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Yield pressure for a small permanent strain was measured in quasi-static laboratory tests of autofrettaged ASTM A723 steel cannon pressure
vessels. Yield pressure was found to be a consistent ratio of the yield strength measured in close proximity to the area of observed yielding.
Comparable yield prassure measurements for cannons firing with typical 5-ms pressure pulse duration gave 14% highar yield pressures, attributed 1o
strain-rate effacts on plastic deformation.

Calculated von Mises' yield pressure for the laboratory test conditions, including the Bauschinger-modified inner diameter residual stress and open-
end vessel conditions, agreed with measured yield pressure within 3 to 5 %. Calculated yield pressure was found to be insensltive to the value of axial
residual stress, since it is typically the intermediate value in the von Mises' yleld criterion.

A description of yield pressure normalized by yield strength was given for autofrettaged A723 open-end pressure vessels over a range of wall ratio
and degree of autofrettags, including effects of Bauschinger-modified residual stress. This method for calculating yield pressure Is proposed as a
design procedure for cannons and other pressure vessels.
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We used single-source and single-detector laser-ultrasonic measurements to generate and detect Rayleigh waves on tantalum sputtered stee!
substrates. Group velocity disparsion curves were calculated from the single-detected signals using wavelet techniques. Theoretical dispersion
curves were calculated via the Achenbach and Keshava analysis. A simplex minimization technique between theory and experiment, using known
values for the substrate, allowed us to evaluate the coating parameters. The coating thickness was measured accurately with micrometers, and
gives the most easily avallable comparisons with the output of the simplex method. The results using the straightforward wavelst method were
compared with an adaptation thereof.
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A new variant of the nonlinear kinematic hardening model is proposed that accommodates both nonlinear and linear strain hardening during initial
tensile loading and reduced elastic modulus during initial load reversal. It also Incarporates the Bauschinger effect, as a function of prior tensile
plastic strain, during the nonlinear compressive loading phase. The model is shown to fit experimantal data from a total of five candidate gun

steals. The numerical fits will be employed in subsequent work to predict residual stresses and fatigue lifetimes for autofrettaged tubes
manufactured from the candidate steels.
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Modern tank guns, such as the one on the Abrams, arc stabilized to allow fire on the move while traversing uneven terrain. The
current barrel is short enough that treating it as a rigid beam allows engagement of another tank at ranges of over a kilometer.
However, as the length of the tube is extended, to meet required muzzle exit velocities, the terrain-induced vibrations lead to
increased muzzle pointing errors. A method to reduce these vibrations is 1o use the forward thermal shroud as part of a mass tuned
damper. In this case the system under study is an extended length version of the gun currently ficlded. This extended length
increases its susceptibility to terrain-induced vibrations. The forward thermal shroud has been shortened and additional mass has
been added onto its forward collar. This collar is then supported by springs, which are preloaded so that they stay in contact
through the full range of the shroud’s movement. Varying the stiffness of these springs allows for tuning of the absorber.
Different types of springs and attachments have been tried. The current version uses leaf springs and a wedge collar. This system
has been modeled, and experiments have been conducted to validate the model.
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The evolving surface structure of sputtered tantalum and niobium coafings was characterized In terms of dynamic scaling exponents using atomic
forcs microscopy (AFM) to map surface structures over a range of scales from 10-nm to 5-0m. New numerical techniques are introduced to
systsmatically detenmine the time evoiution of the spatial scaling paramaters assoclated with the coating surface morphology. These dynamic

scaling parameters define a unique universality class that is associated with the deposttion process, and provides insight into the dynamics of the
growth processes of thick metal fims.
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Changss in the intrinsic structure of paint surfaces resuiting from extended UV exposure can significantly atter the appearance of the paint due to a
breakdown in the resin that binds the fine paint particulates. In this study, the coating structure of a solvent-based polyurethane was analyzed to
establish correlations batween the intrinsic spatial scaling properties of the coating and UV exposure time. Atomic force microscopy (AFM) and laser
scanning confocal microscopy (LSCM) were employed to map surface structures over a range of scales from 100-nm to 100-Om. The roughness of
the polyurethane surface was characterized in terms of scaling exponents by quantifying the local reughness using detrended fluctuation analysis
(DFA) to identity long-range power-law correlations and correct for inhomogeneities in the surface structure. This approach provides a means to
directly compare AFM and LSCM results over a range of scales consistent with those of a self-affine fractal. The time-depandent dynamics of the
roughening process was also determined in order to provide a metric for characterizing the evoiving surface morphology. The results provide fresh
insight into the mechanisms of polyurethans coating degradation under UV exposure.
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The M258 120-mm cannon is the main armament of the M1AT and M1AZ tanks. With the increased pressure generated by the latest version of the
M823 APFSDS-T cartridge (A3}, the yisld strength of the cannon would have been insufficient fo prevent slastic deformation of the tuba. Classical
theory Indicated that this pressure could not have been contained, but it was known that the theory is somewhat conservative. By testing to slastic
deformation and using statistical analysis, a new Safe Maximum Pressure (SMP} as dafined by NATO Standardization Agresment (STANAG) 4110,
was determined. This resulted in the M256 tube yield strength being redefined and capable of firing the MB2SA3
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13. ABSTRACT (Maximum 200 wonds)

The design and construction of a planar magnatron-sputter deposition system with a beryllium chamber was accomplished to perform in-situ x-ray
diffraction growth study of refractory eoatings. The deposition system was set on top of a laboratoty 626 x-ray diffractometer. A two-dimensional array
detector was interfaced for observation of the Debye rings during growth. Integration along the 26 and y directions allows fast phase and texture
determination. The system was built to study effects of sputter deposition parameters on the structural propertiss of tantalum on steel, silicon, and glass
substrates without exposing the system to atmosphere pressure.

