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ABSTRACT 

Three s,ecific factors concernin~ vibration machineD and 
vibration measurements h ave been considered because of their im­
media t e interest at this time. These factors are: 

(a) Effects of a f lexibly mounted l o a d on the vibration 
characterist i cs of a reaction type v ibration machine. 

(b) Effects of a f lexibly nounted load on the b earing 
forces of a dire ct drive vibration machLne. 

( c) Signlf i cance of the conr.:1only made vibration measure -
ments of accelera t i on an~ displacement ampli tudes . 

It is concluded (a) The vibration characteristics of a reaction 
type machine cannot 3enerally be predicted . (b) The maxi~um 
bearing pressure of a d i r e ct drive machine is dete rmined pr in ­
cipally by resonant ampl i tudes of heavy flexibly moun ted apparatus. 
(c ) RMS measurements of vibration a mpl itude should be in terms 
of d isplacement a mpli t ude rather t h an acceleration anpl i t u d e un ­
less vave analyzers are used. 
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I HTRODUCTION 

(A) Authorieation and References 

1. This work was authorized by reference (a). 

Ref. (a) Bureau of Ships Project Order No. 1433/42 
of 2 4 Septe,rrber 1941. 

Ref. (b) Mechanical Vibration, Den Hartos, 2nd edition , 
McGraw-Hill, 1940. 

Ref. (c) Tentative Shock & Vibration Specifications 
for Shipborne Na val Radar Equipment, Bureau 
of Ships, RE9284A, 7 October 1943. 

(B) Statement of Problem 

2. The purpose of this repor t may be divided into three . 
partG; 

(a) Analysis of vibration characteristics of a reaction 
type vibration machine under l oad conditions. A 
reaction type machine is driven by one or more a t ­
tached rotating unbalanced weights . 

(b) Analysis of poss ible bearinG pressures for the direc t 
drive type vibration machine. The direct drive machine 
is forced to vibrate at some given amplitude by me­
chanical linl::a-::;es between the table top and the source 
of driving poner, which is attached to a heavy base. 

(c) Discussion of t~e si3nificance of commonly made vi­
bration measurements of acceleration and d isplacement 
ampl itudes. 

GENERAL DISCUSSION 

3. The construction , installation, and probable upkeep 
diffi culties encountered in direit drive machines appear to be 
enormously 6 rea ter than those for reaction type machines de -
s i .::;ned for t he same load capacity. No at tempt will be made to 

weic;h the various factors involved to determine wh i ch is the 
more suitable machine fo r any given situation. The three points 
referred to in par aGraph 2 ~ill be followed quite closely. They 
are taken as the subjects for consideration as they appear to be 
of prime ~nportance a t t h iG time. 

(A) Loaded Reaction Type Vibration Machine 

4. The problera of flexibly mounted appara t us bein3 tes t ed 
on a reaction ty:.Je vibrat ion machine may be represented in part 

- 1 .. 
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by Fi~ure 1. The table mass 
is represen ted by M ~hich is 
flex ibly sup,orted by a sprin3 
of constant K. The apparatus 
mass an ~ the sprin J constant 
of its couplins to the tabl e 
arc represented by n and k 
respectively. The system is 
as:::nu-:1cd constrained to motions 
alon_: the mountin3 axes. 
Viscous dampin~: is rc:::ne:se:mt ·.c1 
by tho dashpot D. An cxcitin3 
force 

F = K' F o?sil'lCJ)t 0 

., / 
1 · - - - ----- -----i : ::. 

I' fi"i 1-- [/ 
, , - V 

--- ~- -·! ... ~ 

Fi3ure 1. Schematic model of 
reaction type machine 
wi th damped flexibily 
mounted load . 

