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Flexible
Multibody
Dynamics

Models of flexible mechanisms
incorporate large deformations and
rotations, and nonlinear material
properties to provide nonlinear
dynamic response.

By Pierre Thieffry, Vikas Chawla and Srivatsa Sharma, ANSYS, Inc.

Multibody dynamics simulates motions and forces of
parts interconnected to one another via sets of constraints
modeled as joints. Multibody models are used in this manner
to represent a wide variety of assemblies, such as suspen-
sion systems and landing gears, as well as complete systems
including vehicles or aircraft.

While simulating the motion of an assembly constructed
of purely rigid bodies is mature technology that is available
from a number of software suppliers, such simulations can-
not accurately account for the inherent flexibility of these
components. Modeling a part’s flexibility can be moderately
important, or it can be critically important, such as when
simulating a long, slender linkage that may buckle or bind,
or when modeling parts that are flexible because of the
material from which they are constructed, such as those
made of elastomers.

The most widely used method to combine the time-
saving characteristics inherent in a rigid body simulation with
the flexible responses possible via the finite element method
is the Craig-Bampton method. In this method, a modal FEA
simulation is used to capture the linear dynamic response of
a flexible assembly in the form of mode shapes and frequen-
cies, or eigenvalues and eigenvectors. These flexibility
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matrices are used in conjunction with the reduced-order rigid
representation to simulate a flexible assembly without running
a completely flexible model with its inherently large number of
degrees of freedom (DOF).
Though it is widely practiced, the Craig-Bampton is limited
in the following ways:
= Method is time-consuming in practice (modal FEA
followed by rigid multibody simulation)
= Method is limited to linear responses, so cannot be
used to model:
= Nonlinear material responses: hyperelasticity,
plasticity, viscoelasticity
= Nonlinear contact: rigid to flexible, flexible to flexible

ANSYS, Inc. offers an accurate and convenient approach
for modeling such flexible multibody dynamics systems. While
the method may require additional computational resources
compared to standard analyses, it has the following significant
advantages:

= The finite element mesh automatically represents the

complete geometry of the system.

= Large deformation/rotation effects (including inertia)

are built into the finite element formulation.
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= |Interconnection of parts via joints is greatly simplified
by considering the finite motions at the two nodes
forming the joint element.

= The resulting model supports static, modal,
harmonic, spectrum, buckling and transient
dynamic analysis types.

Modeling Flexible, Rigid Bodies and Joints

The multibody dynamics solution from ANSYS offers
extensive versatility in handling the degree of complexity
required. A user can create a quick initial approximation of
the flexible and rigid parts of a mechanism using
standard beam elements and rigid beams/links. Alterna-
tively, detailed modeling of the flexible part can be
performed using 3-D solid elements, and of the rigid part
using contact capabilities.

A library of beam, shell, solid-shell and solid elements
is available for creating multibody dynamics models in
combination with contact capabilities in order to model
rigid parts and other contact conditions. Joint elements
offer the required kinematic connectivity between moving
parts. Rigid bodies can be connected via joint elements
and connected to flexible bodies to model-mixed,
rigid—flexible body dynamics. Relatively stiff parts can be
represented by rigid bodies when stress distributions and
wave propagation in such parts are not critical.

Various joint capabilities are provided to connect
flexible and/or rigid components to each other. A joint
element is defined by two nodes with six degrees of free-
dom (DOF) at each node. Relative motion between the two
nodes is characterized by six relative DOF. Depending on
the application, different kinds of joint elements can be
configured by imposing appropriate kinematic constraints
on any, or some, of these six relative DOF. The kinematic
constraints in the joint elements are imposed using the
Lagrange multiplier method. Joint types available for defin-
ing connections in multibody simulation from ANSYS
include spherical, general, revolute, universal, slot, transla-
tional, cylindrical, planar, weld and orient.

