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1. TINTRODUCTION

An effective method of formulating and solving differential equations of
motion for general mechanical systems subject to holonomic constraints has
recently been presented [1,2,3]. For planar systems, a three vector of
Cartesian generalized coordinates is defined for each rigid body of the
system. Standard and user—supp}ied constraints are formulated, yielding
algebraic relations involving generalized coordinates of the bodies connected
by each joint. A Lagrange multiplier technique allows coupling of the alge-
braic constraint equations and differential equations, yielding a large system
of differential and algebraic equations which are solved iteratively using
implicit numerical integration methods {1,2,3]. Because of weak constraint
equation coupling, the Jacobian matrix associated with the implicit numerical
integration method is sparse, and sparse matrix algorithms are effectively
employed to gain computational efficiency [4]. However, implicit numerical
integration methods applied to mixed systems of differential and algebraic
equations lead to numerical difficulties asséciated with badly conditioned
matrices and artificially stiff problems [5].

. Numerical difficulties associated with stiffness of equations have to
some extent been circumvented in other methods of equation formulation by re-
placing the Cartesian coordinates with a smaller set of Lagrangian coordi-
nates, equal in number to the constrained system degrees of freedom [6,7,8].
Loop closure or related methods are used to formulate constraint relations,
yielding a smaller number of highly coupled differential equations. This is
desirable from a numerical integration standpoint and leads to effective com-
puter programs. However, depending upon the set of Lagrangian coordinates
selected and the method of constraint formulation, it is difficult to incor-

porate nonstandard user-supplied constraints. Provision for user-supplied



constraints thus leads to increased complexity in general-purpose computer
programs. It is apparent that there is a trade-off between program generality
in the first approach and program efficiency in the second.

A generalized coordinate partitioning method presented in reference 9
retains desirable features of both of the above methods: (1) the simple
constraint forﬁulation of the first in terms of Cartesian coordinates, and (2)
the minimal system of differential équations of motion of the second, equal in
number to the constrained system degrees of freedom. Excess coordinates are
eliminated numerically, rather than analytically in the second method above.
Gaussian elimination with full pivoting and subsequent L-U factorization [10]
is applied to the Jacobian matrix of the constralnt equations to determine:
(1) the number of system degrees of freedom [11,12], (2) partitioning of
generalized coordinates into independent and dependent sets, and (3)
construction of an iInfluence coefficient matrix expressing dependent
velocities in terms of independent velocities [6, 13, 14]. This method
incorporates the desirable numerical stability properties of Gaussian
elimination with full pivoting; that is associated with the resulting L and U
matrices [15]. The numerical advantages of this approach have been
demonstrated from a kinematic point of view in references 16 and 17. The
generalized coordinate partitioning method was employed to develop a computer
code for the solution of dynamic response of planar mechanical systems.
Numerical results have demonstrated improved computational efficiency and
superiority of the method over the previously developed codes.

In this report, the generalized coordinate partitioning method is applied
to determine the dynamic response of three-~dimensional mechanical systems.

Cartesian generalized coordinates define the translational degrees of freedom

of each rigid body.
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In a preliminary formulation and code development of three—-dimensional
rigid-body mechanics, Euler angles were employed to define rotational degrees
of freedom. The computer code was used to determine the dynamic response of a
variety of three—dimensional mechanisms. A significant reduction in computer
execution time was demonstrated in all of the simulations, using the general-
ized coordinate partitioning method. However, the use of Euler angles often
causes numerical difficulties when one or more of the rigid bodies experience
large rotations. In particular, when the second Euler rotation angle is equal
to kr (k = 0,1,2,...), the axes of the first and third rotation angles coin-
cide, so these two angles cannot be uniquely determined. Therefore, some con-
straint equations become dependent at that instant and a unique solution does
not exist. A method to circumvent this problem is to monitor the row rank of
the constraint Jacobian matrix. The matrix loses rank when the second Euler
rotation angles approach km. Before this occurs, the computation can be
interrupted and the body fixed coordinate systems rotated to new positions.
This technique can be performed automatically by the algorithm. However, it is
time-consuming and in general cannot be done easily. The above feature is an
inherent problem of Euler angle representation and cannét be eliminated com-
pletely. Euler parameters, in contrast to Euler angles or any other set of
three-rotational generalized coordinates, have no critical singular cases
[17], thus they are attractive for formulating system constraint and differ-

ential equations of motion in this respect.

2. GENERALIZED COORDINATE PARTITIONING

Denote the vector of generalized coordinate of body i by q ; qi = [x, Vs
—1 —

T
z, eo, el, e2, e3]i, and the composite vector of all system generalized
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T T T.T ,
coordinate by q = [q sq seseyq ] » where n is the number of rigid bodies and T
- -1 -2 -n
denotes vector or matrix transpose. 1In this notation, holonomic constraint
equations can be written in vector function form as
®(q;t) = 0 ' (2.1)
- T
where ¥(q;t) = [®1(q;t),¢2(q;t),...,¢ (q;t)] are assumed to be independent.
— — . — — m -

The Jacobian matrix for Eq. (2.1) is defined as

¢ 0d |
¢ = — = i (202)
-4 Jq 3q
- =Y

and has full row rank. Differentiation of Eq. (2.1) with respect to time
gives the kinematic velocity equation

dq+% =0 (2.3)

Gauss—-Jordan reduction of the matrix ¢ with full pivoting obtains a

-q
' T T,T
partitioning of ¢ = [@ , 9 ] and q = [u sV ] » where u and v are the vectors
of dependent and Ihdepéﬁdéﬁf coordinates respectively, such that & 1s the

-u
nonsingular submatrix of & whose columns correspond to elements u of q and ¢
is the submatrix of ¢ whose columns correspond to elements v of q [9]. Eq.

—q — -—
(2.3) can be written in partitioned form as

Su+ Ov =0

-u-  -v- -t
Since ¢ is nonsingular,
-u
- . "'1 . "1 . -1
u=-¢ ¢dv~-9¢ éd=Hv -0 ¢ (2.4)
- -u -v- -u -t - @ -u -t

The system equations of motion can be expressed as [9]

. . .
M(g)g = g(q,q;t) = @ (q;t)A (2.5)

- - - —-q_— -

where M(q) is the system mass matrix, g(q,&;t) is the vector of modified

generalized forces (refer to Egs. (5.6) through (5.10)), and A is a vector of




Lagrange multipliers. Partitioning Eq. (2.5) according to u and v yields

uu’ uv” u T
M u4+4M v=g -0 (2.6)

- - 2 -

vu v v T
M u+M v=g =082 (2.7)

—— — — —dv—

T
By eliminating A from Eqs. (2.6) and (2.7), since & is nonsingular, it can be
—'11

found that

T uv,”™ vu T uu,”™ v T u
+HM Jv+(M +HM Ju=g +Hg (2.8)

\'AY
(M

Differentiation and partitioning of Eq. (2.3) yields
- " -1 . . .
u=H -6 [(¢q)q+20 q+ & ] (2.9)
- - u  q-'q- -tq- -tt~
Equation (2.5) can thus be reduced to a system of second-order differential
equations explicitly in terms of the independent generalized coordinates v.

In order to express Eq. (2.9) in first order form, define the vector s of

independent velocities as

I <o

- s (2.10)

The velocities &, in terms of s, using Eq. (2.4), can be written as

-1
-
- (2.11)
s

]

|<o|¢o

With this notation and Eq. (2.9), Eq. (2.8) becomes

v T uv vu T uu . v Tu
[ +8M )+ (M +HM JH]s =g +Hg +
T -1
(Mvu+HMuu)q> [(ew)w+28 wt o ] (2.12)
-u - -q-q- -4~ -tt

Equations (2.10) and (2.12) form a set of the first-order differential equations

for the independent generalized coordinates v and velocities s. All terms in

Eq. (2.3) are determined as functions of v and s through the constraint equations



of Eq. (2.1) and Eq. (2.11). Solution of this system yields the complete
sysfem state, including Lagrange multipliers if constraint reaction forces

are desired.

3. GENERALIZED COORDINATES FOR THE ANGULAR ORIENTATION OF A RIGID BODY

In order to specify the angular orientation of a rigid body in an
inertial (glbbal)‘coordinate system xyz, it is sufficient to specify the
angular orientation of a coordinate system &nZ that is rigidly attached‘to
the body. In this paper, coordinate rotations defined by Euler parameters
are discussed and employed in the following formulation.

3.1 Transformation Matrix

Let the coordinate system £ n § be attached to body i as shown in Fig.
i

ii
3.1, where the origin 0 is located at its center of mass (CM). A point P on
i i
body 1 is located in the inertial coordinate system xyz by
P P (3.1)
r =r + As'
-1 -1 i- 1
p_P P p,T
where s'i = [E s Ny T ]i are the coordinates of Pi in the Ein ¢ coordinate
- i1

system, ri = [x, Y, z]I are the coordinates of O in the xyz coordinate systenm,
i

and A 1is the rotational transformation matrix of body i. Matrix A , expressed
i

in terms of Euler parameters eo, e , e, e3, is
1 2

e +e -1/2 ee —ee ee +ee
0 1 12 03 113 02
2 2
A =2lee +ece e +e -1/2 ee - ee (3.2)
i 12 03 0 2 2 3. 01
2 2

[F e —ee ee +ee e +e - 1/%J

13 02 23 01 0 3 i




where subscript i indicates transformation matrix for body i [17]. The four

Euler parameters are required to satisfy the equation

2 T 2 2 2 2
e +teeze +e +e +e =1 (3.3)
0 - - 0 1 2 3

. T
The parameters e = [el, ez, e3] are the x, y, z or £, n, £ projections of a

+
vector e lying on the axis of instantaneous rotation, as shown in Fig. 3.2,

5>
and e is defined by

(3.4)

> >
e = u sin

| >

>
where u is a unit vector on the axis of rotation and x is the angle of

rotation. The fourth parameter eO is given by

e = cos X
0 2

It should be noted that the constraint equations (2.l1) include Eqs. (3.3) for

all of the n rigid bodies.

