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1505) ba~-h FiS 043-4298

MSTIMCl

Nuclm aaterld entr?l md uastcs m gmr~tcd
ct th~ Pluton)ua Facl]ity at Los Alms
National Laboratory. Ihm uistes m rrsowd
Ire@ thn love 00X llncs using ths bmjout
mthod. !his is a mual opwatlon pwtmcd
by tcchmci m. An wtmtcd s:st es :s bemj
dwtlop~ to rtllmw th~ tcchniclm froo this
task. TIM systm uill reduce tht munt ot
accuwldcd rodiatlon cxposurt to tht worhr.
Ths prlmry ccxeponsnts of the systm constst of
a six dtqrm or fmdm robot a bag scal~ng
dwic~, snd a WI 1 qtntry ro~ot.

lNTi400UCT10N

the 910ve box wwronmd his not been
breach~d. Ih@ stub that IS rcmnlnq becoass
the bottam of thd bag tor the rwxt bagout Its-.

lhc baqout oprratlon rcqulrm ths orrwncc
of three Indlvldutls: # radltt~on mnltur md
two trchnl clans who pwfors the opwak]on, fhc
baqout procm IS usually a onc to tuo hour
opwatlon thit IS pwtormod once or tmcc a
wmk, lhc process n-cm] Mm th- :nt :oatc
Mdl lnq of the mstc ltm. lhm IS wry
i$ttle sn~eldlnq Incorporated in th~ mstt
cm. M a mult, the ba90ut IS a r-latlvcl y
hl qh wpomm opwd i on,



EiTRA GLOVE BO1 MITOMTIOH

[hc sode of opwatlon for
box Wtomt]on of the hBOS MI
S~vannah Rlvrr bqout s stm.

1oethod of extractlnq M cr]all
box . Howrr, th~ comawnts



~hc Robot
R
rovlde Its qrlp Ing fwcr, be It pnrumtlc,

Tho wlcctsd robot US r-qulrd to s~tlsfy !
tho follairm mnrral constraints:

ydrullc or rlK rlcll. In th~ rvrnt of J
pow l~llurr, J qrlpprr drpendtnt on extwnll. .
oomrr sources trr wscwtlblr to Ioslnq tarlp

1)

2)

3)

4)

awhmicall~ stored
sprlnqs, to provldt

F19, 2. fR-6200 Wrlc#n Robot,

FIq, $. Fall -s#f@ qrlppw,

the

tht



nccmswy grlppin fo~cs. The AB05 rnd
?rffsctor does mp oy ttmuse of pneumltlcs, but

only to opsn the qrlppw Jams.

B-g Sml ing DWICR
Tht Bt Smling Dwcr (B!iD) IS tic sln lr

! Isod i@or mt rim nf equapsmt in tne AB S.
Its function 1s to lIISU?C thtt ths 91OW box 1s
not brccched, and that the big out 1t m 1s
isolttsd In t bubbl~ of plast; c for safe
d~oslt into m umt- drum

The BSD’S uor& mm lS b~tuwn the front
snd of tht oa out port md the back me of J

1rctrmctcd wm Q CWI M shoun In FI . 4. Upon a
signal froo tht robot cmtrol lcr, fhc PSD
begins to nsck dom tiwb b~twsn the cm md

?the gwt. The bq 1s cons rlctsd down to a
cross-ssctimal arm of rouqhly 6.5 ma 11
MI*}, At this olnt, fttur slminm clIps arc

!loadsd in psml RI track USYS. Th@ trick MYS
conduct tho four clips fret thr clIp ●a tzlnr

Jto tho arm uhsm th~ b? ulil bs sod . A
i?rss driws the lsqs o+ t s ‘U’ shspsd cllps

!
mt the rwcksd dmn ssctlm of brq. Tftm the
our clips m smultmsousl~ drivm into dlcs

th~~ fold the 1Q9S of th~ CII s ti htly around
the [Iasttc. Fmr wnsors sskds! in M,
trac Mys dctsct shtthsr or not the four cl IPS
did mdssd ct Ioadsd Md drlvsn Into tht

i!die% If t t smors rcl~y i posatlw signal,
ths ba is cut bctsssn tht innsr sost c1Ips.

