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UDC 621 315.66:534.282 DEUTSCHE NORMEN July 1986

621.316.3:620.1 ] b
Fittings for overhead lines and VDE 0212
Switchgear Part 31

Dy namic — mechanical behaviour of

Anti — vibration fithings

This standard which is aslo approved by the Verband Dewtscher Elektrotechmker
(VDE) e.v. is simultaneously a VDE — Specification in accordance with VDE G022, It
has been incorporated in the VDE - Requlations under the numiber given above and
has been published in the “etz’ Elektrotechnical Journal

Repraduction not permitted even for internal purposes.

No international or regional standars cover the scope of this standard

Srart of validity

This stendard (VDE specification) applies from Ist July 1986
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i Scop
this standard applies 1o the testing of th dynamic-mechanical behavior of
anti-vibration fittings for overhead lines within the meaning of DIN VDE

(4210 and switchgear within the meaning of DIN VDE

2 Dhifination

2.1 Vibrations

vibration is cyclical or harmonic movements of lines caused by winds
normal to the wind direction . the transverse vibrtions are mainly vertical
and produced alternating bendig stress in the line

22 Anti-vibration spirals

An anti-vibration spiral is @ component which increases the cross-section
of the line at places of clevated mechanical stressing and thus increases
its stilness .

2.3 Vibration dampers

A vibration damper is a component which removes from the line some of the
eneray introduced by the winds and changes it mainly into heat .

24  vibration compensators

Avibration compensators is a component which builds up a counter force on
the vibrating line and thus compensates for part of the wind force
mtruduced .

25  Amplitude ¥,
Amplitude is the deflection of the line en side , mesured in the center between
two vibration nodes S (see fig, 1) .

26 Wavelength a
Wavelength is twice the distance between two vibration nodes 8 (see fig. 1 ).

A Viration angle [§
Vibration angle is a value for the intensity of vibration of a line and is determined
for amplitude and wavelength (see fig. 1] .

2.8  Allernating bending stram £
Alternating  bending strain is the ( zlternating ) boundary strain occuring in stranded or
homogeneous line (see fig. 3)

2.9  Limiting frequency 7,
The limiting frequency of the damper is the upper or lower value of the frequency
range in which the damper works
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fig .| Geometrical illustration of a conductor cable section vibrating in a free ficld
wavelength , amplitude | vibrating angle and vibration nodes

210 Assigned frequency f,
the assigned frequency is the fundamental frequencyb of the simmetric al form of
vibration of the pipe system .

211 Oscillator

An opscilltor is a mechamically , electrodynamically , hydraulically or pneumatically
operated unit which is capable of building up an approximately sinuscidal altemnating
force of given amplitude and frequency .

212 Excittion [orce f,

the excitation force is the force transmitted to the line or testpiece by the escilator |

213 Table speed v,

The table speed of the oscilltor is the sinusoidal displacement of the wibration table per
upit of time

2.14  Runout angle o
the rungut angle I the angle between the honzomal and the conductor calle measured
at a distance of L/3 trom the centre of the clamp (see hg. 2 ).

2153 Damper impednce z

The dmper impedance is the quotient o the excitation force an the table speed

216 Phase angle @
The phase angle is the angle between the the excitation force and the table speed

3 Requirments and testing

thg following tests shall be carried out as type tests . The tests shall be carried out
under conditions similar to those met in service . They shall orrespomd to the siresses
vecurring most frequently in operation hith regard to frequency |, amphtude bending
strain , tensile and compressive forces |

il Testing the eflect of the anti-vibration sparls or similar fittings
3.1.1 Taking the testpieces and preparation for test

The test shall be carried out on a testpiece from the first series of production . No
spicial pretreatment is permissible |

3.1.2  Static test



The static test serves to prove the stiffening eftect of the anti-vibration spirl on the
conductor cable at rest .