4,  CONSTRAINT EQUATIONS

Standard constraints between rigid bodies are taken as friction free
(workless) joints. Formulations for five types of constraints are presented
here as follows:

Spherical Joint: Figure 4,1 shows two adjacent bodies i and j comnected

by a spherical joint (ball joint). A vector loop equation can be written as

>
r +s -s -r =0 (4.1)

Tﬁe scalar equations for this joint, determined by the use of Eq. (3.1), are

+

'P 'P
r +As -r =-As =0 (4.2)
-1 i-1i -] j=3 - )



Revolute Joint: Figure 4.2 depicts a revolute joint between bodies i

and j. Point P is common to both bodies and points Qi and Qj are located on

bodies 1 and j, respectively defining the axis of rotation of the joint,
Scalar Eq. (4.2) holds for this joint, since point P simply acts as a sperical

joint. Additional constraints are obtained by requiring the cross product of

> > .
vectors gi and g to be zero, which forces the points P, Q , and Q to be on a
J

> > i j
common line. Vectors g1 and g  can be expressed in component form as
hi u

T T

g = [u,v,w] and g = [u,v,w] respectively where
-1 i -j j
Q P
g ZA(s' =-38") k=1, j (4.3)

Then, the cross product of gi and g , set equal to zero, yields three scalar
- -—J
equations

g g =0 (4.4)

~

where gi is a skew-symmetric matrix containing the components of g ,

-i
defined as
o -w v
El w o -u
&
-V u o

From the three equations of Eq. (4.4), only two are independent. The best two
should be selected, with Eq. (4.2), to form five constraint equations for the
revolute joint. To avoid numerical difficulties, proper selection of
equations from Eq. (4.4) is important, particularly when the joint axis is

parallel to one of the global axes. For example, when the joint axis is




9
parallel to the z axis, the first equation of (4.4) yields zero entries in the

corresponding row of the Jacobian matrix, reducing its rank. The second and
third equations would be selected in this case. A technique for selection of
the proper equations is:

compare the absolute values of ui, vi, and wi (or uj, v , and w )
J

and select the two equations having the largest terms.

Universal Joint: A universal joint between bodies i and j is shown in

Fig. 4.3. Since point P is common to both bodies, constraint Eqs. (4.2)
again apply to this joint.

> >
gi and g remain perpendicular, thus their dot product is set to zero, i.e.
: |

The remaining constraint is that the two vectors

t 0
g, &,

(4.5)

Cylindrical Joint: A cylindrical joint forces two bodies i and j to move

along a common axis. Four points, Pi, Qi on body i and Pj, Qj on body j, are
> >

to lie on the same axis as shown in Fig. 4.4. The vectors g and g of constant
> i j
magnitudes and gi of variable magnitude are required to remain collinear.

Therefore, the constraint equations defining a cylindrical joint can be

found from two cross products

=0 (406)
g, &,

=0 (4.7)
§i gij

where two equations from Eqs. (4.6) and two from Eqs. (4.7) should be selected

based on the technique described for the revolute joint.
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Translational (Prismatic) Joint: A translational joint is similar to a

cylindrical joint, with the exception that the two bodies cannot rotate rela-

Therefore, the cylindrical joint equations must hold and
+

one additional equation is required. Two vectors, hi

tive to each other.
>
and h on bodies 1 and j

as shown in Fig. 4.5, are to be perpendicular, so

T
hh =0 (4.8)
-1
5. RIGID BODY DYNAMICS
T
For body i, let w' = [wg, W, w ]i be the projection of the angular velo—
- n g

T
clty vector on the local coordinates axes, ri = [x y Y, Z ]i be the global

location of the center of mass, m be themass and I_, I ,I ,I ,I , I
i EE nn T En ng L&

be the moments and products of inertia about the Ei, ni, Ci axes. The kinetic

energy of the ith body can be written as

.T L ] T
T =1r Jr +1 w I w (5.1)
i 2 -1 i~4 T -1 i-i
where
mm 0 O_ ‘I I I ]
£g En £C
Jg = 0 m 0 , I =1 I I
i ng nn ng
0 0 n I I I
B Ji | cE Zn 45

Angular velocity w; in terms of Euler parameters can be expressed as [17]

w' = 2B p (5.2)

-1 i-i
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where p = [e y € , € , € ]T, ﬁ 2 [é R é ’ é s é ]T and
- 0 3 -i 2 31
—el €0 e3 =-e2
B
i=1|-e2 -e3 ep e] (5.3)

~€3 e2 -el eodi

Seven equations of motion for the ith body are written as [19]

T T
d (r. ) +@ x-f =0 (3 eqs) (5.4)
dt x4 i -1

T T T
d (r. ) -T +@ A-n =0 (4 eqgs) (5.5)
dt  py pi  pi- -1

where fi and hi are the vectors of generalized forces and torques corresponding

to generalized coordinates ri and pi respectively. Substitution of Eq. (5.1)

into Eqs. (5.4) and (5.5) yields

. .
Jr +0 A=f (5.6)
-1 ol
T " T .T .
431113 p +¢ A=h -8 IBp (5.7)
1opy o 4 o1 44
T T . TT

Defining g1 = [f ’ (E - 82 IBp) ]i and

m 0 0
0 m O )
0 0 mJ i
M = (5.8)
i
T
¢ [4B 1B]4

(7%7 matrix)
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Eqs. (5.6) and (5.7) can be written as

. T R
- Q- )
b [t ] = /", The total
where = Ir = x z, e e e e . e total system
Si _,g i ’Y! ’ O’ 1’ 2’ 31 y

equations of motion for n rigid bodies is then

T
Mg=g~ ¢ A (5.10)
- 2 q-
_ T T T T
where M = diag. [M s M, ees, M J, g = [g » B 5 sesy & J and
1 2 n - -1 =2 -n
T T T.T ‘
q = [ql, 9,0 ++er 4 ]+ 1t should be noted that Eq. (5.10) defines the
- -1 - -n
equations of motion of Eq. (2.5).
6.  FORCES
Internal forces acting between bodies may be obtained by a process similar a

to the constraint equation development. For example, since springs, dampers,

o
and actuators generally appear together, as shown in Fig. 6.1, they are incor-
porated into a single set of equations [1]. Let the global coordinates of
T
the attachment points be rk = [u,v,w]k » k=1,j. The length of the spring-
damper-actuator is thus
2 2 2.1/2
L= [(u -u) + (v -v) + (w -w )] (6.1)
| i k| i | i
and the time rate of change in spring length is
L= [(u - u )(u - u ] + (v ~-v )(v - v )
3 i 3 i j i 3 i °
+w -w )w -w)l/y ~ (6.2) >
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The magnitude of the spring~damper-actuator force is then written as

(o] .
f=k(2-2)+ct+a (6.3)

o
where £ is the undeformed length of the spring and k, ¢, and a are the spring .
constant, damping coefficient, and actuator force, respectively. The compo-
nents of spring-damper—actuator force in the global coordinate system can be

determined from

f = £(

£ I Em)/z ; kym=1,j and k ¥ m (6.4)

When the spring-damper—actuator force does not act through the center of mass

of the attached bodies, torque components for each body can be calculatéd from

~

T
. h! =r' A £ s ko =4,j (6.5)
-k -k k -k ° ]
v where h' is the vector of components of torque about Ek, nk, Ck axes.
N - . T
Transformation of the components of the torque h' = [h , h 3 h J to

T -i € n i
[h ,h,h ,h J can be obtained by multiplying both sides of Eq. (5.2)

eO e] e2 el i

h'

T
by h'i to get

T T |
h' w' =2 h' B P (6.6)
i1 -i -i-i
‘ T
The instantaneous power h' wi is independent of coordinate system
—l -
T T.
representation, so h' w' = h p and Eq. (6.6) becomes :
1~ -i-i i
» T
h = 2B h' _ (607)

-1 i-i
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Substitution of Eq. (6.5) into Eq. (6.7) yields

T T
h =2Br" Af ; k=41,j (6.8)
~k Kk kk

Similar to the translational spring-damper—-actuator, torsional spring-

damper-actuator elements may be defined between adjacent bodies i and j that are
> >

connected by a revolute joint, as shown in Fig. 6.2. Two vectors, si and s ,
]

embedded in bodies i and j respectively, define a plane perpendicular to the

revolute joint axes. In addition, the two vectors define the torsional spring

>

>
attachment points on the two bodies. The angle between s and s 1is denoted
i i :

by 8 and is initially assumed to be 0 < 8 < n, Angle © can be calculated

from the equation

-1 8, S,
6 = cos =1 =j . 0<H6 < (6.9)
> +
|s |+]s |
h

To determine all possible values of 6, a point K is initially defined on the
revolute joint axis such that the direction of vector ; is determined by the
right hand screw law rotating from ;1 to ;j and sweeping angle 0 (initially
0 < 6 < m), During the dynamic analysis, the cross product of ;i and ;3 yields

>
a vector parallel to s, having the same direction if 0 < 6 < m, and opposite

direction 1f w € 8 < 2w, i.e.;

> 0 006 <7
s 8 8 (6.10)

< 0 m< 0 < 2w
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The torque of a torsional spring-damper—actuator element can be calculated

from

o .
h=k(6-6)+cO+a (6.11)
t

o ,
where k, ¢, a , and O are the torsional spring stiffness, damping coefficient,
t . v

actuator torque, and undeformed angle of the element, respectively. If the

>
components of a unit vector u located on the revolute joint axis are u' and u',

expressed in Body 1 and body j coordinate systems, respectively, the components
of torque expressed in these coordinate systems 1is

h' = hu' 3 k = 1,3 (6.12)

“k “k
Thus the generalized torques corresponding to the Euler parameters coordinates

can be determined by employing Eq. (6.7).

6.1 Friction [20]

The characteristics of sliding or Coulomb friction obtained from a simple
experiment shown in Fig. 6.3 are illustrated in Fig. 6.4. 1In Fig. 6.4, W and
s
uk represent the static and kinetic coefficients of friction respective. If

>

the absolute value of the applied force P on the body is less than u N, where N
s

i1s the normal force, the friction force may vary from zero to u N, In this
s

case the magnitude of friction force should be determined from an equation of
static equilibrium. When the absolute value of P is greater than usN, the
friction force is ukN which is relatively constant until a high velocity is
reached.

The friction force expressed in terms of relative displacement is a step
function as shown in Fig. 6.5. In the case of no relative displacement between

the two bodies, friction force may vary from —uN to UN. To find the magnitude

of friction force in this case, assume a shear deformation without relative
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displacement. If the proportional constant between shear deformation and shear
force is given, the shear force may be obtained from the shear deformation. By
taking the smaller of shear force or friction force, the magnitude of friction
force can be determined.

To find the direction of friction force, the relative veldcity, ;;, between

the two bodies at the point of contact is determined. The friction force can

be obtained from:
>

\

r
>
F =min(F , F) TV |
f £ ] r

where Ff = uN and F 1s the shear force. Since the frictioh force acts along
]

the body surfaces and its line of action does not generally pass through the

conter of mass of the body, the moment components due to this force must also

be considered. For this purpose an equation similar to Eq. 6.8 can be applied.

7. DADS-3-D COMPUTER PROGRAM

A general-purpose computer program, Dynamic Analysis and Design System
for analysis of three-dimensional mechanisms (DADS-3-D), has been developed,
using the algebraic equations of constraint and differential equations of
motion described in the preceding sections. All of the algebraic and
differential equations are automatically assembled by the pfogram from the
input data describing the system. Additional nonstandard constraints and
differential equations can be provided through user-~supplied subroutines.
Since interpretation of Euler parameters is difficult, input data can be
‘expressed in terms of Euler angles or direction cosines.

