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MODELLING OF OVERHEAD TRANSMISSION LINES TO SUPPRESS
ITS VIBRATION USING MASS DAMPER
Agalia Gl dadn al il 1a 1 351 st il gl JRI1 Ja g adal

4 Prof ,Dr T.G.AL _FAQ1, **ENG.A.MAKADI,*" Dr. A. AL_MESHEAI, Dr. F. AL_FARES

;g edds

ol G ety S8 Sy ap Sl e b Caseill il G208 A el COUSE s g TS e agandl e 3 30
FIAY Ce e sl Gyl 5y o SDUSD SRS Y e daglh 6 pSaa cadga ] B Lhe a7 e 2 )
i) by cead Glll s ks iy W (5 shenn i 800y dollans o gl AU Bk e e
&gn m ) bl YT peal (lany 3y il S 2 e BB A s 5 de el St e ol uh 5L
Lle e (e Jil b

palips Al liade (34lad £ 81 O S dgle y ASpaiail) SAR Y (g hae Smia (e 220 COUSH QG jee Al (e ay
' ASyeliph Chstgat 3 (pay ekl it ki (g i
Lowss Alte & 51 a1 R O 2y Jasdl Aah Slaayy Al iyl Jaidi ) in ilSUacal dud o e il Vg gy
M ol iy Jasdls 1 Y o a1 jal dnada il At 3 5 el sy ht pall Jae bl pall 3 Al Gy
3 el IV panll (13 ey Jool il By I8 Lpad e Mps 5 el dass 81 ) sy Saaadl il Sy il
[ A

ABSTRACT

A study of the sudden failure of conductors in overhead Lransmission lines has been developed, using field data.
It is found that the faiture can be anributed to the excessive vibration of conductors under the stochastic wind
excitation. By analyzing the field data, the maximum amplitude of vibration, and consequently the dynamic
stress in the conductor, is calculated, and conductor's life is estimated 1o be less than 20 years for several sites

[n this work, mass-damper “which acts as dynamic absorber” is introduced to reduce the vibration of overhead
transm ission lines, such that the sudden failure of the conductors can be avoided. The effect of clamping mass
damper on the vibration of the conductor, and conscquently on the dynamic stresses, has been investigated.
The estimated life of the conductor is found to increase to more than 150 years by the implementation of this
scheme.
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L. INTRODUCTION

During the last two decades, several failures of the
overhesd mansmission lines have been recorded.
The fallure analysis of the damaged conductors
illustrated thal several mechanics! fctors have
major effects on the comducior failoe  These
factors cosld be mentioned as the conducior
tenslon, type of clamps, damping devices and the
stochastic vibrations induced by wind ([1-10]
Wind-induwed conductor vibrations, for instamce,
are univoidable. They may cause wire fractures,
mainly in (ke Inner Inyers of the conductor. This is
discovered after several years of service, which, in
most cases, ks oo late.

According 1o the failure analysis of the damaged
lines, and the comprehensive siudies of CAGRE®
(Confe rence [nfernationale des Grands Re'seawx
Electrigney " Howte Tersion) [2-1], several
vibration mcorders have been manufactured [8)
These vibration recorders are clamped to the towes
wing to mensure, and record, the line vibration ms
illustrated in Fig.(1). The recorded results illusirnte
that the wibration is relatively high and
consequent’y the estimated life-time of the line may
be uneconomic.

In order to reduce (he vibration, it is proposed 10
clamp mas: dampers o the line. Mass dam
mav be tuned 1o the main natural frequency of the
system, and may be nol. The spring-mass system of
the mnss demper may have a considerable damping
coefMicient and may not [4]. Tuned mass dampers
have been extensively studied and applied 1o reduce
wind-indecsd vibralion of building siructures since
the 1970s. Much of those efforts were devoted to
develop the design procedure and optimizing the
parameters for improved performance [11-12].

The mass dsmpers are clamped to the line to reduce
the vibmadon level, according W genenal
recommendations | 1-9]. However, fanher
investigations are needed 10 explore the effect of the
line dynamics and damper parameters on the
vibration.