2.1 Test gz
In a line section at last 10 m long ( L/2 ) whith a nmout angle 5 deg. (see lig 23,
the conductor cable is passed over a supporting point and the testpiece is installed |

3.1.2 2 Performance of test
Bfore and after the testpiece is applied the bending strain £ ond ¢ shall be measured

on the conduclor cable at a tensile force on the enductor .Ir':._-..L:-IIl..5|'.'I.'III".'|II1_"__'EEI1.i'IE
hizhest permissible tension on the conductor in acordibg whith DIN VDE 0210(see fig.
1) . the greatest of the three measured values sall be evaluted .

the oscillator 15 not connected

3.1.2.3 Evaluation
The ratio of the bending strain shall be

& .":"h- .
P07 ad 2= <05 (1]
E, A
where
£, and £, © represents the pending strain on the cable with testpicee and represemts

the bending strain on the cable wathout testpiece .

l]m static test serve 1o prove the stifTening efTect of the anti-vibralion spirl with the
conductor cable vibrting . it shall be proved that the bending stress of the vibrating
cable at the supporting pomt is reduced by the 1esipiece.

T T e b b 0
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Cla=p o Testplace 8.4, anei-
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Fig.2 A -.-|I:-r¢1[|+_m I I-;u resting anti- u'[.ummu ulnlralu or '-'.lmmll;u 1|lrll1g

3.1.3.1 Test rep
Ilu, oscillator shall be connected in the vibration rig in accordance with fig. 2 and the
ling caused 1o vibrate .

3.1.3.2 Performnce of test
The conductor cable shall be caused to vibrate in such a way that a symmetrical form
of vibration occurs with reference to the centre of the supporting clamp.
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Fig. 3 Arranegment of strain gauges when measuring the bending strain at the
supporting point .

optionally , 2 test rig may be selected in which the supporting clamp i held rigid and
the cable is caused 1o vibrte on one side of the clamp

At least three dilferent forms of vibration shall be set within the frequency range
f=150/d to 15004d ( {in Hz , cable diameter d in mom ) .

3.1.3.3 Evalualion
The ratio of alternating bending strain shall Te

£ 2is
P =07 anid —2= < (5 (2)
i g

Where

g, amd £, represents the alternating bending strain on the cable with 1esipiece and

represents the alternating bending strain on cable without testpiece .

3.1.4 Endurance test

This serves to investigte the long-term behalviour of the testpiece . the dynamic
boundary conditions on the testpiece shall correspond to those occurring durmg
operation .

3.1.4.1 Teslrig
The anti-vibration spiral shall be installed inthe vibration rig (see fig. 2} in accordance
with the manufacturers or users instructions .

The oscillator  shall be connected in such & way that no inadmissible stresses occure in
the conductor cable at the place of connection .

The bending strain of the cable at the supporting point shall be measured as shon in fig.

=
=



3.1.4.3 Evaluation

Mo wire break shall occur in E Al and E AIMg5i wires of any cable cunstruction or on
the testpiece after 3ET cycles at a vibration angle corresponding to an alternating
bending strain £, = 130xm/ m( 1), for wires of other materials . suitable viues shall

be agreed .

Dynamic test on the vibration damper tor conductor cables

1.1 Taking testpicees and prepartion for test

TI|-.f: test shall be carried out on a testplece from the first senes of production . No
spicial pre-treziment 1 permissible |

fra 1l
b2

3.2.2  Testing the damper haracteristic
3.2.2.1 Test rig
The testpiece hall be installed on the vibration thle o an oscillator (see fig, 4 )

3.2.2.2 Perormnce of test

using an agreed table speed a frequency rnge of =50/d to 1500/ { fin Hz | cable
diameter d im mm ) hall be passed through slowly { not exceedmg 0.5 He/s ) and the
excitation force measured |

during the process the effective energy applied P, = F, v _cose | and the mechanicl
impednee Z=F/v shall be measured and plotted as a function of th ocillator frevency [
in & graph { damper charactenstic ). the damper characteristic shall be taken before and
after the fatigue test in accordance with section 3.2.3

Mote; for anti vibration divices which cn not be teted by this method |, a suitable rest
method shall be agreed .

rf S osenater

‘I:-"r.r'.-'.-"' .-"'.r-'.r_.-"__.._.- g o

Fig. 4 oscillater for testing vibration dampers .

