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Effect of nonuniform stress between holes on failure behavior of
thin plate with holes
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Abstract: In view of the problem of creep-fatigue cracking caused by thin-walled structure with
dense holes in gas turbine engine, the DZ125 thin-walled plate specimens with holes were designed, and
the creep-fatigue test was carried out at 850 “C. Based on the elastic-plastic finite element analysis results
of double-hole thin plate, the maximum stress path between two holes was defined as the critical area, and
the equivalent stress between holes describing the complex stress state of the plate with holes was
proposed. The finite element analysis and test results illustrated that the non-uniform stress between holes
is the key factor to determine the cycle life; the cycle life decreased with the increase of the equivalent
stress between holes. In addition, the tensile stress along the loading direction is the dominant stress of
creep-fatigue failure of thin plate with holes; and the crack was originated from the high stress area of edge
holes. Finally, when the the ratio of distance between adjacent holes to the diameter was about 4.22, the
equivalent stress changed significantly, so the parameter should be controlled above this critical value in

the design.
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Fig.2 Tensile stress distribution of flat specimen under nominal stress of 550 MPa
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Fig. 7 Comparison of normalized equivalent stress between

holes and normalized K, of double-holes flat plate
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Ja B BT 1) S5 ) B 2 459,
Or AT, AR AR R A XL AR B DX T
FRR Tty AL, 19 L 1 ) e 157 g (o 45 L 1] 3
JEIX K T R 5e 5%, aff B AL S 2 L T3 0 A AN [
Tk FA FLFL A B 18 1 D0 BE I 22 FLAR AR
1 R N3 LA SR A R 3 PR e DA
RAEASE X IO, 56 W 28 7 1) B3 A Rz g g 18
WF SNy, HEGE IR TR G AL R R R IX

3 &

3 ok % A ) [ S R 4 DZ125 AR BE AR
Fb 8 5 ST AR Bt B AL P AR I FETE 850 °C
Tﬁﬁﬁfﬁﬂiﬁiﬁ U5 A8 g% it 5% S A R IT 43T,

BRI T 458,

1) BN g 4R i B IR R A AL AR
W5 e — oo PR 2R, FLI AR 5 0 1 353
AR ICEE T o A 22 AL VAR AR AL A ) T35 R
g, Hgmm 17 LIRIN S0 oA . T fL IR A
BN H) 0 oqu B AR RN, X T N 1 T3 B 2 5L

SE A8, R FH AL TA) S5 3800 7 Ky 7 4 v PR - — [
FIR IR 7 3 A RRAE .

2) RBEA HINE R A BT R T e ke & A
FLIER B4, B OB SFLER Z
HIAE 4.22 DL b 25 ROSEAS suvfF, D) 4% i) 78

1.58 DL k.

3) XS A Y R SR R I L A
FALh &, SR ) d5 KAE 7 EAH A, 2 BUAL
SRR B R X T AR R AR T I BLEE AR LU, A
B LR TG U B AR 22 L AR Y 1 IR ML ER RN 5
A,

4) AR CALER X DZ125 BT R T AR SE 5T,
[N S A e P = A= VA K . U VAP R /NG LS OIVA
XL 1 40 A5 R ), A SR 22 T A R 2 X
Z ML, T8 ZALHEA Y AR S5 F HEAT TS AT
I FH 6 58 3 A 0 P A I S AR R AR 4 T
E— WS, e FL I RE S5 A T A5 3 T
SR {DET it

S % 3k

[ 1] HE K. Investigations of film cooling and heat transfer on a turbine
blade squealer tip[J]. Applied Thermal Engineering, 2017, 110: 630-
647.

SANJAY M K S. Investigation of the effect of air film blade cool-
ing on thermoeconomics of gas turbine based power plant cycle[J].
ENERGY, 2016, 115: 1320-1330.

WANG Jiapo, LIANG Jianwei, WEN Zhixun, et al. The inter-hole

interference on creep deformation behavior of nickel-based single

[2

—

[3

—

crystal specimen with film-cooling holes[J]. International Journal of
Mechanical Sciences, 2019, 163: 105090.1-105090.12.

HEJT, Pz ). DZ22Z FLAR MG A& 4 IR o 5 il 36 B 22 (). A
258l J1 2 M, 1993, 8(4): 383-386,420.

