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CHAPTER 1 INTRODUCTION

1.1 BACKGROUND |
The Department of Energy (DOE) has created nuclear weapons for defense for

: ‘Tover forty years During thlS time, hazardous and nuclear wastes have accumulated, and
contamination of sorls and groundwater have occurred throughout the United States, as

‘ envrronmental stewardshlp was not fully apprecrated until recent times. Thousands of
‘sites require clean up, and hundreds of fac1l1t1es requlre decontammatlon and
decommrssronmg Envrronmental Restoranon and Waste Management (EM), an agency

‘ under the Department of Energy, is charged w1th env1ronmental restoration, waste

/ ‘ ’management technology development and facxllty transmon and management for both

nuclear and nonnuclear-related operations. Its purpose is to protect human health and

safety; emphasize env1ronmental responsrblllty within the DOE; and brmg DOE sites into "

- agreement with all appl1cable federal, state, and local regulatrons by the year 2019. |

~ The Office of Technology Development (OTD), one of EM’s constltuents assists

| thrs mission by developmg new technology that is safer more eff1c1ent and less |

| expenswe than current processes Developmg new technology is seen as perhaps the
‘most reasonable prospect to deal substantlally with the immense env1ronmental cleanup

ina safe fmancrally feasrble manner

12RoB OTICS FOR ENVIRoNMENTAL MANAGEMENT -

Within the OTD is: the Robotics Technology Development Program (RTDP)

' Robotzcs allow for a “safer better qulcker, and cheaper” operatlon in waste management.

| Safety is a major concern as and regulations requlre that radiation exposure be as low as
can be reasonably\ achieved (ALARA). Robotic application reduces radioactive exposure .
to human 'op_eratOrs. Less secondary' waste is generated with a robotic process sinCe
protecti've clothing is not needed A robot"s"efﬂcient movement and automated‘prOCesses
results in more work in less time than human labor could ach1eve The OTD has focused |

upon five pnmary areas where robotlcs technology can help EM fulﬁll 1ts responsrblllty
_ , 1 o t .




These fxve areas are: Tank Waste Retrieval (TWR) Contammant Analysrs Automation
(CAA) Decontammatron & Drsmantlement (D&D) Mlxed Waste Operatrons (MWO)
and the Plutomum Focus Area (PFA) )

The Tank Waste Retrieval focus area is carrymg out a program of applied research
 and development of creative solutions for removmg waste ‘from underground storage
tanks " The huge tanks created for storage of nuclear and toxic waste, many of Wthh

‘ hold up to a mxlhon gallons are at the end of their forty year design life and become
‘unrelrable TWR seeks solutions Wthh prove more cost and time effective as well as
- safer than present methods available ‘ i

To answer the need of characterizing the large number of radioactive and
hazardous sites under DOE’s charge, the Contaminant. Analy51s Automation team came
- into existence. Current methods of chemical analysis are not capable of characterlzing
'k the projected 10 million needed samples The CAA team is developing robotic systems ‘
that automate the characterizatron process and are transportable to different sites.

Decontarmnation & Dlsmantlement of nuclear facilities is necessary as hot cells,
~ canyons, glove boxes and reactor facxhtles become obsolete and are shut down. D & D
is preferable to long term surveillance and mamtenance (S & M) Robotics can reduce the

-risk and cost assocrated with S & M and D & D.

T~

- The Plutomum Focus Area concerns problems assocrated wrth short term storage
‘of ﬁssrle material from nuclear weapons Some problems include excessrve hydrogen gas
generatron contamer pressurlzatxon, and 1ncreased ignition probablhty RObOthS is'
needed to survey and analyze materlals and place them into long term storage.

ered Waste Operations deal with low level and transuramc mixed waste
: /contammg both hazardous and radioactrve matenals Ig,the focus of thrs work, and is

, 3
t exammed in detail.




1.3 MIXED WASTE OPERATIONS
1.3.1 Overview -

The name transuranic (TRlJ) is derived frdm.rfadionuclides of atornic'nurnber
greater than uranium’s 92. ‘This Waste generally results from the production of nuclear -
weapons and reproceSSed spent fuel, and remains lethal for hundreds of years. Low-level |
mixed waste (LLMW) contains a wide assortment-of wastes because it isa catchall }
category; containing radioactive waste not from transuranic waste, high—leye'l Waste, or
uranium mill tailings. It is _generated in many quarters, including hospital's,; industrial |
. plants, and nuclear facilities, and so tal(es many fOrInS' contaminated wiping rags, filter
sludge hand tools, and parts of decommissioned nuclear fac111t1es to name a few.

Generally it is much shorter lived than TRU. Mlxed waste cornes in a vast vanety of

) forms, mcludmg sorl bricks, clothing, car battenes nuclear fuel processing resrdues and

~ chemicals that have been contammated radroactrvely " &

The Department of Energy (DOE) considers the management and disposal of

mixed waste to be one of its hig’hest priorities. Low-level mixed waste and transuranic
mixed w‘aste occupy'over two and a'half million cubic feet at 49 DOE sites in 22 states

' across the country (Ward 1994) In more tanglble terms, 225, OOO tons of waste are’
capable of filling a 16.5 mile stretch of railroad box cars (“ered Waste Focus Area

- Poised for Success 1996) This volume contmues to grow as waste is retneved from |
normal nuclear related operat1ons and decommissioned nuclear facrlmes The reduction
in 'waste volume or level of harmful constrtuents or the complete transformanon of the

' waste into an inert substance is preferred over the endless costs and risks of 51mply
stormg the waste. N ’

" The Department of Energy s mrxed waste focus area (MWFA) has categonzed
mrxed waste into five basic types. They are: morgamc waste water/slurries, combustlble
organics, sludges/sorl sohds/debns/sorl and specral waste. MWFA keeps track of
approxrmately 1,700 waste streams and their preferred treatments (“Mlxed Waste Focus

‘Area Poised for Success” 1996) The large dlfferences among the wastes generally call

;/3



 for a variety of treatment methods, which can be broken down into two basic operations: -

thermal treatment and non-thermal treatment.

1 32 Fmal Dlsposmon o . P

A wrde vanety of methods are avarlable in non-thermal treatment of waste.
Solidrficatron of the waste with the addrtlon of cement immobilizes the hazardous and
radioactive components. Decontamination cleans items that have been contaminated

t often by washing with water, or by blastmg with pellets Encapsulatron contains waste 1n
an asphalt type matrix or in a polymer. o

Thermal treatments apply hlgh temperatures to destroy and/or reduce waste. The
vitrification processes melts waste wrth electrodes to form a glass like substance which is-
stable and takes up less volume ‘The VAC*TRAX vacuum dryer uses a lower |

’ temperature to_,separate organic c_ontammants from solids, leavrng them chemlcally
| inactive. ' - } S

The plasma hearth process 1s a promlsmg thermal treatment. It is able to v1tr1fy,
or reduce to a glassy slag, a broad drversrty of mixed wastes The process does soby
'destroymg the orgamc components and confmmg the i rnorganrc components and:
radronuchdes ina stable waste. form Importantly, extensive characterlzatron of mixed

“wastes is not needed wrth thrs operatlon However the process is unable to handle
hazardous inorganics lrke mercury and lead. Still, the plasma hearth has the potential to -
significantly reduce the amount of mixed waste in storage.. ’

In the plasma hearth’ ‘process, waste is heated to. temperatures of 3,000 °F.
Concerns about the release of hazardous gases have prompted an mvestrgatron into a
momtormg process which checks for small amounts of hazardous substances before
ventrng any gases. ’ -

~ Because of the intrinsic blend of mrxed waste, it must be charactenzed and sorted
before treatment can begin. ,Robotlcs‘ v1s sought for waste handlmg, characterlzatlon, and

7 separation. Waste handling includes the opening'and closing of waste containers.



Mixed waste is stored in a variety of containers: 30, 55, and 85 gallon drums, ~

: metal bins, and wooden boxes. Most of the volume, however, is contamed in 55 gallon
‘storage drums, and much of this i isin the form of heterogeneous dry solids (DOE 1993)
as shown in frgure 1. Thrs work focuses on the 55 gallon drums contarmng ‘ ,
heterogeneous dry solids. The 55 gallon drums weights vary from 100 to 600 'p'ounds."‘ N
They are not packed by weight but by their level of radioactivity, which does not exceed
300'mR. /hr (Ward 1996). The objectrve of thrs research is'to use a robot to open waste |
drums non-destructrvely Hazardous waste can be removed and then drums can be

resealed for a ﬁnal process - the plasma hearth

-Figure 1 WaSte Drums ih Storage




'CHAPTER 2. OPENING OF WASTE DRUMS

2.1 MANUAL CLOSING AND OPENING OF DRUMS

The waste drums have been sealed manually. After the lid cover was placed on -

the drum, the drum s closure ring (c-ring) was slid-around the lid, fastenmg the lid to the

drum. Then the c-ring was clamped tight w1th a bolt and nut in four steps

1.
2.
. 3. °

First the bolt was put through the clearance eyelet hole of the right c- r1ng tab.

Then the nut (which works asa Jam nut) was screwed onto the bolt.

Next the bolt was screwed into the threaded eyelet tab tlghtenmg the c-ring around
the drum lid. The torque apphed may have been as hlgh as 130 ft-Ib with the use of a
pneumatlc wrench (Exum 1996) It is not uncommon for a mallet to impact around
the c- r1ng as this tlghtenmg process occurs to assrst in an evenly and thoroughly

tlghtened c-rmg

Fmally the jam nut was tumed trght against the threaded eyelet (approxrmately 70 ft- -

Ib applied by a hand wrench) to keep the bolt from tummg so that it would not shake _
~ loose (Exum 1996) ‘ ‘ '

T~

The fastened bolt assembly is shown in figure'2 The jam nut works in

conJunctron w1th the threaded c-rmg tab to preload the bolt and to eliminate backlash in

the bolt Frgure 3 shows the threads of the threaded tab and nut are against different srdes »
of the bolt’s thread o .

