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Chta study b e  bean oonductsd. 

Rs 13 aloo gr@tefu'ul t o  %ha UgaZoB 9$&&(sta9 A i r  Foras 

most of the equipastnt, 

The a u t h o ~  would sspaoial lp l i k e  to %honk Professor 

af  the GaXitornia in@L%tu- for eug&;e,eo%ln$ the 

topic or thfe GhsaSu tmd fo r  w&danae Chpow*out w o ~ k .  

renllerad by Mr. H. E. Jaess h1180 of' Cho Californi~l  

Ins l;f cute f s grhi&safully aoknouladged. 



Rwpbsr pE' airol~vlfetmntlal wave@ 

Shell mioimass, fnohes 

iw Sanotor 

3 t ~ u a  t;uml baarpbng g&r&m@ t o r  

ShelZ fnWrmaP &~oag(9 ~CBBBUF@, pe@.%* 



hi. &prtnom%al P~oacadum 



T1an-wa1Lod @h@Xlo, smetimes g~ssrs~no e tabf 3% aed, 

am usad a@ re't~u~Ctuml cslemnde in u82ssiPes, syaoe vehfcle8 

nnd othor cappliaatfionn n i n i  w@%B~% 1 8 ~ P Q P W ~ ~  e 

Thags @$ma a are @Seen axpoaed to @lsPlow and tur$ulence 

s l 3 ~ d  by fosoS@dias. To onsbaa ale responea Lo Iluo%u&tiw 

Go dLneiporLs tbeee notfoner , 
TNO Cheories (P) and (2) have b o n  ~dvancsd to 

gredgo t  tho natural FmqutsnaPsa a M  o ~ s o a i s t s d  model 

paftesntr o f  oylind~iool ahelXnt bat no algn'fiaant prograoa, 

Ceken $la an attempt Go teat Vns v a l l a L y  of Cl2@ rssdal 

%b.heo~fes for  very t h in  v a l l e d  ofioPlo to provlrles 

vlPtraCfan iieoag &@%a. 

To Clrla and %he %uraYa. 

e:ltlal %$avers wsm found eaorhmc3nta2ly on %&zee opllnd~iool 



setva3ess oopper @bells of 16 linafiesr d l a m t o ~ ,  1S& imhea 

Iswmdh, and .020, .0060, and .M)32 ln&ee wolL tldaknarar. 

I]@@ wars raadc~ of o rpodel &&ign@d Par ulnd twrrel 

t l x i t y  was &lotecs& by oealfny: a ~ d  at;~awr;h requi~ewante 

supporter& snda. 

uork waa conduc tea at We @wkp,9nkeiua li@rma%~l;f ao l  





wound a pow&rstd i ron ears, the induotenas of *$ah va~%eb 

accocdiw to the dis%aa@s betwen the ooll and the, ooppsr 

eh~11; mue the e~lplifPed voltage aPop aomsa 0011~ 

men snergirsed by' st PIOO Wlocyale o 

of tbe dllepfeommnt. 

En %ha I t  i$ing e&ecrt~on%o alrouie the o a ~ r l ~ r  

quanay ua8 PiLtared out leavin(6 only o voleags 

~~sopmtlonaL to  %be ina tantancsaurr dlsplaoaent .  mi@ 

fllteraacl sL&mel wee e g l i t  linto A.C. and D.C1 ampanen%&$ 

the  n.a, rcsgrcrtt~mr;tw tho sot& on of" $he aurfaoe anal 

D.C., a s  sCabf o poef tiern a f  the eurfaoe. A 1 1  mdal 

analyses were per d u~ifng Ehe A.C, portion of the 

signal. fehtt only ~ f f s o %  oP stotic displacetaent of Che 

rurfstoe., euoh a s  inskellation eoocenbrf o2tr klnd nanM1o- 

t t l rgng toleranats, woa to ahawe bhs alope ot %he, 

roeponsle ourve andB Wersfom, ahewe t b  seneitiviby of 

the cenhlop. S t a t i a  dieplaosmnt@ o f  t h l a  typo groc3uoed a 
, 

ssn@ft;lvf ty ohax%@ sf approximat;eXy 20s ovsz' a ocaaplets 

180~ Lraveses. 
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pomanont a s p $  mauntod Ln Cuz%&om r ~ ? e h  the aoil. The e d & ~  

