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Crack analysis of the first stageblade on a gasturbine

ZHAO Ping'?, HEQinghua' , LI We?
(1 School of Mechanical and Electronic Engineering,
Central South-Universty., Changsha 410083, ,China;
2 China Aviation Powerplant Research Institute;; Zhuzhou 412002, China)

Abstract : To\clarify the physical cause of-premature blade cracking during the acceler-
ated mission test (AM T), in a'test cell environment , initial fracture graphic investigation and
analysis of the'cracked blades was carried out and an in-depth analyss of the blade was un-
dertaken using ansis system XactL IFE™ of Life Prediction Technologiesinc (L PTi's XactL I-
FE™) system. Results show that the blades have suffered excessve airfoil creep damage,
leading to ‘excessve blade lengthening and airfoil untwisting particularly in the trailing edge
region. It's believed that this uneven rubbing action might have contributed to the fatigue
crack nucleation and growth processjust below the platform in the shank region of the blade
under AM T fatigue cycling conditions. Excessive creep deformation is therefore believed to
be the sgnificant contributor to the overall crack nucleation process.
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. L PTi's XactL IFE™
(ansis system XactL IFE™ of Life Prediction
Technologiesinc ) ™

1 )
! 13mm, 200um EHT=20.00kV  Signal A=SEI Date:28 Mar 2007
, F—  WD=22mm Photo No.=3941 Time: 0:43:43
7mm, (a) AZL
6 mm. 0 6mm
, 2 1 , A
Y4 , B
C.

T00pum EHT=20.00k¥  Signal A=SEI Date: 28 Mar 2007
= WP=22mui Photo N0.=3942 Time:(0:47:43

(b) B#4L
2 A B
Fig.2 High-power appearance of fracture location
A and B
4mm ).
6 mm , )
2
[4] . ( 3)
L (
1 ) (
Fg.1 Locationof crackson thefirs tooth near the )
trailing edge sde 4

( (b) ,



9 ; 2035

4(c) 4(d)

Ni ,

: 4(e) :

Acc.V Spot Magn Det WD — 50pum
20.0kV 3.0 2213x SE 15.0 CAPI Blade

Acc, W\ Spot'Magn Det WD —={"110um
20.0kV 3.0 643x SC 4.9 TAPI Blade

Acc.V Spot Magn Det WD — 200pum (d)
20.0kV 3.0 235x SE 15.1 CAPI Blade

K3 LA A
Fig. 3 Metallurgical nesults of crack™*

Acc.V Spot Magn Det WD }— 20um
20.0kV 3.0 2213x SC 15.0 CAPI Blade

(e)

4
Acc.V Spot Magn Det WD }— 200 um Fig.4 Additional micrographs
20.0kV 3.0 235x SC 14.0 CAPI Blade ’

(a) '
, 20°.
{111} ({111}
70°32). {111}
DD3 )

Acc.V Spot Magn Det WD — 50um ,

20.0kV 3.0 1107x SC 14.0 CAPI Blade

(b)



2036 24

F6 )y BE S AN CAD ZAC

Fig. 6 Computer aided design

ssembly

[ Tempgrature gradient
O

Fg.5 Highpower gopearance of serration and ladder ‘

fracture(back scatter eectron micrographs)

3
T
1 P i
CAD(computer L 2
Nodes on serration(contact area only)
prevented from moving iny and z
' BT 0 A R A
’ Fig.7 Applicable boundary conditions and loads
(7. | ,
31 990 K. ,
32
( ) 26611
, 17240 8
g 9371 4
8(a) 8(b)

, , . 52483



2037

Max: 1280 ;

min: 990 AN
1280 7
1260
1250
1240
1220
1210 el
1190 VI VA, SRR

. 1180 LA

2 1170 ) 4 N
1150 .

1140

1130

1100

1090

1070

1060

1040

1030

1020

1000

990

(a) M4

Max: 1280
min: 990

1280

1260 .

1250 &
SN

1240
1220
21210
1190
1180
1170
1150
1140
1130
1100
1090
1070
1060
1040
1030
1020
1000
990

(b) ¥

8 ( 1K)
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Table 1 Average creep life and creep and fatigue
combined life

/'h /'h
1541 17 17
1540 94 93
13360 216 214
8148 168 167
9674 118 115
665 168 167
2138 209 208
141 42 140 14
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