YUE Yanfang, RAO Shougi. Finite element analysis and experi-

[4

—


https://doi.org/10.1016/j.applthermaleng.2016.08.173
https://doi.org/10.1016/j.energy.2016.09.069
https://doi.org/10.13224/j.cnki.jasp.1993.04.017
https://doi.org/10.13224/j.cnki.jasp.1993.04.017
https://doi.org/10.1016/j.applthermaleng.2016.08.173
https://doi.org/10.1016/j.energy.2016.09.069
https://doi.org/10.13224/j.cnki.jasp.1993.04.017
https://doi.org/10.13224/j.cnki.jasp.1993.04.017

%11

A& LR SR

JIREME T B L AR R T

2361

[51]

(6]

~

[8]

(9]

(10]

ments on creep of multiholed plate DZ-22[J]. Journal of Aerospace
Power, 1993, 8(4): 383-386,420. (in Chinese)

AR, M5 e, 18 5t 6, 5. DZ12545 /N FL A4 1 AR A5 26 /4%
#Ho% 55 W 5 5 2 BT [0). A B ) 22 4k, 2007, 22(9): 1526-
1531.

ZHOU Tianpeng, YANG Xiaoguang, HOU Guicang, et al. Experi-
mental analysis of low-cycle and creep fatigue for directionally so-
lidified DZ125 with a hole[J]. Journal of Aerospace Power, 2007,
22(9): 1526-1531. (in Chinese)

JAXM, Bweot, 1%, 4. DZI2SG i A 5/ fL A 1
IR A 21 /0% B 55 77 A 2 L [9). A& 3 01 % 4R, 2008, 23(2):
276-280.

ZHOU Tianpeng, YANG Xiaoguang, SHI Duoqi, et al. Modeling
of low-cycle and creep fatigue life for DZ125 smooth specimens
and small-hole components[J]. Journal of Aerospace Power, 2008,
23(2): 276-280. (in Chinese)

YOKOYAMA T, SEKIHARA M. Fatigue life estimation method
considering inelastic behavior of Ni-based directionally solidified
superalloy with multiple holes[C]// Turbo Expo: Power for Land,
Sea, and Air. Copenhagen, Denmark: University of Copenhagen,
2012: 293-300.

WATANABE O, KOIKE T. Creep-fatigue life evaluation method
for perforated plates at elevated temperature[J]. Journal of Pressure
Vessel Technology, 2006, 128(1): 17-24.

X4, mAT I WA W, 5F . DD6R A L A 4 SR AL RE
P B v 0 7R RE D). 07 3 01 % 4, 2014, 29(5): 1197-
1204.

Al Xing, GAO Xingshan, WEN Zhixun, et al. Creep behavior of
thin-walled plate with cooling holes of nickel-based single crystal
superalloy DD6 under high temperature[J]. Journal of Aerospace
Power, 2014, 29(5): 1197-1204. (in Chinese)

FUGET-, R AR, PR, SRR R R A AL A R 1Y
%5 9% 55 Wi ML) 36 A & )8 Mok 5 TR . 2015, 44(5):
1173-1176.

LU Xuping, WEN Zhixun, YUE Zhufeng, et al. Low cycle fatigue
fracture mechanism of a modeling specimen with cooling film hole
of dd6 single crystal superalloy[J]. Rare Metal Materials and Engi-
neering, 2015, 44(5): 1173-1176. (in Chinese)

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

ZHANG Y, WEN Z, PEI H, et al. Microstructure evolution mecha-
nisms in nickel-based single crystal superalloys under multiaxial
stress state[J]. Journal of Alloys and Compounds, 2019, 797: 1059-
1077.

LIANG Jianwei, Al Xing, WEN Zhixun, et al. Experimental inves-
tigation on low cycle fatigue of DZ125 with film cooling holes in
different processes of laser drilling[J]. Engineering Failure Analy-
sis, 2015, 59: 326-333.

B, BTN, R M, AR AL ) BE R R A R R R
AL S AT S BF S (). B A I B RS TR, 2013, 4203):
519-523.

