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This paper proposes a new type of insulator, has both insulating and damping properties to
improve the operational reliability of overhead power lines' structures (OHPL). In order to assess
an effectiveness of the new insulator's design have made laboratory tests of a insulator model with
different types of elastomer seals, differed of the rubber marks and the type of reinforcement. An
experiment consist of two stages: at the first stage an object of study has been exposed to cyclical
vibration, at the second — the impact of an impulsively load. Results of the research showed, that
the most effective are the elastomeric gasket with a minimum rigidity characteristics without
reinforcement. Using insulators with such dampers allows to reduce the first maximum impulse to
a support by an average of 20% and reduce the frequency and amplitude characteristics of the
system. Based on this was developed a new type of elastomer reinforcing with steel sheet elements
in the form of a truncated cone.
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Introduction

The main drawback of currently used insulators is to use materials with low
damping properties [1 — 4]. For this reason, usually occur weakly damped
oscillations in the rod of the insulator under the influence of external excitation
forces [5 — 7]. This paper presents the experimental research into the use of
elastomeric materials to stabilize the power grid structures.

Based on the theoretical research was proposed the design of damper device
shown in fig. 1. The distinguishing feature of this design is that the damping
assembly which consists of two delta-shaped staples, perceive tensile load,
causes in the gasket of elastomer compression deformation. Thus, it is possible
to use flexible elastomeric damper, suspension and conductor-stayed systems.
On the power lines such element can be mounted into the polymer insulator
strings, the more that the elastomeric gasket is a good dielectric [8, 9].
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1. Design of the damper device

The new type of insulator proposed in this paper (fig. 2) having an
insulating and damping properties simultaneously and can be used to improve
the operational reliability of overhead lines owned by the enterprises of
electrical networks.
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Fig. 1. The damper’s general Fig. 2. The insulator with the damper
view

The insulator, showed in fig. 2, consists of FRP rod 1 and fixed at its ends
of metal end fittings 2, 3 with connecting elements 7, 8, which are covered
with a protective sheath 4 of a dielectric polymer material. Between the lower
end fitting 3 and the element 7 inserted damping assembly in the form of two
delta-shaped staples 5, 6 are connected in series with a gasket disposed
therebetween elastomeric material 9 is of a cylindrical form.

2. The methodology of experimental researches

In order to assess the effectiveness of the above designs were conducted
laboratory tests of model insulator strings, which were introduced damping
assembly.

During the experiment used elastomeric gasket provided by Ukrainian
Research, Design and Technology Institute of elastomeric materials and
products (URDTI «DINTEM»), Dnepropetrovsk city [10].

The main purpose of the tests was to determine the effectiveness of the
proposed design under dynamic loads and impacts to the OHPL supports from
the electrical cabels and ground wires and an evaluation the structural damping,
depending on the type and design of the elastomeric gasket.
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So elastomeric materials have a pronounced nonlinear properties, and the
data about physical and mechanical properties are clearly insufficient to carry
out theoretical studies, it was decided to establish a simple methodology to
assess the complexity with minimal vibration damping properties of
elastomeric materials in the proposed design.

According to the proposed methodology were tested insulator strings with
different types of elastomer gaskets, rubber marks, and differing types of
reinforcement. The experiment consisted of two stages. At the first — stage
research object exposed to cyclical vibration load, at the second — to
impulsively load. Tests were conducted in December 2014 in the Testing
Center of Donbass National Academy of Civil Engineering and Architecture at
a temperature of +1°C.

2.1. Tests of the insulator strings with damping unit on the action of
the cyclic vibration load

L= ) Fig. 3. The scheme of insulators
—— strings' tests under cyclic load:
N, = 1 — a support;
17 2, 6 —a model of a string;
3, 5 — the damper;
5 4 — the elastomeric gasket;
4 oMKt < 7 — a dinamometr;

I:I 8 —a wire;
]_ll 9 — a metal frame;
- 16
11 — the vibrator;
R

Li

10 — a weight load;

12 — the DC motor,

13 — a strenght;

14 — the power supply;,

15 — a monitoring system;
16 - PC;

S 220y 17 — strain gauges
13 \14

The insulator was modeled using a steel pipe with a diameter of 22 mm,
which was introduced on hinges damping assembly. The total length of the
string was 1.5 m. Strings of similar length are used on real lines with voltage of
110 kV.

