SIX VARIABLES

ARE FUNCTIONS

OF MASS

AND VELOCITIES

(SEE COS. 30-31-32-

39-40-41)

VEHICLE INTIIAL PITCH ANULE (FIGURt 6-6) li_ RADIANS

LEG GEOMETRY ANGLE IFIGURE 6-5) IN RADIANS
SLOPE OF LUNAR SURFACE (FIG.6-6) 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 FOR XN(30) AND XN(4#)
CONVERGENCE ERROR TEST FOK T AND TPREV.
SAME AS PS2 JUT IN DEGREES

INCREMENT OF PS2

TO PRINT OR NOT PRINT CONVERGENCE SThPS OF ×N(30)

IDENTIFICATION OF RUN NUMBER

SAME AS PS1 BUT IN DEGREES

SAME AS XI BUT IN DEGREES

SA_E AS PS2 BUT IN DEGREES

SAME AS PS2D

Figure 4-8. Subroutine INCONT
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ii0

I]5

12_

9O6

92O

921

g24

925

926

I=,F4.2,7H XKY

2F4.2,9H XKYDP

RETURN

END

SUBROUTINE INCONT

COmMONICI/RUNNO,EXX,EXDLL,EXMAX,EYV,EYDEL,EYMAX,EX,EY,XNCSO)

COMMON/C2/XDOTI,YDOTI,_ONL,XKX,XKY,XKXP,XKYP,XKXDP,XKYDP

COMMON/CZ/PSI,XI,ZETA,PS2DEL,XM,XMM,XII,XG,XLI,XL2,EPONE,EPTWO

CO_MON/C4/FF,FFZERO,T,TDEL,FFF,FZ_QO,TPREV, PS2,PS2OEG

COMMON/C5/FLAGD,JJ,LL,LK,B8

READ 9_O,RLIN_O,EXX,EXDEL,EXMAX,EYY,EY_EL,tYM_X

RE_D 921,RUNNO,XDCT1,YDOTI,WONE,XKX,XKY,XKXP,XKYP,XKXDP,X<YDP

PRINT 906,RUNNO
PRINT 92&,FXX,EXDEL,EXMAX
PRINT 925,EYY,EYDEL,EYMAX
PRINT 926,XDOTl,YDOTI,WONE,XKX,XKY , XKXP_XKYP,XKXOP,XKYDP

PSID=-20.O

PSI=PSID_3o!4159265/I80.O

XiO=45.O

X[:XID*3,I4159265/180,O

ZET_D=IS.0

ZETA=ZETAD*9.]4159265/180.O

PS2DEL = 1.O*Z.l&]59265/loO.O

X_:8.0

X'tM=400oO

XII=7960o0

XG:5.32

XLI=20.O

XL2=28.28

EPONE=O.O001

EPTWO=O.OO9!

PS2D=-2O.O

PS2=PS2D_3.I4159265/I80.O

PS2OEG=PS2_

=v = EYY

FLAGD = -I.0

FORM_T(!7HO RUN NUMBER =,F5oO//}

FORMAT(F5.O,6F5°B)

FORMAT{FS.0,2F5.1,7F5,B}

FORMAT(7HO EX=,F6.3_gH EXDEL =,F6.2,gn EXMAX

FORMATI7HO EY=,F6.3,9H LYDEL =,F6o2,gH EYMAX

FORMAT(gHO XDOTI =,FS.2,gH YDOTI =,FS,2,gH W

=,F4.2,8H XKXP =,FA.2,SH XKYP

:,F4.2///)

:,F6.3//}

=,F6.3//}

ONE =,FA.2,7H XKX

=,FA.2,gH XKXDP :,

Figure 4-8. Subroutine INCONT (Concluded)
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f <UBR©UTI NE TITLE

c
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L:

f" :'.ATE

f

C CALL

- P!.'RPOSE

,.-

,fl '.: :._THOD
r

(,.-

(-

," XlDTE I •

(-

r

" X':TE 2.

(-

C

C

•- SYvgO L

r-"

'- LX

,- [y

EXDEL

"" =;:CF_LF

" FFZERO

C P ::.2

"T D52DEG

r PS2DEL

< FLAGD

r jj

C KK

C PS5

C PS6

r At*

r

r A_2

F

," XN(1) THRU

C XN ( 44 )

r Pg2D

,- DC2Dr o
r
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FFIT

H. O. CARR

0_?-I-64

FFIT

SOLVE EQUATION FF BY ITLRATION IN F:;:,'4S

OF THE VARIA_LE -:'52, FF IS S>.TISFI:_D

V,'F4EN XN(BO) r_IPF_r_5 r"F_'>._x Xi1(az*) BY A

SVALL PE',<CENT OIFFL!<bNLt,

ILCIxE_ENT PS2 UNTIL VALUL (_.F I':F CH,/\I'_;[._

SIGN AND T_-::_:,. HALF II',.T__RVLL UNTIL

C C N V E R'G E ,Nt ,: :] C r: g .;: :9.

IF THE CU,'_V:L£L;L,"_C_ T:ST FAILS AFT:R

' t!iALVING Tr!E IC:Tt-.,._V L 2C TIMES_ THLN

I!'.CREMENT EX AND EXIT FF_OVi .?UBR©UTI;'_!_

IF CONVERGEN?E DO::S _'<OT OCCUR FOR

VALU?S OF P:\2 L_LT.fiEr< -20 DFGR::_E& ,_ND

ZERO DEGi4::S9 T'ILfl4 INC;-_LV, EI\_T :_X A,xlC.) :-_XIT

FROM SUdROUTIYL

DLFINI TION

COEFFICIENT OF 2L_TITUTIOh IN X DIRLCTION

,S._t,IE _'Jr IN Y {)IRECTICN

F.X RAr,,GE (INPUT DATA)

COqVERGEFV.CE ER:¢OR TEST FOR XN(30) AND XN(44)

FF = XN(30)-XN(44)

FFZE_4 t_ E(,,UALS INITIAL VALUE OF F-F

VEHICLE FINAL PITL_I ,::,NbLE (FIGUXE 6-6) IN f.(Ai) IAI'NS

SAHL AS PSZ L_UF IN DLL_RLLS

INCRE.,VENT OF PS2

TO PRINT OR NUT PI-_INT CUNVEKGEN(-E STEPS Oi- XN(30)

CONTROLS LOGICAL r-XIT FROm SUdRuUTIiNF m30N44

CONTROLS LOGICAL _XlT FkOi,'q SUP_RUUTINL FFIT

EQUALS PS2 VALUe ¢.JHLN Fr; OF PS2 HAS SAVi_. blGN AS

EQUALS PS2 WHEN t:F OF PS2 HAS OPPISITE SIGN FFZERO

TO PRINT EVERY PIFTrl VALUE OF FF, XNI30),XN(44},PS!

IF CONVEi<GENCL STE:PS ARE DESIRED

IF CONVERGENC!! OF FF DOESN-T _,!JCCEED WITHIN 20

!TTRATIONS THEN ON T_ NEXT EX VALUE

XN(1) T-1RU XN(44) ARE FtINCTIONS OF VEHICLE I',;ASS,

INITIAL AN') FINAL VLLOCITILb, ETC. (SEE. LL_b. _l-Vg)

SAME /_..5 PS2 t:,UT IN DLGRLES

S,'_E /_ Pq2n

Figure 4-9. Subroutine FFIT
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I
I

I
I

I

I
!

I
I

I
I
I

I

I
I

I

I
I

I

<

c

150

155

160

!65

]57

r-

(-

C

C

(-

K-

e-

<

C

]75

176

_3C

]85

190

!95

196

197

198

r

r

_;_SRO<'T I NE FFIT

...... £1_..- _"_ _", / /RL:t'iNO , EXX , 5XD[: L , r X'.'A X , .:yy , _:yUEL , _ _.,,: Y_.AX,_X _LYgXr_.(50 )
CO:<t!CN/C 2/XDCT 1 , YL.. T ]., '_C,r; [: , XKY , X<Y , ;_.<XP , X£YP , X K XDn , X KYL)P
¢Or'._t_ONI$_31PS1,X I,,ZF_-T_,.,P22r)[ L,X;'...l,Xt,h v,x[] ,X<;,XLI,XL2,.-_PUNt.,iPT,,.%
CCIIMOr,:/C4 / F F 9 F FZ'-- i-<C, T, T D LL, FFF , Ff.r:.i._.u, TpR-_V, PSZ,PSZOLG
:-"_"4v, C,N/C9. ,'TL z...%D, JJ, LL , '<_(, _a_:

CALL SUBROUTINE N3QNz+4 _;'4{) Cf_LCULt_TL XK(BO) _1'.,')
XN(4_) AND FF

SUBROUTIPI'::: SLTS J J=2 FbR NUR-IAT EXIT
_.ND IT SiTE .JJ=l FCR ABNOR4AL "-XIT ,',_-iEL
XN{42) 15 XEG-ATIVE

CAI_L NBON4z_
GO TO (155,170},JJ
PS2=PS2+PS2DEL

PS2DEG=PS2*180.O/3.1al5_2C5

IF (PS2} 150,150,165

PPINT 027,EX,EY
GO TO 167

EX = EX +EXDEL
P_2D=-20o_

P52=PS2D_.2475926_,/180._
PFP_FG=P52D
PRINT 913

<4 = 1
RETURN

FFZERO=FF
PS5 = PS2

SUBROUTINE SF. TS K<.:2 FOR 1'40R;_AL EXIT

AND SETS <K=I 'v:'_-N IT_RATIG,',I i-AIL5 GR
DOESN-T Ot£UR 'i,'ITHI,"4 PL2 RA_';r.i_:._

AA IS A COUNTtR T_I,.:',T ALLO',,,'_'_ A T::_rv!P
FIVE T I '_ ;"- ....i,._. TttRU TMIS LOCP (r_LJTE. THIb
OCCURS WHEN FLACO IS SET TU +io0)

AA=O.O

IF{FLAGD)175,173,173

PRINT 901,FF,XN(_O),XN(46),PS2DEG,XNI42),_X_EY
PS2=PS2+PS2DEL

PS2DEG=PS2_]80.O/3.14159265
IF (P52) !8_,180,]65
C_LL N3ON44

GO TO (1R5_!95) _,lJ

P52=DS2+PS2_EL
PS2DEG=PS2_180.O/3.14159265
IF (PS2) 180,180,165

A£=AA+I.O

IF (AA-_.O) 200,200,197

AA:O,O

IF{FLAGD)200IIgS,198

PRINT 901,FF,XNIS0),XN(44),PS2DEG,XN(_2),EX,EY
GO TO 200

Figure 4-9. Subroutine FFIT (Continued)

(..0 i', V r.:.;{ G:- ;',_C L
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I F F F HAS " L".i: £.l ':.,_ ."* S " _::Z'::'x,.; TsEN V,',I-UF r.'F

_:ijN '_TION r_,A:: t:(::l 5r-t(.,:,'iL:) rT'VLr! ZLF-RO POIr,T.

] _I 2 [ G p__: A __ L. L irri RrNT, THL.% _.;_,LF ..[i/4Ti:.,<V,:.L ;3r,.TJ,-

C C r,.VF: R :] L N q .: 17C .I_U:< $ ,,

2"n T=ImrZERO}2-5,2!0_elO

_"5 TrIFF}215,21.7,217

217 T:(FF)217,?]5,21_;

215 s5_=U52

:?:: TC 175

s ]7 ;_^,P=_.0

el= 2f) TO 22 m

_9-. Dc6=DSp

sp_ e_:?=(PS::+pq&)/2.<

PS2DEG:PS2*!60.O/3.1415_265

230 C_LL N3ON4a

GC TO {235,240),JJ

s_5 m_ TO !6f

2a ^ 6S TC 245

245 A#2=AA2+I.0

?46 IFIA_2-20.P)2_25m,247,.

?47 cPINT 914

_'" TO !67

PERC_'NT CONV:RGENCE T.. T

250 I.--{AS:-'.(IXN(--*C)-X.";(44) )IXN(30))-E pONE}25D,Z529ZSO

280 IF (FFZF_IRO)2'._O,3QO,AqR

2.9_ IF(FF)319,220,220

_]a pc_=PS2

GO TO 225

255 <_: = 2

9 ^, ] For_M/_T{5H FF-=,FB.L.,llH XNI30)=,FS.Z._,]!H XN(Z,-4)=_,F7.4_SH

l_'P=,FS.2,] !H XN{/4P}=,F]6.'),7H _-X--,F6.3_71-1 ry=,_'6._}

°,13 FOR'qATI]H )

914 FCRt,'ATISlmO FF ITERATION FAILS. INCRE'4LNT LX AND CONTINUE.//)

927 FCR_/AT(99_ XN(30) + Xb!(_+"_ .) DO NO] C'v,NV. [_,_ VALId) PSL Ii,,TERVAL {-20

1 TO 0 DEGREES)---THIS VOIDED CASE HAb EX=,FO.3,7H EY=,F6.3)

RZ TURN

4-22
Figure 4-9. Subroutine FFIT (Concluded)
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- FOR FTHREE

C
C

C qUPROrJTI NE TITLE
r

r aUTHOR

C

C DATE

C

C CALL
C

C PUqPOSE

r _ETHOD

r

r NOTE 1 •

C

C

C
c

C 5YtCBOL
C ZET_

r XL_]

r XL2

r _PTWO

r TPREV
C FZFRO

C PS2

C LL
C XN(1) THRU

C XN(44)
C ZETAD
C PS2D

C PS2DEG

C T

C TDEL

r T1
r FZ_RO

C

C

C

FTHREE

H, O, CARR

09-1-64

FTHREE

SCLVE EQUATION FFF BY ITERATION IN

TERMS OF THE VARIABLE T=DELTA T SUS 2,

INCREMENT T UNTIL VALUE OF FFF CHANGES

SIGN AND THEN HALF Ii_TERVAL UmTIL
CONVERGENCE OCCURS

_AXIMUM T VALUE IS 1,20,
IF CONVERGENCE DOES NOT OCCUR BEFORE

THIS MAXIMUM T VALUE THEN LXIT FROi_

SUBROUTINE,

DEFINITION

SLOPE OF LUNAR SURFACE (FIG,6-6) IN RADIAINS

LENGTH OF LEG ONE (FIGURE 6-5)

CONVERGENCE ERROR TEST FOR T AND TPREV,

PREV VALUE OF TIME

INITIAL VALUE OF FFF
VEHICLE FINAL PITCH ANGLE (FIGURE 6-6) IN RADIANS
CONTROLS LOGICAL EXIT FROM SU_ROUTIt_E FTHREE

XN(1) THRU XN(44) ARE FUNCTIONS OF VEHICLE MASS,
INITIAL AND FINAL VELOCITIES, ETC, (SEE EQS, 51-99)

SAME AS ZETA BUT IN DEGREES

SAME AS PS2 bUT IN DEGREES

SAME AS PS2D

TIME INTERVAL FCR REAR LEG TOUCHDOWN (SEE EQ, 691

INCREMENTS OF T, IT=DELTA T SUB 2)

EQUALS T WHEN FFF OF T HAS SAME SIGN AS FZERO

INITIAL VALUE OF FFF

SUBROUTINE FTHREE

COMMON/C1/RUNNO,EXX,EXDEL,EXMAX,EYY,EYDEL,EYMAX,EX,EY,XN(50)

COMMON/C2/XDOT1,YDOTI,WOi_E,X_X,X_Y,X_XP,X_YP,XKXDP,XKYDP

COMMON/C3/PS1,XI,ZETA,PS2DEL,XM,XMM,XII,XG,XLI,XL2,EPONE,EPTWO

COMMON/C4/FF,FFZERO,T,TDEL,FFF,FZERO,TPREV, PS2,PS2DEG

COMMON/CS/FLAGD,JJ,LL,KK,BB

JUST BEFORE ENTERING THIS SUBROUTINE,THE MAIN

PROGRAM SET T=O AND CALCULATED FFF FOR T=0,

NOW T IS INCREMENTED AND THE FUNCTION FFF IS
SOLVED BY ITERATION

Figure 4-10. Subroutine FTHREE
4-23
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7_?r' T = T ÷ TDE. L

FF; = -XL2_.':IN(PS2) +XN(31)_._T - X(i/2oO_-T_._T_CuS(ZETA)-XLI*Sliv,(XI+
1P£2 +XN('_'m) _T ) +XLI_CIN(XI+Pc2)

mq I£ WSF_ Ac A CO!fNTFR cO Ac TO PRINT TH m
VALUES OF FFF ANb T FOR EVERY TENTH
ITEKATION STEP

_3! 5E_= B,_I!÷I, 9

qq2 [ F ( R'-I e ° r_) "_4r_, "_4 n, 333
333 B_?=O, 9

P_INT 902_FFF,T

GO TO 3z+ _

q4 r' IF (FZER3) B_ q, !_6t),76q

_50 IF (_'FF)'_7r_,3,JO,389

-_-z:m TONP--T
_7] TF ( T-1°2 ) _0.,390,372
372 PRIXT -315

LL = 1

RETURN

SUBROUTINE SLT c LL=I FON A_;I-_,,AL EXIT v;HLr_
T IS INCREPIENT'-I) :_qYUN_> 1°2 _EF_sRE VALUE UF

F_,,,LTION FFF Lr_A_5i:S SIbiN Fl_,O_V_ VALr_.. AT I =0,

$3C TT_C=T

qgC TPREV =T

T= ( TONE+TTP. O ) /2,0

L30 FFF =-XL2_SIN(PS2) ÷Xm(31)*T-XG/z,0_T_T*CUS(zLT4)-XLI_SI,_IXI+
!P52 +XN(3Oi*T] +XLI_SIN(XI+PS2)

_!0 tF(ABSI(T-TPkEV)/T)-EPT_..O)A52,#52,h20
_20 IF(FZERC)_30,440_C

&3O IF(FFF)_SO,380,380

&&O IF(FFF)380,K, 5_,_50
&57 TONE=T

GO TO 390

SUE_I<OUTINE SETS LL=2 _()_ ,_O,<,,':AL EXIT wHm:,

ITEi,LATtON SUC(ZL. LL)S r_ T LESS THA,_ 1,2

452 LL = 2
902 F:DRMAT ( F15.4,F 15 ,z+)
915 FOPMAT( 35H DELTA T 2

mETURN
FN,m.

GREATER THAN i°25, )

Figure 4-10. Subroutine FTHREE (Concluded)
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C
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f-

r

C
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C

C

C
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C

C
f-
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f-

r

f-

C

C

F-

f-

r

C

C

r

r

C

f:

C

¢-

c'I_SROUT I NE TITLE

AI_THOR

DATE

CALL

PURPOSE

' ,m_AF THuD

cYMP_CL

EX

EY

XDOT1

YDCT!

WORE

X<X

X <Y

XKXP

X ,::vp

X<XDP

XK ,VDD

DcI

×[

X:/

X !"t,'

XII

XS

XL1

×L2

r=

FFZERO

D .: 2

JJ

ALPHa1

",LPH_ 2

.._r T_ ]

G.£MM£

A

C

D

( I irh I_:r L. T )

( I #(PUT)

( [ h.:PUT ]

ff_30_,44

H. O. C&Rq

09-1-64

N30N44

CALCULATE TttE VALUE OF FF ¢;HICH LdU,g, LS

XNI30)-XN(44), FF IS A FUNCTION .OF P.%2

AND WTWO

PS2 IS THE VARIAgLE IN THIS SET OF

E3UATIOKS. THE ONLY VALID VALUES OF PS2

ARE FRO".I -20 DEGRFE£ TO ZERO DEGREF5.

FOR SOME VALUES OF PS2 THE VALUE OF

XN(42) IS NLGATIVL. _,HLN [t tIb UCCURb EXIT

rmOM THE SJdi<OUTI,NE , Or_f A NL¢_ VALU( uE

PS2 AND RL-L.'4TEK SU_KUUTIiNE

DEFINITION

COEFFICIENT OF REFTITUTIO.N IN X DIRECTI'u'q

SAY'F: :_UT IN Y nIRECTI(;N

INITIAL V_LOCITY C()'4Pu,',IE;\IT OF REAd FCOTPAD

IF:ITIAL VELUCiTY %O,'.°P,_.,_'_ENT bE <_LAIx. r_J'uTPAi)

INITi4L A!4GULAH, VELUCITY OF RLAR FuCTPAD

THESE: SIX VARIAdLES

,', i< i bUP4CTIONS

OF HASS

AND VELOCITIES

(SEE EC;S, 30-31-.32-

39-z+ C-411

VEHICLE INTIIAL PITCH ANOL. L (FIGUi<L 6-6) IN NADIAKS

LEG GEOME-TRY ANr'3. LE (FIGUR{: 6-5) IN RADI&NS

MAS< OF FOOTPADG

MASS OF V=HICLF EX,'LU":,IF]G FOOTPADS

*_OME,'4T OF INERTIA

GRAVITY FORCE

LENGTH OF LEG ONE (FIGURE 6-5)

CF : XK.(BO)-XN(44)

FFZERO EQUALS !!_ITIAL VALUE OF FF

VLHiCLL i-i_N/_L PITLH /,NGLL (F:IGUR_: 6-6) IN RADIAN.:;

CONTRCLS LOGICAL EXIT FRC'_ SUt_RLJUTIN£ N30N44

A FLJqCTIOq OF PSI,P.q2,XI,ZETA (SEE EQ.46)

S._'._E AS A_OVE (SE;- EQ.26)

CAM= Am AaOVF (<E_ F-Qo47 )

S&',IE /iS ABOVE (SEE EQ.88)

A FUNCTION OF INITIAL AND FINAL (._ONDITIOP, IS.

FOR A SEL EO. 34, FOR _3 SILE EO, 35, FOR C aLE EG _.

37, FOI< O SEE EQ, 38,

Figure 4-11. Subroutine N30N44
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;-

F

X.':( 1 ) Tr_Prt

X:',, ( &_ )

A _-UNCTION OF TH# [NTIIAL C,_r.;[IIlIui,_S
FOR L SEL <Q, 12-!:O_ i- S!:.!: E{_', 13
AND FO':' 6 SEE EC, ]4,

XN( 1 ) Tt-!l',l,I Xi't(,q4) AI-,: PUNCTIu!',;S UP VL:HICL:. i,"ASS9
INITILL AI'ID flliN:_L VELUCITIES, ETC. (SEE EL,_S. 51-b, 9)

S'.Ii_ROUTI _,;.-". '_B0i"44.
CO ;.<'qON / C1 / R_ t.r., C, EXX, EX DEL , E Xi',IA X , LL-f ,f , E'{[)E L , E 'f,r','iAX , EX , EY, XN ( 50 )

'SbP!_'_ON/C 2 / X DLtT i ,JYDL;T l , ffui.;L, X_Y , X_.'Y 9 X_.×P _ X r..Yi-; , X'-. XDI.' ,,,X r.YL)P
CL_.v'4oN/£3/Pc I,,XI , Z!: T,_ ,.-' C2 DEL, X;4, XP"." ,XI I ,,XC_, XLZ ,XL2 ,jL P',..)r.,,::_ .:_"HT K._,
C_..:,;_'Ci'_/Cz.*/!::_ ,FFZL'._E;,T,TL'LL,FFF,FZ,:.I-_L,_ FP!,_EV, Pb2,PSZDEG
( -;JMO. r,,/CS/PLt',GI),JJ,LL,K,K,b:,

' " " _ t. LP-IZ 1 =Xl-,: ET/',- ( P ql+P52 ) / 2 • C
•̂ LPH,_2=XI+Z_T,!÷(PSI +PC2 ) /2,0
::£ TA_=ZET_,*(PFl+PF,:))/?,O

,'_- ^,L'_,'_ _-- X .T -I e _/pe _, ' (D"_l +_) _',p )

._,-,_,- A--(XV...,,XKX_v.,,-_(XL-XP+XLXDi_) )-_Xq3TI+X.]x-XL]-;'-,,rsrlE--_(XKX:).{.CL;S(XI-.._c,I)_
X, X[',P*C.."._- ( X i +P q ]. ) )
:- = ( XP,';,_ ( I • :,'- X< X ) +X '.'-_ ( 1 • O-,",t:,XP ) +Y.v, * ( 1 eO-X 4X:)P ) ) s;-XD:; T l+Xi4*XL I*WU:I E*

i ( _ i ,C-X<X. '-'_) :: ._'.I;F ( X I -D_ [ ) +( 1 • 0-',' :.iX [)P ) ;_Crt,E ( X l +PSi ) )

{'1= (.'(..J.:x'X#.Y+_ i_,"(Xi YrD+X'.-t fbr- ) )-_YD.jT ).-X,'.'_XLI'X-,'_O_'_E_(X_YP*LsI;I(XI-PS].

I }-_.yKyE',p._-cI,:( >,'I _-pc 1 ,, )
_ '_2" F)= (X",!iq': ( I, O-;,'<Y)+X;./_,'-( 1.C-X'-.YP)+XP'_*(1.q-xLY:."P) ) _-'r D.: I 1-X,v:*XLI-X-,',b,.E*

I I (!,0-XKYP)-_'SIN(XI-P.:-.!)+(],0-X<YDP)'_SIN(XI+PS1 ) )
_.= ( xr, r,:+2, ,-,* ×' ) _ _[',O T !+X .'1-t_XL l*v,L;:i E't ( d.:u.,. ( X ! -_' Cl ) -C_._ ( Y J +PSI. ) )

(',=(X! +2o'*Xv_","L!_"-;"-2)-''W:.'PS+X','x×t t_"(XD::;TI'_:-(¢'.,'_(XI-_:-I)-COS(XI+

IL:c! ))-yr:c-:'s(_I:;{Xr-l"_1 ) +cIr" (XI_P.c. 1) ) )
ip,:r X'. (])--: (X:,' '+2,:::_/':I) -',].,].+':X)_'(XP,!.'I_,v,,':.X+X\iS_'(X_-:XP+XKXD_) )

Y'.(2) X:"<"_XL!-:_(-(1.-(I.+E;<)_"-XLXf; *COq(XI-PL2)+(1.-(I.+_LX)*XKXDP *
!_-: :, (X +oS2) )

Y", ( 3 ) A-EX-X-5

!0-_(: X_:(4)--(X":'-I+2,©;_X_:)-(L.0+LY)_(X'-':,vi_'X<.y+xVi_(X'.YH+X_yDD) )
X;', ( g ) =XA*XL 1;{ ( ( 1,- 1, +EY ) _X_,Y-_ ) _S ii,, (X I-FS2 ) + I i,- ( 1 ,+Ey)*xr<YDp) _

! qIKIXI*P_2 ) )

X'_ 6)=C-EY*C
X% 7)= X_:(?)/Xr".(1)

_6 r' ×X 8) = XN(B)/XN(!
X'I 9) = XN(g)/XN(_

X _'_ 10 = Xt,'.(5)/XN(_)
×r,. 1! = XN(7) +XLI*,'-OS(×I-PS2)

1070 XN 12 = XN(9) -XLI*SIN(XI-PS2)

XN 1 "_ = Xr,:(7) -XL!*COS(XI+PS2)
XN 14 = XN(9) -XLI*SINIXI+PS2)

lOB" X:; 15 = XII+x;.I_'.',_-XLII*IXi_Ig)*SINIXI-PS2} -XNIT)_COSIXI-PS2))-X,_/*

1XL2_ ( XN ( lZ_ ) -x-_:I N ( P.': 2 ) +XN(1B)_COS(PS2) )
]Oc_C X_(16) =-XII*WONE+XVlr"*XLI*IX'_IIO)_-SINIXI-PS2) -XNISI*COSIXI-PS2)

]-YDCT]* qINIXI-P_I) +XDuTI*COq(XI-PS1) ) -Xu;*XL2* (XmI10)*SImIPS2)+
!X;418)_EUSIP_2) - (YDOT1 -XLI_',,ONEt_SI;NIXI+P_II)-.tSINIPE1) -(XDUT1-
]. XL ] *WuNE*COS ( X I+P .ql ) ) • COS ( F-"S]. ) )

•_lq_ XN(]7) = Xr_:v'_×G*×L_*COS(ALF'HA1 ) +XV*XG*XL2*CCS(p,,ET,'_I)
X_".(1_) = XrqflS)lXN(]7)
_',.' ( '] ,) ) =

1_10 XN(20) =

lCOSIZETA)
XN(21) =

]123 x1_{22) =
l £1 t,,I(ZETA)

XN ( 23 ) :

4-26

X_.I( !6 ) /X,N( ] 7 )
X v_ ( XN ( 11 ) +XN( 13 ) ) +X",IM*X,4 ( 7 ) + ( XMP'+2 o 0* X_1) _-XG-X-XN ( 18 ) _

(XI',IM+2.0*XM)*.XN(d) -E +(Xl'.l,v,+2.0_XP4) *XG*XN
X;q*(XN(12)+XN(14)) +XM;'.I*XN(9) -(Xi,"M+Z°O_Xh, i

(XHM+2.0*XF_);'_XN(IO) -F -(X,v.N+2.C*XP,)*XG*XN

IQ)_COS(ZETA)

_XG*XiN ( 181"

19)*blNIZETA)

Figure 4-11. Subroutine N30N44 (Continued)
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77ae

12£O

121_

'1,_ r,

Xt.,f2U) -= XII+X_"-_>LL''_IXN(ll)'_-C:;,_:,(XI-,_,2

:'7: (XI+PC2) -X_,',(]o)':-cI',!(XI+p_,_ )

X;,_(PF_) : XLT. r(X!,._(p'3,)',tCOS(GAI,,;_'A --X',!122

(COS(ALPHA2) -,,..O_-(&LP ,,.1)) )

XI',, ( 27 ) : XL ]." ( XI'4 (.:)1._. ) _-C"',) ( t3,'\/<,<,A,_ -Xi,: (23,,

(COS ( ALPH, z'_2 ) -C 0._4 (L,L Pi'-_D I ) ) )

X_",.(23 : '3 +_f',!(77) -XN(25)

X :",,( 29 = X",, ( 7z.,. ) -XN ( 26 )

:z,,_,,(B0 = Xrl 28)/XN(291

Xb,(31 = XN 7)-x-XN(::JOI+XN(8)

X_t(32 : XN 9)_xr4(_n)+xt'_(1C)

XI((B! = X_ !8)_,tXN(B_)+X!,l(19}

xri(34 = XN 2O)-x-XNIBO)+XN(21)

XX(_5 : ×_ ?2)_XttIB,"I,I+XN(,?_)

X_(_6 : ,<_IY_XG_XLI _ (SIVI(XI-ZETA-PSI)

XL2"XISIK(ZETA+PS1)-,SIN(LE.T,,",+PS2) )

-xK( 12 ) ,_LI :",, ( X I-H,12 )-

] © )x-e-IIX CX I-P£2) -X;'4 ( r4 ) ,<"

_SI K ( GA;'aI'.'A ) + X ,'i<X O_,_X_,_( ] 8) -_i-

_ ] !'_t( G l_ '.'i:',,A ) +Xl,"_X G_-X!xl ( 19 )

-S:Ib.I(XI-ZETA-PS2)) -XI4_XG_

X_(37) = l.,Cl2.0_X_i_ ( (XDc, TI+XLI-_,,,'OI'_E_-COSIXI-PS1))*x-2 +(YDOTI-XLI_

WC'_iE_SIN(X I -Pol_r } ) _'-;_2) +I • 0/2. 0_Xi_i "_ ( XDOT I-XLI_WONE_CUS(XI+P'o/ ) )*

-x.-2 +(YDOT1 -XLIh,'ONEr<SIi_iXI+PS] ) )_2) +l.O/2.C)_Xf_'i,'.i_:- XDGTI"4_Z+

y £: O T 1 -x--'x--2 ) + ].. 0 / 2. O * X i i * ,,;,b,_',,_E -.:-x- 2

Xi',_(38) = (1.0/2oO_+Xi',,i[4+Xi,i)-x-(xl,,,,(8)'_Xf_(8 ÷Xl,,,i(].O)_x-xr,4(].0) -XN(37)

XIX(_<_) =X_,"-_(Xf'q(q,)¢,'-i×hl(] ]_)+XIxI(].7,) ) -t-Xf',i ].O)-x-(Xi',,i(i2)+Xs,,l 14) )) +

X,'_' _- ( XN (7 I ',_-X _"<( 8 ) +Xh', ( 9 ) _- X ,t,,,! i C,") )

X_-i(,q.O) = _,.n/2.0*X_,_*IX+_t(!l)_?+XN(]2)_+<-2+XfX:(I3)._2+XN(14 -r<..x-2)

+1 O/2.0"x-xr.'"._-(Xt'(7)-x-*2 +X,",.('_')<-_2) +].0/2.C-x-XI!

;';f"; 4-1] : XN[B8)-xr, l(7_}

X_,I ,_2) ,,L[ -4.")-_-X" (-',ql-_',(lt'.(_])

TI-t,:.:i VALUL. UF X!,4(42) ..'AY [_L ;,,L_,_TIV_ i-'_i< oC.i:

VALULb, OF Pb2. IF ':b ::ET JJ:]. Ai\L) LXI1

AtqD INC;RE'-!E_',,T PS2 t_>,,D Rt-:I"4TE_o FOR PCSITIVE

VALUES OF XN(,S,2) CO,'X, Tll'Ib£ ,-",,tD c,",LCULATL- VALUE

OF Fr:. S,{T J,J=2 A",_D LXIf ,_©R'<i;kLLy°

P2(.> .JJ : "_

P'=-T 'Pk

!;>3q Xr'..!(z,_) : -X_'!(19) +[:QRTiX"!(z, 7))

1_4,.'i_ X,",(_L) : ,,,.v_,(_B)/(",_,"_Xr4(_n) .... )

!250 FF : X_,.:(3r;,)-Xtt(44)

] 260 gJ : 2

2 _ T LJRf_

E,",. O

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:

] T, ,' + I +: . o,r_±1,,; + +
- -_ _. . ._ 'oh _

? I+__-._.~° " _o_ot o o 20 (1)

± (3"3°-2":£)tf_ ]}60
• e* Io

. o ,c f (2),. 2 12

7 . _ _ !( 2 J 2
+(i%' ° + :V )- g,I+i.ef 1;< +]'2(_o3CS_o-eCc°sg£)=]_FiSi (3)__ O e " .

i

The unknowns in the primary equations, describing vehicle orientation and motion at the
completion of front leg stroking, are the stability angle (_f), time rate of change of
stability angle ( _ f ) and the distance Ln the plane of motion from the vehicle c.g. to the
forward footpads (_ f). 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:

5-1



Table 5-1. Summaryof Important Parameters Used In Condensed
Analysis of Front Leg Impact

I

I

I

M

I

g
Fi (i=l, 2, 3)
6 i (i=l, 2, 3)
A, B, C, D, E

X, y, Z

go
Xp, yp, Zp

¢.f

_o
_o

f

tf
Voh
Vfh

_o
_f

Vot
aot
For
m o

Foh
"to

Mass (Vehicle and Pads)
Mass Moment of Inertia (Vehicle and Pads)
Gravitational Acceleration

Crushing Force in ith Strut
Total Stroking of i th Strut
Hardpoint Coordinates Relative to C.G.
Ground Slope
Initial Vehicle C.G. Coordinates (Ground Coordinate Axes)
Initial Vehicle C.G. Velocities (Ground Coordinate Axes)
Initial Pad Coordinates (Vehicle Coordinate Axes)
Initial Pitch Attitude
Final Pitch Attitude
Initial Pitch Rate
Initial Pitch Acceleration

Initial Stability Angle
Final Stability Angle
Initial Stability Angular Rate
Final Stability Angular Rate
Initial Stability Angular Acceleration
Final Stability Angular Acceleration
Initial Effective Leg Length
Final Effective Leg Length
Duration of Front Leg Stroking
Initial Horizontal Velocity of C.G.
Final Horizontal Velocity of C.G.
Initial Horizontal Acceleration of C.G.
Final Horizontal Acceleration of C.G.

