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her rwssuutor Las Cit tMe ocutel r otltJa Wigtzro, eis4 cbcv it is at ttuirr IfVn-

aet sbich is read rca- teetis Cý-Xsntc flsý ral tb'q u1ftU is0 a~pplied is V, Ion-
9Mi M wiWvtOr 0  Xis tte fOM-rm=6 cn9re com c"rýmic sawkVb~n, coma befmor4w sow after testc~ag

The smin problim ins this var -1nw to obtat'a tin acw±'at's vw"aaresewt oftb
ttxne0 at whtch ?r±J.uzn occurred'. The wit ~qppoalflt apxrcx' eh for rapid cait
counainst t.titi~ tovs to moalm tile dij.tevaruetat rth WeA ete ofa flotaI. nizg th& oapaitin, Pickup Previocwivy itfmwtrate4,, aiiil Wr:Vla tam straiss from
this Gata For q' sizw- har-'wwi*- rwomntcr U110 frtto t 3~ o . tl~
sinO tUS retatioO Utftnen the Wt.zmvas "At the centar (TO) 0=4i the diepiacPeurrt cr't
"mto& en {z) ,J-flcatioa, xvKtcflt4 of thic fotuzuia for the coapisita Roetat

ccarmltstmctavo nue ccawiderod Iva the &pyn4Oz.. 'z11 tllwy Lit fovmd to bcv
1 mgtigibi. ,ftetft in 1 i elo rr•Oat.

Tbu cfrcwit of tvwr- n~ctn 5 rvv s :tiso Sni ia 1igair 3. A fshwxt
COG&wer (W8 )- Au xMi In P-arallttl vl4th '00 flbrattc -pdo to saislyair.
th Oft_ t OX ity-33 wajo rgdiev tito 04"iti~vity to nc oEvvteu~tt veluný

jig its .ewuttvity frtx tikwnrA tpTwtpflliuvlts.nd c~p
acitiso, Hopec-teUJAtr a thnm dilapim-arauut r-manritttmt Iwos abouxt± i$ý thL

4pricwJ.1) vnrh -tics bel!u ism thi. ±oo, t of tto a'4'p !lt~gth. Thin error
could be reducS i* 4vottimS U"o 'P, iislctrkcaJy, (4A6 ue wIll :zopt thi uitbtrI

nh cbtats viox tiýanttf4 : vtronics cta~eyoldi uu .zA rntksr t~u al CA C,c

Vrw ini t~v. &ix'ct glee wtressn.A t f StrjAwt, Pa r*tdutanoe vire Stwtvais wnus
tp'towmt~ezwat ov -Ktbo v'guo.l 1C)0flmf~&y c- a to th3A tcwmtvd, Tke c ircuit

empllodis @IKYwt PA thu xif4ht ac' Yisttr I, For tb0 b~n rn&euottr Vs'3 reamlt~i
vaer "tbun 7% of flcno obttjxe4 froia tin ccpacitcW'm piclalvp but l~r tbw ib*b

it mtow the st-ro"h &~ coasiotetx*)s grnyo valh4ia i,,6 t'"It'm as awtuMas hO
trsn thm capnitwea picup. It ýTao c UcUd tita a 1sitbe did no atnob
aimpie 1agtswcim rwmsf4wo~ttr, wcr tikmot ito 1iozgth to d-it'mt&w rato was
Rai Its tnrgstial OiwIap~cawat,, av wntm-ad by a ybrmompf a Pire ptcccpatia its
length, did not tifle appmo latW(y i'rsn ax O w vtdvt' ako 1'im Vtaanc 101* wt o

4 a 00owvelnt fra r~oaijm weutcin'wcmtu, but tbo corAc~tlwio n cwto Aliki poridA
yaw appif 1wo on1 MAta obtaius4 op tte itwbe rw~oA~ttte x4ththe eaprazitiv.e

