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A STUDY (F LEalS R ADAPTING THE OSCILLUGRAYH
TU THET RECURDING CF LCTICNK

A considerable amount of work has teen done in
connection with the measurement of mechanical motion
by use of mechanical methods alonéf Some of these
methods seem to be sufficiently acéurate and satis-
factory. The mechanical methods have the advantage
of rejuiring no complicated electrical circuits and,
of course, no oscillograph waich is a very expensive
instrument. Lbut owing to the fact that the oscillo-
srapn is an exceedingly sensitive recording device
it was considered wise to develope the project of
designing =2 suitatle method of motion measurement
employing it. |

There are & great numbter of important uses to
wnich such a device could te applied e« Vibrations of
machines, ships,structures a2nd air could tve studied.

It is possible to take oscillograms of the human

volice and sounds from musical instruments and study

% The Use of Vikration Instruments cn Zlectrical
lkachines, %Yy J, Urmondroyd. Journal of A,l1.E.E,
Apr, 1926, p=ge 330.



their properties, By obtserving oscillograms taken
from a genuine Stradivarus violen one might te able
to determine what nurnber of overtones were present,
and what their relative intensities were- for it is
upon these two that the guality of music depends.

Ly analyzing vitrations of the human voice re-
corded on oscillogr=zms it is possible to determine
the harmonic characteristics of a given voice,

Svaying of buildings and towers could bve stqd-
ied under diffeent conditions of disturtance. The
effect of acceleration and deceleration of heavy
tr=2ffic on such structures is sontimes very pro-
nounced and destructive?-

Lately,due to the collapse of bridges, roofs
and other structures, engineers have tegun to more

fully realize the necegsity for studying the vibrat-

ion of mechanical structureéﬁ*FTOm an investigation

* Apparatus for Studyjing the Vivration pro-
duced in Buildings by Traffic. Zul, de la
Socig'té 1'Encouragement poué 1'Industrie Nationale.
Vol. 134,no, 3, lLarch 1922, pp 177-186

%% TField for Research Work. Iy ¥rof. Foltz

li.S.C. Hecord, Lay 3, 1926, page 452,



of vitration it mighit e possible to oktain records
of the deterioration in structures arid prevent dis-
astrous failure, Arnalysis of periodic chocks and
tueir resultent vitrstions will reveal conditions
Jjeorardizing the safety of structures tefore matera
ial dA=am=ge results,.

In a good navry electrical machines due to an
untalanced condition of the rotor there arises cer-
tain speeds,tenmed critical speeds, wvhere the period
of trhe rotoxr vitretion is ejual to the natural period
¢f the stator and foundation or some multiple tuere-
of, Ly tsking an oscillogram of the natural period
of the l=ater it should be possitle to predeternine
the critical speseds <7 tke rotor.

" In ary vitrationr protlem there are five things
which should be known: ¥

l, requengy ¢f virration,

2. amplituce of vitration .

3. Type of vitration « einple-narwonic or cu.plex,

4, "he elsetic properties and nass distrivution

of the vitratinrg tody .

% The use of Vitrztion Instrumerts on
Flectrical iachines, Iy J, (rmondroyd. Journzl

of a.I.BE.E, Apr, 1926, p=s&e 330,



5. A general knowledge of the rossitle mecii-
eric=1l and electric~1l furces =ctirg on the vody.

The first three must te gotten bty yuantitative
reasurenent, Crservetions of these witnout me@sure;
rent is ususlly valueless,., The fourth is gotten
from a krowledge of the meterial end dimensions of
the Yody. The fifth irnvolves 2 clear understanding
of the rechanical and electrical functioning of the
tody. l'o instrument cen supply tne fourth and fiftn.
Trained ruran intellizence is necessary here",

