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ANALYSIS OF THE OPTIMIZATION MODEL OF TECHNICAL 

DIAGNOSTIC PROCEDURE OF HYDRO POWER PLANT 

Dragan Nikolic1, Nenad Janic2, Goran Radoicic3, Branko Savic4 

Abstract: The aim of mathematical model is to choosediagnostical parameters which condition knowledge of 

allowed level of reliability and determined analitic expression which corresponds to precisely described 

condition of hidroelcktric power plant components complex. Model of tehnical diagnostic procedures 

optimization is a specific approach to the problematics of preventive maintaining according to condition, and it is 

relatel to the conception of condition parameters change which represent abase for optimal solution for 

procedures of tehnical diagnostic of power plant components it also makes direct relations between the law of 

condition parameter change and reliability of the observed power plant components complex.  

Key words: model, optimization, tehnical diagnostic, mechanic oscilation, temperature, worn out of bearings,   

components, parameters, co-rellations. 

1. INTRODUCTION 

 

The forming of universal model of optimization of procedures of tehnical diagnostic of composing 

components of power plants included the most significaht parameters of theoretic and experimental 

analysis. The starting during the analyzing of parameters optimization was the total of noted failures of 

composing components. By analyzing the model we show up to which border values of universal 

equation in cases with or without applying parameters of power plant technical diagnostic procedures 

optimization. Also, to construct the curve whose values are presentedin the co-rellation dependance 

diagram: mechanic oscilation and temperature, mechanic oscilation and bearings  worn out and 

temperature and bearings worn out. 

2. MODELS AND PROBLEMS POWER PLANT TEHNICAL DIAGNOSTIC 

PROCEDURES OPTIMIZATION 

 

 The optimization of tehnical diagnostic procedures is defined by the strategy of the process of 

finding out the power plant components condition and its division among complex components. It 

demands balancion among long term aims non-precision of available data on power plant composing 

components performances. 

 

 The metodology of optimization, of technical diagnostic procedures is presented by the 

algorithm and condition of work analysis at determining the safety of power plant composing 

components functioning. For determining the optimal safety reliability of composing components 

performing on the basis of noted failuves was taken: the number of failuves (h) of power plant 

composing components on the basis of the begining condition level and analysis of exploiting 

conditions of power plant composing components performing. 

 

 The model describes technical procedures optimization problems which is analytic or numeric 

interpretation of specific values during describing and functioning of power plant components 

performing. It also presents idealised picture of reality and parameters which influence solving 

specific actions and problems of power plant composing components performing. 

 
1PhD, Faculty of Applied Sciences in Niš 

2PhD, The Higher Education Technical School of Professional Studies in Novi Sad, Novi Sad, Serbia, Školska 1, email: 

janjic@vtsns.edu.rs 

3PhD, Faculty of Applied Sciences in Niš 

4PhD, The Higher Education Technical School of Professional Studies in Novi Sad, Novi Sad, Serbia, Školska 1, email: 

savic@vtsns.edu.rs 

mailto:krunic@vtsns.edu.rs
mailto:krunic@vtsns.edu.rs


 

416 

 

Kopaonik, Serbia, 03. – 07.2.2025. 

 

 

The model determins the connection of the periodicability of parameters condition control, and 

with it sucessfully is applied the  analysis of technical diagnostic procedures optimization in providing 

of desired level of reliability and fullfilment of specific performing conditions. With it is also 

determined portative function of incoming parameters of failuve according to out going function 

which includes the analysis of the model on the basis of resulting spacial curves. 
 

The procedures and places of measurements of composing components of HE "Vrla - 3" and 

Đerdap II are presented aiming to determine general condition of power plant composing components, 

to determine its behaviour and develop a plan of preventive measures with suprising components 

failuves [2]. The merasures of mechanical oscilation on turbine shaft, the measures of bearings 

temperature and observed worn out of bearings were taken during their life time aiming their 

reliability. 
 

Examining the unincited generator when idle we chech unbalance of a rotary. The shaft rotation 

speed usually changes in this way: 60, 80, 100, 115 and 130% from nominal. In case of bad rotary 

balance the amplitude of oscilation changes with the frequencu square   tffA 2  of rotation. The 

examination with speeds less than 50% than  normal  is not  recommended   because  of   worse   

conditions  for  lubrication  of bearings and   danger  of  bearings  surfaces  damaging.  Based on 

certain reliability values          ppppp tNtNtNtNtN 64987 ,,,, change values can be determined  

     
pppp tNtNtN

p 29871   [2]. 