'K 'A, whfleth tke hwannin a xtboso &*scribed 61K"cveve the rdit a" uved,.
n ~ ~ ~ ~ ~ - -k~e otw rft wweaO~td iht)t vali-dity of 0

nogalts. Thu &itvP;l1ataoamt of ths Mn4 of tkta rnOAt,'sw "W cbscht4 oVticallyk
izdttC,4l by direct r~auing throauph tj vatcsviotoe isiM lattr by ovtlieai lter

pxs~mwg coett~rucd thv e!upact!tivs j4chuV ?4Pultu 'botb fka' the kits wAz 'the

bar resiwntos,. though tho osti~szti* $,CCellr7r Obttwz-tflu witAb teA*a cirone Qr
wozS mat v07 MUh Th4.* itotaznwvotwo fl o witb Oa~ bSr reiw-ctatc et'O.-1

I; _mw $41',, Av acc-*laTr~eak-r MOD t~fed tU tk0O "'Al Of ttt tar to 1monitOr &6,
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vibm.tIoui cuplit-Ad, cnr Use ulir'r for the Interfo~e ter wts tenIO23"13
&.tPJ~ad to the t.3p oZ the *cce.1.rwtsatr. W~ms tho cuiapitive VickVi W sptin
uo.4,. the aiwror um ?Omved, nod a cmrteetice for Iit =me as isapplied to the
acc~lerawter csUluiatioc. Ifto interfarometer results a~reed vith the cI-~
tIve pickup reuitxk vItbhit the 1littera iaccurtcy oepecttlw.

The atreas 4t --he cntiter of the ru~c'nator wo checkad with a Viacoi
V0XVC gauge. Tbis cresic td of a thin taium~ titumte, plate vtich was lnacr-
parated in the rw'aowtor uandvIch betwetn the driving ce~wlc sad the stel.
Tbe c'ramic plat-i is 1/8's thick arA vas w=Iulr 8IhIped for the tub. resawter
*zd cfrcialzr for the 'bar resopetor. The a1xctromcbenicta1 circuit and GfflWi-
tiv~ttV eq%*tion Cor the force OauWo in cbovi in Plaure 5A. The coplIame of
the ceismic pletv riay be ccqpute4I frow the tuteriUU proper~ties with adequate
ac,:ucy,, Lcd tli otber pr ~ite~re of the ceuraitiviYty aq,.t ion can be winaaaed.

e cectrcw~c?'~nIccal rat~io '.j waz dataraltu-A atatically by aubjecting tbo
rozorAtor to lor±~ittaics3. prcoaximo in 4 hydxattlic press tAnd meau~rIng tbe volt-
agn dorelored acos a lca-o atorzg coz,&czncvr vih am electromter vban the
presscure uas~ re2.-ma33'b 'I'h cali'braiticn af -,ih rect3t&=D. atraft gAug was aloc
chec'rd In tbia t~u'W Ar~ $iz',p-audct toti;~tt: of *51 vao derived fromn dynamic
mauementso or U-p- 1-3. Idstccloctric conntan), of the plato" since the relation~

fJ3/'U 69 1:01iAI Ci"'.iy.V 2 o tecx 'L c~1oYTA! irespectliwn of Its
deg(Yv of )11or5iviti,)fl, el3 3 coull be ctlmn~til, z-,d froca thý.z %vaue and the
dimrenzionn of tl-t, plahte !P ectid be cclculce-ed.

When a~n av'i-.zcj- ,ý '.ýktzi of the sttzictll 1i, ad thew tiyrmmc N2. to obtain
the force ~rau~ gr c the ro'lti"i maoux~in~uorits cf strrccu agreed vith tho

ii;~~c tru"n r,-%z ;.-ccult vi.t'in 30% ~'or botIh tb1i tt~be and bar resomato~m.,
'rMeao valciuv cl.ncks jrwir cor~icdetce to tlu- beliet' tknt sxt tress wAn Us-

pccln'~ oveI)r~irig aonw ccti~rvtay -:rA tbxt thec ra-13mra~ of the aitreu an
11pic-Cmrnt at~ ni t'o jiboi n -"-"w coce of7 t1.,, tubea xrzeký= r vzan due to sou uW-

