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ABSTRACT

Some results of numerical evaluation of the bird strike resistance of turbofan blades in comparison with
experimental data are presented.
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Prelimirary numerical cvaluation of the bhiré strike resistance
of blades allows to decrease the duranility and the cost of en-
gine tests con the injecticon of birds [1-37. Scch an approacn has
been used for the develeoprent of shrouded fan blades of the rur—
pofan PS90-2,

The basic engine factors for the bird impact resistance are lis-
ted in Table 1 and In Figures 1-3. The reproduction of these fa-
ctors in tests and possibilitics of calculation of their izflu-
onee are alsc shown.

The numer:ical method propeosed is stated in F37. Bub in contrasti
ta this paper a hlade 1s assumed to be a thin shell of variable
thickness and arbitrary curvature of its midsurface.The displa-
cements along the norwxal to the blade surface at shrouded points
are assumed to be zero. The governing eguations are fornulated
in the curvelincar coordinate system on the midsurface & andcxz.
The boundaries of the contact zone are calculated according o
the kinexatic conditions of intersection of “he trajectories of
a bird and a blade in their relative motion.

A varlational approach is based on the use of given coardinate
functions ,9 {C¥1, ©¢_y. Fifst, from 15 to 20 eigenvalues and
cigenfunctions are calfulated with account of the influece of
centrifuginal forces. Then the solution of the impact problem is
sougnt for as a decomposition of displacements with rospect Lo
elgenfunctions
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Hereg}? { ﬁ')}.is the wecior of unknown functions Ai. depending

on time which is determined from the matrix equation
[a]{,é.(i)jﬁ—[cj{/?ﬁ)j:{F(f/f. (2)

In equaticn (2) J_ a—] is the mass matrix, [ C] iz the genera-
lized stiffness matrix which takes in account the influerce of
centrifugal forces, fF{t)fis =he vector of irpact forces refered
to eilgenfuncticons.

Both ornly impact and complete stresses and strains due to statd-
onary <entrifugal forces arc determined. The stresses andé dis—
rlacements are calculated not only during the impact but alsc
for any time after the impact when their valucs day take maxi-

mum , .

As an example the calculated distribution of longitudiral sires-
ses ( the lincs of the equa’ stresses } o the pressicn face

{ Figure 4a } and on the suction face | Figure 4b } ¢©f thne blade

are shown.
The following data arc taken:
the bird mass M = 600g;

the bird velocily refered to the encine V' = 69m/a;:
the frequency of the fan rotation /4 = d6l0rpm;
the time woment ¥ = 408wmks ( the finish woment of the contact

hetwoen the blade and the bird 3.

The directicn of the bird-blade collision is shown by arrows.
The values of stresses { in MPa ) are shown by numbors near the
lines and the zores where the elastic stresscs exceed the vield
limit are shaded.




TABLE 1

Influence
tactors

keoroduction
features cn tests

Calculation
possibilit.ies

Rotational
specd

Eird axial wvelo-—
city relativaly
engine

Nermal component
of relative velo-
city and its di-

rection (!/n

Bird mass

Points of inpact
on clircumference,
radiuvs, chord

Sirad orientation
relalively blade

Non-uniformity of
bird kody due *o
bones

Tests under atmospneric
conditions ¢ not alwaves
garantee maximum speed

Eguiprment capabilities
and iis accuracy

Limitation of the test
nurhcx

{ sce Figure 7 )

Linitation of Lhe test
number

Random cr difficult for
controlling of impact
points {sec Figure 2)

Randcm [ see Figure 3 )

Effect depends on bivd
orientatior; while using
zimulators 1t is neglec-—
ted

Calculations at
arhitrary specd

Calaulations at
differcent velo-
city

Calaulations at
different possi-
ble wvalue of the
velocity

Calculaticons at
different masses

Calculaticns at
arbitrary posi-
tions of impact
points

Calculations at
different orien-
tation
Calculations at
different crien-
taction taking in
account non-uni-

all the d:
after the

Refevence:
1.85Leraqge
tal irwves
J.aircraf
2 . Wicolas
Paper pre
TH=-1% Jun
3.%horr B
action.—

Helsinki,

Zormity
Airfoil gsomoiry It is limitec by made
{thickness, shroud construction culations at de-
sizes and posi- sign and develo-
tion etc ) pment

Alternative cal-

At the upper part of the leading edge of the blade we can expect
considerable local deformations and dawvages. The stresscs at
the central zone of the blade, cspecially under the shroud, are
less.Therefore, the strength of the kbiade on the whole may be
provided.

Analogic calculations for the cellision with small birds (~60g)
show that only light distortions may be expected.

The fan of the engine PE90-3 was tested with success at a spe-
cizl plant { FPigure > ]. The character of blade damages after
tme collision with a medium bird for the ¢onditions close tco

the above mentioned is shown in Figure 6.

There is respectiwvely good coincidence between the numerigal
prediction and theo experimental results.

The resistance of the blades after the collision with a flock

of the little birds hasz hoon also confirmed by the tests.

The impact cf a big bird acts ¢n several shrouded blades. Therc-
fore, the demages of the sach blade are approximaicly the same ,
as 1t has been shown.
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L1l the demands on the saving of the engine operating stability
after the bird ingestion are satisfled.
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