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Abstract:In order to improve the accuracy and efficiency of flexible multibody system dynamics
simulation and control, the research on the selection of shape function in flexible multi- body
system is needed.Under the specific floating coordinate system, deduce flexible multi-body system
dynamics general equation based on Lagrange equation.Analysis and compare the coefficient matrix
of dynamic equation In view of the three different types of shape function, the effect of shape function
selection for dynamics calculation accuracy and efficiency is studied.Research shows that floating
coordinate system affect the degree of equation coupling , and The main factors influencing the
calculation accuracy and efficiency is shape functionThe form of Dynamics equation under static
deformation assumption is the simplest and calculation efficiency is highest.Calculation efficiency
of the finite element model and vibration mode model increases as the number of units and the
number of mode truncation decreases.Calculation efficiency and accuracy interact on each other and
determine the shape function of the form.

Introduction

The flexible multi-body system dynamics focuses on the research on component elasticity in
mechanical and structural systems, motion pair deformation and coupling dynamic characteristics of
rigid motion, which has the same research purpose with the multi-rigid-body dynamics, namely, it
aims to solve two problems of simulation and forward & inverse control of the dynamic system[™. In
the process of developing rigid system dynamics, the algorithm efficiency needed for real-time
control and simulation calculation should be first concerned, thus various recursive algorithms!?* are
established by analyzing multiple principles of mechanics[?®l. With the progress in computer and
chip technology, the efficiency of the algorithm is no longer the research focus, and the closed kinetic
equation of the system in general form can be obtained by no matter what kind of principle according
to the equivalence of mechanical principlest®®l. In various fields such as robot [, spacecraft!’l, sport
biomechanics!® and gun mechanism[®*3l the needed dynamic model can be established with the
theory and algorithm of rigid multi-body dynamics, which is used for the analysis of the system
response or the design of dynamic control algorithm for the system.

The further consideration of the deformation characteristic of member or hinge in the system
based on rigid multi-body dynamics is the demand in the engineering, and the theory for the
improvement of the accuracy of simulation and control algorithm. Zhou Qizhao indicates in the
Articlel*® that the system is stable if the panel of the spacecraft with the solar panel is considered as
the rigid body, while the system may be instable when the elasticity of the panel is considered. In
addition, at the early stage of the development of flexible body system dynamics, the important
research problems of flexible multi-body system dynamics are pointed out™l. The first problem is the
selection of the floating coordinate system, which decides the coupling degree of the kinetic equation
of the system[>1314151: The second is the description of the deformation of elastomer or hinge, which
decides the computational efficiency and computational accuracy of the simulation and control
algorithm4, These problems caused by shape function of floating coordinate system and the
elastomer seem relatively perfect in theory; however, the problem in the engineering field is that how
to select them aiming at simulation and control problems in certain field is not clear enough. In terms
of simulation and control in various fields such as spacecraft and gun at present, the dynamics model
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is generally established in a given way, and the correlation algorithm is designed after the simplified
treatment. In fact, aiming at different application situations, the requirements for the establishment of
floating coordinates as well as the deformation of the elastomer and its control are different,
especially the selection of the shape function, and the requirements for the accuracy in different
application fields decide the complexity of the assumed shape function and the computational
efficiency. For example, it is unnecessary to select the shape function of the same computational
accuracy for the deformation of the gun barrel and the solar panel of the spacecraft. These problems
are not studied thoroughly now.

In this paper, aiming at the problem that the shape function affects computational accuracy and
efficiency of figures, and based on the analysis of the floating coordinate system established at the
specified hinge, the kinetic equation of the flexible multi-body system in general form is first
established; computational accuracy and computational efficiency of simulation and control of the
flexible body system caused by different shape functions through the analysis of the coefficient
matrix in the Kinetic equation aiming at the shape functions in three forms. Finally, the simulation
calculation is carried out for the kinetic equation using different types of deformation functions
through an example of double connecting rod.

Flexible Multi-body System Dynamics
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Fig.1 Finged flexible body
As shown in Figure 1, flexible bodies connected by any two hinges in the system are considered, and
the coordinate system is established.The inertial coordinate system is located at O point, and
O,x.y,z; is the floating coordinate system of the ith object. The origin O, of the floating coordinate

system is located at the hinge between the i-1th flexible body and the ith flexible body, and its
position vector in the inertial coordinate systemis R, . The ith object is taken as the research object,

and the displacement of any point P on the flexible body is the sum of rigid motion r, and elastic
motion u, . In the moving coordinate system, setting U, to the undeformed position vector, u;, isthe

position vector caused by the arbitrary deformation; setting u to the position vector of P point
relative to the moving coordinate system, u=u, +u; .

