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In the following pages an effort has been asd• to 

present a cc prshsnsive picture of the various aspects of 

the vibration prabls of overhead transmission line. The, 

dartlopment of the subject MMr+O&& the last three decades 

his been traced and a Critical analysis of the literature 

dealing with the theory of the problem s been ttteapted, 
The various kinds of experimental studios area described 
and their relative Importance weighed. A reference has been 
made to the role of .lectroniaa in instruerotatica and auto. 

ratio control of wibr tion tests. The graphical and ss.t s 

matical relationships which facilitate ocaputat ton are 
sought to be given in a concise aenner. An attempt has 
also been mad* to deacrtbs and study the old and now &*hsss* 
of ecub►ating vibrations and the latest methods of their 
analysis based on elsc rc►so ntcsl analcaUs are given. The 
scope of the problem is indicated and the statit,s in 

ocaplste a aviation of the haraful. effects are discussed„ 

A brief reference has also been sad+r to the isportance of 

this problem vis«~a*iris Indian conditions. 
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1,1 	tctiçj 

The prob1 a of wind Antuocl ccchaniza1 vibraticn.o of 
ovcr wd troncziccicn lineo to © bccn of quito on want of 

co ce'n to the electric Qupp1Y induotry for a 1cij tt' . It 
acqulrc norc ani► mono iaportanco with the alvcat o loris dic' 

tet o p :nor t c ioDicn„ `arno&t attcipto to allovloto the hr 

rat ciTcota b.ino boon gado Inco ten an it aouic1 be cal that 
In oc o Oacco u partial aucc000 hao been auhicvc,3q but eta© z rOl 
at Ito uoi'ot un ar co oro cond1tIono or cat1cr ant ter 'cin hau 
ova lcd catI taotory :c oiial ncac aro acid the elucivo quest for 
a niquo and un; vrrst l coluti.cn will stili *cavo to f3o an for 

oc o Zino batoro the prob).c in Its all uopccto is fui.lg c. plorq 
It to ati l quito ancortain ac to unccn the ecoplcte and accoptab 
oolutien will be awa,ii.ablo. 

".1 e i portancct of to problcn to the ouppll nyctc-.z c~ainit. 

otcjo fro the That that it g1vcc rices to; ;cch-jn1 cal &amaCcm and 
olcatria i1 o tzigco in the trinclacion .lincoo Jith tbo pro3ont' 
c phaoio on 1 iCh roliabilit, of pc or cupaal'o oven at the dcci 
oto the robactnoco ani invulnoi'c bility of tranczincIon  
to ocohanical an clotricol fatluroo rccaivco arlttc3l uttcnt/.oP.. 
it o ircr ccT3 ciao c nd coat or trcnc iooio: 1U "6o, s ing to tto 

trend to rdo inorcaco in the tsanc iOaion vcltaGoo,, Basco t h. T . 
cf CJ of .Fate, ttrn aCathOt all time or OC  t3 an ;` $hares vtrg 

procaine the :nCCh:,ntonl pwobl Qain2.7 cananirl3 itcolf to c11Di' 
I 
y 



2 
£tin3 the 	in cenl2otor atrnt9c, line 	ra •Im caao.'~ 
tin; cfirUotUroc r ni tho clrotric3l one to p. cvcntIn3 £1 oh ovobo 

bf''%•icen njjnccnt t cc 

1Q 2 	 tj1 

The cca:~ar? l v ,iticno of ovcrhr: tr3ncziocion linco 
a iC' -r minty In todititino t £'o ` o. Cno 10 tc cJ ac the 

' c2n in3' or 3ooll-in vlOrati(!na which to charoatoriori bj n to r 

aria-3litudc.ot Vic ergo:., oi' ono Inch pcak to pcztsp in rol Uively 
a hi C% frcquor)cy - 1 itnor c: ithin the, raoo of lO'103 cyolco pct 
croomd. .~aolo3i1q thio to a 'i'orocJ' Lind of uibratlon0 the torn 
ir:pl4n; that the tc'n.itin3 f oroc prchumin the vibratory codon 
to i2zcpencnt of the nation and of rto beto'o the notion 
ori , ntoa. £ho othor tipo 04 line vibration to caro properly 
cr llcd ec 't nllopi ;° oar dnncin3, It to a phcn cnon entirely an 
fundis cnt lly flffcrc'Jt irci that ! tho Qcollan Vlorationa It 10 

a colt colied ootto , mi diftcront Frere the foreci vibraticno 

which In other icrdo Grana that the po# folia force bhiah ouctalno 

the cation to crrcAcd an centroUci by the cotton itocUa It 

(t'ho fcrco) th o cro 1icap,3carc irbca the cotton to otoppcJ. 

.,I=ovrr to initiate thin vibratc y notion aeio citenal i'oroo in 

ncccocayy. Cn o inittatc v the noti^n buildo itocif up duo to 

t tat to callcl no the ncjativo d pin till the olootlo or oprin3  

ctic-i of tho ocr_lacten. uiro brinjo it to a otca y ct tot aho 
cater€ of fo oc 10 o unl r the winch `c v(,r too r hcddin by the 
conaaotc? r2tor o oncafc U oo'U 2 Juot ac tell tricjcr talc typo 
of vibr•aticne .ho a iplit:Ado of Viso o3cillatirn Io very hhiah n . 
cc:uld be any hc e J!)tc .:3 Sore tic ; to prim :e £rcl;aormy is uito 
Icri being !;rirr illy 	ucc n 1/c3 to 1 oiolca qcr ccoond 
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:ho ncou n vibration if c o oufftotcntly oovc o naturo 
onucoc I 1 h bcn1 n3 ctrc0000 in the oan~u?tc otrin'2o 4/11oo 
thcro t trcocco nro altorn3tLn3 oxr rc. craiblo, the otraaita aro 
l 1 oly to :Ciao ua, tho, ,'.a obcor Al'atlguo. bo ,i)ointo coot 

viincb10 to tLiro duo to rcvcroiblo bot otrccocc arc 

the ,DO2.otO of Gzgport ani t tt c»'t crit of aot0000rioo, ihao 

avellon vibraticn uith Ito 1 ' azij1itadc can ca .y givo rico to 
uccaioal t'r tieuc fall rc, '`'Iratricni flack ovcro botiocn 
cor,daoto'a aro unhit~oly Unlace of OO~aroo o oondactor atta 
brcnLinG folio on another,* Jcully ccio of the op3no of 
tranc3iooion linoo loop on watt ucaol r oi3In3 uith the obvlcuo 
off co c c" 'cduoin, the nornal cUcotttro life of the conductorc0 

•. ail,urea duo to ,00lian vib, ration are al,aractcrtccl by 
a Clacoy frost o tihiob to oncrally acoc ip nicd by a pccalicir 
Ii)! typo of c~zrc'o ocr000 the dicnotcro of the Ebro. 

Tho arnfa1. oti coto of Gallopiaj are rathor obvIouce :3ocIc3cc 
oauoin luro failuo in th uirr.o It to Uizoly to givo rico to 
olcotria fkoh o oro ba con ad jaccat condhct o ubich aa, r0oult 

in the i rotcot o ralayo trtpiaj the otrcult brcnhoro and 

canoczucntly ohtattin3 doth the oagpUe • laohovcrc aloo ca.aoo tho 

burnir&j of the coniuctaro , at the gyp. oint of cc:t3at, i1ainiy thcrofc ( 

the dam - sCO duo to olloptnrj in of olcotricol nature, The frc ,ucncy 
of rovcrolblo etroocco boin rathc very C~.:a11 fatlSuo failuroc 
aro loon ccio, Alco Gallo n3 do 0 not ac c&' all t rouuho at 

tho''ycar oo dorm the c cclici vtbrationt oinoo It reZuircn a 
certain cote tdcu:o of octcorolooIaal conliticoce It 10 obccsvca 
in cold corntrtca in uintor Juot a cut a oas~ to of tt cu in a 

oCaoon In , cnczol, 



~c3! o in alaminirz an o hc' uirc cibioP arc aataoc°4 icy 

	

alloptn3 havo a ecLrao 	c 'o ouch ao 10 0btainc2 rbcs c : ,ll 
wort ;alrco arc )1'oC!) Io scDvc~OQ bCL2ifl3 	liznlo 

1. 	f .n 	c~ 	~ i 

. , o Galli t2ci1 u lth tho pact c co nIc of thoac tuo 
,.hcrcicfl alcn iIth thotvanalytical aplaaatIcn rn2 vario zo 
raci icn 'ono In the nc t ct gtrr. Jivon bolou in a bz .2c ` acccant 
of t o c.3oant of tiorti done on thla Lroblc . 

orlt on tho pzoblcz of r cc 3niaal vibration actually 
bcyyn in all ito 	ncotncoo a tc. Leclf zrnt2 Otrcr ;ava the afire 
dyntiGio . nalynio of tho acolian vibration In a t*cr pablio'cd 
b,i thou in 1021(1.)* hin paper aonfincl itoolf catiroly to tho 
uat c 3tiaal o lanation and analy'oio };o cvcr conoral o`JOcrvatiex'1. 

of t Aa phenconon can be tziacd bot jcrbapo to tho bco"inni 

of lon + istanoc ovcsbc id trancatoolon of potiore Lrond aathc atioc.. 

conoldcz, tiono tero nono the Icoc aivon to the vibration of cabico 

obn$no, cool !ro ropeo oto. bung in the air alien thco acro 

ottd1tc1 In rcf crc'anoo to the thco y of cunpenolon bridGm. iiut 

pc or cn macro bcZ;an cirnco , 1cc!inG out for the solution of 
the era l a cnlr after 10219 than the `Irot aoalytLcnl paper 

cavo cc o inoijht Into the phcn+cccnon* After thloD inoi c o lg 
uldo attention has been Given to it and nu:. oroao int cotin3 and 
ia'orrativo j, ;agora baio opporcl and a n znb of' orIcinai thcoriec 
and aVV chcc t ave been a o3tc2. 

4 i+ i ycaro after tho p ablIcat! on of the a ova is-1qc' 
OzCQ c?4 ','a nc r Gavin bib rz.m idea abO4t the not ro o to prc),Cn 
tccothcL c ith an account of the c- : ►c iccZto acnluotcS by bia in 
tt o !3L)Oz O Pabliohcl in 1C3 	and 128 2 . .alt :o h hie 



apparatus vas rather crude his conclusions as also these of ii.lf 

ad Over have been generally ansspted and have stood the test 

of ti... I w ever It r zst be Stated that theft papers have not 

gone into very great details of the pbsna►enon but merely have 

touched the periphery of the problas, vbioh is understandable 

b eanso that was then only the beginning of the wok. Much nor* 

detailed invsatigation has been dons since then. 

A number of countries have participated in the quest or 

unds*ita` ing of this problem. U.K. and u.a.a. are probably the 
first to enter Into the Field. Later Norway, Canada and  
and nasb later rant* took active interest,, and lately Japan has 

also Joined Into oak* sure significant contributions. The technical 

literature on the subject mainly consists of papers published in 

the tichnital Joarnals, bulletins and committee meeting reports 

from these countries,. he problem has received a rather scant 

attention in text books as it is iuoh too a specialised area to 

be encompassed In any general tort book on vibration or tzansaissloi 

line practice without doing injustice to it, considering its 

vastness., 

The first paper on galloping of transmission lines was 
available only in l982 '  when 3. P, Aon Hartog gam an account of 

his oansspt or the phenomenon 'tc etho r with a little analytical 

treatment.. His view was mainly limited to the simplest kind of 

ga .loping 1, 0  o, the'tersion free' type. 
preadlp the subject of aecharnioal vibrations of both the 

types has been studied under the following heads by the different 
investigates. 
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(1) Thcou of o 1 cn3 colo 4Q2 capicu t1on of the ❑cohtni. a 
o' '13o pe1cDc s 

/ 	(C) 	c~~ o f 	tica o3 ibote t c no c,tooc1 toot 
cr in© cn2 cot z1 UUno c nc. 

 c ra r c ani 4ontroL of tho vavlo o 73riab1Oo in 

the vib*ct `.on tc to,, 
( ) L c inc ci r ippz oo-oin; the ttio t jpco of vibrctio. o, 

(3) An3lo3 to hojoo 
..oat of the , polo ovciloblo touo r pon only one ocpcct 

c t 	t lAa nICD it 000iblo to sort then cat ao ouoh, 
cacvrt' tharo z ro oco pcper& which c2cal otth Coro than one aopco, 

C3 t~"'►u tanoOG .t 	, 

}ootloo Voznoi, :►olf and Oser,  , contribution to the theory 

of the acoltcn uibrotion probl 7 hac cczo from t onroo ani 

Tc ►lin (l333)(6)9 3toh3nan. (1934)(0) nod toidc1 (l8) 	to 
ccnM on only a sets, Uo crit omo to the oritio l rovi,ca r " Choir 

paiero in a ch peer tpccialiy do iotcd to It# 

AU 

 

tcr ,oO i311OpiflfJ to con oofloi £c-,! people UQVO Caro into 

the Lath attoai cotailo rihiob happen to be aaoh t o'c c ,Beat 

than in tho £irot acooe Iftor Dori Marto and C, 09 Uasrio he 

only japoro r Pilch malo oubetantial contribat one in tic a'c 

are th000 by : o oiol (1C83) 	• Dtviae ':iohnr o "., d t.;or1ico 

and 4poon (1066) 	who h: vo Ctveo guantitatiao 

ro c iono orrivcI at ani toally and othoa ~ico, 	ct .'a 
z zpc t ~) 	also #;tvoo a ncu an41c to the Lwobl 3. `too 

i)apcL by 4tia G cnI 4}adc3r t1i (1059) 1Cr though lar,do r dci.i 

uat crtg verh ;,i'roo 'In the Oo ^Oo oo~ao 3U laoco of tho 
3V: l joic bn- AP-2 it. 
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Thi eXperiaental study CC the mechanical vibrations of 

power aenduotors has been very r.haustive and a great wealth of 
tat arastion exists in the form of technical papers as it to 

cva,Insato for the rather in aut nature of the analysis. This 
is probably duo to the reason that a number of studies have boon 

sponsored by Various power ccmaissions, power supply services and 
the concerned utility *ndustries in this direction, this being a 
**or problem they have to deal with. The largest single contri-
bution perhaps crates froca the ?1ydro Slaotrio Power Commission 
of ensda, whose staff has the largest number of papers, to its 
credit. The American institute of R1ectrical Rngii.srs has also 
encouraged research in conductor vibration and the conductor 

vibration session of Its faU general meeting in Oklahca►a City 
in the year 10800 Save a nuaber of papers on this sub, mot which 
is a great store of kn l*dg• for the new investigators. To 
mention a tow other institutions rhich have conducted studies 
on this probies aresths National :,ssoarch council or Canada, 
&tate Colleges of Iowa and aoshintton, Universities like Purd~c•, 
Notre, Dame,, Bristol, Utilities like the Al ini*r Corporation at 
America, Prsforsad Leine Prothucts Ccupauy *to.„ the Rational 
Physical Laboratory of England and others. 

The papers of Importance in the rocperiaental aspect of the 
(6) 

subject are by $ttokley (1932) * Wright and Mini (19 34) 7!' 

Carroll (1936)f , Tcrnquist and coker (194?) ' ,  iris and 
Slopfsnstoln (1960)" i 1, Pdward and )Iadeyski f1933)f i r 
Farquabarson and McHugh (1956)(17), Tompkins, Merril and Jones 
fl961►)t )~ visa ichards and Scriven (1963) ' and Ratkcwski 

fol? 
C Ili) 	Messrs Edward and Madoyski hary been working on this 

probles for years and their contribution is very noteworthy. they 
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ti yo oo s3uc C1 1C tci of ico c no vi' wattc pnccncz  

LK1cr VOZLC: C Q 	pl iO t r ractca o1 is 1 sic° it- ono sand 

to O t32nC1 VCz, 	 131O  
:eccnt cin 1 :orntral cf vlb t' 1-0 trx to 'i c 2.ao bacn 

a iiic1g OLU r ?Iola rias Q n 35c rte' I tl1Vi2 .0 tinvo tQL:C 

Lo 	ntc!c3t In 11 nn h uo c: 3 t t c zt a vat ro .ac'c 

cn3 	oti.c.t !ccs In tho 1n tru--o ti icn, ':1'o iot Luper 

do rot c:tey to ' 000&c czf ►t con of ap ;c c 3 In 11 

by 0,® i.000  an 	tl 	.ae. 41 C by ar to t1 otbcc, TPtO L DCDC  1 

.-bM IM and N1.3rVrY t 909) 	. *.at1n,orirnbcrcr ani# Grow. 

h:r:a►11r (.0M 	and oh b e rn zoiy(1050) 	havo Given 

of ticntoo Ito ago kco intho 	 c o1oo In 

cr: tEoi li'bcoo coratribi tir no . protiott notcvortIy cinco they ^.v+ 

inoi'cioc the prcotnion zn2 faot1itr or the Q o+'cicnte ocvcral- 

fo12, jx,  ccor:n Vapor ,ivc the a oz tot a trnbiie vibrc ttcn 

lab,-v atg unit (Jy iQb) tthtoti can be tQlLofll rr+r tocx to 

t .rc: ani thio iaftin the , ob oi" outdoor 1tno op ri toottn3 vcy 

ouch off.,zvic 	The unit ho b t In toi army with a v toio t,7OCa 

of o1COG SC trz o ]tzccro in1iei c1 f or•n rtrzIna dirferrnt q nt . ► 

tiec, : k cotzo-)ioo no Ocabt inocioco the ocp1ioatin of build n 

the 	 oyntc. o in i ttn21thj after 000cb1'y o  but 
that 1a inrvit& 10 L ocicitivity and uo .cctiv1ty c1 inot'u cnt' 

Qt2.0 c, "ctc ID to JCS 4tOvt bt bO  4wove' zttc pto b uo boon mnao 

to pr cl aoc  	o a  o -COCV(1i ' the O aplitudo on3 ` e ►cr.3 

dnta e0 n rc cc 'j 	c *roto .r" t r"o ithh of rio c1ootr comm .v ; 
ec . Qt ir:ct'cic.c, no no T)v r , the ltvo lino 	b:- ation 



recorder protuosd by the Ontario 'lydro, an account of which 

appears in a paper by Edward and i3oyd (1903)(32). 

The literature on the weans of suppressing conductor 

vibration is alsofairly large. The first paper giving the 

description of the Stoakbridg• isaper was published by stock. 

bridge himself in the lite. World in 1 	In Its original 

for* it was a *rude device. :gut with all the refinements which 

it has underdone it has beocrs the mostly widely used damper. 
The earlier practice before the advent of other types of dampers 
was to use arao r rods, fastoons, prstorm..d reinforcing at supports 
cable absorbers etc. 

The paper 13,E Speight (g4)(1)  suggests the use of 
torsional damper which has also been found to be quite effective. 

The latest among dampers, the single degree oi' freedom typo has 
bun suggested by .cache, sor and f s wal in their 1903 paper(30  

Besides thee** papers there are others like those by Fdwsrd 

and dpr ,s (1989) 	which have suggested novel methods of 
suppressing vibration. 

Most of the above schemes provide protection Against stollen 
vibration. The galloping seers to be a lot acre difficult to 
suppress. However partially successful schemes such as winding 
P.V.C. tape on the conductor to asks its cross sect ion aeerody-
nssically stable have been suggested by Davis i.ohards and 6orivso 
(19e3) l` ). 

