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AnoTanis. Y cTaTTi pO3rJSTHYTO MPUHITUI ANHAMIYHOTO TaCiHHs KOJMBAHb KOHCTPYKINH GAIKOBOTO THUITY
JKOPCTKOi OITMHOBKY BiIKPUTUX PO3TOALIBYNX TIPUCTPOIB. /[JIs TaciHHS KOJTMBaHb BUKOPUCTAHO CITEIiaTbHUN
«TaCHUK HA HUTI[», IKUI PO3TAIIOBYEThCSI BCEPeAUHi TPyOU TPyOUATOrO TIepepisy i «BKIIOUAEThCS B POOOTY»
TIPY BUHWKHEHHI TIOIIepevYHNX KOIWBaHb ITMHU. EdekT raciHHs mocsaraeThes 3a paXyHOK Ilepefadi eHepril
KOJIMBAHb NIMHY TAaCHUKY i PO3CIIOBAaHHIO €HEPTil 32 PAXyHOK AVICUIIATHBHUX BJIACTUBOCTEN MaTepiajiB racHU-
Ka. Y CTaTTi HaBeZIeHO YHCJIOBI IOCTI/KeHHs TaCHUKA IIPY Pi3HUX Horo mapaMmeTrpax. Busnadeni pamioHasbHi
TapaMeTpH «TacHUKA Ha HUTI». Takok y cTaTTi HaBeseHi MaHi eKCIIePIMEHTAIbHUX AOCTIKeHb TaciHHS
3THHATHHUX KOJUBAaHb KOHCOJIBHOI OAIKN TPYOIaTOTO TIEPEPi3y i3 3aCTOCYBAHHSIM «TaCHUKA HA HUTIII».

K1o4oBi cioBa: raciHHsi KOJIMBaHb, TACHUK HAa HUTIN, AMHAMIYHWIT TACHUK KOJIMBAaHb, eMII(DipyBaHHS,
JKOPCTKa ONTUHOBKA.
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A]-[HOTa].lPISI. B crarbe PACCMOTPEH NPUHIUIT AMHAMWYECKOI'o ralieHu:A KoJIeOaHmii KOHCprKHI/Iﬁ 6aJI0UHOTO
THUIIA KECTKOU OITMHOBKU OTKPbITBIX paCHpele/IMTe/IbHbIX yCTpOﬁCTB. IIJIH raimeHus KojeGaHuil NCIoIb30-
BaH CHeIUaJIbHBIN «TacUTeNb Ha HUTH», KOTOprfI TIOMENIAETCA BHYTPDb IINHBI pr6an0ro CedyeHusA U «BKJIIO-
YaeTcda B pa60Ty>> IIPU BOSHUKHOBEHHU ITIOIIEPEYHDBIX KOJIeOAHWIT IV HBIL. BCbeGKT rameHuda AJOCTHUTraeTcCAa 3a
CUEeT Iepegayr SHEPIruun KOJIeOaHU M IIMHBI TACUTEJIIO U pacCcenBaHWIO SHEPTUU 3a CHET ITUCCUTIATUBHDBIX CBOMCTB
MaTepruajioB raCuTesisd. B crarbe IpuBeA€eHbl YU CJIEHHbIE MCCJIE/IOBaHU A 3¢)d)eKTI/IBHOCTI/I racutreJsisd 1Ipu pas-
JIMYHBIX €TI0 IapaMeTpax. OHpeZleJIeHI)I PallMOHAJIbHbIE ITapaMETPbI «TraCHUTeEJIsA Ha HUTU». Takxe B crarbe
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NPUBEAEHDI JAaHHbIE KCIEPUMEHTANBHBIX NCCAEA0BAHUN TalleHnsT M3TMOHBIX KOJeOaHNI KOHCOIbHOM Gas-
K1 TpyOUATOro CeYeHus ¢ IPUMEHEHNEM <TaCUTeJsA Ha HUTH».

