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Abstract. Vibration isolation is one of the most effective methods for reducing
vibration levels of supporting structures when installing vibroactive equipment (active
vibration isolation) or vibration levels of vibro-sensitive objects relative to foundation
vibration levels (passive vibration isolation). Damping devices utilizing high-speed
fluid flow through apertures have found wide applications in shock vibration isolation
and vibration isolation systems in aerospace and defense sectors. Recent research has
led to the development of viscous fluid dampers (VFDs) for use in civil engineering,
particularly in earthquake-prone areas. Scientists conducted experiments aimed at
determining the ability of viscous fluid dampers to reduce damages and displacements
of structures without increasing stresses. Mathematical models have been developed
and are applied in vibration isolation systems. When vibroactive equipment is installed
on building and structure support systems, vibrations with sufficiently high vibration
parameters may occur, potentially leading to loss of load-bearing capacity. In such
cases, vibration isolation is considered one of the most effective methods for reducing
these vibration levels. In this study, a calculation method has been developed, and
calculation dependencies and algorithms for calculating vibration protection systems
with nonlinear characteristics (additional support connections, viscous fluid damper)
have been derived for both single-degree-of-freedom and two-degree-of-freedom
systems. The research involved an analysis of normative and scientific-technical
literature on the subject: types, structural solutions, calculation, and analysis of
vibration protection systems. The main method selected was based on the use of transfer
functions of linear systems (the non-traditional "normal form" method). Calculations
were performed using computer mathematics systems- Matlab.
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FbIJILIMN MAKAJIA

BIP EPKIHAIK J9PEKECI ’)KOHE bIP KOCBIMIIIA
BANJIAHBICBI AP JIP1JI OKIHAYJIAY KYUECI

J1.0. Teaerenosa' © | L.M. Monsikosa'* ®

"Xansikapansix 6inim 6epy koprnopanuscel, Anmarsl, 050028, Kaszakcran

Anparna. /[ipinoi oxwaynay ipeemacmoiy Oipin OeHeeline (naccuemi 0ipindi
oxuwiaynay) xamsicmsl 6UOpoakmusmi Hcabovikmol (bOencendi Oipindi oxwayiay)
Hemece Oipinee cezimman obvekminepoiy Oipin OeHeeliiepin OpHamy Ke3inoe mipex
KYPbLILIMOAPLIHbIY OIpil OeHeelin momenoemyoiy ey muiMmoi a0icmepiniy Oipi 6onbin
mabwvliadvl. Anepmypanap apkwlivl HCO2APbl HCLINOAMObIKMbL CYUbIKMbIK A2bIHbIH
nanoanaHamoiy  0emMngepnix  Kypoliblldp — adpo2apblulmbvlK — HCIHE  KOPRAHLIC
CEKMOPAAPLIHOA COKKbL OIPIliH OKWAYLAy HcaHe OIpindi OKuwayiay sxicylenepinoe KeH
Konoanvic manmsl. COHebl 3epmmeynep azamammvlk KYpuliblCma, acipece xicep
cinkinicmepi xayni Oap aumakmapoa KONOAHYEA APHANAH MYMKbID CYUbIKMbIK
amopmuzamopnapvinvly (VFD) Odamyvina akenoi. Fanvimoap mymkwvlp CYUblKMulK
amMopmu3amopiapelHbly KepHeyniepoi apmmulpMaul KYpolibIMOapoObly 3aKbIMOAHYbl
MEH JICLLINCYbIH a3aumy KabilemiH aublKmaya 0a2ulmmanean KCnepumMeHmmep
Jrcypeizoi.  Mamemamuxanvly  mooenvoep  23ipieHoi  dcaHe  Oipindi  OKWaynay
Jicyienepinoe  KONOaHuliaovl. Fumapam neH KYpwliblCmbl KOaOAy icylenepinoe
sUOpOaKmuemi  JHcaboblK OpHAMBLIZAH Ke30e, Oipil napamempiepi HcemKinikmi
Jrcoeapul Oipin naroa 60aybl MYMKIH, OV HCYK Komepy KabilemiHiy HCOEAIYbIHA IKEYi
MyMKiH.  Mynoat oicazoaiinapoa Oipindi  okwiaynay ocvl Oipinl  OeneeliliepiH
memenoemyoiy ey muimoi adicmepiniy Oipi 6onvin canmanaovi. byn 3epmmeyoe
ecenmey 20ici a3ipeHOl HCIHE CbI3LIKMBIK eMeC CUNAMMAamaiapsl oap 0ipinloeH Kopaay
Jcytienepin ecenmey aneopummoepi (Kocvlmuia mMipeK KOCbLIbICMApbl, MYMKbID
CYUbIKMuIKMulY demngepi) Oip epKiHOik Oapediceci Yuiin Oe, eKi 0apedceni YuliH oe
ecenmeinoi. epKiHOIK Jcylenepi. 3epmmey 0cbl MaKbPpbln OOULIHUA HOPMAMUBMIK
JICOHE 2bLILIMU-MEXHUKAIBLIK d20edbuemmepoi manoayosbl Kammuvlobl: OipiloeH KOPeay
Jcytienepiniy mypiepi, KYpoliblMOblK wiewimoepi, ecenmeyiepi dcane manoayiapoi.
Tanoanean Heeizei a0ic CbI3LIKMBIK JiCylenepoiy MacblManoay QyHKYUsLapsbii
KonoaHyza Hezizoeneen (Odacmypni emec «Kaivlnmul ¢opmay 20ici). Ecenmep
KOMNbIOMeEPIK Mamemamuxaislx scytenep — Matlab komezimen opviHoanovl.