IITM BS thsn rclmsts the bq. Ths usstc Atm
is nou Mcapsulttsd and d~t ~chsd fros tho 91ow
box. Tha mwlopo of pltsttc IS closet tt ttch
md by a pair a CII s m shorn in Fi9. S. Ths

Rrobot thsn plum t Q cm in i disposal drum

Forcc/lorqus BMW
h forcdtor~ ssnaor 1s m “off th~ shilf”

dmic~ that IS c tbloof wmtnq forcss md
7torquos, snd rsso vin~ thss into co~msnts

ml W w to umr dcf tnsd coordinates. TIMSQ
ssnsors uc norssl 1y mntsd botnssn the robot
fsa plate md thr md sffsctor. Thsy cm oc
pr rsud to ssnd a mrnln~ slgntl if t

!pr ofinsd fore- w tor s thrushold is
rOXCSSdSd. This IS the unction that ths JR3

ForccITorwc smsor Ui 1I ssrw in th- ABOS.

to try md lace th~ cm ?lsmnrr~ In the
orun. If t~c robot lS uwuccmsful at dolnq
so, lt ml11 slqnal the opmator to lntwvme.

Theforce/torqug smmr u1ll bm upd~t?d
ulth d; Ifmmt ‘thrtsholdm forcm and torqws
ttwougn out the sntwt ba out cyclt. This WI 11

!il 10Mth~ cystss to detsc My othsr ossibl e
!spur 1ous condl t Ions that w occur IU JMn ot hsr

parts of tm bqout routuw m US11m unm
D1tc1f19 mstc cms Into the birr-1.

IWlfA 6LOVE BOX MJTOMTIOS

The second hmc of t~c Am proJsct
!lnvolvm Mom la ulthln the 910w box..

lh~ ~JQ(tlvQ of the intrt 91OW box Wt09StiOn
1s to dctsr ●lnc ulmthsr th~ umtc I tms NM
ttw crltsrlt for s M out md thsn to

!succcssi W v prmsnt hms csrt If isd mtc ems
to the bsqout portsuch that the Msri cm Robot
1s iblc to qrasp tho cmtilmr. Tho l~trt

!
low bOx mulpssnt M 11 consist of t custw
cslgntd gmtry robot utth m sppr rlats M4

‘1cffcctor, I btr code rmdcr md a t srasl
nsutron countsr.

AS ntstc mtwl d Is qmsrwd it ths
Piuton]ua Ftcllit , It 1s trmsfwred to tfw
M90ut glow box ~or storap Tn. Cms arc
01tctd In prsdtf In-d POSI tlons dctsrainsd by a



Fiq. 5. Enctpsulatcd vi-ste can.

t lct~ on th~ glovt bon f 1oor. As th~ oastc
Ycon ainars arc introduced to the ba90ut 911xw

bax, the 9antr robot picks up a cm and
idmtifiaa it i

OH
assirt9 it by m barcode

rmder. M r o thm placss the can in th~
thermal neutron countar (W) to dcteminr th~
munt of nuclmr nttwial contained in the
it-o, Th@ robot r~tri wee ‘hc aasticin and,
d~endin~ on tho results of th~ TNC, pl-cw it
in M acceptance rack or a rcjaction r~ck.
This romss continum until dl the incosinq

Rcans wc bwn characterized md seqrc ttrd.
?This opamtion is erforaed autonomous y md

Rdom not rdy on t c concurrmt operation of
th~ bc out robot. For tht most art, the watts

! Rcam w 11 b. count~d durin9 off ours. This
will dlw th. NC to perform a lon9w count
for a oorc accurate aamureaent,

Mfvananouqh uastc cans haw accuaulattd in
tha acc@@rxc@ rack, ths ba90ut ~~ipaant is
ussd to retract thin, This opwation is
continuously aunitorcd and cattrollcd by
tKhnicjms from a resott site. lho aniry
robot wlects th~ cans from the ace