In the provlem of reasurirg the magnitude,
yericd and directicn of vitration or motion by means
of 21 oecillograpn one is inuedistely confrounted
with the determination of a suitatle of a suitatle
r.eans for transforming snall =aind delicate mecuanical
motions into electrical fwmmpulses of sufficient nag-
rnitude. Tne rmagnitude of the electrical impulse rust
te great enough to give a good deflection on the
cscillogragh. The mass of the moving pxrt of the
device th=t will otsort ererg, directly from the
r.oving Yo4, should e as s1:all as possitle in order
that the irnertia of it will te relativel, sunall. If
thie inertia of it is too large there is z2rt to e a

change in the phase positicons of the reaction to the

true vitrations. lherefore, in this provlem it is of



prime i.portarce to evolve a device tnat will cave
tut a siall value of inertia compared to tnat of
the movinz rody.

anotner cr-racteristic which this device must
possess is trat for a srmall motion there will te
a cormparstively large change of current in tue
oscillosragh,

Learing these points in mind nurierous exper=-
iments were performed which are listed =2nd explained
a 1little lster., Some of the experiments sceiwed to
Le thecritically sound et trey fziled to work ocut

in practice,
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Urie of the first experiments w«s tunat of nav-
irz 8 rovirg tody change the csracity of tne variadle
conderser in Iig, 1. Tnepritic=1ly w~ien tnie czpzcity
of tnhe condenser is ch#anged there snould accumpary it
a crange of potenti=l of the grid, The grid 214 fil-
errent form a cordenser Y, virtue of the fact tnat
trnej are sep=arated ty 2 l=yer of air or g=8. The

equivalent circult csn Le represented as shown in

Fig. 2.

-

Figure 2.

In Fig., 2 we kxnow tket «] the charge in cond-
enser Cy 1is equal to L) the charge in conderiser Cz.
This de true trecause the condersers are cornrected

in series,



let tre c=pacity of Cy; = ¢; and 02 = Co.
Also let tle voltage drop =across 02 = v at first,
and after C; has teen chsnged let tne voltzge drop
1

across Cy = Vo

V = total impressed voltage,

) charge in the circuit at first, and

g'a charge in circuit after C) kas teen changed

In a series circuit

1) v= P21\ v = cov
(1) (°1+02> 2

Tow ckange the capacity of C; to cy+Ac. Now

1_ (cyrac) oo

V = cova
CltAC +C2 2v2

(2)

Solving for v in (1) sields

(3) v, = el
€1+ €2

solving for vy in (2) yields

CI"AG

(4) vy =
cltAc+co
ITow dividing (3) ty (4) to ottain the ratio of the

voltage drops across 02 we have

c1
(5) == = _SIFZ .
V2 CJfA

ci1tActc,



{ . .
Tyuation (5) shows tbot v, is larser thzn v;. In

otrer words the potentinl drup acrcss the grid and

fil:z.ent must have teen increased. 1f the capscity

of Cy had teen decreased then fror similar reasoning
e wguld find that the voltage drop across C,, would
~
decrease, Frzctically, however, there sceied to Tte

‘no crange ¢f current in the plate circuit, Fig.l, so

Prceatly there was not = culficiert ciarge in grid

pctentisl 28 the vari=tle condernser was movad,
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In Fiz, 3 the pick-up couil recieves erner.y

fror the hisn-fregyuenc/ oscill=tor =nd ras a Vvolt:-ge

E, = E sin t
dis

induced in it, Fig.4, Tre currert Io wiicnh tends

to flow in the circuit is leading tne veltz.e g, and
mzy te represerted by Fig. 5. Since Ej is charged
into a puls=ting Adirect current vy means of the rect-
ifier tre recultart current hes a shape sirilar to
Fig. 6, »vd is termed Il. The average value of Ig

is equal to ore ralf the value of Ig or

- 637
I, ===~ .1

With the current Il flowing througn the resistance
Rl there is = voltage drop of I R; acrcess the resis-
tarce, Fig. 7, which effects the potential of the
grid. The atsclute rotenti=zal of the grid for a
eiven position ¢f the variatle condenser is egyual to
Eg a Ec - IlRl
ard is represerted &% Fig. 8. Thus, «8 the conden-
ser capacity is variéd ty thhe vitrating bod, vzrious
values of I} result and Yy virtue of the fact that

