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Effect of combined cycle load upon the fatigue
performance of titanium alloy TC11
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Abstract: In-order to ascertain the effects of the.combined cycle situation on the fatigue
life, the high and low\combined'cycle fatigue tests, ~high cycle fatigue tests and low cycle fa-
tigue tests on titanium alloy\TC11 wefe performed. The results indicate that the combined
cycle loading degrades the fatigue resistance of TC11 related to low cycle or high cycle fatigue
loading. The CCF life is highly effected by the mean stress ouor and stress ratio Ry of the
minor stress cycles. Frdctograph and macrograph of fracture aspects under different kinds of
loadings were ‘investigated using scanning electron microscope (SEM). The fractograph of

CCF fracture surfaces obviously differs from that of high cycle fatigue fracture surfaces. The

slippage due to low cycle is the main reason of reducing the CCF life.
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Fig. 1 _Bi*model microstructure of TC11
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Table 1 Result of tensile test

S1 S2 ¥IH
E/MPa 115616.4  116106.5  115861.5
6.2/ MPa 986. 14 990. 92 988. 53
&o.2/ %6 1.053 1. 054 1.054
a,/MPa 1081. 61 1084. 47 1083. 04

/% 10. 21 10. 62 10. 42




2470 o= 3 1 % o526 %
1. 2 ﬁ%i&tgﬁﬁﬁ R ) . AO‘loml AO‘mi or_
. e . e v e Aamnl
9 57 50 g A A 9% 95 1 L v A 9 o7 1 R .
ﬁ%{%ﬁ;ﬁ] E%ﬁ%iﬁgﬁ Aamﬂjor - ?Aominor (1)

AR 9% 97 155 1Y N T3 I R=0, 78 900 ~
1030 MPail Fl N #4717 4 A4~ d5e K 3R A 7K S 13
5 o a0 2 ey S5 R W3R 2.

2 EAEZAKEHGT

Table 2 Parameter of low cycle fatigue load

G/ MPa R W% f/Hz
900 0 1
950 0 1
1000 0 1
1030 0 1
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Fig. 3 Fatigue loadings
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Table 3 Parameter of high cycle fatigue and combined

cycle fatigue load

Loading Gn OT Ror ES
mode Oudor / MPa Riinor f/Hz
0. 50 12
800 0.55 16
High cycle 0. 60 16
fatigue 0.45 12
750 0. 50 16
0.55 16
0. 50 12
800 0.55 16
Combined 0. 60 16
cycle
. 0. 45 12
fatigue
750 0. 50 16
0.55 16

1.3 EFRBER

FE AR A 9% 55 v JRIIE 57 e (1K ) 52 6 9 55 4%
ar 20T B9 95 B 56 L 15 2 T AS [ 28 17 2% 4 1 K
IR PR UER.

I 9% 57 B 00 245 R WL I 4, R e/ 3R ik
UG A8 T BT EER R 9 TCLL AR A 955 S-
N2 1) bR AR TR =

lg Nit = 85. 41 — 27. 27 lg oy (2



%11 IR E R E 2 G X TCL Sk 4 4 0% 95 LR 1 52 2471

1040 I 1100

\‘\ |
£ ' [T111 1T £ g [
= 1000 = 1060 Ry
;i:' é M‘\ I()O
=960 | ;| \ | L T 1020 N )
£ b b E
5 Test res ‘2 ™
£ 9201+ _lrf“-“‘-“" T Z 980|- © CCF.o,, =800 MPa <N >
L | |||| 1PN = s CCFo, . =750MPa_ | ~ L
880 L T 1@ < 040 [ T TTTTII
10 N 10 10° 10°
LCF eyeles HCF eycles

B4 IR 57 B A5 R e S-N ik

Fig.4 S-N curve for low cycle fatigue tests
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Fig.5 S-N curves for high cycle fatigue tests
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Fig. 6 S-N curves for combined cycle fatigue tests
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Fig. 7 S-N curves for both low cycle fatigue and

combined cycle fatigue tests
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Table 4 Comparative properties for low cycle fatigue,
high cycle fatigue and combined

cycle fatigue tests

Omajor — 750 MPa Omajor — 800 MPa

Ruinor  0.45  0.50  0.55 | 0.50 0.55 0.60
a 0.053 0.047 0.044 | 0.094 0.%20 0.097
B 0.872 0.609 0.399 | 07829 0.953._0.695
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Fig. 8 S-N curves for both high cycle fatigue and

combined cycle fatigue tests
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