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[2.1] Maksimovic, S. Posavljak, S., Maksimovic, K., Nikolic, V., Djurkovic, V.: Total Fatigue Life 

Estimation of Notched Structural Components Using Low-Cycle Fatigue Properties, Strain, 
Volume 47, Issue Supplement s2, pp. 341-349, December 2011, ISSN 1475-1305 (IF 1.103) 
 
Abstract: In this investigation, an efficient fatigue life computation method under variable amplitude 
loading of structural components has been proposed. Attention in this study is focused on total fatigue life 
estimation of aircraft structural components. Flat specimens with central hole made of quenched and 
tempered steel 13H11N2V2MF were tested as representatives of different structural components. Total 
fatigue life of these specimens, defined as sum of fatigue crack initiation and crack growth life, was 
experimentally determined. Specimens were tested by blocks of positive variable amplitude loading. Crack 
initiation life was computed using theory of low-cycle fatigue (LCF) . Cyclic stress–strain curve, Masing’s 
curve and approximate Sonsino’s curve were used for determining stress–strain response at critical point of 
considered specimens. Computation of crack initiation life was realized using Palmgren–Miner’s linear rule 
of damage accumulation, applied on Morrow’s curves of LCF. Crack growth life was predicted using strain 
energy density method. In this method, the same LCF properties were used for crack initiation life and for 
crack growth life computations also. Computation results are compared with own experimentally obtained 
results. 
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[3.1] Posavljak, S.: Damages Computation of Aircraft Engine Disks, Structural Integrity and Life, Vol. 

IX, No. 2 (2009), pp. 113-124, ISSN 1451-3749 
 

Abstract: The problem of damages of aero engine disks, dominantly loaded by centrifugal forces of blades 
and own centrifugal forces is discussed in this paper. The first stage low pressure compressor rotor disk of 
R25-300 aero engine was chosen as the representative of these disks. Using Palmgreen-Miner’s hypothesis 
about linear accumulation of damages, damage computation of mentioned disk for one engine start-stop 
cycle, was carried out. During that, the spectrum of working strain amplitudes, at the point of expected 
crack initiation, identified with the help of approximate Sonsino’s curves, has brought in relation with 
Morrow’s curves of low cycle fatigue. 
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[3.2] Posavljak, S., Maksimovic, K., Jankovic,  M.: Tracking Initial cracks in Turbojet Engine Disks 

and Possibilities of Postponing their Occurrence, Scientific Technical Review, Vol. 60, No. 2 
(2010), pp. 27-31, Military Technical Institute, Belgrade, Serbia, ISSN 1820-0206 
 
Abstract: The first stage disk of the low pressure compressor rotor of one turbojet engine was observed in 
this paper as a critical component. The maintenance costs of the engine were increased due to premature 
initial cracks in this disk and subsequent interventions. The probabilities of occurrence of initial cracks on 
two types of the observed disk were described in the paper by Weibull expressions used for determining 
time intervals of ultrasonic control. The damage computation results for one start-stop engine cycle were 
used as a basis to show how and for how long occurrence of initial cracks in disks could be postponed and 
how replacing disks in an engine service life can be eliminated. 
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[3.3] Posavljak, S., Maksimovic, K.: Initial Fatigue Life Estimation in Aero Engine Discs, Scientific 
Technical Review, Vol. 61, No. 1 (2011), pp. 17-22, Military Technical Institute, Belgrade, 
Serbia, ISSN 1820-0206 

