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The efficiency of resonance three-mass vibratory machine with aero-inertial drive is
considered. Previoudy established principles of design and parameters, taking in account
Zommer felds effect in resonance operating mode, are used. The main properties of existing
pneumatic vibrators are examined and the possibility of their use according to proposed
approach is established. The approach in choosing of the driver is proposed.

Keywords: resonance vibratory machine, aero-inertial drive, Zommerfelds effect,
pneumatic vibrators.

O. B. JIaneusn, B. M. I'eaeriit

JTOCJILIKEHHSI TPUMACOBOI PE3OHAHCHOI BIBPAIIIHOI
MAIIIWHHU 3 AEPOIHEPUIHTHAM IPUBOJIOM

Po3rnsinyTa e(eKTUBHICTH pe30HAHCHUX BiOpauiiiHUX MamMH 3 aepoiHepuHiliHUM
npuBogoM. Ha ocHOBI momepenHix AociigkeHb NpeacTaBjieHi OCHOBHI MOJIOKEHHS NMPOEKTY-
BaHHS TAKMX MallMH Ta BUOOPY iX mapaMeTpiB 3 ypaxXyBaHHAM fIBHII, NMOB' I3aHUX 3 e(heKTOM
3ommepdenbaa. dociaigxeHi BJIACTHBOCTI iCHYIOUMX NHEBMATMYHHMX BiOpo30ymXxyBadiB Ta
MOXKJUBICTL iX 3aCTOCYBaHHA BHXOAAYHM 3 3aMpPONMOHOBAHOIO MiIX0AY PO3PAXyHKY.
3anponoHoBaHa po3paxyHKOBa MeTOANKA BUOOPY NPHUBOIY CHCTEMH.

Kurouogi ciioBa: pe3onancHi BiOpauiiini Mamunu, aepoinepuiiHuii npusin, egexkt
3ommepdenbaa, nHeBMAaTHYHI BiOpo30yKyBayi.

Introduction. Vibratory equipment is widespread in the different fields of industry. Nowadays
pneumatic vibrators acquired in various kinds of vibratory machines. The most efficient mode of work of
such machines is resonance, which allows to reach the higher amplitude under the same generating force. It
is a problem while operating in near-resonance region because of freezing of the rotational frequency due
to Zommerfelds effect. Use of pneumatic vibrators has some advantages in compare with another kinds of
such drives and it make possible to apply earlier developed approach [1, 2, 3] when the particular kind of
the structure and mode of operation is used.

The development of vibratory equipment directed to improve the efficiency of such machines. The
most optimal operation mode is resonance due to it’'s high efficiency. But for providing of resonance mode
it is needed the use of control devices, which increases the cost of the vibratory equipment.

It was developed the approach to create near resonance aero-inertial vibrating machine. Here
Zommerfeld effect (hanging of the vibration frequency) is used to set the near resonance operating mode.

Research and publications analysis. The expensive control systems are used to make the constant
operating mode in vibratory equipment and to keep the near resonance frequency which allows to increase
the efficiency of vibratory equipment due to high dynamic factor. And also the problem of freezing of
frequency due to Zommerfelds effect in near resonance region can have a bad influence on
electromechanical properties of the engine.

Research purpose. Development of approach in creation of near-resonance three-mass equipment

with aero-inertial drive is presented. The approach in selection options of vibrator and driver is needed for
use of proposed algorithm of design to create the most efficient vibratory machines in practice.
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The main material. Three-mass vibrating machine with aero-inertial drive is formed from three
oscillating masses and unbalanced drive. The disturbance of forced oscillations in three-mass vibratory
machine with aero-inertial drive (Fig. 1) is provided through the mass mg, the inertial value of whichis less
than of other masses. The oscillations of this mass occur by the independent linear coordinate x;. The
dissipation of energy in resonance elastic structure with stiffness c,; is reflected by the damper with the
resistant factor pips.

