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VIBRATION ANO SOUNO 

INIIBX TO 

\'01.1)"" XV I \Iii) 

Vor,u"" XV" 

PUll" 

• 
• T HAT SOU N 0 and IIIccilan i('a l vibra­
tion arc reiale.1 is sUI'h a si mple {'once" t a" 
to seem hardly worth me ntio ning. 11 0'..-. 
ever. t he rda tionships hdv.cCII these t wo 

phc llo ltlcnu lind. in part icular. their effcc ll! UI)()11 hllmlln 1l4:ings arc 
,cry com pl i'-3 tcll indeed. 

\ l ost of II ~ lise the terms soullIl lind " jbra tion in I.Iroa.1 3 1111 over· 
lappi ng senscs. but for the Pur l)05('S o f this discu.%ioll il is beAl to kee p 
1'.1 rather na ... 'o\\ "wan ings. Sound. therefore, will be considered as ai r · 
horne \' ibratiolls of all audihle fretille llc},. T he I,crlll vibra t ion \\i ll be 
u"("(1 to llI('an Illccha ni,'ul vibrat ions or \' ibrat ioIlS occurring in 
~olids. The fn'que nc) ranges for sound and vibra tion as thlls 

defi ned arc rOllghl~' the sa me, PIt;U H f: 19. For " 1(,.;;1 rneMlIre ll.<!n ls Ihe "i. 
e'l:t~pting that im p.or larll vi. !,ral;on t,ickll t, can bcheld;n rhelllUlti. 
bra l ion;; ma~' also 1)(' pre~' rr l .... __ _ 
"onsiderably be lm, Ihe lm,er 
fn'qlU: l u'~ limi t of hearing. 
alu l ;;a l i;;fa(' ton vihration· 
' n~'a;;uri rrg equ ipmcnt lIlus t 
01.M'ratc al freque neies as 10\\ 
IIi< 2 or :\ ,.~ "I"s Iwr ~f·f)'U I. 

T he rca"''''IS for lIleasuring 
or rl·.lrwin:; \-iloration an ' 

g:crr('fllll~ 1\\1), I n thc lirs t 
pial" '. liS is h't' n"rall~ real ize.1. 
a\ldio.frf·lluent"~ vibrations of 
~oli,ls tnmslllit sOlllld \ iIJr ll­
lioni' to the air. thu ;< t"real in;r 
n()i ~ t". T he prtX'CI'S of (Iu idi ng 
a machine or devit"t" :;!:cncrall) 
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GENERAl RADIO EXPERIMENTER 2 

indud(·~, therdorc. a SIIIlI) of the IItC- Ins the form 
dlonicol ,ibratiol\lI in, ol"c.I , 

In Illl' lICt'olUl pllll'l'. serious ,iilrati(.n 
mil) cause 11('1\1111 fllilLlrl' "hidl , in the 
ca~!i nf hca\ ~ ma('hiner) or airplanes. 
for in"tanL'C', ma~ lIa, c fatal 1'1lI1.5e_ 

(Iue m'cs, \ ibrlliion, then. is nol on I) a 
6Our,-'C ofnoi,..., bUI often a Mnlrl't' of real 
,Iang:t'r, Thc prese nt perfec tion of high­
i' peed planes, "hips, and a utomobiles 
roulfl ne ,er ha\ \! [,cen al'hie\cd \'Iithout 
a thorough 8 1UlI~ of, ibration , it s railS('. 
measureme nl , III11II'llre , 

Displacement. Vel Deily, and 
Acceleration 

Vibration , likc linear anti II ng- lIlllr 1111) ­

liun . .. all Iw IIlt' lISureti ill terms of dis­
pl :lt't' fI1t' llt , \dl"ttil) , IIn,1 IU'I;t:/erlltion, 
TIlf' cusic!!1 JIIea8Urt' Uu'ut to IInde r~tn"d 
is that of di Al'lacI·l1Ielll. In sOlli e , ',18('6 

"here 111(' ,lisplllt 'ellle l1t ill lurgl' it elUJ he 
measured ,Iire(, tl) "ith a ruler. 

1n il" simpleS! l'a:le Ihe displace ment 
Ina ) [,c considered as simple harmonic 
motion. th a I i .. , 11 s;nuiIOi tiul funClion Ita, . 

FIGtTKt: :!O The 00,,11"1)1 " ... ~ al,,1 \ ibralion 
rickul' C<J""~I 10 Il, r Mtt,,"d ,le . d mcle.- in place 

or 1101' micl"<'rhon." 

x Z" l sin wl (5) '"' 
"lIere A is a CU"~1;U11. w i,. 2 ... t;II1('R the 
frequenc) . lind I ;s tll(' tilll l:. TII(' mil .. ' 
irnum peak.to-peak di~plat'!.'llIt· nl .. ill lie 
24. and Ihe r . ln.s (SOIll('liIl1C6 100;«"1" 
spoke n of as Ihe alcragc) rlis placemclIl 
"ill be I . 1. Thc "uHrage double am-

, /2 
plilurle" (r.m.:;) "ill 1>1: ,2 1. 

