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SYMBOL NOTATION

General Quantities Accelerometer Dynamics

t = Tlme I m" = Selsmlc mass

t = Frequency I mb = Mass ol base

or = Angular frequency I ," = Displacement of seismic

j = tt=I
mass

xb = Dlsplacement of base
e = Base to the Natural Logarlthm

F. = Excitation force

@n = Natural nesonance frequen-
cy (rads/sec)

General Dynamics | ,- = Mounted resonance fre-
quency (rads/sec)

f. = Mounted resonance lre-
x = Displacement I qr€ncy (Hz)

v = Veloci ty I  e =Ampl i t icat ionfactor

a = Acceleration I Z" = Mechanical lmpedance ot

F = Force
structure

r = period I z" = y-111111"1.]mpedance or
accelerometer

r = Time constanl

General Electrical Quantities

, = Current

Y = Voltage

O = Charge

C = Capacitance

n = Resistance

Z = lmpedance



SYMBOL NOTATION

Accelerometer Electrical
Quantities

V" = open circuit acc€lerometer
voltage

Q" = charge generated by pi-
ezoelectric elements

c" = capacitance of accelerom-
eter

R" = Resistance ol accelerome-
ter

So, = Charge sensitivity ot accel-
erometer

S", = Voltage sensitivity of accel-
erometer (loaded)

S,ro = Voltage sensitivity ot accel-
erometer (open circuit)

ch = capacitance to the housing
ot a balanced accelerome-
ter from the output pins

Cable Electrical Quantities

Cc = Capacitance of cable

R" = Series resistance of cable

Rb = Resistance between centre
conductor and screen

C" = CaPacitanc€ between
screen and inner conductors
in balanced accelerometer
ceble

Cd = Capacitance of dielectric in
balanced accelerometer
cable

en = Triboelectric charge noise

Preamplifier Electrical
Quantities

Re = Preamplifier input resis-
tance

Co = Preamplifier Input capaci-
tance

Ct = Feedback capacitance

R, = Feedback resistance

A = Gain of operational amplifi-
er

Vi = Preamplilier input voltage

v" = Preamplitier output voltage

Zt = Feedback impedance

zt = Total lmpedance of accel-
erometer, cable and pream-
plitier input

li = Current from Cr

l. = Current through teedback
capacitor

V" = voltage across f€edback
capacitor

Ct = Total capacitance of accel-
erometer, cable and pream-
plitier input

Rt = Total resistance of acceler-
ometer, cable and pream-
plifler input

Ru", = Resistance ot "tloating"
stage of preamplitier

CMRR = Common Mode Rejection
Ratlo of 'floating" opera-
tional amplifier

en = Noise voltage

in = Noise current

Ro = Output resistance ot line-
drive atnplifie;
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2.2 iltrEttos{f

[2.It:B&Ktlo)f tv, i t 7o (Delta Shean)t0)8Hfrt?)&t*f9r#EAzif. lllltH

Ito;D0g**trE€€fl *7 (piezoelectric element) (" b 6 " a n,, ltfr )tHE.t0) 
^ 

-

Eg2. I 7tt) 2r)vr7-it-o/)v, 2 t7@ tIFt,Nfr#Hefo#E.



L !ff (Seisnic nass) O f t = ff o f ,Lt&.t #(. HAf 6 7 / V >, 0>1Y.t V <
I r 6 " fif trtHitrtffiSttLlfla* b. t nI= ft Ht 6 fil$Ho)fr l:S L t rr rr. EfA*+
t:#Ht 6 " t L (E€*+ ttffib'> leh I=hF)-f 6f8ffi A at D 6. FElr-t(' E 6
,' 6. ffi E. *+ l: llm$H E k$lt, le€Effirr4. D 6. i€froffifr afritHl)* E d L
&f t t r  rEiJ*X. v y,  t= b h. D r[ IEH#0) ^ 

-  
^ 

o f  n L.FJ D ? b 6 h, 6 
^ 

-  a Df
trtH f tr b 6 lll)tH il rr ryff d r' h hffi ofrfrH. t= Fo51 9 r- 

^h 
ir€ 6 aL 6 "

tr2.2t:lido)r i tv46a"

2.2.1 fi[E*tofrfFoF,ffi

m2. 2 ttif ffi 'eid^{ /c fit$Hat Dffi 4 tt + i tv?{Ht4x L Ff lftl( r ) 6 " E4tp 0> z'> 0>

HE lr Eil€ t ttf ltffi r t i. ("ffi l{ir( t ) 6 " B&Kiiom$HAf -e ltHt ltlFH t: 4' 3 r,
o)("ffitEtr€H v< b 6 "

L(at resl)

802. 2 ili:lH;toffiFteri P"

ms = gff?)+HE

mb = tlltrfHfito<-^oKe

xs = A*o*.ft-

x6 = fitrtHfrto^-7o4.fr



L = lf l i tH#rrHftL(t,\6 Ltoi€frLfrXfHito<-:Ho)Etr

k = E€*74)+ffi8!|f4

F* = E&]ifrft.o>\frffih

Fo = lnffihot&ffi

@ = /.frffiF.ffi#.fr.(radlsl = 2v1

an = fili8H#o)Et*+fieAEili4#i(radls)

am = filltH#olu{ttt#iRF/t+ffiAElififi(radls)

t^ = l[i8H#oril{-f rttttr0)^rr{EEiliafi (Hz)

t = lnffiHiAf, (Hz)

1l)vtFohV&ot)E*n| tL6.

F = k(x"-xo-Ll  (  t tX.O)t  )

t r taXo = F + Fe(^-Zl : r ' r '6 l l )

tf,"X, - -F(Agrl=rt'rt'6)1 )

i0)+i )votlgtrE*tr

F F+F. k F
X"-*o = --- : - - : j - :J=- 

"  (x"-xo-L)-  'e (1)
ms fi16 lt tflo

* t r i .

1. t t  = -rr-hFssinot

111 = -+-
lL frs mb

I  t r t .
fr"fro

m6+ mb

r,. f t"ffi E HE" L ry tf lL 6 . rtl 
^ 

- 7 t: f{f 6 A#offit!*.$L? b 6 .
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r  = X"-X6-L

ill)fHFtl:fildErntmb 6 f (Fe:o) En'lL/cfinF?ttT0) H HfriloIgOt'E*t: tr
6"

1tF = -kr

z D *,ll m,o *ft it mu | : tj L ( ffi fi 69 | : dE ffi R (" jE &iEUt I = * It-f 6 L to- lt I J B lt 6 .
Et  r r ' r .  6 L.

r = Fl sin ort

-1tRto2 sin ofi = - kR sin <rrf

'? L(. milHFto)JtffiEiliAf, on tl*oI ) E:&Z nA "

:o)f f i ,R?)H*BfrA*4)& ) r :99616 L j | r 'D ?f rr"

-  l l  1\@n" =kl_+_l  e l
\ D" mtl

6 LrllISHetntfrIfH;tt D gl\ff iEAl:ftAt:mt:Ii lD {+ltr&tr,tf. m6tim"} D 116
n'r:*Err" z t(. frtrtHeto)^lrffiEilififtrilE( rr6" to)frrE'ett. l[itHitnr[FD rr(
!€r.#E4f (mu -@) t:rf, D ? tt 6 lL( I \ 6 L E t: ttto)*rtxo) I ) t= ta, 6 "

6^2

. ?L rliaff L / \ * x 0) H ft +ffi HiFfi T b D . m$Hif o)ril{f It Jt&Hi'qry a 
^L. ft.*

t lr ( r ) 6 " rilf.t rt *fr Hiqfi trFE L r s i * 0)filif Htsto ffia DEAT b 6 "'&T i o)
Ei&firrfi)tHe+of''frUftffiifttr..v v t tft.*t 6ot ffi.bn6.

fil )8Hito)Iilf.f tt JtdFHi[& A illtf 6 tc b | : ft [E t : q 1, Et]tstutFl:W D 2 It'c ilft.
.f6 e E L r r i . L tt4*t: tt&* ta I r" *Hr: tjt80 s DfrwD / e .r, t:ffi#H?I &
Iil{-f f t. : 

'r 
A -ftfrfrg?Et \Eipil L > t Tfrffi. t < Ptrtf. iE&jtBq t: ryf.} tt +fr H

Jqftrr#t'e g a" E lLt:-2r, \( tt 5 +'e&E-ft6"

@n2-k
p

(3)
k

ms
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m )f H et + ru D 2 i t!.wff ont)l+n\ + tt ? 4 h' -' l: D . fir)tE'\ - 
^ 

LW# offi A ntE{
1" 61 r f $ r: rt+ffi E&ft tt4 b 6 ti 6, . +ffi Filiqf, B 2 2 t= t! n'tL. 6t !'. 4) JtilEH
iaf, Bruff tt+dEHifi fi "k D lEr \. : /).H r:? t r( lt# 4 g?fft af f 6.

&r:fr $Hel4)t#ldED r:u r.r&ef f 6. firlttr#l:m i a n 6ffifr1h $ e v, a . ft
| = t f t t f f f,fl Jtffi Eli*f, ,. t l4ff f ^s z ? t, 6 " ft D + f )v t:wf 6 Ig#f, Et lr x
, lAt l ; t6

| + o)nz r* -&- r1n orf = 0
mb

t t,<. aDnl.6GH*qfi t:4&t6 LlEtftutf

- r . r2Psint , l f  +oa2Fsinort+ 
Fo 

sin<,r t  = 0
mb

z v<.

R1otn2 -ts2l * 
Fo = o
mb

It t t t t .

R =- 7o =
mb knn2 - @21

i lSHetoHt ^f t f f iHiqf ,J D +t t :6t \Hi f i * ( . ( . , )  ?4&(+l tR o) l t&oI

i l : i t tL6"

FJO = 
*?

E r I Eifi N("oA& n o t: fi f 6 H i'Eilifi X-eo *.ft-R o fuItx.o) t i l:* t lr 6 .

-Fo
R mo gttn2- tozl

Ro 
- 

Fo

frO 0)r2

z o ht A L f ntfl*B&.0> &. i t= tt 6 "

1
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'' _{_g),
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; 0) ig* A fr ,' 5 fr&)r offiWry'.nrililtH # r) E t +&El$f ft | : ;tt ( t* lt tr lf . flltrflH
et^ - a L it*o)ffi ff 4& B€fr f 6 " #EEt*? l: ffHt 6 h Lfr#Hetr)tlf, 6 t4
H, 6 * tcEfrt 6 " B&KtioillXtH*t t:66 t lLt t I 6 EE*+o, l: l$f 6 RH lt
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itHfrtd)HiEf,6#f; Ar)ft *fiJ blv (w2. s) L ffiFo)tt#.+tt z 04 t-fi t:&) < "
a ?Lt:-2r )( tlz. 3gsr)d.{ 6 "

E H fi ffi 'e o m trtH et 0) H 2\^lrfi H W f, B retr o &g-Eo 4&# o #lt g t ( + L L -C

^ 
- ;, 4) H l) r: l$f 6 jb r: * E < wFt 6 " -ift r: 66go oefro aF.Eafra,

60f :-{- z oEE L FJ D TE 6 n' B T/)Hffi nt€ 6 n6 "

Iilfttt*ffiEliF*
HHfiiROJt{Effiififi

2.3 A*fr .v>i

frfrFavt Hh offit!*.|u, t B,2. 3 r: fr f . z oED H#t&6€&ffi Bil$ Ha+ t -ft.
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,f I f ttififtNffiffia€61:trfi*HettlS0go)il|{E#or v }r t:I[D aD(iltf

L e t t (. m$f; FtolilflttJtdEEil&&ai&lt)E.ntB r, IL 6 " . offiiFfi 6$ffi f,f, lr

;ld),t) A l: tlftrt 5 rr. H{i rt tt&Hwf, t: Hl L ( s 4) * L E&4)* nt6 6 tL 6 .

(5)

tfllfr t: .l -> < fr]'or$fr.E L*Woffio"f fLrtitf ? E 6 . * /:. trHrlg€ ra HiE*ft
I t t t f6ELt,?86,

JI.I Jf,f,ilfi

- ft . o frfr Lh rt fi )ttH # o - ft . o af,ffl fr h I : tf r"uf 6 I ) rr Et & x ft ffi ,r ryfif rt +
{f ffi Jf f, t: } = -c* * 6 a L. tB'z. 3 fr f . Iilf.f It Jtffi ElWf, ,'Ht rE. ilfFffi itft ffi ffi
||fi < A 6 " L r' L. ryf.ltt*ffi Ei,qf, A H < t 6 t: ttE€* + tnn=-f 6 h'. IC* t #
( U t ttnllt 6 A r )" L I a rt. Ett* + o$j+tt-ft.? b 6 n' D g*t& I t' rs tJ h
It5At."  to)f f i rR. Ee*+l: fFHf 6i i rdrt  < tD. t0$H*t0)&Hlt tr i< 46.
C O l, tEHr. 6 rFHt:Ht rFNifi f, Tfr H A tt 6 fi )tFef q)RH llffi if fr l:[gt'. g1;

llio h$HAt0)t[FH&f, tr t * D 6 < tr t t " fr trtHito ENiAft 66ffi ffin' 6 Wo J.
t t*Hi9eEilJtfiftffirrtll t ?t(t r6.

! r t ilfi E tr B m If H et 0) tE ffi L. *w 0> ffin v 
^ 

)v 0) z. ir fl lft . Eo 5 o/o D)fr t= ffi i 6
lilEFEtt? E 6 . z DE+. il€? E 6 t*fi ff EiliF& lrffi )tH etoH{t It JtdFH&f,
ofrst |or (0.2D-eb6"

f 0X ttrS6rf lril€ffi L t61 Dfrfi v 4 )v ogsrf ft S0) l0o/oD)^t=ffi* 6 Hiqf, fEtT
a b 6, i DEA. UE? E 6 F*ffiilEwf, trlil{-f lt*ffi ffiwXoffJ 3 5lo | (0. 30) ?
15.

t dBi Ufi Ett tr &tG L *F o ffi?X v 
^ 

)v o #n\w'ft[Eo 3 dBD] 
^ 

t : f* * 6 miAfE Nf
E b 6 " z o t&44) F*ffi ff H i&fi rtryf.f It Jtfrffi&x.o ffi 2 51 o | (0. 54) ? b 6 .



2.3.2 TEEtil

Et€0) ir)tH ft trf tuo Eif f t t : f{.L ( lt ["u6 L /r I t. t D h. h . *H0) TlEf *F

fi rrfi sHett: ftffit /c/ \ 7 > / t= t = (* * 6 " t tsl b, ilsHef 4)t€iff triFilt(

ft( tr6slAt:t 6. B&K+i0)ll l$HatL /r 7vJDEA, 0.003H2*'erutrE 6.

7 Hz L O g fE I \ H iAfi ft 5l ailft. bt'B4rr ff'H fii lr IFH' t: * ILT 6 6 o -e, +\ DE'ffi'

t l tf l ft?E t*tt lFlJlIL A,EHEEI:te 6 relt"

H 3 +.o"ffifi A \ 7, /" ? B / v 7 v A ol6ffifi#,dt*ff t: z I' ( ifi 't ( I r 6 . IEH

iEf, do itrt t: td Il 6 H&DIP* t : -2 I \ ( tt # 4 + 0) "m $H E't o lIffi -e fi''> a \ t 6 "

2.4 Ea$n

Ef€frfi L dh & fr ,, ls 8a l: Effi t * +t 6 t' o ? *, 6 " EE++t 6f ftl6l L t -c lr'
2fift {5 s', i L )vfuo) &.' tE€{4Hffi ft Ofr t:. ', t r, Lr t > . tal?'2 tv l r, #lL
J t = zt J+ n, D ff ,' *L6&7EAt 7 i v, t 

^IBJl=ffit4{L 
i ri tc t D h\ b 6 "

t 7 \'v, oFiqHt:HfBE tffi ffi HtFtr * t 6 L fi l+{tf 6 #, z nlg.t, t ) Eryx#.tr t
M&-effilLf; 6 fi :& L LI< | \ 6 " 

^ 
h nr ff Ht 6 L *M n\E c D E€ttH4) mqH l: E ff 0)

fift a 6 , /cEffi nr# * a t a E+t#o tt+#fr.rtl'E'llt 6 "
8tr2. 4l: z ofuXol64|4 + f ,v t fr'. Et€4fr XtHetrrfr#f 6 L . mff H l:IL#i

t kh lrIFHL t oSrR- *Ht rcffiffi rtt fAfr t: t -> <WD il Z n 6 " fr L t> hlch LV|.,
4 L t fEffi g)Ffi tt. #H Efi | \ r .I t i v ) V v, t ffi#&ffir*,afi tulcEffi{+ A fr f .
I o te rb:|r*4.omuEef 6 rFH t: EtL /: ffi fr t F -, ( t t 6 " E€fJF')RH ltpc/N ( U
a, -v 2. /= z-  |  >)?+r,6lL<1r6.
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82.4 
^rElt=ffitrI?t 

tc4z) a v )frofIafrXoi64-ts+.f )t
Efiqrt*ffit:g* 6.

m2.4t:frf I i t:El€*+ttEffil:ff L( t,. r}n ffil:fi L( {gJftt 6" trftLo

lA s Effi Bll o(FHt 6ffi1=n+t 6 "',
E#*M'e ItAffi & tlEfr thtt=ry D d f . . ofi *? It /. t r- tt'tilE?{il o k ) rt)Fffi.

l^ilt:l$ L ( s, rlfrtHt:€H nlftEt 6 L r r ) /r E a^Hnr 6 6 " z D I ) rsEEft

0 fi s r: t r ( ft +t 6 Effi b. -ffi r: fA fr i tr 6 D zclfrfrE a+ o ffi )1 Itffifr url o Yz# t

tA,?r.6" t tt 't tehtt:. id.t"ffi*Mtfl|ffif 6 Lfgffil lttffiLdqfrHl:&ffaft6
O"iHH4ilt:*gtrf 6 & ) r* *'il rr€ffi lr&fr I ttA I r. I tu,r. rirffi { - F' o)mE

*,1+ ohffi,h\Effi + - F' 0) t, o) y g 6n< v t 6g.H?b 6.



3,

4.

4. L2ffi-efrH.41il0>W#|:ct'( t, -2 L < b L < id'\ 6.
l&ffiEtFo k ) i. v ) It E lv tsVffi. I= t' ffil?'e Z . fr.tl DR A t'A t' |.I{ H ffi t:[-u D ls ffi
l ltHlcqt6 a Lrr("E 6" l<&ot)tss.#t5[o>['I€ttl6+""lrfr/z}ir&* r(It6 L.
M t=-> r, t < 6 ffi fr o -f E r: fil rE a tt 6 . . o J. ) re 4f H r' 6 4 ffi ffi 0) rt €+tf+ a H r r /: lil
)EH*tlrffi#€tFo) t, 0) L #.{ 6 L . -& }:RH nrtE < . h#a'Etrt,J. a t,.

