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AGING AND LIFETIME MANAGEMENT OF SHIPBOARD
GAS TURBINE UNITS

B.O. 3omees. KepyBaHHsI pecypcoM CYAHOBHX ra3oTypoiHux arperatiB. PosriHyTo mpobnemu, siKi BiJHOCSTBCS IO OLIHKH Ha-
JIHHOCTI CYJHOBOTO ra30TypOiHOro arperaty eKCHepTHUMH METOJAMU Ta, SIK BHACIIIOK, 3HAXO/UKCHHIO CTYIICHI PU3HKY, IKHH CYIPOBOIKYE
IIO3BIJ CyHY Ha BUXiJ y peiic. KpiM TOro, 1151 IpOJOBKEHHS TEPMiHY CIIyKOM KOMIIOHEHTIB ra30BHX TypOiH OyiM 3ampOIOHOBaHI 3aXHMCHI
€pO3ULIITHOCTILKOTO OKPUTTS 1 AeMII()UPYIOIINE TOKPUTTS IS JIONIATOK ra30Bol TypOiHH.

Knrouosi cnosa: ra3oTypOiHHi arperar, eKCIepTHI METOIH OL[IHKH HaJiHHOCTI, TOJOBKEHHS PeCypcy, epo3iiHOCTIHKY Ta AeMIdyrodi
HOKPHTTS

V.0. Zotyeyev. Aging and lifetime management of shipboard gas turbine units. There the problems concerning
estimation of the reliability of the ship's gas turbine unit by expert methods, as well as finding the level of risk, which
accompanies the ship's permission to sail were considered in the work. In addition, to extend the timelife of gas turbine com-
ponents the protective erosion coatings and damping coatings for gas turbine blades were proposed.

Keywords: gas turbine units, expert methods to evaluate reliability, extended lifetime, erosion-resistant and damping coatings

Introduction. Safety of sailing is provided mainly by reliable operation of main propulsion sys-
tem. As shown by the practice of recent years, reliable operation of the ship propulsion system is par-
ticularly important for navy and passenger vessels. That is why usually two types of main engines are
used. Diesel and gas turbine unit (GTU) are installed to provide the ability of movement in case one of
the engines fails.

The main advantage of GTU is significant ratio “power to weight”. Modern gas turbine power
unit has to operate without failures for a long period of time (around 10 thousand running hours). In
particular, during sailing, the gas turbine power unit must guarantee the movement of the ship in any
circumstances and weather conditions.

At the moment, the questions to do a changeover to technical condition based repair (CBR) of
main power generation equipment including shipboard power unit are discussed. At this point, to op-
timize a turnaround period the methods, based on expert approach, are becoming widespread.

Expert method approach. The project data is used as an original material to perform expert
analysis of equipment reliability and the data, obtained from personnel repairing this equipment. The
following information is taken into account: conditions of operation, statistic data about failures and
defects of equipment, drawings and specification of equipment, system functions and possible types of
failures. It means that in real operation, as well as in terms of NPS, all solutions and facilities known
to the science to improve the safety of equipment are involved as much as possible. These conditions
force to go outside the framework of possibility methods and use additional tools to collect data and
take decisions.

We consider that in this situation the methods designed by L.A. Zade [1, 5], I. Mamdani [2, 4],
are more effective and reliable than others. Reliable operation of NPS power equipment has been ana-
lyzed by us using such methods [3].

The problems, related to the gas turbine power plant current reliability evaluation with expert
methods and consequently risk grade determination, following the ship’s permission to sail are consid-
ered in this work. Tasks, related to the reliability evaluation and a risk of incident coupled with it, are
typical prediction tasks. Condition prediction of a large system assumes presence of uncertainty in op-
eration of different subsystems. Selection of method to study such a kind of system comes to a point
which of modern apparatus will be accepted to uncover this uncertainty.
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We have considered the problems related to the gas turbine power plant current reliability evalua-
tion applying expert methods and risk grade determination following ship's permission to sail. In our
opinion, tasks linked to the reliability evaluation and risks of failure are typical tasks of forecasting [6].

Results of investigation. To perform the current reliability expert evaluation and malfunction
prediction, it is expedient to distinguish conditional subsystems that serve the system “compressor —
gas turbine — generator (main driven shaft)”of power unit.

Such subsystems at this point can be:
— subsystem of combined rotor dynamics (compressor — GTU — shaft);
— subsystem of the gas vortex flow that is affected by compression and expansion;
— subsystem of fuel treatment supply and ignition;
— subsystem of lubricating oil supply;
— subsystem of preparation and air supply into combustion chamber;
— subsystem of washing and purging of flow part;
— subsystem of GTU start from cold condition;

— subsystem of ignition suppression outside combustion chamber.

To perform a transition to the composition of fuzzy model of risk evaluation, four linguistic vari-
ables (LV) are used at the input and one LV at the output. To find the risk grade value, the data must

be entered into the input blocks and then be processed with FIS algorithm.
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Fig. 2. A fuzzy system scheme to evaluate risk grade of GTU failure before vessel giving permission to sail
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Fig. 1. General expert approach to evaluate risk grade of GTU failure
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Discussion. Taking a closer look on the influence of different subsystems of GTU that effect relia-
ble operation of the whole unit, we have distinguished a subsystem “condition of metal” as the most crit-
ical for the system operation. It is known that main parts of GTU, blades in particular, during operation
are subjected to high loads that significantly reduce their lifetime. Erosion wear and the loads creating
significant vibrations during a start of the unit are the causes of these damages. In our opinion, to reduce
the effect from this kind of loads it is expedient to use protective coatings. To increase resistance to ero-
sion damages, the coating, based on zirconium dioxide can be used. Author participated in work to study
crystal lattice dynamics of such compounds [7]. Obtained results allowed make a conclusion of high
thermo-physical properties of these solid solutions. In its turn, the application of protective Mn-Cu based
coatings will significantly reduce the damage developed during launching loads.

Conclusions.

Using expert methods reliable operation of GTU as a “large system” can be evaluated with suffi-
cient accuracy.

During operation the risk of GTU failure can be minimized when use protective coatings (erosion
resistant and damping) on the most critical parts of the unit — gas turbine blades.
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