Displacement, ho .. e\cr. iii not ah\a}s 
the prorlerly of IIII.' I' ihrlltinll tllnl i,. rl'· 
(Iuired in pra( ' ti ~'a l pruhlctlls, J\ me· 
t"ha nical p;lrl rallialing 6tlll nd ( 1111) I~' 

compan'tl to ,I IOlld"'pclIl..cr . I II gC I1 Nal 
till' fe/uNl ies of the rllI l iat ing part (" hiI'll 
correspollds 1.0 lhe eOrlc of Ihe s l1Cul..er) 
alld the air direc ti y ne,,1 10 il l\itl l1C Ihl' 
sa me, an, 1. so Inn!! as Ihe ,1;;;t:lIIl'C from 
till' front of Ihe pari to Ilw 11II"k ii' lur!!c 
l'ornpare,l 10 olle·half of thl' "nl'dellglh 
ofSOllnd in lIir, the actual soullll preiiMu'e 
ge nerated ;n the ai l' "ill"!.' I'roIHJrliorl~,1 
10 the ,-clocil~- of Ihe "i brnlillll . '1'110:: 
!'OlInd ener:;) ra (li~lt e; 1 is till' pnHitwt of 
Ihc velocit) sfluared lillles the resi"' t;\'e 
t'omponelll uf Ihe lIir lonll. L filler Iht',;c 
rondiliolli' . parlit' ularl~- Ilhere nui~ is 
important. it is Ihe ,c1(H' it~ of thc ,j. 

brating part an,1 n(lt Ihe lli"plll('C llIcnl 
"hieh is of ~re :ttcs i il1ll)llrl:l!lct . 

TI.e "clocil)" is the first Iler;\III;\'e of 
the d i ... plllccrncnt. so Ihllt for till' "i mple 
harmoni, ' vi bralion in Equalion (5) the 
\ciocil)' is 

.Ix 
II = - = w-l t.'o~ 101' (fi) 

,I t 
Thus the "do('il" ;s propur. ioll al HIJI 
oul}' to the displaec ment but :tlso 10 Ihc 
frequency of tltc ,i hra tiOIl. 

In man y cascs of mechaniClil \ ibrll· 
lion. alHI parlie ulllrl) "hNt, nWl'hanij'1I1 
failute is a ('on,~ ;(I('r/ition . the ,lI'lIIal 
for<:es rei up i" the I ;Lruling pari>, ,Ir,' ~ 
iml)f)rtllnl flletor>i , 1\"" tOIl'II I,," ,; of 111"-

~ri"'" 1943, w~,.1 lI.di.o ComPUI. 
C .... bridr>. ,to_ .. v, S. A, 
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lio n s tnle tllnt the IlI 'cclerll tioll o f a 
g iH Il 11I11S11 ;5 proportional to Ihe ap­

plied fOri'c. a nd tha i lI. is force produces 
a result ing readi ng foree "hieh is elltlul 
IJIII o pr"lsi lo: in direc tiun . Au) II tresses 
Butl s traius seL up in 1\ \ ihrilling melli­
I,,' r, therefore, ,,-illl.IC jJrolpo rtiOlHlI Hlllle 

acceleration of t ll(' \, jhnllioll , \\ hie- II i!l 
11 1I~ 5(':"01111 Il cri \' lI t ill~ o f lhe tli li placc . 
m e lli . '\ c' ,-e lc ra lion IIIC1I5u re nu; n 1S arc 

i'II Jlor! IUl l \,here ,ihrat ions li n' sum . 
f'iell ll ~ ;,e ,en ' IO C3 111'1 ' nl'l uailllcdlllni'::ai 

(I, j llln' . T llt'rerun'. 
d. , {11:~ 

(I = - _ - "" - ...,2A sin r.!( (7) 
fit (/r l 

T he aco'clt'ra tion. tlu:reforc, is pr.lpo r­
tional to IIlc I li " l'l a ' ~lI1c lI l und lu t he 
"'q uare Io f the (.-ellul·n t:) . 