The use of the Cartesian and Euler parameter generalized coordinates
ylelds a maximal set of loosely coupled nonlinear holonomic constraints and

differential equations of motion. A Gaussian elimination algorithm with full
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pivoting [10] decomposes the constraint Jacobian matrix and identifies depen-
dent and independent generalized coordinates. The constréint Jacobian matrix
in general is sparse, thus the algorithm provides the necessary information to
establish a modified sparse matrix relating variations in dependent and inde-
pendent variables. This process eliminates the‘need for carrying out products
of sparse matrices. This information is then employed to identify a minimal
system of the second-order differential equations of motion equal in number to
system degrees of freedom. The second—order differential equations of motion
are reduced to the first-order form by a change of variable and solved by the
predictor/corrector numerical integration algorithm DE/STEP/INTRP [18]. The
algorithm numerically integrates the differential equations for independent
generalized coordinates and extrapolates the remaining equations for the
dependent generalized coordinates. At each step, integration error is
evaluated and time step and integration order are adjusted accordingly [18].

The generalized coordinate partitioning technique and the predictor/ cor-
eector numerical integration method have demonstrated improved efficiency over
a previously developed computer code. However, the major contribution of this
investigation is application of Euler parameters to circumvent singularity
problems and enhance program efficiency. The user manual for DADS-3-D code is
provided in Appendix F.

8., THREE-DIMENSIONAL MODEL OF TRACKED VEHICLES

The DADS-3-D code is employed to simulate a highly nonlinear multiple
degree-of-freedom vehicular system. Figure 8.1 depicts a computer-generated
three-dimensional modelvof a 26 degree-of-freedom tracked vehicle with five
roadwheels per side. The transient response of the vehicle to a large weapon
firing impulse is desired. Figure 8.2 illustrates the side view of the model

in detail., The model consists of 17 rigid bodies. Bodies 1 to 10 represent
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roadwheels. Bodies 1l and 12 are the chassis and turret respectively. These
two bodies are connected by a vertical revolute joint. Body 13 models the re—
coiling and nonrecoiling parts of the gun. A second revolute joint between
bodies 12 and 13 models the trunion centerline. Bodies 14 to 17 represent
road arms connecting the front and rear roadwheels to tﬁe chassis with revo-
lute joints, Tﬁese bodies are introduced for the convenience of connecting
shock absorbers between road arms ané chassis. The remaining six roadwheels
are éttached to the chassis using massless links with revolute joints at the
ends,

The vehicle has a torsion bar suspension system. Translational spring-
damper-actuators 1 to 10 are employed to incorporate the nonlinear suspension
characteristics, including jounce stops. Figure 8.3 illustrates typical
force-displacement suspension characteristics. This force displacement rela-
tion as well as other nonlinear functions are incorporated into the model from
discrete data points. Actuators 11 to‘14 implement the damping characteristics
of Fig. 8.4. Springs 15 to 26 simulate two pretentioned tracks connecting
the drive sprockets and roadwheels. These nonlinear springs do not support
compression.

Additional generalized forces are introduced to represent roadwheel-
ground interaction. These nonlinear functions allow the wheels to leave the
ground and include damping. Frictional forces proportional to the normal com-
ponent of the wheel—ground reaction oppose tangential displacement at the
point of contact. -

8.1 Platform Stability Analysis

The vehicle is allowed to achieve an equilibrium configuration prior to
initiating transient analysis. Prior to firing, two additional constraints

are applied to lock the relative rotational degrees-of-freedom between the
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turret-chassis and the gun—-turret. A force with an impulse of 3851 1bs.s
(139300 1bs. lasting 0.02765 s), that simulates recoil due to firing the
maln weapon, is applied to the model along the gun barrel centerline,

First simulation is performed for forward-firing of the gun. The gun is
initially horizontal. Friction model includes only the coulomb friction,
Appendix A presents the response plots for this simulation. A peak
longitudinal acceleration of 3.25 g's 1s reached. Maximum longitudinal dis-
placement of the chassis is 3 in., where approximately 1.5 in. is due to
sliding. The chassis pitches about 4°, while the maximum 1ift of the front
wheels is 7 in.

The gun is rotated 45° horizontally for the second simulation. The
response plots are given in Appendix B. The longitudinal and lateral peak
accelerations are 2.33 g's and 2.22 g's respectively. The maximum pitch,
roll, and yaw angles are 3.2°, 3.0°, and 1.7° respectively. The plot of the
yvaw angle versus time reveals the yaw rotation does not recover, i.e., the
vehicle comes to rest with 1.7° rotation about the vertical axis from its
original orientation. Longitudinal and lateral displacement curves of the
chassié show that the c;g. of the chassis has moved 3 in. longitudinally and
2.8 in. laterally. |

Response plots of a side fire simulation are given in Appendix C. A peak
lateral acceleration of 3.25 g's has been achieved for the chassis. The
lateral displacement curve of the chassis indicates 5.5 in. of sliding.

The maximum roll angle is 4° and a non-recoverable yaw of 1.5° can be
observed. The yaw rotation is the result of the impulse line of action not
crossing the vertical line which passes through the combined c.g. of the

vehicle.
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Two additional simulations for the 45° impulse and side fire have been
made. The response plots are presented in Appendices D and E. The major
difference between these two models and previous models is the inclusion of
ground-track shear deformation in the friction model. These simulations show
that the shear deformation model introduces high-frequency components in the
system (stiff system), therefore the CPU time increases drastically. The
responses shown in Appendices D and E éhould not be compared with the plots of

Appendices B and C, because some of the inertial characteristics of the models

are different.

8.2 Elevation and Azimuth Stabilization

In order to test the nonstandard element capability (user-supplied
“equations) of the DADS-3-D code, an additional set of differential equations is
- formulated and solved along with the mechanical system differential equations,
"This set of additional differential equations models two stabilization systems

for elevation and azimuth controls. The basic structure of the elevation and
“azimuth control systems is identical, and Fig. 8.5 shows the schematics of one
of the two control systems [21]. The input to the control system is the gunner's
* command on the desired angle, with the additional feedback input from the gun
angular position and velocity. Each control system, containing an electro-
hydraulic servocontrol device, generates a torque output which is applied to
' change the angular position of the gun in elevation or azimuth. TFigure 8.6
shows the responses of a simulation of the vehicle with two-axis controller to
the gunner's command to readjust the elevation angle of the gun from its
initial position. Readjustment of the azimuth angle to the gunner's command is
illustrated in Fig. 8.7. Figure 8.8 shows the response of simultaneous change

in elevation and azimuth angles with the two-axis controller.
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Figure 3.2

Angular Rotation of 51”151 Coordinate System About 3 Axis
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Figure 4.1
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Spherical Joint Between Two Rigid Bodies
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Figure 4,2

Revolute Joint
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Figure 4.3

Universal Joint
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Figure 4.4

Cylindrical Joint
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Figure 4.5 Translational Joint
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Figure 6.1 ‘ Translational Spring-Damper—Actuator Element
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Figure 6.2 Torsional Spring-Damper-Actuator Element




Figure 6.3 Coulomb friction in a simple experiment :
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Figure 6.4 Static and kinetic coefficient of friction
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Figure 6.5 Friction force in terms of relative displacement
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Figure 8.1 A computer generated three~dimensional model of a
26 degrees-of-freedom tracked vehicle
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Appendix A

Response Plots for Platform Stability Analysis

Forward-Fire Simulation

* Coulomb friction
* coefficient of friction = 0.5
* 1.0 second simulation

* CPU time on PRIME - 750 = 7000 sec.

L 1% LA 1.1 R A R ]
L g L d L JLC J L ‘5




e . «
. .
pos + & st s
[ .
. L :
. M .
. P .
ft + # et o
.
;S VT TR SO TN DOVDIS UDM St TS RN G000 Hoa somvun oo woumis 1 o o Foeree o) PO W R S [N SO WU DU N B N O

Lol Do Botho oo Dl ohoioda Do ol ha T o R Kodh ut b o Bl ol
D O L0 LD SO LD L S D G UL St 0 LG S 1D WSl S W
L0 Ot et D ORI QO 00 e B o D0 D LU0 o i Q0D D0 vt v | v 0 Q00
et et el vt v e d | 2 T T I |

F3T 1 SISSHHD 40 HOILBA3ININOH HITNLIGHOT

L]
o

L

L]

[ax]
(4]

Lt
A

[xn]

[Daog
(R
-

42

SEC.Y

(7

TIME

FORWARD FIRE

MEE1 —152MNH

w



I A T A e R R
U Seeeiieenites ESUTOR S SR N JUP-NU DU O S
fr ¢ 02 e et nesecr e dares s ne HEPER e Beerebonorennensse ol
e ;”.}““: ..... O SUUUE SOPC SO SO - SUUUE R

S . : . . . . . . . .
b A . : . . . : : : . .
. N P ST SUUE SURU U FUUNE SR ORI PP
- ety [P I S SR e o
L et ﬁ%:“ U SO OUNSUU SUU A S
1 1 1 1o 1.1 % R T { i i1 Tt
- = L] L] L L] L] -

145.

LY R
o =
L I B

oy QP
¢ MM
et st >l

0
L)

J
fus]

131.

