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Amplitude-Frequency Response Quencher Mechanical

Vibrations

Ihnatyshyn Mykolal, Pelekh Yaroslav2
1, Mukachevo State University , UKRAINE. Mukachevo, 26. Uzhgorodska str., email: ignatishin.mvkola@gmail.com

2. Department of Computational Mathematics and Piogramming, Lviv Polytechnic National University, UKRAINE, Lviv, 12 S Bandery
str., email: Pelekh Ya M@ukr.net

Abstract: This paper provides an overview of the
Kneralized problem of optimization of mechanical
l.aencher, considered specific problem - investigated the
requemcy response of a cylindrical pendulum and
uencher mechanical vibrations calculated the resonant
‘requency quencher and calculation of mechanical
sirameters quencher for a given resonant frequency. The
italytical value used to optimize the mechanical
irameters quencher mechanical vibrations..

Keywords: mechanical quencher pendulum mechanical
tuencher, cylindrical mechanical quencher, optimization
;F mechanical quencher.

l. Introduction
Mechanical oscillation dampers are widely used in
engineering. They are designed for damping vibrations of
rtechanisms, machinery, building structures etc. The cause of
mdesirable vibrations can be both man-made and natural
factors such as earthquakes.

Il. Text

Studied mechanical vibrations damper relates to two-mass
nechanical systems. Such systems are actively investigated
:r their optimization. Sudak F.M., Voronina I.F., Altukhov
D. R [1] conducted a study in order to reduce the noise of
ombustion engines with the help of mechanical damper
devices, they developed the design of one of the possible
rptions for such a device. Leheza V.P., Leheza D.B., Huzenko
SV. reviewed a pendulum damper type "dumbbell” [2] and
:roposed to perform regulation of the natural frequency of
the pendulum damper with optimum choice of structural
dimensions.

Thus the study and analysis of known structures of
mechanical vibrations damper, obtaining correlations linking
die dynamics of linear and nonlinear oscillations [3] damper
with its structural and mechanical characteristics, further
lirmulation of optimization problem on the basis of the
»athematical formulas, improving of known and the
Tithesis of new mechanical dampers to reduce the harmful

~ts of man-made and natural disasters related to
mechanical destruction of machinery', vehicles and buildings
are relevant. Methods of solution of applied problems of
deforming solid mechanics are used in the studies of Levin
E E., Manevych A. (study of forced vibrations of cylindrical
damper).

In the work of Levin E.E., Manevych A. [3] mathematical

Is of pendulum and cylindrical oscillation dampers were

complex amplitude A and B of oscillations of

-1-5090-5045-1/17/S31.00 ©2017 IEEE

massive body and a damper were obtained:
for a pendulum damper

(1)
H(GE2-n 2)+nvl
for a cylindrical damper
)
A0)1-3a.2/2)+n,u\
where
m - M+m M+m ~ p (3)
MmOV kT

m - damper weight, M - a massive body weight
oscillations of which a damper absorbs, k - spring stiffness.
I0 - the radius of a cylindrical damper, R - radius of the

cylindrical surface, Q - angular frequency of forced
oscillations, P - coefficient of viscous friction, Fig. 1

Fig. 1 The body 1- a massive body; the body 2 is shaped
like a cylinder and a damper of mechanical vibrations of a
massive body.

Object and methods ofresearch.

The object is a mechanical system of two bodies
interacting with each other through the power of pressure and
friction and one ofthe bodies undergoes periodic perturbation
of a given frequency and amplitude through an elastic link
and is under the influence of dissipative forces proportional
to velocity. The subject of the research is mathematical
model of mechanical oscillations dampers . The methods of
deforming solid bodies mechanics and mathematical analysis
have been applied.