Initial Tangential Velocity of C.G.
Initial Tangential Acceleration of C.G.
Initial Tangential Force on C.G.
Initial Torque About C.G.
Initial Horizontal Force on C.G.

Initial Angle (in plane of motion)
Included Between Footpad, C.G., and Vehicle
Longitudinal Axis

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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• P'O + _4 _'r-, ,'j;'

if" °'I ' , r- _ t, jr "1 _l {_

0

...... _._. @ +

'f,_

( 71_ 0_, "1"_ ',/" f} 1 ) ,;; ( r'_] O - _._._'Z, I- ) _.,

20 ..._ _-_-=--t f

"_':-- =}'c +;":Vo - _s." (i+:, _<, ) +
• !:

(4)

(5)

, ,. (6)- ./ ?,..-.C c':J_, )-<:
]

_The work done to crush the honeycomb is written
symmetry of a 2-2 landing.)

2 _ Fii _ i to take advantage of the
i

Eft, _ft, and Eft 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 _f, _f, and _f. These arbitrary values are:

(f}ft)j = aj _o (aj = .6, .75, .8, .85, .9, .95)

(Jft)k = bkjo (bk = .6, .7, .8, .9, .95, 1.0, 1.05, 1.1, 1.15, 1.20, 1.30, 1.40)

(-_ft)n = Cn_o (On = .75, .775, .8, .825, .875, .95)

where _o, _o, and_o are the known values of _, _, and_at the time of front leg

impact. A total of 432 combinations are thus defined. The "best" combination is chosen

by defining:

Izide}: ----F _ + ,J-*" + (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 trialsolutions,an extrapolationtechnique is used. Ignoring
terms of second order and above, F, G, and H can each be expanded in a truncatedTaylor's
Series:
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r

t_(o, ; ,_ ,-. ,r ; " './7
,!O . "

": J' 1:

:('C :"!_ f' e f) =::t (@?t'_' ft 'g'_t ) _._ : -T_,':er± t+ "'"

(8)

(9)

, ,,;:. ,_,c __:: )+ L_-_a,.C-f On, C'_a:: ....,--,-° : + _f '" f J t + ... (10)

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, _ f, and _f which

drive F, G, and H simultaneously toward zero, Equations (8), (9), and (10) are solved
for $_f, 6 _f, and $_f by setting F, G, and H all equal to zero. This result is

" .... :: " '.: L:'.jOJ-, C_. . ( .... ' _" ::_og. _.... 3 #, ,.,
" ± t

J t (11)
r : _e r e._r

t

_2 = :: ;" lU'., (- 81": +..:. _0 , + - 8][ _'-_ 6X +

t t

[a:]' (-It _ + _;' 8_ ]l_'f _f _-_f) t (12)

l '" ,-'._ Lair .... -'r
_,_ f 8_f t t

F [_ 811 8'i__._BE( ] } (13)t _r S_ _r _r
t

where

3gf _'T.f 3_f B_f ' " f 3$i f f t
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The next set of trialsolutions is obtained from:

= I ,. +5_- F
(14)

(15)

.[.

The process is repeated until 5 _f, 6 _ f,and

determined error criteria.

(16)

6 _f simultaneously satisfy some pre-

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 thisprogram. The FORTRAN nomenclature isdefined

in the program and subroutine listings,Figure 5-8. Flow diagrams for the program are
presented in the following order:

Figure 5-2 Flow
Figure 5-3 Flow
Figure 5-4 Flow
Figure 5-5 Flow
Figure 5-6 Flow
Figure 5-7 Flow

Diagram of Main Program
Diagram of Subroutine INCOND

Diagram of Subroutine GUESS

Diagram of Subroutine FEVAL

Diagram of Subroutine SOLN

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

functlc, n3 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 listingsare presented in the followingorder:

Figure 5-8

Figure 5-9

Figure 5-10
Figure 5-11

Figure 5-12

Figure 5-13

Listing of Main Program
Listing of Subroutine INCOND

Listing of Subroutine GUESS

Listing of Subroutine FEVAL

Listing of Subroutine SOLN

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
CONDENSED ANALYSIS OF FRONT LEG IMPACT

Read Input Data From Cards

I Prin___t 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), l<J _<6 - Final Stability Angle (At

Completion of Front Leg
Stroking)

Rate

LLF(N), I-<N-<6 - Final Value of Distance
From C.G. to Vehicle

Footpad, Projected In
Plane of Motion

DO1J=I,6
DO 1K= 1, 12
DO1N=I, 6

W

Call Subroutine FEVAL

Evaluate Difference Functions F, G, H For All

Combinations of Trial Solutions

10-30-64

Page 1

Figure 5-2. Flow Diagram of Main Program
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MAIN

5-8

Index= F*F +G*G.H *H

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.

i

ndex < MINIDX _ Minimum Previous_

Define Best Set of Trial

V

n,CONTINUE ]

Solutions Found so far:

BETFT = BBF(J)
BETFVT = BBFV(K)
LFT = LLF(N)

I

Call Subroutine SOLN

Index > MINIDX

Extrapolate Best Set of Trial Solutions in Search
of True Solution to Nonlinear Equations

Yes _ No

Figure 5-2. Flow Diagram of Main Program (Continued)
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!
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I

MAIN Page 3

Yes

[Print Initial Conditions J

I Calculate Critical Stability

Angular Rate BFVCR

Print Final Conditions I

No

tPrin____t"Iteration Astray- Guess Again" I

Calculate Stability Margin i i

(Stability Angular Rate when I IStability Angle = 0) I

PrintStab,lityMargin1 I

No

Calculate Stability Margin
(Stability Angle when Stability
Angular Rate = 0)

Print StabilityMargin

Print "Vehicle Stable"

I

l

Figure 5-2. Flow Diagram of Main Program (Continued)
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ComputeInitial Vehicle Geometry[and Motion Basedon Input Data

Figure 5-3. Flow Diagram of Subroutine INCOND

Compute Arbitrary Trial Solutions

Final StabilityAngle

Final StabilityAngular Rate
Final Distance from Footpad to C.G.

BBF(J) (J = 1, 2, .....6)

BBFV(K) (K = 1, 2, ....12)

LLF(N) (N = 1, 2, ....6)

Figure 5-4. Flow Diagram of Subroutine GUESS
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I

I

I

I

I

I

I

I

I

!

I

I

I

I

I

I

I

I

CORK < 0

I Define Differencp

I Functions F, G, H = 0

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

1
I

(After Stroking) of Vehicle I
Motion and Geometry, and
Calculate Difference

Functions F, G, H.

Figure 5-5. Flow Diagram of Subroutine FEVAL
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Call Subroutine FEVAL

Evaluate Difference Functions F, G, H Using
Latest Set of Trial Solutions

F+G+H=O

Arbitrarily 1 ]Define G =

[

F+G+H_O

Call Subroutine DEVAL

Determine Partial Derivatives of Difference

Functions F, G, H with Respect to Independent
Variables

I Calculate Extrapolation Increments Based On Truncated ]Taylor Series Expansion of Difference Functions

I Print Latest Set of Trial Solutions and Extrapolation Increments I

Increments
Do Not All

Satisfy Error
Criteria

5-12

Update Trial Solutions ]

I Count CC (The Number of IExtrapolations Performed So Far)

Increments
' All Satisfy

Error Criteria

Figure 5-6. Flow Diagram of Subroutine SOLN

CC > 25



_n<J

9
I Evaluate Analytical Expressions IFor Partial Derivatives

Figure 5-7. Flow Diagram of Subroutine DEVAL

.................._ _..._ :_ :.sPACE DIVISION
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LIJ^.;AR LA,NF'_IKG DY_,!AMIC S STUDY
CON->ENSED ANALYSIS CF F<ONT LEG IMPACT

R.G.ALDERSON AND I_.[ .ANP_RSDN _ENDIX ','IISHAWAKA DIVISION

10-31-64

TO PREDICT THE STABILITY AND MOTION OF THE LUNAR VEHICLE

AS A FUNCTION OF COLDITION c.., AT FRONT LEG IMPACT

FROM PUNCHED CARDS

_-r,p.... r-,r.._-_,,r",',,'-,,,_,,,.. , ,_,,. .... _,= ..,-,-r,,,LS2Or,'ETRY USLD ii'_ IHI_ PN()GRAM,
REFER TO SECTION VI-P OF T'qE qXALNU FINAL REPORT

SYMBOL

I

q

GqAV

FII

F22,FB3

A

q

D

E

ALPHA

X

Y

Z

XVLL

YVEL

XPAD

YPAD

ZPAD

OSO

PSOVEL

PSOVV

PSF

BETO

BETOV

BETOVV

BETAF

RETAFV

DEFINITION
MASS I_OMENT OF INEST]A (FT_L#_SEC_SEC)

MASS (L_*SEC*SEC/FT)

GRAVITATIONAL ACCELERATION (FT/_EC/SEC)
STROKE FORCE IN MAIN STRUT _Lb)
STROKE FORCE IN [.UWER STRUTS (L_)

THESE QUANTITIES LOCATL THE UPPE_ AND iO'.,;!R

HARD POINTS RELATIVE 10 THE VEHICLE CoG,
A IS POSITIVE IF UPPER HARD POINT IS AB()VE THE

E.G.- B IS POSIIIVE IF LO_ER HARD POINTS ARE

BELOW THE COG.- C,D,E ARE PO_ITiVE. UNITS (FT)

GROUND SLOPE (RAD}

X-COMP. OF C.G. INITIALLY (GROUND AXES) (FT

Y-COMP. OF C.G. INITIALLY (GROUND AXES) (FT

Z-COMP. OF C.G. INITIALLY (GROUND AXES) (FT

X-COMP. OF C.G. INITIAL VuLO(,ITY GROUND

AXES) (FT/SEC)

Y-CO_,iP. OF C.G. INITIAL VELOCITY GROUND

AXES) (FT/SECI

X-COMP. OF FOOTPAD (GROUND AXES FT)

Y-_O_-,_. OF FOOTPAD (GROUND A _<x_ FT)

Z-COMP. OF FOOTPAD (GROUND AXES FT)
INITIAL PITCH ATTITUDE (RAD)

INITIAL PITCH IRATE (RAD/SEC)

INITIAL PITCH ACCELERATION (RAD SLC/SLC

FINAL PITCH ATTIIUDE (RAD)

INITIAL STAUILITY ANGLE (RAD)

INITIAL STABILITY _NGULAR RATE (RAD/SEC

INITIAL STABILITY ANGULAR ACC. (RAD/SEC ShC

FINAL VALUE OF STABILITY ANGLE (RAD)

FINAL VALUE OF SIABILITY ANGULAR RATE (RAD/SEC)

INITIAL AND FINAL REFER TO STATES BEFORE AND AFTER

STROKING OF THE FRONT LEGS

GAMMO

GAMMF

VOH

VOT
VFH

AOT

VO

XDOP

INITIAL ANGLE INCLUDED BETWEEN FOOTPAD,C.G.

AND VEHICLE LONGITUDINAL AXIS (RAD)
FINAL VALUE OF GAMMO

HORIZONTAL COMP. OF C.G. INITIAL VEL. (FT/5_C)

TANGENTIAL COMP. OF C.G, INITIAL VEL (FT/SEC)

HORIZONTAL COMP. OF C.G, FINAL VEL. (FT/SmC}

TANGENTIAL COMP. OF C.G. INIT. ACC.(FT/SEC/SEC)

ABqOLUTE VELOCITY OF E.G. INITIALLY (FT/SEC)

X-COMP. OF FOOTPAD RELATIVE TO E.G.
(GROUND AXES) (FT)

Figure 5-8. Main Program Listing
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C
C

¢
C
t"

C
C
C

C"

C

C
C
C
C

C
C

C

C

r

C
r

C

C

C
C
c

c

(,-

c

C
C

C

C
C
C

C

c

C

C

C

C OUTPUT
C
C METHOD
¢-

r

YDOP

XPO

YPO

ZDO

L1

L2
L_

LO

LF

LOVEL
FX

FY

TG
FO_t

TOT
TF

DELl

DEL2
DEL3

W
BFVCR

BFMIN

RFVMIN

ERRBF
ERRBFV

ERRLF

RUN
R
BETFT

BETFVT

LFT

F_G_Hg

INDEX

MINIDX

Y-COMP, OF FOOTPAD RELATIVE TO C.G.

(GROUND AXES} (FT)
X-COMP, OF FOOTPAD RELATtVE TO C.G.
(VEHICLE AXES} (FT)

Y-COMP, OF FOOTPAD PELATIVE TO C,G,
(VEHICLE AXES) (FT)

Z-COMP° OF FOOTPAD RELATIVE TO C,G,

(EITHER VEHICL_ C.R GROUND AXLS) (FT}
LENGTH OF NO,1 STRUT (FT)

LENGTH OF NO,2 STRUT (FT)
LENGTm OF NO,3 STRUT (FT)
INITIAL DISTANCE FROM FOOTPAD TO C,G,

(MEASURED IN PLANE OF MOTION) (FT)
FINAL DISTANCE FROM FOOTPAD TO C.G.

MEASURED IN PLANd OF MOTION (FT}

TIME RATE OF CH/W_GE OF LO (FT/SEC)

X-COMP. OF INITIAL STROKING FORCES

(VEHICLE AXES} (LB)
Y-COMP, OF INI TIAL STROKING FORCES

(VEHICLE _XES) (L_)

TORQUE INPUCED ;_Y INITIAL STROKE FORCES (FT*LB)
HORIZI, COMP, OF INITIAL STROKE FORCES (Lb)
TANGENTIAL COMP. OF INITIAL STROKE FORCES (L_)

DURATIOP_ OF STROKING (SEC)

STROKING OF NO.I STRUT (FT)

STROKING OF NO.2 STRUT (FT)

STROKING OF NO.3 STRUT (FT)

WORK DONE AGAINST STROKING FORCES (FT*LB)

CRITICAL W_LUL OF FINAL STAoILITY ANGULA,_ £_TE
(RAD/SEC)

STABILITY INDEX FOR ST&BLE VEHICLE, THIS IS
TBE MINIMbM STA_.ILITY ANGLE EXPERIENCED EA,._D
UPON RIGID BODY ROTATION AFTER STROKING° (RAD)

STABILITY INDEX FOR UNSTABLE VEHICLE, THIS IS,
THF STAPII fTY AN_IIL_P I_ATE ,^#HEN THE STA, D!L!TY
ANGLE IS ZERO dASED UPON RIGID dODY ROTATIUN

AFTER STROKING, (RAD/StC)
ERROR STANDARD FOR BETAF
ERROR STANDARD FOR BETAFV

ERROR STANDARD FOR LF
RUN NUMBER
MULTIPLIER FOR JN_RI_AL FORCE,USUALLY SET=2

TRIAL SOLUTION FOR FINAL STABILITY ANGLE (RAD)

TRIAL SOLUTION FOR FINAL STABILITY ANGULAR
RATE {RADISEC)

TRIAL SOLUTION FOR FINAL DISTANCE FROM FOOTPAD

TO CG (PROJECTED IN PLANE OF MOTION} (FT)

DIFFERENCE FUNCTIONS DENOTINU DIFFERENCES

BETWEEN LEFT AND RIGHT SIDES OF PRIMARY

EQUATIONS AFTER SUBSTITUTION OF TRIAL SOLUTIONS

DIFFERENCE FUNCTION DtNOTING QUALITY OF S_I UF

TRIAL SOLUTIONS

MINIMUM PREVIOUS VALUE OF INDEX

PRINT SUMMARY OF INITIAL AND FINAL VALUES OF PARAMETERS

SOLUTION OF THREE SIMULTANEOUS NONLINEAR ALGEBRAIC

EQUATION? I£ ACCOMPLISHED BY a MODIFICATION OF
NFWTONS METHOD

REAL LLF,I ,M,LO,LFT,LI,L2,L3,LOVEL,LF,MINIDX,LFQ,INDEX

Figure 5-8. Main Program Listing (Continued)
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5-16

CC:t.'IMON _,LPmA,XVLL,YVEL,:;LTO,PSO,X,'f,Z,XPAB,YpAL),ZpAD,I ,F_,_:,:_,C,_.,

1E ,, F 11 ,F22 • F33 ,P SOVE L _GRAV ,_b i .'_A ,CObA , VOH , GAi<_."lb ,PbU , CUSPGG 9SI ;'_PSO ,

2VOT , ZDO,COSPO, S I NP(),, L 1 , L 2 t L 3, P LOVV, FOrt,, Si'._bL TO, CSL:,E I'D, FO T ,AOT ,

3E T AOVV,LO,i'_ETCV ,LOVLL ,or-TOVV ,VOgFStU. X _F2UUY ,bL TFG,,sL TF VQ,LF'9 t!:< ,

4ETAFVV, TERI'."A , TERi_;B, SI NB,,COSL,, ,/Fh,, Ti- ,BF] FVV,,,BETAF .,BETAFV,PSF ,,SIt',IGF ,

5COSGF•DEL] ,DEL2,DEL3,w,CC•F,G•H..FX.F Y,FZ,GX,GY.GZ,HX,HY,i4Z,pAO,LF

6FRRBF,ERRPFV,ERRLF,BPF (_) . 9BF'./(12) ,LLF(6) •XDO,YDO.XDOP.YDOP,F(_,

7F=V, FL.,Ga ,5PV *GL ,H_ ,..,H!:_V ,HL

PART 1 CALCULATION O: INITIAL ,CONDITIONS

3 READ 10GO,I,M,GRAV•F11,F22,F33,X,Y,Z,XPAD,YPAD,ZPAD,PS.U,PSOVEL,

13_TO,ERI<DF,LRR_FV,ERRLF,ALPHA,R,Ru&,A,s,_

1000 FORM_T(2OX,3F17,5)

RLAD 1002,D,E•XVEL,YVEL

lhq2 FORMAT(20X,2F17.5)

PRINT 951

PRINT _059

qn59 FORMATIllH INPUT DATA)

PRINT _060,I,M,GR_V,FII,F22,F%_

_060 FORMAT(BH I=,FIl.5,gH N=,EI].5,gH GRAV:,EII.5,gH

1 FII=,EII.5,gH F22:,EII.5,gH F_3:,_ 11.5)

PRINT 3061,X,Y,Z,XPAD,YPAD,ZPAD

3061 FORMATIBH X:,Ell.5,Vh Y:,EII.5,9H Z=,EII.5,gH

IXPAD=,EII.5,gH YPAD:,I:il.5,gH ZPAD:,EII.5)

PRINT 3062,PSO,PSOVEL,dETO,ERqsF,ERRdFV,ERRLF

_062 FORMATI8H PSO:,EII.5,gH PSOVEL:,EII.5,gH UETO=,EII.5_9H

IRPRF=,EII.5,gH ERRBFV=,EII.5,gH ERRLF=,EII.5)

PRINT 3063,A,_,C,D,E,R

3n63 FORMAT(8H A:,EII.5,gH B:,dlI.b,gH C:,EII.5,gH

1 D=,EII.5,9H E=,EI].5,9H R=,EII*5)

PRINT 306_,ALPHA,XVEL,YVEL,I{I!N

306_ FORMATIBH ALPHA=,Ell.5,9_ XVEL:,Ell.5, YVEL=,Ell.5,9H

1 RUN=,Ell.5)

CALL INCOND

CALL G_oS

PART 2 OBTAIN STARTING POINT FOR EXTRAPOLATION

CHOOSE dEST GUESS SET OF TRIAL SOLUTIONS. DECISION BASED ON

MINIMIZATION OF INDEX, A DIFFERENCE FUNCTION. INDEX=F_F+G*G+H*H

WHERE F,G,H ARE DIFFERENCES BETWEEN RIGHT AND LEFT SIDES OF

PRIMARY EQUATIONS (AFTER SUBSTITUTION OF TRIAL SOLUTIONS).

INITIALIZE MINIDX (PINIMUV PREVIOUS VALUE OF INDEX}

MINIDX=IE20

DO l J=l,6

DO 1 K=l,12

DO 1 N=1,6

9ETFQ=BBF(J)

BETFVQ=BBFV(K)

LFQ=LLF(N)

CALL FEVAL

INDEX=F*F+G*G+H*H

IFIINDEX) 10,1,10

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 TME BEST SET OF TRIAL

SOLUTIONS. WHEN THIS FEATURE FUNCTIONS F,G,H ANE ARBITRARILY SET

EQUAL TO ZERO. THE RESULTINb ZERO VALUE OF INDEX MUbT THLN d_

Figure 5-8. Main Program Listing (Continued)
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I

C
C
C

!n

C

r

2

C

C
C

C

C
7

5nO

r"-

6

95O

2901
1

2002
1

2003

1

EXCLUDED FRO_ CONSIDERATION,

CHECK INDEX AGAINST MINIMUM PRLVIOt;S VALUE

IFIINDEX-MINIDX) 2,1tl

RESET MINImX AND DEFINE BEST cET OF TRIAL SOLUTIONS FOUND SO FAR,

MINIDX=INDEX

BETFT=BBF(J)

BETFVT=BBFVIK)

LFT=LLFIN)

CONTINUE

gETFQ=BETFT

6ETFVQ=BETFVT

LFQ=LFT

PART 3 SOLVING EGUATIONS

CALL SOLN

IF(CC-25) 6,7,7

THIS IS A TEST TO DETERMINE IF 25 ITERATIONS HAVE OCCURRED, IF

YES, THE METmOD IS NOT CONVERGING AND PRUGRAM IS TERMINATED, IT

POSSIBLE THAT CONVERGENCE CAN dE OBTAINED BY GUESSING A DIFFERENT

SET OF TRIAL SOLUTIONS

PRINT 500

FORMAT(31H
STOP

ITERATION ASTRAY - GUESS AGAIN )

PART z_ OUTPUT RESULTS

PRINT 950

FORMAT(1H1)

100 FORMAT(19H INITIAL CONDITIONS )
PRINT 951
PRINT 2C00,VOH,VOT,FSUBX,FSUBY,FOH,FOT

FORMAT(SH VOH=,EII,5,gH VOT=,EII,5,9H FSUBX=_EII,5,9H

SUBY=,E11,5,9H FOH=,E11,5,9H FOT=,E11,5)

PRINT 2001,LO,SINA,COSA,GAMMO,_GO,XDOP

FORMATI8H LO=,EII.StgH SINA=,E11.5,gH COSA=,Ell.5,gH

AMMO=,EI1.5,gH PGO=,EII._.gH XDOP=,E11.5)

PRINT 2002,YDOP,ZDO.COSPO.SINPO.XDO,YDO

FORMAT(BH YDOP:,EII.5,_H ZDO:,Ell,5,9H COSPO:,EII.5,9H

INPO=,Ell,5,9H XDO=,Ell,5,9H YDO=,Ell,5)
PRINT 2003,LI_L2,L3,PSOVV,DAO,SNBETG

FORMAT(SH L1=gE11,5_gH L2=,E11,5,9H L3=_Ell,5t9H
SOVV=,E11,5,gH PAO=,EI1,5,9H SNBETO=,EI!-5}

PRINT 2004,CSBETO,AOT,E'FAOVV,BETOV,LOVEL,BETOVV

FORMATISH CSBETO=,EI1,5,gH AOT=,EII,5,gH ET_OVV=,EII,5,9H

ETOV=,E11,5,9H LOVEL=.E11,5,gH BETOVV=,E11,5)

PRINT 951

PRINT 951

PRINT 2O0

200 FORMAT(17H FINAL CONDITIONS )
PRINT 951

CALCULATE CRITICAL STABILITY ANGULAR RATE

Figure 5-8. Main Program Listing (Continued)
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2005 LFT=,EIIoS,gH

2006 H= ,El I, > ,gH

BFVCR=S_RT(2.O*M*GRAV*LF_(1-COS(BETAFI)I/(I+M*LF*LF)}
BETFQ=BETAF

mETFVQ=BET_FV

LFQ=LF
C_LL FEVAL

PRINT 20OS,PETFT,BFTFVT,LFT,BETAF,BETAFV,LF

FORMATI8H _ 11___TFT=,E °5,9m BETFVT=,EII.5,9M

IETAF=,EII.5,9H 3ETAFV=,EII.5,gH LF=,Ell,5

PRINT 20069F,G,H_TF*VFH,PSF

FORMAT(BH F=_E!I.5,OH G=,ElloS,gH

TF=,E!!=5,gH \/FH=,_ZZ-_,QH pSF=,F!Zo_

PRINT 2007,DELI,DEL2,DEL3,W,VO,BFV(R
FORMAT(8H DELI=,EII.5,'#H DELZ=,EII°5,gH

1 W=,E!I.5,gH VO=,EII.5,_H BFVCR=_EIIo5

PRINT 951

PRINT 951

Oml _OR_AT(IHr)
r

C TLST VEHICLE STABILITY _Y COMPARING STABILITY ANGULAR RATE WITH

r CRITICAL STABILITY ANGULAR RATE

C
C
C

c
C

C

5-18

2007 DEL3=,EII.5,gH

IF (BETAFV-BFVCR) 4,5,5

DETERMINE MINIMUM STAESILITY ANGLE IF VEHICLE STABLE

4 BFMIN=-I.5707963+ASIN((I+M*LF*LF)*SETAFV*DETAFV/(2*N*GRAV_LF)

I+COSIBETAF))

PRINT 300,BFMIN

_nO FORMAT(30H VEHICLE STABLE BFMIN = F10.7)

GO TO

DETERMINE MINIMUM STABILITY ANGULAR RATE IF VEHICLE UNSTABLE

5 BFVM!N=SQRT(BETAFV*BETAFV-2.0*M_GRAV_LF*(I-COS!BETAF

1 (I+M*LF_LF))

PRINT 400,BFVMIN

4_0 FORMAT(33H VEHICLE UNSTABLE _FVMIN = F10.7)

GO TO q

END

)/

Figure 5-8. Main Program Listing (Concluded)
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C
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C

C

C OUTPUT

C
C
C

'C 'INON9

R.G.ALDERcON AND L.E.ANDERSON BENDIX MISHAWAKA DIVISION

I0-_I-64

TO COMPUTE INITIAL CONDITIONS, THESE CONDITIONS ARE THE

VEHICLE MOTIONS AND CONFIGURATION AT FRONT LEG IMPACT

INCOND

FROM INPUT DATA TO MAIN PROGRAM

<YMROL DEFINITION

VOH INITIAL HORIZONTAL CG VELOCITY (FT/SEC)

GAMMO INITIAL ANGLE (PROJECTED IN PLANE OF MOTION)

INCLUDED BETWEEN FOOTPAD, CG AND VEHICLE
LONGITUDINAL AXIS (RAD)

VOT INITIAL TANGENTIAL CG VELOCITY {FT/SEC)

XDOP X-COMPONENT OF FOOTPAD RELATIVE TO CG

(GROUND AXES) (FT)

YDOP Y-COMPONENT OF FOOTPAD RELATIVE TO CG

(GROUND AXES) (FT)

XDO X-COMPONENT OF FOOTPAD RELATIVE TO CG

(VEHICLE AXES) (FTI

YmO Y-COMPONENT OF FOOTPAD RELATIVE TO CG
(VEHICLE AXES) (FT)

ZDO Z-COMPONENT OF FOOTPAD RELATIVE TO CG

{VEHICLE OR GROUND AXES) IF])
L1 LENGTH OF NO,1 STRUT iFT)

L2 LENGTH OF NO,2 STRUT (FT)
L3 LENGTH OF NO,3 STRUT (FT}

FSUBX X-COMPONENT OF INITIAL STROKING FORCES
(VbHICLE AXES) (L_)

FSUBY Y-COMPONENT OF INITIAL STROKING FORCES
(VEHICLE AXES) (LB)

TQ TORQUE ABOUT Z-AXIS INDUCED BY INITIAL STROKING
FORCES (FT-LR)

PSOVV INITIAL PITCH ANGULAR ACCELERATION(RAD/SEC/SEC)

FOH HORIZ, COMP, OF INITIAL STROKING FORCES {L8)

FOT TANGENT. COMP, OF INITIAL STROKING FORCES ILd)

AOT INITIAL TANGENTIAL COMPONENT OF CG ACCELERATION

(FT/SEC/SECI

ETAOVV INITIAL HORIZONTAL COMPONENT OF CG ACCELERATION

IFT/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 MOTIONI

(FT/SEC)

BETOVV 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 OF SELECTED PARAMETERS ARE PRINTED VIA

PRINT STATEMENT IN MAIN PROGRAM

Figure 5-9. Subroutine INCOND
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c!ImROUTINE INCOND

REAL LLF,I,V,LC,LFTgL1,L2,L3,LOVEL,LF,MINIDXtLFQ,INDEX

COMMON ALPHA,XVEL,YVEL_SETO_PF(),X,Y,Z,XPAD,YPAD,ZPAD,I _M,A,B_C,D,

1E,FII,F22,F33,PSOVEL,GRAV_SINA,CO_A,VOH,bAi_MOtPGO,COSPGO,SINPGO,

2VOT,ZDO_COSPO_SINPO_LI_LZ,L3_PSOVV_FOH_SNgETC_CS_ETO_FOT,AOTt

3ETAOVV_LO,BETOV_LOVEL_mEIOVV_VO_FSU6X_FSUUY_BETFO_t_IFVQ,LFQ_R,

4ETAFVV_TERMA,TERMo,SIN_,C_S_VFH,TF,_TFVV_TAk,_ETAFV_PSF,SI;_F,

5COSGF,DELI,DEL2,DELB,_,CC_F,G_H,FX,FY_FZ,GX,GY_GZ,rlX,HY_i_Z,R_O,LF,

6ERRBF,ERRBFV,ERRLF,BBF(6)_BBFV(12),LLF(6),XDO,YDO,XDOP,YDOP,FB,
7FBV_FL,GB,GBV,GL,HB,HBV,HL

5INA=SIN(aLPHA)

VOH=XVEL*5INA+YVEL*COSA
G_O=].5708-_LPHa+_TO-PSO

PGO=PSO+G_O

COSPGO=COSIPGO)
SINPGO=SIN(PGO)

VOT=XVEL*GOSPGO+YVEL*SINPGO

XDOP=XPAD-X

YDOP=YPAD-Y

ZDO=ZPAD-Z

COSPO=COS(PSO)
SINPO=SINIPSO)

XDO=XDOP*COCPO+YDOP_SINP©

YDO=YDOP*COSPO-XBOP*qlNPO

LI=SORT((A-XDC)*(A-XDO)+(E-YDO)*(E-YDO)+(E-ZDO)*(E-ZDO))

L2=SQRT((-B-XDO)*(-B-XDO)+(D-YDO)*(D-Y!)O)+(C-ZDO)*(C-ZDO))
L3=SORT((-B-XDO)*(-B-XDO)+(C-YDO)*(C-YDC)+(D-ZDO)*(D-ZDO))

FSUBX=2.0*FII/LI*IA-XDO)+2.0*F22/L2*I-B-XDO)+2.0*F33/L3*(-B-XDO)

FSUBY=2.0*FII/L1*IE-YDO)+2.0*F22/L2*IC-YDG)+2.0*F33/L3*(D-YDO)

TO=XDO*FSUBY-YDO*FSUBX

PSOVV:TO/I

PaO:PSO+_LPHA

SINPAO=SIN(PAO)

COSP_O=COSIP_O)

FOH=FSUBX*SINP_O+FSUBY*COSPAO

SINGO=SIN(G_MMO)

CO_GO=COS(G_M_O)

_N_ETO=SIN(_ETO)
CSBETO=COS(_ETO)
FOT=FSUBX*COSGO+FSUBY*SINGC+M*GRAV_SNBETO

AOT=FOT/M

ETAOVV=FOH/M

LO=SQRT((XPAD-X)*(XPAD-X)+(YPAD-Y)*(YPAD-Y))

BETOV=VOT/LO

LOVEL=XVEL_SINPGO-YVEL_COS_GO

_ETOVV=(_GT-2.0*LOVEL*BETOV)/LO

VO=SQRTIXVEL*×VEL+YVEL*YVEL)

RETURN

FRD

5-20
Figure 5-9. Subroutine INCOND (Concluded)
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TITLE

AUTHORS

DATE

PURPOSE

(ALL

INPUT

OUTPUT

GU_fi _.

