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Abstract:

The paper presents the research into the causes of increased
heating in bearings and troubleshooting further exploitation of a Short
Break diesel generating set with a power of 450 kVA at Belgrade Airport.
The diesel engine is a type of Short Break, which means that in the event
of an interruption in the electricity supply from the city network, there is a
certain interruption of about 40 seconds until diesel generators start to
supply electricity to the equipment and systems at Belgrade Airport. The
main function of the diesel engine is to serve as a backup source power
supply for devices and systems in case of limited visibility (lighting around
the runway and many other devices and systems).

Key words: diesel generating set, elevated warming in bearings,
measurement and analysis of vibration, vibration levels, vibrodiagnostics,
vibration parameters, technical correctness of diesel generators .

Introduction

The paper presents research into the causes of increased warming of
bearings as well as the solution for continuing the exploitation of a 450 kVA
Short Break diesel generating set at Belgrade Airport.
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This diesel engine is of a Short Break type, which means that in the
event of an interruption in the electricity supply from the mains, there is
some interruption of 40 seconds until powering devices and systems start
using diesel generators.

The main function of the diesel generator is to serve as a backup
power supply for devices and systems in conditions of limited visibility at
Belgrade Airport (lighting around the runway and many other devices and
systems), in order to increase air traffic safety.

Description of the unit and the measuring points
on the 450 kVA Short-Break diesel-electro
generating set

A Short-Break generating set is presented in Fig.1 (Technical
documentation for Short Break generating sets, 1974). The diesel generator
elements were mounted on a frame, i.e. a chassis of the electric generator:
a diesel engine and a flywheel connected with a diesel engine by means of
an MBM 500 electromagnetic coupling (see Fig. 2) of the German
manufacturer Stromag (Technical documentation for electromagnetic
couplings, Stromag, 1973), (Flender Betriebsanleitung BA 3100 DE 07.03
fur Hochealastiche Kupplung, Bocholt, Deutschland, 2003).

The generator and the electric motor are connected to the generator
flywheel with rubber flexible couplings, the German manufacturer Vulkan
(Technical documentation for flexible couplings, Vulkan, 1973).

The electromotor drives the generator through the belt transmission.
In case of deterioration of visibility conditions for aircraft landing at
Belgrade Airport, staff on duty put the power generator into operation,
even if there is no interruption in the electricity supply from the city power
grid. This is a security measure for safe air traffic.

The electric motor drives the generator and the generator flywheel.
Power devices and systems continue to be supplied from the city power
grid. In the event of power interruption from the city grid, the diesel engine
is immediately put into operation over an electromagnetic coupling and it
provides further functioning of the power set. In this case, all the devices
and systems are supplied with electricity from the generator unit.

The diesel generating set is from the German production company
MWM - Germany Motoren Werke Mannheim, (Technical documentation
for diesel engines, MWM, 1973).

During the work of the diesel engine, the problem of increased
warming of flywheel bearings occurred, endangering the further
exploitation of the generating sets.

Many of these phenomena can be detected with a vibrodiagnostic
analysis of the unit.
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Figure 1 — Schematic presentation of the unit and the measuring points on the 450 kVA
Short-Break diesel-electric generator
Puc. 1 — CxemMa aneKTpOoCTaHUUM 1 pacnosioXeHne n3aMepuTernbHbIX TOYEK Ha AN3eNTbHON
anekTpocTaHuum Tuna Short-Break, ¢ mowHocTbio 450 KBA
Slika 1 — Sema postrojenja i merna mesta na dizel-elektroagregatu tipa Short-Break,
snage 450 kVA
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Figure 2 — Electromagnetic coupling of the German manufacturer Stromag, MBM 500 type
Puc. 2 — QnekTpomarHuTHasi MydTa HemeLkoro npomssoautenst Stromag, MBM 500 type
Slika 2 — Elektromagnetna spojnica nemackog proizvodac¢a Stromag tip MBM 500
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Description of the measuring equipment,
measurement points and recorded values

This document is a detailed plan for vibrodiagnostic measurements
and a subsequent analysis. We performed the measurements in the
mode of the electric motor drive and in the diesel engine drive mode
(Zegarac, 2010).

