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DEVELOPMENT OF DIAGNOSTIC PRINCIPLES
FOR SCREW COMPRESSOR UNITS
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The purpose of this article is the results of research and diagnostics of the operation of screw
compressors and analysis of the results of field operation. The results of field, laboratory and theoretical
studies are simultaneously used to substantiate research results and diagnose the operation of screw
compressors. At the present stage of scientific and technological progress, the design and control
of the operation of screw compressors is carried out using specialized software systems that apply
scientific and technical achievements in the field of modeling the objects and processes under study
in order to use the results of research and diagnostics of the operation of screw compressors for their
widespread implementation in engineering practice.
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PA3SPABOTKA NPUHLUMNOB ANATHOCTUKN BUHTOBbBIX
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Llenbto 0aHHOU cmambu siensiemcsi npedcmasiieHue pesyibmamos uccrnedosaHull u oua-
2HoCMUKU pabombl BUHMOBLIX KOMIIPECCOPOB, & MaKXe aHa/Iu3 pesybmamos rofeebiX Ucbl-
maHudl. [na o60ocHosaHuUsI pe3yrnbmamos uccriedogaHull u duazHOCMuKU pabomel 8UHMOBbIX
KoMrpeccopos 00HOBPEeMEHHO UCMOMb3Yomcsi 0aHHbIE MoneakIx, 1abopamopHbIX U meopemu-
yeckux uccrnedosaHull. Ha coepeMeHHOM amarne HayYHO-MexXHUYECKO20 npozpecca Npoekmupo-
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eaHue U yrpasneHue pabomol 8UHMOBbLIX KOMIPECCOPO8 OCYWECMEIISIeMCs C UCMO0/Ib308aHUEM
creyuanu3upoBaHHbIX NpoepamMMHbIX CUCMEM, KOmOopbIe MPUMEHSIIoM Hay4YHO-mexHu4YecKue
docmuxeHusi 8 obriacmu ModenuposaHusi uccriedyembix 06bEKMOos U Mpoueccos ¢ Uesnbio Uc-
10/1b308aHUs1 pe3ynibmamos uccriedosaHull U OuazHOCMUKU pabombl BUHMOBbLIX KOMIPECCOPO8
0719 UX WUPOKO20 BHEOPEHUS 8 UHXEHEPHYH Npakmuky.

KITIOYEBBIE CJIOBA: suHmoeoli komnpeccop, duazHocmuka aubpauul, cxxamoe 0as-
nieHue easa.
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Ocbl MaKanaHbIH Makcambl — 8UHMMI KOMIPeccopnapOobiH XYMbICbIH 3epmmey xoHe duazHo-
cmukarnay HemuxxenepiH ycbiHy, coH0al-aK 0ana xymMbicbiH manday. BuHmmi komnpeccopnapObiH
XKYMbIChIH 3epmmey xoHe OuazHoCmuKarnay HomuxenepiH Heaizoey ywiH 0anarnblK, nabopamopu-
SANbIK XXoHe meopusinbiKk 3epmmeynepdiH Homuxxenepi b6ip me3zinde KondaHbinobl. FbilbIMU XXoHE
mexHUKarblK rpo2pecmiH Kasipai ke3eHiHde sauHmMmi komrpeccopnapdbiH xobanaHybl XoHe Xy-
MbicbIH 6backapy apHalbl bardaprnamarbik xyltenepdi KorndaHy apKbiribl Xy3eae acbipbinadsbl, onap
3epmmerntin xxamkaH o6bekminep meH rpouecmepdi MmodernbOeydeai FbllbIMU XXOHE MeXHUKasIbIK
xemicmikmepdi natidanaHadbl, by e3 ke3eeiHOe sUHMMI KomrpeccoprapObiH XYMbICbIH 3epmmey
JKeHe OuasHOCMuKa HemuUXXenepiH UHXeHepriK npakmukada KeHiHeH KorndaHyra MyMKiHOik 6epedi.

