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ABSTRACT

Electromagnetic mass drivers are solid-state propulsion systems that accelerate projectiles
using Lorentz forces generated by high electrical currents flowing through parallel rails
and a conductive armature. Their ability to deliver high-speed launches without moving
mechanical components makes them attractive for particle accelerators, space propulsion,
aerial vehicle launch and material testing applications. However, despite decades of
development, electromagnetic mass drivers remain limited by fundamental uncertainties
in the physics of sliding contact at extreme conditions, particularly at the armature-rail
interface, where friction, heating, and transition phenomena are poorly understood and
difficult to measure directly.

Chapter 1 outlines this central challenge: the physical processes that govern
electromagnetic mass driver operation cannot be directly observed due to high currents,
extreme accelerations, and transient timescales. Simulation becomes essential, but
meaningful predictions require accurate input data, especially the coefficient of friction,
which is unavailable for EMD conditions. To bridge this gap, Chapter 3 develops a validated,
experiment-informed multiphysics simulation framework. Using data from a launch of a
0.12 kg projectile under a 1 MA current pulse (yielding a muzzle velocity of 2030 m/s), the
simulation was calibrated to estimate the average coefficient of friction as jiavg ~ 0.22, with
spatial variation from 0.5 to 0.1 along the barrel. Thermal analysis revealed that frictional
heating dominated over Joule heating by more than a factor of four, identifying friction as

the primary driver of thermal failure and armature transition.
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This identification of friction as the dominant loss mechanism motivated a re-evaluation
of armature design in Chapter 4. For achieving high muzzle velocities, it is desirable to
minimize the required contact force; however, the lower limit for this force is not well defined
in existing literature. The most commonly used guideline, the empirical gram-per-ampere
rule, prescribes contact force based on peak current, but it lacks a theoretical foundation.
To address this, a physics-based alternative was proposed using a welding-based failure
hypothesis, which estimates the minimum contact force required to prevent interface
melting. This formulation accounts for material properties and thermal-electrical coupling.
Simulations of both monolithic and divided-contact armatures validated the approach,
showing that armature failure is governed not solely by total current, but by localized current
density and heating at discrete contact points. While divided-contact armatures improved
current sharing and reduced peak heating, they also introduced new failure modes, including
eddy-current-induced hotspots during current decay behavior.

Building on these insights, Chapter 5 addresses the design trade-off between contact force
and mechanical compliance in C-armatures. Reducing armature length was shown to limit
Lorentz-induced contact forces but also compromise structural flexibility. For example, a 60
mm C-armature was shortened to 29 mm to cap contact force at 100 kN, improving muzzle
velocity but at the cost of compliance. To resolve this, a new hybrid armature was proposed,
combining the conduction efficiency of a brush-type contact with the structural continuity
of a monolithic armature. The hybrid design achieved a 1776 m/s muzzle velocity, reduced
frictional losses from 14.5 kJ to 11.9 kJ, and satisfied all design constraints including contact
force, stress, and current density.

Chapter 6 then shifts focus to the containment structure of the electromagnetic mass

driver, where mechanical stiffness is critical for resisting magnetic forces during launch. A
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load path analysis revealed that conventional preload strategies relying on housing friction
were unreliable and inconsistent. By redirecting bolt preload through the clamp plateelastic
support interface, structural stiffness was increased from 70.6 MN/m to 231 MN/m. Further,
the mechanical role of the housing was reintegrated into the clamp plate through geometric
redesign, resulting in a filleted configuration that achieved friction-independent stiffness,
reduced peak stress by 36%, and lowered the structural mass by 10%.

Taken together, this thesis advances the state-of-the-art in EMD research by addressing
key uncertainties in contact physics, developing a validated simulation framework, proposing
new theoretical models for failure prediction, and introducing practical design improvements

for both the armature and structural containment.
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TECHNICAL DEFINITIONS & ABBREVIATIONS

A/R

Action out

Balloting
Barrel/Bore
Breech

CoF

EMD

FEA

FEM

g/A rule

Armature-Rail

The electrical action, defined as [I?dt, represents the
cumulative thermal energy deposited into a conductor through
Joule heating, normalized by resistance. Physically, actioning
out signifies the threshold at which the accumulated thermal
energy surpasses the material’s specific heat capacity and latent
heat of fusion.

Transverse movement of armature inside the bore

Length of EMD between breech and muzzle

EMD end from where the armature is inserted

Coefficient of friction

Electro-Magnetic Mass Driver

Finite Element Analysis

Finite Element Method

Gram-per-Ampere rule. It suggests that approximately 1 N of
contact force per 100 A of peak current is sufficient to support
reliable conduction. The g/A in SI units is equivalent to

0.01 N/A
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Lorentz Constant L = 245 x 1078 W-Q-K~? is the Lorentz constant in the
Wiedemann-Franz law. This law dictates that the ratio of
a metal’s thermal conductivity to its electrical conductivity is
directly proportional to its temperature.

Muzzle EMD end from where the armature exits

Transition A /R contact breaking
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