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groove which interconnects the sabot and penetrator. A simulation of this
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through its grooves, 1In this paper we will discuss the design of the tensile
test apparatus and the preliminary results achieved. The test system can be
used for comparisons of various designs, materials, coatings, and environmental
effects.

34
SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entered)




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER
ARLCB-TR-81008
4. TITLE (and Subtitie) 5. TYPE OF REPORT & PERIOD COVERED

A PHOTOELASTIC STUDY OF STRESSES IN SINGLE-
GROOVE CONNECTIONS OF THE SAME MATERIAL

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(a) -
Y. F. Cheng
9. PERFORMING ORGANIZATION NAME AND ADDRESS 0. PROGRAM ELEMENT, PROJECT, TASK
US Army Armament Research and Development Command
AMCMS No. 6111.01.91A0
Benet Weapons Laboratory, DRDAR-LCB-TL PRON No. 1A1281501A1A
Watervliet, NY 12189 L
tl. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
US Army Armament Research and Development Command February 1981
Large Caliber Weapon Systems Laboratory 13, NUMBER OF PAGES
Dover, NJ 07801 30
14, MONITORING AGENCY NAME & ADDRESS(if different from Controlling Oftice) 15. SECURITY CLASS. (of thie report)
UNCLASSIFIED
152, DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited.

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

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reveree side if necessary and Identity by block number)
Groove Connections

Photoelasticity

Maximum Fillet Stresses '

Contact Stresses

Stress Concentrations ]

20. ABSTRACT (Contfaus en reverse side it necewsary sud identify by block number)

This report describes a three-dimensional photoelastic study on stresses in

single-groove connections of the same material. Two groove profiles were

investigated; namely, the British standard buttress and the new profile.

Boundary stresses, interior stresses, and contact stresses were determined.

Shear-difference method was used and the procedure of the method was outlined.
' (CONT'D ON REVERSE)

DD ., 5™, 1473  eoimion oF 1 8OV 65 1S oBSOLETE 3c UNCi.ASSIFIED

SECURITY CLASSIFICATION OF TH!S PAGE (When Data Entered)




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20. Abstract (Cont'd)

the new profile and that the Heywood'

S e

Appropriate checks for the accuracy of the results were made. Heywood's
empirical equation for calculating maximum fillet stress in loaded projections
was reviewed. It was found that the British standard buttress is stronger than

quation is not applicable in our

problem. Further work on multi-groove connection is in progress.
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readout equipment. Deflections at mid-span were measured with a rotary ten turn
potentiometer. Load strain and load deflection curves are presented and
compared with theory. The agreement is quite good. The difference between
theory and experiment probably can be attributed to the larger diameter of the

strains were less than l.4 percent and are quite low compared to those expected
in three point bending. The experiment shows a good possibility of using four
point bending to eliminate the need for hot straightening.

tube nearer the breech end which could contribute to greater stiffness. Maximuam |
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"Cooling rates in the tube wall for various prebore quench times were
determined by welding sections of AISI 8620 steel to the breech and muzzle
ends of the tube. The hardness gradient through the tube wall was used to
determine cooling rates at 13009F from the known relationships between
end-quench hardenability curves and Jominy test bar cooling rates. The
minimum cooling rates, at 13000F, varied from 40F/sec. to 109F/sec. at the
muzzle end of the tube. The point of minimum hardness (slowest cooling
rate) moved toward the 0.D. of the tube as the prebore quench time increased.

The minimum cooling rates resulting from the prebore quench times
used in this experiment are sufficient to exceed the critical cooling rate
for gun steel. As a result, the prebore quench time in the range of
0-150 seconds has no effect on the depth of uniformity of hardening in
105mm M68 gun tube forgings.
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straightening in some instances. The concept of distribution of plastic
deformation is put forth as a possible explanation of the advantage of one
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20. ABSTRACT (CONT'D)
reproducibility of RLPG's in a 40 mm caliber.

A description of the fixture hardware, operation, and testing is provided.
Critical areas which were identified and dealt with included material
compatibility of sliding parts, projectile shot start pressure, ignition delay,
combustion instability, and piston damping.

Considerable effort was expended in identifying and dealing with an acoustic
combustion instability in the first tangential mode. The remedial approach
which attenuated the instability was to machine five circumferential grooves on
the face of the regenerative piston in the region of the injectors. This had
the effect of simultaneously providing baffles and altering the injection
"spray”. The results show that although combustion instability 1s possible in
an RLPG environment, it can be dealt with simply by using mechanical devices
which are a direct extension of existing liquid propellant rocket technology.

Recommendations for future testing using this fixture are included.
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20. ABSTRACT (CONT'D)

penetrator and sabot - particularly along the intersection between the two.
These stresses were then used to determine the load transfer between the
penetrator and sabot.

The second phase of the effort applied the load transfer from phase one to a
detailed finite element model of the thread-like lugs of the penetrator in order
to determine the stress concentrations in the notch root area between the lugs.
This portion of the work took into account the geometry, material properties,
and load ‘transfer of the lugs. The resulting stresses due to the shearing and
bending loads and contact friction were analyzed to determine the location and
magnitude of the largest tensile stresses at the surface of the lug root.

The value of maximum tensile stress in the root of the penetrator lugs was then
used in a fracture mechanics analysis to determine a critical flow size which
would cause brittle fracture. Using fracture toughness measurements from
depleted uranium penetrator materials, critical flaw sizes were calculated and
used to determine the likelihood of failure during launch and to formulate NDT
inspection standards.
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the variational process employed. This solution procedure is described together
with results of beam motions subjected to a couple moving with various speeds.
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This computerized facility shows the ready availability of program
substitution, accommodation of complex plating processes and removal of
manual restraints through automation.

Typical chromium plating results of several 120 mm XM256 gun barrels are
presented to show the capability of the automated "pump thru" facility.

These results have arisen from increased monitoring and control capabilities,
which are essential needs for the automated factory.
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conducted in the 20 mm M24Al gun system compare the LC Cr/steel with
conventional (hard) chromium plated steel liners subjected to the same test
conditions. Preliminary tests indicate that the LC Cr/steel combination
reduces erosion in the 20 mm gun system.
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