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A FORM OF EQUATION OF MOTION
"OF A MECHANICAL SYSTEM

DO SANH
Hanot Technology University

The one of important problems of dynamics of a multibody system is to establish automatically
the equations of motion. In the present work it is constructed a form of equations of motion, which
is useful for programming the problem of a multibody system, especially for applying the symbolic
method in the automatical establishment of equations of motion of a multibody system.

1. A FORM OF EQUATIONS OF MOTION OF A MECHANICAL SYSTEM

Let us consider a holonomic mechanical gystem of n degrees of freedom. Denote the generalized
coardinates of the considered system by ¢: (¢ = 1,n). Suppose that the considered system has the

matrix of imertia A, which is an n x n positive define symmetric matrix. The elements of this

matrix depend on the generalized coordinates, i.e.

A=A(q) A (1.1)
where ¢ is an n X 1 column matrix, which has the elements to be t.he generalized coordinates. The
expression of the kinetic energy can be written in the form:

1.r .
where ¢ is the n X 1 column matrix of generalized velocities; g’T is the transpose of the matrix of
the g, i.e.
= [‘jlj q.'gz é3:---:q.n] (1.3}

Denote the generahzed forces of applled forces by Q;(t,q:,d) (2 =1,n) and Q is the column
matrix;

Q = [Ql:Q?! Qa:'--!Qn] . (14)
To write the equations of motion we can use the equations of Lagrange of second kind:
d 3T 3T '
P TR P Q (L.5)

From these equations we have found the form of equations of motion, that is,

A d+§ D g,=@Q (1.6)
where §* is the n x n® matrix,
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g"‘; is the 1 x n? matrix,

0=[q'1 G2 a3 o- G --- G1 g2 Gs oo- G -.- L2 g ... én] (1.8)

Note that ¢* is an n x n? line dia.gonaI matrix, that is the diagonal matrix, the elements of
the principal diagonal are the line matrix ¢7, the remains. are equal to zero, D(g) is an n? x n?
matrix, which is defined directly from the matrix of inertia 4.

By this way, the equations of motion of a mechanical system are established by the help of only
the matrix of inertia A and the matrix @ of generalized forces, It is evident that the obtained form
of equations of motion will be usefully applied for the finding automatically the equations of motion
of a muktibody system by using the programming such as the Maple or Maxima programming, etc...

'§2. EXAMPLES

For the aim of illustration let us consider some following examples.

Example 1.

The physical pendulum is suspended from a slider as shown in Fig. 1. The slider has the
mass of m, and is jointed with the frame of the ground by the spring of stiffness ¢, The physical -
pendulum has the mass of m and the moment of inertia about its mass center C of I (OC = a).
Write the equations of motion of the pendulum. .
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Fig. 1

Let us denote the generalized coordinates of the system by g1 and gz. The matrix of inertia
of the considered system will be;

A= mp+ma medcosgs
= | maacosge 14 mga?

Q% = [ - cq1, —magasin a2)

0 0 0 0

D= 0 —mgasingg 0 0-

= 0 0 0 0.5mqa sin¢o
0 0 —0.5mqa sin ¢o 0

Applying (1.6} we obtain the equations of motion .
(m1 +mz)d1 + mgacos gadz — mpasin a3 = —cqy
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i _ rotation axig O. The physical pendulum has the mass of ma and the moment of merha, about the— -

maa cos g2d1 H (I + maa®)da = —magesing:

Example 2

Write the equation of motion of a hammer crush machine, shown in Fig.2. It consists of a
disk and a physlca.l pendulum. The disk is of the radius & and the moment of inertia I; about the

mass center C of Iz (AC = e).

Fig. 2

The moment acts on the disk M. Let us denote the gengra.lized coordinates of the system by
q1 and g, where the g; - is the rotation angle of the disk and the g is the rotation angle of the
pendulum with respect to the disk. The matrix of inertia A of the considered system will have the
form:

L+ L+ mgfe® + 92 + 2ercosga) In+ my(e? + ercosgs)
A=
I + mg(e® + ercos gz) Iy + mye?

The 2 x 1 matrix @ of generalized forces is:

Q_T = [M - mgg{rsing, + esin(gq, — g2}), —magesin{g; + ¢2)]

And the 4 x 4 matrix D will take the form:

0 0 0 0
2mgersingy —mgersin go 0 0
D= o .
= 0 0 mgersin go 0.5mger sin ¢o
0 0 —0.5mger sin g2 1]

Hence, we are obtained the equations of motion:

[I) + Io + mg(e® +r® + 2ercos g2} 1 + [fz + ma(e® + ercos g2)] 42
— 2mgersin gad gz — maersingads = M —""29'["8511 g1 +esin(gy — g2)]"

[Iz + mg(e? + ercos qg)] §1+ (2 + mae®)dz + moersin g, = —magesin(g; + ¢2)
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CONCLUSIONS

The discovered form of equations of motion allows us to write the equations of motion of a
mechanical system with the help of only the matrix of inertia of mechanical system and the matrix
of generalized forces. It is important for writing the equations of motion of 2 multibody system.
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MOT DANG CUA PHUONG TRINH CHUYEN PONG cUA HE CO HOC

Trong bai ndy i dwa ra mdt dang phwong trinh chuyén déng thich hop cho viée thidt 13p
ty ddng cdc phwong trinh chuyén dong cda mét hé co hoc néi chung vi co hé nhiu vit néiriéng
trén mdy tinh c4 nhin. DE vidt phwong trinh chuyén déng cda mét ¢o hé chi cin biét ma trin
quén tinh ¢da co hé vi cic lrc suy rong cda co hé. Dic biét dang phwong trinh néu trén dwoc st
dung rdt c6 higu qua khi st dung cic phin mém nhw Chwong trinh Maple, Chwong trinh Maxima
d2 thift lip phwong trinh chuydn déng clda co hé mdt cich trwe tidp bing cdc biu thive chir.

FREE CONVECTION FLOW IN A VERTICAL THIN CYLINDER...
(ti€p trang 44)
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CHUYEN PONG B3I LUU NHIET CUA CHAT LONG
QUY LUAT MU TRONG KENH TRU MONG THANG DUNG
V1 CHIEU CAO HUU HAN

Xét chuyén dong d8i lwu nhiét cda chit 1éng quy luit mil trong kénh try mdng thing déng cb
chigu cao hiru han vé&i nhigt 46 & thanh ngodi cho trwde. Bii todn dwge giti bing phuong phép
sai phin hitu han. Ké& qui tinh todn dwoc s0 sdnh vé& ng]nem tiém cin. D3 dwa ra ditu kién aé
bé qua be da.y thinh kénh.
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