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Summary:

The paper presents the research into the causes of increased
vibration levels on the diesel-electric generators at the Air Traffic
Control-Belgrade Airport. The types of diesel generating sets are of the
175 KVA No-Break type (no interruption in electricity supply). Diesel
generators serve as a backup power source (duplex system) in case of
interruption in the regular electricity supply from the city grid for the
systems and devices of the Air Traffic Control at Belgrade Airport. One
diesel generator is in continuous operation, while the second diesel
engine serves as a backup power system. The determined
vibrodiagnostic methods for evaluating the technical functioning of
diesel generators are an integral part of the documentation for the
maintenance and overhaul of the No-Break diesel-generating set.

Key words: diesel-generator sets, measurement and analysis of
vibrations, vibration levels, vibrodiagnostics, vibration parameters,
technical functioning of diesel generators .

Introduction

During operation of the diesel generating set type No-Break power
175 KVA, the Air Traffic Control at Belgrade airport there was a problem
of increased vibration levels at certain places aggregates. Diesel
generators function as a reserve power source.

The working principle of No-Break diesel generators is such as to
enable supply of all equipment and flight control systems without
interruption in the power supply in case of disruption in the normal power
supply from the city network.

465

Zegarac, N., Research into the causes of increased vibration levels on the diesel-electric generators set at the air traffic control- belgrade airport, pp. 465-482



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

This means that all customers are still supplied with electricity from
the generator diesel generating set, which is powered by an electric motor
which is in the generating system drive. Devices and flight control systems
must not remain any moment without power because in that case was
marred by a system of air traffic control and air navigation safety.

In the event of an interruption in the power supply from the mains
immediately starts using flywheel diesel generators, where there is
electromagnetic coupling. This part of the system is always in constant
rotation, along with an electric motor, an elastic tie rods and a generator
generating set. Only a system is shown in Figure 1.

The applied methods are vibrodiagnostics reviews roadworthiness
diesel generators set. Measurement and analysis of vibration on diesel-
electric generators is administered with other users on all civilian and
military airports in the territory of Serbia and Montenegro, and the diesel
engines used in special-purpose facilities.

Description of the plant and measuring point
on diesel-electric generating sets type no-break,
power 175 KVA

In Figure 1, shows a schematic plant and measuring points on diesel
generating sets type No-Break power 175 KVA (Zegarac, 1999),
(Zegarac, 2000). Arrangements of electric generators: diesel motor,
flywheel, electric motor and generator are mounted on a common frame
(chassis) of aggregates, which is located below 12 pieces vibroizolators
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Figure 1 — Generating assembly scheme and the measuring points on the No-Break
diesel-generating set
Puc. 1 — Cxema aneKTpoCTaHLUMM U pacronoXxeHne BMbpoaaTymMkoB Ha AN3enbHOM
. 9nektpocTaHuum Tuna No-Break, ¢ mowHocmsbtro 175 kBA
Slika 1 — Sema postrojenja i merna mesta na dizel-elektroagregatu tipa No-Break
shage 175 KVA
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Basic information about the diesel engine:

* Manufacturer MAN Germany, Niurnberg, 6-cylinder in-line, water-
cooled engine,

* Type D2156 MTL

* Br. 501935 drive | / O

* Year in 1974.

* Engine power 204 PS

* RPM 1500 (o / min)

Basic data on electric motor:

* Manufacturer AEG Germany

* Type A5 315 S4

* Number of el. Engine 30 073.01-1

* Power 160 KW

* RPM 1500 (o / min),

Basic information about the generator:

* Manufacturer AEG Germany

* Type DKBH 284/04

* Number generator 73-464067

« excitation current 50 V, 2.8 A

* Power 170 KVA,

* Nuber of revolutions 1500 / min

* Other features 3 ~, cos = 0.8, Y 400 V, 253 A

Research methodology

The studies were conducted at 2 diesel-electric generators of the
same type, the drive mode with electromotor- first case when there is
a regular supply from the city network and the second case, diesel-
powered engine when there is no regular supply of electricity from the
city network. Measurement results and analysis are presented
graphically and in tabular form. Applied Research Methodology is the
same on both diesel generating set.The study was conducted based
on the measurement of linear vibration: -bearings aggregates
measuring point 1 ....... 6 - dimensional places MM 7 and 9 (points on
the base of diesel generators), MM-dimensional areas 8 and 10 MM (
point on the upper side of the diesel engine). Research was
conducted in three phases: aggregate by an electric actuator,
measuring at working revs (1500 o / min), actuator aggregates using
diesel engines, measuring at working revs (1500 o / min) -monitoring
behavior first generator in during his STARTING, to achieve a working
speed in diesel engines.
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For testing we used the following measuring equipment: -multi
channel analyzer-Gen Rad 2512 Computer Aided Test System, the
American manufacturer General Dynamics Radio Spectrum, amplifier-
dimensional Danish manufacturer Briel & Kjeer, -triaxial accelerometer
(vibration sensor), Briel & Kjeer, -optical speed sensors German
manufacturer Hottinger Baldwin Messtechnick, -measuring amplifier for
speed sensors, the manufacturer TRCpro - Novi Sad,

For the analysis and evaluation of data at the point of measurement,
were used the following diagnostic methods: Analysis of RMS value (root
mean square) speeds in all three coordinate directions, X, y, z score
sheet on the basis that according to the recommendations of Standard
ISO 2372. Analysis of Crest -factor to assess the current state of the
bearing unit. Spectrum analysis and harmonic analysis with the aim of
diagnostics in low frequency domain. Analysis vibration rotor system in
the unsteady state (empty promises or stopping), the generating I, (Li¢en,
2003).

”Spin”- measurement of vibrations on the bearings was conducted
in the frequency range from 0 ....512 Hz. Measurement of vibration
during the start of the generating |, was carried out in the range of 0
......... 1000 Hz.

Measurement and analysis of vibrations to electricity
generators and the electric drive mode

The ways in which we can describe, and therefore vibrations and
assess their impact on the mechanical construction:

* In the time domain,

* In the frequency domain, the frequency spectrum,

« Statistical indicators (scalar quantities).

Only vibration in the time domain may be from the standpoint of
their, but other than that does not provide ” impalpable” visualization, any
other benefits. Therefore, the image vibration signal in the frequency
domain, through various forms of frequency spectra much more
comfortable.

RMS value is particularly interesting because it has a dimension of
energy and talks about the energy content of the signal. Therefore, most
of the standards that have allowed defined vibration levels linked to the
RMS value as authoritative for the quantification of the vibration
(Standard ISO 2370, Standard ISO 10816).

Recommendations for vibration in accordance with ISO 2372, ISO
10816, are given in Figure 2 and 3.
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Puc. 2 — PexomeHayeMble 3Ha4eHus1 BMbpauwii, cornacHo ctaHgaptam 1ISO 2372

Figure 2 — 1SO 2372 standard recommendations for vibrations

Slika 2 — Preporuke za vibracije po standardu ISO 2372

VIBRATION SEVERITY PER ISO 10816

Class Il

Machine

infs | mmls

Vibration Velocity Vrms

0.01{ 0.28

0.02| 0.45

0.03| 0.7

0.04| 1.12

Class |
small
machines

0.07| 1.80

0.11] 2.80

0.18] 4.50

0.28| 7.10

0.44| 11.2

0.70] 18.0

0.71{ 28.0

1.10[ 45.0

Puc. 3 — PekomeHayeMble 3Ha4YeHusi Bubpauumi, cornacHo ctaHgaptam 1ISO 10816

medium
machines

Class Il

large rigid
foundation

Class IV

large soft
foundation

Figure 3 —1SO 10816 standard recommendations for vibrations

Slika 3 — Preporuke za vibracije po standardu ISO 10816
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In the assessment of bearing condition, using a scalar indicator is
used the most so. CREST factor in the limited time block, defined as the
ratio of peak (Eng. Peak) value of the signal and its RMS value. The bed
is usually not present only one type of failure, but a combination of
several kinds of dismissal, as well as their number, the display is shown
in Figure 4.