In this paper, the effect of the parameters of the
mnss damper and Its location, on the line vibration
has been imvestigated. The vibration of the line
withoul mass damper is studied. The elfect of
clamping m damper on the vibmtion of lh=
conductor, and on the

stresses, has been Investigated, The estimated 1LI'=
of the conductor Is found to Increase to more than

150 years by the implementation of this scheme.

This paper is organized as follows; in Section 2, the
vibration of the line is derived. The effect of mass
damper @ investigaicd in Section 3. In Section 4,
the resulis of Section 3 are implemented 10 one of
the most dangerous portions of the 500 kv
overhead transmission line from Assiut 1o Cairo,
The results and discussions are presented in Section
3, and the conclusions are summerized in Section 6.

1. VIBRATION OF THE LINE

The wire & wibrafing in the vertical dinsction, sbout
its stitic equilibrium curve, under the stochastic
wind excitation, as illustrated in the free body
l:ll'l_l.ﬂ-m Fig. 1. The equation of motion can be
wWillen as®

B yis,ib arin ] wen  #uan
m:amT-[r:xs+ = dr '; " o e

. m.-sm-rm?
(5)

where, o{x) =
wire,

mass per undl lengih of ihe

Tiz) = icnssan in the wire,

(&) = dinmeter of the wire,

Mxd) = the stochastic pressure
inducsd by the wind.

The above equation can be reduced to:

_{”41.1 a[r{ }fn"-‘ﬁ—]+ Pl D

(6)

Frem a practical point of view, the wire lension, the
wire mass per unit length of the wire and the wind
pressure can be considered constant throughout the
wire gpan. Mow, cqstion & can be wrillen
follows:
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The sbove equation is a non-homogenous partial
diffcrential equation with siochastic excitation. The
homogenous partial differential equation associated
with this equation:

e




Munsourd Engineering Journal, (MER), Vol. 31, No. 4, December 2006.

&' the dr
(8

This equation is a reducible homogenous partial
differential equation, which has the solution;

Hrl)= EE ii[-nF—'I}C.:i-ﬂ.r +D,cos Q1)
(%)
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where ¥ =Tim,
0, = the frequency of vibration, of
the nih mode = nad’ /1,

i = the length of the span of the
line.

The slochasiic vibration 5 & function of the wind
velocity and the wire diameter. The frequency of
vibration in such 3 case is:

j’-ﬂ,[%].
&a,-m-m.ﬂm equals 0.22 for

cylindrical shapes [2],
v = the stochastic wind velocity.

The maost dmgqmr. conditions & encoumered
when frequency "/ " coincides with one of the line
natural freguencies.

The dynamic stochastic pressure of the wind, pyi).
can be written as:

ply=035pF_(v1)

()

Where p = the densily of air al the working
condilions,

F_(v,f] = the stochastic function describing the
vertical aerodynamsc force on the wire dug o the
wind.

Equations (5) 10 (1), wogether with the recorded
data of the wind velocity and the data of the line
(Tabie 1), can be used 1o calculate the spectral

density function of the line response. The speciral
density curve for the response |s presented in Fig. 3,

M. 48
3. Passive Design Modifications

In the field of system dynamics, several pessive
design modifications have been  introduced 1o
reduce the system response, and consequently the
dynamic stresses. These modifications are the use
of dynamic absorbers or dampers.  Regarding the
vibration of the overhead lines single sbsorber iz
introduced without the accurate placement of it Tor
the differem lines and wind excitalion conditions.
Here, mass-damper has  beem  conyidered The
damper 15 essumed 1o be clamped 10 the wire o
suppress its vibration.  The eflect of the pammeters
of the damper and its location, on the linc vibration
is imvestigated.  Thus, the proper absorber can be
selected and s oplimum location can be
determined in order 10 achieve a longer lifetime of
the wire,

The most dangerous harmonic component of the
excitation is that which has the frequency defined in
equation (10). Therefore, (he dynamic absarber is
designed 1o reduce the effect of this excitation.
This harmonic [oree may be considered uniformly
distributed along the line and it may be expressed
s

