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With the development of heavy industry, elastic coupling plays a more and more important role
in internal drive system. The performances of elastic coupling may result in different working
condition and efficiency. It will get benefit from studies on coupling dynamics. Applying the re-
sults in engineering to solve shear and invalidation because of vibration to make the shafting
working more efficient. Researches on coupling mainly concentrate on the bending vibration
and torsional vibration. The previous researches show that there is a coupling relationship be-
tween the bending vibration and torsional vibration of the shafting system. It is complicated to
analyze the model because of the nonlinear vibration mechanics. In order to reduce the diffi-
culty of problem analysis, a simple basic model is usually chosenfor analysis. Based on the
analysis of mechanics and the basic theory of elastic mechanics, the system composed of disk
and coupling is analyzed. The vibration model of the disc-coupling system is established by La-
grangian equation and vibrational principle, and the differential equations of vibration of the
system is deduced. The vibration differential equations are solved by MATLAB, and the inter-
nal coupling relation of the vibration of the disc - coupling-shaft system is analyzed in this paper.
Keywords: vibration, disk-coupling-shaft system, Lagrangian equation, coupling dynamics

1. Introduction:

In the engineering practice, the rotating system is dependent on the flexible coupling in most
large mechanical equipment. The performance of elastic coupling determines the running efficiency
of the machine. The research on the dynamic characteristics of the elastic coupling can help to re-
duce the fracture and failure of the driving shaft caused by the vibration in the engineering applica-
tion.

The dynamic characteristics of the coupling are studied by studying the bending vibration and
torsional vibration of the shaft coupling system[1]. The results show that there is a coupling rela-
tionship between bending vibration and torsional vibration[2], and the simplest coupling model is
the Jeffcott Rotor Model. As the bending-torsional coupling vibration involves nonlinear vibration,
its variation law and mathematical analysis model are more complex and difficult[3]. In order to
reduce the difficulty of these problem, usually a simple basic model is chosen for analysis[4]. Based
on the analysis of the basic theories of mechanics and elastic mechanics, the system composed of
disk and coupling was analyzed in this paper considering disc eccentricity and distortion of cou-
pling. The vibration model of the disc - coupling system is established by Lagrangian equation and
variational principle[5]. The vibration differential equations of the system are deduced and solved
by MATLAB, and the internal coupling relation of the vibration of the disc - coupling system is
analyzed in this paper.
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2. Establishment of vibration differential equations

2.1 The establishment of disc - coupling system model

The simplified model of the disc - coupling system is established by analyzing the elastic cou-
plings in the engineering practice, as shown in Fig. 1:
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Figure 1:simplified model of the disc - coupling system

In the Fig.1, the rotor is simplified to a single disc whose mass is mc, and the coupling is simpli-
fied as a mass- block whose mass is ma. The connecting shaft is flexible and isotropic with no mass.
The coordinates of the single disk are shown as below:

N

Figure 2:single disk model

In the Fig.2,c is the center mass of the disk, 01 is the centroid of the disk ,0 is the center of the
vortex motion, ¢ is the angle that the disc has turned and & is the disc torsion angle. e is the eccen-
tricity of the center of mass to the disc. u is the distance from the center of the disc to the origin, and
du is the initial displacement caused by the gravity of the disc. According to figure.2, the coordi-
nates of the center point can be gotten as follows:

ye=(U+du)sin@+esing Q)
Xe = (U + AU) cos @ + ecos ¢ 2
The coordinates of the coupling are shown below:
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Figure 3:the coordinates of the coupling

In the Fig.3, ois the vortex center, Vv is the distance from the coupling to the origin, dv is the ini-
tial displacement caused by the gravity of the coupling. ¢ is the torsion angle of the coupling. Ac-
cording to the coordinate system, the position coordinates of the coupling can be gotten as follows:

Xa = (V+ V) cos ¢ (3)
ya=(V+V)sing 4

2.2 Kinetic energy of the system

According to the coordinate system established above, the velocity of the disk center of mass and
the coupling is expressed by generalized coordinates, in which the velocity of the disk center of
mass are:

Xc = U c0s(8) — (U + du) sin(6)d —esin(¢)d (5)
Ve = USin(@) + (U + &u) cos(0)0 + e cos(¢) ¢ (6)
In this case, the linear velocity of the disk center of mass is:
Vel =X + y02 (7)
=UZ +(U+)%6% + % + 2udesin(6 — g) + 204(u + du)ecos(0 — @) (8)
For couplings, the speeds in the X and Y directions are:
Xa =Vecos(e) — (V+ V) sin(p)p 9)
ya = Vsin(e) + (v + &) cos(p)¢° (10)
The linear speed of the coupling is:
VA? = Xa* + YA’
=VZ +(V+ )% ¢° (11)
The translational kinetic energy of the disk is:
Te = %[u2 +(U+8u)20% +e%9” + 2udesin(@ — g) + 20p(u + du)e cos(6 — #)] (12)
The rotational kinetic energy of the disk is:
11:%&¢2 (13)
The kinetic energy of the coupling is:
Ta= 1 MaVa’
2
:%mA(\'/2 +(V+ W) 9?) (14)

In this case, the whole kinetic energy of the system is:
T=Ta+Te (15)
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T =%mA(\'/2 +(v+§\/)2(p2)+%mc[(u2 +(u+6u)% 6% +e%g?

+ 2Udesin(@ — @) + 20(u + du)ecos(6 — ¢)] +%Jc¢52 (16)

2.3 Potential energy of the system

In this paper, we considered that the distortion of the coupling directly affects the change of the
center of the disk. Therefore, the bending deformation and torsional deformation of the shaft system
must be considered with the effect of the distortion.

