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Abstract 
 
The progress in developing a dynamic analysis solver has different aspects of improvement in the sense of simulat-

ing the behavior of the parts. Among them, dynamics in flexible body and large deformable body have been an issue in 
recent decades. A modal coordinate formulation has been developed and used for analyzing the flexible body dynamics 
with a commercial dynamic solver, like in ADAMS. Flexible body dynamics using modal coordinates are reliable 
when the system’s deflection is relatively small, and generally its accuracy depends on how many relevant modes are 
used for the system. Conversely, to simulate the behavior of the large deflected body, absolute nodal coordinate formu-
lation is derived and developed. The theory presents the mixed equations of motion, which consider both the absolute 
nodal coordinates and absolute cartesian orientation coordinates to simulate the large deflection. Its reliability is proved 
by many researches and experimental data. In this study, a dynamic solver which can handle the flexible bodies is de-
veloped. Three kinds of bodies, rigid, flexible and large deformable body, can be simulated. Its validity is verified by 
comparison with a commercial analysis program. For further studies, the constraints and force elements between dif-
ferent coordinates will be developed. Solving efficiency would be another major concern to be improved. 
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1. Introduction 

The development of the multibody dynamic solver 
is passing through different phases of improvement. 
Among them, flexible multibody dynamics based on 
structural analysis and its investigation has been a 
main stream of recent researches, recently [1]. The 
modal coordinate system has been developed and 
used for a commercial solver to simulate a flexible 
multibody dynamic system (MBS) [2, 3]. The method 
shows good correlation with real-world problems 
when the deformation is limited to be small. To be 
reliable, it is necessary to extract realistic modes from 

the model and use it for simulation [4]. Many re-
searchers have studied how to select appropriate 
modes to increase the reliability of a solution [5, 6]. 
On the other hand, absolute nodal coordinates formu-
lation (ANCF) was initiated in early 2000, and 
showed improvements in theory and application [7]. 
The method requires elastic continuum theory deriva-
tion with the FEM method and is able to represent 
nonlinear large deformation [8]. Therefore, it can 
calculate deflection in both linear and nonlinear 
ranges. It can be applied to calculate the strain of the 
cable harness, which suffers from large deflection in 
the machine system [9]. Fatigue analysis of the sup-
port cable used in a bridge is another application. 
Plastic deformation theory can be added. Many re-
searchers have also reported about various FEM ele-
ments for ANCF, such as beam, plate, shell and solid 
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[10], and expanding its versatility. In this study, a 
flexible multibody solver including a very flexible 
body is developed by using an object-oriented pro-
gramming language, C++. It is easy to add a module 
and to develop other subroutines using pre-defined 
modules. 
 

2. Numerical analysis flow 

Analysis can be divided into two parts: pre/post 
processor and solver. At first, the program requests an 
input file name and creates an output file, which has 
the same name. Function ‘ReadObject()’ reads the 
object’s data and distributes them into a dynamic 
array with initialization process. The input file name 
traces the path of the location and reads input data 
from each input data. From them, it initializes simula-
tion data. Variable indexing is also initialized accord-
ing to the number of bodies, constraints, forces and its 
coordinate system, which is used for dynamic analy-
sis. To solve the linear system, a sparse solver is used. 
For solving differential equations, the PECE[6] 
method is used. 
 

3. Modal coordinate formulation 

Arbitrary point i in a 3-dimensional flexible body, 
can be described as Eq. (1). 

 
0n ( n n)i i i ir r AS r A S u= + = + +   (1) 

 
Here, A is a transformation matrix, 0 'iS  is unde-

formed position vector, and 'iu  is deformation vec-
tor. A modal matrix for point i has translational and 
rotational modes as in Eq. (2). 
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Fig. 1. Coordinate system for flexible body. 

A translational displacement is expressed as Eq. (3), 
which is the combination of modal matrix and modal 
coordinates. 

 
' 'i

i tu ψ a=   (3) 
 
a  is a modal position vector. Eqs. (1) and (3) 

yield Eq. (4). 
 

0( ' ' )i
i i tr r A S ψ a= + +   (4) 

 
This modal information ,ψ , is used for deriving 

the velocity and the acceleration equation using Eq. 
(4). According to the virtual work theorem, virtual 
displacement and rotation can be derived as Eqs.(5) 
and (6). 

