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APPLICATION OF THE ADAMS PROGRAM TO
NEPLOYABLE SPACE TRUSS STRUCTURES

R. E. Calleson
Kentron Internationl, Inc.

Section 1

SUMMARY

The need for a computer program to perform kinematic and dynamic analyses of
large trugs structures while deploying from a packaged configuration in space led
to the evaluation of several existing programs. ADAMS (Automatic Dynamic Analysis
of Mechanical Systems), a generalized program for performing the dynamic simulation
of mechanical systems undergoing large displacements, is applied to two concepts of
deployable space antenna units. One concept is a one-cube folding unit of Martin
Marietta's Box Truss Antenna and the other is a tetrahedral truss unit of a
Tetrahedral Truss Antenna.

The purpose of this report is to describe the ADAMS program and discuss the
problems and results of 1ts application. In addition, a supplementary method for
estimating surface member bending stresses at latch-up is described. Realistic
surface member latch-up forces cannot be produced by the present version of ADAMS
as it is Timited to the assembly of rigid bodies. Future versions should solve
this problem with a flexible body code. Results in this report include member
displacement and velocity responses during extension and an example of member
bending stress at latch-up.

4
N35-303b6



Section 2

INTRODUCTION

The concept of deploying antenna truss structures in space from packaged
configurations as opposed to the erection of such structures by assembling the
parts while in space requires the capability to perform kinematic and dynamic
analyses of mechanical systems composed of many parts. A search for existing
programs which might be evaluated for this purpose revealed several programs. Of
these, ADAMS (Automatic Dynamic Analysis of Mechanical Systems) (ref. 1) showed the
most promise. Application of this program to the dynamic simulation of the deploy-
ment of two space antenna units is discussed in this report. A unit can be viewed
as one of many building blocks which form an antenna. One concept is a one-cube
folding unit of Martin Marietta's Box Truss Antenna (ref. 2) and the other is a
tetrahedral folding unit of a Tetrahedral Truss Antenna (ref. 3). Simulation was
accomplished on the VAX 11/780 computer through the time-sharing services of
Mechanical Dynamics, Inc. (MDI), Ann Arbor, Michigan.

Other programs were considered for application. IMP (Integrated Mechanisms
Program) was developed at the University of Wisconsin and is now available through
General Electric CAE International, Inc. DADS (Dynamic Analysis and Design
Systems) was developed at the University of Iowa. This program has only recently
become commercially available. The rigid body code can now be purchased from
Computer Aided Design Software, Inc., Oakdale, Iowa. Flexible body code should be
available in the year 1986. DISCOS (Dynamic Interaction Simulation of Controls and
Structures) developed by Martin Marietta Corporation under the auspices of NASA
Goddard Space Flight Center, is a program designed for mechanical systems with
flexible bodies. This program has the reputation for bheing rather unwieldy to use,
especially for systems with many parts. Available documentation was difficult to
translate to application. SNAP (no acronym) is a proprietary program developed by
General Dynamics, Corp., Convair Division, San Diego, California, for their
Geo-Truss Antenna and is, therefore, not available.



The ADAMS program 1s described 1n Section 3. It was chosen for application
primarily based on the strong position that the developer, MDI, has in the commer-
c1al market and the availability of user documentation, training classes, consulta-
tion services, and time-sharing facilities. The present version is limited to
assembly of rigid bodies which seriously Timits member force analysis. There is a
need to determine dynamic forces in the folding members when they latch-up to the
extended position. This capability should become available when MDI completes the
flexibility code in 1986. In the interim, however, estimates of surface member
bending stresses at latch-up can be made by considering the surface memher flexi-
bility and kinetic energy 1n a separate analysis. A method such as this is
descrihed 1n Section 4.

Results of the dynamic simulations during extension are limited to the
displacement and velocity responses of the hox truss unit and to the displacement
response of the tetrahedral truss unit. A discussion of the input procedures,

modeling problems, and output results for each antenna unit is given in Sections 5
and 6.



Section 3

DESCRIPTION OF ADAMS

ADAMS, developed by Mechanical Dynamics Inc. (MDI), is a three-dimensional
program which determines the time response of contiguous ri1gid bodies undergoing
large displacements. Two bodies are contiquous if they are 1n actual contact by
virtue of a force as with various forms of joints. The joint type specifies the
number of constraints between the two bhodies. A string of hodies may be connected

so as to form closed loops, open loops or no loops.

There are five separate analysis modes in the ADAMS program (ref. 1):
1} Kineto-static

2) Static Equilibrium

3) Dynamic (Stiff Integration)

4) Dynamic (Non-Stiff Integration)

5) Quasistatic

The term kineto-static (ref. 4) is an expression used by MDI which 15
synonymous with the strict definition of the term, kinematic, as opposed to the
often 1mprecise connotation referring to any system undergoing large geometric
changes. This mode of analysis is applicable only to zero degree of freedom
systems containing generators. In general, motion generators acting on a
translational or revolute joint cause the system motion from which related
displacements, velocities, accelerations, and forces are solved., It is an
algebraic solution and no differential equations are solved. Therefore, this mode

of analysis is not only faster but also more accurate than the dynamic mode.

The static equilibrium analysis is applicable to all mechanical systems having
non-negative degrees of freedom. ADAMS w11l try to determine the configuration of
the system where the system forces are in equilibrium at zero velocity and
acceleration.

To perform a dynamic or transient analysis, the system must have degrees of

freedom greater than zero. The analysis, described in ref. 4 and 5, involves the



simultaneous solution of differential equations with specified constraints.
Fifteen first-order differential equations generated for each part are derived hy
combining the second order differential equations of motion and algehraic
constraint equations with the addition of Lagrange multipliers. The Lagrange
multipliers enable a solution of constraint (joint reaction) forces. The typical
differential equations to be solved will be "stiff" and are therefore assumed by
default. A stiff system is one with widely separated eigenvalues and the Gear
algorithm is used for integration. The Adams-Moulton algorithm is used for a non-
stiff integration. Both algorithms use a predictor-corrector procedure with
variable order and variable step size.

For those problems where there is no interest in the temporal variation of
variables such as displacement or velocity, the system should be simulated in the
quasistatic mode. It is essentially a sequence of static equilibrium analyses
performed on the system at different points in time. An example is the determina-
tion of the angle of a tilt tahble test stand at which it becomes unstable and tips
over.

The Grubler mobility criterion (ref. 6) is an essential, but not necessarily
sufficient method for determining the three-dimensional system degrees of freedom
during assembly. The criterion as applied to the ADAMS program is written in the
following form:

DOF = 6*(PARTS-1)-5*(TRA+REV)-4*(CYL+UNT)-3*(SPH+PLA)-1*(GEN+RACK+SCREW+UMCON)

where TRA, REV, etc. each equal an appropriate degree of freedom. The RACK and
SCREW joints as well as the generator (GEN) and user written marker constraints
(UMCON) are considered to each have a single constraint (ref. 1). When the NDOF is
less than zero, the system has no mobility and is a structure which causes ADAMS to
halt execution. When DOF is zero, a kineto-static solution with system generators

is assumed., When DOF is greater than zero, a force responsed dynamic simulation is
assumed.