[ZEC.,}

TIME

K3
-

MEE1 -152MM  FORWARD FIRE

43




%
(44
Dax}
50
— T T e T z
: : } -
: : S S S S u
- B R R R , ;.;;-.....; ..... SRERE FERREE .: ..... R [T .: PR |‘_'|'-.l v
: : : ! : : : : : N . o=
b s e aevan PN PPN N ..ig...‘......; ..... e e I Seaeae R S Y .
A R S : : Co .
S O T R S S
R Teeed feenun . ......:.!|. ........ Paaaas e e Peaaen Yeeand Seeens [P i)
d : : : : :
:l : o : : C =
b o N D P e PERRER SR R By
T l R : : s Ly
T A T TR e o P I AP, Cheeee [IPIPE
S S S S - =
N T Neaed EE - 3 ........ I e e ad Seeies Yeeed Seuees eevd e
oo %l : n -
r—.. -...-.....4:-. ”E ..... 1.-].._— T os v oo et ane .E ..... " P as et - '-.t.‘ f__']
: oo Y : : bal
. . . . D)
: S \\ = i
F...-E. ..:.¢--.-: ..... ; --------- —-T.‘: ............................... - = IJ:-l Ld
: : : i
: : . -t
: p -
S »
oo : L
: : : : = .
00 0 0 T VL0 P
: : : o "
: : L
: T : : SR : : Do i
b e el Sevaen T T HEIAS SO TP, 2l ERIA, e e e f-j £
. . . N . . . . . . . . - L
Do : : T
- : @
SRR ERERERAEREE Neeeen - 0y o
R : : . Lo
A : : L
-~ ..-: ----- :--..?o.-cn:....... ........................ emr i s em e 4 4 0 te we s a4s e e - '.: E:
R : : =
: : : : ™
. . . . fox) )
I S P U I B S D SO S SRR I Rt —t -
: : : : . i
Do el L
. 'R rd o LR IR R P e R R R R A R L I T N Iy PE el " hand
R T = L >
: : : : s
: : : : ) o~
" PUNSE R TNN N BUU T Y oo by Dn]
- " - . - - 1] 1] .|E|
S R Woofe
v |
1334930 SISIHHD 40 3119HY HILId




#1 T33HM 40 HOILISOd THITILE3AN

1.848

.35

.28

45

FORWARD FIRE

MEEL -152HMHM



. et Yeeens foeeasd IE [APRN Teaeesd : "“}, ...... Yeees -
R AEEEEE ~ Henonse Ze s anae S eeans |.-.-f}..r ...... Voo e bivena Pe on oo 0t v e -
. . . » . .'./ . . . .
el e imese et L e e te e -
RN Faeceatenaad Seeeann evaes PRSP fevians R RPN P e ad
- L . % e e LIRS Povu ofs sh a0y Voo e Sarae e Nees e Do onane Foovveo% sunns -
e oLl S e Ceermanes -
O, e e b aee s teraendienen ‘\ ..... Peaenas Sevenas Beeeen RTINS P PAPIIN -
IR I TP IR I e e oe LRI S eheooet oo, - LAY foav 00 4% 0 aa -
PN '!, ................................. el
e+ an e YN Teeien N T eeens Poeeen R S .
e v s et e s % e re e s a0 e ’ LX) . DI RN e o000 e B
1 (ORI ) | T | | BRI A S, EVE Y

[3:

oo I~ v w o
[aa) ] (] L] 1]

A0 LMIUIIYALSTT AT 1d3A

[l

81

1.86

. 2E

L5

o

.48

L
o)

B85 .18

B.,.2a

46

TIME {2EC .

FORWARD FIRE

MEEL -152MN



L8 B L S M By i i B L B M e ey i i e
;. e i
Do . Ty Do
VK S AT DPEE IR NP P BN NN ST e v il BT BN BPEE AP SO A O
L . = L ] - » L] L] - - » L ] L ] -

e}
=
oy

Pt
oy
1

)
o
L)

2a.
48.
Bl

Q00O o
< 03 O =
TETET
|

933-MI SISSHHD 40 HOILHNII3ong THITLE3EA

1.88

.95

.98

58

45

.4a

L)

[ns]

73]
)

o

EC.)

AN
L

TIME

FORWARD FIRE

MEST -152MM

47




1.88

eyt Tt ! ! e !
. . . . . N : . . . L7
=3 ot . . R I R R R R Pt e PETE RN tasue v [ -l I
. : : . . . : : : . "
. . . . . . N ! . . =
I RO PP, P PP PP e A T e . ' - T
. . : . : . . . . : .
: . : . : X : : : 1y
TR RITIIr PUNPRNY, R DI T N R RTINS TR FEREE I PUNA s
. : : . . . . : : .
. . . N . . . : . =
T . PR N T T P S [ T weeae RERETE PR I .5
N N . : . . 1 . : . M
T : : S B : b
T : : : : P e
s : D : : .
. . . . . I . . [
SEETE PP, feees il SRR R R R R R TR R TR e e EETE B KU N
. . . . : N . .
. . . : . . |7y
- 3 o . R I R R A R I - S decethi et e IRRRR o
. : : : : . .

PO SRR DU TN SN WU [V TN JNUOT W U T ISV SN NUNOY O SO S | PRI JUNIE NS S ix]
L] [ - » . . . . . - [ ] . » - .,.:
[

uw
[AY

b
[3}]

4

o4
]

ol

(HI)

-t [av ] fayd
]

# 2 T33HM

L LI T

o

I--
-~

w0

L ae BN oo ]

0 MOILIEOd HITLE3A

48

EC.1

[

TIME

FORWARD FIRE

MBE1 -152MNM



ut
a3

L2 I o B S O L TS « R L e
-

L% B A

od

(23] -1 L] 4

# 1:7133HM 40 HOTILISOd THITILH3A

[
[y

IE‘S

5]

&5

.58

.45

s
[ax]

=
0

s

49

L

o]

[ ZE

TIHE

FORWARD FIRE

MEE1 ~152HMH



50

U3
o

.,.!f!—,T’.,.,ff,T.—r...f..,.!.., -
: : : : -
: | : " .
- [ - ¢ rl L R L I R I P e R R .l ...... Berenteea Tenond (T
] . .
: . ] X
: : : : : : : o : : : : : =
T T P P S SRR e [P AN A SR AN e e e d M +
: : : : : : : : : : : : : : L
be b I SUP SERRELERRE: feeed e e KERED e ev e S eneen S e HOEIRS B 5]
: : : : : : : : : : : : : : .
G ol g
e t r P e Serant “ » .1|.:. .............. oo ud 0
» 0 . v - »
: : . :
: L 5 s
- i Neeaan, . . 2 PR SRN e ee s .': ............... H - e
: oo : =
EETE DR DI S Cer el it KERRE TR TL IO ‘ ...... Ceaheaes feeesd
: : : : : : : : : L -
IR I DI I - . . vestes > » N [ a3 E - o0 M
f A I S
: : : : : : : L
: N Ir U o W
. N N N N . - T o4 -
: oo : W
. . . . : Ty ot
R LR L R R R TR I S P I PN S teve s FERERY bt TR TR - s | e
: : : : : .
: T : =
- ' P ” v Fere e L v IR TR R oo U
: : : : : .
: Lo : L
S S P A g d o
: : : : : : o
TEETE TR Ny PN, R RN TR ICR NI e e FEREES R T L S ol
: : : : : ; : .
S S S S S S A R Lo
r....l..../:....a‘.....:.-..4‘-..-.:.....:..-..:.-...:...--:..........:.....: ..... :-.-.4 |.'|‘.;
T R Co Lt
: : : : : : : oy o
b« s e r i s me e - T mri e w . o R T e |:‘|‘.| Yool
: : : : : : : : . Lo
: oo R P £
SR IEEED IR PR, R R R N I R REREE NEEEE RITEIL Y N A Meees oo 0] e
: : : : : : : : . =
: : : : : : : J o2
- : e . .t Fo v e e st ne ate i s e e s en @ : ..... L EE R S ae s tae 2w fuJ L‘-
: : : : : : : : .
: Do N Lo w E
peer e - . - - . »e . o wlrosmrasamas s e -y ped ooy
: : : : : : : : .
: : : : : : : : L
: : : : : : : -
. . . . . . . ] i -
- . an s ‘e . N . ' D A T ver ot e -
: : Do : : : Y
: 3 » - : L"-l
. . . . [T g] = -
fe s P . s P ee e e aue stu s PR PP Y S Y TR oo oo [ux]
. . . L]
fan]
PYUER NP WO DUSTRUN U YUE S VON SNTIN MU TN TSN ST SO oot g by e
" L] L] L] - L] . ] | ] L] '. . L] L] L] -lt:l '
MLz JE X IR S~ ST S SN CORRY « B 1 SN S o SN ¥ NPT \ ~ R
a1} o -t - -t

L B N |

# P T33HM 40 HOTLISO0d IHIILH3N

T



.
.
.
TN
.
.
.
.
.
.
- .03
o
e s ae b e
p----s. .
- 3 s
o H ) . .
- R . LN
e - N - N . . ven [ N o}
. . . . . v . . - . .
T TR Sereedieeed Seessdiasnn IR e RPN SN et Geees teee o
- 0 B . " - o DI IR AR Y L} ol
e et e wereemas Ve e . . . N X ‘. oo o
R N TR TR, lecaaleenas IR e SRR SN ... veles ol
. . . . . . . le'l . .
= b LX) . o LRI e e as e a e e R e e - .lx.\ .......... Voo o o
» .. < N - . e M e rmaa i .
N N TR A U PRI A TN R Ve o
e . X .ty - LI . ate s L .-.'...\ ......... . o
. . . . I .
N TP U BT P I TPANE SUPUL K R P ST A
- - L] - - L] L] 1] L] - L] -

(]

od

04

L] fan] (23]
L3 I O I S

# 5 133HMN 40 MOTLISOd HITLE3N

7

16.

15,
4

1g,

.85

“ <P

MEEL 1%~




52

£
EMEMT OF IDLE

el
o
w ©
s ir
wd
ot .
- £
[ [
- =
[T !
. wd
: (o X
: - [
: @ 3
Y =
: o -
: —
. ks o .
: L =
M » [}
: : |
. it
: : =
. . "
: ! Xy
: : -
: : Ll
. . 3 o
: : ! o
: : L w
: : . =
: : &
: : Do : i 2
Do : Do : - Iy
o : oo : L =
Peees : RPRR : y L
TN : : : ; -
M : : : : —
: : : ; : P
L N . et . : e, PR B
: : : : : -+
: : : . -t =
: : w =
AU PUPG AN PR U S P N A S A 4 - )
N . . o u‘l
: : : —t -t
: : : o ! .
e e oot rsedenedenn i - -';j E
o : : U
: : : W E
- LRI NI P 4 t L) 4 v e eV ss esNa o ate s e v B e 0 s aaen e e .-J . he
: R3]
: -l
. <
PUNNS NSTYRDN RO SSUNE NUUN SOUH [ TR (ST YUUN DUNYUUINN ST NN NN TS AU SN JONNC DUNRN JSUUV FUN N T JUNUT YU DU N SN -
- L] - " - s . - » - - L] L] - 1 ] - .0'1
vl

L T ¥ A o2 o B TR - U O T LY U U A2 I 4 |
[AC 0 B T 4 B I O T R I o T R % I 0% I LT O I T LY B e

AT 40 AHFWIIENLE I THITLAE3N

TS



T T T T T T i T T
el N I A A T S O TR e g o
g : . . . : . . : : : . . N . s E
S N R Pesasteresman o S P X % s e der il N e aate e -
o . . . . . . . . . . - . . . . “
e R R (. T een e d fieeedaeashecen -
L . . . . . . . . . \,_;." . . . N o
. g e . . . . . N : : : :
Do S wﬂe——ﬁ.rg S
. . . . ,,.n"/ . e . . . . . . N
» - NP NP U S eeean et e et e I
. . . . . . 0 o . . . . . . .
2 . . . . . / . . . . . . . . N “
b s st it I---vl---.\-l{.)--‘:.-.'.--nl---.\ oo Prr e e Teen et s et ae b -
L. L R Seeredernetaaas e TETRS PRRPL SN eead Seeeclenaslaean v dees
L ...- e : AP : Teeiim - Ceeean . [
. . . . . . . - 0 . . . . .
fue » e % e s st e s Pes salae s e venetiann b .. o% . e LI A3 . L} L
T NI M DS A R ST A AN -
L . : . . N . J
L H } S WO (U NGO SUNE SR SO WU WY TN AU SN NN YN (Y SN ST UUNUR JUUE TN SN DU SN W S 1
- - - - - L] n - - 1 ] - L 3 - . = -