" pthreaded”
eyelet

| Figure 2 Secured .BOltA'ss}embly Graphic /Photograph




} C— Ring Tab

. C—Rin’gsTab: &

Figure 3 Preloading on the Bolt by C-Ring Tab andv.i] am ’Nut ‘

The manual opening process is essentially the reverse of the closing process.

- Because the drums have been srttmg for many years, the bolts and | -jam nuts should be
sprayed or doused with a lubricant (such as Liquid Wrench or WD-40) to facilitate
unscrewmg The lubricant should be applied hours before attempting to unscrew the
assembly in order to allow penetration. .

At the start of the actual unscrewing process the j Jam nut would need to be
loosened first (approximately;_ a quarter turn) before the bolt could be unscrewed from the
_ threaded eyelet. If this isnot done, there» isa poss_ibility the bolt could be sheared off‘ |
-during the attempt to unscrew’it with an i'mpact'wrench.‘ Stripping the bolt’s threads in the
' threa’ded c-ring tab 1s another possibility if the jamnut is not first loosened L |
| : After the bolt assembly is unfastened the c-ring can then be spread apart and
sl1pped off the drum. The drum lid will often still be sealed to the drum, however,
because of rust or eorrosron that has occurred in areas between the lid and drum where
the rubber gasket does not protect the contact surfaces. Often a mallet 'will beusedto -
| 'hammer the center or near the edge of the lid to help break the seal so the lid can be

removed Perhaps a screwdnver w111 be used to help pry the lld off as well

2 2 DESTRUCTIVE DRrRUM OPENING

" In 1993 atthe Savannah River Site, drum opening technology as well as other

- relevant automated waste processing operations was demonstrated. The process’begms

.“7'




with a drum lifter, consisting of graspmg straps controlled from an over-head crane,

fxttmg around a 55 gallon drum. The drum llfter ‘transports a drum to the drum openmg

- celland top loads it into a revolvmg chuck. Masts on either side of the drum engage _
cuttingtools and idler supports that'eorne into contact with the s__‘ide of the dr_um. v:vall.‘ As ‘
- the drum is rotated,’ the cutter, a sharp disk, is pressed onto the side, slowly cutting .the

" drum as it revolves, like a huge pipe cutter. After the drum wall has been eompletely cut,
the drum lifter removes the drum’s top half, exposmg the inner llnmg ( 09” thick
polyethylene) for the next cutting process. A statlonary blade like a lathe cutter is then

engaged into the liner side, cutting the liner in a srmrlar fashion as used on the drum wall. )

2.3 NON-DESTRUCTIVE DRUM OPENING

Although the‘technology of destructively opening the drums is robust and simple,
the generation of s'econda'ry waste is a significant drawback because, then the drums must |
: be disposed of separately, perhapsv in a larger 85 gallon drum. - If the waste drums are
opened in a non-destructiVe way, they can be resealed for one ﬁnaluse: transporting the |
appropriate sorted waste for final disposi_tion in the plasma hearth. To reseal the drums, it
is necessary that the lid and drum remain undamaged during the opening process. The
inner plastic liner is no longer necessary for the last transportation of the drums.
Slmllarly, the bolt assembly and the c- ring are of secondary lmportance With _]l.lSt the

drum and lid, waste “suitable for the plasma hearth process can be repackaged inside the ‘

‘drum, thh the lid glued or nveted on in an automated operation.
24 DESIGN CQNSTRAINTS -

2.4.1 Standard Industrlal Robot

A standard industrial robot will be used for the non-destructive opening of the 55

o gallon drums. Accordmg to Clyde Ward of the Savannah Rlver;Techmcal Center,

possible _candidates include S_taubli, FANUC Robotics (ﬁgure 4), or ABB Flexible

B Automation (ﬁgure 5). Each of these satisfies the basic parameters of six degrees of

8
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movement, a payload capacity from 50 to 1001b., a six foot reach, and around +0.007” of

repeatability. | o o ' . ‘ . / .

Figure 4 ABB Industrial Robot  Figure$ Fanuc Robot
- 2.4.2 Drum th‘ter and Revolvmg Drum Chuck

The drum lifter and revolving drum chuck developed prev1ously and demonstrated
at Savannah River Techmcal Center wrll be used in this project. The drum lifter allows
| the transportmg and top loadmg of the drums 1nto workcells within the Mixed Waste
Operatlons facilities. It is capable of precisely. placmg even deformed drums, and is used
to load them into the revolving drum chuck. The drum chuck ﬁrmly grasps the drums at R
their base, and then can revolve the drums to whatever onentatron is needed. Thisisa

‘useful feature as a robot arm can_reach any 51de of the drum w1thout relocation of its base

- 2.4.3 Tool Changer

A tool changer allows the robot to quickly and easrly attach and then exchan ge

‘ any number of end-effectors or robotrc tools. One half of the tool changer is attached to
- the robot’s tool face plate and the other half is attached to the tool: The two halves are
connected by a qutck release cam. The tool changer supplies pneumattc and electrrcal

| contacts from the robot to power the end—effector ‘The Applied Robotlcs tool changer
(ﬁgure 6) has been selected for this project. It has a werght of 22 1bs. with its center of

mass:3.8” from the tool face plate Its size and weight further restrict the tool design.

<




Figure 6 Applied Robotics Tool Changer




CHAPTER 3. END- EFFECTOR DESIGN FOR NON-
| DESTRUCTIVE DRUM OPENING |

31 OVERVIEW

Theren are four steps invol'ved in opening the drums so that they can be resealed in

the future. First, the bolt assembly that secures the drum’s _closure ring (c-ring) must be
k'disengaged by either cuttiné it or unscrewing it. The method used will affect the second '
task- c-ring removal since parts of the bolt assembly may or may not be present in the c-
rmg tabs. After the c-ring is removed the hd itself must be dlslodged This task is - "

complicated by the 51gmf1cant seal that results wrt& £ time, and the minimal leverage area

: avarlable around the lid. And ﬁnall.y the top of the mslde plasﬂc ligier must be cut out and _

removed The liner top must be supported during thrs task to keep it from falhng back
: 1nsrde the drum Each task will require the des1gn of one or more end—effectors which
~rw1ll operate with the 1ndustr1al robot through teleoperatron Therefore the des1gns should

_ support as much automatron as possible.

Desrgmng for autonomous operatron w111 be: challengmg because of shght size and |

shape variations among the drums. For example, a c-ring mlght be deformed ora jam

- nut orrented differently from the prevrous drum S jam nut. And depending onthe
‘procedure used for unfastemng the bolt, the bolt assembly. may offer dlfferences to the ,
gripping mterface of the end-effector, as the unfastenmg process may not produce
rdentlcal results each time. ‘For 1nstance the bolt could be cut in a shghtly drfferent place
producmg a shorter or longer threaded rod left in the threaded eyelet. Although any major
anomalies could be handled manually, the end—effector desrgn should be as robust as

) possrble

11




~ 3.2 BOLT REMOVAL

3.2.1 Unscrewing the Bolt B
'  The first step in unscrewing the bolt assembly, after application of a lubricant,
. would be loOsening the jam nut used to keep the bolt from turning. The nut l‘oose‘ning

‘ process will be -challenging ‘Perha‘ps a grip\per would force its teeth around the nut like

pliers shown in flgure 7, grlppmg itno matter what the orrentatlon of the nut. And then
another actuator would turn the grippers and nut the quarter turn required to loosen it
(Nagle 1996). Or the nut could be split open. 7 A nut sphtter, hydraulically actuated, is
available on the market for rernoving.'rusty or frozen nuts. This devic'e' forces two pointed

A teeth into the top and bottom surfaces of the nut, until the nut is’ broken apart After the

operatron the broken parts need to be recovered

Flgure 7 Pliers grlp on jam nut ‘
The nut does not need tobe fully removed from the bolt to allow the c-ring to be
removed (see figure 8). It just needs to be loosened so that the bolt can be unfastened ‘
from the threaded eyelet making it possrble to spread the c-rmg apart and remove it.
/Partlal unscrewmg has the added advantage of keeping the bolt assembly attached to the
- c-ring, thus fbelng one less part to handle. The advantageous geometry (2-open eyelets)

~ for removing the c—ring in the next task step is no longer present, however.. -

12




Fignre 8 Partially Unscrewed Bolt Assembly

Unscrewing the bolt ffom the threaded ‘eyelef once the nut has been loosened or/
spln apart could be achleved with a pneumatlc 1mpact wrench. Pneumatic impact. .
wrenches are capable of applymg well over the 130 ft-Ib estimated requlrement The tool
- changer for the robot can provide 90 psi compressed air. A Iong socket over the bolt
would avoid moving or 'feeding the end-effector backwards as- the ‘bolt unscrewed The
wrench can be engaged w1th the bolt head by lining up the wrench to the bolt and
S applymg a small force mto the bolt whlle actlvatmg the wrench (Hanna 1996).

3.2.2 Cutting the Bolt

Cutting the bolt'between the tabs is a simplerkproces-s than unscrewing. A lla'rge ’_
" range of methods are. available for cutting the bolt assembly andmnst be considered.
Whatever cutting method'is;use,d, the top half of the bolt will ‘be)lo\os'e_ in the clearance tab
and will need to be retrieved. Thi's will result in a c-ring with one open eyelet, and with a
~ half bolt and nut tightly screwed _intothe other eyelet. Because of this, the bolt should be

cutas close to the jam nut as possible to make room for the c-ring removal end-effector.

