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Definitions, Notations, Conventions
1. Generalized Coordinates used in ADAMS

In ADAMS, the position of arigid body is defined by 3 Cartesian coordinates X,
y,and z.

exu

p=gyg

gzg
The orientation of arigid body is defined by a set of 3 Euler angles that
correspond to the 3-1-3 sequence rotation: y , g, and f , respectively. These 3 angles

are stored in an array (not vector) in the following form:

(1)
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&g

The set of generalized coordinates associated with rigid body i in ADAMS is denoted in
what follows by
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Based on this choice of generalized coordinates, the body longitudinal and
angular velocity are obtained as

u =& 4
W=B& Bz ©)
where
gsinf sing 0O cosf u
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and w isthe body angular velocity expressed in body local coordinate system. Equation
(6) isimportant as it defines the relationship between the angular velocity of the body;
i.e., anintrinsic characteristic of the body, and our choice of generalized coordinates.

Finally, note the relationship between the time derivative of the body orientation
matrix A and angular velocity w:

A= Al 7)

where a ~ represents the skew-symmetric operator.

For an entire mechanical system models containing nb bodies, the array

P T
a=g1 9 K aLf =[a @ K q] (8)
with n=6>nb will describe at a given time the position and orientation of each body in

the system.

2. Jointsin ADAMS
Joints in ADAMS are regarded as constraints that act among some of the
coordinates g, through ¢, of Eq.(8). From a mathematical perspective, such a constraint

assumes the expression

F(q)=0 9
For example, arevolute joint acting between 2 bodies would induce a set of 5 constraints
like the one in Eq.(9) to allow one degree of freedom between the two bodies connected
by this joint.
The collection of all constraints induced by the joints present in the model is
denoted by F :

Z T , T
F(a)=¢r/ (a) Fi(a) K Fi(a)g =¢.(a) Fz(a) K F.(a)g (10
where nj isthe number of jointsin the model, and m is the sum of the number of
constraints induced by each joint. Notethat i R", while FT R™. Typically, m<n;

i.e., the number of generalized coordinatesis larger than the number of constraints they
must satisfy.



By taking one time derivative of the position kinematic constraint equations of
Eq.(10), the velocity kinematic constraint equations are obtained as

Fq@&= 0 (11)
By taking yet another time derivative of Eq.(11), the acceleration kinematic
constraint equations are obtained as

F @& - (F & & t (12)

Equations (10) through (12) can be seen as conditions that the generalized
coordinates array g along with itsfirst and second time derivatives must satisfy. Thisis
to ensure that the evolution of the mechanical system makes sense; i.e., the mechanismis
assembled, and the parts move such that the constraints imposed by joints are obeyed at
every time.

3. Motionsin ADAMS

From a mathematical perspective, motionsindicate that a generalized coordinate
of the system, or an expression depending on generalized coordinates explicitly depends
ontime. Asan example, consider a simple pendulum connected to ground through a
revolute joint. A motion might impose that the angle associated with its unique degree of

freedom will change in time like a =sin(10p %).

Generally, amotion is represented as a time dependent constraint equation:

F(a,t)=0 (13)

Revisiting the definition of the position, velocity, and acceleration kinematic
constraint equations, for constraint equations induced by either joints or motionsin the
most general case the following equations must satisfied at any time t.

F(q.t)=0 (14)
Fq (q,t)>€&=-Ft(q,t) (15)
Fq(a.t)d8 - (F & & 2F & F, (q.t) (16)



Equations (15) and (16) are obtained by taking one and respectively two time derivatives
of the position kinematic constraint equation of Eq.(14). Finally, a set of generalized
coordinates is said to be consistent, if it satisfies the position kinematic constraint
eguations. Likewise, a set of generalized velocities is considered consistent provided for
aconsistent position configuration, ¢ satisfies the velocity kinematic constraint
equations of Eq.(15).

Finally, in this document a vector quantity marked with an over-bar indicates that
the vector is expressed in alocal body reference frame. Note in this context the over-bar

for the angular velocity in Eq.(5).



INITIAL CONDITION ANALY SIS

Initial Condition (1C) Analysisis concerned with determining a consistent
configuration of the mechanical system model at the beginning of the simulation at time

t,. During IC analysis, the mechanism must be assembled and the velocities of the parts

in the mechanism must be consistent.