The description of the measuring chain:

- dual channel portable vibration analyzer MOVIPACK, Premium,
French manufacturer, 01 dB (Figure 1),

- piezoelectric accelerometers with integrated electronics (ICP):
ASH201, French manufacturer ,01 dB, and SA6200, US manufacturer
Metrix,

- for recording generator speed: Movipack contactless integrated
laser speed sensor,

- for measuring bearing temperatures: Movipack integrated non-
contact laser pyrometer,

- for the post-processing of the results: Vibrograph Premium
software, French manufacturer 01 dB.

The vibrations were measured on all seven bearings in all three
coordinate directions. The vibration measurements included recording of
the following values:

1. First RMS value of vibration velocity expressed in mm / s. Taking
such defined summary vibrations is prescribed by reference standard
ISO 10816, which also prescribes the limits of permissible vibration levels
for a given machine (Li¢en, 2003). RMS- Root Mean Square - value.

2. Kurtosis second factor: the scalar factor that directly shows the
degree of damage to rolling bearings, defined in such a way that its value
does not depend on the speed and load of a machine.

3. Time display of vibrations (frequency range up to 10 kHz, 16,383
points).

4. Frequency display of vibrations (frequency domain to 1 kHz,
3,200 frequency lines) as follows:

- The FFT frequency spectrum with amplitudes expressed by the
RMS value of vibration velocity in mm / s.

- On the bearings, the cross-spectra of vibrations were recorded in
two orthogonal radial directions.

- In the adjoining bearings, the cross-spectra of axial vibrations were
recorded.

5. Measurement of the generator speed.

6. Temperature of the generator bearing housing.
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VIBRATION SEVERITY PER ISO 10816

Class |l
medium
machines

Class IV
large soft
foundation

Class Ill
large rigid
foundation

Class |
small
machines

Machine

infs | mm/s

0.01/ 0.28
0.02| 0.45
0.03/ 0.71
0.04| 1.12
0.07] 1.80
0.11] 2.80 satisfg
0.18] 4.50 :
0.28| 7.10 unsati
0.44| 11.2
0.70| 18.0
0.71| 28.0
1.10| 45.0

Figure 3 — Recommendations for vibrations according to ISO 10816
Puc. 3 — BubpaumoHHoe cocTosiHMe cornacHo ctaHgapty ISO 10816
Slika 3 — Preporuke za vibracije po standardu ISO 10816

Vibration Velocity Vrms

Results of the measurements
and their analysis

Figures 1-4 give the graphical presentations of the frequency
spectra of the recorded vibrations as well as their analysis in the
directions x, y and z, for the L1 bearing- electromagnetic coupling, for the
L2 bearing — the flywheel side to the diesel engine, for the L3- bearing
the flywheel side to the generator.

Because of this work extensiveness, the otherv results of the
vibration measurements will be displayed only in tables (Zegarac, 2010).
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Figure 4 — Frequency spectrum of the recorded vibrations and their analysis
for the L1 bearing
Puc. 4 — CnekTp 3aMepeHHbIX BUbpaumii n aHanva sBubpauuin nogwmnHuka L1
Slika 4 — Frekventni spektar snimljenih vibracija i njihova analiza za lezaj L1
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Figure 5 — Frequency spectrum of the recorded vibrations and their analysis
for the L2 bearing
Puc. 5 — CnekTp 3aMepeHHbIx BUOpaLMin 1 aHanu3 Bubpauuii nogwmnHuka L2
Slika 5 — Frekventni spektar snimljenih vibracija i njihova analiza za lezaj L2
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Figure 6 — Frequency spectrum of the recorded vibrations and their analysis
of the L3 bearing
Puc. 6 — CnekTp 3aMepeHHbIX BUOpaLmin 1 aHanu3 Bubpauumii nogwmnHuka L3
Slika 6 — Frekventni spektar snimljenih vibracija i njihova analiza za lezaj L3
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Table 1 presents the results of the measurements of the vibration
scalar values:

Tabela 1 — Results of the measurements of the scalar values of vibrations
Tabnuya 1 — Pe3ynbTaTbl U3MEPEHUiA CKansipHbIX BENUYNH BUGpaLmm
Tabela 1 — Prikazi rezultata merenja skalarnih veli€ina vibracija

Horizontal x Vertical y Axial z Assessment|Bearing condition| Temperature
RMS | Kurt | RMS | Kurt | RMS | Kurt by ISO °C
mm/s mm/s mm/s 10816

L1]| 234 | 296 | 3.84 | 2.94| 2.22 | 3.19 | Acceptable Satisfactory 56

L2| 0.743 | 3.11 | 1.02 | 3.21|0.772 | 3.08 Good Satisfactory 79

L3 | 0.996 | 2.98|0.974| 3.36 | 0.782 | 7.57 Good Satisfactory 76

L4 | 0.659 | 3.03|0.688|3.11| 1.3 | 3.05 Good Satisfactory -

L5| 0.709 | 344 | 2.3 | 2.85| 1.85 | 2.96 Good Satisfactory -

L6 | 1.58 | 3.17 | 2.83 | 2.88| 3.53 | 4.09 | Acceptable Satisfactory -

L7 | 1.51 | 3.11| 2.08 | 3.04 | 4.73 | 3.56 | Acceptable Satisfactory -

According to ISO standard 10816-3, the test of this machine belongs to
class 4, with the following levels and areas of tolerance limits of vibrations:

<2.8 mm/s — GOOD

<7.1 mm /s — acceptable

<18 mm /s — ONLY ACCEPTABLE

>18 mm / s — unauthorized

In the same way, the measurements were performed in the mode of
the diesel engine drive.

Conclusion

Based on the summary levels of vibrations in accordance with 1ISO
standard 10816, the condition of this machine can be assessed as
satisfactory.

The vibrations on the bearings in the diesel engine drive mode did
not significantly change. However, the temperature of the L2 bearing on
the flywheel on the diesel engine side significantly increased to 96 °C
and the L3 bearing had a temperature of 80 °C, which was a sign that the
problem was in the generator flywheel bearings.

The permissible L2 bearing temperature, according to the technical
documentation for the generator in the diesel engine drive mode, is 85 °
C (Technical documentation for Short Break generating sets, German
company MWM, 1974).
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Troubleshooting further operation
of diesel-generator sets

It was concluded that the further exploitation of the generating set
would be very risky. It was obvious that the main problem was in the
bearings of the generating set flywheel. The next step was to open both
flywheel bearing housings to visually inspect the bearings. It was noticed
that both bearings had changed their colour. The outer and inner rings of
both bearings had changed their colour into dark or black, as a result of
bearing elevated temperatures. These bearings are self aligning
(Germany Pendelrollenlager), spherical rollers, in double rows, with a
brass cage for better heat dissipation (Hauptkatalog SKF Gruppe-
Pendelrolenlager, pp.695-777, Sweeden, 2007).

Heat effects and color changes were more pronounced in the bearing
on the side of the diesel engine, because it suffers greater impact dynamic
loading when the diesel engine is switched into operation.

The user of the generating set had already thought of disassembling
the elements, the electromagnetic coupling and the generator flywheel
and of replacing the bearings in the coupling as well as the bearings on
the flywheel and of replacing the flexible coupling (rubber elements)
between the flywheel and the generator of the generating set, since it
had not been done since 1974, when the unit was put into operation.

However, the main problem was related to the dismantling of the
generating set elements. The problem was the height of the aggregate
hall, which was only 2.9 meters. The hall was not equipped with a crane
hoist. The user was trying to devise a system of lifting the elements using
some scaffolding which were very heavy and could not be entered into
the aggregate hall through the front door.

To solve the problem, the author of this paper came up with the idea
to construct scaffolding for dismantling assemblies.

