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government or any other agency thereof. The views and opinions of authors expressed herein do
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EXECUTIVE SUMMARY

This research work has been supported by the DOE-FIU Science & Technology Workforce
Development Initiative, an innovative program developed by the U.S. Department of Energy’s
Office of Environmental Management (DOE-EM) and Florida International University’s Applied
Research Center (FIU-ARC). During the summer of 2024, a DOE Fellow intern, Carlos Rios, spent
12 weeks doing a summer internship at Savannah River National Laboratory (SRNL) under the
supervision and guidance of Mechanical Engineer Michael Tomlin. The intern’s project was
initiated on May 27, 2024, and continued through August 8, 2024, with the objective of developing
and prototyping a final testable design for a pneumatically powered Tamper Indicating Device
(TID) removal tool which would be operated autonomously using a robotic arm work cell.
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1. INTRODUCTION

In response to the excessive amount of weapons-grade radioactive plutonium waste present in
South Carolina, the Department of Energy (DOE) developed a plan by which to dilute and safely
dispose of said waste via the use of criticality control overpacks (CCO), which would house the
radioactive material after it is down-blended with inert material to lower its concentration. The
estimated timeline for the lifespan of this project is placed at approximately 30 years from now,
which requires Savannah River National Laboratory (SRNL) to automate several segments of the
dilution and disposal process to minimize worker exposure and eliminate taxing labor from their
daily tasks. As of now, a majority of the process has become automated, with the primary worker
being a robotic arm situated in a specially constructed work cell (Figure 1) where a variety of
attachable tools are laid out for the arm to cycle through.
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Figure 1. Robotic Work Cell

The focus of this project is the automation of a specific step ear the end of the disposal process,
when the CCO (Figure 2) is loaded and stored indefinitely. During the dilution and disposal
process, the CCO packages are inspected for any cracks or other damages prior to loading the
radioactive waste to prevent leaks during the remaining parts of the process. After the inspection
is complete and the waste has been stored inside the CCO, a small device is fitted onto the bolt
holding the lid shut to indicate to other professionals during subsequent steps that the drum has
been properly inspected and has not been tampered with during its transfer from previous stages.
This device is adequately named the Tamper Indicating Device (TID) (Figure 2) and functions as
a stopgap for the bolt; the flat sides of the plastic injection molded device block the bolt head from
being taken off by any tools, while an aluminum shaft inserted into the center of the device prevents
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it from being removed through any external factors. The metal at the top of the shaft is crimped
around the top face of the TID using an automated tool to hold the shaft in place indefinitely. At
the end of the dilution and disposal process, the CCO is to be stored indefinitely in a secure location
and the TID is removed in order to be reused on other CCOs. This project’s end goal was to develop
a tool for the robotic arm which would automate this TID removal step.

Drum lid

Upper Dunnage

CCC and Lid

Lower dunnage

Figure 2. CCO Assembly (Left) & TID Device (Right)

The tool itself was expected to follow a set of loose guidelines during the design and prototyping
phase, which amounted to including the reuse of the crimping tool applied in the TID applicator
tool developed prior to the project’s start, only the design would be slightly changed to allow it to
cut off the crimped metal and allow for the removal of the shaft. All other design and functionality
aspects were designed using both the applicator tool as a reference as well as basic observational
data.
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2. RESEARCH DESCRIPTION

2.1 Methods

The TID removal tool design underwent an iterative approach (Figure 3) using 3D modeling
software for both conceptualization and peer review. When the initial design was completed,
Michael Tomlin would host a meeting with other engineers working on or close to this project to
break down the functionality of the design and see what can be improved. The primary issue
discussed during these meetings was how to minimize unnecessary steps, items, and movements
to bring about a more streamlined design. Too many steps in the removal process generally
complicates the computer software and coding aspect of manufacturing, too many parts added to
the tool generates additional monetary and labor costs for purchasing parts and assembly, and too
many movements made during the removal process increases the opportunity for damage during
use as well as increasing the rate at which the tool wears down. The subsequent fully modeled
designs reflect those desired changes and aim to maximize efficiency.

[ J— )| — )

Figure 3. Iterative Design Process Diagram

The initial design for the TID removal tool (Figure 4) was based off the TID applicator tool that
Michael Tomlin had developed prior to this project’s start. The tool featured a clamping
mechanism for holding the TID in place after the robot calculated its position and guided the tool,
as well as additional pneumatic air cylinders to complete additional movements required by the
tool to hook the device around the bolt, insert the shaft, and crimp it. The initial TID removal
design featured a similar process, where a pair of cupped pneumatic end arms were attached to a
linear actuator and rotational actuator. Theoretically, the robot would maneuver the tool around
the TID similarly to the applicator tool, then the linear cup would press against one side of the TID
while the rotational cup would be stationary on the other side, holding it in place via the horizontal
force from the linear cup and the reaction force from the stationary cup. An additional set of linear
actuators were included in the design, one to activate the newly designed uncrimping tool and one
to house the TID shaft and provide a backstop during the uncrimping stage. The backstop was
shaped as a hollow cylinder which would actuate onto the pin until the exposed portion below the
TID was fully inside. Then, the uncrimping would occur, which would loosen the shaft and allow
for it the backstop to be lowered partially from the device, with enough of the shaft still inside the
TID to provide stability during the removal phase. Finally, the rotational cup actuator would
activate, rotating the plastic and metal parts counterclockwise to unhook them from the bolt. From
here, the robot would remove the device and carry it to a waste receptacle for reuse.
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Figure 4. Initial Design Skeleton Assembly