 

Based on all determined parameters we get extreme values of universal equtation of optimization 

with using mechanical oscilation parameters on chosen measuring places of power plant complexcs. 

Also, based on shown and calculated values, we graphically get dependence 

            
sroptiiiti tAttNztPftS

,min,max,
  which at the same time connect parameters of 

reliability optimization       iiti tNztP  ,  and mechanical oscilation     tAt ii ,  [2]. 
 

Based on exploiting data of determined bearings working temperatures values, an interval of 

statistic assembly  CTC i  7168  and certain showings of exploiting devision. There are 

determined regions of safe optimal work and bearings risk, too. Based on these regions extreme values 

of bearings working temperatures are determinated (
optpsrppmip TTTT ,,, max

), [2]. 
 

The resulting model included the most inportant parameters of connectivity of dependance 

expression            tAttNztPftS iiiti ,,    working temperature miT  and clearance values z . 

These values will determine correlations which are defined in the methodology of optimization of 

power plant technical diagnostic procedures, [2]. 
 

The model included the sub model analysis 1,2 and 3 including co related dependence changes 
1   

i  
2  in take on oscilation and frequency amplitude values, extreme values of universal equation are 

determined        optsr tStStStS  ,,, minmax
, without applying technical diagnostic optimization 

procedures parameters and with applying these parameters as well 

       optpsrppp tStStStS  ,,, minmax
[2]. 

 

The optimal model analysis includes methodology with help of block diagram in determining the 

safety of integral components functioning of analysed power plants complexes. The methodology 

included monitoring system constuction optimization and algorithm for constructing the model for 

diagnostic parameters determing  (table 1.) [2]. The components are arranged by complexes, from 

turbine working circuit to waken, taking their functionality and intention, so reduction of c omplex 

structures of block diagrams was done.   
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The model analysis conducted step by step in submodel determination according to chosen 

measuring places for determing mechanical oscilation level, and them the structure of block sheme 

was done for submodel connecting on the way power plantcomplex of composing component move. 

 

The model of reliability block doagram at analysed power plant complexes, at solving of this model 

will be done by reduction at getting the optimal reliability function pG (t). In table 2 [2] you can see a 

model of a reliability of composing components block diagram, and it is about the open system of 

automatic direction of reliability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

       Table 1. Algorithm for tracking and determinating of parameters for optimizationol  

                      techical diagnostic procedures for HE "Vrla - 3" components [2] 
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Table 2. The model of reliability block diagram at analysed power plant complex components 

 

 Where: 

 
1M - measuring place for oscilation level on turbine shaft, 

 
2M - measuring place for temperature on bearings, 

 3M - measuring place for bearings worn out measuring. 

 

 The model of reliability block diagram at analysed components of power plant complex 

according to chosen measuring places of oscilation level, table 3 [2], it is about open system of 

reliability automatic menagment. 

 

 

 

 

 

Table 3. The model of reliability block diagram at analysed components of power 

plant complexes according to measuring places of mechanical oscilation level, 

temperature and bearings worn out HE "Vrla - 3" [2] 

 

 Measuring place 1: includes components: turbine leading bearing (N7), carbon 

                                              washer (N8) and working circuit N9), [2]. 
 

 Competent circular speed is the biggest speed of working circuit rotation (
9N ): 

 

                

7

7

7

77

N

N

N

tAtN
M






                      

7

7
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8

8

7888

N

N

NN

N

N

tAtNtAtN
M











            
987 987 NNN tAtAtA   

 

 tN 7
 - reliability composing components of upper turbine bearing, 

 tN8
 - reliability composing components of carbon washer, 

 

       

7

7

9

9

9

7999

N

N

N

N

N

tAtNtAtN
M









 

 

 tN9
 - reliability of working circuit composing components. 

 

Resulting part of submodel’s measuring place 1 is: 
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Measuring place 2: includes composing component of lower part of generator’s leading bearing 

  tN 6 , [2]. 

 

Resulting part of submodel’s measuring place 2 is: 

 

 
   

6

666

2

N

NtAtN
tS




  

 

 Measuring place 3: includes composing component of upper generator’s bearing   tN4
. 

 

Resulting part of submodel’s measuring place 3 is: 

 

 
   

4

444

3

N

NtAtN
tS




  

  

General safety shape of power plant composing components functioning depending on amplitude 

oscilation level on chosen places is expressed trough the general universal equation of optimal model 

which is, [2]: 

 

 
   

 tS
tStS

tS 1

321

1





 

 

 A part in equation 
   tStS 321

1


 is shown trough the return compound without considering 

component  tN5
- rotory, because mechanical oscilation influences are not measured on it as well as 

component  tR2
- regulator. 