T f Peak
'REST factor = ———
CREST factor 2MS
Pesk rrasts 3
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otkaza RMS rasts 3
nteanziviraniem
wroia atkaza
4 CREST lagtor —

e
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Figure 4 — Change of the CREST factor during the bearing life
Puc. 4 — NameHeHus amnnutygHoro cpaktopa paboyero noawumnHmka
Slika 4 — Promena CREST faktora u toku radnog veka leZaja

The results of vibration measurements on electric generating set |, in
an electric motor drive, are given in Table |, in a diesel engine facility in
Table .
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The first power unit: electromotor power

Table 1 — Measurement results for case 1: aggregate |, electromotor power
Tabnuya 1 — Pe3ynbTaTbl U3MepeHusi NepBOro aHanmanpyemoro criyyas: |
3MNeKTPOCTaHUMs C NPMBOAOM OT ANeKTpoABUraTens
Tabela 1 — Rezultati merenja za prvi analizirani slucaj: | agregat, pogon elektromotorom

VIERACIONO STAMNJE AGREGATA Tabela
F1e L O i . Pogan:
Daturn ispitivania ogirajenje; i
13.01.1999 god DIZELAGREGAT “SURGIN" glektromiotonom
Br. obrtaja: 1500
—_— ’:I- H-."-.
(Eay | Waa NS | poear | HARMONCH jas] [ STANJE |
E vrednost . I I / Vi o
8r braine[mmvs] | faktor | |50 2372
X 1588 11499
L 1 B 54 | 0.B18 DOZWO-
Fa 22 | 0475 - LJENOD
0.08 ) G
L2 i E 5,- B LMl
— — LIEMO
il ad
W 163 K
Vg 2 = Tors - DOZVO-
- T LJENO
x 157 | 0.068
L 4 ¥ 0.883 | 108 | OOZVO-
Fa KT 3.295 | 0.568 | | LIEND
X | 0447 | 438 | o7 |oarr | . =]
LS | ¥ | o358 | ze5 | 1307|4048 | - | - | i
g Z | 467 | as8 | 1508 |zee1 | - | - | LJENG
X | 0.414 350 | 0068 | o356 | - | T
LB v B.2T 451 | 328 | 299 | o | Dozvo-
i Z | 3089 | 431 | 2308 6783 | LIENO |

RMS level of speed shows that the behavior of aggregate to ISO 2372
guidelines for all beds aggregates within acceptable limits. Also, it can be
concluded on the basis of Crest factors, which lies in the range of 2 ... 4,
which is considered good for the behavior of the bearing Analysis Crest
factors do not suggest that either of the beds significantly damaged.

Harmonics analysis can be concluded that the energy contained
mainly in the first and the second harmonic (in the case of electric

drives), which leads to imbalance.

Semi harmonics higher harmonics are not present a measurable, so
that it can consider that the geometry (Alignment) system is relatively

good.

471

Zegarac, N., Research into the causes of increased vibration levels on the diesel-electric generators set at the air traffic control- belgrade airport, pp. 465482



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

Measurement and analysis of vibrations in the drive
mode diesel-generating set |

The first unit: Drive diesel engine

Table 2 — Measurement results for case 2: aggregate |, diesel engine power
Tabnuya 2 — Pe3ynbTaTbl U3MepeH1sl BTOPOro aHanm3vpyemoro crny4yas:
| aneKkTpocTaHumMs ¢ NPUBOAOM OT AN3ENbHOro ABuraTens
Tabela 2 — Rezultati merenja za drugi analizirani slu¢aj | agregat, pogon dizel motorom