B&Kiio)mitHet r: H r | 5 lr ( I r 6 E€t fr rtPzz3, P227. PZ4s. PZl00. s("Dl
Tr. l - lkF, t  6 r( t t6.

L,

t . pzz3rt#ft,+ t v. #lt ! pa > *offi#atrr 7 i v, t:Rv.  rfgl:Et4{L

e h(r\6. : t l . lrzs0c(482"F) *-ffrH"e 6" HEF (ft!300pC/N) -eFlHl:?

ofbo l+H. *' Ena t t 6 le F>. B&K+to l* L A, D o)fi $H At l: ff FH e it( I I 6 "
PZ27ttPZz3l=)FHl:iEr \ t,0)(" , l#l?P tv= > , U t , 

^o+. 
i 1 ,t ) tff'++lt V

lcb ot b 6 " ;-l:"lt i  : l  r Tfi ifHAtl:)E L( t \ 6.
pz4srt, if,Hffi t4rt+trr: la 6, 3 i r:{+E!|l: Ft# d *Ll:ffi #Effi t 7 i v 2 ("400t
(752'F) * ?&E? E 6." . trttB&K+te)+S4HifiHffi*Hm$HAf l:ftH 3 *1(
I \6"

Pz100lj#t: ffi iE 3 lr /c il&T b 6 " z n|tzffi.C (482"F) * ?trH (" * .'RP.*.lt
r: fi f 6 RE rtffi t:6 1, f+Hrt\*ft. L ( r \ 6. : trltB&Klt o#iEHH#mX[H

e+$054 t"' } (.1: h r v, r: MH t lr( r t 6 . B&Ktt 0) r[)sH eil: {F ffi d r'r ( I, 6 E
A60, I J ,dnfrH.et l: ifi {-f d l+r: i - t * l: Fdff * tx ( I \ 6 .

2.5 t0IEE-#o*Ho{lE

B&K+io)il*H# t*F /* -l /: 3 ffiHoffi E o t' D h1 b 6 " t o ) t D 2 ffiMtt/ v )'
v  t7 i  1 J Lf  )vt  !  t7e t  I  /?F4,2.51:ziL(b 6" W2 6oE.f f i46&b?r-c ' , )
6" f )vrt t7@ t 1/$HI:lIff in\En<\\60)?B&Kli0)l* L./"EDlfrfrH.etE
&bh(r,r6.

Af t, 9 ) rv6 frE =hM o t v, ;l{ 7 l' d) 6Ei l: 3 lEo)Et€f; + L t"' 6 D rtlil D ?

i< b6" anFrDwD2ltl:t l ff i ff iJ+,$rL l. tt&bal\?. Et \ , raffiwn',F)

ff iet?lt(Et d lL(t t 6. =o V > / ttb 6 r' DD6, tmi (. d#f,l4tE < f 6

f tHtt  <\ \6" f€f f t t r r t t>rY.f f i f t .uv17*, . r -6" f  )vt i  r7E f f i iEl l { lo
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!2.5 Yff ivr7t4/ t i )vr i17@ t4 / /#8.  M:!3f f .  P:E' t€*T.
R:rr>/ t )yr .  B:^-7, .

, 1/b.#t'cF,trH("A D, *ffiffiW&;trH( . E#a;uI^PiHEoFZ#tPtil:
< \ \ " z o, I / Itffil+.h1 +< D fr.? E n< I, 6 0) ??fl,HrilSH it r: 6 ffi 4HB l: t, iE
L( l )6"

@jvi2 tv?(a ;4)HiE?t,Ea*.+Ev)v' i t76 L.lEl Dt i r--t/|vff i 'Ev,
aptt 6. 2 ) owA\\tIe*TrrElA I I r > r,f, a F offi ff i  t:r i l  D' u 6 tt-c v t 6 "
ts l2.50)A )  I :  2[ f ldr . ] -h6 0 r t t i )v '  v t76,  I  J L.FIDt i  t : .  E ' f t . t )  > rac#,<
lfrF>2lr 6fla\t6" EA#.+DW.r1d 6n<\\6i.> t t,7, t rt 'Jfl i fEato-r-z
offi rf r: j 6 of af ifiHt.I(,DlME t *rt a I r j ) t=(v 6 h< u t 6 .

o*+Effi t,f -r'ft*.h, 6 Hr \ 6 *a( I \ 6 z o, I t o|ffifr7)ffifrHef B + EH ?)HH

t t, , ( I r 5 " Ef€*+0) Htr r i * rjfil)tHaf o -r * : t=w D 2 tt 6 ttlcqtiY,, o i
y t,f, 

^ 
t o)tt: Et I iL( I r 6. fr ifHFto><- A L. t > t,f, 7 t BE€fi+t:ff f

6 / f i. L t < fr ftt 6 o T. -f 'e tt -r - 7 t: ffi tt+iftH u-f b. h\lilh -> leE AII€,R
t*.* .M L(.  E€l :##rr iEl f  6.  B&Kl i t t :0)A*t4.d (  f  6/ceDl:JFff i l :
,!f t r 

^ 
- -x t If.H U A \ \ 6 hr. Z tr"" 6 & }J ffi tf I d I .r F D h I= *. 6 FZE hr'&, 

^ 
t,, #

4,D RWI= rs 6 " iiifi5-eid^{ /r } ) 1.. Effi t I / offi#T lt&H.*.lt t: t < c a t, li
G*+l :€f f i r r4,D6.
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8,2.6 Eff i t4JDff i f i .  M:!€tr .  P:Ef€*+. B: ' \ -2.  S: l {h.

U Lo X ) te EE H r' 6 B&Kit ? lt H ffi H 0) ilitH ( tc L t tf{S*iff ft.H) o k ) I=6q

r, -i/r- itE < ffi lf F9 t: t 4)fr o#E frh ow#or,J. 3 r r j ) t&H E 69H l:[F r (. Effi

, I  Jt81frv<| \6" : | r f f i ,1,Dt, i -2oq&.t t ,  - f t .of f iq- f  ?frHttr6.  H

##trFHrll)tHet?b 6 " co86- 
^- 

7offiH.tl '{t6 l:Dl:^ t) t), Lf 4 a, t

ill i (. ffi tto WtE t &.4,1=t 6 j i l: L ( t r 6 " ; ottl$EatliiRlt#lH t ttt 6 tc D

r: iEt : r i lD?rt(&H ei t6"

2.5.1 
'1>t:Z{74i l i*Ett

z o t 1 J olfrfrH.et i';It/ t) 7 > J ntfrffi,z tr( t r 6. 82 7 a 4 > l: t I JUlrfr
Ee+7b6" zDr 4 lotfibqeIofitfiFl#Etrf )vt 2 t7e L.FlDr66. i€flE!
s? riH,l+ff 0),FH+H$rcrtff H t tL( I \ 6 " ffi 3 H'e A t) 7 > t #tl Dil€El: -r t r
- ( i^ . { ( l }6.

) 1'/ F, 1 J UifrfrEtt? trEH A trfi t 6 €F"t y+ ffi h' c' l*#-f 6'2'4 rr b 6 " *[
ailaEB& l: ttt€E'eE, a fr ffi t. &SE E I|AH 3 ta( tlff E JH ofi I=B' 6 n 6 .
I '  i l l :?r r( t ,  iF 3 F-f id^t6.

t- h' t, t hr 6 #, b.tr /" ri t+ Elto /c &D t : ifi H L ffi !F rr frl PR 3 *t 6 . z o ffi# t fiERt
6 t &) t:B&Kfi trm)fHaf L fl 8+b+< ffiHt 6'tF&40> I I > F I I J J U 7 > a

64iE L(r , r6"

24



tr2. 7 B&Ktto) ) I v F, I lgfrfrH.Ff. gail * ira€7E!8rrE L 6 I ) t t I -)
y , atryg 6it t-c. b 6 .

2.t.2 ZofrO4otfi

E#MP t l.ffi Mo R'4l=#5 | \ hlbo, I / D#frofr$Het g b 6 " t- t' t b ht 6
B&K+t l tJ. f lo)  t  1/obD Li 'Sl" l ( t r t t t "  t t f  & 6i)vr '2 t7@ AnfrF bl : ,
6 Lilolkffi,t#: ( t r 6 i' 6 ? b 6. fr Tlt * l:&o I ) tsffiE o tt o 6 b 6 "

Fll),r7tif i  :ttBEE*+LFErrEtr[4?E +tt#tsItr(Ir6.

)fr.'z t7 (tf tv I hb i t7) llfraa v t v . 7 2 $t r, t 6 ttEt*T tt,r.,t l. ("Eilt

I  h-ct ,6.

2.6 ilrgEFfo#tt

?r*?fiEH;tltf l i tHl:jLflr.hRftf4.'f 6f trl z, 'ebA E LAS.{/:. W
ft&e.v<ofritHeto)&SJA?ilf 6 tcv>t=),h (m$H) L H/: (tElff i* /cltf€E) oH
ItBcLFfL<&FivaA6"



2.6.r Efit|lErf;E

Ef€4mSHFt lriEffi D 6 r \ ttf€Effi L .E tst 6. El€*+ ltiBfl,Fg l: ltdgC, (* r
) \ i, > 7 ) r: ittj r:+H 69 r: Bft lfl 

" 
E a#.DH,fifr,oiFiqfr ffi R" a #ffi,t t L o L t

( f r  < "  t  L(EBFl '?| jB2.8t: f r f  j  )  E666n"ttr t { l :c"L r  -  /  )vd'ac.
(* t r r 7 t :/ 

^\ 
t #ffi vt 6 r) i'. b 6 r \ llfgEffiv,l;d4jc, L c.t #*fr,V tc t, D b.

+ffi 'e b 6 " E t 6 o 4 f )v $E *t:6 D (ttf; ,rfitHl: tr 6 t'rr H\ \ 6 n 6 "

Charg€ Equivalent

s* = 
mir;G*rontron

Voltag€ Equivalent

unit of acceleration

ts2.8 ErE*7 L#ffi' - t )vD+ffiqffi"

frfrH.et n' D t, o frh t Effi ?& fr f 6 r'. f€E-e&fi f 6 n' l: & -l ( fil)f E AI D J t)

7 > / t # t:. E€4m)SEetof€ffi ffi H s."rjH&lfl SH 5 /c D Dft +Effi (ilEH& t*
pC)'r"#fff I ir6.

d - 
PC_- FOnus 

- 
PGpea*

Doa
ms-2 [lS-2nus lils-2peak

Effi r: L (TEERHS*BH&m}$Hat * t D o drf€E?#ftrf 6.

tU_= av^^ra _ hVp.ar
su,'- ms-2 trS-2nus fils-2peak

26



mofi S. t EE& h' 6frfrH7t DS, trilItHit#E (+ t / r v, > z) L', - / )v ad*
( * t I s v r, 1) l=/i h,n( i I 6 a 2 S1$ln' 6 " Z- O tey) | - J tvSpit tv - 1 tv 0>4&

Q,, - 7 )vo &. t oE.lt t= J..> a*.b -> lcEA. t€EtrH 6 4t t 6 c t ntt h' 6 " < 0)

4A tf H t # E-f 6'bg nt b 6 . z n#AE4.o A, 7 > / t &ft a E6 0> tts \' R.
? b 0 . a D ; L t:'? r, \( B# 3 H?# L < it.{ 6 " tflft -e ltlr Li, u f ^\( o)}ga.

Ir  -  i7 >lh\ f f iH I  l r (1r6.

GnWfi ,' 6 + HHliEx0)ffit[Tti. ilxtHet aAfrH#Wftffi EATEERH lrEiE

& t: fr t€ffi -e & 6. I 0):f lt. Ef€frfi PZ4stPZl00 t H I r /r D[xf H#0)€ffi RH t:'r

r r ( 6ff, L i ) rt. PZ23+p727 2 ffit, t lc $4) t:-2I \( tlfl ts 6 " Z D&Ali€ffi RH L A

eorlfr ht I f .t t - F ( I fii) €fr f 6 ftI=Z. So/offiDt 6 & i t:## v< b 6 " z o#,

+Wl+.otu*-e *&Wo frh L*rt') L {Effi I h 6 " ? o r: &>. UltfE L *H offifr o +

tt. PZB t H r, r le 4 fi.h' 6 Hffi,l: +ffi H A S -2fr SH e+(' ltE2' 9l: fr L /c & ) I= + 5 o7o

EHI: f l i .6 i l ( l \6.

Er
fi

Useful Fr€qu€ncy Rango
= 0,3 l.

- Charge SeGitiviry D€viation < i 5%

- -- Voltag€ Sensitivity Deviarion < + l0%

Slope - 2,596/F.equency d@de

o,ml 0,ol 0,1

Proponlon ol Mountad Resonan@ Frequency lh

E!2. 9 Ei€*+ opzz3t Hr \ r.mSH #0)€d L t€ERH o)ffi iEfi ffi lS.

27



2.6.2 a=r i (>E O*E

B&K+10)f tL lvE+<DlfrrEH.eI&a=rI  v6'  L L(EEEIdiL(I \6" a=t ' I  >
E Ldzn6DffiEHel0)trHlt2o/ooffiH.?l : 3. 16 i 10 i 3l.6pc,/ms-'?offf{trtEl:
eEt. e *1-c r. ) 6 : L aHD* L ( I, 6. r- = r I v D fi ifH#tr riln'offi+affixfHata E
4D lbD t, o b.w v) & r- < E e+ # o71ft. & 4.1 6,2'F rr rr I ). tilo) RH o &fl t*tr r \ r:
l0dBHffi/ro)-eilft jz z7 Lr.l-#]EhtiFH'l:ff iH""6 6" leL.Z'd. b 6m)EH#tro
D L o t WD & L tc&6. ilft.#o f I v A l0dBH& ?91 D # ii trtf E I \"

a = f 1 7 D ff H ltB&K+t ntfr itH Bf h o€ffirltH# t:## L ( Efi 3 h t "

2.6.3 U =7 U 7 I  t  t  I  t  a.  v 2 V2i

Effi.B e, Er.9 6ffift.' 
^, 

a f : ** a lt 6 4+F!4*? b 6 " > 
^ 

7 
^ 

n, 6 0 frh rtac
E 6 /: ttEt rHiEX.t f I )- | v i v > ) I:ble D l.h|'6.ffiWl=kffiJt 6: t ,tg * lr
6 " Ett-retr.ffil* t E -l /c B&KtIon/dH.eI offi ft a El2 l0l: fr -1.

Upper limit st by .
Adelerometer t/

a

8
u

160 dB
(1oo :  1)

Aeelqation (ms-

28

ts2. I 0 0Elr- t d.ffift L fN, \, I I i v, v >, t t'l TftegffiibHe+ D frr1 "



EiE*+ rr rFH l=1fi1 t 4 I I \ v 2 v > ) t tt'>'C. \ \ 6 0 ? Ita4.D,J[)8Hef ltEi I r t
,l i i v, v > i ? H.\ \Effi {+ A 6 ->'c I t 6 " 4[#fi l: lt : orll$H;+ lrfi )tHFt {i I] o

L. 6 *?EffifiJrc t, 6 rr. tHt0)TlErtwt*l:fEt a .t I I E l. ='c * * 6. t

1 xffi,t:tt&ffiot'ohtb6#. ant:2\r(lt i€ 3 Htff i 4 Hrid^{6.

mIf E;t t* LpEDlto)filif H nt ffib 6 t +IffiItdffi tt f r# < rr 6 . l.FF{rE t * E < ru i

6t . AEtn,lJlct) > rtr\t4Di6D. tftF9l:lJ,^-z L2 a - | AE: L. f i lXtsH

ft tr#*"r( v * ) " v h' L ta 7t 6 - ln$Heto)&Hffi E A I lI Uru i. & t r[F D z o k ) rs

tFlt*da 6 trtr.

2.6.4 trfiHd,E

illtrtHtstofi t: HAfi H n, 6 ffifrH.nr ff Ht 6€4 l: t, t D o frh nr*tl 6 . lll)tH
t lo#Etr  -  t  t : r t f f i t r f rJf f iHrr+BHt: f , j f  f  r t - r  y i - rc^ I tL?r)6.  E[
ffi i! l: lrfiRH tt 4 e -e b 6 ̂ { g ?" E 6 ri, +Fl l: IrEEE*+++Flff ft o bf ,. ta

Tta-orrtr.-e. ?)IIts5trr). B&K+1.'e|'d.tH-tJ.EEtT i v )oil ' ft.LfrA, ftfr

E. ftl ltl: ffi flJ t: itH t *A-l ( t | 6. . ) L t fl fr L fl {-f lt*m A iHi+?+iPl:R?
r, L (.. B&Klt 0) m$Eeto&, HRH B (30H,) t*'f t, *R E o 4 % t ffi z 6 rF lt rr

t r"

30
dB

20

10

0

0.01 0.1 1

Proportion of Mounted Resonance Frequency

3 dB l lmit  + 0,5 f-

En2. I I +ifitrtu L ffi trrtuoffi lfl"u6*H.

29



AQilfr tA o *ffiffitfrf..o l,/ 6 o ffitfr&.i : io' t I ( ffi RH lt7|o/o D)T -C h 5 . * /c *,il
fr tAo *&ffiW&.o r,/ 3 * o Ff (" lt#i tr FJ +ffi H tEfi trt b 6 o a ffifi FJ RH A Fn fr f
6o)fi* Lr r. zhtB2.ll l :frt.

82. 12 r:fr f I ) r:, p'.'q*H oF tr B miEHtid) F*trH o b 6 fr fi h\lni{H;+o)
ry{f ltft L -fi L ( t \ tr r r& L A Z 6 n 6 " L /c zf -l (. ffi t'Fjffi H rt5l*b } (}5t4t L
rs. 6fi frittat t l:dt L. r'?+diHffi t: E frt b 6. lflif H;to)#jE7 t - t r: fr i tr
( u t 6 0> ttffifi FJ ffi H 0) 5t j({dr" D 6 . R4rfr * H 0) f, rilr ffi itH il q) l r : #H (.fr d h
(tr6.

: oti*rtB&Ktl/: rt o t o7 b 6 "

f )v, i a 7 E lt E offilrfu l: i{ L ( t, IEJ D Eilft A 6 = ( r \ 6 o ("ffi tFJ^rrlFEifi fi lf
I ? L r' rr r ) " fu0),2 z 7 ffiEo t, o B- &.1: 2 c *. lc It t *tl\ loffifr ta*ffiffiwe.&
6- l ( t t6"

m8xrrum
msitivity

A@lerorete.
munling | .2,g.