Tyiiin ce3nep: 0ipindi oxwaynay, demnghep, mymrwip yiikenic, Oipin Oeneelii,
suopocezimman oovekminep, 0emnepiix Kypoligoliap, Cbl3bIKMblK JHCyle.
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HAVYYHASA CTATHA

CUCTEMA BUBPO3AIIUTHI C OJJHOM CTENEHBIO

CBOBO/IbI ¥ C OJTHOM TONNOJIHUTEJBHOMN CBS3BIO

J.0. Teaerenosa' © | 1.M. Monsikosa'* ©

"Mesxnynaponas o6pasoBarensHas koprnopanus, Anmatel, 050028, Kasaxcran

Annomauun. Bubpousonayus sensemcsi 0OHUM U3 Hauboree ¢h¢hekmusHvix
MEMO008 CHUNCEHUSL YPOBHA SUOPAYUU HECYWUX KOHCMPYKYULU Npu MOHmMAadxdCce
BUOPOAKMUBHO20 000PYO0BAHUS (AKMUBHASL BUOPOUONAYUSL) ULU YPOBHS UOpAYUU
BUOPOUYBCMBUMENbHBIX 00BEKMO8 OMHOCUMENbHO YPOBHel ubpayuu yHoamenma
(naccusnas  subpouzonayus). [lemnupyrowue ycmpoucmea, UCHOAb3YVIOWUE
8bICOKOCKOPOCMHOU  NOMOK  HCUOKOCMU — Hepe3 OmEepCmus, HAWIu Wupoxoe
npUMeHeHUe 8 CUCIeMAax BUOPOUZONAYUU U BUOPOUZOTAYUU 68 AIPOKOCMUUECKOU U
oboponnou ompacasax. Heoasnue uccneoosanus npusenu k pazpabomke demnghepos
Ha ocHose ea3kou  ocuokocmu (VFD) 0na ucnonvsoanus 6 2paicoaHckom
cmpoumenvscmee, 0COOEHHO 8 CelCMOONACHbIX —patloHax. Yuenvle npogenu
IKCNEPUMEHMbL, HANPAGIEHHble HA  ONnpedeieHue CHOCOOHOCMU  BA3KOCHIHBIX
oeMngepos yMeHvbuams noBPe’COeHUs. U CMeujeHUsi KOHCMPYKYul 6e3 yeerudenus
Hanpsiicenull. Paspabomanvl mamemamuyeckue Mooenu, KOmopuvle NPUMEHIIOMCS 8
cucmemax eubpouzonayuu. Ilpu ycmarnoske ubpoaxmueHoco o000py008aHusi Ha
ONnopHble cucmemvl 30AHUL U COOPYICEHUL MO2YM BO3HUKAMb GUOpayuu ¢
00CMAMOYHO BbICOKUMU NAPAMEMPAMU SUOPAYUU, NOMEHYUATbHO NPUBOOsuUe K
nomepe necyujeti cCnocoonocmu. B maxux ciyuasx 6ubpouzonsayus cuumaemcsi OOHUM
u3 Haubonee 3¢pGhexmusHbIX Memoo08 CHuUdICeHUs. YyposHs subpayuu. B pabome
paspabomana Memoouxa pacyema, HNOIYYEHbl PACYemHble 3ABUCUMOCU U
aneopummsl pacyema cucmem UOPO3AUUMBL C HETUHETHbIMU XAPAKMEPUCUKAMU
(OononnumenvHvle ONOPHLIE COCOUHEHUS, BSA3KOCMHOU Oemngpep) Kak O
OOHOCMENeHHbIX, MAK U 0J151 08YXCMENEeHHbIX CMeneHell C80000bl. cucmembvl c80O00bL.