323 Companson of Cuttmg or Unscrewmg the Bolt Assembly

Unscrewmg the bolt has two advantages to cuttmg One, it will :mmedlately make

the c-ring usable for repackagmg the sorted waste for final 'dlsposmon. This advantage,

" however, is questionable as the c-rings may not be used for repackaging since a

'permanent: sealing process such as glumg or nvetmg the drum shut would be simpler and
- easier for robotlc automatxon The other advantage is that 1f the bolt were completely

unscrewed and removed from the c-ring, the c-ring would be left w1th two good

13




geometric features (the open eyelets) to dock w1th an end-effector for removal of thec-
ring.. The disadvantages to unscrewing the bolt are many the process w1ll take longer to
accomphsh is more cornphcated as it would almost certamly require the design of more

than one end—effector and may easrly have a hlgh fallure rate 1f bolts are so rusty they end

up bemg sheared apart.

Cuttmg the bolt: has the advantages of being a quick and robust process

However, the cut half of the bolt may fall loose from the c-rmg, and so must be dealt with

 in the design. Also, cutting the bolt will leave half of the bolt assembly in the threaded
- eyelet, making the gripping action for removal of the c-ring more diffic_u_lt. This difficulty

- exists if the bolt assembly is p’artia’lly unscrewed as well. Because of the complexity.

requlred in an unscrewmg process, cutting is the preferred method Companson of

cuttmg and: unscrewmg 1s hsted in Table 1.

Table 1 Comparlson of Cutting and Unscrewmg for C- ng Removal

~Method_ Advantages ___| Disadvantages
Cutting the Bolt ~|'l. Quick process . | 1. Loose half bolt with bolt head
{Assembly | 2. Robust operation - must be taken into account
f ' Lo 2. Bolt assembly remains in one -
eyelet so that griping of c-ring
« L : . - is more difficult ' '
Unscrewing the Bolt. C-ring - A I S - Complicated design
Assembly in General | reusable - | 2. Requires more than one end-
(These apply toboth | immediately : effector :
partially or completely | (if needed) 3. Possible low success rate
unscrewed) ] - .. |4 Requ1res lubrication
; Parttally Unscrewed , Lesscomplex |  Bolt assembly remains in one
than complete | eyelet so that gripping of c-
R ' removal . ' " ring is more difficult
Completely Unscrewed |~ Will be simpler ~ Will need to deal with loose -
x ‘ . processtoremovec- | parts of boltand nut

| 3 2.4 Survey of Cuttmg Methods

Four semor engmeermg students from Worcester Polytechmc Instltute (WP])

, worked on the problem of unfastening the bolt assembly during the spnng semester of
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1996 (Davis et al. 1996) as a joint project with N.C. A & T State University. This work
made up thelr Major Qualifying Project, in partral fulflllment of an engmeermg degree
from WPI. They conducted a survey of possible unfastening methods They also-ran a 4
: number of expenments from obtarmng the hardness of the bolt, to tesnng a number of -
cutting blades with variable feed rates and cuttlng speeds
A number of cuttmg methods were discarded qurckly These mclude the

bandsaw the recrprocatlng saw, and the cutoff wheel. The bandsaw and rec1procat1ng
saw have clearance problems the drum wall may be damaged before the bolt is |
- completely cut. The cutoff wheel blade wears out very quxckly and requrres frequent

. changmg The more promrsmg cuttmg methods are exammed below.

Rotary Saw ’
WPI’s proposal was to cut the bolt assembly with a pneumatically driven rotary
'saw made of high speed steel. This method requires feeding»the blade as the cut is made. /

- The metal chips that are generated would need to be vacuumed. - E

Laser ‘, 4

A laser unit to cut the bolt vrould not be attached to the robot because it is 0o
large. But lasersrcould be placed overhead on a short'liner track, cutting the bolt -
| assembly from above. Laser systems require minimal mainte_nance (lsatterson 1996). The
laser would require an input of 480 volts to'power The output would be bet'ween tento
20 kitovolts. A basic metal cuttmg unit ~capable of cuttmg the 9/16” dlameter of the bolt,
~ would cost around S rmlhon dollars. Vaponzed metal and molten metal fumes would

result from the cuttmg operatron (Kempka 1996)

| Shearing‘ : | .

Shearing has a number of advantages. Once the blades h'aVe docked with the bolt .
assembly, they “slmply need to be activated not fed through the cut as requlred in all other
cuttmg operatlons Shearing also does not generated any chips or dust. Tt requires around‘

10 250 Ib of force to sheara 9/16” bolt (see Appendlx A for calculatlons) however,
: \ 15 -




. whlch suggests the need for hydrauhc power given the welght constramts With electrrcal J
power, a ball screw drive could handle this force, however its weight exceeds the 20 1b

target by over 20 Ib Two shearing methods are exammed next.

Hydraulic Rod Cutter

H. K. Porter manufactures a hydrauhcally actuated cutterhead (shown in figure 9)
: used in seml-productlon cuttmg It produces over 14,000 pounds of cuttmg force and ‘
- 'werghs about 22 pounds It can handle hard metals up to 5” The medium hardness of |

the 9/16” bolt should not pose a prob]em

Fi‘gure 9 H.K Porter Hydraulic Rod Cutter

‘Jaws of Life’ Rescue Cutters | | ‘
k Hale Products Inc manufactures the Mml-Cutter (in flgure 10) used in rescue .

_ operauons It generates a cutting force of 17 ,000 1b, thh als” open Jaw The toolis -

less than 10” in length and 4” in depth. The entire system 1ncludes a manual hydraulic

pump and Weighs only '2‘1 lbs. The cutter and hose alone can be connected to a powered

unit supplymg hydrauhc pressure (Hurst 1996). ThlS tool would need to be modified in

order to handle the tlght clearances between the bolt assembly and drum. -




- Figure 10 Hurst Mini-Cutter

3.2.5 Conceptual Desngn Selectlon

Shearmg the bolt has several advantages over sawing: it is a quick operatlon ‘with
mm1mal blade wear, and does not generate any chips or dust that must be recovered
Snmlarly laser cutting is also a qulck and chlpless operation, w1thout any blade wear
. whatsoever Sawmg has one advantage over shearmg or laser cuttmg It can be easrly
accomplished with a common power tool. It does however have three d1sadvantages a
blade may break during operation, blades will wear and need to be changed and the
" process is.more comphcated since 1t includes feeding the blade as the cut is made.

Five 1mportant parameters were chosen to select the best cuttmg method: safety,
- rehablhty cost, maintenance and avarlablhty Safety and rehabrhty ranked the highest in
1mportance Both reflect why robotrcs is consxdered the best choice for this. waste
management operation. The categones cost and maintenance rank second in 1mportance
Cost refers to 1mt1al cost. Maintenance i 1s 51gnrﬁcant because 1t concerns contmual cost
and downtime. Downtime is not only expensxve but requ1res humans to mterface wrth
~the workcell. Off the shelf avarlabrhty pnmanly affects how qulckly the design can be
| developed. It also affects cost and reliability. This decision process is summanzed in

j Table 2. The hydrau1icallybactuated Mini=Cutter outscored other cutting methods.
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Table 2 Bolt Cutter Decision Matrix |

3.3 C RING REMOVAL

3341 Desxgn Consrderatlons

. : . |Off the Shelf |Maintenance| Reliability | Safety Cost - [Total
Weight ===> 5 10: - 10 o Points

Cut off Wheel 10 50 | 3] 21 | 5 ]50] 220 [10]70 [ 211
Rotary Saw 9 45 5 35 | 5 | 50.] 3-[ 30 ] 10 | 70 | 230
|Laser 8 [ 40 [ 10 ] 70 | 9 | 90.] 10 |100] -1 [ 7 ] 307
|Hydrau. Shear 10 | 50 | 8 | 56 8 | 80| 9 |90} 8 | 56 | 332
* |Hydrau. Mini-Cutter | 7 | 35-| 10 | 70 9 | 9 | 10 | 100 | 7 | 49 | 344

The c-ring can be removed by cutting it off. However, cutting the 'c-ring off is

problematic:: its 'c' shaped cross seCtion, envelopes the outeredge of the lid and drum.

Cutting it without ,da‘magin‘g the drum seal would be very difficult and is not considered

in this design.

Several facts help illuminate the problem of removing the c- ring:
1. The c-ring clamps the lid to the drum the tlghter the c- rmg, the tlghter the lid is
' pushed onto the drum makmg a secure seal

2. The c- ring has a sprlng constant of around 5,75 Ib/in for the first 2 mches of

displacement (see Appendix B for experimental data)

3. The c-ring's eyelets are approxxmately 1.75” apart from one another when the c- rmg is

~inan untensxoned position.

‘ 4. The c-ring must be spread at least two mches more from the untensnoned posmon to

clear the lid. Thxs requires a force of approx1mately 11.5 pounds and brmgs the

_eyelets 3.75” apart. Therefore the bolt assembly can not. be attached to both eyelets

as the bolt hrmts the spread: of the tabs to approx1mately‘ 337,

3. 3 2 Removmg the C-rmg

- The c-rmg can be removed by spreadmg lt apart and then hftmg it off the drum.

Spreadlng the c- rmg apart can be accompllshed in two ways One way i is by grabbmg ‘
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one eyelet and pulllng The other eyelet is held to the drum by fr1ct10n This method
would require the robotrc arm to apply a type of corkscrew motion, stripping the c—rmg
off the drum. The other end would snap off the drum when it becomes free. This

| .uncontrolled snapping action may damage the robot and its hoses. The more stable‘

method is for- both eyelets to be grabbed at the same txme and be spread apart ‘

333 End-Effector Des1gn |

: 'Background v
Before c-ring removal the bolt is assumed to be sheared apart by a hydraullc :

- cutter as close to the jam nut as p0551ble However, a shearing action generally cannot cut
 flush to the nut like a laser or sawing action can. Space between the cut bolt and »

clearance eyelet tab after the c_-ring has lost most of its tension is only about 1.3”.

