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DusSenje torzijskih vibracij in raziskava ucinkovitosti

A Damper of Torsional Vibrations and an Investigation of Its Efficiency

Bronislovas Spruogis - Vytautas Turla
(Vilnius Gediminas Technical University, Vilnius)

V prispevku so prikazani izvirni dusilniki torzijskih vibracij, ki ucinkovito delujejo v sirokem obmocju
motilnih frekvenc. Raziskali smo tudi nekaj moznih oblikovalskih razlicic. Osnovni sestavni del dusilnika
Jje rotacijski upogibni obro¢. V prispevku raziskujemo gibajoci se sistem na osnovi sistema nelinearnih
diferencialnih enach. Z razdelitvijo gibanja na enakomerno vrtenje in nihanje, razvojem koeficientov enacbe
v Taylorjevo potencno vrsto in izkljucitvijo ustaljenih delov, dobimo sistem enach za majhna nihanja. Sistem
vsebuje vztrajnostne, upogibne in Ziroskopske clene. Izpeljali smo gibalne enacbe in formulirali stabilnostne
pogoje za dinamicno ravnotezje sistema. Ustrezno pozornost smo namenili tudi drugim moznim nestabilnim
oblikam in podrocjem upogibnega obroca. Analizirali smo lastne frekvence sistema. Oceno ucinkovitosti
dusilnika glede na razlicne parametre smo pridobili iz izraza za ekvivalentni vztrajnostni moment in njegovih
mejnih vrednosti.
© 2006 Strojniski vestnik. Vse pravice pridrzane.

(Kljuéne besede: absorberji vibracij, obro¢i krozni, vibracije, stabilnost, ekvivalent vztrajnostnih momentov)

This paper reviews an original torsional vibration damper retaining its efficiency over a wide
disturbing frequency band. Some potential design alternatives are considered. The basic structural ele-
ment of the damper is a rotary flexible ring. The paper investigates the motion system on the basis of a set of
nonlinear differential equations. By separating the motion into uniform rotary and oscillatory, expanding
the equation coefficients into a Taylor's power series and excluding the static members, a system of equa-
tions for insignificant oscillations is derived. The system contains inertia, flexible and gyroscopic terms.
The equations of motion are derived and the stability conditions for the system's dynamic balance are
formulated. Proper consideration is given to other possible loss-of-stability forms and regions of the flexible
ring. An analysis of the system's natural frequencies is made. The efficiency estimation of the damper versus
various parameters is effected as a result of the expression of the equivalent inertia moment and its limit
values.
© 2006 Journal of Mechanical Engineering. All rights reserved.
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O0INTRODUCTION related to an increase of efficiency, reliability, accuracy
and longevity of machines, mechanisms, assemblies

New devices, mechanisms, assemblies and and devices.

machines should be very efficient. High efficiency
can be ensured by power- and speed-related
properties.

An increase in transmittable powers and
speeds of motion is accompanied by an
intensification of vibrations in the systems, and such
vibrations frequently exceed their dynamic loads.
The level of vibrations becomes one of the key
criteria of quality and reliability of machines. Because
of this, a limitation of the dynamic overloads of
machine assemblies is an urgent problem, directly

The authors have worked on damping the
torsional vibrations of complicated rotating rotor
systems for several decades. They explored various
methods and measures, for example, the first of them
[1] also carried out theoretical and experimental
investigations on the development of effective
dampers of torsional vibrations.

There is a variety of designs of dampers of
torsional vibrations that can be naturally inserted
into the structure of a relevant unit. Seeking a natural
arrangement is one of the causes of the above-
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mentioned variety of designs; however, successful
designs of vibration dampers are rare.

An advantage of the frictional dampers of
torsional vibrations is their capability to preserve
their efficiency in a certain frequency range.
However, seeking for essential efficiency in such a
case leads to a non-proportional increase of sizes,
weight, etc., the more so that frictional damping of
the vibrations is bound with the elimination of
heating energy, wear and the use of special materials.

Many works — both theoretical and
experimental — have been devoted to investigations
of vibration processes in mechanical rotor systems
(2]t [7]).

