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Abstract - A gun barrel design is presented which significantly advances the
current launcher barrel technology and provides the means to dramatically lower
barrel weight and increase 1ifetime. The barrel utilizes active pressurization and
ceramic spacers for stiffness and molybdenum clad, actively cooled conductor rails
for long life. In addition ceramic bore insulators are included for high bore
stiffness and long l1ifetime due to reduced ablation. Non- or poorly conductive
hydraulic pressurization bladders and outer containment structures are used to
maximize the inductance gradient and thus the efficiency of the system.




INTRODUCTION

Present day electromagnetic launchers (EMLs) can achieve muzzle kinetic
energies and velocities which are two to three times greater than comparable
caliber conventional gquns and at least two times greater than_e?e;trﬁtherma11y
boosted guns. Higher performance EMLs (as measured by muzzle kinetic energy and
velocity) will greatly enhance the effectiveness of a number of military missions
including penetration against advanced armors, extended range for artillery and air
defense, and greater accuracy due to shorter fly out times and greater k!11
probability against evasive targets. An added benefit of EMLs may be a reduct1qn
in battlefield vulnerability owing to the elimination of propellants, either within
a tank, for example, or within the entire logistics train. Many other potential
benefits include reduced ammunition logistics and vulnerability, signature and
recoil. In addition to military missions, improved performance EMLs can create new
applications for EMLs such as satellite launchers. Existing EML systems have
demonstrated single shot weapons grade performance but are too large and heavy to
be fieldable in addition to being designed for 1imited lifetimes and Tow rep-rates

(ex. once per day).

In order to bring about an increase in EML barrel performance both the design
and the materials selection for the barrel system have to be improved. In the
following section all of the components that make up an EML barrel are discussed
and methods presented to bring about significant improvements in performance, while
preserving maintainability.

DESIGN OF ENHANCED PERFORMANCE EML

The design of advanced EML barrels must begin with a set of operating
conditions that come from a systems analysis which considers the design of the
system and it's mission. These operating conditions determine the mechanical,
electrical and thermal loads which drive the design and materials selection in an
iterative fashion. Key design parameters from some recent larger EML systems are
included in Table 1. The single most critical design parameter from the standpoint
of mechanical and thermal design is the peak rail linear current density [peak
current per unit rail height). This parameter determines the peak bore pressure
that the barrel structure and materials must contain and also the peak ohmic
thermal Toads in the conductor rails. The thermal loads (per shot), in conjunction
with the fire rate, determine the barrel thermal management requirements for
repetitively fired EMLs.

The key to the improvement of existing EMLs lies in the following areas:

& parre1 sealing pre-stress - In order to prevent plasma leakage between
insulator and conductor rails, they must be sealed by exerting a pre-stress
of a magnitude 370 to 585 MPa. Plasma leakage can reduce EML efficiency in
two ways: by allowing conductive soot deposits to form electrical leakage
paths behind the bore components, and by loss of the plasma pressure itself

¢ bore radial stiffness - To prevent unacceptable deflections at the bore
surface, the bore underlying components must be made from sufficiently stiff
materials to prevent excessive movement (<1% of bore diameter deflection).
Lack of stiffness of the bore can lead to degraded performance by excessive
balloting of projectiles and plasma leakage ahead of the projectile.