The bending displacement of the shaft system is:

&=[(u+du)cos@— (v+)cos @]® +[(u+du)sin @ — (v + &) sin p)]° (17)
The torsional displacement of the shaft system is:
y=0-¢ (18)
For the system, its potential energy can be expressed as:
U =U1+U2+Us+meg(esing+usind)+m,gvsing (19)

In this case, Ytis the energy of bending deformation:
ulzék{[(u +6U) c0s 0 — (v + &) cos ¢]? +[(u + u)sin & — (v + &) sin ] *1} (20)
U2 is the energy of torsional deformation:
U2=%kt(9—(0)2 (21)
U, is the elastic potential energy of the coupling:
U3=%ku(u+al)2+%kv(v+§\/)2 (22)

In the above formula, k is the bending stiffness, k:is the torsional stiffness, ku kvare the equiva-
lent stiffness of the disk and coupling.

According to the relationship between initial deformation and gravity, the overall potential en-
ergy of the system can be written as:

U :%k{[(u +6u) cos @ — (V + &) cos ] +[(u+5u)sim9—(v+&/)sin¢]2}

+%kt(9—¢)2 +%kuuz +%kvV2 +mecgesin ¢ (23)

2.4 Generalized force of the system

When the damping-force of the system is taken into account, the generalized force can be ex-
pressed as follows:

Qu=——cu+ fu

Qo =—Cof+Mo

Qs =—Cup+ My (24)
Qu=—cv+ fv

Qp=—C.p+ M,

c is the translational damping, c,, c,,C, is the rotation damping.

2.5 The Establishment of the Vibration Differential Equations
In the following, each parameter variables are replaced into the Lagrangian equation.
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3.

d oT, oT ouU
_ __+—: u 25
dt(ﬁu) ou ou Q (25)

In this case,
% (%) = Meli + Megesin(@ — g) — meh?e cos(0 — @) + mcOe cos(6 — p) (26)
Z—E = MeU + AU)O? + mcOde cos(6 — @) (27)
% =K[(u + du)cos @ — (v + o) cos p]cos 8 + K[(u + ou)sin @ — (v + dv) sin ¢]sin & + kuu (28)

ForU, the Lagrangian equation can be organized as follows:
Meli + Me@esin(@ — g) —meg’e cos(6 — @) —Me(U + Su)6” +cu +k,u
+K[(u+ou)cos@— (v + oV) cosg]cos &+ K[(u+ ou)sin @ —(v+ V) sin g]sin & = fu (29)
Foro:
d oT, oT ou

a(@)—%‘F%—QH (30)

So the Lagrangian equation can be organized as follows:
2me(U + Su)U 0 + me(U + )2 0 + Med (U + Su)e cos(@ — @) + med? (U + du)esin(@ — @) + c.0
=Kk[(u+du)cos @ — (v+ ) cos @] (u+du)sin @ —K[(u+ du)sin @ — (v + ov)sin p](u + du)cos @

—ki(0 — @)+ Mo (31)
Forg:
d or, oT odU
—(=)-——+—=
dt(a¢) YR Qs (32)
So the Lagrangian equation can be organized as follows:
mee?¢ + meliesin(@ — @) + 2meli e cos (6 — #) + meB(u + du)e cos(d — @) (33)
—meh? (U + Su)esin(@ — @) + Jeg + Coh = —Mege cos @ + My
ForV :

d or, or ouU

—(—)——+— = 34

dt (av) oV oV Q (34)
So the Lagrangian equation can be organized as follows:

MV — Ma(V+ X))@ +cv + K(V + V) —k(u + du) cos(0 — @) = —kw + fv (35)

FOF¢:

d or, o1 ouU

— ()= 36

dt (a¢) op  Op Q (36)
So the Lagrangian equation can be organized as follows:

2mMa(V + MV + Ma(V + V) @ + k(U + Su) (v + V) sin(p — ) — k(6 — @) + Copp = My (37)

Result Analysis of Equations

3.1 Solving the equation

For the differential equations of vibration established above, the numerical solution is gotten by

using the Runge-Kutta algorithm in MATLAB. Obtained the response of free vibration under the
condition of five exciations (different frequency) at the same time:
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The vibration response of ¢
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The vibration response of ¢
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Figure 4:The response of free vibration(left) and forced vibration(right)

3.2 Results analysis

The correlation between the responses is analyzed in the numerical aspect, and the coupling rela-
tionship of these five responses is quantitatively analyzed. The corresponding correlation obtained
by MATLAB as shown in the following table. (For the vibration response of ¢, choose to ignore it

and other responses between the coupling because of its tiny response):

Table 1:The correlation coefficient of the response

free O&0O d&u Dd&v 0&u 0&v u&v
correlation 0.3024 0.6567 0.5015 0.4917 0.5687 0.8433
Delay(s) 48.4375 0 0 36.5087 11.3743 40.9442
exciation
correlation 0.9739 0.9535 0.9992 0.9357 0.9839 0.9488
Delay(s) 0 0 0 0 0 0

Through the analysis of the data in the table, it can be seen that the correlation between the re-
sponses is low and the degree of coupling is not high in the case of free vibration without external
excitation. And it can be seen that there is a delay between the coupling of some responses. But
when five (different frequency) exciations applied to the system, the correlation is significantly en-
hanced. It's shows that the degree of coupling is high. And there is no delay between the coupling of
these responses.

4. Conclusions

To sum it up, when the disc eccentricity and distortion of coupling is taken into consideration ,
there is coupling between the response. And the relationship of these response is shown above.
When the five excitation in different frequency applied to the system, the degree of the coupling is
relatively higher which proves that there are affects among each response of the system. To reduce
the vibration amplitude of a certain response, the whole analysis of the system needs to be carried
out.
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