From the previous investigations the three-mass structure can be described by the next system of
equations[1, 2, 3]:

MK *-c,, X(X1 B X2)+ Cins XXy + 1 ¥ + 11y, >()&1 B )&2): 0;
m, &, +C,, ><(X2 B X1)+ Cas ><(X2 B X3)+ My X(f(z B )&1)"' Hos X()&z } ﬁs): 0; 1)
m, X&,; + Cy ><(X3 - X2)+ Haz ><(f(3 - ﬁz): my, X Xw® ><Sin(a) Xt)-
And after converting into matrix and some designations the expressions for determination of the

amplitude were gotten X, X, and X3 accordingly of the masses my, m, and mg of three-mass vibratory
machine

Fig. 1. Principle scheme of three-mass vibratory mace with inertial drive
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For establishing of the stiffness values ¢, and cy3 it is needed to take in account that three mass
structure with an arbitrary selected options has two own system resonant peaks €, and £, . In such
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occasion choosing acceptable for design two natural frequencies Q , and @, , with determined masses
m;, My and mz and make the determinant equal zero, neglecting the resistant ratio and vibroinsulators
stiffness, the stiffness ¢y, through the first natural frequency 2, and c,3 through the second- Q2 , can be
calculated. The values of stiffness will provide designed oscillating system

C. = ”hmﬁlx”kmxgbzl' C23><(n12+n13)J .
12 2 '
m3xgbl><rnl+m2)_ Cx ><(ml+m2+mg)
_ my Q% {m, xm, xQ2 - ¢, {m + m, )|
Cx (©)

m, X0, {m, +m )- ¢, {m, +m, +my)
Inertial parameters m; and m, should be set by engineer [2, 3] and the value of mz could be
established according to two known masses. With two given frequencies Q ; and Q_, the mass ms must

have such value which would be satisfactory for the structure [1,2,3].
The values of the first and the second oscillating masses, which are structurally given, are being

formed with the condition [1,2] m, = (34 5)m, .

The stiffness of vibroinsulators is established from the condition of that the frequency of the
vibrating machine grounded on the vibroinsulators should have natural frequency three — five times lower
than forced one. So from [1], [2].

¢ =ms ¥ ‘:’2 4)
i "eé(s% 5

The most effective operation mode for such machine is such where the forced vibrations will take
placein near resonance region of thefirst peak of the structure.

Using technologically needed frequency X; and mass m, of the operating body and taking in account
that the magnitude of the disturbing inertia force can be determined as Fi, = my r €7, so the magnitude of
unbalanced mass my can be determined.

With the aim to determine the disturbing moment the parameters and first and the second natural
frequencies Q; and Qp, of three-mass structure should be chosen.

Using the established value of the unbalanced mass and amplitudes of masses [1,2] the needed
moment for disturbing oscillations of three-mass vibrating machine can be calculated

m2x2xw?xl, €. X1, O u
= d 3 : nall?: 3:+i[;|+,u>g, (5)
2>m; g amR g 2¢

which is needed to give the motion to unbalanced air-screw (Fig. 2).

M

Fig. 2. The experimental vibrator for three-mass
resonant aero-inertial machines
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The use of such drive (Fig. 2) has a great disadvantage because of the big lost of air. So the
efficiency in that occasion can’'t be high [6]. But the developed approach can be used in the vibratory
equipment with pneumatic vibrators (Fig. 3).

There is no a big difference in disturbing of oscillations between proposed aero-inertial drive and
ball or turbine pneumatic vibrators due to similar structure and principle of operating. Algorithm of
calculating developed for aero-inertial drive of three-mass vibratory machine also can be applied for near-
resonance three-mass vibratory machine with pneumatic vibrator.

For providing high efficiency of operating environment the needed oscillating amplitude should be laid.

