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Vibration tests of marine gas turbine engines are performed as researches on-line 

and off-line types. Systems on-line type generally monitored one or two vibration 
symptoms, which asses the limited and/or the critical values of parameters and they 
potentially can warn and/or shutdown engines. Systems off-line types are usually used for 
vibration analyzing during non-steady state of work. The paper presents comparison of 
different methods of analyzing vibration symptoms measured under run-up and shut-down 
processes of marine gas turbine engines. Results of tests were received on gas turbine 
engine DR76 type of the COGAG type propulsion system. The engine was not fitted with 
vibration monitoring system. Main goal of researches was qualified of helpfulness and 
unequivocally results received by methods of synchronous measurement, order tracking and 
auto tracking. All vibration symptoms were chosen from the methodology of the diagnosing 
gas turbine engines operated in the Polish Navy, called BDS (Base Diagnosing System). 
Second purpose was estimation of the possibility of implementation presented methods of 
vibration analyses of gas turbine engines for on-line monitoring system.  

Dynamics, Gas Turbines, Rotor Vibration, Run–up process.  

 
Introduction 

 
Operation of naval ships propulsion systems is a complex task due to 

specific features of marine environment as well as demand of maintaining high 
level of serviceability and reliability of the ships. Application of periodical or on-
line diagnostic procedures makes it possible to operate ship propulsion systems in 
accordance with their current technical state. Especially, in the case when gas 
turbines engine maintenance schedule is a criteria for maintenance time 
determination. Though such exploitation strategy makes early scheduling of 
maintenance operations and their logistic assurance possible, but it simultaneously 
contributes to increase of costs because of its replacement system of elements 
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(technically often still serviceable ones) as well as it makes impossible to early 
detect primary symptoms of failures occurring before the end of maintenance time. 

Application of the vibration diagnosing makes managing the engine’s 
operation times much more rational, especially at its end and does not require 
taking the ships out of service. It is possible to divide vibrations measurements of 
marine gas turbine engines on:  
• off-line type (measurements made as a free run or synchronous sampling); 
• on-line type (real time monitoring). 

Both methods have their own advantages and disadvantages. Off-line type 
systems are usually offered as very simple analyzers – data collectors. Defined 
measuring path allows in a vessels power plant, with programmed setups of 
registration, use of average technical personnel, whose the main task is precision in 
measuring procedure. Analysis of measured data proceeds beyond the shipping 
power plant, on the properly equipped laboratory stand. There are not wide 
population of data collectors off-line types enable to analyze vibration in real time 
and sign the outrun of limited values of diagnosing symptoms. The main advantage 
of this kind of devices is the prize, but it is necessary to underline that data 
collectors are mainly useful only for assessing the vibro-activity of gas turbine 
engines. 

The vibration, diagnostics systems on-line types ensure permanent 
supervision of the technical state of gas turbine engines, including recording, 
analyzing, alarming and predicting. It allows to recognize primary symptoms of the 
permanent, technical state changing with possibility of the trend remarks. Vibration 
systems on-line types usually work as an element of the complex, multisymptoms, 
diagnosing system of vessels power plant.  

Diagnosing such machines like gas turbine engines depends on 
measurement and processing of vibration signals. It is an important fact that marine 
gas turbine engines do not work with a constant rotational speed of compressors 
and power turbines rotors. That is the reason to synchronize processing method 
with selected reference magnitude, that is rotational frequency of one of rotors [2, 
3]. It allows recognizing most of the typical multifunction of rotors systems. Basic, 
operational inefficiency of gas turbine engines include following question: 
• in result of damage or crushing of the compressors’ blade(s) or power turbines 

blade(s) – more rarely; 
• in result emerged unbalancing coming from the carbon deposit or the salinity; 
• in result of seizing of rotors sealing system and leaking the lubrication oil inside 

the rotor; 
• in result of aero-dynamical misalignment between gas generator and power 

turbine; 
• in result of thermal damages of combustion chambers – torsion vibration of the 

power turbine; 
• in result of damage auxiliary mechanisms of the engine. 