To be assembled, the generalized coordinates g must satisfy all constraint equations; i.
e,

F(a.t,)=0 (17)

while for the generalized velocities to be consistent, they must satisfy the velocity
kinematic constraint equation

F,(a.t)&=-F (q,t) (18)

1. Position Initial Condition Analysis
During 1C analysis, the user might want sometimes for certain reasonsto fix the

value of some of the generalized coordinates ¢ , g _, etc., of the generalized coordinate

array in Eq.(8). In other words, if the user prescribes the position of body 3 in the system

tobe q, =09, q, =-1.0, g, =0, the solver should assemble the mechanism and in the

same time do its best to satisfy the prescribed conditions. ThisIC analysisis solved in
ADAMS via an optimization approach. The constrained optimization problem solved

minimizes the cost function

1 2 1 2
f(ql’K’qn)ZE\Nl(ql- qf) +K+§Wn(qn_ qr?) (19)
subject to the constraint equations F (q,to) =0. InEq.(19), the values w, are weight
factors, while g° can be regarded as generalized coordinates inducing an initial

configuration of the system. Notice that this configuration q° =gy’ ¢ K qﬁHT need

not be consistent.

The user may prescribe that some of the entriesinthe g° array; i.e,, @7, q; , etc,,

are to be regarded "exact”. Asit will be justified shortly, the corresponding weights w, ,



w_, etc., will be given large values; i.e., values like 10°°. The remaining weights, namely

the ones corresponding to generalized coordinates ¢° that the user did not specify are

given values of 1. With this, the constrained optimization problem will manage in its
solution sequence to keep the user imposed I C values amost unchanged, while focusing
on adjusting the "free-to-change" generalized coordinates to find the solution of the
problem. Notice that “the solution of the problem” means minimizing the cost function
while satisfying the constraints.

In matrix notation, the constrained optimization problem reads for g1 R", minimize

1
f(a)=3(a-a°) w(a-q°) (20)
subject to
F(a.t)=0 (21)
In Eq.(20), W isadiagona matrix of weights,

W =diag(w,w, K,w,) (22)

while the constraints of Eq.(21) that must be satisfied in the optimization problem are
exactly the position kinematic constraints of Eq.(14).

ADAMS approximates the non-convex optimization problem of Egs.(20) and (21)
by a succession of convex problem that are guaranteed to have a solution, which can be
found in oneiteration. In this context, the set of non-linear constraint equations of

Eq.(21) is linearized in the vicinity of q°
F(at)=F (0°t) +Fy (a° 1) (a- o) (23)
Equation (23) replaces Eq.(21) and with the notation d © g - q° the now convex

optimization problem reads
Minimize f (d) =d'wd (24)

Subject to F(a%t)+F,(a’t)d=0 (25)

To solve the convex constrained optimization problem of Egs.(24) and (25) define

the Lagrangian



F(d1)=f(d)+"(F (a°)+Fqy(a°)a) (26)
The optimality conditions for this problem are
AF 6 _
&1d o
odF &
&1l o
which lead to the following linear system of equations:

(27)
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Based on Eq.(28), ADAMS computes the value of d, and given q° computes the

solution of the convex optimization problem as

q=q°+d (29)
The configuration induced by the new set of generalized coordinates obtained asin
Eq.(29) corresponds to the linearized problem of Egs.(24) and (25). Therefore, while the
solution satisfies the conditions of Eq.(25), it might be that it does not satisfy the origina
non-linear system constraint equations induced by the system’ s joints asin Eq.(21). If

thisis the case, then the configuration g just obtained is set to be the new q°, and

another iteration starting with the linearization of Eq.(23) is carried out.

Typically, after a couple of iterations the solution of the linear convex
optimization problem will satisfy the non-linear constraint equations induced by the
joints of the mechanical system. The approach fails when the only assumption made by
the numerical method involved ceases to hold; i.e., when the linearization in Eq.(23) is
far from approximating the non-linear manifold induced by the original constraint
equations. It isworth noting here that even when the manifold is highly non-linear, the

solution sequence will converge provided the starting point q° is close enough to the

final solution. Thisisthe reason for which it is essential for the algorithm to have a good
starting point.