Input statements construct a model in ADAMS composed of parts, markers,
Joints, forces, generators, system parameters, and graphic elements. Output
requests, necessary output control statements and other special features described

in ref. 1 are also included 1n the input. The part statement must specify the part

5



center of mass, marker identification number, and mass moments of inertia. The
parts are referenced by markers which specify initial locations and orientations.
A marker is a point and an orthogonal triad of unit vectors forming a local
coordinate system fixed with respect to the part. It is also used to define
joints, forces and for graphic display. Standard forces are either constant or
vary linearly but non-linear forces can be described by writing a function
subprogram.

Eight types of joints are accepted by ADAMS. They are in order of degrees of
freedom: revolute (1), translational (1), screw (1), rack-and-pinion (1),
cylindrical (2), universal (2), spherical (3), and planar (3). As mentioned
before, the screw and rack-and-pinion are considered single constraint joints.
Initial displacements and velocities can be specified on the revolute and transla-
tional joints through the part statements.

Only the dynamic analysis mode (stiff integration) is illustrated in this
report, although five static analyses were performed on the tetradehral truss unit
to fold the unit into a position to begin the dynamic simulation of its
deployment. The simulations are initiated by a "transient" command after which
ADAMS displays the current value of time as TBEGIN and requests the final time
(TEND) and the number of output steps (NSTEPS). Requested output is printed at
intervals equal to (TEND-TBEGIN)/NSTEPS.



Section 4

MEMBER LATCH-UP RENDING STRESSES

The bending moments in the unfolding members as they latch-up into the
extended position are the most significant dynamic member forces during the
deployment condition. The lack of a flexible body code for computing these forces
requires an alternate method. The following presents a method for estimating the

member bending stresses at latch-up.

A free body of the member after latch-up is shown as follows:

L 1{/—— y = a sin Ix/&

— —_—
— a ~ -

A ' AR

The member is assumed a simple beam with constant cross-section, pinned at each end

and vibrating after latch-up in the first bending mode. Rigid body kinetic energy
at latch-up is assumed to transfer to bending strain energy at maximum deflection.
Reference 7, in the chapter for energy methods, gives the following expression for
energy in a vibrating simple beam:

KE =¥ w2 fz y2dx (1)
29 o
where
KE = kinetic energy
w = weight/unit length
g = acceleration of gravity
w = fundamental frequency, radians/sec
y = mode shape function = a sin IIx/%
2 = beam length



Substituting the mode shape, a half sine wave, integrating and solving for the

maximum deflection gives,

Ny 8

The fundamental frequency (ref. 7) for a simple beam is:

w = Hz _I_g.. (3)
wet

where

m
[}

modulus of elasticity

—
1)

heam section area moment of inertia

Substituting Equation (3) in Equation (2) gives the heam deflection,
/(KE) g3 (4)
EI

With this deflection, the bending moment and stress can be obtained. Ideally, the

::-1|.\>
N

inertial load distribution is in the form of a half sine wave, but the assumption
of a umiformly distributed load gives excellent results. The standard equations
for deflection and bending moment (ref. 8), respectively, are:

_ Swp" (5)
384E1
2
M= (6)
Substituting Equations (5) and (6) in Equation (4), and solving for M gives,
M= 1,95 /UKEJEL (7)



For a thin circular section the beam moment of inertia (I) and section modulus(S),
respectively, are MR3t and TNR2t, Substituting these expressions and Equation
(7) 1n the standard formula, fb = M/S, the bending stress is:

(KE)E
meRt

fh = 1.95 (8)

where

el
"

tube radius

tube thickness

t
1]

Accuracy of this method depends on the accuracy of the kinetic energy. If
there are significant energy losses before latch-up which cannot be neglected, the
kinetic energy can be determined from the velocities of the significant masses at
latch-up or the values of the losses must be at least estimated and subtracted from
the potential energy. Assuming small losses, the energy can he based on the work
done by the deployment forces. If significant, the deployment force would include,
for example, the known frictional forces. It is assumed that the deployment forces
are confined to each unit with little energy transfer to adjacent units. For
example, the box truss and tetrahedral truss surface members are assumed to unfold
by a linear spring (see Section 5) over an angle of approximately 180 degrees.
Without losses, a conservative assumption, the energy is then equal to 168 in 1b -
the area under the torque profile curve. In the case of the box truss unit, the
latch-up bending stress from Equation (8) is 12,700 1b/in2. This is hased on a
graphite/epoxy tubular member with E = 20 x 10% 1b/in2, R = 1.64 in, t = .026 in

and ¢ = 590.56 in and is a comfortably low stress for the material.



Section 5

BOX TRUSS UNIT

Figure 1(a) shows the stowed antenna after removal from the Orbiter. As
indicated, the 15 meter box truss units are extended one row at a time progressing
along the feed mast and then along the reflector until fully deployed as shown in
figure 1(b).

The diagonals in each frame are cords composed of individual graphite/epoxy
strands. Since the diagonals 1n a frame are not tensioned until the frame is fully
extended, they are not included in the model shown in figure 2 and are assumed to
have negligible influence on the deployment other than the fact that as the
diagonals are tensioned near the full extension position, some kinetic energy will
be absorbed.

Figure 2 shows the model of the box truss surface member. The numbers in
squares are part numbers. On of the two superimposed reference frames is the
global or ground reference frame and the other is the part reference frame and both
are superimposed by default when the vector, 0G, locating the part reference frame
is omitted from the part statement.

Joint friction is assumed to be zero. A1l members are considered to be rigid
bodies. Assuming all frames in a row will extend at the same rate, only one frame
need be analyzed. By symmetry, the frame model can be reduced to one surface
member (parts 3 and 4) and two dummy parts (parts 2 and 5) to constrain the motion
of points 2 and 4 as they would be constrained with the full frame model. In
addition, the dummy members represent the concentrated adjacent antenna masses.

The geometry for the model of the box truss unit in the folded position is
given in table 1. Included are comments defining each type of joint. This is a
two-dimensional problem being solved in a three-dimensional program, so a spherical
joint was chosen for point 3 to provide sufficient degrees of freedom for a forced
response simulation. A revolute joint would have caused the model to be over-
constrained. Had the problem been solved with the two-dimensional program, DRAM
(Dynamic Response of Articulated Machinery) discussed in ref. 5, a revolute joint
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could have been used. The mass and mass moments of inertia for the components are
given in table 2. Note that the model is slightly open in the folded position.
Table 3 is the input file. In the first attempt to run the problem, the initial
position of the model was such that points ? and 4 were coincident with point 6.
Though this simplified input preparation and allowed an even 90 degrees of motion,
ADAMS halted execution, and the output indicated a singular matrix. A slightly

open position was tried and execution was successful as shown in tables 4 through
6.