[

oM woWw

o

o4

ot}

-+
[}

2]
2N}

o
[al

Lo TR ™ B w 3%

ol

o)

Ll

o M v o

i et e v

LI3ADHHAE J0 HHAW3AIETAE I~ THINT LE3A

»
]
LAl
il

231

P~
od
[ad}

o0
[t

225,

[xa)
l
]

53

KET

C

EMENT OF ZPRRA

.y
=

PLAE

-
[

LOMGITUDIAL -D13

FORWARD FIRE

MEE1 -152MM




Appendix B

Response Plots for Platform Stability Analysis

45° Fire Simulation

Coulomb friction
Coefficient of friction = 0.5
1.0 second simulation

CPU time on PRIME - 750 = 6500 sec.
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Appendix C
Response Plots for Platform Stability Analysis

Side Fire Simulation

* Coulomb friction
* Coefficient of friction = 0.5
* 1.0 second simulation

* CPU time on PRIME - 750 = 5800 sec.
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Appendix D
Response Plots for Platform Stability Amnalysis

45° Fire Simulation

* Qutput time internal = 0.0025

* Coulomb friction

* Ground-track shear deformation (ref. point: bottom of the wheeis)
* Coefficient of friction =

* 1.0 second of simulation

* CPU time on PRIME - 750 = 9 hr.
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Appendix E

Response Plots for Platform Stability Analysis

Side~Fire Simulation

Output time interval = 0,005

Coulomb friction

Ground-track shear defprmation (ref. point:
Coefficient of friction =

1.0 second of simulation

CPU time on PRIME -~ 750 = 6.5 hr.

bottom of the wheels)
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PART ONE

Data Input to DADS-3D
Revised May 135 1981

The order in which the following segments apsear is arbitrary and need
not be followed by the usere.

Therz are three commands which may be inserted in the datas. These are
LISTe NOLISTe and ENDe LIST and NOLIST can be ussd anywhere in the data
set (betwzen segments)s as often as you wishe Anything after a LIST
command is printed in the output until a NOLIST command ds encountered
(default 1s NOLIST)e The END statement must appear at the end of each data
sete’

1. Problem OQutput Label
I11. System Information
111. Rigid Body=*
IVe Initial Condition»
Ve Constraint
VI Spherical Joint
VI Universal Joint
viIiI. Revolute Joint
IXe Cylindrical Joint

X Translational Joint
XTI Massless Link -
XIl. Translational-Spring=-Ramper-~Actuator

XIII. Torsional=Spring~Damper-Actuator
XIVa Pointer

XVe Spline Function

XVI. END Card»

The input seagments with a * cannot be eliminated from the indute. The
elimination of other segments derends on the problen typee.

- Fach senoment starts with an identifier cardse There are two entries on
every identifier card. The first entry contains four Lletters in columns
1-4¢ describing the type of the seqgments eer3ey HEADs SYSTe PONYs etce The
second entrys an dinteger number in columns 5=+ specifies the nunrber of
cards or group of cards to be followed in that segment. .
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REMARKS

(1) In this manuale all integer variable names begin with one of the four
tetters? Neo Jo Te 0Or Ke

N: An dinteger variable beuinning with N indicates & "total number

Ofeee"e

J: An integer variable beainning with J indicates an indexs {eCen
JXXXX = le2yesetNXXXXeo

I: An integer variable beginning with I indicates a flag in order 1o
enable or disable some actions in the programe

Kt An integer variable beqginning with K indicates card number.

{2 ALL dateger entries should be right justified.

(3) Where the range of an index is given by J = 13s2vesestis the cards should
be placed consecutively according to Je

t4) Wwhere the range of an 1dindex s given by 1{JgNs the cards do not need to
be placed in consecutive order.

(5) Statements with a # indicate the nonapplicability of that option in the
present version of the programe

(6) X9YsZ indicates global coordinate ‘system and xsys2z indicates Local
coordinatez system,




I. PROBLEM OUTPUT LABEL

Identifier Card (A4, 14)

S - — - L M WS M e —

Notes Columns Variable

1 - 4 HEADER

5 - 8 NCARDS
Heading_Card(s) (20A4)
Notes Columns Variable

1 - 80 LABEL (20)

121

Entry
HEAD
Number of cards for the problem
description .
Entry
Enter the heading information on NCARDS
cardse This heading will be printed

with the output as Llabel




1T« SYSTZIM INFORMATION

Identifier Card
Notes Coltumns
(1) 1 4
(1) 8

Card 1: (314,

Notes Columns
4

12

16

21 30

31 49

41 50

51 60

61 70

I4)

Variable

HEADER
NSYST

BXy 5F10.0)

Variable
K1

TUNTT

TANGLE

IANAL

6C

GRC

GLX

GLy

GLZ

122

fntry

SYST
Number of systsm cards

Entry

 nter 1 if this card is used
Identifies the system of units employed
to the problen

EGe03% ST units (Default value)

Flel3 slun=~fest units

Fre2% slug=inch urits (mixed unitss not
recommended)
EGe03 all dnout
(Nefault unit)
Fhel; all dnput angles in degrees (The
orogram will convert them to radians)
Flag that controls the type of analysis
FRed%f static equilibrium and dynamic
analysis (defaultl)

anyles in radians

Efel3 data check only

fle23 static =squilibrium only

EQe3% dynamic analysis only
Gravitational constante. Default wvelue
is 140

Ratio of g/gce Default value:

GRC = 94,8066e IF TUNTIT.LGLO

GRC = 324174 s IF IUNITe.EGS.1

Ratto of the projection of the

gravitational field vector on the global
X-axis to 1ts magnitude gx/g (-1 ¢ GLX £
1'e Default value is 00

Ratio of the prajection of the
gravitationat field vector on the global
Y-axis to its magnitude gy/g (-1 € GLY £
1).

Ratio of the projection of the
gravitational field vector on the global
Z-axis to its magnitude gz/g (-1 £ GLZ £
1)e Default value 1is =~1.0s and also
(GLXY#**2+ (GLY) * %24 (GL7)*%*2=140 must be
satisfieds



Card 2:

Notes

Card 32

Notes

(I49 8Xe T4e 4Xe 2F10e0¢

Columns Variable
4 K2
16 INTRF
21 - 30 COMINT
31 - 49 TEND
61 - 78 HMAX
71 - 89 fSTART

(4146 4X9 F1l0a0)

Columns Variable
4 K3
21 ILISTU #
12 IRF #
16 ISTART &

123
20Xe 2F10.0)

Entry
Enter 2 1t this card is used

EQe03 forces a sotution at the desired
reporting intervals designated by COMINT
and controlliny stepsize He

FQal3 1interpolate the state vector to
the desired reportinag - dintervals
designated by COMINT

E8.25 dnterpolate both the state vector
and tts first time derivative to the
desired reporting intervals designated
by COMINT

Reporting interval during simulat fone
Default value 1s 0.05

Final value of the independent wvariable
TivE, Default value ds 1.0

Maximum step size allowedes Jefault
value 1s 0.001
Starting wvalue of  the independent

variable TIME. Default vatue s 040

Entry

Frnter 3 4f this card is uced

Flag which controls & symbolic Listing
of the Jacobian matrix for debugging
puUrposes s

Ef«03 no List (Default value)d

FGelt print symbolic Listing each time
structure of the Jacobian matrix changes
and execcute the progran

ERs23% print symbolic Listing for
assemble phase only and terminate
execution

Flag which direscts the program to save
atl data necessary to restart a
simulation in the event of termination
nrior to complations

7«03 de not save (Default value)

ENels save

Flag that selects the method of starting
(or restarting) the integrations

Foa.08 all first time derivatives are
assumed to be zero (Default value)
Fle=17 all time derivatives are assumed
to have been defined

GZel &end LVe5t the program assumes that
this is a recovery from earlier rune
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21 ~ 30 EPS Relative Local error tolerances. Default
value is 4001

NOTES

(1) This segment cannot be eliminateds 1f the default values for the
parameters on the 14 24 and 3 cards are desireds then NSYST should be
set to zero and no other cards should follow the identifier for this

segnente




Il RIGID TODY

Identifier Card (A4y 14)

——— - —— . . G - —— —

Notes Columns Varjable
1 - 4 HEADER
(1) 5 - 3 NB
Riagld Body_ Card(s)
Card 1t (5I4y 2F1040)
Notes Columns Variable
(2) 1 - 4 J
g K1
(3) 9 - 12 JFX
(3) 13 - 158 JFY #
(3) 17 - 20 JFZ #
21 - 3§ M
31 -~ 49 WT
Card 22 (5149 6F1Ge0)
Notes Columns Variable
(2) 1 - 4 J
& Kz
(3) g - 12 JTS #
(3) 13 = 15 JTP 4
(3) 17 - 29 JTT &
(4) 21 - 30 JINX
(4) 31 ~ 43 JINY
4y 41 - 50 JINZ
(4) 531 - 610 JIAXY
(4) 61 - 170 JINX2Z
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Entry

BGDY
Number of rigid bodies (Including the
ground) ‘ :

Entry

Rigid body numbers 1s2seeeoNBD

Enter 15 card 1 of a set of three cards
Integqer subscript of & wvector of user
supplied force-time functions to ©be
entered into the X-equations of motion
Integer subscriot of a wvector of user
supplied force=-time functions to be
entered into the Y-equations of motion
Integer subscript of a2 vector of user
supptltied force-time functions to be
entered into the Z-equations of motion
Mass of the Jth body _
Weight of the Jth bodya. If
WT=GRCxM,

blLanke

Entry

Rigid body numbers 1eZseseeND
Fnter 25 card 2 of a set of three cards

“Integer subscript of a wvector of user

supplied torgue=-time furictions to bhe
entered in the psi-direction

Integer subscriot of a wvector of  user
supplied taraue-time functions to be
entered in the phi-direction ‘
Integer subscrint of & vector of  wuser
supplied torgue=-time functions to be
entered in the theta-direction

Moment of inertia of the Jth body werete
x-axis

Moment of jnertia of the Jth body wWerets
y-axis :
Moment of inertia of the Jth body Weretes
z=-axiz

Product of dnertia of the Jth body
Welete x= and y=-axis

Product of irnzrtia of the Jth body
Weletea ¥= andg z-axis



(4)
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71 - 810 JINYZ Product of 1dinzrtis of the Jth hody
Weleta y=- &nd z-~axis

Card 3: (2T4e¢ 17Xs GFL10.0)

Notes
(2)

(3)
3)
(3)
(3)
(3)

(3)

NOTES

(L

(2)

€2)

(4)

Cotumns Variable Fntry
1l - 4 J D\"’;"O bOdy numbers 1v290eesiN®
B K3 Fnter 33 card 3 of a set of three cards

21 - 37 FX Constant force acting on the Jth bhody
center of mwass in the ¥=direction

31 - 490 FY Constant force acting on the Jth body
center of mass in the Y-direction

41 - 50 Fz Constant torqu2 actinag on the Jth bhody
center of mass in the Z-direction

51 - 60 78S Constant torque acting on the Jth body
center of mass in the psi-direction

61 - 70 Tar Constant torquz acting on the Jth  hody
center of mass in the phi-direction

71 - 890 14T, Constatnt torque acting on the Jth body

center of mass in the theta-direction

Thrze cards arc reduired for each rigid bodye /Therefores 3*NB  cards
should follow the identifier card.