Some of inefficiency can be recognized in the vibration spectra as a change 
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of natural frequency of rotated elements of engine, so it is a reason to introduced 
the synchronous sampling under variable engine condition, e.g run-up or shut-
down processes. The occurrence of non-stationary effects, typical in the case of 
small unbalancing, can also be the result of progressive forming of damages, even 
though their intensity is slight in the early stages. Results presented in the paper 
compare different synchronous methods of vibrations analyzing and discuss on 
obtained results similar like the PLD method [7]. The presented method can be 
introduced to the gas turbine monitoring systems as an early predictive diagnostics 
tool of unbalance identification. 
 

Object of investigation 
 

Monitoring vibration signals coming from rotated machines is a common 
diagnostics procedure, well known all over the world [2, 5, 7]. Most of rotated 
machines like marine gas turbine engines are constructed as supercritical machines 
so analyzing of vibration parameters in the steady state are technically limited. 
Therefore it was decided to analyze rotors dynamics of marine gas turbine engines 
in non-steady states using off-line method. It was expected to take information on 
the following areas: rotor unbalancing, rotors misalignment, natural frequencies, 
critical speeds etc.  

 
 
Fig. 1. Longitudinal section of rotor system gas turbine engine DR76 type, where: 
1 – low pressure compressor (LPC), 2 – auxiliary drives, 3 – high pressure 
compressor (HPC), 4 – burning chambers, 5 –high pressure turbine (HPT), 6 – low 
pressure turbine (LPT), 7 – power turbine (PT) 
1 pav. Rotorinės sistemos dujų turbininio variklio DR76 tipo išilginis pjūvis, 
kuriame: 1 – mažo slėgio kompresorius (LPC), 2 – papildomos pavaros, 3 – 
didelio slėgio kompresorius (HPC), 4 – degimo kameros, 5 – didelio slėgio turbina 
(HPT), 6 – mažo slėgio turbina (LPT), 7 – galios turbina (PT)  
 
The object of researches was a marine gas turbine engine DR76 type 

mounted in the COGAG type propulsion plant of Polish Navy Tarantula class 
corvette. The scheme of longitudinal section of rotors system presents Figure 1. 
The investigation presented below covered analyzes of vibration velocity (order 
tracking) during run-up and shut-down processes in the turning of engine process. 
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Non – steady states vibration signals analyzing 

 
For realization of the first type of measurements the analyzer of Brüel & 

Kjær 3560B was used, while collecting and processing of measured data were 
made possible by using the program PULSE [8]. Two measuring transducers 
(accelerometers ICP type) were fixed to steel cantilevers located on the flange over 
the front strut of the LPC. The fixing cantilevers characterized of a natural 
vibration resonance frequency value different enough from harmonic frequencies 
due to rotation speed of the given rotors so it is an important of the recording 
procedure. The measurements were taken perpendicularly to the rotation axis of the 
rotors. Such choice was made on the basis of theoretical consideration of 
excitations due to unbalanced shaft rotation, and results of preliminary 
investigations of the object [2, 4, 7].  
 

Vibration analyzing of the run-up process 
 

First test was analyzing the run-up process in the turning of engine process, 
often called the cold start process. The cold start process is useful for vibration 
analyses due to the elimination disturbances from the combustion process. 
Characteristic of acceleration of the LPC rotor presents Figure 2. 

Synchronous signal was collected from the tachometer coupled with the 
auxiliary drive gear box where the transmission ratio average i=0,125, so the LPC 
rotor had 8 times higher rotational speed than presented in the Figure 2. The main 
goal of the synchronous analyzing vibration signals during the run-up process was 
the identification of dynamics disturbances. The influence of “other” signals is 
presented in the Figure 3. 
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Fig. 2. Rotors LPC rotational speed characteristics during run-up process 
2 pav. Rotorių LPC sukimosi greičio charakteristikos esant įsibėgėjimo procesams 
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The run-up process was started in point t = 7 second (see Figure 3) so all 
vibration signals recorded before start point contain “other” signals coming from 
dynamics of another rotated machines in the power plant, natural frequencies of 
engine or their combinations. It allows to identify main “other” signals like: f1 = 
305 Hz, f2 = 600 Hz, f3 = 1,6 kHz, f4 = 2 kHz which originate from the natural 
frequencies of the engine foundation. The most energetic signal in the domain of 
the velocity of vibration, recorded during rotors acceleration is the 1 harmonic. 
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Fig. 3. Synchronous spectra of the velocity of vibration during run-up process with 
using the band – pass filter of 0,1Hz – 3,2 kHz range 
3 pav. Sinchroninis vibracijos greičio spektras įsibėgėjimo procesų metu kai 
naudojamas juostinis 0,1Hz – 3,2 kHz dažnio praleidimo filtras 

 
The synchronous spectra recorded after t = 7 seconds confirms the 

difficulty of the unambiguous identification of the spectral components including I 
harmonic as well.  
 