Problem

It is necessary to investigate the vibration amplitude A of
a massive body, the ratio of (1) and (2), for extremum, to find
analytical formulas for the calculation of the oscillations
resonance frequency of a massive body with a damper.
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Imagine modules of complex amplitudes (1) and (2) as
follows:
for pendulum damper

(4)
n=y, PR
SA+ - 2ftl- r}3Z 12+ {+p(2- p 2- fi)+ 0 \oZjo" +
i +@& f +2/j-2S2+ p -2 p 6+ (" - N
for a cylindrical damper
_ ©)
W=(/ j3n2-252p
1 “ 14a) +\p 1—2)052 —3"5=/ 1 + {9+ 4[K)2-3/22+ 2 (3-/7)]s2}sV +

1 +(1(2/7-3)a>2+3[r (2/7-3)+302| ik * +(2//-3)2"
Therefore, to explore the extreme of denominator expression
of ratios (4) and (5) under the root.
Results of the study

Let us find the derivatives of these denominators to Cl and
equate them to zero. Rejecting the solution Q = 0 we obtain
the equation of the sixth degree:
for a pendulum damper
8(u- N2fi* +62«V + 2M- 2li2+0 2- 20"+ (6)
+4$ + [A2- 0 1 - f1+ fA2}y2k 2+ r[(#2- Cp>r- B32 =0
for a cylindrical damper
8(2/i-3): M6 +6{4(2/7-3)52+3[2(2//-3)+3/i:)n* + (7)
+AN+4N52-302+2 (3 -/ 3«2+ 4/3--2)ik; -3}y 2=0

Let us denote Q ” = X and obtain two equations of the
third degree:
for a pendulum damper
80r- )2x3+6(2S f +2y-2a2+01-2\x2+
+4) +[2(2-01- /<+S 23o2x + 2\fil - 2u2- 2Ja2 =0
(8)
for a cylindrical damper
8(2A-3)2.T+6{4(2"-3)52+3[2(:A-3)+3/, 2} 12+ (9)
+i\) +4[1i2-3/32+2(3- / ¢ 2]x+8|4! - 2)ii! - 3}ri2=0
Let us solve the cubic equation obtained by trigonometric
formulas of Viet [5]. Constants of cubic equation

ax3: w.2+cx+d- 0 10
let us denote:
a pendulum damper
a=8(/li-1)2, b=6(252r+2/r-2(y2+/?2- 2) (|D
e=41+[22- A2- M+ s 3Jo2} d=r[(O2- i\y - 2)52
a cylindrical damper
a=8(27-3)1, b=6{a@r-3)s2+3 AA7- 3+302] (12)
c= 4N +4[u2-3/?2+2(3-7)]s 2} d =8 ([2- 2>51- 3}s3
Further
- 2fbV 9*E+27A
w] 35Ii_R:,(,aJ a - a (13)
54
S=Q -R , 9= —o0T1-C0S ’
we
The roots of the cubic equation (10):
-y - — - - N 1 U
« = =2-fQ cos (P) rRRE 2MQ cos 1 P 3n 3 (14)

« . -2fQ cos{tp- f3n )- 3a

Thus, the stationary' points of the denominator expressions

under the root (4) and (5) shall be in accordance with
frequency:

0, ={;23a aip)-7;
n, ="-2fQ @+ j-A., Q =}~2ZQ’s(V- ?. g
For wvalues <%=1.2, /1_ 0.1, f3. 0.05 and
UO. 0.05 two frequencies have been calculated

corresponding to the resonant fixed points:
for a pendulum damper

Q, =0.932. n, =1.357, (16)
for a cylindrical damper
Q, =0.883, Q, =1.147. a7

Let us solve the cubic equation obtained by trigonometric
formulas Cardano.

Further
(18)
A 273 3a a \j
«-y-f+3le. 4=y-f-Ve
The roots of the cubic equation (10):
g s oy - 1OJ-+t1ZEj3, (191
a-0 \3

Thus, the stationary points of the denominator of
expressions under the root (4) and (5) shall be in accordance
with frequency:

a,=VT, n,=Vfo (20)
For values a=12, p =0.1, 0 =005 and JJ,~0.05 tw

frequencies corresponding to the resonant fixed points have
been calculated:
for a pendulum damper

n, =0.932, Q,= 1.357. (21)
for a cylindrical damper
n, =0.883, Qj =1.147. (22)

Calculations carried out by the formulas of Viet and
Cardano matched, confirming their correctness and absence
of non-physical solutions.