Energy for deployment is assumed to be stored in a linear torsion spring in
the joint at point 3 with a torque profile having a maximum torque of 80 in-lhs in
the folded position to 27 in-1bs in the extended position acting over an angle of
180 degrees. This is input into the program with the force statement shown in the
input file, table 3, after calculating by hand the parameters, KT and A. The
keyword for this force is GTOROUE (GT) and is linearly dependent on the relative
rotation and relative angular velocity (if damping is present) of the part
markers. The torque equation is:

T = -CT(da/dt }-KT(a-A)+T"

where
T = torque exerted on part 3 marker by part 4 marker (in-1b) (positive in a
counterclockwise sense).
CT = viscous damping coefficient (in-1b/rad/sec).
-KT = torsional spring constant (in-1h/degree).
A = angle of spring under zero load (degrees)
T' = torque of constant magnitude.
a = relative angle between markers not to exceed 180 degrees.

The variables, T, « and da/dt are computed automatically by ADAMS.

The sensor statement in the input file causes the computations to halt when
the parts are horizontal and the truss unit is fully extended. At this time, the
relative angle between markers 0303 and 0403 is 178 deqgrees with an error of 1
degree. Note the output comments at the bottom of table 4 giving the time of 89,55
seconds at which this event occurred.

in



The output for request number 1 is in table 5. The request was for the
relative displacement between marker 0303 and marker N106. Marker 0303 is located
on part 3 at point 2 and marker 0106 is located on part 1, the ground, at point 6.
This output shows the magnitude of the position vector varying from the initial
value of 5 to the maximum value, the part length.

Request number 3 (REO/3) shown in table 3 asks for the relative velocity
between the marker 0202 located on part ? at point 2 and marker 0302 located on
part 3 at point 2. The output shown in table 6 shows both the relative
transiational and angular velocities. Since the two marker origins are located in
the same revolute joint, the small values of translational velocity are due to
numerical error. The maximum angular velocity is shown to be .65 radians/sec.

Figures 3, 4 and 5 show the position of the two surface member parts at times
0.0, 85 and 89.55 seconds, respectively. 1In figures 4 and 5, the display exceeds
the graphic field on two views, but clearly show the symmetrical displacement of
points 2 and 4 as it should be with equal masses at these points.



Section 6

TETRAHENRAL TRUSS UNIT

Figure 1(a) shows the stowed antenna after removal from the Orbhiter. As
indicated, the 15 meter box truss units are extended one row at a time progressing
along the feed mast and then along the reflector until fully deployed as shown in
figure 1(b).

The diagonals in each frame are cords composed of individual graphite/epoxy
strands. Since the diagonals in a frame are not tensioned until the frame is fully
extended, they are not included in the model shown in figure 2 and are assumed to
have negligible influence on the deployment other than the fact that as the
diagonals are tensioned near the full extension position, some kinetic energy will
be absorbed.

Figure 2 shows the model of the box truss surface member. The numbers in
squares are part numbers. On of the two superimposed reference frames is the
global or ground reference frame and the other is the part reference frame and bhoth
are superimposed by default when the vector, 0G, locating the part reference frame
is omitted from the part statement.

Joint friction is assumed to be zero. A1l members are considered to he rigid
bodies. Assuming all frames in a row will extend at the same rate, only one frame
need be analyzed. By symmetry, the frame model can be reduced to one surface
member (parts 3 and 4) and two dummy parts (parts 2 and 5) to constrain the motion
of points 2 and 4 as they would be constrained with the full frame model. In
addition, the dummy members represent the concentrated adjacent antenna masses.

The geometry for the model of the box truss unit in the folded position is
given in table 1. Included are comments defining each type of joint. This is a
two-dimensional problem being solved in a three-dimensional program, so a spherical
joint was chosen for point 3 to provide sufficient degrees of freedom for a forced
response simulation. A revolute joint would have caused the model to be over-
constrained. Had the problem been solved with the two-dimensional program, DRAM
(Dynamic Response of Articulated Machinery) discussed in ref. 5, a revolute joint
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positions served the same purpose - to attach the model to ground. Components of

the acceleration of gravity were set to zero in the system statement (table 11) as
in a space environment, but the attachment to ground is still required during the

static equilibrium solution,

Tables 9, 10, and 11 are the command file, the function subprogram, and the
input file, respectively. Note that all statements in the input file which are
indented five or more spaces to the right are in effect deleted as they are not
interpreted as data cards. These statements could have been edited from the file
but were left there for the record. The command file resets the three knee-joint
torques, 90607, 9N910, and 91713 so that the static equilibrium commands will fold
the truss to the desired position. After this, the torque parameters are reset
back to the values shown in the input file. Note that the parameters, A and T'
in the force statements are equal to zero and -27, respectively. The torque
profiles are the same as used for the box truss unit but with opposite sign. This
is necessary, since the markers are oriented differently. Following this, the
ground to upper fitting torques, 1427, 1497, and 1498 (ref. tables 9 and 11) are
reset with zero spring rates which in effect disconnects the ground to fitting
torque constraints. Translational separation from ground to fitting is automatic
at time greater than zero by the function subprogram. The next six commands cause
the calculated forces to be printed. The final command, TRAN, causes computation
of the dynamic simulation for 3 seconds with 90 steps.

The function subprogram (table 10) computes the forces (FSUR) for the corre-
sponding forces 1426, 1428, and 1429 acting between the upper fitting and ground
(see figures 6 and 7 and table 11) during static equilibrium when the time is equal
to zero. It also computes the damping torques (TSUB) for the corresponding forces,
’N607, 80913, and 81213 acting in the knee-joints during the dynamic simulation
when the time is, of course, greater than zero and when PHI is less than or equal
to 10 degrees. Referring to table 10 in FSUR, APAR(1), APAR(2), and APAR(3) are
the x, y, and z relative displacements, respectively, of marker I and marker
J defined in each force statement. PAR(1) is a spring rate equal to 100 lbs/in
(from table 11). For TSUB, PAR(1) is equal to 10 degrees and is also obtained from
the corresponding force statement in tahle 11. ADAMS converts this angle to
radians. PHI, in radians, is the angle between the x-axes of marker 1 relative
to marker J. DPHI, in radians/second, is the corresponding angular velocity.
PAR(2) and PAR(3) are viscous damping coefficients equal to 1,000 in-1b/rad/sec.
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The purpose of the additional torques from TSUB is to provide heavy damping in the
knee-joints to hrake the angular motion to a quick stop at the fully deployed posi-
tion. This method was designed by the MDI consultant, who resolved the modeling
problem discussed earlier. The advantage of this method over the use of a sensor
(see box truss unit discussion) is that computations can continue past the latch-up
time (1.7 sec) up to the specified 1imit (3.0 sec). The additional time frames
were used in a video display of the deployment, a copy of which was provided to
NASA/Langley. Had there been a reason for the latch-up to occur on some sort of
spring (other than the members which must be rigid), the impact response, with
appropriate input modifications, might have been simulated.

