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fig. 22 ... Vertical Forces Acfing on a Vibrafing Machine

The flexibility of the machine support is best expressed in
terms of ita deflection under the total gupportgd static load:
e “Th W
where
. da = static deﬂecuon of suppert, inchea. :

W uhueofwexgmof mnchmelnc!udmganynsld bue, rest~

e mgonmppon,pounds.
_' E, = vertical stiffness of the support, pounds per mclL

" The inevitable: flexibility of the machme support ; sﬂows a
certunamountofmbrahmmlmahonmmsponsewanydu-
turbing forces, such as the centrifugal force due to- imbalance.
This means that the machine is displaced from its equilibrium
position, alternately. up-and down as-shown in Fig..22. :Re-
versal at the top and bottom of each cycle requires substantial
sceeleration. This gives rise- to an inertia reaction “which .is
proportional to the mass of the machine and the square of the
&peed: The force balance diagrams of Fig. 23 show that-the
merhnforcemslwaysopposedmthcmﬂqforeeem’aedby
the supports. Thus, spart from the rek y small’d:
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Vib

rational Displacement at 1000 RPM

where o '
D = dispk + amplitude for negligible damping, incb
U = unbalance, ounce-inches. :

Resonance occurs when the mert.m foree i equxl in magni-

" tude bo the spring force:

(Z) RPM) of (= (Rm v(zo{

- At the d t of the hine is fimited
only by the rate at wluch energy is dissipated-by damping in
the supporting structure or machine’ mounts. Fig. 24 shows
curves of relative dxsphoement for.a speed of 1000 rpm as 8
function of the static deflection for various amounts of damip:
ing and various amounts of machine weight. It should be
noted that damping has a significant effect on displacement
only near resonance, and that & static deflection of 'as hme a8
#in. wﬂlpmduoeresonaneeatl()(x)rpm. s

When the static deﬂectmn is m-uch greala tlmn t.hat whmh

farce, the difference between the spring force u.ud inertia force
always has to-be such as to balance the disturbing force: -
Since both spring force and inertia foree are proportional to

the t of the
machine levels off and becomes independent of static deflec
non Displacement for dns condition can be calculated from

displacement; as shown by the formulas in' Fig. 22, di
ment ¢an be caleulated from Equation 18 and the' cond
of force balance:

oxw[() - (a.)] % (“””) e

OISTURBING _ IXERTIA - SPRING
FORCE - FORCEL. FORCE

‘- gpRNg -
FORCE e .
- pAuPpER
FORCE

NERTIA
FORCE

DISTURBING _ $PRING _INERTIA
FORCE " FORCE.” FORCE

® sTiFFness, cokTRoLLED @ MASS CONTROLLED

R Fig.?;! Balun:eoffomesAdmgonc
Y VibrcfmgMndme T ’

19 by negl: thel/d.berm and is-also seen to
be mdependant of speed .

p .
1
b= 6W‘°ld'z3(RPM @

" Motion of a machine on su.ﬁimently flexible mounts is mau—
controlled. Displacement for a given amount of imbalance can

--onlybereducedbyaddmgmmmulemm:hme as illustrated

in Fig. 24. The conditions for mass control as well as resonance
are shown in Fig. 25.

_When: the static deflection is much less than that which
pmduca resonance, the motion is -siiffness-controlled. Dis-

- placement for a given unbalance and speed is only a function
“"of the stiffness of the support
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: Practical, Limits for Mounting Mad'lines Rigidly

or & 53 (RPM @)

Rigid (stiffn lled) 6 ting of a machine has some
. merlt a8 the v1bmhonal motion of the he machine can be kept to
- a In the condition for ridigity shown’ in

Fig. 25 can be fulfilled only when the machine is rehhvaly
light, and the speed is relatively low.
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Fig. "25....Condiion of R and Ap

Reglons in which Vibrational Mction is Muss-Controlled
and Stiffness-Controlled

- The weight of the machine has to. beeonsndered irom twv’

standpomts
N Theknmt.hcmnchme,themomdjﬁaﬂtltbeoomesto

mect the condition of 25 for a npd moun! beca; f;
inevitable ﬂmbﬂ.lhes gﬁhe suppo ing, e of the
2.0 a from & floar or

mo!a.lnb '-he nntnxslt uency of t.heafnb mxybemod:ﬁed by
morvt.han e machine weight excoeds 10 percent
of Lheeﬂechve wught of the slab. Also, the natural frequency of
}bnmachmemllbenﬁ'ectedbyﬁ!e ynamic 8 of the
structure. ’fhemmmtspeeds which smf
a;urlnn itu?:ube:n&km mfaundf;?mtl?;ga% Tbefeﬂ'ecﬁvve
weigh en a3 the of t
underd)epm;ededumolt.h achy pm-to theuhn

For reci y, rigid ting is pamwhrl.;!
to be avoided because some of the d:st.urbmg forces at mul-
::l;? of the rotahonnl speed would fall into the resonnnt

n.

Pruchcal Conslderahons in Mounhng Machlnes
Hexnbly

hlxhspeedmachmexsmstauedonanupperﬂoeror

i ;'-ber structure of low rigidity, resonance can best be avoided
y mounting the machine on mounts which are sufficiently

ﬂehble fo meet the condition of Equation 21. Even though
may appmx to, be nglcl.ly mounted, the
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Fig. 26.... Resonant Speeds for Machine Mounted on
Hexible Floor

that equation, displacements under actusal operating condi-
tions are usually much larger and can be estimated better
from-Fig. 27. During start up and shut down of a machine,
still larger displacements will occur, at least momen‘t.mly,

the speed goes through resonance. ot
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m];‘&‘m'y amount of ﬂanbﬂ;ty no
- Flex hi mounmare ly, called tion, i
lators rather than vib o absort “om. 150-

confine the v:bmﬁons to the machine by allowmg it to
"‘-ﬂpﬂnd fmely to mu: disturbing.forces. Equnhon 21 may be

_Due
(0 VAI'Ious sunphfymg n.ssumphons mx.de in the: dermmon of
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27 -.... Practical Range of Vibrational . Mcmn for
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