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Abstract — Failure of second-stage mechanical device control 

surface of a typical Russian fighter-class aero-engine has resulted 

in few accidents and lots of incidents. With the exception of this, 

throughout producing stage there was high rejection rate. of this 

control surface in wave fatigue tests. Metallurgic investigations of 

the unsuccessful control surface reveals that the mode of fai1ure. 

The assorted reasons of this cleft square measure micro-inclusion, 

oxide embedment and chemical element attack. This was analyzed 

from the 3 completely different approaches, namely, theoretical 

stress analysis, basic style and internal control. To contain the 

chance of oxide embedment and element attack, sand electro-

comdum blasting and measure-replaced blasting are taken to 

manage element embedment. 

 

Keywords— Finite Element Method, Vibration, Compressor Blade 

Failure. 

 

 

I. INTRODUCTION 

   The compressors in most turbine applications, particularly units 

over 5MW, use axial flow compressors. AN axial flow mechanical 

device is one within which the flow enters the mechanical device in 

AN axial direction (parallel with the axis of rotation), and exits 

from the turbine, additionally in AN axial direction. The axial-flow 

mechanical device compresses its operating fluid by initial fast the 

fluid and so dispersive it to get a pressure increase. The fluid is 

accelerated by a row of rotating airfoils (blades) referred to as the 

rotor, and so subtle in an exceedingly row of stationary blades (the 

stator). The diffusion within the mechanical device converts the rate 

increase gained within the rotor to a pressure increase. A 

mechanical device consists of many stages: 1) a mix of a rotor 

followed by a mechanical device make-up a stage in an exceedingly 

mechanical device; 2) a further row of stationary blades ar often 

used at the compressor recess and are referred to as recess Guide 

Vanes (IGV) to turn out that air enters the first-stage rotors at the 

required flow angle, these vanes also are pitch variable so are often 

adjusted to the variable flow necessities of the engine; and 3) 

additionally to the stators, another diffuser at the exit of the 

mechanical device consisting of another set of vanes more diffuses 

the fluid and controls its speed coming into the combustors and is 

commonly referred to as the Exit Guide Vanes (EGV). In AN axial 

flow mechanical device, air passes from one stage to subsequent, 

every stage raising the pressure slightly. By manufacturing 

nonaggressive will increase on the order of one.1:1 to 1.4:1, terribly 

high efficiencies are often obtained. the employment of multiple 

stages permits overall pressure will increase of up to 40:1 in some 

region applications and a pressure quantitative relation of 30:1 in 

some Industrial applications. like alternative kinds of rotating 

machinery, AN axial mechanical device are often delineate in an 

exceedingly cylindrical frame of reference. The z axis is on the axis 

of rotation that is on the running length of the mechanical device 

shaft, the radius r is measured outward from the shaft, and therefore 

the angle of rotation θ is that the angle turned by the blades . These 

frames of reference are used throughout this discussion of axial-

flow compressors. 

 

 

 

II. CASCADE & BLADE EFFECTS: 

     Since airfoils are utilized in an exceedinglyccelerating and 

dispersive the air in a mechanical device, a lot of of the speculation 

and analysis regarding the flow in axial compressors are supported 

studies of isolated airfoils. The language and ways of describing 

mechanical device blade shapes are nearly similar to that of craft 

wings. Analysis in axial compressors involves the entomb impact of  

1 blade on the other; so, many blades are placed in an exceedingly 

row to simulate a mechanical device rotor or mechanical device. 

Such a row is named a cascade. Once discussing blades, all angles 

that describe the blade and its orientation are measured with 

reference to the shaft (Z axis) of the mechanical device. 

 

 
Fig. 1. Photograph of failed compressor rotor. 

 

III. MECHANICAL PROPERTIES MEASUREMENTS 

 Strength: 

   Strength is a mechanical property they should be able to relate to, 

but you might not know exactly what we mean by the word "strong" 

when are talking about polymers. First, there is more than one type 

of strength. There is tensile strength. A polymer has tensile strength 

if it is strong when one pulls on it. Tensile strength is more 

important for a material that is going to be stretched or under 

tension. Materials need good tensile strength. 

 Elongation: 

   There is more to understanding a polymer's mechanical properties 

than merely knowing how strong it is. All strength tells us is how 

much stress is needed to break something. It does not tell us 

anything about what happens to our sample while we're trying to 

break it. That’s where it pays to studies the elongation behavior of a 

polymer. Elongation is a kind of deformation. Deformation is 

simply a change in shape that anything undergoes under stress. 

When we’re talking about tensile stress, the sample deforms by 

stretching, becoming longer. We called that elongation, of course. 

Usually we talk about paper elongation, which is just the length the 

polymer sample is after it is stretched, divided by the original length 

of the sample, and then multiplied by 100. 