A limited reproduction of the output from request no. 9999 made in the input
file is shown in table 12. It is the relative displacement response of marker 806
on part 8 to marker 906 on part 9 (see figure f) expressed in the coordinate system
of marker 806. It can be seen from the 806 marker statement in table 11 that the
Euler angles rotate the marker triad 90 degrees about its x-axis such that the
z-axis is in the plane of figure 6 pointing toward part 7. The z-axis for marker
906 is in the same position but its x-axis is almost perpendicular to the figure at
time equal to zero seconds resulting in the relative angle between x-axes as -89.50
degrees. As the deployment progresses the angle approaches zero degrees, the
theoretical latch-up angle at a time near 1.7 sec. A graphical sequence of this is
shown at four points in time in figure 8 through 11.
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Section 7

CONCLUDING REMARKS

ADAMS is considered the best available three-dimensional general-purpose
program for performing large-displacement, kinematic, and dynamic analyses of a
mechanical system, such as a deploying space antenna. According to reference 1,
ADAMS was designed to accommodate problems of virtually any size. However, solving
a problem the size of a Tetrahedral Truss Antenna should be demonstrated. CPU time
can be estimated by extrapolation. If not by extrapolation of actual data from a
series of problems, a rough estimate of CPU time can be made by assuming the time
to increase as the 1.5 to 2nd power of the number of equations (ref. 1) or the
number of parts since the number of equations are related to the number of parts.
Ultimately, though, the limitation must be determined by application.

ADAMS 1s excellent for solving static equilibrium problems and also kinematic
problems involving, for example, the observation of certain moving parts for
possible interferences or other functional considerations. Deployment position,
velocity and acceleration time histories are accurately determined 1n the dynamic
analysis mode. Excellent graphical and video displays can he created from the

position time histories.

Since ADAMS 1s a rigid hody program, there is a Ttmt in the scope of dynamic
analysis. For example, deployment latch-up forces cannot be determined due to the
ahsence of flexible members to absorb the kinetic energy. A new version of ADAMS,
which should be available in the year 1986, will include a flexihle body code and
should be able to determine latch-up forces. A disadvantage of this code is the
potential for huge increases in computer time. This problem is alleviated by
1imiting the number of flexible bodies in the model. As discussed 1n Section 4, a
relatively simple alternate method of analysis is easily developed for estimating
the maximum surface member bending stresses by considering the surface member
flexibility and kinetic energy at latch-up in the first bending mode.

Large problems which make the flexible body code impractical to use may make

1t desirable to develop a special-purpose program for a particular antenna design.
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General Dynamics' SNAP program is an example of a special-purpose program. Rather
than develop a general-purpose program based on rigorous large displacement
dynamics for almost any mechanical system, the development was based on a
deployable truss structure in mind and idealizing the members as lumped masses
connected by springs and dampers. Satisfactory results are obtained for the
kinematics of deployment and the elastic response at latch-up. As the development
of a large computer code is expensive, the limited use of a general-purpose program
such as ADAMS might be employed before making the necessary commitment to a
particular design.

17



is

REFERENCES

Mechanical Dynamics, Inc.: ADAMS Users Guide. March 1981, MDI, Ann Arbor,
Michigan.

Herbert, J. J.; Postuchow, J. R.; and Schartel, W. A.: Technology Needs of
Advanced Earth Observation Spacecraft. Martin Marietta Aerospace, NASA
CR-3698, January 1984, NAS1-16756.

Garrett, L. B.: Interactive Nesign and Analysis of Future Large Spacecraft
Concepts. NASA Technical Paper 1937, December 1981,

Chace, M. A.: Methods and Experience in Computer Aided Design of Large-
Nisplacement Mechanical Systems. Proceedings of the NATO Advanced Study
Institute on Computer Aided Analysis and Optimization of Mechanical System
Dynamics held at Iowa City/USA, August 1-12, 1983,

Chace, M, A.: Computer-Aided Engineering of Large-NDisplacement Dynamic
Mechanical Systems. Paper presented at the National Conference on University
Programs in Computer-Aided Engineering, Design and Manufacturing, April 26-29,
1983,

Soni, A. H.: Mechanism Synthesis and Analysis. Scripta Book Company, 1974.

Jacobsen, L. S.; Ayre, R. S.: Engineering Vibration. McGraw-H111 Book
Company, Inc., 1958,

Roark, R. J.; Young, W. C.: Formulas for Stress and Strain. McGraw-Hill Rook
Company, fifth edition, 1975.



Table 1. - Box Truss Geometry Data, Folded Position

Point X(IN,) Y Z Comment
1 5.0 0. 0. Translational joint
2 600.0 0. 0. Revolute joint
3 605.0 -295.28 0. Spherical joint
4 610.0 0. 0. Revolute joint
5 1205.0 0. 0. Cylindrical joint
6 605.0 0. 0. Reference point
0300 602.5 -147.64 0. CM of Part 3
0400 607.5 -147.64 n. CM of Part 4

Table 2. - Box Truss Component Data

Component

Nata

02 Lumped Mass

03 Surface Member

04 Surface Member

05 Lumped Mass

Note: IP = IX IY IZ (1b sec? in)

Mass = 3.6 1h sec?/in.

Mass = 0122
IP = 88.64 1.0 88.64

Mass = .0122
IP = 88.64 1.0 88,64

Mass = 3.6
P = .01 .01 .01
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TABLE 3. - INPUT FILE FOR BOX TRUSS MEMBER.

BOXTRUSS FOLDING RERBER,FREE-FREE CONDITION

PaRT.-0Y, GROUND
- @101 9,0,EU=90,99
MA 0105, o6- 1éos‘o e,EU-90, 9o.o

NA-0106,0P=605,
PRRT.82,MASS-3., E CH-OEOE IP--.I.-OI.-O!
NAR/0201,0P=5,0 EU°90

NA- 0202, OPOSOO

PaRT/9],8A455+.0122,CN-0300,1P-88B.64,1,88.64
NA.0300,0P=6082.5,~147.64,0
fA,0302,0P-600,0,0
NA-,8303,0P-605,-295.28,0

PART/04,NAS5S=.8122,CN-0400,]1P+88.64,1,88.64
f1A/0400,0P+£87.5,~147.64,0
MA/0403,0P*605,-295.28,0
Mn/0404,0P=610,0,0

PART,/@5,NAS55°3,.6,CM-0504,1P-.02,.08,.08
in/0504,0P=610,08,0
nAses5es, OP-!EGS 0 9,EU=99,90,0

JOINTS,DOF«2 U/0 GEN
Jos8102,TRA,1-0101,J-02081
Jose283,REV, 1-0202,J-03082

JO/0304,5PH,10303,J-0403
JO/840S,REV, [+0404,J-0504
JO/€501,CYL,1-0505,J°0105

FORCE
F071,C7,1°0303,J-90403,KT>.2944,A°271.74,T*0,CT0

SENSOR/34,DISP, 120303, J=0403, ANGL
»VALUE=178D,PRINT, HALT,EQ,ERROR1,0D

GRAPHICS
GR~/1,0UT-0302,0303
GR/72,0UT=0403,0404

OUTPUT
REG/1,D15,1-0362,J-0106
REQ/2,D15,1+0404,J0-0106
REQ/3,VEL, 1+0202,1°0302,R-0202

SYSTEN CARDS
S§Y5/GCe1., IGRAV+Q,JGRAV*0,KGRAU=S

OUTPUT CARDS
gﬂ;PUT/SﬁUEREO.CRSAUE



TABLE 4.