RYigid bodies should be numbered consecutively from 1 to NB.

X-Y=2 is the global (ground) coorcdinate system and x-y-z {1s Llocal
(body) coordinate system with origin at the center of masse The
units on the masse moment of inertiae forces and weight should be

compatible with the ddentifier flags IUNITs on system information
card le« (Refer to segment IT),

JINKY = =INT(xy dm)

JINX = =INT(x**2 dm) and so on.
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IVe INITIAL CONDITION

JIdentifier _Card (A4y I4)

- -

Notes Columns Variable
1 - 4 HEADER
(1) 5 - 8 NR

Initial Condition Card(s})

Card 1< (5149 6F1040)
Notes Columns Variable
1 - 4 J
8 K1
(2) 12 ICX
(2) 16 ICcy
2) 20 Icz
21 - 34§ X
31 - 4¢ Y
41 - B0 2
€3) 51 - 61 PSI
(3) 51 - 7¢ PHIT
(3) 71 - 8¢ THETA
Card 2¢ (5149 6F10e0)
Nofes Columns Variable
1 - 4 J
B K2
) 12 ics
() 14 Icp
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Entry

ICON
Number of inftial
(should be equal to NB)

condition cards

Entry

Rigid body number; 132¢esaslB

Enter 13 Card 1 of a set of two cards
EQe03 flags wvariables UX and X as
initial estimates
Ef.1: UX and X are
conditions

EQs05 UY and ¥ are
estimates

FRpels UY and Y are
conditions

FGe0B3 UZ and Z are
estimates

EDels UZ and 2 are
conditions

taken as inttfal

taken as initial
taken as initial
taken as dinitiatl

taken as ihﬁtial

X-coordinate of the body cege  relative
to the global coordinate system
Y~coordinate cf the body cede relative
to the global coordinate system
Z=-coordinate of the body cege relative
to the global coordinate system
Psti-coordinate of the body CoCe
retative to the global coordinate systen
Phi=-coordinate of the body Coele
relative to the global coordinate
systerm, »
Theta-coordinate of the hody Celle

relative to thz jlobal coordinate system

Entry

Foid body numbari leZseseelNB

Enter 23 card ? ot 2 set of two cards
FE2eC3 flags variables WS and PSI  as
initial estimates

Tli«ls WS and PSI are taken as
conditions

FneDs flags variaoles WP and PHI  as
initial estimates

initial




NOTES

1)

(2)

(3)
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FSels WP and PHI are taken as fnitial
: ~econditions
20 ICT EveDf flags variables WT and THETA as
initial estimates
Ehels WT and THETA are taken as initial
conditions

21 - 30 UX Time derivative of X3 velcecity in
¥X-direction at TSTART

21 - 4¢C vy Timre derivative of Y& veloc ity in
Y-direction at TSTART

41 - 50 vz Time derivativz of 23 velocity in
Z=-direction at TSTART

51 - 60 WS Time derivative of psis veltocity in
psti-direction at TSTART

61 - 70 WP Time derivative of phit velocity in
phi=-direction at TSTART

71 - a0 WT Time derivative of thetas velocity in

thieta~direction at TSTART

Two cards are required for each rigid body. Therefores 2xNE  cards
shouald follow the identifier carde.

Initial estimates may be adjusted by the program to satisfy the
constraint equations during the initial assembly/static equilibrium

steose If given coordinates are not +to be changed prior to
initfalization of the transient analysis steos they should be flagged
as initial conditionse. Care should be taken to svecify initial

conditions only on generalized coordinates that are free to <change.
The general rule to follow 1s that 1f any of the existing constraints

Will determine an exact initial value for a generalized coordinates

thean it should not be flagaged as an initial conditiones Specifying an
fnitial condition on a coordinate causes the prograr to place a
constraint on that degree-of-freedom during the 1initial assembly

processe

Refer to F'ig. 8eleZsl



129

Ve CONSTRAINT

fr—

entifier Card (A4s I®)

Columns Variable AEntry
1 - 4 HEADER CSTR
5 -« 8 NCR Number of constraint cards

Constraint Card(s) (4T4y 4Xe F10.0)

NOTES

(1)

(2)

Columns Variable Entry
1 - 4 J ' Constraint number3 1 ¢ J < NCR
5 - 8 JCB Body number of the constrained wvarjable
3 - 12 JCV Designates the variable to be
constrained
EGels constrain displacement in
X-directions X(CJCRB)
FRe23 constrain displacement in
Y-directions YCJ(CB)
EQe33 canstrain displacement in
Z=directions Z2(JCB)
EQet3 constrain displacement in
) el-directions =20(JCR)
FRe53% constrain displacement in
el=-directions 21(J4CHB)
EQebs constrain displacement in
el?=-directions 22(JCE)
N N constrain displacement in
_ eZ-directions 23(JCH)
13 - 14 JCF # ERe03 JCV is constrained to the

constant "value VAL
6Te0s Integer subscript of a vector of
user suponlied function of time to which

the above variable JCV will be
constrained
21 - 3D VAL This value is Jused to constrain variable

JCV when JCF «CQa 0

The functions are supplied in the user supplied subroutinel(s). The
projram generates the necessary constraint ecuations and introduces
Lagrange multiplierss Care should he taken to insure that none of
the existing constraint equations are violated. '

A rigid body may have nonee oOnes or more than one constrainte. UWhen a
rintd body has no constraintss no cards should bhe supplied. For
rigid pbodies with more than one constraintes more than one card is
nesdeds For examplesy if the Y and el on the 4th rigid body are
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constraineds on one card JCHiz44 JCV=2 and on another card JCEzZ4,

JCV=5 are the proper settingse
1n order +to constrain a rigid body to grounds the three

translational coordinates and fust three of the four Euler narameters
should he constraineds teceay constraints xs ye zy 2ly 24 and cl.




Vie SPHERICAL JOINT (Type 1 Joint)

Identifier Card

Notes Colunm

Notes Colum
1 -

9 -

13 -

(1) 21 -
(1) 31 -
(N 41 -
(1) 51 -
(1) 51 -~
(1) 71 -

NOTES

(1) The same
systemse

(Abdy 14)
A
ns Variable
4 HEADER
a NJ1

ns Variable
4 J

12 J1RJ1

14 J1BJ2

30 XJ1

40 YJi

58 241

60 XJ2

740 YJdz

85 242
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Entry

SPHR
Number of Spherical Joints

Cardfs) (14y 4Xe 214y 4Xe 6F10e0)

Fntry

Spherical Joint numbers 1e2esessNJl

Cne of the two body numbers common to
this joint (1<J1BJICN®)

The other body number common to this
Joint (1<J1BJ2ENSy J1BU2/=J13J1)
x-coordinate of the Joint definition
point retative to body JiiJl

y=-coordinate of the Joint definition
point retative to body Jl1%Jl
z-coordinate of the Joint definition
point relative to body J18J1
x-coordinate of the Joint definition
point relative to body J1BJ2
y=-coordinate of the Jjoint definition
point relative to body JIRJ2
2~coordinate of the Joint definition

point relative to hody J1%d2

point must be expressed with respect to different cocordinate

Refer to Fige.

8e5elsle




ldentificr _Card (A4y

Notes Cotumns
1 - &4
(1) 5 = 8

- . — i s S Y Sty e W A SO W et A S S

Card 1: (4144 84X,
Notes Columns
1 -~ 4
R
9 - 12
12 -~ 1¢
(2) 21 ~ 390
‘(2) 31 =~ 40
2) 41 ~ 50
(2) 51 - 60
2) 61 - 70
(2) 71 - 80
Card 2:
Notes Cotumns
1 ~ 4
8
2) 21 - 30
2) 31 - 40
{2) » 41 - 50
t2) 51 ~ 610
) 61 - 70
Te2) 71 - 86

UNIVERSAL JOINT

(Type 2

14)

Variable

HEADER
NJ 2

6F10.0)

Variable

K1
J2RJil

J2Jd2

XJ1

(2T4y 12Xe 6F10.0)

Variable
J2

K2
ALPHJ1
BETAJ1L
GAMAJL
ALPHJ?2
BETAJ2

GAMAJ2

Joint)

Entry

UNTV

Number of univarsal joints

1

Entry

Unijversal
Enter 13

One of the two body
(1<JaBJINB)
number

this joint
The other body
joint
x=coordinate of

point relative to

y~-coordinate of

joint number;s
card 1 of a set of two cards
common to

(1<J2BJU2CNB
the

the

numbers

common to

J23J2/=292B841)
definition

joint

body Jz2idl

joint

132

192'00.0Md2

this

definition

point relative to body J2RJ1

z=coordinate of

point retative to

x-coordinate of

the

the

joint

definiticn

body J201Jd1

joint

definition

point relative to body Jd28Jd2

y-coordinate of

the

joint

definition

point relative to body J28J2

z-coordinate of

the

joint

definition

point relative to body Jd2RJ2

Fntry

Unjversal joint number:

Enter 23 card 2
x-coordinate of
definition point
y=~coordinate of
definition point
z-coordinate of
definition point
x-coordinate of
definition point
y~coordinate of
definition point
z-coorcdinate of
definition point

the
relative
the
relative
the
relative
the
relative
the
relative
the
relative

joint
to body
joint
to body
joint
to body
joint
to body
joint
to body
joint
to body

1!290-.9NJ2
of a set of two cards

axis
J2BJil
axis
J2eJdl
axis
J2idl
axis
Japde
axis
JotJde
axis
Jepde
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4+ NOTES

(1) Two cards are Eequired for each universal Jjoint. Therefores 2#*NJ?
. cards should follow the identifier card. '

(2) Refer to F‘ig- 845624l




I

Tdentifier Card (Ad,y 14)

- — - - . Sy S - -

‘Notes Columns Variable
1 - 4 HEADER
(1) 5 - 8 NJ3

Revolute Joint Cerds

Card 1: (414y 4Xe 6F10. )