When any P point goes through the flexible point, the displacement of the flexible body forms a
displacement field (b(x, y,z), and this displacement field is compatible and complete. In order to

further describe the deformation mode of the object, setting the shape function matrix
O=[®, &, - &,], the amount of deformation of each point on the elastomer u, can be

expressed as u, =dq,, in which g, indicates the generalized coordinates corresponding to the

deformation. In the inertial coordinate system, the position vector of P point can be expressed as:
r, =Ry + Au= R, + A(U, +U;) = Ry + A(U, + D) (L
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In the formula, A indicates the rotation transformation matrix of the moving coordinate system
relative to the inertial coordinate system. The derivative of Formula (1) is taken, to obtain the velocity
vector of P point:

f, = Ry + Au+ Al = Ry, + Au+ Adq,
From the definition of Euler parameters['®, the rotation transformation matrix can be expressed as

A=EG". Au=-2A0GP =BP is set. The velocity vector of P point can be expressed as the
matrix form.

ROi
i,=[I B A®] P (2)
qy
In Formula (2), the velocity vector of any point on any flexible body is determined, and it shows that
the shape function affects velocity vector and kinetic energy of any point on the flexible body, and the

selection of the shape function is crucial to the solution of the equation of the flexible body system
dynamics.

Basic Equations of Dynamics

From the expression of velocity vector of any P point, the kinetic energy of the flexible body i can be
obtained:

_1 .T- _1 -T .
T=gln v =50 M e

Calculation of potential energy of flexible body .The virtual work of the internal force caused by the
elastic deformation is:

SW = —jv o' 5edV
- —jv ¢  ET5edV
= —jvq1 (D'®)" ED*®5q,dV

=—q' [ [ (D®y ED*didV}Sqf "
=—q; K80,
=dU
In the formula, e=Du, = D'®q, ;6 = Ee= ED’®q, ; D" indicates the differential operator matrix;
E indicates the elastic modulus matrix. Q, =—q; K indicates the generalized force of the elastic
force caused by the deformation of the elastomer; K, = L(D*¢>)T ED ®dV indicates the stiffness

matrix of the elastomer corresponding to generalized coordinatesq, , which is the symmetric positive
definite matrix. The strain energy of the elastomer is:
1 1
u :_q-lf—Kfqu :_qT Kq
_ _ 2 2 _ (5)
Calculation of generalized force. Setting the concentrated force to F = F(q,t) acting on any point
on the flexible body, the virtual work on the virtual displacement of its action point is:

SRy, ORy,
3W=FT[I B A®] &P |=[Q, Qf, QL] oP
P of ®

The generalized force corresponding to the active force F is:
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From the Lagrange equation —(6—1- — =Q, the equation of flexible body dynamics can

aq oq
be deduced:
mRR mR& me I:20| O 0 0 ROi QFR QVR
m, my,| P |+/0 0O O P =] Qg |+] Qu (8)
mff qf O 0 Kff qf QFf Qvf

In the formula, Q, = [QvR Qu Qu ] = —-Mqg +§(% q qu » The expression of each element of
q

mass matrix is:

Mee Mg, Mg | B Ad
M=| - m, m,|=[p B BB BA® @V
m @A &'AB @' ATAdD

It shows from the deduction of the expressions of mass matrix M and stiffness matrix K the
kinetic equation of the flexible body system that under the specified floating coordinate system, the
form of the kinetic equation of the flexible body system and various coefficient matrix elements are
same, thus the decoupling degree of the equation is same, which shows that the selection of the shape
function has little to do with the decoupling degree of the equation. Different forms of shape function
result in coefficient matrix of different complexity and different amount of generalized coordinates,
thus the shape function affects computational accuracy and efficiency of the kinetic equation.
According to the assumption method used at present, although the solution for the problem can be
obtained, the estimation of its accuracy is very difficult, and the error is time-varying function, which
is just the difficulty of the flexible body dynamics.

Shape Function of Flexible Body

The configuration of the flexible body in the motion process is changing. By means of discretization,
the relative deformation of the flexible body is expressed as N linear combinations of generalized
coordinates ¢;(i=1---,N), and the expression of the general displacement of the deformation is:

N

:Zq)iqi :¢Qf (9

i=1
In the formula, @ indicates the shape function in general form, which is only related to the position.
Assuming that the suitable shape function is the core problem of discretization, the selected shape

function is expected to describe the actual deformation of the object as much as possible. Static
deformation, finite element model and vibration modal are three main types of shape functions.