Analog studios of conductor vibration is a refreshingly new 
aspect as it eliminates the t• tum of actual line testing. !lsotrio 
analogies and others such as the strsotural been analogy have made 

the work very mush simpler. However a perfect analogy is, the one 
that holds true under all conditions is difi'isult, but reasonably 



m 
accurate sLi4lattcn Its been possitie. T e papers of importance 

in the stadr of tis asp t are by T pktn3, Wrril and . ons ► 

{1986)(18), Gteldel (1x381)("2'?) *too 
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E• 	.+, is ►. 	. 	► T 	b 	•:i 	sy.a ! 	T . 	4 	iV 	, 	+f 

2.1 i ptali.i _  

The basic phyzica1 phoncnonon behind aeolian vior-iticn 
is acrodyn . Io and can be czplatned In tor i8 of the dynamic 
behaviour of the medium In w iIch conductor to oucpcnio]. 

:hen a i'luid nedtoa such as air or voter florjc pict. an 
obotruotion in a Ito pith, eddioo arc prothcci behind the 
obctructicn C. i&. 2.1). It this o.)ctruct!en to cq ctrical In 

ar000 ceotion as ccncilcred fro . the direction of the .flaid fi.cnu 
(e.g. a circle) the cddioo Chun formed will rc-jot iriilarly on 
each faro of the o otruot i on (the top and the bott c a ). . i c the 
fluid flc ro pact the obetruet±ong becauco of the minor irrr- u* 
larittoc on the cariaon the frict' on on the do olden to not 
c act1y the sago at any particul ar lnctant. o a rocalt of this 
the velocity of thn fluid near one r arfaco willl tend to bo hi her 
than tat nrcr the other. ccording to the 'oll ftnaan la:rc of 
fluid r(Tchanios the preocurc of the fluid moving; with hiher 
opted i, ill ac lcr.. car than Ito counterpart covin near the 
op ositn iace of the oJetructicn, .hto iifierenco of prcac s. o 
on the t•.:o facrc of the o~ stracticn iiivno ripe to a i cMee at 
right angle to the fluid action but acttnS on the abotruoticn. 
!Iovcv'rr the non to ifor: ity or t, a denoity of t o fluid nedium 
in t :o tvo arcas causoo a flc of fluli fr©3 the high density 
vide to the 1cj denoity i ilo. his notion of the fluid io In 
the f err of e 1 l ez or citr10 which In the 	odyn nit ; arlanco 

are calird ac the 1an'c vorticee.:,o the rarified area to 
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rcctorcl to nor'' n1 e3 aaity by the inflcs:.i of a Ston the vei,aoity 
on t;gat ni:2e i® EC LOCI nna the Anr~ac!i o c ion aooeierttra 
t';o c otit "' o!'J the C3r.17C"' t, .too c a I'OCLllt C." t $9 the f"1JI en 
t! jo 0110 ncbJ ciovoc with t~i(~ "tc velocity than on the op)ct;ito 
s~uric. '#lcarly tho Litlat < en has bccn r c'oL)e1nni at thio 
I-® nt the c 2ico 0C300 f rc3 the previa c cub ani be it on to 
othhcr. Thio cycle of ovento to ropratcJ a ain ant a ain. 

)uo to the fluctuation of velocity of the flut.I on the 
to oi:3OC, the fro ro dif;; crcnco zlco acqut.rac the p%UontinJ 
$ "o C ty cn thio (riven rico to a terio is ;'o `oo on the obotrt~Ic 

tion th plane at right jn81Ou to the f'1 of the fluid. `chic 

hint of perio4ic force is rotponciblo for the neolion rtbratIon 
of the ovcrhccd cond ct+c at Thio altornnting force t to prof-ant 
oniy ihon ploy}nold' c n bor (ti a 0380 V '`; j vhrro V to in ft. per 
cocond and d in ft.) falls botizrcn 100 and 200 000, Under 
t 0 100 no vortcu in dct~►oho and over 	200 000 the dtoturbjnot 

in the anho oppenro to be rands ., Uhon the frcqucncy of the 
i1tcrrzting force is near or rqual to one oc the ntu.ra1 frc►,u~enc1 
of the conductor span reaonr nt vibrations result. 

The frequency of the peridia forgo con bo o?io n to be 
equal to 

a 	.,..~ ,~.... ~► ,.,.....»,~ .. (2, ,i ) 
.hcro o to the 1Ionnotonlocc Ctroahol numbor and is in 

the nolobbourbaod of 0.1CG in the norxtl ootcorologica1 con: itjonc 
I to the vc~lo3ity of the nir acre a in foot per oeconl,, d is the 
d kiotcr of the cc 0mctor In foot. 

L 02 c-.cth airoular ayl n5crc i;c is :v tderec to be 
aubctanthI1y ort-nt boPccn cl000 -ind . c GO 000. :'_ecjc aav 
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t nior ; 1003iba faiio Off uhavply a pilo over " 103 0300  r o 
ina' oco vcr r rapidly, *o c plaint. 	licx tbo c d r thc1din,; 
cn a1tCinzt( L►i:C,) of the cg1 t2 or vau000 a hnr ontoally 

var tin 1c'oo on the ayllndnr In a lirrction p 'rpont iou1ar to 

t!i& of tho Otro * bio ozitt&ti tntcnoi ty of U tc t+! neo can bo 

tx1tton In tho fort uo.ial for hoot acz'G1yocmto t02000 (coach as 
lift or  h) ac fbllotso 

C(Ch T4 i .A) min 	 (2.) 
The o4booript t vt njo for C&L' n, !"I, bath,; ;"Asc an 

oro  nth C the diaccicnloLt ° r'In tcco 000fT1ccnt. The 

vt 1uo of C to not prooiooly t cin but xo hly can be tenon to 

be rq aI to unity I.3ItCh holdc ,good fc' a largo ran o of rioyno13o 

nunbc o fvoo 102 to IO. q' is tho 3onoity of the ccdttzi. 

In az freely cuopondod uiro, ow Ln the tendon to bo 

ccnotant or as tranovnroo cavo propa at kkn rclooity in 

it a cfrlocity of vavo , toot per oco. 

Total tonoion to the uiro pouno, 

ca d I:aCo per foot of uirom 

s a "7o1C1t p01 Coat of the :iiro in pcundo„ 

a c d000loration dud to Cravity D  toot/oco2. 
The vela?ity rc. ainin,; the caro the product of th t ivo 

lcn3tb and fa or uonoy to conotant and in cal to the velocity; 

that to 

thoxo ,j. ¢ The 1iot noo botvccn nolco„ 

o .:1c-vr r27 in oyolcc par CCCO G 



15 
Hence the natural frequency of the span is found from 

►aquating the equations 2.2 and 2.4. 

2&.f 	
V
/Li 	- ...... (2.5) 

or 	f* -2~- 	'.u.(2.6) 

If the line is vibrating in its fundamental mode the Val(. f 
of will be equal to the span len#th L; from which 

f 	.J  w 
The higher natural frequencies or harmonics will be simple 

multiples of fnf , the fundamental natural frequency. 

A relationship between the wind velocity and loop length 

into which a given span will tend to vibrate may be obtained by 

equating the frequency of the eddies of the wind (egn. 2.1) to 

the natural frequency of vibration into loop length L, :. 

	

d 	2, 	w 

	

-L 	..~.~......a 2.xv w 

	

or L 	d 	Tag 

• rr • wr r • (2.8) 

••a.a0 (2,g) 

a0... (2.10) 

where n is the number of loops (any integer). 

.. V= Y1' 	T,_i Q.KsL V w 2.11) 

vge 6~ 
f V for resonance 

~2. ks :1_ 	k► 
(2.12) 

Aeolian vibration from the above explanation of its 

mechanism of excitation can be looked upon as a 'forced' type of 

vibration, The alternating force producing the vibratory motion* 
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no will be o: oor,cd r, to q Oto lnlo; onl ont of t'ae ±,ot 1 on of the 
oonoiuotor a !", in g ct It of trto l?nfore the r otirn oriala tip 3 

uhic~ 
 

to the aritcrici 'oi any typo of fo. ccd vltsut! cry ocu 
dc. Ancl in a~cr0.5gnam1aa8 

Jal1opin3 ie a oaoo of ocif coitcd vibrat '. on anuood by 
the ulnd on a uiio which has aocc cd a non circular croao 
coat t c1 s uo to o y Q0c1a.lQtc.i oj»cot or any other roacon. 

::bon wind blcio agaiiot a rfcctly smooth circular 
o rl1 for ( ig. ,^a ) it c. onto a force on the cylinder bauthz 
the caro direct an as the uin& Thio to esv1dont .Vre oycsotr', 
?or a rod of non otro r crooc scat on (i•'1g, 2.2b) thio In 
Concral does not hold true, but ei anglo will be includcd )ctuccn 
the direct ori of the utnd and that of the ferns. A :oll hnc n 
eman IC 

 
of this to givon b1 an airplane vine whore tho force to 

nearly perpcndtoular to the dulcet' on of two wind (i{j,, 2,2c). 
Lot uo vlouallzc the trancmioolon lino In the procoon of 

C,Mopin, and fin ora attention on It durin 'racy the dow r and 
otre e, if troro to no uloid the uiro twill fool air blc1n rrc 
b~+lo bcwaaoo of Ito don-,wad motion. If thorn is a horicontal 
aide uin1 of voloci.ty VD the viro covin , dcun and with c rloctty 
v, vii. r.,,Yj'rtenao r find oio;iin; at an rngln tcrt u/ ` cUGhtlj 
iron 'vr..io:xe If tho wire ha0 a eirCU1ar croao 0cot1on the force 
crrrtc:3 by tit wind tiIll hauo a awall up ar'd cc onrnt (ifjf 2,3) 
t,inco the tiro two revinC doincrd thio uptarc force cc ponont 
c . thn '. ±rii c,-crto ;% force In odk)oLition to the dirontion of ̀ 
r iot r•) cam' tinn t t'o an than dan* o it. Hcicvcr, for a non cl ct4 ? 
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or000 tscot `on it =y ac1i be that the 1c'co CMr tc1 by the bs'# a 
hao 	cc:..; onont anz th ac i'urniohoo nc Pot cio larlpin 

(t 1Qe ^e2b)6 

~o u. i cs :t ;; tho cc i ion iurinj the uar otros o' the 

•v 1brat i cn it cnn ao coen in a c.i - Liar ,anncr tut the rolc~tivE 
tint felt by th %4 fro ac oo obliquely 'rc abovog ind tho, foroc 
caucc3 by It on r. circular vita has a dun--ard Qcpcncnt ahioh 
co taoo da!pin . 	a non circular oc est ' en it cay bo that tho 
forco hao upward ce onont D ani trio o ponont being in the 
lircot en of clot an auto no a frtjativo duiptnt. 

It the c `tCOt aooiIulatcd on the tdk'o jivoc a crocc 

cocoon c bibitint; the rc1it~.cn bots oan the u1nd and the forco 
direction ion nhc n in ('_ -its. 2.2b) uo h.-avo a cyano of dynamo ino @ 
bility, It by ocje ctunco the vivo acgrair co a oa;li u a arl 
velocity0 the uind action puchoo it oven core upc,rd, till the 
cicotic or spring action of the 4ro oto o the Qotten. Than thio 
olacttc toroo covos the uiro dou ia.rd, in t Mch pr+ cco the uind 
again holpoo co that caaIl vibrationo coon build up Into very 
Large onoo,. 

The aerodynamic inct1biiity of the coc iotrical ar000 
ocotion of a conductor it can tbuo bo ocon to alone reL►pon©iblo 
with the definition of t self czoitod vibration whore In the 
fo oo vriioh caatcino the motion to crc3tcd and controiled by 
the notion itcoif, 

It to thcrcfero nacc ucary that a criterion be doviocd by 
u i2c'h tho otability or instability of any particular cruse 
ur t { of co ald be prec; ooly prod ictcrr,, 'A-hic brinao u© into the 
do zzin 01 aora,yn: tcc ani of irre;%lar croon scat'cn 0,,crc little 
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general knowledge exists, ire the Baso Of staple geometric pro-
MOO of conductors such a prsditeti on through qualitative 
rrasofing is possible but a general a ►thod for all irregular 
sass is not available and thea the Only weans available is the 
szpsris.stal study. We will nowaonsid.r the qualitative reeso. 
ping for a typical east. 

The cost instable cross section so far known is the 

ssmiofresla with its flat face turned towards the wind, Iig,2.4 
shows sack a s*ation in a wind coming slightly from above*  
corresponding to the up *rd stroke of a galloping line. The 
air strata leaves the areas section at the sharp edge at the 
bottom but can follow around at the upper sharp edge for some 

distance an account of the wind coming from a ►ovo in a slightly 
inclined direction. 

The region tilled with dots is filled with very irregular 
turbulent eddies the only known property of which is that in 

such a region the average pressure is approzisately equal to 
ataosphoric. On the lower halt r ' the circular surface of the 
cylinder thus we have atmospheric pressure that I* the pressure 
of tbs air at some distance away from the disturbance treated 

by the line. Above the section the streamlines curve downwards, 
This means that the pressure decreases when moving from a to b,, 
which nay be seen as follows* Consider an air partials in a 
streamlines  It no force were acting an it the partial* would 
More in a straight line, LUnce its path is curved downwards a 
force Oust be pushing it from above. This force can only be 
eased by a greater pressure above the particle than below it*  

to that pressure at b mast be lower than that at a which being 
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i'or nvoy ?ro . cto o tctul inoo is atuaocphcrioa .'? uo be :auco tho 
aroucuro 0-) tho is c4 bald of tbo, oircui pcjilory 1a igroitcr 
than that J act L 	ll tolg 3 .CO It tho r l In2Cw 	cric z ocj a 
vcrtjoal fc:'oc alruwdo. Thic btu&03 co O r1r tho ug~i rd ctro! o 
os.' tho or000 oc t1on conotitutoo ncitivo &3ifl3 ani inco rlvo 
to CCU cioitct calloptn 0 

it to obnia~ao Vat do tiin of quriit3tiVo rcaucnth can 

not bo appitcc to all OLoco coot' +ODc and a ZIc o orItIoa1 ac pr+-
CCI) to PcgQIrcd. This nocl 10 not partially b, a catc attcal 
om Graphical arthcl which Vill be proacatl r docoribc9, 'or thio 
p~arp000 ft to coccntbl to tOO'ino tu© acrcjn :m10 jua tttico 
galled tho ' L1 t and tho 0 # DroC t on a orOaa ccot 'ora. The f 
10 the rocolved cccpc c t of tho total air roDco (uind forco) 
in a 3iroottan p(rpondicalor to that €? tho uind velocity rolfativ 
to the croco cocoon ©o aotcd by L and the lattcz to the 
rocolvcd ocoporrrnt An the QircQtion of tho relativo uind 

vnl"Ity and to l cnotcd by Ds 
Ccncidor any arbitrary crow acotien :' G. ^.0 oov9 

,2o,--rr~ard in Ito vibratory Motion co that the uind apcaro to 
acro fca boloR~r at an arjlO c a tan ` ' vlV. Tho lift and Ora, 

L and 7) baad vortical c p:.ar4 occponontc oppool uo to the . Urcc° 

tion +f' the notion of L coo C and D On cl„ The total tzp :ard 

d p1nG fo:'co ;' or the uind 

r o+E 3 d s D cmc! c 	«~~ 000v+~aoo (80,,13) 

bbo fc co i in itoclf to not of ouch cianifleanoo but 
Ito rate of vt"iot! ori <u iib rccprot to the aa3lo of attar C' 

~ y 	'o lcn ao cc rc jno caaU it can to ccot.1cE'Cd to 

be c.~aal to v/'7 	taoo). 	c►rc 'o o  	,, ub3ol4tO VIW3 
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vciocit V to oc const nt) indirectly tro arc ooi3iocrin3 rc tc 

cc variat c . o the '`oroo Uith tho con1uotot' vcicoity. 

£~:c i., 	 n o c Shia Cif ' 'G3^o flici1 kan o c 1 9.nc ac 

£o11ci 36 .ocut:10 	to bo ccro mt all tizeom ho in'crcna© to 

that tho 9"oroo .o ir_dogcn1cnt of the motion of tho con1iictor 
rani ire ac atant at ito valuo. LQ1 vibration or Ca11opinj trc:a1d 

not c?~ o it an it n tuv .l' would not ha~vo zany cfrcct on t o 
vt E3tivn (3o 1onG co it to not n1tCrnatira )a On tho other h enc 
CL:01' O 	Ic nc3ativo which tioz1t rican thit the u¢uard uthd 

£croo tnQrerc3 Vo dcorcacipS i7c 1uO of f, ccL:cntha d po3it 7o 
In the ocrtntcr cicelwioo iircot ions, and the force pooitive In 
the uLr ar3 Oircotlon aIle would c n that cc the coituotor hno 
a! dccrcaci + o--:ward vo1ooity or incrcicing upward velocity 
the too V In pard direction 3norcacon Thic cicar1,r to 
onoca aj'vj condition for nc, ativo d&ipina and roth3 ;allopir 

2hereforo tho criterion for dye; aic i.notability is that 

c ~ be lcoc than ieroo 

< 0 	ftwof.... w otablo 	(2,1') 

er 	rr Lt 1 to or , rcator ti-.an acro the dyn3uio condItiona 
co ctatlo 

n 	+ 000 ct -` •I cin +M 	+,~+~ (Be15) 

d 	Loin 	'4 	0tfc +D 000CT 

c311 c 	cr to aIt and oan ci to ncrjlijiblo no acaparc 
to unit, 

ØS 
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45" 	 (JQ 	135° 
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Thsrstore the condition for dynamic instability Is that 

+ m < 4) 	 (2917) 

The values at lift and drag of an arbitrary cross section 

can not be calculated from theory very precisely but can be found 

from wind tunnel tests (Chapter 5). The results of such tests 

are usually plotted as Lift vs*, angle of rtteak and drag vs. 
aylo of attack curves )'ig.  

lhaving rheas 
The given cross $sationLw*e.+s Lift and Drag curves is 

unstable it 3 

lt cross section can therefore be stable for a certain 

range of +K and unstable over the rest of the rang• depending 

upon the nature of L Vs A and L1 vs a curves, 

?row Fig, -2„6  It can be .observed that elongated section 

is stsblo when held along the wind (a) and unstable when held 
#across' the wind (« 00 ). A transmission line aonduotor after 

!co and sleet foroot' on has sue'" cross section more or less 

♦lcngat.d in vertical direction ,  a condition obiviow sly 

aondoativo to galloping. 

contd. 
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The probi.cc c ' c llopi or d3not n of con2uotoro to 
11c11 occpllcatc2 by the tnt cthact' cn oZ toro!ona. 

aotic In tho oontcaotov*f t o a Ccnc,^a11catIon thr'oo typc C 
Ga11odfn could bo cono1dcrc9, rho ffrot to the tore+are foo 

11orj which GOOD not CQt a tocton cotton otth ?' to 

of rt c~ to czdnt1n vtbrct1cn0 «;coon3 there 1a o tpttco1 
toroio fly coU 'ic # cal1op1nSO ;:itch too doco not require 
tcW o' o al cotton to otort or oat stain it but uhloh aao to Ito 

ocacntta c.rauo ccotton dovalopo a torolcrml notion ;UhhI. i : clifaco 

the do ton of the oonduiotor. Third there 10 olUtptica3 t raior lV 
oontoflcd gal ,opio, which rc 	co torr! ozil ohio lc at 
on6 as intath it, A oc parIoon of the three types of 4allopitt3 to 
aiwco bolo i0 

&ho toroloc free ,Ga11opt0 oocuroc usually otter 11Cht 
too &cgouito durtnc 10 r or co crato rta2 vole itioot, tho motion 
botfu in vortical piano uith 2ittlo or no to cicn. The r 'rcrtsn 
fi~a ty of c 1iopInt3 to the notura1 frequency of the line, Thio 
ktn1 of cotton to 6o cralUy inttiatcl by a tvavoilina vavo 
t Mch aloo controlo the coda of tho vibration, In Opano with 

Ica cn t to typo of o1lo,inj to unuoual0 

0* Accor ins to certain thoortoot torolo al tiotton to an 
1ntocral part of the aailoptnC phcncaonon and Ito cc iplirt 
uitb the t nolatl renal notion ,o rcoponoiblo In raoct cacec 
for 1a o criplit do oP vtbratIo i0 



24 
Tho 'to'ato aiii noiic.irl , 11o4 n' d1op1 a ren 

O11iptiaal QOt2C 2n2or L C1CZ*atO Cr le►a Uifd vC1O3tticoa The 

if t'cjacioy to a ,a2n ono of tho ttr cX v cjurr iro t' tho linea 

he tc'o!o: l uo ian o ou o at tho CaCo i'rogtacno r anS to gar u;il1y 

rtt cr 2n phaco or 1000 of t OT D Oo t1ith vort1cnl aotior, 

. 31lop2n3og tMo typo in tho Trot colo i0 i n o l in o na 

'tt 1c 
Tho t000tc -:ally oontro' U 	a lopin3 Qao.ro at b13 tiini 

va1o©itica actor !11V' too depo tt3 on t'io I .no« It :loo tva000 

an oil l atioai path but the £rcq,raonoy to not lway t a r; .t*aroU 

f`roq, ueaar of tho line. '.'ho first 000 aiiopin3 la 'oc nd o;tcn 

In C z n3 vitb dca.a endo. Tia hini at motion to not tnitlatc 

by R ny tr, voUin3 cavo but y toroton. 

