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An adaptive finite element method is developed to solve initial boundary value problems for vector systems of parabolic partial
differential equations in one space dimension and time. The differential equations are discretized in space using piecewise linear
finite element approximations. Superconvergence properties and quadratic polynomials are used to derive a computationally
inexpensive approximation to the spatial component of the error. This technique is coupled with time integration schemes of
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An adaptive finite element method is developed to solve initial boundary value problems for vector systems of parabolic partial
differential equations in one space dimension and time. The differential equations are discretized in space using piecewise linear
finite element approximations. Superconvergence properties and quadratic polynomials are used to derive a computationally
inexpensive approximation to the spatial component of the error. This technique is coupled with time integration schemes of
successively higher orders to obtain an approximation of the temporal and total discretization errors. The stability of several
mesh equidistribution schemes for time-dependent partial differential equations is studied. The schemes move a finite difference
or finite element mesh so that a given quantity is uniform over the domain. Mesh moving methods that are based on solving
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Several medium and high strength alloys, including AF1410, Inconel 718, PH 13-8 Mo stainless steel, and ASTM A723 high strength low
alloy steel, have been heat treated to various strength and toughness levels and evaluated for correlations between fracture toughness and
Charpy impact energy. The correlations investigated included those by Rolfe-Novak and Ault-Wald-Bertolo.  Previous work by Kapp and
Underwood suggests that for A723 steel, the Rolfe-Novak correlation predicts the fracture toughness reasonably well. One potential
limitation of their study was that the Charpy impact energy was measured at -40°F, whereas the toughness was evaluated at room
temperature. This study evaluates Charpy impact energy and toughness at both room temperature and at -40°F and considers both when
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the Ault-Wald-Beriolo correlation will result in a conservative estimate of toughness.
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13. ABSTRALY (Maximum 200 words)

Fatigue life tests were performed with notched bend specimens of ASTM A723 steel with three types of residual stress
treatments and resulting residual stress: shot peening, hole swaging, and tensile overload. The three treatments produced widely
different depths and surface values of residual stress near the notch root and different fatigue lives depending mainly on the
notch root surface value of compressive residual stress. The highest life was measured from overload specimens, which had
both the deepest and the highest surface value residual stress distribution. Fracture mechanics-based calculations of fatigue
life agreed well with measurements. The calculations accounted for the following factors that affect fatigue life: the crack
growth properties of the material; the shallow surface-crack configuration; the applied loading; and the depth and surface
magnitude of the residual stress distribution. A consistent description of fatigue life was obtained from a AK versus calculated
life plot, where the AK is for a shallow crack near the notch root and in the region of compressive residual stress. A power-law
relationship between AK and fatigue life agreed well with the results from both the untreated notches and those with the three
types of residual stress, indicating that fatigue life predictions could be made with some confidence for tests under generally
similar conditions.
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If  is the profile or radius function for a surface of revolution and r, is the polar radius function, a quasi-geodesic path on the
surface can be defined by the generalized Clairaut relation rSinw=r,, where w is the meridional angle. An inequality involving
rr,r,r,,and r,’ is derived. The global satisfaction of this inequality guarantees the windability of the path on a convex (r"<0)
surface by a filament winding machine. If the surface is concave anywhere (>0) and a more well known "clinging" inequality
is also satisfied, windability is also guaranteed. By "windable" we mean that the winding data produced from the path represents
a single-valued function and that the wound filament does not bridge. In addition to this new windability criterion, simplified
methods for generating quasi-geodesic paths and properly scaled winding data are also presented.
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Emission spectroscopy appears to adequately screen noncritical standard stock metals with their wide constituent tolerances. For this work,
the Angstrom model V-70 direct reading vacuum emission spectrometer was used to perform computer-assisted chemical characterization
of gun steel materials. The development of multi-element calibration data, spectral interference corrections, matrix interference corrections,
and system operating condition corrections are discussed. Unfortunately, even fully optimized emission spectroscopy completely fails to
chemically characterize critical service intensive metals, such as gun steel, with their narrow constituent tolerances. For gun steel, the
respective required concentration ranges (weight percent), required precisions at 95 percent confidence (weight percent), and achieved
precisions at 95 percent confidence (weight percent, optimized emission spectroscopy) are: carbon = 0.30 to 0.38, 10.01, £0.02; nickel
= 2.00 to 3.50, $0.05, £0.10; phosphorus = 0.001 to 0.014, +0.001, +0.002; sulfur = 0.001 to 0.012, +0.001, +0.003; chromium = 0.80 to
1.20, 10.05, £0.10; manganese = 0.50 to 0.70, 10.02, 10,06; molybdenum = 0.40 to 0.60, +0.02, 10.03; vanadium = 0.080 to0 0.120, $0.005,
10.030; silicon = 0.15 to 030, £0.01, £0.02; aluminum = 0.001 to 0.010, $0.001, 10.005; and titanium = 0.001 to 0.015, £0.001, +0.017.
Optimized emission spectroscopy inadequately characterizes gun steel to the desired level of precision. Although they are more time-
consuming, inductively coupled plasma and carbon/sulfur analyzer benchmark methods are strongly recommended for all future gun steel
material analyses due to their very desirable levels of precision.
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This report considers the efficient solution of the following problem: given pressure travel shape data for a particular round,
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13. ABSTRACT (Maximum 200 words)

