


A remotely operated excavator

Force feedback enables a single operator to use the HAZ-TRAK remotely operated excavator
with ease at nuclear waste sites and during decommissioning of nuclear facilities.

HAZ-TRAK is a remotely operated HAZ-TRAK combines the powerand  vator, the operator can feel buried
mobility of a commercial excavator, objects. A master/slave control method
with the dexterity and controllability of  enables the operator to intuitively con-
a force feedback manipulator system: trol all the excavaror arm functions with

when operating HAZ-TRAK as an exca- one hand.

excavator and material |1;111d|ing System
for nuclear waste site characterization,
waste site remediarion, and the decom-
n‘:i:a:-;inn'mg ol nuclear facilities.
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A Block diagram of the HAZ-TRAK vehicle control system.

The basic HAZ-TRAK system con-

sists of a tracked vehicle excavator and a
remote operator control console. HAZ-
TRAK can be quickly mobilized and
transported using commercial ground or
air services.

THE VEHICLE
The HAZ-TRAK vehicle is a hydrauli-

cally powered, microprocessor-con-
trullLd machine. The vehicle is self

contained with an on-board diesel
EDWH F]an[ that supplies electrical and
ydraulic power.

Locomotion is provided by two inde-
pendently conrtrollable hydraulic mortors
cach driving a single track. The track
drive prﬂwﬁes traction with less than
4psi (2.8 X 10kg/mm?) ground pres-
sure, allowing HAZ-TRAK to manoeu-
vre and work on soft ground. The fully
tracked undercarriage provides a stable
work platform and ensures stability
while transporting loads.

When operating the system in con-
fined spaces, counter-rotating track ca-
pability enables the vehicle to turn 360°
abﬂur its own axis. lts versatility is
further enhanced by a hydraulically
actuated dozer blade whlch can be used
for grading, backfilling and levelling the

vehicle on sloped surfgces.

The excavating and material handling
capabilities of the HAZ-TRAK system
are provided by the articulated force
feedback excavator arm. Basic excavator
arm motion provides four degrees-of-
freedom: shoulder azimuth (boom
swing); shoulder elevation (boom eleva-
tion); elbow pivor (crowd or dipper);
wrist pitch (bucker curl).

The vehicle cab and attached excava-
tor arm can also be rotated through
360°. When HAZ-TRAK is used
barrel handling and other manipulative
tasks, the excavator bucket may be
replaced by a wide range of tooling. This
includes end effectors which provide
additional degrees-of-freedom.

HAZ-TRAK is equipped with a view-
ng system for remotely operating the
veﬁiclt and excavator arm. The basic
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viewing system includes two fixed colour
cameras for eripheral vision, and a
single pan andpl:ilt mounted colour work
camera with auro iris, auto focus and
zoom. The high payload, hydraulically
actuated pan and tlt unit can be
configured with video and still cameras.
Conrrol electronics for vehicle, excavaror
arm, and viewing system operation are
housed in an environmental enclosure in
the vehicle cab. Modular design of the
electronics simplifies installation and
removal of equipment.

OPERATOR CONTROL CONSOLE

The operator control console incorpo-
rates controls and displays for remote
operation and supervision of the vehicle
}*sn.,m The console is divided into three

19in (48cm) rack mount bays. All rack
mounted equipment and major assem-
blies are integrated to produce a rugged,
reliable operator station with an empha-
sis on human factors design.

The control console is designed to
permit full system operation by a single
person from the centre bay. ngh
resolution 13in (33cm) colour monitors
are mounted in the right, centre, and left
bays of the console. The left and right
side monitors are hinged and may be
adjusted inward by the operator to
provide an optimum viewing angle. The
panoramic view afforded by these pe-
ripheral monitors greatly enhances oper-
ator awareness of the vehicle's surround-
ings. When more than one person is
seated at the control console the side
monitors may be adjusted ourward to
provide the proper viewing angle.

The centre bay of the control console
features a two axis, fully proportional,
displacement type joystick for control of
vehicle speed and direction.

A trigger switch mounted in the
joystick serves as a safety interlock that
must be depressed by the operator to
initiate any vehicle motion commands.
A thumb operated switch on the joystick
controls the dozer blade.

Panel mounted switches in the con-
sole provide control of: ignition (pre-

El'] ine throttle [runa"

oft/low/high); horn;

heat/oft/on/start);
idle/stop); wiper (
driving light (on/oft).

A small console mounted joystick also
provides closed loop control of the
camera pan and tilt unit,

Vehicle instrumentation and remote
sensor data is displayed on the operator’s
television monitor. This information is
continuously recorded on video tape
recorders. Any monitor may be selected
for this. f{}rmatmn which can be
displayed and recorded, includes: fuel
level; engine coolant temperature;
engine oil pressure; engine RPM; al/
charge indicator; hydraulic system pres-
sure; and (optional) cab rotate/azimuth
indicator; inclinometer; and remote
sensor data (customer specified).

The centre ba}r control console shelf,
with joystick and panel mounted
switches, 1s slide mounted and can be
stowed beneath the centre console mon-
itor during transport or when not in use.
A lockable compartment in the centre
bay provides additional storage space.

The left and right console bays
contain 19in (48cm) rack mounted
electronics, including: a Kraft model
KMX 9000 vehicle telemetry system; a
KMC 9100F force feedback control
system for excavator arm operation;
video switching equipment; and two
VHS video cassette recorders. Addi-
tional rack mount space is provided for
accessories. Pull-out drawers in the left
and right bays provide storage space and
a hinged writing surface.

FORCE FEEDBACK
The Kraft KMC 9100-MC hand con-

roller is a compact, six degree-of-
freedom, force reflecting master for
bilateral control of the remote excavator
arm. The master controller is kinemati-
cally similar to the human arm provid-
ing a comfortable man-machine inter-
face with a high degree of dexterity and
intuitive operating qualities.

Operating as a position controlled,
closed-loop servo system, movements
ir'u:ra:;v::lu::-'3:‘:5l at the master control arm by
the operator are copied by the slave
excavator arm. A fully intersecting wrist
design reduces cross coupling and fur-
ther enhances the operator interface.
The controller is counterbalanced for
effortless operation. When not in use,
the master folds for storage.

Potentiometers at each of the six
joints provide master positional infor-
mation. Five axes are electrically actu-
ated to impart force to the operator and
automatically synchronize the master to
the excavator arm at start-up. High force
reflection and very low backdrive have
been achieved through the development
of custom electric actuators. Low force
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