2,4 	n 

Vt + tions of rgo arpiitudo aft 1GW frct;uo cy cataoc 3 

by ncro oioyina at the aondubtara by vint two Sc znd to ooc 

in all tronc~iooit-n anco then the ecntheto'a arc otrotob 
vorp ticft. Thio is called no uhipping ani nO t amful offs to, 

V = t. t lana 8O to coram cffeet app y only ubon tho line 

io mcw 3 ,or&Q Tb000 .aro not vozy tsrrio ui. 
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32 ic2 
t otaptcc ui1l Jcnl uitb the rovIctt oW CP2t1Q1ca 

ec Vic ' a1'c .o c o oo fop In tho line vibroticz1 intcoti 
3V moo* It So not haUOVoa' .fatcn$c2 D to 91Vo aotzl tbo- 

citicoj Pcm a1c dorlvcc3 In tho c7a'Sc o ,~ pc c0 Karoo 'hcoo 
t- .11 be .fca~ana In cbnptcz 70' 

at o ana tuio ef 0001Scn vib t .on problcc fa rc oonc 
to on ectcnt nlr'oady 6100=0000 mainly c ,pinto f o 'I tic2 
c2 the frcgw.+ oico ao f tinct i ono aI the .ino varaesotcrc j tt 
o o3occ tins otrcino of the £up9ortinj otacturooa coir -; a 
f t moo ? bind of vibrat Ono the 9 OOOMOO Of ~,n r tc en . S(woes 
to cbco1utoj oocontlal fay Ito ct3itnco0 Tho fecgacnoy 
cam' trio c torn 1 foo t0 o,, the otzoub a]. c1dg frcquono,i as 
into enkcnt of the fl~tt al frogaofO7 of the ltnop and ®opci c 
en ?to u1 d voloott i 	the oonaoto d2nmotor only,, The 
rcoofl rr^o oeot o 	thio frccuon y coinotDoo lith ono of 
Ino 1 tt 3l fE CjUoflolco of the line, The onovCY c erl ca fQ 
the notion to onttrol fro the uin iso tho'c io no ouch 
t luC ac a noontivo d1pioj praocito The cffcoto of acolian 
vlbvot * cpm on the eonlucto oro entiioiy confines to t'xo ofiv'oo 
OUCO it the p iorte ani at the coca ca of notion, 

' 110 0311001 a3 bail; a oclI cccitc optic a the prcocnoo 
C ' On r tC fa1 fo coo Ao not atviotl ncocccovj0 'z'i:o codon 
Flo eLIrits-J~, car. tro lc2 3n C3C t1' cnor icc2 by Ito cin co2S 

r 
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and thirst ore the power input from the wind is not a very 

important factor and thus has Inspired lus detailed studies 

as tar as galloping is canoernsd. The frequency cC vacillations 

in this aas# can be any of the loner natural tr*quencies at 

the line in whiab the conductor by accident happens to start 

vibrating. The negative damping, which is a characteristic 

of t , e conductor cross section, will help maintain hatever 

kind it lotion the conductor acquires due to the initial 

disturbance. The stresses and strains problem is entirely 

similar to the asolian vibrations problas, except perhaps 

that the loop length for the latter boin# such smaller (or 

the nurb*r of loops greater) as compered to the terser, the 

bending is sort and correspondingly the stresses are lor=e. 

Al explained earlier*, mechanical dasage to the conductors 

is rather less frequent in galloping but the electrical 

t asb overs are onaaparttiveiy very such more serious owing 

to the large a ►plitudes of oscillations. 

13scause of the above reasons the analytical investtga« 
tions In asolian vibration phenomenon are largely confined 

to the stresses and strains studies and in galloping to 

developing criterion to aearlyxasic instability of the 

conductor profile. 

Tb. damping aethods,,, the analysis of dampers and the 

criterion for their efficient and optimum use tan an gaper. 

tart part of the analysis $ but these are studied separately 

troy the general vibrst' on analysis.' 
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.l:ic c oil tlIO a aVc caaJrCtJ cf c ^3 ~o b~cro boc 
~;gvc;a An bits in a i~=boy of L3PC3 3n tho kat 30 to 30 
7C: OD 3 aCprchc:3tAV0 XIt3t acb1n1tZ3 ail. oS thc3 is 

not nvai biO In u ft ai4;10 pap s, rho crlicr int outirat ono 

$.3 root biocd on U2/ littlo tthc3ttl QftlPCiCotJIt to  

CVC? t;. ~t ran ca3I0 av ilablc► try :Sol`v Jori$ VarfO 	'car 

tai dig 2 , 3, 	. ho uo'h of tho (trot tbroo out.;000 cno 
c3thiy In tiro 'c, ion of dot r t tion of rzrjco in a aach tho 
ctcth3l cdy frogaoncioc ani tho Zino u3tural rvc;acnoioo 
:an coifOidog wbiah victscd 'rc tho prot;cnt a rjo cf dovola 
ocit in tho afal7uioQ t a uci olccrtaP,, and ccn 1n31(%i" 
l'icc me Tho cav a i~partont contribution to to tho t co,~ y 
of tho p'obiczg in tSo oonco that t'ho r acro tho 1I'Ot to 
1oa i docpc Z Into tho phenc nofl r n ctkn tho bioia 
ocobn ni co the cof, -wini 2 r ror In tho f cold a gallopiij t'O 

fico b 1 cn H3rter0 HHo not only cavo tho c p2,arut1cn of tion 
coolznic of azUapin but c~avco thouJ3b not a fully ri8o cao 
cn zthc3ticio a araphizcl cim cath atici ana aio 
rcjnrf~AnG tho proiio otcbUty, Fat to Important iu that 
thoco td rcz Acta b:.ivo tod tho tcot of ti i.o oinco tthcy eczo 
proper dci in tho c rhj tt ontic~) anti thirtioc reopcotivol7 
nod have not born dlcprovci3 t U tctaye In abOcaco of any 
othc' thco'ioc of r Lml rat: o i1tt tboc o t vo by a 
bcc'n acccDtci 3c t:acc caro all tbo cubc cqucnt invcoti, atoz'om 

	

to cli n ~c c c  	3rco In o an7ilycio of ac~vxLno 

	

MrQtiCI 3 :sro thc'c;r by 	oc: ani  



steldo (27). The first Ons* which is a ,joint paper In fact 

with ref. IS# gives the relations for the energy Imparted to 

a span by wind. cperiaentally this has been ven tsed very 

s*haustDDely for various types of conductors (roughness 

varying from smooth circular to 6/1 A. C. 6. fit. conductors) 
and a kird of generalization has been achieved. The authors 
have proved experimentally that the pattern of stranding or 
the .onduotor roughness has very little effect on the power 

curve in the low amplitude region. The general relation obtam 
fined by curve fitting for all types of conductors shows that 
the energy Imparted to saoh toot length of the span is a 

polynomial (as ascending series) to the aM amplitude of osoi. 

llaticrs. The actual expression will be found in chapter 7 

which dr als with all the q ntitative re1atons. Prior to 
this paper rather scant i 'orsatiox► as aaullcble on the 
wind excitation in, quantitative terms and therefore this paper 
must be t+ ed as a sajor break through for further investiga. 
tions. The conclusion about the independence of wind energy 
and the degree of roughness of the conductor itself is very 
important. Mathomaticallf this has not been proved and perhaps 
say never be proved because the apprtaa~iaatton is true only 
in the low amplitude ranges (as are normally encountered in 
asolian vibrations) and In the higher ranges the departure 

is quite appreciable.: 
The stresses and strains in conductor at the points of 

tlezur• has also received critical attention. Initially it 
was thought that the structural beam analogy would be eminently 
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ecc "ui nnl the bcnS1z3 otrc)ac 3 cc i bo eeil7 c t cl cit. 

eh£? ) O 1f 	1C tuenc.*l Cat to be ci ch Dom c 1 tc3tc 

C ~z~ 
 

to be auoc► c the pvo 3CIQO 0 a1tt O1O bon31.h3 c c c to 
cp?1 cbr- f+c ocn dao to vi wot r act t ioi ouop lmpociti 
C) the otat1C bCILt23 czicfto an th r gc oc3 bconuoo ' tho 

ocniLet cnje . ditio X oc1p1ivation to tho obocnao 

Cott "'ic Ubi1ity ø total rt idit t In the o1cmpc a* auppo to, 

;]Cot c the of pa b t ova bec3 in oo g0 the loot tt7O 

Oc saJco or rio'o h. o the Pezut?os SAcibiit in oGuocn In 

tbci thrcmah carctul doait n. 	S7ttc3U17 thio is vozj 2tc 

cult to titto into 3ooc rnt, rho gtpcz' by t1ctiqi (5)o 601Vc6 

the coo of the oo 2uctoa v1brzitto ainoz t oc plcto ,y E 

otatio and dynx Uo otrouooi %lit', tho o0o az ticz c nbcoluto 

a iatdity of oupporto, Thto tiao for rc ocno Q1ey no1miaao p 

can xicc)1øto Golutton and bo itc ito2 appiioa 1c Ito 

icpo't nco ot that tiuc rz o tiuot be i 3o o2 tho ft ct 0v03 

thin "Anl " ooluti on o not obtc4nc proVIc o to MID 6 

cico bcc uao the c~otic atop OO otrmcoc rail otsoino utidoa It 
CQOo ucl o on tho con000vati ro oido., 

eu 4ho? c pl ratien 	i LD a3opoot £'C)3inc ncc1co4cci 

1o? 3 lon j do cf "Gig" the pUblie"Q 1 fi otIG! 10yO o tiOt z 

It c:; o cagy in 198 that a rico'cuo coluU oa cr ctrccaco ot 
ficnib1c capporto uac availablo in the pnper by L"tolooi '9 
In got t lo pupor dralo with all 1i &c Q' O ppOrtOg 1Q0 ►e 
tote i j r 3i1 (c3 the line of Gtio1gey) to 13y 8ir2Sbio 
(W;c r b``;yn oapportcd on htnaeo) cr~t1 tho coot lope"tanO U t 
go L:3.DUn , 7 91c:1410 OtirØ.'230 'ilio Colaticz Involves dlrrcC-C' 
i .raj r ,~."it1c D tIrt rc t oci in cU the u eol bcniin,'y of loLc' 
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1t cnz. Unr cr rigid damptna or tho o9pooito tbbt to in tho 

b.Au c3 cs ginned ouppoi to tho Qpppc ch Involvca t oro 3UbOt c 

tutici c' tho nrvc~aukr' bognda7 con)1tio tw (tho dcf1cotloo, 

ctopc Cr bondir ricncnt cry tho coo any be) in the amoraai 

colution of thcoo very ditto„ ; or prttcUy rltd c1apo the 

ho ►)oundar, Condit icno oro r:.th r almol ro '4ho pzper by Ctoidol 
to rc rkab1c In the ncnoo that .lith an 	 pprc ch this 
citfici1ty he c been ove co a. The faotb conoioto Pr' Introduce, 

t .on cam^ a partaoter , v'h . h rcprCo to tbo fu on of the 

oot 1 oonditiohu tbz t can be ropreLcntcd by the pinncd and 
cron4ltlono. ' `ode fx of:en 3 ., ro igosorto that portion of the 
rn ur t ont& noicnt for the ti.od ow.2o (or r1i4 endo), 
tr~4ob act 1 U ctiato rpt the o3Acip. This fuoto (1-"%) 1Q 
znb1c5 ac tic` 4C3a oO of fi Sity0 

The ac3t l r proaoh of the 	1yoLa to co dam.. 

~."frot the oto tic couJitiono are eonoik+ rod, that to, 
vtth no vibr: tt ±n pr000nt.. The equationo for the dof1c' tion, 

O1opop ', )OL111n;3 .ont arnd chc ar i.'oroo at any point on the 

con itor yfth ; cncr it r►ic conditions (cicihp , pmnCJ eta,) 

circ :2criveJ :Ind ctrr_Ot:co rll ctrc .no torhc of t for to 

ernpoaltc Qonau;: «gar ao w 1i ao the o: to boat. W►trondc, nacoro, 
1in5 to he r1rupiihry prtna1p1co of otren th of t r trrlolo„ 
Then, the oti --n of n 	_a -►t of the can8uotor I.e conot+ oro ! 
: 	o = 2n to the ..citon' o ac~con 1c i the dyt iotc3 foi000 
:iatir j on V c centhctor lue to 	t ncton and dt 1aocmont 
aro r u° t 1 to Ito )ro:lUcfi 4t' 	 lcr: tion, Uotn the 
cencr'~. . C'w,,.'^lt i CS:1z3 roi 4Csi^oti!mO 	€` 1z 	tie! otctlo 
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coa2tt1oID no &c'ivci c iri1ci v tbo . inai cg ration c ootien 

of otioz ( a partial d ,ff crrntial ccivat Lon of 9o~ th ordor) 

io c tiincz0 "hit c4u3tLwn for ii:, voit ?.cn tiUi ;ivo tho 

antic 1 displscr cot no a funot i ora or tiuo and a, :AC (Lo. 

bo jjo ncofromtho origin ) The soluyh on .ia tutina icy 

jcc.La11Z it to do r proJact of two f anationD cash ra poiY-

nciial In one vtriabic only (tiro Cr apaoo)0 The tk o € o'on* 

dcnt co1~aticn la rc.~dily foie 2 by clazoic:al €iotho1o0 Tho 

&pace do cndcnt solution Is thoo £o: nd aiciiirl7 o but the 

a.~ itr~ia y cocffiaicntc r.^ tho cclution polync i. i u12i depend 
on the aotLLl boundary conditions. If one loop of the vibzn' 

tion ncar one support !z coriuitcrod (tho ian vibratini It 

n mambar o:" ioopn),, tbcz the oiu2ry conditIonc lull corm 

pond to pinned A partiaUy pinood onda be causo the loop 

conoldccod 'lac the o pp t clamp at one end and a nodi+ at tto 

other, ihic node bchavr.v Wi to a pinned Qn4 io ki* the dioplao 

ocnt at it to coro and there to no rigidity, tho of o tho 

bonding moment to .loo zero* [CI' the partially pinned aitpport 

the bending o,ernent to equal to (1 - ) tInro tho raziu:un bondi 

~acnmt 

 

for Vinci end by dcftnition the dioplacc icnt again 

bofir.3 acro. tJitb thin cubctitut! cn it to p000iblo to ovaluato 

the arbitrary coni tcientO ;nd t uc find the ttao independent 

solution, The cc iploto colttion to the product of the tine 

In topcndont and the t1mo dependent oolution0 

. ncsin the rn sinui benitny oe iont at an cotunl auopone 

cion clrr po the loop i.onCt) of thin first loon f °o the WMmp 

and ;UeZur:~l riZtdity or the wnbloo Y oulQ 2--1E o it ,foo iblo 

to cfll tc 4 in catin3 h a voU 3 3ivcr cin dcijn  
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rc~luora or A11r ►iatco tho ctxeo:;o;, dao to wind in acod 

vtbr: ttorlo„ (It thor'►faro chould be c cwcful pararotor in 

the - rovczont of clamp dcaiCn tho optinuo dooign $r. ; j 

tT t '-lAch ahouo the hi!;hc3t vat ao cI ovor the frc cnoy 

ran*;o t hero the coat th age to oablo to Ouitainc2, 

'.ttt~r tho wc1utt1.on cc bon-ling ++ionto an ioploo 

c.cnt tho ot,ros:veu and strains cnn be vorLod out in a oannc• 

~.dc'ntica1. to that for the static caoco. 

rho r caly&iz of da:4pern used for ocmbatin, acoUian vibc' 

ration to foanS in quite a f c nutibcr of paporoa The pipe' 

by Litr 	.0)dcala with the +.tockt ridgc da aper cxnaly cio q~xito 

olaboratelys in eonv'ifioni1 way, The toraiona2 carper to 

a lyoo 1 partly oathcnattca1] j and partly ezprvimcntnlUy in 

the pcpov by Cpoizht(11)O again in a vonvontion i ironer. 'ho 

in 10 de roe of frcecicra damper i )hao not born Dub j ootci to 

n: thcrrrtiaa1 tr trr~nt of this sort as yet, ua it to ecz pariu 

ti oly nca fteover the anal., rotU or d! aperC to 	OChO In 

on cnti.reiy 1Iff rent rcy by ' ip ,i.no, orril and Jonoo(18) 

i.e. on the basto at R1ce' rc ect% nto ,1 araie iea with opc'cial 

rt'fcrc neo to the t;ooh2nici1 i prion, a o1 tho danporo. Thcao 

oro di&auaocl in detail in ahaptcr 8. hic Let ;od baa noti  
Loco the ot3ndv1 io .hod of dinper r nüyoia and prcdiotio 
odanDcr porfcrz anco and tho oonvontional not ado azo vc rc 
rcoortod to. 

. &1ativoly fouex nunbor of papero d+c 1ing uith cnzgio2o 
or t,:lllo )jri rz 	tBb.o. ocn '.artO& i 0 Grai)hi„Lzr CQ E 3thCw 
:t eit r;:1yO1Ao to no icbt uoci'u1 but is not cc 1otel 
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satisfactory ae it Is based on a nea*ber of aisaaptions, It 
does not consider for instance any forces ou the eenductor 
except the lift and drag, while there are many other which 
are quite important ttacugb hot as taportant, such as inertia 
forces, the visions friction force$ etc. After Den Uartog1 

upto logo hardly any paper has been written which analyses 
galloping aath.r~atizally. c aniel' a paper (29) ►e an irpar-

tant break from this stalsaate. The aspect eaplored is again 
the aerodyoaaia instability of arbitrary cross sections, but# 

this has been done in a far sore rigorous and precise way end 
no resort has been made to graphijal or experimental aethods 

Ieaaniel's paper analyses galloping in the following 

canner* 
First the various forces acting on the conductor are 

considered. There include s 
1) Inertia forces•,rpduoed by the conductor displace► 

cents • acting through the centroid of the cross 
section, 

2) Wright of the conductor acting through the centre 
of gravity. 

3) viscous friction . orcea w produced by the displace. 
sent - acting through the centre of viscous friction, 

4) Horizontal and vertical components of the tension 
acting through the shear centre. 