Through the use of the ANSYS Workbench environ-
ment, the setup of complex assemblies for a mixed
flexible/rigid dynamics analysis has never been easier. The
user only has to tag the bodies to be considered as rigid,
since the default behavior is flexible. Contact conditions
and joints are automatically detected for the assemblies,
thus significantly reducing the time required to set up the
full model.

Component Mode Synthesis

Determining flexible-body response to a dynamic
motion event typically involves solving hundreds or thou-
sands of time points — a task that can be tremendously
time-consuming if many DOF are involved. To minimize run
time, component mode synthesis (CMS) super-elements,
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Joint specification and contact definition for engine
assembly dynamic analysis

Multibody definition for an engine assembly with rigid
and flexible bodies

Dynamic stress results on flexible components
offer solutions for accurate fatigue predictions.
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or substructures, can be used to replace thousands of
flexible-body DOF with tens of DOF representing the
dynamic response. The flexible body to be substructured
is assumed to behave in a linear elastic manner and may
undergo large rotations, but the strains and relative rota-
tions within the body are presumed to be small.

Initial Settings and Damping for Transient Dynamic Simulation

Initial conditions define the state of the system at the
start of the analysis. In structural finite element analyses,
initial conditions are defined in terms of initial displace-
ments, velocities and accelerations at all independent
degrees of freedom. Because time-integration schemes
(such as the Newmark method and the HHT method) rely
on the history of displacements, velocities and accelera-
tions, it is important to define consistent initial conditions.
By default, a zero value is assumed for initial displace-
ments, velocities and accelerations at DOF that are not
otherwise specified.

Inconsistencies in initial conditions introduce errors
into the time-integration scheme and lead to excitation
of undesired modes. Accumulation of these errors over
several time increments adversely affects the solution and
very often causes the time-integration scheme to fail.
Applying numerical damping or other forms of damping
can reduce these effects.

Two types of damping can be specified in ANSYS
multibody models: numerical and structural. Numerical
damping is associated with the time-stepping schemes
used for integrating second-order systems of equations
over time. Numerical damping stabilizes the numerical
integration scheme by damping out the unwanted high
frequency modes. Larger numerical damping values are
usually necessary for problems involving rigid body
rotational motion, elastic collisions (dynamic contact/
impact) and large deformations with frequent changes
in substep size. Structural damping refers to physical
damping present in the system. A user can specify the
damping at the material level via viscous material models
or dashpots.

Case in Point: Engine Assembly Simulation

Flexible multibody dynamic analysis of an engine
assembly is important for accurate fatigue predictions in
critical components. The flexible multibody solution from
ANSYS provides tools for combining definitions for rigid
and flexible parts in the same model. Rigid bodies are rep-
resented by using point mass approximation, with the
properties for the parts accurately retrieved from
the underlying CAD geometry. Flexible bodies are
represented by traditional finite element mesh to
accurately portray the geometry and calculate dynamic
displacement and stress results for accurate fatigue
calculation. Rigid and flexible components are connected
using various joints that accurately represent the motion
between the parts.
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Case in Point: Drop Test Analysis of Aircraft Landing Gear

A drop test analysis of an aircraft landing gear involves
simulating a landing in which the kinetic energy of a
descending aircraft is absorbed by the landing gear shock
strut. The simulation is used to develop damping character-
istics of a drop test simulation. The damping characteristics
need to be adjusted to ensure that the dynamic load/stroke
curve always stays within the dynamic load envelope.

In the ANSYS multibody dynamics solution, a landing
gear simulation is modeled by considering the landing gear
components to be rigid and connected by various joint spec-
ifications between parts. The aircraft is assumed to be
descending at a speed of 10 feet per second with the wheels
rotating at the approach velocity of 150 miles per hour.
Friction is modeled between the tires and the runway using
contact definition. The dynamic behavior of the tires repre-
sented through stiffness and damping is modeled by springs
and dampers below the runway. B

The authors wish to acknowledge the development and technical support
team at ANSYS, Inc. for their efforts and contribution to this article.
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Joint specification and contact definition

for landing gear drop test assembly for transient multibody simulation
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Finite element representation of the landing gear
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