Ar~ot*'g~r zor'.ic3 uvdcic: 6= txioed ur to colculthe i~, rtress ftvu the Yoltaol
-1idt.) thr, .an<,rator, uzisya ita c,kr~urc'i equW,ýr3tnt cq.-cuit p~aeatera. lfbi~

ectriw :i C~cuiand the aqitTt.orn to= atvicin mai Given in Figure 5Ba
'i4~ zh.:d '~a r~~'. ~ q 4d~r~ (~r~bal V01r gaincr. iioc liecauaa. of Its Indlzrcl-W

n~s nd crtz.:* arny nr.o-Iimncr cl -ctcriti'ice o)ý thv: ejid,-vmlent circuit para-
nr- h(cz o- loQA 1j. tc. inc:Yrrvct raculto ct; hig~h sctjri c-A0z The povoibilit$

o.~o1i~p i:~s~i~or .-- no-.Iftcoa, -oint comr,'Uance or ý,inly existed, but
f%:. cbtl~clj~i o>,%c.h~tr m~tihcdni t %x citfP~:ioA.t -. 'x rmuh t~u operiment at l.ow

"".-t O GrOLmat1. 'M)V. the aO1 t Wi4ch '-Au cquiva3*~t circuit
r~r~~',: .~;v J~crri.~IMTh utire,:; do-',_.rzaiix' by thtn !xtot~d wiea in trAl

a ±~~t(2CPS L-ttex) vitli-:" t dotxut~a,1ned bý, th-i c4,.Ixw iiva pickup mnt)Kio
>oh1 ' .AtL o co.~~v 'huns, V-;n niol~b.,41 fPaied to detect

t jf_%xj3, -:rov~ .I..(11 IniitCA( in' tIWX p~e;tlojickup ~tnto of otrevs
Ii~ UPe U't- i :ptczr '-d 1'y theo ctralbi-.;vuzo tez:e~t This mw

- b L- a~,c-I jr.(c bo1;ii tl r,~r~t.. clalp Civruo l d tlk% eoquivalent ciLr-
A %.1t I (-,, or:r1': ýIj !?Tx'~.u! t t~bir ~)of rv bmtion ccnforms to

Sest Ava'!~ 1o '10 Iro-14, I -~~
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Zo the tWst ptvgm to date we hevv dwiwn theae resotwtAore to fsilwue
about 80 tlma Tb* cleagnin Xuacedurie prior to bonding in this intial vwk
w~a rather rudirontarys The carmiuc places we.re scrubbed in mcetooe fc' abouxt
tvO Th1vUtes W.& the wtal surfaces vw* wiped vith acetowo The presvww
appflod diawing Wccing v~an jxwt that r~w to gravity,, v4it.-I the resonators stwni-
Ins verti1calIy.

The t i1luxea vere c~miasjfied into t~hnte masin cutego~rlea Cersulic bmkin,#
bond breas.a Aa~ mixd bonix1 and ceramic br~m Figure 6 chows the dtat on
the ceramic bre*13, encanmcalng three dit~erent typea of amitles. The rinp
wera 1/2" wide tr 1/2" thiiclk by 3-3/8" dInrtetr "n we:-< fabricated at the
thAterwater Soi4. Labox-atory. Tbe dina cv ers 1-1/i" In an the 11r2'
disks ware ±'abrt'cated -tit USL, Vhile the 111i" dialm~ v.ere of ccc~ercial maufac-
tmma The rin&, iore cownted to ccoo= oteel,, uhile tl,,e dick~s vere P nmte
to stsiness etoa.l. The diata in the fourth colxuun of the W TbJlep lbelod
Ipowq I Bwre, ea btainad on rinpo which "veab alcctrodod for radil f leld
e~ltation; lthi.j Pernittod their bondring nurfeaces to 1bo frec! of silver, for
&lL other sanplcs bording w= done to Ure silvered nw.wfteev of t1" cersmlcý