3.2.2.3 Evaluation

wihln the fruency band 1o be tested for the conductor cable | at a table speed = 10 cm/
. the ratio of maximum energy to minimum energy shall be

"ll.:u'l\. ~
—_— = :||
B
(see fig. 6 ) (3, 4)

P=k m,;

Where



m, ad K represents the total weight of the dmper in ke and is acorrection factor =

0.1 m™2rs™3

123 Fatigue test
3231 Test ng
the damper shall be installed on the test rig in accordance with the manufacturers or

HSErs Imsirachons

The testpiece shall be moved on the test rig (oscillator ) at the agreed table spead
the wvibrtion frequency [ shall change perindiclly at approximately 0.2 decades / min
with linear frequency increase between a lower and upper frequency limit stated by the

mnufaciurer

The testpiece shall withstand 1ES load cycles without breakage of wire in th damper
support cable ar other damage . the damper characteristic before and after the test shall
ni change fundamentally . the test report shall include all data effecting the resul ol
measurement | ¢ g, table speed , and speed of change i frequency .

33 dynamic test of vibrtion damper or vibration compensator_for conduif
3.3.1  Taking of tetpieces and prepartion for tesl
The test shall be carried out on a testpicee from the first series of production . no pre -

treatment permissible .

3.3.1.1 Test ng

the damper or compensator shall be installed in the vibration rig in accordance with fig.
5 or in the switchgear in accordance with the instructions of of the conduit
manufeturer . the distance between supports and boundary conditions shall be in

accordance with the assembly instructions of the user
3.3.1.2 Performance of test
The conduit shall be caused to wvibrate with harmonic transverse vibrations using an

ascillator

The vibration amplitude shall be reach approaimately 033 d at resonance in the
center of the span without damper or compensator

After installation of damper or compensator , the vibration amplitude shall be
meacured at centre of the span under the same excitation conditions .

Only the vibration at the assigned frequency of the conduit is of importance .

The point of resonance at the assigne frequency shall be passed through slowly starting
from the bottom frequency to the upper frequency ( f, - /1 210f, + f, 12 ).

During this process the vibration amplitude shall be plotted as a function of the
vibration frequency f .



If the eight or compensator should markedly affect the assigned frequency . the new
assigned frequency shall be determined with compensator not acting

3 3.1.3 evaluation

the ratio of vibration amplitudes shall be
¥
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Fig 3. Vibration ||E !‘;r 1r_¢.unf? vibration dampers or vibration compensators for

canduit . Example of arranegement of vibration damper or vibration compensator .

Standards quoted and other documentation

DIN VDE 0101 Erection of power inslallation with rated veltages above 1 kv

DIN VDE 0Z10 Planning and design of overhead power lines with rated voltage
above 1 kv,

(1} report of Aeolian Vibrations { drft jue 1981 ), C LG R E/SC22-81(WGD1)07

Further standards and other documentation
0212 part 50 Fitting for overhead lins and swiychgear ; static
mechanical behaviour |

DIN YDE 0212 part 52 Fitting for overhead lins and swiychaear | electincal
operating condition behvior of fitting carming current
under normal operating conditions | Requirments | tests.

0212 part 33 Faiting or overhed lines anmd switchgear ; Partial
discharge charcteristics tets .
DIN VDE 0212 parl 54 Fitting for overhead lins and swiychgear ; hot
{at preent in draft stage) galvnizing.
DI N VDE 0212 part 55 Fitting or overhed lines anmd switchgear ; insulation
(a1 preent in draft stage) behavior of fitting for insulated overhead lines
2) Recommendations for the evaluation o the life time of transmission ling
conductors , C.1LGRE/SCIZ-WGH Electra , 63(03.1979) , pp 103-
145,
(3) mocks | 1. damping of conductor cable vibrations in high vollage oerhed

lines , etz report 15 (1981).

