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Abstract. Currently used elements of the elastic suspension of machines are very diverse both in form and in their
functional purpose. According to the purpose, the elastic elements are divided: into the main ones — they are an element
of the structural-dynamic scheme of the machine, determine the operating mode; supporting — determine the kinematics
of movement of the working bodies and the design of the machine, are used to connect the working body to the base;
isolators — provide a reduction in dynamic loads on foundations, floors, support structures, reduce harmful vibrations in the
workplace and noise in the production areas; buffers — elastic elements installed with a gap and working in shock mode,
are used to stabilize the operating mode of a vibrating machine in extreme conditions and in transient regimes. It should
be noted that the elastic suspension elements of vibrating machines can simultaneously perform several functions: to be
basic and supportive, supportive and anti-vibration, etc.

All of the above determines the role of the elastic link in the overall structural scheme of the vibrating machine,
determines its power and dissipative characteristics and, as a result, its design and material choice.

Vibration isolating systems using elastomeric structures based on rubber as the main, supporting and vibration iso-
lating elements are widely used both in Ukraine and abroad. The most common in practice are elastic elements in the form
of solid or hollow rubber cylinders with various shapes of the free surface. The curved shape of the inner and outer surfaces
provides an increased heat sink area and allows to create elements of lower height with the same amount of vertical
stiffness. The question of determining the stiffness characteristics of such rubber elements depending on the conditions
of their loading and fastening remains poorly studied.

The rubber elements of type V-101, V-102 and V-103 were tested. The tests were carried out in two stages: first stage
— shear forces were determined when the relative deformation value was changed; the second stage is the determination
of the change in the stiffness characteristics of the rubber element depending on the direction of the external load and the
conditions of its fixing. Experimental studies were performed using special tools and standard measuring equipment.

It has been established: the loss of stability of power rubber elements with relative deformations of more than 10-15 %
occurs due to a sharp decrease in shear stiffness; the angle of application of the external load on the rubber vibration
isolator, the method of fixing the rubber vibration isolator, significantly changes its stiffness characteristics.

Considering the changes in stiffness characteristics of cylindrical vibration isolators, depending on the angle of appli-
cation of the external load, allows not only to expand their field of application, but also to reduce the range of manufactured
ones.

Keywords: cylindrical rubber vibration isolator, stability, stiffness characteristics

Introduction
Key point of vibratory transportation equipment is as follows: in the context of the

drive, used in it, oscillatory movement, amplitude, and geometry of the operating mem-
ber trajectory are determined only by following factors — force action (impact force),
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number, and mass of moving components as well as the amount, arrangement, and
characteristics of elastic elements [1].

Currently, structures of vibratory transportation machines include elastic couplings
in the form of either steel springs or rubber and rubber-metal parts. Elastic couplings
of vibratory transportation machines differ in the types of deformation effecting the
elastic components; those deformations are subdivided into compression, bending, and
shearing ones. In the majority of cases, steel springs work in torsion, bending, and
compression while rubber and rubber-metal parts work in compression, shearing, and
shearing with compression [2].

Depending upon the material as well as deformation type and mode, each of the
listed variety of elastic couplings has its own peculiar elastic properties with corre-
sponding influencing upon the selection and calculation of stiffness parameters.

Determination of effective stiffening behavior of elastic coupling is the important
problem for the following calculation since the correct solution effects considerably
the operation of a vibratory transportation machine and its performance in terms of the
specified technological process.

Modulus of elasticity is one of the basic parameters to design rubber parts operating
both in static and dynamic modes. In terms of such calculations, value of the elasticity
modulus should not belong to rubber as to the material but it should belong to the whole
component part since the component part geometry and fastening conditions change
significantly the characteristics of a rubber component.

