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e THA T S 0 UN D and me han.ical vibra­
tion are relat dis uch a imple concept as 
to seem hardl worth mentioning. How-
ever, the rela tionshi p between th e two 

phenomena and in. particular, their effects upon human beings are 
very con1p]icated in.deed. 

Most of us use the terms sound and vibration in broad and over­
la pping en es, but for the purposes of this di cu sion it i h st to keep 
to rather narrow meanings . Sou d, therefore, will he con idered a air­
borne vibrations of an audible frequency. The term vibration will be 
used to mean mechanical vibrations or vibrations occurring in 

olids. Th fr quency ranges for sound and vibration as thus 
defined are roughly the same, FrG RE 19. For most measurements the vi-
ex ep t ing tha t  important vi- bration pickup can be held in the hand. 
brations may al o he presenl 
considera bly below the lower 
frequency limit of hearing, 

and ati factory vibration­
mea . uring equipm nt mu t 
o perate a t  frequencies as low 
a 2 or 3 cycles per second . 

The reasons for meas u ring 
or reducing vibration are 
generall y two. In t he fir t 
place, a is genera lJy realized , 

audio- frequency vibrations o[ 
solids transmit sound vihra­
Lion to the air, Lhns ere a ting 
noi e. The process of quieting 
a machine or device generally 
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includes, therefore, a tudy of the me­
chanical vibration in ol d. 

In the ond place, rious ihration 
may caus actual failure which, in the 
cases of hea y machinery or airplanes, 
for instance, may have fatal conse­
quences. Vibration, th n, is not only a 
source of noi e, but often a our e of real 
danger. The present perfe tion of high-

peed planes, ship , and automobiles 
could never have been achi ved without 
a thorough tud of ibration, its cau e, 
mea ureme t, and cur . 

D isplacement, Velocity, and 

Acceleration 

Vibration, like linear and angular mo­
tion, can b mea ured in terms of di -
p1acement, elocit , a d ac eleration. 
The a ie t mea ur m nt to und rstand 
i that of di placem nt. In om.e ca e 
wher the displacement is large it can be 
measured directly with a ruler. 

In it implest case the displacement 
may be considered as imple harmonic 
motion, that i , a inusoidal function hav-

FIG RE 20. The nt.rol ho. and vibration 
pi kup onnect to the ound-le el meter in place 

of the microphon 

ing the form 
x = A in wt (5) 

where A i a on tant, w i 27r time th 
frequen y, and l i the time. The max­
imum peak-to-peak displacement will be 
2A, and the r-m- ( om time loosely 
spoken of a th average) di pla ement 
will be 1 A. The ••average double am-

v2 
plitude" (r-m- ) will be v2A. 

Di placement, howe er, is not alway 
the prop rty of the ihration that i re­
quired in practi al problems. A me­
chanical part radiating sound may be 

ompar d to a loud p aker. In gen ral 
th velocities of th radiating part (which 

orrespond to th cone of ·the speaker) 
and the air directl ne 't to it will b the 

ame, and, o long a the di tance from 
the front of th part to th ha k is large 
compared to one-half of the wavelength 
of sound in air, the actual ound pre ure 
generated ill the air will he proportional 
to the velocity 0£ th vibration. Th 

ound energy radiated i the pr duct of 
the velocit squared time the r si ti 
component of the air load. nder th 
conditions, particularl where noi e 1 

important, it i the velocit of the i­
hrating part and not the displa ement 
which i of greate t importance. 

The velocity is the fir t deri ative of 
th di placement, o that for th imple 
harmonic ibration in Equati n (5) the 

elocity i 
dx 

v-
dt 

wA co wt (6) 

Thus the elocity i proportional not, 
only to the di placement but al to the· 
.frequency of the vibration. 