The testing scheme of insulator strings by the cyclical load is shown in fig. 3.

Prior to the tests, was a preliminary calibration of strain gauges readings (in
cross-section has 6 strain gauges), located in the stringd between the damper
and the wire, between the damper and the support by comparing the readings
with the latest readings of the dynamometer by-step application of the load unit
weight loads.
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To the suspended insulator strings through the conductor sent the load form
the weight load , on which was established vibrator, with the help of which
excited oscillates system (fig. 4).
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Fig. 5. Spectral dependences: a — the model
without elastomeric gasket; b — with gasket

Fig. 4. The test model’s general view

Controlled parameters were voltage in insulator strings between the damper
and the wire and between the damper and the support, measured by the strain
gauges of resistance and also the force in the connecting conductor, measured
with a dynamometer. Variable parameters were the mass of the weight load
load and the frequency of exposure.

In order to assess natural frequencies of structural vibrations were built
spectras using a Fast Fourier Transform (FFT). As seen in fig. 5 the use of
elastomeric gasket reduces the first natural frequency of the system from 6.2 to
5.5 Hz. Thus, when applying the described damper may apply so-called
"frequency tuning."

In fig. 6 can see the characteristic recording of the signal implementation by
the time. The values of the vertical axis corresponds to the voltage in kgf / cm?,
the line voltage shown in the body of between damper and—strings between the
wire and damper broken lines support.
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Fig. 6. An example of the signal realization

2.2. Tests of the insulator strings with damping unit on the pulse
loading at breakage of wires

To study the damping properties of the proposed insulator have been
conducted researches of the dynamic behavior under the influence of the
impulse loading from the wire breakage. As the object of study was used the
span model of wire between the anchor and intermediate supports. The case of
wire breakage was simulated in the second span fromthe anchor support. The
experimental scheme is shown in fig. 7.

The wire was modeled using a steel conductor with a diameter of 10 mm
(fig. 8) with equivalent stiffness properties. The span length is 30 m. To create
a design load the span of electrical conductor were pre-loading using the unit
weight loads by mass 10 kg, is rigidly attached to the wire.

El

YCMK1

Fig. 7. Driving test insulator strings cyclical load: 1 — a support; 2 — wire; 3 — dynamometers; 4
—loads; 5 — model garlands; 6, 8 — damper; 7 — elastomeric gasket; 9 — breaking bracket; 10 —
monitoring system; 11 — PC

Breakage was carried out using a discontinuous brackets. During the
breakage were measured: the moment of the conductor's breakage, a traction in
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the wire near the insulator, a strenght in the insulator rod between the damper
and the support and between the damper and the conductor is carried out using
the monitoring system of building structures "UMSK-1." The frequency of the
parameters removal was 64 Hz.

The open architecture of the "USMK-1" enabled mobile make and
implement the breakage sensor, the principle of action is based on breaking the
electrical circuit [11-13]. During the experiment achieved tension in the
conductor from 1000 to 9000N, with a step of 100N.

Fig. 9. Change forces in the insulator's rod:
Fig. 8. The insulator string’s general view a — without estameric gaskets,; b — with
elastomeric gasket

Fig. 9,a shows the change of forces for the insulator without elastomeric
gasket (S1 — forces in the rod between the damper and the conductor, S2 —
forces in the rod between the damper and the support). Fig. 9,6 shows forces in
the insulator with the gasket without reinforcing (SQ2 — the traction of in the
conductor, S2 — forces in the rod between the damper and the support, S1 —
forces in the rod between the damper and the conductor).

Although the use of FFT (fig. 10) allows to judge about the frequency shift
of the system with the introduction one or other damper, but to evaluate the
vibration damping properties by the frequencies is difficult [14, 15].