Nowadays, elastic couplings in the form of cylindrical rubber components with
complex shape of free surface are rather wide spread [3]. Such components have con-
siderable differences between compression stiffness and shearing stiffness due to the
differences in elasticity moduli in those directions. Comparing to cylindrical ones, such
components are characterized by the increased area of heat removal that makes it pos-
sible to use them in terms of intense modes of loading in screens, mixing machines,
conveyors, and separators. Wider application of cylindrical rubber components with
complex shape of free surface requires us to know their stiffening behaviour depending
upon the direction of the external load action.

Purpose of the paper is to determine experimentally the changes in stiffening be-
havior of full-scale specimens of rubber components depending on the direction of ex-
ternal load action and conditions of their fastening.

Methodology

Two types of rubber vibration isolators have been tested: V-100 (diameter is
100 mm; height is 80 mm), V-101 (diameter is 100 mm; height is 127 mm), and V-103
(diameter is 20 mm; height is 150 mm). All the vibration isolators were made of the
rubber from one batch. Each vibration isolator was pre-tested for axial stiffness in terms
of quasi-static and dynamic loading modes. To carry out further tests, one pair of vi-
bration isolators of each type with similar quasi-static stiffness were selected.

Quasi-static tests were performed in terms of special-purpose screw press with a
self-braking device. Value of the generated load was recorded by means of reference
dynamometer; movements due to the loading action were recorded with the help of dial
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indicator. Loading was generated gradu- _
ally with five-minute delay at each stage. @ Loading
The delay was followed by the record of
loading and movement readings.

Dynamic tests were carried out on a

special-purpose stand where vibration ,// — \\‘
insulator was effected by dynamic load- / \
ing according to sinusoidal law with P

1000 + 5 rpm frequency and 0.005 m a — shearing with compression
amplitude. Dynamic loads were rec- .
orded by means of a measuring strain- @Loadmg

i

the help of cups. Cups of 9 mm depth

were used for vibration isolators V-100

and V-101; cups of 20 mm depth were —
used for vibration isolators V-103. b — shearing

Each pair of vibration isolators of  Figure 1 — Devices and schemes to load vibra-
one standard size was fixed in special fa- tion isolators
cilities which schemes are represented in :
Figure 1. Figure 1, a represents a scheme
of compression loading of a vibration
isolator with shearing at the angle of
@ =30° and ¢@=60°. Figure 1, b shows
shearing angle ¢ =90°, i.e. pure shear.
Quasi-static shearing stiffness was meas-
ured in the context of the previously de-
veloped axial precompression by 10 % e ‘
of the height of vibration isolators being  Figure 2 — Device to test vibration isolators of
tested. Figure 2 shows a device to test vi- V-100 type at an angle ¢ = 30°
bration isolators of V-100 type at an an-
gle ¢ =30°.

According to the measuring results, Figure 3 represents dependences of changes in
quasi-static stiffness of C,, of vibration isolators upon ¢ angle of external loading ap-
plication.

Figure 4 shows a stand with a device for dynamic tests at an angle ¢ = 30°.

Table 1 shows the results of determining values of quasi-static and dynamic stiff-
ness of vibration isolators at different ¢ angles of external loading application.

Table 2 represents values of the ratios of quasi-static and dynamic stiffness of vi-
bration isolators in terms of different angles of external loading application.

Increment of heating-up temperature inside the vibration isolators in terms of the
effecting external loading at an angle ¢ =30 ° was 1.5-3.5 °C comparing to the axial
compression (¢ = 0°).

gage bush.
In terms of all the test types, vibration
isolators were fixed on the butt ends with Prelgc; @
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Figure 3 — Dependence of C., upon angle ¢ for different  Figure 4 — Stand with a device for dy-

types of vibration isolators namic testing of vibration isolators at
an angle ¢ =30°