6) The aerodynamic forces,, naaely1 the lift and drag 
forces acting through the aerodynamic centre. 



iho ouz of the L'000lvos oc poncnto of t'bovo In the 
vertiej1 and borironta1 + ireat o am cq+ atc to aero {ivo ua 

two ya.Wtia1 tU'i'crontial squat :ono cccond o Ger. 
LO notion of tho eonduotc in actual vibr attona to oct  

tz'cifl31ntiorI1 but tlu't'e Aa aloe a t000ional or rota,t tonal 

oetion pro8ont To tetra this into account, variouz to2q.ao3 
r ctir on the ennitsotor aro conailcro1 Th000 oonLiCt Of 
to act& tt&on to the tok quoo onntri.butod by all the a ovo forooa 

(cc+cept the 1V wliinh p e000 throug-i tho i e ' ccntro) about 
tho chc r centre, the tel ttna, s 

3) inc'tia torque • duo to rotational ctoplacc cnt 
9) notational viocous friction tor. uo 
The rotational norodynaolo torquo to Aloe t crc but 

at .o r in volooiticn It to co oriaii that it can bo ncalcct , 
Cut cumaatico of all the torquoe Uotol above and cgaa- 

tit g then to coro r nothor partial difforontial oquaticn in 
titan ani opaoc (dt ;tanto Crcz the orrlSin of the point cenolm 
lorc t cr. the lentt of the oonduetor) o 10 obtoinc~46 

The -throe partial differential eq.uattono (each of 0000z 
oricz) that are thus obtainoa doocribo the Lotion vc p1^to1y. 

To colvo th000 equ t ieno it to aoouacd that tho 'borinoni 
ta..t vnrtiat l And rotaticrnal diopla cmento of the mote ocatlon, 
acnctat of tiro pi  oat and a timo 1rsdapOdont part, Only 
the t.iFo to on1ont solution to couuht to dotornino dyn:i~Io 
~.nsta511,ity and to do tbic the partial di fcvcnttal equations 
a o rtl of the tine thJe, e,M3cnt teras, The auxiliary boundorg 

ro .iitq ergo•3o iv''1 by cio11zjir ; the tact-aal be maty coadsnoao 
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to cult the madiriod di crcntioi oj,+ntiono oro nubottt tt 

in tho oolutleno of tbcco (obtainc2 b,' o ►aoUia1 cot ' , oac) 
utiob are obt.itncl In tc o of Li p  t acapic Vartablaa 

The or plr W111a0o of U, cut cfiS..n the co1atlon and 

bwvif3 pooltive rcil parts iniac to ctrotc? c2 oizin3 vibra.a 

ttonc rihiah inercase in n aplitawo c i or ^ntialiy Vitt ti o$  
that is ouch v :l,ioc inlic tto ncdativo1y iampc$ -an olI 
cuaitel vibr3tirnc0  'ho iozitivc rc l roots can be i&ntific 

'ay U01t13 the tomb outh' a criterion, 
Once It bis been Potab1iohcd that 0461h rooto otiet, It 

retina to ftnJ the r cut. mc iill opcaify the froq+aonoy and 

roto of build &ip of instability. The root oolvin3 to n 
ccpIioted swoceon but ucint the nc arioa1 an31'aia tNh 

nlquo a fairly tiocurato solution can 00 founds  
olnpaon' a pv. ,por(36)  cots up the tppz'oc icato cqu.atione 

of notion of oinj10 span tran iiaoian flno cp1oyin,5 the 
principlo of virtual. uorfia  1y meana or aatriu 'notation uocd 
the thoorg can bo tcndcd for nultiaopan lines„ .Inst bllit z 
io i in Identified by lloutb'a criterion applied to the oolaa 
tion. It i6 difficult to co~sparo the rolativo merito of the 

tho papersl  each boina e wally tioei 4 In its on g,F  13oro 
socia to bO Moro rigoar In the lttor and the oritoiricn 

dovolopcd are campicz. It deco not lend itocif cily to 
applicatlen to every in ividt al opan bocauao of the cnount 

of labour involved,, Conic ationc by long hand c ct'holo are 
virtually lepocuiblo and ltaitil cc utor study must be roods 
rtG1 too 



' nthoaht°a paper(31) #5VC0 co cu i utto roi tiriaa 

fCl the intezri enerjy iiccipation of t'and cry duc torn 

an 3Dp(3t hitherto nc lectcs~. It abould be uDcta1 in the 2CLL. 

Cn -Ind coOrdimtien of the vibration eohco ihenthey a'() 

available. or 	1opin h .er,Ver no cucc o L4':ii Ji z pin ct. 	e 

b ~a CO for ocendeu  ►gid tho nor ;y ao* o iatod with It being 

toQXa do to be 6pcnt in any di ip tie appar itaz, arQ 8e 

itDo~vibla, prcvc?ntion ncodL coin iav t1f~.at i.ona4 Thle papor 

aloo dm13 with tho wild enorty inputs to ga to i o ano, the 
acmput. tion bouts done frc tho da t : twai1ao.o .ase wind trnno1c. 

An v1c_want at ton$ h oL the conductor Is as nctie od and the 

in6t mane gG ' crUl ~l c. ponca;t or' io 1 t and d. ag f arae& 

(obtaiE a by %iin$ t enol eazporic3ontc) its Irate ratad av ±r the 
dic t. nco tx 011ad are tho ac.~daa or trsavea wlw.rtrk?h cz c prole 
y1olda tic wind enory inp at to he eleeont. Another intc3. 

rat1Cn of she cnor~gy inpat over tho ontira 	idU 3r.cn4t 
in the a 	r, y iipt tc the pn i one oyolo.: moth 
i 	cot d to porf arzi t.'ih doiibl Integration by tat 3a 
ac3.1u a* the zoo of non d onDiaza1 quantitit. 

:~notbcr iu rtant zontribation of the paper Is the doter. 
rain tic? at the gcnoral ah aotcr1 tjo8 01 tho terslctan 
ooiificd au 1 Zor, .anally control1rd r 13apinn in tddit' opt to 
the cual car~►ien fz + e ; allopin,3ti 5: n aapoct on uhicb r.YtI o~1. 

rant inton Jas ava.tlabin. 
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T N w~4.J S,r +a  

Zbo 1ajn? tnn?O + " to s acS!ont11 Invoct2 3Qt , on of t o 

vibr3tio! peicnon can not be tee highly  

ovcz'ythin3 to c:3id and done it rc-. atnb a Oast that the t iccre-

tical anal7(ia of t le cu;,Jeot 10 farr ', a bo!n rI o o w in 

over a pent ani to boei c aariy avLsciticzm Mo fray ting 

to ttz o to citgltt y th+ uc t involved rvcn the ni.iplent of 

&&cperu 1oli the Dte fthrld ;c datper co tdc'in all Ito 

cd  o3 of vilt:rat 1 cno® drjrcra of frcc 	p natural. fre cnatoo 

acc ntc l reiotancco etc. nrcgcntc a gorcidably c aplc 

cathc23tloal a cioo ani its analy t in vItbo t .noo pt1eeo 

,md nirplif icatt cne tic:ald be virtuall3r ieposoibin. Ac cunh 

any proflottu a ro prdto; vi-Iratio Ohono 2crn in Ccncral v 14 

bo tncc plots rtthcat r=per icnt:ztton ac a mcnnc of probe on 

ucli ac varif'tcaticn. 

The oipertucnta1 r cr:t in ncchanica1 vibrattonn ct oo 

of ovcrh.nc2 contcacfioro can to broadly claouifici intos 

1).1014 otad tea or o t oor Otad icO. 

2) , Lnbo atcr ► 0tu io3, 
e c for or can be + p1tt Uj Into 1an3 to or cttenc i 

otudico and chart Coro ctci tOc, ''o latter a3n be father 

olacLiiicd into 

1) "'ho :rind tunnel ctudioQ. 

?) 't to cciel utga2ico Lith artificial :_ir ch nicnl ritnt } c 

as) a;ho a ale _y oLdp tf":r ,r 



In this o?aptcr^ tho outdoor or field tcotc will by otu1t 

lc: the rcz ininZ onrz tai11 be ;3e31t wit!i In the fo110-4rj  

o ion ter of tloo.' Dtua1Ez con siz t ok obccrvat tc: of 

t! e dyr- o~.c bcvow of the co; auotorc ovcx an r tcn-Jcd 

crlod of tiuo WMMOb may ')o Govoral c ontho ani OV (fl cin ycar 
Cr gore. 2°ho lots are rcoordc1 	ic ically fora short 

d"z aticn para ba.n , t& tcn that oortopl uouu bohcv.icaro do not 

©Ceafla attontlon, °ihcoe & to racy be oollootod in the fog of 

omoillo;r. phio reoorda or in tabular for but the f ores is  
uoro uoual. ii"tcr the entire thta Is obtained it it reduce$ 

by Olininatin3 the inzonu ric toao and lo.b Important rUU an 

then analyocd to otrs x Conoralizable cono1ao1on orad aloe 
For varti'ication at thoorotiaal proJiot~.onG or thoio 
port.ic:alar 	19 ons' havr been er~dc,. Th e o ntL&dico are 
vary bortot&,t&e a lot of O ^ o and are rather ez?enoive. 
C tcn it ha,)pono that the effort involve•d in reducing and 

1y 1r' t e late IQ entirely out of proportion to the value 

of the re~►ulto o,,)tn1'ad. jut Lhoy aro i zdi o aablo in the 
ocnco tat uit a':t t'ic the vi. ration analyL3le it a more blind 
..c ;rah. :are a-i raltre ve t ref ore to bo ctcra1&cd In 
ccle ti.n3 the o te, tc'ruin, vi7ano v ucit or co d1tion Sato* 
cu ah -.zt t rA o la n vrry cinii:era of annocconory data. 

~.lhort trrc Lt.~ ica arc ra.t'cr 1030 ib #are a ivo b+roaaue 
' hay © not In ,;rnc~'3J , r *vc l the coat novena :tcbimtIon of  
vibratirn oon1tticnL t t arc ► a.xar n rrc c:n th ► line. :hcy 
are a wort c1 ccii't i3O act:. earl the r ,,)ci ivc and to i o 

era tet evii the firnn3c0 :3 :? tiara allc ez], In 
E), r : t.o~! r c3nr3 1'1AcJcv^r :lej r :' !)o as iULort ~.nt ao any other 
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A cac ot,idiosf it har-ily nccl be c phnoi3Cls aro 
conlactci for both the acoliaf vibrati.cnc bred ,Ga1lopin,; 
©cparntc1vo 

It to obvious tit only nuc i o a,nc of the traniio1on  

Uncc are at~obcn for atuc2y aD are cost auooeptiblo to iribratton 
Ja aco. .00lian atbrc.t1 cap to morally pr000nt„ In all the opano 
that :aro ctruna at a tcnolon of noro than abotat iO per Dent of 
their u1timato otrcngth for anything bettrccn GO to 80 per cent 
of the tiro. ever© frcjuonoteo and ataplitcadco are found uhcn 
tonotorio are high and drind operdo rather lc bra3uan as the tin 
cpoci incrca000 tho .4'oynol.d nucbcr (., Q 6380 V.d) increaceo an 
uhon tnia value is greater than about 200 000 the dicturjanco 
in t o conductor izko bcco is s rendcn and turbulent t7ith wt o 
offoct that tho poriodicit, of tho a1torHutiWs forac also bocc co 

rands and r000nrnco dopa not Gtay, t'ho weather to not icportont 
in other recpecto (tr_n3poraturo, rain and ono ifall etc.) An 
thoco kind of atudion,m 

'he r.oDt important opanc that provide very vallablo 
inf o catt, nF in al1opinrj otudicn arc the lon3 river cro vin, b„ 
In th000 the dancin to very ccvoro and troab acczcm Thio to 
becauco tcnair no In theca oacco are hiCh (25 per cent or acro 
of ttio u1tiaata ctrongth) and this in the firot ,place rQduoeo 
the internal npin ; of the conductor duo to interotrond 
friction¢ .Uloo the lonGth of the river puts a 13reat~±r licoi. 
potivo lc: d on the danpin apparatus at Dan endo than in tho 
norma: ly o"+ortcr ever land O? 300, Thic ire aveauce ac the op ani 
lonjth inzrc:accL, the ©o:rer Vrc_. uinJ alto inor a^c in dirc3t 
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proportion. (~figher 's  ion b ►ve another disiidVanta ;e, they 

not only .nacurage ht nor £requsnCI or vi trat cn and a greater 

number off' fatigue eyci.es per unit time but ttay also res4t in 

more flexure of the oab1* In each cycle)* he alloi4fl as 
has been tali ez rlier ocaara mostly in cold cl .: ►te in winter 

al tsr a &now fall a d is rather ini'reyaent. All thews caorisider* 
at`.ons must be kept in gird whilst leating a site for vi:aratton 

f f t~1d study. 

4. ? 	t k,n 

The , t .tft 3 to be xciwwet in th g sloping or eoiisn 
vi - at * n outdoor tests rir, iiore or loso the sn x , the only 

I eini in whh!► Miiottul(+ of the data in the two cases 
rind t?~e ran ;es of the in atrument requirci. The general data requi-
red is as anter 

1) Ar3plit, d o or J I S Attu ,ent; both t 'sns11tto 3. 
and rota t t oval. 

2) re. a nt . 

3) ie'i th. 

4) Conductor velocity. 
5) Strain. 

(b)  

1) wind spoed and direaticn,, 

2) Z)wna1 Wind Velocity. 

3) 3arc etri.c prtscure. 
4) 1"j,11.ty. 

8) : txo*Vbez is t.erature. 
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(o) LtJhtn 

1 Con;)aoter tcm9criture. 

Con to tonsJion, 
Clamp t ovr nt . 
Damper zOOC eftG. 

Uooidoo theco .here any be many otbor quantitieo to bo 

ziraiourcd dopoMintj on tho object of tho pnrt toulnr c rpertQcnt, 
.111 theca qw3ntittoo can bo 	u ed by th' convontioncc1 

inotru onto. lbo draubaol.t 	tover is that ru gcd outdoor typo 
inotrur onto of cenvnntio'al prinatplo and Ocaian1ti1th adeguato 
prockion nd iomftivuy, no are► requirod for th000 fiofd 
Ot AdiCO v oro £ aZO and not oor~i1y avaflablam xlcvovrr Lith the 
intro uction of oioctronio inatruionto and elr~etric trancltamors 
thio need to fulfilled to a groat rziont. The cors rrnt1cna1 and 
opectal inctrunon-to both are dioousscd In tho foliciinj para 
graphs. 

4,31 L 

Ax vtdo variety of inotrunnto is available for the 

aeaclr a'mt of w.:plttudo. In jenaral the roc-;riouo inVO ticatoro 
havc '2c3,i6ncc and fabric-atcd thein orn typo of vi;3ration 
rcoor3c. o, 4horo arc L irz t ooch. nical r++rcordero Mah. produco 
000illc rapbio recordO of the occii ,tim on a reduced ocalo 
on Soho ,paper or a razz coated eh rt turncd by mcahan1cal oiooft 
noic-mcnt by z itablo otring, lover and otyluo c rale ,cac_a (E4)* 
.,coor&t3 by mcano of high opoed vino c..ncrao aloe levo been o'b o 
m cd en fit c (by mo antin3 a target on the coiducte ' and 
phote rnph n f'c grcnndo later appiyinj optical o rccticno 
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for the ngle t.noluded between ixls of the camera and the plane 
oil t;ovetr ont of Vie target)., :Jy this means (ain* films) he 
r(anr4s cnn .* rvf% ;-ith tier trans1 %t tc ni.l notion and rotational 
r:oti'n vh1ch %rs usrfil for galloping studies(16)a ecent1y a 

new tjp+ of vil;rittnn reaar3i%r rs barn iiriisrd(32) which is 
o C ~ s1e T n1 ru;; ; *d desi, np is opah1e of being installed 
cis nner i4e1 009IJ2 Ler i t)r.~t :! $Ovin L r► frog s€~rvt' a ind 

'ciuC3 z litwd! -ind ?ra tu; noy rrceNrds on a anllt .ose t,pe 
'1.:h logic* not re. u1^o urry o 	1e 1 aroossstng, The resulting 
records can be vial /e1 ',y P ►o tt :edtately after a test 

The 	 .4 t c Or 11spl11Q nt ^ n also be tolemetered 
by oleotrl.c trznttaoers, frit tI'o arlcatty of the conductor 
is .,msured ay v+ 1.nctty tioL rips (self g nnerating transducers) 
.r € tten t' +' + 1 a,.Ji ce ut Is o~ztalned by in:tn ration of the 

nutpot of t.;ies 	1ci. us o,7 3i l. intograttn oirautta. 
Tho 3onvilie :;awrr .1iati. st'a 	n ani the t13 iniurn 

Company of Azer10a ivp- in t :r . ist dovnlop d vibration recorders 
which h .d h =-n asc £ora orrtty Jo ti.rne(24 but now are 
repl3cc d by , odern e. 'c trio tr-4ns-4a:.crs : ;n4 other recorders, 

4.3. :rrj  
The siplst tjp of i`r ucry unt, is the Jacquet 

oycajn co-.:ntcr which tot .lines the nu er of vi ,ration cycles 
above a certain b se ai}ilitute level (which can a mdjusted) 
curing iaithin a n :rrow . re-u'noy range (w .ioh Inclules all 
nor .%1V~.'.,x~. t oro; of the cn'uctor&). "she aotusl frequency 
of or .rrse has to r worker out by 11vi ing he n";bor of 
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cycle rccorOcd by tho J~avati cr o1 the intc 'vat, ierq tho 
acle3rcidbic rceor36 orlucr by zany of the 't sotrtcit c,l o 
tho #'PCquo.ncy can ")C! ;;cncc2 cat o10i1-r1ye 

The pro$cnt trond hcioVrr iia to zx3 ro the frcqucnoy 
cro the oeeilloo,rap1ic r mordo ror. ucc2 by the otrain urjce 
(otraln -* and cccw a cyclo o rcUrr&;,,j in one oiole cf 

conductor orcill.aticn). An old and paper ©otr~od hac been to 
uco an Inertial tiao& ifd a cz it ;hin; az aflj aC tt on the ca apli. 
Ludo ucnourth am ci' the rcuor 1cre to , rcoo dc. puloo 
tb.rouch ant 	circuit. 

. 'Or the use of vibratirn L rotcotion critcrio3 b1oe on 
the oam uc perr3ic.4blo rrtc-O c.i' vl,x tions (1ic/yrir) the 

Jaoquot cyclo counter i& L t&.11 tho Soot :lo it iso :3ndi, 1ivht 
can be cord on lime linos an-J to v^ry cheap. 

There are racy typ oi' Isnndhold vibr+r oterc, ££000 
provido inotantanoouD :cadinSo only and therefore their ucca 
fulcooc is limited In opp Ucat on, They off or no uai of deters' 
c2Ininf3 the citarat on of vibrut.icn or wbcthcr the oap1in 
ro, rccrnto a 	icua, miniac a or avrrat;o condition*. 

