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HUTOMATIC BAGOUT SYSTENM

k. M. Whitaker, Los niamos National Laboratory

P.0. Box lesd

Los Alasos

RBSTRACT

Nuclear material entreined wastes are generated
at the Plutonius Facility at Los Alaaus
National Laboratory. [hese wastes cre resoved
from the glove oox lines using the dagout
sethod, This is a sanual operation perfsraed
By tachnicians. An autosated s stem :s being
developed to relieve the technicians ¢roe this
task. The systea will reduce the amount of
accusulated radiation exposure to the worker.
The prisary cosponents of the systea consist of
& s1x degree ot freedos robot, a bag sealing
device, and a ssall gantry robot.

INTRCDUCTION

Many chemical processas, involving
plutoniue and other nuclear eaterialy, are
pertoraed at the Plutomum Faci'tty ot Los
Alamos National Laboratory.. Waste by-products
are qenerated froa sose ot these processes.
Because of the lisited dtorage capacity mithin
the qlove bex lines, these generated wastes
aust be extracted on a reqular basis. The
eethod used to extract these waste aaterials is
the "bagout® sethad. The bagout allows
aaterials to be extracted from a glove box
without breaching the glove box,

#s the name 1aplies, the bagout involves
the use of a polygropylono bag. The bag 18
attached to o port on the glove box. A
technician in the gloves ot the glove box
Eassol the itea through the port to another
pchnician who slides it down the length of the
bag. Tha bag is tmsted just sbove the waste
1ten tn an effort to ga‘n a seal betwesn the
love box and the 1t@. Nire 13 tied around
he twisted portion of the bag 1. two places.
Then hoavl tape 18 wrapyed around the twist to
reserve the seal, as depicted in Fig. 1. The
0? 18 then severed at the md point ot the
tuisted portion of the bag, between the tie
wires, and a piece of tape 1a ap?lled to the
wnd ol the newly created stub. The waste 1tee
is isolated in 1ts own bubble ot plastic and
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the glove box environaent has not been
breached. [he stub that 1s remaining becoses
the bottom of the bag tor the next bagout ttes.

The bagout operat:on requires the oresence
ot three 1ndividuals: & radiation sonitcr and
two technicians who perfore the operacion. The
bagout process 1% usually a one to two hour
operation that is perforsed once or twice 2
week, The process necessitates the intieate
handling of the waste 1tes. There 13 very
uittle snielding incorporated in the waste
cins. s a result, the bagout 13 & relatively
high exposure operation.

Fiq. 1. Two techniciany
perioraing a sanual bagout.



At amntioned before, the bagout entails the
use of a plastic bag. lt is a tlexible
sesbrine that provides the boundary between the
glove box and exterior environsents. Although
it occurs very rarely, the possibility of the
bag rupturing is a consideration that sust be
tekes. To counter the thrazat of ingesting
airborne contasinants, released due to a
ruptured bag, the technicians wear a full face
respirator and special anti-contasination
clothing. Although extraordinary precautiony
sore taken to insure that the respirator fits
correctly and functions properly, there is
still concern that the technician lll ingest
airborne contasinants in the event of a
contasination release.

Bagouts have been perforsed since the early
days ot the nuclear industry. It hss been a
praver and inexpensive sethod of resoving
saterisls ‘roa qlove box lines. However, due
to the possible risks involved, it 1s
advantageous to resove the individual from the
bagout area. This would preclude technicians
fros the exposure and contamination risks
associated witn the bagout. Hence, the 1apetus
for an autosated bagout systes.

SAVANNAH RIVER LADORATORY

The original idea of an automated bagout
systes was concieved at Savannah River
Laboratory. A bagout systes was designed and
developed there. The prisary goal in
developing the systes was to resove personnel
fros an extresely high radiation exposure
situstion. The prisary cosponents af the
systes consists of a GCR/DKP robot, a bag
gathering and sealing device, a custos end
tifector, and 1 custos designed bagout
port ! the s sten has worked well without
any sdjor saltunctions or notable incidents.
The szltn was instrupenrtal in decreasing a
hazardous exposure situ. tion.