VIBRACIONO STANJE AGREGATA Tabela |l
ey . 3 . Pogon: |
Datum ispitivanja Pastrojanja ] e -
13.01.199%9 god DIZELAGREGAT “SURCIN" Br. obriaja: 1500
@min
TE?,A J | Ukupna AMS | oo HARMONICI [mmvs] STANJE
VIEOn oot : I I i v W Wi pa
L Br brzinalmm/s] | faktor = 150 2372
X 2.88 3.32 068 120| 017 041 ] 018 ] 0.54 |
5 | W 3.28 2.40 102| 108) D23| 023| 028 042 | DOZVO-
[ 7 | 122 3.82 17| 030 | 004 0.L03| 064 | G014 | LIENOD
I % 2.1 184 | 0.78| 043 | 0.19| 0.08| 0.07 ]| 0.05
(5 P Iy 294 192 095 032 211 021 0.22| DOZVO-
Fi 1.55 210 | 031 062 | 0.18| 007 021 018 | LIENO
" 308 2 Ef 180 | 094 0.18| 0.16| 0.22| 0.15
L3 ] 356 3145 | 0439 | 085 | 0.32| 0.78| 0.34] 0.8 | DOZVO-
- an 1.43 076 | 1.85| 0.14] 007 0.15| 0.18| LJENO
X | 312 | 235 | 180 o088[ 017 047 0.21] 042
L4 W 421 3.50 D1z | 0.5 1.14| 1.84| 0.17| 058 DOZVO-
2 | 2m 208 | 087 0.60| 058 039] 017 00| LJENG
% 481 | 135 162 224| 025| 0.06] 037 027
LS ¥ | 566 | 253 | 1.00| 0.62] 1.46| 1.46| 043| 0.68| DOZVO-
a 4,41 3.25 107| 1.70| 053] 0.65| 0.33] 0.13 LJENO
| X | 482 | 213 | 1.80] 1.97] c20] 093] 047] 025
L8 Y 371 | 414 | 061| 0.71| 050 1.23| 0.28| 038 | DOZVO-
Z 444 | 254 | 210| 104| 011 ] O57] 0.19] 043 LJEND
X el - - - - S |
MMT ¥ 558 | 335 112 | 0.73 | 284 | 0.21 | 028 | 0.37 |
" : : : 1.90 = i -
MME ¥ | 606 | 428 | 072 | 1.96 | 1.97 | 0.60 | 0.63 | 3.18 | |
e v T, R, R 3 Tl
—5 ! e = : . |
L T I | 2 9.28 | - . - | .
2ol = 1 -

In the drive with a diesel engine, there is a strong increase in even
harmonics (ll, IV, VI), which is associated with the excitation of the
ignition stroke at 6-cylinder, four-stroke engine. Nevertheless vibration
levels lie relatively low, but some service or replacement parts on
aggregate at this stage is not necessary.
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It is obvious that when operating the generating set is in standby
drive with a diesel engine, vibratory situation differently, and that the
initiative even harmonics causes slightly increased vibration.

The analysis of radial deformation in the Y-Z level in all aggregate
bearings L1 ...... L6.

Due to the volume of research in this paper it is shown only for bed
L1 and L2, a general assessment of the technical condition of the entire
generating set and displayed through the final note.

Condition on the bearing L1: Energy radial movement of the first
bearing is the most concentrated within the first harmonic. The which phase
shift between the signals is close to the corner of 90 indicates the combination
of a mild imbalance and other disorders of the first order. There is an element
that was because of its location close to the fourth harmonic, and as such is
likely induced by diesel engines. The first two harmonics of vibration in the Y
direction are significantly higher than the corresponding ones of the Z-direction,
which is logical in view to the elasticity of the system is higher in the Y-
direction, which enables a large amplitude of vibration, the display on Figure 5.

Unakrsni spektar S.z(f) na lezaju 1

Y PRAVACXZ l"!if\\‘/‘f\ﬂ
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a \
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0.0 | | V.