Thet cOYmit I iuted in the 1Aot coJ.um2 is & pr-)j)riot41ry cyanoacrylate
monolwr wbil.d L; very ftat cottigand Crav~rdacea tiln boidu, Bond thickniesves
in the 2 to C- DW. range terei obtained vith the apo;:y cceti~ezept that tbhe
U+,& in column 3. 3xtbelc thick joint'. U. for n crauxni; .VCVr /110 thick., This
1arge thickwaes v~ao obtained "by wing3 a few~ awall opacer blocks of cured epoxy
Ini the joint. ý111ce coraintc polarized in Aillcom- oil had 1xce1 a sbop reputa-
t:.on of being dtl:f cult to cawznt,, we itiell4ed (p~ if thin typ (colusm
2 :ind 6). Du31.lig clea3ning tlieco' oau1ci %wr* aioa'crd :W tw-eWa for a Imp~r
pe ticd tI~.n the oth

since wut or' tte dalta 'M Figwte 05 tire for PUL oCtX1M~tC: iOreakz. the Varl-
ableo of thu, ccliftntiflg pro~codiuxt owe n~ot ;vcally ~tl38t. 1 .=pt the curing~
tkneperatvtra r~y c~cinq prectretwinj; of the cz~xaiic, h epox~i comauon
vnre ciuaree Intiiv. tezmprcaturc ranget 65-750 C. Th!, e~cjatnacrylate coent, on
theo otber boine, _n P. r~o temprapvture curirS edhniltve. nxO -ýbc fact that a
nimber of' ce~a:, .: lbreak1e vere obtcifnee. zith thia ccment o~tsthat the cu:1--
i:.- ter r'.raur-ii )twcd vemc tot n dozannh~nt I'actor In 1J mLt1.tc5 ceramid strezgth.-i,
TI-a data rc',-'imP' ro prorvii~cef! 'Ufferon':czs In atr:an.Sti 1*bet--"na rings and dis1~w
b4%tWV4Cf J1/2 arl 1/41. 1c,%o or betv~ion, Eirl. eud czxu=evc La1 coramic, It &3.uo
li.,idrtei~j tivnt x-1.irir.zMjCt: ir cilicenx, 04ýi or of wU- iUý^.:y thich joint$
drcea Kio'%; -~¶iypct~ ~rr~ f bcmd st't> t a grat va the