The system for dismantling the parts of generators is shown in
Figure 7 (Zegarac, 2009).

The system consisted of a handheld device for lifting that is set in
place, position (1) in the figure, and three-pronged scaffolding.

Each leg of the scaffolding consisted of two pipes, position (3), that
could be pulled in and pulled out, (telescopic system) thus providing the
required height for lifting assemblies. At the top of the scaffolding, the
telescopic tubes were fastened to the star element, position (4).

After the determination of the required height for lifting assemblies,
the pipes were fixed with cross pins, position (2). In order to avoid
slipping of the pipes on the concrete floor, holes were drilled in the floor
of the aggregate hall and equipped with metal profiles, position (5), & 10
mm in diameter. One part of the metal profile enters the concrete floor
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and the other part goes into the metal pipe. In this way, the pipes were
prevented from slipping on the concrete floor during lifting.

The assemblies were lifted using a hoist tied to a metal ring on the
top of the scaffolding where three pipes were connected. The mass of
the generator flywheel is 900 kg.

When the generator flywheel was lifted to a certain height, it was
rotated for 90° and lowered onto the unit chassis. After that, the
electromagnetic coupling, weighing 600 kg, was dismantled.

Both bearings on the flywheel were replaced as well as the bearings
in the electromagnetic coupling.

Slight traces of wear and tear were noticed on the internal and
external rings of both bearings.

The thermal effect of overheating was very pronounced. The good
thing was that the cages were made of brass, so they had better
properties of heat dissipation and cooling. If the cages had been made of
steel, accidents cannot have been avoided.

We had such an experience with the aggregate at Airport Tivat in
Montenegro (Zegarac, Licen, Zuber, 2000).

Figure 7 — The system for dismantling the power unit assembly
Puc. 7 — N3o6paxeHne cuctembl Ans pasbopku ysna arperata
Slika 7 — Prikaz sistema za demontazu sklopova agregata
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What was a problem with these bearings?

Flywheel bearings are lubricated with grease of certain gradation.
On bearing housings, there is a system to extract excess grease by
pistons and rods built in bearing housings. It often happens that the staff
in charge, as soon as they hear some sound in the bearing, immediately
lubricate it. They do not have enough knowledge in this field. It is
important to know that, if a bearing is soaked in grease, it warms up, and,
if there is not enough grease, friction occurs.

Different types of bearing grease were used, of various basic types
and gradations. When the bearing is lubricated with some other grease
type, chemical disintegration occurs and the lubricant properties are lost.
Users need to know that oils and grease from different manufacturers
should never be mixed, even when they have the same gradation. Each
manufacturer of oil and grease adds its own additives that are different
from those of other manufacturers.

The generator was moved back so that the rubber flexible coupling,
Vulkan type, could be replaced. The flexible coupling consists of two
plate-shape parts.

This flexible coupling had never been changed. It is known that
rubber products are subject to aging and should be changed every 4
years, which was not the case here.

After the replacement, the elements were assembled and centered.
The aggregate was again put into operation and tested in the electric motor
drive mode and the diesel engine drive mode at maximum power. Vibrations
and bearing temperatures were measured in the same places. The
vibrations of the system were considerably lower than before replacing the
bearings and other parts of the aggregate. The temperature of the bearing
on the generator flywheel on the side to the diesel engine was 85°C, and
that of the flywheel bearing on the generator side was 76° C. The values of
vibration and temperature parameters matched the performance standards
prescribed by the generator technical documentation.

In this way, the problem of research into the causes of elevated
temperatures of generator bearings was successfully solved as well as the
problem of further exploitation of the generator (Zegarac, LiCen, Zuber, 1999).

Conclusion

This paper presents a very useful example of research into the
causes of increased warming of bearings and of the troubleshooting for
further exploitation of the diesel generating set of Short-Break type at
Belgrade Airport. Modern vibrodiagnostic methods were used for
determining the technical condition of the unit.
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A very interesting system for lifting and dismantling generator
elements was designed. It is a portable system that is assembled in an
aggregate hall on site.