(1 

is applied t o M. This force is ta1i::on proport i ona l to (J.)
2 as tho 

force o.xcrtod by an unbalanced rotatins; mass varies in this man­
ner. Thus actual working conditions arc assumed f or tho applied 
force. Tho constant K' is included ma i nly for dimen sional reasons. 
K' has the dimensions of t ime squared. If F0 is defined as tho 
ma .::;ni tudo of the force voe tor when (I) i s oq_ua 1 to unity, t.hon ~(' 
can bo taken an unity. The displacements of m and H fro:m th0ir 
equ ilibrium ~osit i ons ar0 iivcn by x2 and x1 respectively. Tho 
viscous darnpin3 is rc,rcscntcd by tho constant c . 

5. The equations of motion of this system arc ~ivcn by 
equations (2 and (3 below. 

l~l + Kx1 + k(x1-x2) = c( x1-x2) 

mx2 + k(x2-x1) + c(x2-x1) = 0 

= K'F cu2sinwt 0 
(2 

(J 

T~1cso arc very near ly t he sar:1c as those :3ivcn by Den Harto:;, 
reference (b ) , on pa3c 115. rTomon claturo similar to that us e d 
in t his roforcncc has th er e fore bo on used. 

6. A solution of the above equa t ions, trans i ent terms 
neglected, is a sinusoidal f unction of frequency represented by w. 
In place of boinG concerned with the i nstantaneous values of dis ­
placc1r1cnts only tho na_;ni tudo of the; displacemen t vectors nill bo 
considered. Those will be repres ented by X1 and X2 corre s ponding 
t o x1 and x2 . A dimensionless form of the solution of equations 
(2 and (3 . is 

DECLASSIFIED 
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x1 = Xi sin (wt + a) 

x 2 :: X2 sin (rot + ~) 

w = 2nf and f = applied force frequency 
,._-· 

wi = v~ 
~ =J~ -
µ = !!l 

M 

cc= 2k = critical damping constant 
(l.)2 

1 
2 

7. The ratios of t ho amplitudes arc 0 ivcn rat }.1cr simp ly 

,... 1 j 4w2c2 
2 1 + 

X2 c.o22cc2 --
( c.o2 \2 4<,ic2 X1 1 - -1 + 

wii ro22c/ 
I 
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This c~uat ion is identical to that given in Don Hartog, reference 
(b) , pa ~c 87, for the transmissibility of a flexible mounting 
Hi tl1 a 8 in.310 do3rcc of fr eedom. It i s in tores tint:; to note that 
tho r atio of the amplitudos of vibration of m and Mis entir ely 
indep endent of the ma3nitudc o.f vibration of Hand tho spring 
constant K. 

8. An important point in this r espect is t hat this r:~tio 
rcacl1cs a maximun value at a fr0quoncy that is independent of M 
and K. Thus thv r esonant frequency is the same rc~ard l c ss of 
the size of M, and for no damp ing it occurs at <.o = 00;2 This 
may be cons idered the resonant point of m on Lt, but this cannot 
be consider ed a resonant point for tho m - M system. An examina ­
tion of equa t ion (4 and (5 shows that the re aro several value s of 
o.) at v1h ich the denominators nill have minimum values, or zero 

values if no dampin3 is assumed. At those points the values of 
X1 and X2 will bocomc lar.:;o . These points, howovor , aro a func ­
tion of both ill and m and therefore have no general sign if icancc 
to shipboard mounted equipment . It should be rcmombcrcd that 
the resonant value referred t o in the tenta tive shock and vibra­
tion specifications RE9284A, ref erence (c), can only mean the 
value , - (I.) = k/m , where the ratio of X2/X1 is a maximum value . 
This resonant value is independent of tho testin~ ~achinc . 

