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Stable growth model on fatigue crack propagation of low
carbon martensitic steel 20CrMnTiH

XIAO Rui'*?,  YANG Ming'**
(1. The Materials Science and Metallurgy Engineering College, Guizhou University, Guiyang 550025, Guizhou,
China;
Advanced Manufacture Technology, Guiyang 550025, Guizhou, China;

2. The National and Local Joint Engineering Laboratory for High-performance Metal Structure Materials and
3. Guizhou Key Laboratory for Mechanical
Behavior and Microstructure of Materials, Guiyang 550025, Guizhou, China)

Abstract: The relationship between quenching process and its effect on mechanical properties and fatigue crack growth
rate (FCGR) in the low carbon martensitic 20CrMnTiH steel was analyzed. The mechanical performances and crack
propagation Paris models in steady growth region of different heat treatment were obtained by testing. The microstruc-
tures which heat to 1 100 ‘C austenitizing temperature and quenching in ice salt water exhibited high fatigue crack propa-
gation resistances, the lowest FCG rates. Meanwhile, a generalized crack growth model based on tensile properties is es-
tablished for 20CrMnTiH steel which show an accurate prediction of crack growth rate at a stress ratio of 0.1.
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Table 1 Chemical composition of tested steel %

C Si Mn S P Cr Ni Cu Ti
0.196 0.229 0.954 0.0059 0.014 1.192 0.031 0.028 0.041
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Fig.1 Dimension of compact tension specimen
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Table 2 Mechanical properties of 20CrMnTiH steel with different heat treatments

PRFE P TS R,/MPa R./MPa Al% Z/%
HI 900 C/1 h/¥Ki#+200 ‘C/2 h/[A] k. 1450 1173 14 62
H2 1100 “C/1 h/900 C/VK¥+200 C/2 h/] k. 1358 1048 12 60
H3 1200 “C/1 h/900 C/VK¥+200 C/2 /[ k. 1363 1027 14 46
H4 1200 “C/1 h/900 ‘C/i#H7%+200 ‘C/2 h/[A] -k 1200 913 13 48

B2 B g 4 PR FRRAS IR S I dE U TSeT, ATf3 H1 H2 H3 R H4 4 N FRRE N 1
B ST, 75 Image Tool A4 R ARG N b R SR RGT, HAE 21004 17.7.68.4.78.5 F179.1 pm.

(a) 900 CUKA; (b)) 1100 ‘CUKAE;  (c) 1200 CUKA;  (d) 1200 CiMEE.
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Fig.2 Grain size of different heat treatment conditions
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Fig. 3 Engineering stress-strain curves of 20CrMnTiH steel FALT 10 mm/ S8 )3 e X [A] i AR il ]
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Fig. 5 Crack growth curve between a vs N
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Fig. 7 Logarithm of fatigue crack growth rate as a function of logarithm stress intensity factor range
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Table 3 Fitting parameters of Paris model under different heat treatments

R C 1gC 1/m & 1g(R./e;)
HI1 8.333X 107" —9.079 2 3.409 0.293 0.987 3.075
H2 1.283X107" —9.8920 3.856 0.259 0.924 3.054
H3 1.742X10°° —8.7590 3.218 0.311 0.916 3.069
H4 1.722X107* —7.764 0 2.644 0.378 0.693 3.119

F4  Paris XL SEE NI EAZE
Table 4 Paris models for 20CrMnTiH steel and generalized Paris model

U Paris £ 21 Generalized Paris $%71 AR
H1 da/dN=28.333-10"""(AK)**” da/dN=6.49-10 "(AK)**' 0.972
H2 da/dN=1.283-10""(AK)*** da/dN=1.451-10""(AK)*** 0.995
H3 da/dN=1.742+10""(AK)™*" da/dN=1.897-10""(AK)""* 0.989
H4 da/dN=1.722-10"*(AK)*** da/dN=1.757-10"*(AK)*** 0.969