THE LOS ALAMOS SYSTEM

The Lot Alasos Automatic Bagout Systes
{ADOS) will be designed to extract waste
saterials that are contained in one gallon
cans. The ADOS will initially have a bagout
frormcy of 30 to 40 cans per waek. The cans
will weigh up to seven kilograss (13 Ib) wach.
The systes will be cepable of placlnl the
extracted iteas into a barrel. The AROS 13
being developed in three phases. The first
phase is the devel t of the extra glove box
;,ulroﬂt. The second phase is the developeent

the |ri etnt interior to the glove box.
The thir p‘au is the developeent of a resoted
control area for the operators. A description
of esch follows.

EXTRA GLOVE BOX AUTOMAT[OM

The mode of operation for the estra-glove
box avtomation of the ABOS will reseable the
Savannah River bagout systes. It 132 Truvun
sethod of extracting saterials from a glove
box. However, the cosponents that aske up the
Las Alascs systes differs in design froe that
ot the SRL bagout systes, even though the
theory of operation is the sase. The ABJS
equxgunt has been designed to accoseodate the
canstraints isposed by the Plutonmiua Facility.
The equ:paent consists of a six axis robot,
gripper, & six axis force/torque sensor, a bag
sealing device, and a bagout port.

The sequence of operation is as follows.
Mounted on the side ot the glove box 13 a
sodified bagout port that protrudes fros the
side of the box. A bag ts gathered about 1ts
outer circunference such that the base cf the
bag 1s stretched across the end ot the port.
The robot extends its ara tnto the port,
dra-xna in & portion ot the bag mith 1t. At
the other end of the port is an awaiting one
2allon can. The robot qrasps the can through

re Elilllt aesbrane and retreats with the 1ten
via the port. The robot withdraws to a point
where the base of the can has clearsd the end
of the Ror!. The robot holds this position
while the ba% sealing device closes down the
bag between the base of the waste can and the
front of the port. It then applies four
sluainue clips, naultaneously, to the necked
down portion of the bag. The ‘lg 18 then
severad between the two 1nner-sost clips. The
waste can, now isolated 1n a bubble of plastic,
18 dopoti!od in o drus. The systes is
controlled and samtored from a resote site by
the opz-ators. The process ts repested until
the length of bag 13 depieted. At that time,
:ho operators oﬂ?or the area and replace the
4.

fhe Port and Bag
The bagout port 13 a custoa design specific
to the ABCS, Rather than hnvnns the bagout bag
hang trom the port, as 14 done during a menual
ba?out procedure, 1t 18 qithered about the
outside circusference of the port. 1t is
gathered on the port such that the closed end
of the bag 1s stretched acrots th2 opening of
the pert. The "lip* of the port is well
rounded to prevent the ba? fros tearing as the
bag 13 drawn into the por b‘ the rodot. [he
ﬁcrt will accomsodate a bag 4.9 » (15 feet) 1n
ength. The bag 18 an open ended tube of might
a1l, polypropylene. The tube diaseter is 38 ca
{13 1n).  Biven this arrangesent, twelve one
allon waste containers can be extracted per
ength of bag.



The Robot
The selected robot was reguired to sat:isfy
the following qeneral constraints:

1) The robot sust be of physical disensions
such that it does not occupl 2 space with a
radius greater than 0.75 seters (2,5 teet)
and/or be capable of cperating in an
inverted or suspanded sode.

2) The robot sust be capable of handling @
seven kilograa (13 1b) payload and a 20 N-»
(lmt) in-1b} torque at the tooling face
plate.

3) The robot sust be able to sake a straight
line sove of 0.9 ssters (36 in) 1r &
horizontal plane.

4) The robot sust have the articulation and
range of sotion to reach into sultiple 33
gallon druas arrayed in the robot’s work
envelope.

The robot that aet tke above criteria was the
Assrican Robot MR-4200. [t is shown in Fig.

2. It is a six degres of freedon,
mthrntourphi:, industrial robot. Its payload
capacity is 9.1 kg (20 1b), It is capable
accelerating this payload to velocities of 1.5
o/s (3 ft/e). It has a repeatability of +/-
0.023 sa (0,001 in). The robot controller 1
based on a Motorola 48000 grocnw. The
systen has asple anslog, digital and R§-232 1/0
?oru for con rollin' peripheral subsystess.
he M-6200 is capable of eaking coordinated
straight line soves. It can also pertere
routines relative to user defined coordinate
systeas (i.e. transiated and/or rotated
coordimated azet). The robot is able to
operate in an inverted or gantry scde ay well,

The End Effector

The ABDY end effector was custos designed
at Lus Alasos (see Fig. J). The dm!n qgoals
of tha gripper were two fold: desiga it such
that it will not tear the plastic bag and sake
it fail-safe such that it will not drop 4 can.