Fl1)y=F_sin m1,
{(12)
Where @ =2 [

In order (o calculnie the response of (he line (0 the
above componend, lhe following forcing integral
term has o be introduced;

[Z (5] e
N ()= i F, sinat dy
.I ml ¥

{13)
This imiegral will bc wsed o colculaie The
generalized coondinate, y, (1), which is defined m:

| J
Ay Jw,mm Q,(r - ridr

(14)
Mow, (he response of the line can be writlen as:
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(15

Where C_ = 1, form=135...
C,=0 form=0.2,4,..

consideration, the response can be written ns:

el

80, s @i~ undl, i)
(16)

Wiere A and B arc constants 10 be detarmined by
the boundary conditions.

If the imemal dumping of the line is considesed, this
equation cin be reduced to:

Hm}-gﬂ..l n—{%f!] 80, sln(e - g)

(n
Therefore, the constants, A and B can be written as

E, , [1Y[m) 4K 1
(Y555 -

; |
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A typical response of the system is represenisd by
the solid curve (Fig. 4. I is clear that the responss
is generally high near the system eigen-frequencies.

1.1, Line Response with Mass-Damper

MNow, a dynamic absorber s assumed to be attached
to the line ot a distance x, In order 10 reduce the
sysiem respoase and the model in this case is shown
in Fig. 7. In onder 1o calculate the response of the
line to the above excitation, in the presence of the
dynamic absorber, the following forcing integral
terms are introduced:

p— e,

H:.m-g'Em{E‘gi] Fosinar de

(14
N, in= !E ﬂ{%] Fisinfar+ ) de

(19)
where & = phase due 10 the damping of
dro akourbar, -

The above term will be used to ealculaie following
generalized coordinate;

rain -QL_ '[IR:.{ﬂ + Noy(nhing, (- nde

Mow, the response of the line can be written o
follows;

2 ey .
W)=Y O ain] =2 | !
pn g 1||m,=n[ : ]:u:
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The response can be expeessed ax
nixn =364 r-{E,'F] ra) 8,0, siner-4,)
=l
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where:
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By thw selection of the absarber parameters
wnd s ‘l-ﬂ-ﬁiﬂ]“
can be This haa achieved by
. m-mm. it is cloar thal the
of vibrations been considerably
reduced, (the dotted curvae of Fig. 4).
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4. PRACTICAL APPLICATION OF A
DYNAMIC ABSORBER

The analysis presented in Section 3 i applied w0
one of the most dangerous portions of the 300 kV
overhead transmission ling from Assiul 1o Cairo.
Analysis of the recorded vibeation revealed that the
lifetime of the wire, at this portion, could be as low
#s two years. - Therefore, this portion of the line
was chosen for the application of the absorbers.
The absorber was sclected, from (he available
shsorbers, and jis  oplimum  locallon  was
determined, using the analysis of Sectlon 3, The
vibration of the line with the selecied absorber al
hqﬁﬂm-ﬂrﬂﬂ.ﬂﬂjﬂ
The results showed that the estimated lifetime of the
wirc could be incressed 10 more than |30 years by
the usc of the sbsorbers.

4.1. Measured Daia

Due to failere problems in the $00 kV line, several
vibration recorders have been located on the lowers
to measare the vibration of the line, &t different sites
for 60 days, The measuring sites have becs
selecied pecording 1o the direction and the velocity
of wind over two years. A sample ol the dats, for
the life of the line, i given in Table. |. The
vibration records, which have been wied i this
work, are VIBRACI00 and VIBRACIOOD [9].
Figure | illustrates the mounting of the recorder.
Alter the end of the recording time, the recorded
data b snalyred io consiruct the amplilude-
frequency matrix for the measurements. Figure 2
repeesents & sample of this data matrin. 1t o5 clear
that the maximum amplilude of vibralion occurs
between | $ Hz and 25 Hz