9 . Reaction type ma chinos a r() 8Cnrally des i.3ncd so that 
the r e sonant frequency of the unloaded machine (that of U on K) 
is as lou as pract ical. Equa tions ( 4 and (5 will be considerably 
s impl if icd if it is o.ssu...--nod that w approaches zero. In this 
case these equations reduce to 

-< 1 
( 2 \ 2 4w2c2 i 2 co I f 

\ l -21 + 

)21 
Xl 

= \ 'U2 '°22cc2 
(7 

K1FjM . ())2 ,2 4w'-c'-- (1 + (~2 - 1 - µ) 
+ w/cc2 µ j i 

4/))2C2 71 1 + 12 
X2 W:22cc2 

(8 
K1 F0 / M "' i 

( o.)2 \ 2 4w2c2 ( 1 \2 ' 
' - - 1 - µ) + + µ; I 
\W:22 '°22cc2 \ 

J 

10. Equations (6 and (7 aro plot ted f or va rious values of 
µ and cc on Plates 1 through 4. These curves show the following 

featur es: 
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(::.)For no load, i . e ., µ • o , the left ahnd side of 
equation (7, which is proportional to the table 
amplitude , is of unit v~luc independent of frequency. 
In what fo llows tho l eft hand part of equation (7 
shall b e referred to as the t a ble amplitude factor . 

(b )For a loaded table the table amplitude factor is 
1/( 1 + µ ) part of a unit va.lue at very lo\'." fre­
quencies. As the fr~qucncy i ncreas es the table 
a1:1:;:ili tudc fac tor zocs throu2h a minimu.'71 near ro = CJ);2 
after which it rises to a maxi mum noar ro = 1 + µ 
As the frequency increases st i ll further the ampli ­
tude factor asymptotically approaches uni ty . 

(c)The ro.tio bctwo:n the appe.ratus and table ampl itude 
increases from unity, at t ho very low frequencies , 
to a maximum near ro = ~ af t cr which it decrcas as 
asymp totically to zero . Tha ratio passes through 
unit value at w/<i:Q. = Ii . If t Lc spring constant K, 
had not boon assumed of zero value there nould have 
been another system resonance at a low value of 
ro/~ ·• 

(B) Bearing Load for Direct Drivo Type Vibration Machine 

11. A direct drive vibration machine of vib tation mass M 
driven sinusoid-illy throu_jh o.n :::.mplitucc Xis shown i n Figure 2 . 
An apparatus of mass M, is flexi -
bly attnchod to Ll by a spring of 
constan t k. Th0 system is con-
strained to move along the axis 
of the sp ring. :---·l. 

. II; L-1 'A~ 1 ,, .. 

t' \ 

Fi::;ur o 2. Schomatic modGl of c. 
direct drive ~nc~ino 
with damped flexi bly 
r.iountod load. 

12°. The cqua t ion of ~'!O tion of m and M arc .31 vcn by 

(9 

- 5 -
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(10 

uha rc F( w),or s i mply F, is tho force exert ed by the crank on 
the vibrating mass M. It is assumed that th is force is s i nusoidal 
an( d irected along tho axis of the s~ring. Ef f ects of gravity 
nrc neglect :::;d, but should be sonsid'Jrcd in fina l co.lcul2. t ions. 

13. As the motion of 1:1 is completely determi n ed by the 
c r ank, the values of x , can be assi~nod, so 

x1 .. X1 s in wt 

Equat ion (9 can now be so lved for x 2 , this solution is: 

X2 = X 1 D s in ( wt + a ) 

v,hc rc 

.J 

and 

(11 

(12 

14 . With the ve..lues of x1 and x 2 completly determined by 
moans of cquati~ns (9 a n d (11 these va lues can b 0 substituted in 
tho loft hand part of equation (10 which is then identically . 
equal to the right hand part of equati on (10 . The solution of 
F so obtained and p u t in dime nsionless form is: 

- 6 -
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::;i 1 
(2µ .£1'e .. _ - µ D sin a. - 2µ _£~ D cos all 2 

Cc',1... c ,,.__ J 

m 
µ = E[" 

-r C-J. -

'°I-2 = k/m = Cl>'.22 

2k 
cc = c.or-

F = force on bearing 

x1 = displacement amplitude of vibr ation table . 

