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Introduction

Galloping is a large amplitude. low frequency. wind-induced
oscillation of overhead lines. In the vast majority of cases, ice
accretion is present on the conductor : this has the effect of modi-
fying the conductor’s cross-sectional shape such that it becomes
acrodynamically unstable.

The effects of galloping on a line are dependent on the severity
and duration of the event and on the type of line construction.
Typical problems are : flashovers causing circuit breaker opera-
tion and arcing damage to conductors, including occasional
conductor failure, infringement of clearance to ground, loosening
and ejection of tower bolts, fatigue of tower steelwork during sus-
tained events, conductor fatigue at tension strings, jumper fatigue.
damage to spacers and stockbridge dampers, possibility of string
failure, damage to conductor strands at suspension clamps and
spacer clamps from fault current equalisation within the bundle.

This paper deals with a new type of anti-galloping device for
conductors bundles, based on new research & development which
takes into account the large experience obtained throughout the
world after 60 years of galloping observations and many trials to
solve the problem.

A global approach is presented including manufacturing and field
testing A major challenge has been to produce a device whose
optimum dynamic characteristics would not be affected by the
onerous environmental conditions of a power line. Its basic func-
tion will consist of damping the torsional movement which
governs most galloping cases.

The background research has been developed by the University of
Li¢ge over the last 5 years and has been presented at international
symposia. [16, 17,18].

During last winter some promising results on line were obtained
on a line in Belgium.



State-of-the-art

The mathematical translation of galloping mechanism is at the
origin of the very first theory of galloping presented by Den-
Hartog as early as 1930. [5]

Den-Hartog’s approach takes only the aerodynamic proper-
ties of the ice profile into account. The mechanical characte-
ristics of the system, conductor torsion in particular, are
excluded from his analysis, at least as concerning aerodyna-
mic effects. [13]

Introduction of torsion into the calculations considerably
enriches the set of situations that favour galloping. Certain
instances of galloping. including the case of spacered bundles,
are hard to explain without it. There is no reason to exclude
torsion since it participates, as does relative wind direction, in
variations of that key parameter, the angle of attack. Having
said this, we may point out that the Den-Hartog theory is far
from obsolete, but it is only a special case in a more general
theory that integrates the line’s mechanical parameters.

Measurements carried out on real ice profiles [2, 6, 7,9, 19,
21, 22, 23, 25, 27, 28, 29, 42] suggest that the Den-Hartog
condition holds only for very slightly eccentric sheaths with
lift properties opposite to those of more markedly eccentric
profiles, at least for near-zero angles of attack (the vector joi-
ning the centres of gravity of sheath and conductor is nearly
parallel to horizontal wind direction). This type of profile
generally appears by freezing rain and its aerodynamic pit-
ching moment coefficient is negligible.

To put things simply, the Den-Hartog theory is sufficient to
explain the galloping of single conductors but not that of
bundled conductors.

Lines in bundles

Bundled lines have a torsional stiffness [3. 6, 21, 43] that pre-
cludes significant rotation of the icy sheath during its forma-
tion. This produces a very eccentric sheath and thus makes
Den-Hartog-type galloping very unlikely. However, the natu-
ral vertical and torsional oscillation frequencies of spacered

bundles are in the same narrow range. This is not a chance
occurrence due to line dimensions but a structural mechani-
cal property of bundles. Under these conditions, despite tor-
sional stiffness, a resonance phenomenon may cause vertical
oscillation to excite torsion of sufficient amplitude and sui-
table phase to de-stabilize the system. The physical mecha-
nism is similar in many ways to that which caused the collap-
se of the Tacoma bridge and to the “fluttering” of airplane
wings, well-known to aerodynamics experts. [2, 4, 7, 8, 9, 15,
16. 17, 18, 19, 20, 24, 26, 31-40]

A way to avoid the problem has been suggested by the obser-
vation that, in Europe, single conductors are less sensitive
than bundles to galloping. The generally-accepted explanation
is based on the low torsional stiffness of single conductors (a
few hundred Nm® for diameters below 35mm) as compared
with that of conductors in spacered bundles, the latter being
about 20-times greater than the former. Under the action of
the wind (aerodynamic pitching moment) and the eccentric
weight of the ice, this low degree of stiffness favours signifi-
cant rotations as soon as a thin sheath appears on the conduc-
tor surface. Rotation of the sheath, as it forms, favours uni-
form thickness in the central area of the span, or at least pro-
duces a sheath with slight apparent eccentricity, with a dimi-
nished tendency to lift. So, the possibility of Den-Hartog gal-
loping remains but any possibility of the much more frequent
fluttering galloping is eliminated.