Explanations



thi tsandard was produced by sub-committee 421.2 * clamps , fittings and equipment
connections fo overhead lines an switcyhgear above lkv " of the pgerman
Electrotechnic] Commision in DIN and VDE (DKE) (Dessche Elektrotechnische
kommission im DIN und VDE (DKE} ).

Testing of the dynmic mechanichal behaviour of anti-vibrtion fitting is new . it is not
included in standard VDE 022/05.62 .

The importance of anti-vibrtion fitings in overhead lines | and e some extend in
switchgear also | ha increase in recent years . developments in fittings have kept pace
wilh the increase in vibration problems | improved testing techniques and new methods
of meaurement and theoritical advances have mde it possible to match ami-vibration
fitting more eactly to their task than previously . The experience knowledge gathered
in this field has been taken into account n preparing this standard |

with regrd to section 2.4 | atrention drawn to the fact that anti-vibration devices which
operate | for example | by the stockbridge system , work in accordance with both
section 2.3 and 2.4 . They are thus a combination of vibrtion dmper and vibration
compensator . anti-vibration devices of 1is type are normally designated vibration
dampers .

Attention is drawn once more at this point , with reason |, to the difference between the
effect of anti-vibration spiral , installed largely as a line protection at the supporting
point has pretically no effect upon the energy blance of the “overhed lineg” vibrating
System

If one compares the energy dissipation by inherent damping of the cable in a vibrting
conductor cable about 300 m long with an without protective spiral | a very small |
practically insignifient | difference is found . it is thus clear that the protective spiral is
of no importance with regard 1o vibration damping , [ .e. a reduction in the imensity of
vibration of the line the anti-vibriion spiral increase the polar moment of inertia
applicable to the bend |, or the stiffness . as a consequence | at similar line deflections
the strin on the conductor under the spiral | for example directly at the supporting
point | is considerably reduced . since the strain , and in particular the aliernating
bending strain , has a direct effect uppon cable life | the spiral increases the life of the
condctor cable |

Section 3.1 deals with testing of ami-vibration spirals or imilar fittings . the effect of
these finting is expressed  basically by the curavature of the conductor cable at 1he
support point . A suitable method for determining curvature technically is to imploy
strain gauges . A direct comparison of th strain values with and without an increase in
coross-section allows the effectiveness of the fitling to be determined directly . This
method of measurment and evaluation applies to both the static and dynamic behaviour
of the fitting .

The wvalue for permissible alternating bending strain has probably been set somewhat
too high within the framework of endurance testing | if strains of 150 micrometere /
metere are permitled at a distance of 4 | the actual applicable strain at the point of
clamping is higher . practical expricnce will show whether testing techniques wall




permit the ditance d/4 to be reduced or the permissible value to be reduced somewhat .
The wvalue of 150 mcirometsre / metere given here complies with a C.LG.RE.
recommendation {11, {2) . but refers directly to the clamping point .

The dynamic characteristic of a vibration damper operating on the spring weight
system , is described completely by the magnitude of the impedance and effective
energry { see fig. 6 ) or the real and imaginary part of the impedance . The characieristic
itsell’ doe not permit 2 reliable evauation of the elfectiveness of the damper on the
vibrating cable . -
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Fig. & . Impedance and effective energy of a vibration damper

The testin section 3.2.2 provides the user with quality characteristic which allacws an
initial comparison of whether the damper characteristic coincides with that of the
damper offered . further critical refrence poinis are the lower and upper limit frequency
of the curve . these should never be lower than the lower limit frequency or higher than
the upper limit frequency of the conductor cable .
The evaluation in section 3.2.2.3 is based mainly upon values obtained from experience
The requirement that Pmax/ Pmin should not exceed 5 [intended to stop typical
energy fall between two resenam frequency of a damper becoming too greater . The
requirement that Pmin should be not less than k

m has the same purpose , the absolute minimum amount of energy being thus defined

so that a complete description of the minimum value is achieved in the encrgy
J

1

o

h

characteristic by means of the expression

In order 1o test the fatigue strength in accordance with section 3.2.3, a method is
required which is expensive but cloe to operation conditions and which I also a new
step iterntionally in this form . in principle | the tet method makes it possible 1o
compare the stress of the damper on the vibrating line with that of the damper on the




fatipue test rig (3) . if the damper stress on the vibrating conductor cable should be
higher than that in the fatigue test , the damper selected 1 not suitable for the line