Considering double-connecting rod mechanism shown in Figure 2, m, and m, indicate the
lumped mass at the terminal, and two connecting rods are uniform Euler beams, whose mass is M,

and M, , length is |, and |,, and stiffness is El, and El, respectively. The deformation of the
connecting rod is described with three types of shape functions below.
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Fig.2 Dual-link planar motion mechanism
Case (1): The static deformation is taken as the shape function. The static deformation model is to
take the static deformation of the object under the external force including the gravity as its assumed
deformation mode. The connecting rod can be equivalent to the cantilever beam model, affected by
the self-weight and the concentrated force at the terminal. From the knowledge of mechanics of
material, the flexibility of connecting rod affected by the uniform load (self-weight) and the

concentrated force at the terminal is respectively:
2 2

X X
5, =— A-x) 5,=- x> —4Ix + 61 (10
. 6E1I( ) & 24E1II( )
The amounts of deformation of connecting rod 1 and connecting rod 2 are respectively expressed as:
U, =6,mg+95,M,9 Ug, =6,m,g+6,M,g (11

The elastic deformation in the motion of the flexible body is described with the static deformation
model, and the accuracy increases compared with the calculation with the rigid body model. The
static deformation model is simple, the needed number of generalized coordinates is small, and the
computational efficiency is high. However, if the elastic deformation of the flexible body is described
by the static deformation instead of the dynamic deformation, the computational accuracy must have
large error.

Case (2): The finite element model is taken as the shape function. The finite element method is to
break up the whole into parts of the object with complex shape, boundary condition and load, which is
segmented to the elements of limited number, limited size and certain regular shape. The

displacement vector u? at any point P onthe j element of i object can be expressed as:

u? = N'q| (12)
In the formula, N indicates the deformation mode or the assumed displacement field of j element,
which is called the shape function of j element, and q! indicates the displacement vector of the

node of this element. After assembly of all the elements, the displacement vector of all the nodes of
the object constitute the elastic generalized coordinates of this object. In the model shown in Figure 2,
the connecting rod is equivalent to the beam model and divided into i elements, and the length of the
element is I. The displacement of element node is deflection and rotation angle of the node.

qlf :[\Nl HI \Ni+l 9|+1] <13)

Through the polynomial fitting, the shape function expressed by the node displacement of the
element can be obtained:

NT =[1-367+28° 1(E-282+38%) 362-28° 1(=£+&%)] (14
The derivative of the above formula is taken, to obtain the geometric matrix of the beam element:
BY=(N") = %[_6 +12& 1(-4+6&) 6-12& 1(-2+6¢)] (15

The expression of elastic potential energy of Bernoulli beam is:
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u, —ELEI (ul) dx=—a UOB EIB}qf = a7 K'a; (16)
The stiffness matrix of the element can be obtained:

12 6l -12 @6l

.. woa? el 2l
Ki-[BEB=5 - (17

Bl... ... 12 _al

a1?

The consistent mass matrix of the element can be obtained according to the Literature!*®l:
156 221 54 -13|

M _pAl| - 417 131 -3l (18)
420 --- .-+ 156 -22I
417

After stiffness matrix and mass matrix of the beam element are obtained, stiffness matrix and mass
matrix of the system can be assembled according to the initial condition, and the vibration analysis is
carried out then. In the calculation of the finite element model, the selection of the deformation mode
N of the element has multiple forms, which can be selected according to factors such as materials
and shapes as well as computational accuracy and efficiency limitation of the flexible body as
appropriate. If the number of divided elements is more, the number of generalized coordinates is
more, and computational accuracy is higher; and the computational efficiency decreases
subsequently.

Case (3): The vibration modal is taken as the shape function. The vibration modal is a kind of
method commonly used that describes the spatial deformation of the object in the structural dynamics.
It describes the deformation of any point on the flexible body by introducing modal vector and mode
coordinates, namely:

u, =&q;, (19

In the formula, @ =[®, @, --- & ]indicates the modal vector matrix; q, =g, (t)indicates the

mode coordinates; and N indicates the number of mode truncations. In the model shown in Figure 2,
the deformations of connecting rod 1 and connecting rod 2 are respectively:

N N
uf1:Zq1i(t)§0i(X1)’ Ufzzz%i (t)("i(xz) (200
i=1 i=1
In them, ¢.(X) :sing indicates the i-order vibration mode of the beam, and g, (t) indicates the

mode coordinates.