8xl5 | at low

Axb of minimum- \
Tranme sNitiviw 

\ \

30

82.12 ffifita*Hd)Elfr.



ffifi JAo *ffiffiiAft rt*H F! /r trE Hiqf, ffi ffi o i < r+ t: b D . trH o c - 2 {dtr }tr
RH I D bf n'Et r" t o /cF>. ffifi r1ffiU+1ft+r*il{t E Fi L i 6 1ffifi tAo $ o t 0
+ ftlE < tt i lttt te 6 rr I \. lEjH t:lflxtHil a # L u k D, /e/c < L iletpFFoJr E /rfr
bilfr*ntffib D . fr)SHAt6*FoEf€*7t:,i \iltttiltrt 5i Z-EW':rs 6 "

#fr Hffifr ntffir )EA. T;d o H t: -2 r ) ( ilH t tt. tl i't! tt 6 t v t ̂

I . lfriBEelo) 
^H 

rtffi &t6rip *.oX frJ t: ts 6 t i t:W D 2 It 6 "

82. I 3 rllfi H et 0) R*ffi RH i\ tj t\. < t, \ 6 E + o Efr,o X rftJ r) #&H t * ft.t 6 te v>
Dfr-1.

31



2. l#frtA}4t+ofiHoffifit J h =), )v7 I )v, tryt,\<l < "

3 . F*fr trrtuffi H.h' 6Wz r3o t r - |. A H I \(fER.ofi Hoffifi ttuffi E & #H t (ffi

frt6.

fl &*fi tFJ &E oX JA n' r, *4J60" ofi fi otffiRH lr5l^BH o #!0. 57 b 6 " (. o lE
ttAHocos. r' 6 AtS(" E 6 " ) E ltr' 6 . /c L L ll6i*fttrfiJBH rt 2 %ofr#,H.e+
lr60'tFJ?0. 5x2%: I o/ooffifilhJffiE& 6'>.

O,5x2oh=1' /o

2.7 ftF.frt

mxfHeto)&ffiof trtt. ffifro 
^)1t:*tt 

6aflil)1oHffi)Etll:fi8'L ( I , 6 . 6
r . &H Ef ifr fi ffi E ?&ffi ,r -€ (" t* ll lr t{. ffi 4 0 Hrfr&.ffih t # -> teffifr fr fi 0> ffitq.
Wffi/nffi o Mffio)ffi ff Fgffi tr 4 ll, v < v *. i " < D # X, &fr 

^h 
n' 6 E lv fi efr,fr h h\

nn6"

10

20

18f+-
0,05 0,1 0,2 0,3 0,4 0,5 1 1,5 2

Proportlon of Mounted Resongnce Frequency t.

82. 14 HiEft oW&. e. L (m$HE.tq)d /:fr *l L tIfi ,"uS.

32



m sH E+ 0) BH L ft ffi ffi # A Elz. I 4 r: fr t. m )f H Et 0) +ilEHi&fi Dl T r d Mffi o f n
tr}* D^E ( /*r,r. ̂ rr56igftif < ("tt. ieffolgfftt^-zo$frh,r,E.h. &ffi(].
f A rtE. 6 " t )t' L & rr 6 B&Kliot0i8Het'e trJtffi fl #Jrrf'f lt < b t r, n< v 6 o
t *ffi.oV*-f a ffi E lrffi f,iFg t: fi ( tr : ( t t 6. t o tc v>, ffitEiqfift ffi &', 4 ffi ,"
(mitH*t A trB L ( t, ffi ffi (lf & lt,} rs I t.

-fi f + - ) t > J *. lcIlEE7, / (.l-ffiffiHt+ t, 4 ffi.V ts tJ t "tJ/* 5 t I r" L < I: 7
2aF7 I  )v '  A\f f i ,AL*lr( I \6r€aB&Ha*f 6" zo.t  r t iEiFFlrsdEi lsfg*

2.8 5*6t

IEiE6! re dFS <5 ffi* t ilft.'f 6 L e | : lt. ilftjz z, 
^ 

+tr rl-E..ffil4 | : iifi p 14 11 2 1 1.
ilftwM rtuf tr. E€m)f H e+ Bfr D ( Effi t+ rtflEil( I r 6 -eE r )ffi ffi oi6 #&* h\.
EErr < ff(" E 6. >E#n*.Dft'e.0)fiEHEtrrXlt#+q)FElt: tr 6 r L tlt* &
i, E /r r r. HEo)F tr L tt 6 O BA \ 7 > / P 7 I )v, !.'tCE,WOtgArr t I \ rrifllEiqll
'EIHH t ffi ffi -f 6 /c &) l: tt k t: id,\ 6 )EiE44 t: c t t < I ffit 6'il* n\ 6 6 "

2.8.r FtS*

o I y I o ft ftpHit r L 
^ 

- r t=F z 6 ft.Hfrfr ) s )v 7 tfrlv DUf ao {il t w2. ls':
lrf " : 0) & ) /* rlf a rtfiti8q.et e / v 7 > J Dffi^Ebt t 4ff gl re Htfr&v y v'e
fr.ffi v lcE6t=te : 6 rrFtr tty.D J. il: flHEE(" E 6 "

lflItH;trrtffim$r: i 6 zn6 L 8E€*+^r-affi/rtft,+t 6" *?or6E(*t
t | :z F / z) o k h' rJ ?Effi t* *? A r: ffi ," a n. ffifrf;=t o JF ffi t: H I' JR&Effi ,. 6 iF
trft L ( L * i ; & E r*r, r. t t' t 67t c,. fr i:fHaf /)€[E4)ffi&Ftft L 

^h 
I > e -

, v 7 t a U 7, t oT lF.ffi&*.o le Bb t: iSffi 1t;524 V < Wo A n' 6 B o HD Emffi ,i
i lnn6" ilriErtl * 6 L 8. tnr:ffi\-f 6/t/:rtEfiriffi,,t607, Bco)t i r:
{frr Df, T l: *'eW b . Z D'tki tl ( D H) * (" 6 P 6 . ABH to- j LF CDWia ffiffiott&ry.M
+tiEl  D?. z ofdttm$H# L A U 7 > /  t= t6 Sft f t  t :  & .<* * 6.



\a- Applied acceleratlon

\

tr2.15 fi)fHeIL./t)7>to "ffii i" r:I caED 6+tHmXf,HfiYtoutl*"

zofr*ltrlfrfrHoc-,11d.illft.o#4DHwt=tt D . TlFEliEftaTEflt:ilt L r:
t t) 7 > J t:lnfiEeI t #*fr,v /: + t: E Et f 6 . iFii r : t 6 e -, tq#.+t 5 % u^ r: R
c tcb) I: B, J t) 7 > / o-F lqffiIfrX(- 3 dBfE) t 0. 008,/ T I:-f 6 " z z ?'t ItfiMtfr
r: t 6 xEif; Htr(" & 6 . +tr*iEfi 0) jeiHE€wt q)t8a lr T pEElifi fi d0. 0s ./ T t=t.\
E-e b6"

)6iEDn4 a f of€H -ef tf 6 tga. ifJtx o Hiaf f f tr rEz rh, b f,awn 6 "
)&iEGt€ t o f A tr, v :Ent 6 h h t='/l9- /rF,Bt*Xffi} & +k i /: D o I FF H i&ft t, fr
v 'c h6"

6fffl1 rrEili{fi ft ffi 0)#tr: } -> a Ez 6 E}H48 rs ft.Hffifr'tfrMoof 4 L EHo
OfA lt {i u H#fi Q. 8. 3ffi) l: } z ( 6 € I 6. t, h' t, ts it 6 . Z n 6ttf, t4 2 lsFE
r: I .> (€r 6 o?E*X*,t, Rrr 6.

34



Hlgh Frequency Cut-Ol
(tor halt-sine impulse)

Frequmcy Rapons
ihNld b€ tlat within thffi limiB

1oqm

5
Hz

2

r0@0

5

t0@

5

2

l@

5

2

l0

5

2

5

2

01

2

0.010:
1251020501m2frJ

Pule Duration {ms} M/l

92. I 6 T tsH#fi < fr l(z r p z KJlfiIf H A fl tf 6 4A t: ;gg;i; & 5 o/o t; lrjr\o/o I=i
6ft r)I=,b4tsfi iililnft *oTlEto'ILf lfEEiH&l.;-eqft .ffi "

2.8.2 U>+>')

r, o E* rr. ill sH Bt rrEWffi g o)frttH r : t o H lfr tt ffi'tf,fi ffi E tt ("{FFE d tr 6 L E
l=ft+t 6ufa aHEft L ( r ) 6 " z on*.E t 6 tfrMtlf aoffi ttr'z t7r:fr t" tJ[)s
|Ifrta)+ffiEifrfitrffiI[oHHi4fifir]t:] -><EtrEdI:16" t) > +> f X+.o&$)otr
Ptll/ \ 7 / Jo)t - t\tr - N*fr("& 6.

35



w2.17 t)  > +> rt=t.6#MDUta"

| ) > + > r rtffifrffiMc.r^ v - t fr1ft.t=6i46 4 t 6 " frl/ft#l*t 5 o/ot\vli-{l L 6 t: rt
l[sHEtoryff rt +ffi Eli&fi B fi ,/ T t\ L7 ts < ( rt /r 5 rr r, " : ; r r tii6iErE 4 d)F
d (ft). mX[H;t o*ffiu r > + >, t{n z, ilft.*D, 4 ) i v i i > v t mtXf(WW,
t fr+lJ r:E9ft.thtfi*F * r 6 . L rr(" * 6 . t o k a> r=d mi*Het/)ryff i E r h = h
)v7' t  )vt  (4.sf f i )  tHr, ,6 L i ' .  E- l{x 7 I  )v t  l to/  t  7 > Jt t l ryf*r t f }r . , .
&AoE6. Z0)7 I )vt ItIzdB,/t i i -aDffi,tsmFffi{+fd}Lrm$Hilory{f It

{FElipf f -o *! + tl D L z 4 t= - 3 dB0) trEf iq&f "t 7&.f,'r 6 " (f lr tr 6 f ":0. 5f 
-). i ftrlf. trz 181:frtt i t:a6ry;pyqo#*fiHHT: 1 ,/t^oft]#:ffifrtffiil8##

ljo/ol\fracffift?t6.

@

o

E

o

6
o
ar-

Fi l te.  R6pon* ' .
upp€r Limiting Frequercy fu = 0.5 fh----------j

Att€nuation Slope = 12 dBloclave

0,5 |

Accelerometea
resFEns with

Fi l ter

Proportion ol Mount€d Resonance Frequency t-

tr2. l 8 + E Hifi fi 0) ffi S (f+*fi B F1 T : r / t ̂ ) 
D &ffi & #Er\o/o D)fr -c frI,ft -f 6 le a\ r

fr SH et 4)ry D -2 It Jtffi HiEfi f. A Ht * t 6 o) t:,EF tr t] - / { 
^ 

7 I )v, *.
f t I lJ t )  r  >/r . l - f ius.

36



2.8.3-ntrArD

2 )oEJD#MoE*ififil s/t z l: j -l (lli8Hll0>fin6F{.2.194) & i l=tt 17194
t t L< A X ) . E b r' DE+ t''&Moof &oFE ltrllitH-f,tr D 6 " z ofrlfto t I
)' \ v 2 v > i tlE. L. /' E milH At o)lni8H ot lE{d t: iEr r "

82. 19 Hr,^)vo+Et Wl tf)v7,0)lzF>I:"EuAtqfu"ht+Dtl[)EHEf ] /t)7>
/Dil)1"

EfE*+ rr zt4 tr $Yt4fr r re r r rr 5 tf *7 t : fit b ->'(, \ t lc h h\*r*fr,')' t, tc E 6. )l a
v 

^ 
)v'e ltft,4.l: ltTEl: 6 E 5 t* t r :. t nt b 6 " Z DE6, Jt h\Wo Wrt,n ( 6 *+tt *

*Effi t m+.v a io' D . . o€ffi tt tO -r ( D Lffi#t 6 " z offi#oHftNltJ \ 7, /
oT[FEiliqfi l : & -r ( E *. 6 " z ow4.tt, >, a I=8. D . { R R#iloE A t, >,
a7b6"

*.4-Vttt u pttgJn\iqZ 6 t:lltE1))s)v zo&.t r)1000{* t,0)HPl'htn'h'6o1cffi/;
EFEA&FE L /ctgar: B* * rs1p.*nrft,Et 6.

t fi = )r )v 7 1 )v, Ila 0) E v R#frffiF-t it < o)I:t.fu7c b 6 "

E : {i tt APt[f F&+ v, + >, BfrSE At rtEff A fr ftfi,t ffi ,, re-fi 'e Ebtt 6 E
AI:PP. la"n6HE?D 6"

J
o
f
o

o
o

o
o
o

o

o

o
o
E
o
o
o
o

37



3. f f iSfrUEHJUv>A

ffifr INft.H D #*F!?ESJ t*Ef€ 4fi iEH ;t o H I > C - v > 
^ 

ilh t 1*. t: e, 6 flft.rFtn
Hlfl l t##l:E t, lcl(l > V - t, a oEEt:4ga U z L.7 b 6 "
a tLl=ffi L <, J \ 7 > J II-F eEo'tzg|o t r ('> i' * /c lt4# t lt t -l-.

1 . M)EE;IOHh Lflftffi#OA'RH tAbf"

2 . nit*0)BHrr E fi otEr: a 6 t. i r.ffiuBEtHfrEf 6.

3 . r[)sHe+e)d h tffifi t,<, i{H. L*.ffi.oEE tE 6 "

4 . / t) 7 > f o Lh L ffrhosaffi#ffi8*E'r 6 "

5.  g* ru( la1t f t f r { t \ . , f  , , lZf  r t - . /s7.7 t  )vr 'eW*i6.

tr3. l rtB&Kltr)if l  E{Fil / '  7 > J'e b 6 " B&K+Io J V 7 > J uwo t. ) tM?#
H 3 i r ( ' . \6"

803. I B&Ktto)ffiSwft.Hl \ 7, /"

n
38



2.

L:'d,o +< o'tVSl e: ff H ? E 6 rA!. 4 I A " z h 6 o€m lr€i6 L *'ffi,o E b b 7 t
t rH-eE 6" zo, I  lD+LR'J. l t f f iEt :*  Lh6n<\\6"

flf €ls ( /c L r. t{{Eilel) o^. hffift . b 6 t, \ r*7 - J v 2 -, o 
^h 

+ i t - )v t=ffi
H e lh(r r6" .D, I lDl+.ff i.I=cr,t(tt{-isftFt: & 6"

)  4 > F,  1 J .  Jt)  T>J" . t l ' | 'J 'Lrr ' - r .  2 L6ff i {Rtr6.  i l i tHE+l:* f la)
tr. ilf XHaf 0)tl:4s 5 . )E ( t:p 1 t E oM?'d.*D / t) 7 > J DiltPl':tr H Z
h 6 1 = t z 7 lL I tt/c t, o. ldjil * lclt 2 ffi.D t - / )v ItE E{E.iXL EJH|:+H 3
*r-6" )  4 '  t :  1 I  )  .  AU 7 >f l tEf t . r  I  >?b6"

3.1 JV7>AOEft [*

Ei€4m*H;tHoJ \ 7, J r:B 2 ffiMo F I / it b 6.

| . + r - t 4/ \ 7 > J. z nIJ 
^hffirl-Affi 

I:It tllv tcE,tIt ilfit 6 " €ffi AHffi
tA t ,O(" l t /dtr .

2.

-ftf:Ef€4fil$Htt?t*r€Eu/v 7 r/i.t) t,*t* turv 72aDllffirtrg
* L I \" B&Kil. O / t 7 :/ J*ffit= 6 a 0) a L rrFE( A ilr r(. 26504 ntt r - )4. L.
Eg.off 0) x)1#+ t f ,"< | \ 6 D tWrl tJ. f .\( r r -' 4/ v 7 > / 7 b 6 "
26504rt 2 EXo 

^)1#7 
t t, u ( I t 6 lCH li. . o 7 > / lllfiltHFf H L t r ) & D 6

irtH&$iltH 7 > / -e b 6 n, 5 ? b 6 " f r -, 7 > t ltffi)s,H.eI o, - t )v hr& <
( 6fr< a 8'z ai  aoff iH.n\A.b6t i \ \Lt t)E,r ' tc l+Rt#-> ( t16" -1. AE
,fl7, / t ffiHf tLlI. 2. 6. 16a;fi .r /: I a I=., - J )v o R t ht*.bnB, 

^ 
7 affi

HAF#trt6 'hn#b6"

3.2 A+-IVJUv>J

v r -, 7 > / D l.hEpl= Ilt 
^ 

7 > / h1ff.bn< \ \ 6 " t <7 > J 0) 7 .r - I: t t y )
*Ft r: AE t ,\?r /: EB& lt#il) EW L v < fr t.   i i€i,fi A ffi tI'f 6 " c o Lt €ift lrill
if Het + o)IE€ R+ ntE,+ L /c r€ffi t: j ) < ffi,n< \ \ 6 . z D 7 > J It z oEiii rrffi lr /e
r, \ t  i  r : .  Ea#.+oaff iElai lLkaEtf tH-t6 t  i  r : f i<.



