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Abstract: Compact tensile specimens taken from 13Cr-180 steel tubing were pre-corroded with composite
phosphate completion fluid, and then was subjected to fatigue crack growth tests. By analyzing morphology of the
fatigue crack growth zone, the effects of stress ratio (0.05—0.25), load (10— 14 kN) and load frequency (0.6 —
1.8 Hz) on the corrosion fatigue crack growth behavior were studied. The results show that with increasing stress
ratio, the number of secondary cracks in the fatigue crack growth zone increased, and the crack growth rate of 13Cr-
L.80 steel was improved. With increasing load, the number of secondary cracks in the fatigue crack growth zone
decreased, and the crack growth rate was reduced. The higher the load frequency, the smaller the number of
secondary cracks in the fatigue crack growth zone; but the strain rate at crack tips increased, and the crack tip
deformation was more sufficient, leading to the fast crack growth, and the smaller number of cycles at test
termination.
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Table 1 Chemical composition of 13Cr-L80 steel

JLE C Si Mn P

Cr Mo Ni Ti Al

B ATEL % 0.22 0.48 0.53 0.02

0.001 12.88 2.17 0.04 0.05 0.02

13

24
<
' ;6
|
|
1

13

24

10 10 i
50

B 1 CTid#rfRMmR~T
Fig. 1 Shape and size of CT specimen
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Fig. 2 Macroscopic fracture morphology of specimen after

fatigue crack growth test
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Fig.3 SEM morphology of fatigue crack growth zone of specimens under different stress ratios (10 kN load, 2.0 Hz load frequency)
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Fig.4 Crack growth curves (a) and number of cycles at test termination (b) of specimens under different stress ratios

(10 kN load, 2.0 Hz load frequency)
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Fig.5 SEM morphology of fatigue crack growth zone of specimens under different loads (0.10 stress ratio, 2.0 Hz load frequency)
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Fig.7 SEM morphology of fatigue crack growth zone of specimens under different load frequencies
(0.10 stress ratio, 11 kN load)
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Fig.8 Crack growth curves (a) and number of cycles at test termination (b) of specimens under different load frequencies
(0.10 stress ratio, 11 kN load)

S 3k

(1] EHE, X2RAR 2548, 45, 5 pH S8 IR Bk & 4 AR A0 5 ol
FrRwiE U], Wi &R b RS TR, 2020,49(7) £ 2326-2332.
LYU X H,LIU L L,LI J,et al. Corrosion behavior of titanium
alloy in high pH value completion fluid [J]. Rare Metal
Materials and Engineering,2020,49(7) :2326-2332.

PREE ). R MR ST vh il F A8 RSy AR IE DTS [ D], P44 . 7
AR, 2017.

CHEN J W. The research on crack propagation of oil tubing in

(2]

acidic environment[ D], Xi'an:Xi’an Shiyou University,2017.
TFSCHE. A Jm AR hE 55 W s IR [T ], R TR, 2015, 31
(2):33-34.

WANG W T. Research status of corrosion fatigue of metal

(3]

materials[ J]. Light Industry Science and Technology, 2015, 31
(2):33-34.

PARIS P, ERDOGAN F. A
propagation laws[ ] ]. Journal of Basic Engineering. 1963, 85
(4):528-533.

DONAHUE R J, CLARK H M., ATANMO P, et al. Crack

opening displacement and the rate of fatigue crack growth[]].

critical analysis of crack

(4]

(5]

International Journal of Fracture Mechanics, 1972, 8(2): 209-
219.

FORMAN R G, KEARNEY V E, ENGLE R M. Numerical
analysis of crack propagation in cyclic-loaded structures[]].
Journal of Basic Engineering.1967,89(3) :459-463.
MCEVILY A J. GROEGER ]. On the threshold for fatigue
crack growth[ M]//Advances in Research on the Strength and
Fracture of Materials, Amsterdam: Elsevier,1978:1293-1298.
CUI W C. A state-of-the-art review on fatigue life prediction

(6]

7]

[8]
methods for metal structures[ ] ]. Journal of Marine Science and
Technology,2002.7(1) :43-56.

ADEDIPE O, BRENNAN F, KOLIOS A. Corrosion fatigue
load frequency sensitivity analysis [ J ]. Marine Structures,
2015,42:115-136.