Then- iii IIno lhe r usc for 1lCl.."t'\cra lion 
II lcasurc rnc n ls. The uu ulog) .·i " 'll aoovc 
(;vllct' rlli,l g Il le lo mls p.e aker co\~rs Ihe 
11,, 11 :,1 f' U~ " here tile eone or hrlflle is 
large cOUlparel1 lo Ihe ,\avcleng lh nf lire 
IiOlind jil \'oh ed. III most machines Ihis 
rd a lioll!ihip docs 110 1 hol11. siuee rel ­
:lli H·I) sma ll pa rls are \' ibrlilin g 111 rein · 
li ",: I., 10" fre( lueneies. Th is IlIaJ IJ(' 
\" olllpnr" d III 11 smull IOIl(lsl'Nlkcr Ililh _ 
ou l 11 b:lfne , \1 10" fn ' ljllc n eie ll th(' air 
rnll} be " pumpetr ' Ioa("k and for lll f!"Om 
o ne ... ide uf Ihe eUII" to the u lh .. r "i lh a 
I(' r} high \('IOo· il~ , 1'111 "illio lll huil,l ing 
III' 1II11I:h o f II I' I'!'SI' lIrl' I II' r adiutin g nl ud1 
8u lllUl"lwrg) Lcl·nu!!(' o f [lie VCr} 10\\ air 
lual l. " h ich has a rcar',i le 1Hl'\.'I lItllieal 
iruped a lll ~ " L .. d,'r llie".t! cOlHl itioll '" Ihe 
IIccderaliOIi nlea~lIn · III Cn[ p I·'" illes a 

J UNE .U . ] 

1,.. II.cr meaSll re o f the II Ino un l "f rrO I ~' 

rad ia ted Ihun docs n ,c1ucitr mea,.· 
urcmcnl . 

To sum nr ari)'.c. tl l/' rl; fore, Ilis placc· 
IlIe nl measure illenls 111'1' lI.$(:d o ill y in 
those (e w iUSlullceS wllere Ihe Iwlu a l 
ampli t ulJe of lIIo lio n of the par ls is im · 
loOrt anL. This ... ould incl ude, in p" rlie · 
"Iar, those C!I!l4 ' S where lurge a mpli lude 
of mOLion might aClulIlI ) i'auS(! l)url S to 
s trike toge ther. thus ca using da mage or 
serio us rallie. VelociLy measu rClllc n ts 
are genera lly lIsell in nuise proLle lll s 
,,'here Ihc radi a lin g 8UrraL-.!s arc 1'0111 ' 

I'llru li vely largr \I, il h res lJCc t to Ille 
wltl c le ng th o f the 1i011I1J. ACLocicrlltion 
mcns uff!ll1c n lS lIrc Il le 111051 I'rll, ·lil:a l 
Idl(' rc actll lil IfIccluUl Lcal fa ilure of II", 
l)a rl8 in volved is of imIJO rLa nl.:c . ami ill 
III"SI noiae proble ms. particularl y Ih ,J!>C 

i" ,'olving s llllill mudlillery . A vibr1ltion 
Ille ter , t herefore. sho ulll be a ll ie tu mcas · 
ure 1111 Ihrce \ ibra lion charac lerisl ic .. , 

The abon! c(lua t ions, (5). (6) , nnll 
(7), rcprc!!(lnt ollly siullsoi dal vii,ral iol1 6. 
Imt. as ;n lire ea;;c o f ('omple,," jitl lllhi 

1\01'1'5. complcx period ic , iLra liolls {'li n 

:11$(0 be rI' pfC!'I'IIlt:d as 1\ Fourier serif'S o{ 
8illllso i,11I1 " il,rllliOIl8. 'l'lu·sc simple "qUI!-
1;0 118 rna~ . lherefo re, be eX jJll n,le,1 [0 ill , 
("IUl le as m1l1l ) terms:Ui llc;oira hle in orde r 
to Co'l:pre,.,. .. :UI ) parl icul ar t) lit: o f vibm­
l il)lI .~ It will be lIut ed 111111 , ~ ill''''' \I '. 

kll'il ) is pr"IJlJ rlionallo {rc(lue ll t} . nlld 
ac(·c\('ra lioll i .. pU'I>orli fl nnl to the "'I I!flre 
.. f the {reflll(, II f"}. lire h igher (re'IIICIH') 

CUlllpollcnt !! ill II "ibr:r tioll are progre;;· 

u· (~ ,." •. ral "' I""tilJ<'" "orrl'$I><l", li" t:: If! (5), (6). " " ,I (7) a re. r""pt'CI,,,,·I) : 
.... _ A , !oj" (",,I + "',) + " ~ i" (2.." , + .... ,) + A • • ;" (3"", + "'.) + .. - (5.l 

,L. 
\I _ - _ .." II <.'0!10 ("'1 ' + 0- ,) + 2"", I, {'I)S (2 "",1 + .... ) + J w, ' . cu~ (:I .." , + 01 ,) + ,.. «(,Il l ", 

I/(' J ·x . . 
fI _ - - - -w,'. I, ",n (w,t + nil - l",,'A, em (2"" , + 011) 

,I, ",' 
- 9 w,'A , @il1 (3 "" , + "" ) _ ... 

