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Abstract 
 

With the purpose of flights safety, the more and more rigid requirements on fan blades 
resistance to collision with birds are showed. It is expressed, first of all, in increase of bird 
mass, which should not result in destruction of engine units or inadmissible changes of its 
parameters. For new engines, bird ingestion certification tests are exploited. However there 
are many successfully maintained old engines, which were tested under earlier less rigid 
certification requirements. To carry out their tests anew it would be very expensive and not 
too informatively in comparison with the operating experience.  
 
  Another acceptable way to confirm blade resistance to bird strike could be based upon a 
mixture of previous tests, service experience and a numerical bird impact analysis. However, 
reliability of the numerical method should be validated by comparison to experimental data. 
 
  In the paper some results of such numerical-experimental analysis referred to a large bird 
impact upon a fan blades are resulted for the certification purpose. 
  
  For increase of computational reliability some models of bird impact and two program 
modules have been used: universal system of finite element dynamic analysis 
MSC.DYTRAN with bird representation as a jelly-like body and the original computational 
system that develops the earlier checked up approach using bird representation as a solid 
completely collapsing body [1, 2].  
 
  Comparison of computational results of blade damage evaluation with the data of earlier 
bird ingestion tests has shown satisfactory concurrence.  
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1. Introduction  
With the purpose of flights safety, the more and more rigid requirements on fan blades 
resistance to collision with birds are showed. It is expressed, first of all, in increase of bird 
mass, which should not result in destruction of engine units or inadmissible changes of its 
parameters. For new engines, bird ingestion certification tests are exploited. However there 
are many successfully maintained old engines, which were tested under earlier less rigid 
certification requirements. To carry out their tests anew it would be very expensive and not 
too informatively in comparison with the operating experience.  
 
    Another acceptable way to confirm blade resistance to bird strike could be based upon a 
combination of previous tests, service experience and a numerical bird impact analysis. 
However, reliability of the numerical method should be validated by comparison to 
experimental data. 

 
In the paper some results of such numerical-experimental analysis referred to a large bird 

impact on a fan blades are resulted for the certification purpose with more severe 
requirements. Сomputation results of blade damage are compared to the data of earlier bird 
ingestion tests.  
 
2 Calculation models of the bird impact against a blade 

All calculations were carried out in 3D geometry and physically nonlinear statement using 
methods of non-stationary processes analysis and elastic - plastic model of a blade material. 
As the specified statement of a problem demands very great expenses of machine time even 
at use of modern high-speed computers, calculations were carried out with reference to one 
blade with the approached account of its interaction with neighboring blades. Finite - element 
model of the fan blade with anti-vibrating shrouds that was treated in calculations is shown in 
Fig.1.   
 

For increase of reliability of calculations two following models of bird shock action against 
a blade have been used: 

 
1. Impact of a bird as a jelly-like body that spreads over the airfoil during impact (model А). 

Such model is used in some published works on bird impact modeling and provided in known 
software packages, for example, in program modulus MSC.Dytran.   

  
2. Impact of a bird as collapsing solid body characterized by the fact that a normal impulse 

of bird particles is fully absorbed by a blade during impact (model В). Such approach was 
earlier be approved in [1, 2]. 

 
In the first model the bird was represented as a cylinder with the ratio of length to diameter 

equal to twain. Calculation was carried out using the program package MSC.Dytran with 
combination of various mesh areas: Lagrangian - for the description of blade geometry, its 
deformations and fracture at impact; and Euler - for the description of bird model, its position 
in space, movement and process of destruction from collision with the blade.  
 

In the second model the bird was represented as a parallelepiped with the ratio of length to 
side of the square base also equal to twain. For the nonlinear analysis of shock process we 
determined variying dynamic pressure of the bird particles on the blade face using the 
authors’ program; a change of the bird particles to the blade mutual position at impact is 
taking into account, and the transient analysis modulus of package ANSYS was used. 
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    The “rigid” impact model B has practically led to correct quantitative value of equivalent 
plastic strain at which there could be a shock destruction of a blade material. Distinction 
between this value and a magnitude of relative elongation at static tension can be quite 
explained as result of reduction of plasticity for deformable materials at high loading rate, and 
approximate finite-element computation using a grid that was not too fine. The value  

 was further accepted as "critical" by forecasting of blade resistance to impact 
of larger bird.  

)%87( ÷=ε p

    The “soft” impact model A has also stated a correct estimation of shock destruction at 
stresses MPa exceeding the material yield point; but a value of destroying 
plastic strain (1-2 %) was set too low. This value may be considered as estimation "from 
below".  

920910−=σ

    As well as in test, calculated shock deformations under shroud and at the blade root were 
insignificant.  
 
4. Forecasting of blade resistance to impact of a large bird of mass 3.65 kg  
    Calculations, similar to described in Section 3, have been carried out for a case of impact 
by a larger bird. 
    Displacements of the over-shroud part and plastic strains in a zone of shroud to airfoil 
transition have increased (Fig. 6a, model В) but the maximal stresses, thanks to plastic 
deformation, have increased insignificantly (Fig. 6b, model А). 
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remains fair not only if restriction of shrouds displacement on contact faces is full, but also in 
the case when the shrouds freely move along the radial direction and even in absence of 
contact between shrouds. Within these time limits the area of plastic deformation in a region 
of the blade root keeps local character. After the over-shroud part of the blade will be 
destroyed (even in part), dynamic loading on the other parts decreases. 
 
    All this does destruction of the blade as a whole improbable.   
 
5. Conclusion 
    Comparison of calculation results for fan blade damages using two impact models of birds, 
“soft” and “rigid”, with the data of earlier shot tests for the bird of mass 1.8kg has shown their 
quite satisfactory concurrence.  
    The obtained “critical” values of equivalent plastic strain, which corresponded for each of 
the model to the moment of the destruction beginning, have allowed reasonably approaching 
to forecasting of blade resistance to impact of larger bird. 
    The specified computation-experimental approach has given the sufficient bases to 
consider that impact of a large bird of the mass 3.65kg will not lead to breakage of the fan 
blades. 
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