R.G,ALDERSON ANC L.E,ANDLRSON BENDIX MISHAWAKA DIVISION

10-31-64

TO GUESS TRIAL SOLUTIONS TO THE NONLINEAR EQUATIONS SO

THAT THE EXTRAPOLATION WILL QC'MMLNCL IN THE VICINITY OF

THE TRUE SOLUTION

GUESS

FROM INPUT DATA TO M&IN PROGRAM

SYMBOL DEFINITION

BBF(1) ARmITRARILY SELECTED TRIAL SOLUTION OF THE

NONLII_EAR EgUAfIONS FOR THE. STAdILITY AF_GLm

AT THE COMPLETION OF FRONT LEG STROKING. (RAO)

(VALUES OF PARAMETERS AT THIS INSTANT ARE

REFERRED TO AS FINAL VALUES)

BRFV(1) ARBITRARILY SELECTED TRIAL SOLUTION FOR FI_\AL
STABILITY ANGULAR VELOCITY {RAD/SEC)

LLF(1) ARBITRARILY SELECTED TRIAL SOLUTION FOR FINAL
[._NGTH FROM FOOTPAD TO CS (PROJECTED IN PLANE

OF MOTION) {FT)

THESE GUANTITIES ARE USED ELSEWHERE IN ThE PROGRAM TO
DETERMINE THE _EST SET OF TRIAL SOLUTIONS 'wITH WHICH TC

BEGIN THE EXTRAPOLATION PROCESS

SUBROUTINE GUESS

REAL LLF,I,M,LO_LFT,LI,L2,L3,LOVEL,LF,MINIDX,LFQ,INDEX

COMMON ALPHA,XVEL,YVEL_3ETO,PSO,X,Y,Z,XPAD,YPAD,ZPAD,I,MgA,B,C,D,

IE,FII,F22,F!3,PSOVFL,GRAV,£INA,COSA,VOH,GAMMO_PGO,COSPGO,SINPGO,

2VOT,ZDO,COSPO,SINPO,LI,L2,L3,PSOVV,FOH,SNBETO,CSBETO,FOT,AOT,

3ETAOVV,LO,BETOV,LOVEL,BETOVV,VO,FSUBX,FSUBY,BETFQ,BETFVQ,LFQ,R_

4ETAFVV,TERMA,TERMB,SIN_,COSB,VFH,TF,BETFVV,BETAF,BETAFV,PSF,SINGF,

5COSGF,DLLI,DEL2,DEL3,W,CC_F,G,H,FX,FY,FZ,GX,GY,GZ,HX_HY,HZ,PAO,LF,

6ERRBF,ERRBFV,ERRLF,BBF(6),BBFV(12),LLF(6),XDO,YDO,XDOP,YDOP,FS,
7FBV,FL,GB,GBV,GL,HB,HBV,hlL

BBF(1 =.6*BETO

BBF(2 =.75_BETO

BBF(3 =.8*BETO

BBF(4 =.85*BETO

BBF(5 =.9*BETO

BBF(6 =.95*RETO

BBFV( =.6*BETOV

BBFV( =.7*BETOV

BBFV( =®8*BETOV

BBFV(4 =.9*BETOV

BBFV(5 =.95_BETOV

BBFV(6 =I*BETOV

BBFV(7 =I.05*BETOV

BBFV(8 =I.I*BETOV

BBFV(9 =1.15*BETOV

BBFV(IO)=I.20*BETOV

BBFVII1}=1.3*BETOV

BBFV(12)=I.4*BETOV

LLFI])=.TS_LO

Figure 5-10. Subroutine GUESS
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LLFI2)=o775_LO

LLF(3)=,8_LO

LLF(4)=,825*LO

LLF(5)=,875_LO

LLF(5)=,95_LO

RETURN

END

5-22

;_" s.J

Figure 5-10. Subroutine - GUESS (Concluded)
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C

C

C

C
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C
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C OUTPUT

C

G

FEVAL

R.G. ALDERSON AND L.E.ANDERSON

I0-31-64

TO DETERMINE VALUES OF THE DIFFERENCE FUNCTIONS FOR

VARIOUS SETS OF TkIAL SOLUTIONS

FEVAL

EITHER FROM TRIAL SET OF SOLUTIONS (SUBROUTINE GUESS OR
SOLN) OR FROM FINAL SOLUTION

SYMBOL DEFIMITION

RETFT

RETFVT

LFT

BETFQ

BETFVQ

LFQ

TLRMA

TERMB

ETAFVV

R

VFH

CORK

F,G,H,

BETFvv

TF

BETAF

BETAFV

PSF

GAMMF

XD

YD

DELl
DEL2

DEL3
W

TRIAL SOLUTION FOR FINAL STABILITY ANGLE (RAD)
TRIAL SOLUTION FOR FINAL STABILITY ANGULAR
RATE (RAD/SEC)

TRIAL SOLUTION FOR FINAL DISTANCE FROM FCOTPAD

TO CG (PROJECTED IN PLANE OF MOTION) (FT)
THESE QUANTITIES ARE

DUMMY VARIABLES TO ALLOW ENTRY
TO SUBROUTINE FROM DIFFER£NT POINTS

THESE QUANTITIES ARE CONVENIEN_

GROUPINGS OF PARAMETERS

FINAL HORIZONTAL ACCELERATION OF CGIFT/SEC/SEC)
MULTIPLIER FOR NORMAL FORCE.USUALLY =2

FINAL HORIZONTAL VELOCITY OF CG (FT/SEC)
ARTIFICIAL PARAMETER DEFINED TO ALLOW A TEST OF
A QUANTITY UNDER A RADICAL

DIFFERENCE FUNCTIONS DENOTING DIFFERENCES
BETWEEN LEFT AND RIGHT SIDES OF PRIMARY

EQUATIONS AFTER SUBSTITUTION OF TRIAL SOLUTIONS

FINAL STABILITY ANGULAR ACC(RAD/SEC/SEC)

DURATION OF STROKING PERICD (SEC}

FINAL STABILITY ANGLE (RAD)

FINAL STABILITY ANGULAR RATE (RAD/SECI

FINAL PITCH ANGLE (RAD)

FINAL VALUE OF ANGLE (PROJECTED IN PLANE OF

MOTION) OF ANGLE INCLUDED BETWEEN FOOTPAD,CG

AND VEHICLE LONGITUDINAL AXIS (RADI

X-COMPONENT OF FOOTPAD RELATIVE TO CG

(VEHICLE AXES) (FT)

Y-COMPONENT OF FOOTPAD RELATIVE TO CG
(VEHICLE AXES) (FT)

SHORTENING OF

NOS* 1,2,3 STRUTS,

RESPECTIVELY (FT)

WORK DONE IN STROKING (FT-LB)

F,G,H ARE USED IN THE EXTRAPOLATION PROCESS. VALUES OF

SELECTED PARAMETERS ARE PRINTED VIA PRINT STATEMENT IN
MAIN PROGRAM.

SUBROUTINE FEVAL

REAL LLF,I,M,LO,LFT,LI,L2,L3,LOVEL,LF,MINIDX,LFQ,INDEX

COMMON ALPHA,XVEL,YVEL,BETO,PSO,X,Y,Z,XPAD,YPAD,ZPAD,I,M,A,6,C,D,

IE,FII,F22,F33,PSOVEL,GRAV,SINA,COSA,VOH,GAMMO,PGO,COSPGO,SINPGO,

Figure 5-11. Subroutine FEVAL
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C

C

C
C

C
r

C
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S

2VOT'ZDO'COSIO,SINPO,LI,LI,LI,ISOVV,FOH,SNBETO,CSBETO,FOT,AOT,
3ETAOVV,LO,BETOV,LOVEL,BETOVV,VO,FSUBX,FSUBY,BLTFQ_BETFV_,LFO,R,

4ETAFVV,TERM_,TER_B,SIN_,COSB,VFH,TF,BETFVV,BETAF,BETAFV,PSF,SINGF,

5COSGF,DELI,DEL2,DEL3,W,CC,F,G,H,FX,FY,FZ,GX,GY,GZ,HX,HY,HZ,PAO,LF,

6ERRBF'ERRRFV,ERRLF,B_F(6),BBFV(12),LLF(61,XDO,YDO,XDOP,YDOP,FB,

7FBV,FL,GB,GBV,GL,HP,HBV,HL
BETFT=BETFQ

BETFVT=BETFVQ

LFT=LFQ

SINB=SIN(BETFT)

COSB=COS(BETFTI

TERMA=I.O/(I+M*LFT*LFT)

ETAFVV=( R -I*T_PMA)*GR#V*_!NB_C©SB

VFfI=LFT*BETFVT*COSB

TFRMB=3°Q*(VOH+VFH)/(ETAOVV-ETAFVVl

DEFINE AND TEST COPK. THIS IS A TEST OF THE QUANTITY WHICH APPEARS
UNDER THE RADICAL IN THE CALCULATION OF !F. TmIS TEST HAS BEEN
INCLUDED TO ASSURE PROGRAM CONTINUITY IN THE EVENT THAT ONE OF THE

SETS OF TRIAL SOLUTIONS (SUokOUTINE GUESS) SHOULD PRODUCE A
NEGATIVE QJANTITY AT THIS POINT (THIb IS NOT U,NUSUAL). THIS

FEATURE PERMITS AUTOMATIC NEJLCTION OF THAT SET OF TRIAL SOLUTIuNS
_EFORE A SORT SUBROJTINE ERROR IS ENCOUNTLRED. HOWEVER, IF THE
©UANTITY UNDER THE RADICAL SHOULD tJLCOME _NEGATIVE DURING THE

EXTRAPOLATION (AS CAN HAPPEN I£ THE PROCESS IS NOT CONVERGENT)

THEN THE PROCESS WILL C#USE OVERFLOW,

CORK=TERMF_-TERMB-12. n* ( LO*FNBETO-LFT_SI NB ) / (ETAOVV-ETAFVV)
IF(CORK) 1,2,2

1 F=O

G=O
H=O
GO TO 3

2 TF=-TERMB-SQRT(CORK)

BE TFVV=TERM.&*r4_GR _V_LFT-_S I NB
BETAF=BETO+ I BETOV+RETFVT )/2 °0*TF

1 +(BETOVV-BETFVV) /12.0*TF*TF

BE T AFV= TL R_v_,_ ( '4*LO_VO T + I -xP SOVE L+M*G RAV* ( LO* TF_SNB E TO
1 + (7, O*VOl'l+3 • O_VFH )/20 • O#TF*TF + (3, O*ETAOVV-2,0*E TAFVV ) /

1 60.O*TF*TF*TF) )
F=_ETAF-BETFT

G=F? E T4FV-BE-T FVT

PSF=PSO+(PSOVEL+BET FVT)/2.0_TF
1 + (P SOVV-_ETFVV ) / 12 • 0_TF _TF

GAMMF=1.5708-ALPHA+BETFT-PSF

S I NGF=SI N (GANMF)
COSGF=COS ( GAMMF )
XD=-LFT*SI NGF

YD=LFT*EOSGF

DELI=L1-SQRT ( (XD-A)_(XD-A)+(YD-E)*(YD-E)+(ZDO-E)_(ZDO-E) )
DEL2=L2-SQRT ( (XD+B)*( XO+B)+(YD-D)_-(YD-D)+(ZDO-E )_(ZDO-C) )
DEL3=L3-SQRT ( (XD+B)_(XD+B)+(YD-C)*(YD-C)+(ZDO-D).(ZDO-D) )
W=2 • O* ( F11_-r_EL1+F22*DEL2+F33_-gEL3 )
H= 1/2.0 _ ( I*P SOVEL*PSOVE L+f,,!_VO_VO )-BE TFVT*BETFVT / ( 2 • 0 *

1 TERMA ) +M*GRAV_ ( LO*CSBE TO- LFT* COSB ) -w
3 RETURN

END

Figure 5-11. Subroutine FEVAL (Concluded)
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TITLE

AUTHORS

DATE

PURPOSE

CALL

INPUT

OUTPUT

SOLN

R.O.ALDERSON AND L.E.AN:]aRSON

I0-31-64

TO EXTRAPOLATE TRIAL SOLUTIUNS Tu TRUE SOLUTIONS

.¢CLN

FROM BEST SET OF TI-tlAL SOLUTIONS AND FROM, INPUT DATA
TO MAIN PROGRAM

SYMBOL DEFINITION

BETFT BEST TRIAL VALUE OF FINAL STABILITY ANGLE (RAD)

BETFVT BEST TRIAL VALUE OF FINAL STABILITY ANGULAR

RATS (RAD/SEC}

LFT BFST TRIAL V_LJE OF DISTANCE FROM FOOTPAD TO

VEHICLE CG (PROJECTED IN PLANE OF MOTION} IFT)

CC COUNT OF NUMBER OF _XTRAPOLATIONS
BETF_ THESE QUANTITIES ARE

BETFVQ DUMMY VARIABLES DEFINED

LFQ FOR ENTRY INTO FLVAL SUBROUTINE
F,G,H DIFFLRENCL FUNCTIONS CALCULATED BY FEVAL

FB FBV FL THESE QUANTITIES ARE THE PARTIAL

GB GBV GL DERIVATIVES OF F,G,H WITH RESPECT TO
H6 HBV HL BETFT,BETFVT,LFT

FX FY FZ REDEFINITION OF

GX GY GZ PARTIAL DERIVATIVES

HX HY HZ FOR CONVENIENCE

XF.YF.TF REDEF!NITION O_ BETFT;BETFVT;LFT FOR

CONVENIENCE

DX,DY,DZ INCREMENTAL CHANGE IN BETFT,bETFVT,LFT FOR USE

IN THE EXTRAPOLATIQN

ERRBF THESE QUANTITIES

ERRSFV ARE ERROR CRITERIA

ERRLF FOR THE EXTRAPOLATION

SOLUTIONS TO SIMULTANEOUS SET OF EQUATIONS ARE PRINTED AND
ALSO USED L_TER IN THE MAIN PROGRAM

SUBROUTINE SOLN

REAL LLF,I,M,LO,LFT,LI,L2,L3,LOVEL,LF,MINIDX,LFQ,INDEX

COMMON ALPHA,XVEL,YVEL,BETO,PSO,X,Y,Z,XPAD,YPAO,ZPAD,I,M,A,_,_BD,

1E,Fll,F22,F33_PSOVEL,GRAV,SINA,CObA,VOH,GAMMO,PGO,COSPGO,SINPGO,
2VOT_ZDO,COSPO,SINPO,Li,L2,L3,PSOVV,FOH,SN_ETO,CbbE[O,POI,AOT,

3ETAOVV,LO,BETOV,LOVEL,BETOVV,VO,FSUUX,FSU_Y,_ETFQ,BETFVQ,LFQpR,

4LTAFVV,TERMA,TERMB,SINB,COSB,VFH,TF,BETFVV,UETAF,BETAFV,PSF,SINGF,

5COSGF,DEL!,DEL2,DEL3,W,CC,F,G,H,FX,FY,FZ,GX,GY,GZ,HX,HY,HZ,PAO,LF,

6ERRBF,ERRBFV,ERRLF,BBF{6),BBFV{12),LLF{6),XDO,YDO,XDOP,YDOP,FB,

7F_V,FL,GB,GRV,GL,H_,HBV,HL

INITIALIZE CC,THE NUMBER OF EXTRAPOLATIONS WHICH HAVE BEEN

PERFORMED

CC=O

Figure 5-12. Subroutine SOLN
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_ # ....

REDEFINE PARAMETERS FOR CO.NVENIENCL IN PRINTING

XF=RETFQ

YF:BETFVQ

ZF=LFQ

PRINT 951

PRINT 951

PRINT 77

FORMAT(15H

GO TO 8

BETFQ=XF

BE T F vG= YF

LFQ=ZF

C_LL FEVAL

ITERATION DATA )

TLST OF (F+G+H) TO PRLVLNT OVERFLOW IF THIS _UANTITY =0 EXACTLY

IF (F+G+H)

G=I.O/F

CALL DEVAL

5,6,5

DETERMINE _XTRAPOLATION INCREMENTS

DEL=FX_GY*HZ+FY*GZ_HX+FZ_GX_Hy-FZ_GY_HX-FY*GX_HZ-FX_GZ*HY

DX=I-F*GY_HZ-FY_GZ*H-FZ_b_HY+FZ_GY_H+FY_G_hZ+F_GZ_HYI/DEL

DY={-FX_G_HZ -F_GZ_HX-FZ*UX_H+FZ_G_HX+F_GX_HZ+FX*GZ_HI/DEL

DZ=I-FX*GY_m--FY_G_HX-F_GX_HY+F_GY_HX+FY_X_{H+FX_G*HYI/DEL

PRINT O5!

FORM_T(1Hn)
PRINT 20m8,XF,YF,Z_,DX,DY,DZ

FORM_TI8H XF=,EII.5,gH YF=,EII.5,gH

1 DX=,E!J._,gH DY=,EII.5,9H DZ=,FII.5)

PRINT 2C09,F,G,H

FCRM#T(8H F=,EII.5,gH G=,EII._,9H

ZF=,EII.5*gH

H=,EII.5)

[)L:LTERMINE NE_'_' VALUE OF VARIABLES _ASE!) ON HALF THE INCREMENT° THE
FACTOR OF A HALl- I" INTRUDUCLO ARBITRARILY FOi.< STABILIZATIOiN uF

T:--IE EXTRAPOLATION PROCEDURE

XF=XF+DX*.5

Y==YF+DY_.5

ZF=ZF+DZ*.5

RET_F=XF

BETAFV=YF

LF=ZF

COUNT NUMBER CF EXTRAPOLATIONS AND STOP PROGRAM IF CONVERGENCE

DCES NOT OCCUR IN 25 STEPS

CC=CC+I

IF(CC-25) 7,4,4

7 IF(ABS(DX)-ERRBF)

2 IF(AnS(DY)-ERRBFV)

3 IF(APS(DZ)-ERRLF)

RETURN

END

2,2,1

3,3,1

4,A,I

Figure 5-12. Subroutine SOLN (Concluded)
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TITLE

AUTHORS

DATE

PURPOSE

CALL

INPUT

NO T E

DEVAL

R.G.ALDERSON AND L.E.ANDLRSON

10-31-64

TO DETERMINE VARICUS PARTIAL DERIVATIVES OF THE

DIFFERENCE FUNCTIONS WITH RESPECT TO INDEPENDENT

VnRI_BLES

TAREE

_FVAL

FROM BEST SET OF TRIAL SOLUTIONS AND FROM QUANTITIES
EVALUATED IN MAIN PROGRA;_

ONLY PREVIOUSLY UNDEFINL..; TERMS '_,ILL mL DEPINL:O HLRL

SYMBOL DEFINITION

TERMC THESE QUANTITIES
TER_D

TERSE ARE CONVENIENT
TERMF
T=R_G GROUPINGS OF

T:RM1
T_RM2 PARAMETERS

TERM3

TF_V PARTIAL TF WITH RESPECT TO _ETFVT

TF_ TF BETFT

VFHBV VFH BETFVT

VFHL VFH LFT

VFHB VFH BETFT

ETVVB ETAFVV BETFT

E[VVL ETAFVV LFT

BVVB eETFVV BETFT

BVVL BETFVV LFT

TFL TF LFT

FBV F BETFVT

FB F BETFT

FL F LFT

GBV G BETFVT
GB G BETFT

GL G LFT

G&_BV GAMMF BETFVT
GnMB G_MMF BETFT

G_L GAMMF LFT
DEL1BV DELl BETFVT

DEL2RV DFI 2 BETFVT
DEL3BV DEL3 6ETFVT
HBV H BETFVT

DELIB DELl BETAF
DEL2B DEL2 BETAF
DEL3B DEL3 BETAF

H8 H BETAF
DEL1L DELl LFT

DEL2L DEL2 LFT
DEL3L DEL3 LFT

HL H LFT

Figure 5-13. Subroutine DEVAL

BENDIX ......PRO[)Ij(..o_:, _,_::............. ,, #:._,,_L .....................
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OUTPUT

_ _i _#

_,_ _, _ ,_,:_,

PA;-<T1AL DEXIV_[IVES USE__.) IN SU:Bm(.,UTI_,L SOLm

StJBRCUTINF DEVAL

REAL LLF,I,P,I,LO,LFT,LI_L2,LB,LOVEL,LF _MINIDX_LFQ,INOEX

COMMON ALPHA,×VEL,YVEL,:_LTO,RSL:,X,Y,Z,XPAD,YPAD_ZPAU,[ ,I,I_A,d,Cg_,
1E,F 1 ] ,F22 ,FB3 ,PSCVEL,GRAV,SI NA ,COSA,VOH,GAMMO,PGO,COSPGO, SI,_PGu ,
2VOT ,ZDO, COSPO, SI NPO, L1 ,L2 , L3 _DSOVV,FOH, SNBETO,ES_E TO,FOT,AOT ,

3ET ¢OVV, LO, BETOV,LOVEL, SL ToVV, VO, F 5U_X, FSL_LY _ dm TFQ, 6_ TFVQ, LFQ, R,

_ETA=VV,TERVA,TERMB,SINB,COSB,VFH,TF,B£TFVV,BETAF,BETAFV_PSF_SIi\GF_
_CI3SGF,DELI_DEL2_DELB,W,CC,F,G_H,FX,FY,FZ,GX_GY_GZ,HX,_Y,HZ,PAO,LF_

6ERR_F,Ei_R_FV,ERRLF,BBFI6),_FVII2),LLF(5),XDU,YDO,XDOP,YDOP,F_,

7FbV,FL,'3B,GRV,GL,H_,H_V,HL

BET=T=BETFC

BLTTVT=BETFVQ

LFT=LFC

TEqMC=LO*SkBETO-LFT*SINB

TLRMD=ETAOVV-ETAFVV

TF_V=-b.0*LFT_COSIB/TERMD-3.0*TE_Mo_LFT*EOS_/

I(TERMD*SQRTITER_IB*TERHB-12.0_TERMC/TERMD)I

TLRMF=CO_B*#OS[_-SIN[_*GIN_

T=P=_,Q_L;T*BETFVT*SINB/TERMO-TFR[_/TER_!D*

]G_AV*TfRME_( R -I*TERMA)-(2,0*TffRM_*(-3,C_LFT*BETFVT*$INB/

1TERMD+TERM[_/TERMD_QR_V*TER_E_( R -I_TFRMA) )+12,O*LFT *

1COS_/TERI_D-12,0*TERMC/(TER[.'_*TERMD)_*G_.<_V*( R -I*TERMA)*

1TERME)/(2,0_S_RT(TERMS*TE:_B-12,O_TER_<C/TERMD) t

VFhBV=LFT*COS_
,./FHL=BETFVT_COSB
V_M_=-L_T_RFTFVT_[NB

ETVVQ=GR&V*( R -I_TER_A)_TERME

ETVVL=2._*'d*GRAV_I_LFT*TERMA*TER'.tA*SII_*CbSB
#VVm=M*bR_V_LFT*COSR_TERMA

RVVL=M*GR_V*SINB_TERICA-2.O*M*M*I_FT_LFT_GRAV*SINB*TERM4_
_TERMA

TFL=-2.O/TERMD*VFHL-TER_/TER:_D*ETVVL -

l(2.0*TERMB_(3.0/TERMD_VFHL+TERMB/TERMD*ETVVL)+12.0/
1TERMD*SINB-12.0_TERMC/(TLRMD*TERMO)*ETVVL)/(2.0 *
ISORT(TERMB*TERMB-12.0*TERMC/TERMD))

ThRMF=(dETOV*BET{Vi)/2°O+(bETOVV-umTFVV)*TF/6.0
FSV=TERMF_TFBV+TF/2.0

FB=-I+TERMF*TFB-TF*TF/12.0*BVVb

FL=TERMF*TFL-TF*TF/12.0*BVVL

GbV=-I.0+M_GRAV*TER_IA*((LO*SNBETO+I7.0_VOH+3°0*VFHI/10.0_

IT=+(9.0*ET_OVV-2.0*ET_FVVI/20.0_TF*TF)*TFbV+3.0*TF*TF/

!2n.O_VFH_V)

GR=M_GRAV*TERMA_((LD_SNBETO+(7,0_VOH+3,O*VFH}/10.O*TF+
][?oO*ETAOVV-2.0*ET&FVV}/2OoO*TF_TF}*TFR+3oO*TF_TF/20,O *
1VFH_-TF_TF*TF/_OoO*ETVVB}

THE FOLLOWING DETmRMINATION OF GL HAS BEEN SPLIT DUE TO COMPUTER
LIMITATIONS. HODGE AND PODGm ARE DUMMY VARIABLES

HODGE=M_GRAV*TERM_*((LO*SNBETO+(7.0_VOH+3.O*VFH)/IO.O*TF+(3.0*

1ETAOVV-2.0_ETAFVV)/20.O*TF*TF)_TFL+3.0*TF*TF/20.O*VFHL-TF*TF*TF/
23O._*ETVVL)

PODGE=2.O*M_LFT*TERM&*TERM^_(M_LO*VUT+I*PSOVEL+M*GRAV*(LO*TF*

1SNBETO+(7.0_VOH+3._VFH)/20°0_TF_TF+(3°O*ETAOVV-2.O*ETAFVV)/60°O.
2TF*TF_TF))

GL=HODGE-POOGE

TERMG=(PSOVEL+BETFVT)/2.0+(PSOVV-BETFVV)/6.0*TF
GAMBV=-TERMG*TFBV-TF/2.0
GAMB=I-TERMG*TFB+TF_TF/12.0*BVVB

Figure 5-13. Subroutine DEVAL (Continued)
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GAPIL=-TERMG _ TF L+T F-_TF / 12 • 0_idVVL
Tk-RM2=SQRT ( { I. F T'_ c I NGF-8 ) -x"x'2+ { LF T<-COSGF-C ) ¢_"2+ { ZDO-D ) "x"_2
T"RM2=SQRT I { LFT'_S I NGF-L} ) "_'2+ I LF -f'CO SGF-D ) "x'_'2 + { ZDO-C ) ** 2
TmRMI=SL_RT( {LFT*SI."4GF+A]'_'_2+(LFT-';COSGF-E)_'_2+IZDO-E}'_2

DE L I_V=- { A X-LF T*COSGF +E.*Lt- T_SI NGF } -X'GAMBV/T_RN 1

DE L 2-3V=- { -B_'LFT'_'COSGF+D* L F T* S ! NGF ) _'GAMBV/TERM2
DELBE':V=-{-B'_LFT*COSGF+C*LFT_'SI'IGF)_'GAMRV/TERN3

HOV=-RFTFVT/TERMA-2,,, 0"_" I F11"_DEL1BV+F22_'bEL2BV+

1F- ? _*r'EL B FW )

DEL ! 9,=-L FT* ( _,_COSGF+E*S INGF )*GAMB / TERM 1

:,EL28=-LFT* (-E3*COSGF+D*SI NGF I*GAMU/TERM2

DE L_L} =-LF T<-I-B*COSSF+C*S INGFI *GAMd/TERM3

rI2=M_GRAV*LFT*SINB -2o0*(FII'"DELId+F22*DEL2B+F23*DEL3BI

DEL !L=- ( LFT_ lA*COSGF+E<-S INGF )*GAML+LF T+A-_S I NGF-

1E-_CCSGF } / TERV,,Z
D= L2L=- ( LFT _ { -B*COSGF +D_-S I NGF ) *GAML+LF T-B_ S I NGF-D-_-COSGF

1TERM2

DEL3L=- LFT _(-B_-COSGF+C_xSINGF}_GAML+LFT-B_SINGF-C_COSGF
1TF_.ZRM 3

HL =-!,_* L F T_ _ E T FV T <-3E T I-VT-_,'I_G R A V* CO S L_- 2 • _-* ( F 1 ! "_DE L 1 L+

lr 2 2"x-r) E L2 L+F ? 3 _-DE L B L }
FX=_E
FY=FBV
FZ=FL

OX =GB

GY=GgV

GZ=GL

HX=HB

HY=HBV

HZ=HL

RF. TURN

END

Figure 5-13. Subroutine DEVAL (Concluded)

ALDERSON
ALDERSON
ALDERSON
ALDERSON

ALDERSON

ALDERSON
ALDERSON

ALDERSON
ALDERSON

ALDERSON
ALDERSON

ALDERSON
ALDERSON
ALOERSON

ALDERSON
ALDERSUN
ALDERSON

ALDERSON
ALDERSON

ALDERSON
ALDERSON
ALDERSON
ALDERSON

ALDERSON
ALDERSON

ALDERSON
ALDERSON
ALDERSON

ALDERSON

ALDERSON
ANDERSON

ANDERSON
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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 freodnm _nrnpl,_r urn ....... h_,_h

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
6-1.

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

xB(i, j)
YB (i, j)

= x of the ith strut of the jth leg set body attachment (hardpoint) in feet
= y of the ith strut of the jth leg set body attachment (hardpoint) in feet

6-1



4¢7_

X

l/z
/ /

No. 2 Strut

No. 3Strut. _ _',.. _._ _

_o._u_. _ / -'r'-__
"a "4.

N°'3Strut'W / / I _ _\

No 1 Strut j No. 4 Leg Set
No. lStrutJ '\_/_ No. 4 Leg _et _.

No. 2Strut _ No. 1 LegSet

No. 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, y, 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)

VAS LUG
U1

U2

U3

= 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).

= Mass of Vehicle in slugs.
= Mass moment of inertia of vehicle about vertical, x-axis (yaw), ve-

hicle coordinate system, in slug ft 2.
= Mass moment of inertia of vehicle about the y-axis (roll), vehicle

coordinate system, in slug ft2.
= Mass moment of inertia of vehicle about the z-axis (pitch), vehicle

coordinate system, in slug ft2.

6-2

BENDIX PRODUCTS AEROSF_ACE OlVIS_ON

II

1

i

1
i

!

I
I

II

1

I
1
I
!



N _ /'

BENDIX PRODUCTS AEROSPACE D_Vi_:_IO_

I-i

0
0

I,'%

0

0

e4
I

,i-4

6-3



FOTAC or _ =Mode of action of the ith footpad where value
FOTAC l(i)J 1 Corresponds to sliding on surface

(*See note below) 2 Corresponds to stationary on surface
3 Corresponds to off surface and thus moving with the vehicle.

V FOT (j, i) = Rh component of the vector position of the jth footpad in terms of

vehicle coordinates and relative to this system.
i = I is x component (in feet).
i = 2 is y component (in feet).
i = 3 is z component (in feet).

XCG or I

XCGI
YCG or

YCGI
ZCG or

ZCGI
V VEL

H VEL

ZDCG or _,
ZDCGI

WlE or'_
WIE1

W2E or
W2E1

W3E or
W3E12

Position of vehicle center of gravity in fixed (ground) coordinate
system and relative to this system, in feet.

= Initial vertical velocity of vehicle center of gravity parallel to
gravity vector, in ft./sec.

= Initial horizontal velocity of vehicle center of gravity, perpendicular
to gravity vector and in the direction of the principal slope in ft./sec.

Horizontal velocity of the vehicle center of gravity across the
slope, in ft./sec.

Angular velocity components about the x, y, and z vehicle axes respec-
= tively and expressed in terms of vehicle coordinate system in

Rads/sec.

PITCH or
PITCH 1

YAW or
YAW 1

ROLL or
ROLL 1

ETA or }ETA1

Initial vehicle orientation, in radians. See text on initial orientation
= of vehicle.

Ground slope, positive for downhill in positive X direction (fixed co-
= ordinate system) in radians.

Output Variables

TIME =

XCG }
YCG =
ZCG

PHI }
PSI =
THETA

Time after touchdown in seconds.

Position of vehicle center of gravity in fixed ground coordinates, inft.

Angular orientation of the vehicle relative to the fixed coordinates
system, in terms of the projections of the x and y vehicle axis on the
XY, XZ, and YZ fixed (ground) coordinate system planes, in radians
(see Figure 6-2 and sketch on the following page).

* Appearance of 'T' after any variable indicates the initial value of the
variable. Absence of the "1" indicates instantaneous values.
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Projection of
x Vehicle Coordinate
on _ Plane of Fixed
Coordinate System

Projection of y Vehicle
Coordinate on Y Z Plane of

Fixed Coordinate System

I x Moving (Vehicle)

X Fixed Coordinate / Coordinate

/ /_ Projection of
/ // __x Vehicle Coordinate

//./_I- on XY Plane of Fixed

Coordinate System

Psl f z

Y Fixed
Coordinate

y Moving (Vehicle)
Coordinate

I

i
I

I

I
I

I
I

Analytically

\ /_11 /

* : tan-I _II

8 =tan-I ( -_32_22)

XDCG 1YDCG
ZDCG
FORCE X

TORQZ

BETA

PXl I

PX2
PX3
PX4

Velocity of vehicle center of gravity in terms of the fixed coordinate
= system, feet/second.

= Net force acting on vehicle center of gravity in direction of X of the
fixed coordinate system, in pounds. (Includes gravity and footpad
action.)

= Component, parallel to fixed coordinate Z-axis, of torque acting
about c.g.

= Stability angle. See text on stability angle.

= Height above surface of footpads one through four respectively, in
feet.

6-5
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FXl}FX2 =
FX3
FX4

XBFTI_
XBFT2_ _-
XBFT3_
XBFT4f

ON MOON =

THEDT )
PHIDOT_ =
PSIDOT

BETADT =
CRUSH =

Force acting perpendicular to the surface on footpads one through
four, respectively, in pounds.

x component of VFOT for footpads one through four, respectively,
in feet. Or the component of the distance from the vehicle center

of gravity to four footpads in the direction parallel to the vehicle
_Y{_ nf ¢,rvwv_4"r,r
......... j ......... j •

Four digits representing FOTAC of footpads one through four,
respectively.
Components of vehicle angular velocity in the X, Y, and Z directions
for the fixed coordinate system. NOTE: These are NOT the rate of

change of THETA, PHI, and PSI previously defined except in the 1-2-1
landing configuration.

Rate of change of BETA.

Twelve digitsrepresenting the force causing mechanism in the twelve
leg struts in the order

Leg Set No.l

Strut

No.l,No.2,No.3

Leg Set No.2

Strut

No.l,No.2,No.3

Leg Set No.3

Strut

No.l,No.2,No.3

Leg Set No.4

Strut

No.l,No.2,No.3

The digit code is as follows:

0
1
2

3

8
9

-- 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.

= Strut streched beyond original length, but less than 10,000 lb. force.
= Strut in tension more than 10,000 lbs.

The basic computational flow required to determine the trajectory of a non-planar lunar
landing is as follows:

. From the geometry of the leg sets, calculate the forces in each leg set (see

subroutine FORCE) and liftfrom the surface any footpad with negative ground
force.

. 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.

. Integrate(see subroutine INTEQM) the Euler and Newton equations to find the

new vehicle positions expressed in terms of center of gravity translationand

vehicle orientation,by direction cosines. (A t is determined by the rate of
change of the torques and later checked in INTEQ.)
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m _i_ _

I Check to see if any4. footpads have just contacted the surface and compute
geometry of all the leg sets in contact with the surface.

I 5. Check stability and print sufficient information to reveal detailstrajectory
for analysis.

I 6. Return to I.

The infinitesurface - footpad coefficientof frictionused in the calculationssignificantly

i simplified the process. No slip of any footpad on the surface is allowed. Footpads areremoved 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.

I 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:

I 1. I Ffriction I = _ IFnormal ]

2 Direction of friction force = opposite to direction of motion.

I Infinitesurface 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

I sys_enis, _, -, a, iu Z _L_d _gruund) _ourdina_es 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

I system.

I _"_" VehicleI

Fixed (Ground) and Moving (Vehicle) Coordinate Systems

6-7
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d

The equations are in matrix form

for conversion from vehicle to ground coordinate systems

(1)

and

Ix,I: t c.1 (',
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:

. A pitch rotation from XF, YF (fixed coordinate system),to a Xl, Yl position,
as shown below.

XF

Xl_ _Yl
Pitch Angle

i _ YF

Pitch Rotation

2. A yaw from xl, Yl, z I, to x2, Y2, z2

Zl

z2

Y2

Yl

Yaw Rotation
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I ogZ
I

I 3. A roll from x2, Y2, z2 to vehicle coordinate final positions of XB, YB, ZB.

x2
XB!

11 Angle

I _ , _ z2

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, YK, ZK, @K, @K, @Kposition 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 (Xl, X2, X3) and the "v_e_i_e"
_oordinate system (Xl, 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 Xl

I

I
I

X3

X2

CG

x3

x2

6-9



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 = _-':_FX/m

_CG = _-:_FY/m

_CG = _'_ FZ/m

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.

(3)

(4)

Jr-_

With this done these torques G1, G2, G3 which are the torques about the Xl, x2, and x3
axes (positive clockwise looking at the origin} respectively, give rise to angular velocity
changes according to the Euler equations

U 2 - U 3
= G1/U1--+ (6)

U1

1

¢_2 = n (G2 +(U3 -U1) WlW3) (7)

U2

1

3 =_ (G3 +(U1 -U2) _1 w2) (8)

U3

where U1, U2, andU 3 are the moments of inertia of the vehicle body about its Xl, x2, and
x3 axes and w 1, w 2, and ¢_3 are the angular velocities around these axes (positive clock-
wise looking at the origin).

In Equation (6) the term U2 -U3 ( ¢_ 2 w 3) is zero if Xl is an axis of symmetry. The diffi-
U1

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, _(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.

If the _, j, _) triad is expressed in terms of the fixed triad (I, J, K) with components
expressed as i (_, i" (_), etc., where _ (D is the _ - component of -_, etc., thus for ._(i, j):

,_(I,I) = i (I) ,_(1,2) = j (I) _ (1,3) = k (I)

(2,1) = i (J) _ (2,2) = j (J) _ (2,3) = k (J)
X_(3,1) = i (g) _ (3,2) = j (K) _ (3,3) = k (g)
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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:

r
co x x _xr

Radial Tangential
Component Component

..k

r is where a vector originates at the C.G.

--A ...k

Ifwe let_ be,.in turn, the _, j,and k vectors we can, by integrating,findthe position of

the i,j,and k vectors at the end of the itera_on interval. This is an especially convenient
choice of_ because we can,from the new {_,j,k-_,easilyfindthe new _(i, j)and thus any

point on the body can be located inthe fixed coordinate system from itsknown position

on the vehicle body. (For example, the hardpoints can be found quickly.)

Considering that _ is any vector expressed in terms of the vehicle coordinates, we have

"_ { _ (At)2 -#. _,rnew= (_avgX(WavgX_old)+ _x-roldy 2 +rold A t+rol d (9)

The symbol V (m, n) is introduced to denote the nth component in the _, _,_k-_ triad ('/= 1,
"_ = 2, k = 3) of the new position of the mth vector where m = 1 denotes the i vector, etc.

.--1 .-t

For V(l,n): _x(_x_)=_x(co2_+ co3k) xi

= cox (-co2k+co3 = (col_+ co2j+_ x (-co +co

= colco2_+ colco3_ - (co22 +co32)?