The most complete information about the oscillations damping by the
elastomeric element on frequencies can be obtained on the basis of the filtering
the digital signal implementation obtained by using Haar transformation [16,
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17, 18]. With its help, in fact, carried out a multi-stage digital filtering the
signal through a set of filters, low and high frequency with constant relative
transmittance [19].
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Fig. 10. The spectra: a — without estameric gaskets; b — with elastomeric gaske.

The construction of discrete Haar transformation begins from the
determinaion of the scaling function ¢@(u), depending on the of some
restrictions and is used to specify the "mother" function y(u). The basis
functions, which representing the signal, defined by extensions y(u). The form
of "mother" transformation is not unique and depends on the desired order of
the transformation. The analyzed signal must consist of 2" samples, where M —
whole number. During the the conversion the signal is decomposed into M+1
levels (i=1,0,1, ..., M+1). Each i-th level consists of k = 2’ partially overlapping
basis functions are equally distributed in the interval 2"/k. The realization of
the signal is uniquely determined by the expression:

N 2/
X()=A,+Y D w2 1-k-T), 0<x(1)<T, (1)
Jj=1k=0
where y(2"t - k-T) — Haar functions, ¢ - time.

Through the ratio given the function algorithm of normalized low-
frequency and high-frequency digital filters. Setting the value of “M”
practically determines the "Tree" of digital signal filtering. As a result of the
decomposition of the signal is a set of implementations that display the time
dependence of the filtered frequency bands in normalized components of the
original signal. In this frequency band f; for each implementation associated
with the sampling frequency and the signal f; may be determined as follows:

fe[fli} @
2 2

Thus, the use of Haar transform allows you to explore a broadband signal,
detailing it in the normalized frequency bands. Thus it is possible to identify
the characteristics of the signal hidden in its initial implementation. Filtered
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implementation can be further analyzed by conventional means of statistical
processing of signals.

The highest frequency in the transformation is determined using the
Kotel'nikov theorem. So, the sampling frequency signal is 64 Hz, the lower
frequency will be 32 Hz. Fig. 11 graphs d1-d6 correspond to octave band
signals expansion f € [0,5; 32] Hz.
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Fig. 11. Discrete Haar transformation: a — the signal between the damper and conductor, b —
the signal between the damper and support

From the analysis of the results can be concluded increasing of dissipative
properties of the elastomeric gasket with increasing frequency the disturbing
force. To quantify this fact was introduced stabilization factor, which is the
ratio of the amplitude of the system oscillation before the damper ( 4, ), and

after the damper ( 4, ):

4
Y, = R 3)
Analysis of the results allowed to reveal the dependence of attenuation
coefficient on the frequency (fig. 12) and the magnitude of the pre-compression
damping (fig. 13).
The graph on fig. 12 is built on the tests'basis of the insulator strings by
cyclical load:

v,=| L ——— 1, @
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where n — the number of oscillation’s periods in the implementation of the
selected target frequency oscillations; M,; — the maximum of realization for
the period before and after the damper respectively; S,,; — the average value of
the selected implement, before and after the damper.
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Fig. 12. Dependence of the stabilization of Fig. 13. Dependence of the stabilization of
the frequency of the disturbing force the value of the compressive force

The graphs in fig. 12 and 13 show an increase of the vibration damping
properties of elastomers with increased frequency and decrease the amount of
compressive force. However, if the dependence of the frequencies managed to
build quite precisely, to establish Yn depending on the compression force to
simulate a real forces arising from the conductor breakage of overhead lines of
220 k¥ and above, it was not possible, because the conductor’s tension of data
overhead lines up to several tons .

3. The proposed reinforcement type of elastomeric parts

As an alternative, we propose a new type of reinforcement of elastomeric
parts. A feature of this type is the reinforcement of the elastomer by the sheet
steel elements in the form of a truncated cone. In fig. 14,a is shown rubber
reinforced supporting part (RRSP) with conical reinforcement; in fig. 14,b a
lower support plate rigidly attached the locking element in the form of a cone;
in fig. 14,c RRSP enclosed in a steel beaker. The reinforcing elements are
derived from pairwise elastomeric body and fixed to the lower and upper
support plates.

