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SUMMARY 

An investigation has been made into the influence of constant load dwells 

during fatigue tests on the crack growth rates in thin sheet Al 2% Cu specimens. 

The fatigue loading used was a simplified flight-by-flight load sequence and in 

tests including dwell periods, dwells were either at steady tension or at zero 

load. It is shown that dwells in fatigue loading significantly reduced crack 

growth rates; dwells at a steady load were possibly more beneficial than dwells 

at zero load. Possible mechanisms are discussed and further research programmes 

are outlined which should provide a better understanding of these mechanisms. 

* Replaces RAE Technical Report 74163 - ARC 35906. 
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1 INTRODUCTION 

In aircraft service operation, periods of fatigue loading are interspersed 

with periods during which the loading is sensibly steady or is changing very 

slowly, e.g. when in steady flight in calm air and when standing on the ground. 

During these periods of steady load, stresses in different parts of the structure 

range from compressive to tensile values. In order to keep the duration of a 

fatigue test under representative loading in the laboratory within a reasonable 

time-scale, tests are usually shortened by eliminating dwell periods at steady 

load from the loading sequence. A number of investigations have been made to 

establisr the significance of dwell periods on fatigue endurance but these have 

mostly been concerned with low-cycle fatigue of notched specimens at elevated 

temperatures where overageing and creep occur during dwell periods and have an 

appreciable effect on endurance. Only a limited amount of evidence is available 

on the effect of dwell periods during room temperature fatigue, and this is 

primarily from work on steels containing free ferrite 
1-3 

. Work on aluminium 

alloys has been done by Day and Ballett4 and Redfern'. Day and Ballett 

investigated the effect on the constant amplitude fatigue performance of notched 

specimens of interspersing zero load dwells at ambient temperature and found that 

endurance was significantly reduced. Redfern's work was on notched specimens and 

riveted joints tested under a flight-by-flight load sequence and indicated that 

in the former case endurance was reduced and in the latter case, endurance was 

increased by the inclusion of dwells, with and without applied load, in the load 

sequence. This limited information suggests that in specimens where the life is 

predominantly spent in initiating a crack (i.e. notched specimens), endurance is 

reduced by the inclusion of dwells in the loading sequence whereas in specimens 

where the life is predominantly spent in propagating a crack (i.e. riveted joint 

specimens) endurance is increased. In an attempt to substantiate this increase 

in endurance, a research programme has been undertaken which investigates the 

effect of dwells in fatigue loading on crack propagation rate. The results of 

this work are presented in this Report and it is shown that dwells both with and 

without applied load significantly reduced crack propagation rate. 

2 MATERIAL AND SPECIMEN 

The specimens were extracted from 1.6mm thick sheet of clad Al 2% Cu alloy 

to specification CMOOl-IF (clad RR58 material). Details of the chemical composi- 

tion and tensile strength of this material are given in Table 1. The crack pro- 

pagation specimens (see Pig.]) contained a central notch to facilitate crack 
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initiation. This notch consisted of a 9.5mm drilled hole and 2.51mn slots, 

spark eroded each side of the hole. The length to width ratio of the sheet 

specimen was 3: 1 in order to minimise end-loading effects 
6 

. 

3 FATIGUE TESTS 

All specimens were tested in an electro-hydraulic rig in axial tension 

using a load sequence which was dictated by the requirements of an investigation 

of the effects of heat on fatigue 7 . The loading was a simplified flight-by- 

flight load sequence interrupted at intervals with a dwell at steady load or at 

zero load. The loading used for tests with no dwell is shown in Fig.2a and 

represents a possible loading sequence on fuselage structure, composed of 

pressurisation cycles and superimposed gust load cycles; the sequence shown was 

repeated until the crack had grown to a total length of 100 mm, i.e. 40% of the 

specimen width. In tests where dwells were included the same sequence of loads 

was used but dwells were inserted by holding the appropriate applied load for an 

extensive period (see Figs.2b and 2~). 