Fig. 3. Examples of pneumatic turbine and ball vibrators

Needed power N for disturbing of one-mass oscillating system can be determined from the next
equations:

N, = Tiéo(t)x&(t)dt , ©)
0

where P(t) is the law of changing of disturbance force; x(t) isthe law of changing of velocity of oscillating
mass; T is a period on which integration is held. It is known [5] that the law of changing of disturbance
force through the dynamic factor is

MO Gn(wt), @)

P(t)= %gn(wt):

where X is the amplitude of oscillations of mass m; ¢ is the stiffness of the elastic system; 1 is dynamic

factor of mechanic oscillating system. Motion of the mass m is offset according to the phase ¢ rdatively
to the disturbance moment. So the law of motion velocity of oscillating mass change is next

i(t)= %Xsin(a)t- £)= oXcoslot - ¢). @®
We can get the expression for determining the power by integrating the expression (6) over the
T= 2r
period @ and taking in account expressions (7) and (8) and considering the case of phase offset
e= % , When consumption power reaches the maximum value. So
2n
w 2 2 3
4 . X“o°m
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T

0

The expression for determining of the disturbance power [5] is formed with using (9) for n-mass
structure of oscillating structure (according to the principle of superposition) and taking fixed definite set
frequency of the forced oscillations (dencting o = Q) introducing the efficiency of the vibrator it can be
transformed next way

109



6 Q%8 X2
P @0

where X;, 4; is the amplitude of oscillations and dynamic ratio of mass m; # is the efficiency of the
vibratory drive. Using (10) the power of needed drive can be determined [4, 5].

Knowing all needed parameters such as needed disturbing moment, power, oscillating amplitude and
all the other technological parameters we can choose the kind of the drive. Now there is a large amount of
manufactured pneumatic vibrators which can be chosen using handbooks due to established parameters by
proposed algorithm of designing of vibrating equipment [1,2,3].

Turbine vibrators provide almost silent operation — just 65-75 dB throughout their entire service
life, ball vibrators wear and the ball and ballrace become pitted, the noise they produce rises sharply and
can reach up to 100 dB.

Turbine vibrators features sealed bearings that are prelubricated for life and do not require additional
lubrication. In compare ball vibrators require airline lubrication. Ball vibrators draw up to 50% more air
than comparable turbine vibrators.

Turbine vibrators feature high efficiency throughout their service life, while ball vibrator begins to
lose speed and efficiency from the moment it is put into service because the ball and ball race become
pitted with use.

So compare of ball and turbine pneumatic vibrators alows to determine the highest efficiency of
turbine. Such turbine vibrators are powered by a turbine, with suitable lead counterweights, put on rotation
by air. Turbine is supported by screened and pre-greased bearings, therefore lubricated air is not necessary;
for this reason these models are suitable for environments were a high cleanliness is required (such as food
or pharmaceutical industry). Anti-spark materials of vibrators such as aluminum and brass with its
function, without any dithering between parts, allows to use them in fire hazard environments,

N36 =
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Fig. 4. Proposed structure of three-mass vibratory machine
where the pneumatic vibrator can be used

Proposed structure of vibrating machine (Fig. 4) can be applied for equipment where the ball or
turbine vibrators are used.

Use in complex proposed approach in designing of resonance three mass structure with a high
dynamic factor and law cost pneumatic ball or turbine vibratory gives an opportunity to create an efficient
vibratory equipment with a number of advantages and special fields whereit can be applied.

Conclusion. In the previous research of aero-inertial resonance equipment the simple airscrew was
used. Therefore it was a great consumption of air. But the use of simple airscrew allowed to simplify
experimental investigation. Analyzing pneumatic vibrators it is recommended to use turbine vibrators. The
turbine contour, the feeding ports shape and their position, are designed to obtain maximum performances;
moreover the clearance between turbine and body is very small and allows the total exploitation of air
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push. Due to these characteristics, the efficiency is very high while air consumption and especially the
noise, are very low. Efficiency, referred to all the models, shows the ratio between under 1oad and no-load
performances (force and frequency). On request special versions are available: completely proof, for
aggressive environments, for high temperature, etc. The structural similarity of the experimental aero
inertial drive (unbalanced air screw) and pneumatic vibrator gives opportunity to use the same calculations
for more efficient vibratory equipment with such advantages as frequency adjustment and absence of
reverse action on engine, low air consumption, easy installation of vibratory, cost efficient vibration.

The great advantage of such kind of the equipment with the pneumatic driveis that it can be used in
potentially explosive environment, food and pharmaceutical industries.
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