Vibration analyzing of the shut-down process 
 

Next test, connected with analyzes of vibration parameters, was the shut-
down processes in the turning of engine process. The Order Tracking lies in the 
fact that tacho signal delivering the tracking reference must be selected from 
rotating shaft. Tacho, speed level and speed interval triggers are available when a. 
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Fig. 4. Autospectrum of velocity of vibration in the shut-down process with the 
use of order tracking procedure, in the domain of time function 
4 pav. Vibracijos greičio autospektras stabdymo procesų metu panaudojus būklės 
nustatymo procedūrą kaip laiko funkcijos išraiška 
 
Tachometer is inserted in a measurement setup. They can be used for 

triggering measurements and starting, updating and/or stopping storage of time 
signals and/or spectra to multi-buffers. Order analyzers can measure time (revs) 
signals, autospectra for signals and the cross-spectra of selected pairs of signals. 

The Figure 4 presents autospectrum of signal 3 of velocity of vibration 
with the use of Order Tracking procedure [8]. Changes of parameters are presented 
in the domain of time function – fig. 4. In contrary to run-up process the main 
vibration signal in the shut-down process of rotor is subharmonic (1/2 of harmonic) 
– presented as a 4 Order. Gradient slope of pressure characteristic of the lubrication 
oil in the radial bearing brought the upgrowth the misalignment between of HPC 
and LPC rotors (HPC shaft rotated inside the LPC shaft – see Figure 1) and typical 
in the technical diagnostics domination of subharmonic. 

Upgrowth of stiffness of bearing system confirm the “right-hand branches” 
of harmonics appeared from the time point equal 4 second from 4, 8 and 12 orders 
when the pressure of lubrication oil fall down.  

Analyses of gas turbine rotors dynamics in the non-steady states with the 
use of PULSE system should be made in both processes. The start-up process 
allows to recognize “other” signals but the identification of dynamics features is 
very difficult regard to the high rotors acceleration. Identification of dynamics 
features of rotors system is well recognized in deceleration as main orders 
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characteristics – Figure 5 and 6. Both characteristics confirm results of modes of 
the rotor system calculated with the use of FEM [6]. 

Analyze of the 1 harmonic (8 orders) enables to observe changes of 
dynamics features as a trends. Application of the domain of rotors rotational speed 
function is the most important thing in basic orders analyze during shut-down 
process. It allows to identify changes of natural frequencies without any 
disturbances signals coming from thermo- dynamics processes typical for “hot 
work” of gas turbine engine – Figure 5.  
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Fig. 5. Autospectrum of 8 orders (I harmonic) of velocity of vibration in the shut-
down process of LPC rotor stoppage 
5 pav. Vibracijos greičio 8 laipsnio (I harmonikos) autospektras išjungimo procesų 
metu stabdant LPC rotorių 

 
Analyzes of subharmonics signals are very useful as well. The 

autospectrum of 4 orders (subharmonic) of velocity of vibration in the shut-down 
process of LPC rotor shows individual features of analyzed rotor system. Increase 
of subharmonic value in the domain of rotors rotational speed is like fingerprints of 
rotor system. 

Every changes of technical state like changes of stiffness and damping, 
unbalancing or misalignment caused changes in the characteristic of subharmonic – 
Figure 6.  
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Conclusions 
 

The realization of the investigations with the use of Order Tracking 
procedure made reliable verification of the investigation results possible. The 
following detail conclusions were drawn for further diagnostic inference of 
compared method: 
• Both programs – start up and stoppage, have their own advantages and 

disadvantages but they can fulfill all technical requirements for diagnosing 
rotors systems of marine gas turbine engines. 
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Fig. 6. Autospectrum of 4 order (subharmonic) of velocity of vibration in the shut-
down process of LPC rotor stoppage 
6 pav. Vibracijos greičio 4 laipsnio (pusiau harmonikos) autospektras išjungimo 
procesų metu stabdant LPC rotorių 

 
• The synchronized measurement of vibration signals allows to recognize 

specified symptoms of resonance and changes of natural frequencies during 
processes of run-up and stoppage of rotor systems. 