B xo0e uccneoosanus 6vin nposeden ananuz HOPMAMUGHOU U HAYYHO-MEXHUYECKOU
JUmMepamypvl no meme: Munvl, KOHCMPYKMUBHbIE DeUleHUs, pacuem u aHalu3
cucmem eubposawumoel. B Kauecmee O0CHO8HO20 Memooa 6vlOpaH Memoo,
OCHOBAHHBIIL HA UCNONL30BAHUU NEPEOAMOYHbIX (DYHKYUL JTUHEUHbIX CUCHEeM
(HempaouyUoHHbIL Memoo «HOpMabHOU ¢hopmbly). Pacuemvr nposoounuce c¢
UCNONb306AHUEM CUCHEeMbl KoMNblomepHou mamemamuxu Matlab.

KiroueBble cioBa:. subOpouzonayus, oOemngep, 6a3K0e mpeHue, YpOoGeHb
subpayuu, eubpouyecmeumenbHvle 00veKmovl, OdeMnupyrowue YCmpoumcaa,
JIUHEIHAsL cucmema.
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1 INTRODUCTION

Vibrations caused by vibration-active equipment can have serious consequences for the
structures of buildings and structures. These consequences include cracking, additional precipitation,
disruption of processes, discomfort, and exceeding levels permitted by sanitary standards. To reduce
the level of vibrations, the vibration isolation method is widely used, which includes active and
passive approaches. Active vibration isolation is aimed at reducing the load on the base, and passive
isolation is aimed at reducing the level of vibrations of vibration-sensitive equipment.

The most effective use of vibration isolation is observed in the case of machines with periodic
loads, such as pumps, fans, compressors and other equipment.

At certain ratios of natural vibration frequencies of vibration-isolated equipment and shock
loads, as well as supporting structures, the load transmitted to the supporting structures can be
significantly reduced. When assessing the effectiveness of vibration isolation systems for machines
with periodic loads, it is necessary to take into account transient modes (starting and stopping) and
possible resonance.

However, with large movements in vibration isolation areas, problems with contact with
auxiliary equipment, pipelines, etc. may arise. The vibration isolators themselves are also susceptible
to destruction due to low-cycle fatigue.