Finally, aword on how the weights w of Eq.(19) factor in to keep the user
defined initial conditionsto their prescribed value. To better see how these weights kick
in, consider a case with only one constraint that needs to be satisfied. Likewise, assume
that the system has 2 generalized coordinates x and y, and that the constraint equation
they must satisfy is F (x,y) = x*- y=0. Obviously this constraint equation is satisfied
by an infinite number of pairslike (2,4), (2.5, 6.25), etc., but in this simple case the user
would like to specify that the value of x is x° =1, while the value y° isfree to change.
Asthe value for y° isnot prescribed, assume our initial guesstakes y° =6. Sincethe
user prescribed avalue for x, the weight associated with this generalized coordinatesis
large; i.e., w, =10. On the other hand, since there is no condition imposed on the
second generalized coordinate, w, =1. Notice that “prescribed” in the discussion above
refers to coordinates specified to be exact in the ADAMS modeling language (the adm
files).

With this, the matrix of Eq.(28) assumes the form
€0° 0 2u0éd,u €éu

A A

é ué, u_ée.u
e0 1 -Tgdh= &
82 -1 OH§| H &5

Then d,=10°, d,=-5,1 =-5, and

X =1+10° »1

Y =6-5=1
Asit can be easily verified, F (Xc,Y,c)=2307°+10*, that is, the non-linear constraint
equation is very well satisfied, and the correction applied in the user prescribed initia
condition x is of the order 10"° which for most practical purposes is negligible. Thus,
the weights w is the means through which the algorithm is determined to be biased in
finding a solution by changing a certain subset of generalized coordinates rather than
another set whose values were prescribed by the user.

On afinal note, it isworth noting that during position IC analysis ADAMS checks

for the sanity of the constraint equations induced by the joints and motions present in the



model. During redundant constraint analysis some of the constraint equations might turn
out to be redundant. 1n abenign situation a redundant constraint is consistent. A quick
example of such a case iswhen ADAMS is presented with one constraint equation that

looks like
x*-y=0
and then with a different constraint equation that reads like

2x*-2y=0
The latter clearly does not add anything to the picture, since when the first equation is
satisfied the second one is automatically satisfied too. Thus, the second equation is
redundant, but it is consistent and throughout the smulation ADAMS will monitor this
equation to make sure that the redundant constraint continues to be consistent.
The malign case is when the second equation would read like

2x*- 2y =1
If thisis the case, the two constraint equations can not be smultaneously satisfied no

matter what values the generalized coordinates x and y assume. Thisisthe case of

incompatible redundant constraint equations. ADAMS will do a LU factorization with
full pivoting and inform the user about encountering this situation. ADAMS will stop
simulation upon finding incompatible redundant constraints because from a modeling
perspective there is something qualitatively wrong with the system being simulated.
Note that redundant constraints are mostly encountered when too many joints are used to
model the mechanical system and therefore the number of constraint equations induced
by these joints exceeds the number of generalized coordinates of the model.

In what follows, two or more constraint equations will be called independent if they are

not redundant.

2. Velocity Initial Condition Analysis

The velocity I1C analysisis adirect and simple application of the algorithm
employed for the position IC analysis. It isdirect because it is applied exactly as
presented before, and it is Simple because the constraint equations that need to be
satisfied are already in alinear form. Therefore, there is no need to linearize them as was

10



the case with the position constraint equations (see Eq.(23)) and the solution is
guaranteed to be found in oneiteration. Thus, the convex constrained optimization

problem solved to retrieve the initial velocities @ minimizes the cost function

(GBI, o) = (& ) W (R ) (30

subject to the always linear velocity kinematic constraint equations of Eq.(15):

Fq(a.t,)>@F, (a,t)=0 (31)
Asfor IC analysis, the weight diagonal matrix W has some very large positive entries
that ensure this time around that the corresponding user prescribed initial velocities are
not changed by the optimization algorithm. From here on, the same procedure previously
used for position IC analysis is employed. Note that because of the linearity of the
velocity kinematic constraint equations the algorithm is guaranteed to converge in one
iteration.

3. Force and Acceleration Initial Condition Analysis

In the absence of friction forces, the acceleration | C analysis requires the solution
of the linear system assembled from the equations of motion (EOM) and the acceleration
kinematic constraint equations of Eq.(12). The resulting system has the form

Mo (o)l e

da = (32)
Jo°) o pdd &b

CD%) D D

Note that thisis alinear system, and the iterative process involved typically convergesin
oneiteration. The user does not directly prescribe any initial acceleration for the
force/acceleration IC analysis. The reaction force and initial accelerations are evaluated
based on the computed initia position, initial velocity, and the applied force acting on the
system at theinitial time. For a more detailed explanation of how the EOM are obtained
(thefirst row in the Eq.(32)), see the Section on Dynamic Analysisin ADAMS.