The well-known pendulous vibration damper
has an excellent feature of self-tuning for one
harmonic of the torsional vibrations on any change
of the speed of rotation of the system. However, it
almost does not affect the adjacent harmonics and
other torsional vibrations (for example, ones of
random character). In addition, a pendulous vibration
damper is completely discussed in transitional modes
of motion, in particular during the starting period.|

The authors set the task to develop such a
dynamic damper of torsional vibrations that would
be tunable for a wide range of disturbing harmonics
(frequencies), remaining a natural element of the
rotating system.

It became clear that the set task may be solved
to a certain extent by the use of a vibration damper,
based on the rotating elastic ring situated on two
pendulous rings in the shape of elastic frames. The
torsional vibrations of the system generate trans-
versal bending vibrations of the elastic ring. The
damping system includes an elastic ring, special
masses that can be additionally fixed on it and elas-
tic frames.

1 THE SCHEMES OF CONSTRUCTIONS OF
VIBRATION DAMPERS

The design scheme of the simplest damper
of torsional vibrations in the shape of a rotating
elastic ring [8] is presented in Fig. 1,a. The key
element of such a vibration damper is the ring 2
connected to the principal system 1 with two

Fig. 1. Schemes of dampers of torsional vibrations based on an elastic ring
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opposite frames 3. The ring can be equipped with
supplemental masses 5 (Fig. 1,b,c), perpendicular to
masses 4.

1.1 The principle of operation of a vibration damper
on the base of an elastic ring

In the case of the absence of rotation or
ideally uniform rotation, the axial line of the ring is
an ideal circle in the limits of stability. Torsional
vibrations of the principal system cause bending of
the elastic frames 3 and periodic compression of the
ring 2 in the transversal direction. The ring 2, because
of its elasticity and centrifugal mass, can efficiently
damp the torsional vibrations of the shaft 1 upon
certain parameters across a wide range of harmonics.

The technical realization of the vibration
damper according to this scheme is presented in Fig.
1, a-1, a-2. In Fig. 1, a-2, the elastic frames are
connected to the ring with swivel clamps.

If two supplemental masses of a particular
size are fixed to the ring, symmetrically with the axis
of rotation in the plane perpendicular to the plane of
the elastic frames (see Fig., 1,b), the ring is extended
into an ellipse-shaped body on the rotation. In many
cases, such an extended ring exhibits improved
vibration-damping properties. The bent centrifugal
pendulums 3 can be stabilized by a swivel
parallelogram (Fig. 1, b-1) or replaced with symmetric
elastic frames 3, tilted by a certain angle with respect
to the radius (Fig. 1, b-2).

In many cases the efficiency of the vibration
damper can be increased by fixing the elastic ring on
two symmetrically tilted pendulums (see Fig. 1, c).
The tilted pendulums can be elastic frames (Fig. 1, c-

1) or elastically fixed tilted pendulums (Fig. 1, c-2).
The vibration damper presented in Fig. 1, c-2 includes
one more elastic rings of small diameter 3 in the
middle, clamped at two opposite points. The ring is
an elastic swivel.

1.2 Investigation of the operation of the vibration
damper

Let us start the investigation of the operation
of the vibration dampers (see Fig. 1) with a calculation
of the potential energy of the deformed ring and the
kinetic energy of the system. The potential energy
of a half-ring as an elastic body, deformed by the
impact of concentrated forces (Fig. 2), can be found
from the following expression according to [8]:

I, =a,P* +b,PO+a,0’ (D,

where a, and b, are coefficients, and P and Q are
fictitious forces.

Let us find the coefficients @, and b,. For
this purpose, the shifts of the ring in the direction of
the forces P and Q should be found. In accordance
with [8]:

oIt 1 z)\PR
U= 6113/2 :2aBP+bBQ:2aBP:_(;_§j =
ai,, 1 1\PR

= :b P+2 :b P=—| ———
Y00 = 5o ~hP 240 =h, z 4)El
().

Thus:

Fig. 2. For determining the potential energy of a deformed elastic ring
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Let us consider that the shift of point A
consists of two components, i.e.:

u, =u® —ku, 4),
where u* is the shift of point A caused by the force P,
u, is the shift of the point B caused by the force Q:

ko—tbs 2427 ®),
2a, 7 -8

correspondingly:

u, =u, —ku* ©).