To reduce the level of vibrations in these modes, additional elements can be used, such as
connections, dissipative systems and additional masses. In this case, the characteristics of vibration
protection systems become nonlinear, and their calculation is reduced to the analysis of nonlinear
systems with a finite number of degrees of freedom (DOF).

In this study, a calculation method has been developed, and design dependencies have been
derived and algorithms for calculating vibration protection systems with nonlinear characteristics
(additional support link, viscous friction damper) as systems with one degree of freedom and two
degrees of freedom have been compiled.

2 LITERATURE REVIEW

To calculate systems with a finite number of degrees of freedom and, in particular, vibration
protection systems, the method of proffessor Chernov Y. T. (Chernov Y. T., 2011). The general theory
of calculating linear systems using methods based on transition functions, impulse transition
functions and their connections was given by prof. Solodovnikov V. V. (1960). When constructing
solutions, in contrast to the traditional method of “normal forms,” there is no need to construct one’s
own forms, write and solve equations in principal coordinates, and go back to generalized coordinates”
(Krylov & Bogolyubov, 2004).

In the literature, there are much fewer works that provide calculation and assessment of
vibration levels in vibration isolation systems in transient modes (start and stop).

High levels of vibrations in such modes can cause a breakdown in communication with
additional equipment, such as pipelines, and cause destruction of vibration isolators, in particular
metal ones, as a result of low-cycle fatigue.

The work (Rodriquez et al., 1994; Martinez-Rodrigo & Romero, 2003; Osipova, 2014)
describe methods for calculating and analyzing the nature of oscillations in transient modes, including
depending on the start and stop time intervals. Many examples of calculating systems with one degree
of freedom and two degrees of freedom under different laws of changes in the frequencies of forced
oscillations in transient modes are presented in the works of Ivovich V. A. (1984).

This study examined the problems of calculating linear and nonlinear vibration isolation
systems as systems with a finite number of degrees of freedom (two degrees) in operational and
transient modes. Under operating conditions, the calculation formulas were brought into a closed
form, in the form of an expansion into the proper forms of linear systems immediately relative to
generalized coordinates.
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One of the common options for reducing vibration levels in transient modes is the introduction
of'additional elements that are activated during large movements in resonant zones in transient modes.

The algorithm for calculating nonlinear systems using the “normal forms” method is considered
in Chernov (Chernov, 2011). This method is well studied and widely used in the study of linear
dynamic systems. For example, it was successfully applied to the calculation of nonlinear systems
with a finite number of degrees of freedom. This method is especially effective when calculating
“systems with a large number of degrees of freedom.” “One of the main stages of calculation using
the “normal forms” method is the determination of the system’s own forms and their normalization”.
The method is based on the concept of the movement of system masses at an arbitrary point in time,
shown in the form of an expansion in eigenvectors (principal coordinates):

y = &3 (1)

where ®-matrixnormalized proper forms;a - vector of main coordinates.
In this case, the associated equations of motion have the form:

My + Dy + Kj = §(t) )

where M, D and K are the matrices of mass, dissipation and rigidity of the system,
respectively.y,(t)§ —vectors of displacements of the system and external load applied to the masses.

These equations are transformed into equations of motion unrelated to the principal coordinates,
similar to the equations of motion of a system with one degree of freedom":

d, +d.a, +pta, =b.(t), (r=12..n) (3)

where a,- main coordinates,

r- own form number;

dr, pr- dissipative coefficients and frequencies of natural oscillations;

br(t)=®'q(t)-representation of the external load in the form of expansion in terms of its own
forms (@' - transposed matrix of normalized eigenforms).