Similarly, for V (2, n):

___,____ , .2 ....2,_ .... _ ......
-- _z, _. ji -- - _w I T _O I J T _tO]L T wA W _ X

and

for V (3,n):

(_ k) -" co12 +co2 2 -_ __cox x = co2 co3j "( ) k+_lco3 i

for V (I, n):

==_

coxi=- ¢b2 _+_3j

for V (2, n):

_& .._

&xj= &i k- ¢_3 i

6-11
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for V (3,n):

_xk= - + i

Also for V (I, n):

i'old = iold = - _ 3j + w 2 k

and for V (2, n):

Jold = w3 1 - Wlk

for V (3,n):

._ .-t -.t

kold = -¢_2i+ @lj

All of these quantitiesare combined to give the values of _new (denoted by V (m, n)) using

Equation (9).

__ -_)The new r (thatis,new i,j,and 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 __

aire__tioncosines, ,_(i,j). First, itshould be noted that the components of the new i,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 translationwithout rotation.
Thus

3

_(i, J)new = E _(i, k)ol d . V (j, k) (10)

k=l

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 newjth 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 (prey) + XCG At + FX (II)

2 VASLUG

YCG = YCG (prev)+ YCG

ZCG = ZCG (prev)+ 7'CG

At+Fy At2 (12)

2 VASLUG

A t + FZ at2 (13)

2 VASLUG

These constitutethe INTEQM Subroutine Outputs.
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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.

Vnew = Vold +
av

dt +
St

old

terms of the
form r

8 2V dt 2

0 t2 2
old

terms-of the

form ¢ox w x
and w x

It3 + • • • (14)
Iold 6

a2V
differences in

at2

from present and previous
time increments divided
byat.

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.

@

_rD

O ""_

C9_

O

"3

@
•_ .
r_

Force Assumin_ Strut Re-extends

without force After Once Crushing
(This Form Used in Correlation Runs)

Force Assuming Ratchet
Mechanism on Strut.

(Present Program)

Length

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.

StabilityDetermination

The basic idea of the instabilitycheck is simply that,ifthere 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

instabilityin the generally downhill direction is provided for an all-directionalinstability

check could be provided by simply adding an uphillstabilitycriteria essentiallyidentical

to the present downhill case described below.

The BETA value is derived as follows: (See Figure 6-3 for nomenclature.)

T
ZCG

i_

Z

C

\ _¢CG (Z & Y Velocity Components
B \

\ Fixed Coordinate System)

Vehicle C.G._,_ \ '\\

/;_ \\\

\ \

2\"YCG _ \

XCG tan _ \
i i C

B

y

View Looking Down on X Axis - Fixed (Ground) Coordinate System

6-14
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B-B is a line perpendicular to the vector VCG 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

VD_G(_D_)AA = arctan _______ (15)

ZDCG

Now we can write an equation for the lineB-B

Y =C1+C2 Z (16)

C2 = - tan (AA) (17)

YCG=C1 -tan(AA) • ZCG (18)

•".C 1 = YCG + tan (AA) ZCG (19)

Y = YCG + ZCG tan (AA) - Z tan (AA) (20)

( ZDCG _=Using AAA = y_/ 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 lineB-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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I

I
I

I
I

I
I

I
I

I
I

I
I

I

I
I

I
I

I

End View of Line B-B

! \ / _ VCG (Z & "_Components)

End View /] \ ', _- Footpad with Greatest Value of
Li.eC-CofJ _- _ ._ [YFP+ZFP _A ]

D = [YFP + ZFP.AAA - YCG - ZCG-AAA] Cos (AA) (24)

D = FPTEST. Cos (AA) (25)

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 6-4through 6-13ar_ 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.

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.

J

NO / Are footpads 1--,_ 4 _k

\ touching the ground? ?Test each separately.

I
YES

221 _ "

Final positions of those footpads which are on the
ground in fixed coordinates system,

Figure 6-5. Three Dimensional Landing Dynamics
6-19



LAND 3D

/

Stop run and |
print summary
output.

v

223 1
Call "STAB"

Determine stability angle BETA.

!

NO < Is vehicle ? stable >S

Page 2

d

Is this a print
interval ?

I
r

Print "ON LINE"
Data.

ii

Call "DATA"

Store data for delayed

output.

Call "CONFIG"

Determine strut lengths torques
and forces acting on vehicle

6-20

Figure 6-5. Three Dimensional Landing Dynamics (Continued)
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I

I

I

!

I

I

I

I

I
I

I
I

I

l
!

l
I

I

I

LAND 3D

Set iteration interval
DT = 0,0005,

!

Are all four footpads off the
ground ? YES

32

Set iteration interval
DT = 0.05 sec.

Page 3

34

V
&

Is more than one foot _k YES
off the ground? /

86

Set iteration
interval DT = 0.01

34

88

I ,

r

_Will any footpad strike _E

surface during next DT S
time interval?

89

Set iteration interval
DT = 0.002 sec.

I

Adjust DT to occur at exact
print interval.

Figure 6-5. Three Dimensional Landing Dynamics (Continued)
6-21
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YE_ Is vehicle velocity in X-Y >plane zero or negative?

LAND 3D Page 4 i

Call "INTEQM"

This subroutine integrates Newton's equations to !
determine vehicle motion.

i '
!

NO / is vehicle C.G. below surface _ STOP _ I

I
relocityJ \ NO I

oroe_ I ! i
Y

l _o_/H_t,_e•_oac.e__Z'_ i
______ I \ maximum time? / I

startReturn to Program / / i
and read data

new input /
series.on terminate run / t i

---r--- I I Print time I i

_) Return to 98 for next Printst°red i I___ iteration interval output

6-22 Figure 6-5. Three Dimensional Landing Dynamics (Concluded) I



INPUT SUBROUTINE INPUT

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

INPUT )

Read input data cards,

Print Input data as part of output record.

Figure 6-6. Subroutine - INPUT

I0-5-64

Page 1
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INIT SUBROUTINE INITIALIZ E 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

Determine strut lengthsat which plastic stroking begins

I Set additional program Iconstants

Determine direction cosines

(SCOS (I, J))for all footpad
positions

6-24

Figure 6-7. Subroutine - INIT



LEGTYP SUBROUTINE LEGTYPE

This subroutine sets crush stroke loads and springrates for the struts.

No

LEGTYP >

Is the strut (I) an > Yesupper (Primary) strut

Set indicator flag S¢
Crush force = 5411 lbs.

I

Set Strut spring rates

Set indicator flag S
Crush force = 1737 lbs.

I

Figure 6-8. Subroutine - LEGTYP

10-5-64

Page 1
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STAB SUBROUTINE STABILITY

This subroutine defines the stabilityangle BETA.

<

l STAB

Determine vehicle orientation and angular

relationships.

Determine stability angle IBETA

Is PSI greater than has occurred previously during _ESthe run.

NO

Return to LAND 3D
at 1102

is vehicle stable?

> <

PSIMAX= PSI I

YES

Return to LAND 3D
atlZ7

RETURN >

6-26

Figure 6-9. Subroutine - STAB

I0-5-64
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DATA SUBROUTINE DATA STORAGE

This subroutine stores output data for printing at the end of the run.

DATA )

Store Output data
for later printing

1

Figure 6-10. Subroutine - DATA

10-5 -64

Page 1
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CONFIG SUBROUTINE CONFIGURATION 10-5 -64

Page 1

This subroutine determines the vehicle geometry in space.

CONFIG

Sliding

Print leg number 1

This branch provides for
a sliding mode ff friction
is not infinite. Not used
at this time

footpad
for each individual

(I)

off the ground

1,
stationaryNo// Does footpad (I) XYes

U-_ hit surface during ).ma._

I \this interval DT // _

Set flags I
to indicate this information for

output printing

Will footpad (I) strike surface_es
during next interval

fix footpad Ito surface

J
11

Determine XH, YH, and ZH - the X, Y, and
Z components of strut lengths for all 3 struts
of all four legs

6-28

Figure 6-11. Subroutine - CONFIG
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i

i
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I
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I

I

I
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I
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I

I

I
I

CONFIG

pick up strut lengths SSTRT and SPR by
equivalence to common storage

Call FORCE

28

This subroutine determines leg strut forces
as a function of strut length

Reset strut length since
it is stroking

Does the footpad (I) lift off

the surface during this time interval DT

22

find total forces and torques
acting on vehicle C. G.

Determines vector position
of I th footpad

Translate torques to vehicle
coordinate system

RETURN I

Figure 6-11. Subroutine - CONFIG (Concluded)

__,, ........_,_ AEROSPACE D_VISION% ....

Page 2
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FORCE SUBROUT_E FORCE 10-5-64

Page 1

This subroutine determines strut stroke forces as a function of strut length.

6-30

FORCE

,1
find lengths and direction cosines (in fixed coordinates
system) of the three struts of leg set "KRG" I

Call LEGTYP

This subroutine sets plastic strut stroke forces
and springrates for upper (primary) and lower struts

( }

/

No / is strut (I)in

\ tension?

(

No

Yes

Is tension load

greater than
10,000 lbs ?

Set tension loadequal to 10,000 lbs.

}
Figure 6-12. Subroutine - FORCE

BENDIX PRODUCTS AEROSPAC__ (}_ViSION
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I

I
I

FORCE

set "ratchet" so strut may
not reextend and "uncrush" the

I honeycomb again

I @ ,10
I Determine frictional effects

I
I
I

I

I
I

I
I

I

I
I

I

Determine the sum of the forces

acting on the vehicle in the X, Y, and
Z directions (QFSUM, VFSUM and WFSUM)

RETURN >

Figure 6-12. Subroutine - FORCE (Concluded)

I3£!!N[)IX PROD_.]CTS AEROSPACE DfVISION

Page 2
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INTEQM SUBROUTINEINTEGRATEVEHICLE MOTIONS

This subroutine integrates the equations of motion for the vehicle.

INTEQM I

I Set the Eulerup Equations

° 1
find average values for vehicleangular velocities

I Calculate velocity Vectors !

s Taylor series error excessive_

Reduce iteration
interval size
DT = DT/2.0

Determine new velocity vectorcomponents

6-32

Figure 6-13. Subroutine - INTEQM

10-5-64

Page 1
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I

I
I

I

I
I

I

INTEQM h
Find new direction cosines

SN (I, J)

I Integrate to find angularvelocity at end of time interval DT

l
Integrate Newton's equationsby rectangular integration

Figure 6-13. Subroutine - INTEQM (Concluded)
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-I FOR LAND3D

C TITLE

C AUTHOR
r

r qATE

r PURPOSE
C

C
C
C

C METHOD

C

C

C

C NOTES

C
C

C

C
C

C

r

c

C
NO T E

c

C

C

r

C SUBROUTINES USED

C

C INPUT
C

C

C
c

C

6-34

L_ND3D THREE DIMENSIONAL LANDING DYNAMICS COMPUTER

PqOGRAN

DR,R, DIX THL BENDIX CORPORATION

NOVE_/FER, 1964

THIS PROGRAM DETERMINEF THE DETAILED VEHICLE MOTIONS

IN THREE DIMENSIONS FOR A LUNAR LANDING VEHICLE HAVING

FOUR TRIPODAL TYPE LEGS AS ILLUSTRATED IN BENDIX REPORT

NO, MM 64 - 9

THE PROGRAM DETERMINES LEG STRUT FORCES AS A FUNCTION

CF STRUT LENGTH, THESE FORCES PLUS GRAVITY DETERI_INE

VEHICLE MOTIONS BY INTEGRATION USING VARIABLE TIME

INCREMENTS DETERMINED BY ALLOWABLE ERROR TESTS

PROGRAM WRITTEN IN FORTRAN IV

FXECUTES ON UNIVAC 1107 COv, PUTER

THIS PROGRAM ASSUMES ZERO FOOTPAD MASS AND AN INFINITE
GROUND COEFFICIENT OF FRICTION

THE PROGRAM WILL NOT OPERATE IF VVEL AND HVEL ARm
INITIALLY ZERO SIMULTANEOUSLY

THIS PROGRAM WILL NOT OPERATE FOR UPHILL LANDINGS

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 PROGRESS, AS THE

RESULT OF THIS LIMITED CHECKOUT, THE RESULTS OF THIS

PROGRAM SHOULD BE USED WITH CAUTION

ALL UNITS ARE FEET_ SECONDS,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,

A_ENCE OF THE 1 INDICATES THE INSTANTANEOUS VALUE •

INIT

STAR

DATA

- READS INPUT CARDS AND PRINTS DATA AS PART OF

THE OUTPUT RECORD

- INITIALIZES LAND3D AND SETS PROGRAM CONSTANTS

- DETERMINES STABILITY ANGLE BETA FOR THREE

DIMENSIONAL VEHICLE

- 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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I
I

I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

DIMENSIONS

LEGTYP - SETS SPRING RATES AND PL#STIC STRUT FORCE

MAGNITUDE FOR ALL LEG STRUTS

FORCE - DETERMINES LEG STRUT FORCES AS FUNCTION OF SFRUT
L_NGTH AND SPRINGR_TE£ _ FTC,

INTEQM - INTEGRATES EQUATIONS OF MOTION OF VEHICLE

INPUT INPUT BY PUNCH CARD

INPUT FORMAT IS ILLUSTRATED IN BENDIX REPORT MM 64 - 9

INPUT DEFINITIONS

ETA1 (OR ETA) ANGLE OF SLOPE IN PRINCIPLE DIRECTION

FOTACI(II OR (FOTAC(1)) MODE OF ACTION OF THE I TH FOOTPAD

I = I. CORRESPONDS TO SLIDING ON THE SURFACE

I = 2 CORRESPONDS TO THE FOOTPAD STATIONARY ON THE SURFACE

I = 3 CORRESPONDS TO THE FOOTPAD OFF THE SURFACE

NOTE FOTACI(I) ARE PROGRAM INPUT CONSTANTS, SET THEM EQJAL
TO 3,0 FOR ALL RUNS

PITCH1 (OR PITCH ) INITIAL VEHICLE ORIENTATION

REPORT MM-64-9

YAW1 IOR YAW) INITIAL VEHICLE ORIENTATION

REPORT vM-64-9

ROLLI (OR ROLL) INITIAL VEHICLE ORIENTATION
RFPORT MM-64-9

H VEL

- SEE BENDIX

- SEE BENDIX

- SEE BENDIX

HORIZONTAL VELOCITY OF THE VEHICLE C,G, ( NORMAL TO
TmE GRAVITY VECTOR) AND IN THE DIRECTION OF THE PRINCIPLE

SLOPE, (IN THE Y DIRECTION IN (F) COORDINATE SYSTEM1

U1 MASS MOMENT OF INERTIA OF VEHICLE AoOUT X AXIS IN (>I)

COORDINATE SYSTEM

U2 _ASS MOMENT OF INERTIA OF VEHICLE AmOUT Y AXIS IN (M}
COORDINATE SYSTEM

U3 MASS MOMENT OF INERTIA OF VEHICLE ABOUT Z AXIS IN (M}
COORDINATE SYSTEM

VASLUG VEHICLE MASS

VVEL VERTICAL VELOCITY OF THE VEHICLE C,G, I PARALLEL TO THE

GRAVITY VECTOR}

VFOTIII,J) (OR VFOTII,J)) I TH COMPONENT OF THE VECTOR POSITION

OF THE J TH FOOTPAD IN (M) COORDINATE SYSTEM
I = 1 IS X COMPONENT

I = 2 IS THE Y COMPONENT

I = 3 IS THE Z COMPONENT

WIEI (OR WIE) ANGULAR VELOCITY OF VEHICLE ABOUT THE X AXIS IN THE

(M) COORDINATE SYSTEM

W2E1 (OR W2E) ANGULAR VELOCITY OF VEHICL_ ABOUT THE Y AXIS IN THE
(M) COORDINATE SYSTEM

W3EI (OR W3E) ANGULAR VELOCITY OF VEHICLE ABOUT THE Z AXIS IN THE
(M) COORDINATE SYSTEM

XB(2,4) X COORDINATE (HI OF THE I TH STRUT OF THE J TH LEG SET

BODY ATTACH POINT (HARDPOINT)

YB(2,4} Y COORDINATE (M) OF THE I TH STRUT OF THE J TH LEG SET
BODY ATTACH POINT (HARDPOINT)

ZB(2,4) Z COORDINATE (M) OF THE I TH STRUT OF THE J TH LEG SET

BODY ATTACH POINT (HARDPOINT)

XCG X POSITION OF THE VEHICLE C,G, IN (F) COORDINATE SYSTEM

Figure 6-14. Main Program (Continued)
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YCG Y POSITION OF [HE VEHICLE C,G, IN (F} COORDINATE SYSTEM

ZCG Z POSITION OF THE VEHICLE C.G, IN (F) COORDINATE SYSTEM

ZDCGI (GR ZDCG) HORIZONTAL VELOCIIY OF VEHICLE C,G, (NORMAL TO

GRAVITY VECTOR) NORMAL TO THE PRIRCIPLE DIRECTION OF

THE SLOPE ( IN Z mIRECTIC, N IN (F) COORDINATE SYSTEM)

OUTPUT PRINTED OUTPUT

OJTPUT DEFINITIONS

DETA

BETADT

BETAP

BETAMIN

STABILITY ANGLE SEE IExI BLNDIX REPORT MM-64-9

RATE OFI CHANGE OF T_E STABILITY ANGLE BETA

PREVIOUS VALUE OF BETA AT LAST ITERATION INTERVAL

MINIMUM mETA ANGLE REACHED DURING THE COMPUTER RUN

CRUSH O!JTPUT INDICATOR - TWELVE DIGITS , ONE FOR EACH STRUT,

REPRESENTING TmE FORCE CAUSING MECHANISM IN EACH STRUT

ORDER OF OUTPUT i 2 3 4

STRUT i 2 3 1 2 3 i Z 3 I 2 3

THE DIGITAL CODE IS AS FOLLOWS

0 NO FORCE BECAUSE FOOTPAD 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 LBS

DT

E

IE
FC

FSUMX

FSUMY

FSUMZ

FYGRAV

FXP

FYP

FZP

FORCEX

FORCEY

FORCEZ

IFORCX

IFORCY

IFORCZ

TORQZ

ITORC

FXI

FX2

FX3

ITERATION TIME INTERVAL

OUTPUT INDICATOR E=0 IF LEG IS NOT COMPRESSING OR THE

FORCE IN LEO IS LESS THAN 10000 LBS, E=I IF AT LEAST

ONE LEG IS IN TENSION GRFATER THAN 10000 LBS

SAME AS E
STRUT PLASTIC STROKE FORCE
SAME AS FXP
SAME AS FYP
gAME AS _ZP

GRAVITY FORCE IN Y DIRECTION IN (F) COORDINATE SYSTEM

FORCE IN THE X DIRECTION ON THE FCOTPAD

FORCE IN THE Y DIRECTION ON THE FOOTPAD

FORCE IN THE Z DIRECTION ON THE FOOTPAD

NET FORCE ACTING Ok THE VEHICLE C,G, IN THE X DIRECTION
IN THE (F} COORDINATE SYSTEM

NET FORCE ACTING ON THE VEHICLE C,G, IN THE Y DIRECTION

IN THE (F) COORDINATE SYSTEM

NET FORCE ACTING ON THE VEHICLE C,G, IN THE Z DIRECTION

IN THE (F) COORDINATE SYSTEM

SAME AS FORCEX

SAME AS FORCEY

SAME AS FORCEZ

COMPONENT OF TORQUE ACTING ON THE VEHICLE C,G, IN THE

X-Y PLANF

SAME AS TOROZ

GROUND REACTION FORCE PERPENDICULAR TO GROUND FOR FOOTPAD
NO° 1

GROUND REACTION FORCE PERPENDICULAR TO GROUND FOR FOOTPAD

NO, 2

GROUND REACTION FORCE PERPENDICULAR TO GROUND FOR FOOTPAD

Figure 6-14. Main Program (Continued)
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C

C
C
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NO. 3
FX4 GROUND REACTION FORCE PERPENDICULAR TO GROUND FOR FOOTPAD

NO. 4

IX1 SA_ AS _X]
IX2 SAME AS FX2

IX3 SAME AS FX3
IX4 SAME AS FX4

GSUM SUM OF THE TORQUES. USED TO CONTROL DT ( USED TO FIND IF

THE TORQUE IS CHANGING° IF THE DIFFERENCE BETWEEN GSUM
AND GSUMP IS LARGE , TAKE SMALL DT TIME INCREMENTS
IF THE DIFFERENCE IS SMALL TAKE LARGE lOT TIME INCREMENTS

GSUMP PREVIOUS VALUE OF GSUM

GND INDICATES IF ANY FOOTPAD IS ON THE GROUND

GND = i -- ONE OR VORE FEET ARE ON THE GROUND

GNm = 0 ALL FEET _RE OFF THF GROUND
IFLAG INDICATOR FOR CONDITIONAL RETURN TO MAIN PROGRAM
[TORE STORAGE INDEX FOR FINAL OUTPUT PRINTING
LINE LINE COUNT FOR OUTPUT _AGE ORDERING
LCOUNT MAXIMUM ALLOWABLE LINES PER PAGE OF OUTPUT DATA
ONMOON DIGITAL REPRESENTATION OF FOTAC FOR FOOTPADS 1 --4

RESPECTIVELY ( SEE INPUT DEFINITIONS FOR FOTAC)

PIll ANGULAR ORIENTATION OF VEHICLE IN (F) COORDINATE SYSTEM
SEE TEXT BENDIX REPORT MM-64-9

PSI ANGULAR ORIENTATION OF VEHICLE IN (F) COORDINATE SYSTEM

%EE TEXT BENDIX REPORT MM-64-9
THETA ^NGLLAR ORIENTATION OF VEHICLE IN (F) COORDINATE SYSTEM

SEE TEXT BENDIX REPORT MM-64-9

PSIDOT COMPONENT OF VEHICLE ANGULAR VELOCITY IN X-Y PLANE OF

IF) COORDINATE SYSTEM

PX1 HEIGHT OF FOOTPAD 1 ABOVE THE SURFACE AND NORMAL TO IT

PX2 _EIGHT OF FOOTPAD 2 ABOVE THE SURFACE AND NORMAL TO IT

PX3 HEIGHT OF FOOTPAD 3 ABOVE THE SURFACE AND NORMAL TO IT

PX4 HEIGHT OF FOOTPAD 4 ABOVE THE SURFACE AND NORMAL TO IT

PHIDOT COMPONENT OF VEHICLE ANGULAR VELOCITY IN X-Z PLANE OF

IF) COORDINATE SYSTEM

PSIMAX MAXIMUM PSI ANGLE REACHED DURING THE ENTIRE COMPUTER RUN

PRNI PRINT TIME I 0.0,0.04,0.04SEC, ETC)
gO STRUT LENGTH

gSTRUT(I,J) STRUT LENGTH OF THE J TH STRUT OF THE I TH LEG SET
T SPRING RATE OF THE UPPER STRUT
T2 SPRING RATE OF THE LOWER STRUTS
THEDT COMPONENT OF VEHICLE ANGULAR VELOCITY IN Y-Z PLANE OF

IF) COORDINATE SYSTEM
SCOS DIRECTION COSINES RELATING FIXED IF) AND MOVING (M)

COORDINATE SYSTEMS

SPRR(I_J) PREVIOUS SHORTEST LENGTH OF STRUT I OF THE J TH LEG SET

SNTRVL PRINT FREQUENCY ( EVERY 0.04 SEC.)

TIME TIME AFTER TOUCHDOWN

TYPEII) TYPE OF STRUT - STRUT NO, 1 IS TYPE i

STRUTS NOS,2 AND 3 ARE TYPE 2

. i^ :iV_L VFLOCITY OF VEHICLE C.G. IN X-Y PLANE OF (_
COORDINATE SYSTEM

XFIF(1) POSITION OF THE FOOTPAD I IN THE J TH (X,Y,Z) DIRECTION

IN THE FIXED COORDINATE SYSTEM

XCG1 (OR XCG) X POSITION OF VEHICLE C.G. IN (F) COORDINATE

SYSTEM
YCGI (OR YCG) Y POSITION OF VEHICLE C°G. IN (F) COORDINATE

SYSTEM

ZCGI (OR ZCG) Z POSITIUN OF VEHICLE C°G. IN (F) COORDINATE

SYSTEM

XSFCTP PARTICULAR VALUE OF XFIFII,J)

Figure 6-14. Main Program (Continued)
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C XFOT X CCORDINATE OF FOOTPAD

r XDCG VELOCITY OF VEHICLE CoGo

¢ c, ySTFM

C YDCG VELOCITY OF VEHICLE E.G.

C SYSTEM

C ZDCG VELOCITY OF VEmICLE C,G.

c SYSTEM

r X_FTI SAME AS VFOIII,I)

r XPFT2 _aME AS VFOTC2,1)

r X_FTB SAME AS VFOT(3,1)

r X_FT4 S_ME AS VFOT{4,I}

IN FIXED COORDINATE SYSTEM

IN x DIRECTION IN (F) COORDIi',,ATE

IN Y DIRECTION IN (F) COORDINATE

IN Z DIRECTION IN IF) COORDINATE

r XXFX(1) X POSITION OF FOOTPAD (I} IN THE IFI COORDINATE SYSTEM

,- _T THE INITIAL VALUE XCGI

r YFOTJ Y COORDINATE Ok FOOTPAD IN THE (F) COORDINATE SYSTEM

DIMENSION XXFX{4}

DIMENSION CGISI

COMMON/LSI/BET_P,BETTDT,BTAMIN,CRUSH(12),DT,E,ETA,FORCLZ,FOTAC(4}'

IFXP(41,_ORCEX,FORCEY,FC,FSUMZ,FSUMY_FSUMX,FXGRAV,FYGRAV,GI,G2,

2GB,GND,GNDF,I,ITORE_J,PSIM_X,SCOSIB,6),SPRRI4,3},SSTRUT(4'31'

3SO_SOI,SO2,TIME,TYPE(31,TUI4GZ,T,T2,UI,U2,U3,VASLUG,VFOT(4'31'WIL,

4_2E,W3E,XCG,XDCG,X(BI,XP(_I,XFIF(4,31,XSFOTP(4},Y(3},YB(3_4)'

5YCG,YDC3, Z(B),ZB(B,4),ZCG,ZDCG

COMMON/LS2/BETADTISOOI,ICR2HI(500),ICRSH2(500)_ICRSH3(500)_

IICRSH4(50C),IE,IFORCX,ITOR_,IXI(500),IX2(50C),IX3(500),IX415001 ,

2ONMOON(>OOI,PHI,PHIDOT(5OCI_PSIDOT(5OO),PXI_PX2,PX3,PX4,THETA,

3THEDT(5C0), TIME215OO),XbFTI(5001,XUFT2(5OO),XBFTB(500),

4XBFT4(500),IFORCY

COMMON/LS3/ETAI,FOTACI(4),HVEL_PITCHI,ROLLI_VFOTII4,_I,VVEL,

1W1EI,_2EI,_BEI,XCG!,YA_I,YCG1,ZCGI_ZDCG1

COMMON/LSS/GSUM,LCOUNT,LINE_PRNI_SNTRVL

COMMON/LS6/BETA,IFLAG,PSI

ECUIVALENCE IVASLUG,VASSI_(XH(II_XIIII,(YH(II,Y(III,

I(ZH(!),Z(!)),IFSLjMY,QFSUM),(FSUMZ,VFSUM),(FSU_X,WFSUM)

999 CALL INPUT

t""

C

C

CALL INIT

140 FORMAT(II9H TIME XCG YCG ZCG PHI PSI THETA XDC

IG YDCG ZDCG FORCER FORCEY TOROZ BETA PXl PX2 PX3 PX4 E)

]05

(-

c

f,.

106

THIS STATEMENT PUTS THE LOWEST FOOT DOWN ON THE SURFACE

6-38

DO 105 I=I,4

XXFX(1):SCOS(I,1)*VFOT(I,I)+SCOS(1,2

1 (I,B)+XCG

XCG=XCG-AMINI(XXFX(1).XXFX(2),XXFX{3

*VFOT(I,2)+SCOS(1,3)*VFOT

,XXFX(4))-O.O01

CG(1)=XCG

CG(2)=YCG

CG(3)=ZCG

DO 106 d=l,4

DO 106 I:i,3

INITIALIZE FOOTPAD COORDINATES IN (F COORDINATE SYSTEM

XFIF(J,I)=SCOS(I,I)*VFOT(J,I)+SCOS(I,2)_VFOT(J,2)

Figure 6-14. Main Program (Continued)
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I
i

I

!
950

F"

C

C
C
#-

98
C

F"

C

221

222

I

223

C

C

C

!27

122

132

c

c

141

1003

1004

121

C

C

+SCOSII,3)*VFOT(J,3)+CG(1)

FORMAT(IHI)

PRINT 950
PRINT 140

THE PRIMARY INTEGRATION DO LOOP STARTS HERE

THE PROGRAM RETURNS HERE AT THE START OF EACH INTEGRATION TIME STEP

DO 223 I=1,4

UPDATE VFOT

FOTAL:FOTAC(1)

IFIFOTAL-2.5)221,223,223

DO 222 d:l,3

VFOT(I,J)=SCOS(I,J)*(XFIF(I,I)-XCG)+SCOSI2,J)*IXFIFII,2)-YCG)+

SCOSI3,J)*(XFIF(I,B)-ZCG)

CONTINUE

CALL STAB

GO TO (l102,127),IFLAG

IS THIS A PRINT INTERVAL

IF(PRNI-TIME)I21,122,121

PRNI:PRNI+SNTRVL

CONTINUE

CALL DATA

FORM#T(F6°2,3F8°3,2F6.2,F7.2,3F7.2,318,FT.3,4F4.1,12)

PRINT 141,TIME,XCG,YCG,ZCG,PHI,PSI,THETA ,XDCG,YDCG,ZDCG,

IIFORCX,IFORCY,ITOR:_,EETA_PXI,_X2,PX3,PX4,1E

ITORE=ITORF+I

IFILINE-LCOUNT)IO03,1004,1004

LINE=LINE+I

GO TO 121
PRINT 950
PRINT 140
LINE=I
CONTINUE

E=O.O

CALL CONFIG

GND=O IF ALL FEET OFF GROUND

IF(GND-.5) 32,33,33
33 DT:.O005

GNDF:O.O

GSUM=GI+G2+G3
IF(ABS((GSUM-GSUMP+.2)/(GSUM+.I))-.I|

86 DT=,01

87 CONTINUE
GSUMP=GSUM

GO TO 34

DT:.05

86,87,87

GNDF:O UNLESS A FOOT WILL STRIKE' IN NEXT INTERVAL

Figure 6-14. Main Program (Continued)
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IF(GNDF-.5)

89 DT=.O02
88 CONTINUE
34 CONTINUE

GND=O.O

88,89,89

C_USE CALCULATION TO CCCUR EXACTLY AT THE PRINT INTERVAL

IE(TIME+DT-PRNI)

112 DT=PRNI-TIVF

Iii CONTINUE

CALL INTFQM

TIME=TIME+DT

III,iii,i12

CHECK TO RE SURE MOTIONS ARE MEANINGFUL

IF(XCG) 97,97,96
97 STOP

C_FCK TO _F £URE VEHICLE C.G. IS MOVING

96 VEL=SQRTIXOCG*XDCG+YDCG_YDCG)
IF(VEL) 95,95,94

95 PRINT 951,VEL

951 FORMAT(IOH VEL =,FI0,5)

GO TO Q99

9a

92

952

953

1102

C

C
C

6-40

lOCl

]002

1_00

]45

146

TEST TO SEE IF PROBLEM TIME EXCEEDS MAX° ALLOWABLE TIME

IF(TIME-2,O)98,98,92

PRINT 952,TIME
FORMAT(IOH TIME :,FIO.5)
P_INT 953,PgIVAX,BTAMIN,TIME
FORMAT(IOH FSIMAX =,FIO,5,1OH

PRINT 950

BIAMIN :,[ IO,5,10H TIME =,FI0,5

IF RUN IS OVER, PRINT THE FINAL SUMMARY PRINT

PRINT 146
LINE=I
ITORE=ITORE-I
DO I000 N=I,ITORE
PRINT 145,TIME2(N),IXl(N),IX2(N),IX3(N),IXaIN),XBFTl(N),XBFT2(N),

lXBFT3(N),XeFT4(N),ONMOON(N),THEDT(N),PHIDOT(N),BETADT(N)'

2PSIDOT(N),ICRSHI(N),ICRSh2(N),ICRSH3iN),ICRSH4(N)
IF(LINE-LCOUNT) 1001,1002,1002
LINE=LINE+I
GO TO 1000
PRINT 950
PRINT 146
LINE=I
CONTINUE
PRINT 950
GO TO 999

FORMAT(F6,2,417,SF7°2,2F8o3,F9,3,F8°3,15,314)

FORMATIll. 4H TIME FX1 FX2 FX3 FX4 XBFT1
1 XBFT4 ONMOON THEDT PHIDOT BETADT PSIDOT

END

XBFT2 XBFT3
CRUSH)

Figure 6-14. Main Program (Concluded)
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C

TITLE

AUTHOR

DATE

PURPOSE

CALL

INPUT SUBROUTINE INPUT

J.C.GIBSON BENDIX CORPORATION

NOVEMBER , 1964

THE SUBROUTINE READS THE INPUT DATA CARDS AND PRINTS

TmE INPUT DATA AS PART OF THE OUTPUT RECORD

CALL INPUT

NOTE ALL UNITS ARE FEET, SECONDS,RADIANS AND SLUGS

(M) DENOTES COORDINATE SYSTEM MOVING WITH THE VEHICLE

(F) DENOTES COORDINATE SYSTEM FIXED IN SPACE

APPEARANCE OF i AFTER ANY VARIABLE INDICATES THE

INITIAL VALUE OF THAT VARIABLE.

ABSENCE OF THE ] INDICATES THE INSTANTANEOUS VALUE .