 
Abstract: This paper deals with the holes on aero engine discs. Flat discs with four, six and eight 
eccentrically arranged holes were observed. The estimation of their low cycle fatigue life was carried out in 
conditions of variable revolutions per minute. The blocks of variable revolutions per minute of a low 
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pressure compressor rotor of one aero engine were used. Four blocks were observed during landing and one 
block was observed during a specific training flight. It is shown how the low cycle fatigue of discs depends 
on the assigned geometry and material characteristics. It is also shown how the solutions of simple problems 
can be useful in design of fatigue resistant aero engine discs. 
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[3.4] Posavljak, S., Jankovi , M., Maksimovi , K.: Damage of Turbojet Engine Disks in a Function of 
Cyclic Material Properties and the Type of Engine Start-Stop Cycle, Scientific Technical Review, 
Vol. 62, No. 1 (2012), pp. 17-22, Military Technical Institute, Belgrade, Serbia, ISSN 1820-0206 

 
Abstract: The damage of one turbojet engine disk, dominantly exposed to centrifugal forces of blades and 
its own centrifugal forces, was discussed in this paper. It was assumed that 23H11N2V2MF steel in 
delivered and heat treatment state would be used for disk manufacturing. One blade and a critical disk area 
were observed as separated ideal elastic bodies. Their stress response at maximum rotation frequency was 
determined using the finite element method. Equivalent stress at the critical point of disk was brought in 
relation to equivalent stress at the corresponding point of disk when observed as a blisk reduced to an 
axisymmetrical problem. The so-called equivalent stress concentration factor was thus obtained. This factor 
was used for defining Sonsino-Birger’s curve which, in a combination with cyclic stress-strain and 
Masing’s curves, was used for determining spectra of real (elastic-plastic) strain amplitudes at the disk 
critical point for three different start-stop cycles. These start-stop cycles, defined as blocks of rotation 
frequency, were decomposed at simple cycles. Spectra of real strain amplitudes, used for that purpose, were 
brought in relation to Morrow’s curves of low cycle fatigue life. Both states of the above mentioned steel of 
known cyclic properties were taken into account.
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[4.1] Posavljak, S., Maksimovic, K.: Total Fatigue Life Computation of Notched Structural 

Components using Cyclic Material Properties, Book of Abstracts of The 2nd South-East European 
Conference on Computational Machanics (SEECCM 2009), CD of The Papers, pp. 55-69, 
Rhodoes Island, Greece, 22-24 June 2009, ISBN 978-960254683-3 

 
Abstract: Attention in this paper is focused on total fatigue life estimation of aircraft structural components. 
Flat specimens with central hole made of quenched and tempered steel 13H11N2V2MF known cyclic 
properties were discussed as representatives of different structural components. Total fatigue life of these 
specimens, defined as sum of crack initiation and crack growth life, was experimentally determined. 
Specimens were loaded by blocks of positive variable force 40 seconds lasting. Crack initiation life was 
computed using theory of low cycle fatigue. Cyclic stress-strain curve and Masing’s curve of mentioned 
steel and approximate Sonsino’s curves, all together copied in corresponding spline curves, were served for 
determining of stress-strain response at critical point of discussed specimens. Computation of crack initiation 
life was realized using Palmgreen-Miner’s linear rule of damage accumulation, applied on Morrow’s curves 
of low cycle fatigue. Crack growth life was computed using strain energy density method. The same cyclic 
properties of quenched and tempered steel 13H11N2V2MF, used for crack initiation life computation, were 
used for crack growth life computation also. Computation results are compared with experimentally obtained 
results. 
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[4.2] Posavljak, S.: One Approach to Low Cycle Fatigue Life Computation of Aero Engine Disks, 26th 

Danubia-Adria Symposium on Advances in Experimental Mechanics, September 23rd – 26th, 
2009, Book of papers, pp. 181-182, Montanuniverssität Leoben / Austria, ISBN 978-3-902544-
02-5 
 