Wen the robot reaches into the port to
extract o waste can, the end eifector inpingns
on the plastic hg. The end effector drams it
into the port becY to an awaiting maste can.

To sinfeize tha risk of rupturing the plastic
bay, the rip'or jams ware dasigned ta contact
the bag with large wnd well rounded suriaces.
This redeces stress concentrations experienced
betho n!. The robot was cycled 70 tioes

t the “reach in the porl - grad the can
- retfact with the coa® routine. This routine
was reposted on the sase portion of bag. There
were no detacteble ruptures in this area of the

b.’l

The typicsl rcdotic end effector iv
dependant on en external power sources to

Erovxde 1ts grxpglng force, be 1t pneusatic,
ydrulic or electrical. In the event of a
power tarlure, a gripper dependant on external
power sources are susceptible to losing grng
torce and dropping an ites that say be in 1ts
gra!p at the tise. To avoid this probles, the
BOS gripper relies on sechanically stored
energy, 'n the fora of springs, to provide the

Fig. 2. MR-4200 Aserican Robot,

Fig. 3. Fail-vate gripper.



necessary 9rxppin? force. The ABOS end
effector does eaploy the use of pneusatics, but
only to open the gripper jams.

Bag Sealing Device ,

The Ba? Sealing Device {BSD) 1s the single
sost iasportant piece of equipesnt in tne ABUS.
Its function is to irsu-e that th= glove box 1s
not breeched, and that the bag out ites1s
isolated tn a bubble of plastic for safe
deposit 1into a waste drua.

The BSD's work area 1s between the éront
end of the n!out port and the back end of a
retracted waste can as shown 1n Fig. 4. Upon a
signal fros the robot controller, the PSD
begins to neck down tre bae betwaen the can and
the port. The bag 15 constricted down to a
cross-ssctional area of roughly 6.5 ca? ]
in?), At this gomt, four alusinus clipy are
loaded in parallel track ways. The track ways
conduct the four clips tros the clip magazine
to the area where the bag wiil be sealed. A
ras drives the legs of the "U° shaped clips

ast the necked down section of brg. Then the
our clips are siaultanecusly driven tnto dies
that fold the legs of the clips tightly around
the plastic. Four sensors estedded 1n the
track ways detect whather ar not the four clips
did 1ndeed get loaded and driven into the

dies. [f the senors relay a positive signal,
the bag 1s cut between the inner most clips.
The BSD then reieases the bag. The waste ites
is now encapsulated and detached éroa the glove
box. The envelope of plastic 1s close: at each
end Dy a pair a clips as shown 1n Fig. *. The
robot then places the cen in a disposal drus,

Force/Torue Sensor :

A force/torque senizor 1s an "off the shelt”
device that is capable of sonsing forces and
torques, and resolving thes into cosponents
relative to user defined coordinates. These
sensors are noreally scuated between the robot
tace plate and the end effector. They can de
prnnou to send & warning signal 1f a
predefined force or torgque thrushold s
excesded. This 1s the function that the JRI
Force/Torque sensor will serve §n the ABOS.

The AD0S robot places cans, in succession,
into a drus as they are bagged out fros the
love box. The ABIS will not be able to
soediately sense 1 the cans in the barrel
sova or shift fros the location where the robot
degosited the itea. In the event that a can
shifts sithan the warrel, there is a
ossibility that the robot will try to place
he subsequent can into the space occupied by
the shifted can. 1f a con has indeed siifted
and is trespassing in the space tesignated for
the next waste can, the force/terque sensor
uill senee & "non-rorsal® for.e and/or torcue
uhon the cons touch. To avoid dasaqe to the
caste cons, the robot will jesediately retreat,
and then sake 2 pre-pregransed evasive action

k1g. 4. Relative position of the
Bag Sealing Device.

to try and place the can 2lsewhere 1r the
grun. 1f the robot 1s unsuccessful at doing
s0, 1t wtl] signal the operator to intervene.