In m.an case of mechanical ihra­
tion, and particular]y where mechani al 
.failure i a con iderati n, th actual 
force et up in the ihrating part are 
important factor . ewton' law of mo-
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tion tate that the accelerati n of a 
giv n ma i pr porti nal to th ap­

pli d force, and tha thi for e produce 
a r ulting rea ting for which i qua} 
but oppo ite in direction. Any tre 
and strain et up in a vibrating m m­
b r, th r fore, will be proportional to the 
a eel ration f the vibration, whi h i 
the secon deri ati e of the di pla e­
ment. cceleration m a ur rn nt ar 
important where ibration are suffi-

ientl e ere t au e a  ual 1 nec hani al 
failur . Therefore, 

d d2x 
a = - = - = - w2A sin wt (7) 

dt dt2 
Th a el ration, therefore, i rop r­
tional to the di placement and to the 

quare of the frequ n 
Th r is an t her u for accel ration 

mea�urem nts. Th analogy cited ab e 
n rning th loudsp aker o r the 

usual a e wh re th n or baffie i 
large ompared to th wa elength o- the 

ound in ol v d. In mo t machin this 
r lati n hip do not hold, ince rel­
ati ely rnall parts are ibrating a-t rela­
tively lo' frequen ie . Thi ma h 

ompared t a mall loud peaker with­
out a bafHe. t Jo, frequencie the air 
ma b "pumped" back and f rth fr m 
one ide of the con to the other w ·th a 

r high elo ity, bu-t without buil ing 
up mu h of a pressure or radiatin g n1.u h 

ound n rgy b cau e of the er low air 
load whi h ha a rea tive mechani al 
impedan nder the onditi n th 
a eel rati n m a urem n pr id s a 

JUNE,1943 

b tt · measur of the amount of no1 e 
radiated than does a velocit m a -
urement. 

To ummanze, therefore, di pla e­
ment mea urements are u d only in 
tho few in tan e where the actual 
amplitude of motion of the art is im­
portant. This would in lud , in partic­
ular, tho e ca e wh r larg amplitude 
of motion might a tuall au e part to 

trik tog ther, thu cau ing damage or 
r1ou rattle. V lo it m asurements 

are generally u d in noi e prohl m 
wh re th radiating surface are om ­
parati ely large with re pect to the 
wa 1 ngth of the ound. cceleration 
1neasurements are the mo t practi al 
wh r a tual m hanical failure of th 
part in olved is of importance, and in 
mo t noi e problem , particularly tho e 
invol ing small ma hinery. A vibration 
meter, there£ re, hould be able to m as­
ure all three vibration charact ri ti 

he abo e equati ns, (5), (6), and 
(7), re pre ent nl in u oidal vibration , 
hut, a in the ca e of comple ound 
wa , omple periodi ibrations an 

al o he represen ted as a uri r rie of 
s1nu oidal v"brations. he e imple equa­
ti n may, th r fore, he expanded to in-

lud a many terms as de irable in order 
to e, pres an par ti lar t pe of vibr a­
tion. 25a It will h noted that, in e e­

i prop rtional t frequenc , and 

a rati n i proportional to the square 
f th frequency, th high r fr qu n 

component m a ibration are pr gr 

. 
25a en ral equations corr 

x = A1 sin (w1t + a1 ) + A2 
dx 

ponding -Lo (5), (6), and (7) �r , re�pecti ]y: 
in (2 wit + 0:2) + A3 in (3w1t + 0:3) + · · · (Sa) 

( a ) v = - = W1 i o (wit + 0:1) + 2 w1A2 dt 
dv d2 

a =  -
dt dt2 

where ai, a2, a3, tc., are "th r 1 ti 
fundam ntal frequ nc . 

- 9wi2Aa in (3w1t + aa) (7a) 
pha angl of ariou harm nics and w1 = 271" time 1he 
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sively more important in velocity and 
acceleration measurements than in dis­
placement readings. The effective read­
ing of the vibration meter on a complex 

25b'J'he vibration me1:er reading of displace­
ment; corresponding 1:0 (5a) would be 

JxJ = �2.'1A12 + A22 + 32 + . . .  
(5b) 

wave is equal to the square root of the 
sum of the squares of the component 
which gives further emphasis to th e 
higher amplitude components.25b 

The velocit:y and acceleration. readings would 
be, respec1:ively 
�������������-

J v I = .:,,�'1AL2 + 4A22 + 9A32 + ... 
(6b) 

(6c) 
PART X-THE VIBRATION METER 

Vibration Pickup with 
the Sound-Level Meter 

For some years a vibration pickup has 
been available as an accessory for the 
General Radio Sound-Level Meter. The 
pickup, which respond to mechanical 
vibrations, is merely substituted for the 
microphone, and the sound-level meter 
used otherwise in a normal fashion. With 
the TYPE 759-B Sound-Level Meter the 
TYPE 7 59-P35 Vibration Pickup and the 