Figwe 4 ak~awa clohea~ tianZly tlis game trf o raXhiCPon~hip 

betweern $ha cpddy ~urrsnte, mu~jnatfo rgelds; and f o ~ o ~ ,  v@oCos 

applied Lo Lhe ~ k i ~ X 1 .  For a cteZ;~23t~tB oxlroaftaon of? the 

8 t m i ~ e ~  kbe t~k~ in  problam, sau r e f ~ ~ e a a s  3 .  

The m a  n srbomtaga of @(J elaat l -ad~&mio strplrer Ps 

%be% kr. sinusolcia% goraa, f a i r l y  &ee im3 sub and super- 

h a n ~ a n l c  oomponcsnl~ een b@ ~ex~e~nt;ecf w%$ka.louC k~&v&w to 

ras*uarinla suuh oe aopTur and & l ~ i n t m r *  

d@311%(3d p~slCPan. In praatcrtlcc, i2owrtver, 59, &.as kept to 

within X) de~rtseo o f  &be, oentor af? t k r @  efde oppositcj tho 

t r a v ~ r s i n ~  senaor Lo evoPd a l ~ o  trf era1 intorfsrsnce . It; 
could &%so be %rrave~e@d aPn?Lly .  

Both me @il&i02~ sari B s p e c l b r r  ware @n@q;ized by 

the ampliFPod oiltput; P ~ a 2  ta variabZer f&roquencg otia(illlat or.  
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T b  voltago to the @softer vae ~o%aCol?ecl by a mall volouuer 

Tho shell m s  eioetl  to stead3 atate resanmurt 

vfbmtlan for Chpt &sired iwda by e i f h ~ r  the loud sp@&kar 

abrmptly stopped bg a h o f t l ~  Me oaclllator outpug to the 

amplifier w i t h  o m  w a d m b l ~  thsrcou mL@3e*aeablglbhr) 

t fmguenaiert were Pound by muntltng the 

shlrar et srpgroxirsetr~Py haXf rsng nlow Che shell on ths 

side apgclalta %he seneos. Then uitP1 the Bonaor arblLr~rilg 

paalt&onerl and the shakor or speaker m t  about thrtdta 

qwrtars o f  it8 naxtnurn output Cha Fsaquenag -8 inorea~tad 

frm wcslL below theoretiaal Povoe% f~oguenay m t S L  a 



A t  t N s  poe%%%:ton sl pW%egmph of the v l b ~ a t l o l l  deaoy 

vasl mde, mcrra MI$& t;h& n m b r  o f  o p l e a  eo Barf 

oould ba, abfaned and the hwlns ~ P O ~ ; O P  btatrprarln.dc 

A f t e ~  W s ,  axgal and oiralill l@rsntla2 trtp'oersoe -re 

nade slnd thtt metm rsquru'e voltage (proportional to mean 

square siblrsltion 

($ha% i s  df 8 0 2 0 ~ ~  the amber o f  u f  P% half wave@ @aq' 

and oircunaiLerentLeX waves "n4) . mnring travereiag &a, warre 

~ind Gila *@gu@ncsg vaa oonrinwlZy @bunted on the " E m H  

%i=r+ 

was posafblo ta plot  (;he imguency oa. nwlbers of oirotaa- 

ferent%al wevse and by fmCerpo3aCion lind sxtrapolation get 

approxlmsrts valraelp &s Lhs 



% obtain a h e c k  on the &emping factors by another 

rastPJ~od, a s  v2bretian sunplitude W&P~ plotted ao a ti. on 

o f  freguenog near reeon@zlae end the width oS' the oume, at 



oersuo n f~~or ohello o f  Sl%oknees h rn .02OS .1)060, and ,GO32 

f nsl%@ 8 in Bigumo 5, 6, und 7. POP a mparl aon tl%@ 

tk&@@re%Loa?, v a 2 u ~ s  o f  the ~resronml $mqusncles by 

mthor! cf firno%& and %arba~tm ( A )  fir ends c f  the rsheXalk 

AYeelg supported and Pixad rarca hrlao shown. 