-
—
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Fig. 14. The proposed types of the reinforcement of RRSP: / — elastomeric material, 2 — cone steel
sheets, 3 —support plates, 4 —the locking element in the form of a cone , 5 — steel beaker
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In the proposed RRSP is
possible application of the
most soft elastomers. The
conical reinforcement
facilitates the fullest use of the
height of the elastomer
material, and the use of the
Anchor steel beaker, in this case,
bolts promotes deformation of the
elastomer along the line of
action of force, which also
contributes to more efficient
Reinforced con- dampin g
crete foundation To reduce the dynamic

impacts in the area of lattice

towers ‘bases of overhead lines

Fig. 15. The support assembly proposed to establish new

types of RRSP under steel

plates of the support’s bases (fig. 15). The use of dampers in this case will not

only damping of oscillations in the base area, but also allow you to change and

adjust the natural frequencies of the tower supports, ie to apply the so-called
frequency detuning.

Shoe of support

{

Installation site of RRSP

4. Conclusions

1. Analysis of test results showed a fairly clear dependence of the dissipative
properties increase of the system while reducing the stiffness parameters of
elastomeric seals. This served as the basis for developing a new type of the steel
sheetreinforcement of elastomer elements in the form of a truncated cone.

2. The experimental results showed that the most effective are the
elastomeric gasket with a minimum rigidity characteristics (a hardness by
Shore is 40) without reinforcement. Using insulators with such dampers allows
to reduce the first maximum impuls to the support by an average of 20% and to
reduce the frequency and amplitude characteristics of the system.

3. During the processing of the experimental data was set ineffectiveness of
horizontal reinforcement of RRSP, because stabilizing effect observed in the
range of 3% and is comparable to the experimental error.
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Ipsoxo FO.H., Tanacoeno A.B., I'apanca U.M.
SKCHEPUMEHTAJIBHBIE UCCJIEJOBAHUS 3JIACTOMEPHBIX MATEPHUAJIOB
JJISI CTABUJIM3AIIAA KOJTEBAHUI DJIEKTPOCETEBBIX KOHCTPYKIIAM

B crathe npeayoxeH HOBBII THIT H30JIATOpPA, 00IaJaI0MINi OJHOBPEMEHHO U30IHPYIOIIMH U
JeMII(UPYIOIIMI CBOMCTBAMH JUIS IOBBIIICHHS SKCILTYaTalIOHHONH HaJeKHOCTH KOHCTPYKIIMH
Bo3nymHbIX JwHUA (BJI). s omeHku S(pQeKTUBHOCTH HPUMEHEHHS HOBOM KOHCTPYKIHU
H30JISITOPA BBITOJIHEHB! JIA0OPaTOPHBIE MCHBITAHUS MOJAENIH U30JITOpPAa C Pa3IMYHBIMU THIIAMHU
MACTOMEPHBIX IMPOKIANOK, OTIMYAIOMMXCS MapKOH pe3UHbl W TUIIOM apMUPOBaHMS.
OKCIIepUMEHT COCTOSUT U3 JBYX JTAIOB: HA IIEPBOM JTale OOBEKT HCCIEHOBAHUS IIOIBEPrajcs
BO3IEHCTBUIO UKINYECKON BHOPAlMOHHOH HArpy3kd, Ha BTOPOM — JNEHCTBUIO HMITYJIbCHBHON
Harpy3kd. Pe3yibTaTel HCCENOBaHWN IIOKa3alau, 4To HamOonee d(PGEKTHBHBIMH SBILIOTCS
JJIACTOMETHBIE HPOKIAJKH ¢ MHHHMAIbHBIMH JKECTKOCHBIMH  XapaKTepHCTHKaMH  0e3
apmupoBanus. Vcronbp3oBaHHEe H30JITOPOB C IOTOOHBIMH JAeMI(epaMi MO3BOJIET YMEHBIINTh
MepBbI MaKCUMaJbHBI UMIyIbC Ha onopy B cpexHeM Ha 20% M CHHU3UTb 4YacTOTHBIE U
aMIUTHTYJHbIE XapaKTepPHCTUKH CcHCTeMbl. Ha ocHOBaHMM 9TOro pa3pabOTaH HOBBIM THII
apMUPOBAHUS 3J1aCTOMEpa CTAJIbHBIMU JIMCTOBBIMU JIEMEHTaMHU B ()OpMe YCEUEHHOr0 KOHYCa.