TYWIH CO3LEP: suHmmi Komrpeccop, 8ubpauusi duazHOCMUKachl, 2a30biH KbIChITFaH KbIChIMbI.

connected teeth. By design, these devices are intended for rotary compressor

ntroduction. Screw compressor is a compressor having screw rotors with
equipment.

Figure 1— Screw pump basic design [1]

This rotary equipment is widely used in the organization of pneumatic systems.
Therefore, let’s look at what a screw compressor is from different angles: description,
design, principle of operation and other important features will be the focus of our attention.
Today they are the most used air compression equipment and have almost completely
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replaced other types. (Abdurashitov S.A.) The operating principle of a screw compressor
in detail step by step it looks like this:

1. The engine starts the rotors, which, in compliance with the schedule, rotate towards
each other;

2. As a result of this movement, atmospheric air is sucked through a filter, in which
it is cleaned of mechanical impurities;

3. In the screw block, air is mixed with oil, compressed and enters the oil tank;

4. In the oil tank and separator, compressed air is separated from the oil and goes
through the aftercooler to the outlet of the installation, and the oil, after cooling, flows
back into the screw block through the oil filter. (Sakun I.A.)

The compression process is automatic and is simple and efficient. And this is
another advantage and another reason to use the equipment in question. Compressors
are distinguished by the maximum operating pressure of the device:

* low pressure compressors - up to 3.5 bar,

* Medium pressure - up to 15 bar,

* High pressure - up to 35 bar. [2]

Due to their design features and the absence of rubbing elements, screw compressors
can be operated for a long time without repairs, with minimal maintenance. According
to this indicator, they are significantly superior to piston compressors. The service life of
screw compressors exceeds 200 thousand hours (Laing, P O). The maintenance schedule
usually only includes the replacement of screw block bearings, filters, and, less often,
the oil separator and components of automation systems. The more complex design of
screw machines and the presence of automatic control systems necessitate highly qualified
repair personnel. Therefore, the repair of these compressors itself will be significantly
more expensive than piston ones. [3]

Compressor diagnostics is one of the most necessary measures to maintain equipment
in working condition. It includes the following activities:

1. External inspection.

2. Checking operating modes.

3. Measurement of currents and voltages in various operating modes.

4. Check the condition of hoses and connections for leaks.

5. Checking the condition of drive belts and couplings.

6. Checking the oil level and its approximate consumption.

7. Measurement of vibrations of bearings (screw compressors with electric drive) of
the screw element and electric motor.

8. Blowing heat exchangers (radiators) if necessary.

9. Check the functionality of the injectors (opening pressure, spray pattern), if necessary.

10. Compression measurement if necessary.

11. Drawing up a report with recommendations for scheduled repairs.

Methods and materials. In this article we will consider vibration diagnostic method.
Vibration diagnostics is a method for diagnosing technical systems and equipment, based
on the analysis of vibration parameters created by operating equipment. Periodic vibration
measurements allow timely detection of wear on compressor parts. Vibration diagnostics
are also recommended after repairs to assess the quality of work and the correct installation
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of equipment components. Most damage to equipment parts results from mechanical
vibrations. The advantages of analyzing vibration signals are their versatility; at the
moment, vibration diagnostics is one of the main methods of non-destructive testing and
technical diagnostics. Vibration is the mechanical vibrations of the body. During vibration

diagnostics, the following parameters are analyzed:

* Vibration velocity — the speed of a movement or system under the influence of

vibrations.

* Vibration displacement — displacement of a point or system under the influence of

vibrations.

* Vibration acceleration — acceleration of the movement of a point or system under

the influence of vibrations

Vibration diagnostics, like other methods of technical diagnostics, solves the problem
of finding faults and assessing the technical condition of the object under study. Vibration
diagnostics usually examines the time signal or vibration spectrum of a particular piece

of equipment.