403.3 , n.r, tt '_ (IOci 

The only c othcad! of liteetly metertn, the velocity o 
the oonductorn Ic by c enc of the colt zcnrrntin typo trans-
luccre ucc as velcoity pith ipu. t ntrootly It can be uccourc 
'rem the uaplitudo 'rd  rrc;coney 3ata„ 

,.v far the ricot 3caurcto orc~.cnt c thcd c dot -inir 



tho cyclic otrncr~os in conductor atranda in tho uco rpt rcoiat•w 

onoo typo otrain 6nu,,,oa cc ontcd to the otrnndc near the cid 

of the cn.opencion clamp. They fern ono r rm oa a t.3heatctona° o 
brio circuits The strain ,auao o1c-nart chub un1or3cou the 

co ftra3_n no the atr3nd It to connootod to hno a direct 
rolat%cnohip (lin r) botuocn Ito rooiatanco in utrain. 3y 
ocac u'ifz the roaintanco on Hi+r tctono' o brio circuit the a 
itrain e3n be calculated ate] thuc the utrco . The electrical 

or 
l ar]c Eras fined arma,,"hcatotono' c br idglo are bro AZht out to 
an a- pli.fior and oacilloaraph for of cillo raphic records,, 
V,rior calibration is then nocrcuarj. The prinoipal dioadoantnee 
of the otrain 	gauge tcchniquo iv that lino mutt be decnor, 
a iced for thouo toot€, 

44„3, 0 •! sr: 1 V YinclOa- i tsr 

Jouually tho more important quantity to be neacurod in 
the wotoorolouieal data Is the oo ponento of the tinct opecYd  

uhieh is nordcal to the conductor an this is obtained by 
oc pounded an omotoza With direct i on vane driven alno 
potcent,icwtotor,d 

wind ,  au~a as ucc3 in the raeronautico are quite oa$t~ 
cblo for theco Cxperieontc, 0-acilloarcphio rocor'do thich are 

rcputrcd o3fl be produ.od with thoao~, 

'33,7 	r r, .ri a'r *sL- ro ; rid lluc 	fi. 
In the lntoroot of portability and rug c nc3o the 

convcntI c,na1 inotrt ienta nro dizctrjcd r n ] apocial tranodreocro 
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(potetcxtQr type x'car rturc :;r4  t+ is o e .ir13g t;l)e 

4 cr hu idity) are t s r 4 

.tcr1c4 ueratur in . 1 1rre le r s used by then' 

Litor3 + or t.rccocylra ►`gar tat, convrnience at o a1 .io r phto 

4,3,3 "`on Ott 	u 

' This I s t r Lured by ther Actvzs„ 

4.3.9 
 of tnini-r Lhrra 	a .̂ Iaas t jpai *i 

t tr r 'rt r i l l :. T r mt rn only one, t in d cell is 

;iitt z' 	i r u, 'Trr, a` r c:ci erc ia11y ava f i-Ab1c i..na t tA- 

:Yc lts serve. the p ?Qia r t°aet t] 4, 
o !OJ aft off` cls m }a rt.n~1 	are n ct r d by the 

er,i fly iva11ttb3.r cccclarc .Peers, 

4.4 
ror an rx ustive ft+ 1i sttiy of the dy 1lG pbtic. 

bc,hnvtou.r at the cont ctore it t 	u entl tl t! t lat be aol.1e- 
+ tel or 	nur,thcr' oi SanB for a ,.rolangcO period sirmultaneo sly. 
This r*qdt, os that either a rot v,: :nt of c upli ate i astrwMen" 
t ti nn be .n ti1].MM on n `aIrl; p trnnt b-;xI at a number of 
.reprebetit; li vo x4vaz a overt + rntlr^ 1c h th oi tr n* nja; on 
ilra*3 or t t 	t 1n 10 i to ; Am ,_ t i n; '". 	f 	ccaiplotó 
with op#rttias or c' 	aU all 	equt !ent o d ractiities 
for ezt +i eJ cper ►t .: n be hN*ed In -in f',isi.l, trb?orta'As 
Uff . to j_, 0vi the 	']Pjr e Of Mobility nOaea0, ry to obtain 



Grata f 'ca a varioty of go021'aphical .£o3: ons anz3 roto locati+ aa* 

::fare,? ntte pto to build os oh 1s oi' toricu s:. vo ;)ocn ccic a Coe. 

and c ccrscful czars plc of th000 i0 tho Dyn lab (trado n=o Given 

to t .n nobUO vi. ?ration isbarator,y unit) r do bg tho ;rofc cd 

Lino 'aluotO C pany of Clcvoiundi  Ghios  

'Very cophiatieQtc9 hnatrvzontatirn oyctc: oonotraetcd in it for 
f 

Qocr.alcit2fl dLta in fioll Otu ttr by tolczotryo  .;ith a Jittlo 

care it is oap3b10 of c tra ttnj bbtu f'c ii'o !,i, condaotora 

trit',oat d8UturbinG the continuity of supply. 



47 

I LL 	 'r}"1r -1 i~'~S'I 	f .+i.~  

C.J. 4 twncJs  
A cry cn11 1tonin,G a td o tti I ct ply r,:t' tho 'iib at 

p c=:iCnon on i c tc2o in tho ti$n2 tun olo uh1ct aro CO)CraU 

ucc2 So 	 1 onto. Tho rc i1ity o' voi ink cost 

of tho V .brr t1ez : raaot rc v :toh tho 3hd t io1; affordoo 

maltoo It a vrrp c1abio Vic-uc cf aqr t, cnt..:.any of tho 

important conel.wirno ibo~ct otmduator vibiitii one onon 
nave t 1tl 	bion 11rcoti7 drawn .arc u1o1 £u'inol t to oz 

conft cd thr0', ,ijh 'i`hcm, 

5.2 ., o ff 
In oiccnoo tho t'in tiznnoi consicto oft, no tho normo 

L Bove a tunnol of vuiCiblo oiza t ou ;h th1c  Which afr can be 

cc to . loti rpt, a coratrollcd v ±loett by cioans c impolloro 

1rivcn icy, ioriablo occ otoro* A uniforn voloait7 Is o t incl 

over tho O t o a'oCL3 CCOtto t of tho toot ®oat'.Cn of tho tTi d 

tunnel b, cuitcblo dooiig t, In praetioo thorn are tt o 1:io*~a c2 

tinci tunnolo, n=el r; oryon otic dt and tho cl000d circuit 

typo, In the firct air l ratin in fr ono crud of tho tunnel 

tvc the , t aayhoro,, fc.koc thro.. gh the tun: of and lot off at 

the other cnd, In tho clooC circuit tunnel !or urr the two 

air to alrou .atcd in the tunnel ovcr ant ovc o In 	cat' 

a -Iooc 	Ji Maio uc3oo a ce trcl can to c orcicol on 

c tic-pc..ra..?o ôr 	c3cJro of VIM QIrCU11tC 1 Qi,Z 

c= 1j.cioioo c too czper1ocat 	it. :. c , ;cat of the coa-3: otc. 
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vibratac C290rif e3 nt the open 01903lt a .n1 tunnol 4c quite 

ontlrcly 	at®. Joe of oloo 2 o1realt Uinn tunicic baa Co 
oft Worn rc) 'tM in the eciCBn3 HtCZ'at&aro an thio 

ctic dote i cc a cc :.;.on virtu tannol to cho n 

In 	Q. 0.1. 

t °' r , and Testing Methods 

,, or t!iO ctaay of t!+o vibration of any xrototypc out-

doer toot span Ito t3c lol Qcciotriezily 00alcl dtun lrcZ3 it is 

Lia...ntcl inolio the iin3 tun gal at de oirod an310 to the uind 

'fin rind voIccity to variel or r tho ren; o re rued 

tuhich to acially botic'cn O'Ufl i,p.h. 9 the lcraor pert of t c 

rz o uoc2 ' aco . f ,'iirxltinn acid the upper j art for 

aid the rooponao of the tout span rc "cL. rho 

quantit ice um a ly moor ci or ac ttcl are i a plit~alo9 

t;'(,acnoy,  t I garittmic aoerriw ft, CtroOnIoa r;ni ctrainc at 

UlO o1p )ortin3 otr;acturo, onerg7 Inputt frai to utnd nni tho 

acrcJgr ~ .o proa~ortion of the trthd such as wind opce dircotlen 

('10 car yaw), :toynolio n,t. ber, : troahQl t ;*or' etc. .l rocord 

of to 	oteio preocurc,, to parnturo anti lw.rldtty any alas 

be n 	onry in the final ar lyals, -rem tho nerodyna io 

o©.'sclati.oi cqur t t ene the obocrvotirnc actually .rcwordc1 for 

n : of c; n +aa tr; nmfortod to vivo the rocpcnno of the 

rc +:lar c t oar p'etotype trcnczicoicn line opafl uric tho 

c ►1. ct.r,- cc :2itIrr±.a. The elToct of vibration oup 'recognrj ccbc oo 

can loo .;c otalies in the tftfJ tunnoico 

:are th rn~ cap 	t1io (,?) of vine) tun :ol of:dy 

QI-,iaactrr vl.irattrn, inctcid of u cc 1otc oo5ol es' the c4.y,3n 



with its proportionately sealed darn end attachments,, only a 

small section (*boat 70 isch*s) of the model is mounted 
inside the wind t~►astl attached at the middle of suitable 

vertical *oil springs at either end. In this way due to 
vortsz discharge in the conductor wake the whole model 

vibrates with a constant amplitude all along its length. As 

this model is considered to be only a s*all element of the 

vibrating spang the results thus obtained can easily be 

extended to cover the entire span by a simple process of 
integration, For eaaple it the energy imparted by the wind 

to the vibrating span Is to be calculated, and a model whose 

cross station# profile, weight, *to. are directly scaled down 

fro. the prototype (not necessarily, however# the mass radius 

of gyration *z it no coupling between translational and 

rotational notion is assumed,) Is used for wind tunnel study, 

thaathe air forces on the model represent to the correct seal* 

the air fomes an the prototype at the corresponding emplitud• 

and therefore the ratio of energy transfer per unit length is 

Identical on model and prototype at equivalent scaled amplitudes,. 

The overall ratio of anergy transfer (energy transferred in 

one cycle divided by the total energy of vibration of that 

cycle) on the prototype where aoplit ids is not constant along 

the length is determined by the summation of energy transfer 

on all the unit lengths, each mowing at its and amplitude or 

in other words by integration. 

3.4 yabXiaati 

The actual conductors that are generally used on 

prototype spans can rarely be use as models in their natural 
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oc,nGiticno The c2alUci ono€ uo:zUy 1cL otl" fnccc an tt~o 
c~- c tztic*, apioinj to ucati co oloo c:3 CIa3 oto, may cauoo no 
a--1plltaOo to be rcn unWcza '!o cwjc. Inco bci idcL liivi a3 
imu"c t to of nco:, are too t2c3Vy to thou a,ng uoz hubilo 
Vco;rcnnoa lruoc of t cco rc. coni ,ccetric3lly n®abcl 
.ac)ola the caoo oti. Tneoc ota. of which hava boon brou~, t to 
tic Imol of the 1'G;u1,rc.:aento of ̀  tie 	ori oitp C 'c fCaCvC3L'y. 

-tv~an6c cont acto'o can no rcplacc9 tp o u©loi uonot 

raotcl of ,1at,t oluzlntu-3 taboo co fl around a atrait;ht acctien 

oma' thbin3 p to ifv caro to coo Mat the pitch rcc:a ino o ~ o in 

the 1ajin3 of tho coil* ` c1at1Vo motion bott,ocn the varlouo 

taboo hno to too ovot2c 	o it 1,1,voo rloo to ut dco1r,-4, ,lo r r.~plt3 

ani thio can be colo by  bji i t11in3 the in: or tubo and the cpa000 

botjorn the taboo tiith acro 1.Uaht or ontt catorial, .flaate' 

of varlo can ooivo thio jrardoOo aThirably„ 

t.aoeth olccuk z' coni otoro on be rcpl ocs by a cucotT 

alzatniuJ t abin3 ul ho:zt Jiff£cult'a In all theoo 	cot In 

t1 o t tcrcz t of ateffncoc the eo6o1 or000 acct rn uow11y hco 

to b • fc~?t l_c ez' V-.an the at t l ot'OCC ocetion of the 

prototj po. 

13. : ...  	n 

Lorin" caopcnoicn en be uocd oo the cn attac r: ont In 

the tj)o o czperi font doocrlacO.00nb t-rc uC* Cy of Ji ratioZ 

to Inc vasa controllcfl )y Ilia uprt r.* cuopencicn and thcm"c o 

ata rJcc i . t io do onScnt on prncttccl cc c i&craticna C cacti. 

c :coa :'CrJCv~t t icro to no czaot no ;hha3 av: t13blo 'C OCL a  

1fe l ttM ;uec to avallatbo the li-AtO of ) Ir_ 011 

Y Vr:A'.+G.J M.W {Jv /'lJ1{{3 co 	liY u'W j the utCJJ7 vIn1 vLlcaitg £c2,j0 
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In tho wind tunnoI, 

L3.44'i t tfl  

a 

'.?o ght f) unit 	 U 	 0 zea 

: i O1Cht t o y 	 41 0 n i.p 

rOq 4CflO ' 	 f 	 1 a 

Uinta volo lty 	 Vp a ~ 

Ui1,cocont 	 0 j2 

'rho 

 

cuff c Otu3do for ; o1ol and p for the p1Ototypo, 
. hc,r o oxalo faa oro for oorrolatint3 r odol boh3viour t tth tho 

prototype are arrived at frcx aerodynamic conolderatlono and 
can ho ancu o 9. 

5,,7r `Rrtn 	 ' .' nt-IRD 

ho norta1 grind tun iol inntru cntation is aoc for 
rc'mictor1rnrj the proportion of the rind. Tho frcqurnay c nfl 
auplitulo of vi )ration can be nc surcd free ouo .lio3raphie 
rcaorG pro2uocd by olcotrical pioti upc ccuntad on the ao: +hictcr. 
It to u3ualZy dozir bbo to calibrato the inct ruentation before 
hani and then tnfto the crroru into account, 



Core cou1d :gin tc Ii'n to c o that c vc!loalty rc Lna 

conutant z nO un2 crri oticr tin lcngt c2 tho octal. ?urbulcnco 

in to tin3 alvro sicca to erz rO r bicli can not bo tl i - cto. 
rLIV tltcn into account# 

o onotAro tct the or ca due to b n2-try iayor c i pct 

Iry not Intro ucc6 In to data a 1i ctc1, tho ratio of t1 o 
r h 

 

of tic tin Jot to tht din notes of tho oonjucter ono..c? 

r1 -11O btu ,grcitor than 3. 	7)'0 
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Gol 
The laboratory studies of conductor vibration tors 

another important part of the general investigation, Tough 
by and large the schemes employed for those investigation 

principally are sass as in other type of tests there is a 

difference in the set ups and pertain other specific aspects,, 

Unlike the field tests only s sealed model of the span is 
tested for vibration endurance while difference from the, 

wind tunnel studies-  lies mainly In the method of producing 

or inducing vibrations. in laboratory scale models the 

variable velocity air stream of the wind tunnel Is replaced 

by artitical means of excitation which may consist of etch• 

apical or •lectres•chanicsl shakers, The Instrumentation 
used In there, Is not far different from that used in other 

tests in principle I but because the tests are conducted 
in door#  less sophisticated instruments can be used without 

sacrificing precision. Fvan the conventional instruments 
without refinement in ruggondooss and 'weatherproof rg can 

perform their function admirably. The live Une instruments 
are unnecessary and so are the electric transducers used for 

tsl.sttry(acasssibillty at the model being high). 

t. 2 

Tke purpose of the laboratory studies is usually to 

determine the stresses and strains at the supporting structure 
and the points of attachment of other line hardware to the 



ccZ WQtc ', c l to mOCCca thoi ' Q!k~1$t 7 to V$t! of ind ati uos 
rg 'ic o7 02 ribsc ttc c ,cc3tnj cchrZco 02 nc-4 OCOIS a 

0 prinoip1cc is olio f'isct ct 41c In tizo I o 3tc 7 ulth 

C1ca44to umtc OC ittC30e :10OO1C tc Cit3 tCOcn QIom 

V o iJotC~.7 In ht.! Ii IPG L.k o ' ioo coL Y o to Motc4 tho tho no 1, l 

ociDcj 1$ 'c o' Co 9uotco for vcrtot o voluoo c tonc$csio 
and Quo for tho 1J9Z cnt typo o2 oIC~pc clad c ccoaaor$Ca' 
c;1iioh 1no1u2o tho vtbxc t1cn aupp oco1on och oo, Iripcvc cntc 

in too Ovoioo t2 thoao on bo C ootcd a to tho i'o:ajh 

laboratory ct: t ieo, i'CStOticT3 rc3t t tr oclect1vo &nnpi 

oto0 Cof aloo bo co c 'tov thcoo too to 	ø 1► s tho ob j cot 

1t tho3o OtladIco 10 to fa'ci a cont c' PPOIL ai ,'y tnvoottCao* 

tte to cupplcc 3t tho Coto 000tvc8 'Z o othoo t,pco 02 

of a fico. 

t3n11to tho vtnd ttrno]. otusiioo (thot 	the ► may aloo 

bo conot ' o i i o laboratory ctudtoo) tu ti oco no Conorca 

IQ~)or to Oct UPC concloto rte` a tiodol 02 tho oc 1oto 
oDon0 (In tho to rcr only o occtien o tho on to ot; d2c )¢ 

.scfar 30 po3c2blo Cc.-' to purpo o of thcoo of adico tho 00001 

Lvi:~o ca utt al onto baso to be ctoulotc to the natuo1 lino 

ot; c!tO to i ozpc a' o cmo t taunt of flcibi1it7 to d 
9gcc 	C$ covCnc 1t «:Itio~7C' thia ray not olucgo UQ p000tblo 
rind no o £$$ot npp i' '1=ration the 10 rigid cu o'tc uz'o uoc2o 

C 3 c "tcr 'cqufrc1 to of aria the tcnoiono In the line noQol 

rsr:l t cn co cznr ttactz t 02 cu riot hat to bo o IBoi 

Wc. t cti the CC 3it?oto' is t;U en ;t thio C' 3 c the Qty tt, 

tcI .' A;; 7 c a o 3tt c:lcl the tricicA1 oitij v.Zzlcl bj 



Oe 	Q$5J 

Tho Oran ao2cca tthuo ors, tr2 have to be vibrc to to 
£coofl3noo to caL-o abuo17tIo2a aaa COlICQt Oatoo Utn .o 
Foot n COOt4 O +CS raotor as 10 In tho cir ttnno10 Ob It toot 
QUA. the boots"7 otu Ioo Oro c?ono In etlU off. r 16o)t17 
thm co oo th o to a nOC to Qot to vi ration QVttftO l2ge 
he'o aro a P.zahori c trpco *' r3m nic oot too3 or 

cttioi'00 The cooantt'io f1'uhoe1 plc oc) In c ..atot with once 
and off' the vivootuo been ac•,cagy c r on3cccnt. ., lsae to Ito 

oentrIa rot tIon21 c ottc30 It CIV O3 pC cola 2npL 1occ to 
the uirp on the frc c onoo or t eco i np cco con be varlc 

by i3, uottnj the opec o2 the uoto' o 10 UMMohi '940 th000 
dy l 	~S~loo 

 

Eh o t ottwci 1 rr c w nc1co of the o on co 1o1 tich $3 

be Mow at tuhlah It s Ihrotcc ultb coziota ruapIA n o„ UIth 
talc Dot up V In t :o firot 1000q the rc ucnoy roopozno of 
the c yotci can be otu]Io2. The ,pr000nt trcn in the notu 
torr he ovor Ire to mploy cicctro-aochonIcul trunodaoero to 
vhiah va'iob~.o froononoy output to givon bb electronic 
000illatoroa The vibruttono ore thc ouOtoinci In a Qotbol 
cIuU.or to th000 of no elcotricfl r drive n turertj forte 

or ctin the o icoc r o2' the c2oQpom i7'Io~aa 
1nvcot~ao£ o hoo cpioocd dt event tcolznI o„ Ac Cl t iptca2. 
ei or pAo the pc'iocz to con uotc?3 fm the stub or the °oitjlo 
dee3rr o c' . vc C c t pC? 00 c'rpc tot In ?e2. CO can be 
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01tC42. 2 3O Oct u,p Cao Det tII:2C 

In t0009 tho oo :luot Ic c Q,►itcA bj n o1zo t notal 
vc4 and the Cz pca to att3ohcd to Its anothcz vc4 rcid l 