3 A THEMBRZEIOT kiR
BeA
1£ Paris-Erdogan B, 54 RLAH G (1381 C
Flm (R0 5 AT HRA M R SR A b TR B 11
PR . Paris 2y 2SR A R L W 0 244
P e M R A R X BT R VR A 3k A, B
TR A RLLCY R % M 2, W AT B R
I H G0 i AR 0 B4 T Bk B . B
B LA B 56 2 B R il DI o B R A 1 1
By, 4 B F R S D T R A A T e g
B o T T P L IR SR K o L I T 4
g UL, A A0 AR S K 5
PEREHEATWF AU, 8 48 T 5 R 1 232 b 2 18] (A
L, DRI D6 BRI T B Ao BRI 5 e R 1
PP
KBTI ORI, Wi 4B e 2 R
IR, SR AL T W R 5 R A 2 1] £
B, STk [24- 261 AR 4k B 3T T AR 5% 1 B
A, GRS LI K SR B U
ﬁa@:mﬁ%»E%ﬁﬁmﬁﬁﬁﬁ%ﬁﬁﬂ
A2,
Ko [EeR. 2)
GRS, ML TR AK, TOBFS0A 5 bt
(3L
AK, =FEe, [2np, 3

b p, WL RN SR I (1 1 T it A2
Fleck S 7ERIE ST 20 A A A I 40 1 R0
FRIT TR AR Paris ALY K] m Z4CHA AR SSHER, BI

lg(Alj('C )::1 o 1g(§<c j“; (4)
th th

¥ A2 GORAAX @D, 17
K, JEeR, |
I ol o L (5
gbﬁj e o,
KO [ —FPRN SRR E A
PREFAAR, 1T p, WTIA R A AN )3 4, W (5) v 4%
gy Lo sggea i igCoym L it
UG, W AU S MEAH OCBE, il 8 P, #U
BT R A R W (6D .
HIES) 1g(%)=2.867+0.72(i) ki

— 0.72 6)

m=
lg(&)—2.867
&

7% Paris AT HE— D IIFU T, IR 2 25300
RO Paris X (RIS 4 C Al m B AT — 58 ARG,
A SCHG 4 T A BARES T 3R 43 1) Paris B8 S 40 m
HF 1gC JHEATHLE, KI5 A7 TE B 5 IR 2 1 AH
KM, Hogi K& 9 s

i & 9 TG 3R AT m {E AN 1g C I3 ek 3k
(D

lgC=—3.123 8—1.752m @)



o1 oW B i, 25 20CrMnTiH AGHE 5[OS I 75 A 4 fa 7

Y <77 -

&

—

(=]
T

1g(R./ &)

3.081

3.06

3.04 ! I ! ! ! ! I
0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38
1Um

B8 1mAIg(R,/e) ZEIRILEXFR
Fig. 8 Llinear relationships between Ig(R,/¢;) and 1/m

-7.8F

-10.2E

26 28 30 32 34 36 38 40

m

E9 mFllgC Z AL IEXZR

Fig. 9 Linear relationships between m and IgC

E& C: 10*3.123 8—1.752m (8)
F5 28R Paris 24 20, A
da/dN C(AK)m 10*3 1238—1. 752m(AK)m (9)

EA (O, Paris A IS5 € Al m 4L K
NEH =N Hm 1)L PRI H LR R &
RS T W) m A, BT A BHEZOIRES R IR L
k‘%ﬁiz m AR ST R (6) 3645, 8 e P iR

SRAT LRI Jee HGe it 5 AR BRI S 40 2 (B B s B
F}@F B AT SR M BHAE1ZOR & NI . X T
20CTtMnTiH 8, A A AL ZUIRE T IR Ly g % ]
P o7 P it e 4D e I st B AR T A 4 2 SR e, L

ENIE SO W
da/dN: C(AK)m: 10*3.1238*1.752»1(AK)m:
*3.1238*]_75”( 0.72 } 0.72 (10)
{lg(%)*Z-SmJ lg(%)*2.867
10 © Ak

A FCEZAE I T ST ) S, F U £ 1) Pards 28
A IZAE AL TSI Paris 24 AR BEAT HLEL, 7E K 4
HHAHER L, THERAG R e R 5 B I
(K1 Ly R T A P P 2 TR BR ZE BN, AT BT i) W]
FEE.

4 ik

(1) B4 D [AKREN 20CrMnTiH 76 1 100 °C R %
K R GURE HAT R IR R D7, 1 24 Sk
SR 4 /INERE R I, 95 57 248008 e BHL T 38 A

(2) F T HRA D K AREN 20CrMnTiH 7 fif #E
A5 LY TR 1) G R, A 5 R0 45 R
P, RZERLN, W AR

SE Lk

[ 1] EARbe b A A2 A 55w 2 B EK 5 6 R R R 0],
JE 54, 2002, 38(s1):4.(CAO Chun-xiao. Change of materi-
al selection criterion and development of high damage-tolerant
titanium alloy[J]. Acta Metallurgica Sinica,2002,38(s1):4.)