Abstract: Service life (SL) of aero engine disks is mainly limited by the low cycle fatigue (LCF). Variable 
centrifugal forces of blades and own centrifugal forces, with or without temperature, provoke this kind of 
fatigue. Because of that the term of SL can be replaced by the term of LCF life. For LCF life computation of 
aero engine disks it is need to know: engine start-stop cycles and simple cycles inside of their, cyclic 
properties of material used or nominated for workmanship, stress-strain response at critical point for all 
simple cycles. One approach to LCF life computation of aero engine disk dominantly exposed to centrifugal 
forces of blades and own centrifugal forces is described in this paper. 
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[4.3] Posavljak, S., Jankovic, M., Djurdjevic, M.: Crack Initiation Life of Turbojet Engine Disks 

Expressed in Equivalent Cycles, Proceedings of The 7th International Scientific Conference  
IRMES 2011, pp. 253-258, University of Nis, Mechanical Engineering Faculty, 27th and 28th 
April, 2011, Zlatibor, Serbia, ISBN 978-86-6055-012-7 
 
Abstract: The subject of this paper are turbojet engine disks dominantly loaded by centrifugal forces of 
blades and own centrifugal forces that provoke local plastic strains. One turbojet engine compressor disk 
was observed as their representative. Its crack initiation life, expressed in equivalent cycles, was calculated 
using low cycle fatigue criteria. For the purpose of this life calculation, the results of calculated stress-strain 
response and calculated damages, at critical point, during the prescribed ground engine controls performing 
and during of one registered flight, were used. The results of stress-strain response were obtained using 
Sonsino-Birger’s modification of Neuber’s rule, while the results in relation to damages were obtained by 
Palmgren-Miner’s rule supported with Morrow’s curve of low cycle fatigue. The particularity of this paper 
is a way of determining of equivalent stress concentration factor that was needed for applying of Sonsino-
Birger’s modification of Neuber’s rule, and a way of determining of equivalent cycles, when prescribed 
engine ground controls and flights are defined as blocks of rotation frequency of turbojet engine disks. 
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[4.4] Posavljak, S., Jankovic, M., Maksimovic K.: Crack Initiation Life of Notched Metallic Parts 

Exposed to Low Cycle Fatigue, Proceedings of 10th Anniversary International Conference on 
Accomplishments in Electrical and Mechanical Engineering and Information Technology, DEMI 
2011, pp. 99-110, University of Banja Luka, Faculty of Mechanical Engineering, 26th – 28th May 
2011, Banja Luka, Republic of Srpska, Bosnia and Herzegovina, ISBN 978-99938-39-36-1 
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Abstract: The flat specimens with a central hole and one turbojet engine compressor disk have been studied 
in this paper as representatives of notched metallic parts. In conditions of loading by blocks of positive 
variable force, the crack initiation life of specimens was determined experimentally. Using different 
approaches based on low cycle fatigue criteria, crack initiation life of mentioned specimens was estimated 
also. Original Neubr’s rule and Topper’s and Sonsino-Birger’s modification of this rule, were used for 
determination of stress-strain response at critical point. Estimation of crack initiation life was carried out 
using Palmgren-Miner’s rule of linear damage accumulation supported by Morrow’s, Manson-Halford’s 
and Smith-Watson-Topper’s curves of low cycle fatigue. Experimentally obtained results and results of 
estimation of crack initiation life were compared and analysed. It was shown that approach which include 
Sonsino-Birger’s modification of original Neuber’s rule and Palmgren-Miner’s rule of linear damage 
accumulation supported by Morrow’s curves of low cycle fatigue, was made the best result of estimation. 
This approach was used for crack initiation life estimation of the studied turbojet engine compressor disk. 
For the purpose of estimation, two blocks of rotation frequency were taken into account. One block that 
presents different engine ground controls and one block that presents different types of flights. Estimated 
crack initiation life of disk, expressed in flight hours, was compared with practical crack initiation life. 
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[4.5] Boljanovic, S., Maksimovic, S., Posavljak, S.: Fatigue Life Estimation of Cracked Structural 
Components, Proceedings of 10th Anniversary International Conference on Accomplishments in 
Electrical and Mechanical Engineering and Information Technology, DEMI 2011, pp. 165-172, 
University of Banja Luka, Faculty of Mechanical Engineering, 26th – 28th May 2011, Banja Luka, 
Republic of Srpska, Bosnia and Herzegovina, ISBN 978-99938-39-36-1 
 
