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Introduction

Experimental ares "A" at the Clinton P. -Ancerson
Meson Physice Pacility (LAMPF) encompasses a large
area. Presently there are four exzperimentsl target
cells along che main proton beam linme that have become
highly radiosctive, thus dictating that all maintenance
be performad remotely. Pigure 1 1s & layout of
experimentsl srea "A."

The Monitor remote hendling eystemn was
developed'*s to perfors in situ maintenance st any
location within ares "A." Due to the complexity of
experimental systess and confined space, conventional
resote handling wmethods based upon "hot cell"” amd/or
"hot bay" concepts are not workable. Coumtrsry to
conventional remote handling which require special
tooling for each specilically planned operation, the

Monitor concept 1is aimed st providing a totally
flexible system capable of remotaly performing general
sechanical and electrical saintenance operations using
standard tools.

The Monitor System

A Monitor system consists of & pair of
manipulators wmounted on the boom of
hydraulic crane positioned at the
Pigure 2 is & view of the slave unit.

Operations are conducted from a wmaster c' 'trol
station, inctalled in a trailer, positioned at & safe
distance from (¢ radiocactive wvork ares. Viewing is
accomplisined only by closed circuit television. Figure
3 1¢ a viev inside the master control station.

slave
a portable
work locatisn.
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Fig. 2. Monitor Slave Unit

The Monitor operating crew consists of:

The manipulator operator (seated &s shown)
performs the actual work using wmuster/slave
sanipulator and various tools as required for the
job.

The crane operator (not shown) operates remote
controls for the hydraulic crane from the console
in the right resr, to maintain proper working
position for the slave manipulators.

The camera operator (no. shown) operates thc pan,
tilt and zoom functions for the television cameras
from the center resr console to provide optimum
viewing for thc sanipulator operstor. As many as
six cameras may be in use gt one time.

Pig. 4.

1976 Monitor Slave Unit

Fig. 3. Monitor Control Room

The prototype Monitor system was first used in
1976 to replace an air cooled bear window in the beanm
stcp area with a never water coolad version to allow
higher beam current. The prototype Monitor used a
hydraulic servomanipulator (without forcs raflection)
and an electric manipulator (.’AR wmodel 30N0,) Th~.
operating end of the slave unit 1is shown in Fig. 4.
The master control station ccnsisted of a pair of prnel
racks and "etick" master located in the expurim.ntal
hall. This systesm is as.own in Fig. 5.

Since 1976, many ongoing major improvements were
sade to keep pace vith increasing radiation levels and
continually {ncreasing comwplexity of “:asks to be
performed. The most significant single improvament wvar
the addition of bilateral force reflecting
servomanipulators (mfg. to LAMPF aspecifications by
Teleoparator Systeme, Inc., “atavia, NRY.) Other
i{mportant improvements trere climate controlled trailers
for wmaster stations, bhetter control systems, and
irprovea control and viewing console lsyout.

At the present time, two systems (Monitor 1 and
Monitcr 1II) ure fully operationsl. A third osystem
(Monitor I11) 1is nuw under construction.

Monitor I and Monitor 1l were dssigned to operate
primarily vithin axperimentzi area "A" as they depanded
upon overhaad radic-controlled cranes for mobility and
require electrical powar from the facilicy.

Pig. 5.

1976 Nonitor Controls



Monitor III will be a totally po-table system, with
its’ own power goneratnr, capable of opersting at any
location accessible by truck.
Monitors 1 and Il have served well in maintaining
existing experimental equipment within area “A";
ver, Monitor 111 will be aeseded to accoaplish
¥ ed major rebuilding of target cells Al and A6,
ps ‘cularly from the standpoint of removal and
dis sal of radioactive structural components.. Figure
6 is o sketch of the Monitor 111 gystem. 1In addition
to ma:ntenance and construction, Monitor I1I will be
used in transport and disposal of radiocactive materials
temoved ‘rom the facility.

Ma jor Accomplishments

Since 1976, the Monitor system has developed and
expanded to keep pace with maintenance requirements and
improvements to experimental area "A." The original
Monitor systez was limited to performing relatively
simple tasks, while the present systems have evolved to
the point where it 4is possible to remotely perform
tasks previously possible only by direct "hands on"
sethods. Some of the more complex tasks now performed
by Monitor or a routine basis include "“in place"
fabrication of piping systems, soldering, brazing and
grinding.

The most significant accomplishment to date for
Monitor was the total rebuilding of !AMPF targe’ cell
A2. This 4nvolved the raeplacesent of t':e target
chamber, upstream collimator, three large magnets,
profile monitor, and s myriad of piping and electrical
systems. Weights of the components replaced rangaed
from a few kilograms to 25 metric tons. Since most of
the coaponents replaced were newly designed, the
existing piping and electrical systems had to be
totally replaced to auit the geometry of the new
components. The new target chamber had to perfrctly
match four exioting vacuum flanges from the main beanm
line, two sacondary besm lines and target insertion
port. This was accomplished by positioning an

alignment fixture with adjustable flanges in the targec:
flanges

cell and wmating the to the axisting ports.
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Fig. 6. Monitor 1I1

Fig. 8. Target Cel! A~2 with all Ccmponints Removed
After the adjustable flanges wvere mated, they were
resotely tack welded to preserve alignment during

removal from the cell. The fixture woa ther removed,
decontsainated, and placed on a la ge metal tabdble. An
external jig was then adjuoted to match the flanges on

the alignwont fixture, then the jig was used for
construction of the new target chamber. Figure 7 ir a
partial view of target cell A as built in 1976. Figure

8 48 s viev 0of the same celi with all the romponents
removed. Figure 9 is the newv target chaaber just
before installstion. TPFigure 10 18 a view of the
partially reconstructed target cell.

Conclusions

The Monitor system has baen totally successful in
maintaining LAMPF experimental area "A." Tn addition
to perforeing planned improvements to the facility
during scheduled duwn times, it has performed emergen-y
repairs with minimal loss .f operating tise. The
useful work output of the Monito: systeme has risen by
a factor of four since 1976, with a less than 20X
increase in operating personnel.



In 1ts present state of developsent the system is
cspable of performing any forcseen task; however, in
order to satisfactorily meet the future programmatic
needs to LAMPF, operating efiiciency sust continue tco
improve at the same rate or greater, than experienced
between 1976 and 1983.

Fig. 9. New A-2 Target Box

Fig. 10. Target Cell A-2, 902 Complete 1983
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