ool Glgis
Ll 1 Saoliyd 208 s
: owloyT Sua

A5 (£ 58 s S (93905 ABLSI by (yiiai po pilaann S 50 Gl )l > (g5 andllao 9 (o 5
Al S5 ,585 il p3 9 Gadaie ()] (b WIS 3

2 omle T Jukoxi g 43200 9 (5 59%

eile o atulgl oLkl 5o o 5l b G2alS 6l a5 ol Sl 88w S ¢ (Selins 00l Ll
& il gl 58 (Suopi e 4y el aals a5 2l 90 b sl (il )0 (psa By, (al ) o0 S
s orle 8 b ()5 Sgele (g9 S g 4iS ol Sl (ads Cll) Su e S8

el 5355 51 6l otng et | Bl cad et LB plaSimen

S o 5 K (e cape b8 s My ey I ISt (Lo ol az e o el S 4 S
a0 90 hld Was e o8l ko P oo b 8 g My o> 5l i 058 plw F=fo sinwt

09 M‘? Ry Sy m25 m; JQLU uyoLx,oa 00 60‘)]
mljél + kz(xl - xz) + k1x1 = fO sin wt

mzjéz + kz (xZ - xl) + k1x1 == 0

Lol aenlss sl o oS

, e N
l-w 550 S S8 w
x1 w 2
v 2 22 2 . e - 2 _ Kk
X 1 2 w 1—w 2 el ol g S8 WSS w117 = ey
+ up® — 7 | — up
w1 W32 .
5 Sl & (£ s S GlS B Wpp? = m_z
1—w 2
X w 2 . _m
=2 = > 22 > S =
Xo 1 , W l1-w 2
+up® — 0112 Wyy2 —up o s he oy
C D B= ©11
\ Y,

www.me-en.com (Sso owripgo) gl 9 oal 9 Ol il oL



i 9 95 yho X1 (S My Jolpz plugasdls ¢ @ = W3y Gl 4 a5 098 (oo oaus 8 DYl

ko

) bl i 42 0y (59525 Ol oo Wil @ = Wap = 75 S s aky LM SLIL Gy

il yho 4 W G0 ilS S 0

:‘5);0}‘43"]5&330%3 T

S ol by 5o a8 Canl sals LSz Sale Jlasl ju SO g Vol e SO 5 S5l U Billae Sialesl olKiiws
S e oy Sl sy Heige 4 Jate (Seal Suns S Guized 5 Cewl 0000 )T ual e Sy b eie
aS all e M oy 4 Ahg 90 9 (60Y9d Axg g0l SUiie 00ilS Cda (£58 plaw O,10 3925 Sdgela > )

gl oo A b ans 8 )b o [ odas BB alols o

O T T G R LB UIT R CLIpp g PV VL SO VL VNN VISUL SYE VICH DV S St PG OWUWIGSN | E Sy e

-

Lo ans SVl Jgoe E=210 Gpa
f 60 3% E 1

= — NK PR, 2me = 106.5 ar
277'- lg(m+0236 mo) Jwa 30 ol dxo 90 o> 0 g
)l D3l sla g 5l plaS o 0> m = 143 gr
°l§d"&"l)l'm[°)>)“j-‘]®dl.al$ l

) J

F omlo3T plodit iy

‘))5.,3.0 u;ﬁ‘wuwb)a-bjoo;ws)l)wﬁ Jﬁjomd‘w&wwmudbdgl})d

oS oo Calilooly 1) jeige 90 Cl> pl o 093 Sl je0 4 oo Bos S ol i 4

WL*J)‘J‘S‘A}L’W’”‘SGAL?L’[}9°°|O)‘)5|'°‘°)‘UL“5"Mb@sduﬂ)ﬁb‘b‘)&ﬁlﬁysowsoo;

w5 (o0 S5 ol (Ao Gl By 35 10) (o8 2 it 2 alold Ojg0 pl 50 090 (5l ol

www.me-en.com (Sso owripgo) gl 9 oal 9 Ol il oL



2 oilo;T 6l duwlgs

w)sTww‘)Lb}M)QﬁuwlﬁﬁuT@)%)‘mbﬁoa)jiwagﬁ)s)“) fn llu.wlS)B—\
o] Sy 1y 60l5T a8 93 e U351 (oS Y olas Y