Figure 11 Bolt Assembly Sheared‘ with Bolt Head Removed
This gap is an advantageous place to apply a pushmg force in order to expand the
c-ring. The bolt head is removed by an electro-magnetxc end-effector from the clearance

" hole. The remaining bolt and jam nut remain in place. | R _
Design Requirements
The end-effector will be attached to the Apphed RObOthS tool changer

. Keep the wexght and size as low as p0551ble
- Keep the desxgn a_s s1mple as,posslble., Reduce the number of moving,parts and actuators.r
The end-effector s graspmg pomts should allow the c-ring to swing freely. If a fixed

'restramt is required at the graspmg pomts the moment load caused by the weight of the c-

ring to the tool changer will likely exceed the load capaclty of the tool—changer.
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A pneumatic piston is preferred A linear aetnator’ (pneuma‘tic or hydraulic piston) is
" preferred to spread apart the c- rmg Smce the force. requlred is less than 20 lb, hydraulrc |
power is more than necessary and a pneumatic prston is lxghter and cheaper Electnc
motors are heavrer since they w1ll either need a hnkage mechamsm a rack—and-pmron or

worm gear to convert the rotary motlon into lmear motron

The end-effector should be able to release thec-ring to a‘ster,age rack at the end of the ;

task.
Sensors are needed to send signals to a robot controller to sequence the motion.

The end-effector should be able to grab the large majorrty of c- rrngs securely, and take

them off. The remamrng can be handled manually

* Function requirements

The two tabs need to .be pushed 3" apart to remove the c-ring frdrn the drum. Althoughit
s possible to re_rneve the'c-ring with just a 2” spread, 3” gives more clearance and is

‘easier to work with.
Maximum pushing force is 20 Ib.
The end-effector should weigh under 101b since the c-ring is already 3.5 Ib.
o . - L
Pneumatic manifold is need to merge several pneumatic ports of the tool changer to

provide sufficient air flow. -



‘k Deszgn A ~
- MEEN 565 Machme Desxgn class of Sprmg 1996 had the c- rmg removal end- »
effector as thelr class prOJect The class created many des1gns and helped in shaping thls, "
fmal design. , ’ » ‘

A COrnmon deslgn of the 'g‘rasping arrangem‘ent of man_y class design groups |
consists of a cup over the jam nut and the bolt, and a pin into the clearance hole inthe c-
ring. After the contact is secured by the cup a_ndvpin, they will be pushed outward to
spread the c-ring. | The c- ring isf allowed tosw'ing down by at the contact (cup and pin). -
However, the de51gn requ1res more clearance than may be avallable because of the size of
- the cup.

“Avrevised desi gn' (Rommel D. Simpson’s group) changes the cup to a slender tab

- to push against | the cut bolt. ‘A ring tab is used to envelope the bolt end as it is pushed

out, as shown in F1g 16. This requlres less gap space between the c- nng tabs, and takes
E ad_vantage of the severed bolt assembly,_mstead of v1ew1ng the half-bolt as a hablhty.,O_r, '
 from another perspective, the new design breaks the two functions of the cup (pushlng |
| and holding) mto two separate parts. The slender tab is for pushmg, and the rmg tab is
for holdmg ' : :

Most des1gns reqmre the two tabs to be pushed apart at the ‘same time. ThlS
requnres either two actuators or one double actuatlng actuator. Rommel D. Sxmpson s
group presented a simple idea usmg a single actuator to push the left tab to expand the c-
rmg whlle holding the right tab. This operatlon will require a coordmated robot motion. to

compensate for the unsymmetnc c-nng expanswn when hftmg the c-nng
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Figure 15 Step 4 of “C-R‘ing Removal = Figl:ll‘é 16 Step 5 of C-Ring Removal

" In figure 12, the robot prepares to dock the end—effebtqr.’ Figure 13 shows the
~ robot plécing thé piri,and plate into the gap. Then the robot moves. to the right uﬁtil‘ the
pin is in the clearance hblé, as shown in figure 14. The piston is then\ pushed to the left
for a stroke of 3"(figure 15), forcing the bolt into the left ring tab (figure 16). The robot |
wili then move to the left so that the clearance is symmetric about the center (figure 17). o
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Fmally, the robot will lift the c-ring from the drum. Once the c- rrng clears the drum the

robot is responsible for placmg the c-ring ona rack

r

R q

Figure 17 Step 6 of C-Ring Removal

3.4 LDREMOVAL
' 3.4.1 The Problem
‘ After having ya' c-ring clamPed‘ around it for up to 40 years forcing it onto the
drum, the lid is essentially sealed to the drum. .’ Removing the lid becomes a two step
processr‘ breaking the seal and then removing the loosened lid. In manual operations a
sealed lid is hita number of trmes with a hammer, both at the center and around the rim,
" to help break this seal. A screwdriver may then be wedged 1n-between the lid and drum
- to pry off the lid (Exum 1996) However, there is very little clearance between the lid
' "and drum (. 035”) for robotic operatlons A little more substantlal isa hp overhang from =
" the wrdth of the lid’s thickness (. 065”) The lid itself weighs 7.5 pounds.

34, 2 er Removal Methods

Because the clearance between the lid and drum (. 035”) is so small, some effort
was made to find p0551b1e ways to mcrease this gap. An expenment was conducted to see’
if placing a large force in the center of the hd would bow the lid enough to force the

perimeter up and away from the drum so that a tool can wedge in and finish the job of lid

i removal However the hd proved 1nﬂex1ble ‘with no perceptlble bendmg occurring W1th
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a weight of 200 Ib, erther at the center or near the edge of the penmeter The lid and
drum are shown in frgure 18

’ Itis possrble that hooks from an overhead crane could be placed around the lid’s
‘edge as the drum i is held in the chuck The hooks could pull up and Just detach the lid -
~ from the drum with raw forcem'one step. A large pullmg force is required to break the

seal.

Figure 18 Underside of Lid Revealfng Gasket and Learring on Drum
The manual operatlon of removing the lid mcludes 1mpactmg a screwdrlver from |
the bottom while its tip is wedged between the lid and drum Thrs method employs
‘impact force to break the 1id’s seal. An 1mpact chisel as shown i in frgure 19 could do the

same thing.
d (. o K4
- 343 Conceptual- Design Selection o ;

- Breaking the seal

Figure 19 Pneumatic ChiSel withBit Figure 20 Chisel Impacting Lid
An end-effector composed of a pneumatrc chlsel with a ﬂat edge bit could be

‘ brought to-the lid’s penmeter to apply an 1mpact force at the lip overhang as shown in
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figure 20. A roller could be attached to the end-effector to keep it stable w1th the side of
" the drum as the chisel strikes the lid. The drum could be rotated as needed stamng from
the weaker joined locatlons In this manner, the impacts could v1brate the lid, tearing and
‘ breakmg the areas Wthh are sealed The b1t has the tendency to chlp off paint from the -
drum. To avoid thlS problem the bit could be grven a protective coatmg such as Teﬂon
or made out of rubber. ' |

This end-effector could be useful in other drum opening operations as well.. After
the bolt assembly has been sheared apart the c- rmg may have a residual fr1ct1onal clmg to’
the drum, keeping the c-ring tabs too close together for the c-ring removal operation. The
chisel could strike the c-ring; relaxing' it, and allowing the c-ring tabs to spread apart

This method of lid removal was demonstrated at Savannah River Technical ‘
Center on July 30, 1996 ona drum left outsrde for three: years Durmg the three years a
substantial seal of rust had developed between the metal contact surfaces between the lid
and drum not separated w1th the rubber gasket. Within three mmutes the seal was
broken, allowing the removal of the hd The procedure was also performed ona drum |
-~ sealed with super glue, an excellent bondmg,adhesrve on both metal and rubber. The -
| ‘adhesive was applied between the rubber gasket and metal drnmrimvto simulate a seal
resulting from time and exposure. The'exper_iment showed the impact chisel can break up 'V

the glue seal.

Removing Loosened Lid - _ |

o After the lid’s seal is broken, the 100sened lid can be rem'oved'.f Vacuum 'cnps k
could be employed. However an electromagnetic' end-effector Would be 'less‘likely to lose
‘its effectiveness from a dented or soiled 11d Also, an electromagnetic end-effector is )
needed to retrieve the» cut half bolt‘from task one of unfastenin‘gthe bolt assembly.

L
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3.5 PLASTIC LINER\REMO,VA’L" :

" 3.5.1 The Problem

An .090” thick inner plastlc lmmg is the final obstacle to reachmg the stored
m1xed waste The hner 's round plastlc cover has been permanently secured by coating
its perrmeter with an epoxy and then force frttmg the cover into the lining. A one mch
- diameter hole in the cover’s center is present to. vent any. gas The top of the liner can be
cut out because it does not need to be used agam ina sealed’ condltron
- 1. The top of the hner must be supported as it is cut so that it does not drop into the
© drum after the cut. | | o |

2. The supported cut p1ece wrll then need to be hfted out

: ’ | Because the drum will be'in the rotating chuck, thecu‘ttlng tool can remain ’.

: stationary whiler the drum tums,.creati'ng‘a circular cut. 'The' circular cut, with a radius
smaller than 127, can possibly pose a problem for some cutting methods‘ For example, if

| a recrprocal cuttmg method is adopted the blade would need to be thln srmﬂar toa

Jrgsaw blade, to avoid bmdlng

3.5.2 Survey of Methods
‘Cuttmg

‘Stationary Blade -

| The 1993 destructive drum opemng process demonstrated at Savannah Rlver
Techmcal Center used a statxonary blade to cut through the side of the liner with ‘
progressrve feeding. Although it took a number of revolutions to accomphsh the cut, the
iv method d1d not produce shavmgs ThlS new task however 1nvolves opemng the liner
from the top. Since the blade will be cuttmg a crrcular path a narrow.blade is needed to

prevent binding. Also, the ‘blade would need to be fed down into the liner during the cut.
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Splral Saw

A spiral saw (flgure 21) whnch cuts like a portable mini- mllhng machine, can
accomphsh thls task in one pass. ‘It welghs about a pound, and would constitute the main
- part of the robotlc end-effector. A vacuum could_be added if needed to retneve the

plastic shavings as they are created.