The range of modal truncation can be considered according to transcendental response
characteristics and accuracy requirement. In general, the response contribution of the low-order
modal is large, and the response contribution of the high-order modal is relatively small. Under the
premise that the solving accuracy is guaranteed, the modal with small contributions can be truncated,
to reduce the solving scale to the utmost.

Case Study

Setting r, and r, to position vectors of point P, 1and P,2 on connecting rod 1 and connecting rod 2 in
the inertial coordinate system, the kinetic energy of the system is:
T=T+T, = piltdl+ pifrdl,

Calculation of the kinetic energy of connecting rod 1.
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Fig.3 Icon of link 1
The selection of the coordinate system is shown in Figure 3, and the position vector r, of any point

P, on connecting rod 1 can be obtained:
=AU +Uy,) 2D
The derivative of Formula (22) is taken to obtain the velocity vector 1, of P:
= A (U + Uy )+ A (U + Uy ) = A [0+ ATA (Ug +uy, ) [= A [0+ (ug +uyy) | (22)
cosd, —sing

. X, 0 )
I th y = 9 = T ’ = ’ = ’ :O
nthem, A |:Sin6?1 c0s6, } o, =A A, Ug |:0} Uy {Vj Uo

The kinetic energy of connecting rod 1 is:

1 T
T, :Ejo pl(xi)r1Tr1dX1

:%_.‘;1[71()(1)':0;0& +Zu¥1w1(u10 + uf1)+<u10 +uf1)T wle(ulo +Uf1):|dX1

1k o Y . ov . .
:E'[O pl(xl)li(_l) +2X1‘91§1+(X1)2 012 +V12912:|dxl

(23)

ot

IM, pu(ov, ) . M, .t ov 1M, sk,
s § 1 dx, +—L4 —Ldx +=—260°| vd
2 1, o[atj % l, 1Joxlat % 21, 1I01><1

In the formula, v, indicates the deflection of connecting rod 1 and the density of connecting rod 1 is:

= %mllféf +% M, |267 +

AAR) = M4 -,) .

1
Calculation of kinetic energy of connecting rod 2.

y ¢t Y2

Fig.4 Icon of link 2
The selection of the coordinate system is shown in Figure 4, and the position vector r, of any point

P, of connecting rod 2:
r2:Ro1+A2(uzo+uf2):AlRI01+A2(uzo+uf2) (24)
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In the formula, R’y indicates the position vector of the moving coordinate origin of connecting rod 2

in the moving coordinate system of connecting rod 1. The derivative of Formula (24) is taken, to
obtain velocity vector r, of P,:

f, = A (Rt @R )+ A U, + o, (U +U, )| (25)

In them, A, = cosd, -—sind, CAA R -0, U= 0
"% |sing, cosé, @2 = PP Rior =0 Ui = v,
The kinetic energy of connecting rod 2 is:
1t T
T, :E_[Ol P (Xz)rzTrzdxz

. . . T

_1‘[|z ( ) R3,0/0R o1+quzuf2+2quz(°2(uzo+uf2)+(u20+uf2) m;(”z(uzo"'ufz) dx

Y 2\ "2 2
2% +2R G 0] A[AU, +2R G, 0] Al A0, (Uzo+ufz)

= %mzlféf + % m,I1262 + m,\.1,6,6, cos(6, - 6,)

(26)
FESVRE FESVRLY S YRINY. cos(6, —6,)
2 2171 6 27272 2 271727172 1 2
1M,
2 1,
LM,
2 1,

I, aV 2 I . I, 5’V
IO (Ezj dx, + Mzigl 005(91—192).[0 Ezdx2

0? I;Z v2dx, + %92 J.OIZ X, %dx2

+M, :—149'10'2 sin(6, - 02).[;2 v,dx,
In the formula, v, indicates the deflection of connecting rod 2, and the mass density of connecting rod
21is p,(x,) = %4‘ m,o(x, —1,) .