On the basis of Equations (4) and (6), we find

u, =u, (1—k2)—ku1 .

Let us find the potential energy of the
deformed ring as a function of the shifts «, and w,.
From the above expressions (2) and (3), the forces P
and Q are expressed as follows:

_y thuy
P "0, ®
_ U
Q_Za ).

After the insertion of the expressions of the
forces from (8) and (9) into the expression (1), we
find the full potential energy of the elastic ring from
the forces P and Q as follows:

2 2
=211, = Lul2 -O—Muo2 =1CH u’ +1C" u,’
2a, 8a, 2" 2"
(10),
kytup (1=K

where:

4a,’ —b,>
e (10,

B

C -1 and C, =

n
dg a

The total potential energy of the system (I1)
consists of the potential energy of the elastic ring
(IT)), the potential energy of other deformable
elements of the vibration damper (IT) and the
potential energy of the torsion of the shaft (I ), i.e.:

I, =11, +T1, + 11, (12),

where: .
Hk :f(¢1_¢72auo)s Hi :f(¢1_¢2):5C(¢1_¢2)2
13).
m,=/(e) (13)

In order to calculate the kinetic energy, let us
consider the system to be a system with three
degrees of freedom. Fig. 3 presents the estimated
scheme of the vibration damper, where ¢, and ¢, are
independent of the angular coordinates, R is the
initial radius of the elastic ring, m is the reduced
mass of the part of the ring with the relevant
concentrated mass, m, is the reduced mass of the
part of the ring with the supplemental mass, p is the
distance of the mass m from the axis of rotation, g, is
the distance of the mass m, from the axis of rotation,
pand p, in the general case are a function of the
rotational deformation of the vibration damper. If the
radial shift of the mass m(u, ) is a function of (¢, - ¢,),
the radial shift of the mass m, also includes the
independent component u, that is the third
generalized coordinate.

The kinetic energy of the system, taking into
account the existence of two couples of masses, is

Fig. 3. The estimation scheme of the vibration damper
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found from the following expression:

T:mvz+m0v]2+%ll(/')l2 (14),
where: 2
. dp N
Vi=ppt 4| ———| (¢~
’ d(¢1_¢2) ( ] 2)

W= /O02¢722 + poz
1, is moment of inertia of the rotated mass; the super
point means differentiation with respect to time.

In order to simplify the estimated
dependences, we consider that the radius of the
string clamping (r) equals a half of the radius of the
elastic ring (R).

Then, the following is concluded from Fig. 3:

p:Rcos((o1 —(02)
py =R+ 2kr[1=cos (9, ¢,) J+u, (1-K") (15)
Py =2krsin (g, - @,) (¢, - ¢,) +1i, (1-&°)

Finally, we find the following expression for
the kinetic energy:

1L +m _dr 2+m _dp 2 -
T—{zll {d(%_%)} ({d(%_%)} }(01
2¢m dp 2+m py 2 PP, +
2{ {d(%%)} {d(%%)} }m (16).

R I

After relevant transformations, we find the
kinetic energy as a homogenous quadratic form of
the generalized speeds [8]:

1 . .. 1 .
T= 5 "411(012 +4,0, ¢, += Azz("zz +
(17),

+ % A, + Ay + Aot
where the values of the relevant coefficients are as
follows:

A, =1, +8mr’ sin® ((/7] —(02)+8m0k2r2 sin’ ((0, —goz)
A, = —[8mr2 sin® (¢, — @, ) +8myk*r sin* (¢, — @, )]
Ay, =8mr +2m, {R+ 2k [1-cos (g, ~ ;) ] +u, (1-82)] +
+8myk’r’ sin® (¢, — @) (18).
Ay =2my (1-K*)
Ay =4myfrsin (g, - p,) (1- &)
Ay =—4myfrsin(p, -, ) (1-&°)