The force/torqus sensor will be updated
with diéferent "threshold" forces and torques
through out the entire bagout cycle. This nll
allow the systea to detect any other possible
spurious conditions that say occur within other
parts of tne bagout routine as well as wren
placing waste cins into the barrel.

INTRA GLOVE BOX AUTOMATION

The second {hau of the ABDS project
involves autosation within the glove box.®

The objective of the intra giove box autosation
13 to deter=ing whether the waste itess seet
the criteria for » bagout and then to
successively present these certified waste cons
to the bagout port such that the Aaerican Robot
18 able to grasp the container. The irntra
alou box equipsent will consist of a custoa
esi1gned qantry robot with an appropriate end
effactor, a bar code reader and a thersal
ngutron counter.

As waste saterial 18 generited at the
Plutoniua Facility, 1t 1s transferred to the
bagout glove bor for storage. The cans are
placed 1n predefined positions deterained by a

*At the date of this -rmng, prelimtnary
designs of the tntra glove box |?ulgmt nave
been cospleted. However, none uf the egquipsent
has been fabricated. The current designs are
wb{ut to sodification. Any thanges <o the
design of the equipsent desc-ibed herain will
be onll! noted when this paper is presented at
the MS International Topical Meeting on Rasote
Systees and Robotics to be held March 29 -
Ari]l 2, 1997,



Fig. 5. Encapsulated waste can.

tlltllt! on the glove box floor. As the vaste
containers are introduced to the bagout glove
bax, the gantry robot picks up a can and
identifies it o‘ t.tsing it by a barcode
reader, The robot then places the can in the
theraal nevtron counter (INC} to determine the
ssount of nuclesr material contained in the
ites. The robot retrieves *he waste can and,
depending on the results of the TNC, places it
in an acceptance rack or a rejection rack.

This process continues until all the incosing
tans have been characterized and segregated.
This operation is perforsed autonosously and
dows not rely on the concurrent operation of
the bagout robot. For the sast K"t’ the waste
cans will be counted during off hours. This
will allow the TNC to perfora a longer count
for a sore accurate seasuresent.

Uhen enough waste cans have accusulated in
the acceptance rack, the bagout eguipeent is
used to extract thee. This operation is
continuously aunitored and controlled by
technicians from a resote site. The ganiry
robot selects the cans fros the acceptance
rack. It then verifies the ites with the bar
code reader. The !lntr‘ robot then positions
the can at the back of the bagout port and
positions it such that the bagout robet 1s able
access it via the port. After having
relinquished the can to the bagout robot, the
gantey robot retrieves another can froe tne
storage rack. This cycle continues until the
length of plastic bag on the port is
exhausted. Operators then anter the ares to
sanually replace the bag. The cycle is
continued until the watte cans mithin the glove
box have bech sxhausted,

Intra Glove Box Gantry Robot

The constraints that were defined for the
znfqa glove box can aanipulation robot were as
o1i0ms:

i} The robut sust be ¢ pable of accessing the
entire floor space of the glove box.

2) The robot cannot have a work envelope that
extends beyond the physical extents of the
glove box.

3} The robot must be able tc lift a weight of
seven kilograas (15 lbs) and nave a
rotational torque of 20 N-s (180 in-ib)
availible at the end effector’s wrist.

4 market search was done to find 2
cosmercially avr(lible robot that could satisty
the above constraints, None were found

A decision was sade to design and build a
custos gantry robot that would seet the above
criterid. A gantry robot confxfurltxon was
selected becayse it is physically conducive to
the interior of a glove box, The limits uf
travel are confined within the support
structure of the robot itselé. The possibility
of the gantry robot breaching the glove box h‘
striking a window or runcturxn the skin of the
box is prlcti:allr nil. A gan r‘ type robot
also leaves the ¢loor space of the glove box
open for other manual operations when the robot
is not in use,