3.2.1 
'+- i t&E

83 Zlta t - t 7 > J t:t&#E d lulcEf€4mitHE'f Xo+S ffiEJl&t b 6 "

A@€leromet6r Cable PreamDllfler

ts3.2 l l lXHBt.  l -Jtv,  f  t - i7>A*.o+ff iE. t r"

Q, = Ef€*+t:#EUl:Effi 1frb= /:lEitHt:,trFrJ-t 6 ")

C" = r l l$Ha+d)++.,s i t>Z
Ra = lll)fHFto6fn
C" = , -J)vt  a 4,  t  D+!) \ i  t  > z
Hb =,r-J)vo;tff iL.z-tvF J':t v zDH,Dffi lf i
Cp = / t )  7 >A^)JNO+ r ) t i ,  > Z
Re = /t)7>J^hli loff iff i ,
Ct  =71- l : t ry)+rrryr>Z
Rt =7i-Ftr .y)Etf i ,
A = t<7 >lot[l+
vo =/ t )7>foEts.Ei l )J

40



<-Vc--------+

1".
83. 3 7 t - t 7 > ll:ffi)fHett#ffi L tc96offiYtt+ffiEt&"

fi ifHa+. J U 7 > t 7JJM. 7 I - F t r.v t Ftr,ffiDffiffi,l6lt j'-2 i rFHl:Ht,. : 0)

i t taffii nlJ. 83. zo+fff ElFlltr3. 30) & i l:fillFl: r* 6. E+o * ! ) \ i, > 7

efifttrTilo) L to- D.
Ct =Ca+Cc+Cp

t = llli8H;f z)'6H 6f€Etfr,
li = Ct n'r>Dp'ffi,
l "  = t<7>tD7.{-  l . ' / {y r tv-Jt ' f f i , | '6at ' f f i ,
vc = 7 1- F ' r{v 2 2>f >+r l :h,n,6a[I

 r r€EvrL f i r r€8v.o)Etf f i  &&o k) r :b 6b'r"

Vo = -AVi

a 6 r :v"r t&o)* 'e#e?E 6"

vc = vo-vi= vo-+=(t  * l )  u.
-A \  AI  "

ItffiHilF#f : tjl r€thtrift h rr r r r, 6 . + /r. k * .y, o*Htl I D 2 € o t i t:* I i1
6"

l+11+1"=Q

z h 6 oefr]'l t ht t]!qt&o> t s r t - t 7*m? 8 6 " I lJlE€*+ t:ft 4-f 6 Affi
8,2€oqffint&r6"

, dQ,|  =-
dt

dV- ,  , t ,  dV^
l"  =C,- j= l1+ . lC,- i'  dt  \  At  dt



z tL 6 o *,t + )v Y zl .v 7 0)*,1: ft/\f?rlf. lilitq AI h' q 0>E ffi,nt 14 E, tL 6 .

z o*,t #t, t < f* < : L rr ? E 6 . Effi#o fr)r[ilt: A 6 tr*U'tft,t z z v I t *t
taftftwtt.E n L'l- 6. /*-t & 6 t ot a re v t- ItJ t 7 > / hlw# tffib 6 L f <' f :iH
,, 6h' 6("b 6 " z a t < .tfr,awffR6n6 "

Att l0so)*-  r7b6n'6,  t f r t r&o) i  i  t : f f i f f i {LrE 6.

. o *,h' r, fr h EEh\ 
^haffi 

E tLFl t-, t, te h1 -> < ln fiHit o lfr ,tE l= hnlt 6 z t
i t f f in,6" /V 7>JttJRItT t  -  F t \ 'y  )  * t ; { }  t  > 7I :k1<*.*6"

4f; E! r*t#A ( A - @) . 
^)lEEIt 

E e -e b 6 h' 6 
^)1{ilo 

+ r ) \ >, > 
^ 

IJfJJA,E
l:ftE5ffiL A 6.

=--- :=0
A

#ft . AFn o *. 3 t o L)Jffiffi,tr fr ,€E l: Fgffi L tr ! ) " z tLIt 
^fi 

#/i l:ll m)SH el
h' b De'tfr,L 7 .{ - }."., r .y t a, f >'t h' r> oatfr,li IJ nt b h\lL 6 z L a H* v, z h b
o)€Jfi rt* * 3 rr S L < fr fi nt F'i{ -e *> 6 " A \ \ n' z lil f mi*H ;t r' 6 ift n 6 a'ffi,tt+<
7 .{ - }. ' .f J.r, 3 > i Y t.\ if i lr(t\6"

ffi 4 rr + tlr. t: -) r. r ( B : r)EH t: L ( t-o' E, n f : R", Rb, Rpo fu# t I ffi L tc t, i t
. L !il,*t: i8r. r + f )v l:2 t, \< 4 r" < a 6 " < o &. ) tr. + f )v L L ( l rs t:frfi R, L
+ { /{ r t v 

^c&ffi,a+bri 
/cEl3. 40 l. ) ts t D t I z 6 " . DE6D*ti&0) I i

I : t16 "

_dv, 1 _dvol .  = -C, '= C'  'c t t  A'dl

dQ" =-( t  *- l - \  c,dvo-f-c, !L
dt \  At  dt  A dt

i t * f l  c ,+|c,

(2\
v^ --  -Q""cl

Q"
vo

(1)

1111=-+-+-
Rt R, Rb Rp

42



vo --AV,

.1
V" =(1 +T)V.

dv- v-
l^ = C, ----: + ----L
-dtRl

= (1+- l - r I  c, tL*L]
'  A 'L dt  R,J

t, = -c,!u: - v' - Ll c,!Y * Lf
'  'd t  Rt AL dt  R,J

dQ" = _ ( t*ar l  . , ! !* ! l  _ l_f  c. lY *Ll
dt A'L dt  R,J A L dt  R,J

{--V"----------------+

i".

i toe" = -  ( r .* l I  iavocl .* , ] - i l , ,v"c,* f t ,7

803.4 + \ - t7 > /I=ffi)tEe+t&*fr,Vh8Ao)+lffiElF.

lo*Btfo)t i r:f6sr:ffirlt6 z L. r*TE ar\"
L r' L. r€E & €ift ,rEfgiAFq r- *.|U,'f 6 L lEft.-f ndffi BR 6 n 6 . Bf L tdffi r: Effi

F L fi Sr:iHr. 6 A,SH.{q A ft ni 6. L rr? E . ffi l*Tfl o & ) t: ta 6 "

43



. r;=fr",€EV v<. fi /]€Ev"A*f L .

Q"
(3)vo

( t  * .#)  .+(" ,* f i ; )
BiJ L Effi I: A L R I'tlFH I: * g I I L i 6 L . if L IFJ D fr 

'Ifr} 
6 ?t 6.

vo =-+ (4)-c,

t, L R f ,)r€-pFo)rBAl: rt&o* nr14 6 tL 6 "

c, ( r  *  
*rp,)

I ' t { c,
At\

(c,vo
Q.

Q "rrmx[HEtom$H 
r:]Lfi i f 6 r ' 6 . msH et L. J u 7 > J t *f l,afi^br /c *oB

EItC&4L6:Ll : t r ( f f i f f -CE 6" t r ' | : -  7I  -  l . ' r r .y I tv-J/>F#ft .Wt*.
{L A rf 6 : L l: } -> a . i + - ) z > J 0>lE,H'rtl,&ftt# & #jffi -e E 6 z L rr(s)*r' 6 tn'
6"

3.2.2 TEE}Tfi

m$EFt tr H ts &A t 4 A 0> i t s I 7 A b 6 o'rcd.ifi l"u# t: ffi g f 6 t' o> tt ta u' " ry14
+F! l: =, (. ll40>ffi.0> tt u' t' O h, 6 a i )v+ - t 5 | 3 fr f I L rr f I & I ) : L ltEn E
T b 6 n' 6 . Et€*+ l: ffi [! te fi h\lfrb -> tefi tuS lrmif Het t: r X..,p 4 - & Hffi L ( I, r*

1- + -)7 vl!.AE7 >Jol&H#Nffi. lcat9ffi,t+t l=&ffit6 /:bl: lt. *fff i
H r4 RCEE&ol+ffi,t g'ffi-f 6'bry. nt b 6 .

=>f >] t l t€f f i tFf f f i , t6f  ts l  aaU6" t r ] -de'dH{f€EYt DI:615nU

44

<7 r7D7,. t  -  l . ' r \ 'y  2

ft l: & D i* * t) . /.hRffi t:IJft ffiffi ("6 6 " T[FHiEffi tt.7 I - F t * t 2 5*f U
i<*. l?t ie6"



tEdE("t# I tr( r I 6 . r€Ev L f€iftr L f€tff e L Effi f, > f >, (. oEA lrEfg*+

ffi g) AE c o)HoF€ffi lt&n*'e* 3 tL6.

v =Q
c

,dQ
dt

r  = c{
dt

q8.a > i > +t t: ffi lff 1t6 ; 6 tL. ffi q#o)f€[E it v ot: /r .) /c E+, z oeE t*R t ir
6. ; tl|J!flffi a > f > )l h\. dift r:t{ t < ft,+.t=ffi& 3 ll( r \ 6 (i4tlfrtfi ,rft [E*) r'
6 7 &, 6 " L i' L te it 5 . fr,*D z v f > +, 7 ltffiFtrfi lJ€'fF? b 6 o-eFi Z 6 hlc.E
ffi ltif, ?L 6 " t o rc E), €E l* * r) Ft freft.v> 6 lr /c$JA-eftfi 69 t:61'1 6 .

aoZ L l tE3.sl : f rL( l \6"

t3.5

t*^w#.o E E t Nft.t 6 E+ |: B. Ftfi (" B'FH' t: lEF ? t, 6 . . h$ *.o lE ffitfr
&#t+I:F?Et Alrf . EffiiH (Ef€*+) A R C El&l:##.t-/cEAttrs.6 l:frf "
E-ertr r < 2 rt' offitfi L.4E t * L D ( 6 4 | IWa!-HWF* L L ( I r 6.

l f rof f i&E?tr:( f r t€( L.  To)t  ) I=ta6"

=dQ=!*c{
clt R dt



I --.>

1"
83.6 , -/ )vb./ V 7 > /o+ffi+ r )ri t > 7. t +ffiffiffi,l:&#H * t]./effi)Eqitq)

+ftrEgF. zo+f )vrtl t) 7 y aowffi#*ffi144)&ef c:ff r.

. . ("t,tgiftLi€ErrE'fiiF("& 6 Lffiftji.tLtl>R0>g6p6nu "

v=a=o
(r*- ! )c (r+-L16

iaROt '  i t ,  ,

o(r +;1 )
'  6A'

1., . j7\c

ffi Ho /: DEift ln LUlffiEIt E tl t: L ( I ) 6. lolE#tsfi,h' 6 frhffiffioffiff{d I V I
L.^JJI:t lt afrff ifr { B&o}5 t=tt6"

( ' . (#) ' ) "
:3r , r  = r ,  tan6 = 1,  e = 4s" y= .S  ̂ -  t6a"

v2c

^h 
L ilheEoftffi L.ffiffio a t l= fi\ /v-l' 6*ft A tr3. 7t: fr f . a t : | (2 r fRC

:t) DE6 0> ffiiAf, tr*r) "k ) r: ta 5 "
, .=1=1
' 2rRC 2rr

46

tanQ = 
*

o
tv l

(#r



I
o
6

E

!
I
I
I
1

o
)
c
o
o
E
o

o
o
G

E!3.7 u\rf€E Lilt:FETrrofiiffitffiffio- t t:ffit64.1t"

E tl lt-fq l: T[EEilWf, (LLF) L Ff lftr. frh E E o> v .:/!. it 3 dBT -" /: Ff ("t* d
h. &ffitr4s'ilEtr6"

Fi(Itt- v 7 > /t=R'(. 3. 2. I gFo(3)frr '6TFEEJqfi (LLF) Itz t - l irry
, )v - / 4DBftry..t ts bb r, : R 1 C 1li "k = ( J[ :l 6 i L. ltt )! rt' 6 " Lh L. il)1 Dfrffi
Xft} '? i -180'(frff iS#)C h D, LLFI:idt\(t l, t 6 t:4s")Etr6" (3)*r' t{roF
ffinrff ifrfto)gA. to16s:p / e,r711t6 *-ettLLFt:VSuArr. . lLttt, L.
C|L C,rf E+A 6lf. rf lf i l f*L L?rr6SffiARcEI6l:j1,.\<, 

^h&€.ffi0rv#l l l  , /  A|=fr+-r6zt  aH*L(rr6.

i : t, L. LLFrr I Hz?b6tebl=tt. RtttE4)EH'cb6.rE n'?
Arr l f fLf lL l f .  Crt t*91 nFT, D.

R,=1' ZrC,

Rt = 1,6k0
21 1 10'10- '

lofiln' t> + t -, 7 > / o-F [FEliEft ,r  zl N€.ffi 0> W4 tP tt t: < t, \. L ht tl /r, 6 "
fi i lHitl a i '  

'  
L./r 7 >J^hKo+ffif i ff i ,ttDffio{d*rlETti}6: L tt("

t &rr. /c L rfixH#a^t:{i L( t TEIEU? b 6 "



B&Ktt d) + r - i 7 > / o LLF ItlHzUT-e b 6 " rc#fi ffi H oE t t't$*tfttHf!ffi
gJ t'Nft.t 6 EA l: t*. LLF4){& r r g 75t g g tL 6 " . L h' L lr ir 6 . z o t. a t iFd€ ntt
E 6fr i fHet l r f  p,  > t76 , l  aoiDl=lF6n6" 4Bor l  JDff i f iH.eI-el t t f* [
ffiE n' 6 R. 

^ 
t ( < 6 {EEiAft o ) I / 0) tci>ffifr o FaE rtlffi.: h( L * i "

3. 2. 3 r[rEE;+Ot - ) )vt= &6 
^tfl 

o)*tAlf

+ r - t7 > J/?--ff iH.lJLhMt -Jtvo&I t*.t leBAt, * trr, t > 7ry.k0)
t x. tt E < r, \. lFffi r:€1, \, - J )v & t*.H L t H t: ltHffi ifi f, offi srr't v # b

+ r * t 7 > / O []fi It 7 .{ - l.' zl y, + r ) s i t > 7 Ctb.Ea*+0)€trQ,lj It t:
& .l (R * 6 I L ltif l:id</c. 448! /e r' + - J 7 > /? B, C{)MIi}'o ) 100pF
,'6l0nF("& D. I nFft$/lff iH 1mv,/pCl:ff igf 6. ao{dtlc,rrAcrLIEJS')^
E d l: A 6*.?4.b 6 ts\\" *.1=, - A ru197t41t->-C t,l t - i7 y /0>61p7:4
b6tjttfitltfii"

til : fif i8Hef L + + - t 7 > J o 
^offiH.*lLht 

I o/o D)T -t b 6 lcv> L It t - ) tv p 4
IrE.*(" ; fan6h,?

CrL C"A I  nF. At l0-s Lt  6 t  . 3.2.1f iFo( l )* jD.
Q"

vo

Gl

io* + t\:z t v zlt l0}pF,/ n0), -J )vt0,000m t:ff iY L(r r6.

J t) 7 > J D xfiMo^E r*dEl$Affi r: j ." (. / \ 7 > J oFffi'&&&rcfi.ht't t-
YtE t ) IJ 6 . . nB 

^h 
#o t < 7 > J ofril€ h\Htriqry4-etET t 6 tc h 7 b 6 " I

0) ffi +f ? B A rr ffi [F* r: * E r. r & L ( + r -, ffi H A * D /c i;, e ?l rt iE lilffi lt t, 0>'e &t
6 " 1. r - i 7 > Jofr)tttftr=*&)ft(3)fr""T0) t a E* z n6 "

( r**)  c,+lc,.  A '  A

= 0,01 (A+1lq = 0,0.1 (105+1)1nF = 103nF = 1pF

Qa
vo

*1)
jtts R, '*)(" , . ; r , )  . ]1" ,( t  *



f , :  HEi lW*?Ari l03f f iHt :#t>,  z . t  -  Nrty )  *yts!  1> Tcd\ I  nFLt6.
. nI: 

^h 
Affi L L ( 20nF (100 pF,z n r4-dat t, 2, - A )v2N n) t #ffi, t lcB6,

RHlt 5 o/ofr-F 6 " b2 i z ofrE0)l&TttHEt: /s 6 t I r.

tr3.8lJB&Ktto) f + - )2, lDl.hffio#EAffit:t 6H,ffi&N&o#fr.oa Ir a
VW t 6t " N*ft.o>z > t t:W L ( trryfiilEE€ t4flHT d r,"

+1
d8

0

-l

.E -s

<-4

G

-6

-7

-8

0-l  to I
$r-l

rF

\ l
lO nl

\
)o 5( ) nt

t

\
\

2@ 5(n I  k 2k sk tok 20k 50k took zook
Frequency Hz ,@ra

83. 8 B&KII o) + r - i 7 > / oF,ffitfrffiffi 14 r: a trla E& 
^h 

Hffi o> YzE.

3.2.4 tfiOltt

,/\/r{ru l: itt{ l: tEl) * t t r't ) 2 
^ 

htffi b'> -( 6 7 t -, RH I : 5 i 6 F2# lt'} tt t,' ht,
Etl l: + t ) s i, > z h\lfrb 6 LfrfrE# oAfi fr /]i€ffi ,rTrr 6. Z' httHffi Ho)l[$
E BtrH L 

^ 
Jt Dffifr t frilftt 6 BA r: ttgg. * L I rf4H ? & 6 " E* a €d htlilb 6 L. a

t)  7 > /o^ 'Jf f i r raaf l  L(  L* i .  t r3.  I  Dt) t : .  f f iYn'-"Et?tal .y tsv,  > \ t
n!& r: Etj r: /\ tttc 0 @z). l[iEH at t: itilr: xh 6 (cr) ] . r /:ffi t:ffib 6 affi t ffi,
btztrrrE6"

E *r L E+o)ff E A f 6 trtgff D v r - ti*t#rrB&K+In' 6 *ft I iL( r. ) 6. 4lft
f € lt W807264' L wB07784' (" < n t tuz}dB' td I U I zdBHt a.il a "

Hit * r tL 5 ItJ t) a r- )v, 7 - i 7, a a 2 ) =7 t) > r r" )v - / Dffi #ff ?H+ffi r
l l / r i t .

49



o =^.9t-  o
vt iv l rv2

83.9 ft-ri**:*offitfr"

3.2.5 
'+-rv>/^o) 

1/

+ t  - i7 >JI : t,\, - J )v *#*ftt 6 t )+r:+rl€ affi < #ft v< M.ffit 6
t 7 r - i 7'/ JD ) l Xh\HL. iffto)sNE,zJr# ( /r 6.

t<7>/Oww) 1^W,o+f )vt tr3 lot : f r f  "  .o+f )vt=ut! f f i )  4 / ,  tcL
i. lfEH€fi . r t > F )v - /AIr'., - J )v I, ! A Affi#Ho?r#re C ofiRlld * ?r
( r, rtr r. \. a tL 6 ofxlt3. 6ffi r&Etf 6.

Z, = t l t l i8EitLr-J)vo+Ifr{  >V-f  ,^
Zt = 1 4 -  l ' t tv  i t \70)4/ I f f i4 >€-f  > 7
en =/ lxEi I+
in =)1^A' t f r ,
vo =frhAE

EAR+Dk)/J.H{ >e-f  > 7.DEEff i rz. . r  -  t ' r ry , t t t? L(.  dEFlrA
6E+|:SAMMD) 4 

^oYr#l tRff i , -eE6" 
3 2. lHf i rF, / : t  ar : .  t4T>JoE

#i.r *[ lf fr ffi #4 d tL( t' D tgifi ltift ir( t ) tr t r"

t  =-en-€n-Vo
zr zl

vo = 
" ,1 ' t* ! )

50



83.10 *t  - t7>l l=f f iXHef ,r#f fhA hkE60>+ff iE,H" / t )7rJfr#o/ I
xiHrtt^\r   hffirt-aqw, t v a *m t na t t 6 "

r o fr t E€iH a o E E t *&-f 6 t, r: *Mt 6 r= rtHtr'+zf ./ zt?gl 6 .

es =-voZ'
zl( . .2)

+&Fl&f,"BE€#LSr{rolLf i r : tdu 61,v- f  > 7,8+.t  r(aEfg?t6r '
6

zt =C,
4ct

Ct = Cr+ Cc+ Cp

es ( , .*)

A 6l :a

Qt =e" 'Ct=-er lOt+Cr)

51



E

z

Input Source Capacitarce nF [C" + C"]

12 5 r0 20 50 r00 200 5m
Accelerometer Cable (90 pFlm) length (m) [" C"] ,rw

1 mv/unit ot

I
I

10 mv/uni

t r3.  l l  B&K+ID+r-r7>JoZHz-\O0H2ff i f io)  4 
^o^EEff i* '+t \vB 

Y

^oYzE.