* In the low-frequency range, parameters of vibration displacement are measured

more often,
* In mid-frequency vibration speed,
* And in high-frequency vibration acceleration.

Results and discussion. Let's consider the vibration spectrum of a compressor without

serious defects, measured on one of the compressor bearings:

Here in figure 2, F1 is the rotation frequency of the electric motor and the drive screw
(in our case, 48 Hz), and F3 is the gearing frequency (238 Hz). The spectrum of a defect-free
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Figure 2 — The first model of the rotation frequency of the electric motor and the drive screw

screw compressor always contains harmonics (up to the 4th) of the gearing frequency and
their presence does not indicate the presence of defects. The spectrum Figure. also shows
a small oil harmonic and two harmonics of the input shaft rotation speed.

In the case of defects in the working surface of the screws, lateral harmonics appear
near the gearing harmonics see Figure 3, due to their modulation by the rotational speed
of the screw with the surface defect. The depth of the defect is usually assessed by the
ratio of the amplitude of the lateral harmonic to the amplitude of the first harmonic of the
gearing, and if this ratio exceeds the value (0.2), then the compressor defect is considered
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Figure 3 — The second model of the rotation frequency of the electric motor and the drive screw

“alarming”. The location of the defect is determined by the magnitude of the frequency
shift of the lateral harmonics relative to the gearing frequency. This shift is always equal
to the rotation speed of the shaft with the more worn surface.

This figure 4 shows the vibration spectrum of the sliding bearing with increased
clearance measured in the direction perpendicular to the plane passing through the axial
lines of the screws.
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Figure 4 — Increased clearances in bearings

Unlike the standard spectra of sliding bearings with an increased gap, in which a
number of harmonics with a rotor speed are present, in this case there are a number of
dentate frequency harmonics (with almost the same amplitude of the first 3-5 harmonics),
and there may be no reverse frequency harmonics at all. It can also be seen on the spectrum
that all dentate frequency harmonics have sidebands due to defects in the working surfaces
of the screws, and which we have already mentioned above.

Periodic dynamic axial forces caused by "gas flow rupture" at the compressor working
zone outlet cause secondary side harmonics to appear in the vibration spectrum (marked with
"2" in Figure 4) near the side harmonics of the gear frequency (marked with "1" in Figure).
The appearance of level 2 harmonics is a specific feature of only screw compressors and is a
good diagnostic sign of the presence of defects in the surface of screws in the axial direction.
Due to the fact that the frequency shift between harmonics of the 1st and 2nd level is only a
few hertz, it can only be detected using an analyzer having a resolution of at least 1600 bands.
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Figure 5 — Axial vibration of screw compressors

As you can see, the vibration diagnostics of screw compressors requires the operator to
have a deep theoretical knowledge of the dynamic processes of vibration in compressors,
as well as experience in interpreting sufficiently complex spectra. Vibration diagnostics
of screw compressors revealed the following defects of the screw pair:

* poor axial installation and fixing of the position of the screws;

* increase of gaps between screws caused, as a rule, by general wear of screws or
bearing bearings;

* increase of clearances in sliding bearings in which working screws rotate;

 wear of gears connecting screws.

Conclusion. Having considered in detail the screw compressors, the device and
the principle of operation, one simple conclusion can be drawn. This is quite reliable,
productive, safe and convenient equipment, especially compared to piston Any vibration
contains harmonics of various frequencies. [4] By analyzing the amplitudes of these
harmonics, you can obtain information about the state of the equipment. Vibration
diagnostics of objects are carried out in three stages: primary description of the vibration
state of the object, identification of signs and decision-making. In the conclusions, we
can say that the vibration diagnostic method has such advantages as:

* Ability to detect hidden defects.

* Obtaining information on the conditions of equipment located in hard-to-reach places

» Monitoring and obtaining information about the defect at the stages of its appearance

* Short diagnosis time. @
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