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Abstract. A new mine screw compressor unit YKT'III with better fire safety than of previously
used units is designed and have already integrated into the coal industry of Ukraine. During the
whole period of their operation, there was no fire, which usually occurs with compressor units of
other types. One more compressor unit BB is designed, which is equipped with microprocessor con-
trol system, high-voltage electric motor, compressor assembly, effective system of air and oil filtra-
tion, effective system for vibration reduce, pre-heating device, unloaded system startup and shut-
down. Causes of compressor fault due to the failure of some assemblies were analyzed.

Examples of reliability calculations are presented for compressor units and compressor ma-
chines in total. Guidelines for improving compressor reliability are: upgrading of compressor de-
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sign; use of new technology of their exploitation; optimization of their operating modes; use of rap-
id diagnostic of the compressor state; improvement of preventative maintenance.
Keywords: compressors, new technologies, pneumatic energy, underground mining conditions,

reliability and safety.

Energy efficiency, reduction of accident rate and man-caused impacts on the envi-
ronment are the most pressing problems for the coal mines. In order to be successful,
the industry should speed up its technical upgrading and complex renewal of the mine
fixed asset. It should be noted that operation life of the Ukrainian mines is quite long,
therefore, investments into their modernization are urgently required.

Improvement of compressed-air supply systems in the mines is one of the key
guidelines for saving energy in the coal industry. Significant reserves for energy sav-
ing in the compressed-air production for the coal mines lie in reduction of its produc-
tion cost and improvement of pneumatic system for compressed air supplying. An
alternative to the existing production technology, which assumes installation of pow-
erful compressor stations on the earth surface, is creation of modular underground
compressor stations on the base of mobile screw compressor units with their alloca-
tion directly in the face, including in the dead ends, optimally close to the under-
ground consumers of the compressed air [1, 2].

The screw compressor unit.

16

Figure 1 - Pneumohydraulic scheme of
screw compressor unit

A pneumohydraulic circuit of the designed
screw compressor unit [3] is shown in Fig. 1,
and its vertical and horizontal sections are shown
in Fig. 2. The screw compressor unit works as
follows. When the unit works, air is sucked
through the air filter 3 into the compressor 1, to
where the cooled oil also flows from the cooler
16 through the line 15. This cooled oil is needed
for cooling the compressed air, sealing gaps be-
tween the working bodies of the compressor and
lubricating the bearings. The oil is mixed with
the air and forms an oil-air mixture, which is
compressed in the compressor 1 to the set oper-

ating pressure and then enters the oil separator
5. On two levels of the oil separator 5, the air is
separated from the oil and then is supplied to

the customer through the minimal pressure valve 6 and distribution valves on the dis-

pensing tube 7.

Sensors of automation systems and connected with them devices force the auto-
matic system to response when operating parameters of the unit exceed the boundary
values. Two temperature sensors 8 and 9 of the automation system are installed in the
injection line 4 after the screw compressor 1; they are designed on different physical
principles of operation and provide reliable response when the oil-air mixture tem-

perature exceeds the set parameters.
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The temperature sensor 10 of the automation system protection line 11 is installed
in the space of the oil separator 5 and ensures more reliable response when oil tem-
perature in the oil separator 5 reaches critical values.

When temperature of the drive cover exceeds the set values, a temperature sensor
12, which is installed on the drive cover, emergently switches the compressor 1 off.
In event of a fire risk, the temperature sensor 13 of the fire suppression system, which
Is installed above the oil separator 5, switches the device 14, which is installed over
the oil separator 5, and which feeds fire extinguishing agents and effectively localizes
a possible fire in the area of the main element of the shaft compressor unit, and which
contains the most part (90 %) of fire-safe substance. In event of critical increase of
methane concentration, the methane sensor 17 switches the automation system on;
the sensor 17 is installed on the top of the compressor unit casing, and such location
ensures its operation in area with initial methane accumulation in the upper part of
the casing.

The main stages of the mobile shaft compressor unit YKI'III designing are as fol-
lows:

1. To receive from the MacNDI an expert’s conclusion concerning compliance of
the high-risk equipment with requirements of regulations on labor protection and in-
dustrial safety, and to get a permit for testing the equipment in the Ukrainian mines.
The received expert’s conclusion states that the unit YKI'TII-7,5/7BS5 is in harmony
with the relevant requirements of regulations and it is permitted to test the unit (ap-
proval test and operation) in the underground dead ends, including mines with the
risk of high gas and dust content, in accordance with the "The Safety Rules For the
Coal Mines".
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Figure 2 - Screw compressor unit: a) horizontal and b) vertical section

2. To develop and approve Technical Specifications.

3. To conduct, together with the M.M. Fedorov NIIGM and NIIHS “Respirator”,
acceptance tests of the unit prototype at the Dobropolska Mine of the SE Dobropoly-
eugol.

