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Abstrakt: Analysis of technical risk connected with operation of power units 
constitutes very important element of general assessment of operation quality. It 
takes into consideration and connects together economic aspects and unit 
operation safety. The SKOR computer software described below is provided for 
technical risk quantitative assessment created by power units elements. Results of 
calculations of damage probability of turbine caused by various damages 
scenarios are presented in the paper. The programme allows the risk assessment in 
off-line mode of specific power unit. It may constitute an essential help for 
inspection, control, planning, operation and repairs services. 
 
Keywords: risk, power unit 
 
Streszczenie: Analiza ryzyka technicznego związanego z eksploatacją bloków 
energetycznych stanowi ważny element ogólnej oceny jakości eksploatacji. 
Uwzględnia i łączy ze sobą aspekty ekonomiczne jak i bezpieczeństwo eksploatacji 
bloku. Opisany poniżej program komputerowy SKOR jest programem 
przeznaczonym do prowadzenia ilościowej oceny ryzyka technicznego stwarzanego 
przez elementy bloków energetycznych. W artykule zaprezentowano wyniki 
obliczeń prawdopodobieństwa uszkodzenia turbiny spowodowanych różnymi 
scenariuszami uszkodzeń. Program pozwala na ocenę ryzyka w trybie off-line 
konkretnego bloku energetycznego. Może stanowić istotną pomoc dla służb 
nadzoru, kontroli, planowania, eksploatacyji oraz remontów. 
 
Słowa kluczowe: ryzyko, blok energetyczny 
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1. Introduction 
 
Analysis of technical risk connected with operation of power units 
constitutes very important element of general assessment of operation 
quality. It takes into consideration and connects together both economic 
aspects and unit operation safety [1÷4]. This is, at the same time, very 
compound procedure and despite general formal principles of making this 
analysis, every specific object should be analysed separately. Descriptions 
of software that support risk assessment of objects and plants, including 
power units, are available in references [1,2]. The SKOR computer software 
described below is provided for technical risk quantitative assessment 
created by power units elements. Technical risk connected with operation of 
an element is understood as a sum of risks that correspond to various 
scenarios of damages of given element, i.e.:  
 


i

iRR  (1) 

 
For every scenario, the probability of its occurrence as well as the 
consequences are determined in terms of monetary units [5,6].  
 
2. Programme structure 
 
The developed SKOR software is composed of four basic components: 

 data base 
 computation modules,  
 graphic outputs,  
 user interface. 

The database of power unit components is the basic database. It contains 
data that characterize both design and operation of given component. These 
are, among others: 

 Geometric data including dimensions of element. 
 Material data that cover mainly mechanical properties of material, 

i.e. Young's modulus, Poisson's ratio, linear expansion coefficient, 
yield point, material tearing strength, material toughness, etc. 
Depending on an element, the material data include also 
characteristics that correspond to wear processes.  

 Operation data contain information on operation loads of elements. 
Thus, these are data related to pressure and temperature of working 
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medium, element temperature. In case of some elements, for 
instance, rotors and casings, these are data of maximum stress 
amplitude as shall appear in given element during working cycle, as 
well as value of stresses under creep conditions.  

 
Calculation modules are the next important structure element of SKOR 
software (Fig. 1). Their task is to execute calculations in accordance with 
developed algorithms.   
 

 
Fig. 1  Calculation modules of system 

 
 
3. Software operation descriptions 
 
The software version presented here is used for technical risk assessment 
that boilers turbines as well as generators could produce. Selection of one of 
the above mentioned systems is accomplished using the first information 
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panel of the software. After selection of the system, its diagram shall appear 
on the screen. This scheme fulfils not only information function but allows 
also interactive selecting the specific element. An exemplary diagram is 
shown in Fig. 2.  

 
 

Fig. 2  Turbine diagram in SKOR system 
 
Beside the diagram, the description shall also appear on the screen that 
contains the general system features. There is opportunity to select one of 44 
components of boiler and turbine systems.  
The below mentioned elements were distinguished in the turbine: HP rotor, 
IP rotor, LP rotor, HP flow system, IP flow system, LP flow system, HP 
inner casing, IP inner casing, LP inner casing, HP bearings, IP bearings, HP 
coupling, IP coupling, LP coupling, trip devices. 
After selection of specific component is completed, a window containing its 
name appears on the screen as well as diagram of main system including 
highlighted selected component.   
 
4. Example of risk analysis of turbine rotor 
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Below, technical risk analysis is presented connected with long-time 
operation of HP rotor of turbine accomplished by means of SKOR system 
(Fig. 3). Rotor damages scenarios were considered as follows: 

a)  material wear of rotor shaft that leads to rotor fracture. 
b)  excessive relative elongations that lead to chafing the rotor against 

stationary elements, that could produce permanent rotor damage.  
c)  other reasons causing incorrect rotor operation, for instance, 

excessive vibration. 
 

