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.paCCM&TpHBa}OTCﬂ TMPHYUHBI DOBBIIICHHOIO HiyMa U Bnﬁpauuu npu pa60Te KOMTIIPECCOPHBIX arperaTtoB Ha

APCANPRATUAX CTPOHUHIYCTPpuK. [IpeiaraloTcs BHOPAIMORHBIE METObI M CPEACTBA U3MEPEHHSA CTATHYECKOH U
MOMEHTHOH HeyPaBHORSUICHHOCTH KEeCTKUX POTOPOB. B 0TaH4Me 0T CyluecTBYIOIHMX aHAIOroB NpeLiOKEHHbIE
COEACTBA He TpelyroT NpenBapuTenhHOR HaCTPONKH, 001aRat0T 60ee BLICOKOH TOUHOCTLIO HIMEPEHHS 3d ORUH

QYCK, ABRSTHOTCH Oonee GeROTMACHBIMYE 1 HMEIOT MEHBIYIO CTOUMOCTD.

Abstract

The reasons of the increased noise and vibration at work of compressor units at the building enterprises are
considered. Vibration methods and means of measuring the static and moment imbalance of rigid rotors are pro-
posed. in contrast to the existing analogues, the proposed tools do not require pre-setting, have a higher measure-
ment accuracy for one start, are safer and have a lower cost.
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Probiem statement. The work of compressor units
in construction companies is often associated with high
levels of noise and vibration. These factors are the
cause of occupational diseases, occupational injuries
and reduced productivity [1, 2]. Approximately 19 %
of the cases of occupational diseases in Ukraine falls on
vibration disease and diseases of hearing organs.

The most common types of compressors in the
construction industry are: screw, piston and centrifugal.
Their work is accompanied by high levels of neise and
vibration. Among noise is dominated by the noise of
mechanical origin. The main sources of these factors
are air compression units (Fig. 1). There are alsc other
sources (Fig. 2).

a b
Fig. 1. Blocks the compression of air: a— helix; b — piston; c-centrifugal



a b
Fig 2. Additional sources of vibration and noise: a — rotor {left) of the induction motor; b and ¢ - eleciric jun
& 2 { :
impellers; d— under-stud; e — flywheel

in all considered sources unbalance of rotors is the
cause of vibration and noise. The occurrence of vibra-
tion during the rotation of the unbalanced rotor is ex-
slained by the presence of vibration forces, the fre-
quency of which coincides with the speed of rotation,
and the module is proportional to the amount of unbal-
ance (imbalance) {3, 4]:

i 2
lF V/BRI = Do (1)
where D — imbalance, kg-m, i — the coefficient

of dynamic; @ -- cyclic frequency.

The noise level from the vibrating surface depends
on iis shape, area and vibration velocity. The sound
power from a vibrating flat (according to the law of
wn¢} of a surface equal to:

14

a b

c d e

,owlS’zvz
me

where p — density of medium, kg/m’; S - surface

Wsounp= (2)

area, m* V - vibration velocity, m/s; ¢ — the speed of
sound in the medium, m/s.

There are several types of rotor unbalance: static,
torque and dynamic [3, 6]. For balancing of rotors of
various methods, which essentially boils down to the
adjustment of the unbalanced masses. This can be
achieved by removing or adding a specific mass in the
correction planes by drilling, tapping, soldering, weld-
ing or gluing. This process is called balancing. Cur-
rently used several types of balancing machines, which
carry out the measurement of the unbalanced masses.
The main diagrams of these machines are shown in Fig,

c d

Fig. 3. Schemes of machines for dynamic low-frequency balancing in two correction planes: a — with fixed
supports of the balanced rotor; b,c — with a fixed axis of oscillation of the rotor; d —with a fixed plane of
oscillations

in the first scheme, the rotor has two connections
with the base: rigid and elastic. Unbalance is deter-
mined by the amplitude of oscillations of the rotor dur-
ing its rotation. If the unbalance is in plane 1, it does
not affect the unbalance in plane IL.

In1 the second scheme, the rotor is connected to the
pase by means of rigid bearings (Fig. 3b). To determine
the unbalance of the rotor, dynamic reactions of the
supports are measured using force sensors. Operation
of such machines is possible in pre-resonant mode.

In the third scheme, the rotor oscillates in a fixed
(horizontal) plane, (Fig. 3¢). Vibration amplitudes in
vertical planes | and IT are measured to determine un-
balance. The work of these machines is possible in the
resonance mode.

fn the fourth scheme, the rotor has no rigid con-
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All the schemes have shortcomings that limit their
effectiveness and use in practice. The first three
schemes require pre-setting the machine, which re-
duces labor productivity with frequent changes in the
nomenclature of the rotors. These schemes limit the ac-
curacy of measurement and correct unbalance in a sin-
gle start. The increase in the number of starts leads to
an increase in the cost of individual rotors and compres-
sor units as a whole. The high speed rotation of the rotor
in the balancing process is the cause of high risk of in-
juries. These machines have a high cost due to the pres-
ence of rotation drives. As a result, the rotors of the
compressor units have a relatively high residual imbal-
ance, which is the main cause of increased neise ot me-
chanical origin and vibration.

The aim of the article is to develop and introduce
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Fig. 6. 4 simplified diagram of the device for measuring torque unbalance: a — rotor with the torque unbalance
4; b—rotor with static unbalance 5

The method of measuring the moment unbalance its axis. The value of the moment unbalance is calcu-

is similar 1o the previous method, and also involves lated by the formula
measuring the free damping oscillations of the pendu-
wm frame in different positions of the rotor relative to
]
M= ————x
sin 28

X

V j;z (T*z/f

where y —
a point equidistant from the correction planes fand If;

()’ — point at the intersection of the rotor axis and the
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The angle y of the moment unbalance is calculated
using the algorithm in Fig. 7
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Fig. 7. The algorithm for angle calculation torque unbalance

To measure unbalance, you do not need to adjust
the device based on the location of the measurement
pianes. In the process of measurement there are no dis-
tortions and the output of unbalanced mass from the
plane of measurement. There is no acceleration, thero-
tation of the braking rotor. This saves energy, increases
productivity and increases safety. The device does not
have an electric motor drive, which reduces its cost.

The proposed methods and means can be imple-
mented not only in enterprises that produce rotor as-
sembites, but also mn the repair areas of construction
companies.

increased levels of noise of mechanical origin and vi-
bration. The main sources of these factors are unbal-
anced rotors. Existing methods and tools for measuring
imbalances have a number of disadvantages that limit
their effectiveness. To solve this problem vibration
methods and means of measurement of unbalance have
been developed and patented, which in the opinion of
the authors are not inferior to analogues in efficiency
and are safer. Implementation of the proposed methods
and tools will improve the quality of rotor balancing
compressor units and thereby reduce their noise and vi-
bration levels.
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