 Materials characterization: 

3.2.1. Chemical composition 

     The chemical composition of the fan blades is given in Table a 

pair of. The highest customary metallic element alloy found within 

the literature is AA 2124 that could be a formed and warmth 

treatable alloy (American Society for Metals [ASM], 1990). This 

alloy derives its strength chiefly from second section particles that 
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area unit distributed within the matrix through a precipitation 

hardening method. 

Fracture Analysis of compressor 

Fracture analysis involves the computation of fracture parameters. 

Fracture analysis assumes the presence of a crack within the 

structure. Fracture analysis is usually dole out either exploitation the 

energy criterion or the stress-intensity-factor criterion. In energy 

criterion, the energy needed for a unit extension of the crack (the 

energy-release rate) characterizes the fracture toughness, whereas 

within the stress-intensity-factor criterion; the crucial price of the 

amplitude of the strain and deformation fields characterizes the 

fracture toughness. 

 

IV. LITERATURE REVIEW 

 Dynamics and Stability of Blade-Casing Interactions  
   When the mechanical device blade tip contacts with the enclosure, 

a part of the high K.E. of the blade is remodeled into alternative 

forms admire plastic deformation energy of blade and enclosure, 

and thermal energy because of friction between the 2 contacting 

surfaces; the contact event additionally causes a discount in 

flexibility of the blade. This can be a extremely nonlinear event 

which ends in difficult vibration events within the engine. Existing 

literature on the tip-rubbing development has primarily centered on 

2 aspects; specifically, the localized interaction between blade and 

casing, and therefore the world vibration of the rotor-casing as a 

results of tip-rubbing. Rubbing happens in several ways that 

supported such factors because the operative conditions and style 

parameters. Generally, the development of rubbing is classified into 

2 types:  

i. Partial rub – the blade interacts with a part of the casing, 

ii. Full circinate rub – continuous interaction between blade  

        and casing for one revolution.  

   The incidence of tip-rubbing has been wide studied by several 

researchers; above all, there's a colossal quantity of literature on 

linear dynamics of moving systems. However, nonlinear behavior 

isn't all right understood and tough to use to systems. AN 

understanding of nonlinear behavior is crucial since it's a lot of 

universal and realistic. In order to know the dynamics of the tip 

rubbing event, the blade will at the start be thought of as a 

cantilever beam subjected to AN excitation force at the free finish. 

If the displacement amplitude is sufficiently tiny and allowed to 

damp out before subsequent tip rubbing event, the dynamics of the 

system is investigated as a linear downside. However, if the 

amplitude of vibration is giant or if the excitation force applied 

feeds into the expansion of the amplitude (possibly because of high 

excitation forcing frequency that doesn't permit adequate time for 

the vibration to damp out), the dynamics ar currently higher 

approximated as nonlinear behavior. Nonlinear vibration may be a 

common incidence in structures. This could generally have quite 

damaging effects on the dynamic behavior of systems. within the 

physical science trade, a lot of typically than not, a system subjected 

to nonlinear vibration is a threat to human life since nonlinear 

vibration of a system will have serious effects on the fatigue 

lifetime of AN engine.[28], the implications of nonlinear vibration 

on blade fatigue life might be quite serious. There’s presently major 

concern within the region trade concerning the likelihood of huge 

amplitude coherent nonlinear motions. 

 Review of Current Literature on Rotor-Stator Interactions 
   There has been loads of analysis done on rotor-to-stator 

interactions; for a listing of key analysis articles that have self-

addressed this issue, the reader ought to see [30]. Though analysis 

into tip-rubbing development has taken place since the appearance 

of jet engines, associate enlarged understanding of the topic wasn't 

absolutely explored till the Eighties. Primarily, analytical, numerical 

and experimental strategies are wont to perceive the dynamics 

concerned. [27] State in their paper that early investigation 

primarily centered on the rotor dynamic response; less attention was 

paid to the blade and casing dynamics. This trend in analysis was 

modified by [22] WHO, in his literature review on rub-related 

vibrations, thought-about the native blade and casing dynamics 

additionally.  

   After survey, there has been very little experimental add the 

sector. [11] conducted analytical studies on the tip-rubbing 

phenomenon; experimental and analytical studies on the dynamics 

of full rounded rub were conducted by. [29] and [22] [18] 

additionally studied the phenomena analytically.  

   According to [8] the jump development is predicted to occur 

throughout a full rounded rub. The authors additionally discovered 

that jump phenomena tend to occur at frequencies on top of the 

system natural frequency. It is often brought on by the nonlinearities 

gift among the system. [10] Discovered that rotor-stator rub 

augmented the stiffness of the rotor, which may effectively mirror 

upon the severity of the event. The modifications within the trend of 

rotor stiffness are often wont to assess the severity of the rub. Most 

of the studies conducted on the tip-rubbing development change the 

analysis by taking a rotating cantilever beam because the baseline 

model. However, [8] discovered that the dynamics of a true blade 

square measure quite completely different to a simplified model. 