VC-W1CQnv to tho 01 	CCiUQtO2 p3UUCD tt ko:13Ta CO 
ovc~ oiacd olC3 Qnco holo 2L'111cc to the la3pc? oaoln anS 
toa nchel to an olcot ciyo~inIc v1:)P t cn rzoi ca' bolot7, 
Jo CG$tc v'i'.)Z'atco the ctr ulatc" øo2uotor t 	cZ t the 

n'oplitia o 	 n3C onocintcrc ur 3oi Roil 

acm5UUtc ;o, The ocoha.ioag lopc Inco of the apo," for CIa 

necoI231 ar~ICn is tie.GC i?cl uit', a Opc3iol t IVO OS' lope&&noo 

bbc: Qc ot1roo ci 1tnooacIy the :'ox*ao npp1ic to the Qazpcs, 

on6 the zcsultin 3 aaooicrnt czo The e6,jnitado on tho phaco 

of t io fo, oo and t coolcrat 10r3 oatpato of the lagcdanco he 

arc ucaccrcd ce voltucte€'o at2 dual bcm onclll0000po0 The 

rolooItp cat) be omcurcd v .r tCCvatif3 tho nocolcxatloo 
catgut - by c jbo intc3vat2nc circ: ito, The arch inIcal lopceaooc 

VQ1LZc3 cCfZc0002 as the tto of fc oo to velcalty a'o 
i`u off. eno c2 , pc ucz ope Thos [3ivo uc otd 'o of the ef'f ic^acy 

cf the irip at iar1c ac , 'rc cnctco be c uco no t p1n incl 

to C tv Qhaptczz 17 the vcal part of the 1ripc& nco £inctie 

Sit cc czoiblo f all the 2icctpntIon of tho aibrc tion 

OCO G7 In the t2rpc . 

t' ho othc zz 1Gpc~'tr of ctti is that of the daapop 1Ifo0 

Follciin3 the 000iiC3tIcfl3 lad dcin br the ctanda 'dc 

tho fh tC3 1 - tco ff 	' motor o,, a olotatcd rain £octo 

are ocntuotc ® 't3o An thic [;artic r c anplo the nco vcno 
't1 in3 n t ccVc:i;, 0 	c2 (hoc) o ,:ci}itor 0) Occttcl at 
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3O' 1'e €apt© C do o of k tcc 60 yons'o o c. 1oc° c pootwo. 
10 tooto cc 0c1 o'o nro ocr-,Ionto attcu Qoae1czctcc nirj  

vcvromcfOO C tho GopQ o5cor Cla )m9mo cn'i o lic 

,.occo:io 2.o3 ova maVcctcd1 to h3vo c nort31 acs co UYo 

0t? d 00 7c3?o0 

Q ptor 0 the vtb'otic' otulioo cto vCC;Y ouch c1np1ifcQ 

r1co I'ica lath `' 	c uivoXcnt nott ha a o bLLtt to c e°+ 
Into the vibbatlnt Co °O rtc? tho d') pC7 boin.j 'oplaec9 by 

1Lpod ]pci nCoa who rcopcnoo o' tho Qr1oC uc o3 to on 

a1torn tir3 oat go ubiob rop'occnto the uind Loroo 10 

z'oao'dcd no a currc t (uhto! ro r.occnto the voloeit. o tto 

ccntuot 	'' the di per) in tho 8pprcprtnto branch of the 

noel o'Lsb Ce? 10 00 in the )9C3 ciccnt roppcoont the dadlpc? 

t Uoip3tlan - a ae CLIO of 1tL ca `CCt1VC OOU, .111 th000 

qu.cntttico arc vcr;r c cy to r oo'd ocoillo~;rrph1oc 11y t,ith 

'cqulrca LWCCICton Unitize the t co"33nicai ucacarmcnto0 4ioo 

the cot u8 lo uachh lcoo ocmbo'cc io o r • 1oi i. 

.'a uc' o c i,ij1c : o c 1 nation C.' elect 	^cha: &vat anz-o 

loolm uti1 Do 'C;'" t3 its ©hi 1pzo, % 

Cpm 	.l~~ er"  ,S~ft '~'X 	S? -1A 	~' .: t 

.,caordtnj to me cm tzcn2 in the I otoflT otuilC0 

co the ouotow-n 	 Dion to ocw3ht to be 

2n►t c 1ucc) b I ftLt 20 c, Mc4 au the o atc .tic cleet'on2o 

Qont?©g Of' tllc:;o vl:) atso oo An the vi" pat'.Cn pw €3uoca 

by o'lcLt 	:1n2.c I.c:`Zno tho ri ,'C cnor of titch to cc+~ oto 
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of  



So t .9c1cj jo uoumjb7 a+cteroincl by ra vc&blo gtc~tacnoy 

o1cctgoT110 coct11Qtcz o AngtIa11 i 40t. no that opc'cit tj  

'Vcq+ crc i 0=0000:160 to a n tui'al roeo rte" r1brZAtIon of tto  

toot tiC-ntWotc. ® ",nth tic Qa 3z oto, VOP c2r In a vcao at 

oo o the G pVVtcQo GT vibatic 1Q cldJuotct3 to the ddct.& ct 

level i p tpl a co strolo on the f ,xr plii'Icr o which OVSVo the 
oloo rcmaohanto l tr no 3ucc2om Luch a rutca i13 ill ti'atcS 

In a= iC° Gol by n 	cok fl9 Sr. tae 
in thin t..,otcd or oi~cvat1ony the C3z$c7in. fpcquono, ' 

to 6o.cv,. acil by the ariablo tzcquonoy ooutl1 tomo and to 
0000nt1.allr acusJtant unj changes In the n tt l frccucnofco 
09 the toot ao!jacto ciao to ohun ,00 to lcn3th,, tcnoiono 

ar bunt tc creta o0 £`at uo offoato and vibration au~►lituc co 
ui.Ul foe tho canplo into non roaonant vibration. 

Uhcn the drivin3 Qcohanic to o800ntiQUJ a ccaotcnt 
L'0m.oe force dovicov no oro coot rloctrodyr vitc o'a1orop 
dcviat # on fx'ci rrocnant frcquonoy operut l on is Invariably 
acac ipantod by ovnifleant roduot Ion of the vibrotlen auplt a 

tadoa For conotant amp1hvedc o9crnnon0oontin l oporato 

a apo?wio1on of ct ulzcnt 10 rcquirot for cciponcat t rc2 l 

aajuot cnt or oocillctor frcruonuy an camp 

0.7.1 	pnS 
The min rcquirc,~cnt of u atcoatic control In n ac a 

cane to r oyatca in v11ich the controllod frc acno7 aarioc 

In ocam-Oanco uitb o c::otc' oo: tttcno to mintain rood 
m2r3c, Thin can bo nae g2ithcz3 bi dcrtvin3 a control 
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7oltat3o i'uo.i a niUvt .cn piot up co€ otca On the toot 

ac1UOt '.t the point o2 otttoIIont v ` Qvjvip tt'1006aoct„ 

33 judicicuo contra. c the c~tjnitulo aao 	Oo o tho 

 itthi pioix up eiijn1, it can be 	riirscS tiiU the 

clCuai ;'rca the vaaiab10 'rcquc zo o.cotronia ooaillatCr 
aontro .in3 the oon- uat c'ibraticn. thcn 'bin eon2itio 

c , ioto the ri:irat ca ploft up OiCtUW can be oubc titutc1 

o,,' 1'at f the ocoiliator t it1out affcotin3 vibvat' on 

oon1it .ofO. ba cn iro oyotc it thea o1?cr3tlnJ in a r'12  

ciouod oDoil1:pt 1*y tanner co snNoafcd in i Seo e'So F"ICOD 

trtoa1 oitjns10 oentro11io t c ttibrat'6 oo travol thrc ah t 

jut s ovc the path c , cwn cind is the dircct cn intioafir 

by aZ1C1v„ 
The r cchanicm tuot inin&c the vibraticr can be moro 

u . uUj undc1*otood by conoideratt.on of com1itionz iotinrj 

ut ,rozo ncoo '.;sicn a oy tc3 io driven by Perna . for000 

rcaonina to the con2itton Arbon rooponoo to niiiauii but a 

noro b:wio co rciit l en to then tho c cittlon ('oroo) and 

rcc c z o (vciooity) arcs in phaoo,  

i:cn a► ►rs gp boo of the vibration icc hafl oc- prc5 

to the + "!crcy otorc1 PC' C7C109 theco two conditiono occur 

o. uit c o1 , t hither then z'cacnart £recuencteo force 

1e :2c t!aot velocity an ego for froq.oenoie lcuca than 

rcoo amt once„ Aho force prctucc2 by the obcotroiyn'3aie 

trano5aocr iL in pb Lo vit t anent Zbc, in, in Ito 

uii51 ao, u I0h at a 3iv* n .4°rC Wn3y vuriC3 her a conotant 

aZ 31c S'c b C L -ion± of the Input control Jblt.. rC ur ic&) r-ag 

ho rc' a the OOai1L.tr 	OS' i°rC the Vi Dr: t rpt L)lOLI up Itco1$. 
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To obt&E a Cranoluoor fc CO in p' -ic frith oozctc  

voloait, It to nw=iry to ObLCt tho p!ThCO CT PQh cep 

: enc]. proper l,7, :, i cn tbic oiji roplacco tho o3ol11ot 
c tut oty Cau—m32 d ohi2t In tho mtLw 3. oo.i3uoto frequency 
will &aioo the plsnco nn ,3.o ci tho 1c3it 7 to 1rj ©ccntiriiy 
4oUnd that of the 2rlvin to co. fltIOVOZ' Cinco the 	-191CS 

cIr ]. to in prrco with the colony and dot inoc tho 
Lorca of the thakor„c corroetloi of avornU o ctc3 f c lumpy 
Ic auto ttcz1iy inotitutof to return tho fopoo ze d volc city 
to p1nCo allrer oz t ung rcooncnoo to r int inc , 

Tho po-ior vcuigod to Irivo a coniuctor to a cpootfto 
noplita of repo ant sIbr3tio uor OO rip the ,'CQ0n ft fro 
gacnoy ohitto nd hence actio iu t be proui+ cd for cztntIG 
nine a , oparato r► ap1itudc central on tho tczit opcoloona thio 
can be .3orao by c aintcintt the ovorall 1ytez titpUi1ia tion 
to a uoluo c preuuci oc 

t 

A prcect ccnotent dotor ini , the . co oneo OpocG 
of &plituao oor •cnt on 

Pr = QtCrCnCQ VC1t go 

Voltea~o >r opor t t el to aV era„ i va luo or test 
ecn totem vtbzaticno ac ilt• o,e 

The volt. ,0 r v is 1crIvr frcD the ibct”' m Rich up 

So ,)uctabloo Ito un ,nitu io CotmAnla3 the ct slinc- 



63 

vibration level. Operation is then sastalned at an aaplitud• 

for which Er * Ear. Whenever ?v is (less than 'r the error 
voltage is positive, This is applied to an electronic 

intigrating circuit whose output controls the gain of the 
aaplitifr. When the integrand is positive# the value of the 
integral will shift to more positive values. 

There for* when actual aapiitads is less than the desired 

asplitaude (Ev(Er), the eaplitude will increase at a rate 
deterained by 9 and the difference (E -w !v). This increase 
is aaecsp~tnied by an increase in the magnitude of 1v causing 
the value or the integrand (Er • Ear) to approach sero thus 
the rate of correction is reduced as the actual amplitude 
approaches the desired preset level. 

These ktads of autormstio electronic control can be 
used for actual overhead transmission test spans also: 



rflwl 

ifl tht cp 3 rgin czre 	the rr iaportint relation-

re h'I.pfwi In o.rttttng or specifyLg the forces acting 

t:tty rIy.; 	tres an 

t 	 Ir:y irt; 	t' 	tri 	thei 

•k': t ;t 	 th 

hvc 	tr•. 	 1jI 

0,4 

2.C.) 

4 	 4 	 t 

(4 t 
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The third quantity ;i 	due to rctationai inertia and t 

first two the torque cont.rt'utton due t the two inertia foroes.  

7.1.2 Viscous rrlction ko.rc 

In x directIon 

In y dir&cttoz 

= 	T 
 

71 L. 	.1 

VI.cous ?ricL.o 	ici. ou 	( .. 	 r: nt: ) 

Cy + 

C. 

Ut 

Ti 	qtLl 	i.fl 	ULL 	tC 	OL' 	oi'tiJ. iotioo 	th 

tWO, 	 colt:1bL . 	du 	LO 	 t  .. 	10.  

/193 	 oI' Ti'.Oil 	' 

Coiapont o t:iL 	L : oi - 	o 

T 	(;) 

ac. hrou:: hr :ntr, 
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7,1,4 	2d_4 	 (ctig 	 . rodynarlc cntre) 

Ili t 2 v 

Jrag 	c: 

The5e foc 	a  v perpendicd. 	-'Lt. v -dnd and i 

the d1rcti o; oi' tho r1itJ.?- q1c -- rcti'1y 	cxi.0 YL 

coiponents oi.' th:c 

in x dti:cction 

In y dtyzct1oii 

The tcay..i áa to tic: j: 

C 	b 	t' 	- 

C • 	..- 

4- 	 - - 
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7.1.5 	 lu the condtor 

- ( T 
• L 	

-- P 

(':y7 
7.2 	s antra inhIctjn 	ornent etc. 

3asic beam equation for bending is 

	

I 	
4J 	

H •'- 	+ dx 

C1it 	ci:ut:ec. jçr th 	j. 	n t y' 	oiL of 

I an i 

t I  

211 

x 1) 

kL 	 7 
211 

(SUtI'Lc 3 	 71 	iTor tht eut i:cL c bi 	,Llitx 

f-7 
1) 

	

211 	

] 
+ 

rdçc4ent 

2 

, 1c, 

	

Lnh F 	x 



J 

Shear 

719 
H 

V 
V 

dx3 

- fl- -~Tt 7~ 4: hiLth 	 x] 

20 

Thp 	 thz 	 trnd in tcr3 c1 th 

o curvat.iir 

z: 	d 

	

 Liu 	 21 

Coi: .otcin rtir in th oui'r 	TIC 

7?2 

th p riCi 	01 	Lar t 

OL 

rare 
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th  Ct 

i' 

 

0.1.1 	oi t. 	q ua t I 	 prnper bUOSt.tt.tL 

21 + TA 	 Uc till OX2 
-- 

Eo.Luton of t -  is RqWtoil J.,.; 

whcc 

	

t, ii i rl 	t 

and 
+ZX.. 

X (x) r KI • 	+ K' 	E 	+ K3 	+ J'4 

alco 	C CoAx + C2 Siu>x + C- Coh x + C4 iiah X x 

H )\2: 	 +  

[ 	+ 
[ H 	 J 	H + - - 

4E1 	CE 	0 2(E 

	

Cp C '.rid C4 3re arbitriry 	ntnt 

or pinned 	patiz1iy piflh1 	boundary conditions with a degree 

fb:ing 	1 	 (See, capter 3) 

[c)n&Ir7 co:idlt Ions at x = 0 are y = X X (0) = 0 

nd (i) = ( 1 -) ( Me 

4 
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(C £) 

c a  

Lc1tion f t3 

70 

IS  

COS ) 
A- 

cflh 

nh 

CA L 	14 

L  
r 

C2  

x. 
- I 

(Cos 	 I -- ) 
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Th xprr 	on which 	he used to detrine the energy 1mpart 

to a vru.t1ng corductor whose oso&i1ofaphLc rcords have been obta1n 

by wind" tnii tct 1 

Watts 	 7.31 
'12 

 
9 

wlirc 'flu :t 	aip1ituk 31 vibraticn.  

ba 1.5 Chi Lo ritvEc dcrearrnt dtld to the tr fcwc's on the 

conth.cto 	eon'.i3er:d Qoit1vc •!hn the ui3.jtd 1ncreae with ti'., 

L 	the ap11t.de in he th Qy1 c ar1c 	in thc (r+i)t 

Tii:]. o •.rithn1c dcccaunt itLi hd!3 bn found to 

of thu iai:iu ap11ti.th 

2. 
+i3 	+ C TIM 	 3-3 

	

anc. C 	contant for a articuThr concL!ct(s If 

coiwentt1 tctt: the3e vi1ue ar work ed out )  th en th ±t nal 

o qit1on i'a th 	niy 	pvt chtc LO winci hi been shown to b 	•qii 

t C; 

+ c 0  025 Vi! 	C.,  

rcuhc 	or 	-rid 	 h'ivu ub 	ti t tii 	eniTry i.pai ted 

to a vibtti.ng coiductoi Of giVn ' 	n di nter is a]iioit .rdependent 

of the 	tn of trandiug Cr con uLor toghies.. Fi 	(7, ) shows 

the ciry 	tar vrtous types of nodlz by which this conclusion Is  

borne cut. The avrae envelope of power curves is shown Li Fig. (7Y) 



007 

	

tLt oo5 	 / 

0031 

cL 

	

002 	
+ OPIEL A 

MODEL 8 
-zMOO. C 

r 	0 MOLL. 
O MODEL E1 

 F!  

02 
uiLt 4P1.ITUDi 

p1g. 	7.1 r-ry 	ir.tcd 	by 	qjtiä 

cLanetrr 	73 :n c1. 

odej. :J' :U-EiO Ci.;tf 

c3t: I7Li. 

l'oie1 25 d t:: 	ccn.- 	tcLr. 
Model. F 	1,60 Inch C. c:.1inJ 	r- 

4,00 irih 	dt:+rr 	tcr Dc -ri 	cyiindcr, 

72 



1Sr 

0 030 

I 
Is 

U 0  oZ5• 

Ix 

3 

Q 

0 

CC 

ELSA 5 &C 

ELS ,E 4 F 

MODE LS 

J 

0 	0.05 	010 	015 	ozo 
I$M.LAMPLITJOE 

7.2 - verar' env1cp or 

73 

(e€ S 	 G: 	? 1 )  



4,1  

LLI 

• /• 

0 08 

0 	0 
a 0 	0 

lPtruO 	N..( 
•4. 

	

Di 4P1I tER,lN 	44ç 

73 	?rxicd C,,,,  Or 	C,  Tlind to a condacto 
in ir: 

74 



75 
a further 	.11at1)1 the curve in fig. (73) Is given. 

it is pssi i 	r .1 	this 	 the energy 	rreponiIng 

to any typo ct 	 ter,1rcency and 	it - ules  

are cnown, 

7.4  

This nspW MY bppn m plared by 	 Tne rel:it ons 

which fir,  Or ci 	..'. 	i vn below. 

Energy is WAPaMd Intcrt].Ly in tho CCndU Lars I ii stly 

h7;t 	Cj )nd LCt i)Y & vubjccted to ?1eXUT 	COL1f th4?  

A ;hu wArs rL1 b mZnimt the :Eivp: and oucc.idlly duz t ..ricL on 

bi:'n wiry ArMn,1re attaotwnnks etc. 

10117 NO). 	o il JoutZ6 Pur c;ycie ut an rT1!LiitU. 

rL1c  

'.iJ 	 - 	 '• c 	 Alva I  On 

I 

101,  Aupan 	 tL - I 	h 	 reIo 	3X 	. 