Table 1 — Results of determining stiffness of vibration isolators

Type of vi- Stiffness of vibration isolators, kN/m
bration isola- Quasi-static, C Dynamic, Cy
tor p=0° o =30° @ =60° @ =90° p=0° p=30°
V-100 120.5 67.3 34.8 20.2 216.4 146.1
V-101 147.7 104.2 51.5 25.7 204.8 153.7
V-103 139.8 98.3 52.5 30.0 230.4 176.8
Table 2 — Values of the ratios of vibration isolators stiffness
Quasi-statics Dynamics
Type of vibration el el el lsad
isolator 2 < = —
C£:3o C£:6O CO(/;:90 C§J:3O
V-100 1.79 3.46 5.96 1.48
V-101 1.41 2.86 5.75 1.33
V-103 1.42 2.66 4.66 1.3

To determine the effect of fastening type of a vibration isolator on butt ends (with
the help of cups and without them), quasi-static tests of vibration isolator V-103 with
the cups of 20 mm and 50 mm depth were carried out. Table 3 generalizes the testing
results.

Results and their discussion

Analysis of the obtained results shows following facts:
e rubber components demonstrate the highest quasi-static stiffness in terms of axial
compression; the lowest quasi-static stiffness is observed in terms of shearing; and
intermediate stiffness values are seen in terms of shearing with compression;
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e changes in the values of dynamic stiffness of rubber components are of the same
tendency as the changes in quasi-static one;

e changes in the angle of external loading application have practically no effect upon
the heating-up temperature increase inside a rubber mass of a vibration isolator;

¢ atechnique of rubber component fastening effects considerably its stiffness behavior.

Table 3 — Effect of the available cups of the rubber component V-103 on butt-ends upon the quasi-
static stiffness

Conditions of the applied load- Quasi-static stlffngss, KN/m :
ing Without cups With cups (depths):
20 mm 50 mm
Axial compression (¢ = 0°) 108.3 139.8 241.6
Compression with shearing, if:
@=30° 78.2 98.3 175.0
@=60° 42.4 52.5 98.3
Pure shearing (¢ = 90°) 8.3 30.0 40.0

Thus, the available cups of 20 mm depth increase the rubber component stiffness
by 25-30 % comparing to free fastening. If the cup depth changes from 20 mm down
to 50 mm, that results in stiffness increase by 70-80 %.

Conclusions

1. Angle of external loading application upon a rubber vibration isolator results in
its stiffness changes; that should be taken into consideration while designing vibratory
transportation machines, especially the ones of a resonant type.

2. Fastening technique, applied to rubber vibration isolator, effects significantly its
stiffness behavior. Paying attention to the fastening technique makes it possible not
only to widen the area of application for vibration isolators, but to reduce the range of
the ones being manufactured.
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AHoTaujfi. 3acTOCOBYBaHi B AaHWUil Yac eleMEHTI NPYXXHOI NiABICKM MALUMH BiAPI3HAKOTLCS BEMMKOKO PiSHOMAHITHI-
CTHO SIK 32 (hOPMOI0, TaK i 3@ CBOIM (DyHKLiOHANbHAM MPU3HAYEHHAM. 3a NPU3HAYEHHAM NPYXHI eNemMeHTH nigposgins-
t0TbCS: HA OCHOBHI — € €NEMEHTOM CTPYKTYPHO-AMHAMIYHOI CXEMU MaLLIMHW, BU3HAYAKOTb PexuM poboTu; onopHi (nigTpu-
MYHOui) — BU3HAYa0Tb KIHEMATUKY pyXy pOOOYNX OpraHiB i KOHCTPYKTUBHE OCHOPMIIEHHS MALLMHW, CYXaTb ANS 3'€QHAHHS
po6040ro opraHy 3 OCHOBOI; BibPOI3oNATOPK — 3abe3neyyioTb 3HKEHHS AUMHAMIYHUX HaBaHTaXeHb Ha (yHOAMEHTH,
NepexkpUTTS, NIATPUMYOYI KOHCTPYKLI, 3HWXKYIOTb LUKIANMBI BibpaLii Ha poboYnX MICLAX i LYM Y BUPOBHUYNX NPUMILLEH-
HAX; Byepn — NPYXHi eNneMeHTH, L0 BCTAHOBOKTLCS 3 3a30POM i NPALKOI0Th B YAAPHOMY PEXUMI, BUKOPUCTOBYIOTHCA
Ana crabinizauii pexvumy po6oTu BibpaLiiHOi MaLLMHK B eKCTPEManbHUX YMOBaX i B NepexigHux pexuvax. Cnig 3asHa-
YUTK, LLIO NPYXKHI eNeMEeHTU NiaBiCKW BibpaLiHUX MaLLMH MOXYTb BUKOHYBAaTI OAHOYACHO AeKinbka (YHKLiA: ByTh OCHOB-
HAMM i NiGTPUMYIOYUMK, NIZTPAMYIOUYMMA | BIBPOI3OMIOYAMK i T.4.