Abstract: This paper presents a computational model/method for calculating the residual fatigue life for 
surface-cracked structures. The analysis considers the major three-dimensional aspects for the semi-elliptic 
crack problem including crack shape (planar crack with crack front curvature) and local stress variation in a 
plate. The plate is subjected to a tensile load. Stress intensity factor, as an important parameter for fatigue 
life estimation is determined by applying analytical and numerical methods. The fatigue life of surface-
cracked problems has been estimated using the Paris equation by incrementing the crack depth. Calculated 
residual life correlates well with experimentally obtained data. 
 

       
 

 
 
 
 



14

 
:  /         

 ,     .     
   -       (    

 )      .      . 
  ,           

    .        
,        .  

          
 

: 5 
 

[4.6] Posavljak, S., Jankovic, M., Maksimovic, S.: Damage of Aero Engine Disks in Function of Cyclic 
Material Properties and Type of Engine Start-Stop Cycles, Proceedings of The Third Serbian 
Congress on Theoretical and Applied Mechanics, pp. 723-733, Vlasina Lake, Serbia, 5-8 July 
2011, ISBN 978-86-909973-3-6 
 
Abstract. Damage of one aero engine disk, dominantly exposed to centrifugal forces of blades and own 
centrifugal forces, was discussed in this paper. It was assumed that steel 23H11N2V2MF in delivered and 
heat treatment state will be used for disk workmanship. One blade and critical disk area were observed as 
separated ideal elastic bodies. Their stress response for maximum rotation frequency was determined using 
the finite element method. Equivalent stress at critical point of disk was brought in relation with equivalent 
stress at corresponding point of disk when the same observed as blisk reduced on axisymmetrical problem. 
So-called equivalent stress concentration factor was obtained in that way. This factor was used for defining 
of Sonsino-Birger’s curve, which in combination with cyclic stress-strain and Masing’s curves, used for 
determining of specters of real (elasto-plastic) strain amplitudes at disk critical point for three different start-
stop cycles. These start-stop cycles, defined as blocks of rotation frequency, were decomposed at simple 
cycles. Elemental damages provoked by all simple cycles and damages per blocks were determined 
applying Palmgren-Miner’s rule. Spectres of real strain amplitudes, used for that purpose, were brought in 
relation with Morrow’s curves of low cycle fatigue life. Both states, of above mentioned steel, known cyclic 
properties, were taken into account. 
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[4.7] Posavljak, S., Maksimovic, S., Boljanovic, S.: Fatigue Life Defining of Aircraft Engine Disks, 4th 

International Scientific Conference on Defensive Technologies, OTEH 2011, Proceedings, pp. 79-
84, Belgrade 6 – 7 October 2011, ISBN 978-86-81123-50-8 
 
Abstract: Aircraft engine disks, dominantly loaded by centrifugal forces of blades and own centrifugal 
forces, are subject of this paper. One real disk was observed as their representative. Its fatigue life was 
defined in equivalent cycles. “Consumption” of equivalent cycles of this disk, during engine ground 
controls and flights described by blocks of rotation frequency, was analysed. Special attention is devoted to 
increased “consumption” of equivalent cycles in the case of rotation frequency above 100 %. It was shown 
that fatigue life defining of aircraft engine disks, in equivalent cycles, is better than defining in flight hours. 
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[4.8] Posavljak, S., Vulic, S., Karac, Z.: One Approach in Organizing of Technology of Deposition of 
Metallic Coatings on Aircraft Engine Turbine Blades, 5th International Scientific Conference on 
Defensive Technologies, OTEH 2012, Proceedings, pp. 90-94, Belgrade 18 –19 September 2012, 
ISBN 978-86-81123-58-4 
 