 

 
 
   tStS

tS
tS

32

1

1 


 

 By mathematical arranging we get: 

 

 

       

       

       

4

4

6

6
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7

4466

3
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3

3
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N

N

NN

N
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


 












 

 General form of composing components functiong equations: 

 

 
       
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 By further arranging equation we get: 
 

          0,1
467

3

7987  NNNtAtNtNtNtS 
 

 

             

                   
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   

  

change: 
     

    246

1987









tNtN

tNtNtN  

 

 Introduciong change we get the expression: 
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 The eguation gets this form: 
 

 

 
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
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
 

  

The equation is: 
 

       tS
A

tAtA NNN

N

NN 



 
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













3

3
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3

42 764

7

46
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General equation of optimization depending on the reliability and mechanical oscilation amplitude 

level on measuring placesis: 
 

  ii AfP ,, 21    

 

 
   
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
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
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


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


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 knowing that reliability is: 
 

     tNtNtN 9871  ,    tNtN 642   
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 

 
   
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 arranging the expression we get: 
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 The equation of model of mechanical oscilation optimization level on the chosen measuring 

places of pomer plant complexes is [2]: 
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 where is: 
 

        
21,    -  dependance corelation, 

764
,, NNN  - ciricuit oscilation frequences on joing components (bearings) 

of power plant. Their values are gotten from measuring, 
T

N




2
4
  - circuit 

frequency,  

                              tAtAtAtA iNNNNNN 
446677

 -  amplitude value, [3], [7]. 

 

 The finall equation of model of optimisation of tracking temperature changes at tearings 

measuring while working [1]: 
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i
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 where is: 
 

Ti -  arithmetic middle  of temperature measuring samples, 
 

          F(t) -  points of temperature devision function, [4], [6]. 

 

The finall equation of model of tracking wornont changes optimision et bearingesmeasuring 

during the working process [1]: 
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 where is: 
 

        n - number of dearance independent measurings, 
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              iz - clearances of all measu red inner bearings diameter. 

 

 In order to determine dependence of mutual binding coorrelations (   zTtS mi ,,
) we begin 

with forming of squaredeterminor of  3 x 3 form with correlation coefficient [1]. 
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The final equation of model of tehnical diagnostic procedures optimization is this form [2]: 
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 In table 4. curves of correlation dependence in space are shown and they include certain values 

of tehnical diagnostic of working temperatures procedures optimization parameters, mechanical 

oscilation and bearings worn out applying procedures optimization parameters. Based on these 

parameters extreme values of mechanical oscilation, temperature and bearing worn out also 

determined. 
 

 Introducing optimization parameters (improving surface quality and shame size changes) the 

middle sizeamplitude procentage lowers for 11,8% which justifies introducing this parameter. 

Applying optimization parameters (lowering of recucling oil interval and constant filtration) we also 

keep working temperatures range from CC  655,59 . In procentage, the increese of functioning of 

tehnical diagnostic procedures optimization is     %5,42/  pb tKtKO  for 42,5% safety theritory of 

power plant components functioning is increased, [2]. 
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Table 4. Dependence correlation diagram of mechanical oscilation,  
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             temperatureand bearings worn out applying parameters of  

            power plant tehnicaldiagnostic procedures optimization 

 

Power plant components reliability in exploiting can be increased by introducing new parameters 

and applying model on power plant complex components. Based on done researches it’s concluded 

that it is necessary to apply appropriate condition parametres during components work in development 

phase in order to get reliable values. Within that, for technical diagnostic procedures optimization are 

considered all important and necessary influential technical diagnostic parametres which also satisfy 

all the important optimization criteria at power plant complex work.  
 

3. CONCLUSION   

 

By the given model an analysis’s performed of complex functioning safety at any moment, that is 

in every moment of exploiting work of its composing components. Based on these analysis you can 

precisely determine time of complex safe work, on which basis you can plan and enforce planed 

preventive maintaing tehnology procedures, which makes components last longer in their work. 

Gotten results represent scientific justification and essence of the model of thehnical diagnosting 

condition, and parameters check gives continous tracking of chosen parametres changing which in one  

way and surely describes observed power plant complex components condition. Based on this way 

identified reliability parameters, need procedures of preventive maintaining of power plant joining 

complex components are determined. 
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