ADANS

tnter ADANS inpul-file name (or QUIT): BOXTA.FRE;14
Enter run-name for output files ((CRY=DOXTMI2
Enter subrowtine binary-file name (<CR)=none):
D> you have your own linked version of ADANS (Y/N) (CCRI=N)3
Do you want to run in batch mode? (Y/N) (KCRY=N)t

Send oulpul to terminal? (Y/N) ((CRI=N)t

Begin execution of ADANS....

ENTERING INPUT PHASE
BOXTRUSS FOLDING MEMBER,FREE-FREE CONDITION

NUMBER OF EQUATIONS IN JACOBIAN =

CPU TIRE = 1.776 SECONDS

ENTERING SIMULATION PHASE
ENTER SIMULATION COmMAND

98

TRA

NEQe 46 NGe 298 MAXNUM=- 83797

NEQe 98 NGe 516 MAXNUM= 13029

TBEGIN- 0.00000E+00 ENTER TEND, NSTEPS

95 199

TIME~ 2.50000D-02 H~ 2.50000D-02 KFLAGe 1 ORDER= 1 IFCTe
TIMEs 9.50000D+00 H+ 5.00000D-01 KFLAGe { ORDER- 2 IFCT~
TINE- 1.00000D+81 He 5.00000D-01 KFLAG~ 1 ORDERe 2 IFCTe
TIME= 2.85000D+401 He 5.00000D-01 KFLAG= § ORDER» 2 IFCTe
TINE- 3.80000D+01 H- 5.900000D-02 KFLAG= 1 ORDER* 2 IFCTe
TINE= 4.75000D+01 He 5.00000D-01 KFLAGe 1 ORDER~ 2 IFCT»
TINE~ 5.70000D+01 He 5.00000D-01 KFLAG= 1 ORDERe 2 IFCT=
TINE> 6.65000D+0f He 5.00009D-0% KFLAGe § ORDER~ 2 IFCTe
TIBEe 7.60000D+01 He 5.00000D-01 KFLAGe 1 ORDERe @ IFCT»
TINE= 8.55200D+01 He 5.00000D-01 KFLAGe 1 ORDER* 2 IFCT=
RXTINOTE(EUNCHK) -~ SENSOR/ 34 1S AC UE

EVENT UALUE = 3.10669E+00 SENSOR VALUE = 3.09078E+0¢

ADANS EXECUTION TERMINATED DY SUBROUTIMNE SENACT

@

85
123
161
199
237
275
318
J72

TINE

1STP-
ISTP-
ISTP.
1STP.
15TP=
18TP-
1STPe
1STP»
1STP-
1STP~

* 8.95545E+08

- INTERACTIVE TERMINAL DISPLAY AFTER LOADING AND EXECUTING.

76.070 CPU SEC.
FORTRAN $TOP

ADAMS outpul file 1st BOXTHM.OUT
ADANS Graphics file tat BOXTM.GRA
:DMS Request [ile 18t BOXTM.REQ

5
3t
se
69
88

107
126
145
164
183

21



TABLE 5., - OUTPUT FOR BOX TRUSS MEMBER, REQUEST NO. 1.

BOXTRUSS FOLDING MEMBER,FREE-FREE CONDITION

REQUEST NUMBER 1
DISPLACEMENT OF MARXER 382 RELATIVE TO MARKER 106
TINE naG x Yy z PSI THETA
0.0000 S.e00 -5.900 0.000 8.000 ¢.000 0.008
0.5000 5.009 ~5.089 0.000 e.002 9.000
1.0000 S.038 -5.038 9.000 0.007 0.000
1.500¢ 5.08S ~5.88S 0.000 0.016 9.000
2.0000 5.150 -5.150 9.000 6.029 9.009
2.5000 §.235 ~5.23% 0.009 0.046 8.000
3.06000 5.J338 -5.338 0.0600 0.066 0.000
J3.5000 6.460 -5.460 800 0.089 6.000
4.0000 S 601 -5.601 0.0600 0.117? ¢.000
4.5000 5.761 -5.761 0.000 9.148 9.000
5.0000 5.940 -5.040 9.000 e.182 0.900
5.5000 6.137 -6.137 9.000 e.221 ¢.000
6.0000 6.353 -6.353 0.000 e.262 9.000
6.5000 6.588 -6.588 0.000 9.308 9.000
7.0000 6.841 -6.841 0.000 0,357 9.800
7.5000 7.113 «7.113 0.000 e.410 ¢.000
8.0000 7.404 -7.404 0.009 0.467 0.009
8.5000 7.714 =7.714 o. 000 0.527 6.000
9.0000 8.042 -8.042 0.009 0.590 ¢.009
9.5800 8.399 -B.399 . 0.658 e.000
1e. 8.785 -8. 0.000 0.72% 0.009

l‘\/i

83,0000 254.634 -264.634 $8.597 9.008

83,5000 257.624 -257.624 59.763 0.800

84.0000 260.634 ~260.634 66,980 0.800

84.5000 26).666 ~261.666 62.298 0.000

85.0000 266.729 ~266.720 63.665 0.000

85.5000 269.796 -269.796 65.032 o.000

86.9009 272.895 -272.895 66.556 6,000

86.5000 276.017 -276.017 68.198 0.0060

87.0000 279.163 ~279.163 69.988 0.000

8§7.5006 282.333 -282.333 .94 0.090

£88.0000 285,529 -285.529 6.000 74.223 0.000 e.000
88.5000 2BR.748 -288.748 0,000 76.917 0.000 e.000
89.0000 291.982 -291.982 4.000 80.404 9.000 9.000

89.5009 295.106 -295.106 9.000 86.838 0.000 0.000
89.5545 295.12 -29%.J12 0.0a9 0. 000 . 88.644 9.000 0.000



TABLE 6. - OUTPUT FOR BOX TRUSS MEMBER, REQUEST NO. 3.