Figure 2 shows the constructed amplitude-frequency
characteristics with the help of the software package
MathCad, corresponding to the relation (4) and (5) and
consistent with those obtained [1].

Fig. 2. Amplitude frequency characteristics: 1- a massive
body without a damper, 2-a pendulum damper, 3-a cylinder
damper.
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Using the obtained relation let us set the task to shift the
sonance peaks of the cylindrical oscillation damper to the
ft, i.e. towards lower frequencies, and calculate the value

ju,P and the corresponding value of m R e, which

How from the formula (3). Note that, as follows from

rmula (3), values @=1.2,= 0.1, /? —0.05 meet
such a constructive and mechanical parameters of a damper
M =20 kg, m =2,222 kg, R= 1,2 m, rO= 0,134 m, b = 2,806
Ns/mk= 142,075 N/ m, g = 9,81 m/s2.

For the calculation <5, LI,P

'software package MathCad.
The algorithm:
Let wus shift resonant

Q =0.85, n, =1l.1at Q3=1,026
Then Q; =0.722. Q2=1.21, Q2=1.053.
The initial values ©:=12, ju:=0.1, p :=0.05

we apply operators of

frequencies to the left

Given
8-(2-,u-3'
.4-[9+4-[n/ -3 -12+2-(3-/N)l-a/1l .
—iQ e +Qije -HX m
8-(2//-3)2
=-fi, 92-93
82 /,/,-3)1
(co\ 113"
U =HAnd(co, p, P). 0.117
P) ,0.171,

' The end of the algorithm.
Let us calculate the structural and mechanical parameters
[of the cylindrical damper that correspond to the new value,

$=113/2=0.117 ft =0.171

m=m- M 20 B .2630kg
}-fu 1-1,13
R=M*m 0,,-20%2633 98l 4 134=1358m
02 K 112 142075

P=pPk{M+m) =0,171/142075(20+1639) =9,723 Ns/m

Other mechanical and design parameters of the damper
remain constant M=20 kg, ro=0.134m, k=142,075 N/m,
g=9,81 m/s2.

1.2t

Fig.3. Amplitude frequency characteristics:!- a massive body
without damper; 2- a cylinder damper with parameters

G5=1.2,// =0.1,/? = 0.05 ; 3- acylinder damper after
echanging parameters £0 = 1.13,// = 0.117, /? =0.171.

Figure 3 shows the constructed amplitude frequency
characteristics: of a cylindrical oscillation damper before
changes in mechanical parameters (5=12,

/1=0.1,/? =0.05), and after changing parameters

(5 =1.13r=0.117, » =0.170)

I1l. Conclusion

As can be seen from Fig. 2 a pendulum damper shifts one
resonant frequency to the left, another to the right because of
resonance frequency of the body without a damper,
cylindrical damper acts similarly. It distances left peak further
to the left and right a little closer to the right.

Fig. 3 shows that the change in mechanical and structural
parameters of a damper led to a shift in its resonant frequency
to the left and amplitude also decreased. Analytical formulas
(11) - (14) obtained in this work represent an algorithm for
calculating the resonant frequency of the body with the
dampers and can be applied:

1 to determine the parameters @, JJ, /? of the damper of

mechanical vibrations with predetermined values Q, and

Q2;
2. according to calculated parameters GO ju, P further

structural and mechanical characteristics of the damper can
be optimized: m - mass damper, rQ - the radius of a

cylindrical absorber, R
surface. Fig. 1;

- the radius of the cylindrical

for more effective damping it is expedient to change the
shape of the absorber [4] leaving unchanged mass m , make
dampers in a form of dumbbell with a moment of inertia that
will provide the necessary parameters /3.
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