INPUT PUNCHED CARDS

INPUT DEFINITIONS

ETA1 (OR ETA) ANGLE OF SLOPE IN PRINCIPLE DIRECTION

FOTACI(1) OR (FOTAC(1)) MODE OF ACTION OF THE I TH FOOTPAD
I = I CORRESPONDS TO SLIDING ON THE SURFACE

I : 2 CORRESPONDS TO THE FOOTPAD STATIONARY ON THE SURFACE

I = 3 CORRESPONDS TO THE FOOTPAD OFF THE SURFACE

NOTE FOTACI(1) ARE PROGRAM INPUT CONSTANTS, SET THEM EQUAL

TO 3,0 FOR ALL RUNS

PITCH1 (OR PITCH ) INITIAL VEHICLE ORIENTATION - SEE BENDIX
REPORT MM-64-9

YAW1 (OR YAW) INITIAL VEHICLE ORIENTATION - SEE BENDIX
REPORT MM-64-9

ROLL1 CUR ROLL) INITIAL VEHICLE ORILNTATION - SEE _ENDIX
REPORT MM-64-9

H VEL HORIZONTAL VELOCITY OF THE VEHICLE C.G. ( NORMAL TO

THE GRAVITY VECTOR) AND IN THE DIRECTION OF THE PRINCIPLE
SLOPE, (IN THE Y DIRECTION IN IF) COORDINATE SYSTEMI

U1 MASS MOMENT OF INERTIA OF VEHICLE ABOUT X AXIS IN (M)
COORDINATE SYSTEM

U2 MASS MOMENT OF INERTIA OF VEHICLE ABOUT Y AXIS IN (M)
COORDINATE SYSTEM

U3 MASS MOMENT OF INERTIA OF VEHICLE ABOUT Z AXIS IN (M}
COORDINATE SYSTEM

VASLUG VEHICLE MASS
VVEL VERTICAL VELOCITY OF THE VEHICLE C,G, ( PARALLEL TO THE

GRAVITY VECTOR)
VFOTI(I,J) (OR VFOTII,J)) I TH COMPONENT OF THE VECTOR POSITION

OF THE J TH FOOTPAD IN (M) COORDINATE SYSTEM
I = I IS X COMPONENT
I = 2 IS THE Y COMPONENT
I = 3 IS THE Z COMPONENT

WIE1 (OR WIE) ANGULAR VELOCITY OF VEHICLE ABOUT THE X AXIS IN THE
(M) COORDINATE SYSTEM

W2E1 (OR W2E) ANGULAR VELOCITY OF VEHICLE AUOUT THE Y AXIS IN THL

Figure 6-15. Subroutine - INPUT
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C
C
C
C

C
c
#-

C

c

C
C
C

F"

F-

c

C
C

1_,0
200

6-42

'¢,_Zl (OR

WIEI (OR

It,2E I (OR

W3EI (OR

Xa{2,L)

Y5_(2,4)

Zb 2,4)

XCG

YCG

ZCG

ZDCGI (OR

(M

W3C
(4'

WIL

( _

_2E
(v

W_,E

COORDINATE SYSTEM

ANGULAk VLLOCITY OF
CCORDINATL SYSTE_

ANGULAR VLLOCITY OF

COORDINATE SYSTEM

ANGULAR VELOCITY OF

COORDINATE SYSTEM

ANGt}L_R VELOCITY OF

(v COORmIN_TE SYSTFM

X COCRDINATF (Y) OF THF I TH

gODY ATTACH POINT (HAR!)PCINT)

Y COORDINATE (M) OF [HE I TH

_rIDY ATTAC_; POINT _HARDPCINT)

Z COORDINATL (M) OF THE I TH

_'DDY ATTACH POINT (HARDPOINT)

VLHICLL

VmHICLL

VLHICLm

VEHICLE

A_UUT

ABOUT

ABOUT

ABOUT

STRUT OF

STRUT (_F

STRUT OF

IF)

(F)

(F)

THL Z AXIS fin THE

THE X AXIS Im THE

THE Y AXIS IN THE

THE Z AXIS IN THE

THE J TH LEG SET

THE J TH LEG _ET

THE J TH LEG SET

X POSITION OF THL VEHICLE C.G. IN COORDINATE SYSTEM

Y POSITION OF THE VEHICLE C.G. IN COORDINATE SYSTEM

Z POSITION OF THE VEHICLE C.G. IN COORDINATE SYSTEM

ZC.CG) HORIZONTAL VELOCITY OF VEHICLE C°G. (NORMAL TO

Gi_AVITY VECTOR) NORMAL TO THE PRINCIPLE L)IRECTION OF

THE SLOPE ( IN Z DIRECTION IN (FI COORDINATE SYSTEM)

OLi T P UT I. PRINTED OUTPUT
2. EOUIVALENCE TO COMMON STORAGE

SUBROUTINE INPUT

COMMON/LSI/RETAP,RETTDT,BTAMIN,CRUSH(12),DT,E,ETA,FURCEZ,FOTACI4),

IFXP(4),FORCEX,FORCEY,FC,FSUMZ,FSUMY,FSUMX,FXGRAV,FYGRAV,G1,G2,

2GB,GND,GNDF,I,ITORE,J,PSIMAX,SCOS(B,3),SPRRI4,3),SSTRUT(4,31,

}SO,S01,502,TIME,TYPE(31,TOROZ,T,T2,UI,U2,UD,VASLUG,VFOTI4,31,WIE,

aW2E,W3E,XCG,XDCG,XI3),XB(3,4),XFIF(4,3),XSFOTR(4),YI3),YB(3,4),

5YCG,YDCG, Z(3),ZB(3,_),ZCG,ZDCG

CCM'_ON/LSD/ETA1,FOTACII4),HVEL,PITCH1,ROLL1,VFOTI(4,3),VVEL,

IWIEI,W2EI,W3E],XCGI,YAWI,YCGI,ZCSI,ZDCGI

R_-An INP' _" CARDS bY FORMAT SHOWN IN BENDIX REPORT MM-64-9_ ,.J

READ IO0,((XB(II,JJ),II:I,B),JJ=I,4),(IYB(II,JJ),II=I,3),JJ=I,4),

I((ZBIII,JJ),II=I,3),JJ=I,4),IIVFOTI(JJ,II),JJ=I,4),II=I,3)

READ IOO,(FOT_CI(II),II=I,4),VVEL,HVEL

READ 100oUI,U2,UB,XCG1,YCG1,ZCG1,WIE1,W2E1,W3EI,PITCHI,YAW1,

IROLL!,(TYPE(II),II=I,3),VASLUG,ZDCGI,ETA1

PRINT INPUT DATA AS PART OF OUTPUT RECORD

PRINT 200,

PRINT 201,

PRINT 202,

PRINT 203,

PRINT 204,

PPlNT 205,

PRINT 206,

(XR(II,JJ),II=I,3),JJ=I,2)

(XB(II,JJ),II=I,3),JJ=3,4)

(YB(II,JJ),II=I,3),JJ=I,2)

(YB(II,JJ),II=I,3),JJ=3,4)

(ZB(II,JJ),II=I,3),JJ=I,21
(ZB(II,JJ),II=I,3),JJ=3,41

VFOTI(II,I),II=I,4),(VFOTI(II,2),II=I,2)

PRINT 207,(VFOTI(II,2),II=3,41,(VFOTI(II,3),II=I,4)

PRINT 208,(FOTACI(II),II=I,4),VVEL,HVEL

PRINT 209,UI,U2,U3,XCGI,YCG1,ZCGI

PRINT 21n,WlF],W2E],W_EI,PlTCHI,YAWI,ROLL1

P_IN T 2]],(TYPFIII),II=I,B),V_SL_)G,ZDCG1,FTA1

FORMAT(IOX,6FIO.5)

FORMAT(IOH XR(I,I)=,FIO.5,10H XBI2,1)=,FIO.5,10H XB(3,1)=,FIO°5
1,1OH Xb(I,Z)=,FIO.5,10H XB(2,2)=,FIO,5,10H XB(3,2)=,FIO-5)

Figure 6-15. Subroutine -INPUT (Continued)
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201 FORMAT ]OH XB(I,3i=,FIO.5,10_4 XBI2,3)=,FI0,5,1OH XB(3,3}=,FI0o5

!,irH XB(I,_)=,_ID.S,IOH XBI2,4)=,_IO.5,1_H XB(B,4]=,FIO.5)

202 FCRMAT lOW YPII,I)=,FIO,5,10H YBI2,1I=,F]0.5,1OW YBIB,!)=,FI0.5

!,IOH YB{I,2)=,F!0°5,10H YB(2,2)=,FIO.5,1QH YBI3,2)=,FI0.5}

20_ FORMAT 10H YBII,3]=,FIO.5,10H YBI2,3)=,FIO.5,10H YBI3,3)=gFI0.5

1,10H YB(],4)=,F]0°5,10H YB{2,4}=,FIO.5,10H YB(3,4)=,FIO.5

204 FORMA T 10H ZB{1,1)=,FI0.5,10H ZB{2,1):,FI0.5,10H ZBI3,1)= FI0.5

I,I?H Z_II,2)=,FI0.5,10H ZBI2,2)=,F]O.5,10H ZBI3,2)=,F!0.5}

205 FORMAT ]OH ZBI],3}=,FI0.5,10H ZBI2,3}=,FI0.5,10H ZBI3,3}=,FI0.5

1,10H ZBII,4):,FI0,5,10H ZBI2,4):,FIO.5,10H ZBI3,4}=,FIO.5}

206 FORMAT(10H VFOT 1,1=,FI0.5,10H VFOT 2,1=,F10.5,10H VFOT 3,1= FI0°5
1,10H VFOT 4,!=,FI0°5,10H VFOT 1,2=,F10.5,10H VFOT 2,2=,FI0.5

207 FORMAT{10H VFOT 3,2=,F1O.5,10H VFOT 4,2=,FIO°),10H VFOT 1,3= Fl0.b

I,ZOH VFOT 2,3=,FI0.5,10H VFOT 3,3=,FIO.5,10H VFOT 4,3=,FI0°5}

2D8 FCRMAT(10H FOTAC I =,F!O._,IOH FOTAC 2 =,FIO.5,10H FOTAE 3 =,Fl0.b

1,10H FOTAC L =,FI0.5,10H VVEL =,FI0.5,10H HVEL =,FIO°5)

2n9 FCRMAT{lqH UI =,FI0.2,10H U2 =,F10.2,10H U3 =,F10°2

1,1OH XCG] =,F!0,5,10H YCG! =,F]O,5tlOH ZCGI :,FI0,S)

2!0 FORMAT(I_H _IEI :,FIO.5,10H W2E] :,FI0.5,10H W3EI :,FI0.5

1,10H PITCHI =,F10.5,10H YAWl =,FIO°5,10H ROLLI :,FIO.5}

211 FORMAT(10H TYPE I =,FIC,5,10H TYPE 2 :,F10.5,10H TYPE 3 =,F10.5

1,1OH VASLUG =,F10.5,10H ZDCGI =,FIO°5,1CH ETAI :,FlO.5)
RETURN

END

Figure 6-15. Subroutine - INPUT (Concluded)
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TITLE

AUTHOR

m_TE

PURPOSE

METHOD

C,"LL

NOTES

NOT E

INIT SUBROUTINE INITIALIZL

J,C,GIggON BENDIX PRODUCTS AEROSPACE DIVISION

NOVFMqER 9 1964

T_IS SUBROUTINE INITIALIZES THE CONSTANTS FOR THE LAND3D

PROGRAM

THE SUBROUTINE COMPUTES PROGRAM PARAMETERS FROM
GEOMETRIC RELATICNSHIPS

C_LL !NIT

TH]_ PROGRA M WAS wRITTEN IN FORTRAN IV
THIS PROGRAM EXECUTES ON UNIVAC 1107 COMPUTER

_LL UNIT_ ARE FEET, SECONDS,RADIANS AND SLUGS

(HI DENOTES CCOKDINATE SYSTEM FIbVING _ITH THE VEHICLE

(F) DENOTES COOkDINATE SYSTEM FIXED IN SPACE

APPEARANCE OF 1 AFTER ANY VARIABLE INDICATES THE

INITIAL VALUE OF THAT VARIABLE.

A_SENCE .OF THL 1 INDICATES THE INSTA_TANEOUS VALUE ,

CUBROLJTINES UgED

N._-RAT,_ AND STR FORCES FOR ALL STRUTSLEGTYP SETS SPRI '- _< UT

INPUT BY E(;;UIVALENCE TC' COMMON STORAGE

INPUT DEFINITIONS

ETA1 (OR ETA) ANGLE OF SLOPE IN PRINCIPLE DIRECTION
FC STRUT PLASTIC STROKE FORCE
FOTAC!(I) OR (FOTACII)) 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 TO THE FOOTPAD OFF THE SURFACE

NOTE FOTACI(I) ARE PROGRAM INPUT CCNSTANTS, SET THEM EQUAL
TO 3,0 FOR ALL RUNS

H VEL HORIZONTAL VELOCITY OF THE VEHICLE C.G. ( NORMAL TO

THE GRAVITY VECTOR) AND IN THE DIRECTION OF THE PRI_CIPLE
S_OPE. (IN THE Y DIRECTION IN (F) COORDINATE SYSTEM)

PITCHI (OR PITCH ) INITIAL V_HICLE ORIENTATION - SEE BENDIX

REPORT 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
RPPORT MM-64-9

TYPE(1) TYPE OF _TRUT - STRUT NO, i IS TYPE I

STRUTS NOS,2 AND 3 ARE TYPE 2

VASLUG VEHICLE MASS
VVEL VERTICAL VELOCITY OF THE VEHICL_ C°G, ( PARALLEL TO THE

GRAVITY VECTOR)

Figure 6-16. Subroutine - INIT
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VFCT](I,J) (OR VFOTII,J)) I TH COMPONEi\T OF THE VECTO_ POSITION

Or THE J TH FOOTPAD IN (M) COORDINATE SYSTEM

I = 1 IS X COMPONENT

I = 2 I_ THE Y COMPONENT

I = 3 IS THE Z COMPONENT

WIE1 IOR WIE) ANGULAR VELOCITY OF VEHICLE A_OUT THE X AXIS IN THE
(MI COOROINATE SYSTEM

W2E1 IOR W2E) ANGULAR VELOCITY OF VEHICLE A_OUT THE Y AXIS IN THE

{M) COORDINATL SYSTEM

_3E1 IOR W3EI ANGULAR VELOCITY OF VEHICLE ABOUT THE Z AXIb IN THE

(M) COORDINATE SYSTEM

XCG X POSITION OF THE VEHICLE CoG. IN IF) COORDINATE SYSTEM

YCG Y POSITION OF ThE VEHICLE CoG° IN IF) COORDINATE SYSTEM

ZCG Z POSITION OF THE VEHICLE C°G° IN IF} COORDINATE SYSTEM

XB(2,41 X COORDINATE (M) OF THE I TH STRUT OF THE J TH LEG SET

90DY ATTACH POINT (HARDPOINT)

Y_(2,4) Y COORDINAT_ (M) OF THE I TH STRUT OF THE J TH LEG SET
BODY ATTACH POINT (HARDPOINT)

Zi_(2,4) Z COORDINATE (M) OF THE I TH STRUT OF THE J TH LEG SET

90DY #TTACH POINT (HARDPOINT)

OCTPUT BY EQUIVALENCE TO COMMON STORAGE

OUTPUT DEFINITIONS

BETA
qETAP
BETAMIN

STABILITY ANGLE SEE TEXT BENDIX REPORT MM-64-9

PREVIOUS VALUE OF EETA AT LAST ITERATION INTERVAL

MINIMUM BETA A_LGLE REACHED DtlRING THE COMPUTER RUN

CRUSH OUTPUT INDICATOR - TWELVE DIGITS , ONE FOR EACH STRUT,

REPRESENTING THE FORCE CAUSING MECHANISM IN EACH STRUT

ORDER OF OUTPUT I 2 3 4
STRUT 1 2 3 1 2 3 1 2 3 i 2 3

THE DIGITAL CODE IS AS FOLLOWS

NO FORCE BECAUSE FOOTPAD IS OFF SURFACE

ELASTIC COMPRESSION IN STRUT

PLASTIC COMPRESSION IN STRUT

STRUT RE-EXTENDED FROM PREVIOUSLY CRUSHED

POSITION BUT IS STILL SHORTER THAN ORIGINAL

L_NGTH
STRUT STRETCHED BEYOND ONIGINAL LENGTH BUT
LESS THAN 10000 LBS FORCE
STRUT IN IENSION MORE THAN 10000 LBS

DT ITERATION TIME INTERVAL

E OUTPUT INDICATOR E:0 IF LEG IS NOT COMPRESSING OR THE

FORCE IN LEG IS LESS THAN 10000 LBS, E=I IF AT LEAST

ONE LEG IS IN TENSION GREATER THAN 10000 LBS

IE SAME AS E
ETA1 (OR ETA} ANGLE OF SLOPE IN PRINCIPLE DIRECTION
FORCEX NET FORCE ACTING ON THE VEHICLE C.G° IN THE X DIRECTION

FDRCEY

FORCEZ

IFORCX

IFORCY

IFORCZ

TORQZ

IN THE IF) COORDINATE SYSTEM

NET FORCE ACTING ON THE VEHICLE C,G, IN THE Y DIRECTION

IN THE IF) COORDINATE SYSTEM

NFT FORCE ACTING ON THE VEHICLE C,G° IN THE Z DIRECTION
IN THE IF) COORDINATE SYSTEM

SAME AS FORCEX

SAME AS FORCEY

SAME AS FORCEZ

COMPONENT OF TURQUE ACTING ON THE V_HICLE C°G. IN THE

Figure 6-16. Subroutine - INIT (Continued)
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[TORQ

FXGRAV
FYGRAV

GND

GSUM

GSUMP

ITORE
L ! NE

LCOLINT
PRN I
P S I MAX
SNTRVL
SC

SPRR(I,J)

X-Y PLANE

5AMF A_ TOROZ
GRAVITY FORCE IN X _IRECTION IN (F) COORDINATE SYSTEM

GRAVITY FORCE IN Y bIRECTION IN (F) COORDINATE SYSTEM

INDICATES IF ANY FOOTPAD IS ON THE GROUND

GND = I -- ONE (DR MORE FEET AkL ON THE GROUND

GND = 0 ALL FEET ARE OFF THE GROUND

SUM OF THE TORQUES, USED TO CUNTRuL DT ( USED TO FIND IF

THE TORQUE IS CHANGING, IF THE DIFFERENCE BETWEEN GSUM
AND GSUMP IS LARGE , TAKE SMALL DT TI:'4E INCREMENTS
IF THE bIFFERENCE IS SMALL TAKE LARGE DT TIME INCREMENTS

PREVICUS VALUE OF GSUM
STORAbE INDEX FON FINAL OUTPUT PRINTING
t T _b__,__ COUNT FOR OUI_UT PAGE 3RDERING
MAXIMU_ ALLOWABL_ LINES PER PAGE OF OUTPUT DATA
PRINT TI_'E ( 0-0,0,04,0,04SEC, ETC)

H _!vAXIr,_UM PSI ANGLE REAC ,.D DURING TmE ENTIRE COMPUTER RUN

PRINT FREQUENCY ( EVERY 0,04 SEC,I

STRUT LENGTH

PREVIOUS SHOKTEST LENGTH OF STRUT I OF THE J TH LEG SET

SSTRUTIItJ) STRUT LENGTH OF THE J TH STRUT OF THE I TH LEG SET

SCOS DIRECTION COSINES RELATING FIXED (F) AND MOVING IN)

COORDINATE SYSTEMS

TYPE(1) TYPE OF STRUT - STRUT NO. 1 IS TYPE i

STRUTS NOS,2 AND 3 ARE TYPE 2

TI_E TIME AFTER TOUCHDOWN

XDCG VELOCITY OF VEHICLE C.G. IN X DIRECTION IN (F) COORDINATE

SYSTEM
YDCG VELOCITY OF VEHICLE C.G. IN Y DIRECTION IN (F) COORDINATE

SYSTEM

ZDCG VELOCITY OF VE.HICLL C.G. IN Z DIRECTION I,N (F) COOKDINATE

SYSTEM

XSFOTP PARTICULAR VALUE OF XFIF(I,J)

SUBROUTINE INIT

INITIALIZING

COMMON/LSI/BETAP_BETTDT,BTAMIN,CRUSH(12),DT,E,ETA,FORCEZ'FOTAC(4)'

IFXP(4),FORCEX,FORCEY,FC,FSUMZ,FSUMY,F£1JMX,FXGRAV,FYGRAV,GI'G2,

2G3,OND_GNDF,I,ITORE,J_PSIMAX,SCOS(3,3),SPRRI4'3),SSTRUT(4'3)'

3SO,S01,S02,TIME,TYPE(3),TOi4_Z,T,T2_UI,U2,U3,VASLUG,VFOT(4_3)'WIE'

4W2E,WSE,XCG,XDCG,X(3)_X6(3,4),XFIF(4,3),XSFOTP(_),Y(3),YB(3,4),

5YCG,YDCG, Z(3)_ZS(3,4),ZCG,ZDCG

COMMON/LSB/ETA1,FOTACI(4),HVEL,PITCH1,ROLLI,VFOTII4,3),VVEL,

IWIEI,W2EI,W3EI_XCGI,YAWI,YCGI,ZCGI,ZDCG1

COMMON/LS5/GSUM,LCOUNT,LINE,PRNI,SNTRVL

PREP_RF LINE COUNT, ETC. FOR PRINTOUT

ITORF:I
PRINT INTERVAL IS SNTRVL

_NTRVL=.Q4
LINE=I
IF(SNTRVL-,0511101,1100,1101

11C0 LCOUNT=40

GO TO 1103
11_1 LCOUNT=50

1103 DO 441 I=],12

INITIALIZE CRUSH AND FOTAC(1) AND VFOT

Figure 6-16. Subroutine - INIT (Continued)

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



y-

f-

441

20O

_8

83

CRUSH (I }=0

DO 200 I=I.4

FOTAC( I )=FOTACI ( I )

INITIALIZE INPUT PARAMETERS FOR THE RUN

DO 200 J=l,3

VFOT(I.J)=VFOTIII,J)

XCG=XCGI

YCG=YCG1

ZCG=ZCGI

Z_CG=ZDCGI

WIE=WIEI
W2E:W2EI
W3E=W3EI

PITCH=PITCH1
ROLL=ROLLI
YAW=YAWl
ETA=ETA1

CONVERT THE VELOCITY VECTOR OF THE C.G. TO THE IF) COORDINATE

SYSTEM

YDCG=HVEL*COSIETA)+VVEL*SINIETA)
XDCG=VCEL*(-COS(ETA))+HVEL*(SINIETAI)
_=O,O

INITIALIZE XSFOTP

DO 38 II=i,4

XSFOTP(II):O,0

INITIALIZE SPRR, THE SHORTEST PREVIOUS STRUT LENGTH AND SSTRUT,
THE PRESENT STRUT LENGTH

_O 8 _ II=],A

DO 8_ I=1.3

CALL LEGTYP

SPRR(II,I)=SQRT((VFOT(II,I)-XB(I,II))**2+(VFOT(II,2)-Y_(I,II))**2

I +(VFOT(II,3)-ZB(I,II))**2)-FC/T

S_TRUT(II,I)=SQRT((VFOT(II,I)-XB(I,II))**2+(VFOT(II,2}-YB(I,II))

I**2+(VFCT(II,3)-ZB(I,II))**2)

RETAP:0

GND=O
GNDF =0
FORCEX=O
FORCEY=O
TORQZ:O

DTMIN=IE2

PSIMAX=-IO

TIME=O

GSUM=+IE20

DRNI=O

DT=,0005

BTAMIN=IE2

THF GRAVITY FORCES ARE CONSTANT

Figure 6-16. Subroutine - INIT (Continued)
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FXGRAV=-(32.2/6.0)*VASLUU*COSIETA)

FYGR#V= (32.2/6.0)*VASLUb*SIN(ETA)

COMPUTE SCQ5 FROM ROLL,P|TCH AND YAW

SCOS ( 1 , 1

SCOS(2_1

_CO£. 3,!

•c'CO£ I ,2

qCO.q 2,2

_-CO ¢ 3,2

c, CCS 1 ,3

5COS 2_3

)=COS(PITCH)*COSIRCLL)+SI;_(PITCH)_SIN(YAW)_S[_(RULL)

)=-SIN(P[TCH)*CGS(_OLL)+CQS(PITCH)_SIN(YAW)_S|iN(ROLL

)=-COq(YAW)_SIN(RULL)

)=£IN(P[TCH)_COS(YAW)

)=COS(PITCH)*COS(YAW)

)=cIN(Y_:,.')

)=COS(PITCH)_SIN(ROLL)-SIN(PITCH)_SIN(YAW)_COS(ROLL)

)=-SIN(PITCH)_SI_N(KOLL)-_uS(PITCH)_SLiN(YAW)*COS(mULL

SCOS 3,3)=COS(YAW)*COS(_OLL)

SCI=SSTRUT(1,1)

SO2=SSTRUT(1,2)

SO3=SSTRUT(1,3)

RETUmN

END

Figure 6-16. Subroutine - INIT (Concluded)
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TITLE

_t#THOR

DATE

PURPOSE

M:THOD

NOT E

C-TA_ THREE {_I,_AFNclON'AL ST_.r'IL_ITY DETERHIK&TION

J,C,GIBcON _ENf?.Ix mR,;,DUCT< AERCSPACE DIVISION

NOVEMHER , 1964

THIS SUBROUTINE DETER#',ImES THE ;V,INIvIUV VEHICLE 5TAdILITY

ANGLE BETA FOR A THREE OIMENSIONIL VEHICLE LANDING

St.;-SROUTINE DETERMINES THe_. t,'IlNIMUI< Ai',,GLE Br_TWEr..N A GRAVITY

VECTOR THROUS_t THE VEHICLe. C.O, .AND A LINE TdROUGH THE

SURFACE CONTACT NEUION IN THE DIRECTIUN OF ,'.';UTIO,'_. 5LE

REr'._DIX RFPORT _,!',_ 64 - 9 FOR DET,-'_ILS

CALL ST#._

THIS PRCGRAH '¢_AS WRIrTEN IN FOI<TRAN IV

THI2 PROGIHA_'._ EXECUT:[S O,_ UmIVAC t107 CO,,iPUTEt<

ALL UNIT: _9 FEET; <EC,)Nm, Q.RZ"DIANS Ai,,D qLUGS

{'-:] DLNOTES CCuRDIN,_,TE SYSTE v vL, VING v, ITH THE VEHICLE

(F] DENOTES COL)RDIN#.TE SYSTEM FIXED IN !:.PACE

APPF#.RAN rr OF 1 ArTrR ANY VARI^RLF INDICATES THE

INITIAL VA!_t.IE OF Th:;.T VARIABL_-I°

A:f. SENCF OF THE 1 INDICAT--S TmE INSTANTANEOUS VALUE •

INPUT BY EQOIVALENCL TC C:)/,'..'i(;'rt STORAGE

INPUT DEFILITIONS

FTt,] (OR ETA) ANGLE OF SLOPE IN PRIJ'tCIPLL DIRECTION

PSI_,,'AX vAXIMU_ ,_ PSI ANbLE REACH:DO DURING THE ENTIRE CO',_PUi_R RUN

cqC,_: r'IRFCTIOq COSINFc, R_LATI:',!Q FIXED {V) ANT) '4OVING {:'I)

rOORD I N,_ Tr: cy STF'._S

VFC:,T] { I_J] (OR VFOT(ItJ)) I TH COMPONENT OF THE VECTOK POSITION

OF THE J TH FOOTPAD IN (v,) EOOI-_C, INATE SYSIE_",

I =, 1 IS X COVPONENT

I = 2 1!5 T-_E Y COr,_PONLNT

l = 3 IS TH_ Z COMPONENT

XCG

YCG

ZCG

xrT;CG

Y_]FG

ZDCG

x POSITION OF ThE VEHICLL C,G, IN IF) COORDI;_AT£ SYSTEM

Y POSITION OF THE VEHICLE C,G, IN (F) COORDINATE SYSTEM

Z PCSITION OF THE VEHICLE C,G, IN IF) COORDINATE SYSTEM

VLLOCiTY OF VLt_ICLE C.G. IN X DIRECTION IN IF) COORDINATE

qYKTEM

VELOCITY OF VEHICLE C.G. IN Y DIRECTION IN IF) COORDINATE

SYSTEM

VELOCITY OF VEHICLE C.G. IN Z DIRECTION IN IF} COORDINATE

SYSTEM

OUTPUT BY EQUIVALENCE. TO COMMOIN STORAGE

Figure 6-17. Subroutine - STAB
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©UTPl ,T

AA

AAA

RETA

k_T A i,4i N

5L TADT

_ETAP

Pm!

PeT

THF-TA

DFFINITION c

mlRmCTION OF THF VrLOCITY VFrTOk

R',TIO OF Z AND Y VFLOCITIES
STABILITY ANGLL SEE TEXT BENDIX REPbkl ,_:4-64-9

>41NIt,IU_ _LTA _i_OLE RE{AChLi_ I)LJi<Ii'_G TIL COMPOTER RUiN

RATE OF CHANSE LJF THE SIAUILITY ANGLE _ETA

PRLVIGLJS VALUE OF UETA AT LAT_T I T_:RATIOil INTERVAL

INDICATOR F(;R CUi_DITIONAL RETUkN T(; MAIN PROGRAF_
Af,,:L,UL_,R CRIENTAllO_,I OF VEHICLE IN (F) COORDINATL 5YoTLM

_EE TEXT BENDIX REPORT !4M-64-9
ANG.JLAR ORIENTATION OF VEHICLE IN IF) COORDINATE SYSTEM
SEE TEXT BENDIX REPORT MM-64-9
ANGULAR ORIENTATION GF WE_!CLE IN (F) COORDINATE bYhlL:4
SEE TEXT RENDIX REPORT M_.4-64-9

SUBROUTINE STAB

COMMONILSI/mET_P,BETTDT,BT_NIN,CRIJSH(12),DT,E,ETA,FORCEZ,FOTAC(4),

IFXP(U),FORCEX,FORCEY,FC,FSUMZ,FSUMY,FSUMX.FXGI<AV,FYGR&V,GI,G2,

2GB,GND,GNDF_I,ITORE,J,PSIMAX,SCOSI3,3),SHRi414'3)'SSIRUT(4'3)'
3_O,SOI,S02,TIME,TYPL(3)iFOi<_L,T,T2_C;I,U2,U3,VASLUG,VFOT(4,3),WI_,

4WZE,W3E,XCG,XDCG,X(3I,XBI3,4I,XFIF(4,3),XSFOTP(4),Y(3)'YB(3'4)'

5YCG_Y_CG, Z(3),Z_(3,4),ZCG,ZDCG
COUVON/LS6/:'ETA,IFLAG,P_I

r:[MEh:_ION YY_P(4),ZZFP(&)

FPTE£T IS TmE INSTABILITY rEST NDIX

005 RDIX

A!=ATAN(ZDCGIYDCG) 005 RDIX

DO 125 I=I,4 R DIX

ZZFP(1)=SCOS(3,1).VFOT(I,1)+SCOSI3,2).VFUT(I,2)+SCOS(3,3)*VFOT R DIX

! (I,3I+ZCG R DIX

yyFP(1)=SCGS(2,1).VFO](I,1)+SCOS(2,2).VFOT(I,2)+SCOSI2,3)*VFOT R DIX

] (I,_)+YCG R DIX

_:ZDCG/YDCC ERJ

FPTEST=AMAXlI(YYFPI1)+ZZFPIII*AAA),IYYFP(2I+ZZFPI2)*AAA),IYYFP(31 ERJ

_ZZ_P(3I*AA_I,(YYFP(4I+ZZFP(_)*_))- YCG-ZCG*_

EVALUATE STAL$1LITY PARAMETEi_:S FOR PRINTING

BET_=ATAN(FPTEST*COSIAA)/XCG)-ATAN(SIN(ETA)*COS(AA)/COS(ET A) )

_ET=ABS(9_TA) 005 RDIX

RTAMIN=AMINI(BET,BTAMIN)

PSI=_TANIqCOS(2,1)/£COS(1,1))
PSIMAX=A_AXI(PS[,PS[MAX)
qETTDT=(BETA-BETAP)/DT
RETAP=BLTA 005 RDIX

IF(RETA)1_Q,130,].40

IFLAG IS A FLAG FOR AN ERROR EXIT WITHIN THE MAIN PROGRAM

IFLAG=I
IFLAG=2

RETURN

END

Figure 6-17. Subroutine - STAB (Concluded)
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TITLE

AUTHOR

DATE

PURPOSE

v _ T HC r'

CALL

NOTES

I_ IC' T E

INTEQ_ v SU_ROUT I NE- INTEGRATION

J.C.GIBSON DLN©IX PRbiPIJL1S ALROSPACL blVlSIO,*,_

NOVEMRER , 1964

THIs SUBROUTINL:. DETERMINLS VEHICLE MOTION AS THE RLSU,_T

CF THE FORCES II,'.'POSEt') 0:4 THE VEHICLf: ANS SETS ITE'_",TION
INTERVAL ON THE eASIS OF ERROR TESTS

cI_,_PLE R_'CT_,N,JULAR INTEG2ATiOr,! I':, ','RE'_) TO -;[[TEJc'4INE

V_--HICLE POSITI,UN AT THE END OF rHb_ TIME INFLK',/AL UT •
A,',,: ERROR TEST ON TrlE Trt.[iRD TENt4 OF THE_ TAYLL)i< ,%_I<IE2

S_-RIES 15 USED TC DEI_R"IINE THE 1T{:i_A]IO/; IF, Tz,kVAL SIZE

CaLL !NTEQM

THIS PROGRANI WAS WRITT:N I',, FORTRA_'i IV

THIS PROGRAV EXECUTES ON U,NIVAC ]107 CO,,!P!JTER

ALL UNIT ¢ _RE FEET, S,ECONDS.RA[',.'I,_.N! _,\D SLUGS

(v) DENOTES CCORDINATE SYSJE_ MOVING WITH THE VEHICLE
(F) DENOTES COOP, PIRATE SYSTEM FIXED IN SPACE

APPEARANCE OF 1 AFTER ANY VARIAdLE INDICATLb THE

INITIAL VALUE OF THAT VARIABLL.

A_SENCE OF THE 1 INDIC'-'TES THE INSTANT/_,NEOUS VALUE .

!NPUT F"Y ECUIVALENCE TC COMMON .STORAGE

I_(PUT DEFINITION_

_T

FCRCEX

FORCEY

FORCEZ

IFORCX

IFORCY

IFORCZ

TORQZ

ITORQ

FXP

FYP

FZP

G

_COS

U1

It

U3

ITFRATION TIMF INTE2VAL

NET FORCE ACTING ON THE VE_ICLL C,E, IN THE X DIRECTION

IN THE (F) COORDINATE SYSTEq

NLT FORCE ACTING ON THE V_HICLL (°G, IN THE Y DIRECTIOh

IN THE (F) COORDINATE sYSTEM

NET FORCE ACTING ON THE VEHICLL C,_, IN IHE Z DIRECTION

IN Tt_E (F) COORDINATE SYSTEM
S_ME #S FORCEX

SAME AS FORCEY

SAME AS FORCEZ

COMPONENT OF TGRQUE ACTING ON THE VEHICLE (.G° IN THE

X-Y PLAN_

SAVE _S TOROZ

FORCE IN THE X DIRECTION ON THE FOOTPAD

FORCE IN THE Y DIRECTION ON THE FOOTPAD

FORCE IN THE Z DIRECTION ON THE FOOTPAD

TORQUES IN THE (M} COORDINAT_ SYSTEM

DIREC]ION COSINES RELATING FIXED (F) AND MOVING (M)

COORDINATE SYSTEMS

MASS MOMENT OF INERTIA OF: VEHICLE ABOUT X AXIS IN (M)

COORDINATE SYSTEM

'4ASS MOMENT OF INERTIA Ok VEHICLE ABOUT Y _XIS IN (I,I}

COORDINATE SYSTEM

vAqq MOMENT OF INERTIA OF VEHICLE ABOUT Z AXIS IN (M)

Figure 6-22. Subroutine - INTEI_M

BENQ!X PRODUCTS A_#_x_SPACE r)_V_S_ r_
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WIEI

W2EI

W3EI

XDCG

YDCG

ZDCG

(OR

(OR

(OR

COORDI_CATE SYSTEM

WIE ANGULAR VELOCITY

(v COORDINATE SYSTEM

_2E ANGULAR VELOCITY

(M COORDINATE SYSTEM

W3E ANGULAR VELOCITY OF
(M COORDINATE SYSTEM
VELOCITY OF VEHICLE C,G,

SYSTEM

VELOCITY OF VEHICLE C.G,
cY{T_M

VELOCITY OF VEHICLE C,G,

SYSTEM

OF VEHICLE A_OUT THE X AXIS IN THE

OF VEHICLE A_OUT THE Y AXIS IN THL

VEHICLE ABOUT THE Z AXIS I,_ THE

IN X DIRECTION IN (F) COORDINATE

IN Y C,IRECTIGN IN (F) COORDINATE

IN Z DIRECTION IN IF) COORDINAIE

OUTPUT BY ECUIVALENCE TO COMMON STORAGE

OUTPLIT DEFINITIONS

XCG X POSITION OF THE VEHICLE Q,G, IN

YCG Y POSITION OF THE VEHICLE C,G, IN

ZCG Z PO_ITION OF THE VEHICLE C,G. IN

(F} COORDINATE SYSTEM

(F) COORDINATE SYSTEM

(F) COORDINATE SYSTEM

SUBROUTINE INTEQM

DIMENSION BRKT(3,3),VID(3,3),VIO(5,5),VIN(3,5),SN(3,3),BKP(3,_)

COMMCN/LS1/bETAP,BETTDT,bTAMIN,CRUSH(12),DT,E,ETA,FORCEZ,FOTAL(_),

IFXPI4),PORCEX,FORCEY,FC,PSUMZ,PStJMY,FSUMX,FXGRAV,FYGI_AV,GI,G2,

2G3,GNL;,okDF,I,ITOHL,.J,PSIM_X,SCOS(3,3),SPRR(4,3),SSTRUT(4,3),

3SO,SOI,SU2,TIME,FYPE(3),To_u._Z,T,T2,UL,U2,U3,VASLUG,VFOT(4,3),WIh,

UN2E,W3E,XCG,.XDCG,X(_),X_(3,U),XFIF(4,3),XSFOTP(4),Y(3),YB(3,4),
5YCG,fDCG, Z(3),Z_(3,4),ZCG,ZDCG

E{D!JIVALE_:C!! I (V_SLUG,VA$fi),(XH(1),X(1)),IYH(1),Y(1)),

I(ZH(I ),Z( ) ),(FSI!MY,OFSI.IM),(FqUMZ,VFSLIM),(FSUMX,WFSUM)

EL#LER EOUATIONS

WDI=GI/UI

WD2=(I/U2)*(G2+(U3-UI)*_,IE*W3E)

'_D3=(1/U_)*(G3+(U_-U2)*W2E*W!E}

FIND THE AVERAGE VALUES OF ANGULAR VELOCITY IN THE TIME INTERVAL
OF LENGTH DT

WI=W] m+W_.! *_T/?

