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Abstract
For many applications of multibody systems the sym-

bolic equations of motion are useful, but in most com-
mercial multibody programs the dynamic behavior is
not formulated as an explicit function and not available
symbolically for the user. Within this paper the Matlab
programSYMBS is introduced. By using theMatlab
Symbolic Toolboxthe modelling of the multibody sys-
tem is done symbolically, while offering different nu-
merical possibilities for the analysis and optimization
of the system. After an explanation of the structure of
SYMBS, the modelling and some possibilities for the
analysis and optimization of a mechanical system are
presented.

1 Introduction
In the modelling step of a multibody system the dy-

namic behavior has to be described. The presented
program,SYMBS, does this by calculating the equa-
tions of motion symbolically with theMatlab Symbolic
Toolbox. Multibody systems can be divided in two
groups, systems with tree structure and systems with
kinematic loops. For systems with tree structure all
bodies can be associated schematically to one parent
each, starting from the inertial systemISYS. By adding
additional constraints to a system with tree structure,
a system with kinematic loops can be obtained. With
d’Alemberts Principle the equations of motion can be
calculated, see [Schiehlen and Eberhard, 2004], which
are for non-holonomic systems with tree structure

ẏ = z , (1)

M · ż + k = q . (2)

The vectory describes the generalized coordinates,
while z are the generalized velocities. The mass matrix
M, the vector containing the Coriolis- and gyroscopic
forcesk and the vector of applied forcesq have to be
calculated. For systems with kinematic loops the addi-
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Figure 1. System with tree (left) and loop structure (right).

tional constraint equationsc have to be added and the
equations have the form

ẏ = z , (3)

M · ż + k−C · λ = q , (4)

c = 0 . (5)

All information describing the system and its sim-
ulation is stored in the Matlab data structuresys ,
see [Henninger, 2007]. It contains for example

Entry Content
name name of the system
userVar userdefined parameters
body bodies
ksys coordinate systems
felem force elements
genCoords generalized coordinates
eqc constraint equations
eqm nonlinear equations of motion
results simulation results
par parameters for simulation
graphics graphical representations



2 Modelling of Multibody Systems
For a given body called ’Body1’ the data stored in the

structure sys looks like
id: ’Body1’

name: ’Body 1’
idx: 1

refsys: ’ISYS’
r rel: [3x1 sym]

phi rel: [3x1 sym]
r cg: [3x1 sym]

phi cg: [3x1 sym]
m: [1x1 sym]
I: [3x3 sym]

M: [6x6 sym]
ksys: ’Body1’ ’Body1cg’
geo: 156.0015

This data contains the identification of the body with
’id’, ’name’ and an index. Every body consists of at
least two coordinate systems, one used to describe the
position and orientation of the body in the reference
system, here ’ISYS’, denoted by ’rrel’ and ’phi rel’,
and one coordinate system defining the center of grav-
ity. All coordinate systems belonging to this body are
stored in ’ksys’, while ’geo’ contains an object handle
in the animation window. In the fields ’m’, ’I’ and ’M’
all mass and inertia properties are stored.
To evaluate the symbolic expressions the numeric val-

ues have to be inserted. The easiest and fastest way
to achieve this task is to automatically create files
which accomplish only numerical evaluations. All files
used and created bySYMBS are separated in problem
specific data in a model folder and problem indepen-
dent routines. In the model folder a directory is cre-
ated calledsysFunctions/ , containing all automat-
ically created functions for numerical evaluations, e.g.
the position ’Body1r.m’, or the velocity ’Body1v.m’.
The nonlinear equations of motion are stored sym-
bolically in ’sys.eqm’, containing all quantities from
Eq. (2), again with functions for numerical evaluation,
e.g. ’eqmnonlin M.m’. Systems with kinematic loops
are treated in the same way, with the additional infor-
mations of the constraint equations stored in ’sys.eqc’.

3 Analysis and Optimization of mechanical sys-
tems

Once the system modelling is finished, the symbolical
expressions are calculated and the functions for numer-
ical evaluation are created, the potential of numerical
simulation of Matlab can be used. Time integration
with a wide choice of integration algorithms is possi-
ble. For the kinematic analysis, functions for all gener-
alized coordinates can be given. All results are stored
in a similar way in ’sys.results’, enabling a standard-
ized animation of the results. Therefore, the graphics
library geom3dis used, see [Legland, 2005]. This pro-
vides an easy way to assign simple graphical objects
like cubes and cylinders to coordinate systems moved
in the figure window, see Fig. 2.

Figure 2. Animation window with a slider crank mechanism.

SYMBS also contains a module to run a parameter op-
timization of the mechanical system and to calculate
sensitivities. For the optimization the algorithms by
Matlab are available. For the sensitivity analysis two
semi-analytical methods are implemented, the direct
method and the adjoint variable method, see [Bestle,
1994; Kurz, 2007]. They are alternatives to the fi-
nite differences, which are often used. These semi-
analytical methods have the advantage of a higher ef-
ficiency, especially for large systems, and much higher
precision. To improve the usability of text based input
files, a graphical user interface has been created, using
the Matlab provided environment, see [Lutz, 2007].

4 Example
To verify the precision of the gradients calculated with

the semi-analytical methods among others a simple ex-
ample has been investigated, see [Bestle, 1994]. For
this one mass oscillator the gradient can be obtained
symbolically as a reference. The equations of motion
are

ẏ = z , (6)

mż = −cy (7)

with the initial conditionsy(0) = 0 andz(0) = 0.5.
The functional criterion for the gradient is

ψ := y1 , (8)

evaluated at the final timet1 = π/2. The mass is cho-
sen asm = 1, then the gradient with respect to the
spring constantc = 1 can be calculated analytically to
be∇ψ = −0.25. The same example has been calcu-
lated with the two semi-analytical methods mentioned
above with the errors shown in Fig. 3. For this inves-
tigation the absolute and relative error tolerance of the
integration has been variied. Matlab restricts the rel-
ative error tolerance for numerical reasons not to be
smaller than 2.2e-14. These results show that by adjust-



ing the integration tolerances the semi-analytical meth-
ods are able to reach machine accuracy, see [Eberhard,
1996].
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Figure 3. Error of the gradient calculation.

5 Conclusion
The programSYMBS is a Matlab based program to

obtain symbolic equations of motion and kinematic ex-
pressions for given multibody systems. It offers a wide
range of possibilities for the analysis and optimization
of the systems based on the powerful Matlab environ-
ment. The expressions are stored symbolically in an in-
ternal data structure and in automatically created files
for the numerical evaluation.
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