For the formation of differential equations of
motion we will use Lagrange equations of the second
order [9]:

d oT or _ ol

dtog, op, op
dor or _ ol

+M, (i=12)
(19),

dtoi  ou  ou
where M, is the generalized moment of potential
forces.
After the differentiation, we find the
equations of motion of the system, neglecting the

frictional forces: U o
AP+ AP, + Ay +56(¢1—j(p2)(¢‘ - )2 -
B ow, é 5 04, N 04,,
a(¢1_¢2) ’ a(¢1_¢2) a((pl_(pz)
oIl oIl

t——+t—=M
6(%‘%) oo,

. . . 1 o4 .
Ay + Ay, + Ay _Ea((p—%((/ﬁ ) )2 +
(2

QU+

1

. 04, . .
—) o+ Ezz Pl + (20),
0

{ oA, oy }M_ oan___,
6(¢1_¢2) 6((/’1_(/’2) o a((pl_(pz)

6A13 -2
—LB -
a(¢1_¢2) 1

04,, 04, }
|:a((p1_(p2) a(¢1_¢2) v

{ oy +1%}¢22+6m20
o(p—p,) 2 ou, ou,

1 1
here Wy =—4,+4,+-4,,.

After the disintegration of the coefficients of
the equations (20) into a Taylor‘s series, we find
according to [9]:

A5y + Ay, + Ay +

.,
Uy, =u, +v

(u,c is the statistic component, v is a small varying
value), where each equation is divided into two parts,
corresponding to stationary and vibrating motion.

1.3 Investigation of the stability of the dynamic
balance

Taking into account a certain identity of two
first equations of the system (20), its is described by
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two equations only:
I -wae’=0
20).

A R
M -=—a,w0" =0
2 22

Let us check the stability of the positiveness

of the matrix determinant:
l—[u _ w"w2 l—va _ Wrxwz
A = 1 xx 2

x rx 2 xx > 0 (22)’
Im”* -wew" II —Eazza)

thus:
(H" -’ )(1’[’“ —%azza)2 j - (1'["‘ -wre’ )2 Y0
where:

w=—a +a +la'
- 11 12 22
2 2

W= a4
. d " d?
d(p-9,) d(¢’1_¢’z)2
. d o d w_ d’
du,’ d(uoc)z’ _d(ﬂ_%)duoc

The system will be stable if A > 0 and
n"-w'e” (0 (23).

With an experimental investigation of the
various schemes of dynamic vibration dampers on
the basis of an elastic ring, some other forms of loss
of stability were obtained: 1) because of an excessive
increase in the ring‘s radius for its extension, 2)
because of a symmetrical deflection of the ring from
the axis of rotation, 3) because of non-symmetrical
sideways deflections, etc. On the basis of the
experimental data, an analytic investigation on the
stability of dynamic balances of the elastic ring was
carried out at the preset static deformation, and some
peculiarities were cleared up.

The criterion of the stability of the dynamic
balance shall be considered as the existence of the
maximum of kinetic potential in the preset position
(point). In such a case, if the kinetic energy itself is
equal to the maximum, the stability shall be
considered natural and the position of the balance
will not depend on the mode of the speed.

If for the point under investigation the kinetic
energy is equal to the minimum or at least does not
depend on the disturbance under discussion, the
forced stability will only be possible at this point,

i.e., we will consider that rigid forced stabilization is
possible due to elastic elements. In other cases, we
will ensure forced stability is possible on a certain
shift of the point of dynamic balance. The size of
such a shift depends, among other factors, on the
mode of the speed. However, such a shift usually is
bound with the appearance of a certain instability
that is not allowed in a vibration damping system.
Let us discuss various cases:

1. Stability of an ideally symmetric concentric ring
in the case of its uniform rotation

Let us suppose that the concentricity of the
ring is ensured in any case and no static bending
exists. The kinetic energy of the ring is:

2
T =Ry, (R N ZAJJ 24,

where R is the initial radius of bending of the elastic
ring, y is the mass of the unit of length of the ring, ®
is the average rotational frequency of the system,
Al is the absolute elongation of the ring.

The potential energy of the ring is:

= lE(N ) 25),

4 7R
where F is the area of the cross-section of the elastic
ring, E is the module of longitudinal elasticity.