 
' ' 'i i i

i tδr δr AS δπ Aψ δa= − +  (5) 
' ' 'i i

rδπ δπ ψ δa= +  (6) 
 

4. Absolute nodal coordinate formulation 

Shabana[8] proposed an absolute nodal coordinate 
system, which is useful for analyzing very flexible 
bodies including nonlinearity effects. The system is 
derived from continuum theory and finite element 
method.  

A global position vector for ANCF is shown in Eq. 
(7), which represents arbitrary points in an element e 
of an elastic body i. For spatial dynamics, each node 
has twelve independent coordinates. 

 
( , , ) ( )ie ie ie ie ie ier S x y z e t=   (7) 
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Fig. 2. Beam element in the ANCF. 
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rie represents the global position vector and r
x
∂
∂

, 

r
y
∂
∂

 and r
z
∂
∂

 are global position vector gradients at 

node k. ieS  is a global shape function matrix. 
The beam element is not simplified as a centerline 

concept, so that rotary inertia effect and torsion can be 
considered as a real 3D solid model. A global dis-
placement vector can be represented as shown in (7), 
which means arbitrary position is composed of shape 
functions, and ANCF coordinates. 

Generally, the FEM method uses only 3 transla-
tional and 3 rotational coordinates to simulate the 
behavior of the structure. However, ANCF uses 6 
strain vectors to emulate the motion to explain 
nonlinear large deflection. Therefore, only a few ele-
ments are needed than the previous FEM method 
when meshing. For other elements like plate and shell, 
there are small variances in the number of nodes and 
shape function. For instance, 48 generalized coordi-
nates are needed for modeling the plate elements 
which have 4 nodes at each corner. 
 

5. Mixed equations of motion 

Eq. (9) is applied to mix three kinds of coordinate 
systems: Cartesian, modal and ANCF. 
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  (9) 

 

fffrrfrr M,M,M,M and Ma are the mass matrix for 
multibody systems, while fr Q,Q are generalized 
force vectors. The subscripts r, f, and a indicate Carte-
sian coordinate, modal coordinate and absolute nodal 
coordinate, respectively. 
 
6. Numerical analysis 

6.1 Flexible body motion  

Both ends of the beam model are restricted by 
point-constraint. The material properties of the beam 
are given in Table 1. Exciting force is applied at the 
mid-point of the beam with 100sin(20t) N and a verti-
cal displacement of the mid-point is observed.  

Table 1. Material properties and dimensions of a beam. 
 

Mass density ρ  3/ mkg  7700 
Young’s Modulus E 2/ mkgf  207e9 

Length L m 2 
Area A m2 0.1x0.01 

 
Table 2. Material properties and dimensions of a beam. 
 

Total Mass m kg  0.0025 
Young’s Modulus E kgf/m2 200e6 

Length L m 0.402 
Area A M2 785.4e-9 

Ball M 
Ixx, Iyy, Izz

Kg 
Kg/m3 

0.02 
1.58e-6 

 

 
 
Fig. 3. Vertical displacement of mid-point. 

 

 
 
Fig. 4. Vertical displacement of end tip of the beam. 

 
ADAMS, and the developed solver, shows the 

same results, although it uses normal mode only. It 
can show that formulation is quite well organized for 
the developed program. 
 
6.2 Flexible body motion 

To identify the behavior of a very flexible body, 
the one-side clamped beam is modeled with 3 beam 



 J.-W. Yoon et al. / Journal of Mechanical Science and Technology 23 (2009) 942~945 945 
 

elements, attached with 0.02kg ball at the other end. 
The material properties and dimensions of a beam 
element are shown in Table 2. Comparison between 
reference data and results confirms that the results 
from the ANCF are reliable as shown in Fig. 4. 
 

7. Conclusion  

In this paper, research trends on flexible body dy-
namics have been investigated, and 2 types of formu-
lation are derived in a customized dynamic analysis 
solver to simulate flexible bodies. The solver is de-
veloped in C++ language, one of the famous object-
oriented programming languages. In deriving flexible 
body dynamic theory, a modal coordinate system is 
developed. With the theory of absolute nodal coordi-
nate system, a very flexible body dynamic is also 
available. With this solver, it is relatively easy to find 
and freely modify mass, stiffness matrix and detailed 
information for the system, which are usually difficult 
to figure out in the commercial dynamic analysis 
solver. The solver is constructed for easy addition of 
the new formulation, as well. It has been verified with 
the commercial analysis program. The developed 
coordinate systems and solver could be used for the 
various kinds of flexible body models. For further 
studies, development of force elements and various 
kinds of constraint between different coordinate sys-
tems will be pursued. 
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