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by
‘ Yu,DeXornyushkin
In this roport are ducribod dovelqpo& and tested electronic tubes \d.th md\l'\‘

PadT L W ek

ically eqntrolled slectrodes, intended for measuring vidbration amplitudes and

- e e o o —— ——— — e

]

|
'ifroquonoioo. ‘ ' [ ;

To reliably measure amplitudes and frequencies of vibrations such feelers |
’lhould possess staistaatcr‘y mechanical and electrical qqualities, That means thas }

i

:l’colu's should possess -ufﬁcient vibrational strength and havo a aufﬁeicntly mono =
tonuu freoquency characteristic, i.e, have a minimm mumber of overtones in the vu'x-
:I.ng range of frequencies, Feelers should also have a liner characteristic of the g '

‘dcpendonoo of the output signal upon the diaphcmnt of the feeler in working unp
- . P
Experience shows, that sstisfactory frequency ohnractoriattu oan be obhu-d{ '

‘ot unmmtl.

only at maximm structunl simplicity of the input electrodes, Any camplication my]

lead to the appearance of additiomal cnrtcnu and narrowing the length of the m:nu.'l(l

‘ ing section of the frequency spectrum, Consequently, the selected type of seuitin
system froam the machanical viewpoing should de most simple, These requiremsnts are

fulfilled to s large extent by a sensitive system = twind end diode\1], which a$ mex-

|
imm limpucity still has nfﬂ.chnt am:ltiuw. : - !

Bsipings 5 {

“ Sensitive system of foeler a- !

4
The twin end diode chosen in the role of sensitive system, in conformity vth

tha mcu explained above, represents a system of elsctrodes, cmisﬂnc ot m c:fdo
coated cathode with u:ld and two snodes (f:lg.l). e .}

FTD=-TT=63-89/142 1



, 'nu mcnbh eloctrqdu can be either cathode with rid, or the anodu. D!.aplacmnt
| )

is 1n transverse direction (errow in ﬁ.g.]..). and depending upon tho magnitude of
rohtivo d:l.aplaoement thore 1- a chnngo in plate current.vhlch flows through each

] . ; . '
ouotthoanodu. o ! ii

1

kporienco shows, that 1n a definite interval of displacements, in eomtructiou
of such type sensitive systems, is observed a 1linear dependence between the current u
hudgc diagonal, into the circuit of which the feeler is connected, and rehtivo blu.

To determine the mgutud. of the linesr section vas ospecian; constructed a hbc
| 'with the ‘méntioned sensitive system. The tube had a ﬁ.xod lead out running thrmd:
‘an elastic membrane which allowed to fix the necessary displacement for the cathode.
l\d.i:h the aid of a miorcmeter, The snodes were secured to rigld cross Pleces and moj
ahtiomry. In the tridge diagonal could be measured the current ditferenﬂd.
dopond:lng upon the differentisl, In fige2 and 3 is shown the emstmtion of tho tubo
anut-outcten. -

The results of testing the tude are given in form of graphs in fig.h. from vh.i.oh
’11 evident, that the lsagth of tho 1inear uot}on 3.0 ma at & displacement of the '
mobdle electrods in one side, Such greater length of the 1inear section allows tq |
measure reliably the oscillation amplitules of considerabls magnitude, 1
! The feelers described in the report possess such a sensitivity with respecs to our-
ront. that they pemit direet recording of the =ignal hv means of proper selferecardin
mtrments. o.g.\d.th thn uro-a type oscillograph without preliminary amplification,

,i . Structural dimensions of feeler's sensitive

! ' .&J o system ar es follovs (in m)s cxide o ated
et ~.4
! . ) .. “Mtaxnnnod-oaxsxm; distance

= : I *stween ancdes .53 ‘aistance botnn
ng.i..Sof;nﬂ.c of sensitive system

of twin end diode type. anodes and cathode lo53 screen (grid) sx2x
e 12,

FID-TT-63=89/142. 2



Fige3eOuter appearanse of electronic tuh
with mowable lead=in,

el
12 r!fu. = ful &

s

Fige2eElectronic tube with mowable in / /’
let (lerigid movable inlet-lead in; 8
2=glastic membrane; 3=feeler balloonj;

/ 3
Lescreen; Secathode; 6-anodes;7=base). : A /

Mechanical system (elastic suspension) /

The mechanical system is intended to cre b

0 !

ate rolative displacement of elactrodes,
FigeleDependence of unbalance current upon
The requirements for it are. displacement (bias)e
le Displacement of electrodes should be in transverse, with respect to cathode and
anodes, direction.
2o Displacement of movable electrode should be proportional to the displacement of
feeler body, because the feeler is intended for measuring vibration amplitudes.