‘Figure 21 ‘Spiral Saw

- Liner Support
Vacuum cups o : i | _ 7

* Vacuum cnps, can easily be attached to the top of the l‘in‘er,»ho‘wever they would
need to straddle the center hole. ‘They would also need to be :att_achedfﬂftb a bearing so that

they could freely rotate in relation to the turning drum as the cut is rnade, L

) Toggle Mechamsm ‘

4

A toggle mechamsm can take advantage of the center ventmg hole It can be
actuated by a solenoid. In its activated state the toggle contracts so that 1t can enter the
~ center hole. Then it is deactivated so that a sprmg spreads the toggle out, supportmg the
liner from underneath “This fail- safe mode would keep the mechamsm from dropplng the
: :hner if power were suddenly cut off The lmer would not have any trouble. rotatmg

relatxve to the toggle support

3 S. 3 Prototype Desngn

A spiral sawwith a tog;gl'e mechanism attached is shown in figure 22. This

prototype was built to test the liner epening. The simple toggle used had ohly two
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prongs, but three prongs ,WOuld allow fol' a more stable handling of the liner top. Also,
‘this generic toggle requires a minimal depth penetratlon of about 2” into the drum in
'order for the prongs to operate A more robust design usmg a different toggle de31gn
) would cut the nnmmal clearance toa fracuon of that, perhaps 1/8” A

- The end-effector is positioned over the liner so that the toggle be dropped down
into the center hole. As the toggle enters the hole and deactlvates to its support position, -
the splral saw can be activated, makmg an 1n1t1al plungmg cut into the liner. The drum
chuck i is then rotated, causmg the stationary cutter to make a circular cutting path wh1le
- the toggle gives support at the center of the liner. ‘After the drum has turned 360 degrees
~ thecutis complete and the splral saw can be turned off. With the toggle still attached, the
end-effector then lifts out the lmer top At the appropriate place of delivery, the toggle

activates and drops the top

Figure 22 Toggle and Spiral Cutter
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CHAPTER 4. SUMMARY AND CONCLUSION

A demonstratlon was made at Savannah River Technical Center on July 30th,

1996 to show the conceptual design of the c- -ring, lid, and i inner liner top removal with

- handheld powertools. A short vrdeo was made to demonstrate these tasks.. The

demonstratron was successful ’
| Sensors and an accompanying control system should be developed to help make
the process as automated as possrble Sensors should be added to the end effectors to
vallow automatrc dockmg with the drum. An automated system not only places less - _'
- demand on the operator but helps to speed up the overall process. |
| Since work was ‘begun on the non-destructive drum openmg procedure the G
‘plasma hearth thermal process has fallen out of favor. Public concerns about
environmental pollutron have kept states from allowmg the process within therr'borders
- Therefore the need for a non-destructrve operation that accommodates a ﬁnal permanent
seahng process for ﬁnal disposal is also shelved. ‘

"However, a new non-destructrve drum openmg need has arrsen in Idaho. The 55
| gallon mixed waste drums stored there must be brought into the requrred safety standards, :
‘and then shipped to another storage location. Many drums will need to be opened so that
1tems such as compressed gas and rgmtable materials, whrch do not meet the waste .
acceptance criteria, can be removcd, after which the drums will be sealed agam. Th_rs
means the liner,' as well as the drum, will need tobe opened non4destructively, and then

resealed. Another situation is that the metal drum itself may be rusted or damaged. In

this case, just the inner liner could be removed intact, and_ placed in a new drum.



References =

~ :Davis, Cao Lmtzemch Sareen “Robotlc Tool Desrgn to Remove Bolt Assembly,”.
Fmal Report, Pro;ect Number 96NC Worcester Polytechmc Instrtute Aprll 29 1996.

Department of Energy, “Robotics Technology Development Program Robotics for ered
Waste Operatrons Demonstratron Office of Technology Development Nov. 1993, 2.

Exum personal 1nterv1ew Feb 1996
| Hanna personal interview, Jan. 1996.

Kempka (laser engineer w1th Quallfred Metal Fabrrcators Inc: Kemersville, NC),
personal interview, Aug. 1996. ~

- Nagle, personal intervie\_v, Jan. 1996.
Patterson personal interview June 1996.

“Mixed Waste Focus Area Porsed for Success,” Initiatives, Urban Energy and
» Transportatron Corporatron Vol. 3 Feb. 1996 3,10-12. Y

Ward, “Overview of Robotr’cs for Mixed Waste Operations slide 3, Presentation of
the 5th DOE Industry/University/Lab Forum on Robotics for Envzronmental Restoratzon ,
and Waste Management Albuquerque NM, 30 Aug.. 1994 '

Ward, personal correspondence, Aug. 1996.

30 .




. AppéndixA '

General Force Analysis of Bolt Cutter

Giv_eh:
| handle :=36in
 L1'=1.18tin
L2 =315
13:=.78%n
, Al B15deg
' R A2 B30 deg

Diameter .o 2 in

.. handle

T

Lise—12

Free bddy diagram - e L " Free body diagram" B

- of Upper Jaw B : ‘ of Handle
- ~ - Upper Jaw : Handle:
ForceOut = FC Forceou.t eguals force 7 Summing moment; about handl_e :
: - at C, which is what
‘the bolt experiences. . FA*L3'sin(A1) =
L = . ) 7 I'’x * V . * . 1 .
FC*L1=FA”*L2 Forpe balance for the . / force hapcjle cos(Aﬂ L3‘_sm(A 1)
© 7 horizontal Jaw : ~

Force balar)ce, forthe . .
. slanted handle




FA = FC-L1
L2
Solving for FA

o ' , o sy :=55ksi

sus =sy-75
sus =41.25ksi
Tave (=sus
P :=tave-A

o P
Tave = —g

 P=1.02510" -ivf

Torque ' = force-handle

Torque = 67.935ft- Ibf

force =

_ (for the handle, or first lever)

General Force Analysis of Bolt Cutter -

force

FA-L3sin(Al)

handle cos(Al) L?rsm(Al)

Solving for force

Determing Shear Force Needed : .

Estimated
yield strength

‘of bolt

Estimated
- ultimate strength
" in shear of boit

, _ Let the average shear - ,
i T - ‘ equai the boits ultimate strength in shear

Solve fbr P

Shearing Force

Substituting into one gquation :

EL&sm(Al) '
- L2

- handle-cos( Al )= L3-sm( Al )

force =22.6451bf

Dlameter2 T
Area of bolt cross
section .

FC =P

-~ Shearing force
equals force in
~ shear equation




Data for Spring (K) Experifnent on C-Ring

AppendixB -

Distance (in)

1.25] 15] 1.75 2

0] 025} 0.5] 0.75 1
Trial 1 -0 2] 35| 45 6] 75 9] 95 11
Trial 2 0] 15 3 5 6] 75| 85| 95| 105
Trail 3 0 2] 35| - 5 6] - 7 8] 91 10

Average (in) | 0.00] 1.83] 3.33] 4.83] 6.00] 7.33] 8.50] 9.33] 10.50

Force in Pounds

12.00

Force.vs. Displacement in C-Ring

10.00
8.00

6.00
4.00

2.00 -

0.00 ,

0 025

[ roe]

05 075 1 125 15 175 2

Displacement in inches
4 o

v

Force in-Pounds

: Expefirh‘ental Data vs. Spring Cohstani 5.75 ib/in

12.00
10.00

- 8.00
6.00
4.00

- 2,00

0.00
-0 025

—e— Ave. Force
| —m—const. 5.75

05 075 1 125 15 175 2

Displacement in inches
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ROBOTIC END-EFFECTORS FOR NON-DESTRUCTIVE OPENING OF WASTE DRUMS

Robin D. Q’Neil
~_Mechanical Engineering Department
North Carolina A&T State University
" 1601 East Market Street -
Greensboro, NC 27411

“ABSTRACT -

Mixed waste, much of which is stored in 55 gallon
drums, consists of both radioactive and toxic waste. Tens
‘of thousands of waste drums will have to be processed in
. waste treatment facilities. One of the promising processes

is .plasma hearth, a thermal process. Some toxic waste '

(lead and mercury) can not be effectively handled by this
process, and therefore must be disposed of separately.

A nondestructive drum opening process is pursued in-

this research so that drums can be resealed after toxic
waste has been retrieved for final disposition. The whole

process requu'es four tasks. First, the bolt assembly that -
secures the drum’s closure ring (c-ring) must be

disengaged. ‘Afterwards, the c-ring, which clamps the lid
to the drum, must be removed. Then the lid itself must be
dislodged. Finally the top of the inside plastic liner must
be cut out and removed. Each task will require the design

. of one. or more end-effectors, used with an industrial -

i

robot. -
1. INTRODUCTION

The Depariment of Energy (DOE) has created nuclear
weapons for defense for over forty years. During. this time,

hazardous and nuclear wastes have accumulated, and -

- contamination of soils and groundwater have occurred, as
' environmental stewardship was not fully appreciated until
. recent times. Thousands of -sites require clean up, and
hundreds of facilities = require decontammauon and
decommxssmmng

- Mixed Waste Operations deal with low level and -

transuranic mixed waste. containing both hazardous and

radioactive materials. Mixed waste occupies over two and.
a half million cubic feet at 49 DOE sites in 22.states

-across the country (Ward 1994). The reduction in waste
- volume or level of harmful constituents, or the complete
transformation of the waste into an inert substance, is
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preferred - over. the - endless costs and- risks of sxmply‘
stormg the waste. '

The plasma hearth process is a promising thermal
treatment. It is able to vitrify, or reduce to a glassy slag, a
broad diversity of mixed wastes. The process does so by
destroying the organic components and confining the
inorganic components and radionuclides in a stable waste
form. Importantly, extensive characterization of mixed

- wastes is not needed with this operation. - However the

-process is unable to handle hazardous inorganics like -
mercury and lead. Still, the plasma hearth has the potential
to significantly reduce the -amount of mixed waste in
storage.. : '

- Mixed waste is stored in a variety of containers: 30,
55, and 85 gallon drums, metal bins, and wooden boxes.
Most -of the volume, however, is contained in 55 gallon
storage drums, and much -of this is in the form of
‘heterogeneous dry solids, as shown in figure 1..