Abstract: One approach in organizing of technology of deposition of thin metallic coatings on the turbine 
blades of two aircraft engine was described in this paper. Technology of deposition of one coating on the 
base of Ni and two coatings on the base of Al was organized using special defined and completed system. 
Cathodic arc deposition technique was used. The results of verification with criteria of acceptability that 
included in this paper were confirmed success of organizing process. The data about thermal fatigue take an 
important place in the set of these results. In the turbine blades of one aircraft engine, cathodic arc 
deposition technique for one coating on the base of Al, now is used instead of the elder pack-aluminizing 
technique. 
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[4.9] Posavljak, S., Maksimovic, K., Boljanovic, S.: On Importance of Geometry and Cyclic Material 
Properties in Design of Fatigue Resistant Turbojet Engine Rotating Disks, Proceedings of 11th 
International Conference on Accomplishments in Electrical and Mechanical Engineering and 
Information Technology, DEMI 2013, pp. 169-178, University of Banja Luka, Faculty of 
Mechanical Engineering, 30th May – 1st Jun 2013, Banja Luka, Republic og Srpska, Bosnia and 
Herzegovina, ISBN 978-99938-39-46-0 
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Abstract: Attention in this paper is devoted to eccentrically arranged holes in turbojet engine rotating disks 
and to blade-disk dovetail joints. Fatigue resistance of flat disk with eight and flat disk with increased 
number of eccentrically arranged holes was analysed. Fatigue resistance of two forms of blade-disk 
dovetail joints was analysed also. In the fatigue resistance analysis, different combination of geometry and 
cyclic material properties was taken into account. Materials that are nominated for workmanship of flat 
disks and elements of blade-disk dovetail joints are steel 13H11N2V2MF and nickel alloy Inconel 718. It 
was shown that fatigue resistance of turbojet engine rotating disks can be improved with increased number 
of eccentrically arranged holes. On the other hand it was shown that small change of blade-disk joint 
geometry can significantly to improve fatigue resistance of turbojet engine rotating disk if we apply Inconel 
718. 
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Components, Proceedings of 11th International Conference on Accomplishments in Electrical and 
Mechanical Engineering and Information Technology, DEMI 2013, pp. 213-220, University of 
Banja Luka, Faculty of Mechanical Engineering, 30th May – 1st Jun 2013, Banja Luka, Republic 
og Srpska, Bosnia and Herzegovina, ISBN 978-99938-39-46-0 
 
Abstract: A computational procedure for the crack growth analysis of a quarter elliptical corner crack 
configuration is proposed. The residual strength estimation includes the stress analysis and fatigue life 
calculation. In order to evaluate the stress intensity factors analytical and numerical approaches are 
employed. The estimations are compared with available experimental data. The computed results are in a 
good agreement with experimental observations. 
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Serbian Society of Mechanics, June 4-7, 2013, Vrnja ka Banja, Serbia. pp. 383-388, ISBN 978-
86-909973-5-0, ISBN 978-86-909973-5-0 
 
Abstract. The paper presents the results of a study in which the dynamic response of the deep mine hoist 
installations is investigated. Subsequently, stress-strain states in structural elements of a vertical transport 
installation are discussed. Complex mining industry imposes the bigger requirements in aspect on the mine 
hoisting equipment associated with hoisting speed, height and payload. To satisfy these needs equipment 
should be designed in a proper manner, which requires reliable information on process parameter values.  
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Theoretical analysis of hoisting equipment stress-strain state is based on same assumptions which can 
produce mathematical model that differ from the real system, especially in transient periods when dynamic 
forces appear. In that sense experimental measurements are used to capture real values of relevant physical 
quantities, which can be used for correction of established theoretical models or validation of realized 
design solutions. On the other hand, the numerical and experimental results offer good mathematical base 
for adapting dynamic parameters of mine hoist installations and their functions. 
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