4. To obtain from the Donetsk Technical Expert Centre of the Derzgirprom-
naglyad of Ukraine (DTEC) an expert’s conclusion on the high-risk equipment com-
pliance with requirements of regulations on labor protection and industrial safety.



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexHiuna Mexanika. 2016. No 126 149

5. To obtain, on the basis of the DTEC conclusion, a permit for the units putting
into operation in the Ukrainian mines.

6. To put into operation a docking series with further widespread implementation
of the mobile shaft compressor units YKI'III in the Ukrainian mines.

In 2012, the certificates of conformity with technical regulations on the safety
machinery and equipment were received on the basis of certification study protocols
and periodic testing protocols for the units YKI'II-5/7 YKIT'II-7.5 / 8 YKI'TL-15/7.

Assessment of and ways for improving reliability of the compressor units and
assemblies.

The Ukrainian coal producers have already implemented more than 1148 com-
pressor units YKI'II-7.5/7; YKI'II 10/7; YKI'II-15/7 designed by NIKMAS Con-
cern. Their productivity is 7,5-15 m3/min. The units are in operation since 2001.

The shaft compressor units YKI'III have higher level of fire safety than previously
used units I1IB-5. During the whole period of their operation, there was no fire, which
usually occurs with compressor units of other types [4-6].

Design of the shaft screw compressor units
was improved (Fig. 3), and statistics of failures
of the compressor modules and assemblies was
gathered for the whole period of their operation
in the coal mines. The systematic analysis
shows that the key destabilizing factors affect-
ing the compressors technical and economic pa-
rameters is wear of the loaded assemblies,
which is accompanied by increased power con-
sumption by the drive system or by termination

Figure 3 — The shaft screw compres-  Of their operation. Especially critical is wear of
sor unit YKTIII-10/7 A Y2 with elec-  the screw pairs, because any increase of clear-
tric protection system ance between them leads to significant reduction

of their efficiency.

Dimension types of the shaft screw compressor units are shown in the Table 1.

In order to provide more effective air cleaning in the dusty mines, the units are
equipped with advanced filtration system and, in particular, air filter of the oil-inertial
type, which ensure operation of the unit at dust content up to 100 mg/m?3. The com-
pressor units of the BB-25/8 M1 V2; BB-32/8 M1 Y2; BB-32/8 T2 types are used as
an integral part of the drilling equipment (Fig. 4, 5).

In the process of parameter optimization for the first series of machines, design of
the unit BB-32/8M1VY2 was essentially improved by integration of additional equip-
ment: vertical separator-oil filter, thanks to which oil drainage does not exceed 3
mg/m? and interval for the oil relubrication is 3500 hours; thermostat, which simpli-
fies process of starting and heating; and electric motor of special design for boring
machine.

The compressor block and electromotor are connected with each other by a com-
mon casing and are installed on the shock absorbers, therefore, periodic alignment is
not needed any more and load on the bearings and vibration rate are reduced; besides,
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design of minimal-pressure valve and drain valve was improved in terms of their reli-
ability; oil cooler was upgraded (its weight and dimensions were reduced); more reli-
able temperature sensors and solenoid valves were installed; performance control sys-
tem was modernized: now electric motor starts when compressor is unloaded, thus,
reliability of the electric motor and starting equipment is improved; the compressor
unit was modified by way of integration of the controller.

Table 1 — Specification of the shaft screw compressor units

Parameters and
design features

YKI'TII-
4[7

YKI'II-
517

YKI'II-
6/7

YKI'II-
7,517

YKI'II-
10/7

YKI'II-
11/7

YKT'II-
15/7

YKI'II-
20/7

Compressible
working agent

Air

\Volumetric
productivity, cal-
culated for the ini-
tial conditions,
m3/min

4,0

5,0

6,15

7,5

10,0+1,0

11,0+0,5

14,5+0,72

20,0+1,0

Initial pressure,
nominal, kg/cm?

1,03

Final pressure,
nominal, kg/cm?