DOXTRUSS FOLDING MERDER,FREE-FREE COMDITION
REQUEST MUNBER 3

VELOCITY OF MARKER 202 RELATIVE TO MARXER 292
EXPRESSED IN THE COORDIMATE SYSTERM OF MARKER 292

TInE unt DX/DT DY/DT un

0.0000 0.000 0.000

8.5000 0.000

1.0400 000

1.5008 0.000

2.0000 0.000

2.5000 0.000

J.0000 0,000

3.5000 0.000

4.0000 o.001

4.5¢00 9.001

S.0000 0.001

5.5000 0.001

6.0¢00 9.002

6.5000 0.002

7.0008 0.002

7.5000 9.002

8.0000 0.002

8).0000 ¢.600 0.040 0.000
83.5000 000 0.041 €.000
84.0000 0.000 0.643 0.000
84.5000 T 0.000 9,046 0,000
85.0000 0.000 0.048 0.000
85.5000 0.000 0.051 0.000
86,9000 0.000 0,055 6.000
86.5000 e.000 9.9059 0.000
§7.0000 0.600 6.065 [ 9
87.5000 0.000 0.073 0.000
88.0000 0.000 $.08S 0.000
83.5000 N i 0.104 0.00¢
89.0000 0,800 0.145 0.000
80.5000 9.000 0.448 8.008
89.554S 6.000 0.653 0.000

331312 33333 IRRSEE

“.. o000 ©

& od



TABLE 7. - TETRAHEDRAL GEOMETRY DATA, OPEN POSITION,

Point X(IN.) Y Z Comment
1 0.0 -1.25 743,179 Bushing force
2 -1.083 0.625 243.179 Bushing force
3 1.083 0.625 243,179 Bushing force
4 -148.375 83.788 0.00 Revolute joint
5 -148.917 85.978 1.77 Revolute joint
6 -146.750 86.603 0.00 Revolute joint
7 0.00 86.603 0.00 Revolute joint
8 146,750 85.603 0.00 Revolute joint
9 148,917 85.978 1.77 Revolute joint
10 148,375 83.788 0.00 Revolute joint
11 75.00 -43.,301 0.00 Revolute joint
12 1.625 -170.390 0.00 Revolute joint
13 0.00 -171.955 1.77 Revolute joint
14 -1.625 -170.390 0.00 Bushing force
15 -75.00 -43,.301 0.00 Revolute joint
16 0.00 0.00 244,949 Marker origin, upper fitting
17 0.00 0.00 243,179 Marker origin, upper fitting
18 -150.00 86.603 0.00 Marker origin, lower fitting
19 150.00 86.603 0.00 Marker origin, lower fitting
20 0.00 -173.205 0.00 Marker origin, lower fitting
0100 0.00 0.00 244,199 Upper fitting CM
0200 -75.00 43,302 124,975 Diagonal CM
0300 75.00 43,302 124,975 Diagonal CM
0400 0.00 -86.603 124,975 Diagonal CM
0500 0.00 -173.205 0.750 Lower fitting CM
0600 -38.313 -106.846 0.00 Surface member CM
0700 -111.688 20,244 0.00 Surface member CM
0800 -150.00 86.603 0.75 Lower fitting CM
0900 -73.375 86.603 0.00 Surface member CM
1000 73.375 86.603 0.00 Surface member CM
1100 150.00 86.603 0.75 Lower fitting CM
1200 111.688 20.244 0.00 Surface member CM
1300 38.313 -106.846 n.nn Surface member CM
1426 0.0 0.0 254,949 Marker origin, ground
1428 10.0 0.0 244,949 Marker origin, ground
1429 0.0 10.0 244,949 Marker origin, ground
1491 0.0 0.0 244,949 Marker origin, ground
1492 0.0 0.0 244,949 Marker origin, ground
0191 0.0 0.0 244,199 Marker origin, upper fitting
0192 0.0 0.0 244,199 Marker origin, upper fitting

24



TABLE 8. - TETRAHEDRAL COMPONENT DATA.

Component Data

Cluster Fittings Mass = .00259 1b sec?/in.
01, 05, OR, & 11 Ip = .01 .01 .005
Diagonal Members Mass = .0N4653

02, 03, & 04 IP = 22,596 22.596 .10
Surface Members Mass = .002819

06, 07, 09, 10, 12, & 13 IP = 5.0762 5.0762 .10

Note: IP = IX IY IZ (1b sec? 1in)

TABLE 9. - COMMAND FILE FOR TETRAHEDRAL TRUSS.

TYPE JCATEY ACF,t

FORCE/GC007 A=18 XT=100 ,7-0 )
FORCE/GCU1Q ,A«10 AT«123,T«2 Resets original input
;ﬁcn/mm A=10 KTe123,T«3

FORCE/Q0ARY ,A+45

FORCE/Q2Q183 A4S

FORCE/Q1213 ,A=45

STA

FORCE/QRCA7 A-00
FORCE/QQ018 ,A~00
g?:CEIQl 213 ,A-02

FORCE/G2£Q7 A=135
FORCE/GRQ1Q ,A=135
;?:CEIOIZIS =135

FORCE/Q0087 ,A=179
FORCE /92310 A-179
FORCE/01213 A-170
Hiisoh vy Tl 4 ;}::§Z§ Resets back to original input
FORCE/G1213 A~ XT~B.2044 ,T=-27

FORCE/1427 X1-@

FORCE/1497 KT-0

FORCE/80918 L ]ST
FORCE/Q1213 ,L1ST
FORCE/1427 L1ST
FORCE/1497 LIST
FORCE/1468 L1ST
TRAN

3 0.08
sToP
s



TABLE 10. - FUNCTION SUBPROGRAM FOR TETRAHEDRAL TRUSS.

T™VPE TET.FOR
TEoncTion BEUbCID, TINE, APAR, PAR, DFLAG)

IWPLICIT REALLB(A-H,0-2)

DIMENSION APAR(G),PAR(S)
LOGICAL DFLAG

FSuB=0.0
IF(TINE.CT.0.0) RETURN

RAD- DSORT(W(I)l!E*hPhR(Z)l!ZO“PM(J)!lZ)
;E% PAR($)3(10.0-RAD

END
FUNCTION TSUB(ID, TIPE PHI,DPHI,PAR,DFLAG)
INPLICIT REALIB (A-H,0-2)

DIMENSION PAR(S)

LOGICAL DFLAG

TSUB=2.D0

IF(TINE.EQ.9.9) RETURN
ANG=PAR(1)

IF(PHI.GT.ANG) RETURN

IF(PHI.LT.0.8) GO TO 100
TSUB=(ANG-PH] )X (27.0/ANG~PAR(2)3DPHI)
RETURN

<

(o]

100 C=PAR(2)
IF(DPHI.GT.0.0)C=C30.1
TSUB=27. O-PM(J)tPHl-C!DPHI
RE TURN

END



TABLE 11. - INPUT FILE FOR TETRAHEDRAL TRUSS.

