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INTRODUCTION

Reconfigurability means low cost and short time to change machine configuration to meet application demands. Typical
machining and positioning systems use hard actuators, like screws and pistons, and are built with slideways and hard frames. These
components provide good stiffness, are well-proven, and can be packaged into modules to build reconfigurable machines. They are
also relatively expensive, however, and for large-scale applications, modules based on ballscrews and ways would be unwieldy and
difficult to move and align during reconfiguration. This paper explores winch-driven cable systems—in particular, cable-based Stewart
platform machines—as candidates for reconfigurable, large-scale, manufacturing systems. Cable-based systems are less expensive and
more compact for a given range of motion and are more lightweight and easier to reconfigure than large scale systems that use
ballscrews and ways. Thus, cable-based machines are appealing as an economical choice for applications that require a large range of
motion, such as aircraft or ship manufacturing and construction.

The disadvantage of cable-based systems is their lower stiffness and accuracy. Stiffness is limited by the cross section of the
cables (typically much smaller than a ballscrew), cable strand twist and catenary droop, and compliance in machine components such
as pulley supports and pivots. Error sources include effects such as cable stretch and thermal growth. Also, Stewart platform machines
typically have a complex work volume and a relatively limited range of orientational motion. Cable systems must be preloaded to
keep the cables in tension. However, properly preloaded (by gravity acting on the payload or by redundant cables) cable-based
machines can exert forces up to the preload levels in all directions.

Like systems that use hard actuators, cable-based systems can be driven by motors under computer control. This allows them
to be programmed like conventional machine tools and automation equipment.

CABLE BASED MACHINE CONFIGURATION

NIST has built several prototype cable-based Stewart-Gough platform machines, called RoboCranes [1]. These machines use
six cables to support a triangular work platform to which a tool or load is attached (Figure 1). The position of the work platform is
controlled relative to three points on the ground (or overhead) by using six computer-controlled winches to control the length of the
six cables. The work platform uses gravity to maintain tension in all six cables. The six cables constrain the suspended work platform
in all six degrees of freedom. This configuration is essentially a cable-based version of the Hexapod parallel kinematic machine tools
that have received considerable interest recently (Figure 2).

The arrangement of these positioning cables along with the tension preload provided by the weight of the suspended
platform allow it to resist and exert forces in any direction (limited by the preload). By applying computer control and kinematics
similar to the Hexapod machine tool, this cable-based system can maneuver the suspended platform with stability throughout a large
work volume. The range of Cartesian positions (X, y, z) through which the platform can maneuver is related to the size and elevation
of the overhead mounting triangle.

The platforms x-y range of motion is limited generally to the inscribed circle within the overhead triangle. Its vertical motion
is limited generally at the top by the shallow angles of opposing cables, and at the bottom by loss of lateral stiffness due to the
increasing parallelism of the cables. This cable-based machine provides stable control of all platform orientations (roll, pitch, and






