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Development of a Multi-body Dynamics Analysis System
Using the Object-Oriented Concept
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ABSTRACT

To analyze the applications of all types of mechanical systems, general purpose analysis programs have been
developed and commercialized. However, it is customary to develop and use customized programs even though they
sometimes require more work than a general purpose program. A customized program is simplified to adapt to a
particular application from the beginning, is designed for small computers, and developed with hardware-in-the-loop in
mind so it can be applied effectively. By adding design knowledge and bundling know-how to an analysis program,
analysis time can be reduced. And because an analysis has to work in conjunction with other analysis programs, a
proprietary program that the user can easily modify can be useful.

In this thesis, a multi-body dynamics analysis system is presented using one of the most useful programming
techniques, object-oriented concept. The object-oriented concept defines a problem from the physical world as an
abstract object, an abstract model. The object becomes encapsulated with the data and method. Simulation is performed
using the object’s interface. It is then possible for the user and the developer to modify and upgrade the program without
having particular knowledge of the analysis program. The method presented in this thesis has the following advantages.
Since the mechanical components of the multi-body system converts independent modeling into a class, the modification,
exchange, distribution, and reuse of elements are increased. It becomes easier to employ a new analysis method and
interface with other S/W and H/W systems. To employ a new analysis method, there is no need to modify elements of
the main solver and the library. In addition, information can be communicated to each object through messaging. It
makes the modeling of new elements easier using inheritance. When developing a S/W for the computer simulation of
physical system, it is reasonable to use object-oriented modeling. Also, for multi-body dynamics analysis, it is possible
to develop a solver that is ussr-oriented.
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Fig. 4 Object-oriented representation of multi-body

Object
Torque

system

PTObject

m_name_object: object name

m_name_class: class name

m_type_class: type of class
m_number_dof : number of DOF
m_number_constraint: number of constraint

m_id_object: id of object
m_id_instance: id of instance
m_index_dof: index of DOF
m_index_constraint: index of constraint

Initialize()
Read Data()
Report()

Fig. 5 Superclass diagram for multi-body system
components
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Body

m_position{7]
m_velocity[7]
m_acceleration[7]
m_force{7]
m_mass[7][7]
m_jacobian[1][7]
m_RHS_velocity[1]
m_RHS_acceleration[1]
m_constraint[1]
m_velocity[1]

Calculate mass()

Calculate jacobian()

Update force()

Calculate RHS_velocity()
Calculate RHS_acceleration()
Calculate constraint()
Calculate velocity()

Report Body()

Fig. 7 Class Body

Constraint

m_name_body_i
m_name_body_j
m_triad_i[3][3]
m_triad_j[3]{3]
m_jacobian[6]{7]
m_RHS_velocity[6]
m_RHS_acceleration[6]
m_constraint{6)
m_velocityl[6]
m_LagrangeMultiplier[6]

Calculate RHS_velocity()
Calculate RHS_acceleration()
Calculate constraint()
Calculate velocity()
Calculate reaction_force()
Report Constraint()

Fig. 8 Class Constraint

Force

m_name_body_1
m_name_body_j
m_triad_i[S]fB]
m_triad_j[3]{3]
m_force[7]

Calculate force()
Calculate apply_force()
Report Force()

Fig. 9 Class Force
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Table 1 O-DYN classes

Class type Classes

Body Rigid Body

Ground, Position, Point,
Revolute joint, Cylindrical joint,
Translational joint,

Bracket joint, Spherical joint,
Rack-and-pinion, Gear joint,
Driver

Constraint

Translational-spring-damper,
Rotational-spring-damper, Beam,
Bushing

Force
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Table 2 Inertia properties of the compressor

Body Mass(kg) I (kgmmz) Iy | .
Block 5.0 20.0 0.05 15.02
Rotor 0.04 500.0 500.0 30.0
Comnecting- 03 11 100 35
rod

Piston 0.03 3.0 35 4.0

Table 3 Dynamic model of the compressor

. Block, Rotor
Bodies . .
Connecting-rod, Piston
Translational joint ~ Block-Piston
Revolute joint Block-Rotor
Revolute joint Connecting-rod-Piston
Cylindrical joint Rotor-Connecting-rod

Motor torque
Compression force
Rolling resistance

Fig. 15
Fig. 16
Block-Rotor (2.5 Nms/mm)

1500.0
1400.0 §
1300.0
1200.0
1100.0 4
1000.0 4
900.0 4
800.04
700.0 4
600.0 4
500.0 4
400.0
300.0
200.04
100.0
0.0

Torque{Nmm)

A T T
000 005 0.10

T ¥ T T T
015 020 025 030 035 040
Angular velocity(rad/ms)

Fig. 15 Characteristics of motor
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Fig. 16 Pressure versus rotor angle
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Fig. 17 x position of piston versus time
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Fig. 18 x velocity of piston versus time
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Fig. 19 x acceleration of piston versus time
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