Let us consider that a stable extension of the
ring corresponds to the maximum kinetic potential,
i.e., the following condition should be satisfied:

o(T-1) o*(T-T11)
— =0 ——=(0 ().
o(Al) a(Al)

In such a case, the extension of the ring will
be as follows:

272Ry, @’
Al=———— 27
Ty K @7)
and the limit value of the angular speed will be:
,, EF
o ( VR (28).

The condition (28) identifies the limit of the
zone of a stable extension of the ring.

2. Symmetrical longitudinal extension of the ring

As our investigations showed, the maximum
efficiency of the vibration damping is achieved when
z> 1 (in Fig. 3, z = m/m) and the ring operates as
extended. If we consider that the ring is deformed
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according to the scheme provided in Fig. 3, the
element and a more precise investigation provides
that the angle a =0, ifz<1,and o >0, ifz> 1, i.e., the
deformation, identified with the torsion angle o,
when z > 1, has a stable fixed value, dependent on
the rigidity of the elastic ring and other elements.

It is notable that the bending rigidity of the
ring itself does not affect the limits of the zones of
stability (z = 1), it only defines (together with other
parameters) the value of the static deformation.

3. Symmetrical sideways deflection of the ring

The element investigation of stability of the
positions of dynamic balance upon the condition of
the extremity of the kinetic potential allowed us to
make the following conclusions:

a) zero deformation of the ring is possible only on z
< 1/3 (if the ring is fixed on swivels of pendulum
frames);

b) if z=1/3, a certain statistical deformation of the
ring is set, depending on the mode of the speeds
and the rigidity of the rings;

¢) if z > 1/3, the ring does not achieve a natural
balance, so a symmetric deflection may transform
into a non-symmetrical one.

Some other possible disturbances of the ring
were discussed, and the conditions of balance were
explored as well.

2 INVESTIGATION OF THE EFFICIENCY OF
OPERATION OF THE VIBRATION DAMPER

Let us divide the motion along the cyclic
coordinates ¢, , ¢, into a uniform rotational motion
and vibrations around it, using the expressions:

Q=0 +ot+p

(29
¢, =a,+wt+ ﬂz

and introduce the transformation:

u=u,+v (30),

where ¢ and «, are the phases of motion of the
driving and driven links, respectively, @ is the
average frequency of rotation, ¢ is the time, £, and f3,
are small deflections of the coordinates ¢, and ¢,
from the state of uniform rotational motion, ¢ is the
static component, and v is a small variable value.
After the disintegration of the coefficients of
the non-linear equations of motion into a Taylor’s
series and the elimination of the static parts of the
equations that identify the dynamic balance, the

linearized equations of small free vibrations around
the position of stationary motion will be as follows:

a“ﬁl+alzﬁz+a13§—2w'wﬂz—w(a‘13+a'23)1'1—
1.
—(w"a)z—H"—H"v)ﬂ]+(W"a)2—H")ﬁz—5a'Zza)zv:O

allﬂ +a22,é2 +a23ﬁ+2w'w,81 +a)(a'|3+a'23+a'*22)\>+

31).

1
+(w"0" =I1") = (w'0? ~11") B, + 20", @'y =0
apf +anp, +a33\‘i+w(a'l3+a'23)ﬁ, _w(a'w‘*'a'za"'axzz)ﬁz -

—%a"zz @, +(l’[f —%a"zz wzjv =0

The linearized equations of motion (31)
include inertial, gyroscopic and quasi-elastic
members. Thus, the dynamic link of the vibration
damper is a rather complicated link between rotating
objects, and in the general case it cannot be reduced
to the usual (linear or non-linear) elasticity.

2.1 Solution of the system of equations

The natural frequencies of the system with
the vibration damper can be found on the basis of
the characteristic determinant:

a, A7 —w"w’ +11", 2

a, A’ =2w'ol+w"w’ ~11" aulzfla"ﬂw
2%

1
a, A+ 2w oA+ w" @' —T1" a,A’ —w"w' + 11" aA? +aan)l+5a"u @*|=0

!

(32),

a”/?.lf%a"u @ a, At —a*,,0l +%a"'n o a AP+ 1T 7%(1”22

where A=iap®, p°is one of the natural frequencies.
This determinant (32) provides three natural
frequencies.