.. ·uere 011. cr:. (l • • t ie . , are II,,, rdati " l' "ho,"" II l1glee .. r • ~ rio,,~ I,pr ,,,oor ice IIn,l "" ". 2 .. lim .. ~ d,,, 
(Im,I~ ,, '~" l , , 1 " Clt"'·'II',.. 
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GENERAl RADIO EXPERIMENTER 

sively more illll)()rtanl ill velocity and 
acceleration measurements than in dis · 
placement readings. The effective reacl. 
ing of the vibration meter on a complex 

•• Vl'he viuration meter reading of diilptoce. 
'nent correoilJ>onding to (Sa ) .... ould he 

(5b) 

wave is equal to tlte square root of the 
S UIll of the sq uares of the coml)()nen ts ~ 
which gives further emphasis to th e 
higher ampli t ude COIllI)()lIc nts . :u.b 

The "etooity and :tcceJeration reauingil .... ould 
he. re8J>eCtively 

'---------w, . 1 Ivl - .;f" A,1 + 4A,' + 9A,t + ... 
(61.) 

w,·. 1 lal .. ';2 '1 A ,· + 16A,' + S IA,' + ... 
(6e) 

PART X- THE VIBRATION METER 

Vibration Pickup with 
Ihe Sound· Level Meter 

For tlome years a vibration pick up has 
1,N!t;1I available as an accessory for the 
General Radio Sounti·Le,'cl Al e ter. The 
pickup. which responds to mechan ical 
vi brations. is merely subs tituted for the 
microphone. and the sound ·leycl meter 
used otherv.ise in a normal fas hion. With 
the ' I' WE 759· B Sou nd .Levei Meter the 
TYPE 759·P35 Vihra tion Pick up and the 

'1" ' 1'£ 759· P36 Control Box lire used. The 
pickup itself is of the inert ia-opera te(1 
piezo-clectric t)'j)C, which responds to 
acceleration .~ The control box, wh ich 
connects between Ihe mCl.cr and the 
pickup, pro\' ides electrical in tegrati ng 
eircuit;;. The integra ting ci rcuit;; allow 
Lhe con version of Ihis response (or read · 

- In ,hi. 'n" of picku!, ,he uy.,.t .. d.fte<:, .. 1 1.01 ir. ",,'n 
i ..... ' i . ... !ted , he "",kul'" oubj.."ed 10 vibr .. ion. 1"~ Yolt · 
_._ I_n .... '.d .. ...-,ionol '0 .he ac,u.1 r.,..ee ...... ,.d 0" 
.he ""nul wbiob i . "",.-.ion.1 ,,, the ."""I .... io .. . 

FIGIJR II: 21. '(" '1'11: 761.A Vibration Mcler, JClIigued ] ... rtieularly for machinery vibration prolJle",~, 
oo,'en the frequency range (rom 2 10 1000 C!)~ (120·60.000 rpm). 

I 
I 
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illg \doci !) or llis plal!CIIlCIII. This com­

bination of pi ckup, control box. and 
llOUlH I-lc\'clmClcr prol·ides a "OIwenient 
alltl incx l)(,IISi l'c way for owners of ~oll nd· 
ICI'clmcll'l"$ to make \ ij,nllion measure· 
men 18 1\ i tl.in the 8wlio-frcquc lwy rang .... 
Il o\\c\f~r, il shou l;1 be rClllcmbere,1 Ihlll 
the 80UlHI·lcn!1 IIwl,'r j-;rcuiu, were i n . 

1(-11,1,-/1 vllly to rC81'oIHI do" 1,1 10 25 
j·yd!" .. , 311d conl!e'l"c lllly Ihi~ combinu­
liol1 is ,WI suiwlJ1" ("r meas uring lu .... cr· 
frc(luency vihratiuns. 

Also, lhe sou nd-lc\C1 meter reads ill 
terms of decibels ..... hid. IIIlIs l lot: CUII ­

\crll"il to other units if the readings a~ 
10 mC1l1l IInrlli;,, :,; in tenus of l,iiJralioli 
amplitude. ,-clcwil)" or ""n;lt'ru lioll. A 
('llliLrll lion chart is provided \\'ill. each 
con trol ho.~ giving the prop"r correction 
figures ror Ihat piekup and control box 
"lien used "ilh a particullir SOllnJ-le \'cI 
1II t' 1~· r . Ily means or these data pillS a 
decihel table (supplie.1 ill the instructi(l" 
(,001..) . the readings Ulily he eOIH'crlc.1 
readily 10 t he mort" logi!"ul uuil sof mi'To· 
II11'he!!, lIIicro.inches per seconll , (Jr 
inches pel" ;;et."Qlld pCI" St:(·OIllI. 

The TYPE 761 · A Vibralion Meier 

Fur 1o" . frcfltIl·uey "i hrlllioIiS. or 
"Iwrc I' lurge nUlllher uf 1I(:'·Url.te oh· 

J.'~ Cl"r. 22. EJeclr,cliJ rre'I"c,1('Y reol""'~ or llle 
'1', I'r. 76 1. \ Vil,raliOlI Mf'ler 11100"';"1; elTe<:l~ or 

'I\te:;ra t'ng I"re,,;1. 