O- 
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13 

u cr tx# ,o brcai cancra1 ara io ; rill to ttc3 tho 

CiTtotcnt c n o )t zui i c o of vibration Quppz oo .iir no uoll 

no cO :14t~to1 	Otr3tti3 00 CO3 ate arc In UOO. ., rofcx cnoo 

Ui11 bo uilo to t.ictr c9raitao!o c 	tr 20 oioo rcCardi 

Oast $0I13. 0a0c3, 

301 aX'LnttLc  

The ortho-10 of provonti.zj fotiA4aa failurea In oontcaodw 

to o Q'i&O to V1bZ tion atreonoo 	10 cis aro t!i mcra1 of 

to typeo. The ftrot to to proto^t the oablo , aGainct dolt ► 

tc• io~aa 01"rcoto of vibrttct tr1t oat trptn to loicen it the 

acoond la the d in,a of + ho v1brcitlof to the c tent thct it 

to not onrfoao. Cc ih, , union the firot cs tojcry, oro the 

aot'ho o or rri io in3 the ottffricoc of £lnot i cn of the oablo 

or Ito con tic thorchy rcuotn the otroboco of vi=.wation3 

and the r ~ alto tth t of o protcotivo oovorina to the rc31cn 

of high otreoc vtth the rein of tnvi the protcctiio oovcrtQj  

carry coat 01' the ooet1ltinj otr000 uhilo the cablo carrion 

only they d is o3 t tcnc 1 ct . 

4h0 cchcro thio C t%0O the of o o+ca of L'1IQttCn or  

000n+cotior co aotc~t of 2oe1en of opeaikl cktgo uhiotr hrwo 

doro Llr-ibllit,i an:. &'rccioa Of octien. 	no tblo r: aoglo0 

bcotdcc the nerzl ct rlc irzoul.:itt (ealch Tc 1 cr oat 
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fl.xibilitX), is a special typo of strain insulator which 

has between the conductor inl itself an oil dsshpot which 

allows a relative motion and at the same time absorbs some 

energy in each cycle. 

83 	weriniswandeinforgents 

i rotrotive covering at the point at stress ccneentsat ' on 

is provided in many i'orws. Chief among those ar.  o the cable 
absarbtrs, tapered aluminius arriour rods and pre1 r+x.d rw► 

iiforoing at the supports. 

8.3.1  

The cable absorber shown in fig 8.la consists of a 

short piece of cable of the same waty rtal and size as the 

strung cable and clamped together witi it at the support as 
well as a number at other points* The usual length of the 

cable absorbs- is about N3 feet on either side of the support. 
To avoid stress concentra tirn clue to clamps the zsnlves usually 

aluainiurm is used as a material for the clamp. 

A.3.2 	rmo r .;scjs 

The tapered aluuinium ar o r rod (eee i'ig, 8.lb) has 

been In use for s number of yrs. Together with stookbridg* 
dampers It was a satisfactory anew#r to the asolian vibration 
pro ilem in thee early years when spans were shorter gin) line 

tensions small, ; As the name suggests it consists of a tubular 

tapered aL stntum covering which is slipped on the ao luator 

before clamping is done at the L L orts. It is very effective 

in the sense that it may reduce conductor stress by : as mocha 
as 60 per cent, 



Fxa. 80. STOCI BHI DC.1: I )A M l: U 

FIGS  ... S.  2 
(keproduced fran ref,, 18) 



9.3.E ztore~1l n U,r 	Yet 
ze ,rrroriari reint'orair. (iii. 3.1 a) is ut<11 r to 

artzo,xr rocs Jteept £:"or ita iitazzL N ,= pe which is aj inir#cil 

inmteaii of ti►40rei.. °. r pie rs d.. y s1 ii. sott tho roc rods 

&nl press. ornaci ra~tn 'orcin , is srca ►tl+ .3 ror . 1an ti or more 

tn 4 Feet on P-It'ser :,i'te or :j;ort, 

.iii thr4 t"et?ioc1 	i~ inti enri er do of c ntri 

to i'thii to Jo z3 	a c r~atfori of €'ner y or the 

vt.artrn„ a `- aotOZ l ::cpt erti ps t%O aue cf the oil : •hth. 

pot strain I1LIititor, -;i3 .. ere1'ore Mhei So ' of scr.a by 

t emaniv es , cr.:„ icte protest c . W . rtox.t a .nla 01' 

azfi eu ;:: ve Wf7f iia ;t iii the el)1P1 z-ong t ele .ir(the 

rovI Orn o eltl er bto rid 	or tcrulr_ tI or tce 4 .ngie 

i tgr es t 	ici .jer. 

8.4.1 wt 	'°r~►3 O .r 

,a: a toa i' 4;. d:i er (ii. .2) to 	t'w 

si'st mi thc' uc ,.o?) ►t tykm. It oneiats or a , ieae of 

t •ui :: 	tc't 1 :9 ti . 	.a'a 11%9 vei; hts 4tti.uhF'3 to Its 

4n:t 	arntr t±4 t ys :steel 4a:Aa is a, .-u p 1 on to ile, 

moil otor. lip 	- e tats as i airing ;t mi Is ►-arhiy tan' i 
tot 	'r  ~~ .3~;, n' V'P exp .tc!3 vt: r,:&t n. ny oticn 01 

the line xt tt'e a .:.`. ,i 	point W ... L c.i use rpt. 4tiv€' .,,otl -n 	;4= 
?et`i n tic' v,ir"ft"''.ai :+trii'{ ini t%r vrictn t>:L1 	`c- iced 
its fi c e* 	e )oir,t at Ott%c ent Is so -hcsen tion 

the 1i'o t.°1, t It c°in not aoinctle with a rale ref the zotlon 





where the : srr. per wo .t1 be .sr1eb . this rtes oat Its ifsts• 

llatlr n tt t¢.e point of s,. ►ort. 	dwtailo: rxg1anaticn or 

the cthois2e of iaa 4pe.r ad its id wing fro-- the 	sorting 

stru©ture WI'.l be ioand In ob%pter 9. The ;Jscper in its 

original tori. was & ort to device. It has unior ons many 

rerineents sine 1925 Wirrs It was . first suggested, ogethor 

with in•spis am in r4etho4s and stabilising weights It has 

been Irani to o that aeolian vt w tirn i' airly well. 

R42 Q's.totii 1t 

T!s torstenal la por (iii. 3.3) Was 1evisel y the 

ydro !leotrio ower •Ic missicn of Cnturlo 'or xLall~ r 

purpose in 1941(11) rind in a way is ; ore Pfi'icient. ..t 

oansists of a 1wvb ell t, pe eo©entrie weight clamped to the 
S 

Aon1 rtor with resilient srz (to s void sire conoentr ►tir:.n 
due to c1 ping as well is the at'.r•n or the w*t&~t). it acts 
on the principle of Qonvsrst -n of tr anslati nsl motion to 

rotational motion. It Is veil known t?%t when a verdj.i3 

lotion is prrted to an u aude s -gin the ri*sulting travelling 

wave may be clearly ident if ie:3 ter several oil's o ' travel 

between the towers. r..en ?I torsional motion is ii► rtpl to 

the is a span the res4tlbg torstr~ ;.1 w,nve' gets uttsn-.~.sted 
mach ri.pidly. 	oivotter to trino ori the wind Imparted 

vertical cAo .l1stir ns to the highly iipr torsi. ail wave is 

in its simplest (cars a rias:; claapei to the annductor with its 

centre or , r.tvity horizontally UU,splzofk tr the centre of 

the oondaoter whish is what a torsir:nsl cJsu er b sic sly is. 



Fig. V. Sponge damper on Drake conductor, 
1.1-inch diameter. Damper is constructed 
with neoprene sponge confined in a cast-iron 

casing, 6 inches long 

FIG. -8.4 

(Reproduced from ref. 30) 



r 

t 	e1 	t 	r' 
..S 	,W 	 ,~A~~1 De t 	.~~~ 	4• 	.. LJ 

i. 	e~ 
< 	.i.~i r~ 	~f .~~y•. 	w~,.l «;:;.~, ` 	, 	f 	i`•'t 	•Q 	_ 

ds 	::~ti-3....•- 	tit 	~~_~ 
.,r te 
tii- 

t2:' :2. 	;...l 	+G. 	-J 	i; C-7 1A{ iL 2 rte{ Lbtf.. ! :,  

o Ciif . ' 	 'C1 CJ 2 v_: ; Cz 	' .z• fl,,'1) ;o 
,,- .3 	v1iMF the 	i r t 11~ o c 	 t„{y,:,.. jcvr4c i 	n 	ri~r'+.s 	fil 

.' r... 	{ 	
e ' c :Cj r~ 	

-tcc 
	f 7'ii roiL cr P 	f R ~Ny 

 4 	 :.C. C ' rwiC 	 Ci2  

c.-'O'VeP Ot7(z 3 'I +,.t,'C!1+f1C 1C3' U ' Q  

C?~]J : ~?;1 : 9 	Qt'"!' l O .^' T :()~. F m bt Lal'..t3 

  C 	1C~cr o ' tlic cn' cctnvo  

n "i +'+..!to I33.VC3 :2 c 	)C Pat C:3 t`yhc vc. 1:' to 11' t 3 i- r'<.At 

'-'. .)O t, JC i _ !CC )f'tUC) bC 001'': otc ' "15 	t r, 1L 2r J 

.2ci tth r okycf:..,J : ; tc,r .r  
}C: 	C 	)2C cc 	t.l. cc 	r11 c: wtc ::tt!2 a. in10 

f a.c ' c'ocr 	3r'C.0 i :^ :f) £c!3^3? 	 AldC l 	o 

ci' t:i ; gUC : -.° : 	n . Aid. thy^ tic1)1t c2 to CaClr j 
6m cc1cz t 	t -it tho ccrtnt 'scucnQv 10 bc! .c:-. 
 a -../te3 YI.,' V' C c cvi .1',: ctoO e IC to 

 crtz c. trn 	tir It 'c.: iri ^11 kc~at ztc.. j 

.~ O s of C 0 t er Q "a C~' 
cc. 	 C C3 t! c 	.:i2 c' .w :^r9.~a ! t:' tc i b# c t co cl' St to  

't~w14_•aw+ 	'Cr,1a.t th3 C•s rn a.1 in :!IC! iiL'CC.' '.'~U IrMLW .i€.3 	.e? 



Ji) 	C/'OULtO 

3w 

i ) 

c oDc / Ce" 

I 

fJ. 

rj..4 )/4fr/ •../,(/ 

,'A'ffCT//V  

•'A/jf'/1Q 	 /,/f,) 

p: , f-,' 	y 

1. 	1 /) /•., 

/ J 	1V 	 tii: i IWO 



F 
n 1 

0.5 	 A iA 	 vy 

,caw, dln to th Wam c: t1o.v ..f1 p ': iWttoe (--i ch cotyle acto 

oj,ail ik), wovt2e3 5. til ttio 	"Michcl at oltlncr 

C3 o. JIMAy 	ino (the D93f3 in C1 Moh te?~o1on4 tyro ii. Cpt 

lit ' 2O pcs ocnt in h. pro 1ci tba alto 1G33 fact), 
zc' ,^ wsio tordcnc,, £'or covert vi) at r o to loco pwoncancc6 

Vile : o bocz o cczvr5 to provide Qara t o adr-qu1to  

%ntl In fact cc o coczicy could be c: gectc by rc-,;u0if3 t o 

n riC?. JCo invooti.Zito o QZ'O Of the opin1On tint 	occ 

: 0%0 

 

cot3actor z!iiy tit)wtnd Un inicftnitoly 	n z bo of  
ztroo a rnvcr to 11 tho operQtinJ tonolon at 40 dc;ror't 

Icon tt-:n 20 per cent of the uttimAto otren ;tip or the canjuctc , 

A'wcro 	boon dovolopoi o Oo `tnito vtbz,atitz p otecticn 

o itnr?on trc ec'viao cupori.eoo+ (SO) vit ici cin Ac uoc.'ui in 

oc►1rot Lcn of cp no on cit,tch .'inpero ohc~a1d be tnzt;'Ill 	( i. 
O.0 ). It ooioic to of a oat of cru'ueo for the varicao typos 

of contactor ( ran 2 d D arcoawr d # pan'. owrl) drawn br eam 

the di,noto of the ccntactcxro oni the 	n 	i.coiblo rats 

of vi4r: tI-n of the oo"1aOtor to Qegaayolco aez ycir, i)ovo 

thv InGtallation 02 oupprco in , ochr.:ic to iniia.~ tcd, 

?T t(' of vi rati') fo cci span or the wagmcTntati an 

nno inn be Q+ curc d tby the J c; not eYc1n counter 4icOaoccO 

In e iptcr 	co. 3.0. it is a cheap rand 1i ht tnotr+mcnt 

ci i l :bout 10 neco mn1 cava boo ^pct to the cpaec by 

(C1n3 the LC ,a1 Rot linty oc .o¢ mitioat Wturb1nj the 

anti uQ Q,y ci aupplq. 



Z)rotc3 ' cn prOVISCI on th 4:aa1a of thic criter1on as 
c311cx ren '7L: Z► 11jr C : ~'~.~ C_ . rlccoror thio critoian deco 
not Gino i.tn r 13 no to tho cubo of drimporo that nocd be 
thOt3llCl an inlSV1d41 ap3n a. ¶o prOVCnt conduotc ra 1t eP 
it i C3C3CIy only to ,pPO 7idO ouMelc t nibrat i cn control 
to reluoo tho DtcoQccn to 10 of bcsl+t that tiM"Mab 03u00D 

1'atiO4a £ailarco of tic conItaator. LAO tho t a1 cnal dtb 

boll tIpo C upero if not tho L tc bri&& a typo cony .n 
opticiicaticn coil d pcchnpa bo ctfcotcd on or+ innrr aping (no 

zpl inc. carlicr) by providing only ono & por per an 
tcitboat Joeairdiain3 cafotye 2hi s hoc been to3tc1 ani vari&'icd C 
many apnea in "zin da and tho rcn to of t! 000 tocto bcar tcc' 
tiiuony to tho conal~acfon 0 and In 'Chcroforo rxoll unrth 
hoopin, in mind rhon donlCnin tr namlos ion linco with the 
ci in of rcc uoin3 c pttai Coate 	— 

The Qbov 31ccuacion loon not ho12 !Ccr the apr~no of 
cttra ordinary lcrz th and tonnion ctc nioo thoco oituatcd in 
placon of advorco tccthcr co iditIcno„ It is in that at in tho3o 
ca son that vibration is a mjor probl a for mcnoona diaouosc 2 
c rliar and thorn fore each of thcc hyo to ; o attcndcd Int w 
ori ual3.y cnd i.ta protect on oche o varltcd oat 

goo 	___ 

The ,V-ro l of acolictn viornt1enc of Lcng ribcr aroaa~ 
Ingo has boon oolvc 3 to Creat tent by That to aallcd co 
tho not ad of thecjan & mpin13 an rr_comiondcd by the 	lnim 
wcjany of amorica. `&;bo •3pproaala in taacd on tho pain iplo of 
uhartcning not tI c actual 'coo-in bat tho r. 'cotivo cgan lcn;t i 
arse conoi ►tc of t ctnllin otabili. it v l-l—itn at coo c~' 
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several points in the long span and to apply normal damping 
arrangements adjacent to these weights as though they were 
towers. (Pig.8 6). _Proper or predicable operation of damper& 
requires their installation near a point of wave reflection 
so that their location with respect to nodes can be predeter• 

mined* Support points usually comply with this requirements. 

But heavy stabilising weights can also do it, In this case 
therefore the effective span length becomes the distance 
between adjacent stabilizing weights or a distance between 
a tower and the nearest stabilising weights. The dissipative 

load on each damper is thus reduced several fold. It has been 
observed that damping can be effective if two dampers are 
spaced properly with each other far out to the a apn without 
stabilizing weights. However placing a single damper far out 
in the span has almost no damping •rfect,. 

in evidence of the above cond~.lusions the .ALCOA has 
given the following gist of Its observation on test site 

(a typical long river crowing) 

#Conventional ,in-span 	; henarks 
• damping 	,damping 

1. Persistence 	34 per cent 6 per cent A reduction of 
of the vibra• of the time of the tip a 82 per cent 
tion (ground 
wire) 

2. Persistence 	14 per cent 2 per cent A reduction of 
of the vibra.' of the time of the time 86 per cent 
tion-conduct- 
ors 

3. Amplitude 	100 percent 60 percent Total reduction 
(ground wire (reference) 	 in severity of 
and conduct.' 	 vibratiao 93 p.c. 
or.). 	 for ground wire 

and conductors. 



In the abvic t10 the prodlet 0 d:iz tiara ani 

aioQuedt1c cr ir3e 	t € avcrit'off' 

v brt tc. 

she inot211_t2.cn of r :;:pini Icvieco 1rj a pra:tieal 

ErCPC itt+.en for Lsi i;; tin th a 'f t of 3eoltan vibration 

onl *„ 4 rc 	1(' )cvc Dt 	n it 	O1rr th:.It thio aopcvt 

of tho ;r r"r: 1 vibr'itinn pr r 1r to kair1~t cc 1ctc1y '3ab1c?. 

t zVor ,arn r .y$ i, ,_no can not ba raid & ct C.i11o24ri..:crab 

o`.' th;: a ')o c tiL ptna Oc' moo woulddinatt'.ta oven t o 

pprroi,01e £r kct?.on of tho vibration mccC ' n rzl In fcot to 

1io ipntn the cnor y co ^roopendth to c''pIltu ao of 'O toot• 

p: to post at I o. p, a. $ tao1 brad, o or of rr d nl)o n c o d 

' yr 

 

to vc lI ,Oh COVOrQ1 tons w iOb to vVidontly oittroly 

iriprao(ii: 1 to uae. 

Ive,w6o the ncoh nio of + ottati*,n of the to pxhcn as 

to 2 rr+ nt the a pr•+ ch to the alloviat1or of the prsti o 

is alto dtX cz' ent0 L ec1ian vias it1cfl to u.nwvoi t b1e bccaL oa 

it do o not 6c?cna on the acaotric ores 	otten of the 

oc.niuntcr, .;ni. brenuco this prob1tm can not be uo1vcI at the 
' enuool -e-n) it in tncb1t it the t ofl'eat$ cncl. :3curvrz In 

thio rt  .or the Ga.L1Op5n phenocnon d1i'Frra4 ..aaaa It 

doths on tho Ccva+ntrien1 irvfilo of the connluotor there 

LG one £ actor on t hioh control in iia € eec.cc; $brat Ic 

on other uordc; t io 7ro; lcm, can be tmcUc3 at the 'ease' 



1IE 
ond. Bnotc of lotttfl3 vibrations bzUt a and thcn t'yln3 
to t ung t c 	` 'ort ac'aid Do cido in tb$t cavo to roduco c - 
oli-ztr ;to the coitation to tt o vi4ratton ItGoif. got the 

pobici it not ac DiLplo ao it L i, ht 1e c. 1tbo a b c:ztri 
of the grottlo of the ao: 2uotcr toad; naeic 11 &tabao is 
tbo otraiaht Lor zd oolutlon there are ianp dtffio41ttori in 

43Otfl3 It. J do non iOin conditions the oroco ocatien of the 
nand+ ,tc o czerpt in cc000 of atr3ndod conduetoro io oesody. 
n uic~iiy quite agallo (circular conductor profile) and 
to~den 7 Co gallop doev not cr ntfc3t Itsolf. ojtrandad 
oonluote c oven undo' non t z .nC conditiono "y ho, inctam 
bil ty In many oaoco and the rc + y vIicii ban been ouo tcd 
for then lo to oven up t.boir , iroueronoe to aIo then uc 
nocr11 dire lar no poociblo. Thio can bo Bono in to craya. 
Ono to to coat the conduoto idth aero hind at C;rc co o 
lubricant to . iii up the reoontoa andvoido, The other is 
to tirap an adhouiv o p,v. c. tape) roan3 the conductorand 
W'41ta It, o1roulur,, The latter Pe dy although a rather rorcnt 
one has to be found to be qudto effective, the forcer ctffero 
fro the drawback  that I £nilo to pr ow perancnt rocult 
and r r, r otn3 on otrund conduotcrn to not pocolblo. 