15. The ratio of the o.r.i.p l i tudcs X2 a.nd X1 is th c same o.s 
gi von by CQua tion ( 6 1. .. .' c,)... is subs ti tu tcd for W:2 

16 . Curv-:.s -'3!-irn i.n3 vcJ.U(,S proportiona 1 to the b00.rin2; 
force F , as a functi :)n of rt,/:'T , arc plotted on Pl a tes 5 c.nd 6 . 
Plate 5 illustro.tcs these v2lu..:;s for c/cc = 0 . 05 and µ = 1. Tho 
r2tio of the amplitudes X2 and x1 i s also plotted on this plate . 
BGarin3 forces for th~ unlo~dcd vibrati on mo.chine arc shown t o 
th0 same s c.::..l~ . This curve is proport i onal to th G square of tho 
frcqu0ncy . 

17 . A s tudy of the equations and curvc:s al l ows tho following 
ecncralizations: 

(a) A maximum of bcar i n3 f orce , for a f l exibly 
loaded direct drive vibration machine, occurs 
near the :i.~csonnnt vo.l 1.1c , GOr = ,,{k/m , when 
the d~m?ing is reasonably smell and when the 
mnss cf the load is of t he so.mo or dG r of 
mo.:;:1 '!. tucL o.s that of the vlbro.tin.?; table . 

( b) '.ih·.:m tl1.c damp i n3 i s smc..11 a.nd the load ls lar0e 
( c..pr,ro.xi1;1c. tely tho. t of the t.:.1 blo ) the r:iaximum 
b~ar!n: force , nc3l ccting :r~vity forces, can 
be to.ken to be 

F = 

= 

- 7 -
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For ma.ny s h ~c.r t yp(.; rubber moun t s R can be t ::, l: t.on 
~s abou t 20 , h snc~ if the lo~d , m, were cqu~l to 
t h s t ~b l a m~s s th~ bc ~rinG force c..t resonance 
u ould. be . 20 . tl.:i-1:cs the, t of' tho un l oo.dt'd. tc.b l :;.; :-: t 
the a~me fre quency. At this rc ~on~nt point tho 
p h ::.sc diffe rence 'Q_j t v:c.cn the motion of m c.nd I,1 i .:; 
~0°. The contribution of Ll to the be~rln ~ fore~ 
n:::.y b e. ve, c toria.lly nddod to the. t c.f m wi thout much 
diff iculty. 

(6) ThJ b c8rin3 force docr co.s ~s t oward z ero c..s the f re­
quency is increased above r esonance, unt i l a f r e ­
quency ratio noQr yr+µ is rea ched. This is t he 
resonant frequency of the free m - M sys tem, ~nd is 
o. -ooint of infinite nmplitudo for the undc..mpod C£'.SC 

of. t he rGc.ction ty,0 me.chine. Af ter t he bc2rin,s 
force hos r eached thls minimum its v2 l uc increases 
wi t h frcquoncy f inal ly a::r9rocchin~: t he f orce c·..1rv2 
of the unlocfcd m nchino. I t is int0rcsting to 
compar e the r eaction typo machin e d i splacement 
curve with t he bcarin.:::; pressur e cur ve; of th e di r ect 
drivo ma ch i ne . The boo.ring pressure is a maximwn 
whore the reaction type vibration dis pla cement is 
a minimum, a nd t he beari ng pressure is a mi nimum 
where the r eaction t ype vibration displacement is 
n mnximum. 

(C) Sign if i c:.mce of Commonly Mo.de Vi br o. tion Heasurenents 

18 . It is conventional to plot vibrat i on ampli t udes, or 
r c..tio s of vibration am~litudes, as a function of t he f r equency 
of the drivin~ force. Th is practice often involves the tacit 
D.ssurnption tho. t both t he dri vins forc e a nd t he vibrc. tion are 
simple harmonic. There i s a. nc. turo.l tendency to ;.;18.ke the s ame 
o.ss1..unpt i on in connection with c;raphs o r discussi ons of accelerc.­
t ion as o function of frequency. 