For a determination of the natural frequencies of
a vibration damping system only, the below reduced
equation (33) can be used; this equation is the
condition of frequency tuning for the vibration
damper as well:

(azzau _‘1232)’14 +
+|:a22 (HU 7%azzxxwzj*a33 (W"a)z *H") +(azz Y—a," an)wz}ﬂz _
_[(Wv.wz _Hu)(nu _%aﬁzzwzj*'%azz w2 a)‘l -0 (33)

For an assessment of the impact of the
vibration damper on the vibration of the system, we
find an expression of the equivalent moment of inertia
I, the value of fictitious mass, rigidly connected
with the principal system. The vibration damping
effect of the mass with respect to the principal
system is equivalent to the relevant effect of the
supplemental vibration damping unit.
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The periodic component of the reactive
torsional moment is:
M, = —(a, -1, )ﬁ’] —a,f, —ai+2w' of, +o(ay'+ay,")v-

34
7(W"a)27n")(ﬁl7ﬂ2)+%azzyxa)2v ( )
and the equivalent moment of inertia is:
M
I=—-% (35).
b

After insertion of the values:
B, = A;sin pt + B, cos pt

. i=1,2
v = A, sin pt + B, cos pt

as well as their fluxions g, £, v, ¥, and ratios
A,/ A, B,/ B, and so on into (35), we find the
following expression for the equivalent moment of
inertia:
[(@ - 1) (@t -0’ - 20,0, —ana —alay | p' +
(ana]} -a,’ )p4 —|:az22 [H“ —%au‘xwzj— a, (w"wz -1 ')—a22 " a,,0° +}
+{(2w—1‘)[a33(w"aa)z—H")—u”au“wz]—[(a”—ll)au—a,zz]}_*

ra, 0 |p? ,[nu ,%au“a)z)(w"a}z 71—[n)+%a22 o (36)

1=

+[l‘[“ —%azz“wz]+4w'a)2 (“.3“22‘ 7w'au)f(u“ -1, )azz‘zcu:p2 +

2w w? [21«1'(1‘[“ _%azznwzj*'azz " anxwz}_(wwwz —H")auxz(uz _
+
7(2w—1| )[Hu 7%azzuwzj(w"wz 71—[n)7(2w711)ia22 w2yt
The limit values of the equivalent moment of
inertia for low- frequency disturbances will be found
from the following expression:

2w'w? [ZWV[H\Y —lazz“wz]+az, " azzuwz}_(wwwz —H")a,z“za)z
) 2 2

2 2 2
_ (an _11)(‘122‘133 —ay )_2a12a23 T lyly; — 4y Ay

(38).

2
Ayylyy — Ay

In our case, the coefficients will be expressed

as follows: )
a, =1, +2mR’sin’ a(l +zk2)

a, =-2mR’sin’ a1+ 2k” )
ay, =2mR*(1+z) +4mR*zk (1-cos ) (1+ k) +
+2muyz (1= ) fuy (1-87) + 2R[1+ k(1= coser) ]}
a,, = 2mzkR(1-k* )sin o (39),
ay, = -2mzkR(1-k* )sin &
ay, =2mz(1-k*)

where R=2r,m = mz, @, - a,= a, and z is the ratio of
the centrifugal masses m, and m. Other coefficients
will be expressed as follows:
a,'=2mR’ sin 21+ zk* )
ay,'=4mzkR (1+k)sina [ R+u,(1-k)]
a,'==2mR’ sin 2a(1+zk” )
w"=2msz(1+k)cosa[R+u0(1—k)]—2mR2 cosZa(1+zk2)
a,,"=4mR’ cos 2a (l + zkz)
ay,"=4mzkR (1+k) cosa| R+u,(1-k) |
a,"=-4mR’ cos2a(l+zk2) (40).
a," =4mzkR(1-k* )sin o
a,,” = 4mz(1 -i )2
a," :4mz(lfk2){kR(17cosa)+[R+u0(17k2)}}

"=C,R*(cosa—cos2a)

lim7, = ] 1
= = 77[172,"5[02 W —TI" ——a, w2
( 27 J( ) 4 37 S 87’ (7r3 —207r+32) EI
7(2W71,)(( l'["*%azz“a)2 )(w"wz)(w"wz71‘1")7(2%'711)51122 " aw“) " (72’2*8)3 R
and for high-frequency disturbances: -6z EI
" -8R
ws"
1000 A
A
Y,
800 A
1 // y <<
600 ety
400 Al
2 | Al LA
200 ot
0 t [