I 
I 

......... ""' .............. -

J II H E, 1943 

scr\'atious IlIns t he made wilh a lilli :\"­

illlnm degree of cou\cll ie nCt!, an ins tru_ 

ment designed pllrticu larly for \'iorltl.iOI1 
lIIe asnremc n til is .Iesirable. The "'\'1'1'; 

761_A Vibralion ~Ieler is si milar ill 
nllllly reapeCtil lO Ihe '1'\'1'1-: 759· 11 Sound · 
Le\'eI i\ leler. It is mounted in a /'a..~ of 
ncar!.I' Ihe sa me Aizc, opera tes frolll the 
SU llie size hlll.l.cr),. a nd has a ... imilltr 
meehllnical eon i;;lr"~lioll. including th~ 

frce.floatiug tube shdf. 1I0w(:\,er, the 
I'ihra lion meier" as intcnded to I like full 
advalltage of the 1118'(i lllu1I1 frcllu~II~) 

nlllge of the pi~zo~ l~ctric t} pc of 
pi.'k II 1', \\hid, .·,I1'llIls smoothl} froln 
2 10 1000 cycles per second. AI50, the 
meier is Cillibrall,t! direcd r ill t~rlHs of 
Ihe r·III·S dispI81,,'Cmcllt , velocity, and 
IU'I,,'(; le ration 8n.1 in.lieates these, re­
;; 1)C. ·ti \'~ l y, ill lIIiero·i nclles. micro·i!lchc .. 
pcr secoml. a nd inehes per second per 
8eCOlUI.:7 

Si llce the 1' ll,ra tiull pickup used l,i,1t 

this .Ht"t,cr is of t he. !l('ceicrat.ion ty pe, 
two ... lages o f elec trical inLcgration arc 
lIe l'ellsltry to pro"ille the \'arious typ.·s of 
res l)olIse. !kCRII"e the integrat illg {·ir. 

.. Tn .. ,61·" \,1 ......... , ,\I., ..... "",,,.,k 'd, 
"-",,,lord in -A Cc:neut 1'\01 • ..- ",bo-u_ M ....... ..... II . IJ, 
Sou" . J"",nal 01 II .. A""".,..,.I Soc .. , ... ot A ...... i< •• I'u! 
:\ III , N ... I. PP. Il>-$O. July. 1'111. A brief dOKnI""''' .. doo 
h.d",I .. 1 i" ,I." ': .,...,.. 1 It.,h<. I:::'~;",,,,,,,,. \,,~. :\ \' ~ , 
101 .. , I. "". 1-11, j,,, .... 1911 , 

FlC u"~ :!3, U"er,"11 reilpunoj.C of theTn'l> 76 1.'\ 
\"lorat;.", ,\t e ter ;,,,' luJ'ng Ihe vi!.rMt;on ,'ick"" , 
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GE NE RA.L RAOIO EXPER IMENT ER 6 

a b c 
FIGl;KI.; 2 I. I U II~ t rat;ng till' o l'era liol] ur Ihe in tegrating ei"n,il l ill Ihe \' ilm.tinn melo: r (II ) ahn .. ~ 
.. ~(I', are .. • ,' t 11$ trn n ~",; r 1.,.1 I,y the 1I U1 IIJifier when ad for llcl'd era lirlll mel1!urcmCI11 8, (I.) ~J"I"'~ 
Ihe "'I'I! IIf, .... oue ~llIgl' or dM!lri.,.1 ;n le;!; ralion ror n~Joe;l ~ me:l.llrl!n'l!lI t ~. (d ..tIO"'~ 1100: r,",,"u it 

.,f I .. u ~ 1 "IH'~ of illlcgralioll II, ",",,<:I rur tI;~rlacc"'ellt "'f!a~ure", .. tl l "," 

cui lS art' bu ilt in a~ pari o f I he amplifier , 
helter p.'rf;,r llla ll l'.' j .. possi blc tll ll ll " ill , 

II ('OIII r,,1 1)0, a tt nd ulIcl1 l . Figurt' 22 
"hO\'oIl II~ del' Irif';11 fn'fluC'lU') ehara.·, 
leri .. til'! of Ihe ,ihro lioll 1Ilt'ln cw'lud · 

illg tlH' p icku p. Fi gure 23 "htms I h.· 
o"'r-ul lcl larac lerislic i ll lernLSof re la t i,e 

re"puII"c (or a cUlls la" I -tfisplat'l' lIw n t , i· 
bralin" ill If'r lliS of (rell' le IlC}, T he ir. 
ri·gulnri l i.,s uoo,'e 1000 l'}(' les nrc JIl.' 10 

na lural re~U llancl'S in t he p id, lIp, bill il 

.. ill I .. • lIolcd Ihat I he lHt-rage rt''' I)(I II '''':' 

is n"llIull) 'Iuil e u~ ftll lO 2000 .') d.·s or 

higher, TIoc$C fi;;u rcs shOll grlll'hi"III1) 
Ito .. Ihl' integr a lio n I'rm 'e~ allt'IlWlh'S 

II ", hi gh'~ r frc' luc lwic!! \\ i llo respl·.'1 10 
' hi' lo .. (' r f""' ll"elleies. 