6,0+7,0

6,0+7,0

6,0+7,0

6,0+7,0

6,0+7,0

6,0+8,0

6,0

6,0

Initial temperature
maximal, °C
minimal, °C

+35

+35

+35

+35
-5

+40
5

+40

+35

+35

Final temperature,
°C, not higher than
without final cool-
er

with final cooler

100
20° higher than the intake air temperature

Power consumed
by the compressor,
kW

25

31

37

47

5457

73

not more
than 90

not more
than 110

Specific
consumption,
m3/hour

power|
kW,

6,25

6,2

6,17

6,27

5,703

6,63

6,2

5,8

Power of the in-
stalled electric mo-
tor, KW (asynchro-
nous, three-phase,
explosionproof)

30

37

45

55

S550r 75

75

90

110

Oil consumed for
the air drainage,
g/m? of air, not

higher than

0,02

0,02

0,02

0,02

0,02

0,02

0,02

0,02
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Sound level at a
distance 89 89 89 89 90 93 93 93
1 m, dB, not high- 80 80 80 80 80 80 80 80
er than
7 m, dB, not high-
er than
Synchronous o5 o5 o5 25 (1500)
Speed, 25 (1500)[25 (1500)[25 (1500)(25 (1500) or 50
st (rev/min) (1500) | (1500) | (1500) (3000)
380/660 380/660
Supply voltage, V | 380/660 | 380/660 | 380/660 | aGo |380/660 | 380/660 | 380/660 or
660/1140 660/1140
Possible starter|
installation in the  + + + + + + + +
unit body
Starter type IIBI125 | IIBI125 |TIBIM125| TIBI125 | [IBI160 | [IBI160 | TIBI250 | TIBI250
Protection system I3 or Y3KB™ or microprocessor
Overall dimen-
sions 2200 2200 2200 2200 2800 2800 3140 3200
Without length| 1050 1050 1050 1050 1100 1150 1140 1140
width | 1500 1500 1500 1500 1400 1485 1600 1640
starter height
With inte-length| 2600 2600 2600 2600 3200 2800 3200 3200
grated start-width | 1050 1050 1050 1050 1100 1150 1140 1140
er height| 1500 1500 1500 1500 1400 1485 1600 1640
Weight, kg 1500 1500 1500 1500 3000 3000 2900 3000
Base of  the1250/600|1250/600|1250/600|1250/600|1650/600{1650/600| 1650/600 |1650/600
transport  trolley, (900) (900) (900) (900) (900) (900) (900) (900)
mm/rail, mm
Cleaning of the
intake air (effi-
ciency) + + + + + + + +
I variant - dry filter| (10 to 30|(10 to 30| (10 to 30|(10 to 30|(10 to 30(10 to 30| (10 to 30| (10 to 30
mg/m®) | mg/m®) | mg/m®) | mg/m®) | mg/m®) | mg/m®) | mg/m®) | mg/m?)
+ + + + + + + +
Il variant - com- (upto | (upto | (upto | (upto | (upto | (upto |(upto 100| (upto
bined (dry + oil 100 100 100 100 100 100 mg/m?) 100
inertial filters) mg/m®) | mg/m®) | mg/m®) | mg/m®) | mg/m®) | mg/m®) mg/mq)
Mobile, on wheels + + + + + + + +
Stationary + + + + + + + +

Note: * TII'3 - version with pneumohydraulic protection system;
** YV3KB - version with electrical protection system

The microprocessor control unit makes possible to control all compressor unit op-
erations. The controller is equipped with independent powerful memory, which can
store the compressor current settings and modes and operator’s actions for a long pe-

riod of time.
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Figure 4 — The compressor unit for drilling Figure 5 - Drilling machine CBIII- 250MHA-
machine 32KII with compressor unit BB-50/8Y2

The compressor unit BB-50/8Y2 is equipped with microprocessor control system,
high-voltage electric motor, compressor assembly, effective system of air and oil fil-
tration, system for effective vibration reduction, pre-heating device, system for un-
loaded starting and shutdown.

A block diagram of the unit with elements and components, which impact on the
compressor machine reliability, is shown in Fig. 6.

Electromotor <«

v
V-belt transmission

v Suction filter
Compressor assembly

v
Condensate drainage | Previous air cooler Fan with electric motor
v

Condensate drainage 1'_ Final air cooler «— Cooling system <

v
Moisture separator

L 2
Tubular electroheater Control system

v
Previous filter

v
Fine filter

T

Pressure, temperature,
humidity sensors

I
1
1
1
|
1
Controller !
1
1
1
1
1
1
1
I

Figure 6 - The hierarchical structure of the compressor machine

Calculations of reliability of compressor assemblies and compressor machine in
total are shown in Table 2. The obtained life per elements is from 2107 hours to
13,162 hours, which is much better than values specified in the Technical Specifica-
tion. Probability of the element failure-free operation ranges between 0.975 and
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0.9995. Probability of failure-free operation during the specified system life is
0.9434. Average operation period till some element failure ranges between 20 000
hours and 125 000 hours. Probability of the element failure-free operation ranges be-
tween 0.827 and 0.998.