According to the “frequency-independent friction hypothesis,” one should accept:

dr:pr V4 4)

where % —coefficients of inelastic resistance of the system, all values of which are usually taken
equal.
The solution to equation (3) is usually represented using the Duhamel integral:

a,(t) = p—l*fol b, (0)e ™t Dsinpi(t —t)dr, r=12..n) (5)
where
dr _ prvr
M= =72 (6)

2
Dy = +/P? — nZ =p? /1 - ]% - natural oscillation frequencies taking into account damping.

Displacements in the original system in generalized coordinates are determined by formula (1).
Research has shown that nonlinear VF dampers are very reliable (Osipova, 2013). The medical
center in San Bernardino County, California, is a five-story facility that uses 400 high-pressure rubber
bearings and 233 o = 0.5 nonlinear VF dampers. In addition, studies conducted on the seismic
retrofitting of the Golden Gate Bridge suspension section in San Francisco showed that the use of VF
dampers with a coefficient of o= 0.75 leads to the desired efficiency (Krylov & Bogolyubov, 2004).

169



QazBSQA Xao6apunbicel. Cayier xdHe KypsbLibic. Ne2 (92), 2024

In some cases, VF dampers are used in conjunction with seismic isolation systems. For example,
they have been integrated into the vibration isolation system of five buildings of a new medical center
in San Bernardino County, located close to two major fault lines, since its construction in 1995
(Soong & Dargush, 1998).

Viscous friction dampers are used in some tall engineering structures exposed to gusty winds
to mitigate dynamic loads. In China, they have been used, for example, in Beijing Yintai Center,
Yizhenyuan Building in Huaiying City, Beijing Exhibition Center Building and Beijing Yintai Center
Tower Central Building (Hongnan & Linsheng, 2010).

A study of a 9-story building with viscous friction dampers installed on the 5th and 9th floors
showed a 32% reduction in displacements and a 53% reduction in accelerations on the 5th floor. On
the 9th floor, a decrease in displacements by 36% and accelerations by 75% was noted (Khan et al.,
2014).

In (TsNIISK named after V. A. Kucherenko, 1986), recommendations are given for vibration
protection of buildings using vibration dampers and additional vibration insulation, but protection
methods using additional support are not considered.

In (Dubinin et al., 2023) discusses information modeling and rules for compiling models of
objects at different stages of operation of structures, incl. and when resonance phenomena occur
during startup and shutdown of the object. In (Polyakova et al., 2022) outlines the solution algorithm
(system of equations 7) and obtains the main characteristics for dynamic effects on structural elements,
but does not consider the use of dampers or other vibration dampers (system of equations 8). As a
special case of confirmation of these conclusions, the characteristics of the operation of objects in
static mode are given (Polyakova et al., 2021).

au, =—lel—C0rS9u -V, = 5, COSeﬂ—s 6’*9+ WY cos 20*Q, +1

2sinc9cos€*QZ,

ds " 'E, 1 09 Eh 1
du E, sind E, . - :

g =—Vl—2ﬂur—vl—w£—c 0*19+ﬂsm¢9cosﬁ*Qr+1 1Y sin® 0*Q,,

ds E, r E, r do | 1
dv cosfdu, sindou, cosd  h a9 2(1+v,) .
— =T 4 y——sind—+——H5,
ds r op r O r 3r op Eh (7)

12(1-vyv u 2

d8_ |, Ecosfg, ( d ) My, B2 5|r16'6 +v15"°f08 4y B E, S|r;0 v
ds E, r Eh E r’ o¢’ E, r" O¢p E r’ op
d Eh Eh E,h’ ? n nd 6°M

Q _ ny 5 [ = sn@cos@ﬁ—(l—vz)coseQ si QQ _cosé?ngﬂ 6 oM )
ds r r* dp 121 o’ r r oe r ago
dq, E,h*  &%u, E,h° 8’9  E,h’cos’d 0°9  cosé sing 6S” cosd 0°M,

= — 7 > =+ + 3 Q - +V2 P 2 _qz’

ds 6(1+v,)r* 0p*  6(1+v,)r’ o¢’ 12 09’ r oo r’ op

" Eh E,h 6°v Eh’ sin i -
di:_ : au, 22 a\;_ ,h" si 6(3;0398_9+V2c0596Qr+vzsm96Qz_2cosé’S +Vzﬁ6Ml )
ds r- ogp op- 12 r op r oe r ogp r r