Fi ;;un' 2:.1 show!! the III'IUIII e lTe l' I of 
Ih .. clce lricu l inlq,"Tll liul1 Oil a pnrli(' lIlar 
"Il'cform . The s(lu are .. a , e (orlll of 

Figure 2 111 lUIS s trong ha rmonic.;. Aft er 
' \\0 ste ps of inl.egflilion Ihe r(' >:l llil in 
Figure 2 It- ,,. i> lIbslulllially a Eintl:;(tifl a l 

"fll e form.ts 

PART XI HOW TO USE THE VIBRATION METER 

Opera tl na: In s tru ction s 
Like 1111' 8OUIIlI·I{' I e! IIw le r . Ih;' ,i­

bra lion 1lIf' ler h a .. lU I io,.,truCiion ~het'l 

fas l('ne(1 in Ihe CO~I' I' I'. hidl cu,ers the 
ac tua l operat ion.:, i ll\ o ll ell in adjus ting 
and rcallill g Ihe illlH rullw n t. \ knob 

mar ked "IET EU SC \L E pr~l\idc" ill 
e lTe!;1 a lll u itiplit· r for Ihe ilHl il'ltlin ;; i " , 
" Ir UIllt'n!. The red tIle ler j;l'nle .!' lIo uld 1.1' 

used .. ,ti l Ihe retl I IO~i t iunl' of ti ll' I..no h 

a lll i Ihe bind .. scale " j ilt Ihe IUJI'o lored 

flO"itioIl8. Thc read ing o f Illc I'onlrol in 
all l' a~8 r"present s II.e (ulI,sclIl.' llc ­
IIl'elion of !Ill' mc ler , BU thut i, il> uu 'rd ) 
11t'1:(',;"llr ) 10 :ulJ deei mul plan' ''' II, Ihe 

IIl(' ll' r reading, 

In a ,.1di l io ll , then' is It row of fill' Im~ ll 

"" lions 10 "",,1""1 uCt.'t:!c rllliOIl . ,clol·it y. 
an.! di~ I'I Il"(' nt(' nl respo nse, Fo r clU'h of 
I h .... la lle r I .. . l chura;'h·ri .. 1 ies hlo bul . 

tiThe .... vdur.uil 1100"11 in Figu .... 2·1 "u, ~ L.' reprn!<'n k u I.,.. t he ro ll" "'ng I~(')u ... "r derietl: 
""tA "" IA 

(a) u -",,'. 1 ~ ;n "',I - j ~i ll 3"" . -- 5 ~; n 5"" . -'" 

( LoJ " 

(0: ) .'c - f nll - fj""," .. A sin ,"" , + ::!. .. ;11 3"" , + ~ s ill 5"" . + ' , . 
3' 5' 

Th~ ''OrT<!''poml. ~1""'liH'lr. 10 E' IU"li,,,,~ 7,6, ..... 1 5. HnJ In t--:',IIU;Oll. 7:1. 6M , lind 510 ill i\ulf! -...... 
25, "oll' "'11 1 for Ihoa l,arlie"lar ", ,,,,·( .. r'lI ... hile Ih .. 1I000d" ralion "'1". 1; ... , gives JJ f'; Ihi ,,1 
Ilarmollie. 'hI' ui~pl:l('''''''' ''l 0111 .' gi\ l ... <1,.1) 3,71l , 
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tOilS :Ire "rflvi.!!!d . The 1I0rmai bullous 
are Ib(l~' \\ bieh pro' ide II 1(0\\ .(r elllll' IH') 

limit (I( 2 qTlc~. The C ~lra btlll,,"f;, 
II hieh lire so IIH1rkl'rl. 1'1'01 ide II IIIW. 

rrl'(ltll' ll<' ) lim it of 10 cp:lcs, II hi,-I •. 110 v. · 

r l'cr. alln\\;; an int'rea5t' ill !;(, Ilsi li vi . ) of 
the rne tN by a f,w hw of 10 : l. TI.i;; ;s II 

!!"ca l ath/Ullage fr) r IIlcasuring Ifill. 

a mplitmlc \ ibraliulIS s\lch as UI'cur, for 
illstall f'e, in cI{)(:ks. e pcctlorllc lcr~. and 
o. ll(: r Elllalll11ccha nis ltls. Such vibrations 
i'drlo lU ha\{! an} illqoorla nl j'ollllxlIIc n! s 

hclo l' 10 f'}T lel!. Ii.·loll cuell bullon is 
c n !lran~fl a IIIl1ltil'l) ing {(wlIlr (Hlwu}s 
n llIultiple nf JO) v. hich s h,-.ulll h., ap. 
plicll 1,0 a ll reatlings \\ hell th a t partie. 
IIblr hllll o n is used . 

