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PTRST LIN-E rC/EX

Problem of ftplaying E~ectranic Feelers to Measure Vibtes
Amplitudes and Frequencies

by.

In this report are described developed and tested electronic tubes with min'
' ..,- T a -

ically eqntrolled electrodes$ intended for measuring vibration amplitudes a d

frequenciese

To reliably measure amplitudes and frequencies of vibrations such feeles

should possess staisfac cry mechanical and electrical qqualities. Mhat means that

feelers should possess sufficient vibrational strength and have a sufficiently -

tona frequency oaracteristic, Lee have a m44-- mber of overtones in the vwi-

Ing range of frequencies. Feelers should also have a liner obarecteisti. of the I

depeadee af the output signal upon the displaement of the feeler in working rung

cc measuremuts. i

Jkper:enoe shoes, that satisfactory frequency characteristics can be obteined

only at maximum structural simplicity of the inxt electrodes* Auy camplioatiomn. mey

lead to the appearance of additional overtones and narrowing the length of the worl(-

ing section of the frequency spectrum. Consequently, the selected type of sensitive

system frmc the mechanical viewpoink should be most simple. These requiremsts are

fulfilled to a large ectent by a sensitive system - twind end dide3.30 Which at mz-

imum simplicity stil has sufficient -sensitivitW _

. -- 4 Sensitive system of feeler 4

- The twin end diode chosen in the role of sensitive seteame in conformity vLith

the ideas explained above, represents a system of electrodes, consisting ot an oxde

coated cathode with S1d and two anodes (fIgel). .

?ZD.1'D3-4191V



The movable olectoqdeI can be either cathode with Lid,, or the anodese Displacemn

is in transverse direction (arrow in fig,'o)o and depending upon the magnitude at

relative displacemnt there in a change In plate currentwhich flaws throuh eoh

oe of the anodes*

Reperience showa, that in a def inite interval of displacements, in constructions

of such t sensitive systeMs I n observed a linear dependence between the current in

bridge diaganal. into the circuit of which the feeler is connected, and relative biaso

To determine th maguitudA of the linear section was especially constructed a tube

'with the mentioned sensitive syst I. The tube had a fixed lead out runnin throuh

an elastic m r ea which allowed to fix the necessary displacement for the cathode

with the aid of a micrt rlo The anodes were secured to r d cross pieces and wee

sutlnry* In the rid e diagoa could be measured the current .differental4

depending upon the differential. In fig,2 and 3 is shown the coastruction of tbe tul.e

and Its enter f non.

The results of testing the tube are given in form, of graphs in fioI0 from whieh

is evident, that the length of the linear section 3.0 mn at a displacement ot the

mobile electrode Sn one side. Sub geaoter length of the linear stio allows te

measure reliably the oscillatio amplitdeAs of considerable oiitdso I

The feelers described in *he reert possess such a sensitivity with respect to cu-

rent, that they permit direct recording of the signal by mans of pmper self-reeordl n

ingUments, e.g&vLth the KM type oscillograph without proll-fazy anlificationo

f Structural di sions af foelers senative

J system 8r s follows (in I ide .e, eted

cathode 3 z 1; anode Oo z 5 z 101 distance

u 7 s vstween anodes 1.51 distance between

of twin end diode types anodes and cathode 1.5 screen (g:Lid) 2

12.

nD-TT-63789/l2, 2
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Fig.3.Outer appearance of electronic ttb
with movable lead-in,

Fif*2.Electronic tube with movable in /
let (1-rigid movable inlet-lead in; -
2-elastic membrane; 3-feeler balloon;
4-screen; 5-cathode; 6-anodes;7-base)O'

Mechanical system (elastic suspension)

The mechanical system is intended to cre ___

ate rolative displacement of electrodes.
Fig.o4Dependence of unbalance current upon

The requirements for it are. displacement (bias)*

1. Displacement of electrodes should be in transverse, with respect to cathode and

anodes, direction.

2. Displacement of movable electroda should be proportional to the displacement of

feeler body, because the feeler is intended for measuring vibration amplitudes.

These requirements are best fulfilled by a bracket bean, having concentrated Mss

at the tip, which exeautes lateral oscillations under the effect of an induced force.

In this war, as basis should be used a mechanical system* which represents an elastic

system with internal inert mass.

It can be shcwna23 , that displaaement of a centerd mass on the end of an elastic

rod relative to the block up under the effect of hemonic induced force

a S"ooa(p- f ).