3 3 2 3 3 3 3 2
am1 _ﬂsm&gos&auﬁEh cosd 0°U ” ERN du +Eh sm@gos@ dv Eh cos0* G- Eh alg+sm€*Q —c0s*0 - s1n9di_(l_V2)MMl’
ds 12 3 120 el+vrag 12 do 12 6(1+v,)r* g’ do r
du, 1 E u .
L &Q s1n¢9cos€+&Qr cos’ @—v, =2 cos@—L—Ysin0,
ds Eh Eh E, r
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du, 1-vyv, Qs g+-—"1"2 Q sianoszé’—vlEsinG&—i-&cosG,
ds Eh h E,
Q:MMI—EMﬁ&
ds Eh El
dc? Ezh u (l—Vz)COSHQr v, Slnth -q,, (8)
S r r
d 7
& cos Q —q,-T,
ds
M, E, h -
dds 12 219008 9+Q sm9 Q COSQ MMI

3 MATERIALS AND METHODS
To dampen vibrations in transient modes in many fields of technology, including the operation
of vibration-isolating equipment, systems with nonlinear elements - limiters and viscous friction

dampers - are widely used. Problems and algorithms for solving such systems in operational and
transient modes are considered. The system oscillation equation (Figure 1a) has the form:

my +(1+2v2) ey = q(0) )

Dependence of “reaction — displacement™ for the accepted type of nonlinearity:

c(y)y=kiy for y<yo; c(y)y=Kuyo+(ki+k2)(y-yo) for y>yo (10)

Further, during the transformation, the system under consideration, taking into account
nonlinearity, will take the form:

)7+(1+2v%)p12y=%—(1+2v%)@ (1
a) b)
9O q(t)
101 51’12
ki K
ko

FYTrrrrYey

k)
Vv
~
E

Figure 1 — a) system with limiter; b) system with viscous friction damper (author’s material)
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The solution to equation (12) is presented in the form of two solutions; linear system to an
external () and fictitious load, and which will depend on the type of nonlinearity (Yni).

Y=Y — Y (12)
The solution to the equation from the external load is written in the form of the Duhamel
integral (Chernov, 2011):

Vo = 5o fy (e ™I sinpi(1 = Ddr= - [d (OF0) = d2(OF ()]

D1
(13)
where 2n1 =2vp? | pi=+/p? — n?,
d, = e ™Mtsinp,t d, = e™' cosp;t (14)
F, = fotq(t)-e‘"lt cosp;rdr (15)
The nonlinear component of the solution is determined from the integral equation
1t d o (1=1) i %
Vol = m—p{fo (1 + ZVE) ky(y — vo)e ™D sinpi(t — 0dr (16)
where to — time to turn on additional support.
Following (13) — (15) we can write down:
Yt = mk—; [ (v = yo)e™O=9 (sinpjt cosp; 7 — cospit sinp; Ddz =
k
m;; [d1 () F;(to, 1) — da () F1 (Lo, £)]
(17)

where F,(t,, t) = f;(y — Yo) - ™" cos p; tdT ;

Fy(to, ) = J. (v = y0) - ™7 sin p; 7dr (18)

The total displacement is calculated using formula (13), which is solved step by time with
iterations at each step.

As an example, a system with the following parameters is considered: system mass — 10 tons;
rigidity ofthe original system — 4000 kN/m; rigidity of additional connection — 2000 kN/m; amplitude
of disturbing force — 350 kN; disturbing force frequency — 78 rad/s; z0= 0.015 m;

We use the above approach to calculate a system with a viscous friction damper (Figure 1b).