Table 2 - Estimated reliability of the compressor elements

Ne Item Average inter- | Density of | Probability of | Intensity | The obtained
p/ val between probable | failure-free op- | of failure failure-free
p the failures, failure eration operation peri-
hours od

1 | Controller 39736 1,78-10° 0,827 2,03:10°

2 | Airsupply 85 969 9,2-.10°8 0,9975 9,22-10°8 9057
unit

3 | Previous air 50 000 5,27-10° 0,995 8,99-10°7 5288
cooler

4 | Condensate 30 000 2,2-10° 0,987 2,23-10° 3160
drainage

5 | Coarse filter 100 000 2,03-10°8 0,998 2,03-10°8 10 536

6 | Fine filter 100 000 2,03-108 0,998 2,03-108 10 536

7 | Electric heat- 25 000 4,04.10° 0,978 4,13-10° 2634
er

8 | Pressure sen- 125 000 8,7-108 0,9975 8,71-10°8 13 162
sor

9 | Temperature 20 000 8,9-107 0,96 8,94-107 2107
sensor

Fig. 7 shows guidelines for improving the compressor machine reliability, which
were realized in this research. Failures of some subsystems of the compressor park
are random variables. Causes of compressor failures due to the failure of individual
blocks were analyzed (Fig. 8).

Improve- New technolo- 20

ment of gies of opera-
design tion 15
10

Improvement of compressor
and assembly reliability

1 2 3 4 5 6 7

Optimization Rapid diagnosis Improvement of 1 - oil filter: 2 - thermometer: 3 - com-
of operation preventive ’ ’
modes maintenance pressor assembly; 4 - controller; 5 - elec-
tric motor; 6 - suction valve; 7 - tempera-
ture controller
Figure 8 - Histogram of relative frequency
of failure of the compressor assemblies
and parts in process of their operation in
the coal mines

Figure 7 — Guidelines for improving reliability of the
compressor machines
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Conclusions.

1. A new shaft screw compressor unit was designed. When the unit operates, air is
sucked through the air filter into the compressor, to where the cooled oil also flows from
the cooler. The oil is mixed with the air and forms an oil-air mixture, which is com-
pressed in the compressor to the set operating pressure and then enters the oil separator.
On two levels of the oil separator, the air is separated from the oil and then is supplied to
the customer through the minimal pressure valve and distribution valves on the dispens-
ing tube.

2. The Ukrainian coal producers have already implemented more than 1148 com-
pressor units YKI'II-7.5/7; YKIT'II 10/7; YKI'II-15/7 designed by NIKMAS Concern.
Their productivity is 7,5-15 m*min. The units are in operated since 2001. The shaft
compressor units YKI'II have higher level of fire safety than previously used units 11IB-
5. During the whole period of their operation, there was no fire, which, which usually
occurs with compressor units of other types.

3. Calculations of reliability of compressor blocks and compressor machine in total
are shown in Table 2. The element life is from 2107 hours to 13,162 hours, which is bet-
ter than values specified in the Technical Specification. Probability of the element fail-
ure-free operation ranges between 0.975 and 0.9995. Probability of failure-free operation
during the specified system life is 0.9434. Average operation period till any element
failure ranges between 20 000 hours and 125 000 hours. Probability of the element fail-
ure-free operation ranges between 0.827 and 0.998.