‘R
1-ncc

raci. It than varifics the itm wit the bar
cods reader. Th- #ntr robot than positions

Utho can at the bac of ho baqout port and
posit ions it such that the baqout robot 1s ablt
seems it via tha port. After havinq
rtlin@shc4 tho can to the ba90ut robot th~
qantry robot rotriwm another CM froa ~hc
stora c rack, Thic cyclt continua untl 1 the
Ionqt! of plastic baq on tho ort is

Iwhwsted. Operators then M w th~ w-t to
oanuslly rcplaco th~ b~ . Tho c cl- is

I Icontinuad until th~ XIaS c cans w thin the qlow
born hcw bem snhaust8d.

Intra Glove Box 6~ntry Robot
The constraints that were defined for the

intra glove box can amipulation robot uere as
follom:

I ) The f obl+t Dust be L ?ble of accessing the
!entire floor space o the glove box.

2) The robot cannot hw a work envelope thtt
extends beyond tho physical extmts of the
glove box.

3) The robot wst be able to lift a vteiqht of
seven kiloqraas (15 lbs) and naw a
rotational torque of 20 N-m (180 in-lb)
avail ible at the end effcctor’s wrist.

A aarket swch was don~ to fifid i
commercially avrilible robot that could satisfy
the above constraints. Mom uart found

h decision was -ad~ to desi~n and build *
custom gantry robot that would meet the above
critwia. A qantr robot confi uration was

‘! ?select~d bKW9Q t lS physical y conducivs to
the interior of a low box. The liaits ttf

‘al ytrawl are confln aithin the s port
structure of th~ robot itself. T e possibility
of the qantry robot breaching tht 91OW box b

Kstrikinq a window or uncturin the skin of t *
box is pr~cticall ni . h 9an r ty R robot

If + !d so lsavm the f oor space of t @ 9 OVQ box
open for other wwl opwations when the robot
is not in uw,

The robot has thrm cwtesim spicial
axes. Ths 2 axis (the vertical axis) is
sounted on # f.ixcd boom The end @ffector
travels u and dorm the Ienqth of the boo-.

!This is t yipical of oostqantry typ~ robots,
On aost coavwxtional antry robots th~ end

!effecter is fixed to ht wid of a 600s that
aovw up and dean, This n~cmsitatcs an #qual
mxunt of oprn space abovt robot (quivilcnt to
the robot work mvclop~) to avoid COII isions
when the booo is rctractsd, Th- fixed boo~
el iainat~s the need for IIpact abov~ tho robot.
This ainini~ts th~ sizQ ond cost of the qlov?
box required for this ap Iication. Howevw,

!the boos ui11 alwa s pro rude into the uork
Jenwlopo of th~ r ot. Cw~ oust bc taken to

woid ~trikinq any obstscles uithin th~ qlow
box, 10 oirioize this roblca, the boos WJS

!demqned such that its oner md ail 1 clear my
mc qal lon cans rastinq on the flow of tht

i
IOV* box. Th- three cart?sian Qxcs arc driven
y stepper cotors via btll streus. The robot

WI11 be cqablt o~ pwforain9 coordinated MOWS
:i. v. strmqtt Iinc motion). The r~ Acbility

!MII1 bc plus or oinus ,12 m (0,00S n), Its
wiaw wlocit will b. 2S cdwc (10 in/s@c).

fThr robot uill N ctpablc of dmd Iiftinq 23 kq
(50 lbs)and will hav~ th~ rcquirad wrist
torque.