Push buttons ,Ire ill.$<"l providell for 
,·hecking ,lit, ha Ilc r~ and Illc cali bra lion. 

Sensitivity 01 Vibration Me ter 

T he TYPE 76 1.\ ViLralion [\l c tN \\ill 
IIIcasure d isl'l:tl"CIIlCnls ail lo w as 16 
micro. indlcs. "elOI'ilies all low as 160 
mi('ro·inelw;; per l't·I.."Q IUJ , ami nccdera· 
liuns as low as O. I6() inches pl' r !'.eeolld 
I IOC I" ~·I·ond . " 

Pi ckUp Placement 

The pit'k lll) IT.sl)Cmds 1110101 IHrongl} 10 
\ihratioll!l prrpc JIIlicl llar 10 ils rrol ll 
surfa(:e (Ih(' sud<l''f' will. the nlllile. 
pi n Ie). A IhreadCll eOCket ( '" . - 281h) 
is provi,le,1 0 11 this sl,rfaet' 1m tlml the 
pil:ku p 111 3) be holted or dumped in a ll Y 
11" s ir~ 11 fashio n. \ ('Ollieal a nd a ro underl 
lip an' aim pro\·idco. and a long lII e lal 
, .... obc. 1111 of which fi t Ihe Ihreu(lc(1 

;;I.n.:ke t . TIl{' l i llS mar ~ faSIt' neJ di. 
reedy 10 dlt' pickup or to Ihe cnd of Ihe 
probe. 11) Ihese IlICli ns i t iF; generall ) 
Jlo8t' iblc 10 hold Ihe pi,'kup ag<lin!i l a 
,ibra l,in;;: SlIrfa,1!' or pari so Iha l il \\' ill 
pi"'-, up Ihe, ibralio n satis fu(, loril y, Su f. 

"'I',~ d;. ,~."n ... '" .".1 • .1 .... ;1' ~c."' .... ~ ror.!<>w r • .,. 
'/ .... P"J' "''' ,''''.1 1(1 ~.cko, " ___ Ii",;, ••• e n, ,,h, ,~;"'1 h, 

II .. ~~ ,"" r,,11 , .... ~ <Iow_ ".1. "l' c'~ i. uoed. 

JU NE , 1'0 

(il'i~ 1I1 pr'eSll llrl! t1' llOuld Lc " ,;cd on lite 
pi"klll' i;I.) Iha l il r(110)"8 lite vibra tio n 
11"l'uratf"y .dtlltJlIl ~hullering_ hili care 
811ll"ld be laken n.)l I" 1'";;11 ao hard 11.8 

10 :l 1T~c l m a le ri a ll ~ the. ihralio n il..elf. 
Figur(, 19 ,,110\\ 11 h~II' the pickup is nor. 
mllll) IIEt'r/ ,dlh li lt! I'l"0he. For I!I;f'uralc 
,"ca,li ng Ihe pickup sho ul,1 al .... ays be 
hcl t! or IIlQlHlt{'fl so Ihat its frOlll sudace 
is I'1' rpe ntliclllar to lI.e ,lirec l iOI1 of ,-i . 
Imllinn . 

Characterisli cs of Pickup 

I .i"c ull l.i,·;{.o·dc,·lri., IIliIT"I,i1onCJ; 
aw l pick up",. Ihe " ihra lion pi" kup 
",holl l.1 11 11 1 hi' a ll,m ell 1(. real·h tCl11p.-: r. 
alurcs 1I1.1O'c L30° F. or fllJrnlHllcnt (lal1l ' 

a~tJ lHa y r'·sult . '''I''lli' lirCllIf' lIl !' 1' lIn he 
Ili ad" on h"l tf' r mat'h incr~- pro' idin :! 
Ihc~ li re IIH"I(, Iluid,I.1 t'ullugh Sf) t hai 
III(' pickup .llIc;; nOI ''''' 'olllc hClit ed . 

'\1 lo wer " ' rtIl ..:! ra lu re .. t he lellipe ra. 
flirt· r harll" li' ri ;; lie;; of 1111" pickup are 
s imi la r 10 til;: l ,ic :f.oo('lt,,·tric mi"rophoT1es 
(S("- Purl V) , The llt' lual ,' apa('i l lince of 
111(' pickup IS appro..:inta tel) 0.005 
tllinvfMal1. Tilt' I1sual short cul,lc su,,· 
"lic.1 "" the I'I('''ul' duc;;: n.,. r(" plire a 
IClIll tf' ralure ,·"rre(' liOIl , bu t if a l on~ 

('a l,l(' iii u:.t:rl Ihe Etplltliun (J) ill I'a rl V 
III ;I ~ tw' IISC '1. 1Ci 

The pi"kup I' llOtll.lUIJI 1M' !;;ubj",'",d til 
3(:"clcralion!> I:! r~a l(,l" Ihllll 10 lime," Ilwt 

of ~nl\' il y ( IOgVI 

Choice of Chara cteris tic 

The licltl of \ iilnllioll lIIeaiiUN' tIlClit i" 
"ot:lS "cli SIIIIHIurdiZI.'J M ihal Ur EQun(' 
me as uremc nt .. , Tile I'ho ioo a mong tlis. 