2
Case (1): Deduced with the static correction model, Formula (12), Formula (24), and Formula (27)

are substituted into Lagrange equation, to obtain the expression of the nonzero element in the mass
matrix M :

M M, M M, (-
m, :(m1+m2 +?1+ nghz"‘l—l_[() uf,dx, My, :(mz +?2j|22 +|_2.[0 Ut %,
1 2

M

1 L . l
mlz:m21:(m2+EM2jcos(01—02)+ Ilem(el—ez)jo u,,dx,
2

Because the dynamic deformation of the rod is replaced by the static deformation, the generalized
coordinates is not added in the system, and stiffness matrix K =0. The gravity potential energy of
double connecting rod system is:

U, =(ml+m2+%+M2jgllsin91+(m2+%)glzsin02

. M,1%(2M, +5m,) §.cos 0, + M,I3(2M,, +5m,)
40EI, 40EI,
The driving torques 7,(t) and z,(t) of double connecting rod system are respectively active

forces of connecting rod 1 and connecting rod 2, and the corresponding generalized force can be
obtained with the principle of virtual work:
Q(t) =7 (t) —7,(t) Q(t) =1,(t)
Case (2): The mass matrix and stiffness matrix of the element in the finite element model are
deduced with Formula (18) and Formula (19), and mass matrix M and stiffness matrix K of the

(27

gcosé,
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element are assembled, thus able to obtain mass matrix and stiffness matrix of the system, which is
not described here.

Case (3): Deduced with the vibration modal, setting the number of mode truncations n=3, the
function of the prior third-order vibration mode of the rod is:

a0 =sinZX g0 =sinZZX g () =sinZX
| l l (28)
Formula (20), Formula (23), Formula (26) and Formula (28) are substituted into Lagrange equation,

to obtain the expression of the nonzero element in the mass matrix M :

M, M,
m, =| m +m, +?+M (a1 +a; +a;) My =My =M, ==L
( jlz 2(b12+b22+b§) m66:m77:m88:&
2
2 =My m13:m31:_M_1I1 m14:m41:M_1I1
2 3T
M, M., .
m,=m, =| m,+—= |lI,cos(g, - 6,)+2—== 3. (3b, +b,)sin(4, - 6,)
2M,| 2M.|
My = Mgy = —= 003(9 -0 ) m, =m, = Mg =My, = JCOS(Q _92)
T 3T
M.l I M.I
m56:m65:# Mg, =My =— - Mgg = Mgs = 22
T T 3z
The nonzero element in stiffness matrix K is:
z* 8t 81"
K22 :FEIJ' K33 :?Ell K44 :Z—IfEI:l
7 8r* 81t
K66 :2—|23E|2 K77 :|_3E|2 K88 :2—|13E|2

The gravity potential energy of double connecting rod system is:

U, :(ml+m2+%+ szgllsineﬁ(mz+&jglzsin92
2 2 (29)

2M 2M
+719(3a1+a3)cos¢91+ 37;9 (30, +b;)cosé,

The driving torques z,(t) and 7,(t) of double connecting rod system are respectively active

forces of connecting rod 1 and connecting rod 2, and the corresponding generalized force can be
obtained with the principle of virtual work:

Q) =7,(t)—7,(t) Q,(t)= [71 t) -, (t)] Q1) = [71 t) -z, (t)] Q,(t)= [Tl t) -z, (t)]

Qs (1) =7,(t) Qe(t)— Tz(t) Q7(t)— Zo,) Qg(t)— o,()

The numerical simulation can be carried out with static deformatlon model, f|n|te element model
and vibration modal respectively, and the simulation parameter is below:

l,=1,=0.75m A =60x15x10°m*> A, =40x10x10°m* M, =1.4kg M, = 0.62kg
El, =1220N-m* El, =218N -m? m, =5.5kg m, = 0.62kg
7,(t)=215sin’(27t)+62N -m 7, (t)=75sin’(27t)+15N -m

Assuming that two rods are in horizontal position at the initial moment, and the deformation is zero,
the initial condition is q(0)=0, d(0)=
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The prior third-order vibration modal is taken as reference, angular velocity and terminal
displacement of the connecting rod as well as the error between them are calculated with static
deformation model, first-order vibration mode, finite element model and rigid body model
respectively, and the simulation result is below:

Rigid body model Static deformation madel
T

0.05 |I\ 1 ; 1 [ L Nl
0.05 g le'lwu '|: LUt A

6 07 08 08 1

&
=

= 0
£

=

.LH.‘\I.J_Il L

[ L LA

=

P
=

Angular welocity deviation of link 1(rad/s)

o

Angular velocity deviation of link 1(rad/s)
]
-

&
S

e
o
=
=

o 01 02 03 04 05 06 07 08 09 1
s

First-order vibration mode Finite element model
2 015

= o4

= 005
=

3 0.5

Angular v elocity deviatien of link 1{rac/s)
-
7
]
;"{
Angular velocity deviation of link 1{rac/s)