Kimouesbie cioBa: ramenue kosebaHuil, racuTeslb Ha HUTH, JUHAMUYECKUI TacUTeIb KoueOaHuii,
nemMndupoBaHue, KeCcTKask OMMHOBKA.
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Abstract. The paper deals with the principle of dynamic damping of girder rigid bus structures of the
outdoor switchgears. The special «damper on the thread» has been used to suppress of oscillations, which is
placed inside the tubular bus conductor and «turns on» when the occurrence of cross sectional oscillations
of the bus conductors. The effect of damping is achieved due to the transfer of vibrational energy bus to
damper and the dissipation of energy due to dissipative material properties of the damper. The article
presents numerical researches of the efficiency of the damper in its various parameters. The rational parameters
of a «damper on the thread» are set. The experimental tests data of damping bending oscillations of cantilever
tubular section beams with the application of a «damper on the thread» are given in the article.

Keywords: suppress of oscillations, damper on the thread, dynamic oscillation damper, damping, rigid

bus.

Introduction

Rigid buses constructions in outdoor switchgears are
becoming increasingly popularin the modern power
supply network engineering [4, 12—18]. Rigid con-
ductive buses made usually from aluminum alloy pipes
in such constructions and is supported by insulators,
which mounted on a special frame [4, 12—18] (Fig. 1).

In connection with large spans buses, these struc-
turesare susceptible to the phenomenon of vortex ex-
citation of oscillations (wind resonance) [1, 2, 4—12],
which in turn actualizes the problem of damping the
oscillations of these structures. The problem of bus-
es oscillations damping complicated electrical re-
quirements — the buses operating mode up to 750 KV.
High voltage makes it impossible to use most of the
known methods of damping the oscillations of the
beam type structures [4, 12—18]. For example, the
damping of the oscillations by joining a dynamic
oscillation dampers [ 10— 18] leads to the appearance
of the corona, which is not allowed.

Modern trends in the development of methods
for oscillation damping of this type of constructions
are more focused on the transfer of the damping el-
ement or damper inside the conductive tube. For
example, the well-known work in this direction
«Electroengineering, Diagnostics and Service Sci-
entificand Technical Center» Ltd, Moscow, having
extensive experience in the operation, design, main-
tenance and diagnostics of electrical equipment.
«Electroengineering, Diagnostics and Service Sci-
entific and Technical Center> embedded the damp-
ing device type «butterfly» in the production now
(the patent for useful model Ne 100859). The damp-
ing device (Fig. 2) is a rope with a weight at the
end, which is fixed to the bottom of bus, into the
bus or mounted out of the bus-bar. Experimentally
obtained value of the logarithmic decrement of the
oscillations for damper type «butterfly» was 0.346.

One relatively new, but not explored in eno-
ugh ways of bend oscillation damping of rigid bus
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Figure 1. Rigid buses constructions of «Kievskaya» electric substation.

constructions isa string damper ora «damper on the
thread» (Fig. 3) [3, 12, 19].

The damping nozzle of little rigidity string with
gaps to the tube surface is set up into the rigid bus
tube. The string is strained with a certain force. On
the tube faces the string is fixed with elastic-damp-
ing pads. The damper doesn’t operate when the small
oscillations of a tube. The tube strikes against «the-
oretically stable»> damping nozzle and begins the pro-
cess of oscillations of the two subsystems (tube and
damper), which are interact through multiple im-
pactsin the process of oscillations. The tube oscilla-
tionsdamped by energy transfer to the damper and
the dissipation of energy due to dissipative proper-
ties of a nozzle and a string material. Unexplored
today is the issue of selection of rational parameters
of a «damper on the thread», including:

Figure 2. The damping device type «butterfly» with the
installation into the bus.

— the mass of the damping nozzle;

— elastic-dissipative properties of the damper nozzle;

— value of a preliminary gap between a string and a

tube-bus construction;

— force of string tension and its rigidity.
To study these characteristics were conducted the-
oretical, numerical and experimental researchers,
theresults of which are introduced in this article.

Theoretical researches of the behavior of a
«damper on the thread»

It was considered a model in the form of oscillations
of the two subsystems — a tube-bus and a «damper
on the threads to examine the behavior of a damper
on the thread when the bus s oscillate (Fig. 4).