this will cause a varying voltage drop acruss the

resistarce there will te a changing grid potential,



Tde changing potentizl of the grid, Eg, will change
the value of current in the plate circuit. A milli-
amreter was connected in series with the plate cir-
cult ard an extreamely small variation of plate cur-
rent was noticed as the condenser capacity was
varied. There was not erough varjation to Jjustify
connecting the oscillograph in place of the mipi-
a:meter, Ferhaps tre variation in current could te
increased by two or three stages ¢f resistarce
coupled arplification to a proper value. Due to tne
fact that for lcw freguencies the impedznce of the
condernsera used in the amplifying would e rel:=tive=
1y high it would te necessary to use ver, 1luarg,e
condersers to eliminate distortion of the low period
vitrationrs.

This device will not give a straight.line
function tecause the relation of a given moveuent of
the condenser to ancther value of movement is not
directl, rroportional to trne values of thelr respect-

ive plzte currernts,
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The inertia recorder, Fig., 9, gave very podr
results. Theoritically when this <device is attacned
to a machine which is vitrating in the horizontal
plare the inertia of the Yrass slug will cause a
valy ing pressure on the c=irkton pile thus vziying
the resistance, fractically, wita tne simple series
circuit of recorder, millizumeter =nd t=ttery, the
sensitivity w=as-.extrerely low., This sensitivity mwight
te increased with twou or three stages of resistance
coupled =mplification with the added danger of dis-
tortion of the lower fregquencies, This device does
not give a straight line relation tetween pressure

and resist=nce tut a curve cimilar to =z Lypertole.
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Thig devicé, Fig. 10, operates directly by
the chgnge in reluctance of the magnetic circuit by

moverent of the armature in the =ir-gap. Since

g = LLF

it is evident that 2 ch=ange in the reluctance

causes a cnange of flux when the L1F 1s constant,
" -3 8 o Co
Lecause e -k dt » tuere is xenerated in tne

secondary winding a voltage e.

By gquickly inserting the armsture the voltage
induced in the secondary, coil was only atout two
or turee uillivolts. ihis could te amplified. The
relation here tetween movement of the armature and
the induced e.m.f, will not te a straight line,

The curve taken from a device of this type

would te a first gderivative of the true viktration,
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ihe neter-movewent, rig. 1ll, also gave ratner.
poor results. Tne ends of the coil were connected
to a millivoltmeter. When the coil ®as moved through
the field of the periarnernt magnet there was a snall
e.m.f, generated in it and this c-used a small de-
flection on the millivoltmeter, This device will not
produce a straiéht line for the relation of coil-
mover.ent and induced volfage. The curve in this case
will also Yepresent the first derivative of the true

vitration.
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The apparatus in Fig, 12 will produce a straignt
line relationship tetween the movewent of the vib-
rating tod, and the resistance tetseen terwinals.
Triis gave a relatively large per- cent variation in
current for a given wovement of the arm.

Fractically the srm had too much inertia and
trere was too nuch lost motion at the pivot "1,
Tnere is art to te troutle in attenpting to keep
a uniform contact resistance at "m" for different

rositiors of the arm,
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Fig., 13 represents a Lradleystat zhich has the
screw replaced vith = stiff wire. In this device
the relation tetween the pressure and resistance is
ot a straigut line tut ras a shape sinilar to tnat
¢of a Lhppervole as jllustrated in the accompanying
graph.,

The Bradleyjstat wes mounted on the end of a
section of rail that was clamped to a tavle, The
table was then adjusted until the stiff wire made
firm contact with the machine Gyin the A.C. lat-
oratory. Fig. 14 snovs the set-up. =as the niachine
vitrated the resistance of the carton pile was var-
ied which in turn caused a varying current to te .
sent through = simple series circuit of a 1.5 volt
dry-cell, The oscillooraph was connected in series
with the Iradleyjstat and then some oscillograms were
t=ken, TFigures A, B, C, D, and E are oscillograms
teken from this set-up. In figures A and B curves
no., 1 represert the 60 c,cle timing wave of voltage
from the power plant and curves no, 2 show the record
of the vitraticn of Gy without a fiéld. The irreg-
ularities in the vitration curves ere protatly due
to nicrojhonic action of the carton pile.