In thes Section, the analyss presented in section 3.2
is applied to one of the mos dangerous portions of
the 500 kV cverhead transmission fine from Assaut
1o Caio,  Analysis of the rccorded wibration
revealod that the lifietime of the wire, at this portion,
could be as low a3 two years  Therefore, this
portion of the fine was chosen for the application of
the sbsorbers.  The absorber was selecied, from the
avallable absorbers, and ity optimem location was
determingd, using the anulysis of Section 4. The

vibration of the line with the selected absorber at

displacement

wire vibration al a sampling frequency of 2 kHe
microprocessor i3 incloded in order 10 measure and
record the peaks of the wibrations, which are
confirmed by a bandwidth filer  The reconder,
aleo, had & built in siorage 10 sore the measured
data. At the end of the data collection, the recorder
way removed from the line, and connected 1o @
personal computer. Using this compuier, much
information was obtained,  This information
mchaded: frequency spectrum, Amplitude frequency
marix and estimated hifelinse

4.3, Estimation of the Wire Lifetime

A3 mentioned above, wire fmclure always occurs
wery close 10 ity point of fixation 10 the lgwer wing.
Therelore, a wibration recorder s provided in order
10 measure the vertical displacement of the wire
very close 16 the point of fixation, namely at 1.5
inch (B9 mms) from the wing The dusplacement
measered af sech 3 umall dritance » proporuoaal to
the stress on the wire  The manufsctarer of the
vibration recorder, alvo, provides Iables which give
an estimaie for (he maximum number of cycles,
which the wire can afford during i lifetime. for
different ampiiudes and differem frequencies of the
measuring poinl, aiiuming that (he wire expenences
simple harmonic vibration These tables are used
for estimating the wire lifetime, when the
measuring point experiences periodic vibration as
explained below,

Let ut assume (hat the measuring poinl experences
periodic motion whose harmonic  component (s
expressed o the form Y E sin(2afr+ )"

o the lables provided by the
manufacturers, each of these harmonics gives an
eslimate for the maximum number of cyckes which
the wire can afford, N | assuming thal this harmonic
dusplacement cxists alone.  Obviously, in the case




e —

M. 5l T G. Al-Fagi, A. Makadi, A. Al-Meshea & F. Al-Fares.

of this single harmonic, the wire lifetime, T, {in
years), is oblained from the relation:

N
}: ==,

L

where n, is the number of cycles, which the wire
experience por year, In order to get an estimale for
the wire in the case of periodic vibrations, the
manufacturers recommended (he expression:

i |
A

where T, is-the estimated lifetime, and summation
is for the different harmonics included in the
amalysis. This expression may be written as:

e Y. (n,/N,)

L

(24)
5. Resulis and Discussion

The results obtained by snalyzing the vibration of
the wire before clamping the absorber are depicted
in Fig-8 and Table 2. Tablc 2, indicates that the
frequency 20 Hz has the greatest contribution in the
reciprocal of the wire lifetime (1/7,), which was
16.8%. Fig 8 and Table 3 represent the analysis
of the vibration of the wire afler clamping the
absoeber. Comparnison betwoen (Fig. 8 and Table
I) and (Fig. 9 and Table 3) indicates that the
number of cycles per yesr, a , comesponding the
frequency 20 Hz has been reduced from (145,552 x
| 0% ) eycles per year 10 {9.77 x 10" cycles per year,
ie o 6.7% of its value before clamping the
sbsorber, Regarding the lifetime of the wire, it can
be seen from Tables 2 and 3 that lifetime has been
increased from 2.11 years (0 more than 150 years,
which was the main objective of this work.

6. CONCLUSION

The excessive vibrations of the 500 kV overhead
transmission line, coming from Assiut 1o Cairo, has
been considered. The vibration of the line, ot
different sites, has been necorded, and the Lifctime
of different portions of the line has been estimated.
It was found thet the amplitude of vibration al

several portions was %0 high that the estimated
lifetime was bess than 20 years. The dynamic study
of the line showed that it was vibraling under the
compound effect of tension and stochastic wind
lond. ;