orotta la l l~  tb@ ~ C f e o t  a$ end P i x l t y  beaomos unimpartont, 

tho sxp@rf&mntal oslw s @groe ~ U j l t j ~  w e l l  with t;t%eorg. 

k i t  vaPws of' n neap t kLo  n i n h m  *equeno$, where Che 

valses fur f%xerE on& f r e e l y  sup~~orted end f lxiCr: buL 

tkle .0060 incfr o h c l l  freqluonciora approaah %ha fSsrecZ and~d  

quencfee. The h .Q0E aafiell, however, hole 

conni8c3rktbXy f"righar than Mgorotienlly grodiatsd gap Alllr 

fixed ~ n d s .  Tkde b e t  P @ B ~ %  swgaeled por320~pe t @m@ ,- 

t%lan end f l x i t y  was a% work on the Wlbnmr 



p%mntal a%& &.$an@, I% 

ohauld b nnoted that m extrnpoletion to l o m r  value& o f  n 

f for the h = .0032 sIxe31) yield@& 

a of *wu@ncg. for Oh@ 

b r . .020 @bell, T h l s  ocnr'irwed the theoretical $@a%, 

9 for fixed andelf mobs, 

%a C C b  effactlive snd fizsnitp o f  tha h r  .OX)  end 

h 6 em32 &.@lle m a  aapprax9mel&2y the s FOP $% 

hcd Wen e h ~ g e  4 i f l ~ m ~ o a  in Che end fgxity Z ; b  

~ ~ & q u o n a i a s  Goal& Uvc8 been eauah dL fiferent et: low vcplluea 

Pk;yeioallg oorrasponds to the srgonentf~l elcjooy 



and appeera tu be a reaeonclibla paranaeer to uas 511 view o f  

&scribe s t r u o b r o l  &aal2f% i s  r e l ~ t e d  Go , n t  %arras% f a r  

@toady s to %a vibration, e s  followas : 

an4 fj~sqaanoy i n  k3%gurear 10 and 11. T t  stioi~ld be not;@& 

grsri mpi&ly  ta ra v e l ~ m  near ly  Lhroc? sat groeC st 



I &  i a  inCercastinr~ to aoee %bat a% lawe nlmborc~ of 

w v s a  ( n 22 for h t .0032! and n r for h .020) 

.Chat tho ratio o f  daaspfng fmtora t 

and ChQ, ratio of ProqunncZasr 

This result@d in rm .0825 agproxSmat;slg ror botta 

shslEn. This vaf ue of "g? f s doublls the value famd by 

A ,  

e%satr6depoel%ed aoppep. The average oeluo thog f w d  wee 

A@ $ W @ I ~ P  tsb@ak of m@ the variation of 



l ' h ~  o@luae o f  'tr plo found eras shorn in %he dotted 

ers o f  Pigwatt 12 @ad 13 rand indfoata  order o f  rarngnPtude 

beirq -%wan 9s and 50% fiigfnttr, X E ehoulil txt rnapbfjiisod 

%hot t$a val*mc dagennlnod by vPbraCP an decroy are the mom 

~ 9 0 ~ 0 -  e 

A t  the outs@% in: uara suagaated %h t the motionr~ o f  

ex%crnnl 8 % ~  an9 ~ $ 2  trapped b ~ & w s n  tho shall and tkm 

tfor,. fie~aoval a$ the dsu:rp%n(i: aPPocto o f  the a l r  1.r- -8 
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f n  dempfiwz Q% tt-I@ Pow v ~ l w s  st n. 

Dwing tile oourrao cP tka PnveetZgutf on i t  had been 

s~35sc9ted t h e t  the pp~x%&ty  ~f the a o i l  of t h ~  sheep tO 

t;b% ahcsll &g*;ht be n s w u o e  of d&wfw duo 'Co mo2;ion o f  

tho  &ox1 tkrcou&2 n@Zd of tho p@rm&1~8@?sn% n@gn;nst.. Thitr 

%%a faun& to be+ ntsgPigibly aurrall 'bx ohtolnfru a h a s &  

%dentfoal. ~eoultcs u%tb $be louilr~wakar exoftaMon. 

kaportont a t  hlg43 node nmbers. mPe t;grrcas qua2f%atively 

uith the ~laulta c r f  %hi& stuQ. 