Ay pb Olile )l (Swelins Q3 solaiul olge 31 diges du-Y

[ =105%10"2 m

Esreer = 210 % 10° pa

1
[=2]' =2%—x(12x1073)* (2%1073)3 =1.6 * 10711 m*

12
2 mass of vibration catchy - m=2xm'=2x143x1073 kg
mass of dinamic vibration catchy -  2my=106.5%10"3 kg
theory natural frequency: b el gl Joeyd b (6,95 b uilS )
_ 60 3%(210%109)%(1.6+10~11) _
fnl T om [(2%143%1073)+(0.236%106.5%1073)]*[105%10~3] = 1597 rpm
tentative natural frequency: PO ¥ P ] T PUON P L

fa, = 1150 rpm

:Ua.&M)o

Af=M*1oo=“15°—‘1597|

n Ny

* 100 = 38.87 %

www.me-en.com (Sl (sewigo) Uil 9 ol 9 Wl (sl oL



m, [ [~°°°° :mxl
1 & X, v 1
. kl k](xl_xl)
m1x1 + kl(xl - xz) - 0
l’kl(xz—xl)
mzj(:'z + kl(xZ - xl) + kzxz =0 my "_$____ e
X, sz 2
kz l’ kzxz
Free body diagrams —— Apply F=ma=m% on each mass

5 G+ [ 6l () =G
0 m, ).C.'Z _k1 k1+k2 Xy 0

, X4 = a, sin wt ¥ = —a,w? sin wt
Lflet{lzl. ¢ - {..1_ 12.
X2 = A SINwW X, = —a,w* sin wt

[kl — myw? —k, ](al) _ 0

_kl (kl + kz) - mz(l)z az

kl _mla)z _kl ] (1)221 2

=0 ki —mA)(k; +k, — ANDND—k =0

det[ _k, (ks + k) — my? — (kg =myuD)(ky + ky —mud) — ky

029]

www.me-en.com (Sl (sewigo) Uil 9 ol 9 Wl (sl oL



5,5 0Ll 515 S lge & s e lisles )| SilSe L3la slas 1S 5]

1 o0 31 ooliiwl b LIS slo Jy ol )l wis
Vortex excitation of an isolated cable or groups of cables

lo LIS degazme b 5 S S5 50 (sl als S glaal el 95250 51 (5,55l
Rain/wind-induced vibrations of cables

(LS sl L L g 3 dSo slels ) WL ;o (sl g oL lawss o] Sz ol )l L
Galloping of single cables inclined to the wind

w2 & Ll )93 n g b JIS ok col) 5 03 5l 6555l

Motions caused by fluctuating cable tensions

o BIS iS5 2ge SIS ,> 5l 86 Olblas| i

5,5 saalie LIS slo y sle olF 55 4l o lsies |y b 3le ol 51 (6 aigas

www.me-en.com (Sl (swaipo) il 9 ool g ol (sl oL



Sle ol Grop,l5 5l (S aS sl wlals )| Slus 03l lgw 1) b Gl abges opl 5l 500 (gl aws Ll
sl oo Dogbone Damper 5 Haro Damper o Cdl> 5l aiws (pl 4 abl o0 3 Jll bl Olils )l o

ol 00 dapad (55155 50 o1 JolS 7y aS

www.me-en.com (Sl (sewigo) Uil 9 ol 9 Wl (sl oL



DS A

99 i G 6l L] Siiseyle (5950 9 Sl ol eal 15 (55, AT (59590 AT ol Az g Lialej] ol jo
9 995 ply 5 3, b GlS 3L o] S 8 a8 (S sl o3 S le (59 peslyiee (S &S >
w085 Sl el 525 5 Sy il 3 5l omabs uilS 3 28,8 alols el 5 0S5 5 i |, il

3yl pb Sliley )| (Soligs Q3> piews () 050 o0

e 0055 il azps 90 b Glsee 5 et pres b 8= o i G 5l i () 8 0Bl a3l ax g

0,5 it g iz |y o] atulssb ololes ) SDOF i

G axgi b uioren

_60 3xE *]
~2m [13(m + 0.236 m,)

f

b s 5 5aS sl L1, e b ailS )5 ol o ais ol 4S5 5l Lo o> alold 550 walass L 45 bl o oyt

www.me-en.com (Sl (sewigo) Uil 9 ol 9 Wl (sl oL



: plod

Col 00 dosad (55Y O jguay 5y JES| bglas 1o T 0 )5 5 Slals )| Sealns 03l o)l 4o ol e 5 s

After 1962 first "Zenith" and then "Ontario Hydro™ recorders were introduced and installed on lines in
Victoria and South Australia.

