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Abstract: Recognizing the large size requirement and high cost associated with the test of the standard
specimens such as compact tension (CT) and single edged notched bending (SEB) specimen, a testing method for
fatigue crack propagation of small size C-ring specimen with an outer radial crack (CRO) has been developed.
With finite element analyses, expressions of stress intensity factor and crack length based on compliance principle
were established with good accuracy. A type of 5083-H112 aluminum alloy was employed to complete the tests of
fatigue crack growth rate by using CRO and CT specimens, respectively. Correspondingly, the power exponent of
Paris equation of the two types of specimens were also obtained. The comparison shows that the fatigue crack
propagation behaviors of CRO and CT specimens are similar, implying that the new method is valid and effective.
Based on the above method, the fatigue crack propagation of two CRO samples of C250 steel with different
thicknesses has been studied.
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Table 1 Chemical composition of 5083-H112 aluminum alloy
fe2E s Cu(bf)  Si(iH)  Fe(¥)  Mn() Mg  Zn(th Cr(f#) Tty A Al
5 w/(%) 0.1 0.4 0.4 0.3~1.0 4.0~4.9 0.25 0.05~0.25 0.15 0.15 R
*2 C250 BERAEMALER T
Table 2 Chemical composition of C250 maraging steel
EER Y C(%)  Ni(#h)  Co(kl) Mo(fH) Tikk) Al Mn(di)  P(BH  Cu(fd) VAL SR Fe(®)
B w/(%) 0.01 17.69 7.89 4.97 0.47 0.054 0.03 0.027 0.02 0.007 0.006 R
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Table 3 CRO sample’s initial parameters of the two materials
Fig.2 The uniaxial tensile stress-strain curves of two
. )]*"‘
materials g EE MR AE NS R s L; e
1.2 ijﬁ*ﬂé*ﬂhuﬁ%ﬁ 7 B/mm R/mm r/mm £t W, t/mm <& apg/mm o A
mm
3 CT il Y, BFESE B W=50 mm, 5083-H112 10 2
v N N 10 5 0.5 5 1 4
AAEERE B A Smm A 10 mm PR, PIIHRLSK Bee 15 2
ap=10 mm, X% A DLE AR N 23 COD s 2 5 s s 1 .
LA 5 3

SHf T, ERIINBLIKITAE . B 4 & CRO
R, RS B, A5, (T4
ANEPF RV EREON I R I AL R ARG T AL

T CRO B <]/, #ELLE#2nT COD 5
23870, Mt TS FoRiinadi g . 3%



T ®

VAl 2 23

B T AR, QAR b
WIOHLI M6 BRE, FTRSNI0TIT, DR R
TURHMS 5. T T BALIE, TUET
B30, FULAESHIER R FLR B COD 3l it
eSS

TSk gapL
R

537

SR S A

AR S
SSE AN

K5 e E =4or g K

Fig.5 3D assembly drawing of the loading device
1.3 IR ERINE

CT iR AF R H1 3 [E MTS809 25 kN/200 N + m Hi
VAR B A B S B AT A, W RSN
TestStarll, N MTS790.10. CRO #UFF i3
K H MTS Acumen Electro-dynamic Test System
1 KN AR EHAIG LS, 121489 MTS Flex
Test 40, =34 MTS Series 793, H T =4
JEH) COD 541714 632.02F-20, FRFE 5 mm, &2
—~1 mm~4 mm. K 6 & CRO iFRK RG I A .

1. VEShtE, 2. Brflikds: 3.COD 3t 4. hn#2EE: 5. CRO XK

K6 CRO AL RS
Fig.6 Test system photograph for a CRO specimen

2 WEITEFEMNLEMR

NT AR CRO A A RS0 FE T 2 A B
TR T AR, 2@ A R ITBAL R Nk
R, SRAFEAT -0 DA AR N SR E R TS
B. HRIKFESFRME, #ALE 7 B 12 P
B BRI R = A PRCRE AL, X R Mk AT
Yk, “PHIPES B CRAA Plane182, = 4RI M
JEEM N Solid185, FtEiE E=70 GPa, JHIALL
v=0.3. N T REE SR LREHAA S, o
Hroi Rl SR, ST NI 2 A0 A T SR ASEAD I 28K
BEE, I PEENT ORME I A, RAm A H
RURZS, W XN IR R . THE T NAME
Et We=r/R=0.5. 0.55. 0.6. 0.67. 0.7. 0.75. 0.8,
B W, I X3+ avt, Horba RRLKE, t=R-1.