• Application Order Tracking procedures for monitoring system of gas turbine 
engines enables recognize changes of technical state characteristic for modes 
changes. Identification of foundation stiffness changing or unbalancing coming 
from impurities of the rotor system implicates natural frequencies changing 
which are observed in Order Tracking waterfall charts.   
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Анджей Гжадзиела 

 
ПОДСОБИЯ ДЛЯ ДИАГНОСТИКИ РОТОРНЫХ СИСТЕМ В 

НЕСТАЦИОНАРНОМ СОСТОЯНИИ 
 

Аннотация 
 

Ученые выполняют прямого и автономного типа исследования 
вибрации судовых газотурбинных двигателей. Системы прямого типа обычно 
контролируют один или два симптомы вибрации, которые оценивают 
величины ограниченных и/или критических параметров и они потенциально 
могут предупредить оператора и/или выключить двигатели. Системы 
автономного типа чаще всего применяют для анализа вибраций при 
неустановившемся рабочем режиме. В исследованиях приведено сравнение 
различных методов применяемых для анализа симптомов вибрации, которые 
получены при прохождении процессов разгона и торможения судовых 
газотурбинных двигателей. Результаты исследования получены при 
испытании газотурбинного двигателя типа DR76 с системой движителя типа 
COGAG. Система контроля/мониторинга вибрации на двигателе не было 
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установлено. Главной целью исследования было подтверждение 
эффективности и несомненности результатов, которые были получены при 
помощи синхронных метолов измерения, т.е. путем их обнаружения 
нормативным путем и определением автоматически. Все симптомы вибрации 
были подобраны в соответствие с действующей на Польском Военно-
Морском Флоте методикой диагностирования газотурбинных двигателей, 
называемой BDS (Базовая Диагностическая Система). Другая цель 
исследования было оценить возможность применения представленных 
методов прямой, т.е. связанной с основным процессором, системе 
диагностики газотурбинных двигателей. 

Динамика, газовые турбины, вибрация ротора, процесс разгона. 
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NESTACIONARIOS BŪKLĖS ROTORINIŲ SISTEMŲ DIAGNOZAVIMO 
PRIEMONĖS  

 
Reziumė 

 
Mokslininkai atlieka tiesioginio ir autonominio tipo laivų dujų turbininių 

variklių vibracijos bandymus. Tiesioginio tipo sistemos paprastai kontroliuoja 
vieną arba du vibracijos simptomus (požymius), kurie įvertina apribotas ir/arba 
lemiamas parametrų reikšmes ir jos potencialiai gali įspėti operatorių ir/arba 
išjungti variklius. Autonominio tipo sistemos dažniausiai naudojamos vibracijos 
analizei esant nenusistovėjusiai darbo būklei. Tyrimuose pateikiamas skirtingų 
metodų naudojamų vibracijos simptomams analizuoti palyginimas, kurie išmatuoti 
vykstant laivų dujų turbininių variklių įsibėgėjimo ir stabdymo procesams. 
Bandymų rezultatai buvo gauti tiriant DR76 tipo dujų turbininį variklį su COGAG 
tipo stūmimo į priekį sistema. Vibracijos kontrolės/stebėjimo sistema variklyje 
nebuvo sumontuota. Pagrindinis tyrimų tikslas buvo patvirtinti naudingumą ir 
nedviprasmiškumą rezultatų, kurie buvo gauti panaudojant sinchroninio matavimo 
metodus, t.y. nustatant juos normatyviniu būdu ir aptinkant automatiškai. Visi 
vibracijos simptomai buvo parinkti pagal Lenkijos Kariniame Jūrų Laivyne 
galiojančią dujų turbininių variklių diagnostikos metodiką, vadinamą BDS (Bazinė 
Diagnostikos Sistema). Kitas tikslas buvo įvertinti galimybę panaudoti pateikiamus 
metodus tiesioginei, t.y. susijusiai su pagrindiniu procesoriumi, dujų turbininių 
variklių kontrolės sistemai. 

Dinamika, dujų turbinos, rotoriaus vibracija, įsibėgėjimo procesas. 