Besides &, the solution of the linear system above also provides the Lagrange
multipliers | . The constraint reaction force and torque induced by joint j that connects

body i to ground or other part in the system are computed as

11



Fo=-c—— 11 (33)
eVi g
g

TC=- ?Eg | 0) (34)
eV g

In Egs.(33) and (34) the superscript C indicates that the quantities are expressed in a

Cartesian coordinate system; v, isthe Cartesian velocity of body i; w; isthe global

angular velocity; F () represent the set of constraint equations induced by joint j .

12



KINEMATIC ANALY SIS

Typically, for a kinematic analysis to be carried out a number of independent
constraint equations equal to the number of generalized coordinates in the model must be
prescribed. For the mechanism to actually change its configuration in time, some of these

constraints must be motions; i.e., they should depend on time.

1. Postion Level Kinematic Analysis

Given the position of the system at time t,, the problem here is to determine the
position at time t, >t,. Because of the non-linear nature of the constraint equationsin
Eq.(14), a Newton-Raphson iterative method is used in ADAMS to compute g, at time
t,. To understand how this method works and what its limitations are first note that it is

obtained from a Taylor expansion based linearization of the non-linear constraint
eguations:

F (qlitl):F (q01t1)+Fq (qO’tl)(ql_ qo) (35)
Since the number of constraints is equal to the number of generalized coordinates, first

note that the matrix F, (d,.t,) issquare. Asthe constraint equations were assumed to be
independent this matrix is also invertible. Based on an explicit integrator an initial

starting configuration q\” is determined, and the iterative algorithm proceeds at each

iteration j 2 O by finding the correction p\)

Fo(d0.t,) D" =-F (a1, (36)
Then, q"* =q!/) + D' with the iterative process being stopped when the correction
DY and/or the residual F (qg"),tl) become small enough.

Asfor the position IC analysis, ADAMS can fail to find q, if while with an initial
guess far enough from the consistent solution q,, the linearization turns out to be a poor

approximation of the non-linear manifold. In these situations, the remedy liesin

13



decreasing the simulation step-size, and thus causing g, to lie closer on the manifold to

the last consistent configuration q,,.

2. Velocity Level Kinematic Analysis
Velocity kinematic analysisis straightforward as the velocity kinematic constraint

equations are linear in velocity. With q, already available after the position kinematic
analysis, the non-singular matrix F(q,.t;) is evaluated and the linear system of Eq.(15)

is solved for the new velocity q,.

3. Acceleration Level Kinematic Analysis

Acceleration kinematic analysis is immediate, as at time t, it isfound asthe

solution of the linear system of Eq.(16). Notice that the same matrix that is factored for
velocity kinematic analysis is used for a forward/backward substitution sequence to solve

for the generalized accelerations &.
Once @ isavailable, the Lagrange multipliers associated with the set of

constraints acting on the system are computed as the solution of the linear system

FIl =F- M@ (37)

This equation isidentical to the first row of the linear system of Eq.(32) and in fact
represents precisely the equations of motion. More information on how EQ.(37) is
obtained is provided in the next Section.

14



DYNAMIC ANALYSIS

1. Nomenclature, Conventions, Definitions.

In addition to the definitions and notations introduced at the beginning of this

document, the following quantities will be used in formulating the rigid body equations
of motion.

M - generalized mass matrix

J - generalized inertia matrix expressed about the principal local reference frame
K - kinetic energy, defined as

K=uMu+iwTw (38)
2 2

| T R™ - array of Lagrange multipliers. The number m of Lagrange multipliers

is given by the number of constraint equations induced by joints connecting a body to
other bodies in the system.