This is the origin of the idea to remove spacers (despacered
bundles) [14], to use rotating clamp spacers or disks attached
to each sub-conductor alternately (hoop spacers). Such proce-
dures have provided some beneficial results but they are not
without problems. First of all the problem inherent in single
conductors: growth of thicker sheaths leading to static over-
loads. Moreover de-spacering is not practical for bundled lines
with more than two subconductors whereas triple or quad
conductors will be used more and more in the future due to the
necessity to increase power transmission with limited environ-
mental impact. Furthermore, rotating clamp spacers are sub-
ject to blocking and hoop spacers tend to be slowly damaged
by glow conduction. As for unspacered bundles, they can
come into contact as a result of transient overload currents
(kissing) and later remain in contact.

In spite of these possible side effects, some operators have
obtained industrially satisfying results, specially by removing

spacers on twin bundles in well adapted conditions.

Another technique consists of installing interphase spacers to



prevent any contact between phases; their action is only direc-
ted against the consequences of galloping and not against the
real causes; the method also needs heavy masses to be added
to the lines.

Some of the above actions have proven limited efficiency, but
all have side effects and introduce new weak points.

Technical limitations of existing products :

We will limit our investigations to the most known devices up
to day : the windamper [36](U.S.A) ., the detuning pendulums
[10,11,12] (Canada) and the GCD (galloping control device)
[1,37] (Japan) :

The first one is limited to Den-Hartog galloping (thin ice
shape with no aerodynamic pitching moment); if this condi-
tion seems to be met in some part of the USA, this is general-
ly not the case in Europe where other meteorological condi-
tions are more prone to favour the flutter galloping on bundle
conductors. In Europe we also use more bundled conductors
with small cross sections which may favour the flutter type
of galloping.

The detuning pendulum only increases the torsional frequency
and adds no damping to the phenomenon. This is an important
limitation which requires a perfect design of the pendulums.
This is generally not possible because ice conditions are not
known at the design stage. Nevertheless this device has been
widely used, with some success , mainly in Canada.

The GCD device increases the moment of inertia of a bundle
line, without any effect on torsional stiffness and with negli-
geable damping. This is another type of detuning by decrea-
sing torsional frequencies. The GCD is available in two ver-
sions. Similar comment as for the pendulum above.

These devices may be efficient in some circumstances but it is
known that some overhead lines equipped with those systems
have also galloped in some occurences.

The new device described here under (TDD - Torsional
Damper and Detuner) will be a pure European product based
on original idea, with new and attractive markets.

The expected industrial benefits are improved reliability of
overhead lines hence reduction of outage. maintenance and
repair costs, as well as possibility of line compaction with
important decrease of construction cost.

A new concept : the Torsional Damper
and Detuner (TDD)

We propose to combine a detuning effect with a high torsional
damping. This has the major effect to negate the wind input
energy to the line. The high level of damping increases the
effectiveness of the device over a much larger range of fre-
quencies and produces greater efficiency with lower masses
than other systems.

Justification of the scientific background :

There is no way to explain in one page the complex theory of
flutter galloping. This has been done in the literature by nume-
rous authors [8,17.21,39]. The mechanism of galloping is very
complex and the impact of torsional damping has not been
well understood in the major part of the literature : some
authors did not see the fundamental influence of torsional
damping because there is no possibility to damp the galloping
energy which is mainly in the vertical movement. But in fact
torsional damping plays a key role on the angle of attack (posi-
tion of ice eccentricity in relation with relative wind speed)
hence preventing energy to be inputted on the line so that
either instability is avoided or - for very high wind and big
eccentricity - amplitude is sensibly reduced. So the combina-
tion of detuning (shifting between vertical and torsional fre-
quencies), which avoids resonances, and torsional damping,
which limits energy transfer, will solve the problem of flutter
galloping. This is possible on overhead lines because the
amount of torsional energy to be dissipated is rather low
(some tenths of joules per span), which is possible with a
compact device oscillating at a frequency close to 0.5 Hz
adapted to the line.



Numerical simulations

Some results have been published in [15.16,17,18]. We gene-
rally adopt a 2 or 3 degrees of freedom model and we include
the whole section of the line to be treated (i.c. all the spans bet-
ween two anchoring towers are considered). Up to three loop
galloping is considered. Both stability, limit cycle analysis and
time response can be performed. Special attention has been
devoted to take into account the bundle stiffness in an appro-
priate way. In fact we developed also a specific theory which
takes into account the way of fixation of the conductors at the
anchoring and suspension towers.