The main characteristic of this easily-usable system is a possibility of
adjusting the height of lifting and dismantling parts of generators.
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NCCIEQOBAHWE MPUYH NEPEIPEBA NMOAWWMNHNKOB
N PELWEHWE NMPOBJEMbI JANTBHEWLIEWN SKCITYATALNA
ON3ENBHOW SNETPOCTAHLNU TUTMA SHORT BREAK
MOLLHOCTBIO 450 kBA B I'T1 ASPOIMOPT BENMPAL

Hukona 1. XXerapauy,
Cepbckas akagemus nobpetatenen n ydeHblx, benrpaa, Pecnybnvka Cepbus

OBJNACTb: MalLUMHOCTPOEHUNE, NEKTPOTEXHUKA
BWO CTATbW: opurmHanbHasa HayyHas ctatbs
A3bIK CTATbW: aHrnumnckmn

Pe3some:

B daHHoU pabome npedcmasrneHsbl uccriedo8aHus NpuUYUH nepe-
epeesa MnodWUNHUKO8 U pelweHue rpobriemsi danbHelwel 3Kcrniyama-
yuu duzenbHol anekmpocmaHuyuu muna Short Break mowHocmbro
450 kBA e 'T1 Asporiopm Bernepad.
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HusenbHas anekmpocmaHyusi muna Short Break e criydae nepe-
605 anekmpocHabxeHuUs1 om 20podckux cemeli ocmaHemcs 6e3 numa-
Husi 8 meyveHue 40 cekyHO, roka cucmeMHble ycmaHo8Kku Aaporiopma
Benepad He HaYyHym 3apsikambCsi C MOMOWbIO QU3€eslb-2eHEPamopos.

Lu3senb-zeHepamop s85151emcsi pe3ep8HbIM UCMOYHUKOM 371eK-
mponumaxus ycmpolicme u cucmem 8 ycriogusix ogpaHu4eHHou 8udu-
mocmu (oceeuwieHue 831€MHO-N0cadoyHOU Nonockl, PynéExHol Aopox-
Ku u np.).

KntoueBble crioBa: Qu3esibHbIe 3rieKmpocmaHyuu, rnepespes noowiur-
HUKO8, U3MepeHuUe U aHanus subpauul, ypoeeHb subpayutli, subpodu-
asHocmuka, eubpaluoHHbIe fapamempsbl, MEXHUYECKOe COCMOsHUEe
Ou3sernbHbIX 3rIeKmpocmaHyul.

ISTRAZIVANJE UZROKA POVISENOG ZAGREVANJA LEZAJEVA
| RESAVANJE PROBLEMA DALJE EKSPLOATACIJE
DIZEL-ELEKTROAGREGATA TIPA SHORT BREAK,

SNAGE 450 kVA, U JP AERODROM BEOGRAD

Nikola P. Zegarac
Srpska akademija izumitelja i nau¢nika, Beograd, Republika Srbija

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

Rezime

U radu su prikazana istraZivanja uzroka povisenog zagrevanja le-
Zajeva i reSavanje problema dalje eksploatacije dizel-elektroagregata
tipa Short Break, snage 450 kVA, u JP Aerodrom Beograd.

Dizel-agregat je tipa Short Break, koji u slu¢aju prekida u napaja-
nju elektricnom energijom iz gradske mrezZe, nakon oko 40 sekundi,
pocinje da napaja uredaje i sisteme na Aerodromu Beograd.

Osnovna funkcija dizel-agregata jeste da sluzi kao rezervni izvor
napajanja uredaja i sistema u uslovima ograni¢ene vidljivosti (rasveta
oko piste i mnogi drugi uredaji i sistemi).

Kljuéne redi: dizel-elektroagregat, poviSeno zagrevanje leZajeva,
merenje i analiza vibracija, nivoi vibracija, vibrodijagnostika, vibracioni
parametri, tehni¢ka ispravnost dizel-agregata.
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