-
g 02
0 0.1 0.2 03 04 05 06 07 08 08 1

Fig.5 Angular velocity deviation of link 1

Rigid body model Static deformation model
0.15

IMMWWI\Y”V\

TP

£ 02
0 0.1 02 03 04 056 06 07 08 0.9 1

eI
w

T TVHNTD
i

VEW\MHV'I I "v !l‘\

T

Angular velocity deviation of link 2(radss)
Angular velocity deviation of link 2(rad/s)

o

Angular velosity deviation of link 2{radfs)
g ;
Angular velocity deviation of link 2{rad/s)

z 02 z 02
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
ts s

Fig.6 Angular velocity deviation of link 2

Figure 5 and Figure 6 show the error of angular velocity of connecting rod in rigid body model and
flexible body model under three types of shape function. It shows that because it is in the static
deformation model, the static deformation is taken as the shape function of the flexible body instead
of the dynamic deformation, thus static deformation and rigid body model have the same influencing
degree on the angular velocity of the flexible body. The error between rigid body model and static
deformation is large, reaching 0.14rad/s, and the flexible deformation affects the rigid rotation angle
of the rod. In the motion machinery with high accuracy requirement, the flexible deformation of the
structure cannot be ignored. The calculation error of the first-order vibration mode is less than
#).05rad/s, and the computational accuracy increases significantly. For the general mechanical
structure, under the premise that the solving accuracy is guaranteed, the high-order modal can be
truncated, to reduce the solving scale to the utmost. The error of the finite element model is less than
#0).02rad/s, and the computational accuracy is the maximum. However, because each element
corresponds to multiple generalized coordinates, the coefficient matrix dimension of the kinetic
equation of the system is high, and the computational efficiency is the minimum.
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Rigid body model Static deformation madel
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Through the comparison of the error of terminal displacement in rigid body model and flexible
body model under three types of shape function in Figure 7 and Figure 8, it shows that because of the
existence of the flexibility of the rod, the terminal velocity of the rod has deviation with the terminal
velocity calculated according to the rigidity, and the deviation in X direction and Y direction can
reach #0.07m/s. In the static deformation model, because the elastic deformation of the rod is
considered, because the elastic deformation of the rod is considered, the error decreases compared
with the rigid body model; however, the static deformation is taken as the shape function of the
flexible body instead of the dynamic deformation, and the calculation error is still large relative to
first-order vibration mode and finite element model. The error of first-order vibration mode and finite
element model is small, and the computational accuracy increases as the number of mode truncations
and the number of divided elements increase; however, the generalized coordinates increase too, and
the computational efficiency decreases. In addition, it shows that except that the deformation effect of
the connecting rod must be considered, the motion of the rod contains the vibration of the high
frequency part, thus to result in the jitter of the rod, and increase the control difficulty of the rod.

Conclusions

In this paper, aiming at the problem that the shape function affects computational accuracy and
efficiency of figures, and based on the analysis of the floating coordinate system established at the
specified hinge, the kinetic equation of the flexible multi-body system in general form is first
established, three forms of the shape function are discussed respectively and the characteristics of
three forms of shape functions are analyzed. The analysis and case show that:

Under the specified floating coordinate system, the decoupling degree of kinetic equation of the
flexible body system is the same, namely, mass matrix, stiffness matrix and damping matrix have the
same element, showing that the selection of the shape function is not related to the decoupling degree
of the equation. The computational accuracy of kinetic equation of the flexible body system has little
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to do with the floating coordinate system and the coupling degree of the equation; the coupling degree
mainly affects the complexity of the equation, while the shape function affects computational
efficiency and accuracy of the equation greatly.

The form of the equation of the static deformation model is simple, and the computational
efficiency is the highest. When calculating the displacement of the rod terminal, the error decreases
compared with the rigid body model, and the error at the calculation of the angular velocity is the
same as that of the rigid body model. By comparison, the application of finite element model is
flexible, which is suitable for the simulation calculation of the complex structure. Different number of
mode truncations in the vibration modal model result in different calculation results. The number of
generalized coordinates and computational accuracy in finite element model and vibration modal
model increase as the number of divided elements and number of mode truncations increase, and the
computational efficiency decreases too.

Based on deduction and analysis of the above work from the theoretical formula, and different
aspects of the case study, the change rule between the selection of the elastic deformation of the
flexible body system and computational accuracy and efficiency of the equation is given in details,
which can be used for the reference to simulation and control of the flexible body system dynamics
according to different demands.
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