As ice shape is unknown we performed simulation with three
basic ice shapes of increasing eccentricity (ice thickness from
1/6th of the conductor diameter to 1.25 the diameter). Ice den-
sity is between 200 and 900 kg/m".

The computation is done for the full range of possible ice posi-
tions on the conductors (ice windward from the bottom to the
top of conductor surface).

Wind-ranges is taken generally between 5 and 15 m/s.
Basic conductor properties are generally well known, except

damping. For lack of information, vertical damping is taken as
0.5 % of critical damping (logarithmic decrement of 3%) and

Fig. | - Amplitude prediction for a 7 spans section (2x620 mm’ AMS)
in Belgium.

These damping acts in the frequency range of galloping
(0.2 to 1 Hz). On bundled lines (where the vertical and tor-
sional fretorsional damping is taken as 2% of critical dam-
ping (logarithmic decrement of 12 %).quencies are close
together), it is un-important whether the damping is vis-
cous or hysteretic.

Figure 1 shows a typical result for amplitude predictions and
the corresponding effect of an appropriate TDD.

A prototype :

The work to transfer the theoretical parameters of mass, stiff-
ness and damping into a practical device was undertaken by
Dulmison (UK) Limited.

Experience in the design of other transmission line fittings
(spacers, vibration dampers. etc...) was used in the design of
prototype TDD devices.

The design process included the following stages :

- definition of fabrication processes with production flexibili-
ty suitable for each set of theoretical parameters.

2- determination of pendulum mass, profile and dimensions for
required stiffness, inertia and corona para-

meters.

3- design of a suitable structure to support
the pendulum, allow the pendulum to pivor
and to connect it to the bundled conductors.

4- design of a damping sleeve with suitable
end connections to pendulum and end
frames.

5- compounding of an elastomer for optimum
damping and fatigue performance suitable

ice eccentricity: &mm ice thickness
ice density : 200 kg/m?
vertical damping : 0.5% of critical
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for operation in the environment of an ove-
rhead electric power line.

Three different versions of a prototype TDD
device were designed and manufactured :




- original prototype with fixed parameters
- second prototype with provision to change parameters
- third prototype from production tooling.

The first and second prototypes were hand-made but moulds
and dies were producted in order to make the third prototype
representative of a future production device and suitable for
corona testing.

The pendulum for the first and second prtotypes was fabricated
“som threaded rod with cast iron spheres but the third stage
owototype and all future production units was a single piece
casting in solid zinc. This zinc alloy has the same density as
cast iron and can be cast with an external profile suitable for
corona free operation. It is also planned to use other lighter
materials (aluminium) for the pendulum if the mass and corona
requirements dictate a low mass with a large surface profile.

The expertise of a specialist rubber chemist was used to deter-
mine the optimum elastomer for energy extraction (damping)
properties. Initially the damping sleeve was made of an elasto-
mere containing 50% natural rubber and 50% butyl rubber.
This was subsequently changed to a 100% butyl compound,
with improved damping properties.

The general shape of the damper is illustrated here under. It

consists of two frames fixed to the conductor bundle and sup-

porting a rod with an external elastomeric cylinder. This is

clamped at one end to the frame and driven in torsion at the
“er end by a balanced pendulum (fig. 2).

Fig. 2 - Diagramatic vue of the anti-galloping device (version for twin bundle)

Two years experience with TDD
in Belgium

Mechanical test at the test station of
LABORELEC

The test station consist of a very manageable 50 m. long, 4 m
high dead-end span with adjustable tension and sag. Sensing
and recording devices are provided.

The damper tests were conducted on a AMS 2x620 mm® cable
bundle. The torsional vibration frequency was adjusted to +
0.4 Hz (corresponding to a real value for real lines) by adding
local torsional inertia. This ensures that the vertical movement
(1 Hz) and torsional movement are decoupled, what makes
observations easier.

The torsional movement is driven by frequency variable exci-
tation (motor) . When standing wave is obtained, the excitation
is released and the vibration gradually reduces through dam-
ping . A first test was conducted with the rotating part of the
damper locked, making it without damping effect. The second
test was conducted with the rotating part free to oscillate as in
due operation : the damping increase is the consequence of the
TDD action. The figure 3 clearly shows the TDD effect for a
peak-to-peak 140° rotation amplitude of the rotating part. TDD
effect on span energy dissipation increases with the square of
the ratio between the
TDD torsional ampli-

tude and the span tor-

{ (s sional  amplitude
(which is limited here
to (70/60)°)

[ ==
gl b
at ! ]

Torsional Damper and Detuner (TDD)
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Fig. 3 - Damped torsional movement on Laborelec test span. The oscillogram is the recorded difference of tension between the two conductors
of the twin bundle. Higher dissipation is obtained with TDD in movement.