"0.. ,I", ~~M ... ';.... .... , .... ~; .... , ..... _, ..... h;. ,. "' IW'O-
I ... , h".n ...,...,....,10>0 ... , 3<100 ;n.',"- 1 __ ... 1 pet --""d. 
• .0.,.,' '- ...... .3 '< 1(1' •• ", ...... ; . ... , ......... . <n.,~.~..,"'~ .. , .. r 

J;: .. ,: ...... ".d-. "I, ... I "' ,I ... r<~.t'''' .. ~T I" • .., tlo:t I"r 

~n". 
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GENERAl RAOIO EXPERIMENTER 8 

Ill lll'C! llICII I , \ e l(}(' i I ~, Il ml :u','e!,'r;llio ll 
~cncra ll ) depe nUs 111)(111 the usc for 
\\hid. th~' ,1:11 11 a rc needed and Ih., eon­
",;rleratiulI !o fllcnlionc,1 in Parl lA , Typ' 
i .. nl eXlullpll'!l o f a pplil' lIt ionl! for Ihe di f­
fere nl I ) pee of IBeaaurcm('n t& are a8 
fol lm,l;: Dis placeme nt mea8urr lUents 
lire \\ ide I) u~cd in measuring ship vibra ­
lions and vibrations ill III~ a v}' maehin · 
cr~, \"eJod l) measure ment s arc nsetl fOf' 
mcnsll rill /; 8OuI1(I tra nsmiSl'ion through 
\\<1 118, the aound rall ia ted b)' large s ur· 
fa('ca allt'h as p<nH'r tr;lIIsfOrllll'r shells, 
eb', Accelera tion IliCIUiure lllc nu; arc uacd 
ill lII08t maehin(' r y noise proble ms or 
" he re parts arc li llblc to fail as a rewlt 
of Ihe vibra tion, 

In a ll ('A!lefl it should he re me mbered 
t he lUTcJNalioll measuremc nts gi\'c t he 
l-~:rta t cst emphasis 10 Ihe high (requeueic!'. 
alHI tlis placc lUcnt IlICIIl! lIrelUen U! to the 
10\\ freq ue n('ics, 

Applicalions of the Vibration 
Meter 

\11 dt'si~ lIer!o o f Airplanes. shi,'t", II nll 
o liler c"llC nili\e or e la bor ll te sl r lll" tu res, 
part icular l) " here "ihra tion lIl ay he 
,I a llge roll ~. I'nrdull } clIII:ll lll le lit" vi· 

hrntory {'OIlI litio ll5 as 11 pMt of tlte de­
.. igll "ork ,l& Such c ll lc illatiolis. ho\\ e \"l.' r. 
ge nerally ill\ ol , e assumptions "I.icll 
('O llllo t 1I 1ways be rigidl y justified , alHl 
IIIc aSUreJllf'lIt s are nC<'''CSSliry 0 11 Ihc CnllI ­

pic led struc ture 1.0 chcek tbc 1'lIlt'ula _ 
tions and make minor reaJju!! trnCIl li', 

In the ,'a54' of slI1ull machiner y, it is 
sVllie lillles morc ccol1ollli, 'al 10 build a 
68111pl(' ami measure lite ,';bratio l1 titan 

10 " ,teud too much till1{' 011 labo rious cal­
cul a tions, The vibra tioil IIIC'Ier, there ­
fore . is not I I subs titut e for thorough 
Iiteoreticaililial yses, but should Iw u~' 11 

10 supplcment and check I;lIch a na lYlies, 
In man y cases its IISC "ill b'Teall) si m­
plify the ea\cuilit iolis llIltl relitH'C the 
11111niJ(!r "hidl arc necessnry, 

The vibration meIer is also an iIH UI­
nablc tool in checki ng fini shed ccplip­
mcnt for \' ibrnlion alUl, jmlircc lly. fo r 
lIoise. U5 pre\ jous l)' l:;oillll' ,l out ill Part 
V, This la8L applica tion 8110 ws lI oi~e 

tes ts to be rarried on limier IInfavora ble 
conditions of am hie n t noise Ic,'d , a fte r 
enrrt::ia ling IIvise meier and vibra tioll 
Icsts 011 a fc \, s8mple lIIal' lt illCIi. 

- II. II. :X.OT'T 

INDEX TO VOLUME XVI AND VOLUME XVII 

\n ill(l('x for Volllllies XVI a nd XVI I of Ille EX t'~: II DI F.: ~ 1' 1': 1I has bee n pre­
pared a lHI \\ill be mailed to all)' reade r tll:;on retitleS!. 
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