It is a well-known fact that the propellant temperature of a round of ammunition affects the dynamics of a cannon and thus
the trajectory of the projectile. As the propellant temperature varies, its burn rate also varies. A faster buming propellant
increases projectile velocity, thus affecting range, accuracy, and penetrating capability for kinetic energy projectiles. Muzzle
deflections during firing are related to projectile velocities, which in turn relate to the propellant temperature. Therefore, it
is necessary to establish a more accurate estimate of the propellant temperature at the time of ignition to account for and
minimize muzzle deflection. This report outlines a theoretical approach that can be used to develop an emulator design. An
experiment conducted to validate the theoretical approach is also discussed.
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13. ABSTRACT (Maximum 200 words)

Fracture tests were performed with carbon/polymer laminates and analyzed for the purpose of developing translaminar fracture toughness
test and analysis procedures. Notched specimens were tested on two types of symmetrical layups, quasi-isotropic [0/45/90] and [0/90};
two carbon fiber/epoxy materials, a relatively brittle T300 fiber/976 epoxy and & tougher AS4 fiber/977-2 epoxy; two laminate thicknesses,
2.mm and 4-mm; and three specimen configurations, the standard three-point bend and compact configurations, and an extended compact
specimen with arm height-to-specimen width ratio of 1.9. Stress and displacement expressions were obtained for the extended compact
specimen, including those for stress intensity factor, K, and crack-mouth opening displacement, V, in terms of relative notch length, a/W,
and for a/W in terms of V. Relationships for the bending stresses that control self-similar and off-axis cracking for the extended compact
specimen wege also derived.

Damage was characterized in the tests, including that associated with arm breakage in the standard compact specimen and load-point
damage in the bend specimen. Two types of notch-tip damage were characterized using radiography, that which extends perpendicular
to the notch in predominantly 0° fiber layups, and that which occurs shead of the notch in quasi-isotropic and 90° fiber layups. The applied
K at maximum load, K_,, determined in a way that took sccount of the effective crack growth up to the maximum load point, was used
as a measure of fracture toughness. For deviations from the linear P-V plot comresponding to AW < 0.04, K, gave consistent
measurements of fracture toughness. This criterion also excluded tests with damage of the type that violates the basic concept of fracture
toughness measurement, including the arm breakage and load-point damage noted in the tests. Plots of K, versus As/W showed increasing
resistance to crack growth for quasi-isotropic layups and constant resistance to crack growth for predominantly 90° fiber layups.
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13. ABSTRACT (Maximum 200 words)

Conventional tank battles are an important aspect of current and future warfare techniques. Even though our mechanized
weaponry is extremely accurate, we should not embrace the mindset that the best in tank gun accuracy has been achieved. We
can should embrace the mindset that the best in tank gun accuracy has been achieved. We can and should do more! The *fleet
zero’ concept brought about by the downsizing trend in today’s army means that zeroing exercises will be conducted for the
entire fleet using only a few tanks and gun tubes. The contribution of individual tubes to a tank’s accuracy is no longer
determined. Therefore, for the concept to work, variability in tube-to-tube manufacture (or more importantly the variability
that contributes to accuracy) must be minimized or accounted for through the use of computer simulation. This report presents
a comprehensive study into the relationship among the characteristics of gun tubes, projectiles, gun mounts, and ballistics and
their effect upon dynamics at the muzzle and shot accuracy. The data is provided from the dynamic index tube test conducted
in the early 1990s. Modelling is performed using Benét’s gun vibration model and a recently purchased gun vibrations code.
The overall goal is to provide aiming point correction factors based upon system dynamics and an empirically determined exit
jump offset for a specific round and ballistic load. In this type of analysis, the values of uncertain or unknown parameters are
randomly drawn from an expected statistical distribution. Therefore, a given distribution of input values results in a distribution
of output responses having its own characteristics. The likelihood that a response occurs is cast in terms of a probability
distribution. For the test data used and the analysis run, fifty percent of the samples show promise for the use of this semi-
elliptical method of shot impact prediction. Further study including more rounds and gun tubes is recommended with the intent
of gaining improved accuracy across the full family of rounds for the M1A1 tank.
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13. ABSTRACT (Maximum 200 words)

Sections of canmon tubes with inner radius of 53, 60, and 78 mm were cycled from near zero to 100 to 300 MPa intemal pressure until
fatigue failure occurred. The failure locations were along 2-mm holes cut through the cannon wall at a 30° angle to the tube axis, for the
purpose of evacuating combustion gases from the cannon after firing. The cannons had various amounts of autofrettage by overstraining,
including 0, 30, 50, and 100 percent. The amount of overstrain affected both the initiation position of the fatigue crack along the evacuator
hole and the measured fatigue life. Increasing the amount of overstrain moved the crack initiation from the tube inner radius toward a mid-
wall position and significantly increased fatigue life.

Fracture mechanics and solid mechanics-based calculations of fatigue life were performed for comparison with the measured lives. The
calculations gave a good description of the measured life, taking account of tube configuration, applied pressure, amount of overstrain, stress
concentration of the hole, crack size and shape, material fatigue crack rate behavior and yield strength, and pressure in the hole and on
the crack surfaces. As with measured fatigue life, the calculated life was significantly affected by the amount of autofrettage of the tube.
The ratio of outer-to-inner radius of the tube and the presence of pressure in the evacuator hole also had substantial effects on the calculated
fatigue life.
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