Real line observations during winter
1992-1993

1) Field study

The observations occurred on the 380 kV line Aubange-
Villeroux situated in the highest part of Belgium (altitude 550
m). This region is liable to severe winter conditions and seve-
ral galloping cases had been observed during the past years.
Only the west circuit is in operation. The dead-end span bet-
ween towers 2-3 has a special conductor arrangement (fig. 4) :
- upper phase (N°3) : 2 despacered sub-conductors AMS
620 mm’

- lower internal phase (N°2) : twin bundle AMS 2x 620 mm’,

with 6 spacer dampers.

- lower external phase (N° 4) : twin bundle AMS 2x 620 mm?,
with 7 pendulums Ontario Hydro.

- on the east side of the same span, an experimental phase (N°
1) : twin bundle AMS 2x 620 mm’
this span has been equipped with 2 TDD. These were tuned to
the most probable galloping frequencies.

, with 3 spacer dampers;

Both phases (2) and (1) include a load sensor for tension
recording at the attachment to the tower. These measurement
provide a direct comparison between the behaviour of two
similar phases with or without TDD. In future phase (4) will
also be monitored.



2) Recorded vibrations

Two cases of large amplitude tension variations were detec-
ted by the recording station during the last winter, but only
the first one corresponded to the usual galloping case with
snow and moderate wind. The second case seemed to be due

to longitudinal wind gusts. Both cases were very short (less
than 40 minutes) and there were no visual observations. The
following table gives a summary of the results.

These results leads to the conclusion that the tension ampli-
tudes measured on the TDD protected phase are considerably

Fig4 - Real line test span configuration in the Belgium Ardennes, near Villeroux.

lower than those of the non-protected one, due to the efficien-
cy of the TDD’s.

The time diagram of fig 5 clearly shows how the TDD really
acts @ from min. 5 to 25, the phase without TDD does not
move while a regular but very limited vibration is observed
on the phase with TDD This is the consequence of the TDD
resonance : this TDD movement absorbs most of the inputted
energy and prevents the wind energy transfer to vertical
motion.

On the contrary, from min. 26 to 35, a large amplitude vibra-
tion is developing on the non-protected phase while the light
movement of the protected phase progressively disappears.
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Future field studies

This will require :
1) to collect behaviour observations in as many countries as possible.

Contacts already exist to install TDD (Torsional Damper and
Detuner) in Norway, Scotland and in The Netherlands. One
phase of a whole line section (4 spans) in Belgium will be
equipped with TDD (13 pieces) in time for the coming winter
(93-94). We request other interested utilities to contact one of
the authors of this paper.

The authors will perform :

- theoretical expertise of sites and compute device characteris-
tics and numbers
- construction of prototypes

We ask the proposers :

- to install them on the lines

- to collect informations.

- by means of visual observations or signal analyses, to study ,
with the authors the efficiency of the device and to compare
with untreated spans.

2) if possible, to perform tests with artificial air-foil.

The test needs appropriate air-foils, close to real ice coating on
bundle configuration (thickness of about 0.5 of the conductor
diameter with ellipsoidal shape). The knowledge of their acro-
dynamic characteristics (drag, lift and moment coefficients and
derivatives) covering a wide range of angle of attack and the
determination of their unstable range must be predetermined in
wind tunnel tests.

After that, the device behaviour and its efficiency would be
tested on full scale line with air-foil; this would considerably
enlarge the probability to observe galloping because only wind
will be needed. No ice will be required.

The results should be deduced from the comparison between protec-
ted and unprotected span, both for amplitude and tension oscillations.

3) to determine actual values of natural torsional stiffness and tor-
sional damping for a practical situation (existing overhead lines)

Conclusions

The authors have presented the TDD (Torsional Damper and
Detuner) anti-galloping device. The idea was developed at a high
scientific level and has been manufactured by people with long
experience of overhead line fittings. Electrical utilities in
Belgium have successfully supported the idea and tested it both
in the laboratory and on site. The first results obtained last winter
in two occurences of recorded galloping.were very promising.

Future field studies are necessary to get enough statistical data
to increase the confidence in the TDD. Any interested utilities
will be welcome to contact us in order to get more widespread
results throughout as many conditions as possible.

The TDD is designed for use on bundled lines (up to quad confi-
guration). It is not suitable for use on single conductor lines,
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