While this design would theoretically complete the given task of removing the TID from the CCO,
the assembly and process contain multiple unnecessary parts and steps which reduce its efficiency
and increase the overall cost of deployment. A major issue faced during the initial design process
was determining if the tool required the amount of controlled movement that it was given. The
tool itself will be installed with a mountable piece which connects with the robot arm to operate;
the tool’s parts and operation process can be minimized to reduce overall strain to the machine and
time spent during the disposal process by allowing the robot itself to perform a certain amount of
the movements. The robot arm being deployed, acquired from the Japanese automation company
FANUC (Fuji Automatic Numerical Control), for this project has 6 axes it can rotate about which
can complete approximately half of the steps this tool was originally designed to do. So, the
primary change made to the criteria was simplifying the steps to allow the robot to perform a
majority of the movement necessary. As for the unnecessary steps and energy expenditure in the
initial design, the most unnecessary were deemed to be the linear actuator clamping the cup tool
to the TID, the rotational actuator rotating the cupped TID, and the linear actuator raising and
partially lowering the shaft backstop. The act of partially lowering the TID shaft was a self-
imposed criterion developed to provide a method of securing the shaft post-uncrimping without
risking the part falling during removal. In order to reduce the amount of controlled movement in
the tool, this rule was be discarded and subsequent designs made with the assumption that both the
shaft and the plastic part can free fall once removed. To account for this, brainstorming began on
methods to hold the TID parts post removal if they are to free fall immediately after their removed
from the CCO.



FIU-ARC-2023-800013920-04C-008 Development of TID Removal Tool

After discussing at length with peer engineers on and related to the project, the following updated
TID removal design (Figure 5) was created which seeks to fit a new criterion developed during
brainstorming, which is to follow a minimalist principle for assembly and function. To clarify, the
parts and tooling with which the tool is assembled must contain only the material and machinery
necessary to complete the TID removal process, which must also not contain any extraneous
controlled movement. The subsequent design reflects this requirement by cutting the total amount
of pneumatic cylinders in the tool in half, leaving a total of two for the uncrimping tool and the
backstop tool. As for said backstop tool, the design (Figure 5) was completely reworked to
resemble a knife gate found in fluid piping. A flat piece of metal is linearly actuated into and out
from under the TID, aligned by a set of channels on either side and kept flush with the bottom of
the TID shaft. This tool is multifaceted, creating both a backstop for the TID shaft during
uncrimping and a method of removing the TID once that step is complete. It does this using a set
of raised prongs machined out of the flat metal piece that hooks around the back of the TID when
the robot arm raises the entire tool assembly up, so when the knife gate tool retracts the TID will
be rotated counterclockwise, allowing it to fall off the bolt.

Figure 5. Updated Design Skeleton Assembly (Left) & Knife Gate Subassembly (Right)

In addition, a detachable 3D printed bucket was also designed and included in the subsequent
design as a method of collecting the TID shaft and device after they have been removed. This is
done in order to prevent the parts from falling to the floor and becoming harmful radioactive debris,
which would pose a serious threat to workers performing tasks in that area. While the outer
framework for the design was not fully conceptualized at this stage in the design process, the
bucket itself was modified to fit around a general box frame and included a sloped edge in order
to provide clearance between it and the raised rim of the CCO.

10
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3. RESULTS AND ANALYSIS

3.1 Final Iteration

After the initial large scale design change that resulted in the decrease in controlled movement via
actuators as well as the inclusion of both the multifaceted knife gate tool and the TID bucket,
multiple smaller design changes were conducted on the overall design. Discussion and
conceptualization with mentors and peers resulted in a concrete final iteration (Figure 6) to be fully
modeled and prototyped using 3D printing for testing.

Figure 6. Final Design Full Assembly

The 3D modeled tool seen above features the same pneumatic setup as described in the previous
section; the design features a total of two linearly actuating pneumatic cylinders, which attach to
the uncrimping tool and the knife gate tool to allow for translation during its function. Both the
uncrimping tool assembly and the knife gate assembly are mounted on rectangular aluminum
plates and fastened using standard stainless-steel bolts. The mounting plates themselves are affixed
between a pair of specially designed and cut plates, colloquially named “sandwich frames” as they
are located on both ends of the tool and both shield the inner mechanisms and provide a foundation
for the mounting plates to be fastened. The unique shape of the sandwich frames and the amount