JD-2T-63-89/142
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I ., s,where ? anular frequena of induced to.; yo-osillatioa amplitude of block up

0-nat-ral agular frequency of oscillations; coefficient of atteanta
! F:FS i L,.', F "F E

oneillatlo"..

Fragn (1), in particular, is evident, that at 11 W- end 0 ME8,CO2 U. el-

lation of the inert mss is realized with the very sam amplitude (and also frequency),

as the oscillation of the block up (sealing). Consequsi r, du.ng the operation -f the

amplitude =nter it is necessary, that the natural frequency of the mechanical system

should be by mn tums lover than the working frequency of oscillatioml the moe

accurate will be i in this case, the perfamnce of the feele We will discuss below tb

condition, lMting this statemnt.

The natural frequency of rod oscillations, rod with centered mos at the tip is

detumined by ewession93
i - / ' " - ) -- ,

where Z - elastivity odulus of the mterial; Tmcmat of Inertia of cross setem.

relative to. the axis* passing through the CG perperdicularly in direction of the

ben; w mass of rodj -length of rad - luton of equqUtn at the te
l i-ch.cos , "l 'h' si, -cos'.s/,=,0 ,

where 4 , -magnitude of centered mae

The solution of equation (3) offers a series of roots* tsicaly this mans

that together with the natural frequency In such a mec.nical system, there should

unavoidably oiginate overtones. A graphis solution of equation (C3) is given in re-

JD-T .3 -+2
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Calculation of Amplitude 4easurer

As is evident from (1), fo satisfactory opcration of the feeler in the role at

an aplitude meauing device the follomin. onditions have. to be fulfilled

)(4j

We will aaxumw, that the measurement of amplitudes should be made with an accuraq

or Tb" Me ans1 tjdlj
T ' E C  TITLE

Ye.
Substituting the value a. from (1), we will obtalA

tw::c* t•J EI (4

In practice tip nequalityinnormlly fulfi Is ned. c qua2,7 the

*above wtten expression can be sinplifled P,

after elementary transform for the specific cases we hane

In thbi way is determined the miUnn

working frequonca
a.f*u--t (.5)

-n fige5 is given a gaph ' I

. f(C)* corresponding to equation (5). fi

fig.5 is especially eviden*, that in propc -

tion to the rise in measurement accura4y1-

71g.5Dependence of zini4-- workcing 2%)i the ratio =fwork e mmrpy
frequouen upon measurement accuracr. ...

JrD-T' .3-.8A9/52



the higher measuremat, accuracy requirement lead to naxrodng the effective frequency

rangoo

Structurally it is difficult to make a feeler with satiefactory frequenc: character

istie, for which is smll, and the measurement accuracy higho Peaotice shevse

that the accuracy of the feeler should be selected at 5% during operation at ]A fre-

quaenies. As the working frequeioy increases the accuracy will rise sharply and at

-a, 10 the measrement accuracy will reach 11.

And so, when selecting the relative error of the anpltude moteor of %. ve hame

It should be mentioned, that fornmula (2) compiled in the assumption, which does

not always justify itself in practice. Consequently a certain discrepancy between

calculated and experimntal reailts is possible* And the fact is, experience shows,

that calculation of natural frequency by formAn (2) does not always lead to satisfae-

towy confctedty with experiment.

The reasons here can be of various natures surface hardening, local annealing,

heterogeneity of the material etc. These qualities of the material are in no vay taken

into consideration by formnla (2).

?bat is wby when constructing a mechanical system it in advisable to follow the

sei-eupirical methods. at first plot a dependence gaph between the length of the

bracket beam and the freuency of natural oscillations at given inert masse and thea

already by foUas "
M d, ) 16)

smanating from form.la (2) in relation to the ratio of basic and first resonance fre -

quenoy, to select aptimnm structural dimensions.

mere in (6)oe.., 12 0 linear dimensions of elastic rodas dl, d2 - their dia-

meters$ 14, 14, centered masse on their tips. for which naftral and first resonasn

frequencies are identical.

JD-TT-63-89/]42 6



On the b sis of th -oncluded invorti~ntion were arJ bl!she I t:lv. 'tir, str'ettu-

ral dimenion.1 of the elaptic myotam (mterial Pb); ' - 35 rn; I-0.53 g; d-0.5 r'ra.