[ 2] RobinsonJ L, Beevers C J. The effects of load ratio, interstitial
content, and grain size on low-stress fatigue-crack propagation
in a-titanium[J]. Metal Science, 1973,7(1): 153.

[ 31 Kamp N, Gao N, Starink M J, et al. Influence of grain structure
and slip planarity on fatigue crack growth in low alloying artifi-
cially aged 2xxx aluminium alloys[J]. International Journal of
Fatigue, 2007, 29(5): 869.

[4] DOed, B8, | R0, 55 DRS00 & G 07 e i
B AR S R IR W D], B 24, 2010, 46(s1): 1086.
(MA Ying-jie, LI Jin-wei, LEI Jia-feng, et al. Ifluence of micro-
structure on fatigue crack propagating path and crack growth
rates iin TC4ELI alloy[J]. Acta Metallurgica Sinica, 2010, 46
(s1): 1086.)

[ 5] FAN Xi-gang, JIANG Da-ming, ZHONG Li, et al. Influence of
microstructure on the crack propagation and corrosion resis-
tance of Al-Zn-Mg-Cu alloy 7150[J]. Materials Characteriza-
tion, 2007,58(1): 24.

[ 6 ] Hiramatsu T, Chikuda M, Miyaqi Y, et al. Relationship be-
tween stress corrosion resistance and grain shape of heavy sec-
tion Al-Zn-Mg extrusion[J]. J Jap Inst Light Metals, 1972, 22
(12):701.

[ 71 Wagner L, Gregory J K, Gysler A, et al. Propagation behaviour
of short cracks in Ti-8.6 Al alloy[J]. The Metallurgical Society, 1986,
31C1): 117.

[ 81 Zhao P,Gao G, Misra R D K, et al. Effect of microstructure on
the very high cycle fatigue behavior of a bainite/martensite mul-
tiphase steel[J]. Materials Science and Engineering: A, 2015,
630: 1.

[ 9] Motoyashiki Y, Briickner-Foit A, Sugeta A. Microstructural in-
fluence on small fatigue cracks in a ferritic-martensitic steel[J].
Engineering Fracture Mechanics, 2008, 75(3/4): 768.

[10] Cheng X, Petrov R, Zhao L, et al. Fatigue crack growth in
TRIP steel under positive R-ratios[J]. Eng Fract Mech, 2008, 75
(3/4):739.

[11] Idris R, Prawoto Y. Influence of ferrite fraction within martens-

ite matrix on fatigue crack propagation: An experimental verifi-



- 78 -

Ll

#

%53 %

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

cation with dual phase steel[J]. Materials Science and Engineer-
ing: A,2012,34(552): 547.

Sudhakar K V, Dwarakadasa E S. A study on fatigue crack
growth in dual phase martensitic steel in air environment[J].
Bulletin of Materials Science, 2000,23(3):193.

Tayanc M, Aytac A, Bayram A. The effect of carbon content on
fatigue strength of dual- phase steels[J]. Mater Des, 2007, 28
(6):1827.

Molaei M J, Ekrami A, Mater. The effect of dynamic strain ag-
ing on fatigue properties of dual phase steels with different mar-
tensite morphology[J]. Materials Science and Engineering: A,
2009,527(1/2):235.

Guan M F, Yu H, Mater. Fatigue crack growth behaviors in hot-
rolled low carbon steels: A comparison between ferrite-pearlite
and ferrite-bainite microstructures[J]. Materials Science and En-
gineering: A,2013,559(1): 875.

TANG Yan-chuan, ZHU Guo-ming, KANG Yong-lin, et al. Ef-
fect of microstructure on the fatigue crack growth behavior of
Cu-Be-Co-Ni alloy[J]. Journal of Alloys and Compound, 2016
(663):784.

Desmukh M N, Pandey R K, Mukhopadhyay A K. Effect of ag-
ing treatments on the kinetics of fatigue crack growth in 7010
aluminum alloy[J]. Materials Science and Engineering: A, 2006
(435):318.