Notesi Columns Varijable
1‘- 4 Jd
& K1
g9 -« 12 J3fJd1
13 - 14 J3RJ2
(2) 21 - 39 XdJ1
(2) 31 =« 49 YJi
2) 41 - 50 ZJ1
t2) 51 - 60 - XJ2
2) 61 - 7¢ YJ2
(2) 71 - 84 2J2

Card 20 (2144 12Xs EF10.9)

Notes Columns Variable
1 - 4 J
& K2
(2) 21 - 30 ALPHJL
(2) 31 - 49 BETAJL
(2) 41 - 50 GAMAJL
() 51 - 69 ALPHJ2
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VIII. REVOLUTE JOINT (Type 3 Joint)

atry

VLT
Number of revolute joints

Entry

Uriiversal joint numbers le2seeeeNJ3
tnter 13 card 1 of a set ¢f two cards
One of the two body numbers common to
this joint (1<J33J1LNDE)

The other body number common to this
joint (14J3BJ2CNRs J3EJ2/2U3841)
x~coordinate of the joint detinition
point relative to body J3fJdl
y~coordinate of the joint
point relative to body J38J1
z-coordinate of the Joint
point relative to body J3idl
x~coordinate of the Jjoint
point retative to body J3RJ2
y-coordinate of the joint definition
point relative to body J33J2
z~coordinate of the Jjoint
point relative to body J38J2

definition
definiticn

definition

definition

Entry

Revolute joint numbers 1¢2seeeeld3
Enter 23 card 2 of a set of two cards

x~-coordinate of the joint axis
definition point relative to body JZRJ1
y~coordinate of the joint axis
definition point relative to body J3BJ1
z~-coordinate of the joint axis
definition point retative to body J3BJ1
x-coordinate of the joint axis

definition point relative to body J3IBJ2



(2) 61 -~ 70 BETAJ2 y=-=coordinate of
definition point
(2) 71 - 80 GAMAJZ z-coordinate of

definition point

NOTES

(1) Two cards are reguired for each revolute Jointe.

cards should follow the identifier carde.

(2) Refer to F'?g. BeHelele

the
relative

the
retative

135

joint axis
to body J3iBRJ2
joint axis

to body J3BJ2

Thereforeys 2*NJ3




IXe CYLINIRICAL JOINT

Identifier_Card

s il . o e o St S vt S

Notes

(1)

Columns
1 - 4
H - 8

(A4,

136

(Type 4 Joint)

I4)

Variable

HE ADER
NJ4

e e vy il mans e L. o e s e e v e e e el i s 5 e

Card 1:

Notes

(2)
t2)

2)

2)

(2)

Card

Notes

2)
(2)
2)

2)

(414,

(214,

Columns

13

13 - 14

21 - 390

41 - 50

51 - 610

71 - 81

Columns
1 - (*,

A
21 - 30
1 - 40
41 - 513

51 - 60

12X

4Xe 6F100)

Variable

K1
NUENS!

Janya
XJ1
YJdi

241

5F10a0)

Variable
J

Ke
ALPHJ1
BETAJL
GAMAJL

ALPHJ2

Entry

CYLN
Number of cylindrical joints

Entry

Cylindrical joint numbers le2vesecolJ4
Fnter 1% card 1 of a set of two cards
One of the two body numbers common to
this toint (1<J4BJICNR)

The other body number common to this
joint (1£J4BJ2ENBy J4BJ2/=448J1)

x=-coordinate of the joint definition
point reltative to body JafliJ1l
y-coordinate of the Jjeint definition
point relative to body J4tJl
z-toordinate of the Jjoint definition
point relative to body J4RJ1
x~-coordinate of the joint definition
point relative to body J&aTd2
y-coordinate of the joint definition
point relative to body J4BJZ '
z-coordinate of the joint definition

point relative to hody Jard2

fntry

Cylindrical joint numbers 1ls2seseefNJé
Enter 23 card 2 of a set of tvwo cards

x=-coordinate of the joint  axis
definttion noint relative to body J4hdil
y-coordinate of the joint axis
definition poiat relative to body JaBJl
z-coordinate of the joint axis

definition point relative to body J48J1

x=-coordinate of the joint axis
definition poiat relative to body JaRJ2

e



Refer to F"Ig. BeHaloele

y=-coordinate of
definition point
z=-coordinate of
definition point

Two cards are required for each cylindrical jointe.
cards should follow the identifier card.

137

joint axis

relative to body J4EU2

joint axis

relative to body J4BJ2

Therefcres 2*NJU4
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Xe TRANSLATIONAL JOINT (Type 5 dJdoint)

Tdentifier Card (A4ye 14)

- - W -

Notes Cotumne Variable
1 - 4 HEADER
(1) 5 = R NJ?

- Y L " W B . S W i o S S A S S P W G o

Card 1: (4144 4Xe 6F10.0)

Notes Cotumns Variabte
1 - 4 J
& K1
9 - 12 J58J1
13 - 14 JBPRJ2
(2) 21 - 30 XdJi
. (2) 31 - 43 YJdi
2) 41 - S0 ZJ1
2) 51 = 61 Xdz
(2) 61 - 70 YJ?
€2) 71 - 8¢ Z2Jz

Card 20 (2144 12X 6F10.0)

Notes Cotumns Variable
1 - 4 J
a K2
L2) 21 - 3D ALPHJ1
(2) 31 - 40 BETAJ1
(2) 41 - 50 GAMAUJL
(2) 51 - 60 ALPHJ2

Fatry

TRAN
Number of translational joints

Entry

Translational joint numberi 1s2seeeelldd
Enter 13 card 1 of a set of three cards
One of the two body numbers common to
this joint (1<J3BJILND)

The other body number common to this
joint (1<JSBJNENBs JBRJI2/=JHRJI1)
x-coordinate of the Joint definition
point relative to body J5BJ1
y-coordinate of the Joint definition
point relative to body J5i3dl
z-coordinate of +the joint
point relative to body J5BJL
x-coordinate of the Jjoint
point relative to body JS5°7J2
y-coordinate of the Joint definition
point relative to body J5BJ2
z-coordinate of the Joint
paint reltative to body JbHBJ2

definition

definition

definition

Entry

Translational jJoint numbers; 1¢24ssees¢NJD
Enter 23 card 2 of a set of three cards

x-coordinate of the joint axis
definition point relative to body J3BJ1
y-coordinate of the joint axis
definition point relative to body J5BBJ1
z=coordinate of the joint axis
definition point ‘relative to body JEBJL
x=-coordinate of the joint axis

definition poiat relative to body J58d42
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(2) 51 - 70 BETAJ2 y=-coordinate of the joint axis
‘ definition point relative to body JSBJ2
2) 71 - 80 GAMAJ2 z-coordinate of the joint axis

definitijon poinat relative to body J5RJ2

Card 3¢ (214s 12Xy 6F10.0)

Notes Columns Variable Entry
1 - 4 - J o Translational joint numbers 1s2sseesNJD
23 K3 Enter 3% Card 3 of a set of three cards
(2) 21 - 30 SXJ1 x-coordinate of a point relative to body
. J5RJ1
(2) 31 - 40 SYJl y=-coordinate of the point relative to
body J&%0BJ1 .
(2) 41 - 59 SZJ1 z-coordinate of the point relative to
body J58dJ1 .
{2) 31 - 60 SXJ2 x-coordinate of the point relative to
body J5RJ2 ' .
(2) 61 - 70 SYJ2 y-coordinate of the point relative to
bnody J3BJ?2
(2) 71 - 80 s$Zd2 z-coordinate of the point relative to
‘ body J%3d2 '
k]
NOTES
(1) Three cards are reauired for each transtational joint. Thereforey -

3*NJS cards should follow the identifier carde

(2) Refar to FiDo BeHebHels




Xle MASSLESS LINK

(1)

e o . i s o S S i T e, o e sy i e . e

Card 12

Notes

(2
(2)
(2)
(2)

(2)

Card 2:

- Notes

(Type 7 Joint)

______ Chde 14
Coltumns Variable
1 - 4 HEADER

5 - g, NJ7

(4149 4Xs

Columnsg

15 - 14

41 - 50

51 - 60

71 - an

6F10.0)

Variable

dJd

K1
J78J1
J7i3d2
XJ1
YJi
ZJ1
XJ2
YJ2

2Jd2

t4T4y 4Xe 6F10a0)

Columns

Variable
J

K2
LT1

Lr2
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fntry

L INK
Number of masstess Links

Entry

Massless Link numbers 1+2sseeeNJ7?

Enter 13 card 1 of a set of three cards
One of the two body numbers common to
this joint (1<JTBJIICNT)

The other hody number common to this
Joint (1<J7BJ2INBy J7BJ2/=JT7BJ1)

x~-coordinate of the Joint defintition
point relative to body J7BJ1
y=coordinate of the Joint definition
point relative to body J7%0dl
z=-coordinate of the Joint definition
point relative to body J701J1
x-coordinate of the Joint definition
point relative to body J7042
y-coordinate of the Joint definition
point relative to body J78BJZ2
z-coordinate of the Jjoint definition

point relative to body J7%J2

Entry

Massless Link numbers l1s2eeeesNd7

fnter 25 card 2 of a set of three cards
EQe13 Joint on body J78J1 is a
spherical joint

ERe23 Joint on body J78Jd1 is a revolute
joint

Ef«1% dJoint on body J78B4J2 is a
spherical joint

EGe23 Joint on body J7842 is a revolute
joint
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(2) 21 - 30 ALPHJ1 x=-coordinate of the joint axis
definition point relative to body J78J1
{23 31 - 490 BETAJL y-coordinate of the joint axls
definition poiat relative to body J78J1
(2) 41 - 50 GAMAJL z=coordinate of the joint axis
definition point relative to body J7BJ1
t2) 51 - 60 ALPHJ2 x=coordinate of the joint axis
definition poiat relative to body J7BJ2
(2) 61 -« 70 BETAJ2 y~coordinate of the joint axis
definition point relative to body J7BJ2
2) 71 - 80 GAMAJ2 z-coordinate of the joint axis

definition point relative to body J7BJ2

Card 3: (3144 8Xy 6F10.0)

Notes Columns Variable Entry
1 - 4 J Massless Link numbers 1s2seceseNJ7
B ‘K3 fnter 33 Card 3 of a set of three cards
9 - 12 LTIJ FQe03 Angle between two Joint axes of

JIBJ1 and J7BJ2 is ¢ (reguires that
SXJ2se SYJ2e and S2d2 be input)

Fos1% Angle between joint axes of J7DJ1
and J78J2 1s not 0 €Cinput THETIJ)

21 - 390 Le Length of Link
31 - 40 THET1 Angle between Link and Joint axis of
JTRJ1 '
41 - 59 THET?2 Angle between Llink and Joint axis of
; J784J2 s
51 - 60 THETIJ Anale between two joint axes of J70J1
and J78d2 (when LT7IJd=1)
or SXJ? x=coordinate of a point on the body
1 JTBJ2 (when LTIJ=0)
61 - 70 S5YJ2 y=coordinate ¢f a point on the body
, JIBJY2
7T - 8% AN ) z-coordinate of a point on the hody
J73J2
NOTES
(1) Three cards are recuired for esch massless Linka. Therefores 3xNJ7

cards should follow the identifier card.