K7 CRO AEAIA PRI J L R 4% &l 7

Fig.7 Finite element model and its meshing of CRO specimen

2.1 BETREZRFEHRGKETMAN
PR IR 2% B2 R Fi 6 B2 i IR ISE R 19 21 10 2

e, RIZRIEC=V/P, g il, MR AN FIREL
KET, sUERRIGKITRE RA K, ROUKSEE



24 T 1%

¥

BRI O, BRI, RIEZR B
AL BT RECK AR, il A BR oA 24N [
RO TR, ol DRI g A2
SR e IS AR AL
R G BRIC /B 4 R, R C #%H8 AT
ENWAAEE, BFRLEENE Uy
U, =[(BEC)*® +17"' (1)
K B NIAREERE; E ATMERE: C AFE R
8 & CRO RFEAF W AME LI L 2 & Uy
bt kFR, Hb b=t-a NEIKWHEKE. HEM,
SIS 2R RN = A P AU 5 R AR Haa i, 75
A E— R B, BHAE 0.5< W, < 0.8 BN, b/t-Uy
it 2 AR L i 2 B PR B RO &R
c, +U,

b/t= +cU, (2)
Cc, +cU,
s b AEAFERIRTIN EE: O OAFEEER: ci~cy
NAIFE BB %] 128K B
a/tzl—ﬂ—qux (3)
c, +cU,

AREHTEEN2<at< 0.8, RTPAFRHNIMELL
W, N AR B0 W4,

1.2

TR AE
—O— W=0.50
—O0— W=0.55

ri1tp sl T
¢ 4P /OI A —0— W=0.70
% j& d.':‘ P’/’ —#— W=0.75

o
O
T

Rl A0 5 BE L LUAEL b/t
[=}
{ >

L o —K— W=0.80

/ =0.
TrP Al

;K;, A / SYER A W=0.65

0.3F A SW=050 @ W=0.70

N /%/’ ® W.=0.55 * W=0.75

BW=0.60 @ W=0.80

0.00 0.06 0.12 0.18 0.24

TS5 U,

8 AHE W, T bt-UxF
Fig.8 Curves of b/t-U, with different W,
F4 CROMHHYRTHMAREHK

Table 4 Parameters for compliance formula of CRO pecimen

W, Ci C C3 Cy

0.50 -2.3911x102 1.4161 —7.7228 2.5107
0.55 ~1.4418x1072 1.1184 —7.0230 2.8063
0.60 ~1.1517x102 0.94479 —7.1803 3.3764
0.65 —4.1850x107 0.73862 —6.8850 3.7311
0.70 ~3.5502x107 0.65303 -8.0504 4.8351
0.75 ~8.2573x10* 0.49883 —8.3481 5.7264
0.80 3.7086x107 0.37645 —9.0874 6.3936
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Fig.9 Schematic diagram of formula (3) accuracy
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Table 5 Parameter for K factor formula of CRO specimen

We di d ds

0.50 2.3748 0.25136 -0.32147
0.55 2.5152 0.22542 -0.31149
0.60 2.6760 0.20375 —0.30091
0.65 2.8425 0.18509 —0.29080
0.70 3.0524 0.17304 -0.27356
0.75 3.1240 0.13168 -0.29232
0.80 3.3833 0.12589 —0.28035
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Table 6 Paris fomula fitting parameters of CRO specimens

1x1074

1x107°

LAY i i 2R da/dN/(mm/cycle)

gl

and CT specimens

L WRERM JERE B/mm  WAFER S C m

0 1# 6.15x107° 3.11

CRO 2 6.61x107° 3.02

R s 1# 7.25x107° 3.20

5083-H112 24 4.95x107° 3.36
GRS 0 1# 3.79x1077 2.42
CT 24 3.01x107 2.59

RFE S 1# 1.03x107 3.00

X 241x107 2.70
13 H1 ) davdN-AK [ 283 /& T 207 1) Paris
R AR

da _ oAk %)
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