19. In the pr ec edin~ discussions of both r ea c tion and di­
rect dr ive vibro. tion machines, it was explicitly 3.ssumed th:J.t 
the driving force w~s simple harmonic . I t followed thQt the 
v i br o. tions mo.in t a ined , and also the reaction f orces , were of 
the sDme form. Amplitudes of d i splacement , a cceler&tion o.nd 
force were computed on this basis. In actual practi ce, appear­
ance of harmonics of the drivin3 f orce fr equency or fundamentD.l 
f requ ency is t o be expected . The effect of such high fr equency 
components upon acceleration c.mplitudes is at once made o.pparent 
by obse rving tho. t & d isplacemen t conto.inin3 o. fundo.men tnl o. nd 
5 percent of the 9th harmonic i s represen t ed o.s 

X a Xo ( s in rot t 0.05 sin 9 W t) 

The e.cceler2. tion is then 

x = - ,i x 0 (sin w t -t 4. 05 sin 9 ro t} 

- 8 -
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·:,hich has a '9th harmonic 4 t imes ns large e.s the fundc.ment o.l. 
Thus. the ef feet of the nth harmonic upon the accelerci tion o.mpli ­
tud~ -n2 tlmes as sreo. t as its eff ect on the displacement c..mpli-
t ude . 

20. Plate 7 illustrc.tes acceler ation curves c..nd displnce­
nent curves obtained ct one point on 0- vibration machi ne. This 
w2-s o. smo.11 direct drive type vii th poor wn ve form. However , the 
wave forms of severc.l re2.ction type machines were found to be of 
n s i mi lar no. L1re. The mec..surements wer e mo.de with o. G.n. Type 
761-A vibration raeter. The displa cement curves a re rensono.bly 
sinusoidal, but the acceleration curves exhibit c. high frequency 
11 hc..sh11 superir.1poscd on the f undamental, a nd in some co.sos even 
maslcin:3 it. This hnsh r.10.y be nssociated with the no i se of the 
mnchine. I n 3enero..l it i s nonperiodic , so t hat stand i ng patterns 
ce.n no t be obtained on the oscillogrnph viewing screen. The 
curves shovm o. re 2.11 si n0le sweep patterns. It is t o bee xpccted, 
of course, that some of the high frequ ency components mo.y be 
periodic. Displacments caused by this hash Qr e small compared 
t o t he f undament al sinusoidal disp l acements. 

21. Pl n te 8 by curves a .nnd a' illus trn t e s the r. ccclcr.'.l­
t ion wo.ve form on e i ther side of c. flexible mounting . The mount 
evi dently fi lters out nearly 311 of t he high frequency compon ents. 
The r a t io of t he root-mec.n-squo.re vQlucs of c ccelcrat ions on 
e ither side of ·the mo'J.nt vms O. 93. Correspondin3 displ .:-..comcnt 
we. vc forms are sho•,,m i n curves b , b' • Tho r atio of RMS dis­
p l acements w2s 1.80. 