52

83.12 B&KtlDrr- t7>/o) 4 / l /3tr ,  -J) \v F' f i l j i tF.



, r - i 7 > t o ffiE P LLF lt. ,^. /1{H o 6Ett ttrfi ftA ffi I= k .>'(, b * 0 4.1?, t- te
r r rr. t r -, / 1 -{tJctf c{0)Elnt='6. -7 g 

^ 
6 " t, lctt\.> a )FH I:F\ \ 

^h, 
- J

)v t &.Ht 6 EA. sNlLrr r r < til&-F'r 6 : L ttiE rt 5 *rtr r r. tr3. 1l t: B&Kit 0) 6 6
+ r -, 7 > / o 

^hM 
) I x v -s )t E*!t 6 Lfiffi+ + ) f >, > 

^ 
ov*tfi-f " IAo

t + - ) 7 > / t,HH.o#Et#-" tr r 6.

Preamollller Noise

E03. 13 7t -17 >JD^)tfi,fnL../ I AoffiR.

53



crlt /, 7 v / otdR t*E L < t. 6 0l -e, 7 I - f.rr v, dahr*.E t ){Ef|JG}o L
E r: rt ./ -{ x B* E I rs 6 fi 6' " HFIR o>Im:tHef L J U 7 > / ttrfllG} l: L /: L e

tt*o)sNlLrtEFt:/r 6.

, - J )v ht#ffi$tttffifi t gi 6 L E B r - J )v A q # ) I 
^ 

& N,+.t 6. L t Htr(
lJ t ) tt A r r. -ltl:B&Kito) lE; ) I 1, - / tv 2 6 i ^{ E'e &:6. : llltf+l:{E t, 

^/t,
owft. t t 6 t t *gJ? tr 6 " ilft. r - J )v lt t b /" L tt &> t ( ( lJ tr 6 tt t 

" 
(4 6ffi8

ffi)

{EHiEft (< l00Hz) 7 tt7 > / h' 6 o ) I / Bffi&W.r n IhFl L (Hf " . n|Jt < 7
> /ol+HCerD, t t l  t \7.7 I  )v,  &&.r ' t lW6l:  L rr?E 6.  83. 12l tB&Kl ld)
t  + -  )7 > Ao )  I  at  l , /  3 t  r  t  -  J i l f f i  L le t ,o-e b 6 "

$ L.  l r f l lof i . t f r , t+Aff ihtr0MoD/Tf:Eb 6t .  +r- i7>Jn'60) I  { 'J IE

HtfrXB.o ) 1 1 HMo l*E L r* 6 " z o ) I X ffi t rfrtfr t 6 I= It 
^h 

INry.#M t < 0)

ffi EtFH r: '2 I, < D < b L r rfr a*rt,z'4(" b 6 " w3. l3rtl*.H fi,l t) 7 v / L 
^hffiffi,o)F{fitt$Flt: i l^r/ct,o("&6. tr("l i  ) I l l ttr> r*ff io+/t&l:ff-f 6E,ED$JP^

?"*ah(r . )6.

3.3 CEJUV>J

a5t*€. f"  ,^ .

aE J, 7 > J tilfrifHif e) 6E 0) mffi E m, +. v teEflJf€E a & S v . z tt r: y.fil t- lt
AEt ilJ:'f 6 " EEl \ 7 v / II+ r - i 7 > 7 j D 6 #etnrd,?'c b 6 h\, ffiH-d. 6
t(.^ H rr & 6. B&K+t? t* a o t I a D J \ 7 v / It 1 Hffi t, h' +-tr L ? r ) & r ro?.

ftE i*oilEE lrffi fr F! t: ffi -H re ft ffi l: t &) 6 "



3.3.1 EE#E

Ef€4fr )f Ht+ t aE7' a r:&*ft v hEAo+Fffi EIB a tr3. 14 t:fr f . : o EB& a tr
3.2 f : f rLlcE$&Llb.{5 L. t<7r lD#tfr l* ,D) ' l r i lElD("& 6" zow+. t<7
v a BflR I (V.:VJ o)qEir/ r'y 7 z L. t, -C. ff.bll( r ! 6. /FH t:Hr ) /l 4 > - f >
x BCPL Re("* A lt(r ! 6 " il+tttr3. 2Ptr3. 3L lEl D?b 6.

tr2. 8(" tt t[itH eI n\, - ) w p a y 7 > / t=#tfr t ?r ( I \ rr r .'ga. fr /] igE r* & 4)
t) I=rs6.

v,=Q"-c.

: .?R"t*ilut=#ffiZitleHfrf;fiTj.-> ) ltftffi,?E 6 " 3.22ffih' 6J t) 7 > lo 
^hmo^hari|i&o)t i r:€rt6.

v,=Q''  C"+ C"+ Co

Llzlr->A -

vo= vi= v"Z#+q

J.o*tj * t - )ff HSo" [pC,/ ms-') L iEEffi HS," [mY,z ns-'z]T *Ef 6 L . T0) X

) l=frZtL6.

s=-"o,
ua+ cc+ co

= su, 
c"

{ooent V;;Vr=

Accoleromgter Cable Pr€mplltltr

803. 14 EfAfi +teTFf,ffiL nb u hE'E z > a D+ffiF,w"



. .'CS"" (open) lllll)lfH;+0)ffiffi€t,llffiE'e e, 6 "

7 t - )RHsn" L c.ltmi8He+ r-EA offi? b 6 n' 6 EERHs,,tt 7 - J )v 0) + r ) \

t ,  v 
^Eff iEt6" 

.Dl+H. l tg* L( / r1. .  btrs6EEz>Jtf f i .H' f  6E+I: I I

€f+.RH A HE E-f 6 L. E . m$H et l:# *ftt 6, - J )v It b 6 r' D D #tr d lr t R * -r
lc $ D t ffi.b rtrl trt{ t* rz b | > /t' 6 ? b 6 " t, v, - a p t 4. I leBa^ l: lJ #E L d I te

rJlr-tft* 6 &r \" nt: . nt:FA-i. affiJt+tl 6 "

fl &SiltA v t.) b.t 6L. E< aj;*.tat - / )vt1'i lry-t=ts6. H#?ltB&Klt
ot. 2 n D | - //r,Ao0ffi84 e 3 n Offilt t - a )v Aml224nt b 6 " Z DE6 0a

, -J )vAOn384O* tr{ i  t  > 2 =11OpF
f i i fHato*trr i  t  > 

^ 
O -  J )v&Atc) = 1117pF

ft-YRH = 9,8PC/ms-2
fgfT*H = 8,76mV/ms-2

coffih' 6fIA*7Htf,?O+ r )s i t > *C"tt

C^ = 1007PF

7, r t \ )t - J )v AO0L22UA + r ) 1 r, 7 z C"t*ft*{d260pFT b 6 " a, - J )v

& #*fr, v t:E 60)i€ERH lt* o t. t |cet H- Z h 6 "
9,8 10-12

(1007 1Or2) + (260 1O-'2)

= 7,73mY/ms-z

aEffiEtt r, - a t 4 4 I 7- 7: ll -tllo/o-F h\ -> lc.

zDt.art lvh* r  ) \ i  ry at=J.6ff iH.oE.l l ,B+ta?E rr t  tETfFL tr  i i l? l t / r
t ). E r' LFI \ t - ) tv 2 65 L SNlhrtTrr 6 : L t:ilHi L tr tl lrlf /l 6 tr I )" rFH {:
Ft \ t - / tv 6 g' 7' g+, 7 > t 

^)1€,Tcdiffiffr.fihdEowtl 
o I n' l: I 1t, 1 L g

3.3.2 TmEilIfi

3. 3. zffi 0) TrRHi&&e) rytI L E& t: L (. - 3 dBAo) TIF H'&&|.IW.D ! a t= * d +l
a"

56



1-  
,"RA

€'f iirf f ,i 1 HzDf, T t: /e 6 t i l: LLF A f.V> 6 tc u> t: ItRCtr#H t: 
^ 

E ( t* d tr
l{/s 6 /r r r. 4[;fiFqt: tt 2 2oX*.nt+ i FrlL6 

"

4*trr jz,  > l tTt  6/ j  t t*E <t6" z.oW+If i f rEeloc, t*- f t .?b6q)
?.  C"A^E < f  6 l : t tFt ! ,  -J )vt&Hl 6" Vh,t , tsht6.  zoE$AEff i
Hrr{ETL. Y I -f :. v ) v 2, 6tr< rs 6o?*ffiffJ-el*lstr"

/ t) 7 v / tH 
^h#,tfir=#atf 

6. gE. E,:ftz > / t &nt 6 BA t: tt 3. ofr j*,
r t t t6 l t6.  t  h ' t ,  Nbh'oi4fr?Lhfr t f i , rTrt6eLLFI*t+f  6" tcL. t ,
l{lll)EHdf o d h 3 1., t /t1fr -> /cBA & I niffi \t 6 " 

-f te t>6 iqilfr ft rr T nr D .
L;iWr)t a offiffi,t= S 9 2 t 2 | t h< xfiffifr,itTnr 6 o("b 6.

3.3.3 2E7UV>AQ./  17

f r  - i7 > /oB+Llt i t?( .  AI I /  t )  7 > / l : t  A )  I  
^ t t^)J+ 

r  ) \ i ,  > z
l:trF€ffi("t 6f)?, r 1 >oiyft.E+, */)voat r:I -2(. /.bND ) 4 xh14.b
6E Ll l terr .  .h ' t , t - / )uht&.< A6E. r€ERH.I l lE-Ft6rtr .  SNtLr**(  re
6 /cD, *ff i l tFrf L ttEitlr.

3.4 7Uv>lDfrhr-Jtv

+ r - t 7 > / DEA $ AE7 > / oEA t, . &gtorutel # tffifi-f 6 o Et jl ta fr.
hBffi, t &#t 6 HVJt ht rs rl ttttre 6 t I r. z- a.wwa'tfr, t # +t 6 0 t=,!.Iwrs f€E I J t
47' / D H)JMr)' 5 lt(. ff ih' - J )vo 4, C -, > 7 & #< 1 r, r, tL 6 "

/ t) 7 > / o fr)1 lH t: H * t z s v t > 7, D Affi h\t*tffi t *v< t ti.it{. 5t* H lr t€EfiE rt
n'rt 6 = t. rt\ b 0 R 6 " . D t. i tr+ttrFffi t:E \ \, - J )v t ffir ). HHiAfi oE€ a
fr) L Z f:fdtrL ls6" lc L i l f. l0kHzoGl€t:19 t-<, HlfitttzonF(r00pF,/ n0)
), - J )vzw n *) t B Z 6 E+t: t* drffi ilE 0)ffi b ntgz 6 ri 4 a "

Ca+ Cc+ Cp

111
-+-+_
Ra Rb Re

ct

1
Rt



Hr:rtf irr€lEffiff ioff i+Blt)7>JDil)1ffir6Et:] 1<ED 6" 6 t. tt*{d
L L ( fi t€ift ir 8 mAtAfr it2OnFd)tEAl0kHz l: ro* t ) (''i > € - I > a lif!796 o l: t

D . k' -, eIf .37Vt: /* 6 " ffs v < tv L mBHEtoRH. L / \ 7 > / DfE Df.A

abrt t: * -) ( lt : lt & t, * * r, rfi /] L /s 6 nr. ffi rlslttt0){Et:ffJrF d ?L 6 " B&Kllo
V + _ ) 7 > J DHffi.&*B,t: to- tt 6 z o k ) t f _ J )v 0) + r ) \./, > 7 I: k 6 F E t
83.150:fr f  .

3.5 r1>t:21) i7 iL

t 1 > F t 1 J 7 > / tt$#ffJl: t ! -, 7, J t.A.E'T > J offiW#t-*ffig t. illX

H;+^r: f f iatrEr Lrr?t6" B&Kltd)r  1> Fr l  J l t f iEEAIatr3.161:fr f "  *
le'ft.*4.0>ffifrH;t l: E#fl 0 e ti /: D . tl[i8H ;i0) tr < l: E < . L it t E 6 tlwuD )

1> Ft1)7>/6b6" 26444.1 I  > F'4)7>ftwt '<f f i .H-r6zL.t : t -"( .
, 1 > 

"F 
t 1 / 7 > / t ffi.A>L/"lifili8HFt" 7 4 > F t I J 7 > /tLl:*ri/:fr ):EH

tt} D 6Hr,^ )voffif i i l f t.PHiff iHHT-eoifftrr-e'E 6" Bl3 l7l:B&K+Io, I >

Ft lJ7>/26444t^- f"

) 4 > F t 4 J 7 v / lt'+ffi aaffih' 6 oah aWfi U ts tt ttltla 6 /* t :. B&K+10)
t 1 v F, 1 Jffi]sEeI PA t) 7 > toaiH L L -(. '  1' F' ' 4 J8ffi,2813ry..n\ b A.
ri lttr€iuatrH L(EH|: zlwor 4 , t:, I JlnfrH.etl:ArriH#rg 6. tr3.18
r:28134 Afr f " 28134Joa:E..fr /r BiHt#P ffiffi&#D Lh l:'lFH r E 6 " ; *t L Effi
o, 4 > 1... r .{ /€i6tt r \ < 2 b, 0) J t) a a )v . f 7 _ offifu p tr + /S+fr # t:ffiAiL* n

( ! rao

58

2@

\ \

'J \I

t\
0nF

il
nl 2( "\ t0

r]

l
rok

o

20k 50k 100k 200k
Frequency Hz ,w

lk 2k 5K

83. 15 B&K+ID+ ! - r 7 2 AoHffi'&X8,fi>El=h.fff ilr{ruo#ARffi0;.FtE.



w
83.16 B&KltDr 4 > F r 4 Jffi i ttr;t" Eh'6$90ry. 83174. 83184" SHIS+

Btn?hl  :1.  I  :1.  I  :27b6.

83. l7 [ i8Hett* [^\0)7 4 > F'r  1J7>J26444.oW02tJ"

59



**r il rFolL,
t Onry whh

Reharoeable Batlerisr

t r3.  l8 281342++> 4)v) 1v F r  4 JA' f f i .

/ V 7 > J n\ffiiEH at |: *fl a[ a> 6 t i I: ts. /. 0) It a < &rt o z'L t b 6 " &il] E .
a l. ) t'z x,7 Lltl#.trt d n/;oltTt<frtE€*+ L L (ff E L /cH?lFHl: + t )\i ,
> 

^ 
h\lE <. ffi H 6 f4r \m#H;f r: H r. r 6 ft d>7 &> -> /: " Z o k ) rjlff$H.il B | - J tv

h' 6 #+-t 6 FF'Afr" ) 4 / P' - J )v n' 6 R 
^t 

6 €,tu}'#& ) I a E )FH, t:"&ffi-c &, 6 "
nfiDIIA n 7 |.'t ) t lE / I /' - J )v t Hl r /cln)8HitT tt+IJffiolaffi.cl* L lv E

ffi it * tr t: lt ?r P 6 . fil)BHEt h\ ) 4 / 0) * \ \HtHrtrE t lr 6 tBA l: ltffi AlA, I 7"
DJ \  7 v/ ,Pf i t i *H;t iE< f : ry0?rt<f f i .H-f6 1 4 > F,  l  JJ u 7 > Jt t lpr- i . .
D)Lo t. ) AE['e 7 I > F, 4 7" J t) 7 > A ItIEo t ) te 4.EtF,E("{tH 3 tL 6 z L h\
f rut"  tDl  )  / rFJt-e ' rJ.  IFH' | :F< *f f i / ; t - ) )vt f f i i \< l&4 >€-f  > 

^oEEtx5r) l : f fL(r \6" zot  at t i17L-eBr,> F)v-JaELr-J)v) I  xt :Xt
-raf f iH. t r lboD/vt f f i f iJ t )  7 >Jt f f i . tcE#t D 6{Et)"  a l t t :?r \ ( l l3 6Ffr i :
id^\ 6 "

lig,bl 
^Ew 

offi t4 rr4)d Y /r t D t: trFE t: Fd ffi D b 6, 4 > F t I J fi *. t, &> o rt "
L r'L. lEHEKlftffija#,)st: & -" (B&Kttomi8Hetr: rtH FIH/]J \ 7 > Jlr\tfr,^
[* l 'L(r . r6"

mi8H;tl:EB&tffi/*l/"rirev>l:. f i l iSHEtoffHiHHffiBf f 1J : ' t 2 v2 )I:
f i r i f l r i&.D 6.  n#, mxHatr : r  4 > F )  4 JJ\  7 >atwtt) . r t  6raet Hoae:
6 " # I \fneH luo t, D r:lfiEp7y 2 ffi vt c I 6 E 6 r: d / \ 7 > J r: t 6 Hewn,n $
€Rl,tl. lJtt lt/r 6 trI \.

h ' .< lJEtJa, 1 > F') .1 / t*6H1. 6*vlcz5t.  ! f l ,a?l* l t  L /"e+. ' to-> 7,7 L 'c
dA U 7 > Jaffi.D#*fr,t= 2 +&ffi., - ) w & Hr, t, Rfi LffiWtr E t FIW l:li z 6 " W
s€JHlr t i€ i f t  *  / : l t f€EiHD Et 6r 'AEI, .  