TETRAHEDRAL TRUSS UNIT
ListY

PART/B1 MASS- 82250.1P- 01, 81, 22S CM-8103
MARKER/Q122.0P-2 2.0 0,244 199

MA/Q1Q1 ,0P-0,@ ,244 109 ,ZP~1 8,244 199
MA/B1Q2 .0P-0 ,8,214 100,ZP+0,1 ,244 100

MARKER/2121 ,0P-3 8 ,-1 25,243 170 Eu-09,02,0
MARKER/Q102 .0P=-1 283 .2 625,243 179 £U=150 .00.8
MARKER/2103 ,0P=1 283,80 625,243 179 £U~-38,03,0
MARXER/0118 ,0P=0 0,2 0,244 049

MARKER/2117 ,QP-02 9,8 8,243 179,EU=-30 9,8

PART/02 MASS 004653 ,[P=22 596,22 596, 1.CM-02020
MARKER/220@ ,0P=-75 00 .43 382 124 975 ,EU-60,35 26,0 @
MARKER/2202 ,QP-~} 283,38 62 .243 170 ,£U-150,00 ,8
MARKER/20S ,QP--148 917,85 0978,1 77 EU-1503,00.,8

PART/Q3 ,MASS- 34653 ,1P-22 596,22 596, 1 ,CH-0322
MARKER/2320 ,0P-75 00 ,43 302,124 Q75 ,EU-120 ,-35 26 .8
MARKER/2303 ,QP=1 283,80 625,243 17Q ,EU=-30.03 .9
HARKER/GSBQ .U’-HS 9! 7 ,85 978 .‘ 77 .EU-SG .Qﬂ )ﬂ

PART/84 MASSe 804653 ,1P=22 596,22 506, 1 LN-0400
HARXER/B420 .QP-0 9,-88 603,129 975 £u-8,-35.26,0
MARKER/@401 .0P-8 @,-1 25,243 179 ,EU-00,00 .0
MARKER/C413,0P-0 8,-171.055,1.77 £U-00 ,68 .8

PART/0S MASS- 90259 ,IP- @1, @1, 025 CM-2S22
MARKER/0508 ,0P-8 @,~173 205,8.75

MARXER/@513 ,0P-0) @ -l7l 955,1 77 EU-00,08 .8
MARKER/@S514 ,QP=-1 825 =170 3% .2 09 EU-120,90 8
MARKER/0512 .(P- 625,-170 303,0 @,£U-63,90
MARKER/2528 0P-8 8 -173 205.8.0

PART/00 MASS- 882810 ,1P-5 8762 .S 8762,.1 CH-D600
MARKER/863 ,0P--28 313 ,-108 848,8 €3 0
MARKER/2014 0P--1 625,°170 300 8 8 £Ui-120 .80 .8
PURKER/0815 0p-—75 £3,-43.331 .9 20 £U-120,50 .2
MARKER/D61S ,0P--75, 03 ,-43. 331 ,3. 00 1£U~128 ,99 2

PART/87 MASS- 0012020 ,1P-5 g782, 1 OH-0708
MARXER/@71S ,QP=-75 %.-43 Ml 23 EU=120,08 .0
MARKER/0723 ,0P=~111 689,20 244,80 2 03 8
MARKER/2784 ,0P=-148.375 ,83.788 .8 8 ,£U=120,00 ,0

g
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TABLE 11. - (Cont.)

PART/28 MASS- 2@25Q,IP- @1, B‘ » 005 [ri-20620
MARKER/0823 0P=-158 ,88 603 .2

MARKER/2804 .QP--148 375,83 788 ,2 B .EU-!ZG 00 .0
MARRER/26QS ,QP-<-148 917,85 978 ,1 77 ,£U-150 63,9
MARKER/PEC0 ,0P=-148 758,88 623 .2 B.EU-B 08,0
MARKER/2818 QP--158 ,86 683,08 @

PART/09 MASS- 282820.1P«G 27025 @782, ! CM-0020
MARXER/@G03 ,0P--73 375,68 £23 .8 20 ,£U-00,00
MARKER/0908 ,GP=--1408 758,88 CQ@3 .8 8,EU-3,52,9
MARKER/2007 .0P-8 20,80 603 .8 23 .£U-8.,00.,0
MARKER/Q907 ,0P-3 ©£0 .80 083 .,0 00 £U-0 G2 .8

PART/10 MASS- $82820,1P-S @762 ,5 8762, 1 ,(M-1003
MARKER/1200 ,0P-73 375,86 €03,0 €0 ,EU-G2,00.0
MARXER/1007 ,0P-8 Q,86 633,80 03 EU-2,60,0
MARXER/10228 ,QP=-146 750 ,86 623 ,@ B ,Eu-2.80.0

PART/11 MASS- 98259,1P- B1, Q1 , 005 CM-1100
MARKER/1103 ,0P-150 20,686 683,8 7S

MARKER/11@8 ,0P=-148 750,86 603 8 00 EU-2,02.,0
MARKER/11089 ,0P=148 917 ,8S 978,1 77,6U-39.,90.0
MARKER/1118 ,0P-148 375,83 788.0 3 ,tU-60,90 .0
MARKER/1119 ,0P-150 20,86 603 .8 0

PART/12 MASS- 2@2829,IP-S 8762 ,5 8762, 1 .CH=-1282
MARKER/1200 ,QP=111 688,28 244 ,8 00 ,£U-150,00 9
MARKER/1210 ,0P-148 375,83 788 ,8 8 ,£U-63,00 .8
MARKER/1211 ,0P=-75 23 ,~43 301 ,8 03,EU~242.,00 .9

MARKER/1291 ,0P-75 0@ ,-43 381 ,0.00,EU-248,9¢ .0

PART/13 MASS- 292829,IP-5 8762,5 8762, 1 ,CM=-1228
MARKER/1320 ,QP-38 313 ,-106 846,0 29 ,EU=150,00 8
HARKER/1311 ,0P=75 20,-43 131 .8 €3 £U-240,50.0

MARKER/1312 ,QP=1 625,~178.300 2 0 ,Eu-03,00 .9

PART/14 GROND

MARKER/1410 ,0P-@ 8,8 8,244 04

HA/1481 ,0P=8,0 244 049,2P=1 .9.241 040
MA/1402 OP-@ 3,244 840,2P~8,1 ,244.040

MARKER/1418 .U’-!SE 80.88 603.0 a
MARKER/1410 ,0P=-158 80 023 .9
MARKER/1428 ,0P-0 ﬂ.‘l73 255 0 l

MARKER/1428 ,0P-8 8,0 @,254 040
MARKER/1428 ,0P=10 8,244 949
MARKER/1429 ,GP=0 ,18 ,244. 040



TABLE 11. - (Cont.)

FORCE/1428 FINPUT ,1-01€2,J=1428 PAR12D
FGRCE/1428 \F INPUT 11-0100 1 J= 1428 ,PAR<10] Active only during
FORCE/1429 FINPUT 10102 ,J=1420 PAR-10D execution for

FORCE/1427 GTCROLE ,1-810D 1428 XT-1202 static equilibrium (STA)

