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extended to include dissipative effects which reveal that actual launch effi-
ciencies are increased from 25 percent (rail gun) to over 50 percent (SARG).

A theoretical analysis of SARG is presented here together with the progress of
an experimental demonstrator developed at Benet Weapons Laboratory.
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The objectives of this engineering project were to determine the critical
concentration of hydrogen at which gun steel is embrittled, and to evaluate

the effects of some acid solutions un gun steel to determine safe exposure
parameters.,
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20. ABSTRACT (CONT'D)

Specimens were taken from gun steel which is very similar to ASTM A723-
grade 2- class 4 with a yield strength of 165 Ksi in the quenched and
tempered condition. Notched tensile bars were charged with hydrogen by
electrolysis, After charging, the specimens were plated with cadmium to
a thickness of 0.36 mil to provide a barrier coating which would retard
the loss of hydrogen. After pl-* 1g, the specimens were given a heat
treatment at 300°F for 35 minutes to homogenize the sharp gradient of
hydrogen within the specimen.

Notched tensile tests were conducted at room temperature and at a slow
strain rate, 0.00026/min, to detect hydrogen embrittlement, With a
specimen charged for 16 hours, the Notched Tensile Strength (NTS) was
97.0 percent of the original NTS and the fracture did not show embrittle-
ment. Two specimens with a 20-hour charging time were tested with

68 percent and 77 percent of the original NTS and the fractures clearly
were embrittled. Scanning electron microscopic photographs of the
fractured surface verified intergranular fracture typical of hydrogen
embrittlement. Hydrogen analysis was conducted on a LECO HW-100
hydrogen analyzer and diffusible hydrogen was extracted at 200°C.
Hydrogen was measured for five specimens charged for 16 hours and the
mean value for the critical concentration for hydrogen was 1,71 ml/100g
or 1.53 ppm. Using a pickling solution of 50 percent hydrochloric acid
in corrusion tests at room temperature, it was determined that it would
take approximately 110 hours for the hydrogen concentration to reach the
critical concentration of 1.7 ml1/100g (1.5 ppm) for this gun steel.
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of prismatic sections within which the Euler equation is applied. Solutions to
this equation yield functional relationships for mode shapes in the form of
trigonometric and hyperbolic functions. The overall structure is modelled as a
free-free beam with intersegment continuity assured by the matching of displace-
ment, slope, moment, and shear transfer at segment boundaries. Applying the
free-free boundary and continuity conditions results in a system of equations in
the unknown frequencies and coefficients. The solution of this system yields the
natural frequencies and mode shape coefficients within an arbitrary constant.

The main advantage of using this method over finite elements lies in the reduced
number of degrees of freedom needed to model the structure. Real prismatic
sections model one to one. This is not the case in finite element methods.
Additionally, a number of the transient loads known to drive gun vibrations are
functions of the mode shape derivatives. Since these functions are represented
analytically, which is a characteristic of the Uniform Segment Method, the need
to calculate derivatives by numerical algorithms is eliminated. Thus, exactness
in derivative calculations is assured.
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20. ABSTRACT (CONT'D)
dependent loads.

In the Uniform Segment Method the spatial domain is divided into a finite number
of prismatic sections within which the Euler equation is applied. Solutions to
this equation yield functional relationships for mode shapes in the form of
trigonometric and hyperbolic functions. The overall structure is modelled as a
free-free beam with intersegment continuity assured by the matching of displace-
ment, slope, moment, and shear transfer at segment boundaries. Applying the
free-free boundary and continuity conditions results in a system of equations in
the unknown frequencies and coefficients. The solution of this system yields the
natural frequencies and mode shape coefficients within an arbitrary constant.

The main advantage of using this method over finite elements lies in the reduced
number of degrees of freedom needed to model the structure. Real prismatic
sections model one to one. This is not the case in finite element methods.
Additionally, a number of the transient loads known to drive gun vibrations are
functions of the mode shape derivatives. Since these functions are represented
analytically, which is a characteristic of the Uniform Segment Method, the need
to calculate derivatives by numerical algorithms is eliminated. Thus, exactness
in derivative calculations is assured.
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from the intense temperatures generated by the plasma arc and the wiping motion
of the armature itself. This severe rail damage is not compatible with Army
tactical missions requiring multi-shot applications. The plasma armature gun
will not be discussed in this report.

The solid armature gun replaces the plasma armature with a conducting metal
armature. Since the plasma arcing is reduced or eliminated, the projectiles are
accelerated mainly by the Lorentz force. Thus, solid armature rail guns operate
at lower projectile velocities. The important tradeoff is that there is a
substantial reduction in rail damage for metal armature projectiles.

Several factors limit projectile velocities in the metal armature rail guns.

The most obvious is the elimination of the plasma force. However, a more subtle
Timit is the speed at which the commutation process can take place. Although
the Tatter limit is still not well understood, experimental evidence indicates a
commutation 1imit may occur near 6 to 7 km/sec. This velocity limit is still
attractive for Army tactical missions for rail guns.

The actual raii damage occurring with two types of metal armatures, wire brush
contactors and monolithic metal contactors, and new developments in barrel
technology, such as superconducting augmentation, are presented in this report.
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It is shown that an electromagnetic projectile made from materials used in
fielded penetrators and launched with a maximum acceleration of 150,000 G's can
have an unsupported length (2,) of 5 to 7.2 cm dependent on the material yield
criteria used. Using conservative design criteria similar to those used in the
XM829 round, we show that a projectile of 2 kg mass having a 1 kg penetrator

core may be launched in the base-driven mode without exceeding material
properties. oo
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