^n&i6 
;  L l*?* Ar\ .  B&K?L

0)t 1 v F ) 1)'z zr a-e ' l ft€,IIf€iFtHr'. ff i i l8+r.r-{E.)Xl:l i€ift4ffiAflJH L
<\\6 "  zDf i f r r l€t€i f iJHt*I  D gEtu(r \6 ;  L i r*r i ' r ( r r6"

60



3. 5. I B&K+IO t I > t: 2 I )rnJt|f;=e+ Li I > l: 2 I )eE

, 1 > F, 1 JlfrfrH.el oBH l**flA[ * ltle ) 4 > F, 4 J z > / 0> frhof€ffiRH
(pA,/ns-')t*.. 116" i€ffir1: v Iofrf iNoa#t*Hrr€ifttrHt:EEtF:e:', t 0>

ffiH. (mv,t r A) & Htt |-tt'R 6 lL 6 "

/ :L l f .  f iH.3. l6pA,/ns- '0) I  I  > FI  I  /m)6Hd1A I  I  > F,4 J8f28134
|:#ffi f tltfffi ARH lr3 76 nY,/ ms- 2 l: ls 6 "

3. 5. 2 BAK+tOi { > t: 2 I )V >A 2.2 I > $A I )'|fr,

ffi frH.eI o f t - v ffi H (pC / ms- 2 ) B * -f 26444/ t) 7 > / (A t - t pCIr k FI V lr
Affi,rAfrh) t:&z(. €iftS;ltrH ( pA./pc)I:4.#dtLA. &l:Hfff ir id^\/rt i
I=264440 fih f : €iF:z - v l. ffi H t H lt -c. Etf(F! l: mv,/ ms-'? 0) ffiH hYR 6 it 6 "

/c L i. ff . / t - rRH3. 76pC,/ms-'z0)fr#EaIt26444L-28134Lt**fi,V<ffi) L,
it L lEl D t ) I:3. L6 nY,/ ms-'? offi.AffHit'R 6 nA "

3. 6 ttsl 1 xt=rtt fl? aJ u 7 >Jo*EIt#

*, * > i )v a-lilJft.*'e r1 L lr* L tf . r, > F' tv - Jf E! \ t - J )v h\rf'ffi L ts 6 " t,
ti;-r(. ffi4offift., 

^7 
Lor+ffi) 4 {r:ltf 6HH./ElL#t , zoffitfl-F't&)fr0)

,27 Atfr-t:. L l iFgjeb6"

koffiff ior 7,7 al:1t\<D)-F-.c IL#+'E) "

*E l:#ro * hL (f ra. 54pffi A i-( I \ tr r, )) ffi i{E6l L + t -, 7 > J D#EAA b
rt"

#tr 3 tt-lclflif EeI L.i+fr Lh o b 6 v + - i 7 v J "

€€E€YH L€'ffi^#!t'ti a B&Klt?), I > F ) I J v 
^ 

7 L "

E€E€IH L. A'm' '# t i+W^ll AH I \ 6 B&Ko ) 4 > t:, 4 J, 7 i 
^ "

/

4.



5 . ftCffi, f I i- - r* t H t t /c eTftt I > F, I J > 7 7 a (B&Ko)ryft t: lt & I )) "

6 . #ifi+ r -, 7 > J t Hl'tcYffi4ff):tH#.

jtrEq>y zi al=li lL<, ff iff iEti*(/: L LIt? I hE&)ttat>trtl i tHilA€f,E!
r=ffi&t6fr'&,t,&;ff 6.

D)n D ffiffi ? u 
^fi 

M ) I / tt 2 ffi H0) F tr ?)*fl A6 b t r #+:f 6 L 4 t_ 6 "

I . Ff,llttfilF f ^\(oEt*t - J )vlj.fi h' bl \ t i l:Et e tL( t rrr {t?Llfi€ffi A
ft+.'f 6 " ffi if ffi X A lb# t 6 re v> t=, -F T,o E DE'6 $ t - J tv 4 l: 100pcd)
t +' J ) I a t n+t 6 $ o t lEft.t 6 " H+f ?lJEHf€ f,tuXltft?Affiffi L v
< ffi ) " z Dffi,, B, - ) tv 2 5gtr'1- Edft. t . lE, ) .l /, - J )t, t Mb b rl trrt
t ' ->L. l lcZD L.mn6"

il : 10OpcotsH€iL tr) oll i . le Dfr#rslB?&r 6rt. l.r ltv: 7 AHe,

DffiE.k#,ofcDt:Htt(tt6.

2.  ?r>t : )v-A *Etei l t r tTtJ| f f i t i  t rh l7-  7t€{fr t l \Snt}  < b 6" tDff i
x. mi8H'Ft t,, - ) )v o +ffi 6 7 - x €&(" ti te ( . t - J )v I:'tE. < affi*.htf+
#t 6 " mtft#*olL#.Dlzb l: . o)t€EF*T ile"t I v t-ffirei 6 "

.til,o 2 2 offi,'t l--lfr L( E&f+g (EMl) *''z z i a 0) ) 4 X D EWt: ts, 6 " H 4 >
e - r, x ("EgI \E€ 0)'ffi,n 6, 

^ 
7 

^Ti€JFrt#fi 
{E b 6 E+ It c oEMIfi fi 0)4)E gD

ttFrJT &> 6 " $ ) -1 o *4ffi reffi lt€iH, 4 > b. tr EffirrEffi #l: b /c -r ( Yffi L ( I r

6 867 l, 6 " ft+. t tt .t I xE€ ll6tf9ffiAt L *fg6!#6tl t=tl i 6 n 6 " $ t' .
HAED, 7', 

^ 
tr' 6 #ffiffi|:ij L (. bf i' ra 4 t ) r i t > 7 lr b 6 L ) I x.rtd#F!

l : \ r?tr+f : iED-l((  6" aoff iDEMll : f i  L( ,  I  v F,  1,  i  77 
^t t t  

r  -  )  >

^7 
AJ. DElf, ' ,of€JHHiE&.r=ffit <$W#tIrtr:( rr"

62



#Hffi A tr m $ HeI o, - J )v nr *f€iffi o ift ?r < t \ 6, - a w5 I I : & fr lf ,I f H F l | :

X 6 " . o ft+lrHHiqfr tETt I i \. Hit a I v f P ltsDF,ffi&ffi,ft t e U€E'ffi,rt' 6 0)

^ 
) r 1, E;mrt€&lH*o) I < b 6 Fn'e a a " . o V8 t lEW,t 6 o t:MF", - )v l: ffA

fuT t, 6 " v 4 
^ 

| <7 o), - J )v It, - J )v I:lFHi 6 affijFrt{4 I1 l:iE < rs 6 D?E

)t ts +W? b 6 " tHlBlElffi , - J )v bi+FhHD H) \ 6 n 6 "

f€f f iHgr: I  6 )  1 Xrt* f r \ r ,  > F )v- /h '6D )  4 X t  d^t8rr4< 4/r6"
tt*F! teffi A,'s ) t - t tt+tf t: < r, )o)(". D)T o$t!? ll, ) v l: )v - J LFffi Efi l: A
6 )  I  ArnBt&et i6"

Accelerometel
+

Preamplifiel
Description

Relative SensiliYity
to exlernal noise

(d8)

RelatiYe SensitiYaty to
erternal nobe wilh the
addition ol an insulated

barc on the accelerometet
(dB)

Ground
loop
norae

Tribo-
eleclric
norEe

Ground
loop
noiSe

Tribo-
eleclrie
noi3e

Normal accelerometer
grounded input charge
ampl i f i€r

0
(ret.

1000 pC/V)

0
(rel.

100 pc)
-  130 0

Normal accelerometer
"floating" input charge
amolifier

-70 0 -80 0

BrUel & Kjer line-drive
accelerometer
Bruel & Kj@r line-drive
power supply

-26 -80 - 154 -80

Braiel & Kj@r line-drive
accelerometer
"floating" input Broel & K.iar
Line-drive power supply

-70 -80 - 134 -80

Line-drive accelerometer
constanl current line-drive
supply - (non-Bruel & Kj@r)

0 -80 - 130 -80

Balanced accelerometer
Ditlerential Charge Amplif ier -60 0 -60 0

TO118GB1
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diode supply
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Ente6|-6"

Insulated Accelerometer and
Preamplifier Descriplion

Ground loop noise
Sensitiyity

pclv

Normal accelerometer and charge preamplifier 0,3 x 1o-3

Br0el & Kjar line-drive accelerometer and supply
(grounded input) 0,02 x 10-3

Bruel & Kjer line-drive accelerometer and supply
("floating" input) 0,2 x 1O-3

Line-drive system based on constant current supply 0,3 x 10-3
f01tffil

t3. 2 l[ff Hfrt & W D 2 tJ tt *. L. ffi# t lcr* 6 o) t, \ < 2 h, DlfrfrH.al / J D 7 > / offi, A
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ffig ffift-M t tu4tffi ff {d t : tir6{-i lt rr d )k a r rBA. E€4 ffifrEe,p) EiEe . Effi
f+. i[,H f4offi fd rr+H 3 tr 6 . #E tr : g)H t -ft.o Effit+o t, L rffi E[ L ( m)SH;+
t&3tzv)t:'fr )" f r*b6#EoftursffiWft144?trtFppiFr:pga6 f -, tEZ
6 te F> t=IfrfrHeI o=&& t'tj a "

Calibr.tion Chrrt tot
Accelerotnel€r Type tl3Sil

serfef t{o. lAAa-!.1.?"

R.i.r.nca Srndllvlty .l 5OHz, looms-2

ano 7.1 .c

ch..g. S.nifiuit!'. lal.L gCns-2 u ?-?aS pctg

Volt 0o S.n.llivlly'(lncl AO 0036)

. . . . . . . . .  X. t l^S.. . . . . . .  mv/ms{ or . . . . . . . . .  . . . . . . .2.hr i ,  nv r  o
{Voltage Preamp input Capacltance: 3,5pF)

c.p.cltr.@ (tnct cabte) ! l.9Y pF

Typi{l C.p.cll.no of cable AO (x}3A 110pF

tarifr ud Tranav-ana sanailivilt
(at  3oHz, looms 2) . . . . . . . . . . . . . . . . . . . . . . : .  LE o/o

Ytpiol Utrd.mpad il.lo..l FtaqMCt 51 kHz

?tpl€l Yianavdx.na@nano F aquanct, using Ex-
cltsr Table 4290, wlth mel€romoter mounted on a 0ta-
nlum cub€ by 6 l0 - 32 UNF-2A stat stud, mounilng
torqu€ 1,ENm and ga€as€d $daces:

.  lokHz

Polaritt i6 po3llivq on thg c€nt6a ol thg conn@toa tor an
accglgatlon dla@t€d |rom the mountlng srtac€ into the
body ol the acc€lsroreter

Rtalahnc. mlnlmum 20 d)oMO at room tompseture

Date: .Ek:. .Q.! . : . . . ! .2. : . . . . . . . .  stgnatur€: 2. ,Q..  t  .

I  g = g,S7ms-z or t0h!-2 = r .@g 
(

. lhls cellbrilon la t€@bb to the Netlomt furaau ot Sbderds
wa$hgton O C

BC 01rr2

Envirilmantal:
Hufildlt: Wsld€d, S€aled
T.mt r.lu.a Rtng.: -7il io +250'-C (-too to +i|82.F)
I.r. thal Accclcrallon: 2okms-z rak
Itplqtl Xrgn.lic g.n.lllyltt (sOHz - 0,03 T):
1 Ds-'/T
TyPlel Acou.llc Srndlivilt': O,OO2m6+ at ltldB SPL
{2 - looHz)
Ttpiol Erx 9lr.in Sddllvltt (at 250p. in b6*
pl6re): 0.Ol m3-z/4.
lyplol T.mF..lu.a Tr.n.l.nl Sanrilirig (3Hz LLF):
0,1 ms- ' / 'C
Spel0qtlon. obteln€d in accddanc€ wllh ANSI S2.11-
19€9

Phtricd:

15 mm
Elcl.lql Cdrelo.:
Coqlal l0 - 32 UNF-2a

t  -m
\o/

I.l.rLl Tltanlum, ASTM Grld€ 2
3.n.ln! El.mnt Plezogl4trlc, typ€ PZ23
W.lght 17 gram
CoDairEUon: O€lta Shgat
Idnilne Th.od: t0 - 32 UNF-28
Iflnllne Stud: 10 - 32 UNF-2A xl3 mm, ste€l
Iqntln! surtc. Fl.ltro.: <3Fm
taqtrllit Tdqs: No.mEl 1.6Nm. Mln 0,5Nm
Max,3,5i lm
3alanlc I6a: 6,6 grem
Calcr ol Orrvltt ol Stlrmlc lrst 12,1mm l om
mdnting 3urlacg on centlal axls
Cal.. ol O.avlly ol A@l.romdar:9.2mm lrom
muntlng 3ude@ on cgntral axls
For tudtE. Info.mellon s B&K 'Plezoel@l lc Accglsr-
omgtor and Pr6ampllller- handbook

P.t ff t3l&t

85.l #tr*. : .l:l*. ZoffifrH.efi)Sttri{d+p v t o)ftE{fipt;gfii lr(r\6"
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B&K}I ?tF 6 ir /c -l-.r t o fi ItH et B /FH t: #t# r: ry6 3 n. ff H g4g z n-c t, \ 6 o)
'e. HGiffi f+ L ffi 14.0t 51w.0> + tsr. r ; L ntft ';[ t ?r( i I 6 . a 6 t:. 65ga+ It&FEol t s
,  t  - ,  t :?r r(Ema i- ,  r t tR 6*l"6 j  i  t : lEf lJt :#E t tr(r)  6.  #E & r)  Lt f .
LtlLtlRH4)#Er;?r,(rr+'e66rr. to{!oHiq*6s+. f€fidE. Fe.
frhl>Wgteot l1 7 -  t  $&trDH#L.t  <+,-6n6" +t$tF.eIt l -+<o#f.o)
H# A An, tffi 4 o#trB rr 6 2 a ?-fr,ffi L ra 6 " z offi#,o b 6 $ D rtffit o)mXgH r:
B€f 6 t,0)?6 D. trs. l, 5. 2, 5. 3r:frf I ) t:. trg$gt+DM,*,a tr:taffio) Eo)-e
b6"

. 0)+e)+ E rt#E ti* t: ? r \ ( owwtt te#,w t t a z L ? tJ. re r r. fr D J. ) b4 tt
#iE#Eo)ftHilFEBt:ilff t lr( r \ 6. :0)+(". #E DattffJtsfiAtB&Klt4)fi
XtH#o&E L ilUtfi*l:-2r, \(id^t6.

-  Oat€: Polont iom€t€f:_ZeroLevel:_ D A B C Lin

2@ 5O0 l lH: 2 5
.ower Lim F..q.: -Hz Writing Spood:_mm/@

20
Paper Speed:-mm/sec

El5. 2 #tr*. lH4 oill)BHett:if;{rt t lt-c t, r 6 ffi&&t6F ottJ.



Ttplql Tamparalure Sanalllyilt Dcviation:
(Pl€.o€lstrlc Mat€rlal PZ23)

Schrmdlc Orrulng ol Ercilc. 4il9c
(Modlrled loboratory rels.dc€)

Lqnllne Tshniqrci
Examlne tfi€ m@ntlng surlace tor cl€anliness and
smoothn€$
It n@s86ry, machlno surlaco to loleranc6 shom in
$h€m6tlc drawing ot Callbration Excit€r 4290
F@14 the 4383 u6lng a 10 - 32 UNF-2A slud Take ca.e
not to exce€d th€ r@mmended mountlng lorque and
th6t the slud doeg not bgttgm In the mountlng holeg
A lhln lllm gt oll d greas botween the gcceloromeler
and th€ mountlng suatac€ helps achl€ve good contact
and lmp,o6 mountlng stlllness
For othq types ol muntlng, s@ B& K "Plezoelectrlc
Accelerorcte, and Preamollller" handbook

f{dr?irl: Stalnlesg stel

t r.r ol Excil.r t.bl!: 180 g.am

tounlad Reaonance Frcqoerct oblalned on
lhe Exlter 4290 using the r@ommended
mounllng technlqus is shown on the attached
indlvldual F,aquancy Reaponra Corve

300.c
572"t
?9ol9I

ts5.3 #E*. filXEHitl:'rt,t(o-ltE!te'lEi#.

s. r. r a.EilItE'#a#iEf 6r'

lEoryzEtJe L0) F€E t F * -:> /c lElH'eft H t 6 tr tJ D)r+ E 6 #E A fi , I I ( z i' o 4[
fr nt b 6 " Z D * < D E+ ttitF j.*. lc tt*#t Itt**r' 6 EFHfiF L Ib#. v < . 4.&#
D Erc Z Dz,rtW t'!.IF''L t 6 EA -e e, 6 "

m$HetrtffiEljoffift . * /: lt. HH("frFE t tL6 L E . #E*l:fr I it ( t t lr r t l )
rr fi itH *lot4fiE ri fflE r: /4 6 n. 6 tu't re r ." ; o)tBA l: lt. &E A E 4 nr# Et'+i a'b
Frr 6 6 rr. ififto)#iE*tr t < offiHr:ft,rlt:trH(" * 6 "

* <oXEh,6 r*6flllt#Eo z 77 at* rv rtAE+tt#E+yaDn*rrC*("
b6" ,  

^ '  
AOff i+f f iHo;tqaf 6tst : ix i t l :#Gtr v r*tH\\6: L t : I  DaR

+a#tt6 ;  Lr tH*6. . iL l :?r . ) (115.3.5f f i1: t / )^*rr€r ' l1( t )  6" Eo t i
a#tr a {f , Bt(" 6 . H l:mxfHFtoEiEfi ,"u6 airot L ( E < o irjil I )" F[ r'r)4EHr
mxtHFtnrtrtr( 1, \ /r r r rr e a n; t z lLt-- 1. < reh' b\ 6 a L nift jR 6. tHlEn\E z 6 L.
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Elifi fi ,"uS l: fiL lr.n\mn 6 4 ht & < . t o k ) bE *ht &> l1IlmXtHEt rrt4lfl L ( r. r 6 L
zr'. j  ( (. Hifif,ff iErt[E€3lr(])6 L.h'tavtt6" ;offirs,#arj6rtR#Ert
iEtrtrt,/)("t*t*1,ts6" tf l i tH;+oEliEftr"u6oilt l tr:?r.\(fts.4 zffi 'eid^{(&6"

s.2 *iEnf,oEEtiE

s.2.1 WEO*#&.

lffi 4 o 4&# offi t{ f9 rs #jE t'ti ts b f L t, } t ) } ) I: t 6 le F>, R+n E F.W*.&# 0)
W E W 1imh\68-t d ?r /:. . o@o tl#',dEls. 4 l: fr d lL( t ) 6 " E:4*.& # B = 1 o,
w-Jt : f t i  6tu6"

Fundamental Physlcal Ouantltles:
L€ngth, Mas. Tim€. Curr6nt, Tsmp€retur€, Amounl ot Subslanca, Luminous Intenslty

lnlernational and Nalionel Standard lnstllutes
Moesuring prdedures for tundam€ntal end derived unlts

Vlbralion D€oartment
Callbrallon of Prlmary Standard Trans-
ducers b6sd on lundamental and
d€rlved unlts. Callbretlon (comparlson ol
absolule) ot Tfansf€r Standard
Transduc€rs

Vlbratlon Laboratorlss
Callbratlon ol Primary Standard
Tranaduc€rs. using lrac€able instrumenis
to measure fundamgntal units. Calibration
(comparlson or absolule) ol
Trenst€r Standard Transducers

l - - - - - - - - - - - - - - - ' r
lTransf€r Standard Trmsducersl
L______-______J

lvibretlon Transducars In common us6l
L________________J

Users ol vibratlon oqulpmenl (maklng comparison calibretion of Working
Botgrencs Stendard Transducers and measuring Trensducars In common use)

l- 
- -y1*r".e 

n"Ctin-""-st"no"ro - - - I

L--t:":grs"------------i I--?________|________,

w5.4 #EffiWoWE"



l. #-^t+{fir3

ft # r: 3 211. *##o ffiE & &*fr tsaf4frE?*f J a t=ffiffi) tI 6 hi* A ffi if #
Efr '&. t e ) . z oh *,r= t -, ( #E 3 fu /c 4&x ttg-tr.F^wA&#? b 6 . z v < r
nh\ z DWE DRlfl l:&E L < | \ 6 " Z o I ) re4&#ttElFE! * /c lr. BXDffiffiW
ab 6 I )tiffito#E-iltsHH?#E * tr. R€ I ir(t ) a "

2. WmHt.€g,N #

z tL 6 o^&#lt L)d 0) ffi a f ftfr nFfr T #E I h< | \ 6 " Z n 6 d - RlP^:4gA.&# t 0)
lL#* tltffitiFlti*l: j:(#ff 3lt(r r6.

