Conclusions

Data for the hydrostatic fatigue characteristies of high-strength
thick-walled cylinders in the range of 103 to 105 cycles to failure
are presented. Based on this investigation, the following points
have been established.

1 Autofrettage significantly improves the fatigue character-
istics of thick-walled cylinders at stress levels lower than those
associated with the overstrain pressure. The degree of improve-
ment increases as the eyclic stress level decreases.

2 Using the difference in principal bore stress as the cyclic
parameter, the fatigue characteristics improve with increasing
diameter ratio. This increase with diameter ratio is small in the
case of the nonautofrettaged condition. In the case of auto-
frettaged cylinders, the increase in fatigue life with diameter ratio
is substantial. The rate of improvement in the autofrettaged
cylinders approaches that for the nonautofrettaged condition
beyond a diameter ratio of 2.0.

3 The slope of the difference in principal bore stress versus
cycles to failure curve appears to approach zero below 108 cycles
to failure.

4 Based on the similarity in the correlation coefficient, no
single cyclic stress or strain parameter evaluated for the presenta-
tion of thick-walled cylinder fatigue data offered significant ad-
vantage over the others.

5 Thermal treatment of the overstrained cylinders at 675 F
for 6 hours did not affect fatigue characteristics.

6 There is a correlation between the cyclic-stress level and the
area and depth of the fatigue erack to the point of ductile rupture;
the depth of the crack deereasing with increasing stress level.

7 Internal-diameter surface finishes varying from 16 to 125
micro-inches RMS did not show a consistent pattern in affecting
the fatigue life.
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8 The fatigue characteristics appear to be proportional to the
tensile-strength level for the range of ultimate tensile strength
from 160,000 to 190,000 pounds per square inch.

Acknowledgment

The authors wish to thank the following individuals who have
helped bring this investigation to the current stage: Mr. R. A.
Petell and his staff for the conduct of the experimental work, Mr.
D. P. Kendall for his helpful discussions, Mr. P. Loatman for the
statistical analysis of the experimental data, Mr. Earl Skelton for
his help with the data and statistics, and Dr. R. E. Weigle and Mr.
M. Pascual for their constructive comments.

References

1 Morrison, Crossland, and Parry, ‘“‘The Strength of Thick
Cylinders Subjected to Repeated Internal Pressure,” JOURNAL OF
ENGINEERING FOR INDUSTRY, TRANS. ASME, Series B, vol. 82, 1960,
pp. 143-153.

2 D. H. Newhall and P. R. Kosting, ‘Progressive Stress Damage
and Strength of Centrifugally Cast CW Gun Tubes,”” 1949, Watertown
Arsenal Laboratory, 731/281.

3 T. E. Davidson, C. S. Barton, A. N. Reiner, and D. P. Kendall,
“The Autofrettage Principle as Applied to High-Strength Light-
Weight Gun Tubes,” Technical Report WVT-RI-5907, Revision 1,
Watervliet Arsenal, Watervliet, N. Y.

4 H. Sigwart, ‘“Influence of Residual Stresses on the Fatigue
Limit,” Fig. 3.41, page 273, of the Proceedings of the International
Conference on Fatigue of Metals, 1956, published by The Institution
of Mechanical Engineers.

5 Sines and Waisman, ‘“Metal Fatigue,” McGraw-Hill Book
Company, Inc., New York, N. Y., 1959, pp. 112-141.

6 R. A. Fisher and F. Yates, Oliver, and Boyd, ‘‘Statistical Tables
for Biological, Agricultural, and Medical Research,” Table III.

7 Crussard, Plateau, Tamhankar, Henry, and Lajeunesse, ‘‘A
Comparison of Ductile and Fatigue Fractures,” ‘‘Fracture,” J.
Wiley & Sons, Inc., New York; N. Y., 1960, p. 593.

Printed in U. 8, A,

1