02 04 06 08 1,0 1,2 ti,mm

Fig.4. Dependence of the critical frequency of rotation (®) of the damper on the thickness of the elastic
ring (t,), when b =20 mm, z = 2,0, m = 0.03 kg, where the curve I corresponds to R = 80 mm and the
curve 2 to R = 100 mm (the zones of stability are shaded)
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From the equations of dynamic balance we As specific quantitative calculations showed,
find the average angle of torsion «-a, of the itis sufficient to describe the deformed ring in many
vibration damper and «° is the static component of constructions of vibration dampers with only two
the independent variable u: generalized coordinates, i.e., it can be considered

C,iCya~2C, ek (14 k) & ~2C,mz(1-K°) @ that a transversal compression of the ring is

a, —a, = arccos

C.C—2mer [ Co(k 1) 2 2(1-KY (C -2 )l proporFional (in some cases equal) to its longitudinal
41 extension.
2mzRe’| C,, = 2me’ (1+k) |(1- k)’ In such a case, the expression for kinetic
energy is reduced to the well-known quadratic
trinomial [11], and its coefficients are as follows:

¢

u,

) C,C,,—2ma’ [Cﬂz (& +1)+z(1-K*) (C, ~2me’ )}
(42).
The complete expression of the equivalent

moment of inertia (36) of the vibration damper under
discussion is not presented here because of its

A, =1, +8mr? sin’ (@, — @) +8myk*r sin® (¢, — @, )
A, = —|:8er sin® (@, — @, ) +8myk*r* sin® (¢, — @, )] (44)
Ay, =8mr’ +2m, {R +2kr[1-cos(g, - p, )]}z +8myk’r* sin’ (¢, — ;)

length. The equivalent moment of inertia in the high- Correspondingly, the potential energy will be
frequency zone of disturbances is expressed as equal to:
follows:
lim7, :Q HC = Hk + HV (45)5
P T 1 2 2.
2Ruuz(]—k02)[k(]—cosa)+1]+ Wher§ I, =-C, (27’) |:1.—C.OS(¢1 _.402 ):| 18 the
C=2mR*sin* e [eos’as2(1-Ksin’ a) + . potential energy of the e!astlc rlng; IT is th.e potential
+R 22k (1—cosar)(1-k) +zu, (1-57) energy of the shaft torsion that is a function of ¢,.
, , Based on the methods described in [12], we find
_ {R (1+2)+2R%2k (1-cosar)(1+4) + } linearized equations for the small torsional vibrations
g (1= 1, (1=K )+ 2R (1K) (1 -cos r) | - °R?sin’ that may be used for an assessment of the stability
(43). of dynamic balance and the efficiency of the vibration
(=
p - Hz
1
190 7
160 - —
—])/ —
130 S
2,\\
100
L— - — ~ 1 —
e l@ )
20 R e e
S e P 4;:
10 = X,
7 .-
\';/y \3” \3
0

500 1000 1500 2000 2500 N,rpr
150 1,75 200 225 250 =z
L1 L2 13 L4 15 Ti,mm

Fig.5. Dependence of the natural frequencies of vibration damper (p°) on its structural parameters and
the number of revolutions, when the radius of the elastic ring R = 80 mm, m = 0.03 kg, n = 1500 rpm, z =
1.25,t, = 1.1 mm, b = 20 mm (the solid lines are obtained by using the equations (33) and the dotted
ones by using the simplified calculation (48)), where the curves 1, 1, 1" —p° = f(n), 2,2, 2" - p° = f{z),
3,3, 3" —p° =ft), the index * corresponds to the first frequency and the index *“ — to the second
frequency (in the formula (33))
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damper. To a certain extent, such cases are described
in[7]to [9] as well.