The first subsystem is a weighty tubular cross-
section bar with continuous mass m and with a lo-
calized mass M, the compressed force T (Fig. 5). A
localized mass M takes into account the weight of
the possible equipment that may be place on the bus
(in the absence of this parameter is equal to zero).
The compression force is equal the force of the thread
tension of the second subsystem — damper.

g

2 1

Figure 3. «Damper on the thread» construction for
rigid bus constructions: 1 — tube-bus; 2 — the damping
nozzle; 3 — string.
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Figure 4. Scheme of location of a «damper on the threads into the tube: y,, y, — the coordinates of the movements of
the upper and lower points of the tube; y,, y,— the coordinates of the movements of the upper and lower points of the
damper; m — linear weight of a tube; m, — linear weight of a thread; M, — mass of a damper; A — value of a preliminary
gap between a string and a tube.
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Figure 5. Dynamic model of the first subsystem — tube-bus.

Differential equation of natural cross-section oscillations of the first subsystem can be written as:

4
£ 8w <
ox* ot
where §(x—u) — the Dirac delta- function.

The equation of movement of the middle section of the bar in the initial parameters is:

+2pm < 52—y+— Sx—u) T =0

. M, P P
x,t)=e?"| y,A c g M o °_D, + D, s(x—u)|sin(wt+
y( ) [yo o ko kx k El kx k3EI x kgE[ k(x—u) ( ) ( /u)
The second subsystem is a weighty thread with continuous mass m, and with a localized mass M , the
tension force T (Fig. 6).
Differential equation of cross-section oscillations of the thread with a localized mass is:
o’y .0y M, 8y
m—-T—= Y S + 2
ot ' L x ) Fim
The equation of movement of the middle section of the thread in the initial parameters is:

=0,

iy B . B . .
yi(xt)=e” (yo coskx—k—;smkx—k—lTsmk(x—ul)e(x—ul)]sm(a)lt+,ul).

There isa collision of damping nozzle of the damper with the wall of the tube (Fig. 7) at certain points in
time, when the oscillations occur, there are conditions:

L L . ..
» (E,tj <y, (E,t] — is the collision at the top of the tube;

L L . ..
Y, (E,tj 2y, (E,tj — is the collision at the bottom of the tube.
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Figure 6. Dynamic model of a «damper on the thread» oscillation.

The equations of movement must consider with
the time step is not more than 0.1 from the smallest
period of two subsystem oscillations. Collision of
the subsystems leads to a redistribution of the ki-
netic energy of the moving mass of the subsystems,
as well as to the irreparable loss of energy. To ac-
count for the redistribution of energy subsystem are
given by known methods [11] to systems with the
same mass (and one degree of freedom), which lo-
cated at the point of impact. The velocity of a given
mass of subsystems after the collision:

(Ml_k'Mz)‘K+(1+k)'Mz'Vz

Vi=

M, +M,
V.. :(Mz_k'Ml)'V2+(l+k)'M1'I/1
z M, +M, ’

where M, — the reduced mass of the bar (first sub-

system) at the point of collision;

M,~ the reduced mass of a «damper on the

thread» (second subsystem) at the point of col-

lision;

V,, V, - point velocity to bring the masses up to

the collision;

k — the coefficient of restitution, taking into ac-

count the irreversible loss of energy at collision.
The obtained point reduced masses velocity after
the subsystems collision determine the initial con-
ditions of natural oscillations of each subsystem until
the next collision. So, the present oscillations mod-
el is the nonlinear system and the influence of the
parameters of a «damper on the thread» on the max-
imum amplitude, the loss of dissipation oscillations
energy of the first subsystem (bus) depends on a
number of factors. As a result of factor analysis the
most significant factors of a damper highlighted, sig-
nificantly affecting the above mentioned parame-
ters of the bus oscillations with the external pertur-
bation:

1 — clearances A (Fig. 4) between the wall of the
tube-bus and oscillation damper [limit values of
the design considerations A=(0,05+0,35) D, , |;

2 — the ratio of the oscillation frequency of the
damper and a tube [limit values frequency of the
damper of the design features and conditions of
critical stresses in the tube from the thread ten-
sionf,,. . =(05+22)f  ;

3 — damping nozzle mass of the oscillation dam-
per [limit values of the design considerations
M, = (1-5%)M,,,]

The damping nozzle material should provide the

large irreversible loss of energy at impact. This pa-

rameter can be studied experimentally, the impact
were accepted absolutely elastic in the theoretical
researches.

As aparameter observations in the analysis, we
used a notional logarithmic decrement of the oscil-
lations &, which is defined as the exponentis appro-
ximated by an exponential envelope of the points of

A tube-bus

A damper on the thread

Figure 7. Scheme of the collaborative system «tube-
damper».
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maximum displacement in time of the mid-span of
the tube (Fig. 8) multiplied by the period of oscilla-
tion T:

5=PT.