 
 

Fig. 3  Selection of turbine component 
 

The first scenario, i.e. "wear" could be accomplished using three ways [6,7]. 
The first way is directly connected with operation conditions that cause 
rapid growth of stresses causing immediate damage of the rotor. In elements 
free of cracks, as dangerous stresses the material strength Rm was assumed 
that allows defining the function that describe safety condition, i.e. so called 
"performance function" as:  
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max1  mRg  (2) 
                 
 
 
This probability of failure is determined by the following relationship: 
 

 011  gPPf  (3) 
       
The presence of flaws, cracks or discontinuities in a material may, in certain 
circumstances, lead to the damage of the component. Possible defects in the 
rotor may be of technological or operational origin. Considering the above 
scenario the performance function may be defined as: 
 

aMKg IC 2  (4) 
 
where: a – length of potential defect, KIC – crack resistance, M – the 
constant depending on defect location, σ - tensile stress. 
Probability of damage is determined by relation: 
 

 022  gPPf  (5) 
 
Ever stage of operation involves gradual deterioration of material and loss 
of rotor durability that yields in effect entire damage. During start-up the 
main process that causes life consumption of thick-walled elements of 
turbine is low-cycle fatigue. The level of this life consumption depends, first 
of all, on a method of start-up the turbine and heating the elements. Stresses 
and strains amplitudes that occur during these processes cause loss of 
durability. The number of failure load cycles Nf is established on the basis 
of material fatigue characteristics that could be described with relationship: 
 

 bf aN   (6) 
where: Δε – the scope of strain changes, a, b – constants. 
 
Under steady operation conditions, the durability of elements is limited with 
creep process. In the SKOR system, as damage criterion under creep the 
stress criterion has been assumed. Creep characteristic, i.e. relation of 
failure time under creep condition tf versus stress may assume the form as 
follows: 
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m

f kt   (7) 
 
where:   - stress under creep conditions, k, m – constants. 
The computed mean values of strain amplitudes during start-ups and mean 
values of stresses under creep condition, as well as estimated standard 
deviations of these values allow computing the admissible number of 
operation cycles and admissible operation time under creep conditions.  
Low-cycle fatigue life consumption caused by occurrence of strains Δεi 
equals: 
 

 bi
N a

Z



1  (8) 

 
Creep life consumption after 1 hour of operation equals: 

 

mt k
Z


1

  (9) 

In SKOR software, division of turbine operation cycles was assumed versus 
thermal state of elements during start-up. Start-ups under cold, warm and 
hot conditions were distinguished that were characterized with scopes of 
changes of strains, Δε1 , Δε2, Δε3, respectively. Total fatigue life 
consumption after time t, during which the turbine was started up N1 times 
under cold conditions, N2 under warm conditions as well as N3 times under 
hot conditions equals: 
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  (10) 

 
We may compute the creep life consumption after time t as:  
 

mt k
tZ


  (11) 

 
Mutual effect of fatigue and creep to life loss is determined on the basis of 
damage cumulative hypothesis. In SKOR system, the below specified non-
linear form of relationship describing the total life consumption was 
assumed: 
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tNtNtN ZZeZZZ ,  (12) 
 
where: ZN,t – total life consumption, ZN – fatigue life consumption, Zt – 
creep life consumption, e - constant 
Probability of failure of an element may be computed as: 
 

tNg ZZg ,3   (13) 
)0(

3
 gPPf  (14) 

 
where Zg is limiting life consumption value.  This is also random value and 
its uncertainty results from model uncertainty of damages accumulation. 
 
The above discussed calculation algorithm is executed in SKOR system 
after selecting the option "creep and fatigue" as well as entering the data of 
annual-average start-ups number under cold, warm and hot condition as well 
as average number of hours of operation during year. Failure expenses 
caused by these processes is also the input data. Selection of appropriate 
options causes computing the probability of failure or risk for all scenarios 
of rotor failure as well as presentation of this risk course versus time for 
preset operation period.  
 
The discussed scenarios of rotor failures, whose probability were computed 
above lead to the greatest consequences both financial and life and health 
hazards. One of the above mentioned scenarios lead to temporary switching 
off the turbine and generate significantly lesser losses. Probability of their 
occurrence is estimated on the basis of  Weibull distribution model 
developed for these scenarios. Distribution parameters are established on the 
basis of statistical data.  
 
Exemplary time graph of risk connected with separate scenarios as well as 
total risk for HP rotor of large-output turbine are shown in Fig. 4. 

 
Exemplary analysis of turbine risk presented above relates first of all the 
rotor damages. The risk connected with failures of other elements such as 
blades, bearings or couplings shall be computed after selection of these 
elements from the turbine main diagram. 
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Fig. 4 Analysis of total risk of HP rotor 
 
5. Summary  
 
The SKOR software is provided for PC computers and allows the risk 
estimation in offline mode of specific power unit. It may constitute the 
essential support for operation and repair services of power plant. 
Information gained by means of this programme allow: 

 performing assessment of technical risk level of power unit elements, 
 following the rate of alterations of risk level connected with operation, 
 identification of elements and sub-systems that create the highest risk 

level. 
 
The risk assessment performed allows expressing this risk in economic 
terms. Too high, unacceptable risk level created by the given element or a 
system requires that rational actions should be undertaken that decrease 
such risk. These are mostly any service activities, diagnostic examinations, 
repairs as well as optimizing the operation conditions [7,8]. 
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