When making a comparative evaluation between characteristic curves of different
dampers of one type , scatter of the dynamic dmper data caused by production
conditions , and which lead directlty to deviations in a characteristic dmper curves ,
should be taken inte account . In addition , difference in th charactenstics occure when
testing one and the same damper | largely througth temperature changes in the damper
cable . thus . the same damper on the test rig eften shows a slightly different curve
from the first test curve ifa second test carried out immediately . the important paint in
evaluating a damper curve is therelor not so much the exact agreement of the amounts
of the characteristic values but rather whether the curves have basically the same shape

with regard 1o section 3.2,3.2 , attention is drawn Lo the fact that the speed of merease
in frequency is partly determined by the type and performance of the measuring
equipment determining the impedance or effective energy .

Vibration dampers or compensators for conduit in accardance with section 3.3 can
also be tested as recards their effectivencss using the test rig sugpested . n this way
the effectiveness of enclosed lengths of cable can also be tested

HO02 G714
GOl M 1900
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I: DYNAMIC PERFORMAMNCE

.1 Damping _perlormance

The sweckbrdue dnmper is installed on a shaker and vibrated within the frequency range of 6
to B0 Hz

For each fiequency step - the force F and dissipated encrgy H values are recorded . By means
of the following formula , e phase angle between force F and displacement D is calculated .

i
5D

sin @ =

Test resulis pre satisfectory when FAD and § values are whithin the dezigned
linits For the specific stockbridee damiper .

152 Vertical Baligue perionmancs

The stockbridge damper is installed on a shaker w the recommended torque and & vibration , al the
highes rezonnce frequency and | mm peak amplitude | is applied .

Test duration 10 million cycles .
Test resulis are satisefactory when &
) Mo breakage in any part of the stockbridge damper is observed |

by The unscrewing womue of the bolt is nat lower than 3094 of the wrgue applied ai (he
begining of the Lest .

2 MECHANICAL FERFORMANCE

2.1 Clamp grid performange

Tightened 1o e recommended torgee value | slippage of the clamp on the canductor
shul] seewr al values greater than 230 kg .

2.2 Weights grip performancs

Slippage of the weighits on the messenger cable shall nod aocur o1 pulling force lower than
400 ka |

2.3 Clamp resistande
The ¢lamp is installed en & lenghn of the relevant conductore and a torque of  150% of the

pomingl installation wrgoe 18 applied |
Mo deformation of filure of any comporent shall accur
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i=(-4)"5;
s freuency domain
W= 5:30:
for ji=1:101,
=W,
% stockbridie properiies

m=2.74;

J=23:

j=1.01714;

nii=.06;

K=3100.4:4,

EI=(K/ [ 2)*"3;
li=4*K:
L=
k2I=ki2;
k22=43K¥"):3;

% matrix relation

ci=f-mPwh 2=kt w2 ki2 -m w2 k2] -
Frwed+k22];

c2=(1+i*mi). ®fkif:k21f;

xt=inviel) *el;

xy={1 0]*xt;
ty={0 1 [*xt;

rel =real(xy);
intl =imagixy);
Yored =reality);
Saims - imag(tv);

% determining the amplitude

ampl (i) =(rel"2 timl"2)".3;
Samp2(if)=(re2" 2+ im2"2) 3




end

plot(W,.ampl,'g’)
% plot(W,amp2, V')

* text operations
glext{");

grext(*-—-Fivst pick);
atext(’---Secound pick);
xlabel('f 5 = L4 )
_]-'l'l{i'-ﬂ.i'{.'#{rd..'.:.l':}t.;'