TYPE 759-P36 Control Box are used. The 
pickup itself is of the inertia-operated 
piezo-electric type, which responds to 
acceleration. 26 The control box, which 
connects between the meter and the 
pickup, provides electrical integrating 
circuits. The integrating circuits allow 
the conversion of this response for read-

26!n this type of pickup the crystal is deflected by its own 
inertia when the pickup is subjected to vibration. The volt­
age generated is proportional to the actual force exerted on 
the crystal which is proportional to the acceleration. 

FIGURE 21. TYPE 761-A Vibra1:ion Me er, designed particularly for machinery vibra1:ion prob]ems, 
covers the frequency range from 2 to 1000 cps (120-60,000 rpm). 
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ing velocity or displacement. This com­
bination of pickup, control ho , and 

ound-1 vel meter provides a convenient 
and ine pen ive way for owner of sound­
level meters to make ibration mea ure­
ment within the a udio- frequency range. 
How ver, it should h remembered that 
the ound-1 vel met r circuit were in­
tend d only to respond down to 25 
cycJ , and con equentl this combina­
tion is not uitahle for mea uring Jower­
frequen y ihrati n . 

lso, the sound-level meter r ad m 
terms of decibels, which mu t b on­
vert d to ther unit if the reading are 
t.o mean anything in term of ibration 
amplitude, velo ity, or acceleration. A 
calibration chart i provided with each 
control ho giving ·the proper orrection 
figure for that pickup and contro ho 
when u d ith a particular ound-level 
meter. B mean of the e data plus a 
de ibel table (supplied in the in truction 
ho k), th readings ma he on erted 
readily to the more logical units of mi ro­
inches, rm ro-in hes per cond, or 
in ·he per cond per econd. 

The TYPE 761-A Vibration Meter 

F r low-frequ nc · ihration , or 
wh re a large number of accurate ob-

IG R 22. Electrical frequency respons of th 
TYPE 761- Vibration Meter showing eff ct of 

integrating ircuit. 

JUNE, 1943 

er ation mu t b mad wit a max­
imum degree of convenience, an instru­
ment designed particularly for ihration 
measurement is de irahle. The YPE 
761-A Vibration Meter is similar in 
many re pect to the TYPE 759-B ound­
Level Meter. It is mounted in a case of 
nearly the ame ize, operates from the 
same ize battery, and ha a similar 
m hanical con truction, including the 
fre -floating tube helf. However, the 

ibration meter ·as intended to take full 
ad vantage of the maxim.um :frequen y 
range of the piezo-el ctric type of 
pickup, which tends smoothl from 
2 to 000 cycles p r econd. o, the 
m.eter i alibr a ted dire tl in term of 
the r-m- di placement, elocity, and 
acceleration and indicates th se, re-

pectivel , in micro-in hes, micro-inche 
per second, and inch s per ond per 

econd.27 
ince ·the vibration pickup used with 

thi meter i of the acceleration type, 
two age of electrical integration are 
ne e ary to provid the v ariou type of 
re pon e. Be ause the in t egrat ing cir-

27The TYPE 761-A ibration Meter is ompletely 
described i..a" General-Purpose Vibration Meter" by H. H. 

coll, Journal of the Acoustjcal ocjety of America, Vol. 
'III, No. l, pp. 46-50, July, 1941. A brief description i.e also 

included in the General Radio Experimenter, Vol. I, 
o. l, pp. 1-8, June, 1941. 

IG R • 23. Over-all re ponse of the YPE 761-A 
Vibrat:ion Met:er in cludi ng the vibration pickup. 