These regquirements are best fulfilled by a bracket beam, having concentrated mss
2t the tip, which executes lateral oscillations under the effect of an induced forca.
In this way, as basis should be used a mechanicel system, which represents an elastic
system with internal inert mass,

It can be shwn‘!.lé] o that displascement of a centerd masa on the end of an elastic
rod relative to the bleck up under the cffect of hermonie induced force

2 = 3gc08(pte @ o

ND—'I'.P-G3089/ 1+2 3
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vhoro b ] -engu.hr frequency of induced force; Yo-oscillation amplitude of block ups I
- natural wgular frequency of oseillations; & coettictent of attmt&u

lhtm‘ FIEST L CF ' . ;

Fram (1), in partioular, is evident, that at 1L ox e L or sy, ouu-

tin of the inert mass is realized with the very same amplitude (and also frequcn;ey).

- _8__.- —

I“ the oscillation of the bdlock up (sealing). Consequen tly, dur’ng the operation of Thc
amplitude meter it is necessary, that the natural frequency of the mechanical system
should be by many times lowexr than the working frequency of oscillationsj the more |

acourate will be , in this case, the perfarmance of the feeler, We will discuss delov th
|

condition, limiting this statemens, ' !
i

The natural frequency of rod oscillations, rod with centered mmss at the $ip is '
dotdminod by uweuim@l :

| - @ 7E S -
- — /) = 2

vhore R = elastivity modulus of the mterhl; J’mm of inertia of cross mtm
rehti.n to. the axis, passing through the CG perperdicularly in direction of the
'bendj m- mass of rods l=length of rod; §= mlution of equqtion of the type

[

[ : 1 +chicost - 14 chisind —-cosishi) =0, '3

e A et e e et e e m

.whorol -n!-. M-mgntude of oentered masse N e ~-<€

'I'ha solution of equation (3) offors a series of roots, Physicslly thu teans .'
‘that together with the natural frequemsy in such a mechenical systam, there mgu‘
unavoidadbly orizinate overtones, A graphis solution of equation (3) is given in re-

Yoo
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ﬁg.S.’Dependem of minimm working
fraquency upca measurement acocuracye
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In practice the inequality ;24 G* is normally fulfilled. Conseguently the
bove written expression can be simplified .

Calculation of Amplitude Measurer -
As 15 evident from (1), for satiafactoary operation of tha Zeeler in the role of
an amplitude measuring device the following conditions have to be fulfilled

L,

i
_ !
p : [
;—’ »l’.» ! '
|

4

Ve will assume, that the neasuremsnt of mpl.ttudu should bo mdo with an aocur q

2¢ Trds meens thay T - iS O TTLE . ; | l
- ' .y..‘—la' oL (q.:.) !
Substituting ths valus 3, from (1), we will obtaim . A |
L) e @ |

. l/("‘.’:";:’ y 1| <. g

|

o e

S Fomlee o (ge) !

. -=-¢=’ l/—— . (qJ)
i . .
In this vay is determined the minimm
working troqnq.ﬂq

Inlnu fo |/ "" +' - ‘5)
In £ig.5 is given a ym_r!& !

a f(d )¢ corrssponding to equation (5). h'a

£4geS is especially evidens, that 1n propu'—

tion to the rise in measurement acouracy -

b
(04 1%) the ratio %ﬂ sharply, 1.0

P



t‘he higher measuremmnt accuracy requirement lead to narxrowing the effective frequency
Poob '
_ rangee

Stmctu.rally 1t is difficult to make a feelor with satiefactory frequency character

utu. for ub.tch ¥ is amll, and the measuremsnt accuracy high, Practice shwa. l

1
i

that ths aceuracy of the feeler should be selected at 5% during operation at low fre-

quencin. As the vworking frequancy inoreases the accuracy will rise sharply and a$