Such a system h'd a baoic frequency fo=}48 C end frequency of t', 'irot rv.or4.one

f 97001
Description of feeler cnstruction

In the developed construction ,:ao used e sensitive system of the twin i.nd diole

type. Wo bracket beams served as the elastic system, to the ends of which were attached

anodes +-;,-ether with additional loads. In this way in the process of operation

the anodes execute an oscillatory motion relative to the position of equilibrium.

ir awing and outer a:npearence of the feeler are given in fic.6 and 7. .le son.itivc -ind

mechanical systems were placed- in a strone r-laos balloon, -v'hich can withstand ,

overloads o' up to 20 g, For convenience during operation. the feeler is fitted -L c

;taniard base, which allows without difficulty in cnase of nocesnity to rcplice nn

feeler with :nothor* The workilg positon of the feeler - vertical, th-, plazo of ocil-

lations should be perpendicula' to the plane, in which the brackets are r:itu-

ated, i.ee the oscillations should be perpendicular to the long -ido of th screen

o. the sensitive system (see fig,6).

Figo6oConstruction of Vibrameter (1- Fie*7. Outer appearance of vibrcmeter
feeler ballon; 2-cathode;2-anodes;4-iner-
tia load; 5-el--3tic --uspension;6-base)

FTD-TT-63j-89/1*2 7



As is shown by experiment# the working section of the spectrum of frequency char-

acteristie when functioning in condition of amplitude meter ies in the interval

,I f, . .- o I s)- o,. .I (I :.o J' fw Cf:/ 5r I, I- o .o 4)',. ,I . . .,

Here f - frequency of second overtone, remaining designations &3 before.

In addition to the overtone the tube also has an undertone

II

In the given type of amplitude moter fox ' 12.

0

Masuring Circuit 1

To measure amplitudes and frequencies of vibrations the feeler is cmzeoted into a

bridge circuit (fia. 8 ). The circuit is balmced, i.e. by changing the roistance values

T1 and R2 ara attained current lacks in the diagcnal, The bridge circuit allows

to attain high measurement accuracy, because after its balancing in the diagonal

of the circuit is measured only the current differential, and the constant plate cur-

rent component is absent;

The baensitivity of the bridge -circuit with respect to current is dutermined-as

a value, munerically equal to the change in current in the bridge diagonal during

displacerent of the movable feeler electrode by one 4nit of length, We will designate

the sensitivity of the bridge circuit with connected feeler by the symbol 8, then

Here...t6l. magnitude 'o. displacement of movable feeler electrode relative to the

positionof equilibriuml A I - change in current in bridge diagonaalinto the circuit

of which the feeler is connected.

We will find expression Si through the I. .

parameters of the bridge circuitfor hich

the derived expression (2) will he trans.-

formed into form convenient for analysis "
Fig.8S.Feler connection arrangement

FTDm7T-64. 7 9/l+28
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. ~ ~ R 1. Coast~ =~~
where 6 - change .in internal resistance of synmwtricel feeler, which in .Lnga abouzt

the -appearance of unbalance current Al Hx, ands henofthw ilaamfram

plicity, that we deal with a syiuzetrical twin and diode, in which the internal at,. e

resistances equal R1 . Considerationis for nousynmntricil diodes lead, to the very samen

quantitative depeadbaces, but do-require thereat the fulfillment of certain conditos

proof of which goes beyond the* scope of this rewcte - -

'F T1
Before anything we will shcM, that ia a synmatrical feeler between the rel.ative

displao ement of electrodes 41 and the change In Imternal resistance ,R 1 exists a UNW

-const.

C',

jL.ARi 'AR& -i

Figo9.Equivalent circuit of connecting Pig*l0, Voltampere characteristic of,
* feeler diiado.

In fige9 and 10 is shown the e;uivelent circuit of connecting the feeler Into the.

circuit of the bridge andi the voltampere characteristic of the end diode (twin end diode

syrmutrical, that is why the character~isti.cs of the diodes coincide). The woking

point of the end diod is selected on the saturation section of the u0ltampere

characteristic* The Ch3r'ge in Plate Vnitage (and Conseeuaifly of the internal reais-

tance) in the specific ran,-e, of 'values 4 Ua (orAR±) does not lead to noticeable

chan~e In plate current;

W~e will assume,, that as result of displacen~amt of tba movable electrode with

FTDI63:89/l4.+9



respect to the stationa r the internal resietanoe of diodes has changed b-, the value