The qantr j robot end ef f ector wi 11 ra.ep
!the one gal lon cans end on. Thr end ef ector

will have a yaw~xis thd will bc able to
rctate the can such that its central axis is in
a horizontal plane. Theyawrotation wi1I
enabl~ the antry robot to place cans in the

!storagr rac s and to also orient the one al Ion
?cans such that th? baqout robot can grab hes

via the port,

The gantry robot will be,controlled by a
eultiple axis indexer. Th& Indexer,
sanuf actured by Co-puaotor Corporat 1on, wi 11
receive ASCI 1 Instruct ions fro@the bagout
robot controller. The indexer wi 11 translate
the instructions and comand the ste per sotors
to ~ove accordin ly. Incremental o lcal

! ‘ F.onitorencodm, sounte on each axis, m 1
the ●xecut ion of the comands.

Bar code reader
The bar code reader nil 1 be a coooercial 1y

availabl~ zodel, It will be eowdzd outside
the 910ve box, The reader wi 11 peer through
the glove box window to the barcode label
affixtid to the waste can. Th@ qantr robot

{will present the bar coded cans to t e bar code
reader at tht window The control syste- ui 11
associate the nuebar to the inforeatlon that is
about to be gathered by the WC on the oaterial
within the can. The s stes @i11 receaber where

Ithe can is placed on t e storage racks ?nd
retrieve it nhen it is ti,e to be bagged out,
The bar code will be read again to wif that

[it has the item that the systea intends o
bagout.
Hhm the erator is satisfied that al 1 is

7well, he s gnals the hBOS to continue unt i 1 the
next brnak oint, all the while oonitorinq the

twarning li9 t panel and viewing the systm via
the mmitors, The technicians will have the
capability of arresting the robot ootion at any
the, The operator also listens to the MO%
A microphone in the i mediate area of the ABOS
to al IOU the technician to hear the system and
detect any abnoroal sounds indicating a
proble&

StkNMRY

As stated earlier, the prieary oai in
!automt in the bagout pro~edure is o reduce

?the relat vel hiqh exposures received during a
1t ical amua bagout, The system wi 11 also

1!e einate the possibility of an individual
becwin cmta~inated, internall or

I Jextern~ Iy. Even though the r abi 1ity of
!in9estinq any airbnrne contao nants is remte,

the concern exists, If a contamination reiease
does occur durfnq an autwatic ba out. routine,

!the situation csn be ewluated an proper

Ther~al Neutron Counter
The thersal neutron counter wi 11 deter sine

the aaount of nuclear saterial contained in the
waste cad to insure that the itee aeets the
discard lisit. The TNC will be controlled by
an I Blf ersonal cosputer. The counter

!informs ion wi 1! be retrieved and stored until
the data is requested, The TNC uil 1 be
software calibrated for each articuiar Mast@

Istreac of material currently elnq counted.

REHOTEO CONTROL STATION

To achieve the goal of reducing ersonnel
!radlatlon exposure, the systee opera m% will

be located in an area outside of the ba90ut
rooa. 911 the control systems necessary to

R
o crate the hBOS will be resoted to this site.
T e equlpoent that U111 cocpose the reoott
station consists of the Merican Robot
control Ier and associated tercinal, video
eonitors, a warning Ii ht panel a~d an
acoustical spraker. Tie operator xi 11 not have
a direct view of the ABOS. The e~hisis in
develo ing the reaoted control area will be toRgive t e operator has euch information as
possible 50 that the ABOS can be operated
5afely.

The software for the ABOS ig written with
nuaerous ‘saftnare stops’ or break oints,

!These break points occur at critics steps in
the bagout routine. At each break ir the
routine, the operator anal izes the situation
fro- the given inforeatim w~plied to hio.
aeasures can be taken to rect~ f y the proble-
without the initial dmjer to pmsonnel.

The s stem will also sisplif records
1 l!keeping o the uaste items by au oaaticall

docueentin9 count,s parforeed b the TNC. he
1ABOS will also ke track of w Lch waste item

Twere grouped to9et er and bag9ed out into a
given drm.

A further advata9e is the enhanced uorkinq
conditions of the technicians who now perfora
the bagouts aanual I y. The currwt aanual
baqout operation is a hands and knees rocedure
beneath a glove box, The aanual ba ou

I
!

operation 1s an undesirable job tha aost
technicians would prefer not to do.
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