#fi ffi RWA&E rt. n 6 o ffiao) +'e-Fl+ t tr rc + 6 le F> r:, fflMWa ffi (" tfr L
( F#iEt 6 " #rEilB€ ?flf,&ffie oHo "Hllt tr . 0) & a r, v < " #fi HF-^:+4&# &
t&t .  s i i l i l€f  6ILt :&- l ( f f i j 'd?L(t)6" * /c l t r l :  j - r ( .  "1.  L-+iH,
i -r" t ' ff i1-tt16D?b 6. l ' t,-tCt) 71 Llt#E#E€?{'btL6ftltro-Hf1..t:
D 0>ffip6;7ttFff tffi -? (r r 6 h't rt.> e D J ii 6 a L? b 6.

.? I -e . ##H""#E a hf*&#BEof&faI--fWtt4->-ctt6 r'Enfi d tr(
t  r6"

3. .H#ffifi#gfi8B

. ?t 6 lt-iql:& H t tL 64&XolL##rE t: FH r, t 6 h 6 t, D? b 6. tEHiStn ill
lrffiffiffiAt5#iE#Hrffif,ii*flL#i*t:& -r(#fr J lr(t \6. Z n6lJftSHHlfi t
#;S e E#&A d n 6 . z o t i t: L ( -frt l:& H t tL 6 *.##a#E o-Hl+rtfll t lr
(  t .@"

5. 2. 2 BaK+tO#iEOEElil)E

B&Ktt#4)lllitH-#0)#G 0183054{g44flHH fi iEH it (trs 54Hfl ) A,ll r. t -( I t I, I r
6" ; t l r r^{-  Tutaoa2EaPrt&r. t  )  r :n6;7**4j#r: i lFt  L t , r  f i i t ' t r / l
t[ ifH Et ? 6 6 . IIe# + L v < .'RE4.ll,l: tf L ( {EBH (". fif ir /: tt.f llll lt'J' ti',| 11 4
l$-r ( I r 6 /<fr D#frpz 1004 +a l:Et L (FB r. \( r \ 6 " . oillif tq,ll d) I tiilt tr ft|l
O m)SHil A eq Et 6 fc A ot t', +Ltrt &) l) . back-to-back-C"#f A fi i " (5 :l :tfil' I ll(l )

i l6



Piezoelectrlc
Mass
Spring
Base

Dlsc

Eos. 5 83054H+4FHHlflNHAt"

a ofrr*,Dtfr ,tH Et lt I ^{ ( v - )f - +W*,1: } -r ( ffi l{#E J lr( I ) 6 " 
(5 3 lffi I

FH) * 6 l:. 3s064+ttrt v l' 083054 L2626ry#WH€lEl?tllft4tr -l! L v< v -
+I- i :& - l (#E A?t( l )6.  ( t rs 64HR)
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B&Kli o #E # F1 r. 6 lt + t : fd E n' ft H E! t : - r 4) 35064 rt X El ffi lf € H # E ( NB S)
r : ix6lr( l r6 "  zn60ttuHR#?$lJsx?Brc (  .  Hr:a6 L 'eNBSr: ix 6?r(
t r 6 " a o+,rFl: & -) (B&KtLlt r, - +/- l: j 6 #tr'o)-FE A ffi ;[ t. f ^\( 08305
4?)H#rrNBSl:rh* L(t r 6 a t l=ts 6 "

| ffi.offi -kHwl0$Ha+ nr{fr E a *a( I ) 6 ir. t nt.ffi L "'0<F'vxaffit+t:ffi< ;
> -" -, EfrI= ir a | ffiDI,ffiOF..W#h\ l, 6 "

B &K+Lo ruo ffi]ff,F{At .,l.XmaflH lH#;* L L ( d)s3054 A H I ) ( bac k-to-bacf* t + c
ilE!l:#fr 3 tL6.

*ffiowfr ffiF.F# nt u F + 4) B&Klir) +t - v 
^ 

t > r +fu 0) #trffi w o &8, 
^,A a H&f 6 tc&4 l:ffiifl * tr( r, ) 6 " : : r. -frqnff Ht o lchr= b 6 ro 6 4*omif

HAtrr95594#t i z 7 atElr(back-to-backfi*("#E e t6. (5. 7. IHAHH) l[E
EdtOE+ 0> ts r t -, * ' Zo, 7i a f ff i  1 t1ryE 3 it6 "

zDta l :  L( .  B&K+l l* tUFH/i l tTr* ( .  f i i t t rEtDff ix l* .*+t--b->'(  |  v-
t c t) 7 1 o F'-irll d i. /c #E rr T z 6 fu *.tt rs tifrl t ft D ltl te. a 0) tr#l a El5. 7 r : ai
L(I)6.

aYaEl ?d c^urau @ uGLtKJar AccElEnoIEtctS

Els.7 B&Ktto)+itrowE"



5.2.3 &iEtttoilE

l. L - +' C, 7 I L ffiHo;Bi' t4gffi'f a z L ltiA4?6 6 " l. t, - t k" t) 7 .t l'#,ffi
wa-e+i bh 6#E L 0)-H{4 a Hffi L ( r r 6. t t <, t o#rt.B#6,a+frr: t, 6 "
t, tc h\ -> a 6 L E I i'o#iEfi ffi ,rffi&ffi a I D t, A 6 l:ffiH ?) & r. rifl t# A {FHlhll.
< o#iEffiffio#iEf -, o rt 6 2 Z rtffiffiffie D 6 o j D zJ. * 1 re 6 7 b 4 ) "

ffi 4 o#Efr *,offiH t #ffi-f 6 /c &D | : lt. #iE ll t D r> h rrX'&.'e E b tt tl ttll ts 6
tr f. r. B&Ktt (" rrr€E#iEEffi #€No 30034)f i* a *H L ( I, 6 " z Dfr '&7 rtilft.#
x.o rt 6. z ttHolEoafrf 6 trffi 0) ffi 'e44, * h. z o trH t* +,0' MrJ. E, s)E E e)
a H I )'C{€+6!Effit4 L Jtr: 1 1 DE-e *& d tL 6 " < V < < oRolEn (+) olFn^ t:
b6" EtrL&Eo46E+l+. t=W#t67 7 t  , I t -zohrJt)  I=f tMtn6"

a) ,>ral t62t
b) *trrtJtsltFr)t
ret F! L ffi *t tl tc#,Efi *-e ot{ 6, E t : -2 t, -r Dl, T t : &e$ 6 "

*fdFltii v -tf -+WeItHt rhlf4fr*t4o&8t0.lzo/ooffiEa*.b6 z Lh\il)
* 6 " t rt' U b. it 6, +W, ofrilft.r: tr r. \ ( tr EEfrl t (0. ro/o), ffi.Wtfrffi# o U t 

^(0. ro/d, m if H At o {q E (0. Zo/o), il irf H e+ /) &, tA o fr t (0. ro/d D #E n\ ft +.t 6 "
3s064#E t v l' L 83054H# 4 flH H il iSH ef ("fi , ffi ff 6! h&Efi '&,o48ffi d d99o/o
o EffilL? 0. 60/o DIX#T *, 6 "

lt*tlt : o)t'i* l* NBSTTB&KiIO AIF;F A HfAt 6 /c D f : H t t /c 6 o 7 b 6 " Z n
It * /c. B&Kll rrE4 o)mIf Hit t #.lE-l 6 o l: H t r 6 f i*? b 6 " z ofi *,(" lt6E
IE a tlo 95o/o t D 4, t ( tt 6. . oltt -hid0)35064#jE t v l. l: I 6 ffi t{SJ#Ei* t: &
D +. D 6Tre* 3 t: m t 6 e L l: t't'c . z Dfi #,offi AH# lt99 o/o o EffiH'e r. n% t
ff iEztL6"

.tL6o&.l6Bffi*t '&,t&.-c tB&Klio v -+f -Nftj 
^7 

a-lc€t'n/cc t &H,,t-
( | \ a ttiatla 6 t r r. L r' t ts # r>, NBSo)ffi fi E, 7 7 a tt I o/oc.r-ffiHac b 6 "

t; ?. s L35064J/ 
^7 

aoffiEENBSo)tdaH'.rtrtf. ff i f i i*4)4.tro#.xB
99o/o o EffiH.T 1 38o/o I: Effi-r 6 "
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s.3 *iEtts

ffi Ho)#tr t: lJ - 2 o) X t8. lcfr *,nr 6 .
l .
2. ttt l t I ir l l , back-to-back i*l:Fllf L(t!6.
3. *{jEtE znldffiU v 

^ 
tvr)Yl-> tefrffi#t&Ht 6x*? e, 6 "

s.3.1 v-+f -+#*,

#E D ffirt fiJfr '&,ttlF H I=H*.b#E o ffi.H t'BW L. t 6 . t . 
"". 

* E r) mXH ;+ d)
&.ffi# tt a oYt{,oWE+ E''), E *'efi, i } tl * f tr I t.

Els. 8lt B&Kli ("H t r t 83054H:+4-FRHlfrfrH.Af L 35064#fr t v I o EdE E m L (
l . \6.

if lf€#ofiEr!'" 4' )v t > +wetoffi D r:*+ 3 rt 6. v - +I - . k'- a tr#Et 6
F#m#H#oto*ml:E/: 6 ta I=t6. E+fttffirtlFl DEB&tE-l(tr ->'c I 6fi
t i j r '6f f i+t f  6.  +i4et4)c- 

^.  
La\  v F ( t t -  7:  r - ) t t ro)gf f i t t :Er.h(rr

6" tl,<. fiitH;fo)*ffi?E#3l:'lelcffio-#h\7 )i t rl t- [."l:9t6.
7 )r  I  f  12--  Nl :Y/ :6 v- t f  -Xf f io$o-*Fl tE*-  a.  

^Jt)  
v ta"glh '* t6f t .

:, - h' 6 DJbffiT. 7 ){ l. '  I t - l: o l-e z n 6 o)eD+wD * rrf l j* 6.
7 * r, 4 t - l: o)Hffi d h /c d /r BHi&&.k h t >, - r- xh z n. ffifi o 1 Hffiq)

ffixt x. L 6 . z D*ax.'clfitqat o +ffiilEi r:1x61 L ( I ) 6 "

f t[Hi4e (# &) ttEW^Wm +.X?m+. Z n 6 " z D fh Ittt#, u v ) L. u a f
&*.tuh, >, - Efr z 6 n6. ffifrffiffi lr*fr a h 6 P"h\E t 1 tt 6 * -eil# 3 tL6.
H#ill$Hef 0) EEfiW Nh B b 6 r' l) D #tr A tt /c ilIEEtfii# L RMS+tDi€EBt t H r,
(f l€ a fL6.

: o#trEEt(" B v - tf - +WBt l: X, ( 830sUo*.fr.o +ffiffi A'rut t 6 " lni8H l*
ffi{frWir, > t - ?Ffr,^W -> teffi#*.t H I \ ( etH 3 ?L 6 " EE lriliE E # o'afr.W il h

B&Kli-etJ. t[ffi ffi iEfi lJ 160H2, lfr8E D v 
^.,r. 

lJ,loms- 2 A H r, 6 .
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5.3.2 ZotEOft*J+{iE}E

16t) f f i t i i *6 b6. vh'v.  Zhr,of i i * t tB&Kl l? l t f f i ) t t (1, \ t r r . \ "  Z zr ,  z
: r"rtff iHr:it^i6 r: L Eb 6 " < ofr'&,t tt

I . qu{fitr iE FiE* T: o)t?*liB&Kttottff l :. i&t n\ft z a&/A.ff its, *11"
tt--llffi -e'+i L 6 ffir! *, t L ( 

^ 
d ?L ( t \ lc " V h' V . . o fi i* lt tFH l: tE*/E ? & I I

f f i jRnrf t l  6 l l - re l r .  t r r ( .  ZT)t ty FJv )  l : l j€tr(r , \ t r l , r "

2 . Ett: J 6*iE)* . o)ti*'critilif H.e+ t 4d'/loHHt-e?+H'4 < El# : ri. !E
h r: i t lild'q.Fft r: lp g t t 6 " z ofi i* lJ{4Et'fr fi (" lt*H ffi (" 6 6 rr. B&Kll
(" l t{FH tt t / t  1, t->/:"

5. 3.3 back-to-backi*EJ6It**E

B&Kr tt 4 ( 0) M, *.o At ilHffi)EE ;t O #E t: back-to-back t H r, i ( I I 6 " B&Kl1 r
It+ Afr , z 7 

^ 
t ffiH L ( r. r 6 rr. m$H;t a E /t -e h#+*fr. t'tt td ) L t 6 Z tt-'ilL-c

t, lFl l) t ) ltv z7 
^ttffiffi'e 

Z 6.

RH A rU k )  L t  6 f#Hi A830541H#mif  E; f  L H FAbt l :  t -  < '  4 D#+
L /: 6 o t )E * tr ffiilnr;E, Z lt II 6 " ffifr Dlfri8Hef t: H D ltliEH rirfl b 6 n' 6 ffi A q)

fr)lolLhttbbbffiEotk,t. rs 6 "

48 154#iE E,\ v l.' t fl D {-f rJ 6 0 t--fr t le 480t4Jl/J0ffi#ffi * /: f 148054 | : 48 I 54 *ir[
H,r'v F' A ry D ff tt hrJback-to-backi* t: & 6 #lE rtr E 6 " 48154 l: lt83054lH4mif
HEtrr*flAil* n<\\6. J: 0#fflA. & tlB&K+lr)#ffi- F tSffidttrc\t.

F t, ffi H /e back-to-backi*oEdE tt trS. 9t: fr g 21 r r 6. l[i8Hil tf -tHifr &(" IJII
tEi tL( t )6.  < v<, tDf ih l t  ( , t - rREn.€Eff iEn'o,bry- i : r"uD() +rr-
, 7 > J * ft ItElET > J + - F' o) / t) 7 > J t-ltg tr b tL. 4 0 frh t#iH otf{. r I, 6
ft-6iHo),$/t 1., - t "C"iff tf 6 ".
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Reference
Accelerometel

A
I  Vibrat ion

|, 
eo .in 

-t

tr5. 9 llli8HEto back-to-back#fr i*oEiH rr HE" mISHAt o trE It J t) 7 > / t fr
L( i€E;f l :ED 6"

Btido v z 7 
^ 

Itzs}}UffiHtr #?*o t ) t#ffirs€,F.dI E ff,ffi-f 6 z L l: &'> -( W.R

TE 6 ( t rs.  104FR) "  *Hrr* f i l r )m$HatL-2tnr1-c\ \6#wHJ t)  7 > JDt ' ,  I

> & 1g71g.Dffiluirpu1' L t 6 I i t:ffi ffi f 6. < t < < Dlfr,tfiatoffi H lrffi MHl t)

7>taf  4 +)vo#^Mtb6.
297 }UItW.o k ) ts'11#l& Rlct "

Control  and Balancing Signal
Precision

Conditioning
Amplif ier

2650
or

2626

Control Signal

Sensitivity
Comparator
Type 2970

Unknown Acceleromgtet
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Measuring Amplit ier
2610

Sine-Random Generator
1027

Power Ampli l ier
2706

Accelerometer
4371

1000 pF'
Dummy

Preloading
Force

Ampli f ier
2651

ng Ampli l ier
2610

Qo . .  o

trs. 16 rflxtHato, - J )votsffir€fi u 4 Affift."

5.7 *iEHtti

5.7. r 95594#EiztA

r tl l*mtrHAt L. ? 1, v 7 * > o#Eo lc P> Dii|re+Ho> > z 7 at b 6 " z o t
) ts! z, 

^tff iz-c16 
< LffiH+Hi&fi)\) t -, tRltr-t 6 r L rtT. f i iEolxal€

tE [,t z L rtdiR 5" z offi /r > 
^ 

i 
^DEtJtLxS. 

17t:fr-1.
lrl L: v z 7 a fffi.n+ oB&Kllr) t - e 7. - t >, acEHS tr( to' D . lEl D i 7, 

^,rnnft i f t ( r \6.  &,  a7 at : l t f i t )EHatt . '?4 ,oz t>o#.Eot bo+,+rs+
ffi #Bn#rr6l-i t ?r( r \ 6. 95594H t: -" I ) ( O 6 -" L #ffi t: B€ t ( i[ < oB&K+to)ft !q
tr l :Sf f id i . /ctr"

5.7.2 *iEHttio*t!

Es. 181:. oH?id,x/cB&K+1t D ,i.+rE 6#fr#EAg*! L(t \6"
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85. 17 95594#E > zt t^.

5. 8 rortEE.+o)*iEr:E6f 6fl#

B&Ktt?d)Effi ffi l*ffi iEHito#E & efi # lf ISO-5347 "Method for the Calibration

and Shock Pickup ( i lEffL'&9Blc'y ) '  7 .y /o+;.rt#)" l : ' f t1a1t6.

a offi + lJflli8q.eI offi 4 o#f E E l: E€f 6 g * L I \#fr ti* l- ? t r ( g r'tr( r. ) 6
o) 'e.  #L (  * [D /ctrAl lS4FH( t  I  l r .