Two sputter depositions of tantalum films onto glass substrate in argon gas are reported here, ons was deposited at 25-mm target-detector
distance, 3.8 Pascal argon gas, and the other at 108-mm target-detector distance and 1.3 Pascal argon gas. The first film grew to 250-nm in 39 minutes
at an average growth rate of 6.4-nm/minute. it consisted of 45-nm of interface layer, which showed no crystalline structure, and was most likely
amorphous film. It was followed by 15-nm growth of S-tantalum, and then folfowed by 180-nm growth of a-tantalum. From the full-width halt maximum
of the 2-plot, it was determined that the B-tantalum ragion was <002> textured, and the a-tantatum ragion was <110> textured, and grew more textured
with deposition ime. The second film grew to 36-nm in 22 minutes at an average growth rate of 1.6-nm/minute. it consisted of 31-nm of layer, which
showed no crystalline structure, and was most likely amorphous film. It was followed by 5-nm of surface layer of B- and a-tantalum. Ex-situ grazing
incidence x-ray diffraction performed on the film surface confirmed the in-situ results. Ex-sity pole figure analysis showed <110> fiber texture in o-
tantalum, and highly <002> texture in p-tantalum.
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13. ABSTRACT (Maximum 200 words)

A rational approach to disturbance rajection Is proposed and applied to a simple three degres-of-freedom flaxible gun tube model using feedforward
and feedback compensation. The first two natural frequencies of the pin-free and cantilever tube are matched by adjusting the dimensions of the
figid segments and the stifiness of the torsional springs that join them. # was found that, contrary 1o the previously analyzed two degree-of-fresdom
segment model, the muzzie-end segment could ba stabilized by the proper choice of transfer functions and elevation driveline response. The
analysis serves to establish the requiremants for the transfer functions and stabilizing actuator systems.
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13. ABSTRACT (Maximum 200 words)

Characterization analyses were conducted on sections taken from three truncated 25-mm gun tubes that were explosively bonded with pure
tantalum. Two of the barrels had been test fired and one was recelved in the pre-fired condition. The two test-fired tubes consist of one smoothbore
design and one no-twist rifled bore design. The specimen received in the pre-fired condition was the smoothbore design. Characterization work
included macroscopic examination, liner thickness measurements, microstructural analysis, microhardness testing, adhesion testing, scanning
electron microscopy, energy dispersive spectroscopy, wavelength dispersive spectroscopy, hydrogen analysis, and pulsed iaser heating.
Characterization results indicate vast improvement over the erosion characteristics of standard nitrided 25-mm Bushmaster gun tubes when firing
the unfielded, original M919 propetlant (100% HE 9053). Some areas of concem in the performance of the liner include heavy heat-check cracking,
sevare gas erosion, high concentration levels of hydrogen, and surface oxidation of the tantalum tiners.
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13 ABSTRACT (Maximum 200 words)

Erosion modsling predictions ars given for the current M829E3 round configuration and weighted averages per temperature for the computer
correctian factor (CCF). Our gun erosion model was developsd through a ten-year joint partnership with Software and Enginesring Associates, Inc.,
Carson City, NV. These predictions are based on racent cannon characlerization data. These latest predictions Include significant changes in
propellant configuration and projectile weight that ware made to the current M829E3 configuration compared to our initially presented M829ES modsiing
predictions two years ago. For the last two yaars, additional nonablative MB29E3 srosion modeling predictions have not besn conducted or presented.
This was due to a diversion of srosion modaling resources toward ablative MB29E3 erosion predictions and erosion predictions relatad to the selection
of six M256 cannons for MB29E3-related fatigue testing. For the current MB2OE3 configuration, these changes in gas pressure, gas temperature, gas
velocity, and increased projectile weight collectively contributed to a predicted increase in M256 cannon erosion life compared to our Initlally presented
M829E3 modeling effort. In addition, the current set of MB2OE3 weighted averages per temperature for CCF from Fort Knox {19% hot 49°C/HZ0°F,
84% basic 21°C/70°F, 16% cold -7°C/20°F, and 1% severe -32°C/-25°F) collectively contributed to a further predicted increase in M256 cannon erosion
Iife compared to the two-year-old set of weighted averages per temperature (33% hot, 33% basic, 0% cold, and 33% severe). For the current
i . the pesk eroded cannon axial position remains at approximately 80 inches from the rear facs of the tube 15 inches; and this position
dictates the erosion life of the cannon. Erosion life predictions at this position are given for sach of the round-conditioning temperatures and the Fort
Knox mibture of round-conditioning temperatures. At this peak eroded position, the respective 48°C/120°F, 21°CI70°F, -F°CI20°F, -32°CA25°F, and
Fort Knox mixture round-conditioning temperatura cases have predicted erosion fives of approximately 183, 287, 388, 302, and 269 rounds. The
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