This work focuses on the 55 gallon drums containing
heterogeneous dry solids. The 55 gallon drums’ weights
vary from 100 to 600 pounds. They are not packed by
weight but by their level of radioactivity, which does not

exceed 300 mrem/hr (Ward 1996). The objective of this o

research is to' use a robot to open waste drums non-

" destructively. Hazardous waste can be removed and then’

drums can be resealed for a final process - the plasma

v hearth.

. Figure 1 Waste Drums in Storage




II. OPENING OF WASTE DRUMS

» The waste‘drunls have been sealed manually. The lid

cover was first placed on the drum. The drum’s c-ring
‘was then slid around the lid, fastening the lid to the drum.
Then the c-ring was clamped tlght with a bolt and nut in
. four steps ~

First the. bolt was put through the clearance eyelet

hole of the right c-ring tab. Then the nut (which works as.
a jam nut) was screwed onto the bolt. Next the bolt was -

screwed into the threaded eyelet tab, tightening the c-ring
around the drum lid. The torque applied may have been as
high as 130 ft-Ib with the use of a pneumatic wrench

(Exum 1996). It is not uncommon for a mallet to impact ~

around the c-ring as this tightening process occurs to
. assist in an evenly and thoroughly tightened c-ring.

_ Finally the jam nut was vtnrned tight against the
threaded eyelet (approximately 70 ft-1b applied by a hand

-wrench) to keep the bolt from turning 50 that it would not ~

shake loose (Exum 1996).

v The‘fastened bolt'" assembly is shown in figure 2. The
" jam nut works in conjunction with the threaded c-ring tab
to preload the bolt-and to eliminate backlash in the boit:
Figure 3 shows the threads of the threaded tab and nut are
against opposite sides of the bolt’s thread. .

- B . clearance
threaded gyelet

Figure 2 Secured Bolt Assembly

The manual opening process is essentially the reverse
of the closing process. Because the drums have been

sitting for many years, the bolts and jam nuts should be -

sprayed or doused with a lubricant (Liquid Wrench or
WD-40) to facilitate unscrewing. The lubricant should be
applied hours before attempting to unscrew the assembly
in order to allow penetration. :

‘CRing Tab |

} C—ng Tab

Flgure 3 Preloadmg on the Boltand JamNut

At the start of the actual unscrewing process, the jam
nut -would need to be loosened first (approximately. a '
quarter turn) before the bolt could be unscrewed from the
‘threaded eyelet. If this is not done, there is a possibility .
the bolt could be sheared off during the attempt. to
unscrew it with- an impact wrench. Stripping the bolt’s
threads in the threaded c-ring tab is another possnbllxty if
the jamnut is not first loosened

After the bolt assembly is unfastened, the c-ring can

- then be spread apart and slipped off the drum. The drum

lid will often still be sealed to the drurn, however, because
of rust or corrosion that has occurred in areas between the
lid and drum where the rubber gasket does not protect the
contact surfaces. Often a mallet will be used to hammer

the center or near the edge of the lid to help break the seal

so the lid can be removed. Perhaps a screwdriver will be-
used to help pry the lid off as well. '

In 1993 at the Savannah Rlver Site, destrucuve drum <
opening. as well as ~ other relevant automated waste .
" processing operations was demonstrated (DOE 1993). The

k ‘process begins with a drum lifter, consisting of grasping
"+ straps controlled from an overhead crane, fitting around a

- 55 gallon drum, The drum lifter transports a drum to the
drum opening cell and top loads it into a revolving chuck.
Masts on either side of the drum engage cutting tools and .
idler supports that come into contact with the side of the.
drum wall. As the drum is rotated, the cutter, a sharp disk,
is pressed onto the side, slowly cutting the drum as it -
revolves, like a b1g pipe cutter. After the drum wall has
been completely cut, the' drum lifter removes the drum’s
top half, " exposing : the. inner lining (.09” thick
polyethylene) for the next cutting process. A stationary
_ blade like a lathe cutter is then engaged into the liner side,

' cutting the liner in a smnlar fashion as used on the drum

wall.

Although the technology of destrucnvely opening the
. drums is robust and simple, the generation of secondary
--waste is. a significant drawback because -then the drums

“must be disposed of separately, perhaps in a larger, 85

gallon drum. If the waste drums are: opened in a non-

‘destructive way, they can be resealed for one final use:

transporting the sorted waste for final disposition in the
plasma hearth. To reseal the drums, it is necessary that the

lid and drum remain undamaged during- the opening

process. The inner plastic liner is no longer necessary for
the last transportation of the drums. Similarly, the bolt
assembly and the c-ring are of secondary importance.
With just the drum and lid, waste suitable for the plasma
hearth process can be repackaged inside the drum, with
the lid-glued or riveted on in an automated operation

‘ Design constraints for the non-destructive opening of
the 55 gallon drums include incorporating s -tandard




industrial robot, -a drum lifter and revolving drum chuck,

“and a tool changer. Possible candidates for the industrial
robot ‘include FANUC S-700 and the ABB Flexible
Automation IRB 4400. Each of these satisfies the basic
parameters of six degrees of -movement, a payload
capacity from 50 to 100 Ib., a six foot reach, and around
+O 007" of repeatabrhty ' G

" The drum lifter and revolving drum chuck developed
previously and demonstrated at Savannah River Technical .

Center will be used in this project. The drum lifter allows
the transporting and top loading of the drums into
workeells within the Mixed Waste Operations facilities. It
. is.capable of precisely placing even deformed drums, and
. is used to load them into the revolvmg drum chuck. The
*drum chuck firmly grasps the drums at their base, and then
can revolve the drums.to whatever orientation is needed.

This is a useful feature as a robot arm can reach any side
of the drum without relocation of its base.

A tool changer allows the robot to_quickly and easily ‘

attach, and then exchange any number of end-effectors or
robotic tools. One half of the tool changer is attached to
the. robot s tool face plate, and the other half i is attached to

the tool. The two halves are connected by a quick release

“cam. The tool changer supplies pneumatic- and electrical
. contacts from the robot to power the end-effector. The

- Applied Robotics tool changer has been selected for this

* project. It has a weight of 22 lbs. with its center of mass

3.8” from the tool face plate. Its size and werght further.

restrict the tool design.

III. END/—EFFECT OR DESIGN

There are four steps involved in opening the drums so

. that they can be resealed in the future. First, the bolt
-assembly that  secures ' the drum’s c-ring must be

disengaged by either cuttmg it or unscrewing it. The

. method used will affect the second task- c- nng removal, '
since parts of the boit assembly may or may not be present

in the c-ring tabs. After the c-ring is removed, the lid itself
- must be dislodged. This task js complicated by the

significant that results with time, and the minimal leverage

_ area available around the lid. And finally the top of the
inside plastic liner must be cut out and removed. The liner
top must be supported. during this task to keep it from
falling back inside the drum. Each task will require the
design of one or more end-effectors, which-will. operate

with the industrial robot. Therefore the designs should

support as much automation ds kpossible.

Designing = for autonomous _operation w1ll be

‘ challenging because of slight.size and shape variations -

among the drums. For example, a c-ring might be
deformed, or a jam nut oriented differently from the

- previous drum's jam nut. And dependlng on the procedure
‘used for unfastening the bolt, the bolt assembly may offer

differences to'the gripping interface of the end-effector, as
the unfastening process may not produce identical results
each time. For instance, the bolt could be-cut in a slightly

" different place, producing a shorter or longer threaded rod

left in the threaded eyelet. Although any major anomalies
could be handled manually, the end- effector desrgn should,
be as robust as possrble

. A Bolt Remoyal
* “The first ‘sytep in unscrewing the bolt assembly, after-

application of a lubricant, would be loosening the jam nut
used to keep the bolt from turning. The nut loosening

~ process will be challengmg Perhaps a grlpper would force

its teeth around the nut like pliers, gripping it no matter

‘what the orientation of the nut. And then another actuator

would turn the grippers and nut the quarter turn required
to loosen it. Or the nut could be split open. A-nut splitter,
hydraulically actuated, is available on the market for
removing rusty or frozen nuts. This device forces two.
pointed teeth into.the top and bottom surfaces of the nut,
until the nut is broken apart. After the operation, the
broken parts need to be recovered.

The nut does not need to be fully removed from the

_ bolt to allow the c-ring to be removed (see figure 4). It
~ just needs to be loosened so that the bolt can- be

unfastened from the threaded eyelet, making it possible to
spread the c-ring apart-and remove it. Partial unscrewing .
has the added advantage of keeping the bolt assembly
attached to the c-ring, thus being one less part to handle.
‘The advantageous geometry (2 open'eyelets)' for removing, ‘
the c-ring in the next task step is no longer present
however. .

Figure 4 Partiallj/ UnscréWed Bolt Assernbly

Unscrewmg the bolt from the threaded eyelet once the
nut has been loosened or. split apart could be achieved
with a pneumatic impact wrench A long socket over the
bolt .would avoid moving or feeding the end-effector.
backwards. as the bolt unscrewed. The wrench can be
engaged with the bolt head by lining up the wrench to the
bolt and applying a- small force into the bolt ‘while

activating the wrench (Hanna 1996).