- -nn vy C.~r~Ai 'L~ 'cd vkr ',ur : ýX~txi' c ;1,-v.;_ . *,itb the WPOSIOS.,
O'.~r~:1- oLL~'(f '1.' fei(t . Jie v~~:2i~rirf-,vj occm~rrd.. It -,i

* ~~~ ~ ~ ~ ~ V fu * (V ýýv;.~ d ~ ~~ caeeu pool,
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tdbeslan of the -vilvar clactrodes cctr'1tuted to tbece oiwxskz; In fact,, we
e~actroda ftllurýjs were ezpsrleiced vmt at-rette veil botcaw 1000~eI. but
tb~ee *=*ulet vma' d1scar4i2d an cbvitatzy def~ctly. S ilver mdiaeelon wo not
comumoy3 the we'k llk in) te 4oiInt; Fi~~'ae 6 iuiz~catea tbe Llbilitiy of ths

* electrodea to lx%4. when tha cerwi~c coWU1~ not aurY1~'e.

The date of Figura 8 1zi for brank it4ro a sirbt;Wi1 -,vt of the cerUale
broke away wan r-emafte' with~ tho metal. uodr. Part of Qw break van tsloIg the

An epmV ccqwnt Watceh ciurv1 at JV.P C vnzu traojd brR~1,fL., oJoce its reported
£ttaength Is grazter than that of ths eroccior Vhich cure tit laver teurramtreop.
To avold cooLing tlrý coriaic tbircu~h its Curie po1.it (u.*)re z larg~e strain
ccwre) 1oed Uitcimte zircoia~tt rother th~izi barium tit=2:te ww" uood., " the

samzples vere of the riug tny-p-'f. tbxerrm atresac;; pri'o'edi enceoasve, v~tb
tbu ceroamic frwsxxing befwce tho mJterwitir. streas cwild1 b~e raise to a
rAa-%Arzbe lew-1. r7k'.ta-imivr buiffer ritnaa 1/2" thich viee t-l~dcd to the steal
tube!s, and t~w PMA cerenic: -a camrted to t1" invar aurtri'ecoc This eftfrt at
&Uoviast lg the t-xmrn? z w.evses ywroed -Incurfeent,, &-4 tb',' ceyeawic Ogaizn
brolre at lowi attrts.

In anotlvr 'rizi a ttei~t iie cxzdc to E~1j'.!%z,, tbermi1 stressea
Uhlb. Uairr, tizL- 1 caxz'rtt, by enplayinZ a rom ~.~~ cure of eight
Ca~ys dui'mtico. ?51ci rize. tiwrpico vvo =-d~ Qr-A thie fc~s-e~ o-cctwrid at 2400
ane. t.-W r~~i 5 r,,~ tlw failures w-ro oZ the bm~rk b'ri'k to-pe (Figure 7);

nntot tlxzt , tbe corermc t ~I n thaft tests you
~C~It 1~N~p U.-i n.oh:i only zba-at, uLN-fI~fth o'l'o un otrii pub1Jisbad

~~t Mcb b vx b c2 e dorlwiji from~ 5tnti.: bhýdtng tesatc 0 k4 Since

bar, gvcv.iý -Iii fctŽ:4~lesn- Tho 1knw ~'~ of the cerudc
Ipo,,. .;auf o.-' inc).udixi*. ,weclw~mcz-a i'o~r,'- in ta-ntx~uCer

~ ~ . ~z~1( C ~tO~i~r t~r~i k~. ~'±':t tOchV3 ' Ce0i 1t*l~A

il'-~~~~~~~~~~~~ yll ''rr&n ~ ilioe o~i tekt

m;,.,O'edad~.- iAv c e

1 i'-*(M)

*3i~;~ (A

2~ ~ ~ ~ ~ ~ ~ ~~~~L'." 24, '. ~ ~ tr ~ ~ ~ ~ h~~Lc~.o i7Q

vmi ollI..ne
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The *quaticu weUttati stress wA &SmplXcowt given~ SIv rig=* 3 Is tar a
cevinatior of hamgpoeow m terAlw. Actu.l~y the reacmtcs contSls SIn nW-

tun~ to Vw etal a Iayr of carmic swA twro thin layerm of cement. Thme
layezm ame v thin eospewnd vitb the total. lengt~h of the ws*IMto? that tw
alur,1e eqmtiom or' 71iurn 34 econtinme to apply qui~te well1 to this campoete
ma.omtcw. ThAN cocc1~aluson requixea wveritcsticm, boveva; so thema Cm
plucated eqvitlow vhtwii do not mge1wct the effect. a the different 2agmw
mr pz'.ntt4 and L11lxU-%t~d bulov

Sim" the resoaet'r Is tyimtrieu abo4z Uts eoxrr~x It is .tuffi.clent to
-ow Iftr ouiy t", blif of' thv rfeoiawtor to th rU.*V'o o atheI nodal pimms, as
sbo'm belov.

, / x.>'.~>*?*V1~.

Axaorawtm nlano wwrr.c'watc tn the bars. Ur bealc equstIomi required Oxes

o i<

Isi/; 'K,. 5 Ž- cwxplte: aror3AV't~if of tbva ng v~ going to the rigt,,