0.0 LIN FREG (HZ) N 800.0
FREG (HZ): 26.00 AMPL: 0. 4352 PHASE: -81.33

Figure 5 — Syz(f) Cross spectrum on bearing L1
Puc. 5 — B3anmHbii cnektp Syz(f) Ha noawwmnHuke L1
Slika 5 — Unakrsni spektar Syz(f) na lezaju L1

Condition on the bearing L2: In the cross spectrum Syz, bearing L2
fall “in” eyes, frequency components around zero frequency (i.e DC
component). DC component is significantly more pronounced in the Y
direction than in the Z direction which indicates its origin: vibroizolators are
much ”“softer” in the Y direction than in the Z direction which creates a slow
pace so move. Swimming-rolling (rolling) system along the X-direction. This
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shift can be significant in relation to the vibration of the bed, but do not affect
its status (high DC component does not damage the bearing).

Other frequency components by an amount similar to the amplitude
condition as the previous bearing, the phase shift is slightly different, the
first radial harmonic vibrations in Y and Z direction are very close to the
stage, is associated with the excitation of the diesel engine, see Figure 6

Unakrsni spektar S,;(f) na lezaju 2
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T i e T T
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Figure 6 — Syz(f) Cross spectrum on bearing L2
Puc. 6 — BzaumHbii cnektp Syz(f) Ha nogwmnnHuke L2
Slika 6 — Unakrsni spektar Syz(f) na lezaju L2

Measurement and analysis of vibration during start-up
and operation of a diesel engine

In plants from the standpoint of the vibrating “passport” order to obtain
sheet were measured at the aggregate of vibrations in the STARTING-
powered diesel engine. The measurement was carried out by the analyzer
GenRad 2515 and SPIN software package. The method consists in the fact
that continually during STARTING (or stopping) measures the vibrations to
defend bearings, while the number of revolutions.

In addition, the program for a given speed change (for example, 20 r
/ min), shall record the vibrations of the same frequency spectra account.
, so-called ” look up ”.

These spectra are shown in three-dimensional form (spectral maps)
or in the form of Campbell's diagram. These presentations provide insight
into the forced frequency (rows) and their own interest-frequency system,
as well as the resonance phenomenon, or critical speeds, from “order
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tracking ” In addition, it is possible to follow the lines where it is possible
to identify the resonances that are excited harmonics.

The measurement was carried out on a bed L2 (Z and Y direction), as
well as on the bearing L5 (Y-direction). Only spectral maps, auto spectrum
for bed L2, LAS is given in Figure 7, but for bed L5, SYY in Figure 8 and
Campbell's diagram of the FFT, SYY, for bearings L2, in Figure 9.

m/s2**x2

0.0000

APS CH3 (VIBRAGCTJA 3) »
Window: Hann/Powr 11703/

GENERATOR SUK

Figure 7 — Spectral map, Szz autospectrum, bearing L2
Puc. 7 — CnekTpanbHas kapTta, Szz aBTO-CNeKTP, NOALINMHMK L2
Slika 7 — Spektralna mapa, autospektar Szz, lezaj L2

m/s2%%2
10.51 =
]
0.0000 1 — e
0.0000 FREQ HZ
APS CH1 (VIBRACIJA 1)

Window: Hann/Powr 11/09/98 00: 17: 38

GENERATOR SUKL

Figure 8 — Spectral map, Syy autospectrum, bearing L5
Puc. 8 — CnekTpanbHasi kapTa, Syy aBTO-CNeKTp, nogwunHuk L5
Slika 8 — Spektralna mapa, autospektar Syy, lezaj L5
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gog, " T Tt otppmt T T T 1800.
GENERATOR SUKL
LIN FFT CH2 (VIBRACIJA 2) P.A.P. = NO
= 4.00 m/s2 Threshold = 5.000 %

Figure 9 — Campbell diagram, FFT, Syy, bearing L2
Puc. 9 — Onarpamma Kamn6enna, FFT, Syy, nogwmnHuk L2
Slika 9 — Campbell-ov dijagram, FFT, Syy, lezaj L2

From the diagram it can be observed the following.
1. It can be seen several natural frequencies:

«from2 ...... 3 Hz, elastic suspension of the entire plant,
*ca..... 180 Hz, elasticity support structure,
*ca.... 500 Hz, elasticity support structure.

