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Abstract

The vibratory conveyor, routinely employed for normal-gravity transport of granular
materials, usually consists of a continuous open trough vibrated sinusoidally to induce ax-
ial movement of a granular material. Motivated in part by a hypothetical application in
zero gravity, we propose a novel modification of the vibratory conveyor based on a closed
2d trough operating in a ” slide-conveying” mode, with the granular mass remaining per-
manently in contact with the trough walls. We present a detailed analysis of the mechanics
of transport, based on a rigid-slab model for the granular mass with frictional (Coulomb)
slip at the upper and lower walls. The form of the vibration cycle plays a crucial role, and
the optimal conveying cycle is not the commonly assumed rectilinear sinusoidal motion.
The conveying efficiency for the novel slide conveyor will be presented for several simple
vibration cycles, including one believed to represent the theoretical optimum.

Background - Vibratory Conveying

Granular media represent an interesting class of materials that can exhibit a spectrum of complex
flow behavior, ranging from solid-like to gas-like. Understanding and describing their mechanical
behavior poses a scientific interesting and technologically important challenge, since a many
processes involve handling and processing of granular solids. One particular interesting class
of mechanical processes are those involving vibratory excitation or "fluidization” of granular
masses. Following a long-standing scientific fascination with the wave-like patterns on the surface
of vibrated powders and grains, dating back to the celebrated work of Faraday (1831), there has
been a resurgence of activity in recent times, accompanying the growth of theoretical interest
in pattern formation in non-linear dynamical systems (See, e.g., Bizon et al. 1999). There is
an almost completely disjoint body of engineering literature on vibratory conveying of granular
materials.

Vibratory conveyors, routinely employed in industry for transport of granular materials, gen-
erally consist of a continuous trough vibrated sinusoidally in time to induce axial movement of
the granular material. Fig.1 presents a schematic cross-sectional view of a vibratory conveyor.
Key process variables are inclination a, amplitude A , frequency f and direction [ of vibration,
along with frictional /mechanical properties of the conveyor surface and the granular material. In
recent works, Nedderman & Harding (1990) extend the earlier analysis of Booth and McCallion
(1963) and present optimization studies for horizontal and inclined sliding. In most applica-
tions, vibratory conveyors work in one of two distinct modes, slide conveying or flight conveying,
accordingly as N < 1 or N > 1, respectively, where IV is the nondimensional throw number

N =Tsinf3/cosa, with I'= Aw?/g, (1)

Partially supported by grants from the National Aeronautics and Space Administration
2Permanent. address: Indian Institue of Science, Bangalore, India

NASA/CP—2000-210470 567



trough

AANANAN N TR TETEETTTETETEE RSN NN NNNNNNNRNNNAN

Figure 1: Definition sketch of a vibratory conveyor

in which the various symbols are defined above and g denotes gravity. Assumptions common to
most existing models of vibratory transport are: 1.) The granular mass can be treated as a single
rigid slab, 2.) side-wall friction and air drag are negligible, 3.) the granular mass interacts with
the trough wall as a rigid body with Coulomb friction, and 4.) the trough executes a rectilinear
sinusoidal motion (A in Fig. 1), This engineering model corresponds essentially to the lowest T’
states discussed in basic scientific studies (Bizon et al. 1999).

Present Work

It is evident that pure slide conveying and/or a closed trough would be required in a zero-g
environment, and the intial phase of the current work is concerned with the theoretical analysis
of the closed 2d trough with parallel walls, completely filled with a granular mass. As a starting
point, we adopt the first three of the assumptions listed immediately above but consider a
more general periodic motion than 4.). The basic equations (nonlinear ODEs) are but slight

tnodifications of those given elsewhere (Nedderman and Harding, 1990) and are not repeated
here The} lead to an interesting optimal control problem, involving the maximization of axial
transport subject to constrained periodic forcings. The present talk will discuss a few preliminary
results, including some numerical simulations for simple periodic cycles and a conjectured form
of the theoretically optimal cycle.
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