[10] HUANG Y F,YE X B,HU B R, et al. Equivalent crack size

L9}

model for pre-corrosion fatigue life prediction of aluminum

[11]

[12]

[13]

[14]

[15]

[16]

[17]

alloy 7075-T6[J . International Journal of Fatigue, 2016, 88:
217-226.
R AU I ERAE SE I W R iy B 4 R [T . b
TR ,202002) :221-222.
YUAN L. Prevention and control technology of fracture risk
of gas well completion string in completion fluid[ J]. Chemical
Engineering & Equipment,2020(2):221-222.
PR AR, 30CrNi2MoV B4 1 JiE 1o 57 R 597 R
FrhmtgE )], BT T2, 2020,49(14) : 55-57.
LIANG X J, JI H X. Research on corrosion fatigue crack
initiation and propagation behavior of 30CrNi2MoV steel[ ] ].
Hot Working Technology.2020,49(14) :55-57.
HOHERE 0 AR IDE R, 25, B 22 LT TR AL SR SO AE TR
TS A AT B 1. K TRE2£4R L 2017, 50(3)
101-107.
ZHENG X L,XIE X,LI X Z, et al. Estimation model for steel
wire crack propagation and its application in calculation of
pre-corrosion fatigue life[ ] ]. China Civil Engineering Journal,
2017,50(3):101-107.
EPOR A RS RS R R AT AR LT ] LA T
2. 2011(8) :5-8.
WANG Q L, LI D C. Review of research on the influencing
factors on fatigue crack growth [ ]]. Mechanical Engineer,
2011(8):5-8.
TR X AR L B 77 L X E690 1R 5 A9 inh 5% 55 R 8L
JRSZIR ) T L) 1. #1025 2019,48(10) : 79-82.
WANG H,LIU X, NI G X. Experimental study on influence
of stress ratio on corrosion fatigue crack propagation of E690
high strength steel[ J]. Hot Working Technology, 2019, 48
(10):79-82.
T TR WREL . B QR AN B N VK AR v 19 J b 2
PR AT LT B S B, 2020, 41(7) . 67-74.
FAN 'Y, SU H Z, CHEN K, et al. Corrosion fatigue crack
growth behavior of austenitic stainless steels in seawater
environment[ ] . Corrosion & Protection,2020,41(7):67-74.
MG T whALLL S i e A SE R B0V 1
WIFZLHLT ], 42 Jm AL EE, 2015, 40 BT 1) :191-194.

57



ML EH

(18]

[19]

[20]

[21]

il

MATERIALS FOR MECHANICAL ENGINEERING

E.F:

5 A A 13Cr-1.80 4R G4k b BBy B AT H

WANG P, WANG X H, HAN L H, et al. Completion fluid

induced stress corrosion cracking in HPHT well tubing[]].

Heat Treatment of Metals,2015,40(S1):191-194.
"’752 R E BOLBMEE GHT38 milk &
HALSHLPPERELT . T EIWOE. 2017,44(10) : 1002003,

BIAN H Y,ZHAI Q X,LI Y,et al. Microstructure and tensile

properties of laser deposition repair GH738 superalloy[ ] ].

Chinese Journal of Lasers,2017,44(10):1002003.

RBAR. TUE I 30568 G 9% 57 RLA0 Y™ J 1 e 52 ma KL AR (R AT

FE[D]. % KK, 2018,

SONG W Z. Research on effect of pre-stress on fatigue crack

£

growth behavior of Al-alloy[D]. Xi'an: Chang'an University,
2018.

BRI B X0 45, N1 X} 25Cr2Ni2MoV #0957 57 24 40
PRITHUERSE LT ] i, 2019, 37(1) : 9-13.
ZHAI Z J, PENG Y, LIU T, et al. Effect of stress ratio on
fatigue crack propagation threshold value of 25Cr2Ni2MoV
steel[ ] . Physics Examination and Testing ,2019,37(1):9-13.
R L 2R, VIV A B R LT — [ B T R A
MR 5 )], %3 J1 T2, 2013,34(6) : 138-142.
LIS X,LI SL,WANG X T,et al. Effect of thermal aging on
failure probability of a nuclear primary pipe [ J ]. Nuclear

Power Engineering,2013,34(6):138-142.

[22]

(23]

[24]

[26]

B, S BRI EA T CO, BMarsE[]]. KT
KR CAFRHIRD , 2015, 12(31) : 37-40.

XU W Z. The CO, corrosion packing fluid for gas fields at
HTHP[]]. Journal of Yangtze University (Natural Science
Edition),2015,12(31) : 37-40.

