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New Experimental Approach in Determining
Creep/ Fatigue Life of Directionally
Sol idified All oy Turbine Blade
YAN Xiao—un, NIE Jing=u
(School-of Jet Propulsion,
Beijing U niversity of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: A new experimental method, in which the turbine blade was loaded by applying
friction force and heated by eddy current induction, was proposed to study creep/ fatigue life of
directionally solidified alloy turbine blade. Design of the test devices, determination of blade’s key
section and the equivalent accelerated test loading—spectrum, test data analysis etc. was described
in detail. Test results show that the method can simulate turbine blade key section’s working "
stress field" and temperature in the laboratory and give reasonable life data for turbine blade. The
safe service life of aeroengine com ponent determined by the component creep/ fatigue tests will be

more accurate than that obtained with the plain specimen.

Key words: aerospace propulsion system; turbine blade; directionally solidified alloy;

creep/ fatigue; experimental technology

: 2005- 01- 25; : 2005- 07- 10

(02C51031); (200351)
(1973- ),



926
) » (.
s / ,
/ : ’
/ , ’ ;
/ . (1) 7
(2) , /
’ /
, [1]
(3) , I
[ X9 ,;’ , /
, 0] .
5 ;@ ,
;® (4) \
’ Walker
’ . (n (n
* n— 3
(0 l[gsﬁ- o
C: n
[K(1- D)]
Qj: (m+ m)Ci+ Cy %— (Q_ Q- mCil *
. 1 0dmy
[G‘ s aee]
K — Kl— K2€7"7R
G= (m+ me YR+ n( Q) "5
2
R = ?CijCy‘
D= D.+ Dy
o = _17[((12+ ) (sn — Q1)2+ (ar+ a3)(s2 - Qz)z+ (a1 + @) (s - g3)2+

Bas(s— 3)° + 3as(ss— Q1) >+ 3as(sz— Q2)° = 2ai(s2— Qo) (sn— ) —

172

2a2( s — Qi) (s — €3) — 2a3(si— L) (s2— &2)]



927

: Q n,m,nt,n2, n3,n4, ns,ns, nt, Ki
sDe Dy
.
. [3:0

1

0.968E-06
0.334E-03
0.666E-03
0.999E-03
0.001332
0.001664
0.001997
0.002329
0.002662
0.002995

K2

Fig.1 Damage distribution on the airfoil under the

maximum aerodynam ic condition

0.614E-10
0.298E-04
0.597E-04
0.895E-04
0.119E-03
0.149E-03
0.179E-03
0.209E-03
0.239E-03
0.268E-03

2

Fig.2 Damage distribution on the airfoil under the

design condition

Ansys

of the key section and

dangerous area



928 20

12

0.35 —
, ( — RRREFREGHE)
030 o 4.8 i, RIEH

0.25

LA 1%

0.20

0 10 20 30 40 50 60 70
{3 # Jmm

oAb

d experim ental condition

5 2
Fig.5 Validation experiments facilities ( 1 000 )

5 A

D- Dy :0.220 5.99E- 6,



/ 929

6
Dr_
.= 2.722 6E- 5, ,
N <2
: Df = — . D.= =
’ ! —'Nyi’ ;h‘i,n
,m , Ni
’Nfi l
b [}
, Lei 1
T

At

7
Fig- 7 Load spectrum of the blade creep—

fatigue tests

8
Fig. 8 Measured Temperature distribution
by TVS ()
b
2 / 2

( DslD: )

: T= 880 ; P=4.8T;
A= 285 f=2
/ ,
760 900
( )
. T: 900 N P:
48 kN, A= 13 s, f=4 /
4
2 / 2
( 99.9%)
s Weibull
/
9 ( )
Fig.9 Cracks initiate in the middle of the airfoil
(1)
) .
) . ,
:(2) ;



930 20
5 (3) ’ B 1 B
2
, ( 9:(4 ; ,
99
’ ? 90 1= 374323
\c 70 - = ER Sl o o o = N ._’:-__
)
¥ 3
w30 ]
=
2o
B 5
2 ) B F_ws
: 182 8465 1,045 0.873 7/0
1 10 100 1000
Nl K A
12
Fig- 12 Weibull distribution analysis of the
used blades
7 ‘;—— e ————
10 s 6\
Fig- 10 Crack extension when flaw exists on 5
the airfoil = i
=
99 2
00 [ 1t 8031272 | oy gﬁ .
O V) 1 788 B = 2 1
¥ 50 a : =
§ 30 - ; ~
= 0 ; : | L
= 10 < 0 50 100 150 200 250 300 360 400 450
B¢ ! Wi i /h
I
2 ] B r onfs
| 148.6717 1036 0.969 12/0 13
1 10 100 1000 , ,
o B /h Fig.13 Histogram and PDF of the used blades
11 e :
6
(n is ) .
e
Fig- 11 Weibull distribution analysis of the :E\,i
new blades g 4
-
&
2 2 g by
/ 2 2 1
/ , :
0 ! L L
/ 0 50 100 150 200 250 300 360 400 450
, (880 ) b A5 i
, 900 ,
14
900
880 Fig.14 Histogram and PDF of the used blades
1 ,
Weibull , 11 12 Weibull )

, 13 14



/ 931

1 / ( 880 )
Table 1 Creep-fatigue life of one directional solidified turbine blades (880 )

(D

(2)

( , )
1 2 3 4 5 6
t/hour 90.4 104.883 3 138.05 181.974 6 305.8403 359.028 8
N/Cycle 10848 12 586 16 567 20 070 31 410 35 116 216.7
7 8 0 10 1 12 =
N= 21 238
t/hour 103.245 2 178.766 7 196.4532 219.9763 07.7016 413.5113
N/Cycle 9273 16 066 18 003 19 848 27 763 37 308
1 2 3 4 5 6 7 199, 9
t/ hour 57.083 3 65.0865 198.8409 208.4801 231.9590 283.4710 354.3498 Nt_ 18 (;88
N/Cycle 5 166 5 896 17 986 18 843 20 988 25 643 32 092 -
(3) / ; .
/ s /
R /
/
/ 4 [1]  Harrison G F, Tranter P H, Shepherd D P. et al- Application

of Multi-Scale Modelling in Aeroengine Component Life As—
sessment[ J] . M aerids Science and E ngineering ,A 365, 2004:
247 256.

[ 2] Stephan Issler, Eberhard Roos. Numerical and Experim ental
Investigations into Life Assessment of Blade Disc Connections
of Gas Turbines[ J]. N uclear Engineering and Design, 2003,

, 226: 155 164.
[3]
[D]. ,2002.