W2=W2E+Wr)2*mT/2
W.1=W?E+WDg*DT / 2

CALCULATE NEW V-VECTOR (I,J,K AXES)

9OKT
3_KT

BRKT

RRKT

PRKT

PRKT

RPKT

PRKT

I,I
1,2

1,3

2,1

2,2

2,3

3,1

_,2

=- (W2*W2+W3*W3 )

='AI*W2+4D3

=WI*W2-WD2

=W2*WI-WD3

=- (WI*WI+WB*WB)

=W2*W3+WDI
=WB*WI+WD2

=W'_*W2-WD!
RRKT(B,3)=-(W2*W2+WI*WI)

Figure 6-22. Subroutine -INTEQM (Continued)
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CALCULATE t',;EW DIRECTION COSINES F,_O14 SYSTEr,i ,4OTATIOI

DO 42 J:l ,3

42 r=h ( I "J } :5CO2 ( I ", I ! -'-VIN (J " 1 } +SCOS( I " 2 ) eV I N( J'_2 ) +$6OS ( I , 3 ) _V[ rl ( O , j )

g,C',4? I:l,°,

r'.O 42 J:l,?

AVOID £CC.:, GREATER THAN UNITY

IF(A_SISN[I,J))-I) 43,1+3,44

4_ ":.r'_( I ,J):_N ( I ,d) /AB£( ON( I ,d) )

43 _CO_-( I , J)--c_!( I ,J)

I.hTEGRATF TO fIND ANGULAI-< VELOCITY ,AT THE END OF T_i: TIN:L INTLRVAL DI

_,IE=W1E+WDI_DT

Figure 6-22. Subroutine - INTEQM (Continued)
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',,,j2 F = V;2 E +L,_'r-2 e_R T

INTEGRAT c Nr-_._TC_4q FG!),_,TIL;,_,_F

X"/S=XC.G+X_. .-_'_P. T 4-FORC_X_4r)T _'T / ( 2,0"_c'V AS C )

X"CG=X,m, CG+F CR,rF:X _D T /V A "_5
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Z[: C 3=Z .)C 5 + F C ;RC E Z _".3 T / V ,¢ S S

'_,E Tur_, ',,

Fr '_

Figure 6-22. Subroutine m 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 s 7stem. This matrix of original direction cosines is:

D

(cos a cos %, -
sina sin _ sin %' )

[XL] = (sina cos %' +

cos a sin _ sin %" )

(-cos _ sin 7 )

where for this matrix

(-sin a cos 0 )
(cosa sin %" +
sin a sin _ cos "Y )

(cos a cos _ )
(sin¢_ sin %" -

cos_ sin .8 cos _')

(sin_) (cos _ cos "y)

= pitch angle

= yaw angle

%" = roll angle
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NO E: [XqT =[I]or T = [XL}'
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:

{x,} x j{xo ,ix}Yp = Ypv_ +
Zp Zpv/

where

Xp, yp, and Zp are pad coordinates in the ground coordinate system.

Xpv, Ypv, and Zpv 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

SINn= 41.0-XL(I,1)2

Y

STABIUTY CHECK

XGrav. X

"_ YGrav.

Y

 X:grav  cos sin i]Ygrav.) = [s_n _" cos_"Zgrav. _ 0
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where

lXOr v s*n i]IXlYGrav._ = jsin _" cos _"
ZGrav/ L0 0

lX or v, Ix1YPGrav._ = Isin f cos _" YP
ZPGrav.J [0 0 Z P

ZGrav.

Z M

ZGrav. YM (Direction of

__6r . Motion)

C.G. "_ YGrav.

_'_ YGrav.

_' = tan-1 [ Z."Grav.
LYGrav.

[10 0 ,Xorav YM = 0 cos_' sin_b'
Z M 0 -sin_' cos_] !{YZGrav.Grav'y

XPM} [! 0 0 ] {XPGrav.
YPM cos_' sin_'= YPGrav.

( ZPM -sin_' cos_'J ZPGrav.

X, Y, and Z are coordinates of vehicle in ground coordinate system.

X, Y, and 7. 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.
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XM, YM, and ZM are vehicle coordinates in the coordinate system of motion.

XPM, YPM, and ZPM are pad coordinates in the coordinate system of motion.

Using these basic relationships between coordinate systems, the following is obtained.

YM =xsin_" cos_' +Ycos_" cos_' +Z sin_'

YPM(i) = XP(i) sin _" cos_' + YP(i) cos _" cos_' + ZP(i) sin_'

If YPM(i) > YM for 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

YPM (IFRONT)
r

YM

E.G.

_ YM

[ YPM(IFRONT) - YM ]
_F = tan-1 ['_M - X---_M (-_ttO_-)J

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 therefore the
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forces developed in the two legs on the ground willnot 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 andforcesfor 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

7-10

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.

!

Call Subroutine INCON I

Convert input data to proper form I

Initializeprogram constants and variables

' Choose initial touchdown conditions [

Form initialdirection cosine matrix refer-

ring ground axes to vehicle axes

Figure 7-3. Main Computer Program



I
I

I
I

I
I

I
I

I
I

!

I

MAIN

I STOP I_ Yes

MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued)

®
<IS run being duplicated?)

Zero out initial forces for parabolic

integration of footpad motion

Determine initial strut angles and I

trigonometric relationships J
,I

Determine initial footpad positions and Ivelocities

velocities of vehicle C.G.

Determine initial strut lengths

Page 2

I
I
I

I

140

--i Determine strut angles and assign t° Iv [ proper quadrants J

Figure 7-3. Main Computer Program (Continued)
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MAIN
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MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued)

Store information for final printout ]

|

Call Subroutine STABAN I

LCompute initialstabilityangle

+

I Print data for time = 0 ]

277

Print on LINE data with initial headings

@ JDo600I--I'N } YES @\Is footpad on ground?

and determine relative energy of footpad

Figure 7-3. Main Computer Program (Continued)

BENDIX PRODUCVS AEROSPA'_,_E ,©_Vi,_,_SiO__
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t

I

MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued)

NO

(Is footpad moving with vehicle?) _

300 1 YES

I ISet footpad forces equal to zero

Find footpad positions and velocities by
rigid body motion with vehicle

[ NOGR(I)=1 ]

Footpad is moving independently of the

1
1

vehicle, calculate strut forces and footpad [
energy I

I O00_on_inueI

Figure 7-3. Main Computer Program (Continued)
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MAIN

7-14

MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued)

Determine forces acting on the vehicle

Call Subroutine 1NTEQM

Determine vehicle C.G. motion and

update direction cosines

l
I

Index previous forces for the next integration I
of footpad motion I

Increment time

!

CONS = CONS + 1.0 I
!

1
Test nozzle clearance and store minimum
value

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)

668 I NO

Call Subroutine STABAN I

Compute stabilityangle I

(is vehicle unstable?>

675 I NO

I KM=KM+I 1

<Test (CONS-KPRINT)> <O

680 1 >-0

[ cons = o.ol

<Test (KM-MULT * KPRINT)>. < a

]>_o
T 688

Store variables for final print

700

Figure 7-3.

Print ON LINE output ]_

Main Comp7_er Program (Continued)

BENDI× PRODUCTS AEROSPACE DiViSiON

Page 6
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MAIN

7-16

MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued)

Do7.0i_-1,
TEST (NOGR(I))/

>o 715

<0

Footpad is on the ground, determine
strut geometry

[Calculate new strut lengths ]

730 Continue

IFLAG = 1 I

Figure 7-3. Main Computer Program (Continued)
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued) Page 8

I IFLAGX = -I I

l
Vehicle is unstable

Print output data

r

Assign 785 to MM I

[ IFLAGX = 0 !

Figure 7-3.

I Time limithas been exceeded [Print output data

Main Computer Program (Continued)
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MAIN
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MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued)

Vehicle is stable

Print output data

819

q

--iAssign 824 to MM]-[

t Compute energies dissipated and print 1general summary output

1831

<Test (IF LAGE)>

<O

>_O I
Go to MM [

-1 I

I IFI.AGE = I I

+
JJ = JJX

Figure 7-3. Main Computer Program (Continued)

BENDIX PRODUCTS AEROSPACE DIViSiON
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MAIN MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Continued) Page 10

?
l Store data for legs indexed IIX andJJX for output ]

i

\

Figure 7-3. Main Computer Program (Continued)
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MAIN
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MAIN GENERAL NON-PLANAR COMPUTER PROGRAM (Concluded) Page 11

__o 790

I NUN--I

t_Q=_-_I

796

--4 _NS = NS + 1

+
-<0

/ _e+_ \+\_
\ (_s-mM_V--"_

>o / Test

\ (NUN) /

<°825

r+T=_I
+

t_Q=_Q+II
+

<0

(NQ-NQM/_)/ _]

>0 _ 830

+
NS = NS + 1

+

(NS-NSMAXy - M.2

_ 0833

(NQ-NQMAX_

. >o _ 836
/

/

t_Q=_Q-']

Figure 7-3. Main Computer Program (Concluded)
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I
I

INCON _CON CONVERT_PUTDATA

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 criticalleg for stabilityand

calculatesthe stabilityangle for this leg.

I Find footpad positions in Idirectionof motion

Determine front leg in
direction of motion

Calculate stabilityangle for ]

thiscriticalleg I

Figure 7-5. Subroutine - STABAN

11-10-64
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INTEQM INTEQM INTEGRATE EQUATIONS OF MOTION

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

Determine new set of direction

cosines relating the ground coordi-
nate system to the vehicle coordinate
system

Figure 7-6. Subroutine - INTEQM

11-10-64

Page 1
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TITLE MAIN PROGRAM GENERAL THREE DIMENSIONAL LUNAR LANDING
DYNAMICS COMPUTER PROGRAM

AUTHOR J, 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 IV

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 PROGRESS, AS THE

RESULT OF THIS LIMITED CHECKOUT, 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

ALPHA

BETAF
BETMIN
BIO

B20

B2PREV
B30

B3PREV
CONS
COSC
COSD
COSE
COSG

AN INPUT PARAMETER FOLLOWED BY A O IMPLIES THE INITIAL VALUE

AS BLOC1), THE INSTANTANEOUS VALUE OF THE PARAMETER
IS DEFINED WITHOUT THE O AS BI(1),
ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)

SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE C,6,
STABILITY ANGLE FOR FRONT LEG IN THE DIRECTION OF MOTION
MINIMUM STABILITY ANGLE

ANGLE ( PROJECTED IN PLAttE PARALLEL TO VEHICLE MOTION}

BETWEEN STRUT NO, 1 AND VEHICLE CENTERLINE
ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION}
BETWEEN STRUT NO. 2 AND VEHICLE CENTERLINE
VALUE OF B2 AT THE END OF THE PREVIOUS TIME INCREMENT

ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION}
BETWEEN STRUT NO. 3 AND VEHICLE CENTERLINE

VALUE OF B3 AT THE END OF THE PREVIOUS TIME INCREMENT
COUNTER FOR DETERMINING ON LINE PRINT FREQUENCY
COSiTHETA)
COS(B1}

COS(THETA-ALPHA/2.0)
COS(THETA+ALPHA/2,0)

CI0,C20tC30 ANGLE o 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 lt2,3 RESPECTIVELY
CIPREV 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
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Figure 7-7. Main Program
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C
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C

C
C

C
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C

C
C
C
C
C

DELTAP

DELTAT

DELTTT

DIO

Dll

EGBALI

EGBAL2

EGBAL3

ENPRO(I)

EPSEN

EPS2

EPS3
EPS4

EPS5
NOTE

El(1)

E2(1)

E3(1)

FA(I}

FAG(I}

FB(I)

FBG(1)

FC(1)

FCG(I)

FINT

FX

FXP(I}

FXPLGI

FXPLG2

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 I LENGTH

VERTICAL DISTANCE FROM VEHICLE C.G, TO UPPER HARDPOINT

ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND C.G,

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 I

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 C,G, IN X DIRECTION

LIMITING MINIMUM VELOCITY OF VEHICLE C,G, IN Y AND Z
DIRECTIONS

LIMITING MINIMUM ANGULAR VELOCITIES

IF XVEL IS LESS THAN EPS3, YVEL AND ZVEL ARE LESS THAN
EPS4 AND THE ANGULAR VELOCITIES ARE LESS THAN EPS5

SIMULTANEOUSLY AND THE FOOTPADS ARE ALL LESS THAN i FT,

FROM THE GROUND, 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 NO,2 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 C,G. 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 C.G, AS

THE RESULTANT OF THE STRUT FORCES IN THE THREE STRUTS

OF THE I TH LEG SET (GROUND COORDINATE SYSTEM)

FORCE, PARALLEL TO THE VEHICLE CENTERLINE ACTING ON THE

VEHICLE C,G, 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 C,G, 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 C,G, 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 C.G, 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

FXPL31
FXPL33

FXPL35
FXPL37

FX1
FX3

FX5
FX7
FYPLG1

FYPLG2

FYPLG3

FYPL31
FYPL33
FYPL35

FYPL37
FZPLG1

FZPLG2

FZPLG3

FZPL31

FZPL33
FZPL35
FZPL37

FI(1)

F2(1)

F3(I)

Fli

F22
F33

GRAV

GRDMU

GRFX

GRFY

GRFZ

H

HN

IBEMIN

IFLAG
IFLAGE

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
FXPLG3 VALUE FOR LEG II

FXPLG3 VALUE FOR LEG JJ

FXPLG3 VALUE FOR LEG IIX

FXPLG3 VALUE FOR LEG JJX

FX VALUE FOR LEG II

FX VALUE FOR LEG JJ

FX VALUE FOR LEG IIX

FX VALUE FOR LEG JJX

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

STORED FOR FINAL PRINT

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

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

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

FYPLG3 VALUE FOR LEG II STORED FOR FINAL PRINT

FYPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

FYPLG3 VALUE FOR LEG IIX STORED FOR FINAL PRINT

FYPLG3 VALUE FOR LEG JJX STORED FOR FINAL PRINT

AVERAGE FORCE IN THE Z DIRECTION ACTING ON FOOTPAD NO,I

DURING THE TIME INTERVAL DT, THIS FORCE IS DEFINED BY

THE PARABOLIC INTEGRATION PROCEDURE

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

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

FZPLG3 VALUE FOR LEG II STORED FOR FINAL PRINT

FZPLG3 VALUE FOR LEG JJ STORED FOR FINAL PRINT

FZPLG3 VALUE FOR LEG IIX STORED FOR FINAL PRINT

FZPLG3 VALUE FOR LEG JJX STORED FOR FINAL PRINT

PLASTIC STROKE FORCE IN STRUT NO°I OF LEG I

PLASTIC STROKE FORCE IN STRUT NO,2 OF LEG I

PLASTIC STROKE FORCE IN STRUT NO°3 OF LEG I

PLASTIC STROKE FORCE FOR UPPER STRUT (NO, i)

PLASTIC STROKE FORCE FOR LOWER STRUT NO° 2

PLASTIC STROKE FORCE FOR LOWER STRUT NO, 3

LOCAL GRAVITY

COEFFICIENT OF FRICTION BETWEEN VEHICLE FOOTPADS AND GROUND

FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C°G,

(GROUND COORDINATE SYSTEM ) THIS FORCE IS USED

IN THE INTEGRATION OF EQUATIONS OF MOTION

FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C,G,

(GROUND COORDINATE SYSTEM ) THIS FORCE IS USED

IN THE INTEGRATION OF EQUATIONS OF NOTION

FORCE ACTING IN THE Z DIRECTION ON THE VEHICLE C,G,

(GROUND COORDINATE SYSTEM ) THIS FORCE IS USED

IN THE INTEGRATION OF EQUATIONS OF MOTION

DISTANCE FROM THE BOTTOM OF THE FOOTPAD TO THE VEHICLE

CENTER OF GRAVITY

VERTICAL DISTANCE BETWEEN VEHICLE C.G, AND THE LOWEST

POINT ON THE NOZZLE CONE

INDEX OF CRITICAL LEG FOR MINIMUM STABILITY ANGLE

FLAG FOR INITIALIZING THE PROGRAM
FLAG USED TO PRINT ADDITIONAL OUTPUT

Fibre ?-7. lV_in Program (Co_inued)
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C

C
C
C
C
C
C

C
C

IFLAGX

IFRONT

IT

IIX

IP

IQ

IR
JJ

JJX

KCONMX

KM

KPRINT

LINE

M

MULT

N

NOGR(I}

NOD
NQMAX

NSO

NSMAX

NOTE

NST

NUN

PHI

PITCH

PITCHO

PITCHV

PMASS

PRXVEL

PRYVEL

PRZVEL

PTCHVO

Pl

P2
P3

RMOMGX

RMOMGY

RMOMGZ

FLAG USED IN FINAL PRINT IFLAGX=+I VEHICLE WAS STABLE,

IFLAGX=O MAXIMUM ALLOWABLE TIME WAS EXCEEDED,

IFLAGX=-I 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 OUTPUT}
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)
_'/_f_'T Ai_ t" ! /"tll ^TI_J r,.R (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 (I) IS MOVING WITH THE VEHICLE. IF

NOGR(1)=-lt FOOTPAD IS MOVING WITH THE VEHICLE. IF

NOGR(I} =+I, 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 RUNS, THIS IS THE INITIAL X VELOCITY OF THE

PREVIOUS RUN. IT IS USED TO PREVENT DUPLICATE RUNS.

IN MULTIPLE RUNS, THIS IS THE INITIAL Y VELOCITY OF THE

PREVIOUS RUN. IT IS USED TO PREVENT DUPLICATE RUNS.

IN MULTIPLE RUNS. THIS IS THE INITIAL Z VELOCITY OF THE

PREVIOUS RUN. 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. iVhinProgram (Continued)
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RMOMX
RMOMY

RMOMZ
RN
ROLL

ROLLO
ROLLV
ROLLVO

RP(1)

RUNNOO

R1
R2
SERNO

SINC
SIND
SING

SINI
SINJ
SINK
SINL

SKE1

SKE2
SKE3
SKS

SK1
SK2
SK3
SL1

SLIM

SL10
SLIPRE

SLIT
SLITO
SL2

SL2M

SL2PRE

SL2T
SL2TO
SL3

SL3M

SL3PRE

SL3T
SL3TO

THETA

TIM

TIME
TIMBMI
TMINXN
VEMX

TOTAL MOMENT 0 _T_|:_S(VEHICLE AND FOOTPADS} ABOUT X AXIS
TOTAL MOMENT OF INERTIA (VEHICLE AND FOOTPADS} ABOUT Y AXIS

TOTAL MOMENT OF INERTIA (VEHICLE AND FOOTPADS) ABOUT Z AXIS
EXHAUST NOZZLE RADIUS
INSTANTANEOUS ROLL ANGLE OF THE VEHICLE
INITIAL ROLL ANGLE OF THE VEHICLE
INSTANTANEOUS ROLL VELOCITY OF THE VEHICLE

INITIAL ROLL VELOCITY OF THE VEHICLE

RADIUS OF FOOTPAD (I}
RUN NUMBER ( FOR IDENTIFICATION ONLY}

RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE
RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

SERIES NUMBER ( FOR IDENTIFICATION ONLY)

SIN(THETA)
SIN(B1)
SIN(Cl}

SIN(C3)
SIN(THETA-ALPHA/2.0)
SIN(THETA+ALPHA/2,0)

SIN(C2}
TENSIL ELASTIC SPRINGRATE OF STRUT NO, 1 (UPPER}

TENSIL ELASTIC SPRINGRATE OF STRUT NO. 2 (LOWER)
TENSIL ELASTIC SPRINGRATE OF STRUT NO. 3 (LOWER)

SPRINGRATE UNDER VEHICLE FOOTPADS
COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO, 1(UPPER}
COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO, 2(LOWER)
COMPRESSIVE ELASTIC SPRINGRATE OF STRUT NO,3 (LOWER}

PROJECTED LENGTH OF STRUT NO.I IN PLANE PARALLEL TO
DIRECTION OF MOTION
MINIMUM LENGTH TO WHICH STRUT NO,I HAS BEEN COMPRESSED
DURING THIS RUN

INITIAL VALUE OF SL1
LENGTH OF STRUT NO,1 AT THE END OF THE PREVIOUS TIME

INCREMENT
TRUE INSTANTANEOUS LENGTH OF STRUT NO,1
TRUE INITIAL LENGTH OF STRUT NO,1

INSTANTANEOUS LENGTH OF STRUT NO,2 _PROJECTED 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 tPROJECTED 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

ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN
DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE
CENTERLINE AND UPPER HARDPOINT
TIME STORED FOR FINAL PRINT

TIME AFTER TOUCHDOWN
TIME WHEN MIMIMUM STABILITY ANGLE OCCURS
TIME WHEN MINIMUM NOZZLE CLEARANCE OCCURS

TORQUE ABOUT THE X AXIS OF THE VEHICLE
(GROUND COORDINATE SYSTEM ) THIS TORQUE IS USED

Figure 7-7. Main Program (Continued)

I
!

!

!

!

!

!
!

!

!

!

l

!

!

!

!

!

!

m



I
I

I
I

I
I

I

I
I
I

I

I
I

I
I

I
I

I
I

IN THE INTEGRATION OF EQUATIONS OF MOTION

VEMY TORQUE ABOUT THE Y AXIS OF THE VEHICLE

(GROUND COORDINATE SYSTEM ) THIS TORQUE IS USED

IN THE INTEGRATION OF EQUATIONS OF MOTION

VEMZ TORQUE ABOUT THE Z AXIS OF THE VEHICLE

(GROUND COORDINATE SYSTEM ) THIS TORQUE IS USED

IN THE INTEGRATION OF EQUATIONS OF MOTION

VMASS VEHICLE MASS

X INSTANTANEOUS X POSITION OF THE VEHICLE C,G,

XL(I,J) SET OF DIRECTION COSINES RELATING VEHICLE COORDINATE

SYSTEM TO FIXED COORDINATE SYSTEM

XMIN MINIMUM VALUE OF XP (USED ONLY FOR INITIAL POSITIONING

OF VEHICLE}

XMOMX MOMENT OF INERTIA OF VEHICLE ABOUT X AXIS (YAW)

XMOMY MOMENT OF INERTIA OF VEHICLE ABOUT Y AXIS (ROLL)
XMOMZ MOMENT OF INERTIA OF VEHICLE ABOUT Z AXIS (PITCH)

XN INSTANTANEOUS NOZZLE CLEARANCE NORMAL TO THE SURFACE

XNMIN MINIMUM VALUE OF NOZZLE CLEARANCE

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

XPV(1) X POSITION OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM

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

XPVVEL(1) X VELOCITY OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM

XPVVLR(1) X VELOCITY OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM

WITH RIGID BODY MOTION

XP1 XP VALUE FOR LEG IT STORED FOR FINAL PRINT

XP3 XP VALUE FOR LEG JJ STORED FOR FINAL PRINT

XP5 XP VALUE FOR LEG IIX STORED FOR FINAL PRINT

XP7 XP VALUE FOR LEG JJX STORED FOR FINAL PRINT

XVEL INSTANTANEOUS X VELOCITY OF THE VEHICLE C,G,
XVELO INITIAL VERTICAL VELOCITY OF VEHICLE C.G,
XVELOO SAME AS XVELO

Y INSTANTANEOUS Y POSITION OF THE VEHICLE C+G.
YAW INSTANTANEOUS YAW ANGLE OF THE VEHICLE

YAWO INITIAL YAW ANGLE OF THE VEHICLE

YAWV INSTANTANEOUS YAW VELOCITY OF THE VEHICLE

YAWVO INITIAL YAW VELOCITY OF THE VEHICLE

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

YPV(1) Y POSITION OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM

YPVEL(I} VELOCITY OF THE I TH FOOTPAD IN THE Y DIRECTION IN THE

FIXED COORDINATE SYSTEM

YPVVEL(1) Y VELOCITY OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM

YPVVLR(1) Y VELOCITY OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM

WITH RIGID BODY MOTION

YP1 YP VALUE FOR LEG IT STORED FOR FINAL PRINT
YP3 YP VALUE FOR LEG JJ STORED FOR FINAL PRINT

YP5 YP VALUE FOR LEG IIX STORED FOR FINAL PRINT

YP7 YP VALUE FOR LEG jJX STORED FOR FINAL PRINT

YVEL INSTANTANEOUS Y VELOCITY OF THE VEHICLE CoGo

YVELO INITIAL HORIZONTAL VELOCITY OF VEHICLE C,G,
YVELOO SAME AS YVELO

Z INSTANTANEOUS Z POSITION OF THE VEHICLE C°G,

ZETA GROUND SLOPE

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

ZPV(I} Z POSITION OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM

ZPVEL(I} VELOCITY OF THE I TH FOOTPAD IN THE Z DIRECTION IN THE

FIXED COORDINATE SYSTEM

ZPVVEL(I} Z VELOCITY OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM

ZPVVLR(I) Z VELOCITY OF FOOTPAD I IN THE VEHICLE COORDINATE SYSTEM
WITH RIGID BODY MOTION

ZP1 ZP VALUE FOR LEG IT STORED FOR FINAL PRINT

Figure 7-7. Main Program (Continued)
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C
C
C
C
C
C
C
C
C

C
C

C
C
C

c
C
C

7-30

ZP3 ZP VALUE FOR LEG JJ STORED FOR FINAL PRINT

ZP5 ZP VALUE FOR LEG IIX STORED FOR FINAL PRINT
ZP7 ZP VALUE FOR LEG JJX STORED FOR FINAL PRINT
ZVEL INSTANTANEOUS Z VELOCITY OF THE VEHICLE CoG.

ZVELO INITIAL TRANSVERSE VELOCITY OF VEHICLE C.G.

ZVELOO SAME AS ZVELO

DIMENSION BI(5)tB2(5),B3(5)tCIIS)gC2(5)_C3(5)tSLITO(5}tSL2TO(5)P

ISL3TO(5)_SLIT(5),SL2T(5),SL3T(5),SLIIS)tSL2(5),SL3(5)_BIO(5)_
1SLIO(5),D10(5),DI(5),THETA(5),XP(5),YP(5),ZP(5),B20(5),B30(5),

IC10(5),C20(5),C30(5),XPVEL(5),YPVEL(5)tZPVEL(5),FI(5),F2(5),F3(5),
IFA(SI,FB(5),FC(5)tSLIM(5)tSL2M(5),SL3M(5),
IB2MI(5),B2PL(5),B2PREV(5),B3MI(5),B3PL(5),B3PREV(5)_CIMI(5),
1CIPL(5),CIPREV(5),C2MI(5),C2PL(5),C2PREV(5),C3NI(5),C3PL(5)_
1C3PREV(5),SLlPRE(5),SL2PRE(5),SL3PRE(5),GRDMU(5)_FX(5),

IXVELO(14,8)tYVELO(14,8)tZVELO(14,8), PADENG(5),EI(5),

1E2(5),E3(5),TIM(200) ,XP3(200) ,YP3(200) ,ZP3(200) ,NOGR(5)
DIMENSION FXPLG3(5),FYPLG3(5),FZPLG3(5),

1COSC(5),SINC(5)tSIND(5),COSD(5),SING(SI,SINJ(5)_
1SINI(5),COSE(5),COSG(5),SINK(5)_SINL(5)t

IFXPLGI(5),FXPLG2(5),FYPLGI(5),FYPLG2(5)tFZPLGI(5),FZPLG2(S},
1 R1(5),R2(5),DlI(5),D(5),F11(5),F22(5)tF33(5),P1(5),P2(5),P3(5),
lXP1(200) ,YPI(200) ,ZPI(200) ,FXl(200) ,FX3(200) ,FXPL33(200)
IFYPL33(200) ,FZPL33(200) ,FXPL31(200) PFYPL31(200) ,FZPL31(200) ,

1XP5(200) _YP5(200) ,ZP5(200) ,XP7(200) ,YP7(200) ,ZP7(20O) ,
1FX5(200) _FX7(200) ,FXPL37(200) ,FYPL37(200) ,FZPL37(200)
DIMENSION FXPL35(2OO)tFYPL35(200),FZPL35(200)_

IENGY(5),ENPRO(5), EPSEN(5), ALPHA(5),

lXL(393)gXPV(5)tYPV(5),ZPV(5),XPVVEL(5),YPVVEL(5),ZPVVEL(5)_
IFAG(5),FBG(5),FCG(5),XPVVLR(5),YPVVLR(5),ZPVVLR(5),RP(5),SKS(5)

READ INITIAL DATA

READ 1000,(ALPHA(1)tI=1,5),(D(1),I=1tS)_(D11(1),I=l,5)t
1 (F11(1),I=l,5),(F22(1),I=1,5),(F33(1),I=1,5),(GRDMU(1),I=1,S),
2 (P1(1),I=1,SI,(P2(1),I=1,5),(P3(1),I=1,5),(Rl(1),I=l_5),

3 (R2(1),I=I,5),(THETA(1),I=I,5),(RP(1),I=I,5),(SKS(I),I=I,S)
READ IO05,DELTAP,DELTAT,EPS2,EPS3,EPS4,EPSS,FINT,GRAV_HN,PMASS,

I RUNNOO,RN,SK1,SK2tSK3,SKEI_SKE2,SKE3,SERNO,VMASS,ZETA,PITCHO,

2 YAWO,ROLLO,PTCHVO,YAWVO,ROLLVO,XMOMX,XMOMY,XMOMZ,H
READ 1010,11,JJ,IIX,JJX,KPRINT,N,NSO,NQO,NSMAX,NQMAX,KCONMX

READ 1015,((XVELO(ML,NL),YVELO(ML,NL),ZVELO(ML,NL),ML=1,NQMAXI,NL=
1 I,NSMAX)

CONVERT INPUT DATA TO PROPER FORM TO BE USED BY THE PROGRAM

CALL INCON(R1tR29RPgH_Dll,D_DELTAP,THETA_ALPHA_SL10,D10_
1 B10,B20,B?OtC10,C20_C30,N,1)

INITIALIZE PROGRAM CONSTANTS

DO 5 I:I,N

EPSEN(1)=F11(1)_F11(1)/(SK1_20.O)

DETERMINE PRINTOUT FREQUENCY OF STORED OUTPUT

FACTOR=FINT/2OO.O

XPRINT=KPRINT

IF(FACTOR-(DELTAT_XPRINT))7_8,8
MULT=I

Figure 7-7. Main Program (Continued)
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C

C
C

GO TO 15

8 IF(FACTOR-2.01(DELTAT_XPRINT))9,12,12

9 MULT=2

GO TO 15

12 MULT=5

SET STARTING POINT IN VELOCITY ARRAY

15 NS=NSO

NQ=NQO

20

40

INITIALIZE PROGRAM VARIABLES

IFLAGE=-I

RUNNO=RUNNOO-I.O

PRXVEL=I00.O

PRYVEL=IO0.O

PRZVEL=I00.0

XMIN=IO0,O

NST=0

NUN=O

RUNNO=RUNNO+I.O

LINE=O

ZERO OUT LINE COUNT

KM=0

CHOOSE INITIAL TOUCHDOWN CONDITIONS

PITCH=PITCHO

YAW=YAWO

ROLL:ROLLO

PITCHV=PTCHVO

YAWV=YAWVO

ROLLV=ROLLVO

XVELOO=XVELO(NQ,NS)

YVELOO=YVELO(NQ,NS)

ZVELOO=ZVELO(NQ,NS}

XVEL=XVELO(NQ,NS)

YVEL=YVELO(NQ,NS)

ZVEL=ZVELO(NQ,NS)

FORM INIT. DIRECTION

XL(Itl)=COS

XL(2,1)=COS

XL(3_I)=_COS
XL{I,21=-SIN

XL(2_2)=COS

XL(3,2}=SIN
XL(I,3)=COS

XL(2,3)= SIN

XL(3,31=£OS

COSINE MATRIX GROUND AXES TO VEHICLE AXES

(PITCH)_COS (ROLL)-SIN (PITCHIeSIN (YAW)_SIN (ROLL)

(PITCH)WSIN (YAW}_SIN (ROLL)÷SIN (PITCH)_COS (ROLL)

(YAW}_SIN (ROLL)

(PITCH}*COS (YAW}

(PITCHiw(OS (YAW)
(YAW)

(PITCH)_SIN (ROLL)+SIN (PITCH)_SIN (YAW)_COS (ROLL)

(PITCH)_SIN (ROLL)-COS {PITCH)*SIN (YAW)_COS (ROLL)

(YAW)_COS (ROLL)

PRINT INPUT DATA

PRINT 1066

PRINT I025,(ALPHA(1)_Iffil,5)

PRINT IO26,(D(I},I=1tS)

PRINT 1027,(Dl1(I),I-1,5)

Fibre 7-7. IV_in Program (Continued)
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43
50

44

'7-32

PRINT

PRINT

PRINT
PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT
PRINT
PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

1028t
1029.

1030,

1031,

1032,

1033.

1034,

1035,

1036.