An attempt to provide damping at higher frequencies which were being recorded on many lines across
flat open country in South Australia was made by Dulmison who developed the ES-1 Stockbridge. This
was, in effect, a standard stockbridge damper with an elastomer sandwich between the 7 strand
messenger cable and the weights - an attempt to use viscous damping at the higher frequencies. At this
time it was the practise to make "Stockbridge™ dampers (actually Monroe and Templin dampers) with 7
strand messenger cable similar to that used in earth wire or guy wire. This was of 90 ton (1400 mPa)
grade and heavily galvanised.

As the messenger strand weathered or became polluted by dust and other contaminants entering its open
strand lay, it was thought that its performance as a coulomb damper would be affected. Following
English and European practice of the time the messenger strand was heavily greased and then covered
by a protective sleeve of flexible conduit with the intention of making it weatherproof and long lasting.

The vulcanised neoprene covering provided in the ES-1 design served this same purpose so that the
performance of the damper was expected to be consistent throughout its service life.

Unfortunately, the damping properties were responsive to frequencies far above the range caused by
aeolian vibration and they proved to be less effective in the critical frequency range. Most of the ES-1
dampers suffered from the weights falling off the end of the neoprene covered messenger cable (Figure
12).

Elastomer Sandwich (ES-1)
Figure 12
Because of these failures the weight pull-off test was introduced into the Australian Standard 1154/1.
At the same time, because of conductor fatigue failures at the stockbridge damper attachment points,
another attempt was made to improve the clamping mechanism, which was in effect, addressing the

symptom and not the cause.

The attachment clamp was lined with a heavy coating of elastomer and clamped on to the conductor
using helical rods. This "improvement” was called the ES-2 (Figure 13).
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Elastomer Sandwich (ES-2)
Figure 13

Whilst the ES-2 solved the problem of fatigue damage to the conductor at the damper attachment point
the effect of the elastomer sandwich was to inhibit the transfer of energy from the vibrating conductor to
the messenger cable at the appropriate frequencies and to exhibit viscous damping properties at
frequencies beyond the range experienced.

The ES-2 did not absorb enough energy at the frequencies recorded and although the damper caused no
fatigue to the conductor at the attachment point it did not dampen the vibration at the most damaging
frequencies.

Many conductor fatigue failures from varying types of vibration dampers were experienced at the
attachment points of the vibration dampers which were reported to CIGRE in 1971 - Ref 3.

It was realised that the energy from a vibrating conductor had to be transferred directly into the
messenger cable so that it could be absorbed by hysteresis and interstrand friction and then dissipated
into the air in the form of heat.

The solution it was thought, was to have a conventional stockbridge type damper but with more than 2
degrees of freedom and a more energy absorbing type of messenger cable.

Because of unsolvable problems with vibration in Saskatchewan in Canada, a consultancy programme
was commenced in Finland, where a disused railway tunnel allowed full span experiments to be
conducted without the influence of ambient wind and temperature variations. - Ref 4.

In 1970 Lauri Haro of Imatran Voima and Tapani Seppa devised a "stockbridge™ damper with three
weights, suspended from two clamps attaching it to the conductor. The weights were of varying
dimensions and at different moment arms on the messenger cable. Each of the two main weights had
two degrees of freedom as in a normal stockbridge damper - but at different and overlapping
frequencies. The weight on the short arm responded to frequencies higher than that on the longer arm
(Figure 14).
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Haro Damper

Figure 14 and Photo

The Haro damper, although expensive, virtually solved the vibration problems at Saskatchewan Power.
Its one disadvantage was that it was over a metre in length and was difficult to transport and install -
many became bent and damaged in transit. Dulmison obtained the license to manufacture Haro dampers
and sold many thousands to the Canadian utilities but very few in Australia.