KiroueBble ciioBa: nemmndep, 2J1acToMepHast IPOKIIaaKa, THPISHIA H30JATOPOB, peleTdaTast
0I10pa, BO3/yIIHAS JIMHUSL SJIEKTPOIEepeayn.

Ipsoko FO.M., Tanacozeno A.B., F'apanyca I M.
EKCIIEPUMEHTAJIBHI JOCJIIXKEHHSI EJACTOMIPHUX MATEPIAJIIB JUISI
CTABLII3ALN KOTUBAHb EJTEKTPOMEPEXKEBAX KOHCTPYKIIA

VY crarTi 3ampoNOHOBAHO HOBHH THI i30JIITOpa, IO MAa€ OJHOYACHO I30JIIOI0YI Ta
nemngipyrodi BIACTHBOCTI Uil MiJBHINEHHS eKCIUTyaTalifHOI HaAifHOCTI KOHCTPYKIIH
noBitTpsHux Jyinii (IJT). [t oninky eeKTHBHOCTI 3aCTOCYBAaHHSI HOBOI KOHCTPYKIII i3oJisITOpa
BUKOHAHI JIabOpaTOpHi BHIPOOYBaHHS MOJENi i30JTOpa 3 PISHHUMHM THIIAMH €JIaCTOMipHUX
MPOKJIAJIOK, IO BIAPI3HSIOTHCS MAapKOIO Ta THIIOM apMyBaHHsS. ExcrepuMeHT ckiamaBcs i3 JBOX
eTamiB: Ha HepHIOMY eTami 00'€KT NOCIiIKEHHs IiJaBaBCs BIUIMBY LHUKJIIYHOrO BiOpariiiHOro
HAaBaHTAXXEHHS, Ha JIPYyroMy — JIil IMITyJbCHBHOTO HaBaHTa)XCHHS. Pe3ynpTaTn ROCHIIKEHb
TIOKa3aJIH, 1[0 HAHOLIbII e(h)eKTHBHIMH € €JIaCTOMIpHI IPOKJIaJKH 3 MiHIMaJIbHIMH KOPCTKICHUMI
XapaKTepUCTHKaMH 03 apMyBaHHS. BHKopuCTaHHS i30TOpiB 3 HOAIOHUME JemIdepamu
JI03BOJISIE 3MEHIINTH IepIINi MaKCUMAaJIbHUI IMITyIbC Ha OIOPY B cepeaHboMy Ha 20% i 3HH3UTH
YaCTOTHI Ta aMILUTITY[IHI XapaKTepHCTUKH cucTeMu. Ha migcraBi mporo po3poOieHui HOBHIT THIT
apMyBaHH eIIaCTOMIPY CTaJIEeBHMH JIHICTOBUMH €IEMEHTaMH y (hOpMi ycideHOro KoHyca.

KurouoBi cioBa: nemndep, ernactomipHa Npokiaaka, TipJIsiHAA i30ITOPIB, IpaTdacTa oropa,
MOBITPsIHA JIiHIs eJIeKTpornepeayi.
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Priadko I, Tanasoglo A., Garanzha I. Experimental researches of elastomeric
materials to stabilize the oscillation of power grid structures // Strength of Materials
and Theory of Structures. —2015. — Issue. 95. — P. 145 — 158.

A new type of insulator, has both insulating and damping properties to improve the
operational reliability of overhead power lines' structures (OHPL) is described. A new
type of elastomer reinforcing with steel sheet elements in the form of a truncated cone
was developed.

Table 0. Fig. 15. Ref. 19
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