FREQUE� IN CYCLES PER �COl'm 
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a b c 

F1G RE 24. IJ]u trating the operation f the integrating cir uits in the vibration m.eter (a) shows 
a quare wave a transmitted by the amplifier when et for acceleration measurement , (h) how 
the wave after ne Lage of lectrical integration for elocity measurement , ( ) how the re ult 

of two stag . of integration as u d for di placement measurements.28 

cuit ar built in a part f th amplifier, 
better performance i po ibl than with 
a control ho attachment. Figure 22 
show the el ctrical frequency charac­
teri Lie of the vibration meter exc1ud­
ing the pic1...u . Figure 23 shows th 
over-all characteri tic in t rm of relati e 
respon e for a constant-disp]acen1ent vi­
bration in terms of frequency. The ir­
regularitie above 1000 c de are due to 
natural re onance in the pickup, bu it 
wil1 be noted that th av rage re ponse 

· actually quite useful to 2000 cycle or 
higher. The figures show graphic all 
how the integration proces attenuate 
the higher frequenci s with re p ct to 
the low r frequencie . 

Figure 24 show the a tual effect of 
the electrical integration on a particular 
waveform. The square waveform of 
Figure 24.a ha strong harmonics. fter 
two steps of integration the result in 
Figure 24c i sub tantiall a sinusoidal 
wa eform.28 

PART XI-HOW TO U SE THE VIBRATION METER 

Operating Instructions 

Like the ound-le e] nieter, th i-

hration met r ha an in truction sheet 
fa tened in the over whi h covers the 
actual operations in olv d in adjusting 
and reading the in trum nt. knob 
marked ETER CALE provide in 

ffect a muhipli r for the indicating in� 
trumenl. The red meter ale hould be 

u ed with the recl posi Lion f th knob 

28The waveforms hown in Figur 24 ma L 
w12A (a) a = -w12A in wit - 3 

(h) 

(c) 

and the black scale with the uncolored 
po l t1on . The reading of the control in 
aH ca e repre ents the full-scale cle­
fle tion of the meter, so that it is merely 
n ces ary to add decima] place to the 
meter reading. 

n additjon, there is a row of five push 
buttons to elect ace leration, velocity, 
and di placement r spouse. For each of 
the 1atter two characteri tic two but-

repr s nted by the following Fourier eries: 
w12A 

in 36.J1t --- in 5w1t - · · · 
5 . ' 

These corre pond, re pecti ely, ·t Equations 7, 6, and 5, and to Equation 7a, 6a, and Sa in ote 
25. ote that for thi particular wa f. rm, ' hile the ace l rat.ion equation gi e 33 0 third 
harmonic, the di placement one gi e. onl 3.7 0• 
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ton are rovided . The norma1 button 
are those which provide a low-frequenc 
l"mit of 2 cycles. Th extra button , 

hich are o marked, pro id a ' -
frequency limit of 10 c cle , ' hi h, bow-

er, alJow an increa e in ensiti vit of 
the meter by a fa ·tor of 10 : . Thi i a 
gr a t  ad antage for mea u ing low­
am plitude vibrations such a ccur, for 
in tan , in clocks, peedom ter , and 
oth r small mechanisms. uch ibr a tion 

J dom have an important component 
below 10 y l s. Below ach button i 
engra ed a multiplying factor (alwa 
a multi ple of 10) which h uld b ap­
plied to all reading when that partic­
ular button is u d. 

Pu h buttons are al o p1.·ov ided for 
he king th battery and the alibrati n. 

Sensitivity of Vi b ration Meter 

The TYPE 7 -A Vibrati n Meter will 
mea ure displacement a low a 16 
micro-inch s, velocities a lo a 1 0 
m" r -inches per econd, and accelera­
tions a low as 0.160 inches p r econd 
per ond.29 

Pickup Placement 

The pi kup re pond mo t trongly to 
vibrations perpendicular ·to i front 

urf ace (th urfa e w i th the nam -
plate) . threaded o ket (,7,t" - 28th) 

1 provided on thi urfac o that the 
pi kup may be bolted or clamp din an 
de ired fa hion. conical and a roun ed 
tip are also pro id d, and a long meta] 
probe, all of which fit th threaded 

o k t. The tip may be fa tened di­
rectly to the pi kup or to the end of the 
probe. By the e means it i generally 

pos ible to hold the pickup again t a 

v ibrating urfac or part o that it will 

pi k up the vibration ati fa ·tori] . uf-

29The diepl cement and velo ity figures are for a low fre­
quency cut-off at IQ cycle . These limits are multiplied by 
IO when the full range down to 2 c lee is u ed, 

JUN E. 1943 

fi ·i nt pr ure hould he u d on the 
p" kup o that i t  fol1 ' h vibrati9n 
a urat I without ha r:-terin.g, but care 

h uld h taken not to pu h o hard a 
t mat riall the ibra tion it elf. 