Dulmison produced the VARISPOND damper in 1975 which employed two equal weights with
moveable doughnut shaped attachments which could be positioned at different stations on the main
weight. This changed the centre of gravity of each weight so that one side of the damper could be tuned
to a higher frequency than the other. The theory was that any damper could be "tuned" to the required
ranges of frequencies depending on vibration frequencies actually being recorded on the line. It was
found from experience that certain fixed settings of the moveable donuts performed best so that
frequency response, whilst broadened, was no longer variable (Figures 15,16 ).

Varispond Damper

Figures 15,16
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A stockbridge type damper with 3 degrees of freedom was invented by Dulmison in 1976. This
employed the two conventional modes of the stockbridge (bending of the messenger cable in the vertical
plane) but added a torsional mode by offsetting the weight from the vertical plane.

The original proposal was to provide a weight shape which could be made cheaply so that internal cores
and the manufacturing problems with galvanising the inside of the cylindrical shaped weights could be
eliminated. Experiments were conducted with the top half of cylindrical weights cut off and welded to
the bottom section so that the centre of gravity of the weights would remain the same (Figure 17).

Doghbone Damper Prototype
Figure 17

If the weights were then rotated 90 degrees so that all mass was on one side, it would impart a torsional
movement to the messenger at the same time as the two vertical modes of bending.

With experimentation the weight shape was refined until what we now know as the DOGBONE was
developed (Figure 18).

Dogbone Damper

Figure 18 and photo

Whilst the DOGBONE damper did not have the same coverage of frequencies as the HARO damper nor
the VARISPOND damper it was very simple and inexpensive to manufacture and became very popular
in most parts of the globe.

About the same time as the DOGBONE damper was developed in Australia, the University of Milano
driven by Drs Diana and Falco and Dr Claren of SALVI developed a HARO type damper on simpler
lines. They used two weights instead of the complicated three weights of the HARO damper and opened
up the cylindrical weights into an open clothes peg design, thus making them cheaper to produce (Figure
19).
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Salvi 4R Damper
Figure 19

At the same time, they recognised the importance of the messenger cable which had to dissipate all the
wind energy imparted to the conductor at all the frequencies experienced. They developed a 19 strand
cable instead of the earlier 7 strand dampers and wound it tightly in short pitches around a central king
wire. To be effective the strands were made of preformed wires and then post-formed so that they were
tightly embedded against each other.

The earlier problems of clamping stresses at damper attachment points was finally overcome, not by
developing a better clamp (for there had never really been anything wrong with the attachment method)
but by satisfactorily controlling and damping the conductor vibration at all frequencies. With the
amplitude of vibration reduced to very low levels there are virtually no dynamic stresses either at the
suspension clamp or the damper clamp. SALVI'S 4R damper utilised a flat sided hexagonal clamp so
that a large range of conductor sizes can be accommodated (Figure 20).

Salvi hexagonal clamp
Figure 20
Other European and American manufacturers adopted the HARO/SALVI principle.

From computer programmes and experiments the frequency responses were designed, for the first time,
to cover the full spectrum experienced from aeolian vibration.

Although widely used all over the world and made by Italian, German, Austrian, French and American
manufacturers, this multi-resonant damper was not used in Australia to any extent until 1994 when
Dulhunty Industries started to produce the 4D series. It is now used in considerable numbers in every
state of Australia (Figure 21 - Photo).
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Dulhunty 4D Vibration Damper

Fig 21 photo

With the ever-increasing use of AAAC1120 alloy conductors in Australia replacing conventional ACSR
on transmission lines the need for a highly efficient energy absorbing damper with a wide range of
frequency response has become vital. Not only is this conductor more prone to vibration because its
mass per unit length is so much lower, but because its self damping properties have been shown to be
considerably less than equivalent ACSR.

Independent investigation and testing of the Dulhunty 4D series dampers on AAAC1120 alloy by the
Georgia Power Research Laboratories in Atlanta has demonstrated the remarkably wide range of
frequency response and high level of efficiency of this latest family of vibration dampers (Figures 22
and 23).

Typical Dulhunty 4D Damper Efficiency (ISWR) Curves

4D-20 Damper on ""KRYPTON'" AAAC 4D-40M Damper on "SULPHUR™ AAAC
(16.25dia) (33.75dia)
Figure 22 Figure 23
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