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Effects of Load Ratio on Fatigue Crack Growth
in a TMT Treated Al-Zn—Mg Alloy
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Department of Materials Engineering, Kang Weon National University, Chuncheon, 200—701

ABSTRACT

Fundmental fatigue crack propagation tests with C—T type specimens were conducted at various load
ratios (R) such as 0.1, 0.3 and 0.5 in T 6 and Thermomechanically treated (TMT) conditions of 7039 Al

alloy.

Better mechanical properties from monotonic test as well as fatigue crack propagation were obtained by

TMT process owing to uniform distribution of fine microstructures and non-existence of precipitation free

zone (PFZ).

Through the measurement of Kop and AK at various R the concept of effective stress intensity factor

range ratio, U was reviewed to asses the load ratio effect on fatigue crack propagation.

A relationship between U and variables such as AK and R was obtained empirically, This may enable

us to predict AK., that is of critical importance for prediction of fatigue crack propagation rate,
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Table. 1 Models of effective stress intensity range ratio”,

No. Materials Authors U=£f(R, K or Kpx)
1 2024-T 3 Al-alloy Elber U=0.5+0.4R-0.1<R<0.7
2 Titanium alloy Bachmann and Munz U:L 1_6 6 7R_ﬂ

1 R Kmax Kmnx
3 RA, Ti—~6Al—4V Katcher and Kaplan U=0.73+0.82R
0.08<R<0.35
4 2219 T 851 Katcher and Kaplan U=0.684+0.91R
0.08<R<0.32
5 2024—T 3 Al—alloy Schijve a=0.1 U=0.55+0.35R+0.1R
6 2219—T 851 Al—alloy Bell and Creager U—I_C’ C.= Gop
and Ti—6Al—4V T1-R " G
Titanium alloy
7 Steel A and C Maddox U=0.754+0.25R
8 6063—T 6 Al—alloy Srivastava and Garg 13.5R+5.925
U==ine——mm AK
1000
+1.15R+¢.223
9 Al—alloy Homma and Nakazawa U_Cz Omax ALg
21-R)eo, L




Table 2. The chemical composition of Al—7039
alloy

Element{ Zn | Mg | Mn | Cr | Fe | Si | Cu | Ti

wt(%) | 4.5 2.53(0.210.18{0.12| 0.1 |0.080.04

3.5 23] 0.1{0.15{ 0403 1011/0.1
-4.5(-3.3]1-0.4]-0.25

% Al . remainder

range

Table 3, Comparison of the mechanical property in
Te and TMT conditions.

Y.S. (M) | UTS (M) | El%)
TMT 442 481 13.8
Ts 374 433 12.5
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Fig.1. Schematic relationship between applied load
and gage displacement at crack tip.
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Fig.2. The relationship between stress intensity
factor and crack growth rate for T, and
FTMT conditions of 7039 Al alloy.
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Photo 1, TEM Micrigraphs of T, and FTMT
specimens,
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Photo 2. Fractrographs of fatigue crack propagation tested specimens.
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Fig.3. The relationship between stress intensity
factor and crack growth rate in various load
ratio conditions,
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Fig 4. Relationship between stress intensity factor

and load ratio from the crack closure
measurement
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Fig.5. Variation of K,, Kpuw with R at quasi—
constant AK ; high and low level of AK
shows very similar trend,
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Fig 6. Comparison of estimated and empirical
relationships amongst U, R and AK,
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Table 4. Experimental data and prediction of the
effect of the effect of R and AK on U,

R AK U U
(Mpad/m) | (experiment) (prediction)

0.1 6.11 0.282 0.239
0.1 8.63 0.269 0.279
0.1 14.80 0.430 0.376
0.3 6.40 0.670 0.767
0.3 8.17 0.760 0.837
0.3 10.70 0.790 0.937
0.5 3.60 0.803 0.737
0.5 4.76 0.939 0.852
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