The robot has three cartesian spacial

axes. The 1 axis (the vertical axis) is
aounted on & fixed booa. The end effector
travels ug and down the length of the booa.
This is atyipical of sost gantry type robots,
On aost coaventional gantry rabots, the end
effector iy fired to the erd of & boos that
sover up and down. This neccessitates an equal
ascunt of open space above robot (equivilent to
the robot work envelope) to avoid collisions
when the boom is retracted. The fixed boom
eliminates the need for space abave the robot.
This ainimizes the size and cost of the glove
box required for this application. However,
the boos will always protrude into the work
envelope of the robot. Care sust be taken to
avoid striking any obstacles within the glove
box. To sirisize this groblcn, the boor was
designed such that its lower end will clear any
ane gallon cans resting on the floor of the
love box, The three cartesian axes are driven
y stepper sotors, via bail screws. The robot
will be capable ol perforaing coordinated soves
.0, straight line sotion).  The repeatability
will be plus or einus .12 ae (0.005 in), Its
saxisue volocit’ will be 25 ca/sec (10 in/sec),
The robot will O copable of dead lifting 23 kg
t(50 1bs)and will have the required wrist

or que.,



The gantry robot end effector will grasp
the one gallon cans end on. The end effector
will have a yaw axis that will be able to
rctate the can such that its central axis is in
8 horizontal plane. [he yaw rotation will
enable the gantry robot to place cans in the
storage racks and to also orient the one gallon
cans such that the bagout robot can grab thea
via the port,

The gantry robot will te controllied by a
sultiple axis indexer. Thi indexer,
manufactured by Compumotor Corporation, will
receive ASCII tnstructions fros the bagout
robot controller. The indexer will translate
the instructions and cosmand the stegper sotors
to sove l:cordxnsly. Increaental optical
encoders, mounted on each axis, will sonitor
the execution of the cosmands.

Bar code reader

The bar code reader will be a coamercially
available model, It will be aounted outside
the glove box. The reader will peer through
the glove box window to the barcode label
affixed to the waste can. The gantry robot
will present the bar coded cans to the bar code
reader at the window. The control system will
associate the nusber to the inforaation that is
about to be gathered by the TNC on the material
within the can. The szstel will resesber where
the can is placed on the storaqe racks and
retrieve it whan it is tise to be bagged out.
The bar code will be read again to vernfl that
;t ha: the ites that the systea intends to

agout.

Nhgn the operator is satisfied that all is
well, he signals the ABDS to continue until the
next brea' gnint. all the white sonitoring the
warning light panel and viewing the system via
the sonitors, The technicians will have the
capability of arresting the robot sotion at any
tise. The operator also listens to the ABOS.
A aicrophone in the insediate ares of the ABOS
to allow the tachnician to hear toe systes and
detent any abnormal sounds indicating a
probles,

SUMNARY

As stated earlier, the primary qoai in
autosating the bagout procedure is to reduce
the relat voly high exposures received during a
t¥§ical aanual bagout. The systes will also
elisinate the possibility of an individual
bntooin' ccntasinated, intnrnul:z or
externally. Even though the probability of
ingesting any airbarne contasinants is reante,
the concern exists, [f a contasination reirase
does occur during an automatic bnawt routine,
the situation can bhe evaluated and proper

Theraal Neutron Counter

The thermal neutron counter will determine
the amount of nuclear material contained in the
waste cas to insure that the ites meets the
discard limit. The TN( will be controlled by
an 1BN gersongl cosputer. The counter )
information will be retrieved and stored until
the data is requested, The TNC will be
software calibrated for each garticular waste
stream of material currently being counted.

REMOTED CONTROL STATION

To achieve the goal of reducing gersonnel
radiation exposure, the systes operatcrs will
be located in an area outside of the bagout
roca. All the control systeas necessary to
ogerate the ABDS will be resoted to this site.
The equipment that will cospose the resotc
station consists of the American Robot
controller and associated terminal, video
monitors, a warning light panel and an
acoustical speaker. The operator will not have
a direct view of the ABOS. The emphisis in
develoging the resoted control area will be to
give the operator has such inforsation as
po?s{ble so that the ABOS can be operated
safely.

The software for the ABOS is written with
nuaerous “saftware stops” or break goints.
These break points occur at ~ritical steps in
the bagout routine, At each break ir the
routine, the operator analizes the situation
fron the given information supplied to his.
aeasures can be taken to rectity the probles
without the initial dinger to personnel.

The systea will also sinplifz records
keeping of the waste iteas by ay onaticall¥
documenting counts perforaed by the TNC. The
ABOS will also keep track of which wiste itess
were grouped together and bagged out into a
given drunm.

A further advatage is the enhanced working
conditions of the technicians who now perfora
the bagouts manually. The curraat manual
bagout operation is a hands and knees grocedure
beneath a glove box. The eanual bagou
operation is an undesirable job that sost
technicians would prefer not to do.
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