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ABSTRACT

We examine the motion control bandwidth and stable impeglanc
range of the Cobotic Hand Controller, a novel, six-degrkee-o
freedom, admittance controlled haptic display. A highhage
admittance architecture is often used to render high impesa
with reasonable sized actuators for a haptic display. ThHeoGo
Hand Controller is perhaps the ultimate realization of ami&d
tance display, since it is capable of obtaining an in nitegeatio
and can render in nite impedances (up to its own structutiéft s
ness). The incorporation of continuously variable trassions in
the Cobotic Hand Controller provides for an extremely wiska-
ble z-width, since the transmission ratio can be adjustéckiyto
vary the backdrivability. However, nite preloads in thetrsmis-
sions limit the display's acceleration capabilities. Weusine the
control challenges and performance characteristics oCibtaotic
Hand Controller for free motion and unilateral impact vattenvi-
ronment scenarios.
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1 INTRODUCTION

Cobots, or collaborative robots, utilize the rolling caoastits of
wheels in their transmissions to relate the relative motidn
joints [9, 14]. These passive mechanical constraints ydehices
that are safe and stable for interaction with human opesatord
allow for haptic displays that utilize small motors and vditte
electrical power. The Cobotic Hand Controller (Figure 1qise-
cently introduced six-degree-of-freedom cobotic hapispldy [7].
Its ability to render high-degree-of-freedom bilaterabstaints has
been demonstrated [8]. The device's use of continuousliabi
transmissions and a parallel architecture imparts strakstiffness
of 50 kN/m and the capability to sustain 50 N loads while using
only a few watts of electrical power. Unlike previous cobdtss
device has reasonable unilateral performance, a consegoéthe
rigid transmissions and relatively high bandwidth thauteom
the use of steel elements in rolling contact.

The design of the six-degree-of-freedom Cobotic Hand Con-
troller (Figure 2), utilizes the kinematics of the paralgatform
introduced by Merlet [11]. The proximal links are coupledthe
distal links by three-degree-of-freedom universal jaifftke distal
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Figure 1: A CAD rendering of the Cobotic Hand Controller haptic
display. The operator interacts with the spherical manipulandum at
left.

links are in turn are coupled to an end-effector platformtwa-
degree-of-freedom universal joints. A force sensor iseguiaat the
end-effector to help determine the user's intent. We haveimo
ed Merlet's kinematics coupling the six linear actuatocsa cen-
tral power cylinder through non-holonomic rolling congtta. Our
six-degree-of-freedom device has six steering motors arcgddi-
tional motor drives the cylinder.

Linear actuation of the proximal links is achieved via a
rotational-to-linear continuously variable transmissi(CVT), a
steered wheel. A linearly moving carriage contains the C\ViEe,
steering motor, rotational encoder and linear potentiemeiper,
and is the attachment point for the base of each proximal link
The angle of each wheef;, relates the linear velocitly of each
proximal link to the rotational velocity of the power cyliad The
six rolling constraints determine the direction of a singietion
freedom for the end-effector, and the cylinder motor cdatroo-
tion along this direction. When the wheels are steered shiah t
their rolling axis is parallel to the power cylindéf; = 0), a ra-
tiolj = Rwtanf; = O is set. Steering the wheels either direction
from f; = O results in ratios between in nity. However, in prac-
tice, wheel slip limits this range. Turning all six wheelsfto= 0
locks the six actuators, and turning themfio= p=2 completely
decouples the actuators from the cylinder's velocity, preing the
cylinder from turning.

The Cobotic Hand Controller utilizes a parallel architeetthat
contains a control redundancy. It has one more actuatorttskn
space degrees of freedom (Figure 3). Others have addresised t
control redundancy via various techniques [10, 12, 15]. \We d
signed a controller that varies the common element speddrest
spect to the sum of kinetic and potential energy in the virgmai-
ronment [6]. Although there are many bene ts to varying thinz
der speed dynamically, the analysis presented here usesdh X
speed cylinder controller in order to simplify discussiom analy-
sis of other issues.
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