22. Plates 9 a nd 10 present more detailed infor mation on 
t h e mot i on of tho tabl ~'~ typical vibration mo.chine without l oc.d. 
Thes e ,:;_l,so afford c. comp2..rison of t vro methods of measurcr,1cnt . 
Tho mor e cl omont.1.ry method cons is ts of direct ob s orva t ion of the 
double amplitude of displn comont by mcc.ns of n traveling micro­
scope. Compar at i ve mcnsurcmen t s wor e mode with a G.R. 761 - A 
vi bration mc t : r. Tni s of cour se involved use of c p i ozooloctric 
pickup rospons i vo to accclcrn ti on folloVJcd by 2.mplif ic2. tion ::n d 
two - fold integr ation to yield a n out pu t r end ing propor tion.'.11 to 
tho Rr:IS displc. ccm,mt. Prior ca l ibrc. t i on had cs tc .. bl i shcd l:l cor ­
ro ction f a ctor of 1.2 for ou t put rccdinss of ncccler n tion, 
velocity, and d ispl acemen t by this ~nrticulc. r me t er . Pl u t o 10 
shov.rs the r o. t io of displc.comcn t cr.ip l i tudc mes suremcn ts by t ho 
two methods , plotted cs a f unc t ion of driving frequency. Those 
ratios nppronch the vo.lue of 1.2 nt h igher frequenc i es, i n a c ­
cord wi th tho normo.l cor rection factor for thi s G. R . r:1ctor. At 
l ovw r fr :qucncics tho r cspons o of t he G. R. me t er f.:i. l ls o:ff , s o 
the rct i o cur ve s r i se in t:.•, is rc3ion. It i s to bo noted. thct 
when th0 mo t ::;r contro l r:cs s0 t for f r equency r cspons G down to 
2 cps, the displ acement rntio curvGs were horizonto.l to below 
10 cps . Tho d i splacemen t ratios at tho minimum ampl i t ude of 
0.011 inch w~r e consis tently low. Thi s wns caused by a r eadjust ­
ment of tho balo.ncc of the G.R. meter bG t woon this nmpl itude e nd 

- 9 -
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the hi3hcr o.npli tudo . Hor:cvcr, vibr::. tion displc.cc111cn ts of moro 
then c. fe~ thous~ndths of ~n inch ~ppo2r to be sufficiently 
s lnusoldc. l for c..e5rce:nn;.mt bo tv,oon c..mpl i tudos obser ved directly 
with the microscope c.nd the RMS o.mplitudcs vc.lues derived by tho 
meter in res pons c to .'.:!ccclcrc.. tion . Us o of c. ,:~ ve ::>. nc.lyzor c..ppc:::.rs 
unnoccssc.ry i n such o. compc.rison of displo.comcnt c.mpl i tudo mco.suro­
ments. This 3cncro.lizc. tion should be checked to d o tc iminc i ts 
vc.l idi ty for a ny c;i vcn mo.chine. 

23 . In Plo.te 9 c.ccelcrntion r atios c.rc plotted o.s o. func ­
tion of driving frequency . The numcro tor of the ro. t io wo.s co.lcu­
lc.. tcd from tro.volin~ microscope mco.suromonts of displncomont 
o.mplitude and obse rvations of driving frequency, c.ssuming sinu­
soido.l vm vc f rom. Tho dcnomina tor of tho re.. tio ,_,:c.s supJ l i ed by 
dir ec t readings of the G,R. 761 - A vibration mct0r . At lor~o 
amplitudes o.nd h::.gh frequencies, tho:. ccolcro. tion ampli tudo ro. tios 
approach 1. 2 , which is tho norm::..l correction factor for the G. R. 
meter used . At lo~N frequencies , o.nd espc cia.l ly c.. t smol l o.mpli ­
tudes , the r o. tios becomo much less tho.n 1.2. This lock of agree ­
ment cc.n be interpre t ed in vn.rious rrc..ys , d~pcndin3 on the po i nt 
of vicr.r. Tho curves of Pl c..tcs 7 o.nd 8 indico.to r esonably sinu­
soidc.l displo.c0mon ts, but in contrz.st there nrc ~lso shorm ~c ­
cclcrGtion t rn.cos in ~h ich s inusoido.l voric.tion ~t tho driving 
frequency may be completel y mc.skod by h i gh fr equency hc.rmonics 
o.nd he.sh . Therefore the assumption of sinusoido.l nc.ve fo rm used 
in computin3 o.ccelcro.tion c.mpl i tudes from microscopic moc.suromcnts 
of displo.cemen t c..mpl itudes did not c.pply . The t r end of the curves 
of Pla t0 9 mo.y then be to.ken n. s evi dence tho. t tho mot ion of the 
t nblc dcvio.tcd from simpl e harmonic, more so ~t l ow thc..n high 
fre quencies, c.nd much more so c.t low c..mplltudos t hc..n high ones . 