4%9 We have then a chaage in plate voltage by the value t t16 but the current,

travelling thrcuh each one of the diodea, remains uzchango&, As result on the left

anode of the feeler will be a voltage Val, and on the right one - Ua2 at eqaal cur-

rents, travellmg through each one of the diodes,

Assimlg for the Bale of specificity that Ua L. Ua2  then

IU,uIIAf--I, R. U, .( ,+l).ft-
FIFST L NE OF TITLE .. .. -- . .b_

I "_L = A -=,ont. L "
iAR, R

It is shown in reportU timt in e certain range of values bX for each type

of feelers eaista a dependence' M '
i-=2s , /ga.

where - aensitivity of end diode with respect to ourrente

Consequently

"l 2a, const.

I The&

1. \! i./ ,=o=

It can be shown, that the differential current, travelling through the diagonal

of unbalaniced bride _______

RR + IR? -(AR,)'I

Ordinarily In the feeler

4 . 4

* therefore ..
11 U

% R+R,) (qc)
Substituting the obtained exivossion Sn (9), we will obtain

in.I-TT-63-49/e 10



F;5r LINE XIS-alR~ U--
Ra U.

'whereb the velue Ua is selected so, that the wcrking point is situated on the satura-

tion section, and the value R is determined from fornla

It is eVident frcu (10) that to obtain mazin- sensitivity .the value R# and sou-

sequently, also U should be poseib]y .oeater, and Ua - f b=U o T.he selection ot

optiumi working condition will then be -reduced to the following* 7he voltampere obue-

teriAstic of the diode Is detemined experimentally and a working point is eleote8

on the saturation section, situated at a distance (2-3) U from the boundary of the

saturation section. Then by the veluas Ua and l a found in this way frcm (11) is cal-

culated the value ; After this is set up a circuit (see fig.8) in which in the bwidr.

diagonal is placed either a measuring devisee necessary for final balancing the

circuOt, ora self-recording instrument, e~g; 162, with which the investiated. jro.

eess will be recored

)oe of Operatio and Parameters, of Thbes

The mode of operation of the feeler is selected in such a waygthat the working

point is sited in the sone of sataration of vd2tamsere charecteristice. In this e

so even a noticeable change in plate voltage leads to no change in plate current and*

consequeotly, to a chain in feeler sensitiviti. Furthermore, when functioning itn satue.

tion condition the plate eutrena are umm ' Thigs, In turn, leads to maxima our

ren:i sensitivity.

The mode of opiration of feelers is as follows Us (40- 0) v, Uf 6 6.3 V. Ri 1,2

- 6.0) k .

Serviee life over 500 hrm. The meeganical strength in characterized by the fact,

that the feelers withstand impact "' overloads of up to 20 g and vibrational over

loads up to 130 g. The accuracy of frequency mesurementsfrequencies close to fwo0ek'ui

is determined by equation (5) and may reach ='With a rise in working frequen there

M7PI1?r63.~8~ "A+



is an increase in accuracy (see figq5).
In table I are given parameters of certain feelers at various operational ocad-

tions of aM.

Table U4 ~
U1  U. 18 ,.-- *. 1.1." I'.,

,,, ...... -, . . .f .< .:

:?--t - <. _

_- _ _ _ _ 1 - 9'c
Sensitiityl 8i was determnend in the foflowng lraniz The feeler wasl pladm

a yiro ita~U, the ocillations alitude of whieI was mamired with the al of m

optica1, microscope. ltoneo~aIly on the film, wirth the aid of 3 O' was rgoor,,dd ,

'the oiliiio Zrc.,esa rte lere1 by the reeiero Dy the seniLtlivity' of the oo

and by the meaaued ampltude of vibro stand vibrations, reewdd cn the film~ue r

possible to detearin the eurrent sensitivity of feeleas

~ifilA are gien typioal secillo smotalned f tube No and tue o

resp v u or c tio descb in table &4/1 o___ were

obtraned at vibration amplitude values of 117 icro and s vitOnS Retheaia was
opicami e*..th l -.

posie ontho o..oor.....o ..... curen sestvt of--.w

On ~ ~ ~ ~ ~ ~ ~ ~ Ol Oi6 are give tyia Osilgaaotie Oc tub N6ll an til, O "Oil

5--- tM"o ea 5oto-.-.

3 . ' I 3
7~
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