- Puark
“YTo = 10 the measurement accuracy will reach 1%

And so, vhan celecting the rolative error of the amplitude meter of 5%, ve have

| o ‘ 'S.’ h”‘ . !
It should be mentiocned, that formmla (2) compiled in the assumption, which does'

e b —— —

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

calculated and experimental results is pcssible, And the fact is, experience ahou.’{
‘that caleulation of natural frequency by formila (2) does not alvays lead to aattata_w
tory conformity with experimentg,

" The reasons hers can be of various nature: surface hardening, lcoal annealing,
xhei:e:mgnane:t.t.-.y of the material etc, These qualities of the material are in no way taken -
. into consideration by formula (2),

_ That is why when oconstructing a mechanical system it is advisable to follow tho
‘wni-mﬂ.rical methods at first plot a dependence graph between the length of the }
bucht beam and the frequency of natural oscillations at given inert mass, and then

T R

already by formulass

= f
o

mnating from formla (2) in relation to the ratio of basic and firss reaomn« fro-

quenoy. to select optimm structural dimensions, PR
Here in (6)e.eljy 1o O linear dimensions of elastic rois; d), 4, - their dia-
meters; M, M,, centered masse on their tips, for which natural end first resonan$

frequencies are identical.

FTD=TT=63-89/142 é



Cn t+e basis of the *oﬁcluded investipntion were established th: optimwrn structu-

ral dimensions of the elactic aystem (material Mo); 1 = 35 rm; Me0,53 g3 d=245 rite
Such a system had a basic frequenéy To=l8 ¢ cnd frequency of th: tirst overtons
f°1 = 970 c.
Description of feeler construction

In tha d:evelopod construction was uged e sensitive system of the twin and dlode
tyoe. ‘.'I\uo 'braclcet‘ beams served as ths elastic system, to the ends of which werc attached 7
anodes *:mether with additional loads. In this way in ths process of operation
the anodes execute an oscillatory motion relative to the position of oquilibrium.
Lrﬁwing and outer anpearence of the feeler ere given in fipeb and 7, The scnaitive ond
riechanical éyétems were »laced- in a strong pless balloonm, vhich can vithatand ilioazt
averloads ef up to 20 g For convenience during operation the feelor is fitted o ¢
stanaard base, which allows without difficulty in cace of nccesnity tu reoplace one
foelor with anothor, The working posit on of +the fceler - vertical, the planc of oscil-
lations should be perpendicular to the plane, in which the brackats are situ-

ated, i.ee the oscillations should be perpendicular to the long cide of the sereen

o the sonsitive system (seoc figeb).

-

—— —

- S v w— -

-

FigebeConstruction of Vibrometer (1= Fipe7e Outer appearance of virrometer
feeler ballon; 2-cathodej2-anodesjy=iner-
tia load; S~clactic suspensionjb-base)

TTD-TT=63=89/142 7



O L ——

oo
i

Aa is shown by experimnt. the working section of the spectrum of frequency char-

acteristie vhen runctiom.ng in condition of an'plitudo metor Jies in the interwval

i i .

’ - 9(

o 8o /,:’., .ux—oos)fn.. - (bo)
| (10,03 fo 2S00 |l—~00nf.,, WA

Here t& - frequency of second overtone. remaining desi@nations &3 before,

In addition to tho overtone the tube alao has an undertone ’

In ths”g:lven type of Amplitudo motex fo! ~ 12, i

Measuring Cirouid

o . U, - !
. L]
L] ) !

1

!

l

I

!

| | G e T
' S B A o . - - L

|

1 To measure amplitudes and frequencies of wvibrations the feeler is cunnaoted into a

i

bridge circudt (fige8). The circuit is balmced, i.ee¢ by changing the raaiatanoo va].uet
-

| R, and Ry ara attained ourrent lacks 4n the diagcnale The bridge ciroutt allows ',

|
to attain high measurement accuracy, because afier ita balancing in the diagonal.

b

of the eircuit is measured onJy tho ourrent differential, and the constant plate cur-

rent ccxnponant is absent,
l M

| The densitivity of the bridééﬁrmit with respect to current is dubermined-as
a valus, mmerically equal to the changs in current in the bridge diagonal during

!dispiacmnt of the movable fooler electrode by ome unit of length, Ve will designate
tho sensitivity of the bridge circuit with connsoted fesler by the symbol 8". then !