FORCE/ 1487 GTORGLE ,1-0101 ,J=1401 XT=1020
FORCE/1108 .GTORQLE 410102 ,J=1402 KT=1222

JOINTS
J0s3184 REV,1-0101 ,J-0421
FORCE/G184 ,BUSHING ,1-0101 ,J-0431 X=1 E4,1 E4,1 E4 XT=1 BE4,1 OE4

L= 264, 284, 264 LT-0 2E4.0 284 .0

J0s8102 REV, l-BlB‘Z 1J=0202
FORCE/8182 ,BUSHING ,1-8182,J-8282 K=1 E4,1 E4,1 E4 KT=1 BE4,} BE4

£L- 264, 264, 264 CT-0 2E4.0 2E4 .0

JOs2103 Rev,1-0103,)-0303
FORCE/D1@3 ,BUSHING ,1-28103 ,J-0303 X=1 E4,1 E4,1 E4 XT=1 @E4,1 Q€4

L= 2E4, 2£4, 2624 L7-0 2£4 .0 2£4,0 ’
JO/eSeq REV,1-0413,]-6513

JO/6588 REV ,1-0514 ,J-2314
FORCE/Z586 BUSHING ,1-B514 ,J-0614 X=1 E4,1 E4,! E4 XT=] OE4,1 OE4

L= 2240 2E’l 24 .CY-B 24 .8 2E4 og

JO/@SIS.REV .['95'2)1"3‘2
J0/2882 ,REV,[~26235 ,]-8225
JOs@807 REv,1-2824 ,J-B734
J0/28¢9 ,REV,1-0823 ,]-2020
3071183 REV,1-1109 ,]-8329
JO/1118 REV ,[-1108,]J-1228
JO/1112 REY,[=1110,]-1210
JO/QEa7 REV,1-2015,]-8715
J0s/2913 ,REY ,1-8907 ,J=-1237
JO71213 REV,[=1211 ,J=1311

CENERATCRS

CEN/BEa7 ,CON L JOINT=0027 FAR-! G,6 G
FORCE/QJ827 GCTORQE ,1-016 J=716 XT-83,2044 ,T=-27

FORCE/32837,TINPUT ,1-0815 , =715 AR-IM +1830 ,1029
REQ/BEB8 FORCE ,1-0815 J=715 Rit=71 ~ /oD

CoN/2010 ,C0N ,JOINT-E018 PAR1.0,6 8
FORCE/2318 GTORQLE ,1-037 ,J= 1837 XT=0, 2044 ,T==27
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TABLE 11. - (Cont.)

l?Da’

FORCE/83010,TINPUT 120027 ,J-1207 Pm-lm 1602,1000
REQ/B887 FORCE ,1-0907 ,J=1807 ,RMe1007

CEN/1213 ,CON,JOINT=1213 PAR1 0,8 @
FORCE/Q1213 CTORGUE 11211 J=1311 KT=D 2G44,T0-27

FORCE/B1213 , TINCUT,1=1201 J=1311 .PAR-IN.IW.IM
REQ/8888 FORCE )= 1201 ,J=1311 RM=1311 \

SENSOR/811 DISP .1-8318 »J=1119 X ,VALUE ,300 ,PRINT
HALT EQ ERROR= 1

CRAPHICS
CR71 QUT-3900 ,06337
CR/2 0UT=1037 ,1828
CR/3 ,0UT=1210,1211
CR74 QUT=1311,1312
CR/S ,BUT-2514 ,2815
CR/6 ,0uT-0715 ,3704
GR/7 ,0uT=0205 ,8202
CR/8 ,0UT-0329 ,8303
CR/9 0UT-2481 ,8413
CR/19 ,CIR CHM-B117 R=-1 25 ,SEC-3
CR/11 LIR ,CH=-PS20 R=3 25 ,SEC-0
GR/12 QUT=0512,0522
CR/13 ,0UT=0514 .852ﬂ
GR/14 ,0UT=0523 ,85
CR/15 CIR ,(H-2818 .n-s 25 ,56C-8
CR/16 ,0UT-2826 ,0918
CR/717 OUT-2824 ,2818
GR/18 ,0uT-£318 ,8805
CR/10 CIR CH=-1110 ,R=3 25 ,SEC-0
GR/20,0UT=1188,1119
CR/21 QUT=1110,1110
CR/722 ,0UT=1110,11€9

CurPuT

REQ/8104 F 3181 G481 RM=181
REQ/0102 F 0102 ,8202 ,RM=182
REOIBIBS oF ,8103 ,0203 RH-1083

Q/8504 F, 1-0113 .J-BS!B RH=413
RiQ/ESﬂG FORCE ,]-8514 ,J=0014 RH-514

REQ/382Q F R=-800
REQ/1103 }‘ORCE.I-HBO.J-BSBQ Ri=1160
REQ/1118 FORCE ,[=1183 ,J=1£38 RiM=1189
REQ/ 1110 FORCE ,1=1100 ,J=1028 RM=1108
REQ/1112 FORCE ,{=1110,J=1210 RH«111D
REQ/£337 FORCE ,]=B815 Je0715 A¥815
REQ/8318 FORCE ,[=0037 ,J=1207 R1-03?
REQ/1213 FORCE ,J=1211 ,J=1311 Ri=121]

REQ/0CQ1 .OISP 0131 ,3401 RM-101
REQ/S292 ,01SP 0182 ,0202 RH=102
REQ/6693,015P 0103 ,0303 ,RM=123
REQ/G994 OISR, «@413,120513 RMe413
REQ/0G0S ,0ISP 10514 ,J-0814 RM-S14
REQ/05¢4 ,015P 0512 ,J=1312 RH=512
REQ/CGS7 .DISP ,1+8885 ,J=0205 ,RM=825
REQ/9998 D157 ,1-0834 ,J-8704 AN-024
REQ/S999 ,015P ,1-08¢6 ,J-2906 ,RH=-888
REQ/9S81 ,015P ,1=1109 ,J-3303 ,RH=1180
REQ/G982 ,0]SP 11103 ,J=1208 RM-1128
REQ/Q383 ,01SP [ =1110,J-1210 ,RH=1110
REQ/Q034 ,015P,[=0815,J-071S RH-01S
REQ/QQGS.D SP,1-0907 ,J=1807 \RM=037
REQ/9G88 0 SP. #1211 ,J=1311 RH-1211

- e

SYSIGC-l UulWVoﬂ .JCRAV-G .KCRAV-B MAX1T50
EPRIN DU EPRINT REQOUMP RHSOUMP

QUTPUT CARDS
%MISA\‘EREQ JGRSAVE ENQ<10. ,YPR



TABLE 12. - OUTPUT FOR TETRAHEDRAL TRUSS, REQUEST NO. 9999.

TETRAHEDRAL TRUSS UNIT
REQUEST NUMBER G999

DISFLACEMENT OF MARKER 806 RELATIVE TO MARKER 906
EXPRESSED IN THE COORDINATE SYSTEM OF MARKER 806

TIME MAC X Y P4 YAW
PLTCH ROLL

2 ¢ood 2 co9 g 220 @ 229 2 %eo -B9 Sat
8 020 2 009

8 2333 a o9 2 o228 2 220 2 Qe -89 518
Q 822 8 ceg
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Figure 2. - Box Truss Surface Member Model
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Figure 3. - Box Truss Surface Member, Time = 0. seconds
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Figure 4. - Box Truss Surface Member, Time = 85 seconds



TINE-89.584

Figure 5. - Box Truss Surface Member, Time = 89.55 seconds
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Figure 6. - Tetrahedral Truss Model
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Figure 7. - Marker Locations for Retraction from Open to Closed Position.
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Figure 8. - Tetrahedral Truss, Time = 0, seconds
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Figure 9. - Tetrahedral Truss, Time = 1.0 seconds
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Figure 10. - Tetrahedral Truss, Time = 1.5 seconds
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