RESIDUAL L1€E PREDICTION OF THE ROTATING DISKS OF THE
AIRCRAFT ENGINES

v. N. ShlyannikoY, 8. V. I1tchenko, V.B.Burmistrov*

For the operating damaﬁes having 2@ form of
both corner and semiel i

life of the rotating disks of the aircraft
engines was elaborated. Above method is ba-
sed on 2 numerical analysis of the stress-
strain state using the EM and on an elas-

channel oth torsion and broach angle
the axis of disk rotation.

INTRODUCTION

Rotating disks of gas turbine engines (GTE) are the ele-
ments O structures operating under the com lex stress

state conditions. One of the laces restric in% a disk
fatigue 1ife on he whole, is the pblade groover ype ro~
ot a tachment with 2 disk. As it is seen from the stand

mechanics. Deformation pbeyond an elasticitﬁ limit in
zone considered of stress concentration in t

cor disk predetermines a need to use of crack %rowth
elastic-plastic models for a residual life predic
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NUMERICAL ANALYSIS OF STRESS-STRAIN STATE

As an object of investigations the disk of compressor
i % a lock coupling “dovetail attacbment"
type, made of titanium alloy (Figure 1). Description of
an interchannel tooth geometry in the FEM fyamework has
been performed with a help of three-dimensxonal 32-no-
dal elements. A power action on the interchannel to-
oth has been simulated by means of transfer _of forces
(which arise at the engine maximum rotation) through
the blade contact surfaces, as well as by means of tan-
ential stress action. Among the varied parameters un=
ger the FEM-calculation of an interchannel tooth there
are the following ones:
- channel broach angle to the disk axis of rotation
=0°; 26°; 45°;
- ratio between the radial and tangential stresses
n=ar/da=0;0.26;u;

- presence O absence of the moment of torsion ac-
ing on an interchannel tooth.

For each of 18 possible combinations of the %eometric
parameters varied and the loading conditions the dist-
ributions of three-dimensional stresses, strains and
displacements were obtained over a whole interchannel
tooth and further the plots of stress intensit in the
place of crack situation were deduced separately. Abo-
ve plots of stress intensity would be used fur her to
calculate stress intensity factors CSIF) for the cracks
of a typical form in the region where a blade is con-
nected with a disk of compressor. Stand tests of disk
have showed that unthroug the thickness cracks have
the quarter ellipse form with the semiaxle ratio l/c =
0.2 = 0.6. SIF have been calculated in the two points
of crack front CCr=1, =0°) and DCr=c, ¢=90°) the crack
depth 1 beingd increased from 0 U {6 2.16 mm with a
step of 0.36 mm. The SIF calculation is carried out for
all the combinations of the channel broach angle values
7, the stress ratio 7 with a taking into account and
without a taking into account an interchannel tooth
torsion for the crack semiaxels ratio l/c=0.2;0.4;0.6.
In Figure 2 2 typical surface of SIF change obtained
as a calculation result is shown dependin? on the geo-
metric factors analyzed (1) and on the lo i
tions () of an interchannel tooth.

MODEL FOR PREDICTING CRACK GROWTH

The modern method for prediction of crack growth rate
and fati%ue l1ife under a c¥clic loading is based on 2
taking into account the ma erial plastic properties in

the region around crack tip. Moreover, the process of
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deformation inside the plastxc zone descrxbed by
poth th law cycle fatigu equation nd the models ©
state for the ¢ mall- -scale yleldln . Consequen
1y, the cra gr th rate depends O the ding condi-
tions C aracteristics f material deformations.
When el borating model for predictxo he crac
rOW under miX deformatio des one h ursue

tension proceeqxng from an elastic—g@astkg SLt%itt;P
ipe u e

equation s ob ained in which one has used the parame
ter of straln ener% densilty b Sih (1) as an equiva~
lent parameter ess 1nte sity factors &, 5
f—""z‘ —n/ﬁ
da 1-N_+N (A(x)+yB(k)1 m
& } =C, 1™ —— €S, o ()
AA-aaZ TACK J+yBCA )]

in which a-is the main stress ratio in an elastlc-plas
tic region around the crack tips n-is the <train har de

ning exponent, -is the Manson—Coffln exponent, C, ™"

are the material constants in Paris equation under an
uniaxial symmetrlcal tension, Smax-straln-energy densi-
ty factor. To calculate 2 fatigue e life the equatlon 1
is solved as follows

H

Aa )

{2 i+4
ain ot m
(Smax] °
4

Accordingly, by solvin ) about crack len%Fh we obta
e

N, =

4 2
i< A 0 (A +BOV) b

N Ao (A +BO)]

in the equ tion which pe mits take o account
chan%% of the stress amw itude during 2 cyclic 1oad1ng
the Wheeler (2) factor %o being Pr ov151onally introdu-
ced in 1)

L fo e (AQHBOV] 2" a m"o
al=ao+ 2 C ———————————-——————————— ———L;X X
pi ; 4

A0 LACN Y+yBOX )
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xES

max

]m° AN, 3

. . _ P <
in which Cp-(rpy/rpy_l) , while rpy and r are the

PY-t
sizes of plasticity zones corresponding to {he present
and previous values of the stress amplitude.

RESULTS AND DISCUSSION

Proceeding from the above SSS analysis for different
variants of geometrK and loading conditions of compres-
sor disk having the angled cracks of different forms
the calculation of crack growth trajectories and dura-
tion for the loading sgectrum corresponding to typical
flight was carried out (Figure 3). Results of life pre-
diction on the crack growth Stage have been compared
with experimental data obtained by the stand tests of
disk. Good agreement, was shown. Taking into acco-
unt. both the torsion of interchannel tooth and the ope-
rating loading spectrum as it is established are prin-
cipal factors under prediction of residual life of
disks having the cracks of different form. Proposed
elastic-plastic model of crack growth grediction for
the mixed fracture modes describes the testing results
correctly.
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