(2) Refz=r to Figo B8eHDeHeale
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XITe TRANSLATIONAL=-SPRING=-DAMPER-ACTUATOR

Notes Columns Variable Entry
1 - 4 YEADER LSNA
(1 5 - 8 NLSDA Number of transtlational-spring-damper--
actuator clements
Linear_ Sprina-Damper-Actuator Cardis)
Card 1: (4149 4%y 6F10.0)
Notes Columns Variable Fntry
1 - 4 J Flement nuasbers 1s2e¢eceeeNLIDA
£ K1 Fnter 13 card 1 of a cet of two cards
9 - 12 JBsShdJdl One of the two body numbers comnon to
this element (1<¢JBSDULILNE)
13 - 14 Jashd2 The other body number common to ihis

, element (1<JBSIJ2<NBy JBSDJ2/=JBSDJL)

(2) 21 - 310 XdJ1 x-component of the point where the

: element s attached to body JESDJL
retative to the <coordinate system of
body JHE3IDJ1

€2) 31 - 470 YJi y-component of the point where the
element is attached to body JB%DJ1
relative to the coordinate system of
body J5SDJ1

(2) 41 - 5§ ZJ1l z=-component of the point wheree the
element i1s attached teo body JBSDJL
relative to the coordinate system of
body JfRSDJ1

(2) 51 - 60 XJ2z x=-compcenent of the point where the
element is attached to body JBESDJ2
retative to the coordinate system of
body J&5s8DJ2

(2) 61 - 70 YJ2 y-component of the point where  the
element is attached to body JBSLJ2
relative to the coordinate system of
body JBSDJ2 ‘

2) 71 - 810 ZJe z-component of the point where the
element is attached to body JBSDJ2
relative to the coordinate system of
body JBSDJ2

Card 2@ (5144 4F1040)
Notes Columns Variable Entry
1 - 4 J Flerment numbers 1+¢2¢seeoeNLSDA (same as
its corresponding number on card 1) '

: 8 12 Enter 23 card 2 of a set of two cards

(3) 9 = 12 JAL # Integer subscript in & vector of user
supplied tfunction of time which

B



(3)

NOTES

(1)

(2)

(3)

specifies the actuator Ltength EES a
function of tine

13 - 14 JAF # Integer subscript in a vector of user
supplied function of time which
specifies the actuator force as A
function of tinme

17 - 20 JKL # Integer subscript of spring
characteristic which s function of

deformations JKL=0 or blank means the
spring is Linzar with spring constant

SKae
21 - 30 SK Element spring constant
31 - 40 D Eltement damping coefficient
41 - 50 SNLO , Undeformed element length (SDLO > 0.0)
51 - 60 AF Actuator force applied between the two

attachment pointsg

Two cards are required for each traﬁstationaL-Spring-damper-actuator.
Thereforey 2*NLSDA cards should follow the identifier carde

Refer to F;g. Fe3e2e

These features allow the actuator ltength or actuator force to be
designated as a constant value or function of time. Both JAF and JAL
may not be agreater than zero at the same tinee.
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¥T1Te TOXRSTONAL=-SPRING~-DAMPER~ACTUATOR

Tdentifier Card (L4e 14)

s il e il i s i o . W S . s doil

Notes Columns Variable Entry e
1 - 4 HEADER TSOA
(1) 5 = &8 NTSDA Number of torsional sprinc elements &

- o S s 1t s e e W i e, Sty i i S s i W vy S it VoS ity e i, g, S s i S N . Vo, i, Mt el . W O

Card 12 (4I4s 4%y 6F10.0)

Notes Columns Variable Entry
1 - 5 J Element numberi 122veeesliTSDA
8 K1 Fnter 15 Carcd 1 of a set of three cards
9 - 12 JRVLT The joint number about which this
element acts
12 -~ 18 JTdJ Tyoe of joint of JRVLT

F2el% Spherical joint
Chec2t Universal joint
E4e33 PReveolute joint

21 = 3¢ XJ1 x-gcoordinate of the spring attachment -
point relative to the first body

31 - 44 YJi y-coordinate of the spring attachment
point relative to the firast body -

41 - 50 ZJ1 z-coordinate of the spring attachment
point relative to the firat body

51 - 60 XJ2 x=~coordinate of the spring attachment
point relative to the second body

61 - 70 YJ2 y-~coordinate of the spring attachment
point relative to the second body

71 - 8y ZJd2 z=-¢coordinate of the spring attachment

point relative to the second bhody

Card 22 (%I4y 4Xa 4F10.0)

Notes Columns Variable Entry
1 - 4 J2 FElement numbers 122960 sNTSDA (J1=J2)
8 K2 Frter 25 Card 2 of a set of three cards

9 -~ 12 JAT # Integer subscript in 2 vector of user
suppl ied functions of time which
specifies the actuator torque as a *
function of time

13 - 14 JKT # Inteqger subscript of spring -
characteristic which 1s function of '

deformations
£Qde03% The spring is linear with spring
constant SKT ,

21 - 30 SKT Flement soring constant

31 - 470 oT Flement damping coefficient



Card
£

Notes
~ NOTES
f 3

> (1

33

41 - 59

51 - 60

Columns

21 = 3@

31 - 40
41 - 590

3+*NTSDA cards

AT

PHIG

(3T14y 8%y 3F1043)

Variable

J3
K3
JAL #

SXJ1

SYJ1
SZJ1

145

Actuator torquz applied between the two
rigid bodies adout the revolute joint
Undeformed angle of the spring

Entry

Element number? 1s29+0ee9NTSDA (J3=J1)
Enter 33 Card 3 of a set of three cards
Integer subscript in a2 vector of  user
supplied function of time which
snecifies the actuator Llength as a
function fo time

x-coordinate of a point on the Joint
axis with ressect to the first body to
specify spring attachment direction by
the Law of right handed screw from the
first bhody to the second body
y-coordinate

Zz-coordinate

should follow the identifier carde.
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 XIVe POINTER

ldentifier_ Card (A4y 14)

Notes Columns Vartable Fntry
(1) 1 - 4 HEADER POIN
: 5 - 8 NPTS Number of pointers

- Pointer Card(s) (2144 12Xy 3F10.0)

- —— . - " > S T~ -

Notes Columns Variable Entry
1 - 4 J Peinter ruumber; 1¢2¢se0shiPTS
5 -« 8 JB Rigid tody number :
21 = 39 X1J x-component of the pointer retative to
the coordinate system of hody JB
31 - 40 ETAJ y-comnonent of the pointer relative to
the coordinate system of body JB
41 - 50 274 z-component of the pointer retative to

the coordinate systes of hody JB

NOTES

(1) This segment enables the user to request for output dinformation at
specified Locationis) on  a rigid bodye The position of a pointer
should be given with respect to the rigid body coordinate systems



YVe SPLINE FUNCTION

IJdentifier Card (A4,

e —— — ——— . @ G - — -

Notes Columns
1 - 4
5 - B

I4)

Variable

HEADER
NSPLN

147

Entry

SPLN
Number of spline functions

NSPLN sets of cards as described below need to be supplied following the

jdentifier card:

ae Splins_ Function_ Information_Card (4I4s 4Xe 6F10.0)

. G e e G G i - S . T . W M e G ke S A S

Notes Columns

1 - 4

5 - &

) 9 - 12
2)

13 = 16

21 - 3¢

‘ 31 - 49

(2) 41 = 50

2y - 31 - 69

61 = 70

71 - 80

Variable

JSPLN
NPTS

ITYP

NCALLS
SLEFT
SRIGHT
X1

DX

FXSCAL

Spline function number; 1+2¢eee eNSPLN
Number of data points din this spline
function

FGelB3 NPTS paidrs of {f(Xi)*s and «xi's
are provided on'b cards

Ehdels NPTS f(Xi)*s are provided on b
cardss xi is taken canstant

GFels The maximum number of arguments
that could be assigned to this function
Slope at the Lz2ft end of the function
Stope at the right end of the function
Starting value for X, Applicable only
when ITYP.FGe1

Sample interval for X. Applicable only
when ITYPL.ERWI

Scale factor cof SLEFT« SRIGHTS Xls DXeo
and Xe Default value is 1.0

SLEFT = SLEFT/XSCAL

SRIGHT = SRIGHT/XSCAL

X1 = X1#XSCAL

OX = 9X#*#XSCAL

X = X&xXSChHL ) :

Scale factor on SLEFTs SRIGHTe and FXe
Default value is 1.0

SLEFT = SLEFT*FXSCAL

SRIGHT = SRIGHT#*F¥SCAL

FX = FX*FXSCAL

he Spline Function Nata _(when 1T7YP.TCQRa0) (8E10.0)

Notes Columns

(1) 1 - 130
11 - 2¢
21 - 3n
31 - 43
41 - 50
51 = 610
51 - 748
71 - 8¢

Variable

X
FX
X
FX
X
F X
X
FX

Entry

X1
fexi)
xi+1
féExi+l)
Xi+2
fetx1+2)
Xi+3
fl{xi+3)
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- — i —— e " S WO St i g i e

be Splinez_Function_Data_ (when ITYP,ES.1) (2010.0)

Notes Columns Varjable Entry
(2) 1 - 10 FX fixi)

11 = 20 FX fixi+1) d
21 - 38 FY f(xi+2)
31 - 49 FX fixi+3) -
41 - 810 FX fixi+a)
51 - 617 FX fixisn)
61 = T FX fixi+od
71 - 890 FX fixi+7)

NOTES

(1) VWhen ITYP is set to zero on card ae NPTS pairs of data points should
be supplied on (NPTS+3)/4 b cardse Pairs of xi and f{(x1i) should be

entzred consecutively for 3 = 1lseesslPTS,

(2) UWhen ITYP ic set toc one on card ae KNPTS data points should bHe
supslied on (NPTS+7)/8 b cardse. The data should be taken for
constant DY dntervalse fexi)*s should be entered consecutively for i
= lreeeeNPTSe It should be noted that x1 i3 set ecual to X1 <(card
ade x2 = X1 + DXy x3 = X2 + DX and so one
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XVIe END COMMAND

ldentifler Card (A4)
- Nptes Columns Variable Entry
r<(1) 1 - 3 HEADER END
E™
NOTES

(1) An IND card indicates the end of 1input data for a aqiven modele.
Following an END card more sets of data cards for other models may be
supalied to the procram.
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