LSJ..;‘_LﬂijJUddcmﬁh}E.uﬁﬂﬁabubMHﬂ]Muﬂ{m#MLfTT'
m.{JJ:PLTerLr;}J_mWf,EJf L PR I e

cla

i=f-1)n 5
W=0:.25 200,

for fi=1:801,
w=H{jjl;
% stockbridie properiies

m=274;

I=.045;

LI=.23;

L2=.29,

J=0.00714;

mi=.16;

K=3100.44;

EI=(K/12)*L1"3;

kli=4*K:

ki2=2%K"*LI;

k21=k12;

kA 2=4**LI7LS;




al =ffl-mi*)*I1 (1 bmi*i) k21
b =f-nrtw2 k] 1T m i) - A w2 kL 2F(] i k),
A w2 h2 1R it w222 - miE

9 matrix relation's to find the amplitude & phase
cl=al’
di=clbl;
ddl=dl"
o 2*#+¥933¥*#+d$ﬂ$*=kFﬁ‘#*#ﬂ:#*ﬁ*%‘?&-&#‘{“}ﬁ*{E-"f’ﬂFE#-il"F!'"ﬂ-ﬁ-
K=3100.44;
EI=(K 12)*1.2°3;
Jell=4*K:
kI2=2*K*L2;
k21=kl2;
k22 =4 K 20273,

a2=[(l +mi%) =kl AT+mit)*h21 ]
b2=[-m*w2+kd IN - mi*) - Fw 2k 251 mit),
L B O T VI g bt 0 el TR

o matrix relation's to find the amplitude & phase
ce=anl"
d2=c2 b2;
dd2=d2";

S =mme (1 ]*ddi)
[2=m*w2¥{ 1 []*dd2);

rea=real(fl);
imar=imag(ii);
ra=real(fl);
ia=imag{f2);

ampif) =(rea"2 -tma™2)" 3,

am{ff) =(ra*2+ia*2)"3;

amiff) - ampip) tamiil;

aphi(if) =atanfimea rea) * 10000;
ehd

% " determining natural frequencies ™




wil =((2*ELYm® LI L1 3= 185 * L] - ((m* L 13+ 8% L) 2-
3IEm S ELIMN 3 5

W2 ({2 EL (AL 1) S L3 - L8 L (T L I3+ L83+ )2
3 :{:”J tJ. "IL Jr.ﬁ_{} .-'-._jj)n_j .'

“.j__lrl.? +J|"I|r !’?JI:‘!_L,I'*.I(.-E'A"J'_,}__J &rrm B AT Jrf_‘\_t"i"*f_.f < I?-IH bl B ek B ?‘:;.I'I"E;.‘\-E_
IR 20N SN 5,

wd =({2¥EL (L2 ¥ L2053+ [ 8 ¥ ¥ L 2-({mBL2°3+ [ 8% %2 2-
it Bt Tl i | P LT

wi w2, w3, wd

semilogy(W.abs(amp), Wabstam),r, W.absfamy),'g’), grid on
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5. CORRECT [ASTALLATION OF A TR IEGE"  DAMPER

inpertica of 1} Lopogen the bole 53 & mazlss,
o~ the cable

25 Sisp the wkeeper mgainsi Bhe balt  ia
allow e inteodacilion af the condusiar
irigure Hr li.

1f Ser the clamp bedy correetly on ke
randuckerT, the ceble at ibs bottcd af
she jaw ¥, The ncia af the mesaEngerT
sable and the condusior EeET ke in tha
e y gape warblical plan.

4/ Centre the ¥ ol the keepef A0 1k
conducter LEigure M7 3h.

5/ Make  the kerper  SUER aroaand  Ehe
eomdue bor-

6f Tighten the boll.
Tha inptallation borqae LB 63 M-

[roms v it o Hima ]

Flgure HFE 3 Flgurse Hr L]
Hus imus cupacliy Mini=um capacily

M 55y 2 s Sl it gt proms ( v-7)
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