+tEt:rr.  \(4)ff i f6c- l t{ut:& 0> t.  )  ts t ,ohrb 6 "

ANSI 52.11-1969-"The selection ot cal ibrat ions and tests tor electr ical trans-
ducers used for measurino shock and vibrat ion"

ISO/DP 8042-"Characterist ics to be specif ied for seismic transducers for shock
and vibration measurements"

Brit ish Calibrat ion Service Guidance Document No. 3003

134



Type 4290 Calibralion Ercite? Small vibration exciter tor use in acceler-
ometer frequency response measure-
ments. Used wilh B & K Sine Generators.
r Max. force level 3N. Frequency Range

200 Hz to 50 kHz
r Built-in accelerometer tor level requ-

lation ol generator

Calibralion Head Type t1815 Primarily intended lor high acceleration
calibration of accelerometers and other
measuring transducers using back-to-
back and laser interferometer methods
r Built-in Standard Reterencb Acceler-

ometer Type 8305
r Fi tsExci terBodyType4S0l orPerma-

nent Magnet Body Type 4805
r Accelerometer calibration oossible

over a trequency range from 5 Hz to
10 kHz

Type 2970 Sensiliyity Comparator Rapid back to back comparison cal ibra-
tion of accelerometers. Used together with
Calibration Set Type 3506 and Precision
Conditioning Amplifier Type 2650.
I Calibration accuracy + 1,02o/o al 99o/o

confidence level

Type 4294 Calibration Excitel Pocket-size vibration reference source for
calibration of accelerometers or measur-
ing systems.
r  Fixed RMS level  10ms2 t3% at

'159,2 Hz (1000rad/s)
! lnternal batt. supply

(1 x IEC 6LF22)

Type 35116 Caliblation Set Consists of Reference Accelerometer
Type 8305 plus Conditioning Amplitier
Type 2626 calibrated as integral pair using
laser interferometry method. For use in ac-
celerometer calibration set-ups.

T0totw

ts5-18 B&K+tt$0)#tr#Eo-H"
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6. {.J lil



f.tfl A
!5fiSfi*

m cm mm tt tn

I 100 1 000 3.281 39,37

0,01 '| 10 0,0328 0,3937

0,001 0,1 1 0,00328 0,03937

0,3048 30,48 304,8 I 12

0,0254 2,54 25,4 0,0833

*r .  Et4)Hff i .o^#*

m/s km/h f l /min mi le/h

3,6 r 96,85 2,2369

0,2778 54,68 0.62'14

5,08 x 1O-s 1,829 x 10{ 1,136 x 1o- '?

0,4470 1,6093 88

t2. ffHosffi.o^&*.

m/sz cm/sz ft/s2 in/sz

1 9,81 981 32,2 386

0,1 02 100 3,28'l 39.37

0,00102 0.01 I 0,0328 0,3937

0.031 09 0,3048 30.48 12

0,00259 0,0254 2,54 0,0833 1

*3. 
'ff)8Hd)H.fr.o$#*
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l(g tekma gram lbs oz

1 0,102 1 000 2,2046 35,274

9,807 9807 21,6205 345,93

1 0-3 1,02 10-4 1 2,205 10-3 3,527 10-2

0,45359 4,625 10-2 453,59 't 16

2.835 1o-2 2,8908 1o-3 28,35 6,25 10-2 1

f01E1M

t4. HEd)Sft.oE&*.

N kp lb ft ls'?

I 0,102 7,2329

9,807 1 7' l ,o

0,1 379 1 ,405 10-2 1

iFs. 
'JD+M.o*&*

N/m2 mbar mm H2O atm in WG psl

1 0-2 0,102 9,869 10{ 4,02 1o-3 1,4505 10j

100 1 10,91 7 9,868 101 0,402 1,4504 10-2

9,807 9,807 1 0-2 1 9.678 1o-s 3,937 1o-'? 1,4223 10-3

1,0'13 10s 1013 1 ,0332 1 04 406,77 14,696

249,1 0 2,491 25,4 2,453 10-3 3,605 10-2

6908,9 69,089 704,49 6,805 1o-2 27.736
fot@m

|R6. rEhDH-ffi.D*#:8.



=ws (wh (pm (cal 3tu It tb

1 2,778 10-', 0,1020 2,39 10- 9,48 10r 0,7376

3,6 1001 3,6710 10, 360 3413 2.655 10.

9,807 2.7241 10* 1 2,3423 10-' 9,2949 10- 7,233

t187 1,163 103427 1 3,9685 3087,4

1056 2.93 10n 107,59 0,25198 1 778

1,3558 1,766 10-', 0,1 383 3,239 10- 1,285 10- 1

f0tw

*7. {t+. ri/L+-. #*oH.fr.D^&*.

KW kpm/s hl( kcal/h ft lb/s hp

1 102 1,36 860 738 1,34

9,81 1 0-3 1 1,33 10-2 8,44 7,23 1,32 10-2

0,735 IJ 632 542 0,986

1.16 10-3 0.1 19 1,58 1 o-3 I 0.858 1,56 10-3

1,36 0,138 1,84 10-3 1,17 1 1,82 1 0-3

0,745 76 1 ,014 642 550 'I

2,93 10{ 2.99 1o-2 3.99 10{ 0,252 0,216 3,93 10{

3.52 35,9 0,479 3024 259 o,471
r0tw

*8. ft+s0)4fr.o*&*

Symbol Prefix Multiple

G
M
k
c
m
It
n
p

giga
mega
kilo

centi
mil l i

micro
nano
prco

1os
106
103
1 o-2
1 o-3
1o-€
1 o-s
1 o-12

t9.  #EF-$
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ffil B
frno+l 2ra (ffinE*)

ffifil>+ .t ,, antr,tt{frffifrc.]-ffitfr&.. *ft. sH. fiifH0)Hr)F€ffit r, 7 T*
V le $ D? b 6 . IVED ) f ) t - t 0) a b 2 {Et + Lilf. ft /) 2 ffi a trr' 6 ffiHt:#,/)
rytu6"

10
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f'ifl c
lFsoilH

#f6 L r. i 6 0) tt* 4 L. ffi v < +.* |-i,2ffn+ E *ffi*ffiDffi,ffi hr b 6 o ?. -$(

W x ffiffi t,t k + D 
" 

6 fEt a iL /cfff G L n' t I t " I' t' I' ts br 6 B&KII l*'National
and International Standards and Recommendatins-Acoustics. Vibration &

Shock. Luminance and Contrast" & frtffi V A | \ 6 Ot.,SF /e f, lt)t < O B&Kttt)tt4t

tr r:#* L (T 8 r r. a otr: rt a oftw ofin+ o>lrt#,ffi L ft onft lEo 7 lt' r, 7 t
f f i#,vab6"

f'ff, D
frDEHf6B&KOf.+|

B&Klt&Ot+? l: Hf 6 #ffi AE H DJFH I: * < o Mffiffi t n'ii v < \ \ 6 " t n 6 &
j}HLrTeil:frf.

aFl l  A 4'  I  lo7 +7 1alr(  z i '@ftFrLl : f f isalE#Lff 'FHl:-r I \ (* tr(
e,6" &f iDftw?B<n?nff i t r f l€.  &f i rz f  ,  ?v>' \)vZ,t=,t)>, l=wt
6 3 ffio^fiAfibA " .nF> ttB&Kito)trfift4tr1:#*f*Ll{1+-eE a.

7 J U + - i = >,/ - F r iLtJEffi Eg l=n'ft d tL 6 ffi#Y-e b 6 " < afrdEE#Fg,i'
t # /c lu ( t t 6 # ft. D tlW I= 16 tl 6 B&Ktttgili$ D ffi HBJa b 6 .

72 =hwVt t z|,lt 4El#fi ttL. B&K+toil#ot"uH L. B&Ktlt[i l#o)ftiE
tt:61 5 69 " +ffi #o)l##-eD 6.
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* frfift!frorr < ?r'ozFirB&K+Ir'5fi(rr6" /: L Lt{.

"Mechanlcal Vibrailon and Shock Maaeu{ernents"
'Frequency Analysis"
"Modal Testing - Theory and pracilce"
"Modal Analysis of Lerge Structurgs"

7lV r- ,  a 2 )  -  |  L,7,  =rt  )vvV z- | ) t ry )  - lY t r -U -? l .  t t t t l [ t r t : t 'D
*f"
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{.Jfl E

F"Eo)B&KD/ t 7 > /MDF#J" 26444, 4 > F , I J7 > /t:-"r)(tt# 3 Ft:
i f i^r t : .  t  6 l :#f f i | :? l r ( l t7r / l=V[€, l t  3t t /c l { f f i -  t ->- l .  t34f f iTIrr"

Pr€amplillel
Ttpe

&digil 3€nrilivily
condilioning, low

noire chrree
rmplifiel

3-digil .en.ilivily
conditloning, lou

noiae charge
empllll€l

Meatur€ment
trode.

Acceleration
Veloclty

Dlsplacsment
Accslsralion

Amplilie?
Sen.iliYity

0,1 mV to l0 V/pC
(-20 to + 80 dB) 0,1 mV to 1 V/pC

(-20 to + 60 dB)

F aquenctl
R.ng6 (-3 dB limil!) 0.1 Hz to 200 kHz 0.3 Hz to 100 kHz

Sclectable Low
F].qu€ncy
Linil. (-3 dB limilr) High

0,2; 1; 2; l0 Hz (10% limits) 0,3: 3; 10; 30 Hz

0,1;  1t  3;  10;30;
> 100 kHz (10elo l imlts)

1;3;10;30;
> 10O kHz

Poucr supply lnternal batleries
or Ext. DC

AC Mains

Olhel
Feltu|ll

Overload indicator.
Tesl oscillalor. Battery

condition indicator

Overload indicator
Oirecl and transtormer

coupled outputs

ApplGrtaon.
Fleld measuremenl of vibra-
tion. Underwater sound mea-

surement with Hydrophones

Gsneral purposg measure-
menls Comparison calibration

ot accelerometers
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rEt
t-l
l;:,.|
F^fl
-

3-Unl-G!ln .entitavily ret-
ling.. Chargc rmplilier. Ve?y
lou ft€quency neaaur€menl

c.prbility

il

Smlll, lobu.l,.diu.t blc Aain,
chlre€ lmplilie?. Erc€llenl
alectromagnotic radialion im-

munliy

4 digil .en.iliyity conditioning.
Lor noiae charge .nd Yolllgo

rmplilier

Acceleration
Voloclty

Accsleratlon Accelerallon

0,1-1-10 mV/pC
(-20 to + 20 dB)

0,9 to 10 mV/pC
internally adjustable

(0 to 20 dB)

0,1 mV/pC to 100
mV/pC. 100 mV/V
(-20 to + /tO dB)

0,003H2 to
2OOkHz

1 Hz to 2OO kHz 0.3 Hz to 200 kHz

0,003;0,03;0,3; l  Hz 0,3;3Hz;2kHz

20O kHz
l ;3;  t0:30;
> 200 kHz

Ext. DC Exl OC AC Mains

Inpul signal-
ground tloating

or grounded

Normal or dilferential
input Can be flxed to

machine trames

Overload indlcator
Test oscillator

Multi-channel
measurements

shock measurements

Vlbration m6asurements
in industrial envlronmenls

Permanent installations

Comparison calibralion
of accsleromel6rs.

General measuremenls
TMWl
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1'.fs F

fr $Het l*Tee o et# l: dffi T E 6. #ffi l: -" r. I ( ll z h 6 o#ft l: ?f; {-}?) ryffi i -
1- 'z- fAa4HHTel)"

ln3lrumenl
TtPe

2t11

Vlbrrlion l{elol
Inleglaling Vibration

Melerr

D..criplion
A versatile vibration meter tor
general vibration measurement

Economical and accurate vibralion
meters lor day-to-day use

UGlaulGmcnl
Lod€a

acceErauon, verocrly
displacement acceleration, veloclty

FFquancy irnga
(-3dB)

0.3 Hz to 15 kHz 1O Hz to 1O kHzt

Selecl.blo
lrcquenct
llmit.(3dB)

LLF 1,3 and 10 Hzr
ULF 1 and 15 kHl

LLF28 Hz and lo Hz
uLF2 1 kHz and 10 kHz

DGlcclorr
RMS

True Peak-to-P€ak
One minule lrq

RMS, Max. Peak

Pora?
Supply

Internal batlery
external DC

Internal battery

Inpul Charge Charge

Nolca

1. 0,3H2 and 3Hz for acc6l-
eratlon mode

2. Wlth 1 kHz S€lected lhe
2511 can be used In vibra-
tion severity measurem€nts

1 When llnear welghting ls selecied

2 Rslated lo linear. Hand-Arm and
Vlbration Severlty measurements
(lSO/DP5349 and ISO 2954)

3. 2513 us€s Sl units. 2516 uses
imperlal. 2513/WH 2134 ls a sim-
plified verslon of those Instru-
ments
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7|m7
zt 00Go

Tapc RCGord€l

A fully portable inslrumenl for field
and laboratory rgcordlng ol vibratlon
and sound data using plug-ln moduls

zM 0060

A powerful FFT anal,lzer lor
machln€ vibratlon analysl6.

including machine hoalth
monltorlng, lault diagnosl8

and balancino

acceleration, veloclty accelsration, velocity, dlsplac0m€nt (enrlogual

0.3 Hz to 16 kHz' 0,3 Hz ro 20 kHz (-1 dBl

LLF 0,3, 1 and 10 Hz LLF 0,3 Hz or 3 Hz
ULF up to I selectable, d€pendlng on anrlyal. mod.

Total RMS In addltlon to many frequency rnalyal.

Plug-in battery box
ext€rnal OC

lnternal batt6ry,
oxlernal DC

Charge Cha196, voltag6, Llne-drlva

1. Dep€nds on tape sp66d

l. The lollowing tacil i t i€s are avallablcl
Constant Perc€ntage Bandwllh analyala (6% .nd i
Narrow Band Analysls, Zoom Analyrla, gcrn An6
Cspstrum Analysis, Sposd Compcnarllon, f lpo(l
Comparison, Mass Storag€
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rtF *|thr

(gnm)

hilvlty

El{c | frS
mvh.{ | tClil.{
(nv/g) | (pcrs)

hF
+14
Umit

(ru)

bbbhGMr.ffib

874 {.xcludh9
= 0,16
(= 1,6)

=0,11

{€ t ,1 l
6

Mlnlature SM Tyr wlth 6rromly ld
e€ight end high Eens6 lqury
Inl.gral cabl€ UnnGaino s€Eitlvily Hlgh l6vsl ad hlgh tquorcy ubra.

Shook moasur€mentra@ 2.4 = 0,{
{= 4.8)

0,316 ! %
(s,ro a 4)

16,5
Minielure Bb Sbro Tr with ld
welght and hlgh t@name lrequefty

t375
2,4 = 0,€

(- 4,81
0.316 I 2%
(3,r0 I e,

r6,5
Mlnlatuc D6lb SMaro Tyf wlth lo|
w.ight .nd hign r@narc€ lqFry
Inl€grd c$ls

sfucurs ad In conth€d spa6

4391 10 = 0.0
(- 6)

1 !2U.
{9,81 l2%)

D6lta Sh€&o @nsuuctlon wlth
UnF&lno snsltldty tsludng m hsulald
bas ad TNG too conn€cto.

a37r = 0.0
{= 6)

1!2%
(9,E1 t 2%)

12,6
Sld6

Conndor Dola Sheero congtructon

T@ wifr unleho 3.nsitMt6

hn€cror tor .a.y .y!lm callbrallon

si&

g € 0,8
{* 8) (0,81 1 2%)

12,6 vluallon msasur€m€nl3

@ 17
= 2,6
(= 6)

3,16 ! ?A
{3r,0 r 2%l

o4

4S
(= 6)

3,16 !*
(31,0 r &)

6,4

s
@1,O r 2%FAtgl

6,4
Lln€-Drlv€ ao*romeler wih UntsGaho
ssillv[y trd E[a shsaro d65l9n

Suil.bl€ lor gs€ral vibratlon rcrt
and ds tor dlet conffitlon to 8t K
OuEl Chanfrl Slgnd Analyz€rs

€70 g =E
( -s)

t0
(90,1

2%
2A,l

4,E

"ontffoo. 
oun" skr@ comtrttion Gen€ral vlb.allon mssuromnlo

st € ( -@)
10

(9,1
7
2m 4,6

sld. sons$;ty

674 r75 -x(= 2@)
31,6

(310
2%
?A\

3,e V6ry hlgh s6n.lllvlry Unl
Sullebl€ tor €nvkonh.nb wbre only
low l€€l Ubrrllon. ero encount€d

€ru t75 -6(= 2@)
31,6

(310
?A
4l

3.9 st& ol D€lla Sh6eo corotruc

418 afo
131@ ! 2% rA/gJ

hfta sharo &lcn lsatuilng bulrlln
Lin€-O.iv€ pGenplirie. ad v€ry
hlgh *ndllviiy unl€rioo senJtlvily

V€ry bw l€v€l vlbraflon msasure-
mnb &illin bw pass tlll.r glw3
well delld uprr t€qu€ncy llmll

m
3

(dcrudr4 - 
O,il

{- 0,4)
= 0,m4
(- 0,q)

g Smdl slze smm hlsgral llxhg stod
sh@k ilsesomsnls up lo I mllllon
md' Hlgh lqry vltsllon

&t = 0,E
{= 0) (9,01 : frl

ftrc Ma Shoaro accelerorete.s ol lh
MO unLcalnO $n$tvxy comblnd Inlo a

For m4surem6G ol vlbrafloB In 3
mutu.liy tsrFndhlsr dldlong

Tr @2 i! ud wllh th! Type 412
Human BSoe Vlbreilon Hor to
m€asu€ Whob Bdy Vlbr€ton

@ ffi
= 0,6
{= 6)

1!2%
(9,01 r A)

0,1
ln rubht

9ad

Threo &lls Sharro Unl&ino type
a@deromeleF mounled ln a rsEr and
@lal hoslng

rc { -  
0,125

(= 1,25) (2% llmlt)

Ouad do|M wlh v.ry hlgh 3t.bility d
wid€ lomfature .tngo Las callbGtd

B€lrsc€ SWsd Ad.rcm.td
ld Eckio-bacft dlbrton ol

&0
l@

= I ,O
(= t0) {9,8r 14)

9
Intqral slalnla$ skl cabb and high
tamFralurc orarion uP to @oc
unL&lno 3odtvrB

r5 ta
t- 251

10t?h

{s,r ! %)
I , l

Elsctsl€lly b.hncd d in$latd to. low
nois€ in Btrong detrchegn€ft ri€ldr

u$ in lh. mod @m ddronffibl
@dltlon3 off€n e@unld ln Fm-
mnt Ubra{on mdtqtm 3&atlda

r7 112
lst ,O ! 2% pA/91

EunFh LIE-&IW anoilller lor low nol*
Ssfe for u$ In exploslw snvlrfim€nls
UnLcaino ffisilivity
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