Cutting the bolt between the tabs is a simpler process
than unscrewing. A large range of methods are available
for cutting the bolt assembly and must be considered.
Whatever cutting method is used, the top half of the bolt
will be loose in the clearance tab .and ‘will need to be
retrieved. This will result in a c-ring with one- open eyelet,

and with a half bolt and nut tightly screwed into the other
eyelet, as shown in- figure 5. Because ‘of this, the bolt .
should be cut as close to the jam nut as possnble to make ,

room for the c-ring removal end effector

Figure'5 Sheared Bolt with Bolt Head Removed

Unscrewing the bolt -has two advantages as compared

- to cutting. One, it will immediately make the c-ring usable
for repackaging the sorted waste for final disposition. This

advantage, however, is questionable as the c-rings may not

be used for repackaging since a ‘permanent  sealing

process such as gluing or riveting the drum shut would be

‘simpler and easier for robotic - automation. The other
advantage is that if the bolt were completely unscrewed

and removed from the c-ring, the c-ring would be left with

two good geometric features (the open eyelets) to dock
with an end-effector for removal of the c-ring. The -
. disadvantages to unscrewing the bolt are many:  the .

process ‘will take longer to accomplish with more than one

end-effector, and- may easily have-a high failure rate if .

1.

" bolts are so rusty they end up being sheared apart.

Cutting the bolt has the advantages of being a quick
_ and robust process. However, the cut half of the bolt may
* fall loose from the c-ring, and so must be dealt with in the

design. Also, cutting the bolt will leave half of the bolt - :

- assembly in the threaded eyelet, making the- gnppmg
action for removal-of the c-ring more difficult.

Four senior- engineering students. from Worcester
Polytechnic Institute (WPI) worked on the problem of
~ unfastening the bolt assembly during the spring semester
. of 1996 (Davis et al.1996) as a joint project with N.C. A

& T State University (A&T). This work made up their

Major Quahfymg Project, in partial fulfillment of an
engineering degree from WPI. They conducted a survey

of possible unfastening methods. They also ran a number
of experiments, from obtaining the hardness of the bolt, to. .

testing a number of cutting blades with’ vanable feed rates
and cutung speeds. :

A number of cutting methods were discarded quickly.

" These include the bandsaw, the reciprocating saw, and the

cutoff wheel. The bandsaw and reciprocating saw have -

‘clearance problems; the drum wall may be damaged

before the bolt is completely cut. The cutoff wheel blade
wears- out very quickly and requires frequent changing:
The more promising cutting methods rotary saw, laser, -

.~ and sheanng, are exammed below.

WPI’S proposal was to cut the bolt assembly with a
pneumatically driven rotary saw. This method requires
feeding the blade as the cut is made. The metal chips that
are generated would need to be vacuumed. .

A laser unit to cut the bolt would not be attached to -
the robot because it is too large. But lasers could be
placed overhead on a short liner track, cutting the bolt

" assembly from above. Laser systems.require minimal

maintenance. The laser would require an input of 480

“volts, with a transformer to step the voltage up to 20

kilovolts. - A minimum power of 1500 watts is needed,
giving a cutting speed of five to ten inches a minute. A
basic metal cutting unit, capable of cutting the 9/16”
diameter of the bolt, would cost around .a half million

~ dollars. Vaporized metal and molten metal fumes would-
_result from the cutting operation (Kempka 1996)

Shearing hasr a number of advantages. Once the

‘blades have docked with the bolt assembly, they simply

need to be activated, not fed through the cut as required in
all other cutting operations. Shearing also does not
generated any chips or dust. It requires around 10,250 Ib

“of force to shear a 9/16” bolt, however, which suggests the

need for hydraulic power glven the weight constraints. H.
K. .Porter manufactures . hydraulically actuated

- cutterliead (shown in figure 6) whictt can meet the need.

) thure 6 H.K Porter Hydraulic Rud Cutter

Hale Products Inc. manufactures the M1n1 Cutter (as
shown in figure 7), used in rescue operatlons It generates
a cutting force of 17,000 Ib, with a 1.5” open jaw. This

tool would need to be modified in order to handle the tight

clearances between the bolt assembly and drum.




rFigure7 Hurst‘Mini-Cutier '

.B. C-Ring Removal

The c-ring can be removed by cutting it off. HoWever, ’

cutting the c-ring off is problematic: its 'c’ shaped cross
" section envelopes the outer edge of the lid and drum.
Cutting it without damaging the drum seal would be very
dlfﬁcult and is not con51dered in this design.

The c-ring can be removed by spreadmg it apart and

then lifting it off the drum. Spreading the c-ring apart can. -
be accomplished in two ways. One way is by ‘grabbing’

one ‘eyelet and pulling. The other eyelet is held to the
-drum by friction. This method would require the robotic
arm to apply a type of corkscrew motion, stripping the c-

ring off the drum. The other end would snap off the drum - .

when it becomes free. This uncontrolled snapping action
may damage the robot. The more stable method is for both
. eyelets to be grabbed at the same time and be spread
- apart. -

Before c-ring removal, the bolt is assumed to be

- sheared apart by a hydraulic cutter as close to the jam nut'
as possible. However, a shearing action generally cannot ;

cut flush to the nut like a laser or sawing action can. Spa(:e

between the cut bolt and clearance eyelet tab after the c--

_ ring has lost most of its tension is only about 1.3".

This gap is-an advantageous place to apply a pushing
“force in order to expand the c-ring. The bolt head is
removed by an electro-magnetic end-effector from the
clearance hole. The remaining bolt and jam nut remain in
place. The desrgn requrrements are listed below:
¢ The end-effector will be attached to the Apphed

~ Robotics tool changer.

e Keep the welght and size as low as p0531ble

. Keep the design as simple as possible. Keep the )

number of moving parts and actuators as small as
. possible.

"o The end-effector’s grasp,ing points should allow the c-
ring to swing freely. If a fixed restraint is required at
the grasping points, the moment load caused by the

weight of the c-ring to the tool changer will likely
exceed the latter’s load capacity.. -

e The end-effector should be able to relense the c-ring
to a storage rack at the end of the task.

. Sensors are needed to send 31gnals o a robot
~ controller to sequence the motron '

e The two tabs need to be pushed 3" apart to remove.
the c-ring from the drum.

~ Maximum pushing force is 20 Ib.

e .- A pneumatic piston i§ preferred ]
Pneumatic manifold is needed to merge several :
pneumatic “ports of the . tool changer to provrde
-sufficient air flow.

MEEN 565 Machine De51gn class. of Sprmg 1996

‘ had the c-ring removal end-effector as their class project. .’
- The class created mhany designs, and helped in shaping
" this final desrgn .

A common design of the grasping arrangement of

many class _design groups consists of a cup over the jam = .

nut and the bolt, and a pin into the clearance hole in the c-
ring. After the contact is secured by the cup and pin, they
will be pushed outward to spread the c-ring. The c-ring is
allowed to swing down by at the contact (cup and pin).
However, the design requires more clearance than may be

available because of the size of the cup.

A -revised design (Rommel D. Simpson’s group).
changes the cup to a slender tab to push against the cut
bolt. ‘A ring tab is used to envelope the bolt end as it is
pushed out, as shown in Fig. 12. This requires less: gap
space between the c-ring tabs, and takes advantage of the

‘severed bolt assembly, instead of viewing the half-bolt as -
. -a liability. Or, from another perspective, the new design
- breaks the two functions of the cup (pushing and holding)

into two separate parts: The slender tab is for pushmg, and
the ring tab i is for holding. -

Most designs require the two tabs to be pushed apart
at the same time. This requires either two actuators or one
double actuating actuator. Simpson’s group presented a

- simple idea using a single actuator to push the left tab to
. expand the c-ring while holdmg the right tab.



Figure 11 Pushing the C-Ring Apart

In figure 8, the robot prepares to dock the end-

effector. Figure 9 shows the robot placing the pin and
plate into the gap. Then the robot moves to the right until
the pin is in the clearance hole, as shown in figure 10. The
piston is then pushed to the left for a stroke of 3" (figure

11), forcing the bolt into the left ring tab (figure 12). The |

robot will then -move to the left so that the clearance is
symmetric about the center (figure 13). Finally, the robot
will lift the c-ring from the drum. Once the c-ring clears
the drum, the robot is responsible for placing the c-ring on
a rack.

‘Figure 12 Holding the Bolt in the Ring Tab

—

- Figure 13 Centering the C-Ring
C. Lid Removal

After having a c-ring clamped around it for up to 40
years, the lid is essentially sealed to the drum. Removing
the lid becomes a two step process: breaking the seal and
then removing the loosened lid. In manual operations, a
sealed lid is hit a number of times with a hammer, both at
the center and around the rim, to help break this seal
(Exum 1996). A screwdriver may then be wedged in-
between the lid and drum to pry off the lid. However,
there is very little clearance between the lid and drum
(.035”) for robotic operations. A little more substantial is
a lip overhang from the width of the lid’s thickness
(.065”). The lid itself weighs 7.5 pounds.

It is possible that hooks from an overhead crane’could
be placed around the lid’s edge as the drum is held in the
chuck. The hooks could pull up and just detach the lid
from the drum with raw force in one step. A large pulling

-force is required to break the seal.

An impact chisel with a flat edge bit, as shown in fig
14(a), could employ impact force to break the lid’s seal
like a screwdriver in manual operation. A pneumatic
chisel could be brought to the lid’s perimeter to apply an
impact force at the lip overhang as shown in figure 14(b).
A roller could be attached to the end-effector to keep it
stable with the side of the drum as the chisel strikes the
lid. The drum could be rotated as needed, starting from
the weaker joined locations. In this manner, the impacts
could vibrate the lid, tearing and breaking the areas which
are sealed. The bit has the tendency to chip off paint from
the drum. To avoid this problem, the bit could be given a
protective coating such as Teflon, or made out of rubber.