11
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of empty space left in between the plates further solidifies their main function, as said space is
occupied by the fastened parts, the mounting plates, the cylinders, and whatever amount of
electronics and tubing is required to provide the cylinders with air. The knife gate channels, which
were designed before the sandwich frame, were updated as well to include tapped drill holes to
fasten to said frame. The frame itself also contain a set of clearance holes at specific locations to
allow for the mounted parts to be fastened. One of the more notable features of this tool, the
diagonal mounting plate, was designed with the freedom of movement the robot arm provides in
mind. Original designs featured the arm mounting plate positioned either parallel or perpendicular
to the tool due to a preconceived notion that the arm itself had to remain level with the CCO during
the removal process for stability purposes. After more discussion with other professionals working
on the project, that idea was discarded, and this diagonal design was conceptualized. The main
reason for the arm mount’s diagonal orientation is to allow the robotic arm to move more freely
during the removal process, as it would conform to a less awkward position when approaching and
withdrawing from the CCO. As mentioned before, the robotic arm has a total of 6 axes it can rotate
about, allowing for more precise positioning during tool application. In order to minimize errors
where the arm is unable to locate the TID or incorrectly positions itself and damages either the tool
or the TID device, the robotic arm must not be subjected to repetitive awkward motions.

Lastly, additional minute changes were made to both the sandwich frame pair and the 3D printed
bucket, as well as the flat knife gate piece. For the frame and bucket, a set of clearance holes were
added to both to allow for the bucket to be fastened onto the frame using a set of standard bolts
and nuts. The initial design for the bucket only featured the main body where the TID device and
shaft would rest after being removed. Once the sandwich frame was developed and fully 3D
modeled, the bucket design was altered alongside the frame to include extrusions that would fit
around the exterior of the frame and outfitted with clearance holes for fasteners. This method of
affixing the bucket allows for minimal effort allocated to installation and removal, as the piece can
be easily replicated and replaced if the original is damaged or broken in any way during the tool’s
application. As for the flat knife gate piece, the machined prongs that serve to hook onto and
remove the freely hanging TID device post-shaft removal were detached from the metal part and
remade into a 3D printable part to reduce the complexity of the manufacturing process that would
be required for the original piece.

3.2 Analysis and Future Work

While a full analysis is not currently possible due to lack of experimental data, an overall
assessment of the final design highlights that the tool is theoretically capable of performing the
removal process adequately. The configuration of the removal tool allows the robotic arm to
control and manipulate it with little extraneous effort that could contribute to excess wear, and the
tool’s supplementary features expedite the removal process by the inclusion of additional storage
for the removed TID device as well as parts that perform multiple functions. The iterative design
process used during the project’s timeline resulted in each new version of the tool to contain less
overly complex parts and portions of controlled movement, allowing the focus to shift towards
raising the efficiency of the tool and devising a method to complete the task at hand with minimal
energy expended, cost, and time. Observational data, peer review, and cost analysis provide
evidence that this final TID removal tool design fulfills this condition.

With the design portion of the project complete, the focus will shift towards collecting
experimental data of the tool before, during, and after performing the TID removal task it was

12
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designed for. This future work will involve testing both the 3D printed prototype as well as a fully
manufactured assembly on a standard CCO and TID configuration using the FANUC robotic arm.
Prototype testing will primarily consist of repeated stress and wear testing with the manufactured
uncrimping tool installed onto the 3D printed assembly, as the sharp edge of the metal piece is
required for authenticity during the experiment. The remaining parts will be 3D printed as well to
more easily simulate the moment of deflection during stress testing. As for the fully manufactured
assembly, initial changes will most likely be made in response to the data collected during the
prototype testing before additional experiments can be performed with the fully assembled tool.
Additional wear testing will most likely be conducted on this version of the tool, as the results will
vary based off material composition and be more valuable for future work. The life cycle of the
tools and cylinder can also be tested more thoroughly with this tool version, as the material
composition allows it to be subjected to longer segments of repetitive tool application with less
risk of the frame or mounts deflecting sooner. Overall, the tool itself is a complete and reliable
design which will allow future engineers on this project to fully test its capabilities.

13
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4. CONCLUSION

To summarize, the TID removal tool developed and prototyped as directed by the project described
in this paper is in the final design stage of said project’s timeline. After undergoing an iterative
design process in which the original design underwent multiple changes of varying intensity, the
final design was developed which featured minimal material usage and controlled movement, only
having a select set of machined parts with multiple functions as well as only two linearly actuated
pneumatic cylinder to control the entire TID removal process. The tool itself also features a frame
consisting of two plates that holds the cylinder mounting plates and knife gate channels together
in between, while also leaving empty space in the middle for the subassemblies and any wiring
and tubing that is required after the tool is manufactured and assembled. While experimental data
cannot be provided due to the early stage the project is currently in, future work will include stress
and wear testing on both the 3D printed prototype and the fully machined tool, as well as testing
the life cycle of individual subassemblies found in the main tool assembly. Observational data
gathered during the design and modeling of the tool, as well as peer review from mentors and
fellow engineers working on the project have provided sufficient evidence to claim that this design
for a TID removal tool is capable of completing the task set out by this project reliably. Further
testing will inform future professionals working on this project of any currently unknown flaws in
the design, manufacturing, material choice, assembly process, etc. and further improve upon this
current design.

14
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