The received oscillations vibrational record of
the middle section of the bus with a «damper on the
thread» was compared with the similar vibrational
record in the absence of adamper. The efficiency of
application of a «damper on the thread» & was the
ratio of the notional logarithmic decrement is (the
approximated curve (Fig. 8) for a system with a

Serafim Fomenko, Evgeniy Denisov

damper to the logarithmic decrement ¢, for asystem
without damper (Fig. 9):
=S
S,

So, for a particular case is shown in Fig. 9, the
logarithmic decrement by adding of a «damper on
the thread» hasincreased in k =2 = %23 _ 5 g3 times.

Of the three mentioned above of the factors
studied, two were taken as fixed, and the third was
varied in the range of the limit values. The change
of the index k efficiency of the application the
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Figure 8. Vibrational record of mid-span of the tube-bus oscillations: 1 — envelope of the points of maximum displacement
in time; 2 — approximation of the envelope exponentially.
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Figure 9. Vibrational records of the mid-span of the tube-bus oscillations: 1 — vibrational records of the bus with
adamper oscillations; 2 — vibrational records of oscillations without damper; 3 — envelope approximation exponentially
for vibrational records with the damper (§=0.23); 4 — the envelope of the points of maximum displacement in time
of the bus without damper (6,=0.08). (In this case the natural frequency of the bus f,, = 1.883 Hz, a damper —

f damper — 30 H2).
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«damper on the thread» with changing the influ-
encing factors are presented in Fig. 10.

The numerical researches have shown (Fig. 10 ¢)
that the value of a gap between the tube wall and
the damping nozzle is almost no influence on the
damper efficiency. This parameter can be assigned

based on the design considerations associated with
avoidance of large amplitude oscillations of the tube,
because the development of large displacements of
the bus oscillations in the wind flow leads to sus-
tained oscillations and the effect of the wind reso-
nance. The values of the gaps between the damper

a)
)
5 — k=
do
45 l —
4 »
5 50 &
35 Mdmnp—2.5 A)Mbcam Fod
7 -
3 =
£ 1 },ﬂ
p——
25 /‘ \', 2
2 /"‘,’ =" .,“‘/
15 —* X
= _ -~
1 L= Maamp=1.0%Meum
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Db

T T T )
0,25 03 0,35 04

Figure 10. The change of the index # efficiency of the application the «damper on the thread» with changing the
influencing factors: a) when changing the natural frequencies of the damper; b) when changing the damper mass;

¢) when changing the damper dimensions.
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and the bus wall are recommended to take in the
range of 0.15-0.20 of its diameter.

The frequency of damper natural oscillations is an
increase with theincrease in the tension force of a damp-
erstring. According to the obtained results (Fig. 10 a)
with the increase the natural frequency of the damper
isthe increasein the velocities of collisions of the tube
and the damper, thereby increasing the damping effect.
The upper boundary of the frequency difference be-
tween the damper and the bus caused by the occur-
rence of significant stresses in the tube, in which the
possible loss of stability due to the large flexibility of
the tube. The rational parameters of the damper fre-
quency are (1.75-2.20) by frequency of a bus.

The damping nozzle mass has also influence on
the effect of the application of a «damper on the
thread». The low mass (less than 1 % by weight of
the bus) does not allow to accumulate the damper
kinetic energy. The large mass on the contrary leads
to the process of pumping energy bus — damper —
bus with minimal losses. Rational parameters of the
damper mass are (1-3) % by bus weight.

Serafim Fomenko, Evgeniy Denisov

Experimental researches

It was collected an experimental plant (Fig. 11) of a
steel cantilever beam length 3 m for experimental
researches of the efficiency of a «damper on the
thread». The cross-section of beam is a square tube
with the dimensions of 100x3 mm. The damperisa
steel wire string with a diameter of 1 mm, stretched
over supports, with a damping nozzle with adjust-
able weight. The natural frequency of the damper is
changed using the thread tension, the weight using
the internal filling of the damping nozzle.