The authors additionally discovered that analytical models turn out 

quite completely different results to FEA models. This more 

reiterates the requirement of modeling tip-rubbing on FEA model of 

a true blade. There square measures many come that have tried 

associate understanding of the nonlinear dynamics concerned in an 

exceedingly tip-rubbing event. [27] Mentions 2 come within the 

Ohio State University; the primary could be a thesis written by 

Garza within which a full transient and nonlinear rub simulation of 

a blade is conducted victimization LS-DYNA. [27] Revealed a 

thesis that describes the event of a simulation technique for 

predicting rub-induced blade dynamics. However, access to each of 

the theses is proscribed and thus it's not been doable to achieve 

information of their results. 

 

V. FINITE ELEMENT ANALYSIS 

     The finite component methodology (FEM) (its usage usually 

referred to as finite component analysis (FEA) may be a numerical 

technique for locating approximate answer of partial equation 

(PDE) further as integral equation. the answer approach is 

predicated either on eliminating the equation fully (steady state 

problem), or rendering the PDE into AN approximation system of 

normal equation, that are then numerically integrated victimization 

customary technique similar to Euler’s methodology , 

Rungekutta,etc. In finding partial differential equations, the first 

challenge is to form AN equation that approximates the equation to 

be studied, however is numerically stable, which means that error 

within the input and intermediate calculation don't accumulate and 

cause the ensuing output to be unimportant. There are many ways of 

doing this, all with benefits and disadvantage. The finite component 

methodology may be a good selection for finding partial equation 

over difficult domain (like cars and oil pipelines), once domain 

changes (as throughout a solid state reaction with a moving 

boundary), once and the specified preciseness varies over the 

complete domain, once the answer lacks smoothness. 

 Finite Element Analysis: 

   FEA consists of a laptop model of a cloth or style that's stressed 

and analyzed for specific results. It’s utilized in new product style, 

and existing product refinement. a corporation is ready to verify a 

planned style are able to perform to the client's specifications before 

producing or construction. Modifying AN existing product or 

structure is used to qualify the merchandise or structure for a 

replacement service condition. just in case of structural failure, FEA 

is also accustomed facilitate confirm the planning modifications to 

satisfy the new condition. There square measure usually 2 sorts of 

analysis that square measure utilized in industry: 2-D modeling, and 

3-D modeling. Whereas 2-D modeling conserves simplicity and 

permits the analysis to be run on a comparatively traditional laptop, 

it tends to yield less correct results. 3-D modeling, however, 
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produces additional correct results whereas sacrificing the flexibility 

to run on well-nigh the quickest computers effectively. at intervals 

every of those modeling schemes, the applied scientist will insert 

various algorithms (functions) which can build the system behave 

linearly or non-linearly. Linear systems square measure way less 

advanced and usually don't take into consideration plastic 

deformation. Non-linear systems do account for plastic deformation, 

and lots of are capable of testing a cloth all the thanks to fracture. 

 

VI. DESIGN OF ROTOR BLADE 

      The control surface of a mechanical device is meant to figure 

against centrifugal load arising from rotations of the order of 10,000 

revolutions per minute and gas bending masses. Additionally, it's to 

survive against corrosion, erosion, and impact from foreign object, 

if any, and vibration masses. The opposite load that acts on the 

blade is that the mechanics load arising from the maneuvering of the 

craft. The failure mode of this blade is of high cycle fatigue. To 

induce such high fatigue strength with uniform properties, the sole 

producing method is formation. The cast blade made up of 

martensitic chrome steel undergoes broaching at the basis and edge 

on the profile, followed by plating to induce the finished form. 

 

VII. INVESTIGATION OF FAILED BLADE 

        Various reasons for the failure of the airfoil area unit inclusion, 

hydrogen-embrittlement, oxide embedment, etc. Most of the failure 

is of fatigue, originated at the crackslnon metallic inclusion close to 

the transition radius zone on the pressure, surface. 

 

 
Figure 1: View of blade damaged 

 

VIII. CONCLUSION 

         The FEA methodology for cyclic centrosymmetric structures 

is a good methodology for coupling vibration analysis of 

mechanical device blade system. The natural frequencies and 

corresponding mode shapes of an exact aero engine mechanical 

device blade-system square measure obtained by this methodology 

and also the Joseph Campbell diagram, resonance speed and 

frequencies square measure reviewed consequently. meantime the 

vibration characteristics square measure mentioned intimately. The 

analysis results is used for improvement style and vibration 

characteristic verification for this mechanical device blade system. 
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