Fatigue crack growth was measured using a replica technique'. The method 

was to obtain an impression of the specimen surface on a cellulose acetate sheet 

for examination by an optical microscope. The impression was obtained by first 

softening the surface of the acetate sheet with acetone and applying it to the 

specimen surface under light pressure. After about 3 minutes the surface of the 

acetate hardened to form a replica of the specimen surface from which the length 

of the crack could be measured to within 0.05 mm. Replicas were taken of the 

crack during test at intervals short enough to ensure a minimum of 40 readings; 

whilst replicas were being taken the test was suspended with the specimen under 

load. 

4 RESULTS AND ANALYSIS 

The results for each test in terms of crack length and number of 'load 

sequences' are presented graphically in Fig.3. Crack growth rates were computed 

using a programme developed by McCartney and Cooper 9 ; this method uses spline 

functions to fit a curve to the data and hence calculate the growth rate curves. 

Computed crack rates are presented graphically against crack length in Fig.4. 

5 DISCUSSION 

From Fig.3 it is seen that the inclusion of dwells in the load sequence 

significantly reduced crack growth rates. The magnitude of these reductions is 



better appreciated if lives to 1OOmm crack are expressed as a ratio to the mean 

life for the tests without dwell, i.e. life ratio in the following table. 

Testing condition Life ratio 

no dwell 1 .o 

dwell with load 1.40 

dwell without load 1.34 

5 

These figures indicate that dwells are beneficial, slightly more so if load is 

applied. This result is in line with the work of Redfern5. Turning to Fig.4, 

it is seen that the crack growth rate is reduced at most crack lengths, the 

biggest reductions being in the mid-range of crack lengths. 

No evidence has been obtained on the mechanisms of dwell effects but it is 

worthwhile speculating on phenomena which could induce these effects. The metal- 

lurgical state of the material at the tip of the crack undergoes change during 

fatigue cycling. Some of these metallurgical changes are time dependent, e.g. 

diffusion, generation of dislocations, dislocation movement, etc. and thus it is 

probable that changes in the state of the material at the crack tip will differ 

in fatigue loading with and without dwell periods. Another time dependent pheno- 

menon which occurs is corrosion at the crack tip. It is possible that when dwells 

are included in the load sequence, sufficient corrosion can take place to affect 

subsequent crack growth. 

Further work is in progress to investigate the effect of load dwell. The 

influence of dwell periods on the progress of the crack through the material is 

being deduced by examining the striations on the fracture surface using an 

optical microscope. Also the effect of the number of dwells included in the 

fatigue test of notched and riveted joint specimens is being investigated 10 and 

further information is being obtained on the effect of load level during the 

dwell period 5 ,lO c 

6 CONCLUDING REMARKS 

Crack propagation tests have been carried out on clad aluminium alloy 

sheet under a simple form of flight-by-flight loading to investigate the effect 

of dwell periods at regular intervals during the test. 



It was shown that the inclusion of dwells at steady tension or at zero 

load significantly reduced the crack propagation rate. The effect of dwells at 

load was slightly more beneficial than dwells at zero load. Further work is in 

progress to investigate the general applicability of this result. 



Table 1 

CHEMICAL COMPOSITION AND TENSILE PROPERTIES OF CMOOI-IF 

Chemical composition 

Core material 

Cladding 

Element 

cu 

Mg 
Si 

Fe 

Mn 

Ni 

Zn 

Pb 

Sn 

Ti 

Aluminium 

% by weight 1 
Min Max 

1.8 
1.2 
0.15 

0.9 

0.8 

2.7 

1.8 
0.25 

1.4 

0.2 

1.4 

0.1 

0.05 

0.05 

0.2 

Remainder 

Zinc lo.8 1 1.2 ) 
Aluminium - Remainder 

Minimum tensile properties 

0.2% proof stress = 338 MN/m2 

UTS = 410 MN/m2 

Elongation 
(on 50mm gauge length) = 7% 
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Fig. 2 a-c Load sequences 
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Fig. 3 Effect of dwell periods on crack growth 
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Fig. 4 Effect of dwell periods on crack propagation rate 
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