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Abstract: In order to obtain the crack growth characteristics of disk with artificial internal defects, the low—
cycle fatigue crack propagation experiments under high—speed rotating condition were carried out on the disks
with natural or artificial defect. Through the non—destructive testing analysis and fracture analysis, the difference
of crack growth characteristics was studied, and the idea of damage tolerance analysis of disc with artificial de-
fects is proposed. Nondestructive testing is easier to identify the artificial internal defects’ characteristics and its
changes. The artificial defect area is fragmented, and has a lot of brittle intergranular, it is obviously different
from the natural defect area, but there is no significant difference in the non—defect area. The crack growth rates
in the natural and artificial defect areas are 0.2~0.4pwm/cycle and 0.6~1.2pm/cycle, respectively, which are
much higher than the theoretical value of the matrix material. The maximum error between the reverse life of the

fracture outside the load mutation area of disc 1 and the cycle number in the second loading stage is 12%. The re-
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verse life of the fracture outside the defect area of disc 2 accounts for 44.9%~51.9% of the total cycle number.

Based on the artificial defect area, the initial crack of disk is defined to eliminate the influence of the difference

between artificial and natural defects, so that the crack propagation characteristics of disk can be obtained by us-

ing artificial defects.

Key words: Titanium alloy; Centrifugal impeller; Crack propagation; Pre—set defect; Internal inclusion

1 35l

% 57 Wi 54 I % 3 ML 5 45 205 F B D B9 O S HL
2 — , HOXH ol B B A i 8 X A R . Bk A A A
AN SN Sk SR L DN N P e 3 ]
o B BF e A TR B EE R LR MM L 3 A R BN B
FLAF Sy 1A 8 57 VR R 4 Y 5F A, 7 R R
R 7S RSB 2 T SEvE . R AT 198947 H 19
H A 75 3k (Sioux City) 25 #E™ B b 8k A 42 XUR 48 P4 AL
RER 2T R B o e Bl 7 A 9 95 S, I I & B BUA
BT WG] kAR A Fl . B, PE5E
B B 50 45 0 LB R R R AR N B4 545 25 BR BT
i EEE X, PEEMAG (CCAR-33-R2)/3&
[ 36 i 4% 4910 (FAR33) WA 91 2 & sh LS 4 R 4738
20 5 2 BRIEAL . R TR T K AR R, N T
6 ke 4 i 3 o B O AR RN A A B — S
TiE, T il [ 57 T~ 46 28 S M0 B Dol I 5 35 4R 14 b R
Jt 2 5 R Gl B RS /INAE o 30 4 4 A A AR DG B AL
B Ak A 5 i O B A R R 5 RE 4 JE e 4 L
B A5 75 i, T 293K 5 AR A0S ) 5 2 90 25 PR 4 A e
Al SCRUSE HE /N 0 5 2480, DT 7 36 R E BN
KRB A A T A 20 2 HE TS BG4 il 5 24
gy EdENEEEE. Wi, ALEF&ATH
Il B e A SR B R R AT IR AR

H HT, 34 2 B P02 3 08K A 4 0% 55 401 101 45 BR
AL T R EEBFSE . Serrano—Munoz 2 I /E T £ 32
TET B PN N TR I R, S A AR R 1 IR
i3 S—N 2R X HLRIF S, K B PN TOB S AN £ F 3k
W% 95 75 A AR o Clark 2575 77 78 1A 42 B I 19 Ti-
6A1-4V Bk A 4 iE A7 9% 95 Wi 24 43 Bt , Xt 5 A5 B o B S
(R RE HEA T 25 IR U6, UE I B o (14 77 7F 2 48 D80 5 7
iy AR S SIS R A G, EEE
TR RS 50 TF=-30 & s HLAY 10 9% PR 4%
AT B S e % R R A K0 28 0 95 i 86, R R T T
72 R 4 75 A BRI 5T, 0oF 75 A R IR O 4 E
Rl 7 1k BEAT TR ST, B 4308 W] 2 A O 45 R 15 0
TG0 R A 2 AR AT AR B a8 o X 4 R L 9 5 it
B T 1 09T 35 W2, Sandaiji ZUOBF ST T N B 55 24

T

SR YT AT O B BB AR A A . Wada S5
i FH 2 52 1 R B T BR L 05 B0 O ik A B T L 57
248047 I H T — B RS BT 0 B . B
A S AR 9 /NS G I ) FE A 6 9 5 T 0 R
AT IEE , 53 BT TAGV Bk 4 9% 95 r 11T 5 B 1)
JEH o 2SR B A B T B AR 40 RN B 1 SR A
SEA WIRESE 5k % B N GO T 75 A% 0 9% 95 75 A
HEAT 50 BT, IF X & W B0 1 25 4 3 T 9 97 75 i)
APEEVE M . SCHER [ 14 148 T 3 T 2 AR E R U 42
JE& S GO IN Jy , EE R e B R BRI R, b
FHAEIR T Tl CT X & A7 N 8 24 80 3 R 2E 17 49
i ARAT T 2L =45 10 K EEY) R B I xR B
{E T AR A R R B A% A8 RR AR HEAT T 2 i R AE 4
GIRGIEY S

ARSCTF R T & KRN TN A o BRI ER A 4
A A 1) e TE A PR 95 8 L e T T P TE T
PRSI A LW 1 S0 R S 0 e R vk A5 T 1)
], FAs T N T PN 0 Bk B 7E Bk G A g0 A 0 0 A R 4y
Br b i 4
2 F ik
2.1 REHE

N T B A 7o @2.5mmx2.5mm B B A 44, i
& Rk S B AL B AR 4% L BR A AR (E T R
FEi BN 12.4%) o G U)IF B A2 AL IR AF
T BBl AR AR A T8 B B A R RN
TAbEE,

IR 43 N T PN 3B e B 1 4 A i BB TN
e B R o 3 ) S AR R ERE | 7 b e s
RRZFETFR TRy 5, 15 03 R oy
JRBIHY Fe o N TN i b iR L 0 JR e . AT
DAL PR S B 1 G RS A W R b R A ) 9
55 FF A

XoF 43 N PN R B 0 R A RS i T, AR AR T
24 385 N TINFRBRBAER & S50 8, 1 TR o %
I O N A 7 O VT 7 Nl 1 S A /[ A M NI
ZUST6D B 7 2 i i e % 3 5 2 L I & I 406 26 0% 55
IR B bl R KR L CT 4 A AT



a2k 3

T RIRS N TN AR Gl B 4 8 L0y R R X L 23 B 659

A5 JC ARG I 7 vk A P B e /5 B i AR S R AR
oo RS AR A E A EmE 1R 1,2,3
LY N B e R TA T €N R i T I R B =
(EDS) . L4 4l 12 558 (SEM) 25 BEAT W7 1105

$210
$1003

/QZ
kS
% V.

. <
ﬂ

$123

Fig.1 Dimension diagram of test piece (mm)
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Table 1 Loads and stress
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Fig.3 Macrograph of fatigue fracture
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(b) Disc 3, before the test

(a) Disc 2, before the test

(c) Disc 3, after 1x10* cycles

Fig. 4 Ultrasound detection map of hard alpha inclusion (Map width:20mmx20mm)
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(a) Top view

(b) Cross-sectional views

Fig. 5 3D reconstruction of disc 3 through CT (after 1x10* cycles)
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Fig. 9 Fracture reverse curve of a-da/dN
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