In this case, the stable positions of the
dynamic balance of the ring are described by one of
the following conditions:

a)ifz<1, a,- a,=0,

g46).
C,—4zmo
C, —2(1 + z)m2

For the case b), the minimum cross-section
of'the ring (its axial moment of inertia) will be found
from the following inequality:

b)ifz>1, o, —a, = arccos

72 -8 (3z+1)ma’
167 E

1> (47).

3RESULTS

The possible combinations of the parameters
are illustrated in Fig.4.

The frequency of resonance tuning of the
vibration damper is:

\/222)2 (cosa —cos2a —[zk(l +k)cosa —(1 +zk* )cos 205])
=

1+z+2zk(1-cosa)(1+k) (48).

L10%kgm

Fig. 5 illustrates some curves of natural
frequencies.

The expression for the equivalent moment of
inertia will be as follows:

2
(A*Bsinl a){Bsinz a[ﬁ) +CCOS!Z*BCOSZG*DE]*‘lSin:(Z(C*BCOS!Z)Z
®
I, =2mR*

7
A[£] +Ccosa—Bcos2a—DE
o

49),
where:
A=1+z+2zk(1+k)(1-cosa)
B=1+zk
C=zk(1+k)
D= Cnl
2maw’
E =cosa—cos2a
The dependence of equivalent moment of
inertia structural and performance parameters is
presented in Fig.6. The limit value / in the low-
frequency zone:

. 5 L 8msin2()t(Cchosot)zw2
lim/, =2mR"| A—Bsin” o — >
>0 2m(Ccosa —Bcos2a)w’ —C,E

(50),
in the high frequency zone:

22
limlezzBmstinza(l—st a} (51).
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Fig. 6. Equivalent moment of inertia of the damper, where 1 -1, = fim), 21 = f(R), 3-1 = f(z), 4-1, =

fit), 51 =f(w), and 61 =f(ED)
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Fig.7. Comparison of the efficiency of the damper for various estimated models (the dotted lines
correspond to the approximate calculation), if R = 80 mm, m = 0.03 kg, z = 2.0, t,= 1.2 mm, b =20 mm,
where 1- 2 =01, 2-2=1,0,3-2=10.

1)
The comparison of the values of the

equivalent moment of inertia, found from the equation
(36) and the simplified calculation (49), is provided
inFig. 7.

4 CONCLUSIONS

The general results of the investigation are

provided in the presented schemes of vibration
dampers:

the schemes a, a-1, a-2 (Fig. 1) are distinguished
by natural stability, if z < 1/3. In such a case, the
frames 3 may be designed in the shape of strings
that only resist extension,

ifz> 1/3, arigid forced stabilization can be achieved
because of the elasticity of the frames 3,

the vibration dampers, showed in the schemes b
and c, can be stabilized by the introduction of a
relevant elastic element, resistant to the deflection
of the frames 3,

the remaining schemes are distinguished by rigid
stability and preserve their strict symmetry on the
relevant rigidity of the elastic elements. The side
stabilization of the extended elastic ring can be
ensured by a connection of the deflected
centrifugal pendulums 3 with the swivel
parallelogram (see Fig. 1, b-1) or the replacement

Dusenje torzijskih vibracij - A Damper of Torsional Vibrations
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@

of centrifugal pendulums with symmetric elastic
frames 3, situated at a certain angle with respect
to the radius (see Fig. 1, b-2),

in many cases the efficiency of a vibration damper
may be increased by fixing the elastic ring on two
symmetrically deflected centrifugal pendulums (Fig.
1, ¢). In such a case, the vibration damper is not a
stable system; it is inclined to a non-symmetric
sideways “deflection”. The stabilization of the ring
can be ensured if the deflected pendulums are elastic
frames (see Fig. 1, c-1) or elastically fixed pendulums
(see Fig. 1,c-2).
the analytical investigation of the efficiency of
the vibration damper, applying special sets of
programmes, allows us to state that a vibration
damper can be sufficiently precisely presented as
a vibrating system with two degrees of freedom
for most practically important ranges,
in many cases the simplified calculation ensures
sufficient accuracy,
with an increase in the radius of the elastic ring,
the critical frequencies of rotation of the vibration
damper decrease,
the value of the equivalent moment of inertia is
mostly affected by the thickness of the elastic ring,
the efficiency of a vibration damper increases with
an increase in its natural frequencies.
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