LI Lei, HOU Naixian, AO Liangbo, et al. Crystallographic behav-
ior of nickel base single crystal blades film cooling holes under dif-
ferent hole distances[J]. Rare Metal Materials and Engineering,
2013, 42(3): 519-523. (in Chinese)

HESCER, SRR, B, 2L 32 01 T B AL RN g B T AL
LB BB AU 40 # (0], A2 T S5 3 4%, 2014(12): 38-41.
RAN Wenshen, ZHANG Yaxin, ZHAO Jing. Numerical simula-
tion analysis of interference effect of stress concentration between
porous force plates[J]. Fujian Chemical Industry, 2014(12): 38-41.
(in Chinese)

BT AR 2 AR B T B i R R TSR (D). JE s
Jb R 28 iR K 2, 2020.

HU Guangfeng. Strength calculation of single crystal turbine blade
with complex cooling structure[D]. Beijing: Beihang University,
2020. (in Chinese)

o T AT v IR A 2 B 10 55 4T g K A i O [D]. AL e
LU 28 i KK 2, 2021,

HE Yushu. Notched fatigue behavior and life prediction of superal-
loy structures[D]. Beijing: Beihang University, 2021. (in Chinese)
VERSNYDER F I, SHANK M E. The development of columnar
grain and single crystal high temperature materials through direc-
tional solidification[J]. Materials Science and Engineering, 1970,
6(4): 213-247.

KERMANPUR A, VARAHRAAM N, ENGILEHEI E, et al. Direc-
tional solidification of Ni base superalloy IN738LC to improve
creep properties[J]. Materials Science and Technology, 2000, 16(5):
579-586.

(B K T


https://doi.org/10.13224/j.cnki.jasp.1993.04.017
https://doi.org/10.13224/j.cnki.jasp.1993.04.017
https://doi.org/10.3969/j.issn.1000-8055.2007.09.021
https://doi.org/10.3969/j.issn.1000-8055.2007.09.021
https://doi.org/10.13224/j.cnki.jasp.2008.02.016
https://doi.org/10.13224/j.cnki.jasp.2008.02.016
https://doi.org/10.1115/1.2137766
https://doi.org/10.1115/1.2137766
https://doi.org/10.13224/j.cnki.jasp.2014.05.028
https://doi.org/10.13224/j.cnki.jasp.2014.05.028
https://doi.org/10.13224/j.cnki.jasp.2014.05.028
https://doi.org/10.1016/j.jallcom.2019.05.143
https://doi.org/10.1016/0025-5416(70)90050-9
https://doi.org/10.1179/026708300101508117
https://doi.org/10.13224/j.cnki.jasp.1993.04.017
https://doi.org/10.13224/j.cnki.jasp.1993.04.017
https://doi.org/10.3969/j.issn.1000-8055.2007.09.021
https://doi.org/10.3969/j.issn.1000-8055.2007.09.021
https://doi.org/10.13224/j.cnki.jasp.2008.02.016
https://doi.org/10.13224/j.cnki.jasp.2008.02.016
https://doi.org/10.1115/1.2137766
https://doi.org/10.1115/1.2137766
https://doi.org/10.13224/j.cnki.jasp.2014.05.028
https://doi.org/10.13224/j.cnki.jasp.2014.05.028
https://doi.org/10.13224/j.cnki.jasp.2014.05.028
https://doi.org/10.1016/j.jallcom.2019.05.143
https://doi.org/10.1016/0025-5416(70)90050-9
https://doi.org/10.1179/026708300101508117
https://doi.org/10.13224/j.cnki.jasp.1993.04.017
https://doi.org/10.13224/j.cnki.jasp.1993.04.017
https://doi.org/10.3969/j.issn.1000-8055.2007.09.021
https://doi.org/10.3969/j.issn.1000-8055.2007.09.021
https://doi.org/10.13224/j.cnki.jasp.2008.02.016
https://doi.org/10.13224/j.cnki.jasp.2008.02.016
https://doi.org/10.1115/1.2137766
https://doi.org/10.1115/1.2137766
https://doi.org/10.13224/j.cnki.jasp.2014.05.028
https://doi.org/10.13224/j.cnki.jasp.2014.05.028
https://doi.org/10.13224/j.cnki.jasp.2014.05.028
https://doi.org/10.1016/j.jallcom.2019.05.143
https://doi.org/10.1016/0025-5416(70)90050-9
https://doi.org/10.1179/026708300101508117

	1 试验流程
	1.1 材料与试样设计
	1.2 试验方案
	1.3 有限元分析

	2 结果与讨论
	2.1 孔间非均匀应力定量描述
	2.2 试验结果与分析
	2.3 断口分析

	3 结　论