Bce nepepaxosaHe BK3Ha4a€e ponb NPYXHOI NaHKW B 3ararbHii CTPYKTYPHIN cxemi BibpaLinHOT MalUUHW, BUSHAYaE
il CUNOBY Ta AMCUNATUBHI XapaKTEPUCTUKM i, K HACMIAOK, T KOHCTPYKTUBHE BUKOHAHHS Ta BUBIp matepiany.

Linpoke NoLIMPeHHS Sk B YKpaiHi, Tak i 3a KOpAOHOM OTpUManu Bibpoi3ontooyi cMCTEMU 3 BUKOPUCTAHHAM eNnacTo-
MEpPHUX KOHCTPYKLLA HA OCHOBI TYMW B SIKOCTi OCHOBHUX, NIATPUMYIOUMX i BiBPOi3onioounx enemenTis. HanbinbLuoro no-
LUMPEHHS Ha NPaKTUL|i OTPUMANK NPYXHi ENEMEHTYN Y BUINALI CyLinbHUX abo NOPOXHIX ryMOBMX LWMIHAPIB 3 Pi3HO ¢op-
MOIO BinbHOI NoBepxHi. KpuBoniHiiHa dropma BHYTPILLHBOI 1 30BHILUHBOT NOBEPXOHb 3abe3neyye nigBuLLeHy nroLLy Ten-
NOBIABEOEHHS Ta 4O3BOISE CTBOPIOBATW EMEMEHTM MEHLLOI BCOTM MPW Till Ke BENWUUMHI BEPTUKANbHOI XOPCTKOCTI. 3a-
NMLIAETHCS MaroBUBYEHUM NUTAHHS BU3HAYEHHS XapaKTePUCTUK XOPCTKOCTI TaKMX [yMOBMX €/TEMEHTIB B 3aNeXHOCT Bif
YMOB X HaBaHTaXEHHS Ta 3aKPinneHHs.

Bvnpo6osyeaHb 3a3Hanu rymosi enemeHtn Tuny V-101, V-102 ta V-103. BunpobyBaHHS BUKOHYBanWCs B ABa eTanu:
nepLni eTan — BU3HAYanmMes 3yCcunns 3cyBy npW 3MiHi BENWMYMHK BigHOCHOI Aedhopmalii; Apyriid eTan — BU3HAYEHHS
3MiHW XapaKTEPUCTUK XXOPCTKOCTI ryMOBOrO €NeMeHTa B 3aneXHOCTi Bif HanpsMKy Aii 30BHILLHEOr0 HaBaHTaXEHHS Ta
YMOB 11010 3aKpinneHHs. EkcnepumeHTanbHi AOCRigKeHHS BUKOHYBANMCS 3 BUKOPUCTaHHAM creljianbHUX NpucTpoiB i cTa-
HOAPTHOT BUMIpIOBaNbLHOT anapatypu.