1037,

i038,

1039,

Fl1(I},I=1,5)

F22(I).I=1,5}

F33(I),I=1,5)

GRDMU(1),I= ,5)

Pl(1),l=l,5

P2(I},I=I,5

P3(I},I=I,5

RI(1)*I=I,5

R2(I},I=I*5

RP(I},I=I*5

THETA(I},I=I*5}

SKS(1),I=I,5)

1045,DELTAP,DELTAT,EPS2

1046,EPS3,EPS4,EPS5

1047,FINT,GRAVtHN

1048,PMASS,RUNNOO,RN

1049*SKItSK2,SK3

1050,SKEltSKE2*SKE3

1051,SERNOtVMASS,ZETA

1052,PITCHO,YAWOtROLLO

I053,PTCHVOtYAWVO,ROLLO

1054,XMOMXtXMOMY,XMOMZ

I055,H
1056
I060,11,JJ,IIX,JJX,KPRINT,N

1061,NSO,NOO,NSMAX,NQMAX_KCONMX

1065,((XVELO(ML,NL),YVELO(MLpNL),ZVELO(ML,NLIpML=1,NQMAX)*NL

I:I,NSMAX)

PRINT 1020

PRINT 1021_((XL(ItJ)tJ=1,3},I=l,3)

TEST IF TOUCHDOWN VELOCITIES DUPLICATE THOSE OF PREVIOUS RUN*

IF SO,CHOOSE NEXT POINT IN VELOCITY ARRAY. OTHERWISE CONTINUE

IF(PRXVEL-XVELOO}_4,43J44

IF(PRYVEL-YVELO0) 44,50,44
IF(PRZVEL-ZVELO0} 44t8_5,4_

PRXVEL=XVELO0

PRYVEL=YVELO0
PRZVEL=ZVELO0

INITIALIZE PROGRAM VARIABLES

TCONMX=KCONMX

DELTTT=DELTAT/TCONMX

ZERO OUT INITIAL FORCES FOR PARABOLIC INTEGRATION OF FOOTPAD

FORCES

DO ?0 I=ltN

EI(I)=O.O

E2(I)=O.O

E3(1)=O.O

FXPLG3(I}=O.O

FYPLG3(I}=O.O

FZPLG3(I)=O.O

FXPLGI(1)=O.O

FXPLG2(I)=O.O

FYPLGI(I}=O.O

FYPLG2(1)=O.O
FZPLGI(I}=O.O

Figure 7-7. Main Program (Continued)
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I

I

I

I

!

I

!

I

I

I

I

I

I

!

!

I

I

I

C
C
C

70
C
C
C

I00

FZPLG2(1)=O,O

_ Cj___̧

DETERMINE INITIAL STRUT ANGLES AND TRIGONOMETRIC RELATIONSHIPS

BI(1)=BIO(I}
COSC(I)=COS (THETA(I})

SINC(1)=SIN (THETA(I))
SLI(II=SLIO(1)
B2PREV(1)=B20(1)

B3PREV(1)=B30(I)
ClPREV(I}=ClO(1)

C2PREV(I}=C20(I)
C3PREV(I)=C30(I)

DI(II=DIO(1)

DETERMINE FOOTPAD POSITIONS AND VELOCITIES

DO 75 I=19N
XPV(II=-D11(II-SL10(1)*COS (BIO(1))
YPV(1)=RI(II*COSC(1)+SLIO(1)*SIN (BIO(1))
ZPV(I)=-RI(II*SINC(II-DIO(1)

XP(1)=XL(1,1}*XPV(I)+XL(I,2)*YPV(1)+XL(It3IeZPV(1)

YP(1)=XL(2,1)iXPVII)+XL{2,2)*YPV(1)+XL(2,3)_ZPV(1)
75 ZP(1)=XL(3tl)_XPV(II+XL(3,2)*YPV(1)+XL(3,3)_ZPV(1)

DO 78 I=ltN
IF(XP(II-XMIN) 77,78,78

77 XMIN=XP(1)
78 CONTINUE

DO 79 I=ltN

79 XP(1)=XP(II-XMIN+DELTAP -.001

FIX COORDINATES OF VEHICLE C.G.

X=-XMIN+DELTAP

Y=O.O
Z=O.O
XO=X

DO 82 I=19N
XPVVEL(I)=
YPVVEL(1)=

ZPVVEL(I)=

-PITCHV*YPV(1)+ROLLV*ZPV(I}
PITCHV*XPV(I}-YAWV*ZPV(1)

YAWV*YPV(1)-ROLLV_XPV(1)
XPVEL(1)=XL(1,1)*XPVVEL{I)+XL(1,2)*YPVVEL(1)+XL(I,3I*ZPVVEL(I)

1 +XVEL

YPVEL(1)=XL(2,1)*XPVVEL(1)+XL(2,2)*YPVVEL(1)+XL(2,3}_ZPVVEL(I)
1 +YVEL

82 ZPVEL(I)=XL(3,1)*XPVVEL(I}+XL(3,2)*YPVVEL(II+XL(3,3)_ZPVVEL(1)
1 +ZVEL

INITIALIZE PROGRAM FOR STRUT LENGTH CALCULATIONS

DO 100 I=I,N
NOGR(I}=I
SLIPRE(I)=O.O

SL2PRE(1)=O.O
SL3RRE(I)=O.O
SLIM(1)=F11(1)/SK1

SL2M(1)=F22(1)/SK2
SL3M(1)=F33(1)/SK3
TIME=OoO
CONS=O°O

XNMIN=IO0.O

Figure 7-7. Main Program (Continued)
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BETMIN=IO.O

IBEMIN=O

IFLAG=-I

DETERMINE TRIGONOMETRIC RELATIONSHIPS FOR STRUT LENGTH

CALCULATIONS.

DO 130 I=I,N

SIND(1)=SIN

COSD(1):COS

COSE(I}=COS

COSG(1)=COS

SINJ(1)=SIN

SINK(I}=SIN

BI(I}

BI(1)

THETA

THETA

THETA

THETA

I}-ALPHA(I}/2.0)

I}+ALPHA(1)/2.0)

I)-ALPHA(1)/2.0)

I}+ALPHA(1)/2.0)

DETERMINE STRUT LENGTHS

SLITO(1)=SQRT (SLI(I}*SLI{I)+DI(1)_DI(1)!

HALF3=(SLI(I}*SIND(I}+RI(1)*COSC(I}-R2(I}*COSE(1))_ISLI(I}_

1SIND(1)+RI(I}_COSC(I}-R2II)*COSE(1)}

HALF4=(SLI(I)_COSD(I}-D(I})_(SLI(1)_COSD(I}-D(1))

SL2(I}=SQRT(HALF3+HALF4)

SL2TO(1)=SQRT (SL2(1)*SL2(I)+(DI(1)+RI(I}*SINC(1)-R2(I}*SINJ(I))_

I(DI(1)+RI(Ii*SINC(1)-R2(I}*SINJ(1))}

HALFI=(SLI(I}_SIND(I}+RI(I}_COSC(1)-R2(1)_COSG(1))_

I(SLI(I}_SIND(I)+RI(1)_COSC(I}-R2(1)_COSG(1))

HALF2=(SLI(I}_COSD(1)-D(I})_(SLI(1)_COSD(1)-D(1))

SL3(1)=SQRT(HALFI+HALF2}

SL3TO(1)=SQRT (SL3(1)wSL3(1)+(DI(1)-R2(1)_SINK(1)+RI(1)_SINC(1)}_
I(DI(I}-R2(1)*SINK(II+RI(1)*SINC(I))}

SLIT(1)=SLITO(I}

SL2T(1)=SL2TO(1)

130 SL3T(1)=SL3TO(I}

DETERMINE STRUT ANGLES AND ASSIGN TO PROPER QUADRANTS

140 DO 240 I=I.N

IF(NOGR(I))240,240,145

145 B2(1)=ATAN ((SLI(1)*SIND(I)+RI(I}*COSC(1)-R2(1)*COSE(I))/(SLI(1)*

1COSD(1)-D(1))}

B2MI(1)=B2(I)-3.14159265359

B2PL(1)=B2(1)+3.14159265359

DIFFI=ABS (B2MI(1)-B2PREV(1))

DIFF2=ABS (B2(1)-B2PREV(I))

DIFF3=ABS (B2PL(I)-B2PREV(I})

IF(DIFF1-DIFF2)150,1529152

150 IF(DIFF1-DIFF3}I54,158,158

152 IF(DIFF2-DIFF3)I60,158,158

154 B2(I)=B2MI(1)

GO TO 160

158 B2(I}=B2PL(I)

160 B2PREV(I)=B2(I}

B3(1)=ATAN ((SLIIlI_SINDII)+Rlll)_COSCIlI-R2IlltCOSGll)I/ISLIIIle

ICOSD(1)-D(1)))

B3MI(1)=B3(1)-3.14159265359

B3PL(1)=B3(1)+3.14159265359

DIFFI=ABS (B3MI(1)-B3PREV(I})
DIFF2=ABS (B3(1)-B3PREV(I))

DIFF3=ABS (B3PL(1)-B3PREV(1))

IF(DIFF1-DIFF2)170,1729172

170 IF(DIFF1-DIFF3)174,178,178

Figure 7-7. Main Program (Continued)
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172 IF(DIFF2-DIFF3)I80t1789178

174 B3(1):B3_I(II

GO TO 180

178 B}(1)=B3PL(1)

180 B3PREV(1)=B3(1)

IF(D1(1))182,181.182

181 CI(I}=1.5708

GO TO 183

182 CI{I)=ATAN (SLI{I)/DI{I))
183 CIMI(I)=C1(I)-3.14159265359

CIPL{I):CI(I)+3.14159265359

DIFFI=ABS (CIMI(I}-CIPREV(1)}

DIFF2=ABS (CI(1)-CIPREV(1))

DIFF3=ABS (CIPL(1)-CIPREV(1))

IF(DIFF1-DIFF2)190.192.192

190 IF(DIFF1-DIFF3)i94.198_198

192 IF(DIFF2-DIFF3)200_198,198

194 CI(1)=CIMI(1)

GO TO 200

198 CI{I)=CIPL(1)

200 CIPREV(1)=CI(I)

C2(1)=ATAN (SL2(I}/(DI(1)+RI(1)*SINC(1)-R2(I)*SINJ(II})

C2NI(I)=C2(I)-3.14159265359

C2PL(I):C2(I)+3.14159265359

DIFFI=ABS (C2MI(I)-C2PREV(I})

DIFF2=ABS (C2(1)-C2PREV(1))
DIFF3=ABS (C2PL(I}-C2PREV(1))

IF(DIFF1-DIFF2}210,212.212

210 IF(DIFF1-DIFF3)214t218,218

212 IF(DIFF2-DIFF3)220_218,218

214 C2(1)=C2MI(I}

GO TO 220

218 C2(1)=C2PL(1)

220 C2PREV(1)=C2(1)

C3(1)=ATAN (SL3(I)/(DI(I)+RI(1)*SINC(1)-R2(1)*SINK(1)I)

C3MI(I)=C3(I)-3.14159265359

C3PL(I)=C3(I)+3.14159265359

DIFFI=ABS (C3MI(1)-C3PREV(1))

DIFF2=ABS (C3(1)-C3PREV(I)}
DIFF3=ABS (C3PL(I)-C3PREV(1))

IF(DIFF1-DIFF2)230_232,232

230 IF(DIFFI-DIFF3}234,236,236

232 IF(DIFF2-DIFF3)238o236,236

234 C3(1)=C3MI(II

GO TO 238

236 C3(I)=C3RL(1)

238 C3PREV(I)=C3(I)

240 CONTINUE

IF(IFLAG)250,250,280

C

C
C

250

STORE INFORMATION FOR FINAL PRINTOUT

M=I

TIM(M)=TIME

XPl(M)=XP(II)

YPl(M)=YR(II)

ZPI(M)=ZP(II)

XP3(Mi=XP(JJ)
YP3(M)=YP(JJ)
ZP3(M}=ZP(JJ)

FXI(_}=O.0

Figure 7-7. Main Program (Continued)
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275

7-36

277

FX3(M)=O,O

FXPL31(M):FXPLG3(II)

FYPL31(M)=FYPLG3(II)

FZPL31(M)=FZPLG3(II)

FXPL33(M)=FXPLG3{JJ)

FYPL_3(M)=FYPLG3 (JJ)

FZPL33(M)=FZPLG3(JJ)

XPS(M)=XP(IIX)

YP5(M)=YP(IIX)

ZP5(M)=ZP(IIX)

XP7(M)=XP(JJX)

YP?IM)=YP(JJX)

ZP7(M)=ZP(JJX)

FX5(M)=O,O
FX7(M)=O,O
FXPL35(M)=FXPLG3(IIX

FYPL35(M)=FYPLG3(IIX

FZPL35(M)=FZPLG3(IIX

FXPL37(M)=FXPLG3(JJX

FYPL37(M)=FYPLG3(JJX

FZPL37(Mi=FZPLG3(JJX

COMPUTE INITIAL STABILITY ANGLE

CALL STABAN(XVEL,YVEL,ZVEL,X,Y,Z,XP,YP,ZP_ZETA,N,BETAF,IFRONT)

IF(TINE)275,275_277

PRINT INPUTED ANGLES AS CALCULATED BY THE COMPUTER AT TIME =

AS CHECK ON DATA PROGRAMMING

PRINT 940

PRINT 1084,(310

PRINT 1085,(820
PRINT I0869(B30

PRINT 1087,(C10

PRINT 1088,{C20

PRINT 1089,(C30

I).I=I,N)

I).I=I,N)

I),I=ltN)

I),I=ItN)

I),I=I,N}

I),I=I,N)

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT
PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

I090,[SLIOil),I=I,N)

I091,(DIO(1),I=I,N)

1056

1070,

1071,

1072,
1073,

1074,

1075,

1056

XP(1),I=I,N)

YP(I),I=I,N)

ZP(1),I=I,N)

XPV(I),I=I,N)

YPV(I),I=I,N}

ZPV(1),I=I,N)

I076,(XPVEL(I},I=I,N)

I077,{YPVEL{I),I=l,N)

1078,(ZPVEL(1),I=1,N)

IC79,(XPVVEL(I),I=I,N)

IO80,(YPVVEL(I),I=I,N}

1081,(ZPVVEL(1),I=I,N)

PRINT ON LINE DATA

PRINT 1066

PRINT I095,SERNO,RUNNO

PRINT 1096

PRINT I097,TIME,X,Y,Z,XVEL,YVEL,ZVEL,PITCHV,ROLLV,YAWVtBETAFt

1 IFRONT

Figure 7-7. Main Program (Continued)
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C
C
C
C

C
C

C

C
C

C

C
C
C
C

28O

290

300

RMOMGX:O,0

RMOMGY:0,0

RMOMGZ:0,0

DO 600 I:I,N

TEST IF FOOTPAD IS ON THE GROUND

IF(XP(I}-DELTAP )330,330,290

COMPUTE FOOTPAD VELOCITY RELATIVE TO C,G, AND DETERMINE RELATIVE

ENERGY OF FOOTPAD

XPVVLR(I)= -PITCHV*YPV(1)+ROLLV_ZPV(1)

YPVVLR(1)= PITCHV_XPV(1)-YAWV_ZPV(1)

ZPVVLR(1)= YAWV_YPV(1)-ROLLVeXPV(1)
PADENG(1)=PMASS/2,0_((XPVVLR(1)-XPVVEL(I|}_2+(YPVVLR(1)-

I YPVVEL(1))t*2+IZPVVLR(1)-ZPVVEL(1))_2)+EI(I}+E2(I}+E3(1)

TEST IF FOOTPAD IS MOVING WITH THE VEHICLE

IF(PADENG(1)-EPSEN(1))300,300,330

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

FA(1):0,O

FB(1):O,O

FC(I)=0,O

FAG{I)=0,O

FBG(1)=0,0

FCG(I):O,O

FXPLGI I)=0,O

FXPLG2 I)=0,O

FXPLG3 I)=O,0

FYPLGI I)=O,0
FYPLG2 I}=O,0

FYPLG3 I}=0,0

FZPLG1 I}=0,O

FZPLG2 I)=0,0

FZPLG3 I}=0,0

RMOMGX=RMOMGX+PMASS_IYPV{I)*_2+ZPV{I)_2)

RMOMGY=RMOMGY+PMASS*(XPV(1)**2+ZPV(I)*_2)

RMOMGZ=RMOMGZ+PMASS_{XPV(II*_2+YPVII)_2)

NOGR(I)=-I

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

XPV(I}=-DII(1)-SLI(I}_COS (BI(I})

YPV(1)=RI(I}+COSC(I}+SLI(I)*SIN (BI(1))

ZPV(I}=-RI(1)*SINC(1)-DI(1)

XPVVEL(1)= -PITCHV_YPV(1)+ROLLV_ZPV(I}
YPVVEL{I)= PITCHV_XPV(1)-YAWV_ZPV(I}

ZPVVEL(I|= YAWV*YPV(I}-ROLLV_XPV(I}

XP(1)=XL(I,1)_XPV(1)+XL(1,2)_YPV(1)+XL(1,3)_ZPV(1)+X

YP(1)=XL(2,1)_XPV(1)+XL(2,2)_YPV(1)+XL(2_3}_ZPV(1)+Y

ZP(I}=XL(3,1}*XPV(1)+XL(3,2}*YPV(1)+XL(3,3)_ZPV(I}+Z

XPVEL(1)=XLtI,I)_XPVVEL(I}+XL(1,2)_YPVVEL(1)+XL{1,3)_ZPVVEL{I)

I +XVEL

YPVEL(I}=XL(2,1)wXPVVEL(I}+XL(2,2}IYPVVEL(1)+XLÁ2,3}*ZPVVEL(1)

1 +YVEL

ZPVEL{I):XL(3,1}*XPVVEL(I}+XL(3,2)_YPVVEL(I)+XL(3,3)_ZPVVEL(1)

Figure 7-7. _v_in Program (Continued)
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i +ZVEL

FX(1)=O.O

GO TO 600

FOOTPAD IS MOVING INDEPENDENTLY OF THE VEHICLE , CALCULATE STRUT

FORCES AND FOOTPAD ENERGY

330 SL=SLITO(1)-SLIT(1)

NOGR(I}=I

IF(SL-SLIM(1)+FIl(I}/SKI)334,334,379

334 IF(SL)340,367,367

340 IF(SL-SL1PRE(1)}343,360,360

343 FI(1)=SKEI_SL-PI(1)

EI(1)=SKEI_SL_SL/2.0

GO TO 393
350 FI(1)=-PI(I}

EI(1)=O.O

GO TO 393
360 FI(1)=SKEI_SL+PI(I}

EI(1)=SKEI*SL*SL/2.0

GO TO 393
367 IF(SL-SLIPREiI)}350,370,370

370 FI(1)=Pl(1)

EI(1)=O.O

GO TO 393

375 IF(SL-SLIM(I)}378t3909390

378 IF(SL-SLIPRE(1)}385,380,380

380 F1(1)=SK1_(SL-SLIM(I}+FI1(I}/SKI)+Pl(1)

EI(1)=(SK1/2.0)wiSL-SLIM(1)+F11(1)/SK1)_(SL-SLIM(I)+FI1(II/SK1)

GO TO 393

385 F1(1)=SK1e(SL-SLIM(I}+FII(I}/SKI)-PI(I}

El(1)=(SKI/2.0)_(SL-SLIM(1)+F11(1)/SK1)eiSL-SLIM(1)+FII(1)/SK1)

GO TO 393
390 FI(I}=FII(1)+PI(1)

EI(1)=(SK1/2,0)_(SL-SLIM(1)+F11(II/SKI)e(SL-SLIM(1)+F11(1)/SK1)

393 IF(SL-SLIM(1)}400t4009396

396 SLIM(1)=SL

400 SLIPRE(1)=SL

SL=SL2TO(I)-SL2T(1)

IF(SL-SL2M(1)+F22(1)/SK2)403,403,433

403 IF(SL)406,425,425

406 IF(SL-SL2PRE(1)}410t420,420

410 F2(1)=SKE2_SL-P2(I)

E2(1)=SKE2_SL_SL/2.0

GO TO 450

412 F2(1)=-P2(1)

E2(1)=O.O

GO TO 450

420 F2(1)=SKE2_SL+P2(1)

E2(1)=SKE2_SLeSL/2,0

GO TO 450

425 IF(SL-SL2PRE(I))412,430,430
430 F2(1)=P2(1)

E2(1)=O,O
GO TO 450

433 IF(SL-SL2M(I}}436t446,446

436 IF(SL-SL2PRE(1)}443,440,440

440 F2(1)fSK2*(SL-SL2M(II+FZ2(1)/SK2I+P2(1)
E2(I}=(SK2/2.0)*(SL-SL2M(1)+F22(1)/SK2)t(SL-SL2M(1)+F22(I)/SK2)

GO TO 450

443 F2(1)=SK2_(SL-SL2M(1)+F22(1)/SK2)-P2(1)

Fibre 7-7. IVIainProgram (Continued)
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I
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I

I

C
C
C

E2(I}:(SK2/2.0)*(SL-SL2M(I}+F22(1)/SK2)_(SL-SL2M(II+F22(I)/SK2)

GO TO 450

446 F2(I}=F22(I)+P2(I)
E2(I}=(SK2/2.0}*ISL-SL2M(I}+F22(I}/SK2)*(SL-SL2M(II+F22(1)/SK2)

450 tF(SL-SL2M(I))454,454,452
452 SL2M(I)=SL
454 SL2PRE(1)=SL

SL=SL3TO(I}-SL3T(I}
IF_SL-SL3M(II+F33(I)/SK3)458t458,486

458 IF(SL)460,480,480
460 IF(SL-SL3PRE(I))465,475,475
465 F3(II=SKE_*SL-P3(I)

E3(II=SKE3*SL_SL/2.0
GO TO 505

470 F3(II=-P3(I)

E3(1)=O.O
GO TO 505

475 F3(1)=SKE3_SL+P3(I}

E3(1)=SKE3_SL_SL/2.0
GO TO 505

480 IF(SL-SL3PRE(II)470,483,_83

483 F3(I)=P3(I)
E3(I)=O.O
GO TO 5O5

486 IF(SL-SL3M(I))490,500,500
490 IFISL-SL3PRE(1))496.493,493

493 F3(1)=SK3_(SL-SL3M(1)+F33(1)/SK3}+P3(1)

E3(I)=SK3/2.0 _{SL-SL3M{I)+F3311)/SK3)_(SL-SL3M{I)+F3311)/SK3)

GO TO 505
496 F3(1)=SK3_(SL-SL3M(1)+F33(1)/SK3)-P3(1)

E3(1)=SK3/2.O _(SL-SL3M(1)+F33(1)/SK3}_(SL-SL3M(1)+F33(1)/SK3)

GO TO 505

500 F3(I}=F33(I)+P3(I}

E3(1)=SK3/2.O _(SL-SL3M{I)+F33(1)/SK3)_(SL-SL3M(I)+F33{I)/SK3)
505 IF(SL-SL3M(I))510_5109507
507 SL3M(1)=SL

510 SL3PRE(1)=SL

CALCULATE COMPONENTS OF STRUT FORCE

SING(If=SIN (Cl(I))

SINL(1)=SIN (CZII}}

SINI(II=SIN (C3(I))

FA(II=FI(II*COS (CI(1))+F2(1)*COS (C2(II)+F3(II*COS (C3(II)

FB(II=FI(1)*SING(II*COSD(1)+F2(1)*SINL(1)*COS (BZ(III+F3(1)*

ZSINI(I)_COS (B3(II)

FC(I)=FI(II*SING(II*SIND(1)+F2(I}*SINL(1)*SIN (B2(II)+F3(I}*

1S!NI(II*S!N (B?(I})

FBG(1)=-XL(1.1)_FB(I}+XL(1.2)_FC(I}-XL(1.3}WFA(1)

FCG(1)=-XL(2,1}*FB(1)+XL(2.2)*FC(1)-XL(2,3}*FA(I}

FAG(1)= XL(3,1}_FS(1)-XL(3.2)_FC(1)+XL(3,3)_FA(1)

DETERMINE FORCES ACTING ON FOOTPAD AND FOOTPAD MOTIONS

KCON=O

515 KCON=KCON+I

SLVEL:SQRT ((YPVEL(I}}_(YPVEL(I))+(ZPVEL(1))w{ZPVEL(1)))

IF(SLVEL-EPS2)530,535t535

530 SLVEL=EPS2
535 FXP=SKS(I)_(DELTAP-XP(I))

IF(FXP)5409540t545

Figure 7-7. Main Program (Continued)
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C

C
C

540 F×(I)=O°O

GO TO 550

545 FX(1)=FXP

550 TEMP2=GRDMU(1)_FX(1)/(PMASS_SLVEL)

FYPLG3(1)=(FCG(1)/PMASS+GRAV_SIN (ZETA))_PMASS

YP(1)=YP(1)+YPVEL(1)_DELTTT+(19.0_FYPLG3(1)-IO.Q_FYPLG2(1)+3.0_

IFYPLGI(1))*DELTTT_DELTTT/(24.0*PMASS)-TEMP2_YPVEL(II_DELTTT_

2DELTTT/2.0

YPVEL(1)=YPVEL(I}+(23.0_FYPLG3(1)-16.0_FYPLG2(1)+5.0_FYPLGl(1))t

IDELTTT/(12,0WPMASS)-TEMP2_YPVEL(1)_DELTTT

FZPLG3(1)=FAG(I)

ZP(1)=ZP(1)+ZPVEL(1)_DELTTT+(19o0_FZPLG3(1)-lO.O_FZPLG2(1)÷3,0 •

IFZPLGI(I))WDELTTT_DELTTT/(2_.0_PMASS)-TEMP2_ZPVEL(1)_DELTTT _

2DELTTT/2o0

ZPVEL(1)=ZPVEL(1)+(23.0_FZPLG3(I)-16.0_FZPLG2(1)+5.0tFZPLGl(I))_

1DELTTT/(12.0_PMASS)-TEMP2_ZPVEL(1)_DELTTT

FXPLG3(I)=FBG(1)-GRAV_COS (ZETA)_PMASS

XP(1)=XP(1)+XPVEL(1)_DELTAT+(19°0_FXPLG3(1)-lO.0tFX PL62(I)+3.0_

IFXPLGI(1))WDELTTT_DELTTT/(24°O_PMASS)+FX(1)_DELTTT_DELTTT/

2(2.0WPMASS)

XPVEL(1)=XPVEL(1)+

1DELTTT/(12oO_PMASS

XPV(1)=XLII,1)_(XP

YPV(1)=XL(1,2)*(XP

ZPV(1)=XL(I,3)_(XP

XPVVEL(I =XL(I,1) {

1 +XL(3,1 _{ZPVEL(I

YPVVEL(I =XL(I,2}_

I ÷XL(3,2 _(ZPVEL(I

ZPVVEL(I =XL(1,3)_

I +XL(3,3 *(ZPVEL(I

IF(KCON-KCONMX) 5

600 CONTINUE

23,0_FXPLG3(1)-16.0_FXPLG2(1)+5o0_FXPLG1(1))_

+FX(1)_DELTTT/PMASS

I)-X)+XL(2,1)_(YP(1)-Y)+XL(3,1)_(ZP(1)-Z)

I)-X)+XL(2,2)_(YP(1)-Y)+XL(3,2)_(ZP(1)-Z)

I)-X)+XL(2,3)_(YP(1)-Y)+XL(3,3)_(ZP(1)-Z)

XPVEL(1)-XVEL)+XL(2,1)_(YPVEL(II-YVEL)
-ZVEL)

XPVEL(1)-XVEL)+XL(2,2)_(YPVEL(1)-YVEL)
-ZVEL)

XPVEL(1)-XVEL)+XL(2,3)*(YPVEL(1)-YVEL)

-ZVEL)

5,600,&00

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)+FAG(3)+FAG(4)
VEMX=0.O

VEMY=O.O

VEMZ=0,O

DO 610 I=I,N

VEMX=VEMX-FA(II*(SLI(II*SIN (BI(1))+RI(1)*COSC(III÷FC(1)*

1 (RI(II*SINC(II+DI(1))

VEMY=VEMY-FA(1)_(SLI{I)_COS (B1(1))+D11(1))+FB(1)_

1 (RI(1)*SINC(1)+DI(1))

610 VEMZ=VEMZ+FB(1)_(RI(I)_COSC(1)+SLI(1)_SIN (BI(1)I)-FC(II *

1 (SLI(1)_COS (BI(II)+D11(I))

RMOMX=XMOMX+RMOMGX
RMOMY=XMOMY+RMOMGY

RMOMZ=XMOMZ+RMOMGZ

RMOMGX=O.0

RMOMGY=Oo0

RMOMGZ=0.0

DETERMINE VEHICLE C.G° MOTIONS

PITCHV=-PITCHV

YAWV=-YAWV

ROLLV=-ROLLV

-40
Figure 7-7. Main Program (Continued)



638

639

650

651
652

653
654
655

656
657
658

665

668

674

CALL INTEQM(VEMX,VEMY,VEMZ,YAWVgROLLV,PlTCHV,DELTATgX,XVEL,GRFX,

I Y,YVEL,GRFY,Z,ZVEL,GRFZ,XL,VMASS,RMOMXgRMOMYtRMOMZ)

PITCHV=-PITCHV

YAWV=-YAWV

ROLLV=-ROLLV

INDEX PREVIOUS FORCES FOR THE NEXT INTEGRATION OF FOOTPAD

MOTION

DO 639 I=I,N

IF(NOGR(1))639,639

FXPLGI I)=FXPLG2(I

FXPLG2 I)=FXPLG3(I

FYPLG1 I)=FYPLG2(I

FYPLG2 I)=FYPLG3(I

FZPLG1 I)=FZPLG2(I

FZPLG2 I)=FZPLG3(I

CONTINUE

,638

INCREMENT TIME FOR NEXT CALCULATION

TIME=TIME+DELTAT

CONS=CONS+I,0

TEST NOZZLE : GROUND CLEARANCE AND STORE MINIMUM VALUE

XN:X-HN*XL{I,I)-RN*SQRT (I*O-XL(1,1)*XL{I,I))
IF(XN-XNMIN}650,651,651

XNMIN=XN

TMINXN=TIME-DELTAT

IF(TIME-2,0*DELTAT)653,653,651

TEST S "_',_ITY ANGLE AND STORE

IF(BETAF-BETMIN) 652,653,653

BETMIN=BETAF

TIMBMI=TIME-DELTAT

IBEMIN=IFRONT

TEST IF VEHICLE IS STOPPED

MINIMUM VALUE

IF(ABS
IF(ABS

IF(ABS

IF(ABS

IF(ABS

IF(ABS

vv_

(XVELI-EPS3) 654,654,668

(YVEL)-EPS4) 655,655,668

(ZVEL)-EPS4) 656,656t668

(YAWV)-EPS5} 657,657,668
(ROLLV)-EPSS) 658,658,668
(PITCHV)-EPS5) 663,663,668

!=I,N

IF(XP(I)-I,O)665,665,668
CONTINUE

GO TO 810

COMPUTE STABILITY ANGLE

CONTINUE

CALL STABAN(XVEL,YVEL,ZVEL,X,Y,Z,XP,YPtZP,ZETA,N,BETAFoIFRONT)

TEST IF VEHICLE IS UNSTABLE

IF(BETAF) 770,674,674

IF(TIME-FINT)675,800oSO0

Figuro,7-7. Main Program (Continued)
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C
C
C

675

680

687

C

C

C
688

C
C
C

700

C

C
C

7-42

SET LINE COUNT AND STORAGE FOR PLOT ROUTINE

KM:KM+I

IF(CONS-KPRINTI710t680t680

CONS:O,O

IF(KM-MULTeKPRINT}700t888_688

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

M:M+I

TIM(M)=TIME

XP3(M)=XP(JJ)

YP3 M)=Yp(JJ)

ZP3 M)=ZB(JJ)

XPl M)=XP(II)

YPI M)=YP(II)

ZPl M)=ZP(II)

FX1M)=FX(II)

FX3(M}=FX(JJ)

FXPL33(M)=FXPLG3(JJ)

FYPL33(M)=FYPLG3(JJ)
FZPL33(M)=FZPLG3(JJ)
FXPL31(M)=FXPLG3(II)
FYPL31(M)=FYPLG3(I[)
FZPL3Z(M)=FZPLG3(II)
XPS(M}=XP(IIX)

YP5(MI=YR(IIX}

ZPS(M)=ZP(IIX)

XP7(M)=XP(JJX)

YPT(M)=YP(JJX)

ZPT(M)=ZP(JJX)

FXS(M)=O,O

FX7(M)=O,O

FXPL35(M}=FXPLG3(IIX)

FYPL35(M)=FYRLG3(IIX)

FZPL35(M)=FZRLG3(IIX)

FXPL37(M)=FXPLG3(JJX)

FYPL37(M)=FYPLG3(JJX)

FZPL37(M)=FZPLG3(JJX)
KM=O

RECORD LINE COUNT FOR PRINT HEADINGS

LINE=LINE+I

IF(LINE-49)705pTOStT07

705 PRINT 1097_TIMEtXgYtZtXVELtYVEL_ZVEL_PITCHV_ROLLVtYAWV,BETAFt

1 IFRONT

GO TO 710

707 PRINT 1066

PRINT 1096

PRINT I097tTIME_XtY_ZtXVELtYVELtZVEL_PITCHVtROLLVtYAWVtBETAFt
i IFRONT

LINE=O

710 DO 730 I=ltN

IF(NOGR(II)7309730oTI5

715

IF FOOTPAD IS ON THE GROUNDt OETERMINE STRUT GEOMETRY

SLI{I)=SORT ((YPV(II-RI(I)_COSC(1))ee2+(XPV(1)+D11(I))_2)

BI(1)=ATAN ((YPV(II-RI(I)*COSC(II)/(-DII(II-XPV(II))

Figure 7-7. Main Program (Continued)



C

C

C

RESET PROGRAM CONSTANTS

COSD(1)=COS (BI(1))

SIND(1)=SIN (BI(I})

CALCULATE NEW STRUT LENGTHS

720 DI(I)=-ZPV(1)-RI(1)_SINC(1)

SLIT(1)=SQRT (SLI(1)eSLI(1)+DI(1)eDI(I}}

HALF3:iSLI(1)*SIND(1)+RI(1)_COSC(1)-R2(1)_COSE(II)_(SLI(IIe

ISIND(1)+RI(1)*COSC(1)-R2(1)tCOSE(I])

HALF6=(SLI(I}*COSD(I}-D(I}I_(SLI(1)*COSD(1)-D(1)}

SL2(II:SQRT(HALF3+HALF4)

SL2T{I):SQRT (SL2(1)_SL2(I}+(DI(I)+RI(1)_SINC(1)-R2{I)_SINJ(II)e(

IDI(I)+RI(1)wSINC(1)-R2(1)_SINJ(1)I}

HALFI:(SLI(1)_SIND(1)+RI(I}_COSC(1)-R2(1)_COSG(1))_

I(SLI(I}_SIND(1)+RI(I)_COSC(1)-R2(I}eCOSG(1))

HALF2:(SLI(I}*COSD(I}-D(1))_{SLI(II_COSD(I}-D(I})

SL3(1)=SQRT(HALFI+HALF2)

SL3T(1)=SQRT ({SL3(I|_SL3(1))+(DI(I)-R2(1)_SINK(1)+RI(1)*
1SINC(I})_(DI(1)-R2(1)*SINK(1)+RI(I}*SINC(1))}

730 CONTINUE

IFLAG=I

GO TO 140

C

C
C

770

C
C

C
C

785
790

794

796

800

C
C

C
810

819

C
C

VEHICLE IS UNSTABLE PRINT OUTPUT DATA

IFLAGX:-I

PRINT 1066

PRINT I095,SERNO,RUNNO

PRINT 905,TIME

ASSIGN 785 TO MM

GO TO 820

CHOOSE NEW VELOCITY CONDITIONS FROM INPUTED ARRAY FOR THE NEXT

RUN ,

IF(NST} 790,790,796

NUN=I

NQ=NQ-I

IF(NQ)794,794,60

NQ=NQ+I

NS=NS+I

IF(NS-NSMAX)20,20,860
IFLAGX=O

PRINT 1066

PRINT 1095,SERNO,RUNNO

PRINT 906,TIME

GO TO 819

VEHICLE IS STABLE AND HAS STOPPED . PRINT OUTPUT DATA

IFLAGX:I

PRINT 1066

PRINT I095,SERNO,RUNNO

PRINT 904,TIME

ASSIGN 824 TO MM

PRINT SUMMARY OUTPUT

Figure 7-7. Main Program (Continued)
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C