Figure .... ho' how th picku p i or­
ma Jl u d with the prob . For accurate 
reading the pi kup hould ah ay b 
held or moun d o that i front urfac 
i p rp ndi ular to the direction f 
brati n. 

Characteristics of Pickup 

ik all pi zo-electric mi r phon 
and pi kups, the vibration pi kup 

hould not be allow d to reach temp r­
a tur s abo 130° F. or permanent dam­
age may r ult. Mea ur m nt an be 
ma l on hotter machin r pro iding 

h ar mad quickl enouoh so that 
th pi ku p do not be ome heated. 

At lower temp ratur the tempera­
tur chara teri ti of the pi kup are 

imilar to the pi zo-el ctri microphone 
( Part ) . Th actual a pacitance of 
the pickup 1s appro imat I 0.005 
mi rofa1·ad. Th u ual r t  able up-

li d on th pi up does not - quire a 
t emp ratur corr tion, but if a long 

able i u d th Equation (3) in Part V 
may b u ed.3° 

Th p" kup hould n t be ubj ted to 
a eleration great r than 10 time that 
of gra it (lOg).31 

Choice of Characteristic 

The field of vibration mea ur ment is 
no a ell tandardiz d a that of ound 
rn a ur m nt . The choi e among di -

3DFor this pucpoee the capacit alue in Figure 1 (a) may 
be multiplied b two. Figure lO(b) ' iJI also apply if a cable 
of approximately 1350 µµf i u ed. These fi g ures are in 
Pact . 

31Qn the alibration of the vibration meter this i equiva­
lent to an acceleration of 3900 incl1 per 11d per e ond, 
a velocity o[ 6.3 X 10' rnicro-inchcs, or a displa ·em nt of 

10s . . 
ch Tz m1 ro-111 s, 

ei;: nd. 

f 

wher f i the frequency in c lea per 
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placen1ent, velocily, and acceleration 
g n rally depend u on the use for 
which th data are needed and the on.-

ideration m ntioned in Part I . Typ· 
ical e ample of appli ation for the dif­
ferent types of mea urements are as 
follow : Displacement mea urement 
are widely us d in measuring hip vibra­
tion and vibration in h a y machin­
ery. Velocity mea urements are used for 
measuring ound transmis ion through 
" alls, the ound radiated b large ur­
fa es such a power transformer shells, 
etc. A ce] ration mea urements are used 
in mo t ma hinery noi e problems or 
where part are liable to fail as a result 
of th vibration. 

n a] ca it hould b remember d 
the a ce]eration mea urement gi e the 
greatest mphasis to the high frequencies 
and di placement mea urements to the 
low frequencies. 

Ap p lications of the Vibration 

Meter 

11 designers of airplanes, ship , and 
other expensiv or elaborate structures, 
part· ularly where vibration may b 
dangerous, arefully calculate the vi-

bratory condition a a part of the de-
ign work.16 Such alculat"on , howe er, 

generally invol e as umption ·which 
cannot alwa he rigidly justified, and 
mea urement are neces ary n the om­
pleted structure to che k t e calcula­
tions and make minor readjustment . 

In the ase of mall machinery, · t is 
sometime more economical to build a 
sample and mea ure the i ration. than 
to Qpend too much tim on laboriou al­
culations. Th vihrat · o meter, there­
fore, is not a uhst· tute for thorough 
theoreti al analy e , but should h u ed 
to uppl ment and ch k u h analys 
In many ca es its u e will greatl y  im­
plify the cal ulation and reduc th 
numb r bich are n cessary. 

Th vibration meter i al o an i val­
uable tool in ch eking fin.i hed quip­
men for vibration and, indirectly, for 
noise, as pre iou ly pointed out in Part 
V. This last application all w noise 
t ts to b carried on under un.favorabl 
condit" o s of ambient ois lev l, aft r 
correlating nois meter and vibration 
tests on a few sample ma hin 

-H. OTT 

lBNote 16 waa included in Part VI. 

INDEX TO VOLU ME X VI AND VOLU ME XVII 
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