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Abstract

The Naval Surface Warfare Center, Indian Head
Division (NSWC/IH) has pioneered a new class
of weapons systems called “Distributed
Explosive Technology” (DET). These weapons
systems are being developed for clearing land or
aquatic mines from a battlefield or surf zone.
These systems consist of a large net-like
structure called the “array.” (Figure 1)
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Figure 1. Typical DET System Configuration

The array is comprised of explosive rope
material, and is designed to cover a large area on
the battlefield. Remote detonation of the array
triggers sympathetic detonation of all nearby
mines. The array is towed downrange and into
place by dual rocket motors launched from a
location safely behind the battlefield.

In 1991, NSWC/IH began using ADAMS for
performing full 3-D dynamic simulations of
DET-type mine countermeasures weapons.
Previously, ballistic analyses of the systems had
been performed with two-dimensional dynamics
software. The 2-D software was unable to
account for the complex effects of net

acrodynamics and elasticity on the flight
dynamics of the DET systems. ADAMS offered
a significant level of customization in the
simulation environment, while replacing the 2-D
software with commercially-proven, robust code.
To transform the complex DET system into a
practicable model, a lumped-mass approach was
devised, in which the DET array components are
represented in ADAMS as a network of masses
connected by viscoelastic rope elements. The
governing characteristics of the DET system
components were then determined and modeled
using a combined analytical-experimental-
numerical approach which features:
¢ In conjunction with MDI Consulting Services
and the University of Michigan, the complex
acrodynamics of the DET systems were
investigated in an extensive series of wind
tunnel tests. Based on the wind tunnel data,
an appropriate computational model was
devised and linked with ADAMS using a
custom VFOSUB. This joint effort was the
first known study of net aerodynamics.
¢ Inconjunction with MDI Consulting Services
and Texas A&M  University, the
viscoelasticity of the array ropes was
investigated  experimentally, and an
appropriate constitutive relationship was fit
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to the data and implemented in ADAMS with
a custom SFOSUB.

¢ In conjunction with MDI Consulting Services
and the University of Michigan, the
aerodynamic characteristics of the rocket
motors were determined in the wind tunnel.
The wind tunnel data was fit to the USAF
DATCOM rocket model and implemented in
ADAMS using a custom GFOSUB.

Current and future features of the DET models
add significantly to the analysis capability
ADAMS offers for DET simulations:

¢ An Energy Tracking Toolkit, a combination
of differential equations and internal access
to the ADAMS code which is used to
compute the energy in DEMNS system
components.

e A true point mass element, which when used
to model array nodes will greatly speed up
computation.

e ADAMS/IH, which will be a completely
customized @ ADAMS/View-based pre-
processing, analysis, and post-processing
tool.

¢ Hydrodynamic Module, which will model the
fluid-structure interactions of the DET
systems launched from a bobbing craft and

landing in water, using a combination of
experimental data, analytical models, and an
ADAMS VFOSUB.

Using the modeling techniques developed for
DET systems, the ADAMS models of the DET
systems are able to successfully predict flight
trajectories and in-flight rope tensions. This
information is used by NSWC/IH to support the
DET development process both by providing
guidance for future designs, and also by
providing positioning information prior to flight
tests.

Through a close partnership between NSWC/IH
and MDI, significant insight into the design
challenges of DET mine countermeasures
systems has been achieved. Specifically, this has
resulted in: i

e customized weapon simulation tools

e experimental test capabilities

e model validation techniques, and

e improved engineering design processes

thus resulting in a true virtual prototyping
simulation environment to improve mine
countermeasure system design.
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