The equation of motion of a system with one degree of freedom with a viscous friction damper
takes the form (in particular during start-up and in operating mode):

. d d
my + (1+ 21 ) ky + b |2 = (0. (19)

where hx — drag coefficient (TsSNIISK named after V. A. Kucherenko, 1986)

When yo<y<yi, where yo(to) and yi(t) are the boundaries of the zones for switching on and
off the damper. In the rest of the zone hy is equal to zero.

Taking into account the above conditions, using the Duhamel integral, the solution to equation
(19) can also be represented as a sum of two solutions (formulas 12 - 13). Let us write down the
solution to the nonlinear part:

1 t d *
Integrating (20) by parts, we write (in the interval to<t<t)
1 . t t .
Y = o (R 1.0 [ = [ hyVa i, t = Dt} (21)

where Vi(pj,t) = e ™t sin p, t- pulse transient function, VZI% Vi,
After such transformations it takes the form:
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E{[n,d; (t) — p1d; O1F, () + [n1d1 (t) — prda (O]F (7)1 (22)

h
pim

ynl(t) =

4 RESULTS AND DISCUSSION

Without doing numerical solutions, we note that the indicated algorithm corresponds to the
start-up solution, and the numerical algorithm is similar to the algorithm used in linear and nonlinear
vibration isolation problems. In operating mode, the upper limit of the integral should be set to t=t1.
Movements of systems in stop mode are determined by the algorithm given above in the interval t3-
t, where t3—time when the damper is activated.

This study examines options for nonlinear vibration isolation systems, including systems with
a limiter and viscous friction damper. Algorithms for calculating these systems both with one degree
of freedom under the action of a harmonic load in operational mode and in transient modes are also
presented. The given calculation example shows that the use of a system with a limiter allows one to
reduce maximum movements in transient modes by 30-35%.
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Figure 2 — Traditional system movement graphics (author’s material).
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Figure 3 — Movements in the traditional system (blue) and with additional support (green) (author’s material).

173



QazBSQA Xao6apunbicel. Cayier xdHe KypsbLibic. Ne2 (92), 2024

An assessment was made of two options for vibration protection systems; traditional system
and system with additional support.

The maximum displacement values with the traditional vibration isolation system were 0.0598;
0.0893 and 0.0061 m during start-up, stop and operation, respectively. For option 2 - systems with
additional support, the greatest effect when turning on support during startup was at k2 = 1500 kN/m.
Other stiffness values gave unfavorable results and displacements increased. When stopped, the
optimal value of stiffness k> was 2500 kN/m. In operational mode, of course, additional connections
did not affect the levels of movement.

The maximum reactions transmitted to the supporting structures are also determined. Option 1
was taken as a control for comparison with other response values for other vibration isolation options.
For option 2, the optimal stiffness value was k2 = 2500 kN/m, at which the reaction value increased
by 47% when starting and decreased by 48% when stopping.

Table 1
Amplitudes of movements in systems with 4 vibration isolation options [author’s material |
Vibration isolation Constant Changed Amplitude of movement (m)
option parameter parameter
at start-up when during operation
stopping
m; =10t; ki - 0,0598 0,0893 0,0061
Traditional system = 4200kN/m
ml = 10t; ki ko (kN/m) 0,0629 0,0856 0,0061
=4200kN/m 500
System with an 1000 0.0644 0.0796 0.0061
additional support 1500 0.0591 0.0696 0.0061
2000 0.0728 0.0514 0.0061
2500 0.0704 0.0289 0.61

5 CONCLUSIONS

In the present study, the effect of the duration of transient regimes on displacement amplitudes
was studied . Increasing the time intervals in transient modes gave different effects. An
increase in the time interval by 33% led to an increase in displacement by 9-17% for all vibration
isolation options. When stopping, an increase in time by 67% resulted in an increase in the amplitude
of movements by 20%-42%. In operating mode, the oscillation amplitudes did not change, which
indicates stability of operation during operation and possible malfunctions during startup or shutdown
of the structure.
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