Utth -I oitiplo sn.oMMno opeotally built dioouoocd In 
reforenco, 34 tapir of the oovluutor on the ctrunrj op3ao 10 

powialc, The a ,uxprro st to net lino line type but rn►df cterD 
do not have to be fiat cn out fro the ltnoo for tt io pnopocO,, 

rF1icb O3u000 the c luoonitiJUity of oup4y g0, a rclative].,y 
chart tine. 
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For the galloping of the conductors duo to ice and 

sleet formation on them and consequent instability, an 
acceptable solution does not asist. One method that has 

been sa*gsstod is to Increase the i2JR loss in the conductor 

by Increasing the resistants jiso that it may be sufficient 

to melt the too formed but this is not an acceptable, sols-  

tion because considering the Large amount of heat required 

is welt the ice it is wasteful of electricity, The prospect 

of this drain on energy becoming a permanent feature of the 

traaarission system is not very agtreablo 

Zt is to fact this aspect of the galloping whtoh has 

berried the Investigators so far and which requires an urgent 
solution. 
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9.1 

The differential equations for a vibrating conductor with. ' 
negligible stiffness 

: 4 	• 	(9.) 

• i 3 + S  'f 	-.•.i-. (9.2) 

The differential squ*tionsfor an electric trenseission 
line with destrib axed constants is 

	

" L.+. 	+(k4C + LO) 	+..fir.,.,...•!(9. g 	t 	t 

	

a  L. C. 	v +( C + ) y 	; M„ . 	 (9.4)  

where ' is the force normal to the ands of the conductor at 
any point,C the mass per unit length,, T the tsnsian i* the 
mechanical resistance i.e. the resisting force per unit len-

gth per unit v.1ocity, v the velocity of the conductor normal 
to its axis at any point in equst.i ons9#  l,#  9.2 and V is the 
instantaneous voltage on the transmission line at any paint#  
I the current in the conductor at any time;  L ;C, R and 0 the 
distributed constants in equation 9.3 and 9..4, 

2 is the distance of the point considered trc a tip• c*gin 
along the conductor. 



9,3' 

It in equations 9.3 and 9.6 the conductance to ground 

0 is considered as zero, then the equations become 

H • L. C. " •R. C',"  

Le C. f + Rs c. f 	 (9.6) 
a 	 t 

which are the saws in order and pattern to equations 9.1 

and 9..2 which hold for the mechanical vibration. However 

this similarity ceases if the ooiductor stiffness in 9,1 

and 9.2 and conductance to ground in 9.3 and 9.4 i0 

considered,. Rowevsr neglecting these quantitils is not an 

irrational assumptions and experience of people actively 

engaged in vibration research has corroborated the argument 

that for tbo purpose of analysis these way not be taken Into 

account for most of the practical purposes.` 

Thus there Is a clear analogy between the two phfno ns 

end this has been found to be very useful because the conduce 

tor vibration with ck can be studied critically through its 

si~ul*t~rd electrical network, 

9.2 Anilorous 

The quantities that are analogous to each other in 

these two physical phenomena are 

t cal 	 MOSS ~taal; 

Yolts►de : 	M 	Force $ 	F 

Currant: I 
	

Velocity I v 

kesistance: x 	Mechanical resistance i 

Inductance: : & 	Mass per unit length : C 

Capacitance :- C 
	Reciprocal of tension $ 



9.3 gas -sL hs -~lr~alrnrr~r 
The tocbnigass for handling electrical transmission 

lines are quite well developed and with this analogy they 

am all be applied to the theory of conductor vibraticn. 

Solutions thatobtained of course do not take into account 

the stiffness of vibrating conductor and are to an extant 

spp►rc fasts but they are very useful nonthslass and errors 

Introduced are rather insignificant except perhaps at higher 

frequencies, However methods have been developed which part. 

tally tompansat• for these errors. 

For convenience of this analogy we tlsuse that the 

energy input free the wind to the conductor is imparted at 

the centre of the span, The span can than be considered as 

tr separate halt spans with half' they total energy input going 

into each halt span which then can be considered as being 

driven by a harmonic fare• at one end and terminated at a 

fixed point at the other. The halt span is analogous to an 

open circuited electrical line with an alternating voltage 

applied at the generator and. This Is true because the, fixed 

point at the and to at zero velocity which most correspond 

to sero current or open circuit* 

Application of dampers near the and of the span can be 

considered equivalent to insertion of a IL pad' Impedances in 

series with th transmission line at a corresponding point, 

if we ass* that conductor clasp has aero length that is Its 

action Is not on a distributed part of the length of the span 

and also if we astun* that the dampers can act only as a force 
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at right sng3.es to 'at~►rsst' position of the oonducto , 
o $h ,n in F1g094 , is sn analo, y of the damper mounted on 

the conductor$ power a input being assumed concentrated at 

the centre of the span. The analogy dictates- the inclusion 

of series impedance to correspond to the given damper costs+ 

llstion because the velocity of the damper clamp will be some 

as that of the point on the conductor to which it is conoo- 

cted and sass velocity would mean same current in the simulated 

network. 	 t 

t 

Th. most sfte*tivQ damper for any given frequency that 

can be installed near the end of the span would be one which 

is able to absorb aezimue possible power from the conductor 
at thet frequency. This will oaks the power dissipation aaz 

in=, and the conductor vibration a minimum. 

The mechanical problem of specifying the characteristics 

or such a damper is similar to the oloctrioal problem of spe. 

oityring t ,s oharaotiristiss of a lumped Impedance Inserted 

near the end of s long line so as to provide for the maximum 

transfer of power from Ila* to the terminating impedance: 

F an the *pplio*t on of eazi$m power transfer theorem 

to loft transidsston lines we know that the power transfer to 

the terminating impedance is aazIat if its value is equal 

to the conjugate of the Characteristic impedance of the line* 

The charactsrietie Impedance Z0 is 

r 



where 10 is the resistive component and Xo is the reactive 

component of Zo 
Zo for a loss loss l .na is equal to 

Fac* analogy has been developed the concept of ruobanical 

Impedance which is the ratio f ef excitation function (force) 

to the response funot cn (velocity) in the case of any ROOM 
anical vibrations; just as electrical impedance is the ratio 

of voltage funetion to the response or current function. 

Zn the ease of conductor ibrat ions thst~to r'., on the 
pattern of long transmissi©n lines we define what is called 

as the characteristic aechantoal impedance (2). This quantity 

for the assumed half span is equal to 

~` 	• " ~~ 	where ` is the weight of the 
conductor per unit length. 

For an idealise conductor the cimum possible damping 

would be provided if the termination at the span presented a 
mechanical Impedance equal to the conjugate of the character. 
title impedance or# since the imaginary part is absent in the 
characteristics impedance, simply equal to the characteristic 
mechanical ispsdancce. 

It a lumped Impedance Z Is connected into an electrical 
transmission line at a distance h fret the open circuited 

sapn0 the impedance of the $ stat, end' , the portion between 
the location or the lumped impedance Z, and the a* open end 
of the line as viewed from the location of 	116 

is ■ Zo oothYh  
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uhcwo 20 to tho friponoo of tho ottab on, 

Fc -in idcA lino faith ii and 0 both acro ,moo cq to Sao an 
utub cnn Lpcbbnco bcoccoo a pu o rciot3nao co 'y cam jp brccr oo 

cq l to -:iJ  

©c h ( , " • h) ij 0 Goth Eta • t )a1ao doth rh 

vol/'V 2si. F'/ 'm it 0 2VA 

V a vc'1cOit3r of prOpa32ticn and i tho ravclo th, 
.'.0 Vic-uc: frcz the acnerator and the lino appc~ro to 

be tcrmtn to3 in an iopodanoo Lo 
4¢ 6o C O t W 7' m 

or in the ideal caco 

oaa 	tlo Cloth Pah 

. 'c• t Lv otriteo the variation of the otub crd ►e otnn3o 

with  the dtutanco m If h to an odd nu bcr of qato tavce 
lcn8th the reictanco of the stub and to caro. in this caoo 
for azim poser trc&nnfor Z should bo a p o rootntnnca 
cquai In gnitudo but pppoolto in ctgn to the rcictonco a 
the otub end and the rociotan o component of 23 should be 
cqun1 to ;!00 

Per the gds .liccd ccLianical problc Lor Ma r OL 

ponciblo dc pin the f r vapor ohould be OCOiGaed to 'har o a 
oc©h~ryical tapodanco with the rooiZtanoo oc ponont oqun , to 
the obdraotcriotic iopcdinoo of the vi ratin", conductor s a 
rc3ct ncO ac poncnt equal but opp©oito in oign to the rc.aot noo 
of tho otub and uhich in idcaliccd ca o Could be 

o ~~ Ca CothU j 
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r rrlRiYrirr~S.—~.rrlrllr-,ai•F+ 

© fir the £,rob1c of catohin3 the da©poi characters' 

c ttoo ulth VVoeo of the lion upponrs to be fzirly coy. Bcwe 
cvcr the pz oblc ie quite cczpleir beciuce Of the fact that 

tho v t rutirj upas deet not haVo a vinClO raaoaant frcquonoy 

and theroforo tho e citing force functi.cn has r ultiple frequ. 

encics, solution found to be cpticuz for one frecuency,, may 

prove out to be entiz'ely inadcquato for the other harmonic 

frequcnoton. To oast the rcqulrementC of those conditions, 

Asa 

 

have to do velop the rolatierahipc for t u rcn cn of frcqu. 

eiiciea pr a ont u d than colcet and apply practical daLpers for 

optimum d. mein over Otho t £.requoncy ranges and thou dvtcr€ ine 

batt ofCtct1vcnoss 

It the terthattni I pd nee has not been notched with 

the 1mnb proporlyq wo hnoi that it given Mise to ct3ndin 

waves because of reflection frc i the r ;etv n, end. The poor 
tr :nntcred to terminnt i cn iu t is case can be s o in to be 

equal to 

p = (l 	)2 	̀  ce 	) 

chore 1t3r3X 1t3 	 is tho ma nitudO of the currentt at current ciziia. 

1 in tho .ratio of the etfeotivo rari:tanca of the trriinatian 

to the characteristic roti&tanco of the linea andxio the 

ratio of the offccti~to reactance of the torr inn tI.en to tho 

charact  rictic r j :tone oX tic »ins. it the loLrico in the 

lino are rlc3li(3fblO (1.00 Go to zero) then ,: ($OX) can be 

a1cWn to be c st l to 
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$0 

+ 	x ~► 	+ x 

($4 • pas. $92 at Fist crones 1$) 

With the lint properly tarsinatad the *az1am amount 

of power is transfered to the torsi tion and this is Tory 
closely 

Paaz'O a Za5x2 a ,7Go 

In Ideal line without lours 

and then 

paI sPQ F.(9%) • ► 	;? ( 9 ?( )  

F t0) ) UP/Pa".,~..~ ~..,.. 
ft, values of 7 (9, ) aro shown in k i$.9'3 for varioas 

r ► . es cC 9 and . It can be seen frc thane that the charges 

of resistance have a lesser effect on V (O,)-) the fraction 
of total maximum power transZ'srable that is actually transfI-
rrsd, than the corresponding change in tersthatthg reactance. 
This can be constros%I in t o asohaniasi system as to mean 
that the reactance of the damper and its spacing fr o the 
supporting structure is ;tour iaportant, 

++awing back to the salvation and placing of the dampers 
on the trans aission line conductors $0 as to cov#r the entire 
range of vied velocities obtaining in the terrain in question 

it can be said that with the insight proviiod by the work don* 
sa far in the cribration research and anal.ysi1, It has been 

made possible to find a fairly acc optaUo solution to this 
problem: 
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The Inherent power dissipation in the conductors duo to 

tnteratrand friat .'oxo and other causes is proportional 

apprczisst•. q to the aizth pcxtsr or the frsgaauey#  rob . the 

power Input trca the grind to. It for a given amplitude, varies 

as about the third power of the taequency► or the wind velocity. 

At low frequencies the parer dissipated in the 4onductor is 

small but t higher frequency it Increases at a -much greater 

rata,. than the parer Input trcz the wind and therefore the 

power dissipationrequired in the conductor initialer inoraa. 

sea with the tnaraaaint frequency then reaches a aazinua add 

then dacroasaa duo to self` damping abilities of the conductor. 

For the usual daapar applications, it -1 is the frequency 

oox'respondlng to the saxia► velocity at which vibration could 
be expected in the abarnea at dampers#  it to found that the 

aarlai power diastpatlon to the danpara is required at 

approx tastehy 0.4 f 	to 0.75 ' , t, depending an the amplitude 

of Interest. If the damper is located to that it would be 

one half of a loop length .arc* the span (T/4) at 0.6 fw" the 

reactance of the stub end position of the conductor would 

be sore at 0.,5 fay. Similarly the aaahanieal reactance of 

the damper passes through sero at its natural frequency. The 

not a.chaniaal reactance would be a mil if damper it s.lsoted 

whoa* upper natural frequency is about 0.6 fsaz.and is looatsd 

a gaarter wavelength away from the span at 0.5 t, 

The seohanica1 r*sistanae of thy► duper would be gzpeo-

ted to be equal to the characteristic realstance of the 1ins 

for vie to ta Improve the eftaat renes$ over the entire 
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troquency range the asohar~xctl resistance has to be kept .. 
several tiacs the ahsractsristio rsststaflee. This requires 

the study of the line an the analog model and choice of a 
suitable value which is satisfactory in each particular 
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tH 1 T *1 .12 
UM A 

Vibration studies of simple mechanical sjst+rs are 

usually done by methods which#  the igh not difficult#  often 

.require the expenditure of enormous amount of time when 

done by hand. The .s* of computers both digital and analog 
types  charters the time considerably, : s will be noticed 

in the chapter on quantitative rsistionshi;ps$  the algebraic 

oxVr+sstons for stresses otnd strains are quits c bersome. 

Digital computer studios would allow *, very such more precise 

computation*, and at the Sant t + ennoble the solutions to 

be worked out f s large number of working conditions 
and thus prove to be of enormous help in the design of 

supporting hardware* 

Analog computer studios could be useful for these 

as veil, as for the damper analysis for which ready made 
differential equations are available, It needs to be stated 

hart that the stidy of the cheats on damper impedance 

minute changes to the design p:r*sot..rs, on analog computer., 

is perhaps the best approach to damper matching. This is 
all the mere so 'because the analog computers are capable 

of dealing with the non.linssr driving funot l ens and 

discontinuities w aioh other wise require simplifying 
assumptions vhioh a fsct the validity of the results. 

The particular solutions of the differential equations 
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give the steady state performance and the cospllaentary 

solution gives the transient performanoe. 

In the more straight forward differential equations 

for the aerodynamic instability caning under galloping 
the digital oceptiters have been used for root soiling as 

veil as for the other and there is a tremendous amount 

of thea - arithmetic &1 oalcu1atlons. The aauations 
arrived at arter oonsidezat.00 of all the minor and major 
nomas on the conductor as in ret. 29, are to involved 
and the final eritsrion contains the s a cents of such 
inwisldy determinants, that computer approtob, retains 
the only solution. The digital co puter with the use of 

matrix solution cathode has already been put to such 
use and hsa enabled valuable information to be obtained„ 
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ITUD!UNb l* 14$ CO1D1T1O 

No detailed study of seolian vibration or galloping on power 

conductors has so far been dorsa in India and therefore mostly the 

protootIon schemes used are exactly those which were to vogue in 

the western countries a decade ago. in fact the only dampers +sue 

on Indian transmission lines are the 6toakbridg• type because, 

th• importance and utility of other types of dampers has not been 

fully appreciated, Conductor reinforcement at supports is dons by 

tapered aluminium armour rods onlymbut that is quite adeeuate. Its► 

ipso da aping and optimum damping techniques are not employed and 

all spans long or short carry same standard pattern of two 
Stockbridge dampers per span which night be uneconomic for one 

*pan and inadequate for the other. On long river crossings 

conductor failures are well as tower failures have been reported 

but nothing is done beyond just repairing then, 

Aeolian vibration and galloping under non icing cond ,#pion* 

are perhaps such more important in general fry the point of view 

of Indian transmission systems than the galloping under icing 

conditions because of the hot climate. However in the northern 

most part of the country ins and sleet does Cam on the conductors 

during winter after snow fall. At present there is no important 

transmission system to that region but chances are that the hug* 

potential power resources of the Himalayan region viii soon be 

harnessed In stages to make up for the power shortage, in the rest 

of the country and then long transmission lines will be laid 

in the design of which one of the first and foremost oonsidsratiani 
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would be to rodeos their vulnerability to galloping after snowfall* 

At present however this trouble confines itself to the telephone 

wires and th• distribution conductors sa►inly In the coldest parts 
of northern India. Al discussed In chapter !i the solution to gall• 

oping under icing condition* does not exist. It would tis in the 

interest of the Indian power su,aply companims to keep themselves 

abreast of the now dsvalopseot In this side of the problem as a 

lot of active research work is going in other countries where 

the problem is very such more &auto*  'do ever the study of the other 
two sides namely the ssollan vibrations and nontoing galloping is 

rather more Justttt.d 9 long overdue in India. 
Firstly the schemes of in-span damping and use or torsional 

dampers as well as the sigal• degree at freedom dampers will 
have to be given their due place but at the sane tIs• all those 

things ema not be used blindly as they are used elsewhere. Tess 

vibration protection criterion would have to be modified for 

these schemes so as to suit the particular types of conductors 

and supporting structures as well as the prevalent strouhal free. 

qusnsiss (which depend on the wind velocity besides the conductor 

diameter), Also the spacing of dampers should no longer be done 

on th• basis of not formulae but consideration must be given to 

mechanical iap0aoo* matching (chapter 9) so that a more efficient 
use could be made of ' the sixes and their characteristics can not 

be changed. I`or representative spans and for extra ordinary spans 

the analog model studios are to be recommended as with then the 

conductor performance would be easily predicted, difficulties 

foreseen and altarsstive arrangements worked out„ 
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The galloping under noa3Fir conditions hss 0200 to 
be studied In detail to reduca *pan ralm$rsbilit7. For the 

preset the tapinj of the conductors with an sdbesire p.v.c. 
taps is the best solution and this rust at lust be done 
en long rives arossiaja. Whir. due to Its ,Urge length and 
tension the eondaster shows the aaxiaa tendency to gallop„ 
Stranded conductors shoiald in these casts be taped before 

% 	installation as far as possible otherwise this operation 

woisid have to be done on site under strung conditions 
which Is rather Inconvenient (bat is possible) ciroalar 
co ducters need not have any Such treat sent given to tea. 
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CUAPTIR .2  

MUMS 

The discussion in the preceding pages indicates 
that vibration problem of transaissIon lines is by no 
rsans as innosuotas as it appears at first sight. The 
vibration consideration# IS not tally appreciated at thi 
design level result often in substantially high costs of 
repairs and replac.aants due to the vulnerability and 
susceptibility of the Un. to the dasagas described. A 
number of preventing and rsasdial meas es that are now  
.ccoc*tcall.y feasible deserve to be each best use of. 
These are for reasons already d..iscusssd, certainLy not a 
completely satisfactory solution, the ocmpinity of the 
problem being almost unliaited. ' en the soolian vibration 
which is claimed to have been tackled completely is trotzb• 
lescoo at particular frequencies with the tuned dsapors. It 
is true that this problem is nor* aasnable to solution 
than its counterpart that is gilloptn, 

inspit• of the aomondabl* amount of work done on 
galloping its solution has been possible only under spec# is 
conditions namely the nontsing ones, Investigations are 
still going an and it asn be hoped that in near t utare,  
specific methods for reducing the conductor instability 
under all types of conditions would be available; 

The analysis of asoltan vibrations is *Oro or less 
satisfactory although one wishes that more rigorous infer.' 
aatlon were available about thi energy inputs and dissipations. 
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