24 . Another intcrprotc.tion of more 3cnorc.l interest is 
cquo.lly v::-.lid . Tho microscopic meo.suremonts of displo.comont 
amplitudes ot drivin~ frequency ro0 , with a ssumption of sinu­
soidc..l mo t ion , o.r.:: c. s n tisfc. c tory bc.s is for cnlculc. ti on of the 
component of c.ccelcrotion c..mplitude c..t fr equency ro0 • The dis ­
plc. ccmon t mec.surcmonts, honcvor, n.:ford no informo. tion o.bout com­
poncn t o.c cclcrc. tions co.used by ho.rmonics of ro0 , or by hnsh . 
The uide frequency response of the G. R. mot:-r cc.us es lts o.c ­
clcr~tion rcodinJ ot drivinG frcquoncy ro0 to include not only the 
f und2.mcntol component o.t ro0 but c..lso the highe r ones . Suppres ­
sion of t h o vibration motor response to frequenc i es cbovc roo , 
or use of n. wc.vc c.nc.lyzcr, rrnuld yiold .o.n RMS c..ccclcrntion ampli ­
tude vnluo mor8 truly co~pn.ro.bl c ni th tho. t comput ed f r om tho 
direct displcc~mcnt mca.suremcnts. 

25 . Ye t another lnf0rcncc f rom tho do. tc of Plates 7 , 8 , 
o.nd 9 is thot grn.phs of accclcr~ tion n.mplitude ns a function of 
dri vin~ frequency ro0 ere open to misinterpr e t a tion . If the 
c.cc0l crc..tion gr9.phod is calcul2.tcd from displo.ccmcnt nmplitudc 
mea surements and o.ssu."11Cd sinusoidc.l mot i on , it represents only 
the ro0 componcn t of :iccol crc.. tion, which rno.y be only o. smc.11 
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f r ~c tion of tl1c c. ctuc.l totc.l r osultc.nt c.ccclor o.tion c.t tho.t 
drivin~ frcqu~ncy. If, on the other hc.nd, the gro.ph is b:::. s ~d 
on r-:) :- d in.3s from:::. vibrntion mct-:.; r with:::. wi de frequency r e ­
sponse, t h0r e mc.y bv s ome question of wh e ther thes e r c :::.dings 
should be shonn :'..s ~ function of drivin3 frequency c.o0 • 

SUM.MARY 

26. Three s pecific f cctors conccrn i n3 vibration me.chines 
and vibr~tion rnc~surcncnts hc.vc b~cn considered bocc.usc of their 
immodi ~.tc i n t cr ,:;s t o.t this time. These throe f c. ctors c.rc: 

(c.) Effects of n flexibly mounted loc.d on t he 
vibrc. t i on ch2rc.ct0ri stics of c. rc~ction 
type vibrc.tion me.chine . 

(b ) Eff8cts of c. fl exibly mounted lood on the 
bc~ring forces of c. direct drive type 
vi br c.t iori machine . 

(c) Significc.nce of commonly made vibrc.tion 
mcc.suromcnts of c.ccclcro.tion md dis ­
placement Qmpli tudcs . 

CO?CLUSIONS 

27 . It is concluded thc.t vibrc.tion chc.rnctcristics of c. 
r~c.c tion ty~c mo.ch inc cc.nnot goner nl ly be predicted i:1hon th o 
machine is loc.dcd uith hec..vy flexibly mounted masses. The th0ory 
of dynamic vibr ation c.bsorbers shows t hc. t tho vibro. t ion of the 
r,1c.chi no i s noo.. rly .::l inino. ted o. t rosonr..n t po ints of t...l-ie 102d on 
the mo.chine . ','Jith o. :r.iountcd mc.ss of sevcrr-1 degr ee of fr eedom 
there •,vi ll r -.;sul t s everal me. chine frequencies of smo.11 vi bro. t :..ons. 
There will 2lso be rcsoncnt vc..lucs of the mo.ss - to.ble system 
where the nmplitud0 of tho mo. chin8 o.nd. of tho mounted sys t em no.y 
become ver y lnr gc . 