C

820 PRINT 907_(SLIM(1).I=I,N)
PRINT 908,(SL2M(I}.I=I,N)

PRINT 909_(SL3M(1),I=I,N)
PRINT 910,XNMIN.TMINXN

PRINT 936tIBEMIN,BETMIN.TIMBMI

EGBALI=VMASS/2.0_(XVELOO_2-XVEL_2+YVELOO_2-YVEL_W2+ZVELOO_2

1 -ZVEL_2)+XMOMX/2.0_(YAWVO_2-YAWVWW2)+XMOMY/2.0_(ROLLVO_2

2 -ROLLV_2)+XMOMZ/2.0_(PTCHVO_2-PITCHV_2)

3 +((XO-X)*COS (ZETA)+YWSIN (ZETA))_VMASS_GRAV

EGBAL2=O.0

EGBAL3=O.0

DO 821 I=I_N

821 ENGY(1)=0.O

DO 822 I=I,N

ENGY(1)= ((F11(1)+PI(I))_(SLIM(1)-F11(1)/SK1}+(F22(1)+P2(I})_(

ISL2M(1)-F22(1)/SK2)+(F33(1)+P3(1))*(SL3M{I)-F33(1)/SK3)|

EGBAL2=EGRAL2+ENGY(1)

822 EGBAL3:EG_AL?+ ((FII(1)+PI(I}}_(SLIM(I}-FI](1)/(2.0_SKI))+(

IF22(I}+P2(1))w(SL2M(1)-F22(1)/(2.0_SK2))+(F33(1)+P3(1))e(SL3M(1) -

2F33(1)/(2.0_SK3)))

DO 2822 I=I,N

ENPRO(1):(ENGY(1)/EGBAL2}*IO0.O

PRINT 917.EGBAL1

PRINT 918.EGBAL2

PRINT 934,EGBAL3

PRINT 938.1FRONT,BETAF

PRINT 939.(ENPRO(I)tI=ltN)

IP=l

IQ=50

IR=-I

IF(M-IQ)1823,182491824

IQ=M

IR=I

2822

1822
1823

PRINT STORED OUTPUT INFORMATION

1824 PRINT 1066

PRINT 930.11,11,II.JJ.JJ.JJ,II.JJ

PRINT 931,(TIM(1).XPI(1)tYPI(1).ZPl(I},XP3(I).YP3(1),ZP3(I},
1FXl(1),FX_(I},I=IP,IQ)

IF(IR)1825,1825,1826

1825 IP=IP+50

IQ=IQ+50

GO TO 1822

1826 IP=I

IQ=50

IR=-I

1827 IF(M-IQ)1828_1829_1829
1828 IQ=M

IR=I

1829 PRINT 1066

PRINT 932,11,II,II,JJ,JJ_JJ

PRINT 9_3,(TIM(1),FXRL31(1),FYPL31(1),FZRL31(Ii_FXPL33(I),

1FYPL3_(I),FZPL33(1),I=IP,IQ)

IF(IR)1830_I830,1891

1830 IP=IP+50

IQ=IQ+50

GO TO 1827

PLOTS MAY BE INSERTED HERE

Figure 7-7. Main Program (Continued)
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1831

1905

1910

1935

C
C

C
C

824

825

IF(IFLAGE)

IFLAGE=I

II=IIX

JJ=JJX

DO 1910 I= ,M

XPI(1)=XP5 I)

YPI(1)=YP5 I)

ZPl(1)=ZP5 l)

XP3(1)=XP7 I)

YP3(1)=YP7 I)

ZP3(I)=ZP7 I)

FXI(1)=FX5 I)

FX3(1)=FX7 I)

FXPL31(1)=FXPL35(1)

FYPL31(1)=FYPL35(1)

FZPL31(I}=F/PL35(1)

FXPL33(1)=FXPL37(1)

FYPL33(I)=FYPL37{I)

FZRL33(1)=FZPL37(I}

IF(IFLAGX) 770,800,810

GO TO MM

1905,1935,1935

CHOOSE NEW VELOCITY CONDITIONS FROM INPUTED ARRAY

RUN ,

IF(NUN) 825,825,796

NST=I
NO=NQ+I

IF(NQ-NQMAX )40,40,830

830 NO=NO-I

NS=NS+I

IF(NS-NSMAX)833,833,840

833 IF(NO-NQMAX )20,20,836

836 NQ=NO-1

GO TO 833

840 PRINT 1066
GO TO 1

C

C REMEMBER INITIAL STARTING VELOCITIES TO PREVENT

C RUNS BECAUSE OF INPUT ERRORS

C

845 PRINT 1066
PRINT 935

STOP

C

C

C

C

C

C

C

C

904

905

906

907

908

909

910

911

FOR THE NEXT

DUPLICATE

FORMAT STATEMENTS FOR OUTPUT INFORMATION

FORMAT(IIH

FORMAT(13H

FORMAT(gH

FORMAT(32H

FORMAT(32H

FORMAT(32H

FORMAT(///32H

TIME WHEN THE

FORMAT(54H

STABLE,F7.3,SHSECS.///)

UNSTABLE,F7.3,5HSECS°II/)

TIME,FT°3_SHSECS,/I/)

MAXIMUM STROKE NO. i STRUTtSF12,31/)

NO. 2 STRUTtSFI2,3//)

NO, 3 STRUTt5F12,3///)

MINIMUM CLEARANCE OF NOZZLE=,F?,3,55H

MINIMUM CLEARANCE OCCURS =_F7,3///)

MINIMUM CLEARANCE BETWEEN SHOCK STRUT AND

Figure 7-7. Main Program (Continued)

FRAME =)
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912 FORMAT(32H ,5F12.3///)

914 FORMAT(32H MAXIMUM STROKE NO. I STRUTt4F12.3//)

915 FORMAT(32H NO. 2 STRUT,4F12.3//}
916 FORMAT(32H NO. 3 STRUTt4F12.3//)

917 FORMAT(66H ENERGY DISSIPATED BASED ON VEHICLE VELOCITIES AND

IC.G. DROP=,FII.3///}

918 FORMAT(48H ENERGY DISSIPATED BASED ON PLASTIC STROKE =,F11.3//

1/)
930 FORMAT(21H TIME XP(tI1,IIH) YP(tII,11H) ZP

1(,I1t12H) XP(_I1911H} YP(,II,11H) ZP(,II,13H}

I FX(,II,14H} FX(,II,IH)/}

931 FORMAT(7FI2°392F14°I)

932 FORMAT(24H TIME FXPLG3(,II,13H) FYPLG3(,II,13H)

1 FZPLG3(,II,13H) FXPLG3(,II,13H) FYPLG3(,I1913H) FZPLG

13(,11,1H}/)
933 FORMAT(F12.3,6F14.1)

934 FORMAT(65H ENERGY DISSIPATED BASED ON PLASTIC AND FULL ELASTIC

1 STROKE =,Fli.3///)

935 FORMAT(98H X AND Y VELOCITIES ARE IDENTICAL TO THOSE OF THE PREVI

IOUS RUN. CHECK THE INPUT DATA FOR ERRORS )

936 FORMAT(29H MINIMUM STABILITY ANGLE B,I1,1H=,FT.3,55H

1 TIME WHEN THIS STABILITY ANGLE OCCURS =,F7.3///)

938 FORMAT(27H FINAL STABILITY ANGLE B,II,IH=,FT°3///)

939 FORMAT(48H ENERGY DISTRIBUTION BETWEEN LEGS - PERCENT =,5F8.3//

I/}

940 FORMAT(//26H1 CALCULATED INPUT VALUES//)

1000 FORMAT(10XtSF12.5)

1005 FORMAT(IOX,3F12°5)

1010 FORMAT(IOX,6110)

1015 FORMAT(IOX,6FIO.3}

1020 FORMAT(63H0 INIT. DIRECTION COSINE MATRIX GROUND AXES TO VEHIC

1LE AXES/}

1021 FORMAT(3F20°8}

1025 FORMAT

1026 FORMAT

1027 FORMAT

1028 FORMAT

1029 FORMAT

1030 FORMAT

1031 FORMAT

1032 FORMAT

1033 FORMAT

1034 FORMAT

1035 FORMAT

1036 FORMAT

1037 FORMAT

1038 FORMAT

1039 FORMAT

1045 FORMAT

115°5

IOX_IOHALPHA

1OX,IOHD

lOX,10HDll

10X,10HF11

10XtIOHF22

IOX,1OHF33

IOX.10HGRDMU

10X,IOHP1

IOX,1OHP2

IOX,IOHP3

IOX_IOHR1

1OXtlOHR2

IOX,IOHRP

IOX,IOHTHETA

10X_IOHSKS

IOX_IOHDELTAP

1046 FORMAT(10X,IOHEPS3

115.5

1047 FORMAT(IOX_IOHFINT

115.5
1048 FORMAT(IOX,IOHPMASS

115.5

1049 FORMAT(10X,IOHSK1

115.5
1050 FORMAT(lOX91OHSKE1

115.5

1051 FORMAT(IOX,1OHSERNO
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=,5F15.5

=_5F15o5

=,5F15.5
=_5F15.5

=,5F15.5

=.5F15.5
:,5F15.5
=,5F15.5
=t5F15.5

=t5F15.5
=t5F15.5

=.5F15.5
=,5F15°5

=,5F15o5

=,5F15°5

=,FI5.5,10H DELTAT :gFI5.5,1OH

=,FIS-StlOH EPS4 =gFI5.5,10H

=,FIS.5,10H GRAV =gFIS°5,10H

=,F15-5,10H RUNNOO =tFI5.5,10H

=,F15.5,10H SK2 =tFIS.5,10H

=,FISoS,10H SKE2 =,FI5*5,10H

_,F15°5,10H VMASS =_FIS.5,10H

Figure 7-7. Main Program (Continued)

EPS2 =,F

EP55 =,F

HN =,F

RN = ,F

SK3 =,F

SKE3 =,F

ZETA =,F

BEND|X PRODUCTS AEROSPACE D_VISION
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I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

115.5)
1052 FORMAT(IOX,10HPITCHO

115.5)

1053 FORMAT(10X,IOHPTCHVO

115.5)

1054 FORMAT(10XtIOHXMOMX

I15.5)

1055 FORMAT(10X,10HH

1056 FORMAT(IH0)

1060 FORMAT(IOX,10H

1 JJX =,I5,10H

1061 FORMAT(IOX,10H

i NQMAX =,I5,10H

!065 FORMAT(15H0

IH

2.4))

1066 FORMAT(

1070 FORMAT(

1071 FORMAT(

1072 FORMAT(

1073 FORMAT(

1074 FORMAT(

1075 FORMAT

I076 FORMAT

I077 FORMAT

1078 FORMAT

1079 FORMAT

i080 FORMAT

1081 FORMAT

1084 FORMAT

1085 FORMAT

1086 FORMAT

1087 FORMAT

1088 FORMAT

1089 FORMAT

1090 FORMAT

1091 FORMAT

1095 FORMAT

1096 FORMAT

I ZVEL

1097

XVELO,15H

:,F15.5,10H YAWO

:,F15.5t10H YAWVO

:,F15.5,10H XMOMY

:,F15.5}

:,FI5.5,10H

:gFI5,5,10H

:tF15.5tlOH

II :,15,10H JJ :,15,10H

KPRINT :,15,10H N :,15}

NSO :,I5,10H NQO :*IS,10H

KCONMX =,I5)

XVELO,15H YVELO,15H
YVELO,15H

1H1)

IOX,10H XP

IOX,IOH YP

10X,10H ZP

IOX,10H XPV

10X,IOH YPV

IOX,10H ZPV

10X,10H XPVEL

10X,10H YPVEL

IOX,10H ZPVEL

IOX,10H XPVVEL

IOX,10H YPVVEL

10XtlOH ZPVVEL

IOX,10H BIO

IOX,10H B20

IOXtlOH B30

lOXtlOH CI0

10Xt!0H C20

10X,10H C30

10X,IOH SLI0

IOX,10H DIO

:,5F15.8

=,5F15.8
:,5F15.8

:,5F15.8
:,5F15.8
:.5F15.8

:,5F15.8
:,5F15.8

:,5F15.8
:,5F15.8

=,5F15.8

:,5F15.8)

:,5F15.8)

:,5F15.8

:,5F15.8

:,5F15.8

:,5F15.8
=,5F15.8
=,5F15.8

:,5F15.8

RUN

YAWV

ROLLO :,F

ROLLVO :,F

XMOMZ :,F

13H SERIES NO.,FT.2,10H
II4H TIME X Y

PITCHV ROLLV

FORMAT(F6.3t3F9.3,TFI0.3,18)

END

IIX :,IS,IOH

NSMAX :,IS,10H

ZVELO,_.
ZVELO/(FI7.4,5FI5

NO,,F?.2///)

Z XVEL YVEL

BETAF LEG NO,I)

Figure 7-7. Main Program (Concluded)
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_ _ _ _!i___f

INCON SUBROUTINE INCON

J. GIBSON BENDIX PRODUCTS AEROSPACE DIVISION

NOV. 1964

THIS SUBROUTINE CONVERTS THE INPUT DATA TO THE PROPER

FORM FOR USE IN THE MAIN PROGRAM

CALL INCON

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM WAS COMPILED ON THE UNIVAC II07 DIGITAL

COMPUTER

BY EQUIVALENCE TO COMMON

DEFINITION

ANGLE(IN PLANE PERPENDICULAR TO THE VEHICLE CENTERLINE)

SUBTENDED BY THE LOWER HARDPOINTS AND VEHICLE C.G.

VERTICAL DISTANCE BETWEEN UPPER AND LOWER HARDPOINTS

DISTANCE FROM BOTTOM OF FOOTPAD TO INTERSECTION OF THE

LEG STRUTS

VERTICAL DISTANCE FROM VEHICLE C,G, TO UPPER HARDPOINT

DISTANCE FROM THE BOTTOM OF THE FOOTPAD TO THE VEHICLE

CENTER OF GRAVITY

RADIUS OF FOOTPAD (1)

RADIUS OF UPPER HARDPOINT MOUNTING CIRCLE

RADIUS OF LOWER HARDPOINT MOUNTING CIRCLE

ANGLE BETWEEN PLANE PARALLEL TO VEHICLE CENTERLINE IN

DIRECTION OF VEHICLE MOTION AND PLANE THROUGH VEHICLE

CENTERLINE AND UPPER HARDPOINT

THROUGH LABELED COMMON

C

C TITLE

C

C AUTHOR

C

C DATE

C

C PURPOSE

C

C

C CALL

C
C NOTE

C

C NOTE

C

C

C INPUT

C

C SYMBOL

C

C ALPHA

C

C D

C DELTAP

C

C DI1

C H

C

C RP(1)

C R!

C R2

C THETA

C

C

C
C OUTPUT

C

C SYMBOL DEFINITION

C
C

C

C

C

C

C

C

C

C

C

C

C

C

C
C

BI0 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION)

BETWEEN STRUT NO. I AND VEHICLE CENTERLINE

B20 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION}

BETWEEN STRUT NO. 2 AND VEHICLE CENTERLINE

B30 ANGLE ( PROJECTED IN PLANE PARALLEL TO VEHICLE MOTION}

BETWEEN STRUT NO, 3 AND VEHICLE CENTERLINE

Cl0,C20tC30 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 1,2t3 RESPECTIVELY

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 I LENGTH

SL10 INITIAL VALUE OF SL1

SUBROUTINE INCON(RI,R2,RP,H,DII,D_DELTAPtTHETAtALPHA_SLIOtDIOt

1B10_B20_B3OtCIOtC20_C3OgN,K)

DIMENSION RI(B)tR2(5)_RP(5)tTHETA(5I_ALPHA(5)oSLIOIBI_DIO(5)tB10(5

I)gB20(5)tB30(5},ClOIB),C20(5},C30(5),Dll(5)tDIB}gCIANG(5),

1C2ANG(5)tC3ANG(5)

7-48
Figure 7-8. Subroutine INCON
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I

I

I

I

I

I

I
I

I
I

I
I

I
I

I

I
I

!

I

810(1)=ATAN((RP(1)-RI(
B20(1)=ATAN((RP(1)_COS

I))/{H-DELTAP-D11(1)-D{
B30(1)=ATAN((RP(1)_COS

1))/(H-DELTAP-Dll(I}-D(
IF (DIO(1)) 10,11,10

10 CIANG(1)=ATAN(ABS(SLIO
11

DO 100 I=I,N,K
SLIO(1)=SQRT{{H-DELTAP-Dll(1))_(H-DELTAP-DI1(1))+{(RP(1)-RI{I)) _

1COS(THETA(1)))_((RP(1)-RI(1))_COS(THETA(I}}))
DIO(I}=(RP(1)-RI(1))*SIN(THETA(I})

I))_COS(THETA(1))/(H-DELTAP-DII(1))}
(THETA(1))-R2(I)*COS(THETA(1)-ALPHA(1)/2.0

I)})
(THETA(1))-R2(1)_COS(THETA(1)+ALPHA(1)/2.0
I))}

(1)/DIO{I)})

64
68

7O

72
76
80

82

84

88
92

9_

96
I00

S2X=RP(1)tCOS(THETA(1))-R2(1)tCOS(THETA(1)-ALPHA{I)/2.0)

SL200=SQRT(S2X_S2X+(H-DELTAP-D11(1)-D(1)}_(H-DELTAP-D11(1)-D(1)}}
C2ANG(1)=ATAN(ABS(SL2OO/(RP(II_SIN(THETA(1))-R2(1)ISIN(THETA(1)-

1ALPHA(1)/2.0))))
S3X-RP(1)ICOS(THETA(1)}-R2(I}iCOS(THETA(1)+ALPHA(I}/2.0)

SL300=SQRT(S3X_S3X+(H-DELTAP-D11(1)-D(1)}_(H-DELTAP-D11(1)-D(1)))
C3ANG(1)=ATAN(ABS(SL3OO/(RP(1)_SINITHETA(1))-R2(II_SIN(THETA(1)+

IALPHA(1)/2.0))))
IF (THETA(1)) 68,?0,?2
C10(I|=3.14159265359-CIANG(I}
GO TO 76
CI0(I}:I.5707963
GO TO 76
CIO(1)=CIANG(I)

IF (RP(I)*SIN(THETA(I))-R2(I}*SIN(THETA(1)-ALPHA(I)/2°O}I 80982o84
C20(I =3.14159265359-C2ANG(1)
GO TO 88

C20(I =1.5707963
GO TO 88

C20(1)=C2ANG(I}
IF (RP(IIWSIN(THETA(1))-R2(1)_SINiTHETA(1)+ALPHA(1)/2.O)} 92,94P98
C30(1)=3.14159265359-C3ANG(1)

GO TO I00
C30(I)=I.5707963
GO TO i00

C30(1):C3ANG(I}
CONTINUE

RETURN

END

Figure 7-8. Subroutine INCON (Concluded)
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C

C
C

C
C

C
C
C
C

C

C
C
C

C
C

C
C
C

C
C
C
C

C
C
C

C
C

C

C
C
C

C
C
C

C
C
C

C
C

C
C
C

C
C
C

TITLE

AUTHOR

DATE

PURPOSE

CALL

NOTE

NOTE

INPUT

SYMBOL

N

X

XP(1)

XVEL

Y

YP(1)

YVEL

ZETA
Z

ZP(1)

ZVEL

OUTPUT

SYMBOL

BETAF

IFRONT

STABAN

J. CADORET

NOV. 1964

j

SUBROUTINE STABILITY ANGLE

BENDIX PRODUCTS AEROSPACE DIVISION

THIS SUBROUTINE COMPUTES THE VEHICLE STABILITY ANGLE

CALL STABAN

THIS PROGRAM WAS WRITTEN IN FORTRAN IV

THIS PROGRAM WAS COMPILED ON THE UNIVAC 1107 DIGITAL

COMPUTER

BY EQUIVALENCE TO COMMON

DEFINITION

NUMBER OF LEGS ON THE VEHICLE

INSTANTANEOUS X POSITION OF THE VEHICLE C,G.

X POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

INSTANTANEOUS X VELOCITY OF THE VEHICLE C.G.

INSTANTANEOUS Y POSITION OF THE VEHICLE C.G.

Y POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

INSTANTANEOUS Y VELOCITY OF THE VEHICLE C.G.

GROUND SLOPE
INSTANTANEOUS Z POSITION OF THE VEHICLE C.G.

Z POSITION OF FOOTPAD I IN THE FIXED COORDINATE SYSTEM

INSTANTANEOUS Z VELOCITY OF THE VEHICLE C.G.

BY EOUIVALENCE TC) COMMON

DEFINITION

STABILITY ANGLE FOR FRONT LEG IN THE DIRECTION OF MOTION

INDEX OF FRONT LEG (THE FRONT LEG IN THE DIRECTION OF

MOTION IS THE CRITICAL LEG FOR STABILITY)

SUBROUTINE STABAN(XVEL_YVELtZVEL.X_Y_Z_XP_YPgZPtZETA_NtBETAF_

1 IFRONT)

DIMENSION XP(5IoYP(5),ZP(5)_XPM(5)IYPM(5)

YVELGV=XVELeSINiZETA)+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=ltN

10 YPM(IX)=XP(IX)WSIN(ZETA)_COS(PHIPR)+YP(IX)_COS(ZETA)wCOS(PHIPR)

] +ZP(IX)_SIN(PHIPR)

FIND LARGEST VALUE OF YPM(1)

IFRONT=I

DO 20 IX:2tN

IF(YPM(IX)-YPM(IFRONT)) 20t20_18

]B IFRONT=IX

20 CONTINUE

7-50
Figure 7-9. Subroutine STABAN
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I

I
I

I
I
I

I

I
I
I

I

I
I

I
I

I

XM=X_COS(ZETA)-Y*SIN(ZETA)
XPM(IFRONT)=XP(IFRONT)*COS(ZETA)-YP(IFRONT)*SIN(ZETA)

BETAF=ATAN{(YPM(IFRONT)-YM)I(XM-XPM(IFRONT)})
RETURN
END

Figure 7-9. Subroutine STABAN (Concluded)
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C
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C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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C
C
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C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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TITLE INTEQM SUBROUTINE INTEQM

AUTHOR R, DIX BENDIX PRODUCTS AEROSPACE DIVISION

DATE NOV, 1964

PURPOSE THIS SUBROUTINE INTEGRATES THE EQUATIONS OF MOTION

CALL CALL INTEQM

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

GI

G2

G3

Ol
Q2
G3

XMASS

TORQUE ABOUT THE X AXIS OF THE VEHICLE
(GROUND COORDINATE SYSTEM )
TORQUE ABOUT THE Y AXIS OF THE VEHICLE

(GROUND COORDINATE SYSTEM }
TORQUE ABOUT THE Z AXIS OF THE VEHICLE
(GROUND COORDINATE SYSTEM )
TOTAL MOMENT OF INERTIA (VEHICLE AND FOOTPADS) ABOUT X AXIS

TOTAL MOMENT OF INERTIA (VEHICLE AND FOOTPADS) ABOUT Y AXIS
TOTAL MOMENT OF INERTIA (VEHICLE AND FOOTPADS) ABOUT Z AXIS

VEHICLE MASS

OUTPUT BY EQUIVALENCE TO COMMON

SYMBOL DEFINITION

DT
FORCEX

FORCEY

FORCEZ

WIE
W2E
W3E

TIME INTERVAL BETWEEN PROGRAM CALCULATIONS
FORCE ACTING IN THE X DIRECTION ON THE VEHICLE C.G,
(GROUND COORDINATE SYSTEM }
FORCE ACTING IN THE Y DIRECTION ON THE VEHICLE C.G,

(GROUND COORDINATE SYSTEM )
FORCE ACTING IN THE Z DIRECTION ON THE VEHICLE C,G,

(GROUND COORDINATE SYSTEM )

INSTANTANEOUS YAW VELOCITY OF THE VEHICLE
INSTANTANEOUS ROLL VELOCITY OF THE VEHICLE
INSTANTANEOUS PITCH VELOCITY OF THE VEHICLE

XCOS(I,J) SET OF DIRECTION COSINES RELATING VEHICLE COORDINATE
SYSTEM TO FIXED COORDINATE SYSTEM

XCG
XDCG
YCG
YDCG
ZCG
ZDCG

INSTANTANEOUS X POSITION OF THE VEHICLE C,G.
INSTANTANEOUS X VELOCITY OF THE VEHICLE C.G,
INSTANTANEOUS Y POSITION OF THE VEHICLE C,G,
INSTANTANEOUS Y VELOCITY OF THE VEHICLE C,G,
INSTANTANEOUS Z POSITION OF THE VEHICLE C,G,

INSTANTANEOUS Z VELOCITY OF THE VEHICLE C,G,

SUBROUTINE INTEQM(GI,G2,G3tWIE,W2E,W3E_DT,XCGtXDCG_FORCEXt

1 YCG,YDCG,FORCEYtZCGtZDCG,FORCEZtXCOS,XMASS,QltQ2,Q3)
INTEGRATE EQUATIONS OF MOTION
DIMENSION BRKT(3,3)_VID(3,3),VIO(3D3)+VIN(393)tXNi3,3),XCOS(3,3)
INTEGRATE EQUATIONS

Figure 7-10. Subroutine INTEQM
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I

I

I

I
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I

I

I

I

I

I

I

C

WDI=GI/QI

WD2=(1,0/Q2)_(G2+(Q3-Q1)_WIE_W3E)

WD3=(I,0/Q3)_(G3+(Q1-Q2)_W2E_WlE)

WI=WIE+WDI_DT/2,0

W2=W2E+WD2#DT/2,0

W3=W3E+WD3_DT/2,0

XCG=XCG+XDCG_DT+FORCEX_DT_DT/(2,O_XMASS}

XDCG=XDCG+FORCEX_DT/XMASS

YCG=YCG+YDCG_DT+FORCEYtDT_DT/(2,0_XMASS)

YDCG=YDCG+FORCEY_DT/XMASS

ZCG=ZCG+ZDCG_DT+FORCEZtDT_DT/(2,0_XMASS)

ZDCG=ZDCG+FORCEZ_DT/XMASS

CALCULATE NEW V-VECTOR (I_JtK AXES}

BRKT ltl =-(W2_W2+W3_W3)

BRKT 1,2 =WI_W2+WD3

BRKT I_3 =WI_W3-WD2

BRKT 2_1 =W2_WI-WD3

BRKT 2_2 =-(Wl_Wl+W3_W3)

BRKT 2t3 =W2_W3+WD1

BRKT(3tl =W3tWI+WD2

BRKT(3t2 =W3_W2-WD1

BRKT(3_3 =-(W2wW2+Wl_Wl)

VID(Itl =0,0

VID(1,2 =-W3E

VID(1,3 =W2E

VID(2tl =W3E

VID(2t2 =0,0

VID(293 =-WlE

VID(3,1 =-W2E

VID(3,2 =WlE

VID(3,3 =0,0

VIO(1,1 =1o0

VIO(1,2 =0°O
VlO(l,3 =0,0

VIO(2,1 =0,0

VIO(2,2 =1°0

VIO(2,3 =0°0

VIO(3,1 =0,0

VIO(3,2 =0,0

VIO(3,3 =1,0

90 41 I=I,3

DO 41 3=1,3

41 VIN(I,J)=BRKT(I,J)*DT*DT/2,O+VID(ItJ)_DT+VIO(I,J)

DO 42 I=lt3

DO 42 J=1_3

42 XN(I,J}=XCOS(I_I)*VIN(JPI)+XCOS(I,2I_VIN(J_2)+XCOSIIt3I_VIN(J,3)

44

43

DO 43 I=lt3

DO 43 J=It3

AVOID LCOS GREATER THAN UNITY

IF(ABS (XN(ItJ))-I,0) 43_43,44

XN(ItJ)=XN(ItJI/ABS (XN(ItJ))

XCOS(I_J):XN(ItJ)

WlE=WIE+WDI_DT

W2E=W2E+WD2_DT

W3E=W3E+WD3_DT

RETURN

END

Figure 7-10. Subroutine INTEQM (Concluded)

BEND_× PRODUCTS AEROSPACE DIVISION

7-53



0 C C C C C C ( (" C C (_ { C 0
0 O0000OO00000 O0
3 O 3 .) O 0 O .) _ J L) 30 D .)
,0 ,._ 00 Q 30 ,0 J '.,,.J, ,D',._ ,._ C._ J
DO D O0 © O0 J .DO 0 0 _0

• • • • • @ • • • • • • • • •

o4 i.r

_I" (% _. O O O O O,D O O O O --_O
• • • • • • • • • • • • • • • ,9 0 0 0

•-* ID .,'_-'_ r- _'- o. (_ c c _ ,.o ¢% P C C C 0 C

:3" I".,I"- -., ._ .._ 0 C, _ (', C,

_ E OC C 0 C CC C. C C C CC
0 C t. C C C C C C C C C C n'- C
_ OOOOOOOOOO (D C GO

_ _C OC C _ _ C CC C (_ _C
_ _ CCC COCC C C C _0
• • • • • • • • • • • • • • • # M N i N

..e L_j Q. rr "_ E

0

'_v WOOY.

OOOOOO
OCO_CC
,DO O _(% O O

OC CV E C
O(D O_.OO

000 I
OC C _-

(k f% ..',
,..¢

i N i i H

OCCCCCC CCCCCC CCCCCC
_ _OC C 0 _OCO_ _ _ _O OC _ _
N OC CC O C CC CC G C CC CC C C
O" U'_ O O O O (D OO (D O O _ OO L_ O O O

CCC_OOO
_OC_CCL
CCC_COC
OOO_OO_

CCC_C_m
lOOOllO

00_1 @_

OC_

I i I i i I I I I N i I I I I I I I I i i I i I I i

_L OC

D < < ul OI>X

"(-54

II

,..)
J

.,4

II II

i"" _".

C (::;
6= ¢_ _J

2-

H M

X
"3,

z ..3

# I

-')0 m

>-

I I

X |

X

> • • •

0

U_
_u
x

._) ¢_ I',- _

X -"_ SO I_

I

lud

0
U

em_O

0 _

• w I'-CO
IP P,O'O

" _0
l.e • • •

Jr" I I

I-

0

._-,i

I

0

I
I

I

I
I
I

I
I

I
I

I
I
I

I
I
I



:D
J

I-

OL
Z
N

0
U.I
p-

..J
:3

J
4
U

C" ¢ I" _ C ¢ = C C u C _ C ( ( (: C C C C

O _ _' f_ I'- P- _ C _ O' ._r 1',,. f-- C _ _ C C C C
_ _' _ _ G, -_ _ _D _,_ _ U', _, ,.) _ I"- ,_ (:_ 0 (.20

"4 I .-_ "-_ I
I I

_ _ ¢_ _ _ I'- C C (D _ C C _- C C C C C C C
C _ P- I'- _A o_-- C 0 .- _ (: I_ (,,: C C C C C C

O "_"_ C_ O" O' _ C O _" I/" (w C C 0 0 C C C C
O I'- 8"- _" g" _" C C O _ u C C C P- _ C C C C
O ,7 @ X r- r- C C o' P--, CC C _ 3 C C C C

• ; 2 J gg ;
I I

,._ I_ F% C o,_ _J_ C C O O C C C C C _D C C C C

_ _ _ _C ¢_ C _ C F_ :_ _ @ @ C O C C C C C

C C P'- O',,OU_ C _m(_ O'O, C I"- _ C C C C

0 ¢_ _ P" I'_ l"lq C O_ _ _ r- I'- C _ q" C C C_ C

•"_ I -- -'_ I
I

N II I I I I g II II II U l I III l I l I N II

C ('" C C C C C (.. J ._; J /_l ..J

.-n CDn" U U U..J _D X >-N _.{L &. > > > > > >

_D

9

e.4
i

L'-

lw

'/-55



(]D
0
,4)

bJ

U_

7-56

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

o

I% • I I I I I I I I I I I I I I I l I I I I I I I I

_4

I I I ° I I I $ i ° ° I I I I $ | I I I l l I I I I I & I

_CCCCCCCCCCCCCC CCCC ...... __
6 6c6o66_oo O0 00000000

, ,, , ,, , ,,,;,,,,,,,,;;;;;;;

I
I

I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



I

• ' * I I I I I

._" I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I J_ /

.: .................................. ;;;;; ..... =o

I

• • e • • e • • • • • • e e • •

I." I_" ir Vle lie ic i,- ip- i,. ll,- i¢ i_ ir iP ir

_C

• • • @ • • • • • • • • • • e • • • • • e • • • • e • • • • • • e • X •

I
I

I

'I -5'/



,.J
0

.==¢

O
i

Z

IZ

0

0
,0

0
Z

_q
W

E

¢3
bJ

0
0

3

'3

• j
f

3
:3

,d

II

lud
.-I

Z

>-
I.--

-J

I--

--I

Z

_D

04
C.

0
O_

I

l--
Z
UJ
U

laJ

I

U')

..I

Z
W
UJ

I-
UJ
m

Z
0

n,
1-
t/)

I

I
I

I
I
I

I
I

I
I

' IL"

f_

I

T-58



I
I
I

I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I

! I I I I I I I | I I ! I I I I I I I I I I I I I I I I I I I I I I ! I | I I | I I I i I I I

I l I I I I I l I | i I

. .. .. . ,g_O00000000_

eo eeooos

cd

v

,n=l

I

7-59



_, '. '. ,. -. ". _., ".' . ". . • ". ,-.. • • • • .... -.' . • • • '. . . • . ".. ". ' .... ......... •

L._ L

lillillllilllllllllillliJlllllllllllllllllllilllll _ I

7-60

"13

0
rO

I

.4.a
_w

v

c_

u_

I

L"-

I
I

I
I

I
I

I
I

I
I
I

I

I
I
I

I
I
I

I



I
I

I

I
o.o.**e**o *.*o*ee* ** * ***eo ** *

IIIIIIIIIIIIIIIII

0_000000000000000000000000_00000000000000000000000

eoeeeeeo*eolooo*eeeoeeeoeo_oooeoeeeoeoooeoeeeooooo

7-61



. . . . _.............._......... , . . . . . . ; . . . . . . , . , , . . o . .

I

3

L3
J

• • • • • • • • • • • • • • • o • • • • • • • • • • • • • • • • • • • • • • • • • • • • • - • • • •

_000000 _C_=_C_C

7-62

I
I
I
I

_ , |

' I

° I

E

I
I

"_ I

I.- ¢_

I
I
I

I



I

I
I

I
Y

_- .:_:..: • • : ............................................

n

s--4

I

L'-

= ............ 2=2='=''=.. ." ................

7-63

BENDIX PRODUCTS AEROSPACE O_VIS_ON



r_ I I I I | I I I I I I I I I I I I I i I I I I I I I I I I I I I I I I $ I I I | I I I I I I I I I I

C_

o_ooooo_ --:oo oo-
k

7-64

J

o

o

!

g. •

0

t_ C

I

I
!

I
I
I

I
I

I
I

I

I
I

I
I
I

I
I

I



I
I

I

I
I i i i i I l i i I i i i

I i I I I I i I I I I I I

n

l

l lillllllillll

I
I

i

l
'7-65



I I I I I i I I

L_

-- • • • • • • • , • • • • • • • • • , , • , • • , , , , • • • • , , • • , • • • , • , • • • • • • • •

,I
L.

.)
1

LL

_ N
e_

_- o

!

g --..

_2

g
.J

!

- N

J °

?-66

_ooooo_(_oooo_oo: oo

I
I

i
I

I
I
I

I
I

I
I

I
i

I
I
I

I

I

l