F(q,&) = %ﬁ? R® - the vector of applied forces

Q(q,&4)T R® - the generalized force acting on the body. Obtained by

projecting the applied force F upon the generalized coordinates. Typically,

s

Q:ng)Tﬁg (39)

where with v being the velocity of the point of application P of the external force F,
the projection operators are computed like

PP :% (40)
PR :1111—‘:’ (41
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2. Formulation of Equation Of Motion (EOM) in ADAMS
Provided in any Dynamics book, the Lagrange formulation of the equations of

motion leads to the following second order differential equations

d%[KOu ﬂKO LET
HE g $Map

Considering the choice of generalized coordinatesin ADAMS; i.e., the definition

=Q (42)

of q asin Eq.(3), Eq.(42) isrewritten for arigid body as

CqK g U ExK 6 U
dgéﬂ”@u %ﬂpgﬂ i+ Iu_e(PP)Tf
Aaa1Ko SIK ¢ gF g gPR) nY
@8'”2219 ég‘ﬂezl]
It isworth pointing out that when dealing with a full system of rigid bodies connected

> (D~

(43)

OO

through joints, the system Equation Of Motions (EOM) are obtained by smply stacking
together the EOM for the bodies in the system.
Since

dﬂKo

=M 44
dt&fu p #9
Ko _g (45)
&P 5
with the angular momenta defined as
G° K B'JBz (46)
9z

the EOM of EQ.(43) are reformulated in ADAMS as
T
M&F]l =(P°) f

& My =(P")'n
Te

(47)

Thefirst order differential equations above are called in what follows kinetic differential
eguations, and they indicate how external forces determine the time variation of the
trandational and angular momenta.
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Finally, the time variation of the generalized coordinatesis related to the translational and
angular momenta by means of the kinematic differential equations. By assembling the
kinetic and kinematic differential equations ADAMS generates a set of 15 equations that
provide the information necessary to find a numerical solution for the dynamic analysis
of amechanical system. These equations are as follows:

M&F ]l - (PF)'f=0 (48)
G- B'IBz=0 (49)

K T RY = _
&E+Fel - (P®) n=0 (50)
e u=0 (51)
& z=0 (52)

3. Numerical Solution for Dynamic Analysis. Jacobian Information

Computation.

Equations (48) through (52) indicate how relevant variables change in time. What
ismissing in this picture is the fact that the solution of this system of differential
equations must also satisfy the kinematic constraint equations of Eqgs.(14) through (16).
From a numerical standpoint, thisis what makes the dynamic analysis of a mechanical
system the most difficult type of simulation.

There is amultitude of methods for solving the assembly differential+constraint
equations. This document is not concerned with these methods and it only provides a
glimpse at what ADAMS does to address this problem. In this context it isworth
mentioning that this assembly: differential and constraint equations forms what is called a
set of Differential-Algebraic Equations (DAE). A DAE has an index associated with it,
and rule goes that the higher the index, the more challenging the numerical solution of the
DAE becomes. In particular, the DAE induced by the dynamic analysis problem in
mechanical system simulation has index 3, which is considered high.

In the ADAMS Fortran solver there are two more reliable methods for solution.
The most common one is a direct index 3 DAE solver, in which associated to the
differential equations induced by (48) through (52) are the position kinematic constraint

17



eguations of Eq.(14). Inthis approach the velocity and acceleration level kinematic
constraint equations are periodically enforced. Thisis how the solver GSTIFF in
ADAMS works.

A second, more refined algorithm reduces the original index 3 problem to an
analytically but yet numerically different index 2 DAE problem. Thus, instead of
considering the position, the velocity level kinematic constraint equations of Eq.(15) are
solved for along with the kinematic differential equations. Inthe Fortran solver, this
algorithmis called SI2, and while typically slower than the index 3 approach it turns out
to be more accurate and robust.

In what follows the index 3 approach is presented in a reasonable amount of
detail. In an attempt to keep the presentation simple, the index 3 DAE will be integrated
viaan order 1 implicit integration formula. This formulais the backward Euler formula -
an one step, A stable algorithm that qualitatively captures all the relevant details
characteristic to higher order methods. Backward Euler integration formula replaces the
derivative ¥ at time t, with

1

1
ﬁ‘: E Vi E Yo (53)

Based on Eq.(53), an Initial Value Problem (IVP) Y= g(y,t), y(t,) =Y, issolved by
finding y(t,) at time t, >t, asthe solution y, of the discretization algebraic non-linear

system

1 1

EY1' EYO' g(Hin):O (54)
The system of equations in Eq.(54) is called a “discretization system” since the derivative
in the original VP problem was “discretized” using the integration formula of Eq.(53).