2. In the field of high frequency (over 500 Hz), you can not see any
component that initiated the wear of the bearing.

3. The spectral map to bed L2, it is clearly of one spectral component
of about 500 Hz, at a very low RPM, which is not relevant to the work unit.

Conclusion of the technical state of diesel generating set |

Based on tests conducted vibration state of the diesel engine, it can
be concluded the following: -state aggregates can be characterized as
GOOD, Vibration (although male) are characterized by: imbalance that is
virtually always present to some extent, secend and fourth harmonic,
during the operation of a diesel engine.
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The unit can be used in operational work. Given the long life is
necessary to the exploitation of aggregates every 12 months to exert
control technical condition of the unit.

Measurement and analysis of vibrations in regime drive
electric motor-generating set Il

After a certain time (every 12 months, so we specify measurement
intervals) was performed vibrodiagnostics and electromotor I, and to
determine the technical soundness and the need for repair of
aggregates.

The second unit: electric drive

Table 3 — Measurement results for case 2:
aggregate ll, electromotor power
Tabnuuya 3 — Pe3ynbTaTbl U3MepeHnsi BTOPOro aHanu3npyemoro criyyas:
Il anekTpocTaHuMsi ¢ NPMBOAOM OT ANEKTPOABUraTens
Tabela 3 — Rezultati merenja za drugi analizirani slu¢aj:
Il agregat, pogon elektromotorom

VIBRACIONO STANJE AGREGATA Tabela Il

T : = Pogon
alektromotorom
El.Agregat Mo-Brake, Il, SURCIN Br. ocbrtaja: 1500

Cia pitivania: | Pastrojenje

HARMONICI [mmis] [ STANJE
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The second unit: Drive diesel engine

Table 4 — Measurement results for case 2: aggregate Il, diesel engine power
Tabnuya 4 — Pe3ynbTaTbl U3MepeHUs BTOPOro aHanunampyemoro cnyyasi: Il
3MEeKTPOCTaHUMA C NPUBOAOM OT AM3eNbHOro ABuraTens
Tabela 4 — Rezultati merenja za drugii analizirani slu¢aj: |l agregat, pogon dizel motorom

|| VIBRACIONO STANJE AGREGATA Tabeia |

|I Datum ispitivanja: | Postrojenje: I Fogon:
dizel-motoram

| B.02.1999 god. ElLAgregat No-Brake, Il ,SURCIN Br. cbrtaja: 1500

| avrmiin |

STAMNJE

LEZay | Ukupna AMS | ~peor

wrednost Po
Br. brzine{mm/s] IS0 2372
x 7.91 | BTl
x :_? e TOLERA-
z ] MNTIC
%] E = |
L2 _'r'_ | =1 T-:,JI:—E_%-_
- z L
5 =
Ls [y [ Gaz| ai7] j Pl
z 7.72 3.0 i S
X ~ a.08 2.96
L4 ¥ 16.12 3.54 | NEDCE-
i 230 3.&3" - VOLJEND
* 8.36 268 = |
Ls [ ¥ 24,85 a7 | '],E‘:"'.?':
= 5.04 i 133 I VOLJENO
% 9.36 4.56 =
Le | 1B.41 1.72 \IE:"":(
| :: S I BEE VOLJEMO
» E = = >
MM Y 11,865 | a.89 3487 399 | 4571 Z08 ] = \cl:-FT_jE)jJ:D
i z 11.749 | 368 8800 744 | 1.967 | 0.163 | 0.998 |orag |
z ey A, ]
MME v - ! : - - g e NEDOZ-
Z 15.702 7 B2 G784 | 0306 | 1261 | 0355 [ozas | iaar] YOWENC
X - = | E T = [ e ] e
MM3 | ¥ [ Goags| ava 10.22 | 3.027 | 6.089 | 0.328 | 0.218 l 2616 | ”%tgggo
| Z 7.224 4.51 0.26 | 1.285 | 5.305 | 0.a74 | n 1 <
x - - £ AL - = I | = —
MM10 Y i = | NEDOZ-
! E = = = b ! VOLJENG
. 23.327 5,93 1324 | 1973 | 4738 | 0.409 | 0.470 | 2.616 8