ZHANG J K, CHENG X Q, LI Z. Total fatigue life prediction for
Ti-alloys airframe structure based on durability and damage-toler-
ant design concept[J]. Materials and Design, 2010,31(9):4329.
Suresh S. Fatigue of Materials[M]. Beijing: Defense Industrial
Press, 1999.

FES, WRUKVK, 8 =8, 2%, 16MnR A 2EAN ) 45 P T 1R 57 48
S I, 428 244, 2009, 45(7) : 849. (XIONG Ying,
CHEN Bing-bing, ZHENG San-long, et al. Study on fatigue

cra-ck growth behavior of 16MnR steel under different condi-

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

tions[J]. Acta Metallurgica Sinica, 2009, 45(7):849.)

ZHU Xian-kui, Joyce J A. Review of fracture toughness(G, K,
J, CTOD, CTOA) testing and standardization[J]. Eng Fract
Mech,2012(85): 1.

Metalsalloys R R. Applications related Phenomena in Titanium
Alloys[M]. New York: American Society for Testing and Mate-
rials, 1968.

Richards N L. Quantitative evaluation of fracture toughness-mi-
crostructural relationships in alpha-beta titanium alloys[J]. Jour-
nal of Materials Engineering and Performance, 2004, 13 (2) :
218.

Yoji Mine, Shinji Ando, Kazuki Takashima. Crystallographic fa-
tigue crack growth in titanium single crystals[J]. Materials Sci-
ence and Engineering: A, 2011, 528:7570.

ZHU Ming-liang, XUAN Fu-zhen, WANG Guo-zhen. Effect of
microstructure on fatigue crack propagation behavior in a
steam turbine rotor steel[J]. Materials Science and Engineering:
A,2009,515(1/2):85.

Peters J O, Liitjering G. Comparison of the fatigue and fracture
of a+p, and B, titanium alloys[J]. Metallurgical and Materials
Transactions: A, 2001, 32(11):2805.

ZHANG L N, WANG P, DONG J X, et al. Microstructures' ef-
fects on high temperature fatigue failure behavior of typical su-
peralloys[J]. Materials Science and Engineering: A, 2013, 587
(4):168.

Fleck N A, Kang K J, Ashby M F. Overview No.112: The cy-
clic properties of engineering materials[J]. Acta Metallurgica Et
Materialia, 1994, 42(2):365.

Hickerson J P, Hertzberg R W. The role of mechanical proper-
ties in low- stress fatigue crack propagation[J]. Metallurgical
and Materials Transactions: B, 1972,3(1): 179.

Niccolls E H. A correlation for fatigue crack growth rate[J]. Scr-
ipta Metallurgica, 1976, 10(4): 295.

D R R R B R R R B B R R R R R R R B R R R R R R R R R

(L#ZEZES3™|)

[11]

[12]

[13]

TR A, SRR, A% PR A L AL AL S a4
WFFT[IN. ¥4 A Zhik, 2016,40(1): 45.(ZHANG Yan, GAO Ji-
an, WU Kun-kui, et al. Application research for edge drop con-
trol on cold mill of single taper roll[J]. Metallurgical Industry
Automation,2016,40(1):45.)

R, AR, SR, A TG HL AN I P e v 4 T AR B
FE[J]. 4%k, 2011, 46(1): 49. (LI Jun-hong, LI Jun, DENG
Han, et al. Study on edge thinning control technology of non-
oriented silicon steel[J]. Iron and Steel, 2011,46(1):49.)
Wirile, £, whuom, 55, VoI 4Lad 1 oh ) B RE A2 5
552 0], L4, 2016, 33 (6) : 11. (CHEN Jin-shan, WANG

[14]

[15]

Jun, HAN Wu-qiang, et al. Study and setup on models of trans-
verse shifting of intermediate roll for tandem cold process[J].
Steel Rolling, 2016,33(6):11.)

AN, i) 2. B LR E S S OB AR B R M. JEat: L
ik ok H ik, 2013. (LIAN Jia-chuang, QI Xiang-dong. Strip
Rolling and Shape Control Theory[M]. Beijing: China Machine
Press,2013.)

M. Powell FALVE K AL (1], R G TR 5 S B,
1997, 17(9): 63.(WANG Peng-tao. Method of powell optimiza-
tion with applications[J]. System Engineering Theory and Prac-
tice, 1997,17(9):63.)