; . Si= (i: )l..—cnm (o0 epage 915

P o
Hore,..eA 1~ magnitude of displacement of movable feeler electrode relative to the

rosition of eqailib:‘imn;ﬁ I - change in current in bridge diagonal,into ths circuis
of which the feeler is connected,
Ve will find expression Sy througa the

parame%ers of the bridge circuwdt,for which

the derived expression (2) will he trans-
formed into form convenient for analysiss o o
] Fipg.B.Foeler connection arrangement

FTD=-TT=63=89/1+2 8



FAST LINE GF TEsT - -

b V2 F AR,

. I -4 . H)
| ! S \ AR, )l, cunst ( M ) '=l‘"‘l' . '( ) S
!

- a—

vhere Mﬁ. = chango .tn 1ntorna1 reaiatamo of symotri.cal feoler. vhi.ch bt ings about

the -appearance of unbalance current Al, Hore and homtorth we will asauma for ah-
Iplicity. that we deal vith a synmetrical tvin end diode. in vhich the internal atatio
reaistanoea oqual Rl Considerations for nonsymtrical diodes lead to the very same
lqmntitative dopentsnoas, but 4o require thereat the fulfillment of certain conditions.
proof of which goes bqyond fche 80008 of this roxa't.__ e

: Before. anything u;rwiﬁh:l:;." that 4a a syrmetrical feeler between the rehtin

displacement of electrodes A 1 and the. clmn'-'e in !:xternal resistance ARy e:d.ata a lim?

dependence, 1.2, AR '
| : —L = t .
| ) ( Y )l.'seo’nst cons (_30-)
ul R : R[‘ uy §——_ | - o ~ "
r ] ) . : —
o . [
u Ppe
| : ; s . v )
. [} .
Ia! AR,: AR," lld : E
' ! [ .
| T N ub Aot U ?
rig.9.Equivalent circu:l.t of connsoting Fig.lo. Voltampere charactoristic ot'

| feeler | dtode, .
‘. In ﬁg.9 and 10 is shown the eguivelent circuit of connecting the feeler into the
’circuit of the bridge and the vol‘campere chamcterisﬂo of the end diode (twin end diode
smtriul, that is wlw the ohara'qteristics of the diodes soincide), The working
point éf the end diode ‘1s,sele¢£e'd on the saturation section of tho wltampere
chara’?teriétic. The charge in plate voltage (ana coﬁsequently' of the internsl reois-
'tance) in the specific range of values A Ua (crARi) does not lead to noticeable
c‘.mnge in plate current. T _

‘VWe will assume, that as result of displacenen:t of tha movable electrole with .

~

FID-TT-63=89/1+2 9



respeot to the stationary the internal resiestance of diodes has chanaod 5y the value

|
i

Ant. ¥We have then a chaage in plate voltage by the value A U.. but the current,

'ltravenine through eack cne of the diodes, ramains unchanged, 4s rosult on the left
| .
anode of tho feeler will be a voltage Uays 20d on the right ons = U,z at eqal ocur-
renta. trnveuimg through sach one of the diodes,

Assuming for the sake of specifioity that Uy, [T ap then

|

z : |

P Ou=1, (R—AR)), U,,--1,- (R,+5R.). - (2>)

‘ _ _ L UsdhahR v, ~31)-R :

i FIRST LiNE OF TITLE e S
. But since o !

: . U1+U-'.-<'U:"'U-.- (g6

- -- i

' —'!-’-s—’ﬁ- -'comt [?c) !
8R, R 1

It ia shown in reportﬁ.] that ia e certai.n range of values Al for such typo :

——-g

feelers exists a dependence S ‘
* .el— =2l" ?] ’ ‘
YR (3 ‘1) :
where, - sensitivity of end diode with respect to currentd, 3
1 _ :
| Consequently e , ;
AR, R Ja)
—tl 2, a
l Al a, A const, ( ):
) ' ——— — & : .
| ‘ :
I Thea ; |
| R [l Q!
I » : S‘=2“ ’ (AR‘ )'. 00‘“ ‘ ) ( )
f

e e e m

It can be showm, that the differential current, travelnng through the diagonal

- —

or vnbalanged bridge yon AR
A= ! U, .

