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FORCE FEEDBACK:
MANIPULATORS PUT OPERATORS IN TOUCH

By Steve Harbur

W'ﬂh the latest boom in the offshore oil and
cas industry pushing exploration into
mprecedented water depths, it has likewise
rought about further refinements of ROV
echnology, particularly in the area of manipula-
ors and their applications.

Simply put. manipulators are used as a direct
replacement for the human worker 1n hostile
awironments. Unlike industrial robotic arms,
which perform repetitive tasks in response to a
computer program, ROV-mounted manipulator
arms respond to the direct commands of a remote
wman operator, as if the manipulator arm were an
estension of that operator's own arms.

AHISTORY LESSON

The need for remotely operated manipulator
ams was recognized in the early days of nuclear
power, when mechanical arms were needed to
eplace human arms in the radioactive environ-
ment. Within a few years, hundreds of mechan-
ical and electrically powered manipulator arms
were in use within the nuclear industry. As the
world took notice of this technology, the energy
mses of the late 1970s and early 1980s was just
eeeinning, and the offshore o1l and gas industry,
desperate to find new reserves, was moving into
deeper waters. A replacement for the human diver
was needed. and manipulator technology was
waiting in the wings.

The development of telerobotic manipulator
ams for the nuclear industry was very successtul,
but the environmental situation offshore was
dramatically different, and mechanical or electri-
clv powered arms were not suitable. Replacing
he human diver would require manipulator arms
that could work underwater, and hydraulics was
the answer. In the very beginning, hydraulically
powered undersea manipulators were no match
for their nuclear industry cousins. The primitive
comrol systems and limited dexterity of these
errly arms could not be compared with the more
slvanced capabilities of the nuclear manipulator.
However, the hydraulic systems worked well in
the undersea environment.

FORCE FEEDBACK

During the offshore oil boom, undersea manipu-
laor technology steadily improved. But nuclear
stems still had a significant advantage — force
leedback. The nuclear industry had demonstrated
that force feedback control greatly improves the
gperator’s level of awareness and ability to perform
Eemote tasks.

Force feedback allows the operator to control
the amount of force the manipulator arm can
awert at the work site. Additionally, unlike
cwnventional hydraulic manipulator arms which
must rigidly withstand all the forces acting upon
bhem, force feedback manipulators with bilateral
tontrol have the ability to move in compliance to

these forces. All the joints in a force feedback arm are compliant, meaning they can move to
keep the arm from breaking. The ability of the operator to control the amount of force
exerted by the manipulator, and the ability of the arm itself to respond to force, as opposed to
resisting it, dramatically reduces the risk of damage to manipulator and the work site. When
the manipulator is attached to a dynamic platform, like an ROV, this characteristic of
inherent compliance greatly enhances the ability of the manipulator arm to survive extreme
forces and heavy work loads.

Despite the enthusiasm over force feedback in the early 1980s, development slowed due
to cost and performance issues. In 1988, Kraft Telerobotics in Overland Park, Kan., intro-
duced a revolutionary new force feedback manipulator system for undersea use.

Hydraulically powered, the new system employed custom electronics and computer

Kratt's Euph}r offers the c:p'ric:n of force feedbmck, -::||-|:}wing the operator to feel the movement
of the arm underwater




technology to provide the operator with a level of dexterity never
before realized. However, a slump in the offshore oil and gas industry
slowed manipulator development. Today, since the upswing in the
offshore market and the introduction of Kraft's Predator and Raptor
systems, offshore sales have increased dramatically.

The ROV-mounted manipulator, with a man in the control loop, is
an extension of the operator. In the future, even more emphasis will be
placed upon the ability of the remote manipulator arm to complete
complex and delicate tasks.

DISPELLING THE MYTHS

Myth — Force feedback manipulators are delicate devices that
provide the operator with a sense of touch and feel.

Fact — A hydraulic force feedback manipulator and a standard
position controlled hydraulic manipulator are very much alike. The
primary difference is the way in which the arm is controlled.

A standard position controlled manipulator responds directly to the
operator’s commands as he moves the controller. Moving the
controller at one end makes the manipulator arm move at the other end.
When the controller is not being moved, the manipulator arm remains
rigidly in place. The arm will respond only to movement of the
controller. This is called unilateral control.

A force feedback system works the same way, but in both direc-
tions. If you move the controller, the manipulator arm will move.
However, if you push or pull on the arm itself, the controller will
move, and the two will move together. This bilateral control is accom-
plished by placing electric actuators on the individual joints of the
controller. The actuators respond to forces acting upon the arm to
provide movement of the controller, and in the process convey force
feedback to the operator.

Myth — Force feedback systems are unnecessary in the offshore
industry.

Fact — Force feedback allows the operator to control the amount of

force the manipulator can exert. Unlike hydraulic arms, which must !
rigidly withstand all the forces acting upon them, force feedback arms
with bilateral control have the ability to move in compliance to thess |
forces. The ability of the operator to control the amount of force
exerted by the manipulator, and of the arm to respond to force. as |
opposed to resisting it, reduces the risk of damage to manipulator or |
the work site. The joints in the arm keep it from breaking.

Myth - Force feedback manipulators are more fatiguing to operate.

Fact — Force feedback does make the operator perform a small
percentage of the work. However, the intuitive nature of a force
feedback system greatly reduces the mental fatigue associated with
long periods of operation. Reducing mental fatigue is important, as the
amount of force feedback, and therefore physical fatigue, the operator
experiences 1s variable and can be adjusted or turned off altogether w0
satisfy his needs.

Myth — Force feedback manipulator systems are more complicated
and are therefore unreliable.

Fact — Force feedback systems have demonstrated exceptional
performance and reliability. Force feedback technology does not
reduce overall reliability. Indeed, the benefit to the operator of having
force feedback significantly reduces the risk of damage to the manip-
ulator arm.

Myth — Force feedback systems are not field serviceable.

Fact — Force feedback systems are not significantly more complex
than standard systems and are completely field serviceable.
Comprehensive self-diagnostic routines allow the operator to quickly
diagnose a problem and bring the manipulator back on line.

Myth - Force feedback manipulator systems are too expensive.

Fact — Force feedback systems are competitively priced and in
many cases do not cost any more than conventional systems. uw

Steve Harbur, Director of Product development for Kraf
TeleRobotics, has 26 years of subsea systems experience.




KRrAFT TELEROBOTICS
The Predator seven-function manipulator is a
powerful, long reach system designed to work in
deep ocean and hazardous inland environments.
Operating as a position controlled, closed loop
servo system, movements introduced at the master
control arm by the operator are duplicated by the
slave manipulator, allowing the operator to
perform complex work tasks with human-like
motion and speed. Force feedback and computer-
aided modeling are optional features.
Kraft’s Raptor manipulator shares many
common components and capabilities with the Predator, but in a
more compact design. Raptor was designed for the new wave of
smaller work class ROVs for use in applications such as drilling
support. The primary differences are that Raptor has a stowed
height of less than 36 inches and a 64-inch reach, while Predator
boasts a 45-inch stowed height and an 80-inch reach. Both arms
weigh less than 100 pounds in seawater.
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