Curve no, 2, Fig. C, shows the vitration cf G1
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with & field. In figures D =rd E curves no, 1
represent the 60 cijcle A.C. voltage supply from the
porerhouse, curves no, 2 represert the voltage wave
of G1 and curves no, 3 skow the record of the vib-
ration of the same machine, In ottaining figures D
and E the pressure tetween the stiff wire and G1 was
changed from the value used in taxing figures a, b
and C,

rom an otservztion of curves no, 2 and 3 in
fisures D and E it can te noted tnat one c,cle of
vitration tekes place in the time reyuired to n=zxe
trree cscles in the voltage wave. Since Gy is a six
Fole nacnine it is equivalert to saying that a cycle
of vitr=ation is wmade guring every; revolution of the

rotor.



The fclloving d=ta znd results were cottained from =

test on a Dradle,stat.

Fressure Volts nL.peres Resistance
in 1lts, in Uhms .
1 4,4 .35 12,7
2 3.8 .5 7.6
3 3.4 .61 5,53
4 2.85 .73 3.9
5 2.6 .78 3.33
6 2.35 .215 2.E8
7 2.C5 .9 2.28
8 1.9 915 2.00
9 1.8 .94 1.915
10 1.6 .99 1.615
11 1.5 1.01 1.425
12 1.4 1.02 1.37
13 1.3 1.035 1.255

14 1.2 1.6 1.13



CHL S,

»
&

-
-

CE I

RIESI ST A

14

12

10

CURVE SHOWING ©LE ULaTICN LULWEED
FYRESSURET O Tn N Ini

SFRITG IN THE

-~y

EADIF L0 AT AlD THY RE LI ST alCE O
m~oare PR E A n
Ry Rl Ditalil L o ILT .

[ &

FRESSURE IN 1BS.

(65]
Yy
3
e


















Hollow fitre cylinder

letal diaparam

AES ’
s

Y
Wy
o
o

Vibrating
E vody

%
SR

o
SR

X
o :‘?
3 ﬂ.

..02
d e©

Carbon grains

wICRUERCIE BUTTUN

FIGURE 15



FIGIRE 16



B

| A A A A A
zsf\/kiu;y;uf\/\/l







list of References Fertaining to the

oubrject of Vitration

l.easuring Vitrations in Tuildings.
C.R. dfoung
Engineering and contracting (Buildings)

Vol, 58, no.l, Cet. 1922, pp 9-12, 1 fig.

Hizh-Speed Photosraphy of Vitration
( sound, :echanical, Electrical, etc.)
Augustus Trowbtridge
Franlin Inst, Jl.,, vol. 134, no, 6,
Dec. 1922, pp 713-729, 11 figs,

liechanical Application of the (scillograilg
A.I.E.E, Journal, Jan,1G25, vage 45..
l:'iscussion of atove paper

A I,®.F, Journal, June 1925, prze £40.

The Vitration Probvlem in Tngineering
C.R. Soderturg

The Flectric Journal, Dec. 1924, p:=ge 579.






Apperatus for Ctudying the Vibration Froduced in
Buildirigs Yy Traffic.
Bul, de la Société 1' Fncouragzement pour
1'Industrie lationale. Vol, 134,Larch 1922,

pp 177-186, 7 figures.

Field for Research Work
Prof, Foltz
I, S.C. Record, lLay 3, 1926, page 452.

The use of Vivration Instrurents on Electriczl
Jachines.
Jo. Crmondroyd

Jourral of a.I.E.T, Arr, 1526, page 330.



blVIIHH'IIHIIIIHlUHHIU/IHIIIHHUIIIUlllHHIIHIFHI

3 1293 02290 9802 |



