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growth studies under static loading conditions at various temperatures in both
6061-T651 aluminum and 70/30 alpha brass embrittled by mercury are also
presented. Finally, some experiments on mercury wetted 70/30 alpha brass in
Mode III loading (pure shear) are presented. The results are discussed in

relation to transport mechanisms.

34

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)



SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

[T REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
ARLCB-TR-83008

4. TITLE (and Subtitls) S. TYPE OF REPORT & PERIOD COVERED
CRACK GROWTH IN MERCURY EMBRITTLED ALUMINUM .

ALLOYS UNDER CYCLIC AND STATIC LOADING Final

CONDITIONS 6. PERFORMING ORG. REPORT NUMBER
7- AUTHOR(®) 8. CONTRACT OR GRANT NUMBER(a)

Joseph A. Kapp

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS-
US Army Armament Research & Development Command AMCMS No. 61110191A0011
Benet Weapons Laboratory, DRDAR-LCB-TL DA Project No. 1L161101A9A
Watervliet, NY 12189 . PRON No. 1A2231491Al1A
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Armament Research & Development Command March 1983
Large Caliber Weapon Systems Laboratory 13. NUMBER OF PAGES
Dover, NJ 07801 173
4. MONITORING AGENCY NAME & ADDRESS(!f different from Controlling Oftfice) 15. SECURITY CLASS. (of thie report)
UNCLASSIFIED
1Sa. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the sbetract entered In Block 20, if different from Report)

18. SUPPL EMENTARY NOTES .
This was a thesis in partial fulfillment of requirements for degree of

Doctor of Philosophy in Materials Engineering at Rensselaer Polytechnic
Institute, Troy, New York.

19. KEY WORDS (Continue on reverse slde I neceseary and identify by block number)

Fracture Liquid Metal Embrittlement
Fatigue Mercury

Fracture Mechanics Aluminum

Adsorption

20. ABSTRACT (Coatinue en reverse side if neceesary sud Identlfy by block number)

Crack growth rates were measured on three aluminum alloys under cyclic and
static loading conditions in laboratory air and in liquid wmercury at about
+25°C. One alloy, 6061-T651, was tested under both loading conditions at

temperatures ranging from -25°C to +45°C. Fracture mechanics techniques were
used.

(CONT'D ON REVERSE)

FoRM
DD ,an 72 1473 EDITION OF 1 NOV 65 IS OBSOLETE 35 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20. ABSTRACT (CONT'D)

Under cyclic loading conditions, no enhanced crack growth in mercury was
measured until a critical stress intensity factor range (AK) was exceeded.
When AK increased above the threshold value, the crack growth rate increased
by as much as three orders of magnitude, when compared to the crack growth
rate in air. From the appearance of the fracture surface the mechanism of
embrittlement was deduced to be reduced cohesion.

Under static loading conditioms, crack velocities of centimeters per second
were measured in load control. Under displacement control much slower crack
velocities were measured in two alloys. The decrease in crack velocity was
attributed to crack blunting and large plastic zones. Static crack velocity
and cyclic crack growth rate increased with decreasing temperature. This
unusual temperature effect was related to the kinetics of adsorption of
mercury on aluminum.
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the laboratory engraved slugs were compared with those of retrieved
projectiles; results from the two simulating designs were also compared.
‘ISimilarities were found between retrieved bands and simulated conventional

design, while the simulated modification resulted in change in metal-flow
pattern close to the intended one. Reduced engraving forces were observed as
predicted and can be explained by reduced deformation forces when the modified
design of C.0.R. is being simulated. It 1s suggested that reduced deformation
forces will reduce wear at the commencement-of-rifling.
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elements around a crack tip. The difficulty due to the presence of initial
stresses in the finite element method is obviated by the method of thermal
simulation which replaces the residual stresses existing in an autofrettaged
cylinder by an active thermal load. The weight function method is
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Numerical results of functional stress intensity factors are given for
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linear superposition of these results gives the resultant stress intensity
factor of a cracked geometry subjected to combined external loads and initial
stresses. It is highly possible to extend the method outlined in this report
for elastic-perfectly plastic material to strain-hardening materials.
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20. ABSTRACT (CONT'D)

critical features., A closure-packing system has been developed to greatly
diminish the end effect. The end effects have been measured and the system

successfully used in a high pressure hydraulic fatigue test.
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further indicate that saturation effects, which dominate the temperature
dependence of the high resistivity amorphous metals, are important even for

resistivities as low as 50 pQcm.
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these plating conditions, it was also found that (1) lower amounts of chromium
hydride (CrHg) occur in the deposit, (2) a large decrease in the microcrack
density of the deposit occurs, and (3) the deposits tend to become

compressively stressed.
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a fracture mechanics method. A statistical comparison of the two methods was
performed. Photoelastic and finite element methods' were used to obtain some
of the notch root stresses.
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The effects of prior thermal overload on fatigue life were also investigated
in five tests of two specimen geometries. Rapid cooling of the outer diameter
of a hollow disk segment of a cylinder extended the fatigue life in subsequent
cyclic bending testing of the segment.
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pfepared from CdS systematically doped with increasing amounts of Cl.

The Cl doped material was prepared in a variety of ways: from mixtures of CdS
and CdCl,, by precipitation from aqueous solution, and by acid doping. The
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2. Splitting the Ring: The feasibility of splitting the ring using an
electrical discharge machine "EDM" was investigated. A service contract for
EDM cutting employing a traveling wire electrode was awarded. This method
proved unsatisfactory for production application. A specification for an
automated abrasive saw has been prepared. This machine will have power
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system.

3. Polishing Split Surface: The engineering study failed in locating an
adaptable state of the art polishing machine that would meet the rigid
requirements of our components. In order to improve on our present method
of polishing, an in-house effort has been undertaken. Two wet belt sanders
have been purchased and the modification for our application has begun.
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