(a) ()

Figure 14 Pneumatic Chisel

This method of lid removal was demonstrated at
Savannah River Technical Center on July 30, 1996 on a
drum left outside for three years. During the three years a
substantial seal of rust had developed between the metal
contact surfaces between the lid and drum not separated
with the rubber gasket. Within three minutes the seal was
broken, allowing the removal of the lid. The procedure
was also performed on a drum sealed with super glue, an
excellent bonding adhesive on both metal and rubber. The
adhesive was applied between the rubber gasket and metal
drum rim to simulate a seal resulting from time and
exposure. The experiment showed the impact chisel can
break up the glue seal.

After the lid’s seal is broken, the loosened lid can be
-temoved. Vacuum cups could be employed. However an

electromagnetic end-effector would be less likely to lose |

its effectiveness from a dented or soiled lid.
D. Plastic Liner Removal

An .090” thick inner plastic lining is the final obstacle
to reaching the stored mixed waste. The liner’s round
plastic cover has been ‘permanently’ secured by coating
its perimeter with an epoxy and then force fitting the
cover into the lining. A one inch diameter hole in the

- cover’s center is present to vent any gas. The top of the
liner can be cut out because it does not need to be used
again in a ‘sealed’ condition. The design must satisfy the
following constraints:

e The top of the liner must be supported as it is cut so
that it does not drop into the drum after the cut.
.® The supported cut piece will then need to be lifted
out.

Because the drum will be placed in the rotating
chuck, the cutting tool can remain stationary while the
drum turns, creating a circular cut. The circular cut, with a
radius smaller than 12”, can possibly pose a problem for
some cutting methods. For example, if a reciprocal cutting
method is adopted, the blade would need to be thin,
similar to a jigsaw blade, to avoid binding.

The 1993 destructive drum opening process
demonstrated at Savannah River Technical Center used a
stationary blade to cut through the side of the liner with
progressive feeding. Although it took a number of
revolutions to accomplish the cut, the method did not
produce shavings. This new task, however, involves
opening the liner from the top. Since the blade will be
cutting a circular path, a narrow blade is needed to
prevent binding. Also, the blade would need to be fed
down into the liner. during the cut.

A spiral saw (figure 15), which cuts like a portable
mini-milling machine, can accomplish this task in one
pass. It weighs about a pound, and would constitute the
main part of the robotic end-effector. A vacuum could be
added if needed to retrieve the plastic shavings as they are
created..

Figure 15 Spiral Saw

Liner support can be accomplished by vacuum cups
or a supportive toggle mechanism. Vacuum cups, can
easily be attached to the top of the liner, however they
would need to straddle the center hole. They would also
need to be attached to a bearing so that they could freely
rotate in relation to the turning drum as the cut is made.

A toggle mechanism can take advantage of the center
venting hole. It can be actuated by a solenoid. In its
activated state, the toggle contracts so that it can enter the
center hole. Then it is deactivated so that a spring spreads
the toggle out, supporting the liner from underneath. This
fail-safe mode would keep the mechanism from dropping

-the liner if power were suddenly cut off. The liner would

not have any trouble rotating relative to the toggle
support.

A spiral saw with a toggle mechanism attached is
shown in figure 16. This prototype was built to test the
liner opening. The simple toggle used had only two
prongs, but three prongs would allow for a more stable
handling of the liner top.

The end-effector is positioned over the liner so that
the toggle can be dropped down into the center hole As
the toggle enters the hole and deactivates to its support
position, the spiral saw can be activated, making an :mitial
plunging cut into the liner. The drum chuck is then
rotated, causing the stationary cutter to make a .iroular




cutting path while the toggle gives support at the center of
the liner. After the drum has turned 360 degrees, the cut is
complete and the spiral saw can be turned off. With the
toggle still attached, the end-effector then lifts out the
liner top. At the designated place of delivery, the toggle
activates and drops the top. .

Figure 16 Toggle and Spiral Cutter .
IV.SUMMARY AND CONCLUSION

A demonstration was made at Savannah River
Technical Center on July 30, 1996 to show the conceptual
design of end-effectors to remove the c-ring, lid, and inner
liner top. A short video was made to demonstrate these
tasks.

Sensors and an accompanying control system should
be developed to help make the process as automated as
possible. An automated system not only places less
- demand on the operator, but helps to speed up the overall
process.

Since work was begun on the non-destructive drum
opening procedure, the plasma hearth thermal process ‘has
fallen out of favor. Public concerns about environmental

_pollution have kept states from allowing the process
within their borders. Therefore the related non-destructive
drum opening is also shelved.

However, a new need has arisen in Idaho for non-
destructive drum opening. The 55 gallon mixed waste
drums stored there must be brought into the required
safety standards, and then shipped to another storage
location. Many drums will need to be opened so that items
such as compressed gas and ignitable materials, which do
not meet the waste acceptance criteria, can be removed;
after which the drums will be sealed again. This means the
liner, as well as the drum, will need to be opened non-

destructively, and then resealed. Another situation is that

the metal drum itself may be rusted or damaged. In this
case, just the ‘inner liner could be removed intact, and

placed in a new drum. End-effector designs developed in _

this project can be quickly adapted into the new project.,

ACKNOWLEDGMENTS

Financial support from U.S. DOE, DE-FG09-
95SR18544 is gratefully acknowledged. The first author
thanks the Oak Ridge Institute for Science and Education
HBCU NET program for her graduate fellowship.
Technical assistance from Clyde Ward, Eric Kriikku, and
Brad Jenkins of SRTC and Howard Gnann of Savannah
River Site are gratefully acknowledged.

Product Realization Consortion, funded by NSF
DMI-9413089, provided the video conference facility to
enable the joint project between WPI and A&T. Special
thanks go to Sandra Davis, Nga Cao, Teresa Lintzenich,
Sheetal Sareen, and professor Rick Sisson of WPI for
their input. Finally, the authors want to thank the machine
design class at A & T for their conceptual design.

REFERENCES

1. S. Davis, N. Cao, T. Lintzenich, S. Sareen, “Robotic
Tool Design to Remove Bolt Assembly,” Final report,
Project Number 96NC, Worcester Polytechnic Institute,
April 29, 1996.

2. DOE, “Robotics Technology Development Program:

Robotics for Mixed Waste Operations Demonstration,”
Office of Technology Development, Department of
Energy, Nov. 1993.

3. D. Exum, personal interview, Feb. 1996.
4. M. Hanna, personal interview, Jan. 1996.
5. D. Kempka, (laser engineer with Qualified Metal

Fabricators Inc. Kernersville, NC ), personal interview,
Aug. 1996.

6. C. R. Ward, “Overview of Robotics for Mixed Waste
- presentation of the 5th DOE

Operations”,
Industry/University/Lab Forum on Robotics for
Environmental Restoration and Waste Management
Albuquerque, NM, 30 Aug. 1994,

7. C. R. Ward, personal correspondence, Aug. 1996.




DOE/SR/18544-2

Robotic Tooling for DOE Environmental M_anagément
Annual Report
for the period of

9/29/95 - 9/28/96

- Dr. Shih-Liang Wang

Date Published - December 18, 1996

North Carolina A&T State University
Greensboro, North Carolina

Prepared for The
U.S. Department of Energy
Under Grant No. DE-FG09-95SR 18544
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ABSTRACT

Mixed waste, much of which is stored in 55 gallon
drums, consists of both radioactive and toxic waste. Tens
of thousands of waste drums will have to be processed in
waste treatment facilities. One of the promising processes
is plasma hearth, a thermal process. Some toxic waste
(lead and mercury) can not be effectively handled by this
process, and therefore must be disposed of separately.

A nondestructive drum opening process is pursued in
this research so that drums can be resealed after toxic
waste has been retrieved: for final disposition. The whole
process requires four tasks. First, the bolt assembly that
secures the drum’s closure ring (c-ring) must be
disengaged. Afterwards, the c-ring, which clamps the lid
to the drum, must be removed. Then the lid itself must be
dislodged. Finally the top of the inside plastic liner must
be cut out and removed. Each task will require the design
of one or more end-effectors, used with an industrial
robot.

‘I INTRODUCTION

The Department of Energy (DOE) has created nuclear
weapons for defense for over forty years. During this time,
hazardous and nuclear wastes have accumulated, and
contamination of soils and groundwater have occurred, as
envifonmental stewardship was not fully appreciated until
recent times. Thousands of sites require clean up, and
hundreds of facilities require decontamination and
decommissioning.

Mixed Waste Operations deal with low level and
transuranic mixed waste containing both hazardous and
radioactive materials. Mixed waste occupies over two and

a half million cubic feet at 49 DOE sites in 22 states
~ across the country (Ward 1994). The reduction in waste
volume or level of harmful constituents, or the complete
transformation of the waste into an inert substance, is
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preferred over the endless costs and risks of simply
storing the waste. '

The plasma hearth process is a promising thermal
treatment. It is able to vitrify, or reduce to a glassy slag, a
broad diversity of mixed wastes. The process does so by
destroying the organic components and confining the
inorganic components and radionuclides in a stable waste
form. Importantly, extensive characterization of mixed
wastes is not needed with this operation. However the
process is unable to handle hazardous inorganics like
mercury and lead. Still, the plasma hearth has the potential
to significantly reduce the amount of mixed waste in
storage.

Mixed waste is stored in a variety of containers: 30,
55, and 85 gallon drums, metal bins, and wooden boxes.
Most of the volume, however, is contained in 55 gallon
storage drums, and much of this is in the form of
heterogeneous dry solids, as shown in figure 1.

This work focuses on the 55 gallon drums containing
heterogeneous dry solids. The 55 gallon drums’ weights
vary from 100 to 600 pounds. They are not packed by -
weight but by their level of radioactivity, which does not
exceed 300 mrem/hr (Ward 1996). The objective of this
research is to use a robot to open waste drums non-
destructively. Hazardous waste can be removed and then
drums can be resealed for a final process - the plasma
hearth.

Figure 1 Waste Drums in Storage
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