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Abstract— Design of turboshaft engines abide by rules made 

manufacturers to prove integrity of rotating parts (disks) by 

over-speed experiments. The rotating Parts could burst under 

mechanical and thermal loads even in not considering the 

rotation speed. Numerical Simulations carried out using large 

deformations elastoplastic finite element model and estimate 

at the moment the burst speed of disks designed in Udimet 

720, a Nickel based super-alloy. The burst speed prediction 

of a rotating disk is obtained by limit analysis. Material 

properties which effect the burst limit speed are given in the 

work. In this thesis, the result is obtained giving more 

importance to the simulation of Udimet 720 disk disruption 

at ambient temperature and burst speed is mainly depended 

by the plasticity criterion and by the limiting breaking stress.  

Burst speed of rotating disks is purely the plastic strain based 

phenomenon. 
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I. INTRODUCTION 

The turbo engines design for aeronautical applications are 

under strict rules to avoid incidents. Manufacturers needs to 

lighten aero engines as much as possible, Solids mechanics 

and also material science knowledge very essential. 

Moreover, numerical methods very essential in nowadays in 

design process to support engineers, and it limit the cost 

induced by complex experiments. Turbines are most stressed 

components in the entire aero engine. They experience very 

high stresses due to temperature gradient, corrosive 

environment and high rotational speed. The manufacturers 

has to validate a given condition for rotating parts between 

the operating and the burst rotation rates.  

It is very particular the work is very much focused 

to predict the maximum angular velocity the disks can 

withstand before failing because of burst. The failure 

situation can occur due to disk disintegrates into multiple 

pieces and throne away in all the direction at very high speed. 

The innovative problem taken in this thesis is to consider the 

real properties of the material and validated through a 

convenient model considering plastic deformations. The 

numerical model implemented in ANSYS, in account of large 

displacement having close relation to the plastic deformations 

and simulate the real actions at burst of a rotating disk. 

In a turbo-engine, disk is under severe conditions 

both in temperature gradient and centrifugal loading. Disk 

under centrifugal loads, elastic analytical studies carried out 

on the stress and strain fields, this gives results that burst 

occurs when the mean hoop stress becomes equal to the 

tensile strength of the material. Plasticity is assumed to be 

responsible for burst. Rotational speed induces a load in all 

the inertia forces, centrifugal field, gyroscopic moments and 

angular acceleration, and while axial loads, fitting loads and 

torque are independent from angular velocity. 

 

II. METHOD AND METHODOLOGY 

Evaluating the problem of over speed and burst speed of 

Rotating Disk is intractable by analytical and numerical 

methods. More complexity in experimental investigations 

and setup cost more expensive.  

Analytical data is compared with Experimental 

solutions and with the semi-empirical formulae. A burst of 

disk can occur when the ultimate tensile strength equals the 

average hoop stress of the disc material. In real time disks are 

of complex shape having notches and holes used to validate 

burst rotation rate by numerical predictions. It shows that 

empirical criteria is inappropriate to predict the burst speed of 

such disks. 

The aim of the methodology chapter is to validate a 

method which is used to predict burst speed using finite 

element simulations of elastic-plastic experimental disks with 

complex geometries. Finite element simulations and analysis 

are carried out with ANSYS commercial tool with a large 

strain elastic-plastic material model. Validation of parameters 

is compared with finite element simulations of notched 

tensile tests. The yield criterion gets special attention by 

introducing equivalent stress. The loss of stability of the 

structure is assumed to coincide with burst of disk which is 

provided by the global stability condition of Hill uniqueness 

criteria. By accounting the effect of deformations gives the 

large strains are influencing the calculation of the stress state 

of the structure. 

III. BURST SPEED ANALYSES AND PREDICTIONS 

This work presents an analysis of the thermo-mechanical 

behaviour of rotating discs made of functionally graded 

material (Udimet720) with variable thickness.  

Analysis is carried out given geometrical data and 

material properties of Udimet720 material, the angular 

velocity is increased from 36000 rpm, 38000 rpm and 40000 

rpm, keep on increasing and dimension of holes and 

dimension of disk are kept constant and also considering 

different plastic behaviour of material. The disk failure is 

detected in Ansys from the divergence criteria of the solution 

at a specific sub steps at which the rotation rate corresponds 

to the burst speed. The use of the three-dimensional model to 

predict the weaker section. From study failure is more likely 

occur in the radial direction that passes through the holes 

because the equivalent stress is reaching the ultimate strength.  

Failure may cause from inertial instability which can be 

considered as the most dominant reason of failure when the 

centrifugal load is the disks are only load on disk. This 

criterion commonly used in practical applications integrates 

burst having calculation when obtained critical cumulated 

plastic strain is very near to an integration point. The critical 

value of cumulated plastic strain is taken by uniaxial tensile 

test where the external load is maximum. The stability 

criterion defined when applied to simple tension solved for 

elastoplastic. The stress and strain are homogeneous in given 

condition even before instabilities occur. Really instability 
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takes place at the point where geometrical softening becomes 

larger than material hardening. 

Boundary conditions are actually the application of 

the force & constraints on the nodes of the elements. The Disk 

is supported and constrained by the Frictionless force at inner 

surface of the disk. This will allow the disk not to rotate about 

its main axis and other motions are confined. The load on the 

Disk is the Rotational Velocity. This load is completely 

transmitted on the Disk surface. And the disk is applied by 

the Thermal Load of 1200’C. 

IV. RESULTS AND DISCUSSION 

In this present work of the Disk analysis, the main concern is 

to know the maximum stress induced in Disk based on the 

maximum normal stress theory (Von-Mises maximum stress 

theory),  the deformation occurring in the Disk and Plastic 

Strain induced. The Structural Analysis is carried out for 

different angular velocities increasing up to 78000 RPM. 

 
Fig. 1: Plastic Strain Given in Reference Paper 

 
Fig. 2: Plastic Strain Which We Obtained by The Analysis. 

 
Fig. 3: Elastic Strain Which We Obtained by the Analysis 

 
Fig. 4: Plastic Strain Which We Obtained by the Analysis 

 
Fig. 5: Von-Mises Stress Which We Obtained By the 

Analysis 

Parameter(RPM) 78000 

Equivalent Stress in MPa 1590 

Equivelent Strain 0.008 

Plastic Strain 0.4362 

Table 1: Results Tabulation 

The Above Results show us the analysis validated 

by comparing value of plastic strain with reference paper (1) 

plastic strain. 

V. CONCLUSIONS 

The research work done to complete the thesis in conclusion 

to describe the study of the burst can occur in turbine engine 

disks is achieved with help of commercial Finite Element 

code ANSYS. 
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Initially we assume from previous research work on 

inertial instability but it is moved further by deducing that 

burst is actually comes under this hypothesis and it is a purely 

strain dominated phenomenon. And this is due to the effect of 

the material properties curve which are highly affecting the 

results in the elastic-plastic analysis done using the Large-

Displacement method. This type of simulation are great 

realistic than considering Small Displacement so the increase 

in the inertial load due to the radial deformation of the disk is 

actually resulting non acceptable situation of failure for the 

disk. 

Resulting from the simulation shows dominating 

factor is inertial instability that cause disk failure even 

including presence of holes and usually this type burst can be 

called as hoop mode burst because the failure takes place 

along the radial direction and fracture starts near the hole.  

Therefore in conclusion three-dimensional model 

presented in this thesis all most accurate recognizes the burst 

speed for both hoop mode burst and rim peel burst and also 

provides a lot of information regarding the distribution of 

stresses in the disk at loads before burst. 
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