Dynamic absorbers were clamped to the line in
order 1o suppress the wibrafion. Partial differential
equation of the wire motion, before and after
clamping the dynamic absorber, has been solved.
By dynamic analysis of the wirc vibrations, with the
dynamic absorber clamped 1o it, the proper absorber
was selected and i3 oplimum location was
determined. It was found that the use of the proper
absorber &t the optimum location could reduce the
smplitude of vibration oi the measured poinl to one
third of its original values. This resull was checked
experimentally and the reduction of the amplitude
wild foond (o be reasomably closc 1o the theoretical
resull. According w0 the mebics provided by the
manofdciurer of ihe wvibralion recorder, the
estimated lifctime of the wire, with the absorber
clamped to it, may be increased to more than 150 ye
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APPENDIX A

In order to calculate the response of the line, the
following generalized coordimate, y,(7), can be
caleulated as follows,

92.() -&jr.mn.u-rur

(AD)

Where 1, -EJE m[.%i] P, sin a]

The response of the line can be written as;

Wat) _);_CE m{%—] R0,

(A2)

Whee C,= 1, forn=1.3.5,..
C.=0, forn=0,24,..

After taking the boundary conditions into
consideration, the response can be written as;

- P n
wen = 3. 4 sif 2
(), sin{ =0 smi2 1)

(A3)

Where A, is a constani to be determined by the

boundary conditions. If the internal damping of the
line is considered. this equation can be reduced as,

Hrdy =Y C.A, -h[nT:’-] Q,sin(-9)
(A4)

Hence, the constant A, can be derived as,
A< | ENx'TIAr)

?W-r.']'ﬂ!{.!:.!'
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Fig. 1. Free body diagram of a portion of the
Fig. l.a. Vibration recorder clamped to the wing coasidercd ine.

(Two Mass-Da are champed (o the line},
PR N O W R Table | The data of the 500 KV line.

Chnter diameter 2R 0.2 mm
Massfunit m 1§ kgm
length
Span of the line I 40 m
Rated strength T 146 kN
Aluminuam
tayers
Numbser of 54
siramds
Strand 2 i
diameter
Sreel lavers
MNamber of 19
sreamds
Strand Z mm
diameter
Bundles “at
Fig 1.b. Vibratien recorder clamped to the wing equal spaces”

No. of Bundles 6x3
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Fig.4. Amplitude-frequency curve before and
after clamping the mass damper.

Fig.5. Clamping of the mass damper to the linc

Fig. 6. Selected mass damper (Stockbridge).

Table 2. A sample of the lifetime data

before clamping the damper.

'_Frcqucncy nENU' (n/N) o
[Hz) : 13'[’]‘4 p. class °
2 1.794 0.0000 0.0
5 4238 0.0000 0.0
10 17.510 0.0050 1.1
15 61.430 0.0941 19.8
20 145.552 | 0.1745 i6.8
25 137.423 0.1503 31.7
30 68293 0.0470 2.9
34 16.130 0.0024 0.5
40 10408 0.0006 0.1
43 5.713 0.0001 00
50 3.101 0.0000 0.0
59 3.476 0.0000 0.0
83 2.822 0.0000 0.0
100 0.369 0.0000 0.0
143 0.204 0.0000 00
200 0.020 0.0000 0.0

S (WN)=047411/(S (nN)) =

estimated lifetime = 2.1) Years
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Fig .8.Asample of the amplitude - frequency
curve after clamping the damper
" Fig. 7. A sample of the amplitude ~frequency
curve before clamping the damper

Table 3. A sample of the lifetime data after
clamping the damper.

n=No.

Frequency (n/N)
izl | s | pocless | *
2 2.597 0.0000 6.0
5 7.299 0.0000 1.1
10 7.758 0.0000 1.1
L5 3.965 0.0000 14
20 9.770 0.0000 t0.8
25 15.879 0.0000 19.8
30 9.553 0.0000 14.2
34 4375 0.0000 7.9
40 7.800 0.0000 9.5
45 7.405 0.0000 8.5
50 3.772 0.0000 6.2
59 7.632 0.0000 9.1
83 3.971 0.0000 4.2
100 0.235 0.0000 0.0
143 0.142 0.0000 0.0
200 0.0020 0.0000 0.0

s (n/N) = 0.00001 / (S (W/N) ) = estimated

lifetime > 150 Years