I &  should bo notad that tbes clcrte p~ox%x:d:\ie.gr lan 

t"requenoy 0% tM nodleu or tho %Wa~eer t a h a l l  made analysis 

a,D ktw rwilal p&i; t a rn s  vary aPC&cul 'c  evsn thou?& 



positioning of  the oxoStor usua3Zy oaueed Che =&a 

invastlgatfon to atand out sufPfefsnt;ly to be ~ e a ~ g a s b d .  

On tho o t b ~ r  hand, (ll% m B i n v ~ @ t i g @ t @ d  on ths 

h r .O20 inch &hall quits magu'ler modal pettta 

In t h o  sing%st aase o f  mdb InCerP@mno@* 

AnoCPae~ @ ~ $ " @ c ; P $  of as& %m8srf@~@nes f s 1E&u@t;?~at-d 

u n d e ~  invea%i(jabllon and i t s  nef@brcp~, or an oeof l latirg 

e x o h a ~ ~ e  oP energy. The bearfag doea not aaaur 

ateady forced o a c i l l ~ t f a n  but seems to came ZnLo plar 

duriq subsZdenoe ao shown f'or the ~LtenpteB &cay 

sheZ1. The ateedy state in%@~fsre;lae get ahow& P ~ P  8 %%an 

ot frsmntty in FZguro &(a). I$ ahould Be -noted that nods& 

for wMoh no I s  &own Pn Pigums %O .OC~ 13 wrs those Pcr 

mioh t N o  type of fnterf@r@noe wee too large ta &low th. 



the f;heomt;PoiaX values for fixed enas and Li%s $sods& ogmed 

ambers of  waves Che sg~6omant tors even clossr. Far raw&@ 

af P i ~ l w e ~  nwB&~@ o f  wave8 

the s*psrhxn@nt&% values fix1 beam- t;h& & e o ~ * P o a l  ourvas 

f a i r l y  oonstant for modes wlt;h gmater BPS of W&VQ@ 

ss nmbe~e of waves mduobdj w l e h  acs Wtimer shell 

e*iblt;ing t W  g r a e W ~  r lae .  

Af, t h e  hleerart wave n w b e ~  tesCe4 on sroh aylinder 

the o f h c t i v e  a%mqtw?al dmpMg permetcirlr g = .a62$. T M a  

volw was approx %ox$ amble Chat found fw tplecrtrad~gos* 

Boundary clawing ~ e a f i  be an 

eho t o t a t  damping. 
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Fig. 2 General Arrangemnt of Sensors, Traversing 
Mechanism and Position Indicators. 



Ends Freely .Supported 
I n s 1  

Ehds Fixed 
m = l  
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Section A-A 

Note: The terms "fixedtt or 
" f ree ly  supported" 
imply, in this repor t ,  
no restraint in the 
a x i a l  or oircumferen- 
t l a l  d i~sct t fan a t  the 
boundaria s . 

Fig. 3 Modal Geometry 



Eddy 
Current 

1 Element of Copper Shell 

Fig. 4 Geometry of the Forces, Fields and 
Currents for the E l e c  trodynmic Shaker. 



Theory (Ref. 

Ends Fixsd 
Ends Freely 

Supported 

Note: Resonant frequencies 
exist only at integer 
values aL n. 

Fig. 5 Resonant Frequency va .  No. 'of Ciroumfsrential 
Waves for h ts ,020 inohes; m r 1, 





Fig. 7 Natural h'squency vs. No. of Ci rcmfs ren t in l  Waves 
f o r  m mp 1; h = .0032 inches. 
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Fig. 9 Effec t  of Wall Thiokness on Natural 
l?r~requency (Theoretioal, Fixed Ends) 









Fig. 15 Effeat of Internal  Prassure on Resonant 
Frequenay; m r 1. 