On the basis of the examination of the vibrating sheet aggregates, it
can be concluded the following:

— general sheet aggregates can be characterized according to the
ISO standard as BAD,

— basic Cause of elevated levels of vibration should be sought on
the insufficient quality of elastic joints (rubber and metal parts should be
replaced immediately) and requires tration of the generating circuits,

— perform replacement friction linings electromagnetic couplings.

— perform replacement of roller bearings: the flywheel aggregates,

— electromotor and generator units.
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Conclusion: The unit is not suitable for further use.

After the overhaul of the generating set is again done the
measurement and analysis of vibration parameters. It was found
that at the right time repairs done, the values measured vibrations
were in accordance with the prescribed norms and standards for
vibration. The unit is put into operational work in air traffic control
system.

It was found that practically every other year should be made a
general overhaul of engines, if it is used in continuous operation. After
some time, it has been shown that it is not possible extended exploitation
resources of aggregates, although done very well maintain. We had at
the end of the case, in one of the aggregates that were changed all roller
bearings, couplings, friction linings, but could not reduce the excessive
level of vibrations. After many measurements were found to be worn
vibroizolatoras (combination of rubber elements and cylindrical springs in
a block) under the chassis on which aggregates are aggregates all the
circuits ......... 12 pieces.

Worn under the vibroizolators generator aggregates, where we are
always measured the highest levels of vibration during use of
aggregates.

Accelerated procedure should be accessible procurement of new
generating set.

Conclusion

The paper applied modern vibrodiagnostic methods of measurement
and analysis of vibration, in order to determine the technical correctness
of diesel generating set, which are of particular importance for the Safety
of Air Navigation in the Air Traffic control. Vibrodiagnostic methods for
the assessment of the technical safety can be applied in research on all
types of generating set: No-Break, Break-short (short interruptions in the
power supply), automatic diesel electric generators, mini-hydro power
plants in your system are part of the turbine, a variety of flexible
couplings, roller bearings, flywheel and generator. The system is similar
to a fed-No Break aggregate.

In this way it is done in a planned and preventive maintenance of the
generating set, to exclude possibility of occurrence of system failure.

Generating set type No break-in time when they were introduced in the
operational work, have proven to be very reliable systems. The main lack
was their, high consumption of electricity. Continuously rotating electromotor
which in turn drives a generator to which they are all consumers, and in the
case a regular supply of electricity from the city network.
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In the event of an interruption in the power supply from the city
network, system No-Break aggregate drives a diesel engine. If a longer
period of interruption in the normal power supply from the mains, diesel
engines consume a significant amount of fuel. What happened was that
interruptions last for 2 days. For such cases must be provided large
quantities of fuel. For these two No-Break aggregate in reserve is always
bilo10.000 liters of diesel fuel in the underground tanks.

In recent years, No-Break generators are replaced with new types of
diesel engines, although they still have many locations to use.

The new diesel generators automatically aggregates having a break
in the power supply and up to 20 seconds, but after that time included in
the system work. To do this would not have happened with diesel
engines in the system set UPS systems (uninterruptible power supply),
so there is no interruption in the electricity supply.

However, it turned out that these systems have certain
disadvantages. If used in conditions on the hills, the mountains where the
large atmospheric discharges, very quickly deplete the UPS system
modules, which are later very difficult to obtain, since the manufacturers
of these devices are changing very quickly and produce new types of
UPS systems. It is a very expensive component.