BcTaHoBneHo: BTpaTta CTIMKOCTi CUIOBUX T'YMOBUX efeMEHTIB npu BigHOCHUX Aedhopmauisix Binble 10-15 % Bigby-
BAETLCA Yepes3 Pi3Ke 3MEHLLEHHS 3CYBHOI XXOPCTKOCTI; KYT [OKNaAaHHS 30BHILUHbOTO HAaBaHTAXeEHHS Ha ryMOBWI BibpOi30-
NATOP, CNOCIB KPINNEHHS ryMOBOrO BUOPOM30NATOpPa ICTOTHO 3MIHIOE AOr0 KOPCTKICHI XapaKTEpUCTUKM.

BpaxyBaHHs 3MiHM XapaKTepUCTUK KOPCTKOCTI LMNIHAPUYHMX BiOPOI30NATOPIB B 3aNeXHOCTI Bif KyTa AOKNaaaHHA
30BHILUHBOTO HABAHTAXEHHS [O3BONSE HE TiMbKW PO3LIMPUTI 0BNACTb iX 3aCTOCYBaAHHS, @ N CKOPOTUTW HOMEHKIaTYpy.

KntouoBi cnoBa: LuniHApUYHMIA T'YMOBUIA BIGPOI3ONSATOP, CTIMKICTb, XOPCTKICHI XapakTepuUCTHKM

AHHoTaums. MpuMeHsieMble B HACTOSILLEE BPEMS 3NIEMEHTbI YNPYroi NOABECKM MALLMH OTINYaoTCs BonbLUKMM pas-
HooGpa3neM kak no opme, Tak 1 No CBOEMY (PYHKLMOHANBHOMY HasHaueHuto. 10 HasHaueHuto ynpyrie aneMeHTbl noa-
PA3AENsKTCS: HA OCHOBHbIE — SBMSIOTCA ANEMEHTOM CTPYKTYPHO-AMHAMUYECKON CXEMbI MALLMHBI, ONPESEnsioT PeXUM
paboTbl; OMOpPHbIE (NOAAEPXMBAKOLME) — ONPEAENSOT KMHEMATUKY ABWXKEHWS pabounx OpraHoB W KOHCTPYKTUBHOE
0hopMNIEHME MaLUVHbI, CIyXaT Ans CoOeanHeHns paboyero opraHa ¢ OCHOBaHWeM; BUOPOM3oNsATopbl — obecneynsaioT
CHWKEHWE ANHAMUYECKNX HArpy3oK Ha (hyHOAMEHTbI, NEPEKPLITUS, MOAAEPKMBAIOLLME KOHCTPYKLMM, CHXAIOT BpeaHble
BuGpauum Ha paboumnx MecTax 1 LWyM B MPOM3BOACTBEHHbIX NOMELLEeHUsIX; Bydepbl — ynpyrie anemeHTsl, ycTaHaBn1Ba-
€Mble C 3a30poM 1 paboTatoLume B yAapHOM PexXMme, NCNoNb3yoTes Ans cTabunuaumm pexuma paboTel BUOPaLMOHHOI
MaLLMHbI B 3KCTPEManbHbIX YCMOBUSX U B NEPEXOAHbIX pexumax. CrefyeT 0TMETUTb, YTO YNpyrie SeMeHTbl NOABECKM
BMOPALMOHHbIX MaLUVH MOTYT BbINONHATL OAHOBPEMEHHO HECKOMBKO (OYHKLWI: ObITb OCHOBHBLIMY V1 NOAAEPXKMBAOLLMMM,
MOAAEPXKMBAIOLLMMM 1 BUOPOU3ONMPYIOLLMMY 1 T 4.

