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HISTORY OF REMOTE HANDLING AT LAMPF

J. E. Lamnart
Los Alaiior National Laboratory
P. O. Box 1663]
Los Alamos, New Mexlco 87545
(505) 667-3025

ABSTRACT

A portable remnte-handling ayetem (MonItor)!~"
has becen developed for performing remote mainte-
nance on radioactive experimental facllities at
the Clinton P. Andersor Mesna Physics Facllity
(LAMPF). This system hag bern continunlly {im-
proved since {ts implementatica In 1976. The
present system had performed highly sophiatlcat-
ed tasks In improving and maintaining the LAMPF
experimental facllity. Unllke connventional hot-
cell remote-handling technologv, the Monitor
syatem {8 portable and highly flexible, therchy
allowing quick response to unforeseen tarks with
minimal plannlng and/o- apecial toollng. In ad-
dition to performing ioutine maintenance and
repalrs, the Mouwltor system iR capable of per-
formlng major revisfons and improvemen:s  to
current facillities, keeping pace with new ox-
perimental regulroments.

INTRODUCTTON

The Clinton P. Anderson  Memon  Physics
Facilfty (LAMPF) I8 a linear accelerator, pron-
ently operating at  a current of  ~675% pA  at
RO MeV, The caperimental target cellrn are
apread over a large area coverfing ~7000 m?. Ar-
tivity lovelm within the target cells range from
=200 R/W to SO0 000 R/h. Typleal components fn
n target cell range from highly sophisricated
beam diagnontlc devicen welghing a few kilograns
to large electromagnetn welighing up to 19 metrie
tons.  All componints within the victnlty of a
target are water cooled, thus requiring elaho-
tate plplng myalemn.  Flgure | slinwn a tvpical
target  eell  with  top  laversn of rudlatfon
ahielding removed to ahow componentn.,

Due to the wide diapernlon of work arean
and the large nlre of radloactive componentn at
LAMPEF,  conventional hot-cell remole-handling
techniquer could not be used == inmtead It was
neceanary to develop & portabie remote-handltong
nvatem capable of performing 'n ity mpinte:
nance, ’

D. L. Grisham
Lon Alamos National Labaratory
P. 0. Rox 1hAH1
Los Alamoa, New Mexico B7545
(505) 667-6962

Fig. 1. Tvypleal tarpet cell with rtap
shielding lavers removed.

EVOLITION OF REMOTE-HANDLING SYSTEM AT LAMPF

Merrimae

The  originally  propored  remote-hand] ing
nvatem for LAMPF wam the Merrimac. It wam n
melf-powered portahl. haot cell poanftioned over
the target cell. Viewtng wan throuph lead-glane
hot=cell  windown mounted horfzontally, The
prime manlpulator was a programmed and remote
nyatemn model 10000 which could b avgmented hy
A modlified canal-tvpr manfpalater. The Merrimas
concept wan intrfated with the early plaming
and concepltual demtgn of the experimental arean.
An phvsics requiremencn hecame firm and detall
deatign of beam-11ne componentm progreaned, i1
hecame apparent that the Merrimac avatem lacked
the floxibiliry and  dexterfty  required. A
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Filg, 7. Conceptual drawing of Merrimac remotr-handiing avairm.

conceptual drawing of the prototype Merrimac n
ahown In Fig. 7.

Monftor Protot ype
p

An detalled denfgn of target cella, experi-
mental requirementa, and operating conditiona
were defined, new tachnnlogy in remote-hand) (np
hecame  {mperative,. The Monitor concept  wan

coner{ved hv the LAMPE Croun MP-7  ataf’ and
R. A. Horne of CFRN., The fa'lowing 'Iat of op-
‘rating requirementa led to the Manltor deaign,

® Remote operating with video viewing with

the aperating atatfion up to 100 m awav
from the work area.



8 Ability to work In extremely close spaces
-= up to 10 m below floor level.

® Ability to handle standard meche 1ical and
electrical fictings - !.i ../-.lmal speclal
provision for remotc handling.

® Conplecely portable system.

The protatype Monltor system utilized =&
surplus  hydraulic servomanipulator (obtained
from the U.S., Navy) and a modified clectrome-
chanical manipulator mounted on a portable hy-
draulic erane. The master statlon cons{rted of
a set of standard clectrical racks to house the
viden Monitors and manipulator controls.

Monitor T

The prototype ‘onitor was commissloned asr
Monitor 1 In 1976. The first real task was to
remove and replace a heam=-line window at the A-6
target cell. The equinment performed extremely
well: however, the more dexterous aperations
took considerable time due to the lack of force
reflection In the hydraulic manipulator as well
as limited experfience In theswe operatfons. The
hvdraulic manipulator was replaced with an
¢lectrical bilateral force-reflecting manipula-
tor that was custom baflt to LAMPF speciflcea-
tions by TeleOperator Svystems, Inc., HBatavin,
New York, in 1976, therchy greatly increasing
operationsl capability ot Monftor.

vk operating experience was  galned with
Monttor I, the need tor improvements hecame very
apparent . By this time the facillity operation
required that Manltor T be operatfonal at all
times. The master control statf{on wan moved
fnto o closed tratler to provide a proper work-
Inp atmosphere for the tedlioun, demanding *amks
required.