4. The key guidelines for improving the compressor reliability include: improvement
of design; new technologies of operation; optimization of operation modes; rapid diag-
nostic of technical state; improvement of preventive maintenance system.
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BYTUJIbHOI MPOMHUCIOBOCTI YKpaiHM BIOPOBAPKEHI ycTaHOBKM KommpecopHi maxTHi YKIHI, sxi
MaroTh OUTBII BHCOKUI PIBEHb MOXKEXKHOT 0€3MeKH, HI’K 3aCTOCOBYBaHI paHillle YCTaHOBKH. 3a 4ac
eKcIUTyaTalii He Oyno 3a(ikcoBaHO MKOJHOTO BHIAJKY 3aropsiHHs, L0 Malo Micle IpHu
eKCIUTyaTalii KOMIPECOPHUX YCTAaHOBOK IHIIMX THUIMIB. Po3pobiena xommpecopHa ycraHoBka BB
OCHAIIlEHa MIKpPOIPOIIECOPHOI0 CHUCTEMOIO YIPABIiHHS, BHCOKOBOJBTHUM E€JIEKTPOJBUTYHOM,
KOMIIPECOPHUM OJIOKOM, €(EeKTHBHOIO cHCTeMOI0 (uibTpamii MOBITPS 1 Macia, ePeKTHUBHOIO
CUCTEMOIO  3HWXKEHHsI  BIOpauii, MPUCTPOEM  NEPEANYCKOBOIO  MIAIrPiBY,  CHUCTEMOIO
PO3BaHTAXXYBAIBHOTO ITYCKY 1 3yMUHKU. BUKOHAaHO aHai3 MpUYKH BiIMOBU POOOTH KOMIIPECOPHUX
MalIMH Yepe3 HEeCIPaBHICTh OKpeMuX By3iiB. HaBeneHo po3paxyHKH MMOKa3HUKA HAJAIMHOCTI BY3IIiB
1 KOMIIpECOPHUX MamMH B IMioMy. OCHOBHHUMH HampsSMKaMH TMiIBUIICHHS HaJIHHOCTI
KOMIIPECOPHUX MAIlMH € YAOCKOHAJICHHS KOHCTPYKINi, BUKOPUCTAHHS HOBHX TEXHOJIOTIH
eKCIUTyaTallii, ONTUMI3allisl PeXUMIB POOOTH, BUKOPHCTAHHsS OIEPATHUBHOI JIarHOCTUKU CTaHY,
yaockoHasieHHs1 cuctemu [1I1P.

Kiro4uoBi cjioBa: KoMIpecopu, HOBI TEXHOJIOTIii, ITHEBMOEHEpris, MiJ3€MHI YMOBHU INIAXT,
HaIMHICTE 1 Oe3mexa.
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AnHoramusa. Co3aHa BHUHTOBas IIaxTHas kommpeccopHas ycraHoBka YKBII. Ha
MPEANPUATHSAX YTOJIBHOM HIPOMBIIUIEHHOCTH YKpauHbl BHEAPEHBl YCTAHOBKM KOMIIPECCOPHbBIE
maxtHele YKBIII, kotopsie mMeroT 0Oojee BBICOKHMH ypOBEHb IOXApPHOW O€301acCHOCTH, YeM
IpUMEHSEMbIE TPEX/E YCTAaHOBKU. 3a BpEMsl SKCIUTyaTallud HE ObUIO 3a()MKCUPOBAHO HU OJIHOTO
cllydasl 3aropaHusi, 4TO HMMEJI0 MECTO MpPH JKCIUTyaTallud KOMIIPECCOPHBIX YCTAHOBOK APYTUX
tunoB. PazpaboranHas koMmpeccopHas ycraHoBKa BB ocHamiena MUKpOIpOLIECCOPHON CHCTEMON
yIpaBIEHUS, BBICOKOBOJBTHBIM JJIEKTPOJIBUraTeNIeM, KOMIIPECCOPHBIM OJI0KOM, 3(h(eKTHBHOIM
cucreMod (WIbTpaLMU BO3AyXa W Macia, >(PQPEKTHBHOH CHUCTEeMOH CHW)XEHUs BHOpauuw,
YCTPOMCTBOM MPEANYCKOBOIO MOAOIPEBA, CUCTEMOI pa3rpy304HOro Imycka U OCTaHOBAa. BrinonHeH
aHaJN3 NMPUYHUH OTKa3a pabOThl KOMIPECCOPHBIX MAIIWH M3-32 HEHCIIPABHOCTU OTICIIBHBIX Y3JIOB.
[IpuBeneHbl pacyeTbl IMOKas3aTelis HAJACKHOCTH Y3J0B U KOMIIPECCOPHBIX MAalIMH B ILIEJIOM.
OCHOBHBIMU HANpPaBICHUSMHU IIOBBIIIEHUS HAJEKHOCTU KOMIIPECCOPHBIX MAIIUH SIBJISETCS
YCOBEpIICHCTBOBAHNWE KOHCTPYKIIMM, HCIOJIb30BAaHME HOBBIX TEXHOJOTMIl 3KCIUIyaTallH,
ONTUMH3AIMA PEKUMOB pabOThl, HCIOJB30BAHUE ONEPATUBHOW JAMArHOCTHKH COCTOSHHS,
ycoBepuieHcTBoBanue cucrtemsl [T1P.

KuroueBble cjioBa: KOMIIPECCOPHI, HOBbIE TEXHOJIOTUH, THEBMOAHEPIHS, TOA3EMHBIE YCIOBHS
[IaXT, HAJIEKHOCTh U 0€30MaCHOCTb.
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