His lack did not have a No-Break sets.
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NCCJIEJOBAHUE MPUYMH MOBLILLEHOIO YPOBHA BI/IEPALI,I/II?IV
HA ON3ENBbHbIX 3JIEKTPOCTAHUNAX B ABUAOVNCTIETHEPCKOU
CNYXBE — ASPOMNOPT BENMPALA

Hukona I1. XXerapauy,
Cepbckas akagemus nsobpetatenei n yueHbix, benrpag, Pecny6nuka Cepbusi

OBJTACTb: MalLUMHOCTPOEHUNE, NEKTPOTEXHUKA

BWO CTATbW: opurmHanbHasa HayyHas ctaTbsl
A3bIK CTATbW: annuinckuia
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Pe3stome:

B pabome npedcmaerneHsbl uccriedosaHusi nMpuUYHUH Mo8bILEHHO20
ypoeHs1 subpayuli Ha OusesnibHbIX 351IeKmpocmaHyusix 8 Aguaducrnem-
yepckol cnyxbe — Asporiopm benepad. UccnedosaHbl du3eribHble
anekmpocmanHyuu muna No-Break (6ecriepeboliHast nodada anekmpo-
numaHxusi), MmowHocmbio 175 kBA.

HusensHble anekmpocmaHyuu Ucrosib3yrmcs 8 Kkayecmse pe-
3ep8HO20 UCMOYHUKa numarus (duplex sistem), e crnydyae nepebos
anekmpocHabxeHuss om eopodckux cemed, cucmeMm U yCrmaHOBOK
Aesuaducrniemyepckol ciyx6bl 8 Asporiopmy benzpad.

lpu amowm, odHa u3 Ou3esribHbIX 3feKmpocmaHyull pabomaem 8
becripepbisHoM pexume, a emopasi npedcmaesrisem cobol pe3epeHyro
cucmemy 3reKkmpocHabxeHusl.

Ymeepx0eHbl Memodbl OUEHKU eubpayuu, mexHUYecKoz2o Co-
cmosiHUs1 Ou3eribHOU 3rIeKmMpocmaHyuu, Komopble S68/I1I0mcsi HeOMb-
emnemol yacmeto O0KyMeHmauuu o codepxxaHuu u pemoHme No-Bre-
ak dusernbHbIX 3r1eKmpocmaHyud.

KntoueBble cnoBa: Ou3esibHble 3fieKmpocmaHuuu, UuaMepeHue U aHa-
nu3 subpayud, yposeHb gubpauyul, subpoduasHocmuka, napamempsi
gubpayuoHHOU XxapakmepucmuKu, mexHU4ecKkoe cocmosiHue Ou3erib-
HbIX 3r1ekmpocmaHyud.

ISTRAZIVANJE UZROKA POVISENIH NIVOA VIBRACIJA
NA DIZEL-ELEKTROAGREGATIMA U KONTROLI LETENJA
— AERODROM BEOGRAD

Nikola P. Zegarac
Srpska akademija izumitelja i naucnika, Beograd, Republika Srbija

OBLAST: masinstvo, elektrotehnika
VRSTA CLANKA: originalni nau¢ni Clanak
JEZIK CLANKA: engleski

Rezime

U radu su prikazana istraZivanja uzroka poviSenih nivoa vibracija
na dizel-elektroagregatima u Kontroli letenja-Aerodrom Beograd. Dizel-
elektroagregati su tipa No-Break (nema prekida u napajnaju elektric-
nom energijom), snage 175 KVA. Dizel agregati sluze kao rezervni iz-
vor napajanja (duplex sistem), u sluCaju prekida u redovnom napajanju
elektricnom energijom iz gradske mreze, sistema i uredaja Kontrole le-
tenja na Aerodromu Beograd. Jedan dizel agragat je u neprekidnom
radu, dok drugi dizel agregat sluzi kao rezervni sistem napajanja. Utvr-
dene su vibrodijagnosticke metode ocene tehnicke ispravnosti dizel
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agregata i one su sastavni deo dokumentacije za odrZzavanje i remont
No-Break dizel-elektroagregata.

Klju€ne reci: dizel-elektroagregati, merenje i analiza vibracija, nivoi vi-
bracija, vibrodijagnostika, vibracioni parametri, tehni¢ka ispravnost di-
zel agregata.
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