28 . For the direct dr i ve machine th~ omplltudc of vibration 
must r emo.in at some s ivcn vo. l uo rognrdloss of loo.d condit ions. 
A flexibly mounted load wil l rcoct, at certain fr equencies , so 
tho.t the bcnrins fo rces o.re mo.n y t imes thos e wh ich would r esult 
if th~ lond wore ri~idly a ttached to tho vibration machine . 
1\ncn th·:. damp ing ·of c, h ;;o.vy flexibly mounted lood is smo.11 tho 
m:1x imum hcc.. vy forc e i s ncc.. rly cqunl to m w..r-2Rx1 + mg ( Sec pcr o ­
grnph 1 7 ( b) ) • 

29 . Cor~1only mo.de mo~surcments of vibra t ion ampli t udes nr e 
usuc.lly r - m- s vc. luos of o.ccc;J.c r n t i on or di splc.ccmcnt o.m;'.)l itudcs . 
For sna.11 displncemcnt o.mplitudes nnd low fundamenta l fr equencies, 
hi~h fr oquoncy he. rmonic s cause r - m-s vnl ucs of a ccelcrc. tion 
amplitudes to h.'.lvc little mo,:i.n in0 unless a VJ;J., V C r.no l yzcr is em­
ployed. Tho h i .:;h frequency vibr2' tions nrc gen erally of such 
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snc:.11 ecr.1plitudcs thc.. t the displo.cc.:mcnt vrc..vo form of :r.1.ost vi ­
br.::,tion me.chines is css.::n tieclly sinusoid.:i.l o.nd the r-m- s dis ­
pl::c.::;r:1ent c..rnplitud.0 is sufficiently c.ccurc..tc ,;1ithout ths:., us.::; of 
ct r-rc..v: c..no.lyzcr. The vc.liclity of this sto. t m.:;nt should b o , of 
cours0, be d0tcrmincd for c:.ny ~ i von machine. 
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Duuble displacement ampl itude is 
0.18 inches. Freq. JO c.p.s, 

Double displacement ampl i tude is 
0 .011 inches . Freq. 30 c . p.s. 

Doubl e displa~ement amplitude is 
0.011 inches . Freq. 10 c.p.s. 

Acceleration curves)' a} bJ and c; and 
displacement curves, a 1, b r, and c 1 , f ,;r a gi ven 
point on a vibration machine. 
A 60 cycle t iming trace i s superi mposed on c . 
The curves are single sweep oscillographic pat terns. 

PLATE 7 



Accelero.ticn curve 'Jf 
vibratl~n at base c f a 
f l exibly mour1ted apparatus . 

Di sp1 ac er.mnt curve Dn t he 
flexibly mounted apparatus . 

Acceleration cu rve ;;n t he 
flexjbJy m~untcd appa:--a t u". 
Near res ~nant c· nd l t i:~s 
ex :_.;ted . 

Displ acement curve of 
,.-ibratl :,n at the base :,f 
the flexibly mounded 
apparatu.s, 

;\ ::colerati _.n and d ii: pj :,ccne nt cur,..-c ,:; ·:n 
: tL•: ·· side ~:f a m)unting :_;f a flcxlbly :n:.untcd 

t:.9na~·:1tu (). The curvc~s urc ~.tngle siNce p ::scij .1 ... -
1s.rap:1ic p<1tterns. 
F!"o,1ue ncy is 20 c .p. s. Displacement d~uble arnp-
15tude :,f t he base ls a b;;ut O .025 inci';cs und 
t l~t J f the apparatuses ab~ut 0. 045 inchc~ . 

I D 
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PL,.ATE 8 