LIU J.GUO X Q, WANG G R, et al. Bi-nonlinear vibration
model of tubing string in oil & gas well and its experimental
verification[ J ]. Applied Mathematical Modelling, 2020, 81:
50-69.

Bk, Ti-TiN-Zr-ZrN 22)2 I8 5% 4% i
[D1. 77N AR # T2, 2015.
FENG C C. Study on residual stress and fatigue properties of
Ti-TiN-Zr-ZrN multilayer coatings [ D]. Guangzhou: South

¥

1 B 35 R O B 5

o

China University of Technology,2015.

FEAT R 1L 2T 2= M. gt Rl R , 2006.
CHENG J, ZHAO S S. Fracture mechanics [ M ]. Beijing:
Science Press, 2006.

Seup. AR AT 4130X MOBHE 57 880 sl i 58 &
Fan N (D], Jb 5T Jba Tolk K2 . 2020.

GUO C. Research on fatigue crack growth rate and life
prediction of 4130X material under different corrosion
conditions [ D]. Beijing: Beijing University of Technology,

2020.

MEANEA MO MO NEN MO MO MO NENNEANEANENNEA MO MO MO NENNEANENNEANEANENNEN NN NENNENNEANEANONNENNEANEANENNEANENNENNENNENANEANONNENNENANONNON WO NN

(LEE T
[46] WM, T, it AR 25, #otehad: X E690 w5 A4 #0617

[47]

(48]

[49]

[50]

58

BEMMA LML 6724k, 2021,50(4) : 99-109.
CAO Y P.WANG S,SHI W D.et al. Effect of laser shock on
microstructure of the repair layer of E690 high strength steel
by laser cladding[]J]. Acta Photonica Sinica,2021,50(4):99-
109.

—. OISO - B LR
WFFELD]. ST VLA R, 2020.
WAN T Y. Study on microstructure and properties of gray

J( ) %‘ij‘%éﬂf/\& ﬁ

cast Iron after laser surface melting-laser shock processing-
graphitization annealing[ D]. Zhenjiang: Jiangsu University,
2020.

fﬁ‘%ﬂ( [ AIRE RO BOR U 304 NG5 A1 g Mk

RIS (D], fifBH B34, 2012,

YU ] S. Influence of high-frequency micro-forging on
mechanical properties of 304 stainless steel specimens by laser
rapid forming [ D]. Hengyang: University of South China,
2012.

B, T T AR S5 OLIEH Inconel 718 B & RL)
W BEREPERIBIFEL) ], FMiHA . 2020,49(9) : 233-243.
LUY Z,LEI W N, REN W B, et al. Crack analysis and
control of laser cladding Inconel718 alloy [ J ]. Surface
Technology,2020,49(9) :233-243.
LIU Z, SONG K, GAO B, et
mechanical properties of Al,O,/ZrO, directionally solidified

al. Microstructure and

eutectic ceramic prepared by laser 3D printing[ ] . Journal of

[51]

[52]

[53]

Materials Science & Technology.2016,32(4) :320-325.
JAZEE R IR SN T A8 WO RN A Ni 3 WC &
HREM T B ] ot AR . 2009,33(2) :124-126.
ZHOU S F,ZENG X Y.HU Q W,et al. Process study of Ni-
based WC composite coatings by means of laser-induction
hybrid cladding[ J]. Laser Technology,2009,33(2):124-126.
LUY Z. HUANG G K, WANG Y Z, et al. Crack-free Fe-
based amorphous coating synthesized by laser cladding[ ] ].
Materials Letters,2018,210:46-50.
ZHANG Z L,ZHAO Y,SHAN ] G, et al. The role of shot
peening on liquation cracking in laser cladding of K447A
nickel superalloy powders over its non-weldable cast structure
[J]. Materials Science and Engineering: A,2021,823:141678.
B NSO 0T R R I OGIA A Fe JE4E MG &l
T2orHr) ] R HAR ,2022,51(7) :410-419.
HUANG H B, SUN W L, HUANG Y. Analysis on the
process of single track Fe based amorphous alloy during ultra
high speed laser cladding[J]. Surface Technology, 2022, 51
(7):410-419.
e ST, PR KT A5 8 I EUBOE IR B R A WCIRE M
SRS 5 AR L) ). 4 8 2% ik, 2020, 56 (11): 1530~
1540.
ZHANG Y, LOU L Y, XU Q L, et al. Microstructure and
wear resistance of Ni-based WC coating by ultra-high speed
laser cladding[]J]. Acta Metallurgica Sinica, 2020, 56 (11):
1530-1540.