*xo rc1lil-oc to th trvrv~.LrA s-a, aziap~tideo "y Mm~ eqtatioin:

ýJ.xvuo :i rO8., "o' ed.1-ACI Of Vthe Sect~ic;In of Vux I,.-, Ln applying thee.
*..O.tLlorr. each .;o'r1Cfl M* tbm ',"ar wi.IL ha t ýir~'4~esy~~wt

1, rat han : i'rd en. m^ t~t jctilcz.

T~ * ?%.. ,.v haw rr. r~ the (j Attr ).a menitin equtio.Tb

;)tvc fýT--= .10 NI-AOKS3 5

c r i.-l ,-wL .mo, gi.ig and

I. -.. 6
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TM a'we ma * 4lplaees.t eq~atoue myr be ucedt to dt.l1w the folloviWi
relatiaw Ow the stiaes at ths varlou bounaxls~e in tar=~ of the 41splwe-

12. at t5 modo9-

The natewLa1 propcrtiou :'.qiired a~re,

Brfi~um ~Itazate c - 4500 =/a .. '2xO
(C*'..ciwa additive)

Stftinlsuo ""tecX C - 4.930 n/a ~ C. 3,,93.xO 7 k
('TYPO 30o-) W c7

We wilJl ceoasidr first aI vninishir~l thiLn bo=Cx i ad v~ldat oxvSm tbe
.?:feet of a 11:2: twick ceramitc pjocce on the ~ gts"~i~t lIntlon for

Sbar rocunaLoar. T~r -sna~nt. Erpqi.~iecy for very~ thin i ~c:du (and1 1/2"
.3Zirlen) WZ iroiirA to be 34!* c.r. Aj-)I,ýfla thr PqvtlA~n u bova~ to thiu

0, 
-7

- I - ~ ~-A, I -- * -

* v>" r~i~i ~-~ '' ~c rtwc .\ 1it.:on: cit-ta:.(xc l'.y thl, mite[ c3,"cl;

-;c'st Avaa;-e Copy
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2Mt we emossi~r the case wber. the adsi Iva w l aye sw intentiam11.y m
tI,.cY. Ybm co.wc 8lk La tbls .*irprim mm 1/" t)h.c.k "~ Uar SORSaIv
)qWW Of SPOW 1 %08 I1/6 thdck. The resoamt feq~mucy wo 3200 a *p * u
whLI* ftw Ma ý IM of rawamtor vith a very UhS& bovl It vu 3563 C.P.G.
fte Gtty of a block of cw.I W I was nm~oue uand fouMn to be 1710 kg/0n.

TbG ftzt stop Is toip trnd Vw scm veloeitr of RpoW' 1. !)rn thio-biad
at" Puoifte a wbrn for

d:ir~ 3  -1 tvv k_ Z- r9
-q C3 - A1I.S6

1.54 = K0C& 35"G2S C P.S.

Fw the +-%4c-bond case e bum.:

cmecluing tir tvt, equiations. above we obta&in an equiution $'or dctermimir C2 :

1~7r\~ ... ~ c-

wbeLn e:

BVCSt pvabeCopy



!ft wes~gt is C2 2"0 sio.

Ustor. 1Cwulattag tto aftresse w acbfk the %%Iwo of the rqubl~d
ApU~wwa .u obtSa:

36!; -1.%8 0-7 CY3-1.2

TIm the attrt og~tatlam amt:

whi-n Qtx 0/6" thick bondl enu,7cd a very nroticealbo mht ~r~oomnt. Im-e
qwrcy, it cc1zoxj tir atruap to differ b-t -*frc'f tba" E.)jtvn by tle *izq1e

relationuK ofFgue3

LAI,
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, STRESS- DIsPLACEMENT RELATION

T. =-ecc•ar C'Jr = annwjukr resonarnt freq.
ec = spec. acous. wripedanceof metl"•

CAPACITIVE STRAIN GvAGE
DISPLACEmENT TRANSDUCER CIRCUIT

A II p Am p.
CO MXL

"3LI½ r L npur -O -40

L.vibroTinm9 plkte co.pocitor strain cLoge SR-4+
•,With CA.p Xo Soo J
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.FIGURE 3
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T=Cs.+ C6, + NWOm e A= area-. of ceramic
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~ 1t~ickness of
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A. PIEZOELECTRIC FORCE-GUAGf_
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l enstn of resona~tor
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CERAMIC BREAKS
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FIGURE 6
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BOND BREAKS
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FIGURE 7
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F- MIXED BREAKS-
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