Bcé nepeuncneHHoe onpegensieT ponb ynpyroro 3BeHa B OOLUEN CTPYKTYpHON Cxeme BUOPALMOHHON MalUWHbI,
onpegensieT ero CUMOBYH W ANCCUNATUBHBIE XapaKTEPUCTUKM W, KaK CReLCTBUE, ero KOHCTPYKTUBHOE UCMONHEHME U Bbl-
Bop matepumana.
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LLinpokoe pacnpocTpaHeHue kak B YkpauHe, Tak 1 3a pybexom nony4uni BubponsonmpytoLLme CUcTembl C UCMOSb-
30BaHNEM 3NaCTOMEPHbIX KOHCTPYKLMIA HA OCHOBE PE3uHbI B Ka4eCTBE OCHOBHbIX, NOAAEPXKMBAIOLLNX 1 BUBPOM30NMPYIO-
WX dnemeHToB. HanborbLuee pacnpocTpaHeHue B NpaKTyKe NOMy4nUnv yrpyrie SneMeHTbl B BUAE CMIOLHbIX Ui NOMbIX
PE3WHOBbIX LIMIMHAPOB C PasnnyHoi hopmoi cBOBOAHOM NOBEPXHOCTW. KpnBonuHenHas popma BHYTPEHHEN U HapyX-
HOW NOBEPXHOCTeN 0becreymBaeT NOBbLILLEHHYIO NNOLaab TENNOOTBOLA U NO3BONSET CO3AaBaTh AMEMEHTbl MEHbLUEN
BbICOTbI NPU TOM e BENNYMNHE BEPTUKanbHO xecTkocTu. OCTaeTcs Manounsy4eHHbIM BOMPOC OnpeaeneHnst KeCTKOCTHbIX
XapaKTEePUCTUK TaKWUX PE3MHOBbLIX 3NIEMEHTOB B 3aBUCUMOCTM OT YCMOBUIA UX HArPY)XEHUS 1 3aKpenmneHus.

VcnbiTaHuaM noasepranuch pesnHosble anemenTbl Tuna V-101, V-102 u V-103. VicnbitaHus BbINOMHANKCH B ABa
aTana: nep.bIn 3Tan — ONPEAENsNNCL YCUINA CABUTA NPY U3MEHEHWUN BENWYNHBI OTHOCUTENBHOM AedhopMaLiy; BTOPOA
aTan — onpegeneHne U3MEHEHUs XeCTKOCTHBIX XapaKTepuCTUK PE3NHOBOrO 3rieMEHTa B 3aBUCUMOCTM OT HanpasneHus
LENCTBIS BHELLHEN HArpy3Kut U YCIOBWN €10 3aKpenmneHns. JKCnepuMeHTasnbHble MCCNeLoBaHNS BbINONHANUChH C UCMOMb-
30BaHWEM CrieLanbHbIX NPUCNOCOBNEeHuI M CTaHAAPTHON U3MEPUTENBHOM annapaTypb.

YCTaHOBMEHO: NOTEPS YCTOMYMBOCTMU CUMOBbIX PE3VHOBBIX 9NEMEHTOB NPK OTHOCUTENBHBIX AedopMaumsx bonee
10-15 % npoucxoauT n3-3a pe3koro yMEeHbLIEHWS CABUMOBO XECTKOCTH; Yron NPUNOXEHNS BHELLHEN HArpy3ku Ha pe3u-
HOBbI BMBPOK30NIATOP, CNOCOD KpenneHMs pe3MHOBOro BUOPOU3ONATOPa CyLLECTBEHHO U3MEHSIET €ro XeCTKOCTHbIE Xa-
PaKTEPUCTUKN.

YYET N3MEHEHMS KECTKOCTHBIX XapaKTePUCTUK LUNUHAPUYECKUX BUOPOM3ONIATOPOB B 3aBUCUMOCTM OT yrna npurio-
XEHWS BHELLHEN Harpysku No3BONSET He TOMbKO paclumpuTb 06nacTb UX NPUMEHEHUS, HO U COKPaTUTb HOMEHKNaTypy
BbiNyCKaeMbIX.

KntoyeBble cnoBa: LMNUHOPUYECKII PE3VNHOBBIN BUOPON30NSATOP, YCTONYMBOCTb, KECTKOCTHbIE XapaKTEPUCTHKM

Cmambsa nocmynuria e pedakyuro 10.02.2020
PexomeHdosaH0 k neyamu 0-pom mexH. Hayk B.I1. Hadymbim