To test the operation of the damper was used
resonance method, for which was installed with a
special vibration machine on the structure (Fig. 12).
The frequency of vibration machine was chosen
equal to the natural frequency of the structure. The
selection of resonant frequency were made based on
the conditions of occurrence of the maximum dis-
placements of the cantilever edge. It was compared
to the amplitude of the steady-state oscillations of
beam with damper and without it in the resonant
mode.

Figure 11. The experimental plant of a cantilever beam with a «damper on a thread»: a) general view of the experimental
plant; b) a damping nozzle and a sounding stick for measuring the amplitude.

a)

TV

Figure 12. The scheme of registration of stimulated oscillations of beam: a) piezoelectric pick-up; b) vibration machine,

mounted on the beam.
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The control of amplitudes was carried out by
the sounding stick (Fig. 11). It used the method of
fixation video to increase the accuracy of the in-
formation received (up to 1 mm). It was produced
record the vibrational records of natural oscilla-
tions at «<running-out» also for comparison of the
rate of energy loss of oscillations of a system with
damper — when you turn off the vibration machine
for beams with damper and without it (Fig. 13).
The registration of oscillations was produced by
the piezoelectric pick-up (Fig. 12) with subsequent
conversion data and save it to personal computer
(Fig. 13).

The mass of adamper nozzle and the frequency of
natural oscillations of the dynamic damper are
ranged due to the thread tension in experimental

Percent Full Scale

20000 30000

Figure 13. Vibrational records of natural damped
oscillations of the tube with a damper at «<running-out».

Table. The results of experimental researches
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researches. The natural frequencies, the amplitude
of the steady-state oscillations in the resonant mode,
and the value of the logarithmic decrements of the
oscillations have been determined experimentally.
The results have been given in Table.

The test results have been showed the close
agreement with the theoretical background. The
application of a «damper on the thread» with the
rational parameters hasbeen reduce the amplitude
of the oscillations in the resonant mode in 1.5 times
and has been increase the logarithmic decrement of
the oscillations in 2.0 times.

Conclusions

1. The studies found that the mass of the damp-
ing nozzle of a «damper on the thread» is sig-
nificantly influence on the oscillation of the
tube-bus. The rational parameters of the damp-
er mass are (1-3) % by bus weight when a sin-
gle-span support.

2. The studies found that the value of a gap be-
tween the tube wall and the damping nozzle is
almost no influence on the damping of the tube-
bus oscillations. The values of the gaps be-
tween the damper and the bus wall are recom-
mended to take in the range of 0.15-0.20 of its
diameter to prevent sustained bus oscillations
before the damper «turns on».

3. Thestudies found that the frequency of damp-
er oscillation is significantly influence on the

Cantilever beam with an installed the Cantilever beam with an installed the
Damping | Vibration machine without damper |vibration machine and with a «damper on the| Damper
nozzle (oscillations in resonant mode) thready» efficiency
weight, | Frequency | Amplitude | Logarithmic | Damper . Logarithmic _ 0
kg (}o, ’ Elo, decrement frequeglcy Amplitude 4, decrement k= 3,
Hz cm d, /. Hz om )
1,7+0,1 4,0+0,1 0,0168+0,005 1,4
0,27 3,8+0,1 3,8+0,1 0,0216+0,005 1,8
5,0+0,1 3,7+0,1 0,024+0,005 2,0
1,2+0,1 3,5+0,1 0,0168+0,005 1,4
0,55 2,8+0,1 3,4+0,1 0,0192+0,005 1,6
0,012+ 4,840,1 3,240,1 0,024+0,005 2,0
BIF0.L 16,050,165 1,0:0,] | 3,8%0,1 | 0,0192:0,005 | 16
0,82 2,240,1 3,8+0,1 0,024+0,005 2,0
4,240,1 3,7+0,1 0,024+0,005 2,0
0,9+0,1 4,240,1 0,0192+0,005 1,6
1,0 2,0+0,1 4,1+0,1 0,024+0,005 2,0
4,0+0,1 4,0+0,1 0,0288+0,005 2,4
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oscillation of the tube-bus. The rational param-
eters of the damper frequency are (1.75-2.20)
by frequency of a bus.

The test results have been showed the close
agreement with the theoretical background. The
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application of a «damper on the thread» has been
reduce the amplitude of the oscillations in the
resonant mode in 1.5 timesand has been increase
the logarithmic decrement of the oscillations in
2.0 times.
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