Mondtor 11

Monitor 11 began  ak o tont hed tor
evaluation of new cequipment  and for proposed
ma jor changes tao the Monltor sveten, without
compronlaing L he operat lon reaginers of
Monltar T. Some of the malor improvements do-
veloped through prototvpling on Moniter 11 are:

® hvaraulle automoat i level drive to main-
taln level position ot the manf!pulator
mount ing  bracket, regardless of  crane
hoom position,

® {mproved pan/vilt wvatemn far the various
video canerans,

® proportfonal controls for the (rane hv-
dranlie nvmtemn,

® Improved operating contro's and conmnle
Tavout in mamter contral wtat{ion, and

® integ.al sysatema for tool power, alr,
welding, pases, etc.

Monitor II was commissioned in 1980, pro-
viding operational) readlnesas while Moritor I was
updated with all the improvements developed on
Monitor IT.

Current maint=nance and bhcam-line improve-
ments acheduled at LAMPF raquire operational
readiness tor both Monitors I and II, as It {a
now necessary to perform remote operations

simultaneously at common and/or separate
locations.
Figure 1 shows an overall view of

Monitor [T, Fig. 4 glves a cloke=-up view, thow-
ing the manipulatnrs, shoulder, and automatic
level drive, and Fig. 5 shows a view Inside the
master control Atatlon.

Monltor ITI

Monitor 111, shown In a conceptual sketceh
In Fig. 6, Ig a third-gencration svstem now In
preliminary design. It will bhe compietely
self=-contained (with a bullt=fn power supplyv),
capable of operating <ithout external pawer or
other gervices, and can be readllv transported
to remote locatiors by special truck cr traller,

The primary mission for Monitor TID {s to
akslat In removal and safe dispoRal of manv vervy
large raddloactive components that are acheduled
for replacement (n future shbutdowns. O bher (==
portant functions {nclude:

Fig. Y. Overall view of Manftor 11.
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IMe. 4. Clpwe=up view of Monltor 11

with nanipnlators.,

® harlun tor Monltors I and Il in «{tun-
tienn thai veoulre two pvatems at the
sa=e Incat Ion cimalt merously,

® pinera! support aof evperimenta rhar wonld
ntherwise require some radiat lon expodure
to peraonnel,

® pravidiae a tewt hed tor new eoui{pment
aml

® providiae emereeney readiness for incl-
Jente nvetving radloart fve or harzardons
material.

ACCOMPL T RIMPT S

[hee pemote=handline capabilitfiea at LAWEY
bave been contirually expanded to wmeel rever-
{n-reasing neods,  Fortmuately, when toe facllfl-
tv and the enuipsent were new the repalra re-
miired were relatively simple, aad thev were
vanily handle !l with prototype equipment.  After
vears of operatlon the repairs are more numeroua
and  complex In nature, The following (a a
partlal Yur ot mechanieal sk¥i1le that are ner-
farmed roatinely and proaficlent 1v.

® Welding (VIG, atlek, and anvacetviene),

® Soft  unldering (reslstance, alr-acetv-

Lone, and owvacetvliene),

Fleg.
atat|

5. View Ingide Monitor master=contrn!
an.

S{lver moldering falr-acetvlene and onxv-
Acetviene).

Mpta! cuttine (maher maw, partabie hond
yan, and ahranjvee wleeln),

“rult wilding (Nelroan ar: ' pun).
L] 4 S LET

Nrillins (alr and  electric

Aritin),
firindine falr and electric).
Taprine,

¥ivid=1tne removal and replacement.,
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FUTURE REQUIREMENTS

Ags the LAMPF experimental facilities are
expanded and existing facilities are modified to
meet new experimental requirements, the time
avallable to perform remote-maintenance opera-
tions will be reduced. The response and turn-
around times f{or emergericy repalirs must bhe
reduced to minimize loss of beam time to experi-
ments. Ton keep pace with future experimental
program schedules, the following maijor improve-
ments will be made.

® New-generation force-reflectinpn servoma-
nipulators, similar to the present manip-
ulators except more reliable and more
eesily maintained.

® Medium-ducy, low-cost servomanipulators
to augment more expensfive manipulators
(to provide two-hand capability for al}
Monitor units at reduced cost). Tt also
couid be used for high-rigk operations
such as remote rigzing and placement of
heavv components.

® Lipht-dutv, small &servomanipulators capa-
ble of working In extremelvy confined
spaces.

® Computerized positioning svstem for the
Monitor svstems.

® Computer-aided design interface software
to be usea In contunction with c¢he
computer{zed positioning svstem.

® Smaller video cameras to he used f{n
conjunction with the suall servomanipula-
turs.

® Small remotely rcontrolled vehicle to
transport the small manipulator camera
BYstem to do remote mafntenarce in areas
not accessibie to Manitor.

® Telemettrv and/or fiber optic multiplexing
svstews to eliminate or safmplifv umhilt-

cal connections hetween master and slave
stations.

CONCLUSION

The Monitor svystem has “ept pace with the
needs of LAMPF, both iIn performing repairs and
upgrading experimental equipment. However, manv
future improvements must he made to sunport
future experimental nrograms at LAMPF, The
current Monitor svstems are verv satisfactorv in
termg of mechanical skills and dexteritv., The
ma for prohlems affecting future performunce are
turn-around time and the ability to work in ex-
tremely confined spaces.
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