: ; . RR+ VIRI’ — (3R ) (q 0)
Ordinarily in' the feeler T T .
i——w - ‘ R} (AR, v ) T (q‘)
e - - g -
therefore ) ' _ o

R Al U ‘

o 3R, T RIRHR) (q c)

Substitnting the obtained ezmssion in (9)y ve will obtain ,[

mm-63:89/1‘e 10



M AITTRE B Ta Smon, R oy YU (®
| ‘ .o R' U. . =

i . . .o

‘wherety the velue Uy is selected s0, that the werking point is situated on the satura-
s § ' .

tion section, and the value R is dete::pimd from formila

' R Y=Y o)
' N 1' - l. ’ » o ’

! |

i It is evident fram (10) that to obtain maximm sensitivity the valus R, and oon-
'sequently, also U should be posaib]y great-r. end Uy - ndximm . The selection of ‘

i
optimm working condition will then be _reduced to the fonowi.ng. The voltampere charse-~
I S o ;

|
| o
ltoriatic of the diodc 1s determined experimentally and a working point is selected

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

!
saturation section. Then by the veluss Uy and I, found in this vay frcm (11) is oal-

|
culated the valus R After this 1s set up a circuit (see ng.a) m vhich in the bridsc.

| diagonal 4s placed either a measwring device, necessary for final belanocing the ‘
'cirouis, or a self-recording instrument, ecgs }PO-2, with which the investigated pro-
,«u vill be rocq:&od. ' ‘ L : |
| , | Mole of Operaticn and Faremeters of Tubes
? The mode of operation of the feeler is selected in su;:h a vay,that the working
point is situated in the zoms of saturation of viltempers charecteristic, In this os
%u even a noticeabls change in plate voltege leads to no change in plate currens an.a.
consequently, to a changs in feeler sensitivitys Furthermore, when functioning in sstum.
| tion condition the plate euirents are maximra, This, in turm, leads to maximm cuwr
roxr. sensitivitys | |
The mode of oprration of feelers is as folloun U, = (40-60) v, Up = 6.3 A Ry 1, =

(1.5 640) kotme, °

o Serrioo life over S00 hrs, The mcganiul strength is characterized by the fadt 4
Vthat the feelers withstand impact .. - overloads of up to 20 g and vibratio::;{;v;r
loads up to 130 go The accuracy of frequency measurements.freqﬁencios close to £, . oin

15 determined by equation (5) and may reach IZ¥ith a rise in working frequency tkere

FID-TT=63-89/142 u



......

in an i.ncrcaso in acouraay (see £ige5)e

In tablc 1 are given perametors ot certain feolers at various operatiaul. ocndi~
|
ti.ou of saxle . T

i ' , o © i
l . Table 1o i o i
No.J,T_ u’ U, la, la, i Jo S Ju - S,
‘meter ] . e e o iy e

I .

' " - —— Ctmm ese e mem e e ere————— +’ PSS hanid ». - .. .,.._'.;..-4‘ ““
§
|

l‘&
50 400 | sp0| 253
163 |7 N1V | 42 S | 1000 | 2.6
'S 4.3 160 |\ 1Y 4/ | sO. | 250 | “¥
4143 |\ # ) 20e | A £5 | 920 | 120
J

463 |60 (4134 /(/,.f1 y2 | zzo. | [a% | /i€
G |2 |4 7| B3| 45 |Jéo | 990 | A5

| [
WAV RIR A A 22

.
—~ —— e e e ehee e e -

Sensitivity S‘ vas determined in ‘thoi following manner, The feeleor vas placed on '
:l vibro stand, the oscillations amplitude of which was msasured with the aid of an
%optiea]. meroscope, Simltaneusly on the £ilm, with the aid of MFO-2 was recorded .
'tho oscill tion xoresa reglsterel by the receiver, By the sersitivity of the loop
|:.mn by the measured azplitude of vibro stand vibrations, recardod cn the £ilm,i% was
Epouible to determine the current sensitivity of feelerss
f Go £1g:11 ere given typlosl oseillogrems,obtained for tube NoiS and tube Nock
‘respectively urder working conditions, described in teble l.The oscillograms were
obtained at vibration amplitule values of 117 microns and 156 microns, Recording was

md.mms.thm o'loooon-ooooto.ooooooo--o

\WM‘WWM............ [

-——m—.

3 FigelleTypical oecinom p— —
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