Since almost always the function g is non-linear, a non-linear algebraic system needs to
be solved to retrieve y,. Thisisdonein ADAMS by using a Newton-Raphson type

iterative algorithm.
Based on the implicit Euler discretization formula introduced above, al the first
order time derivatives that appear in the equations of motion in Egs.(48) through (52) are

discretized to produce a set of algebraic non-linear equations. Inthe index 3 approach,

18



the position kinematic constraint equations are appended to these equations, along with
the force function definition F and T . This appending of the force functions is done
with the sole purpose of increasing the number of unknowns and thus inducing a larger
but yet sparser Jacobian matrix. Thus, after the implicit Euler based discretization

Egs.(14), and (48) through (52) along with the force/torque definition equations assume
the following form:

1 1 T
—Mu- —Mu, +F;l - (A7) t=0
G- B'JBz=0
1. 1. &K§ - AT
2G-=G.-Z2R9 ET - (AR) A=0
hC & Eey °© (A7)
1 1
—p- —pP,-u=0
hp hpo (55)
Ee-ieo-zzo
h  h
F(p.et)=0

f-F(uzpefht)=0
n-T(uzp,efnt)=0

The unknownsin this non-linear syssemare u, G, z, p, e, | ,f,n. The

subscript 1 indicating the time step was dropped for convenience.
Introducing the array

u (56)

Y (y)=0 (57)
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A Newton-Raphson type algorithm finds the solution of this system. Thus, first a
prediction y© of the solution is provided, typically by using a predictor constructed

around an explicit integrator. Once an initial guess of the solution is provided, iterations

Yy (yo) D(J) =-Y (y(J))

. . . (58)
y(J+l) — y(J) + D(J)

are carried out until the residual Y (y(j)) and/or the correction D' are small enough.

The last piece in the puzzle is what turns out to be also the most costly one; i.e., the

computation of the Jacobian Y, (y,), which is obtained from Eq.(55). With the notation

introduced in Eq.(56), the expression of the Jacobian Y, (y,) is provided in the

Appendix.
The same remarks made in conjunction with the iterative Newton-Raphson
algorithm used for IC analysis and for Kinematic analysis are applicable here. Thus, if

the initial guess; i.e., the predicted value of y(o) istoo far away from the solution, the

iterative process might fail to converge. Thisis more likely to happen with dynamic
analysis than with other types of analysis, asit is clear that the system that needsto be
solved at each integration step is highly non-linear.

If the iterative process fails, the integration step-size is decreased and another step is
attempted. ADAMS users are familiar in this context with messages informing them that
the step-size was decreased too much, and yet the convergence was not attained. Getting
such a message is a bad omen, as typically the user will have to revisit the model, make
modifications in the simulation defining parameters, or to try a different integrator like
SI2 for example.

While talking about the integration Jacobian, it is the right place to mention yet
another piece of information that the solver suppliesto the user, namely the need for
refactorization. As can be seen in the Appendix, the Jacobian has a time-invariant
gparsity pattern. When solving for the corrections D' the Jacobian needs to be factored.
The pivotsin the LU factorization are chosen at the beginning of the simulation and they
are re-used upon a new call for the solution of this system. Especially for long
simulations, it turns out that after some time the initial pivot sequence resultsin a singular

20



matrix. Thisrequires arefactorization and possibly a decrease of the integration step-
size. The user isflagged when the solver runs into such a scenario.

Finally, although the discretization formula used to convey the dynamic analysis
solution message was backward Euler it conceptually captures the essence of the
ADAMS solution sequence. ADAMS typically uses higher order integrators whenever
the signals sent over by the problem being solved suggest that this would improve
performance. The expression of the integration Jacobian is qualitatively the same, with

very minor and insignificant changes — for example the denominator of the fraction I/h
would become 1/(hb ), where b is an integration formula specific coefficient. What is

important to remember hereis that the use of a more sophisticated integration formula
serves in the end the same purpose, namely to replace afirst order time derivative with a
linear combination of future and past values of the unknown, which is what backward
Euler formula does in a very basic way through Eq.(54).
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STATICS AND QUASI-STATICS ANALYSIS

Statics and Quasi-Statics analysisin ADAMS is merely a simplified case of
Dynamic Analysis. Thisis because what the solver currently doesisto set the coefficient

1/h (or ]/(hb) for more complex multi-step methods) to zero. This effectively implies

that the value of the time derivative in EQ.(53) becomes zero. Thisis how equilibrium is
perceived — there is no change in time of any of the unknowns, and therefore their time
derivatives are al zero.

As aparenthesis here, in ADAMS if they wish the users can set the coefficient above to
some very small but yet non-zero value. Thisisto allow the agorithm to handle neutral

equilibrium configurations without running into singular Jacobian matrices.
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